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B KoHUe KaXAaoli rnaebl NpeasiodkeH MNPUMEPHbIA nNaaH ANS cocTaBneHuUs
KOHCMEeKTa M3y4YeHHOro mMartepuasna. ATU KOHCMNEKTbl MOMOryT BaM MOArOTOBUTb-
cA K 3K3aMeHam.

Mpu pa6oTe ¢ y4e6HMKOM MOXXHO WCMONb30BaTb 3/IEKTPOHHOE MpPUIOXEHUE,
KOTOpoe pasMel,eHo B 3/1eKTPOHHOM KaTajsiore wuagaTenbcTBa «llpocBeweHue»
Ha WHTepHeT-pecypce Www.prosv.ru. OHO coaepXuUT noapo6Hble 6uorpadumn
YUéHbIX, MPUMeEPbl pelwleHNs 3ajay, PUCYHKU, oTorpadumn, TecTbl, aHUMaL UK,
onbITbl U T. A. Pa6oTa C 31eKTPOHHbLIM TMPUIOXKEHMEM TaKXe MOMOXET Bam
rny6>ke MNOHSATb M3y4YaeMblii MaTepuan. MIckaTb HYXXHYI TeMy WUAW onpefenieHue
cnefyeT no katanory. B gaHHoM yuyebHWKe WCMNONb3ylTcs cneaytouime o6osHa-
YEeHUS, B3ATbIE W3 HEro:
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“ = — buorpaumn y4éHbix;
‘% aHUMauum;

O H — BUAEOUIbMbI, B KOTOPbIX MOKa3aHbl OMNbIThl;
&
@ — nepuognyeckas Tabnuua anemeHToB MeHpaeneesa;
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e Im npuMepsbl pelweHUsa 3ajad;
@ . : — o6pasybl 3agaHunii Era.
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OCHOBbl 9NEKTPOANHAMUNKN

OCHOBbIl 3NTEKTPOOAVNHAMWKW®
(Mpopgon>xeHne)

Mpofo/mKUM Kn3yyeHUe I3NeKTpoauHaAMUKN. O3HaAKOMUMCA C MArHUTHbIMU
nonamMmm, He UIMEHALOUWMNMUCA C TedeHNemMm BpPpEMEHU (CTaLJ.VIOHaprIMVI I'IOI'IFlMVI)
n MarHMTHbIMMN N 3SNEKTPpUYeCKNMmM nondamMmm, WU3IMEHAWRLWUNMUCA CO BPEMEHEM.
Co cTauuoHapHbIMN 3NEeKTPUYECKUMMN MOSIAMU Bbl 03HaKoMuaucb B 10 Kracce.

MATHUTHOE NMOJE

HenoaBWXXHble 3NeKTpUUeckue 3apsifibl C034al0T BOKPYr cebsl aneKTpuyeckoe
none. ABuXyunecs 3apsigbl co3AalT, KPoMe TOro, MarHUTHoe rMose.

81 MAITHWTHOE MOJIE. MHAYKUNA MATHUTHOIO Mon4d

Kak B3anmofeicTBYlOT HEMNOABWXHble 3neKTpuyeckne 3apsifbl? KakoB MexaHU3M
3Toro B3aumogehcrTeus?
Kakue cBolicTBa 3/IeKTPUYECKOr0 NONAs Bbl M3y4yanu?

MexXay HenoABMXXHbIMW 3MEKTPUYECKUMU 3apsagamu
LeNCcTBYIOT cunbl, onpeaensiemble 3akoHom KynoHa. Co-
rnacHo Teopuwn 6/M3KOAENCTBUA KaXAbli W3 3apsAaoB
co3faéT 3nekTpuyeckoe nosie, KOTOpoe [AelCcTBYeT Ha
apyroii 3apag. OfHaKo MeXAy 3/1eKTpUYecKumun 3aps-
famMy MOTyT Cyw,ecTBOBaTb CU/bl U WHOIW npupoabl. Ux
MOXHO 06HapPy>XUTb C MOMOLLbIO C/EAYIOLLEr0 ONbiTa.

Bo3bMéM fBa rMOKMX NPOBOAHMKA, YKPEMUM WX Bep-
TUKanbHO, a 3aTemM MNPUCOeAMHUM HVKHUMU KOHUAaMU
K nonwcam MCTOYHUKa Toka (puc. 1.1). MpuTsakeHusn
U oTTaIKMBaHWA MNPOBOAHWKOB MPU 3TOM He o6Hapy-
XKUTCA, TaK KaK 3apsj NPOBOAHWKOB, MONY4YEHHbIA OT
WCTOYHWKA, OYEHb Mars.

Ecnn Tenepb Apyrve KOHUbI npo-

JoEMm BOAHWMKOB 3aMKHYTb MPOBOMOKOW Tak,

vzSJ 4To6bl B MNPOBOAHMKAX BO3HUKAW TOKMU

NPOTMBOMOMIOXXHOF0O HanpaB/eHUs, To

NPOBOAHUKW Ha4yHyT OTTankueaTbCsa ApYyr oT Apyra

(puc. 1.2). B cny4yae >Xe TOKOB O0OfHOro HanpaBfieHUS
NpoBOAHWKMK nputarmsatTca (puc. 1.3).

ToK — 3TO HanpaB/IEHHOE ABV)XKEHMWE 3/IeKTPUUYECKUX
3apagoB, cnefoBaTesibHO, B3aMMOAENCcTBME MPOBOAHMU-
KOB 3aBUCUT OT HanpaB/IeHUS WX ABWXKEHUSA.

H ! MarHUTHbIMN B3aMMOAEWCTBUSMMN Ha3blBAlOT B3aMMOLENCTBUA MeXay MNpo-
BOAHUWKaMW C TOKOM, T. €. MeXAy HanpaBNeHHO ABMXYUWUMUNCA INEKTPUYECKMMN 3apAanamn.
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E M MarHUTHbBIMW CUAMW Ha3bIBAKT CUMbI, C KOTOPLIMW MPOBOLHUKA C TOKOM
LelCTBYIOT ApYyr Ha Apyra.

MarHuTtHoe nosnie. CorsiacHoO Teo-

Kakue nons Bbl Y)XKE 3HaeTe U Kaku- pun 6nu3kofeicTBUA MNOJOGHO TOMY,

MU cBoOWcTBamMW OHWM obGnaparT? Kak B [IpOCTpaHCTBe; OKpy>XaklLlem

HenoABMXXHble 3/M1eKTpuyeckne  3a-

pAAbl, BO3HMKaeT 3/IEKTpUUYecKoe Mnosne, B MPOCTpaHCTBe, OKpyXalwem TOKWU,

BO3HMKaeT none, Ha3blBaeMoe MarHMTHbIM.

DNeKTpUYeCcKNii ToOK B NPOBOAHMKE CO34a8T BOKPYr cebsa MarHUTHoe none, Ko-

TOpoe AelicTBYeT Ha TOK B APYrom NpoBoAHWKe. A nose, co3gaHHoe 3fieKTpuye-
CKUM TOKOM BTOPOro MpoBOAHWKA, AeliCTBYeT Ha MNepBblii.

MarHutHoe none npepcrtaBnset coboil ocobyw cdopmy maTepun. OHO cyuie-
CTBYyeT peafibHO, HE3aBWCMMO OT Hac, OT HalWX 3HAaHUI O HEM; ero Henb3sa 06HapYXUTb
HallMMK OpraHamMu YyBCTB, & MOXHO /IMWb C NOMOLWbIO MPOBOAHUKOB C TOKOM WU Mar-
HUTHBIX CTPENoK.

OnNbIT NokKasblBaeT, UTO MarHUTHOe NnoJsie co3gaéTca He TONIbKO ToKa-
E MM B NpoBOoOAHMKAaX. Jo6oe HanpaB/neHHOe ABUXXEHWNe 3NeKTPUYeCKnx
3apAfoB Bbi3biBAeT MNOAB/IEHME MarHWTHoro nonsdA. Tak, Hanpuwmep,

TOKM B rasax, nonynpoBogHumkax Bbli3blBalOT BO3HUKHOBEHUE B OKpy>Xawulwem
NX MPoOCTpaHCTBe MarHUTHOro nonf. HanpaBneHHoe CMelleHUE CBA3aHHbIX 3J1eK-

TPNYECKUX 3apAaAfoB B AMINEKTPUKE, MOMEWEHHOM B MepeMeHHOe 3NeKTpUuYeckoe
none, Tak>Xe Bbl3blBaeT nodB/ieHNe MarHUTHOro non4d.

L ITTE Ty T — 3aMKHYTbI KOHTYP ¢ TOKOM B Mar-

HW W wll* MarHutHas cTpenka MasieHbKUM HUTHOM none. AnAa Nn3yyeHNsa MarHuT-

NpoAoNroBaTelii MarHut ¢ Asyms HOFo MNOSIA MOXXHO B3ATb 3aMKHYTbIN

nositocaMuM Ha KOHLAX — HXHbIM S ” ce- KOHTYp Mafblx (N0 CpaBHEHMUI C pac-
BepHbIM N. J

CTOAHMAMMU, Ha KOTOPbIX MAarHUTHOe
nose 3aMeTHO M3MeHSAeTCHA) pasMepos.
Hanpumep, MOXHO B3ATb MaJsJleHbKYK TMJIOCKY TMPOBOJ/IOYHYK pamMKy Mpons-
BO/IbHOW hopMmbl (puc. 1.4). MogBoasaw,me TOK NPOBOAHUKM HYXHO pacrnonoXuntb
6nn3Ko apyr K gpyry (puc. 1.4, a) nnn cnnectn ux Bmecte (puc. 1.4, 6). Torga
pe3ynbTupylowasa cmna, geicTByrlLass co CTOPOHbI MarHMTHOrO MNOAS Ha 3TU MNpo-
BOAHMWKW, BbyaeT mMana no cpaBHEHMWK C cunaMmu, AeicTBYHLWMMU Ha MPOBOLHUKM,
ob6pasyluime KOHTYp.
BbIACHNTb XapakTep AelCTBMA MArHMTHOrO MONSA Ha KOHTYP C TOKOM MOXXHO
C NnomMowblo cnegywouwero onbitTa. lNMoaBecMM Ha TOHKUX TMOKMX MNPOBOAHMKAX,
CNMEeTEHHbIX BMECTE, Mas/iIeHbKYyl MA0CKYI pamMKy, COCTOAWYH W3 HECKO/TbKUX
BUTKOB MPOBO/IOKM. Ha paccTosHuUuM, 3HauyuTenbHO 60/blleM pa3MepoB paMKu,
BEPTUKA/NbHO pacnonoxmm nposog (puc. 1.5, a). Pamka npu nponycKkaHuu anek-
TPUYECKOro TOKa 4Yepe3 Heé M yepe3 NpoBOA4 MNOBOpaynmBaeTca W pacnosaraertcs
Tak, 4YTo NPoOBOA OKa3blBaeTcsa B NNOCKOCTU pamku (puc. 1.5, 6). Mpu M3MeHeHUN
HanpaB/ieHMs TOKa B MpoBOAe pamKa noBopadymBaeTcsa Ha 180°.
MarHuTtHoe nosie co3faéTcA He TONbKO 3/IEKTPUYECKUM TOKOM, HO

iii M MNOCTOAHHbIMU MarHutamu. Ecnu mMbl noagBecum Ha r’mbKmMx npoBoO-

Aax MAOCKYH paMKy C TOKOM MeXAy nonwcamMmm MarHuTa, T0 pamMKa
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3T0 HanpaB/leHMe coBMajaeT C HanpaB/leHNEeM MOMOXUTeNb-

HOW HOpMann K 3aMKHYTOMY KOHTYpy Cc Tokom (puc. 1.8, 6).

MonoXXnTenbHaa HopMasib HanpasfeHa B Ty CTOPOHY, Kyja

nepemew,aetcsa 6ypaBuMK (C NpaBoii Hape3Kon), ecnAn BpawaTtb

ero no Hanpas/ieHU Toka B paMke (puc. 1.8, B). BekTop mar-

6) rl HUTHOW WMHAYKUWW B LEHTpe pamMKu coBnajaeT Mo Harnpasfe-
HUIO C MOMIOXUTEeNbHOW HOpMasblo.

Ncnonb3yss pamKy € TOKOM W/AW MarHUTHYH CTpenky,
MOXHO onpefennUTb HanpaB/ieHWe BeKTOpa MarHUTHOW MHAYK-
umMnm B NO6OMA Touke nons.

B MarHMTHOM none NPAMOJIMHEMNHOro MNpoBOAHWKA C TO-
KOM MarHuTHasi CTpesika B KaXAoli Touyke ycTaHaB/MBaeTcs
B) {7 no KacaTenbHOW K OKpPYy>XHocTu (puc. 1.9). B ueHTpe Kpyro-
| — BOro TOKa MarHMTHasa cTpenka nepneHAMKYNspHa NAocKoCTH,
= KOTOPOW MNpUHAaAMNEXUT 3TOT KPYroBon TOK.

HanpaBneHne BeKTOpa MarHMUTHOW WHAYKLUWUUM  MOXHO
Puc. 1.8 onpefenuTb TakyXe C MOMOUW bl npaBuna 6GypaBuyuka.

EHLWI P
Ecnn HanpaBfeHue MoCTynaTeNbHOro ABMXXEHWUs GypaBymka coBnajaetT C Ha-
npasfeHMemM TOKa B NPOBOAHWKE, TO HamnpasB/ieHWe BpaleHWs pydkn GypaBymka ykasbiBaeT
HanpaBneHWe BEKTOpa MArHUTHOW WHAYKUUU.

ECNM MarHUTHOe Mnosie Co3JaH0 HEeCKOSIbKUMWU UCTOUHMKAMMWU, TO AelicTBYeT MPUH-
uMn cynepnosvuuu nonei’, MHAYKUMA B MarHUTHOro nona B AAHHOW TOouke Npu

Ha/IMYNN HECKO/IbKUX MUCTOYHWUKOB MOMAA C UHAYKUUAMU BX, B2, .. npeagcrtaesna-
eT cobon BEKTOPHYH CYMMY MarHUTHbIX nonen, Co3AaHHbIX KaXAblM UCTOYHWUKOM

B OoTAenbHOCTU: B = Br+ B2+ ... [pn 3TOM MHAYKUNA MaArHUTHOrO MNONSA KaXaoro
MCTOYHMKA onpegensieTca TakK, KakK 6yATo APYTMX MCTOYHMKOB MONSA He CyLecTBYeT.
JIMHUX MarHUTHOW MHAYKUUW. HarnsagHyw KapTUHY MarHUTHOrO MOAsi MOXXHO
NoNy4ynTb, €C/IM MOCTPOUTb TaK HasblBaeMble IMHUN MarHUTHOW uUHAyKummn. C no-
HiPHI AL MOLW b SINHUA MarHUTHOW WHAYKLNK

OnbIT No onpejeneHuio Hanpas- MOXXHO Wn306pa)kaTb MarHWTHOe MoJsie

AGHUA BEIETONRD N WIHHUIMMATHNT- MarunT- aHa/IOTMUYHO TOMY, KaK Mbl M306paxa-

HOro nofsi 3eM/M MNPOBOAUT KaXAblih, KTO

€M CUN0BbIMU NMNHUNAMWU 3N1EKTPOCTATU-
OpUEHTMPYeTCs Ha MEeCTHOCTM NO Komnacyy,

4Yyeckoe none.

O4HaKo NuUHUKU MarHMTHOM nHaoykuvmn, B 0OTnn4yune
OT NUHWNIA HanpsaXéHHOCTN 3N1eKTPOoCTaTUyYecKoro nonsd, He ABNA-
OTCA CUNOBbLIMN NUHUAMWU.

JIVHUN MArHUTHOW WHAYKUUW — BEKTOPHble Nin-
HUW, KacaTeflbHble K KOTOpPbIM B 060/ WX TOouke coBnagawoT
! c BekTopom B B paHHOI® Touke nons (puc. 1.10).

Ona MarHuTHoro nonsi MNPAMOJIMHENHOro MNpPOBOAHMKA
Puc. 1.9 C TOKOM M3 NpuUBEAEHHbLIX paHee OMNbITOB CrefyeT, 4To
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Buxpesoe nose. BaxHaA 0CO6EHHOCTb SIMHUIA MarHUTHON MHOYKUNUWN COCTOUT
B TOM, 4YTO OHM BCerga 3aMKHYTbI.

H 3 W 3 BVIXPEBI::IMVI Ha3biBalOT NoNad C 3aMKHYTbIMW BEKTOPHbIMU JINHUAMWN.

nmay4

MarHntHoe none — BUXpeBOe MoJe.

3aMKHYTOCTb NINHUIA MarHUTHOW WMHAYKUWW npeacTaBnseT cobolh dyHAamMeH-
TaslbHOe CBOWCTBO MarHMTHOro nons. OHO 3ak/4yaeTcss B TOM, 4YTO MarHUTHOe
none He MMeeT PA3HOMMEHHbIX WMCTOYHWKOB.

onme

MarHuTHbIX 3apsfoB, NOAOOGHbLIX 31EKTPUYECKUM, B NPUPOAE He cylecTByeT.
MarHntHoe none. UHAyKuMa MarHUTHoro nond. Buxpesoe none

7“’3} 1. Kakue B3auMoAeNcTBUA Ha3biBalOT MAarHUTHbIMWK?

’ 2. MNepeuncnnTe OCHOBHble CBOWCTBA MarHWTHOro MNosA.

‘ 3. Kak opueHTMpylTCa B OAHOPOAHOM MArHMTHOM MOMe 3aMKHYTbIA KOHTYp
C TOKOM W MarHutHas cTtpenka?

4. YTo Has3blBalT AMHUAMMU MATHUTHOW WMHAYKLUNMN?

5. Kakue nonsa HasblBalwT BUXPEBbIMU?

| =/~J 1. K marHuTHOl cTpenke (CM. pwuc.), KoTopas MOXeT noBopavymBaTbCA BOKPYr Bep-
TUKaNbHOW oCK, MepneHAMKYNAPHOW NNOCKOCTM uYepTexa, MOAHECAN MOCTOAHHbIN
MarHuT. lpun 3Tom cTpenka
1) noBepHéTca Ha 180°
2) noBepHéTcsa Ha 90° Mo 4yacoBoOW CcTpesike
N 3) noBepHéTcA Ha 90° NMPOTUB 4YaCOBOW CTpPeNKMU
4) ocTaHeTca B MpPeXHEeM MO00XEHUN

L 2. MsArkaa npyXuHa Kn3 HECKONbKUX KPYMHbIX BUTKOB
npoeoga nojseweHa K MOTOMKY. BepxHWii KoHel NpyXu-
Hbl NMOAKMIUYEH K UCTOYHUKY ToKa 4yepes K4y K, a HUX-

HUA — C MOMOLW, b ANHHOINO MATKOro nposoga (cm. puc.).

KaK W3MEHUTCS A/IMHA NPYXXWUHbI Yepe3 A0CTATOYHO 60/b-

K Wwoe BpeMs nocse pa3MblkaHMa knawouva K? OTBeT MOACHU-

\ Te, yKasaB, Kakume (usnyeckme SABMEHUSA U 3aKOHOMEPHO-

CTWU Bbl WCMONb30BanN ANA 06bSACHEHUSA.

3. HanpaBneHue BeKTOpa MWHAYKUWUW MarHMTHOro nons

B AaHHOW TOYKe MpoCTpaHCTBA coBMajaeT ¢ HanpaB/eHUEeM

I_ 1) cunbl, pelicTBylWerd Ha HeNOABWXXHbIV 3apsag B 3Tol
> TouKe

or 2) cunbl, pelcTByOLWEeNn Ha [ABUXYUWMUACA 3apaj B 3TOW
Touke

3) ceBepHOro Mositoca MarHWTHOW CTPesiKK, NMOMEeWEHHOW B 3Ty TOUKY
4) 10XXKHOT0 MoJsilCa MArHUTHOW CTPEesiKW, NOMELWEHHON B 3Ty TOUKY



OCHOBbl 3NEKTPOANHAMUKN 11

§2 CUJIA AMTIEPA

BcnomMHUTe cBoiicTBA MarHUTHOrO Mons.
KakoBa OCHOBHasf xapaKTepucTuka MarHWTHOro nons? Ha OCHOBe Kakux AelicTBuiA
nons oHa BBOAWNTCA?

MarHuTHoe none pelicTByeT Ha BCe y4yacTKW MpoBOAHUKA
C TOKOM. 3Has cuny, AelCTBYIOLWYIO Ha KaXAblii mManbli yya-
CTOK MPOBOAHMKA, MOXXHO BbIYUCAUTb CUNY, AENCTBYOLYO Ha
BECb 3aMKHYTbI/Ai NPOBOAHWK B LENOM.

3aKoH, onpefenswwWwunii cuny, AeNCcTBYWOLWY Ha OTAeNbHbIN
Heb60NbLWIOW yyacTOK NpoBoAHMKA (3/1eMeHT Toka), 6bl/a1 yCcTaHOB-
neH B 1820 r. A.AMnepomMm. Tak Kak co3gaTb 060C06/1eHHDbI
3N1eMeHT TOKa Henb3d, To AMNep MNPOBOAWA ONbITbl C 3aMKHY-
TbIMW nNpoBoAHUKamMuU. MeHAS GopMy NPOBOAHWKOB
M UX pacnosioXkeHume, OH CcCyMen YCTaHOBUTb Bbl- A. Amnep
pakeHne AnA CUnbl, AEeNCTBYHLWENA Ha OTAEeNbHbIA (1775—1836)
3N1eMeHT ToKa.

[elicTBne MarHUTHOroO MosiA Ha MNPOBOAHWK C TOKOM 6yaeM m3yyaTb Ha ycTa-
HOBKe, N306pa>KEHHOW Ha pucyHke 1.17. CB060AHO MOABELIEHHbIN FOPU30OHTasNb-
HO MNpPOBOAHWK HaxoAuTCA B none
NOCTOAHHOIO MoAKOBOO6GpPa3HOro mar-

AMnNep ycTaHOBW/ 3aKOH ANA CUNbl ek ondls
HuTa. [lone marHmTa cocpefoTO4YeHOo

B3aMMoAencTBMsa ABYX Heb6ONbLWUX
B OCHOBHOM MeXay ero nonwcamu, y4yacTKoOB (371€MeHTOB) MNPOBOAHWUKOB C TO-

noaToMy MarHuTHasi cuna feicTeyeT KOM. OH 6bll CTOPOHHMKOM TEOPUM Aalib-
npakKTn4yeckn TONIbKO Ha 4YacTb Npo- HOAEeNCTBMA W He NOoNb30BasiCA MOHATUEM
BOAHUKA ANIMHOU Al, pacnofloXKeHHYIo nonsa. OAHAaKo MO TPaguLUM W B nNamaTb
HenocpeAcTBEHHO MeXAy Moscamu. 0 3acnyrax a3Toro yuéHOro BblpaxeHue

ans MarHuTHOMN cunbl, nencTeytowen
Ha MPOBOAHWK C TOKOM CO CTOPOHbI Mar-
HUTHOTO NONA, TakXe Ha3blBaldT 3aKOHOM
Amnepa.

Cuna F un3mepsaeTca ¢ nomolbio cne-
LMasbHbIX BECOB, KOTOPble COEAUHAT
C MNPOBOAHMKOM [BYMS CTepXeHbKa-
Mu. OHa HanpaBfieHa FOpWU30OHTasNbHO,
nepneHANKYSAPHO MNPOBOAHUKY WU Nn-
HUAM MarHUTHOW MHAYKLWU.
yBennumeaa cusy TokKa B 2 pasa,
MOXXHO 3aMeTUTb, 4YTO U [elCTBYIO-
was Ha NPOBOLHWUK Ccua TakKXe yBe-
nnymnBaeTca B 2 pasa. [lo6aBuB eLLé
OOVH TakKol e MarHuT, Mbl B 2 pasa
yBeIMYNM pasmepbl ob6nactu, rge cy-
uecTByeT MarHMTHOe roJjsie, N Tem ca-
MbIM B 2 pasa yBe/IMYUM OJINHY 4YacTu
npoBoAHMKA, Ha KOTOpYyl JelicTByeT
MarHuTHoe none. Cuia npu 3ToMm Tak-
Xe yBenuumntca B 2 pasa. U HakoHeu,
cnna Amnepa 3aBuUCUT OT yrna, ob6pa-

30BAHHOr0 BEKTOPOM B ¢ MPOBOAHWKOM. Puc. 1.17
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noaymaiire, xek uaMeksCY pesyAb- B 3TOM MOXHO Y6eauTbCsl, MeHAs
Tathl akEAEpUMEHTa, @EAN AOBEPHYTH HaK/0H MOACTABKW, Ha KOTOpPOM Ha-
MarHuT Tak, 4To6bl CBepxy 6bin ce- X0AATCA MarHuThbl, Tak, 4YT0o6bl W3-
BEPHbIA MOMNOC, & CHU3Y — HOXKHBbIA. MEHSAJICA Yron MeXxay MpoBOLHUKOM

N NVUHUAMW MarHUTHOM WHAYKUUN.

Cuna pocturaeT MaKCcMManbHOro 3HayeHus Fm Korga BeKTOP MarHUTHOW WHAYK-
LUK NeprneHAUKYNSapeH MNPOBOLHUKY.

MTakK, MakcumanbHasa cuna, AelicTBylolw,as Ha O0TpPe30K MPOBOAHWKA AJINHOWN
A/, no KoTOpoMYy WAET TOK, MAPAMO MNponopLunoHanbHa MNPOU3BEAEHUID CUbI
Toka | Ha gnuHy yuyacTtka Al: Fm~ 1 Al

3TOT OMbITHbIW (haKT MOXHO MCNONb30BaTb A1 ONpeAesieHUs MOAY A BeKTopa

MarHUTHOW MHAYKUMKN. B camom pgene, nockonbky Fm | AL To OTHOWEHMKE e He

6y,qu 3aBMUCeETb HU OT CU/Ibl TOKa B NPOBOAHWUKE, HW OT AJIMHBI y4YaCTKa MNpoBoA-
HUKa. MMeHHO Mo3ToMy 3TO OTHOLIEHMWE MOXHO TMPUHATb 3a XapaKTepUucTuky
MarHMTHOro nond B ToM MecCTe, rage pacrnosjio>dkeH y4yactTokKk nposoaHuMKa p.]'lVIHOVI Al.

n n A Mopaynb BekTOopa MarHUTHOM NMHOAYKUNN onpenendeTcad OTHOWEHueM Mak-
CUManbHOW CuUnbI, ,D,elchBleLU,eVI CO CTOPOHbI MarHMTHOro nonda Ha OTPe30K NpPpoBOAHUKa
C TOKOM, K npoun3BefeHuo Cuabl TOKa Ha ANNHY 3TOro oTpe3Ka:

Fm

B= a1 (1.1

MarHnTHoe rnosie NONMHOCTbI XapaKTepuayeTcad BEKTOPOM MarHUTHOMN NMHOYK-

uMn B. B KaXAoi Touke MarHUTHOrO MOMSi MOXHO OMpeAennTb HanpassieHue
BeKTOpa MarHUTHON WHAYKUUW W ero
MOAY/b, €CNW WU3MepuTb cuny, Aaebi-

BcnomMHUTe onpepgeneHue Hanps-
CTBYIOL,YI0O Ha OTPe30K TMpPOBOAHUKA

|.|.||T XEHHOCTU 31eKTpuyeckoro nonsa.

Uto o6uwero B onpejefeHnn xa- C TOKOM.
PaKTEPUCTUK 3/1€KTPUYECKOT0o M MarHUTHO- Mopgynb cunbl Amnepa. lNycTb BeK-
ro nonew? TOp MarHUTHOW WHAYKUUKM B cocTas-

naet yron a (puc. 1.18) ¢ HanpaBne-
HWeM oTpe3Ka MPOBOAHMKA C TOKOM (3/1eMeHTOM Toka). (3a HanpaB/iieHMe 3f1leMeHTa
TOKa MPpUHUMAKT HanpaB/ieHWe, B KOTOPOM MO MPOBOAHUKY MAET ToK.) ONbIT NokKa-
3blBaeT, UTO MarHUTHOE MoJie, BEKTOP WHAYKLWN KOTOPOro HanpaB/flieH BAOJIb MpPoO-
BOAHWKA C TOKOM, He OKa3blBaeT HMKAKOro feicTBUSA Ha TOK. MoAynb CUMbl 3aBU-
CUT NNLWb OT MOAY/A cocTaBnsioweli BekTopa B, nepneHANKYNSAPHOI/ NPOBOAHUKY,

T. e. oT B+ = B sin a, U He 3aBUCUT OT cocTaBnsouweli Bn HanpaBneHHOW BAoMb
NnpoBOAHUKA.
MakcnmanbHas cuia Amnepa cornacHo dopmyne
(1.1) paBHa:
Fm= IMB,

eli cooTBeTcTByeT yron a=— [lpu nNpou3BOSb-

HOM 3Ha4yeHUU yraa a cunaa nponopuvoHanbHa He B,



Puc. 1.19
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MpumeHeHne 3akoHa AmMnepa. OpueHTUpylouiee
AeicTBME MArHWTHOro0 Mo/sia Ha KOHTYpP C TOKOM MC-
NoNb3ylT B 3/IEKTPOM3MEPUTENbHBIX Npubopax mMarHu-
TO3/1eKTPUYECKOl cucTemMbl — amMmnepMeTpax M BOAbT-
MeT pax.

N3mepuTenbHbIn  Npubop MarHUTO3/IEKTPUYECKO
cCucTeMbl yCTpoeH chnegylouwmm obpasom (puc. 1.20).
Ha nérkywo antoMUHUEBYD pamMKy 2 NpAMOYrosibHON
opMbl C NMPUKPENIEHHOW K Hel cTpenkoi 4 HamoTaHa
KaTywka, K KOTopoi nogBoguTca TOK. Pamka ykpense-
Ha Ha AByx nonyocax OO'. B nonoxeHuu paBHOBecUSA
eé ygep>XXuBawT fABe TOHKWE cAMpasibHble MPYXUHbl 3.
Cunbl ynpyrocTn co CTOPOHbI MPYXWH, BO3Bpawatwwmne
KaTywKy B MOMIOXKEHWe paBHOBECUS, MPONOPLUOHA/bHbI
Yyrny OTKAOHEHWUA CTPeNKW OT MOJIOXKEHUS paBHOBeECUS.
KaTywky mnomewawT MeXAy noawcaMnu MOoCTOAHHOrO
MarHuTa M ¢ HaKOHeYHUKamMu chneumanbHOW GOpMbl.
BHyTpn KaTyWw KW pacnosioXXeH uunumHap 1 u3 Xenesa.
Takas KOHCTpYKUMA obecnevymBaeT pagumasibHoe Hanpas-
NneHne NUHNN MarHNTHOW WHAYKUWW B TO obnacTtu, rae
HaxogsaTca BUTKM KaTywku (puc. 1.21). B pesynbTraTte
npu Nw6oM MONOXKEHUN KATYLW KW CUMbI, AeACTBYOLLNE
Ha Heé cO CTOPOHbl MArHWTHOrO MO/, MaKCUMaNbHbI
M NpU HEW3MEHHONM cuse ToKa MOCTOSAHHbI.

Pwnc. 1.21 BekTopbl F u —F wu306pa>kalT cunbl, AeAcTByOULNE

Ha KaTylWw Ky CO CTOPOHbI MarHMTHOro nonas W nosopa-

— ymBawwme eé. KaTywka ¢ TOKOM No-
r 06cyanTe C OfHOKMACCHUKAMU, Mo- BOpa4uBaeTca A0 TexX nop, noka Cuib

YeMy npu TakoW KOHCTPYKUMU Npu-
60pa cuna Amnepa He 3aBUCUT OT
yrna nopopota pamku. Kak MOXHO 6bi10 6bl

YMNPYyrocTu CcoO CTOPOHbI MPYXWUH He
YpPaBHOBECAT CWU/bI, AelicTBYlOLULNE HaA

paMKy cO CTOPOHbl MarHUTHOro nons.
YBennumeasa cuny ToKka B 2 pa3sa, Mbl
o6Hapy>XXum, 4TO CcTpenka noBopa-
ynBaeTca Ha yron, BABoe 60NblWKUN,
M T. 4. 3T0O NPONUCXOANT MNOTOMY, UYTO CWUAbI, AENCTBYHUMe Ha KaTylWwKy CO CTO-
POHbI MArHWTHOr0 MNoJssA, NPAMO NponNopuuoHanbHbl cune Toka: Fm~ 1. Bnaro-
naps 3TOMY MOXXHO OnpeAenuTb CUAYy TOKa MO0 Yr/y MNoBOopoTa KaTyWwKuW, ecnu
nporpagyuposaTtb npubop. Ans 3Toro Hago ycTaHOBWUTb, KakKMMm yrnam noBopoTa
CTPEeNIKM COOTBETCTBYIOT W3BECTHblE 3HAYEeHMUSs CU/bl ToKa.

Takoih >xe npunbop MOXeT M3MePATb M Hanpsi>keHue. ONA 3TOro HY>XXHO rpa-
ayvpoBaTb npubop Tak, 4To6bl yron noBopoTa CTPesiKW COOTBeTCTBOBas onpepge-
NEHHbIM 3HAYEeHMUSM Hanps>XeHUs. 3amMeTUM, 4UYTO COMNPOTUBIEHUE BOMbTMETpa
OO/HXKHO 6bITb MHOF0O 60/blle CONPOTUBMEHUS amMmnepmeTpa.

B 3nekTpoAMHaMMW4YecKOM FPOMKOrosopmTesne (4UHamMuKe) mcnonb3lyetcsa Aei-
CTBME MArHUTHOrO NoaA MOCTOAHHOINO MarHMUTa Ha NepeMeHHbIW TOK B MOABVKHOM
KaTywke. TPOMKOroBOpUTENb CNYXUT ANSA B0O30YXXAEHUSA 3BYKOBbIX BOJSIH MoA Aeid-
CTBUEM MEPEMEHHON0 3/IEKTPUYECKOT0 TOKa, MEHSAKLLET0CA CO 3BYKOBOI 4acToTOA.

n3MepATb CUNy TOKa, ecnun 6bl pamKa Ha-
xoaunacb B O4HOPOLHOM MarHUTHOM none?
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Cxema ycTpoiicTBa FpOMKOroBOpu-
Tena nokasaHa Ha pucyHke 1.22, a.
3BykoBada katywka 3K pacnonaraet-
CA B 3a30pe KONbLEeBOro marHmta M.
C KaTyWKOW >XECTKO CBA3aH bOymax-
HbliA KOHYyc — gaunadparma D. [Owua-
hparma ykpensieHa Ha ynpyrmx nog- a) 6)
Becax, MO3BONAKWWUX el coBepllaTb
BbIHY>XX/AEHHbIE KosiebaHmnA BMecTe Puc. 1.22
C NMOABVMXXHOW KaTyL KON.

Mo KkaTywke nMpoxoAuUT nMepemMeH-
HbI 31eKTPUYECKUA TOK C 4acToTOn,
paBHOW 3BYKOBOWM 4acToTe curHana
C MuUKpogoHa uAM C BbIXoga paguo-

3ByKoBas
BOJ/IHA

7]

KayecTBeHHble TPOMKOrOBOPUTENM
BOCNPOM3BOAAT 6€3 3HAUYUTEe bHbIX
UCKaKeHUil 3ByKOBble konebaHus B Anana-
30He 40— 15000 lNy. Ho Takme ycTpoicTBa

NpMEMHWKa, npourpbiBatens, MarHu- OYEeHb CMOXHbI. MM03TOMY O6bLIYHO MPUMEHS-
TohoHa. Mog gelicTBuem cunbl Amnepa 10T CUCTEMbl W3 HECKONbKUX TPOMKOTOBOPU-
KaTywka Konebnetca BAOMb OCU TPOM- Tenen, Kaxpablli U3 KOTOPbIX BOCMPOU3BOAUT
KorosopuTtens OOj (CM, puc. 1.22, a) 3ByK B onpegenéHHOM Heb6ONbWOM MHTEp-
B TaKT C KonebaHmamMm ToKa. 3ATn Bane 4acToT. 06LLU/IM HeaoCTaTKOM BcCexX
Kone6aHusi nepejanTcs auadparme, rpoOMKOroBOpUTENeil sABAsSeTCA WX Manblii

Kng. Ouu wnsnyvawT nuwb 1—3 % nopaso-

N MOBEPXHOCTb Aunaparmbl mn3nyyaet
P Anadp y OUMOI 3Heprum.

3BYKOBblE BOJIHbI.

3ByK B paguonpuémHuKke, Mpo-
urpbiBatese M MarHMTooHe BO3HWKa-
eT B pe3ynbTaTe [ABUXXEHUS KaTyLWKu
C TOKOM B Mojle NOCTOAHHOINo0 MarHmuTa.

Hapsagy ¢ 3neKTpoMexaHW4YyecKu-
MW TPOMKOTFOBOPUTENSAMU B HacTosillee BpeMs LIMPOKOe MPUMeHeHUe Monyymnu
rPOMKOroBOPUTENMN, YCTPOMCTBO KOTOPbIX OCHOBAHO Ha Mbe303/1eKTPMUYECKOM 3(-
dekTe (puc. 1.22, 6). IT0T ahheKT NposABnsAeTca B BUAe geopMaunmm HEKOTOPbIX
TUMNOB KPUCTaN/IOB B 3/IeKTpOCTaTU4YecKoM nosie. Nbe30rpoMKOroBopuTESIM OYEHb
yno06Hbl B M3rOTOB/IEHUW U MOTYT 6biTb COBCEM MasleHbKMMU. BcnepgctBue 3Toro
OHW HaWN WKUPOKOE MNPUMEHEHUe B pagmoTenedoHax, MOGUbHbLIX TenedoHax,
HOYTOYKaxX M MUKPOKOMMNbHTepax.

3akoH AmMnepa MCNoNb3ylwT ANAA pacyéTa cun, AelCTBYHOWMX Ha MPOBOAHUKM
C TOKOM, BO MHOTMX TEXHWYECKUX YCTpOKCTBax, B YacTHOCTM B 3J/ieKTpoaBUraTte-
NAX, ¢ KOTOPbIMW Bbl 03HAKOMWJ/IUCb B OCHOBHOW LWKOJE.

BcnomHuTte npuHLUMN nencTena
3nekTpoABurartens.

3akoH Amnepa. MpaBuno neBoi pyku. NMpumeHeHne 3akoHa Amnepa

Kak onpegenserca MoAynb BeKTOpa MarHUTHOW WHAYKUUWK?

Yemy paBeH MoAYy/lb BekKTopa cunbl Amnepa?

Chopmynnpynte npasuno ANa onpegeneHns HanpasfeHUA cunbl Amnepa.

B Kakux eaMHuuax Bblpa>kaeTca MarHMTHas MHAYKUMA?

5. Mcnonb3ya npaBmno bypaBymka W NpaBuio NeBOM PYKW, MOKaxXuTe, 4YTo TOKWU,
HanpaB/ieHHble napannenbHO, NPUTATUBAKTCA, a HanpaB/eHHble MPOTUBOMONOXHO —
oTTankmparwTCS.

PwpnpE
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1/

6. MNMoyemMy MarHWTHble CUNbl, AelicTBYKOLWMe Ha MNPOBOAHWKWM KaTYyW KW Npu-
6opa, He 3aBWCAT OT yrna nosopoTa KaTywkKun?

7. YTo ypepXunBaeT pamMKy OT BpalieHWA B MarHUTHOM none?

8. YUem amnepmeTp oT/in4yaeTcs OT BOo/NbTMeTpa?

9. YKaXuTe HanpaB/ieHUsa BeKTOpa MarHUTHOW WHAYKLUWUW, 31eKTPUYECKOro ToKa
M cunbl AMnepa Ha cxeme rpomkorosopuTens (cm. puc. 1.22).

1. MpAMONMHENHBIA NPOBOAHUK ANUHOW 0,1 M, NO KOTOPOMY WAET 3NEKTPUUYECKUN
TOK, HaxoAMTcA B OAHOPOLHOM MarHWTHOM none ¢ UHAYKUMEA 4 Tn n pacnonoxeH
noa yrnom 60° K BEKTOPY MarHUTHOM uHaykumun. Cuna toka 3 A. YUemy paBHa cuna,
AeicTBylOLWas Ha NPOBOAHMK CO CTOPOHbI MarHWTHOro nNonsa?

1) 1,6 H 2) 1 H 3) 1,4 H 4) 2,4 H

2. Ha npoBOAHWK, PacnosioXXeHHbIW B 0OAHOPOAHOM MarHMTHOM none nog yrnom 30°
K Hanpas/leHUI0 JINHUI MarHUTHOW WHAYKUWUWK, fecTByeT cuna F. Ecnn yBennuunTb
3TOT yron B 3 pasa, TO Ha NpoBOAHMK 6yaeT feiicTBoBaTb cuna,

paBHas
f 1) 0 2) F/2 3) 2F 4) 3F
3. B 04HOPOAHOM MAarHMTHOM MoOJlIe HAXOAWUTCSA pamkKa, Mo Ko-

TOpoWi HaymHaeT uaTM ToK (cMm. puc.). Cuna, geiicTBylowas Ha

11 BEPXHIOI CTOPOHY paMKu, HanpasfeHa
1) BHU3 3) nepneHAUKYNAPHO NAOCKOCTU IMCTA, Ha Hac
1T TBI - 2) BBEPX 4) nepneHAUKYNAPHO NAOCKOCTU IUCTA, OT Hac

4. KBagpaTtHasa pamKa pacrnosio)xeHa B OAHOPOAHOM MarHuT-
HOM Mofle B MNOCKOCTU NAMHUI MarHUTHOW MHAYKLUMM TakK, Kak

a 1 d nokasaHo Ha pucyHke. HanpaBneHue ToKa B paMKe MoKasaHo
cTpenkamu. Kak HanpasfeHa cuna, gelicTBywuias Ha CTOPOHY
B ab paMKu CO CTOPOHbI MarHWTHOro nons?
1) nepneHAUKYNAPHO MJIOCKOCTM YepTexa, 0T Hac
b c 2) neprneHAMKYNSAPHO MIOCKOCTY uyepTexka, Ha Hac

3) BepTMKa/lbHO BBEpPX, B MJIOCKOCTU 4YepTexa
4) BepTMKa/lbHO BHMU3, B MJIOCKOCTM 4epTexa

5. YKaxXute ycTpolcTBO, MPUHLUN AelAiCTBUSE KOTOPOro OCHOBAH Ha SIBJIEHUW BO3HUK-
HOBEHUS CUNbl, AelicTBylOLWeld Ha NMPOBOAHUK B MarHUTHOM MnoJsie, MPU MPOXOXKAEHUUN
yepes MPOBOAHUK 3/1eKTPUYECKOro TOoKa.

1) peocTtart 3) anekTpoaBuraTtens

2) meTannouckaTesnb 4) 3neKTpoYamHUK

6. B ocHoBe pab6oTbl 3/ieKTpoAaBUraTens NexuT

1) peiicTBMEe MArHUTHOrO MOAA Ha MPOBOAHWUK C 31eKTPUYECKMM TOKOM
2) anekTpocTaTuyeckoe B3aMMoOAelcTBUEe 3apafoB

3) sABNeHWe camMoOMHAYKLUUN

4) peicTBME 3/1eKTPUYECKOr0 MONA Ha 3NeKTPUYEeCcKUin 3apag
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2. MpoBogHUK AnNnHOW | = 0,15 M NnepneHANKYNSpPeH BEeKTOPY MArHUTHON WH-
OYKUUWN OAHOPOAHOr0O MarHWTHOro MoJsifA, MoAynb KoTtoporo B = 0,4 Tn. Cuna
Toka B nposogHuke | = 8 A. Onpeaennte paboTy cunbl Amnepa, Kotopas 6binia

coBeplleHa MNpu nepemeweHnn nposogHuka Ha 0,025 M no Hanpas/ieHUIO fOei-
CTBUSA 3TOW CUNBbI.

3. KBagpaTHas pamka ¢ ToKomM Maccoih 200 r co cCTOpoHOI, paBHoW 20 cm,
NeXNT Ha ropuM30HTasbHOMW NOBEPXHOCTU. MHAYKUMA MarHMTHOro nonsg, pasHas
4 Tn, napannenbHa NAOCKOCTWU pamMKu. [puM Kakon MWHUMaNbHOW cune Toka
ofjHa M3 CTOPOH paMKW He AaBUT Ha MOBEPXHOCTb?

1 Y4yacToK NpoBOAHUKA ANWHONW 10 cM HaxXxoAuTCA B MarHUTHOM nofe ¢ uHaykumen (
50 MTn. Cuna 3NeKTPUYECKOro TokKa, MpoxXoAswero no nNpoBogHWKY, paBHa 10 A.
Kakoe nepemelieHne cosepluaeT NPOBOAHWK B HanpasB/eHUW AelicTBUMA cCuAbl Amne-
pa, ecnn pa6oTa aTtoii cunbl 0,004 O>X? MNMPoBOAHWK pPacnonoXXeH MNeprneHAMKYNSapHO
NNHUAM MarHUTHOW UMHAYKUUW.

1) 0,0008 ™ 2) 0,08 m 3) 0,8 m 4) 8 m

2. CB0o60AHO NepeMewalWMNCA N0 paMKe NMPOBOAHUK C TOKOM

yepes M30NATOP NPUKPENNEH K MNPYXWHEe XECTKOCTb 5 H/M

(cm. pwuc.). AnnHa npoBogHMKa paBHa 0,5 M, n no Hemy WMAET

ToK. Cuna Ttoka 2 A. MNpun nomeweHU MNpoBoAHUKa C U30N19A-

TOPOM B MarHuUTHOe MoJle, BEKTOP WHAYKLUWW KOTOPOro nep-

NeHAUKYNsApeH MJI0OCKOCTU pamKu, MpyXuHa pacTAHyfnacb Ha ® ® ®
10 cm. Onpefgennte 3HavYeHUe UHAYKUMWU MarHUTHOro nons.

3. Mo NpAMOMY rOpU30HTaNbHOMY MPOBOAHWUKY ANUHON 1 ™ ATWTry

C nnowanblo nornepeyHoro ceyeHusa 1,25 « 10 OmM2, noagBelweH-

HOMY C MOMOLWbI ABYX OLMHAKOBbIX HEBECOMbIX MPYXMHOK (9) x) - (x)
XXEcTKocTbtlo 100 H/m kaxpas, maét Tok. Cuna Ttoka 10 A. B

Ha kakoil yron oT BepTUKanuW OTK/AOHATCA MNPYXWHKU nNpu

BK/IOYEHNN BEPTUKANbHONO0O MarHMTHOro nons ¢ uHAykumen 0,1 Tn, ecnnabeconwT-

HOe YAJIMHEHWE KaXAolW M3 MPYy>XMHOK Npu 3aToM cocTtaBnser 7 « 10'm? (MnoTHoOCTb
MaTepumana npoBoagHuMKa 8 < 103 kKr/m3.)

4. Ha HenpoBoasAlwein TropuM3OHTaNbHOW MNOBEPXHOCTW cTona

NneXXnT nposoAswas >XE&ctkasa pamka M3 O0AHOPOAHOW TOHKOW B
NPOBONOKW, COTHYTOW B BUAe PaBHOCTOPOHHEro TpeyrosbHMUKa

ADC co cTOpoHOW, paBHOW a (cM. puc.). Pamka, no KoTopoW

MAET TOK |, HaxoguMTcsa B O4HOPOAHOM TFOPWU30HTasIbHOM Mar-
HUTHOM nose, BEKTOP WHAYKLWUW KOToporo B nepneHanky-

nApeH ctopoHe CD. Kakum ponkeH 6biTb MOAY/b WHAYKLUWN C
MarHMTHOro nons, 4Tobbl pamMkKa Havana noBopaynBaTbCA BO-

Kpyr cTtopoHbl CD, ecnu macca pamku T7?

5 TOpU30OHTaNbHbLIA NPOBOAALWNI CTEepXKeHb MPAMOYro/ibHOIO
CEeYEHUS nNocTynaTefNibHO [ABUXKETCS BBEPX C YCKOPEHMEM Mo B
rnagKoi HaKIOHHOW MNOCKOCTU B BEPTMKASbHOM OLHOPOAHOM

MarHMTHoM none (cm. puc.). Mo cTepXxHO wnAET Tok. Cuna
Toka | = 4 A. ¥Yron HaknoHa nnockoctu a = 30°. OTHowe- ’
HUe Maccbl CTepXXHA K ero agnmHe m/L = 0,1 kr/m. Yckope-

HUe CcTep>XHS a = 1,9 M/c2. Uemy paBeH MOAYNb WHAYKLUN
MarHMTHOro nosna?
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§4 [OENCTBWE MATHUTHOIO MNONA HA ABMXKYLLYHOCHA
SAPAXKEHHYIKO YACTUUY. CUNA JTOPEHUA

OT 4yero 3aBUCUT AelicTBME MArHWUTHOrO MOASi Ha TOK?
YTto Takoe 3neMeHT TOKa?

MOXHO Nu yTBepXpAaTb, 4TO cuna AmMnepa nNpsMO NPONOpPLMOHANbHA BEKTOPY Mar-
HUTHOW WMHAYKUMU?

ANeKTPUUECKUA TOK — 3TO HanpasB/IEHHO [BUXXYULMECs 3apsiXKeHHble 4YacTu-
ubl. MosaTomMy fAelcTBME MArHUTHOrO MOMSi Ha MPOBOAHWK C TOKOM €CTb pe3y/b-
TaT AeCTBUA MONA Ha ABUXKYLLMECA 3apsd>KeHHble YacTULlbl BHYTPM MPOBOAHMUKA.
Haigém cuny, AeicTByloUlyl0 Ha OAHY 4yacTuly.

ELULIJ]- Cunoii J/lopeHuUa Ha3biBAOT CUY, AEWCTBYIOWYI0 HA LBUXYLLYIOCA 3apsdeH-
HY0 4YacTULy CO CTOPOHbI MAarHUTHOIO MONS.

OTa cmna HasBaHa B 4eCTb BENIMKOro ronnaHpckoro gpumsmka X. Jlo -
peHya (1853—1928) — ocHoBaTesis 3/IEKTPOHHOW TeOpPUU CTPOEHUS
BewecTBa. Cuny JlopeHua MOXHO HaliTu ¢ NMomow,bio 3akoHa AmnMepa.

Moaynb cunbl JTopeHua paBeH OTHOWEHWIO MOAyns cunbl X AeicTByowWw e
Ha y4yacTOK MpOBOAHUKA ANWHOW [/, K uncny N 3apskeHHbIX 4acTul, YyNnopsgo04YeHHO ABMU-
XYW MXCA B 9TOM yyacTKe MPOBOAHUKA:

(1.3)

— — PaccMoTpM O0OTpe30K TOHKOro MNPSAMOro mnpoBoAHUKA
B. B ¢ Tokom (puc. 1.28). MycTb AnnHa oTpe3ka Al m nno-
waAb S nNoNepevyHOro CceyeHWA MNPOBOAHMKA HACTO/b-
KO Manbl, 4TO BEKTOP WHAYKLWM MarHUTHoro nons B
MOXXHO CYMTaTb OAMHAKOBbIM B npejenax 3Toro orpeska
nposogHukKa. Cuna Toka | B npoBOAHWKe CBA3aHa C 3a-
pAAOM g YacTul, KOHUeHTpauuen n 3apsa>XeHHbIX 4acTul,
Puc. 1.28 (uncnom 3apagoB B eaMHUUeEe 06bEMA) M CKOPOCTbI V UX
yrnopsAAao4YeHHOro ABUXXeHUA cnepytouiein opmMmysion:

I = gnvS. (1-4)

O6cyante C OAHOKNACCHWKOM Bbl- Mogynb cunbl, pAeldcTeyloulein co

40 Boa dopmynbl (1.4) Ha OCHOBaHUM CTOPOHbI MArHMTHOro nNonA Ha Bbl-
npeactaBneHUn 3N1eKTPOHHOW Teo- 6paHHbIN 3N1eMeHT TOKa, pPaBeH:

pvnM NpPoBOAUMOCTH. i
F = 11 BAIl sin a.

MoacTaBnsas B 3Ty opMyny BbipaxeHue (1.4) Ansa cunbl Toka, nosyyaem

F — |q InvSAIB sina = v\gq WB sin a,
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rae N = nSAl — uuncno 3apsiXXeHHbIX YyacTuUl, B paccMaTpuBaeMom o6béme. Crie-
[l0BATENbHO, HA KaX[blii ABMXXYULMIiCcA 3apsifi CO CTOPOHbI MAarHWUTHOro nonsa Aaeii-
cTBYyeT cuna JlopeHua

= \g\vB sin a, (1.5)

roe a — yros mMexXpay BeKTOPOM CKOpPOCTU
M BEKTOPOM MarHMTHOM mHAykKuumn. Cuna
JlopeHua nepneHAUKY/NApPHaA BeKTopam
B w TE Eé HanpaB/ieHue onpefensigerca C NOMOLLbIO
TOro >e npasuna /eBON PyKW, 4YTO U Hanpas/eHue
cunbl AMnepa: ecnu NeBYKW PYKY pacnosioXXnTb Tak,

yTo6bl cocTaBnsAlUWAsA MarHUTHOW MHAYKUuUKM B, nep-
neHAWKYNsApHas CKOpPOCTWU 3apsfja, BXxoauna B NafoHb,
a yeTblpe BbITAHYTbIX Nafnbua 6blIM HanpaB/eHbl MO
HanpaB/IEHVUIO CKOPOCTU ABVXXEHUSA MOJIOXKUTENbHOrO
3apsaga (NpoTUB HamnpaB/eHUs CKOPOCTU [ABUXEHUS Puc. 1.29
oTpuuaTesibHOro), To OTOrHYTbIW Ha 90° 6onbwoON nNa-

ney ykakeT HanpasfieHue AelicTBylow et Ha 3apag cunbl JlopeHua An (puc. 1.29).
AneKkTpuyeckoe none fAelcTeByeT Ha 3apsag q ¢ cunoii F31 = gE. CnegosBartesibHO,

ecniM ecTb W 3NeKTpuUUeckoe Mnosie, U MarHMTHoe nofe, To cymMmapHasa cuna F,
felicTBylollas Ha 3apsaj, paBHa:

F = %an + *n-
Tak Kak cuna JlopeHua neprneHAUKYASpHa CKOPOCTM 4YacTulbl, TO OHa He
coBepwaeT paboThl. CornacHo Teopeme 06 M3MEHEHUM KWMHETUYECKOW 3Heprum
(cm. yuyebHUK dun3nkm gna 10 knacca) 3To o3Ha4yaeT, 4uTo

ywad
A cuna JlopeHua He MeHAeT KUHETUYECKYK 3HEepPruio 4acTuubl W, cnefoBaTenbHO,
MOAY/Nb CKOPOCTW 4YacTuubl. Mof geiicTBUEeM cunbl JlopeHua MEeHsieTCsl MWb HanpaB/ieHue
CKOPOCTU YacTuubl.

ABu>KeHne 3aps>KeHHO 4acTuubl B O4HOPOAHOM
MarHUTHOM nosie. PaccMoOTpUM [ABUIXKEHME 4YacTulbl
C 3apaAfoM g B OAHOPOAHOM MarHMTHom none B, Ha-
npaB/eHHOM MepneHANKYNAPHO BEKTOPY HavasbHOM’ ;
ckopocTu Yactuubl TE (puc. 1.30). Cuna JlopeHua
3aBUCUT OT MOAY/Ieli BEKTOPOB CKOPOCTM 4YacTULbl W
VMHOAYKLWM MarHUTHOro noss. TakK KaK MarHutHoe
nose He MeHSAeT MOAY/lb CKOPOCTW [ABUXKYyLUlelca 4a- Puc. 1.30
CTULbI, TO OCTAéTCA HEW3MEHHbIM W MOAY/ b CWUNbI
JlopeHua. OTa cusa NepneHAMKYApHa CKOPOCTU WU, CnefoBaTefNlbHO, onpefesnser
LEeHTPOCTPEMUTE/IbHOE YCKOpPEeHMe YacTuubl. HemaMeHHOCTb MO MOAY/O LEeHTpPo-
CTPEMUTENBHONO YCKOPEHUSA YacTulbl, ABUXXYLU ENCA C MOCTOAHHOMW Mo
MOAYNI0 CKOPOCTbIO, O3HayaeT, 4YTO YacTmua pPaBHOMEPHO ABUXXeETCS &
no OKPY>XHOCTU paguycom r. Onpegennm 3ToT paguyc.
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CornacHo BTOpoMYy 3aKoHY HblToHa (cm. puc. 1.30)

mv2
= \qg\vB.
OTcofa r

P mv 16
\u\s (1.6)
Bpems, 3a KoTopoe yacTuua AgenaeT NoAHbIM 060poT (Nepuog obpalleHns), paBHO:

2Kr 2nT
T=— = T{77- 1.7
v Iqq (1.7)
rl B kakom cny4dae 3apdaXeHHada 4dacTu- Wcnonb3sosaHue 'D'eMCTBI‘/‘Iﬂ MarHuT-
Ua ABMXETCH B MarHWTHOM none no HOro nossa Ha ABVXKYLLMWCA 3apAaj.
OKPYXXHOCTN? TMpugymaiiTe mMexaHu- [AelicTBne MarHUTHOro nonsa Ha [ABW-
Yyeckyl MoAeNnb ABMXEHWA 4YacTulbl B 3TOM Xyl nica 3apaj WMNPOKO UCNoNb3oBa-
cnyuae. nn B TeEXHUKe. [locTaTO4YHO BCMOMHUTDb

TeNeBU3NOHHble TPYOKN (KMHECKOoNbl),
B KOTOPbIX NeTAWMNe K 3KPAHY 3/1EKTPOHblI OTK/IOHAKTCA C NOMOLLbIO MarHMUTHOIO
nons, co3faBaemMoro 0co6bIMU KaTyllKamu.

Cuvna JlopeHua UCNOAb3yeTCHa B YCKOPUTesie 3apsXXeHHbIX vyacTtuy (LUKAOTpO-
He) ANA NOoJyYeHUA 4vacTuly ¢ 60NbWKMMKU 3HepruamMu. LLMKNOTPOH COCTOUT U3
ABYX MoNbIX nonyuunuHapos (ayaHToB) 3, Haxoas-
WKnxca B OAHOPOAHOM MarHuTHom none (puc. 1.31).
B 3a3ope mMexny gyaHTamMu co3faéTtca nepeMeHHoe
3/leKTpMYeckKoe MoJsie C TMOCTOAHHbLIM Mepuoaom,
paBHbIM nepuody obpauweHma 4vacTuubl. CornacHo
dopmyne (1.6) npu yBenM4YEeHUU CKOPOCTU YacTu-
ubl 1 paguyc OKpPY>XHOCTW (TpaekTopuu 2), N0 KO-
TOpPOW ABUXXeTcHA 4vacTuua, yBennuymsaetca. MNMepunog
obpaweHna yacTulbl He 3aBUCUT OT CKOpPOCTU (CM.

Puc. 1.31 dopmyny (1.7)), w, cnepgoBaTesibHO, 4epe3 nosine-

puoga, BCNeACTBUE M3MEHEHUS Hanpas/ieHUS 3/1eK-

TPMYECKOro Nons B 3a30pe, yacTula CHoBa OKa3blBaeTcs B yCKopsAtUW,em eé none
n 7. A4. Ha nocnegHem BUTKe yacTuua BbleTaeT U3 LUKAOTPOHA.

Ha pgeicTBuM MarHMTHOrO MOMSA OCHOBAHO TaKXe W YyCTpPoucTBo npubopos,
No3BONAKWNX pa3fensatTb 3aps>KeHHble 4yacTuubl N0 WX YAeNbHbIM 3apsajam,
T. €. N0 OTHOWEHNI 3apsaja 4vacTuubl K eé macce, U MO MNONYYEHHbIM pe3yb-
TaTaM TO4YHO OnpeAensaTb Maccbl 4vacTuy. Takue Npubopbl NOAYYUNWN Ha3BaHUe
Macc-cneKkTporpagos.

o Ha pucyHke 1.32 un3sobpakeHa npuHuuMnunanbHasn

7 ®Bo B cxXxema npocTewero macc-cnekTporpada. [Mponga

/ - D yepes pgunadparmy 1, NOMOXKWUTENbHO 3apsXeHHble
/ ra2\/ 0 ) WOHbI MnonajawT BO B3aMMHO MNepneHAUKYNSAPHblIe
! —‘—2_, anekTpuyeckoe (E) v marHutHoe (B ) nonsa. Ecnwu

3 0, E<—@B cnna JlopeHua paBHa 3/1eKTpocTaTUYecKol cune
7 —=u gE = qvB, TOo uyepe3 gnadparmy 2 nponayT TONbKO

2 z_FM WOHbI, UMewwWwme ckKopocTb m = E/B. WoHbI, ABU-

1 s Xylwmecs ¢ APYrmMmMmM CKOPOCTAMMU, OTKJIOHATCA U He

Punc. 1.32 nponayT 4epe3 Heé.
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B o6nactn 3a gnagparmoii 2 co3pgaétca MarHMTHoe Mnofsie ¢ uUHAykuumen BO.

mv
Pagnyc KpMBWU3HbLI TPAeKTOPUW MOHOB B 3TOM MArHMUTHOM rMosie I — provy n ero
q
MOXHO M3MepuUTb, MOCTaBMB Ha MyTW 4yacTul (oTonsacTUHKy 3. Tak KaK CKo-
pocTb YacTul OAMHAKOBA W onpefenseTcsas MNoOCTOSSHHOW npu6opa E/B, To0, 3Has

qBOr qBBOr
3apsa WOHOB, MOXHO oNpeAennUTb MUX Maccy no dopmyne T = -—---- R
v E

(r2>rlt T2 > 7T7U).

Eweé oAHO ycTpoicTBO — TOKaMWK (TopoumpanbHasi Kamepa C MarHUTHbIMWU
KaTywKaMmmn), B KOTOPOM nna3Ma (3apsiXKeHHble YyacTulbl) yaepXXmMBaeTcs cnelu-
anbHO co03JaBaeMblM MarHMTHbIM MO0JIeM, cUYMTaeTcss Haubonee MNepPCcrneKTUBHBLIM
YyCTPOMCTBOM [ANS1 OCYLLECTB/IEHUS yNpaB/seMoro TepMOsifepHOro CMHTe3a.

3apshkeHHas dacTuua B MarHUTHOM nojne. Cuna JlopeHua

7 1. YUemy paBeH mMofynb cuabl JlopeHua?
2. Kak faBuXXeTca 3aps)XeHHasa yacTuua B 04HOPOAHOM MarHMTHOM rnone,

T ecnu HauanbHas CKOPOCTb YacTWLbl NepreHAUKYNApHa NUHUSM MarHuT- B
HOW MHAYKLUN? SL;
3. Kak onpefennTb Hanpas/iieHue cunbl JlopeHua? -
—_

o ~
1. B mMarHMTHOM none ¢ uMHAykumveir B = 4 Tn gBuXeTca 31eKTPOH CO CKOPOCTbHO (r—:\
L=

107 m/c, HanpaB/ieHHOW MNepneHAMKYNAPHO JIMHUAM WHAYKUUW MarHUTHOro nons.
Yemy paBeH mMoaynb F wminbl,gelictBytoweil Ha 31eKTPOH CO CTOPOHbI MarHWTHOrO
nona? 3apaj 3/1eKTpPoHacooTBeTCTBEHHO (ge= 1,6 < 1Cr19 Kn.

1) 0,4 =10 2 H 3) 0,4 =10 2%6H
2) 6,4 m1(Fr'2 H 4) 6,4 «1(rz6H

2. ONeKTPOH M MPOTOH BJfeTalT B O4HOPOAHOE MarHWTHOe MnoJie NepneHAUKYNsAPHO
BEKTOPY MAarHUTHOMW MHAYKLUWU CO CKOPOCTAMMW V U 21, COOTBETCTBEHHO. Moagynu 3a-
pAAOB 3/IeKTPOHa M NPOTOHA paBHbl ge = 1,6 « 10“19Kn. OTHOWeHWE MOAY/SA CUNBbI,
LeNCcTBYKOLWeEN CO CTOPOHbI MarHMUTHOrO MONSA Ha 3/1eKTPOH, K MOAYNK CcUNbl, Aeli-
CTBYlOLWeNn Ha NPOTOH B 3TOT MOMEHT BPEeMEHW, paBHO

1) 4:1 2)2:1 3) 1:1 4) 1:2

3. HeATpoH 1 3/1eKTPOH B/ieTalT B O4HOPOLHOE MarHWTHOE Mosie MepneHAUKYNSIPHO
BEKTOPY MAarHMTHOW WHAYKLWM Ha paccToaHMM L apyr oT Agpyra ¢ OAMHAKOBbIMU
cKopocTAMM v. OTHOWeHWe Moayneid cun, AeNCcTBYKWLWMX HA HUX CO CTOPOHbLI Mar-
HUTHOrO MOJA B 3TOT MOMEHT BPEMEHMU,

1) paBHO O 3) MHOro 6onbwe 1

2) paBHO 1 4) MHOTO MeHbwe 1, HO He paBHO O

4. TIpoTOH p, BNeTeBW W B 3a30p MeXAy MnontwcaMu 3feKTpomarHura,
MMeeT FOPU30OHTaNlbHYI CKOPOCTb I*, MepneHAWKYNAPHY BEKTOPY WH-
AyKuunm B mMarHuTHOro nons, HanpasfeHHOMY BHWU3 (cm. puc.). Kyaa B

HanpaefneHa felicTBylouiass Ha nMpoToH cuna JlopeHua F ?
1) BepTMKaNbHO BHU3 3) ropM3oHTaNbHO, Ha Hac
2) BEepTUKaANbHO BBEPX 4) ropusoHTanbHO, OT Hac

N
14
S
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§5 TPWUMEPbI PEWWEHVA 3AOAY MO TEME «CWJ/TA JTOPEHLIA»

5y

ey
R —;

PeweHne 3agady no 3TOi TeMe OCHOBAHO Ha 3aKoHaxX MeXaHWKWU. BcCnomMHuM,
4yTo cufa, NeprneHANKYNaApHas BEKTOPY CKOPOCTWU, He Bbi3biBAeT W3MEHeHUs eé
Moayns, a u3aMeHsieT TONbKO eé HamnpaBsieHWe, Mo3ToMy, Korga cuna JlopeHua
N CKOpPOCTb fieXaT B OAHOW MIOCKOCTWU, YacTuua ABUXKETCS C MOCTOAHHOW CKopo-
CTbIO MO AYre OKPYXHOCTWU.

Ecnu ckopocTb HampasflieHa Nof4 Yr/oM K BeKTOPY MarHUTHOW WHAYKUWUWN,
TO yYacTumua y4yacTBYeT B [BYX ABWXXEHUSAX: PaBHOMEPHOM BAOMb NUHWI MNons

M N0 OKPYXXHOCTW B MMOCKOCTU, MEPMNEHAUKYNSAPHO/ BEKTOPY MHAYKUMUKM B. 370
NBUXKEHME MPOUCXOAUT yXKe He B MM0CKOCTM, a B MpocTpaHcTBe.

3agava 1. B npocTpaHcTBe, rae co3gaHbl 0AHOBPEMEHHO
OlHOPOAHbIE W TMOCTOAHHbIE 3MeKTPUYECKOe W MarHuTHoe
nons, no NPAMONVHENRHOW TPaeKTOpPMM [ABUXKETCS MNPOTOH.
M3BECTHO, YTO HaNpPsXXEHHOCTb 3/1IEKTPUYECKOro Mons pas-

Ha E. Onpegenute nHAykKuniw B MarHUTHOro nosns.
PeweHwne. MNMpaMonnHeiHoe [ABWXXEHMWEe MpoTOHa BO3-
MOXHO B ABYX C/liyyasx.
1) BekTtop E HanpaBneH BAO/b TPaeKTOPUM [BUXKEHUA

npotoHa. Torga BeKTop B*TakXe [0/DKeH 6biTb HanpasfeH
B/10/1b 3TO TPAEeKTOPUU, N ero MoAy/lb MOXET 6biTb N06bLIM,
TakK Kak MarHuTHoe nofie He GyfeT AeiicTBOBATb Ha 4acTuuy.

2) BekTopbl E, B, V* B3auMHO nepneHAUKYNSApPHbI, U cuna, gelcTeBytu,as Ha
MPOTOH CO CTOPOHbI 3/IEKTPUYECKOro NoafA, paBHa Mo MOAYJ/I0O U MPOTUBOMNOJIOXKHA
no HanpasseHUw cune JlopeHua, AeAcTBylOLW A HA NPOTOH CO CTOPOHbI MarHI/IT£H0-

Yy >
ro nona (puc. 1.33). Tak kak eE + Pn = 0, 170 eE - evB =0 n B = —.
\%

3apgaya 2. lMpoToH B/ieTaeT B OA4HOPOAHOE MArHMUTHOE MOJie CO CKOPOCTbIO
v = 100 m/c, HanpaB/eHHOlM nofd yrnom a = 60° K AUHUAM MArHUTHOW WH-
aykumun. MHAyKuma marHuTHoro nons B = 0,1 Tn. Macca m 3apag npoTtoHa
paBHbl cOOTBeTCTBEHHO Tp = 1,7 «10'27kr, gp = +1,6 «10”"19Kn. Onpegenunte
napameTpbl TpaeKTOpPUM YacTULbI.

PeweHne. Mbl 3HaeM, UYTO Ha yacTuuy, ABVKYLLYOCA napasfenbHO JIMHU-
AM MarHUTHOW WMHAYKUWW, MarHuTHOe rMosie He AeicTBYyerT.
Pas3fioXXuM CKOPOCTb Ha fABe COCTaBAsALWMEe: OAHY NapasesibHO JIMHUAM Mar-

HUTHOW WMHAYKUWUW, a APYTrYl NepneHAuKynspHo mm — LU n v, Baonb NuHMi
MarHUTHOW MHAYKLUWUW MNPOTOH ABUXXETCA C MOCTOAHHOW cKopocTbi Il = ucosa.
B nnockocTu, NeprneHAUKYNAPHOW BeKTopy BY npoToH ABuXeTcA B OAHOPOA-

HOM MarHMTHOM MO/JIe MO OKPYXHOCTU paguycom r = B (cm. copmyny (1.6).

CornacHo 3aKOHY He3aBUCUMOCTU [ABUXKEHWU MPOTOH y4yacTBYeT B ABYX ABUXKEHMU-

AX: BAOMb NIMHUIA MHAYKUWUMU OH ABUXETCA PaBHOMEPHO U OlHOBPEMEHHO Bpalia-
eTcs B MMOCKOCTU, MeprneHAUKYNsipHoOl BekTopy B.
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Takum 06pa3om, TpaekKTopuein ABUXKEHUA dacTulbl 6yAeT BUHTOBAsS JSIMHUSA.

mvj_ mvsina
Pagnyc r = 9,1 1(rém.
qB qB
LWar BuHTa — paccTofaHue, KOTOopoe NPOMAET yacTuua 3a BpeMs 04HOro o06o-
2KT
pota: n = un|T = ocosoc-~- ~ 3,3 10 am.

3agaya 3 B ogHopoAHOE MarHMWTHOE nMoJie BJieTaeT 3/IEKTPOH CO CKOPOCTbIO
v = 100 m/c noa yrnom a = 60° K /IMHUAM MarHUTHOW WMHAYKUMU. CKONMbKO
060p0TOB cAeslaeT 3/IEKTPOH, Mpexae 4yeM nonagét Ha akpaH 3? MHAYyKUMA mar-
HUTHoro nona B = 0,01 Tn. PacctoaHue oT Toukm O nosid, B KOTOpYK nonagaet
3N1eKTPOH, A0 3kpaHa | = 20 cwm.

PeweHwne. B none Ha 3NeKTpoOH HayMHaeT AeNCTBO-
BaTb cuna JlopeHua F = |Je]uBsina, koTopas 3acTtaB-
NnaeT 3NeKTPOH ABUratbCsa N0 OKpYXXHocTu (puc. 1.34).
Mpu atom BAoNb ocu OX 3/IeKTPOH [ABUXETCA paBHO-
MEpPHO CO CKOpPOCTbI VX = Vvcos a. Bpemsa, 3a KoTo-

1

poe 31eKTPOH A0NeTUT A0 3KpaHa, t = Mepwu-
o4, o6paleHUs 3/1eKTPOHA MO0 OKPYXHOCTM T = —
e Puic. 1.34
(cm. opmyny (1.7)). Takum obpasom, 4ymcno o6opoToB
B
N = — = 11le\B/2nmvcos a = 1,1 HP i
|
L I -
3apgava 4. TOK MAET NO NPOBOAHUKY MPSAMOYTFONbHOIO y I/ A C{/)
cedyeHns (a n b N3BeCTHbI), NOMeUEHHOMY B OJHOPOAHOE A 7
MarHuUTHOe Mofie, Kak NnokasaHo Ha pucyHke 1.35. Cuna 9|/ c
TOKa paBHa |. Pa3HOCTb MOTEHUMANIOB MeXAay Toukamu K Rl o
A 1 C Ha BepXHeWll M HUXHel rpaHsax NpoBojHMKaA paBHa

U. Onpegennte MHAYKLUWNIO MarHMTHOro nons. KoHUEeH-
Tpauunsa cBobOAHBLIX ABUXYL, MUXCA 3/1eKTPOHOB paBHa M.

PeweHwune. Ha HanpaB/eHHO [ABMXYLULNECA 3NE€KTPOHbI B MarHUTHOM Moe
feiicTByeT cuna JlopeHua, OTK/MOHAUW A8 WX BBepX. BcneacTtBue 3TOro Mexay
ToukaMum A n C BO3HWKAET pas3HOCTb MoTeHUManos. (AB/ieHMe BO3HUKHOBEHUS
pasHOCTM MOTEHLMANIOB MeXAY MOBEPXHOCTSAMW MPOBOAHMKA, MO KOTOPOMY WAET
TOK, B MarHMTHOM Mo/fie HasbiBaeTcs agekTom Xonna.) BosHuKalwliee 3neK-
Tpuyeckoe nosie NpenAaTcTBYeT AasibHeliwemy pasgesieHuto 3apsagos. OHO npekpa-
ujaeTca, Korga cuia JlopeHua, AeicTByolana Ha ABUXKYLLMIACA 3/1€KTPOH, CTaHeT
paBHa 3/1€KTPOCTATUYECKO cue:

le [vB = Je 1. (1)

Cuna Toka | = e\nvab, OTKyAa cpeaHAA CKOpPOCTb HamnpaB/1eHHOro aABuxXe-
I

HUA 3/1EKTPOHOB V
\e\nab
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MoacTaBuM 3TO BbipakeHue B opmyny (1) U HaMgEM UHAYKUUIO MarHUTHOrO

nonsa: B = - .

3ajgayn ana camocCTOATENIbHOMo pelleHus 0 T

1. OnpegenuTe paguvyc OKPYXHOCTW W nepuof obpaleHUs 3/71eKTpoHa B 0f4-
HOPOAHOM MAarHMTHOM nofne ¢ MHAyKuuen B = 0,01 Tn. CKOpocTb 3/eKTpoHa
nepneHanNKynsApHa BEKTOPY MarHWTHOW MHAYKUWM M paBHa 106 m/c. Macca anek-
TpoHa Te = 9,1 «1(I3L kr, ero 3apag qge = -1,6 «1(F'9OKn.

2. ONeKTPOH ABUXETCA B OAHOPOAHOM MarHUTHOM Mnose ¢ nHaykuuein 1Cr2Tn.
B HeKOTOpblI/i MOMEHT BpeEMEHMW BEKTOP ero cKopocTwu, paBHol 106 m/c, cocTaBnsa-
eT yron 30° ¢ HanpaB/fieHMEM MarHMTHOro noss. Bbiumcnute paguyc R u war h
BMHTOBOW NMUHUMK, MO KOTOPON ABUXETCA 3/1€KTPOH.

3. 3aps>XeHHble YacTuubl, 3apag KoTopbixXx 3,2 « 1CM19 Kn, yckopdawTca B LKU-
K/I0TPOHEe B 0AHOPOAHOM MAarHMTHOM Mofne ¢ wuHAyKumen HI1Tn u yactoTow
ycKopAwLwero Hanps>xeHna 6 My, Onpegenute KUHETUYECKYD 3HEPTUIO YacTul,
B MOMEHT, KOrfga OHW ABWXYTCA N0 Ayre paguycom 2 M.

4. MNpoToH BfieTaeT B 06/s1aCTb O4HOPOAHON0 MArHWTHOrO MONSA WUPUHONK L.
MHAyKumMa marHuTtHoro noss B. CkopocTb V* npoToHa neprneHAUKYnsapHa MHAYK-
uMM nons wn rpaHuuye obnactu nona. Moh KakMm yriom a K nepsBoHayasbHOMY
HanpaB/IEHVUIO ABWXXEHUA MNPOTOH BbIIETUT M3 ob6nactu nona?

5. O/1eKTpPOH BfieTaeT B KOHJAEHCaTop Co cKopocTbio VO napannenbHo ero nna-
CTUHaM, MMewWw UM ANuHY |, a BblleTaeT noj yrioMm a K nepsoHayalbHOMY Ha-
npasBneHM0 ABUXXeHUA. UeMy fomkKHa 6biTb paBHa MHAYKUWA MarHUTHOro nonsd,
HanpaB/IeHHOro NepneHAUKYNSAPHO HayasbHOW CKOPOCTM, MPU KOTOPOI HanpaBne-
HUe [OBUXXEHWUA 3NeKTpoHa He U3MeHUTCcA?

1. [Ba nepBoHA4Ya/ibHO MOKOMBLIMXCA 3/MEKTPOHA YCKOPSIOTCA B 3/1IEKTPUYECKOM
nose: Nepeblii — B Mosie ¢ pasHOCTbIO NoTeHymanos U, BTopoli — 4U. Yckopuswue-
CA 3/1eKTPOHbI MonajatlT B 04HOPOAHOE MArHWTHOE MoJe, IMHUU UHAYKLUU KOTOPO-
ro NepneHAnKYNspHbl CKOPOCTU ABUXKEHUSA 3NE€KTPOHOB. UeMy paBHO OTHOWeEHUE pa-
AWNYCOB KPWUBW3HbLI TPAeKTOPWUI MepBOro M BTOPOro 3/1eKTPOHOB B MarHMTHOM none?

1) 1/4 2) 1/2 3) ni2/2 4) ni2

2. NoH, 3apsag koToporo e — 1,6 « 1CM19 Kn, aBuXXeTcss B OAHOPOAHOM MAarHMTHOM

none ¢ nHAykKuueihi B = 0,6 Tn B NNocCKoOCTU, NepneHANKYNApPHOA BekTopy B . Pagu-
yc Ayrn, no KOTOpoOW ABUXeTcss MOH, R = 2,5 «10-4m. YUemy paBeH MMNynbC MoHa?

il 3. DNeKTpPOH ABuUXeTcA B OAHOPOAHOM MarHWTHOM nofe

¢C uHaykuuen B = 4 «10.3 Tn (cm. pwuc.). Yepe3 Kakoe Mu-

A \J/ ZN HUManbHOe BpeMSA 3NEKTPOH BHOBb OKaXeTCcA B YKa3aHHON

(\\\(// \\\g/): Touke? 3apsapg anekTpoHa ge = -1,6 « 10”19 Kn u ero macca
— i e v Te = 9,1 m U3l Kr.

4. 3apshKeHHbIli WapukK BNetaeT B 06/1acTb MarHUTHOrO NoAs ¢ WHAYKUUKel
B = 0,2 Tn, nmesa ckopocTb v = 1000 m/c, nepneHAMKYNAPHYI BEKTOPY MarHuT-
HOM MHAYKUuMK. KakKoi nyTb OH NpoiigéT K TOMY MOMEHTY, KOrga BEKTOpP ero CKo-
pocTn noBepHéTcA Ha 1°? Macca wapuka T = 0,01 r, 3apag q = 500 mkKn.
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Fmnotesa AMnepa o6bACHAET, MoYyeMy MarHMTHas cTpesika U pamMka
(KOHTYp) ¢ TOKOM B MarHUTHOM nosie BefyT ceba oguHakoso (cMm. § 1).
CTpenkKy MOXHO paccMaTpmBaTb KaK COBOKYMHOCTb MasleHbKUX KOH-
TYpOB C TOKOM, OPUEHTMPOBAHHbLIX O4UHAKOBO.

deppomMarHeTukamm HasblBalOT BelecTBa, KOTopble co3jatloT Haubonee
CU/NTIbHble MarHMUTHble NONA.

MarHuTHble nons co3gatTcsa dep-
poMarHeTMKkamMu He TOJIbKO BClefA-
pun  eppomMarHeTusamMa  BHeC- 6
nm poccuiickue  yuéHbie N1, [. Nanaay, CTBUEe o6palLeHnNs 3/1IEKTPOHOB BOKPYT
E. M. udwmy u 5. N. dpenkens. silep, HO W BCAEACTBUE COGCTBEHHOTO
BpalleHns 3/1eKTPOHOB.

O ijSSSS bonbwoit Bknag B pa3BuTme Teo-

W W T  Co6cTBeHHbIN BpaljaTeNbHbI/i MOMeHT (MOMEHT WMMyNbca) 3NeKTpOHa Ha-
3blBaeTCA CAMHOM.

CorniacHo npocTedWw MM nNpeacTaBNeHUAM 3/1eKTPOHbI BpalialTcs BOKPYr Co6-
CTBEHHOW ocu MK, o6nagas 3apsAoM, CO34alT MArHUTHOEe Mofie Hapsify C MOJeM,
NoABNSAKWMMCSA 3a CUET UX 0p6MTANIbHOTO ABUXKEHUS BOKPYr sgep.

B (heppomarHetMkax Cyuw,ecTBylT 06/acTu ¢ napasniesbHbIMW OpueHTauus-
MW CMUHOB, Ha3biBaeMble JOMeHaMW; pas3mepbl LOMeHOB nopsgka 0,5 MKM.

MapannenbHana opueHTaumsa cNUHOB obecneyunBaeT
B AOMeHaM MWHWUMYM nMOTeHUManbHOW 3Heprun. Ecnu
heppomMarHeTUK He HaMarHWyeH, TO opueHTauusa f[o-
MEHOB XaoTuyHa (puc. 1.37, a) m cymmapHoe Mar-
HUTHOE nofie, co3gaBaemoe [OMEeHaMW, pPaBHO HYJIHO.
s Mpn BKAKYEHNN BHELWHEr0 MarHUTHOrO NoAs AOMEHbI

R OPUEHTUPYKTCA BAOMAb JIMHUA MarHUTHOW WHAYKLUN
atoro nona (puc. 1.37, 6) U MHAYKUUS MarHUTHOrO
a) 6) nons B (heppomarHeTMkax yBe/M4YMBaeTCHA, CTAHOBACH
B ThiCAYM W JaXe MWAANOHbI pa3 60nblle MHAYKLUN
Puc. 1.37 BHELIHEero Mons.

ttiiitifiii* Hapagy ¢ deppomarHeTMkamMu B Npupoje CywecTBYWT Aua- K napamarHeTMKmr

B AnamarHeTmkKax nNpu BHECEHWW WX B MArHWTHOe none MHAYKLMA MarHUTHOro nons

B BellecTBe yMeHbllaeTca, a B nMapamarHeTMkKax yBe/fnMymBaeTcs, HO CYLW eCTBEHHO MeHblie,
yem B (heppomarHeTukax.

Y ApnamMarHeTUKOB MarHWTHble MONA 3/1eKTPOHOB B OTCYTCTBME BHEWHEro MarHWTHOTO
noNfsa MOSIHOCTbI CKOMMEHCUPOBAaHbI, OfHAKO MPWU ero BKAYEHUW 3Ta KOMMeHcauus Hapy-
waeTcA. BekTop MHAYyKUMM Op6UTaNbHOrOo MaArHUTHOTrO MONMS OKa3blBaeTCA HanpaBleHHbIM
NpoTUMB BeKTOopa WHAYKUMW BHELWHEro nons.

Y napamarHeTWKOB MarHWTHble NOAA 3/IEKTPOHOB B aTOMe He MNOJIHOCTbI0 CKOMMNEH-
cnpoBaHbl. ATOMbl NpeAcTaBAAlT c060i ManeHbkMe MNOCTOAHHbIE MarHWTbl, KOTOpble
BO BHEWHEM MarHUTHOM MO/Je OPUEHTUPYIOTCA Tak, 4YTO UX MarHWTHOe nofe ycuaueaet
BHellHee mnone.
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Temnepatypa Kiopu. Mpu TemnepaTtypax, 60NblWNX HEKOTOPOI onpeaenéHHol
ONS AaHHOTro (heppoMarHeTuka TemnepaTypbl, ero eppomMarHMTHblIe CBOWCTBA WC-
yesaloT.

TemnepaTypy, Npu KOTOpPOiW (heppoMarHUTHbe CBOWCTBa Mcue3alT, Ha3blBa-
I0T TOUYKOM KIOpW N0 MMeHW OTKPLIBWENO0 AaHHOe siBfieHWe (hpaHLy3CKOro y4&Horo.

Ecnn poctaToyHO CUMNbHO HarpeTb HaMarHWYeHHbIA rBO34b, TO OH nMoTepseT
CNOCO6HOCTb NMPUTArMBaTb K cebe >enedHble npegmeTbl. Touka Kiopu gna xenesa
753 °C, gpna Hukensa 365 °C, a ansa kob6anbta 1000 °C. CyuwecTByT heppoOMarHuT-
Hble crnaaBbl, Y KOTOpblIX Toyka Kiopu mMeHblwe 100 °C.

MepBble pfeTanbHble WUcCCNef0BaHUA MAarHUTHbIX CBOMWCTB (heppo-
MarHeTMKOB 6bl/IN  BbIMO/IHEHbl BblAAWWMUMCA PYCCKUM (PU3NKOM
A. T.CtoneTtoBblMm (1839—1896).

deppomMarHeTUKN U UX MpUMeHeHune. XoTa qeppoMarHUTHbIX Ten B npupoae
He MHOro, MMeHHO 6narogaps MX MarHUTHbIM CBOMCTBAM OHW MOAYYUNU HaANBGO/b-
wee npakTnyeckoe npumMeHeHue. XXenesHbli NNN CTaNbHOW CepAeyYHUK B KaTyLllKe
BO MHOr0 pas ycmnusaeT cO3jaBaemMoe €0 MarHWTHOe Mose, He yBeAM4yMBasa CuUny
TOKa B KaTylWKe. OTO 3KOHOMWUT 3N1eKTpoaHepruto. CepaevyHuUKU TpaHchopmaro-
poB, reHepaTopoB, 3NneKTpoABUraTesne U T. 4. U3TOTOBMAAKT U3 (heppoOMarHeTUKOB.

Mpn BbIKNIOYEHUWN BHELIHEro MarHUTHOro nons geppomMarHeTUK ocTaétca Hamar-
HUWYEHHbIM, T. €. co34aéT MarHUTHOE Mosie B OKpy>XakwLliemMm NpocTpaHcTBe. 3T0 00b-
ACHAETCA TeM, YTO AOMEHbl He BO3BpalLalTCcsa B NpexXHee MoN0OXKeHUe U UX OpueHTa-
LUNA 4acTUYHO coxpaHsdAeTcda. bnarogaps aToMy CyU,eCTBYHT MOCTOAHHbIE MarHUTHI.

MoCTOAHHbIE MAarHNTbl Haxo4AT WWPOKOE MPUMEHEHUEe B 3N1EKTPONU3MEPUTESb-
HbiX npubopax, rPOMKOroBopuTenax u TtenedoHax, 3ByKo3anucbiBawlWMX anna-
patax, MarHUTHbIX KomMnacax u T. A.

Bonbwoe npumMeHeHWe NOAyYnnm QeppuTbl — GeppoMarHUTHbIE MaTepua-
Nbl, He MpoBoAsWMNe 3NeKTpUyeckoro toka. OHM npefcTaBnAT cobor XUMMU-
YyecKme COeAUMHEHNA OKCUAOB >esieda C okcumpgamu apyrux euwects. OAVH U3
M3BEeCTHbIX (PeppOMarHUTHbIX MaTepunanoB — MAarHUTHbIA Xene3HAK — ABNSA-
eTca hepputom.

MarHmTHasa 3anucb uHdopmMmauun. N3 deppoMarHeTMKOB W3FOTOBAAKT Mar-
HUTHbIE JIEHTbl U TOHKMWE MarHUTHble NNEHKNU. MarHUTHble IeHTbl paHee WMWPOKO
ncnonb3oBasncb ANSA 3ByKO3anumcu B MarHUTooHax v Ans Bupeo3anucu B BUAEO-
MarHMTogoHax.

MarHuTHaa neHTa npeacTaBnsieT co60il rMO6KYH OCHOBY M3 MONUXMOPBUHUNA
nnun apyrmx seuwects. Ha Heé HaHocuTca pabounii cnol B BUAE MarHUTHOrO faka,
COCTOALLEr0 M3 O0YeHb MENKUX UronbyaTbiX 4HacTUL, XXenesa WM Apyroro geppo-
MarHeTuka M CBA3YHLUW NX BeL,ecTB.

3anucb 3ByKa MPoOM3BOAAT Ha JIeEHTYy C MNOMOLYbIO
3NeKTpoOMarH1uTa, MarHuTHoe Mosle KOTOPOro MU3mMeHsAeT-
CA B TaKT CO 3BYKOBbIMW KonebaHumamu. MNMpu ABUXEHUN
NeHTbl B6AN3N MarHUTHOW F0N0BKU pas/iMyHble y4acTKu
NNEHKM HamarHumuympawTcA. CxemMa MarHUTHOW WHAYK-
LMOHHOW ronoBKM MnokKasaHa Ha pucyHke 1.38, rge 1 —
CepAeYHUK 23fieKTpomarHmta; 2 — MarHuUTHasa J/eHTa;
3 — pabounin 3a3o0p; 4 — 0O6MOTKa 3/leKTpoMarHuTa.
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HecyuiecTBeHHa. 3T0 MOXeT 6bITb
N N3MEHeHWe Yncaa ANHUKG MarHUTHOM
VMHAOYKLUNKN, NPOHU3bIBAKLWNX MNOBEPX-
HOCTb, OFpaHWYeHHYI HENOABUXHbIM
nNpoBoOAAWMM KOHTYPOM, WNN ABU-
XXeHne 3TOro KOHTypa B HeOAHOpPOA-
HOM MAarHuUTHOM MoJie, ryctoTa NNHWIA
KOTOPOFr0 MeHsieTca B MpOCTpaHcTBe
(puc. 2.3).

MarHuTHbIA NOTOK. ONA TOro 4To-
6bl AaTb TOYHYK  KONMUYECTBEHHYIO
dhopMynMpPOBKY 3aKoHa 3nekKTpomar-
HUTHOW WHAYKUMKM dPapagess, HYXHO
BBECTM HOBYK BEe/IMMMHY — TMNOTOK
BeKTOpa MarHUTHOW MHAYKUWN.

Ana aToro paccMOTpUM MNJIOCKUN
3aMKHYTbIN NPoBOAHUK (KOHTYP),
orpaHMYMBawULMA MNOBEPXHOCTb MN0-
waabw S U NOMEWEHHbIN B OAHOPOA-
HOoe MarHuTHoe none (puc. 2.4). Hop-
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Pwuc. 2.3 Puc. 2.4

BenununHa ® Ha3BaHa MarHuMTHbIM™ 34333
NOTOKOM MO aHanornm ¢ MNOTOKOM

BOAbl, KOTOPbI Tem 6Gonbwe, 4yem 6onble
CKOPOCTb TeyeHWsa BOAbI W Nnouwagb ceuye-
HWUA TPyObl.

Manb TC (BEKTOpP, MOAY/ib KOTOPOro paBeH efuHMLE) K M0CKOCTU MPOBOAHMKA
COCTaB/IsAeT yros a C HamnpaB/ieHUWeM BeKTOopa MarHWTHOW MHAyKuun B.

EB WL ”N

MarHuTHbIN NOoToK ® (NOTOK BeKTOpa MarHUTHOW MHAYKLUWUW) 4Yepe3 no-

BEPXHOCTb NJowagbio S — 3TO BE/WYMHA, paBHas MPOM3BEAEHWI0 MOAyns BeKTopa mar-

HUTHOW MHAYKUMM B Ha nnowajb S M KOCMHYC yrna a mMexpay BekTopamu B un n:

P =

BS cos a. (2.1)

MpounsBeaeHne B cos a = BnnpeactaBnsieT co60il NpoeKLMi0 BeKTopa MarHuUT-
HOM MHAYKUWM Ha HOopManb TC K M/I0OCKOCTUM KOHTypa. lMosTomy

b =

BB. (2.2)

MarHMTHbIW NOTOK TemM 6onblle, 4yem 6onbwe Bnu S.
MarHUTHbI MOTOK rpaguueckm MOXXHO UCTONMKOBATb KakK BE/IMYMHY, MPOMNop-
LWOHANbHY 4YUCAY JNNHUIA MaArHUTHOW WHAYKUUW, MPOHWU3bIBALUIMX MNOBEPX-

HOCTb Nouwagbio S.

EAUMHMUER MarHUTHOro notoka siBnsietcs Be6Gep.

w w 3

MarHuTHbIlAi noTok B 1 Bebep (1 B6G) co3paéTcss OAHOPOAHLIM MArHWTHbLIM MNO-
neMm ¢ mHaykuueln 1 Tn yepe3 MOBEPXHOCTb Naowagbio 1 M2, pacnonoXeHHY nepneHaun-

KYNSAPHO BEKTOPY MArHUTHOW WHAYKLUK.

dneKkTpoMarHuTHasa WHAYKUMSA. MarHuTHbli noTok. Beb6ep

1HaMT|H 1/
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1. B uém rnaBHoOe OT/IMYME MEPEMEHHbIX 3NTEKTPUYECKMX U MArHUTHbIX MOMERn OT Mo-

CTOSAHHBbIX?

2. B 4ém 3aksiovaeTcss sABMeHUE 3N1eKTPOMArHUTHON MHAYKLUUKN?

3. Kak posXeH gBUratbcs 3aMKHYTblI/i MPOBOAAWMA KOHTYP B O4HOPOAHOM MarHuT-
HOM nofie, He 3aBuUcALW,eM OT BpPeMeHW: nocTynaTeNbHO WAW BpawaTesibHO,
4T06bl B HEM BO3HWUK WHAYKLWOHHBLIA TOK?

4. [NaiTe onpefeneHne MOTOKA BEKTOpPa MarHUTHOW MHAYKLUWU.

1. B mMeTannuMueckoe KOJbLO B TeYeHWe MNepPBbIX [ABYX CEKYH[ BABUralwT MarHuT,
B TeuyeHWe crefywUWMUX [ABYX CEKYHA MArHuUT O0CTaBASAT HEMNOABUXHbIM BHYTPU
KOMbUa, B TEYEHWe MOocCneayLWwnx ABYX CEKYHJ ero BblHUMAaKT M3 Kofbla. B kakwue
NPoOMeXXyTKN BpPeMEeHW B KaTylwKe WUAET MHAYKUWOHHbIA TOK?

1) 0—6 ¢ 2) 0—2cwn 4—6 ¢ 3) 2—4c 4) Tonbko O—2 ¢

2. Kakoli npouecc MOXHO 06BbACHUTb Ha OCHOBE SAB/IEHUS 3/1eKTPOMArHUTHON WH-

oykKuun?

1) OTK/IOHEHMe MarHWTHOW cTpenku B6AN3N MPOBOAHWKA C TOKOM

2) B3aummogeilicTBMe ABYX MPOBOAOB C TOKOM

3) nosABNeHMe ToKa B 3aMKHYTOW KaTyllKe Npu MNOMeWeHUN B Heé MNOCTOAHHOro
MarHuTa

4) BO3HWKHOBEHWE CUMbl, AelcTBylOLW el Ha NPOBOAHWK C TOKOM B MarHMTHOM none

alTj 3. OfHO npoBoAsiL,ee KOMbLO C pa3pe3omM NOAHMUMAKT M3 HayaslbHOro
NnoNOXKeHUA BBEPX Haj MNOJI0OCOBbIM MarHuToMm (CM. puc.), a Apyroe
CNMOWHOe NpoBOAALLee KOMbLO M3 HAYa/lbHOro NONOXEHUSA CMeLLaT
I Bnpaso. MpuM 3TOM MHAYKLWMOHHbIN TOK
S 1) naét ToNbKO B MEpBOM KOMbLle
2) NAET TONIbKO BO BTOPOM KOMbLE
3) AT U B NepBOM, U BO BTOPOM KO/bLe

N )
4) He WAET HM B NepBOM, HU BO BTOPOM KO/bLLE

4. MarHWTHbI NOTOK, MNPOHW3bIBALWMNIA MNOBEPXHOCTb, OFPaHMYEHHYH KONbL,OM,
B ogHopogHomM none, HEJIb3A usmeHuTb

1) BbITAHYB KOMbLO B oBan

2) cMAB KO/MbLO

3) NoBepHYB KONbLO BOKPYr OCW, NMEPNeHAUKYNSAPHOIA MNNOCKOCTU KoNbua

4) noBepHyB KO/bLLO BOKPYF O0CW, nNpoxoAsuieldi B MNOCKOCTU KOMbLa

5. KoHTyp ABCD HaxoanTca B O4HOPOAHOM MarHMWTHOM rone,
A B JIMHUU  VHAYKUWW  KOTOPOro HanpasfieHbl MNepneHAuKynAapHO
NA0CKOCTK uYepTeXa oT Habnwopgatensa (Cm. puc., BWUL CBeEPXY).
MarHuTHbIA NOTOK 4Yepe3 KOHTYp 6yAeT M3MEHATbCS, eCc/l KOH-
®B TYp
1) gBuXeTcsA B HanpasseHuUu oT Habnwpgatens
2) ABMXXETCA Mo HanpaB/eHWU K Habnwogatenio
D C 3) noBopa4ynmBaeTcss BOKPYr CTOpPOHbI AB

4) pBUXKeTCcA B MNJIOCKOCTU PUCYHKA

6. MOTOK BeKTOpa MarHUTHOW WMHAYKLUMUM Yepe3 MOBEPXHOCTb, OrpaHWYeHHYyl pam-
KOW, nnowapb KoTopoh paBHa 0,02 M2, a MNOCKOCTb pacnosioXeHa nog yrnom 60°
K BekTopy B, npm B = 0,05 Tn paseH

1) 0,87 mB6 2) 0,5 mB6 3) 1,25 mB6 4) 2,2 mB6
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MPABUJ/IO NIEHLIA. 3AKOH 3/IEKTPOMATHUTHOM
NHOY KL

KakoBbl YyCNOBUSA CyLW,eCTBOBAHWUS 3/1€KTPUUYECKOTo ToKa?
CyuwecTByeT M B UHAYKLMOHHOI KaTyllKe 3fieKTpuyeckoe none?
OT 4ero 3aBUCUT CMNA UHAYKLMOHHOTO Toka?

HanpaBneHne WHAYKUMOHHOro TokKa. PaccmoTpum cnegywwumii onbiT. Bo3b-
MEM KaTyWKYy M NPUCOEAUHMM €€ K rasibBaHomeTpy. Ecnm marHuT npmbnmxatb
K KaTylwKe, TO CTpe/sika rasibBaHoMeTpa OTKJ/IOHSeTCcsl, B Heli MosiBNsieTcsA MHAYK-
LWOHHbIA TOK TakKoro HamnpaB/eHWs, MpM KOTOPOM MarHUT oTTa/KMBaeTCH.

Mpn ypaneHWn m™MarHuTa, HaobopoT, B KaTyllKe
BO3HMKAET TOK TaKOro HamnpaBfleHWsi, MpPU KOTOPOM
MarHUT NpUTATrMBaeTCS.

B 4ém cocToMT pasnuuune ABYyX ONbITOB: Npubamxe-
HMe MarHmTa K KaTylwKe W ero yganeHue? B nepBom
cny4dyae 4Mcno AMHUA MarHUTHOW WHAYKLWUW, NPOHU-
3blBALWNX BUTKW KaTyLW KW, UAN, 4TO TO Xe camoe,
MarHWTHbIA NOTOK, yBenuuusaetcsa (puc. 2.5, a), a BO
BTOPOM c/ny4yae ymeHbwaetca (puc. 2.5, 6). Mpuuém

B MNepBOM c/nyyae JIMHUN WHAYKUUM B MarHUTHOro
nond, co3faHHOro BO3HUKLWIMM B KaTylwKe UHAYKLW-
OHHbIM TOKOM, BbIXOAAT M3 BEepPXHeEro KoHua KaTyLll-
KW, TaK KaK KaTywka oTTaflkuBaeT MarHuT, a BO
BTOPOM cNnydae, HaobopoT, BXOAAT B 3TOT KOHel. 3Tu
NVUHUN MarHUTHOW WHAYKUWUK Ha pucyHke 2.5 nsobpa-
XXEeHbl YEPHbLIM LBETOM.

AHanornyHble BbIBOAblI MOXXHO cAenatb C MNOMO-
Wbl onNbiTa, NoKaszaHHOro Ha pucyHke 2.6. Ha KOH-
Lax CTepXHSA, KOTOpblA MOXeT cB060AHO BpaljaTbcs
BOKPYI BepTUKasbHOW o0cCK, 3akpenneHbl ABa MNPOBO-
AAWMX aNloMUHMEBBIX Konbua. OAHO M3 HWUX C pas-
pe3om. Ecnu nogHecTnm mMarHuUT K KoMbly 6e3 paspesa,
TO B HEM BO3HUKHET MHAYKLWNOHHbIN TOK W Hanpas/ieH
OH byaeT Tak, 4YTO 3TO KO/bLO OTTONKHETCA OT MarHu-
Ta N cTepXXeHb NoBepHETCcA. Ecnm ygansaTb MarHuT ot
Konbua, TO OHO, HaobopoT, NMPUTAHETCAS K MarHuty. C paspe3aHHbIM
KONbLOM MarHuUT He B3auMofelCcTBYeT, TaK KaK pa3pe3 npenaTcTByeT O
BO3HMKHOBEHWNIO B KOMbLE MHAYKLWOHHOINO TOKa.

[5* MarHuTHoe none, CO3AaHHOe BO3- O6cyauTe C  OAHOKIACCHMKaMW,
10 HUKWUM B KaTywKe WHAYKULUOHHBIM MOXHO Nu AN ONbiTa BMECTO aio-
TOKOM, aHanorM4yHo  MarHUTHOMY MUHUWEBbLIX B35iTb Xene3Hble KOofMbua.

nofil0  MofocoBOro marHuTa. Onpegenu- Kak B 9TOM cnyyae W3MEHATCA pesynbTaThl
e, Kakue MOMOCbl BO3HMKAKT Yy KaTywkKu akcnepumeHTa? TloyeMy OAHO M3 Kofey

,CM. puc. 2.5) B yKasaHHbIX ABYX Clyvasx. B35/M C pa3pe3om?
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OTTankueaetT WNM MNPUTSATMBaeT KaTyllKa MarHuT, 3aBUCUT OT HanpaefeHUs
WHAYKLUMOHHOTO TOKa B Heil.

MNpn yBenuyeHUn MarHUTHOro NOoToKa yYepe3 BUTKU KaTyLUKWU VIH,CI,yKLI,I/IOHHbII\/'I TOK

nMmeeT Takoe HanpassieHMe, 4TO co3gaBaemMoe UM MarHMTHoe none c VIH,D,yKLI,I/IeVI B' npe-
NATCTBYEeT YyCUNEHUD MarHUTHOro noToKa 4Yepe3 BUTKUN KaTyLUKW.
Ecnn >ke MarHuTHbIA NOTOK ocna6eBaeT, TO MH,CI,yKLI,I/IOHHbII\/’I TOK CO34aéT MarHutHoe

nosne ¢ uHAykumeli B', yBenuMuyMBalowee MarHWTHbIA MOTOK Yepe3 BUTKU KaTyLIKW.

HanpaBneHne MHAYKLWOHHOINO TOKa onpegenserca no npaBwuny, KoTopoe 6bi10
YCTaHOBJ/IEHO pycCKUM (unsmkom 3. X. JleHuyem.

2R LAY g e

ipac

s dwse’  BO3HMKAOWMA B 3aMKHYTOM KOHTYPE WHAYKLUWOHHbLI TOK CBOUM MAarHuT-
HbIM NojeM NpPOTUBOAEWCTBYET TOMY W3MEHEHWID MarHUTHOrO MNOTOKa,
KOTOPbIM OH BbI3BaH.

Bosiee KpaTKo 3TO MPaBU/IO MOXXHO CPOPMY/IMPOBATHL CreAyllnm o06pasom:

VIHOYKLUMOHHBIA TOK HamnpaB/leH Tak, 4To6bl MPensiTcTBOBaTb MPUYUHE, ero Bbl-
3blBaOLLEN.

MpumeHATbL npaBuno JleHua ANA HAXOXKAEHUS HanpaBNeHUs WH-
OYKLUMOHHOI0 TOKa B KOHType Hajo Tak:

1. OnpefennTb HanpaesieHWe NUHUIA MarHUTHOW WMHAYKUWM B BHeWHEro mar-
HUTHOrO Mons.

2. BblIAACHUTbL, yBenn4uymBaeTcs AN MNOTOK BEKTOpa MarHUTHOW MHAYKLWUK 3TOrO0
noss 4yepes NOBEPXHOCTb, OFPpaHMYEHHYIO KOHTypoMm (AP > 0), nam ymeHbllaeTcs
(4o < 0).

3. YCTaHOBUTb HanpaB/ieHWe JIMHWUIK MarHUTHOW WHAYKUMM B' MarHuTHOro
nonsd WHAYKLMOHHOIO TOKa. 3TU NUHWUU [O/KHbI 6biThb COr1acHO nNpasuny
NleHua HanpasBfeHbl MNPOTMBOMOJIOXKHO JIMHUAM MAarHUTHOW WHAYKuMn B npu
AP > 0 n umeTb 0AMHaKOBOe C HMUMW HanpasneHwme npum AP < O.

4. 3Has HanpaBfieHWe JIMHWUI MarHUTHOW WMHAYKUMWM B', HalTM HanpaBfeHue
MHOYKLMNOHHOIO TOKa, No/b3yACb NpaBunom 6GypaBuunKa.

3aKoH 3/1eKTPOMArHUTHOMW WHAYKUMW. MarHuUTHbIA NOTOK, KakK Mbl 3HaeM,
MOXHO rpaguMuyecky NpeAcTaBUTb KaK YMC0 IMHUIA MarHUTHOW WMHAYKLMWMW, NPO-
HU3bIBAOLWMX MOBEPXHOCTbL nouiaablo S. Uem 60Mblie WHAYKUUS MaArHUTHOrO
nonsi, TeM 6onbllee YWUC/0 NIMHWUIA MArHUTHOW WHAYKUWMW MNPOHU3bIBAeT 3Ty Mo-
BEPXHOCTb. [M03TOMY CKOPOCTb WM3MEHEHMsl 3TOro 4yuc/aa ecTb He 4YT0 MHoe, Kak
CKOpPOCTb M3MEHEeHWs MarHMTHOro MoTokKa.

Ecnn 3a manoe Bpems At MarHMTHbIA MOTOK MeHseTca Ha AP, TO CKOPOCTb

(0]
N3MEHEHUA MarHMTHOro NOToKa paBHa ﬂt . |_|03TOMy yTBEPXAEHNE, KOTOPOE Bbl-
Ji

TeKaeT HenocpeaACTBeHHO M3 oNbiTa, MOXHO Cq)OpMyl'II/IpOBaTb Tak:
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Cuna UHOYKLMOHHOIO TOKa nponopuvoHanbHa CKOPOCTU U3MEHEHWUSA MarHUTHO-
ro NnoTokKka 4epe3 NOBEPXHOCTb, OrpaHNYeHHYH KOHTYpOM:

e (2.3)
At

L B
NMPUYNHOWK BO3HMKHOBEHWA WHAYKLMWOHHOro Toka B uenu ssnseTtca 34C, Ha-
3biBaemas 34C nHAOYKUNN.

O6o03HavatT eé bykBown L
%
CornacHo 3akoHy OmMa Ans 3aMKHyTol uenu /, = R ConpoTuB/ieHUEe MPOBOA-
HUKa He 3aBUCUT OT U3MEHEHUSI MarHUTHOro notoka. CnepoBaTesibHO, COOTHOLIE-

Hue (2.3) cnpaBeA/NBO TONbKO MoToMy, 4To 34C MHAYKUWMK nponopuuoHanbHa
O
At '

3aKOH 3/1eEKTPOMArHUMTHOW WHAYKUMN GopMynupyeTca uMeHHo ansa 34C,
a He ANSA CUMbl MHAYKLUWOHHOINO TOKa, TakK Kak cuaa Toka 3aBUCUT U OT CBOWCTB
nposogHuka, a 94C onpepenserca TO/bKO W3MEHEHWEM MarHMTHOro MoToKa.

34C WHAYKUMU B 3aMKHYTOM KOHType paBHa Mo 3aKOH 3NeKTPOMATHUTHON uHAYKuUu

MOAYNIO CKOPOCTUM W3MEHEHWS MAarHUTHOrO0 MNoTOoKa 4Yepe3 MOBEPXHOCTb, OrPaHWYEHHYI0
KOHTYPOM:

AdD
At
J
Kak B 3aKOoHe 3NeKTPOMAarHMTHOW MWHAYKLUWW Yy4yecTb Ha-

HanpaBneHue
npasfieHNe WHAYKLWOHHOrMo Toka (unu 3Hak 30C uHAyKuuun) o6xopa —
B COOTBETCTBMU C npasuaom JleHua? B

Ha pucyHke 2.7 wn306paXEéH 3aMKHYTbIi KOHTYp. Byaem
cumTaTbh MOMOXKUTENbHbIM HanpasneHue o06xofa KOHTypa npo-
TUB 4YacoBoli cTpenku. Hopmanbe rC K KOHTypy obpasyeT npa-
Bbli BUHT C HanpaB/ieHuem o6xopaa.

MycTb MarHuMTHas WHAYKUMA B BHeWHero MarHUTHOrO
nons Hanpas/ieHa BAO/Ib HOpManauW K KOHTYpYy M Bo3pacTaeT

O
co BpemMeHem. Torga @ > 0 n e > 0. CornacHo npasBuny
SleHUa WMHAYKUWOHHBIM TOK co3gaéT Puc. 2.7
MarHUTHbIA noTok @' < 0. BekTop
, rr, KakoBa npupofa CTOPOHHUX cun,

MHAYKUMM B’ nons, co3faHHoOro WH- "Wl BbI3bIBAKOWKWX HanpaBneHHOe ABU-
AYKUWOHHBIM TOKOM, B LLEHTPE KOJibLa XeHue 3apsafoB B KOHType? UYem
HanpasJ/ieH B CTOPOHY, NPOTMBOMOI0X- oTNMyaeTcs nofe, Bbi3biBalolWee ABUXeHUE
Hyl BekTopam Buii* (cMm. puc. 2.7). 3apAf0OB B KOHType, OT W3YYEHHOro Hamu

~ ?
CnepoBaTefibHO, WHAYKLUMWOHHBIN TOK SNIEKTPOCTATMHECKOTO NONA:
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corfiacHo npaeuay 6ypaBuyMKa HanpaBfeH MO 4acoBoW cTpesnke (MPOTUB Hampas-
NeHNa NnonoXuTenbHoro o6xoga) M 3AC WMHAYKUMM oTpuuaTenbHa. MMosTomy
B (opMmyne [ANa 3aKoHa 3/1eKTPOMArHMUTHOW WMHAYKUUW [0MXKeEH CTOSATb 3HaK

AD
«—», YKa3blBawily¥ Ha TO, 4YTO Zfi H E HMEeT pa3Hble 3HAKH!:

i At (2.4)

OTMeTUM, UTO JINHUWN HaNpPsXEH-
HOCTWM MO/, BbI3blBAKLWLEr0 [ABUXE-
HWe 3apaAfoB, B 3TOM c/iyyae 3aMKHY-
Tbl, HanpasfeHWe HanNps>KEHHOCTH
n3MeHsieTcs. Takoe Mnose HasblBaeT-
Csl BUXpeBbIM (NoAPOGHO 0O BUXPEBOM
nosie Mbl MorosBopumM B § 35). Pa6oTa no nepemMelleHU0 3apsiga No 3aMKHYTOMY
KOHTYpY B BUXPEBOM MOJle He paBHa HYyJ/I0.

MHAOYKUWOHHbIE TOKU B MacCCUBHbIX MNpoBogHMKax. OcobeHHO 60/bLIOro Yyunc-
NOBOro 3HaYeHWS MHAYKUWMOHHble TOKW [AOCTUFalwT B MAaCCUBHbIX MPOBOAHMKAX
n3-3a TOro, YTO WX COMPOTUB/IEHWE Marso.

Takue TOKW, Ha3blBaeMble TOKamMu ®yKo Mo MMeHU MUccef0BaBLUEro UX (PpaH-
LY3CKOro usnMka, MOXHO MCNONb30BaTbh AN HarpeBaHUs NPoOBOAHMKOB. Ha 3ToMm
NPUHLNMNE OCHOBAHO YCTPOWCTBO WMHAYKLMWOHHbIX Meyer, Hanpumep ucnonb3ye-
MbiX B 6bITYy CBUY-neueii. Takxe 3TOT MPUHLMUN MUCNOAb3yeTcAa ANA MNJaBKU Me-
TannoB. Kpome 3Toro, siBleHWE 3/1IEKTPOMArHUTHOW WHAYKLWW WUCMOMb3yeTcss B
feTeKTopax MeTanfna, ycTaHaBNMBaeMblX MNpu BxoAax B 34aHUA a’poBOK3asos,
TeaTpoB U T. 4.

OpHaKo BO MHOTMX ycTpolcTBaxX BO3HWKHOBEHME TOKOB DPyKO MpUBOAUT K bGec-
Nofie3HbIM U AaXKe HeXeslaTeNlbHbIM MOTepPsSM 3HEPruM Ha BbligesieHWe Tensa. Mo-
3TOMY >Xefle3Hble cepfevyHNKU TpaHchopmaTopoB, 3NeKTpoABUratenei, reHeparto-
poB M T. 4. AenawT He CNJOWHBLIMW, a COCTOAWMMW W3 OTAENbHbIX MNMAACTUH,
M30/MPOBaHHbLIX ApPYr OT Agpyra. MNoBepXHOCTU MACTUH [O/MKHbI 6bITb MepreH-
OVIKYNSIpHbl HanpaB/IeHUI0O BeKTopa Hanps>XE&HHOCTU BUXPEBOro 3/1eKTPUYECKOro
nonsi. ConpoTUB/IEHUE 3MEKTPUUYECKOMY TOKY MNnacTuH 6yaeT nNpu 3TOM MaKCu-
MasibHbIM, a BblAefleHWe Tenaa — MWHUMAasSbHbIM.

MpumeHeHne eppuToB. PaanosnekTpoHHass annapaTtypa pa6otaeT B o6nacTu
0YeHb BbICOKMX 4YacToT (MWUANWNOHbLI KoNebaHWN B CeKyHAy). 34ecb NMPUMeEHeHue
CepAeyYHUKOB KaTylWeK M3 O0TAe/bHbIX MAACTUH YXXe He JaéT HYXXHOro adekTa,
TaK KaK 60/blwKne TOKM PyKO BO3HMKAKWT B KaXpoih nnacTtuHe.

B § 6 oTMeuanocb, YTO CYyL,eCTBYIOT MarHMUTHbIE U301ATOpbl — heppuTbl. Mpu
nepemMarHuymMBaHUN B eppuTax He BO3HUKAKT BUXPEBble TOKU. B pesynbTaTte
noTepu 3HEPruun Ha Bbife/IeHUe B HUX Ternsa cBOAATCA K MUHUMYMY. MoaTomy wm3
eppnTOB AenakwT CepAeYHUKUN BbICOKOYACTOTHbIX TPpaHCHPOPMATOpPOB, MarHUTHbIE
aHTEHHbl TpPaH3UCTOpPOB U Ap. PeppuUTOBbIE CepheYHUKMU U3FOTOBSAKT N3 CMecu
NOpoOLLIKOB MCXOA4HbIX Bew,ecTB. CMecb MpeccyeTcss U MoABepraeTcss CUbHOW Tep-
Mun4yeckoli obpaboTkKe.

Mpn 6bICTPOM WU3MEHEHWW MAarHWUTHOro MNons B 06bIYHOM eppomMarHeTuke
BO3HUKAKWT WHAYKLMWOHHbIE TOKMW, MarHWTHOE MoJsie KOTOPbiX B COOTBETCTBUMU

BcnomHute 0OAHO n3 OCHOBHbIX
CBOWCTB 3/1eKTpocTaTn4yeckoro
nona — nond, CO34aHHOro HenoAa-
BMXXHbIMWN 3apagamu.
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C npaBusiom JleHua NpenaTcTBYeT U3MEHEHUID MarHUTHOro MOTOKa B cepAeyHUkKe
KaTywkun. M3-3a aToro noTok MarHMTHOM MHAYKUUN NpPpaKTUYeCKN He MeHAEeTCHA
U cepAeyHUK He nepemarHmympaeTca. B (beppl/lTax BUXpPeEBbIeE TOKN 04YEeHb Malbl,
MO3TOMY UX MOXHO 6bICTp0 nepemMarHmymBaTh.

MpaBuno JleHya. 3aKOH 3M1e€KTPOMArHUTHOW WHAYKLUK J

1. Kak onpegenseTca HanpaB/ieHWe WHAYKLMOHHOro Toka?

2. Bo3HMKaeT 1M B KO/bLe C pa3pe3oM 3/IeKTpuyeckoe nose, eCNn NOAHOCUTb K HEMY
MarHuT?

3. MNMouyemy 3aKOH 31eKTPOMAarHUTHOW MHAYKUUKU dopmynupyeTtca gna 34C, a He ans
cunel Toka?

4. Kak opmynupyeTcsa 3aKOH 3/1eKTPOMarHUTHOW MHAYKLUN?

5. Moyemy B thopMyne AN 3aKOHa 3N1eKTPOMarHUTHOW WMHAYKLUWUW CTOUT

3HAK «-»?
1. TNOCTOSAHHbLIN MarHWUT BBOAAT B 3aMKHYTOe aflloMUHUEBOE ” ("r.,_\\
Konbuo (cm. puc.). NMepBblli pa3 — ceBepHbIM MNOJIKOCOM, BTOPOW \:9
pas — 0>KHbIM nosocom. MMpn atom S
1) B oboux onbiTax KOJbLO OTTajsKMBaeTcsa OT MarHurta N
2) B 060MX onMblTax KOJIbLO MPUTArMBaeTCa K MarHuty e —
3) B NepBOM OMNbITE KOMbLO OTTallKMBaAeTCsas OT MarHuTa, BO BTO- _—
poM MPUTATMBAETCA K MarHuTy
4) B NepBOM OMbiTe KOJIbLO NPUTArMBaeTcd K MarHuTty, BO BTO- %
pomM oTTasiKmBaeTcss OT MarHuTta
2. MarHuT BbIBOAAT W3 KOMbLA, U B HEM BO3HUKAET MHAYKLUMU- %
OHHbIi TOK, HanpaB/leHMe KOTOpPOro noka-
3aHO Ha pucyHke. Kakoil noniwoc marHmrta L>K b))
6nuMxXe K Konbuy?
1) ceBepHbI 3) oTpuuaTenbHbli \ r ( y
2) HXKHbIN 4) NONOXKUTENbHbIN A
3. B6nmM3u ceBepHOro nositoca MarHutTa najaeT MefHas pamka. N l
Mpn nNpoxoXKAeHUUN BEPXHEro WM HUXHEro TMOJIOKEHUN pamKu

(cMm. puc.) NHAYKUMOHHBLIA TOK B cTopoHe AB pamku B
1) paBeH Hynt0 B 060MX MOMOXKEHUAX
AU
B

2) HanpaB/sieH BBepX B 060MX MOMOXEHUAX
3) HanpaB/sieH BHM3 B 060MX MOMOXEHUSAX
4) HanpaBfeH BBepPX M BHU3 COOTBETCTBEHHO

4. 3a 5 ¢c MarHUTHbIN NOTOK, NMPOHM3bIBAOLWMWIA NPOBOMOYHYIO paMKy, YBenMuunacs
oT 3 go 8 B6. YUemy paBHO npu 3ToM 3HayeHue IAC MHAYKUMN B pamKke?
1) 0,6 B 2) 1B 3) 1,6 B 4) 25 B

5. B MarHMTHOM nosie Haxo4MUTCSA HECKO/IbKO BUTKOB MpoBofa, 3aMKHYTOro Ha pe-
3uctop. EcnnM MarHMTHbIN NOTOK PaBHOMEPHO YBE/NMUYUTb OT HyNAsa A0 3HayvyeHusa PO
cHayana 3a Bpemsa t, a noToM 3a Bpems 41, To cusa Toka B pPe3nUCTope BO BTOPOM
cnydae 6ypet

1) B 4 pasa 6onbuwe 3)B 2 pasabonble

2) B 4 pa3a MeHblle 4)B 2 pasaMeHblue
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EQ§9 3AC VHAOYKUVN B ABVXKYLLMXCA MPOBOAHUKAX

Kakasa cuna peiictByeT Ha ABUXYLWMACA 3apsij B MarHUTHOM none?
Bo3HukHeT nu 34C WMHAYKUWN, €CNN KOHTYP He 3aMKHYyT?

PaccmMoTpuMM Tenepb BTOPOWM cnyyaid BO3SHUKHOBEHUS WHAYKLMOHHOIO TOKa.

Mpun ABMXKeHUN MpoBOAHMKA ero cBo60OAHbIe 3apsAfbl ABUXYTCA BMECTe C HUM.
MoaTomMy Ha 3apsAfbl CO CTOPOHbI MarHMTHOro nons AecTByeT cuna JlopeHua.
OHa-To 1 BbI3blBaeT NepemMelleHe 3apA40B BHYTPU NpoBogHUKa. SOC nHaykumnm,
cnepoBaTeNbHO, MMeeT MarHMTHOE MPOMCXOXAEHME.

Bbiuncnum 3AC VHAYKUWU, BO3HWU-
Kawlwyi B MNPOBOAHUKE, ABUXYLLEM-
c8 B OAHOPOAHOM MArHWUTHOM Mofe
(pnc. 2.8, a). MycTb cTOpOHa KOHTypa
MN AnuHo | CKONb3UT C MOCTOSSHHOM

CKOpoCTbi V* BAonb ctopoH NC mn MD,
ocTaBasicb BCE BpeMsa napanesibHoi
cTopoHe CD. BeKTOop MarHuUTHOW WH-
aykuun B opgHopogHOro nosis neprieH-
ONKYNApeH MPOBOAHMKY W cocTaBnseT
yron a c Hanpas/leHUEM ero CKOpPOCTH.

MarHuTHbIA MNOTOK 4epe3 KOHTyp
90°-a # MNCD paBeH:

M. AN c.D ® = BScos (90° - a) = BS sin a,

6) roe yron (90° - a) ecTb yron wmexay

Puc. 2.8 BeKTOpoM B u HopmManbl n* K MnoBepx-

HOCTU KOHTypa (puc. 2.8 6, BUg c6OKYy),

aS — nnowafb, orpaHUYeHHass KOHTY-

pom MNCD. Ecam cuntaTb, 4TO B Hauda/ibHblii MOMeHT BpemeHun (t = 0) npoBofg-

HUK M N Haxoguntcsa Ha pacctosHMu NC oT npoBogHuka CD (cm. puc. 2.8, a),

TO NMpV nepeMmelleHMN MNPOBOAHUKA Naowagab S M3MeHAeTCA CO BpeMeHeM cnepy-
WM obpasom:

S = I(NC - vt).

3a Bpema At nnowanb KoOHTypa MeHseTca Ha AS = -lvAt. 3HaK «—» yKa3bliBaeT
Ha TO, YTO OHa yMeHbllaeTcd. MI3MeHeHNe MarHMTHOro NoTokKa 3a 3T0 BPeMs paBHO:

Ad = -Blv At sin .

CnepoBaTtenbHO,
Ao .
cbi_ B van Blv sin a.
Ecnun Becb KoHTYp MNCD gBuxer-
bypetr nm cuna  UHAYKUWOHHOTO c4 B OAHOPOAHOM MAarHWUTHOM nMoJie,
Wr Toka, pasHas %/R, ocTaBaTtbca no- coXpaHsas CBOK OpuMeHTaLul no OTHO-

CTOSIHHOW nNpuM [ABUXEHWW NpPOBOS-

HUKa? weHu K BekTopy B, To 340C VMHAYK-

UMM B KOHType 6yaeT paBHa HyJio,
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TaK KakK noTtoKk & yepe3 MOBEPXHOCTb, OrpaHUYEHHYH KOHTYPOM, He MeHSeTcs.
O6BbACHUTL 3T0O MOXHO Tak. lNMpu gBMXXEeHUU KOHTypa B npoBogHukax MN wn DC
Bo3HMKawT 30C MHAYKUWUW, Bbi3blBakwlMe TOKW B OAHOM HanpasieHuun oT M
K N un or D K C. CyMMapHbIii TOK B KOHTYpe paBeH HYNH0.

340C umHAYKUMM BO3HUKaeT TaKXe

npM nMoBOpPOTE pPaMKW B MarHUTHOM r MoueMy npuM NOBOPOTE paMKu U3-
none, T. e. MPU W3MEHEHUW CcO Bpe- MEHSIeTCSA MarHUTHbI NOTOK, ecnu
MeHeM yrna a (cm. § 21). nofie v naouwafb pamku NOCTOAHHbLI?

2neKTpognHaMMNUYECKN MUKPOMOH.

B rnase 1 Bbl 03HAKOMW/AWUCL C 31€KTPOAUHAMWYECKUM TFPOMKOrOBOPUTENEM,
npeobpasywwmm KonebaHUA 31eKTPUYECKOro ToKa B 3BYKOBble Kosie6aHusa. O6-
paTHbI npouecc npeBpaweHNsa 3BYKOBbIX Kone6aHU Bo3gyxa B Koneb6aHus
3/1eKTPMUYECKOro TOKa OCyLW,ecTB/ASAeTCA C NMOMOWbI0 MWUKPOGdOHa.

MUKpPOOHbI LWIKNPOKO MPUMEHAKTCA B pajuvoBew,aHUW, TeNeBUAEHWUU, CUCTe-
Max YCUNeHuUs 3ByKa W 3ByKO3anucu, Ansa TenedOHHOW CBA3WN.

MpuHUMN pencTBUSA 0LHOTO M3 cCaMblX pacnpocTpaHéH-
HbIX MWKPO(OHOB — 3/71eKTPOAMHAMWUYECKOTO0O — OCHOBaH
Ha AB/IEHUMW 3/IEKTPOMArHNUTHON MHAYKUWUU. DTOT MUKPOGOH
ycTpoeH cneayowmm obpasomMm. Aunadparma 2 u3 TOHKON no-
NUCTUPONBHOW NNEHKN NNAN anlOMUHNEBON (DOSIbIN XXECTKO
coefMHeHa CO 3BYKOBOW KaTyLW KoM 1 U3 TOHKOW MPOBOMOKU
(puc. 2.9). BHYTpM KaTyw KW HaxXoAUTCSA MOCTOAHHbIA Mar-
HUT 3. JINHUN MarHUTHOM WHAYKUUWN NepneHAUKYNSPHbI Pwnc. 2.9
BMTKaM KaTyLIKW.

3ByKOBas BOJ/IHA Bbi3blBaeT KosiebaHUA AuadparmMbl U COeAMHEHHOW C Heli Ka-
Tywkun. Mpu ABMXEHUN BUTKOB KaTylWKW B MarHMTHOM Mo0Jie B HUX BO3HUKaeT
nepemeHHaa 34C wuHAaykuun. B pe-

—
3yNnbTaTe Ha 3aXxumax 4 KaTylWwKu no- B rpomMkoroBoputene cuna Amne- g@l&f 3
ABNAGTCA MEepeMeHHOe HanpsXeHue, pa Bbi3bIBAET KOMEGAHMS KaTyuKi
Bbi3blBalOLlee KonebaHWsi 3MeKTpuye- W coeAMHEHHOW C Hell Anadparmbl.
CKOr0 TOKa B LEeNu MUKPOgoHA. ITw B mMukpodoHe Koneﬁav\va avadgparmbl nev-
KoneGaHUA nocre YCUAEHWS MOryT PEAAOTCA NOABUXHOW KaTyllke, W B HEW

BO3HWKaeT WH KUMOHHbIA TOK.
6bITb nogaHbl Ha rpoMKoroBopwuTensb, AyKy

3anucaHbl Ha MarHUTHOW NeHTe U T. 4.

DNeKTpoANHaAMUYECKNE MUKPOMOHbI MPOCTbl MO KOHCTPYKLWUU, UMEKT Heb0Mb-
wwre rabapmntbl M HaféXHbl B akcnayaTaumun. MckaxeHna npeobpasyembix Kone-
6aHNM B MHTepBane 4actoT oT 50 go 10 OOO Ny HeBeNWUKMW.

B cTapblx TeneoHHbIX annapartax NPUMEHSANNCb OTHOCUTENbHO AelléBble Yrofb-
Hble MUKPOMOHbI. OuacdparmMa B TaKMx MUKpooHax AelcTBoBana Ha YrosnbHbl
NnopoLwWoOK M co3gaBasia B HEM NMepuognyeckue cxaTma n paspexeHusa... OT 3Toro
MEHANUCbL COMPOTUB/IEHME MOpPOWIKA M Cuna TOKa B 3/eK-
TpUyeckonm uenu MuUKpodoHa. CyuleCTBYOT U Apyrue Tunbl
MUKPOOHOB, HANMPUMEP 3NTEKTPETHbIN. dNeKTpeThbl — 3TO
MaTepuanbl, obnagakwLme cnocobHOCTbIO A0CTATOYHO A0T0
coxpaHAaTb 3apagbl. Ecnn ogHy M3 nnaacTuH KoHAeHcaTopa
(puc. 2.10) coegnHNTb Cc Anadparmorn MuMkKpodoHa, To nMpwu
KonebaHuAX Aunadparmbl 6yaeT U3MeEHATbCA HaNpsHKeHue
Ha KOHAeHcaTope C 4acToTOi 3BYKOBOW BOJIHbI. Pwnc. 2.10

IlnacTHHEKHA
anekTpeTa
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94C wmHaykuun. MukpodoH. FpoMKoroBopuTensb HaH

1. YUemy paBHa cuna JlopeHua, gelicTBytou,ad Ha cBo60AHblIe 3/IEKTPOHbI MPOBOAHUKA,
N KakK OHa HanpaBsfneHa?

2. OT yero 3aBucut IOA4C MHAYKUMW, BO3HMKAakLWaa B MPOBOAHWKE, KOTOPbIA ABW-
XXEeTcsA B MNepemMeHHOM BO BpPeMeHW MarHuTHoOm none?

3. MOXHO NN nUcnonbL30BaTb B Ka4yecTBe YYBCTBMUTENIbHOMO 3/leMeHTa MUKpodoHa 04HY
n3 o6KNafoK KoHAeHcaTopa, Koneb6bnwuwywca nop feicTBMEM 3BYKOBOW BOJSHbI?

1. MNpu ABUXKEHUN MPOBOAHWKA B MarHMTHOM MoJsie MeXAy ero KoHuamu BO3HMKaeT
pa3HOCTb MOTEHLUManos

1) ecnn NpoOBOAHWK [ABUXETCA napanfieflbHO JIMHUAM MarHUTHOW WHAYKUUU

2) ecnn NpoBOAHWK ABUXeTCA € 60NbLWIOA CKOPOCTbIO

3) ecnn nNpu ABUXEHWUU OH MepecekaeT JSIMHUM MarHUTHOW WHAYKLMWK

4) ecnn MarHWTHoe nosie HEOAHOPOAHO

2. Mpwn gBUXEHUN MNpPOBOAHUKA B OLHOPOAHOM MArHWUTHOM rosie B NPOBOAHWKE BO3-
HukaeT 94C uHaykuuun $n. MNMpu yMeHbLIEHUN CKOPOCTU [ABUXKEHUA MNPOBOAHMKA
B 2 pa3a 34C mnHAayKuumn 6yneT paBHa

1)27n 2) 3)0,5 W 4) 0,25 ifn

3. MpoBOAHUK ANWHOM 1 M BpauwjaeTcss B 04HOPOAHOM MAarHUTHOM Mofie C MHAYK-
uveit B = 2 Tn BOKpPYr ocu, Npoxoasiuieii 4yepe3 OAWH M3 €ro KOHLOB, C YrioBol
CKOPOCTbIO 2 paf/c NeprneHANKYNAPHO NMNHUAM MarHUTHON MHAYKUUW. PasHOCTb Mo-
TEHUMANI0B MEeXAy KOHUaMW MpoBOAHMKA paBHa

1) 6,28 B 2) 4 B 3) 2 B 4) 3,14 B

4. MpoBoAAWMA cTepXXeHb (CM. puc., Bug cBepxy) ANMHOK 20 cm
ABUXeTCA nocTynaTteNlbHO B O4HOPOAHOM MAarHMWTHOM MoOJle CO CKO-
poctbto 1 mM/c. Yron a = 30°. 3AC MHAYKUWUM B CTepXXHe pasBHa
0,05 B. MHAYKUMA MarHUTHOro nons pasBHa

1) 0,25 Tn 3) 0,75 Tn

2) 0,5 Tn 4) 1 Tn

0. KBagpaTHas npoBosiovYHasi pamKa €O CTOPOHOM a MU conpoTuMBeHMEM R ABMXKeTcs
co cKopoCTbt T B O4HOPOAHOM MAarHUTHOM nose MHAyKuueil B. Cuna Toka, upay-
uLero no pamke, paBHa

1) Bva/R 2) 2Bva/R 3) 0 4) 4Bva/R
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g 810 TPAMEPbI PEWLEHNA 3AAOAY MO TEME «3AKOH
SANEKTPOMATHNTHOW WMHAOYKUWN>

Mpexxae yem pewaTtb 3ajayvy, Hafo MOHATb MPUUMHY, Bbi3blBalOLW Yl MosBe-
HVe B NPOBOAHMKE 3/1IEKTPUYECKOro ToKa WUAN Pas3HOCTM MOTeHLManoB. 3T0 MOXeT
6bITb: 1) M3MeHeHWe BO BpeMeHM BeKTopa WMHAYKUWUW OAHOPOAHOro MarHUTHOrO
nons; 2) U3MeHeHWe naowagn, OrpaHMUYEHHON KOHTYpoM; 3) M3MeHeHue yrna
MeXXay HOpMasbio K MOBEPXHOCTU pPaMKM U BEKTOPOM MArHUTHOW MHAYKLMWW.

Heo6xoAMMO0 Tak>e MNpaBW/IbHO COrnacHo npaBuny JleHua onpefennTb Ha-
npaefieHne MHAYKLMNOHHOIO ToOKa.

3agaua 1 [1poOBONOYHbLIVA BUTOK pagumycom r = 5 cm Ha-
X04MUTCA B O4HOPOAHOM MArHMTHOM MOJie, BEKTOP MarHUTHOM B
WHAYKLWM KOTOPOro HanpasneH nog yrnom a = 30° K nno-
CKOCTW BUTKa (puc. 2.11). YaenbHoe coNpoTUB/eHNEe NPOBO/O-
Kn p= 2,5 «1('80Om =m, eé guametrp d = 2 mm. NNHAYKUNSA A >
MarHUTHOro nosia M3MeHseTcs N0 3akoHy B = O01 - kt),
rpe k = 0,04 c-1, BO = 3 Tn. Onpegennute cuny wm Hanpas- Puc. 2.11
NeHne ToKa, MAywero no BUTKY. byaeT nn HanpasneHne Toka
ocTaBaTbCA MOCTOAHHbIM?

PeweHMe. MarHUTHbIA MNOTOK 4Yepe3 MOBEPXHOCTb, OFPaHUYEHHYI KOHTY-
pom, 6yaeT HenpepbIBHO M3MeHATLCA CO BpemMeHeM, c/efoBaTesibHO, BC/leAcTBUe
ABNEHUS 3NeKTPOMArHMTHOM MHAYKUUW Mo BUTKY 6yaeT UATU TOK.

24C mHaykuum LW = IAD/AL L
MarHuUTHbIA NOTOK Yepe3 NOBEPXHOCTb, OFPaHNYEHHYI0 BUTKOM, onpeaenum no
dopmyne @ = BSsina = -B)(1 - 0,041)71” sin a. Torpga = 0,04B0Onr2sin a.
2nr 8r
ConpoTuBneHne Butka R = p =p

Cuna TOKa B BUTKe cornacHo 3akoHy Owma

% 0,CN4, Ter2 sin a 0,0411, nrd2 sin a
1 = - = = - 2- e ~ 0,19 A.

HanpaBneHne VMHAYKLWOHHOTO TOKa onpeaenum no npasuny JSleHua. MarHut-
Hbli MOTOK YyMeHblUaeTCsi, C/iefoBaTeNlbHO, WUHAYKLMWOHHbLIA TOK A0/KeH 6biThb
HanpaBfieH TaK, 4To6bl MHAYKUWUS MarHUTHOrO MO, KOTOpoe OH co3faéT, 6bina
HanpaeBneHa B Ty >e CTOPOHY, 4YTO M HoOpMasibHas cocTaBnsdlWas WHAYKLUN
BHELWHEro MarHMTHOro nonsi. Bocnonb3yemcss NMpaBu/ioM NPaBoro BMHTA W YBU-
AWM, 4TO TOK WAET NMPOTUB 4acoBOW CTPENKMU.

B MOMeHT BpeMeHM, paBHbIn 25 ¢, HanpaBfeHWe MNonsa AO/KHO U3MEHUTbCS
Ha NMPOTMBOMOJIOXKHOE. HauymHaa ¢ 3TOro MomMeHTa MHAYKUUS MarHUTHOro nons
yBenunuueaeTcsa no moaynto. CnepoBaTenbHo, coOrfliacHo npaeuny JleHua UHAYKLUS
MarHUTHOIO MONS, CO34AaHHOI0 MHAYKLMNOHHbLIM TOKOM, A0/DKHA 6biTh HamnpasneHa

B CTOPOHY, MPOTUBOMOMOXHYIO HOpPMasibHOW cocTaBasiiou,eli BekTopa B, Takum
06pas3om, HanpaBfieHWe WHAYKLUWOHHOINO0 TOKa HE MeHseTcs.
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o' 3apgava 2. MNMpamoyronbHbin KOHTYp ABCD nepe-
MellaeTca nocTtynarteslbHO B MAarHUWTHOM Nofle ToKa,
A B MAyLwero no MNPsSAMONVNHENHOMY AAWNHHOMY MPOBOAHUKY
(puc. 2.12). OnpepgennuTe Hanpae/ieHWe ToKa, MHAYLMPO-
BAHHOIN0 B KOHTYpe, eCc/in KOHTYp yjandaeTrca oT NpoBoAa.
D C Kakne cunbl felcTBYHOT Ha KOHTYyp?

<l

PeweHne. BekTop MarHUTHOW WHAYKuuMm B wmar-

Puc. 2.12 HUTHOrO MonsA Toka | B 06/1aCTU PaCMosioXXeHUs KOHTY-

pa Hanpas/fieH NepneHAMKYNAPHO MNNOCKOCTU KOHTypa oT

Hac. lMpu ypganeHUM KOHTypa OT NpoBojAa MarHWTHbIW MNOTOK 4epe3 naowanky,
orpaHMYeHHyl KOHTypom ABCD, y6biBaeT (Od < 0). CnegoBaTesibHO, BeKTOp

MarHUTHOW WHAYKUUM B' MarHUTHOro nons Toka /[, cornacHo npaeuny JleHua

Hanpas/fieH OT Hac, Kak W BekKTop B. MNMpumeHsaa npaBuno 6ypaBymka, Haxoaum,
4TO MHAYKLUMWOHHBIA TOK B KOHTYype Harnpas/eH N0 4acoBOW CTpenke.
B3anmogeiicTBMe ToKa B KOHType C MPSAMOSIMHENHbIM TOKOM MPWUBOAUT K MoO-
ABMEHMWIO CUN, [EACTBYKLMX Ha NPOBOAHWKM KOHTypa. MMpumeHMB npasuao ne-
BOM PYKMW, MOXXHO BbISSCHWUTb, 4YTO 3TW CUNbI, BO-MEPBbIX, pacTArnBalT pamMmKy,
CTPeMACb YBeAMUYUTb Nowafb KOHTypa, W, BO-BTOPbIX, CO3JalT pe3y/ibTUpPYIO-
WYy CuUAy, HanpasB/ieHHY K NPAMOSIMHEHOMY NpoBOAHMKY. Ob6a gencteuns 6y-
AYT NpensaTcTBOBaTb YMEHbLUEHWI0O MAarHMTHOrO MOTOKa Yepe3 Msowagb KOHTypa.

M 3apgaua 3. lNMpoBogHuk MN (puc. 2.13) AAvHON
I = 0,4 m n conpotmBneHmem R = 4 OM fieXXnUT Ha ABYX
ropn3oHTaNbHbIX MPOBOAHMKAX, 3aMKHYTbIX Ha WCTOY-
HNUK Toka, 3AC koTtoporo A= 2 B. [poBOgHWKKU Ha-

®s X0AATCA B BepTUKa/IbHOM MarHWTHOM Trojle C WUHAYKUMU-
N e B = 0,2 Tn. Onpegenute cuny ToKa B MNPOBOAHUKeE,

M

Puc. 2.13 ecnnm OH [ABWXXeTCA pPaBHOMEPHO CO CKOpPOCTb V = 5 —
C

a) Bnpaeo; 6) BneBo. ConpoTUB/EHWEM MPOBOAHWKOB, MO
KOTOPbIM CKO/Ib3UT MPOBOAHUK MN, MOXHO npeHebpeub.

PeweHune. MNpu paBHOMEPHOM MepeMelleHMN MPOBOAHMKA WU3MeHsieTcss Mar-
HUTHbIA MOTOK 4Yepe3 nJouUiafb, OrPaHWYeHHY KOHTYpPOM, WU, C/efoBaTesibHO,

Jilo)
BO3HUKaeT 3AC uHAyKuUMKn, KoTopasa paBHa |LU\= A
t

a) Mpn ABUMXXEHMW NPOBOAHMKA BMPaBO0 MArHUTHbLIA MNOTOK 4epe3 KOHTYp

yBenn4ynBaeTcs, MHAYKLUWOHHbIA TOK HanpaBaeH Tak, 4Tobbl cornacHo npasBuny
JleHua KOMMeHCMpoBaTb MPUYUYUHY, €ro Bbi3biBaBlWYyw. B gaHHOM cnyvyae MHAOYK-
LMOHHbIM TOK HampaBfieH M0 4acoBOW cTpenke, oTcioga 34C MHAYKLMN YyMeHbLla-
eT cuny ToKa, co3faBaemMoro MCTOYHUKOM. VI3MeHeHUEe MarHMTHOro notoka npwu
OBMKeHUN npoBogHUKa AP = B1lAx, rge Ax = UuAt, oTKyga

\= B1 ¥ BI
WA= At - PV

o %-B lv
Mo 3akoHy Oma ana nonHon uyenm 1X R = 0,4 A.
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6) Mpu ABUXEHUU NPOBOAHMKA BMIEBO MArHUTHbLIM MOTOK YMEHbLlaeTCcA, WH-
OYKUWOHHBIA TOK, MoAdepXXuBawWwmuii MarHUTHbIA NoToK, 6yAeT HanpasfieH Npo-
TUB 4YacoBOi cTpenku, 34C MHAYKLUUU Bbi3blBAaeT TOK TOr0 K€ HanpaB/eHWUsi, uTo

7] OTcopa 12 = R = 0,6 A.

3apaya 4. MNMpoBONOYHYK KaTywKy, HacymTbiBawwyw 1000 BUTKOB, nomelia-
0T B 0AHOPOAHOE MarHWTHOE Nosje TaK, YTO JIMHUW MarHUTHOW WMHAYKUWUK nep-
NeHAWKYNAPHbI MNJI0OCKOCTM BUTKOB. KaTywka noacoefjuMHeHa K rajbBaHOMeTpy.
3aTemM KaTywkKy yaanawT M3 nNoss, Npyv 3TOM N0 Uenn KaTylW KW NpoxoaumT 3a-
pag 1Cr3 Kn. Onpegennute MHAYKUMWIO MarHUTHOro nonsd, ecnu nnowajb BUTKa
1Cr3 m2, a NnonHoe conpoTuB/ieHUE Uenu KaTywkm 2 Om.

PeweHwne. MarHuTHbI NOTOK 4epe3 KaTyW Ky M3MeHSeTcsa 3a BpemMs t oT
® = NBS po Hynsa. VIsameHeHne mMarHUTHoro nortoka Ad = NBS.

B katywke unHayuyupyetca 34C. 3HaveHua SA4C B pasHble MOMEHTbI BPEMEHU
MOryT 6bITb pasfIMYHbIMU. [0 3aKOHY 3/1eKTPOMAarHUTHOW MHAyKuun 30C B He-
KOTOPbIA MOMEHT BpeMeHU onpegenserca no dopmyne

Adgle
% =
roe Ad* — n3MeHeHMe MarHMTHOro NOTOKa 3a Masblii MPOMeEXYTOK BpemMeHU Atk
M3meHeHNe MarHMTHOro noToka 3a 3aTo Bpemsa Ad* = LUAtK
CornacHo 3akoHy Oma 9/4C paBHa LU, = IkR, oTKyga M3MeHeHWe MarHMTHOrO

notoka 3a Bpems Atk paBHo AP* = IhRAtk
3apag, npowegwuin no nposogHuky, Agh = IkAtk
MonHoe n3MeHeHUe MarHMTHoro notoka AP = £g*-R = gR-

OKoHuYaTe/lbHO 3apsf, NpowWeAlINA 4Yepe3 MonepevHoe cevyeHue MNPOBOAHUKA
npu M3MeHEeHWM MarHUTHOro mnotoka Ha [®d, paseH:

palo) NBS qR s ara
q= — = — ,0Tkyga B = — = 2 «10 Tn.

3ajayn ona camMoCTOATE/IbHOrNo pelleHus

1. Onpegennte HanpaB/ieHUWe WHAYKUMOHHOINO TOKa B CMNJIOWHOM KOJbleE,
K KOTOPOMY MOAHOCAT MarHuT (cM. puc. 2.6).

2. Cnna ToKa B npoBogHuke OO"' (cm. puc. 2.12) y6biBaeT. Onpeaennte Ha-
npasneHne MHAYKLUMOHHOIO ToOKa B HeNOABMXXHOM KOHType ABCD u HanpaBneva
CUM, OEeNCcTBYUWNX Ha KaXAayl M3 CTOPOH KOHTypa.

3. MeTannnuyeckoe KOMbLO  MOXeT cB060AHO
ABUTaTbCA N0 CEPAEYHUKY KaTylWw KW, BKAOYEHHOMN
B LenNb MNOCTOAHHOro Toka (puc. 2.14). YTo 6ypaer
NPOUCXOANTb B MOMEHTbl 3aMblKaHWA W pa3MbliKa-
HNA uenun?

4. MarHMTHbIA NOTOK 4epe3 KOHTYp MNpoBOAHUKA
conpotuBneHmem 3 «1CM20mM 3a 2 ¢ U3MEHWUNCA Ha
1,2 «10“2B6. OnpegennTte cuny ToKa B MPOBOAHUKE,
ecn M3MeHeHue NoToKa MPOUCXOAWNI0 PaBHOMEPHO. Puc. 2.14
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5. CaMOnéT NeTUT roOpmM3oHTanbHO co cKopocTbid 900 kKm/4y. OnpegennTte pas-
HOCTb MOTEHLMAN0B MeXAYy KOHLaMW ero Kpbl/ibeB, €Cn MOAY/Nb BEPTUKANIbHON
cocTaBnsAlUEN MarHUTHOW WMHAYKLUWW 3E€MHOro0 MarHutHoro nons 5 m 1Cr5Th,
a pasMax Kpblnbes 12 M.

6. B 04HOPOAHOM MArHMUTHOM Mo/le, MHAYKLMSA KOoToporo B, HaxoanTca 3am-
KHYTbIA MPOBOAHUK B BUAE OKPYXHOCTW paguycoMm r, Npu4émM MA0CKOCTb, KOTO-

poli MpuHagneXxuT BUTOK, NeprneHAMKYynsapHa BekTopy B. Kakoli 3apsg npoigér
no NPoBOAHWUKY, €C/IM B MAarHMTHOM MoJie NMPOBOAHUK AedopMUpoOBaThb, NpPeBpaTuB
ero B keBagpat? ConpoTuB/ieHWe MNpoBoAHUKA R.

=

(\_"‘9 1 Mnockaa ropusoHTanbHas durypa nnowagbio S = 0,1 M2, orpaHn4YeHHas NpPoBO-
OAWNM KOHTYPOM, COMpPOTMB/EeHUEe KoToporo R = 5 OM, HaxoguTcss B OAHOPOLHOM
MarHuTHomnone. Kakoli 3apsag NpoxoAuT MO KOHTYpY 3a 60/bLWOA MPOMEXYTOK
BPEeMEHMW, MNOKANPOEKLUNA MarHUTHON WMHAYKUUM Ha BepTUKanb Z paBHOMEPHO Me-
HAeTca oT BIr = 2 Tn go B2r = -2 Tn?

2. MepgHoe Konbuo M3 nNpoBoja AMamMeTpoM 2 MM pPacrnosiodKeHo B O4HOPOAHOM Mar-
HUTHOM rMoJjle, MarHUTHass UHAYKLUA KOTOPOro MeHsieTcs Mo MOAY/0 CO CKOPOCTbIO
1,09 Tn/c. MnockocTb KONbLa NepneHAUKYNApHa BEeKTOPY MaArHUTHOW WHAYKLWUW.
Yemy paBeH fuameTp Ko/bLa, e€CAuM cuaa MHAYKLMOHHOrNO TOKa, BO3HMKalLero
B HéM, paBHa 10 A? YpenbHoe conpoTtuBieHune Mean p = 1,72 «10~80mM =M.

YA 3. KBagpaTHass pamka CO CTOpPOHOM
M3 MeAHOW NMPOBOSIOKM conpoTuBsieHnem R = 0,1 Om. Pam-
Ky nepemMewalwT No rnagkom ropusoHTasbHOW MOBEPXHOCTU
éN C MOCTOSAHHOW CcKopocTbi Vv BAOAL ocu OX (cm. puc.). 3a
L F> BpeMsa [ABUXEHUS pamKa NpoxXoauT Mexpay nontwcamu mar-
v X HUTa U BHOBb OKa3blBaeTca B 06nacTu, rae MarHWTHoe none
oTcyTcTBYeT. IHAYKLUNOHHbIE TOKW, BO3HUKaOLWMe B paMKe,
d 0Ka3blBalT TopMo3sLee gelicTBME, MO3TOMY A8 NoAAepiKa-
HUA MNOCTOAHHOW CKOPOCTU ABUMXXEHUSA K Hel npuknagbiBawoT

BHELWHIOW cnny F , HanpaBsiieHHY0 BAo/b oc OX. C KaKol CKOpPOCTbIO ABUXETCA pam-
Ka, ecnm cymmapHas paboTa BHelWHel cunbl 3a Bpemsa aBuxeHua A = 2,5 «1Cr3 Oxx?
WunpuHa nontocos marHnta d = 20 cM. CunTaiTe, UTO MarHMTHOe Mosie UMeeT Pe3Kylo

rpaHuuy, OAHOPOAHO MeXAay nojilocaMu, a ero MHAykums B = 1 Tn.

4. TOpM30OHTa/IbHO PacnosioXKeHHbIW MNPOBOAHUK (CM. puUC.) AANUHOA 1 ™
OBUXKETCA paBHOYCKOPEHHO B BepTMKaNbHOM OAHOPOAHOM MArHUTHOM
none, MHAyKUMA KoToporo paBHa 0,5 Tn n HanpaBneHa NepneHAUKY-
NAPHO NPOBOAHWKY W CKOPOCTU ero ABMXeHUA. Mpu HayanbHOW CKO-
pocTW NpoOBOAHMKA, PaBHOW HYNW, NPOBOAHWK nepemecTunca Ha 1 M.
34C VHAYKUMUM Ha KOHLax NMpoBOAHMKA B KOHLe ABMXeHUSA paBHa 2 B.
Yemy paBHO yCKOpeHWe MnpoBofHUKA?
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N3 cdopmynbl (2.6) cnepyeTt, 4TO MHAYKTUBHOCTb — 3TO pm3nyveckass Benn-
UMHa, 4YuCc/eHHO paBHas 3/4C caMOVMHAYKLUWUW, BO3HUKAKOWENA B KOHType MNpu U3MEHEHUn
cu/ibl ToKka B HEM Ha 1 A 3a 1 c.

MHAYKTUBHOCTb, NOAO06HO 3/71eKTPOEMKOCTU, 3aBUCUT OT TEOMEeTPUUYECcKUX
hakTOpOB: pa3mMepoB MNPOBOAHMKA U €ro (popmbl, HO He 3aBUCUT HEMOCPEACTBEH-
HO OT CW/IbI TOKa B NpoBOAHWKe. MHAYKTUBHOCTb MPOBOAHUKA TaKXe 3aBUCUT
0T MarHuUTHbIX CBOWCTB Cpefbl, B KOTOPOA HaxoAMUTCA MNPOBOAHUK.

OuyeBNAHO, 4YTO MHAYKTUBHOCTb OAHOI0 MPOBO/IOYHOr0 BUTKA MeHbLUe, Yem
y KaTywku (coneHoupa), coctosiweil M3 N TakuMx >Xe BUTKOB, TaK KakK MarHuT-
HbI MOTOK KaTywku ysenmumsaetca B N pas.

EavHnuy vHayktuBHoctm B CW HasbiBalT reHpu (o6o3Havaetcsa [H).

VHOYKTUBHOCTb MPOBOAHMKA paBHa 1 lH, ecnin B HEM Npu pPaBHOMEPHOM W3-
MeHeHUn cunbl Toka Ha 1 A 3a 1 ¢ BOo3HUKaeT O4C camouHAaykuun 1 B:

1B B
1TH - =1
c
I— ABneHune CaMONHAYKLNN M O -
a Kak 3aBUCUT MHAYKTUBHOCTb KaTyll- 6
WO K1 c NAOTHO HaMOTaHHbLIMU BUTKA- HO HabnoaaTe B MPOCTBIX OonblTax.
MU OT nnowagu eé& BUTKOB M OT eé Ha pucyHke 2.15, a nokasaHa cxe-
ANVHbBI? Ma napannienbHOro coeguHeHUsA ABYX
0ANHAaKOBbIX namn. OAHY W3 HUX NofA-
KNH4YalT K UCTOYHMKY 4yepe3 pesnctop R, a Apyryw — nocneaoBaTesibHO ¢ Ka-

TYW KON L, cCHa6XXEHHOW >Xene3HbIM CepAeYHUKOM.
Mpn 3amMblKaHuUM KAw4va nepsas Jsamna BCMbIXUBaeT MNpPaKTUYeckKn cpasy,
a BTopass — C 3aMeTHbIM 3ano3gaHuem. 3AC caMOMHAYKLUMW B Lenu 3Tol nam-
Nbl BeNMKa, M cuna ToKa He cpas3y [OCTUraeT CBOEro mMakKCMmManbHOro 3HavyeHus

(pnc. 2.15, 6).

MosasneHne 34C camMONHAYKLUU NpU
f MoaymaiiTe, Kakyl ponb B Lenu (cm. pasMmbliKaHUM MOXHO HabnwaaTb B OMbl-
y jjt puc. 2.15, a) BbIMONHSAET KaTyLiKa. Te C Lenblo, cXemaTUYeCcKN MoKasaHHOM
Ha pucyHke 2.16. [pu pasmMmbikaHUU
KNnwo4va B KaTywke L Bo3Hukaer 30C camouMHAYKUUW, nopaepXwupawlias nepso-
HayanbHbIA TOK. B pe3ynbTaTe B MOMEHT pa3MblKaHWUsA 4yepe3 rasbBaHOMeTpP WAET
TOK (uBeTHas cTpenka), HanpaB/IEHHbIA MPOTMB HayasrbHOro ToKa A0 pasMbiKaHus

2 ! In

|-

a) 6) s dnia
Puc. 2.15 Puc. 2.1¢€
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(4épHasa cTpenka). Cwuna Toka npu
pasMblKaHUN Uenu MOXKeT MNpeBbilaTb MOXHO N4 CYMTATL ABJGHUA MHEp-
CUNy TOKa, MPOXOoAsilLero yepes rasb- UMM B MEXaHWKe M B 3NeKTPOAMHA-
BaHOMETp Mpu 3aMKHYTOM Kjilo4ye. 3T0 Muke (B 31eKTPUYECKONR Lenu) sBfeHuamu
o3HayaeT, yto JAC camomHayKuuun fe OIHOM (HM3NYECKO MpuUpoabl.

6onbwe 34C W 6aTapen 3/1eMeHTOB.

AHanorusi mMexay camMouHAyKLUMelk U nHepuuein. ABNeHUe caMOUHAYKLUUN
nogo6HO SIBNEeHMWI MWHepuunm B MexaHUkKe. Tak, MHepuuss NPUBOAUT K TOMY,
4TO0 noA AelicTBMEM CUNbl Teslo He MFTHOBEHHO NpuobpeTaeT onpefenéHHY CKO-
pocTb, a MoCTeneHHo. Tesio Henb3s MFHOBEHHO 3aTOPMO3UTb, KaK 6bl Benuka
HU 6blna TopMo3sAwasa cuna. TOYHO TakK Xe 3a CYET CaMOUHAYKLUMUW NPU 3aMbl-
KaHUM uenu cuna TokKa He cpa3y npuobpeTaeT onpefenéHHoe 3HayeHMUe, a Ha-
pacTaeT nocTeneHHO. BbIkAlOYaA MCTOYHUK, Mbl HEe MOXEM MpPeKpaTuTb TOK
B Uenn cpa3y. CaMonHAYKUMNA nofep>XMBaeT ero HEKOTOpoe BPeMs, HecmMoTpH
Ha CONMpPOTMBJ/IEHUE LENU.

OHeprusi MarHUTHoro nons. MNpu pasMblKaHUW Uenn TOK Y6biBAeT MOCTeneH-
Ho. B npoBoAHWKax BblgensieTcsd Temnso, HeCMoTpsA Ha TO 4YTO MCTOYHWUK ToKa
pab6oTbl He coBepwaeT. VHorga npuv pasMblKaHMM LEeNU nNpockakuMBaeT MOLULHAas
nckpa. 3TM ABNeHUs MOryT HabnwpaaTbcs 6narogaps TOMY, YTO B KOHType Ha-
KannunBaeTcs 3HEPrnuss — 3HEPruss MarHUTHOro nons.

O6cyaute ¢ OAHOKNACCHUKaMM,

JHeprus MarHUTHOTO NOAs, CO34aHHOTO TOKOM, MPOXOAAUIMM MO y4yacTKy Lenu
C WHAYKTMBHOCTbIO L, onpegenseTcs no cgopmyne

rr2
2.7)

OHepruss MarHUTHOro noss Bblpa-
XKeHa 34ecb 4Yepe3 xapaKTepuctmky L r BcnomHuTe opmyny Ana pacuyérta
NpoBOAHMKA U CUNY TOoKa B Hem. Ho ~  -—..2HEpruu_nona ko
3Ty XK€ 3HEepPrut MOXXHO Bbipa3uTb U
yepe3 XxapakKTepuUCcTUKM nonda. BbiuncneHns nokasbliBakwT, YTO MJIOTHOCTb 3HEPTUM
MarHuUTHOro nonsa (T. e. aHeprus eaMHuULUbl 06bEMA) NponopuMmoHanbHa KBagpaTy
MarHUTHOW MHAYKUMKN: WM~ B2, nogobHO TOMY KaK MNJAOTHOCTb 3HEPrum 3sek-
TPUYECKOro Mons nponopuyuoHanbHa KBagpaTy Hanps>XEHHOCTWM 3/IEKTPUYECKOTO
nona: w3~ E2

CamouHAyKuMs. WHAYKTUBHOCTL. JHEPrUsi MArHUTHOrO MONsA TokKa

[aiTe onpepeneHve sABNeHUSs CaMOUHAYKLUUN.

UTo HasblBalT MHAYKTUBHOCTLIO NPOBOAHMKA?

UTo NpuHMMalOT 3a eqUHULY UHAYKTUBHOCTN B CUN?

Yemy paBHa O34C camonHAyKunun?

Moyemy AnA co3faHUA ToKa UCTOUYHWUK JOJKeH 3aTpaTuTb 3Hepruio?
Yemy paBHa 3Hepruss MarHMTHOro nona?
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41§12 NPUMEPbI PELLEHUA 3ALAY MO TEME
e «CAMOUHAYKLUWA. SHEPTUA MATHUTHOMO MOMSA»

Mpu peweHMU 3aja4y Ha ABeHUE CAMOMHAYKLUW Hafo ymMeTb pa3fimMuyaTb Mar-
HUTHbLIW MOTOK, CO34AaHHbI BHEWHWM MArHMUTHLIM MOJIeM 4epe3 MOBEPXHOCTb,
OrPaHMUYEHHY KOHTYPOM, U MarHWTHbLIA MOTOK, CUEN/IEHHbI C AAHHBIM KOHTY-
poM. 3TOT MArHWTHbLIA MOTOK Bbi3biBaeT TOK, UAYWMWI MO CaMOMY KOHTYpY.

3agavya 1. KonbLo M3 CBepXMpPOBOAHMKA MOMELWEHO B OfHOPOAHOE MarHMTHOE
nose, MHAYKLMWS KOTOPOro HapactaeT oT Hyns Ao BO. MiockocTb Kofbua nepreH-
AVMKYNSipHA NVWHUAM UHAYKUUW nona. OnpegenvTe cuny WMHAYKLWOHHOIO TOKa,
BO3HMKAlOLEro B Kojblie. Paamyc Konbua r, MHAYKTUBHOCTbL L.

PeweHwne. Tak KakK COnNpoTMB/IEHMWE KONbLA PaBHO HYNO, TO U CymMMapHas
aNeKTpoABMIXKYyLULAA cuna B HEM fosiXkKHa 6biTb paBHa Hynw. WMHave cuna Toka
cornacHo 3akoHy Oma cTaHeT 6eckoHeyHoli. CnepgoBaTesibHO, U3MEHEHMNE MarHuUT-
HOrMo MOTOKa BHELWHEro MarHUMTHOro NoJA paBHO MO MOAY/II0O N MPOTUBOMOJIOXKHO
Mo 3HaKy M3MEHEHWI MarHMUTHOro nNoToKa, CO034aHHOM0 MHAYKUMOHHBLIM TOKOM:
® = LAI. YuutbiBad, 4to notok @ HapactaeT oT 0 Ao Kr°Bg, a cusia MHOYKLUW-
OHHOro Toka MeHseTca npum aTtom ot O pgo I, nmonyyaem nr2B0O = LI. OTcoga

nr2Bo

3apgavya 2 Kartywka conpotusneHmem 50 OM u MHAYKTUBHOCTbIO 10 3TH Ha-
XO0ANTCA B OAHOPOAHOM MarHUTHom nosie. Npn paBHOMEPHOM M3MEHEHUWN WHAYK-
LMW MarHUTHOrO No/ss 3a HEKOTOPbIA MPOMEXXYTOK BPeMeHM MOTOK 4yepe3 KaTyll-
Ky Bo3poc Ha 1(I B6 m cuna Toka yBenuuunacb Ha 0,1 A. Onpepenute 3apsg,
npoweAwWwnin No KaTywKe 3a 3TOT MPOMEXYTOK BPeMEHW.

PeweHune. o ycnosuio 3ajaum KaTylKa nomeuieHa B nepeMeHHoOe MarHuUT-
Hoe Mofle, criefjoBaTeNbHO, M3MEHSAeTCA MarHUTHbIA MOTOK Yepe3 MOBEPXHOCTh,
OrpaHWYeHHY BUTKAMW KaTyLW KW, U B Heli BO3HMKAET MHAYKUMOHHbIA TOK. Tak
Kak cusia Toka M3MeHsieTcsl, TO M3MeHAeTCA M MarHWTHbIA MOTOK, CUENNE&HHbIN
C KOHTYpPOM, W BO3HWKaeT JAC caMOUHAYKLUMN.

Mpun Bo3pacTaHUM MArHUTHOTO MOTOKAa uyepe3 KaTylWwKy B Heil Bo3HuMKaeT 34C

MHAYKUNN T: Bbl3blBatlollas MNOsIB/IEHWE 3MeKTPUUYeckoro Toka. TOK
B KaTylWlKe W3MeHsieTcs, c/efoBaTe/ibHO, 0OAHOBpeMeHHO nosensetca 3A4C camo-
LAI
MHAYKLNN At
34C caMOMHAYKLUWN Bbi3biBaeT TOK, MPenATCTBYOWNIA N3MEHEHUID ToKa B Ka-
Jalcy LAI
Tywke. Mo3ToMy cuna Toka B KaTywke | — At . At

Od - LAI
3apsag q = IAt = R = 1,8 «10&Kn.



W LR}

Ry,  2(R, + Ry’




- O

Ty



KONEBAHUSA U BONHbBI 53

KOJIEBAHUA 1 BOJIHbI

MexaHuyeckme N 3N1eKTPOMAarHMUTHble Koneb6aHUA MOLUYMHSAKTCA COBepLUEeH-
HO OfWHAKOBbIM 3aKoHaM, T. e. ONUCbiBAalTCA OAHUMMU N TEMWU >e ypaBHe-
HUAMWU. VIMEHHO MNO03TOMY Mbl M3y4yaemM WX B oAHOM pasgesne. OfHaKo Hajo
NMOMHUTbL, 4TO (hm3nyeckas npupoja 3TUX Kose6baHUN abCcONWTHO pasHas.

OAMHAKOBbIM KO/IMYECTBEHHbLIM 3aKOHaM MOAYUHSAKTCA U BOJTHOBbIE MPOLLECCHI
pasnIMyHON Npupofbl.

B coBpeMeHHOVW ()u3nMKe Bblgenunca cneymanbHblii pasgen — Quanka Ko
ne6aHunii. B HEM Kone6aHMA pasnMYHON Npupoabl paccMaTpuBalTca C efUHON
TOUYKM 3peHnda. dusnka kKonebaHU 3aHMMaeTca mccnepgosaHmem subpaunimi ma-
WWH M MEexaHW3MOB, €€ BbIBOAbl NleXXaT B OCHOBE 3/IeKTPOTEXHUKW U pajuo-

TEXHUKMN.

EXAHUYECKUE KONEBAHUSA

B 3Toli rnase Mbl paccMmoTpuUMm 0COO6EHHOCTN MeXaHWYeCcKux KonebaHnim mn unx
oT/iIndme OoT ApPpyrnx BunaoB MexXaHUYECKOro ABUXEHNA.

|:| § 13 CBOBOAHBIE KOJIEBAHUA

Kakoe pgBu>keHue Ha3blBalOT MexXaHW4YecKnm?
Mo>XHO M HasBaTb [BWXKeHMe nonoTHuwa dnara Ha BeTPy MeXaHUYeCcKum
ABV>KeHuemM?

Kone6atenbHble ABUXXEHMUS, UAN MPOCTO KOMe6aHUSA, WNPOKO pacrnpocTpaHeHsbl
B Npupoae N TexHUKe.

£21 neE] Kone6aHussMuM Ha3biBAOTCA ABUXKEHUS WM Mpouecchbl, o6najatrouine cBoii-
CTBOM MOBTOPSAEMOCTU BO BPEMEHMU.

MexaHuuyeckne kKonebaHuss — 3TO [ABUXKEHUS, KOTOPble TOYHO WU NpU-
6/1M3UTENBHO MOBTOPSIIOTCA Yepe3 onpefesiéHHble MHTEpPBasibl BPEeMEHU.

Kone6aHua nNopwHS B AgBuraTtene asBTomMo6uas, nonjaBka Ha no-
BEPXHOCTW BOAbl, MasiTHMKA 4acoB, BETOK [epeBbeB HA BeTpy — npu-
Mepbl MeXaHW4YecKux KosebaHuii.

CBo6oaHble Kone6aHusa. Fpynny B3aumoAelicTBYOUUX Ten, ABUXKEHUE KOTO-
pbIX Mbl M3yyaem, Ha3biBalOT B MexaHWKe CUCTEeMON Tes UM NpocTo CUCTEMOIA.

E2EEQ QMIlbli gelicTBytowme MeXxay Tenamu CUCTEMbl, Ha3blBalOT BHYTPEHHUMMW.
BHeWHMMN cuaMn HasbIiBalOT CU/bl, AEACTBYHOLLME HA Tena CUCTEMbl CO CTOPOHbLI Ten,
He BXOASILLUX B Heeé.
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ABuratbcsa BnpaBo. C yMeHblLIeHUEM r Kak n3menunca 6bl X0f paccy>xje-
MoAynsa cmeuw,eHMsa x cuna Eymp yb6biBa- HWIA ecnu 6bl WApUK Obln NoABe.
eT Mo MOAY/H0 N B MOJIOXKEHUUN PaBHO- WeH K MpyXuHe?

Becua onATbL obpawaetcs B Hynb. Mpwu
3TOM CKOPOCTb LIapuKa yBennuuMBaeTcss U B MOSIOKEHUU paBHOBECUSA CTaHOBUTCS
MaKCUMasibHOM, WU MO WMHepUUM WapuK MPOXoAUT MNOMOXKeHUe paBHOBecUsl, Npo-
[o/Kasi ABMraTbCcs BMpaBo. OT0 ABUMXKEHMe MNPUBOAUT K PacCTSXEHU MNPY>XWUHbI
N NOSIBJIEHUIO CU/bI, HamnpaB/ieHHOW BJieBo. [BWXKEHMe LwapukKa TOPMO3UTCA A0
NMOSIHOW OCTAHOBKW B KpailHeM MNpaBoM MOMIOXKEHUW — CcUcTemMa COBeplinia OfHO
nosHoe konebaHue, Moc/e Yero Becb MpoLLecc MOBTOPsSieTCA cHadvana.

Ecnn 6bl He 6bI/10 MOTEPb MeXaHW4YeCcKol SHEPruu Npu TPEHWUU Wapuka o cTep-
XXEeHb, TO ABMXeHMe LapuKa He npekpaTtunocb 6bl HUKOrAA.

YpaBHeHME ABUMXKEHUA Tena, Koneb6wolLerocss nog AeiAicTBUeM Cusbl
ynpyroctn. CorsiacHo BTOpoMYy 3aKOHY HbloTOHa npou3BegeHue macchbl
Tena T Ha ero yckopeHue (I paBHO paBHogeicTBytolieli F Bcex cun,
NPUNOXEHHbLIX K Teny:

TCclM= F. (3.1)

3anunwem ypaBHeEHUE ABVKEHUSA ANA Wapuka, ABUXYLLeroca NPsSsMOSIMHERHO
BAO/b FOPU30OHTANM nof AelcTBMEM CUNbl ynpyroctm F npyXwuHbl (cMm. puc. 3.1).
Hanpasum ocb OX Bnpaso. llycTb Hayano oTCYETaA KOOPAMHAT COOTBETCTBYET
NONOXEHMWIO paBHOBecus wapuka (cm. puc. 3.1, a).

B npoekuum Ha ocb OX ypaBHeHMe (3.1) MOXXHO 3anmcaTb TakK: Tax = Fxymp,
roe axum FX yrp COOTBETCTBEHHO MPOEKLUWN YCKOPEHUA U CUMbI YNPYTrocTu NPYyXMu-
Hbl Ha 3Ty OCb.

CornacHo 3akoHy lyka npoekuyuna Fx NPsAMo NponopumoHanbHa CMELLEeHUIo
wapuka n3 NonoXeHma paBHoBecus. CMmelieHMe >Xe paBHO KoopauHaTte X LWa-
pukKa, NpuU4Yém MpoeKuusa CU/ibl U KooOpAMHAaTa MMEKT MPOTUBOMOJIOXKHBIE 3HAKWU
(cm. puc. 3.1, 6, B). CnepgoBaTenbHO,

Fx ymp = ~kx, (3.2)
roe K — >KECTKOCTb MPY>XWHbI.
YpaBHeEHME [ABUXXEHMUSA Wapuka Torga npumeT Bup
Tax = - kx. (3.3)

Pa3fieniMB /ieBYl0 W NpaByl 4YacTu ypaBHeHUs (3.3) Ha T, MNoAyuyum

a);( = —T)(_ (34)

Tak KakK mMacca T. U XXECTKOCTb K — MOCTOSAHHble BEe/INYUHbI, TO UX OTHOLIEe-

Hune ? TaK>Xe NOoCToOAHHaA Be/TIn4nHa.

Mbl MoONy4Ynnu ypaBHeHWe, ONucbiBatllliee Koneb6aHusi Tena noja [AelicTBMeM
cunbl ynpyroctn. OHO O4YeHb MPOCTOE:

npoekuna ax yCKkopeHua Tesna npAamMmo nponopunoHasibHa ero KoopguHate X,
B3ATOW C npoTUBOMO/TO>KHbIM 3HaKOM.
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MaTtemaTndecKnii MasiTHUK.

MaTtemMaTuyeckMin MasiTHUK — 3TO MaTepuanbHas Touyka, MNoOfBelleHHas
Ha maeanbHon (HEBECOMOW M HEPACTSXKWMMON) HUTH.

EEHD3 MaTeMaTUYeCKNIA MasiTHUK — MOoAenb 06bIYHOTO (peasbHOro) MasTHUKA.

B BbiBegeM Tesio MasTHUKA (Wapuk) u3
NofioXKeHUsi paBHOBeCUS M oTNycTMM. Ha
wapuk 6yayT pgeicTBoBaTb [B€ CUNbI:

l a cuna Taxectm FT = mg*, HanpaBsieHHasn

BEPTUKA/IbHO BHW3, W cuNa YNpPyroctu

C F HUTU Fynp, Hanpas/sieHHasa BAO/Ib HUTWU

yip

O 7 AM (puc. 3.2). KoHeuyHO, Mpu ABVXXEHUN Ma-

iz 7 O T | 3 ATHMKA Ha Hero ewé paeiicTByeT U cuna

Y X1k &7 X conpoTuBsieHnda. Ho mbl b6ygem cumTathb
F, j;? i B eé npeHebpe>xXxMmMo Masnoii.

5 T n Ana Toro uTo6bl OTYETAMBO MpeAacTa-

BUTb ce6e AMHAMUKY [ABUXKEHUS MasTHU-
Ka, yAO06HO CUY TSXECTU pasnoXuTb Ha
ABe cocTaBnsiowme: Fn, HanpaB/eHHYIO

BIO/Ib HUTU, N FX, HanpaB/ieHHY MepneH-
OAVUKYNSAPHO HUTWU MO KacaTesibHOM K TpaekTopuu wapuka. Cunel Fnu FTB cymme
coctaBnsawT cuny FT. Cuna ynpyroctv HuUTM Fynp M cocTaBnsiouwas CUibl TaXe-

CcTU Fn nepneHAMKYNApPHblI CKOPOCTU MasiTHUKA U U3MEHSI0T TO/IbKO HamnpaB/ieHue
CKOpOCTM, T. e. coobLialOT eMy LLeHTPOCTPEMUTENbHOE ycKopeHue. Moa aeiicTBueMm

cocTaBnsolLeit FX CUbl TAXKeECTU MasTHUK HadymHaeT ABUraThCs MO Ayre OKPYX-
HOCTM BHW3 C HapacTalouein no MOAY/0 CKOPOCTblo. Mpu ABUXKEHUN MasATHUKA
3Ta cocTaBnAlLW A8 CUMbl TAXKECTW, HanpaBfeHHas K MOJIOXKEeHWI paBHOBecUs,
yMeHbllaeTcsas Mo MoAy/o, U B MOMEHT, Korga MasiTHUK MPOXOAWUT uyepes3 Mo-
NoXeHne paBHOBECUA, OHa CTAHOBWUTCS PaBHOW HY 0, a CKOPOCTb Llapuka cTa-
HOBUTCA MaKCUMAaNbHOW, M MO WUHep-

Kakne ynpoueHus genawT, Korga UMM oH MnpogoskaeT ABMXKeHue. Mpu

Teno, noaBeweHHoOe Ha HWUTWU, CUYU- 3ToM FXx yxe 6yp,eT Hanpas/sieHa npo-

TalT MaTeMaTUuYeckKUmMm MassTHUKOM? B CKOpOCTVl. |_|03TOMy Morqyﬂb CKO-
pocT MasiTHUKA cTaHeT yMeHbllaTb-

HY>XHO MMeTb B BUAY, UTO LWapUK, cA. B MOMEHT 0oCTaHOBKW MaATHUKa
noABelW eHHbIn Ha HWTKU, bypeTt B BerHeﬁ TOYKEe €ero TpaekKTopuwn
npeAcTaBnATb CO60M MasTHUK NULWbL B TOM (touke C) mogynb F~ mMakcumaneH wu

cfiyyae, eC/iM Ha Hero feicteyeT cuna TA-
XecTun 3emnun. Boi3biBaloWmii aTy cuny 3em-
HOl Wwap BXOAWT B KonebaTenbHYyH cucte-
My, KOTOPYIO Mbl ANS KPaTKOCTU Ha3blBaeMm
NpPoCTO MasTHUKOM.

3Ta cuna 6yneT Bbi3blBaTb ABUXXeHUe
MasTHMKA B CTOPOHY MOJIOXXEHUSA paB-
HOBecuUs, B TO >Xe BpeMs B 3TOW Tou-
ke Fn = Fynp, a uUeHTpoCcTpeMUTeNb-
HOe YyCKOpeHWe paBHO Hynw. [fanee
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CKOPOCTb MasTHMKa yBenuuyuBaeTcsa MO MOAYNH, U OH CHOBa ABMXXETCHA K MOM0-
XeHU paBHoBecus. lMpoias nonoxeHwe paBHOBeCcUS, OH BO3BpaliaeTcss B UC-
X04HOE MOJI0OXKEeHMe.

YpaBHeHUE ABMIXKEHUSA MaTeMaTUyecKoro MasiTHuUKa. MNpu koneb6aHusx wa-
puKa Ha HepacTs>XUMOW HUTW OH BCE Bpems ABUXKETCA N0 Ayre OKPYXHOCTMU,
pagnyc KOTOpoW paBeH AnuvHe | HUTU. T0o3TOMYy MNoNIOXKEeHWe LWapuka B No60
MOMEHT BPEMEHW MOXXHO ONpeAennUTb Yr/I0M a OTK/JIOHEHWA HWUTW 0T BepTUKa-
nu. bygem cuuTaTb Yroa a MONOXWUTENbHbIM, €CAN MasTHWUK OTKAOHEH BNpa-
BO OT MONOXEHWSA paBHOBECUSA, WU OTpULATENbHbIM, €CNM OH OTK/OHEH BJIEBO
(cm. puc. 3.2).

O603HAUYNMM MPOEKL U0 CUMbl TAXECTU Ha KacaTesibHY K TpaekKTopuu masiT-

HUKa 4yepe3 FT 3Ta npoekumss B MOMEHT, Korga HWUTb MasiTHMKaA OTKJ/IOHeHa OT
NMONOXKEeHUS paBHOBECUS Ha yrosn a, pasBHa:

Fz= -mg sin a. (3.5)

3HaK «—» 3[eCb CTOMT MOTOMY, UYTO Be/IMUYUHbI F. N a UMET NPOTUBOMOJIOXK-

Hble 3HaKu. [pu OTK/IOHEHMM MasiTHMKa BnpaBo (a > 0) cocTaBnswUW,asi CUbI

TAXecTn FxHanpaeneHa BNeBO M eé Npoekuua otpuuartenbHa: Fx < 0. Mpu oT-
K/MOHEHUN MasiTHMKa Bneeo (a < 0) aTa npoeKkuusa nonoXxwutenbHa: Fz > 0.
CorslacHo BTOPOMY 3aKOHY HbloToHa

nnu
Ta, = -mg sin a. (3.6)

Pasgenus neByw M MpaByk 4YacTW 3TOro ypaBHEHUS Ha T, MOAYy4YUM
a, = -gsina. (3.7)

PaHee npegnonaranocb, YTo YrfAbl OTK/AOHEHUSS HUTU MasiTHMKA 0T BepTMKaIu
MOTYT 6bITb NOGbIMU. B ganbHeliweM 6yaem cuymTaTb UX ManbiMu. Mpu manbix
yrnax, eciv yron vu3amepeH B pajuaHax,

sina ~ a.
CnepoBaTenibHO, MOXXHO MPUHATH
a,= -ga. (3.8)

Ecnn yron a man, To 3Ta NPOeKUUSA YCKOPEHUS NPUMEepHO paBHa Mpoekuuu
ycKopeHusa Ha ocb OX: a, ~ ax(cm. puc. 3.2). N3 TpeyronbHuka ABO pgnsa masno-
ro yrna a nMmeem

a= (3.9)
MoacTaBuUB 3TO BblpaeHWe B paBeHCTBO (3.8) BMecTOo yrsa a, noayvyum

a, = -y X. (3.10)
OT0 ypaBHeHMWE UMeeT TaKoW >Xe BWUfA, YTO U ypaBHeHue (3.4) AN yckopeHus

Wwapuka, NPUKPennéHHOro K nNpy>xuHe. CreaoBaTesibHO, M pelleHMe 3TOro ypas-
HeHUa 6yAeT UMEeTb TOT XKe BUfA, YTO U pelleHWe ypaBHeHUs (3.4). ITo o3HauaerT,
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I B S Cwunbl, nponopuuoHalnbHble CMe- uytO0 [BUMXXEeHMEe wapuka u KonebaHus

WEeHWI0O M HanpaB/eHHble B CTOPO- MasiTHUKa MNponucxoaAaT OAMHAKOBbLIM
HY, MPOTUBOMONOXHYIO CMel eHnto, Ha3lbiBa- o6paszom. CMelleHMs Wapuka Ha npy-
10T KBa3nynpyrumu. XXUHe N Tenla MasTHUKa 0T NOJIOXKEeHWUN’

paBHOBECUA M3MEHAKTCA CO BPEeMeEHEM
no OAHOMY W TOMY >Xe 3aKOHY, HecMOTps Ha TO 4TO CUMbl, Bbl3blBalwLWNe KO-
nebaHmsa, NMMeT pas3NUUHY GU3NYECcKY APUPOLY. YMHOXUB ypaBHeHUA (3.4)
n (3.10) Ha /n n BCNOMHMB BTOPOW 3aKOH HblOTOHa Tax = FX , MOXHO caenaTb
BbIBOJ, 4YTO KonebaHUA B 3TUX [ABYX Clyyasix coBeplliakwTca nof AeACTBUEM CUI,
paBHoOZelicTBYlOLWaa KOTOPbIX MNPAMO MpoNopLMOHanbHa CMeLWeHWo Konebrwue-
rocsa Tena oT MOJIOXKEHWA paBHOBECUSA W Hanpas/ieHa B CTOPOHY, NMPOTUBOMOJIOXK-
HYI 3TOMY CMeLLeHUo.

CBo6oaHble KonebaHWsA. TIPY>XXUHHbIA 1 MaTeMaTUYeCKUii MasaTHUKK

1. Kakue konebaHusa Ha3biBalOT CBOGOAHbLIMWN?

2. MNpn Kaknx yCcnoBMAX B CUCTeMe BO3HMKAKT CBOGOAHbIe KonebaHMA?
3. Yemy paBHO nepemeweHne wapuka (cm. puc. 3.1) 3a 04HO MNONHOe
KonebaHune?

=) 1 BepHo(-bl) yTBepxjeHue(-a):
CBo060AHbLIM siBNisieTcs KonebaHwue
A. rpysa, NojBelleHHOro K MpPy>XWHe, nocjsle 0f4HOKPATHOro ero OTK/JOHEHMUA 0T no-
NOXeHUs paBHOBecUst
B. MmemM6paHbl TPOMKOTroBOpPUTENA BO BpeMsi paboTbl MPUEMHUKA

1) Tonbko A 2) Tonbko B 3) Anb 4) HM A, Hn b
2. MaTemaTunyeckuii MafaTHUK coBepllaeT KonebaHus nopg feicTBMEM CUNbI

1) TsXKecTun 3) TSAXKECTM W CUNbl YyNPYrocTn HUTKU
2) ynpyroctun HUTHK 4) TAroteHus

3. BbibepuTe copmMyny, CBsi3biBalLULY0 Yrosl OTK/AOHEHUS HUTU U cCMelleHWe Tena
npu Kosie6aHUSAX MaTeMaTUYeCKOro MasiTHUKA.
1) x = al 2) x = -al 3) x = g/l 4) x = -ga

4. MoryT n¥ B KaKoli-To MOMEHT BpeMeHW CcoBMajaTb HamnpasfieHWss CKOPOCTU

N YCKOpPEeHUs Mpu KonebaHWaX MPY>KUHHOI0 MasiTHUKa?

1) oTBET 3aBUCUT OT MOMIOXKEHUS MAsiTHUKA B HayalbHbli MOMEHT BpPeMEHMU

2) He MOTYT HW B OAWH W3 MOMEHTOB BPEMEHMU

3) MOryT B MOMEHTbl MaKCMManbHOW CKOPOCTHU

4) MOryT MNpu ABUXKEHUM OT TOUKM MAaKCMMasnbHOr0 OTKAOHEHUS K MOJI0XKEHMUIO
paBHoOBecUs

5. Mpu kKoneb6aHMAX MaTeMaTUYeCKOro MasTHUKaA YCKOPeHWe maTepuanbHOW TOUYKW

nepneHANKYNApHO eé cKopocTu

1) B TOYKaX MaKCMManbHOro OTK/IOHEHMUS

2) NpM NPOXOXAEHUWN MONOXEHUS paBHOBeCUSA

3) B onpefenéHHON Touyke, HaxofsAlelcs MeXAy MOMOXKEHWEM paBHOBecUS U MaK-
CUMaNbHOr0 OTK/IOHEHMUS

4) He 6yAeT HW B OA4HONM Touke
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LLIKKkoNnEBAHNSA 1 BOMHBI

C pasfiMyHbIMM MasiTHUKaMuU. 3aBUCUMOCTb MNepuoga KonebaHUn OT YCKOpeHUS
cBO6OAHOr0 MafieHUss TakXe MOXHO 06HapY>XWUTb. Yem MeHblle g, TeM 60Mblue
nepvon KonebaHuii mMasTHMKaA W, cneaoBaTeslbHO, TeM MeasieHHee WUAYT Yachl
C MasiTHUKOM.

Yacbl C MasTHUKOM B BUAE rpy3a Ha CTepXHe OTCTaHyT 3a CyTKM no4yTtm Ha 3 c,
ecnn X NOAHATb M3 nojBana Ha BEPXHUI aTaxX MOCKOBCKOro yHusepcuteTta (Bbl-
coTa 200 m). W 3TO NpOM3OMAET TONbKO 3a CYET YMEHbLIEHUS YCKOpeHusa cBob6OAHOro na-
[EeHNSA C BbICOTOW.
B paiioHax, rge 3anerakwT NAOTHble NOPOAbl, YCKOPeHMEe g HeCKoNbko 60/bliee. 3TO y4uu-
TblBAlOT MPW NOUCKaX MOME3HbIX UCKONaeMblX.
Tak, XenesHana pyfa o6nagaeT NOBbIWEHHONW NAOTHOCTbIO MO CPaBHEHWK C O6GbIYHbIMU MNO-
pofamu. MpoBeaéHHbIe Noj PYKOBOACTBOM akagemuka A, A. MuxainoBa M3MeEpPeHUs YyCKO-
peHus csobogHoro nageHns nof Kypckom Mo3BOMUAM YTOYHWUTb MecTa 3aneraHunsa >KenesHon
pyabl. CHayana OHW 6blNM O6GHapyXXeHbl NOCPefCTBOM MAarHUTHbIX W3MEpPEeHUi.

CornacHo nony4yeHHbiMm copmynam (3.17) n (3.19) nepnos rapmMOHMYECKUX KO-
ne6aHunii 3aBUCUT OT mMapameTpoB cucTeMbl (KECTKOCTU MPYXWHbI, ANWHbI HUTU U T. A.).

da3a konebaHuii. Beegém ewé oaHY BE/IMUYNHY, XapaKTepU3ywLWyl rapMoHu-
yeckne konebaHwus, — a3y kKoneGaHwuii.
Mpwn 3agaHHO amnnuTyge KosebaHUM KoopauHaTa Konebawuweroca Tena
B /10601 MOMEHT BpeMeHW O4HO3HA4YHO onpefeniseTca apryMeHTOM KOCUHYca WUau
cuHyca:
® = coOt.

3 ano
BenMumnHy o, CTOAWY NO4 3HAKOM (YHKUMM KOCUHYCa MANU CUHYCA, Ha3bl-

BalOT pa3oi kKonebaHuit, onncbiBaeMblX 3TON (YHKUMEN.

BblpakaeTca asa B YrjioBbiX eAUHULAX — paguaHax.

dasza onpefenseT He TONbKO 3HAYEHWE KOOPAMHATbLI, HO WU 3HAYEHUS APYTrux
PU3NUECKMX BENNUYNH, HANPUMEP CKOPOCTU M YCKOPEHUS, U3MEHSIOWNXCSA TaKXKe
No rapMOHWYECKOMY 3aKoHY. lM03TOMYy MOXHO CKasaTb, 4TO

basa onpefenseT npu 3agaHHOW amMnnuTyge cocToAHMe kKonebaTenbHON cucrte-
Mbl B N060/i MOMEHT BPEMEHMU.

B 3ToM cOCTOMT 3HayeHUe MOHATUA Cba3bl.
Koneb6aHunsa c oAMHaKOBbIMM aMnanTygamMmun n 4actotamMm MOryT pasnmnmyartbCA

dazamn. 2T
Tak Kak co0 = — , TO t
¢ = coOt = 2n —. (3.20)
OTHOWeEHME ~ YyKas3blBaeT, CKOJIbKO MOAHbIX KoNebaHW COBepLIEHO OT MO-

MeHTa Hayana KosiebaHui. ﬂroGomy 3Ha4YeHN0 BPEMEHU t COOTBETCTBYET 3HaUeHue
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hasbl ), BblpaxeHHOe B paguaHax. XA
T
Tak, N0 NpowWecTBUN BpPeMeHU t = —
n Xm
(4eTBEPTM nNepuoga) ¢ = —, MO Npo-
| 2T
wecTBMM MONOBUHbLI nepuofja ¢ = T 0 Ttl L 3 1 5' . B
n L 2, ¢
no npowecTBMM LenNoro nepuoja 2 27t 21t

db=2a9uT. 4

MOXHO wun306pasnTb Ha rpaduke
3aBUCUMOCTb KOOpAMHATbl KONebnto- Puc. 3.4
ueica TOYKWM He OT BPEMEHMU, a oT
asbl. Ha pucyHke 3.4 nokasaHa Ta >Xe KOcMHycoumpaa, 4TO M Ha pUCyHKe 3.3,
HO Ha FOPWU30HTa/IbHOW OCW OT/I0XKEHbl BMECTO BpPEMEHW pas/In4YHble 3HayYeHUsa
dasbl o.

OnvcaHVie TapMOHUYECKUX KonebaHuii c¢ MOMOLWbK KOCUHYca U cuHyca. Bbl
y>XXe 3HaeTe, 4YTO NPU rapMOHUYECKMX KonebaHMAX KoopamHaTa Tena U3MeHseTcs
co BpeMeHeM Mo opmyfne KOCMHYCa WNW CUHYcA.

Tak Kak

cos = sin p + ),

TO 0flHO M TO e Kone6aHWe Mbl MOXEM onucaTb 3TUMMU ABYMS TPUTOHOMETPU-
YECKMMU (DYHKLUMSAMMK, pasnnyarlimMmmnucs aprymeHTom Ha —. Bbl6op (yHKUUMN

3aBMCUT OT HauyaflbHbIX YCN0BWUiI. Ecnm cmeuweHme 0T MOMOXKEHUS paBHOBecUs
MaKCMMasibHO B HayallbHbl/i MOMEHT, TO ANS oNUcaHUs Kone6aHui yaobHee Nonb-
30BaTbcA hopmyno x = xm cos (00t.

Ecnn 6bl Mbl B036yaAuUNM Koneb6aHWs MOKOSLLErocs Tefa KPaTKOBPEMEHHbIM
TO/TYKOM, TO KoOpAMHAaTa Tesla B HayallbHblii MOMEHT 6blsla 6bl paBHa HYJ/1l0 U N3-
MEHEHUs KOoOpAMHAaTbl CO BpemMeHeM 6bl10 6bl ygo6Hee onuUCbiBaTb C MOMOLLbIO
CuHyca, T. e. hopmynoi

X = xXTsin co0/,

TakK KakK Mnpu 3TOM HavasbHas (pasa paBHa Hy.

Ecnn B HavyanbHbili MoOMeHT BpeMeHn (nNpum t = 0) ¢dasa kKonebaHuin paBHa ¢o0,
TO ypaBHeHWe KonebaHW MOXHO 3anucaTb B BuUfAe

X = jemsin(coOt + ¢0). (3.21)

Cpsur c¢as. KonebaHmsa, npoucxo-
AAWne ¢ OAMHAKOBbBIMW 4acToTOW m
amnanTyaon, MOryT oTnmyaTbeca Apyr
oT gpyra ¢asamu.

PaccmoTpum aBa KonebaHuns:
X = x7Tsin0r 1 x = X7T cos c0t. Tak

Kak cos &0t = sin (co0t + n/2), To pa3HOCTb (pa3, MK, KakK 4acTo roBOPAT, CABUT

MogymaliTe, Kakue 3Ha4yeHWs Ha-
yanbHolt asbl G0 MOryT 6biTb Npu
pa3Hbix cnocobax BO36YXAEHWA KO-
ne6aHui.

a3, 3aTux KonebaHwuii coctaBnsger ~ . Ha pucyHke 3.5 nokasaHbl rpaukun 3sa-

BUCUMOCTU KoopAMHAT OT BpPeMeHU ANnd 3TUX ABYX FapMOHUYECKUX KosiebaHui,
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xy CM 7 F "
Y CABUHYTbIX Mo ¢ase Ha —. fpajuk 1
2 2 COOTBETCTBYET Kose6aHusAM, coBepliato-
1 Ve wumca no gopmyse cuHyca:

1
X = XxTsincoOi,

0 1\ 2\ 3 /4 5\ 6\7 f,c arpahuk 2 — KoneGaHWsM, coBepllal-
' wumca no opmyne KocuHyca:

Puc. 3.5 X = x7Tcos co0t = xTsin 7co0* + Nj .

MpeBpalleHNsa 3HePruy Mpu rapMoHUYEcKMX KosiebaHusx. MycTb B Mnonoxe-
HUW paBHOBecUs MOTeHLUMaNbHas 3Heprus KonebaTesibHOW CUCTeMbl paBHa HYy/I0.
Cmewan Teno Ha paccTosiHMe X T, Mbl coobuiaemM Kosie6aTeNbHOW cuUcTeMe MOTEH-
uuanbHylo aHeprui Wnu Takmm obpa3om co3gaém cucTemMe yCnoBus As Hadana
OBMXKeHUA Tena (konebaHui).

Mpn ABUXEHUM Tena nNoTeHUManb-

06¢cyanTe ¢ OQHOKNACCHUKAMMU, Kak Hasi 3Heprma CcUCTEMbl YMEHbLUAET-
6yayT BbIrNAneTs rpaduku Ha pu- cA. Ho oaHOBpeMeHHO yBenuumBaeTcs
cyHke 3.5, ecnu cpsur as Gyget CKOpPOCTb W, cnefoBaTesibHO, BoO3pac-
paseH n unu 3n/2. TaeT KuHeTmyeckasd 3Heprua. B mo-

MEHT MPOXOXKAEHUSA TeNIOM MOM0XKEHUSA
paBHOBeCcUA MNOTeHLUManbHaa 3Heprua KonebaTesibHOW CUCTEMbl CTAHOBUTCA pPaBHOM
Hynto (Wn = 0 npu x = 0). KnHeTn4yeckas >Xe 3Heprusa pocturaer mMakcMmyma.

Mocne NpPoxoXAeHNA MNOMOXEHNA pPaBHOBECUA CKOPOCTb Tesla HAYMHAET YMEHb-
waTtbcA. CnepoBaTefqlbHO, YMeHbLIAETCA N KMHeTUYeckasa aHeprua. MoteHynanbHas
XXe 3Heprmsa cuctembl cHoBa yBenuumpaeTca. Korga cmeuw,eHue Tena BHOBb A0CTU-
raeT MakCMmMyma, TO KUHeTMYecKas 3Heprus cTaHOBUTCA paBHOW Hynw. Takum
o6pasom, nNpu KonebaHMAX MepuogMYECcKM MPOUCXOAUT MNepexod MNOTeHLManbHOM’

3HEepPrMm B KUHETUYEeCKYyl n ob6paTHo.

3anuwnTe dopmyny (3.22) B cnyua- MonHaa MexaHWuyeckas 3IHeprua npu

AX KonebaHuii NpPy>XUHHOTO U MaTe- rapMoHnN4YeckKnx KonebaHmsx paBHa
MaTUYEeCKOr0 MAaATHUKOB C Y4&TOM CyMMe KWHETUYEeCKOW u noTeHUManb-
BblpaXeHuit  Ana  noTeHuWanbHOoii HOW 3Hepruii Koneb6aTenbHOW CUCTEMBI:
aHeprunn.

W = + W,. (3.22)

MonHan MexaHMyeckasi 3Heprusi U3o0/IMPOBaHHOW CUCTEMbl, B KOTOPOIi OTCYT-
CTBYIOT CUJ/Ibl COMPOTUBI/IEHUS], coXpaHsieTcs (COrflacHO 3aKOHY COXpaHeHUsi MexaHW4yecKown
3HEeprnmn) Hem3MeHHON:
W = const.

OHa paBHa NM6G0 MOTEHLMANbHOW 3HEPrMm B MOMEHT MaKCUMaNbHOro OTKJ/O0-
HEHWUS OT MOJIOXKEHMUSA paBHOBeCUSl, /ING0O XXe& KMHETMUYECKOW 3HEeprum B MOMEHT,
Korfa Tesio NMPOXOAWUT MOJIOXKEHWEe paBHOBECUS.

FapMoHuMUeckne KonebaHMss — YacTHbIN cny4dail KonebaHwuii, NMpPoucxoasilmnx
B npupoae u TexHuke. OpHako N60A KonebaTesnbHbIW MNpouecc MOXeT O6biTb
npeacTtaBneH KakK CymMma rapMOHWYecKUX KonebaHuN.



MpuBeném Tabnuuy OCHOBHbIX XapaKTepucTuk
YpaBHeHMe KonebaHUm x =

KONMEBAHUA U BONMHbLI 65

X Tsin (cot + §0).

rapMoHUYecKnx KonebaHun.

XapakTepuctmka O603Hauve- OnpepeneHvie 3aBMCUMOCTb
HVe

Amnnutyga XT, A MakcnmanbHoe 0TK0- OT 3Hepruun, coob6L EH-
HeHWe OT MOM0XKEHUNSA HOW cucteme,
paBHoOBecus 1 1zw

Xm ~ a>\ m

Mepuopa konebaHuii T Bpemsa ogHOro mosHo- OT napameTpoB CKU-
ro kone6aHus cTeMbl

YacTtoTa Koneba- \% Yuncno nonHbIX Kone-

HN 6aHu 3a 1 ¢

Limknnyeckasa 4a- 0 Yuncno nonHbIX Kone-

cToTa KonebaHui 6aHuii 3a 2n ¢

®dasza kKonebaHwn P=at + ¢0 MonoXxeHne Koneo6nio- OT BpeMeHu, 4acToThl
ueroca Tena B AaH- M HavaNbHbIX YC/0BUM
Hbl/i MOMEHT BpeMeHMU

HauanbHas hasa @0 MonoxeHne Koneb6nio- OT HavanbHbIX Yycno-

KonebaHum weroca Tena B Ha- BUN

YanbHbIi MOMEHT Bpe-
MeHu (t = 0)

FapmoHuyeckne konebaHua. Amnautyaa. MNepuog. Yactota. ®asa. dHeprua

HODN R

BUCUT OT ero macchbl,

0T Macchbl

1. 'py3 maccoih 0,16 Kr, nofBelweHHbI Ha NErKOW Mpy>XWHe, coBepllaeT cBo6OAHbIE (
rapMmoHunyeckme KosebaHus. KOTOpbI/i Hajo noABecUTb 1\
K TOW >Xe NpyXWHe, 4ToO6bl YacToTa KonebaHWii yMeHblwMnacb B 2 pasa.

2) 0,08 Kr

1) 0,04 kr

2. MasTHMKOBbIe 4Yachbl

cnewaTt.yTo6bl

Onpegenute maccy rpysa,

Kakune kone6aHuUs Ha3blBalOT rapMOHUYECKUMUN?
Kak cBs3aHbl yCKOpeHWe W KoopamHaTa Npuv rapMOHMUYecKUX KonebaHmax?
Kak cBsidaHbl LUMWKAMYeckas 4yacTtoTa U nepuos KonebaHuin?

Moyemy uvacToTa KonebaHWii Tena, NMPUKPENNEHHOro K MpyXWHe, 3a-

a yacTtoTa KonebaHWi MaTemMaTUUYeCcKOro MasiTHMKa

He 3aBUCUT?

3) 0,32 kr

yacbl wWwnun TOYHO,

nepuof Kone6aHuini mMasTHUKa. ONs 3Toro Hapgo
1) yBENMYNTbL Maccy MasTHUKA
2) YMeHbWUTb Maccy MasTHUKA

4) 0,64 Kr

Heo6X04MMO YBENUUNTL

3) yBENNUUTb AJIMHY MasTHUKA
4) YMEHbWUTb AIMHY MasTHUKa

=
=

=

3. Ecnm Ha HekOoTOpoW nnaHeTe nepuos KonebaHWi CeKyHAHOro 3eMHOro mMaTemaTwu-
YeCcKOro MasiTHMKa OKaXeTcsa paBHbIM 2 C, TO YCKOpeHuWe CBOGOAHOro najeHuWs Ha
3TO nnaHeTe paBHO
1) 2,5 m/c2 2) 5 m/c2

3) 20 m/c2 4) 40 m/c2
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e
§15 NMPUMEPbLI PELLUEHNA 3A0AY MO TEME
«TAPMOHWMNYECKVE KOJTIEBAHUA>

OfHOM M3 caMblX C/IOXKHbIX 3ajad Ha 3Ty TeMy sBASAeTCA 3ajadva onpefesieHus
CO6CTBEHHONM 4YacToTbl KonebaHwuii Tena. Onsa 3T0ro Hajo corsacHo BTOPOMY 3aKoO-
HYy HblOTOHa 3anucatb ypaBHeHWe AUHAMWKW, 3aTeM NPUBECTU ero K suay (3.14).
MocTosHHasa npu X onpeAennT KBagpaT LUK/AMYECKOW 4acToTbl KonebaHWi.

O6paTuTe BHUMaHWe Ha OTANYME LUKAMYECKOW YacTOoTbl OT YacTOThl: O = 2ny.

Mpwn 3anucm ypaBHeHNA Koneb6aHUM Ha[o yyuTbiBaTb HaudaslbHble YCN0BUSA, KO-
TOopble OMpeaensaT HadasbHyl ¢asy KonebaHUN.

3apava 1. CKoNbKO KonebaHWM coBepllaeT MaTeMaTUUYeCKUii MasTHUK ONNHOWR
Il = 49 ™ 3a Bpema t = 5 MnH?

PeweHue. Mepuos KonebaHuii onpegensietca no gopmyne T = 211\,/5.

Mckomoe uymcno kKosebaHUm MOXHO HaWTU TaK: N = _||__|, = o Vi ~ 67.
n

3afjavya 2. BepTukanbHO nofBelleHHasa NPYy>XXMWHa pacTArneaeTcsa NPUKpPennéH-
HbIM K Hel rpy3om Ha Al = 0,8 cm. Uemy paBeH nepuog T cB0o60AHbLIX Koneba-
HUi rpysa? (Maccol NPy>XMHbl MOXHO MpeHe6peuyb.)

PeweHune. MMepuos Kone6aHwWii rpysa, NPUKPenNEHHOrO K MPYXWHe, onpe-

pensetca opmynoi T = 2n-jm /k, rae m — macca rpysa; k — >EcTKoCTb npy-
XXUHbI. Ha rpy3 genctBylT cuna TsaxXectn FTu cuna ynpyroctm Pymp. Korga rpys
HaxoauTcsa B paBHOBECUW, 3TU CUNbl paBHbl No moaynw: FT = Fup.

Tak kak FT= mg u Fynp = kAl (3akoH lNyka), To mg = kA1, oTkyga = —.

CnepoBatenbHo, T = 2n”"Npgl/ g ~ 0,2 c.

3agava 3. Ha rnagkom ropuMsoHTaslbHOM CTepXXHe HaxoguTca rpys, npukpen-
NEHHbIN K npy>XwuHe. [Apyroii KOHel NPYXWHbl 3akpennéH. loTsHyB 3a rpys,
NPY>XXUWHY pacTArnvealT, MNpuM 3TOM BHELWHAS cuna coBepwaet paboty 50 [xX.
3aTtem rpy3 otnyckakT. XXECTKOCTb Npy>XwuHbl 104 H/m, macca rpysa 10 r. 3a-
NUWNTe ypaBHeHMe KosiebaHUi rpysa M onpegesiute ero KOOpAMHaTbl B MOMEHTbI
BpeMeHW, paBHble n/4 mc, n/2 mc, nwMmc.

PeweHwne. YpaBHeHMe ABUXeHUS rpy3a x = xmcos (tof + ¢0).
MonHaa MexaHW4eckasi 3HEPrusi CUCTeMbl paBHa 3HepPruun, CcoobWEHHOW cu-

. kxm U
cTeme, T. e. paBHa paboTe BHewHen cuabl: — = A. OTcloga Halgém amnnu-

Tyay kKonebaHun: xT= J = 0,1 m.
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LUunknuyecky 4vacToTy KonebaHwuii onpegenum no ¢opmysne 4SS 4acToTbl KO-
nebaHMn Npy>XWHHOro MasTHMKa: co = J— = 103pagl/c.

Mpun t = 0 X = XT, cnegoBaTeNbHO, HavyanbHaa asa KosebaHU paBHa Hynto,
CO0 = 0. YpaBHeHWe KoniebaHuii rpysa umeeTt BuUp
x = 0,1 cos (103f). (1)
o 2K o
Mepnoa konebaHmm T — — = 20 m10 c.
MoactaBuMm B ypaBHeHue (1) ykaszaHHble MOMEHTbl BPEMEHMU:

1) &x = ~ 103 c, 3aMeTMM, 4TO 3TOT MOMEHT BpPeMeHM cooTBeTcTBYyeT 1/8

nepunopa konebaHwuin. CmeuweHmne xr = O[ cos (100 - — -IU_D) * 0,071 ™.

K 0
2) t2= — 10 ¢, 3TOT MOMEHT BpeMeHU cooTBeTcTBYeT 1/4 nepuopa Kone-
6aHun, n3 dgopmynbl (1) oyeBMaHO, 4To X2 = 0.

3) 3a Bpemsa t3 = kK m10~3Cc rpy3 CoBepWNT MOSIOBUHY OAHOr0 MOJSIHOr0 Kone-
6aHnsa. OueBmpaHo, 4To x3 = -0,1 wm.

4*

3agaya 4. B XXUAKOCTM MNJ/IOTHOCTbIO pPX MNnaBaeT LW- n
nvuHap Bbicoton h (pmc. 3.6). Ecnu ununmHap norpysnTb

B XXUAKOCTb WUNW, HANpoTWUB, HEMHOIO BbiTAlWUTb U3 XUJA-

KOCTU, TO Mocsie TOro, Kak ero oTnycTAT, UWIAMHAP HayuHa-

eT Koneb6aTtbcsA. MAOTHOCTL MaTepuasna, U3 KOTOpOro caenaH

UUNUHApP, paBHa pm. OnpefenuTe nepuon KonebaHun Lu-

nnHapa. CunamMmm COnpoTUBIIEHUSI MOXHO MpeHebpeuyb.

PeweHwne. Ycnosue nnasaHua UUANHAPA — PaBEHCTBO CUJ/T TAXECTU U Ap-
Xnumepa:

*aP« = K, wwm P#6no8 = P«Shg, 1)
roe S — naowajb NOMepeyHoro cedyeHusa uwmnumHapa, hO— rnybmHa ero norpy-
XXEHUSA B XUAKOCTb.

N3 cooTHoweHua (1) cnegyet: h0 = —h.
Px

Ecnn yBennuuTb rAy6buHY MNOrpy>XXeHus UMAMHAPA Ha X, TO cuna Apxumega
cTaHeT 60/iblle CUMbI TSAXKECTU W COrslacHO BTOPOMY 3aKOHY HblTOHa MOXHO 3a-
nucatb (MNpoeKuMsa Ha ocb X):

max = mg - pxS(h0 + x)g. 2)

YunuTbiBas cooTHoweHue (1), monyuymm Tax = -pxSgx.

O6paTMm BHMMaHMe Ha To, UTO paBHoaelicTBywwWaa CcWUI, AENCTBYOUUX Ha
UMANHAP,NPSAMO  MPONoOpLUOHaNbHA CMeWeHUo Tefa oT MoMoXeHnsapaBHoOBecUs
nHanpaBfeHa B CTOPOHY, MPOTWMBOMOJIOXHYI CMELLEHMWIO,CME[0BATENbHO, LW-
NVHAP cOBepllaeT rapMoHW4Yeckue KosebaHus.
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Pasgenvs Ha maccy T = pMSh neByi ¥ npasyl 4acTu ypasBHeHus (2), nony-
P)K8X

Pm*

4ymm ar =

OTctoga cornacHo ypaBHeHUto (3.14) HalgéM UMKIMYECKYH 4YacToTy Koneba-

HUK: 0 = J/p)K&.
Pm/1
IP
Mepuoa konebaHwii umnuHgpa T = 2K. M .
ype
Mbl BUANM, 4TO nepuog u 4actoTa KonebaHuU onpenensdrTCa TakXXe napamert-
pamu cucTembl.

3agava 5 [pys3, NpUKPennéHHbI K Npy>XWHe, Konebnercsa Ha ropusoHTasnb-
HOM rfagkom cTepXHe (cm. puc. 3.1). OnpeaennTe OTHOWEHWE KWUHETUUYECKON
3HEepruy rpysa K MOTEHUMANbHON SHEPruyM CcuUcTeMbl B MOMEHT, Korga rpys
HaxoAWTCs B TOYKe, PacnosioXKEeHHO nocpeAvHe MeXAY KpariHWM MoIoXKeHnem
M NOMOXXEHWEM pPaBHOBECUS.

PeweHue. KoopanHaTa yKa3aHHOW TOYKM paBHa MOJIOBUHE aMMIUTyAbl KO-
ne6aHnii: x = xT/2. MNoTeHUManbHass 3HEPTUSA CUCTEMbI B MOMEHT MPOXOXAEHMUS
rpysa 4yepes 3Ty Touky paBHa Wn = kx2/2 = kxav8.

B nto60ii MOMeHT BpeMeHW BbINOMHsSEeTCA paBeHCTBO WK+ Wn = kxBv2.

[Mo3TOMYy KMHeTuU4yecKas 3Heprus rpysa B MOMEHT MPOXOXAEHUA UM YyKa3aH-
HO TO4YKMN onpepgendeTca Tak:

w .1E-w=-*5ij- ifl. 8il<><i
CnepoBatenibHo, WK/Wn = 3.

3apayun onsi caMoCTOATE/IbHOIO pelleHus

1. 'py3 maccoii 100 r coBepwaeT KonebaHma ¢ vyactoton 2 Iy noa AeicTBMEM
Npy>XWHbl. OnpegennTe XECTKOCTb MPYXUHbI.

2. B CaHkT-MNeTepbypre B VicaakumeBckom cob6ope Bucen MasTHUK DyKo,
ANnHa KoToporo 6blna paBHa 98 m. Uemy 6bia1 paBeH nepuof Kosneb6aHun ma-
ATHUKA?

3. Wapunk Ha Mpy>XWHe CMeCTU/IM Ha paccTossHMe 1 cM OT MOJIOXKEHUSA paBHO-
BecUss n oTnycTunun. Kakoih nyTb Npoiaétr wapuk 3a 2 ¢, ec/iM 4yacToTa ero Ko-
nebaHuii v = 5 My? (3atyxaHumem Koneb6aHM MOXHO NpeHebpeuyb.)

4. Teno maccoii 200 r coBepwaeT Kojsie6baHWsi B FOPM3OHTa/IbHOW MJIOCKOCTHU
C amMnNAuTygon 2 cM nof AelicTBUEM MPYXWUHbI XECTKOCTbO 16 H/M. Onpegenute
LUK/INYECKY 4YacToTy KonebaHWn Tena M 3HEPTU CUCTEMBbI.

5. Ha ropu3oHTasibHOM CTEPXHE HaxoAuTCsA rpy3, NMPUKPENIEHHbIN K NPYyXWu-
He (cm. puc. 3.1). Opyroin KoHeu MNPy>XWHbl 3akpensiéH. B HeKOTOpPbIA MOMEHT
BpEMEHW rpy3 cMmellalwT OT MOJI0OXKEHUS paBHoBecusd Ha xA = 10 cm m oTnycka-

10T. OnpeagennTte KoopAauHaTy rpysa cnycts 1/8 nepuoga kone6aHuii. (TpeHue
He yuyuTbiBainTe.)
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8§ 16 3ATYXAKOWWME N BbIHY>XAEHHbIE KOJIEBAHWA.
PESOHAHC

Kak MeHseTcs Kone6aTefibHOe ABUXEHME MasATHWKA C TEYEHUEM BPeEMeHU?
OcTaéTca N MOCTOSAHHONW NOMHAs MexaHuuyeckass aHeprus masTHUKa?
Kakue cunbl AeNCTBYIOT HA MasTHUK?

CBo60Hble Kone6aHWUA rpy3a, MPUKPENJIEHHOTO K MPYXWHE, WIN MasTHUKA
ABNSAKTCA FapMoOHMYeCKMMU NWb B TOM cfydyae, Korga HeT TpeHusa. Ho cunbl
TPEHUSA, WK, TOUYHEee, CUJbl CONPOTMB/IEHUSA OKPY>XXalLW el cpefbl, XOTs, MOXeT
6bITb, W Manble, Bcerga AelcTBYT Ha Koneb6siouweeca Teno.

3aTtyxawouwme Kone6aHus. O6paTumMcss K 3KCMEPUMEHTY, CXeMaTuu-

HO M306pa>KEHHOMY Ha pucyHke 3.1. TpeHue U CONPOTMBJ/IEHUE BO3-

Ayxa npensiTCTBYOT ABUMXXEHU Wapuka. HanpaBneHue cunbl conpo-

TUBMEHUSI KaK MpU ABUMXXEHUU Llapuka BNpaBo, Tak U NpPU €ro ABUXEHUWN B/EBO
BCE BpeMs MPOTMBOMOJIOXXHO HanpaB/ieHW CKOPOCTM. Pa3max ero Kone6aHuii no-
CTeneHHo 6yaeT YMeHblWaTbCs A0 Tex Mop, NMoka ABUXXeHWe He npekpaTuTtcsa. Mpu
MasioM TPeHMUW 3aTyxaHWe CTAHOBUTCS 3aMeTHbIM /INWb MOC/Ae TOro, Kak wWapuk
COBEPWMT MHOro KosiebaHuii. Ecnm Ha6nwpath ABUXKEHUWE LIapuKa Ha NnpoTsixe-
HUW He oYeHb GONbLIOIO UHTepBasia BPEMEHU, TO 3aTyXaHWEM Kosie6aHUii MOXHO
npeHebpeyb. B 3TOM c/iyyae B/IMSAHME CUJIbl COMPOTUBMEHUS HA ABUXKEHUE MOXHO
HE Yy4YuTbiBaThb.

Ecnu e cunia conpoTUB/IEHWS BesvMKa, To MNpeHebpeub eé aelicTBUEM jJaxke
B TeyeHMe MafblX WHTepBasioB BPEeMeHW Henb3sA. OnNycTuTe WapUK Ha npy-
XWUHE B cTakKaH C BSA3KOM >XWAKOCTbK, Hanpumep C FULEPUHOM
(puic. 3.7). Ecnu »ECTKOCTb MPYXWHbl Mana, TO BbIBEAEHHbI U3
NMoNIOXKEeHNs PaBHOBECUSI LWAPUK COBCEM He 6yaeT Koneb6aTtbes. Mo gz
[eNcTBUEM CUMbl YNPYrocTU OH MPOCTO BEPHETCS B MOJIOXKEHWUE paB-
HoBecUsi (WUTpPUXoBas NNUHUSA Ha pucyHke 3.7). 3a CUY&T peicTBuUsA
CUMbl CONPOTUB/IEHUSI CKOPOCTb €ro B MOJIOXKEHWUW paBHoOBecusa Oy-
[eT nMpakTUYecKW paBHa Hynaw. g 1

Cunbl CONPOTUBMEHNS COBepLIAT oTpuuaTesibHY pa6oTy U Tem
CaMblM YMEHbLWIAKT MexXxaHWUYecKylw 3Heprutw cuctembl. [losTomy
C TeyeHMEM BpeMeHM MaKCcMMasibHble OTK/IOHEHUS Tena OT MoJio-
)XEHUS paBHOBECUMS CTAHOBATCS BCE MeHblle W MeHblle. B KoHLUe
KOHL,0B, MOC/Me TOro Kak 3amac MexaHWYeCKOW 3Heprum okKaxkeTtcs
ncyepnaHHbIM, Kofe6aHUA MPEeKpaTATCA COBCEM. Puc. 3.7

w393 Kone6aHus npu Hanuumu cun CONPOTUBMEHUS SIBAAKTCA 3aTyxawoLWUMmu.

FpadMkK 3aBUCMMOCTM KOOpAMHATbl Tesla OT BPEMEHW MNpu 3aTyXxakwuWux Kose-
6aHNAX M306pakEéH Ha pucyHke 3.8. MoaobHbLIN rpauK MOXeET BblYEPTUTbL cCamo
Kone6nouieeca Teno, HanpuMep MasiTHUK.

Ha pucyHke 3.9 n3o6paxxéH MasTHUK C NecovyHumuen. MasTHUK Ha paBHOMEp-
HO ABUXKYLLEMCA NOA HUM SINCTE KapToHa CTPYIHKOW necka BblyepyuBaeT rpauk
3aBUCMMOCTM CBOEW KOOpAMHATbl OT BpPeMeHMU. IOTO MNpPoCTOii MeToh BpeMeHHON
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6bITb He3HauMTenbHbIM. [ocne nMepBOro Tonuyka Kavenu 6yayT coBep- ﬁ‘
WwaTb NUWb 0O4eHb Masible KonebaHUss. Ho ecnm TemMn 3TUX KosiebaHWiA “
N BHEWHWUX TOMTYKOB OAWH U TOT >Xe, TO BTOPOW TONTYOK GyaeT CBOEB-
peMeHHbIM W YCUNUT feAcTBME MepBOro. TpeTuih ycunumTt KonebaHus ewé 6o0nblue
M T. 4. 3Ta BO3MOXHOCTb 3HAUYUTE/NbHOI0 YBe/MYEHUSA aMNAUTyAbl KonebaHwuii
cCucTembl, CNocobHOM coBepwaTb MNo4YTW CBOGOAHbIEe KosebaHWA, NpU coBnafeHuu
4acToTbl BHeLWHel Nepuoguyeckom CU/bl C CO6GCTBEHHOM 4YacToTOlW KonebaTenbHOW
CUCTeEMbl U MNpeAacTaBnsieT 0cobblii MHTepec.

BbIHY>XeHHble KoMebaHUs WapunKa, MPUKPENIEHHOI0o K NPy>XMHe. PaccmMoTpum
3blHY>X/AEeHHble KonebaHus B cucTeme, obnagarwieii co6CTBEHHOM 4acToTol Kone-
6aHnii. BmecTo MasaTHMKa ynobHee B3ATb LWApPUK, MPUKPENNEHHbLIA K MPYy>XWUHE.
MycTb KOHeL, O0A4HOMA M3 MpPYy>XUH 6yaeT NPUKPennéH K HUTU, MEPeKUnHyTol uyepes
6nok (puc. 3.10), a HUTb coeAMHeHa CO CTepXXeHbKOM Ha Aucke. Ecnm BpawaTtb
OAVNCK C MOMOLWLbI 3M1eKTpoABUraTesia, TO Ha MPYXUHY Ha4yHET fgelicTBoBaTb nepwu-
ofnyeckas BHeLWHAA cuna.

MocTeneHHO noA pencTBuem Mpy-

XWUHbl WapuK Ha4YHET packayuBaTb-
ca. Mpwn atom amnnantyga KonebaHwui
6yfeT HapacTaTb. CnycTa HekoTopoe
BpemMs KonebaHmsA nNpuobpeTyT ycT a-
HOBUBLUUIACA XapaKTep: UX aMNAnTy-
fa nepectaHeT U3MEHSATbLCSA CO Bpeme- R
HeM. TIpUYEM MOXHO OBHAPYXWUTb, Puc. 3.10
4To YyacToTa KonebaHMM wWapuka (4a-
CTOTY BbIHY)X[AEHHbIX Koneb6aHuin 6bygem o603HavyaTb OYKBOW 0 B OT/AM4YMe OT
4acToTbl COGCTBEHHbIX KosebaHui cuctembl co0) paBHa 4YacTtoTe KonebaHWWM KOH-
ua A MPYXMWHbI, T. €. YyacToTe WU3MEHEHUs BHELWHeNW cunbl. (3Ta yYacToTa paBHa
yncny 060poTOB AUCKA B CeKyHAy.)

MpU yCTAaHOBUBLUUXCS BbIHYXAEHHbIX Kone6aHuax vacToTa kKone6GaHuii Bcerpa
paBHa 4acToTe BHEWHEN Mepuofuyeckn AelcTBylOU el CUNbI.

Pe3oHaHc. Monb3ysacb yCTaHOBKON, N306pa>kéHHOM Ha pucyHkKe 3.10, BbISICHUM,
KakK aMnantyfa YyCTaHOBUBLUUXCHA BbIHYXXAEHHbIX Kone6aHW 3aBUCUT OT 4acToThl
BHeLWHeN cunbl. MnaBHO yBenmM4yMBasa 4acToTy BHeLWHel cuNbl, Mbl 3aMeTUM, 4TO
amMnnuTyga konebaHui nocteneHHo Bo3pacTaeT. OHa AocTUraeT Makcmmyma, KoOr-
Ja BHeWHAA cuna [eiicTByeT B TaKT €O CBO6GOAHbIMU
KonebaHMAMM LWapuka. mA

Mpwn panbHerweM yBeMYEHUN 4acTOTbl amMnaumTyga
yCTaHOBUBLIMXCA KoNnebaHWi ymeHbllaeTca. 3aBucu-
MOCTb aMnNuUTyAbl KosebaHW 0T YacToTbl M306paxe-

Ha Ha pucyHke 3.11. lMpwn o4eHb 60MbWUX YacToTax
BHELWHEN CUNbl aMNANTyAa BbIHYXAEHHbIX KonebaHui
CTPEMUTCA K HYNI C POCTOM 4acToThbl, TakK KaK Teso
BCMeCTBUE CBOEM WHEPTHOCTU He ycrneBaeT 3aMeTHO 0
cMelwaTbCca 3a Masnble MPOMEXYTKU BPEMEHU U «ApoO- ®p
XUT Ha MecTe».

= Rl 5.7,

ey

Puc. 3.11
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Pe3koe BO3pacTaHWe amnauTygbl BblHY>XAEHHbIX Kofe6aHuii npu coBrnageHumn
4aCTOTbl U3MEHEHUSI BHELLHEeN cufbl, AelicTByloWel Ha CUCTEeMY, C 4acToTOl eé CBO6OAHbIX
Kosie6aHuii HasblBaeTcsi pe3oHaHcoM (OT IaTUHCKOrO c/loBa resonans — Aatowuii 0T3BYK).

Mpwn pe3oHaHce amMnanUTyaa BbIHYXAEHHbIX Kone6aHUn MaKcu-

MajibHa K3-3a TOro, UTO Ha NMPOTSXKEHWUU BCEro nNepuoga HanpabneHue

BHelWlHell cunbl coBnagaeT ¢ HanpaB/ieHWEM CKOPOCTU KO/e60LLero-

cA Tena, NO3TOMY 3Ta Ccusa coBepwaeT TO/IbKO MONOXWUTeNbHyw paboTy. Mpwn

YCTAHOBUBLUUXCA KOebaHMAX MOMoOXKUTeNnbHas paboTa BHELWHEN cUabl paBHa Mo
MOAYN0 oTpuLaTenbHOW paboTe CUMAbl CONPOTUBMEHUSA.

Ecnn yacTtoTa BHeWHeW CUAbl He paBHa CO6GCTBEHHOW 4acTtoTe co0 KonebaHwu
CNCTEeMbI,TO BHELWHAS Ccuaa /Mb B TeYeHWe YacTu nepuofa coBepluiaeT MOJSTOXKMU-
TeNbHY paboTy.B TeueHme XKe APYro 4YacTu nepuoga HanpaB/ieHUe CUAbl NPOTU-
BOMO/IOXKHO HamnpaB/IeHU0 CKOPOCTU M paboTa BHeLWHeh cunbl 6yaeT oTpuuatenb-
HoW. B pesynbTaTe paboTa BHelWlHel CU/bl 3a Mepuoj HeBeMKa U COOTBETCTBEHHO
HeBe/IMKa U aMNAnTyja ycTaHOBUBLUIMXCA KosebaHW. Cyu,ecTBEHHOE BAUSAHME Ha
pe3oHaHC OKa3blBaeT TpeHue B cucTeMe. UemM MeHblle KOIN(PULUNEHT TPeHUs, Tem

60nble amMnanuTyga YCTaHOBUBLUMXCA KonebaHuN.

R\ : M3mMeHeHNe aMNANTYAbl BblIHYXAEHHbIX KonebaHui
! B 3aBMCUMOCTM OT 4acToTbl MPU pas/iMYHbIX Koadpdun-
! LuMeHTax TPeHUsa MU OAHOW M TOW >XXe aMnnTyfe BHeLl-
}2 Heli cunbl n3obpakeHo Ha pucyHke 3.12. Kpwusoii 1
i COOTBETCTBYET MWHMMaNbHoOe TpeHWe, a KPuUBOK 3 —
; : MakKcuMasnbHoe. Ha 3TOM pUCYHKe XO0powWwo BUAHO, 4TO
13 BO3pacTaHue amMnanTyabl BbIHY)XAEHHbIX KonebaHW
: - NP pes3oHaHCe BblIpaXeHO TeM OTYETNIMBEE, YEM MEHb-
Wg3 Bgg gy © e TpeHuWe B CUCTEME.

Mpn Manom TpPeHWU pe3oHaHC «OCTPbIli», a npwu
Puc. 3.12 60NbWIOM — «TYMoM».

Ecnu yacTtoTa 0 KonebaHu gasieka OT Pe30HAHCHOW, TO amnauTyga KosiebaHui
Mana M MoYTM He 3aBUCUT OT CUMbl COMPOTUB/IEHUS B CUCTEME.

B cucTtemMe ¢ ManblM TpeHUeM aMnauTyga KonebaHuii npu pe3oHaHCce MOXeT
6bITb O4eHb 60MbLIOK Aa)ke B TOM c/fiydae, Korja BHeEWHAA cuna mana. Ho 6onb-
waa amMnnuTyga yctaHaBnuBaeTcsa TOMbKO CNYCTSA MNPOAO/DKUTENbHOEe BpemMsA no-
cne Havana [elcTBUS BHeLWHeW cunbl. B cOOTBETCTBMWU C 3aKOHOM COXpaHeHUs
3Hepruun BbI3BaTb B CUCTeMe KosiebaHMA ¢ 60NbWOA aMNAUTYAOW, a 3HAa4YuT, co06-
WKNTb cucTemMe 60NbLUYID 3HEPTni0 He60NbLOM BHELWHEN CUAO0KM MOXHO TO/IbKO 3a
npoao/mHKnuTenbHoe Bpems. Ecnm TpeHue Benmko, To amnnautyga kKonebaHuii 6yger
He6oNbLWOW WU ANSA ycTaHOBMEHUA KonebaHU He noTpebyeTcsas MHOF0O BPEMEHW.

BosgerictBne pesoHaHca n 6opbba ¢ HUM. JTio6oe ynpyroe Teno, 6yab To MOCT,
cTaHMHa MallWHbl, €é Ban, Kopnyc kKopabns, npeacTaBsiseT coboil KosebaTenbHYIO

CUCTEMY N XapaKTepu3lyeTcsl COGCTBEH-
Mopymaiite, noyeMy u3meHseTcs HbIMW YacToTamMu KonebaHwuin. [pwu
pesoHaHcHas dactoTa npn ysenin- pa6oTe ABurateneil HepeaKo BO3HWUKa-
HEHVW CUTIBI TPEHNA. I0T nepuofnyeckue [OMNONHUTENbHbIE
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Hanps>XeHUs, CBsA3aHHble C ABMXXEHMEM 4yacTel aBuratens (Hanpumep, nopliHemn)
WM C HEeAOCTATOYHO TOUYHOM LEHTPOBKOM MX Bpawawwmuxcsa agetanei (Hanpumep,
3anoB). Ecnm yactoTa 3TUX MEPUOANYECKUX HaNPSX)XeHU coBnajgaeT ¢ 4YacToToM
CBO6OAHbIX KOoNebaHWi cuctembl, TO BO3HUKaeT pe3oHaHC. AMNAnTyga KonebaHum
MOXEeT BO3pacTW HaCTO/NIbKO, YTO BO3MOXHAa MOJIOMKa MallWH, X0TA Hanps>XeHue
3 MaTepuasie U He MpeBbllWaeT npegesna NPOYHOCTM MPU CTATUUYECKUX Harpyskax.

Bo Bcex 3TUX c/ayyasix NpUHUMATCA creyunanbHble Mepbl, YTOObI He AONYCTUTb
HacTyn/eHNs pes3oHaHca WAM ocnabuTb ero pelicteue. M3BeCTHbI cnyvyaun, Korga
npUXoannock nepecTpanBaTb OKeaHCKWe NnariHepbl, YTOObl YMeHbLWUTL BUGpaLLULO.

Mpu nepexoge yepe3s MOCT BOMHCKMM YacTaAM 3anpeuiaetcsa uatm B Hory. CTpo-
€BOV Wwar NpMBoAUT K MEPUOAMYECKOMY BO3AEWCTBUMIO Ha MOCT. Ecnm cnydaiiHo
yacToTa 3TOro BO34eicTBMA coBMaféT ¢ COGCTBEHHOW 4acToTol KonebaHUM MocTa,
TO OH MOXeT pas3pyluTbCcA.

3aTyxallme n BbIHYXAEHHble KonebaHus. Pe3oHaHC

1. [lBa mMaATHUKaA NpeAcTaBAAT CO60M wWapuMKWU OLMHAKOBOro pajguyca, NoABeLleH-
Hble Ha HWUTAX paBHOW ANWHBI. Maccbl WapuKoB pas3finyHbl. KonebaHua kKakoro us
MassTHUKOB MpeKpaTATca 6bicTpee: NErKOro Uan TAXENOro?

2. Kakune kone6aHua HasblBaldT BbIHYXAEHHbIMU? [MpuBeanTe NpUMepbl BbIHYXAEH-
HbIX Koneb6aHW.

3. Mpuxognnocb NN Bam HabnwpaaTb ABAeHMWE pe3oHaHca joma WM Ha ynuue?

4. Ona TOoro utobbl yaep>XaTb OTKPbITY ABepb B BecTM6l/1e MeTpo (4Bepb OTKpbIBa-
eTca B 06e CTOPOHbI M BO3BpalLaeTcs B MOMOXKEHME paBHOBECUA MPYXXUHAMWN), HYXXHO
NPUNOXUTbL K pydyke aBepu cuny okono 50 H. MOXXHO Nn OTKPbITb ABepPb, NPUMNOXUB
K py4dyke cuny 0,005 H? (TpeHue B neTnsaAx ABepuM He yuyuTbiBaliTe.)

5. Mpn Kakom YyCc/n0BUW pe30HaHCHble CBONCTBa KonebaTenbHOW cUCTeMbl MNPOABNA-
0TCA OTYETANBO?

6. ABTOMO6WUb ABUXXETCA MO HEPOBHOW [opore, Ha KOTOPOW paccToAHue

Mexay byrpamu npunbénusantenbHo paBHo 8 M. lMepnop cBo6OAHBIX Kone- 0
6aHNIi aBTOM0O6MNA Ha peccopax 1,5 c. NMpn Kako cKoOpocTM aBTOMO6GUNA

ero kKone6aHmsa B BepPTUKasbHOMW MIOCKOCTU CTAHYT O0CO6GEHHO 3aMeTHbIMUK?

<
MoeTopute maTtepuan rnasbl 3 MO crneayrUWeMy MNAaHy: \"@‘

1 BbINULWNTE OCHOBHblE MOHATMA U (U3NYECKME BESIMUMHBLI WU AaiiTe UM onpegenieHune.
2. 3anuwiunTe OCHOBHble hopMy/ibl.
3. YKaxunte egnHULbl U3NYECKNUX Be/IMYUH. BbipasnTe nx yepes 0CHOBHble eAnHuLbl CUL.
4. OnuwnTe onNbITbl, NOATBEPXAalL e OCHOBHble 3aKOHOMEPHOCTU.
«KonebaTtenbHble npoueccbl B Npupoge n TeXHUKe»
'8 1. PasnnyHble MexaHuyeckune KonebaTeflbHble CUCTEMBbI.
2. OKCNEepuUMEHTbI MO WCCMEAO0BAHUK KONe6aTeNbHbIX CUCTEM.
3. flBNneHne pes3oHaHca.
4. CnoxeHue KonebGaHwii.
mB «MopgenupoBaHue ©n 3KcNnepumeHTanbHoOe wuUccaegoBaHne MeXaHU4yeckux

KonebaTesibHbIX CUCTEM>»
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OJIEKTPOMAITHUTHBIE KOJIEBAHUA

B aToli rnaee Mbl 6yfeM M3ydaTb 3/1eKTPOMArHUTHbIe Kone6aHusi. Oco6o oT-
MEeTUM efUHCTBO Kosie6aTeflbHbIX MPOLLECCOB Pas3/IMyHO NMpUpoAbI.

E3§]7 CBOBOJHbIE 3/TEKTPOMATHUTHBIE KO/IEBAHUSA

Kakoe fgBUXeHWe Ha3blBaeTCsi KonebGaTeNbHbIM ABUXEHUEM?
Kak M3MeHsATCA KOOPAMHATbl NpU CBOGOAHLIX KoNeGaHWsX MasiTHUKA?

Mepuognyeckme M3MeHeHWs 3apaja, CUNbl TOKA W HanpsXXeHus HasblBalTCA
3/1eKTPOMarHMTHbIMKU KonebaHnamu.
MpocTeiiwas cuctema, B KOTOPOW MOTyT MPOUCXOAUTb CBOGOAHbIE 3/1€KTPOMATrHUTHbIE
Kone6aHusa, COCTOUT M3 KOHAeHcaTopa M KaTywku, NpUCOeAWHEHHOIW K ero obknagkam
(puc. 4.1), n Ha3biBaeTcAa KosiebaTeslbHbIM KOHTYpPOM.

dneKTpoMarHuTHble KonebaHua 6bINM OTKPbITHI NOYTU cnyvaiHo. llocne TOro Kak

n3obpenun neligeHckyto 6aHKy (NepBblii KOHAEHCATOP) U Hayuumnucb coobuwaTb ei
60NbWON 3apsg C MNOMOLWbIO 3/1eKTPOCTaTUYeCcKol MalWWHbl, HadYanu wu3yvyaTb 31eKTpuye-
CKuii paspag 6aHku. 3amblkas o06knagku nenpeHckolk 6aHKM € MNOMOLbIO MPOBOMOYHON
KaTylWKn, obHapyXunm, 4To Henb3s nNpeackasaTb, Kakol KOHel cepfeyHuMKa KaTylWKu oKa-
XeTcs CeBEepHbIM MOMOCOM, a KaKoOW — HXHbIM. [laneko He cpa3y MOHSAW, 4YTO Npu pas-
pAgKe KOHAeHcaTopa Yepe3 KaTylWKy B 3/1eKTPUYECKOW Lenu BO3HMKAKT KonebaHusi, TOK
MeHseT HanpaB/leHWe MHOro pas, B pe3y/nbTaTe Yero cepfevyHUK MOXEeT HamMarHM4yuBaThbCs
pasfnMyHbIM 06pasom.

O6bIYHO 3TW KoNlebaHUs MNPOUCXOAAT C 04YeHb 60/b-
o W w WO 4YacToTOW, 3HAYMUTe/NIbHO MpeBblllalWern YvacToTy
MeXaHu4yeckmx KonebaHwui. MosTomy AnA ux Habnwpge-
HUA W unccnefoBaHUA o4vYeHb YyAo06eH 3M1eKTPOHHbIN OcC-

unnnorpad.
£ ~7 B 3nekTpoHHO-ny4yeBOoM TpybkKe ocumnnorpaga ys-
KW Ny4yoK 3MeKTPOHOB nonajaeT Ha 3KpaH, cnocob-
HblA CBETUTbCA MpU ero 6omb6apanpoOBKe 3/1eKTPOHaMMU.
Ha ropunsoHTasibHO OTKNOHSAKUWME NAACTUHbLI TPYyOKKU
nogaérca rnepeMeHHoe Hanpsi>XeHwe pasBEPTKU Mp NU-
noo6pasHon opmbl (puc. 4.2). CpaBHUTENbHO MeA/lEH-
HO Hanps>XeHue MOBblIWAETCA, a MOTOM O4YeHb Pe3Ko
NOHM>XKaeTcA. DNeKTPMUecKoe nosae Mexpay nsactuHa-
MW 3acTaBfifieT 3MeKTPOHHbIW ny4 npoberatb 3KpaH

A n
A /A / / ok B ropn3oHTasibHOM HanpaBneHUn C MOCTOSAHHOW CKOpoO-
/
Vv !

Puc.4.1

CTblO MU 3aTeM MNOoOYTM MIHOBEHHO BoO3BpalWlaTbCA Ha3apg.
Mocne storo Becb npouecc nosTopseTcd. Ecnm Tenepsb
NMPNCOEANHNTDb BEPTUKaA/IbHO OTKJ/IOHAKUWWE NNAAaCTUHDbI

Puc .4.2
TPpYy6KN K KOHAeHcaTopy, TO Ko/lebaHUs Hanpsa>XeHus
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npu ero paspsgke Bbl30BYT KonebaHWsa nydya B BEpPTUKa/IbHOM Hanpas-
neHuun. B pesynbTaTe Ha 3kKpaHe obpasyeTcsa BpemeHHas pasBépTka &
KonebaHuii (puc. 4.3), nogobHass TOoW, KOTOPYK BbluepyMBaeT MasiT-

HUK C MecouHuueli Hag ABMXYL UMCS

nvuctom 6ymaru. KonebaHusa saTyxaioT I_IK BcnomMHWTe, Kakue Kone6aHus Ha-

C TeyeHMEM BpeMeHW. ITu KosebaHuUA
ABNAKTCA CBOGOAHbLIMMU.
MpeBpaweHe 3Hepruy npun 371eKTPOMarHMTHbIX KO-
nebaHmnax. 3apaguvMm KOoHAeHcaTop, MPUCOEAVHUB €ro Ha
HeKoTopoe BpeMs K 6aTapee ¢ MOMOLLbIO MepeksoyvaTens
(puc. 4.4, a). Mpn 3TOM KOHAEHCATOP MOAYYUT IHEPTUIO

w = o7 4.1
= o (4.1)
roe gm— 3apsj KoHgeHcatopa, C — ero 3NeKTPoEMKOCTb.
Mexpgy obknagkamMum KoHAeHcaTopa BO3HWKHET pas3HOCTb
noreHuuanos UT

MepeBeném nepeknwyaTtenb B nosoxeHue 2 (puc. 4.4, 6).
KoHpeHcaTop Ha4HET paspsa)aTbCA, U B LEenNu MNoABUTCA
aNeKTpu4yeckMini ToK. bBnarogaps SBNeHWI CaMOUHAYK-
LUnM cuna TokKa He cpasy focTUuraeT MakKCMMasbHOro 3Ha-
YeHNA, a yBennuYmBaeTCcsa MNOCTEMNeHHO.

Mo mMepe pa3psafKN KOHAeHcaTopa 3HEPrusa afeKTpuye-
CKOro nons ymeHblaeTcs, HO OAHOBPEeMeHHO Bo3pacTaeT
3Heprnsa MarHUTHOro Nonsa Toka, KoTopasa onpejensercs

thopmynoi 2
W = =L- (42)
M 2
roe i — cuna nepemMeHHoro Toka, L — MHAYKTUBHOCTb
KaTyLWKN.

MonHasa sHeprus W 31eKTPOMArHUTHOIO MOAS KOHTY-
pa paBHa CyMMe 3Hepruii ero MarHUTHOTrO W 3/leKTpuye-
CKOro nonem:

Li2 q2
-T- + h - (4-3)

B MOMeEHT, Korja KoHAeHcaToOp MOJIHOCTbI paspsaanT-
ca (g = 0), aHeprvaA 3NeKTPMUYECKOro Mofas cTaHeT pas-
HOM Hyno. DHeprusa e MarHWTHOro Mons ToKa corsac-
HO 3aKOHY COXpaHeHWs 3Hepruun 6yAeT MaKCMMallbHO.
B 3TOT MOMEHT cumaa TOoKa TakKXe JOCTUrHeT MaKCcumalb-
HOro 3HayeHusa 1T (puc. 4.4, B).

HecmoTps Ha TO 4YTO K 3TOMY MOMEHTY pa3HOCTb Mo-
TeHLManoB Ha KOHLAax KaTylWwKW CTaHOBUTCA paBHON
HYN0, 3/IEKTPUYECKNIA TOK He MOXXeT MpeKkpaTuTbCcA cpa-
3y. Kak TonbKO cuia ToKa M co3faHHOe UM MarHuTHOe
nosie HayHyT yMeHbwaTbcsA, Bo3HMKaeT 3AC caMOMHAYK-
uun, cTtpemMsauasca noggepxaTtb TOK.

3bIBalOT CBOGOAHBIMU.
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§ 18 AHANOINA MEXAY MEXAHUUYECKUNMU
N SNEKTPOMATHUTHBIMA KOJTIEBAHUNAMMW

Mpy Kakux HayanbHbIX YC/MIOBUAX BO3MOXHbl 3/1eKTpuyeckune konebaHus B koneba-
TENbHOM KOHType?

Kakne ¢gumsnmyeckme npoueccbl NPOMCXOASAT B KonebaTenbHOM KOHType?

Kakne dumsnuyeckme BeNNUYUHbI U3MeHATCA?

ONeKTPOMarHUTHble Ko/e6aHUA B KOHTYype MMeKT CXOACTBO CO CBOGOAHLIMM
MexXaHUUYeCKUMUNU KonebaHMaAMKU, Hanpumep ¢ KonebaHUAMU Tena, 3aKpensiéHHOro
Ha NpY>XWHe (NPYXWHHbIA MadATHUK). X0TA NPUYUHLI, Bbi3biBalLW e KosnebaHus,
MMEIT pasHyl (GU3NYecKyl MNpupoay, xapakTep MNepuognyvyeckKoro WU3MeHeHUs
pasNnNyHbIX BEANYUH OLMHAKOB.

Mpu mexaHnyeckmnx ‘KonebaHnAx nepnognyeckn N3MeHSATCA KOop- n
AvHaTa Tena X W NPOeKLUA ero CKOpPocTM WX, a MpU 3/1eKTPOMarHmT- [&
HbIX KOMeb6aHMAX M3MEeHSTCs 3apsaf ( KOHAeHcaTopa W cuia Toka i
B uenn. OANHAKOBbI XapaKTep U3MeHeHUS Be/IMUYUH (MeXaHUUYECKUX N 3NTeKTPU-
YecKMX) 06bSACHSAETCA TeM, UYTO MMeeTcss aHanoruss B YC/NOBUAX, MNPU KOTOPbIX
BO3HMKAKT MeXaHMYeCKUe N 3NeKTPOMArHUTHbie KosebaHUS.

Bo3Bpau,eHMe K TMOJSIOXKEHWUI paBHOBECUSA Tefla Ha MNPYXMWHE BbI3blBAETCS
CUNOW ynpyroctm Fxynp, NponNopuMOHaNbHOW CMeU,eHN0 Tesla 0T MOMIOXKEHUSNA
paBHoBecus. Koa(ph(pUUMEeHTOM MNPONOPLUOHANBbHOCTM SBASAETCA XXECTKOCTb MpYy-
XUHbI K.

Pa3psigka KoHpaeHcaTopa (nosiBieHWe Toka) o06ycnoBrieHa Hanps>XeHUem W
MeXAy nnacTMHamu KOoHAeHcaTopa, KOTopoe MponopuuoHanbHoO 3apsaay . Koadg-

OUUNEHTOM MNPOMOPLMUOHANBLHOCTU ABAAETCA BeNMuYMHa —, obpaTHas EMKOCTU,

C
Tak Kak n = —a.
C4

Mogo6HO TOMY KaK BC/AEACTBME MHEPTHOCTU Tesio /INlb MNOCTENeHHO YBEeNu-
ynBaeT CKOPOCTb MoA AeiicTBMEM CUMbI U 3Ta CKOPOCTb MoC/e MpeKpauieHus
[elicTBUSA CU/bl He CTAHOBUTCA cpasy paBHO HYMI0, 3NeKTPUUYECKU TOK B Ka-
TylWKe 3a CYET SAIB/IEHUS CAMOMHAYKLUWW yBennuumBaeTcs Noja AeicTBMem Hanps-
XEHUS MOCTEeNeHHO M He ucuyesaeT cpasy, Korga 3To Hanpsh>KeHWe CTaHOBUTCS
paBHbIM HyN0. MHAYKTMBHOCTL KOHTypa L BbIMOMHSET Ty XXe po/b, YTO U Macca
Tena Npuv MexaHuuyeckux KosebaHusx. COOTBETCTBEHHO KWHETMUYecKas 3Heprus

mvg L
Tena 5 aHaslorMyHa 3Heprum MarHMTHOro MNons Toka 5
3apsapaka KoHAeHcaTopa OT 6aTtapenm aHanormyHa coobuieHMt0 Teny, nNpukpen-
. . kx2
NEHHOMY K MNPYXWHEe, NOTEHUWaNIbHOW 3HEeprumn ™ OpuM CMewWweHMU Tena Ha
paccTossHMe X T OT No/s0XKeHMA paBHoBecua (puc. 4.5, a). CpaBHMBaAs 3TO0 Bbl-

o qen
paxeHue Cc 3Heprmenm KoHpeHcaTopa ——, 3aMeydyaeM, 4YTO >XXECTKOCTb k npyxwum-

Hbl Urpaet nNpm MexaHU4YeCKUx KonebaHuax Ty >Xe po/ib, 4YTO N BeJINYHNHa
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CoO0TBETCTBME MEXAYy MEeXaHWUYeCKUMU U 3/1eKTPUUYECKMMU BenuuMHamu npu
KonebaTesibHbIX Mpoueccax NpuUBeAeHO B Tabnuue.

MexaHun4yeckasa BenMynHa
KoopanHaTta X
CKOpoCTb VX

Macca T

JKECTKOCTb MPYXWUHbI K

MoTeHunanbHasa aHeprus

AnekTpuyeckasl BenmumHa
3apsg q
Cunna Toka i

NMHAYKTNBHOCTL L

BenuunHa, obpatHaa émkoctu,

q2
OHeprnsa 3feKTpuU4yeckoro nons

mvl Li2
KnHeTnyeckas sHeprus —— JHEeprns MarHUTHOro nNonsa --—--
2

Takum 06pa3om, 3NEeKTPOMArHUTHble W MexaHu4Yeckue KonebaHUs MMelT pas-
Hyl0 MpUpogy, HO ONWUCLIBAKTCSH OAWHAKOBbLIMU YPABHEHUAMMU.

Koneb6aTenbHblii KOHTYp. MasaTHUK. AHanorus Mexpy kKonebaHusamu

]. B 4uém nposBnsieTcAa aHanorus Mexpay 3/71eKTpOMarHUTHbIMW Koneba- v‘
HUSAAMW B KOHTYpe M KosebaHUAMU MNPYXMHHOro MasTHUKA? P
® 2. 3a CYET KaKOro siB/1IeHUS 3/1eKTPUYECKN TOK B KosebaTeslbHOM KOH-
Type He ucyesaeT cpasy, Korga Hanpsh>keHuMe Ha KOHAeHcaTope CTaHOBWUTCHA paBHbIM
HY/0, a Teno He ocTaHaBNMBaeTCHA, NMPOXOAA MOMIOXKEHWe paBHOBECUA?
3. Kakune npeBpaweHUss aHEepPrum NPoOUCXoAAT MPU MeXaHMYEeCKUX U 3/1IeKTPOMarHuT-
HbIX KonebaHMAX, ecnu 3atyxaHue mano?
4. Kakas BenuuunHa, xapakTepusywuias 3feKTpOMarHMTHble KonebaHUA, aHanormyHa
YCKOPEHWUI0 Tena Npu MexaHW4YeckKux KonebaHmax?
5. MO0XHO N1 roBOpuUTb 0 TOM, YTO 3/IEKTPOMArHUTHbIE KonebaHUa npoucxoaaTt 6na-
rogaps 34C camMOMHAYKUWU NOoAO06HO TOMY, KakK Mbl TFTOBOPWUM, 4TO MexaHuueckume
KonebaHnsa npoucxoadaT 6narogaps felcTBUIO CUbI YNPYFocTU?
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e
'§ 19 TAPMOHWYECKUWE SJTEKTPOMAITHUTHBLIE KOJIEBAHUA
: B KOJIEBATE/IbHOM KOHTYPE. ®OPMYJZIA TOMCOHA

| |

B Kakoii MOMEHT BpeMeHW cuna ToKa B KoneGaTe/bHOM KOHTYype MaKcumanbHa?
B Kakoii MOMEHT BpeMeHW TOK B KOHType He UAET?

PaccmoTpuMm ypaBHEHMS, KOTOpble MO3BOMAT paccynmtaTb 3HavyeHUss pusnde-
CKUX Be/IMYUH MNMpU KonebaHUAX B KOHTYype.
YpaBHeHMe, oOMNucbiBalliee Mpoueccbl B KonebaTeslbHOM
i, KOHType. PaccMoTpuM KonebaTeNbHbI KOHTYpP, CONPOTUB/IEHU-
eM R KOTOPOro MOXXHO npeHebpeub (puc. 4.6).
YpaBHeHMe, ONuUCbiBakwlUiee CBOGOAHbIE 3NeKTPUUYECKUE KO-
1 nebaHns B KOHTYpe, MOXHO MOAYYUTH C MOMOLLbI0 3aKOHA CO-
+q XxpaHeHnsa a3Heprun. [lonHasa 3nekTpoMarHuTHasa a3Heprua W
KOHTypa B N060/Ai MOMEHT BPEMEHW paBHa CyMMe 3Hepruii mar-
HUTHOTO0 M 3/IEKTPUYECKOTr0 MoJsieit:
Puc.« W Liz EZ,

JTa aHepruss He MeHseTCs C TeYeHWEM BPEMEHU, ecN CoOnpoTUB/IEHUE R KOH-
Typa paBHO Hy/0. 3HA4YWUT, NPoOM3BOAHAS MOMIHOW 3HEPruyM Mo BPEMEHU paBHa
Hynto. CnegosaTesibHO, paBHa Hy/l0 CymMMa MPOW3BOAHbLIX MO BPEMeHW 0T aHepruii
MarHUTHOTO W 3/1eKTPUYECKOro Mosei:

= o,

2) {2¢

IpY = |V (4.5)
2 2C '

dunsnyecknii cmbicn ypaBHeHunsa (4.5) cocTOUT B TOM, 4YTO CKOPOCTb M3MeHe-
HNSA 3HEPTN MAarHMTHOIO MOJIA MO MOAY/I0 paBHa CKOPOCTU M3MEHEHWUA 3Hepruu
3/IEKTPMYECKOro nossdA; 3HaK «-» yKa3blBaeT Ha TO, 4YTO, KOrga 3Heprmsa aek-
TPMYECKOro nonsa Bo3pacTaeT, 3HepPrusa MarHMTHOro nonsa yb6beiBaeT (M HaobopoT).
Bbluncnue nponsBogHbie B ypaBHeHUn (4.5), nonyuymm

K .2W = --L . 2qq\ (4.6)

Mbl BblUMCASIEM MPOM3BOAHbLIE NO BpemeHuW. Moatomy npoussopHas (i2)' pasHa
He MpoCTo 2i, Kak 6biN0 6bl MNP BbIYUCAEHWW NPOU3BOAHON MO i. HYXHO 2i YMHOXUTb

elweé Ha NPoOM3BOAHYH | CUMbl TOKA MO BPEMEHW, TaK Kak BblYMCNSETCA MPOW3BOAHAs OT
CNOXHOW (yHKUMM. To Xe camoe OTHOCUTCA K Npou3BofHoN (q2).

Ho npousBogHaa 3apsijga No BpeMeHW MpeacTaBnsieT co6oil cuny ToKa B JaH-
HbIA MOMEHT BPEMEHMU:

1™ q - (A 7



t.




Puc. 4.7
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§ 20 MNMPUMEPbLI PEWWEHWNA 3A0AY MO TEME
«TAPMOHUNYECKUWE 3JTEKTPOMATHWTHBIE KOJIEBAHUA>

Ons peweHus 3ajady Ha JaHHYl TeMy, Kak MpaBuio, Heo6XoA4UMO yMmMeTb CO-
CTaBNATb ypaBHEHUA Kone6aHW 3apsAfa Ha naacTUHax KoHaeHcaTopa W CUJbI
TOKa, UAyu,ero uyepes KaTyl Ky, yuyuTbiBass HadyallbHble yc/ioBusi. Kpome 3Toro,
HY)XXHO 3HaTb BbIpaXXeHUs [ANs 3HEPruuM 3MeKTPUUYECKOro Mnosis KoHAeHcaTtopa
M MarHUTHOTO MOMSA KaTyWKW M MOHUMATb, 3@ CYET Yero MPouCcXoasT M3MeHe-
HUS 9TUX 3HEPruii.

3apaya 1 MakcumanbHblli 3apaf Ha obknagkax KoHAeHcaTopa KosebaTenb-
HOro KOHTypa gm = 10~6 Kn. AMnAnTyaHOe 3HayeHWe CU/bl TOKa B KOHType
1T = 10 3A. Onpegennte nepuos kKonebaHwuii. (MoTepAMM Ha HarpesaHue npo-
BOAHWKOB MOXHO npeHe6peub.)

PeweHne. AMNANUTYAHbIE 3HAYeHWUA CUMAbI TOKa W 3apdja CcBA3aHbl COOT-

HoweHnem 1T = mMmOgm, oTkyga co0 = L=
or
2T or 3
CneposaTtenbHo, T = — = 2k ~— = 6,3 «10 (o),
[:19] A

3afjayva 2. B kone6aTtenbHOM KOHType, COCTOAWEM W3 KaTyWKW WUHAYKTUB-
HocTblo L = 2 TH u KoHpAeHcaTopa émkocTbio C = 4,5 MK®P, MakcumasbHoe
3HauyeHMe 3apAga Ha naacTuHax KoHgeHcaTtopa 0 = 2 «10~6 Kn. OnpegenuTte
MaKCUMalnbHYH CUYy TOKa, a TakXe Cu/ly Toka B TOT MOMEHT, Korga 3apspg
Ha nnacTuHax paseH MOJIOBUHE MaKCUMasnbHOrO.

PeweHwne. B npeanbHom Kosie6aTesnnlbHOM KOHTYpe 3Heprmna saneKTpm4yeckoro
nosidA NOJZIHOCTbK MNepexoaunT B 3HEPrnMw MarHUTHOro nona wm 06paTHO. MoaTomy

N . OTciopa 10 = -j= ~6,7 <10 4 A.

MonHaa aHeprua 3/1KTPOMArHUTHONO MOAA NPU Kone6aHUAX BKoMe6aTe/ibHOM
KOHTYpe 0CTaéTcs MOCTOSAHHOM UM paBHO CyMMe 3Hepruii 3/71eKTPMUUECcKOro nons

o L2 @

KOHAeHcaTopa M MarHUTHOro nons KaTywkun. Torga -
Bcnn B Kakoii-To MOMEHT BpeMeHwu = qo/2 0o — = LI2 i 0
0 P 4 ave, 2 oC

n 2
gc 2 V3g0
nna TokKa B 3TOT MOMeHT | = —==m = 58 «10 A.
2sICL

3apgava 3, Kak nsmeHsieTca aMnauMTyaa Kone6aHuii CUibl ToKa B KaTyllKe KO-
ne6atenibHOro KOHTypa, €C/IM B MOMEHT, Korja 3apsaj Ha njacTuHax KoHaeHcaTo-
pa MaKcumasieH, paccTossHUE MeXXAy HUMKU yBenunuumeaetcs B 1,44 pasza?
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PeweHwue. lNpn yBesIMYEeHUN pacCTOAHUA MeXAY NnacTUHaMU MNONOXKUTESb-
HYI0 pa60Ty coBepwarwT BHeWwWHWEe CUNbl N 3Heprna yBennymnBaeTcd.

JHeprnua 31eKTPUYECKOro Mnonsi KoHgeHcaTtopa W3 = 0 Mpu yBenuueHun

paccToaHMA Mexay nnactuHamu B 1,44 pasa 3N1eKTPOEMKOCTb YMeHbLlaeTca Tak-
)Xe B 1,44 pa3sa, a 3Heprnsa COOTBETCTBEHHO YyBe/iM4MBaeTCA.

TaK KakK MaKCcumanbHas 3Heprunsa 3fIeKTpMYecKoro nonsa npum kKonebaHmax pas-
Ha MaKCUManbHOW 3HEPrMM MArHWTHOrO MOMIA, TO WU 3HEPruss MarHUTHOro nons
yBenunumnsaetca B 1,44 pa3sa.

MHAYKTUBHOCTb KaTYLWlKW He MeHseTcHa, aMnauTyga KonebaHUM cunbl ToKa

/@ = VI>44 70 = 1,2 lo1.

3agaya 4. Koneb6aTenbHblii KOHTYP COCTOMT W3 KaTYW KU WHAYKTUBHOCTbIO
L = 0,2 TH n KoHAeHcaTopa émMKocTbtlo C = 2 « 10~5®. KoHpgeHcaTop 3apagnnu
0O HanpsXeHus 4 B, T. e. B MOMeHT BpeMeHM t = 0 HanpsaxeHune UO = 4 B.
Kakumn 6yayT cuna ToKa B KOHType, Hanps>eHue W 3apaj Ha naacTUHax KOH-
JeHcaTopa B MOMEHT BpeMeHW, Korga OTHOWEHWe 3HEePrui 3NeKTPUYECKOro u
MarHMTHOro nonew pasHo 0; 1/2?

PeweHwne. Hanps>xxeHune n 3apsaj Ha obknagkax KoHAeHcaTopa U3MeHSATCS
no 3akoHy U = UOcos (at, g = qO0cos (at, rae UOun q0 — amnnnTygHble 3Ha4YeHUsA
1
.
Jic
Cuna ToKa n3smeHsetca no gopmyne I = -q0O@sin (at = —0sin (at.

. Cu2 LI12
OHeprunm 3f1eKTPUYECKOro m MarHMTHoro nosnen paBHbl W3 = —— WM= --—--—-- .

W, cn*

Hanpda>XeHna m 3apdapa, a o =

OTHOWeHWe 3Hepruii

WL
1) Mpu —— =0 W3 = 0. IT0 03HAuaeT, 4YTO 3apaj W Hanps>keHue Ha 06-
M

Knagkax KOHfeHcaTopa paBHbl Hynt: gx = 0, Ul = 0. 3Heprna MarHuTHoro

nons makcumanbHa M paBHa WM= ------- , T. €. paBHa 3Heprnmm 3/1EKTpUYeckoro

. 2 cuno
nons B HayasJibHbl MOMEHT BpemMeHn: WM= W3 = , OTKyAa amMnnutygHoe

3HayeHue cunbl Toka 10 = = CONN = 0,04 A. 3pecb gx, Ux I x- 3HayeHnsa 3a-

pana, Hanpsa>XeHuns n Cnnbl TOKaB MOMEHTBpPEMEHU,KOFrgaoTHOWEHNe —— = 0

% Flrpm W2 OTHOLWEHNEHANPSIXKEeHNSN K cunetoka L =i.n , — =
Wm | V2 VC

= % Ua ctg (at.
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uO I 1/r /T 1
8 cBolooYepelb, — =-[ , Torpa— - = + - clgtf, ctgoo#¥ = + -p -
«C ~VCEC VC V2
MepBbI pa3 OTHOWEHWe 3HEPrunn 6yaeT paBHO — B MOMEHT BpeMeHW ~ npwu yc-
nogmn, 4uto 0 < ortj < —. Torga co™ = arcctg-j= , un ~ 54,7°.
2 y2
Paccuntaem 3HaudyeHUs CUNbl TOKa, HaNps>eHus W 3apsga npu — = —:
"M 2
12 = -10sin coij ~ -3,3 < 1CI2A, U2 = UOcosu)tl ~ 2,3 B,
/0 ,
22 =90COS(0N= ~ <cos (N ~ 4,7 40 Kn.

3pecb 92, No» 2 ~ 3HAUEHUA 3apafa, HanpsHKeHUs U CUNbl ToOKA B MOMEHT

BpeMeHN £X, Korga OTHOWEHWE —— = —.
"M 2

3agayn Ans camMoCTOATEeSIbHOro pelueHus

1. MNocne TOro Kak KoOHJAeHcaTopy KonebaTesibHOro KoHTypa 6bia1 Co06UWEH 3a-
pag q = 1CI5Kn, B KOHType BO3HMKNUM 3aTyxatwuwune konebaHusa. Kakoe Konumye-
CTBO TEenaoTbl BbIAeNNTCA B KOHTYpe K TOMY BpeMeHW, Korfga KojsiebaHus B HEM
MOSTHOCTbI0 3aTYXHYT? EMKOCTb KOoHgeHcaTtopa C = 0,01 MK®.

2. B kKone6atenbHOM KOHType, cocTosWwemM W3 KaTyWKW WHAYKTUBHOCTbIO
L —2 I'H n KoHAaeHcaTopa émkocTbio C = 4,5 MK®P, mMakKcumasibHOe 3HayeHwue
3apaga Ha ob6knagkax KoHAeHcaTopa 0 = 2 « 1CI6 Kn. 3anuwmnTte 3aKOHbl M3-
MEHEHUS Hanps>eHUA Ha KOHAeHcaTope W CUMbl TOKa B KOHTYype 0T BPEMEHMN.

3. B kKone6aTennlbHOM KOHType MpPOUCXOAAT KonebaHMsas ¢ aMNAUTYyAoW Ha-
nps>xeHna ULl B MOMeHT BpeMeHU, Korga 3apafg Ha nsacTMHaX KOHAeHcaTtopa
MaKcumManeH, UX CABUrakwT, YMeHbLWaa paccTossHMe mexay Humm B N = 2 pasa,
npum 3ToM 3apaj Ha naacTuHax He ycrnesBaeT M3MeHUTbcA. OnpegenuTte amnnuTy-
Ay Hanps)>eHusa. Bo CKOMbKO pa3 M3MeHWUTCHA 4vacToTa Koneb6aHu nocne casura
naacTuH?

4. OnpefenunuTe OTHOLWEHWE 3HEPrUii MArHUTHOr0O W 3/1IeKTPUYECKOro nosei
WMWgB KonebateslbHOM KOHType B MOMEHT BpemeHun T/6, rge T — nepuog
Koneb6aHUM KOHTypa. B HayanbHbIA MOMEHT BpeMeHW cuna Toka 1 = O.

1. OHeprus 3NeKTpPoOMarHUTHOro nonsA B KonebaTeslbHOM KOHType, cofepikaliem ("',(\
KaTylWw Ky WHAYKTUBHOCTLIO 0,1 H ©n KoHaeHcaTtop émkocTbto 0,9 MK®P, paBHa
1,8 MkA>. B MOMeHT, Korfja HanpshkeHme Ha KOHJeHcaTope MaKCMManbHO, Nof- )
KN4YyalwT Ha KOPOTKOe BpeMsa UCTOYHWUK HanpskeHnem 5 B. Onpegenurte nameHeHue ]
aMnANTYAHOr0 3Ha4YeHUA CUAbl TOKa, WUAYLLEro yepes KaTyLlKY.

2. KoHpeHcaTop KOHTypa ¢ nepuoaomM KosebaHuin HO-0 ¢ 3anonHUAN [UINEKTPUKOM |
C OTHOCUTENbHOW AM3INEKTPUUYECKOl NpoHuLaemocTbio e = 1,6. MHAYKTUBHOCTb Ka-
TYyWwkn ysennumnm B 1000 pas, BCTaBMB >XXefle3Hblli cepaedyHUK. Yemy cTtan paBeH
Vrlepvlo,u, Kone6aHWi 3HePrMm MarHMTHOrO MNONSA B KOHType?



LIJ KOJIEBAHWA N BOJIHbI

1§21 MEPEMEHHbIA S/TEKTPUYECKUIA TOK.
PE3NCTOP B LEEMWN MEPEMEHHOIO TOKA

Yto npomcxoamMT ¢ amMnauTynol kone6aHuit B KonebaTenbHOM KOHType?

MepeMeHHbIN TOK B OCBETUTENIbHOW CeTW KBapTUPHI,
npumeHsaemblii Ha 3aBogax W ¢abpukax v T. 4., npea-
cTaBsiseT co60li He 4YTO MHOe, KaK BblIHYXAEHHble 3/1eK-
TpOMarHuTHble KonebaHmsa. Cuna TokKa M HanpsiXKeHue
MEHSAKTCSA CO BPEMEHEM MO TFapMOHMYECKOMY 3aKOHY,
yacToTa KoneGaHWin onpefensieTcss 4acToOTOW MOAKJ/HOUYEH-
HOr0 B LeNb UCTOMHMKA HaNpsXXeHUus.

Kone6aHua Hanps>keHUA nerko obHapy>XuTb C MOMO-
Wbl ocuyunnorpaga. Ecnum Ha BepTUKasibHO OTKJ/IOHSO-
wue nnacTUHbl ocumnnorpada nogatb HanpsHkeHue OT
ceTu, TO BpemMeHHas pa3BEépTKa Ha 3KpaHe 6yneT npega-
cTaBNATbL co6oit cuHycompay (puc. 4.8). 3Has CKOpPOCTb
ABVKEHUsA ny4ya Mo 3KpaHy B FOPU3OHTa/IbHOM Hanpas-
neHun (OHa onpepfenserca 4acToTol nmnoo6pasHoOro Ha-

Puc. 4.8 NPsS>)XeHUs), MOXHO BbIYMCAUTbL 4YacTOTy KonebaHwuit. Ya-
CTOTa MepeMeHHOro Toka — 3T0 4Yucno konebaHuini B 1 c.

Ecnn Hanps)>XeHMe Ha KOHLAaxX Lennm MeHSAeTCcd N0 rapMoOHMYecKOMY 3aKo-
HY, TO W HanNpPs>XEHHOCTb 3/1EKTPUYECKOro MonAs BHYTPU MNPOBOAHWKOB 6ypaeTt
TaKXe MEHSATbCA TFapMOHMYECKU. ITU FapMOHWUYECKMEe MU3IMEHEeHUs HanpskeH-
HOCTW MNoONs, B CBOKW o4Yepefb, Bbi3blBAlOT FapMOHUYECKMe Ko/nebaHUA CKOpPOCTU
ynopsago4YeHHOro ABUXEHUSA 3apsi>XKeHHbIX 4YacTuy W, cnefoBaTeslbHO, FTapMOHMU-
yeckme KonebaHusa cunabl Toka. HO nNpu M3MEHEHUW HaMNpPsXeHUs Ha KOoHLUax
uenu 3fieKTpUyeckoe Mojie He MeHSeTCA MIFHOBEHHO BO Bcell uenu. V3ameHeHus
nofsi pacnpocTpaHATCA XO0TSA U C O4eHb 6O/IbLWIOW, HO He C 6eCKOHEYHO 60/b-
WO CKOpPOCThbHO.

OpHaKko, ecM BpeMsi pacnpocTpaHeHUss U3MeHeHU nonsi B Lenn MHOF0 MeHb-
Wwe nepuofa KosiebaHUM HanpshH>XeHUs, MOXHO cuyuTaTb, UYTO 3/1eKTpUUeckoe mnosne
BO BCel LEenu cpasy Xe MeHAeTCa MpU U3MEHEHUM Hanpsd>KeHUsA Ha KoHLuax uenwu.
Mpwn 3ToM cuia ToKa B JaHHbIW MOMEHT BpeMeHW 6yaeT MMeTb MPaKTUYeCKU O4HO
W TO e 3HayeHWe BO BCEX CEUYEHUSAX HepasBeTB/IEHHOW uenwu.

MNMepemeHHOe HanpsiXXeHuWe B FHE3gax po3eTKM OCBETUTENIbHOW ceTu co3paéTtcs
reHepatopaMy Ha 3/71eKTPOCTaHLUSAX.

22353* CraHAapTHas 4actoTa MNPOMbIW- | 5 [ Ha OCHOBAHWUW Kakoii opMy bl Mbl

NEHHOT0 MEepeMeHHOro ToKa pas- MOXeM A0KasaTh, UTO rapMOHMue-
Ha 50 lu. 3TO O3HayaeT, 4TO Ha npoTsAxXe- CKUEe W3MEeHEHUs HaMmpsKEHHOCTU
HuM 1 c TOok 50 pas MAET B OAHY CTOPOHY NoNs BbI3LIBAKT rapMoHUYeckue Koneba-
n 50 pa3 — B NPOTMBOMOJIOXHYI. YacToTa HUS CcpefHeil CKOPOCTU YNOPSAOYEHHOTO
50 Ty npuHATa ANSA NPOMBIWNEHHOTO TOKa ABVKEHUS  3apPsOXKEHHBbIX 4acTuy U, cie-
BO MHOTrMX cTpaHax mupa. B CWA npuHaTa AOBaTeNbHO, TrapMoHU4Yeckne Kone6aHus

yacTtoTta 60 Tu. CUNbl ToKa?
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Mogenb reHepatopa nepeMeHHOro Toka. [1poBONOYHYK pamKy, Bpawato-
wytca B NOCTOSHHOM OAHOPOAHOM MarHMUTHOM MoOJle, MOXHO paccMaTpmBaTb Kak
npocTelilWlyo MoAeNnb reHepartopa MepeMeHHOro Toka. MOTOK MarHUTHOW WMHAYK-
umm @, NPoOHM3bIBAWMNIA MNOBEPXHOCTb, OFPaHWMUYEHHYK MNPOBOJIOYHOWN paMKOWM
nnowaabo S, nponopuuoHaseH KOCUMHYCY yrana a MeXAy HopManblo K pamke
N BEKTOPOM MAarHUTHOW mMHAykumu (puc. 4.9): ® = BS cos a.

Mpn paBHOMEPHOM BpalLleHUN pamMKW yron a yBenu-
YynBaeTca MPAMO NPOMNOPLMUOHANBHO BpeMEHU: a = a3t
roe 0 — yrsoBas CKOpPOCTb BpaweHUa pamku. oTok
MarHUTHOW MHAYKLUWUW MEHSeTCA M0 FrapMOHUYECKOMY
3aKOHY:

® = BS cos cot.

3/4ecb BeIMUMHA O UTPaeT yXKe posb LMKNUYEeCKOoW va-
CTOTHI.

CorjlacHo 3aKOHY 9/IeKTPOMArHUTHOW WHAYKLUUU
3AC MHAYKUMW B pamKe paBHa B3SAITOM CO 3HAKOM «-»
CKOpPOCTM W3MEHEHUsS MNOoTOKa MArHUTHOW WHAYKUUK,
T. €. NMPOW3BOAHON NOTOKA MArHUTHOW WHAYKLMW MO
BPEMEHU:

o]}

e = -®d' = -BS (cos cof) = BSt sincot = fmsin cat,
roe Wn = BSa — amnnuntyga 34C uHAyKuuu. Bo3HMKalLUiee NepeMeHHOe Ha-
NpsH>XeHMe CHMUMAaeTcsa C MOMOLLbI KOHTaKTHbIX Kosel,.

Ecnn K pamke noAK/KOUYUTb KonebaTeslbHbIi KOHTYp, TO Yr/ioBass CKOpPOCTb O
BpalweHNsa pamMKu onpeaenuT 4acTtoTy €0 KonebaHwuii 3HavyeHun I4C, Hanps >KeHUs
Ha pas/IM4yHbIX y4dyacTKax uenu u cunbl ToKa.

Mbl 6yaeM m3ydyaTb B fasibHellleM BblHYXAEHHble 3/IeKTpuyeckne KonebaHus,
npomcxoasuime B LensAx Mog AeNCTBUEM HaNpPsXXeHWUs, MeHsLWeroca ¢ LUKANU-
YecKoli yacToToli o Mo opmysie CMHYca UM KOCUMHYca:

n = Umsin cofE nan n = Umcos cot, (4.14)

roe UT— aMnauTyha HanpshkeHUs, T. e. MakcMMalZlbHOe MO MOAY/0 3HauyeHue
HanpsHKeHUs.

Ecnn HanpsbkeHWe MeHseTcsl C LWK/AMYEeCcKOW 4acToTol c€o, TO U cuna Toka
B Lenu 6yaeT MeHATbCA C TOW >Xe 4yacToTol. Ho konebaHusa cunbl Toka Heobs-
3aTeNibHO [OJIXKHbI coBnagaTb no ase ¢ KonebaHUsAMU Hanpsh>keHusa. [MoaTomy
B obuwem cnydyae cusa Toka i B Nt060 MOMEHT BpeMeHW (MFHOBEHHOe 3Ha4dYeHue
CUNbl ToKa) onpegensieTca no gopmyne

¢ = Imsin (cot + qx), (4.15)

roe 1T — amMnauTyga cunbl Toka, T. €. MaKcuMmalb-

HOe Mo MOAY 0 3HA4YeHMe CUNbl ToKa, a gt — pas3HoCTb

(caBur) a3 mexay KonebaHMAMM CUNbI TOKA N Hanpsa-

XKEeHUS. R n = UTcos at
Pe3ncTtop B uUenn nepemMeHHoOro Toka. lMycTb uenb

COCTOUT M3 COEAUWHWUTENbHbIX MPOBOAOB W Harpysku

C Manoih MHAYKTUBHOCTbIO M 60/1IbWINM CONPOTUBNEHWN-

em R (puc. 4.10). Puc. 4.10
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BennuunHy, KoTopyt Mbl 40 CUX NMOP Ha3blBasu 3NEKTPUUYECKUM CONPOTUBIEHN-
eM UAn NpoCcTo conpoTuBneHunem, Tenepb 6y,u,eM Ha3blBaTb aKTUBHbIM COMPOTUB/NEHNEM.

ConpoTue/iieHne R Ha3biBaeTCcss aKTUBHbIM, MOTOMY 4YTO MPU Ha/NYUU HArpys-
K1, o6nagatwouieii 3TUM COMPOTUB/IEHUEM, UeNb MoraoujaeT aHepruto, noctyna-
oWyl OT reHepaTopa. 3Ta 3Heprus npeBpaliaeTcas BO BHYTPEHHIOW 3HEPTUI0

NPoBOAHUKOB
ByaemM cuuMTaTb, UTO HaMpshkeHWe Ha

a [ MopgymaiTe: yuyuTblBaeM AW Mbl

— OHW HarpesakwTCA.

npu HanucaHum GOpMynbl U = 3aXKMmMax uenm MeHsieTcss no rapmMoHu-
= Umcos cot conpoTuBneHme CO- YeCKOMY 3aKOoHYy:

eVUHUTeNbHbIX NPOBOAOB?

= U, cos cot.

Kak n B cnyyae MNOCTOAHHOro TokKa, MIFHOBEHHOE 3HadyeHWe CUbl TOKa MNpPAMO
nponopunvoHasibHO MFHOBEHHOMY 3HA4YeHUD HanpsaXeHuUA. MNMoaTomMy ANA Haxoxpge-
HNA MITHOBEHHOro 3HAUYeHUA CUNbl TOKA MOXHO MPUMEHUTb 3akoH Oma:

n Umcos oot

1= — = —— =

Imcos HOC

(4.16)

B NpoBOAHWKE C aKTUBHbLIM COMPOTUBAEHWEM KonebGaHWA cunbl ToKa coBnajakwT
no gase ¢ konebaHmamu Hanps>xeHusa (puc. 4.11), a amnanTyga CuUnbl ToKa onpepenseTcs

paBeHCTBOM
nT
1T= - f e

MouwHOCTb B LenuM ¢ pe3ucTtopom. B uenu
nepemMeHHOro TOKa MPOMbIWIEHHOW 4YacToTbl
(v = 50 I'y) cuna ToKa WU Hanpsi>)KeHne mn3me-
HAKTCA CpaBHUTEeNbHO 6bicTpo. Mo3aTomy npwu
NPOXOXXAEHUN ToKa MO MPOBOAHUKY, Hanpu-
Mep M0 HWUTKU 3M1eKTPUYEeCKOA NaMnoyku, KO-
NNYecCTBO BbIfe/NIeHHOW 3Heprum Takxke 6yneT
6bICTPO MEHSITbCA CO BPEMEHEM.

Kak npaBuio, Hac WHTepecyeT 3HaueHue
cpefHelt MoOWHOCTM ToKa Ha y4yacTKe Uenu
3a 60/1bLWIOM NPOMEXYTOK BPEMEHU, BKJ/IlOYalo-
WKWii MHoro nepuonoB. s 3TOro A0CTATOYHO
HaMTN cpefHIO MOLLHOCTb 3a O4WH Mepuog.

(4.17)

UR(t)
i (®)

Mopa cpeAHeii 3a Mepuoj MOLWHOCTbI MEPEMEHHOr0 TOKAa MOHUMAKT OTHOLWe-
HUEe CyMMapHOW asHepruu, nocTynatouel B Lenb 3a nepuog, K nepuoay.

MrHoBeHHas MOULHOCTb B LLeNM MEPEMEHHOr0 TOKa Ha y4yacTKe, UMEKLLeM akK-
TUBHOE conpoTuBneHue R, onpegensetrca opmysioin



(3 a00MHuM |

=

ol

(4.22)
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[OeiicTBylolee 3HaYeHMe CUMbl MNEPEMEHHOr0 TOKA paBHO CMMe TaKoro MocTo-
AHHOIO TOKa, NMPuM KOTOPOM B NpPOBOAHWKE BblAeNndeTcda TO >Xe KO/IN4ecTBO TennsoTbl, 4TO
n npm nepemMeHHOM TOKe 3a TO XXe Bpemsd.

[OelicTBylowWwee 3HaYeHMe NePeMEHHOro Hanps>eHua ONpeaensieTca aHanormu-
HO AEeNCTBYHLWEMY 3HAYEeHUI CUNblI ToKa:

U = (4.23)
MoyeMy yao6Hee MOMb30BATLCA He 3ameHaa B opmyne (4.17) amnnu-
MITHOBEHHbIMWN 3HaA4YeHunsAamMun cunbl TyAHble 3Ha4YeHUA CWUbl TOKa W Ha-
TOKa M HanpsxeHus, a [AeicTBYiO- Npsi>)XeHUss Ha WX peicTBywUMe 3Ha-
WMUMKN 3HAYEHUAMU? yeHUs, monyyaem

"

| = - (424)
R

370 3aKoH OMma [Ana ydyacTKa Lenu nepeMeHHOro ToKa C pe3ucTopoM.

AMNepMeTpbl U BONbTMETPbl PErUCTPUPYOT MMEHHO AelicTBYHOW ME 3HAYEHUS
CUMbl MEePEMEHHOro ToOKa W HanpsiXeHUs.

CpefiHee 3Ha4YeHWe MOLLHOCTU P nepeMeHHOro ToKa

P =1xR = Ul
MepeMeHHbIi TOK. [leiicTByllMe 3HAYEHNA CUMbl TOKA U Hanps>XeHus J

1. TIpM KakKux ycnoBuUAX B 3/1IeKTPUYECKONW Lenn BO3HMKAKT BblHYX/JEHHble 3/1eKTpo-
MarHuTHble KonebaHwna?
2. OAMHAaKOBO /I MFTHOBEHHOE 3HayYeHWe CU/bl NMepeMeHHOro Toka B AaHHblli
MOMEHT BpPEMEHW BO BCeX yyacTKax Hepa3BeTB/EHHOW uenu?
3. Uemy paBHa amMnnmTyga Hanpsa>XXeHWsA B OCBETUTEsNIbHbIX CETAX MepeMeH-
HOro TOKa, paccyMmTaHHbIX Ha HanpshkeHue 220 B?
4. YTo Ha3biBalT feliCTBYIOLWMNMN 3HAYEHUAMUN CUMblI TOKA U HanpsXeHna?

(_r'-_-’_’: 1. HanpsixxeHMe Ha BbIXOAHbIX KJeMMax reHepaTtopa MeHsieTca MO 3aKOHY
n = 280 cos (100I). AelicTBylolWlee 3HavyeHWEe HanNps>XeHUA B 3TOM c/ydyae paBHO
1) 396 B 2) 280 B 3) 200 B 4) 100 B

2. Mo yyacTKy uenu conpotusBsieHMneM R MAET nepeMeHHbIN TOK, MeHSAKWLWWUACA Mo
rapmMoHMYecKoMy 3aKOHY. B HeKOTOpblI/i MOMEHT BpeMeHW fJeicTBylollee 3HayeHUe
HanpshkeHUss Ha 3TOM y4yacTKe yBenuMumnum B 2 pasa, a COMpPoOTUMB/EHME ydyacTka
yMeHbWwnAn B 4 pasa. lNpu 3ToM MOLWHOCTb TOKa

1) He nM3mMeHunachb 3) Bo3pocna B 4 pasa

2) Bo3pocna B 16 pas 4) ymeHbWwMNNacbL B 2 pasa
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ftf;ﬁ 22 KOHAEHCATOP W KATYLUKA UHAYKTUBHOCTW
S B LEMW MEPEMEHHOIO TOKA

Kak n3ameHsieTcs 3a nepuoj 3apsaj Ha KoHgeHcaTope B Kofie6aTebHOM KOHType?
Kak n3ameHsieTcs 3a Nepuoj cuna ToKa B KaTylwke WHAYKTUBHOCTM?

KoHpgeHcaTop B Uenn nepemMeHHOro Toka. MNoOCTOAHHbLIN TOK, B OT- n
nuyne 0T MNepemMeHHOro, He MOXeT WUATW NO uUenwu, cojepXalel KOH- 5)
geHcaTtop. Begb hakTmuecku npu 3TOM UeNb O0Ka3blBaeTcsd PasoMKHY-

Toli. B 3TOM MOXXHO y6eAuTbCA C MOMOLLbK MPOCTOr0 onbiTa.

MycTb y HAac MMETCA UCTOYHUKWN MOCTOSAHHOIO M MEPEMEHHOro HamnpsXeHu.
Llenb coCcTOMT M3 KOHAeHcaTopa W namnbl HakanusaHua (puc. 4.13), coeANHEH-
HblX nocnepoBaTenibHO. Mpu BKAKYEHUUM MOCTOAHHOIO HanpsXeHUsa (nepeksya-
TeNb NOBEPHYT B/IEBO, LienNb NOAKNOYeHa K Toukam AJ1')
namna He cBeTUTCcA. HO nNpu BKJ/IIOYEHUWN MMEPEMEHHOrO0 o > o 0
Hanps>eHusa (Nepeknw4yaTenb NOBEPHYT BMpaso, LeNb O_A},\C,‘Z,_AO‘OB ~°
nogknaw4yeHa K Toykam BB') namna 3aropaetcs, ecnu +
8MKOCTb KOHAeHcaTopa U pfelcTByllUee HanpshKeHue
MCTOYHMKA [0CTaTO4YHO BenMknU. KakK e mnepemMeHHbIN C
TOK MOXeT MUATU No Lenun, ecnm oHa akTUYecKn pasoMK- |
HyTa? Bcé peno B TOM, 4YTO NPOUCXOAUT nMepuogunye-
cKas 3apsafjka u paspsagka KoHgeHcaTopa noj gelcrevem Puc. 4.13
nepeMeHHOro Hanps>eHusa. ToK, MAyWUNA B uUenu nNpwu
rnepesapsafke KOHAeHcatopa, HarpesaeT HUTb JlaMIibl.

YCcTaHOBUM, KaK MEHSeTca CO BPeMeHeM cusia Toka
B Lenu, cogepxauweil ToNbKO KOHAEHCATop, €c/in COMpo- c
TUBNEeHWeM MNPOBOLOB M 06K/af0K KOHAeHcaTopa MOXHO

m=mn, cos cot

npeHe6bpeub (puc. 4.14). °
Hanps>XeHne Ha KOHAeHcatope W = ¢ - R = c
paBHO HanpsiXXeHW Ha KoHuax uenu. CregoBaTesibHO, Puc. 4.14
4 = Umcos art. (4.25)
3apsj KoHAeHcaTopa MeHSieTCs M0 rapMOHWUYeCKOMY 3aKOHY:
q = CUmcos art. (4.26)

Cuna Toka, npeacTasnswas coboli NpoM3BogHYI0 3apsja No BpeMeHW, paBHa:
i = g = -UnC(osin at = UrC(acos art+2— (4.27)

nw 3

poeHcaTope Ha E (puc. 4.15).

Kone6aHus cuibl ToKa onepexalwT No ¢asze Koneb6aHUs HanpsKeHUs Ha KOH-

AMNANTYAa CUNbI TOKa paBHa:
K = Ung(>. (4.28)
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Ecnn BBecTn o0603HauyeHune

= 4.29
wc =5 (4.29)

N BMECTO aMNAUTyn CUNbl TOKa U HanpsaXeHunda ucnonb3oBatb UX ,D.eﬁCTByIOI.LI.VIe
3HayeHnsdA, 170 Noaydmm

1-1 - (4-30)

H W CT BennunHy Xc, o6paTtHyo npou3BegeHuto coC LUKNNYECKOW 4acTOoTbl Ha 3nek-
TpUYecky EMKOCTb KOHAeHcaTopa, Ha3biBalOT EMKOCTHbIM COMPOTUB/IEHUEM.

Up, i A Ponb aToii BENNUYNHBI ANA aMANUTYAHbLIX 1 nen-
U un(t) CTBYHWLWUNX 3HAYEHUI CUMbI TOKA WU HaMNpshKeHUs
m aHanormyHa ponu akTUBHOro conpoTuBneHUs R

40 8, VI 5 28 B 3akoHe Oma (cm. hopmyny (4.17)). 3To no3sonser

paccmaTpuBaTb Be/IM4MHY X C KaK COMPOTUB/EHUE
KOHJeHcaTopa nepeMeHHOMY TOKYy (EMKOCTHOe cO-
NPoTUBJ/IEHUE).

Uem 60nblle EMKOCTb KOHAeHcaTopa, TeM 60Mb-

We TOK nepe3apsafku. OT0 /IerK0 06Hapy>XuTb MO

Puc.4.15 YBE/NIMYEHWNIO Hakajsla namnbl Mpu yBenu4YeHUU EM-

KOCTWU KOoHpAeHcaTopa. B To Bpemsa Kak conpoTuBrie-

HVUe KoHJAeHcaTopa MNOCTOAHHOMY TOKY 6ECKOHe4YHO Bes/INKO, ero ConpoTuUBIIEHUE

nepeMeHHOMY TOKY MMeeT KOHe4yHoe 3HaudyeHue Xc. C yBennmyeHmem EMKOCTU OHO
yMeHbllaeTCcA. YMeHbLIAeTcas OHO W C yBE/IMYEHMEM 4acTOTbl 0.

Cnefyet 0OTMETUTb, 4YTO Ha NPOTSXKEHUMU 4HeTBepTW Mnepuofa, Korga KoHAeHcaTtop
3apsrKaeTcsa 40 MAaKCUMaslbHOIo Hanps>XeHWsd, 3HeEPrna noctynaeTt B Uenb U 3anaca-
eTcA B KOHAeHcaTope B JOpMe 3HEPrMun 3fNeKTpu4yeckoro nond. B cnepgyrowyto dert-
BepTb nepuoga, Npu paspsagke KoHAeHcaTopa, 3Ta 3Heprms Bo3BpaliaeTcs B CeTb.

KaTywka WHAYKTUBHOCTU B UeNu
nepemMeHHoro Toka. WHAYKTUBHOCTb

& 1 Mpegnoxute cnoco6bl n3MeHe

V-  HWS  EMKOCTHOTO CONMPOTMUBAEHMU! B Lenun, Tak Xe KakK U €MKOCTb, BJIK-
B aneKTpuueckoit uenu. AeT Ha CUIY MEepeMeHHoro Toka. 3To
MO>HO f0Kas3aTb C MOMOLLbI MPOCTO-

ro onbiTa.

Co6epém uenb M3 KaTylW KK C 60NbWOA MHAYKTUBHOCTLIO M 3/MeKT-
puyecKoi namnsl HakanueaHus (puc. 4.16). C nomollblo nepeknoyaTe-
N8 MOXHO MOAKAUYNTL 3TY Uenb M60 K UCTOYHU-

o o KY MOCTOSIHHOrO HanpsiXXeHus, NN60 K NUCTOYHUKY
0—0,| 0—4—0,| 0———0 NepeMeHHOro Hanpsi>kKeHusi. Mpun 3TOM MNOCTOSHHOE
+ Y HanpsOkeHWe U JelicTBYOLW ee 3HAYEHWE MEepPeMeH-

HOro Hanpsa>XeHua AOO0N1XKHbI 6bITb paBHbl. OnNbIT
nokKasbliBaeT, 4YTO JilaMna CBETUTCA dApYye npum no-
CTOAHHOM HanpAa>XeHunn. CnepoBaTenbHO, ,qe|7|-
cTBywuiee 3HadeHue Ccunbl nNepeMeHHOro ToKa
B paccmanMBaemon uenn MeHblle Cu/ibl NOCTO-
B aax 4 AHHOIo TOKa.
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KonebaHnsa Hanps>KeHWs Ha KaTylwke onepexawT no ¢ase kKonebaHwsa cunbl
TOKa Ha —, UK, 4YTO TO Xe camoe, KonebaHMs CuNbl TOoKa OTCTalT Mo dase OT kKoneba-
2

HWIA HanpsbkeHUs Ha 5 (puc. 4.18).

ur, iLA @ AMNANTyAa CUNbl TOKa B KaTylWKe paBHa:
u
L
U, T =~ (4.32)
iy ()
0 ' Ecnu BBecTu o6o3HaudeHue
t coL = Xr (4.33)

W BMEeCTO aMNAuUTYy[ CUMbl TOKa U HanpsXXeHus
MCNonb30BaTb WX [AeicTBYOLWMe 3HAYeHUs, ToO
nony4ymnm

= Y (4.34)

™ o
B A BenuunHy X L, paBHYH Npou3BeAEeHUI0 LUMKAMYECKOM 4acToTbl HA WMHAYKTUB-
HOCTb, Ha3blBAlOT WHAYKTUBHBLIM COMPOTUB/IEHUNEM.

CornacHo cdopmyne (4.34) pelicTBylu,ee 3Ha4YeHUe CUNbl TOKa CBSA3aHO C Aeli-
CTBYHWL MM 3HAYEHUEM HaNpPsS>XeHUss U MHAYKTUBHbLIM COMPOTUBAEHWEM COOTHO-
WweHneMm, noao6HbIM 3akoHy OMa ANns Lenu MNOCTOSTHHOro ToKa.

MHAYKTUBHOE CONPOTMB/IEHWE 3aBUCUT OT 4acToTbl co. MMOCTOAHHbLIA TOK BO-
oblle «He 3amMevyaeT» WMHAYKTUBHOCTM KaTywku. Mpu c = 0 MHAYKTUBHOE CO-
npoTuBNeHmMe paBHO Hyntw (Xb = 0).

Uem GbicTpee MeHsleTcA HanpsikeHue, TeM 6onbwe 34C caMOMHAYKLUN U TeEM
MeHbLe amMnanTyaa CUnbl ToKa.

Pe3uncTop, KOHAEHCATOP U KaTylwKa MHAYKTUB-
HOCTM B LUeNW MepemMeHHOro Toka. PaccmoTpum

R uenb, coAep>allyl BCe 3/IEMEHTbI: Pe3nUCTop CO-
npoTtmBsieHNneM R, KaTywKy MHAYKTUBHOCTbIO L,
n UEPCOS oot KOHAeHcaTop EMKOCTbo C M UCTOUYHUK MEPEMeH-

HOro HanpsXxeHumsa u = Unctos cot (puc. 4.19).
B niwo6oii mMoMeHT BpemMeHu SAC mcTouHMKa pas-
Ha CyMMe Hanps>KeHW Ha oTAeNbHbIX 3/leMeHTax

uenu:
Puc. 4.19 W= uUR + uL + nc

Tak KakK 3T HanpsXeHus oTauyawTcs no ¢ase, TO cymMmMa aMnauTyAHbIX 3Ha-
YeHWn HanpsXeHuint He OyAeT paBHa aMNAMTYAHOMY 3HavyeHuto 3 C MCTOYHMKA.

MonHoOe conpoTUB/IEHUE LENU COCTOUT U3 aKTUBHOro, EMKOCTHOro U MHAOYK-
TUBHOTO COI'IpOTI/IBI'IGHIlIVIZ
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§23 PE3OHAHC B 3/IEKTPUYECKOW LEMW

Mpu Kaknx ycnoBuax NPOUCXOAUT siBleHWe pe3oHaHca Npu BbIHYXAEHHbIX KonebaHnax
mMaTeMaTuyeckoro mMaaTHuka?

UTo urpaeTt posib BHELWHEW CUNbl NPU NEePeMEeHHOM 3/1EKTPUYECKOM TOKe Ha ydacTke
uenn?

B 31'IeKTpI/I‘49CKOI7I uenun, TakK >XXe KakK N B MexaHun4yeckoi konebaTenbHOW cu-
cTtemMe, Ha6mo,qaeTc;| AB/IEHNE pe30oHaHca.
Mpwn MeXaHN4YeCcKunx KonebaHmn-

Pr BcnomHuTE, Kakume npesBpaweHus AX pe30HaHC BblpaXeH OTYET/IUBO
3HEepPrnM npoucxoaaT B MeXaHuuye- npn ManblXx cunax CconpoTUBIIEHUA,
CKOl kKoneb6aTenbHOl cucteme. B anekTpuuyeckow uenn ponb cuN CoO-

NPOTUBNEHUS UTpaeT eé aKTUBHOE CO-
npotueneHve R. Begb MMEHHO HanuuyuMe 3TOT0 COMPOTUB/IEHUSA B LeEenu MNpuUBOAUT
K MpeBpalLeHmnio 3HEePrMm ToKa BO BHYTPEHHIO 3HEPruio MnpoBoAHMKa (NPoBOA-
HUK HarpesaeTcs).

Mo3ToOMy pe3oHaHC B 3/1IeKTPUUYECKOM KoneGaTeNlbHOM KOHType (cMm. puc. 4.19)
[ONXEH 6biTb BblpaXKeH OTUYET/IMBO MPUM MasZIOM aKTMBHOM COMpPOTUBAEHUN R.

Cuna ToKa Mpu BbIHYXX/[EHHbIX Kone6aHuMAX AO0/KHA A0CTUraTb MakKcumasb-
HbIX 3HA4YeHW, Korga YyacToTa NepemMeHHOro HanpsXXeHusi, NPUIOXKEHHOT0 K KOH-
TYPY> paBHa co6CTBEHHOW 4vacToTe 000 Kose6aTe/ibHOr0 KOHTypa:

o = co0 = (4.36)
Vic

Pe3oHaHcoOM B 3/1eKTpuyeckoM Kosie6aTeslbHOM KOHType Ha3biBaeTcs
SIB/IEHWE Pe3KOro BO3pacTaHWs amMnAMTYAbl BbIHYXAEHHbIX KoneGaHulii cunbl ToKa UAU Ha-
NpsHKeHUs nNpu coBNajgeHWn 4acToTbl BHELWHEro MEPEMEHHOro HanpshKeHWsi ¢ CO6GCTBEHHOW
4acToTON Koneb6aTeNbHOro KOHTypa.

AMNNnTyga cunbl ToKa Npun pe3oHaHce. Kak v B cnydyae MexaHWYecKoro pe-
30HaHCa, Nnpwun pe3oHaHCe B Kosie6aTesilbHOM KOHTYype co3aakTCcA onTUMalibHble
YyC/N0BUA ANA NOCTYN/NIEHUA 3HEPrum OT BHEWHEro UCTOYHWMKA B KOHTyp. Mouy-

HOCTb B KOHTYype MaKCumMmasZibHa B TOM

34ecb Habnogaetca MoniHas aHa-~  cnydyae, Korfga cuia Toka coBnagaet

nornst ¢ MexaHm4yeckumun Koneba- no dgasec Hanps>keHnem (0 = O0).
HUSIMW: MpY  pe3oHaHCe B MexaHW4ecKol He cpasy nocne  BKAKWYEHUS
KonebaTeslbHOM CMCTEMe BHELIHAS  cuna BHELWHEro NepemMeHHOro Hanps>XeHUs
(aHanor HanpsikeHus B Uenu) cosnagaet B LenM YycTaHaB/MBaeTCA pe30HaHC-
no hase co CKOPOCTbI (aHaOr CU/bl TOKA). HOoe 3HayeHWe cuUbl ToKa. AMNONUTY-
fa Kone6aHWii cunbl ToKa HapacTaeT
nocteneHHoO — A0 Tex NOp, MOKa 3Heprus, Bbljensilowasica 3a Nepuos Ha pe-

3UCTOpe, He CpaBHSAETCA C 3Hepruen, nocTtynalwlleil B KOHTYP 3a 3TO XXe BpeMms:
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OTclofa amnauTyga YCTAaHOBUBLWINXCA KonebaHUi
CUNbl TOKa MpW pe3oHaHce onpejensieTcsa ypaBHEHUEM

(4.38)

Mpu -R — 0 pe3oHaHCHOe 3HauyeHWe CUMbI TOKa He-
orpaHM4YeHHO Bo3pacTaeT: (/T)ps -*e C yBenunyeHunem
R MakcummanbHoe 3HauyeHWe CUNbl TOKa yMeHbLlaeTcs.
3aBUCUMOCTM aMNANTYAbl CUAbl TOKa OT 4acToTbl MNpu
pasnuyHblix conpoTtmBneHnax (i?j < R2 < R3) nokasa-
Hbl Ha pucyHke 4.20.

OAHOBPEMEHHO C YBe/IMYEHUWEM CU/bl TOKa Npu pe-
30HaHCE pe3Ko Bo3pacTalT HaNPsHKEHWUss Ha KOHfAeH-
caTtope U KaTylwKe WHAYKTUBHOCTU. ITU HaNpsi>KeHus
npu MasioM aKTUBHOM COMPOTUBAEHWUW BO MHOroO pas
npeBbiWawT BHeWHee HanpsXeHue.

Mcnonb3oBaHMe pe3oHaHca B paguocBsA3n. fABfeHue
3M1EKTPUYECKOT0 pe3oHaHca WMPOKO WMCMOoNAb3yeTcss npwu
OCYLLeCTBNEHUN pajnocBsA3vM. PaanoBonHbI 0T pasnuu-
HbIX nMepejawWmMX cTaHuUii B036YXXAAKT B aHTEHHE

I,

m

N

Punc. 4.21

pagnonpuéMHMKa NepemMeHHble TOKM pas/iMyHbIX 4acToT, TakK KakK Kaxjas nepeja-
louan pagumoctaHumsa paboTaeT Ha cBoeil yactoTe. C aHTEHHOI UHAYKTUBHO CBS3aH
KonebaTenbHbli KOHTYpP (puc. 4.21), B KaTywKe KOTOPOro BO3HWUKAIT BbIHYXAEH-
Hble Kosle6aHUA CUMbI TOKA U HanpsXeHus. Ho ToONbKO Npu pe3oHaHce KosebaHUsn
CMNbl TOKA B KOHTYpe M HanpskKeHUsi B HEM 6yayT 3HAUYUTENbHbLIMU, T. €. U3 KO-

nebaHMi pasIMUYHbIX 4YacToT, BO36OYX-
[aeMblX B aHTEHHe, KOHTYp BblgensieT
TONbKO Te, YacToTa KOTOpPbIX paBHa ero B
co6CTBEHHOW 4YacToTe. HacTpoiika KOH-

B HekoTOpbiX cnyyasx pe3oHaHCT|L, §222
3anekTpu4yeckom

npuHectn 6Gonbwoi Bped. Ecnm uenb He

MOXeT

Typa Ha HYXHY 4acToTy 100 06bI4HO
ocyuw,ectensaetTca NyTém M3MeHeHUA éMm-
KOCTWU KOHAgeHcaTopa. B 3aTtom 06bl4HO
COCTOMT HacTpoMKa pafuonpuémHuka
Ha onpegenéHHy pagnmocTaHLuuio.

Pe3oHaHC B 3/M1€KTPUYECKON uenwu

paccumtaHa Ha pa6oTy B YC/N0BUSAX pe3o-
HaHca, TO ero BO3HWKHOBEHME MOXeT Mpu-
BECTW K aBapuu. YpeamepHo 60nblune TOKU
MOTyT neperpeTtb nposoja. bonblwwue Ha-
NpsXKeHUs MPUBOAAT K NMPo6O0 M30AAUUA.

1. MoXeT N1 amMnAnTyga cufbl ToKa NpW pe3oHaHCce MPeBbICUTb CUY MOCTOSHHOMO
TOKa B LEMNU C TAKUM >Ke€ aKTUBHbIM COMPOTUB/IEHNEM M MOCTOSIHHLIM HAMpPsSHKeHUeM,
paBHbIM aMnAnTyae NMepeMeHHOro Hanps>KeHnsa?

2. Yemy paBHa pasHoCTb (a3 Mexay Ko/fie6aHusiMM CUJIbl TOKa U HanpsbKeHus npu

pe3oHaHce?

3. Mpn Kakom ycnoBuu pe3oHaHCHble cBolicTBa KOHTYpa Bblpa>XeHbl Haun-

6onee OTUYETNNBO?
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§ 24 TIPUMEPbI PELLEHWNA 3AAAY MO TEME
M «MEPEMEHHbLIN 3TEKTPUYECKUUN TOK>»

3ajaun Ha nepeMeHHbI TOK O0YeHb pa3Hoo6pasHbl, 0AHAKO A/ UX pelleHnsa Ao-
CTaTOYHO 3HATb 3aKOH OMa M To, KaK BblYMCNSETCA MOSIHOE COMPOTUBJ/IEHUE Lenwu
nepeMeHHOro Toka, a Tak)e pasHoCTb (a3 MeXAy TOKOM U HanpskeHuem. Takxe
cnepyeT obpaluiaTb BHMMaHWE Ha TO, UTO MHOF4a B YC/I0BUU 3ajauyn faroTcsa amnau-
TyflHble 3Ha4yeHMs, a MHorga AelicTBYWOUW ME 3HAYEHMSA CUbI TOKA U HaNPs>KeHUs.

3apava 1. lNMpoBosioyHas pamka naowagbo S = 3000 cm2mnmeer N = 200 BUT-
KOB M BpalliaeTcsa B 04HOPOAHOM MarHMTHOM Mosie ¢ MHAYKUMe B = 1,5 « 10~2Tn.
MakcnmanbHasa 34C B pamke = 1,5 B. Onpegennute nepnopj BpaleHNA pamMKWu.

PeweHune. MarHMTHbIW NOTOK, MPOHU3bIBAOUWMA MOBEPXHOCTb, OFpaHNYEH-
Hyl pamkoi, @ = BSN cos (at.
CornacHo 3aKOHY 3/1eEKTPOMAarHMTHOW MHAyKuum e = -®' = BSN cosin (at.
Amnnntyga 340C mnHaykumm <r = BSN co. OTcoga © = BsN
2® _ 2kBSN _

= = = 3,8 c.
@ «rn

Bpemsi ogHoro obopoTta pamku T =

3apgavya 2. B uenb nepemMeHHOro Toka ¢ Yactotonm v = 500 Iy BK/WYeHa Ka-
TywKa MHAYKTUBHOCTb L = 10 mMIH. Onpepennte EMKOCTb KOHfAeHcaTopa, KO-
TOpbIA Hafo BKAKYUTbL B 3Ty Lenb, 4T06bl HACTYyNW/l pe3oHaHC.

PeweHwne. OnekTpunyeckas LeMNb COr/lacHoO YC/I0BUIO 3ajayun npejcrasiisieT
cobovi KonebaTenbHbIA KOHTYp. Pe3oHaHC B 3TOM Uenn HacTynuT, Korga 4vacTto-
Ta NepeMeHHOro Toka 6yAeT paBHa COGCTBEHHOW 4vacToTe Ko0/1€6aTeNlbHOr0 KOH-

Typa (v = vn. Ho cobcTtBeHHasa 4yactoTa vn= -—;= ., OTcioga C = —;—n =
2nJLC 4

~ 10 5® = 10 mMK®.

3apgaya 3. B cxeme Ha pucyHke 4.19 (cm. c¢. 94) conpotmBneHne R = 25 Owm,
MHOYKTUBHOCTE L = 30 MIH n émkocTtb C = 12 MK®, amnantyga rnepemMeHHOro
Hanps>XeHma Um = 90 B, ero yactota v = 500 lNy. OnpegennTte: 1) conpoTuBne-
HUA KaX[0ro U3 yyacTKOB LUenu; 2) AelcTByloliee 3HaAYeHMe CU/Ibl TOKa B Lenu;
3) pelicTBylollee 3HaAUYEHUe HAMPSXKeHUS Ha KaXAOM M3 y4yacTKOB uenu; 4) casur
a3 mexay TOKOM W Hanps>keHmem; 5) MOWHOCTb, BblAE/IAEMY B LeENW.

PeweHwune. 1) MHAYKTUBHOE N EMKOCTHOE COMPOTMB/IEHUS pPaBHbl COOTBET-

cTBEHHO: X, = 2k\b ~ 94 Om, Xr = —— ~ 27 Owm.
L ¢ 2kvC
2) MonHoe conpoTueaieHue uenn Z = ~"R2 + (Xb~XC)2 ~ 72 Om. [lelicTBYy!0:
uiee 3HayeHue cunbl Toka | = ~ 0,88 A.

\I12z
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3) [eiicTBylouime 3HavyeHnsa HanpshxeHuna UR = IR ~ 22 B, UL = IXL ~ 83 B,
Uc = 1XC = 23 B.

O6bpaTnTe BHMMaHMe Ha TO, YUTO CyMMa AeNCTBYHLULMX HaNpsaXXeHWUA B cnydvyae
nepemMeHHOro Toka He paBHa AeWlCcTBYKWL,eMYy Hanpsi>)XeHUW WUCTOYHUKA.

4) CpBur a3 Mexkgy TOKOM W Hanpsh>xeHuem cos @ = R/Z = 0,37, ¢ ~ 70°.

5) MowHoOCTb, Bblgensemaa B uenun, P = IU cos ¢ = 19 BT.

3apgava 4. OnpegenuTte cuny ToKa B cosieHouae, MHAYKTUBHOCTb M CONPOTUB-
/ileHWe KOTOpOro paBHbl COOTBeTCTBEHHO L = 0,6 TH, R = 4 Om, ecnu K Hewmy
NPUIOXEHO:

1) nocTossHHOe Hanpsi>XeHne U — 60 B;

2) nepemMeHHoe Hanpsi>XeHnme m = UTsinco, Um= 60 B, yactota v = 20 I'y.

PeweHne. l) Mpn NOCTOAHHOM HaMpsAXXeHWUn 3HayeHWe CUMbl TOKa onpepje-

nsemMm no 3akoHy Owma: | = " = 15 A.
MowHocte Procr = TU = 900 BrT.
2) Mpn nepemMeHHOM Hanps>XeHUucymmapHoe COMNPOTUBIIEHUNE Z=
1
= y|R2 + (gIL)2 » amnnutyga cunel Toka 1T = um
Cunny Toka onpeaensieM u3 BblpaXkeHus i = Imsin (cof - &), rae HayanbHasa ¢asa
f (2nvL} Un
® = arctg — , = 27W, ¢ = arctg — =87 = 0,48a, 17= = =
VR > \' R ) Ir 2 + (ojL)2
= 0,8 A. Torga i = 0,8 sin (40n# - 0,48n) A.
3apgaya 5 B uyenum (cm. puc. 4.19, c. 94) conpotmBneHne R = 200m, WH-

AyKTuBHOCTL L = 0,2 TH, émkocTb C = 100 MK®P, pgeiicTByllLee HanpsiXkeHue
U = 75 B n yactota v = 50 I'y. OnpegenuTte fgelicTeBylol,ee 3HaYeHUe CUIblI ToKa
N pasHoCTb (ha3 MexXAy HanpsH>kKeHMem U TOKOM.

PeweHune. MHAYKTUBHOe conpoTuBneHne XL = wL = 2nvL, EMKOCTHOe cO-
npotusnerune ¥Xr = -1 = 1.
y c oC 2nyC

MonHoe conpoTuBAeHMEe yyacTKa uenu onpegennm no dgopmyne

Z = yr2+ (XL-X C)2 = 37 Owm.

Torga paeicteytouLee 3HavyeHWe cunbl Toka | = ~ = 2 A,

CaBur a3 Mexay HanpsbkeHueM U TOKOM onpeaenum no cgopmyne

tg ¢ = rx- = 1,55; ® = 57°.

3afaya 6. OnekTpuyeckas UenMb COCTOUT W3 pe3ucTopa COMNPOTUBJ/IEHNEM
R = 10 Om, KaTywKuW UWHAYKTUBHOCTb L — 2 ['H, KOoHAeHcatopa EMKOCTbIO
Cj = 3 MK® ”n uUCTOYHMKaA C felicTBywOWMM Hanps>XeHuem U = 200 B u yacTto-
ToM v = 50 Iy. Yemy paBHa 3nekTpoéMKocTb C2 KOHAeHcaTopa, KOTOpbIW npu
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napansesibHOM MOAK/OYEHUM K KOHAEeHcaTopy 3/1eKTPo&éMKOoCTbio Cx obecneuuT
pe3oHaHC B 3neKTpuuyeckol uenun? Yemy npu sToMm GyAeT paBHO AelicTBytoliee
3HayeHue CUNbl ToKa?

PeweHwne. [elicTBylouiee 3HaYeHWe CUbl ToKa

| = U U
V-R2 + (XL - Xc )2
R2 + 12nwvb - 1
2K>C
Cuna TOKa B UEenNM MakcumasbHa npum ycnosum 2nvL - _kvE =
2
Mpun cob6cTBeHHOI uvacToTe
2n VLC S
B Uenun HabnwopgaeTca pe3oHaHC, NPM KOTOPOM cuaa ToKa MakKcumanbHa u eé paeii-
U 200
cTBylOULee 3HAa4yeHWe paBHO / = " = ST =20 ,&'

N3 cooTHoOWeEeHUA (l) cnefyeT, YTO EMKOCTb CUCTEMbI KOHAEHCATOpPOB [AOIXKHA
1

6blTb paBHa C = —— — = 5 «10 & = 5 mMK®D.
4n2VglL
ppiiii Mpn napannenbHoM nNoAKNKWYeHUN KoHAeHcaTopoB C — Cr + C2,
oTkypa C2= C - Cl= 2 MKD.

3agaun ona camMoCTOATE/IbHOro pelleHus

1. Onpegenute amnantygy 94C, HaBoAMMOI/ B pamMKe, BpalialLlLeica B 04HO-
poAHOM MarHMTHOM rMoJsie, eCAN 4YacToTa BpaljeHMs cocTtaensaeT 50 o6/c, nnowanb
pamkn 100 cm2m MarHUTHas uHaykuyma 0,2 Tn.

2. Katywka mHayktuBHoctbto L = 0,08 NH npucoegnHeHa K MCTOYHUKY Mnepe-
MEHHOr0 Hanps>XeHUsa ¢ yacTtoTor v = 1000 ly. AdelicTBylolLee 3Ha4YeHMe Hanps-
xeHua U = 100 B. Onpegennte aMnanTtyay cusbl Toka 1TB uenwu.

3. Kartywka wuHAYKTMBHOCTbO 0,1 TH M akKTUBHbLIM CcOMNpPoOTUB/IEHUEM 25 OmMm
BKJ/Il0UEHA B Ce€Tb MEPEMEeHHOro Toka yactoToii 50 y. OnpenennTe AelicTBytolLee 3Ha-
YeHMEe CU/bl TOKa B KaTyllKe, ecnn amMnauTyja Hanps>keHUs Ha eé ssogax 120 B.

4. K WUCTOYHWUKY TMEPEMEHHOrN0 HaNpsXXeHWfA, WN3MeHduWweroca no qopmyne
n = 2sin 200n£ (B), nogknw4yunum nocnegoBaTeNlbHO KaTywKy WHAYKTUBHOCTbIO
86 MIH, KOHAeHcaTop éMKOCTb 160 MK® un pe3uctop conpotmBsieHuem 100 Om.
OnpefenuTte MNOSIHOE CONPOTUBAEHWE LENU, 4acToTy MepeMeHHOro Toka, aMniuv-
TYyAHOe 3Ha4yeHue CUNbl TOoKa.

——
-

€

~) 1 Mpu noaknw4vyeHMM K KonebaTeNbHOMY KOHTYypy WCTOYHMKa nepemeHHon 3/AC
=/ e = 100 sin (800TM), rae Bce BENMUMHBLI BbipaxKeHbl B CW, Ha6nlofaeTca pe3oHaHC
TOKOB. Onpefennte 4acTtoTy COGCTBEHHbIX KonebaHWn B faHHOM KOHTYype.

2. Pesunctop conpoTtuBneHnem R = 100 OmM u paBa napasfieslbHO MOAK/IOYEHHDbIX
KoHfeHcaTopa émKocTbio C = 40 MK®P coefMHeHbl nocsefoBaTe/lbHO U NOAKJ/TIOYEHbI
K MCTOYHUKY C MaKCMManbHbIM HanpsbkeHnem Um = 220 B n yactoTtoihi v = 50 Iu.
Onpefenute TensioBYyH MOLHOCTb, BblAeNAeMyl0 B pe3ncTope.
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m}'§25 ABTOKOJIEBAHWNA

Uto Heo6xoAMMO ANSA TOro, 4To6bl Kone6GaHWUsi He 3aTyxanu?
B Kakumx cnyyasix BO3HWKAKT BbIHY)XAEHHble MEeXaHWYEeCKMEe W 3EKTPOMATrHUTHbIE
Kone6aHuna?

Mbl 3HaeM, UTO BO BCeX peasibHbiX KosebaTeNbHbIX cucTeMax KonebaHus 3a-
TyxalT. Ecnnm B cucTeMy BKJOYEH MepuoaMYecKn [AelCTBYHUWUA UCTOUHUK, TO
KonebaHUsi He 3aTyxalT, MPOUCXOAAT BbIHYXAEHHble KonebaHus. B aTom napa-
rpage Mbl MO3HAKOMMMCS C el é OAHWUM BUAOM HesaTyxaluwux KoiebaHuUim —
aBTOKO/e6aHUAMN.

ABTOKONe6aHNa — HesaTyxalwume KonebaHusa B cucteme, noagepxusae-
Mble 3a CYET MOCTOAHHOTO UCTOYHUKA IHEPTUU
CucTeMbl, B KOTOPbIX TEHEPUPYIOTCA HesaTyxaluwmue KonebaHua 3a CYET NOCTYnAeHUs
9HEPruM OT MCTOYHMKA BHYTPWU CaMOil CUCTeMbl, Ha3blBalOTCA aBTOKo/e6aTelbHbIMU.

MexaHunyeckme aBTokoneb6aHusa. NMpumepamun aBTokonebaHUn B Me-
XaHWYeCKUX cucTemax SABMAKTCA He3aTyxawuwue konebaHua masT-

HMKa 4YacoB, CTPYH MNpW pPaBHOMEPHOM [BMXEHUW CMblYKa, BO3ayXa
B OpraHHbIX Tpy6ax u T. g.

PaccmMoTpuM MexaHWYeckne aBToKonebaHWs Ha nNpumepe MasiTHUKOBbLIX 4YacoB
(puc. 4.22). Ha pucyHKe BMAHO, YTO MoABelleHHas TMPs CTPeMMUTCA BpawaTb 3y6-
yaTtoe Koneco. K MasTHUKY MNPUKPenaéH aHKep — MepekafnuHa ¢ U30rHYTbIMU
nnactuHamu. Mpu KonebaHUAX aHKep 3auennseT 3ybel Koneca, M MasTHUK Mo-
ny4daeT ToN4yoK. Mpu 3ToM 3Heprusa, coobliaeMass MasTHUKY, paBHa W3MEHEHWIO
NoTEHLUWANbHOW 3HEPTUN TUPU U KOM-
neHcUpyeT NMOTEPU 3HEPrum nNpu Kone-
G6aHMAX 3a CYET CMN COMPOTUBMEHUS. ATHUKA 4acos He ysennunBaeTcs,

ABToKoOsneb6aTenbHble cucTemsbl B Aaxe ecnn Bbl BHayane OTK/IOHAeTe
anekTpuyecko uenu. eHepaTop Ha ero Ha 6onbWoi yron?
TpaH3ucTope TakXXe nMNpuMep aBTo-

KonebaTenbHOW CUCTEMbl, B KOTOPOW

NPoucxXoaAT 3MeKTPOMarHuTHble Kone6aHma. OH cocTo- AHKep

UT K3 KoNeGaTeNbHOro KOHTypa C KOHAEHCATOpoOM &M-
KocTblo C M KaTyWKOW WMHAYKTUBHOCTbI L, MCTOUYHMKa
3HEpPruM n TpaH3uctopa.

MycTb B cucTeMe, B KOTOPO MOFyT CyLLecTBOBaTb CBO-
60AHble 3/1eKTPOMArHMUTHble KoneGaHUsi, UMeeTCsas WNCTOY-
HUK 3Hepruun. Ecnu cama cuctema 6GyfeT perynuposaTb
NocTyrnseHne 3HePTUM B KosebaTesibHbIN KOHTYP A1 KOM-
neHcauMn nNoTepb 3HEPrMM Ha pe3ucTope, To B Helr moryt [upsa
BO3HWKHYTb He3aTyxawlwme KonebaHus.

MN3BECTHO, YTO eC/IN KOHJeHcaTop KosebaTe/nlbHOr0 KOH-
Typa 3apsafauTb, TO B KOHTYpe BO3HUKHYT 3aTyxawuiue
KonebaHusa. B KoHLe Kaxaoro nepuoga KonebaHuii 3apsg Puc. 4.22

NMouemy amnnutyga konebaHwuli ma-

XpanoBuk

MaAaTHNK
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Ha nfacTMHax KOHAeHcaTopa MMeeT MeHbllee 3HaudeHWe, YeM B Hadane nepuoga.

B pe3synbTaTe aHeprusa kKonebaHwWii yMeHbllaeTcsd, TakK KakK OHa corsiacHo dop-

myne (4.1) (cm. c. 75), nponopuyuoHanbHa KBagpaTy 3apsaga o0gHOW W3 nNjacTUH

KOHAeHcaTopa. UTobbl KonebaHUs He 3aTyxanu, HY>XHO KOMMeHcMpoBaTb MNoTepu
3HEeprvm 3a KaxXpAblii nepuog.

MoNoONMHATL 3HEPrni B KOHTYpe MOXHO, Hanpumep,

noAsaps>as KoHAeHcaTop. [na 3Toro Hajo nepuoaun-

YecKM MoakKawYaTb KOHTYP K WCTOYHMKY MOCTOAHHO-

t ro HanpsbxeHusa. KoHpeHcaTop AO0/KeH nNogkawyaTtbesa

K WCTOYHWUKY TONbKO B Te WHTepBasibl BpeMeHMU, Korga

npucoeguHEHHasas K MNOMOXKMUTENbHOMY MNOMAKCY WUCTOYHU-

Ka nnaacTuHa 3apsiXXeHa MoNoXuWTtenbHoO, a npucoeamn-

HEHHas K oTpuuaTeslbHOMY MOJIOCY — OTpuUUaTeNbHO

Puc. 4.23 (pnc. 4.23). ToNbKo B 3TOM C/lyyae UCTOYHMK 6yaeT nop-

3apsXaTb KOHAeHcaTop, MOMOJIHASA ero 3aHepruio.

Ecnn >e KN4 3aMKHYTb B MOMEHT, Korga npu-
coeANHEHHAA K MNOA0XKWUTENbHOMY MOJOCY MUCTOYHUKA
nnacTuHa wnmeeT oTpuuaTenbHbIW 3apag, a npucoeaun-
HEHHaA K oTpuuaTesibHO MYy MOAKCY — MNOM0XKUTEeNb-
HblA, TO KOHAeHcaTop 6yaeT paspsaXaTbCcs 4Yepe3 UC-
TOYHUK (puc. 4.24). DHeprusa KoHgeHcaTopa nNpu 3TOM
6ypeT ybbiBaThb.

CnepoBaTtenibHO, Heob6xoaumo obecrnedynTb aBToMaTu-

Puc. 4.24 yeckyw paboTy knw4va (UNM KnanaHa, KakK ero 4yacTo
Has3blBalT). [pu BbICOKOW 4YacToTe KosiebaHUn KoY
JorkeH ob6bnajate HaféXHbIM 6bicTpogeiicTBMeM. B Ka-
YyecTBE TaKOro npakTU4yecKn 6e3blHEPLMOHHOIO KJ/ya
M MUCNOMb3yeTcAa TpaH3uUCTOop.

TpaH3uUCTOp, HAMNOMHWM, COCTOMT U3 TPEX pasany-
Baza HbIX MONYNPOBOAHWKOB: aMuUTTepa, 6asbl U Ko/eKTopa.
OMUTTEP U KONJEKTOP MMeKT 04MHAaKOBble OCHOBHblE HO-
cuTenun 3apsapga, Hanpumep AbIpKW (3TO NONYNPOBOAHWUK
p-Tuna), a 6asa MMeeT OCHOBHble HOCUTENW MPOTUBOMO-
NOXHOro 3Haka, Hanpumep 3N1eKTPOHbl (MOAYNPOBOAHUK

Puc. 4.25 n-tuna). CxemaTtnyeckoe n3obpaxeHue TpaH3ucTopa no-
Ka3aHo Ha pucyHke 4.25.

Pab6oTa reHepaTopa Ha TpaH3ucTope. YNpow,éHHasa cxema reHeparopa Ha TpaH-
31ucTope NokasaHa Ha pucyHke 4.26. Koneb6atenbHbIi KOHTYp CoeAWHEH nocnefoBa-
TENbHO C UCTOYHUKOM Hanps>XeHUs U TpaH3UCTOPOM TakKmm ob6bpa3oM, YTO Ha AIMMUT-
Tep nopaéTtcsA MOMOXWUTeNbHbIA MOTEHUMasn, a Ha KOMIEeKTOp — OTpuuaTefbHbIN.
Mpu 3Tom nepexog 3MuTTep — 6as3a (3MUTTEPHbIN nepexon) ABNSAETCA MNPSAMbIM,
a nepexop 6aza — KONMEKTOP (KOMMEKTOPHbLIA Mepexos) okasbiBaeTca 06paTHbIM, U
TOK B uennm He nAét. 3TO COOTBETCTBYET Pa30OMKHYTOMY KNH4YY Ha pUCyHKe 4.24.

UT0o6bl B LenNn KOHTypa BO3HMKaN TOK U nogsaps>asn KOHAeHcaTop KOHTypa
B Xo4e KonebaHWi, HY>XHO coobw,aTb 6a3e oTpuLaTelbHbI OTHOCUTENbHO 3MUTTE-
pa noTeHyumMan, NpuUYém B Te UHTepBasibl BPEMEHW, KOrga BepxHAsA (cM. puc. 4.26)
nnacTuHa KoHAeHcaTopa 3apsaXeHa MOoNOKUTeNbHO, a HUXXHAA — oTpuuaTenbHo.
OTO0 COOTBETCTBYET 3aMKHYTOMY KJ/lO4YYy Ha pucyHke 4.23.

KonnekTtop

IMuTTeEp
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B Te WHTepBasbl BPEMEHW, Korga BepXHSs ‘
nnacTuHa KoHAeHcaTopa 3apshkeHa oTpuua-

K
TENbHO, @ HWXKHSAS — MOMIOXKUTENbHO, TOK B K
Lenu KOHTypa AOJKEH OTCYTCTBOBATbL. [lasi 3To- B = ¥
ro 6asa A0/>)KHA UMeTb MOMIOXKUTENbHbI NOTEH- x/
5]
I LCB
B

uvan OTHOCUTENbHO 3aMUTTEpa. #i C:E
Takum o6pasomM, AN KOMMEHcauuum noTepb I -

aHeprum Kone6aHwWii B KOHType Hanpsi>KeHue Ha

SMUTTEPHOM Mepexofe AO0/KHO Mepuoanyecku = =

MeHsiITb 3HaK B CTPOroM COOTBETCTBUM C KO- +| |

ne6aHNAMKN Hanps>XeHUs B KOHType. Heo6xo- ||__ !

AvMa, KakK roBopAT, ob6paTHas CBsi3b, COCTOA- $

uas B TOM, 4TO Kosie6aHUsA B KOHType BAUAIOT

Ha TpaH3ucTop. Puc. 4.26
B paccmatpuBaeMoM reHepaTope

o6bpaTHass CBSi3b — WHAYKTMBHAas.

NopgymaiiTe, yem onpegensieTca va-
cToTa aBTokoneb6aHwuii, OT 4yero 3a-
BUCUT amMnnuTyja aBTOKONeb6aHWN.

K amMunTTepHoMy nepexoay MNOAKI/IIO-
YeHa KaTywkKa WHAYKTUBHOCTbi L@
WHAYKTUBHO CBfA3aHHasA C KaTyLl KoM
MHAYKTUBHOCTBIO L KoHTypa. Kone-
6aHNA B KOHTYype BCNEeACTBUE 3MEKTPOMArHUTHOW WHAYKUWK BO36YXAaKT KO-
nebaHna Hanps>KeHWs Ha KoHuaxX KaTylwKu, a TeM caMblM W Ha 3MUTTEPHOM
nepexoge. Ecnn dasa konebaHwui Hanps>KeHWA Ha 3MUTTEPHOM Mepexoie MNoAo-
6paHa NpaBWNbHO, TO «TONYKM» TOKa B LeNW KOHTypa AelCTBYKT Ha KOHTYp
B HYXHble WHTepBa/sbl BPEMEHM W KonebaHWA He 3aTy-
xatlT. Hanpotus, amnnmtyga kKonebaHuii B KOHType BO3-
pacTaeT 00 TexX MNop, NoKa NOTepU 3Heprnu B KOHType He | WCcTOUYHHK
CTaHYT TOYHO KOMMNEHCUMPOBATLCA MOCTYMNJ/IEHUEM 3HEpPruun | 9HEPTruu
0T MCTOYHMKa. ITa amMnautTyga Tem 6onbuwe, yem 60o/ble
Hanps>XeHne NCTOYHMKA. YBe/IMYEeHUNe Hamnpsa>XeHusa npu-
BOAUT K YCUNEHWNID «TOMYKOB» TOKa, Mof3aps>atLiero
KOHAeHcaTop.

OCHOBHble 3/ieMeHTbl N060K aBToKonebaTeslbHOW Cu-

cTembl. Ha npumepe reHepaTtopa Ha TpaH3UCTOPe MOXHO ‘ YerpoiicTso,
BblE/INTb OCHOBHbIE 3/IEMEHTbl, XapaKTepHble A/IA MHO- | peryampyiomee | o
rmx aBTokonebaTenbHbIX cuctem (puc. 4.27). | mocryreHue i
1. NCTOYHUK 3Heprum, 3a CYET KOTOPOro nogaep>xvusa- SHEPrUH g
I0TCA He3aTyxawuwme kKonebaHma (B reHepatope Ha TpaH- — a
31UCTOPE 3TO MUCTOYHUK MOCTOAHHOIO Hanpsi>XXeHus). &
2. Kone6baTenbHasa cucrtemMa — Ta 4acTb aBToKoneba- =
TEeNIbHOW CUCTEeMbl, HENoCpeACTBEHHO B KOTOPOM MpPOMCXO- =
OAT KonebaHwuAa (B reHepaTtope Ha TpaH3uUCTOpe 3TO0 Koje- 8‘
6aTesibHbIA KOHTYP). Roneﬁa'renbuaai
3. YcTpolicTBO, perynupytouiee nocTynseHne aHepruun cucrema

0T WCTOYHWKA B KoJsiebaTesibHYIO CcucTeMy, — K/anaH
(B paccMOTpPEHHOM reHepaTope po/ab KnamnaHa BbIMOMHAET
TpaH3ucTop). puc 4 27
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mj§ 26 TEHEPATOP MNMEPEMEHHOIO TOKA. TPAHC®OPMATOP

UTo ABNAETCSA OCHOBHbLIM WCTOYHWKOM 3/1E€KTPO3HEprun?
B Kakue (pOpMbl IHEPrUM MEepexoAuT 3HEepPrus 3NeKTPUUYeckoro Toka?

JNeKTpMUUYeCKNin TOK BbipabaTbiBaeTcs B reHepatopax — YycTpolicTBax, Npeob-
pasyluwmnx sHepru TOro UM MHOINo BUAa B 3/IEKTPUYECKYIO 3HEPIruio.

OCHOBHYI pOJib B Halle BpeMs BbIMNOAHAKWT 3/IeKTpPOMeXxaHUYeCKNe UHAYK-
LUWOHHble TeHepaToOpbl MepeMeHHOro ToKa. B 3TMX reHepartopax MexaHu4eckas
3Heprmna npespawiaeTcs B 3/leKTpuyeckyl. VX gencTBMe OCHOBAHO Ha SABNEHUU
3N1eKTPOMArHUTHONM MHAYKUUUK. Taknme reHepaTopbl MMEWT CPaBHUTENIbLHO NPOCTOE
YyCTPOMCTBO WU MO3BONAKT nosay4dyaTb 60/blWIMe TOKW APU A0OCTATOYHO BbICOKOM Ha-
NPSOKEHNN.

B panbHenwem, rosopsa 0 reHepartopax, Mbl 6yaeM MMeTb B BUAY MMEHHO WH-
OYKUVWOHHbIE 3/1eKTPOMEXaHUYEeCKMe reHepaTopbl.

MeHepaTop nepemMeHHOro Toka. MNpuHUMN AelcTBUA reHepaTopa MEPEMEHHOro
TOKa y>Xe 6bln1 paccmoTpeH B § 21.

B HacTosiwee BpeMs MMeeTcsd MHO-
ro pas/IMyHbIX TUNOB MHAYKLUMOHHBIX
reHepaTtopoB. Ho Bce OHM cOCTOAT wu3
OAHNX W TeX >Ke O0CHOBHbIX 4acTeu. Kn? 3annwnTte C‘pOpMyl‘Iy 3aBNCNMOCTHU
70, BO-I'Ie[?‘BbIX, 3N1eKTPOMAarHuT Mn? 34C MHAYKLMM OT BPeMeHW, ecin pamka
MOCTOAHHbIU MarHmT, cosgawwmn NMEeeT HEeCKO/SIbKO BUTKOB.

MarHuTHoe nosie, WU, BO-BTOPbIX, 06-
MOTKa, B KOTOpPOW wnHAyuupyeTcsa
nepemeHHana 3A0C (B paccCMOTPeHHON ft reHepatopam OTHOCATCA ranb-

Sttt Kakne 3aKoHbl U3MeEHeHUs mar-
HUTHOro notoka u 34C wHAYKUMN
cnpaBef/iMBbl NpU BpaleHun pam-

MO'U'ej'II/I reHepaTopa 3TO BpaLI_l'a}O- BaHMW4YeckKne 3/1eMeHTbl, 3/1eKTpPO-
uasics pamka). Tak kak 3AC, Ha- cTaTUUYecKMe MaliWHbI, TepMoGaTapen, con-
BO,ql/lele B nOCﬂe,D'OBaTe}'IbHO COE,U'VI- HeuYHble 6aTapeV| nTn B TepM06aTapeﬂx

ncnonb3yeTcAa CBOWCTBO [ABYX KOHTaKTOB
pa3HopoAHbIX mMaTtepuanos co3gasatb 3/[C
3a CYET pasHOCTM TemnepaTyp KOHTaKTOB.
WNccnepytoTesa BO3MOXHOCTM co3faHuns

HEHHbIX BWUTKax, CKaaAbliBawTCcH, TO
amnnntyga 34C nHAYKUMU B pamkKe
nponopyuoHasbHa 4Ymcny eé BUTKOB.

OHa nponopuyunoHanbHa Takxe amnau- NPUHUWNMANbHO HOBbLIX TUMOB reHepaTo-
Tyae MepeMeHHOro MarHUTHOro MoTo- poB. Hanpumep, paspabaTbiBalTCs TaK
Ka (PT = BS) yepe3 KaXxpgabli BUTOK, Ha3blBaeMble TOMAUBHbIE 3/1E€MEHTbI, B KO-
a TaKXe Yr/l0Bol CKOpOCTM Bpaue- TOpLIX 3Heprus, ocsoboxpaawuasca B pe-
Hus (cM. § 21). 3ynbTaTe peakuuu BOAOPOAA C KUCNOPO-

B 60/1bWKUX MPOMbILIMEHHbLIX TeHe- AOM,  HenocpeACTBeHHO  nNpeBpaljaeTcs
paTopax BpallaeTcA 3/MeKTPOMarHuT, B SMIEKTPUHECKYIO.

co3falwumnii MarHMTHOe Mose U Hasbl-

BaeMblii poTOopoM, a 06MOTKMN, B KOTOPbIX HaBoauTca JAC, HasblBaeMble cTaTo-
pOM, OCTAlTCA HEMNOABMXXHbIMU. [leNno B TOM, 4TO cusia ToKa B 06MOTKax a/iekK-
TpoOMarHuTa, co3jalWero MarHUTHoe Mose, 3HAYUTENIbHO MeHblle CU/bl TOKa,
0TAaBaeMoro reHepaTopoM BO BHeLl-

Hi0l0 uenb. lo3TOMy reHepupyemblii

TOK yAao6Hee CHMMaTb C HEMOABUX- r<
HbIX 06MOTOK, a 4epe3 CKONb3sAuMe

BCnoMHUTE yCTPOWCTBO reHeparopa
MOCTOSIHHOTO TOKa.
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KOHTaKTbl C NOMOWbK KOHTAKTHbIX

CoBpeMeHHbIi reHepaTop anek- .
Koney W WETOK NOABOAUTbL CPaBHW-

TPpUYeckoro ToKa — 3TO BHYLWMU- >
TeNbHOE COOpYXEeHUe M3 MeAHbIX NPOBOAOB, TeNbHO cnabblii TOK K Bpawakouemy-
N30NAUNOHHBIX MaTepuanoB W CTalbHbIX CA afieKTpoMarHuTy. 3T0T TOK Bbipa-
KOHCTpPYKUuit. Mpu pasmepax B HECKONbKO 6aTbiBaeTCcA OTAE/IbHbIM reHepaTopoMm
MeTpoB BaxHelwune pAeTann reHepaTopos MoOCTOAHHOrOo ToKa (Bo3byauTesnem),
M3rOTOBNATCA C TOYHOCTbIO A0 MUAIUME- pacnonoXXeHHbIM Ha TOM >e Basy.

Tpa. Hurge B mpupoge HeT Takoro codera-
HUA  ABVMKYLWMXCSA YacTell, KOTOpble MOru
6bl NOpPOXAaTb 3EKTPUYECKYD SHEepruio
CTO/Ib € HENpepbIBHO U 3KOHOMUYHO.

B ManomowHbIX reHepatopax mar-
HUTHOe none co3gaéTca BpawawW M-
CA MNOCTOAHHBLIM MarHMTom. B Takom
cnyyae Kosbua W WETKWM Boo6Le
He HYXHbI.

MosasneHne 30C B HeENOABUIXHbLIX 0O6MOTKax cratopa 06bACHAETCA BO3HWUK-
HOBEHMEM B HWUX BUXPEBOro 3/IEKTPUYECKOro Nnosisd, MOPOXAEHHON0o M3MEHEHUEM
MarHMTHOro NoToka MNpuW BpaweHWn poTopa.

TpaHcthopmaTtop. 34C reHepaTopoB 3/1eKTPOCTaAHLUMN, KakK MpaBu/io, He OYeHb
Benuka (okono 10—20 kB) no npuynHe onacHOCTM Npob6os 06MOTOK reHepartopa.
OpHako npu nepegade 3/1€eKTPO3HEPrum HeobXO04MMO yBenNuumBaTb HanpsikKeHue
ONA yMeHbLWEeHNA MNOTEPb B JIMHUW 3nekTponepegayun. Mexay Tem Ana npakTu-
YECKUX HYXA noTpebuteneil o6bI4HO Heob6xoaMMO Hanpsh>xeHue 220 unnu 380 B.

w s5u

Mpeo6pa3oBaHWe NEepPEeMEHHOro TOKa, MPU KOTOPOM HanpshkeHue yBenuunsaeT-
CA WAN YyMEHbWAeTCA B HECKOJbKO pas npakTu4Yecku 6e3 noTepyu MOWHOCTM, OCYU eCTBNSA-
eTcs ¢ nMoMmoubio TpaHchopMaTopoB.

YcTpoiicTBO TpaHchopmaTtopa. TpaHchopMaTtop COCTOMT M3 3aMKHYTOro cTasib-
HOro cepAeyHuKa, cobpaHHOro M3 NaacTUH, Ha KOTOPbIA HajeTbl ABe (MHOrga wm 60-
fiee) KaTyWwW KW C NPOBOMOYHbIMM 06MOTKamu (puc. 4.28).

OfHa 13 06MOTOK TpaHcopmaTopa, HasbiBaemMas MepBUYHONW, Nogknwya-
eTCcs K UCTOYHUKY MepeMeHHOro HanpsxeHusi. [pyras o6MoTKa, K KOTOpPOW npucoeaunHs-
10T Harpysky, T. e. npu6opbl 1 ycTpolicTBa, noTpe6nstol e 31eKTPOIHEpPru, HasbiBaeTcs
BTOPUYHOA.

YcnoBHoe o0603Ha4vyeHue TpaHchop-

Bne e aHcopmarTo 6
nepesie TpaHcpopmaropel Guinu MaTtopa npuBefeHO Ha puUcyHKe 4.29.

ncrnonb3oBaHbl B 1878 . pycckum

yuéHbIiM . H. A6 N104YKOBbLIM fNA nNuTa- TpaHcdopmaTop Ha X0/10CTOM
HUS M306PETEHHbIX UM 31EKTPUUYECKUX CBe- xoay. [JelictBue TpaHcpopmartopa oOc-
yeihi — HOBOrO B TO BpPeMs UCTOYHMKA cBeTa. HOBaHO Ha ABJIEHUUN J3/TEKTPOMArHUT-

HOW uWHAYKUMK. [py NpPOXoXAeHUU
nepeMeHHOro Toka no nepBUYHON 06MOTKe B Hell Bo3HMKaeT 3OC caMOMHAYKLUN.
B cepAeyYHUKe MOABASAETCA MepeMeHHbIi MarHUTHbIM NOTOK, KOTOPbIV BO36yXaaeT
340C MHAYKUMM B BUTKAxX BTOPUYHOU 06MOTKU. CepaeyHUK U3 TpaHCchOopMaTOpHOW
CTasiM KOHUEHTPUPYeT MarHUTHOe Mosie TaK, YTO MarHWTHbIA MOTOK CcyuiecTByeT
NPaKTUYECKN TOMbKO BHYTPU cepAeyYHMKA U OAMHAKOB BO BCEX €ro CeYeHMUnX.

Mpu U3MEHEHUW CO BpeEMeHeM MarHMTHOr0 MOTOKa B KaXAO0M BUT-
& Ke NepBUYHOA 06MOTKM BO3HUKaeT 3OC caMOMHAYKLUN

e = -P", (4.39)
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rAe CDU — MNPpOM3BOAHAA nNoTOokKa Mmar- ffﬁ MoaymaiiTe, nouemy cepgedyHuk ge- N
HUTHOW MHAYKLUUKN Yepe3 MOBEPXHOCTb, , w NAl0T HE CMOWHBIM, a COCTOSLMM
OrpaHMyeHHyl OAHWM BWUTKOM, MO \ N3 OTAENbHLIX MNACTHH.

BpemMeHu. Ecnm yncno BUTKOB B rMep-

BUYHOW 06MOTKe paBHO N1, To MrHoBeHHOoe 3HauyeHue I4C
caMmoMHAYKUMKM B 3To ob6MoTKe el = Ny. Tak KakK mar-
HUTHbIA NOTOK 4Yepe3 MEPBUYHYID U BTOPUYHYK O06MOTKM
0AMWHAaKOB, TO BO BTOPUYHOW 06MOoTKe nonHasa 34C MHAYK-
umn e2pasHa N2 (N2 — 4yucno BUTKOB 3TOW 06MOTKMWN).
OTciopa cnefyet, 4To

K

(4.40)
e2 N.

O6bIYHO aKTVMBHOE CONPOTUB/IEHNE 06MOTOK TpaHcdop-
matopa mMano, U UM MOXHO npeHe6peub. B 3aTom cnyudae
Hanpsi>keHne Ha MNepBUYHOW 06MOTKe paBHo JAC camo-
WHAYKUMW, B3SATOM ¢ o06paTHbIM 3Hakom. Torga

lui I~ iei F (4.41)

Mpn pasoMKHYTOW BTOPMYHOMN 0O6MOTKe TpaHcgopma-
Topa TOK B Hell He WAET M Hanps>KeHWe Ha Hell paBHO
94C wvHAyKunn, B3ATONW ¢ 06paTHbIM 3HAKOM, COOTBET-
CTBEHHO MMeeT MeCTO COOTHOLIEHUe Puc. 4.29

b2 |~1e2] (4.42)

MrHoOBeHHble 3HaueHus OA4C exn e2nN3MeHATCA CUHPa3HO (0OAHOBPEMEHHO [0-
cTUralwT MakcMMyma W O4HOBPEMEHHO MpoxoasAT 4epe3 Hynb). MMo3ToMy MX OT-
HoweHne B thopmyne (4.40) MOXKHO 3aMEHUTb OTHOLWIEHWEM AEeNCTBYHLW MX 3HaYe-
HUn ~ n <Katux 34C vnu, yuntbiBas paBeHcTBa (4.41) n (4.42), OTHOWEHNEM
OEeNCTBY U MX 3HAYEHNW Hanps>XeHwni O un U2-

Uo No

U Ni (4.43)

BennunHa K HasbiBaeTca KoapdpuumeHTom TpaHchopmaumm. OH paBeH
OTHOWEHWUI Hanps>KeHwWl’i BO BTOPUYHOWN M NepBUYHON O06MOTKax TpaHcdopmaTopa.

Mpn K <1 (N2< Ni) U2< Ux n TpaHchopmaTop SABNSAETCA MNOHMXaAKUWUNM,
anpm K>1 (N2>NJ U2> t/j n TpaHcopmaTop SB/IAeTCA MNOBbIW AW NM.

Pa6oTa Harpy>eHHoOro TpaHccdopmaTtopa. Ecnu K KoHuaM BTOPUYHOW 06MOT-
KN MPUCOEAVHWUTb LEeMNb, NOTPe6NALIYI 3/1eKTPO3HEepPru, UM, Kak rosopsr,
Harpy3uTb TpaHccopmaTop, TO cuaa ToKa BO BTOPUYHOK 06MOTKe YyXe He 6y-
JeT paBHa Hysnw. MosABMBWMKACA TOK €034acT B CepAeYHUKe CBOW MNepemMeHHbIl
MarHWTHbIA MOTOK, KOTOPbIA 6yAeT YyMeHblaTb M3MEHEHUS MarHUTHOro MoToka
B CepAevYHUKe.

YMeHbleHNe aMnAnTyAbl KosebaHUA pe3ynbTUPYHOLLEr0 MarHUTHOrO MNOTO-
Ka, Ka3anocb 6bl, [ONXHO, B CBOKW o04Yepedb, yMeHbWUTb 3OC caMOMHAYKLNK
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|:| 8§27 MPON3BOACTBO, MEPEAAHA W NMOTPEB/TEHUNE
3NEKTPUYECKOWM 3HEPTUU

Kak ycTpoeH reHepaTop nepemMeHHOro Toka?
Kakue (yHKUMWM BLIMNOMHSAT POTOpP W cTaTtop reHepartopa?
KakoB npuHUMN AeicTBUS TpaHcdhopmaTopa?

Mpon3BOACTBO 3/1EKTPO3HEPrMn. PaccMoTpum fgBa OCHOBHbIX TuNa 3/1eKTPO-
CTaHUWA: TennaoBble U TMAPO3NeKTpUUYecKne. PasnuyakwTcsa 3TU 3/1eKTpPoOCTaHUMM
ABUratenamun, BpalwarlWwmMmum poTopbl FreHepaTopos.

Ha TennoBbiXx 371eKTPOCTAHLNAX WCTOYHUKOM 3HEPrum sABNAeT-

CA TON/INBO: Yrosb, ras, HedpTb, Ma3yT, ropwouyme cnaHubl. PoTopbl (D
3/1eKTPUYECKNX TreHepaTopoB MNPUBOAATCA BO BpalleHUWEe MNapoBbiMU

W rasoBbiMM TypbuHamm uWAM ABUraTeNaMU BHYTPEHHero cropaHua. Hawubonee
3KOHOMWYHbI KPYMHble TeNJioBble NapoTYpPOMHHbIE 3/1EKTPOCTAHLNKN (COKpaLLéH-
Ho: T3C). BonbwwuHcTBo TAC Hawen cTpaHbl WUCNOAb3yeT B KayecTBe TonsumBa
YronbHY NblAb. ONA BbipaboTku 1 KBT o4 3nekTposHeprum 3aTpaymsBaeTcsa He-
CKO/IbKO COT rpammMoB yrns. B napoBom kKoTne cBbiwe 90 % BblAenseMol TONAU-
BOM 3Heprum nepepaértcsa napy. B TypbmHe KMHeTuyeckasa 3Heprusa cTpyn napa
nepepaérca potopy. Ban Typ6uHbI XECTKO coeAMHEH C Banom reHepartopa. Mapo-
Bble Typ6oreHepaTtopbl BecbMa 6bICTPOXOAHbI: YMCc/0 060pOTOB poTopa cocTasBnsaeT
HECKONbKO TbICAY B MUHYTY.

M3BecTHO, uTo KIJ[ TennosBbiX ABuUrateneil yBenmMuymBaeTcsd C MOBbIWEHWEM
TeMnepaTypbl HarpeBaTensa M COOTBeTCTBEHHO HaudanbHOW TemnepaTypbl pabouyero
Tena (napa, rasa). Noatomy nocTynawwmn B TypbuHy nap AOBOAAT [0 BbICOKUX
napameTpoB: TemnepaTtypy — no4dytu po 550 °C n paBneHne — pgo 25 Mlla. Ko-
aphpmuneHT nonesHoro gelicteua TAC pocturaet 40 %. Bonbwas yacTb 3HeEpPrumn
TepseTca BMecTe C ropsadymm oTpaboTaHHbIM napom. lpeBpaleHUsa 3Hepruun no-
Ka3aHbl Ha cxeme, NpuUBeAEHHOV Ha pucyHke 4.30.

TennoBble 3/1eKTPOCTAHUMM — TaK Ha3blBaeMble TEMNJI03/IEKTPOLEHTPANNn
(T3L) — no3BOMIAKT 3HAUYNTENbHYI 4YacTb 3HEPruM oTpaboTaHHOro napa WUCNosb-
30BaTb Ha MPOMbIWNEHHbIX MPEANPUATUAX U ANA 6bITOBbIX HYXA. B pesynbrate
KnAa T3aU pocturaetr 60— 70 %.

DHeprus TOILIUBA 1. Mexauun4yecKkas 9HEPIrusA
) \ ABUTAaTEIeH
BHyTpeHHAsA 9HepPrus napa
2. BEyTpeHHAA sHEPrusa

JInHus nepenayn
HarpeBaTeJbHBIX IPHOOPOB

Mexaauueckas (KMHeTHYECKAad)

|

SHeprus mapa
4 3. BHyTpeHHAS SHEPrUs
Mexanugeckas (KMHETHIECKAST) AKKYMYJIATOPOB
9HEPrusA TyPOUHEI - Iorepu
SHepruu
DJIeKTpUYeCKasA JHePrUs B mposonax
T3l MoTpebuTens

Puc. 4.30
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‘ g Ha rupgposnekTpocTaHumax (F3C) ana BpalweHUs poTOpOB reHe-

paTtopoB MCNO/Ib3yeTCA MOTeHUMaNbHaa 3Heprus BoAbl. PoTopbl 3nek-
TPUYECKUX FEHEepPaTopoB MPUBOAATCA BO BpalleHMe rmapaB/iNyvyecKumMu
TypbuHaMmn. MOLWHOCTb TaKOW cCTaHUWMW 3aBUCWUT OT co3faBaemoir MNOTUHOW pas-
HOCTM YypoOBHel BoAbl (Hanop) WU 0T Maccbl BOAbl, Mpoxoasuw,ern 4yepe3 TypOUHY
B KaXAyl cekyHay (pacxog Bofbl). MNMpeBpaweHna aHeprum nokasaHbl Ha cxeMme,
npuBeféHHON Ha puUCyHKe 4.31.

Mexanauueckas (HOTeHIIMAJIbHAA)
9HEPrus BOABI

1. MexaEudYecKasa 3HEPTUA

* IBHUTraTeJaen

Mexanudeckas (KHHETUYECKAS)

Jlnaus nepeaaun 2. BEyTpeHHAA 9HEPrusa

JHEeprus BOALI > HarpeBaTesbHBIX NPpUGOpPOB
Mexanuyeckas (KMHeTHUeCKAaA) ‘ 3. BHyTpeHHsAsA 3HEprus
aHeprus TypOUHbI
P vp HoTtepn AKKYMYJATOPOB
9HEPruu

3nex1‘puqecxaa SHeprusa B NPOBOAAX

rac MoTpebuTens
Puc. 4.31

FnaposnekTpocTaHuMm pakwT okono 20 % Bceli BblpabaTbiBaeMOW B Hallel
CTpaHe 3/1eKTPO3Heprum.

3HaunTeNbHY pOJSib B 3HEPreTUKe UrparwT aToOMHble anekTpocTaHuum (A3C).
O Hux Bbl npoymTaeTe B rnase 12. B HacTtodAwee Bpemsa ADC B Poccuwm parwoT
0K0/10 10 % 3/1eKTPO3HEPTUMN.

Mepepayvya snekTpoaHeprun. MoTpebuUTenn 3NeKTPOIHEPTUN WMMEKTCA MNOBCH-
ay. Tpon3BoaMTCA >Xe OHa B CPaBHWUTENIbHO HEMHOrMx mectax, 6/IM3KNX K WUC-
TOYHWUKaM TOMN/IMBO- N TUAPOPECYPCOB. DNIEKTPOIHEPru He yaaéTcsa KOHCEpPBU-
poBaTb B 60nbwKMX MacwTabax. OHa fosiXKHa ObITb NoTpebneHa cpasy >Xe rnocre
nonyyeHus. NMoatomy BO3HMKaeT HEO6XOAMMOCTb B Mepefayve 3N1eKTPO3IHEPTUM Ha
6onblWwKMe paccToaHUA.

Mepepfavya 3/1eKTPO3IHEPTIUM CBA3aHA C 3aMeTHbIMW MNOTEPAMWU, TaK KaK 3/1eK-
TPUYECKNIA TOK HarpesaeT npoBoja JWHWIA 3nekTponepegayn. B cooTBeTCcTBUM
C 3aKoHOM [>xoyna—JleHua 3Heprua, pacxogyemas Ha Harpes NpoBOAOB SINHUN,
onpepensietca opmynon

2
i r BbiBeauTe opmyny pacuyéta noteps \ Q = IRt = 3 Rt
9HEpPruyM B 3aBUCUMOCTM OT paccTo- '
AHWUA, HA KOTOpOe OHa nepegaércs.
rope R — conpoTuBsieHMe nuHmu, U — nepepaBaemMoe HanpsiXkeHune, P — mMoLy-

HOCTb WMCTOYHMKA TOKa.

Mpun ouyeHb 60NbLWONA ANVHE JIMHWK Mepefava 3HEPTUM MOXKET cTaTb 3KOHOMMU-
YEeCKW HEeBbIroOAHOM. 3HAUYUTeNbHO CHU3UTb COMPOTMBAEHME R NUHUU NpakTude-
CKW BecbMa TpyAHo. M03TOMY MPUXOAUTCA yMeHblIaTb cuay Toka I.

Tak KaK MOWMHOCTb MCTOYHUKA ToKka P paBHa npou3BefeHU0 CUNbl Toka |
Ha HanpshkeHue U, To AN yMeHblleHMs rMepefaBaeMoii MOULHOCTU HYXHO
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MoBbLICNTb NepefaBaemMoe Harnps>eHue B NUHUKN nNepegadnm. NMo3aToMy Ha KPYNHbIX
3/1eKTPOCTaHLMAX ycTaHaBNMBaKT MNOBblWawUWMe TpaHchopmaTopbl. TpaHchop-
MaTop yBenuumBaeT HanpshH>keHWe B SIMHUW BO CTOMIbKO >e€ pa3, BO CKO/IbKO pas
YyMeHbLlaeT CUNy TOoKa.

Uem A/IMHHEe NIMHUA Nepejadn, TeMm BbifogHee MCNoOMb30BaTb 60/1ee BbiCOKOE
Hanpsi>keHne. Tak, B BbICOKOBO/NIbTHOW NMHUM nepegayunm Bonxkckaa NAC — Mo-
CKBa W HEKOTOPbIX APYrMx MUCMoNb3ywT Hanps>XeHue 500 kB. Mexay Tem re-
HepaTopbl MepeMeHHOro ToKa HacTpamBalwT Ha Hamnps>eHus, He NpeBblWwakwUine
16—20 kB. Bonee BbiCOKOE Hanps>eHwe noTpe6oBasio 6bl NPUHATUA CNOXKHbIX
cneumanbHblX Mep ANAs M30AALUN 06MOTOK WU APYTMX 4YacTell reHepaTopoB.

Ana HenocpeACTBEHHOr0 MCMOMb30BaHUA 3/IEKTPO3HEPrum B ABUTraTeNnsax anek-
TponpusBoga CTaHKOB, B OCBETUTeNbHOW CeTU W ANSA APYTUX Leneli Hanps>eHue
Ha KOHUAX NUHUN HYXXHO MOHU3UTb. DTO AOCTMUraeTcAa C NMOMOLLbID MOHU>K Al LW Knx
TpaHchopmaTopoB. Obuwas cxema nepegaym aHeprun u eé pacnpegeseHnsa no-
KaszaHa Ha pucyHke 4.32.

AneKTpuyeckune cTaHunn psaga JHeprocucTema ob6ecneunBaer;
pal‘;IOHOB CTpaHbl O6'be,qI/lHeHbI BbICO- 6ecnepebOMHOCTb MNOJa4Ynm a3Hep-
KOBOJ/IbTHBIMU JTIMHNAMW 3/1eKTponepe- rmwu I'lOTpeﬁMTel'IﬂM BHe 3aBUCUMOCTU OT
fauun, 06pa3sysn 06Uy 3/IEKTPUYUYECKYHO mMecTa WX pacnonoxeHus. Celiyac noyTu
ceTb, K KOTOPON MOAKIIOYEHblI NoTpe- BCA TeppuTOopua Hawei cTpaHbl obecneun-

BaeTCsi 3M1eKTpo3aHeprmeit 06befUHEHHbLIMU
aHepreTuyeckumu cuctemamu. [JeiictyeT
EpnHaa aHepreTMyeckas cuctema eBpo-
necko 4YacTu cTpaHbl.

6utenn. Takoe o06beMHeHMe, Ha3biBa-
emMoe aHeprocucTemMoli, AaéT BO3MOX-
HOCTb Cr/1aAuTb MNWUKOBbIE Harpysku
notpe6feHUa 3Heprum B YyTpeHHUe
N BeuyepHME 4vachl.

MoTpebneHune 3/1IeKTPO3HEPIUn. Tennosas
naBHbIM notpebutenem 3/1eKTpo- 3aneKTpocTaHumnAa
3Heprun ABnseTca NPOMbIWJIEHHOCTb, 11 kB
Ha 407110 KOTOPOM NPMXOAMUTCA OKOJ0
70 % NPonN3BOANMON 31EKTPO3HEpP- MOBbILL AN LM
rum. KpynHbIM noTpebuTenem ABAA- TpaHcopmaTop
eTca TakXe TpaHcnopT. Bce 6onbliee 110 kB

KO/IMUEeCTBO >KesIe3HOAOPOXKHbIX J1U- =
HWUA NepeBOAMTCS Ha 3N1eKTPUUECKYIO
TAry. [louyTu Bce [JepeBHM U céna .
nonyyawT 3/1eKTPOIHEPTUIO OT 3NeK- MoHmxatowmn
TpoCTaHUMW [ANS MPOU3BOACTBEHHbIX TpaHcthopmaTop
N BbITOBbLIX HYXf. 35 kB

Bonbwaa  4yacTb  MCNOAb3yeMoli
3/1eKTPO3HEpPrumn cervyac npesBpawjaeT-
Csl B MeXaHu4ecKyl 3Hepruw. MMouTn .
BCE MeXaHWU3Mbl B MPOMbILIJIEHHOCTM l'Io'rpe6n'rem, MoTpebuTenm
npuBoOAATCA B [ABUXXEHUE 3JIeKTpuye-
CKUMMK paBuratensamu. OHWU y[o6HBI,
KOMMaKTHbI, AO0MNYCKalT BO3MOXHOCTb
aBTOMaTM3auuu MNPoOU3BOACTBA.

OKO/lI0  TpeTu  3/1IeKTPO3IHepruu,
notpebnsemon MPOMBbILINEHHOCTbIO, Pwnc. 4.32

MoHwvxawnin
TpaHchopmaTop
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ncnonb3yeTca ANS TEXHONOTMYECKUX Leneid (3nekTpocBapKa, 3/IEKTPUUYECKUN Ha-
rpes W nnaBneHWe MeTannoB, 3NeKTPONU3 U T. Mn.).

MoTpe6HOCTb B 3/IEKTPOIHEPTUM MNOCTOSSHHO YBENMYMBAETCA KaK B MPOMbILL-
NIEHHOCTU, Ha TPaHCNOPTe, B HAYUYHbIX YUYPEXXAEHUSIX, TaK U B ObITy.

Bo3amoXHocTn pfna 6onee 3PPeKTUBHONO WUCMNONb30BAHUSA 3/1EKTPO3HEPTUU
umetoTca, N Hemanble. OfHa M3 HWX CBA3aHa C OCBeLleHWeM, Ha KOTOpoe pacxo-
ayeTcss okono 25 % BCcell MPoOM3BOAMMON 3NeKTpoaHepruu. B HacTosiuiee Bpems
B HalleWl cTpaHe UCNONb3YTCA KOMMAaKTHble NIOMUHECLEHTHbIE flaMNbl, KOTOpPble
noTpe6nsa0T Ha 80 % MeHblle 3/1eKTPOIHEPTUM, YEM NaMnbl HakanusaHus. CTou-
MOCTb TAKWUX JlaMN 3HAYUTENIbHO MpPeBbIWAET CTOMMOCTb 06bIYHbIX, HO OKyNnakwTCs
OHW 6blcTpO. Hapsigy ¢ 3TMUM W caMble MPOCTble Mepbl MO0 3KOHOMHOMY MpuMe-
HEHWIO OCBELLeHWA B AOMax W MPOM3BOACTBEHHBLIX MOMELW,EHUAX CMNOCOGHbLI AaTb
Hemanbli apdekT. He Hafo ocTaBNSATb HAMPAacHO BKAWYEHHBLIMUK Namnbl, He06X0-
AWMO No3aboTUTbCA O TOM, 4TOOGbl OCBeW aNNCb NUWb paboyne yyacTKu, U T. 4.

MmeeTcss U MHOXECTBO APYTMX BO3MOXHOCTe MoBbiWeHUA 3D(PeKTUBHOCTH
MCMNONb30BAHUSA 3MeKTPOIHEPTUM B 6bITY: B XONOAW/bHbIX YCTaHOBKax, TesleBU-
30pax, KomMmmnblTepax M T. A. C3KOHOM/IeHHble CpeACcTBa MOXHO WCMo/b30BaTb
ANnst pa3paboTKu, Hanpumep, YCTPOWCTB, MpeobpasylliMX COMHEUYHYH 3HEeprut
B 9/1eKTpunyeckyto. Bonbluve HagexAbl Bo3fnarawTca ceiiyac Ha MonyyvyeHue aHep-
r’MN ¢ MOMOLLbIO yNpaBAsieMblX TEPMOSAAEPHbIX peakuuin. dnekTpocTaHLWK, B KO-
TOopbiX 6YAEeT UCMONb30BaTLCS OrPOMHAs 3Heprusi, BbicBo6oXAgalLWwascsa npu spep-
HOM CUHTe3e, He 6yAyT npeacTaBnATb CTONb 6OMbLWOKA ONACHOCTU, KaK 06blUYHble
aTOMHbIE 3/1IEKTPOCTAHL UK.

TR

| BAXHO

Saniinnd MpuoputeT AO/MKEH OblTb OTAAH yBeNnMYeHuto 3(PPEeKTUBHOCTU WUCMOMb30BaHUA
31EeKTPO3HEPTNN, a He MOBbILWEHNIO MOLLHOCTM 3N1EKTPOCTaHLUWIA.

T3C. I3C. NyTM 3KOHOMWUWN 3INTEKTPUYECKOW 3HEeprum

1. MpuBeanTe NpuMepbl MaWMH U MeXaHW3MOB, B KOTOPbIX COBEPLIEHHO He MCMO/I
i 30Banca 6bl 3N1EKTPUYECKUA TOK.
2. Yero nnwmnnucb 6bl XXNTenn 60NbLWOro ropoga npu aBapuun 3NeKTPUYECKOM
cetn?

‘”‘ 3. Kak ocyuiecTBnsieTcs nepejavya 3/71€KTPO3HEPTMUN Ha 6onblune paccTOAHUA?

4. B 4éM npeumyuiecTBa nepegayn IHeprum Ha 60MblIMe PACCTOSAHUS MPU UC-
NoNb30BaHMMN MOCTOSIHHOTO TOKAa?
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§ 28 TPWMEPblI PELWLEHNA 3A0AY MO TEME
«TPAHC®OPMATOP. MNMEPEOAYA SJIEKTPO3SHEPI N>

Mpu peweHUn 3agay Mo AaHHOW TeMe HYXXHO MpeXfie BCero noHUMaTh, B Ka-
KMX ycnoBuax paboTaeT TpaHcopmaTop: MPU HaIUYUKM HArpy3Ku WAU Ha X0M0-
cTOM xo04y. Heo6xoAMMo 3HaTb fABe XapaKTepUCTUKM TpaHcdopmaTtopa: Koagpdu-
UMEHT TpaHcopmMaLmm, KOTOPbIA MOXeET GblTb 60/blIE WUAM MEHbLUE eqUHULbLI, U
KO3 PULUMNEHT MOSIE3HOTr0 AeNCTBUSA, KOTOPbI BCerga MeHblie eauHULbI.

3apava 1. MepBuyHaa ob6MoTKa TpaHchopmaTopa B pagnonpuémMHMKe umeeT
N1 = 2000 BUTKOB, Hamnpsi>keHWe Ha MNepBUYHON 06MOTKe (Hanpsh>XeHuWe OT CeTU)
Ul = 220 B. Onpeaennte umcno BUTKoB N2 B0 BTOPUYHOIA 06MOTKe, Heobxoawu-
MOe A/19 HOPMasibHOro HarpeBaHuUsa cnupasiv namnbl, pacCHMTaHHOW Ha HanpsXe-
Hue Un = 10 B u cuny Toka /n= 0,5 A. ConpoTuBneHne BTOPUYHON O06MOTKMN
R = 2 Owm.

PeweHwne. NHayuupyemasas B nepBuyHOW o6MoTKe 3AC npubAn3nNTenbHO

Jalos

paBHa nofjaBaemMoMy Ha TpaHcopMaTop HamMps>KeHWU: ~ U\- OTcio-

Aa CKOPOCTb M3MEHEHNA MarHMUTHOro nNOoToka B BUTKE AaHHOIO TpaHC(bopmaTopa

e _ U,
At ~ N (D
ConpotuBneHne namnsl Nn = —. Torga SAC, nHagyuupyemas BO BTOPUUHOM
06MOTKe,
R) = N2'D'¢ 2
*2 = K<gn R = At - (2)

MopctaBus B hopmyny (2) BbipakeHne (1) gNnA CKOPOCTU U3MEHEHUS MArHUT-
HOro noToka, HaligéM 4YMco BUTKOB BO BTOPUYHOW 06MOTKE:

y*, + R
- 100 BUTKOB.
palo)
At

3apaya 2 TpaHchopmaTop, NOBbIWAKLWNA Hanps>XeHUe
c Ul= 120 B go U2 = 360 B, nmeeT 3aMKHYTbIi ceEpAevYHUK U
B BMAae kKosnbua (puc. 4.33). Yepe3 KoMbuO NponyuieH Mpo- 1
BOJ, K KOTOPOMY MpPUCOeAUHEH BOMbTMETP, NMOKa3biBalLWNiA
Hanps>eHne UO = 0,5 B. Onpegenute, CKOJIbKO BWUTKOB
MMET MnepBUYHaAs M BTOpMYHaA 0O6MOTKM TpaHchopmaTopa.

uo

PeweHwne. TllokasaHud BosibTMEeTpa onNpefesiadT CKO-
pocTb U3MEHEHUA MarHMTHOro nNoTokKa 4epe3 OAWUH BUTOK:

ao

Uo = At Puc. 4.33
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Kak Mbl 3HaeM, feicTeyowme 3HavyeHus SAC WUHAYKLUWUMK, paBHble AelicTBYHO-

Pl Oo
WKnM 3HavYeHUam Hanps>xeHunsa, L ~U 42 = ~ No,-
ui C,
OTciopga JWN=— = 240BuTkKOB, N2 = — ' = 720 BUTKOB.
no Co

3apgava 3. lNMepBuyHaa 06MOTKa MOHMXKAKLWeEro TpaHchopmMaTopa BKJ/YeHa
B CeTb € Hanps>eHuem Ul = 380 B, Hanps>XeHuMe Ha 3aXKuMmax BTOPUYHOK 06-
MOTKW, CONPOTUBAEHWe KOTopon paBHo R2 = 2 Om, U2 = 25 B, a cumna ToOKa,
nayuiero 4yepes Heé, .. = 1,5 A.

Onpegenute KoahpuuneHT TpaHchopmaynm n KMpg tpaHchopmatopa. MoTepwn
3HEpPrum B NepPBUYHON 06BMOTKE He yuuTbiBanTe.

PeweHwne. KoapduumeHT TpaHchopmaumm K paBeH OTHOWEHMWK Hanps-
XXEHUA Ha BTOPUYHOWA 06MOTKe TpaHcopMaTopa K HanpsiXXeHW Ha nepBUYHON
06MOTKe (Hanps>keHue Ha BTOPMUYHOA O0O6MOTKE pPaBHO CyMMe HaMNpPs>XeHW Ha eé
3a)XXMMax M Ha eé aKTUBHOM COMPOTUB/IEHWUWN):

Uz + IzR2 = K ~ 0,07.
L,
KN4 TpaHcopmaTopa B AAaHHOM cjy4yae paBeH OTHOLWEHWK MOLWHOCTWU, CHU-
MaeMol C 3aXXUMOB BTOPUYHOW O0OMOTKMW, K MOMHOA MOWHOCTM, Bblgensatuieincs
B Hel:

100 % ~ 89 %.
12(U2 + 12R)

3agava 4. OnpegennTte MOWHOCTb, TepAeMYyl B JIMHUW 3NeKTponepefadyn nog
HanpshbkeHuem 35 kKB npu nepepgavye mouiHocTtn 1 MBT Ha pacctosaHume | = 80 Km
no MeAHbIM MPoOBOAAM MAOWaAbi MoONepevyHOro cedyeHnsa 15 mm2. CaBur gas Mex-
Ay TOKOM W Hanps>XeHwem B Harpyske ¢, cos ¢ = 0,7.

PeweHne. MouwHOCTb, TepsieMasl B NpoBojax,

PreP = [I'l*- 1)
. P
Aencteylowee 3HavyeHune cuabl ToKa | = -—-meeme- , COnMpoTuUBNEHUEe MNpo-
U cos<p
BogoB R = p— . T[o Tabnuvue Hangém yAenbHoe COMNPOTUBAEHUE MeAU:
o]

p=17 «10-. OM *MM:/Mm. Ob6paTum BHMMaHWe Ha TO, YTO B JaHHOM criyyae
He MMeeT cMbicnla nepeBoAUTb eauHMubl B CU, Tak KakK njaouwajb MonepevyHoro
ceyeHMsA NPOBOAOB AaHa B KBaApaTHbIX Munammerpax (Mm2).

MogcTtaBmMB 3TM BblipaXeHua B dopmyny (1), nonyuyum

Ptep = qulgcgs\zqo = 3 «10s BT.

MoTepu pocTaTodHo 6onblive: TepseTcs okono 30 % nepefaBaemMoli MOLLHO-
cT!.
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KONNEBAHWA N BOJIHbI m
3ajayn AN1A camMOCTOATE/IbHOrO peLlleHus

1. Ha ckonbko 60nblle A0/IXKHO 6biTb YMC/I0 BUTKOB BO BTOPUY-
HO 06MOTKe TpaHcopmaTopa C Koa(hpuUuUMeHTOM TpaHchopmauum,
paBHbIM 4, eCnn 4YnUCN0 BUTKOB B MepBMYHON 06MOTKe paBHO 1000?

2. MepBuuHas o06MOTKa MOHMXKaKWLWero TpaHchopMaTopa BKJ/IlOYeHa B CceTb
nepemMeHHOro Toka ¢ HanpsikeHnmem C7X= 220 B. Hanpsa)XeHue Ha 3aXumax BTO-
pUYHOM 06MOTKWU, conpoTmBneHue kKotopom R2= 1 Om, U2= 20 B. Cuna T0Ka BO
BTOPMYHON o6mMOTKe 2 A. Onpegenute KIMJ[ TpaHchopmatopa U KOIGQPULNEHT
TpaHchopmaymu.

3. OnpeaennTte, Ha Kakoe paccToOsHME MOXHO MNepefaTb 3/1EKTPOIHEPTUIO MOLY -
HoCcTbio 100 KBT Mo mMeAHbIM NpoBoAgaM naow,ajblo MONEPEevYHOro cevyeHUs 25 MM.
npu apdekTnBHOM Hanps>keHun 20 KB, NpuM 3TOM NOTepUM He AOMKHbI MNpPeEBbl-
watb 10 % (COS P= o ,s).

4. Mo ABYXNPOBOAHOW NMHUK nepefaétca MouiHocTb 80 KBT. ConpoTuBneHue
KaXaom nuHmn 5,5 @ 10-. OmM. Ha CKONMbKO MOXHO CHWU3UTb MOTEPU MOLW,HOCTMH,
ec/iM B Hayane JIMHUU MNOBbLICUTb HaMNpPsXeHue B 10 pa3, a B KOHUE MOHU3NTb
B 10 pa3 ¢ nomouwbto TpaHcghopmaTopoB, KIM/4 koTopbix 99 % ? BbipabaTbiBaeMmoe
n notpebnsemoe Hanpsi>keHue pasHo 120 B.

5. ConpoTuBAeHne ABYXMNPOBOAHOW nAvHUM 0,92 Om, geicTBylou,ne 3HavyeHus
cunbl TOoKa, mayuwero no nuHum, 580 A, a HanpsixxeHuna — 18 kB. OnpegenuTte
noABOAMMYK MOLWHOCTb WU MOTEPM MOLWHOCTW B MpoBojax.

g

MMoBTopute matepuan rnasel 4 NO cnepywuwemy naaHy:

1. BbINNWMNTE OCHOBHblE MOHATUA N (PMU3MYECKUE BeNNYUHbI U faliTe UM onpegeneHue.
2. 3anuwunTte OCHOBHble (HOPMY/bI.
3. YKaxute eagnHULbl PU3MYECKNX BeNIMYUH. Bbipa3nte nx yepes 0CHOBHble efguHULbl CU.
4. OnMwnTe ONbITbI, NOATBep)KAallL,Me OCHOBHble 3aKOHOMEPHOCTHU.
«ycnexn n nNnpo6semMbl 3/1eKTPOIHEPTEeTUKN»
1. XapaKTepucTuKM WUCTOYHUKOB 3NEKTPUUYECKOW 3Heprum (BeTpsAHble, CONHeY-
Hble, TepMalbHble, NPUAUBHbIE, TENNOBbIE WU Ap.).
2. CoBpeMeHHble 3neKTporeHepatopbl (TEXHUUYECKUE PpeleHus, napaMmeTpsl,
TEHAEHLUMN COBEpPLIEHCTBOBaHUA).
3. CoBpeMeHHble CUCTeMbl nepefayn 3NeKTpoaHeprun. HepaBHOMEPHOCTb
Harpyskm un nytn eé crnaxusaHua. OHeproceTu.
4. Cxema pacnpefieneHUs 3Hepruy B COBPEMEHHON KBapTupe.
5. Okonornyeckne npob6nembl, CBSA3aHHble C COBPEMEHHON 3HEpPreTUKOIi.
T «MopennpoBaHue rMapo- UAW TeN0BOW 3aneKTpocTaHuMu. PacuéTt eé KrMo»
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MEXAHNYECKWE BOJIHbI

TNABA 5.

B aTton rnaee paccMmoTpuUMm CBOMCTBA MEXAHWYECKUX BOJIH.

l 3§ 29 BOJIHOBBbIE ABJIEHNA. XAPAKTEPUCTUKW BOJIHbI

BcnoMHWTe OCHOBHble XapaKTEPUCTUKU MeXaHUYeCcKux KonebGaHuii.

OTAenbHble YacTuubl N6oro Tena — TBEPAOro, XMUAKOF0 UAN rasoobpasHo-
ro — B3aMMOelCcTBYOT APYr ¢ Apyrom. MoaTomMy ecniu Kakas-nu6o vactumua Tena
HauMHaeT coBeplwaTb KoneGaTeNbHble ABUXXEHWUS, TO B pe3y/nbTaTe B3aMMoOfeii-
CTBUS MeXAy 4vacTuuamu 3T0 ABUXKEHWe HauMHaeT ¢ HEKOTOPOW CKOpPOCTbi0 pac-
NPOCTPaHATLCA BO BCEe CTOPOHBI.

Mpouyecc pacnpocTpaHeHusi Kone6aHWi B NpoCTpaHCTBe C TeYeHWEM BpeMe-
HU Ha3biBaeTcA BOJSIHOBbLIM MPOLLECCOM.
NocnepoBaTenbHoe BO3HUKHOBEHWE Kone6GaHWl B Touykax, yAanéHHbIX OT WCTOYHUKA,
Ha3bliBaeTCcs BOJIHOMN.

Hanb6onee O0TYETAMBO rNaBHble 0COH6EHHOCTU
BOJTHOBOIO [JBVMXXEHUSA MOXHO YBWUAETb, €cnun
paccMaTpuBaTb BOJIHbl Ha MOBEPXHOCTU BOAbI
(puc. 5.1). 3710 MOryT 6bITb, HanNnpumep, BOJIHbI,
KOTOpble MNpeAcCTaBAAKT cob6oi 6Geryuime Brepég
OKpyrnble Basnbl. PaccToAHMA MeXAy Banamu,
nnn rpebHAMN, NMPUMEPHO 0AMHAKOBbI. OaHako
ec/In Ha MOBEPXHOCTUM BOAbI, MO KOTOPOMA 6eXunT
BO/IHA, HaxoauTca NErkuii npegmeTt, Hanpumep
NUCT ¢ gepesa, TO OH He OyfAeT yBrekaTbCA Brhe-
péa BOMHOIM, a Ha4yHET coBeplwaTb KosebaHUsA
BBEPX M BHMW3, 0cTaBasiCb MOYTM Ha OAHOM MecTe.

Mpu BO36YXAEHUM BOMHLI NPOUCXOAUT MPOLECC pacnpocTpaHeHUs kKonebaHwuii,
HO He nepeHOC BeuecTsa.

CKOpOCTb BOJIHbl. BaHellweli xapaKTepUCTUKOW BOMHbI SABNSIETCA CKOPOCTb
eé pacnpocTpaHeHUs. BonHbl N060M Npupoabl pacnpocTpaHAKTCA B NMpocTpaHcTBe
He MIHOBEHHO. VX cKopocTb KOHedyHa. Ecnu, Hanpumep, npeacTtaBUTb, UYTO Hapf
MOpeM feTUT 4YaiKa, NMPUYEM TakK, 4TO OHa BCE BpeMs oKa3blBaeTCs Haj TOJIbKO
4TO BO3HUKWMUM (NepeaHUM) rpebHeM BOJIHbI, TO CKOPOCTb BOJIHbI B 3TOM c/iyyae
paBHa CKOPOCTWU 4Yaiiku.

MonepeyHble BOMHbI. Ecn 0AWH KOHel WHYypa 3aKpenuTb W, C/er-
£.N Ka HaTAHYB WHYP PYKOl, NnpuBecTn APYroi ero KoHel, B KonebaTesib-
*>>) HOe ABWXXeHMe, TO MO WHYpPY nob6exunT BonHa (puc. 5.2). Kaxpablii
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yuyacToK wWHypa o6nagaeT Maccol W ynpyro-
cTbio. Mpu gepopmauum casura B nw6om cede-
HUW WHYpa MNOABASAKTCA CUMbI YNPYyrocTu. 3Tn z
CUNbl CTPEMATCA BO3BPATUTb LWIHYP B MCXOAHOE
nonoXeHue. 3a CYET MHEPTHOCTM yyacToK Kone-
6niwouLerocs WHypa He ocTaHaB/MBaeTcsa B MNoO-
NOXXEHUN paBHOBecuUsA, a MpPoOXoAMUT ero, npo-

Puc. 5.2
Ao/Kas ABuUratbca 40 Tex nop, noka
CUMbLI YNPYrocTW He O0CTaHOBAT 3TOT )
yyacTok. dTo 6yaeT B MOMEHT MaKCu- MNogymante, nodemy MmexaHude-
CKU B Hbl Ha3blBawT n rmmun
MafibHOro OTK/OHEHUS OT MOOXEHUS C € Bon ynpy
BO/THaAMMW.
paBHOBeCUS.

BO/HbI, Yy KOTOPbIX KofeGaHWa 4yacTul, coBepllakwTcAa B HanpaBneHuu, nep-
NeHAWKYNSIPHOM HanpaBfieHW0 pacnpocTPaHEHWUs BOJHbI, Ha3blBATCA MNOMNEepeyYHbIMU
(puc. 5.3).

*  Korpga Mbl roBOpMM O KOonebaHMsAX 4YacTuy cpeabl, TO UMeeM B BuAy kKonebaHus
Manbix 06bEMOB cpefbl, a He KonebaHWs Monekyn.

CKOpOCTb BONHbI 6OypaeT Tem 6o0nbllie,
YeM CUJIbHEE HaTAHYT LWHYP. HanpagneHue

PaccmoTpnm Tenepb npouecc pacnpo- pacnpgg;&ﬁ:eHMﬂ
CTpaHeHUs NonepevyHOW BOJIHbI Ha Moje-
M — uenovyke OAMHAKOBbIX MeTaninye-

4 A HanpaBneHune

CKMX WapoB, MNOABELEHHbIX Ha HUTAX. Koe6aHuin

Lapbl cBA3aHbl MeXAay Cc060i MNPYXUH-

kamn (puc. 5.4). Macca NPY>XMHOK MHO- Puc. 5.3

ro MeHblle Maccbl WapoB. B aToii mMogenwu

WHEepPTHble N ynpyrve cBoWcTBa pa3jefneHbl: Macca COCpefoToYeHa B OCHOBHOM B
wapax, a ynpyrocTb — B Npy>XWHKaxX. OT0 pa3fefsieHMe Hecylw,eCTBEHHO NMpu pac-
CMOTPEHUN BOJIHOBOIO [ABUXXEHUS.

Ecnn OTKNOHUTbL NeBblli KpaMHWIi Wap B ropu3oHTa/IbHOW MIOCKOCTU, HamMpwu-
Mep BAO/SIb OCKM Y, MepneHAMKYNSAPHO BCeli Lenoyke LapoB, TO MpPUKpenséHHas
K HeMy npyXWHkKa 6yaet gedopmmpoBaHa W Ha .- Wap HaA4YHET pgercTBoBaTb
cnna, 3acTaBNsAsi ero OTK/IOHATbCA B Ty Xe€ CTOPOHY, KyAa OTK/MOHEH - wap.
BcrneAcTBME MHEPTHOCTU ABWMIXKEHWe 2-ro wapa He 6yaeT MPOUCXOAUTb CUHXPOHHO
c 1-m. Ero gBmxeHue, nosTopsioliee ABUXKeHWe 1-ro wapa, 6yfeT 3anasfbiBaTb
no BpPeMeHMU.

Ecnn 1-h wap 3acTaBuUTb Kosebatbcsa ¢ nepmoaom T (PYKOW mnu ¢ nomMouw,blo
Kakoro-im6o mexaHumsma), TO »-W Wap ToXe NpuaET B KonebaTenbHoe [ABUXKe-
Hue BCAeg 3a :-M, NPUYEM C TOl >Ke 4acToTOol, HO C HEKOTOPbIM OTCTaBaHWu-
em no ¢pase. Wap 3-ii nog pevicteBMemM cunabl YNPYrocTu, BbI3BAHHOW CMeL,eHU-
em :-ro wapa, ToXXe HayH&T konebaTbcA, ewé 6onee oTctaBasds no dase OT :-ro
n T. 4. HakoHey Bce wWapbl CTaHyT coBepwaTb KosiebaHWs ¢ OAHOW W ToW Xe
4acToTOW, HO C pas3MyHbIMK ¢dasamu. Takmm o6pa3oM pacnpocTpaHseTcsa no-
nepeyHas BOJIHA.
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Ha pwncyHke 5.5, a—e wnsobpa-

R Yemy paBHa pa3HOCTb (pa3 koneba-
>XXEH npouecc pacnpocTpaHeHWs BON- Ui 1-T0 1 4-r0, 4-ro u 10-ro, 7-ro
Hbl. [lokasaHbl MO/I0XKEHUA LWapoB n 10-ro wapos?

B nocsiefgoBaTesibHble MOMEHTbl Bpe-
MeHWN, OoTCToAlWMEe APYr OT Apyra Ha

= Ha MOBEPXHOCTM XXWUAKOCTW, Ha-
yeTBepTb nepuopa KosnebaHuii (Bug

npuMep BOAbl, MOFyT CyuU,ecTBO-

ceepxy). CTpenku y wapos — 370 BaTb MOBEPXHOCTHble BOMHLI, NpWU pac-

BEKTOPblI CKOpPOCTEU WX ABUXEHNA NPOCTPaHEHUU KOTOPbIX KONeGaHus vacTul

B CooTBeTCTBylOUW ME MOMEHTbLI Bpe- onpeaensoTcs AeilCcTBUEM CUN  TSHXKECTU

MEHMU. W CUN NOBEPXHOCTHOTO HATAXEHUS, a He
COBWUT C/OEB OTHOCUTEsNIbHO APYT CUN YyNpyrocTu.

Apyra B rasax W >XWUAKOCTSIX He npu-
BOAMUT K MOSIBIGHUWIO CUA ynpyrocTu. Mo3aToMy B rasax M XWUAKOCTAX, B oTAnYne
OT TB&PAbIX Tes, He MOTyT CylU,ecTBOBaTb MOMepeyYHble BO/HbI.

MonepeyHble BOJIHbI BO3HWKAT B TBEPAbLIX Tenax.

MpoaonbHble BOMHbI. Ho Kone6aHuWsa vacTul, cpeabl MOTryT Mpowuc-
X0AUTb W BAONMb HaMpaBfeHWs pacnpocTpaHeHWa BOMHbI (puc. 5.6). &

wsanmr BonHbI, Y KOTOpPbIX KOonebGaHWa 4yacTuly coBepwakwTcs BAONb HanpaBneHus
pacnpocTpaHeHUAa BOJIHblI, Ha3blBalOTCA NMPOAO/IbHbIMW.

MpofonbHY BOMTHY yao6HO Habnto-

faTb Ha ANVMHHOW MATKOW MpYyXWHe HanpasneHue X
6onbLWIOro AuameTpa. Ypgapus najo- HanpaBneHne pacnpocTpaHeHuUs
HblO MO OAHOMY M3 KOHLL0OB MPY>XWHBbI KoneGaHwui BOJ/IHbI

(puc. 5.7, a), MOXXHO 3amMeTUTb, Kak Puc. 5.6

cokatme (ynpyruihi ummMnynbc) 6exuT
no npyxuHe. C nomMowbio cepuun nocnegoBaTesb-
HbIX yAapo0B MOXHO BO36YyAUTb B MPY>XWHe BOJIHY, 7
NpeAcTaBfisilOUWY0 COGOM noc/iefoBaTesibHble CXa-  g) (()
TUS N pacTsXKeHUs NPY>XWHbl, beryuwume Aapyr 3a
apyrom (puc. 5.7, 6).

MNTak, B NpoAonbHOA BOMIHE npoucxoauT pedop-
Maumna oOKaTua N pacTad>KeHnsa. Cunibl ynpyrocTtu,
CBsA3aHHblIe C 3TolW pgedopmaymenn, BO3IHUKAKT Kak 6)
B TBEpPAbIX Tesax, Tak W B XWUAKOCTAX W rasax.
3TU cunbl BbI3bIBAT KosebaHUA O0TAE/bHbIX y4yacT-
KOB cpepabl. f

MpoAO/NbHLIE BOMHbI MOTYT PacnpocTpaHATbLCA BO BCEX ynpyrux cpepgax, T.e.
B TBEPAbIX Tefax, XUAKOCTAX M rasax.

Ha w™mogenu ynpyroro Tena B BWAE LLEMNOYKM MACCUBHbIX LWapoB, CBA-
3aHHbLIX MNpy>XWHKamu (puc. 5.8, a), MOXHO Ha6nwaaTb TakKXe W npouecc
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pacnpocTpaHeHUs NPOAOSbHbLIX BOAH. LLlapbl mojgBeweHbl B 3T0T pa3 TakK, 4To6bl
OHM MOrM Kone6aTbCsA TONbLKO BAOMb Uenoyku. Ecnm 1-i wap npuvBecTM B KO-
ne6atenbHoe ABWXXeHUEe C nepuogom T, To BAOMb LEMOYKM MNOBGEXUT MPOAONb-
Hasi BO/IHA, coCTosIWas W3 YepeAyLU MXCS YNAOTHEHWI W paspeXxXeHun wapos
(puc. 5.8, 6). ITOT PUCYHOK COOTBETCTBYEeT PUCYHKY 5.5, e Ansa cnydas pac-
npocTpaHeHUa MNOMepeyvYHOW BOJIHbI.

B TBEpAbIX Tesnax CKOPOCTb MPOAO/NbHbLIX BOJIH 6onbwe CKOpOCTM nonepeyHblX.

PAAIN?  BoieguTe hopMyny Ans onpejene- Pa3nnuune 3aTux ckopocTeih YUYUTbI-
HUA PpaccToAHWA OT JaHHOW TOouKM BaeTcA MNMpu onpepesieHNU paccToaHUA
[0 oyara 3emMneTpAceHus. 0T ouyara 3emMseTpsceHUsa [0 CelCMMU-

YecKOW cTaHuuuM. BHauvane Ha cTaH-
LN perucTtpmpyetca npoponbHasa BoNHa. CnNycTa HEKOTOpOoe BPeMsA pPerncrpu-
pyeTca nonepeyHas BOMIHA, Bo36yXxjgaemas Npu 3eMAeTPACEHUW OLAHOBPEMEHHO
C NpoAosibHOW. 3Has BpeMs 3anas3fblBaHMs MNOMNepeyvyHOM BOJSIHbI, MOXHO onpege-
NUTb paccTofAHMe [0 o4ara 3eMNIeTPACEHUSA.

OHeprusa BonHbl. MNMpu pacnpocTpa-
HEHUM MeXaHUYEeCKOW BONIHbI ABUXe-
Hue nepepaérca OT OAHMUX YacTuy cpe-
Abl K apyrum. C nepegaveii oBUXeHUsA
cBA3aHa nepegava 3Hepruun. OCHOB-

12345678 9101112131415161718
CTET AL | | ] | | | || HOe CBOWCTBO BCEX BOJ/IH He3aBUCUMO
0) 000000000 @ 20000000 0T WX MNPUPOAbI COCTOUT B MepeHoce
| A J UMW 3Heprnum 6e3 nepeHoca BellecTBa.

JHeprus noctynaeT 0T WUCTOUHUKA,
Bo36y)KaaloWero Kkone6aHua Havana
WHypa, CTPYHbl M T. 4., WU pacnpo-
cTpaHseTcss BMecTe C BO/MIHOW. Yepe3 ntw6Goe nonepeyHoe ceyeHwe, Hamnpumep
WHypa, nepefaéTca aHeprusi. 3Ta sHeprua cnaraetcs U3 KMHETUYECKON aHeprum
OBV>KEHUS YacTul, cpeAbl U NOTEHUMANIbHOW 3HEPrum ux ynpyron gedopmauunu.
MocTeneHHOe YMeHbLUIEHME aMNANTYAbl KoneGaHW YyacTUL, NPU pacnpocTpaHeHun
BOJIHbI CBSI3aHO C MpeBpalieHNnemM YacTU MeXaHW4eCKol 3Heprum Bo BHYTPEHHIOI0.

PaccmoTpnm usnyeckme xapakKTePUCTUKM BOAHbI — [AJINHY BOJIHbI WU CKO-
pOCTb BOJIHbI.

AnuHa BonHbI. MNocne Toro Kak koneb6aHMsA Npu pacnpocTpaHeHWU MonepeyHon
BO/IHbl AOCTUTHYT 13-ro wapa, 1-n n 13- wapbl 6yayT KosebaTbCA COBEPLUEHHO
oanHakoBo. Korga 1-ii wap HaxoAmTca B MOJIOKEHUW paBHOBECUSA N ABUXKETCSA
BNeBo (ecnm cmoTpeTb BAOMb LEMNOYKM wapos; cMm. puc. 5.5, ), To u 13-n wap
Haxo4uTCA B MOJIOKEHUW PaBHOBECUA U TOXe ABUXKeTcs BeBo. KonebaHma aTtux
WapoB NpPoMcxoaAT B OAMHAKOBbIX (hasax.

Puc. 5.8

ONnHOWM BONHbI Ha3biBaeTCA KpaTyaiillee paccTosHUe Mexay Toukamu, Ko-
ne6noowmnMnuca B 0OAMHaAKOBbLIX (hasax.

AnvnHa NpoAo/fbHOW BOJIHbI COrflacHO PUCYHKY 5.8, 6 paBHa pacCTOSHUIO MeXX-
ay 4-m 1 16-m wapamu nnam mexay 2-m n 14-m wapamu.
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Mpwn pacnpocTpaHeHUN BOMIHbI YacTULbl cpeAbl (Wapbl B paccMaTpMBaemMoil MoO-
fenn) Kone6nwTcA B OAMHAKOBbLIX (ba3ax, ec/iM pacCcTosiHUe MeXAy HUMU paBHO
nX (rae n — uesoe yncno). Mexay aTuMu vyactmyamm dasbl KonebaHWm yactuy,
pas/inyHbI.

3a 0AMH nepuop BOSIHA pacnpocTpaHsAeTca Ha paccTtoAHue X (cm. puc. 5.5, g),
cnepoBaTesibHO,

X = vT. (5.1)

Oaaum euwé oaHo onpeaesieHne ANNHBLI BOMHBbI.

LnnHa BOMHbI — 3TO paccTosiHWEe, Ha KOTOPOe pacnpocTpaHseTcs BOMHA
3a Bpemsi, paBHOe OAHOMY Nepuoay KoneGaHwuii.

1 e V
Tak kak nepuog T M 4yacToTa V CBAA3aHbl COOTHOLIEHUEM l?:’ = &, 10 X = —
N COOTBETCTBEHHO

Vv = X (5.2)

Mpu pacnpocTpaHeHWN BOJSIHbI BAONb WHYpa Mbl Habnwgaem ABa Buga nepuo-
ONYHOCTHN.

Bo-nepBbix, KaXfasd yactuua wWHypa coBepliaeT nepuogmyeckme KonebaHmsa BoO
BpeMeHW. B cnydyae rapmMoHuuyeckmx kKonebaHuii (3Tm KonebaHmA npomcxogaTt no
dopmysie cmHyca uUAM KOCMHYca) vacToTa M amMnnuTyga KonebaHwin yactuy oau-
HaKOBbl BO BCEX TOYKaX LWHypa. OTn KonebaHUs pasnmyanTca TOAbKO (asamu.

Bo-BTOpbIX, B KaXAblii MOMeHT Bpe-
MeHW opma BOJIHbI (T. e. NpoPuUab WHY- g —  Ax = VAt
pa) noBTOpAeTCA Ha NPOTAXEHUWU LWHYypa D -
yepe3 oTpe3knm panunHon X. Ha pucyH- y
Ke 5.9 YépHON NNHMel nokasaH Npodunb t , \ X
WwHypa B onpeaenéHHbIi MOMEHT Bpeme- t + At
HU t (MTHOBEHHbIA CHUMOK BOMHbI). C Te-
YeHWEeM BpEeMeHW 3TOT Npodunb nepeme-
waetcs.

Puc. 5.9

MpofonbHaa n nonepeyvyHas BOJHbI. [iiMHa BOMHbI. CKOPOCTb

Kakune BOMHbl Ha3blBalOTCA MOMEPEYHBbIMU, @ Kakume MpoaosbHbIMUN?
MoxeT fin B Bofe pacrnpocTpaHATbCA MnonepeyHas BoaHA?

Ha kakoe paccTosiHMe pacnpocTpaHsieTcsiBonHa 3a Bpemsa t = T/4 (cm. puc. 5.5)?
UTto onpegenser amnauTtygy Kone6aHwuliLapos BPAacCMOTPEHHOW  mogenmn?
UTo HasbiBalT A/IMHOMA BOMHbLI?

Kak cBsi3aHbl CKOPOCTb BOJIHbI W A/INHA BOJIHbI?

. OnpefenuTte No pUcyHKy 5.8, uyemy paBHa pasHocTb a3 KosebaHuin

,u,Byx coceHMX LLApoB; ABYX LIAPOB, HaXOAALWMXCA Ha pPacCTOAHWUMU, paBs- "‘
HOM [/IMHE BOJIHbI. ‘

?

NTD O AWN R
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§ 30 PACMPOCTPAHEHWE BOJIH B YMPYI'NX CPEAOAX.
; YPABHEHME TAPMOHNYECKOW BEIMYWEW BOJIHbI

Moyemy BO3HWKAKT BOMHbI?
MOXHO N1 BOMHOBOW MpPOLECC OTHECTU K MEXaHMWYECKUM ABAeHuaAm? Mouyemy?

Ha pe3snHoBOM WHYype, N0 CTPYHE UM B TOHKOM CTEPXHEe BOJSIHbI MOryT pac-
NPocTpaHATbLCA TONIbKO MO OAHOMY HamnpaB/leHUW — BAO/b WHYypa, CTPYHbI UNK
cTepXHA. Ecnum ke ras, XunUAKocTb UM TBEpAOE Teno CN/AOWb 3amnofIHAKT HEeKO-
Topyt o6niacTb mpocTpaHcTBa (cnaowHas cpega), TO BO3HUKWKUE B 04HOM MecTe
KonebaHUA pacnpocTpaHAKTCA MO BCEM HaMNpaB/EHUAM.

BonHa npu pacnpocTpaHeHMU OT KaKoro-nmb6o MCTOYHMKA B CNAOWHOWN cpeae
nocTeneHHO 3axBaTbiBaeT BCE 6osiee 06WMPHbIE 06/1acTM MpocTpaHCcTBA.

DOHeprusa, KOTOPYH HeCyT C CO60M BOJIHbI, C TEYEHNEM BPEMEHU pacnpenensieTcs
no Bcé 60nblUel M 6onbllel noBepxHocTu. CnegoBaTesNlbHO, YMeEHbLIAETCA U aMNn-
Tyaa KonebaHwii 4dacTuy cpeabl MO Mepe yaaneHUsa 0T UCTOUYHMKA. Beab 3sHeprus
Koneb6souierocsa Tena nNponopuuoHanbHa KBagpaTy aMnanTyabl ero KosnebaHWii:
W ~sg.

AmMnnuTyaa BOJIHbI B cpefe Mo Mepe yganeHUss BOJIHbI OT UCTOYHMKa o0643a-
TeNbHO YMEeHbLUAeTCsA, AaXke ecNuM MexXaHuueckas 3HEprms He npeBpawjaeTcs BO
BHYTPEHHIO 3a CYET AelCTBUSA B cpeae CUA TPeHUSd.

YpaBHeHUe beryuiei BoNHbI. BbiBegemM ypaBHeHMe BOMIHbI, 6eryuiem no AAWH-
HOMY TOHKOMY PE€3WHOBOMY LWWHYpPY, T. €. ypaBHeHWe, N03BO/SAKLLEEe ONPeaenTb
cMelw,eHMe OT MNOJSIOXKEeHWUS paBHOBecUA NO60M TOUKWM WHYypa B /060 MOMEHT
BpeMeHU. Mpn 3ToM He O6yAeM YUYUTbiBaTb MOTEPU MEXAHUUYECKOWN 3HEPTUMN.

Ocb OX HanpaBuM BAONb WHYypa, a Haydaso OTCYETA CBSAXKEM C J/IeEBbIM KOH-
oM WHypa. CMeuleHne Koebnoulerica TOYKM WHYpa OT NOMIOXKEHUSA paBHOBeCUSNA
o603Haunum 6ykKBOM s. BbiBegemM ypaBHeHMe s = s (x, t).

3actaBuM KoHel wHypa (Touka O ¢ koopguHaTton x = 0) coBepwaTb rapmo-
HU4Yyeckne KonebaHUA ¢ LUKANYECKO YacToToW to:

sQ = smsinco£, (5.3)

ecnn HavanbHyl a3y KonebaHwWii cuMTaTb paBHOW Hynw. 34ecb sm— amnauTyga
kone6baHnin (puc. 5.10, a).

KonebaHua pacnpocTpaHsalTca BAOMAbL WHYypa (ocm OX) €O CKOPOCTbIO V
M B NMPOU3BOJIbHY TOYKY LIHYypa C KooOpAWHAaTOlW X NpuAyT cnycTs Bpems

T = -. (5.4)
JTa Touyka TakKXXe HAYHET coBeplwaTb rapmMoHuuyeckue KonebaHuUs C yacTo-

TOW €O, HO C 3anasgbiBaHMeM Ha Bpems T (puc. 5.10, 6). KonebaHnsa B TouyKe X
6yAyT NMPOMCXOAUTbL C TOW >XXe aMnAuTyfoM sSm, HO C ApPYroi asoi:



‘ ; & %
|8 = smsmzn(——x)

T

'
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Mop HanpaBfieHUWeM pacnpocTpaHeHUs BOAH (BEKTOpa CKOPOCTM BOJIHbI) MoO-
HMMalT HanpaB/lieHWe UMEHHO ny4el. Jlyunm Ans NNOCKMX BOMIH MpeAcTaBfAalT
cobori napannenbHble npsMmble (cm. puc. 5.11).

onpas

Puc.

Puc.

w w w

Nyy ykasbiBaeT HanpaB/eHWe, B KOTOPOM BOJIHA MEPEHOCUT 3HEepruto.

5.11

W)

W i

5.12

/

Mpun pacnpocTpaHeHWM MNNIOCKOW BOMIHbI pa3Mepbl BOJ-
HOBbIX MOBEPXHOCTel Mo Mepe ypaneHUs OT MNNACTUHBI
He MEeHSTCHA, NO3TOMY 3HEPrmsa BOMHbLI He paccevMBaeTcs
B MpocTpaHCcTBe M amMnnauTyga KonebaHuUi yacTul cpegbl
YMEHbLUAETCHA TO/IbKO 3a CYET AeACTBUSA CUN TPEHUS.

Ha noBepxHOCTU BOAbl NIErKO MOMYYUTb JSIMHeliHble BON-
Hbl, KOTOpble JalT HarnsgHoe npefcTaB/ieHUME 0 MAOCKUX
BOJIHAX B NMpocTpaHcTBe. 08 3TOro HYXXHO ANUHHBIA cTep-
XXEHb, C/IerKa KacalwlWuniics NoBepxHOCTU BOAbl, 3acCTaBUTb
Kone6aTbCs B HamnpaB/eHUU, MEPNeHAUKYNAPHOM MOBEpPX-
HoCcTWU BOAbl. Bce yacTuubl BOAbl, HaxoAsuW,Mecss Ha nps-
MOV, napannenbHOW CTepXHW, 6yayT KonebaTbcAa B 0AU-
HakoBoOl ¢hasze (puc. 5.12).

PPOHTOM BOJIHbl Ha3biBaeTCs reomeTpuyeckoe MeCcTO TOYeK, [0 KOTOPbIX
[OWNN BO3MYWEHUS B AaHHbIi MOMEHT BpeMeH!.

BOonHOBbIX I'lOBerHOCTeI7I cyuecTtByeT CKONb yrogHo MHOro, C*)pOHT BOJIHbI OA4WNH.

P POHT BOJIHbI OTAENSAET YacTb Npo-

- A Haneiite B Ta3 Bogy u BO36yauTe CTpaHCTBa, B KOTOPOA BO3HUKAN KO-
{SiW  Ha nosepxHOCTM BOAbI Pa3NNYHOrO ne6aHuA, oT TOW YacTW NpoOCTPaHCTBa,

BMAa BOJHbI. MoHabnopganTe 3a CKo-
pocTbl0 nepeMeleHNs GpPoOHTa BOAHbI MNpK
pa3HbiX BupAax BonAH. OT 4yero oHa 3aBUCUT?

B KOTOPOM KoNnebaHW HeT.

O4yeBUAHO, 4TO (QPOHT BOMHbI —
BO/IHOBAsi MOBEPXHOCTb, Ha KOTOpPOW
(haza kone6aHWin paBHa HYy”0.

Cdepuyeckasn BonHa. [ipyroii npnmep BOJSIHbI B CAIOWHOM
cpese — 3To cepuyeckaa BosiHa. OHa BO3HMKaeT, ec/iM Mo-
MeCTUTb B cpeay nynbcupytowyw chepy (puc. 5.13). Torpga
BO/IHOBblE MOBEPXHOCTU SAIBAATCA chepamu. Slyuym Hanpas-
NeHbl BAOMb MPOAO/DKEHUN pagnycoB NMynbCUpYloLLei chepsbl.

AMnnnTtyna kKonebaHwuii yactuy B chepuyeCcKOW BOJIHE
o6a3aTtenbHO y6blBaeT Mo Mepe yjaneHUa OT WUCTOYHUKA.
dHeprusa, msnyyaemas UCTOYHMKOM, B 3TOM c/y4vyae paBHO-
MEPHO pacnpefesnisieTcsa No NOBEPXHOCTU chepbl, pagnyc Ko-
TOpPOW HenpepbIBHO YBe/M4YMBaeTCss MO Mepe pacnpocTpaHe-
HUS BOJIHbI.

YpaBHeHWe BONHbI. BonHoBaA MNOBEePXHOCTb. Jlyd. ®POHT BOJIHbI Halitn J)
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Kakue BOSMHbI, NPOAO/ibHbIE WM MOMepeyYHble, MOryT pacrnpocTpaHATbCA B BO3Ayxe?
UTo Bbl MOHMMaeTe MoJ CKOPOCTbIO BOJHbLI?

BO/IHbI Ha MOBEPXHOCTW BOAbI MM HA PE3MHOBOM LIHYpE MOXHO  g)
HenocpeACTBEHHO YyBUAeTb. B npospadHoli cpegje — BO3ayxe MAu
KULKOCTU — BOJIHbI HEBUAWMbBI. Ho npu onpefenéHHbIX YCN0BUSAX

nX MOXHO CAhAblWaTh.

Bos6y>K,qu|/|e 3BYKOBbIX BOJIH. Ecnn ANWMHHYIO cTanbHY Nn- n

HeﬁKy 3aaTb B TUCKax MAM NNOTHO NpuXatTb K Kpakw CTona, TO, i

OTKJ/IOHWB KOHeU NIMHENKWU OT MONI0XKEeHUs paBHOBecUA, Mbl B036Y-
anum eé konebaHma (puc. 5.14, a). Ho 3Tu konebaHus He 6yayT
BOCMPUHMMATLCA Hawumm yxom. Ecnum, ogHako, YKOPOTUTb BbICTY-
namuwmnn KoHey, NUHeNnkn (puc. 5.14, 6), To Mbl 06HaApPy>XMUM, 4YTO
NINHelKa Ha4yHET 3By4yaTb. [lesio 3aecb BOT B YEM.

MnacTnHa B XxoAe KosebaHW BAONb HOPManu K Hel cxXwuma-
eT npunerarvwunn K OLHOW N3 eé CTOPOH CNOW BO3AyXa W OA4HO-
BPEMEHHO C034aéT pa3pexeHwe C APYro CTOPOHbI. OTU cXaTusa
H paspeXeHus 4yepepyrwTca BO BPEMEHW U pacnpocTpaHAwTCA
B 06e CTOPOHbI B BUAE YNPYrux nNpoaosibHblX BO/IH. OfHa M3 HUX
JOCTUraeT Hawero yxa W Bbl3blBaeT B6/M3N Hero nepmogmnyeckme
KonebaHMsA p[aBfeHUA, KOTOpble BO3AeNCTBYKWT Ha CAyXxoBol an-

napar.

Puc. 5.14

E Sin s KonebaHums, BOCNpUHMMaeMble YXOM 4YenoBekKa B BuAe 3BYKa, HasblBalOTCA
aKycTuyeckmmMmun. YacrtoTa 3BYKOBbIX KOMiebaHW NeXxuT B npegenax ot 17 po 20 OO0 Iu,.

AKycTuMKa — 3TO yyeHUe 0 3BYKE.

UeM KOpo4Ye BbICTyNawlW Nl KoHeL,
NINHENKN, TeM 60MblIe YyacToTa ero
KosiebaHnii. Mo3ToMy Mbl M HaYMHaEM
chbliWaTbh 3BYK, Korga BbicTynatouwuni
KOHeL, CTaflbHOW NUHEeWKU CTaHOBUTCS
[0CTAaTOYHO KOPOTKUM.

QESO

TWHPLPH
MexaHun4yeckne konebaHua c ua-
ctoTamMun, MeHbwumun 17 Ty, Ha

3blBalOTCA WMHMPA3BYKOBbIMU, a GonblIUMYU
20 OO0 Ty — ynbTpa3BYKOBbIMU. Takue Ko-
ne6aHna Mbl He CAbIWUM.

Jltob6oe Teno (TBEpaoe, >XMAkKoe wan rasoobpasHoe), Konebniouieecsd co 3BYKO-

BOl 4acToTOl, CO34aéT B OKpYy>Kalolleil cpefe 3BYKOBYIO BOSHY.

3BYKOBbIe BOJIHbI B pas3fiMuHbIX cpedax. Yauwe BCero 3ByKoBble BOJI-
Hbl JOCTUTAOT HalWWX ywehn no Bo3ayxy. [O0BONbHO peaKo Mbl oKa-

3blBAaEMCSl MOTPY>XXEHHBLIMU LLENTUKOM,
BMecTe ¢ ywamwu, B Bogy. Ho, Ko-
HEYHO, BO3AYX HE MUMeeT KaKux-nun6o
0Cc06bIX MpeMMylLecTB MO CpaBHEHWUo
C ApYyrumun cpefaMu OTHOCUTENbHO

MogymaiiTe, kakue BOMHbI, MpO-
AONbHbIE NN NonNepeyYHble, pacnpo-
CTpaHAKTCA B BO3AyXe, a Kakne —

B JIHeliKe.
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pacnpocTpaHeHUs B HEM 3BYKOBbIX
BO/IH. 3BYK pacnpocTpaHsieTcs B Boje
N TBEpAbIX Tenax. HbIpHYB C rosno-
BOW BO BpemMs KynaHWsl, Bbl MOXeTe
ycnbllWwaTh 3BYK, Hanpumep, oT yaapa
ABYX KaMHel, NMpoM3BOAMMOro B BofAe
Ha 6onbwoM pacctoaHun (puc. 5.15).
B BaKyyme 3BYKOBble BOJIHbl pac-
npocTpaHATbCA He MOryT. [Ona poka-
Puc, 5.15 3aTeNbCTBA 3TOr0 MOXHO, Hanpumep,
3NEeKTPUYECKMIA 3BOHOK TMOMECTUTH
noj KO/MOKO/A BO3AYLIHOro Hacoca (puc. 5.16). Mo mMepe Toro Kak faBJieHUe BO3-
Ayxa noj KO/IOKO/IOM yMeHbllaeTcs, 3BYK byaeT ocnab6eBaTb 0 Tex Mop, noka
He MpeKpaTUTCs COBCEM.

Vpllaali6P Xopowo npoBoAMT 3BYK 3emMns. Pycckuit mctopuk H. M. KapamsuH coobujaet, 4To
OAmutpuin floHckoW nepefn KynukoBcKoli 6GUTBOI, MPUNOXMWB YXO K 3eMne, ycnblwan
TOMOT KOMbIT KOHHWULUb MPOTUMBHUKA, KOrga OHa el é He 6blna BUAHA.
Mnoxo nNpoBOAST 3BYK Takue MmaTepuansl, Kak BOWIOK, MOPUCTble NaHenu, npeccoBaHHas
npo6ka M T. 4. 3TW MaTepuansl MUCNONb3YOT AN 3BYKOU3ONALUN.

Mnockas 3ByKoBasi BOJIHA TaKXe OMUCbIBaeTcs ypaBHe-
Huem (5.5). AMNAnTyaa cBsisaHa C TaKol M3BECTHOW xapak-
TEPUCTUKOW, KaK FPOMKOCTbL 3ByKa, a vacTtoTa onpepens-
eT BbICOTY TOHa. Yem MeHblle 4acToTa, TeM 3BYK HUXE,
M HaobopoT: yem 6Gonblle yacToTa, TeM 3BYK Bbliwe. O6blY-
HO B 3BYyKe MPUCYTCTBYET OAHOBPEMEHHO HECKO/IbKO 4acToT,
4TOo onpefensieT oKpacky 3Byka. Ecnu B 3ByKe MpuUCYTCTBY-
10T cnyyaliHO BO3HWKakWUiMe BOJSIHbl pa3HbIX 4acToT U aMm-
nAnTyn, TO Takol 3BYK SABMISeTCA LWIYMOM.

Pwuc. 5.16 CKOpOCTb 3BYyKa. 3BYKOBble BOJIHbI,
nogo6Ho BCeM Apyrum BOAHAaM, pac-

Moyemy 3BYK He pacrnpocTtpaHseTcs npocTpaHAKTCA C KOHEeYHO CKOpoO-

B Bakyyme? [ouemy nopucTble Ma- CTbto. OG6GHapY>XUTb 3TO MOXXHO Tak.

Tepuanbl MNOX0 NPOBOAAT 3BYK? CBeT pacnpocTpaHsaeTcsa C OFpoMHOMN

ckopocTbto — 300 OOO km/c. oaTo-

MYy BCMblWKa OT BbICTpena NoYTWM MIFHOBEHHO AocTuraeTt rnas. 3BYK Xe BbiCcTpena
NPpUXoANT C 3aMeTHbIM 3anasfbiBaHuem. Bce, BepOoATHO, 3aMeyann, 4To BCMblWKA
MOJTHUN NpefllecTByeT packaTy rpoma. Ecnm rposa pganeko, T0 BpeMsa 3anasfbl-
BaHWSA rpoMa JAoCcTUraeT HECKONbKWUX [OeCATKOB CekKyHfA. HakoHel un3-3a KOHeu-
HOW CKOpPOCTW 3BYyKa MOSABNSAETCA 3X0. X0 — 3TO 3BYKOBas BOJSIHA, OTpaXKéHHas
OT OMYWKW neca, Kpytoro 6epera, 3gaHna v T. Q4.

CkopocTb 3Byka B Bo3gyxe npum 0°C paBHa 331 M/c U He 3aBUCUT OT e€ero
nNoTHocTM. OHa NPUMEPHO paBHa cpefHel CKOPOCTU TENNOBOr0 ABUXEHUSA MO-
nekyn wn, nogobHo ei, NponopumoHanbHa KOPHI KBagpaTHOMY M3 abCONOTHOM
TemnepaTypbl.

Yem 6oNnblie mMacca MONEKY/ rasa, TeM MeHblle CKOPOCTb 3ByKa B HEM. Tak,
npun 0 °C ckopocTb 3ByKa B Bogopogde 1270 m/c, a B yrnekucnom rase 258 m/c.
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B >XXMAKOCTM CKOpPOCTb 3ByKa 6onblle, 4emM B rase.
Mpn TemnepaTtype 8 °C ckopoCTb 3ByKa B BoAe paBHa 1435 m/c.

BnepBble CKOpPOCTb 3ByKa B BoAe Oblna mamepeHa B 1827 r. Ha XeHeBckom o3e-Ll 30 AN
pe B WBeWyapun. Ha oaHOW Nnoake nofxwuranu NOpox W OAHOBPEMEHHO yaapsanu

B NOABOAHbLIA KONOKON. Ha Apyroi nopke, KoTopas Haxojgunacb Ha paccToaHuMM 14 Km
0T NepBOi, oTMeyanun BpemMs HabNAEHWS BCMNbIWKW CBeTa W BPeMfA ynaBiuMBaHWA 3ByKa
<puc. 5.17). 3BYK KONOKONa ynaBnuBasnacs C NOMOLWbLI pynopa, onyueHHoro B Bogy. Mo
pa3HOCTM BPEMEHMW MeXAy BCNbIWKOW cBeTa M NPUXOAOM 3BYKOBOrO CUrHana onpegennnu
CKOPOCTb 3BYKa.

B TBEépAbIX Tenax CKOpPOCTb 3ByKka euweé 6onblwe, 4yem B Xuakoctax. Hanpwu-
Mep, B cTanu ckKopocTb 3Byka npu 15 °C paBHa 4980 m/c. To, 4TO CKOpPOCTb 3ByKa
3 TBEpAOM Tene 6onblle, 4eM B BO3AyXe, MOXHO 06HapyXwuTb Tak. Ecnm Baw
ToBapuw, ygapuT Mo O4HOMY KOHLY pefsibca, a Bbl MPUJIOXKUTE YX0 K ApYyromy
KOHLY, TO 6yAayT CAblWHbL ABa yjaapa.

CHavana 3BYK fJocCTuUraeT yxa Mo penb-
a 3aTtem no r.

Mo n3BeCTHOW 4yacToTe KonebaHwui un M MNNNTK3' p WA
CKOPOCTM 3BYKa B BO34YyXe MOXHO Bbl-

YNCANTb [A/INHY 3BYKOBOW BOJHbI (CM.

§ 29). Camble A/INHHbIE BOJSIHbI, BOCMpPU- a) y
HMMaeMble YyXOM 4esioBeKa, UMewT A/n-

HY BOJIHbI X ~ 19 M, a camble KOpOT-

Kue — AJINHY BONMIHbI A = 17 MM.

3HadyeHne 3ByKa. KOHeYHO, Hambonbllee KOMUYECTBO MHMOPMaLUM Mbl MONYy-
Yyaem Cc Nomouwibl cBeTa. NcnyweHHbIA UCTOYHUKaAMKU (COTHUEM, flaMnoi u 1. 4.)
CBeT oTpaXkaeTcsa 0T OKpyXawlWwunux npegmeTos u, nonajgas B rnas, no3BosisgeT Ham
CYyAUTb 006 MX MONOXKEHUU N ABMXEeHUU. MHorve npeameTbl CBETATCA caMu.

OTpaXéHHble OT NpPeAMeTOB 3BYKOBble BOJIHbl WAW BOJIHbI, UCNYCKaemble 3BY-
YyawmMMmn npegMetamMmu, TakXXe galwT HaMm cBegeHus 06 okpyXawuwem mupe. Ho
rnaBHoe — 3T0 peyb. Mbl co3gaém v BOCNPUHMMAEM 3BYKOBble BOJIHbl U TeMm
caMblM obuiaemcs ApYr C APYroMm.

MpocnywwuBas ¢ NOMOWbIO crneynanbHbIX YCTPOWCTB, Hanpumep MeAULUNHCKO-
ro poHeHaockona, 3BYyKM B OpraHm3smMe, MOXXHO Mosy4dyaTb BaXXHble CBEAEHUA 0 pa-
6oTe cepgua M APYruUX BHYTPEHHMUX OpPraHoB.

3BYKOBble BOJIHbI. YacToTa 3BykKa. CKOpPOCTb 3ByKa

Kakylo 3BYKOBYIO BOJIHY Ha3sblBaloT MJIOCKOA? ciiepuyecKoin?
MoyeMy B rasax W XWAKOCTAX He CYLLECTBYET MonepeyHbIX BOMH?
Kakuve Kone6aHusi HasbiBalOT aKyCTUYECKUMU?

OT uero 3aBUCUT CKOPOCTb 3ByKa B BO3AyXe?

Rl A
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§ 32 TMPWMMEPbI PEWLWEHNA 3AO0AY
MO TEME «MEXAHWYECKWE BOJIHbI»

YpaBHeHue BOMIHbI MO3BONSAET ONpeaesiMTb cMelleHMe B /060 Touke cpeasbl,
B KOTOPOW pacnpocTpaHseTcsi BO/HA, B /11060 MOMeHT BpeMeHu. Mpu peweHun
3afa4y Mbl 06bIYHO CUMTAEM, YTO 3aTyxXxaHWeM BOJIHbl MOXXHO MpeHeb6peyb, MO3TO-
My amnauTyga KosiebaHWii BO BCeX TouKax OfMHaKoBa. BaXHo 3HaTb, 4TO Mpwu
nepexoAe BOJIHbI B cpefy C APYrMMU (DU3NYECKUMU CBOMCTBAMMU He M3MeHsieTcs
yacToTa, a U3MeHAeTCs TO/IbKO CKOPOCTb €€ pacrnpocTpaHeHus.

3agava 1. Jlogka KauyaeTcsi Ha BO/MIHAX, NpM 3TOM paccTosiHMe Mexay 6/5u-
Xahwmmm rpe6HSAMKU BOMH paBHO 6 M. OnpeaennTe CKOPOCTb pacnpocTpaHeHUs
BOJIH, €C/M nepuoja Kone6aHWit noaku pasBeH 4 c.

PeweHwune. PaccTossHMEe MeXAy ABYMS 6AudXKakWUMKU rpebHAMU — ANIMHA

BOMIHbI X = vT. OTcoga u = 5 = 1,5 m.

3apgava 2. NMpUEMHUK, Haxoaswmica Ha paccTosHuMm L = 900 M OT MCTOY-
HUKa, ynaBnmBaeT UCNYLWEHHbIW UCTOYHMKOM 3BYK 4Yepe3 MPOMEXYTOK BpeMeHU

= 3 ¢. KonebaHna B Touke O, rge HaxoguUTCA MCTOYHMUK, ONUCbIBAKTCA ypas-
HeHnem sQ = 0,02sin40Trt (m). OnpeaennTe pa3HoCcTb a3 KosebaHnii B Toukax M
n N, Haxo4sWMXCA Ha paccToAHMK 7,5 M Apyr OT Apyra, U 3annunuTe ypaBHeHUS
KonebaHni B 3aTuUxX TouykaXx. CumTaliTe, YTO 3BYyKOBas BOJIHA MJocKas.

PeweHne. YpaBHeHUe NJ0CKOMA BOJIHbI Ha pacctoaAHMM X OT UCTOUHHUKA

nvMeeT BUA S = smsin 00|\£ - —
v

CorsiacHo ycsioButo 4yacTtota co = 40n. Tak KakK M3BECTHO BpPeMsA, 3a KoTopoe
3BYK MPOXOAUT paccTosHUEe OT UCTOYHWMKA A0 NPUEMHUKA, ONpegesiMuM CKOPOCTb

pacnpocTpaHeHUAa BOMIHbI: v = — = 300 m/c. Mpwn pacnpocTpaHeEHUW OT MUCTOY-
h
HUKa A0 NMpUéMHMKA NJOCKOVM 6eryuieii BolHbl KosebaHWS B HEKOTOPO Touyke M

corflacHo ycnosuio 3agadym mmetwT Bug sM = 0,02 sin 40r||\f - 300/(M), rope t —

BpemMsa, OTCHUTbIBaemMoe C MOMeHTa Hadana Kosie6aHUM B TOUKE, roe HaxoamTtca
NCTOYHUK.
KonebaHmna B Touke N onwucbiBalTCA YpaBHeHNeEM

sN= 0,02 sin 40n - *M3Q7'5) = °>02 sin («0 N + jcj.

Mo ycnoBuio 3ajaynm HeW3BECTHO, rAe HaxoauTca Touka N — 6/UMXKe K ucC-
TOYHMKY WNW fanblie OT Hero, Yem Toyka M, M03TOMY B YpaBHEHWUM CTOUT 3HaK
«t». Mbl BUAWM, UYTO BHE 3aBUCMMOCTM OT MOJSIOXKEHUSA TOUKM N pasHocTb ¢has
paBHa 1, Kone6aHUss MPOUCXOAAT B MpoTUBOGgase.
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3apgavya 3. 3BYK pacnpocTpaHsaeTcsa B Boge CO ckopocTbk 1450 m/c. Paccrtos-
HMe Mexay 6nmxahlwmnmm ToYKamu, B KOTOPbIX Kose6aHUs MPOUCXOAAT B Mpo-
THBO(asze, Al = 0,1 m. OnpegennTte 4acToTy 3BYKOBOW BOJIHbI.

PeweHwne. KpaTualiwee paccTosHuUe MeXAy To4yKamMu, B KOTOpPbIX Koseba-
HUA NPOUCXOAAT B NMpoTuBOMase, paBHO MOSIOBMHE AJIMHbI BOMHbI. CnepoBaTesib-
Ho, X = 2AZ. YactoTa onpegensdetrca no gopmyne v = v/X = v/2Al = 7250 Iu.

3apavya 4. Ha pucyHke 5.18, a nokasaH MIHOBEH-
HbIl CHUMOK BOJHblI. Kak 6yaeT BbIrnsageTb MrHOBEH-
HbIl CHUMOK 3TOl BOJIHbl B cpefe, B KOTOPOW CKOPOCTb
pacnpocTpaHeHUs BOAH B 2 pasa 6onbwe?

=gt = A= = ——f
|

=Y

3UYeCKNUMU CBOWCTBAMWU (MJIOTHOCTbIO, YNPYrocTbio) ya-
CTOTa BOJIHbI He WU3MEHSIeTCA, a U3MEHSIeTCA CKOPOCTh
pacnpocTpaHeHuUs W, cneaoBaTesibHO, A/IMHA BOMHbI, TakK
Kak X = vT. CnegoBaTenbHO, Ha TOM pacCTOSiHMM, Ha
KOTOPOM yKfnafblBanacb ogHa ANVHA BOJHbI, YN0XUTCA

s?
PeweHwne. lMpu nepexoge B cpely ¢ Apyrumm du- a) L
s}

OBe OANWHbI BONMHbI, 4TO MOKa3aHO Ha pucyHke 5.18, 6.

|
|
3agauya 5 MOXHO N ONpeaennTb CKOPOCTh Koneba- ©O) -l L. L]
HWIA yacTuubl B cpede, B KOTOPOI pacrnpocTpaHsieTcs BO/-
Ha, ecNM M3BECTHAa CKOPOCTb PacnpoCTPaHeHus BOMHbI? Pu

PeweHwune. MNpu pacnpocTpaHeHUU BOMH B cpefe Hajo pasindyatb fABe pas-
Hble CKOPOCTU — CKOPOCTb KonebaHWii vyacTuly cpeibl M CKOpPOCTb pacnpocTpa-
HEHUSI BOJH.

CKopocTb Kone6aHuii — nepemMeHHas Be/iMUYMHA M 3aBUCUT OT 4YacToTbl KoJie-

''—s mcoso t ——
Y \Y
CKOpOCTb pacnpocTpaHeHUS BOJIHbI B 0A4HOPOAHOW cpefge — MNOCTOSAHHAasA BESU-
YnHa W onpegensieTca TO/bKO CBOMCTBaAMW AaHHOW cpefdbl.
MoaToMy onpefeninTb CKOPOCTb Kosie6baHMUN, 3HAs CKOPOCTb pacnpocTpaHeHus

BOJ/THbl, HEBO3MOXHO.

6aHWi, aMNNNTYyAbl, BpeMeHW W HadasbHOW asbl: v = s

3agava B. 3BYK OT BCMJjiecka nNpu nonagaHMm KamMHs B BoAgy Konoaua Habnt-
paTtenb CNAbIWKWT 4Yyepe3 2,1 ¢ nocsie TOoro, Kak OH OoTNyCcTWU/A KaMeHb. Onpeaennte
paccTosiHMe A0 BOAbl B KO/04lLLe, eCNN M3BECTHO, YTO CKOPOCTb 3BYyKa B BO3AyXe
340 m/c.
N\

2h
PeweHwne. Bpema nageHus kamHsa tl = .[—
h
Bpems, 3a koTopoe 3ByKoBas BOAHa [JONAET Ao Habnwpatensa, t9 = — . Torga
2h h y38
t + — . lNpeobpa3yem ypaBHeHWe K BO3BeAEM B KBaapaTt ne-
8 \3B / ho\
BYI0O U MNpaByl 4acTu paBeHCTBa: (Cg— | ='— .Zﬁoﬂqum KBajpaTHoe ypas-
\% "3B) S

HeHue, pewieHMnemM KOTOpPOoro AB/iAeTcA MCKOMOEe paccTtodaHuMe h ~ 20,5 m.
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3ajaym gNna camMoCTOATe/IbHOrM0 pelleHus
1. Ha pacctosHuun s = 1060 m oT Habnwpgatena ypaaj
KOM MO0 >XeNne3HoAOPOXXHOMY penbcy. Habnwpartenb, NPpUNOKNUB YXO
K penbcy, ycnbliwana 3BYK Ha X = 3 ¢ paHblle, YeM 3BYK [AOWEN A0 Hero no BO3-
Ayxy. Yemy paBHa CKOpOCTb 3Byka B cTasin? (CKOpoCTb 3BYyKa B BO3JyXe Npu-
MnTe paBHoii 330 m/c.)

2. OnpegenuTte pasHocTb a3 mMexXay ABYyMS TOYKaMW 3BYKOBOW BOJIHbl B BO3-
AyXe, ec/iM pasHOCTb MX pPacCTOAHWUA 0T MCTOYHUKA cocTaBniseT 25 cMm, a yactoTa
KonebaHwnii paBHa v = 680 Ily. (CkopocTb 3ByKa npumuTte paBHon 340 m/c.)

3. Bo CKONbKO pa3 M3MeEHUTCA [A/IMHa 3BYKOBOW BOJIHbI MNpPW nepexoge 3BYyKa
n3 Bosayxa B Boay? CkopocTb 3Byka B Boge 1435 m/c, B Bo3gyxe 340 m/c.

=
(r-;\ 1. Ha pacctosHuum 400 M oT Habnwpatena paboyme B6UBAKT cBanM C NOMOLLbI KO-
o=

npa. Yemy paBeH NpomMeXyTOK BPeEMeHU MeXAy BUAMMBLIM yAapom MO0Ji0Ta 0 CBal u
3BYKOM yjapa, ycnblwaHHbIM Habnwgatenem? CKopocTb 3BykKa B Bo3ayxe 340 m/c.

1) 1,4 ¢ 2) 1,2 ¢ 3) 0,9 ¢ 4) 0,6 ¢
FZRIE: 2. Ha pucyHKe nokasaH rpatuk 3aBWCMMOCTW JaBrie-
/ 4 ! HUA BO3J4yXa B HEKOTOPbIA MOMEHT BpeMeHW OoT pac-
- —1 CTOAHUA [0 UCTOYHMKA 3ByKa NpPW pacnpocTpaHeHuw
I~ i 3BYKOBO/ BOMHbI. W3 aToro rpaduka cnegyer, 4To
' f ONNHa 3BYKOBOW BOJIHbI paBHa
; | 1) 02 ™ 3) 0,8 M
0 : >
0,4 08 L,m 2 °4wm 4) 4% m

3. AvMHaMnK NOAKMWYEH K BbIX0AY reHepartopa 3N1eKTPUYeckMX KosebaHuii 3BYKO-
BOW 4acToTbl. YacToTa KonebaHumn 6800 ly. Onpegennte ANAUHY 3BYKOBOW BOJIHbI,
3Has, 4TO CKOpoCTb 3BykKa B B03ayxe 340 m/c.

4. B ofHOM HanpaB/ieHUM B pa3HbiXx cpepax 6eryTt co CKOPOCTAMMU n v2 (rg > v2)
fiBe N0CKWE BOJIHbI OAMHAKOBOW 4acToTbhl V. Onpesennte paccTosHUE MeXpAy Tou-
KamMu, pacnosioXXeHHbIMU B 3TUX [ABYX cpefax BAO/b HanpaB/ieHWA pacnpocTpaHeHuMs
BOJIH, Koseb6aHMa B KOTOPbIX MpoumcxoaaT B ¢ase.

5. Mpwn B036YXXAEeHNN KoneGaHWt 04HOro KOHLA WHYypa ¢ YactoToih 20 Iy BAOAb HEro
pacnpocTpaHseTcs BOJIHA CO CKOpPOCTbl 250 M/c. Ha CKOMbKO pasfsivyalTca A/IMHbI
BOJIH B WHYpe M B BO3jyXe, B KOTOPOM KonebaHUs WHypa Bo36yXaalT BOo/HbI? CKo-
pocTb 3BykKa B B03ayxe 330 m/c.

6. MpoBog Macco 1,5 Kr m gnuHo 30 M HaTAHYT MeXxpay AByms onopamu. Cuna
HaTs>xeHus 2000 H. CkopocTb pacnpocTpaHeHWA BOJIHbI B MNpoBOfe onpefensiertcs

dopmynon V = — , rpe F — cuna HaTsaxeHuna nposoga, AT/AO/ — macca Ha
AT/Al

eaAvHnLY ANVHbI, OnpepenvTe Bpems, 3a KOTOpoe BoO/Ha [AOWAET OT OA4HOW onopbl
00 ApYroii.



KONEBAHWNA N BOJIHbI

MHTEP®EPEHUWVA, ANPPAKUNA N TMTONAPN3ALNA
MEXAHWNYECKKNX BOJIH

B § 33

BcnoMHWTe ypaBHeHME BOJHbI.
YTo ABNAETCA UCTOYHUKOM BOMH?

r2?
[ >

CnoxeHue BOAH. [pouie BCero npocneAunTb 3a CNOXKEHUEM Mexa-
AWYECKUX BOMH, Habnwoaasi BOMHbI Ha MOBEPXHOCTW BoAbl. Ecnu Mmbl
6pocMmM B BOAY [Ba KaMHSA, To o06pas3yloTcs ABe KPYroBble BOJIHbI
X MOXHO 3aMeTUTb, UYTO KaXkgas BO/IHA NMPOXOAUT CKBO3b APYryl U BeaéT cebs
3 panbHelweMm TakK, KakK 6yATo APYroi BOMHbI COBCEM He CyllecTBOBaso.

Tenepb NoCcMOTPMUM 60/1ee BHMUMATENIbHO, YTO MPOUCXOAMUT B MecTax, rAae BOJHbI
HaknafbiBalwTCA oAHA Ha Apyryt. Ecnu aBe BOMHbLI BCTpeyalwTcss B O4HOM MecTe
CBOMMMWU rpeGHAMU, TO B 3TOM MeCTe BO3MYLLEHUe MOBEPXHOCTU BOAbl yCU/IMBaeT-
cs. Ecnmn ke, HanpoTus, rpeGeHb OA-
HO/i BONMHbLI BCTpe4YaeTcsa C BNaguHoOu

4 N

MHoxecTBO MY3blKanbHbIX UHCTPY-

LpYyroi, ToO NMOBEPXHOCTb BOAblI He 6Yy-
[eT Bo3MylleHa.

B Kaxpoii Touke cpeabl
HUSl, Bbl3BaHHbIE [ABYMSA
NpocTo CKNajblBawTCA.

Koneba-
BO/THAMMU,

NMHTepdhepeHuns.

EBS3 ,Hp * a_

c o6bpa3oBaHMeM YCTOWYMBON BO BpPeEMEHU
TyAbl Kone6aHwWii yacTuy cpepgbl.

BbIICHMM, NpU KaKWUX YCNOBUSAX
Habnwopaetca WHTepdhepeHLUNs BOJH.
Xna 3Toro paccmoTpum 6Gosiee no-
ApO6HO cNnoXeHue BOJIH, o06pa3syto-
LWKMXCSA Ha MOBEPXHOCTU BOAbI.

MEHTOB B OpKecTpe wWaM ronocos

B XOpe CO34aéT 3BYKOBbl€ BOJIHbl, OAHO-

BPEMEHHO Yy/aB/iMBaeMble Hal UM YXOM.

MpUUEM YXO MOXET OTAUYUTb OAUH 3BYK

oT Apyroro.

GBeHEe . I, BY},
KapTWHbl MAaKCMMYMOB W MWUHWMYMOB amniu-

CnoBo «WHTepdepeHLns» npouc-
X0AWUT OT NaTUHCKWUX CNOB inter —
B3aMMHO, Mexay cob6oli n ferio —
yhapsito, nopaxato.

MOXHO 0AHOBPEMEHHO B036yAMTb [iBe KPYroBble BO/IHbI B BaHHE C MOMOLLbIO
[BYX LIAPWUKOB, YKPENA&HHbIX HA CTEepPXHe, KOTOopble COBepLIaT rapMoHUUYecKue

KonebaHma (puc. 5.19).

B nw6oii Touke M Ha NoBepxHOCTU BOAbl (puc.
Bbl3BaHHble ABYyMSA BOoAHaMu (0T mcToyHmMkoB 01wm 0 2).
Bbl3BaHHbIX B TOo4ke M o06eMMun BO/THAMM,

KonebaHus,
Tyabl Koneb6aHwui,

5.20) 6yayT cknapgbliBaTbCs
AmMnnu-

6yayT, Boobuie

roBopsl, pasnuyatbCa, TakK KaK BO/IHbl NMPOX0oAAT pas/iMuyHble NyTn dlu d2 Ho

ecnn paccrtodHue |

Mexay WCTOYHHMKaMWu MHOro

MeHbLUe 3TUX nyTten (Z « ml « d2), 1o o0b6e
yren ¢ > L&D )

aMnNAnUTyAbl MOXHO CUMTaTb NpakKTUUYECKN Of4MHa- ===2 4
KOBbIMU (‘ \

i Al @

PesynbTaT cnoXeHwus BOJIH, NPUX0LSLLNX

B TOYKY M, 3aBucUT OT pas3HocTu a3 Kosneba-
HWN, BO36YXAEHHbIX 3TUMW BOJIHAMW B f[aHHON Puc. 5.19
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M

X
X2 /

\

\
0, Ad
Puc. 5.20 Punc. 5.21

Touke. Mpoiga pasnMyHble paccTossHUA dxun d2, Bo/IHbI MMeKT pa3HOCTb Xo04a
Ad = d2 - dv Ecnu pa3HocTb Xofa paBHa A/IMHe BOMHbI X, TO BTopas BOJiHa 3a-
nasfbiBaeT MO CpPpaBHEHWK C MepBO/ Ha oAMH Nepuos (MMeHHO 3a Mepuos BON-
Ha NPoOXoAWT MNyTb, paBHbIVi €€ AnuHe BOoNHbI X). CregoBaTenibHO, B 3TOM ciiy4dae
rpe6Hn (Kak m BnaguHbl) 06eMx BOMH coBMajatT.

Ycnosue makcumMymoB. Ha pucyH-

-A MpoBeanTe AoMa ONUCAHHbLIA B TeK- ke 5.21 wn3obpaxeHa 3aBUCUMOCTb OT
cTe aKcnepumeHT. [loHabniopaiiTte BPeMEHU CcMeweHnMn X1wnm X2, BbI3BaH-
3a BO/IHaAMM Ha NOBEPXHOCTWU BOAbI. HblX nByMA BO/THaAMMU npu Ad = X

PasHocTb (a3 KonebaHWn paBHa HY/O
(unun, 4To TO e camoe, 27, TaK KakK Mnepuoj cuHyca paBeH 2n1). B pesynbTtaTte
CNOXXEHNSA 3TUX KonebaHW BO3HUKAKWT pe3ynbTupylolw e KosebaHUSA ¢ YABOEHHON
amMnnuTypoivi. KonebaHunsi pe3ynbTUPYHOLWLEro CMeLeHUs X MoKa3aHbl Ha PUCYHKe
LBETHOW WTPMUXOBOW NuUHMeEN. To e camoe 6yaeT MPOMCXOAUTb, €c/iM Ha 0Tpe3ke
Ad yknapgbiBaeTcsl He ofHa, a Nwo60oe Lenoe YMUcno AVUH BOJH.

n a4

AMnnaunTyna konebaHuii yacTuy cpefbl B AaHHOW TOYKe MakcumanbHa, ecnu pas-
HOCTb XOf4a [ABYX BOJIH, BO36yXAJalwWux koneb6aHus B 3TOW Touyke, paBHa LeNoOMy uyucny
ANNH BOJH:

Od = + kX, (5.6)

1+

rope k =0, 1, 2.........

Ycnosue MmHMMymoB. lMycTb Tenepb Ha oTpe3ke Ad yknajgbiBaeTca MOJI0BU-
Ha ONWHbI BOAHbLI. O4YeBMAHO, 4TO MNPM 3TOM BTOpasA BOSIHA OTCTaéT OT MepBoOW
Ha NosI0BUHY nepuopa. Pa3HoCTb (ha3 oKasblBaeTCcA paBHOW K, T. e. KosebaHusa
6yoyT npoucxoauTb B npoTmBodase. B pe3ynbTate C/OXKeHUS 3TUX KonebaHwuii
amMnnuTyfa pe3ynbTUPYLWMNUX KonebaHU paBHa Hy/sl0, T. e. B paccMaTpuBaemoit
TOYKe KonebaHwuii HeT (puc. 5.22). To >Xe camoe NPOU30ONAET, ec/iM Ha OoTpe3Ke
yKnagbiBaetca Nnw6oe He4Y&THOE 4YMCA0 MNOJSTYBOJH.

AMNANTYAa KonebaHWl YacTuly cpefbl B JAHHON TOYKe MUHWManNbHa, €CNU pas-
HOCTb X0A4a ABYX BOJIH, BO36yXAalwWwux kKonebaHus B aTOW TOUYKe, paBHA HEUETHOMY Yucny
NONYBOJIH:

Ad = +(2k + 1)-, (5.7)
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Ecnn pasHocTb xoga d2 —dx npwu-
HUMaeT MNpPoOMeEXYTOYHOe 3HauyeHwue X X,

mexay Jim —, To U amnnutyga pe- 0 \/ X3

3yNbTUPYOLWNX KoNebaHUN NpuUHUMa-
eT HeKOoTopoe MOCTOAHHOEe MNpoMeXy-
TOYHOE 3HauyeHue MeXxAay YABOEHHON Puc. 5.22
amMnAnTyfon U Hyném.

AMnnunTtyna konebaHuini B No60i TOUKe He MeHseTca C TeYeHWEeM BPEeMEeHMW.

1 « Ha noBepxHOCTM BOAbl BO3HMKaeT onpejenéHHoe, HeM3MEHHOe BO Bpeme-
HMW pacnpepgeneHue amnauTyn kone6aHuii, KOTopoe Has3blBAOT UHTepdEepPeHLUNOHHO
KapTUHO.

Ha pucyHke 5.23 nokasaHa ¢otorpaus MHTepdepeHLMOHHOK Kap-
TUHbI 418 OBYX KPYTFOBblX BOMIH OT ABYX WUCTOYHUKOB. Benble yyacTtku
B cpegHen 4yacTm doTorpamm cOOTBETCTBYHT MaKcumymam Koseba-
HUIA, a TEMHble — MUWHWUMYMaMm.

KorepeHTHble BOJIHbI.

b M CTOYHMKN, KOTOpble MMEKT OAWHAKOBYK 4acToTy U konebaHusa KOTOPbIX
MMEKT NOCTOAHHYO BO BpeMeHW pPa3HOCTb cbas, Ha3blBalOTCA KOFrepeHTHbIMWU.

EasmEEP . . o
Ona o6pa3oBaHWs yYCTOWYMBON WUHTepdepeHLWOHHOW KapTWUHbI HeobXxoAuMmO,
I4T06I:;I NMCTOYHUKUN BOJIH 6b|l1|/| KOrEpEHTHbIMVI.

KorepeHTHbIMW Ha3blBalOT U CO3-
JaHHble 3TUMW UCTOYHMKAMWU BOJHbI.
TONbKO MNPWU CAOXKEHUWN KOFepeHTHbIX
BO/IH ob6pasyeTcsa ycToliumBasa WHTep-
hepeHUMOHHasA KapTuHa.

Ecnn >xe pasHocTb (a3 KonebaHWM MCTOYHMKOB He OCTaAéTCcHA MOCTOAHHOW, TO
B N60M TOouyKe cpedbl pasHoCTb (a3 kKonebaHui, BO36y>XAaeMblX ABYyMSA BON-
Hamun, 6yaeT MEHATbCA C TedyeHMemM BpeMeHWU. [loaTomy
amnnuTyga pe3yabTUpylUMUX KonebaHUA C TeuyeHUeMm
BpeMeHn 6yaeT HenpepbiBHO M3MeHATbCA. B pesynbTaTte
MaKCUMyMbl M MWHUMYMbl MNepeMel,alnTca B MNPOCTPaH-
CTBE, N NHTepdepeHUNOHHAA KapTMHa pa3MbliBaeTcs.

PacnpegeneHne aHeprum npu nHTepepeHLnn. BonHbl
HecyT 3Heprutw. UYTo >Xe NpoucxoaumT C 3TOW 3SHepruen
B TOYKax WHTeppepeHLUMOHHOro MWHMMYyMma? Kypaa oHa
ncyesaet?

CNnoBO «KOTepeHTHbI» MpoUCXoamnT
OT naTuHckoro cnosa cohaereus —
B3aMMOCBA3aHHbII.

Puc. 5.23
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Hannuve MMHUMYMa B AaHHOM TOYKe MHTEPHEPEHLMOHHONW KapTWHbI 03Haua-
eT, UTo aHeprua cioaga He nocTtynaeT coBceM. BcneacTeve MHTepdepeHUUU npo-
MCXOAUT MepepacrnpegesieHne 3sHepruyM B npocTtpaHcTBe. OHa He pacnpeaensier-
CA paBHOMEpPHO MO BCEM 4YacTuLaM CcpeAbl, a KOHLUEHTpUpyeTcsas B MaKCMMyMmax
3a CYET TOro, UYTo B MMHUMYMblI He MocTynaeT BOBCE.

CToAuyaa Bo/IHA*. APKUM MPUMEPOM WHTepMepeHUUM BOMH CAYXUT cTosvas
BOJIHA.

EOLI WP
€ToA4as BOJSIHA — BWUJ BOJSIHOBOTO ABWXeHWs 6e3 mepeHoca aHeprun. OHa
obpasyeTca NpuW HanoXeHWU ABYX BOJIH, NPSAMOA M o6paTHO, pacnpocTpaHAWLWMUXCA Ha-
BCTpeuy Apyr Apyry.

O6paTHaFI BO/ITHA MOX>XeT BO3SHUKHYTb B pe3y/sibTaTte oTpa>XeHnA I'IpHMOI‘/Jl BOJTHbI.
YpaBHeHUA 3TUX BONH 3anuwiem B Buae

«p = smsin 2t - f J.sof = smsin 2n +jj

MoO>HO noka3aTb, YTO 3TO ypaBHeHMUe OTpa)KéHHOﬁ BO/IHblI CnpaBen/iNnBO B TOM
cnydae, ecan pacctodHume OT UCTOUYHUKaA A0 NpenAaATcTBUA paBHO UesiloMy 4yucny
nonyesonH. MNMpn HanoXeHUM 3TUX BOJIH

scr = snp + SOBP = 2smcos”™y*jsin(Of. (5.8)

YpaBHeHune (5.8) npepctasnseT coboii ypaBHeHWe CTOAYEN BOJIHbI.

N3 3Toro ypaBHeHUs c/neayeT, 4To aMnauTyga KosebaHuii npu Bo36GYy>XXAEHUN
.
CTOAYEN BOMHLI, paBHass ACT = 2Smcos J , 3aBUCUT OT MOJIOXKEHUSI KOoNe6sto-

uenmca ToYKW, T. e. onpegensieT amMnnuTygy KonebaHuUM B TOUYKe C KoOOpAMUHa-
Tol x. B Toukax, Ansa KoTopblxX
X X
ZnX = a0, T. e X = ra2—,
KonebaHMsA NMpoucxoaaT C YABOEHHOW aMnanmtypon: Act = 2sm(UHTepdpepeHLUNOH-
Hble MaKCUMYMbl, UNW MNYYHOCT U, CTOSAYENH BOMHBbI).
B Toukax, ANna KOTopbiX

j o= + . e = + N
2k{< (2n 1)1‘5, T. e. X (2n 1)4,

KonebaHnsa He npoucxofAat, Act = 0 (MHTepdepeHUMOHHble MWHWUMYMbI, WU
y31bl, CTOAYeA BOMHbI).

PaccTosiHMe MeXAy [ABYMSI COCEAHMMW MNYYHOCTAMU WAN [ABYMS COCEAHUMM

X
y3flamMu paBHO —.

Ha pucyHke 5.24 n3o6paXKeHbl MTHOBEHHbIe CHUMKW CTOsiUei BO/THbI B MOMEH-

Tbl BpemMeHu t = O, tx—l, t2 = l t3 = 3—T, t4=T.
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pemssi

Ovndpakyns npucyuia fto6oMy BOJTHOBOMY MpoLec- 00 /
Cy, Tak e KakK un uHTepdepeHuunsa. Mpu gudpakumm 2”717//@)
I'IpOI/lC.?(O,EI,MT I/ICKpI/IBi'IEHI/IG BOJ/THOBbIX NoOBEPXHOCTEN mﬂﬂmif_
y KpaéB npenssTCTBUIA.

ABneHne AN pPakuMm BOMIH Ha MOBEPXHOCTU BOAbI
MO>XXHO Haﬁl'IIO,anb, ecnmn, Hanpummep, nNoCcTaBUTb Ha
nyTW BOJIH 3KpaH C Yy3KOW LWenbl, pa3Mmepbl KOTOpoW Boana
MeHblUe ANWUHbI BOMHbLI (puc. 5.28). B 3Tom onbiTe
Xopowo BWMAHO, 4YTO 3a 3KpaHOM pacnpocTpaHAeTcAd
Kpyroeas BOJIHa, KaK ec/un 6bl B OTBEPCTUN I3SKpaHa
Haxoamnnocb KOI'IGGHFOLU,GGCFI T€/10 — WUCTOYHUK BOJIH. me.ﬂb
CornacHo npuHumny lolireHca Ka)kgasi Touka BOJTHO-

BOro CprHTa ABNAeTcA NWCTOYHUKOM BTOPWUYHBLIX BOJIH.
Orubatwwas ¢GpPoHT BOSIH OT BTOPUYHBIX WCTOYHWUKOB )
NMOBEPXHOCTb ,D,aéT nos1o>XXKeHnme HOBOTO (*JpOHTa BOJ1HbI

(puc. 5.29). Nlyu, onpegensouwunuii Hanpae/feHUe pac- Jlyuu
NpocTpaHeHUSA BOJIHbl, MNepneHAUKYNApeH (QPOHTY.
Mbl BUAMM, 4TO BONHa ormbaetT npenaATcTBUE. Pnc. 5.29

Heob6xoanMbIM ycnosuem HabnwaeHus ,qmquakumm ABNAeTcd COM3IMEepPUMOCTb
npenaTcTBuAa C ONVHOI BOJHbLI.

Ecnn e pasmepbl LWen BeNWKW MO0 CPaBHEHMUIo
C ANVHOW BOJIHbI, TO KapTUHa pacnpocTpaHeHuUs BOJIH
3a 9KpaHoOM coBeplweHHOo MHaa (puc. 5.30). BonHa npo-
XOAUT CKBO3b WefMb, MNOYTU HE MeHSAA cBOeli PopMbl.
Monsipnsaumns BOJIH. Puc. 5.30

Mnockononspn3oBaHHOl BOJIHOI Ha3biBaeTCcA BOJIHA, NpuW pacnpocTpaHe-
HUW KOTOPOW KonebaHUa 4vacTUL NPOMCXOAST B O4HON MNNOCKOCTWU.

C BepTUKa/bHOW npope3blo, To nonepeyHas BoNHa 6yaeT pacnpocTpa-
HATbLCA W 3a NNacTUHOW, 0AHAKO KonebaHwus B 3TOW BONHE ByayT mpo-
MCXOANTb TO/IbKO B BEPTUKA/IbHOW M0CKOCTU. OTa BOMHA 6yAeT MAOCKOMOMSAPU-
30BaHHOW. Ecnn B wWHype B036yAUTb Kone6aHUA B ropuM3oHTaNbHOW MMOCKOCTMU,
TO BO/IHA AOWAET TONbKO A0 MACTUHbLI WM Aanblle pacnpocTpaHATbCA He 6yaerT.
OyYeBUAHO, UTO MOMAPU3aLUA MOXET MPOUCXOAUTbL TONbKO B c/y4vyae MomnepeyvHbIx
BOMIH. [MpoaonbHaa BOSIHA He MonsipusyeTcs.

Ecnn Ha nyTm BOJIHbI NOCTaBWUTb nNperpagy B BuAe nNAacTUHBbI E

WHTepdhepeHuna. Oudpakuna. Monapusaymsa. Ctosyas BONHa

Kakune BOJIHblI Ha3blBalOT KOrepeHTHbIMN?

UTo HasblBalT MHTepdepeHUmen?

MpuBeanTe npumepbl ANGPaKLUM BOMH, He YNOMSIHYTbie B TEKCTe.

Mpu Kakux ycnoBusx ANdpakuus BOH MPOSABNAETCS 0CO6EHHO OTYETNMBO?

@
PONPE



LIJ KONMEBAHWNA N BOJIHbI

‘u§34 MPUMEPbLI PEWLEHNA 3A0AY MO TEME «HTEP®EPEHLU WA
N ANOPAKUNA MEXAHUYECKWMX BOJIH»

Mpu peweHWn 3ajay Ha ABMIeHUe MHTepepeHLUUU Hajo cHadasa yb6efuTbecs
B TOM, UTO MCTOYHUKWU BOJSIH KOTEPEHTHbI, CPABHUTbL MOMEHTbI BpeMeHMW Hadana
paboTbl UCTOYHUKOB. Pa3HoCcTb (a3 KoneGaHWi, Bbl3biIBAEMbIX 3TUMW MCTOYHMKA-
MW B OMnpeaenéHHoOW TOYKe MpocTpaHCcTBa, onpefefisieTcss He TOMbKO Pa3HOCTbIO
X04a BOJIH, HO M Pas3HOCTbIO HayaNbHbIX (a3 Kose6aHUii UCTOUHUKOB.

3apaya 1. [1Ba KOrepeHTHbIX WMCTOYHWKA, OAHOBPEMEHHO M3ny4yawuime 3BYK
Ha vacTtoTe 51 Iy, pacnonoXeHbl Ha pacctoAaHuu 50 M gpyr oT gpyra. Yenosek
HaxoauTca Ha paccToAHMM 30 M OT O4HOIM0 MCTOYHUKA W Ha paccToAaHUu 40 ™
OT APYroro. YcnblwunUT nNn oH 3BYK? CkKopocTb 3Byka 340 m/c. MornouweHuem
3HEPrMm 3BYKOBbIX BOJSIH MOXHO npeHebpeub.

PeweHwune. TakK KaK UCTOYHUKW KOTFepeHTHbl, TO MPU Ha/IOXXEHUU Ucnycka-
eMblX WMW BOJSIH 06pasyeTcsa WHTeppepeHLMOHHAn KapTuHa. WHTepdepeHLMOH-
HbI MakcMMyM HabnwpgaeTcs B TouyKax, A1 KOTOPbIX Pa3HOCTb X04a XX —X2 =
— + kX, MWHMMYMbl B To4yKax XX - X2 = * (2k + \)X/2. Onpegenum pas-
HOCTb X0fa BOJIH [0 MecTa, rge CTOUT 4YesoBeK: XX - x2 = nX = nv/v. OTcoga

n (-4 =mmmmmmmmmmmem = 1;s _Takmm obpa3omMm, Ha pa3HOCTM Xofa yKNaAblBaeTCA HEYET-

HOe 4Mcno MNoMOBUH ANUH BonH (K = 1). 3To 03Ha4yaeT, 4YTO MPU PaBHbIX aAMMIN-
TyAax W3nydyaembiX UCTOYHUKAMMW BOMH YeNoBEK He YCAbIWWUT HUKAKOro 3BYyKa,
HecMoTpsi Ha To 4To 06a WUCTOYHUKaA pa6GoTalT. (HanoOMHWUM, 4YTo 4Yem 6oNblue
amMnnuTyaa Kone6aHWin B 3BYKOBOW BOJSIHE, TEM TpomMuye 3BYK.)

3apaya 2. Tpyba gnvHoiM 1 M OTKpbITa ¢ 060MX KOHLOB. Onpegennte camyio
HWU3KYI0 pe30HaHCHYI 4acToTy B Tpybe. CkopocTb 3BykKa paBHa 330 m/c.

L PeweHwne. Ha KoHuaXx OTKpbITOW Tpy6bl 6yAayT nyu-
}\.1 53
2 WocTu crTosueii BonHbI. Camas HM3Kas dacToTa Vv = X
COOTBETCTBYET MaKCMManbHOW A/IMHe BOsIHbI. OueBUAHO,
4TO ANINHA BOJSIHBI NPU 3TOM pasBHa ABYM [A/iMHAM TpyoObl
(puc. 5.31): X = 2L.
3Hada CKOpPOCTb 3BYyKa, MOoAyyum = 165 c¢'l = 165 Iy,

A ZLj

3apgava 3. YacTtoTa KonebaHui KamepToHa paBHa 440 Iu. YUemy goskHa 6biTb
paBHa ANWHA 3aKPEnMEHHON C ABYX CTOPOH CTPYHbl, 4To6bl OHa M KaMepTOH 3BY-
Yyanun B yHUcoH? CKopocTb 3ByKa paBHa 750 m/c.

PeweHune. KamMepToH M cTpyHa 3BydyaT B YHMCOH, €C/IM YacToTa Kosie6aHWii
CTPYHbI coBMajaeT C 4acToTo KonebaHuii KamepToHa.

AnvHa cTpyHbl L = > B CBOW ouepefb, A/IMHA BOJIHbI X = v

OKoOHYaTe/ibHO MMeem L = ? =85 cMm.
v
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3apaya 4. Ha noBepxHocTU BoAbl NsiaBaeT 6peBHO. [Mpoxoasawnii Katep BO3-
6y>XfaeT BOJIHbI, MpPU 3TOM 3a 6pPeBHOM Ko/sie6aHMUA MNOBEPXHOCTWU BOAbl He Ha-
6nwoparTca (o6nacTe TeHW). Bcerga nn npuv gaHHOM MpPensaTCTBMWU 3TO 6yaeT Tak?

PeweHwune. lMposABieHMe AN PaAKUMN 3aBUCUT OT COOTHOWIEHUS MeXAy ANN-
HOW BOMIHbI W pasmepaMu MpensATcTBUsA. B npuBeaéHHOM crydyae 04YEeBUAHO, 4TO
ONIVMHA BOJTHbI, BO36Y>)K/JaemMoli KaTepoM Ha MOBEPXHOCTU BOAbl, MeHblUE pa3mepoB
npenaTcTBUA, B AaHHOM c/lydyae 6peBHa. EciM Ha MoBepXHOCTWM BoAbl BO36YAUTH
BOJIHbI 60MblWeli ANVHbI, TO 6yaeT HabNwAaTbCA AUPPaKLUA BOMH. 3aMeTUM, 4To
Andpakuna BoNH HabnogaeTca M 3axof BOMH B o6n1acTb TeHW 6yfeT cyliecTBeH,
ecin ANnHa BOJIHbI MopsigKka pa3mMepoB MpensTCTBUS.

B cnyyae o4eHb MasieHbKUX MPensATCcTBUIA, Korga A/iIMHAa BOJIHbI CYULeCTBEHHO
G6onblle pa3mMepoB MNPensATCTBMA, Hanpumep CcTe6/eil BOAHbIX PacTeHW, BOJHbI
pacnpocTpaHsTCA MO MOBEPXHOCTU BOAbI, He 3ameyass 3TUX MNPensATCTBUIA.

3ajayunm Ana camMoCTOATE/NIbHOIO peweHns

1. WHYp ANVHONW 2,6 M OAHWUM KOHLOM MNpPUBA3aH K CTeHe, a ApY-
roi KoHeu, Kosie6netca ¢ yacTtoToi 10 Iu. B wWHype Bo36yXxpgatTcs
cTosiYMe BOJIHbl. MeXay UCTOYHMKOM WU CTeHOW 12 y3noB. Onpenennte
CKOpPOCTb pacnpocTpaHeHUs BOJIHbI B LIHYype.

2. OBe nocnepoBaTesibHble pe30HaHCHble YacToTbl paBHbl 320 n 360 INy. Onpe-
JenunTe 4acToTy OCHOBHOr0O TOHa M CaMyld HU3KYK pe30HaHCHYK 4acToTy.

3. [1Ba KOrepeHTHbIX MCTOYHMUKA WU3ny4yalwT BOMHbI AAMHOW 40 Ty ¢ amMnau-
Tyaon A, npum 3TOM BTOPOA MCTOYHWK HadyuMHaeT M3nydyaTb BOJHbI Ha 0,0375 ¢
nosxe. Yemy paBHa amnnutyga kKonebaHwWin B TOoUuKe, HaxoAAlWenca Ha paBHbIX
paccTogHMAX OT UCTOYHWUKOB?

4. CBo6ogHan ckpunuyHasa cTpyHa kKonebnetrca ¢ yactoton 180 Iy. C kakoi
yacToToi 6yAeT 3By4yaTb CTpyHa, €c/N eé yMeHbLWWUTb Ha YeTBEPTb A/INHbI?

5. [lBa KOrepeHTHbIX MUCTOYHMKA 3BYyKa OAHOBPeMeHHO BO30yXxpaa-
0T B cpefe KonebaHusa. B Touke, oTCcTOAWeEN OT NepBOro MCTOYHMKA
Ha 2 M, a 0T BTOPOro Ha 2,5 M, 3ByK He ciblweH. Onpegennte 4actoTy
3Toro 3Byka. CKoOpocCcTb 3ByKa npumute paBHoW 340 m/c. i

MoBTopuTe maTtepuan rnaebl 5 NO crneagyruemMy naaHy:

BbIMUWMNTE OCHOBHbIE MOHATUA U (PU3NYECKME BEIMUYUHBLI M faiTe UM onpegeneHue.
3anuwnTe O0CHOBHble (hOPMY/bl.

YKaxXunte efuHuLbl PU3NUYECKUX BENIMYMH. Bbipa3nte nx 4epes 0CHOBHble eanHULbl CU.
OnuWwmnTe ONbITLI, MOATBEPXAAKLULME OCHOBHbIE 3aKOHOMEPHOCTU.

Bwne

«Mwnp 3BYyKOB>»
1. 3ByKOBble BO/IHbl — MeXaHW4Yeckne BOJHbI.
2. WcTOYHUKM 3BYyKa B XWBOW npupoge.

W 3. Wymbl, co3fgaBaeMble pas/IMYHbIMU MeXaHW3IMaMu.
4. My3blKafibHble WHCTPYMeHTbl. Oco6eHHOCTU uX 3By4yaHus. Ckpunku CTpa-
avsapu.
5. Cy6beKkTUBHbIe M OGbEKTWBHbIE XapakTepucTUKKM 3ByKa.
n

«3yyeHne nHTepdepeHUnn v gndpakunm BOMH Ha NpMumMepe BOJIH Ha MNo-
BEPXHOCTU >XXUAKOCTU». j
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FMABA 6 3JIEKTPOMATHWTHBIE BOJIHbI

MexaHuuyeckme BOJIHbI pacnpocTpaHATCS TOo/NbKO B YMNPYrux cpegax. rase,
KUAKOCTU uAun TBépaoM Tesne. Cyu,ecTBYWT, OAHAKO, BO/IHbI, KOTOpPbIe HE HYXX-
fawTca B KaKOM-/1MG60 Bew,ecTBe A/ CBOEro pacrnpocTpaHeHWUs. DTo 3fieKTpomar-
HUTHble BO/THbI. K HUM, B 4acCTHOCTW, OTHOCATCS PaguoBO/iHbI M cBeT. HecmoTps
Ha CyWecTBEHHOE OT/INUMNE 3NIEKTPOMArHUTHbIX BOMIH OT MeXaHMYeCKUX, 3/1eKTPo-
MarHUTHble BOJIHbI MPW pacnpocTpaHeHUU BeAyT ce6s MoJO6GHO MEXaHUUYECKUM.

g }€§ 35 3/IEKTPOMATFHUTHOE MOJME. 3/1EKTPOMATHUTHAS
boad BOJTHA

ChopmynupyiiTe 3aKOH 31eKTPOMArHUTHOW WMHAYKUUN.

BuxpeBoe 3anekTpuuyeckoe nose. Mpu U3MEHEHUW CO BpeMeHEM MarHUTHOro
noTtoka 4yepe3 MOBEPXHOCTb, OFPaHUYEHHY MNPOBOAAULUM KOHTYPOM, B HEM BO3-
HUKaeT, KaK Bbl yXe 3HaeTe, 3/eKTpUYeCcKUii ToK (sIBJleHUEe 3/1eKTPOMarHUTHOM
MHAYKUUKN). MOXHO MpPeanosioXXUTb, UYTO 3/1IEKTPOHbI B HEMOABUXXHOM MPOBOAHMW-
Ke MPpUBOASATCS B ABUXKEHWE 3/1EKTPUUYECKUM MOoMeM W 3TO Mosie HenocpeacTBEH-
HO MOPOXKAAeTcs MEHSAWMUMCA MarHUTHbLIM MofeM. TeM caMbiM yTBepXjaeTcs
HOBOe (hyHAameHTas/ibHOe CBOWCTBO MONS:

N3MEHAACb BO BpPeMeHWU, MarHMTHoe nosie nopoxpgaeT 3NeKTpuyeckoe none.

ONeKTpuUUYeckoe Mofie, BO3HUKalLW,ee NpM U3MEHEHUN MArHUTHOrO Mossi, nme-
eT COBCEM ApYryl npupoay, 4eM aneKTpocTaTU4ecKoe.

OHO He CBsSI3aHO HENnocpeaCcTBEHHO C 3M1IEKTPUUYECKUMU 3apspamMu, U ero IMHUU
HanpPsH>KEHHOCTU He MOFYT Ha HUX HauyMHaATbCA U KOoHYaTbCs.

BuxpeBblM 3/1eKTPUYECKUM MOJSIEM Ha3biBaeTcs None, CUNOBble IMHUN KO-
TOPOro HUTrAe He HauyMHawTCA W He 3aKaH4YMBalOTCA, a NpPeAcTaBAAT CO60W 3aMKHYTble
nuHun (puc. 6.1), Nofo6HbIE NUHUAM UHAYKLUWM MarHMTHOro Nons.

Yem 6bicTpee MeHsSieTCA MarHUTHass WMHAYKUMSA, TeM 6o/iblie HanpsH>KEHHOCTb
aneKkTpuuyeckoro nonsa. CorsacHo npasuny JleHua npu Bo3pacTaHWW MarHUTHOM
‘AB 5\ ” " —

MHAYKUMKM 1— > 0 1 HanpaBneHWe CUOBbIX NIMHUI BeKTopa HanpsH>KEHHoCcTM E

BO3HMKAlOLLEro 3/IeKTPUYECKOro nosia coBrnagaeT ¢ HanpaB/eHUeM BpalleHUs pyu-
K1 6ypaBunka (BMHTA), ABMIXKYLLErocss nocTynatesibHO B HanpaB/ieHUU, NPoT UBO-

NMOMO>XHOM BEKTOPY WMHAYKUWM B MarHuTHoro nons. Hanpotwue, nNpu yGbiBaHUM
. (AB _ A
MarHUTHOW MHAYKUUKU [—- < Ol 6ypaBUYMK [OMIXKEH MNocTynaTe/lbHO ABUraThbcs

Nno Hanpas/ieHWO BeKTOpa MHAYKLMM B MarHUTHOro noss, W HanpassieHue Bpa-
UeHMA pyuykn 6ypaBumKa yKaXKeT HanpaBfeHWe CUMOBbIX JIMHUIA HanpPsXEHHO-
CTU BO3HMKAWLLEr0 3/IEKTPUUECKOro noss.
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B cBolo ouepefb, HanpaB/ieHNE CUOBbIX NINHNA Ha-

nps>xkéHHocTn E coBnagaeT ¢ HanpaB/ieHWEM WHAYK-
LWOHHOro Toka. Cuna, gelicTByll,asi co CTOPOHbI BUX-

pPeEBOro 31eKTPUYECKOro Mnosis Ha 3apag g (CTOPOHHASA ,,_\4tB>94
cuna), no-npexxHemy pasHa F = qE. Ho B otnnuue ot E@
cnyyas cTaluMOHaApPHOro 3feKTpMyeckoro nons pabota

3NXPeBOro nosisi Mo nepemMelleHU0 3apsiga q Ha 3aMm-
KHYTOM MNyTW He paBHa Hynw. Bedb npu nepemedle- )
HUU 3apaga BAOMb 3aMKHYTOW MIMHUMN HaNPAXEHHOCTU ¢
3M1eKTpUUYECKOro nons pa6ota Ha BCeX yyacTKax nyTu
nMeeT OAMH U TOT >Ke 3HaK, TakKk KakK cuna u nepe- -
MeleHMe coBMajalT Mo HanpaB/eHUIo. Puc. 6.1

E3SEP PaboTa BMXpEBOro 3/1€KTPMYECKOr0 MOMASA MpU NEPEeMELWEHUN €AWHUYHOTO No-
NOXWUTeNbHOro 3apsga BAONMb 3aMKHYTOrOo HENOABWXHOTNO NPOBOAHWUKA YUCNEHHO paBHa
94AC MHAYKUMM B 3TOM NPOBOAHUKE.

MTak, cornacHo runote3e Mak-
cBesila nepemeHHoe MarHMWTHoe nofe
BbI3bIBAET nossseHne BUXpeEBOro BUXPEBOIro 3N1eKTpnU4YeckKoro nonem.
3/1IeKTPUYECKOro nonga.

MN3yuyas ceoicTBa 3aneKTpomarHuTHoro nonsa, Ax. K. Makceenn
3ajlanca BOMPOCOM: ecnu nepemMeHHOe MarHWTHOe nMoJsie nopoxpgaet [5
3/1eKTpuyecKoe nose, T0 He cyw ecTBYeT 1IN B Npupoje o6paTHoOro npo-
uecca? He nopoXpgaeT Nu nepeMeHHoe 3/1eKTpuYeckoe mnose, B CBOIO
oyepefb, MarHuTHoe? OT0 coobpaXkeHue, AUKTYeMOe YBEPEHHOCTbIO B efUHCTBe
npupoAbl, BO BHYTPeHHel CTPOMHOCTM W rapmMoHWWM €€ 3aKOHOB, cCOCTaBNsAeT ocC-
HOBY runote3bl Makcsenna.

BO3HMKHOBEHME MarHMUTHOro Mond Mnpu W3MEHEeHUW 3JIEKTPUYECKOro Mnosis.
MakcBens gonycTtus, 4To TakKoro pofa npouecc peanbHO MPOUCXOAUT B Mpupoge.

Ha3oBuTe, B Y€M CXOACTBO, a B YEM
pasnmuna  3NeKTpocTaTUYeckoro u

Q 83 9 Bo Bcex cnyyasx, kKorfa sfnekTpuyeckoe nosie M3MEHAETCA CO BPEMeHeM, OHO
nopoxpaet mMmarHMuTHoe none.

JINHUN MarHWTHOW WHAYKUWW 3TOro MOMsi 0XBaTblBAT JIMHUN HaNpPsHKEH-
HOCTW 3NeKTpuueckoro nons (puc. 6.2), NoA06HO TOMY KaK OHW OXBaTbiBAT
NPoOBOAHWK C TOKOM. [pu BO3pacTaHWM HaMNPsHKEHHOCTM 3MeKTPUUECKOro nons
BEKTOP MHAYKUMM B BO3HMKALW,Ero MarHUTHOro Mnons
Hanpae/ieH B CTOPOHY BpaWweHus pyuyku 6GypaBuyuka, e

nocTynaTefibHO ABMIKYLLErocsi B HanpaBfeHUU BeKTopa | AE
¢>0

E, a npu y6biBaHWM HaNpPS>XEHHOCTU 3/1€KTPUUYECKOrO

nons HanpasfeHWe BekKTopa B u3MeHsieTcAa Ha MpPoTU-
BOMO/IOXHOE.

CornacHo runotese MakcBenna MarHutHoe none, °
Hanpumep, Npu 3apafke KoHAeHcaTopa rMnoc/fie 3aMbl- ” I
KaHua Kfuya co3faéTcsad M3MEHSUUMCA BO BPEMEHU puc g -
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B At ~3 ““T““ Y}

Puc. 6.5

=z e

3/IeEKTPUYECKMM MNONeM, CyU,ecTBYHOLWMUM B MNpPoCTpaH-
cTBE MeXpay o6knaakamMu KoHAeHcaTopa (puc. 6.3).
Mpnyém MarHUTHOe Nosie HanpaB/ieHO TakK, KaK ecnu
6bl MeXxay ob6knagkamu Ccyuw,ecTBoBas 3/1eKTPUYECKUN
TOK, TakKoWll >Xe, KakKk B npoBogHuKe. CrnpaBea/iMBOCTb
rmnoTesbl MakcBenna 6bl1a foKa3aHa 3IKCNEPUMEH-
TaNbHbIM O06HApY>XeHWeM 3/1eKTPOMarHUTHbIX BOJIH.

DnekTpomarHuTtHoe none. llocne OTKPbLITUA B3awu-
MOCBA3M MEXAY WU3IMEHSAKWLWMUMUCA 3/1EKTPUYECKUM U
MarHUTHbLIM MO0ASAMW CTano SACHO, 4YTO 3TUM MOMA He
cyuwiecTByT 060C06/1€EHHO, He3aBUCUMO OLHO OT ApPY-
roro. Henb3a co3gaTb nepemMeHHOe MarHMTHOe noJfie
6e3 TOro, 4To6bl O4HOBPEMEHHO B MNPOCTPAHCTBE He
BO3HWKJ/I0O N 3neKTpu4yeckoe none. M HaobopoT, nepe-
MEHHOe 3N1eKTpuYecKoe Mnosie He MOXeT cyl,ecTBOBaTb
6e3 MarHMTHOrO.

He mMeHee BaXHO WM TO, 4YTO 3/IeKTPUYecKoe rose
6€e3 MarHMTHOro WUAM MarHuTHoe 6e3 31eKTPUYECKOTO0
MOXeT Cyl,ecTBOBaTb /INWb MO OTHOWEHWUI K onpe-
ONeNnéHHoM cucTeMe oTcyéTa. Tak, NokKoAwwuinca 3apsapg
co3paéT TOoNbKO 3nekTpuyeckoe none (puc. 6.4). Ho
BeAb 3apAf4 NOKOUTCA /NWb OTHOCUTENIbHO onpefeniéH-
HOW cucTeMbl oTcyéTa. OTHOCUTENIbHO APYTUX CUCTEM
0TCY&Ta OH MOXeT ABuratbca W, cnepoBaTesibHO, CO3-
naBaTb W MarHuTHoe none (puc. 6.5).

TO4YHO TaK >Xe B CuCTeMe O0TCYETa, CBSA3aHHON’
C MarHutom, o6Hapy>XuBaeTcsa JINWb MarHUTHOe
none. Ho ABMXYLWWNACA OTHOCUTENbHO MarHmuTa Ha-
6nwgaTtens 06Hapy>XWUT M 3/leKTpuyeckoe none. Beab
B CUCTeMe OTCYéTa, ABMXKYyLW,elicaA OTHOCUTENIbHO Mar-
HUTa, MarHuTHoe none 6yaeT MEHATbCA C TeYeHWU-
eM BpemMeHW nNo Mepe npubnumxeHusa Habnwpatens
K MarHuty vnm ypaneHus oT Hero. lNepeMeHHoe e
BO BpPEMEHW MarHWTHOe MoJjie MNopoXXAaeT BUXpeBoe
3NleKTpuyeckoe none.

3HaunT, yTBEpXAeHWe, 4TO B [aHHOW TO4YKe Mpo-
CTpaHCTBa CyLW,ecTBYeT TOJ/IbKO 3NeKTPUUYECKOe WIun
TONIbKO MarHuTHoe none, 6ecCMbICIEHHO, eCNN He yKa-
3aTb, MO OTHOLWEHWUI K KaKoW cucTteme OTcuyéTa 3Tu
noss paccMaTpuBalTCA.

v JNeKTPUYECKME U MarHWTHbIE Nons NposiBNeHNE eAVUHOro LEeNoro — anek-

TPOMAarHNTHOro nonsa.

3nekTpomMarHmTHoe none — ocobas copma mMatepuu, ocyuecTBaswLwas
3N1eKTpoMarHuTHoe B3aumogelicTBue.
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B 3aBUCUMOCTM OT TOro, B KakKoi cucTeMe O0TcYéTa paccMaTpuBalOTCA 3/1€KTPO-
MarHUTHbIE MPOLECCbl, MPOABAAKTCA T€ WU WHble CTOPOHbI €4WHOro Lenoro —
3/1eKTPOMArHUTHOro nons. Bce mMHepuuanbHble CUCTeMbl OTCYETA PaBHOMPAaBHbLI.
Mo3TOMy HU 0AHOMY U3 06HApPY>XXMBaEMblIX MPOSABAEHU 3/IEKTPOMArHUTHOIO Mo
He MOXeT 6biTb OTAAHO MpeAnoyYTeHMe.

PaccMoTpuM B3auMMmofgeiicTBue ABYX 3apafos. CmecTMM OAWMH U3 3apagos. lMe-
pemeluieHMe 3apsAga MeHaeT 3/leKTpuuyeckoe nosie B6/M3N Hero. 3T0 NMepeMeHHoe
3M1eKTpUYecKoe Mosfe MNopoXKaaeT MepemMeHHOe MarHWTHoe Mnofsie B COCEAHUX 06-
nacTsax npocTtpaHcTBa. lMepeMeHHOe e MarHuWTHOe Mofe, B CBOW ouyepedb, NO-
poXkaaeT MepemMeHHoe 3/ieKTpMUeckoe nosfe u T. A.

MepeMelweHne 3apsiia Bbi3blBaeT, TAKUM 06pa3om, 3feKTpoMarHuUTHoe none,
KOTOpoe, pacnpocTpaHsAscb, OXBaTbiBaeT BCE 6onblWiune U 6GonbliKe 06/acTy
OKpY>KalLlero NpocTpaHcTBa, M3MeHAA 3M1eKTpocTaTU4YecKoe Mosie, KOToOpoe Cy-
uecTBOBaso A0 CMelieHUs 3apsga. HakoHel, 3TO 3/1eKTPOMarHUTHoOe Mofe Ao0-
cTUraeT ApYyroro sapsaga, 4Tto M NPUBOAUT K U3IMEHEHWUID AelicTBYlOLUL e Ha Hero
CUNbI.

Mpouecc pacnpocTpaHeHWs 3MeKTPOMArHUTHOTO MO/, MexaHM3M KOTOPOro
6bl/1 OTKPLIT MaKCBENNOM, MPOUCXOAUT C KOHEYHOMN, XOTA W oYeHb 60NbWOW, CKOPOCTbIO,
paBHO CKOpOCTU cBeTa.

B 3TOM M COCTOMT (hyHAAMeHTasibHOE CBOWCTBO MOMSi, KOTOpOe He ocTaBnseT
COMHEHW B €ro peanbHOCTHU.
dneKTpomarHuTHas BofHa. lMpeg-

M Teopusa, ocHoBaHHasa Ha npeg-i
cTaBbTe cebe, 4YTO 3/1eKTPUYECKU

cCTaB/ieHnAaAXx [0} cyuwecrtsoBaHunun

3apsaf 6bl1 nNpuBeféH B 6bICTpble KO- 39NEeKTPOMArHUTHOrO MNOMA W KOHEYHOW CKO-
nebaHnAa BAONb HEKOTOPOW NPAMOMN. pocTn nepepfayn B3auMopencTBWUIA, Ha3bl-
3apag ABuxketcsa nopgobHo Teny, noa- BaeTcs Teopueil 6nm3kopencTBus.

BEWEHHOMY Ha MNpPy>XWHe, HO TO/bKO
Koneb6aHUA ero NpomcxoaAaT CO 3HauymTenbHO 6onbwell yvacToTol. Torga anek-
TpUyeckoe nosne B HeNnocpeACTBEHHONW 6/M30CTM OT 3apsAfja HaudyHET nepuofuye-
CKM u3MeHATbcA. [Mepuof 3TUX M3MeHeHWUl, oyeBUAHO, GyaeT paBeH nepuoay
Kone6aHuii 3apsga. NMepemeHHoOe 3/eKTpuyeckoe nosie 6yaeT nopoxpaaTb Mepu-
04MNYECKN MeHslol eecd MarHWTHOe MoJsie, a OHO, B CBOK O4Yepedb, BbI30BeT MNO-
ABMIEHNEe MepeMeHHOro 3/1eKTPUYECKOro Mnoss yXe Ha 60nblwemM paccToAHUM OT
3apsga u T. A.

B okpyXawuwem 3apsag npocTpaHCcTBe, 3axBaTbiBasi BCé 6Gonbliue
n 6onbwmre obnacTtu, BO3HMKAET cuCTeMa B3aMMHO MeprneHAUKYNsp-
HblIX, MEPUOANYECKN WN3MEHSALLUXCA 3EKTPUUYECKUX U MarHUTHbIX
nonew. Ha pucyHke 6.6 M306pa>kEéH MIHOBEHHbIA CHW-
MOK TaKOW cucTembl noneidi Ha 601bWIOM paccTOAHUU
0T Kone6nwuwerocsa 3apsga.

Ha aTomM pucyHkKe nokasaHbl BeKTopbl E u B B pas-
NWYHbIX TOYKaX npocTpaHcTBa. HanpasneHne Z — ofHO
U3 HanpaB/EHUI pacnpocTpaHeHUs 31eKTPOMArHUTHBIX
BO3MYylLeHMI. O6pa3yeTca TakK Ha3biBaeMasi 31eKT po-
MarHuTHas BONIHa, beryuias nNo BCeM HanpaB/leHUAM
0T Koneb6ntouweroca 3apsaga.
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~ N B Kkaxpfoi Touke npocTRaHcTBa
3w, HayepTuTe MrHOBEHHbIA CHUMOK \
o 3NeKTpUYeCKNe ¥” MarHmTHble nMonA
W 3M1eKTPOMArHMTHONW  BOJIHBI  Yepe3

nonosuwy nepuoga (F/2). MeHATCS BO BpPeMeHUW nepuoamye-
CKW. Yem panbliue pacrnosiodkeHa ToY-
Ka oT 3apsAja, Tem no3gHee AOCTUTHYT

eé Kone6aHus BekTopoB E u B. CnepgoBaTenbHO, Ha pasHbiX paccTosiHUAX OT 3a-
psfa KonebaHUS KaXKAoro U3 3TUX BEKTOPOB MPOMCXOASAT C pas/IMUHbIMU azamMu.

Kone6baHna BekTopoB E m B B ntw60iA Touke coBnapgakwT no ¢ase. KpaTtuvaii-
Wee paccTosiHUe MeXxAay ABYMs 6nmdkaklwmmMu TouykKamMu, B KOTOPbIX KosiebaHus
npoucxoafT B OAMHAKOBbLIX (pa3ax, ecTb AJ/iIMHA BOMHbI X B gaHHbIi MOMeHT Bpe-

MeHU BeKTopbl E n B mMeHAKWTCA B npocTpaHcTBe Mo ocn Z no popMysie CUMHyca
¢ nepuogom X

HanpaBneHua pgByx Kone6nwwmnxcsa BEKTOPOB — HaMpPAXE&HHOCTN 3/eKTpuye-
CKOro nonda v UHAYKUMMN MAarHUWTHOro nona — nepneHauKynapHbl HanpaB/leHUK pacnpo-
CTPaHeHUA BOJIHbl. QNEeKTpPOMarHuTHas BO/NHa ABfAeTCA I'IOI'Iepe'-IHOIZ.

Takmnm obpasom, BeKTopbl E n B

SERMuTE ypaBHeH"'e snekTpomar- B 3/1IeKTPOMArHUTHOWM BO/THE MeprneHAn-
HUTHOM BOJ/IHbI, €. YypaBHeHUA
E(r. t) n B(r, () KYNAapHbl APYr ApPYry U nepneHanky-
NAPHbI HamMpaB/EHWIO pacnpocTpaHe-
HUSA BONHbI. Ecnu BpawaTtbe 6ypaByunK
oT BekTopa E k BekTopy B, To mocTynaTesnbHoe nepeMelieHue GypaBuumka b6yaer
coBnajaTb C HanpaB/leHMEeM BeKTOopa CKOPOCTW BOJIHbI c¢* (cm. puc. 6.6).

M3nyyeHne 3N1eKTPOMArHUTHbIX BOMIH. DNEKTPOMAarHUTHble BOJSIHbI U3/ydakT-
ca kKone6nwowmummuca sapagamu. FNpu 3aTomMm CyU,eCTBEHHO, YTO CKOPOCTb [fBUXeE-
HUA TaKMX 3apsAfoB MEHSAEeTCA CO BPEMeHeM, T. €. 4YTO OHM ABUXYTCA C YCKO-
peHuemMm.

ATWWAN*  Hanuune ycKOpeHWs Yy ABUXYLWUXCA 3apsaf0B — T[/laBHOe YC/NOBUE W3Ny4YeHus
UMW 31eKTPOMArHUTHbIX BOJH.

dNeKTpOMarHMTHOe Mnosie nsnyya-
eTcsl 3aMeTHbIM 06pa3omM He TOJ/IbKO
npu kKonebaHWsix 3apsiga, HO U npwu

Q2QSSS5 MakcBenn 6bln1 rny6oko y6expaéH
B peanbHOCTU 3/1eKTPOMATHUTHbIX
BO/MIH. HO OH He JO0XWA [0 TOro BPEMEHU,

KOTfla OHUM GbiNM 3KCMEePUMEHTaNbHO 06GHAapy- Nt060M [10CTATOYHO GbICTPOM U3MEHe-
XeHbl. Jlnwb yepes 10 neT nocne ero cMep- HUM ero CcKopocTU. WHTEHCUBHOCTL
TW 3N1eKTPOMarHUTHble BOMHbLI GbiAU 3KCNepu- n3nydyaeMmoi BOMHbLI Tem 6onblie,
MeHTanLHo nonyyeHsl . Fepuem. yeM 60/ble YCKOPEHWEe, C KOTOPbIM

ABUXeETCcA 3apsj.

HarnsaHo 3aTo MOXHO npeAcTaBuTb cebe Tak. Mpu ABUXKEHUWN 3apsi>KeHHOW
yacTUUbl C MOCTOAHHOW CKOPOCTbIO CO3[aHHbIE €l 3NeKTPUUYecKoe U MarHuTHoe
nons, noAo6HO pasBeBallleMycs wWielidy, conpoBoXaatwT yactuyy. MNpu ycko-
peHnn vacTuubl 06HapyXXuMBaeTca npucyuwas 371eKTPOMarHUTHOMY MO0 UHEPT-
HOCTb. lMofle «0TpbIBaeTCA» OT YacTULbl U HAYMHAET CamMOCTOATE/IbHOE CYLLecTBo-
BaHWe B ()OopMe 3MeKTPOMarHUTHbLIX BOJH.
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§ 36 JSKCIMEPUMEHTAJIbHOE OBHAPY>XEHWE
SNNEKTPOMATHUTHBIX BOJIH. NMJIOTHOCTb
MOTOKA SNEKTPOMATHUTHOIO MN3JTYYEHUA

CyuwecTByeT M B3aMMOCBS3b 3NeKTPUYECKUX W MarHUTHbIX Nonei?
B 4ém cocTouT (pyHAaMeHTanbHOe CBOWUCTBO 3/1€KTPOMArHWTHOrO Mons?

B npeablgyuem naparpadge roBopuaocb, 4To 4Yem 6GbiCTpee MeHsieTcsa cO Bpe-
MEHEM MarHMTHas WHAYKUWUSA, Tem 60/blie Hanps>XEHHOCTb BO3HUKAKLWLENO 3/1eK-
Tpuyeckoro nonsd. WM B cBOW o4epeab, YeM ObiCTpee MeHSeTcsas HanpsXXEHHOCTb
9NEeKTPUYECKOTr0o MNosisd, TeM 60Nblue MarHUTHaAaA WHAYKUUSA.

CnepoBaTesibHO,

223*9
[ OoNna o6pa3oBaHMA MHTEHCUBHbIX 3/IEKTPOMArHUTHbIX BOMIH HEOBXOAMMO cO03AaThb
3NeKTpOMarHnuTHble KonebaHMsA AOCTATOYHO BbICOKOW 4acToThbl.

Kone6aHNa BbICOKOW 4acTOThbl, 3HAUYMTENbHO MpeBbillatlLeid 4HacToTy NPOMbI LU -
neHHoro Toka (50 ), MOXHO MOMY4YUTb C MOMOLLbI0O Kose6aTe/lbHOr0 KOHTypa.

Llnknnueckasa 4vactota KonebaHum o0 = 6yaeT TemM 60/iblle, YEM MEHblUe

MHAYKTUBHOCTL L n émkoctb C KOHTypa.

OTKpbITbIN KoOnebaTenbHbIl KOHTYp. OpaHako 6onblwas vactoTa afleKTpomar-
HUTHbIX Kose6aHMN eweé He rapaHTUpPyeT WHTEHCUBHOIO W3/IYYEeHUS 3/1eKTpo-
MarHUTHbIX BOMH. B 06bIUHOM KOHTYpe, Kakol n3obpaxéH Ha pucyHke 4.1 (ero
MOXHO Ha3BaTb 3aKPbITbIM), MOYTM BCE MarHUTHOE MOJie COCPEefOTOYEHO BHYTpU
KaTyWwKW, a 3/IeKTpuyeckoe — BHYTPU KOHAeHcaTopa.

Bpoann 0T KOHTypa 3/1eKTPOMAarHMTHOr0 nonas npakTU4Yeckn HeT. TaKoW KOH-
TYp O04YeHb cnabo m3anyyaeT 3/1eKTPOMarHUTHbIE BOJIHbI.

Ana  nonyyeHma  3/1eKTPOMArHUTHBLIX  BOJH
. Tepy wucnonb3oBan MNpocToe YCTPOMCTBO, KO-

Topoe B ero 4YecTb 6bl/10 HasBaHo BMGpaTOpPOM
lepua. 3To ycTpolcTBO npeacTaBnisieT co6oil oT-
Kpbl TbhiA KonebaTenbHbIN KOHTYP.

K OTKpPbITOMY KOHTYPY MOXXHO MepelTM OT 3aKpPbITOro, ecsu
nocTeneHHo pasfaBuratb naacTUHblI KOHAeHcaTopa (puc. 6.7),
yMeHblIasa ux naowanb N 04HOBPEMEHHO YMEHbLIAA YMUC/I0 BUT-
KOB B KaTylwke. B KOHUe KOHLOB MOAY4YUTCA MPOCTO MNPAMOW
npoBo4. 3TO U eCcTb OTKPbIThIA Kone6aTebHblii KOHTYp. EMKOCTb
W MHOYKTUBHOCTbL BMbpatopa Mepua manbl, N03TOMY COOTBETCTBY-
I TFepy, uwas MM yactota kKonebaHwmin Becbma BenuKa.

(1857—1894) B OTKpbITOM KOHTYype 3apsAfbl He cOCpefOoTOYEeHbl Ha ero

KOHLax, a pacrnpefesieHbl No BCeMYy MPOBOAHWKY. TOK B faH-
Hbl/i MOMEHT BPEMEHW BO BCeX CEYEHUAX NPOBOAHMKA HanpaBfeH B O4HY W Ty
)K€ CTOPOHY, HO Ccuja ToKa HeoAuWHaKoBa B Pas3/IMYHbIX CeYeHUAX NPOBOAHMUKA.
Ha KoHUax OHa paBHa HY/, a nocpeaunHe pgocturaetr makcumyma. (HanomMHum,
4TO B 06bIYHbIX LLEMAX MEpPeMeHHOro ToKa cusia ToKa BO BCEX CEYEHUSAX B AaHHbIN
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MOMEHT BpeMeHW O0fMHAKOBa.) JJIEKTPOMArHMTHoe
nosie oxBaTbiBaeT BCE MPOCTPAHCTBO B6G/JAM3N KOHTypa.

Ana Bo36yXAaeHUs KonebaHWW B TaKoOM KOHType
BO BpeMeHa [epua nocTynanum Tak. [MpoBog paspesa-
nn nocpeAvHe ¢ TakuUM pacyéToMm, 4TobBbl ocTaBasics
Heb6O0MbLIOW BO3AYWHbIW MPOMEXYTOK, Ha3blBaeMblid
nckpoBbiM (puc. 6.8). Ha paspe3aHHble KOHLbl Ha-
feBann Hebonbwwue wapukm. Obe yacTu MNpPoBOAHUKA

3apsixanu A0 BbICOKOW pasHocTW noTeHuwmanos. Korga Puc. 6.7
pasHoCTb MOTeHLManoB MpeBblllasa HeKOTopoe Mpe-

LenbHOe 3HauvYeHMWe, MeXAy LapukamMmu npockakupana ( I )
nckpa (puc. 6.9), uenb 3amblKanacb, U B OTKPbITOM

KOHType BO3HMKanu kKone6aHus. Q Oy-.

Kone6aHuss B OTKPbITOM KOHType 3aTyxakwT Mo
ABYM MpuyMHaM: BO-NepBbiX, BCAEACTBME HanUuusa

Y KOHTypa aKTUBHOIo conpoTtmBgeHnA; BO-BTOPbIX, U3- Puc. 6.8
3a TOro, 4To BI/16paTOp n3nyyaeTt 3/1EKTPOMaArHUTHbLIE
BOJ/IHbl U TepsdAeT Mpu 3TOoM 3Heprut. llocne Toro Kak 9 9y~ m

KonebaHmna npekpauwiawTca, o6a npoBogHMKA BHOBb
3aps)XalwT 0T MWCTOYHMKa [0 HacTynjaeHua npobos
WCKPOBOTr0 NMPOMeXXYyTKa, U BCE MOBTOPAETCA CHadasna.
OnbiTbl Mepuya. epy nonyyasn 3NeKTpOMarHUTHBbIE Puc. 6.9
BOJIHbI, B036y)Xjaa B BuO6patope C MNOMOLWLbI MCTOY-
HMKa BbICOKOr0 Hanps>XeHWs Cepuid MMNYNbcoB 6GbicTponepeMeHHOro toka. Ko-
nebaHnA 3/1eKTPUYECKNX 3apAfoB B BubGpatope co34al0T 3/1EKTPOMArHUTHYO BOf-
Hy. TonbkKo KonebaHma B BuMbGpaTope coBepllaeT He O4Ha 3apsXeHHasa 4yacTtumua,
a OrpOMHOE 4YMUC/0 3/IEKTPOHOB, ABUXYLLMUXCA cOrjiacoBaHHoO. B 3/leKTpomMarHuT-

HOi BoNHe BeKTOpbl E M B nepneHAUKYNsipHbl Apyr Apyry. B pgaHHom crydae

BeKTOp E nexwnT B naockocTu, npoxoasuieit yepes BubGpaTop, a BekTop B nep-
NeHANKYNsApPeH 3TOA MA0OCKOCTU. M3nyyeHUe BOJIH MPOUCXOAUT C MaKcuUManbHOM
WHTEHCUBHOCTb B HaMpaB/eHUU, NeprneHAUKY/IApHOM ocu Bubpatopa. Bponb
3TOMN OCW M3TYYEHUSA He MPOUCXOAMUT.

ONeKTpOMarHMUTHble BOJIHbI perncrpupoBanucb Fepuem ¢ NOMOLW b0 MPUEMHO-
ro Bubpatopa (pesoHaTtopa), npeacTaBasdiow,ero cob6oil Takoe e YyCTpPOWCTBO, Kak
M unanydawuwmn smbpatop. MNoa pelcTBMEM MNEepPeMEHHOro 3/1eKTPMYECKOro nons
3N1eKTPOMAarHUTHOW BOMHbLI B NpUEMHOM BubGpaTope B036y>XkpawTca KonebaHuUs
Toka. Ecnn cob6cTBeHHas 4yacToTa NPUEMHOro BubGpaTopa coBnagaeT C 4acToToW
3N1eKTPOMAarHUTHOM BOJIHbI, HabnpaetTca pe3oHaHc. KonebaHua B pe3oHaTope
nponcxoasaT ¢ 60nblieil aMNANTYLOW NPU pacnosioKeHUW ero napasnsieslbHO U3-
nyvawuemy BubGpatopy. Fepy o6HapyXun 3Tm KosnebaHus, Habnwgas UCKOPKWU
B OYEeHb MaJleHbKOM MPOMEeXYTKe MeXJAy MpPoBOAHMKAMW MPUEMHOro BubGpaTopa.

YUYéHblli He TONbKO MOAYYUN 3NeK-
TPOMArHUTHbIe BOMIHbI, HO U OTKPbI,
4TO0 OHW BepyT cebsa NogobHO APYrvUMm npasnennii sektopos E, B w [r
BUAAM BOMH. B u4acTHocTW, OH Ha- B 3/IEKTPOMArHUTHbIX BO/HAX, W3Ny-
6niopan oTpaxeHune 3N1eKTPOMArHUT- YaeMblX BUGPATOPOM, MOKA3aHHbIM
HblX BO/IH OT MeTafN/IM4eckKoro nucta Ha pucCyHke 6.8. J
N NHTepgEePEeHL N0 BOJIH.

YKaxXnte HeCKO/IbKO BO3MOXHbIX Ha-
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Mpn cnoXXeHUM BOMHbLI, NAyWen oT BubpaTopa, C BOSIHOW, OTPaKEHHOM OT Me-
Tann4yeckoro nmcrta, o6pasywTca MakKCUMyMbl U MUHWUMYMbl amMnaunTyfAbl Koje-
6aHUli — WHTepdepeHUNOHHAas KapTuHa. Ecnu nepemew,atb pe3oHaTop, MOXXHO
HaliTM MONOXEHUS MaKCMMYyMOB U OMpeAennTb ANTNHY BOJIHbI.

CKOPOCTb 3/1eKTPOMarHMTHbIX BONH. B onbiTax Mepua ANMHa BOMHbI cocTaBnsana
HEeCKONbKO AECATKOB CAHTUMETPOB. Bbluncname co6CTBEHHYI 4YacTOTy 3a/fleKTpomar-
HUTHbIX KonebaHnin Bubpatopa, Mepy cMor onpeaennTb CKOPOCTb 3/1EKTPOMArHMUT-

HOW BOMHBLI no cdopmyne v = Av. OHa okasanacb npubnu-
S )XXEHHO paBHOW ckKopocTu cBeTa: ¢ ~ 300 OO0 km/c.

OnbiTamn Mepua 6binK 6necTawe NOATBEPXKAEHblI Npea-
ckaszaHma Makcsenna.

MNoTHOCTb NOTOKa U3NyvyeHUA. PaccMoTpmMm MNJIO0CKYHO
3/1eKTPOMAarHUTHY BOJIHY, CKOPOCTb KOTOPO/ nepneHAwu-
KyndapHa noBepxXHocTu nnowagbw S. Ha pucyHke 6.10
n3obpaxkeHa Takasa MOBEPXHOCTb.

MpaMble NTMHUM — Ny4Yn — yKasblBalT HanpasieHUA
pacnpocTpaHeHUsa 3N1eKTPOMAarHUTHbIX BOJIH.

Puc. 6.10

JNlyyn — NUHUKM, NeprneHANKYNSIPHbIE MOBEPXHOCTSAM, BO BCEX TOYKAX KOTOPbIX
Koneb6aHMA NPOUCXOAAT B O4MHAKOBbIX (Pa3ax, — BONIHOBbIM noBepxHocTam (cm. § 30).

Bo/niHa nepeHOCUT 3HEPTU0.

EEEEE T
fINOTHOCTBIO MOTOKA 3N1EeKTPOMArHUTHOro M3ny4vyeHuss | Has3bIBAlOT OTHO-
WweHNne 3NeKTpoOMarHnTHoW aHeprum AW, nepeHOCMMOWN BONHON 3a BpeMa At yuepe3 nepneH-
OUKYNSIPHYKO NlydaM NOBEPXHOCTb Nowajbi S, K Npou3BefeHuio nnaowannm S Ha Bpems At:

AW
b= sat (6.1)

D aKTNYEeCKN 3TO MOWHOCTb 3/1IeKTPOMArHMTHONO U3ny-
YeHUsa (3Heprus B eAVMHULY BPEMeHW), NPOXOAALLEr0 4e-
pe3 eAVHMLY nnowaan NoBepxXHOCTW. MNOTHOCTb MOTOKa
n3nydyeHus B CY BblpaxkalT B BaT T ax Ha KBagpaTHbIN
mMeTp (BT/M2). MHorga 3Ty Be/INUMHY Ha3biBalOT MHTEH-
CMBHOCT b0 BOJIHbI.

BbipasM MHTEHCUBHOCTb | 4Yepe3 MAOTHOCTb 3N1€KTPO-
MarHWTHOW 3HEPrMM N CKOPOCTb C €€ pacnpocTpaHeHUSd.
Bbibepem noBepxXHOCTb nNowagbid S, NepneHANKYNAp-

Puc. 6.11 HYl Nnyyam, U NOCTPOUM Ha Hel KaK Ha OCHOBaHUW LW-

nnHAp ¢ obpasywuwein cAt (puc. 6.11). O6BEM uyuNnHApa

AV = ScAt. DHeprus 31eKTPOMArHUTHOr0 MNoNsA BHYTPW LUWAWHAPaA paBHa Npous-

BEAEHMI MN/IOTHOCTU 3HeprMm Ha 06bEM: AW = wcAtS. Bca 3Ta aHeprus 3a Bpe-

Ma At npoigéTt yepe3 nmpaBoe ocHoBaHue uyunuHapa. NMoatomy un3 gopmynbl (6.1)
nonyvyaem

WCALtS

SAT wc. (6.2)
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MAOTHOCTbL MOTOKA M3/lyYeHUsi paBHA MPOU3BEAEHUID MJIOTHOCTU 3/1eKTpomar-
HUTHOM 3HEPrMn Ha CKOPOCTb €& pacnpocTpaHeHwus.

ToueUHbIi MCTOYHUK n3nyyeHmsa. VICTOYHNKN U3NYYEHUA 3NEeKTPOMAarHUTHBbIX
30/TH MOTYyT 6bITb BecbMa pa3HOO6pa3HbIMI/I. npOCTeVILUVIM ABNSAETCA TOYEYHbIN
NCT OYHUK.

ELIJLLI]‘ NCTOYHUK U3NYyYeHUsas cuuTaeTca TOYEeYHbIM, €ec/in ero pasmMmepbl MHOro
MeHblle pacCToAHUA, Ha KOTOpOM oueHunBaeTcA ero AeNCcTBUEe, U OH nocblnaeTt ANEeKTpo-
MarHnTHble BOJIHbI MO BCeM HanpaB/ieHUAM C OAMHAKOBO MHTEHCUBHOCTbIO.

ToueuHblIi UCTOUYHUK — TaKasa XXe ugeanunsayns peasibHbIX UCTOUYHUKOB, KakK "
Apyrue Mogenu, NpuHsTole B pU3NKe: MaTepranbHas ToukKa, ujeasbHblii ra3 u T. 4.

3BE34bl M3MyvalT CBeT, T. €. 3/IeKTPOMArHWTHble BOMHbLI. TakK Kak paccTos-
HUS A0 3BE3[ B OFTPOMHOE YMCN0 pa3 MpeBbIWAT UX pasMepbl, TO UMEHHO 3BE&3Abl
npeactaBnaoT co60i Nydliee peasibHOe BOM/OLULEHWE TOYEYHbLIX MCTOUYHUKOB.

3aBMCUMOCTb MIOTHOCTU MOTOKA U3/MyYeHUs1 OT PacCTOsIHUS [0 TOYEYHOro uc-
TOUHUKA. OKPYXMB TOUYEUHbI WMCTOUYHMK CPEPMUECKO MOBEPXHOCTbI, Mbl BU-
AWM, 4TO MpU yAaneHUM OT UCTOUYHMKA BOJSIHA MEPEHOCUT Ty XKe JHepruio vepes
NMoBEpPXHOCTb BCE Gonbluel naouiagu. MosToMy aHeprua, nepegasaemasl yepes no-
BEPXHOCTb €AMHMYHON NoWaAKN 3a eqUHULY BpeMeHM, T. e. MMOTHOCTb MOToKa
N3NyYeHNs, YyMeHbllaeTcss Mo Mepe yaaneHus OT UCTOYHMKA.

MomMecTMM TOUEYHbIW WCTOYHUK B LEHTp chepbl paguycom R. Mnaowagb no-
BepXHOCTU cepbl S = 4jIR2. EcAM cumTaTb, YTO UCTOYHMK MO BCEM Hanpas/e-
HUAM 3a Bpems t M3nyyaeT CymMMmapHyl aHepruto AW, To

AW AW 1 "TQQ BcnomHuTe, Kakue ewé dusnyeckue
SAT = 48At A2 (6-3) | ™57  BenuuuMHbl  M3MeHsTCA  o6paTHO
‘ nponopuynoHanbLHO  KBajgpaty pac-

CTOSAHUSA.

MNOTHOCTL MOTOKa U3/Tly4YeHUss OT TOHYEYHOro MCTOYHUKA y6bIBaeT OGpaTHO npo-
nopunoHanbHO KBagpaTty pacCToAHUA OO0 UCTOYHUKA.

3aBUCUMOCTb MJIOTHOCTU MOTOKA U3JTyYEeHUA OT 4acTOoTbl. M3/1yyeHue 3/1eKTpoO-
MAarHMTHbLIX BOJ/IH NPOUCXOAWNUT NMPU YCKOPEHHOM [ABUXEHUWN 3apAXEHHbIX YacTtuu,.

Hanpsi>kéHHOCTb E 3/1eKTPMUYEcKoro nosass U MarHUTHas WHAyKuus B anekTpo-
MarHMWTHOI BOJIHbI MPOMOPLMOHANIbHbI YCKOPEHWID a* u3nydawlimx vactuy,.
YcKOpeHue npu rapmMoHUYecKUX Kosie6aHUsAX MponopumnoHanbHO KBagpaTy ua-
CTOTbl. M03TOMY HaNPSAXEHHOCTb 3/IEKTPUYUYECKOro MO M MAarHUTHas MHAYKLUMKSA
TakXe nponopunoHanbHbl KBajpaTy 4acToTbl KosebaHWii:

E ~ a ~ co2 B ~ a ~ co2 (6.4)

MA0THOCTL 3HEPruyM 3NeKTPUUYECKOro MNons MponopuuoHasbHa KBagpaTty Ha-
NPsS>KEHHOCTN NOMSA. DHEPruss MarHUTHOTO MO/, KaK 3TO MOXHO MoKasaTb, Mpo-
nopuuoHanbHa KBaapaTy MarHMTHOM WMHAYKUUWU. [Mo/iHAss NAOTHOCTb 3SHEPTruu
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3M1eKTPOMArHUTHOFO MO/ paBHA CyMMe MJIOTHOCTEN 3HEpruii 3N1eKTPUUYECKOro
N MarHuTHoro none. C yyétom copmynbl (6.2) NAOTHOCTb MOTOKA W3Ny4YeHUs

I~ w E2 + B2). (6.5)
Tak Kak corsiacHo BblpaxeHusam (6.4) E co2 n co, TO
co. (6.6)

MNOTHOCTb NOTOKA M3/y4yeHUA nponopuuoHasnbHa LleTBépTOVI CTeneHn 4acToThl.

Mpu yBeNnuMYeHUM 4YacToTbl KonebaHUii 3aps>KeHHbIX YyacTul, B 2 pasa mManyda-
emas aHeprua Bo3pactaeT B 16 pas! B aHTeHHax paguMocTaHLMWi No3aTOMYy BO36YX-
falT KonebaHuWA 60MbLWIMX YacToT: OT AECATKOB ThicAY A0 AECATKOB MWUMJIMOHOB

repu.
OnbIThl Tepua. MAOTHOCTL NOTOKA 3/1EKTPOMATHUTHOTO M3y4YeHUs Haif i

1. MoyeMy 06blUYHbIV (3aKPbITbI) KoNnebaTeNbHbIA KOHTYpP Hes/lb3s UCNonb3oBaTb ANSA
N3NYyYEHUSA N perncTpaummn 3NeKTPOMarHUTHbIX BOMH?
2. YemMy paBHa CKOpPOCTb PacnpocTpaHeHWs 3/1eKTPOMArHUTHbIX B3aMMOLeNCcTBUIA?
3. MepegawWwnii 1 NPUEMHbIE BMGpaTOpbl PacnofioXeHbl B3aMMHO NepneHANKYNAPHO.
BO3HUKHYT nu kKonebaHua B npuémHom Bubpatope?
4. KaKyl Be/IMYUHY Ha3blBAKT MNOTHOCTbI MOTOKA 3/1EKTPOMATrHUTHOIO U3Ny4YeHUs?
5. Kakoii MCTOYHUK M3NYyYeHMSA HasblBaeTcsd TOYEUYHbIM?
6. MouemMy nepemMeHHbIi TOK B OCBeTUTE/NIbHOW CeTU MPaKTUUYECKU He n3ny-
YyaeT 3/1eKTPOMArHUTHbIX BOMH?

=Y} 1. Vi3BecTHO, 4TO MpuW pasfBuraHuy NaacTUH KoHAeHcaTopa B Kosie6aTe/lbHOM KOH-
= Type NpoucxoanT nsnydvyeHue 3/IEKTPOMarHUTHbIX BOJIH. B Xxone unsnydvyeHma amnnun-

TyAHOe 3HayeHMe HanpsaXeHuda Ha KoHpeHcaTope

1) Bo3pacTaet 3) yb6biBaeTt

2) He M3MeHsieTcs 4) 3aBUCUT OT HauyaNbHOro 3apsija Ha KOHAeHcaTope

2. PagnoctaHuusa paboTtaeT Ha yactoTe 4 « 10®Ty. Yemy paBHa ANMHA BOMIHbI, U3y~
YyaeMoOl aHTeHHOW papumocTaHuum? CKOPOCTb pacnpocTpaHeHUs 3/1eKTPOMAarHUTHbBIX
BO/IH ¢ = 3 < 10®m/c.

1) 1,33 ™ 2) 0,75 ™ 3) 1,2 m 4) 1,2 «101b ™

3. B nepBblX 3KCMNepMMeEHTaX M0 W3YyYeHUI0 pacrnpocTpaHEeHUss 31eKTPOMarHUTHbIX
BO/IH B BO3AyXe 6blAN M3MepPeHbl ANAMHA BOMHbI X = 50 c¢cM M yacToTa W3ydyeHUS
v = 500 MTly. Ha ocHOBe 3TMX HETOYHbIX 3HAYEHU CKOPOCTb CBeTa NMPUMEPHO paBHa
1) 100 000 km/c 3) 250 000 km/c
2) 200 000 km/c 4) 300 000 km/c

4. Koneb6aTenbHbIi KOHTYp pagvonpuémMHMKa HacTpoeH Ha pajuocTaHuui, paboTa-
oWy Ha BosHe 100 M. KakK HYy>XHO M3MeHUTb EMKOCTb KOHAeHcaTopa KonebaTesnb-
HOro0 KOHTypa, 4To6bl OH 6bl/1 HAcTpoeH Ha BOAHY 25 M? VMHAYKTUBHOCTb KaTyllKu
cumnTaliTe HEM3MEHHON’.

1) yBennuntb B 4 pasa 3) yBenU4YNTb B 1l6pas

2) yMeHbWNTb B4 pasa 4) yMeHbWWUTb B1l6 pas
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i§ 37 WN3OBPETEHWE PAOVNO A. C. NMOIMOBbIM.
MPNHUNTMBI PAOVNOCBA3N

KakoBa npuHuunuanbHasa cxema onbiToB lepua?
B 4éM HayyHoe M npakTuyeckoe 3HayeHuWe 3TUX ONbITOB?

N3o06peTeHne paguo. B 1890 r. noaBuaocb coobujeHMe dpaHLy3cKoro usun-
ka dayapga BpaHnwnm o Tom, 4TO Npy 06/IYYEeHUU MeTas/INYecKoro nopouwka
3N1eKTPOMAarHUTHLIMW BOJIHAMW €ro COMNpoOTMB/IEHME pPe3Ko yMeHblanocb. Cnepgo-
BaTeNibHO, Tpyb6Ka, Hano/iHeHHas TakKuM MOpPOLWKOM, MNPeAnoNOXUTENbHO MOXeT
nokasaTb Hannyne 3NeKTPOMArHUTHbIX BOAH. B 1894 r. aHraunckumi ¢unsnk
O. Jlog> W3roToBUA N NPUMEHU NPUG0P, COCTOAWMN U3 CTEKNAHHOW TPYyOKWU
C ABYMS 3/eKTpoAamMW, HaMno/HEHHOW MNOPOLIKOM, ANA 06Hapy>XeHUsa 3N1eKTpo-
MarHUTHbIX BOMH. OH Ha3Ban 3TOT MNPUBOP KOrepepom.

B Poccunm ogHMM M3 NepBblX WU3YYEHUEM 3NEKTPOMArHUTHBIX
BO/IH 3aHfANCA npenogaBaTtesib 0oULEPCKUX KypcoB B KpoHwTagTe @
A.C.MonosB. lNoaBneHne Korepepa BAOXHOBW/I0O €ro Ha co3jaHue
nepBoro B Mupe MNpuUEMHMUKA BOJIH.

MpuémHuMkK MonoBa ycTpoeH criegyouwmm obpasom (puc. 6.12).
Tpybka ¢ MeTan/An4yecKMMWU onuskamu (Korepep) noABelleHa
ropusoHTasnbHO Mexay 3axumamm M u N Ha nérkon vacosoW
npy>XmnHe, Kotopas pAnsa 6onbwei 301acTUYHOCTM COFHYyTa Co
CTOPOHblI OAHOr0 3akmma 3ursarom. Hapg Tpy6KOM pacnonoxeH
3BOHOK TakK, 4T0o6bl NPW CBOEM ABUXXEHWUM MOJSIOTOYEK MOT ser-
KO yAapsaTb nocepegmHe Tpyo6Ku, 3alWUUEHHON 0T pasbuBaHus
pe3nHOBbIM KONbLOM. TpybKa M 3BOHOK 3aKpenjeHbl Ha ob6uiei
BEpPTMKaNbHOM powedvke. lNMocnepoBaTeslbHO C KOFrepepoM BKJIHO-
YeHbl pesie M UCTOYHUK MOCTOAHHOIO Hanps>XeHus.

HAelictByeT npubop crnegywuimm ob6pa3om. Tok 6GaTapeu A.C. Monos
NOCTOAHHO LWUPKYNMpyeT 0T 3auma P K nnatuvHoBOW nna- (1859— 1906)
CTUHKe A, panee 4yepe3 MOpoWOK, codepyawwuiica B Tpyb6Ke,

K Apyro nnactuHke B m no o6MOTKe 3neKTpoMarHuTa pene

obpaTHO K 6aTapee. Cunia 3T0ro Toka HegocTtaTtoyHa
ONsa npuTarnBaHmsa sakops pene. Ho ecnu Tpybka AB
nogBepraeTca [AeWNCTBUID 3NEKTPOMArHUTHbLIX BOJIH,
MeXAy OonuaKamMmu MNpocKakuMBalwT WMCKOPKW, M comnpo-
TUB/IEHNEe MTHOBEHHO yMeHbliaetca B 100— 200 pas,
6narogaps 3ToOMy cuna TOKa yBeM4YMBAETCA HaCTONb-
KO, 4TO AKOpb pefie nNnputArneaeTcsa. B 3TOT MOMEHT
uenb, wuayu,aa oT 6aTapem K 3BOHKY, npepBaHHas
B Touke C, 3aMbikaeTcs.

DNneKTpoMarHUT npuTarneaeT MNNacTUHKY C Npu-
KpennéHHbIM K Hel MONOTOYKOM, M OH yjaapseT Mo
Yawe 3BOHKa. [Burascb Hasaj, MOJ0TO4YeK, ypapsas
no Korepepy, BCTpAXWBaeT ero, W pene pas3mblKaeT
uenb 3BOHKa. AnnapaT CcHoBa roToB K MNpuUémy.




/ CNoBO «Korepep» MPOMCXOAMT OT aH- O6cynuTe ycTpoiicTBO pene. Ha ka-
rauiickoro cnosa coherer, 4to B ne- KOM (pU3MYEeCKOM SIBIEHUM OCHOBA-
peBoae 03HAUYaAeT «CBA3LIBAIOLNA». Ha ero pa6ota?

UT06bl NOBbLICUTbL YYBCTBUTENIbHOCTbL annapata, A. C. MonoB 04WH N3 BbIBOAOB
Korepepa 3asemM/ann, a ApYyro nNnpucoegmMHMN K BbICOKO MOAHATOMY KYCKY MpOBO-
NOKW, co34aB TeM CaMblM MEPBY B MUpe NPUEMHYI aHTeHHY Ans 6ecnpoB0a0Y-
HOM cBA3U. 3a3emMseHWe npeBpaliaeT NPOBOAALLY0 MOBEPXHOCTb 3eM/M B 4YacTb
OTKPbITOro Kosie6aTeNbHOro KOHTypa, 4TO yBenuumBaeT Ja/ibHOCTb Npuéma.

X0THA CcoBpeMeHHble PajuvonNpuUéMHUKM O4YeHb Mano HanoMmHawT NPUEMHUK
A. C. MonoBa, 0CHOBHble NPUHUMMNbI UX AeACTBUA Te Xe, 4TO U B ero npubope.
CoBpeMEeHHbIi MPUEMHUK TakKXe MMeeT aHTeHHY, B KOTOPOW npuxofsuw,as BoJsiHa
Bbl3blBAeT 04YeHb crabble 3NeKTpOMarHUTHble KonebaHus. Kak n B MpUEMHUKE
A. C. NMonoBa, 3Heprua 3aTux kKonebaHwii He MCMNoNb3yeTcss HENOCPeACTBEHHO ANA
npuéma. Cnabble cMrHanbl ANWb YNPaBNAT UCTOYHUKAMU 3HEPTUKN, NMUTAaK LW N-
MU nocnepaywuwmne uenu. Ceilyac Takoe yrnpaB/ieHMe OCYLULeCTB/ASETCA C MOMOLLbIO
NoNynpoBOAHUKOBbIX NPU6G0OPOB.

BHauane pagunocea3b 6blsla ycTa-

MNepsas papguorpamma, nepepfaH- HOB/ieHa Ha paccTossHuu 250 M.
Has Ha paccTosHme 250 M, cocTo- HeycTtaHHo pa6oTas Haj CBOUM U30-
Ana n3 AByx cnos: «FeHpux lepuy. 6peTteHuem, A. C.Tonos BCKOpe [o-
6unca panbHocTU cBA3M 6osiee 600 m.
3aTeM Ha MaHéBpax YepHomopckoro ¢gnota B 1899 r. yyéHbli ycTaHOBUA pajgmno-
CBA3b Ha paccTosHuuM cBblwe 20 kM, a B 1901 r. ganbHOCTb pajnoceasun bbina
y>e 150 kM. BaXHyl ponb B 3TOM Cbirpasa HoBas KOHCTPYKLUWSA MNepegaTymka.
MckpoBoii NpoMeXyToK 6bi1 pa3Mel,éH B KosiebaTe/lbHOM KOHType, MWHAYKTUBHO
CBA3aHHOM C nepejawlieri aHTEHHOW M HACTPOEHHOM C Hel B pe3oHaHc. Cyuie-
CTBEHHO W3MeHMNUcb W cnocobbl permcTpauum curHana. MapannenbHo 3BOHKY
6bl1 NOAKNIOYEH TenerpadHbli annapaT, MO3BOJINBLWING BECcTM aBTOMaTUUECKYIO
3anucb curHanos. B 1899 r. 6bina obHapy>eHa BO3MOXHOCTb Npuéma CUrHasno0B
¢ nomowblo TenedoHa. B Hauvane 1900 r. pafmocBsA3b YCMEWHO WUCAONb30Bann
B X0fe crnacaTeNbHblX paboT B ®PuHcKom 3anuse. MNpwu ydyactum A. C. lNMonosa

pagnocBA3b Hadyanum NpUMeHATb Ha (ioTe m B apmum Poccun.

7 masd, peHb, Korga A. C. NMonoB npogemMoHcTpupoBasa paboTy CBOEro NMpPUEMHMU-
Ka, cTan AHEM poXAeHusa pagmo. HblHe OH eXXerogHo oTMe4yaeTcs B Halleli cTpaHe.

MpuvHUMN pagnocBA3N.

MpuHUUN pajMoCcBA3M 3akKflouaeTcs B clegytoleM. [epemMeHHbIl 3nekTpuye-
CKUII TOK BbICOKOI 4acToThbl, CO3aHHbI B NepeAatol el aHTEHHE, Bbl3biBAET B OKPYXalolWem
NPoOCTPAHCTBE GbICTPO MeHslolWeecs 3NeKTPOMarHUTHOe Mone, KOTOPOe pacnpocTpaHseTcs
B BUAE 3/1E€KTPOMArHUTHON BOMHbI. JOCTUras NPUEMHON aHTEHHbl, 3N1eKTPOMArHuTHas BOJ-
Ha Bbl3blBAET B Hell NepeMeHHbIi TOK TOW XXe 4acToThl, HAa KOTOpPOM pa6oTaeT mnepefaTyuk.

BakHelwuMm 3Tanom B pa3BuTum pagmocessnm 6biio co3gaHue B 1913 r. re-
HepaTopa He3aTyXxawlWMX 3NeKTPOMArHUTHbIX KonebaHun. Kpome nepegaum
Tenerpa)HbIX CUTHasno0B, COCTOALWMX W3 KOPOTKUX U 60o/nee NPOAOSIXKUTENbHbIX
MMNYNbCOB («TOUYKU» U «TUPE») 3NEKTPOMArHUTHbLIX BOSIH, CTana BO3MOXHOM
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HajéXHas U  BbICOKOKA4YecTBeHHas IHTEPECH(

pa,ﬂ,MOTeﬂecbOHHaﬂ CBA3b — Mnepegayda HWe NOoJO6HbLIX MNPUEOPOB Mpo-

peyun M My3blKW C NOMOLLbI 3/1EKTPO- BOAWNOCL (DMPMON, OpPraHU3oBaHHOW WTa-

MarHMTHbIX BOJIH. NbAHCKUM WHXeHepom I. MapkKoHW. OnblIThbl,
PagnotenedoHHas CBA3b. Mpwn nocTaBfeHHble B WKWPOKOM MacwTabe, no-

paanoteneoHHOW CcBA3M KonebaHusA 3BONIM/IN OCYLECTBUTL pajuoTesierpadHyto

AAaBfIeHWs1 BO3fyXa B 3BYKOBON BOMHe nepefavy yepes ATNaHTUYECKUIA OKeaH.

npespawalTcsa ¢ NOMOLW b0 MUKpPOGO-

Ha B 3fleKTpuuyeckue KonebaHusa Tol ke cdopmbl. Kasanocb 6bl, ecnu 3aTu Kone-
6aHUsa ycunuTb M NojaTb B aHTEHHY, TO MOXHO MepejaBaTb Ha paccTosiHWE peyb
N MY3blKYy C MOMOLW b 31€KTPOMArHUTHbIX BOJIH.

OpHako B [eliCTBUTENbHOCTW Takoi crnocob6 nepegaynm HeocyuiecTBMM. [eno
B TOM, 4YTO 4yacToTa 3BYKOBbIX Ko/fie6aHWUI Mana, a 31eKTPOMarHWTHbIe BOJIHbI
HN3KOMN (3BYKOBOI) 4acTOoTbl MMEKT Masiylo MHTEHCUBHOCTb.

Ana ocyuwecTBneHnsa paguotesiepOHHOM CBSA3UM HEO6XO0AMMO MCMO/b30BaTb Bbl-
COKOYACTOTHble Ko/ebGaHUsA, MHTEHCUBHO M3/yvyaeMble aHTeHHOW. HesaTyxatwuiume
rapmMoHM4Yyeckme KonebaHUs BbICOKOW 4acToTbl BblpabaTbiBaeT reHepartop, Hanpu-
Mep reHepaTop Ha TpaH3ucTope.

Ans nepepaynm 3ByKa 3TWU BbICO-

KOYacTOTHble KoOJiebaHUSA U3MEHSAIT, r » BCNOMHUTE, Kak 3aBUCWUT OT 4acTo-
UNn, KakK TO0BOPAT, MOAYIUPYHOT, Tbl WHTEHCUBHOCTb 3/IEKTPOMArHNT-
C MNOMOLLbLIO 3/IeEKTPUYECKUX Koneba- vV HOM BOMHbI.

HUA HWN3KOW (3BYKOBOW) 4acTOThl.

Cnoco6 M3MeHeHWs CO 3BYKOBOI 4acTOTON aMNAUTyAbl BbiCOKOYACTOTHbIX
Koneb6aHWii HasbiBalOT aMNANTYAHOWN MoAaynsuunei.

Ha pucyHke 6.13 npuBefeHbl Tpu rpaduka: a) rpauK Kosie6aHWU BbICOKOW
4yacToTbl, KOTOPYH Has3biBalT Hecyuw,eih 4acToTol; 6) rpaduk KonebaHwmii 3BYKO-
BO 4acToThbl, T. €. MOAYNMpPYOLWMUX KosebaHM; B) rpadhnukK mMoaynmpoBaHHbIX MO
amMnnunTtyae kKone6aHuii.

12

a) 6) B)
Puc. 6.13

Hapsagy ¢ amnanTygHo moaynsiumneid Ansa nepejgaydyn MHpopmayuum MUCMNoNb-
3yeTcss M YacToTHAs MoAynAauus, NpuU KOTOpPO/A amMnnauTyja Hecyu,eli BOJHbI
0CTaéTcsA MOCTOAHHOW, a yacToTa MOAYy/UpYyeTCcs.

Be3 mMoaynauum Mbl B Nydlwem criydae MOXEM TONbKO KOHTpPO/AupoBaTb, pa-
6oTaeT cTaHUMSA unNM mMonuut. Bes mMoaynAuuMM HeT HU TenerpadHol, HU Tene-
hOHHOW, HMU TeNneBU3NOHHOM MNepegayn.

3a rpaHuuell YCOBEPLIEHCTBOBA- ‘dubimaln ds
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Mpouecc BbifeneHUs B NPUEMHUKE HM3KOYACTOTHbIX KonebaHuii U3 mopynu-
poBaHHbIX KOoneb6aHWli BbICOKOW 4YacTOTbl Ha3blBalOT AeTeKTUPOBaHUEM.

MonyyeHHbIN B pe3ynbTaTe AeTEKTUPOBaHUA CUTHasA COOTBETCTBYeT TOMY 3BY-
KOBOMY CUTHany, KoTopblii AelicTBOBan Ha MWMKPOGOH Nepegatyuka. lMocne ycu-
neHna koneb6aHMA HU3KOM 4acTOTbl MOTYT 6bITb MpeBpaleHbl B 3BYK.

OCHOBHblE APUHLWNNbLI PagnocBsA3M npeacTaBsieHbl B Buae 6/10K-CXeMbl Ha pu-
CYHKe 6.14.

Muxpodonr ,

VUV VWA
g VYV

T'eHEpaTOp BHICOKO Moaynupyoiee

IIpuémusbIiA
KOHTYD M JeTEeKTOD |

YacTOThI —_r o
MMM AAARARRRRAS < YCTPOMCTBO
| Y YYVVVVYYVYVY | |
Mepepatowan MpnémHasn fpomKoO-
aHTeHHa aHTeHHa ropopuTenb
Puc. 6.14
MpuHUuMN paguocessun j Hatn !L/>
Tl 1. AnA 4yero HyXHa moaynaumsa konebaHunin?

;‘N 2. UTo HasblBalOT AeTeKTUpoBaHWEM KoneGaHuin?

"'5\’__ 1. TMMpwu nepefaye 3NeKTPUUYECKUX Kone6aHUA 3BYKOBOM YacToTbl V, 0T paguoctaHumm
00 MPUEMHMKA C WMCNOMb30BAHMEM aMMAUTYAHOW MOAYNSALUN Heo6XoAMMO, 4YTOGbI

yacToTa Hecyuieh BOMIHbI Yy, 6blna

1) paBHa 3) MeHbwe Vj

2) MHOro MeHblUe V 4) MHOro Gaumbine VX

2. AMNANTYyAHas MOAYNSILUS BbICOKOYACTOTHbLIX 3/1EKTPOMArHUTHbIX KoONe6aHui
B pajuonepefatymke Ucnonb3yeTcs AN

1) yBe/IMYEHMA MOLLHOCTU pajuoctaHuum

2) U3MeHeHUA aMNANTYyAbl BbICOKOYACTOTHbIX KOoMe6aHWUW CO 3BYKOBOW 4YacToToWn

3) N3MeHeHUs aMnNAnTyAbl KonebaHWi 3BYKOBOW 4acToTbl

4) 3apaHusa onpefenéHHOlN 4YacToTbl M3NYyYeHMS [aHHOW pagumocTaHuumn
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Ef-*-§§38 MoOynAunAa n OETEKTUPOBAHWME

Kakoili npouecc Ha3blBaeTCcs MOAYNnAuuel BbICOKOYACTOTHbIX KonebaHWi, a KakoW

,queKTmposaneM?
AMNANTYAHAA MOAYNAUUS BbICO- a3
KOYacTOTHbIX Kosie6aHWUli gocTuraeT-
cA  crneuuasbHbIM BO3AEWCTBMEM Ha
reHepaTop BbICOKOYACTOTHbLIX He3aTy- -

xawuwmnx kKonebaHu. B uyenb reHepa-
Topa BKJ/IlOYaKT BTOPUYHYI O06MOTKY
TpaHcopmaTtopa (puc. 6.15). Mpwn oT-
CYTCTBMM 3BYKOBOr0 CUrHana B reHe-
patope BblpabaTbiBalTCA KonebaHus ]- “

3bICOKOI 4acToTbl (cmM. puc. 6.13, a).

Mpu nogaye Ha NepBUYHYH O06MOTKY

nepeMeHHOro HanpshKeHUss 3BYKOBOW Puc. 6.15

yacTtoTbl (cm. pwuc. 6.13, 6) amnnu-

Tyfa KonebaHWili cunbl Toka B KosebaTe/lbHOM KOHType reHepaTtopa 6yneT u3Mme-
HATBCA B TaKT C U3MEHEHUSAMWU HaMpPsXXeHWs Ha TpaH3uctope (cm. puc. 6.13, B).
OTo M 03Ha4yaeT, YTO BbICOKOYACTOTHbIE KOMeb6aHUSA MOAYNMPYKTCA MO amnanTyne
HMW3KOYaCTOTHbIM CUTHAJsIOM.

BpemMeHHY pa3BépTKY MOAY/IMPOBAHHbIX Kone6aHW MOXHO HenmocpeacTBEH-
HO Ha6nwopgaTb Ha 3KpaHe ocuumnnorpada, ecnm nofaTb Ha HEro HanpsiXkeHwue
c Koneb6aTenbHOro KOHTypa.

KpomMe aMnAMTyLHOW MOAYNAUUM, B HEKOTOPbIX CAyyasix MNPUMEHST 4ac-
TOTHY MOAYNAULNI — M3MEHeHWe 4acToTbl Kosie6aHWn B COOTBETCTBUU C yNpaB-
nsAUWMM curHanom. Eé npeummyu,ectBoMm siBnAsieTcss 6osbliass YCTOMUYMBOCTH MO
OTHOLWEHNID K MomMexam.

[AeTekTupoBaHue. MPUHATbLIA NPUEMHNKOM MOAY/TUPOBAHHbIA BblCOKOYACTOTHbIN
CUTHaN MOXET Bbi3BaTb TOJ/IbKO BbICOKOYACTOTHblIE KosiebaHUsA, He BOCMPUHMMae-
Mble HaW MM yxomMm. Mo3ToMy B NpMEMHMKe HEOBXOAMMO CHayana M3 BbICOKOYACTOT-
HbIX MOAY/MPOBAHHbIX Kone6aHW BbIAeIUTb CUTHAN 3BYKOBOM 4acToTbl — Mpo-
BeCTW Mnpouecc AeTeKTUPOBaAHUSA.

[JeTeKkTnpoBaHUe ocyLULecTB/SIETCA YCTPOMCTBOM, COAEp>XaliUM 3/IEMEHT C Of-
HOCTOPOHHEN MPOBOAMMOCTb — [eTeKTOop. TakumM 3/IeMEHTOM MOXeT 6bITb MO-
NynpoBOAHWUKOBbLIN Anog.

PaccmoTpuM npuHuuMn pa6oTbl NOYNPOBOAHWUKOBOro getektopa. MycTb 3ToT
npn6op BK/WUYEH B LenNb nocnefoBaTe/lbHO C UCTOYHMKOM MOAYMMPOBAHHbLIX KO-
nebaHni n Harpyskoii (puc. 6.16). Tok B uenn 6yaeT MATU NPEMMYLLECTBEHHO
B OA4HOM HamnpaB/ieHUW, OTMEYEHHOM Ha PUCYHKe CTPesiKoi, TaK KaK conpoTuBrie-
HWe auofa B MPSIMOM HamnpaB/l€HUM MHOF0O MeHblle, 4YeM B o6paTHOM. Mbl Boo6LLe
MOXeM npeHebpeub 06paTHbIM TOKOM W cYMTaTb, U4TO Auod ob6rajaeT 04HOCTO-
pOHHEN MpoOBOAMMOCTbIO. BonbT-aMMepHyK XapaKTepUCTUKY Auofa NPUGIVIKEH-
HO MOXHO MNpeAcTaBWTb B BWAE JIOMaHOW, cocTosiWeil U3 ABYX MPSAMONMUHENHBIX
oTpe3koB (puc. 6.17).
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O § 39 CBOWCTBA 3/1IEKTPOMAIMHUTHbIX BOJIH
Kakue cBOWCTBA MeXaHW4YeCKUX BOMH Bbl U3yyanu?
PacnpocTpaHeHuWe Kakux KoneGaHwWii NPOUCXOAWUT B 9/1EKTPOMArHUTHON BONHE?

CoBpeMeHHble pagnoTeXHUYECKMEe YyCTpoOKCcTBa MO3BONSALOT MPOBECTUM O4YEHb Ha-
rnsgHble ONbiTbl MO HabMWAEHUI0 CBOWCTB 3MEKTPOMArHUTHbIX BOAH. MMpu 3Tom
Nydle BCEro nosib3oBaTbCA BOMIHAMWU CAHTUMETPOBOro AmanasoHa. 3TU BOJIHbI
n3ny4yawTca crneuymasbHblM TFeHepPaTOpoOM CBepXBbiCOKOW 4acToTbl (CBUY). 3nek-
Tpuyeckne KonebaHusi reHepaTopa MOAYNUPYIT 3BYKOBOW yacToTov. MpuHATbIA
CUTHanN nocfe AeTeKTUPOBaHUSA NofaéTcss Ha FTPOMKOrOBOPUTENb.

DNeKTpOMarHUTHbIe BOJIHbI M3/y4YalTcsi PYyNnopHO/ aHTEHHOW B Ha-
npasBneHnm ocu pynopa. MNpuémHass aHTeHHa B BUAe TaKOro >e pyno-
pa ynaBfivMBaeT BOJIHbl, KOTOpble pacnpocTpaHsATCA BAOMb €ro ocwu.

O6bwunii BUA ycTaHOBKW M306paxéH Ha pucyHke 6.22.

MornouweHve 3/1eKTPOMarHUTHbIX
BO/IH. Pynopbl pacnonaraioT Apyr npo- Kakass xapakTepucTuka BOJIHbl ©3-
TUB fpyra v, A06UBLINCE XOPOLLEN Crbl- ( = MeHsieTCA MpW norfnoweHnn?
WMMOCTU 3BYKa B FpoOMKOrosopuTene,
noMeLlLarT MeXAay pynopamMum pasnuu-
Hble AnaneKTpuyeckme Tena. Mpu aTom
3amMeyalT YMEeHblIeHNEe TPOMKOCTHU.

OTpaxkeHune 3/1eKTPOMAarHMTHbIX
BO/IH. ECAM [AU3NeKTPUK 3aMeHUTb
MeTasi/In4yeckKoih NNacTUHOW, TO 3BYK
nepectaHeT 6blTb CAbIWWMbIM. Bon-
Hbl He JocTuralT NpuéMHMKa BCeACcTBUe oTpakeHUs. OTpa)KxeHue MpoucxoauT
nog yrnom, paBHbIM Yray najeHuUsl, Kak M B CQlydae CBETOBbIX WM MexXaHU4YeCKuUx
BOMIH. UT06bl y6eauUTbCA B 3TOM, pynopbl pacrnonarakwT nog 0AVMHAKOBbBIMWU yrnamu
K 60/bWIOMY MeTananyeckomy nucty (puc. 6.23). 3BYyK mcyesHeT, ecnu yb6bpaTtb
NNCT NN NOBEPHYTb €ro.

MpenoMmneHve 3/1eKTPOMArHUTHbLIX BOJIH. 3/1eKTPOMAarHWTHble BOJIHbl W3-
MEHSOT CBOE HanpaB/ieHWe (NpesloM/ISOTCA) Ha rpaHUuUe AW3NEeKTpuka, ITO
MOXXHO 06HapyXWUTb € MNOMOLULbIO

5
=

Punc.6 22

- T o,
6oNbLIOW TPeyrofibHoOW NpuU3Mbl 13 OTpaxeHue 3NEKTPOMArHUTHBIX I‘g-:—r 4ol
napapuHa. Pynopbl pacnonaratwT BOJIH OT MeTajsna MOXHO 06bsc-
noa yrnom Apyr K Apyry, Kak m npu HUTL crefgywlwmum o6pasom. B me-
JeMOoHCTpauum oTpaxeHusa. MeTan- Tannax ecTtb CB0GOAHble 3neKkTpoHbl, [lpn
NNYEeCKUMN NUCT 3aMeHsIlT npmgmoﬁ najeHnun 3N1eKTPOMarHWTHON BOMIHbI  MOA
(puc. 6.24). Y6upas npuamy uam feliCTBMEM MNEPEMEHHOr0 3/1eKTPUYecKoro

nonsa BO36y)KAaK)TCﬂ KonebaHna 3TUX 3NeK-
TPOHOB, 4TO Bbi3blBaeT MNoABAEeHUE OTpa-
XXEHHOI 3N1€KTPOMAarHWTHOW BOJIHbI C 4YacTo-

nosopauymsas eé, Ha6nwAalwT Mcyes-
HOBEHME 3BYyKa.

Monepe4HocTb 3/1EKTPOMArHnT- TON napawlein BONHbI. dHeprua nagatowen
HbIX BOJIH. 3/1eKTPOMarHWTHble BOJ- BOMHbI MOMHOCTbIO MAET Ha BO3GYXAeHWe
Hbl  ABAAKTCA nonepedyHbiMun. 370 KonebaHnini cBO6OHbIX 3/1EKTPOHOB, UMEHHO

o3Hayvaer, yTo BEKTOpPbI E n B Nno3TOMY BOJIHa He NpPoOXoAWUT 4epe3 mMeTann.
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Puc. 6.23 Puc. 6.24

3NeKTPOMAarHUTHOro MnoJsid BOJIHbI NEepPneHANKYNAPHbLI HanpaBneHW eé pacnpo-

cTpaHeHunAa. Mpu 3atom BekTopbl E v B B3auMHO nepneHAUKYNSAPHbI. BonHbl
c onpefenéHHbIM Hanpas/ieHWeM KonebaHWW 3TUX BEKTOPOB Ha3blBawTCA MNoNf-
pu3oBaHHbIMMU. Ha pucyHke 6.6 n3obpaxeHa Takaa nonspusoBaHHas BOJIHA.

MPpréEMHBLIA pynop ¢ AeTEKTOPOM MPUHMMAET TO/IbKO MONSAPU30BaHHY B onpe-
AeNéHHOM HanpaBNeHUM BONHY. 3T0O MOXHO 06Hapy>XWTb, NOBEPHYB NepejatoL,ni
AN NpuémMHbIN pynop Ha 90°. 3BYyK MNpu 3TOM uc4ye3aeT.

Monapusayunio HabnwgawT, noMewas MexXAy reHepatopoMm U MAPUEMHUKOM
peweéTKy n3 napanfefnbHblX MeTa/l/ZINYeCKUX cTepXHeh (puc. 6.25). PewéTky
pacnonarawT TakK, 4ToObl CTEPXXHMW ObI/IN TOPU3OHTANIbHBIMU WAN BepTUKaNbHbI-
Mu. Fpn 0g4HOM M3 3TUX MNOJSIOXKEHWM, KOrga 3NeKTPUYecKMn BEeKTOP napanneneH
CTEepPXXHAM, B HUX BO36yXAalTca TOKW, B pe3ysnbTaTe 4ero pewétka oTpaxaeT

BOMIHbI, MOAOGHO cNMOWHOW MeTannuuyeckoir nnactuHe. Korga ke BekTop E nep-
NeHANKYNSpeH CTEPXHSAM, TOKW B HUX He BO36YX[JalTCSA U 3/IeEKTpPOMarHUTHas
BO/IHA MPOXOAUT 4Yepe3 peLlléTKy.

NHTepthepeHuns n andpakuma af1eKTPOMarHUTHbIX BOJSIH. B onbiTax c reHe-
patopom CBY MoXHO Habnwaatb MHTepepeHL M0 3/1eKTPOMarHUTHbIX BOMH (pa-
avoBonH). MFeHepaTop U NPMEMHUK pacnonarawT Apyr npoTus gpyra (puc. 6.26).
3aTeM NOAHOCAT CHWU3Y MeTaj/IMYecKy NNacTUHY B FOPU30HTA/IbHOM MON0Xe-
HUKM. MNocTeneHHO NogHUMAas NNacTUHY, 06Hapy>XuMBalT noovyepénHoe ocnabneHune
N ycuneHue 3ByKa.

fBneHne obbsicHsAeTcsa cnefywwmm obpasom. HacTb BOSIHbI M3 pynopa reHe-
paTopa nonajaeT HenmocpeAcTBEHHO B NMPUEMHbLIMA pynop. Apyras e eé yacTb OT-
pakaeTcsi OT MeTa/A/IMYECKOW nnacTuUHbl. MeHAs pacnosiodKeHWe NNacTUHbI, Mbl
M3MEHSIEM pPa3HOCTb X04a MPSIMOA M OTPa>KEHHOW BOMH. BcreacTBuMe 3TOro BOJMIHbI
nuéo ycunueakwT, nM60 ocnabnawT Apyr Apyra B 3aBUCMMOCTW OT TOro, paBHa
pa3HoCTb Xo4a LesioMy 4YUCNYy AJIMH BOJSIH W/AW HEYETHOMY YMCAY MOJSIYBOJIH.

YcnoBusa HabnwaeHns UHTepdepeHUNOHHbIX MaKCUMYMOB U MUHUMYMOB aHa-
nornyHbl ycnosuam (5.6) n (5.7).

Puc. 6.25
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Tak e Ha6nwopaetTca AUPPakUUa 3N1eKTPOMaArHUTHbLIX BOJIH. B aTom nerko
y6eanTbes. Korga Mbl cnywaem NpUEMHUK, UCTOYHUK BOMH (AaHTEHHA) MOXeT Ha-

XOAUTHLCS KaK B MPAMO BUAMMOCTM, TakK M 3a NPenAaTCTBUAMMU.
Bonee Noapo6HO Mbl pas6bepém 3TU sABMeHUs B rnaeBe «CBeTOBbI€ BOJIHbI».

NornoweHune. OTpaxeHune. MpenomneHne. NHtepdepeHuna. Audpakums

1. MepeyncnuTe M3BeCTHble BaM CBOMWCTBA 3/1EKTPOMArHUTHbLIX BOJH.
2. Kakas BO/IHa Ha3blBaeTCA MONAPU30BAHHON?

1. CnoxeHne B MPOCTPAHCTBE KOTFepeHTHbIX BOJIH, MpPW KOTOPOM o6pa3yeTcsi MocTo-
sSSTHHOe BO BPEeMEHW NpocTpaHCTBEHHOe pacnpejefnieHUe amMnaAUTyA Pe3yNnbTUPYOLLUX
KonebaHu, Ha3bliBaeTcs

1) nHTepepeHuneni 3) ancnepcuen

2) nonapusayunei 4) npenomneHuem

2. lBa WCTOYHMKA WMCNYCKalT 31eKTPOMarHWTHble BO/IHbI C OAWHAKOBOW da3oin

N oAnHaKoBOMA 4yacToToh 5 « 1014 Ty. CKOpPOCTb pacnpocTpaHeHUSA 3/1eKTPOMArHuUT-

HbIX BO/IH ¢ = 3 «108M/c. B Touke Cc pa3HOCTbK X0Aa BONH, paBHOW 1,2 MKM,

6ypeT HabnwgaTbes

1) MakcMMym WHTepdepeHUUM, TakK KaK pasHOCTb X04a paBHa HEYETHOMY uwucny
nonyBosH

2) MUHUMYM WHTepdepeHUNN, TaK KakK pas3HOCTb XoAa paBHa YETHOMY 4YuCNy NOny-

BOJTH

MaKCUMYM WHTepdepeHUMUN, TaK KakK pa3HOCTb Xofa paBHa YETHOMY uyucny no-

NyBOMH

4) MUHUMYM WHTepdepeHUNN, TaK KakK pas3HOCTb X04a paBHa HeYETHOMY 4Ymcny no-
NYBOMH

3

—~

3. lBa MCTOYHMKA WUCNyCKalT 3/1eKTPOMAarHUTHble BOSIHbI 4YacToTolh 5 <1014 Ty
C 0AMHAKOBbIMWN HayanbHbIMU a3zamun. CKOPOCTb PacnpocTpaHEHUS 3/1IeKTPOMAarHuT-

HbIX BOMH ¢ = 3 «108m/c. Makcumym MHTepdepeHunn byaet HabnwogaTtbcs B ToOUKe
npocTpaHcTBa, ANA KOTOPO MMUHMMaNbHas pa3HOCTb X04a BOJIH OT UCTOYHMKA paBHa
1) 0,9 MKM 2) 0,6 MKM 3) 0,3 MKM 4) 0

4. flBneHuem, foKa3blBalLWMWM, YTO B 3/1eKTPOMArHUTHOW BOJIHE BEKTOP HaMpPs>XKEéH-
HOCTW 3/1eKTPUYECKOro MNoss Kone6netca B HanpaBfeHWW, NepneHAUKYIAPHOM Ha-
npasfeHNio pacnpocTpaHeHWs 3/1eKTPOMArHUTHOW BO/IHbI, SABNASeTCSA

1) nHTepdepeHuymnsna 3) nonApusauuns

2) oTpaxeHue 4) pudpakuymnsa
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Kakumu cnoco6amm MOXHO HacTpOUTb KonebGaTeNbHbIi KOHTYP B pe3oHaHCc?

Mpn mncnonb30BaHWKU 3N1EKTPOMArHUTHBLIX BOJIH ANA PajnMoCBA3M KaK WUCTOY-
HUK, TaK N NPUEMHWNK pagMoBO/IH Yalle BCero pacnonarakwT B6/M3M 3eMHOW MoO-
BepxHoCcTN. dopma M PuU3MYecKMe CBOMNCTBA 3eMHOM MOBEPXHOCTWU, a TaKXe Cco-
CTOAHMEe aTmocdepbl CUNbHO BAUAKT Ha pacnpocTpaHeHWe pPagMOBOJIH.

OCc06eHHO Ccyu,ecTBEHHOE BAUAHUE
Ha pacnpocTpaHeHne pagnoOBOJSIH OKa-
3blBAOT C/NOM MOHU3UPOBAHHOrO rasa
B BEPXHUX YacTAaAXx aTtMociepbl Ha Bbl-
cote 100—300 kKM Hapj MOBEPXHOCTbIO
3eman. 3Tn cnou Ha3blBawT WOHO-
cpepoli. MoHM3auma Bo3ayxa BEPXHUX C/0EB aTMocdepbl Bbl3biBaeTCHA 3/1€KTPO-
MarHUTHbelM M3nyvyeHvem CoNHLUA WU MOTOKOM 3aps>XXEeHHbIX YacTul, M3syyaemMblX
nM. MpoBoasauwas 3aNeKTPUYECKN TOK MOHOC(epa oTpaKaeT pagMoOBOSIHbI C ANW-
HoW BONHbLI X > 10 M, Kak 06blyHass MeTanauMyeckas nnactmHa. Ho cnocobHOCTb
noHocdepbl oTpaxaTb W norfaowatb pPagnmoBO/iHbl CYLLECTBEHHO MeHsSeTcAa B 3a-
BUCUMOCTU OT BPEMEHM CYTOK W BpeMeHW roga. VIMEHHO no 3TOM npuyuHe pa-
AnocBA3b, 0CO6EHHO B Auana3oHe cpegHMX AnuH BonH (100— 1000 ™), ropasgo
HafgéxXHee HOYbI U B 3UMHEE Bpems.

YcTtoliunBasa paguocBsA3b MeXxAy YAanéHHbIMW NYHKTaMU Ha 3eMHON noBepX-
HOCTW BHe NpPAMOA BUAMMOCTU OKa3blBaeTCA BO3MOXXHOW M3-3a CNOCO6HOCTU pa-
OANOBOJMTH 0rmMbaTb BbIMYK/YH 3EMHYK MOBEPXHOCTb (ABMeHMe gudpakumn). 3T0
ornb6aHne Bblpa)KeHO TeM CU/bHee, 4YeM 6oNblie A/IMHA BOMAHbLI. Mo3ToMy pagwuo-
CBA3b Ha 60NbLIMX pPacCTOAHMAX 3a CYET ormbaHua BolHAMM 3eM/IM OKa3blBaeTcs
BO3MOXHOW NUWb NpW ANUHAaX BOJSIH, 3HAYNTENbHO NpeBblwawwmx 100 m (cpea-
HUe WU A/INHHbIE BOMHBbI).

KopoT Kune BOMIHbI (gMana3oH AgnvH BoAH oT 10 go 100 m) pacnpocTpaHslTCcsa
Ha 60/blIME PacCCTOAHMA TOMIbKO 3a CYET MHOFOKpaTHbIX OTpaXXeHWW OT WMOHO-
chepbl M NnoBepxHocTU 3emnun (puc. 6.27). PagnoBosiHbl B 3TOM AnManas3oHe oKasbl-
BalTCA «3anepTbiIMM» B TOHKOM CJ/i0e, OrpaHUYeHHOM MOBEPXHOCTbI 3emMnun u
noHoctepoii. B pesynbTaTe BOMIHbI, U3/ly4YaeMble pagnocTaHL e, pacnosioXXeHHON,
Hanpumep, B LeHTpe A3uun, AOCTUraKwT pagnonpuéMHuKoB B KOXXHOU AMepuke.

ANVHHbIE pagnoBONHbLI ANA 3TOW Lenn MeHee NPUTroAHbl M3-3a 3HAYUTENBHOIO
NoOrsoWeHNss MOBEPXHOCTHbIMMK cNnossMuU 3eMauM U uoHocepoii. N BcE ke Hau-
6onee HaféxHas pajuoCBA3b Ha OrpaHUYEHHbIX pac-
CTOAHUAX MNPW [0CTATOYHOW MOLWHOCTW nepejatouei
! | paguoctaHuumM obecrneuymBaeTca Ha ANIMHHbIX BONHaX.
/ YNbTpakopoTKMe paguoBosiHbl (X < 10 ™M) npo-

HMKaT CKBO3b WOHOCHEepy M MNO4YTM He ormbakwT no-
BEPXHOCTb 3emsan. [M10o3aTOMy OHW WUCMNOMb3YyTCA ANA
pagnocea3n MeXxay MNyHKTamu B npegenax npamoin
BUANMOCTUN, a TakKXe A/I8 CBA3M C KOCMWYECKUMUN KO-
pabnamn.

57, TMNopgymaiTe, Kak MOXHO O06BACHUTL
oTpaxeHue 3N1eKTPOMarHUTHbIX
BO/IH OT MOHOC(epbI.

? HUorochepa
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Pagnonokauyus.

EEEB3" ObHapyXeHWe W TOYHOe oOnpefefieHNe MecTOHaX0X[eHusa 06bLEeKTOB C Mo-
MOLULbIO PaAMOBO/NIH Ha3blBalT pagnonokayunen.

PagunonokaynMoHHasa yctaHoBKa — pajuonokaTop (MAm pagap) — COCTOUT M3
nepejatlei n NpMEMHON 4vacTen. B pagmonokaunum UCNosib3ywT 3/1eKTpuUYeckume
KonebaHuUs CcBepxBblICOKOW 4YacTtoTbl (108— 1011 Nu). MowHbIN reHepaTop CBY
CBAA3aH C aHTEHHOWM, KoTopasa u3syyaeT OoCTpoHanpaB/ieHHYW BOSHY. B paguono-
Katopax, pab6oTtalwmnux Ha AfMHax Bo/H nopsaka 10 cm u MeHble, Takas BOf-
Ha co3faéTca aHTeHHamn B Buae napabonuueckmx 3sepkan. Ona BOAH MeTPOBOro
Avana3oHa aHTeHHbl MMEKT BUA CNOXHbIX cuctem BubpaTtoposB. [Npu aTom ocTpas
HanpaB/IEHHOCTb W3/Iy4YeHUA noJsiyvyaeTcs BCNEACTBUE C/AOXKEHUA BONH. AHTeHHa
ycTpoeHa TaK, Y4TO BOJIHbl, MOC/IAHHbIE KaXXAblM W3 BUO6PATOPOB, MPU CAOXKEHWUU
B3aMMHO yCMNuUBaKwT APYr ApYyra Nuwb B 3agaHHOM HanpaBieHUU. B ocTanbHbIX
HanpaBNeHUAX MPOUCXOAUT MNOSTHOE WAN 4YacTUUYHOe WX B3aMMHOE ralleHue.

OTpaxéHHasi Bo/IHA ynaBnuBaeTcss NM60 TOW >XKe M3nyyawuwen aHTeHHOW, nunéo
APYro NpUEMHONM aHTEHHOW, TOXe ocTpoHanpaBsieHHoOW. CTporass HanpaB/eHHOCTb
U3y4YyeHUs MO3BOMSAET rOBOPUTbL 0 Nlydye pagmonokartopa. HanpasneHne Ha 06beKT
N onpefensieTca Kak HanpaB/ieHWe fiydya B MOMEHT npuéma oTpaXEHHOro curHana.

Ona onpepeneHnsa pacCTOAHMA 40 UeNN NPUMEHSAKT UMAYAbCHBIN PEXUM K3-
nyyeHunsn. Mepegatynk msnydyaeT BONIHbI KPaTKOBPEMEHHbIMU mmnynabcamun. Ann-
TENbHOCTb KaXAoro mmnynbca COCTaB/ASAET MUAJIMOHHbIE A0/ CEKYHAblI, a Mnpo-
MEXYTOK MeXAay umnynbcamu npumepHo B 1000 pas 6onbwe. Bo Bpema nays
NPUHUMAKTCA OTPaXXEHHbIe BOJIHbI.

OnpefeneHne pacctoaHMa R npoBoanTcAa NyTEM M3MepeHUS o6LLero BpemMeHu t
NPOXOXXAEHUA paguoBOaH A0 ULennm M ob6paTHO. TakK KaK CKOpPOCTb pajunoBONH
¢ = 3 «108m/c B aTmochepe NMpaKTUYECKU MOCTOAHHA Ha BCEM NyTWM fiyda, TO

ct
R = =—
2
BcnepctBmne paccesHUs pagnoBOSIH A0 NPUEMHMKA [OXOAUT JINWb HUUYTOXHAaNA

YyacTb TOl 3HEpruun, KOoTopyl un3nydaeT nepefaTynmk. MoToMy NMPUEMHUKMK paamno-

N0KaTOPOB YCWU/IMBAKT MPUHATLIA CUTHA B MWUJIJIMOHBI MUINNOHOB pa3 (1012).

Ons uKcaumym noc/iaHHOTO0 M OTPaXXEHHOr0 CUTHAN0B UCMOMb3YHOT 3/16KTPOH-
HO-NyuyeBytl0 TPpy6KYy. B MOMEHT MOCbI/IKU MMMyNnbca CBeT/Masi Touka, pPaBHOMEpHO
ABUXKYLLAsACSA MO 3KpaHy 3/IeKTPOHHO-y4YeBO TpyG6KU, OTK/OHSAeTcs. Ha akpaHe
NosiB/iIileTCS BCMJ/IECK OKOMO0 HY/EeBOW OTMETKM WKanbl fganbHocTu (puc. 6.28).
CBeTslLeeca NATHLIWKO Ha aKpaHe NpoAosiXKaeT paBHOMEpPHO
ABUTaTbCA BAOMb WKaAbl MU B MOMEHT npuéma cna6oro oT-
pPa>XEHHOro curHasa CHoBa OTKJ/IOHSAETCS. PaccTossHUe Mexnay
BCM/IECKAMW Ha 3KpaHe MNpOoMnopuuMoHanbHO BpPeMeHW t npo-
XOXAEHUS cuUrHana u, cneaoBaTenbHO, paccTosHUilo R a0
uenu. 3To NO03BONMAET MporpagynpoBaTth LWKany Hemnocpea-
CTBEHHO B KWU/OMeTpax.

B 60nblunX asponoprax /okaTopbl cneasT 3a B3feTawum-
MW N UAYWMMW Ha nocagkKy camonétamu. HasemHas Cnyx-
6a nepefaét Mo paguo NuaoTam Heo6X0AMMble yKasaHusa wu
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NlokaTopbl WUCNOMbL3YyOTCA B KOC-

MUYECKUX wuccnepgoBaHuax. Exe-

rogHO PajuOBO/IHBI MPUHOCAT M3 KOcMmoca

YAVUBUTENbHbIE CBEeAEeHWs O npupoae He- 2
GecHbIX Ten. PagnoacTpoHOMUA MCNONb3yeT
celfiuac camble 4YYBCTBUTENbHble MPUEMHbIE
ycTpoiicTBa U camble 60MbliME AHTEHHbIE T =
CUCTEMDbI.

Puc. 6.29

Takum o6pasomM obecrneymBaeT 6€30MacHOCTb NOMETOB. BHeWHUI BUA a3poapoOMHO-
ro foKkaTtopa nokasaH Ha pUcyHke 6.29. Kopabnu 1 camonéTbl TakKXe CHa6GXXeHbl
pagnonokatopamu, CAyXawuMu AN HABUTALMOHHLIX Lenei. Takue nokatopbl
co3falT Ha sKpaHe KapTUHY pacnosioXeHUss 06beKTOB, paccemBallWUX paguo-
BOMIHbI, M onepaTop BUAUT PaAUONOKALMOHHY KapTy MEeCTHOCTU.

Cny>6a norofibl NpUMeEHsieT foKaTopbl ANs Hab6nwaeHuMsa 3a o6nakamu.

PagnoceaA3b. Pagnonokatop. PagnoacTpoHoMus

v

@

Ha Kakux npuHumMnax ocHosaHa pa6oTa paguonokaTtopa?

1. Pa6oTa pagunonokatopa — npubopa, cnyxatlero gna onpejesieHNs MecTonosioxe-
HUS Ten, — OCHOBaHa Ha PU3NYECKOM ABMEHUU

1) oTpaXXeHWU 3/1EKTPOMArHUTHbIX BOJIH

2) NpenomMNeHUN 31eKTPOMarHUTHbIX BOJIH

3) MHTepdepeHUNN 3NEKTPOMATHUTHbIX BOJH

4) pvdpakunm 3M1eKTPOMArHUTHbIX BOJH

2. PaanocBfA3b Ha AJIMHHbIX BO/IHAX MOXeT OCYLLeCcTBASATLCA C 06beKTaMu, HaxoAs-
wWumMucs 3a npegenamu npamoii BMagMMocTu. 3T0 BO3MOXKHO 6Gnarogaps

1) BAMAHWIO MarHUTHOro nons 3eMnn Ha pajuoBOSIHbI

2) npenomaeHu0 pajuoBosiH B aTmocdepe

3) audpakuMn pagvoBO/IH Ha NMOBepXHOCTU 3eMnn

4) oTpa>KeHu pagmoBONH OT MOHOChepbI

3. PagunocBs3b Ha KOPOTKMX BOJSIHAX MOXET OCyLW, ecTBAATbLCA ¢ 06bekTaMu 3a npege-
namMu npsAmoli BMAUMOCTW B pe3ynbTaTe

1) pgudpakyunm pagmoBOaH

2) oTpaXxeHWs pagmMoBONIH OT MOHOCHEPbI M MOBEPXHOCTU 3eMnu

3) oTpakeHuUA pagunoBonH OT J1yHbI

4) nHTepdepeHUMM pagnoBOH

4. PaguocBsA3b LieHTpa ynpaB/fieHUS MnoséTaMu C KOCMUYECKMMW Kopabnssmu Ha op-
6MTax BO3MOXHa Ha YyNbTPaKOpPOTKMX BONHax 6narogaps CBOWCTBY MOHOchepbl

1) oTpaxaTb uX 3) NpenoMnaTh Ux

2) nornowaTtb WX 4) nponyckaTb UX
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BcnomHuTe, 4YTO Takoe MoAynAuua n aetekTupoBaHue. C KakoW ULenbl WCNONb3YHOT
3TN cnoco6bl?

TenesugeHve — 370 061acCTb HAYKU, TEXHUKM U KY/bTYypbl, CBsi3aHHas ¢ nepe-
fadeli Ha paccTosiHMe W306pakKeHUii MOABUXXHbLIX 06bEKTOB W 3BYKOB MpuW Mo-
MOWMN PafM0o3NeKTPOHHbIX YCTPOMCTB.

Ons nepepaun un3obpaxxeHma wuc- Naes  nepejaun  M306paxeHus
nosb3yeTcAa NPUHLWUN nocnegoBaTeNb- 6bina chopMyIMpOBaHA B KOHLeE
HOW nepepgavyn 3N1eMeHTOB M30b6paxke- XIX B. nopTyranbCkum yuyéHbim A. au Naii-
HUA. B NyHKTe nepegaynm Npon3BoasAT BAa M HE3aBWCUMO OT HEro pPOoOCCUNCKUM
npeobpasoBaHMe 31eMeHTOB MK306pa- yy“€Hbim M. V. baxmeTbeBbIM.

XXEeHUsi B nocrefoBaTe/lbHOCTb 3/1eK-
TPUYECKNX CUTHanoB (aHanm3 mnlobpa>keHnsa). CUrHanbl MoAYyNUpPYKT KonebaHus,
3blpabaTbiBaeMble reHepPaTopoM BbICOKOM YacToTbl. MoAynupoBaHHas ajieKTpomar-
HUTHasa BOJIHA MEPEeHOCUT MHpopMauui Ha 6onblivMe paccTosHUA. B npuémHuke
nponsBoamMTCcs o06paTHOe Mnpeo6pa3oBaHMe. BbicOKOYACTOTHble MOALY/MPOBaHHbIE
Kone6aHUSA [eTeKTUPYKTCHA, a MNo/lyyYeHHbIA cuUrHan npeobpasyeTca B BUAMMOe
n3obpaxxkeHwue.

Ana nepepaun ABUXKEHWUSA WUCMOMb3yeTcs MNPUHLUMN KWHO: HEMHOrF0 OT/NuMYalo-
Wwunecs Apyr oT Apyra um3lobpaxkeHus ABuxyuierocss obbekTa (Kagpbl) nepegatTcs
[ecATKM pa3 B CeKyHAy (B HaweM TeneBupeHum 50 pas). MN3o6paxkeHue kKagapa
npeobpasyeTcs ¢ NoMouw,bl nepepawuw,eii BaKyyMHOW 3N1eKTPOHHOW Tpybkun —
MKoHockona (puc. 6.30) — B cepuio 31eKTPUYECKUX cuUrHanos. Kpome MKOHO-
ckona, CyuwecTBYT W ApYyrne nepejawolmne ycTpolicTea.

BHYTPM MKOHOCKOMA PacrnosioXXeH M03au4Hblli 3KpaH, Ha KOTOpPbI/i C MOMOLLbIO
OMTMYECKOW cucTeMbl NMpoeuunpyeTca mM3obpakeHue obbekTa. Kaxpas siueiika mo-
3auKN 3apsikaeTcsa, NpuYém eé 3apsaf 3aBUCUT OT UHTEHCMBHOCTU Majakwliero Ha
sA4yeliKy cBeTa. JTOT 3apsij MeHseTcs NpuU nonajaHuuM Ha sAiYeliKy 3/1eKTPOHHO-
ro ny4yka, cosfaBaemMoro 3/1eKTPOHHOMW NYWKOW. DNEeKTPOHHbIW MNYy4YOK Mocseno-
BaTe/IbHO nonajaeT Ha BCe 3/1eMeHTbl CHayajna OAHOW CTPOYKW MO3aukKu, 3aTem
Apyroi cTpoyku wu T. f. (Bcero 625 cTpok). OT TOro, Hacko/bKO CU/IbHO MEHS-
eTca 3apfAf AYerku, 3aBUCUMT cumna Toka B pesuctope R. MoaTomMy HanpsikeHue
Ha pe3uCcTope WM3MeHsieTCA NponopLMOHasibHO M3MEHEHUK O0CBEeWEHHOCTU BAONb
CTpOK Kagpa. lMNpu 3TOM KONM4YeCcTBO

cBeuMBaeTCa OfiHAa MOMOBUHA CTPOK, =
Hanpumep He4yéTHble CTPOKM, a 3aTem
apyrasi nonosBuHa (Y€THble CTPOKMW).

3/1eMeHTOB B CTpoKe (NuKcenew) npu- Mo3aunyHbIi

MEPHO BABOe MeHblle 4Yucna CTPOK, O6BEeKTUB ( I';.:jKPaH
TaKk 4YTO YWUC/I0 3/1EMEHTOB paBHO [ | !

625 « 300 ~ 187 500. H | )
Ansa Toro 4Tob6bl M306pakeHue He * 5

- OJIeKTPOHHAsA ¥ -~ =

MenbKano, OHO nepefaéTcss crepylo- g =
OYIIKaN <~ # 5

wmum obpasom: Kaxgable 1/50 ¢ Bbl- rc>> =
5

>

<
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Takum o6pasom, Heo6xofumas 4yacToTa BUAEOCMTHana cocTaBAsieT MNPUMeEpPHO
5 MTlu. YacTtoTa Hecywein Bo/HbI, MogynupyeMas BUAEOCUMTHANOM, A0/KHA GblThb

cyuiecTBeHHO 6osbwe — nopsAaka 108—109 My, 4TO COOTBETCTBYET A/IMHAM BOJIH
B MeTPOBOM MWW [AeLUMeTpPOBOM AuanasoHe.

BbicOKOYACTOTHbIe CUITHanbl, MNONYy4YeHHble Ha BbiXxoge TPy6KW, nonajakwT Ha
aHTEeHHY, U3Ny4yallyl COOTBETCTBYHLWMNE 3NEKTPOMArHUTHbIE BOJMHbI.

3aTteM NpouCXo4MT nepefjayvya CUrHanoB MO KaHanaMm CBA3M B NYHKT npuéma.
Mocne peTeKTUpPoOBaAHMA OHW rnpeobpas3yloTca B M300pakeHMe Ha 3KpaHe Tpy6-
KW, Ha3blBaeMOi KWHECKONOM. J/ieKTpOHHaa nywka Takon Tpybku cHabxeHa
3N1eKTPOAOM, YNpPaB/SOWMM YUCAOM 3/1eKTPOHOB B MNy4YKe U, CNefoBaTesibHO,
CBeYeHMEM 3KpaHa B MecTe nonagaHuma nyda. CucteMbl KaTylWeK FOpPU30HTalNb-
HOr0 N BEPTUKA/IbHOr0 OTK/IOHEHMSA 3acCTaBNAT 3/1EKTPOHHbIA Ny4y oberaTb BeCb
3KpaH TOYHO TakuM >e o06pa3om, KaK 3N1eKTPOHHbIN ny4y oberaeT MO3aUUHbIN
3KpaH B nepegakouien Tpybke. CUHXPOHHOCTb ABUXXEHWUSA Nydeill B Nepepatolei
M NPUEMHON TpybKax focTUraeTcss MOCbINKOW cneumanbHbiX CUHXPOHU3UPYHO LW NX
CUrHanoB. 370 npeobpasoBaHMe Ha3blBalT CMHTE30M WN306pa>keHuns.

O6pasoBaHMe LBETHOro wu3obpaxeHusa. B KuHe-
cKkone uBeTHoro tenesusopa (puc. 6.31) ¢ 3aWUTHLIM
3KpaHoM 1 HaxogAaATCcA TPW 31eKTPOHHO-/Ty4YeBble NYyLU-
KW C KpacHbIM, 3eNE€HbIM WU CUHUM CcBeTODUAbTPaMMU,
obpasywlwme TpU 31eKTPOHHbLIX Aydya 2. MarHuTHas
cuctema LBeTHOro KmHeckona obecnedymBaeT cBefeHUe
3/1eKTPOHHbLIX MYYKOB Ha OTBepCTUAX ceTKM 5, pacno-
NOXeHHOoW nepef akpaHoM. [locsie MPOXOXKAEHUA OT-
BEPCTUM CETKU My4YKM MonajarwT Ha pas3/iMyHble NIOMU-
Hoopbl (MIOMMHOMDOPHLIA 3KpaH 3), o6pa3ys 3/eMeEHT
LBETHOro un3obpaxxeHna — nukcenb. Ha skpaHe 4,
NOKPbLITOM KpucTtannamu, cBeTawuMMuUcA noh ypapa-
MW 3/1eKTPOHOB KPacHbIM, CUMHUM U 3enéHbIM LBeTa-
MU, Haxogntca 500 OOO sveekK ANSA KaXn[oro uU3 aTux
Tpéx uBeToB. CMecb TPEéX LBETOB — CUHEro, 3enéHoro
W KpacHoOro — B pa3HbIX MNponopumsax BOCNPOM3BOAWT ANA rNasa 4enoBeka Bce
OTTEHKWN HabnwjaemblX LBETOB.

XXngkokpuctannuyeckuii gucnnemn.

Xungkve kpuctannibl 6bl1M OTKPbIThI Xungkne kpuctannbl — 3To ¢a3oBoe
B 1888 . aBCTPUINCKUM 6OTaHUKOM COCTOAHUE, B KOTOpPOE MepexofsaT He-
P PeVIHI/ITLI,epOM. B pa3fiInd4HblIX YyCNnoBmAx KOTOpble BeliecTBa npu Onpep'enéH_
OHW o06najaloT pas3HO cTeneHbl npospay- HbIX 3HA4YEHUsIX TemmnepaTypbl, AaB-

HocTu. B 60-e . npowsioro Beka YYéHbIM
yfanocb co3faTb NepBble OMNbITHblE MOAeNun
AVCNNEeeB Ha XWAKWX Kpuctannax.

NIeHNA M KOHUEeHTpauuu B pacTBope.
Monekynbl KNAKUX KpucTannos
UMeT BbITAHYTYIO ¢GOpMYy U UMelT
ynopsifo4yeHHoe  pacrnosioXeHue  BO
BCEM 06béMe. OpueHTaUUs MONEKY/N U3MeHseTcAa MNoj AeliCTBUEM 3/1eKTPUUECKO-
ro nonsa. 370 W onpeaensieT BO3MOXHOCTb MX MWCMNO/b30BaHUs B TexHUKe. [lo-
flyyeHne LUBETHOT0 M306paXeHWs OCHOBAHO Ha SABMEHUU WHTepdepeHUUU cBeTa
Ha XWUOKUX Kpuctannax.

MnasmeHHbIn gucnneii. MNnasMeHHble AWUCMen NpeacTaBAsAlT co060i MHO-
rOC/OMHYI CTEKNSAHHYH  KOHCTPYKUWUIO. MexXay CTeK/SHHbIMU  CTEHKaMu



pacnosiaralTcss COTHU TbiCAY SYEEK,
MOKPbITbIX JIIOMUHOMOPOM, KOTOPbINA
rBETUTCA KpPacHbIM, 3e/1éHbIM U ToNy-
O6bIM CBETOM.

Mpu noaBefeHUM K 3neKTpogam
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Kak Bbl AymaeTe, noyemy 23T0
YCTPOWCTBO Ha3blBaeTca MNaas3mMeH-
HOW naHenbw? BcnomMHMUTE, 4yTo Ta-
Koe nnasma.

>»>

BbICOKOYACTOTHOI0O HanpsaXeHusA, nosyvyaemMoro NpPMEMHUKOM, MNPOUCXOAUT WO-

Hu3auuna rasa wunan 06pa30|3aHV|e nnasmbl.

B nnasme npoumcxoguT EMKOCTHbIN

3bICOKOUACTOTHbIN paspsad, 4To MNPUBOAUT K YNbTpaduoneToBOMY M3NyUYeHulto,
KOTOpOEe BbI3biBAET CBEYeHWEe JIIOMUHOGOpA: KpacHoe, 3e/EHOE WU CcuUHee. 3TO

cBeyeHMe, MNMPOXoAsA 4epe3 nepesHIO0
CTEKNAHHYIO0 naacTuHy, nonagaet
B rnas 3putens.

Mepepaun TB BeayTca Ha yactoTax
oT 50 go 230 MIy. B atom pguanaso-
He 3/1eKTPOMarHMTHble BOJIHbl pacnpo-
CTpaHAKTCA TONbKO B npegenax BU-
anmoctun. lMoatomy ana obecrneyeHusa
nepegayn curHasnoB Ha pganékue pac-
CTOAHUSA CTPOAT BbICOKME AHTEHHBbI.

Pa3BuTve COBPEMEHHbLIX CUCTEM
TeneBMaeHNsA CBA3aHO C MNOBbIIEHU-
eM YETKOCTU Wn306parKeHus, YyBeNu-

Ha OcTaHKMHCKOW TenebawHe aH /1 2222
TEHHbl YCTaHOB/EHbl Ha BbiCOTe

540 m, 4yTo ob6ecneuymBaeT npuém nepepgad
Ha paccToaHum 120 km OT MockBbl. Ha
6onblWne paccTOAHUA TeNeBU3NOHHbIE CUT-
Hanbl nepefalwTCcss C NOMOLWbIO CMYTHUKOB.

& r Kak Bbl gymaeTe, Kakoe npeumyuie-"
Yo CTBO UMeeT KabenbHoe TeneBuaeHune
Nno cpaBHeHWIO C nepegayveint n Nnpueé-
MOM CUTHA/NIOB C MOMOLLbID AHTEHH?

YeHUEM MOoMexOoycTohnumBocTU (KaGesbHOe TeneBUAEHMWE) U AANbHOCTU [AelicTBUIA

(cnyTHUKOBOe TeneBupgeHwue).

Kpome 3TOro, COBEpLIEHCTBYIOTCA CaMu TesieBM30pbl, YMeHbLIAETCA UX 06bEM
N BeC Npu yBe/IMYEHWM pa3MepoB IKpaHa, uYemMy Ccnocob6CTBYeT co3fiaHue CUCTEM
LMK pPOBOro TesieBUAEHUSI, KOTOpPoe, Kpome 3TOro, Haub6osiee MOMexoycTOMUYMBO.

MepcneKTUBLI Pas3BUTUA TesieBUAEHUA CBA3aHbl C BHeApeHMeM U pa3pabGoTKoii
CMUCTEM CTEpPEeoLBETHOr0 M MHOrOpPaKypcHOro TeneBUAEHUS, MO3BOMSAOLWET0 MONY-
UNTb 06bEMHOE M306pakeHne M MOCMOTPeTb Ha M306pakeHuMe COo CTOPOHbI.

TenesupgeHue. Xugkokpuctanamyeckme v nnasMmeHHble gucnneu |

«CoBpemMeHHOe TenesungeHue»

1. CoBpemeHHble cnocobbl nepefayn nsobpaxeHus. Liudpposoe TeneeBupaeHue.
2. O6wWuit NpuHUMN paboTbl COBPEMEHHbIX TENEeBU30POB.

3. CNyTHUKOBblE aHTeHHbl. MpuHLUMN uX aelicTBUA.
4

WcTopua TeneBuageHus n nepcnekTuebl pasButua. [lonyvyeHne O06BEMHBIX

n306paxeHunii.

5. YCTPOWACTBO XUAKOKPUCTANNNYECKUX U NNA3MEHHbIX AUCNeeB.



BIfl KONEBAHUA 1 BOJTHbI

18§42 PA3BUWTWE CPEACTB CBA3U

Uto onpepenseT pacnpocTpaHeHWe 3MeKTPOMArHUTHbIX BOMH?
C nNoMolWbio KakKoro ycTpoicTBa CUTHaNbl UCNYCKATCA U NPUHUMAOTCA?

Ewé cpaBHUTeNbHO HefaBHO MeXAyropogHas TesieoOHHasA CBA3b OCYLW,eCTBAA-
nacb WCK/lOUYMTEeNbHO no nposogam. [pu 3ToM Ha HaAEXHOCTb CBA3M BAUANU
rpo3bl M BO3MOXHOCTb 06/1ejeHEHNS MPOBOAOB.

B HacTosiulee BpemMsa BCE LWKMpe NpPUMeHATCA KabenbHble U pagunopeneniHble
NVHUKX, NOBbILWAETCa YypPOBEHb aBToMaTu3aunun CBA3NU.

B papguopeneiiHblX AUHUAX CBSA3UW WUCMONb3YHTCA YNbTPaKopoTKue (feuunme-
TpOBble N CAaHTUMETPOBbIE) BOJIHbl. 3TW BOJIHbl pacnpocTpaHATCa B npegenax
npAmMoi BUAMMOCTU. [103TOMY JIMHUM COCTOAT M3 LEMNOYKM MaNOMOLLHbIX pagno-
cTaHUM, Kaxpas M3 KOTOopbiX nepefaér curHanbl K cocefHell kKak 6bl Mo acTa-
heTte. Takme cTaHUUM UMeT MauyTbl BbiCOTOW 60—80 M, HaxogsAwmecsa Ha pac-
cTodHuUM 40—60 KM Apyr oT gpyra.

Bcé 6onblwer NONYNSAPHOCTbIO MNOMb3YKTCA OMNTOBO/IOKOHHbIE NIMHUW CBA3N,
nossonsAwWmMe nepepaBatb 6o0nbwoli 06bEM wnHpopmaunnm. [Mpouyecc nepegayn
OCHOBAH Ha MHOroOKpaTHOM OTpPa>eHWU Nas3epHOro ny4ya, pacnpocTpaHsalwerocs
no TOHKOW Tpybke (BONOKHY). Takasa CBA3b BO3MOXHA MeXAY ABYMS HENOLBUXK-
HbIMW 06beEKTaMM.

Ana KOCMWYeckKoW pagmnmoceBsA3M  UCMNOMb3YyHTCA
CNYyTHUKK cBA3M (puc. 6.32), CUTHaNbl KOTOPbIM MNO-
cblflaloTca nepegatynkom ¢ 3emanm. CNYTHUK Mpwu-
HUMaeT CWUTHan W TMocblNaeT ero Apyro HasemMHOW
cTaHLUWN, HaxoAsuw,elicas Ha OrPOMHOM pacCTOAHUMK OT
nepBoii. MpUHATbIE CUTHANbLI YyCUNIMBAKTCA M Mocblina-
I0TCA MPUEMHUKAM APYTUX CTaHLUURA.

CnNyTHUKWN TakXXe uWCnonb3ywTca A[na onpejgene-
HUA MNOMOXEHNA pas3/INYHbIX 06bEKTOB Ha 3emne.
Ana aTux uenein oAHOro CNyTHMKa Ha OKO/103eMHOM

Puc. 6.32 opbuTe HeAOCTATOYHO, MO3TOMY MCNONb3yeTcA cucTe-

Ma CNYTHWKOB, MO3BONAKLWAA TOYHO onpefensaATb KO-

opAauHaTbl, Hanpumep, aBToMo6uNer ¢ HaBUraTopom U Apyrux ob6bekToB. [AnA

TENEeBU3NOHHON W pagnoTpaHcNAuuM UCNONb3yeTCcA reoctauMoOHapHbIi CNYTHUK,

Haxogsauwmnmca Ha opbute pagmycom 36 OOO kKm. Ha 3toni opbuTe nepuosg obpa-

WeHMsa cnyTHMKa paBeH 24 4. VIMeHHO 6narogaps 3ToMy He TpebyeTcsa U3MeEHATb
OpMEeHTaLNI0 aHTEHH.

HenpepbiBHO fgenakwTca NOoNbITKM 06GHapy)XeHUs APYruMx LUUBUAM3ALUA U Nepe-
fayn um curHasnos. OTnpassieHbl coobWeHMa ¢ 60NbWINX PAafUOTENECKONOB, B KOTO-
pbiX cofep>xaTtca POopMYNMPOBKM MaTemMaTUYeCKUX TeopeMm, PU3MYECKNX 3aKOHOB,
cBefleHMA 0 4enoBeke U T. 4. OAHakKo MOXHO cKa3aTb, YTO Hawmbosiee MOLWHbIM
CUrHasnoMm, nepefaHHbIM BO BceneHHylo, ABNAeTcs KoJiocCasibHbIA POCT MHTEHCUB-
HOCTW pajuou3nyyeHUs BCNeACTBME pPa3BUTUA Ha 3emse TeNleBUAEHUS U COTOBOMN
cBA3U. 3eM1A M3 HeHabngaemoro ¢ Apyrux 3Bé3a o6bekTa npesBpatuiacb B APKYyH
paanosBes3ny, HeNpepbiBHO MU3/y4vawlWwyw MOWHbIN NOTOK PagnmoBOSIH.
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Co3paHel HaAEXHbIE CNCTEMBI, B 1921 r. BnepBble 6blNa UCNONb-
ob6ecneynBatoLLme TENEeBU3NOHHbIM 30BaHa NOBWKHAA PAgUOCBA3b:
BelwaHvem paioHbl CuGupn u dane- nonuuua [feTpoiiTa WcnoNb3oBana OAHO-
Hero BocToka. OHM MNO3BONSAOT OCY- CTOPOHHIOI0 AUCMETYEPCKY CBS3b Ha ua-
W ecTBUTb TeneoHHO-TenerpagHyto ctote 2 Mly gna nepegauyum uHdopmauuu
CBA3b C OTAANIEHHbIMW paioHaMWn Ha- OT UEeHTpasbHOro nepefatuvka K NPUEM-
wemn CTpaHbl U BCero mupa. HUKaM, YCTaHOBJ/IEHHbIM Ha I'IOﬂVILLEI‘/'ICKVIX

MpuHUMN coToBol cBA3W. CoToBas asTomaunHax.

TeneoHHas CBSAA3b OCHOBaHa Ha KOM-

NbIOTEPHbLIX CUCTEMAaX, KOTOpble CBSA3biBalOT HOMepa abOHEHTOB W ajpeca Hau-
6onee 6NM3KNUX peTpaHCIATOpoB. Bo BpemMsa coegMHEHUS KOMMbHOTepHas cucrema
3ax04UT ONTUMAaNbHbLIA NyTb CBSA3M abOHEHTOB — Moc/ef0BaTe/IbHOCTbL Mepefayu
CUrHanoB 4yepe3 BblbpaHHble peTpaHcnaTopbl. CoToBbIV TeneoH aboHeHTa MOCTO-
SITHHO MOCbI/1aeT CUTHa/Ibl PeTPaHCNATOPY, C KOTOPbIM OH cBf3aH. Mpu nepemelye-
HUM aboHEeHTa MpPOUCXOAUT MepeperncTpaums — npuBsiska aboHeHTa K HOBOMY,
6nuKaiwemy peTpaHcnaTopy.

Ha poBHOI NoBepXHOCTW 30HaA MNOKPbLITUA OTAE/NIbLHOIO peTpaHcnsATopa npea-
cTaBnsieT cob6oil Kpyr, a cocTaB/leHHas M3 3TUX KPYroB CeTb MMeeT BWUA COT C Lie-
CTUYroNbHbIMK fiYelikaMu, oTclo4a WU Ha3sBaHWE «COTOBas CBSA3b».

IHTepHeT. B HacTosilee BpeMsi B MWUpe CyulecTByeT 6osiee mMunnmapna Kom-
nbiOTEPOB, 6Gonbllasi 4acTb KOTOPbIX 06befMHeHa B eAMHOe WHMOPMaLUOHHOe
npocTpaHCcTBO, Ha3biBaeMoe VIHTepHeT.

OfHOW M3 caMblX pacnpocTpaHéHHbIX ycnyr WMHTepHeTa sIBNSeTCS 3/1eKTPOH-
Hass no4yTa, MO3BO/MAKULASA CBA3aTbCA [AOCTATOYHO O6bLICTPO C /IL06LIM YenoBEKOM
B Nt060N TouKe mMupa.

Mo NHTepHeTy Bbl MOXeTe MOMYYUTb UHGpoOpMaLnio 060 BCex COBLITUSAX, MPoO-
MCXOASAWNX B MUPE, a TaKXe yyacTBoBaTb B AUCKYCCUSX Ha MHTepecyluine Bac
TeMbl. YcTpauBalTcs BUAEOKOH(MEpPeHLNUN, No3BoNsioLMe 0TBETUTb Ha HayuHble
BOMpoChl. Bbl MoOXeTe npocnywaTe U yBUAETb JIEKLUIO WM3BECTHOro npodeccopa,
HaxoAsiWerocss B APYroii cTpaHe, OCyLW eCcTBUTb MHTepaKTUBHOe 06Ul eHUe.

Co3patloTca caliTbl, Ha KOTOPbIX 6/10rrepbl MOTyT OTBETUTb Ha WUHTepecyloLW N
Bac Bonpoc. Hanpumep, Ha caliTe pM3MKOB MOMOTYT pPelWwunUTb NO6YH CA0XKHYIO
3agauvy.

MNHTepHeT No3BONSieT TakKXXe O0CYLW ecTBUTb MNPaKTUUYECKU TenedoOHHYH CBS3b.
MNHTepHeT HenpepbiBHO pa3BMBaeTcss W MpeBpaliaeTcd B OCHOBHYH Te/EKOMMY-
HUKaLWOHHY CeTb.

TenedoHHaa cBA3b. CoToBas CBA3b. WHTepHeT

«CoBpeMeHHble cpeAcTBa CBA3U»

1. WcKyccTBEHHble CMYTHWKM 3eMAM Ha NpuMepe CNYTHUKOBbLIX CUCTEM CBA3MU.
2. CoTOBblE CETW CBA3M.

3. JTanbl pa3BUTUS CPEACTB MacCOBON KOMMYHUKaLUM.
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§ 43 [IPMUMEPblI PELUEHNA 3AA0AY 1O TEME
«INIEKTPOMAITHUTHBIE BOJIHbI»

Ana peweHus 3ajay Ha 3Ty TeMY HaAo 3HaTb YpaBHEHWEe 3/IEKTPOMarHUTHOM
BOJIHbI, @ Tak>Xe eé cBoiicTBa. Hy>XHO TakXXe MOMHWUTb, 4YTO ApU nNpuéme 3nekK-
TPOMaArHMUTHOW BOJIHbl KONebaTeNbHbI KOHTYp HacTpauMBaeTCcAa Ha onpeAeniéHHYH0
yacToTy. DTO 03HayaeT, 4YTO 4vacToTa COGCTBEHHbIX KONebaHU B KOHType A0XKHa
coBnagaTb C 4YacTOTOW 3N1eKTPOMArHUTHOW BOJIHbI.

3apavya 1 [Be aHTeHHbl, HaxoAsdwmMeca Ha paccTtoaHum 50 M gpyr oT Apyra,
M3ny4vyawT 3NEeKTPOMAarHUTHbIe BOJIHbI C YacToToih 107Ty. Onpegennte 6nmxaii-
wune K aHTeHHaM TOYKM MHTep{PepeHUMOHHbIX MaKCUMYMOB.

PeweHune. Ycnosue HabnwaeHUs NHTepdhepeHLNOHHOI0O Makcmmyma — pas-
HOCTb X04a [AOo/XXHa OblTb paBHa LEefoMy 4Yucny ANWUH BOJIH:
A= —x2 = zkk.
Tak Kak onpegensetca 6nuxalwana K aHTeHHe Todyka, To k = 1. Torga
X\~ x2 ~ — W3 ycnoBua 3agaunm cnegyet, 4to xr + x2 = L. Pewasa 3tm ypas-
LA
2

CKOpOCTb pacnpocTpaHeHUs 3/1eKTPOMArHUTHbLIX BOSIH B BO3[yXe paBHa

3 «108m/c. AnnHa BonHbl X = ¢/\ = 30 m. OTctoga xr = 10 wm.
Bnuxalilwmne K aHTeHHaM TOUYKW MHTepdepeHLUUOHHbIX MaKCMMYyMOB HaxXo4AaT-
CA Ha paccToAaHuUK, paBHoOM 10 M.

3apgava 2 Papgunonokatop paboTaeT Ha A/IMHe BOAHbLI 12 ¢cm u gaért 5000 uvm-
NynbcoB B CeKYHAY. ANuTenbHoCTb KaXporo mmnynsca T = 3 MKc. CKONbKO
KonebaHNM coLEpXMUTCA B KaXAOM MMNy/abCe W 4Yemy paBHa rnybuHa passegku
nokartopa?

PeweHwne. 3a BpemMsa 04HOr0 MMNynbca CUTHanN [O/XKeH AOWTWU [0 06bekTa
N BEPHYTbCA Hasaf, npexpae vyem 6yaet nocnaH cneaywwmnii mmnynosc. Yucno Ko-
nebaHwnii, cogepXXawmxca B UMAYAbCe, MOXHO y3HaTb, 3Haa €ro MPoOAONXKUTENb-
HOCTb W nepuog konebaHwnin. Onpegennm WHTepBas BPEMEHWU MeEXAY CoCeaHUMMU
mmnynbcamn: 70 = 1/n = 2 < 10“4c.

Jlerko BuAaeTb, 4T0 710 » T, T. €. MMEHHO 3a BpeMsa TOUMNYNbC, N3NYUYEHHbIN
NnokKaTopoM, AOMMKeH [0WTUM A0 ob6bekTa HabNwAeHUSA U BHOBb BEPHYTbCA K /l0Ka-
TOopy, T. e. nponTn nyTb 2L. Torga L = ¢cxO0/ 2 = 3 « 104 m.

Ana Toro 4Tobbl onNpeAenuTb YMUCNO KosebaHUA B KaXXAOM WMMYy/bce, Heo6-

X0AWMO 3HaTb Bpems 04HOro kKonebaHwua, T. e. nepuog T: T = S = 4 «1(l'Oc,

oTkypaa n0 = T/T = 7500 konebaHuWii. c

3agaya 3. B kakoM Auvanas3oHe AfIMH BOJIH MOXeT pa6oTtaTb pagvonpuém-
HUK, €ecn1n EMKOCTb KOHAeHcaTopa ero KosiebaTefibHOro KOHTypa W3MeHseTcs
oT 2 «0O~10 po 8 «O~10 d, a MHAYKTUBHOCTb KaTywku — oT 5 «10-5 pgo
2 «10 4TH?
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PeweHne. HacTpouTb KOHTYP — 3TO 3HA4yuT nofobpaTb ero napameTpbl
TakMM o6pas3oM, 4YTo6bl CcOGCTBEHHasl 4yacToTa Koseb6aHWii 6blna paBHa 4yacToTe
NPUHMMAEMOW BOJIHbI.

AnvHa BONHbLI, NPUHMMAEMOW KOHTYpPOM, OMNpefAensieTcs W3 COOTHOLWIEHUSA
a. = cT, rge ¢ — CKOpPOCTb pacnpocTpaHeHWUs 3/1eKTPOMarHUTHbIX BOJIH, paBHas
3 «108 m/c; T - nepuop KosebaHUA.

Mepuvog konebaHwuii T onpepensetca no dopmyne TomcoHa T = 2nVZc , oT-

Kyga \ = c2K”LjCj ~ 188 M, X2 = ¢21t"b2C2 ~ 754 m.

TakuMm 06pa3omMm, paguMoNpUEMHUK MOXeT MPUHUMATbL BOJIHbI B Aua-
nasoHe ot 188 po 754 wm.

3ajayn ona camMOCTOATE/IbHOro peLleHuns

1. B cxeme pagnmonpuéMmHuka, wn306pa>kEHHOW Ha PUCYH-
Ke 6.21, L = 2 «10“4TH, émkKocTb C nepeMeHHOro KoHfAeHcarTo-
pa MoXxeT MeHATbcA oT 12 o 450 nd. Ha Kakue ANUHbLI BOJH
paccuuTaH 3TOT pPajguonpuéEMHUK?

2. Ha pucyHke 6.33 mn3obpaxkeHa npumémHasi aHTeHHa TesleBuU-
30pa. UTo MOXHO ckKasaTb 06 opueHTauuum konebaHwii BekKTOopa
MarHUTHOMW WMHAYKLUWUW BOSHbI, Uayulein M3 TeneueHTpa?

3. NImewTca NU cyuw,ecTBeHHble pasNnyusa Mexnay yc/ioBUAMU Pwuc. 6.33
pacnpocTpaHeHnAa pagnmoBonH Ha JlyHe un Ha 3emne?

4. Kak u3MeHWTCA Hanpas/ieHMe pacnpocTpaHeHUs 3NeKTPOMarHWTHOW BOJI-

Hbl, €CNN M3MEHWNTCA Hanpas/eHWe Ha NPOTUBONONOXHOe: 1) BekTopa E; 2) Bek-
Topa B; 3) ogHoBpeMeHHO BeKTOopoB £ u B?

MoeTopuTe mMaTepman rnaebl 6 MO cneayrwuemy naaHy:

BbIMMIWINTE OCHOBHbIE MOHATUA U (hU3NYECKUe BEMUYUHBLI U faliTe UM onpegesieHue.
3anunwunTe OCHOBHbIE POPMYbI.

YKaxXnte eAVHULBl (PU3NYECKUX BeSIMUYUH. Bbipa3nTe UX yepe3 OCHOBHble efuHULbl CU.
OnuwunTe ONbITbl, MOATBEPXXAAOLME OCHOBHble 3aKOHOMEPHOCTHU.

HWONpE
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OMNMNTUKA

OT ncToOYHUKA cBeTa, Hanpumep OT NaMMnOYKKW, CBET pacnpocTpaHseTcs BO BCe
CTOPOHbLI M MajaeT Ha oKpyXakwu e npegmMeTbl, Bbi3blBasi, B 4aCTHOCTU, UX Ha-
rpesaHune. lNonagas B rnas, CBeT Bbl3blBAeT 3pUTENIbHble OWYUWEHUA — Mbl BU-
anm. MOXHO cKa3aTb, YTO MNpW pacnpocTpaHeHUW cBeTa MPOMCXOAWT Mepefadya
BO3AENCTBUIA OT ogHOro Tena (MCTOYHWUKA) K Apyromy (MPpUEMHUKY).

Boob6uLe e aeicTBME O4HOr0 Tena Ha APYroe MOXeT OCYLLecTB/IATbCA ABYMA
cnoco6amu: Nnbo nocpeacTBOM MepeHoca Bew,ecTBa 0T UCTOYHMKA K MPUEMHUKY,
nunéo Xe nocpefcTBOM M3MEHEHUSA COCTOAHUA cpeAbl Mexay Tenamum (6e3 nepe-
Hoca Bel,ecTBa).

KopnyckynapHasa u BO/iIHOBasA Teopuu ceeTa. B cooTBeTcTBUM C ABYMSA CNOCO-
6amMn nepepayn 3Heprum 0T UCTOYHUKA K MPUEMHUKY BO3ZHUKAW WU Hayanu pasBu-
BaTbCHA [Be COBEPLIEHHO pa3Hble TEOpUU, 06bACHAKLLME, YTO Takoe CBeT, KakoBa
ero npupoga. Npnyém BO3ZHUK/IN OHWU NOYTU ofHOBpeMeHHO B XVII B.

OaHa 13 3TUX TeOopui cBA3aHa ¢ MMeHeM HbloToHa, gpyras — ¢ umeHem [oi-
redca.

HbOTOH NpuAepXXuBancs Tak Ha3biBaeMOil KOPMYCKYNSAPHON Teopuw cBeTa, CO-
rnacHo KoTopol cBeT — 3T0 MOTOK 4YacTUL, MAywumux oT UCTOYHUKA BO BCe CTOPOHLI (nepe-
HOC BelecTBa).

CornacHo e npepacTaBneHuam rlloilireHca cBeT — 3TO BOJIHbI, pacnpocTpaHsalouWwmnecs
B 0C060I runoteTuyeckoit cpepge — adupe, 3anonHswUWeM BCE NPoOCTPAHCTBO U Mpo-
HMKalLlWweM BHYTPb BCeX Ten.

O6e Teopuu ANUTeSIbHOE BPEMSA CylLecTBOBanM napasnesnbHo. Hu
0AHa M3 HMUX HEe Morjaa ofepXaTb pewatkuweli nobeabl. J/Inwb aBTO-
puteT HblOTOHA 3acTaBNsA/N G0NbLWMHCTBO YUYEHbLIX OTAaBaTbh Mpeano-
UTeHne KOPNYCKYNSAPHOW Teopuun. M3BeCcTHble B TO BPeMS U3 OMNbiTa
3aKOHbl pacnpocTpaHeHus cBeTa 6osee UM MeHee YCMNeWwHO 06bSACHANMCL 06e-
UMK Teopusimu.

Ha ocHoBe KOPMYCKYNSAPHOW Teopuu 6Gblyo TPYAHO 06bACHUTL, MOYEMY CBETO-
Bble MYyUKM, MepecekasiCb B MPOCTPAHCTBEe, HMKAK He AeliCTBYWOT ApYyr Ha apyra.
Befb CBETOBbl€ 4YaCTULLbl AO/MKHbI CTaNKMBATbCSA WM paccemBaTbcs. BonHoBas e
Teopusa 3To Nerko o6bsAcHANA. Bo/IHbI, HanNnpuMep Ha MOBEPXHOCTU BofAbl, CB0GOS-
HO MPOXOASAT APYr CKBO3b [pyra, He oKa3biBasi B3aMMHOI0 BAUAHUSA.

OfHaKo npamMonuHeliHoe pacnpocTpaHeHue cBeTa, NpuBoasliee K o6pasoBa-
HUIO 3a NpegMeTamyn pPe3KUX TeHel, TPpyAHO 06BbACHUTbL Ha OCHOBe BOJIHOBON Te-
opuun. Mo KOpPNYCKYNAPHO/ >e Teopum MNpsAMoSIMHeliHoe pacnpocTpaHeHWe ceBeTa
ABMSieTCA MPOCTO C/EACTBUEM 3aKoHA WHepuuwu.

Takasi HeonpeAenéHHOCTb BO B3r/si-

&

Mepebie NpPeAcTAaBNEHUS APEBHNUX Jax Ha npupojy cBeTa rocnojcreoBa-
YyUYéHbIX 0 cBeTe 6bIIM Becbma na fgo Hauvana XIX B., Korga 6biin
HauBHbI. CyMTanocb, 4YTO M3 rna3 BbIXOAAT BMNepBble M3YyYeHbl fiBNeHWe ornbaHuns
ocobble TOHKMe wynanbla W 3puUTenbHble cBeTOM  npenAaATcTBUiA  (Andpakuynn)
BrnevyaT/ieHUss BO3HMKAOT MPU Ol YNbIBAHWM N ABNeHWe ycuneHuss wunu ocnabne-

nMu npeameTos. HMUA cBeTa MPM HanoXeHuUn CBEeTOBbIX
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Ny4ykoB APYr Ha apyra (MHTepdepeHUUs). DTU SIBNEHUA NPUCYLLU UCKNHOUYNTENb-
HO BO/THOBOMY [ABVMXXEHMU. OGBACHUTbL MX C NMOMOLWbIO KOPMNYCKYNSAPHOW Teopum
Henb3s. Mo03ToMy Kasasocb, YTO BOJIHOBAs TeOopusl ogepXkasla OKOHYATe/NlbHYK WU
nosiHy nobepy.

Takas yBepeHHOCTb 0C06eHHO okpenna, korga MakcBenn BO BTOpPO MO/IOBUHE
XI1X B. foKasan, 4To CBeT — 3TO YaCTHbIA cny4dyar 31eKTPOMarHUTHbIX BOJIH.

Pa6oTamn MakcBenna G6bliM 3an0XeHbl OCHOBbI 3/IEKTPOMArHUTHON Teopuu
cBeTa.

Mocne sKCNepUMMEHTaNIbHOro 06Hapy>XeHUs 3MeKTPOMArHUTHbLIX BOJIH [epuem
HUKaKUX COMHEHW B TOM, UTO NMPW pacnpocTpaHeHUW cBeT BeAE&T ce6s KaK BOJ-
Ha, He ocTanocb. HeT ux u ceiivac.

OaHako B Havane XX B. NnpejcTaBfeHUs 0 NpuUpoje cBeTa Hadanum TeM He Me-
HEee KOPEeHHbIM 06pa3oM MEeHATbLCSA. HeoXMAaHHO BbIACHWU/OCL, YTO OTBEpPrHyTas
KOpnycKynapHasa Teopusa BCE >Ke MMeeT OTHOWeHWEe K AeicTBUTenbHOCTU. OKa-
3a/10Cb, 4TO

0529

npu M3nyyYyeHWM W nornoweHun ceeT BeAET cebda Nofo6HO MOTOKY YacTul,.

Bbinn o6Hapy>eHbl MPepbIBUCTble, UMW, KaK FOBOPAT, KBaHTOBble, CBOMCTBA
cBeTa. Bo3HMKNA HeobblyHaA CUTyauUUs: sIBIEHUSA WHTepdepeHLUM U agndpakyum
Mo-npeXxHeMy MOXXHO 6bl/10 06BACHUTbL, €C/IM cYUTaTb CBeT BOMIHOW, a SABNeHUSA
M3/1ly4YeHUs U MNOr/0WEeHNss — ecqin cuyMmTaTb CBET MOTOKOM 4acTuly. B 3Toit cBf-
31 BCNOMHWM MpeXAe BCero, 4to Ham 6bi/Z1I0 M3BECTHO O CBeTe paHblue M3 Kypca
dhn3nku.

MleomeTpunueckaa ontuka. MNpn nepBoHayasbHOM 03HAKOMJ/IEHUM C ONTUYECKU-
MW AABMEHUAMU 6biN1I0 BBEAEHO MOHSATUE CBETOBOr0 /iydya KaK JIMHWW, NepneHAu-
KYNSApHOW (hpOHTY BOJIHbI M yKa3blBawl el HanpaBfeHWe, B KOTOPOM CBeT Mepe-
HOCUT 3Heprui.

FreomMeTpUYeCcKo ONTUKOW HasbiBaeTCs pasfen OnTUKW, B KOTOPOM Mu3yua-
I0TCH 3aKOHbl pPacnpoCTPaHEeHWs cBeTa B NPO3payHbiX cpefaxX M 3aKOHbl €ro OTpaXeHus oT
3epKanbHbIX MOBEPXHOCTel Ha OCHOBE MpeACTaBlEHUA O CBETOBbIX Jyyax.
CBETOBOW Ny4y — 3TO NMHUA, yKasblBawlas, B KAaKOM HanpaBfeHUU CBET MepeHoCUT
aHepruto. CBeTOBOW Nyy neprneHauKynsipeH (PPOHTY BOJHbI.

OAHUM M3 OCHOBHbIX MOJIOXEHUI rEOMeTpM‘{ECKOIZ ONTUKN ABNAEeTCA nonoxe-
Hne o I'lpﬂMOl'II/IHEIZHOCTM pacnpocTpaHeHnA cBeTa.

3aKOoHbl MPesioM/IEHUS U OTpaXKeHUs cBeTa 6bl/IN YCTAHOB/IEHbl 3KCMNEPUMEH-
Ta/lbHO 3af0/IT0 [0 BbIACHEHMUS NpuUpoabl cBeTa. OfHAKO OHW MOTYT 6biTb Bbl-
BefleHbl Ha OCHOBE BOJ/IHOBOI TeopuMWn B cnydae, ec/iM AfIMHA BOJIHbI CBeTa MHOTO
MeHblIe pasMepoB MPensiTCTBUI, PacrnosiodXeHHbIX He 04YeHb AasleKo 0T MecTa Ha-
6noaeHnA.
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rNMABA 7 CBETOBbBIE BOJIHbI

'§44 CKOPOCTb CBETA

ChopmMynupyite OAMH M3 OCHOBHbIX 3aKOHOB TFEOMETPUYECKOW ONTUKU — 3aKOH
NPAMONMHENHOro pacnpocTpaHeHus ceeTa.

Korga Mbl nosopayvMBaeM Bblik/jt4yaTeNnb, TO BCA KOMHAaTa cpa3y >e o3apseTcs
cBeToM. KaxkeTcs, UTo CBETY COBCEM He HaAo BpPeMeEHMW, UYT06bl AOCTUTHYTb CTeH.
MpeanpuHUManUCb MHOFOYMC/IEHHbIE NOMbITKN ONpefenMTb CKOPOCTb cBeTa. AnA
3TOro NbiTaZiIuCb M3MEPUTb MO TOYHbLIM Yacam BpemMs pacnpocTpaHeHWUs CBETOBOrO
CurHasna Ha 60/blWKNe PacCTOAHMUA (HECKO/IbKO KMNOMeTpoB). HO 3T MONbITKM He
fanun pesynbtata. Hayanu gymatb, 4TO pacnpocTpaHeHuWe cBeTa COBCEM He Tpe-
6yeT BpemMeHW, 4YTO cBeT Nbble paccTOAHUA npeofosieBaeT MrHOBeHHO. OfHako
oKa3asiocb, 4YTO CKOPOCTb CBeTa He 6GECKOHe4YHO BeNuKa, WU 3Ta CKOpPOCTb Oblna
B KOHLe KOHL,0B M3MepeHa.

ACTPOHOMUYECKNI MeTOoa U3MepeHUs CKOpPOoCTM ceBeTa. CKOpPoOCTb cBeTa BMep-
Bble yganocb M3MepuUTb gaTckomy ydyéHomy O. Pémepy B 1676 r. Pémep 6bin
acTPOHOMOM, W ero ycrnex 06bACHAeTCA MMEHHO TeM, 4TO OH McNoNb3oBan AnA
M3MepeHUi o4vyeHb OOMbLINE MNPOXOAMMbIE CBETOM pacCToOAHUA. IDTO paccToaHUSA
mMeXxnay nnaHetamu COMHEYHOUW CUCTEMBbI.

Pémep Habnwpgan 3atTmeHUs cnyTHUKOB KOnutepa — camoil 60NbLWIONA NAaHeTbl
ConHe4yHol cucTembl. KONuTep MMeeT wWecTHaaLaTb CNYTHUKOB. Bnuvxkawunii ero
CNYTHUK — Ho — cTan npegmetoM HabnwogeHwuin Pémepa. OH Buaen, Kak cnyT-
HWK MpPOXOoAWS Nepej NnaHeToWl, Mnorpyxasnca B eé TeHb WM nponafjana w3 nons
3peHUs. 3aTeM OH OMNATb MNOAB/AMACA, KAK MTHOBEHHO BCMNbIXHYBWas namna. Mpo-
MEeXYTOK BPEMEHU MeXAy ABYMSA BCMblWKaMKM oKa3asncs paBHbIM 42 4 28 MUH.
Takum o6pas3om, 3Ta «yHa» npegcrasnsana cobo rpomagHble HebecHble 4achl,
nocblNaBWwne CBOM CUTHaNbl Ha 3eMNi0 4vepe3 paBHble MPOMEXYTKN BPEMEHW.

BHayane wu3MepeHUA NpPoBOAUNUCH
B TO BpeMms, Korga 3emns nNpu CBOEM
ABUXKeHUN BoKpyr ConHua 6numxXe Bce-

=
/\

T —" Opbura

ro nogowna kK HKnutepy (puc. 7.1).
/ 2 CIIYTHUKA Takue XXe U3MepeHuUs, NpoBeAéHHbIE He-
i i IOnurepa L CKO/IbKO MecsiueB cnycTs, kKorga 3emns
\ : : S ——— ’f . yaanunace oT HOnutepa, HeoXWMAaHHO
Y [~ Semns Opb6ura nokasanu, 4TO CAYTHMK OM03jan mno-

SBUTbLCA W3 TEHW Ha UenblX 22 MWUH MO
CpaBHEHUD C MOMEHTOM BPEMEHU, KO-
Puc. 7.1 TOpblii MOXHO 6bIZI0 paccumTaTh, 3Has

nepuoa o6paweHus Wo.

Pémep 06BbACHAN 9TO Tak: «Ec/iuM 6bl A MOr 0cTaTbCA Ha APYroil CTOPOHE 3eM-
HO 0p6WUTLI, TO CNYTHWK BCAKWIA pas noaeBnancs 6bl M3 TeHW B HasHaueHHoe
Bpemsi; Hab6nwogaTenb, HaxogAwuiica Tam, yBugen 6bl Mo Ha 22 MWH paHblue.
3anasfibiBaHWe B 3TOM C/lyyae MPOUCXOAUT OTTOro, 4YTO CBeT ynotpebnsaer 22 MUH

LN
Opb6ura 3emin Onurepa
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Ha NpoXoXXAeHwWe OT MecTa MOero nepeBoro HabflwAeHUA [0 MOEro TenepelwHero
nonoXeHus». 3Has BpeMs 3anasjblBaHUA NosABNeHUA Vo 1 pacCTosHMeE, KOTOPbIM
OHO BbI3BAHO, MOXHO OMpeAennUTb CKOPOCTb CBeTa, pas3fesiMB 3TO paccToOAHWUE Ha
3pemsa 3anasjbiBaHuMs. CKOpOCTb OKasajacb 4Ype3BblyaliHO 60M1blWOM, NPUMEPHO
300 OO0 kM/c. MoTomMy-TO KpaliHe TpyAHO onNpefesinTb BPeMs pacnpocTpaHeHUs
cBeTa MeXay [ABYyMA yAanéHHbIMW Toykamu Ha 3emne. Beab 3a 04HY CeKyHAY
CBeT MpPOXoAMT paccTosHue, 6onbliee AANHbLI 3eMHOro akeartopa B 7,5 pasa.

JNabopaTopHble MeToAbl M3MEPEHUSA CKOPOCTU cBeTa. BnepBble CKOPOCTb CBeTa
na6opaTtopHbIM MeTOAOM U3Mepun gpaHuy3cknin dunsmk N. ® nso B 1849 r.

B onbiTe ® 130 CBET OT UCTOYHWUKA, NpoAA Yepe3 NUH3Y, Najan Ha
NoNynpospayHyo nnacTuHky 1 (puc. 7.2). MMocne oTpakeHua oT nna- a E
CTUHKMN CPOKYCMpPOBaHHbLIN Yy3KMW MYYOK Hanpasnasanca Ha nepudeputo
6biCTPO BpaljatLeroca 3yb6yartoro Ko-
neca. Mponga mexgy 3ybuamwu, cBeT
jocturan 3epkana 2, Haxogauwerocs 8,6 KM
Ha paccTtosaHum | ~ 8,6 KM OT Kosieca.

OTpa3uBlWINCL OT 3epkKana, CBeT,
npexxge 4em nonacTb B rna3 Habnwo-
JaTtens, [O/KeH 6bln NpoiAiTM oNATb

*

Mexgy 3ybuamn. Korga kKoneco Bpa- Puc. 7.2

uanocb MefJSIeHHO, CBeT, OTpPa>KéH-

HbIl 0T 3epkana, 6bin BugeH. [lpwu MopymaliTe, noyemy B onbite PuU30
YBE/IMYEHUN CKOPOCTU BpalleHUs OH /b paccTosiHMe [AO0/KHO 6bi10  6biThb
nocteneHHo ucyesas. B uém e 34echb CTONb GOMbLWUM.

peno? lNMoka cBeT, Npoweawni Mmexay
AByMs 3y6uamun, WEN Ao 3epkasa M o06paTHO, KO/eco ycnesasio NOBEPHYTbCA Tak,
4TO Ha MecTOo npope3n BcTaBan 3yb6el, MU cBeT MNepecTaBan 6biTb BUAUMBIM.

Mpu pganbHelwemM YyBeNWYEHUUN CKOPOCTU BpalLeHUs CBET ONATb CTaHOBWUJICA
BuagnmbiM. O4yeBUAHO, 4YTO 3a BpeMs pacnpocTpaHeHUs cBeTa A0 3epkana u 06-
paTHO KONeco ycnesasio B 3TOM c/y4vyae MNOBEPHYTbCA HACTO/IbKO, YTO Ha MECTO
npexxHeii npope3n BcTaBasa yXe HoBas npopesb.

3Haa 3T0 BpPeMA W pacCcToAHME MeXAY KOJecoM W 3epKasiom, MOXHO onpe-
AennTb CKOpPOCTb cBeTa. B onbiTe ®n30 Npu paccTtodHuMmM, paBHoM 8,6 KM, AnA
CKOpoOCTWU cBeTa 6blN0 MoslydyeHO 3HadeHume 313 OO0 kKm/c.

Bbino paspa6oTtaHo ewé MHOro Apyrmux, 6onee To4HbIX nabopartop-

HblX METOAO0B WM3MEepPeHUsA CKOpPOCTM cBeTa. B yacTHOCTW, aMepuKaH- é E
CKUn ¢Gusmk A. MailikenbCcoH pa3paboTan COBEpPLIEHHbIN MeToA 4
onpenesieHNA CKOPOCTWU CBeTa C MPUMEHEHUEM BpalialLWnxca 3epkan.

Bbina n3mMepeHa CKOpPOCTb B pas3/iMYyHbIX Mpo3paydHbiX cpefjax. OHa Bcerga oka-
3blBasiacb MeHbLlEe, YeM B BakKyyMe.

[Mo coOBpeMeHHbIM AaHHbIM, CKOPOCTb CBeTa B BaKyymMe paBHa 299 792 458 wm/c
(c ToyHoOCTb A0 +£1,2 m/c) nnnu npmbnmxéHHo 3 « 108 m/c.

CKOpoCTb cBeTa. JKCNepuMeHTasbHble MeToAbl U3MEPEHUSA CKOPOCTU cBeTa

B uém cocTosisla OCHOBHasA TPYAHOCTb MNPU U3MepeHUM CKOpocTu ceeTa?
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u ji§ 45 TPMHUMN F’FOVIEHCA. 3AKOH OTPAXXEHWS CBETA
Yto Takoe cBeT?
Kakve 3aKOHbl TeOMeTpUYecKOoi ONTUKM Bbl 3HaeTe?

3aKO0Hbl OTPaXKeHUs 1 NpesoM/IEHUSA cBeTa MOX-

HO BbIBECTW W3 04HOro o6uiero nNpuHUMNa, OMu-

CbiBaloLWero nosefeHme BOAH. ITOT NpuHUMN (Mbl

0 HEM yXe rosopunun B § 33) BnepBble 6611 BbIABUHYT B XVII B.

COBpeMEHHUKOM HboToOHa XpuctnaHom MO ATreHCcCoOM.
3aKoH oTpaxkeHus. CornacHo npuHuuny MonreH-
ca Kaxpgas touka (Mv M 2, M 3...) BO/IHOBOTr0 hpoHTa
SABNSAETCA WUCTOYHWUKOM BTOPUYHBLIX BOMH (puc. 7.3).
Ornbatwwas NoBepxHOCTb K (hpoHTamM BOMH OT BTO-
X. F'oiirenc PUUYHbLIX WUCTOUYHWUKOB OMpegesisieT MOSIOXKEHMUE HO-
(1629—1695) BOro (poHTa BOMIHbI. C NomMoWw b nNpuHynna Mwow-

reHca MOXXHO BbIBECTM 3aKOH OTpa>KeHWs cBeTa.

PaccMoTpum, KaK MPOUCXOAUT oOTpaXXeHue MAOCKOWA BOJIHbI. MoBTOpUM onpe-
aAeneHume MAOCKOM BOJIHbI.

H W B BonHa HasbiBaeTCcs MJ/IOCKOW, €C/IM MOBEPXHOCTW paBHOW ¢hasbl (BONHOBbIE
NOBEPXHOCTU) WU COOTBETCTBEHHO (DPOHT BOJIHbI NPeACTaBAsAlOT co60il NMOCKOCTH.

Ha pucyHke 7.4 MN — oTpaxarwuwas noBepxHocTb; npamMmbie A”A n BB — paBa
Nydya nagatrouied NNOCKOW BOMHbI. MnockocTb AC — (POHT BOMIHbI B MOMEHT Bpe-
MeHMU, Korga nydy ATA [owén A0 oTpaXkawlied MOBEepXHOCTWU.

Yrnom nageHusi HasblBalT Yrof a Mexay najalouwum ayyoM WU HOpMasblo
K OTpaxawlleii MoBepxHOCTW B TOUKe MafeHus.

BoMHOBYIO MOBEPXHOCTb OTPaXE&HHOW BOJIHbI MOXHO MOJYYUTb, €c/N MNpo-

BeCTU orubawowyr K ¢GpoHTam BTO-

Yo Mopymaiite, uTo unsoGpaxaet no- PUYHBLIX BOJIH, LEHTPbl KOTOPbLIX Jie-

r BepxHocTb CD (CM. puc. 7.3). Kakoii XaT Ha rpaHuue pasgena 4BYX Cpea.

MCTOHHMK  COSAAcT (POHT  BOHEI, Pa3nnyHble yyacTKM BOJIHOBOW no-
nokasaHHbI Ha 3TOM pPUCYHKe?

BepxHocTu AC pgocTurawT oTpaxa-

lower rpaHuubl He OAHOBPEMEHHO.

Ay Ay B, B,
D
ol <

A E F B
Pu 7.3 Puc. 7.4
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8§46 TPWMEPbI PEWUEHMA 3AOAY MO TEME «3AKOH
NPAMONMHENHOIO PACMPOCTPAHEHUA CBETA.
3AKOHbI OTPAXXEHWNA CBETA»

OfHVWM M3 OCHOBHbIX 3aKOHOB FeOMETPUYECKON ONTUKU sIBNSETCA 3aKOH Nps-
MOJIMHEHOro pacnpocTpaHeHus cBeTa. Mcnonb3ysa 3TOT 3aKOH, MOXHO onpeje-
NNTb, Hanpumep, pasmepbl TeHW OT NpegmMeTa.

FnaBHOe Npu pelleHWM 3afay Ha 3aKOHbl OTPaXKeHUs — Heo6XoAMMO NMpPaBu/b-
HO MOCTPOUTbL Nyuun, OTPaXKEHHble 0T 3epKasibHOW MOBEPXHOCTU COr/lacHO 3aKOHY
oTpaXKeHus.

3agaya 1. Onpegenute guametp ConHUa, eciM M3BECTHO, YTO AuMamMeTp JIyHbl
3,48 =10 ™. PacctoaHune ot 3emnn fo JlyHel pasHo 3,8 10 ™M, a go ConHua
1,5 « 108 KMm.

PeweHwne. Yrnoeble AuameTpbl
Dl= r'3c = NTyHbl n ConHua nNpubAN3UTENbHO 0A4U-
3 HaKOBbl, YTO MPOABNAETCA MNPU COJIHEY-
eMJISA
Jiyea B A HbIX 3aTMeHuax (puc. 7.5). N3 nogobusa
dc TpeyronbHnkos ABC wn ADE cnepgyert:
Connne Pt d
Cle—> n. — dc  orkypa
E 3n 3C
Puc. 7.5 dec = 3¢ = 14 109 m.
3n

3apavya 2. Yenosek, pocT KoToporo paseH h, npubnuxkaetca no npsamMoi co
cKkopocTbio MOK (hoHaplo, BucAwemy Ha BbicoTe H. Onpepennte CKOpoCTb, C KO-
TOpO OyaeT yMmeHblWAaTbCA pa3mMep €ro TeHW, U CKOPOCTb, C KOTOPOW «BEXMUT»
TeHb ro0JI0OBblI 4YesioBeKa.

PeweHne. Ha pucyHke 7.6 oTMeyeHbl TeHM AIB1un A2B24yenoBeka, Korga oH
HaxoAMTCA Ha ABYX pa3HblX paccTosHMAX oT doHapda. M3 nogobua TpeyrosbHUKOB

OBx
AICIB1wv OEBxcnegyetr: — = , M3 nofobmusa TpeyronbHMkKoB A2C2B2mn OEB?2
h A\BX
. OB,
cnepnyer:

B cBot oyepeab, OAx - OA2= C,C2=
= VvO0At, rge At — BpemsAa nepexofa 4esno-
BeKa M3 MosIoXKeHUA A XB NonoxxeHune A 2.
N3meHeHne pasmepa TeHUM Ax = VNAL =
AXBX A2B2 (OBx OBA— =

h 2 H
H Cs c = B)BZOV. N3 nogobus TpeyronbHUKOB

1
H
D, \ BxB2E u CxC2E cnepyet
"2_:’3) h ; e cic2 H - h
|

& BXB2 vOAt-H h CnepoBaTesibHO CKO-
» 0CTb YMEHbLUEHNUA pa3MepoB TeHW pas-

0 A, A By, B PP pastiep P

H h h
Ha VT = v0— r— = v,
Puc. 7.6 'H - hH H - h
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CKOpOCTb, C KOTOPOM TeHb «6EXUT» ro/foBbl YesioBeKa, onpeaenMm M3 nogobus

TpeyronbHnkos CICrE v BI1B2E: -VQOL = Hh Torga—vr = VO H
vrt H H —h
3apauva 3. lNnockoe 3epkasio NoOBepHynu Ha yron a = 17° BOKpyr ocu, nexa-

e B NAOCKOCTW 3epkana. Ha kakoii yron P noBepHETCS OTPakKEHHLIWN OT 3ep-
Kana nyd, ecqv Hanpae/ieHMe Najaloliero fyya ocTanocb HeM3MEeHHbIM?

PeweHwune. TMycTb (0 — nepBOHayanbHbIV yron nageHus nyda (puc. 7.7). Mo
3aKOHY OTpaXXeHMsA Yron OTpaXKeHWa TakXe paBeH ¢, W, cnepoBaTesibHO, Yros
MeXay najawuwmmMm Ay4oM WU OTPaXKEHHbLIM /1y4YoM
paBeH 2¢. MNMpu nosBopoTe 3epKasia Ha yron a nep- 7 AT
neHaAnKynap | K 3epkany, BOCCTaB/IEHHbIA B TOY-
Ke najeHuns, Tak>e MOBepHETCA Ha yron a u 3ai-
MET nonoxeHwue Il. 3HaunT, HOBbIW yron nageHus
6ynet paBeH ¢ + a. Takum >xe 6yAeT U HOBbIN
Yyron oTpaxXeHus.

MoaToMy yron, Ha KOTOpPbI MOBepHETCHA oTpa-
XEHHbIW Ny4y, P= (p + a) - (p - a) = 2a = 34°
(cm. puc. 7.7).

Pwunc. 7.7

3asava 4. MocTpoiiTe M306pakeHMe TOUEUHOro MCTOUHMKA S B MJIOCKOM 3ep-
Kane u onpefennTe paccTossHUE MeXAy WCTOYHMKOM U ero usobpaxkeHuem. Pac-
CTOSIHME OT MUCTOUHUKA A0 3epKajsia paBHO Jl.

PeweHwne. MpoBegém nyuy SA (puc. 7.8),
nagawowmnin Ha 3epkaso. [lo 3akKoHy oTpaxe-
HUA Yroa najeHua paBeH Yrany oTpaXeHusa:
ASAN = ABAN, a = p. Jlyu SC, nepneHauKy-
NAPHbLIA NAOCKOCTM 3epKana, oTpasmBlWUCb, MNOW-
OET no Tomy Xe nytm CS. A

Mbl BUAWUM, 4YTO OTpa>KéHHble Nyyn He Mepe- C A i
ceKalwTCA, HO rMepecekawTCca WX NPOLJONKEHUS.

Taknum o6pa3omM, MHMMOe M300parKeHMe WNCTOUYHMU- //
Ka S HaxoguTca B Touyke S1

Tak kak ZASC = a (HakpecT nexxawue yrnbl /
napannenbHbiXx nOpsaMbix), a Z-ASjC = p (cooT- /
BETCTBEHHble Yyrnabl NapanfiefnbHbIX MNPAMbIX), TO //
TpeyronbHMkK ASjS paBHob6egpeHHbIi, CA — Bbl- Sj-A
coTa 3TOoro TpeyronbHuka. CrepoBaTenbHO, pac-

CTOAHME MeX[AYy MCTOYHMKOM W ero m3obpaxxeHwu- p 71a
eMm paBHO 2h.

Z

—
<
————
-
w

3apava 5. Onpegennte 4yumucno msobpakeHuii N ToYeUYHOro MCTOYHMKA CBe-
Ta S, NoAy4YeHHbIX B ABYX MNOCKUX 3epkKanax, obpasywlmx Apyr ¢ 4Ppyrom yron
y = 60°. VICTOYHUK HaxoauTca Ha buccekTpuce yrna.

PeweHwue. lMocTponm un3obpaxxkeHne SxmMcTtouyHmka S B 3epkane | (puc. 7.9).
Mbl MOXeM cuuTaTb 3TO M306pakeHWe Sj, nosyvyeHHoe B 3epkane |, npeameTtom
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ansa 3epkana ll, a 3atem m3obpakeHue S2, NONyYeH-
Hoe B 3epkane |l npegmetom ana 3epkana |, B KoO-
TopomM noslydyaem un3lobpaxkeHume S3.

Tak>xe nonyymm unsobpaxkeHme S4 uctoyHuMka S3
B 3epkane Il, aBndawuweeca npegmeToMm ANA 3epka-
na |, kotopoe paért mlobpaxeHme S5. N3o06paxeHune
S-, B CBOW o04epenb, SABNAeTCA nNpegmMmeTom ANA 3ep-
kana |1, Ho ero mn3obpaxeHue B 3TOM 3epkKasje cosna-
JaeT ¢ UCTOYHMKOM S. Bce nocnegytouine mnsobpaxe-
HUAa 6yayT coBnagaTtb. Ha pucyHkKe 7.9 WITPUXOBbIMU
NVHNAMWN NoKasaHbl Nnyyun, ob6pasywlime 3TU MHUMbIE
UCTOUYHUKKN. WNTakK, unucno msobpaxeHmn N = 5.

Uncno mnsobpaxeHUin MOXHO onpefennTb no ¢op-
myne N = (2n/y) - 1, KoTopasa saABnAseTcs obuwe ans
nofo6HbIX 3agady. Tak, YNCA0 N306pPa>KEHUW TOYEYHOro MCTOYHMKA, MONYYEHHbIX
B ABYX B3auMMHO MePneHAMKYNAPHbIX MNNockux 3epkanax (y = n/2), N = 3, B
nnockom 3epkane (y = n) N = 1.

Puc. 7.9

3agayn ANAa camMOCTOATENIbHOrNO peweHus
1. «KomHaTa, B KoTOpyto BcTynua MNeaH MNBaHoBUY, 6bla COBEPLIEHHO TEMHA,
NOTOMY 4YTO CTaBHMW 6biIN 3aKPbITbl, W COMTHEYHbLIA Ny4d, NpPoOXoAs B Ablpy, che-
NaHHY B CTaBHe, MPUHANA pajy>XHblA UBEeT U, yAapAsacb B NMPOTMBOMOIOXHYIO
CTEHY, pucoBana Ha Hel MNECTpbIA NnaHawadT M3 KPpbllW, AepeBbeB M pa3BellaHHOro
Ha ABOpe nnaTbsA, BCE TOoNbKO B obpawéHHom Buge» (H. B. Foronb. «lloBecTb
0 ToM, Kak noccopuncsa MNeaH MBaHoBUY ¢ MBaHOM HwukudgopoBmuem»), Obbsc-
HNTe 3TO ABNEHWUeE.
2. NMouemMy TeHb HOr YesnoBekKa Ha 3eme 0T (hoHaps
pe3Ko o4yepyeHa, a TeHb ronoBbl 6osee pacnabiBYaTa?
3. Ha pucyHke 7.10 npepactaB/seHa cxema oOnNbl-
Ta MalikenbcoHa Mo onpeAesieHU CKOPOCTUM CBe-
Ta. C KaKoW 4acToToli A[o/KHa Bpaw,aTbCid BOCbMWU-

'/ yronbHas 3epkanbHasi npuama, 4To6bl UCTOUYHUK 6bifl
© BUAEH B 3pUTeNbHYyl Tpy6y, ecnu CBeTOBOM Ny4d npo-
4. MpeamMeT pacnosioXdkeH Mexay ABYMS MAOCKUMU

X0AWUT paccTosHUe, NPUMEPHO paBHoe 71 Km?
3epkanamu, ob6bpasywuwumun yron a = 30°, M Haxo-
antca Ha pacctoaHum | = 10 cM OT JINHUW nepece-
YeHVA 3epKan Ha OAMHAKOBOM pPacCTOAHUM 0T 060MX
3epkan. Onpegennte paccToaHMe MEeXAY MHUMbIMU
Puc. 7.10 n3obpaxeHnAMuM 3TOro npegmera B 3epKanax.
5. JZlyy OT TOYEYHOro UCTOYHWKa S najaeT Ha Mno-
CKOe 3epkKasio B TouKe A n, oTpaxasicb, NPOXOAUT uye-
pe3 Touky B (puc. 7.11). AoKaXXuTe, 4To ecnum 6bl nyy
OT TOro >e UCTOYHMKa Npowén 4yepes Touky B, oTpa-
D 3MBWMKNCL OT 3epkana B Toyke D, To:
A 1) He 6bin 6bl BbIMONHEH 3aKOH OTPaXXeHus;
2) nyTb SDB 6bin 6bl npoiigeH cBeToM 3a 60/bluee
Puc. 7.11 Bpems, 4yem nyTb SAB.
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847 3AKOHbI MPE/TOMJIEHNA CBETA

BcnomMHuTe, B YEM COCTOWUT ABJIEHWE NpPesioM/IeHUsa cBeTa.

Mpu nageHWn CBETOBOr0 /fydya Ha rpaHuuy pasgena [ABYX cpej 4yacTb CBe-
TOBOW 9Hepruy BoO3BpalLaeTCA B MNepBYyH cpeay, T. €. MPOUCXOAUT OTparkeHue
ceeTta. Ecnu BTOpas cpepga npospad-

Ha, TO CBET YaCTUYHO MOXXeT MNpon-
' P ?_-Mm, MpuBegnTe NpuUMepbl SBAEHUS npe-

TN 4Yepe3 rpaHuuy cpen, MeHAa npu NOMNEeHNs cBeTa, KOTOpble Bbl Ha-
3TOM, KaK npaBwusio, HanpaBJsieHUe 6nwopgann B NOBCEAHEBHOW >XWU3HU,
pacnpocTpaHeHUs. 4 _—
B W n MpenomneHnem ceeo, _ nefneHHe wW3MeHeHue , e , p _

pacnpocTpaHeHWs cBeTa MPW MPOXOXAEHWU Yepe3 rpaHuULy ABYX Cpep.

Bcneacteue npenomnaeHna Habnwo-
JaeTcsa KaXyuieecs W3MeHeHue dop-
Mbl NPeAMETOB, WX PacnosiIoKeHUa W
pasmepoB. B aTom Hac moryT ybeanTtb
npoctble HabnwgeHusa. MMoAoXuUM Ha
[HO NyCcTOro Henpos3pavyHoOro cocypa
MOHeTy WAW Apyroi Heb6onbwoii npegmeT. MoaBuUHEM cocyn Tak, 4T06bl LLEeHTP
MOHeTbl, Kpal cocyfa W rnas HaxoAWNUCb Ha 0AHOMW npsamoin. He meHsA nono-
XXEeHNA ronosbl, 6ygem HanumeaTb B cocyp Boay. Mo mepe
NoBbILLIEHUS YPOBHA BOAbl AHO cocyja C MOHeTOW KakK 6bl C
npunogHumaeTca. MoHeTa, KoTopasa paHee Oblna BUAHA
NUWb 4YacTUYHO, Tenepb 6yaeT BUAHA MOMTHOCTbK. YcTa- ”
HOBMM HaK/IOHHO KapaHpgaw B cocyge ¢ Bojoi. Ecnm no- =~
CMOTpeTb Ha cocys C6OKYy, TO MOXXHO 3aMeTUTb, YTO YacTb B
KapaHjalwa, HaxoAsauiasca B Bofe, KaXeTcAa CABUHYTOWN
B CTOPOHY.

OTN ABNEHUA 06BbACHAKNTCA U3MEHEHMEM HanNpaB/lieHUA =
Nnyyen Ha rpaHuue ABYX cpej — MpesioM/eHUEM cBeTa. D, B

3aKOoH MpesioM/IeHUA CBeTa onpegenseT B3auMHOe pac-
nonoXxeHme nagawuwero nydya AB (puc. 7.12), npenowm- = .
nénHoro nyya DB un nepneHankynsapa CE K NOBEPXHOCTU PRt
pasgena cpej, BOCCTaB/IEHHOro B TOYKe MajeHus.

Yron mexpgy nagalwumm sy4omM WU NepneHANKYNspoM K MOBEPXHO-

CTW Has3blBaeTCA Yr/ioM nageHwus, a yron Mexpay npesioMféHHbIM Ny-
4YOM W MepneHAuKY/apoOM — YIr/1I0M MpenoM/IeHUA.

Magawowmin, oTpa>KEHHbLIA N NPeNOMNEHHbLIA Nyyn HeTpyaHO HabnwpaTb, cae-
naB y3KUN CBETOBOA MYYOK BUANMbIM.

BbiBOA 3akoHa npesioMfieHUAa cBeTa. BbiBegemM 3aKOoH nNpesioMfieHUs cBeTa
c noMouw, b npuHumna lworeHca.

MpenomneHne cBeTa nNpu nepexoge W3 O04HOW cpeAbl B APYryi
Bbl3BAHO TeEM, 4YTO CKOPOCTb pacnpocTpaHeHWA CBeTa HeoAgMHaKoBa

MpoBegnuTe onucaHHble B TeKcTe
IKCMEPUMEHTBl M  HauyepTuTe XOA
nyyeil, OTPaKEHHbIX OT MOHETHI
M nonajawwux B rnas.

A
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MokasaTtenb npesoMnaeHunsa. N3
ypaBHeHusa (7.4) cnepyeT, 4TO nokKa-
3aTesib NPesIOMNIEHUA paBeH OTHoOWe-

Y6eAnTechb I3KCNEepUMeHTanbHO B
cnpaBef/iMBOCTU 3aKoHa MpPesoMm-
NeHns, uM3Mepss yrabl NageHus u

HUIO CKOopocTen cBeTa B cpefax, Ha NPenoMNeHNs WU BbIYUCNAS OTHOWEHUE WUX
rpaHuye mMexXxpay KOTOpPpbIMW NMPOMCXO- CUHYCOB MNpPW pasfiMyHbIX yrnax nafgeHus.
ANT npesioMmneHme: 3TO OTHOWeEHWEe [O/MKHO OCcTaTbCA Heus-
MEHHbIM. JKCMEepUMEHT nocTaBbTe Camo-

n = (7.5) CTOATENLHO.

Ecnu yron npenomnaeHus (3 MeHblle yrjia najeHus a, To COrjlacHO ypaBHe-
HUi0 (7.4) CKOPOCTb CBeTa BO BTOPOW cpefe MeHblue, YeM B MepPBOii.

Moka3aTtenb nNpenomseHns cpefbl OTHOCUTENIbHO BakKyyma Ha3bliBalT abco-
NMIOTHbLIM NoKa3aTenemMm npesioMmneHnA 3TOWN cpeabl.

OH noka3bliBaeT, BO CKOJIbKO pa3 CKOPOCTb CBeTa B BaKyyMe 6onblwe, 4yem
B cpene, N paBeH OTHOWEHWNK CUMHYCa yrna nageHna K CMHYCY yrna npesioMmneHums

c
npu nepexoje CBeTOBOrO flyda M3 BakKyyma B JaHHYl cpeay: n = —.
v

Monb3ysacb dopmynoi (7.5), MOXHO Bbipa3uTb OTHOCUTE/IbHbIV MoOKa3aTeslb
npenomsieHnss 4epe3 abcoNwTHble MokKasaTenn npenomneHns nlum n2 nepsoit
N BTOpPOW cpeg.

[elicTBUTeNbHO, Tak KakKk Al = — ¥ B2 = —, rge ¢ — CKOPOCTb CBeTa B Ba-

ul

Kyyme, TO

- n. :: (7.6)

Cpefy C MeHbWWUM aGCONTHLIM NoKaszaTenemM MNpPenoMieHUs MNPUHATO Ha3bl-
BaTb ONTMYECKM MeHee MNOTHON cpefoi, a cpeay ¢ 60nbWMM MnokaszaTenem npenome-
HWS — onTuyeckn 6osiee NNOTHOI.

AGCOMIOTHbLI MokKasaTeNb MNpenoM-
NIeHNA onpefesniaeTca CKOPOCTbI0 pac- CaenaiiTe puUCyHOK, aHanormuHeli
npocTpaHeHWsl cBeTa B faHHON cpe- pucynky 7.13, ans cnyyas, koraa
[e, KoTopas 3aBUCMT OT (PU3NYECKMX ckopocte cBera BO BTOpOW CcpeAe

. 6oNble, YeM B NepBON.
CBOMCTB W COCTOAHMA cpefbl, T. €. OT
TeMnepaTypbl BelecTBa, €ro MJaoTHO-
CTU, HaNUUUA B HEM YNpPYyrux Hanps>keHuli. MNokasaTenb MpPeoMieHUs 3aBUCUT
TakXe W OT AJIMHbI BOMHbI X cBeTa. [l18 KPacHOro ceBeTa OH MeHblle, Yyem [Ans
3e/18HOM0, a AN 3eNEHOr0 MeHblue, YyeM Ana duoneTosoro. MoatoMy B Tabnuuax
3HAYeHW nokasaTesieil NPenomMaeHUs ANA pasHbiX BEWEeCTB 06bIYHO yKa3biBaeTcs,
ONA KAKOro ceeTa NPUBEfEHO faHHOe 3HA4YeHMe [ U B KaKOM COCTOAHMM Haxo-
auTca cpega. Ecny Takux ykasaHuii HeT, TO 3TO 03HAa4yaeT, YTO 3aBUCUMOCTbIO OT
npueeaéHHbLIX (DAKTOPOB MOXHO MpeHebpeuyb.

B 60/bLWMHCTBE C/lyyaeB MPUXOAUTCA paccmaTpuBaTb MNepexon cBeTa uepes
rpaHuLy BOo3ayX — TBEPAOE TeN0 WM BO3AYX — >KUAKOCTb, a He yepe3 rpaHuuy
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RS
= 3aKpennsAwT Ha AUCKe TakK, 4To6Gbl cepefuHa MNOCKOA MOBEPXHOCTU
@ v nonyyunnuHapa cosnagana ¢ LeHTpoMm aucka (puc. 7.18). ¥Y3knii ny-
YOK CBeTa OT 0CBeTMTeNns HanpaBnAlT CHU3Yy Ha 60KOBYl MOBepx-
HOCTb MONYUWUMHAPA MNEPNEeHAUKYNAPHO €ro noBepx-

— an°
\p— % 1 HocTWU. Ha 3Toli MOBEPXHOCTM /lyd He MNpesioMsisieTcs.
. 777  Ha nnockoihi NoOBepPXHOCTU Ny4y YacTUUYHO MpesioMNseT-
9 \@_/ " 2 C M 4YacTUYHO oTpaxkaeTcss. OTpaXeHue NPoUCXoauT
o Y B COOTBETCTBMWU C 3aKOHOM OTpa)KeHusi, a npesiom-
NleHne — B COOTBETCTBMM C 3aKOHOM TMpesioMJ/ieHUs

(cm. dopmyny (7.4)).
Puc. 7.17 Ecnu yBenuumMBaTtTb Yros najeHusi, TO MOXHO 3a-

MeTUTb, 4YTO HAPKOCTb (M, cNepoBaTeNlbHO, 3HepPrus)
OTpPaXKE8HHOro nydyka ycunmBaeTcs, B TO BpeMsa Kak
APKOCTb (3Heprma) nNpenoMNEHHOro ny4yka nagaert.
OcobeHHO O6biCTpOo Yy6blBaeT 3Heprmsa npesioMAEHHO-
ro nydyka, Korga yros npesoMaeHus npubnuxkaertcs
K 90°. HakoHel, kKorga yron najeHusa cTaHOBUTCA Ta-
KUM, 4TO MpenioMNEHHbI Ny4yoK WUAET BAO/Mb FPpaHULbI
pasgena AByx cped (cm. puc. 7.17), aonsa oTpa>kEéHHON
3Hepruun coctasnsigeTr nodytm 100 % . NoBepHEM ocCcBeTU-
TeNb, YBENWUYMUB yron nageHusa Ao a. Mbl yBugum, 4Tto
npenomMnéHHbIN NYy4YO0K MCYe3, W Becb CBET OTpaXkaeT-
CA OT rpaHuubl pasgena ABYyX cpef, T. e. npoucxoamT
nosiHoe OTpa)keHue cBeTa.

Punc. 7.18

{pBppHLLLL

Yron nageHuna a0, cooTBETCTBYHO WM yrny npenomneHmsa 90°, Ha3biBaloT nNpe-
AeNbHbIM Yr10M MOJIHOTO OTpaXXeHus.

Mpn sin (3=1 dopmyna (7.8) npuHUMaeT BUA
sin o0 = (7.9)

MN33Toro paBeHCTBA M MOXeT 6blTb HalgeHO 3HayeHWe nNpefesibHOro yrna
nonHorootpaxeHnua a0. Ana Boabl (n = 1,33) oHo paBHO 48°35', ansa cTekna
(n =1,5) npuHumaeT 3HadyeHue 41°51', a gna anmasza (n = 2,42) cocTaBnsieTr

24°40'. Bo BCex cny4yasx BTOpPOMA cpefoi siBNsieTCcA BO3AYyX.
‘ fABneHne MNOMTHOIO0 OTpaXeHus cBeTa MCMNONb3YKWT B TaK Ha3blBa-
“\ eMON BOJIOKOHHOW ONTWKe ANA nepegadnm cBeta U M3o6pakKeHUa no
nyykam npo3payHbiX TrMOBKUX BONO-
KOH — cBeToBOAOB. CBeTOBOA npefg-
cTaBnseT co60li CTEKNAHHOE BOJIOKHO
LNNMHAPNYECKON OopMbl, MNOKpPbITOE
060N104KO M3 nNpo3payHoOro martepua-

. ¢ fBNeHWe NOJIHOI0 OTpaXeHWs ner-
CbuY KO HabnwpaTb Ha NPOCTOM oOnNbITe.

HaneiiTe B cTakaH BOAYy W NOAHU-
MUTE ero HEeCKO/IbKO Bbllle YPOBHA rfa3.

MoBepxHOCTb BOAbI, €CNM paccMaTpuBaTh fla ¢ MeHbWMM, 4Yem Yy BOJIOKHa, Mo-
e€ CHW3Y CKBO3b CTEHKY, nokaxeTcs 6ne- KasaTtesieM npesioMmsieHnA.
cTAwel, CNOBHO nocepe6péHHOW BChen- 3a CYET MHOrokpaTHOro MoOJIHO-

CTBMEe MNONTHOIo OTpaxxeHua ceBeTa. ro oTpaxeHwud CBeT MOXeT OblThb
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HanpaBsieH Mo nt6omy (MpAMOMY WAM M3O0THYTOMY) nyTm (puc. 7.19). BonokHa
cobnpalTcsl B XIyTbl. [pu 3TOM N0 KaXAoOMYy M3 BOJIOKOH MNepefaétcsa KaKoW-
HUBYyAb 31eMeHT n3o6paxkeHus (puc. 7.20). XXryTbl M3 BOSIOKOH WCMOJIb3YyHTCS,
HanpuMmep, B MeAULWHe ANS UCCNeLOBAaHWUSA BHYTPEHHUX OPraHoB.

Puc. 7.19 Puc. 7.20

O6bEM nepegaBaemMo MHGoOpMaLMM nNponopuuoHasieH 4yacToTe Hecyuw,ei BON-
Hbl. YacToTa >e cBeTOBblX BONMH B 105— 106 pa3 60nblie 4acToTbl PajgMOBOJIH.
Taknm o06pa3omM, ¢ NOMOLLbI CBETOBbIX BOJIH MOXXHO MNepefaBaTb 601bWONA 06bEM
MHpopMaynu.

B nocnepgHee BpeMs BO/IOKOHHas ONTMKa WWPOKO McNoNb3yeTca Ans 6bl-
CTPO/ nepefgaym KOMMNbHTEPHbIX CUrHanos. [pum 3ToM nepefawTCAs CUTHanbI
B CBETOBOM JAwmanasoHe, 4To fJaéT pag nNpemMmyul,ecTs, Hanpumep, Masble Mo-
TEPU 3Hepruu.

fABneHne MONHOIo OTPaXXeHus MCNosb3yeTcss B MOBOPOTHbLIX U 060-
paumBawwmx npusmax (puc. 7.21). MNMpegenbHbIA yron npenomsieHus
Ha rpaHunue CTeK/N0—BO34YyX paBeH 42°.

a) g _ B)

PaccmMoTpuMM Xo0p4 ny4yeir CKBO3b
MOBOPOTHYKW W O0AHOBPEMEHHO 060- BcnomHuTe, Kak uayT nydn B Tpe-
pauMBalLLyl0  JIMH3Y, OCHOBaHUEM yronbHoit npusme (cum. §47).
KOTOpOW sABNAsAeTcss paBHOGeApPEHHbIN
MPSAMOYTroNbHbIA TPeyronbHUK, WN300paKEéHHY Ha pucyHke 7.21, 6. Mpoxoasa
yepe3 WMPOKYK rpaHb, Ny4n He M3MEHSAIT CBOEro HamnpaB/fleHUA, TakK KakK yron
najgeHns paseH Hynw. Ha y3koi rpaHm AB nydym NONHOCTbIO oTpaXkakwTcsd, Tak
Kak yron nageHuwsa paseH 45° u, cneposaTenbHO, 60/ble NpefesnbHOro yrna nos-
HOro oTpaXeHwWsa ANA cTekna, paBHoro 42°. locne NOJIHOrO OTPaXKeHWUs 0T J1eBOWA
rpaHu Ayyu nagalwT Ha nNpasByl rpaHb, CHOBA MOMTHOCTbLID OTpa)kakwTcA U BbIXO-
OAT M3 NPU3Mbl MO HanpaB/leHWIO, NEPNEHANKYIAPHOMY WNPOKON rpaHn. Takum
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o6pa3om, HanpaB/ieHMe My4yKa cBeTa M3mMeHseTcsa Ha 180°. Takoi xon Nyyen umc-
nonb3yeTcd, Hanpumep, B NpU3MaTUUYECKUX 6UHOKNAX.

Mpu3mMbl WMPOKO WUCMOMbL3YOTCA B ONTUYECKUX npubGopax. OAHO U3 Mpenumy-

UecTB Npu3M Mepes 3epkanamu 3akatoyaeTca B TOM, YTO B nMpuamax, B oTauMuue
0T 3epkas, oTpaxaetca nodytu 100 % sHepruum CBETOBOrO siyya U mn3oGpaxkeHue
nosyyaeTcs SAPKUM.

MonHoe oTpaxeHue cBeTa. MpefenbHblli Yron NOHOTO OTPaXeHUs

1)

1. YUemy paBeH npeAesibHbIA yrosa MNOMHOr0 OTPa)KeHWs Ha rpaHuue pas-
Aena cpepj anmas—Bo34yXx?
2. Kak HasblBaeTcs TefieBU3MOHHAA CBA3b, KOTOpas OCHOBaHa Ha sBne-
HUWN MNOMHOro oTpaXXeHusa?

1. NMokasaTenu nNpesioMAeHUA OTHOCUTENbHO BO3AyXa ANA BOAbl, CTekna W anmasa
COOTBETCTBEHHO paBHbl 1,33; 1,5; 2,42. B KakKoOM M3 3TUX BELW,eCTB MNpeAesibHbll
Yyron MNOMIHOr0 OTPa)KeHWs Npu BbiIX0A4e B BO3AYX MMeeT MaKcMMmasnbHOe 3HayeHue?
1) B BOAE 3) B anmase

2) B cTekne 4) BO BCex Tpéx Bew,ecTBax yron o4MHaKOB

2. CMHYyC npeAenbHOro yrsa MosIHOro oTpaXXeHWa Ha rpaHulie CTEKN0—BO3J4yX paBeH
8/13. AGCONIOTHbLIV MokKasaTenb NPesioMAeHNA cTekna Npu6AN3NTENbHO paBeH
1) 1,63 2) 1,5 3) 1,25 4) 0,62

3. CMHYC npeAenbHOro yrsa TMO/IHOIO OTpaXeHus Ha rpaHuue CTeKN0—Boja
paBeH 0,875. Yemy paBHa CKOpoCTb cBeTa B cTeksne? CKOpOCTb CBeTa B Bofe
2,25 =108m/c.

1) 4,88 = 10sm/c 3) 1,97 «10® m/c
2) 2,57 «108ml/c 4) 3,82 « 108 m/c
A- ¢ 4. lyy AB npenomnsderca B Toyke B Ha rpaHuue pas-
: fena AByX cpej € nokasaTenamu npeaomMneHuMs nNx > n2u
ny - B C naet no nytu BC. Ecnu nokasaTenb MpenomseHus nep-
—_ BOW cpeAbl Nj yMeHbWUTb, coXxpaHue ycnosue nx > [0
na 1 NpenoMaéHHbIR nyy
2 1) noiigét no nytm 1 3) noligét no nytm 3
3 2) NonpéTt no nytm 2 4) wnc4yesHeT
I Xyyl «3KcnepumMeHTanbHoe onpegeneHve abconwTHOro nokasaTesids NpesioMm-

3lp*r neHusa pas3sINYHbIX MNpPO3payvHbiX cpef, a TakXe OTHOCUTEesIbHOro nokasa-

-

Tens npesfioMmsieHNs cBeTa Ha rpaHuue pasgena ABYX cpepn»
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N3 4yeTbipéxyronibHunka AOCD (yrnel OAO u OCD npsdambie) cnegyeT, 4To
ZADC = n - y, a u3 tpeyronbHmka ACD nonyuum ZADC = K - (3- Pr, oTkyaa

Pi = y- p. (2)

MoactaBmB B ypaBHeHue (1) BbipaxkeHue (2), nonyumm 8 = (n - D3 +
+ (fa- 1)y - (ra- 1)P = (ra - 1)y.

3apaya 5. Mpo3payHbin Ky6UK NeXXut Ha MoHeTe. MoHeTa
ocBellLaeTca paccesHHbIM cBeToM. OnpegennTte, MpU KakoMm %
3HaYeHUW nokasaTens nNpenomsieHNsa maTepuana Kybuka Mo- a@
HeTa He 6yaeT BuMAHa 4epe3 ero 60KOBYH rpaHb.

PeweHwne. MoHeTa He BuAHa, Korga Jy4du, OTpPa>KéH- Ve )
Hble OT Heé, He BbIXOAAT 3a rpaHb Kybuka (puc. 7.26). 3710 /1 a?K
MOXeT 6blTb, €cAM Ny4dn, najawuine Ha rpaHb, oTpaxa- o 1
lI0TCA OT HEeé MNWN CKONb3AT BAONb MOBEPXHOCTM rpaHu. U3 A C
3Toro crefyet, 4YTO NAy4 fAo/KeH najaTb Ha 60KOBYK T[paHb "
nog yrnom, 60nbWKUM MpefesibHOro yria WAnM paBHbIM emy: Puc. 7.26
a > al0. Ecnn nyy 1, najgawwnii Ha 0CHOBaHMWe NoA Yrjom,
6N1M3KMM K N/2, NPeIOMUBLUNCE Ha HV>XHEN rpaHu kKybuka, nonagét Ha 60KOBYIO
rpaHb W NpeTepnuT MNOAHOE OTpa)keHwe, T. e. 6yAeT CKOMb3UTb BAOAbL 60KOBOM
rpaHn Kyb6uka, TO BCe oOCTajibHble Nly4u, MMeLW Me MeHbLW NN Yyron najgeHusa Ha
ocHoBaHWe, 6yAyT najaTtb Ha 3Ty rpaHb nog yrnom, 6onbwmm a0, n oTpassaTcsa
0T Heé: a > aO(Hanpumep, nyy 2). Ona npenomneHnsa nyda 1, oTpaXXEHHOro oT

n
MOHETbI, Ha HWXXHEN rpaHu Ky6uMKa CnpaBeA/IMBO BblipaXkeHue in G = ra
sin
3aKOoH MNpesioM/eHNA Ha rpaHuue Ky6uK—BO3AyX MMeeT BUA sma’ = oT-
n
sm —
2

Kypa 3 = a0, a Tak Kak TpeyronbHukKk ABC npsamoyronbHbii, To a0 + @ = n/2,

n, cnepopatenbHo, a0 = 45°. OTciopga sinal0= — @@= V2.

CoJid
3agayn AN caMOCTOSATe/IbHOIO pelleHuns s

1. BbluncnuTe nokasatesb NpPesioMeHUss BOAbl OTHOCUTENbLHO asimasa u cepo-
yrnepoga OTHOCUTENbHO NbjAa.

2. CeueHue NMpuU3Mbl npeacTaBnsieT cob60ii PaBHOCTOPOHHMUI TPeyrofbHUK. Jlyy
NPOXoAUT CKBO3b MPU3MY, MPesioMAASICb B TOYKAX, PAaBHOOTCTOSAWMUX OT BEpLIU-
Hbl (puc. 7.27). Yemy paBHO Haubonblwee [AOMNYyCcTMMOe 3HavyeHWe MokasaTens
npenoMsieHns BelwecTBa MNPU3MbI?

3. N306pa3nTe Xof Nydeli uyepe3 TPeyrofbHyl CTEK/ISSHHY!O MpPU3My, OCHOBa-
HWEM KOTOpOi siBNsieTcs paBHOGeApeHHbIi MPAMOYrofbHbIA TPeyronbHUK. Jlyum
najatoT Ha MNPU3My, KakK MokKa3aHo Ha pUCyHKe 7.28. OcTaHeTcs NN Xof4 nydeii
TakUM >Ke, ec/iM Mpusmy norpysuTb B Bogy?
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4. Mop KakKuUM yrnom Ha 60KOBYH MOBEPXHOCTb MPU3Mbl AO/IXKEH nagaTb Nyd,
4yTo6bl B MpPU3Me C Yrjiom npu BepwuHe y = 60° ero OTK/IOHEHME O6bI/I0 MUHU-
ManbHbIM? OnpeaennTe 3TOT Yros A1 CTEKNSAHHOW NpPU3Mbl ¢ NoKasaTesieM npe-
nomnenmsa n = 1,41.

5. B CTeK/JISHHOW MNAacTMHKe ¢ NokasaTesnieM npenomseHumsa 1,4 ob6pasosasics
BO3AYWHbLIA KANH C Yyrnom y ocHoBaHua 30°. Onpegennute OTK/IOHEHMWE syda, na-
fawuero HopMaabHo Ha 60KOBYH rpaHb (puc. 7.29).

6. Kakasa po/mkHa 6blTb MUHMManbHas AAWMHA CTOPOHbI KBagpaTHOro nsoTa,
4T06bl C Hero He 6bl1 BUAEH KaMeHb, HaxogAuwmica nog cepeguHon nnota? Fny-
6nHa Bogoéma 1,5 M, nokasaTesib npenomnaeHmsa soabl 1,3.

a) 6)
60°
) 30°
Puc. 7.27 Puc. 7.28 Puc. 7.29
=N\
_f?__ 1. Ecnm nyu cBeTa najaeT Ha MNPAMOYIrOJIbHYK nNpu-

3my nog yrnom a = 80° (sin 80° = 0,98), To xo04 nyva
oKasblBaeTCcA CUMMETPUYUYHbLIM. Hemy paBeH MnokasaTenb
npenomaeHus n matepuana npuambl? OTBET OKPYTr/u-
Te [0 AecsTbliX.

2, Bogonasy, Haxoaswemycss noj BoAoW, KaxeTcs,
4TO nponeTtawLW KA Hajg ronoBOK camoNéT, Haxo4MTCA Ha BbicOTe, paBHoW 900 M.
Onpepenute peasibHYK BbICOTY, Ha KOTOpPOM NeTUT camonéTt, ecnAuM nokasaTenb npe-
nomneHnsa BoAbl paBeH 4/3.

3. B gHOo Bopoéma rny6mHon 3 M BepTUKanbHO B6WMTaA cBas, CKpbiTas Noh BOAOWA.
BbicoTa cBan 2 m. CBasA oTbpacbiBaeT Ha AHe Bogoéma TeHb AnuHown 0,75 m. Onpe-
AennuTe Yron nafjeHusa CoSIHeYHbIX Slyyeill Ha NOBEepPXHOCTb BoAbl. [Moka3aTenb npe-
nomneHus soAabl N = 4/3.

4. Ha noBepxHOCTM BOAbl NNaBaeT HagyBHOW NAOT WWPWUHOW 4 M U ANNHONK 6 M.
Heb6o 3aTAHYTO CMNAOWHLIM 06/1a4HbIM MOKPOBOM, MOJSIHOCTbIO pacceMBalLW UM COnN-
HeyHbI cBeT. OnpegenuTe rNy6MHY TeHU nNof nAoTtom. FAy6uMHY norpy>XeHus nnaota
N pacceMBaHWe cBeTa BOAOW He yuyuTbiBalTe. lMokasaTeslb MPeOMAEHUSA BOAbl OT-
HOCUTeNbHO BO3ayxa N = 4/3.

5 Ha gHe akBapuyma rny6uHon 20 cM f1ieXXUT Naockoe 3epkasio. YUemy paBHO paccTto-
AHWEe OT /iMua YesioBeka [0 ero MHMMOro m3obpaxxeHmsa B 3epKase, ec/iM OH paccma-
TpuBaeT ero ¢ pacctoAHuA 20 cM Haj NOBEPXHOCTbI BOAbI? Mcnonb3ynte ToT akT,
4To0 ANA manbix yrnos tg a ~ sin a. MNokasatenb npenomneHus Boabl N = 4/3.
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§50 JINH3bl. MOCTPOEHME WN30BPAXXEHWIN B NNH3E

BcnomMHuTE, 4TO Takoe NuH3a.
Kakune 6bIBalOT NIMH3bI, FAe OHW UCNONb3YKTCA?

Uw ws Mpo3payHoe Teno, orpaHWYeHHOe KPUBONUHENWHbLIMW MNOBEPXHOCTAMMWU, Ha3bl-
BalvOT NTINH3O0OWN.

MpocTeiwas nNuH3a — cepunyeckas. a)/\ 0) B)
Buabl NnH3. JZInH3a MOXeT 6biTb OrpaHmyeHa [ABYyMSs

BbIMYKNAbIMU CHEePUYECKMMN MNOBEPXHOCTAMU (ABOAKO-

BbiMykKnas nuH3a — puc. 7.30, a), BbINyK/oh chepunue-

CKOW MOBEPXHOCTbIO M MNAOCKOCTbiO (MN0OCKO-BbiNyKas

nnH3a — puc. 7.30, 6), BbINYK/JOMN N BOFHYTOW cdepu-

YECKUMW MNOBEPXHOCTAMWU (BOFHYTO-BbINYK/asaA NWH3a —

puc. 7.30, B). Puc. 7.30

NIMH3bI, KOTOpble NocpefunHe Tosle, YeM Yy Kpaés, Ha3blBAKOTCA BbIMYKAbIMU.
JINH3bI, KOTOpble MocpeAnHe TOHbLIE, YeM Yy KpPaéB, Ha3blBalOTCA BOTHYTbIMMW.

Ha pucyHkKe 7.31 u306pakeHO TPWU BUAA BOTHYTbIX JINH3: ABOAKOBOTHyTas —

a, NMNOCKO-BOrTHyTass — 6 M BbINYK/N0-BOTHyTas — B.
ToHKasa NuH3a. ToHKasdA NMH3a — 3T0 (hu3nyeckas MoAeNb peasibHOW JINH3bI.
TOHKOWM NNH30W Ha3biBalT TakKyw NWH3Y, TonwumHa koTopoi | = AB npeHe-

6peXxnMmMo mMana no cpaBHeHuWt ¢ paguycamu [, n R2chepnyecknx noBepxHOCTeENW NMH3bI
(puc. 7.32) n paccTtosHuem npegmeTa OT /INH3bI.

Toukmn A 1 B — BepwuHbl chepuyeckmx CerMeHTOB — PacnonoXeHbl B TOHKON NMH3e
CTONb 6/M3KO APYr OT Apyra, YTO MX MOXHO MPUHATL 3a OfHY TOYKY, KOTOPYI Ha3sblBaloT
ONTUYECKUM LEeHTPOM NUH3bI U o603HayvalwT 6yksBol O.

Mpsamyo 0,02, npoxoAAallylo Yyepes LeHTPbl chepnyecknx NoBepxHOCTe, KOTopble orpa-
HUYMBAIOT NIMH3Y, Ha3blBAOT €& rNaBHOM ONTMUYECKON Ocblo. J1lobylo Apyryio npamyto, npo-
XO0ASAWY Yepe3 ONTUYECKUI LEHTp, Ha3biBaldT MOBGOYHOW onTumyeckol ocbto (puc. 7.33).

B pganbHeliwem, roBopsi 0 /IMH3e, Mbl Bcerga 6ygem nogpasyme
y*3] BaTb TOHKYH NUH3Y. [N1aBHasi onTu4yeckas 0Cb TOHKOW NIMH3bI MPO
X0AUT yepe3 ONTUYECKUI UeHTp. Jlyy cBeTa,
KOTOPbIA MPOXOAWUT uYepe3 ONTUYECKUI LEeHTP NINH3bI, He a)y7 6)y1 @
M3MEHSIET CBOEro Hanpas/ieHUs, a TO/IbKO CMeljaeTcs, Ho,
Tak KaK /INH3a TOHKas, 3TMM CMeL,eHWEeM MOXHO MpeHe-
6peusb.
MN3o6paxeHne B NuH3e. [Mofo6HO NNOCKOMY 3epkKa-
ny, NvH3a co3faéT u3obparkeHUs UCTOYHUKOB cBeTa. ITO |

03HayaeT, 4TO CBeT, MCXOAAWMNA M3 KaAKON-NN60 TOUKMN b 231
ne. 7.
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Takum obpasom, y NMH3bl ABa rnaBHbiXx hokyca. B ogHOpPOAHON cpefe OHM pac-
nonaralTcA No o6e CTOPOHbI SIMH3bl HA OAWHAKOBbLIX PACCTOAHUAX OT Hee.

PaccTofiHMe OT rnaBHbIX (POKYCOB A0 ONTUYECKOro LeHTpa /NWH3bl Ha3blBa-
eTcsl (DOKYCHbIM pPacCcTOsiHUEM JIMH3bI; ero o6o3HauvalT 6ykBoii F (Toit e 6GykBoii, uTO

n ¢okyc).

HanpaBumMm Tpu y3KuUX napannenbHbiX Nydyka Ay4veil oT OCBeTUTeNsa NoA yraom
K F/1aBHOW ONTUMYECKOW OCU NNUH3bl. Mbl YBUAMUM, 4TO MNepecevyeHUe Nyyen npo-
M30AAET He B rNaBHOM (hOoKyce, a B ApYyroii Touyke (puc. 7.36, a). ITa ToyKa Ha-
X0AMUTCA B MNOCKOCTU, MEPNeHAWKYNSAPHOW FNaBHOM ONTMYECKOW ocuM M npoxoas-
e yepes rnaBHbIN POKYC.

MnockocTb, KOTOPOW MpuHaAnexaT TOYKW MepeceyeHUs MPeNOMAEHHbIX Nyuy-
KOB fly4yeli He3aBUCUMO OT yrnoB, ob6pasyeMbiXx 3TUMW MydykaMuW C T[NaBHOW ONTUYeCKON
0oCbl0, Ha3blBalT (poKasbHOW NnnockocTbl (puc. 7.36, 6).

MepeceyeHne nydyeil, napannenbHblX NOGOYHOW ONTUYECKOW OCKU, MPOMCXOAUT
B TOUYKe eé nepeceyeHUs ¢ okanbHOW nnockocTtbto (cm. puc. 7.36, 6).

MomecTMB CBeETALWYCA TOYKY B (hOKYyCe NINH3bI

(wnu B (OKasbHOW NNOCKOCTWU), MOAYy4YMM nocne

npenomneHnsa napannenbHble nydm (puc. 7.37). a) 4
Ecnn cmecTUTb WCTOMHUK panblie 0T (QOKY- \

ca NWH3blI, Ny4Yn 3a JIMH30/ CTAHOBATCA cXo0A4A- Laght

- 1
wmmmnca m  garwT OEeUNCTBUTEsSIbHOE I/I306pa)KEHVIe \/

(pmnc. 7.38, a). Korga >Xe MWUCTOYHWK HaxoamTcs
MeXnay (MOKYyCcOM U ONTUYECKMM LLeHTPOM JIMH3bI,
NpesioMNéHHbIE Ny4Yn pacxoasaTcs U unsobpaxeHue
nony4yaercsa MHuMbIM (puc. 7.38, 0).
PaccevBatwuwas nvH3a. BorHyTtble SMH3bI, Ha-
xoaAWwmecs B ONTUYECKU MeHee MNNOTHOW cpege
(no cpaBHeHMUIO C MaTepuanom JNH3bI), ABNAKT-
cA paccemBawWmMMn. HanpaBuB Ha TaKyl JIMH3Y
Nyyn napannenbHo rnaBHOW OMNTUYeCKOl ocu, Mbl

=)
-

ITo6ounbie
ONTHYECKHE OCH

ILJIOCKOCTH

/

A A

DoxkasbHanA

A0 A48 -\

R, TR

\

Puc. 7.37 Puc. 7.36
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e i e

Pwc. 7.38

[o4] Ewé pas ybeagutecb B TOM, 4YTO na-
panfnenbHble rnaBHON ONTUYECKOW
OCU flyYn CXOAATCA B TOUKY TOJNIbKO
B C/llyyae TOHKOM NUH3bl. HauvepTute Kpyn-
HO TONCTYl Ccepuyecky NMH3Y, NpoBe-
AnTe napannenbHo eé rnaBHON ONTUYECKOW
ocu Tpu nydva. M3mepbTe TpaHCNOpPTUPOM
yrfibl nageHusa u BblYUCAUTE YrNbl MPenoM-
NleHns, cumTas NUH3Y cTeknsHHol (N = 1,3).
MpoBeanTe npenomnéHHole nyun. fMpope-
nainte TO Xe camoe Ha Apyroin cdepuye-
cKoli noBepxHocTu. CaenaiiTe BbIBOA.

w

NOMYyYNMM PpacxXxofsauwnmca MNy4YoK ny-
yell. X nNpopomkKeHUsa nepecekarwT-
cA B rnaBHoM OKyce pacceuBarLei
NUH3bI.

B aTom cny4dae rnaBHbIi DOKYC AB-
nsaetca MHMMbIM (puc. 7.39, a) n pac-
NOSIOXKEH Ha pPacCTOAHUN F OT JINH3bI.
Apyro MHUMBbIA rnaBHbIW (GOKyC Ha-
X04MUTCA N0 APYryl CTOPOHY J/INH3bI
Ha TakKOM >e pacCToAHWU, ecnu cpepa
no o6e CTOPOHbI SINH3bl O4HA U Ta Xe

(puc. 7.39, 06).
7 \
\L\ \--
a) 6)
Punc. 7.39

OonTtuyeckas cunia NUH3bI.

Im BenuunHy, o6paTHyl0 (OKYCHOMY pacCTOsHUIO, Ha3biBalT ONTUYECKON CU-

Noi NUH3bl. E& o6o3HavyaT 6ykBoi D:

D

+

1
po

D > 0, ecnu nuH3a cobupawuwas, D < 0, ecnn nuMH3a pacceuBatolas.

[ ** " MNoyeMy Mbl cuMTaem, 4TO (OKYCbl
pacronoXKeHbl CUMMETPUYHO, XOTH
caMa NIMH3a MOXKeT OblTb HecumMMe-
Tpu4yHa?

Uem 6nunxe K JIMH3e €€ DoKY
Cbl’ TEM CUJIbHee NUH3a npenomMnser
nyuu, cobmpasa wmnum paccemBasi UX, u
Tem 60Mblle ONTMYECKas cunia SINH3bI.
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OnTuyeckyw cuny D NMH3 BblpaXkalwT B gnonTpusax (4ntp). OnTuyeckolh cu-
noii B 1 antp o6napaet siMH3a ¢ (POKYCHbIM paccTossHuMeM 1 M.

MocTpoeHne wu3o0bpaXkeHUit B JMH3e. CBoWcTBa TOHKOW JINH3bI
onpenensiloTcsa rfaBHbIM 06pa3oM pacnosioXkeHmem eé ¢oKycoB. 3T0 §
03HayaeT, 4YT0, 3Has paccTosiHMe OT UCTOYHUKA CBeTa A0 JIMH3bl U eé @ @
oKycHOe paccTossHUe (NoNoXeHusi (POKYCcOB), MOXHO HalTKM paccTto-
ssHMe [0 n3o06pa)keHusi, He paccMaTpuBas XoA4 Ny4Yell BHYTPU JINH3bI.

Mo3aTomMy HeT HeobXoA4MMOCTW M306paXkaTb Ha 4UepTeXXe TOUHbI Bug chepu-
YecKUX noBepxHocTelh NUH3bI. Cobuparlwyw NMH3Y 0603HayYaldT CUMBOJSIOM, MO-
Ka3aHHbIM Ha puUcyHkKe 7.40, a, a paccevMBawlyl — CUMBONOM, MPUBELEHHBLIM
Ha pucyHke 7.40, 6.

Ham y>Xe n3BecTHO, 4TO BCe Nyyu, Bbllweawne us
Kakor-nnbo TOYKW npegmeTa, NPONAA CKBO3b TOHKYHO
NNH3Y, nepeceKalwTcss TakXe B 0AHOW Touke. VIMeHHO o
MnoaToMy NMH3a faéTt nlobpaxeHue OO TOUKM npea- @

MeTa, a cfiefoBaTes/ibHO, U BCEro npegmeta B LE/IOM.

Ans nocTpoeHUst nlobpaxkeHuii, nosyvyaembix ¢ No-
MOW, bl cobupatruedn NUH3blI, POKYCbl U ONTUYECKUN
LEeHTP KOTOpPOW 3afjaHbl, Mbl 6yJemM Mo/b30BaTbCA B OC-
HOBHOM TpeMs BuAaMu «yAoO6HbIX» nydei. Kak 6bino 1) E
BbISICHEHO, /1y4W, MapassiefibHbie FNaBHOW onNTU4YecKol
ocx, MPesioMUBLUUCL B JIMH3e, MPOXOAAT 4vepe3 eé ¢o- 6)

Kyc. 13 o6paTtmmocTn xofa nyyeil crepyeTt, UTO iyuu,

nayuime K NUH3e vepes eé oKyc, nocse NpesioMseHus Puc. 7.40
6yLyT HanpaBfieHbl napanfenbHO FNaBHOW ONTUYECKO
ocn. HakoHel, nyuyun, npoxoasuwme yepes ONTUYECKUN T
LEHTP NIMH3bl, He MEHSIOT CBOEro HamnpaB/leHUS. A

MocTpoum mn3obpaxkeHune npegmeta AB (puc. 7.41). f n |o
UTo6bl HaliTM Kn306pakeHMe TOUKM A, HanpaBum nyu BF
AC napannenbHo rnaBHOW onTuyeckold ocu. [ocne ID : l

\)

a)

npenoMaeHnUs OH NPONAET udepe3 (PoKyCc NAWUH3bI. Opy-
roi nyy — AD MOXHO HanpaBuTb 4yepe3 okyc. Nocne
npenomMaeHnUs OH NPOMAET napannienbHO FNaBHOW on-
TMYeCcKo ocu. B Touke nepecevyeHUs 3TUX ABYX Npe-
NOMNEHHbIX nydyelli 6yAeT HaxoAWTbCA WU306paKeHue
AXTOoUukM A. TaK >Xe MOXHO NOCTPOUTb W BCE OCTallbHble TOUKU M306parKeHus.
He cnepgyeT TonbKO AyMaTb, 4TO M306pakeHue co3faétca ABYMSA WKW Tpems Nny-
yaMmun; oHOo dopmupyeTcsa BCeM 6ecUYMCNeHHbIM MHOXECTBOM Jy4del, BbllIeAW X
M3 TOYKM A un cobpaBwwuxca B Touyke AX. B vyacTHocTu, B TOouKy A X nonagaeTt
nyy AOAX, npoweawnii yepes onTmyeckMm ueHTp O NUH3bLI. Takum o6pasom,
ANA MNOCTPOEHUA M306pa)KeHUSA TOYKM MOXXHO MCNONb30BaTb fob6ble ABa N3 TPEX
«yAO6HbIX» fyyen, X04 KOTOPbIX 4Yepe3 ANH3Y M3BecTeH: 1) ny4y, npoxoaswui
yepes ONTUYECKWUI LeHTp; 2) nydy, najawwnii Ha NUH3Y napanfieNlbHO r/1aBHOW
onTnyeckom ocu; 3) Ny4y, NpoxoaAwmin yepes okKyc.

MN3o06paxeHne npegmeta AB B 3TOM cniydyae 6yfaeT AeCTBUTENIbHbIM, MepeBép-
HYTbIM, YBe/IMYEHHbIM.

PaccmoTpum ewé cnyyan, Korga HeobxoAMMO NOCTPOUTb MU306paKeHMe TOUKN,
pacnosiodXeHHOW Ha rnaBHOWM ONTUYECKOW ocu. TpyaHOCTb 3aKaw4yaeTcda B TOM,

Punc. 7.41
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4TO0 BCe TPU «YyAOOGHbIX» nAyya CAMBAKTCA B OAWH Ny4
SF, coBnajatwuwmuini ¢ rnaBHoli onTUYecKOW ocbi. Mo-
3TOMYy Heo6X04MMO OnpefennTb X044 TMPON3BOIbBHOIO
nydya SB (puc. 7.42), nonaBlWeEro Ha /IMH3y B To4yke B.
Ana nocTpoeHWs nMpenoMAEHHOro fAy4vya MNpoBefém
no6oYHyl oNTUYecKylw ocb PQ, napannenbHyw nyuy
SB. 3atem nocTtpoum (okKanbHYH MA/I0CKOCTb U Halfém
Puc. 7.42 Touky C nepeceyeHnsa oKaabHOW MAOCKOCTM C¢ Nob6oy-
HOM onTM4yeckol ocbl. Yepe3s 3Ty TOUKY W MNpPORAgeET
npenomMmnéHHbli nyy BC. Takum o6pa3om, MOCTPOeH X044 ABYX JIy4ei,
BbIXOAALWMNX N3 ToOYKM S. MNocne npenoMsieHuUsa B JIMH3e 3TU Ny4dn pac-
xoaaTcsa. N3ob6paxeHne Sj Touku S 6yaeT MHUMbIM, TaK KaK MCTOY-

® HWK pacnosioXXeH MeXxAay (OoKYycOM W JIMH3O0MN.

NnH3bl. TocTpoeHne M306paXKeHnUit B NMH3aX

(r—-’_\ 1. C noMoW b 0O4EHb TOHKUX OANHAKOBbIX CETMEHTOB M3rOTOBMIEHbI YeTbipe ABOAKO-
a BOrHYTble /IMH3bl. [loKasaTenb npesomMaeHuUs rauuepuHa 6onble, 4yem nokasaTesb
npenomneHns BoAbl. Y cobupatowein AUH3bI

1) mexpay cTéknamu rNULEPUH, OKpyXXalliaa cpega — BO34yX

2) mMexpay cTéknamu Boja, OKpyXxatlwasa cpega — BO3AyX

3) Mexpay CTéknamu rnuuepuH, oKpyxawuas cpeja — Boja

4) mexpay cTéknamu Boda, OKpyXxawuasa cpeja — rAvMLepuH

2. JINH3Y, WN3rOTOBMIEHHYK U3 ABYX TOHKWUX chepuuye-

CKMUX CTEKON OfMHAKOBOro pajuyca, MexXAay KOTOopbl-

MM HaxoguTca BO3AYX (Bo3gylWwlHas /MH3a), ONyCcTUAM

B BoAy. Kak pelicTByeT aTa nuH3a?

1) kak cobuparwou,as NH3a

2) Kak paccemBarwuias nMH3a

3) OoHa He U3MeHsAeT Xoga ny4a

4) MOXKeT pgericTtBoBaTb M Kak cobupatu,as, n Kak pac-
cevBalkLWwas nnH3a

Bopna

M

Bo3ayx

3. Ha KakoM paccTofsHUM OT cobupaloL el AMH3bl HYXXHO MOMEeCTUTb NpeagMeT, 4TO-
6bl ero n3obpaxeHue 6bI/I0 AENCTBUTENbHbLIM?

1) 6onbwem, 4yem (POKYCHOE paccTosHue

2) MeHbleMm, 4eM (OKYCHOe paccTosiHue

3) npn Nnwb6om paccTosHUN n3lobpaxeHue b6yaeT AeNCTBUTENbHbIM

4) npu NwboM paccToAsHUU n306paxkeHne 6yaeT MHUMbIM

4. MpepgmeT HaxoaMTcA MeXnAy cobuparwoweid NMH30M N eé hokycom. K3obpaxeHune

npegmeTa

1) MHUMoOe, nepeBEpPHYyTOE 3) pencTBMTeNbHOE, NpsAMoe
2) peilicTBUTeNnbHOe, NepeBEépHYyTOE 4) MHMMOe, nNpsaAmoe

5. OnTuyeckasa cunaa NINH3bl — 3TO BENNYUHA,

1) paBHas OTHOWEHWNO (hOKYCHOro PacCTOSAHUA JIMH3bl K eé gnameTpy
2) o6patHaa eé (hOKYCHOMY pPacCTOSAHUIO

3) paBHas OTHOWEHWI AMamMeTpa JIMH3bl K €& (POKYCHOMY pPacCTOAHMUIO
4) obpaTHas paccTOSAHUIO OT JIMH3bl A0 M306paxeHWa npegmeTa
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§51 ®OPMYJIA TOHKOW JINH3bl. YBENVNYEHUE JSINH3bI

Kakne nsobpaxeHus B NUH3aX SABAAOTCA AeACTBUTENbHBIMU? MHUMbIMKU?
Kakoe n3obpaxeHne MOXHO BUAeTb HEMOCPEeACTBEHHO, a Kakoe Ha akpaHe?

BbiBegem opMyny, CBSAI3biBaK WY TPU Be/IMUYUHLI: paccTossHue d oT npegmeTa
[0 NNH3bI, paccToaHue f oT M306parkeHMa [0 NUH3bI U POKYCHOe paccTodHue F.
N3 nopobmsa TpeyronbHMkoB AOB un AXXO (cm. puc. 7.41) cnepyet

BO AB
paBeHCTBO — = —
CO OF
N3 nopgobusa TpeyronbHMkoB COF m FAXB Xnmeem ~ B
AB OF BO OF d F
Tak kak AB = CO, 10 — = — . OTtcwopga — =— ,uwmny = —

YuuTbiBaa ceoiicTBo nponopuuun, nmeem fF + Fd = fd.
Monsenne BCe 4YsieHbl MOMTYYEHHOro paBeHCTBa Ha npowussefeHue Ffd, nonyuum

I 1-1

d+ f ~ F' (7.10)
7 +7=0. (7.11)
a f

W w A YpaBHeHue (7.10), kak n ypaBHeHue (7.11), NpuHATO HasbiBaTb OpPMYysI0W
TOHKOW NWNH3bI.

BenuunHbl d, f 1 F ecTb paccTosHUSA, T. e. NON0OXMUTeNbHble yucna. OgHaKo
oTmeTuM (6e3 pokasaTenbCTBa), 4TO B 3aBUCUMOCTW OT YCNOBUI 3agayvu, nNpwu-
MeHsiI (QOpMYy JIMH3bl, HYXHO CTaBUTb 3HaKW Mepej 4Y/eHaMu ypaBHEHUS cOo-
rnacHo cnegytuiemMy npasuny.

v

EN33

Ecnn nuH3a cobupatowasn, 10 eé GpoKyc AeACTBUTENbHbLI N Nnepef Y1eHOM

CTaBAT 3HaK «+». B cnyvyae pacceuBalolwein NMH3bl B npaBoit yactu copmynsl (7.10) 6yget
CTOATb 3HAK «-».

Mepes 4neHOM Yy CTaBAT 3HAK «+», €C/IM n3o6paxeHue AeACTBUTENbHOE, W 3HAK «-»
B C/lyyae MHUMOTO WU306paKeHus.

Mepea uNeHoM — CTaBAT 3HAK «+» B C/lydyae AEWCTBUTENbHOW CBETAU/eNCcA TOUKU U
d

3HAaK «-», €C/IM OHa MHuMMas (T. e. Ha NINH3Y MNajaeT CXoAsuMiica ny4vok nydyeir, npogon-
XEHUs KOTOPbIX MepecekalwTcs B O4HON TOuke).



\feawuy

)
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~1852 MNPAMEPbI PEWEHWA 3AOAY 1O TEME «JIMH3bl»

Mpy Kcnonb3oBaHUW OPMYNbl NIMH3bI HAA0 06paTUTb BHMMAHWE Ha 3HAKWU
nepes cnaraeMbiMy B 3TOi (opmyne. O6GbIUHO B YC/I0BUMM 3ajadyy [awTcsA 4YMUCIO-
Bble 3HauyeHUs. To/IbKO MOCTPOUB U306parkeHue W MOHAB, AeliCTBUTENbHOE OHO
AW MHMUMOE, MOXHO MOMYYUTb NPaBU/bHbIA 0TBET. MpPU 3TOM B POPMYNY NTNH3bI
cTaBaT umucna d, f 1 F, a 3Hakn 6epyT B COOTBETCTBUM C yC/OBUEM 3ajadyuM U No-
CTPOEHMEM cOrjslacHoO yKasaHHoMy B § 51 npasuny.

3apgaya 1. Ha pucyHke 7.43 nokasaHbl pacnosno-
XXEHUA rnaBHOM onTu4yeckoiw ocu MN NUH3bLI, cBeTH- S
welica Toukn S n eé unsobpaxeHmsa S1. Hanmgute no-
CTPOEHMEM OMTUYECKUN LEHTP JNH3bl N €& (OKYChbl.
Onpepenute, cobupatuwern uUanm paccevBalwuwen ABNA- a
eTca 3Ta /NIMH3a, AEeNCTBUTE/IbHbIM WAW MHWUMbIM $B- Si
naetca msobpaxkeHwue. puc y g°

PeweHwune. Jlyy, npoxogawmii yepes oNnTUYECKUNA

LEeHTP NWUH3blI, He OTKJ/IOHAeTCA OT CBOEro Hanpasfe- /I\
Hua. MoaTomy onTmyeckuin ueHTp O coBnagaeT € TOuY- K
Kol nepecedyeHuUs npaAMbiXx SSj m MN (puc. 7.44). S
Mposeném nydy SK, napannenbHbli rnaBHOW onTuye- N
cko ocu. MpenomnéHHbli nydy KS1npongét uyepes
hokyc. 3Hada, 4TO Ny4y, najavwuwmii Ha NUH3Y 4Yepe3 o
doKyc, nocne npenoMmaeHna WAET napasnfenbHO rna.- S’V{‘_.
HOW ONTUYeCcKOW ocum, Haxogum apyron cdokyc. JIvH3a o
ABMsAeTcsA cobumpatuwer, a mlobpaxeHue — [eNCTBU-
TeNbHbIM. Puc. 7.44

WV

3apavya 2. MNpegmer umeeT BbicoTy h = 2 cm. Kakoe ¢(oKycHoe paccTo-
sHne F ponXXKHa MMeTb JIMH3a, pacnosiodkeHHass Ha pacctossHum f = 4 m oT
3KpaHa, 4T0o6bl M306pa)xeHWe [aHHOr0 npegmMeTa Ha 3KpaHe MMeno BbICOTY
A4 = 1 m?

PeweHne. W3 GopMynbl NUH3bI —+ —= — HaxoAuM (OKYCHOe paccTos-
Hue: F = —fd -
d+ f
YBeNMUeHMe NMH3bI MOXHO BLIPa3WTh Tak: = — = —. OTcopa d = —
M F f 8
03TOM SR, ~ 8 cMm.
Y H ¥ h

3apava 3. ®oKycHOe paccTodaHMe cobupatruen nnMH3bl F = 30 cMm, paccTosiHue
oT npegmeTa Ao ¢gokyca | = 10 cm. JlnHelHble pa3Mepbl npegmeta 5 cm. Onpe-
AennTe pasMepbl M3obpaxeHus fA.
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PeweHwune. M3 ycnoBusa 3agaun HescHo, rge HaxoamTca npegmet. OH MOXeT
pacrnonaraTbCcsa KaK 3a (QOKYcOM, TaK W nepej HUM.

PaccmoTpnm CHayana cnyudaii, korga dl = F + L 3anuwem  dop-
MYnly  NIMH3bl.  T10CKOMIbKY  un306paxeHwe 6yAeT [AelCTBUTE/IbHbIM, WMeEeM
- = =+ l= L = N*+D
Fdi +\ - T'Il-l + oTKyAa 51 I

f
YBenuyeHue B aTom cnydae ) 1= . f, oTkyga Hx = Al FI(('F: " II))h
+
Fh

Ecnv npeaMeT pacnofioXXMTb MeXAay (OKYCcOM W NIMH30M, To M3o6paxeHue Gy-

0eT MHUMbIM. B aTom cnyyae d2 = F ~ |, u dhopmyna nmeeT BUpA E = =
1

F -1 /2"
BbinoNnHUB Heo6xo4MMble Mpeobpa3oBaHUs, MOYUYUM = Fb
|
CnepoBaTenbHO, B 060MX criyyasiX BbicOTa M306pakeHUst oguMHaKoBa U paBHa
0,3 m0,05
H o1 (m) = 0,15 wm.

3agavya 4. ToHKasi NMH3a C HEKOTOPbIM (OKYCHbIM paccTossHuMem FXxcosgaér
2

npsamoe nM3obpa)keHue npeaMeTa ¢ yeenumueHvem I = —. Yemy 6yaeT paBHO yBe-
o

nuyeHune 2, ecnn, He N3MeHASA pacCToOAHME MeXAy npeagMeToM W INH30W, 3ame-
HUTb JINH3Y Ha JINH3Y C onTu4yeckown cumnon D2 = ~D1?

PeweHne. B nepBom cnydae (puc. 7.45, a) 6bl/710 NOSTYYEHO YMEHbLIEHHOE
npsamMmoe msobpaxeHne npegmeta AB. OueBUAHO, YTO Takoe n3obpaXKeHUEe MOXHO
nonyyYnTb TONbKO B paccemBatwwein nuH3se. Mpegmert

B T//f’/ HaxoauTca MeXAy (POKYCOM M ONTUYECKUM LEeHTPOM,
F /f‘" Tak KaK yBenuuyeHue 6onblie 5 B aTtom cny4ae ¢op-
e g o
A O]\ F 1 1 1
N\ Myrna NMH3bl MMeeT BUA - — = —-  —; yBe/InyeHue
a) N\ f F\ “
N rj , 0TKyAaa = dTj. NMpwn 3amMeHe SINH3bl Ha CO-
. e 6upatuwyt (puc. 7.45, 6) (M2 = -£>1> cdopmyna NuH-
: : 3bl MMeeT BUJ
: BE™" J _ 1
1 I - F2 ~d
F A O\ PN otkypa 2 7 2= aT2
6) N

MpupaBHMBas npasble YacTu GOPMYA ANH3bI U YyUUN-
Punc. 7.45 TblBasg 3HaK «-», MNojy4dyaem
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d dnmrl, dmlo d r, , 2r- 1

3apavya 5 Ha 3kpaH ¢ KpyrnablM O0T-
3epctnem pagumycom r0 = 10 cm nagaet
CXOAAWMMCA Ny4YoK cBeTa. YTron mexay
KpamHWM Nly4OoM W OCbD CUMMETPUWN pa-
BeH 60°. OnpegenuTe TO4YKY, B KOTOpOW
6yayT CX0oAuUTbCHA Ny4yn, ecnu B OTBeEp-
cTMe BCTaBnseTcsa J/uMH3a 1) cobupato-
was; 2) paccempawouwias. WM3BecTHO, 4ToO
Dj = -D2= 10 agnTp.

PeweHwne. B pgaHHOM cny4dae wuc- a)
TOYHUK ABNAETCA  MHWUMbIM, HaxoAs-
wumeca Ha pacctogHum d = rOctg a =

= M. dopmyna nuusbl B nepsom cny- \\*;J:;\
yae (puc. 7.46, a) wumeer Bug DI = , S S’
’ \3'.1*5—'5]""‘ =
rge — paccTos- Y et
-1 d A A A P 22> ’
HWe 0T /NWUH3bl [0 TOYKWU nMnepecevyeHUs -
nydyen, NpenoMnEHHbIX B NMH3e, 0TKyga f2
f - _JI\d_ 59 cm. 6) Puc. 7.46
d+F
Bo BTOpom cnyvae copmyna nnH3bl nmeet Bug D2 = = :(Ij_+ % OTcoga
Fr
n = P 14,3 cm.
F2- d '0
S

M3 BblUMCNEHUIH N W3 NOCTPOEHUA WN306pPaXKEHWN SACHO, UTO TOY-
Ka nepeceueHUs fNydyeil B MepBOM clyuyae cTaHeT 6nuxe K 3kpaHy, Bo &
BTOPOM — fasiblle OT JKpaHa.

3agaun ANns caMocTOATE/IbHOr0 pelleHns

1. C nomMowbl J/IMH3bl HA BEPTUKANILHOM 3KpaHe MNosiyyeHO [AelCcTBUTeNbHOe
n306paXkeHne 3NIeKTpUUeckKoih namnoydykn. Kak nameHuTca mnsobpaxeHue, ecnun 3a-
KPbITb BEPXHIO MOMOBUHY NINH3bI?

2. ®oToannapaTt faéT Ha NNéHKe U306paxeHWe 4venoBeyeckoro nuua. MosicHUTE
C NoMolLbl0 YepTexka, MoveMy M3o6parkeHue feca, BUAHelOWerocss Baanu 3a 4yesno-
BEKOM, MoJslyyaeTcss Hepe3KUM. B KaKytlo CTOPOHY c/ieayeT CMecTUTb 06beKTUB, 4YTO-
6bl nec 6bl1 N306paXkéH YETKO? ByaeT Ny Npu 3TOM YETKUM M306pakeHue nuua?
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3. MocTpoiiTe n3obpaxeHne npegMmeTa, NoOMeWEHHOro nepes cobupatruLei NuH
301, B cnepgywwux cnyyaax: 1) d > 2F; 2) d = 2F; 3) F < d < 2F; 4) d < F.
4. Ha pucyHke 7.47 nuHmna ABC wn3obpaxxaeT Xxof
T nyya yepe3 TOHKYI paccevmBatowy nuMH3Yy. Onpepenute
NoCTPOEHMEM MNOJIOXKEHUA rNaBHbIX (DOKYCOB JINH3bI.
5. OT npegmeTa BbICOTOM 1 CM MOAYYUNU C NOMOLLbIO
A B NVWH3bl AeNCTBUTENbHOE U306pa)keHWe BbICOTON 6 CM.
9) Korga npegmeTr nepeaBuHy/siM Ha 6 CM, TO NOAYy4YUIn
MHUMOE wun3obpaxeHue BbicoTOW 3 cm. Onpepgennte ¢o-
KYCHOEe pacCTOAHWE JINH3bI.
6. Ha onTuuecko ocuv NWNH3bl C (POKYCHbIM paccTo-
Puc. 7.47 AHMneMm 20 cM rnomelleHa CBeTALWAACA TOYKa Ha paccTo-
AaHnun 30 cM OT NUH3bI. 1o Apyryl CTOPOHY OT /IMH3bI
B eé (hoKaslbHOW NAOCKOCTU HaxXxoAuTcA 3KpaH. OnpejenuTte AMamMeTp nNATHa Ha
3KpaHe, eciun guameTp JINH3bl 3 CM.

7. OBa oAmMHaKOBbIX nNpegmMeTa, Haxogswmeca N0 O4HY CTOPOHY JNWUH3bl Ha
pacctoaHMM 60 cM Apyr OT Agpyra, unsobpaxakwTcs JIMH30M C yBe/iM4eHUeMm 2 U
4 cooTBETCTBEHHO. OnpegesinTe paccTosHUe MeXxAy M306paxeHUAMU NpesMeTOB.

8. Cobuparuwasad nnH3a ¢ POoKYCHbIM paccTtodaHmem 20 cM HaxoAWUTCA Ha pac-
cToAHMM 10 cMm OT paccevBarwLlein NMH3bl C POKYCHbIM paccToaHMem 60 cMm.
OnpegennTte, Ha KakoM paccTOSHWUM OT BTOPOM SIMH3bI MonyvyaeTcsa M3obpakeHue
TOYKM S, ecnu cama cBeTdAlWasaca Toyka HaxoaumTca Ha pacctoaHum 30 cm oT
NepBOW NNH3bI.

9. C Kakoi Bbloep>XKo Hapgo ¢oTorpaupoBaTb b6eryHa, CKOPOCTb KOTOPOro
3 m/c, 4TO6bl pasmMbIiTOCTb M306pa>keHUs He npeBblwana 0,1 mm? doKycHoe pac-
cTossHMe ob6bekTMBa 15 cm, paccTtosHue oT poToannaparta Ao beryHa 10 wm.

(E,_-\ 1. Hebonbwow rpys, noABeWEHHbIN Ha HWUTW AAWHOWK 2,5 M, coBepllaeT FrapmMoOHMU-

T/ deckume Koneb6aHUs, NMpuM KOTOPbIX e€ro MakcMmanbHas cKopocTb gocturaet 0,2 m/c.
Mpu nomowmn cobupatou,eid NUH3bI ¢ (POKYCHbIM pacctosHuem 0,2 M un3obpaxxeHue
Koneb6nwuwerocss rpysa npoeuumpyetrcss Ha 3KpaH, pPacnofioXXeHHbIAi Ha paccToAHUK
0,5 M OT NUH3bI. [NaBHass onTuMyeckas OCb JINH3bl MNepneHANKYsApHa MNI0CKOCTH
KosiebaHUM MasTHUKA W NAOCKOCTM 3KpaHa. OnpefesnnTe MakKcMMmalsbHOe cMelleHUe
n3obpaxeHusa rpysa Ha aKkpaHe OT MOJSIOXKEHUS paBHOBEeCcUS.

2. Ha ocnm OX B Touke XTI = 10 cM HaxoguTca TOHKasa paccemBawwas nNuH3a c ¢o-
KYCHbIM paccTossHMem Fx = -10 cm, a B Touke X2 = 25 cM — TOoHKasa cob6upatuias
nunH3a. [naBHble onTu4yeckme ocu obeux NMH3 coBnajalT ¢ ocblo OX. CBeT OT ToO-
4eYHOro MCTOYHMKA, PacrnosioXXeHHOro B Touke X = 0, Nnpoiigs faHHY ONTUYECKYIo
cucTteMy, pacnpocTpaHsaeTcsa napannenbHbIM nyykom. Onpegennte (hoKycHOe paccTo-
AHWe F2cobupatwoleinl NNH3bI.

3. Ha ocm OX B Touke xt = 0 HaxoAUTCA ONTUYECKUN LEHTP TOHKOI paccenmBatowemn
NUH3bI ¢ POKYCHbIM paccTossiHueM Fj = -20 cm, a B Touke X2 = 20 cM — TOHKOI4
cobupatoeli MH3bI C POKYCHbIM paccTosHnem F2 = 20 cm. [1laBHble onTU4Yeckue
ocn o06emx NMH3 nexaTt Ha ocm OX. Ha paccemBatowyw nNnH3y no ocm OX nagaet
napannenbHblii Ny4yok csBeTa U3 obnactm X < 0. Onpefennte KoopauHaTy X TOYKMW,
B KOTOpPOW cob6ep&Tcsa 3TOT MYUOK, MPOMAA AaHHY ONTUYECKYH CUCTEMY.
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ANCIMEPCUA CBETA

Kakue npepctaBneHmsa o ceBeTe 6biAnM y y4é€HbIX B Havane XIX B.?
UYto onpepenseTt uBeT npegmeTa?

3aHUMasncb YCOBepLIEHCTBOBAHUEM

Teneckonos, HbTOH o06paTun BHUMa- Ha BocToke wusrotasnusanu ykpa-
HMe Ha TO, uTO |/|306pa>KeH|/|e, faBae- weHna B Buae CTEeKNAHHbIX NpuU3m,
MOe 06BbeKTUBOM, N0 KpasiM OKpaLleHo. A0 UIMX PASHOLBETHbIE G/IMKM.

o [NekapT Habnwfgan MUCKYCCTBEHHYI pajayry
OH 3aMHTepecoBasicid 3TUM W MepBbIi Ha BOAAHONM MbIAM OT OHTAHA.
«nccnenosan pasHoobpasne CBETOBbIX
nydyeii 1 npouncTekawlwmne oTcroga 0co-
6eHHOCTM L,BETOB, KOTOPbIX A0 TOr0 BPeMEHM HWUKTO JaXKe He mogospeBan» (cnosa
M3 Hagnucu Ha Haarpo6Hom nNaMsTHUKe HbOTOHY). PapyXHyl okpacky u3lobpa-
XXEHUS, NMOMyyaemMoro ¢ NOMOLW, bl JSIMH3bI, Habnwhanu, KOHeYHOo, U [0 Hero.

Bbino 3aMeyeHO TakyXXe, UTO pagy>XHble Kpass MMelT NpeaMeTbl, paccMaTpuBa-
eMble Yepe3 Npu3my. MNMyyoK CBETOBbLIX Nlyyei, NpoweaWInX 4Yepe3 NpuaMy, okpa-
WMBaeTCss Mo KpasiMm.

OnbIT HbloTOHA 6bI/T TeHMaNbHO NPoCcT. HbIOTOH Ao-
ragancss HanpaBuTb Ha NPU3MYy CBETOBOW MY4YOK Masno-
ro nonepeyHoro ceyeHus. MNy4yoK COSTHEYHOro cBeTa
NpPoxoaun B 3aTEMHEHHYK KOMHAaTy 4depe3 MajleHbKoe
oTBepcTMe B cTaBHe. [Majas Ha CTeKASAHHYI NPU3MY,
OH MPEesioMIANCA WU faBan Ha MPOTUBOMOJMIOXKHOW CTeHe
YONVHEHHOE M306paKeHUe ¢ pajy>XHbIM 4YepefoBaHWU-
em LBeToB. CTU/IM30BaHHOe M306paXKeHUe onbiTa Hbio-
TOHa MokKas3aHO Ha pucyHke 7.48. Cnepyss MHOroBeKo-
BOV Tpaauuuu, cornacHo KOTOpol pagyra cyumTanach
cocTosW el N3 ceMn OCHOBHbIX LBEeTOB, HbIOTOH ToOXe
BblAe1NA CeMb LLBETOB: (PMONETOBbIV, CUHWI, Tony6oii,
3eNéHbIN, XXENTbIW, opaHXXeBbll U KpacHbI. Camy pa- Pnc. 7,48
OYXXHYI NosocKy HbOTOH Ha3Ban CNeKTPOM.

3aKpblB 0TBEpCTME KpacHbIM CTek/J0M, HbTOH Habnwpan Ha CTeHe TOJIbKO
KpacHoe MATHO, 3aKpblB CUHMM CTEK/IOM — CUHee MATHO U T. 4. OTO 03Hauano,
4UTO0 He Npu3mMa okpawuBaeT 6Genblii cBeT, KaK Mnpegnosaranocb paHble. MNpusma
He M3MeHsleT CBET, a NINWb pas3fnaraeT ero Ha cocTaBHble 4acTu (cM. puc. | Ha
LBETHOW BKelke). Benblii cBeT MMeeT CNOXHbIN cocTaB. M3 Hero MOXXHO Bbl-
[ennTb MyYKW pas3/IMYHbIX UBETOB, W /INWb COBMECTHOe WX [elicTBME Bbi3biBaeT
y Hac Bne4yaTtneHue 6enoro uBeTta. B camom fgene, ecnu ¢ NOMolULbl BTOPO npwu-
3Mbl, MOBEPHYTOW Ha 180° OTHOCWUTENIbHO MepBOW, cob6paTb BCe MYy4YKM CMeKTpa,

TO onNATb nonyuuTtca 6enbld cBeT (cm. puc. Il Ha UBeTHOW BKJelke). Bbigenus
KaKyw-n1nb6o 4vacTb crnekTpa, Hanpwu-

Mep 3enéHYyl0, W 3acTaBUB CBeT Mpoli- Bo3bMUTEe NWH3Y U BHUMATENbHO
TN eweé 4yepe3 O4HY MPU3MY, Mbl YXe nocmMoTpuTe Ha eé kpad. B kakom
He NoNyYuM fasibHellero NsMeHeHns NOMOXEHWN nydlle BUAHO, 4TO eé

oKpackwu. v Kpas oKpalleHbl?
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Apyroin BaXKHbIi BbIBOA, K KOTOpomy npuwén HbOTOH, 6bla chopmMynmposaH
UM B TpakTate «OnTuka» crnegywwmnm obpasom: «CBeTOBble My4YKU, OT/AMYalo-
wuecs no UBeTy, OT/IMYAKTCA MO CTEMEeHW MNpesioMasAeMocTu» (A8 HUX CTEKNO
UMeeT pas/InyHble MokasaTenn npenomneHus). Hauwbonee cMAbHO NpeoMAATCA
thnonetoBble Nyum, MeHblUEe APYrMX — KpacHble. 3aBUCUMOCTb MokasaTens rnpe-
NoM/IeHNs cBeTa OT ero uBeta HbOTOH HasBan AMCMepcuei.

MokasaTenb MNpesoMAeHNs 3aBwu-
CAT M 0T CKOpPOCTM CBeTa B BellecTBe

Cnoso «pAncnepcua» MNpouCXoanT (cm. 8 47). AGCONI0OTHbIV NokKasaTenb

OT NaTUHCKOro cnoBsa dISperSIO —

paccesiHue. npenomseHna n = —. Jlyy KpacHo-
v

ro uBeta nNpesioMNsieTcs MeHblUe W3-
3a TOro, 4TO KPAaCHbIN CBeT MMeeT B BelWeCcTBE HauGoNblLUY CKOPOCTb, a /yd
(hMoNeToBOro LBeTa npesomnasercs 60/blue, TaK KakK CKOPOCTb ASsi (DMOSIEeTOBOrO
cBeTa HauMMeHblUas.

MiMeHHO Mno3ToMy npu3mMa WM pasjaraet cBeT. B nycToTe cKopocTu cBeTa pas-
HOro0 LBeTa OAMHAaKOBbl. Ecnu 6bl 3To 6bIA0 He Tak, To, K MpuUMepy, CNYTHUK
tOnuTepa Ho, KoTopblii Ha6bnwogan Pémep, Kasancs 6bl KpacHbIM B MOMEHT Bbl-
Xofla CNyTHMKa M3 TeHU. Ho aToro He Habnwpgaetcs.

BnocneacTBunM 6bi/1a BbisiCHEHA 3a-

fiS t HauepTuTe nyun, nagaowue nog BNUCMMOCTb ULBeTa 0T CbI/I3I/ILIeCKOI/I xXa-

w YyriomM K MOBEPXHOCTW MNPO3pPavHoOro PaKTepUCTUKN CBETOBOW BO/IHbI: eé

Tena. [MMokaxuTe, Kak 6yayT pac- yacToTbl KonebaHwi v (MNN  ANVHbI

nonaraTbCA cOrnacHo npuHumny roiireHca BO/IHbI A). Mo3ToMy MOXHO pgaTb 60-

pOHTHI BOMH KpacHoro u ¢GuUoNeToBOro nee rny6okoe onpeaenieHne aucnep-

uBeTOB. CUN, YeM TO, K KOTOpOMY nMpullén
HbOTOH.

Ancnepcunelri Ha3blBaeTCcs 3aBUCMMOCTb MoKasaTens nNpenoMneHusa cpepgbl
OT 4acTOTbl CBETOBOI BOJIHbI.

ONnHbl BONMH BUAMMOW 4acTu CNeKTpa JexaT B WHTepBasie MNPUMepHO OT
400 po 760 HM. OpgHOMy UBeTy TaKXe COOTBETCTBYET onpeAenéHHbIA AnanasoH
ANVH BONH (puc. 7.49).

3Has, 4To 6enblii CBeT MMeeT CAO0XKHbIA cocTaB, MOXXHO 06bACHUTbL YAUBUTENb-
Hoe MHoroob6pasme Kpacok B npupoge. Ecnu npeagmeTr, Hanpumep nuct bymaru,
oTpa)kaeT BCe najalwolme Ha HeEro Nyym pasfIM4YHbIX LBETOB, TO OH OyAeT KasaTb-
ca 6enbiM. MokpbiBas 6ymary cnoem KpacHOW Kpacku, Mbl He co3gaém npu 3Tom

« «
8 S
YnbTpa- g A 3 Nbpa-
q&ﬁﬂ;ﬁ;ﬂioee o % g KpacHblii KpacHoe
K & a n3nyvyeHue
0 co 0
300 400 500 600 700 760 800 X, HM

Puc. 7.49
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CBET HOBOr0O LBeTa, HO 3ajep>XMBaeM Ha SINCTe HEKOTOPYK YacTb WMMEKLLerocs.
OTpaxaTbcs Tenepb 6YAYyT TONbKO KpacHble Ny4Yu, OCTasibHble >Xe MOoraoTATcA
croeM Kpacku. TpaBa U NUCTbSI fepeBbeB KaXKyTcs Ham 3eMEHbIMW MOTOMY, 4TO
M3 BCceX NajallMX Ha HUX COMHEUYHbIX JIlyYeill OHM oTparkalT /Wb 3e/éHble,
norsouw,aa octajsbHble. EcAM nNocMoTpeTh Ha TpaBy 4Yepe3 KpacHoe CTeK/0, Mpo-
nyckawuiee TO/IbKO KpacHble /lyuyu, To oHa 6yaeT KasaTbCs MOYTU UYEPHOIA.

Oucnepcus. CnekTp BMAMMOro cBeTa | Haiitu
1. Ha TeTpagu HanucaHo KPacHbIM KapaHalwom «O0T/AUYHO» W 3eNéHbIM — «X0pO-
Wwo». MmMeeTcs fABa cTekna — 3eféHOe M KpacHoe. Yepe3 Kakoe CTEK/0 Hafo CMO-

TpeTb, 4TO6bl YyBUAETb C/I0BO «OT/INYUHO»?

2. NMoueMy TONbKO Yy3KWI CBETOBOW My4YOoK AaéT CNEKTP nocse Npoxoxpae-
HUS CKBO3b MPU3MYy, a y WNPOKOro nyyka OKpaleHHbIMWU OKa3blBalTCA
b Kpas?

3. UTo Takoe gucnepcusa ceeta?

1. BepHo(-bl) yTBep>XaeHue(-1)

Avcnepcuein ceeTta o6bAcHAeTCA puU3nYeckoe ABNEHUe

A: cunoneToBbli UBET MblNIbHOW NNEHKW, ocBew,aeMol 6enbiM CBETOM

B: dnonetoBbIi UBeT abaXypa HaCTO/IbHOW flaMnbl, cBeTAWeWcA 6enblM CBETOM

B: nposiBNeHMe LBETHOro cnekTpa Mmocse NPoOXoX/AeHuUs 6enoro ceeta 4yepes CTeKASAH-
HYl0 NpuUsmy

1) Tonbko A n B 2) Tonbko B n B 3) A 4) B

2. Pa3noXeHune ny4yka CO/THEYHOro cBeTa B CMeKTpP MNPU MPOXOXAEHUW ero uyepes
npu3My o6bSACHAETCA TeM, 4TO CBeT COCTOUT M3 Habopa 3/1€KTPOMAarHUTHbLIX BOJIH
pasHoO ANWHbI, KOTopble, nonagas B MpuU3MYy,

1) ABMXKYTCA C pasHOW CKOPOCTbIO

2) UMelT O0AMHAKOBYI 4YacToTy

3) nornowarTCcA B pasHON cTeneHwn

4) NUMewT 0OANHAKOBY [A/INHY BOJIHbI

3. Mpun nonagaHunM COMTHEYHOro cBeTa Ha Kanau p[oxXpasa ob6bpasyetcsa pagyra. 9T0
06bsiCHSAeTCA TeM, 4YTO Gesnblii CBET COCTOMT W3 3/IEKTPOMArHUTHbLIX BOJIH C pasHoli
O/TMHOW BOMHbI, KOTOpble KanjsiMu MNo-pasHoMYy
1) nornouwiatTcs 3) nonApusywTCcs
2) oTpaxatTcs 4) npenomnsTCcsA
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] 'ﬂé§ 54 WHTEP®EPEHUWA CBETA
[aiiTe onpefgeneHve MHTepdepeHLUN MexXaHUYeCKUX BOJH.
Mpun Kakux ycrnoBusix OHa BO3HMKaeT?
McuyeszaeT nun aHeprmsa npu nHTepdepeHUWU BOJH, €CNN eCTb MHTepdepeHLNOHHbIe
MUHUMYMbI?

Ecnu cBeT npepcTtaBasieT co60i NOTOK BOSIH, TO AO0JIXHO HabnwpatbCs siBre-
HUe WHTepdepeHUMM cBeTa. OAHAKO MONYUYUTb WUHTEPHEPEHUMNOHHYI KapTUHY
(uepefoBaHVEe MaKCUMYMOB M MUHMMYMOB OCBELLEHHOCTU 3KpaHa) C MOMOLLbIO
[BYX HE3aBUCUMbIX WCTOYHMKOB CBeTa, Hanpumep ABYX 3MEKTPUUYECKUX JlaM-
noyek, HEBO3MOXHO. BkluyeHue eweé OoAHOMW NamMnoykuM /NUWb yBeAUUYUBaET
OCBEU,EHHOCTb MOBEPXHOCTU, HO He C03AaéT uepefoBaHWA MUHUMYMOB UM Mak-
CUMYMOB OCBEL,EHHOCTHU.

BbIACHUM, B 4éM MpuUUMHA 3TOr0 M NPU KaKUX YCNOBUSX MOXHO Habnwogatb
MHTepgepeHL M0 cBeTa.

Ycnosme KOrepeHTHOCTW CBETOBbIX BOJIH. lMpuuymMHa OTCYTCTBUS UHTepdepeH-
LMOHHOW KapTUHbLI B ONbITe C ABYMS flamMno4YkamMu B TOM, 4TO CBETOBble BO/-
Hbl, N3/ly4yaeMble HEe3aBUCMMbIMU UCTOYHUKAMM, He COrjlacoBaHbl APYr C APYrom.
PasHocTb (pa3 KonebaHUli, BbI3BAHHbIX 3TUMKU BOSIHAMW, HENPEPbIBHO WU3MeHseT-
cA BO BpeMeHM. AN MONYyYEeHUS >Ke YCTOMYMBON MHTepdhepeHLUUOHHOW KapTWHbI
Heo6XxoAMMO, 4ToGbl B AaHHOW TOYKe MNpPOCTPaHCTBA pa3HOCTb (a3 ocTaBasach
MOCTOSAHHOM, T. e. 4ToGbl KoneGaHUs 6bIIM KOTrepeHTHbl. Kak Bbl yXe 3HaeTe,
BOMIHbI, BO36y)KJawuWMe B MPOCTpaHCTBE KorepeHTHble KonebaHWsA, HasblBaloTCA
KOrepeH THbBIMU BOSTHAMMW.

, OT 3HaueHWs pasHOCTM (a3 3aBUCUT amnauTyga KonebaHuii, Bbl-
[ "_‘ 3BaHHbIX KOFepPeHTHbIMU BOMHaMMU. LNWHbI KOTEPEHTHbIX BOMH TaKXe
ﬁ ) [O/MKHbI 6bITb paBHbl. TOYHOr0 paBeHCTBA AJIMH BOMH OT [ABYX WUC-

TOYHMKOB A06MTbCA HETPYAHO. [Ns 3TOro A0CTATOYHO WCMO/b30BaTb

Xopolwune cBeTOGUNLTPbLI, MponycKawUMe CBET B 0YeHb Y3KOM WHTepBase AJINH

BO/IH. HO HEBO3MOXXHO OCYLLECTBUTb MOCTOAHCTBO pas3HOCTM a3 0T ABYX Hesa-

BUCUMBbIX UCTOYHUKOB. ATOMbl UCTOYHMKOB W3Ny4yawT CBET He3aBUCMMO APYr OT

Apyra oTAefbHbIMU «06pbIBKaAMU» (Lyramu) cMHycouganbHbiX BOMH, UMEWLWUMN

06bIYHO AJIMHY OKOMI0 MeTpa. WM Takue uUyrnm BOMH OT 060MX WMCTOYHWUKOB Hana-

raloTca Apyr Ha apyra. MomMeHTbl M3/lydyeHUss aTOMOB COrjslacoBaTb HEBO3MOXHO.

B pesynbTaTe amnautyaa KonebaHuii B N060i Touke NMPOCTPAHCTBA Xa0TUYHO Me-

HSIeTCA CO BpeMeHeM B 3aBWCMMOCTM OT TOro, KaK B faHHbIli MOMEHT BpeMeHMU

LYyrM BOMH OT PasfiMyHbIX MCTOUYHWKOB CABUHYTbI OTHOCUTENbHO APYr Apyra no

(hasze. BoNHbI OT pPa3/INUYHbIX UCTOYHU-

r NopaymaiiTe, 0 Kakux konebGaHmax KOB CBeéTa HeKOorepeHTHbl M3-3a TOrO,
‘D B C/lyyae CBeTOBblX BOJIH Mbl TO- YTO pa3HoCTb a3 BOSIH He ocTaéTcs
BOpUM. MOCTOSAHHOW (WUCK/IlOYeHUe cocTaBnsA-

10T KBaHTOBble WCTOYHUKW cBeTa —
nasepsbl, co3faHHble B 1960 r.). Hukakoli ycToMUYMBOMA KapTUHbI C onpefenéHHbIM
pacnpegeneHMeM MaKCMMYMOB U MUHMMYMOB OCBEL,EHHOCTW B MpPOCTPaHCTBE Ha-
6nopgatbcs He 6ygert.



NHTepgepeHumMsa B TOHKUX NEHKaxXx. TeM He MeHee WH-
TepdepeHuMto cBeTa ygaértcsa Habnwpgatb. XoTa eé n Habnwo-
Jann o4YeHb [aBHO, HO TOJ/IbKO HUKAK He 00BbACHANN.

Bbl TOXe MHOro pa3 BUAEAUN WUHTephepeHLMOHHYIO Kap-
TUHY, Korja B [eTCTBe pa3B/ieKanucb MNycKaHmem MblNIbHbIX
nysbipeii Uan Habnwganm 3a pajgy>XHbIM NepenBOM LBETOB
TOHKOW NMEHKWN 6eH3MHa Ha MOBEPXHOCTWU BOAbI.

OKpacKy TOHKWX MNMEHOK MOXHO O06bACHUTbL COr/1acHo
ngee Tomaca KOHra cnoxeHuem BonH 1 m 2 (puc. 7.50),
ogHa un3 KoTopbix (7) oTpaXkaeTca 0T HapPY>XHOW MoBepx-
HOCTM NNéHKN, a gpyras (2) — OT BHyTpeHHeW. Mpun 3Tom
NpoucXoanT MHTepdepeHUNA CBeT 0BblX BOJIH — C/IOXKEHUe
ABYX BONH, BCNeACTBME KOTOporo HabniwpgaetTca ycTonyun-
Bas BO BpPEMEHM KapTuHa ycuneHunsa wunm ocnabneHmsa pe-
3yNbTUPYKOLWMUX CBETOBbIX KonebaHWi
B pas3/INYHbIX TOYKax MnpocTpaHcTBa.
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T. OHT
(1773-1829)

PesynbTat uHTepdepeHUnun (ycuneHwue
nnn ocnabneHve  pe3ynbTUPYIOLLNX
KonebaHuii) 3aBUCUT OT yrna najeHus
cBeTa Ha NNEHKY, eé TOoJIWWHBI U ANu-
Hbl BOJIHbI CBeTa.

OTKpbIN  WHTepdepeHunUto cBeTa rmeSE&
(BBEN B (DU3NKY TEPMWUH «UHTEP-
hepeHunsa»), gan 06bACHEHUe 3TOMY sABNeE- ;
HUIO W NepBbIM W3MEPUN [ANIMHY CBETOBOWA

BONHbl @HTNMUACKNIA y4Y€HbIli Tomac HOHT.

YcuneHne ceeta Npou3oiaéT B TOM ciaydae, eciu npenomnéHHas BonHa 2 OT-

cTaHeT OT OTpPaXXEHHON BONHbLI 1 Ha Lenoe 4YUcno ANUH BOJMH.

Ecnn e BTOpasi BO/IHA OTCTaHeT OT MepBON Ha MONOBUHY ANWHbI BOJIHbI WAW Ha He-

YETHOE 4YMCNO MNONYBOJIH, TO NPOWU3OWAET ocnabneHne ceeTa.

LLyr BOMH OT KaXxAaoro u3nydato-
uero atomMa pasgensietcs NAEHKoON Ha
fBa uyra, a 3aTeM 3TV 4YacTu CBOAAT-
cs BMeCTe U UHTepdepupytoT.

BcnomHuTe

ycnosua HabnwageHuns

MakKCMMymMoB N MUHUMYMOB MNPU NH-
TepcpepeHu,mm MeXaHUYeCKNX BOJH.

KOorepeHTHOCTb BOJIH, OTPaXXEHHbIX OT HAPYXHON WM BHYTpeHHe# noBepxHocTel

NNéHKN, BO3HMKaeT M3-3a TOrO,
BOro ny4ka.

FOHT MOoHSAN TakXe, 4To pasinuMe B LBeETe
CBS3aHO C pas/iMumem B [A/IMHE BOJIHbI (MNK 4a- S
CTOTE CBETOBbIX BOMIH). CBeTOBbIM Myykam pas-
NINYHOTO LBETAa COOTBETCTBYHT BOJIHbI C pas3HOi
ONVHOM BONMHLI X, [N B3aMMHOro YyCUIeHUsn

«MBbINbHBIN NY3bIpb, BUTAs B BO3AY-
Xe... 3aXuraeTcsa BCeMU OTTeHKamu

UTO OHWN ABNAKTCA 4YacTAMWU OAHOINoO MU TOro e CBeTO-

LBETOB, MPUCYWNMMN OKpYXallWum npegme-
TaM. MblbHBIA MNy3blpb, MOXanyin, camoe
U3biCKaHHOE 4yao npupogbi» (Mapk Teew). J puc y
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BOJIH, OT/IM4awwmxca Apyr OoT gpyra ANWHOW BonHbL (Yrnbl NajeHWsa npegnona-
raloTca 0AMHaKOBbIMW), TpebyeTcsA pasfiMyHaa TonwmnHa nnéHku. CneposaTenibHO,
ecnun nnéHka nmeeT HEOAMHAKOBY TOAUWMWHY, TO NpY ocBelw,eHUN eé 6enblM CBETOM
OONKHBI NOABUTLCA pas/finyHble LBeTa.

Konbua HbOTOHA.

NHTepdepeHUMOHHAA KapTuMHa, BO3HMKaloLWasa B TOHKOW Mpocnolike BO3gyxa
MeXAy CTeKNAHHON nnacTUHOW W nexalwel Ha Hel NNOCKO-BbINYKNOW NUH30MN, chepuue-
cKas NOBEepXHOCTb KOTOPOI/ MMeeT 60NbWONA paguMyc KPUBU3HbLI, NOfyynna Ha3BaHUe KO-
ney HbrOTOHaA.

HbloToOH Ha6nwgan wu uccnegosan

MOHOXpOMaTMHECKOE nanyye-
HMe — 3TO W3Ny4YeHWe BOMH OAHOIN UX He TONIbKO B 6e/loM cBeTe, HO W
4acToThl. Nnpy OCBELW EHUU NNH3bl OAHOLBETHbLIM

(MOHOXpPOMATMYECKUM) NMYYKOM.

Okasanocb, 4TO pajuycbl Kofel O4HOr0 WU TOro >e MNOpPsAAKOBOro Homepa yBe-
nuynBalTCa Npu nepexoge oT PMONETOBOro KOHLLA CNeKTpa K KPpacHOMY; KpacHble
KoNbla UMelT MaKcumanbHbIi paguyc. PaccToaHMA Mexpay CoCeAHMMWU Kofbla-
MW YMeHblawTCcA € yBenAmvyeHmem ux pagumycos (cm. puc. Ill, 2, 3 Ha uBeTHON
BKENKe).

Y [noBneTBOPUTE/IbHO O06BACHUTbL, MNO4YEMY BO3HWUKAKT KonAbua, HBIOTOH He
cMor. Ypanocb 310 MOHry. lMpocnegum 3a X040M ero paccyxXxpgeHuin. B mx oc-

HOBE NeXXWUT NPeAnonoXKeHWe 0 TOM, 4TO CBeT — 3TO BOJIHbI. PaccmoTpum cny-
Yail, Korga Bo/iHa onpeAesiéHHONW ANWHBI BOMTHbLI najaeT

, 2//’1 noyYTV NepneHAVUKYNAPHO Ha MA0CKO-BbIMYK/AY JIMH3Y

{ V (puc. 7.51). BonHa 1 nosasnseTtca B pe3ynbTate oTpa-

i ¥4 XXeHUA OT BbIMYKJ/0/ MOBEPXHOCTW NWNH3bl Ha rpaHuue
ABYX cpefi CTeK/10—BO34yX, a BoJSIHA 2 — B pe3ynbTarte

%Z / oTpaXKeHUa OT MAacTUHbl Ha rpaHuue ABYX cpej BO3-

LYX—CTeK/10. DTN BO/IHbI KOT€PEHTHbI: OHU UMelT oAu-
HAKOBYI A/IMHY BOMIHbI W MOCTOSAHHYW pa3HoCTb as,
KoTopasi BO3HMKaeT M3-3a TOro, 4TO BOJIHA 2 MPOXOAUT

7 5 o
Puc. 7.51 60NbWKMN NyTb, Yem BoNHa 1.
OTMeTUM, 4YTO NPU OTPaXKeHUN
SOL MopaymaiiTe, Kak MOXHO OGbBLACHUTH cBeTa OT onTu4yeckn 6oslee MNOTHOM
TWiA  nosBneHue B LEHTpe TEMHOro nNAT- cpeabl hasa KonebaHWii BeKTopa Ha-

Ha. BeAb pa3HOCTb xof4a OTPaXKéH-

NPSOXKEHHOCTU E  3/1eKTpOMarHUTHOWM
HblIX BOJIH paBHa Hy/0.

BOJIHbI M3MEHAETCA Ha /1. DT0 U3MeHe-
HMe MOXHO Yy4YeCTb, BblUTA (I/II'II/I npwn-
6aBMB) M3 pas3HoOCTW XxXofa MOJMI0OBUHY AJINHbI BOJIHbI. [T0BOPAT, UYTO NPU TakKoM
OTpa>keHnnm npounmcxoanT noTepsa NONOBUHbLI A/TNHBLI BOJIHbI.

Ecnu BTOpas BO/HA OTCTA&T OT MEpPBO HA Lenoe YUCNO ANUH BOMH, TO, CKna-
AblBasicb, BOJIHbI yCUMNUBaWT APYr Apyra.
HanpoTuB, ecnu BTOopas BO/HA OTCTAET OT MEpPBON Ha HEUYETHOe UYUCAO MNONYBOJH, TO
Kone6aHWsi, Bbl3BaHHble WMU, GYyAYT MPOUCXOAWTb B MPOTUBOMOJIOXHbLIX (Da3ax W BOJIHbI
noracat Apyr apyra.
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Ecnn n3BecTeH paAuyc KpPWBU3HbI R BbINYK/0A NMOBEPXHOCTU /IMH3bI, TO MOX-
HO BbIYUCAUTbL, HA KaKWUX PacCTOAHUAX OT TOUKW COMPUKOCHOBEHWUSA JIMH3bI CO
CTEK/IAHHOM NNACTUHOM Pa3HOCTM X04a TAaKOBbl, UTO BOJIHbI ONpeaenéHHOW ANW-

Hbl BOMIHbI X racsiT gpyr gpyra. 3Tu r—

paccToaHUs K SABAAKTCA paguycamu LA BO3bMUTE MAOCKO-BbIMYKAYIO AUH3Y
TEMHbIX Koney HbloToHa. Beab nu- A ry+ c manoit KpuBM3HOW chepuyeckoil
HUU nOCTOﬂHHOV] TO”LLU/]Hbl BO3Ay|JJ' NOBEPXHOCTU W NONOXUTe eé Bbl-
HOI‘/’I npOCﬂOﬁKM I'Ipe,lJ,CTaBI'Iﬂ}OT COGOI‘/‘I NYKNOCTbKO BHWU3 Ha CTEKAAHHYK nnactu-

Hy. BHMUMaTenbHO pasrnsgbiBas MA0CKYH0
NOBEPXHOCTb NIMH3bI (Nydlwe uepes nyny),
HalilfuTe B MecTe COMPUKOCHOBEHWUS fINH3bI
MW NNacTUHbl TEMHOE NATHO W BOKPYr HEro

OKPY>XHOCTU. WN3mepuB paguycbl Ko-
ney, MOXXHO BbIYUC/ANTbL ANUHbI BOJIH.
AnvnHa cBeTOBOM BOMIHbLI. B pe-

3ynbrate M3MepeHuin 6bio  ycTa- COBOKYMHOCTb MafieHbKUX pajy>XHbiX Koned
HOB/M1IEHO, 4TO ANA KpacHOro ceeta (cm. puc. lll, 1 Ha uBeTHOW BKnelike). 370
e = 7,6 10" M, a ana GuoneTo- M ecTb Konbla HblOTOHA.

BOro — = 3,8 «1CI7 m. [OnnHbI

BO/IH, COOTBETCTBYOLUIME APYTMM LBeTam CMeKTpa, NPUHUMAT MPOMEXYTOUHbIe
3HayeHuna. na nw6oro uBeta ANMHA CBETOBOW BOMHbI 04eHb Mana. MMoACHWUM 3To
Ha npocToM npumepe. MpeacTaBbTe cefe CPefHIOW MOPCKYK BOJIHY ANIUHOW BON-
Hbl B HECKO/IbKO METpPOB, KOTOpas yBenmumnacb HacTo/bKO, YTO 3aHsAna Becb AT-
naHTU4Yeckuii okeaH oT GeperoB Amepuku po Esponbl. OnHa CBEeTOBOW BOJIHbI,
yBE/IMYEHHOW B TOW >Ke Nponopumm, NUWb HEHAMHOro npeBbicunia 6bl WUPUHY
3TOl cTpaHuubl.

fIBNeHne WHTepgepeHLUN He TONbKO AOKa3lbiBaeT Hanuuue y cBeTa BOJIHOBbIX
CBOWCTB, HO W NO3BOAAEeT WU3MepPUTb [ANWHY BONHbI. MOAOGHO TOMY KakK BbiCOTa 3ByKa
onpeaensieTcss ero 4acToToil, UBeT cBeTa onpejensieTcs 4acToTol koneGaHwii nnu gnu-
HOW BOJHbI.

B npupose HeT HUKAKUX Kpa-

COK, €CTb JIMWb BOJIHbl pa3HbIX ANVH COGHbl  pazAnuath  uBeTa. OHM

BO/MIH. Nas — CNOXHbIA (uU3nvecKui Bcerga BUAAT  4YEPHO-Genyw  KapTUHY.
npnbop, CcNOCOGHbLIN O06Hapy>XuBaTb He pasnuualoT uBeTa Takxke JanbTOHUKU —
pa3nuMyume B LBeTe, KOTOPOMY COOT- noAn, cTpajaloline LBETOBOW CNnenoToil.

BETCTBYeT BecbMa He3HauuTesnbHas
(okono 10 6 cm) pasHuya B ANIMHaAX
CBETOBbIX BOJIH.

Mpn nepexofe cBeTa U3 0AHON cpe-

r & r Kosnbua HbOTOHa OTHOCAT K WUHTep-
pepeHUNOHHbIM KapTWHaM, Ha3blBa-
eMblM «NOM0Cbl PaBHOMN TOMWMHBI».

Abl B Apyrytl AnnHa BOMIHBI U3MEHA- MoaymaiiTe, Kak 6yaeT BbIFNAAETb MHTep-
etcs. 3T0 MOXKHO yBUAETb. 3ano/iHuMm thepeHUMOHHAA KapTuHa, ecnu eé& Habnw-
BOAOW WM APYFroi Npo3payvyHoOn Xupg- faTb B BO3JYWHOM 3a30ope, 06pa30BaHHOM
KOCTbI C MnokasaTenieM MnpenoM/eHunsd Mexnay ABYMsi NNIOCKUMWU naacTuHamu, pac-
N BO3AYLWHYIO npocnof/'”(y MeXay NUH- NONOXEeHHbIMKM NoAa Heb6OoNbWNM yrnom apyr
301 U nnacTuHo. Paanycel nHtepde- K OPYTY-

PEHUUMOHHbIX KO/el yMeHbluaTtcs.

MoueMy 3T0 MpoucxoanT? Mbl 3Haem, 4UTO MpPU Mepexofe cBeTa M3 BakKyyma
B KaKyl-HU6YAb CpeAy CKOpPOCTb CBeTa yMeHbllaeTcs B N pa3. YacToTa BOJIHbI
npu nepexofe He M3MeHsAETCs, a TaK KakK vV = aAv, TO U3MEHSIeTca B N pas AnuHa
BOJIHbI.

BONbWMWHCTBO >XWBOTHbIX He cno-~0u~"37]
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WHTepepeHuns ceeta. Konbua HbtoToHa. Tomac HOHr I SiaHiin

:\I

] Kak nonyyalwT KOrepeHTHble CBeTOBble BONHbI?
2, B 4éM cocTOMT sABNleHUe UHTepdepeHunmn ceeta?
3, C Kakoli (un3nuyeckom xapaKTepUCTUKON CBeTOBbIX BOJSIH CBA3aHO pasfuuune
B uBeTe?
4. Mocne ypapa KaMHeM N0 NPo3pavyHOMY /bAy BO3HUKAKT TPeWMWHbl, Nepennsat-
wmneca BceMwm uBeTamum papyru. Mouemy?
5. OnvnHa BONHbI cBeTa B BOAe yMeHbllaeTca B N pa3 (N — nokasaTesb npenomse-
HNA BOAbl OTHOCUTENbHO Bo3fayxa). O3HayaeT NN 3TO, UTO HbIPANbWWK NOJL BOLOW He
MOXeT BUAETb OKpyXatkwlme npegmeTbl B eCTeCTBEHHOM cBeTe?
B. UYenoBeuyeckunint rnas mMoxeT hUKCUPOBATb M3MEHEHNE MHTEHCUBHOCTM M3-
NnyyeHns ¢ 4yacTtoToli He 6onee 20 ly. Mo uenu Namnbl HakanMBaHUA WAET
nepeMeHHbIn TOK. [loyemMy Mbl BUAMM MNOCTOAHHOE, a He MNynbcupytolee
n3nyyeHune namnbl?

1. AABneHue uHTepdepeHLUN npucylle

1) TONbKO BUAUMOMY CBETY

2) TONbKO pajuoBOSIHAM

3) TONbKO 3BYKOBbIM BOJIHAM

4) KaK 3/1eKTPOMAarHMTHbIM, TakK U MexXaHW4YeCcKUM BOJSIHAM

2. CBeTOBble BOJIHbl KOFepeHTHbl, €CnU Yy HUX

1) coBnagawT amMnauTyabl

2) coBnajalT 4acToTbl

3) caBur a3 He 3aBUCUT OT BPEMEHM

4) coBnagalwT 4acToTbl U cABWUT (a3 He 3aBUCUT OT BPEMEHMU

3 WVHTepdepeHUN0 cBeTa C MOMOLWbLIO MAa3epHO yKasku nokasaTb Jierye, 4em ¢ no-
MOLW, b0 06bIYHOFO0 MCTOYHWKA, TaK KaK My4yoK cBeTa,faBaeMbliinasepom,

1) mouwiHee 3) pacxogsawuiica

2) KOrepeHTHbIN 4) apue

4 [Ba TOYEYHbIX WCTOYHMKA CBeTa HaxogATcs 6AM3KO APYyr OT pApyrau co3gakT

Ha YAanéHHOM 3KpaHe YCTOWUYMBYI0O UHTEP(EPEHLMOHHYI0 KapTUHY. 3TO BO3MOXHO,

ecnin 3T fBa UCTOYHUKA SIBNSIIOTCS

1) gByMAa namMnamMu HakaauBaHusa

2) ABYMSA CO/THEYHbIMMW 3aliuMKamuy 0T pasHbliX 3epKan

3) ManbiMy OTBEPCTUSAMMW B HEMPO3pavyHoOM 3KpaHe, OCBEWEHHbLIMW CBETOM OAHOFO
N TOro e TOYEeYHOro UCTOYHMKA

4) ManblMy¥ OTBEPCTMAMW B HEMNPO3payHOM 3KpaHe, OCBEWEHHbIMW CBETOM [BYX
TOYEUYHbIX MCTOYHWKOB pasHbIX LBETOB

_— - _— ___A
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§ 55 HEKOTOPbLIE OBJTACTU NMPUMEHEHUVA NHTEP®EPEHL NN

Mpn Kaknx ycnoBuax UHTepdepeHUMoHHas KapTuHa MOXeT U3MEHUTbCA? UCKa3UTbLCA?
NMouyeMy ANA NOSABNEHWSA LBETHON MWHTep(EepeHLUOHHON KapTuUHbl Heobxoauma He-
oAMHaKoBasd TONWWMHA NNEHKN?

O6nactTm NPpUMEHEHUA NHTepdepeHUMUN 0YeHb BaXKHbl M 06WMPHBLI. CyulecTBy-
10T cneunanbHble NPUbopbl — UHTepdepomMeTpbl, MPUHLUWUN AERCTBUA KOTOPbIX
OCHOBAH Ha SABNEeHUM MHTepdepeHUNUN. HasHavyeHMEe NX MOXET 6biTb pPas/IMUHbIM:
TOYHOe M3MepeHWe AJ/INH CBETOBbIX BOJIH, NnokKasaTens NpesioMNeHnsA rasos U Apy-
rmx BewecTB. MmewTca MHTepdepomeTpbl CNeLManbHOro HasHadyeHuUs.

Mbl 0OCTaHOBMMCA Ha ABYX cay4dyasaX NPUMEHEHUSA nHTepdepeHLNN.

NMpoBepka KadecTBa 06paboTkM noBepxHocTell. C NoMOLW b MHTepdepeHLUn
MOXHO OLEHWUTb KauyeCTBO 06paboTKM MNOBEPXHOCTW WU3LENIUA C TOYHOCTbIO A0
1/10 ANWHbLI BOMHbI, T. €. C TOYHOCTb A0 10“6 cm. [ONnA 3TOro Hy>HO co3aaThb
TOHKY K/MHOBUAHYK MPOCAOMKY BO3AyXa MeXAy MNOoBepXHOCTbi ob6pa3ua u
OYeHb rnagkKow 3TanoHHOW nNnacTuHol. Torga HEPOBHOCTW MOBEPXHOCTUM pasMe-
pom pgo 1CI6 cM BbI30BYT 3aMeTHble WUCKPWUB/IEHUA WHTEPKEpPeHLWUOHHbIX M0/oc,
ob6pasyllUmMxca Npu oTpaxeHUU cBeTa OT MPOBEPHAEMON MOBEPXHOCTU U HUXKHEWN
NOBEPXHOCTU 3Ta/IOHHOW NNACTUHBI.

MpoceeTneHne oNTUKKU. O6beKTMBbLI hoToannaparTtoB U KUHOMPOEKTOPOB, Nepu-
CKONbl MNOABOAHBLIX NIOAOK WU pa3/inyHble ApYyrve onTU4YecKue ycTporcTBa COCTOAT
M3 60/1bWOr0 4YMcna ONTUYECKUX CTE-

Kon — NWH3, npusm un ap. lpoxoas Uncno oTpaXkaloWmnx noBepxXHOCTel

yepe3 TaKue ycTpoicTBa, CBeT oTpa- B COBPeMeHHbIX (OTO0O6bEKTUBAX

)KaeTcsa 0T MHOIMMX MOBEPXHOCTEN. npeBbIWaeT 10, a B Mepuckonax
Mpu nageHuMm cBeTa nNepneHaun- NoABOAHBIX NIOAOK fOXOANT Ao 40.

KY/TAPHO TMOBEPXHOCTU [JoNa oTpa-
XKEHHOM 0T Heé 3Heprmm coctaBnsaetr 5—9 % Bceihi aHepruun. Mo03TOMYy CKBO3b
npnbop 4vacto npoxoamT Bcero 10—20 % nocTynakwuw,ero B Hero ceeta. B pe-
3ynbTate 3TOr0 OCBEWEHHOCTb M306paXkeHMA nonydaeTtca cnaboii. Kpome Toro,
yXyfAlaeTca KauyecTBO Mn306paxkeHus. YacTb CBeTOBOro Myyka Moc/e MHOro-
KPaTHOro OTpa)XeHuUsa 0T BHYTPEHHWUX MOBEPXHOCTeli BCE >Xe NpoOXoAWUT u4epes
onTUYecKNii Npubop, HO paccemBaeTCsA M YXe He yyacTByeT B CO3JaHUWN YET-
KOro unsobpaxeHus. Ha doTorpamueckux wm3lobpakeHUAX N0 3TOA NPUUYNHE
o6pasyeTca «Byanb». [ANnA ycTpaHeHUA 3TUX HENPUATHbIX MNOCNeACTBUA OT-
pa>keHUs cBeTa OT MOBEPXHOCTEMW ONTMUYECKUX CTEKOA HAA0 YMEHbWWUTb A0/
oTpaXxaemoi 3Heprum ceeTa. lonydyaemoe c nomMowbl npubopa mlobpaxeHue
CTAHOBMTCA NpuW 3TOM Apye, npoceBeTngercd. OTcoha W NPOUCXOAUT TEPMUH
npocBeT /IeHNE ONTUKMN.

MpocBeTneHWEe ONTMKW OCHOBAHO Ha sABAeHUW UHTepdepeHuuu. Ha noBepx-
HOCTb OMNTMYECKOro cTekna, Hanpumep NMH3bl, HAHOCAT TOHKYK MNEHKY C Mnoka-
3atenem npesiomneHma nl) meHbW MM nokasaTena nNpesioMmsieHUs ctekna nc. Ansa
MNpoCcTOTbl PaccMOTPUM CcAyyYyal HOpMasibHOro MNageHWsa cBeTa Ha MAEHKY.

Ana ynpouweHnUsa NoOHMMaHMA Ha pucyHke 7.52 nokasaH Xxopf /sydya, najgawouie-
ro Ha NoBepXHOCTb pasgena nog He6OoNbWMKM YyraoM a, 04HAaKO BCE BblYMCNEHUSA
nenaem ana a = 0.
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\ 1‘/.’2 Pa3HocTb Xxoga cBeTOBbIX BOAH 1 u 2 (cm. puc. 7.52),
o / OTPa>XEHHbIX OT BEpPXHEW W HWXXHEW NOBepXHOCTel NNEHKMWU,
Y},{' paBHa YABOEHHOW TonuwuHe nnéHkn 2h. OnuHa BOSIHbI An
\|// B N/EHKEe MeHblle A/IMHbI BO/HbI X B BaKyyme B nmnpas:
/| T A
-ez n, (TT
= Ana Toro 4utobbl BOAHBI 1 W 2 ocnabnanu gpyr ppyra,
n. pasHoCTb Xo0A4a A0/KHa ObiTb paBHa MOMOBUHE AJINHbI BOJIHbI
B NNéHke: . .
2h = A = . (7.16)
2
Puc. 7.52

Ecnn amnnutyabl 06enMx OTpaXXE&HHbIX BO/IH 0AWHAKOBbI
WA oYeHb 6NMU3KK ApYyr K ApYyry, TO raweHue cseTa 6yaeTt
nonHbiM. YT06bl A06MTbCA 3TOro, noabwuparkrT COOTBETCTBYHLWMUM o0b6pasoM no-
KasaTesib MpesioMneHnsa NNEHKWN, TaK KaK MHTEHCUBHOCTb OTPa>XEHHOro ceeTa
onpeaensieTca OTHOWEHWEM KO3I(P(PULMEHTOB MNPeNIOM/IEHUA ABYX rpaHuyalmnx
cpel.

Ha nnH3y npun 06blYHbIX YyC/I0BMAX NapgaeT 6enbii cBeT. BbipaxkeHue (7.16)
nokasblBaeT, 4TOo Tpebyemasa ToNWwMHa MNAEHKM 3aBUCUT OT [AIWUHbI BOSHBbI.
[Mo3TOMy OCYyLL,eCTBUTb raweHue OTPa>KEHHbIX BOMIH BCEX 4YacTOT HEBO3MOX-
HO. TonwunHy nnNéHku noabuparwT TakK, 4T0o6bl A06UTbLCA MOJIHOTO raweHus
npu HOpManbHOM nNajeHWn ANA ANWH BOMH cpegHel 4vacTu cnekTpa (3enéHbli
uBeT, X3~ 5,5 «10“° cm). OHa AonXKHa 6bITb paBHa YeTBEPTU A/INHbI BOJIHbI
B N/IEéHKe:

- K

4n,,
OTpaxkeHue cBeTa ANA KpaMHUX y4yacTKOB CrMeKTpa — KpacHOro n noneTtoBo-
ro — 6yaetr HeCKONbKO MeHbWUM. M03ToMy 06bEKTUB C MPOCBETAEHHOW OMNTUKON

B OTPaXX&HHOM CBeTe MMeeT cupeHeBblA 0TTeHOK. Cellyac fake MpPOCTble AelUéBble
oToannapaTtbl CHab>XeHbl MPOCBETNIEHHON ONTUKON.

Ha saBneHuMn wnHTepepeHUMM OCHOBAHO TaKXXe W3roToB/IeHMEe TaK Has3bliBa-
eMblX XO0M0A4HbIX 3epkan. B atom cnyyae Heobxofummo, 4T0o6bl OT 3epkana oT-
pa>kanocb KakK MOXHO 60nblue CBETOBOM 3Hepruu, a BOJSIHbI MH@pPaKpacHoro
AvanasoHa npoxoAMnu 4yepes 3epkKaso. A8 3T0ro UCNonb3ylwTCa AUaNeKTpuye-
CKMe MMAEHKW C pa3HbIMW MNoKasaTensaMu npesomsieHus. TonuwmnHa nNNéHKUM nop-
6upaeTca Takum o6pa3om, 4TOGbl nMpoxoAasiwasi yepe3 MMAEHKY BO/IHA W BOJIHA,
ucnbiTaBwas oTpaXeHWe OT ABYX MOBEPXHOCTeM NNEHKW, HaknagbiBasicb, KOM-
neHcupoBanu Apyr gpyra.

OTcyTCcTBME CcBeTa B 06M1acTAX MHTephepeHUMNOHHbIX MUHUMYMOB He
03HayaeT npeBpalleHne CBeTOBOW 3Heprum B Apyrue opmbl. Kak n npu
MHTepdepeHLNM MeEXaHUYECKUX BOSTH, OTCYTCTBUE CBeTa B faHHOW obna-
CTU MpocTpaHcTBa 03HayaeT, YTO MPOUCXOAMT MepepacnpefesieHNe 3Hep-
rMn, OTPa>KEHHbIX BOJIH HET W BeCb CBET MPOXOAUT CKBO3b 06bLEKTUB.

06nactTn NpUMeHeHWs WHTepdepeHUUn. MpocBeTeHne ONTUKU
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O 8§56 AOANPPAKLNA CBETA
BcnomHuTe siBNneHue gndpakuum MexaHUYeCKUX BOJH.
Kakoe ycnosue Heob6xoaumo Ana HabnwgeHusa gudpakumn?

Ecnn cBeT — 3TO0 BOMIHA, TO Hapsady ¢ MHTepdepeHunen
JOo/MKHa Habnwpgatbea n gudpakuma ceeta. Begb gndpak-
uma — orubaHme BONHaMMU KpaésB npenATcTBUIA — npwu-
cywa nwboMmy BONHOBOMY ABUXKeHU0O. Ho Hab6bnwopate an-
hpakunio cseTa Heserko, Tak KaK BOJ/IHbl OTK/IOHSAKTCA
OT NPAMOSINHENHOrO pacrnpocTpaHeHUA Ha 3aMeTHble Yribl
TONIbKO Ha MpPenATcTBUAX, pa3Mepbl KOTOPbIX CpPpaBHUMbI
C ANWHOW BOMHbLI, a ANMHAa CBeTOBOM BOJIHbI, KaK Mbl
C BamMn 3Haem, ovyeHb Mana (~10~7 m).

Mponyckas TOHKWUIA MNy4YoK cBeTa 4epe3 MaseHbKoe ===
0TBEpCTME, MOXHO HabnwpaTb HapyweHWe 3akKoHa nps- B €
MOSIMHEHOr0 pacnpocTpaHeHNs cBeTa: CBeT/I0e MATHO Ha
3KpaHe NpPoOTMB OTBepPCTUA 6yAeT MMeTb 60/blINE pa3me-
pbl, 4eM pasmepbl Ny4ka.

OnbIT KOHra. B 1802 r. T. OHT, OTKPbIBWWNA NHTEP-
hepeHUni0 cBeTa, MNOCTABU/ KJlacCMYeCKWUI onbiT Mo AW-
thpakyumn (puc. 7.53). B HenpospayHOWi wWuMpmMe OH MNpo-
Konon 6ynaBkolii paBa ManeHbKux oTBepctus B u C Ha
HeboNbLIOM paccToOAHUM Apyr OT Apyra. 3Tu 0TBepcTUA
ocBellasncb Y3KMM CBETOBbIM MYYKOM, MNpoweawnMm ye-
pe3 masoe oTBepcTue A B Apyroin wupme. MMeHHO 3Ta
netanb (Hanuuue ABYX OTBEPCTUI), A0 KOTOPOW 04YeHb TPYyAHO 6biSI0 AoAyMaTbCcA
B TO Bpems, pewmunsa ycnex onbiTa. VIHTepdepupyloT Befb TO/IbKO KOrepeHTHble
BO/IHbl. BO3HMKLWIAaa B COOTBETCTBMM C NpuHuMnom [tolireHca chepuyeckas BOJ-
Ha oT oTBepcTMa A Bo3byXgana B oTBepcTUAx B n C KorepeHTHble KonebaHus.
Bcnegcteue gudpakuyum ot oTBepcTini B m C BbIXoaMAWM f[Ba CBeTOBbIX KOHYCA,
KOTOpble 4YacTUYHO MepeKkpbiBanncb. B pesynbTate uHTepdepeHUUN 3TUX AOBYX
CBETOBbIX BOJIH Ha 3KpaHe MOABAANNCL Yepeayll,Mecs CBeT/Nble U TEMHble No-
nocbl. 3akpbiBasi 04HO M3 OTBEPCTUNA,
FOHTr 06Hapy>Xwnn, 4To MHTepdepeHLN-
OHHble nonocbl wncyesann. KVIMeHHO ¢
NOMOLLbI 3TOro onbiTa Brnepsble KOH-
rom 661N n3mMepeHbl ANWNHbI BOSH, CO-
OTBeTCTBYIOLLME CBETOBbIM JlyyaM pas-
HOro uBeTa, NPUYEM BecbMa TOYHO.

Teopusa dpeHena. WccnepoBaHume pudpakumm 6b1/10 3aBepLUEHO
B paboTtax OriocTeHa ®peHens. ®dpeHenb He ToNbKO 6onee AeTanbHO £
nccnefosan passinuHblie caydyan andpakumm Ha onbliTe, HO U paspaboTan
Ha OCHOBe npuHuuna lolireHca KOIMYECTBEHHYIO TeOpuio gudpakunum, no3BoNsio-
Wyl B NpuUHUMNE paccunTatb AUMPaKLNOHHYIO KapTUHY, BO3HMKAKLWY MNpU 0orv-
6aHMK cBeTOM /06bIX MpenATcTBUA. VM e 6blsI0 BrnepBble 06bSACHEHO MPSAMOMN-
HeMnHoe pacnpocTpaHeHWe cBeTa B OAHOPOAHOW cpeje Ha OCHOBE BOJ/IHOBOW Teopuw.

n K Ob6cyante peTtanbHO € OAHOKMacc-
HUKamu onblT KOHra. Fge Mbl Hab6nto-
naem Agnpakumio, a rge — WUHTep-
hepeHunto?
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Mbl MOAYYUNN, 4TO aMNINTYAY KO-
ne6aHMii U COOTBETCTBEHHO OCBELE&H-
HOCTb B Touke B onpegensieT NosioBU-
Ha MepBOli 30HbI, pasMepbl KOTOPO

MoaymaiiTe, noyemy yMeHbliaeTCs
Y amnnutyga konebaHuit, Bo3byxaae-
MblXx B Touke B kaxpoit nocnepyto-
wer 30HOW (NpPW yBeNWYEHUN HOMeE-

nopsigka poneid munnumetpa. Cre- pa 30Hb ®peHens), HeECMOTPs Ha TO, 4TO
JoBaTeNbHO, CBET pacnpocTpaHsaeTcsa nnowagn 30H paBHbl.

OT TOYKM S K ToYKe B npakTunyecku

NPSAMOSIMHENHO.

AndpaKunoHHbie KapTUHbI OT pa3/INYHbIX MNPenATCTBUA. PacuyéTbl, caenaH-
Hble ®peHenem, MONHOCTbIO 6biNN NOATBEPXKAEHbI 3KCNEpPUMeHTOM. W3-3a TOro
4YTO ANINHA CBETOBOW BOJIHbI OYEHb Mana, Yron OTK/JOHEHWUS cBeTa OT HanpaB/ieHUs
NPAMONNHENHOro pacnpocTpaHeHUs HeBenuk. MoaTomy AN OTYETAMBOro Habnto-
feHna Andpakunn HY>XHO /iMb0 MCNoNb30BaTb O0YeHb MasieHbKuMe MPensaATCcTBUSA,
nn6o He pacnonaratb 3KpaH fJaneko 0T nNpenaTcTBuil. Mpu paccToaHUU MeXAy
NPenATCTBMEM W 3KPaAHOM nMopsafKa MeTpa pa3mepbl NPenATCTBUA He LOJIXKHBbI
npeBblWaTbh COTbIX A0Me Munnummertpa. Ecnm e paccTosaHMe [0 3KpaHa [OCTU-
raeT CoTeH MeTpPOB WU/IM HECKONbKUX KW/IOMETPOB, TO AU paKuMi MOXHO Habnio-
JaTb Ha NPensaTCTBUAX pa3MmepamMu B HECKO/IbKO CAHTUMETPOB W JaXXe MeTpoB.

Ha pucyHke 7.55, a—B cXemMaTU4HO

nokasaHbl AU PaKLUOHHbIE KapTUHbI OT // \\
pa3nNnuYHbIX MNPenAaTCcTBUIA: a — OT TOH-
KO MpoBOMOYKW; 6 — OT KpPYraoro oT-
BEpPCTUSA; B — OT KPYF/a0ro skpaHa.
BMecTo TEHW OT MPOBO/IOYKU BUAHbI
cBeT/ible M TEMHble nosiocbl. B ueHTpe & /

AN PAKLNOHHON KapTUHBLI OT 0TBEPCTUSA

nosaBAsieTca TEMHOe NSATHO, OKPYXEHHOE

CBET/ILIMM U TEMHBIMW KoNbLamMun (M3Mme- Puc. 7.55
HSSl AMaMeTp OTBEPCTUSI, MOXHO B LeH-

Tpe AUMPaKLMOHHOW KapTWHbI MOAYYUTb W CBET/I0€ MSATHO, OKPYXEHHOE TEMHbI-
MW U CBET/IbIMM KOJSbLamu). B UeHTpe TeHW, 06pa3oBaHHON KPYrablM 3KPaHOM,
BUHO CBET/I0e MSATHbLIWKO, & camMa TeHb OKPYXXeHa TEMHbIMU KOHLEHTPUYECKUMMU
Ko/lbL,aMMU.

B)

Avdpakuna. MpuHuyun ToiireHca— dpeHens

1 Kakoe ABneHue HasblBaeTcsa gudpakuymein?
A 2 MMouyemMy Aaundpakyumio MexaHWYeCKUX BONH Habnwpatb nerve, 4yem
- andpakuymnio ceeta?
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§ 57 TPAHUUbI MPUMEHUMOCTW TEOMETPUYECKOWN OMTUKW

Kak onpegenstoT rpaHuubl NMPUMEHUMOCTM (M3NUYECKON Teopunu?

Bce hm3myeckme Teopum oTpaxkalwT npoucxoasu,me B npupoae npouecchbl Nuilb
NpuG6AMXEHHO. ONna N60i Teopum MOTyT 6biTb yKasaHbl onpefenéHHble rpaHu-
Ubl €& MPUMEHUMOCTU. MOXXHO /IM NPUMEHSATb B KOHKPETHOM Cjiyyae [aHHYIo
TEOputo WAM HeT, 3aBUCUT He TO/MIbKO OT TOW TOYHOCTWU, KOTOopyl obGecredmsaeT
3Ta Teopus, HO W OT TOro, Kakas TOYHOCTb TpebyeTcsas MNPV peleHUn Tol unu
WHOW npakTu4ueckoi 3agaun. MpaHUubl MPUMEHWUMOCTM TEOPUU MOXHO YCTaHO-
BUTb NUWb Noc/e Toro, Kak paspa6oTaHa 6onee o6uias Teopus, oxBaTbiBalu,as
Te Xe sIBNeHus.

Bce aTu 06U Me MOSOXKEHUSA OTHOCATCS M K reomMeTpuueckoii onTuke. dTa Te-
opus ABnsetcs NPUGAMXKEHHO. OHa Hecnoco6Ha 06bACHUTL, Hanpumep, sABJe-
HUA MHTepdepeHUMN U andpakummn ceeTta. Bonee ob6uieii n 6onee TOUHON Teopueii
ABNAeTCA BOMHOBAs onTuKa. CornacHo el 3aKoH MPSAMOJSIMHEHOro pacnpocTpa-

HEeHWA cBeTa W Apyrve 3aKOoHbl reo-

«...ycnexu BONMHOBOrO npuHUuMNa MEeTPUUYECKOW ONTUKW BbINOAHAKTCA
noKasbiBaldT, UTO BbLIGOP MexXAay [AOCTATO4YHO TOYHO /IUWbL B TOM CAYy-
TOW wnn pApyroli Teopueil He MOXeT ObiThb yae, ec/iM pasMepbl NpPenATCTBUIA Ha
6e3pas3nnyeH. MonesHoCTb TeOpuUM He orpa- nyTn pacnpocTpaHeHUss cBeTa MHOrO0
HMYMBaeTcs TO/bKO TeMm, 4TO ob6nervaeTr 60nblle ANMHbLI CBETOBOM BOJIHbI. HoO
M3yyeHne (PaKToB... LeNb BCAKOWA xopouwei COBEPLEHHO TOYHO OHW He BbINOMAHSA-

Teopuy [O/MKHA COCTOATbL B TOM, 4YTOGbI CO-
neiicteoBaTh NPOTPEcCyy HAYKN OTKpbITUEM
CBA3YOWNX (AKTOB...» O. PpeHensb.

I0TCS HUKoOraa.

MpuHUMN aeiAcTBUA  ONTUUYECKUX
npubopos onucbiBaeTcsas  3aKOHaAMWU
reomeTpuyeckoidi onTtuku. CornacHo
3TUM 3aKOHAM MOXHO pas3/inyaTb C MOMOLLbI MWKPOCKOMA CKOMb YrofiHO Masble
feTanun 06beKTa; C MOMOLLbI0 Tefleckona MOXHO YCTaHOBUTbL CYLLeCTBOBaHWE ABYX
3BE€34 NpU N06bIX MasblX Yr/10BbIX PAcCTOAHUAX MeXay Humu. OfHaKo B Aeit-
CTBUTENIBHOCTM 3TO HE TakK, W NUWb BOMHOBas TeOpwUsi cBeTa MO3BONSAET pPaso-
6paTbCca B NMpUYMHax npegena paspellaruein cnoco6HOCTN ONTUUYECKMUX NPUBOPOB.

Paspellatou,an cnoco6HOCTb MUKPOCKOMa U Tesneckona.

Cnoco6HOCTbL ONTMYECKOro npubopa pasnuuyaTb feTanum paccmaTpuBaemMoro
o6beKkTa Ha3blBalOT pa3pelwlatouieil cnocobHOCTbLO npubopa.

BonHoBas npupofa cBeTa HajaraeT Mpefes Ha BO3MOXHOCTb pas3jinyaTth fje-
Tann npegMeTa WUAW OYeHb MesiKMe MpeaMeTbl NPU UX HaGNLEHUU C MOMOLLbIO
MUKpocKona. Judpakuus He No3BOASIET MOMYUYUTb OTUETAUBbLIE W306paxKeHUs
MeNnKUX MpesMeToB, TaK KaK CBET pacnpocTpaHseTcs He CTPOro MpsIMOSIMHENRHO,
a orn6aeT npeameTbl. M3-3a 3TOro M306paxKeHUs Mosy4yalwTcss PasMbITbIMU.

MWHUManbHoe fNMHeHOe paccTosiHMe MeXAy TouykKamu npeamMeTa UAU ABYMS

A
2(n - 1’
rge N — nokasaTeflb NMPesioMfieHUs Matepuasna, U3 KOTOpPOro M3roToBjeHa SiIMH3a

npegmMmetramMmu, KOTOpble MOXHO pas/In4nNTb C MoMOoLW b0 MUKpocKkona, | ~
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06beKTMBA. YuunTbiBas, 4TO cpefHee 3HayYeHMe nokasaTens MpesioM/eHUa cTekna
n ~ 1,5, nonyyaem | ~ X. CnepgosaTtenibHO,

HEBO3MOXHO pa3peWwnTb ABe AeTann ob6bekTa, pa3mMepbl KOTOPbIX MeHbWe ANWU-
Hbl CBETOBOW BOJIHbI.

MpumeHeHWe ynbTPadMoNeToBOro MU3flydyeHUss MNo3BOMIsieT MOBLICUTL paspella-
IOLWY CNOCOGHOCTL JIMH3. MCMosib30BaHWEe XK€ 3/IeEKTPOHHOro MMUKpocKona faéT
BO3MOXXHOCTb MOJly4yaTb paspelleHne, BO MHOr0 pa3 npeBbillaloliee paspelleHune
OMTUYECKOro MMKpockona.

Ovdpakuus Takxe HajnaraeT npejen Ha paspellawlyl cnoco6HocTb Tene-
ckona. BcneacTeve Avdpakuuy BOSIH Yy Kpas onpasBbl 06beKTMBa M306pakeHuem
3Be3fbl 6yAeT He To4yKa, a CMCTeMa CBET/IbIX M TEMHbIX Koney. Ecnv aBe 3Be3fbl
HaxoAsATCA Ha MasioM Yr/fioBOM paccTossHMM Apyr oT Apyra, To 3TW KoO/bla Ha-
naratTca Apyr Ha gpyra, W rnas He MOXeT pas3/fiMinTb, UMeTCA NN 4Be CBeTA-
umecs ToukuM mnu oaHa. MpeaenbHoe yrnoBoe paccTosiHue (Npefen paspeleHus
ONTUYECKOro npubopa) Mexay CBeTAWMMUCA TOYKAMWU, MPU KOTOPOM UX MOXHO
pasnnuyaTb, onpeaessieTcss OTHOWEHWEM [A/IMHbI BOMHbI K AnamMeTpy 06beKTUBA:

rpe 0 — yron, noj KOTOPbIM M3 UEHTpa /IMH3bl HabnopalTcs ABa TOYEUYHbIX
06beKTA.

Takum obpasoM, AN YMEHbLIEHWSA Yra0BOro pacCcToOAHMSA, KOTOpoe paspella-
eTcsl Te/NecKonom, HeobXxoAMMbI 06bEKTMBbLI BO3MOXXHO 60/bLIEr0 AMameTpa.

DTV NpuMepbl NMoKasbiBalT, YTO C AMdpaKuneird NPUXOANTCS CUMTaTbCS BCer-
ha, npy Nobblx NpenaTcTBUAX. E0 Npu o4YeHb Tu,aTeNbHbIX HAGNOAEHUAX HeNb-
35 npeHe6peraTtb M B calyyae NPensaTCTBUIA, pasMepbl KOTOPbIX 3HAYNTeNbHO 60/b-
we, 4YeMm ANIMHA BOJIHbI.

3

ONTUKN.

Ovdpakyna cBeTa onpepenseT rpaHuuybl NPUMEHWMOCTU TFeOMeTPUYECKON

FpaHnLbl MPUMEHUMOCTU TEeOMETPUYEeCKOW ONTUKU

1. MoyeMy C MOMOUWLbLIO MUKPOCKOMA HEeMb3sA YBUAETL aTtom?
2. B Kakux cnydasx MNpuGAMXKEHHO CrnpaBeasiMBbl 3aKOHbl reoMeTpu-

YeCcKol onTUKN?
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§58 OVNPPAKUMNOHHAA PELUETKA

Kak nonyvyaloT KOrepeHTHble UCTOYHWKWN cBeTa?
Mouemy cywecTByeT npeaen B HabnwogeHun aetaneil npegmeTos?

Ha aABneHWu Audpakuum OCHOBAHO YCTPOMCTBO OMTUYECKOro MpU-
6opa — ANDPPAKLUOHHON pew ETKN.

AndpakyunoHHan pewéTtka npeacraBnseT cob60ii COBOKYNHOCTb 60nbwoOro
yncna o4YeHb y3KUX uwienel, pa3feNéHHbIX Henpo3payHbiMU nNpomexyTkamu (puc. 7.56).

Ecnu wwupuHa npos3payHbix wWwenei (uam oTpaxawlux CBeT MOM0C) paBHa
a M WupuHa HenpospayHblX NMPOMEXYTKOB (MU paccenMBarWmMXx CBeT MONOC) paBHa b, To
BennyunHa d = a + b HasbiBaeTcqd NMepumoaoM peLlléTKU.

O6bIYHO Nepuoa ANGPPaAKLNOHHOW pewéTKM nopsaka 10 MKM.
PaccMOTpMM 3/leMeHTapHyl0 Teopuio AUGPAKLWMOHHON pewéTku. MycTb Ha
pewéTky (puc. 7.57) nagaeT njockas MOHOXpomaTuyeckas BO/HA AJINHON BOS-

I WV

Puc. 7.56 Puc. 7.57
g PelwéTKy M3roToBAAKT C NOMOLLbIO Hblu Ta_l_( KaK nepuoj Av(ppaKymoH-
cneynanbHON AennTeNbHON Malwun- HOW peweTkn man, To BoONMHa OyAeT
Hbl, HaHOCAWE Ha CTEKNAHHYK NNacTUHy orn6aTte HempospayHblie MPOMEXYTKU.
napannefbHble WTPUXU. YuUcno WTPUXOB CornacHo npuHuunny TlwlireHca BTO-
[OCTUTAET HECKONIbKUX ThiCAY Ha 1 MM; 06- PUYHbIEe WNCTOYHUKWN, pPacnosioXXeHHble
uee 4ymcno wWTpuxoB npeBbiwaeT 100 OOO. B LWenax, KOrepeHTHbl U1 co3galoT
npOCTbI B U3roToB/ieHUN XenaTUHOBble OT- CBETOBble BOJIHbI, pacnpocTpaHAlWN-
neyaTky C TaKO peweTkn, 3axartble Mexnay ecs Mo BCEM HanpasfeHWsM. Haigém

ABYMSI CTEKNSIHHBIMW nnacTuHamu. OTpaxa-
TenbHble peweéTkn npeacTaBnawT cobol

yepefylLlmecs yyacTku, oTpaxawuime ceet P
M pacceuBatlme ero. PaccenBatouine ceet accMoTpuM, Hampumep, BONHBI, pac-

WTPUXN HAHOCAT PEe3LOM Ha OTWAN(OBAH- npocTpaHalneca B HanpaeieHnu,
HYl0 MeTas/IM4yecKyl MNAacTuHy. onpejensieMomM  yraom ¢ PasHocTb

ycnosue, nNpu KOTOpPOM uAaywume oT
uenen BOMHbLI YyCUMBAWT ApYr Apyra.
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xofa BOMH OT KpaéB coceaHUX LWeneil paBHa AnuHe oTpe3ka AC. Ecnu Ha 3ToM
0Tpe3Ke yKnafjblBaeTcsi Le/si0e YMUCA0 AJIMVH BOJMIH, TO BOJIHbI OT BCeX Uieneld, pac-
npocTpaHsaWwmeca nog yraom o, cknagsiBasicb, 6yayT ycunueaTb Apyr gpyra. M3
TpeyronbHnka ABC MOXHO HalWTu gnuHy kKaTteta AC: AC = AB sind = dsin ¢.

Makcumymbl 6yayT HabnwopgaTbcsa nof yrnom ¢ B COOTBETCTBUM C YC/OBUEM
datp = zk X, (7.19)

roe senuunHa k = 0, 1,2, ... onpegensieT NopsaAoK cnekTpa.

Hy>XHO uMeTb B BMAY, 4YTO NPW BbINONHEHUW ycnoBua (cm. gopmyny (7.19))
ycunumBawT APYr Apyra He TO/IbKO BOJIHbI, MAyUMEe OT HUWXHUX (cM. puc. 7.57)
KpaéB Lienei, HO MU BOMIHbI, UAayuw e oT BCEX APYrMX Todek uweneii. Kaxpgolh Tou-
Ke B MepBOW L,ENN COOTBETCTBYeT TOYKA BO BTOPOW Wenu, Haxogsuwasca Ha pac-
CTOSAHUW d OT NepBO ToYKKU. MMoaTomy

pa3HoOCTb xopfa WCNYLWEHHbIX 3TUMWU N Mopgymaiite, 6yaeT nu HabnwpaTbea
TOYKamMM BTOPUYHbLIX BONH paBHa kX, YW  gudpakuMoHHas KapTuHa, €CNU  He
M 3TU BOJIHbl B3aMMHO YyCU/IMNBAIOTCA. nomMeuw,aTb 3a pPeWETKOW NUH3Y.

3a pewéTKol nomewarwT cobupa-
WY NINH3Y M 3a Hell — 3KpaH Ha (POKYCHOM pPacCTOAHMW OT JINH3bI. JIMH3a

hokKycupyeT nyuu, naywue napasnenbHo, B 04HON Touke. B 3Toil Touke npowuc-
XOAWUT CMOXEeHWe BOMH U UX B3aUMHOE YCU/IEHUE.

Yrnel ¢, ygoBnetBopstowmne ycnosuto (7.19), onpepensoT NosoXeHue Tak
Ha3blBaeMblX rnaBHbIX MaKCMMYMOB Ha 3KpaHe.

Hapsgy ¢ KapTuWHOW, nonydaemoli B pe3ynbTaTe gudpakumm cseTa, B caydae
ONPPaKUNOHHOW pelwéTkn HabnwgaeTca AUdpPaKLUOHHAS KapTUHa W OT OTAENb-
HbIX wWweneii. VIHTEHCUBHOCTb MAaKCMMYMOB B Hell MeHblle WHTEHCUBHOCTU r/faB-
HbIX MaKCMMYMOB.

Tak Kak MOnoOXeHWe MakKCMMyMOB (KpOMe LEeHTpanbHOro, COOTBETCTBYHOLWEro
k = 0) 3aBUCMT OT LNWHBLI BOJHbLI, TO peweéTka pasnaraet 6Genbliii cBeT B cnekTp. Yem
6onbwe X, Tem fJanblie OT LEHTPanbHOro Makcumyma pacnonaraetcsa TOT WX WHOW Mak-
CUMYM, COOTBETCTBYWOLWMNA AaHHON ANUHE BOAHbI (CM. puc. IV Ha uBeTHON BKnelike).

Kaxpagomy 3HaueHuto Kk cooTBeTCTBYeT CBOW MOPALOK cheKTpa.

Uem 6onblie 4ymcnio wenen, tem 6osee pe3Ko 04YepyeHbl MaKCUMYyMbl U TeM
6onee WNPOKUMU MUHMUMYyMaMU OHU pasgeneHbl. CBeToBas aHepruda, najatowas
Ha pelwéTKy, NepepacnpefenseTca e Tak, YTo 60nbwasd eé yacTb NPUXOAUTCA Ha
MaKCUMyMbl, a B 0611aCTb MMHUMYMOB nonajaetT He3HauyuTeNbHas 4YacTb 3HEPTUW.

C nomouwbi AUPpPaKLUUOHHOW pe-

WETKN MOXHO npoBoaonTb  0O4Y€Hb Kak 6yneT BbIrnsgets audpakynoH-
TOYHblE W3MepPeHUA [NUHbI  BOJIHbI. y' Has KapTWHa B MOHOXPOMAaTUYECKOM
Ecnn nepuvop pewéTtku WU3BECTEH, TO ceeTe?
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NasepHblii AMCK ¢ GOPO3AKAMUA onpegeneHne ANVHbI BOSIHbI CBOAUTCA

NPOXOAAWMMU  6IM3KO APYr OT K W3MepeHUo yrna ¢, COOTBETCTBYIO-
apyra, nofoGeH oTpaxaTenbHoW Audpakx- uiero Hanpas/IEHUNIO Ha MaKCUMYM.
UMOHHOW pewéTke. Ecnu Bbl nocmMoTpuTe Mbl MoXeMm Habnwgatb gndpakum-
Ha OTPaXE&HHbIi UM CBET OT aneKTpuue- OHHYI0 KapTWHY [J0CTaTOYHO MNpPOCTO.
CKO Nnamnouyku, To o6HapyXuTe pasnoxe- Tak, ecnu MpPULLYPUTLCH, CMOTPS Ha

HUe cBeTa B CcnekTp. MoxHo Habnwgathb
HECKONbKO CMeKTPOB, COOTBETCTBYIOLMX
pasHbiM 3HauyeHuaAM K. KapTuHa 6yget
OoYeHb YETKOM, ecnu cCBET OT namMmnouku na-
faeT Ha NAAacTUHKY nod 60/bWMUM YrioM.

APKUIA WUCTOYHUK CcBeTa, TO MOXHO
06HapyXXnNTb pafy>XHble LBeTa. Hawwm
pecHUUbl BMecTe C MpoMexXyTKamu
MeXay HWUMW nNpeacTaBnsawT cob6ol
rpyoyto andpakunoHHY peweéTKy.

AndpakumoHHaa pewéTka. AndpakuMOHHbIA CnekTp { Na;

=
<N

- —

1. 3aBUCUT M NONOXKEHNE MaKCUMYyMOB OCBeLW,EHHOCTU, co3faBaeMblX AU pPaKLMNOH-
HOW peweéTKon, OoT uyuncna wenen?
2. YTo Bbl YBUAUTE, NOCMOTPEB Ha 3/1eKTPUYECKYI N1aMNOYKy CKBO3b NTUYbeE
nepo?

1£Ar1 Yem pas3nuuyaloTca CNEeKTpbl, MNosiydyaeMmble C MOMOLW b MNPU3MbI, OT AWU-

PpakKLMOHHbIX CNEeKTpPoB?

1. AvndpakynoHHaa pewétka ¢ nepuogom d ocBewaeTca HOPMasbHO nNajakwwnm
CBETOBbIM MYYKOM C A/IMHOM BONHbI X. Kakoe M3 NpuBeféHHbIX HUXE BblpaXeHumn
onpegenseTr yron a, noj KOTopbiM Habnwpaetca BTOPOW rMaBHbIE MakKCcumMym?

1) sin a = 2X/d 3) cos a = 2X/d

2) sin a = d/2X 4) cos a = d/2X

2. Nlyy nasepa HanpaBnsieTcsa MNepneHAUKYNSIPHO MNM0CKOCTU AU PaKLMOHHOW pe-
WETKN. PaccTosaHMe MeXAy HY/N1eBbIM U MepPBbIM AUPPAKLUOHHBIMKW MaKCUMyMamu

Ha ypanéHHoMm (paccToAHue [0 3kpaHa L » 10 cm) akpaHe paBHO 10 cm. PaccTto-
AHUEe MeXAy AUdpPaKLMOHHBIMM MakKCcuMyMamu MepBoro nopsifka NPpMMepHoO pasBHO
1) 5 cm 2) 10 cm 3) 20 cm 4) 40 cm

3. Ha gndpakynoHHy pewéTtky ¢ nepuogom 0,0066 MM nagaetr Mo Hopmanwu nnao-
cKas MOHOXpomMaTmyeckasa BosiHa. OnwuHa BonHbl 550 HM. Kakoe mMakcumanbHoe
KO/TMYECTBO ANPPaKLMUOHHbIX MaKCMMYMOB MOXHO Habnwogatb ¢ MNOMOLW bl 3TOM
pewéTKNn ANS faHHOl CBETOBOW BOJIHbI?

1) n 2) 24 3)3 4) 22

4. Ha gndpakunoHHypewéTky ¢ nepuogom 0,004 MM najaeT no Hopmasnu nno-
cKas MOHOXpomaTmuyeckas BonHa. KonuuectBo AMMPaKLMOHHBIX MaKCMMYMOB, Ha-
6N paemMblXx C MOMOLW b0 3TOW pewéTKM, paBHo 19. Uemy paBHa A/1IMHA BOIHbI cBeTa?
1) 640 HMm 2) 560 HM 3) 440 HmMm 4) 580 HM
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ONA KOTOPOro pas3HOCTb X04a paBHa HEYETHOMY 4YuUcAy ANWH MONYBOAH, 6yaeTt
HabnwaaTtbcsd MHTePPEPEHLNOHHBIN MUHUMYM.

B, 3apgaya 3. CmecTUTCa N UHTepepeHLUNOHHbI MaKCcu-
MYM, €C/iM Ha nyTu 0A4HOro u3 nydein B onbiTe KOHra (puc.
7.59) noctaBUTb NAAcTUHKY M3 CTeksa C nokasaTtenem npe-
nomneHmna n = 1,4 n tonwmHonm d, = 1 Mm? NCTOYHUK cBe-
Ta MOHOXpPOMATUYECKUW, AnnHa BOMHbI A0 = 4 « 10~7 m.

Q PeweHne. AnnHa BONHbI B cTekne A= — . Ha Ton-
n

UNMHe naacTUHKW YyKnaAblBaeTca 4uUCA0 ANUH BOIH N =

_ _owm _ g”™. "3 n — uyensioe yucno, cneposaTtesib-
Sy A AD
I HO, pa3HoCTb (a3 KonebaHW, BbI3BAHHbLIX WUCTOYHUKaAMMU
Puc. 7.59 Sj n S2, He usmeHuTcA. CneposaTesibHO, B Touke B ocTa-
HeTca MHTep(EePeHLNOHHbIN MaKCUMYM.

5 3apaya 4. MoHoxpomMaTM4yecKUii WUCTOYHUK cBeTa (3e-
S Nénbin, A= 5 «1(F'7m) pacnosioxkeH Hajg MNJI0OCKUM 3epKa-
:' nom. MNepneHAMKYNSAPHO 3epKasny Ha pacctosaHum | = 1 ™
! OT UCTOYHMKA Haxo4MUTCs 3KpaH, Ha KOTOPOM Ha paccTos-
! 1 Hun h5 = 1 mm oT 3epkana HabnwgaetTca NATbIA NHTepde-
|
|
|
|
|

Z PEHUUOHHbI Makcumym. OnpegennTe, Ha KakoMm paccTos-
i HUM OT 3epKana HaxoauTCA MCTOUHUK.

)7 PeweHwne. VNHTephepeHUNOHHaAnA KapTuHa nosyvaet-
) CA B pe3y/nibTaTe HaNIOXXEHUSA NOTOKA OT MCTOYHUKA S M No-
Puc. 7.60 TOKa, OTPa>KE8HHOro oT 3epkana (puc. 7.60). NNCTOYHUK S u
ero MHMmMoe mn3obpaxkeHme S' MOXHO paccMaTpuBaTb Kak
[Ba KOrepeHTHbIX UCTOYHMKA, paccTosHUEe MeXAYKOTOopbl-

Mn paBHo d. Mckomoe pacctosaHue dO = —. CorsiacHo dopmyne (Cm. peweHwue

3agaun 34 koopannaty naToro makcumyma énpegenum mno gopmyne «5= W or-

n 5X N,
Kypa a = ——. CnepoBaTtesibHo, a0= — = 1,25 - IO M.
“ 5 2 I‘k

3agaya 5 PaccumTtanTte pagumyc k-To TEMHOro Konabua B YCTaHOBKe ANdA Ha-
6nwogeHna koney HbwoToHa. Paguyc NuH3bl R, gnnHa BOSIHbI A

PeweHne. VHTepdepeHUMOHHAsA KapTUHa nosiyyaeTcsa B pe3ynbTaTte Haso-
)KEeHUS BOJIH, OTpPa)X&HHbIX OT rpaHuubl ABYX cpef B0O3AayX—cTekno. BonHbl 1
N 2 KOTepeHTHbl, pa3HocTb (a3 KonebGaHW, BbI3BAHHbIX 3TUMKW BOMHaMW, onpe-
Jensietca pasMepom Bo3aylwHoro 3asopa (cm. puc. 7.51). Ecnu pasmep 3a3opa
TaKoB, 4YTO BTOpasl BOJIHA OTCTAéT OT MNepBOM Ha Uenoe 4Yucno AAWH BOMH, TO
KonebaHuA, BO036y)XAgaemble BOAHamMW, 6yayT ycunmeaTb ApYyr Apyra (MHTepde-
PEeHUMOHHbIA MaKCMMyM); eciM pa3Mep 3a3opa TakoB, UTO BTopas BO/IHA OTCTaéT
OT NepBOi Ha He4YETHOE 4YMCNO MONYBOJIH, TO Kosie6aHUsA, Bbl3BaHHblE UMW, racsaT
ApYyr gpyra (MHTepepeHUNOHHbIF MUHUMYM). COOTBETCTBEHHO B MepBOM criyyae
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Mbl Habnwgaem cBeT/I0e KO/bLO, BO BTOPOM — TéMHoe. Kax-
[oe M3 Kosel COOTBETCTBYeT OAHOW W TOlW e TONUUHE BO3-
AyUWHOro 3asopa.
Tenepb paccuntaem pagumyc rk k-To TEMHOro Konbua T
(puc. 7.61). Mo Teopeme Mudaropa 3anuiem: | in
R2 = r\ + (R - dh2, rge dk- TonwwnHa 3asopa.
OTtciopga 2Rdk = r\ + dR
Mo ycnoBui pagnyc KPUBU3HbLI JIMH3bI BeWK, Torga
dk « R n dk « rk. 3HauyeHne dR HacToNbKO Masio, YTO0 UM
MOXXHO npeHebpeub. Torga ana dkunmeem

1)

BTopasi BonHa npoxoauT Ha 2dk6onblie, Yyem nepsast. VI3BeCcTHO, 4TO Mpu OT-
pa>keHWU BOMIHbI OT ONTWYecKW 60siee MAOTHOW cpeabl MPOUCXOAUT WU3MEHEHUE
asbl KonebaHU BOMHbI Ha M, TaKMM 06pasomM, NMPU OTpaXeHWu BTOPOI BOJIHbI
OT NAAcCTUHbI NPOUCXOAMT NOTepss MOMOBUHbI ANUHBLI BOMHLI. CrleaoBaTefibHO, pas-

HOCTb Xoga BOAH 1 m 2 paBHa [ = 2dk + .

Ycnosue mMumHumyma mmeet Bug 2dk + L (2k + 1)K—, k =0, 1, 2,
OTclopa onpefensieMm TOJIWMHBI BO3AYLWHOro 3a3opa, COOTBETCTBYyKLUUe TEM-
K

HbiM Konbuam: 2dk + = 2ki + i, nunu

2" 2 + 2
<2)

2
MpupaBHunBasa BbipaxxeHnsa (1) n (2), nony4daem ZF? = %K Paanycbl TEMHBIX

Koney onpegensatwTca gopmynon rk = sJkkR .

N3 aTol opmynbl cnepgyet, 4To B UEHTpPe MHTeEPPEPEHLUMUOHHON KapTUHbI 6Yy-
feT Bcerga TEMHOe NATHO. OTO 04YEBMAHO, TaK KakK pas3HOCTb X0fa BOMIH B TOY-
Ke KacaHus onpefensetcs MNOMOBUHON ANIMHbI BOMIHbI MPW OTPa>KeHUU BOSIHbI 2
(cm. puc. 7.51, c. 208) oT nNacTUHbl — oNTU4Yecku 6onee NAOTHONM cpefbl. Kpome
3TOro, sICHO, 4TO KoONbua 6yAyT Tem ny4yuwe pas3/iMyMMmbl, Yem 6onbwe R, T. e.
yeM Yy>Xe BO3AYLHbIA 3a30p.

3apaya 6. OnpegenuTe yrabl, COOTBeTCTBYWOUWME AUNPPAKLUOHHBIM MaKCUMY-
Mam rnepsoro u BTOPOronopsaAKoB nO/19 3e/1EHOT0 ceeta (™ = 0,55 MKMm),
ondpakymMoHHas pewétka coaep>XuUT 103 wWTpuxoB Hal cMm.

PeweHne. MaKcMMyMbl AU PaKLUOHHOIO cnekTpa HabnwpalwTca coraacHo
topmyne (7.19) noa yrnamwu
d sin (p! K, 1)
d sin 2 2K. (2)
Mepuog gudpakunmoHHom pewéTkn paseH d = dO/N.
MopctaBme d B hopmynbl (1) u (2), nonyunum o = 3,15°, 92 = 6,31°.
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3apava 7. Mepuoa gndpakunmoHHOM pewéTkn 3 MKM. Onpegenute Hambonb-
WA NOPAAOK CleKTpa AN1A XENToro ceeta (AnvHa BOSIHbI 580 HM).

PeweHwne. 3anuwem cdopmyny ans HabnwaeHUsa MakKCUMyMOB CnekKTpa, Mo-
NIYYEHHOro ¢ NOMOLW bl AU pPaKLMOHHOW pewéTku: dsin ¢ = kX.

OyYeBMAHO, YTO MaKCMManabHbIA MOPALOK crekTpa kmex gocTuraerca nNpu mak-
CMManbHOM 3HayeHMW sin g, T. e. npu ¢ = 90°. Monoxmm sin ¢ = 1, Torga
d = kX, kmx = d/X < 6, oTkyga kmex = 5.

Si f ~rS2 3agaynm ANns caMOCTOATESIbHOro pelueHusd w -
1. AlBa KOrepeHTHbIX MCTOYHMKA Stwn S2wucnyckawT CBeT ANU-
HOW BOMHbI X = 5 « 1CI7 M. VICTOYHUKUN Haxo[AaTCA Ha pacCcToOAHUU
d = 0,3 cm pgpyr oT gpyra. 9KpaH pacnoslodKeH Ha pacCToAHUN
9 M 0T MUCTOYHMKOB. UT0 6ypeT HabnwpaTbca B Touke A 3KpaHa
(pnc. 7.62): cBeT/i0e NATHO WUAN TEMHOE?

2. Ha AN paKLNOHHYIO pPewWwéTKy, MMe LWyt nepuog
d = 1,2 «10~3 cm, nagaeT Mo Hopmanu MOHOXpomMaTumyeckast BOSI-
n Ha. OueHUTe AANHY BOJIHbI X, €CNN Yrosa  MeXAycrnekTpamMmu BTO-
---------------- poro u TpeTbero nopsgkos Ap = 2°30'.
Puc 7 62 Ase LWenu HaxogaTca Ha pacctodaHum 0,2 MM Apyr oT gpyra u

OTCTOAT Ha paccTtosaHuMn 1,5 m oT 3kpaHa. Ha wenn nagaet NoTokK
MOHOXpoMaTuyeckoro ceeta (A = 500 HM) oT yganéHHoro uctouyHuka. Onpegenu-
Te paccTosHue Mexay CoCeAHUMU MHTepdepeHLMOHHbIMW Mos0caMun.

4. Touyka MbIZIBHOTO Ny3bipda, 6Amxalwan K HabnwpaTento, Kaxetca emy 3e-
névon (X = 540 Hm). Onpegennte MUHUManbHYH TOMWWHY MbI/IbHOWN MAEHKN.
MokasaTenb MNPenoMNeHUa MblIbHOW NAEHKKM n = 1,35,

5. Uemy paBHa NoCTOssTHHasa AN pPaKUMOHHOK pewéTKn, ecnu npu eé ocselye-
HUN MOHOXPOMAaTUYEeCKUM CBETOM ANMUHOW BOMHbLI 500 HM Nyuyn, OTK/OHSAKWMeCH
Ha yron 15° o6pa3ylT MakcuMmym 4yeTBEpTOro nopsagka?

6. Ha gudgpakyMoHHY pewéTKy, nmewuwyto 100 wTpuxoB Ha 1 MM, Mo HoOp-
Manum K Hein nagaeT 6enbin cBeT. OnNpefeniuTe WUPUHY CNeKTpa MNepBoro nopsgka
Ha 3KpaHe, ecnn paccTosHWe OT SIMH3blI A0 3KpaHa 2 M. Bugnmbim cuntanTe cBeT
B AnanaszoHe 400— 760 Hm.

—
(,'-_-1\ 1. Kakoe 4mcno wWTpMxoB Ha 1 MM umMeeT gndpakunoHHas pewéTka, ecnm 3enéHas
.=/ nuHusa (7 = 550 HM) B CneKTpe MepBOro nopsAaka Hab6nwgaeTca nog yrnom ¢ = 19°?
CuywuTtainTte, 4yTo sin 19° = 0,33.

2. Ha gudpakunoHHYyl pewéTKy, MMewwyw nepuos 2 m10 ° M, nagaer Hopmalb-
HO napannenbHbIi Ny4yok 6enoro cseta. CnekTp HabnwpaaeTca Ha 3KpaHe Ha pac-
CTOAHUM 2 M OT pewéTkn. Yemy paBHO paccTosiHMe MeXJYy KpacHbIM K duonerto-
BbIM y4yacTKaMu cnekTpa nepsoro nopsiaka (nepsoli LBeTHOW MOMOCKW Ha 3aKpaHe),

ecni ANINHbI BOSIH KPacHoro M ¢uoneToBOro cBeTa COOTBETCTBEHHO paBHbl 8 <10 1
n 4 «10" m? Cuntaite aTh = tgd.

3. AudpakuynoHHas pewéTtka, nmewuwana 400 wWTpMxoB Ha 1 MM, pacrnosiokeHa na-
pannenbHoO aKpaHy Ha pacctoaHMW 1,5 M 0T Hero. Ha pewéTKy neprneHAnNKynapHo eé
NA0CKOCTM HanpaBfieH Ny4ok cBeTa. OnpepenvTe A/IVHY BOJIHbI CBeTa, €C/M paccTo-
AHVWE Ha 3KpaHe MeXAy BTOPbIMM MakKCMMyMaMWu crieBa M cnpasBa OT LEHTPanbHOro
(Hynesoro) paeBHo 60 cm.



g 60 [1OMNEPEYHOCTb CBETOBbLIX BOJIH.
MNoONAPN3ALNA CBETA

BcnomHuTe, Kak BbIFMAANT MIHOBEHHbIA CHUMOK 3N1€KTPOMArHWTHOW BO/HbI.
Kak HanpaBneHbl BekTopbl X >X 1 X)X B 371eKTpOMarHuTHON BoNHE?

ABNeHNA MHTepdepeHUMN N AU PaKLMM He OCTaBNAAKT COMHEHUI B TOM, 4TO
pacnpocTpaHsatLwmiica cBeT o6najgaeT cBolicTBaMW BOMH. HO Kakux BOAH — MNpo-
JONbHBIX UAXM nonepeyvyHbIX?

AnvTenbHoe BpeMs OCHOBaTENW BOMIHOBOW ONTUKW HKOHTF 1 ®peHenb cuynTanu
CBETOBble BOJ/IHbI MPOAOAbHBIMU, T. €. MOJOOGHLIMW 3BYKOBbIM BOJIHAM.

OfHaKo MOCTeMeHHO Hakan/auMBanocb BCE 6osiblue U 60MblUe 3KCMEPUMEHTa b-
HbIX (haKTOB, KOTOpble HWKaK He yjJaBasioCb WCTO/IKOBATb W COr/lacHO KOTOPbIM
CBEeTOBble BOJIHbl CYUTaNIM MNPOAO/AbHLIMN.

OnbITbl ¢ TypMasMHOM. PaccMoTpuM MOAPO6HO OAUH U3 TaKUX
3KCMEepUMeHTOB, O4YeHb MPOCTON U 3PMPEKTHBLIA. DTO ONbIT C KPU-
ctannamu TypmasnunHa (npo3payvyHbiMM KpucTtannamun 3enéHoli okpac-

KKn).
Kpuctann TypmanuvHa MpUHaAANEXWUT K 4YUcny Tak

Ha3blBAeMbIX OJHOOCHbLIX KpUCTanaos. Bo3bMéM npsamo- >
YroNbHY NNAacTUHY TypMasinHa, Bbipe3aHHYH TakKuMm
o6pa3om, UYTo6bl ofHa U3 eé rpaHeit 6bina napanienbHa C-

ocn Kpuctanna. Ecnn HanpaBuTb HOpMaJilbHO Ha TaKylo
nnactTuHy nNy4dyokK cBeTa OT SﬂeKTpMLIeCKOVI namMmnbl nnn

COMTHUa, TO BpalieHMe NJacTUHbI BOKPYr nNy4yka HUKa- Puc. 7.63
KOro W3MEHeHUsA WHTEHCUMBHOCTW CcBeTa, npowealiero

yepe3 Heé, He Bbl3oBeT (puc. 7.63). MOoXHO nogymaTb, A
YTO CBeT TOJ/IbKO YaCTUUYHO MOrA0TUACA B TypmMannHe u >1 >1

npuobpén 3eneHoBaTyl oOKpacky. Bbosnbwe Hwu4yero, Ka-
XKEeTCcHA, U He npousowsno. Ho 3aTo He Tak. Ecnum nyuvok
cBeTa 3acTaBWTb NPOWTU 4epe3 BTOPOW TOYHO TaKol

XXe Kpuctann TypmanuHa (puc. 7.64, a), napannesnb- a)
Hbli NepBOMY, TO NP OAMHAKOBO HamnpaB/IeHHbIX 0CAX
KpuctannoB O0NATb HWYEro WMHTEPECHOro He MPoucxo-
ONT: NpPOCTO CBeTOBOW nNy4yok ewé 6onee ocnabnsaetcs
3a CYET nornoweHMs BO BTOPOM Kpuctanne. Ho ecnn
BTOPOW KpucTann BspawaTtb, 0CTaBNAA MNepBbll HeMo-
OBVXKHbLIM (puc. 7.64, 6), To o6Hapy>XunTcsa yaguUBUTESb-
HOoe fABNeHWe — raweHue cBeTa. Mo Mepe yBenuyeHus
yrna mexpay 0CAMW WHTEHCMBHOCTb CBeTa yMeHbllaeT-
caA. W korpa ocv nepneHAUKYAApHbl ApYr ApYyry, cBeT
He npoxoawmT coBcem (puc. 7.64, B). OH UEANKOM noO-
rnowiaetca BTOpPbIM Kpuctansiom. Kak 3To MOXHO 00b-
ACHUTL?

[lonepeyHOCTb CBETOBbIX BOJIH. N3 onucaHHbIX B) ‘

Bbllle OMbITOB C/eAyHT fABa BbliBoAA:
Pwuc. 7.64
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y?299/111
BO-NepBbIX, cBeToBasdA BOMHaA, Mayuad OoT UCTOYHMKaA CBeTa, NONNHOCTbIO CMMME-
TPpUYHaA OTHOCWUTENbHO HanpaB/feHWs pacnpocTpaHeHus (Npu Bpal,eHWM KpucTanna BOKPYr
nydya B nNepBOM ONbiT€ UHTEHCUBHOCTb NpPakKTU4YeCKWU He MGHHETCH);
BO-BTOpPbIX, BO/IHA, BbiWegwas M3 NepBOro kpucranna, He obnajgaet 0ceBON cCumMMe-
Tpuein (B 3aBMCUMOCTM OT NOBOPOTA BTOPOro KpucTanna OTHOCUTE/NIbHO /lyda UHTEHCUB-
HOCTb MpolWejwWero cBeTa U3MeHseTCsa).

MpoaonbHbIe BOJIHbI o6napawT
MOSTHOW CUMMETPUER NO OTHOLWIEHUI
K HamnpasB/leHW  pacnpocTpaHeHus

B XVIII B. cBeTOBble BOJIHbI pac-
cMaTpuBanucb Kak ynpyrme BOJIHbI
B adupe, 3anofHALWEM MNPOCTPAHCTBO U

NpoHMKaloleM BHYTpb BCcex Ten. Takue BON- (konie6aHUs NpoOUCXOAAT BAOMb 3TOFO
Hbl, Ka3afocb, He MOrAM 6biTb MOMEPeYHbl- HanpaB/ieHnA, N OHO 5sIB/ASETCSA 0CbiO
MW, TaK Kak MonepeyHble BOMIHbI, B COOTBET- CUMMETPUKN BOJMHbI). Mo3aTomy ob6bAc-
CTBUW C BO33PEHUSAMW TOTO BPEMEHMW, MOTyT HUTb ONbIT C Bpal,eHMeM BTOpPOI nna-
cyluecTsoBaTb TO/bKO B TBEpAOM Tene. CTUHbI, CYNTasa CBETOBYI BOJIHY Mpo-

[ONbHOW, HEBO3MOXHO,
MonHoe 06bACHEHME OMbITa MOXHO MOMYYUTb, cAefaB ABa MPeAnosioXKeHUs,
MepBoe Npeanosio)keHMe OTHOCUTCS K CaMOMy CBeTYy.

CBeT — nmnonepeyHas BOJHA.

B nagawouwem 0T 06bIYHOT0O MCTOYHMKA MYy4YKe CBETOBbIX BOJIH MPOUCXOAAT KO-
neb6aHMsi BCEBO3MOXHbIX HamnpaB/eHUl, NepneHAMKYNSAPHbIX HanpaB/ieHU pac-
npoctpaHeHmsa BoNH (puc. 7.65).

BcnoMHWTe, Kak MNpoOUCXOAUT pac-

npocTpaHeHue MPOAONbHbIX BOJIH.

MoyeMy OHWM CUMMETPUYHLI NO OT-
HOWEHNI0O K HanpaB/leHWI0O pacnpocTpaHe-
HUA? MoXeT nn 6biTb HapylweHa 3Ta CUM-
MeTpusi Npu nepexone B cpeay € Apyrumu
cBoMcTBaMn?

Puc. 7.65

(6]

CorsiacHoO 3TOMYy NpeAnosioXKeHU cBeToBas BOJIHA 06r|a,qaeT oceBoOW CMMMETPU-
e, ABNASACb B TO Xe BpemMsa nonepequVl.

CBeTOBOl NOTOK, B KOTOpOM Koneb6aHua BektopoB E »u B npoucxopgaTt no
BCEM HanpaB/leHUAM, NepneHANKYNApPHbIM HanpasB/ieHUI0 pacnpocTpaHeHUs BOJH, Has3bl-
BaeTCs eCTeCTBEHHbIM CBETOM.

OT0 HasBaHue onpasfjaHHO, TakK
{p BonHbl Ha MOBEPXHOCTN BOAbI OCe- KaK B 00bIYHbIX YC/NO0BUAX UCTOYHUKN
BOi cummeTpueli He obnapaior, cBeTa M3nyyalT Takoil MoTok. [daHHoe
TaK Kak koneb6aHus vyacTtuy BOAbl Nnpowuc- npeAnonoXxeHune ob6baAcHSAET pesynbTar
XOASAT TONbKO B BEpPTWKaNbHOW MIOCKOCTHU.
A P nepsoro onbiTa. BpaweHue Kpucrtanna
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TypManuHa He MeHsSIeT WHTEHCUMBHOCTb MpoLe/Llero
rseta, NoToMy 4To najawmuias BosHa o6najaeT 0CeBOM
ruMmmeTpuenn (HeCcMOTps Ha TO, UTO OHa MonepeyHas).

BTopoe npeAnosioXXeHme OTHOCUTCA He K CBETOBOI
30/1He, a K Kpuctanny.

rm

Y
|

Kpuctann TypmanuHa o6nagaeT cnoco6HOCTbIO
nponyckaTb CBeTOBble BOJIHbI C KO/MeGaHUsIMU, MPOUCXOAA- z
WMMM B OAHOW onpefenéHHo nnockocTu (nnockocTb P Ha I
pucyHke 7.66).

CBeT, B KOTOpOM Kofie6aHus BekTopa E' NpoucxoaaT TONbKO B OA4HOIW onpe-
[EeNnéHHOMW NNOCKOCTU, HasblBaeTCs MOMAPM30BAHHbLIM WAM, TOYHee, MIOCKOMOAAPU3O-
BaHHbLIM CBETOM.

Puc. 7.66

OTO npeanosioXdkeHue TMOJSIHOCTbIO
mOOBACHAET pe3yNbTaTbl BTOPOro OMbl-
Ta. W3 nepBoro Kpucranna BbiXo- n30liTM noBOpPOT BekTopa E Hesa-
OUT nnockononspu3oBaHHadaA BOJIHA. BMCUMO OT MoBopoTa BekTopa B?
Mpn oKpewéHHbIX KpucTannax (yron
Mexay ux ocamum 90°) oHa He NPOXOAMT CKBO3b BTOpoOi Kpuctann. Ecnu ocu
KpUCTannaoB COCTaBASAT MexXAay co60M HeKOTOpblIA yron, OT/IM4YHbIA OoT 90°, TO
npoxoaaT KonebaHusa, amnauMTyja KOTOPbIX paBHa MPoeKuun amnanTyAbl BOJHbI,
npowegwer yepe3 NepBbli KpuUcTann, Ha HanpasB/leHWe OCUM BTOPOro Kpucrtanna.

NTak, Kpuctann TypmanunHa npeobpasyeT ecTeCTBEHHbIW CBET B M0CKOMONSA-
pu3oBaHHbIN.

Monspouabl. He TonbKO KpucTansibl TypManuHa crnocobHbl Nonspu3oBaTb CBeT.
TakmMm >e CBOWCTBOM, Hanpumep, ob6napalwT TakK Ha3biBaemble nonspoufgbl. [Mo-
napounp npepactasnsieT co6oli ToHKyw (0,1 MM) NNéHKY KpucTannaoB repanatura,
HaHECEHHYIO Ha Uenynons uUanm CTeKNAHHY nnactTuHky. C nonspougomM MOXHO
MPOBECTU Te >Xe ONbITbl, YTO U C KpuUcTannom TypmasimHa. lNpeumyuw,ecTBo Nons-
pouaoB B TOM, YTO MOXXHO nosiyyaTb 60NblUMe MOBEPXHOCTU, NMONAPU3YyOLULME CBET.
K HepocTaTKam MosisiponaoB OTHOCUTCHA (PMOAETOBbIA OTTEHOK, KOTOPbIW OHU MApPU-
falT 6enomMy cBeTy.

Kak Bbl fymaeTe, MOXET NAM Mpo-

Monepey4yHOCTb CBETOBbIX BOJIH. EcTecTBeHHbIli © I'lO]'IﬂpI/ISOBaHHbIIZ cBeT

1 [oka3aTe/ibCTBOM MOMEpPevYHOCTU CBETOBOM BOJIHbl CAYXWUT sABNeHUE (r'::\
1) andpakummn 3) ancnepcun \_
2) uUHTepdepeHUUNN 4) nonApusaunmn

2. Monapusauunsa ceeta Joka3biBaeT, 4TO CBeT — 3TO

1) NoToK 3aps>XeHHbIX YacTuy,

2) NOTOK 3/1eKTPOHeMTpasbHbIX YacTuy,
3) nonepeyHas BOJIHA

4) npogonbHas BOJIHA
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dnekTpomMarHuTHast (BO/IHOBasl) Teopusi cBeTa. JONeKTpoMarHUTHas Teopus
cBeTa 6epét Havano oT pabotr Makceenna.

B OoCHOBE 3/IEKTPOMArHUTHOW TeopuuM CBeTa NIeXUT haKT cCoBNajeHUs CKOpoCTu
cBeTa CO CKOPOCTbIO pacnpocTpaHeHUs 3/1eKTPOMAarHUTHbIX BOJIH.

N3 Teopunm MakcBenna cnefoBasio, YTO 3/1eKTPOMArHUTHbIe BOJIHbI SABNSAOTCS
nonepeyHoiMn. K TOMy BpeMeHM MOMepeyvyHOCTb CBETOBbIX BOJSIH yXe 6blna foKa-
3aHa 3KcnepuMMeHTanbHO. Mo3aTomy MakcBenn 060CHOBaAHHO cUMTan MOMEPEeYHOCTb
3/1eKTPOMArHUTHbIX BOJIH €lé OAHUM Ba>XHbIM [0Ka3aTe/lbCTBOM CNpaBeA/INBOCTU
3/1eKTPOMarHUTHOW Teopuu cBeTa.

Mocne Toro kak lepy 3KCNEPUMEHTANIbHO MOAYYUN 3N1EKTPOMArHUTHbIE BOJHbI
N U3MEPUST NX CKOPOCTb, 3/IEKTPOMarHMTHas Teopusa cBeTa 6bila BNepBble 3KC-
nepMMeHTanbHO NoATBepXAeHa. BblNo gokaszaHo, YUTO 3/IEKTPOMArHUTHbIE BOJIHbI
npu pacnpocTpaHeHWM NPOSABNSAT Te >XXe CBOWCTBA, YTO M CBETOBble: OoTpaxe-
HMe, NpesioMaeHne, MHTepdepeHyno, nonapulaymni n ap. (cm. § 39). B KoHue
X1X B. 6bl/10 OKOHYATE/IbHO YCTAHOBJ/IEHO, YTO CBETOBble BOJIHbI BO36YyXAgakTcs
OBUXKYUWMMUCA B aToMax 3apsdKeHHbIMWU 4YacTuuamu.

ONeKTpOMarHUTHbIEe Mpoueccbl MOAUYMHSAKTCA He 3aKOHaM MexaHWKW, a 3aKo-
Ham 3NeKTpoMarHetuama. 3TU 3aKOHbl U GbIIN yCTAHOB/IEHbI B OKOHYaTENbHOM
opme MakcBennom.

DNeKTpoOMarHMUTHble BOJSIHbI MOrFyT pacnpocTpaHATbLCA B BaKyyme, B O0T/n4une
0T MeXaHWYeCcKMX BOSIH, KOTOpble MOFYT pacnpocTpaHATbCA TONbKO B YNPYyrux
cpepax.

BoO3HMKaeT ecTeCTBEHHbI BOMPOC: ecniN peydb MAET 0 HanpaB/ieHUU KonebaHWI
B CBETOBOW BOJIHEe, TO, COGCTBEHHO roBops, Kone6aHWs Kakoro BekTopa — E

nnm B — wnmerwTca B Buay? CneumasibHO nocTaBfieHHble OMbITbl AoKasanu, 4To
Ha ceTyaTKy rnasa unun CbOTOSMyI'IbCl/HO AeﬁCTByeT ANeKTpun4yeckoe norse CBETOBOM
BOJIHbI. B cBA3M ¢ 3TUM 3a HanpaB/ieHue KonebaHMn B CBETOBOI BOJIHE NMPUHATO

HanpasfieHVe BeKTopa HanpsH>KEHHOCTU E 31eKTpuMUeckoro noss.

OTKpbITUE 3N1IEKTPOMArHUTHOW TeopuK cBeTa — OHO M3 HEMHOTMX OTKPbITUIA,
CAeNaHHbIX Ha KOHYMKe nepa, T. e. TeOpeTUUEecK!.

Bceobliee Npu3HaHWe 3/1eKTPpOMarHUTHas Teopusa Mosyyusa, OAHAKO, SUlb
nocsie CBOEro 3KCMEePUMEHTA/IbHOr0 MOATBEPXKAEHUS.

)
N

[MosBTopuTe mMaTepuman rnasbl 7/ MO cneayuwemMy naaHy

1. BbiNUWNTE OCHOBHblE MOHATUA U PU3NYECKMEe BENNYMHBI U faiiTe UM onpefeneHue.
2. CchopmynupyliTe 3aKOHbl MU 3anuWNTe OCHOBHblE (GOPMY/ibl.

3. YKaxuTte eAnHMULbl (PU3NYECKUX BeNNUYMH. BbipasnTe mx yepes 0CHOBHble efuHULbl CU.
4. ONUWKNTe OCHOBHble OMbIThl, MOATBEPXAalLW e cnpaBeas/IMBOCTbL 3aKOHOB.

«Co3gaHne 3KCcNepMMeHTasibHOW YCTaHOBKW A1A UCCMefOoBaHUA sBNEeHUNA
MHTepdepeHLNn cBeTa»
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\r!g 5? OJIEMEHTbI TEOPUN OTHOCUTENBHOCTHN |

C pa3BuTMeM 31eKTPOAMHAMUKN U3MEHWU/INCb MpPeAcTaB/AEHUSA O MPOCTpPaHCTBe
n BpemeHU. CorslacHoO KjlacCM4YeCKUM MpeAcTaB/eHUSAM O MPOCTPaHCTBe U BpeMe-
HW, CYNTABLUUMCA Ha MNPOTAXEHUUN BEKOB HE3bIG/IEMbIMU, ABUXEHWE He 0Kas3bl-
BaeT HWMKaKOro BAMUSAHUSA Ha TedyeHMe BpemMeHWU (Bpems abCONOTHO), a JIMHEWHble
pasmepbl A060ro Tesna He 3aBUCAT OT TOro, MNOKOUTCA TeNno Uaun Asuxertca (AUHA
abcontTHa).

CneyvanbHass Teopus OTHOCUTeNbHOCTW JWHWTEHA — 3T0 HOBOE Yy4yeHuUe
0 MpocTpaHCTBe W BpeMeHW, pacwumpsou,ee cTapble (Knaccumuyeckue) npepcras-
neHus.

§61 3AKOHbI SNIEKTPOANHAMUKW N MPUHLIN
OTHOCUTENBbHOCTW

BcnomMmHUTEe npuHUUN OTHOCUTENbHOCTU Tlanunesa wn onpepgesieHne nHepumasbHbIX
cucTemMm OTcYéTa.

MpuHUMN OTHOCUTENLHOCTU B MeXaHUKe W 3neKTpoaunHamuke. [locne ToOro
KaK BO BTopoi nosnoBuHe XIX B. MakcBennom 6binn cpopMynmpoBaHbl OCHOB-
Hble 3aKOHbl 3/1EKTPOAMHAMWUKMK, BO3HMK BOMPOC: pacnpocTpaHsieTcsas NN NPUH-
LUN OTHOCUTENbHOCTU, CNpPaBeA/INBbLIA AN MeXaHUYeCKUX SABMEHUA, N Ha 3neK-
TPOMArHUTHble ABMEHUA? MHBIMW coBaMu, MPOTEKAKT /I 3/1eKTPOMarHUTHbIe
npoueccbl (B3ammogecTBMe 3apsijoB U TOKOB, pacrnpocTpaHeHWe 3feKTpomar-
HUTHBLIX BO/IH M T. 4.) OAWHAKOBO BO BCeEX MHepLUMaNbHbIX CUCTEMax OTcyéTa?
MNnu, 6bITb MOXET, paBHOMepHOe MNPAMOSIMHEAHOe ABWXEHWe, He BNUASA Ha Me-
XaHU4YeCKMe SIB/IeHUS, OKa3blBaeT HeKOTOpOe BO3AeACTBUE Ha 3N1eKTPOMarHuT-
Hble MpoLecchbl?

UT06bl OTBETUTbL Ha 3TW BOMPOCHI, HYXXHO 6bINI0 BbIACHUTb, MEHSAKTCA /N 0OC-
HOBHble 3aKOHbl 3/IEKTPOAMHAMWKWN MNpPWU nepexoge OT OAHOW WHepuuanbHOW cu-
CTEMbl OTCYETa K Apyroi, wunaum e, nofgobHo 3akoHaM HbOTOHa, OHM ocTawTcsA
HEN3MEHHbIMW. TONIbLKO B MOC/EAHEM C/lydyae MOXHO OTOpPOCUTb COMHEHUS B cnpa-
BEA/IMBOCTU MPUHLMMNA OTHOCUTENIbLHOCTU MPUMEHUTENBHO K 3/1EKTPOMArHUTHbIM
npowueccam M paccmatpuBaTb 3TOT MPUHLUN KakK 06 WU 3aKOH NPUPOAbI.

3aKOHbl 3M1eKTPOAMHAMUKK CAOXKHbI, W CTPOroe pelweHWe 3TOW 3ajayunm — He-
nérkoe peno. OAHaKo YyXe MpocTble coob6paXkeHWUs, Kaszanocb 6bl, MO3BONAKT
HaliTm npaBuNbHbIA oTBeT. CorsacHo 3akKoHaM 3/IEKTPOAMHAMUKKN CKOPOCTb pac-
npocTpaHeHNs 3N1eKTPOMAarHUTHbIX BOJIH B BaKyyMe OAWHaKoBa MO BCeM Hampas-
NneHWsaM 1 paBHa ¢ — 3 « 108 m/c. HO B COOTBETCTBUM C 3aKOHOM CJIOXKEHMUSA CKO-
pocTeli MexaHUKN HblOTOHA CKOPOCTb MOXET ObiTb paBHa CKOPOCTU CBeTa TONbKO
B OAHOA M36paHHON cucTeme OTcYéTa.

B niwb6oi pApyroit cucteme o0TcuéTa, [loKkaxkute, 4TO BO BCEX MHepLUMaslb-
OBUXKYLLENCA MO OTHOLWEHMWIO K 3TON HbIX cucTeMax OTcYéTa BTOpOl 3a-
n3bpaHHOM cucTemMe OTCYETA CO CKO- KOH HbloToHa (Ta* =F ) BbIrnsguT

POCTbIO U* CKOPOCTb CBeTa [AOJIXKHa . 04NHaKOBO.
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MpuBegnte npumepbl, CBUAETeNb- yxe fbiTe paBHa c* —IT. 370 03H6‘\:

CTBYIOWME O TOM, 4TO B 31eKTPO- yaeT, 4YTo ecnu CI‘IpaBe,ﬂ,ﬂVIBuoﬁbILIHbII/I

AVHAMUKE NpUHLMN [anunes cnpa- 3aKOH CJ/I0OXKEHWA CKOpoOCTeW, To npwu

BEA/NINB He Bceraa. nepexoane OT OAHOMU nHepumnanbHOU

CUCTeMbl OTCYETA K APYroii 3aKoHbI

3N1eKTPOANHAMUKN AOMKHbI MeHATbCA TaK, 4To6bl B 3TOA HOBOW CUCTEME OTCYE-
Ta CKOPOCTb CBeTa YyXe Oblsla paBHa He c* a c*- v~

Takum o6pa3om, ob6Hapy>Xunmcb onpefenéHHble MPOTUBOPEYUS MeXAY 3ekK-
TPOAMHAMWUKONM N MeXaHWKOW HbIOTOHa, 3aKOHbl KOTOPOUM cornacywTcsa € MPUH-
LMMNOM OTHOCUTENbHOCTU. BO3HMKLWME TPYAHOCTWM MbITaNINCb NPeofosieTb Tpems
pasniMyHbIMK crnocobamu.

MepBbin cnoco6: 06bABUTb HECOCTOATENbHbIM MPUHLUWN OTHOCUTE/IbHOCTU
B MPUMEHEHUN K 3/1eKTPOMAarHUTHbIM SABMEHUAM. 3Ty TOUYKY 3peHUA pasgensan
BE/INKNIM ronnaHACKnm (GU3NK, OCHOBaTeslb 3N1IEKTPOHHOW Teopuu X. JlopeHU,.
ONneKTpomMarHUTHble SABMeHUA eweé co BpeMéH Papajges paccmaTpuBasivcb Kak
npouecchl, Nnpoucxoaswme B 0co60A BCceMpoHUKawUWel cpege, 3anofiHAWENR BCE
NpPoCcTPaHCTBO, — MWUPOBOM 3aupe. MHepymanbHaa cuctema oTcyéTa, nokosw,as-
CA OTHOCUTeNbHO 3mpa, — 3TO cornacHo JlopeHuy ocobas, npenmmylLecTBeHHas
(abconTHan) cuctema oTcyéTa. B Hell 3akoHbl 3nekTpogmHaMumkm Makcsenna
cnpasegnvBbl U Haubosee npocTbl Mo dopme. JiMwb B 3TOW cucTeme OTcyéTa
CKOpOCTb CBeTa B BakyyMe ofMHaKoBa MO0 BCeM HanpasB/IEHUAM.

BTopoi cnocob6: cumtatb HenpaBU/ibHbIMW ypaBHeHUA MakcBenna m nbiTaTb-
CA WN3MEeHUTb WNX TakKum o6pa3om, 4T0o6bl OHM NpM nepexoge OT OLHOW WHep-
LManbHOW cucTembl OTCYETA K Apyron (B COOTBETCTBUU C 06bIYHBIMW, Kjaccu-
YEeCKUMWU nNpeacTaBeHUAMM O MNPOCTPAHCTBE U BPEMEHWN) He MeHANUCb. Takas
nonbiTKa, B 4YacTHoCTU, 6blna npeanpuHata . Mepuyem. Mo Fepuyy, acup non-

HOCTbIO YBJ/IEKAETCA [ABUMXYLW UMMUCA

5 MmeeT nu  dhU3MYECKHA  CMbICH TeslamMu WU MO3TOMY 3/1eKTPOMAarHuT-
BTOpO/i M3 Npepnaraembix CHOCO- Hble SAB/IEHNA NpPOTeKalwT O04MHAaKOBO
60B npeofosleHNs NPOTUBOPEYUMNIn? He3aBMCUMO OT TOro, NOKOUTCA Tesno

BcnomHuTe aKCcnepmnmMmeHTanbHble AOKa3a- nnmn ABUXETCA. an/lHU'VII'I OTHOCW-

TenbcTBa CcnpaBejnnMBoOCTM Teopun Mak- TENbHOCTU OCTaéTcsa cnpaBef/IMBbIM.

csenna. HakoHey, TpeTun cnocob: oTKa-

3aTbCA OT KJjlaCCMUYecKUx npeacrasfe-
HWUIW 0 MpocTpaHCTBE W BPEMEHWU, C TeM 4YTo6bl COXPaHUTb KaK MPUHLMUM OTHO-
CUTeNbHOCTU, TaK W 3aKOHbl MakcBenna. 370 Haubosiee PeBONIOLUOHHbIA NyThb,
n6o oH o03HayaeT, KakK Mbl YBUAWM B AafbHelwwem, nepecmMoTp
B hM3MKe caMblX Fy60KUX, OCHOBHbIX MpeacTaBneHunii. C gaH-
HOW TOYKM 3peHMA oKa3blBalTCA HETOYHbIMU He ypaBHEHUS
3/1eKTPOMArHMTHOro MNofas, a 3akKoHbl MexaHWKW HblTOHa, co-
rnacylouimecsa co crtapbiMu npejcTaBleHUAMM O MNPOCTpaHCTBE
M BpeMeHN. N3MeHATb HYXXHO 3aKOHbl MEXaHWUKMW, a He 3aKOHbI
aneKTpoaMHamMuMKn Makcsenna.

EAVWHCTBEHHO MNpaBU/IbHbIM O0Ka3asficd MMEHHO TpeTuii cno-
cob6. lMocnepoBatenbHoO pas3BuBasA e€ro, A. QMHWTeWH npu-
WENn K HOBbIM MNpeAcTaB/IeHUSIM 0 MPOCTpaHCTBE

A. dNHWTeNH n BpemMeHn. [lepBble ABa MNyTU, KakK o0Ka3anocChb, ‘ @
(1879 1955) ONMpoBepPrarwTCcsa 3KCMNEPUMEHTOM. t\
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Touka 3peHUA JlopeHLla, COrnacHO KOTOPOW AOJ/IXKHa cyu,ecTtBoBaTb n3bpaHHas
cmcTteMa 0Tc4YéTa, CBA3aHHasA ¢ MMPOBLIM 3upoM, npebbiBawWMM B abCOIOTHOM
nokoe, 6bl1a ONPOBEPrHyTa MNPAMbIMU ONbITAMW.

Ecnn 6bl ckopocTb cBeTa b6bisia paBHa 300 OOO KM/C TO/IbKO B CUCTEMe OTCYE-
Ta, CBA3aHHOW c 3ahMpoM, TO, N3MepPSASA CKOPOCTb CBeTa B MPOU3BOJ/IbHOW MHepuW-
anbHOl cucteMe O0TCHETA, MOXHO 6bl/10 6bl 06HAPYXWUTb ABUXXEHWE 3TOMW CUCTEMBbI
OTCYETa MO OTHOWEHUI K 3UPYy M OoNpeaesinTb CKOPOCTb 3TOro ABuXKeHwus. lMo-
[06HO TOMY KaK B CucTeMe OTCYéTa, ABUXKYLLeNCcsas OTHOCUTENbHO BO3Ayxa, BO3-
HUKaeT BeTep, NPU [ABMXEHUM N0 OTHOWEHUK K 3dupy (ecnu, KOHe4yHO, adup
CyulecTByeT) AO/DKeH O6biTb 06Hapy>XeH «3(UpPHbLIA BeTep». ONbIT MO
o6Hapy>XeHUw «3pupHoro BeTpa» ObI1 noctaBneH B 1881 r. ame- =
PUKAHCKUMWU YYEHbIMU A. MaMlMKeNnbCOHOM M 3. Mopnwn no “‘@
naee, BbiCKaszaHHOMW 3a 12 neT Ao 3Toro MakcBesaioMm.

B 3TomM onbiTe cpaBHMBanacb CKOPOCTb CBeTa B HanpasB/ieHUU ABVMXKeHUSA 3eM-
M n B NepneHANKYNApPHOM Hanpas/ieHUn. I3amepeHUA NpoBOAMAINCL OYEHb TOYHO
C NMoMolWbi0 cneyunanbHoro npubopa — MHTepdepoMmeTpa MalikenbcoHa. JKcnepu-
MEHTbl CTaBW/INCb B pas3HOe BpemMsA CYTOK W pas/invyHble BpeMeHa roga, vHTepde-
pomMeTp ycTaHaB/MBanAca Noh pas3NuyHbIMW yrnamm. Ho Bcerga nosny4vancs oTpu-
uatenibHbIA pe3ynbTaT: ABVMXXEHUSA 3eMan N0 OTHOWEHU K 3upy 06HapyXuTb
He yaanochb.

Taknum o6pa3om, maesa 0 CyW,eCTBOBAHMW MNPEUMYLW,eCTBEHHOW CWUCTEMbl OT-
cyéTa He Bblgep>kasna ONbITHOW NpoBepku. B cBOKW ouepefb, 3TO 03Hayano, 4To
HMKaKoli 0co60M cpefbl — «CBETOHOCHOro 3mpar», ¢ KOTOPOWA MOXHO 6blN0 6bl
cBA3aTb TaKyl MNPeMMyLLecTBEHHYK CUCTeMy OTC4YéTa, He CyllecTBYyeT.

Mpu nonbiTKax lepua M3MEHWUTb 3aKOHbl 3/1eKTpoAMHaAMUKWN Makceenna Bbl-
ACHMUNOCb, 4YTO HOBble ypaBHEHWSA HECMNOCOOHbI 06BACHUTbL pAL HabngaeMblx
thakToB. Tak, cornacHo Teopuu [lepua ABuMXKYyLW,asaca BoJa AOMXKHA MONHOCTbIO
yBfieKkaTb 3a co60i pacnpocTpaHAWWMACA B Heli cBeT, TaK KaK OHa yBfeKaeT
ahnp, B KOTOPOM CBeT pacnpocTpaHseTca. OnNbIT >Xe nokasafn, 4To B AehCcTBU-
TE/IbHOCTU 3TO He Tak.

CornacoBaTb MPUHLWA OTHOCUTENBLHOCTU C 3N1eKTpoAUHaMuKoW MakcBenna
OKasanocb BO3MOXHbIM, TO/IbKO OTKasaBLUMCb OT K/jacCU4eckux npeacTtaBfieHWiA O npo-
cTpaHCTBEe U BpPEeMeHW, COrflacHO KOTOPbIM PacCTOAHUA U TeyeHne BpeMeHW He 3aBUCAT
OT CUCTEeMbl OTCYETa.

MpuHUMA OTHOCUTEeNbHOCTU. Teopua adupa. OnblT MalikenbcoHa— Mopnau

t) 1. YUto Takoe mupoBoi 3apmp? Kakmmwu csoctBamu OH obnapaet?
1 2. Kakue cnocobbl 6bl1M NpeanoXeHbl YYEHbIMW ANA TOro, 4YTobbl NINK- !'V!E

BUAMNPOBATb NMPOTMBOPEYUSA MeXAY MeXaHWKOW W 31eKTPoagUHaMUKOI?
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BcnomMHUTE, Kak Mbl

ABVXKEHWA.

¥
. 1862 MNOCTYNATbl TEOPUN OTHOCUTENIBHOCTU

AenaemMm OTCYET BpeMeHu TMnpu onucaHum MexaHU4yecKoro

K Havany XX B. 0603Ha4YM/INCb CYLLECTBEHHbIE MPOTUBOPEYNA MEXAY 3NeK-
TpoAnHaMMKO MakcBenna W Kjaccumyeckom mexaHukonm HboToHa. B 1905 .
A. DQMHWTeWH nNpegnoXxXnn M3MeHUTb NpeAcTaB/ieHUS 0 MPOCTpPaHCTBe W Bpe-
MEHW, MOCTPOMB HOBYK (CNeumanbHYyl) TeOPU OTHOCUTENTBHOCTMU.

B ocHOBe TeOpMM OTHOCUTENbHOCTWM DWHWTEWHa nexaT gBa nocrtynara.

1. Bce npouecchbl

cucTtemax OTCcuUéTa.

B Npupone MNpoTeKawT OAWHAKOBO BO BCeX WHepuMasbHbIX

3To 03Ha4aeT, YTO BO BCeX MHEPLMANbHbLIX CUCTEMaX OTcuéTa Pu3nuyeckue 3a-
KOHbl MMEWT OAUHAKOBYH (OpMYy. TakuMm 06pa3om, MPUHLMUN OTHOCUTESIbHOCTMU
K/lacCMUecKoih MexaHWUKWU pacrnpocTpaHseTcs Ha BCe MPOLEcCbl B MPUpoAe, B TOM
ync/rie U Ha 31eKTPOMArHUTHbIE.

2. CKOpOCTb cBeTa B BaKyymMe O[iMHaKoBa BO BCeX WHepuuasibHbIX cUcTemax
OTCYETa U He 3aBUCUT HU OT CKOPOCTU WUCTOYHMKA, HW OT CKOPOCTU NPUEMHMKA CBETOBOrO

CUurHana.

CKopocTb cBeTa 3aHuMMmaeT, TakKuMm o6pasomM, oco6oe nosoxeHue. Bonee Toro,
KakK BbiTeKaeT M3 MOCTY/1aTOB TEOPMU OTHOCUTENIbHOCTM, CKOPOCTb CBeTa B BakKy-
yMe ABNAAeTCs MaKCMMasibHO BO3MOXHOW CKOpPOCTbi Mepefayn B3auMoaelicTBuiA
B Nnpupoae.

Ana Toro uTobbl chopmynupoBaTb MocTynaTbl Te-
OpUMN OTHOCUTENIBHOCTWU, HYXHa 6blna 6onblian Hayu-
Hasi CMenocTb, TaK KaK OHMW MPOTUBOPEYUSIN Knaccu-
YeCKUM npeacTaB/eHUAM O MPOCTPAHCTBE WU BPEMEHW.

B camom pene, AOoNycTUM, 4TO B MOMEHT BPEMEHMN,
Korga Havasa KoopAMHaT MHepuuanbHbIX CUCTEM OT-
cyéta K n KX, 4BUXYLWNXCA OTHOCUTENIbHO APYT ApY-
ra co CKOpocTblo W+ coBnajalT, B Hayase KoopauHar
MPOUCXOA4UT KpaTKOBPeMeHHas BCMNblIWKa cBeTa. 3a
BpemMsa t cucTemMbl OTCYETA CMECTATCA OTHOCUTENIbHO
ApYyr Apyra Ha paccTosHue vt, a cpepmyeckas BOJIHO-
Bas MOBepPXHOCTb 6yaeT mmeTb paguyc vt (puc. 8.1).

D N
Puc. 8.1 Cucrtembl otcyéta K n KlpaBHonpaBHbl, U CKOPOCTb
n cBeTa oguHakoBa B TOW W Apyroin
Q 2323 HOCTynaT B usnuyeckoii Teopuu CucTemMe OTCYéTaA. Cﬂe,qOBaTeﬂbHO, C
BbIMOJIHSIET Ty >X€ POJib, YTO U aK- TOYKMW 3peHMs HabnwpaTtensa, cBsa3aH-
cnmoma B MaTemMatuke. OTO — OCHOBHOe HOro C CUCTEMOW OTCYéTa Kl LLeHTp
noso>keHne, KOTopoe He MOXKeT 6bITb SIOTU- Cq)epbl 6y,qu HaxoouTbCA B TO4YKe O,

yeckn pgokasaHo. B dmsnke noctynaTt ecTb
pe3ynbTar 0606LWeHNs OMbITHbIX (DAKTOB.

a C TOYKMN 3peHunsa Ha6mo,anen;|, cBA-
3aHHOro ¢ cuctemoi oTcuyéta Kr, —
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B Touke 0 1 Ho Begb He MOXeT ofHa U Ta e chepuyeckasas NMOBEPXHOCTb UMETb
LeHTpbl B Toukax O n Op 3To siBHOE MPOTMBOpPeEYUE BbiTeKaeT U3 paccy>XXAeHuin,
OCHOBAaHHbIX Ha noctynartax TeopUM OTHOCUTENbHOCTU.

Kak Mbl BUAUM, MMeeTCA NPOTUBOpPeYvMe C KjlaCCMYeCKMMWN npeacTaB/eHUAMU
0 MNPOCTPaHCTBE N BPEMEHMW, KOTOpPble MNPU 6OMbLWIKNX CKOPOCTAX ABUMXKEHUS He-
cnpasefnuebl. OQHaKo caMa TeopUs OTHOCUTESIbHOCTU He COAEPXWUT MNpoTuBope-
unii n aBnseTca abCoONIOTHO JIOTUYHOWN.

OTHOCUTENIbHOCTb OAHOBPeMeHHOCTU. [lo Hadyana XX B. HUKTO He COMHeBan-
CA, UTOo BpeMsa abconwTHO. [Ba cobbITUA, OAHOBPEMEHHbIE ANA XUTene 3emnwu,
04HOBPEMEHHbI ANA XUTesneh NO60A KOCMUYeCcKON umBunamsauum. CosgaHue Teo-
PN OTHOCUTENBbHOCTU MNPUBENO K BbIBOAY O TOM, YTO 3TO He Tak.

MPUUYNHOA HECOCTOATENbHOCTU KJ/laCCMYECKUX NpeacTaBNeHUin 0 npocTpaH-
CTBE U BPEMEHWN ABNAETCA HenpaBWU/IbHOe NPeAnosiodKeHue 0 BO3SMOXHOCTU MIHO-
BEHHOW nepegaynm B3aMMOAEWCTBUIA WU CUTHANOB M3 O0AHOM TOYKWM MNpocTpaHcTBa
B apyryt. CyuiecTBoBaHue npefesibHOW KOHEUYHOW CKOpPOCTW MNepefayn B3auMMmo-
[eACTBUI Bbl3blBaeT HEOOXOAMMOCTb F/1ly60KOro M3MEHEHUS MNPUBbLIYHbLIX MNpefa-
CTaB/IEHNI 0 MpPoOCTPaHCTBE M BPEMEHWN, OCHOBAHHbLIX Ha MOBCEAHEBHOM OMbITE.
MpeactaBneHne 06 abcoNwTHOM BPEMeHW, KOTOpoe Te4yéT pa3 M HaBcerga 3a-
OAHHbIM TEMMNOM COBEpLIEHHO He3aBUCUMO OT MaTepunm N eé ABUXEHUSA, oKa-
3blBaeTCA HenpaBU/IbHbLIM.

Ecnn ponyctuTb BO3MOXHOCTb MIHOBEHHOro pacnpocTpaHeHWA CUTrHasoB, TO
yTBEPXJeHMe, UYTO COObITUSA B ABYX MNPOCTPAHCTBEHHO pas3fenéHHbIX Touykax A
M B npoumsownm ofHOBpPEMeEHHO, 6yAeT MMeTb abCONTHbLIW CMbica. MOXHO no-
MeCTUTb B TOYKU A N B 4yacbl U CUHXPOHN3UPOBATb UX C NMOMOLLbK MIHOBEHHBbIX
curHanos. Ecnm TakoW curHan otnpaBneH M3 Todykum A, Hanpumep, B 0 4 45 MuUH
M OH B 3TOT >XXe MOMEHT BpeMeHW Mo yacam B npuwén B TOouky B, TO, 3HauwmT,
yacbl nokasblBawT O0AMHAKOBOe Bpems, T. €. UAYT CUHXPOHHO. Ecnu >e Takoro
coBMajeHuda HeT, TO 4Yacbl MOXXHO CUHXPOHWM3MpOBATb, NoABeAA Brepén Te 4achl,
KOTOpble MoKa3blBalwT MeHblLIee BPeMs B MOMEHT OTNpaB/IEHUA CUTHasna.

J1obble cobbiTUA, Hanpumep ABa yjapa MOAHWW, OAHOBPEMEHHbI, €C/IN OHWU
NPoOUCXo4AT MNP OAMHAKOBbIX MOKa3aHUAX CUHXPOHU3NPOBAHHBLIX 4acoB.

Tonbko pacnosiaras B Toykax A M B CUMHXPOHU3MPOBaAHHbIE Yacbl, MOXHO CYy-
ANTb 0 TOM, MPOU3OWINM NN ABa KaKUX-nb6o cobbiTUA B 3TUX TOYKax OAHOBpe-
MEHHO NN HeT. HO KakK MOXHO CUMHXPOHMU3MpPOBaTb 4Yacbl, HaxogAwmeca Ha He-
KOTOPOM paccTOAHUW ApYyr OT Apyra, ec/in CKOPOCTb pacnpocTpaHeHUsA CUTHasoB
He 6eCKOHeYHO BefnmMka?

ANsa CMHXpPOHM3aALUM 4YacoB eCTeCTBEHHO MCMNO0/b30BaTb CBETOBblE WUAW BOOOLULE
3/1eKTPOMArHUTHbIE CUTHanbl, TaK KaK CKOPOCTb 3/1eKTPOMArHMTHbIX BOJIH B Ba-
Kyyme sIBNSIeTCS CTPOro onpeaenéHHon, NOCTOAHHOW BETMYMHON.

MIMEeHHO 3TOT cnocob Mcnonb3ywT A1 NPOBEPKU 4acoB No pagmo. CurHanbl Bpe-
MEHWN MO3BOJIAT CUHXPOHU3MPOBATb BallWM Yacbl C TOYHbIMU 3Ta/IOHHbIMW Yacamu.
3Has paccTogHue 0T paguocTaHuuu [0 AOMa, MOXHO BbIYUC/AUTbL MOMNpPaBKy Ha 3a-
nasfibiBaHne curHasna. 3Ta nonpaska,

KOHEeYHO, 0o4eHb Masna. B noscegHeBHOM MocuunTaliTe, HaCKO/IbKO Balln 4achl
KN3HW OHa He uUrpaeT CKONbKO-HUOYyab GyayT oTcTaBaTb OT 4YacoB AWKTOpa,
3aMeTHOl ponn. Ho npm OrpoMHbIX Haxopsiluierocsi OoT Bac Ha paccTos-
KOCMMUYECKUX PacCTOAHUAX OHa MOXeT HUM 200 KM, ecnin Bbl NOCTaBuUTe BpeMs Mo

0Ka3aTbCA BecbMa CyLLeCTBEHHOIA. éro ronocy.



234 OoNTUKA

PaccMoTpum noapobHee nNpocToii MeTof

YIA#I CUMHXPOHM3aUUN 4YacoB, He TpPebByLWMUA HU-

YA KaKuWX BblYMCNEHUIA. [onycTUM, 4UTO KOC-
K

MOHAaBT XO04YeT y3HaTb, 04WHAKOBO NN WUAYT
yacbl A 1 B, ycTaHOB/NeHHble Ha MNPOTUBO-
MOJTOXKHbIX KOHLLAX KOCMW4YeckKoro kopab6ns.
Ana 3Toro ¢ noMowbi0 WUCTOYHMKA, HENop-
BUXHOF0 OTHOCUTENbHO Kopabns u pacnoso-
)XEHHOro B ero cepeguHe, KOCMOHaBT MPoOU3-
BOAWT BCMbIWKY cBeTa. CBeT 0AHOBPEMEHHO
JocTuraet Tex M Apyrmx 4vacoB. Ecnum noka-
a) 3aHMA 4YacoB B 3TOT MOMEHT OAMHAKOBbI, TO
yacbl MAYT CUHXPOHHO.
Ho Tak 6yaeT nuwb B cucTeme OTc4yéTa
K x, cBA3aHHOW ¢ Kopabnem. CorsacHo BTO-
pomMy nocTysaTy Teopuu OTHOCUTESIbHOCTHU
CKOpPOCTb CBeTa 0AMHAaKOBa BO BCEX WHeEPLM-
anbHbIX cucTemax oTcuéTta. CnepoBaTesibHO,
B cucteme oTcyéta K CKOpOCTb cBeTa TakXe
paBHa c. O4eBMAHO, 4YTO 4Yacbl Ha HOCY KO-
pabna ypansawTca OT TOro mecTa, rge npo-
n3owa BCNbllWKa cBeTa (ToOYKa C KoopAuHa-
Z . Toi C), n, 4tobbl AOCTUTHYTb 4YacoB A, cBeT
0) Puc. 8.2 OOMIXKeH npeofoneTb paccrtossHue, 6onbliee
MoNOBUHbLI ANIUHbLI Kopabnsa (puc. 8.2). Ha-
npoTmB, Yacbl B Ha kKopme npubnu>kawTca K MecTy BCMAbIWKW, N NyTb CBETOBOIO
CUTHana MeHblUe MOM0BUHbI ANWHbI Kopabnsa. (Ha pucyHke 8.2, a KoopAWHaThl
X n coBnagalT B MOMEHT BCMbIWKK; Ha pUcyHKe 8.2, 6 nMokKasaHO MOSI0OXKeHUe
CUcTeM OTCYETa B MOMEHT, Korfga cBeT focTuraeT 4vacoB B.) Moatomy Habnwpga-
Tenb, HaxogAuwminca B cucteme otcuéta K, caenaeTr BbIBOA: CUTHasbl AOCTUrawT
TeX N APYrMX 4acoB He OAHOBPEMEHHO.

[Ba nob6bix Co6bITUA B TOUkKax A U 6, OAHOBPEMEHHbIE B cucTeMe oTcuéTta Kv
He oAHOBpeMeHHbl B cucTeme otcuyéta K

Ho cornacHo MpUHLMNY OTHOCMTENbHOCTU cucTeMbl oTcuéTa Krum K coBep-
IWEHHO paBHOMPaBHbl. HW 0AHON W3 3TWUX CUCTEM OTCcUYETa HeNb3sA oTAaTb npea-
nouteHue. Mo3aTOMY Mbl BbIHYXXAeHbl MPUATU K 3aKNOUYEHUIO, 4YTO

w w OAHOBPEMEHHOCTb MPOCTPAHCTBEHHO pa3fesiéHHbIX CObObITUIM OTHOCUTEsIbHA.

|_|pVIl-IVIHOI7I OTHOCUTE/IBHOCTWN OAHOBPEMEHHOCTU ABNAETCA, KaK Mbl BuUWaonUM,
KOHEeYHOCTb CKOpPOCTWM pacnpocTpaHeHMUaA CUrHanos.

MNMEeHHO B OTHOCUTE/IBHOCTU O4HOBPEMEHHOCTU, C KOTOpOVI Mbl He CTa/lKnBaem-
cAa B I'IOBCQ,U.HGBHOVI XN3HN, KpoeTca pewleHMe napapaokca co C(*)epl/ll—leCKl/lMl/l cBe-
TOBbIMMW CUTHasiamu, 0 KOTOPOM LWja peyb Bbiwe. CBEeT 0A4HOBPEMEHHO AocTuraet
TO4YEK C(*)epVIHECKOVI MOBEPXHOCTU C LEHTPOM B Touke O TO/IbKO C TOUKWU 3peHUs
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HabnoaaTens, HaxoAsilLerocss B NOKOe OTHOCUTEs/IbHO cUcTeMbl oTcuéTta K. C Tou-
KW Xe 3peHnsi HabnwpaaTens, CBA3aHHOro ¢ cucTemMol otcuéta K1, cBeT gocturaet
3TUX TO4YeK B pas3Hble MOMEHTbl BPEMEHU.

PasymeeTcs, cnpaBeAnMBO U o6paTHOe: C TOUKMW 3peHua HabnwgaTens B cucTe-
Me oTcuéTa K cBeT [JOoCTUraeT ToYeK MOBEPXHOCTU cepbl C LEHTPOM B Touke OX
B pas3/inyHble MOMEHTbl BPEMEHW, a He OfHOBPEMEHHO, KaK 3TO MnpeacTaBnseTcs
Ha6nopaTtento B cucTtemMe oTcuéta Kj.

OTctopa cnefyeT BbIBOA, YTO HUKAKOro napajokca B AENCTBUTENbHOCTU HET.
OfHOBPEMEHHOCTb COGbITUI OTHOCUTeNnbHa. MpeacTaBUThL cebe 3TO HarAsgHO, «MNo-
YyBCTBOBATb» Mbl HE B COCTOSIHMWU M3-3a TOr0, 4TO CKOPOCTb CBeTa MHOro Gosnblie
TeX CKOpOCTeii, C KOTOPbIMW MPUBBLIKAN ABUTATbCA Mbl.

MMocTynaTtbl Teopuu OTHOCUTENLHOCTU. OTHOCUTENILHOCTL OAHOBPEMEHHOCTHU

1. Kakwune yTBepxX geHmnsa nexat B OCHOBe Teopwuwu OTHOCMTENbBHOCTU?
2. B yewm oTnwunuyne nepsoro nocrtynarta Teopuwn OTHOCMTENbHOCTHN
OT NMpuHUMNa OTHOCUTE/NTbHOCTMHM B MexXxaHWMWKkKe

3. Kakwunue cobbl TMUSS Ha3blBawTCA OAHOBPEMEHHbL M#U?

1. B oCHOBe cneyuanbHOW TeopuUM OTHOCUTENbHOCTU nexart

1) akcnepuMeHTbl , fOKa3blBall,me HEe3aBUCUMOCTb CKOPOCTM CcBeTa OT CKOPOCTHK
ABUXEHUS UCTOYHUKA U NPpUEMHMKA cBeTa

2) aKCMepuMMeHTb MO M3MEepPeHWW CKOpPOCTW cCBeTa B BOAeE

3) NnpeAcTaBNeHUA 0 TOM, 4YTO CBeT siBNsieTcss KoneGaHUeM HeBUAUMOro 3acpupa

4) rmnoTe3sbl 0O B3ammocBA3u M accbl n saHeprmm, aHeprmm v ummMmnynbca

2. Ans Kakux GU3NYECKUX SABNEHUW 6bln cHOpMYynupoBaH MNPUHUUMN OTHOCUTEND-
HocTu TFTanunea?

1) TONbBKO ANA MexXxaHWYECKUX ABNEHUNI

2) AnA MexXaHWYEeCKMUX U TennoBblX SABAEHMUI

3) ANA MexaHMWYEeCKWUX, TENNOBbI X W 3NEeKTPOMATHUTHbLI X SABNEHUNR

4) Ans NnwbblX PU3IMYECKUX SABNAEHUN

3. MpuMHUMUN OTHOCUTENbHOCTU OWHWTellHa cnpaBejgNuBs
1) TONbKO ANS MeXaHWUYECKUX SABNEHU

2) TONbBKO ANSA ONTUYECKUX ABNEHUN

3) TONBKO ANA 3NeKTPUUYECKUX ABNEHUI

4) Aons BCex MMU3INYECKUX SABNEHUI

4. Ona onucaHus G U3NYECKUX NPOLLECCOB

A. BCce cuUCTeMbl OTCYE&€Ta SABNAKWTCA pPaBHOMPAaBHbL MK

B. Bce mHepuManbHbie cucTeMbl O0TCUéTa ABNAKWTCA PaBHOMPABHBLI MU

Kakoe M3 3Tux yTBepX eHUW cnpaBeAgNMBO COFrNacHO cneuunanbHOW TeOpUU OTHOCHU-
TenbHOCTMN?

1) Tonbko A 2) Tonbko b 3) u A, n b 4) Hu A, Hu b

5. Henb3a yCcTaHOBWUTb, ABUXETCHA WUAU NOKOWUTCH nNabopaTopusa OTHOCUTENbHO Ka-
KOW-NM60 MHepuManNnbHOW cucTeMbl OTCYETAa, Ha OCHOBAHWUMU MNPOBEeAEHHbLIX B 3TOW
na6opaTopuu HabnwpgeHuii

1) oNTUYECKUX ABNEeHUNI 3) MexXaHMUYeCKUX SABNEeHUMR

2) 3NeKTPUYECKUX ABNEHUN 4) nwbbl X GPMU3INYECKUX SABNEHUI






onTuka 237

ABUXyliMecs yacbl «TUKalT» MeAslIeHHee, YeM MOKosULMecs.
Ecnn v « ¢, T0 B ¢opmynax (8.1) u (8.2) MOXHO npeHebpeyb BeNUYU-

30m Torga | ~ 10m x ~ TO, T. €. peNATUBUCTCKOE COKpalleHne pa3smepoB Tena

n 3amMeanneHne BpeMeHnm B ABUXYULNXCA CUCTEMaX OTcHeTa MOXHO He yYuTbliBaThb.

PenaTMBUCTCKUIA 3aKOH C/A0XEHUSA CKOpOCTEﬁ. HoBbIM penaTUBUCTCKUM Mnpefj-
CTaB/IEHNAM 0 NPOCTPaHCTBE U BpPeMeEHWU COOTBETCTBYET HOBbIA 3aKOH C/I0XKEeHMUA
CKOpOCTeVI. O4yeBUAHO, 4TO K/1aCCMYeCcKNn 3aKOH C/0XKeHUs CKOpOCTeVI HEe MO-
XKeT OblTb cnpaBeanunBbiM, TaK Kak

OH MPOTWUBOPEYNT YTBEPXKAEHUIO O MO~ [ Kak Ha ocHoBaHuu copmyn (8.1)
CTOAHCTBE CKOPOCTM CBETA B BaKyyMe. M (s.2) AoKasaTb, uYTO CKOPOCTb

Ecnn noesq ABUXETCS CO CKOPO- cBeTa — MakcMManbHas CKOpOCTb
cTbto 1 M B BaroHe B Hamnpas/ieHUM ABMXEHUA (DU3NYECKNX 06bLEKTOB?

OBV>KEHUA noesja pacnpocTpaHaeTcsa

cBeToBas BOJIHA, TO €€ CKOPOCTb OTHOCUTE/IbHO 3eMNWN [0/I)XKHa 6biTb paBHa OMATb-
Takm c*, a He V* + c*. HoBbliAi 3aKOH C/IOXKEHWUA CKOPOCTEM U AONXKEH MPUBOAUTL
K TpebyemMomy pe3ynbTarTy.

Mbl 3anuwem 3TOT 3aKOH CJ/IOXKEHUA CKopocTen
ONA 4YacTHOro cnayvas, Korpa Teno [BuUXeTca BAO/b
ocm X xcuctembl otcyéta Kr, kKoTopasa, B CBOW oOYe-
pefib, ABUXETCA CO CKOPOCTbK V¥ OTHOCUTENbHO CU-
ctembl oTcyéta K. TlMpuyém B npouecce [BUXEHUA
KoopauHaTHble ocn OX u OXxBCé Bpema coBnajarrT,
a kKoopanHaTtHble ocu OY m OYx, OZ u OZxocTtakwTcA
napannenbHbiMmn (puc. 8.3).

O603Ha4YMM CKOpPOCTb Tena OTHOCUTENbHO CUCTEMBbI
oTcyéTta Kxuepe3 nx, a CKOpPOCTb 3TOr0 >e Tesla OTHO-
cuTenbHoO cuctembl oTcyéta K uyepes g2. Torpga Puc. 8.3

EE22BEP PENATUBUCTCKUIA 3aKOH C/IOXKEHUSA CKOPOCTEW MMeeT BUA

Uj + v
(8.3)
VXV
1+
Ecnn v « cnun Uj « C, TO 4YJiIeHOM B 3HamMeHaTesie MOXXHO npeHe6peqb,

M BMeCTO BblpaXkeHns (8.3) MONy4YMM MPUBLIYHBLIA ANA HAC KAacCUYecKUii 3aKoH
CNO>KEHUSA CKOPOCT eii:
V2= Ul + Ve

Mpn 0X = ¢ CKOPOCTb V2 TakKXe paBHa C B COOTBETCTBUW CO BTOPbIM MocTysa-
TOM TEeOopUN OTHOCUTE/NTbHOCTW. ,ﬂ,el‘;lCTBMTEHbHO,
c+vVv c+ Vv
Vn = =cC = C.
1+cv c + v
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OMNTUKA

3ameyaTesibHbIM CBOWCTBOM PeNATUBNUCTCKOIo 3akKoHa C/NoXXeHn4A CKOpOCTeVI

ABNAETCS TO, UTO MpPU MO6LIX CKOPOCTAX V1M M (KOHEUYHO, He 60NbLINX C) pe-
3y/NbTUpyloW,asa CKOPOCTb V2 He MpeBbllWaeT c.

CnepacTtBmMsa M3 MNOCTYy/1aTOB TEOPUM OTHOCUTENIBHOCTHU i’ |

1. MpnM KakKMX CKOPOCTAX ABUXKEHUA PeNnATUBUCTCKUIA 3aKOH CrioXe-
HUSA CKOpOCTel MnepexoanT B Khaccuuyeckuin (3akoH Manunnesn)?

2. B 4ém npuHUuMnuManbHoe OT/INYME CKOPOCTWU CBeTa OT CKOpPOCTeW
OBUXXEHNA Ten?

1. ®opmynbl cneynanbHOlW TEOPUN OTHOCUTENbHOCTM HEOGXOAMMO MCMObL30BaTL MPU
onucaHnn ABUXEHUSA

1) TONbKO MUKPOCKOMUYECKUX Tesl, CKOPOCTU KOTOpPbIX 6/N3KN K CKOPOCTUCBE

2) TONMbKO MaKPOCKOMMUUYECKMX Tes, CKOPOCTU KOTOPbIX G6AM3KUK CKOPOCTWU CBeTa
3) nw6bIX Ten, CKOPOCTM KOTOPbIX 6/IM3KM K CKOpPOCTM CBeTa
4) N6blX Tesn, CKOPOCTW KOTOPbIX Masibl N0 CPaBHEHMIO CO CKOPOCTb cBeTa

2. BpeMsa >XW3HU 3aps>KeHHbIX 4YacTul, MNOKOSAWMXCA OTHOCUTENbHO YCKOpUTENs,
paBHO T. UemMy paBHO BpeMs >XW3HW 4acTuL, KOTOpble ABUXYTCA B YyCKOpuTesne co
ckopocTbto 0,6c?

1T 2) 1,671 3) 0,851 4) 1,257

3. B vHepumanbHoOli cucTeme OTCYETa CBET pacnpocTpaHsieTcsi B BaKyyMe CO CKOpO-
CTbto €. B HekOoTopol cucTeme oTc4YéTa C OAMHAKOBbBIMW CKOPOCTAMMU V ABUXKYTCS
HaBCTpeuy JApyr ApYyry pABe cBeTsiwjmecss KomeTbl. CKOpPOCTb CBeTa, MCAYLW,EHHOro
nepBoii KOMEeTOW, B cCUCTeMe OTCYéTa, CBSAA3AHHOW C ApYyroi KomeTol, paBHa

1) ¢ 2)c + v 3) ¢ + 2d 4) 2¢ + v

4. [iBa 3neKTpoHa ABUXYTCA B MPOTUBOMOMOXKHbLIE CTOPOHbLI CO ckopocTamMu 0,5¢C

n 0,6c oTHocMTenbHO 3emnu (C — CKOPOCTb cBeTa B Bakyyme). CKOpOCTb BTOPOro

3/1eKTpOHa B CMCTeMe OTcYéTa, CBA3AaHHON C MepBbIM 3/1eKTPOHOM, paBHa

1) 1,1c 2)c 3) 0,85¢ 4) 0,1c
5. CBeT 0T MCTOYHMKA nagaeT MNepneHAUKYNSAPHO MNOBepX-
HOCTW HEeNnoABUXHOro 3epkana. WCTOYHMK cBeTa npubaun-
)KaeTcss K 3epKajly Co CKOpoOCTblo V* Yemy paBHa CKOpOCTb
OTpaXXéHHOro cBeTa B MHepuuasbHOl cucTeme oTcyéTa, CBA-
3aHHOM ¢ 3epkanom? (CBeT B BaKyyme pacnpocTpaHseTcsa co
CKOpPOCThbiO C.)

1) c - v 2) ¢ 3) c + v 4)c ;1 - —
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'8 64 OSNIEMEHTbl PEASATUBUCTCKOWN ANHAMUKU

BcnomHute onpefneneHnsa OCHOBHbIX NOHATUN AVHaMNKN. MaccCbl, nMmnynbca, aHepruun.

C HOBbIMW MNPOCTPAHCTBEHHO-BPEMEHHbLIMM MNpeAcCTaB/EHUAMWU He cornacytTcs
npu 60MbW KX CKOPOCTAX ABUXXEHUA WU 3aKOHbl MexaHWKW HbloToHa. JlMwb npu
MasblX CKOPOCTAX ABMXXEHWA, Korga cnpasef/iMBbl Knaccuyeckue npepcraBrieHns
0 NpocTpaHCcTBe MU BpPeMeHW, BTOPON 3akKOH HblToHa (YpaBHeEHMUE ABUXXEHUA)

AU

At
He MeHseT CcBOel (opmbl nNpu nepexoge OT OAHOW WHepUManbHOW CUCTEMbI OT-
cyéTa K Apyrov (BbIMOMHSAETCA APUMHUMUMN OTHOCUTENbHOCTMK).

Ho npu 60MbWNX CKOPOCTAX ABUXEHUS 3TOT 3aKOH B CBOeW 06bl4HOW (Kjac-
cnyeckoin) cpopme Hecnpasegnms. OgHako BBeAEHHble B AUHaMWKe OCHOBHble MO-
HATUA: 3HEPIUA, UMNYNbC — UMEKT TOT Xe (PU3NYECKUM CMbICN, NULWb MNOHATUE
MaccCbl B K/laCCMYECKOW MexaHWKe oT/mnm4yaetTcss OT MOHATUA MacCbl B PeNATUBUCT-
CKO AMHaMuKe.

B npupoge cylwecTBYT 4YacTULbl, CKOPOCTb KOTOPbIX paBHa CKOPOCTW CBeTa.
OT0 (POTOHbLI. Maccbl 3TUX YacTul, paBHbl Hynt. OHWM He MOryT OblITb 3amef-
NeHbl UNM yckKopeHbl. Mo3ToMy BO BCeX WMHepuMasbHbIX CUCTEMaxX OTCYETaA MX
MMNYAbC W 3HEPrnsa He paBHbl HYyA. Takue 4YacTulbl Ha3biBawTCcA 6e3macco-
BbiMU (cm. § 71).

DHeprua M MMNynbCc TaKUX 4YacTul, CBA3aHbl COOTHOLWEHUAMMU

=F (8.4)

E =pc n E2- p22=0. (8.5)

DTN COOTHOLWEHUA 3KCANepUMEHTAaNbHO MOATBEPXKAEHDI.

OfHaKo ANns 60NbLWMHCTBA YacTUL, Macca ABNSETCA OAHOW M3 BaXKHelWwnx xapak-
TepUcTMK. OTU YacTuLbl Ha3blBalTCA MaccoBbiMU. CKOpPOCTb TaKMX YacTul M < C.

MaccoBas yacTuuya obnagaeT CO6CTBEHHOW 3Hepruei:

E = Tc2 (8.6)

W ww CornacHo c¢opmyne (s.s) Teno ob6nagaeT aHepruei M Npu CKOPOCTU, paBHON
Hynt, — aHeprmei nokos.

3T0 3ameuvaTeslbHbI pe3ynbTart.

Nio6oe Teno yxe Tonbko 6narogaps (akTy CBOero cyuwecTBoBaHus o6nagaeT
aHeprueil, KoTopas nponopuuoHanbHa ero macce T.

Mpu npeBpalleHNAX 3MeMeHTapHbIX YacTul, o6najalwuMx maccoii Mnokos
T ~ 0, B yacTuubl, y KoTopbix T = 0, UX sHeprus nokoss EOuennkom npespa-
UaeTcd B KUHETUYECKYID 3HEepruio BHOBb 06pa3oBaBLIMXCA YacTul. DTOT (akT
ABNAETCA Haub6o/ee 0YEeBUAHBLIM SKCMEPUMMEHTaNlbHbIM [0Ka3aTeNbCTBOM Cylle-
CTBOBAHUS 3HEPTUUN MOKOS.



NTUKA
(1] 0}

o unas Bo BCex WHepuuanbHbiIX cMCTeMax OTCY&TA MMMNY/AbC YacTUlbl M eé aHeprus
CBs3aHbl COOTHOWEHWEM

E2- px2= TX\ (8.7)

Tak KaK BeJ/INYMHBI T WU C He Me-

Kak Ha3blBalTCHA BE/NNYUHbI, He Wn3- HAKTCA MNpu nepexoae oOT O.U'HOD'I CcUn-

MeHAllneca npu nepexofe OT OA- cTeMbl OTCYETa K [JpYyroin, To0, cnepo-
HOW cuCTeMbl OTCYETa K Apyroi? BaTe/IbHO, He MeHfAeTcd U 3HayeHwue
E2 - p2c2.

Bbipa>keHne (8.7) npeobpa3yetca B ypaBHeHue (8.5) npu T = 0, cneposaTtesb-
HO, OHO cnpaBeA/INBO TakXXe U ANs 6e3mMaccoBblX 4YacTul,.

®opmyna (8.7) siBnseTca (DyHAAMeHTaNlbHbIM COOTHOWEHUEM PEeNsiTUBUCTCKOM
MeXaHUKN.

JHeprua ABMXKYLLelca YacTuubl BblpaXkaeTcsl yepe3 eé MMMYNbC CAefYHOULUM
o6pasom:
E =

ylp2c2 + T2c4. (8.8)

Mcnonb3ysa gopmyny (8.8), a TakXKe yuyuTbiBas, 4T0O UMMY/bC 4YacTUlbl Mpo-

nopynoHaneH e€é CKOPOCTW W 3HEpPruu, nonydaem Bblpa>KeHUA A[N1A UMMOYy/bca
M 3HEPTUN YacTULlbl:
p =, =, (8.9)
yj1 - v2/c2
T
E = (8.10)
yj1 - v2/c2

Mpu v « C Mbl NoNy4Yum BbipaXeHune anda mMmnynbca B Knaccnyeckoim mexa-

HUKe: p* = Tu*

MHoOXunTenb (peﬂﬂTVIBI/ICTCKVIVI MHO)KI/ITefIb) npmn mMmanbliX CKOpPO-

yi1 - \w/Cc2

CTAX MOXHO I'Ip806pa3OBaTbZ

- «l+45

yj1 - v2/¢c2

MopgcTaBm 3TO BblpakeHue B opmyny (8.10) m nonyumm

E TC2+ TN /2. (8.11)

MocnegHee cnaraemoe — 23TO Bbl-

MojcTaBbTe thopmynel (8.9) u (8.10) pakeHWe ANsi KUHETUYeCKOl 3Hepruu

B dopmyny (s.s) wun ybeautechb
B NPaBWUbHOCTU MNPUBEAEHHBIX Bbl-
paxeHuii ana umnyneca u saHeprum. J

B KJ/lacCM4YecKoW MexaHWukKe.

MepBoe cnaraemoe B
(8.11) — 3TO0 cob6cTBEHHAA
YyacTuLbl.

dopmyne
3Heprus
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m:) PenstTnBucTCcKas aHeprus ecTb Cymma CO6CTBEHHON 3Heprun 4vacTuubl U pens-
TUBUCTCKOI KWHeTu4yeckol aHeprum EK:

E ~T1TCc2 + EKk (8.12)

N3 ypaBHeHun (8.10) m (8.12) nosyuymm BblpakeHUe AN PenssTUBUCT CKON
KWHeTNYEeCKO 3HeprumM MaccoBOW 4HacTULbI:
( 1
= TC2 (8.13)
cI)1- v2/c2

3amMeTmnm, 4TOo ecnm v —lmc, To EK °° YTO HEBO3MOX>XXHO. ITO 03HA4aeT, 4YTo
CKOPOCTb MAacCOBOW YacTuubl Bcerga MeHblLle CKOPOCTWU cCBeTa.
Macca yactuybl 13 dopmynbl (8.8) mmeeT BuUA

m 4-nla2 - P2C2. (8.14)
Ecnn vactuya nokomtcA, To m = E/c2

w uw Tak Kak noakopeHHoe BblpaxeHue B cdopmyne (8.14) He 3aBucuT OT BbibOpa
cucTemMbl OTcyéTa, TO Macca 4YacTuubl He 3aBUCUT OT €€ [ABMXKEHWUS U OCTaETCsi OfHOW
N TOW >Xe BeNUYMHOW BO BCEX MHepUManbHbIX cCUCTeMax OTcuyéTa.

MpuHUMN cooTBeTCTBUA. 3aKOHbl AMHAMUKWN HbIOTOHA W KjlacCcu4veckue rnpeg-
CTaB/1eHMNA O NpocTpaHCTBE U BpPeMEHM MOXHO paccmMaTpuBaTb KakK YyacTHbI W
cnyqa|7| PENATUBUCTCKNX 3aKOHOB NPU CKOPOCTAX ABUXEHWNA, MHOIro MeHbLWNX
CKOpoCcTn cBeTa.

910 — npoAaB/ieHNe TakK Ha3blBaemMoro npuHuwuna cooTBeTCTBUA.

MpUHUMN COOTBETCTBUSA — MNPWHLUN, COrlacHO KOTOpOMYy ftb6as Teopus,
npeTeHaylwaa Ha 6onee rnybokoe onucaHue ABNeHWl i U Ha 60nee WUPOKY chepy npu-
MEHWMOCTU, 4YeM cTapas, AOJ/HKHA BKAWYaTb MOCMEAHIOI KaK NpefenbHbll cnyvait.

MpUHUWUN COOTBETCTBUSA BrepBble 6bin chopMynupoBaH HuUIbCoOM
BopoM ANs ycTaHOB/IEHUS CBSI3M KBAHTOBOW W K/AacCUUYeCcKoi Teopuii.

3Heprvm nokosa. PenAaTuBucTckne nMnynbc, aHeprua

1. Kakune BENWUYUHbI He M3MEHAKTCA Npu nepexoge OT O4HOW WHepuu-
f afibHOW cucTeMbl OTcY&Ta K ApPYroi?
9 2. Kakue vactuuybl MOryT ABUraTbCsa CO CKOpPOCTbl cBeTa?

3. B 4ém COCTOUT MPUHLMN COOTBETCTBUA?
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§ 65 TPVUMEPbI PELUEHWA 3AAAY MO TEME «3J/IEMEHTbI
CNEUMANBHOWN TEOPUN OTHOCUTE/IBHOCTWN»

3a4aunm Ha TEopu OTHOCUTENbHOCTM B OCHOBHOM pellalwT Mo M3BECTHbIM dop-
mynam. Hapo o6pauiaTb BHMMaHWe Ha TO, C KaAKUM TeNIOM CBA3biBATb MOABUXKHYIO
N HenoABWXXHYI CMUCTEeMbl 0TcuéTa, OT 3TOr0 3aBUCAT 3HAKW B popmysax.

Y,Y’ 3apgava 1. Ncxoaa wm3 BTOPOro nocrtysiata Teopuwu
OTHOCUTENbHOCTU, BbIBeAUTE MpeobpasoBaHUA Koop-
AVHAT NOABWMXHOW cuctembl oTcyéta K' B KoopauHa-
Tbl HeNnoABWXXHOW cucTembl oTcHéTa K, ecnm cuctema
oTcuyéta K’ gBuxxetca BAoNb ocu OX CO CKOPOCTbO U
OTHOCUTENBbHO cuctembl K (npeobpasoBaHna JlopeHua).

PeweHwne. B HayanbHbI/i MOMEHT BpPEMeHM CO-
BMECTMM Hayana KoopAuHaT MOABUXXHOW M HEMoABUX-
Hon cuctem (O cosnagért ¢ O') (puc. 8.4, a).

MycTb B Touke O (Mnm O') B Hayas bHbIi MOMEHT Bpe-
MeHN npousolna BCMbIWKA.

CnycTa NpoMeXXyTOK BpemMeHM t ocu coBnagaTtb yXe
He 6yayT (puc. 8.4, 6) n 3HayeHMsa KoopAMHAT BOJTHO-
BOro (hpoHTa X M X' TOXe.

Mpeo6pa3oBaHUA KOOPAMHAT B K/acCM4YecKoh mexa-
HUKE UMenun Buj

K K* K' — K
X =x - vt X = x" + vt'
y =y y=yY D
' =z r=r
6) Puc. 8.4 t o=t t=1t

CorslacHo NMPUHLWUNY COOTBETCTBMS Npeo6pas3oBaHUsA KOOpAMHAT B PenAaTUBUCT-
CKOW MexaHWKe [0/KHbl 0CTaBaTbCA NIMHEMHBIMU U NMepexoAuTb B COOTHOLWEHUS
(1) npu v « c. CnepoBaTenbHO, OHW [AOMXKHbI UMETb BUA

X' = y(x - vit), X = y(x' + vt'). (2)

Tak KaK CKOPOCTb CBeTa He 3aBUCUT OT ABMXXEHUS CUCTeMbl 0TcyéTa, B CU-
cteMe oTcuéta K 3a Bpems t curHan BAonb ocu OX pacnpocTpaHW/cs Ha pac-

cToAHMe X = ct, a B cucteme oTcyéta K' — Ha pacctoAaHme x' = ct'. lNMoacrasus
3T 3HayeHua B opmynbl (2), nmeem
ct' = yE(c - w), ct = yt'(c + v).

Bbipa3uB t' U3 3TUX paBEHCTB M NPUPaBHSB MOJIYUYEHHbIE Bblpa)XeHUSA, UMeEEM
y(c —V) c

y(c + a) 0TKyAa Moayymm

_ NN
V2= 1o vale 1. v2/c2
-
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3apaya 4. ToHKoe KoNbuo paguycom 40 cm nponetaeT MMMO Habnwpgatens co
cKopocTbo M = 0,8c. Onpegennte M3MeHeHUA GopMbl KoMbla, KOTOpble PUKCU-
pyeT Habnwgatens.

PeweHwne. Ecnm 6bl Habnwpatenb ABUrasica ¢ TaKoW >Xe CKOPOCTbK, 4TO
W KOMbLO, OH 6bl He 06HapPy>XWs M3MeHeHUWA ero ¢opmbl. OTHOCUTENbHO 3TOrO
Habnwgatensa Konbuo 6bIN10 6bI HEMOABUXHO.

OTHOCUTENbHO HENOABUXHOro Habnwpatensa pasmepbl Konbua BAOMb Hanpas-
NeHNs ero ABUXXEHUS coKpauw,akwTca, a B MNepneHAMKYNSIPHOM K HanpaB/ieHUH
OBVOXKEHUS HarnpaB/iieHWU He u3meHswTcA. [MosToMy KOAbLO byAeT KasaTbCA He-
noABUXHOMY HabnwaaTento CN/WEHHbIM.

NTak, npogonbHbIi pasmep onpegensdetca no gopmyne (f — 2r VI ~ y2/c2 >
nonepeyHbin pasmep d2 = d2 = 2r, oTKyjga

Adj = d[ - d1= 2r(™l - v2/c2 - 1) = -0,32 m; Ad2 = 0.

3agaya 5. C Kocmmyeckoro kopabnsa, HaxogAaweroca oT 3emMNn Ha pPacCTOAHUMU
s = 6 106 M, nocbl/laldT Ha 3eM/Il0 CBETOBOW CUTHaM W MYYOK ObICTPbIX 4a-
CTUL, MMEKLWMX CKOPOCTb OTHOCUTENbHO Kopabna r/ = 0,8c. Kopabnb aABuXXeTcA
K 3emsie co ckopocTbto vO = 0,4c. OnpefenuTte, 4Yepe3 KakKume MPOMeXyTKWU Bpe-
MEHW CUTHaN WU MNy4YoK 4acTuly AOoAAYT A0 3eMu.

PeweHune. CKOPOCTb CBeTa He 3aBUCUT OT ABMXXEHUS WUCTOYHMKA, M NO3TO-
My Bpemsi Tp yepe3 KOTOpOe CBETOBOW cCUrHan AoWAET A0 3emMu, paBHoO:

_S_6°106 — 0.02
M=o T 3.0 ©=002¢

B HenogBWXXHOI cucTeMe OTcYéTa, CBSA3AHHOW C 3eM/Ei, CKOpPOCTb uvacTul

vo + V'
onpefennM COrflacHO 3aKOHY C/I0XKeHWUA ckopocTel (8.3): v = —.

1+ v'vgq/c2

s(l + v'vosc2)
COOTBETCTBEHHO T, = ---m-m-—m-mmmmmmoee = 0,022 c.

CBeTOBOW CUTHan AoWAET A0 3eMNM Ha 2 MC paHblle, 4eM My4YoK 4acTuu,.

3apgaya 6 OnpegenuTte M3MEHEHMWe Macchbl Abfa MNpPU ero NaasAeHUU NPU TeM-
nepatype 0 °C. McxogqHaa macca nbga 10 Kr, yaenbHas TennoTta nnaB/eHUA Nbja
3,3 =« 1054x/Kr.

PeweHwne. MNpu nnaeBieHUN 3HepPrus cuUcTeMbl yBeMUYMBAETCS 3a CUET M3-
MeHeHUs MOoTeHLMWaNbHOW 3Heprum B3aMmMoaelcTBUA Mosiekyn: AE = XT.
JHeprusi cMCTeMbl CBsA3aHa C MacCoi CAeAylW MM COOTHOLIEeHMEM: AE = ATe2

OTciopga AT = = 3,67 = 10~n Kr.
3ajayun gns caMocToATeNIbHOIO peleHus

1. C TOuKM 3peHMs HabnwaaTens, HaxoAsLWerocs B ABUXYLULeMcs noesje, yaa
pbl MONHMIA B 3eM/il0 B Touke A (Bnepeawn noesga) U B Touke B (nosagm noespa)
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npon3ownm OAHOBPeEMeHHO. Kakas MOAHUA ydapuaa B 3eMJ/0 paHblue C TOYKMU
3peHnsa HabnwpaTena, Haxofslweroca Ha 3emne?

2. DNeKTPOH, YCKOPEHHbIN 3NeKTpUYecKMM nosemMm, npuobpeTaeT CKOPOCThb,
npu KOTOPOW €ro nosiHas 3Heprus pasHa YABOEHHOW 3Heprnu nokosd. Yemy pas-
Ha ycKopsu,asa pas3HOCTb MOTeHUManoB?

3. BbiBegnTte 13 npeobpaszoBaHuin JSlopeHua dopmyny npeobpasoBaHUii npome-
XXYTKOB BPEMEHMU.

4. CTep>XeHb ANMHOM 1 M HaxoAMTCcA B KOCMMUYECKOM Kopabne, nponetawuiem
MUMO 3eMnn co ckopocTbi 0,8c. YUemy paBHa ANMHA CTepXXHSA ANa Habnwgarte-
na, Haxogawerocsa Ha 3emne? CTepXeHb OPUEHTUMPOBAH BAONIb CKOPOCTW MONéTA.

5. Ha CKO/MIbKO YBeNnM4MTCA Macca cTanam nNpu nnasaeHUn, ecnu eé mcxopHas
Macca paBHa 20 Kr? YpgenbHas Tensiota nnaeneHunsa ctanu 8,2 < 104 O /Kr.

6. OnemeHTapHas 4acTumua ABUXETCA CO CKOpocTbi c. Onpefeniute CKOpPOCTb
yacTuubl OTHOCUTENIbHO HabnwpaTens, ABUXKYLWLEroca HaBCTpeyy yYacTuue co CKO-
pocTbio V.

1. Mpu npoBeAeHMM ONbITOB Y4YEHble O06HaAPYXWUNU ABMNeHWe ob6pasoBaHUA napsbl (r:'\
«3/IEKTPOH—MNO3MUTPOH». YeMy paBHa MWHUMaNbHaa CyMmMapHas 3Heprua napbl? " et
OHeprnsa nokos anekTpoHa pasBHa 0,5 M3B.

2. 3Be3fla KaXAyl CeKyHAY wucnyckaeT W3flydYyeHWe C CyMMapHOW 3Hepruen okKo-
no 9 « 1026 [A>x. B pe3ynbTate 3T0oro macca 3Be3flbl €XECeKYyHAHO YyMeHbluaeTcs
Ha AT = X < O10 kr. Onpegennte 3HauveHue X.

3. CB060AHbIN NUOH (N°-Me30H) C aHepruen nokos 135 MaB ABMXKeETCA CO CKOPOCTbIO
v = 3 «107m/c. B pe3synbTaTe ero pacnaja obpasoBanncb fABa y-KBaHTa, MNPUYEM
nepBblii pacnpocTpaHAeTcs B HanpaB/leHUW ABUXXEHWUS NWOHa, a BTOpoii — B npo-
TUBOMOMIOXXHOM HanpaBfieHUU. YeMy paBHa 3Heprus nepsBoro y-kBaHTa?

MoeTopuTte maTepuan rnaewl 8 MO cnegyowemy nnaHy:

1. BbINUWNTE OCHOBHbIe MOHATUA U PU3NYECKME BeSIMUYMHBI U JaiTe UM onpepeneHue.
2. 3anuwmnTte OCHOBHble (HOPMY/bl.

«CneynanbHasa Teopuss OTHOCUTENIbLHOCTU»

1. Teopuss acpupa. OnblT MalikenbcoHa—Mopnu. Abeppauna cseTa 3Be3Abl.

2. OTHOCMTENbHOCTb MOHATUA BpeMeHU. OL4HOBPEMEHHOCTb CO6bITUI. Mapajokc
6N113HeL0B.

3. 3HayeHue cneumanbHON TeopuUU OTHOCUTENbHOCTM, €€ 3IKCNepuMeHTaNbHoOe
nogTeepxXaeHue.

4. ToHATMA npocTpaHcTBa M BpeMeHW. Kak Mbl MOHWMaeM, 4YTO Takoe 4YeTbipéx-
MepHOe NpocTpaHcTBO?
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U3NTYYEHVE W CMNEKTPbI

| § 66 BWAbl N3NYYEHUWN. NCTOUYHUKN CBETA

BcnomMHUTe, Ha OCHOBaHWMW KakKOW TEOPWUU Mbl OOBACHANN SIBNEHWS BOTHOBOW ONTUKMK.
YTto Takoe cBeT?

CorsacHo 3aKOHaM KJ/1aCCMUYeCKOW 3MeKTPOAUHAMUKU, YCKOPEHHO ABUXYLLME-
CA 3apsi>XeHHble YacTULbl W3Ny4alwT 3/1EKTPOMArHUTHbIE BOJHbI. Kak Mbl 3Ha-

UT-  — e eM, TMEepeMeHHbIn TOK TaKXe Bbl3bl-
MoaymaiiTe, nouemy anekTpomar- \ BaeT MNOSIB/IEHME 3/1€KTPOMArHUTHOrO
HUTHOE MW3Ny4YeHMe CUMTalT CBO- nons. WMsnydeHne npomcxoguTt u npu
604HbLIM. BCNOMHMTE, Kak MpOUCXO- nepexoge artoma U3 BO36YXAEHHOrO

AUT pacnpocTpaHeHWe 31eKTPOMArHUTHOM COCTOSSHMSA B OCHOBHOe, a TakK)Xe npu
BOJIHbI. pacnage sagpa. CoBeplIeHHO pasHble
UCTOYHUKN ABNSAKTCA UCTOYHUKaAMU

N3Ny4YeHUs OAHOW M Tol >Xe PM3nYecKOd NpuMpoabl — 3NeKTPOMArHUTHLIX BOJIH.
MpaBaa, Anana3oHbl 4acTOT 3TUX BOJIH pPa3/IMYHBI.

BHauyane octaHOBMMCSA Ha O4HOM W3 BUAOB M3NYyYEHUS — TEMNSOBOM WU3AYYEHUN.

Tennosoe u3nydeHue. Hanbonee nNpoctoli M pacnpocTpaHEHHbLIA BUA M3Nyde-
HUA — 3T0 TEensjoBOe M3/ydYeHWe, nMpoucxopsiLiee 3a CYET 3HEPrUM TEenaoBOro
ABVKEHUA aToOMOB (MU MOMEKY/) M3My4alllero Tena.
KL LLLA

Tennosoe M3ny4dyeHue — 3TO M3NyYEeHWE HaArpeTbiX Ten.

Yem Bbille TemnepaTypa Tena, TeM 6bicTpee ABUXYTCA B HEM aTombl. Mpu unx
CTONIKHOBEHUW APYr C APYFOM 4YacTb KMHETUYeCKOW aHepruum, KOTOpoil oHWM obnapatroT, NAET
Ha BO36yX/[eHue, 3aTem aTOMbl W31y4yalwT U NepexoasaT B HeBO36yXAEHHOe (OCHOBHOE)
COCTOAHME.

Tennosoe M3nyyeHue — 93TO eAWH-
CTBEHHOE CyulecTBylolWee B npupoae
paBHOBecHoe u3nydyeHue. Ecnu Ha-
rpetoe Tesi0 MOMECTUTb B 060/104YKY
C naeanbHoO oTpaXkawWwMMmn U3NyUYeHune
CTeHKaMu, TO CMyCTs HEeKOTOopOoe Bpems pacrnpefie/ieHne sHeprumnm mexay msnyde-
HMeM (3N1eKTPOMarHUTHOro Mnonsi) U TesioM GyfAeT oCTaBaTbCA HEU3MEHHbIM. JHep-
rms, usnydaemasi Te/ioM 3a Bpems t, 6yAeT paBHa aHepruu, norsou,aemoii Tenom
3a TOT XKe MPOMEXYTOK BPEMEHMU.

Ecnn Teno AOMNONHWUTENIbHO HarpeTb, TO OHO HAYHET M3ayyaTb GONblIE 3Hep-
rMu, yem norjouiaTb. 3aTeM M3/lyyeHUe U Tesio NPUAYT ONSATb B COCTOSIHME paB.-
HoBecus.

TennoBbIMU WUCTOUHUKAMWU WN3NYUYeHUS ABNATCA, Hanpumep, ConHue U 06bly-
Haa naMmna HakanueBaHus. Jlamna o4YeHb YA0G6HbI, HO Man03KOHOMUUHbIA UCTOUHUK

Kak, cornacHo BawumMm HabnwgeHusam,
n3fnyyaemas TenoMm 3Heprus u LUBeT
Tena 3aBUCAT OT TemnepaTypbl?
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ceeTa. Jlnwb okono 5 % Bceli 3Hep- g

~ CNOMHUTE, C KaKUMU UCTOYHUKAMMU
rmn,  BbIfENAGMON B HUTU  Jlamnbl TENN0BOr0 U3NYyYEeHUA Bbl CTaNKUBa-
3NeKTPUUYECKMM TOKOM, npeobpasyeTcs eTecb B NMOBCEAHEBHOM XU3Hu. Bce
3 aHepruto cseTa. HakoHel, TensoBbIM N1 UCTOYHWKMN AN Bac MNOJe3Hbl?
MCTOYHWUKOM CBeTa SBNSAETCSA TaKXe
nnamsa. KpynuMHKKM ca)kn (He ycneBLWMWE CropeTb 4YacTulbl TOM/AMBA) packansawTcs
3a CYET 3Hepruu, BblAeNsilOWeca Npu cropaHUM TonamBa, U UCNYCKalT CBET.

ONeKTPOIIOMUHECLLEHLNA. OHep- .
rmsa, Heobxogmmasi atomam ANA U3- j MogymaiiTe, MOXHO nn CKasaTb, YTO
I'Iy‘-IeHVIFI cBeTa, MOXeEeT I'IOCTyI'IaTb NCTOYHUKN TennoBoro uUsny4vyeHma —
M U3 HEeTensqioBblX WUCTOYHWUKOB. [pwn 3\° UCTOYHMKK CBeTa,

paspsife B rasax 3/leKTpuueckoe nose

coo6UiaeT 3NeKTpPoOHaM 60/MblIYI0 KUHETUUYECKYID 3Hepruio. BbICTpble 3/1EKTPOHbI
MCNbITbIBAOT HEynpyrue coygapeHus ¢ atoMaMu. YacTb KMHETMUECKO 3Hepruu
3M1eKTPOHOB MAET Ha B036yXX/AeHWe aToMOB. B036y>KAEHHbIe aTOMbl OTAAT 3Hep-
rmio B BUAE CBETOBbIX BOJIH, MPOUCXOAUT paspsj.

3N1eKTPONOMUHECUEHLUSA — 3TO CBEYeHWe, COMpPOBOXKAAlOUiee paspajg
B rase.

CeBepHOe CUAHWE TOXe MNPOAB/IEHWE 3NeKTPoNoMUHecLeHUUN. TMoOToKK 3aps-
)KEeHHbIX 4acTul, wucnyckaembix COMHLEM, 3axBaTblBAOTCA MAarHUTHLIM MO/IEM
3emMnn. OHM B036YXAAT Yy MArHUTHbIX MOMOCOB 3eM/IM aTOMbl BEPXHUX CJ/I0EB
aTMocepbl, M3-3a 4Yero 3TU C/OU CBeTATCHA. SABMeHUEe 3/1eKTPOSIIOMUHECUEHL NN
ncnonb3yetcs B TpybKax AN peKNamMHbIX Haanucew.

KaTofaontoMmnHecLeHUUS.

A M KaTopontoMuHecUeHUNSs — 3TO cCBeveHue TBEPAbIX TeN, Bbl3BaHHOEe 60M-
6apAVMPOBKON WX 3NeKTPOHaML.

Bnarogapsi KaTo4OMOMWUHECLLEHL NN CBETATCA 3KPaHbl 3/IEKTPOHHO-/1y4YeBbIX
Tpy6oK TeneBusopa.

XemMunrommHecueHUunsa. MNpn HEKOTOPbIX XUMMUYECKUX peakKUMAaX MPOUCXoanT
n3nydyeHme ceeta. VICTOUHUK cBeTa 0OCTaéTCcA XO0/M0AHbIM (OH MMeeT TemnepaTypy
OKpy>awluien cpepgbl).

XeMnnrMmnHecLeHLNAa — 3TO CBevyeHUe, npoucxopsalee 3a CYET Bbigene-
HUA 3HEePrunm npu HEeKOTOPbIX XUMUUYECKNX peaKuunax.

MouTu KaxkAabli U3 Bac, BePOSSTHO, 3HAKOM C TaKUM CBeyeHUem. JSleToM B Nnecy
MOXXHO HOUYbI YBUAETb HacekoMoe — cBeT/A4YKa. Ha Tene y Hero «ropuT» Ma-
NeHbKUI 3enéHblii «poHapUK». Bbl He 060X>XETe MNanbleB, NoliMaB CBeTAsAYKa.
CeeTsilleecss MATHbLIWKO Ha ero CNMHKe MMeeT MOUYTU Ty >XKe TemnepaTtypy, 4To
N oOKpyXawwmnin Bo3ayx. CBeTaTca U ApYyrune >XWBble OpraHuM3mbl: 6akTepun, Ha-
CeKoMble, MHOrve pbibbl, obuTawwme Ha 6onbwoi rnybuHe. Hepeako cBeTATCcS
B TEMHOTE KYCOYKW THUIOLWLEro AepeBa.
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F'm K TMNopgymaliTe, noyemy XemMUIroMu- doToNOMUHecueHUNA. Magaownii
«« HeCcueHUna — HepaBHOBECHOE u3- Ha BelllecTB® cBeT 4YacTUYHO OoTpa)ka-
nyyeHue. eTcA W YyaCTMYHO nornouw,aeTcda. OHep-

rma nornouiaemMoro ceeta B 60NbLWNH-
CTBe cny4daeB Bbi3blBaeT /INWb HarpeBaHue Tesn. OAHaKoO HEKOTOpble Tesna camu
Ha4YMHaKT CBETUTbLCA.

cDOTOI'”OM|/|HeCLLeHL|'VIF| — 3T0 AB/leHWe CcBe4yYeHNda BeulecTBa nocse norno-
ueHna sHeprmnm nagarouwiero Ha Hero M3ny4dyeHusd.

CseT BO036y)XJaeT aToMbl BewecTtBa (yBennmumBaeT MX BHYTPEHHIOK 3HEPrui),
M nocsne 3TOr0 OHW CBeTATCA caMu. Hanpumep, cBeTAWMeca Kpackum, KOTOPbIMU
NOKPbIBAKT E/I04HbIE UTPYLW KW, N3AyyalT cBeT nocsie UMx o06ayvyeHuUs.

MN3nyyaemblii npu hoToNOMUHECLEHLNN CBET MMeeT, KakK npaBuao, 60nblyto
ONVIHY BOJIHbI, YeM CBeT, BO36yXJawLWnii cBeyeHMe. IDTO MOXHO HabnwaaTb 3IKC-
nepumMmeHTanbHo. EcnuM HanpaBuTb Ha cocyf c (pwoopecueMHOM (OpraHuUyeckui
KpacuTenb) CBeTOBOW MNYYOK, MpPONyWeHHbIA 4Yepe3 (UOAETOBbIA CBEeTOOUNLTP,
TO 3Ta >XWAKOCTb HayuMHaeT CBeTUTbCA 3eNEHO-)XENTbIM CBETOM, T. €. CBETOM
c 6onbwenn ANMHOW BOMAHBLI, YeM Yy (DNONETOBOro cCBeTa.

N3yuyeHnem aBneHmnsa OTONIOMUHECLEHLNN 3aHUMANCA COBETCKUN
punsnk Ceprenn MeaHoBny BaBumunos. OH mccnegosasn 3aBUCUMOCTb
ONNHbI BOSTHbl NTIOMWHECLLEHTHOI0 M3/1y4YeHUs 0T ANIUHbI BOJIHbl BO3-
by>XXawWero U3nNyyeHUs, a TakKXXe MHOXXECTBO WHbIX fABJe-
HWIA, CBAA3AaHHbLIX C TeMoi un3nydyeHma. B 1941 r. C. . Ba-
BMNOB cAenan p[oknagn, OCHOBHOW uaeeli KOTOPOro SBASAMOCH
3 heKTUBHOE WNCMOAb30BaHME NHOMMUHECLEHTHbIX WUCTOYHUKOB
ceeta. OH NpeanoXuna MnokpbiBaTb BHYTPEHHIOK MOBEPXHOCTb
pa3pagHolii Tpy6Kwu Bew,ecTBamMu, CNOCOOGHBLIMU SAPKO CBETUThb-
cA noja [AelicTBMEM KOPOTKOBOJIHOBOINO MW3/ly4eHUSA ras3oBoOro
paspaga.

B HacTosiulee BpemMsa AB/eHME (POTONHOMUHECLEHLUMN WNPO-
KO Mcnonb3yeTcd B namnax gHeBHOro ceeta. OHM B HECKONbKO
C. N. BaBnnos pas 3KOHOMWYHEe W [0Nblue CAyXaT, Y4eMm O06blYHble Nammnbl
(1891 —1951) HakKanuBaHuA, ABNAKLULIMECA TENNOBbIMN UCTOYHMUKAMUN CBeTa.

I/I3r|yqu|/|e 3NEeKTPOMAarHNTHbIX BOJH. NcToOYHUKM n3nyyeHunsa

Kakne UCTOYHWKW cBeTa Bbl 3HaeTe?
UTo Takoe paBHOBECHOE M3NyyYeHue?
Mpyn Kakux TemnepaTypax Tefa MMeeT MECTO TeMnsioBOe U3NyyeHwue?

KakoBa npupoga ¢oTo- M 31eKTPONIOMUHECLEHLUN?
Kakune BUAbl M3ny4dyeHuli peiicTBoBasnn Ha Bac B npolweglwive CyTKu?

.
ahwN 4
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EJis 67 CNEKTPbI U CNEKTPANBHBIN AHANUS

-
Uto Takoe cnekTtp?
BcnomHnTe onbliT HblOTOHA MO pasnoxeHWto 6enoro ceseta B CNeKTp.

PacnpepeneHne 3Heprum B CAeKTpe. HW 0AMH M3 UCTOYHUKOB He AAéT MO-
HOXpOMaTWYeCKOro cBeTa, T. e. CBeTa CTPOro OMNpPeAenéHHOl ANUHbI BOJIHbI.
B 3ToM Hac y6exaalT onbliTbl MO Pa3/iOKEHMWI0 CBeTa B CNEKTP C MOMOLLbIO MPU3-
Mbl, @ TaKXe OMbliTbl M0 UHTEP(EPEHUUN N AU PAKLUN.

Ta asHeprus, KoTopyw Hec&T ¢ co6oii cBET OT MCTOYHMKA TENnsoBOro M3anyde-
HWUSA, pacnpegesieHa HepaBHOMEPHO MO BO/IHAM BCeX AJIMH BOMH (MNX 4yactoTam),
BXOASILLMM B COCTAB CBETOBOr0 My4yKa, AW Ha eAVHUYHOM WHTepBane AJINH BOJH.
MNOTHOCTL NOTOKA 3/1EKTPOMArHUTHOIO WU3/yYeHUs, WAU MHTEHCUBHOCTL |, Kak
n3BecTHO M3 § 36, onpegensieTca aHeprueli AW, npuxoaaueiica Ha BCe 4acToThl.
Ona xapaKTepucTUKK pacnpeaeneHnss n3fydyeHna no yactotam HYXXHO BBECTU HoO-
BYIO BeNIMUYMHY — CMeKTpasbHyld NA0OTHOCTbL MOTOKA W3/yYeHus.

w E I‘O CneKTpaanoF/'l NNTOTHOCTbIO MOTOKa N3NydYyeHUdA Ha3blBalOT MHTEHCUBHOCTb
n3nydyeHua, npuxopgdaueroca Ha eaANHNYHbI MWHTEepBan 4acToT.

O603Haunm eé 4vepes 1(y). Torga MHTEHCUBHOCTb WU3YUYEHUS, NPUXOAALLErocs
Ha HebONbWOW cneKTpanbHbIA MHTepBan Av, paBHa /(V)Av. Cymmupysi nogobHbie
Bblpa)>eHMsa Mo BCEM 4YacToTaM CheKTpa, Mbl MOJIy4YMM MNMOTHOCTb MOTOKa W3Ny-
yeHusa |.

CneKTpanbHyl MJIOTHOCTb MOTOKA M3MYyYEHUS Ha pa3HbiX YacToTax MOXXHO HaW-
T 3KCMepuMeHTanbHO. [nsa 3TOro Hajgo ¢ MOMOLWLbK MPWU3Mbl MOMYYUTb CMAEKTP
M3/IyYeHUs, Hanpumep 3/1eKTPUYeCKOl Ayru, m M3MepuUTb MJAOTHOCTb MOTOKa W3-
Nny4dyeHUs, npuxoasuLerocs Ha Heb6oNblINe CMeKTPa/sibHble MHTepBabl WMPUHONK Av.

3puTeNbHO OLEHUTb (MPUGIM3NTENbHO) pacnpefesieHWe 3HEPruuM Henb3s, Tak
Kak rnas obnagaetr nibupaTtenbHON YYBCTBUTENbHOCTbI K CBETY: MaKCUMyM ero
YYBCTBUTENIbHOCTN NEXWUT B XENT0-3eM1E€HOM o6nacTtu cnekTpa. Jlydwe Bcero BocC-
Nnonb30BaTbCsl CBOWCTBOM YEPHOro Tesla MOYTWM MOJSIHOCTbK MoOrfouwaTb CBET BCEX
ONTUH BOJTH.

Mpu 3TOM 3Heprus najalwlero Ha MOBEPXHOCTb Tesa uU3nyvyeHUs (cBeTa)
Bbl3blBaeT €ro HarpeBaHue. M03TOMYy A0CTAaTO4HO M3MEPUTbL TemnepaTypy Tena
W no Heli cyAWTb 0 KOAMYeCTBE MOrAOWEHHOMW B eAVMHWULY BPEMEHW 3HepPruun
N COOTBETCTBEHHO 06 3HEeprmun, KOTOPYK Tesnlo MOXEeT M3nayyaTb.

Mo pesynbTaTaM TaKWX ONbITOB MOCTPOeHa Kpwusas
3aBMCUMOCTM CMEeKTpasibHOW MAIOTHOCTM MHTEHCUBHOCTU [
n3ny4vyeHusa OT 4acToTbl (puc. 9.1). DTa KpuBas pfaéT
HarnagHoe npefcTaB/leHUe 0 pacnpefesieHUn 3IHepruu

B BUAMMOI YacTu crneKTpa 3/IEKTPUYECKO Ayru. II !I iI % %ii
CnekTpanbHble annapaTbl. MNpuGopbl, fakouine 4éT-
KA CNeKTp, T. €. XOpOLWO pasfensitoline BOJSIHbI pas- O Vr Av YO v

NINYHOM ANVHbBI BOMIHbI M He AonyckKawuine (MAK ModTu
He Aonyckatlline) nepekpbiBaHUsA O0TAENbHbIX YUYacTKOB Puc. 9.1
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CneKTpa, Ha3blBakT CMNEKTpPasibHbIMU

1\ annapaTamu. WX OCHOBHOII u4acTblo
= ABNseTcs npusaMa UAM AUPPaKLUOH-
Kp Has peweéTka.
D PaccMoTpuMM, Hanpumep, CXeMy

ycTpolicTBa NMPU3MEHHOro cnekTpalsb-
Horo annapata (puc. 9.2). Wccnepye-
MOe M3/ly4YeHUe nocTynaeT BHauasle B
YyacTb npubopa, HasbiBaeMyk KonnumaTopom. KonnmmaTtop npepctaBnsieT coboii
Tpy6y, Ha OAHOM KOHLe KOTOpPO/ uMeeTcsa WMpMa C Y3KOW LLeNbl, a Ha Apy-

rom — cobupatwuwasa nuHza L1. UWenb Haxoamtca Ha (POKYCHOM paccTOssHUU OT
NUH3bl. Mo3TomMy pacxogsawuniica cee-

Kak Ha3blBaeTcs sIBeHWEe, Ha KOTO- TOBOM My4O0K, nonajawuimin Ha NUH3Y

pPOM OCHOBAaHO YCTPONCTBO onucaH M3 Wenun, BbIXOANT U3 Heé napannesb-

HOro CNeKTpanbHOro annaparta? HbIM MYYKOM W nagaeT Ha nNpusmy P.

TaK KakK pas3HblM 4acToTaM COOT-

BETCTBYIOT pas3/iMyHble MnokKasaTenn MpesioM/eHUsi, TO M3 MNPU3Mbl BbIXOAAT Ma-
pannenbHble My4YKW, He coBnajawuwime Mo HanpasreHWwo. OHW NajakwT Ha JIMH3Y
L2. Ha ¢hOoKYyCHOM paccTosSHUUW OT 3TOW /IMH3blI pacrnosiaraetcss 3kpaH — MaToBoOe
CTEKI0 UM oTonnacTuHkKa. JInH3a L2 okycupyeT napasnsiefibHble NMyYKU Ny4ei
Ha 3KpaHe, MW BMECTO OAHOro M306paXxeHWs LWenu nony4vyaetcss Uenbli psag n30-
6pakeHnii. Kaxpgoi vyacTtoTe (ToUyHee, Y3KOMY CNeKTpasbHOMY WHTepBasy) COOT-
BETCTBYeT CBOE M306pakeHue. Bce 3Ty M306pakeHUs BMecTe M 06pa3yloT CNekTp.

3T0oT npubop HasbiBaeTcss cnekTporpadom. Ecnm BMecTo BTOPOW JIMH3bI U
3KpaHa ucnonb3lyeTcss 3puTenibHas Tpyb6a ANA BM3yanbHOro HabnwAeHUA Ccnek-
TpoB, TO Takoi nNpub6op Ha3lbiBaeTCcA CMNEKT POCKOMOM.

Buabl cnekTpoB. Bce cneKTpbl, KakK MoKa3biBaeT OMbIT, MOXHO pa3fennTb Ha
Tpy Tuna.

HenpepbiBHble (MW CNAOWHbIE) cneKTpbl. COMHEYHbIA CNEKTP WU CNeKTp Ay-
roporo oHaps SIBASANTCA HeNpPepbiBHbIMMU.

HenpepbIBHbIM (MU CNJIOWHbBIM) Ha3blBaldT CNeKTpP, B KOTOPOM npefjcTaBs-
NleHbl BOMHbI BCEX A/IMH BOMH B [aHHOM AnanasoHe.

B cnekTpe HeT pa3pbiBOB, W Ha 3KpaHe cnekTporpada MOXHO BUAETb CM/OL-
HYI pas3HoLBeTHYKW nonocy (cM. puc. V, 1 Ha LBETHOW BKeWKe).

PacnpeneneHne 3Heprmm no 4vacrotam, T. €. CNek-

TpanbHas MNJIOTHOCTb MHTEHCUBHOCTU WU3Ny4YeHUs, Ans

I(v) pasHbIX Ten pas3anMyHo. Hanpumep, Teno ¢ o4YeHb 4ép-

HOM MOBEPXHOCTbI (B naeane abconTHO YépHOe Teno)

|
! To>T,
N M3NyyaeT 3NEKTPOMArHUTHbLIE BO/HbI BCEX 4ACTOT, HO
R KpuBas 3aBUCUMOCTW CNeKTpasbHOW MNAOTHOCTU WH-
i & TEHCUBHOCTU M3/IlyYEeHUS OT 4acTOTbl UMeeT MaKCUMyM
::Tl npu onpegenéHHom 4dactoTe viex (puc. 9.3). OHeprus
0% | > N3/TyYeHUs, NMPUXOAALLErocss Ha o4YeHb Manble (v —* 0)
maxl Viax2 ¥ M oYeHb 6Gonblinve (v —W°°) 4acTOThbl, HUUYTOXHO

Mana. Npun noBbiWEeHUX TemnepaTypbl Tesla MaKCUMYyM
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CNeKTpanbHOW MAOTHOCTU W3MTYYEHUS f ~  noHabnwopante 3a oCTbiBaKWWUMK
cMellaeTca B CTOPOHY KOPOTKWX BOJIH | AYn yrnamn kocTpa. Kak wn3meHseTcs
[3akoH BuHa, cm. § 102). N ux uBet?

HenpepbiBHble (MM CAIOWHbIE)

CNeKTpbl AalT Tena, Haxoasauw,Meca B TBEPAOM WM XUAKOM COCTOAHUWN, a Tak-
)Xe CUbHO cXaTble rasbl. HenpepbiBHbIM CcneKTp AaéT TakXe BbiCOKOTeMMepa-
TypHasa nnasma. ANna nonyyvyeHMA HeNpPepbiBHOIO CNeKTpa HYXXHO HarpeTb Teno
[0 BbICOKOVM TemnepaTtypbl. NonHaa manyyatenbHas cnocobHocTb Tena (abconoT-
HO YépHOro Tena) NMpsAMO NponopuMoHanbHa 4YeTBEPTOMA CcTeneHW ero abCcoMTHOM
TemnepaTypbl (3akoH CTegaHa-bBonbymaHa, cm. § 102): | - 4.

XapakKTep HenpepbiBHOro cCnekKTpa B CU/IbHOW CTEMeHW 3aBUCUT OT B3aMMOAeii-
CTBUA aTOMOB [APYF C APYrOM.

NTnHelivyaTble cnekTpbl. BHecém B 6riegHOe nnamsa rasoBoi ropesikM Kyco4dek
acbecTta, CMOYEeHHbIA pacTBOPOM 06bIKHOBEHHOW MoBapeHHOW conwu. Mpu Habniwo-
[eHUN nnaMeHM B CNEeKTPOCKON YBMAWM, KaK Ha (oHe eABa pas3iMyMMOro He-
NpPepbIBHOro0 CrnekTpa njamMeHW BCMbIXHET Apkasa xénrtasda nuHuma (cm. puc. V, 2
Ha LBeTHOW BKNelKe). DTy XENTY NMHUIO AalT napbl HaTpusa, KoTopble obpa-
3yl0TCA NpW paclwensieHMn MoleKy/n MoBapeHHOlM conm B naaMeHW. Ha LBeTHOW
BK/elike NpuBeAeHbl TaKXe CMeKTpbl Bogopoja W renus.

ESSES CnekTpbl, npeacTaBnsdilowme cob60W UBeTHble NUHUWM PasMYHON HApPKOCTH,
pasfenéHHble WWPOKUMKU TEMHBIMU MoOfOcCaMu, HasblBalT NMHeNYaTbIMU.

Hanuuune nuHeliuyaTtoro cnekTpa 03HayaeT, UTO BELLECTBO M3/yyaeT CBET TOJ/ib-
KO BMOJIHE OMpefenéHHbIX ANWH BONH (TOYHee, B OMNpefenéHHbIX 0YeHb Y3KUX
cneKTpasibHbIX MHTepBanax). Ha pucyHke 9.4 nokasaHo NMpuUMepHOoe pacnpejgene-
HUe CNeKTpasibHOW MNAOTHOCTM WHTEHCUBHOCTU WU3NYyUYeHUS B JINHeN4YaTOM CMekK-
Tpe. Kaxpaas NMHUSA MMeeT KOHEUHYI LWUPUHY.

NTvHeiliuaTble CNeKTpbl AalT BCe BellecTBa B rasoo6pasHom aToMapHoOM (HO
HEe MOJIeKYNSAPHOM) COCTOSAHMU. B 3ToM cnydyae CBeT M3/y4yalT aToMbl, KOTOpble
npakTU4YecKM He B3aMMOAENCTBYT APYr ¢ Apyrom. 3To caMblii hyHAaMeHTasb-
Hbli, OCHOBHOW TWUN CNEKTPOB.

L1114

N3onupoBaHHble aTOMbl U3ny4yalT CBeT CTPOro onpefenéHHbiX ANUH BOJH.

H'Y O6bIYHO ANA HabNAeHUs NUHe-
yaTblX CMEKTPOB WCMO/b3YKT CBe-

j yeHue napoB BewecTBa B NAaMeHW WK
bl cBeuYeHMe Tras3oBOro paspsga B Tpyo6Ke,
Hano/MHEeHHON nccnefyemMblM rasom.

Puc. 9.4
MonocaTble cNeKTPbI.

O w B MonocaTblh CNeKTP — 3TO CMEeKTP, COCTOAWMUA M3 OTAeNibHbIX NOM0C, pas-
AENEHHbIX TEMHbLIMU MPOMEXYTKaMu.
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C nomMouU, b0 OYeHb XOPOLWEro CrNeKTpasbHOro annapara MOXHO OﬁHapy)KI/ITb,
YTO KaXaad nosioca npeactaB/ifaeT cobon COBOKYMHOCTb 60NbWOro 4Ymncsa 04YeHb
TECHO pacrnoJ/io>XKEeHHbIX NUHNIA,

B oTAMuMe OT NMHelluaTbIX CNEKTPOB, MosocaTble CNeKTPbl obpasyloTcs He aTo-
mMamu, a MOoneKyfnamu, He CBA3aHHbIMU MAM cnabo CBA3aHHbLIMW APYr C APYrOM.

Ana HabnwaeHUA MONEKYAAPHbIX CAEKTPOB, TakK Xe KakK W ansa HabnwogeHns
NUHelyaTblX CNeKTPOB, MCMNOMb3YKT CBEYEHME MapoB BelwecTBa B MJaMEHU WK
CBeYeHMe rasoBoro paspsga.

CnekTpbl nornoweHua. Bce Be-
uecrsa, aToOMbl KOTOPbIX HaxoAAaATcsA
B BO36Y)XXAEHHOM COCTOSAHWW, M3y4a-
IOT CBETOBble BOJIHbl. JHeprus 3aTux
BO/IH onpepenéHHbIM ob6pasom pacnpe-
AeneHa no gnuvHam BONH. lMornoweHne ceeTa BeLW,eCTBOM TaKXe 3aBUCUT OT ANU-
Hbl BONIHbI. TakK, KpacHoe CTeKJ/I0 NMponycKaeT BOJ/IHbl, COOTBETCTBYOLLNE KPAaCHO-
My cBeTy (X ~ 8 «10-5 cm), u norsnouw,aeT BCe OCTaljibHble.

Ecnn nponyckaTb 6enbiii cBeT CKBO3b XOMI0AHbIN, He M3Nyyawuwuii ras, To Ha
hoHe HENPEPbLIBHOIO CANeKTpa MCTOYHMKA NOABNAKTCA TEMHbIE NUHUK (CM. puc. V,
5—8 Ha uBeTHOWM BKeWke). Na3 nornowaetr Hamnbosiee MHTEHCUBHO CBET MMEHHO
TeX AJINH BOJIH, KOTOpble OH caM MCNyCcKaeT B CU/IbHO HarpeTtoM COCTOSAHUMN.

F B B B TEMHbIE NMMHUN Ha POHE HenpepbIBHOrO CMeKTpa — 3TO JIMHUM MOT/oOWeHNs,
o6pasytouine B COBOKYMHOCTU CMEKTP MOr/IOWEeHUS.

BcnomMHMTe, Kak Ha3blBaeTca U3Ny-
L0 ueHue, copepxauee BOMHbl TONbKO
OAHOW ANWHBI BOJHbI.

CI'IEKTpafIbeIﬁ aHanuns. JlnHen4yaTtble CNeKTpbl UMEKT 60MblWoOe 3HavyeHue, Mo-
TOMY 4TO UX CTPYKTypa TeCHO CcBA3aHa CO CTpOoeHmemM aTtoma.

shei I
[naBHOe CBOWCTBO NUHENYATbIX CNeKTpoB B TOM, 4YTO A/INHbI BOJIH (VII'IVI LI:’:ICTOTI:-I)

nuHekyartoro CnekKTpa BewecTBa 3aBUCAT TOJIbKO OT CBOWCTB aTOMOB 3TOr0 Bel,ecTBa, HO
cCoBepWEeHHO He 3aBUCAT OT cnocob6a BO36y)KAeHMH cBeyeHMa aTtomMoB.

ATOMbI N060r0 XMMUYECKOro 3ne-

MoaymailiTe, Kak MOXHO yCTaHOBUTL MEHTa AaloT CMNeKTp, HEeNnoXoXwun Ha

CNOXHbIA  cocTaB wucCneayemoro CNeKTpbl BCEX APYTrNX 3/1EMEHTOB: OHU

BellecTBa. CNOCO6HbI M3MyyaTb CTPOro onpeje-
NEHHbIW Habop ANNH BOJH.

H O 1N B CnekTpanbHbIli aHanM3 — MeTOoj ONpejefNeHWs XMMUYEecKoro cocTtasa

Bel,ecTtBa No ero cnekTpy.

C nomowbl CMeKTpanbHOro aHa-

B JluHeluyaTble CNeKTPbl pPasnNYHbIX
3N1EMEHTOB WMET HEMOBTOPUMYIO
MHAWBUAYaANbHOCTL, 6narogapsa  KOTOpoK
MOXHO onpefennTb, U3 KaKUX 3/IeMEHTOB
COCTOUT Teno.

Nnsa MOXHO 06Hapy>XuTb Nibon ane-
MeHT B coCTaBe C/IOXKHOr0 Bel,ecTBa,
JaXke ec/iM ero macca He npeBbllaeT
1(r'l0r. 3To 04YeHb YYBCTBUTE/IbHbIN
MeToa.
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B HacTosiwee BpemMs onpegesieHbl CrNeKTpbl BCeEX aTOMOB W COCTaBJ/IeHbl Ta-
6nmubl cnekTpoB. C NOMOLWbIO CMNEKTPasbHOro aHasin3a 6bI/IN OTKPbITbl MHOrMe
HOBble 3/IeMeHTbI: pyobuann, ue3nii n gp. 3nemMeHTaM 4yacTo jaBanu Ha3BaHUA B
COOTBETCTBUU C LBEeTOM Haubonee MHTEHCUBHbLIX JIMHUA WX CNEKTPOB. Pybuaun
[aéT TEMHoO-KpacHble, pybuHoBble NUHMKW. CNOBO LUe3U 03HayaeT «HebeCcHO-ro-
ny6oii». 3TO LBET OCHOBHbIX NUHWIA cnekTpa ue3nsa. VIMeHHO ¢ NOMOLW b0 CNek-
TpanbHOro aHasusa y3Hanm XuMuuyeckmin coctaB ConHua n 3BE34.

Bnarogapsa cpaBHUTENIbHOW MPOCTOTE U YHUBEPCANbHOCTU CMEKTPasibHblii aHa-
NN3 ABNSAeTCA OCHOBHbLIM MeTOAOM KOHTPONSA cocTaBa Bew,ecTBa B MeTannyprum,
MaWWHOCTPOEHNN, aTOMHOW uHAYcTpunM. C MNOMOLWbIO CNEKTPasibHOro aHanmsa
onpeaensawT XUMUUYECKU cocTaB pya M MUHepasos.

CneKTpasbHbI aHanM3 MOXXHO NPOBOAMTb He TO/IbKO MO CNeKTpaM ucnycka-
HUSA, HO M NO cneKTpam noraoweHmsa. VIMEHHO JIMHUM NOrAoWeHNA B criekTpax
ConiHua v 3BE34 MO3BONAKT UCCAEAO-

BaTb XMMWUYECKUI cocTaB 3TUX Hebec- fla t MoaymaiiTe, noueMy BO MHOrMX cry-
HbIX Ten. ApPKO cBeTsAwWasica MOBeEpPX- uasx AN AHANM3a NPeAnouMTaloT
HocTb ConlHua — oTocepa — paér MmccnefoBaTh CMNEKTPbl MNOMNOLWEHNA,
HenpepbiBHbI  cnekTp. ConHeuyHas a He U3nyyeHus.

aTMochepa nornouaet M3GupaTenbHoO

cBeT OT (poTocepbl, UTO MPUBOAUT K MOSABMAEHWUID SNIMHUIA MoOrnouLeHUs Ha ¢oHe
HenpepbIBHOro cnekTpa goTtochepbl. Ho u cama aTtmocgepa ConHua u3nydaer
cBeT.

B acTpogm3nKe noj cnekTpasibHbIM aHasM30M MOHUMAalT He TONbKO onpeaere-
HMe XMMWYECKOro cocTaBa 3BE3[, ra3oBblX 06/1aK0B M T. f., HO U MeTOAbl HaXO0X-
[EeHUsi Mo cnekKTpamM MHOTMUX APYrnX U3NYECKUX XapaKTepUCTUK 3TUX 06beKTOB:
TemMnepaTypbl, AAaBMEHUS, CKOPOCTU ABWXXEHWUS, MAarHUTHOW WHAYKUUN.

CnekTpbl. CnekTpanbHbli aHann3. AGCONIOTHO 4YépHOe Tesno

1. UTo HaAo M3MEHUTbL B CMNeKTpasbHOM annapaTe, ec/M BMECTO MPU3Mbl UCMOMb30-
BaTb AU PAKLUOHHYI peleéTKy?

2. Kak 3aBWCUT MHTEHCUMBHOCTb W3/1ly4eHUs OT 4acToTbl B BUAMMON 4acTu cnektpa?
3. fAABnsAeTcs NM CNeKTp NaMnbl HaKa/MBaHWA HENPEPbIBHbIM?

4. B uéM rfaBHOe OT/IMYME JIMHelYaTbiX CMEKTPOB OT HEMPepbIBHbIX WM MosocaTbiX?
5. Kakue onepauunnm HyXHO npoAenatb C Kpynuuel BeuiecTBa, 4UTo6bl y3HaTb €€ XU-
MMWYECKUI cocTaB MpyM MOMOLLM CNeKTpasibHOro aHanusa?

6. UTo onpefensatT Mo /IMHMUAM MNOr/IOWEHUS B COTHEYHOM CMeKTpe: CO-

ctaB atmocepbl CoMHLA UAW >Ke COCTaB ero rny6uHHbIX CM0EB?
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2
. 1§68 LIKANA INEKTPOMATHUTHbIX BOJIH

B kakom guana3oHe HaxoAATcsA A/IWHbI BOJIH BUAWMOIO cBeTa M pPajUOBOHbI?

Mbl 3HaeMm, 4TO ANIMHA 3NEKTPOMAarHWTHbIX BOJIH 6biBaeT camoi pas/iIMyHON:
oT 103 m (paguoBoniHbl) Ao 1Crl0 m (peHTreHoBckMe nyymn). CBeT cocTaBAsAeT HWU-
YTOXHYI 4YacTb LIMPOKOro CAeKTpa 3/1eKTPOMarHUTHbIX BONH. [pun n3yydeHun
3TON Mano 4vacTu cnekTpa 6biIN OTKPbITbI APYrMe WU3AYyYeHUs C HeobblYHbIMU
cBolicTBamMu.

Ha dop3ayax yuyebHnka mnmsobpakeHa nosiHas wWkKasna 3/1eKTPOMarHUTHbIX BOJIH
C YKasaHueM ANWUH BOMIH M 4YacTOoT pas/InyHbIX U3Yy4YeHWU, a TakXe YCTpoMcTBa,
C NMOMOLULbIO KOTOPbIX MONYyYalT 3/IeKTPOMAarHUTHbIE BOJIHblI pa3HbIX AMana3oHOB
yacToT.

MPUHATO BbIAENATb HU3KOYACTOTHOE W3NYyyYeHUe, pagnuousnyyeHue, MHQpa-
KpacHble y4n, BUAUMBbIA CBeT, yNbT paduoneToBble Iy4n, peHTFeHOBCKME yyn
N y-nsnydeHuve. FpaHuubl MeXAy OTAe/IbHbIMW 061acTaMWM WKanbl W3YYEHUN
BeCbMa YC/I0BHbI.

MpnHUNNMANBLHOIO pasiMuna GU3NYecKon NPUpPoabl MeXAY OTAEeNbHLIMU W3-
NnyyeHNAMU HeT. Bce OHM npeAcTaBAAT C060M 3NEKTPOMATHUTHbIE BOJIHbI C NpPU-
CywuMmn um csomcteaMmn. B BakyymMe 3N1eKTPOMarHUTHOe M3nydyeHwme nwbon gnu-
Hbl BOJIHbl pacnpocTpaHseTcs co ckopocTbto 300 OOO Km/c.

M3nydyeHna pasnnyUHbIX AZINH BOMIH OT/M4YalTca ApPYr OT Apyra no crnoco6am
MX NoAy4YeHUs (U3NyyYeHWe aHTEHHbl, NU3/y4YeHWe HarpeTbiX Ten, WU3nydeHue npwu
TOPMOXEHUN OBbICTPbIX 3/IEKTPOHOB U ApP.) M N0 MeTogaM perncrpayuu.

MHpakpacHoe n3ny4veHue.

QSE9 dneKTpoMarHMTHoe wu3ny4vyeHue C vyactoTamm B guanasoHe oT 3 « 10u Ao
3,75 * 1014 Ty HasbiBalOT MH(pPPaKpacHbIM U3NyYEHUEM.

Ero ncnyckaet no6oe Harpetoe Teflo Aa)ke B TOM c/lydyae, KOrga OHO He cBe-
TMTCcA. Hanpumep, 6aTtapeu OToM/eHUs B KBapTUpe MUCNycKalwT UHMpaKpacHble
BO/IHbI, BbI3blBalOW,Me 3aMeTHOe HarpeeBaHue oKpyXawwux Ten. M03TOMy WH-

(hpakpacHble BOJIHbI 4acTo HasblBalT

QySSSv WHppakpacHoe wn3nyyeHue npu- TEensioBbiMU.

MEHSAIOT ANSA CywkuW nakokpacod- | He BOCNpMHUMaeMble rsia3oM WH-
HbIX MOKPbLITWI, OBOWEN, (QPYKTOB W T. A. (bpakpacHble BOJSIHbI MMEKT ONUHbI
Co3pgaHbl Npubopbl, B KOTOPbIX HE BUAW- BOJ/IH, MNpeBblWawuwme ANUHY BON-
MOe rnas3om WHgpakpacHoe u3ob6paxeHue Hbl kpacHoro ceeta (ANMHa BOJIHbI
o6bekTa npeobpasyetTca B BuagMmMoe. W3- 780 HM _ 1 mm)_ Makcwu
roToBNATCA OGMHOKAW W ONTUYECKUEe Mpu- «
uensl, No3BonfAlWMe BUAeTb B TEMHOTE. T’MMU WU3NYYEHUA 3INEeKTPUYUYECcKon a[yru

W namnbl HakKafMBaHWS NPUXoauTCA
Ha MH{pPaKpacHble Ny4Yn.
YnbTpauonetoBoe n3y4veHue.

dneKTpoMarHMTHOE W3ayyYeHMe C 4yacToTamMum B AuanaszoHe oT s < 1014 fo
3 « 1016 Iy Ha3biBalOT yNbTpadmMoneToBblM uU3nydyeHuem (gnnHa BoAHbl 10— 380 HM).



ONTUKA 255

O6HApYXWTb YNbTPagUONeTOBOE W3/yYeHUe MOXHO C MOMOWbI0 3KpaHa, Mno-
KPbITOrO JIIOMWHECLMPYIOLL UM BELWeCTBOM. JKpaH HauyMHaeT CBETMTLCS B TOR 4a-
CTU, Ha KOTOPYK MNajalnT /yun, nexauime 3a (UOMETOBONA 06nacTbio CnekTpa.

YNnbTpaduonetosoe M3nydeHune OT-

NUuYaeTcs BbICOKOA XMMMWUECKONR aK-
TUBHOCTbIO. [MOBbIWEHHYO 4YyBCTBU- B manbix posax yneTpaguoneto-~3l 333
Bble /lyuYn CNoco6CTBYIOT POCTY K
TENbHOCTb K yNbTpauoneToBomMy
yKpenneHuio opraHusma, o6pasoBaHuI0 3a-
W3NyYeHU  UMeeT  (HOTOIMY/bCUSA.

WNTHOrToO nNWUrMmeHTa — 3arapa, BUTaMWHa

B aTom MoXHO y6egnTbes, cnpoe- D2, cTUMYNUPYIOT pPAL BaXHbIX XWU3HEHHbIX
LMpoBaB CNekTp B 3aTeMHEHHOM no- yHKUMI B opraHusaMe, oKasbiBaloT 6GakTe- |
Mew,eHMn Ha ¢otobymary. [locne puunaHoe aelicteue, yb6usas 60/1€3HETBOP-
nposBneHnsa bymara noyepHeeT 3a u- Hble GakTepuu.
0/1€TOBbIM KOHLOM CreKTpa CcuibHee,
yem B 06/11aCTU BUAMMOr0 CnekTpa.

YnbTpadMoneToBble Ny4YM He Bbl- Moyemy cnepgyetr HOCUTbL TEMHbIE
3bIBAOT 3pUTENbHbIX 06pasoB: OHMU [* i’n”a"c”co‘;‘f) creknom, a He c nnacr-

HeBUAUMbBI. Ho paelicTBMe WX Ha CceT-

yaTKy rnasa M KOXY BeNUKO K pas-

pywutenbHo. YnbTpaduonetooe uanydyeHve ConHuUA HefoCTAaTOYHO Morsouiaet-
CA BEPXHUMMK cnosiMyU aTMocgepbl. M03TOMY BbICOKO B ropax Hefb3s ocTaBaTbcs
ANVTeNnbHoe BpeMs 6e3 oAeXAbl M 6e3 TEMHbIX 04KOB. CTeK/sSAHHbIE O4YKWU, MPO-
3payHble ANS BUAMMOIN0 CNeKTpa, 3alwuualT raasa oT ynbTpaguoneToBoro u3-
NyYeHUsi, TaK KaK CTeK/I0 CU/IbHO Morsiou,aet ynbTpagmnoneToBblie yUn.

PeHTreHoOBCKOe U3My4YeHUe.

E>N-|-|19 PeHTreHoBckoOe n3nyyeHme — 3T0 U31ydeHMe C 4YacToTamMu B AnanasoHe
oT 3 101,640 3 10ro Iy.

Bonee nogpo6HO OCTAHOBMMCH Ha 3TOM BWUAE M3NTYYEHUSA, TakK Kak, MoMuUMO
WHTEPEeCHOW UCTOPUWN OTKPbITUSA, OHO MMeeT LWIMpoyaliwlee NpakTuyeckoe Npume-
HeHue.

B koHue XIX B. Bceobuiee BHMMaHMe (PU3NKOB MNPUB/IEK Fa3oBblii pa3pag npu
Manom fasBneHuun. MNpu 3TUX yCNOBUAX B rasopaspAagHoin Tpybke co3gaBasincb Mno-
TOKW O4YeHb 6bICTPbIX 3/IEKTPOHOB. B TO BpeMs MX HasblBa/iM KaTO4HbIMU ny4a-
Mun. Mpupoga Takux nyyeil ewé He Oblfa ¢ JOCTOBEPHOCTbHIO
ycTaHoBneHa. W3BecTHO 6bl/1I0 NUWb, YTO OHM 6GepyT Hauvano
Ha KaTofe TPYy6KMU.

3aHABWMNCL MccnefoBaHMeM KaTOAHbIX /y4dell, HeMeLKWnii
hn3nk Bunbrenom PeHTreH CKOpo 3aMeTun, 4to oTtonna-
CTUHKa B6AM3N pa3psAfHONM TPybKM oKa3biBanacb 3acBeYEHHOW
Ja)ke B TOM cfniyyae, Korga oHa 6blna 3aBépHyTa B UYEPHYIO
oymary.

YuéHbli noHAN, 4Tto npu paboTe paspAfHoOW TpybKuM BO3-
HMWKaeT KaKoe-TO HeW3BEeCTHOe paHee CWU/IbHO MpPOHUKawlLlee
nsnyyeHne. OH Ha3san ero X-nyyamun. Bnocneg-

CTBMWN 3@ 3TUM W3JTyYeHMEeM MNPOYHO yKpenwusacs

TeEPMUH eHTreHOBCKUe nydu B. Pentren
P “P yuu». (1845—1923)
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PeHTreH o6Hapy>XWs, YTo HOBOE WM3/lyYeHWe MOABNSNOCL B TOM MecTe, rge Ka-
ToAHble Ny4n (MNOTOKM GbICTPbIX 3/IEKTPOHOB) CTA/IKMBANINUCL CO CTEKNSIHHOW CTeH-
KO Tpy6KW. B 3TOM MecTe CTeK/10 CBETU/OCb 3e/1IeHOBATbiM CBETOM.

Mocneayowme onbiTbl MokKasanu, 4To X-/Iy4n BO3HUKAKT MNPU TOPMOXKEHUMN
GbICTPLIX 3MEeKTPOHOB /06bIM MPENnsATCTBMEM, B YacTHOCTU MeTasl/IMYecKumm
aneKTpoAamMu.

Jlyuyn, OTKPbITble PeHTreHom, nencrteoBannM Ha C*)OTOI'II'IaCTI/IHKy, Bbi3blBanun
MnoHu3zayuun Bo3ayxa, HO 3aMETHbIM O6p330M He OoTpaXanucb oT KaKux-nnbo BeWwecTB U He
MNCMbITbIBAIN MPEeioMIeHNsa. INeKTPOMarHMTHOe MnoJjle He OKa3blBasio HUKAKOro B/IMSAHUA Ha
HanpaBneHne MX pacnpocTpaHeHUsd.

Cpa3y >)Xe BO3HUKNO npeanonoXXeHume, 4To PeHTreHoOBCKMe nyym — 3TO0 3/1€K-
TPOMArHMTHbLIE BOJIHbI, KOTOpPble WMU3/NTydakTCA NpuU pPe3KOM TOPMOXEHUWN 3N1eK-
TpoHOB. Bonbwaa npoHukawuas CMnocobHOCTb PEHTreHOBCKUX nyqul n npo4ywue
MX 0COGEHHOCTU CBSA3blBA/INCb C Masion AI’II/IHOVI BONMIHbI. HO 3Ta runortesa HyX-
fanacb B AOKa3aTeslbCTBaX, W AoKa3aTe/ibCTBa 6biNn nonyyeHbl cnycta 15 net
nocne cmepTtun PeHTreHa.

Ecnu PeHTreHoBCcKoe n3nydyeHune

BcnoMHWTE, B KaKOM c/iydyae Mbl Ha- npefctaBnser coboli 3/1eKTPOMarHuT-
6N fgaem YETKYH AW PaKLMOHHYIO Hble BOJIHbl, TO OHO [AOJ/IXKHO O0OHapy-
KapTuUHy. Bnarogaps Kakomy CBOi- XnBaTb gudpakynio — saBneHune, npu-
CTBY PEHTreHOBCKUX Ny4yeli MOXHO wuccne- cyuiee BCeM BuAam BOJIH. HEMGMKMﬁ
[oBaTb NPOCTPAHCTBEHHOE pacnonoXxeHue hn3mk Makc Jlays npeanonoxun,
aTOMOB W «YBUAETb» MOJEKYNsipHble CTPYK- 4TO [/IMHA BOMHbI PEHTrEHOBCKUX Ny-
TYypbI? <
yp yer CAUWIKOM Mana N efUuHCTBEHHas
BO3MOXHOCTb MX O0O6HaApPYy>XWTb — MWUC-
[ . nonb3oBatb KpucTtannol. OHM NpeacTaBnsAwT cob6ol ynops-
|
| ¢ ° ° > OOYeHHble CTPYKTYpbl, rAe pacCToAHNA MeXAy OTAe/IbHbIMU
o e ) g T e atoMaMun Mo MNOpPAAKY BE/INYUHBLI paBHbl pa3mMepam camux
® atomos, T. e. 10 8 cm.
@ ° N BOT Y3KUW MNYy4YOK PEHTreHOBCKMX Jydeirn 6Obia Ha-
. of . . npassieH Ha KpucTtann, 3a KOTOPbIM pacnonaranacb CbOTO-
| .
| @ ®° nnactuHka. Pe3ynbTaT MNOJIHOCTbLIO corjsiacosBasicA C caMmbl-
.
l . ¢ MU ONTUMUCTUYECKUMN OXufaHuamn! Hapsagy ¢ 6onbwinm

LeHTpanbHbIM AATHOM, KOTOpOe AaBasu Ay4dn, pacnpocTpa-

Puc. 9.5 HAUWMeCA Mo NPsAMOM, BO3HUKNWN perynsipHO pacnosliodXeH-

Hble He6o/bliMe MATHbIWKW BOKPYF LUeHTpasbHOro MsATHa

(pnc. 9.5). MMosBNeHNe 3TUX MNATHbIWEK MOXHO 6bl/1I0 06BACHUTbL TONIbKO AWUD-
pakunenm peHTFeHOBCKUX fly4yel Ha ynopsAAo04YeHHOW CTPYKType Kpuctanna.

MNccnepoBaHe AW PaKLMOHHOMW KapTUHbI MO3BOSIMI0 ONPeAennTb AANHY BON-

Hbl PEeHTreHOBCKMX Ny4el. OHa oKa3anacb MeHblUe A/IMHbI BOJIHbI yabTpaduosne-
TOBOF0 M3/y4YeHUS U N0 MopsAAKY Be/IMYMHBI 6blla paBHa pa3mepam aToma.

PeHTreHoBCKMe Ny4YnMm WKNPOKO MCNOAb3YHT Ha NpakTuke.

B MeauMuMHe OHW MNPUMEHSAKTCA
|- Moyemy”™ Bpau, penawuwnuit peHTre- ONA  NOCTAHOBKW MNpaBU/IbHOTO Auna-
HOBCKMIi CHMMOK, BbIXOAMT M3 MO- rHosa 3a6osieBaHus, a TakXe Ans ne-

MeleHns WAM BCTAET 3a aKpaH? YeHNA pakKoBblIX 3aboneBaHWUA.
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cTBa.

MornoujeHne PEHTreHOBCKUX Myyeidi NponopuyuMoHanbHO MAOTHOCTW Belje-

Mo3aToMy C NOMOLW b0 PEHTreHOBCKUX Ny4Yeiln MOX-
HO nony4yaTb oTorpaMm BHYTPEHHWUX OpraHoB u4e-
noseka. Ha 3Tux d¢oTorpausax xopowo pas3nnymmsbl
KocTn ckKeneta (puc. 9.6) MU mMecTa nNepepoXxageHU
MATKMUX TKaHen.
BecbMa 06WMpPHBLI 06/1aCTU NMPUMEHEHUSI PEHTIeHOB-
CKUX Nyyeil B Hay4HbIX uccnegosaHusax. Mo gudpak-
LWOHHO/ KapTWHe, faBaeMO PeHTreHOBCKMMMU nyyamu
npu WX TMPOXOXXAEHUN CKBO3b KpuUcTannbl, ypaaértcs
yCTaHOBUTb MNOPSAAOK pacnosiodXeHWss aTtomMoB B Mpo- Puc. 9.6
CTpaHCTBe — CTPYKTYpPY KpUCTas/ioB, C MOMOLLbIO
PEHTreHOCTPYKTYPHOIr0 aHanm3a MOXHO pacwundpoBaTbh TakXXe CTPOEHUE CAOXKHEeN-
WKNX OpraHM4Yeckux coefuMHeHuUl, B ToOM 4ucne 6enkos. B vacTHocTu, 6blnia onpe-
JeneHa CTpyKTypa MosieKynbl remornobuHa, cogepkaweii ecATKU TbiCAY aTOMOB.

N3 papyrux obnactei NpUMeHEHUS PEHTFeHOBCKUX Nyyeli 0OTMETUM elé peHTre-
HOBCKYH feeKTOCKONMMI0 — MeTo4 06Hapy>XXeHUsi pakoBUH B OT/IMBKAaX, TpewuH
B pefibcax, MPOBepPKM KayecTBa CBapHbIX LUBOB U T. 4. PeHTreHoBcKas AedeKTOCKO-
NMsi 0OCHOBaHa Ha WM3MEHEHWW MNOrfoWeHUA PeHTreHOBCKUX Jlyyei B usgenum npwu
Ha/IM4YnMM B HEM MNOSIOCTEV WU MHOPOAHbIX BK/OUYEHWUA.

Ans nonyydyeHUs PpPeHTreHOBCKUX ny4eid paspabo- 1 3 2
TaHbl ycTpoilicTBa, Ha3blBaeMble pPEHTTIEHOBCKUMMU
Tpybkamun. Ha pucyHke 9.7 wun3obpaxxeHa YMNpowWEH-
Hass cxeMa 3N1eKTPOHHOW pPeHTreHoBCKOM Tpyb6ku. Ka-
Tof 1 npeactaBnsaeT coboi BOMb(pPamMoBY cnupansb,
MCNYyCKal LWyl 3N1eKTPOHbl 3a CHET TEPMO3/IEKTPOHHOMN
amuccuun. UwnnuHagp 3 dokycnpyeT NOTOK 31eKTpPoO-
HOB, KOTOpble 3aTeM COoyAapsloTcsas C MeTa/lJINYyecKum Puc. 9.7
anekTpoaoM (aHoA4oM) 2, MpU 3TOM WUCNbITbiBass pe3koe
TOopMOXeHWe. TakK NOSABNAKTCA PEHTreHOBCKMEe Ny4dyn. HanpsixkeHne Mexpay aHo-
[OM M KaToAoM [0CTUTraeT HECKONbKUX AECSATKOB KWU/0BOMbLT. B Tpyb6ke co3paéTtcs
rny6oknini BakyyMm; faBfieHuMe rasa B Heli He npeBbiwaeT 1CI5 MM pT. CT.

Famma-nyun. Mo cBOMM CBOMCTBAM Y-/Iy4n OYEHb CUJ/IbHO HAMOMWHAWT peHTre-
HOBCKMWE, HO TO/MIbKO MX MPOHUKalLWasa cnocobHOCTb ropa3fo 60/blie, YEeM Y pPeHT-
reHOBCKMX Ny4eil. 3TOo HaABOAWJ/IO HA MbIC/b, 4YTO Y-y4Yn npeacTaBnsAoT cobol
3N1eKTPOMarHUTHble BOJIHbl. Bce COMHEHMA B 3TOM OTnasiu nocjsle Toro, Kak 6Gbina
obHapyXeHa gudpakuna y-nydei Ha Kpuctannax n u3MepeHa MUX AANHA BOJIHbI.

E S S E S Famma-nyym — 370 3/1eKTPOMarHMTHOE WN3/lyYeHWe C OYEeHb Manow ANUHON’
BO/MIHbl — OT 10 8 40 10 CM.

Ha wkKane 31eKTPOMArHUTHbLIX BOJIH Y-Iy4un cAefywT HEeNnocpeacTBEHHO
3a peHTreHoBcKMMU. CKOPOCTb pacnpocTpaHeHMA y-nyyel Takas >Xe, KakK y Bcex
3/1eKTPOMArHUTHbLIX BOSIH, — 0Kosa0 300 OO0 kKm/c.
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Mbl yXe ynoMUHaAM WUCTOYHUKW pa3HOro BuUAa W3NyyYeHUs, OTMeTUM, 4TO
BCE Mepeyuc/ieHHble BUAbl 3/IEKTPOMArHUTHOINO W3/1lyYeHUs MOpoOXAakwTcsA Tak-
XXe KOCMMWYECKMMMK obbeKTamMm M yCNewHO uccnefywTcs ¢ MNOMOLWbIO pakeT,
MCKYCCTBEHHbIX CNYTHUKOB 3eM/IN N KOCMUYECKUX Kopabneii. B nepByl oude-
pefb 3TO OTHOCUTCA K PEHTFEHOBCKOMY W Y-U3/1y4YeHWAM, CUbHO norsouiae-
MbIM aTMoC(epon.

Mo Mepe yMeHbLWEeHNA A/IMHbI BOJIHbl KOJMIMYECTBEHHbIE pas3nynua B A/iMHaX BOJIH
npMBOAAT K CYUWEeCTBEHHbIM KadYeCTBEHHbIM pas3/indymnam.

M3nyYyeHUs pasNUYHOW [ANUHbI BOJSIHbI OYEHb CWUMIBHO OTAWYalTCa ApPYyr OT
Apyra no MnorfioueHnio MxX Bew,ecTBOM. KOPOTKOBO/IHOBbIE W3yyYeHUs (peHTre-
HOBCKOE W 0CO6EHHO y-/lyuun) nornouwarTca cna6o. HenpospauHble ANs BOMH ON-
TUYECKOro AuanasoHa Bel,ecTBa Mpo3payHbl AN 3TUX WU3NIYUYEHUd.

KoappUUNEHT OTpaXKeHNN 9NeKTPOMArHUTHbIX BOJIH TaKXe 3aBUCUT OT AJIMHbI
BOJIHbI.

PEHTreHoBCKME Nyun. YNbTpadmoneToBoe U MH(paKpacHoe u3ayyeHus

1. MoyeMy CONMHEYHbI CBET, NPOWeALWNA CKBO3b OKOHHOE CTEK/10, He Bbi3blBaeT 3a-
S rapa?

® 2. N3BecTeH NU BaM KaKoOW-n1nb6o MCTOYHUK yNbTpatunoneToBOro nU3nyyeHusa?
3. Kakoe 0CHOBHOe CBOWCTBO MH(pPaKpPacHOro U3siydeHUs uUcnosbsyerca B ObITy?
4. Kak ycTpoeHa peHTreHoBckasa Tpyb6ka?
5. Mouyemy TPYAHO WM3rOTOBUTbL PEHTreHOBCKUIA MUKpockon?
6. Kakmmn cnocobamm perucTpupylTcsa pagnmoBO/HbI? M3NyYeHUSs ONTMUYECKOro Aua-
nasoHa? PeHTreHOBCKWE Ny4yun?
7. Uem pasnmyaloTca BUAbl 3/IEKTPOMArHUTHbIX M3NYyYeHU Npu MX B3aumogencTtsumn
C Bel,ecTBOM?
\

MoeTopuTe matepuan rnasebl 9 MNO cneayruwemMy nnaHy:

1. BbINUWMNTE OCHOBHble MOHATUSA U gaite UM onpepeneHuve.
2. ONUWNTe OCHOBHbIE OMNbITbl MO WU3YYEHUI pPas3/IMUYHbIX BUAOB U3JTYYEHUN.

LI
«WM3nyyeHune, NCTOUYHNKN N cBOMCTBa»
1. 3akoHbl TennoBOro uW3ny4yeHUs. 3HavyeHUe U3YYEHWS 3aKOHOB Tenjo0BOro
M3ly4eHna B uUcTopunm U3k — ynbTpaduonetoBas katacTpoda.
2. O6nactv nNpUMeHeHUs ynbTpaduoneToBOro M MHMpPaKpacHoOro M3nyyeHuit.
Buagumblii cBeT. Mpouecchl, onpegenstoluime BUgeHNe YenoBeka W XXUBOTHbIX.
Vv 4. NcTopusa OTKPbLITUA PEHTreHOBCKUX Ny4yeil, UX NMpUMeHeHue.

w
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KBAHTOBAA ®UNI3UNKA

Benunualiwaa pesonwouma B dU3NMKe coBnana ¢ Hayanom XX B. lMonbITKK
06bACHNTL Habnwjaemble Ha ONbiTax 3aKOHOMEPHOCTW pacrnpefeneHnsa aHepruun
B CNeKTpaxX TennoBOro M3nyvyeHus (3N1eKTPOMArHUTHOrO W3/Iy4eHUS HarpeToro
Tena, B 4YacTHOCTM abCoNTHO 4YEpHOro Tena), onucaHHoro B § 66, 67, oka3sa-
NINCb HecoCToATe/IbHbIMM. MHOrMoOKpaTHO MNPOBepPeHHble 3aKOHbl 3/ileKTpoMarHe-
Tn3mMa MakcBensia HeoXmagaHHO «3abacTtoBanu», Korga mMx nonbliTaiucb MNpume-
HUTb K npo6sieMe M3/yYeHUSA BELL,ECTBOM KOPOTKWUX 3NEKTPOMArHUTHbLIX BOJIH.
N 370 6bI0 Tem 60see YAMBUTENbHO, 4TO 3TW 3aKOHbl MPEBOCXOAHO OMNUCbIBa-
NN n3nydyeHue pagmoBO/IH @aHTEHHOW M 4TO B CBOE BpeMs camo Ccyu,ecTBoBaHwue
3/1IeKTPOMArHUTHbLIX BOMAH 6bIN10 nNpejcka3aHo Ha OCHOBE 3TUX 3aKOHOB.

CornacHo Teopuu MakcBenna, Koneb6nwouwmecs 3NeKTpuyeckme 3apagbl ncny-
CKalT 3N1eKTPOMarHUTHble BOJIHbI. Torga u3nyyeHue HarpeTblX TeN MOXeET 6biTb
06bACHEHO Ko/ebaHMAMUM 3NEKTPUUYECKUX 3apAfoB B MosieKysnax Bewectsa. [pwu
3TOM MNJIOTHOCTb W3/y4YaeMol 3Heprum L[OJ/IXKHA yBesimMmuuBaTbcsa C 4yacToTolh. Of-
HaKo 0oMblT nokasbliBas, 4YTO MNpU 60NbLWINX 4YacToTax MNNOTHOCTb 3HEPruu crTaHo-
BMTCA Manon, o 4YéM CBUAETENbCTBOBA/N XapaKTep CNeKTpa 3/1eKTPOMarHMTHOro
nanydyeHmsa (cm. puc. 9.3).

YMeHblEeHNE CMEKTPasnbHOW MNAOTHOCTU M3NIYYEHUS MPU ManbiX AAvHax BOJH,
HeobbACHMMOE C TOYKW 3peHUsa Teopunm Makceensa, 6bI/1I0 HACTONBKO CAOXHO
TpakKTyeMblM, 4TO B UCTOPUUN (DUINKWU 3TO ABNeHWe 6biZ1I0 HaA3BaHO ynbTpaduo-
neTtoBOl KaTacTpodgoli.

B nonckax BbIX0oAa U3 3TOr0 MPOTMBOPEYMA MeXAY Teopuei W onbl- ‘ @
TOM HeMeuKnin pum3amk Makc M naH K NpegnosioXXun, 4To %\

r T

aToOMbl MCNYCKalOT 3/IeKTPOMArHNTHYO 3HEPrui0 He HeMNpepbiBHO, a OTAEbHbIMU
nopumsMm — KBaHTamu. dHeprua E kaxpgoli nopuuu npsamo nponopuuoHanbHa yacToTe V
n3nyyeHus:

E = hv.

EN33~UP KoagppmumeHT nponopumoHansHocTm h nonyumn HaszBaHUe MNOCTOSAH-
HOM [MnaHka.

MpegnonoxeHune MNMnaaHka akKTUYecKM 03Ha4vaso, 4YTo 3aKo-
Hbl K/lacCM4yeckol (PM3MKM COBEPLIEHHO HENMPUMEHUMbl K SB-
NeHNAM MUKpoMMpa.

Pa3pa6otaHHaa [lnaHkoM Teopus TEeNA0BOro W3Ay4YeHUSN
NPeBOCXOAHO corfacoBbliBasiacb C akcnepmmeHToM. o m3BecT-
HOMY W3 OoNbiTa pacnpefesieHU0 3HepPrMm no 4vactoram 6biN0
onpefeneHo 3HayeHue nocTosHHoW [MnaHka. OHO oKasasnocb
0YeHb MasbIM:

h = 6,63 mUNTALOX =c.

Mocne oTkpbITUA lMnaHka Hayana pasBMBaThCA HOBas, ca-
Masi coBpemMeHHass U rny6okas gusmuyeckas Teopuss — KBaH- M. MnaHK
ToBasa Teopusa. PasBuTue eé He 3aBepLUEHO M MO Ceil [eHb. (1858—1947)
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( | CBETOBbLIE KBAHTbI

KBaHTOBbIM 3aKOHaM MOA4UYUHAETCA MNoBeJeHMe BceX MUKpoyacTuy. Ho Bnep-
Bble KBaHTOBble CBOliCTBa mMatepuun 6bInn 06Hapy>KeH|>| MMEHHO MNMpU wnccneposa-
HNUN N3nyvyeHmnAa v nornouweHmAa ceeTa.

i§69 POTOIDPEKT

BcnomHMTe pacnpegeneHue MOMEKyn rasa no CKOPOCTAM.
Ons 4ero 6bIN10 BBEAEHO MNOHATME CcpefHell KBagpaTU4YHOW CKOPOCTM?

B pa3BuTMM NpeacTaBieHUn o nNpu-

w I Tepy B 1886 r. o6Hapyxun ssne- pode cBeTa Ba)kHbIW war 6bi1 caenaH

Hue snekTpusauun mMeTansos npu npu M3yyeHUM OLHOr0 3ameyaTesibHO-

nx ocseleHnn. ro SABMEHWS, OTKPbITOro . Fepuem

N TWaTeNbHO MCCNEAO0BAHHOIO BblAalo-

UWUMCA PYCCKUM (M3MKOM AnekcaHapom [puropbesudeM CTO/ME€TOBbLIM. $AB-
NeHWe 3TO MNOAy4YMno HasBaHue GoToaddekTa.

onuw 1 doTO3(h(PEKT — 3TO ABMEHUE BbIPbIBAHWS 3MEKTPOHOB M3 BelwecTBa nojg
aeiicTBMeM nagatwllero Ha Hero ceeTa.

Hab6nwopgeHne doToadhdekTa. [Ana obHapyxe-
HUA GoTo3adppeKTa Ha OMbiITeE MOXHO WCMO0/b30BaTb
3M1eKTPOCKON C MPUCOEANHEHHOM K HeMYy LIMHKOBOW
nnactuHon (puc. 10.1). Ecnm 3apagutb nnacTtuHy
MOMOXXWUTENbHO, TO €€ OocBelleHWe, HanpuMmep 3NeKTPUYeCcKOW
ayroli, He BNuMsieT Ha 6bICTPOTY pa3psAfKM 3nekTpockona. Ho
ecnn nnacTuHy 3apAaauTb oTpuuaTesibHO, TO CBETOBOW My4YOoK OT
AyTn paspsikaeT 3/1eKTPOCKOM 04YeHb 6bICTPO.

O6bACHUTL 3TO MOXXHO Tak. CBeT BbipbiBa-
eT 3/1eKTPOHbI C MOBEPXHOCTM naacTuHbl. Ecnn
nnacTvHa 3aps>XeHa oTpuuaTenbHO, BbleTeBLWINE
A. T. CTONETOB  ( [oBepXHOCTW 3/1€KTPOHbI OTTANKUBAKTCA OT He&, U 3NeKTPo-
(1839—1896) ckon paspsixaeTtcs. Npu NoNoOXKUTENbHOM >Xe 3apsje nnaacTu-

Hbl BbipBaHHble CBETOM 3/1EKTPOHbI MNPUTATrMBaKTCA
K NnacTUHe W CHOBa ocefalT Ha Hel. MMoaTomy 3apsajg
{ 3/1eKTpoCcKona B 3TOM c/iydyae He U3MeHsieTcs.

OpHako Korga Ha NyTu cBeTa MocTaB/leHO 06bIKHO-
BEHHOe CTekJ0, O0TpuUUaTeNbHO 3apsi>XXeHHas nnacTu-
Ha y)>Xe He TepseT 3/1eKTPOHbI, KakoBa 6bl HW 6blna
WHTEHCUBHOCTb W3My4vYeHUs. TaK KaK W3BECTHO, 4TO

CTEK/I0 norsouwaeT ynbTpaduoseToBble Nyyu, To U3

Ig 3TOr0 OMNblTa MOXHO 3aK/A4YUTb: UMEHHO ynbTpadguo-
g%,  netoBLIli yuacTok cnekTpa, T. e. BonHA ¢ 6onblol va-
CTOTOW, BblI3blBaeT (oTo3apheKT. DTOT NpPOCTO hakT

Puc. 10.1
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HeNb3si 06bSAACHWTbL Ha OCHOBE BOJ/IHOBOW Teopuu cBeTa. Beab HeMoHATHO, nouye-
MY CBETOBble BOJIHbl Masioli 4acToTbl HE MOTYT BblpbiBaTb 3/IEKTPOHbI, €CAUN aMm-
nAnTyna 3TUX BOMH BesiMKa W, cfejoBaTesibHO, Be/lMKa 3Heprus, nepegaBaemasi
3N1eKTPOHOM.

3aKoHbl (hoToachbdekTa. AnA Toro 4Tobbl MOAYyUYUTb 0 oToadhdekTe
6onee NosiHoe npejcTaB/ieHUe, HYXXHO 6bl/10 BbIACHUTb, OT YEro 3aBUCUT &
YNCNO BbIpBaHHbLIX CBETOM C MOBEPXHOCTU Beli,ecTBa 3/1eKTPOHOB (hoTo-
3/1eKTPOHOB) W 4eM onpegenserca wux

CKOPOCTb UM KMUHeTn4dYecKasa aHeprumsa. Kak Aeﬁc‘rsye‘r 3neKTpoMarHuTHas
C aToV uUenblo 6bINN NMPOAOSIKEHBI IKC- BO/IHA Ha 3/1eKTPOHbI MeTanna? Kak
nepnMmeHTanbHble MccenoBaHUA. AO/DKHBI  3aBNCETbL 3HEprua u 4a-

B cTeKNAHHbIN 6annoH, u3 KOTOoporo cToTa KonebaHWii 31eKTPOHOB OT nMapame-

?
BblKayaH BO34YyX, MOMel,alT ABa 3/1eK- TPOB BOJIHbI?

Tpoga (puc. 10.2). BHyTpb 6ansoHa Ha

OOVMH W3 3/1eKTPOL0B MNocTynaeT CBeT Yepe3 KBapLeBoe
OKOLW KO, Mpo3payHoe He TO/IbKO ANA BUAMMOrO CBeTa,
HO M ANA yNbTpauoneToBoro ManydeHmsi. Ha sanekTpo-
Abl MOJAKT HanpsKeHWe, KOTOPOE MOXHO MeHSITb C Mo-
MOLLbIO MOTEHUMOMETpPa U U3MepATb BOSIbTMETPOM.

K oceewaemomMy anekTpogy npucoegmHsAeTcsa OT-
puuyaTtenbHbli nontc 6atapewn. MMop pencTtBMem cBeTa
3TOT 3/IEKTPOA MWCNycKaeT 3/1eKTPOHbl, KOTOpble nNpu
OBVDKEHUWN B 3/IEKTPUYECKOM Mofie 06pasynT 3/1eKTpu-
yeckuii Tok. Mpum mManbix Hanpsi>)XeHUAX He BCE Bbl-
pBaHHble CBETOM 3/1EKTPOHbl AOCTUTalOT APYroro anek-
Tpoga. Ecnu, He MeHSIA UHTEHCUBHOCTU W3NYy4YeHUs,
yBeNNUYMBaATb Pa3HOCTb MOTEHLMANIOB MeXAy 3/1eKTpo- 1|‘__l|
JamMmu, To cuna Toka Bo3pacTaeT. [pu HeKOTOpOM Ha- |
NPsS)XeHUU oHa AOoCTUraeT MaKCUMMaNbHOro 3HauyeHus,
nocne 4yero nepectaért yBenunumeatbca (puc. 10.3). Puc. 10.2

MakcumanbHoe 3HauyeHue cunbl Toka 1§ HasbiBaeTca TOKOM HacbllWEeHUSN.
Cuna ToKa HacblLleHUs onpepenseTcs 4YUC/OM 3/1EKTPOHOB, MCMyckaeMbix 3a 1 ¢ ocBe-
LaeMblM 3/1€KTPOJOM.

MN3meHAss B 3TOM OMNbITE MHTEHCUBHOCTb W3/TyYeHUSA
(cpegHWii No BpeMeHW CBETOBOWM MOTOK 4Yepe3 MOBepX-
HOCTb eAVHWYHOW nAaowaan, NepneHANKYNAPHYK CKO-
pocTn pacnpocTpaHeHWs1 CBEeTOBOW BOJIHbI), yAanocb
YyCTAHOBUTb, YTO UYMWCAO0 3/IEKTPOHOB, BblpbIBAEMbIX
CBeTOM C MOBEPXHOCTM MeTanna 3a 1 ¢ Npu TOKe Ha-
CbiLeHUsA, NPSAMO MPOMNOPLUOHANIbHO MOrsowaemMon 3a
3TO BpPeEMS 3HEepPrmm CBETOBOW BOJIHbI.

Ha ocHoBaHMW pe3ynbTaToB 3TOro onbiTa 6bin cop-
MYNupoBaH MNepBbili 3aKOH (oTo3adhekTa.

Puc. 10.3

®OTOTOK HachlileHUss NpsAMo nponopuuoHaneH nagawowemy [[| II'OI I I I Ip
CBETOBOMY MOTOKY ®.
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TL, , Kakoii ko4 Bbl Obl B3A/M U Kak TenePb ocTtaHoBMMCA Ha wu3mepe-
npeafoxunm 6ol BKIOYATL — €ro HUN  KUHEeTUYEeCKOW 3aHeprum (nnam

B Uenb Ha pucyHke 10.2, 4TOOGbI CKOpPOCTWU) 3NeKTpOHOB. W3 BONbT-

MOXHO 6bI/I0 U3MEHATH Nojca nojasae- amMrnepHoi  xapakTepucTukm  oTo-
MOro Ha 3N1eKTPOoAbl HaMpsXeHus, He OT- appekTa, nNPUBEAEHHOMN Ha PUCYH-
Knwvyaa UCTOYHUK? J Ke 10.3, BWUAHO, 4TO cuna (bOTOTOKa

OT/INYHA OT HYNA WU NPU HY/IEBOM Ha-
Nps>XeHWn. 3T0 03HAYaeT, UTO 4YacTb BbIPpBAHHbLIX CBETOM 3/1EKTPOHOB focCTuUraeTt
npasoro (cm. puc. 10.2) anekTpoga WM NpW OTCYTCTBUM Hanpsi>keHus. Ecam ns-
MEHUTb MOAK/YeHUe K uenu 6aTtapen Ha obpaTHoe, T. €. Kato NPUCOEAUHUNTb
K NONOXKWNTeNbHOMY nontwcy 6atapen, a aHo4 K oTpuuaTesibHOMY, TO Cusia Toka
YMEHbWMNTCA, U MNPM HEeKOTOpoM 3afjep>Xmpakliem Hanpsa>keHun U3 ob6paTHo
MOMAPHOCTU OHa CTaHeT paBHOW HyAW. 3TO 3HAYUT, UYTO 3/IeKTPUYeckoe rMone
TOPMO3UT BbIpBaHHble 3/1EKTPOHbI A0 MOJIHOMA OCTAHOBKW, a 3aTeM BoO3BpaliaeT
UX Ha 3/1eKTpoa.

3ap,ep>KV|Barou.|,ee Hanpsa>xeHune U33aBuCUT OT MakKcMManbHOW KUHETUYecKoi
3Heprnn, KOTOpyw WUMEKT BblpBaHHble CBETOM 3/1IEKTPOHbI.

MN3mepasa 3ajepXXuBalwolee Hanps>keHWe N MPpUMeHSsA TeopeMy 06 M3MEHeHUMU
KWHEeTUYeCcKon aHepruum (cMm. y4dyebHUK (usnkm ana 10 knacca), MOXHO HaiTum
MaKCMManbHOe 3HaYeHWe KMHEeTUYeCKOU 3Heprmm 3/eKTPOHOB:

Te2 U
-r- = eldy.

W3MEHEHUWN WHTEHCUBHOCTHU
cBeTa (napgawowero CcBeTOBOro MOTO-
shbekTa NpU  yBenMueHMM  unn Ka) 3afepxuBalliee HanpsHKeHue,
YMEHbWEHNM  4YACTOThl NAAaloluero n3ny- KaK MokKasanum onbITbl, He MeHseTcs.
UEHMs,, ecnu npu 3TOM CBETOBON MNOTOK He 3HaunT, He MeHAeTCs KuHeTuyeckas
u3meHseTcs. 3Heprus 3nekKTpoHoB. C TOUKMK 3peHMUsA
BOJIHOBOI Teopuun cBeTa 3TOT (haKT He-
noHATeH. Begb Yem 6osiblle MHTEHCUMBHOCTb CBeTa, TeM GONblUMe CUNMbl AERCTBY-
I0T Ha 3/1EKTPOHblI CO CTOPOHbI 3/IEKTPOMArHUTHOrO MO/ CBETOBOW BO/IHbI W TeM
Gonblias 3Heprus, Kasanocb 6bl, AOJ/HKHA MepeAaBaTbCcs 3/1EKTPOHAM.
Ha onbliTax 6b1/10 06HAPYXXeHO, YTO KMHEeTMYecKasi 3Heprusi BblpblBaeMblX CBe-
TOM 3/1eKTPOHOB 3aBMUCUT TO/IbKO OT 4YacToThl CcBeTa.

MopymaiiTe, Kak W3MEHUTCA BOMbT-
Wuw amnepHas xapakTepucTuka GoTo-

MoAa T W w MakcumanbHas KuHeTuuyeckas 3Heprus GOTO3/IEKTPOHOB
npsMo NponopLMOHaNbHa 4YacToTe Najalwlero Ha KaToh W3NyyeHWs W He 3aBUCUT OT WH-
TEHCUMBHOCTU 3TOr0 M3/y4YeHus.

Ecnn 4acToTa cBeTa MeHblue onpefenéHHol AN AaHHOrO BellecTBa MUHU-
MasibHOW 4YacToTbl vmin, TO oTo3adhekTa He MPoOUCXOAUT.

Bce nonbITKN O06BbACHUTbL 3KCNEPUMEHTaNbHO Habnwpaemble 3aBUCUMOCTU
npy n3yydyeHUnM GoToapdekTa Ha OCHOBe 3aKOHOB 3/1EKTpPoAMHaAMUKW MakcBen-
na, corsacHo KoTopblM CBeT — 3TO 3/1eKTpOMarHMTHas BO/IHA, HEMPepbIBHO pac-
npegenéHHas B NpocTpaHCTBe, 0Kasanucb 6e3pe3ynbTaTHbIMU. BblNo abcontoTHO
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He SICHO, MNo4yeMmy 3Hepruss (OTO3/1IEKTPOHOB oOnpeaensieTcds TO/IbKO 4acToToi
cBeTa M MNOYeMYy AUWb MApPW AOCTATOYHO Masnol ANIMHe BOJIHbI CBET BblpbliBaeT
3NEeKTPOHBLI.

Ob6bscHeHne doToapekTa 6bIN0 gaHo B 1905 r. SWHWTENHOM, pas3BUBLINM
naen MnaHka o NPepbIBUCTOM MCNYyCKaHUUK CcBeTa.

Ans 06bACHEHWST 3aKOHOB TEMJIOBOT0 WU3/yYeHUs, KakKk Mbl 3HaeMm, M. lMnaHkK
npeanosioXua, YTo CBeT MUcNyckKaeTcss nopumamu (KBaHTamu). dHeprusa E Kaxpjoii
nopumm Mn3Ny4yeHUss B MOJTHOM COOTBETCTBUM C rmnortesoli MNnaHka nponopuuo-
HanbHa 4YacToTe:

E = hy, (10.1)
roe h — noctossHHaa lMnaHka.

B 3akoHax toToapdekTa, chopMy/IMpoOBaHHbIX Ha OCHOBAHWW 3KCMEPUMEHTOB,
JliHWTeliH yBuaen ybeauTenbHoe AoKa3aTeslbCTBO TOro, 4TO

CBET MMeeT NPepbiBUCTYI0 CTPYKTYpPY: M3fydaeTcs M nornouw,aercs OTAENbHbIMM
nopuLuamu.

N3 TOoro, 4to cBET M3/y4vyaeTca nopumamun, ewé He BblTeKaeT BbiBOAA O npe-
PbLIBUCTOCTM CTPYKTYpbl camoro ceBeTta. Begb n MuHepanbHyl BoAgy npogakT B 6y-
Tbl/IKax, HO oTclga He crnefyeT, 4TO BOA4Aa COCTOMT W3 HEAE/IMMbIX YacTeil.

NTnwb asBneHne goToahdekTa nNokasasno, 4uTo

CBeT MMeeT MpPepbIBUCTYID CTPYKTYpPY: M3Ny4yéHHas Nopuua CBETOBOW 3Hepruu
E = hv coxpaHseT cBOWO MHAMBMAYaANbHOCTb W B AanbHellwem. MoOrnoTUTbLCS MOXeT TONb-
KO BCA NOpPUMUSA LeNnKoM.

KMWHeTMUecKyl 3Heprunio (PoTo3/IeKTPOHA MOXHO HaliTW, NMPUMEHUB 3aKOH CO-
XpaHeHUs aHeprun. JHeprus nopummn ceeta hv MAET Ha coBeplleHUe paboThbl Bbl-
xofa A M Ha coobuieHUWe 3M1eKTPOHY KMHETUYECKON sHepruu:

2
hv = A + % (10.2)

w w w Pa6oTa BbIXOoga — 3TO MUHMMaNbHaAs 3HEPrUsi, KOTOPY HaA0 COOGWMUTH
3NEKTPOHY, u4TO6bl OH MOKUHYN MeTasn.

PaBeHcTBO (10.2) Ha3biBaeTcAa ypaBHeHUeM OdWHLWTelHa.

3ameTum, uT0 opmyna (10.2) cnpaBegnmBa AN 3NeKTPOHOB, Haxo4sAUW UX-
CA y noBepxHocTM MeTanna. Ecnm aHepruio nornowaeT 3/1eKTPOH Ha HEKOTOpOi
rnybuHe B MeTasisle, TO 4acTb MNOrNOWEHHOM 3HEpPrum TepseTcA BCMeACTBUE He-
N36eXHbIX CTO/IKHOBEHUMA 3/1EKTPOHA

B BELLECTBE. Kak Bbl gymaeTe, noyemy B (op-
O6BbACHUM, noyemy cB06OAHbBIE myne (10.2) durypupyer Makcu-
3/1EKTPOHbI, ABUXYLWMNeca ¢ 60MbLIN- mManbHas  KWHeTM4yeckas  aHeprus

MW CKOpOCTAMMU, He NoOKMNAarwT MeTasn. 3N1eKTpoHa?
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8§70 MPUMEHEHWE ®OTOSPPEKTA

B 4ém cocTtouT ABNeHune goToaddekTa?
MOXHO Nu pasfennTb 3apsigbl ¢ NoMoWbio oToadekTa?

OTKpbITHE hoTo3aheKkTa MMENO O0Y4eHb 60/bLIOe 3HadeHUe ANa 6onee rny6oKo-
ro NnoHMMaHua npupoabl cseta. HO UEHHOCTb HAayKW COCTOUT He TO/IbKO B TOM,
UTO OHa BbIACHAET CN0XHOE U MHOroobpasHoe CTPOEHME OKpY>XXaloL,ero Hac mupa,
HO M B TOM, 4YTO OHa faéT Ham B PYKW cpefcTBa, MCNOMIb3YA KOTOPble MOXHO
COBepLWeHCTBOBaTb MPOM3BOACTBO, y/yyllaTb YyC/I0BUSA MaTepuanbHOW U KynbTyp-
HOM >XM3HWN obuecTsa.

C nomowbio ¢oToahdeKTa «3aroBopusio» KWHO, cTasla BO3MOXHOW nepepa-
ya ABUMXKYyU MXCA nlobpaxeHun (tenesupeHue). NMpumeHeHMe (OTO3/TEKTPOHHbIX
npn6éopos MO3BOMIMAO CO3[JaTb CTAHKW, KoTopble 6e3 yyacTusa 4esoBeKa W3roToBs-
NAWT fetann no 3agaHHbIM 4depTexkam. [Mpubopbl, AeACTBME KOTOPbIX OCHOBAHO
Ha ¢oToadhheKTe, KOHTPONUPYKT pasMepbl uU3geniMin nyduwe 4yesnoBeka, BOBpPeEMS
BK/AKOYAT M BbIKNYAKT MasgkKu U ynM4yHOe OCBelwieHWe u T. M.

Bcé 3To 0Ka3asiocb BO3MOXHbLIM 6narofgaps n3obpeteHUt0 0cobblX YCTPONCTB —
hOT03/1eMeHT OB, B KOTOPbIX 3HEPrnsa cBeTa ynpaBnseT 3Heprnem 3NeKTPUYeCcKo-
ro Toka wuaum npeobpasyetcsa B Heé.

BakyymMHble ¢doToasieMeHTbl. OAHUM U3 NEPBbIX MPUMEHEHWN

doToathhekTa 6bISIO co3gaHMe BaKyyMHbIX ©(oTo3neMeHTOB. Ba-

9 KYYMHbIA (hoTo3/1eMeHT npeacTtaBnseT co60M CTEK/IAHHYW Kooy,

7 YyacTb BHYTPEHHeW MOBEPXHOCTU KOTOPOW MNOKpPbITa TOHKUM C/I0EM

/1 MeTansia ¢ manoih paboton Bbixoga (puc. 10.5). 910 kaToa 1. Yepes

npo3pavyHoe OKOWKO CBeT MPOHUKAeT BHYTPb KO/6bI.

m B eé ueHTpe pacnosioXkeHa npoBosoyHasas netna UAN AUCK —

aHo4 2, KOTOpbIW CAYXWUT AnA ynaBnmBaHuA (OTO3/1eKTPOHOB.

AHOA NPpUCOEAVHAT K MNONOXWUTENIbHOMY nontwcy 6atapen. doTo-

3N1eMeHTbl pearnpyrT Ha BUAMMOE W3NYyYeHUE N Jaxe Ha UHPpa-

KpacHble nyuun. lMpwn nonagaHun cBeTa Ha KaTtog (OTO3NIeMeHTa

Puc. 10.5 B LUenn BO3HMKAaeT 3/IeKTPUUYECKUI TOK, KOTOPbIA BK/AKYaeT WUAU

BblK/Il0OYaeT pene. KombuHaunma ¢oTossieMeHTa C pesie No3BoNnsier

KOHCTPYMpPOBaTb MHOXECTBO Pa3/INUHbIX «BUAALWUNX» aBTomMaToB. OAHUM U3 HUX

ABNsAeTcA aBToMaT B MeTpo. OH cpabaTbiBaeT (BblABUraeT Neperopoaky) npum nepe-
ceyeHMN CBETOBOr0 My4ykKa, ecan npeaBapuTesibHO He onjadveH npoesf.

Mopo6Hble aBTOMaTbl MOryT npejoTBpawaTb aBapun. Ha 3aBoge (poTo3aNnemMeHT
NoYTM MIFHOBEHHO OCTaHaBNMBaeT MOLWHbIA MNpecc, ecnu pyka 4vesnoBeka OKa3bl-
BaeTca B onacHoli 30He. C nomoubo (hOTO3/IEMEHTOB BOCMPOU3BOANTCA 3BYK, 3a-
NUCaHHbI Ha KMHONMEHKeE.

B Hawwu AHW BaKyyMHbli (OT03NeMeEHT pefKOo BCTpeyaeTcsa B annaparax
n npunbopax. BHewHnMn ¢oTtoahpdeKT A0 CMX NOpP MCNOMb3yeTca B POTOYMHOXMW-
Tensx — npubopax, B KOTOPbIX cnabbii CBETOBOW CUrHaN npeobpa3yeTcsa B 3/1eK-
TPUYECKNIA TOK.

MonynpoBogHMKOBbIEe (OTO3/1IEMEHTbI. Ha ABNEHUN BHYTpPeHHero ¢oToad
heKTa B MONYyNpoOBOAHUKAX OCHOBAHO YyCTPOWCTBO (hOTOPE3MCTOPOB — MNPUGOpPOB,
COMPOTUB/IEHNE KOTOPbIX, KaK Mbl yXe roBOPU/N, 3aBUCUT OT OCBELWEHHOCTMU.
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Kpome TOro, CKOHCTPYMpPOBaHbLI
noNynpoBOAHUKOBbIe (POTO3/IEMEHTHI,
co3parowme 340C ©n HenocpencTBeH-
HO npeobpasylwuine 3IHEPru un3sny-
YEeHUS B 9HEPTUI0 3/TeKTPUYUYECKOTO
Toka. 94C, Ha3biBaemMas B fAaHHOM cny4dae ¢oTo34C, BO3HMKaeT B o06nactu
p—«-nepexofa ABYX MNOMYMPOBOAHWUKOB Mpu 06/1y4eHUU 3TOl 06/1aCTU CBETOM.

Mopa pelictBnem cBeTa obpasytoTcs

BcnomMHuUTe, OT 4ero 3aBUCUT CO6-
CTBEHHass MpPOBOAMMOCTb MNOAYyNpo-
BOAHMWKOB.

napbl 3N1eKTPpOH — Ablpka. B ob6nacTtwm BcnomMHuUTe, rAe Bbl BUAENN CONHEY-
p—«-nepexoja CyulecTByeT 3/1eKTpu- Hble 6aTapeu, Kak OHU WCMONb3YIT-
yeckoe none. 3To nofe 3acTaBnseT ca. EcTb au y Bac npu6op, B KoOTO-
HEOCHOBHbIE HOCMTENN NOYMNPOBOAHMN- POM HaxoauTcs conHeuHas Gatapes?

KOB nMepeMel,aTbCA 4Yepe3 KOHTaKT.
AbIpKN M3 NoNynpoBOAHUKA «-TUMa MepeMeliarTca B MNONYNPOBOAHUK p-Tuna,
a 9N1eKTPOHbl M3 NOMYNPOBOAHMKA p-Tuna — B 06/1acTb «-TuMna, 4TO NPUBOAUT
K HaKOMN/eHWK OCHOBHbIX HOCUTesiel B MNOAYNpo-
BOAHMKAX «- W p-TMNoB. B pe3ynbTaTe noTeHyuan CeeT
nonynpoBoAHMKA p-TunNa yBesinuynmBeaeTcsa, a n-tmna
yMeHbllaeTcsi. DT0O NPOUCXOAUT A0 Tex Mop, noka w 111
TOK HEOCHOBHbIX HOCWUTenelh 4yepe3 p—/r-nepexos n
He cpaBHSAeTCA C TOKOM OCHOBHbIX HOCUTesneh ue- p
pe3 3TOT >Xe nepexofd. Mexay nonynpoBoAHUKaMu
ycTaHaB/iMBaeTCcA pa3HOCTb MOTEeHLMasoB, paBHas
¢oT034C.

Ecnn 3aMKHYTb LenNb Yepe3 BHELWHOW0 Harpysky,
TO B uUenn NONAET TOK, onNpefeniiemMblii PasHOCTbIO
TOKOB HEOCHOBHbIX W OCHOBHbIX HOCUTenel uepes Puc. 10.6
p—H-nepexon (pwuc. 10.6). Cuna ToKa 3aBUCUT OT
WHTEHCUBHOCTW nMapjalliero csetra W conpoTuBie-
HUA Harpyskm R. ®0T03N1eMEHTbI C p—«-NepexooMm
co3gatrT 34C nopagka 1—2 B. Nx BbIXxogHaa Mol -
HOCTb fJoCTUraeT CcoTeH BaTT NpuU KoapduumeHTe
nonesHoro gencrema o 20 %.

d0oT03N1EMEHTbBlI Masioii MOWHOCTU WUCNONAb3YIT-

csl, HanpumMmep, B (POTO3KCNOHOMeTpax. : °
MHOXeCTBO  COeAUMHEHHbIX nocnefoBaTesbHO

p—«-nepexofoB 06pasyldT CoOJIHEYHYW baTapeto. CoNHeYHble

ConHe4yHble 6aTapenm WUCNOMbL3YTCA Ha KOCMWUYe- 6atapen

CKUX KOpabnsax M cnyTHWUKaxX AN NUTaHUSA 3eK-
Tponpunéopos (puc. 10.7). Kpome 3T0oro, B HacTo-
sillee BpeMsi CO/IHe4YHble 6GaTapeu cTanm LWUPOKO |
Mcrnonb30BaTbCsi B 6bITY KakK asibTepHaTUBHble WUC-

TOUYHUKMN 3/1EKTPOSHEPIUm. Puc. 10.7

BHyTpeHHUIT doToapdekT. ConHeuyHble H6aTapeun
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‘%§ 71 ®OTOHbI. KOPMNYCKYNAPHO-BOJ/IHOBOW AYAJZIN3M
S

213

et

BcnomMHUTe cBOlCcTBaA YacTul U CBSAA3b 3HEPIMM U MacCbl B TEOPUM OTHOCUTENBHOCTHU.

B coBpeMeHHOl (usnke (OTOH paccMaTpuBaeTcss Kak 6Ge3maccoBasi 3/1EMEH-
TapHas vacTuua.

JHeprna n umnynsc gotoHa. Mpu ncnyckaHUM 1 MOFNOWEHUN CBeT BeAET cebs
nofo6HO MOTOKY YacTuy c saHeprueit E = hv, 3aBucsuieii ot yactoTbl. Mopyuns ceeta
oKasanacb HEOXXMWAAHHO O4YeHb MOXO0Xeli Ha To, YTO MPUHATO HasblBaTb YacTuLeit.

] B I CsoiicTBa cBeTa, O6HapyXunBaemble NMPU €ro W3Ny4eHWUU W NOTNOWEHUU, Ha-
3Bajin KOPNycKynsipHbiMu. Cama Xe cBeToBasi vacTuua Oblna HasBaHa (DOTOHOM WU
KBAHTOM 3/1eKTPOMAarHUTHOIO N3/y4YeHus.

®oTOH, NoaobHO yacTuuye, obnagaeT

M BcnomHKMTe, 4TO Takoe mMoaenb Cpl/l- . o o
onpeaenéHHoii nopuueii aHeprum hv.
3M4EeCKOro ABJiIeHUA N KakK co3fakT- 3
e Mogent. Hepruio (OoTOHA 4YacTo BblpaXawT He

yepes 4acToTy V, a uepe3 UMUKIUYe-
CKYl0 4acToTy = 21y. MNpu aTom B hopmMysie AN sHepruum ¢oToHa B KadecTse
KoaphuumeHTa MpPonopuMNOHANbHOCTU BMECTO BE/IMYMHBLI h WCNoONbL3YKT Benu-

unHy N = T (unTaeTca: aw Cc 4YepTOil), paBHY, MO COBPEMEHHbLIM [aHHbIM,

1,0545726 w1Cr3# [x ec (nocnefHue fBa 3HakKa B MepBOM COMHOXWTese onpe-
[leneHbl C TOYHOCTbIO A0 +40). Torga sHeprus (POoTOHA BbipaXkaeTca Tak:

E = hv = Tko. (10 .4)

CorslacHo TeopuuM OTHOCUTENIbHOCTUM JHEeprus Bcerga cBs3aHa C Maccoi cooT-
HoweHMeM E = Tc2 Tak Kak aHeprua ¢oToHa paBHa hv, To, cfefoBaTe/lbHO, ero
mMacca T MnoJsiydaeTca pPaBHOIA:

T = (10.5)

Y (oToHa HeT Maccbl MOKOS, OH He CyW ecTByeT B COCTOSAHWU MOKOS WU Mpu
poXXaeHun cpasly MMeeT CKOpPoCTb c. Macca, onpegensemasn dqopmynon (10.5), —
3T0 Macca ABuXylLerocss oTtoHa. Mo M3BECTHOW Macce M CKOPOCTM (POTOHA MOXK-
HO HaWTW ero UMMNysbC:

p =Tc = — = -. (10.6)

HanpaBneHue uMnynbca ¢oOTOHA

B CBOWX 3aMeuYaTeNbHbiX OMbITAX coBnagaet C HanpaB/ieHMEM CBeTOBOro

C. W. BaBMNOB ycTaHOBUA, 4YTO nyva.
yenoseyeckuit rnas, 3TOT TOYHENWMn w©3 Yem 6onblie yactota V, Tem bonblie
«npubopoB», cnocobeH pearuposaTb Ha aHeprua E n vmnynbc p doToHa U Tem
pasnuuune ocBelW&HHOCTel, wn3MepsiemMoe OTYET/NIMBee TMPOABNANTCA KOPMYCKY-
€AVNHNYHbIMN KBaHTaMu. NApHble cBolicTBa cBeTa. M3-3a TOro 4Tto

noctoaHHasa [lnaHka Mana, 3Heprusa
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p)OTOHOB BUAUMOr0 W3Ny4YeHUNA Kpawn- N H, L W KopnyckynsipHo-Bo/IHOBOI aya-
He He3HauyunTenbHa. POTOHbLI, COOTBET- nnsm — obuiee csoiicTBOo Marte-
cTBylOLwne 3eqeHoOMy cBeTy, WUMEKT i pun, nposenslouWeecs Ha MUKpPOCKOMMUYe-

3Hepruio 3,5 « 1CM19—4 <« 1Crio Ax.
KopnycKynsapHO0-BONHOBOW aya-
N3m. 3aKOoHbl Tena0BOro u3ny4vyeHuss m GotoapdekTa MOXHO 00bsC-
HUTb TO/NIbKO Ha OCHOBe MpeAcTaB/leHUsA, COr/lacHO KOTOPOMY CBET — 3T0
NOTOK 4YacTuLl-poTOHOB. OAHAKO ABMEHUA WHTepdepeHUUM n andpax-
LUn cBeTa CBUAETENLCTBYIOT M 0 BOJIHOBbIX CBOWMCTBax ceBeTa. CBeT 06-
napaeT, Takum o6pa3om, cBoeob6pasHbIM Ayann3mMom (ABONCTBEHHOCTbIO) CBOWCTB.
Mpwn pacnpocTpaHeHUM cBeTa MPOSABNSAKTCA ero BO/IHOBble CBOWCTBa, a Npu B3au-

CKOM YypOBHeE.

MES 18%4]

MOAENCTBUM C BELW,eCTBOM (M3YYEHUN U MNOrOWEHUN) — KOPNYCKYNSAPHbIE.
Mbl He MMeeM BO3MOXXHOCTWU npea-
CTaBNATb cebe HaArnsgHo B MOJIHOWA r»/ O6cyanTe, Yyem pasnuyarTCcs CBOWN

Mepe npoueccbl B MUKpoOMUpe, Tak
KakK OHW COBEepLUIEHHO OT/INYHbLI OT Tex
MaKpPOCKONMYECKUX ABMEHWN, KOTO-
pble nwoAn Habnwpgann Ha NPOTSAXXEHUU MWUJIJIMOHOB NIeT U OCHOBHblE 3aKOHbl KO-
TOpbIX 6bIAN cChopMynmMpoBaHbl K KOHUY XIX B.

CBeT oKasa/iCd 04YeHb C/IOXKHbLIM fABNeHMeM. Mbl He B cuiiax HarnagHo npeg-
CTaBUTb cOYeTaHMe BOJTHOBbIX M KOPMNYCKYASAPHbIX CBOWCTB B OfHOM 06bekTe, Tak
KaK BO/IHA M YacTuula UMelT pasHble cBocTBa. CneAyeT NPoCcTO CMUPUTBLCA C TeM,
4YTO BOJ/IHOBble U KOPMYCKY/SApPHble CBOMNCTBA — 3TO pas3finyHble CTOPOHbI NPUPOAbI
cBeTa, KOTOpPble Mbl XOTUM OOBACHWUTb Ha OCHOBE WM3BECTHbIX HaM MoAese.

OnbiTel BaBunioBa. CBeT BbITMNAANT HeNpepbiBHbIM MNOTOKOM, €C/iIM MHTEHCUB-
HOCTb ero A0oCTaTO4YHO BefiMKa. KBaHTOBble CBOMCTBa CBeTa AO0/IXKHbI MPOABAATbLCA
Torga, Korga HeBe/IMKW WHTEHCUBHOCTb W BpeMs M3/ydyeHWA, T. e. HabnwpgawTca
OTAE/IbHblIEe BCMbIWKN.

B 20-e r. XX B. coBeTCKUiIi hnsmk Cepreii MBaHoBMY BaBun/10B MNpPOBEN MUHTe-
pecHble 3KCMEepUMEHTbl C LUe/iblo NMPOBEPKU YTBEPXAEHUA 0 HA/IMYNN Yy CBeTa KBaH-
ToBbIX cBokcTB. Fpynna C. V. BaBunoBa 3aHMMasiacb B TO BpeMs UcCCNefoBaHUEM
MOrNOWEeHNSA N UCNYCKAHUSA CBeTa 3/IeMEHTAPHbLIMWU MONEKYNAPHBLIMU CUCTEMAMU.

OnbITbl cocToANu B cnegytouwem. Mepen HabnwpaTenem cTtaBuNu epalatLwnii-
CA AWNCK C MasleHbKWUM O0TBepcTuem. 3a AMUCKOM pasmeljasica MOJSIEKYIAPHbIA wUcC-
TOYHUK CBeTa, WHTEHCUBHOCTb (APKOCTb) M3/Iy4YEeHUSA KOTOPOro MOXXHO Obl/i0 pe-
rynupoBaTb. pun Apkom cBeTe HabnwpaTtenb 4Yepe3 0TBepCTMe BO BpawakwuwemMmcs
ANCKe KaXAabli pa3 Bugen BCNbIWKY. MpPN yMeHbWEHUN WHTEHCUBHOCTU M3NAy4e-
HUA HabnwgaTtenb BUAeN BCMbIWKY He KaXAbli pa3. UeM MeHblue 6bl/la WHTEH-
CUBHOCTb, TeM MEHblUe BCMblWeEK BUAen Habnwgartensb.

OT0 CBMAETENbCTBOBA/IO O TOM, YTO CBET He SABMSAETCA CMJ/OWHbLIM MOTOKOM. WN3ny-
YeHMe OTAENbHLIM aTOMOM WM MOJIEKY/I0 KpaTKoBpeMeHHO. MNpu 601blLOA NHTEHCUB-
HOCTW 4YMCA0 U3Ny4vyaeMblX 4yacTuy ceeTa

CTBa BOJIHbI M YaCTULbl U YTO Mexay
HUMK obuwero,

(KBAHTOB) BE/IMKO WU pacTsSHYTO BO Bpe-
MeHW. [IpU CHUXEHUN WHTEHCUBHOCTU
YMEHbLUAETCA YMCN0 MU3NYyYaeMblX KBaH-
TOB M CyLecTByeT 60/blIass BEPOATHOCTb
TOro, 4YTO BbICTPE/IMBAEMble aToOMaMu
KBaHTbl He MpoiigyT yepe3 0TBepcTUeE.

H Bop copmynuposan NPUHLMN
[OMOHNTENbHOCTU, COrfnacHo Ko-

TOpoMy Ans O6GbACHEHWS 3JKCMepuMmeHTa
cnepyeT WCNoONb30BaTb Of4HY W3 Mopgenei
cBeTa, HO HeMb3f WCMNO0Nb30BaTb WX OAHO-
BPEMEHHO.
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Mmnotesa pge bBbpoiina. Ecnn ¢ 3afNeKTPOMarHWTHbIM MoneMm A/un-

* 3 O TesbHOe BPEMS CBA3bIBA/JIOCH NPEACTAB/NEHNE O MATEpPUN, HENpepbiBHO

pacrnpefenéHHoOW B MpoCTpaHCTBE, TO 3/1eKTPOHbI, HanNpoTuB, Npea-

CTaBNSANUCbL KaK HEKOTOpble KPOXOTHble KOMOYKMW mMaTepun. DTO MOA-

YEpPKMBA/IOCb Y)XXe caMWM Ha3BaHWEeM «4yacTuua», MNOCTOSHHO MNPUCYTCTBYHLUW MM
pALOM CO C/I0BOM «3/1EKTPOH».

He ponyckaem nuM Mbl 3aecb owunb6KKM, o06paTHOW ToW, KoTopas 6blna caenaHa
co cBeTOM? MoOXeT 6blITb, 3/IEKTPOH U APYrue YacTulbl 061afatoT TakXe U BOJTHO-
BbIMWU CBOMicTBaMMU? Takyl HeobblYHYI MbiC/b BbicKa3zan B 1923 r. ppaHUy3CKuUit
y4yéHbli lyn pe Bpoline.

MpeanonoXxue, 4T0 C ABUXEHWEM 4YacTul, CBA3AHO pacnpocTpaHeHue HeKo-
TOpbIX BOMH, Ae Bpolinb cymen HaiTn ANWNHY BOJMHbI 3TUX BOJSIH. CBA3b A/IMHBbI
BO/IHbI C WMMNY/NbCOM YacTULibl OKasajsliacb TOYHO TaKOW >e, Kak U Yy (POTOHOB
(cm. topmyny (10.6)). Ecnm AnvHY BOAHbI 0603HA4YUTb 4epe3 X, a UMNYAbC —
yepes p, TO

X = : (10.7)
P

OTa 3HameHuTas dopMmyna Ans LNWHb BONHbI fe Bpoiing — ofHa M3 0CHOB-
HbiX B (hU3NKe MUKpOMMpPaA.

MpeackasaHHble ae Bpoiinem BO/IHOBbIE CBOWCTBA YacTUl, BNOCNeACTBUU Oblnn
obHapy>XeHbl aKcnepuMeHTanbHo. Habnwoganacb, B 4acTHOCTU, AU paKuna anek-
TPOHOB M APYFrMX 4YacTul Ha Kpuctannax. B aTux cnydasix nonydanacb KapTUHa,
nogobHas TOW, KoTopas xapaKTepHa A/ PEeHTreHOBCKUX Jlyyel, nNpuyém cnpa-
BeANUBOCTb opmynbl ae Bpoiina (10.7) 6bina goKa3aHa 3KCMNepUMeHTaslbHO.

MpuHunn HeonpegenéHHocTu [elrizeH6Gepra. JKcNepMMeHTanbHO 06Hapy-
XeHHas Audpakumsa YacTul, npuBesia Hac K TOMY >e MOJIOXKEeHU, KakK u npu
paccMoTpeHUM ONTUYECKUX SABMeHUr. Mpu onpefenéHHbIX YC/0BUAX YacTULbl
NposiBNSAOT BOJ/IHOBble CBOWCTBa, a pa3 TaK, TO YXXe He/b3s roBopuTb 06 onpe-
OEeNéHHbIX TPaekKToOpUAX 4YacTuly. BCcNnOMHMM aHasorMyHyw cuTyauuto B ONTUKE,
Mbl HabnwgaeM HapylweHWe 3akKoHa MNPAMOMMHEMAHOro pacnpocTpaHeHUs cBeTa
npun ormnbéaHMM BOAHOW MPENATCTBUA.

O 3323 MpuHunn HeonpeaenéHHoOCTU leliseHbGepra ykasbiBaeT Ha TO, YTO HEBO3MOXHO
¢ abCONIOTHON TOYHOCTbIO OAHOBPEMEHHO OMPefenUTb U MOMOXEeHUe, U UMMYNbC YacTULbl.

.Y 06CcyanTe ¢ OAHOKMACCHMKAMMW, No- Yem TouyHee Mbl onpefensdem Koop-

L_|V| yemy NpyM paccMOTPeHUU ABUXKEHUNA ANHaTYy 4dactuuybl, TeMm 6onblie Mbl OLIWN-
MaKpoo6beKTOB, Hanpumep 4vyenose- baemcsa npu onpepeneHNn eé MMmnynbca:
Ka nnum mMawunHbl, Mbl HE y4dYuUTbiBaem
NPUHLMN HeonpeAen&HHOCTH. OxOpx >

roe AX — HeonpegesiEHHOCTb 3HaA4YeHUA KoopAauMHaTbl X, a ApX — HeonpeaenéH-

HOCTb 3HAUYeHWUS MpPoeKUMUU eé MMnysbca.

JlaHHOe COOTHOWEHWEe cnpaBeanIUBO ANA NM60M KoopAaMHATbLI YyacTuubl. MMonbl-
TaeMcsi 00bSAACHUTbL €ro.

MpeanonoXXum, Mbl XOTUM ONpPeAesIUTb MONOXKEHME MUKpPoYacTUubl. [N 3Toro
NnocTaBMM Ha €€ NyTu NeprneHAUKYNSPHO CKOPOCTU Wesb WNPUHOK OX. Mbl 3HaeMm,
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4YTO A0 Wenu NPoeKLMss UMMY/bca YacTULLbl HA 0Cb, MEPNEHAMKYNSAPHYI eé CKOopo-
CTW, paBHa Hy/l, HO abCOMIOTHO He 3HaeM, rge oHa HaxoauMTca. OAHAKO Korga Mmbl
eé o6Hapy>XMBaeM B WeNN, NPoeKLMUs UMNy/bca MMeeT HeonpegenéHHble 3HAaUYeHUn
BCNEACTBME SABNEHUSA Audpakummn. Yem y>Ke Mbl clenaem LUiefb, T. €. Y4emM TouHee
Mbl onpeaenum x, TeM Gosiblie 6yAeT NPoABAATbLCA AU PaAKLUA U TeM MeHee TOUYHO
Mbl 6yAeM 3HATb 3HauyeHue MPOeKLUUU MMMNybca.

B panbHeliwemM noApoGHbIE BbIYUCAEHUSA MO3BOAMAN [eiizeH6epry noayumTb eué

h
0[lHO COOTHOLIEHWEe: AEAt > ~ — U chopMynuMpoBaTb el 0AHO YTBEpXAeHue:

3HEeprua MuUKpouvacTuubl MOXET ObiTb onpejeneHa ¢ TOYHoOCTbo [AE B TeueHue

h
npomexyTtka BpemeHu At ~ 9n/KF m

OTU HeoO6blYHblE CBOWCTBA MMKpOOﬁ'beKTOB onmcbiBarwTCA C NOMOW b KBaH-
T OBOW MEeXaHUKN — COBDEMGHHOVI Teopuu ABUXEHUA MUKpoyacTuy. MexaHu-
Ka HbloToHa 3a€ecbh B 60NbLUMHCTBE cnyyaeB HenpmMmeHumma.

®oToH. KopnyckynsipHo-BONHOBON ayanu3Mm. BonHa pge bpoiinsa

1. Kak onpegenuTb 3HEpPruto, Maccy M uUmnynbc (OTOHA, 3HAsA 4acToTy

CBEeTOBOW BOJIHbI?

2. UTo noHumaeTCcs nof c/i0BaMu KOPMNYCKYNSIPHO-BO/THOBOW Ayannsm?

3. MOXHO Nn cKasaTb, YTO 3/1eKTPOH o06s1afaeT BOJSIHOBbIMW CBOMCTBaAMMW?

4. MpuBeanTe 3KCNepMMeHTaNbHOe [0Ka3aTenbCTBO cyl,ecTBOBaHWA BONH Ae Bpoiins.
5. MNepeuncnnte ABNeHNA, 06bACHAEMbIe C TOYKWU 3pPEHUSA BOSIHOBOW Teopuu, U ABe-
HUA, NoATBEpPXJallWne KBaHTOBble CBOWCTBaA CBeTa.

1. YUemy paBHa 3Hepruss (oOTOHA, COOTBETCTBYlU,asd CBETOBOW BOJIHE 4acTOTOM
6,3 «1014Tu?

1) 1CT27 O 2)1,35 <1030 3)3 40"19 A 4)4,2 T19 Ox
2. Moaynb umnynbca poToHa B MepBOM My4yKe cBeTa B 2 pasa 60/blie, YeM BO BTO-
poM. OTHOWEHME 4acTOTbl CBETa MEPBOro NMy4vyka K 4acToTe BTOPOro pasBHO

1) 1 2) 2 3) 42 4) 1/2

3. [lBa UCTOYHMKa CBeTa M3nyyawT BOJIHbI, AJINHbI BOSIH KOTOPbIX = 3,75 «10 ™
m X2= 75 «10 'm. Uemy paBHO OTHOWEHWE UMNYNbCOB pX/pr gOoTOHOB, MU3ny4dae-
MbIX MEPBbIM W BTOPbIM MCTOYHUKaMMK?

1) 1/4 2)2 3)1/2 4) 4

4. DNeKTPOH M MPOTOH ABMXXYTCA € O4WHAKOBbIMW CKOPOCTAMMU. Y KaKoOW M3 3TUX
yacTuy 6onblwas AnvHa BONHbI ae BpoiinAa?

1) y anekTpoHa

2) y npoToHa

3) ANIMHbI BOMH 3TUX 4YacTul, OAMHAKOBbI

4) yacTuubl HeNb3si XapaKkTepu3oBaTb AJ/INHOW BOMHbI

15, DNeKTpPOHbI nNponeTawT yepe3 wWenb wupumHon Ax = 0,1 mm. HeonpeaenéHHoOCTb
npun onpefesieHM MUX UMNynbca pasHa

1) = 10~3 kr-m/c  2) =6,63 <10~3xr-m/c 3) = 10 3lkr-m/c 4) = 6,63 L0 3> kr-m/c
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gy 3
7}1’§ 72 NABJTEHWE CBETA. XMUMWNYECKOE OEVNCTBUWE CBETA

BcnoMHWUTE CTPYKTYpY 3/M1€eKTPOMArHUTHOW BOJIHbI.
Kak BOnHa AelcTBYeT Ha 3apsHXKeHHY uvactuuy?

[OaBneHune cBeTa. MakcBenn Ha OCHOBe 3/11eKTpoO-
MarHUTHOW Teopuu cBeTa npejckasas, 4To CBeT A0N-
)KeH 0Ka3sblBaTb fAaBjieHMe Ha MpPensATCTBUS.

Moa AeiicTBMEM 3M1eKTPUYECKOro MOMsi BOSIHbI, Ma-
jawouieli Ha MOBEpPXHOCTb Tesa, Hanpumep MeTanna,
CBO6GOAHBI 3M1eKTPOH ABUXKETCS B CTOPOHY, MPOTUBO-

NonoXHyt BekTopy £* (puc. 10.8). Ha aBuxyuwuiicsa

9N1eKTPOH peicTByeT cuna JlopeHua F, HanpaBneHHas
B CTOPOHY pacnpocTpaHeHWUs BOJHbI.

CseT

Punc. 10.

CymmapHas cuna, AeiicTBylowas Ha 31eKTPOHbI NOBEPXHOCTW mMeTanna, u onpe-
nenaet CUYy CBETOBOro gaBsieHUA.

Ana pokasatenbcTBa cnpaBeAnMBOCTM Teopuum MakcBenna 6b1s10
& BaXXHO W3MepwUTb pfaBneHune cBeTa. MHorme y4déHble MbiTanucb 3TO
coenaTtb, HO 6e3ycnewHO, TaK KakK CBeTOBOe JaBfieHWe OYeHb Mano.
B ApKMN COMMHEYHbIN AeHb Ha MOBEPXHOCTb naowanbio 1 m2pelicTByeT
cuna, paBHaa Bcero nuwb 4 <« 1CI6 H.

BnepBble pgaBneHne cBeTa WU3Mepusa pyccku ¢uaumk Métp Hwukonaesunu Jle -
6epnes B 1900 r. MNMpubop JlebepeBa COCTOSANT M3 OYEeHb NEFKOro CTepXXeHbKa Ha
TOHKOW CTEK/IAHHOW HWUTW, MO KpasM KOTOPOro OblNN MPUK/EeHbl NErkue Kpbl-
NbIWKWN, C OAHOW CTOPOHbI 3epKasfibHble, oTpa)akwuine CBeT, C APYroii CTOPOHbI
3a4yepHéHHblIE, B OCHOBHOM nornowatwuumne ceet (puc. 10.9). CeeT nafjan Ha Kpbl-
NbIWKWN 0T AYFOBOW flamnbl.

Bcneacteme TOro 4YTO0 KPbIAbIWKW M0-pa3HOMY oTpaxanu
W nornouwiann cBeT, Ha CTepXeHEK JAelicTBOBa/ MOMEHT cun,
onpeAensOWNiA 3aKpyuynBaHue HUTWU.

TpyAHOCTM TOYHOr0 U3MEpPeHUsA faBfeHUs cBeTa 6bl/IN CBSA-
3aHbl C HEBO3MOXHOCTbK BblKayaTb W3 cocyja BeCb BO3AYX.
HeoanHaKOBbIN Harpes Kpbi/iblleK W CTEHOK cocyga NMpUBOAUT
K BO3SHWKHOBEHWIO KOHBEKTUBHbIX MOTOKOB OCTaBLUerocs B CO-
cyae BO3AyXa W BCAeACTBUE 3TOr0 AOMOAHWUTENbHbIX Bpaliato-
WMX MOMEHTOB. Kpome TOro, Ha 3akpyyuBaHue HUTU BNUAeT
TOT (paKT, 4YTO CTOPOHA KpbiNblWweK, obpawéHHas K UCTOYHUKY
cBeTa, HarpeBaeTCA CU/IbHEe, YeM MNPOTUBOMOJIOXKHAA CTOPOHA.
M. H. Nle6epes  Nopekynbl, oTpaxawlymecss 0T 60/1ee HArPeToi CTOPOHBI, Mepe-
(1866—1912) [alT KpblAbIWKY 601bWNA MMNYALC, YEM MOJIEKY/bI, OTpaxka-
A luwmeca oT MeHee HarpeTon CTOPOHbI.
Laades ima M H JNleGegeBa HocuT u- JlebepeB cymen npeojonetb Bce

314ecKNii MHCTUTYT PAH (DUAH). 3TU TPYAHOCTU, HECMOTPSA Ha HWU3KWUNA
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274 KBAHTOBAS ®U3NKA

Nio6oe npespatjeHune MOeKyn BOCCTaHaB/1nBaeTcAaA, WU K/NETKW CeT-

eCcTb XWMUYEeCcKuii npouyecc. Bbi- HaTku Trsiasa cHoBa MOryTt pearmpo-
uBeTaHWe TKaHel Ha conHue n obpa3oBa- BaTb Ha CBET.
HWe 3arapa —e 3TO MpUMepbl XUMUYECKOTO BakHelwne XxMMmnyeckKkme peakymm
VpeiicTBus ceeTa. nog [AeWcTBMEM cBeTa npoucxoasaT

B 3e/1EHbIX INCTbLAX [epeBbLEB U Tpase,
B MUrnax XBOW, BO MHOIMMX MWKpoopraHmsmax. B 3enéHom nucrte nop AericTBuem
ConHua OoCyLLecTB/IAKTCA MpoLueccbl, HeobxoAMMble ANA XWU3HU Ha 3emne. OHu
[alT HamM He TO/MIbKO MULLY, HO U KUcnopoa ANA AblXaHUA.

TncTba nornow,arT M3 BO3AyXa YIMEKUCNbIA ras v pacwennsaoT ero MoaeKky-
Nbl Ha coCTaBHble YacTwu: yrnepoa v kucnopog. NMpoucxoauT 3TO, KaK ycTaHOBUN
pyccknii 6uonor KnumeHt ApkagbeBuy TuMmnpsaseB, B MosieKynax xnopodun-
na noj AencTBMeM KpacHbIX ny4veli COTHEYHOro cnektpa. lMpucTpamBasa K yrne-
POAHOM LenoYKe aToMbl APYFMX 3/1eMEHTOB, M3BNIeKAeMbIX KOPHSAMW U3 3eM/iu,
pacTeHnsa cTpPOAT MONeKynabl 6e1KOB, XXUPOB WU YraeBoAoB.

Bcé 3To npomcxoauUT 3a CYET 3Hep-

sm, BcnomHuTe, Kak sBNeHue (OTO- FMN COMIHEYHbIX Ny4veit. Mpuyém 3sgeck
CMHTEe3a 06bACHANM Ha ypokax 0co6eHHO BaXHa He TONbKO cama
6uonoruu. 3Heprua, Ho M Ta cdopma, B KOTOpOW

OHa nocTynaeT. ®oTOCMHTe3 (TaK Ha-
3blBAOT 3TOT MpoOLEecc) MOXeT MpoTekaTb TONbKO noj AelicTBMeM cBeTa onpepge-
NEHHOro CNeKTpasibHOro cocTtaBsa.

MexaHn3Mm oTocMHTe3a ewé He BbIACHEH A0 KOoHUa. Korga 3aTo nNpou3onpeér,
AN 4denoBeyecTBa, BO3MOXHO, HacTynuT HoBas 3pa. Benkm u gpyrue cnoXxHsbie
opraHuyeckme BellecTBa MOXHO 6yaeT nonydyaTb Ha abpukax nopg rony6biMm He-
6ocBOAOM.

faBneHne ceeta. ®oTocuHTEe3. POTOXMMMYECKNE peaKunu

1 [OaiTe obbACHeHWe faBfieHUWA cBeTa Ha OCHOBe BOJ/IHOBOW TeopwuW cBeTa.
2 Kak 06bACHUTbL gaBfieHMe cBeTa Ha OCHOBe KBAHTOBOW Teopuwm ceeTa?
3. Kakoli cBeT — KpacHOro mnuv (unoneToBoro useta — oKa3bliBaeT 60/
( faBNeHne Ha mpaeanbHO OTpa)kalw Ly MNOBEPXHOCTb?
K 4. Kakune peakKuumm HasbiBalTCA POTOXUMUYECKUMMWN?
5. UTto Takoe ¢oToCUHTE3?



KBAHTOBAS ®U3UKA 275

0873 MPUMEPBI PEWLWEHNA 3AOAH T1O TEME
«CBETOBbIE KBAHTbI. ®OTO3®DPEKT»

PeweHue 3agay Ha 3akKoHbl oTo3dhheKTa B OCHOBHOM TpebGyeT MCMO/b30BaHUSA
ypaBHeHUA JiiHWTelHa Ana qoTtoaddekTa, B KOTOpoe BXOAWUT TaKoe MOHSATUE,
Kak paboTa Bbixoga. O6paTMTe BHMMaHWe Ha TO, 4YTO B MpaBoOll 4YacTuU ypaBHe-
HUs DJliHWwTeliHa TonbkKo pab6oTa BbIXoAa MOCTOSAHHA, a KUHeTu4vyeckas 3Heprus
N COOTBETCTBEHHO 3ajepXXuBaklLliee Hanps>XeHUe 3aBUCAT 0T 4YacToTbl MajarLLero
N3Ny4YeHus.

Pa6oTta BbIxoga onpegensieTca cBoOWcTBaMM [JaHHOro BeliecTBa, MO03TOMy eé
3HaYeHUe MOXXHO HalTm B Tabnuue.

PaccmaTtpuBasi cBeT KakK MNOTOK 4acTul, Mbl 06bsICHieM jJaBJfieHWe cBeTa W3-
MeHeHMeM MMMNYy/ibca Najallero Ha NOBepXHOCTb (POTOHA U AenlaeM pacyéTbl CO-
rnacHo 3akoHaM KJ/laCCMUYecKOW MexaHUKW.

Mpn peweHMn 3afay Ha XUMMU4YecKoe fAelicTBMe cBeTa y4uTuUTe, 4TO MNpu npe-
BpalleHUN yrnekucnoro rasa B Kucnopog nop AectBuem cBeTa (hoToCUHTES)
nornouwiaetca onpegenéHHas 3Heprusi, a nNpu o6paTHOM MpeBpalLeHUN 3Heprus
BblaensieTcs.

3apava 1. OnpegennTte maccy (OTOHa KpacHOro ceeTa, A/IMHA BOJIHbI KOTOPOTO
X =6,3 «10 5cm.

PeweHwne. CornacHo Teopuu OTHOCUTESIBHOCTMU OHWTelHa aHeprmna m mMmac-
ca CBA3aHbl COOTHOWeHMem E = Tc2

he h
OHeprua ¢otoHa E = Tc2= — , oTkyga T = — = 3,5 «10~36 Kr.

3apayva 2. Ha pucyHke 10.10, a nokasaHa BOJ1bT-
amnepHas xapaktepuctuka goTtoaddekta. Haueptu-
Te BO/IbT-aMMepHble XapakKTepucTtuku: 1) npu yBe-
NNYEHUN 4YacToTbl NajalwlWero U3ny4vyeHus; 2) npu
yBenn4yeHN najalwLero CBeToBOro noToka.

PeweHwne. 1) Mpu yBennyeHUM 4yacToTbl pa-
CTET CKOPOCTb 3/IEKTPOHOB W COOTBETCTBEHHO YyBe-
nuyneBaeTca 3afepXxuBawuiee HanpsaxeHue. [pwu
TOM >Xe CBETOBOM MNOTOKe cusia TOKa HacbliWeHns
ocTaéTtcsa npexHelh (puc. 10.10, 6, kpuas 1). a)

2) Mpn yBenuyeHun najarwLLero CBeToBOro no- I 2
TOKa W npu TOW >Xe 4acToTe pacTéT TOK Hachl-
ueHna, 3ajepXunsBawlliee Hanps>keHnme ocTaércsa ~
npexHum (puc. 10.10, 6, Kpusasa 2). v

3apava 3. OTpuuyaTtesnbHO 3apsiXXeHHas LWHKO- ’
Bas nNjaacTUHKa ocBewasiacb MOHOXpPOMAaTUYECKUM — =
cBeTOM AnnHoM BosiHbl 300 HM. KpacHas rpaHuua UaU;, 0 U
ana unHka — Axp = 332 HM. Kakoin mMakcummanb-
HbIl MOTeHUMAan NPUO6PeTET LMHKOBAsA MaacTUHKa? Puc. 10.10
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PeweHue. CornacHo cdopmyne SiiHWTelHa rri\/zmax = -

Bbl X

MakcumanbHbIA NoTeHUMan LWMHKOBOW nnacTuHkuM U3onpegensietcsas M3 Bbipa-
rtiv®
XeHna — = geU3 (ycnoBue npekpaw,eHmsa ¢oToToka):

— - A
Ue\ KpJ

3agava 4. MokaxuTe, 4TO CBOGOAHbLIV 3MeKTPOH He nornou,aet OTOH.

PeweHwne. B meTanne 3NeKTPOH, CTPOro roBops, He sABNSeTCA CBOGOAHLIM,
TakK KakK OH B3aumoaelicTByeT C MOHAMMW KpUCTaN/IMUecKoii pewéTKn n ¢ ApYyru-
MU 3/1EKTPOHaMu, o6ecrnevynmBaloLLMMN NMPOBOAMMOCTL MeTanna. MoaTomy cuctema
3N1EKTPOH—(OTOH He ABNSAETCA 3aMKHYTOl. ECnnM Xe 3N1eKTPOH — oTAenbHasa va-
cTUua, To NpW ero B3aMMoAelicTBUM C (POTOHOM [O0/KHbI BbIMO/THATLCSA 3aKOHbI
COXpaHEeHUss uMnynbca 1M aHeprun. MpeanonoXmm, UYTo CBO6OAHLIN NoKosAw Miica
3M1EeKTPOH MOrnoTua (PoToH. Mo 3aKOHY COXpaHEHMWS 3HEPTUU 3IHEPrus 3/IEKTPOHA
paBHa sHeprum QoToHa:

s T™™Nn2 ”
= — ’ (l)
roe v.— vacTtoTa 3/IeKTPOMArHUTHOM BOMIHBI, T — Macca 3/leKTpoHa, V — ero
CKOPOCTb.
CucTtema (hOTOH—3/IEKTPOH — W30/IMPOBaHHAA CMCTeMa, M 3aKOH COXpaHeHus
uMnynbca ANsA Heé MMeeT BUf ,
— = TN 2)
C
N3 ypasHeHusa (1) umeem v = _\lZfIV, a u3 ypasHeHus (2): v = —
T TC

Mbl MONYy4YnNU fBa pa3HbiX BbipaXeHWUs A8 CKOPOCTU 3/1€KTPOHA, 0TKyaa crie-
AyeT, UTo CBO6OAHBLIN 3M1EKTPOH He MOXEeT MOrnoTUTL (POTOH.

3agaya 5 TllepneHAUKYNAPHO MoBepxHocTU naowagbo 100 cM2 KaXxXayw Mu-
HYTYy najaeT 3Heprusa, nepeHocumas ceBetom, W = 72 [x/MuH. Onpegenute
CBETOBOE fJaB/ieHMe B caiyyasax: 1) cBeT MOJIHOCTbIO MNoraouiaeTcs MOBEPXHOCTbIO;
2) cBeT MOJIHOCTbI OTpakaeTcs; 3) NOA0OBMHA Najalllein aHepruu norsouiaeTcs,
a nosfoBMHa oTpa)aeTcs.

PeweHune. CumTtaem, 4To CBET — 3TO MOTOK (PpOTOHOB c 3Hepruen Eca Torga
WAt
yncno nagawuWmnx 3a Bpems At Ha MoBepxHOCTb (oToHOB N = ——. NmMnynbe
E o
¢oToHa p = TCc = — .
C
E

1) Mpwn nornoweHuUm wn3MeHeHMe wumnynbca ¢oTtoHa Ap = 0 - — = —.
c c

M3meHeHMe MMNynbca PoTOHA PaBHO MMMY/bCY NOAENCTBOBABLUEN HA (POTOH CUJIbI
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Al = - ——, COOTBETCTBEHHO MMNY/NbC CUNBbI, I'IO,EI,eVICTBOBaBLIJeVI Ha NOBEPXHOCTb

BCI'Ie,qCTBI/Ig nornouieHna ¢gotoHa, frx = ——.
C
3a Bpemsa At Ha noBepxHocTb nagaeT N ¢(OTOHOB, M CyMMapHbIA WUMNY/bC

. . WAt Ed w
CUNbl, AeWCcTByKWLU,eNn Ha NOBEPXHOCTb, FNAt = N— = — = — At
c Edb c c
F W
Torpa paBsieHWe Ha CTeHKY p = — = — = 4 «10 ' MNa.

2) B cnyvae Korga CBeT MOJ/IHOCTbIO OTpaXkaeTcs, M3MeHeHMe UMNy/nbca Naja-

E®
IOWEero Ha NOBepPXHOCTb (poToHa Ap = -2 — .

[aBneHne Ha cTeHKY 6yaeT B 2 pasa 6onbwe: p = 8 «10"' MNa.
3) B cny4yae korga nosioBMHa (OTOHOB MorsaouwiaeTcs, a No/IOBUHA OTpa)kaeTcs:

F At = = 3WAtEp = — At
2 c 2 c 2Ed c 2c
F 3w
OKOHYaTeNbHO p = — = -——-—-—- = 6 =10 ' MNa.
y S 2 Sc

3apaya 6. VI3BeCcTHO, 4YTO Ha MpeBpaweHue O0A4HOMW MONeKynbl Yr/eKUcaoro
rasa B KuUc/nopog v yrnesogopos Heobxoammo 9 ¢oToHOB. X/A0poduUN nydwle Bce-
ro norsiouwiaeT najawlimMe Ha pacTeHUe BOJIHbI B AMana3oHe ASIMH BOMH oT 650 fo
700 HM. Onpegenute KN4 doTtocnHTesa. Mpu ob6paTHOW XMMUUYECKOW peakuumn
BblfenisgeTca aHeprus, pasHasd 4,9 3B Ha oAHY MOseKyny.

PeweHwne. Bo3bMEM cpegHee 3HauyeHWe O/INHbI BOJIHbI B YKaszaHHOM Auana-

c
30He X = 675 HM. JHeprua ¢goTtoHa E = hv = hK'

Torga nagawouiasi M Bbi3blBalolas peakuuio NpeBpalLeHUs sHeprus
E = g/ilf'l = 2,65 «10“18 Ax = 16,5 3B.

KMA4 dotocuHTe3a p = (4,9/16,5) <100 % = 29,6 %.

3ajgaun ANs caMocTOATE/IbHOT0 pelleHnsn
1. N306pas3mTe rpa@uk 3aBUCUMOCTU KUHETUYECKON 3HEeprum (POoTO3/1EKTPOHOB

0T 4YacToTbl cBeTa. KakK ¢ nmomouw,btd TakKoro rpaduka onpefennTb MOCTOSAHHYIO
MnaHka?

2. OnpegenuTe abcoNnTHbLIM NokasaTesnb NpPenoMaeHUs cpefbl, B KOTOPOW cBeT
C aHepruen ¢otoHa E — 4,4 «HO”19 1)k nmeeT ANUHY BOMIHbI X = 3,0 « 10~7 m.

3. OnpegenuTte 3HEeprunio ¢oToHa, COOTBETCTBYIOLLYIO ANnHe BOJTHbI
X =50 «10“7m.

4. OnpepennTe 3Heprumiw M maccy (pPoTOHOB, COOTBETCTBYHLUMX FpaHuLam BU-
anmoro cnektpa (A4WHbLI BoniH 0,76 MKM 1 0,38 MKM).

5. OnpefenuTte ANWHY BOJIHbI YNbTpadunoneToBoro cBeTa, Majawwero Ha
NAacTUHKY W3 LUWHKa, ec/iM CKOPOCTb Bbl/leTalwWMX U3 Heé 3N1eKTPOHOB paBHa
2000 km/c. PaboTa BbIx0oAa 3/1eKTPOHOB M3 LMHKa paBHa 6,4 < 10~19 [x.
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ATOMHAA ®U3NKA J

OTKpPbITME CAOXHOF0 CTPOEHUA aToMa — BaXHelWwni atan CTaHOBNEHUS CO-
BPEMEHHOW (PU3NKWN, HANOKMBLWIMN 0TNeyaToK Ha BCE eé ganbHelllee pasBUTHUeE.
B npouecce co3gaHWs KOMMYECTBEHHOW TeopuM CTPOeHUS aToma, Mo3BOSMBLUEN
00BACHUTL aTOMHble CMEKTPbl, ObINMN OTKPbITbl HOBble 3aKOHbl ABWXEHUS MUKpPO-
YyacTuy — 3aKOHbl KBAHTOBOW MeXaHWUKMW.

| 8§74 CTPOEHUWE ATOMA. OlbITbl PESEP®OPOA

M3 Kakux yacTuy coCcTOMT aTom?
BcnomMHuTe, 4To Bam WM3BECTHO 06 aTome, Kakue BelwecTBa W3ny4yalT NMHenyvaTtbli
cnekTp.

B Hauane XX B. 6bl/10 U3BECTHO, 4YTO: 1) B cocTaB atoMa BXOAAT 3/1eKTPOHbI;
2) aToM 3NeKTpoHeWTpaneH; 3) atoM ycTohMuuB; 4) cNeKTp atomMa COCTOUT U3 OT-
JeNbHbIX JIMHUA (NNHeNn4YaTbli CneKTp).

MocneaHee cCBOMCTBO 0COOEHHO BaXXHO, TaK KakK SBMU0OCb K/IOYOM K MNocTpoe-
HUO Mogenwn atoma. B 1885 r. xk. BanbmepoMm 6bl210 NOKasaHo, 4TO B BUAU-
MO 4YacTu CcnekKTpa aTtoma BOAOpPOAa MMEKTCA 4YeTbipe NUHUKN, COOTBETCTBYOLULME
ONnVHaM BOSIH 656, 486, 434 u 410 HM. Ha ocHOBe akcnepMMeHTas/IbHbIX AaHHbIX
um 6blla nosnyyeHa dopmysia, Mo KOTOPOM MOXHO Obl/I0 BblYMCNATb 3HAYeHUA
3TUX YacToT (AAMH BOMH) B BUAMMOMA 4yacTu CNekTpa artoma:

1 1
v=R|5-—|,
22 m?
roe T — uenoe yucno, T > 2, R — nocTosHHasa BeNWYMHA, HasblBaemas no-
CTOAHHOW Pupbepra, R = 3,29 «10151/c.

TnHnun B ynbTpamnonetoBo obnactu cnekTpa 6blAn obHapyXXeHbl B 1904 r.
T. NavimaHoOM. YacToTbl 3TON CEPUN JINHUIA MOXHO ONpeaenntb Mo dopmyne
1 1
V—R(l—z—p),k) 1.

B uvHdpakpacHoin obnacTm cnekTpa aToma BOAOpoAa, KakK Mokasanu wuccne-
noaHusa @. MaweH a (1908), 4yacToTbl MOXXHO ONpeAesiNTb MO aHasIOTUYHOMN
tdopmyne:

\'=R(é17—#),m>3.

Bbina npepgnoxeHa dgopmyna, 0606- " &®. Hanuuute dopmyny Banbmepa—
warmwasa rnosiydeHHble pe3ysbTaThl, v Pup6epra AnA BLIUNCAEHNS ANUH
obbefuHAOWIAA BCE JIMHMWM CheKTpa BOMIH, COOTBETCTBYIWMUX JIMHUAM
atToma, — obopmyna Banbmepa—Pwup- crnekTpa atoma Bojopoja.
6epra:
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Mogenb TomcoHa. He cpa3y yyYéHble NpULWINN K NpPaBUJiIbHbIM Mpea-
cTaB/ieHUAM 0 CcTpoeHuMwW aTtoma. [lepBas mofenb atoma 6bina npeg-
noXxeHa aHrauvickum dunsmkom A>x. O>X. TOMCOHOM, OTKPbIBLIWM
3N1eKTpPoH. Mo Mbicin ToMcoHa, MOMOXWUTENbHbIV 3apsaj aTtomMa 3aHu-
MaeT Becb 06bEM aTtomMa W pacnpefesiéH B 3TOM 06bEMe C MOCTOSAHHOW

NAoTHOCTbIO. [pocTewuniAi atom — artom Bogopoga — rnpeAcTaBnser

coboii MOMOXKMNTENbHO  3aps>KEHHbIN

Teopemy o TOM, 4TO cuUcTema wap paguycom okono 1Cls cm, BHY-
S/IEKTPUHECKNX 3apAAO0B HE MOXET TPW KOTOpPOro HaxoauTcs OSJIEKTPOH.
HaxoAnTbCA B COCTOAHUN yCTOﬁHMBOI’O paB- Y 60/ee CAOXHbIX aTOMOB B MOMOXWU-

HOBeCWS NUWb Noj felicTBUEM 3nekTpocTa-
TUYECKUX cun, chopmynupoBan u fokasan
B XIX B. aHrnuiickmini ¢mnsuk C. MpHwWoy.

Te/IbHO 3apsA>XeHHOM LWape HaxoguT-
CA HECKOJ/IbKO 23/1eKTPOHOB, TaK 4TO
aTomM nofo6eH KeKcy, B KOTOPOM poOJ/lb
M3IOMUHOK BbIMNOSTHAKT 3/IEKTPOHbI.
OpaHako mofenb atoma ToMcoHa okKasajiacb B MOJ/IHOM MNPOTUBOPEYUN C U3BECT-
HbIMWU YyXe K TOMY BPEMEHW CBOWCTBaAMW aTtoMa, OAHWUM W3 KOTOPbIX sABNseTcS
YCTOMUYNBOCT b.
N 3BecTHO, UTO cucTemMa anekTpuye-
HapueyiitTe eneTeMy TBEx 3apAA6GB, \ CKWX 3apsaoB He MOXET HaxoAuTbcs
HaxeAANXe B EBETEAHUW PaEBHE- B COCTOSAHMW YCTOMYMBOro paBHOBecKSA

Becus. CMecTUTe OAMH M3 HUX, Ha- o
o o NVWb noAa AercTBMEM 31eKTpocTaTu-
pucyiite cunbl, AelicTBylOUMEe HA 3apsagbl,
YyeckMx cun. TOMCOH 3T0 MNOHWUMan,

n y6e,q|/|Ter B TOM, 4YTO nopAa ,D,eVICTBVIeM

3TUX CUN 3apAdbLl He BEpHYTCA B MpexHee MnosToMy BMOC/IEACTBMM NPEAnooXun,

nonoXxeHue. 4YTO 3NEKTPOHbLI B aToMe ABUXYTCA MO
3aMKHYTbIM TpaeKTOpPUAM.

OnbiTbl Pesepcoppa. Macca 3/1eKTPOHOB B HECKO/IbKO Thi-
CA4Y pa3 MeHblle mMaccbl aToOMOB. TakK KakK aToM B Le/l0M Heli-
TpasieH, To, cnejoBaTeNbHO, OCHOBHAasA mMacca aTtoma NPUXoaunT-
CA Ha ero NoNOXWUTeNbHO 3apsAXXEHHYK 4acTb.

Ana 3sKcnepuMmMeHTaNnbHOro wuccneoBaHWA pacnpefeneHns
NONOXWUTENbHOro 3apsafja, a 3HauuT, U MacCbl BHYTpM artoma
OpHecT Pesepdoppa npegnoxumn B 1906 r. NpUMeEHUTb 30H-
AnpoBaHMe atomMa C MNOMOW, b a-yactuy. OTM YacTUlbl BO3-
HUKalwT nNpun pacnajge pagnua v HEKOTOPbIX APYrMUX 3/1EMEHTOB.
Mx macca npumepHo B 8000 pa3 60onblie mMacchbl 31eKTpPOHa,
a NONOXKWNTeNbHbLIA 3apsaj paBeH N0 MOAYNIO YABOEHHOMY 3a-
pAny 3neKTpoHa. OTO He UYTO WMHOE, KaK MOJIHOCTbI WMOHU3WU-
poBaHHble aToMbl renuMa. CKOpPOCTb a-yacTuUl, OYeHb BenunKa: OHa COo-
cTaBnset 1/15 ckopocTu cBeTa.

dTumun 4vactmuyamm Pesepdopn 6ombapampoBan aToMbl TAXENbIX
3N1eMeHTOB. 3/IeKTPOHbI BCAEACTBME CBOEW Masioi mMaccbl He MOTyT 3a-
METHO U3MEHUTb TPAEKTOPUIO a-yacTulbl, NOAOOHO TOMY KaK KaMyllek
O T B HECKO/IbKO [AEeCATKOB rpaMMOB MpPW CTO/IKHOBEHWUW C aBTOMOOGWU/IEM He
MOXeT 3HAYUTENbHO U3MEHWUTb €ro CKOpPOCTb.

PaccesHne (M3MeHeHUe HanpaB/eHUA [ABMXKEHUSA) a-4yacTuy, MOXKeT Bbi3BaTb
TONbKO MOMOXUTENbHO 3apsXXeHHasa 4acTb aTtoma. Takmm ob6pasom, No paccesHuio
a-yacTul, MOXHO OonpeaesnNTb XapakTep pacnpefesieHMs MNOJIOXWUTeNbHOro 3apsaja
N Maccbl BHyTpM atoma. Cxema onbiToB Pe3epdopga nokasaHa Ha pucyHke 11.1, a.

2. Pe3sepdoppg
(1871-1937)
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PaanoakTuBHbIV npenapaTt, Hanpumep pagui, “

nomeuiancsa BHYTPW CBWHUO0BOro uunuvHppa 1, 3 I a[
BAO/Ib KOTOPOro 6bl/ BbiCBEP/EH Y3KUI KaHas. “

Myyok a-yacTuy M3 KaHana, nporas 4vepes oT- 1 2 3 4 5

BEpCTUS B CBUHLOBbIX 3KpaHax 2, najana Ha
TOHKY donbry 3 u3 wuccnefyemMoro martepu-
ana (3onoto, MeAab wu np.). locne paccesaHns — ~
a-yacTumubl nonagann Ha nonynpo3payvHbli
3KpaH 4, NoKpbITbIi cynbpnaom umHka. CToNk-
HOBEHMEe KaXAo0W 4yacTuubl C 3KPaHOM COMPOBO-
XXAanocb BCMbIWKOW cBeTa (CUMHTUNNAALUER),
KOTOPY MOXHO 6bl10 Habnwpatb B MWUKpO- gt ~

ckon 5. Becb npubop pasmewiancss B cocyne, U3 6)

KOoTOporo 6bi/1 oTKayaH Bo3ayx. [MMpu xopowem

BaKyymMe BHYTpM npubopa B OTCYTcTBME (DONBLIM Puc. 11.1

Ha 3KpaHe BO3HWKasl CBeT/bli KPYXXOK, COCTOSA-

WNA M3 BCMbIWeEK, Bbl3BaHHbIX MajallWwMM Ha 3KpaH TOHKWM MYYKOM a-y4acTul.
Ho korpga Ha nyTu nydyka nomewanu ¢onbry, a-4yacTuubl W3-3a paccesHus pac-
npefensanucb Ha 3KpaHe M0 KPYXXKYy 6onblieid naow,agn.

Moandpununpysa sKcnepumMeHTanbHYyK YycTaHOBKY, Pesepdopsn nonbiTancs obHa-
PY>XXWUTb OTK/IOHEHMWE a-yacTul Ha 6onbline yrabl. A8 3TOro OH OKPYXWUA oNbry
CUMHTUNNALUOHHBIMM 3KpaHamMun 6 (puc. 1:.., 6) U onpefennn 4YUCAO0 BCMbIWeEK
Ha KaXJom 3kpaHe. COBeplIEHHO HEOXWMAAHHO 0Ka3anocCb, YTO Hebo/bLIOe YUC/IO
a-yactuy (NMpUMeEpPHO OA4HAa M3 ABYX TbicAY) OTKJOHWUMIOCH Ha yrnbl, 6onbwime 90°.
Mo3aHee Pesepdops npusHasncsa, 4To, NPeasoXKMB CBOMM yYeHUKaM MPOBECTU 3KC-
nepumMeHT Mo HabNwAeHWIO 3a paccessHUeM a-4yacTuy, Ha 60nbline Yrabl, OH cam
He Bepu/sl B MOMOXWUTENbHbIW pe3ynbTaT. «3TO MOYTU CTOMb >XXE€ HEBEPOATHO, —
rosopun Pesepdops, — Kak ecium 6bl Bbl BbiCTpeNunu 15-Al0/AMOBbIM CHapsAoM
B KYCOK TOHKOW 6ymarun, a cHapsg Bo3BpaTusica 6bl K BaM WU HaHEC Bam ygap».

Pesepcopa noHsAn, 4To a-yactuua morna 6biTb OT6pPOWIEHaA Hasaj NUlWb B TOM
cnydvae, ecnu nosioXWUTeNbHbIW 3apsAf atoma U ero macca CKOHLEeHTPUpPOBaHbI
B OYeHb Masioii o6nacTtu npocTpaHcTBa. [ elicTBUTENbHO, €C/IM MONOXKUTENbHbIN
3apsag pacnpegenéH no 6onbwWoMy 06bEMY, MPUGAM3NTENbHO PaBHOMY pa3Me-
py atomMa, TO OH He MOXeT c03jaTb A0CTATOYHO CU/IbHOE 3/1eKTpUYeckoe none,
cnocobHoe OT6pPOCUTL a-dyacTuyy Haszag. MakcuManbHasi cuia OTTasiKMBaHus
MOXeT 6blTb onpefesieHa No 3akKoHY KynoHa:

- HaA
= k7 (11.1)  EA
rge ga — 3apsij a-dyacTuubl;  — MOMIOKUTENbHbIW 3apsaj
atoma; R — ero paguyc; k — kKoadhdpmymeHT nponopymo-
HanbHOCTU. Hanps>XEHHOCTb N0MA PaBHOMEPHO 3apsiXKeH- Ey|----7 ’
HOro wWapa M COOTBETCTBEHHO cuna, AelicTBylwWasa Ha 4a- Bl L___
CTUUbI, MaKCMMalibHbl Ha MOBEPXHOCTW LWlapa W yb6biBawT ! !
[0 HYNA No Mepe NPUGAMXEHUA K LeHTpy. MNMo3aTomy yem O@’

MeHblle paguyc R, Tem 6onblie cuna, oTTanKuBakwLlias R, R, L
a-yactmybl (puUc. 11 .2).
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OnpegeneHvie pasMepoB aTOMHOro sapa. AHanu3upys pesynbTaTbl 3KCMEpU-
MeHTOB, Pesepdopa NpuWwéNn K MbIC/IM O CylU,ecTBOBAHMM aTOMHOro aapa.

ATOMHOe AopO — 3TO Teno MafibiXx pasMepoB, HaxogslWweecs B LeHTpe
aTtoMa, B KOTOPOM CKOHLEHTPMPOBAHbI MOYTM BCA Macca M BECb MOJIOXWUTeNbHbI 3apajg
aTtoma.

Ha pucyHke 11.3 nokasaHbl Tpa-
eKTOpuUN a-yactuy, nposetawWmMx Ha
HUM Aapa atoma roBOpuUTCA «NOYTU

BCA Macca», HO «BeCb MOJIOXUTENb- Pas/InHHBIX paccTosaHnax oT ajpa.
HbIll 3apag». MopcyuTbiBas 4ymcno a-dactuuy,

paccessHHbIX Ha pas3findHble Yrbl,
Pe3sepdopa CMOr OLEHUTb pasmepbl
& e anpa. OKasanocb, 4To AAPO MMeeT AmameTp nopsiaka

o 1(Fiz2—10-1s ¢cM (y pasHbIX Agep AnamMeTpbl Pas/iNyUHbl).
Q

Pa3smep e camoro atoma 1Cls cm, T. e. B 10— 100 ThbI-
CAY pa3 npesblWwaeT pasmepbl Aapa. Bnocnepcteum ypa-
nocb onpefennTb WM 3apag aapa. MNpu ycnosum, 4To 3apag
3/1IeKTpOHa NPUHAT 3a eANHWULUY, 3apsaj a4pa B TOYHOCTU
paBeH HOMepy [AAHHOr0 XWMWYECKOro 3/ieMeHTa B Nepuo-
andeckon cucteme . WN. MeHpgeneesa.

MnaHeTapHasa mogenb atoma. Ha ocHoBe cBomx onbiToB Pe3epdopsg cosgan

nnaHeTapHyw Mofens aToma (moaenb Pesepdoppa).

MoaymaiiTe, noyemMy B onpejaene-

B uUeHTpe aTomMa pacnofioXXeHO MNON0XMUTENbHO 3apsXKeHHOe S4pO, B KOTOPOM
cocpefoToYeHa MO4YTM BCA Macca aTtoma.

B uenom atom HelTpaneH. MO3TOMY YUCNO BHYTPUATOMHbIX 3/IEKTPOHOB, KakK W 3apsj
aapa, paBHO NOPSIAKOBOMY HOMEpPY 371eMeHTa B NepUOAMYeCcKOin cucteme.

FACHO, YTO MOKOUTbLCA 3/IEKTPOHbI BHYTPW aTtoMa He MOryT, TakK KakK OHW ynanu
6bl Ha aapo. B 1897 r. O>x. O>. TOMCOH MpPeAnosaoXUnUa, 4TOo 3/1IeKTPOHbI B aTtome
OBUXYTCA.

3NeKTPOHbI ABVMXKYTCA BOKPYr sigpa, Nogo6HO TOMY Kak miaHeTbl o6paujatTcs
BOKpyr CofHua, oTcioga M HasBaHue 3TON MOAENU.

Takoli xapakTep [ABWUXXEeHUS 3/1eKTPOHOB onpegenserca AelcTBMEM KYJ/IOHOB-
CKUX CUT MPUTSAXKEHNA CO CTOPOHbLI fAapa.

B aTtome BOogopoda BOKpPYr safpa ob6bpawjaeTca BCero iMwb OAWH 3/1EKTPOH.
Appo atoma Bofopoda MMeeT MNOJMIOXKWUTENbHbLIA 3apsAf, paBHbI Mo MOoAY/ 0 3a-
pAfy 3feKTpoHa, U maccy, npumepHo B 1836,1 pasa 601blUYy0 Maccbl 3/1eKTPOHA.

Aapo Bogopoaa 6bI10 HA3BaHO MPOTOHOM U CTajo0 paccMaTpuMBaTbCs Kak
afieMeHTapHas uactuua.

Pasmep atoma Bogopoga — 3T0 pagmyc opbuTbl ero afiekTpoHa (puc. 11.4).
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npOCTaﬂ W HarnajHan nnadetap- MocumnTanTte YyCKOpeHue 3/1eKTpoHa,

Has Mofesnb aToma UMeeT MpPsSMOe IKC- ABUXYLLErOCA MO 0p6UTE Paguycom
nepvmeHTanbHoe o6ocHoBaHue. OHa 1CMs CM BOKPYF Afpa atoma BOAO-
KaXeTcsi COBEPLIEHHO Heo6XxofuMmoli poaa.

ANs 06bACHEHWA OMNbITOB MO pacceu-

BaHWI0 a-yacTuy. HO Ha OCHOBe 3TOW MOAeNnn Henb3ss 06bACHUTL (aKT A0ATOro
CyllecTBOBaHMA aToma, ero ycToMuyMBOCTb. BeAb ABUXKEeHUe 3/1eKTPOHOB Mo 0p6u-
TaMm NpomcxoauT ¢ 60MbWUM YCKOPEHUEM.

YCKOpPEHHO ABMXXYLULUICA 3apag no 3akKoHaM 3/1eKTPoau-
HaMMKNU MakcBenna [0/1KeH W3y4daTb 3N1eKTpoMarHuTHbIe
BOJIHbI C 4acTOTOl, paBHOW 4YacToTe ero o6palieHuUs BOKPYrT
appa. MsnydyeHune conpoBoXaeTca notepeli aHeprumn. Tepssa
9HEeprui, 3NeKTPOHbl [AO/IKHbI MOCTENEHHO MNpPUGAUXKATbCA
K 4Py, NOAOGHO TOMY KakK CNYTHUK Npubauxaetcs K 3em-
Nle Npyv TOPMOXEHWUW B BEPXHUX C/OAX aTMociepsbl.

Kak nokasblBalOT CTpPOrme pacyéTbl, OCHOBAHHble Ha Me-
XaHuKe HblOTOHA W 3M1eKTpoaMHamuke Makceenna, sfek-
TPOH 32 HMUYTOXHO Marsioe BpeMsa (nopsigka 10-s ¢) A0/KEH ynacTb Ha AApo. AToMm
[O/KeH MpeKpaTUTb CBOE CcywecTBoBaHWe. CMNekKTp W3/y4dyeHUs atoma COr/jlacHo
3TOl MoAenu [AoNXeH 6biTb CMJIOWHbIM.

B AelicTBUTeNIbHOCTM HWYero MOAOGHOr0 He MpPoMcxXoauT. ATOMbI YCTOWUYUBHI
N B HEBO3GY>XAEHHOM COCTOAHMW MOryT CyLLecTBOBATb HeOorpaHW4YyeHHO A0JITO,
COBEPLWEHHO HEe M3ayvyasl 3/1IeKTPOMArHUTHble BOJIHbI, a eC/In WU3ay4alT, To 3TO
BO/IHbl CTPOro onpefenéHHbIX 4acToT.

He cornacywuwmuincs ¢ onbiTOM BbIBOA 0 HEW36eXHOU rubenn aTtoma BCea-

=€

Puc. 11.4

CTBME MNOTEPU 3HEPruM Ha WU3nyyeHWe — 3TO pe3ynbTaT MNPUMEHEHUS 3aKOHOB
KflacCMyeckolh (U3NKU K SABAEHUAM,

npoMcxoaau,Mm BHyTpuM atoma. OTClO- MopymaiiTe, noyemy COrfiacHo nna-
na cnepyet, 4To K TakKUM SABIEHUAM HeTapHOW Mopjenu cnekTp usnyde-
3aKOHbl KJ/jlacCMYeckol (GU3NKN He- HWA aToma [0/KeH O6biTe cnjow-
NPUMEHUMBbI. HBIM.

MnaHeTapHas Moaenb atoma. Agpo artoma

1. MoryT nu oTpuuaTeslbHO 3aps>eHHble YacTWlbl aTtoMa He oKa3blBaTb 3aMeTHOro
B/IMAHUA Ha paccessHuWe a-yacTtumy?

3. MoyemMy a-yacTuubl He MOrnu 6bl paccemBaTbCA Ha 6onblive Yrabl, e€cnn 6bl No-
NOXUTeNbHbIN 3apsAf atoma 6bi1 pacnpefenéH Nno Bcemy ero o06bémy?

3. Kakue MosioXXeHWA nnaHeTapHOW MoAeny aToma He cOrjlacyloTcs C 3aKOHaMW Knac-
cCnyeckom U3NKn?
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o
*'s 75 KBAHTOBbIE MOCTY/IATbl BOPA.
: MOAE/1Ib ATOMA BOAOPOAOA MO BOPY

&

Kakune cBolicTBa atoma He onucbiBana nnaHetapHasa mMoaenb atoma?
Kakune cBolicTBa MOXHO 6bl/10 06BACHUTb HAa OCHOBE MNJaHeTapHOW mopenn?

Bbixof M3 KpaliHe 3aTPyAHUTENIbHOI0 NOJIOXKEHUSA B Teopumn
aToma 6bln1 HampgeH B 1913 r. gaTtckum GuU3Mkom Hwunbcom
BopoM Ha nNyTu panbHellero pa3BUTUsi KBAHTOBbIX MNpej-
cTaBMeHWW 0 mpolueccax B npupope.

JliHWwTeliH oueHMBaN npogenaHHyw bBbopom pab6oTy «Kak
BbiCLWIY MYy3blKanbHOCTb B 06/1aCTU MbIC/IN», BCerga ero nopa-
)XaBwyl. OCHOBbIBasiCb Ha pPa3po3HEHHbIX OMbITHbIX aKTax,
Bop 6narogaps reHuasnbHOl MHTYULWW NpaBubHO MNpeayragan
nyTb pa3BUTUA Teopuun aTtoma.

H. Bop MocTtynatbl Bopa. lMocnegoBaTtenbHOW Teopum atoma bBop,

(1885—1962) oAHakKo, He paspa6otan. OH B BuAe nocTynaTtos chopmMynumpo-

Basl OCHOBHblIe MOMOXXEHWUS HOBOW Teopuu. MPUUYEM M 3aKOHbI

Knaccuyeckoil MU3NKM He oTBepraamcb MM 6e30roBopo4yHo. HoBble

nocTysiatbl CKOpee Hasaraaum NUllb HEKOTOPble OrpaHMYeHUs Ha pac-
cMaTpuBaeMble KiaccMyeckorm (MU3MKOW ABMXKEHUSA.

Ycnex Teopuwn Bopa 6bln1 TeM He MeHee MopasuTeslbHbIM, W BCEM YYEHbIM cTa-
Nno sicHo, YTo Bbop Hawén NpaBUNbHbLIN NYyTb Pa3BUTUSA Teopun. ITOT NYyTb MPUBEN
BMOCNEACTBUM K CO3JAaHUK CTPOMHOWA TEOPUU ABMXKEHUA MWUKPOYACTUL, — KBaH-
TOBOW MeXaHWUKMU.

Mepswiii nocrynar Bopa B aTomMe CyuwecTBYOT OpP6WUTHI, Ha3blBaeMble CTaLMOHAPHLIMU,

ABUTAACb NO KOTOPbIM 3/IEKTPOH He un3ny4dyaetT 3aHepruio.

Bropoit nocrynar Bopa i3anyyeHne W NOrNOWEHWe 3HEepPruu aToMOM MPOUCXOAWUT nNpu

nepexofe 37€KTPOHA C OA4HOM CTauWoOHapHOW OpP6UTLI Ha APYryto. JHEPrus WU3ny4éHHOro
AW NOTNOWEHHOTO (hOTOHA paBHa Pa3HOCTW IHEPrUil CTaLMOHAPHBLIX COCTOSIHUIA:

(1S ET- E, (11.2)

raoe T M N — HOMepa cTaluMOHapHbIX 3/1eKTPOHHbIX op6uT, a ETun EN  sHeprum anekTpo-
\Ha Ha 3Tux opb6uTax.

EC/n 3N1eKTPOH MepexoauT ¢ 6onee yfanéHHoW oT aapa opbuTbl Ha 6onee 61K3-
Kyl K s4py, TO Npu 3TOM MPOUCXOAUT U3NydyeHue ¢oToHa, 06paTHbLIN nepexof
MOXeT MPoM30iTM MpU MNornou,eHUM ¢oToHa.

OTclofa 4acToTy M3NYy4YeHUS MAU MNOT/IOWEHUSS MOXXHO BblpasuTbh Tak:

ET-En _ ET "™ E,,

h h h (n.3)
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CornacHo Teopuwn Bopa 3Heprmus anekTpoHa B aToMme BoAopoja, Haxogsu,erocs
Ha M- 3/1eKTPOHHOW opbuTe, paBHa:

_ k2mee.
n 2 W2 n2' (|/| -4)

Ecnn 3nekTpoH o6pauwaetca BOKpPYr sfAgpa no n- ctayunoHapHoOW opbuTe,
TO aTOM HaxoAuTCcsA B CTalLLMOHAPHOM COCTOSSHUMW, KOTOPOMYCOOTBETCTBYET 3Hep-
rua,onpegensdemana nodgopmyne (11.4). MNepexos 3/1eKTpPOHa C OA4HOW cTauuoHap-
HO op6uMTbI Ha ApYyrylo cornacHo Teopun Bopa — 3To nepexog atoma U3 0A4HOrO
cTauMmoHapHoro (paspewéHHOoro) CocToAHUA B Apyroe, NpyM 3TOM MNPOMCXOAWUT MU3-
Ny4yeHVe UNWN MNornoweHne 3HepPruun.

Mpn nornoweHMnm cBeTa aToM MepexoAMT U3 CTaLMOHAPHOr0 COCTOAHUSA
C MeHblUeW 3Heprueii B cTayMmoHapHoOe COCTOsIHME C 6ONbLIEN 3HEpPrUe.

MepBbIli NocTynat NPoOTUBOPEUYUT HalIMM MPeACTaBEHUSAM O ABUXKEHUW B Krac-
CNYECKON MeXxaHWKe, TaK KaK Mbl 3HaeM, UTO CKOPOCTb TeNl M3MeHSAeTCSH MOCTeneH-
HO W MOXeT MpUHUMaTb bble 3HavyeHUs. Bop BBOAUT MOHATME KBaHTOBaHUA
cKkopocTeli 1 op6UT 3/1eKTpoHa. 3TO MOHATUE SABUNOCH abCOMTIOTHO HOBLIM B (hU3MKe.

ry 1
CkopocTn u paguycbl Op6UT MOTYyT M3MEHATbCA He HenpepbiBHO, a MMelT
TONbKO ONpeAeNnéHHblli AUCKPEeTHbI Habop 3HaYeHWiA.

BTopoii nocTynat, TakK e Kak

M nepBbl, NPOTUBOPEYUT Kjaccuye- ? ’f’ﬁ\ O Kakux 0cO6eHHOCTAX [ABUXEHUS
CKOW (U3NKe, U B YaCTHOCTU 3J1eK- * 3NeKTpoHa WaeT pedyb BO BTOPOM
TpognHamunke MakcBenna, TaK Kak noctynarte bopa?

cornacHo 3ToMy mocTysaty 4actoTa
M3Nly4eHUsa cBeTa CBUAETeNbCTBYEeT He 06 0CO6EHHOCTSAX [ABUXKEHUS 3/IeKTPOHa
(B yacTHOCTW, €ro yckopeHus), a iMwb 06 U3MEHEHNWN 3HepPrun (COCTOAHUSA) aToMma.

JHeprus anekTpoHa B aTtoMe, Kak Mbl BuAUM K3 opmynbl (11.4), Tak Xe Kak
CKOpOCTb M pagumyc opb6buTbl 3NeKTpPOHa, MPUHMUMaeT AUCKPETHbIA Habop 3HayeHuil, T. e.
KBaHTYETTA.

Ceon nocTynatbl Bop npumeHun

AN NOCTPOEHUSA Teopuu npocTeliweli r O6cyanTe, Kakue CcBoiicTBa aToma
aTOMHOW CUCTeMbl — aTomMa BOAOPO- I MOXHO O06bACHUTHL, UCxoAa U3 Mo-
fa. OcHoBHas 3ajaya cocTosifia B Ha- Zenn atoma bEopa,

XOX/AEHUN 4acTOT 3/1eKTPOMAarHUTHbIX
BOJ/IH, MU3/y4yaeMblX BOAOPOAOM. OTWM 4YaCTOTbl MOXXHO HaWTW Ha OCHOBe BTOPOroO
noctynara v npaBuia ONpeAeneHUs CcTalMOHapPHbIX 3HA4YeHWW 3Hepruu artoma.
370 npaBuno (Tak Ha3blBaeMoe MNpaBWU/I0 KBaHTOBaHMUA) Bopy onsiTb-Taku npwu-
Wwocb NOCTY/IMpoOBaTh.

Mopagenb atoma Bogopofa no Bopy. Ncnonb3ys 3akKoHbl MexaHWKU HbloToHa
W NpaBuUA0 KBaHTOBaHWS, Ha OCHOBe KOTOPOro onpeAensioTcAd BO3MOXHble cTa-
LVWOHapHble COCTOAHMUSA aToma, Bop cMOr BbIYMCAWUTbL paguycbl Op6UT 3/1EKTPO-
Ha W 3HeprMm cTalMOHapPHbIX COCTOAHMW aToMa. MUHMManNbHbLIM pagnyc opbuUThI
onpepensieT pasmepbl atoma. CumTaeTcsi, YTO aTOM HaxoAMUTCA B OCHOBHOM (He-
BO30Y>XAEHHOM) COCTOSAHWNM, €C/AN 3NEeKTPOH Haxo4MUTCA Ha caMol 6NU3KOM K Aapy
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op6bute (n = 1), NpuM 3TOM €ro 3Heprmus, Kak Mbl BUAUM K3 dopmynbl (11.4),
MWHMMAaNbHa W COOTBETCTBYET HU3LWIEMY 3HepreTMYECKOMY YPOBHIO ANns BOAO-
posa. Ha pucyHke 11.5 3HauyeHUsA 3Hepruii ctayuMoHapHbIX COCTOSSHWUI (3Hepruii
3N1leKTpoHa B aToMe BOAOpPOAa) OT/IOXKEHbI Ha BepTUKa/IbHOW ocU.

B aToMHOIli (hu3nKe 3HEprusa 3fieKTpoHa B onpeAenéHHOM CTalMOHAPHOM CO-
CTOAHUN Ha3blBaeTCA IHEpPreTUYecKMM YpPOBHEM.

Mpu nepexofe 3/eKTPOHA C OAHOW OpP6UTHLI Ha APYryw Mbl FOBOPUM, 4YTO OH
nepeweén ¢ ofHOro 3HEepPreTU4YeckKoro ypoBHs Ha Apyroi. Ha pucyHke 11.5 no-
KasaHbl BO3MOXHble 3HepreTuuyeckue ypoBHM AN1S 3/1eKTpoHA B aToMe BoAopoja
N BO3MOXHblE MepexofAbl 3/1IEKTPOHA C OAHOr0 3HEPreTUYecKoro ypoBHS Ha ApYy-
roi. 3amMeTum, 4TO 3HEPrus 3NeKTpoHa B aToMe MMeeT oTpuuaTe/slbHOe 3HauyeHue.
pmppn

Ecnn 3NEeKTPOH NpuHagnexumt atomy, TO OH UMeeT OTpuuaTeNbHYK 3Hepruto,
KOTOpad, B CBOK o4yepenb, unmeetT ,D'I/ICerTHbIIZ Ha6op 3HAYeHWUN’.

CBOﬁO,ﬂ.HbIe ANNEKTPOHbI MUMEKT TMNMONOXKWUTENBbHYHO

EO) 3Hepruio, N eé 3HayeHMsA MOryT OblITb NHO6bIMKU, 3HEP-
-0 54 3B rma cBob6OAHbLIX 3/IEKTPOHOB He KBaHTyeTcs.
-0',85 3B R BTopoii noctynat Bopa no3sBonseT BblYMCAUTL MO
-1.51 3B -n —3 I/I3BeCTHvbIM 3HaAYEeHUsAM SHePFI/Iﬁ cTaunmoHapHbIX CcO-
i 1T n_, CTOSAHUW 4YacToTbl WU3/IyYeHU aTomMa Bogopoaa.
3,4 3B Cepus CornacHo wMofenun bopa Halgém dopmyny Aans

onpeaeneHNs 4actoT MU3NyuyeHUss atoma Bogopoda. Co-

Banbmepa rnacHo ¢opmyne hv = ET- En c y4yétom dopmynbl
(11.4) nonyunm hv = —kzz'hz - ]-I'|- Torpa ua-
11 CTOTY WM3y4YeHUA onpegenum no dopmyne
-13,6 3B -n = K2t X
Puc. 11.5 Y'7 4nn3

coBnapgatuwein c¢ dopmynon bBanb-

Ob6bcyauTte, 4TO 3HAYUT KBaHTOBaHue Mepa— Pupgbepra, ecnm yyecTb, 4TO
Kakoh-nn6o pu3nyeckoin BENNUUHBI. R K2r

4nh3
BbiuvcneHnsa nokasblBalwT Xopowee coBnajgeHwe nocToAHHOW Pupbepra, onpege-
NEHHOW Mo HanwucaHHOW opMyne N HaWAEHHOW M3 3KCMepuMeHTa.

Teopusa bopa npuBOAUT K KOAuYe-

CTBEHHOMY cOrfacuio c 9KCNepuMeH-
TOM AN 3HAYeHWW 3TUX 4YacToT.

noctosaHHaa Puabepra

B aTtoMHOW (u3nkKe 3Heprum ma-
Nbl, NO3TOMY 3HEPrUK MNPUHA-

TO BblpaxaTb B 9/1eKTpoHBONbTax (3B). Mepexoabl B nepBoe BO36YXAEH-
1 3B paBeH a3Hepruu, npuobpetaemoi Hoe cocTosAsHWe (Ha BTOpPOl 3Hepre-
3NEKTPOHOM, MNpoOWEeAWUM YCKOPALULYIO TUYECKNUA YpPOBEHbL), KaK Mbl 3Haem,
pasHocTb moTeHunanos 1 B: C BEPXHUX YypOBHel o6pa3ylT ceputo

13B = 1,6 < 1Clro [x. Banbmepa.
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Ha pucyHke 11.5 nepexopgbl 3nek-
TPOHA C OHOT0 3HEPTreTUYECKOr0 YPOB- Monbsyack pucyHkom 11.5, onpe-\
HA Ha [pYroil msobpaxeHbl cTpesika- ‘W penute sHepruio oToHA, M3NYUEH-
MU. KpacHas, 3enéHasi U fBe CUHUe HOTo aTomoM BOAOpOAa Mpu nepe-
o Xone 3NeKTpoHa C NATOroO Ha 4YeTBeEpPTbiU
avani B BUAMMOWM - HacTi - cnexkTpa M C TpeTbero Ha BTOPO 3HepreTMdyeckue
Bogopoaa (cm. puc. V, 3 Ha UBETHON YPOBHMU. J

BKﬂeﬁKe)COOTBeTCTByDT nepexogam
Esa En En, En En, E 6 E 2

ANs BbipblBAHUSA 3/1EKTPOHA M3 aTomMa Heob6xXxoauUMO coO06UMTb 3HEPruto, pas-
HY0 3HEepPrum MNepBOro 3HEPreTUUYecKOro YpPOBHS.

3 anomHun
3Hepr|/|ﬂ MnoHMsaynm — 370 MUHUManbHaa 3HepruAa, KOTOpPykw HaAo co06-

WNTb aToMy, 4YTOGbl 3/1€KTPOH M3 OCHOBHOFO COCTOSHUA nepewén B cBO60OLHOE C 3Hep-
rmen E = 0.

TpygHocTn Teopun bopa. Hambonb-

WKnin ycnex Teopua bopa umena B npu- r O6cyaute, nouemy npu onpejene-
MEHEHUM K aToMy BOAOpPOAA, A/St KOTO- HUW 3Heprumn VIOHI/I35:1LI,I/IVI Mbl FOBO-
POro 0Ka3afnocb BO3MOXHbIM MOCTPOUTL pum 0 MUHWUMaNLHOW SHEpruu.
KO/IMYECTBEHHYIO Teopuio cnekTpa.

OpHako paspaboTaTb KO/TMYECTBEHHYK TeOopuUio ANS c/iefyllLero 3a Bog0OpoAOM
aTomMa renusi Ha ocHOBe GOPOBCKWUX MNpeAcTaB/eHWA He ypanocb. OTHOCUTENIbHO
aToma renms u 6onee c/0XHbIX aTomMoB Teopuss Bopa nosBonsina fenatb AUlb
KauyecTBEHHble (XOTA M 0YeHb BaXKHble) 3aK/OUYEHUS.

3T0 U HeyAuBUTeNbHO. Befb Teopus Bopa siBisieTcss MoOMOBUHYATOM, BHYTPEHHeE
npotueopeumsoin. C oAHOM CTOPOHbLI, Npu pa3paboTke Teopuwu aToma Bogopoaa
MCNoNb30BanNUCb MPUBbIYHbIE 3aKOHbl MeXaHWKM HbOTOHA M faBHO M3BECTHbIN
3akKoH KynoHa, a ¢ Apyroi — BBOAWNUCb KBaHTOBble MOCTy/slaTbl, HUKaK He
cBsi3aHHble C MexaHWKol HblToHa ¥ 3nekTpogMHamMukoli MakcBenna. Bsepge-
Hue B (hM3MKY KBaAHTOBbIX MpeAcTaBfeHU Tpeb6oBaso pagMKanbHOro M3MeHeHUs
B3rNsi40B Ha 3aKOHbl MPUPOAbl U MeXaHWUKWU, N 3N1eKTpoAMHaMUKN. HoBble hnsmn-
YyecKkMe TEeOopUU: KBaHTOBAsi MexaHMKa M KBaHTOBas 3feKTpoAMHaMumka — 6blnun
co3faHbl B Hayvasie XX B.

MoctynaTtbl Bopa oka3anucb CoBepPLUEHHO MpaBuU/bHbLIMU. HO paccmaTpuBanunch
He KaK nocTysiaTbl, a KakK Cc/eACTBUSA OCHOBHbIX MPUHLWUNOB 3TuX Teopuii. Mpa-
BWUO XXe KBaHToBaHMA Bopa, KakK BbIACHMI0Cb, MPMMEHUMO [JajieKo He Bcerpga.

MpepctaBneHne 06 onpefenéHHbIX op6UTax, MO KOTOPbIM ABUXETCA 3/IEKTPOH
B atome bopa, okasanocb BecbMa YC/0BHbIM. Ha camom pgene fgBUXKeHWe 3NeK-
TpoHa B aToMe WMeeT O4YeHb Masno obuwiero ¢ ABUMIXKEeHWeM nnaHeT Mo opbuTam.
Ecnn 6bl aTtom Bojopofa B ero OCHOBHOM COCTOSIHMW, Korga 3Heprus 3/1eKTpo-
Ha MUWHWUManbHa, MOXHO 6blN0 coTorpacupoBatb C 60NbWON BbIAEPXKKON, TO
Mbl yBUAenn 6bl 06/1aK0 C NMepeMeHHOW N/IOTHOCTbI. Bonbuwy YacTb BpPeMeHWU
3/1eKTPOH HaxoAuTCcA Ha onpefenéHHOM paccToAHUW OT sapa. ITo paccTosiHUe
MOXHO MPUHATL 3a rpy6oe nogobue paguyca op6uTtel. doTtorpadmsa artoma coBCeEM
He noxofauna 6bl Ha NPUBbLIYHbLIA pUCYHOK COSIHEYHOW CUCTEMbl, a CKopee Hamo-
MMUHana 6bl pacnabiBYaTOoe NATHO, MNONIy4YeHHOe nNpu doTorpacmpoBaHum 6aboyvku,
nopxatoluiei okono coHaps.
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B HacTosl,ee BPeMA C MOMOLLbIO KBAHTOBOW MeXaHWKW MOXXHO OTBETUTb Mpak-
TUYECKM Ha N6o BOMNPOC, OTHOCSLLUIACA K CTPOEHUIO M CBOWCTBAM 3/IEKTPOHHbIX
060/104eK aTomMoB. Ho Ko/nuMuecTBEHHass Teopus OKa3biBaeTCA BeCbMa CJI0XKHOIA
n TpebyeT 3HAHUS onpeaesiéHHbIX pas3fenoB Bbicweli maTemMaTuku. C KauyecTBeH-
HbIM OMWCaAHWEM 3MeKTPOHHbLIX 060/104EK aTOMOB Bbl MO3HAKOMWAUCL B Kypce
XUMUK,

MocTtynatel bopa. KBaHTOBaHue pajgMycoB, CKOpoOCTel, aHepruu

1. B 4ém 3akJ/ovalTca NpoTMBOpeYnst Mexay noctynatamu Bopa u 3akoHamu knac-
CUYeCKOW MeXaHWKMU U KNacCUYECKON 3NeKTPoAMHaAMUKMN?
2. Kakoe u3nydyeHue Habnwpgaetcsa npu nepexofax 3feKTpoHa B aToMe Bogopoda Ha
BTOPOW 3HEPreTMYeCKU YpoOBEHbL?
3. Kakue 3aneKTpoHHble Op6UTHLI ABAAKTCA CTalMOHapPHbIMKU?
4. Yem conpoBOXAaeTcs Mnepexoj atoma M3 OAHOr0 CTaLMOHApPHOro COCTO-
AHNA B apyroe?

1. Yemy paBHa 3Heprmsa ¢oToHa, M3Ny4yaemMoro nNpu nepexoge atoma M3 BO36YX[AEH-
HOro COCTOSAHMUSA C 3Hepruen ExB OCHOBHOe C 3Hepruei EO0?

1} A1~ EO 2) El + E° 3) E, - EO 4)E1+ EO
n n

A2. YactoTa oToHa, norsowaeMoro aToMom MpuW nepexofe atomMa W3 OCHOBHOrMO
cocToAHMA ¢ 3aHeprnein EOB B036YXAEHHOe ¢ 3aHepruei E1, paBHa

1} EO - Ex 2) & - EO iy p— h 4) ch
h h Et - £0 £0 -

A3. OnvHa BOMHbI (hOTOHA, M3/y4yaemoro aToMoM Mpu MNepexofe atoMa U3 BO36BYX-
[EHHOro COCTOAHMSA C 3aHeprueli E1B ocHoBHOe ¢ 3Heprueit EO, paBHa

1) 2) 3) cH 4) cH
h h Er - EO EO - Er

4. ATOM uCNyCcTUN OTOH ¢ 3Heprueii 6 « K18 Ax. Kakoii vmMnynsc npuo6pén

aTtom?

nHo 3)1,8 «10 9kr eml/c

2) 2 « 10"26Kr = m/c 4)5+ 10'25 Kr = m/c

5. Yemy paBeH UMNYynAbC, NOMYYEHHbI aTOMOM MNPV NOrAoWeHUU (PoTOHa 4YacToTol
1,5 =104 y?

1) 3,3 «10ekr = m/c 3)3 «10“12 kr =ml/c

2) 3,3 40“B kr eml/c 4)5 10729 kr = m/c
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Uenonbsys npusesebie & n. 1 N CBOl‘/’lcEBa Nla3epHoOro M3ny4yeHwus

~ o : /( qHI}R; BE a -
undpsbl, paccumTaliTe, Kakon paua- Jaseprbie obrama
MEeTp NATHA GydeT Ha dKpaHe, Ha- 0T PSAAOM CYULeCTBEHHbIX MNpenumy-

XOAsAlWEMCA OT fasepa Ha paccToAHUM L ecTs no cCpaBHeEHUO C Apyrnmm uc-
2 M. PacctoaHue oT 3emnu p[o JlyHbl TOYHMKaMKn cBeTa.
384 OO0 Kwm. 1. /Tasepbl CcNOCOGHBI co3faBaTtb

Ny4kn cBeTa C OYeHb ManblM Yraom
pacxoxgeHuns (okono 10-s pag). Ha JlyHe Takoii ny4yoK, McNyuweHHblA ¢ 3emnnu,
[AaéT NATHO AMaMeTpoM 3 KM.

2. CseT nasepa o6s1afaeT UCKUYUTENbHOW MOHOXPOMATUYHOCTbIO. B oTnnuune
0T 06bIYHbIX WMCTOYHMKOB cCBeTa, aTOMbl KOTOPbIX MW3/y4awT CBET He3aBUCUMO
Apyr oT Apyra, B fnasepax aTtomMbl M3/yyalT CBeT cornacoBaHHo. [MoaTtomy dasa
BO/IHbl HE MCMbITbIBAET HEPerynAapHbiX (CAyYamHbiX) N3MEHEeHUN.

3. Jlasepbl SABAAKTCA CaMblMW  MOLWHbIMM UCTOYHMKaMKU cBeTa. B y3kom
MHTepBane crekTpa KpaTKOBPEMEeHHO (B TeYeHWe MPOMEXYTKa BPeEMEHWU MPOAOSIKMU-
TENbHOCTbI0 MOPAAKA 10 15 C) Y HEKOTOPbIX TUMOB /1a3epoB AOCTUraeTCcA MOLLHOCTb
nsnydyeHumsa 101" BT/cm2, B TO BpemMs KaK MOWHOCTb M3nydyeHmsa ConHua paBHa

TONbKO 7 «10: BT/cM2, NpUYEM CyM-

— — MapHO Mo BCeMy CMeKTpy. Ha yskwuii
3a pa3paboTKy HOBOro npuuuna \ P y %y y

reHepauun n ycuneHuwsa pajuoBONH XXe WnHTepBan fAA. = 10 cM (WupuHa
H. I bacosy u A. M. NMpoxoposy B 1959 r. cneKTpasbHOM NWMHWW flasepa) npwu-
6blna  npucyxpaeHa JleHUHcKas npemus. xoantca y ConHua Bcero 0,2 BT/cm2
B 1963 r. H. I bacos, A M. Mpoxopos Hanpsa>X&HHOCTb 3/IEKTPUYECKOT0 MNons
n Y. TayHc 6bIin ypocToeHbl Hobenesckoli B 3/1eKTPOMarHUTHOW BOSIHe, W3Nny4ae-
npeMun. J MOW fas3epoM, MpeBbllaeT HanNpPsAXXEéH-

HOCTb MO/IA BHYTPW aTtoma.

MpuyHUMN gercTBMA nalepoB. B 06blYHbIX YyCN0BUAX 6O/IbWIMHCTBO aTOMOB Ha-
X0ANUTCA B OCHOBHOM COCTOSSHUW, COOTBETCTBYHOLWEM MWHUMaNbHOW 3Heprun. lMo-
3TOMYy npu 06bIYHbLIX TemnepaTypax Bel,ecTBa He CBETATCA.

Mpn NPOXOXXAEHUN 3MEKTPOMArHUTHOW BO/IHbI CKBO3b BELLECTBO €& aHeprus no-
rnowaetca. 3a CYET MNOrNOWEHHOM 3Hepruu BOJIHbI 4YacTb aTOMOB BO36yXpjaeTcs,
T. e. nepexoAuT Ha 60/Mee BbICOKN 3HepreTMyeckMin yposeHb. Mpn 3TOM y CBETOBO-
ro nyyka oTHMMaeTCs 3HEPrus, paBHas pPas3HOCTU 3HepPruini Mexxay ypoBHamMu 2 un 1:
2 o t hv = E2- Ev

Ha pucyHke 11.6, a cxemMaTWUyecKu TnpeacTaB/ieHbl
n n HEeBO3OYXXAEHHbIA aToM W 3/1eKTpOMarHuTHas BOJIHA
, m B BUAe OTpe3Ka CUHYycOMAbl. D/IEKTPOH HaxoguTcsa Ha
HUXHem (OCHOBHOM) ypoBHe. Ha pucyHke 11.6, 6 mn3o-
Puc. 11.6 6pa>kéH BO36YXXAEHHbLIN aTOM, MNOr/OTUBLUUNK 3HEPTUIO.
B036y>XAEHHbIA aTOM MOXEeT O0TAaTb CBOK 3HEPrui Cco-

cefHUM aTtomamM Mpu CTOJIKHOBEHUW WU UCAYCTUTb (HOTOH.

Tenepb npeactaBum cebe, 4TO KaKUM-imb6o cnocobom Mbl BO3OyaAMnn 60nblIYIO
yacTb aTOMOB cpefbl. Torga npu MNPOXoXAeHUW 4Yepe3 BeL,eCTBO 3/IEKTPOMAarHuT-

HOW BOJIHbI C 4acTOTOM
E2 ~

h
3Ta BOMHA 6yAeT He ocnabnsATbCA, a, HANpPoOTWUB, YCUNIMBATLCA 3a CUET UHAYLUU-
poBaHHOro m3nydeHusa. Mo eé BO3AeiCTBMEM aTOMbl COr/lacOBaHHO nepexoasaT

\
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B OCHOBHOe HeBO36Y>XJEHHOe COCTOSHWE, un3nyyas

BOJIHbI, cOBMajakmwme no 4vactote M dase c nagat- VvV

e BoNHOW. Ha pucyHke 11.7, a n3obpakEéH npouecc

BO30Y)XAEHMNS aToma Najatrouw,ei BO/THOW, a Ha PUCYH- a) 6)
Ke 11.7, 6 cxemaTM4YHO MoKasaHO, 4TO NpPWU 06Ay4YeHUN

aTtoMm nepexoauT B OCHOBHOE COCTOSSHME, NPW 3TOM Mpo- Puc. 11.7
UCXOAUT YyCUNEHUE WN3NYYEeHUS.

TpéxypoBHeBasa cuctema. CyuwecTByT pa3/iMyHble MeTOAbl MOJIYYEHURA Ccpefbl
C BO36OYXXAEHHLIMU COCTOAHMAMW aTtomoB. B py6buHOBOM nasepe AnA 3TOro wuc-
nonb3yeTca crneumanbHas MowHaa namna. AToMbl BO30yXJalTcs 3a CY4ET norno-
ueHnsa ceeTa.

Ho paByXx ypoBHel aHepruu pAna paboTbl nasepa HepgoctatoyHo. Kakum 6bl
MOLLHbIM HW 6bl/1 CBET /laMnMbl, YMNCM0 BO36YXXAEHHbLIX aTtoMoB He 6yaeT 6ofible
yucna HeBO3OYXAEHHbIX. Beab cBeT 04HOBPEMEHHO W BO36y>XAaeT aToOMbl, U Bbl-
3blBaeT B HUX WHAYLWNPOBaHHble MNepe-
X0Abl C BEPXHEr0 YPOBHSA Ha HV>KHUNA.

YcuneHne wusnyyeHusa 6yaetr npo-
ncxXoauTb TOorga, Korga 4ucno nepe-

B anekTpuuyeckmx nonax nasepa
nokasaTeslb npenomMmneHna cpepnbl
HaynMHaeT 3aBuceTb OT HanNpsXE&HHocTwn,

X0A0B, onpefenAnWnx NHAyLNnpoBaH- BOMIHbI HAuYMHAT BAMATL ApPYT Ha Apyra

Hoe u3nydeHue, 6ynet 6onbuie ducna (HapywaeTcs  NpPUHLMN  cynepno3uyumn),

nepexoaoB, OTBETCTBEHHbIX 3a MOrno- BO3HUKAIOT SBMEHWUA, U3yYaeMble B HENU-

weHune. HEeMHOW ONTUKe, CYLECTBEHHO OT/IMYAIOLLIMN-
BbIXOﬂ. OblN Hal?lﬂ.eH B WUCMNO/Ib30- eca OT Tex, KOTOopble Mbl U3yyanwu.

BaHWN TPEX 3HEpPreTUYecKUX ypoBHel
(o6uiee ync0 YpOBHeli Bcerga BeMKO, HO pedb MAET 0 «paboTarlUux» YPOBHSX).
Ha pucyHke 11.8 m306paxkeHbl TPU 3HEPreTUUYECKUX YpPoBHS. CylLecTBEHHO, 4YTo
B OTCYTCTBME BHELWHEro BO34elCTBUS BpeMs, B Teue-
HWE KOTOpPOro aToMHas cucTeMa HaxXxoAuTcs B pasfind-
HbIX 9HEPTeTUYECKUX COCTOSHUAX (<BPEMS XWU3HWU»),  p | 2
HeoAMHAaKoBO. Ha ypoBHe 3 cuctema «KWUBET» O0YeHb 2

mano, nopsiaka : (s C, Nocne 4ero camMomnpou3BO/IbHO

\YAY
nepexoanT B COCTOAHME 2 6e3 n3nydyeHuna ceeta. (SHep- V4 X= 694 HM
rmsa npu 3tom nepefaérca Kpuctananm4vyeckoh pewér- £ i _

Ke.) «Bpemsa >u3Hu» B coctoAaHMM 2 B 100 OOO pas Puc. 11

6onble, T. €. COCTaBNAET OKOJI0 1o C.

Mepexoa W3 cOCTOSAHUSA 2 B cocTOosAHMe 1 noAa AelicTBMEM BHELWHeW 31eKTpo-
MarHUTHOW BOJIHblI CONPOBOXAaeTcA W3AydYeHMeM. 3TO0 MCNONb3yeTcsa B nasepax.
Mocne BCNbIWKKM MOLWHOW Namnbl cMcTeMa NepexoanmT B COCTOAHME 3 U CnycTA
MPOMEXYTOK BPEMEHM OKOJI0 10 s C OKa3blBaeTCsd B COCTOAHMU 2, B KOTOPOM
©OKWBET» CpaBHUTENIbHO A0AT0. Takum ob6pa3om M co3paéTca «nepeHacenEéHHOCTb»
BO30OY>XAEHHOro YPOBHA 2 MO CPaBHEHMWI C HEBO3OYXXAEHHbLIM ypoBHeMm 1.

Heobxoanmeble 3HepreTuyeckumne
YPOBHV uMeKTca B Kpuctannax pyéu- CoctoaHMe 2 HasbiBaetTca Me-
Ha. Py6uH — 3T0 KpacHblil KpucTann TacTabWibHbIM COCTOSIHMEM, 3TO
okcupga anomMmmHma Al:0s ¢ Nnpumechbilo BO36YXAEHHOE COCTOSSHME aTomMa, B KOTO-
aTomoB xpoma (okono 0,05 %). NmeH- pOM OH MOXET HaxoAWTbCA CYL EeCTBEHHO
HO ypOBHVl NOHOB XpOMa B KleCTaﬂﬂe Aonbiuie, 4em B 06blYHOM BO36y)K,CI,éHHOM

o6nagalT TpebyembiMU CBOMCTBAMMU. cocToaHMN.
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YcTpoiicTBo py6uHoBOro nasepa. 13 kpucranna py-
Bl 6MHa W3roTOBNAKT CTepXeHb C MNjaockonapanfenbHbl-
Mn Topuamu. OAMH M3 TOPLOB PYyBUHOBOrO CTEPXHS
fenawnT 3epKasbHbIM, a APYrol — noaynpo3payvyHbiM.
Ma3opa3psAgHas namna, uMewwas dGopmy cnuMpanu
(puc. 11.9), paét cuHe-3enéHbln cBeT. KpaTkoBpe-
MEHHbIA MMNynbC TOKa 0T 6aTapenm KOHAeHCaTOpPOB
8MKOCTbI0 B HECKO/IbKO ThiCi4 MUKpodapas Bbi3biBaeT
SIPKY BCMbIWKY /laMnbl, NPOUCXOAMT TakK Ha3blBaeMasi HakKayka nasepa. Cny-
CTA Majioe BpeMs 3HEepreTUYeckuii ypoBeHb 2 CTAHOBUTCA «MNepeHacenéHHbIM».
B pe3ynbTaTte caMOMpoM3BO/IbHbIX MepexofoB 2 A 1 HayuMHakwT M3nyyaTbCca BOJ-
Hbl BCEBO3MOXXHbIX HanpaBneHWW. Te M3 HUX, KOTOpble WUAYT MNo4 YraoM K o0cu
KpucTanna, BbIXOAAT W3 HEro M He UrpawT B ganbHelllnMx npoueccax HUKaKol
ponu. Ho BoNHa, mayuiasa BAOMb OCW KpucTasaaa, MHOFOKpaTHO oTpa)aeTcs oOT
ero TopuoB. OHa BbI3blBaeT MHAYLMPOBAHHOE M3NyyeHUEe BO36YXAEHHbLIX WOHOB
Xpoma n 6bICTPO ycuamBaeTcs.

Uepe3 nonynpo3payHbii Topel, BbIXOAUT MOLWHbLIA KpaTKOBpPEMEHHbIA (gnun-
TE/IbHOCTbI OKOJI0 COTHM MWKPOCEKYHA) MMMNY/NbC KPacHOro ceeta, obnajatolini
TeMn (heHOMeHaNbHbIMW CBOWCTBAMM, 0O KOTOPbIX 6bl/ZI0 paccka3zaHo B Havasne na-
parpada.

BONHbI, U3nydyaemble aToMaMu, KOFepeHTHbl W coBrajakwT no ¢ase, Npoucxo-
OVUT cnoXeHWe amnaunuTya.

MMeHHO Mo3TOMY W3/y4vyeHMe Nnaslepa 0Ka3blBAeTCA 0YeHb MOLWHbIM, 0T4YacTwu
elwé n NoToMy, 4YTO BCSA 3amacéHHasi 3Heprusa BblAeNsieTCsA 3a 04eHb Masioe BpeMs.

Apyrve Tunbl nasepoB. Py6uHOBbLIN nasep, ¢ KOTOPbIM Mbl 03HAKOMW/UCbL, pa-
6oTaeT B MMMNY/IbCHOM peXuMe. BHyTpm camMoro kKpuctanna Bbigenisietca Tenno,
nosToMmy py6WHOBLIV fasep Hago oxnaxkpaTb.

CylwecTBYIOT TaKXe sasepbl HenpepbiBHOro gencreusa. B 1961 r. 6bin co3gaH
rasosblin nasep, pabotawLWwnini Ha CMeCU rennma ¢ HeoHoM. AToMbl paboyero Belye-
cTBa B HEM BO36YXAAlTCA 3/1eKTPUYECKUM paspsaaoMm.

MpuMeHATCA M NOMYNPOBOAHUKOBBLIE Nla3epbl HEMPepbIBHOro aelcTBUsA. OHKU
co3faHbl BMepBble B Hawel cTpaHe. B HUX 3Heprus Ans M3fiyyeHUs 3auMMCTBY-
eTca OT 3/1IeKTPUYECKOro Toka.

Co3faHbl 0YeHb MOULHble rasoAMHaMM4yeckue siaszepbl HEMPEPbIBHOIO AeACTBUSA
Ha COTHM KuUAoBaTT. B 3Tux nasepax «nepeHacen&HHOCTb» BEPXHUX 3HepreTuve-
CKWUX YpOBHel BO3HMKaeT Npu paclWMpeHUnm N agmabaTHOM OXNa>KAEHUWN CBeEpX-
3BYKOBbIX Fa30BblX MOTOKOB, HarpetbiX A0 HECKONbKWUX ThbiCAY KeSIbBUHOB.

MpumeHeHmne nasepoB. OYeHb NePCNeKTUBHO MPUMeEHEHWEe Na3epHOro ay4ya Ans
CcBSA3M, 0CO6EHHO B KOCMMWYECKOM MNpOCTpPaHCTBe, rAe HeT MorfoujawuUWmMx cBeT 06-
nakoB. Jlazepbl MCAONbL3YKTCA ANA 3aNUCU N XpaHeHUsa MHpopMaunnm (nasepHble
avckn). OrpoMmHass MOLWHOCTb S1a3epHOro Ay4vya UCNonb3yeTcsa ANS ucrnapeHusa pas-
NNYHBIX MaTepuasioB B BaKyyMe, ANns cBapkum u T. 4. C nmomouwiblo nyya nasepa
NpPoBOAAT XUPYypruyeckme onepauun: Hanpumep, «NpuBapmBarT» OTCAOUBLUYOCSA
0T rnasHoro fHa cetyaTKy; MOMOrakwT 4YesioBeKy MnosiydyaTb 06bEMHble M306paxke-
HUSA NpeaMeToB (roflorpaMmbl), UCMOMb3ys KOFEPeHTHOCTb J1a3epHOro Jsyua.

Jlazepbl NO3BOSIMAN cO34aTb CBETO/IOKATOP, C MOMOLLb KOTOPOro pacCcTosAsHUSA
[0 npeaMeTOB U3MeEPSATCA C TOYHOCTbI A0 HECKO/IbKUX MWUNNUMeETpPoB. Takas
TOYHOCTb HeAoCTyNMHa ANA pajnosI0KaTOopoOB.
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aToOM 3N1eKTPOH TOJ/IbKO OTKJ/IOHAETCA OT HanpaB/leHHOro ABWXeHus. Yem 6onbuwe
nojgasaemMoe HanpshkeHue, Tem 60/blue 3/1eKTPOHOB AOCTUIHeT aHoga. Hanpsaxe-
Hue U2mMexay CeTKOW W aHO4OM He MOXeT CYLWeCcTBEeHHO MOB/IMATb Ha aHOAHbIM
TOK, TaK KaK OHO HebonbLioe.

[0 3HayeHMa Hanps>xeHusa Ux, paBHoro 4,9 B, atombl pTYyTWU OT 3/1€KTPO-
HOB MOJIy4yalwT TO/IbKO HEeOGO/MbLIYID MNOPUMUID 3HEPTUN, YBEIMUYNBAKOLWY KUHETU-
YEeCKYI 3Hepruw ux Tennosoro fAeu>eHus. OfHaKo, KaK Mbl BUAWM, HavyunHas
¢ Ux = 4,9 B, aHOA4HbIA TOK B LeNn pe3Ko yMeHblaeTca. 3T0 MOXHO 06bACHUTb
TEM, 4YTO 3HeprusA, NoTepsHHas 3/1eKTPOHOM npu yaape, UAET Ha BO36YXAeHue
atoma pTyTW, PasHOCTb 3HEPTrUM BO3OYXXAEHHOINO0 W OCHOBHOIO COCTOSSHUSA KOTOpPO-
ro paeHa 4,9 B. B3aumopgelicTBue 371eKTpoHa C aTOMOM CTaHOBUTCA Heynpyrum,
3M1eKTPOH TepsAeT 60/bLIYI0 MNOPLMI0O CBOEN 3Heprnm npu ygape, n pgaxe cnaboe
none Mexpay CeTKoli M aHOAOM 3afep>XuBaeT 3/IeKTPOHbI, cnia TOKa YMeHbLUaeTcs.

Mpn yBenunuyeHUn Hanps>XeHus 3Heprus 3jleKTpoHa yBesinymBaeTca U eé xBa-
TaeT U Ha BO30yX[JeHWe aToMa, W Ha NpeofosieHMe 3ajepXXuBakwlwero nonsa, cuna
TokKa yBenunuuBaeTca. MNpun Hanps>XeHun Ux = 9,8 B cmna Toka onATb yMeHbLUa-
eTcd, TaK KakK 3Heprmm O0AHOro 3/ieKTpoHa xBaTaeT Ha BO030yXAeHWe yXe ABYX
aToMOB PTYTW, U OH MOSTHOCTbK TepsieT CBOK 3HEPrui, 3aTeM MNpu AasibHelwem
yBeNnMnYeHnn Hanps>xeHusa Uxcuna ToKa BHOBb yBenuuymBaeTcsa U T. 4.

OnblT ®paHKka n lNepua nokasbiBaeT, YTO aTOMbl MOTYT nornowartb 3HeEpPrui
He HenpepbIBHO, a TO/IbLKO OMpeAesiEHHbIMU MNOPLUUAMMU.

3apava s . OnpegennTe sHePrni0 MOHM3ALUU MoHA Tenust He+.

PeweHwune. Teopua Bbopa cnpaBegnueBa Ans atoma Bogopoa W ANs BOLOPO-
[onofobHbIX aTOMOB, T. €. ANA aTOMOB, Y KOTOPbIX Ha BHeLWHeli opbuTe Haxo-
AVNTCA OAWH 3NeKTPOH.

Y aTtoma renvsa pgpa 3fnekTpoHa, 3apaf Agpa paseH 2]gJ. Y uoHa renusa Ha
op6uTe 0AUH 3NEKTPOH, cNefoBaTe/lbHO, ero MOXHO cYMTaTb BOAOPOAONOAOGHbIM
aToMOM.

ONeKTpPOH B aToMe Trenunsa, HaxoAswuinca Ha 6nuxkaiwein K aapy opbute

(2n)2220im _1

(n = 1), nmeeT sHeprut Ex = -k 2-----=- -(Z = 2).
Bbyaem cunTatb, UYTO 3HEPruaA 3/1eKTPOHAa, BbIpBAHHOro M3 artoma, pasHa O.

CnepoBaTtesibHO, 3HEPTUA, KOTOPYK HaAo Co06WUTb 3/71eKTPOHY, Y4TOObl OH MOKWU-

Hyn atoMm (3Heprusi moHusauyumun), pasHa Em = 0 - Ex ~ 55 3B.

N2
3ajaun N camMOoCTOATESIbHOrNo pewieHud “ [-—]

1. OnpegennTe CKOPOCTb V U YCKOpeHWe a 3/eKTpoHa Ha MepBoii GOpPOBCKOWA

H e
op6bute, paguyc Kotopon r, = 5,29 eHIlu: M; k = 9 « 10 vt
*1
2. Onpegennte [NWHY BOJIHbI CBeTa, WCNyCKaemoro aTtoMom Bogopoga npw
ero nepexone M3 cTalMOHApPHOro COCTOSAHMA Cc 3Hepruen E4 = -0,85 3B (T = 4)

B COCTOsIHMe c 3Hepruen Er = -3,4 3B (n = 2).
3. OnpefgenvuTe Hanps>KEHHOCTb W MOTeHUMan nona sApa aToma Bojopoja Ha
paccTosHUKU, COOTBETCTBYOLW EM MNepBoli 60pOBCKON opb6uTe.
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4. B Kakux npegenax [O/I)KHaA HaXo4UTbCA 3Heprusa W3l 3/71eKTPOHOB, 60M-
bapoupyruwmMx atombl BogopoAa, 4To6bl cneKTp BO36Y>XAEHHbLIX aTOMOB BoAopoAa
MMeN TONbKO OAHY CAeKTpanbHYK ANHUKO?

5. MnHMManbHaa 4acToTa NMHUKN CNeKTpanbHOW cepun Banbmepa gna atoma
Bogopoga 2,5 «10:s Ny. Yemy paBHbl 4acToTbl ABYX O6MvMXKamwunux NUHWUA 3TOW
cepun?

s . Mpn kKakoli 4yacToTe najarwliero M3syyeHUst 3/1eKTPOH B aToMe BoAopoaa
nepeiigét ¢ nepBoii 60pOBCKOMA 0p6GUTLI Ha BTOpPYH?

7. Mpn KakoMm 3HaYeHUW NoTeHUMana Mexay KaTo4oOM U CeTKOl 6yaeT Habnw-
JaTbCs pe3Koe MajeHuWe aHOAHOro Toka B onbiTe dpaHka M [epua, ecnu Tpyo6Ky
HamMno/IHUTb aTOMapHbIM BOAOPOAOM?

1. B cocyae HaxoAuWTCcA paspexeHHbIi aToMapHblii Bogopon. ATOM Bogopoja
B OCHOBHOM cocToAaHum (E1= -13,6 3B) nornowaeT (GpoTOH U MOHU3yeTcA. IDNekK-
TPOH, BblJleTeBW WA M3 aToma B pe3ynbTaTe MOHM3ALMUU, ABUXKETCA BAanum oT sappa
co ckopocTbio 1000 km/c. Yemy paBHa 4acToTa MNOrAOWEHHOro (oToHa? 3Hepruio
TENN0BOr0 ABUXEHWS aTOMOB BOJOpPOAa He yuYuTbliBanTe.

2. MokoAuwwniica atom Bogopofa B OCHOBHOM coctosHum (E1= -13,6 3B) nornowa-
eT B BakKyyme (pOTOH C ANWHOW BOAHbI X = 80 HM. C KaKoOl CKOpPOCTbI ABUXeTCA
BAANWN OT sgpa 3/1eKTPOH, BblNleTEBW WA M3 aToMa B pe3ynbTaTe MoOHM3aummn? KuHe-
TUYECKY 3Hepruiw o6pa3oBaBLIErocs MoHa He yuuTbiBanTe.

3. 3HauyeHMe 3Heprum 3eKTpoHa B aTtome Bogopoga 3agaértca Gopmynoin En =

--------- 5— roen =1 2,3 Mpwn nepexope atroma M3 coctoAHmA E, B cocTo-

AHWe Exatom wucnyckaeT ¢(oToH. [MonaB Ha NoBepXHOCTb ¢oTokaTtoga, (hOTOH Bbl-
6uBaeT (oT03/M1eKTPOH. [NnHa BONMHbI CBeTa, COOTBeTCTBylLW,as KpacHOW rpaHuue
doToahdhekTa ANa matepmana nosepxHocTn dotokatoga, Jip = 300 HM. Uemy paBHa
MaKcMMasibHas BO3MOXXHas CKOPOCTb ()oTo3NeKTpoHa?

LS
[ToeTopuTte maTepman rnassl 11 no cnegyrwouwemy nnaHy:
1 BbiNUWWNTE OCHOBHble MOHATUA U (BU3NYECKME BENUYUHbI WU falTe UM onpegeneHue.
2. ChopmynnpyinTe 3aKOoHbl M 3annULINTe OCHOBHble (OPMYNbI.
3. YKaxuTte eAuHULbI PU3NYECKNX BeNNUYMH. BbipasnTte nx yepes 0CHOBHble eAnHULbI CWU.
4 OnNuWuWUTe OCHOBHblE OMNbIThHI, MNoATBeEpPXJalouw e cnpaBegMBoCTb 3aKOHOB.
' «Cnocobbl akcnepuMmeHTanbHbIX uUccneposaHnii atoma»
T» 1. 3. Pesepgopa ¥ co3maHHas WM WKona (u3ankoB. OnbiTel Pesepdopaa.
Cnoco6 M3yyeHWs CTpOeHUs artoma.
2. Oco6eHHOCTM pPacCMOTPEHUs [ABMXKEHUS 4acTuly B KBAHTOBOW U Knaccuue-
CKOl mMexaHuke. ATom bopa — coejuHeHUe ABYX pa3HbiX MOAXOA0B K WU3y-
YEHUIO ABUXEHUSA.
3. la3oBble ¥ NONYNPOBOLHUKOBbIE fa3epbl.
4. Tonorpagus. Fonorpauyeckme nsobpaxeHus.
jgg'T «CpaBHeHVe wuael Knaccu4yeckoih U KBaAHTOBOW (U3MKM B 06BACHEHUN

cTpoeHua atomMa. JeTepMUHN3M U BEPOATHOCTb»
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OPN3NKA ATOMHOIo AAPA

BbipakeHNUss aTOMHOe SAAPO0 M 3/leMeHTapHble 4YacTuLbl YXXe HeogHOoKpaT-
HO YNOMWHannNcb. ATOMHOE AP0 COCTOUT W3 3/1eMeHTapHbIX 4YacTul, HelTPOHOB
W npoToHOB. Pasgen ¢nM3uMKKU, B KOTOPOM McCNefyeTcs CTPOeHWe W npeBpalieHue
aTOMHbIX siaep, Ha3blBaeTcs AAePHON (PU3NKONA.

MepBoHayanbHO pa3fenieHUss Ha AAEPHYH (U3UKY U PU3NKY 3/1eMeHTapHbIX
yacTuy He 6bi710, TakK KakK 4yacTuy 6bI710 Mano WU ANs UccnefoBaHWUW MUCNONb30-
Ba/MCb OAWHaKOBble MeToAbl. C MHoOroo6pasveMm Mupa 3/1eMEHTapHbIX YacTuy,
PU3NKM CTONMKHYNUCb MNPU M3YUYeHUU SAAEpPHbIX MNpoueccoB. BbigeneHne Gu3nku
3N1eMeHT apHbIX YacTuy B caMOCTOATeNbHY 06/1acTb McCNefoBaHUSA NPOM30LL IO
okono 1950 r. CerofHs cyuw,ecTBYT ABa CaMOCTOsATeNlbHbIX pa3gena (GU3UKKN: CO-
Jep>XXaHue 0AHOr0 M3 HUX COCTaB/IAeT M3y4YeHUe aTOMHbIX sfep, a cogep>XaHue
APYroro — wn3yyeHue Npupogbl, CBOMCTB W B3aMMHbIX MpeBpal,eHn’r anemeHTap-
HbIX YacTuy,.

8§78 CTPOEHUWE ATOMHOIo AAPA. AOEPHbIE CUNbI

BCMNOMHUTE, M3 KaKUX 4YacTuL, COCTOMUT aToM.
KakoBbl pa3smepbl siapa atoMa W yemy paBeH 3apsif atoma?

MccnepoBaHua Pesepgopga nokasanu, 4To B LeHTpe atoMa HaxoAMTCs Moso-
KUTeNbHO 3apsiXKeHHoe sApo. B ganbHeiwem BcTana 3ajava onpeaesieHUs coctasa
aToMHoOro sigpa. Pesepdopn npu 6om6apanpoBKe sgpa aToMa asoTa a-yacTuuamu
06HapyXun nosiBjieHNUe MPOTOHOB — siaep’ atoma Bogopoga. Bbin caenaH BbiBOA,
4YTO AAPO COCTOUT M3 MPOTOHOB.

KAWNTTT! - .
MpoToH — vacTuua, uMetloLlas MOMOXKUTE bHbLIA 3apAf, pPaBHbIA MoAY-

no3apaga  snektpoHa: q = 1,6 «1(Me Kn, u maccy T = 1,6726231 X 1027 Kkr =
1,673 « 1037 K.

OpHako 6blN10 BbIACHEHO, YTO Macca fifep CyuwecTBeHHO 60/blle, YeM cCymMmap-
Hasi Macca NpoToOHOB B Af4pe.
B 1932 r. yyeHukom Pe3sepdopaa aHranmiickmum ¢usmkom . HeagBUKOM

6bl1 OTKPbLIT HEiTpPOoH.
Mo aHeprum M UMNynbcy Anep, CTaj/iKMBal LW MXCA C HENTpoHamu, 6bina onpe-

AeneHa mMacca HOBOW Yyactuybl.

HelTpoH — yYacTMua, He MMewWas 3/1IeEKTPUYECKOro 3apsja U mmerowas
mMaccy Tn=1,6749286 < 17 kr ~ 1,675 « 1C: W.

Macca HelTpoHa 6onblle Macchl r MogymaiiTe, K KakoMmy TUMy 4acTuly
npoToHa MNPUMEPHO Ha .5 Macchbl COr/IacHO TEOPUU OTHOCUTENBHOCTU
3/1eKTpOHa. y OTHOCMTCSA MPOTOH.
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CB060AHbIVA HEWTPOH HecTabmneH M 3a BpeMsaA okono 15 MuH pacnagaetcs

Ha MPOTOH, 3NEKTPOH U HEWTPUHO — O4YeHb NIErKYl HeWTpanbHYKl 4acTtuuy.
Cpasy e nocne OTKPbITUA  HeWTpoHa COBETCKUN  PU3UK
A. 0 NBaHeHKO M HeMeUuKUA Yy4YéHblIh B. FelizeHbepr B TOM
e 1932 r. npegioXnnum NpoTOHHO-HEM T POHHY Mogenb Agpa. OHa
6bly1a NoATBepXAeHa NocneayrwwmnuMmn UcciefoBaHNAMN AAEPHBIX Npe-

BpalweHuii n B HacTosilee BpeMs sBNsAeTcA 06W,enpPU3HAHHON.

MpoTOHHO-HeNTPpOHHaa Mofenb aapa. CornacHo NPOTOHHO-HEWTPOHHOW MoAeNun
A4pa COCTOAT W3 3/leMeHTapHbIX 4YacTuy ABYX BUAOB — MPOTOHOB WM HEWTPOHOB.
Tak KakK B LE/IOM aToM 3/IeKTPUYecKM HelTpaneH, a 3apsaj NpoToHa paBeH
MOAY/I0 3apsaja 3/1eKTPoHa, TO 4YMUCA0 MPOTOHOB B AApe PaBHO YUCNY 31EKTpo-
HOB B aTOMHOMW o6onouyke. Cnepgo-

CyliecTBOBaHME HeliTpoHa npej- BaTe/lbHO, 4YWUC/I0 MPOTOHOB B fAgpe
ckasbliBan Pesepgopg 6onee uem | PaBHO aTOMHOMY HOMepy 3/ieMeHTa Z
3a 10 neT 40 onbITOB Yeasuka. B MEepPUOAMNYECKON CUCTEME 3/1IEMEHTOB

A. . MeHpeneesa.
u npMm uUMm

CymMy umucna npoToHOB Z u uucna HeinTpoHoB N B Afpe HasbiBawT Mac-
COBbIM 4YMCNOM M 0603HayvalwT BykBON A:

A =Z + N. (12.1)

Maccbl NpoToHa W HelTpoHa 6AU3KW APYTr K APYTY, W KaXpjas U3 HUX MNpu-
MEepHO paBHa aTOMHOW eAMHWLE Macchl.

B spepHoii hu3nke B CBA3M C TeM, 4TO MacCbl 4acTuy Manbl, 3a e4UHULY Mac-
Cbl NMpuHMmatT 1/12 yacTb maccbl atoma yrnepoga: 1 a.e. m. = 1,661 < 1Cl2; Kr.

Taknm o6pas3om, macca HelWTpoHa Tn = 1,008665 a. e. m., a macca NpoToHa
Tp = 1,007276 a. e. m.

Macca 31eKTpOHOB B aTOMe MHOro MeHblWe Maccbl ero sigpa. Mosatomy macco-
BOE 4YWUC/0 Aapa PaBHO OKPYr/EHHOW A0 LENoro ymcaa OTHOCUTENIbHOW aTOMHOW
Macce 3/sleMeHTa.

MpPOTOHbLI M HEWTPOHbI, COCTaBNSAOWMNE ALPO aTOMa, Ha3blBaT HYK/OHaMMU.

on — CUMMBOJT HEWTpOHAa; ero 3apsaj paBeH HY/, a 0THOCUTeNbHas macca —
npuMepHoO eanHuue; \p — CMMBOJI MPOTOHA; €ro 3apsaj paBeH eAWHULE, OTHOCU-
TeNbHasA Macca TakK)XXe paBHa MPUMEPHO eAUHUUE.

Ana obo3HauyeHna apep npumMmeHsietca cumBon X, rge X — CUMBON XUMUYe-
CKOro anemMeHTa, A — MaccoBoe 4ucno, Z — aTOMHbIi HOMep (3apsafoBOe 4uKCho,
W 4YNCNO0 NPOTOHOB).

Pagnyc appa onpegensierca no cdopmyne r ~ 1,3 «1Clhs A1/3 cm. Takum 06-
pasom, 06bEM AApa NpPAMO NponopuuoHaneH KOPHIO Kyb6MyecKOMY M3 MaccoBOro
yucna, T. e. ynucna HYKNOHOB B fAjpe.

B HacTosduwee BpemMsa M3BeCcTHO 6onbwe 1500 Apep, pasnmyarwuwmxcs 3apsago-
BbIM W MacCcoBblM 4YuCNaMW WUAWN OLHUM U3 HUX.

MN3oTonbl — 3TO sifpa C OAHUM UM TeM e 3HaueHuem Z (4MC/AOM MPOTOHOB),
HO C pas3fiNYHbIMW MACCOBbIMW uYucnamum A, T. e. C pasNnuHbiM Yyucnom N HelWTPOHOB.
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§79 OBMEHHAA MOZAENb AAEPHOIO B3AVMOAENCTBUSA

BcnomHUTe, Kak 06bAcHAETCS cOrjacHo Teopuum 6NU3KOLENCTBUA B3ammogencreume
3apAXeHHbIX YacTuy B 3/1eKTpOCTaTukKe.

Mbl 3Haem, 4TO B KJ/lacCMYecKoi
o BcnomHuTe, Kakoe onpe neHune
husmkKe B3auMmopgelicTBue 3neKTRUUe-
nonsa Mbl gaBannm U Kak rpaduyecku
CKWUX 3apafoB NpoucxoaumT  nocpeact- [ nsobpaxann nons,
BOM 3/1eKTPOMarHuUTHoOro nonsa. Mone
CUNTaAeTCss HenpepbiBHbIM.

B KBAHTOBOW (hM3MKe CUMTAETCsA, UTO Nose KBAHTyeTCs TaK Xe, KakK u Bce u-
3MYecKne BENUUYUHBI, Mosie NpeAcTaBNaeTca KakK COBOKYMHOCTb KBAHTOB-(hOTOHOB.
CorslacHo 3akKoHaM KJ/lacCMUecKoli 3NeKTPOAMHAMMUKU 3/1eKTPOH M3ny4daeT (POTOoH,
eC/IN OH ABUXKETCA C YyCKopeHMeM. B KBaHTOBOW (M3MKe 3To He Tak. YacTuua
co3aéT BOKpPYr cebsa mnose, HenmpepbiBHO McNyckKas W noraouias PoToHbl. OgHAaKO
3TO He 06blUHble (POTOHbI, @ BUPTYyasibHbIE.

BupTyasibHble YacTulbl — 3TO 4YacCTMUbl, KOTOPble CYWeCcTBYT CTONb Ma-
fNloe BpeMsi, UYTO HE MOTYT 6blTb 3KCMNEPUMEHTANbHO OGHAPYXKEHbI.

|/|3ny“|eHV|e n nornouweHwme, HanpummMmep, 3JIEKTPOHa NPOUCXOAUT MO CXeme
e N e + hv. (12.2)

O6pasoBaBlIniica POTOH Mmoraouiaet gpyras dactuua. Cumtaetcs, 4yTo B3aMMO-
felicTBMe 3apsiXXeHHbIX 4acTul, NpoucxoAuT 6Gnarogaps 06MeHY BUPTYyasbHbIMU
poToHamu (hv), Mexay 3aps>KeHHbIMM YacTuuamu MPOUCXOAUT TaK HasblBaemoe
o6MeHHOe B3aumofjeiicTBue.

He HapywaeTcs nu B Mogenn o6MeHHOro B3aMMOAelicTBUSA 3aKOH COXpaHeHMUs
sHeprun? Befb TO cnpasa, TO cfieBa B COOTHOWeHUN (12.2) aHeprusi oTnmyaeTtcs
Ha 3HauyeHwWe, paBHOe 3HEpPruu norso-

WEHHOro NI UCNyuweHHoro ¢goToHa. ObcyaunTe, Ha Kako mogenun (6amns-

B KJflaccu4yeckom (u3nke Takue KOAelcTBMS WKW  AanbHOAENCcTBUA)
npoueccol UCNyckaHmA U nornoweHusA OCHOBaHa MoAaenb obMeHHOro B3a-
(hOTOHOB HEBO3MOXXHbl. OAHAaK0O B MO- \Y MMopencTBuS.

nenn o6MeHHOro B3amMOAenCcTBUA HeT

HapylweHNa 3aKoHa COXPaHeHWS 3Heprum, TakK KakK cornacHo NpUHLWUNY Heonpe-
fenéHHocTn [ler3eHb6epra 3aHepruw COCTOAHWUSA, CYL,ecTBYHLULEro B TeYeHUe Bpe-
MeHN At, MOXHO onpeAenuTb C TOYHOCTbK fo AE, npuuyém AEAt > h. OHeprus
BMpPTyanbHoro oTtoHa paBHa hv. CnepoBaTenbHo, B3aumogelicteue (12.2) moxeT
6bITb peanin3oBaHo 6e3 HapyleHNUA 3aKoHa COXpPaHEeHUSA 3HEePrun, ecsiu BUpTyasb-

h _
HbIM (OTOH CyllecTBYeT He AO0fiblle BpeMeHu At — el
v v
Ons  06bsAcCHeHUA SAAEPHbIX CcuUn
Takxe 6bla nNpegnoXxeHa Moaesb r O6bAcHUTE, KaK peannsyeTcs KOBa-
06MEHHOro B3aMMOAENCcTBUSA BUPTY- neHTHasa cBA3b MOJIEKY/T HaNpuUMep

anbHbIMN 4YacTuyamun. OAHakKo BcTasn B Monekynax metaHa 4=
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8§80 JHEPIMA CBA3N ATOMHbIX AAEP

Kakue cunbl onpefenstoT CBA3b HYKAOHOB B Aape?
MOXHO N1 MOCYWTATb 3HAYEHUA 3TUX Cun?

BaxxHelilwylo posib BO BCe AfepHON (U3MKe urpaet NOHATUE 3HEPrum CBA3KU
agpa. 3Heprua cBA3W MN03BO/IAEeT 06BACHUTb YCTOWYMBOCTL Afep, BbIACHUTb, Ka-
Kue npoueccbl BeAYT K BblAeNeHWN0 SAAEPHON aHeprum. HyKAOHbI B SApe MPOYHO
yAep>XXUBawTca AAepHbIMU cunamu. Ana Toro 4tobbl yAanuTb HYK/OH M3 A4pa,
Hazo COBepPWUTb AO0BOMIbHO 60MblWYy0 paboTy, T. e. COOBWUTL AAPY 3HAUYNTENbHYIO
3Hepruio.

3Heprna cBA3M aTOMHbIX A4ep O04YeHb Besimka. Ho kak eé onpefenntb?

B HacTosdliee BpemMs paccyMTaTb 3HEPrui0 CBA3N TEOPETUYECKW, NMOoJo6HO TOMY
KaK 3TO MOXHO cAenaTb ANA 3/1eKTPOHOB B aToMe, He yaaéTtcsA. BbimonHuTbL co-
OTBETCTBYHLULME pPaCYETbl MOXHO, /WWb MNPUMEHAS COOTHOWEHWe JiHLWTelNHa
MeXJY Maccoli n aHepruemn:

E =Tc2 (12.3)

TouyHeNwne n3mepeHnAd MacC Aaep nokKasblBakT, 4YTO

mMacca nokos sgpa M$ Bcerga MeHblle CyMMbl MacC BXOASIW WX B €ro cocTas
NMPOTOHOB W HEWTPOHOB:

Ma < Zmp ]

w B W P T 3TUX Macc. oM paBHa:

M " Nmn - Ms (12.4)

n Bcerga nonoXxutesnbHa.

YMeHblLIeHNe Maccbl Npu obpa3oBaHUU sAgpa U3 HYK/IOHOB O03Ha4aeT, 4TO Mpwu
3TOM yMeHbllaeTCcsA 3Heprusi 3To CUCTeMbl HYKJ/IOHOB Ha 3Ha4dYeHWe 3HEPrum cBs-
3n Ecs:

Es = AMc2= (Zmp + Nmn - M#s)c2 (12.5)

3Hepruen e cBA3W 3/IEKTPOHOB C AApamMu MOXXHO MpeHebpeyb.

Hanpumep, noacuymtaem 3Hepruio cBA3WM ANga agpa rHe. Aapo renmsa coctouT
M3 2 MPOTOHOB N 2 HENTPOHOB, ero macca M H = 4,002603 a. e. m. [lethekT macc
onpegennm no dgopmyne

AT = Zmp + (A - Z)mn- MH
AT = 2 «1,007276 + 2 «1,008665 - 4,002603 = 0,029279 a. e. m.

Mbl BUAMM, 4TO Macca agpa nodtm Ha 0,75 % MeHblUe CyMMbl Macc 2 Mpo-
TOHOB W > HEWTPOHOB.
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DHepruio cBA3M yAo6HO onpefensaTb, MNONb3yAcb COOTHOWeHuem 1 a.e. M. =
= 1,6606 ®:10-27 KI MU UCNOMb3YySA CBA3b 3HEPTUU U Macchl:

1 ae m = 931,8 MS—B,
cz

rge ¢ — CKOpoCTb cBeTa.

CornacHo d¢opmyne (12.5) aHeprua cBA3uM Agpa renma Ew = AMc2 =
= 0,029279 x 931,5 (M3aB) ~ 27,3 M3aB.

Ho Kyaa npu o6pa3oBaHMM sgpa M3 HYK/IOHOB McYe3awT aHeprua E@ u macca
AM?

Mpwn o6pa3zoBaHMM sAgpa U3 YyacTul, NMocnefHUeE 3a CYUET AelicTBUS ALEPHBbIX CUN
Ha MaJsiblX PacCTOSSHUSIX YCTPEMJIATCA C OFPOMHbIM YCKOPEHWEM ApPYr K ApY-
ry. isnyyaemble npu 3TOM Yy-KBaHTbl KaK pa3 o6najalT aHeprueii Ec. n maccoi

E
AM = =&-.

LLILU29 dHeprua cBA3M — 3TO 3HEprus, kKoTopas BblgenseTca npu ob6pa3oBaHWu
Aapa “3 OTAENbHbIX YaCTUL, U COOTBETCTBEHHO 3TO Ta 3HEpPrus, Kkotopas Heobxoamma Ans
pacwenneHus sApa Ha cocTaBnsloWMe ero 4YacTuubl.

O ToM, KaK Be/fiMKa aHeprus CBA3U, MOXXHO CYAUTb MO TaKoMy npumepy: o6pa-
30BaHMe 4 T refius CONPOBOXK/AAETCA BbiJe/leHNEeM TaKOW >Xe IHepruu, uto u npu
cropaHum 1,5. . BaroHOB KaMeHHOro yrnis.

BaXHyl MHpOpMaLMio 0 CBOMCTBaX sfep COAEPXMUT 3aBUCUMOCTb YAe/IbHO
3HEpPrum CcBsi3M 0T MAacCOBOro uucna A.

YaenoHas 3aHeprus cBA3M — 3TO MOJIHAA 3HEPrua CcBA3M Aapa, AenéHHas
Ha umcno A HYK/IOHOB B ffjpe.

YaenbHY 3HeEprui cBA3U ONMpefensarT aKcnepumeHTasnbHo. Ha pucyHke 12.1
npeacraBneHa KpuBas 3aBUCMMOCTM Y[AE/IbHOW 3HEPTrMM CBA3M OT MaccoBOro 4Yuc-
Nna. 3KcnepuMeHTaslbHble 3HayYeHUA falT HeboNbline OTKAOHEHUSA OT 3TOW Kpwu-
BOWi. M3 pucyHka 12.1 xopowo BUAHO, 4UYTO, He cuYMTasa caMbiX NEFKUX Aaep,
yaenbHasi 3Heprusa CcBA3M NPUMEPHO NOCTOAHHA W paBHa s MaB/HyknoH. OTme-
TUM, YTO 3HEPIUA CBA3W 3JIEKTPOHA M A[pa B aToMe BOAOpOAa, pasBHas 3Hepruu
MOHM3aLNKN, NOYTU B MUJIJIMOH pa3 MeHblUe 3TOro 3HadyeHus. Kpusas Ha puUCyHKe
12.1 nmeeT cnabo BblpaXKeHHbIi MakCMMyM. MaKCUManbHYK YyAeNbHYI 3HEPTUI0
cBA3N (5.6 MIB/HYKAOH) MMEKT 3/1EMEHTbI C MaccoBbiMM 4Yucnamu ot 50 go 60,
T. €. Xene3o n 6Nu3KMe K Hemy Mo MOPAAKOBOMY HOMEPY 3/IeMeHTbl. Aapa aTux
3NneMeHTOB Haubonee ycTOMYUBHI.

Y TAXENbIX sApep ypaenbHasa 3Hep-

OnpegenuTe yaenbHylo 3HEPrUio rma CcBA3W yMeHblIaeTcss, KakK Mbl

CBSA3N sapa reaus He, wuCMNonb3ys y>Xe 3HaeM, 3a CUY&T Bo3pacTailliel

npueeféHHbIe B TeKCTe pesynbTaThl C yBenMUyeHuemM uymcna Z Ky/fOHOBCKOW
ONA aHepruu cBasu. CpaBHWUTE NOYYEHHbIN 3HEPrnm  OoTTaNKMBaAHUS  MPOTOHOB.
E L ™, 00 3HaueHnem wa rpaguke pu- KynoHOBCKWE CUNbI CTPEMATCA paso-
y A

pBaTb SAPO.
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8§81 TMNPWMEPbLI PEWLEHWNA 3AO0AY MO TEME
«3IHEPITMA CBA3N ATOMHbBIX AOEP>»

Mpn peweHWn 3apay 3HauyeHuWe MaccoBOro umucria 6epém U3 MNepuoAMNYEcKOi
CUCTEMbl XWUMWYECKUX 3/eMeHToB. lMpu 3TOM Mbl, eCTecTBeHHO, npeHe6peraem
Maccoii 3M1eKTPOHOB, KOTopas CYUW,eCTBEHHO MeHblUe Macchl Aapa.

Mpu pacuéTax pgedekTa Macc maccy MpoToHa 3aMeHsieM Maccoii atoma BOfoO-
poga, a maccy sigpa maccoii aTomMa, 3Ta 3aMeHa He M3MeHMUT pe3ynbTaT, TakK Kak
mMacca 9/1eKTPOHOB, BXOASIULMX B aToOM BOAOpPOAA, 3aTeM BblYMTaeTCs C Maccoi
camMoro atoma.

Ecnun B 3agaye roBopuTCca 06 M30TOME KaKOro-TO 3/1eMeHTa, KOTOPOro HeT B Ta-
6nuue, To Bcerga NPUBOAMTCA 3HAYeHMEe ero MaccoBOoro uucna.

JHepruio cBA3N yAo6HO cuMTaTb, 6eps 3HauYeHWe aTOMHOW eguHMULUbI Macchl

pasHbim 984 & MoB
C*
3apgaya 1. Kakue 3sieMeHTbl uUMelTcsa B Buay nod cumsosiom X: XX; 2goX;
2] gX? CKONbKO MPOTOHOB M HEWTPOHOB B fA4pe KaXAoro M3 3TUX 3/1IEMEeHTOB?

PeweHwne. Mo Tabnuue MeHaeneeBa Haxo4UM 3/IEMEHT C COOTBETCTBYH LW UM
aTOMHbIM HOMeEpOM. 3aTeM CpaBHWBAaeM MacCoBble uucia HalijeHHOro 3jieMeHTa
C MaccoBbIM 4YMC/AIOM, AaHHLIM B 3ajaue.

NTak, IgX — XC (yrnepog), 2 X — 2$Hg (pTyTb); 2]|X — 2||Ra (pagwnii).

3apAaposoe 4yucno dagpa artoma yrsepoga, onpegesidiolULee 4YMCNO0 MPOTOHOB
B Aape, Z = s, 4NCA0 HeWTpoHoB N = A - Z = .

3apsaosoe yncno agpa  atoma pTytTm Z = 80, YNCNO HENTPOHOB
N =A - Z = 120.
3apsaoBoe yncno Agpa atoma pagna  Z = s, YUCMO HEeWTPOHOB

N =A - Z = 138.

3agavya 2. Macca Nn-me3oHa paBHa 139 M3B/c2. Yemy paBHa macca 1-mMe30oHa
B aTOMHbIX eAWHMLAaX Macchbl?

PeweHwne. 1 a. e. m. = 931,5 MaB/c2 CnepgoBaTenbHo, Macca J-me3oHa
139
B a. €. M. paBHa TK= (a. e. m.) ~ 0,149 a. e. M.
Yo01l,3

3apava 3. Onpegenute 3HEPrui0 CBA3W W YyAeNbHYH 3Hepruio cBA3W B Afjpe
atoma pTyTu 9<)Hg « Macca nokosa sagpa 200,028 a. e. m.

PeweHwue. Ywnmcno npotoHoB B Aape pTtytm Z = 80, 4YMUCA0 HEWTPOHOB
N = 200 —80 = 120.
AedekT macc onpegennm no gopmysne AT = 80 «1,007276 + 120 « 1,008665 -

MaB
- 200,028 = 1,594 a. e. m. OTctoga, ¢ y4yétom TO0ro, 4to 1 a. e. m. = 931,5 i
J:y
aHeprusa CBA3U paBHa: AE ~ 1485 Ma3aB, AE = —£2, AE, va

1485 ( MaB 1- ; «s ( MaB
200 HYKJI0H) ( HYKNoH
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3apaya 4. SHeprua nokosa sapa HeoHa fgNe pasHa 18617,7 MaB. Onpegenunte

3Hepruio cBAsn agpa HeoHa. Maccbl HelAiTpoHa M MPOTOHA PaBHbl COOTBETCTBEHHO
1,008665 n 1,007276 a. e. m.

PeweHne. Aapo HeoHa cocTouUT 1n3 10npoToHOB M10HEMTPOHOB.
Aedekt macc AT = 10Tp + 10Tn- T4

OHeprua cBA3u, ¢ yyétom Toro, yto 1 a.e. m. = 931,5 — | onpepensercs

M3 BblpaXkeHnsa Ew = ATe2 = (10tTnp + 10Tn- T8)c2 = 10(Tp+ TMc2- Ea~
= 160,8 M3B.

3apaya 5. OnpefenuTe 3Hepruio cBA3M HeWTpoHa, NPUCOEAMHUBLUErOCA K A4pYy
n3otona kucnopoga :|JO(Hr. = 15,003076 a. e. m.), B pe3ynbTaTte 4yero obpasosas-

ca u3oton kucnopoga :9gO0(/n: = 15,994915 a. e. m.).
PeweHwne. [OedekT macc npm obpasoBaHum agpa g0 AT = TX + Tn- T2

" MaB
3Heprui cBA3M HEWTpPOHa, ¢ yyeTom Toro, 4to 1 a. e. m. = 931,5 , onpepge-
nmm n3 gopmynbl Ec = ATe2 = (Tx+ Tn- T2c2~ 15,67 Ma3B.

3agayn Ana camMOCTOATE/IbHOIO0 peweHus

1. Paguyc sappa aTtomMa ¢ aTOMHOW Maccod A nNpubAM3NTeNbHO paBeH
r« 1,3 «10 15 A13 M. Kakoe COOTHOLWIEHWE MEXAY paguycamun apep usortona
yrnepoga XC v m3sotona asota X®N?

2. Mo rpacuky 3aBUCMMOCTU YAENbHOW 3HEpPruuM CBSA3M OT MAaccoBOro 4ymcna
(cMm. puc. 1:.1) onpeaennTe 3Hepruto CBA3M A4pa C MacCoBbIM YUCAOM 100.

3. Monb3ysacb nepunmognyveckoin cuctemoir anemeHToB L. V. MeH-

Jeneesa, onpefennTe 4MCAO0 MPOTOHOB W YUC/O0 HEWTPOHOB B Aapax
aTomoB (hTopa, aproHa, 6poma, ue3msa u 30/0Ta.

4. Yemy paBHa 3Heprusa cea3m agpa Ta>XEnoro sogopofa — genTpoHa? ATomHas
Macca sagpa pgeitpoHa mD = 2,01355 a. e. m., npoToHa Tp = 1,007276 a. e. M.,
HelnTpoHa Tn = 1,008665 a. e. m.

5. Bbluncnute gedekT macc saapa atoma kucnopoga ~O. Macca atoma Kuc-
nopoga 17,9992 a. e. m.

s . Bblumcnnrte aHeprut cBA3m ®Li. Macca atoma nutma 6,015123 a. e. M.

1. Yemy paBHa 23Heprusa nokos a-yactuybl? Macca appa renusa  pasBHa (E'_‘\'__
4,00260 a. e. m.

1) 4,0026 MaB/c2 3) 4,447 <10 19 Ax
2) 3728,42 MaB/c2 4) 6,64 = 10-26 Kr

2. 3Heprna nokos npotoHa 938,3 MaB, HeliTpoHa 939,6 M3aB, apgpa HeoHa jgNe
18617,7 MaB. OHeprusa cBa3u aapa HeoHa 20Ne cocTaBnfAeT MPUMEPHO
1) 25,0 nOx 2) 25,4 nAx 3) 25,8 nAx 4) 26,2 nOx

3. MonHble 3HepruuM CBA3M HYKJ/IOHOB B fAfpax xpoma Cr, BaHagmsa V u cKaHAusA
Sc paBHbl COOTBETCTBEHHO 52,79; 49,93 n 44,50 M3B. N3 kakoro sagpa TpyfgHee
Bbl6VUTb HEWTPOH?

1) Bce Aagpa oA4MHAKOBO YCTOWUYUBHI 3) u3 agpa LY

2) n3 agpa ~Cr
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: §82 PAANOAKTMBHOCTb

YTo nmoHMMaAT nof 3Hepruein cCBsA3M aTOMHOro Agpa?
Kak 06bACHUTbL CTabUIbHOCTb aTOMHbIX fgep?

OTKpbITME pagnoakTUBHOCTMU — SIB/IEHUSA, A0Ka3blBalLW,ero c/0XHbI/i cocTas
aTOMHOro sgpa, — npou3owno 6rarogapsi cyacTAUBOW cnydyaliHOCTU. PeHTreHoB-
CKMe Ny4yn, KaK Bbl MOMHWUTe, BNepBble GblIN MOMYYEHbI MPU CTONTKHOBEHUAX Obl-
CTPbIX 3/IEKTPOHOB CO CTEKASIHHOW CTeHKOW pa3psagHoli Tpy6ku. OAHOBPEMEHHO
Habnwpanocb cBevYeHWe CTeHOK Tpy6ku. AHTyaH AHpu Bekkepenb ponroe
BpeMsa uccrefoBan nofobHoe siBleHWe — CBevYeHUe BellecTB, 06/1YUYEHHbIX COJI-
HeyHbIM cBeToM. K Takmm Bew,ecTBaM OTHOCATCHA, B 4YacTHOCTU, COMM ypaHa, ¢
KOTOPbIMW 3KCAEPUMEHTUPOBAN YYEHbINA.

N BOT y Hero BO3HMK BOMPOC: He MOABMAAKNTCA /M Nocne ob6ayvyeHUA conei
ypaHa Hapsagy ¢ BUAWMbIM CBETOM W PEHTreHOBCKME Nyunm? BekKepenb 3aBepHYN
oTONNacTUHKY B MNMOTHYH 4YEPHYH 6ymary, MO/I0OXKWUN CBepxy KPYMUWHKW ypa-
HOBOW COMM W BbICTABWU/T Ha SAPKUI coNHe4yHbIli cBeT. [Mocne nposiBNneHus doTo-
niaacTMHKa MoyepHesa Ha Tex ydyacTKax, rge nexana conb. CneposaTtesnibHO, ypaH
co3faBasl Kakoe-TO M3/ly4yeHUe, KOTopoe, NoA06HO PeHTreHOBCKOMY, MPOHU3bIBaeT
Henpo3payHble Tena u AelicTByeT Ha oTonnacTUHKY. Bekkepenb gyman, 4To 3To
N3nyyeHUe BO3HMKAET MNOJ B/IVSAHUEM COMTHEYHbIX Ny4ei.

Ho ogHaxnabl, B eBpane 1896 r., nNpoBecTW o04yepenHOl ONMbIT eMy He ypa-
nocb mn3-3a o6sayHoM noroAbl. Bekkepenb yb6pan nNAacTUHKY B AWWK CTONa,
NoNoOXWB Ha Heé& CBepxy MeAHbIA KpPecT, MOKPbITbIA conbi ypaHa. [MpoaBuB
Ha BCAKWM cny4dalh ¢doTonnacTMHKY fABa AHA CNycTA, OH 06HapyXwun Ha Hel
noyepHeHne B (opMe OTYET/NIMBOW TeHW KpecTa. 3TO 03Hauyaso, YTO CONU ypa
Ha caMOonpou3Bo/bHO, 63 KaKUX-IN60 BHEWHUX BNSHWUI, co3jal T KakKoe-TO
N3Ny4deHue.

Hayanncb MHTEHCWMBHbIE uccneaoBaHusi. KoHeuyHo, He 6yab 3ToOW cuyacTNMBOWA
cnyyaliHoCTW, pagunoaKTUBHbIE SABeHUS BCE paBHO 6blAM 6bl OTKPbITbl, HO, BO3-
MOXHO, 3HAUYNTENIbHO MO3Xe.

Bckope Bekkepenb 06Hapy>XWJs, 4TO WU3JlyYeHUe ypaHOBbIX COo/leli MOHU3UPYeT
B0O3AYX, MOA0O6GHO PEeHTreHOBCKUM JsiyyaM, M paspsikaeT 3/1leKTpockon. VMcnpo6oBas
pa3ninyHble XUMUNYECKMNE COEAUHEHUSA ypaHa, OH YCTAaHOBWU/I OYEHb BaXHblli (haKT:

MHTEHCUBHOCTb CaMOMPOM3BONbLHOIO M3yYeHUs onpefenseTcs TONbKO KO/M-
YecTBOM ypaHa B npenapaTte W COBEPWEHHO He 3aBUCUT OT TOrO, B Kakue COEAUHEHUS
OH BX0oAuWT. CnepgoBaTefbHO, 3TO CBOMWCTBO MNPUCYylU|€ HE COEAWHEHUAM, a XUMWUYECKOMY
3NeMEeHTY ypaHy, ero atomam.

EcTecTBeHHO 6bI/10 nonbliTaTbc 06HapPY>XUTb, He o6najalwT NM CNOCOGHOCTbIO
K CaMOMnpon3BO/ZIbHOMY MU3/TYHYEHUIO ApYyrve XMMWUYECKNE 3/IEMEHTbI, KpOMe ypaHa.
B 1898 r. Mapua CknopgoBcKkasa-Kiopu Bo ®paHuum u agpyrve ydéHble
OTKPbLIAN U3NydyeHue Topua. B ganbHelilwwem rnasHble YCUINA B NMOUCKaX HOBbIX
3N1eMeHTOB 6bl/IM npeAnpuHATEE Mapueii Cknofosckoii-Kiopu n eé myxem —
Mbepom Kiopu. Cucrtematmyeckoe wuccnejoBaHue pyh, cojepxawux ypaH
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M TOpUn, NO3BOSIN/IO UM BblAeNUTb HOBbIW, HEW3BECTHbIN
paHee XMMWYECKUN 3NeMeHT — MOJIOHUIA, Ha3BaHHbIN Tak
B YecTb poauHbl Mapuu Cknopgoscko-Kiopun — Monbwwn.
HakoHel, 6bln1 OTKPbIT eweé OAWH 3MeMeHT, JakLWunit s
-
°

0O4YeHb WHTEHCWMBHOe WU3ny4dyeHue. Ero HassBanu pajguem

(T. e. nyuynctbim). Habniwopgaembie SAB1eHMA MNpeBpaw,eHUs

afgep Kwopu Ha3Banun pajnoakTUBHOCTbIO. /;' /

I w MopgymaiTe, Kak MOXHO pas3genntb ‘
KOMMOHEHTbl, W3 KOTOPbIX COCTOUT

M. CknopoBsckas-
ypaHoBas pyaa. Kiopu (1867—1934)

PagnoaKTUBHOCTb — 3TO CNOCOGHOCTb HecTabu/bHbIX A4ep npeBpawaTbcs

B Apyrue agpa, npu 3TOM npolLecc NpeBpaleHWs CcOMpoBOXAaeTcsas MWCNycKaHuem pas-
NINYHBIX YacTuu,.

CamMonpon3BO/IbHbLIN pacnaj HecTabuNbHbIX A4ep Ha3biBaeTcA eCTeCTBEHHOW paawno-
aKTUBHOCTbIO.

Pagnii nmMeeT OTHOCUTeNlbHYIO aTOMHYI0 Maccy,
paBHyw 226, n 3aHumaeT B Tabnuue A. WN. MeHpge-
NeeBa K/ieTKy noj HomMepom ss . [lo oTKpbiTUA Kiopu
aTa KneTka nyctosana. Mo cBOUM XWUMUYECKUM CBOW-
cTBamM pagnii NpPUHaeXUT K LWeNo4YHO3eMelbHbIM
afleMeHTaM.

BrnocnegctBuun 6bIN10 YyCTaHOB/IEHO, YTO BCE XUMWU-
Yyeckune 3/1eMeHTbl C MOPAAKOBbIM HoMepom 6Gonee 83
ABNATCA pajuoaKTUBHbBIMN.

Buabl pagunoaktnsHoro pacnaga. locne oTKpbITUA
pagnoakTUBHBLIX 3/IEMEHTOB Havanocb wuccnefoBaHue
pursnyeckon npupodbl Mx msnyyvyeHus. Kpome Bekke-
pena n cynpyros Kiopu, atum 3aHsanca Pesepdopa.

Knaccnyeckunii onbliT, MNO3BOAUBLUUIG 06HaAPYXUTb
CNOXHbIA coCcTaB pajuoakKTUBHOIO W3Jy4yeHUs, COCTO- Puc. 12.2
Aan B cnegywouwem. NMpenapart paguMs nomewann Ha fHO
Yy3KOro KaHasa B KyCKe cBuHUaA. [poTuB KaHana Haxogunacb ¢oTonnacTUHKa.
Ha BbixoguBliee W3 KaHana M3NyvyeHue [elNcTBOBaAsoO CUIbHOE MarHUTHOe norne,
NNHUN MHAOYKLUUWN KOTOPOro nepneHAMKYNspHbl nydy (puc. 12.2). BcAa ycTaHoBKa
pasMelianacb B BaKyyMme.

B oTcyTcTBME MarHMUTHOro noss Ha @oTonnacTUHKe rnocsie NposiBsieHNsA obHa-
py>XXusasiocb 04HO TEMHOE MATHO TOYHO HaAMpPoTWB KaHana. B MarHuTHom nose
Ny4yoK pacnaganca Ha Tpu nyyka.
[Be cocTaBnswWwmMe MNepBUYHOro Mo-

r s r TlogymaliTe, Kakaa cuna p[elicTBy-

TOKa OTKJ/IOHA/INCb B MPOTMBOMONOX- YO! eT ha ABUXYWMIACH 31eKTpUUecKuii
Hble CTOPOHbI. 3TO YyKas3biBano Ha sapag. MpuMeHss npaBuno nesoii
Hanm4ume y aTUX N3NydYeHU 3neKTpu- pyKu, onpefenute 3HakuM 3apsagoe  (cMm.
YEeCKMUX 3apagoB MPOTUBOMOMOXHbBIX pUC. 12.2) OTK/NIOHUBWMUXCA B MarHUTHOM

3HakoB. [pu 3TomM oTpuuaTenbHbIN none yactuu,.
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KOMMNOHEHT WU3NnydYeHmMA OTKAOHANCA MaArHUTHbLIM NosnemM ropas3ao CunbHee, 4Yem
MNONOXWUTENbHbIA. TpeTba cocTaBnsAwU,ad COBCEM He OTKJ/IOHASIaCb MarHUTHbIM
nonem.

MoNoXNTeNnbHO 3apsXeHHbIi KOMMNOHEHT MOAy4YnMn Ha3BaHue anbda-nyyein,
oTpuuaTenbHO 3apsXKeHHbll — 6eTa-nyvyelt u HelTpanbHblli — ramma-nydyen (a-nyuu,
P-nyuun, y-nyun).

3TN TpW BUAA U3/TYYEHUS 0YeHb CU/bHO pas/sn4yalTcsa No NpoHUKawuwelh cno-
cobHOCTM, T. €. MO TOMY, HACKO/IbKO WHTEHCMBHO OHW MNOraoWaKTCA pas/INYHbI-
MUK Bew,ecTBaMU. HauMeHbl el NMpoOHUKalOWeRn cnocobHOCTbIO 0bnagatwT a-nyyu.
Cnoii 6ymarun ToNnwmMHOM okono 0,1 MM ANA HUX YyXe Henpo3paydeH. Ecnum npwu-
KpbiTb O0TBepCTMe B CBUMHLO0BOW nNaacTUHKe NUCTOYKOM 6ymaru, To Ha oTtonna-
CTUHKE He 06Hapy>XnTca NATHa, COOTBETCTBYHLLEr0 a-nu3niyyeHuo.

opa3fo MeHblle noraowawTca MNpU APOXOXKAEHMW 4vepe3 BewecTBo (3-nyuu.
AnwoMuUHMEBaA MNNacTUHKa MNOJIHOCTbI WX 3ajepXuBaeT TOMbKO MNPU TONWMUHe
B HECKONbKO MuUNAMMeTpoB. Haubonbwen npoHuKatkuw,eid cnocobHocTbio ob6naga-
T y-ny4u.

MNHTEHCUBHOCTb MOrNOWEeHNSa y-ny4yen ycuamBaeTcsa C yBe/IMHYEHMEM aTOMHOrO
HOMepa BeliecTBa-nornoTuTensa. Ho u cnoii cBMHUA TOAWWHOM B 1 CM He ABNASAeT-
cA ANA HUX HenpeoosiMMoOM nperpafoii. MNMpu NpoxoXXAeHUW y-nyyen 4yepes Takow
CNoA CBUHLA MX MHTEHCUBHOCTb ocnabeBaeT NMWb BABOE.

dunsnyeckaa npupoga a-, p- U y-nydeii, 04eBUAHO, passiMyHa.

PapnoakTnBHble npeBpaweHnsa o6nagaloT pALOM Heo6blYHbIX CBOMCTB.

Bo-nepBbiX, yAUBUTENbHbLIM 6bl/I0 MOCTOAHCTBO, C KOTOPbIM pajgnoakTUBHbIe
3N1eMeHTbl ypaH, TOpuUi W pagnii ucnyckawT un3nydyeHus. Ha npoTskeHUnM cy-
TOK, MecAueB W faxe NeT UHTEHCUBHOCTb W3/IYYEHUSA 3aMeTHO He M3MeHsAach.
Ha Heé He oKas3blBa/iIn HUKAKOro BAUAHUSA Takue 06blYUHble BO3AENCTBUA, Kak
HarpesaHue, 06n1yyeHMe 3N1EKTPOMArHUTHLIMW BOJIHAMW W YBE/IMYEHUE [AaBNEeHUSA.
XnMuyeckne peakumun, B KOTOpble BCTynanu pajguoakTMBHbIe Belw,ecTBa, TakXe
He B/IMAAN HA WHTEHCUBHOCTb WU3AYy4YEHUS.

Bo-BT OpbIX, O4eHb CKOPO MNocsie OTKPbITUS PagMoaKTUBHOCTU BbIACHW/0Chb, YTO
pagnoakTMBHOCTb COMPOBOXXAaeTcA BblgesnieHMeM 3Hepruun. Mbep Kiopu nomectun
aMmnyny ¢ xsopuaoMm pagmsa B KasopumeTp. B HEM nornowanucb a-, (3 un y-nyunm,
M 3a CYET UX 3Heprnu KanopumeTp Harpeancda. Kiopwu onpegenun, 4to pagui
Maccom 1 r Bbigensetr 3a 1 4 3Hepruw, NpUMepHO paBHYyw 582 [Ox. W Takas
3HEepPrua BblgenseTca HENPEPbIBHO Ha MPOTAXEHUW MHOrmx net!

EcTecTBeHHana paguoakTUBHOCTb, a-, p- U y-U3ny4dyeHue

1. Kakoli onblT No3BONMNA 06HAPYXXUTb pasHble BUAbl NU3TYYeHUA?
2. Yem oTnnyalTca a- M (3-n3nyyvyeHme OT y-u3nyyeHua?
3. UTo Ha3biBaeTCA eCTeCTBEHHOW pafnoakKTUBHOCTbIO?



KBAHTOBASA ®M3NKA 313

11883  BWAbl PAAVNOAKTMBHOIO N3/TYYEHUS

C Kakumu BunagaMumn pagunoakTUBHOINo MU3Nyy4yeHuUsa Bbl No3HaKOMUINCL?

Anba-yactuybl. TpyaHee 6bI10 BbIACHUTbL APUPOAY a-d4acTuly, Tak KaK OHUu
cnabee OTKNOHAKTCA MarHUTHLIM N 31eKTPUYECKUM NoNnAMMU.OKOHYaTeNbHO 3Ty
3ajavy yganocb pewntb Pesepdopgy. OH M3Mepun OTHOWEHWE 3apsaja ( 4YacTu-
Ubl K €& mMacce T MO OTK/IOHEHW B MarHUTHOM none. OHO oKa3asiocb MpUMep-
HO B 2 pas3a MeHblle, 4eM Yy MpoToHa — sfAapa aToma Bojopoga. 3apsajg npoToHa
paBeH 3fleMeHTapHOMY, a ero macca O4YeHb 61M3Ka K aTOMHOW eguHULE Macchl.
CnepoBaTtesibHO, y a-4acTulbl Ha OAMH 3N1eMeHTapHbIA 3apsa npuxoanmTca macca,
paBHas ABYM aTOMHbIM efuHULAM Macchl.

Ho 3apsap a-yacTmybl 1 eé macca ocTaBajiuCb TeEM He MeHee HEeW3BEeCTHbIMMU.
CnepoBano M3mMepuTb nm6o 3apag, Nnbéo maccy a-yactuubl. C NosABNEHWEM CUET-
ynka leiirepa (cM. 8§ ss) CTano BO3SMOXHbIM MpoLWE WU TOYHEe U3MepUTb 3apsag.
CKBO3b 04YeHb TOHKOE OKOLW KO a-yacTuubl MOFyT MPOHUKAaTb BHYTPb CYETYMKA
U perncTtpupoBatbCcsa WM.

Pesepdopg nomecTun Ha NyTWM a-yacTuy CYETUYUK
leiirepa, KOTOpbIi W3MepsAsa 4YUCNO 4YacTul, MUCNycKas-
WNXCA pagnoaKTUBHbIM npenapaToMm 3a onpefenéHHoe
BpemMs. 3aTemM OH MoOCTaBW/N Ha MecTo cY4éTuymka meTan-
NNYeCKNN UNNNHAP, COEAWHEHHbIN C YYBCTBUTENbHbIM 1
anekTpomeTpom (puc. 12.3). 3nekTtpomeTpom Pe3sep-
dopa wn3mepan 3apaj a-dacTul, UCNYLWEHHbIX MCTOY-
HWKOM BHYTPb LMWAMHApPaA 3a TakKoe e Bpemsa (paguo-
aKTMBHOCTb MHOIMMX BeWecTB MNOYTU He MeHsdAeTca Co
BpemMeHeM). 3Has CcyMMapHbIi 3apag a-dactuy M ux

1l

ynucno, Pesepdopn onpeaenvn OTHOWEHWE 3TUX BEIU-
YMH, T. €. 3apsag O0A4HOM a-yacTuubl. DTOT 3apsj oKa-
3a/csl paBHbIM ABYM 3/1eMeHTapHbIM.

Takum 06pa3om, OH YCTAHOBWUJ/I, UYTO Y a-4acTulbl Ha
KaXAblii M3 ABYX 3MeMeHTapHbIX 3apsaoB NPUXoamnTcs
[lBe aTOMHble eAUHULbl mMaccbl. CriegoBaTesibHO, Ha fBa E
3/leMeHTapHbIX 3apsAga MNPUXOAUTCSA YeTbipe aTOMHble .‘ ~I

eAVHWLbl Macchl.
Takoii e 3apsif U TaKyl >XXe OTHOCUTE/NIbHYI aToM-

HYl Maccy MMeeT siapo renuvs. M3 aToro crepyeT, 4To

a-yacTmua — 3TO AAPO aToMa renus.

He 00BONbLCTBYSICb AOCTUTHYTbLIM pe3ynbTaTtoM, Pesepdops 3aTeM elé npambi-
MU OnbITamMu foKasas, 4To Mpu paguoakKTMBHOM a-pacnaje o6pasyeTcss MMEHHO
renunii. Co6upas a-yacTulbl BHYTPW crneunanbHOro pesepByapa Ha MPOTSXKEHUU
HEeCKO/MIbKUX AHel, OH C MOMOLLbI CMeKTpanbHOro aHanusa y6eaunncs B TOM, 4TO
B cocyje HakKannueaeTcs renuit (Kaxkgas a-yacTuua 3axBaTbiBasa [iBa 3/1eKTpPoHa
M npespauianacb B aToM renus).

MpeBpaweHna sgep MNOAUYMHAITCA TaK Ha3blBAEMOMY MpPaBuUly CMelleHus,
chopMyNMpPOBAHHOMY BMepBble aHTAUACKUM XUMUKOM d. Coaamn.



314 KBAHTOBASA ®U3NKA

Mpasuno cmewenus ana W pacnaga Mpn a-pacnape sApo TepsieT NONOXUTENbHbLIA 3apag
2e N macca ero ybolBaeT NPUMEpPHO Ha YeTbipe aTOMHble eAWHWULbI Maccbl. B pe3ynbTaTe
N3NeMeHT CMelaeTcqd Ha ABe KNeTKM K Hayany nepuofuy4yeckoin cCUCTeMmbl.

Cxemy a-pacnafja MOXHO 3anucatb Tak:
- me-JZY + sHe.
Mpumepom a-pacnaga ABMAAeTCsa npespaweHue pagusa B pafoH:
:lJ]Ra -* 2]|Rn + :He.

H606X0,£I|I/IMO OTMEeTUTb, 4YTO

npu BceX AAepHbIX MpeBpaljeHNAX COXPaHATCA MaccoBble (Y4MCMO HYK/OHOB)
1 3apsfoBble uYucna, TakKe BbIMOMIHAITCA BCE M3BECTHble 3aKOHbl COXPaHEHUA: 3Heprum,
umMnynbca, MOMeHTa MMnynbca, 3apsja.

NccneposaHusa, Havatble PesepdopAoM UM NPOAO/KEHHbIe WM COBMECTHO
c ®. Cogan, nokasasu, 4TO NpeBpalieHUs UCNbITbIBANU W Apyrve pagunoakTUB-
Hble 3/IEMEHTbI: ypaH, akKTUHWUNR, paguii.

Pesepcops o6HapyXwnn, 4To aKTUBHOCTbL TOPUSA 0OCTaéTcA HeM3MEHHOW B 3a-
KpbITOl amnyne.

LIJ I/ILLI AKTUBHOCTb pajMoakKTMBHOIO BellecTBa — 3TO 4yucno pacnapgos 3a 1 c.

Ecnu >ke npenapat o6ayBaeTca faXe o4veHb cnabbiMM NoToKamu BO3AyXa, TO
aKTUBHOCTb TOPWUS CUNIbHO YMeHbllaeTcsA. YUéHbli MpeanosiodXua, 4Tto ogHoBpe-
MEHHO C a-dacTuuamMmu TOopuii UcnycKaeT KaKoW-To paguoakKTUBHbIWA ras.

Ypanas HacocoM BO3AYX W3 aMMynbl, cogepykalwei Topuii, Pesepgops Bbige-
NVN pagnoaKTUBHbIW ras3 v uccaefoBas ero MOHM3UPY LYy cnoco6HocTb. OKasa-
N0Cb, YTO aKTUBHOCTb 3TOr0 rasa (B OT/IMUMe OT aKTUBHOCTM TOpMUsS, ypaHa U pa-
ONS) oveHb 6bICTPO y6biBaeT CO BpeMeHeM. KaXayl MUHYTY aKTUBHOCTb y6biBaeT
B/IBOE, U uepe3 AecATb MUHYT OHa CTAHOBMUTCS MPaKTUUYECKM paBHoO Hynw. Coaam

nuccnenoBan XMMUYeCKUe CBOWCTBA 3TOr0 rasa W yCcTaHOBWUJ, 4YTO OH
He BCTynaeT HW B Kakue peakuun, T. e. SABNSAETCS WHEPTHbIM rasom.
BnocneacteBuy 3ToT ras 6bi71 HasBaH pPajoHOM W MOMeW,éH B nepuo-
Anueckoit cucteme O. WN. MeHpgeneeBa noj nNopsiAKoBbIM HOMEPOM s 6 .

BeTta-nyun. C camoro Hadana a- u (3-y4nm paccMaTpuBasincb KakK MOTOKU 3a-
psOKeHHbIX 4yacTuu. Mpouw,e BCero 6bi/I0 3KCMEPUMEHTUPOBATL C p-iyyamu, Tak
KaK OHW CU/ibHee OTKJ/IOHSATCS KakK B MarHUTHOM, TaK W B 3/1eKTPUYECKOM noJle.

OcHoBHAas 3ajaya 3KCMNepMMEHTATOPOB COCTOsi/la B OMpeAenieHUn 3apsijga U mac-
cbl vyacTuy. Mpu uccnefoBaHMN OTK/OHEHWUS pP-4acTUL, B 3/IEKTPUYECKUX U mar-
HUTHBLIX MONSAX 6bI/I0O YCTAHOBJ/IEHO.

BCNOMHWUTe, OT 4Yero 3aBUCUT pa- 4TO OHW MNpeAcTaBNAKT cob0ii He uTo
AVYC KPWBU3HbLI TPAeKTOPWUM HacTu- WHOE, KaK 9/IeKTPOHbI, [ABUXYyLiUMe-
Ubl, BneTeBlWwei B MarHutHoe none CA CO CKOpPOCTAMM, O0YeHb OGAU3KUMU
noj yrnom K JIMHUAM  MarHuTHOI K cKopocTu ceeTa. Cyu,ecTBeHHO, 4TO

VHAYKLNN. J CKOpOCTHU p-yacTuu, ncnytLeHHbIX
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cBoero o6pasoBaHudA, Tak M cnycta 10 mmH nocne atoro. Pacnag nwo6oro atom-
HOro sigpa — 3TO, TaK cKas3aTb, He «CMepTb OT CTApOCTU», a «HEecYaCTHbIW cny-
yaii» B ero XXuW3Hu. Ona pagnoakTUBHbLIX silep He cyUlecTBYeT MOHATUSA Bo3pacTa.
MOXXHO onpeaenuTb NNWb WX CPeAHee BPeMS >XU3HU T.

Bpemsa cyuwi,ecTBOBaHUSA OTAeNbHbIX sigep MOXeT BapbupoBaTbCsA 0T Aonel ce-
KYHAbl A0 MWUAAMapnos net. ATOM ypaHa, Hanpumep, MOXEeT CMOKOWHO npose-
XaTb B 3eM/le MUAMuapabl fleT U BHe3anHO B30pBaThCs, Torga Kak ero coceam
6n1aronosly4yHo NpoAos/KakT ocTaBaTbCss B MPEXHEM COCTOAHMKU. CpeaHee BpeMs
XXMU3HNW T — 3TO MNPOCTO cpefHee apUpMeTUUYecKoe BPEMEHM >XXU3HWU [0CTATOYHO
60NbLWIOr0 Ko/IMYecTBa aTOMOB JaHHOro Bmaa. OHO MpPsAMO NMPOMNOpPUUOHANbHO Ne-
puoay nonypacnaga. MNpeackasaTb, Korga Npon3onaéT pacnajg siapa AaHHOro aTo-
Ma, HeBO3MOXHO. CMbIC/T MMEKT TONMbKO YTBEPXXAEHUS O MOBEAEHUM B CpefHEeM
60NbLWOA COBOKYNMHOCTW aTOMOB.

3aKOH pajuoaKTMBHOrO pacnajga onpejensieT cCpefHee 4ucno sigep aTomoB,
pacnajatwlwmxcs 3a onpeaenéHHbli WHTEpPBan BPEMEHW.

Bcerga wnmetwTcA Hen3beXXHble OTK/IOHEHUSA OT cpegHero 3Ha4deHUA, N 4YeMm
MeHbLUE KO/TNMYECTBO pagnoaKTUBHbLIX A4ep B npenaparte, TeM 6onbwie 3TU OTKO-
HeHNA. 3aKOH pajnoaKTUBHOrNo pacrnajga AB/IAeTcA cTaTUCTUYECKNM 3aKOHOM.

Mepuog nonypacnaja. 3akoH pajgMoakTUBHOrO pacnaja

1. UTto Ha3blBaeTca nepuogom nonypacnaga?

2. MoXHO N npepjckasaTb MOMeHT pacnajga faHHoro sagpa?

3. NMoyemy 3aKOH pafuvoaKTUBHOr0O pacnaja cuyMmTalwT cTaTUCTUYECKUM
3aKOHOM?

~y 1 PafgvoakTUBHbIM M30TON MMeeT nepuos nonypacnaga 2 MuH. CKONbKO ajep u3
1000 apep aToro m3oTona McnbiTaeT pafuMoOaKTUBHbIN pacnapg 3a 2 MUH?

1) TouHo 500 sapep

2) 500 unn HEMHOro MeHblle sgep

3) 500 unn HemHoOro 6onblwe apep

4) okono 500 spgep, MOXXeT ObiTb, HEMHOro 6oNblle WM HEMHOF0 MeHblUue

mr . 2. Ha pucyHke nokasaH rpauk WU3MeHEeHUs Macchl
3V HaxoAsiueroca B Npo6MpKe pajuoakKTUBHOINO M30TO-
\ na c TeyeHuem BpemMeHu. Mepuon nonypacnaga 3Toro

2 n3otona paBeH
. \ NK 1) 1 wmec. 2) 2 mec. 3) 4 mec. 4) 8 wmec.

3. AKTUBHOCTb pafnoakKTUBHOIO 3/1eMeHTa YMEeHb-
°© 1234567 s 7, wunacb B 4 pasa 3a 8 fgHeil. Yemy paBeH nepuog

nonypacnaga 3Toro afeMeHTa?

1) 32 pHA 2) 16 pHeld 3) 4 pgHA 4) 2 pHA

4. Kakasi Aons paguoakTWBHbIX aTOMOB OCTaHeTcs Hepacnaslielica yepe3 MHTepBas
BpEMeHW, paBHbIi ABYM nepuogam nosypacnajga?
1) 25 % 2) 50 % 3) 75 % 4) 100 %



KBAHTOBASA ®M3NKA 321

8§85 T[PVMEPbI PEWWEHNA 3AOAY MO TEME
«3AKOH PAOVNOAKTMBHOIO PACIMALOA»

MpueeaéHHbIe NMPUMEPbl OTHOCATCS K SIB/IEHUIO €CTEeCTBEHHOW pafuMoaKTUB-
HocTu. Mpu pafnMoakTUBHOM pacnaje BbIMOMHATCSA 3aKOHbl COXPAHEHUS Mac-
COBOr0O U 3apsij0BOro 4ucen, MNO03BONSAKWME OMNPEeAeNUTb 3/1EMEHT, MNOoJYUYUB-
wwuiica B pesynbTaTe M3BECTHOro pacnaja, Wau, Hao6opoT, BWUA pacnaga.

Mpu peweHnn 3agay Ha 3aKoH pagMoakKTMBHOrNO pacnaja nepuwoj nonypacnaja
[AaHHOro pafnoaKTUBHOIO BellecTBa onpegensercs no Taénuue.

3agavya L Kakoli xumuueckoi anemeHT obpasyeTcs nocsie ABYX a-pacnajos,
n aByx (3-pacnagos nzotona ToTh?

PeweHune. 3anuwem ypaBHeHue pacnaga: 2|oTh -* + 23,He + 2_"e.

MaccoBoe 4ucno Agpa, obpasoBaBlUerocs B pesy/nbTaTte pacnajos,
A = 232 - 2 4 = 224.

3apsapgoBoe uncno Z =90 -2 -2 -2 - (-1) = ss.

Mo nepmnognyeckon Tabnuue 371eMeHTOB Haxo4UM 3/1eMeHT C aTOMHbIM HOMe-
pom ss — paguini. B pesynbTaTe pacnaja obpasyetca msoton pagusa f]Ra.

3ajaya 2. Hanuwwute HeAocTawUyl YacTuuy uWAM SAAPO0 Npu clefylouwmnx
AAepHbIX npeBpauieHUsax: g|Np —m.g®U + ...; 28fRa —* 2|]gRn +
PeweHune. Bocnonb3oBaBLIWCb 3aKOHAMW COXPaHEHWUS MaccoBOro U 3apsijo-
BOr0 4ucesn, HaxoauM:
23¢ 2 . 226 . 222 !
28¥Np — 23U + _Ye; 226Ra 22Rn + ,He.
CyMMbl MaccoBbiX W 3apsAf0BbIX YMCe/N B ypaBHEHUW cnpaBa paBHbl MaccoBOMY
N 3apsAoBOMY 4yuc/iaM 3/1eMeHTa, UCMbITbIBAKLWEro pacnagj.

3ameTum, 4To Npu (3-pacnage 06pasyeTcs 3/1EKTPOHHOE aHTUHEWTPUHO, HO €ro
MaccoBOe W 3apsfloBOe 4MCNa paBHbl Hynw — OVf.

3afgaya 3. Onpegenute, B KakKOW MOMEHT BPEMEHW YMCNO HepacnasLlMXCA

anep msotona yrnepoga *gC cTaHeT paBHbIM 1011, ecNM B HauvasbHbli MOMEHT
yucno agep pasHo 1022 Mepwuop nonypacnaja paseH 5730 ner.

PeweHune. 3akoH pagnmoakTmBHoro pacnaga mmeet sng N = NO = 2~t/T, oT-

Kyga t = - — ~ 2,09 «10s ner.

3apgava 4. Yemy paBHO OTHOWeEHWe 4yucaa pacnaBlIMXCA sgep ABYX MNopuuid
pagvoakKTUBHOIO BellecTBa CNYCTA 4Y4eTBepTb Mepuofa nonaypacnajga, ecivm B 04HOWN
nopumm 66110 B HavalbHbI/i MOMEHT BpPEMEHU 1006 A4ep, a B ApYyrom — 108?

PeweHwne. Yucno pacnaBwimxcs agep B Nepsoii nopunum B MOMEHT Bpeme-
HU t Haligém cornacHo 3aKoHy paAMoaKTMBHOIO pacnaja:
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t t

N, = NOL- NOl =2 T = Nn(1- 2 T).
t

Bo BTopon nmopuum N2 = N (1 - 2 T).
OTHOWeEHNe Yucna pacnaBlINXCA K MOMEHTY BpemMeHu t agep

W = ADINL- 279 %1 =0,01.

~0 2
Wo2U - 2 T
3agaya 5 MaccoBble yucna m3oTonoB xnopa 35 a.e. m. n 37 a. e. m. Obey-
ANTe, KakK onpegennTb NPOLEHTHOE coAepXXaHue 3TUX M30TOMNOB B €CTECTBEHHOM
COCTOAHUMN.

PeweHune. B ecTecTBEHHOM COCTOAHMW OTHOCUTE/IbHAA Macca aTtoma XxJsjopa
paBHa npumepHo 35,5 a. e. m.

O603HauYuM 4acTb xnopa s0Cl B eCTECTBEHHOM COCTOSSHUW 4epe3 X, Torga 4vacTb
xnopa s'Cl paBHa (1 - Xx).

CoctaBuMm ypaBHeHue: 35x + 37(1 —x) = 35,5. Pewas 3ato ypaBHeHUe, Nony-
unm x = 0,75. CneposaTtenbHo, nsortona ssCl — 75 %, a ::Cl — 25 %.

3ajaym AN CaMoCTOSITe/NIbHOTO pelleHuns
1. B pe3ynbTaTe nocneaoBaTeNlbHOW Ccepun pafMoOaKTUBHbLIX pacnagoB ypaH

291U npeBpauwaetca B cBUHey :S|Pb. Ckonbko a- u (3-npeBpawieHnii oH npwu
3TOM UCNbITbiBaeT?

2. Mepwunopg nonypacnaga pagua T = 1600 net. Yepe3 Kakoe BpemMs 4YuUC/o ato-
MOB yMeHbLWNTCA B 4 pasa?

3. Bo CKO/IbKO pa3 YMEHbLWMNTCA YMUCN0 aTOMOB OAHOr0 M3 M30TOMOB pajoHa 3a
1,91 cyT.? lMNepwnog nonypacnaga 3Toro maorona pagoHa T = 3,82 cyT.

4. PapguoakTmBHbIN asoT 13N npwm pacnaje npespaw,aeTca B MU30Ton yrnepoga
'9C. Hanuwwnte ypaBHeHWe saepHOM peakumm. Kakaa yactumua npu 3TOM MU3Ny-
yaetca?

5. Mepwunog nonypacnaga wusortona sogopoga 3H T = 12,3 roga. Onpegennte
KONM4yecTBO Agep, pacnaswwuxca 3a 24,6 roga. HauvanbHoe uucno apep 6bio
paBHO 1 MJIH.

—_—

(\_’i@ 1. MpenapaT akTUBHOCTbi0 1,7 < 101l yacTny B ceKyHAy nomMewéH B MeAHblI/i KOH-

) TeiHep Maccoii 0,5 Kr. Ha CcKONbKO MoOBbiCM/IaCb TemnepaTypa KOHTeliHepa 3a
1 4, ecnM wn3BecTHO, 4YTO fAaHHOe pafMoaKTUBHOE BEeL|eCTBO MCMYyCKaeT a-4acTulbl
aHeprnenn 5,3 M3B? CunTtaiiTe, 4TO 3Heprmsa BCeX a-yacTul, MONHOCTbI MNepexoauT
BO BHYTPEHHIOIO 3HEPrui0 KOHTelHepa. TennoéMKOCTbl0 Mpenapata W Tensoobme-
HOM C OKpy>XatlLlelhi cpefoil MOXHO npeHebpeyb. YpaesibHass TennoéMKOCTb Megu
380 Ox/(kr mK).

2. O6pasey, copepxawuii paguit, 3a 1 ¢ ucnyckaet 3,7 mtO10 a-yactny. 3a 1 u
BblgenisieTca aHeprusa 100 [A>x. Yemy paBHa CKOPOCTb a-4yacTuubl? DHepruei otgaudu
anep, ynanydyeHvem u pensaTUBUCTCKMMU ahdhekTaMn MOXHO npeHebpeyb. Monsap-
Has macca renumsa 0,004 Kr/monb.
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1§86 METOZbl HAB/IOAEHNSA U PEFUCTPALINM
: SNIEMEHTAPHbIX YACTUL,

Kakne vacTuubl obpasylTca B pe3ynbraTe pacnaga agep?
Kak unx pasgenstoT?

Ha ocHOBe 3KcnepuMeHTOB 6bia onpefenéH pasmep sigpa atoMa, 06HapY>XeH
HeATPOH M Me30Hbl, 4YacTulbl, MosABASAKUIMECA B pe3ynbTaTe pPagMoaKTUBHOIO
pacnaga.

Mo3HakoMuMmcsi ¢ ycTpoiicTtBamu, 6rarogapsi KOTOpbIM BO3HMK/AA WM Havana
pa3BMBaTbCA (M3MKA aTOMHOI0 Agpa M 3/eMeHTapHbIX 4YacTuy. DTo ycTpoiicTea
ANA perncTpauuvv u M3ydvyeHuUsi CTOSTKHOBEHU U B3aUMHbIX MpeBpalieHUin sagep
N 3N1IeMeHTapHbIX YacTul,. MIMeHHO OHM faloT IASM Heo6Xoaumyl MHGopMauunio
0 MUKpOMUpE.

MpuHUMN OeAcTBUA NPUGOPOB ANA perncrpaunuu anemMeHTapHbIX yYactuy. Jlio-
6oe yCTpOWCTBO, perucTpupytoliee 3sfemMeHTapHble YacTULbl WAKM ABUXKYULMeCS
aToOMHble siipa, NoAO06HO 3apsAXKEHHOMY PYXbl C B3BeAEHHbLIM KYpKOoM. He60/b-
woe ycunave Npu HaxaTWM Ha CNYCKOBOW KPHOUYOK PYXbS Bbl3blBaeT 3 PeEKT, He
CPaBHWMbI C 3aTpayeHHbIM YCUNNEM, — BbICTpe.

PerncTpupylownini npnéop — sto, Kak nNpasuno, CNOXHAas MakpoCKoMM4yeckas
cucTemMa, KoTopas MOXET HaX0AMTbCS B HEYCTOWYMBOM COCTOSHUM. Tpu HeGONbWOM
BO3MYLLEeHUWN, BbI3BAHHOM NpoONeTeBWeEN yacTuuel, HauyMHaeTCcs nmpouecc nepexoja Cw-
cTeMbl B HOBOe, 6osiee yCTOWUYMBOe COCTOsSHWEe. ITOT MPOLECC U MNO3BONAAET PErucTpu-
poBaTb uacTuyy.

B HacToAWee BpeMsA MCMNOAb3yeTCA MHOXXECTBO pas3/INUYHbIX METOAOB permcrpa-
LMnm vactuu,.

B 3aBUCMMOCTWM OT Lenei aKcnepumeHTa M YyCc/i0BUW, B KOTOPbIX OH MPOBOAUT-
CA, MPUMEHSATCA Te WU/IN WHble perucTpupyllme ycTpoiicTBa, oT/Myakwmecs
APYr OT Apyra no OCHOBHbIM XapakKTepucTuKam.

FazopaspsagHbiii cuéTumk [eirepa. CuyéTtumk leiirepa — oAMH U3 ,"
BaXXHeMW X NpubopoB ANA aBTOMaTU4eckoro nofcyéra vactuy,. ﬁ\

Cyétumk (puc. 12.6) cOCTOUT W3 CTEKAAHHON Tpyb6-

KW, MNOKPbITOW W3HYTPU MeTaa/InyeckKum cnoem (kKa- CTeknsiHHas Tpy6ka
TO4), W TOHKOW MeTan/Myeckom HWUTW, nayuweii BAOMb

ocn Tpybkmn (aHop). Tpybka 3anonHsAeTcsa rasom, o6bly- -

HO aproHom. [leilicTBMe CcYETUMKA OCHOBAHO Ha ypap-
HOW wnoHM3auun. 3apsXKeHHas 4acTuua (3/1€KTPOH,
cx-4yacTvua wn T.4.), nposnetas B rase, oTpbiBaeT oOT
aTOMOB 3/1eKTPOHbI W C€034aéT MONOXUTENbHbIE WOHbI K perucrpu-

N cBO6OAHbIE 3/IEKTPOHbLI. D/IEKTPUYECKOE MOs1e MeXxXAay pyloLLemy R
aHOJOM M KatoAoM (K HWM TMOABOAWUTCA BbICOKOE Ha-  ycTpoiicTBY
Npsi)xeHne) ycKopsieT 3/1eKTPOHblI A0 3HEeprui, Npm Ko-

TOPbIX HaunmHaeTcsa yAapHas MOHM3aUUA. 1

Bo3HMKaeT naBMHa MOHOB, U TOK 4Yepe3 CYETUMK pes-

KO Bo3pacTaeT. Npn 3TOM Ha Harpys3oyHom pesuctope R Puc. 12.6

T -~
Kartop, AHOL
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ob6pasyeTca WMMNOY/bC HaNps>XeHUs,
KOTOpbIAi nopaérca B perucTpupyto-
liee ycTpolicTBo.

Ana Toro 4To6bl CYETUMK MOr pe-
rmcTpupoBaTh CrefylOLW Y0 NonasLwyto
B Hero yactuuy, flaBUHHbIA pas3psa Heo6Xo4MMO NoracuTb. STO MPOUCXOANT aBTO-
MaTuyeckn. Tak KakK B MOMEHT MOSABNIEHMA MMNYy/bca TOKa NajeHue Hanps>KeHus
Ha Harpys3o4yHom pes3ucTope R BenAMKo, TO HanpsikeHne MexXxay aHO4OM M KaToaoMm
pe3Ko yMeHblaeTca — HAaCTO/bKO, YTO pa3psaj npekpawaeTcs.

CuéTtumk Tleirepa NpumeHseTcA B OCHOBHOM ANA perucrtpaLnun 371eKTPOHOB
N y-KBAHTOB ((pOTOHOB 60/IbLIOIK 3Heprun).

Ob6cyanTe, B YEM COCTOUT ABNEeHUe
MoHmsaumm artoma. YTO0 Takoe no-
TeHumnan moHm3lauum?

B HacTofiulee BpemMA co3gaHbl CYET-

f OueHnTe TOYHOCTb nNoAcyéTa uYa- YMKKn, paboTarwwMe Ha MHbIX MAPUH-
cTuy ¢ nomMoLbo onuncaHHoOro yunax.
ycTpoucTsa. Kamepa BwunbcoHa. CYETUYMKM noO-

3BOMIAKT NUWb perucTtpmposaTtb (akT

NPOXOXAEHUSA 4Yepe3 HUX YacTuubl U PUKCUPOBATb HEKOTOpPble €& XxapaKTepuctu-

Knu. B Kamepe >xe BunbcoHa, co3gaHHon B 1912 r., 6bicTpasa 3apshHKeHHas vactmuya

ocTaBnidAeT cfef, KOTOpblIi MOXHO Habnwgatb HeNnocpeacTBEHHO WAU

£ choTorpapmpoBaTb. IDTOT NPM6OP MOXKHO Ha3BaTb OKHOM B MWKPO-

MUP, T. €. MUP 3N1eMEHTapPHbIX 4YacTuUL, WU COCTOAWNX U3 HUX CUCTEM.

MpuHunn peiicTBna Kamepbl BunbcoHa OCHOBAH Ha KOHAEHcaLMW nepeHa-

CbiLLLEHHOr0 napa Ha MoHax ¢ obpa3oBaHMeMm KanesieK BOAbl. OTW MOHbI CO34aET
BAONb CBOEM TpaekKToOpMW ABMXKYyULAACA 3apsAXXeHHasa vacTuua.

Kamepa BwunbcoHa npepactasnseTr

r .. BCMOMHMTE npouecc KOHAEHCALMN. coboi repmMeTMYeCcKU 3aKpbiTblh CO-
KakuM 06pasoM MOXHO MNONYYUTb CyA, 3amnojiHeHHbIV nmapaMu BOAbl UAu
nepeHacbllWeHHbIH nap? Yto Heob6- cnupTa, O6/AU3KUMW K HacblWeHUto
X0AMMO [ANA Hayana KoHfeHcauumn (pnc. 12.7). Mpu pe3kKom onyckaHuu
napa? MOpLWHA, BbI3BAHHOM YMEHbLlEeHNEM

JaBneHWs nog HUM, nNap B Kamepe
afgnabaTHo pacwupsieTca. BcneacTBue 3T0ro NPoUCXOAUT OXNaXKAeHue, U nap
CTAaHOBUTCA MepeHacblUeHHbIM. 3T0O — HeycToliYMBOe COCTOSIHWE Mapa: OH fer-
KO KOHJAeHCUpyeTcsl, €c/iM B cOoCyae MOSIBASAKTCA LEHTPbl KoHAeHcauuun. LieH-

TpaMn KOHAeHCaLuMn CTaHOBATCA WOHbI, KOTopble 06-
CTeK/NIAHHas pa3yeT B paboyem npocTpaHCTBE KaMepbl MnponetesBllas
naactTuHa yactuua. Ecnm yactmua npoHukaeT B Kamepy cpasy mno-
cfle paclwupeHus napa, To Ha €€ NyTW NOSABNAKTCA Ka-
nenbkKM BOAbl. OTW Kanesbku 06pasylwT BUAUMbIA cnep
nponeteswel yactuuybl — Tpek (puc. 12.8, a). B aToT
MOMEHT npoucxogunT doTorpapmpoBaHne paboyero 06b-
éMa Kamepbl W3 HECKONIbKUX TOYEeK, 4T0o6bl MOMYy4YUTHb
NpocTPaHCTBEHHYI KapTMHY. 3aTeM Kamepa BoO3Bpalia-
eTcss B UCXOAHOE COCTOSAHWE, W WOHbl yAanslTca 3/eK-
TPMUYECKMM MOMEM.
B 3aBMCMMOCTM OT pas3mMepoB KaMepbl BpemMs BoccTa-
HOBNleHNS1 paboyero pexuma BapbuUpyeTcss OT HECKO/b-
KNUX CeKYHA A0 AeCATKOB MWHYT.
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NMHdopmaunsa, KoTopyl pJakT Tpekwu
B Kamepe BunbcoHa, 3HauyuTenbHO 6ora-
ye TOW, KOTOPYK MOTYT AaTb CHETUUKMU.
Mo pAnvHe Tpeka MOXHO onpefennTb
3HEpPrui YyacTuubl, a N0 4Yucny Kane-
NeK Ha eAuHUUY O/MHbI Tpeka — eé
CKOpoOCTb. UeM ANVHHee TpeK 4yacTuuybl,
TeMm 60nblie eé 3Heprus. A dem 6onble
Kanenek BoAbl o6pa3yeTca Ha eAVHULY
ONVHbI TpekKa, TeM MeHblle CKOpPOCTb
yacTuubl. YacTnybl ¢ 601bWKMM 3apsagoMm
0CTaBNAT TpeK 60/MblIed TONLWUHDI.

CoBeTckue umsmkum M. JI. Kanwu-
ua mn 4. B. CkobenbuyblH npea-
NnoXnnun nomeuwiatb Kamepy BunbcoHa
B O4HOPOAHOE MarHuTHoe nosie. Mar-
HUTHOE Mofie AelcTBYeT Ha ABUXYLL Y-
I0CA 3apsdXXeHHY vacTuuy c onpepge-
NEHHOW cmnoii (cnnoii SlopeHua). dTa cmna UCKPUB/ISAET TPAeKTOPUID YacTulbl, He
M3MeHAA MOAYNA e& CKOpPOCTU. TpekK mmeeT TeM 60NbLUYI0 KPUBU3HY, YeM 60/ibLIe
3apag 4YacTuubl M YyeM MeHblle eé macca. Mo pagnmycy KpuBU3HbI TpeKa MOXHO
onpegennuTb OTHOWeEHMe 3apsaga 4vacTumubl K eé macce. Ecnm m3sBecTHa ofgHa w3
3TUX BENWYUH, TO MOXHO BblYMCAUTbL ApPYryw. Hanpumep, no 3apagy 4vacTtuubl
N paguycy KpuUBW3HbI €€ TpekKa MOXXHO HalTm mMaccy 4yacTtuybl.

My3blpbkoBass Kamepa. B 1952 r. amMepuKaHCKUM Y4YEHbIM
A. Tnelizepom 6bl10 NpeasoXkeHo MUcNonb30BaTb AN 06Hapyxe-

HUA TPEeKOB 4YacTul MeperpeTyw >XWUAKOCTb. B Takoih >Xunakoctm Ha

noHax (LeHTpax napoob6pas3oBaHUs), obpasywWUXCA MNPU ABUXKEHUUN

O6bICTPON 3aps>KEHHOW YacTulbl, NOABASAKTCA NY3blpbKW Napa, gakwune BULUMbINA
Tpek. Kamepbl gaHHOro tuna 6blNM HasBaHbl MYy3blPbKOBLIMMU.

B ncxXo4HOM COCTOAHUW XUAKOCTb B Kamepe HaxoAMTCA Mo BbICOKUM [AaB-
neHnem, nNpegoxpaHAwWUM eé 0T 3aKMnaHWA, HECMOTPSA Ha TO 4YTO Temnepa-
Typa >XWAKOCTW HECKO/IbKO BbllWe TemMnepaTypbl KUNEHUA Npu aTMocepHOM
faBneHun. Mpu pe3kKoM MNOHWUXEHUW [aB/eHUSA XUAKOCTb OKa3blBaeTcsa nepe-
rpetol, m B TeyeHue HebOMbWOro BpeMeHW oOoHa 6yaeT HaXOoAWUTbCA B HeyCTOWN-
YMBOM COCTOSAHMMU. 3aps>KEeHHble YacTulbl, NpoaeTakwlLLMe MMEHHO B 3T0 BpeMs,
Bbl3blBAOT MOAB/IEHNE TPEKOB, COCTOAWMX W3 Ny3blpbKoB nNapa (puc. i1:.s, 0).
B KauecTBe >XWAKOCTW MUCMOMb3YKHTCA TrNaBHbIM 06pa3oM >XWUAKWUW BOAOPOL
M nponaH. OnuntenbHocTb paboyero LUuKa Ny3blpbKOBOW KamMepbl HeBenuMka —
0KOJ/I0 o.1 C.

MpenmMywecTtBo Ny3blpbKOBOW Ka-

Puc. 12.8

O6cyanTe, Kakmm MOXeET 6biTb CO-
OoTHOWeHMe paboyero M NOAroTO-
BUTENIbHOTO MPOMEXYTKOB BpeMeHU
pa6oTbl Kamepbl BunbcoHa.

Mepbl nepej Kamepoir BunbcoHa 06- BcnoMHWTe, nNpu Kaknx YCnoBUAX
yCNoB/EHO 60/MblIeN NAOTHOCTbI pa- Habnofaetcs  Npouecc  KuneHus
6ouero BewecTsa. [lpobern yvacTtuy, I_ KUAKOCTM W Kak OH Ha4MHaeTea.

BC/IEACTBME 3TOr0 OKasblBalTCs [fO-
CTATOUYHO KOPOTKUMMW, W YacTuubl Aaxke 60NbLINX 3HEPruii 3acTpeBalT B Kame-
pe. 3To No3BosisieT Hab/OAaTbL Cepuio NMoc/iefoBaTe/IbHbIX NPeBpalLeHNid YacTuLbl
N Bbi3blBaeMble €0 peakuuu.
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Tpekn B Kamepe BunbcoHa M Ny3bipbKOBOW Kamepe — OAWH W3 rAaBHbIX UC-
TOYHMKOB WMHGMOPMauUM 0 NOBEJEHUW K CBOMCTBaX 4acTul.

Hab6niopaeHne cnefoB 3jieMeHTapHbIX 4YacTuUl, NPOM3BOAUT Ha 3KCNEPUMEHTATO-
pa cusbHOe BMevaTt/sieHuWe, co3A4aéT oW ylL eHWe HEenocpeAcTBEHHOro COMPUKOCHO-
BEHUA C MUKPOMUPOM.

MeTo TONCTOCNOWMHbLIX (POTO3IMY/bCUI. [Ns perncrpayumn yactuy,

‘ Hapagy C¢ Kamepamu BunnbcoHa M Ny3blpbKOBbIMW Kamepamu npume-

“ n HAKTCA TO/ICTOC/OVHbIe (oToamynbcuun. WoHu3upyowee pelicteme

O6bICTPbIX 3apsiXXeHHbIX YacTUL, Ha 3MYJ/IbCUIO (POTOMMACTUHKN MO3BO-

nnno paHuysckoMy u3nky A. bBekkepento OTKPbITb B 1896 r. pagnoakTus-

HoCcTb. MeToa OTOIMY/nbCUKU 6blN pasBuUT coBeTckuMu dusnkamum Ji. B. M bl -
coeckum, I b. XXgaHoBblM ” Ap.

DOTOIMYNTLCUA COLEPXKUT 60NbLIOE KOSTMYECTBO MUKPOCKOMMUYECKUX KpucTas-
nukos 6pomupa cepebpa. bBbicTpas 3aps>XeHHas 4acTtuua, NPOHWU3bIBAsS Kpu-
cTannnkK, oTpbiBaeT 3/IEKTPOHbI OT OTAe/IbHbIX aTtomoB 6poma. Lienoyka Takumx
KpUCTannnkos ob6pasyeT cKpbiToe u3obpaxeHue. MNpu NposaB/IEHUN B 3TUX KPU-
cTanInkKax BOCCTaHaB/AMBAEeTCA MeTan/nmyeckoe cepe6bpo m Lenoyka 3épeH cepebpa
obpasyeT Tpek yactuubl (puc. 12.9). Mo AAVMHE W TOJUWMHE Tpeka MOXHO oue-
HUTb 3HEPru0 N Maccy 4YacTulibl.

L vl A 500 " RS G o e B T Y 4,

Puc. 12.9

MN3-3a 60NbWOK MAOTHOCTU (POTOIMYNbCUN TPEKWU MNOMyYalwTcss O4YEHb KOPOT-
knmu (nopsgka : (s cM gna a-yacTuly, MCNYyCKaeMbiX pagvoaKTUBHLIMWU 3/1eMeH-
Tamu), HO Npu ¢oTorpadMpoBaHUM MX MOXHO YBENUNYUTb.

Mpenmyuw,ectBo (OTOIMY/bCUIM B TOM, 4UYTO BpPeMsS 3KCNO3NULUWN MOXeET ObITb
CKO/lb YroAHO 60NbWNM. 3TO NMO3BOMASET PErMCTPUPOBATL peAKue siBIeHUs. BaxkHO
M To, 4To 6narogapsa 60/bWONA TOpMO3sLW,er cNoco6HOCTM DOTOIMYNbLCUIA YBENNYN-
BaeTCs 4mcno HabnwaaeMbiX MHTEPECHBbIX peakuMii Mexay vactuuamu 1 saapamu.

Mbl pacckasanu gasieko He 0 Bcex npubopax, perucrpmpyrouwmx yactuuybl. Co-
BpeMeHHble NpuU6opbl AN 06HApPY>XEeHUs1 pefKOo BCTPeYawLlmMXcss N KOPOTKOXKUBY-
WNX YacTuL, 0YeHb C/I0XKHbI. B MX co3gaHUM NpuHMMAaKT ydyacTue COTHWU NOAEN.

Tpeku. Perncrtpaumnsa safieMeHTapHbIX YacTul,

1. MOXHO NN C NOMOW bl Kamepbl BunbcoHa perucTtpuposaTb Hesa-
pAXKEHHble YacTuybl?
2. Kakue npeummyuiectBa MmMeeT Ny3blpbKoBas Kamepa Mo CpaBHEHWIO
¢ Kamepoii BunbcoHa?
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8§87 WCKYCCTBEHHAA PAAVNOAKTUMBHOCTD.
AOEPHBIE PEAKUWI

NaiiTe onpegeneHne ecTeCTBEHHON PaAMOAKTUBHOCTU.
Uto Takoe camMonpou3BO/bHbLIA pacnag sgep?

BnepBble B UCTOPUM YesioBeYeCcTBA MCKYCCTBEHHOe MNpeBpalleHWe Ajep ocyuie-
ctBun Pesepdopa B 1919 r. 370 6bI210 yXKe He criy4yailiHoe OTKpbITUE.

Tak KaK sapo BecbMa YCTOMYMBO W HW BbICOKMEe TemnepaTtypbl, HW pJaBrie-
HUe, HW 3/1eKTpOMarHUTHbIE MOMIA He BbI3blBAKT ero paspyweHus, 1o Pesepdopa
npeanonoXua, 4Tto ANSA 3TOr0 HYXXHa o4YeHb 6onbwas aHeprua. Hawmbonee nopf-
XO04AWNMMN HOCUTENSAMWU 60NbLWIOKA 3HEPrMM B TO BpemsA OblAM a-yacTulbl, Bblfe-
Tamouime n3 Aagep nNpu pagmoakTMBHOM pacnage.

MepBbiM AApoM, NOABEPTWMMCA MWCKYCCTBEHHOMY npeobpa3oBaHuio, 6b170
aapo atoma asota ~N.

Bomb6apanpysa asoT a-yactuuamu 60NbLIOA 3HEPruu, UCNyCKaeMbiMK paguem,
Pesepops obHapy>Xwnn nosiBieHWe NPOTOHOB — sA4ep aTtoMa Bojopofa.

rm MckyccTBeHHass pajuWoaKTUBHOCTb — 3TO BO3HWKHOBEHME PafnoaKTUBHbIX
Anep B pesynbTaTe 3axBaTa 4acTul YCTOWYMBBIM ALPOM HepagWOakKTUBHbLIX 3/IEMEHTOB WK
B pe3ynbTaTe CAUAHWSA UM pacnaja sgep.

B nepBbiXx onbiTax peruncrpauus
NPOTOHOB nposogunach MeToA0M
CUMHTUANALUMUNA, N UX pe3ynbTaTbl He
6bl1M  foCTATOYHO yb6eAnTeNbHLIMU U
Hafé>XHbIMW.

Ho cnycTs HecKo/bKO NeT rnpeBpaleHuWe asoTa ypasnocb HabnwogaTtb B Kame-
pe BunbcoHa. lNpumepHOo ogHa a-yacTmua Ha Kaxpable 50 OOO a-yacTtuy, uc-
NyWweHHbIX pagvoakKTUBHbLIM MNpernapaTtoM B Kamepe, norjiouiaeTtca A4pom asoTa,
4TO U NPUBOAUT K MCNYCKaHWi npoTtoHa. [pwu 3aTom AApo a3oTa NpeBpaliaeTcs
B AA4PO m3oTona Kucsopopaa:

BcnomMHuTe, B Kakom onbite Pe-
3epcoppa wcnonb3oBancs MeToq
CUMHTUANALNNA.

YN + \ne — "0 + }H.
Ha pucyHke 12.10 nokasaHa ogHa W3 ¢oTorpaduii 3Toro npouecca.
CneBa BUAHa xapaKTepHasi «BWUJKa» — pa3BeTBNeHUe Tpeka. XXMpPHbI &
cnef NpuUHagneXxuT aapy Kucnopoga, a TOHKUM — MNPOTOHY. OcTanbHbie

a-yacTuubl He npeTepneBalT CTONKHOBEHWUI C saapamu,
M UX TPeKn MNpPsSMONUHENRHbI. ApyrumMmu uccnepoBatensiMmm
6blNIM 06HapyXXeHbl NpeBpalleHnss Noj BAUSHUEM a-yacTuy,
apep Topa, HaATPUSA, aslOMUHUS U ApP., COMPOBOXAALLN-
ecs UCNyCcKaHuWeM TMPOTOHOB. Aapa TSAXENbIX 3/IeMEHTOB,
HaXoAs U NXCA B KOHLLE MEepPMOaNYECKO CUCTEMbI, He UCMbl-
ThiBaNW npesBpauleHuin. OueBUAHO, U3-3a 6ONbLIOIO 3/1EK-
Tpuyeckoro (MoMOXKWUTENbHOM0) 3apsifa Aapa a-dyactuua He
Morna npuénuanTbcs K A4py BMNIOTHYIO. PUC 12 10
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OTKpbITUEe HeWTpoHa. B 1932 r. npon3owno BaXHelwee Ans BCcel

AfepHO U3NKK cobbiTUe: yyeHUKOM Pesepgopga aHrIMNUCKUM Gu-

3Mkom [l. UeaBMKOM 6bl/1 OTKPbIT HeMTpoH. Mpu 6ombapaupoBKe

6epunnuna a-yactumuaMm MNPOTOHbI He nNoABAANUCb. Ho 06Hapy>Xwnocb Kakoe-To

CU/IbHO MpoOHWKalLu,ee N3ay4yeHMe, crnocobHoe npeofosieTb TaKyl nperpagy, Kak

CBMHUOBaA nnacTtuHa TonuwmMHoi 10—20 cm. Bbino caenaHo NpeanonoXXeHue, 4To
3TO y-1yunm 6GONbLIOK 3Heprun.

- NpeH XXonuno-Kiwopwu (goyo Mapum un [lbepa
; ‘ Kiopun) n eé myx ®dpegepuk KXonmno-Kiwpu obHa-
‘ PY>XXWAWN, 4TO eCnnM Ha NyTU U3nydyeHmsa, obpasywoue-

roca npm 6ombappgumpoBKe bGepunnua a-dyactuyamu,
noctaBmTb NapauUHOBYK NjacTUHY, TO WOHMU3MpYyOLas
CNOCOGHOCTb 3TOr0 W37lydeHUS pe3Ko yBenumyumsaetTca. OHU
cnpaBefsiMBO NPeAnosioXWUAN, 4YTO WU3Ay4vyeHue Bbl6UBaeT U3
napauMHOBOM NNacTUHbLI MPOTOHbLI, UMew U Mecss B 60NbLIOM
KONn4yecTBe B TakoM Bogopojgcojep>awem Bewectse. C no-

€ v -~ T
N

Nn MOl b0 Kamepbl BunbcoHa (cxema onbiTa MpuBefeHa Ha
®. XKonuo-Kiopnu pucyHke 12.11) cynpyrun >Xonuo-Kiopu o6HapyXunnam 3tum
(1900—1958) MPOTOHbLI W MO ANMHE Npo6era OUEHUNW UX sHepruio. Ilo

UX JaHHbIM, eC/in MPOTOHbI YCKOPA/IUCbL B pe3ynbTate CTON-
KHOBEHWA C y-KBaHTaMW, TO 3HEPruvs 3TUX KBAHTOB [O0J/IXKHA OblTb OFPOMHON —
okono 55 MaB.

UeaBuk Habnwpan B Kamepe BunbcoHa Tpeku sAgep asota, UCNbITaBLUUX
CTONKHOBEHWE C 6epnnaneBbiM n3nyvyeHmem. Mo ero oueHKe, aHEPTUA Y-KBAHTOB,
CNocob6HbIX coobuwaTb AApamM a3oTa CKOpPOCTb, KoTopasa obHapy>XwmBanacb B 3TUX
HabnwageHmMAx, Ao/HKHa 6blna coctaBnATb 90 MaB. AHanormyHble Xe Habnwpe-
HNA B Kamepe BunbcoHa TPeKOB A4ep aproHa nNpusBenu K BbIBOAY, YTO 3HepruA
3TNUX TUNOTETMYECKNX Y-KBAHTOB A0/I>)XKHa cocTaBnAaTb 150 MaB. Takum ob6pa3som,

cyMTan, 4To Agpa NPUXOAAT B ABUXeEHWUe B pe3dysibTaTe
CTO/IKHOBEHNA c¢ 6e3MaccoBbIMW YacTuuamu, Uccaeno-
BaTe/iIn NPULWLININ K ABHOMY NPOTUBOPEYUNIO: OAHWN U Te

/m\a-qacwlu,bl e y-KBaHTbl 06naganu pas/sinyHOW 3Hepruei.
1 Ctasnio 0YeBWAHbLIM, 4TO MpeAnosioXeHue 06 U3Ny-
Iﬁ‘ yeHUU 6Gepunnmem y-KBaHTOB, T. €. 6e3MaccoBbIX 4a-
Bepuanuii CTUL, HecocToATeNbHO. M3 Gepunnua nofd AelicTBUEM

a-yacTul, BbIJIETAT KakKMe-TO A0CTATOUHO TSHXKE/ble Ya-
CTUUbI. Beab TO/IbKO MPU CTO/IKHOBEHUU C TSHKENBIMMU
yacTuuamMu NpPOTOHbI WU sifpa as3oTa W aproHa Mornu
nonyuynTb Ty 60MbLUYI0 3HEpPruio, KoTopas Hab6nwganach

MapacduH
al Ha onbiTe. MOCKOABKY 3TWU 4YacTuubl o6nagann 60nb-
/n/ : ! Wol npoHMKakuweh cnocobHOCTbIO U HENnocpeacTBEHHO
/ [poTOHBI He MOHM3MpoBaNW ras, TOo, C/AeA0BaTE/IbHO, OHW 6blAKn
i 28 : 3/1eKTpUYeckn HeWTpanbHbIMW. Beab 3aps>eHHas ua-
l l l cTMLUa CUNbHO B3auMoAeWMcTBYyeT C BeL,eCTBOM M MO3TO-
Kamepa BunbcoHa My ObICTPO TepsieT CBOK 3HEPTUio.

Bblno yCTaHOB/1eHO B WUTOre, 410 NpuM nonagaHuum
a-yacTuy B sigpa 6epuanus MPOUCXOAUT Cchefytolyas
Puc. 12.11 peakuus:
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@Be + 2He -* BC + Jn. (12.8)

Tak 6bl/1la 0OTKPbITA 0A4HA M3 OCHOBHbIX 4YacTul, COCTaBASOWMUX AP0, — Heii-
TPOH.

AnepHble peakuuMu. ATOMHblEe fiipa, KakK Mbl 3Haem, Npu B3auMOAENCTBUAX
MCNbITLIBAOT MNpeBpauieHnss. OTU NpeBpaleHns COMpPoBOXKAATCA YBENIMUYEHUEM
UM YMEeHbLIEeHNEM KWHEeTUUYeCcKOl 3HEeprum ydacTBYWLWUX B HUX 4YacTul.

EI/IMlﬂ ApepHble peakumm — 3TO NpeBpalieHUs aTOMHbIX sgep MNpu B3auMopgeit-
CTBUU MX C 3/IEMEHTAPHbIMM YacTULamMu WM ApYyr ¢ APYrom.

MpuBeaéHHbIN BbiWe nNpouecc (12.8) O6cyanTe ¢ OAHOKNACCHUMKAMU,

npespatieHns 6epunnus B Yrnepoj ®?  MOXHO NN CKasaTb, YTO UCKYCCTBEH-
ABNAETCA ANEPHOM peakuunei. Has  pajAMoakTUMBHOCTb  3/eMeHTa

AnepHble  peakuum nponcxoaAaT, Bcerja BO3HWKaeT B pe3ynbrarte
Korga d4actumybl BRNJOTHYH Npubnaun- AQEPHON peakuunu.

XawTca K Aaapy v nonagakwT B cde-

py AelcTBUA Af4epHbIX cui. OQHOMMEHHO 3apsAXXeHHble YacTulbl OTTanKuBakwTCca
Apyr oT agpyra. Moatomy c6nMXKeHME NOMOXKUTENbHO 3apsAXXEHHbIX YacTul ¢ agpa-
MU (NN apep APYr C APYFOM) BO3MOXHO, €c/iM 3TUM 4actuuam (Uaum sgpam) co-
obweHa AocTaToyHo 60MblIan KMHeTUYeckasa JHeprusa. 3Ta saHeprmsa coobuiaeTtcsa
npotoHam, sapam fAelTepua — pfenTpoHam, a-yactTuuam W Apyrum 6onee THAXKE-
NbiM sApamMm C NMOMOLbI0 yCKOpUTENe.

Ans ocyuw,ecTB/NeHUS AAEepHbIX peakuuMil Takol MeToh ropasfo adekTUBHee,
YyeM WcCMNonb3oBaHWe Afep renns, UCNYCKaeMblX PaguvoakKTUBHbIMU 31eMEHTaMW.
Bo-nepBbiX, C NOMOLW b YCKOPUTENen yactmyam MOXXeT 6biTb coobluieHa 3Heprus
nopsgka 10s MaB, T. e. ropa3go 6onbwas ToW, KOTOPYK MUMeEKWT a-dyactumybl (Mak-
cumanbHo 9 M3aB). Bo-BTOpbIX, MOXXHO MCNOMb30BaTb MPOTOHbLI, KOTOPble B MpO-
Lecce pagnMoakKTMBHOINO pacnaja He nosaABndtTca (3To uesiecoo6pasHo NOTOMY, 4TO
3apsAj NpPOTOHOB BABOE MeHbLUe 3apsaja a-4acTul, W NO3TOMY AeNcTBywLW as Ha
HUX cnna oTTa/lKuBaHUA CO CTOPOHbI A4ep ToXXe B 2 pasa MeHble). B-TpeTbux,
MOXXHO YCKOPUTb Aapa 6onee TsXEnNble, YemM sppa renuns.

MepBasa <AgepHas peakuma Ha O6bICTPbIX MNpPOTOHax 6blsla  oOCyULecTB/eHA
B 1932 r. Ypanocb pacwenuTb NUTUIA Ha ABe a-4acTulbl:

gLi + iH — 2He + .He.

Kak BumgHo u3 ¢oTtorpachmm TpekoB (puc. 12.12), appa renmsa pasnetakTcs
B pa3Hble CTOPOHbI BAOAb O4HOW MAPAMONA COrnacHoO 3aKOHY COXpPaHeHUs mmnynbca
(MMNynbCc NPOTOHA MHOF0 MeHbLUe MMMyNbca BO3HMKAKLWMUX a-4acTtuy,; Ha oTo-
rpadoun Tpekn MPOTOHOB He BUAHbLI).

DOHepreTUYecKnii  BbIXOA SAepHbIX  peaKuui.
B onwncaHHOW Bbllle SAAEPHOA peakKUUW KUHeTuYe-
cKas aHeprusa AByX obpasywwuxcsa sagep reams oka-
3anacb 60Nblie KUHETUYECKOW 3Hepruum BCTyNuBLUIe-
ro B peakyuumiw npotoHa Ha 7,3 MaB. lNpeBpaweHune
A4ep CONpoBOXAaeTCcA MW3MEHEHUEM WX BHYTPEH-
Heli aHeprum (3Heprmsa cBsA3nW). B paccMoTpeHHON Puc. 12.12
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peakuMn yaenbHasi 3Heprusi cBA3M B AApax renms 6onblie yAenbHOW 3HEprum
cBSA3M B Aape NuTuUa. MNo3ToMy 4yacTb BHYTPEHHEN 3Heprum sgpa AMTua npespa-
waeTca B KMHETUYECKYID 3HEPruio pasfeTalwlmUxcsa a-yacTtul,.

M3meHeHMe 3Hepruu CcBSA3M sAep oO3HayaeT, 4YTO CyMMapHas 3Heprusi nokos
yyacTBYylOLWMUX B peakKuusax agep v yacTuy He ocTaéTca Heu3MeHHOW. Beab aHep-
rma nokosa aapa Msac2cornacHo dgopmyne (12.5) HenocpeACTBEHHO BblpaXkaeTcs
yepe3 3HepPrui cBsA3M. B cCOOTBETCTBMU C 3aKOHOM COXPaHeHMWUS 3Hepruu

s w N3MEHeHNe KWHEeTUYEeCKON 3aHeprum B npouecce ALEpPHOU peakuUnm paBHO M3-

MEHEHMIO SHEPrMU MOKOS y4yacTBYWLWMUX B peakuunm sigep u 4yacTul,.

H D 3HepreTUYecKM BbIXOAOM SAEPHONW peaKuun HasbiBAeTCs PasHOCTb
JHepruii nokos s4ep M 4YacTuy A0 peakuum M Nocne peakuwu, a TakKe PasHOCTb KUHE-
TUYECKUX IHEPTUi 4YacTul, YYacTBYWOLMUX B peakuuu.

Ecnn cymmapHas KMHeTMYecKas 3Heprusa sgep v yacTuuy nocie peakumm 60nb-
Wwe, 4Yem [0 peakLWu, TO FOBOPAT O BbIAesIEHUU 3IHepPrum. B npoTuBHOM cnyuae
peakuunsa WAET C NOrJolWleHWMeM 3Hepruu. VIMEHHO Takasa peakuus MNpoucxoauT
npu 6ombapanpoBKe asoTa a-vyacTuuamm. YacTb KMHETUYeCcKol aHeprumn (npumep-
HOo 1,2 «10s 3B) nepexoguT B mpouecce 3Tol peakLuWM BO BHYTPEHHIO 3HEPTUio
BHOBb O6pasoBaBlUeroca sgpa.

Bbigensawuwanca npyu AfepHbIX peakKunsax 3HEPTrUs MoxXKeT 6bITb OrpomMHoin. Ho
ucnonb3oBatb €€ MpPU CTONIKHOBEHWMAX YCKOPEHHbIX 4acTuy (Mau spep) ¢ Heno-
OBVDKHBIMW fgpaMun MULIEHW NpakKTU4yecKn Henb3sa. Begb 6onblwias yacTb yCKO-
PeHHbIX YacTuy, nposieTaeT MMMO S4ep MMULWEHW, He Bbi3biBas peakuuio.

fAaepHble peakuMm Ha HelWTpoHax. OTKpPbITUEe HeWTpoHa 6bl/1I0 MOBOPOTHBIM
NMYHKTOM B nccnefoBaHMM AAEpPHbIX peakuuin. Tak KakK HENTPOHbI He nme
psfa, ToO OHW 6GecrnpensATCTBEHHO MPOHWKAKT B aTOMHble A4pa W BbI3bIBAT UX
nsmeHeHnsa. Hanpumep, Habnogaetca cnegyluwas peakuus:

13A1 + ud “#®uNa + gHe.

Benukuin untanbAHCKUN (PU3NK IHPUKO PepmMuM nepBbiM
Hayan m3y4yaTb peaKUWKn, Bbi3biBaeMble HeWTpoHamMu. OH o6Ha-
PYXWN, 4TO sAAepHble npeBpaweHUs 06yCc/0BAEHbl He TO/bKO
O6bICTPBIMW, HO U MeANEeHHbIMW HeWTpoHamMu. MpUUYEM 3TU mefq-
NeHHble HEeTPOHbI OKa3blBaKTCA B 6OMbLLWIMHCTBE CAyyYaeB Aaxe
ropasgo 6onee 3PPpeKTUBHbIMMK, 4YeM O6bicTpble. Mo3Tomy 6bl-
CTpble HeWTPOHbI Uesiecoobpa3Ho MnpeaBapuUTesibHO 3aMeansaThb.
3amefsieHNe HEWTPOHOB [0 TensioOBbIX CKOPOCTEW MPOUCXOAUT
B 0O0bIKHOBEHHOW Boge. ITOT 3PpdeKT 06bSACHAeTCA TeM, uUTO

B BOAE COAEPXWUTCA 60MbLIOE YUCNO sfgep Bogoposa — MpPoOTO-
3. depmm HOB, Macca KOTOpbIX MOYTW paBHa macce HeliTpoHoB. CnepoBa-
(1901— 1954) TeNbHO, HEWTPOHbI MOC/e CoyAapeHWit ABMXYTCA CO CKOPOCTbIO

TensoBoOro ABMXXeHUS. MpU LEeHTpanbHOM COoyAapeHUn HerTpoHa
C MOKOSILMMCSl MPOTOHOM OH Le/IMKOM nepefaéT NMPoOTOHY CBOK
KUHETUYECKYID IHEpruio.
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MicKkyccTBEHHAs pagMoakTUBHOCTb. AA4epHble peakuuun

1. O6bACHUTE, MOYeMy MPU LEHTPaslbHOM CTO/IKHOBEHWU C MPOTOHOM
HelAiTpOH nepefaéT emy BCO 3HEPTruio, a MPW CTOTIKHOBEHWUW C AJPOM *
asoTa — TO/IbKO eé yacTb.

2. O6bACHMUTE, MCNONb3yA pPUCYHOK 12.1, noyemy npu AAEPHOW  peakuumn

gLi + *H —* gHe + 2He 3Heprmsa He nornouw,aeTcsa, a Bblgensercs.
3. UTo Ha3biBalOT 3HEepPreTMYeCKUM BbIXOLOM SAAEPHON peakummn?

4. B uéM rnaBHoe OT/IMYMe SAAEPHbIX peakuuii Ha HeliTpoHax OT ALEepPHbIX peakuui,

Bbl3blBAEMbIX 3apSAXEHHbLIMU YacTuuammn?
5. Kakue npeo6pasoBaHUsi 3HEPruu MPOUCXOAAT MNPW AAEePHbIX peakumnax?

r

1 B pe3ynbTaTe peakuuMm CUHTe3a fJeliTepusa ¢ aapom yZ obpasyetca sAapo 6opa

N HeWTpPOH B COOTBeTCTBUU C peakuumeinn 2H + yZ — 1®B + gH. Onpegennte macco-
Boe umcno X u 3apag Y (B eguHuuax 3fleMeHTapHoOro 3apsfa) sapa, BCTyNMBLUEro
B peakuuio c aelitepuem.

1) X = N, ¥=5 )X =9,Y =14

2) X =10, ¥ =5 4)X =10, ¥ = 4

2. Aapo marHua 2|Mg 3axBaTwunio 371eKTpoH. B pesynbTaTte ob6pasosanocb s84po

1) 13Al 2) 2]Mg 3) 2}Na 4) ffNa

3. Kakoe ypaBHeHMe MNpPOTUBOPEUYUT 3aKOHY COXpaHeHWsa 3apsaja B Af4epHbIX peak-
umnax?

1) — UB +\e 3) UC — 4+ N +-%ie
2)®Li + \p — 2He + |He 4) 9Be + 2H -* + 0On
4. 3anucaHa sagepHas peakuuMs, B CKO6Kax yKasaHbl aTOMHble MAacChl y4YacTBYHLLUX

B Heil yacTuy. lMornouaetca WUAU BbIAENSAETCA 3HEPIrUa MNpU CAefylowein peakyuunu:
ZWPN(239,05) - 1@43Tc(105,91) + 138Sh(132,92)?

1) BbigensieTcs 3) He nornouiaeTcsa, He Bblgensetcs
2) nornouwiaetcs 4) HepoCTaTOYHO AaHHbIX ANA OoTBeTa
5. OnpefennTte 3Hepruiw sAAepHoin peakuum ®Be + 2H —» + 0”- OHeprua no-
Koa 6epunnua 9Be — 8392,8 MaB, peiitepus 2H — 1875,6 MaB, 6opa 19B —

9324,4 M3B wn HeliTpoHa — 939,6 MaB.
1) 0 M3B 2) 943,9 M3B 3) 4,4 M3B 4) 20 537,7 Ms3B
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R =,
; §§ 88 [OENIEHWE AAEP YPAHA. LIEMHASA PEAKLUWA AENEHWA
-y |
Kakoii BbIBOJ MOXHO cfenaTb M3 rpaduka 3aBUCUMOCTU YAENbHOW 3HEPrun CcBA3U
OT MaccoBoro ymcna (cm. puc. 12.1)? MoXeT Nn BbIAENATbLCA 3HEPrus nNpu geneHunu
TAXENbIX Anep?

Jdenntbca Ha yacTU MOTYT TO/IbKO A4pa HEKOTOPbIX TSAXENbIX 3/1eMeHTOoB. [Mpu
LeneHUn agep McnyckakwTcsa ABa-Tpu HelTpoHa U y-nyyun. OAHOBpPEeMeHHO Bblje-
naetca 6onblias aHeprus.

OTKpbITUE peneHna ypaHa. [eneHne sapep ypaHa 6bl10 0OT-

‘[B KpblTO B 1938 r. Hemeyuknmu Yy4yéHbimm OTTO FaHOM m >dpu-

‘h uem W tTpaccmaHoM. OHM ycTaHOBUAW, 4YTO Npu 6ombapaupoBKe

ypaHa HeliTpoHaMW BO3HWKAKT 3/1eMeHTbl CpefHel 4acTu nepuoaun-

Yyeckoil cucTembl: 6apuit, KpuntoH un ap. OfHAKo NpaBU/IbHOE WUC-

TO/IKOBaHMe 3TOoro @gakra WMEeHHO KaK fefleHua 4ghpa ypaHa, 3a-

" XBaTUBLIEro HeWTpoH, 6blN0 AaHo B Hadane 1939 r. aHrAMNCKUM

@ punsmkom OTTO Ppuwem COBMECTHO C aBCTPUUACKUM (usmkom Jiun-
30/ MelTHep.

3axBaT HeWTpoHa HapywaeT cTabunbHOCTbL Agpa. Aapo Bo3byXpaeTca M cTa-
HOBUTCA HEYCTOMYUBLIM, YTO MPUBOAUT K €ro AeNeHU0 Ha OCKOJKW.

AeneHne Anpa BO3MOXHO MOTOMY, 4TO Macca MokKos Tsaxénoro agpa 6onblie
CYMMbl MacC MOKOS OCKO/JIKOB, BO3HWKaKWLWMUX Npu geneHun. MNoatoMy ApPouMCXo-
ANT BblAeeHNe 3HEPrun, 3KBUBANIEHTHOMW YMEHbLUEeHMWK MacCbl MOKOS, CONPOBO-
xpawuemy geneHuve.

BO3MOXHOCTb AefneHNa TSXKENbIX A4ep MOXHO TakXe 06bACHUTb C MOMO-
Wbl rpauka 3aBUCMMOCTU YyAe/lbHOW 3Heprmu CcBA3M OT MaccoBoro uywucna A
(cm. puc. 12.1). YpgenbHaa aHeprnsa cBA3M s4ep aTOMOB 3/1eMEHTOB, 3aHMMalLWnx
B NMepuoagunyeckon cucteme nocnegHue mecta (A ~ 200), npumepHo Ha 1 MaB
MEeHbLIe yaeNnbHOW 3HepPrun cCBA3M B Afpax 3/1EMEHTOB, HaxX0AALWMUXCA B cepeauHe
nepunognyeckon cuctembl (A ~ 100). MoaTomy npouecc AeneHUsA TAXKENbIX aaep
Ha Agpa 3/1eMeHTOB CpefgHel 4acTn NepuoaMYecKOn CUCTEMbl SABNAETCHA 3HepreTu-
YeCcKM BbITOAHbIM. CucTema nocse AefleHUSA NepexoauT B COCTOAHME C MUHUMANb-
HOA BHYTpPeHHeN aHepruein. Beab yem 60Nnblue 3HepPrusa ceBA3nM sgpa, Tem 6onblias
3HEeprus [oJ/XKHa BbIAENATbCA MPU BO3HUKHOBEHUW A4pa W, CnefoBaTeslbHO, TeM
MeHblLUe BHYTPEHHSA 3Heprus o6pas3oBaBllelics BHOBb CUCTEMBbI.

Mpn pgeneHnn Agpa 3Heprus cBA3M, NPUXOAALLAACA Ha KaXXAblAi HYKJ/OH, yBe-
nuumsaeTca Ha 1 M3B un obwan BbigensAwWaaca 3Heprua Ao/mKHa 6biTb Orpom-
HOW — nopsagka 200 M3B. Hm npu Kakoii Apyroi sgepHoi peakumun (He cBA-
3aHHOW C AeneHneMm) CToNb 60MbWIMX 3HEPruii He BbligenseTcs.

HenocpeAcTBeHHble W3MEPEHUA 3Hepruu, Bblgenawwelica nOpu  AefieHnn
agpa ypaHa ¢:U, noagtesepannun npuBeféHHble coobpaXXeHUs W ganu 3HayvyeHue

200 M3B. Tlpuyém 6onbwas 4acTb
3To aHeprum (168 MaB) npuxognTtcs
Ha KWHETUYECKYI 3HEPTUI0 OCKOJTKOB.
Ha pucyHke 12.13 Bbl BUAUTE TpeKu
OCKOJIKOB fAefnifuwerocsa ypaHa B Kame-
pe BwunbcoHa.

MOXHO M cKasaTb, 4TO 3axBaT
HeNTpoHa W panbHelwee peneHune
Aanpa — 3TO WCKYCCTBEHHas pajuo-
aKTUBHOCTb?
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Bbigenswowanca npu geneHNWn agpa saHeprnsa mMmeet
3NeKTpocTaTMUecKoe, a He sAfepHOe MNPOUCXOXKAEHWUe.
Bonbwana KuMHeTuM4yeckas 3HEpPrmsa, KOTOPYH MUMEKT
OCKOJIKW, BO3HWKaeT BCMAeACTBME WX KYJIOHOBCKOTO
oTTanKNBaHUA.

MexaHun3sm geneHus agpa. MNMpouecc geneHns atoMm-
HOro fA4pa MOXHO 06BbACHWTb Ha OCHOBe KaneslbHOW
Mogenun saapa.

CornacHo 3TO MoOAENW CryctoKk HYK/IOHOB HamnoMu-
HaeT KanesibKy 3apsiXXeHHOoW »xugkoctu (puc. 12.14, a).
AfepHble CUbl MEXAY HYK/IOHaMU SABNAKTCA KOPOT-
KogencTBywwMmMmn, noaobHo cuniam, p[encTByOLW UM Puc. 12.13
MeXAy MoJieKynamu Xupkoctu. Hapagy ¢ 6onbwimmun
cCuamMmmn 31eKTPOCTATUUECKOr0 OTTalIKMBAHUSA MeXAY MPOoTOHaMU, CTPEMALWMMMUCA
pasopBaTb AAPO Ha 4yacTu, AEeACTBYWT eweé 6onblive SAepHble CUMbI NPUTAXe-
HUA. 3TN CUNbl yAep>XuUBaKwT A4p0 0T pacnaga.

Aapo ypaHa-235 wnmeer ¢dopmy wapa. [MornoTue AUWHWA Hel-

TPOH, OHO BO36yXjJaeTca M HauymHaeT gedopmumpoBaTbCcA, npuobpetas $ &
BbITAHYTYH dopmy (puc. 12.14, 6). Aapo 6yaeTr pactarmpaTbCca Ao

Tex nop, MoKa cuNbl OTTa/IKMBAHUS MeXAYy MNOJIOBUHKAMW BbITAHYTOr0 fagpa He
Ha4yHyT npeobnagatb Haj cunamm NPUTAXEHUA, AeCcTBYWLW UMW B MNepelwelike
(pnc. 12.14, B). lMocne 3Toro OHO pa3pbiBaeTcsa Ha ABe 4vactm (puc. 12.14, ).
Moa pelicTBMEM KY/NOHOBCKWUX CUJ/T OTTaNlKMBAHUSA 3TU OCKONKW pasfietalTcs Co
CKOpoOCTblo, paBHOl 1/30 ckopocTu cBeTa.

VMicnyckaHne HeWTPOHOB B nNpouecce JAesleHUs.
dyHAaMeHTanbHbIA (aKT A4epHOro AefeHns — Wuc-
nyckaHuwe B npouecce AeneHUA ABYX-TPEX HewWTpo-
HOB. VIMeHHO 6narogaps 3TOMY O0Ka3asioCb BO3MOX-
HbIM MpakKTM4yecKoe WCNO/Ib30BaHWE BHYTPUALEPHOW
3HEpPruu.

MoHATb, No4YeMy MPOUCXOAUT MUCAYCKaHWEe CBO-
604HbIX HEWTPOHOB, MOXXHO WCXOA4A W3 CNefyloLwnx
coob6pa>keHuli. WM3BeCTHO, UYTO OTHOWeEHME 4Yucna
HEWTPOHOB K 4YWUCAYy MNPOTOHOB B CTabu/ibHbIX Agpax
Bo3pacTaeT C MNOBbILIEHWEM aTOMHOro Homepa. [lo-
3TOMY Yy BO3HUKaKUWMUX NPU AeNleHUU OCKONIKOB OTHO-
CUTeNbHOE 4YMUCNO HEeWTPOHOB oOKa3biBaeTca 60NblINM,

yeM 3TO AOMNYCTUMO ANS sifep aToOMOB, HaxoAsuwMxcs °

B cepeanHe Tabnuubl MeHpeneeBa. B pesynbraTte He- &

CKO/TbKO HEWTPOHOB 0CBOGOXAaeTcss B mpouecce Aese-

HUS. VX 3Heprusi umeeT pas/inuyHble 3HAYeHUs — OT ) r) o<

HECKO/IbKMX MMWJ/I/IMOHOB 3/1eKTPOHBOMLT [0 COBCEM

MasnbiX, 6IN3KNX K HYJIHO. Puc. 12.14
[JeneHne 06bIYHO NPOUCXOAUT Ha

O0CKONKW, Maccbl KOTOpPbIX pasnuya- r » BcnomHnTe, Kakue cunbl yaepxusa-

lTC NpumepHo B 1,5 pasa. OCKONKK 0T Monekynel BOAbl, o6pasyoujne

Kannw, WU Kakume cunbl yaepxwusawT

3TN CUNBbHO pagunoakKTUBHLI, TaK Kak
HYKNOHblI B Afpe.

cooep>xat M36bITOYHOE KO/Tn4ecTBo
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HeliTpoHOB. B pe3ynbTaTe cepuu nocnefoBaTeflbHbIX pacnafoB B KOHLE KOHLOB
nonydawTcs CTabuNbHbie U30TOMbI.
LlenHaa peakuua pgeneHus. J1wo6oli M3 HeWTPOHOB, BbiNeTalwWUX W3 sgpa
B npouecce fefieHUs, MOXKeT, B CBOW ouepefb, Bbi3BaTb [e/leHUe coCeaHero s4pa,
KOTOpoe TaKkXe MCcNnycKaeT HeWTpPOHbl, CMOCO6Hble BbI3BaTb AaNibHeli-
lwee AeneHve. B pesynbTaTe 4uCNO0 AeNsiuiUXcA sAep O4YeHb 6BbICTPO
yBenunumnsaetcs. Bo3HMKaeT uenHas peakuus.

H W W LlenHo spaepHOW peakuueil HasbiBaeTcAa peakuusi, B KOTOPOW uYacTuubl,
Bbi3blBaloUwne eé (HeliTPOHbI), 06pa3ylTCA Kak MPOAYKTbl 3TON peakuyuun.

E23221

LlenHas peakuus COMPOBOXAAETCA BblAeNeHWeM OrpOMHONW 3Hepruu.

Mpn geneHnn KaxKaoro sigpa Bblgendercsa aHeprmusa okoso 200 MaB.

Mpwn nonHom >e AeneHUU Bcex sgep, nMmewuwuxca B 1 r ypaHa, Bbl-

& nensetca aHeprna 2,3 « 10. KBT ® 4. 3T0 3KBUBANEHTHO 3HEPrumn, no-
nyyaemon npu cropaHun 3 T yraa nam 2,5 T HedTu.

Ho Ansa ocyuiecTB/AeHUS LLEMNHOW peaKuun Henb3s MCNOMb30BaTb A06bie Aapa,

nensuwumeca nog BAUSHUEM HeWTpoHOB. B cuny paga npuymH 13 spep, BecTpe-

yawuimxcsa B npupoge, NPUroAHbI NUWb Aapa M30Tona ypaHa C MacCOBbIM 4YUC-

nom 235, 7. e. g|Um
3anuwem npumepbl peakuuun peneHus | |U.

23577 236-rT
S oo M0xp 38+ 2\n.
+ nn 23671 40 + oKr 3\n
92’ n 2 n g 36 :
Mpn nepBo peakuuun aeneHus obpasyetTcsa 2 HEWTPOHa, Npu BTOpoii — 3 Hel-

TPOHa, KOTOpPble BbI3blBAT NpPoAO/IXKEHNE peaKUunn.
M3oTonbl ypaHa. EcTecTBeHHbI ypaH COCTOMT B OCHOBHOM M3 ABYX WMU30TOMNOB:

202u un 291U. Ho msoton -gJU coctaBnset Bcero 1/140 ponto oT 6Gonee pacnpo-
cTpaHéHHoOro usotona 2gJU.

Aapa 2JU penAatca nog BAUAHUEM KaK 6bICTPbIX, TaK U Mefs/IeHHbIX HeWTpo-
HoB. Aapa Xe 2|JU moryT genmtbca NUlb Mo BAUAHUEM HENTPOHOB C 3HEPTUEN
6onee 1 M3B. Takyl 3Hepruw MMewT npumepHo 60 % HeNTPOHOB, MOABAAI-
wunuxes npu geneHnn. OfHaAKO NMPUMEPHO NUWb OAWUH HEWTPOH M3 ANATM MNPOU3-
BOAMT peneHue gJU. OcTasnbHble HEMTPOHbI 3axBaTbiBalTCA 3TUM M30TOMOM, He
npon3Boasa feneHus. B pesynbTaTe uenHas peakuus ¢ UCNOMb30BAHWEM 4YMUCTOrO
nsotona gJU HeBO3MOXHa.

Mepvoa pacnaga w3oTona ypaHa

CnoHTaHHOe fJeneHue sAfep ypaHa 2| |UpaBeH 4,47 <« 105 ner.

6bI710 OTKPbLITO COBETCKUMU (DU3U- Mpouecc  ecTecTBEHHOrO pacna-
kamn . H. ®néposBbiMm n K A MeTp- Aa, B pe3ysibTate KOTOpPOro nmnoJsiyvya-
Xakom B 1940 r. eTcA KOHeYHbIW CcTabuNbHbIA M30TON
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CBMHUA, MPOUCXOAUT B pe3ynbTaTe CEPUN pagmoakTUBHbIX MnpeBpauieHuin. Mpu-
BeEM MpuMep OA4HOM W3 BO3MOXHbIX CEPUIA:

234.

BU Th Z4p

KoaphmymeHT pasMHOXEHUA HeN-
TPOHOB. [NA TeyeHUSA UenNHOW peak-
LUN HeT Heo6XxoAMMOCTU, UYTOOblI KaXx-
Abli HelWTPOH o06A3aTeNlbHO BbI3bIBaN
peneHve sappa. Heobxogumo nub,
4To6blI CpefHee YMCA0 0CBOOGOXAEHHbIX
HEeWTPOHOB B fAaHHOW Macce ypaHa He
YMEHbLIANOCh C TEYEHNEM BpPEMEHMU.

a - 23m Th
210Pb °Bi

Ra * 22Rn 218pg 2l4pp
2:LOPO - ZOGPb.

yffe, Halgnte BCce ykKasaHHble 3/1IEMEHTHI
B Lenouyke npespaweHuin agpa ypa-
Ha B Ta6bnuue MeHpeneeBa. CpaB-
HWTe mMaccoBble yMcna M3oTonos B Tabnuue
N npuBeAéHHbLIX B 3TON uenoyke. Ob6cyaun-
Te, Kakme yacTuubl MOryT obpa3oBbiBaThbCA
npy Kaxpaom akTe pacnapga.

3T0 ycnosue 6yaeT BbINOAHEHO, ecnu KO3PULUMEHT PasMHOXKEHUS] HeMTpo-

HOB K 6onbwe unm paseH eguHuLe.

E2AENAL

KoathchunumneHTom pasmMHOXeEHUSA HEeNTPOHOB Ha3blBalOT OTHOLWEHWE YKUC-

fNla HEMTPOHOB B KaKOM-/1M60 «MOKOMEHWU» K YUCNY HEWTPOHOB MNPeAlecTBYOWEero «no-

KONeHnsa».

Moa CMEeHOM «MNOKONEHWUW» MNOHWU-
MalT [efieHne Agep, MNpU KOTOPOM
nornow,arTcA HEWTPOHbI CTApPOro «mno-
KOMEHNA» N POXAAKTCA HOBble HeM-
TPOHBbI.

rNe MOXHO N1 yKaszaTb TOYHOE 3Haue-
y Hue KoajduumeHTa pasmMHOXEHUSA

npu pacnage, Hanpumep, 2||un?

Ecan k > 1, TO 4yncno HeNTPOHOB yBe/IMUYMBAETCA C TeYeHWEM BPEMEHU WU
0oCTaéTcss MNOCTOSSHHbLIM W uenHas peakuumsa maét. Mpum k < 1 4yncno HeWTpPoOHOB
ybblBaeT U UenHaa peakLUs HEBO3MOXHA.

KoathhnuymeHT pasMHOXeHUA onpegensetrcd 4yeTbipbMsA (akTopamu:

1) 3axXBaToOM Mef/lIeHHbIX HEeATPOHOB AapaMu g>U ¢ nocneaylowmm genieHuem

N 3axXBaTOM 6bICTPbIX HEWTPOHOB sApamMu

AeNeHnem;

glU n 29fU Tak>xe c nocregywuwum

2 ) 3axBaTOM HeWTPOHOB Ajapamu ypaHa 6e3 geneHus;

3) 3axBaToOM HelTPOHOB MpoAyKTamMu AeneHus, 3amefanutesiem (0 HEM cKasaHo
fanblie) U KOHCTPYKTUBHBIMU 3/IEMEHTaAMU YCTaHOBKW;

4) Bbl/J1IeTOM HEWTPOHOB M3 Aensiuierocss Belw,ecTBa HapyXy.

Nvwb nepsBbli npouecc

(B OCHOBHOM 3a CUET [JeneHUs

COMPOBOXAAeTCsA YBeNIMUYEHUEM
Bce ocTasibHble MPUBOAAT K WX YGbINN.

2|_||l/|).

ynucna HeVITpOHOB

LlenHaa peakumss B YMCcTOM un30Tone 2LLM HeBO3MOXHa, TaK KakK B 3TOM cny4ae
k < 1 (4ucno HelTpoOHOB, Nornowaembix sagpamu 6e3 geneHus, 6onblwe 4vucna
HelTPOHOB, BHOBb 06pas3ylLnUXcsa 3a CYET feneHus sgep).

Ana cTaynoHapHOro TevYeHUs UenHOW peakuunm Ko3hPULUEHT pasMHOXEHUS
HelAiTPOHOB A0/1XKeH 6biTb paBeH efuHULE. 3T0O paBeHCTBO HE06X0AMMO NOAAEPXKU-
BaTb C 60NbLIOKA TOYHOCTbI. Y>ke npu k = 1,01 noytu MrHOBEHHO MNPOU3ONAET

B3pbIB.
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[sse SEPHBINA PEAKTOP

Kak npoucxoauT peakuus geneHua?
Bbigensercsa N npu peakuuu AeneHus sHeprus?

AfnepHbIM peakToOpoM Ha3blBaeTCcss YCTPOMNCTBO, B KOTOPOM OCYU,€CTBNSET-
ca ynpasnsiemas peakuus fgeneHus spep.

B pe3ynbTaTte fAesieHnAa Anep ypaHa 06pa3y10T09| Mep'neHHb“‘/] HeVITpOH
HENTPOHbI, KOTOPble MOrYyT BbI3BaTb Mnocfaegyroliee $
feneHune aaep. OfHaKo 3aHeprnsa ux Besnuvka, a agpa
ypaHa, ocobeHHO aapa u3otona ::jU, Hambonee ag-
(heKTMBHO 3axBaTbiBAlT MefJIeHHble HeWTPOHHbI. EblCTbblelﬁeaTEOHbl
BepoATHOCTb 3axBaTa MeAJ/IEHHbIX HENWTPOHOB C MoO- 3ame,qn|/|Tenb
cnefywowmnm feneHUeM sAep B COTHU pas 6osnblie, Meuneuﬂme'uéﬁ'rpouu
yeM O6bICTpbIX. [103TOMYy B AAepHbIX peakTopax,

pab6oTallwmMx Ha ecTecCTBEHHOM YypaHe, [ANS MOBbI- ;: ‘
WeHnsa KoahduumeHTa pasMHOXEHUSA HEWTPOHOB @ 2359
e Pd ]\\

r30L- O CKOJ10K
OCKONoK, L

MCMONb3YTCA 3aMeANnTeNn HeliTpoHOB. MMpoueccsl
B AQEPHOM peakTope CXeMaTU4YeCKuU n306paxkeHsbl
Ha pucyHke 12.15. 232 chonou/r\OCKonOK

OCHOBHbIE  3/1eMeHTbl  S[EepPHOro  peakTopa.

BbicTpble HEATPOHbI
Ha pucyHke 12.16 npuBegeHa cxema 3HepreTuye-

a /1 \
CKOM YyCTaHOBKW C SAAEPHbIM PeaKTOpPOM. e 3ameanuTenb
OCHOBHbIMM 3/IEMeHTaMM SAAEepHOro peakTopa ?2 N N
aBnsAwTCcA: sgepHoe roptodee (glU, 2Uwn wn gp.),
3aMeAnuTeNb HEUTPOHOB (TsHKENAsi WUAM o6bluHas Pur 1P 18

Bofa, rpaguTt n Ap.), TeNJOHOCUTENb ANS BbiBOAAa 3Hepruu, obpasywuwieiica npwu
paboTe peakTopa (Boga, XWUAKWA HaATpUA U ApP.), N YCTPOWCTBO ANs perynumpo-
BaHWSA CKOpOCTWU peakumun (BBOoAUMbie B paboyee MPOCTPAHCTBO peakTopa CTepX-
HW, cofdepXalwime KagmMuini nnm 60p — BewecTBa, KOTOPble XOPOWO norsaowawnT

TennoHocuTenb Ilap 1ypunna IenepaTop
|

AnepHoe roptoyee — /
1 3amefnnTeNb / 3

Perynupytowue 7 a0 .
CTEPXHN ~—Ztht. M|/
71 3
7 7 .
3awmtaor _— “°f g \
paguauuu / = \ Boga  KoHpgeHcatop
OTpa>kaTenb MaporeHepatop

Puc. 12.16
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HEWTPOHbI). CHapy>Xun peakTop OKpPYyXakwT 3awMUTHON 060/104KON, 3adep>XuBato-
we ymsnyyeHme u HelTpoHbl. O60MOYKY AenakwT M3 6eTOHA C XXene3HbIM 3a-
MONTHUTENEM.

Nlyywnm 3amegnutenem saBnsetTcsa TsaXKénaa sBoga (cm. § 93). O6blyHaaA Boga
cama 3axBaTblBaeT HeWTPOHbI M MpeBpaliaeTcsa B TsXXEnyw BoAgy. Xopowum 3a-
MeANNTeNleM cUMTaeTCcsl TakyXe rpaduT, sgpa KOTOPOro He MoraouiaT HERTPOHDI.

Kputnueckas macca. KoahduuymeHT padmHoXeHUss k MOXeT cTaTb paBHbIM
eAuHNLe NWWb MNPU YyC/I0OBUKW, UYTO pa3mMepbl peaKTopa W COOTBETCTBEHHO Macca
ypaHa npeBbllWalT HEKOTOPble KPUTUUYECKME 3HAYEeHUs.

KpuTuueckoii maccoil Ha3blBaloT HaMMeHbLLYI0 Maccy Aefisilierocsi Belle-
CTBa, MpV KOTOPO/ €LlEé MOXeT MpoTeKaTb LenHas sigepHas peakuus.

Mpn Manbix pasMepax CAUWKOM Be/iMKa yTeyka HeWTPOHOB 4epe3 MNoBepX-
HOCTb aKTWUBHOW 30HbI peakTopa (06bEM, B KOTOPOM pacnosnararTca CTEepXHWU
C ypaHom).

C yBe/nlMYeHUEM pa3MepoB CUCTEMbI 4YMUCAO0 sf4ep, y4YacTBYHUWUX B AeNeHUN,
pacTét nponopuyuoHanbHO 06bEMY, a UYMCAO0 HEWTPOHOB, TepsAeMblX BC/EACTBUE
yTeuku, YyBe/MYMBaETCss MPONoOpLMOHAsIbHO njaowann MNoBepxXHocTU. [lo3aTomy,
yBenuunBass pasMepbl CUCTEMbI, MOXHO [AOCTMYb 3Ha4YeHUSA Ko3adduuMeHTa pas-
MHOXeHnss k ~ 1. Cuctema 6yaeT UMeTb KPUTUYeECKWe pasmMepbl, eCc/M YUC/Oo
HelMTPOHOB, MOTEePAHHbIX BCNeACTBME 3axBaTa M yTeukKu, paBHO YMUC/AYy HEWTPOHOB,

MONy4YeHHbIX B Mpouecce JAefleHUS.

X MogymaiiTe, mouemy  YTOYHSIETCS KpuTuueckue pasMepbl U COOTBET-
chopma Kycka ypaHa npu onpege- CTBEHHO KpUTUueckas Macca onpege-
NEHUN KPUTUYECKOI Maccehbl. NAKTCA TUNOM SIAEPHOF0 FOPHUYEro,

3amMef/IMTe/IEM U KOHCTPYKTUBHbLIMMU
0CO6EHHOCTAMMK peaKTopa.

Ana unctoro (6e3 3amepgnutens) ypaHa -glU, mmewuwero dopmy wapa, Kpu-
TMYecKas mMacca NpuMMepHo paBHa 50 Kr.

Mpn 3Tom paguyc wapa paBeH NpumepHo 9 cm (ypaH 04YeHb TsHKEnoe Belle-
cTB0). NMpuMeHsA 3aMeanIMTeNIn HEATPOHOB M OTpakalwLlyw HeWTpPoHbl 060/104KY
n3 6epunnusa, yaanocb CHU3NTb KpUTUUYecKyl maccy go 250 r.

YnpaBneHUe peakTOpoOM oOcCyL,ecT-

Mouemy peakuuio geneHns B saaep- B/ISETCA MPW NOMOLW W CTepXHeM, co-
HOM peakTope Has3blBAOT Ynpasns- gepxawmx kKagmuii uwnm 6op. Mpwu
emMoin? B kakom cnyyae oHa MOXeT BblBUHYTbIX W3 aKTUBHO 30HblI pe-
cTaTb HeynpasnsseMoii? akTopa cTepXHax k s X, a npum non-

HOCTbI BABUHYTbIX CTEPXHAX K < 1.
BaBuras CTep>XHW BHYTPb aKTUBHOW 30Hbl, MOXXHO B /1060 MOMEHT BpPeMeHMU
NPMOCTAHOBUTb pa3BUTME LEMHOM peaKuuun. YnpaBneHue SAfepHbIMM peaKTopa-
MW ocyl,ecTBNAeTCA AUCTAHLUUWOHHO C nomowbio 3OBM.

PeakTopbl Ha ObICTPblIX HeWTpoHax. [MocTpoeHbl peakTopbl, paboTatwmne 6e3
3amegnuTens Ha 6bICTPbIX HeWTpoHax. TakK KaK BepOATHOCTb AefleHUs, Bbl3BaH-
HOro O6bICTPbLIMW HeWTpPOHaMKU, Masa, TO TaKue peakTopbl He MoOryt pa6otaTb
Ha ecTeCTBEHHOM ypaHe.

Peakuunio MOXXHO noafep>XuBaTb Wb B 0borawéHHOM cMecun, cogepkauieii He
MeHee 15 % wn3otona .glU. MpenmyulecTBoO peaKTOPOB Ha ObICTPbIX HEWTPOHaXx
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8§90 TEPMOAAEPHbIE PEAKLUWW

s iadt
Kakoli BblBOA, MOXHO cAenatb U3 rpadmka 3aBMCYMOCTU yAeNbHOW SHeprm cBAsu oT
MaccoBoro uucna (cm. puc. 12.1) OTHOCMTENbHO 3HEPrMU, BbIAENSAEMOR MpU CAUSHAN
nérknx agep?

Macca nokosi agpa ypaHa 60Mblle CyMMbl Macc MOKOS OCKOJIKOB, Ha KOTOpble
penuTca aapo. Ona Nérkux saep Aeno o6CToMT KakK pa3 Hao6opoT. Tak, macca
NokKos Aapa reinsi 3HaYNTeNbHO MeHblle CyMMbl MacC MOKOS ABYX ffep TsOHKE-
N0ro BOAOPOAA, Ha KOTOPbIe MOXHO pasfenvTb SIAPO renuns.

3To 03HAuyaeT, UTO MPU CAUAHUU NETKUX Aaep macca NMoKos yMeHbluiaeTca W,
crnefoBaTenbHO, [A0/XKHA BbIAENATbLCA 3HauUTesbHas 3Heprusi. Mopob6Horo poga
peakuMn CANSHUSA NErkKuUxX sgep MOryT MnpoTekaTb TOMbKO MPW 0YeHb BbICOKUX
TemnepaTtypax. M03ToMy OHW Ha3blBalOTCA TEePMOSAEPHLIMU.

ELUFlP TepmosiiepHble peakuunm — 3TO pPeakuum CIusiHUS NErkux siaep, npouc-
XOfsIlMe MpY OYeHb BLICOKOI TemmnepaTtype.

Ana cnvusHus agep Heo6Xo4unMo,

Kak  nocuutatb  MOTEHUMasbHYIO 4TO6bl OHW CGAM3UAUCL Ha paccTos-

SHEPTNt0 — B3ANMOAENCTBUA — S/EP Hue okKoNno 1 (M2 cm, T. €. 4UTOObI OHMU
BOJOPOAA, HAaxXOAsALMXCS Ha pac- .

nonanu B cgepy AeiicTBUA ALEPHBIX

CTOSHWW, paBHOM pasmepy atoma? Yemy
[IO/PKHA BbITh paBHA KUHETUYECKAs SHepryis cnn. ITOMY COMMXKEHMIO MpenaTcTeyeT

Aa0pa, 4Tobbl NPeofonieTb Ky/IOHOBCKOE OT- Ky/noHOBCKOe OoTTankmBaHue sifiep, Ko-
Ta/lIKnBaHue? Topoe MOXeT 6biTb NMPeofosIeHO /INLb

3a CYET 60NbLWIOA KNHETUYECKON 3HEep-
rMm TenaoBOro ABUXEHUSA Aaep.
DHeprua, KoTopas BblAensdeTca MNpu TepMOosAAepHbIX peakuuax B pacyéTte
Ha O4WH HYKNOH, NpeBbllWaeT yAeNbHYO 3HEPTrUi0, BbIAENANLWYIOCA NPU LEeNHbIX
peakuuax peneHumsa sapep. Tak, NpU CAUAHUM TAXKENOro msotona Bogopoga —
AeTepus — CO CBEPXTSAXENBIM M30TOMOM BoOAOpoAa — TPUTUEM — Bbigensertcs
okono 3,5 MaB Ha oguH HYKNOH. MNpun geneHnu e ypaHa BblAeNnseTca NPUMeEpPHO
1 M3B 3Heprum Ha OAWH HYKJIOH.

OcyuiecTB/ieHUe ynpasasemblX Tep-
3H?PFWH usnydeHus ConHua 1 MOSIIEPHbIX peakuuin Ha 3emne cynuT
3BE3[, UMEET TepmMosnfepHoe npo- Yen0BEYECTBY HOBbIW, MpaKTU4YecKu

vexokpenme. Tl COBpEMEHHBIM  TIPEA- HeucyepnaemMmbli WUCTOYHUK 3HEPTUMU.
CTaB/IEHVAM, Ha paHHeWl cTaguu pasBuUTus Han6onee nepcneKTUBHOA B 3TOM OT-

3Be3/la B OCHOBHOM COCTOWT W3 BOJOPOAA. .
TemnepaTypa BHYTPU 3Be3dbl CTOMb Be/U- HOLWEHNM peakuunen ABNAETCA peak-

Ka, UTO B Heli NpOTeKalT peakuwn CANSHUS unsa CNuAHUA AenTepusa ¢ Tputuem.
A0ep BOAOPOAa C 06pa3oBaHMeM renus. JH + 3H - &He + \n

3ateM npyU CAVSHUM AAep renvs obpasy- :

I0TCA 1 Bofiee THKEMbIE 3/1EMEHTHI. B 3TOi peakuuu BbIfensieTcs 3aHep-
TepmosifiepHble peakuum CONpoBOXAAOTCA rma 17,6 MaB. T10CKONbKY TpUTUSA
BbIAENIEHNEM 3Heprun, obecneunsatoLed B NpUpoge HET, OH [J0/KEH BbIpaba-

n3ny4yeHne ceeta 3BE34aMU Ha MPOTKEHUU

TbiBATbCA B CaMOM TEpPMOSAEPHOM pe-
MWUNMapPA0B NeT.

aKTope u3 nntunda.
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DKOHOMMYECKN BbIrogHAasA peakunsa, KakK MNoKa3blBalT pacyéTbl, MOXeT UATU
TONbKO MNPV HarpeBaHUW pearvpywuwmx Bel,ecTB A0 TemnepaTypbl nopsgka co-
TeH MW/IMOHOB Ke/IbBUHOB MNpW 60/1blWOWN MNMNOTHOCTU BewecTBa (1o14— 1015 Ya-
ctny B 1 cm3). Takme TemnepaTtypbl MOTyT 6biTb B MPUHUWUMNE AOCTUTHYTbl NYTEM
co3gaHnAa B nsasme MOLLHbIX 3/1eKTPUYeCcKMX pa3panos. OcHoBHasdA TPYAHOCTb Ha
3TOM NYTW COCTOUT B TOM, UTOObI yaep>KaTb NjasmMy CTO/Ib BbICOKOW TemnepaTtypbl
BHYTPW YyCTaHOBKW B TeYeHWe o,1 —1 C.

Hukakne CTeHKU M3 BelwecTBa 3[eCb He rogAaTcsa, TakK KakK npu CT0/b BbICOKOM
TemnepaType OHW cpasy >e npespaTaTca B nap. EAUMHCTBEHHO BO3MOXXHbLIM ABNSA-
eTca MeTo4 yAep>XaHus BbICOKOTEMMNEPATYPHOW nnaas3Mbl B OrpaHUYEHHOM 06bEMe
C NMOMOLW b O0YEHb CUJ/IbHbIX MAarHUTHbLIX MOJIEN.

OpHako A0 CMX MOp pewuTb 3Ty 3ajady He yAasocb M3-3a HEYCTOMUYMBOCTMU
nnasmbl. HeycTomumBOCTb MAPUBOAUT K ANDAPY3MM 4HaCTU 3apsdKEHHbIX 4YacTul
CKBO3b MarHUTHbIE CTEHKMW.

AnA yMeHblWeHWA HEeOLHOPOAHOCTM MAarHWTHOro nond, MNpuUBO-
AAweld K U3MeHeHW KOHGpUrypaumm nnasmeHHoro cronba M cooT- @ E
BETCTBEHHO K €ro HeycToliumBocTu, akagemukamm A. . Caxa-
poBbiM U W E. Tammom 6blsla npegnoXxeHa dgopMma naasMeHHOro crosba
B BMAae TOopa, KoTopas WUCMNO/Ab3yeTCcA Ha yCTaHOBKe, Ha3blBaeMOW «TokamMak».

Ha 3Toli ycTaHOBKe ypganocb nNoaAy4YuTb nnasmy Temnepatypoin 1,3 «10' K.
OpHako npobnema eé ypep>aHus elé He pelleHa.

MoMKUMO 3HepreTMYecKoro npevmy-

uecTtea, npu TEPMOAAEPHBLIX peakuun- Moaymaiite, kakas cuna OeincTeyeT
AX He o6pasylTca pajuoakTUBHbIe Ha 3apsHXEeHHYI 4acTuly B MarHut-
0TX0Abl, T. €. He Hajo pewaTb nNpo- Hom none. Kak npoucxogut hoky-
6nemMbl  3arpA3HeHMsa  OoKpyXXawlLlen CYpPOBKa 3NEKTPOHHOro nyya?
cpeabl.

B HacTosuwee BpemMs Ccyl,ecTBYeT YBEPEHHOCTb B TOM, 4YTO paHoO WAM NO34HO
TepMosgepHble peakTopbl 6yayT co3faHbl.

Y4yéHble HaweWn cTpaHbl AOCTUIAM 60AbLWINX YCAEX0B B CO34aHUWM ynpaBnse-
MbIX TEPMOSAEPHbIX peakunin. 3Tn paboTbl 6blAM HavyaTbl No4 PYKOBOACTBOM aka-
pemunkos Jl. A. Apumnmosumya un M. AL JTeoHTOoBMUYA U npogosiKakwTca
UX YYeHUKaMmWU.

Moka >e ypanocb OCYWECTBUTb /INWb HeynpaB/iseMyl peakLWUil CcUHTe3a
B3PbIBHOIFO TUMNa B BOAOPOAHON (MM TepmosaepHon) 6omobe.

TepmosinepHasa peakuus. J1érkue agpa

1. MouemMy peakuus CAUSHUSA NETKUX Afep MPOUCXOAUT TOMbKO MNpwu
OYeHb BbLICOKUX TemnepaTypax?

2. Kak 06bACHUTb C TOYKM 3peHUs 3aKOHA COXPaHEeHWUs 3Hepruun, 4To
9HEPrusa BblgenigeTca KakK Npu fefleHUn TsSHXKENbIX afgep, Tak U npu
CNUAHUN NErKNx spep?

3. YeM MOXHO 06BbACHWUTbL TOT (hakT, 4To B Hegpax ConHua TemnepaTtypa focTuraet
[EeCATKOB MWJ/I/INOHOB TpajycoB?
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. §91 MPUMEPbI PELWIEHMSA 3ALAU MO TEME
«ALEPHbIE PEAKLIAU>»

Mpun onpeaeneHUN 3HEPreTUUYECKOro BbiXoA4a SIlepHbIX peakuuii cuMTaeMm Cym-
Mbl MacCCOBbIX YMCEN C/ieBa M cnpaBa B ypaBHEHUW peakuuun. Bblumtaem n3 ogHOM
CYMMbl [ApPYryto M nosydyaem pasHOCTb B aTOMHbIX eAMHMUAX Maccbl (a. e. M.).

YMHOXWUB MONy4yeHHOe 3HayeHme Ha 931,5 —m=m mnHa c2(E = ATe2), OKOHYU-
Cb

TeNbHOe 3Ha4YeHWe SHEPruu BblipaxKaeM B MerasnekTpoHBonbTax (MaB).
Ecnun pa3HocTb 60Mblie Hyns, TO peakuuss UAET C BblAENEHUEM 3HEPruKn, ecnu
MeHblle HYNsl, TO C MorJioueHnemM.

3apgava 1. MNpn CTONKHOBEHUM HeEWTpoHa C A4pOM Kucnopoga X®0 ucnyckaeTcs
feiTepuii. Kakoe agpo ob6pa3yeTcsa B pe3y/nbTaTe 3TOW peakuunm?
PeweHwne. YpaBHeHWe AaHHOW peakuuun +qgn —X + o H.

Obuiee 4Mcno HYKJ/IOHOB B fAapax cnpasa 16 + 1 = 17, a cneea A + 2, no
3aK0OHY CcOXpaHeHuWsA MaccoBbiX uucen 17=A + 2,A = 15.
MonHbIi 3apag HyknAoHoB cnesa 8 + 0 = 8, oTkyga Z = 7.

CnepoBaTenibHO, o6pasyeTcs aapo :®X.
Mo nepuoanyeckoii cucTeme 3fieMeHTOB HaxoAMM, 4TO 3To as3oT *®N.

3apaua 2. MoXeT Nn NpouMsoiiTM peakyus +\p — 12N + 0On, ecnu 3Hep-
rms nportoHa paBHa 2,5 M3aB? Maccbel sapep yrnepoga 13,003355 a. e. m., asoTa
13,005739 a. e. m.

PeweHwune. CymmapHbie Maccbl sijep A0 peakuWu paBHbI:
13,003355 a. e. m. + 1,007276 a.e. m. = 14,010631 a. e. m.
CyMMapHble Maccbl siiep mnocjle peakLuUW paBHbI:
13,005739 a. e. m. + 1,008665 a.e. m. = 14,014404 a. e. m.

Torpa AT = 14,010631 a. e. M. - 14,014404 a. e. m. = -0,003773 a. e. M.

Mbl 3Haem, 4uT0o 1 a. e. m. = 931,5 M3B/c2 YTob6bl Bbl3BaTb 3Ty peaKkyuio,
Heobxoamma sHeprusa: AE = ATe2 = 3,5 M3aB. CnepgoBatenbHo, Takas peakuyus
NPon30iTM He MOXeT.

3apgaua 3. BbluMcnmTte 3Hepruio, BbiAeNMBLIYIOCA NpPpU  SAAEPHOA peakuumn
4Be + gHe —»XC + gl
PeweHwne. Macca sgep, BCTYNMBLWINX B peakuuio,
9,012183 a. e. m. + 4,002603 a. e. m. = 13,014786 a. e. m.
Macca sgep nocse peakuuu
12,0 a. e. m. + 1,008665 a. e. m. = 13,008665 a. e. m.

Pa3HocTb Macc AT = 13,014786 a.e. m. - 13,008665 a.e. m. =
= 0,006121 a. e. m.
Boigenuswasca sHeprua AE = T1c¢2 = 5,7 M3B.
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3agaun Ana camocTOATe/IbHOro pellueHus ‘ }‘ f?

1. Mpn 6ombapanpoBke sgep 6opa npotoHamun ob6pasyeTtcsa be- % LJ
punnnii ~"Be. Kakoe ellé aapo obpasyeTcsa nNpu 3ToOW peaKumnmn?

2. N3BeCTHO, 4TO B pe3y/sbTaTe fgeneHus agpa ypaHa . |lU> 3axBaTuBllero
HelTpoH, obpasytwTca sapgpa bapuda n kpuntoHa fgKr, a TakXe Tpu CBO-
604HbIX HelTpoHa. YpaenbHasa aHeprus cBa3nm sapgep 6apua 8,38 MaB/HYKNOH,
KpuntoHa 8,55 MaB/HyknoH un ypaHa 7,59 M3B/HyknoH. Yemy paBHa 3Heprus,
Bblaensawwanca npu geneHUM O4HOro Agpa ypaHa?

3. Kakas 3Heprusa BblgenseTca nNpu 3axBaTe 371eKTpoHa saapom 6bepunnusa:
£Be(7,016930) + _"e —* £Li(7,016005) + v? B ckobkax ykKasaHbl aTOMHble Mac-
cbl (B a. e. M.).

4. OnpefenuTe 3HEPruio, BbiAeNAWYHCA MNpU  TepMOALEpPHOA peaKunmn
24(2,014102) + ®H(3,016049) — £He(4,002603) + £n.

1. 3anncaHa sajepHas peakuusa, B CKobkaxX ykKasaHbl aTomMHble Maccbl (B a. e. m.) ( v
y4yacTBYLWMNX B HEW yacTuu:

40(13,003354) + ]H(1,00783) - ~N(14,00307).

BbluncnnTte aHepreTMyeckuii BbIX0oS SAfepHol peakumun. OTBeT BblpasnTe B Mera-
3fneKTpoHBoNbTax (MaB), cumntas, uto 1 a. e. M. cooTBeTcTBYeT 931 M3aB. lMocTaBbTe
3HaK «MWHYC», eCcnn 3Heprusa noraowaeTcs.

2. 3anucaHa sifjepHas peakuus, B CKo6Kax yKasaHbl aToMHble Macchl (B a. e. M.)
yuyacTBYWOLIMX B Hel yactuy:

M/N (14,00307) + |He(4,002603) — 40(16,999133) + £11(1,00783).

Bbluncnnte aHepreTuyeckuii BbIX0[ SAAepHON peakuuun. OTBeT BbipasuTe B Mera-
anekTpoHBonbTax (M3aB), cuutas, uto 1 a. e. M. cooTBeTcTBYeT 931 M3aB. lNocTaBbTe
3HaK «MWHYC», €C/IN 3HEeprunsa nornaouiaeTcs.

3. Kakasa aHeprusa Bblgensderca npu sapepHoi peakuwmmn jLi + £H -» 2|He? OtseT
BblpasnTe B NUKOAXKOYNAX (NAX) N OKPYrnuMTe A0 AecATbIX. JHEpPruss nokos AnTus
gLi — 6533,8 MaB, Bogopoga £H — 938,3 MaB, renna "He — 3728,4 M3B.

4 WN3nyyeHnme ConHua 06YyCNOB/EHO 3Hepruer, Bblijenstwolwelica B TepMosAepHON
peakuuun npespaweHns aapa sogoposa £H B renuin |He. Mpu 3aTom obpaszoBaHue
0A4HOro sAapa rennsi ConpoBOXKAaeTcsA BbigesieHUeM asHeprum 4,2 « 10-12 Ax. Yemy
paBHa Macca renus, Bo3HuMKawwero B COMHLE eXeCeKYHAHO, eCcNn MOLWHOCTb W3-
nyuyeHnsa ConHua coctaBnsieT 4 « 1026 BT? Macca aapa renus 6,6 « UIr2' kr. OTeeT
BblpasnTe B MWNMMOHAX TOHH, OKPYrnuMB [0 AECATKOB.

5. N3ny4dyeHune ConHua o0bycnoB/eHO 3Hepruein, BblgenawLWenca B TepMoagepHONn pe-

akuun, Npm KOTOPON 4eTblpe sapa Bogopofa £H poxxpakwT agpo renusa £He. OHep-

rua ceasu agpa |He coctaBnser 7 MaB/HyknoH. Yemy paBHa macca reamsi, Bo3HU-
Kawouero B CosiHUe eXeCeKyHAHO, eC/I MOUHOCTb u3nydeHusa CosiHUa cocTaBnsAeT

4 m1026BT1? Macca sgpa renua 6,6 « 1(F27 kr. OTBeT Bblpa3nuTe B MUAJIMOHAX TOHH.
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5 %§92 MPNMEHEHWE AOEPHOW SHEPTNU

BcrnomHWTE, Kak OCYLLECTB/ISIeTCSl YNpaB/ieHUe LEMHOW SiAepHON peakumeii.

MpuMeHeHVe AfepHOW 3Heprum Ana npeobpas3oBaHUs e€ B 3/IEKTPUYECKYIO
BrnepBble 6bIJI0 OCyU,ecTBNEHO B Hawen cTtpaHe B 1954 r., korga B OGHWHCKe
6blna BBefeHa B AelicTBME nepBas aTtomHasa anektpoctaHuumsa (A3C) MOWHOCTbIO
5000 kBT. DHeprus, Bbigensiouiasaca B A4epHOM peaKTope, Mcrnonb3oBasnacb ANnd
npespaweHnsa BoAbl B Nap, KOTOPbIA Bpawan cBsA3aHHY C FreHepaTopoMm TypO6uHY.

Pa3Buntne apepHoin aHepreTuku. o TakoMy >Xe MNpuHUMNY pgercTByT HoBo-
BOpoHeXckKas, JleHnHrpaackasa, Kypckasa, Konbckaa un gpyrue A3C. PeakTtopbl
3TUX CTaHUMW MMewT mMowHocTb 500— 1000 MBT.

B peakTopax Ha TennoBbiX (T. €. MeAJIeHHbIX) HEWTPOHaxX ypaH McNonb3yeTcs
nuwe Ha 1—2 %. MonHoe ucnonb3oBaHWe ypaHa AOCTUraeTcs B peakTopax Ha 6bl-
CTPbIX HEWTpOHaX, B KOTOpPbIX obecneymMBaeTCA Tak>Xe BOCMNPOM3BOACTBO HOBOrO
AAEepPHOro roptoyero B Buae nnayToHmsa. B 1980 r. Ha Benosapckoii A3C coctodancsa
MycK MepBOro B MUpe peaKTopa Ha ObICTPbIX HeMTpoOHax MOWHOCTbO 600 MBT.

ATOMHblE 31eKTPOCTaHLUM CTPOATCA NpexXje BCero B eBPOMNENCKOM 4yacTm cTpa-
Hbl. OTO cBA3aHO ¢ npeuvmyuwecteamMm ASC NO CpPpaBHEHUK C TenJIOBbIMU 3/1EKTPO-
cTaHUuMAMKU, paboTarWMMN Ha OpraHMYeckoM TONNuBE. HAAepHble peaKTopbl He Mo-
TpebnAwT AedUUUTHOrO OPraHMyYeckoro ToNAMBaA W He 3arpyxakwT MepeBo3Kammu
YrAs >Xene3HoAOPOXHbIA TpaHCNopT. ATOMHblEe 3/1eKTpPOCTaHUUM He nNoTpebnsaioT
aTMoCepHbIi KMUCNOpo4 M He 3acopsalT cpeay 30/10M M NpoAyKTamMu cropaHus.

OfHaKo AgepHOM 3aHepreTuKe, Kak U MHOTMM APYrMM OTpac/isaM NpPOMbILLEH-
HOCTW, NMpUCyWw N BpeaHble (haKTOpPbl BO3A4ENCTBUSA Ha OKpyXawwytw cpedy. Han-
60NblIY0 MNOTEHUMANbHYH OMACHOCTb MpefcTaB/seT pajuoakTUBHOe 3arps3He-
Hue. CroXHble Npo6aemMbl BO3HMKAKT C 3aXOPOHEHMEM paguoaKTUBHbIX OTX040B
W OEMOHTaXKeM OTCAYXMUBLIUX CBOW CPOK aTOMHbIX 3/1eKTpocTaHuun. CpokK Wux
CNYy>X6bl 0KOJIO 20 JIET, MOC/IE YEro BOCCTAHOBNEHME CTaHUWUI MU3-3a MHOTO/IeTHEro
BO34EeNCTBUA pagumaumm Ha matepumanbl KOHCTPYKLWUIA HEBO3MOXHO.

OTpaboTaHHOe TOM/IMBO XPaHAT B LUCTEPHAX W3 HepXXaBewllel ctanu, nome-
WEHHbIX B 6eTOHHbIE KOHTelHepbl. OKOHYaTe/IbHO NpobaeMa yTunusauum u xpa-
HEHNA pafnoaKTUBHbIX OTX0A40B [0 CUX MOP He pelleHa.

A3C npoekTupyeTcsa ¢ pac4éTom Ha MaKCcuMasibHYK 6e30nacHOCTb MepcoHana
cTaHumMn n HaceneHusa. OnbIT akcnnyataumn ASC BO BCEM MUpe nNokKasbliBaerT,
4yTo bOuochepa HaféXXHO 3aluMuieHa OT pajuMalLMOHHOro BO3AEeACTBUA Npeanpus-
TUA AQepPHON 3HEepPreTUKM B HOPMaNbHOM peXxumme skcnayatauum. OfHaKoO B3pbIB
yeTBEPTOro peaktopa Ha YepHob6binbcko A3C nokasan, 4TO PUCK paspylleHus
aKTUBHOW 30HblI peaKTopa M3-3a oWMB0OK nepcoHana U NPOCYETOB B KOHCTPYKLUMN
peakTopoB OCTaéTca peanbHOCTbI, MNO3TOMY MPUHUMAKTCA CcTpoXKalwwne Mepbl
ONA CHUXXKEHUA 3TOro pucka.

B 2011 r. B AnoHuM B pe3y/sibTaTe 3eMJ/IeTPACEHUA N LyHaMU Mpous3owWwén pa-
ON0aKTUBHbLIA Bbl6poc Ha ASC «dyKycumar, Haxoasuerca Ha nobepexxbe TUXO-
ro oKkeaHa, 4TO MPMBENO K OFTPOMHbLIM paspylleHUsaM, TMbenun nwaev, 3apaxeHuto
BOAbl M MPUGPEXHbIX pacTeHUin. CobbITUA B ANOHUM GblNN Bbi3BaHbl MPUPOLHONA
KatacTpodon, XoTa ypoBeHb 3auwuTbl ADC 6bl/1 04EHb BbICOK.
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OTa KaTacTpodgha 3acTaBujla 4yesloBe4eCTBO MOCTAaBUTbL BOMPOC O Uesecoobpas-
HOCTM MCMNONb30BaHUA AAEPHOW 3HeprumM. Bo MHOMMX cTpaHax MNpoWwav MUTUHTU
NPOTUB CTPOMUTENbLCTBA HOBbIX AC M 3a 3aKpbITME YXe VMEe LW nxcs.

Ho B Hawu AHWM sigepHas aHepreTMKa OCTa&TcsA camoii BbITOAHOW W He Mpu-
BOAMT K TAKUM 3KOMOrMyeckum npo6iemam, Kak, Hanpumep, TOC ¢ NOCTOAHHBI-
MU Bbl6pocamu BpeaHbIX BelLecTs, Aa

M 3anacbl TOM/INBA B MUPE KOHEUHbI. FAnepHble PeakTopbl yCTaHaB/MBA- \ubhis
AnNbTepHaTUBHbIe UCTOUYHUKM 3HEPTUM | HOTCA Talkke Ha aTOMHbIX NOABOA-

ewé focTaTouyHO XOpowo He paspa6o- HbIX JIOAKaxX W neAoKonax,

TaHbl.

ApepHoe opy)kume. Heynpasnsemaa uenHasa peakuus ¢ 60NbWMM Ko huULmM-
€HTOM YBENMYeHUs] HEeWTPOHOB OCYLLEeCcTB/sSeTCs B aTOMHOW 60m6e. B3pbiBUaTbiM

BELW,ECTBOM CNYXWUT 4nCcTbll ypaH glU wnu naytoHmn ~fPu.

YT06bI MOr NMPOM30ATM B3PbIB, pasmepbl AensuULeroca mMaTtepuana AO/MKHbI npe-
BbllWaTb KpUTMUYECcKue. ITO pocTturaerca siMb60 nNyTémM 6bICTPOro CoefUHEHUNA ABYX
KYCKOB Aenduweroca marepuvana ¢ LOKPUTUYECKUMMU pasMepamu, Nnbo e 3a CYET
pe3Koro cXaTmsa 04HOro Kycka A0 pasMepoB, NMPu KOTOPbIX yTeyka HEMTPOHOB yepe3
NOBEPXHOCTb MajaeT HAaCTONMbKO, 4YTO pa3Mepbl KyCKa O0Ka3blBalTCA HaaKpuUTuuye-
CKMMKU. TO M Apyroe ocylw,ecTBAsAeTCA C NOMOLW b0 06bIYHbIX B3pbiBYaTbIX BELLECTB.

Mpn B3pbiBe aToMHOW 60MO6bI TemMnepaTypa AocTuraeT [AeCATKOB MW/A/INOHOB
KenbBWHOB. Mpn Takoli BbICOKOW TemnepaType OYeHb Pe3KO MoBblWaeTcA AaBrie-
HVUe N obpas3yeTca Mow,HasA B3pbiBHas BoNHa. OAHOBPEMEHHO BO3HWKaeT MOLLHOe
n3nyyeHue. MNpoayKTbl LEMHOW peakuuu npu B3pbiBe aTOMHOW 60M6bI CU/IbHO
pagvoakKTUBHbI M ONACHbl AN XXWU3HU >XWUBbIX OpPraHU3mMoB.

ATOMHble 60M6bI NMpumMeHunnm CLUA B KoHUue BTopo MWpPOBOW BOWHbLI MNpo-
TMB AnoHuu. B 1945 r. 6bin cbpoweHbl aToOMHbie 60M6bl Ha AMNOHCKME ropoja
Xunpocumy n Haracakwu.

B TepmosgepHoii (BogopofHoOW) 6ombe AN MHULUMPOBAHMA peakLUn cUHTe3a
MCMoNb3yeTcss B3PblB aTOMHOW 60MO6bl, MOMEWEHHON BHYTPU TepMOSAAEPHON.

HeTpuBnanbHbIM pelleHMeM OKasanocb TO, YTO B3pPbIB aTOMHOA 60M6bI MC-
nosb3yeTcsa He A1 NOBbILWEHUS TemnepaTypbl, a ANS CUMbHElLWero cxatua Tep-
MOSAEPHOro TonnuBa M3nydyeHmem, obpasyrwumca Npv B3pbiBe aTOMHON 60MObI.

B Halwel cTpaHe OCHOBHble WAEW co3fgaHUA TepMosAepHOW 60MObI 6blNM Bbi-
OBUHYTbI nocne Benukoii OTeyecTBeHHOW BoliHbI A. [I. CaxapoBbiM.

C co3faHueEM AAEepHOro OpyXXus nobefa B BOWHe cTasla HEBO3MOXHOU. HAgep-
Hasa BOWMHa cnocobHa MPWUBECTU 4YenoBeyecTBO K rmbenun, NoaToMy HapoAbl BCEro
MuUpa HacToliumBo 60plOTCA 3a 3anpeleHne SAAEePHOro OpyXus.

PagnaumnoHHan 3awmta. 3axopoHeHue otxogos ASC l

1. YUTo ABNAeTCA MCTOYHMKOM 3Hepruum B sAlepHbIX peakTopax?

* 2. Kakune poCTOMHCTBaA M HefoCTaTKM [ABYX CNocoboB nonyydyeHwWs sHeprum: 1) cropa-
Hue roptyero, gobbiToro n3 3emnu; 2) ageneHve agep?
3. Kakue TpyaHOCTM BO3HWKAaWT MPW CO3JaHUM TepMOS[ePHOro peakrtopa?
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.18 93 WN3O0TOrMbI. NMOJMYYEHUVE N NMPUMEHEHWE
PAONOAKTUBHBLIX N3OTOMOB

a

Kak HasbiBalOT f4pa OAHOr0 XMMWYECKOrO 3/1eMEeHTa, MMeloLWne OAMHaKoBble 3aps-
[OBble 4yuCna, HO pasHble MaccoBble?

B pe3ynbTate HabMlOAeHUA OrpoMHOro u4ucna pagumoakTUBHBIX
npespaweHNn MnocTeneHHo o06Hapy>XWuaocb, 4YTO CYLLeCcTBYKWT Belle-
cTBa, TOX/JECTBEHHble MO CBOMM XWUMWYECKMM CBOWCTBAM, HO UMelO-

uiMe COBEPLIEHHO pas3/inyHble pajuvoakKTUBHble cBoWcTBa (T. €. pacnajawuimecs
no-pasHomy). MIx HUKak He yaaBanocb pasfennTtb HU OAHUM U3 U3BECTHbIX XMU-
Munyeckmx crnocobos. Ha 3atom ocHoBaHuum Copgawn B 1911 r. BbicKazan npea-
MoNOXXeHVWe 0 BO3MOXHOCTU CYLLECTBOBAHUA 3/IEMEHTOB C OAMHAKOBbLIMU XW-
MWYECKUMWN CBOMCTBAMMW, HO pasinyarwuUmMxca CBOeA pafvoaKTUBHOCTbIO. 3TuU
3N1eMEeHTbl HYXHO nomew,aTb B O4HY U Ty >XXe K/AeTKYy MNepuoanyeckor cucTembl
O. N. MeHgeneesa. Cogan HasBasl uUX m3oronamu, T. e. 3aHUMaKWUMU 04M-
HakoBble MecTa (0 HMUX yXe LWwna peyb B § 78).

radH g N3oTonbl — 3M1EMEHTbI C OAMHAKOBLIMU XMMUYECKUMU CBOCTBaMU, HO pas-
JIMYAIOLLMECS MAaCCOM.

MpepnonoxeHue Copgan nony4duno
6nectdawee noaTBepXAeHne u rny6o-

YECKO CUCTEMbI 3/1EMEHTOB onpe- Koe ToNkoBaHME TOA CnycTHd, Korha

[eNUTb KONMYEeCTBO W30TOMOB Y [AHHOro Aok, [iX. ToMcoH NpoBEN ToUHbIe n3-
SnEMeHTA MepeHus Macchl WMOHOB HEOHa MeTo-

[lOM OTK/IOHEHUS UX B 3/IEKTPUUYECKOM
M MarHUTHOM nonsix. OH 06HapPy»XXWN, 4TO HeOH MnpeAcTaBnsieT co60i CMecb ABYX
BW/0B aTOMOB. Bonblwas 4acTb UX MMeeT OTHOCUTE/IbHYI Maccy, paBHyt 20. Ho
Cylu,ecTBYeT He3HauuTesibHasA 4acTb aTOMOB C OTHOCUTE/IbHOW aTOMHOW Maccoi - . .
B pe3ynbTaTe 0OTHOCUTE/NbHAA aToMHasl Macca CMecu 6biia NpuHATa paBHoin 20,2.
AToMbl, o6najawuime oAHUMUN N TEMU Xe XUMUYECKUMWU CBolicTBaMu, pasfnuua-
nucb Maccoit. Ob6a BuMga aToMOB HeOHa, €CTeCTBEHHO, 3aHMMalT OAHO U TO Xe
mecTo B Ta6nuue [. W. MeHaeneesa W, crefoBaTenlbHO, SABASIOTCA M30TOMNaMu.

O6cyaute C  OAHOK/IACCHUKamu,
MOXHO /M1 Mo Tabnuue nepuoau-

N22H31 'y uzotonos 3apsabl aTOMHbIX S4€P OAMHAKOBbI, @ 3HAYWT, YWC/IO SIEKTPOHOB
B 060/104Kax aToOMOB U, C/el0BaTe/IbHO, XMMUYECKVE CBOWCTBA M30TOMNOB OAMHAKOBbI. Ho
Macchl siiep pasnuyHbl. Mpryém sigpa MOryT 6biTb Kak PafMoakTUBHbIMK, TakK U CTabu/ib-
HbIMU. PasnMuve CBOICTB pagMoOaKTUBHbLIX M30TOMOB CBA3AHO C TEM, YTO UX fi4pa VMelT
pas/MuHyl0 Maccy.

B HacTosAlULee BPEMSA YCTAHOB/IEHO CYLLeCTBOBAHME W30TOMOB Y BCEX XUMUYe-
CKUX 3/1eMEHTOB. HeKoTopble 3/IEMEHTbl WMEIT TONMLKO HecTabunbHble (paguo-
aKTWBHbIE) M30TOMbLI. Kak Mbl 3Haem,

BcrnomHuTe, UTOo onpedensieT ycroii- n3oTonbl ecTb y camoro Tséno-

[Yw  uusocTb sigep. ro M3 CyuWecTBYWUMUX B npupose
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3/1IEMEeHTOB — YypaHa (0THOCUTEeNbHble aTOMHble Maccbl 238, 235 mn gp.) n y ca-
MOro fiérkoro — Bogopofa (OTHOCUTENbHblE aTOMHble Maccbl 1, 2, 3).

Oco6eHHO MHTepecHbl M30TONbl BOAOPOAA, O KOTOPbIX Mbl YXXe FoBOpUAn, Tak
KakK OHM pasnn4yatrTca no macce B 2 m 3 pasa. [Jentepuii He pagnmoakKTUBEH U
BXOANT B KauecTBe He6onbwoi npumecn (1 :4500) B 06bIYHBLIN BOAOPOA.

Mpun coegnHeHUN JeliTepusa ¢ KUCNOpPoAOM obpa3yeTcsa TaK Ha3biBaeMas T s>KE-
nas Bopa. Eé cdmsnueckme cBoricTBa 3aMeTHO OT/AAMYaKTCA OT CBOWCTB 06bIYHOM
BoAbl. Mpn HOopMasbHOM aTMochepHOM AaB/ieHUM oHa kKunutT npu 101,2 °C un 3a-
Mep3aeT npu 3,8 °C.

M3oTon Bogopoga ¢ aTOMHOI Mmaccoi 3, TpPUTWUNA, paguoakTUBEH, OH MoAaBep-
XXeH (3-pacnagy ¢ nepuogom nonypacnaga 0KoO0 :: JfleT.

CyuiecTBOBaHMEe M30TOMOB AO0Ka3blBAaeT, UTO 3apsj aTOMHOro aapa onpegenser
He Bce CBOWCTBa aToMa, a NMWb €ro XxMmMuyeckue cBolicTBa M Te (u3nyeckue cBOWCTBA,
KOTOpble 3aBUCAT OT Nepudepun 3N1eKTPOHHOW 060/104YKM, HanpuMep pasmepbl aTtoma.

Macca >xe atoma M ero pagmoakTUBHblIe CBONCTBa He onpeaensAlnTca NOPSALKO-
BbIM HOMepom B Tabnuue 4. WN. MeHpgeneesa.

MpumeyaTenbHO, YTO NPU TOYHOM WU3MEPEHUUN OTHOCUTENbHbIX aTOMHbIX Macc
M30TOMNOB BbIACHUA0Cb, YTO OHM 6NN3KWN K UeNblM yncnam. A BOT aTOMHble Macchl
XUMUYECKMUX 3/IEMEHTOB MHOrAa CU/IbHO OTAMYATCA OT UenbiXx 4yucen. Tak, OT-
HOocUTeNnbHas aToMHas Macca xsiopa paBHa 35,5. 3T0 3HA4YUT, 4YTO B eCTECTBEHHOM
COCTOAHUN XUMWYECKW 4YnUCTOEe BELW,EeCTBO npeacrtaBnseT cobo cmecb M30TOMOB B
pasNnUHbIX MPOMoOpPLUAX.

LlenoyncneHHocTb (NPU6AMXKEHHAA) OTHOCUTENbHbIX @TOMHbIX MacC W30TOMNOB
04YeHb BaXXHa ANSA BbIACHEHWUSA CTPOEHWSA aTOMHOro fgpa.

MonyyeHne paanoakTUBHbLIX M30TOMNOB. C NOMOW b0 AAEPHbIX peakunin MOX-
HO MONYYNTb pagnmoakKTUBHbIE M30TOMbl BCEX XMMWYECKUX 3/1EMEHTOB, BCTpeyato-
WKNUXcsa B NpUpoae TONbKO B CTabW/IbHOM COCTOAHWUW. DEMEHTbl MN0L HOMepamu
43, 61, 85 n 87 BooOULE HE MMEWT CTabUbHbIX W30TOMOB WM BNEPBblE MOYYEHbI
MCKYCCTBEHHO, Hanpumep 3/IeMeHT C NOPAAKOBbIM HOMepoM Z = 43, Ha3BaHHbIN
TexHeunemMm, MMEKLWNA caMblii 4OATOXUBYLW KNI M30TON C NEPUOAOM nosypacnaja
0KO0/M10 MW/IZIMOHA feT.

Bblnn nony4yeHbl TakXe TpaHCypaHOBble 3/1eMeHTbl. O HENTYHUM M NNYyTO-
HUM Bbl yXe 3HaeTe. Kpome HUX, NOosy4vyeHbl ewé crefywlwme 3/IEMEHTbI: amMe-
puunin (Z = 95), kwopun (Z = 96), 6epknnn (Z = 97), KanugopHun (Z = 98),
AHW TenHuUM (Z = 99), depmunn (Z = 100), meHgenesuin (Z = 101), HobBenui
(Zz = 102), noypeHcun (Z = 103), pesepcopauii (Z = 104), gy6Hun (Z = 105),
cnbopruii (2 = 106), 6opuii (Z = 107), xaccuin (Z = 108), wMeliTHepun
(Zz = 109), papmwTagTwuin (Z = 110), peHTreHun (Z = 111), KonNepHUUW
(Zz = 112), coneposuin (Z = 114), nusepmopuin (Z = 116). Sn1eMeHTbl Nog HoMe-
pamn 107— 112 6bINM CUHTEe3UpoOBaHbl B FepMaHunM B gapMuwTtaaTckom LleHTpe
nccnefoBaHUM TAXENBIX MOHOB.

B HacTosiulee BpemMs  U3BECTHbI N O6cyanTe, noyemy nocTaBULUKKU pa-
TpaHCypaHOBble 3/1eMEHTbl C HOMepa- AMOAKTUBHbBIX M30TOMOB BCerga yka-
Mn 113— 118, nony4vyeHHble B OO6b- 3blBalOT faTy, B KOTOpPYyl onpegene-

eANHEHHOM MHCTUTYTE ANepHbIX Ha aKTMBHOCTb AAaHHOroO M30TONa.
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nccnepgoBaHnin B ybHe (4acTb — COBMECTHO C J/IMBEepPMOPCKOW HaluWOHaNbHOW na-
6opaTtopuein B CLLUA), HO He3aBUCUMbIMU UCCEA0BAHUAMU MOATBEPXAEHO TO/IbKO
OTKPbITUE 3/1EMEHTOB MNog Homepamwu 114 — cnepoBuii m 116 — nNuBepMopuii.

MNMpumeHeHne pagnoakKTUBHbLIX M30TOMNOB. B HacTosAuwee BpemMs KakK B Hayke,
TakK U B NPOM3BOACTBE BCE 60Nee WIMPOKO MCMNONb3YTCA pagnoakKTUBHbIE MU30TO-
Nbl Pas/iM4HbIX XUMWUYECKUX 31eMeHTOB. Haunbonblwee NpMMeHeHUe MMeeT METOJ
MeYeHblX aTOMOB.

MeToa oCHOBaH Ha TOM, 4TO XMMMUYECKUEe CBOMCTBA paguoaKTUBHbIX M30TOMOB
He O0T/INYalTCA OT CBOWCTB HepagMOaKTUBHbLIX M30TOMOB TEX >XXe 3/1eMEeHTOB.

O6Hapy>XnTb pagnoakKTUBHbIe M30TOMbl MOXXHO O4YeHb MPOCTO — MO UX WU3NY-
YyeHU. PagnoakTUBHOCTb SAABNAeTCA CBOeo6pa3HOli MeTKOW, C MOMOLLbI KOTOPOIA
MO>XHO MNpocneanTb 3a MNoBeAeHWEM 3NeMeHTa NPU pas/iIMYHbIX XUMUYECKUX pe-

aKumax M Pu3nyeckMx npe.BpalyeHU-

MeToA MeyeHbIX aTOMOB CcTan 0f- AX BELIECTB.

HUM n3 Haubonee [eCTBEHHbIX PagnoakTuBHbIe MN30TOMbI LWWUPOKO
MeTO4OB MPU peWeHNN MHOTOUYUCIEHHbIX NMPUMEHAKTCA KaK KOMNaKTHblE WC-
npo6nem Guonoruun, GU3MONOrUU, MEANLN- TOYHUKWN y-nydeil. TnaBHbIM 06pasom
Hbl ¥ T. 4. MCNoNb3yeTca pafuvoaKTUBHbIN KO-

6anbT 27Co0.

PagnoakTuBHble 1M30TOMNbl B 6uonorum n meagnynHe. OgHMM 13 Haubonee Bbl-
pawumxcsa mccnenoBaHuii, NnpoBeAEéHHbIX C MOMOLLbD MeUYeHbIX aTOMOB, SIBUMOCb
nccnepoBaHne obmMeHa BellecTB B opraHmsme. Bbinio gokasaHo, 4TO 3a CpaBHWU-
TeNbHO He60NblUIOE BPeMs OpraHuM3m nogBepraeTcs MOYTM MONHOMY OGHOB/IEHWUIO.
Cnarawuine ero aTomMbl 3aMeHSAKTCA HOBbIMMU.

NInwb Xeneso, Kak nokasanau OMNbliTbl M0 M30TOMHOMY MCCMEA0BaHUIO KPOBMU,
ABNAETCA UCK/IIOYEHMEM W3 3TOro npasuna. XXeses3o BXOAMUT B cocTaB reMorso6m-
Ha KpacHbIX KPOBSHbIX WapukoB. MNMpun BBEAEHUN B MUY pPafMoaKTUBHbIX aTo-

MOB >KeJjiesa 6biN0 06Hapy>KeHo, YTO OHM NOYTMU HEe nocTtynawT B KpPOBb.

TonbKo B TOM cnyvae, Korfga 3anacbl Xefie3a B OpraHu3Me MWCCAKalT, >Xeneso
HayMHaeT ycBaMBaTbCA OPraHU3MOM.

PagnoakTuUBHble M30TOMbl MPUMEHSIIOTCA B MeAWUMHE KaK A/ MOCTAHOBKU
AvarHosa, Tak M ANna TepaneBTUYECKUX Lenei.

PafnoaKTUBHbLIA HaTpuin, BBOAUMBbIA B HE60/IbLUUX KONMMYECTBAX B KPOBb, MC-
nonb3yeTcs A8 UCCNef0BaHUS KPoBooGpalleHUs.

Mol VMHTEHCMBHO HaKan/MBaeTCs B LWMTOBUAHOW >Xenese, 0coGeHHO npu 6ase-
foBol 6Gone3Hu. Hab6nwopgas ¢ MOMOLLbI CYETUMKA 3@ OT/IOKEHUEM pafuMoaKTUB-
HOro Moja, MOXXHO GbICTPO MOCTaBUTb AMarHo3. BosblWwine [03bl paguoakTUBHOIO
noga BbI3bIBAT YacTUUYHOe paspyllieHUWe aHOMasibHO pas3BUBalLWUXCSA TKaHel,
M NO3TOMY paguoaKTUBHBLIA MO4 WUCNOMbL3YKT ANA fiedyeHnA 6a3efoBO 60Me3HU.

MNHTEeHCNBHOE y-nU3nydyeHne KobanbTa MCNOMb3yeTcs NMPU JIEHEHUN PaKOBbIX 3a-
6onesaHnn (KobanbToBas nyliKa).

PaanoakTUBHbIE MU30TOMbI B MNPOMbIWEHHOCTU. He MeHee o6wmpHa o6nacTb
NPUMEHEHUS PagNOaKTUBHbLIX M30TOMOB B MPOMbIW/IEHHOCTU. OAHUM U3 MpuMe-
POB MOXET C/Y>XWUTb CM0C06 KOHTPO/SISA M3HOCA MOPLIHEBbLIX KOJel B ABUraTensax
BHYTpPEHHero cropaHusi. O6ny4yass MOPWHEBOE KO/IbL0O HEWTPOHAMM, BbI3blBAOT
B HEM silepHble peakuUu 1 AenawT ero pagnoakTUBHbIM. Mpu pa6oTe gBuraTens
yacTUYKKN MaTepuana Kosbla nonagawT B cMa3ouyHoe Mmacso. Mccnefgys ypoBEHb
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pasnoakKTUBHOCTM Macna rnocsae onpegenéHHoOro BpeMeHu paboTbl ABurartens,
onpefensaT U3HOC KO/bLia.

PagnoakTuUBHble M30TOMbI MO3BONAKT CyAUTb 0 Auddy3nn meTansios, npoec-
cax B [lOMeHHbIX neyax v T.4. MoUWHOe y-U3nyvyeHne pagnmoakTUBHbLIX NpenapaTos
MCNoNb3ylT ANSA UCCef0BaHUSA BHYTPEHHEW CTPYKTYpbl MeTan/IMyecKuX OT/INBOK
C Lenblo 06HapyXeHns B HUX AedeKTOoB.

PagnoakTvBHbIE MN30TOMbl B CENbCKOM X035licTBe. Bcé 6onee wmpokoe npu-
MeHeHWe MosyyalT pafnoakKTMBHbIE M30TOMNbl B Ce/IbCKOM Xxo03akcTBe. Ob6nyyeHue
CeEMSAH pacTeHW (xnonyaTHWUKa, KanycTbl, peauca uU Ap.) HebonbWUMW [o3aMu
y-nyyeii oT pafMoaKTUBHbIX MNpenapaTtoB MNPUBOAUT K 3aMeTHOMY MOBbILWIEHWIO
ypoxkaiHocTu.

Bonblwue A03bl paguauun Bbi3biBAKT MyTauuun y pacTeHUn M MUKPOOPraHWns-
MOB, 4YTO B OTAE/bHbIX C/AyYasaX MPUBOAUT K MNOABJIEHUIO MYTAHTOB C HOBbIMMW
LeHHbIMW cBolicTBamu (pajuocenekums). Tak BbIBeAeHbl LieHHble copTa MLWEHU-
ubl, thaconm u Apyrnx KynbTyp, a TakXe MOoNy4YeHbl BbICOKOMPOAYKTUBHbIE MU-
KpoOpraHm3mbl, MPUMEHsIEMble B MPOM3BOACTBE aHTUOGMOTMKOB. FaMma-u3nyvyeHue
pafnoaKTUBHBLIX M30TOMOB WMCMOMb3yeTcA TakXe ANA 60pb6bl C BpeAHbIMU Hace-
KOMbIMU W AN KOHCepBauuW NULLeBbIX NPOAYKTOB.

LLlnpokoe MpuMMeHeHMe MOSYy4YU/N MeTOA MeYeHbIX aTOMOB B arpoTexHuke. Ha-
npumep, 4Tobbl BbIACHUTL, Kakoe M3 (MochPopHbIX yaobpeHUl nydlwe ycBanBaeTcs

pacTeHuMeM, MomMevalT pasnnyHbie yao6peHUss paavoakTUBHbLIM dochopom ?|P.

Ncenepya 3atem pacTeHUs Ha pagMoakKTUBHOCTb, MOXXHO OMNPEAE/IUTb KOMNYeCTBO
YyCBOEHHOro MMun ocdopa M3 pasHbIX COPTOB yaobpeHUs.

PagnoakTnBHbIE M30TOMblI B apxeosiormn. VIHTepecHoe NpumMeHeHuWe ANs onpe-
JeneHNsa Bo3pacTa ApPeBHUX MNpeaMeToB OpraHM4Yeckoro nMpomcxoxkaeHusa (gepesa,
APEBECHOr0 yrnsd, TKaHel v T. A.) NOAyYMN MeTon pafuvoaKTUBHOIO yriaepoja.
B pacTeHusAx Bcerga mmeeTcs (3-pafMoaKTUBHbIA M30ToN yrraepoja Cc nepwuo-
nom nonypacnaga T = 5700 net. OH o6pasyeTcss B aTmocthepe 3emnn B Heb6ONb-
WOM KOMMYecTBe M3 asoTa Moj AelicTBMeM HeliTpoHOB. lMocneAHue e BO3HUKAKT
3a CUET AAepHbIX peaKuWi, BbI3BaHHbIX OGbICTPbIMWU YacTUL,amMu, KOTOpble MOCTY-
nawT B aTmocdepy M3 Kocmoca (KOCMWUYECKUE yudn).

CoegnHAACL C KMCNOPOLOM, 3TOT M30TON yrnaepoga obpasyeT yrnekucnbln ras,
nornow,aeMmbli pacTeHUAMMU, a Yepe3 HUX W XMUBOTHbIMU. OAUH rpamm yrnepoga
n3 obpasu0B MOJI0L0r0 Jsieca McrnyckaeT 0KOJ10 NATHaUATU p-yacTuL, B CeKyHAy.

Mocne rubenn opraHmsma MOMOJSIHEHME €ro paguUoaKTUBHbIM Yrnepogom npe-
KpauwiaeTtca. MMeloweeca >e KONMYECTBO 3TOro m3ortona yb6biBaeT 3a CYET pa-
AnoakKTMBHOCTM. OnNpefensas MNpPoOUEHTHOe cofdepXXaHue pagunoakTUBHOINO Yrnepo-
Ja B OpraHMyeckmx ocTaTKax, MOXHO onpegennTb WX BO3pacT, €CNU OH NeXUT
B npegenax ot 1000 go 50 000 m paxke go 100 000 net. Takmm MeTOAOM y3HalT
BO3pacT ernneTcKUX MyMWN, OCTATKOB AOUCTOPUYECKMX KOCTPOB WU T.4.

N3oTonbl. ATOMHaa macca. XMMU4YecKne CBOCTBA 3/1€EMEHTOB

1. CywecTBYT M M30TONbI y 6apusA, oOTHOCUMTeNbHaA aToMHas macca
KoToporo 137,347
* 2. YTo Takoe pagmoakKTUBHble M30TOMbl U KakK WX WCMNOMb3YT?




350 KBAHTOBAS ®W3NKA

T

11894 BUWOJIOTUYECKOE JAENCTBUE PALANOAKTUBHbIX
~ N3NYYEHWNI

Uem conpoBOXgaloTcs NpeBpaleHns sigep U sijepHble peakuun?

M3nyyeHna paguMoakKTUBHbLIX BEL,ECTB 0Ka3blBAalT 0YEHb CU/IbHOe BO3AelicTBUE
Ha BCe XXMBble opraHu3ambl. [laxxe cpaBHUTeNbHO cnaboe M3nyvyeHne, KOTopoe npu
MOJTIHOM NOr/IoWEeHNN NOBbIWAET TeMnepaTtypy Tena nuwb Ha 0,001 °C, HapywaeT
XXU3HELEeATeNbHOCTb KJ/IETOK.

XXnpas Knetka — 3TO CJ/I0OXKHbIWA
BcnoMHUTE, 4TO Takoe KfeTka B 6Mo- MeXaHN3M, HEeCrnoCco6HbIN npoaonXatb
W nornn. HOPpMasibHYH AeATeNbHOCTb faXXe Nnpwn

MasiblX MOBPEXAEHUAX OTAENbHbIX ero
yuyacTKoB. Mexay TeM U cnabble U3/Iy4eHUa CMOocCo6HbI HaHecTUM KaeTKaMm cylle-
CTBEHHble MOBPEX/AEHUA W Bbl3BaTb OMacHble 3a6osieBaHUs (ydyeBasi 60/1€3Hb).

Mpu 60NbWOA WHTEHCUBHOCTU W3NYYEHUS >KMUBble O0praHMaMbl noruéatoT.
OnacHOCTb M3Ny4YeHU ycyry6nsieTcss Tem, 4TO OHUM He BbI3blBAlOT HUKaKUX 60-
NeBbIX OUWLYULeHUI Aaxke MpU CMepTenbHbIX [03aX.

MexaHu3M 6MOMIOrMYECKOro [AENCTBUS M3NydYeHUs, Mopaxkawl,ero o06beKThl,
ew,é HefoCTaTOYHO M3y4yeH. Ho SICHO, YTO OHO CBOAMTCA K MOHM3aUUW aTOMOB U
MOJSIeKYN M 3TO0 MPUBOAUT K U3MEHEHUID UX XUMWYECKOli aKTUBHOCTU. Haumbonee
UYBCTBUTE/IbHbI K W3NIyYeHUSM Aapa KNeToK, 0CO6eHHO K/IeTOK, KOoTopble GbICTPO
nenatcsa. MosToMy B NepBytl ouvepedb W3NYUYEHUs MopaXkaldT KOCTHbLIV Mo03r, u3-
3a yero HapyuwaeTtcs npouecc o6pasoBaHuUs KpoBu. Janee HacTynaeT MopaxeHue
KNeToK MU eBapuTenibHOro TpakTa M APYrMx OpraHos.

O6nyyYeHNe XKWUBbIX OpPraHU3mMoB

CunbHOe BNUAHME OKasblBaeT 06- MOXET W MPUHOCUTL ONpeaesiEHHYIO
NyyeHWe Ha HACNefCTBEHHOCTb, nonesy. BbicTpopasmMHoXKatonecs
nopaxas reHbl B XpomMocomax. B 60/bWUH- KeTkn B 3/10KaYeCTBEHHbIX (pakKo-
CTBe Cc/lyvYaeB 3TO B/UAHUE ABAAeTCA He- BbIX) onyxonax 6onee HYYBCTBUTE/Ib-
6NaronNpPUATHLIM. Hbl K 06/1yYeHWI0, YeM HopMasibHble.

Ha 3ToM ocHOBaHO nogaB/ieHWE paKo-
BOW 0OMyxX0onu y-nyyaMu pajuMoaKTUBHbIX MNpenapaToB, KOTOpble A/ 3TOW ULenu
6onee 3PPEKTUBHbLI, YEM PEHTreHOBCKME Jy4n.
J[o3a nsnydyeHnsa. BosgelcTtBMe MU3NYUYEHUN Ha XUBble OpraHM3Mbl XapakTepwu-
3yeTcs [030M M3Ny4veHUS.

[lo3a MOrnoweéHHOro M3Ny4eHUss — 3TO OTHOWEHMWEe MNOrNOWEHHOU Tenom
3HEPru”M WOHU3MPYOLWEro M3nyvyeHnsa K macce obayvyaemoro Ttena:

D= —.
m
B CWV nornow,éHHy [03y MU3ydeHUA BbipakatwT B rpeax (Fp). 1 Mp paBeH no-

rNoWeéHHOW f03e N3NYUYEeHUsI, MPU KOTOPO 06/TyYeHHOMY BeLLeCTBY MAacCoWl : Kr
nepefaéTca sHeprus MOHM3UpPYOWEro nsnydeHna 1 Ax:
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1rp Ax

YenoBek TMOCTOAHHO nMoAgBepraet-

ca cnabomy 06/1y4YeHUO pafMo0aKTUB- O6cyauTe C  OAHOKNACCHUKAMM,

HbIMW  WUCTOUYHUKAMKU (KOCMUUecKue 0AMHAKOB NM pPagnauuoHHbii  OoH
Ny4n, pagnoakTUBHOCTb TOPHbIX MoO- B ropoge u 3a rOpoAOM, B pasnuu-
poa W MouBbl, PaAvoaKTUBHbIE U30TO- HbIX 061acTAX CTpaHbl.

Nnbl, HaxoAsUWMecs B Nuu,e, Hanpumep
M30TON Kanus).

EEDS EcTecTBeHHbI# hoH pagnauum (KocMuuYeckue nyyum, pagnoakTUBHOCTb OKpPYXato-
e cpeabl M YeNOBEYECKOro Tena) cocTaBnseT 3a rog Ao3y M3nydeHusa okono 2 < 1Crs Ip
Ha yYenoseka. MexAayHapogHas KoMuccusa No pajumauMoOHHON 3awuTe ycTaHoBMANa ANa nuu,
paboTallWmnx ¢ uU3nydyeHnem, npepenbHo gonyctumyt 3a rog gosy — 0,05 Ip. Josa wm3s-
nydyeHna 3— 10 p, nonyyeHHaa 3a KOPOTKOe BpemsA, CMepTesibHa.

PeHTreH. Ha npakTmke WKWPOKO WUCNOMb3yeTCA BHeCUCTEMHas eAuMHWULA 3KC-
NO3NULMOHHOMN A03bl M3nydyeHnsas — peHTreH (P). DTa eanHUua sABNAeTCA Mepoi
WOHM3UpYyLULei crnoco6HOCTM PEHTFeHOBCKOro M ramMmma-usnydyeHuin. [osa u3ny-
YeHUA paBHa OoAHOMY peHTreHy (1 P), ecnn B 1 cMs CyXoro Bo3gyxa npu TeM-
nepatype 0°C n pgaBneHum 760 Mm pT. cT. obpa3yeTcsa CTO/IbKO WMOHOB, 4TO WX
CYMMapHbIN 3apaf KaXaoro 3Haka B 0TAeNbHOCTUM paBeH 3 < HO-10 Kn. Mpu atom
nony4vyaeTrca npumepHo 2 < 10, nap MoHOB. Ywncno o6pas3yllLMXcad WOHOB cBA3a-
HO C norfaowi,aemMoil BeL,eCcTBOM 3Heprmein. B npakTmuyeckoih AO3UMETPUU MOXHO
cuntatb 1 P npumMepHO 3KBMBA/NEHTHbIM MOrNOWEHHOK A03e n3nydeHusa 0,01 Ip.

XapakTep BO34eliCTBMA M3Ny4YeHUss 3aBUCUT He TONbKO OT A03bl MOTNOWEHHOTO
n3nyyeHna, HO M OT ero Bupa.

Pasnunune 6Mo0NOrMyeckoro BO3JeNCTBUSA BUA0B U3NTYYEeHUS XapaKTepusyeTcs
KoahhmymeHTOM KadvecTBa k. 3a eanHuuy npuHumaeTtca KoaphuuymeHT Kaue-
CTBA PEHTreHOBCKOr0 WU ramma-msnyyeHum.

Camoe 6onbloe 3HayeHue KoapduumeHTa kadectBa y a-dyactuy (k = 20),
a-nyyn ABNAKTCA CaMbIMW OMacHbIMW, TakK KakK Bbl3blBalOT caMble 60/bliMe pas-
pyWweHUa XUBbIX KNeTOoK.

Ana oueHKWN AeliCTBUSA U3NYUYEHUS Ha XWBble OpraHW3Mbl BBOAUTCA crneunab-
Has Be/IMYMHA, Ha3blBaemMasi 3KBMBAJIEHTHOW [030i MNOrNOWEHHOr0 WU3/TYUYEeHUS.

JOKBUBaneHTHasa fo3a MOr/0oWEHHOro U3Ny4YeHUss onpegenserca nNpous-
BefleHMeM [03bl MOrNOWEHHOT0 M3Ny4YeHNsa Ha KOS(*)CPVILI,VIGHT KayecTBa:

H=D-k

EanHuua skBMBaneHTHOW A03bl — 3mBepT (3B). 1 3B — 3KBMBaseHTHasa [os3a,
npun KOTOPOW fo03a MOrNoWEHHOro ramma-msnydeHus pasHa 1 Ip.

MakcumanbHoe 3HayeHWe 3KBMBA/IEHTHOW [03bl, MOC/e KOTOPOro MPOUCXOAUT
nopa>xeHue opraHmsma, Bblpa)kawlieecsd B HapyWeHUN AeNeHNA KJIeTKU uau 06-
paszoBaHUU HOBbLIX KneTok, 0,5 3B.
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HOHAROWIAIL

OJIEMEHTAPHBIE YACTWLbI

Cgbhoy g 373
RIS
B 3Toii rnaee peuyb NOWAET 0 YacTMLax, KOTOPble HENb3A pasfeinTb U U3 KO-
TOPbIX MNOCTpOeHa BCA MaTepus.

11 8§95 TPV 3TAMA B PA3BUTUU DPU3SUKUN INEMEHTAPHbIX
YACTUILL

OxapakTepusyiiTe ueTbipe W3BEeCTHble BaM YacCTWULbl: 31eKTPOH, (HOTOH, MNPOTOH
N HEWTPOH.

OTan nepsbiti. OT 371eKTpoOHa A0 no3uTpoHa: 1897— 1932 rr. (3nemMeHTapHble
yacTuubl — «aToMbl [leMokpuTa» Ha 6osiee rNy60KOM YpOBHE.)

Korpa rpeyeckuin u3nk [eMOoKpUT HasBaja NpocTeilwlne HepacHieHUMble fa-
nee yactuubl atomamu (CN0OBO aTOM, HAaNOMHWM, O03HayaeT «HeAEeNUMbIli»), TO
eMy, BEPOATHO, BCE NMpefcTaB/A/OCL B MPUHLMMNE HE OYEeHb C/IOXKHbIM. PasnunyHble
npeamMeTbl, pacTeHWUs, XXWUBOTHble COCTOAT W3 HeAe/IMMbIX HEU3MEHHbIX 4YacTul,.
MpeBpaweHnsa, Habnwpaemble B MUpe, — 3T0 NpocTas nepectaHoBka atomoB. Bcé
B MMpe TEYET, BCE M3MEHSAETCA, KPOMe CaMWX aToOMOB, KOTOPble OCTalTCA HEWU3-
MEHHbIMW.

Ho B KoHuUue XIX B. 6bl/Z10 OTKPbLITO C/IOXKHOE CTPOEHMEe aTOMOB W BblgesleH
3N1eKTPOH KaK cocTaBHas u4acTb aTtoma. 3aTtem, yxe B XX B., 6blIN OTKPbITHI
NPOTOH W HEWTPOH — YacTulbl, BXOAAWMe B COCTaB aTOMHOro faApa.

MoHayany Ha BCe 3TU 4YacTuUUbl CMOTPeNu TOYHO TakK, KakK [leMOoKpUT cMoTpen
Ha aTtoMbl: UX CYUTANN Hefe/IMMbIMW WU HEW3MEHHbIMU MepBOHAa4Ya/IbHbIMU CYLY -
HOCTAMMW, OCHOBHbIMW «KUPNUYMKAMU MUPO3LAHURA».

OTan BTOopoin. OT NO3UTpoOHa A0 KBapkoB: 1932— 1964 rr. (Bce anemeHTap-
Hble YacTMuuUbl MNpeBpawawTCca Apyr B gpyra.) CuTyauusa npuBaekaTeslbHOW sSc-
HOCTWU Anunacb Hepfosro. Bcé okasanocb HaMHOrMO C/AO0XKHee: KaK BblIACHWI/IOCH,
HEeM3MEHHbIX 4YacTul, HeT coBcemM. B camom csoBe 3fieMeHTapHasa 3ak/w4aercs
OBOAKUN cMmbicn. C 04HOA CTOPOHbI, 3/1eMeHTapHbIN — 3TO camMo Co60i pasymero-
wuniica, npoctenwmnii. C Agpyroi CTOPOHbI, NOL 3/1EMEeHTapHbIM MOHMMAaeTCHa He4yTo
dyHAamMeHTanbHOe, fexaliee B OCHOBe Belehd (MMEHHO B 3TOM CMbIC/e celiyac
M Ha3blBalT CybaTOMHbIe YacTWULUbl 3/IeMeHTapHbIMN).

CuntaTb M3BECTHble celivyac 3/leMeHTapHble YacTulbl NOAOO6HBIMU HEU3MEHHbIM
aTomam [JemokpuTa MewaeT cneaywwmnin npocton dakt. HuM ogHa U3 yacTul He
6eccmepTHa. BONbWWMHCTBO 4YacTul, Ha3blBaeMblX celivyac 3/1IeMeHTapHbIMU, He
MOXeT MPOXUTb 60nee ABYX MWNJIMOHHbLIX A0/EN CEKYHAbI, faXke B OTCYTCTBUE
Kakoro-nn6o Bo3felicteusa u3BHe. CBO60AHbLI HENTPOH (HEMTPOH, HaxoaAwwuicsa
BHE aTOMHOro sgpa) >XumBéT B cpegHem 15 MUH.

Nvwb vacTnuybl MOTOH, 3/1eKTPOH, NPOTOH W HEATPUHO coxpaHANM 6bl CBOI
HEM3MEHHOCTb, ecnu 6bl Kaxpgas M3 HUX 6blna ogHa B LenoM Mupe (HEMTPUHO
NNLWEHO 31eKTPUYECKOro 3apsaja, M ero macca nokos 4pes3BblYaMHO Mana).

Ho y 3n1eKTpOHOB M NPOTOHOB MMeKTCA onacHelwune cobpaTtbs — MNO3MT POHbI
MW aHTUNPOTOHbLI, NPU CTO/TKHOBEHUMN C KOTOPbIMW MPOUCXOAUT B3aMMHOE YHWY-
TOXEeHMue 3TUX vacTuy n obpasoBaHUE HOBbIX.
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®OTOH, MCNYUWEHHbIA HAaCTONbHOMN
namnow, >XuBET He 6onsiee 10 s ¢c. 3TO
TO BpeMsi, KOTOpPOe eMy HYXHO, 4TO-
6bl [OCTUYb CTpaHWUbl KHUTM W MNo-
rnoTuTbca Gymaroi.

NIMwb HENTPUHO NpaKTUUYECKU 6eccCMepTHbl, TaK KaK OHW 04YeHb cnabo B3anMMo-
LeNCcTBYIOT ¢ ApyrumMmun yactuuamum. OgHako U HEMTPUHO TMOHYT NPU CTO/TKHOBEHUM
C APYrMMU 4YacTuLaMn, X0TA TakKume CTOTKHOBEHMUS c/ydalTcsa KpaiHe pegko.

MNTak, B BEHHOM CTPEM/IEHUU K OTbICKAHWID HEU3MEHHOro B HalleM W3MeH4YU-
BOM MWpe YY€Hble OKasa/MCb He Ha FPAHUTHOM OCHOBaHWUMW, a Ha 3bl6GKOM MecKe.

Yto o03HaualwT cnoBa «yactmua uc-
yezaeT»? HeT nun 3gecb HapyweHus
3aKOHa COXpaHeHuWa 3Heprumn?

Bce afemMeHTapHble 4acTuubl NpeBpawalTcsa Apyr B ApYyra, M 3TU B3aWMHble
npeBpaweHns — rnaeBHbli HaKT UX CylL ecTBOBAHUSA.

Yckoputenn yactuy. MycTb Yy Hac BO3HWK/IO eCTeCTBEHHOe >XeflaHWe uccnepo-
BaTb, COCTOUT /i1, HANpuUMep, 3/1IeKTPOH M3 KaKUX-N1n6o Apyrux cy6aneMeHT apHbIX
yacTul. UTo HY>XXHO caenaTb AN TOro, 4to6bl NONbITATLCA pacySeHUTb 3/1IEKTPOH?
MOXXHO npuaymaTb TONbKO OAMH cNocob — TOT, K KOTOpoMYy npuberaet pebEHOK,
€cnn X0o4eT y3HaTb, YTO HaAX0AMUTCA BHYTPU WUTPYW KW, — CUAbHBIA yaap.

Pa3ymeeTcsi, MO3/IEKTPOHY HeNnb3s yaapuTb MOJOTKOM. [Ns 3TOro MOXHO
BOCMO/b30BaTbCA APYTUM3I/M1EeKTPOHOM, /NeTAWMUM C OrPpOMHOMA CKOPOCTbIO, WAKU
KaKoh-nn6o MHOM ABMXKYLLENCA ¢ 60/bLIOA CKOPOCTbI 3/IEMEHTAPHOA YacTuuen.

Ans peweHna 3Tol Hay4dyHoOl 3agayn 6bl1vM pa3paboTaHbl YCKOPUTENN HaCTUL,.

CyuiecTBYeT MHOXECTBO TUMOB YCKOpUTeNel, HO B OCHOBE paboTbl BCEX J1EXUT
B3aMMOfeCcTBME 3aps>XeHHbIX 4YacTuUL C 3/1IeKTPUYECKUM W MarHUTHbIM MONSIMU.
DNeKTpuyeckoe Mnosie yBeMUYMBaeT KMHETUUYECKYH 3HEpPruio 4YacTulbl, a MarHuT-
Hoe, 6narogaps pfelicTBMiO cunibl JlopeHua, onpegensieT eé op6uTy. Ha pucyH-
ke 1.31 nokasaHa NpuHUMNUanbHas CXema OAHOr0 W3 MepBbiX YyCKOpUTenen, Ha-
3bIBAEMOr0 LUK/0T POHOM.

CoBpeMeHHble ycKoputenu Ha

BONbWoOW aApoHHLIA  Konnaipep BCTPEYHbIX ny4kax, nonyvunewne

(BAK), noOCTpOEeHHbI1 Ha rpaHuue HasBaHWe Konnangepbl, MNO3BONAIT
Weeiuapun u ®paHuMm B pamkax Mex- cTasiIKmBaTb YacTulbl C OTHOCUTE/b-
AYHApOAHOTO MNpoekTa, sABNAETCH camoii HbIMMW CKOPOCTAMMU, B/IN3KUMU K CKO-
KPYNHO 3KCNepuMeHTasbHOW YCTaHOBKOIA pOCTU CcBeTa, a 3aTeM MCCAefoBaTh

B Mupe. nnHa TOHHeNsAs OCHOBHOrO Konbua

npouecchbl, npoucxoasuime npu cTos-
yckopuTtena coctaBnfaeTt 26 659 wm.

KHOBEHUSIX, M BHOBb MONYy4YUBLINECS
yacTuubl.

UTOo XXe MPOUCXOAUT MPU CTOTKHOBEHWUU YacTUL, CBEPXBbLICOKOU 3Heprum? OHuU
OTHIOAb He APO06ATCA Ha HEeYTO Takoe, UYTO MOXHO 6blslo 6bl Ha3BaTb MX COCTaB-
HbIMW YacTamMu. OHW POXKAAKT HOBble YacTULbl W3 4yucna TexX, KOTopble YXe
hUTypuUpPYyT B CNUCKE 3/IEMEHTAPHbIX YacTul. Yem Gonblue 3Heprus cTankusa-
LW KUXCA YacTul, TeM 60/ibliee KOMMYECTBO 4acTul poxgaetcs. [pu aTom BoO3-
MOXHO MosiIBeHWe 4YacTul ¢ 6onblueid Maccoi, Yem CTa/liKMBAWLIMECS YaCTULbI.

Mpn Bcex npeBpaweHMAX 4YacTul Bcerja BbIMOJHAKTCA 3aKOHbl COXpaHeHuA
dHepruun, 3anNeKTpuyeckoro 3apsapa, mmnynbca.
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Ha pucyHke 13.1 Bbl BUAUTEe pe3ynbTaT CTO/IKHOBEHUA Ajpa
yrnepoga, nmeBlero aHeprui 60 mnpa 3B (OkupHaa BepxHAA
NUHKUA), ¢ aapom cepebpa oToIMYyAbCUKN. ALPO packasbiBaeTcs
Ha 0CKONKW, pas3fneTtaluwmeca B pasHble CTOPOHbI. OQHOBPEMEH-
HO pOXJAalTCA HOBble 3/IeMeHTapHble YacTulbl — MUOHbI. [lo-
LO06GHble peakuun MNpu CTONKHOBEHUAX PenATUBUCTCKUX Aaep,
MoMy4YeHHbIX B YCKOpWUTene, BrepBble B MUPe OCYL,eCTBNEHbI
B Nnabopatopun BbICOKUX 3Heprnii O6bLeAUHEHHOr0 MHCTUTYTa
A0epHbIX mnccnefosaHuii B r. AlybHe nog pyKoBOACTBOM akafe- ]
Mnka A. M. BanguHa. JINWEHHbIE 3/1EKTPOHHOA 060104YKU Puc. 13.1
agpa 6blN1M nony4veHbl NYyTEM MOHM3a-

unn aTomMoB yrnepoaa s1a3epHbIM JTyHOM. MocunuTaiite, CKONbLKO MPUMEPHO MNK-
B03MOXHO, KOHEYHO, 4YTO Mpwu CTON- OHOB BO3HWKNO (cMm. puc. 13.1). Mo-

KHOBEHMSAX 4YacTuly, C He[oCcTyMNHOWM aymaiite, noyemy crefbl OT 4acTuy

noka Ham aHeprumein 6ygyT poXpgaTbcs MMEIT pasHble TONUUHY 1 A/INHY.

N KaKue-TO HOBble, €lé HeusBecTHble

yacTmubl. Ho cyTu fgena 3To He U3MeHWUT. PoXKAaemble MPU CTO/TIKHOBEHUAX HOBble
yacTuubl HMKaK HeMb3A paccMaTpuMBaTb KaK COCTABHble YacCTWM YacTUL-«pOAMTENel».
Befb «404YepHME» YACTULLbI, ECNIN UX YCKOPUTbL, MOryT, He M3MEHUB CBOeii mpupoasbl,
nopoAuTb, B CBOK 04Yepefb, NMPU CTONIKHOBEHUAX cpa3y HECKO/IbKO TaKMX e B Tou-
HOCTW YacTUL, KaKUMU 6bI/IN UX «POAUTE N>, AA elé U MHOXECTBO APYrMX vactul,.

E n W dnemMeHTapHble HacTHPbI - 3TO0 _ e , H e _ bl e pjanee Hac™-
Lbl, M3 KOTOPbIX NOCTPOEHa BCSA MaTepus.

OfHaKo Hefe/IMMOCTb 3/1eMeHTapHbIX 4YacTUL, He 03HayaeT, YTO Yy HUX OTCYT-
CTBYET BHYTPEHHSAS CTPYKTypa.

dT1an TpeTtuin. OT rmnoTesbl 0 kBapkax (1964) go Hawwux AHen. (BoNbWKUH-
CTBO 3/1eMeHT apHblX YacTuLl MMeeT CAO0XKHYKW CTPYKTypy.) B 1960-e rr. Bo3-
HUK/N COMHEHMS B TOM, 4YTO BCe YacTulbl, Ha3blBaeMble celivyac 3/71eMeHTapHbl-
MU, MOMHOCTbIO ONpaBAblBalOT 3T0 Ha3BaHwe. OcHOBaHMe A/ COMHEHUI NpocToe:
3TMX 4YacTuy o4eHb MHoOro. Mocne 1932 r. 6bI10 OTKPbLITO 60onee 400 yacTuL.

Hanpumep, 6bina 0TKpbITa rpynna Tak Ha3blBaeMblX CT paHHbIX Yyactuy: A"-Me30-
HOB W TFMMNEpoHOB C Maccamu, MNpeBblWawW MMM Maccy HYKNoHoB. B 1970-e rr.
K HUM npubaBunacb 6onblian rpynna vyactuy ¢ ewé 600bWINMKM MaccaMn, Ha3BaH-
HbIX O04YapoBaHHbIMW. Kpome TOro, 6bI/IM OTKPbITbl KOPOTKOXWBYLWME 4HacTULbl C
BpeMeHeM Xu3Hu nopagka 10 ..— 1(s ¢. 3TN YacTuubl 6bINM Ha3BaHbl Pe30HaH-
camMmu, N UxX yxe obHapy>XeHo 60nblle ABYXCOT.

YacTuubl XapaKTepu3ywTcs Maccoi, 3apsafoM, BPeMeHEeM >XWM3HU U MHOTMMU
APYrMMU XapaKTepucTukamu. o Mepe OTKPbITUS BCE HOBbIX 4YacTul BBOAUIUCH
N XxapakTepucTukm, nx onpegenswoume. Tak, B 1925 r. amepukaHckune pusnku-
TEOPEeTUKWU TOoNMaHACKOro npoucxoxgeHmsa C. FaygcmmnTt un [OX. YneHb6ek
ONs 00BbACHEHWA CNEKTPOB aTOMOB MPeANOsIOXWUAN, YTO 3/1IeKTPOH obnajaeTt co6-
CTBEHHbBIM MOMEHTOM WMMMNy/ibca, Ha3BaHHbIM UMW CNUHOM.

Mo 3Ha4YeHMIO CAMHa BCe 4YacTULbl AeNATcA Ha (ePMWMOHbLI C MOAYLUE/bIM CMNn-
HOM, paBHbiM H/2, W/2, ..., n 6030HbI C UeNbIM CMMHOM — o, h, 2h.....

depMUOHaAMN SABNAKTCA 3/1€KTPOH, MPOTOH, HEATPOH W 3/IEKTPOHHOE HEWTpu-
Ho. Bo3oHamu aBNATCA (POTOH, /1-Me30H U paj APYrmnx 4vactuu,.
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B cBA3M € 60NbWINM KONMYECTBOM 3/IEMEHTapPHbIX YacTul, BO3HMKAA npobnema
nx kKnaccndukaumm. OgHUM M3 cnocoboB Kaccnukauum gasnsetca Knaccupu-
Kauusa no BuAy B3auMMoLeMcTBUSA.

Buabl B3anmopenctena. Kak Bbl y)Xe 3HaeTe, B NPUpoLe CYULeCTBYIOT 4eTbipe
Tnna PyHAaMeHTanbHOIMo B3aMMOLENCTBUA, T. e. yYeTblpe Tuna cun.

Camoe cunbHOe B3ammogecTBme obecneymBaeT agepHasa cuna, yaepxupawuas
yacTuybl B sgpe. D/eKTPOMarHUTHOe B3aMmogeWcTBUE onpepenseT CUNbl, AeW-
CTBYKOLULME Ha 3aps>XeHHble yacTuubl. Cnabas sagepHas cuia oTBevyaeT 3a pacnapg
TAXKENbIX YacTul Ha 6onee Nérkue, U, HakKoHel, rpaBuTaLMoHHaa cuia — cuna
NPUTSXEHUA MeXAy Tenamu, obnagarwWwMmum Maccon.

MN3BeCTHO, UTO 3/IEKTPOMArHUTHOe B3aummofericTBue obecneymBarwT BUPTyalb-
Hble (DOTOHbI, a sAfepHoe (CU/bHOEe) B3auMoAelicTBUE — J1-Me30HbI.

Y4YyéHble NpefnonioXXuUnun, 4To YacTuubl, OTBETCTBEHHble 3a cnaboe B3aMMo-
penictemne, nMmewT Maccy nopsgka 100 MsB, oHn nonyunnu HasBaHue W +-, W~-
M r°-yactuy. Cnycta nodytm 20 neT nocse co3gaHua Teopun, obbAcHAKLWENR cna-

6oe B3ammopenctBue, B 1983 r. 3Tm

KakuMn 13 TUMNOB B3aMMOAeACTBUS yacTtunybl 6blNn JKCcnepumMmeHTasnbHO

Mbl nNpeHebperaem npu paccmoTpe-
HUN [BWXEHWUSA nnaHeT, 3/1eKTPOHOB
B aToMe, M Kakumm — npu paccmo-
TPEHUN yvacTuy B sppe?

06Hapy>XeHbI.
FpaBuUTaLMOHHOE B3aumopelicTeue
obecneymBaeT 4acTuuya, HasBaHHas

rpaBMTOHOM, OHa MOKa 3KCNEepPUMEH-
Ta/bHO He HaligeHa.

CBolicTBa 3TUX YeTbIp&X TWUMNOB (YyHAAMeHTa/lbHOro B3aUMOAEWCTBUA: Bpems
B3aumMoaeMcTBUA, paguyc B3auMoaeMcTBUSA M OTHOWEHWE MHTEHCUBHOCTU AAaHHOTO
B3aMMOAENCTBUA K MHTEHCUBHOCTW CUNbHOIO B3aMMOAENCTBUA, a TakXe Ha3Ba-
HUA BUPTyasbHbIX 4YacTul, OTBETCTBEHHbIX 3a 3TW B3auMoAelCTBUSA, NPUBELEHbLI
B Tabnuue.

Bpemsa Paanyc OTHoO-
Bl/l,qlzl B3aMmo- B3anMo- LLeHne YacTuip
B3aVIMOAEeNCTBUA hencreuns, [encTeuns, NHTEHCUB-
c M HocTel
CunbHoe (sgepHoe) 10-23 1015 1 N-Me30HbI
dNneKTpoMarHuTHoe 1Cra1 00 K02 D OTOHBI
Cna6oe 1(le 10 5 10~14 W+, W' n z°
FpaBuUTaLMOHHOE 1016 00 t0-89 FpaBUTOHbI
(He o6Hapy>XeHbl)
dnemMeHTapHble 4YacTuubl. Buabl B3ammopgelicTBua. Yckoputenu j Hantm | N

1. B uém pasnuumne Tpéx 3TanoB pPasBUTUA PU3NKW 3/IEMEHTapPHbIX YacTuy?
2. Kakune uyeTbipe Tuna yHAamMeHTaNbHbIX B3auMOLeliCTBUIA Bbl 3HaeTe?
3. lMoyemy Hayano U3yyYeHUA 3/leMeHTapHbIX 4YacTuy gatmpyetca 1932 r.?
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BSpET

17896 OTKPbITUE MO3NTPOHA. AHTUYACTULLbI

Kaknmmn colictBamm ob6najgaeT 3/1€KTPOH?
Yemy paBHbl ero 3apafj u macca?
CyuwecTBoBaHMe [ABOMHWKA 3NeKTpoHa — M03MTpoHa — 6bl/1I0 NpeackKasaHo
TeopeTUYeCKMU aHrnmmckum cdunsnmkom M. Jupakom B 1931 r.
OfHOBpeMEHHO OH npegckasan,
4yTo NpuU BCTpeye MO3UTPOHaA C 3JieK- BcnomMHWTe, npu KakoM papgunoak-
TpOHOM 06e 4YacTuubl [OSIXKHbI  UC- TUBHOM pacnaje o6pasyeTca no-

Ye3HyTb, NopoAnB (OTOHbI 60NbLION 3UTPOH.

aHeprumn. MoxeT npoTekaTb U obpart-

Hbl/i nNpoulecc — pPO>KJAeHWe 3/1eKTPOHHO-MO3UT POH-
HO napbl, HaNpMumep, NpU CTONKHOBEHUWN (oTOHA [O-
cTaTo4yHoO 60M1bWON 3Hepruum (ero macca AosXKHa 6bITb
6onblWe CYyMMbl MacCc MOKOA POXAAaKLWMUXCA 4acTuy,)
C AapomMm.

Cnycta gBa roga no3nTpoH (cm. § 83) 6bin o06Ha-
pPY>XXeH ¢ nomow,blo Kamepbl BunbcoHa, nomMewéHHOM
B MarHuMTHoe none. HanpaBneHme UCKPUBAEHUSA Tpe-
Ka yacTumybl ykKasblBasio 3HakK eé 3apsaga. Mo paguycy
KPUBU3HbI W 3HEPTUU 4YacTuubl OblN0 oNpefeseHo OT-
HoweHMe eé 3apaga K macce. OHO okKasanocb Mo MoAy-
N0 TakuM >Xe, KakK 1 y anekTpoHa. Ha pucyHke 13.2
Bbl BUAUTe nNepByt doTorpaduio, [oKasaBwykw Cy-
uectsoBaHMe no3uTpoHa. YacTtuua pAgsBuranacb CHU3Y
BBEPX W, npoiigs CBWUHLOBYI NJacTUHKY, noTepsana
yacTb CBOeW 3Heprum. W3-3a 3TOoro KpuMBU3HA Tpaek-
TOpUX yBeNM4YMNach.

Mpouecc poXAeHUA napbl 3N1eKTPOH — MNO3UTPOH
y-KBaHTOM B CBMHL0BOW NNacTMHKe nokasaH Ha GoTo-
rpaumn, npuBeféHHOW Ha pucyHke 13.3. B kKawmepe
BunbcoHa, HaxoAsuwelica B MarHUTHOM none, napa
ocTaB/isieT XapaKTepHbIA cnej B BUAE ABYPOroli BUIKMU.

Ncue3dHoBeHUe (AaHHUTUAALUA) OAHMUX 4YacTuy W
nosiBAeHUE APYIrMX MNpU peakumax MeXAY 3/1eMeH-
TapHbIMW YacTuuamum SABNAKTCA WMEHHO npeBpale-
HMEeM, a He NpPOoCTO BO3HMKHOBEHWEM HOBOW KOMOW-
Hauuum cocTaBHbIX 4YacTell cTapbix vactuy. OcobeHHO
HarnagHo o6Hapy)>XuBaeTcs 3T0 NPU aHHUTUNALUN
napbl 3N1eKTPOH — MNOo3UTPOH. O6be yacTuubl o6naga-
10T onpeAeniéHHOM Maccoil B COCTOAHMU MOKOS W 3/eK-
TpUYecKMMN 3apagamu. @DOTOHbI Xe, KOTOpble npu
3TOM poXXpAakwTcda, He MMeKT 3apAafoB M He obnagawT
Maccoli Nokos, TaKk KakK He MOryT cylecTBoBaTb B CO-
CTOAHWKN MOKOA.

Puc. 13.2

Puc. 13.3
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B cB0é Bpemsi OTKpbITUE poXpAe-

TPAEKTOPUN 3apAKEHHON uacTHLbl HUA W aHHUTUNALUM 3NEKTPOHHO-MO-

B MarHUTHOM Moje OT CKOpOCTU SUTPOHHBIX Nap BbI3Ba/I0O HaCTOsAL YO

4acTuLbl. ceHcauunlo B Hayke. [lo TOFro HUKTO He

npeanonaran, 4To 3/eKTPOH, cTapeli-

Wwas 13 yacTul, BaHelWnii cTPOMTENbHbI MaTepuan aTomMoB, MOXeT oKasaTbcs

He BeYHbIM. BrocneacTBuMM ABOMHWUKWM — aHTUYacTuUubl — OblNN HalifieHbl Yy
BCEX YacTul,.

BcnomHnTe, Kak 3aBUCUT KpUBM3HA

AHTMYACTMLbLI NPOTMBOMOCTABAAKTCA 4YacTulaM MWMEHHO MO0TOMY, 4TO npu
BCTpeye N060MN 4YacTuLbl C COOTBETCTBYKLWEW aHTUYacTULElh NPOUCXOAUT WX aHHWUTUNSA-
uma. O6e yacTulbl Mcye3alT, NpeBpallasicb B KBAHTbl W3NYYEHUs UM ApYrue 4acTulibl.

CpaBHUTENbHO HefaBHO O6GHapyXKe-

Mopymaiite, nodyemy TpaekTopusa Hbl AHTWMNPOTOH U aHTWHEWTPOH.
dacTiy MMeeT Buj cnupanu. DNeKTPUYECKUl 3apsAf  aHTUMNPOTOHA
oTpuuaTeseH.

Celiyac XOpowWwoO W3BECTHO, 4YTO pPOXAEHWe napbl YacTwula—aHTMUyacTuUua
M UX aHHUTUNALWNA He COCTaB/IAKT MOHOMO/MM 3NEKTPOHOB M MO3UTPOHOB.

ATOMbI, Aiipa KOTOPbIX COCTOAT M3 aHTUHYK/NOHOB, a 060/104Ka — W3 MO3U-
TPOHOB, 06pa3ywT aHTwuBewecTBO. B 1969 r. B Hawel cTpaHe 6bl/1 BMepsbie
Nnosly4eH aHTUTennn.

Mpu aHHUTMNALUM aHTUBELLECTBA C BEL,ECTBOM 3HEPrusa MNOKOSA npeBpaliaeTcs
B KMHETUYECKYI0O 3Hepruio o6pasylumnxcsa y-KBaHTOB.

DHeprusa nNoKoA — caMblii rpaH-
OWNO3HbI " KOHUEHTPUPOBaAHHbIN

m ONEeKTPOH U NO3UTPOH — 3apsXXeHHble o
yacTuubl. HeT M HapylweHus 3akoHa pesepsyap 3Heprun BO BceneHHoW.
coxpaHeHusa 3apsga v maccbl nNpu ux N TONbKO NMpuM aHHUTUNALUU OHa NOoJ-
NCYEe3HOBEeHUN (aHHUrUNALUN)? HOCTbI0O BbICBO6OXAaeTcsA, npesBpalia-

ACb B Apyrune Buabl aHepruun. lNMostomy
aHTUBELW,eCTBO — CaMblii COBEpPLUEHHbIA MCTOYHUK 3HEPruu, camoe KasopuiiHoe

«roptouyee». B cocTossHMMNM GyfeT4yenoBeYecTBO Korga-nvM6o 3To «roplouee» WUC-
nonb3oBaTb, celiyac ckasaTb TPYAHO.

MOXHO HafesiTbCsA, YTO HacTaHeT Bpems, Korga 6yaeT pelleHa OCHOBHas 3a-
fadva (PU3UKKM 3NleMeHTapHbIX 4YacTuy. ByaeT nosyyeH cnekTp Macc afiemMeHTap-
HbIX 4YacTul, U BbIACHEHO, YeM onpeaenslTca 3HAYeHUs 3/IEKTPMUECcKoro 3apsga
M APYTUX KOHCTAHT B3aMMoOAeiicTBUSA.

Mo3nTpoH. AHTMYACTULbLI. AHHUTUNAUNA

1. Yemy paBHa 4acToTa Yy-KBAHTOB, BO3HUKAKWMUX MPU aHHUTUAALUN MeANEeHHO ABU-
KYULMXCA 3/1eKTPOHAa U Mo3MTpoHa?

® 2. MOXHO NN B Ny3blpbKOBOW KamMepe HabnoAaTbh TPeK 3aps>XeHHOM yacTuubl C Bpe-
MeHeM >XMu3Hu 1CIr2Z3 c?
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MNoaymaiite, nouyemy pacnag
p —*e +ve He Habnwpgaetcs,
a pacnag sme" + ve + Ha-

| 6niopaeTca. MNMpoBepbTe BbIMNOMHEHWE 3aKO-
HOB COXpPaHeHUA MIWOHHOI0O U 3N1EeKTPOHHO-
ro NenTOHHbIX 3apAaAnos..

OHHOEe HelWTpuHO: T~ —Wp~ +

B 1975 r. 6blna OTKpbITAa 4acTu-
La, TakXe oOTHocAwasaca K Knaccy
nenToHOB, — TaoH (T“), 4yacTmya ro-

pasgo Gonee TsHKénas, YemM 3MEKTPOH
N pJaxe MPOTOH. Bpems >XW3HU Tao-
Ha o4yeHb Mano. OH pacnajaeTtca Ha
MIOOH, MIOOHHOE AaHTUHERTPUHO U Ta-

+ vr Mpu 3Toli peakuuu pacnaga coxpaHseTcs

TAOHHbIA NEeNTOHHbLIN 3apaj Lx KoTopblvi y TaoHa T~ M TAOHHOIN0 HEMTPWUHO paseH
eauHunue: L, = +1, ay TaoHa T+ U TAOHHOrNo aHTUHeWTpUHO Lx = —I1.

NlenToHbl y4yacTBYT B cna6om B3auMoAelcTBUM. MeXAy 3apsiXKeHHbIMW ua-
cTMUaMM, OTHOCAWMMMUCA K 3TOMY KNacCy 4YacTuy, NMPOMCXOAWUT ewé U 3NeKTPOMarHuTHoe

B3aumogencreue.

Yucno NenToHOB paBHO LUECTMU.

B Ta6n|/|u,e npmneegeHbl HasBaHUA NNENTOHOB, UX Macca NMNOKoA U BpeMA XXU3HN.

Ha3sBaHue O603HavYeHNe
ONeKTPoH e~
ONeKTPOHHOE HEeWTPUHO
M1tooH M
M1OOHHOEe HEWTPUHO vn
T-NenToH ™
T-HEATPUHO vV,

Macca nokosa, M3B Bpema Xwu3Hu, c

0,511 CTtabunen

< 10 6 (?) CTtabunbHo
105,7 2,2 «10 8

< 2 <10 6(?) CTtabunbHo
1784 < 4 «10 13

< 5«10 6(?) CTabunbHo

3Hak Bonpoca CTOUT OKOJI0O MacC yacTul, 3HAYEeHUS KOTOPbIX A0 KOHLA He SACHbI.

Bce nenToHbl MMeKWT aHTUYacTULbl, Takum o6pasom, cyuecTByeT 12 nenToOHOB.

BCcnomMHWTe, npu Kakom
( : nucnyckaeTcs HelTpUHO.

pacnage

O6paTI/IM BHMMaHWe Ha TO0, 4TO

N3BECTHOM Bam
3NEKTPOH

Hanpumep, npwu
P -pacnage wucnyckaetcs
N aHTUHENTPUHO V

aHTn4dyactTumubl OoTnNM4YarwTCA OT YacTul 3HaAKOM 3/1eKTpu4yeckoro n nenToHHOro

3apsAos.

NlenToHbl. JlenTOHHbIW 3apafg. Cnaboe B3auMmopgeicTBue Hai

1. Kakoihi n3 BNAOB B3aMMOAENCTBUA XapaKTepeH ANs NenTOHOB?
2. M0OXHO N cKasaTb, 4YTO JIENTOHbl — JIErKNe 4YacTuybl?

3. Kakue 3aKOHbl COXpPaHEHUS [OJIKHbI

TOHOB?

BbIMO/THATBLCA Npn pacnajge ¢ ydactmem nen-
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w1898 ALPOHbI. KBAPKU

Pl g

Mepeuncnute M3BECTHble Bam CBOCTBA NENTOHOB.

K TpeTbeMy Kjaccy yacTul, OTHOCATCA afpOHbI.

ALpPOHbI — 3TO 31eMeHTapHble YacTulbl, ydyacTByluwne B CUIbHOM, cnabom
M 31eKTPOMarHNTHOM B3aMMOJENCTBMAX W MMeloLlWne BHYTPEHHIOW CTPYKTYypy, B OTinuune
0T 6ecCTPYKTYpPHbIX YacTuy (NenTOHOB).

ALpOHbI, B CBOI 0uYepefb, AenAtcs CnoBo «afpoH» ' NPOUCXOAUT OT
Ha ABe rpynnbl Me30Hbl U 6ApPUOHBI. rpeyeckoro cnosa hadros — 60/b-

K nepBoW rpynne — Me30HaM — WOW, CUNbHBINA,
OTHOCATCA chefywuwmne YacTtuubl u
aHTuyactuubl: n0, n0, n+, n--, K -, K-, KO, KO-, I]°, T)°-me30Hbl. CnNnHOBOE
KBAHTOBOE 4YMC/I0O MEe30HOB PaBHO LEeNoMYy 4YMUCAY: o, 1, 2, .. (B eguHunuyax K),
T. €. N0 CMNUHY OHW OTHOCATCA K Kaaccy 6030H0B (cm. § 95).

Ko BTOpoi rpynne — 6apuvoHamM — OTHOCATCA NPOTOHbI (P, P), HEWTPOHLI (M,
n), N0, N° (namé6ga)-, 2r-, 2r-, Zzo, 1° (curma)-, Eo-, Eo-, E~-, E+ (kcmn)-, M“-, Q+
(omera)-yactmubl. CNnMHOBOE KBaHTOBOe 4mcno 6apumoHoB s = 1/2, 3/2, .. (B ean-

Huyax K), T. e. Mo CNUHY OHM OTHOCATCA K Knaaccy ¢pepmumoHoB (cm. § 95).
B Ta6nuue npuBeaeHbl HadBaHUS HEKOTOPbIX afpoOHOB, UX Macca MOKos U Bpe-
MS XKU3HW.

Macca nokos,

Ha3BaHue O603HaueHue MaB Bpemsa >Xu3Hu, ¢

Me30HbI

MuoH n+ 139,6 2,6 m10°8

ne 135,0 8,3 =10-17

KaoH K+ 493,7 1,24 «10-8

K°s 497,7 8,9 = 10~n
BapuoHbl

MpoToH p 938,3 CrtabuneH

HenTpoH n 939,6 920
Naméaa AO 1115,6 2,6 «10 10

BpeMs >XWU3HW HecTabW/ibHbIX 4YacTWUl, 3aBUCUT OT MPUPOAbI UX B3aMMOAENCT-
BUsSI, KOTOpoe U onpegensieT ux pacnag. Ecnu pacnaj npoucxoauT 3a CYET CUMb-
HOro B3aMMOMENCTBUS, TO BPEMS >XXWU3HU TaKUX 4YacTul, OYeHb Maso 1 (M2 c.

B3aumoaeicTBue M pacnaf HYK/IOHOB MPOMCXOAMUT, KakK Mbl 3HaeM, 3a CUéT
CUNbHOTO B3amMmogeiicTBuA. Mpu Takom pacnaje BbIMOMHAETCS eweé OAWUH 3aKoH
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COXpaHeHUs — 3aKOH coxXxpaHeHusi 6apuoHHOro 3apsaga. BeegeHue 3Toro KBaH-
TOBOro 4ucna 6bI/10 Bbl3BAHO HEO6XOAMMOCTbIO 06bLACHEHMUS, MOoYeMy peaKLuUs
p+p”~™p+p+ p He Habnwpaetca, a peakuyma p + n A n + p + p + p Ha-
6nopaetcs.

CuunTaeTca, uTo GapuOHHbLIN 3apsag

MpoBepbTe BbLIMONMHEHUE 3aKOoHa CO- BCeX HYKAO0HOB B = +1, a aHTUHY-
XpaHeHus 6GapuoHHOro 3apsiga Ans KnoHos B = —1.
OBYX NMPUBeLEHHBIX peakuuii. Bonbwoe KONMYECTBO CUNbHO B3a-

nMogencTBylWMX YacTuy pacnajga-

eTca TaKXe Ha CU/bHO B3aMMOAeMCTBYHOLULMEe YacTulbl, Takume, Hanpumep, Kak
MUWOHbI, MPOTOHbI U HEWTPOHbLI. pK 3TOM MOXeT 06pa3oBaTbCA KOPOTKOXUBYLLAsA
(Bpema »un3Hu 1Cl>s €) yacTuua, HasbiBaemas Pe30HAHCOM.

Mpwn pacnage, 06ycNnoB/IEHHOM 3/1eKTPOMArHUTHbIM B3anMogeicTBuem, obpasy-
eTca (POTOH, BpeMs XXMU3HU KoToporo ~1Cl2s c.

Mpu pacnage, obycnosaeHHOM cnabblM B3auMofelicTBUEM, BPeEMSA >XXWU3HU 4a-
cTUUbl 6onbwe: -10 10 C.

KBapku. B 60-x rr. XX B. 6blN0

MocMoTpuTe Ha Tabnvuy wn nogy- y>Xe  M3BEeCTHO uYeTbipe JenToHa MU

rw MaiiTe, Kako/i n3 BUAOB B3auMO- 6onee cTa ajgpoHoB. BoT Torpga-To

OeicTBUsS onpeaensieT pacnag npu- (B 1964 r.) M. Tenn-MaHHOM W«

BEAEHHbIX B Hel 4yacTul,. Ax. LBelrom 6bla npeanoXxeHa

MOAE/b, COrJlacHO KOTOpoOi Bce u4a-

CTUUbI, y4yacTBYylUME B CUMbHbIX (A4epHbIX) B3aUMOAeNCcTBUAX, — afpOHbl —

nocTpoeHbl 13 6onee yHAAMEeHTaNbHbIX (MM MEPBUUHbIX) YacTUL — KBApKOB.
/W w

KBapk — 3To dyHAameHTanbHaa 4yacTuua B CTaHfapTHON mopenu, obnapa-
2 1
lowas 31eKTPYHECKUM 3apsafoM, KpaTHbiM e/3 (+ ge n 3 €) n He o6HapyXeHHas B CBO-

604HOM COCTOSHUN.

CTaHfapTHas Mogesb — 3TO Teopus B aToii mopenu npepnonaraercs,

B (hM3NKe 3MeMeHTapHbIX uacTul, 4yTO BCe afpOHbl TEOPETUYECKN MOXXHO
onucbiBawlaas 3NeKTpoMarHuTHoe, cna6oe NocCTPpoUTb U3 KBApPKOB TPEX TWMOB:
N CUNbHOE B3aMMO[ENCTBUS BCEX 3/IeMEeH- u, d n s. NMpPoTOHbI N HEWTPOHbI CO-
TapHbiX u4acTuy. CTaHaapTHas MOAenb He CTOAT M3 TpEX KBapkoB — u (up —
BK/lOYaeT B ceb6a Teopuio rpasutayuu. BerHI/IVI), d (down — HVI)KHVIVI)
n s (strange — cTpaHHbI). N+-Me30H

COCTOUT U3 uU-KBapkKa, 3apAj KoToporo paseH (2/3)e, n d-aHTuKBapka, 3apaj Ko-
Toporo paBeH (1/3)e.

B 1964 r. 6bi210 BbiCKa3aHO TakKXe MNpeAnosiodKeHue, 4TO cyulecTByeT 4YeTBEp-
Tbi KBapK, NOAYYMBLIKWNA Ha3BaHMe o4apoBaHHbIW (¢ — charm) c aneKTpuyecknm
3apsAaom, paBHbiM (+2/3)e. Cnycta 10 neT 6bln o6HapyXXeH TSXXENbIA Me30H,
CTPYKTYPY KOTOPOro MOXXHO 6bl/1I0 06BACHUTL C MOMOLLbIO C-KBapka.

BapnoHHbIi 3apagkBapkoB paBeH 1/3. BapuoHbl NPOTOH M HEWTPOH  UMelOT
6apuOHHbINV 3apsag,paBHbIA 1, OHUCOCTOAT U3 TPEX KBapKOB.

B HacToAwee BpemMsa cuMTaeTcs, YTO CyL,eCcTBYeT s« COPTOB (Yawe roBopAT: apo-
MaTo0B) KBapkoB: u, d, s, ¢, b, t. CywecTsoBaHue nocaefHUX ABYX MOCTY/IMPOBAHO
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" T = = = — = ~-
N3 coobpa>keHWn cMMMeTpuUn, Tak Kak _ BCNOMHUTE, y Kakoll 4acTuusl A0
CyllecTBYeT s JIeNTOHOB, SIBASAKOLLMXCSA IP' co34aHMA TeopUM KBApKOB 3apAf
hyHfameHTanbHbIMKM yacTuuamu, cie- cumTancs MuUHUManbHbIM. Yemy OH
[oBaTesibHO, [O/DKHO CyliecTBOBaTb paBeH?

N « KBApKOB. OTW [ABa KBapka 6blnun
Ha3BaHbl MCTWHHbLIA U NpenecTHbINA.
B Tabnuue npuBeAeHbl HEKOTOpPble CBOWCTBA KBApKOB.

O603Haue- HassaHue dnekTpuye-

Hune PYC. aHrn. CKUN 3apsapg Macca

d HUKHWIA down (_1/3)e - 5 MaB/c2
" BEPXHUA up (+2/3)e - 3 MaB/c2
S CTpPaHHbIN strange (-1/3)e - 95 MaB/c2
c oYapoBaHHbIM charm, charmed (+2/3)6 - 1,3 IaB/c2
b npenecTHbli beauty (-1/3)e - 4,2 TaB/c2
t UCTUHHBbIN truth (+2/3)c -173 aB/c2

Kpome TOro, Ans onucaHus CU/b-
HOrMo B3auMMOAEelcTBUSA KBApKOB MoO-
CTYNMpyeTcs, 4YTO KBapku ob6nagawT
M OOMNONHWUTENbHOW BHYTPEHHENR Xa-
paKTepUCTUKON, HasbiBAEMOW LBETOM.
Kaxpablii n3 apomatoB KBapka umeer
UBeT — KpacHbI, 3eféHbIA N CUHNA.

C uBeTOM KBapka CBA3blBalT B3ammMogencTBue, yaepXuBawliee KBapku
B afjpoHe, Hanpumep B MNPOTOHEe W HeWTpoHe. CUNbHOe B3aMMOAeNCcTBME KBApPKOB
Ha3blBalT LBETOBbIM B3aMMoAelicTBMEM, TaK KaK KBapKy MpunucbiBaeTcs LBeTO-
BOW 3apsf, NoAo6HbIM 31eKTPUUYECKOMY 3apsagy.

MoaymaiiTe, Kakyld MaccCy [AOJIKHbI
mip  MMeTb uacTuubl, cogepxauue no-

cnegHue AaBa KBapka. Kakue aHep-
MM [O/KeH 06ecneynTb YCKOPUTENb ANSA
POXAEHNS TaKUxX 4Yactuuy?

CunbHoe B3auMMOAeicTBME KBApPKOB OCyLlecTBASETCA Npu o6GMeHe A oHamu.
TNIOOHbBI B TEOPUM KBapKOB SBASAOTCA aHanoramMy Me30HOB, OCYLW ECTBAAKLWMUX CUNbHOE
B3auMofeiiCTBNe HYKNOHOB B sgpe.

CNOoH MMeeT LBEeTOBOW 3apsif M Maccy MNOKOS, paBHYl Hyntw. [N0OH nepe-
HOCUT UBeTOBOW 3apsag. Mpu obMmeHe rALOHaAMWM MPOUCXOAUT LLBETOBOW O06MEH.

3amMeTnmMm, 4To BCe (PyHAAMeHTasNb-
Hble 4YacTulbl OTHOCATCA K epmMuo-
HaM, a yYacTUUbI-NEPEHOCYNKN B3auU-
MoAencTBuA — K 6030HaM.

Takum o6pasoM, corsiacHo TakK Ha-
3blBaemoii CTaHgapTHOW Moaenwu, BCsS MaTepust COCTOMT M3 24 yacTul: LWeCTn
BUAOB NIENTOHOB M LWeECTU BUAOB KBApPKOB, KaXAbli N3 KOTOPbIX WUMeEeT aHTu-
yactuuy.

B HacTosluee BpemMs B peasibHOCTW KBapKOB HWUKTO He COMHEeBAaeTCcs, XO0OTS
B CBOGOJHOM COCTOSSHMW OHW He O6HapPY>XeHbl U, BEPOSATHO, He ByaAyT 06HaApPYy>XeHbl

5 ft CnoBO «I/IIOOH» MNPOUCXOAMUT OT aH-
rnniickoro cnosa glue — knei.
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HUkorga. CunbHOe B3auMMoAeMcTBME MPUBOAUT K TOMY, UTO KBapKu Henb3si pas-
[enuTb, T. e. yaannTb OAWH U3 KBapKOB Ha paccTosiHUe, Npuv KOTOPOM OH CTaHeT
cBo60AHbIM. Cyli,ecTBOBaHMEe KBApKOB A0Ka3blBalT OMbITbl MO pacCcesiHU 3JeK-
TPOHOB O4YEHb BbICOKOW 3HEeprumMm Ha MNpoToHax M HeliTpoHax. Bnarogaps ycko-
puTensm, MNO3BOMIAKLWMUM MNOAYYUTb YacTULbl C 04eHb 60/bLIOK 3Hepruen, npu
6ombapaupoBKe MNpoToOHa 6biNM 06HapyXXeHbl 4YacTuubl, obnagawwue TeMU Xe
3apsjaMu, 4To U KBapKW.

EcTb eweé MHOro KOCBEHHbIX 3KCNEpPUMMeHTaNbHbIX A0Ka3aTe/bCTB CyL,ecTBO-
BaHMA KBapKoB. HecmoTpsa Ha TO 4TO OTAe/ibHble KBapKW 3KCNEPUMEHTasbHO He
o6Hapy>eHbl, rMnoTe3a KBapKOB 06bSACHAET BCe UMEKLUW,MECHA 3KCNEepUMeEHTaNb-
Hble AaHHble.

KBapku. AgpoHbl. ®yHAAaMeHTaNlbHble YacTulbl '

SR SERE
1. YTo Takoe KBapk?
« 2. Yto 06bACcHAeT CTaHgapTHasa mopenb?
- 3. Kakune xapaKTepUCTUKWN KBapKOB 6bl/iM BBeAeHbl ANA 06bACHEHUA WX B3aMMofein-
cTBUNA?
\/’f MoeTopute maTtepuman rnaebl 13 no cnepaywouwemy naaHy,;

1. CocTaBbTe CMUCOK OCHOBHbIX CBOWCTB 3/1eMeHTApHbIX 4YacTul,.

2. BbinMwunTe HasBaHUSA 4YeTbipéX (yHAAMEHTaNlbHbIX B3aMMOLEeNCTBUA M Ha3BaHWA 4a-
CTULU, OTBETCTBEHHbIX 3a 3TWU B3aMMOLENCTBUSA.

3. OnuwwnTte, 4To BK/AYaeT B cebs Tak Ha3biBaemass CTaHgapTHas MoAeNb W 4YTO OHa
06bsICHSET.

4. 3annwnTe Ha3BaHMA W CBOWCTBA HEKOTOPbIX YacTUL, M aHTU4YacTUL,.

«3dnemMeHTapHble 4YacTulbl — MEPBOKMPNUYUKUA MaTepumn» n
H | 1. 3Tanbl pas3BUTUS TeOpuUM 37eMeHTapHbIX 4YacTul. CoBpeMeHHOe COCTOsHuEe
w npo6nembl M3y4yeHUs cocTaBa MaTepuu.

Cnoco6bl KnaccudukaLmy 3nemMeHTapHbIX 4acTul.

3. PesynbTaTbl nocnefHWX uccnefoBaHWini Ha bonbwom agpoHHOM Konnaligepe

V B LLEPHe.

N
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ACTPOHOMWHA

B 3Tom pasgene Mbl M3y4ymm cTpoeHue CONHEYHOW CUCTEeMbl, 3aKOHbl, OMW-
CbiBaklUiMe ABUXEHMWE MNJaHeT, MNPOAB/JEHUA rpPpaBUTaALWOHHONO0 B3auMMOAeNCTBUSA
B cucteme 3emns—JlyHa, ¢usmdveckme cBolictea ConHua W 3Bé3a. WMcnonb-
3ys M3BECTHble 3aKOHbl (U3NKWN, 3arissHeM B Hegpa 3B&3[4, 06CYyAMM UX >XWU3Hb
M CcMepTb. Y3HaeMm, 4YTO ocTaHeTca nocsie cMmepTu CosHUa u 60nee MacCUBHBbIX
3B8834. M3yyeHue mupa ranakTUK NO3BONUT HaM y3HaTb, KakK ycTpoeH Mne4yHbli
MyTb n rae o6pasytTca 3BE3AbI.

U
) "3 CO/IHEYHAA CUCTEMA
S,
N3 3TolA rnaBbl Mbl Y3HAeM, UTO CMOXHbIA XapaKTep ABUXXeHUs JIyHbl BOKPYr
3emnm n 3emnu BOoKpyr CosiHUA 06bSACHSET CMeHY JNIYHHbIX a3, sAB/eHMEe Nnpwu-
NTNBOB N OTNNBOB, a TakKXeé 3aKOHOMEPHOCTU CO/THEYHbLIX W JTYHHbIX 3aTMEHNIA.
|/|3y‘-IVIM coctaB CONHEYHOW CUCTEMBbI.

z,:?ﬁ 99 BUAVNMBIE OABV>XEHWNA HEBECHbIX TE/.
' 3AKOHbBbI KEMJ1IEPA

MO>KHO /i1 onucCbIBaTb ABUXKEHUS HEGECHbIX Tesl B FeOUEHTPUYECKOW U reninoueHTpu-
yeckoi cucrtemax?
Kakas cuna ynpasnsieT ABUWXKEHMEM niaHeT?

TEMHOMW HOYbK Mbl MOXXeM YBUAETb Ha Hebe okKosio 2500 3BE34 (C YYETOM
HeBuagmmoro nonywapumsa 5000), KoTopble pa3nuyawTcsa no 6necky m ysety. Ka-
XeTcsA, YToO OHUM NpuKpensieHbl K HebeCcHOW cdepe U BMecTe C Hell obpaujatoTcs
BOKPYr 3emsu.

HebecHasa cihepa — 310 BooOGpakaemas ciepa NpPOM3BOSILHOrO pajuyca,
Ha KOTOpPYIO MpoeuupyroTca HebGecHble Tena.

YTob6bl OpMeHTMpPOBaTbCA cpean 3BE34, Heb60 pasbmm Ha ss CO3BE3AUNA.

Bo Il B. o H. 3. Tmnnapx pasgennn 3Bé3abl nNo 6necky Ha 3BE34Hble Be-
NVYNHBI, CaMble ApKMe OH OTHEC K 3Bé3gaM nepBoOi BenNuUMHbl (1 T), @ camble
cnabble, eaBa BUAMMbIE HEBOOPYXEHHbIM rnasom, — K «T. B co3Be3gnun 3Bé3fbl
0603HayvalTCcA rpeyecknMmm 6GykBaMWu, HeKOTOpPble camble SApKUe 3BE3Abl MMEKT
cobcTBeHHble Ha3BaHuA. Tak, lNMonapHaa 3Be3ga — a Manoii Megseanubl nmeeTt
6neck 27. Camas sApkas 3Be3ga ceBepHoOro Heba Bera — a Jlupbl MmeeT 6neck
0KO/I0 o T.

Oco6oe MecCTo cpeaun co3Be3anii 3aHMmalT 12 30aMaKanbHbIX C03BE3AUA, Yepes
KOTOpble MPOXOAUT 3KNAUNTUKA.

Y BISUMSBAJLLILMLLIS

w«

AKANMNTUKa — 3TO 6ONbLUOK Kpyr HebGecHoOW cdepbl, MO KOTOpPOMY npouc-
XoouT BUAMMOE rofoBoe ABMKeHue CosnHua.






+25%

+20°

+15

+ 10°:

+5-:

I\ ¢ 7.IVe
o

XI.1979r.

- > 79,

Niv




nK

13



uuraaudoayy




Puc. 14.7

';a‘l.l..-.-"-.Mh:.t.lf‘l..k'wn.‘..umn:;' o " 27\
|

\

>

e



WS>



372 ACTPOHOMMUS

OHO MOXXeT MPOM30MTM BO BPemMs HOBOJIYHWIA.
Korga JlyHa nonajaeT B TeHb 3eM/M, HacTynaeT JSlyHHOe 3aT MeHMe.

JlyHHOe 3aTMeHWe — 3aTMeHue JIyHbl, KOTOpOe HacTynaeT, KOrga oHa BXO-
OWT B TeHb, oTb6pacbiBaeMyl 3eMéi.

JIyHHOe 3aTMeHMe MOXEeT HacTynuTb BO BPEMS MOJITHONYHUIA.

BcneactBme Hak/foHa NIYHHOW OpOGUTBLI K 3KJUMTUKE 3TU SABIEHUS MPOMUCXO-
OAT He KaX[Ablii Mecsily, a 3HAUNTENIbHO peXe. Ha NpoTsAXeHUU KaneHaapHoro
roga npoucxoasitT oT 2 A0 5 COMHEeYHbIX 3aTMeHU M oT O A0 3 NYHHbIX 3a-
TMEHWN.

Ewé apeBHWe BaBWU/IOHSIHE 3aMeTU/NN, 4YTO BCe 3aTMEHWUS MOBTOPSAKTCSA B TOM
XXe nopsigke npumMepHo yepe3 18 net u 11 gHeli. OTOoT nepuoa y APEBHUX BaBU-
NOHAH HasbiBasicsa uUMkaom Capoca (B nepeBoge C ernmneTckoro capoc — MNoOBTO-
peHue), UM NoMb30BanuUcb ANA nNpeackKasaHUsA 3aTMEHWN.

Bce 3aTmeHuna nosTopATcA yepe3 unkn Capoca — nepuof B 18 net n 11,3 cyr.
(uan 10,3 cyT., ecim B 3TOM nepuofe copepxaTcad 5 BUCOKOCHbIX NeT).

OvameTp nATHaA TeHW 3emMnu Ha 27 wwona 1990 r. npousowno non-

pacctoaHun 363 000 KM (MUHU- Hoe CcONlHeyHoe 3aTMeHue. Korga
ManbHOe paccTosiHue OT JIyHbl fo0 3emnn) 0653aTe€/bHO NPOU3ONAET CONMHeu-
cocTaensier okono 2,5 gnametpa JlyHbl. Hoe 3aTMeHue?

MpunueHble aBneHusn. Mog AeACTBUEM JIYHHOIO0 NPUTAXEHUA BogHas 060/04-
Ka 3eM/iM npuHUMaeT cferka BbITAHYTY B CTOPOHY JIyHbl (M B NPOTMBOMNOOX-
HYI CTOpPOHY) dopmy. Tam, rge JSlyHa Bblle BCero Hag ropu3oHTOM W FAe HUXe
BCEro nog ropusoHTom, 6yaet npunme. Ha Bocxoge u 3axone JIyHbl 6yayT Habnto-
natbca oTnuBbl (puc. 14.9). OencTBuTenbHO, 6nvxkarwaa K JlyHe Touka A 6ygeTt
ncnbiTbiBaTb 60/blUee YCKOpPeHWe Nof AeNcTBUEM CUAbl APUTSXeHUA JIyHbl, YeMm
ueHTp 3emnm E un Ttouka C (3Tm yckopeHUs 0603Ha4vYeHbl LUBETHbLIMW BeEKTOpamu).
Pa3HocTb yckopeHUl Mexpay No60/ TOYKOW BOAHOW MNoOBepXHOCTM (Toukamu A,
B, C, D v gp.) n ueHtpom 3emsnm E Ha3biBaeTcAa NPUAUBHBLIM YyCcKopeHuem (0T-

Me4yeHbl YEPHbIM LBETOM), a cuaa, KoTopasa coobuiaet ero, — MNPUSIUBHOW CUIOMN.
B Touke A NpuauBHOe YCKOpPeHWe Hanpas/ieHO K JlyHe, a B Touke B — B npo-
TUBOMOJIOXHY 0T JlyHbl CTOpOHY. B Toukax C

OTnuB n D npunanBHbIE YCKOPEHUA Hanpas/ieHbl K LEeH-

Tpy 3emMnn, B APYrMX TOoYKaxX BOAHOW MOBEPXHO-

CTM — N0 KacaTe/bHOW K Hel, KakK Moka3aHOo Ha

pucyHke 14.9. Takum o6pa3om, Boga, UcnbiTbiBas
- AeNncTBUEe NPUANBHOW cunbl, 6yaeT oTTekaTb U3
Touek C n D (oTnmB) u cobmpatTbcsa B Todykax A
n B (npunwus).
Bo BpemMsA NpuavMBOB ypOBEHb BOAblI M/aBHO Ha-
pactaeTt, gocturas Haumbonbwero 3HavyeHuUsd, a 3a-
TeM TMOCTEeNeHHO CHWUXaeTca [0 HWU3WEero ypos-
HA. BcnepctBve BpaweHua 3eManM NpPUNNBHbIE
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BbICTYnNbI obpasytoTca B KaxK /bl ) Ecnn Bbl XWBETE B NPUMOPCKOM
CNefywuUWmnii MOMEHT YyXe B HOBbIX paiioHe, U3MepbTe MPOMEXYTKM
ToYuKax 3eMHOW noBepxHocTU. Mak- BPEeMeHN MexXxpJy npunueamu n OT-
CUMMYMbl NogbEMOB BOAbl YepeayT- nmMBamMu U cpaBHUTE C MONIOXEHUAMU JlyHbl
cA 4yepes3 onpepnenéHHbie NMPOMEXYTKMU Hajy TOPU3OHTOM.

BpeMeHN, 6NnU3KUe K 12 Y4 26 MUH.

Takmum o6pasom, B KaXXAOM MecTe OKeaHCKoro 6epera 3a 24 4 52 MuWUH npowuc-
XO04AT ABa npuaveBa v ABa otnvsBa. MakcumasbHble NPUINBBLI MPOUCXOAAT, Korga
JlyHa HaxoAuTcA Bbile BCEro Hajg FOPM30HTOM M HWUXe BCero nof ropuM3OoHTOM.
MN3-3a gBmXeHNA J1yHbl BOKpYr 3emnm JlyHa nNpoxoAwMT Bbllle BCEro Hajg ropu3oH-
TOM KakK pa3 4yepe3 24 4y 52 MUH. 3T0 yKasblBaeT Ha B3aMMOCBA3b MeXAy J1yHoOM
n npuaveBamu. [eicTBUTeNbHO, SAB/MEHWE MPU/IMBOB BbI3bIBAETCA MPUTSAXEHUEM
J1yHbI.

ConHue, Kak u JlyHa, TakXe Bbl3blBaeT NpuauBbl. HecmoTpa Ha 60nbliyto
yaanéHHocTb oT 3emnu, Ho 6narogapsa 6onbwoin macce ConHUa NPUANBLI, KOTO-
pble OHO BbI3blBaeT, BCero B 2,5 pa3a MeHblle JIYHHbIX. 3aMeTUM, 4TO JaHHoe
06bACHEHME MPUINBOB He COBCEM TOYHO, Tak KaK Mbl He y4MTblBasn, 4To BoAa
o6nafaeT mMaccoiW W COOTBETCTBEHHO MHEPTHOCTbIO, YTO Bbl3blBaeT 3ana3jblBa-
HMe npunmMBa OTHOCUTENBLHO MOMeHTa, kKorga JlyHa wnu ConHue Haxo4ATCcA B
3eHuTe.

B U
ﬂ Bo Bpemsa I'IOJ1HOJ'IyHI/II7I n HOBOJ'IyHVII‘/’I NNYHHbIE N CO/IHEe4YHble NpUunuBbI CKAapgbl-
BawTCA ” Haﬁl’llO,Cl,alOTCﬂ camble 60nbwune npuUAnNBLI.

HanpoTtue, Korga JlyHa HaxoamTtcsa
o o v " MmN
B (pase NMepBOi MM MocnefHel yeTBep- Bo spema Bropod muposoin sou~ Il 10323
Hbl BblCagKa MOPCKOro pgecaHta
TN, BO BpemMs NYHHOro npunusa byaet
- . o COI3HUKOB 6 WuonNa 1944 r. B HopmaHauu
CO/MTHEYHbIN OT/INB; EEMCTBME ConHuya 6bina NpUypoueHa K caMoMy GOMbLOMY
BbluMTaeTca U3 pgencrteusa JIyHbl, U NpUANBY BO BPEMSA MOMHOMYHMS.
NPpUAnBbLI 6bIBalOT CyLW,eCTBEHHO MEHb-

®a3bl JlyHbl. CuHOAMYecKnii mecAl. 3aTMeHua. Mpunusbl

1. B kakoli (hase HaxoauTcs JlyHa BO BPeMS MONIHbIX CO/MHEYHbIX 3aT-
MEeHUNRn? mA
2. YTto yBUANT KOCMOHaBT Ha JlyHe, ecnu Ha 3emsie B 3TO BpemMs Ha-
6nofaeTca NyHHoe 3aTMeHue?

3. UTo Takoe cuMHOAMYeCcKWN mecsay?
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\Q§101 PUNSNYECKAA TMPUNPOAA MNAHET
N MANbIX TEJST CO/THEYHOW CUCTEMBI

OkasblBaeT Nu CBeT faBfneHWe Ha OCBelWEéHHble npegmMeThbl?
Kak onpepgensdtlTca paboTa Culbl TPEHUS W M3MeHeHWe BHYTPEeHHel 3Hepruu
Tena?

PacctofaHua oT nnaHeT fo ConHua (B MJIH KM) Mo coBpeMeHHbIM [JdaHHbIM, BOKpPYr
ConHua obpauwiawTca BOCEMb KPYMHbIX
wapoobpa3HbiX Tena, HasblBaeMblX Mna-
HeTamu (puc. 14.10). Hapsagy ¢ nnaHe-
TamMm u nx cnyTHukamm Bokpyr ConHua
obpawatTca NNaHeTbl-Kap/MKW, COT-
HU TbICAY MasiblX MNJaHeT, Ha3blBaeMblX
acTepounjamMun, KOMeTbl, TBEpAble YacTu-
Ubl — METEeopounfbl M YacCTUYKWU MNbIIN.
Macca ConHua B 740 pa3 npesblwiaert
mMaccy Bcex nnaHeT, 6narogapsa a3TomMy
OHO CBOMM CWJ/IbHbIM TpaBUTaLNOHHbIM
nonem ypaep>xupaeT NaaHeTbl 0KOM0 cebs.
Temnepatypa nosepxHoctn CosiHua co-
cTaBnsetr okono 6000 K, noatomy OHO
n3nydyaeTr CO6CTBEHHbIW CBeT, a MAaHeThbl
ocsewatwTca ConHuemMm W CBeTAT oTpa-
XEHHbIM CBETOM.

MnaHeTbl BpawatkwTca BOKpyr CosHua
B TOM >Xe HanpasneHun, 4yto u ConHue
BOKPYr cBoell ocwu, n ypaneHbl oT CONH-
ua B cnegywuwem nopagke: Mepkypuii,
BeHepa, 3emnda, Mapc, HKOnwutep, Ca-
TYpH, ¥YpaH, HenTyH (N0 COBPeMEHHbIM
AaHHbIM, TINYTOH OTHOCAT K rMJjaHeTam-
Kapnvkam). Mo gpunsnyecknum xapaktepwu-
CTUKaM nx 06beAMHANT B ABe rpynnbl,
pasrpaHMyeHHble B MPOCTPaHCTBE MOSACOM
acTepoufos.

Mepkypuit

MnaHeTbl 3eMHOW TrpPynnbl.

MnaHeTbl, ABMXYLWMeCcA BHYTPU nosca acteponaos (Mepkypuii, Benepa, 3emns
n Mapc), npuHagnexar K 3eMHOW rpynne

—\ Bce aTm nnaHeTbl, HebonblwMe nNo pasmepam U Maccam (camas
KpynHasi M3 HUX — 3emMns), MMelT TBEPAYI MOBEPXHOCTb, CPaBHWU-

— TeNbHO BbICOKYI CPefHK MMNOTHOCTb, 6/IM3KYI K MAOTHOCTU 3eMnu
(5,5 r/cm3), n obnagawT atmocthepamu (Kpome MepKkypus).



ACTPOHOMUSA 375

raowumBe
MnaHeTbl 3eMHOW Fpynnbl COCTOST B OCHOBHOM W3 TAXENbIX (TAXenee renns)

XUMUNYECKNUX 3N1eMeHTOB.

Hanuune atmocdepsl, cogepxauyei Ecin 6Gbl aTmocthepa 3emanm He |
Hapagy ¢ Apyrmmn raszamu yriekuc- cogepxana yriekucnslii ras u Bo-
NblA ras, NpuBesio K TOMy, 4TO Ha no- OSSHOW nap, To TemnepaTypa €& NOBEPXHO-
BEpXHOCTU BeHepbl n 3emnun pgeiictBy- cTu 6biia 6bl Ha 40° HuMXe cywecTBytow el
eT MapHUKOBbIN 3adeKT. Yrnekucnolii n Obin Gbl NefHUKOBLIA Nepuog.

ras, ay 3emsum v BoASHble Napbl Npo-
nycKawT COMHEYHbI CBeT, KOTOPbI HarpeBaeT MOBEPXHOCTb M aTmocdepy. Ha-
rpetas MOBEePXHOCTb MCAYyCKaeT MHppaKpacHble y4Yn, HO 3TU JIYYU YTrAeKUCNbIi
ras He nponyckaeT HapyXy B KOCMWYeCcKOe MNPOCTPAHCTBO, W MOBEPXHOCTb He
oxnaxpaetca. Tenno ckannueaeTcsa y MNoBepxHocTu. Tak, TemnepaTtypa noBepX-
HocTn BeHepbl cocTtaBnideT nodytm 500 °C.

MnaHeTbI-TNraHThHI.

MnaHeTsbl, ABUXYlMeca 3a NOACOM acTepouaoB, o6pasyloT rpynny njaaHeT-run-
raHToB, BO3rnasnsemyt lOnutepomM — camMoli KpynHoOiN M MaccuBHOW nnaHeTol ConHeu-
HOW cucTembl. K 3TOi rpynne oTHocATcA Takxe CaTypH, YpaH u HenTtyH.

MnaHeTbl-rUraHTbl 06M1agalT 3HAYUTeNbHbBIMW pas3mMepaMu, Masol cpegHei
NNoTHOCTb (camasa 6onbwasd naoTHocTb y HenTyHa — 1,66 r/cm3, camaa ma-
nasa y CartypHa — 0,7 r/cm3), 6bICTPpbIM BpawWweHUeM, MPOTAXKEHHbIMU TFeNEBO-
BOAOPOAHbIMW aTMocepamun ¢ HeboNbWKMM COAEpXXaHMEM amMmumaka M MeTaHa Wu,
no-BMAUMOMY, He UMEKT TBEPAO/A MOBEPXHOCTWU.

MnaHeTbl-TUTaHTbl COCTOAT M3 NIETKUX XUMUUYECKUX 3/IEMEHTOB, B OCHOBHOM M3
BOAOpOAa M renus.

MnaHeTbl-TUTAHTbl OKPYXEeHbl KOJlb-

i lMpoBeAnTe C MOMOLWbIO Teneckona
uamMmm, COCTOAWMMU N3 MENKUX TBEpP-

nnun 6MHOKNA BeuyepHue Habnwpae-

AblX 4YacTunu. BOprr nnaHeT-rnraH- m0 Hus (*)a3 BeHepbl, CMNYTHUKOB O nu-
TOB o6pauwalTca [AeCATKU CMNYyTHU- Tepa u Koney CaTypHa.

KoB. TosbKOo y MepKypusa n BeHepbl C nomollbio Tefeckona M3yuuTe penbed
OTCYTCTBYKT CNYTHUKWN. KpynHble NyHbl. HaliguTe KpaTepbl, ropbl, Mops.

CNYTHUKWN (Takne, Kak JlyHa y 3em-
nn) nmerwT wapoobpasHyw Gopmy, a menkue (kak ®oboc n feimoc y Mapca) —
HenpaBu/bHYI (OpPMY, CBOMCTBEHHYI 60/bWIMHCTBY acTepounioB.

AcTepoupgbl. B Hauane XIX B. mexay op6butamm Mapca n HOnutepa 6bian
ob6Hapy>XeHbl 3B&3f006pa3Hble Tena — acTepoujbl.

AcTepounpgbl — Heb6onbwne 6echopmeHHble Tena, KOTOpble ABUXYTCA BOKPYr
ConHuya Ha pacctoaHmax 2,3—3,3 a. e. (1 a. e. =150 « 106 KMm).

Camblii KpYynHbIK M3 HUX — [Mannaga — MMeeT B NonepevyHMKe 0Kosao 580 Km.
Ceiiyac W3BeCTHO HECKO/IbKO TbiCAY acTepoufoB, HEKOTOPbie U3 HUX MWMEWT
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op6uTbl, Nepecekawuwmre opbuty 3emnun. Obuwas macca BCex acTepomaoB Heb60sb-
was, CyLecTBEHHO MeHblUe Maccbl NI0O60M NNaHeThbl.

KomeTbl. ApKne KomMeTbl MOAB/IANTCA CpaBHUTENIbLHO PeAKOo, B cpejHeM ofHa
kKomeTa 3a 10— 15 net. Cnabble e no 6/eCKy KOMeTbl MOABANAKTCA 4YacTto (Ha
doTorpathmax 3BE3AHOro Heba exerogHo 06Hapy>XMBaKT HECKO/TbKO KOMET).

BoNbWWHCTBO KOMET BXOAWUT B cocTaB Hawer ConHeyHown cuctembl. Mop nen-
CTBMEM MNpuUTsXKeHMA ConHua OHU, KaK W nnaHeTbl, ob6paluialTca BOKPYr Hero no
BbITAHYTbIM 31MUNTUYECKUM op6uTam (puc. 14.11). Camol M3BECTHOW KOMETOW SAB-
naetca kometa Fannes (cm. puc. VIII uBeTHOW BKNeWKK), Ha3BaHHass TaK B YecCTb
nepBoro uccaegoBaTtensa KOMeT, KOTOpPbIi npejckasan o4vepefHOe MOSB/IEHUE 3TOM
KoMeTbl. OHa ABUXETCHA N0 O04YeHb BbITAHYTOW anNUNTUYecKon opbuTte (a = 18 a. e.
ne= 0,967) c nepnogom 76 net. B nepurenum oHa cbnamxaetca ¢ ConHuem Ao
pacctoaHna 0,59 a. e. (3axoauT BHYTpb op6uTbl BeHepbl), a B adenun ypgansert-
ca po 35,3 a. e. 3a opbuty HenTtyHa.

CnoBo «komeTa» MNpPoOUCXoauT OT MocnegHnin pa3 KomeTa nosBUIACh
rpedeckoro cnoea kometes — Bo- B 1986 r. B MOMEHT €€ nMpoxXoXxAaeHns
nocathii, KOCMaTbIN. B6nM3n ConHua Ans eé nsydyeHus 6bin
oCyuLLecTB/IEH MONMET YeTbIpEX KOCMUYe-
‘% CKMX annapaToB, [Ba W3 KOTOPbIX CO-

// BeTcKne «Bera-1» n «Bera-2».

doTorpachupoBaHme Agpa  Kome-
Tbl [annesa COBEeTCKUMW KOCMUYECKMN-
MW CTaHUMAMMKU C paccTosHUA O0KOJ0
8000 KM noKa3asio, YTO OHO UMeeT He-
npaBusbHYO GOpMYy C pasMmepaMmn npu-
MepHo 16 x 18 x s KM (cm. puc. VII
LUBETHOMN BKMenku). B cnegyrowunn pas
eé MOXHO yBugeTb B 2062 .

Ha 6onbwunx pacctoaHMAxX oT CONH-
ua KoMeTbl NpeAcTaBNAT CO60M rNblObl
TBEpPAOro Bew,ecTBa W3 /fbfja, 3acTblB-
WKUX rasoB U NblJIN, BMOPOXEHHbIX

Puc. 14.11 yacTuvy MeTeopHoro BewiectBa. [lpwu
npnénum>xxeHnn kK ConHUy nén HaynHa-
eT TafaTb U UCNapATbCA, BOKPYr A4pa KOMeTbl, Hada/ibHble pasmMepbl KOTOPOro He
npeBbllWawT AeCATKOB KMIOMETPOB, 06pasyeTca NpoTsH>KéHHaa 060/104Ka — KoMa.
Mop pelictBMeM JaBneHWUS COMTHEYHOrO CBeTa M CO/THEYHOrO BeTpa 4acTb rasoB KOMbI
oTTasKMBaeTCcA B CTOPOHY, NMPOTUBOMONOXHYK ConHUy, 06pasys XBOCT KOMETHI.
Maccbl kKomeT ouyeHuBawTca B 10ID— 10:s Kr.
B KOHLe KOHL0B KOMeTa TepseT BeELW,eCTBO W pacrnajgaeTcsa Ha 4acTu.
MeTeopbl N MeTeopuUThl.

MeTeopbl — 3TO BCMbIXMBaKWlW e B 3eMHON aTMocdepe Membuaiilwne TBEp-
fble yacTuubl, KOTOpPble BTOPralwTcs B HEE WU3BHE C OFPOMHOI CKOpPOCTbHO.

MeTeopbl 4YacTo Ha3blBalT najawwmmu 3sBé3gamun. B mexnnaHeTHOM nMpo-
CTpaHCTBE XaOTU4YHO ABUXeETCA C pas3/INYHbIMN CKOPOCTAMWU MHOXECTBO TaKux
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yacTuu. Maccbl nogaBnsiloLLEro  MX CfoBO  <<METEOP>> MPOMCXOAMT OT
G6ONbLWNHCTBA U3MepATCS AecATbl- rpeyeckoro cnosa meteora — na-
MU W ThICAYHLIMW [0MIAMU Tpamma, pAwnii B BO3AyXe,

B PEeAKUX CcNnyvyassXx — HECKONbKUMU

rpammamn. Ecnm B aTMoctepy BneTaeT yacTuua CO CKOpocTbio cBbiwe 30 KMm/c,
TO M3-3a TPEHUS 0 BO3AYX OHa 6bICTPO packanseTcs, BCObIXMBaeT M MopoxpaaeT
MeTeop. Uem 60nblie Macca WU CKOPOCTb YacTuubl, TEM sipye MeTeopHas BCMbILU-
Ka. B cpegHem no Bcemy Heby 3a 1 4 noABNsAwTCA 5- ¢« APKMX MeTeOopoB.

MomMnmMo oOTAeNbHbIX METEOPHbIX 4YacTuy, BOKpPyr ConHua ABUXYTCA Uuenble
MX pou, HasblBaeMble MeTEeOpHbIMW MNoToKamMu. OHM MOPOXAEHbl pacnajarouin-
MUCA MNN yXXe pacnasBwmmMmuca kometamm. Kaxablii MeTeOpHbIi pol ob6paw,aeTcs
BOKpyr CosiHUa ¢ MNOCTOSAHHbLIM MEepUoAOM, paBHbIM Mepuofy obpalieHUss mnopo-
OVBLUE ero KOMeTbl, U MHOIFMe M3 HUX B ONpefesiéHHble AHU roga BcTpedvakTcs
¢ 3emMnéin. B 3TM AHW 4nUC/NO0 MeTeOopOB 3HAUYUTENIbHO BO3pacTaeT, a ec/iM MeTe-
OpHbIA poii KOMMAaKTHbIA, To HabnwgalwTCcs MeTeopHble, WAW 3BE3AHbIE, A0XAMU,
Korja B OAHOW orpaHW4YyeHHol o6nactu Heba 3a 0A4HY MUHYTY BCMbIXMBAKT COTHU
MeTeopoB. Tak, B cepeauHe aBrycta (B HOYb ¢ 12-ro Ha 13-e) MOXXHO HabnwgaTtb
notok Mepceupa, a B anpene (B Houb ¢ 20-ro Ha 21-e) — noTokK Jlupug.

MHoOrme MeTeopHbie MOTOKW CBfA3aHbl C KOMeTaMW. Tak, MeTEOPHbIA MOTOK,
nexoaawunii n3 cossesgma OpuoHa (OpuoHMAbI), cBAA3aH ¢ KoMeTol Mannes, a me-
TEOPHbI/Ai MOTOK AHAPOMEHUAbl — C pacnasBlelica KomeTo Buansbl.

MeTeopuTbl — 3TO MeTeopouabl pasmepamMum OT CAHTUMETPOB [0 LECATKOB
METPOB, ABWIaBLIMECA B MEXMNNAaHEeTHOM MNPOCTPaAHCTBE W 3aTeM ynaslWwue Ha 3emio.

Mo XMMU4YeckKoMy coCTaBy MeTeOpuUTbl NoApas3fesiaioT Ha TPWU FPynnbl: KaMeH-
Hble, XXene3oKaMeHHble N Xene3Hble. CaMblii KPYMNHbIA >eNne3Hblii METEOPUT —
Fo6a — HaligeH Ha Tepputopuu Hamunéuun: oH umeeT pasmepbl s X s X 1 M,
a maccy 60 T.

Ha mecTe nageHuMs KpynNHbIX MeTeOpUTOB 06pa3yloTca MeTeOpUTHble KpaTepbl
3HaYNTe IbHbIX pa3MepoB. Takue KpaTepbl 06Hapy>xeHbl B ApusoHe (CLUA), Ka-
Hage, Ha Tanmbipe (Poccusa) m B apyrux mectax. ¥ ApPM30OHCKOTo METEOPUTHOrO
KpaTepa gunameTrp 1207 M, rnybumHa 174 M, a BbicOTa OKpy)akli,ero ero Bana
coctaBnsetr ot 40 go 50 M. Ha JlyHe TakXe CYUW, ecTBYWT KpaTepbl, KOTOopble
MOXXHO HabnwaaTb faXe B WKOMAbHbIW Teneckon MAM MNOA30PHYH Tpyo6y.

Ha pgpyrnx nnaHetax M MX CNyTHUKaX TakXXe 06Hapy>XeHbl KpaTepbl MeTeo-
PUTHOIO NpoucXoXXAeHusa. KpyrnHble MeTeopuTbl MOryT ob6pa3oBbiBaTb KpaTepbl
AnameTpoM B HECKO/IbKO [eCATKOB KW/IOMETPOB.

MnaHeTbl 3eMHON rpynnbl. MAaHeTbl-rUraHTol. MnaHeTbl-KapanKu |

AcTteponpbl. KomeTbl. MeTeopbl. MeTeopuTshl

1. K 4yemMy nNpuBOANT MU3MeHeHWe KONMYecTBa Yrnekucnoro rasa (M BoASAHbIX MNapos)
B atMmocepax naaHeT 3eMHOW rpynnbi?
2. Moyemy TemnepaTypa NOBePXHOCTU BeHepbl CTONb BbicOKan?
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Ha doTorpaumyeckmx cHumkax ConHua 4acTto BUAHbI TEMHbIe MNATHA, BO3HU-
Kawuwune B ero otochepe. Ecnnu B TeyeHUe HECKONbKUX AHEWN cnefuTb 3a NATHa-
MU, TO MOXXHO 3aMeTUTb MX MNepeMel,eHUe, 4YTO yKa3blBaeT Ha BpauweHue COJH-
ua BOKpYr ocu. Takume HabnwgeHua nokasanm, 4yto CoNHuUe BpawaeTca He Kak
TBEpaoe Teno. Mepuog ero obpalieHMs BOKPYr ocu B6AM3M 3KBatopa cocTaBnseTr
25 cyT., a B6m3u nonwca — 30 cyT. JZInHeliHaa CKOpPOCTb BpaweHWsA TOYKWU Ha
akBatope ConHua cocTtaBnsaetr 2 Km/c.

MN3mepeHne ocBew,éHHOCTU, KoTopyto co3gaért ConHue Ha 3emse, nokasano,
4TO Ha 3eMHYI MOBEPXHOCTb NAOWAaAbl 1 M2, PacnosioXKEeHHYK nepneHankKy-
NAPHO K CO/THEYHbIM Nyyam, execeKyHAHO noctynaet oT ConHua onpegenéHHas
3Heprusa, paBHasa 1370 [X.

JHeprus, execekyHAHo nagatouwas ot CoNHLA HAa 3eMHY MNOBEPXHOCTb MNO-
Waabl 1 M2, pacnosioXXeHHY MNepneHAUKYNSPHO K COMHEYHbIM flyyam, Ha3blBaeTca COJI-
HeuyHoW nocTtosiHHoOW: EO = 1,37 kBT1/m2.
CBeTumocTb ConHua LQ — 3TO MOWHOCTb CO/IHEYHOTO M3/lyYeHUs — 3IHeprus, us-
nyyaemass ConHuem 3a 1 ¢ CO BCeil ero MOBEpPXHOCTHU.

Ana Toro 4Tob6bl onNpeAenuUTb CBETMMOCTb, [O0CTATOYHO YMHOXWTb COJIHEY-
HYH TMOCTOSAHHYI Ha naowajb MOBEPXHOCTWU cdepbl, B LEHTpPe KOTOpPOW Haxo-
antca ConHue W paguyc KOTOpPOM paBeH paccTosHuto oT 3emnu po ConHuya:
a0 = 1,5 m10.: M. Tak Kak nnaowajgb MNOBEepXHOCTUM cdepbl paguycom al paBHa
S = 4nao, rge n = 3,14, 10 cBeTumocTb ConHua

Lg = SEq = 4 3,14 -(1,5 1011 M): 1,37 «10: BTt/M2. = 4 « 10.s BT. I

Ha ponto 3emMnu npuxoauTcs BCero AWlb ofHA ABYXCOTMUANMapAHas n[oNs
3Hepruu, manydyaemonn CoOMHLEM, HO U eé AOCTATOYHO ANA paclBeTa U MHOroo6-
pasusa >XW3HU Ha Halwlell nnaHeTe.

CyauTb o Temnepatype ConHua (U 3B&34) Mbl MOXEeM TO/IbKO MO ero (MX) n3-
nydyeHunwo. ConHUe ABMAAETCA UCTOYHUKOM W3/IYYEeHUSA pasnNyHbIX OAWUH BONH —
0T A/INHHOBOJIHOBOIO pPafMon3slydyeHUS [0 KOPOTKOBO/THOBOINO0 PEHTreHOBCKOrO
N ramMmma-usnydyeHumii. Ha pucyHke XIIl UBeTHOW BKJ/IeMKWM MokKasaH Habnwpgae-
MblA cnekTp ConHua B BUAMMOM AManas3oHe ANIUH BOJSITH, MOSYYEHHbIA C MOMOLLbIO
cnekTporpacda. Ha HEM Mbl BUAWUM, 4YTO Ha (QOHe HeMNpepbIBHOro criekTpa (YBeT-
Has pajyra) BUAHbI SIMHUWM MNOT/IOWEHUS pPa3/IMYHbIX XUMUYECKUX 3/TEMEHTOB.

Mo Hanuuuio cnekTpanbHbIX JU-

. 3akneiiTe 3epkano 6ymaroii, ocTaB- HUI acTPpOHOMbI OMpefenstoT Xxumude-
WJW, nss He6onbloe OTBepcTWe AuMame- cknii coctaB CosnHua. OkKasanocb, 4YTO
Tpom 0,5 cm, 4 HanpaBbTe 3aiunk ConHue noytu Ha 71 % coCcTOUT U3

oT ConHua Ha 6enblli nuct 6bymarn. W3- Bogoposda, 27 % cocTaBnsieT renui,

MepbTe AnameTp usobpaxeHua ConHua d
(8 Mmm) n pacctoaHune | (B MM) OT 3KkpaHa
[0 3epkana. BbluucnuTe peanbHbIi Agua-

Ha oCTa/lbHble XUMWYECKNE 3/TEMEHTDI
npnXognTCcA OKOJMO % wmMacchbl.

d ACTpOHOMbI npeanonaratT, yTo
meTp ConHua no ¢opmyne D = y ac> rfe n3ny4vyeHue COﬂHU'a 6/IM3KO MO CBOUM
XapaKTepuctmkam K MU3JTyHYeHUIO abco-
NIIOTHO YEpHOro Tesla, 3aKOHbI MU3ny4ye-
HNA KOTOPOro Xopowo M3BECTHbLI.

a0 — pacctodaHne ot 3emnm pgo ConHua
B Kunometpax.
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o} Cnpoeuupyinte mnsobpaxeHme CoOnH-
ua B Teneckone Ha 6enblli 3kpaH

M 3apucyiite ero. MoBTopuTe Ha-

6N AeHNA 4Yyepe3 HECKONbKO AHel. Ybepwn-
Tecb N0 U3MEHEHWU MON0XEeHUA NATEH BO
BpauweHun ConHua. fopcunTalkiTe nosHoe
yncno nATeH Ha ConHue n ybegutecb B M3-

nponcxoanT nogbeém m3-nog Gortoche-
pbl 6onee ropsiyero Bew,ecTBa W oNy-
cKaHue nopg dotochepy 60nee TEMHOro
W XO/IO4HOTr0 BellecTBa, OKalMnso-
uero rpaHyny. CkopocTb nogbémMa
N onycKaHWa rasa cocTaBnseT O0KO0/0
1 KM/C, a pasHuua Mexay TemneparTy-

MEHEHUN 1UX KO/M4ecTBa. poli ropsiyero M X0n04HOr0 BelecTsa

6nn3ka k 300 K. Takum obpasom,
rpaHynauma Ha CoNnHue ykKasblBaeT Ha TO, YTO 3aHeprua B doTocepy noctynaer
n3 6onee rny6okKnx n ropauymx cnoés ConHua NyTEM KOHBEKLMWWN.

Ha sipkom ¢oHe ¢doTochepbl HabnwpgawTcad TEMHble NnaTHa. Ha pucyHke VI
LBEeTHOM BKNEeMKM nokasaH y4yacTok ¢goTocepbl ¢ NATHOM. Pa3mepbl CONMHEYHbIX
nATeH MOryT npeBblwatb 10 OO0 kKm! Takume KpyMNHble MATHA XOPOLWO BUAHbI
faXke HEeBOOPYXEHHbIM rs1a3oM (KOHEYHO, TONIbKO CKBO3b TEMHbI/A CBETOPUNLTP).

Ha ¢oHe ocnennTenbHO ApKoW GoTochepbl NATHO KaXKeTcss HaM YépHbIM. Ofa-
HaK0 M3MepeHUA nokasann, 4TOo APKOCTb NATEH B 5- 10 pa3 MeHbLIe APKOCTU
oKpyXatuwen cdoTtochepbl, a UX peanbHbli UBET — KpacHoBaTblii. Takum obpa-
30M, TemnepaTtypa naTeH okono 4000 K.

HabniogeHna nokasannm Hanuyme CUAbHOI0O MArHWTHOro nMons B MATHaX.
B HekOTOpbIX NATHAX MarHUTHas WHAYKuua pgocturaet 0,5 Tn, B To BpemMsa Kak
B cpeaHem B (oTocthepe oHa cocTtaBnsaetr 10 .— 10 0 Tn.

Ha pucyHke IX uBeTHOM BKMelkn nokasaHa dotorpagusa ConHua, nonyvyeHHas
BO BpPeMS MOJIHOTFO CO/IHEYHOr0 3aTMeHUsA. Ha CHMMKe XOopowo BuAHa BHeLWHAA
yacTb CONHEYHOMW aTmocdepbl — KOpOHa, MMewLWwaa BUL NYYNCTOr0 XXEMUYYXHOTO
CUAHNA, APKOCTb KOTOPOro B MUJ/IINOH pa3 MeHble ApKocTU oTochepbl. KopoHa
npocnexxueaetTcsa A0 paccTosHWUA B gecATb paguycos ConHua wn 6onee.

ConHeyHas KOpoHa Harpeta A0 TemnepaTypbl 0Kono 2 < 10s K. Mpu Takoin
TemnepaType BeLW,eCcTBO KOPOHblI npeacTaBnseT co60i MNOMHOCTbIO MOHM30BAHHYIO
nnasMy, U3ny4dawuwyi B PeHTreHOBCKOM AuanasoHe. W AelcTBUTENbHO, NPU Ha-
6110 4eHNAX B PEHTreHOBCKME TeNeckonbl, KOTOPble YCTAHOB/EHbl HA KOCMUYECKUX
acTpoHOMMYecKux obcepBaTopuax 3a npegenamu 3eMHOW aTmocdepbl, Co/THeYHas
KOpOHa npeAcTaBnsieTca B MOJIHOVW Kpace, B TO BpeMs KaK MoBepxHocTb ConHua
(hboTocthepa) NnpakTMUecKM He BUaHa.

Bo BpemMsi MOMHbLIX COMHEeYHbIX 3aTMeHWn Ha kKpakw ConHua, BO BHYTPEHHUX
CNosAX COJTHEYHOW KOPOHbI, HabnwpawTca npoTybepaHubl.

MpoTy6epaHubl — 3TO CTpyu ropsadero Bewectsa ConHua, umewlwune Buj
BbICTYNOB U (POHTAHOB.

. HekoTopble M3 HUX — CMNOKOWHbIE
Onpepgennte M3 pucyHka IX uBeTHoOM
o npotybepaHubl — B TEYEeHUE MHO-
BKNEeNKnM BbICOTY npoTyb6epaHua Hapg -
hoTochepoii. rmx 4yacoB BUCAT Haj CONHEYHOW no-
BEPXHOCTbIO, ApYyrue — 3pynTUBHbIE
(B3pbIBHbIE) — BHE3aMHO C OFPOMHOM

CKOpPOCTb B3/1€TAOT Had NMOBEPXHOCTbLHO, 6bICTpO nogHMmMarwTCA OO0 BbICOTbI B A€-
CATKMN N pfa>Xe COTHWU TbiCAY KWUJIOMETPOB U TaK Xe 6bICTpO nagarwT BHU3.
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N3 KOpOHbl B MeXMNjaaHeTHOe MpPOCTPAHCTBO WCTEKaeT HeNpepbiBHbIA MNOTOK
yacTuy (NPOTOHOB, Agep resinsd, WOHOB, 3/IEKTPOHOB), Ha3blBaeMblii COMHEYHbIM
BeTpoM. HacTuubl COJIHEYHOro BeTpa MOKWAAKT COMTHEYHYH KOPOHY CO CKOpO-
CTbto 0K0N0 800 KM/C, NO3TOMY CO/THEUYHOE MPUTSAXKEHNE He MOXKET UX yaepxaTb.
B6nn3n 3eMam CKOpOCTb CO/THEYHOro BeTpa gocturaet 500 km/c.

ConHeyHasa aKTMBHOCTb. Ha pucyHke 15.1 nokasaHo Habniwgaemoe M3MeHeHUe
ynucna nateH Ha ConHue ¢ Havana XVII B. Korga Habnwpgaetca MakcumanbHoe
YMCNO MATEH, TO FOBOPSAT 0 MaKCMMyMe CO/IHEYHOW aKTUBHOCTU. B rogbl Makcu-
MyMa CO/THEYHOW aKTUBHOCTW 3HAUYUTENbHO BO3pacTaeT YMC/AO0 MOLWHbIX NpoTy6e-
paHUeB, B TaKT C COJIHEYHOW aKTUBHOCTbIO MeHSeTCsA U hopmMa CO/THEYHOW KOPOHbI.
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LLMKN CONMHEYHOl aKTUBHOCTWM AnuTca okono 11 ner.

OAHUM W3 CaMblX 3HAYUTENbHbIX MPOSAB/AEHMUIA COMHEYHOW AaKTUBHOCTU SIB/IA-
I0TCA COMIHEYHble BCMbIW KW, BO BPEMS KOTOPbIX BblAeNsieTcss KojsoccanbHas 3Hep-
rmsi — B TedeHUe AecATKa MUHYT BbigenseTca aHeprusa ao 102 Ox. B pesynbTate
HabM0AeHU CO CMYTHMUKOB 6bI/1I0 YCTAHOBJIEHO, YTO BO BPEMS CO/MTHEYHbIX BCMbI-
WeK NPoOUCXoanT pe3Koe ycuaeHue ynbTpaguoneToBoro M3nydyeHus, nosBAsoTCs
MOLLHble PEHTreHOBCKOE W ramMma-uafydyeHusi. [JaTtumku GbICTPbIX 3aPSAXKEHHbIX
yacTuL, YCTAHOB/MIEHHbIE HAa WMCKYCCTBEHHbIX CMAYTHMKax, MoKasanu, 4To npwu
MOLLHbIX CO/THEYHbIX BCMblIKaX B MeXMN/JaHEeTHOe MPOCTPAHCTBO Bbi6pachiBalnTCA
C OFTPOMHBIMW CKOPOCTAMM, UHOTAA AOXOAAUMMMWM A0 100 ooo KM/C, MUPUAAbI Ya-
cTULl, o6nagallmnx 60MblWOA KUHETUUYECKOW aHepruei M nosyuymBWIUX HasBaHue
COMTHEYHbIX KOCMMWYECKUX Nyyeit. X oCHOBHOW cocTaB — Afpa aTOMOB BOAOpPOAA,
refinsi, a TakXXe 3MeKTPOHbLI.

BcnblWKW U Apyrue NposiBeHWUs COMTHEUYHOW aKTUBHOCTU OKasblBalT 3HAuU-
TeNbHOE B/IUSIHUE Ha (hU3MYECKME YCNI0OBUS B 3eMHOli aTMocepe U OKOSI03EMHOM
KOCMMUYECKOM MpoCTpaHCTBE M, KaK creacTBue, Ha 6MoI0orMyeckne SIBNeHUS.

doTochepa. ConHeyHana nocTtosiHHasa. lMsATHa. ConHeyHas aKTUBHOCTb

1. Kakyl ocBelWwéHHOCTb co3faét ConHue Ha NoBepxHoOCTU 3emnu?
« 2. YTo yKasblBaeT Ha cyuwecTBoBaHMe KOHBeKuuUn BHYTpu ConHua?
B 3. Yemy paBeH MNepuoj COMTHEYHOW aKTUBHOCTM W KaK OHa cebs npossnser?
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§103 OCHOBHbIE XAPAKTEPUCTUKW 3BE3/4

BcnomMHUTe 4yTo TakKoe, Kak onpepenserca U yemy paBHa cBeTMMocTb ConHua.
Kak, mcnonb3ys TpeTuit 0606WEHHbLIN 3akKoH Kennepa, MOXHO onpepensaTb Macchl
HebecHbIX Ten?

Mpu Kakux TemnepaTtypax NPOUCXOAAT TepMOsifepHble peakumm?

Auvarpamma «cnekTp — cBeTumocTb». Kak n ConHuye, 3Bé3abl ocBewialoT 3em-
N0, HO M3-3a OFTPOMHOr0 PacCTOAHMA A0 HUX OCBELWEHHOCTb, KOTOPYI OHM co3jarT
Ha 3eMJsie, HAa MHOr0 MOPSAAKOB MeHblUe CO/THeYHOl. o 3Tol NpMYMHEe U BO3HU-
KalwT TexXxHu4yeckme npobnembl Npu U3MepeHUAX OCBeLW EHHOCTM OT 3BE34. ACTpoO-
HOMbl CTPOAT FUFaHTCKUE Teneckonbl, 4To6bl Y/0BUTb cnabble M3nyvyeHUsA 3BE3N.
Uem 6onbwe guameTp 06bekTuUBa Teneckona, Tem 6onee cnabble 3BE34bl MOXXHO
C ero nomMmow,bl mnccnegosatb. M3amepeHna nokasanu, 4To, Hanpumep, MonsapHas
3Be3fa co34aéT OCBEWEHHOCTb Ha noBepxHocTn 3emnum E = 3,8 « 1Cl BT/M2, uTo
B 370 mMnpg pa3 MeHblle 0CBeWEHHOCTU, co3gaBaemon ConHuem. PaccTtosHue fgo
MonsapHoin 3Be3abl cocTtaBnsaetr 200 nk, mnm okono 650 cB. net (r = s « 1015 M).
Moatomy cBeTumocTb lMonApHoON 3Be3Abl

bn = 4n,r2E = 4 ‘3,14 ® (5 @ 10:s M) 2 °3,8 «10-9 BT/M2 =
= 9,1 «10:0 BT = 4600Lo.

Kak Bnagmm, HecMOTpSa Ha Manyw BUAUMYI SAPKOCTb 3TOW 3Be3Abl, eé cCBeTU-
MocTb B 4600 pa3 npeBbllWaeT CO/THEYHYIO.

M3mepeHna nokasanu, 4To cpean 3BE34 BCTpeyakwTcA 3BE3Abl B COTHW ThbiCAY
pa3 6onee MouwiHble, yem ConHue, N 3BE34bl CO CBETUMOCTAMMU, B AECATKW TbiCcAY
pa3 MeHbwunmn, yem y ConHua.

M3mepeHns TemnepaTyp NoBepxHOCTM 3BE&3J Mokasanu, 4To TemnepaTypa no-
BEPXHOCTW 3Be3fbl onpefenset eé€ BUAUMbIA LBeT W Hanuyme cnekTpanbHblX NUHWIA nNo-
rNOWEeHNA TEX WKW UHbIX XUMUYECKUX 3M1IeMEHTOB B €& crnekTpe.

Tak, Cupunyc cuset 6enbim LBETOM W ero TemnepaTypa paBHa nodyTtu 10 000 K.
3Be3na bBetenbrenize (a OpuoHa) MmeeT KpacHbIW UBeT WU TemMnepaTypy noBepX-
HocTM okono 3500 K. CosiHue >XEénNToro uBeta U nmeeT TemnepaTtypy 6000 K.

Mo TemnepaType, UBeTY M BUAy CnekTpa BCe 3BE3Abl pa3buTbl Ha cnekTpasib-
Hble Kflaccbl, KoTopble 0603HavawTca byksamu O, B, A, F, G, K, M. CnekTpanb-
Hasa kKnaccndukauma 3Bésn npusegeHa B Tabnuue.

CneKTpasibHas Knaccugukaums 3sé3g

CneKTpasibHbIVi

Mpumepbl 3BES3,
Kace LiseT Temnepatypa, K P P 9
(¢] Fony6oii 30 000 BennaTtpukc (y OpunoHa)
B Beno-rony6oii 20 000 Peryn (a J1bBa)

A Benbiii 10 000 Cupnyc
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CO CBETUMOCTSAAMM B COTHM U ThbICAYM pa3 MeHblUe COMTHEUYHOW. OHU pacnosioXKeHbl
c/ieBa BHU3Y Auarpammbl. ATW 3BE3[bl UMEOT paguycbl No4YTU B CTO pa3 MeHblle
CO/THEYHOro U Mo pasmepam CpaBHUMbI ¢ naaHeTamu. Mpumepom Genoro Kapauka

cny>XuTt 3Besfa Cupuyc B — cnyTHuk Cupuyca. Mpu macce, NoUTM paBHOW COS-
HeuHoi, n pasmepe, B 2,5 pasa 6onbliem, yeM pasmep 3emM/uv, 3Ta 3Be3ga MMeeT
TMraHTCKY CPeaHI MIOTHOCTL — P = 3 ®105 KI/M3.

UT0o6bl MNOHATL, 4YeM O06bACHAKTCA Habnwpgaemble pas3nuumsa 3BE34 pasHbIX
rpynn, BCMNOMHWM CBSI3b MeXAy CBeTUMOCTbK, TemnepaTypoi W pafuycom
3Be3bl, KOTOPYK Mbl WUCNOAb30BaAM ANA onpeaesieHUs TemnepaTtypbl ConHua
(cm. dopmyny (15.3)).

CpaBHUM [Be 3Be3[bl CNeKTpasibHO-

™ , ¢ [poBeaute Cc nomowbio Tenecko-J1 ro knacca K, ogHa rnaBHoi nocne-
na wim 6MHOKNA BeyepHMe Habsto- posatenbHoctn (M), gpyrasa Kpac-

neHns. Haiigute [BOMHYH 3Be3gy Hbi ruraHT (KI). ¥ HUX ogunHakoBas
Anbbupeo (a Jlebegsa), onpegenuTe UBET TemnepaTtypa — T = 4500 K, a cBe-
N TemnepaTypy KOMMOHEHT. TUMOCTW pasfimyalTca B TbiCAYY pas:

Onpegennte  uUBeT W Temnepartypy i

3Bé3a betenvrenize (a OpuoHa) n Cupuny- B (RKT Akr ( r-~ _ O1
yca (a Bonbworo [Mca). v ?Opn = \7;)1r|‘|)' 71?m_I = /7Lrn) ~ ’

T. €. KpacHble TUraHTbl B AecATKM pa3 6o/blie MO pasmepamMm, yeM 3BE3[bl rnas-
HOA nocriefoBaTe/IbHOCTU.

Macchbl 3BEé34 yganocb M3MEPUTb TONbKO Yy 3BE&3J], BXOAALWMX B cOCTaB ABOIA-
HbIX cucTeM. W oHW onpefensnuce No napameTrpam op6wuT 3BE3L U Nepuosy ux
o6palleHna BOKPYr Apyr Apyra ¢ Ucrnosib30BaHMEM TpeTbero 0606 EHHON0 3aKoHa
Kennepa. Okasasocb, 4TO Macchl Bcex 3BE3[ /fiexaT B npegenax

0,06Mo < M < 80Ms,.

Lns 3BE&3[ rnaBHO NocnefoBaTeNbHOCTW MMEETCS CBSA3b MEX/AY MacCOil 3Be3-
Obl U €& CBETUMOCTbIO, T. €. YeM 60MblWe mMacca 3Be3gbl, TeM 60/blie €é CBETUMOCTb:

fM M
- LI — . (15.4)
*
0 .
Tak, 3Be3da CNeKTpaJsibHOro Kjnacca B umeer Maccy M ~ 20Ma un eé cBeTwU-

MOCTb MOYTU B 100 ooo pPa3 60MbLIE CONTHEYHOI.

NcTouHuK aHeprum ConHua v 38€34. Mo coBpeMeHHbIM npeacTaBAeHUAM NCTOY-
HMKOM 3Heprmun, nogfep>Xxupawwmum msnydyeHme ConHua U 3BE3A, CAYXWUT Anep-
Hasl 3aHeprus, KoTopasi BbligensieTcsa MNpu TepMOosifepHbIX peakKuusix o6pa3oBaHuUs
(cMHTe3a) sAapep atoMoOB renusa M3 saep aToMoB Bojopoga. Mpu peakuuum cuHTesa
M3 4YeTbipéXx sAep aTomMoB Bogopoga
(4eTbIpéX NMpPOTOHOB) 06pa3yeTcsa AA[PO

S CnekTpanbHblii Knacc Berun

"t (@ Nupsl) A, csetumocTs I. = aToma renunsa, nNpu 3TOM BblgensaeTca
= 85L0, a Kanenna (a Bo3Huue- aHeprua ceBaA3u AE = 4,8 < 1Cl:: O

ro) umeeT cnekTpanbHbI knacc K, cBe- n obpasylTca [Be 3/IeMeHTapHble 4a-

TumocTb L = 220L0. K kakum rpynnam CTUUbl HEWTPUHO M ABa NO3UTPOHA:

3BE34 OHM OTHOCATCA?
A 4H —» He + 2e+ + 2v + AE.
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Ana npoTtekaHus AAepHbIX peakuwnin Heobxoguma TemnepaTypa Bbille He-
CKO/TbKMX MWNJIMOHOB KeNbBWHOB, MPW KOTOPOW y4yacTByllUiMe B peakuum npo-
TOHbl C OAWHAKOBbIMW 3apsafamMu CMOrsiM 6bl MNOAYUYUTb AOCTATOYHYIO 3HEPTrUi0
ONS B3aMMHOI0 COMAVMKEHUSA, MNPeofoNeHNSa 3/1eKTPUYUYECKMX CU OTTanKuBaHuUA
N CANSAHNA B OAHO HOBOe fAA4po0. B pe3ynbTaTe TepMOSAepHbIX peakuuih cuHTe-
3a M3 Bogopoda Maccom 1 Kr obpasyeTcsa renwmii maccoi 0,99 Kr, gegeKT macc
AT = 0,01 Kr v Bblensietrcsa aHeprua q = ATe2 = 9 < 1014 [X.

Tenepb MOXHO OLeHUTb, Ha CKO/MIbKO BpeMeHW XxBaTuT y CofiHUa 3anacos BO-
popoga, utobbl nogdep)XueaTb Habnwgaemoe cBeyeHue, T. e. BpeMs XWU3HU CONH-
ua. 3anac AfepHO aHeprum

E = MQgq = 2 103 *9 «1014 = 1,8 * 1045 [XK.

Ecnn noaennTb 3TOT 3anac SAepHOM aHeprum Ha cBeTumMocTb ConHua LO, To
Mbl MONYYUM Bpemsi XWU3HU ConHua:

_£ Mogq 1,8 miO045 O 18 n
Lq Lq 4 «1026 O 4.5 10 C 1,5 10 nerv-

Ecnun y4yecTb, uto ConHUE COCTOUT MO KpaWHell Mepe Ha 70 % w3 Bogopoga
N AjepHble peakuuun MpoTeKawT TO/IbKO B LLeHTPe, B COJIHEYHOM SAApe, macca
KOTOPOro cocTaBnsieT 0KOMO o,1M o M rge TemnepaTtypa AOCTaTO4YHO BbicoKasa Ans
npoTeKaHMsa TepMOAAEPHbIX peakuWin, To BpemMsa XW3HM ConHua u 3BE34, MOXO-
XUnUx Ha ConHue, coctaBut tQ ~ Ko netr. ConHue, N0 COBPEMEHHbLIM [aHHbIM,
CyLlW,ecTBYeT YXe 0K0N0o 5 mapa neT, TakK 4T0 eMy eweé >XUTb U XUTb!

TepmosifepHble peakuuWnm CUHTe3a renumsa n3 Bofopona SIBAATCA WCTOYHUKOM
3Hepruu 3BE34 rNaBHO MocCNefoBaTeIbHOCTH.

CnekTpanbHbIA Knacc. [imarpamma «CnekTp — CBETUMOCTb»
1. Mepeuncnnte OCHOBHblIE TPynnbl 3BE3[4, KOTOpble MpuUBefeHbl Ha Aunarpamm
C «CMNEeKTP — CBETUMOCTb».

# 2. YUem pasnuyawTca 3BE3[4bl O[HOr0 CMNeKTPasbHOro Ksacca, HO nNpuHagnexatiune
K pas3HbIM rpynnam?
3. Kak no uyBeTy M TemnepaType acTPpOHOMbl OMpefensloT pajuyc 3Be3fbl?

f (] "
1. Camyl HU3KYI TemnepaTypy MOBEPXHOCTU MMEKT

1) rony6ble 3BE3Abl 3) KpacHble 3B&3Abl
2) XEénTble 3BE3Abl 4) 6enble 3BE34bl

2. XénTble 3Bé3abl Tna ConHuUa MMeT TemnepaTypy MOBEPXHOCTU OKOJ/0
1) 3000 K 2) 6000 K 3) 20 000 K 4) 10 800 K

3. K Kakoi rpynne 3Bé3g oTHocuTca Kanenna, ecnu eé csetmumocTtb L — 220Lo, a
Temnepatypa 5000 K?

1) Kk rnaBHOW nocnepoBaTeslbHOCTU 3) K cBepxruraHtam

2) K KpacHbIM ruraHTam 4) Kk 6enbIM Kap/simkam
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¥-18104 BHYTPEHHEE CTPOEHWE COJIHUA W 3BE3[

pr =t
[laiiTe onpefeneHne TepMOSAEPHON peakuuu.
Mepeyncnute OCHOBHble XapaKTEPUCTWKM MPOTOHOB, MO3UTPOHOB, HEWTPOHOB W Heli-
TpWHO.

CTpoeHune ConiHUA. Mbl He MOXEM HenocpeAcTBEHHO 3arfAaHyTb BHYTPb COJ/H-
ua, No3ToMy nMpeacTaB/ieHWe O €ero BHYTPEHHEM CTPOEHUW Moslydyaem TOJIbKO
Ha OCHOBE TEOPeTMYECKOro aHasmsa, Ucnonb3ys Haubosee o6LiMe 3aKOHbI PUIUKM
N TakuMe xapakTepucTukum ConHua, KakK macca, pagumyc, CBeTUMOCTb.

ConHue He pacwupAaeTca MU He CXWUMaeTCcA, OHO HaxoguTca B rmagpocratuye-
CKOM paBHOBecCcuUU, TakK KakK cune rpasumtauunu, CTpeMFILLI,eVICFI cxatb ConHuye, npenaTcTByeT
Cnna rasoBoro gaBneHua WU3HYTpW.

PacyéTbl nokasblBalwT, 4TO ANA MOAAEPXAHUA TUAPOCTATUYECKOro paBHOBE-
cnusa Temnepatypa B ueHTpe ConHua AosxkHa 6biTb npumepHo 15 « 10s K. Ha pac-
ctoaHum 0,700 TemnepaTypa nagaeT go nopsagka 106 K. MMnoTHocTb Beuw,ecTBa
B LeHTpe ConHua okono 1,5 m10s kKr/m3, uto 60nee yem B 100 pa3 Bbile ero
cpegHer MNNOTHOCTU.

TepmosfepHble peakuuu nNpoTeKawT B LeHTpanbHol o6nactnm ConHua pagny-
COM, NpumMepHO paBHbIM 0,3_Ro-

H W LleHTpanbHas o6nacTb ConHUa, B KOTOPOW MpoTekalT TepMOAAepHble peak-
UMM, Ha3blBaeTCA SIAPOM.

\TEPECH BHe sapa TemnepaTypa HejocTa-
Joss%  MoOWwHOCTE 3HEProBbigeneHns B

3Be3fe NpN TEPMOAAEPHbIX PeaK- TOuYHA ANS MPOTEKAHWA TepMmoszgep-
UMAX paBHa €€ CBETUMOCTU — MOLLHOCTM HbIX peakuui.
€& W3NYYeHUA C MOBEPXHOCTU. JHeprusa, BblgeNUBWAACA B sAApe

ConHua, NepeHOCUTCA HapyXy, K no-

BEPXHOCTU, ABYMS croco6aMu: NYUYUCTbIM WU KOHBEKTMBHbLIM MepeHocamu. B nep-

BOM C/lyyae 3HEepPrus MepeHoOCUTCs M3YYEHUEM, BO BTOPOM — MPU MeXaHU4YecKux
OBUXEHUAX HarpeTbiX Macc BeliecTBa.

JIyuymncTblii nepeHoc 3Heprum mnpo-

Mouemy B Heapax 3BE3j4 BelecTBO ncxognT B Appe fo pacctoaHuin (0,6 —
r< LOMXHO WMMETb BbICOKYlD Temmnepa- 0,7)RQ ot ueHtpa ConHua, panee
TYPY? K MOBEPXHOCTU 3HEeprmsa nepeHocuTcs

KOHBeKUMel. MposABNeHMEe KOHBEKL NN

Habnwopaetca B BuAae rpaHynaumu B dotocthepe. MNonHoe BpemsA, KoTopoe Tpeby-

eTCcsa 3Hepruu, BbiAenuBLIeACa B Agpe, 4To6bl AOCTUTHYTb MNOBepxXHoOCTU COJH-

ua, coctapnsetr okono 10 mMnH net. TakK 4TO CBeT M Tenso, KOTOpble corpesaknT

M ocBewawT Hawy 3emslo CceroaHs,

Kak Bbl fymaeTe, YTO Npou30ONAéT 6blNn  BblpaboTaHbl B TEPMOSAAEPHbIX

40 CO 3Be340ii nocne ucyepnaHus e peakuuax B ueHTpe CosnHua 10 MAH
BCEero sfijepHoro roptwoyero? net Hasapg.
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KOHeuYHOo, acTpOHOMbI WWYT cno-
co6bl 3arnsAHyTb BHYTpb ConiHUa w
NPoBEPUTbL TEOpeTMYecKue npencTaBs-

NMoHabnwpgaite Beyepom CcO3Be3-
OHA W HalguTe wux Haubonee sp-
Kne 3BE3aAbl. HaiauTe nnaHeThl,

neHnst o ero cTpoeHun. Ha 3TOM KOTOpble BUAHLI B BalWeM peruoHe.
nyTv¥ MM Ha nomMoWwb MNpUWAnN du-
3MKN, n3ydyawlime 3/eMeHTapHble

yactuubl. [leno B TOM, 4TO MPW TEPMOSAAEPHbIX peakKUuMAX CUHTe3a renusa wus
BoAOpOAa HapsAaAy C BblAe/IEHUEM 3HEPTUUN MPOUCXOAUT POXKAEHUE 3/1eMeHTaPHbIX
yacTuy — HeWTpPUHO. B oTnuMume 0oT U3NYyUYEeHUSA HEUTPUHO MPakKTUUYeCcKU He 3a-
Jep>xXnpawTcsa BewecTBoM. Bo3Hmkasa B Hegpax ConHUa M pacnpocTpaHsAACb co
CKOpPOCTbI0, 6/IN3KOM K CKOPOCTW CBeTa, OHW 4Yepe3 : C NMOKUAAKT MOBEPXHOCTb
ConHua ” yepe3 s MWH pocturawT 3emnn. Ona HabnwAeHWA CONHEYHbIX Hel-
TPUHO 6biN NMOCTPOEH CNeunanbHblAi HENTPUHHBLIW TeNecKomn, KOTOpPbIA B TedyeHUe
MHOFO/IeTHUX HabnwaeHWn n 3aperncTpuposas 0XMpaemMblin NOTOK HEWTPUHO OT
ConHua. 3T HabnwaeHUs OKOHYaTe/IbHO MNOATBEPANN NPaBUAbHOCTb HalKNX
TeopeTu4deckmx mogaenei ctpoeHus ConHua Kak 3Be3fbl. [M03TOMY Mbl B MOJIHOW
Mepe MOXXEeM WCMN0Nb30BaTb MNOSIYYEHHble pe3ynbTaTbl ANA pa3paboTku mopeneii
LPpYyTrux 3Béspn.

Apyrve 3BE3Abl r/1aBHOW MocnefoBaTe/lbHOCTM MO CTPOEHMIO BO MHOrMoM mMo-
X0XUn Ha ConHue.

KpacHble ruraHTbl W cBepXruraHTbl. OTANUYNTENbHOMW O0OCO6EHHOCTbID 3TUX
3BE34 ABAAETCA OTCYTCTBME SAAepHbIX peakuuii B camMoM ULeHTpe, HeCMOTpsa Ha
BbICOKME TemnepaTypbl. AaepHble peakuuMm nNpoTekKawT B TOHKUX CA0AX BOKPYr
MNNOTHOr0 LUeHTpanbHOro fAgpa. Tak Kak TemnepaTypa 3Be3fbl YMeHbllaeTcs
K MOBEPXHOCTW, TO B KaXpAoM cnoe wUAET onpefenéHHbIA Tun TepMoALepHbIX
peakunii.

B camblXx BHeWHWX CcNosAx Aapa, rAe TemnepaTtypa cocTaBnseT 0KO00
15 « 10s K, 3 Bogopoga o6pasyeTcsa renuii; rny6xe, rge TemnepaTtypa Bbille,
n3 renma obpasyeTcsa yrnepoj; panee
n3 yrnepoga — KWCAOPOA, U B caMbiX
rny6oKnMx cnosix y O04YeHb MAaCCUBHbIX
3BE34 Mpu TepMOALEPHbLIX peaKkuunsax

Mouyemy B O0O6blYHbIX 3BE&3gax npu
TepMOAAEpPHbIX peakumax He obpa-
3yl0OTCA XMMUYECKUEe 31eMeHTbl TA-

o6pasyeTcs >eneso. Xxenee xenesa?
NTak, B KpacHbIX rMraHTax v ceepx-
ruraHTax (MOPMUPYHOTCA C/I0EBblE WC- AHTEPECHO
Takume BaXKHble AN XWU3HU XUMU- Wtlaaain

TOYHWUKMK 3Heprum n obpasyetca 60Nb-
LWMHCTBO XUMUYECKUX 3/1eMEHTOB
BMNNOTb A0 aTOMOB >Xefesa.

Benble Kapnnkun. 3T 3BE3abl 6bINN
HasBaHbl 6enbIMK Kap/siMkamun, TaK KakK cHadana cpegn HuxX 6blsiv o6Hapy>XeHbl
3B8é34bl 6enoro uBeTa, a 3HAYUTENIbHO MO3Xe — XXENTOro u Apyrux usetoB. Pas-
Mepbl UX Heb60NblUME, BCEr0 /INWb ThiCAYM U LECATKM TbiCAY KUNOMETPOB, T. €.
OHW cpaBHUMbI Cc pa3mepamn 3emnun. Ho ux maccbl 6nM3KM K Macce ConHua,
M NO3TOMY WX CpeaHAs MNAOTHOCTb — COTHW KWUA0OrpamMmoB B KybM4yecKOM caH-
TumeTpe. Mpumepom TakoW 3Be3fbl CAYXWUT CNYTHUK Cupuyca, ob6o3Havyaemblin
06bI4YHO Kak Cupuyc B. Y 3Toili 3Be3fbl CNeKTpasibHOro kKsacca A ¢ TemnepaTtypoi
9000 K gmnameTp nuwb B 2,5 pasa npeBbilwaeT gnameTp 3eM/iM, a macca paBHa
CONMNHEYHOW, TakK 4YTO0 CpeAHAS NJIOTHOCTb MpeBblIWAET 100 KI/CM3.

yeckue 3neMeHTbl, KaK yrnepog
M Kucnopopd, o6pasyloTcs TONbKO B Heppax
KpacHbIX FTMFaHTOB W CBEPXTUIaHTOB.
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Tena R = 2GM/c2 BTopas KocMuyeckas CKOpocTb 6yaeT paBHa CKOpocTu cBeTa
c = 300 OO0 km/c. Mpu ewé MeHbWMX pas3Mmepax BTOpas KOCMWYeCKas CKO-
pocTb 6yaeT npeBbllWaTb CKOPOCTb cBeTa. Mo 3aToli NpuyMHe gaxke CBeT He CMO-
XKeT MOKWHYTb Takoe HebecHoe Teno M gaTb MHMOpPMaLMIO 0 nMpoleccax, Mpouc-
X0AALWMX Ha ero MOBEPXHOCTW, HaM — pJanékum Habnwogatensam.

wwww UépHas Ablpa — 061acTb NMPOCTPaHCTBa, B KOTOPOM rpaBuTayMoHHOe Npu-

TAXEHWEe HACTONbKO CUAbHO, YTO BTOpPas KOCMUUYecKas CKOPOCTb A4/ HAaXOAAWMWXCA B 3TON
o6nactn Ten Ao/MKHA 6blna 6bl NpeBbilWaTh CKOPOCTb CBeTa, YTO HEBO3MOXHO, MO3ITOMY
HW BELEeCTBO, HU WU3NyyeHWe He MOryT 3Ty 06/1acTb MOKUHYTb.

B HacToswee BpemMsa o6Hapy>XeHbl YEPHble Ablpbl B COCTaBe ABOMHbIX 3BE3AHbIX
cuctem. Tak, B co3Be3amun Jlebeasa HabGnwopgaeTcs TecHas [ABOlWHasA cucTeMa, ofHa
n3 3B&3[, uU3lnyvawuwas BUAUMbIA cBeT, — 06bluHaAA 3Be3ga CNeKTpasibHOro Knac-
ca B, gpyras — HeBuaumasi 3Be3fa Masioro paamepa — W3nyyaeT PeHTreHOBCKUe
nyynm un mmeeT mMaccy okono 10MO0. 3Tta HeBuammas 3Be3ga npeactaBnsieT coboi
YEpPHY Ablpy ¢ pasamepamMu o0kosio 30 KM. PeHTreHOBCKOe W3/lyyeHUe ucnyckaeT
He cama 4YépHas Aablpa, a HarpeTblli A0 HECKONbKWX MWAIMOHOB FpagycoB AUCK,
Bpalw,alowmiica BOKPYr YEpHOW Abipbl. 3TOT AWCK COCTOMT W3 Bew,ecTtBa, KOTO-
poe uyépHas Ablpa CBOUM TATOTEeHMEM BbITATMBaeT U3 sApKoW 3Be3fbl (cM. puc. XV
Ha UBEeTHOW BK/eliKe).

ConHeyHoe HeNTpMHO. HelNTpOHHble 3BE34bl. YUEpHbIE Ablpbl

r) 1. PaBHOBecrMe MeXJAYy KakuMm cumnamum obecneymBaeT yCTOMUYMBOE COCTOSAHWE 3Be3[4bl?
1 2. Kakwuve npoueccbl TenaonpoBogHOCTU MNeEPEHOCAT 3Heprutwo oT ueHTpa ConHua Ha-
pyxy?
3. Kakue peakuumm cnyxaT UCTOYHUKOM 3Heprum ConHua wn 3BE3A?
4. KakK ycTpoeH KpacCHbIi ruraHT?
5. YT0o Takoe nynbcapbl?

1. Mynbcap — 3To (r’:,-\
1) 6bicTpo Bpalwatwwanca 3sesga tuna ConHua
2) 6bICcTpPO Bpawakwwmniica KpacHblA ruraHT

3) 6bicTpo Bpawatu,asica HeliTpoHHasa 3Be3ga
4) 6bICTPO Bpawakwuwmiica 6enbln Kapnauk

2. Kakue HabnwofeHUss NoATBEPAUNUN MpoTeKaHWe TEPMOAAEPHbIX peakUWA CUHTe3a
renva n3 sBogopofa B CO/THEYHOM spape?

1) HabnwaeHne CONHEYHOro BeTpa

) HabnwaeHne CONHEYHbIX NATEH

3) HabnwpaeHWne pPeHTreHOBCKOro mM3nydeHuss ConHua

) HabnwaeHWe NOTOKA COMTHEYHbIX HEWTPUHO

3, B kKakux 3Bésfax o6pa3ylTcs XMMUUYeECKMEe 3/1eMeHTbl BMNAOTb [0 >Xesne3a?
1) B 3Bé&3Aax cnekTpasbHbIXx knaccoB O u B rnasHOl mocnefoBaTesibHOCTU

) B KpacHbIX ruraHtax u cesepxruraHrtax

3) B HEMTPOHHbIX 3BE&3gax

4) B 6enblXx Kapnaumkax

@
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%§105 9BOOUMA 3BE3A: POXAEHWE,
>KU3Hb N CMEPTb 3BE3/[

PaBHOBecnMe KakKux cun Heo6XoAUMO AN CTabuNbHOro M yCTOWYMBOrO COCTOAHMSA
3Be34bl?
Kakoil BuA sHeprum nopfepxumBaeT BbICOKYH TemnepaTypy 3Be3Abl U e& paBHO-
Becue?

B MneuyHom [MyTu Ha6nwgawTcs rasonbineBble o6naka. HekoTopble M3 HUX
HacTOMIbKO M/I0OTHbIE, UYTO HaAYMHAT CKWUMaTbCA MoA AeWCTBUEM CO6CTBEHHOrO
TAroteHus. o Mepe cXaTus NAOTHOCTbL W TeMnepaTypa o6naka MoBbilalwTCs,
M OHO HauyuHaeT 06U/ILHO M3/ydyaTb B MHpPaKpacHOM AuanasoHe crnekTpa.

~23N # Faszonbinesoe 06nako Ha cTaguy cxaTua NONYYMNO Ha3BaHue NpoTo3Be3ja.

IHEZ231 Korga Temnepatypa B Heapax nMpoTO3Be3Abl MOBbIWAETCA A0 HECKONAbKUX MUN-
NINOHOB KeNbBWUHOB, B HUX HAUYMHAKTCA TepMOsAepHble peakuuy npespaljeHWs Bogopoga
B rennii, NnpoTo3sesga npekpaw,aetT CXXMMaTbCA W NpespawaeTcs B 06bIUHYI0 3BE3AY rnaBs-
HOW nocnefoBaTenbHOCTH.

MpogomKnUTenbHOCTb NpebbiBaHUA 3BE34 Ha [/1aBHOW MocnefoBaTeslbHOCTU
onpefenseTcs MOLWHOCTb W3NyyYeHUs 3Be3Abl (CBETUMOCTbK) W 3anacamu sgep-
HOW 3Hepruu.

Mocne BbiropaHus BoAopoAa B Heapax 3Be3fbl OHA pa3fyBaeTcss U CTaHOBUTCA
KpPacHbIM FTUFAaHTOM MWW CBEPXTUTaHTOM B 3aBUCMMOCTU OT MaccChl.

PasgyBwascsa ob6onoyka 3Be3abl HEGOMbLWIOW Macchbl y)ke crnabo npuTAruBaeTcs
eé AApOM W, NOCTEMEHHO yaanascb OT Hero, o6pa3yeT MaaHeTapHyl TyMaHHOCTb
(cm. puc. X Ha UBeTHOW BKelike).

B panbHenwem 3Be3ga Tvmna ConHua cb6pocuT 060M104KYy U 6yaeT Habnwpgartbes
nnaHetapHass TyMaHHOCTb, a Ha MecTe 3Be3fbl OCTaHeTCA NULWb ropsyee AAPO
3Be34bl — YrNepoAHblii 6enblii Kapnuk.

DBONOLUMNA MACCUBHbLIX 3BE34 MpoucxXoauT 6osiee 6ypHO. B KOHUe cBOEM >XU3HU
Takas 3Be3fa MOXEeT B30pBaTbCsl CBEPXHOBOW 3Be3joi, a eé A4pPO, pPe3Ko CXaB-
WKNCb, MOXXET MPeBPaTUTLCSA B CBEPXMNJ/IOTHbIN 06beKT — HEWTPOHHYI 3Be3ay WUan
JaXke YEpHYI AbIpy.

MW BL 1 cgepxHosas 3Be34a — 3T0 B3pbIB, KOTOPLIM O3HAMEHOBAHA CMEpPTh CTapoii
3Be3fbl W B TeYeHUe KOTOPOro eé sPKOCTb YBEe/MYMBAETCSA B COTHW MWUAJUOHOB U MWUN-
nnapasl pas.

CBepxHOBble 3BE3abl GbICTPO YBE/IMUYMBAIOT APKOCTb, a 3aTeM MeA/IeHHO, B Te-
YeHMe HEeCKONbKUX MecsieB, yracalT U nepecTawT 6biTb BUAUMBIMU.

C6poweHHasa o6onouka, o6GoraujéHHas refvMeM W APYTMMU TSXKENbIMU 3fie-
MeHTamu, ob6pa3oBaBWIMMUCA B Hegpax 3Be3fbl, pacceMBaeTcss B MpocTpaHcTBe
N CAYXWUT MaTepuanom Ansa ¢GopMupoBaHUsA 3BE3J HOBOF0 MOKOJIEHUS.
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. CTPOEHMUE BCEJIEHHOW

MneuHblli MyTb — Hawa ManakTMka — npeacTaBnseT co60i TMraHTCKyl Cnu-
panbHyl ranakTuKy, 3ano/iIHEHHY 3Bé3famMu, 3BE3AHLIMU CKOMMEHUAMWU, rasom
M NbiNblo. BMecTe ¢ ApyrMmun rasakTukamu oHa sIBAseTcA OAHUM U3 KpynHeli-
WKnx obpazoBaHWii BceneHHoOl. Y3HaeM, Kakue BbiBOAbl O MPOLISIOM, HaCTOSLWLEM
n 6yayuem BUAWMOIA BceneHHOW MOXHO caenaTtb, UCCNeAyst FanakKTUKMU.

e

§106 MJIEYHbI/A MYTb - HALLUA FANTAKTUKA

BcnoMHUTe cnoco6 onpepeneHuss Macc HeGeCHbIX TeN MO WX ABUXEHWI B rpaBu-
TaynoHHom none (cm. § 99).

Mpu HabnwoaeHUAX 3BE3AHOro He6a BAANM OT KPYMHbIX FOpoaoB Ha HEM B 6e3-

NIYHHYI0 HOYb XOPOLWO BUAHA WMpOKas cBeTauasca nosoca — MaedHblii MyTe.
CBOé Ha3BaHWe MneuHbln MyTb NOAy4YMn 0T ApeBHerpedecknx Mudgos. CornacHo
OAHOMY M3 HUX MneuHblii MyTb — 3TO MOMIOKO, KOTopoe 6yATo 6bl MiafeHel,

lepkynec nponwun, korga ero kKopmuna 6ornHa [epa. [elctBuTtenbHo, 6enécas
nosnoca MneyHoro MNyTu HanoMuMHaeT nNponuToe Monoko. . Fanunein B KOHLUe
1610 r., Habnwpgasa MneuHblii MyTb B Teseckon, ycTaHOBW/, 4YTO OH COCTOUT U3
KONoccanbHONo MHOXecTBa 04YeHb cnabbix 3BE34; ero 3Bé3gHasd CTPyKTypa Xopo-
Wwo BUAHA gaxke B 00blUHbIV 6MHOKNbL. MneuHblh MNyTb TAHeTCA cepebpucToii No-
nocor no o6oMm nonywapuam, 3ambiKasacb B 3BE34HO0E KO/bLO.

OrpomHas 3Bé3aHas cucTema, nogasnsiwuiee 60MbWMHCTBO 3BE3A KOTOPOIA
cocpeAoTouyeHo B MnedyHom MMyTu, HasbiBaeTcs [anakTUKOIA.

CnoBo ' «ranaktuka» npoucxopuT ConHeyHaa cuctema BXOAWUT B CO-
oT rpeyeckoro cnosa galaktikos — cTaB anakTukwu.
MOJIOYHBI. ) OT co3Be3ama Jlebeaa fo cossesgns

LleHTaBpa MneuHbli MyTb BbIFNAAUT
pa3gBoeHHbIM. OTCyTCcTBMe 3BE34 B TEMHOW yactm MneyHoro NMyTm o6bAcHAeTcA
HasiMunem paspexeHHOW TEMHOW Nbl/IeBOM W rasoBor mMaTepun, KOHUEHTPUPYIO-
uenca B MNPOCTPaHCTBE K ranakTM4YeCKOW MJ/I0CKOCTM. 3Ta mMaTtepusa noraowaet
n ocnabnsaert cBeT JanékKux 3BE3fg.

a3 u nbinb B lNanakTuke pacrnpefesieHbl 0O4eHb HeoAHOpoaHO. MNomMwumo pas-
peXeHHbIX MNblNeBbIX 06N1aKoB, HabnpgalwTCcA NAOTHble TEMHbIe o6naka nNblan.
Korga 3Tu nnoTHble o6/aka OCBelW,eHbl SAPKMMU 3BE3gaMW, OHWU oTpaxkawT UX
CBeT, W Torga Mbl BUAMM OTpaXaTe/lbHble TYMaHHOCTMWN, KakK Te, 4TO BUAHBI
B cKonneHuwn 3BE3n [llneapbl. Ecnun

I_ jfii  Ha coTorpadmm TymaHHoctn Opu- 0KO/10 rasonbifieBoro obnaka mmeetcs
) oHa (cm. puc. XVII  BKneilkn) ropAadyas 3Be3ga, TO OHa BO36yXgaeT
B 1 MM — 1,5, paccTosiHne [0 Ty- cBeYeHWe rasa, KU Torga Mbl BUAUM
MaHHoCTM 460 nk. OueHuTe pasMep U mac- AP DY3HYI0 TYMaAHHOCTb, MPUMEPOM
CY TYMAHHOCTU, ecnu cpeanaz AngrrocTe KOTOPOl CAYXWUT TymaHHocTb OpuoHa

raza.™TBUM B Helt P =5 ' . ! (cm. puc. XVII Ha uBeTHOW BKNeliKke).
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Mpumepom AN DY3HbIX TyMaH- LU Mouemy ropsume 3BE34bl BO3OYX-
HocTen ocoboro Tmna cnyXkaT NnaHe- palT cBevyeHue Anddy3HbIX (nNna-
TapHble TYMaHHOCTW, Ha3BaHHbIe HeTapHbIX) TymMaHHOCTe, a xonopa-
TakK No TOMY, KaK OHW BbIrNapgaTt Hble HeT?

B Teneckon, — MOX0XwWe Ha MnJjaHeT-

Hble ANCKW. FAPKUM MNMPUMeEpPOM MNfaHeTapHOW TYMaHHOCTU SIBASieTCA TyMaHHOCTb
KonbueobpasHas B co3Be3aum Jlmpbl (cm. puc. X Ha UBEeTHOW BKelike). B yeHTpe
TaKoW pacwwupsioueiica TYMaHHOCTM HaxoAWUTcs 3Be3fa 6enblii Kapnnk, KoTopas
CBOUM yNnbTpadmosieToBblM M3/ydeHMeEM BO36yXXgaeT cBedyeHUe cObpoweHHOM 060-
noykun. MnaHeTapHasas TyMaHHOCTb — «MNoOC/AeAHMUI BbILOX» yMupatwLweli 3Be3abl
Tuna Hawero ConHua.

WccnepoBaHua pacnpepeneHns 3sé3h, rasa M nbinnm nokasanu, 4To Haw Mneu-
HbIi MyTb — [lanakTuka npepgctaBnsaeT co60l NAOCKYH CUCTEMY, UMEKLWY CnUupanbHyto
CTPYKTYpYy (cm. puc. XIV Ha UBeTHOW BKNeiike).

B lNanaktuke okono 100 mnpg 3Bé€3a. CpefHee paccTosHMe Mexay 3Bé3famu
B NanakTuke okosio 5 cB. net. Ho B ueHTpe lMNanakTuku, B eé aape, NJA0OTHOCTb
3BE3[, 3HAUYNUTE/IbHO Bbllle W PacCTOAHUA MeXAy 3Bé3faMW B COTHU pa3 MeHblue,
yem cpefHee. LieHTp ManakTuku, KOTOPbIN pacnosioxxeH B co3Be3amm CTpenbua,
CKPbIT OT Hac 60NbLWIMM KOAMYECTBOM rasa WM MNblAW, norsouialuwmx cBeT 3BE3L.
Ho B uHdpakpacHOM auanas3oHe, M3/ly4eHMe KOTOPOro ras M Mbib noraow,arkT
nnoxo, AApo anakTukM BUAHO XOpOLIO.

Mbl Haxogummca BHYTpwW [anakTuUKW, MN03TOMY HaM TPyAHO nMpefcTaBuTb eé
BHELWHNR BUA, HO BO BceneHHOMW ecTb MHOro ApPYrmx MNOXO0XMWUX ranakTUkK, n no
HUM Mbl MOXEeM CyAMTb 0 Hawem MneyHom MyTu. Ha pucyHkax X1 n XII useTHol
BKNEeNKN npefcTaBneHbl cnMpanbHasa ranaktuka BopgosopoT wm ranaktuka Com-
6pepo, Buagnmas c pebpa. TémHaa nosnoca ob6yc/noBNeHa HaAMyMeM rasa M Nbliawn,
KOTOPble KOHLEHTPUPYIKTCA B MNJIOCKOCTU rasiakTukKn, Kak n B MneuyHom [lyTn.

ManakTuka BpaujaeTcs.

ConHue, Haxoasleecs Ha paccToOSHUM OKONo 8 KNk (26 OOO cB. NneT) OT LEH-
Tpa lanakTuku, obpauiaeTcss CO CKOPOCTbK 0KOoNo 220 KM/cC BOKPYr ueHTpa [anaktukm,
coBepwas oAMH 060pPOT NOYTM 3@ 200 MJH neT.

BHyTpu op6uTbl CoNMHUA cocpeaoTouyeHa MaTepusl, mMacca KOTOpoi nopsigka
10nAlo, a nosHass macca [anakTUKWU OUEHWBAeTCA B HECKO/IbKO COTEH MUNNU-
apfoB COMTHEYHbIX Macc.

B HacToAwee BpeMs acTPOHOMbI TU,aTe/lbHO M3y4yaloT LEHTP Hawei ManakTu-
K1W. VIMEHHO ero cBOicTBa, NMpoueccbl, B HEM Npoucxoaaw,une, onpeaensioT CTPyK-
Typy Bceli FanakTuKu.

HabniopgeHns 3a ABUXeEHWEM OTAeNbHbIX 3BE3J OKONO LeHTpa ManakTuUKu noka-
3anu, 4To TaMm, B HeboNnbwWoOl ob6nacTu ¢ pasmepamu, cpaBHUMbIMKU C pasmepamun ConHeu-
HOW cucTeMmbl, cocpefoToYeHa HeBMAMMAs MaTepus, mMacca KOTOpOlM npeBbiWaeT Maccy
ConHua B 2 MAH pa3. 3TO yKa3biBaeT Ha Cyl,ecTBOBaHWe B LeHTpe [anakTUKM MacCUBHOW
YEPHOW Ablpbl.
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78

18107 TANAKTUKMN

ot

OxapakTepusyiite Hawy [anakTuky.
Yto BXOAWUT B €é cocTaB?

B 20-x rr. XX B. Obl/I0 YyCTAaHOBJ/IEHO, 4YTO 00bEKTbl, Ha3blBaBLWIWECHA paHee
ANANNTUYECKUMUN N CrMpasibHbIMU TYMaHHOCTAMMU, HaxoAATCcAa 3a npegesiaMm Ha-
wen MNanakTMKN N ABNAKTCA CaMOCTOATE/IbHbIMU 3BE3AHLIMW cucTemamum — ra-
nakTnkamm (No 4ynmcny BXOAALWMUX B HUX 3BE3L OHM He ycTynalT Halwel 3BE34HOM
cucteme). M3ydyeHme CTpoeHUNA ranakTuUK, UX pacnpefeneHns v ABUXKEHUS B Npo-
CTpPaHCTBE MMeeT pelwlalwliee 3HayeHMe A9 NOHMMaHWA 3aKOHOB 3BONKOLUWN BCel
yacTun Habnwpgaemon Hamu BceneHHon.

Uucno ranakTukK, AOCTYNHbIX HabAwaeHUAM B KPYyMHelwwme Teneckonbl, A0-
cTuraet LeCATKOB MWUNInNapLoB.

HecMoTpsA Ha MCKN4YMTeNbHOEe MHOroob6pa3ue BHeWHero Buaa, 60MbWMHCTBO
ranakTuK BCE XXe MOXHO 06beAMHUTb B HECKO/IbKO OCHOBHbIX TUNOB: 3/I/IUNTUYECKNE, CMN-
panbHble, HenpaBW/ibHblIE.

W HAAO 3anunTuueckue ranakTUKU — ranakTWKW, UMeWUe BUA KPYFOB WAWN 37-
NUNCOB.

MXx ApKOCTb MNMAaBHO YMEHbLUAeTCsa OT LeHTpa K nepudepuun. HUKaKoi BHY-
TPpeHHell CTPYKTYpbl Yy 3TUX rafakTuK HeT. Hab6nwaeHWs nokasbiBalT, UTO 3TU
ranakTUKW He BpawalTcs, B HUX 0O4YeHb Maso rasa v nbiaiv. Maccbl camMmbliX Kpyn-
HbIX 3M/IMNTUYECKUX TanakTUK AOCTUTAT 101:MoO.

LU M y CnupanbHble ranakTukm — ,D,I/ICK006pa3HbIe Bpauarwumeca ranaktuku, co-
cToAwmne M3 Aapa, gucKka M HECKO/IbKUX CnupanbHbIX pyKaBoB, Unu BeTBel.

Y 06blUHbIX CAMPasbHbIX ranakTuk 5 5
3TN BEeTBU OTXOAAT HEMOCPEACTBEHHO MonelTaiiTecb Be4epoM HanTu co-
0T Agpa. Y nepeceyéHHbIX cnupanb- 3BE3AME AHAPOMEABI V1 B Teneckon

paccMoTpeTb 3HAMEHUTYH TyMmaH-
HbIX ranakTuMk SiApo nepecekaercs no HOCTb AHADOMEbI.
AnameTpy nonepevyHor nonoco —
nepembiuykon (6apom). OT KOHLOB
3TOW MNepeMblYKM W HaYMHaKTCA crnuvpasibHble BeTBW. Tak, ofHa M3 6amxaniwnx
K HaMm 3Bé3[4HbIX cucTem, TymMaHHOCTb AHApOMeAbl, SAB/SAETCA CNUMpanbHOW ra-
nakTukoili, a ranaktmka NGC1300 — cnupanbHO ranakTukKoi ¢ nepemMblyKoO
(cm. cooTBeTcTBeHHO puc. XIX, XVIII Ha uBeTHOl BKnelke). CumTtaercs, 4To
Hawa lManakTuka noxoXa Ha TyMaHHOCTbL AHApPOMEAbI.

CnnpanbHble ranakTUKWU Bpaw,akwTcA, B HUX MHOr0o rasa W nblJiK, KOTOpble
KOHLEHTPUPYITCA K MNOCKOCTU ranakTukKnM B CNMpasbHbIX pyKaBax, B HUX MHO-
ro MonoAblX ropAYmMx 3BE34 cNeKTpasibHbIX KnaaccoB O m B. 3Ty 3BE3AbI BO3-
6y>XpaawT cBevyeHMe AUPAY3HbIX rasoBblXx TyMaHHOCTel, pa3bpocaHHbIX BMecTe
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C NblIeBbIMWU 061aKkaMu BAOMb CNMpasibHbiX BeTBen. O6UMe rasoBo-MbliAEBbIX
061aK0B WU MNPUCYTCTBME B HUX FOoNybbiX 3BE34 cnekTpanbHbiX knaccoe O u B
ropopatT 06 aKTMBHbIX npoueccax 3BE34000pa3oBaHMsA, NPOUCXOAAWMX B CNWU-
panbHbIX pyKaBax 3TuUX ranakTuk. Maccbl cnupasibHbIX ranakTUK coCcTaBASAT
oT Ko A0 10:12MoO.

HenpaBu/ibHble ranakTUKNM — ranakTuku HenpasuabLHON (DOPMbI, Y KOTOPbIX
OTCYTCTBYeT UYETKO BbipaXeHHOE AAPO0 M He 0GHApYXEeHO BpalieHue.

PcSijL B kakux TuMnNax ranakTuk BO3MOXXHO Mpnmepamu HenpaBUNbHbLIX ranak-
poXKAeHMe HOBbIX 3BE3.? Kakue Ha- TUK cnyXxaTt bonbwoe MaresnnaHoso
6noaeHns MOATBEPXKAAT 3T0? O6nako n Manoe MarennaHoso O6na-

KO — camble 6/1M3KMe K HaMm ranak-

TUKWN, BUAUMbIE HEBOOPYXEHHbLIM rfasom B HKO>KHOM nonywapuu Heba, B6IN3U
MneuHoro MyTu. 3Tn ABe ranakTUKN ABNATCA CNYTHUKaAMU Halwen FanakTuKu.
CneunanbHbIi KNacc raslakTUK NpeacTaBfisioT B3auMoaelic TByloU Me ranakTu-
K. O6bIYHO 3TO ABOWHbIe raslakTUKK, MeXay KOTOpbIMUW Hab6sogalTca CBeT/ble
nepeMblUYKu, XBOCTbl U T. A.
AKTUBHbIe ranakTUKM U KBasapbl.

AKTUBHbIE TFaflakKTUKM — ranakTuku, B sifpax KOTOPbIX MPOUCXOAAT 6ypHble
npouecchl.

Tak, B ranaktmke M87 B co3Be3gmn [LeBbl HabnwgaeTcs sspKMil BblGpPoC Belle-
cTBa CO CKOpOCTbl 0Kono 3000 kKm/c, macca 3aToro Bbl6poca cocTaBnseT npumep-
HO 10°MG. 3Ta ranakTtmka okasaslaCb MOWHbIM UCTOYHUKOM paguonU3IyyeHUS.

PagunoHabniogeHnsa ranakTuk no-

Mouemy papgunomsnyvyeHue oT 06blY- Kaszanu, 4YTo O60/bLWINHCTBO M3 HUX

HbIX ranakTuK Mano? aBnawTCca  cnabbimun MCTOYHUKAMW

pagnonsfnydyeHuUs, OCHOBHasA [o0Nd wux

N3NYyYeHUs NPUXoaAnTCA Ha cBeT 3BE34 ranakTuku. OfHaKO CyLW ecTBYKT Takue

raflakTukKu, paguonssniyyeHme KOTOPbIX He TONIbKO CPpaBHWUMO, HO W 3HayUTesNb-

HO MnpeBbllWaeT MX ONTUYECKOE M3NyYeHMUe. ITU rasakKTUKU NONYy4YuUAn HasBaHue

pagnoranakTuk. Ha pucyHke XVI uBeTHOl BKNelku nokaszaHa cotorpagusa ofn-

HOM M3 MOWHeNWwmnX pagmoranaktmk — LleHTaBp A. Ha coTtorpachmn BngHo, 4Tto
ranakTMkKa nepeceyeHa MOLLHOW MOM0COM nornowarkLLero BeliecTsa.

AHanns3 cBOWCTB paguMon3nydyeHUA MnokKasbiBaeT, UTO OHO Bbi3biBaeTcsa ob6naka-
MW ropsA4yei nnasmbl, BblOPOWEHHON U3 Agpa ranakTuku. O6naka ropsyein nnas-
Mbl ABMXXYTCA CO CKOpPOCTbi, 6/1IM3KOM K CKOpPOCTM cCBeTa.

Ewé 6onee MOWHbLIMM WUCTOYHUKAMU Paguon3IyvYeHUSA ABAKTCA KBasapbl.

KBasapbl — KBa3n3Bé3AHble (MOX0XUe Ha 3BE34bI) PASUOUCTOUHUKUM — KOM-
nakTHble Afpa ranakTuK, XapakTepusyllnecs MOLWHEAIWNM pajnonsnyyeHnem.

MpumMepomM TakKoro MCTOUHUKA sIBNSAeTcA 6AuMKawuii K Ham kBasap C273
B co3Be3anu [eBbl. Ero cBeTumMocTb gocturaet 10:.Lo. CBeTUMOCTU 60/1bLUNHCTBA
KBa3apoB B AECATKW W COTHW pa3 MpeBblWaldT CBETUMOCTU 06bIYHbIX FanakTuk.
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KBa3apbl ABMANTCA TaKXXe MOLULHbl-

3a paguousnyvyeHue  akTUBHbIX
MW  WUCTOYHMKAMW  WHGPaKpacHoro,

ranakTuk U KBa3apoB OTBETCTBEH-

PEHTreHOBCKOro 1 ramma-usnyyeHun. Hbl 3M1EKTPOHbLI, ABUXYUMECA B MarHUTHOM
A BOT pasmepbl KBaszapoB oKasanucb nofe co CKOpPOCTAMMW, 6/M3KMMU K CKOPO-
HeboNbWWMKN, OKOMO : a.e., T. e VcTn ceeta (pensaTUBMCTCKME 3NEKTPOHbI).

cpaBHUMbI ¢ pasmepamu CoONHEYHON

cuctembl. TuwaTeNlbHble uUCCNefoBaHUA MnokKasanaW, 4YTO KBasapbl MNpeacTaBNsAlT
coboli akKTUBHble fAapa ranakTuK, CTPYKTypa KOTOpbIX MOKa HeAoCTyMHa coBpe-
MEHHOW TeXHUKe HabnwaeHWNA.

Mo coBpeMeHHbIM MpeAcTaBNeHUAM B AApax ranakTukK, Kak WU B fpe Halwewn
FanakTUKN, HaxoAsaTCcA MacCUBHble Y&pHble Abipbl. [MosToMy Hambonee paspaboTaH-
HOM MoAenbl KBasapa fABNAeTcAs Mofeslb C MacCMBHOW YEPHOW AbIpOWA, pacnoso-
)XEeHHOW B LLeHTpe onpefenéHHOro Tuna
ranakTuK C BbICOKOI 3BE34HOW nNAoT-
HOCTbl. [NnNTeNnbHOEe N MOLLHOE 3Hep-
roBblgesieHMe MOXeT 6blTb MOSTHOCTbIO
06BbACHEHO BblNageHnem BellecTBa
ranakTmkm Ha 4YépHyw Ablpy. Macca
Takol 4EpHOWM Abipbl cocTaBnsAeT okono 10sMo, a eé pagnyc — 3 <« 10s kKM. Ha-
X04ACb B LEHTpe rasakTWKW C BbICOKOW 3BE3LHOM MNOTHOCTbIO, Takas 4YépHas
Ablpa MOXeT 3axBaTblBaTb Uenble 3BE34bl. [lnAa obecneyeHMsa Habnwpaemon cse-
TUMOCTW KBas3apoB AOCTATOYHO, 4TOObl YEpHasA Ablpa 3axBaTbiBana XoTda 6bl 04HY
3Be3ay B rof. lNpu BbICOKUX MNOTHOCTAX 3BE34 B A4pax rajakTUK TakKue yacTble
3axBaTbl 3BE3[ YEPHOW AbIPOA BMOSIHE peasibHbI.

B 00bl4HbIX ranakTmkax MNAOTHOCTW 3BE34 B SA4pe HEBE/IMKW, MN03TOMYy Ta-
Kne 3axBaTbl 3BE34 peAaKW, M Mbl He BUAUM MNpPOSABAEHUN 60NbLIOA aKTUBHOCTMU
Yy 06bIYHbIX ranakTuk.

CKonieHna ranakTuk. W3BecTHO, 4To AuvamMeTp Hawel [anakTukum poctura-
eT noutnm 30 knk (100 OOO cB. neT), AnameTp ranakTukm AHgpomegbl (M31) —
40 knk. PacctoAaHme oT Hac fo TymaHHOCTM AHApomenbl cocTaBnsaetr 670 KNk
(2 MJIH CB. N1eT), c/nefoBaTefnlbHO, NpeBbIWAET AnaMeTpbl KPYNHbIX rafakTukK nou-
T B 20 pa3. CpefHee e paccToAHMe mMeXay 3Bé3gaMu NPUMEpPHO Takoe e, Kak
mexagy ConHuem wn 3Bé3gon a LleHTaBpa, T. e. okono 275 000 a. e., n 6onbwe
anameTtpa ConHua (1,5 <106 km = 0,01 a. e.) npumepHo B 27,5 MnH pa3. Ta-
KUM o06pa3oM, rasilakTMKW 3HauynmTeslbHO TecHee C6/MMIXXKEeHbl B MPOCTPaHCTBE, YeMm
3BE34bl MeXay Co60iA.

CuctemaTnmyeckne nuccnefosaHmsa pacnpefenieHUa rasakTuk no Heby nokasanwu,
YTO Hapsagy C OTAENbHbIMW ranakTukamm HabnwaalwTcsa CKOMAeHUs ranakTuk.
Tak, Hawa [NanakTuka, TymaHHOCTb AHApomeabl, Bonbwoe n Manoe Marenna-
HOBbl O6naka n eweé HEeCKONbKO 3BE3AHbLIX cuCTeM 06pa3yloT MecTHyKW rpynny,
B KoTopyt BXoAAT 35 ranaktuk. MNanakTuku MecTHOW rpynnbl CBA3aHbl 06W UM
TATOTEHWEM W ABUXXYTCA BOKPYr o6uWero ueHTpa macc.

Ceiiyac mn3BecTHO 0Kono 4000 cKoOMAeHWW rasakTUK, B KOTOPbIX HAaCYUTbI-
BaeTCA COTHM W ThicAYM 3BE3AHbIX cucTeM. B cpegHemM AauameTpbl CKOMAeHWN
6Nn3KN K s MnNK (26 mMnH cB. net). OgHMM M3 HauboNblWMX ABASAETCA CKOMAeHue
ranakTuk B co3Be3auum Bonocbl BepoHUKM. OHO HaXo4MUTCA Ha pPacCcTOAHUWU OKOAO
70 Mnk oT Hac. B atom 6oratom cKonsieHUM HacuuTbiBaeTca okono 40 000 ra-
NakTuK.

Kak Bbl fgymaeTe, 4TO yYaue npo-
LI.lO ncxoaont — CTONKHOBEHUA MexXxnay
3Bé3gamMum UNU ranaktukamun?
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EBSSg
Haw MneuHbln MyTb BMecTe € MecTHOI rpynnoi ranakTUK pacnosioXeH
Ha OKpauHe CKONMeHWsa ranakTUK, LEeHTP KOTOPOro HaxoAuTcs B co3Be3auun [esbl.

Ha6nwogeHus nokasanu, "uto Ty- B ckonneHuAx ranakTukKuM pac-
MaHHOCTh AHApOMefbl NpuU6AN- MosioXeHbl  6/M3KO  APYr K ApYry,
Xaetcs K MneuHomy TyTu CO CKOPOCTbIO Mno3ToMy MeXxAay HWUMKU 4acTto npownc-
275 km/c n yepe3 2,4 mApA neT OHW CTON- X0O4AT CTO/IKHOBEHWUS, npueoasimne
KHYTCA. K ux cnmaHuio. ObpasoBasBlasca 60-

Nee KpynHas rasakTuMka u4alwe cTan-
KuBaeTca c¢ ApyrnmMmu, norsouwias wux. 3TOT npouyecc CANAHUA acTPOHOMbl Ha3Ba-
nn KaHHmb6anuamMom ranakTuK. Takum ob6bpa3om obpa3oBanucb camble KPYyMHble
ranakTUKm B CKOMNEHMAX, TakKue, KakK rumraHTckaa 3snnuvnTuyeckasa ranakTuka
M81, HaxogAuwasaca B UeHTpe 60raTtoro CKOMJeHUs ranakTuk B co3se3anun [lesbl.
A pagunoranaktuky LleHTaBp A, nokasaHHYyKW Ha pucyHke XVI uBeTHOW BKEeN-

KW, Mbl HabnwgaemMm HenocpencTBEHHO

H E CsBepxckonneHua ranakTtuk aBnaa-X B npouecce CTOJIKHOBeHUA.
I0TCA CaMbIMU KPYMHBIMU CTPYKTY- ] Ha6niogeHna nokasanu, 4T0 CKO
pamn BO BceneHHOIi. nneHna pacnpegeseHbl B MpocTpaH-

CTBE HEpaBHOMEpPHO, OHM cobpaHbl
B CBEPXCKOM/IEHUSA BbITAHYTOW (OpPMbI, cofepXXaline AECATKU CKOMJEHWUA ra-
NakKTUK. Pa3mepbl CBEPXCKOM/IEHUA AOCTUTaOT COTeH MWUANAPAOB CBETOBbIX fleT.
KpacHoe cmelieHMe B CNeKTpax raslakTUK U 3akoH Xa66na. CeeT ranakTuk
B OCHOBHOM MpeAcTaBnsieT Co60iM CyMMapHbIii CBET MUANWApLOB 3BE34 U rasa.
Ons nsydyeHns PU3MUYECKUX CBOICTB rasakTUK acTPOHOMbI MCMOMb3YT METoAbl
crneKTpanbHOro aHanuMsa ceeTa.
Ha6nwoaeHns NokKasbiBawT, YTO IMHUKN B CMEKTPax BCEX M3BECTHbIX ranakTuk
CMeleHbl K KpacHOMY KOHLY crneKkTpa.

fIBNeHNe CMelWeHna NUHNIA B cneKTpax BCeX M3BECTHbIX raflakTUK K KpacHOo-
MY KOHLY cnekTpa Ha3blBaeTCA KPacCHbIM CMeLl,eHuneM.

Mpwn 3TOM OTHOWEHUE CMeEWeHUS cneKTpanbHOW NuHUKM AX = X - X K A/IMHe
BOJIHbI X OKas3anocb NS BCeX JIMHUA OAMHAKOBbLIM B CNEKTPe AAaHHOW ranakTukWu.
ax X - X0 n .
OTHoweHne T = i roe X0 — AnivHa BOMHbI CAeKTpanbHOW NUHUMK,
Hab6nogaemoli B nabopatopuun, xapakTepu3dyeT KpacHOe CMeLlLeHue.
O6wenpMHATaAa B HacTodAllee BpeMs WHTepnpertauus 3TOro ABJeHUSA cBA3aHa
c appekTOoM [onnepa, COrnacHO KOTOPOMY CMelleHMe cneKTpanbHbIX JIMHUA Bbl-
3BaHO ABUXXeHMeM (ypaneHuem) umanydvawuwero obbekta (rasakTUKWM) CO CKOpPO-
CTbi0 V MO0 HanpasfieHU 0T Habnwgatensa. MNpu ManblX KpPacHbIX CMELLEHUSX
(2 1) ckopocTb 06beKTa MOXEeT ObITb HanpgeHa no dgopmyne Jonnepa:

wo oo (16.1)

roe ¢ = 3 «10° KM/C — CKOpPOCTb CBeTa.
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§108 CTPOEHWE W 3BOJTIOLNA BCE/IEHHOW

Ha uTo ykasbiBaeT HabGnijaemMoe KpacHoe CMel,eHWe NMHUIA B cnekTpax ranaktuk?
UeMy paBHa MaKcumanbHas CKOPOCTb ABMXEHUS Ten?

CNnoBO «KOCMOMOFUS» MPONCXOAUT Hayka, nsydatyas CTpoeHune
OT rpeyeckux cnoB kosmos — n aonwymo BceneHHoON, Ha3blBaeTcs
Mup, BceneHHas u logos — 3aKoH, KOCMO/0rune.

yueHue. Bofblwoe 3HayeHue O/ PasBUTUSA

COBpeMeHHbIX MpefcTaB/leHU 0 cTpoe-
HUM n 3BonwUUK BceneHHol MMeeT obuian Teopusi OTHOCUTENbHOCTU, CO3[aHHas
A. QWHWTeNMHOM (1879—1955). OHa 0606W,aeT TeOpPU TATOTEHUSA HbTOHA
Ha 60NblUMe Macchbl Bel,ecTBa U CKOPOCTU €ro ABUXKEHWUS, CpaBHMMble CO CKOPOCTbIO
cBeTa. [leicTBMTeNIbHO, B rajlakTMkKax cocpefoToyeHa KoJjioccasibHas Macca Belle-
CTBa, a CKOpPOCTU JaséKUxX ranakTukK U KBa3apoB CPaBHUMbI CO CKOPOCTbK CcBe-
Ta. CornacHo o6uweir Teopuun OTHOCUTENBLHOCTM rpaBuUTaLMOHHOE B3ammopgelicTBue
nepenaétca ¢ KOHEYHOlM CKOpPOCTbI, paBHOlM ckopocTu ceeTa. (B Teopunm HbloToHa
npegnonaraeTcsi, 4To rpaBuUTaLMOHHOE B3auMoAeicTBMEe MepefaéTcss MIHOBEHHO.)
Oobuwaa Teopuss OTHOCUTE/IbHOCTK

fMoweMy knaccuuyeckas MexaHuka HaknafbiBaeT onpegenéHHblie orpaHu-
U Teopus TAroTeHuss HbloToHa He- YeHUS Ha reoMmeTpuueckue cBolicTBa
NPpUMeHUMbl ANA onucaHusa cTpoe- npocTpaHcTBa, KOTOPOE YXXe Henb3A
HUA 1 3BoNlOUMN BceneHHoii? cumTaTb eBKAMAoBbIM. CornacHo 3Toi

Teopuu ABUXKEHUe W pacnpepenieHue
MaTepuu B NMPOCTPAHCTBE HeNb3s paccmaTpuBaTb B OTPbIBE OT FeOMeTpMUecKux
CBOWCTB MpOCTpaHCTBA M BPEMEHMU.

Pacwwupsarwancs BceneHHas.

A MocmoTpuTe Ha HOYHOe Heb6o. TEM- Bnepsbie “KOCMonoqueCKym‘J MOAeNb

{*r. HOE OHO UAM HeT? MpPeanoaoXuUM, BceneHHoW B pamkax o6uieii Teopuwu

" yTo Hawa BceneHHas cTaTuyHa OTHOCUTENbHOCTWM paccMoTpen COBeT-

(B Hell HMYero He MeHseTca), 6eCKOHeuHa, cknn matematnk A. ®puagmaH. OH

KOHLEeHTpaums 3BE34 NOCTOsiHHA W B Hell nokasasn, 4to BceneHHasa, ogHOPOAHO

cnpasejnnea reomeTpus EBknupa. [lo- 3anosiHeHHasa BeLecTBoOM, LONMKHA

KaXnTe KayecTBEHHO, 4TO B 3TOM c/ydyae 6bITb HECTALWOHAPHOM, W, UCXOAS W3

He60 [O/MKHO O6biTb OYeHb APKUM W AHEM 3TOro, 06bSCHUA HabnoAaeMyl Kap-
N HOYbIO.

TUHY pasberaHua ranakTuk. OH no-
KasaJs, 4To B 3aBUCUMOCTU OT CpefHeil
NA0OTHOCTW BeliecTBa BceneHHas foskKHa Nuéo pacwmpsaTbes, NU6B0 CKMMATbCA.
Mpn pacwmnpeHnn BceneHHOW cKkopoCcTb pasberaHusa ranakTuUK AO/IXKHa 6bITb Apo-
nopuuoHasbHa paccTOAHUAM [0 HUX — BbIBOJ, KOTOpbI noaTeepansa Xa66n oT-
KPbITUEM KPacHOro CMel,eHWUs B CreKTpax rasaakTuk.

KpuTuyeckoe 3HayeHue MAOTHOCTM Bel,ecTBa, OT KOTOPOW 3aBUCUT XapakTtep
ero ABUXKeHUSA:
Qzj2

HKG - (16.3)

Pkp =
p

roe G — rpaBuTauMoOHHas MNocTosHHas, a H — nocTosiHHas Xa66na.
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YuyntbiBasa, uto 1 Mnk = 3,08 « 10.s KM, Haligém H = 2,3 10-.s ¢"1. Torpga
cornacHo ¢opmyne (16.3) KpuTuyeckas M/AOTHOCTb BeliecTBa

3 =(2.3 =10-18c-1)2 10 2% Kr/Ms = 10 25 T/CM3.
8 «3,14 w6,67 «10-11 m3/(Kr =c2)

Mo Teopun dpuamaHa, ecnu cpef-

M Ecnu cpeAHss NNoTHOCTb Belje-
HAA MI0OTHOCTb BceneHHoM 6onblie

cTBa BO BceneHHON paBHa KpuUTuU-

Kputudeckoin (p > pKy), To B byayuiem uyeckoil, To eé& reomeTpuueckue CcBoOMCTBaA
pacwnpeHne BceneHHol CMEHNTCA OO/MKHbI ONWCbiBaTbCA reomeTpuein EBkAn-
cKaTuem, a Npu CpeaHer NOTHOCTH, Na, eCNM MeHblle KPUTUYECKoN, To reome-
paBHOMW WNW MEHbLUER KPUTUUECKONA Tpuei Jlo6auyesckoro.

(p < pKp), pacwmpeHne He NpekpaTuTCA.
CpefHAS NAOTHOCTb BeliecTBa, COCPeAoTOYeHHas B BUAe 3BE34 B ranakTukax,
paBHa npu6An3nTenbHo 2 « 10 30 r/cM3, 4TO MOYTK B 5 pa3 MeHbLle KPUTUYUYECKON.

Ha6bniopaemoe pa3beraHue ranakTuK yka3biBaeT Ha paclwimpeHue BceneHHOW.

Bnaropaps paboTtam HoGenes- Bo3bMWTe BO3AYWHbIA wap, Ha-
ckux naypeatoB C. lNMepnmyTTepa, HeCUTe Ha HEero TOYKM-TanakTuKu
A. Paiicca n b. Wmnpgta (2011), Ha- U  HauyHUTe HaayBaTb, WMUTUPYSA
6nwopgaBWMX 3a BCMNbIWKaMMW CBepXx- pacwupeHne BceneHHoi. MycTb ofHa TOuY-
HOBbIX 3BEé3] B O0O4YeHb YyAaNIEHHbIX kKa — Hawa [anaktnka. Kak 6yayT BecTw

cebs cocefHWe TOYKM-TanakTuku, 6yayT nm
OHW ypanatbca OoT Hac? YTo 6ygeT BuAeTb

T e. KDOME BCEMUDHOIO TAroTEHUS acTPOHOM W3 APYroin ranakTukm? MOXHO
- €., Kp P ! NN TOBOPMUTb, UTO €CTb LEHTp «BceneHHoli»

CylujecTeyeT BCEMMPHOE aHTUTATOTE- Ha noBepxHocTM wapa? Kak Bbl AymaeTe,
HWe — OoTTanknueaHne oAHUX Tanak- ecTb NN LEHTp y Hawell BceneHHoi?

TUK OT Apyrmx. 3Ta cuna, npupoga

KOTOpOii MNoKa He scHa, nposABnaseT ceb6a Ha 60/bWMX KOCMOJOrTMYECKUX PpaccTo-
AHUAX N CBA3aHa, BEPOATHO, C 3anosiHAKLLeN BCE MeXranakKTmyeckoe MpocTpaH-
CTBO TEMHOW 3Hepruen. Takmm o06pa3oM, MOXHO MPeAMNoN0XNTb, YTO B GyAyLlLeEM
pacwupeHne BceneHHol He npekpaTuTcsa, a 6yAeT MPOUCXOAUTb BCE 6GbiCTpee U
6bicTpee.

Kpome 3Toro, Bo BceneHHO npucyTcTByeT 0c06bli BWUA MaTepuun, KOTOPbIN
He ucnyckaeT 3/1eKTPOMArHMTHOe W3Nly4YeHWe U He B3auMofencTByeT C HWUM, 4TO
Bbl3blBaeT 60/blUME CAOXKHOCTU MAPW MUCCAeAoBaHUM 3ToW TEMHOVW MaTepuun. Mbl
MOXXeM O06Hapy>XWTb eé TONbKO MO BANAHWUIO €€ rpaBUTALMOHHOINO Moss Ha B3a-
MMOAencTBME W CKOPOCTU BpaleHus
ranakTuk. Y4yéHble npegnosiarakwT, 4To [aHHble coBpemMeHHbIX uccneno- 33333EE3
TEMHasi MaTepus ABMsSieTCA XO/0AHOMN, BaHWiA roBOpAT O ToOM, uTo Bce-

T. €. COCTOUT W3 TSXKEMBLIX yYacTul NEeHHaA COCTOMT npuMepHo Ha 4 % us
(BO3BMOXXHO, M3 TUNOTETUYECKUX THA- 06"'%0“1 BeljecTea, Ha 23 % m3 TaK Ha-

N 3blBaeMoil TEMHOW mMaTtepum u Ha 73 % wu3
>Kemi|x cynepcmmmeTquH”blx JacTuy). eweé 60nee TAWHCTBEHHOW TEMHON aHep-

TéMHas maTtepus n TéMHas oHep- rMn, Bbi3blBalolWeld yCKOpeHHOe paclupe-
rma — 370 PU3nyveckne 06bEKTbI, N3- HUe BceneHHoil.
yyYeHMEe KOTOpPbIX TO/IbKO HadMHaeTcs.

ranakTmkax, crtano sicHo, uTto Bce-
NTeHHaAa pacwnpdaeTca ¢ YyCKOpeHnemm,
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B npownom, Ha paHHUX 3Tanax 3BoAwLUM BceneHHoW, NMAOTHOCTbL U Temne-
paTypa 3TOro M3siydyeHUs 6biSIN CYLL,eCTBEHHO BblLUE.

Takum o06pa3omMm, B MPOLWIJIOM He TO/bKO M/OTHOCTb, HO M TemnepaTypa Belle-
cTBa 6bI/IM 0YEHb BbICOKMMMW. Tak, Hanpumep, Korga Bo3pacT BcesieHHOW 6bin
BCEr0 HECKO/IbKO CeKYyH[, TemnepaTtypa BelwecTBa W WU3/ydYeHUS OGblna [ECATKU
M COTHM MWUNJINOHOB Ke/IbBUHOB.

KoHeuyHO, HM 0 KaKMX ranakTukax u 3Bé3gax B 3TOT Nepuos roBopuUTb He Mpu-
xoauTtca. OHM obpa3oBanmcb 3HaUMTe/IbHO MO34Hee, Korga TemnepaTtypa M nnoT-
HOCTb BellecTBa CTaiM HUMXe. Tak KakK Habnwgaemoe MUKPOBO/THOBOE W3/yyeHUe
¢ TemnepaTtypoi 2,7 K cBSi3aHO C ropsiuMm BeL,eCTBOM Ha paHHWUX 3Tanax 3BOJI0-
uun BceneHHoW, TO W3/yyYeHUe MONYUYUI0 Ha3BaHWe pPeNMKTOBOro (ocTaBluierocs
OT MpPOWbIX 3M0X), a MoAenb pacwupstouierica BceneHHOW HasblBalOT MOAESbIO
«ropsiuein BceneHHon».

Ha6niopgaemoe penNuKTOBOe M3NyyYeHUe ykasbiBaeT Ha To, YTo BceneHHas B npo-
wnom 6bila He TONbKO MAOTHOW, HO M OYeHb ropsdveli (MMena BbICOKYlD TemnepaTtypy).

Kocmonorusa. Pacwwupsatwuwasnca BceneHHasda. Paguyc n Bo3pacT BceneHHoW ! Hanw |

Mopenb «ropsdyeli BceneHHol». PenukToBOe M3nyyeHue j Hainmm”; vy

1. Kakne HabnogeHUs ykasbliBaloT Ha To, YTOo BceneHHas He ctatuyHa, a HenpepbiB-
« HO MeHsieTcs (3BOOLMOHUPYET)?
- 2. ACTpPOHOMbI HacuuTanm okosio 10 ranakTukK B BUAMMONM BceneHHoOW, Kaxxpas ra-
nakTnka cogep>XXmTt okono 10.. 3B&34 ¢ maccamMu, CPpaBHUMbIMWU C COTHEYHOM. OueHU-
Te CPeAHIo MAOTHOCTbL BUAMMOrO BeliecTBa BO BceneHHOW W cpaBHUTE MOJyYeHHbIN
pe3ynbTar ¢ KPUTUYECKOW MAOTHOCTbLIO.
3. Ceiyac HabnwpalTCcsa 0YeHb Aanékue ranakTUKKW, paccTosHUS A0 KO-
TopbIX nouTu 12 mnppg ce. netT. KakoB 6bi1 Bo3pacT BceneHHol, Korpa
6bl1 N3NYyYEH CBET 3TUX ranakTuk, gowealinii ceiiyac fo Hac?

1. YTo yKasbiBaeT Ha pacluvpeHue BceneHHon? (F—'\
1) KpacHoe CMelleHMe B CneKTpax AanéKux ranaktuk \_ k=
2 ) BpalleHWe ranakTukK BOKPYr ocu

3) YépHble Ablpbl B Agpax ranakTnk

4) Hanuuve rasa n MbiAM B CAUPasbHbIX ranakTmkax

2. UTo yKasblBaeT Ha BbICOKYI TeMmrepaTypy BellecTBa Ha HayasbHbIX 3Tanax 3Bo-
nounn BceneHHoN?

1) PesIMKTOBOE W3/yyeHune

») pacnpefenieHne rasiakTUK B MpocTpaHcTBe

3) BbicOKas TemnepaTypa B 3BE3fax

4) HMUYTO He yKasbiBaeT

3. ConHevyHas cuctema obpasoBanacb 0kKosi0 4,5 mnpg ner Hasag. Yemy Torga 6bin
paBeH Bo3pacT BceneHHoIA?
1) 4,5 mnpg net 2) 0 3) 8,5 mnppg net 4) 1 mnpg net
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Ana peweHna 3afjady No acTpoHomMuun TpebyeTcsa 3HaHMe TpeTbero 3akoHa Ken-
nepa, NOHATUA CBETUMOCTU W eé CBA3WM C TeMnepaTypoW 3Be3fbl, pafgnycom, ocBe-
WEHHOCTLIO W paccTosHMeM [0 3Be3fbl;, YMeHUWe yuTaTb Auvarpammy FepuylinpyH-
ra—Peccesia; 3Haa OCHOBHble napameTpbl 3emnanm u CosiHUa, yMeTb CpaBHWBATHb
UX C napameTrpaMmn HebecHbIX Ten.

MapameTtpbl 3emnun: Md = s < 10.. Kr, Kd = 6400 km, pd = 5500 kr/m3.

MapameTpbl ConHua: Mo = 2 «l0s0 K, Rg = 700 000 kKM, po = 1400 Kr/m3.

l1nk = 3 «10:s m = 3,26 cB. roga.

3agava 1. Onpegenute Maccy HOnutepa no ABMXEHUW ero cnyTHuka Wo,
ecnnm cnyTHUK obpawaeTcsa BOKpyr KOnuTepa no Kpyroso opbuTe Ha pacctos-
HUM a = 422 < 10s KM ¢ nepuogom T = 1,769 cyT.

PeweHue. N3 TpeTbero o0606uwéHHoro 3akoHa Kennepa (14.2), nonaras
Mo = M1:>M2= MW, umeem Miw = 4K2a3/GT2 = 1,9 < 10.; Kr.

3agava 2. Bo cKonbkKO pa3 pagumyc 3Be3fbl-CBEPXTMUraHta €O CBETUMOCTbIO
B 10 ooolqg 60ONbWe, 4eM paguyc 3Be3abl raBHOW MocnenoBaTeslbHOCTU, €CNU UX
TemnepaTypbl 0A4MHaKOBbI U paBHbl 5800 K?

PeweHwne. 3Be3ga rnaBHOW nocnefoBaTeslbHOCTM C  [JaHHOW TemnepaTy-
pon — ConHue. Tak kKak L = 0T.4a/12, TO OTHOWeEHMe pagnycos

RCT/Rrn — yju7/ Autr — 100.

3apaya w 3Be3ga AHTapec (a CkopnmoHa) cnekKTpasibHOro knacca M umeet
Temnepatypy TA = 3300 K, eé csetumoctb LA = 30 000Lo, macca MA = 19MO.
K Kakomy Tuny 3BE3a Ha Aunarpamme [lepuywinpyHra—Peccena oHa OTHOCUTCA,
yeMy paBHbl eé pafnyc U NJIOTHOCTb?

PeweHwne. o gnarpamme lepuwnpyHra—Peccena Haxogum, 4To AHTapec
OTHOCUTCA K KpacHbIM CBepXxruraHrtam.

Tak Kak L = 0T4471R2, +o

Ada = (To\2\2 (5800
Ao W V1. 13300

V30 000 = 540.

Ana NNOTHOCTU MMeeM COOTHOLUeHune
Pa=|/Ros _ MA
po \Ral M a

— "
= 1.2 ®10

Torpa pA= 1,7 «10 'r/icm3.

3agava 4. OueHuTe BpeMs >XWU3HW 3Be3[bl CNeKTpasibHOro Knacca B.
PeweHwne. Macca 3Be3gbl M = 20M Q. Tak kak L ~ M 4, a 3anacbl agepHoro

roptoyvero (Bogopoga) E ~ M, To Bpemsa >XW3HM 3Be3gbl tB= E/L ~ 1/M3
CpaBHeHMe Cc xapakTepuctukamm ConHua faér

tB = tO(MO/M)3= O 10 (MO/M)3 = 1,25 « 10¢ fnieT.
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3apauya <= B 2011 r. B ranaktmke BopaoBOpoT, paccTossHUE [0 KOTOpOii
21 MAH cB. N1eT, BCNbiIXHYNa CBepxHoBas 3Be3ja. B makcumyme 61ecka oHa co3fja-
Basna ocBelW,éHHOCTb Ha 3emne E = 1,7 «1Clhs BT/M2. OueHnTe CBETMMOCTb 3TOW
CBEpPXHOBOV 3Be34bl B MaKCMMyMe 6/iecKka U cCpaBHUTE €€ C CONTHEYHOW CBETUMOCTbIO.

PeweHune. CBETUMOCTb 3Be34bl L = E ®4kKr2 = 4n 1,7 x
X 10-13 -(2,1 10, 9 «10:5. = 1,6 <10 BT = 2 «10sLg. CBepx-
HoBasa 3Be3fla CcBeTMNna KakK Heb6onbllas ranakTuka, coctoswas w3
L0BYXCOT MWUNJINOHOB 3BE3A!

3ajaun AN caMOCTOATEe/NIbHOr0 pelleHns

1. OnpegennuTte maccy Mapca no ABUXXEHWIO ero cnyTHuka [Jelmoca, cpefg-
Hee paccTossHMe 0T KOTOporo Ao nnaHeTbl a = 23 500 Km, nepuop obpauieHus
1,26 cyT.

2. MnaHeTa-kapnuk MnyTtoH ypaneHa ot ConHua Ha pacctoaHue 39,5 a. e.
CKONMbKO NeT Anutca rog Ha lMnyTtoHe?

3. Pagnyc ¥YpaHa 24 500 km, a macca 8,76 m102° kr. OnpefenuTte cpegHoo
MNOTHOCTb MJaHeTbl WU CpaBHWUTe eé C MNOTHOCTbIO BOAbl U 3eM/n.

4. 3Be3pna Purenb (P OpuoHa) cnekTpasbHOro ksacca A MMeeT CBETUMOCTb
2 «10sLo v Maccy 40Ma. K kKakoi rpynne 3Bé3g Ha guarpamme lepylwinpyHra—
Peccena oHa oTHocuTCcA? Yemy paBHbl eé pagumyc U CpefHAA MNJOTHOCTb?

5. icnonb3ysa 3aBUCMMOCTb CBETUMOCTU 3Be3Abl OT Macchl (cM. opmyny 15.4))
M yuynTbiBasa TOT (haKT, 4YTO 3anachbl A4EPHOM 3HEPrvMm NpPonopLMoHanbHbl eé Mac-
ce, OULeHMTe, KaK 3aBUCUT BPeEMS >XXWU3HW 3Be3abl OT €€ MacCbl U BO CKOJIbKO pas
oT/INYaeTCA BPeMS >XMU3HW 3Be3abl ¢ maccol M = 10M QOT BpPEMEHU >XU3HU 3BE3-
aobl Tuna ConHua.

s . [anakTnka ¢ BUANMbIM YrnoBblM gnameTpoMm 15" mmeeT KpacHOe CMelLeHUe
0,25. OueHnTe eé NUHelHbIN anameTp. CKOMbKO fieT MAET cBeT OT Heé Ao 3emnu?

7. OcBewéHHOCTb, KOTOpYyl co3faét kBaszap 3C273 Ha 3emne, E = 1,5 x
x 10 1« BT/M2, paccTtodHMe pgo kBasapa 670 Mnk. OueHUTe ero CBeTUMOCTb W
cpaBHUTe co cBeTUMOCTbio ConHua.

MoeTopute maTtepuman rnaesl 16 no cnepgyrwwemy nnaaHy:

1. BlNMMW NTE OCHOBHBDLIE aCTpOHOMMUYECKMUE NOHATKUA n ,qa|7|Te nmMm onpepeneHwve.
2. Knaccupumuunpyiite ranakTumkm.
3. Chopmynupyinte 3akoH Xab66na u 3anmMwmute ero MmatemMaTM4yecKOoe BbipaXeHwue.
4. ONMWW NTe OCHOBHBbIE ABNEHUSNA, CBA3AaHHbLIe C ranakTukamm.
r-
«BceneHHasa — Haw gomMm»
1. CtpoeHne MneyHoro [yTw.
W 2. Kak aCTPOHOMbI onpefendarT pacctodaHna Oo 38@3,0, M ranaktuk?
3. Heo6bIYHOCTL KBa3apoB, WX Npupoja.
4. TMpoueccbl 3BE340006pa3oBaHns B rasiakTukax.
5. TepmosifiepHble peakuuy BO BceneHHoW 1 pennkToBoe W3JydeHue.
e *

«MacwTa6Has cTpyKTypa BceneHHol: OT MUKPO- 40 MaKpomupa»
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EANHAA ®PUNSNYHECKAA KAPTUHA MNPA

MNTak, n3ydyeHnme LWIKOMBHOIO Kypca (hM3NKN BaMU 3aKOH4YeHO. B 6onblwein nnm
MeHbLUEW CTeMNeHW KaXAblli M3 Bac nNpuobwmnaca K pesynbTatam TOW OrpoMHON
paboTbl MO U3YYEHU pas/iIMYHbIX POPM ABUXKEHUSA MaTepPUKN, CTPOEHUS U CBOMUCTB
MaTepuanbHbIX Ten, KoTopas 6blsla npogenaHa Ha MNPOTSXXEHUW MHOTMMX BEKOB
YUYEHbIMW BCero Mupa. du3nmka 3HAKOMWUT Hac ¢ Hambonee 06W UMUK 3aKOHaAMWU
npupoAbl.
—— Llenb QU3NKU 3aKNYaeTcs B OTbICKAHWW O6LMX 3aKOHOB MPUPOAbl M B 06b-
ACHEHNN KOHKpPEeTHbIX npoueccoB Ha MX OCHOBe.

Mo mMepe MpPoABUXEHUS K 3TOW Lenu nepes YYEHbIMM MOCTENEHHO BbicTpauBa-
nacb Be/fiMYecTBEHHAs W CNOXXHas KapTUHa efuUHCTBA Npupoabl. Mup npepctaBns-
eT co60i He COBOKYMHOCTb Pa3pO3HEHHbIX, HE3aBUCUMbIX APYT OT Apyra cobbliTUiA,
a pasHoo6pasHble MU MHOrOYMC/eHHble MPOSABAEHUA OAHOr0 LLenoro.

MexaHuuecKas KapTuHa Mupa. MHoOrme NokKofeHUs yYéHbiX nopaxana u npo-
[ONXKaeT nopaxkaTb BenMuecTBeHHAs M LUesibHAas KapTuUHa Mupa, KoTopas 6blia
co3faHa Ha OCHOBe MexaHUKM HbloToHa. CornacHo HbOTOHY BeCb MWUpP COCTOUT
«N3 TBEPAbIX, BECOMbIX, HEMPOHULAEMbIX, MOABUXKHbIX YacTUL». DTN «NepBuUY-
Hble 4YacTulbl a6CoONMIOTHO TBEPAbl: OHWM HemaMepumo Gonee TBepAbl, 4eM Tena,
KOTOpPble M3 HUX COCTOAT, HACTONIbKO TBEPAbl, YTO OHW HUKOrga He M3HalIMBal-
TcA U He pasbuBatTca BApe6e3rn». OTAMYAKTCA OHW APYr OT Apyra r/aBHbIM
06pa3oM KOMMYECTBEHHO, CBOMMW Maccamu. Bcé 6GoraTcTBo, BCE KayecTBEHHOe
MHOroo6pasne mMumpa — 3TO pe3ynbTaT pasfinuuii B ABUXKEHMUU YacTul. BHyTpeH-
HAS CYWHOCTb YacTul, ocTaéTcs Ha BTOPOM MaHe.

OcHOBaHMeM ANA e4UHON MeXaHWYeCcKOW KapTWHbI MMpa NOCAYXWN BceobbeMm-
nowmnii xapaktep OTKPbITbiIX HbIOTOHOM 3aKOHOB ABUXEHWUS Ten.

OTMM 3aKoHaM C YAWBUTESIbHOW TOUYHOCTbIO MOAUUHSATCA KaK TpoOMafHble
HeGecHble Tesa, Tak W MesfibyailiMe MecYMHKU, FTOHUMbIE BeTpoM. W pgaxe Be-
Tep — QABWXKEHWe He BUAMMbBIX F1a30M 4YacTul, Bo3gyxa — MNOAUYUHAETCS TeM Xe
3aKoOHaM, 3aKoHaM MexXxaHWKMW. Ha NpoTAXEeHWUW [0/roro BpeMeHW y4uéHble Gblnu
YBEPEHbI, UTO €ANHCTBEHHbLIMMU (YHAAMEHTa/IbHbIMU 3aKOHAMW MPUPOAbLI SABMAOT-
CA 3aKOHbl MeXaHWKW HbloToHa. P paHUY3CKWUI YUYE€HBIN JlarpaH> cyuTan, 4To
HeT 4YefioBeKa cuyacT/imBee HblOTOHA: «...Beflb TOMbKO OfHaX/[bl 0AHOMY 4eN0BEKY
CY>XJEeHO MOCTPOUTbL KapTUHY Mupar.

OaHako npocTas MexaHu4yeckas KapTuHa Mupa okKasasiacb HEecocTOoATeNIbHOMA.
Mpu nccnenoBaHUM 3N1E€KTPOMATHUTHBLIX MPOLLECCOB BbIACHWU/IOCH, YTO OHW He Nof-
UNHAKTCA MexaHUKe HbloToHa. XK. MaKcBensn OTKPbI/Jl HOBbIA TUN (yHAAMEH-
TaflbHbIX 3aKOHOB, KOTOpPble HE CBOAATCA K MeXaHWKe HblTOHAa, — 3TO 3aKOHbI
noseAeHNA 3M1E€KTPOMArHMTHOIO Moss.

JNeKTpoMarHMTHas KapTuHa Mupa M Teopuss OTHOCUTENbHOCTU. B mexaHuke
HbloTOHa npeanonarasaocb, YTo Tefla HENoOCPeACTBEHHO uepe3 MyCTOTYy AEWCTBYHOT
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APpYr Ha fgpyra u 3Tnm B3aMMOAENCTBUSA OCYULECTBASAKTCA MIHOBEHHO (Teopusa
panbHopencTensa). lMocne co3fgaHUA 3NeKTPOAMHAMUKN MpefcTaBleHMA 0 cmnax
CyWecTBEHHO M3MeHMNUcb. Kaxkpoe M3 B3aMMOLENCTBYOLWUX 3apsiXXEHHbIX Tes
c034aéT 3/IeKTPOMArHMTHOE MoJsie, KOTOpOe C KOHeYHOl CKOpPOCTbI0 pacnpocTpaHs-
eTca B MpocTpaHcTBe. B3aumoaeilcTBMe oCyLLecTBSIETCA MOCPEACTBOM 3TOro nons
(Teopnsa 6nmnskopeincTeus).

ONeKTPOMarHUTHbIE CUMbl Ype3BblYaliHO LIMPOKO pacnpocTpaHeHbl B MpUpo-
e, [naxke, Kaszanocb 6bl, TaKMe YMUCTO MeXaHW4YeCcKMe CU/bl, KaK cusa ynpyroctu
N cnna TpeHUs, 06BbACHSAKTCA TaKXe 3/1eKTPOMarHUTHbLIM B3auMMOAeACTBUEM.

ONeKTpOMarHUTHbIE CUNbl AEeWCTBYWOT B aTOMHOM sApe, aToMe, MOJIeKYyne,
MeXAy OTAeNbHbIMWU MOMIEKYy/laMXW B MaKpPOCKOMNMYECKUX Tenax. ITO NPOMCXOAUT
noToOMYy, 4TO B COCTaB BCeX aTOMOB BXOAAT 3/IEKTPUYECKMN 3aps>KeHHble vyacTulbl.
[elicTBne 3MeKTPOMArHUTHBLIX CUA 06GHapy>XMBaeTcss M Ha 04eHb Manbix (A4po),
M Ha KOCMWYeCcKUX (31eKTpoOMarHMTHOE M3y4vyeHUe 3BE3A) pacCTOAHUAX.

Kak korga-to 6blla MocTpoeHa MexaHMueckas Mofefnlb Mupa, pa3ButTme 3nek-
TPOAMHAMMUKM MNPUBESIO K MOMNbITKAM MNOCTPOUTb E€AUHYK 3/1eKTpPOMarHUTHYO
KapTWHY mupa.

YTBEpPXAanocb, 4to Bce CO6LITUS B Mupe (MO €AUHON 31E€KTPOMArHUTHONW Kap-
TWHe Mupa) ynpaBnsioTCs 3aKOHAMU 3/1€KTPOMArHWTHbIX B3aMMOAENCTBUA.

KynbMuHaumm snekTpoMarHuTHas KapTuHa Mupa JocTurnaa rnocse co3faHus
cneunanbHOMW TEOPUM OTHOCUTENbHOCTU. BbiNo NOHATO hyHAaMeHTanbHOE 3Ha-
YyeHMe KOHEeYHOCTUM CKOPOCTU pacnpocTpaHeHWUs 3NeKTPOMarHWTHbIX B3auMofeli-
CTBUN, HalifleHbl PeNATUBUCTCKME YpaBHEHUA [ABUXXEHWUSA, 3aMeHALWne ypaBHe-
HMA HblOTOHA NPy 60MbW KX CKOPOCTAX.

Teopua OTHOCUTENbHOCTU 3acTaBusia Hac NepecmMoTpeTb NpefcTaB/leHUs 0 MpPo-
cTpaHcTBe U BpemMeHU. CoOBpeMeHHble YCKOPWUTENINM 4YacTuy, MNO3BOMIAKT pasorHaTb
yacTuubl 00 OFPOMHbLIX CKOpocTeil. B EBponeiickoM LeHTpe A4epHbIX uccnepoba-
Hunm (LLEPH) pocTuraercsa cKopocTb 4dacTuy nopsaaka 0,99999 ckopocTu cBeTa.
Taknme CKOpPOCTW f[alT BO3MOXHOCTb MNOATBEepAUTb BCe BbiBOAbl TEOPUU OTHOCU-
TENbHOCTM — COKpal,eHUe [A/INHbI, 3aMeAslieHNne BPeMeHW, He/IHeWHoe yBenunye-
HUe uMmnynbca.

N. HboToH nucan: «A6CONMTHOE, UCTUHHOE UM MaTemMaTU4yeckoe BpPeMs camo
no ce6e U B CUNy CBOEV BHYTPEeHHel npupoabl Te4Y€T paBHOMepHO, 6€30THOCUTENb-
HO K 4yeMy-1nb6o BHewHemMy». B Teopmn OTHOCUTENIbLHOCTW MNPOCTPAHCTBO U Bpe-
MS yXe He ABNAKTCA He3aBUCUMbIMW, KaK B Kjhaccnmyeckoih mexaHuke. Bbino
BBEAEHO 4YeTblpEXMepHOe MNPOCTPaHCTBO, MO KOOPAWMHATHbLIM OCAM KOTOPOro OT-
KNnaAblBalTCA NPOCTPaHCTBEHHbIe KOOPAMHATbLI M BpeMs. BcaAkoi vacTtuue B 3TOM
NpocTpaHCTBe COOTBETCTBYeT HeKOTOpas /IMHWUA, Ha3blBaemass MUPOBOW NUHUENR.

3amMeTMmMm, 4TO B HacTosuwee BpeMsa (U3MKKM npejnonarakwT cyu,ecTBoBaHue
10- M faXe :11-MEepHOro npocTpaHcTBa.

Ecnun Bo BpemMeHa pacuBeTa MexaHW4YecKol KapTUHbI MuUpa Aenasucb NonbiTKN
CBECTU 3MEeKTPOMarHUTHblE ABIEHUS K MeXaHMYecKMM npoueccam B ocoboi cpe-
ge (muposBom 3admpe), TO Tenepb y>Xe CTPemMUNUCb, Hao60pOT, BbIBECTU 3aKOHbI
OABUXKEHUNA 4YacTul, N3 3NeKTPOMarHUTHOW Teopuun. YacTuubl BeuwiecTBa NblTasncb
paccMmaTpuBaTb KaK «CrYCTKW» 3/1IeKTPOMarHMUTHOro nond. OgHako 06bACHUTbL BCe
npovcxoasauLme B nNpupoge npoueccbl 3N1EKTPOMArHUTHbIM B3auMMOAEeNCTBUEM He
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yAanocb. YpaBHeHUS ABUXEHWUS 4YacTul, W 3aKOH rpaBUTaLMOHHOIO0 B3auMoaew-
CTBUS He MOryT OblTb BbiBEAEHbl W3 TEOPUWU 3NTeKTPOMArHUTHoro noss. Kpowme
TOro, 6bIN OTKPbIThbl 3/IEKTPUYECKUN HelTpanbHble YacTULLbl U HOBble TUMbl B3a-
MMoLeNCTBUNA.

TMpupoja okaszanacb C/0XHee, YeM npegnonarann BHavane: HW eAWHbI 3aKOH
ABVWXKEHUSA, HW eAWHCTBEHHAs cuna He CMOCOGHbLI OXBaTUTb BCero MHoroo6pasus npouec-
COB B Mupe.

EAMHCTBO CTpoeHMa maTtepumn. Mup upesBblvaliHO pa3HoobpaseH. Ho kak
3T0O HW YAWUBWUTENbHO, Bel,eCTBO 3BE3[ TOUYHO TaKoe >e, KakK W Bel,ecTBo, U3
KOTOporo coctonT 3emnsi. ATOMbl, M3 KOTOPbIX COCTOSAAT BCe Tena BceneHHoON,
COBEPLUEHHO OAMHAaKOBbl. >XUBble OpraHuW3Mbl COCTOSAAT M3 TeX >XXe aToOMOB, 4YTO
N HEeXMUBblE.

Bce aTtoMbl MMEWT OAWHAKOBYH CTPYKTYPY W MOCTPOEHbl M3 3/1eMeHTapHbIX
yacTuy Tpéx BUAOB. Y HUX ecTb f4pa, COCToslWMe U3 NMPOTOHOB W HEWTPOHOB,
OKPY>XEHHble 31eKTPOHaMN. Aapa U 31eKTPOHbI B3aMMOAEACTBYOT APYT C APYIOM
nocpeAcTBOM 3/1eKTPOMArHMUTHOIO MOJIA, KBaHTaMW KOTOPOro sABASKTCA (DOTOHBbI.

B3anmopaelicTBue e MeXJAy MPOTOHaAMU U HelWTpoHamMu B sfpe ocylLecTBASA-
10T B OCHOBHOM Te ME30Hbl, KOTOpble MpeAcCTaBASAT C060M KBaHTbl SAAEPHOrO
nona. Mpn (3-pacnage pewarwwyw ponb wurpaet cnaboe B3ammopgeicteue. YHa-
cCTUubl, OTBETCTBEHHble 3a cnaboe B3ammogeincTBuMe, IKCMNepMMeHTaNbHO ob6Ha-
pYy>eHbl, OHW MNpeacTaBNsAT co60i KBaHTbl Mons cua, obecneymBarwLMX 3TO
B3ammopeiicTeue.

Mpun wn3yyeHnn (3-pacnaga 6bia obHapy)XeHa HOBas 4yacTuua — HEUTPUHO.
B HacTosilee BpeMsl yXXe M3BECTHO 60/1bLIOE YMCMO 3NeMeHTAPHbIX YacTuL,.

B nepBoi nonoBuHe XX B. 6bl1 OTKPbIT (hyHAAMEHTaNbHbIA (aKT:

BCE 3/1eMeHTapHble 4YacTuubl CNOCO6GHbLI MpeBpawatscs APYr B gpyra.

B 1970-e rr. 6blna co3gaHa Teopus, COracHO KOTOPOW BCe CUMIbHO B3auMMO-

feicTBylOUWMEe YacTuLbl COCTOSAT M3 Cy63NeMeHTapHbIX YacTUL, — KBApPKOB LUECTH
BUO0B.
CornacHo CTaHAapTHOW MoAenn MaTepus COCTOUT M3 24 4yacTuy — o BU/AOB

KBAPKOB W s BW/AOB /IENTOHOB, MPW 3TOM KaXX[ol yYacTuue COOTBETCTBYET aHTU-
yacTtuua.

Ha ocHOBe TeopuM KBApKOB 6bila 06bsICHEHA CTPYKTypa 60/bWIMHCTBA 3/1€-
MeHTapHbIX 4YacTul,.

QS?)?}S Mocne OTKPbITUS 3NE€MEHTAPHbIX YacTWUL W UX NpPeBpalieHWi i OCHOBHbIM MPUH-
LMNOM eAWHOW KapTWHbI MUpa CTano efUHCTBO B CTPOEHWUWU MaTepuu.

B OoCHOBe 3TOr0 eAMHCTBA NEXUT MaTepuanbHOCTb BCEX 3/leMeHTapHbIX vacTuy. Pas-
NNYHbIE 3leMeHTapHble YacTulbl — 3TO pas3/iMyHble KOHKPeTHble (DOpMbl CyL,eCTBOBAHUSA
mMaTepuu.

CoBpeMeHHas uanyeckasi KapTuHa mupa. EAMHCTBO MMpa He McuepnbiBaeTcs
€AMHCTBOM CTpoeHUss maTepuu. OHO MposIBASeTCS M B 3aKoHAxX ABUXeEHUA ua-
CTUL, W B 3aKOHaX WX B3aMMOAeiicTBUSA.
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HecMoTps Ha yauBMTeNbHOe pa3Hoo6pas3ve B3aumopeilcTBUI Ten Apyr ¢ Apy-
rom, B Npupojae, Mo COBPEMEHHbIM AaHHbIM, UMEITCS NUWbL YeTbipe Tuna cua. 3To rpa-
BUTALMOHHbEE CWbl, 3/IEKTPOMarHATHbE, siiepHble U criabble B3anMOoZeCTBUS.

3amMeTum, 4TO0 NOCPpeaHUKW TpaBuTaunumM — TFPaBUTOHbI — MoKa He o6Hapy-
XKEHbI.

Cna6ble B3aMMO/feliCTBUA NPOSIBAAITCS r/aBHbIM 06pa3omM Mpu npeBpalleHu-
AX 3/1eMEHTapHbIX 4YacTuy, Apyr B gpyra. C nposiBieHMeM BCeX 4YeTbIpéX TUMOB
CUN Mbl BCTpeyaemcsi B 6e3rpaHMUYHbIX MpocTopax BceneHHoW, B /06bIX Tenax
Ha 3emne (B TOM 4YMC/le U B XWUBbIX OpraHMamMax), B aTomax W aTOMHbIX fgpax,
npu Bcex MpeBpalleHUsX 3/1eMeHTapHbIX YacTul,.

PeBOMIOLMOHHOE W3MeHeHMe KAacCUUeckKux npeacTaBneHuii o dusndeckon
KapTUHe Mupa NMpPoM30LW /0 MOoC/e OTKPbITUA KBAHTOBbIX CBOWCTB MaTepuu.

wT

C nosBNeHuMeM KBaHTOBOW (hM3MKM, ONUCbIBalOWENH [BUXKEHUE MUKpouacTul,
BO3HMKNA peasibHas BO3MOXHOCTb CO3JaHUs efWHON (hU3MYEeCKoi KapTWHbI MUpa.

PasneneHne martepum Ha BelecTBO, MMewlLlLee MNpepbiBHOE CTpPOeHMe, N He-
npepbiBHOE Nnosie notepsAano abCOMTHbLIA CMbICHI. KaXxaomMy nosito COOTBETCTBYHT

KBaHTbl 3TOro MOAsA: 3/1eKTPOMArHUTHOMY Mo/il0 — (OTOHbI, AAEPHOMY — Me30-
Hbl, a Ha 6onee rNy60KOM YpOBHE — [/1I00HbI, OCYLLECTBAAOLULME B3aumoaeiicTeue
KBapKoOB.

B cBOl oyepeAb, BCe 4YacTulbl 06/1afal0T BONTHOBbIMU cBolicTBamMu. Kopnycky-
NSAPHO-BO/THOBOW Ayann3m npucyl, BceMm dopmam MaTepuu.

OnwucaHne, Kasanocb 0Obl, B3aMMOUCK/OYAKLWNX KOPMNYCKYNAPHbLIX W BOMHO-
BblX CBOWCTB B paMKax O0AHOl/ Teopuum oKasasoCb BO3MOXHbIM 6Gnarogapsi Tomy,
UTO 3aKOHbl ABUXXEHUS BCex 6e3 MCK/KHYEHUS MUKPOYACTUL, HOCAT cTaTucTuye-
CKMUA (BEPOATHOCTHbLIN) XapakKTep. IT0T (haKT AenaeT HEBO3MOXHbIM 04HO3HA4YHOe
npeackasaHume TOro WM MHOFo MOBeAEHUSI MUKPOOOGBHLEKTOB.

MPVHLMNbI KBAHTOBOW TEOPUMN ABNAKOTCSA COBEPLIEHHO OGWMUMU, MPUMEHUMbBIMU
ONA ONUCaHUA [BUXEHUA BCeX 4YacTul, B3aMMOAENCTBUIA MeXAy HUMU U UX B3aUMHbIX
npeBpaLLeHuii.

MNTaK, coBpeMeHHasi (hM3nKa, HECOMHEHHO, AEMOHCTPUPYeT HaM 4epTbl eAUH-
cTBa npupoabl. Ho BCE K& MHOroro, 6bITb MOXET, faXe camoii (hn3nyeckoii cyTum
eANHCTBA MUpPA, BbISICHUTb MOKa eWeé He yaanoch.

Hen3BecTHO, MOYEeMY CYLLECTBYeT CTO/Ib MHOI0 Pas3/InYHbIX 3/1eMeHTapHbIX Ya-
CTWL, MOYeMy OHU MMeT Te WM WHble 3HAYEHUs Macchl, 3apsiga U APYrux Xa-
pakTepucTUK. [0 CUX MOp BCE 3TU BEJINYMHbLI ONPESEnsiloTCs 3KCMNEPUMEHTAsbHO.
Bnarofapsi COBPEMEHHbIM YCKOPUTENSIM (BPU3NKW MNbITAKTCSA MOHATb CUMbl B3au-
MOAENCTBUA YacTul, BblAe/IUTb YacTULbl, U3 KOTOPbIX COCTOUT MaTepus.

MpefnpuHUMaloTCcs MNOMbITKA CO3faHusA o6lieil Teopun NS Bcex TUMOB B3a-
uMoaeincTBunii, Mexay KOTOPbIMU CyllecTByeT onpefenéHHas CBsA3b. JNEKTPOMArHWTHbIE,
CUbHbIE W cnabble B3aMMOAEeiCcTBUA yXe 06beAuHeHbl B pamKax OAHOW Teopuw.
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OTa 06beAMHEHHAA Teopusa nony4vyuna HasBaHue Teopun Bennkoro ob6befUHeHUS.

OpaHako ocTaéTcsl HesiCHbIM, Mo4YeMy MocpeacTBOM 6e3MaccoBbiX 4YacTul —
(hoTOHOB — ocylUilecTBASAETCHA 3/1eKTPOMAarHMTHOe B3auMojeicTBue, a crnaboe ocy-
WeCcTBASKT TsXENble yacTuubl — W- 1M Z-6030HbI. CornacHo Teopuu Bce 6030-
Hbl AO/MKHbI 6bITb 6€3MaccoBbIMU. AHFIUNCKUA PU3NK-TeopeTUK Mutep Xurrc
B 1964 r. npeanonoXuna, 4to cyu,ecTtByeT yactuya (6030H Xwurrca), npu B3au-
MOAeACTBUU C KOTOPOWM BCe YacTulbl npuobpeTakwT Maccy.

Bo3oH Xwurrca ponroe BpemMs 06HapyXwWTb He ypaaBanocb. OpaHako 4 wuwns
2012 r. Ha KOH(epeHunn B XXeHeBe 6bINO 06bABNEHO, UTO B EBponeickoMm LeH-
Tpe AnepHbIX uccnefoBaHuii (LLEPH) B pe3ynbTaTe 3KCNEePUMEHTOB KaXAbli n3
ABYX peTekTopoB Bonbworo agpoHHoro konnanpgepa (BAK) 3adukcuposan pac-
nag 4actuubl, No GU3NYECKMM XapakKTepucTukKam Moxoxen Ha 6030H Xwurrca.
B pesynbTaTte ganbHeliwmnx uccnefoBaHui 6bl10 AoKasaHo, YTO 3TO MMEHHO 60-
30H Xurrca, No3ToMy MOXHO CYMTaTb, YTO nocnegHad, 17-a yactuua CTaHgapT-
HOW Mogenun HanpeHa WM 3Ta Mogenb cnpasegnuea. B 2013 r. M. Xwurrc un
@®. BHrnep nonyunnum HobGeneBCcKYyl MNpeMuio 3a 3TO OTKPbITUE.

KoHeYHOW uenbl (GUINKU SBASETCS BKJ/IOYEHWEe B 3Ty TEOPU CUA TpaBu-
Taumm. Ha nyTu K 3Toi uenu 6bisla co3gaHa Teopwus CTPYH, COr/1acHO KOTOPOiA
3NleMeHTapHble YacTulbl NpeAcTaBNANTCA KaK BUOpUpylL e MUKPOCKONMYECKME
CTPYHbI, Kone6nwuwmeca B npocTpaHcTBe. Ho 3Ta Teopus, npm BCEM eé mMaTemMaTu-
YecKOM M3sLLecTBe, TakXe HecoBeplweHHa. CoefMHEHWe CUA TrpaBuUTauuUnM c ApY-
rMMun cmnaMmm nNpupoabl B eAUHONW Teopunm HeobXo4MMO ANSA MOHMMaAHWUSA TOro, 4To
npomns3owao cpasy >ke nocne bonblworo B3pbiBa.

Kpome o6beAnHeHWA cun B3aMMOAelicTBUA, He06xoAuMMOo ob6befVHeHWEe KBaH-
TOBO/ Teopuu M TeOpUU OTHOCUTENbHOCTU.

«3[ecb CKPbITbl CTOMb F/1y60KUEe TaliHbl W CTOMb BO3BbIWEHHbIE MbIC/W, 4TO,
HECMOTPSA Ha cTapaHWs COTEH OCTPOYMHEWLWUX MbiC/IUTENEN, TPYAUBLUUXCSA B Te-
YyeHMe TbicAY fleT, eweé He yaasiocb NMPOHUKHYTb B HUX, WU pajocTb TBOPUECKUX
WCKaHWA 1N OTKPbITUI BCE el é npofosiKaeT Cylw,ecTBOBaTb». OTU C/i0Ba, CKa3aH-
Hble Fanuneem Tpu Cc MOJIOBUHOW CTONeTUSA Hasaj, aKTyallbHbl 40 CUX Mop.

HayyHoe MupoBo33peHue. PyHAaMeHTaNbHble 3aKOHbl, YcTaHaB/IMBaeMble
B (hM3UKe, MO CBOEW C/IOXKHOCTM M O6LWHOCTWM HAMHOr0 MpPeBOCXOAAT Te haKThl,
C KOTOpbIX HauyuMHaeTcs uccregoBaHue NwbblX ABNeHWA. HO OHWM CTONb XXe [0cTo-
BEPHbl N 06bEKTUBHbI, KaK M 3HAHNA 0 MPOCTbIX ABAEHUAX, HabnwgaeMblX Heno-
CpeAcTBEHHO. OTW 3aKOHbl He HapywarwTCca HUKOrga, HU Npu Kakux ycnoBuUAX.

HecmoTpa Ha To 4TOo ()m3nmkKa CTaHOBUTCHA BCE 60/siee CNOXHOW, Tpebykouwer
3HAaHUA C/I0XKHOr0 mMaTeMaTM4yeckKoro annaparta, C MOMOLbI KoToporo paspaba-
TbiBAlOTCS COBPEMEHHbLIE TEOPUU, LEeNb HayKW oCTaéTcA MnpeXHelh — MOHMMaHwue
N 06bsACHEHWe 3aKOHOB MpPUPOAbI.

Kpome 3Toli 3agauun, B HacTosiL,ee BpeMsi MHOrue y4yéHble paboTalT Haj npak-
TUYEeCKUMU npobremMamu, peleHMe KOTOPbIX MO3BO/ISAeT YCOBEPLUEHCTBOBATb MpU-
6opbl, co34aBaTb HOBble MaTepuasnbl. BceM 3aTUM 3aHUMaeTcs NpuknagHas gusuvka.

Bcé 6onbliee M 6onbluee YUCNO AOAEA 0CO3HAKT, UTO 06bEKTUBHbLIE 3aKOHHbI,
KOTOPbIM c/lefyeT nMpupoja, UCKAYaKT vyjeca, a NOHMMaHMe 3TUX 3aKOHOB MoO-
3BO/INT YesloBe4vecTBY co03faTb (PU3NUYECKY KapTUHY Mupa, BKJ/YAKLLYID MUp
aTOMOB, OKpYy>XawlWmnni Hac Mup n Tpebywnii 601bWNX MaTepnanbHbIX U UHTEN-
NeKTyanbHbIX YCUUA ANA MO3HaHMA, HO 3aBopaXKmpawwWwmin Hac mup BceneHHoO.
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NABOPATOPHBLIE PABOTHI1

Ne 1. HABJIKOAEHWE AENCTBUA MAFHUTHOIO NOJIA HATOK

Lensb pa6oThbli: uccnegoBaTb B3auMO- "
feiicTBMEe TOKa C MOCTOSAHHbLIM MarHMWTOM. =P

O6opyaoBaHME: WUCTOYHUK TOoKa, pPeo-
cTaT, K4, BUTKU MNPOBOMIOKU, KaTylKa, MNo-
N10COBOIA MarHuT, WTaTMB, AWUHaAMOMeETp, am-
nepMmeTp, CoeAMHUTENbHbIE MPOBOAA.

MopssaoK BbINONHEHUS pa6oThl

MepBbIAi oNbIT

1. Ha wTatmMBe nofBecbTe [AWHaAMOMETP,
K AuHaMOoMeTpy MPUKPennTe MarHut, nop
MarHUTOM pacnonoXmTe KaTywKy u cobepute
3NEeKTPNYECKY CXeMy cornacHo pucyHky Jl.1.

2. YcTtaHoBUTe 6eryHokK peoctata B [MO0M1I0XKeHWe, COOTBETCTBYHOL,ee MaKCu-
ManbHOMY COMPOTUB/IEHNIO.

3. 3aMKHUTe LUenb.

4. NsmeHANTe cuNy ToKa, yMeHbllasa CONpPOTUB/IEHMEe peocTaTa, M 3anucbiBai-
Te NoKasaHua guHamomeTpa B Tabnuyy (tabnuuyy caenanTte B TeTpagu).

dunsnyeckasn Homep onbiTa

Be/INUMHA . s 3 4 5 .
1, A
F, H

5. I3mMeHUTe HanpaB/ieHWe TOKa B KaTyLllKe.
MpoBeanTe aHaNorMyHble W3MEPEHUs, TakKXe
3anucbiBas pe3ynbTaTbl M3MepeHUl B Tabnuuy.
OTMeTbTe M3MEHEHMUA MOKa3aHU gMHamomeTpa.

s . HapucyiiTe KaTywky u 0603HaybTe nNo-
nicbl €8 MarHUTHOro nons.

7. MocTpoiiTe rpaduMkK 3aBUCMMOCTU CUNbI
B3aMMOfelcTBMA KaTywKM € MarHuToMm OT
cCUnbl TOoKa, caenarite BbIBOA.

BTtopoh onbIT

1. Ha wTatmBe nofBecbTe BUTKW U3 MNpoO-
BOJIOKMN W cobepuTe 3/1eKTPUYECKYID CXeMy CO-
rnacHo pucyHky Jl.2.

1 MHcTpykuun K nabopatopHbiM pa6oTam cocTaBfieHbl A. B. fJonuukum, A. 3. CUBAKOBbIM
n H. A. MNapdeHTbeBoli npu yvactum HO. N. Auka n . I'. Hukudoposa.
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2. MofHecuTe K MOTKY MPOBOMIOKW MarHUT M noHa6nwpgalite 3a ABUXeHUEM
BUTKOB MPOBO/IOKM. 3anulunTe CBOM HabnwpeHUs.

3. MoBepHUTe MarHUT W MOAHECUMTEe ero K BMTKaAM MPOBOJIOKU APYrMM MOJ0-
coMm. HabniogeHua sanuwuTte.

4. I3MeHWTe HanpasB/fieHMe TOKa B BUTKAxX MPOBOMIOKM U MOAHECUTE K HUM
MarHUT cHayana ofHWM MOJIOCOM, 3aTeM APYTrUM.

5. MoKaXnTe Hanpas/ieHUWe TOKa B BUTKaxX MPOBOJIOKU.

s . O6bACHNUTE pe3ynbTaTbl OMbITOB.

Ne 2. W3YUEHWE ABMEHNA SNEKTPOMATHUTHOW MHAYKLN

Punc. 1.5

Llenb pa6oThbl: M3YUYNTb OAHO M3 cCaMblX BaX-
HbIX SIB/IEHWI 3NeKTpoMarHeTuama — siBfIeHWe 3neK-
TPOMArHUTHOW WHAYKLUMN.

O6opyaoBaHMe: UCTOUYHUK ToKa, ranb-
BaHOMeTp, KaTywka 1, »>Kefe3Hblii CcepheyvYHuK,
U-06pas3Hblii MarHUT, MarHWTHas cTpefska, peocTar,
K04, BUTKWU MPOBOJIOKM MAM KaTywkKa 2, gunameTp
KOTOpoi 60Nnblle AnmameTpa KaTywku 1, coefvHU-
TeNlbHble MpoBOAA.

MoarotToBMTeNnbHbLIA 3Tan

1. CobepuTe cxemy corsiacHo pucyHky J1.3. B ka-
TYWKY BCTaBbTe >KeJie3Hbli cepAeYHUK. 3aMKHUTe
uenb, 3amMeTbTe MNPU 3TOM, B KaKyl CTOPOHY OTK/O-
HUTCA cTpenka ranbBaHometpa. C MoMoOW, b0 MarHuT-
HOW CTpesiIKM YCTaHOBUTE pacrnosiodKeHue MarHUTHbIX
noncoB KaTywWwKu. B pganbHeliwem npu BbINOSHEHUN
pa6oTbl MOXHO 6yaeT CyAUTb O PacnosioXkKeHUW mar-
HUTHbIX MOJIIOCOB KaTyW KW C TOKOM MO HanpasB/IeHUI0
OTK/IOHEHUSA CTPesiku rasibBaHomeTpa.

2. OTKNWYNTe OT Lenu peoctaTr MU KAKOY, 3aMKHUTEe
ranbBaHOMETP Ha KaTyLlKY, cCOXpaHWB MNOpAfOK coeAu-
HEHUA UX K/EMM.

MopsAsfaoK BbIMONHeHUA paboThl

1. MpwucTaBbTe CepAEYHUK K OAHOMY W3 MOJOCOB
U-o6pa3Horo MarHutTa M BABUHbTE BHYTPb KaTyLlKU
(puc. N.4), Habnwgas 0AHOBPEMEHHO 3a CTPeNKoW
ranbBaHomMmeTpa.

2. MoBTopuTe HabnwpeHue, BbigBUTas cepaevyHUK
M3 KaTYW KN, a TakXe MEeHASA MosCcbl MarHuTa.

3. 3apucyiTe cxemy onbiTa M NPoBepbTe BbIMOSHE-
Hue npaBuna JleHua B KaXAoM criydae.

4. HapeHbTe BTOpPYH KaTyWwKy WAM BUTKWU MNPOBO-
NOKWN Ha NepBYH KaTyl Ky Tak, 4Tobbl MX OCU coBMna-
fanun. 3aMKHUTe rasbBaHOMeTpP Ha BUTKWU WAW BTOPYHO
KaTywky (puc. J1.5).
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5. BcTaBbTe B 06€ KaTyL KW >Xefe3Hbll CepfeyHUK W MPUCOEAUHUTE MEPBYHO
KaTyLlW Ky 4epe3 BblKAYaTeNb M peocTaT K UCTOYHUKY nuTaHusa (cMm. puc. JI.5).

s . 3amblKasi M pasmblKas K4, HabnwgaiTe 3a 0OTKIOHEHUEM CTPeNKWU ranb-
BaHoOMeTpa.

7. 3apucyiiTe cxemMy onbiTa WU MNpoBepbTe BbIMNOMIHEHWE MpaBuna JleHua.

Ne 3. OMPEAE/NTEHVNE YCKOPEHNA CBOBEOAHOIO NMAAEHNA
P nomMownt MAATHMKA

LLlenb pa6oThbl: onpeaennTb YCKOpeHUe CBOGOAHOro najeHuUs Npuv NOMOLLM
MasiTHMKA, OLUEHUTb BO3MOXHOCTb W TOYHOCTb W3MEPEHUS YCKOPEHUS AaHHbIM
cnoco6oMm.

O6opypaoBaHME: Yacbl C CEKYHAHOW CTpenkoi, wusaMepuTenbHas JfeHTa

¢ norpewHocTblo An = 0,5 cM, WapuUK C OTBEPCTUEM, HWUTb, WITATUB C MYQTOi
N KOMbLOM.

MopsspaoK BbLINOMHEHUSA paboThl
1. YcTaHOBMTE Ha Kpaw cTona WTaTuB. Y ero BepxHero KoHua yKpenuTe ¢ no-

MOLL b MY(Tbl KOMbLO W MOABeCbTe K HeMy WAapUK Ha HUTWU. LLapuk gonmxkeH
BUCETb HA PacCTOSSHMM :- . CM OT nona.

2. N3mepbTe NeHTON ANWHY | MaATHMKaA (4NUHA MasATHMKA LO/IXKHA 6biTb He
MeHee 50 cm).

3. Bo36yauTte Kofe6aHUA MasiTHWKA, OTK/AOHUB LWAPUK B CTOPOHY Ha 5. s cM
M OTNYCTUB €ero.

4. N3MepbTe B HECKONIbKUX 3KCNepuMeHTax BpeMs t 50 KoneGaHUN MasTHUKA
tx + 12 + t3 +.. t
N BbluMCAUTE - roe n YNCNO OMbLITOB MO U3Me-
pPEeHN0 BpeMeHU.
5. BblunciunTe cpeaHioto a6CoOMOTHYIO MOrpelwHOCTb M3MEpPeHUsl BPEeMEeHU:

+ to
"ﬂ_-”m QP + 1*3 ~ *cp|
Allp =

N pe3ynbTaTbl 3aHecuTe B Tabnuuy (Tabnuuy caenanTe B TeTpagwn).

Howmep
onbiTa £ ¢ o> ¢ £ c ~p C LM
> IN*
s . BbluncAuTe yckopeHue CBOBOAHOro nmaseHus no gopmyne g = 4n —g—.
*
o)

7. Onpe,qerIMTe OTHOCUTENIbHYIO MOrpelwHOCTb U3MepeHUa BpemeHU et.
8 . OI'Ipe,D,EJ'II/ITe OTHOCUTENbHYK NOrpewHOCTb WU3MepeHUdA ANWNHbI MaATHUKa

. 3HauyeHne [l cknagbiBaeTcsd M3 NOrpewHOCTH VI3MepI/ITeJ'IbHOl7I NNeHTbl "

MOrpewHoOCTM 0TCYETA, paBHOM MNONOBUHE LEHbI geneHna neHTol: AL = AUl+ Ala
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9. BblYMC/ANTE OTHOCMTENbHYIO MOrpewHoOCTb M3MepeHnsa g no dopmyne
Eg = E + 2exk + Z2er,

yUnTbiBas, YTO MNOrpeLHOCTbI0O OKPYFNeHNA N MOXHO npeHebpeyub, ecnn n = 3,14;
Tak)Xe MOXHO npeHebpeyb e(, ecnu oHa B 4 pa3a (n 6osee) meHblwe 2er
10. Onpepennte Ag = Eggc W 3annuiunuTe pe3ynbTaT U3MepeHUs B Buae

écp ~ < S < m/+ Ag.
yGGAI/ITECb B AOCTOBEPHOCTU V|3MepeHl/||7| N npoeepbTe NPpUHaANEXHOCTb W3-
BECTHOIro 3HaydeHWnsA g nonyyeHHoOMYy wuHTEpBany.

Ne 4. USMEPEHWE NOKASATEJTA MPETOMJIEHNA CTEK/IA

Llensb pa60TbIZ N3y4ynTb 3aKOHbl nNpesioMmneHna cBeta WM onpeaennTb MNo-
Ka3aTes/Zib npenomneHunda ctekna.

O6opypoBaHMe: CTeKAAHHaa nnacTuHa, ANCT MUANUMETPOBON bGymarwu,
6ynaBKM WM OCTPO 3aTOYEHHbIV KapaHfaw, MUANNMeTpoBas /IMHeKa, nasepHas
yKaska WauM MUCTOYHMK CBeTa M LWesb, NO3BOASAIOLWMNE MOMYUYNTb Y3KUI CBETOBOM
Ny4yokK.

MopafgoK BbINOTHEHUA paboTel

B pa6oTe M3mepseTca nokasaTeslb MPefiOM/EHNSA CTEK/ISHHOW MNANacTUHbI, nMme-
owen dopmy Tpaneuun. lMepes Tem KakK HanpaBuUTb Ha MAacTUHY CBeTOBOW ny-
YOK, eé pacnofiaralT Ha CT0Ne Ha JINCTe MWUAANMETPOBON 6Gymaru (MnuM nucte
6ymarm B KNeTKy) Tak, uTob6bl oAHa M3 eé napannenbHbIX rpaHeil coenasa c npea-
BapUTENIbHO OTMEYeHHOW NMHNen Ha bymare. dTa NUHUSA
yKaXKeT rpaHuuy pasgena AByX cpej BO34YyX—CTeKno.
OcTpo 3aTO4YeHHbIM KapaHgalwoM MpPoBOAAT JIMHUIO
BAONb BTOPO/A napannienbHoli rpaHu. 3dTa JIMHUA WU30-
6pa>kaeT rpaHuuy pasfena ABYX cpef CTeK/I0—BO34YX.
3 Mocne 3Toro, He cMmew,as njaacTUHY, Ha eé nNepByl na-
3 4° pannenbHy rpaHb HanpasNAKT Y3KUI CBETOBOW My4oK
noj Kakumm-nnb6o yrioMm K rpaHu. Bponb napakwuwero
Ha NJacTUHY W BblWelWwero M3 Heé CBeTOBbIX MNYYKOB
OCTPO 3aTOYeHHbIM KapaHpgawom cTaBAT Toyku 1, 2, 3
n 4 (puc. Jl.s). MNMocne 3Toro UCTOYHUK CBeTa BbIK/IIO-
yalwT, NAacTUHY CHUMaKT U C NOMOLW b0 NMHENKN Npo-
yepumBawT BXOASAULWNIA, BbIXOAAWMWUA N MPEeiOMNEHHbIN
nyun (puc. JI.7). Yepe3s Touky B rpaHuubl pasgena
ABYX cpef BO3AYyX—CTEK/I0 MNPOBOAAT MepneHAMKYNap
K rpaHuvue, oTMeyarwT yrnbl nNageHNUsa a v npenomse-
HUA (3 [danee ¢ NOMOWbI0O LUPKYASA MNPOBOAAT OKPYX-
HOCTb C LEHTPOM B Touyke B n cTpoAT NpsAMOYrosibHble

TpeyronbHUKU ABE n CBD.

Puc. N.6

. AE . CD
Tak Kak sin a = --—--—-- ,sin B= — m AB = BC, T0
AB BC

dopmyna gnsa onpegeneHus nokasaTens MNpPefioMsieHUs
AE
Puc. N.7 DC'
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AnvHbl oTpe3koB AE n DC m3mepsalT No MUANUMETPOBOK 6ymare uam ¢ no-
MOLL b SIMHENKN. Mpu aToM B 060UX CrAydyasX MHCTPYMEHTANbHYI MNOrpewHoOCTb
MOXXHO cYMTaTb paBHOW 1 mMm. lMNorpewHoOCTb OTCYETA HaAOo B3ATb TakKXe paBHOWA
1 MM AN yyéTa HeTOYHOCTW B PacnoflioXKeHUU NIMHENKN OTHOCUTENIbHO Kpas cBe-
TOBOro ny4ka.

MakcnmManbHyl0 OTHOCUTENbHYIO MOrpewHoOCTb W3MepeHUs nokasatensa npe-

AAE , IPC__

NoMNeHNs onpegensiloT no dopmyne e =

MaKcuManbHy a6CoMITHY MOrpewHoOCTh onpegensitot no dopmyne An =
= «I'IpE-

OKOHYaTeNbHbIW pe3ynbTat WMU3MeEpeHUA NnokKasaTtena npesomMmsaieHnNAa MOXHO
3anucatb TakK: n = nm = An.

MpoBepeHNMe 3KCNepuUMMEeHTaA
1. MoaroToBbTe 6/1aHK OTUYéTA C Tabnuuen Ana 3anucu pe3ynbTaToB M3Mepe-
HUW N BbIYUCIIEHUNA.

N3mepeHo BbluncneHo

AE, MM DC, MM JAE, mm ADC, MM e, % An

N np

2. HanpaBbTe CBeTOBOW My4YO0K TakK, 4T06bl OH Majas Ha rpaHb NAAacTUHbI M0
yrnom. Y6eamtecb B TOM, 4YTO MYYOK WUCNbITbIBAeT [ABYKpaTHOe MpenomeHune
(cm. puc. Jl.s).

3. iIsmMepbTe MnokKa3aTe/lb MNPENOMJIeEHUsI CTekaa OTHOCUTe/NIbHO Bo3Ayxa npwu
KaKoM-HMOYyAb yrne nageHus. Pe3ynbTaT M3MepeHUs 3anuwinte ¢ YyYETOM Bbl-
YNC/IEHHbIX MOrpeLHOCTeN.

4. MMoBTopuTe TO Xe NpU APYroMm yrie najeHus.

5. CpaBHUTe pe3ynbTaTtbl, MOJIy4YeHHble MO GopMynam

«anp - Anl < «l < nwp + all,
«:Mp - An2 < N2 < nz2p + An2
s . Caenaite BbIBOA 0 3aBUCUMOCTU (MM HE3aBUCUMMOCTU) NoKasaTens Npesom-

neHns oT yrna nageHusa. (MeToa cpaBHEHUSA pe3ynbTaTOB W3MeEpPEHUR W3M0XKeH
BO BBefAeHUW K nabopaTtopHbiM paboTam B y4yebHMKe (DU3NKWU A8 10 Kacca.)

KOHTpPONbHbLIA BOMpoOC

UTo6bl oMnpefennTb MokasaTeslb MpPesioM/ieHUs cTeksa, J0CTATOYHO U3MepuUTb
TPAHCNOPTUPOM YI/ibl @ U P U BbIYNCAUTbL OTHOWEHME WX CUHYCcOB. Kakoil us
MeTO[O0B OMpefefieHUs MokasaTesia MPesIOMAEHUS NpeanoyYTUTE/IbHEE: 3TOT WU
MCNoNb30BaHHbI B paboTe?

Ne 5. OMNPEAE/TEHVNE ONTUYECKOW CU/bI .
N POKYCHOIo PACCTOAHNA COBUPAKOLWEN JTMHS3bI

Llenb pab6oThl: HAyYUTbCA MPAaKTUUYECKU Mony4yaTb U rpauMueckn CTpPoUTb
n3obpaxkeHus B cobupatolleli NUH3e, onpeaennTb ONTUYUYECKYID CUMY NUH3bI.
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O6opypanoBaHMe: NUHeliKa, ABa NPAMOYTo/ibHbIX TPeyrosibHMWKa, AAUHHO-
(hokycHas cob6upatlou,as NUH3a, NaMnoYyka Ha NoAcTaBKe C KOMMa4YKoM, UCTOUHUK
TOKa, BblK/lOUYaTeNb, COeAUHMUTENbHbIEe MPOBOAA, 3KpaH, HanpaBnswuwas peika.

MopsAaoK BbLINOJHEHUWSA paboThl

B kauecTBe npeamMeTa MUCNonb3yeTcs cBeTsAW,asca paccesiHHbIM cBeToM 6yKBa
B KONnayke ocBeTuTens. [eicTBUTeNnbHOe M306paXkeHWe 3Tol 6YyKBbl MosyvawT
Ha 3KpaHe.

1. Cobepute 3/IEKTPUYUECKY UeNb, NMOAK/JNYUB NaMMNOYKy K MCTOUYHUKY TOoKa
yepe3 BblKA4YaTeNb.

2. MocTaBbTe AaMNoO4YKy Ha OAWMH KpaWh cTona, a sKpaH — Ha ApYroi kpai.
MeXxay HUMWU NOMeCcTUTe JMH3Y, BK/AKWUYMTE NamMnovyky W nepeasurante NUH3Y
BAOMb perKW, Moka Ha 3KkpaHe He 6yaeT MOJly4yeHO pe3Koe M306pakeHue CBeTSA-
wenca 6yKBbl.

ANns yMeHbLEHWUs MOTrpewHOCTU U3MepeHU, CBA3aHHOW C HACTPOMKOW Ha pes-
KOCTb, Liesiecoo6pa3Ho MOMYyUYUTb YMeHbLIeHHOoe (M, criefoBaTesibHO, 60/lee sipKoe)
n3obpaxkeHue.

3. N3mepbTe pacctosdHma d n /, o6paTMB BHUMaHMWe Ha HeoOXOAMMOCTb Tuwia-
TENbHOro 0oTcYéTA PacCTOAHUNA.

Mpn HensmeHHOM d MOBTOPUTE OMbIT HECKONbKO pa3, KaXAblii pa3 3aHOBO Mo-
ny4dyas pes3koe unlobpaxeHue. Boluncnute /cp, A p, Fd> PesynbTtaTbl U3MepeHWU
paccTossHUin (B munammeTtTpax) 3aHecuTe B Tabnuuy B TeTpagu.

Homep

onbita f, 1(F3m fep. O = M d, T3 m O p>OnTtp 'ﬂp M

4. A6conoTHY norpewHocTb AD n3MepeHUSs ONTUYECKOW CUAbI JIMH3bl MOX-
HO BblUMCANTL no popmyne AD = 2 roe O, v . — a6CconoTHbLIE norpew-

HOCTWU n3mepeHunm d un /.

Mpu onpeaeneHun AOx n O, cneayeT UMeTb B BUAY, UTO U3MEPEHUE paccTo-
AHWIA d n f He MOXeT ObITb MPOBeAEHO C MOrPeWHOCTb, MEHbLWEN MOMOBUHDI
TOAWMWHBI NUH3bI h.

Tak KaK 0NblTbl MPOBOAATCA MNpU HeusMmeHHom d, To AOr = l MorpewHocTb
namepeHus / 6ypgeT 60Nblue KU3-3a HETOYHOCTU
HaCTPOMKM Ha pPe3KOCTb MPUMEPHO elle Ha i
Moatomy MO, = N N = h,

5. N3mepbTe TonwmHy nuH3bl h (puc. Jls)

n Bbluncnute OD no copmyne AD = ~p- +

Ry

s . 3anuwnTte pesynbTtar B ClefyloLlWeMm
Puc. /1.8 Buge: [ AD < D < N AD.
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Ne 6. UBMEPEHWE AJ/1IMHblI CBETOBOW BOJIHbI

Llenb pab6oTbl: MOAYYUTb ANGPPAKLUOHHbLIA CAEKTP W ONpefennTb ASIUHY
BO/IHbI CBeTA.

O6opyaoBaHMe: andpakunmoHHasa pewétTka 1 B pgepxxaTtene 2, NNHel-
Ka 3, Mo KOTOpoii MOXeT nepemMeliaTbca aKpaH 4 ¢ y3KOW uwienbio 5 nocepeau-
He, Ha aKpaHe NUHeliKa C MUTMMETPOBbIMU aeneHuamMU (puc. J1.9). YcTaHoBKa
KpenuTcs Ha wTtaTuee 6. 3a 9KPaHOM HaXoAMTCS MUCTOUYHUK CBeTa.

MopafgoK BbINMOANHEHWA paboThbl

1. CobepuTe ycTaHOBKY cornacHo pucyHky JI.9. OkKpaH [0/KeH HaxoAuTbes
Ha paccTosgsHUM 50 cM OT peléTKu.

2. Y6eantecb B TOM, YTO eCNN CMOTPeTb CKBO3b pe-
WETKY M npopesb B 3KpaHe Ha UCTOYHWUK CBeTa, TO Ha
YEpHOM (hoHe 3KpaHa HabnwpaakwTca ANPPaKLUOHHbIE
CNeKTpbl MepBOro WU BTOPOro nopsagkos. Ecnam kapTtu-
Ha cMelleHa, To, nepemelias pewéTKYy B JepxaTerne,
ycTaHOBUTe eé TakK, 4To6bl ANDPaKLMNOHHbIE CNEKTPbI
66NN NapannenbHbl LWKane 3KpaHa.

3. CocTaBbTe caMoCTOATeNbHO Tabnuuy, Kyaa Bbl
bypete 3aHOCUTb 3HAYEHUS WU3MEPEHHbIX Be/IMUYUH.

4. N13mepbTe paccTossHMA, paBHble 2X, MeXAYy Nu-
HUAMMW CHayasna KpacHoro, a 3ateM (pP)MoNeToBOro LuBe-
Ta B CMeKTpe MepBOro nopsagka.

5. N3mepbTe pacctossHue | oT gudpakKUMOHHON pe-
WETKN [0 3KpaHa.

s . 3aHecuTe B Tabnuuyy nepuoa d andpakKyMoOHHOM
pewéTkn (OH ykKasaH Ha caMol peléTke).

7. Bbluncnnte p[NVWHY BOJIHbI KpacHOro LuBeTta B
CNeKTpe MNepBOro nopsAgka cnpaBa W creBa 0T Wenu
B 3KpaHe, onpefesiute cpegHee 3HayYeHUe pe3ybTaToB
N3MEpPEHNIA.

s . MoBTOpUTE TO Xe ANa (MoNeToBOro LBeTa.

9. CpaBHWUTe MoJIyYeHHble pe3ynbTaTbl C A/IMHAMW BOJIH KPacHOro un uoseTo-
BOro uBeTa Ha pucyHke V, 1 UBeTHOW BK/EKMWU.

KoOHTpoONbHbLIK BoONpoC
Yem oTnMuaeTcs AUGPaAKLWUOHHbIA CNeKTp OT AMCNEepPCUOHHOro?

Ne 7. OLEEHKA MH®OPMALIVIOHHOWN EMKOCTW
KOMIMAKT-ANCKA (CD)

Llenb pab6oTbl: oUueHUTb 06bLEM MHGPOPMaLUK, cofepXKalenca Ha KOM-
nakT-gncke (CD).

TeopeTnmueckas uvacTb

Ha npumeHseMblX B KOMMblOTepax KOMMNAaKT-AMUCKAX MHPOpMauua 3anucbiBa-
eTcA B BUAE TEMHbIX MeTOK (Yrny6neHunit), pacrnonoXXeHHbIX Ha BUTKax cnupanu.
Mpu 3TOM BUTKW cnvpanu TeCcHO MPUMbIKAKT APYr K APYry Tak, 4T0 KaX[blii
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yyacToK AMUCKa npeacTaBsiseT co60M npaKTUYecKn Andg-

pakuMOHHY pelwéTKy. Onpegenns pacCcToOAHUE MeXAy

,  [AOpOXKaMW W 3Hasi cpefHKO ANIMHY [OPOXKMK, a Tak-

Xe WUPUHY ydyacTKa AuckKa, Ha KOTOpPOM mnpou3BegeHa

3anuncb, MOXHO OLEHUTb KO/MIMYECTBO cofepikalieiics

B HEM wuWHGopmayuu. Mpu 3ToMm cneayet AOMNYCTUTH,

UTO paccTossHUE MeXAy TEMHbIMU MeTKaMW WMeeT TO

>)Ke 3HauyeHWe, UTO U paccToOssHUE MeXAY [LAOPOXKaMu.

Ansa onpepeneHuMa 3TOro paccTOAHUSA MOXXHO paccMo-

TpeTb ANDPpPaKUNOHHBLIA CMeKTp, MOAYy4YeHHbIW B OT-

Puc.J1.10 paéHHOM cBeTe OT AUMPaKLMOHHOW pewéTku, o06-

pa3oBaHHOM [OPOXKaMW Ha MNOBepXHOCTU Aucka. Mpwu

3TOM YyA06HO WCMO/b30BaTb MOHOXPOMAaTUYECKUNA WUcC-

TOYHUK cBeTa — ObITOBOW sla3ep MNM NasepHyl ykasky. HanpaBuB ny4y nasepa

Ha Kpali gucka, MOXHO HabnwfaTb HECKONbKO AUMPaKLUMOHHBIX MaKCUMYMOB
(pnc. JI1.10).

O6opypaoBaHmMe: KoMmnakT-guck (CD), nnacTunuH, nasepHas ykaska, nucT
éymaru, nuHerika ¢ MUAANMETPOBON LWIKanoi, KapaHpalu.

MopAafoK BbINOTHeEHUA paboTbl

1. CoctaBbTe Tabnuuy 1 3anucbiBanTe B Heé pe3ysnbTaTbl U3MEPEHUN, a TakXe
ONVWHY BOJIHbI na3epHoro siyda (06bIMHO X = 5.6 MKM).

2. C nomMouw,blo naacTUNnHa 3akpenuTe AUCK Ha CToNe TakMm o6pa3om, 4ToObI
NA0CKOCTb AMcKa 6bla NnepneHAUKYAsapHa NA0CKOCTW cTofa.

3. PasmecTnTe nasepHyl yKa3Ky Ha CTOMKe TeTpajel Tak, 4To6bl /na3epHblid
nyy 6bl71 napanneneH CToNy, Hanpas/eH NEPNEHAUKYNAPHO AUCKY M nonajan Ha
ero paboyyi NoBepxXHOCTb. PaccTofaHMe MeXAy BbIXOAHbIM OKHOM fasepa W guc-
KOM [AO/IXHO 6bITb 100— 150 mmMm.

4. MomecTuUTe NUcT bymarn 3a nasepom n HabnwpgantTe CBeTOBble NATHA, COOT-
BeTCTBYHOLULME pa3/iIM4HbIM nopagkam Audpakunn.

5. Mpogenante B 6ymare maneHbkKoe oTBepcTue. MomecTnuTe nucrtbymarm Ha
nyTn nydva. JlasepHbli ny4Y [O0SXKEH NPOXOAUTb 4Yepe3 OTBepCcTUE WMHa bymare
LO/MKHbI MOABUTbLCA ABa CUMMETPUUYHbIX MNATHA, COOTBETCTBYKOUW ME CNEKTPY nep-
BOro nopsjgka.

s . OTMeTbTe KapaHjawoM MO0N0XKEeHUS 3TUX MNATEH.

7. NN3mepbTe paccTtosHMe 21 mexxpy aTumm nsatHamu (cm. puc. J1.10).

s . I3mepbTe pacctosHme L mexagy nuctom bymarm v ANCKOM.

9. BblUUCINTE CUHYC yrna, COOTBETCTBYKLWNA NepBoMy MOopsAAKY AudpaKLnn:

|

sina = |
JI2 + L2

10. Bbluncnunte nepuofg pewétku: d = --———- .

11. N3mepbTe NNHENKON WNPUHY I paboyeil 30HbI AUCKaA, T. €. WNPUHY 3ep-
KanbHOW 30HbI, U BbIYNCAWUTE YNCNO A0POXEK Ha Aucke: Nx = r/d.

12. OnpegenuTe cpegHWUii pagunyc 3epKanbHOW 30HbI — OT LeHTpa A0 cepeau-
Hbl 3epKanbHoOW noBepxHocTu: Rp = (i?j + R2/2, rae RIn R2— manbiihi U 601b-
Wwoli paguycbl 3epKa/nbHOWi 30HbI AUCKA.
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13. BbluncnuTe cpegHee KONMMYECTBO WHMOPMALMOHHbIX METOK Ha [AOpOXKe:
N2 = 2nRcp/d.

14. Onpegennte 06bEM MHGpOpPMaUUM Ha AUCKe — 4yucno 6ut: Nb= NtN2

B 3Toin paboTe He MMeeT CMbIC/la pacCYMTbiBaTb MOrpPewHOCTM, TaK KaK Bbl
BbIMO/IHUNWN TONbKO MNPUBAN3NTENBHYK OLEHKY 06bEMa 3anucaHHOW Ha Aucke
MHGpopMayunn.

PekomeHpagauunsa. Takol Xe crnocob oueHKM 06bEMa MHGpOPMaLUU MOXHO
ncnonb3oBatb M Ana DVD. Bbl mMoXeTe 3TO caenaTtb U CpaBHUTb 06bEMbLI MHGOP-
Mauuum, 3anmMcaHHOW Ha pasHblX AUCKaX.

KOHTpPONbHBLIK BoONpoOC
CpaBHUTE MONyYeHHOe 3HAaYeHUe Co CTaHAapPTHbLIM 06bEMOM MHGOPMaUMK, 3anu-
CblBaeMoii Ha NMofo6HOM fAMcCKe. 3a CUET 4Yero y Bac MOMYYMIOCh ApYyroe 3HauyeHue?

Ne 8. HABJTFOAEHWE CIJ1I0WHOIO N NTMHENYATOIO CMNEKTPOB
Llene pa6oTbl: Habnwpatb pa3HOro smaa CNekTpbl.

O6opypaoBaHMe: MNPOEKLMOHHbLIN annapaT, cneKTpanbHble TPY6KU C BOAO-
pOAOM, HEOHOM WAM TefineM, BbICOKOBOMbTHbLIA WHAYKTOP, WUCTOYHUK MNUTaHUSA,
WwTaTUB, cCoeaguHUTENbHbIEe NpoBoda (3TW nNpu6opbl 06lWLMe ANS Bcero Ksacca), cTe-
KNSAHHas naacTuHa CO CKOWEHHbIMU TpaHsAMU (Ha KaykAoro ydau,erocs).

MopsAanoK BbINOTHeHUA paboTel

Mpyn nonagaHuUnM M3Ny4YeHUSA HarpeToro TBEPAOro Tena Ha MNPU3My Mbl NONy-
YyaeM HenpepbiBHbIA (CAMTOWHON) CNEKTP, COCTOAWMKA M3 yYacTKOB, OKpalleHHbIX
B pas3Hble LBeTa. Ecnu MCTOYHMKOM cBeTa ABMSAETCA, Hanpumep, 0AHOATOMHbIN
ras, To Mbl nosiy4aeM NUHeRYaTbIi CNEeKTP, COCTOAWMNIKA N3 OTAENbHbIX JINHWUIA.

HabniogaTte CNeKTpbl MOXHO C NOMOWbI AU paKLMOHHON pewéTKU, a Tak-
XKe C NnoMouw,bo npu3Mbl. B nepBom cnydyae Ham nomMoraeT siB/ieHUe Audpakyuun
cBeTa, a BO BTOpOM — fBJieHMe Aaucnepcuun. B 3sToi paboTe ans HabnwgeHus
CNEeKTPOB Mbl UCMOAb3yeM siIBAEHWE AUCNEPCUN.

1. PacnonoXnTte naacTUHY ropuMsoHTanbHoO nepesj rnasom. CKBO3b rpaHu, co-
ctaBnawwune yron 45°, Habnwopalite cBeTNyH BepTUKaNbHYK MOMOCKY Ha 3kpa-
He — wns3obpaxkeHne pasfBVKHOW LWeEeAN NPOEKLMOHHOro annapaTta.

2. BblgenuTte OCHOBHble LBeTa MONYYEHHOro CN/IOWHOr0 CNeKTpa v 3anuwuTe
nx B Habnwgaemol nocnefoBaTeNlbHOCTU.

3. MoBTopuMTE ONbIT, paccMaTpuBas MONOCKY 4Yepe3 rpaHu, obpasywume yron
60°. 3annwunte pas3nmuma HabnwpgaembiX CNEeKTPOB.

4. HabnwpaliTe nuHeryaTble CNeKTpbl BoAopoja, resiMsa WAM HeoHa, paccma-
TpuBas CBeTsALMECHA CNeKTpasibHble TPYOKM CKBO3b FPaHW CTEKNSAHHOW NMIACTUHBI.
3annwunte Hambonee ApKMe NNHUN CMNEKTPOB.

5. O6bACHUTE, No4YeMy BUA CNEKTPOB pas/iMiyeH B 3aBUCMMOCTW OT cnocoba
ero HabnwgeHwnsa, ANA 3TOro HapucymTe Xog4 fiyder MNpu pasHbIX yraax Mexnay
rpaHaMnM ANs nyyen ABYX pasHblX ANWH BOMH. CpaenaiTe BbIBOAbI.
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OTBETbl K 3A0AYAM
4149 CAMOCTOATE/IbHOIO PEWEHWA

§3. 2. 1,2 «10-: Ax. 3. -1,23 A.

§5. 1. -0,57 Mm; 3,6 «10-s ¢c. 2. -2,8 «10.+ m; -3,1 m10-« M. 3. -2,4 X
. LgpB mvOtga
X 10-:2 O>X. 4. a = arcsin

s ~ ir -

§ 10. 4. 0,2 A. 5. 0,15 B. . - K)-
4R

§12. 1. 0,1 TH; 0,8 Ax. 2. 128 Ox. 3. 2,5 =103

§15. 1. -16 H/m. 2. -20 ¢. 3. 0,4 m. 4. -9 papgl/c; 3,2 «10-: Ox. 5. -0,071 m.
§20. 1. 5«10 s Ax. 2. u = 0,44coss " (B); r= -] =105 sins s (A).

3 1. 4 >3
2 C1 nir
§24. 1. =0,63 B. 2. =0,28 A. 3. 2,12 A. 4. =109 Owm; 100 lu; =18 MmA.

§28. 1. Ha 3000. 2. 91%; 0,1. 3. 188 kM. 4. Ha 46 kBT. 5. 1,04 =« 10: BrT;
3,1 «10s BT.

§ 32. 1. =5000 m/c. 2. K. 3. YMeHbwWUTCA B =4,2 pasa.

§34. 1. 4 m/c. 2. 40 Ty. 3. 0. 4. 240 . 5. (2n + 1)340 Iy, n = 0, 1,
2,

§43. .. OT ~ 92 M po X2~ 565 M. ». Tak KakK aHTeHHa ropusoHTasibHa,
BEKTOP HanNpPsAXEHHOCTU 3N1EKTPUYECKOr0 MOMIA TakKXe pacnosioXXeH ropusoHTallb-
HOo. CnepoBaTesibHO, BEKTOP MarHUTHOW MHAYKUWW BepTukaneH. 3. [la, Tak Kak
Ha JlyHe HeT noHocdepbl, KOTOpasa oTpaXkxaeT pPajguoBO/IHbI M MO3BONAAET nepega-
BaTb CUrHasbl Ha 60/blINE PacCTOAHUA.

§ 46. 1. ABneHue 06YCNOBMEHO MPAMOSIMHEMHOCTLIO pacnpocTpaHeHUsa cBeTa
CKBO3b Masioe 0TBepCcTUe B CTaBHe. 2. Pa3mepbl MONYTEHW 3aBUCAT OT paccToAHUSA
0T Henpo3payHoW nperpagbl A0 3kpaHa. Mpu Manom paccToAHUMW (HOTW) NONYTeHb
Mana, a npu 6onbwom (ronosa) senmka. Ecnm 6bl hoHapb 6bl1 TOYEUHbIM MCTOY-
HWKOM, TE€HW OT r0a0Bbl MU HOr 6bIAM 6bl oaMHakoBo pe3kumu. 3. k =528 o06/c
(roe k = 1, 2, 3, ...). 4. x = 21sina = 10 cM™.

§49. 1. =0,55; =1,24. 2. n = 2. 4. =44,8°. 5. 9°. 6. =3,6 m.

§ 52. 1. N3o06paxeHne 6yaeT TakKMM >Xe YETKUM, HO €ro OCBELW,EHHOCTbYMEHb-
wnutea. 5. 0,12 m. s. 2 cm. 7. 4,8 M. . 3 M. 9. 2,2 105 cC.

§ 59. 1. CBeTnoe nATHO. 2. =5,2 «10-; M. 3. 3,75 MM. 4. 100 HM.5.7,73 MKM.
6. 7,2 CM.

§ 65. 1. C TOUKW 3peHMs HabnwaaTens Ha 3emse ygap MofHUM B Touke B (no-
3aAmn noesga) NpPousowén padblie. 2. =106 B. 4. 0,6 m. 5. 1,82 «10.:: Kr. 5. C.
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§ 73. 1. lNMocTtoAHHaa [lnaHKa 4YWC/IEHHO paBHa TaHreHcy Yyrna HakJ/oHa
npamoii £ Kv) kK ocu abcymcc. 2. =1,5. 3. =4 « 10-:s Ox. 4. 2,6 = 1(IMe [OX;
5.2 «10-:0 OX; 2,9 «UNlse Kr; 58 «Ulse Kr. 5. 8,1 «UNTs M. 6. 540 HM.
7. 1,8 «10~n Kn. s. 5,7 = 10-: Na.

§77. 1. 2,19 «10s m/c; 9 «10.> m/c2. 2. =4,88 «10-7 m. 3. 5,14 « 10 B/m;
27.2 B. 4. 10,2 3B < E < 12,1 3B. 5. 3,38 «10:s [Iuy; 3,78 «10:s [Iu.
6. 2,46 * 1015 FLI, 7. 10,2 B.

§81. 1. 1. 2. =870 MaB. 3. F — 9, 10; Ar — 18, 22; Br — 35, 45; Cs — 55,
78, Au — 79, 118. 4. =2,3 M3B. 5. =0,1456 a. e. Mm. s. =30,4 M3B.

§ 85. 1. Bocemb a-npeBpaleHnii, wectb (3-npespawieHnii. 2. Yepes 3200 neT.
3. B V2 pas. 4. MNMo3anTpoH ” HeWhTpnHo. 5. 7,5 « 105
§91. 1. 2He 2. 202 M»3B. 3. 0,86 M3B. 4. 17,6 MaB.

§ 109. 1. =64 < 10.s Kr. 2. 248 net. 3. =1400 kr/m3. 4. CBepxrurant; 140 RQ;
=2 @10-. Kr/m3. 5. t - 1/M3; 10“% =10: net. «. 75 000 nkK; 3,26 < 10 nerT.
7. 1,9 «10nLo.
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ABToKONnebaHna 101

AppoHbl 361

AKTUBHOCTb 314

Anba-pacnag 312

AmMnnantyaa konebaHwuii 60
AHHUrnnauuna 357
AHTuyacTuya 358

AcTtepoupg 375
AcTpoHOMMYecKas egunHuuya 367
Adenuinn 369

BapnoHbl 361

Bacos H.I. 289

Bekkepens A. 310

Bekkepenb (eanHunuya akTuBHocTu) 319
Beta-pacnag 312

Bo3oH 355

Bop H. 284

Bebep (eguHuUa MarHMTHOro nortoka) 33
BeKTOp MarHUTHOW MHAYKUUKN 7
B3aumopelictBue MarHuTHoe 5
- cunbHoe 301
BonHa 116
-akycTuyeckasa 125
- pe Bpoiina 269
- KorepeHTHas 133, 206
- nnockasa 123
- nnockonosnsapuniosaHHaa 137
-nonepeyHan 117, 226
-npogonbHan 119
- cTosAvaa 134

ManakTuka akTmBHaa 398

- Hawa 394

- HenpaBunbHaa 398

- cnupanbHaa 397

- aninunTunyeckas 397
Famma-nyuun 257, 312
FeHepaTop nepemeHHoro Toka 87, 105
FeHpu (eanHMUA UHAYKTUBHOCTWU) 48
Fepy . 146
lepy (eguHuua 4vacToTbl) 60
MvnoTte3a Amnepa 27

- pe bpoilina 269
FnwooH 363
MpaHynaynn 381
Fpeii (eavHMUa p[03bl MNOrNOWEHHOIO W3-
nydyenusa) 350
Fpomkorosoputenb 14

OasneHne cBeta 272
AeneHve sapep 333

AetekTuposaHune 153, 155
OedekT macc 305
[eicTByolWee 3Ha4YeHNe MNepPemMeHHOro Ha-
nps>xeHusa 90

- CUNbl NepeMeHHOro Toka 89
Ouvcnepcuna 204
Andpakymna 136, 158, 213
AvdpakymoHHaa pewéTtka 218
AnvHa BoNHbI 120
Ao3a n3nyyeHna 350
AomeHbl 28

EcTecTBeHHbIW cBeT 226
Xonuno-Kwopun . n ®. 328

3akoH Amnepa 13
- Buna 381
- Kennepa BTopoii 369
— nepBbln 369
TpeTnin 370
-oTpaXxeHusa 175
- npenomneHusa 180
- paguoakTuBHOro pacrnaga 318
- CNOXEeHUsA CKOopoCTel Knaccuyeckuii 237
penaTuBUCTCKNG 237
-CtedpbaHa—bBonbymaHa 381
-poToadhhekTa BTOpO 262
nepebii 261
TpeTnii 265
- Xa66na 401
-31eKTPOMAarHUTHON nHaykumun 37
3aTMmeHue nyHHoe 372
- conHe4yHoe 371
3Be3fa HelTpoHHas 390
- cBepxHoBas 392
3uBepT (eguHMLA IKBUBANEHTHOW [A03bl
nornoweéHHoro n3nyvyeHmna) 351

MN3nyueHne snanmoe 204
nHayuunposaHHoe 289
MH(pakpacHoe 254
peHTreHosckoe 255
cnoHTaHHoe 289
Tennosoe 246
ynbTpagunonetosoe 254
MN3otonbl 300, 346
Mmnynbc penaTuBUCTCKUn 240
NMHAYKTUBHOCTL 47
NHTepdepeHymna 131

- MexaHunyeckmx BonH 131

- ceTa 206

-3/IEKTPOMArHMTHbIX BOMH 158
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MCTOYHUK KorepeHTHbI 133 Mapannakc 368

- TOYeYHbINn 149 Mapcek 368
Mepurennin 369
Mepuon konebaHwuii 60

- nonypacnaga 318
Mnauk M. 259
MNoTHOCTL MoTOKa M3/lyyeHuna 148

cnekTpanbHas 249

MoBepXxHOCTb BOJIHOBas 123
Mo3uTtpoH 315
Moka3aTenb npesomneHna 180, 181
Mone Buxpesoe 9, 140

- a/leKTpoOMarHuTHoe 142
MonHoe (BHYTpeHHee) oTpa)keHue 183
Monapwnsauyna 137
Monos A.C. 151
MocTtoaHHaa lMnaHka 259

- Pupbepra 279

- conHe4yHas 380
MoctynaTtel Bopa 284
MOTOK MarHuWTHbI 33
MpaBunno JleHua 36

KatogonwomMunHecueHuns 247
KBasapbl 398
KBaHT 259
KBapk 362
Kone6aHusa 53

- BblHYX/JeHHble 70

- rapMoHuyeckue 59

- 3aTtyxawowue 69

- MexaHunuyeckne 53

- cBobogHble 54

- 3/IeKTPOMarHnTHble 74
Koneb6atenbHbli KOHTYpP 74
Konbua HboTOHa 208
KomeTta 376
KoahpnymneHt camoumHaykumm 47

- TpaHchopmauyunm 107
KpacHas rpaHuua doTtoadhdekTa 264
KpacHoe cmeweHune 400
KypuaToB V. B. 339

azep 289 MpuHunn lwolireHca 174
Je6epeB M. H. 272 - FwoiireHca— ®peHensa 214
JleHy 3. X. 36 - HeonpepenéHHocTu leiseHGepra 270
NenTtoH 359 - OTHOCUTesIbHOCTM 229
NuHza 191 - cooTBeTCTBMA 241
Nyy 123, 148, 171 MpocseTneHne onTnuku 211
MpoToH 282, 299
Macca kputmnyeckas 338 MpoTy6epaHubl 382
Maccosoe uucno 300 Mpoxopos A. M. 289

MaTemaTn4yecKnii mMassTHUK 56

Mynbcap 390
Me3oHbl 361 y P

MeTeop 376 Pa6oTa BbIxoga 263
MeTteoput 377 PapgvnoakTtueHoCcTh 311
MukpodgoH 41 -ecTecTBeHHas 311
Mogenbs atoma no bBopy 285 - NUCKyCcCTBeHHasa 327
NPOTOHHO-HelATpoHHaa 300 Pagnonokauuna 161
- Peseptoppa 282 PagvonpnémHuk 156
TomcoHa 280 PeakTop agepHbIn 337
Mogynauna 153, 155 Peakuyna peneHuns uenHaa 334

- TepmosagepHaa 340

HeviTpnHo 300, 315, 389 - agepHas 329, 334

He#TpoH 299, 328 Pesepdopg 3. 280
HyknoH 300 PesoHaHC 72
OnTtunyeckas cuna SNH3bI 194 ) aKyCTMHECKMﬁVl%
OneiThl Fepua 147 - 3/IeKTpUYecKknin 96

- MaiikenbcoHa— Mopnu 231 PenTren B. 255

- P?3ep¢)0p,qa 280 CamouHgykuuns 47

- Pémepa 172 Caxapos A. [. 341

- ®apages 32 CeeTumocTb 380

- ®unzo 173 Cuna Amnepa 13

- KOHra 213 - BHewHsaa 53
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- BHYTpeHHAA 53

- NNopeHuya 20

- fapgepHas 301
Cknogosckasa-Kiopn M. 311
CknoHeHue 366
ConpoTuBneHne akTueHoe 88

- éMKoOCTHOoe 92

- MHOYKTUBHOe 94

- nosHoe 94
CnekTp 203

-nnHelhyaTbl i 251

- HenpepbIBHbIW (cnnowHoMi) 250

- nornoweHunsa 252

- nonocatbli 251
CnekTpanbHbli aHanms 252
CnuH 28, 355
CToneTtos A.I. 29, 260

Tamm W. E. 341

TayHc 4. 289

TenesnpgeHune 163

Temnepatypa Kiopun 29

Tecna (eauHMLA MarHUTHOW MHAYKUMK) 13
ToK HacbiweHna 261

TpaHcthopmaTop 106

Tpek 324

YBenuyeHne nnH3bl 198
Yron oTtpaxeHua 175

- nageHus 174

- npegenbHbIn 184

-npenomneHuna 179

- npenomMnAwWMNA Nnpusmbl 182
YpaBHeHNe rapmMoHuM4yeckoi Geryuieii Bon-
Hbl 123

dabpukaHT B. A. 289
®da3za kKonebaHuii 62
depmu 3. 330

depmumoHbl 355, 361
deppomarHeTuk 28
dopmyna Banbmepa—Pupgbepra 279
- NUH3bI 197
- TomcoHa 81
doToNMIOMUHECLEHLNA 248
PDOTOH 268
doToapekT 260
®peHens O. 214
®pPOHT BONHbI 124

XeMunoMuHecueHuna 247

Yactuybl BupTyanbHbie 303
YacTtoTta KonebaHuii 60
-co6cTBeHHasa 61, 136
- ymknunyeckasa (kpyrosas) 60
Yeasuk O>k. 299
YépHaa pabipa 391

940C vHaykuunn 37
- camonHAaykKuunn 47
OliHW TeliH A. 230
Oknunntuka 365
OkKcueHTpucutetT 369
ONeKTposIlOMUHECLeHUnA 247
OHepreTnyecknini ypoBeHb 286
OHeprnsa uvoHusauum 287
- KUHeTu4yeckasa pensatmeucrckasa 241
- Koneb6aTenbHOro KoHTypa 75
- MarHuTHOro nonsa Ttoka 49
- nokosa 239
-penatmBucTckasa 241
- cBa3n 306
- ypenbHaa 306

IOHr T. 207

fABNneHne 3NeKTPOMarHUTHOMW MHAYKUMKM 31
Appo atomHoe 282
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Puc. I. Cxema pasnoxeHus 6eJ10ro CBeTa ¢ MOMOUILIO MPH3MBI.
Pa3nuyuHbIM LIBeTaM COOTBETCTBYIOT Pa3/IMYHbIE JUTMHBI

BOJIH. HUKakoit onpenenéHHON UIMHBI BOJTHBI 6eJ10My
CBETY HE COOTBETCTBYET.

Puc. I1. Pa3znoxeHue u cHHTE3 6€/10r0 CBETa C MOMOILUBIO TTPU3M.
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Puc. V. Cniektpsl ucnyckanus: I — CIUIOIIHOM; 2— HaTpUs;
3—Boaopona; 4—renus. CrieKTpsl MONTOLIECHHUS:
5 — COnHeYHbIN; 6 — HaTpHs; 7— BONOPO/A;
&—renusi.
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Ha CosHlue.

Puc. VIII. Komera lautes.

Puc. IX. ConHeuHasi KOpOHa U nporybepaHen
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Puc. X. [nanerapHasi TYMaHHOCTh
KonbleobpasHas
B co3pe3auu JIupa.

Puc. XI. CnimpanbHas rajakTuka
Boxosopor.

Puc. XII. CrinpansHas ranaktuka Com6pepo,
BUIMMas ¢ pebpa.
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Puc. XIII. ConHeuyHBbIN CIEKTP.



Puc. XIV. Cxema ctpoenus Mueusoro ITytu.

[Torok rasa
OH CBEPXIUIaHT

YEphas abipa

Pcuti cuog{;xoc M3JyucHne

Puc. XV. TecHas nBoitHasi CHCTEMA C YEPHOM JABIPOM
B co3pe3nuu Jlebeus.




Puc. XVI. Paguoranakrika Puc. XVII. TymanHOCTH
LlenTaBp A. OpuoHa.
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Puc. XIX. TyMaHHOCTh AHIPOMEHI.
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