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OT USHAATEJIbCTBA

BOta KHWra mpoxosokaet cepuio «Relata Refero» (mocnoBHEBIN epeBog —
PAccKa3viéard pacckasannoe). DTo U3peueHUe MOXHO IIOHUMATh U TPAKTOBATE
ITO-Pa3HOMY.

KoMy-T0 MOXeT 1okasaTkCsl, 4YTO, CHOpsiTaBOiMCch 3a rpud «Relata
Refero», m3maTeIbCTBO XOYET OTMeEXEBAThCS OT MyOJMKYEMBIX B STOM Ce-
prm TekcToB. KT0-TO, HAa000pOT, YCMOTPUT B 3TOM HaMEpeHME OLUapallUTh
myOaMKy ITpoOjeMHBEIMHM TEKCTaMU U COpPBaTh CKaHJIaJIbHEIE aIIONWCMEHTEHI.
Haiinyrcsi, BO3SMOXHO, H TaKKe, KOTOPBIE BOOOINE HCTOJIKYIOT 3Ty CEPUIO KakK
M3OEBKY Hal BCEM, YTO OTKJIOHAETCHA OT TPAOIULIMOHHOIO pycia.

HaMm xe, ogHako, xoTejoch OBl BepUTh, 4TO YHTaTeab IIOMMET HACTOSI-
Y10 MIPUYHHY, TOOYIUBITYIO M30aTEIbCTBO B3STHCS 3a BBHIIMYCK 3TOM CEPHH.
A moackaskoit Yuraremo Gyzer noMelIcHHOE Ha O0JOXKe BBICKa3bIBAHUE
ApHCTOTENIS, I KOTOPOro, KaK IJacUT IIpeaaHue, IMTOMCK UCTUHBL 0Ka3aJcs
BbILLE JUYHOM ApyXOnl ¢ IlmaToHOM.

Mgl HageeMcst, YTo ITyONMKyeMBle B 3TOM CepUM TEKCThl BHECYT, He-
CMOTPS Ha CBOE IIPOTUBOCTOSHHE YCTAaHOBHMBIIMMCS KaHOHaM, CBOM BKJIajl,
B I03HaHue VICTUHEL.



BBenenue

WUnes o cyuiecTBOBaHHUM TIa3000pa3Horo 3¢upa BO3HUKIA U3
€CTCCTBECHHOTO BOMpPOCAa O TOM, YTO HaXOJUTCS MEXAY 3Be3daMU H
OPYTHMH TenaMu DBcCeneHHOM, B TOM YHCIEC MEXAYy AaroMaMH,
3JIEKTPOHAMH, IIPOoTOHaMu. ECIM MEXITy HUMH HUYEr0 HET, TOJHKO
IIyCTOE TIPOCTPAHCTBO, TO O€3 OTBETAa OCTAIOTCS BOIIPOCH], KaK depes
IIyCTOTY OT OJHOTO Tejla K APYroMy IIEPEHArOTCA CHIbI BCEMHUPHOIO
TATOTCHUS, JICKTPOMArHUTHBIC CHUIIBI, BOJIHOBHIE SIBIICHUS, HarpeB H
TaK gajee.

Mg N1eTKO MOXEM MNpeJCcTaBHTh cede, KaK TelI0 10 HHEPLHH
MPOJIETAET 4YEpe3 IIyCTO€ MPOCTPAHCTBO M 3aTEM, COMNPHUKACA’ICh C
OPYTHM TEJIOM, BO3ACHCTBYET HA HETO C OIPEACTICHHOM CWIOH H
sHeprucit, MoXHO MOHATL H OOBACHHTH, KaK BCE ITEPECUHCIICHHBIE
BO3OCHCTBHA IIEpEHAIOTCA depe3  CIUIOMHYIO OKHUIKYIO  HIH
razoobpasHyo cpexy. OaHak0 K aroMaM »3TOMl Cpedbl MOXHO
IPEALABATH T€ )K€ CaMble BOMIPOCHI H, B IIEPBYIO OUepEdb, a 4TO XKe
HaxoAuTca Mexay HumH. lIpenmonmarars, 4T0 W MEXAY HHMH
CYLIECTBYET Kakaf-ro eme Oonee TOHKasd rasooOpasHas cpena
OeCCMBICIIEHO, TaK KaK 3TOT BOIpOC OyIeT BO3HHKATh CHOBA M CHOBA.
3HAYWUT, HYXKHO TAE-TO OCTAaHOBUTHCA. Ilo-BHAMMOMY, OTCYTCTBHUE
IIyCTOTBI JOJDKHO pacCMaTpUBaTbCAd B CMBICIIE  3arOJHCHHA
IIPOCTPAHCTBA TaKOM HEBUAMMOM XUAKON WIK ra3oo0pa3Hoil cpeaoH,
KOTOPYI0O MOXKHO OMNHUCaTh B KPHUTCpUAX IUIOTHOCTH, HOaBIICHUSA,
TEMIIEPATYPhI, CKOPOCTH M YEPE3 KOTOPYIO IEPEAAIOTCA BO3MYILICHHA.

B »3TroM cioydae ImpuM pemeHHWM MHOTHX 3aJavy MOXHO HeE
paccMaTpuBaTh COOCTBEHHYIO CTPYKTYPY 3TOH CpPEIEl, a OIepUpOBATh
TUMU 0000MICHHBIMH KpuTepusMH. VIMEHHO M3 3THX COOOpakeHHit
MOSIBUJIOCH IIPELICTABICHHE O TOM, YTO BCE MHPOBOE IIPOCTPAHCTBO
MEXIy TE€IaMH OT OrPOMHBIX KOCMHYECKHX OOBEKTOB OO aTOMOB H
COCTaBJIMIOIIMX €ro DSJIEMEHTOB 3allOIHEHO O(QHPHBIM Ta30oM.
OdupHBIA ra3, XOTA H COCTOMT H3 OSCKOHEYHO MAaJIbIX aTOMOB,
HaXOJAIIMXCA B HEMPEPLIBHOM IBHXXEHHH, HO B CIJIy 3HAYUTEIIHLHOM
KOHLICHTPalUMH WX B JIOOOM CKOJIb YIOJAHO MajloM O0BEME MOXKET
paccMaTpUBaThCA Kak CIUIOIIHAS Cpela. JTa cpela B elfe Oonbliei
MCpe, 4YeM OOmdHbIE Tra3bl, objagaer CHOCOOHOCTBHIO K
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CaMOOPraHH3alivy B BUAES Pa3IHYHBIX BUXPEBBIX CTPYKTYP, KOTOPHIC U
BRICTYTIZIOT B POJIM MaT€pHAJIbHBIX TEIL.

EcrecTBEHHO, YTO MaTepHAIBHBIC TEIa B3aUMOJCHCTBYIOT APYT C
OPYroM He TOJIbKO IPH HEMOCPEACTBEHHBIX CTOJKHOBEHHSIX, HO U HA
pacCTOSHUM 4Yepe3 Mojie 3QupHOro rasa, Tak Kak depe3 noje 3dupa
PacpoCTPAHAIOTCH CUWIbHBIC M Cla0ble BO3MYILCHHSA, BHI3bIBAEMBIE
temamu. MccneqoBarento ocTaeTcs yCTaHOBHTh 3aKOHOMEPHOCTH STHX
B3aMMOJACHCTBUA M TIIOHATH CTPYKTYPY SJIEMEHTOB Marepuu,
IIOATBEPANB HX pacue€TaMHd H CPAaBHEHISAMH C U3BECTHHIMH B (PH3HKe
3akoHaMH. [Ipu 3TOM MHOrHe M3 STHX 3aKOHOB NpENCTaHyT B Oolee
obuieMm u 60j1ee 0O0OCHOBAHHOM BHJIE.

B kxayecTBe HasBaHMSA CpEAbl, 3alOJHAIOMEH MHPOBOE
IIPOCTPAHCTBO, BMECTO 3(HPHOIO I'a3a MOXKHO OBII0 OBl HCIIOJIB30BATH
TaKHe TCPMUHEI, KaK “‘CHIOBBIC OJIA . VI3BECTHBI 3JIEKTPOMAarHUTHEIE,
TCIUIOBBIC IIONA, IIOJIE CHIIBI TsDKeCTH M aApyrue. Onamako camo
NEePCUMCIICHHE 3THX Ha3BaHMH y»Ke TOBOPUT O TOM, YTO 3TH IOJA
pacCMaTpyBAIOTCS pa3IMIHEIMA 1O cBoei mpupoxe. Camu 51H
HA3BaHHUA HUYETO He N00aB/IAIOT K MOHMMAaHHUIO BHYTPEHHUX CBOMCTB
ITHX TNOJeH U Aake NpuOIM3UTEIBHO HE IIOACKA3bIBAIOT, B KaKOM
HAaIpaBJI€HUM CjeAyeT IIPOBOAMTH HCcienoBaHus. MOkHO TaKxke
HCIIOJIB30BaTh TEPMHUH “Bakyym~ . Ho 3TOT TEpMHH TakKe OI'paHUYECH.
Ot Hero BeeT IIyCTOTOH. YK€ ceidac paccMaTpuUBalOT HECKOJIBKO
pa3HbiX BakyyMoB. OnuH- MeXOy 3Be3/laMH, Ipyroi- BHyTPH aTOMOB,
TPETUH- B COCTAaBE DJJIEMEHTAPHBIX HYacTHL. 1o €CTh 31eChb HET
obofbLIarnero Hadana.

VMeHHO 1O 3TOM IPUYHHE Mbl OCTAHOBWIINCh Ha TEPMHUHE
“aupHBIN Ta3”, TaK KaK Ta30QMHAMHKa SBIACTCA XOpOUIO
pa3paboTaHHON HayKoH H ee pe3yiabTaTaMH MOXHO BOCHOJIb30BATHCH.
B noHATHSX CIUIOIIHOM ra3oo0pa3Hoi cpenbl 0Ka3ajaoCch BO3MOXKHBIM
0000IMTE BCE MPEACTABICHHSA O CHJIOBHIX B3aHMOJECHCTBHUAX MEKITY
MarepHaJIbHBIMH TEIaMH. OTO IO3BOJIMIO, KaK HaM Kaxercsd,
IpUOIU3UTE MeUTy A.DWHIITeHA U pAa APYTUX H3BECTHHIX (PH3NKOB
O €IVHOM IIoJie, 00O00IMaroIIeEM NPHUPOIY BCEMHUPHOIO TATOTCHHSA C
3JICKTPOMArHUTHBIMHU B3aMOACHCTBHUAME U pacIpOCTPAHEHHEM CBETA.

CornacHo uzesMm, pa3sBHBaeMbIM B JTOil KHHre, BCe MHPOBOE
NPOCTPAHCTBO _MEXKAY MATEPHUAJbHBIMH __TEJAMH _ 3AN0JHEHO
3GUPHLIM ra3oM, 00J1aJa10MIKMM 00JbII0OH BHYTPEHHEH JHEPIrHEM.
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Bce MaTepuajnHBIE _Teaa HAaxXoassmmecss B IOJEe 30U

HENpepbLIBHO ero NOriaomaloT. JTOT Nponece SBJAAETCH YCI0BHEM
cymiecTBoBanus Tej. IIpH ero HapyiieHMH TejJa pa3pylialoTcs,
IHOJHOCTBI0 WM YACTHYHO BHOBb IIpeBpalIasich B Y(PMPHLINA ras.
IIpu 3TOM NPONCXOAUT BEYHbIH KPYIOBOPOT MATEPHH N dHEPIAM,

YeM xe otauuaercs 3¢up ot Marepun? IloueMy 3TH IBa OHATHSA
B KHMre pasueincubl? Bems 3hHp MmarepuaneH, T.€. OH CYIIECTBYET
peaabHO BHE 3aBUCHMOCTH OT HAIIErO CO3HAHUs. be3 BHATHOrO OTBETA
Ha 3TOT BOIIPOC HEBO3MOMKHO IIOCTPOUTH paboToCrioCOOHYIO TEOPHIO
achupa.

OTY OTIWYHA 3aKIIOYAIOTCA MPEXAE BCEro B TOM, 4TO I(PHP
NepBUYEH, a MaTEepHAJbHLIC TeJa M _HMX CBOHCTBA BTOPHYHLL
ATOMBI,  3JIEKTPOHBLI, _ NPOTOHBI,  HEHTPOHBLI M APYIHe

JIeMEHTApHbLIE  YacTHHLI __ BellecTBa  IpPeACTaBJAsIOT _ coboil
ABTOHOMHbIC MHMKPOBHXpH u3 3¢upa. IlogaepikanHue TeveHUun

hupa B ITHX BHXPSX HA NPOTS)KEHMH MHJJAHNAPAOB JieT
ofccneunBaercs 60abII0M dHEepruei, 3aKJII0MEHHON B 1MoJIe 3(dupa,
p_epenaveii  vacTh 3TOM 3HEPrMHM BMeECTEe C NOIJIOUMIEHHLIM
Y7QHROM MATEPHAJBLHBIM TEJIaM.

Cuuraercs, 9T0 3(UP MHPOBOr'O IIPOCTPAHCTBA MOMHMO YHEPIrHH
obnamaeT maccoii, HHEpIUeH, KoamudecTBOM ABmxeHud. IloTok a¢upa
NepcaaeT CBOE KOJWUYECTBO JABIDKCHHS MATEpHAIbHBIM TEllaM U
OKa3biBaCT HA HHX CWIOBOEC BO3ICHCTBHE. JPHp, HAXOIAIIMKHCS
BHYTpH Tell, B OTpEIBE OT 3(Upa MHPOBOrO MPOCTPAHCTBA IIPOABIIAET
CBOMCTBA HMHEPIIMM W KOJIMYECTBA JBIKCHHS dYepe3 Maccy Tell,
ITPOTIOPIIMOHANIBHYIO Macce 3(Qupa, E€KECEKYHIHO MOTJIONaeMOI0
TCJIOM.

Macca _TeJ, NO3TOMY, H€ SIBJMETCH MEPOii _ KOJMYECTBA

[IO[J/IONCHHOrO paHee >bdupa, a mnpeacTaBaseT cofoH Mepy
piguMoncivcTeus  3¢pupa BHYTPA  Tea ¢ SGHPOM MHPOBOIro

[IROCTPAHCTRA.
Tcucnuamu 3dupa, BOZHMKAIONIMMH H3-3a IOTJIOMEHHA 3¢upa

TCJIAMH, OOYCIIOBJIICHO BCEMHUPHOE TATOTEHHE H, HMEHHO I[103TOMY,
cuaMM Maccel 3¢Hpa BHE MaTepHAIBLHBIX TEJI HE OABEPKEHbBI JICUCTBUIO
TAIOTCHUA.  BsauMmopeicTBHEe IBIKYHIUXCS JIEMEHTAPHBIX HACTHI
MITCPUM C TIOJIEM 3¢Hpa OObSICHAET “Hyamu3M’ KOPNyCKYJSPHbIX H
BONHOBBLIX  CBo¥icTB d3TMX 4actun. K 3dupy npumeHnMel
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IIPENCTABIICHUSI KUHETUYECKON Teopud ra3oB. Ero Tedenus Moryr
ObITh ONHCaHBI YPaBHCHUAMM Tra3oBOil auHamuku. Bsskocts a¢mHpa
Mana. Bo MHOrHX pemeHusix €0 MOXHO IpeHeOperats. IIpu Manmix
CKOPOCTSX CXXMMaeMOCTBI0 OS(upa TakkKe MOXKHO mpeHebperarTs.
ITosToMy Teuenus aupa MoryT ORITh ONIMCAHBI ypaBHEeHHEM Jlammaca.
Cocrosinue TedeHHE »d(Qupa XapaKTEepH3yeTcs CKOPOCTBIO, ILIOT-
HOCTBIO, JaBleHHEM, Temmneparypoil. UYepes mone 3dupa
PaclpoCTPaHsIIOTCS CBET, C1a0bI€ U CUIIBHBIC BO3MYIICHHUS.

HaHHass kHHra o0000mIacT B €AMHYIO TEOpHIO 5Spupa HIew,
BHICKa3aHHbIE B MoHorpagusx astopa “TaduHel Mex3Be3gHoro
apupa”[1] u “Opupoaunamuxa Beenennoit’’ [2]. B ueit cobpansl Bce
MaTEpHaIbl HANIMX pa3paboTOK, onucaHHEIe B [1 ¥ 2] ¥ BelACpKABIIME
IpoBepPKY BpeMmeHeM. C(Ceidac HEKOTOpble IPOOJEMEI MEI CTaIH
[IOHHMATh JIy4ONI€ H IOCTApATMCh BHECTH COOTBETCTBYIOIIHME
KOPPEKTHBB! B JaHHYIO KHUTY.

B Tteopum omnpencneHsl OCHOBHBIE CBOHCTBA H IMapaMeTphl
3(MpHOro rasa, BCKpPhITa MPHPOJA BCEMUPHOIO TATOTEHHSA, ITOKA3aHa
CBS3b DIEKTPOCTATUYESCKUX SMBIEHUM € TEUEHHMAMH S(QHUpPHOro rasa,
IIPEIIOKEHB! 3DUPOIUHAMUICCKUE MOJENIH JJIEMEHTAPHBIX YaCTHII
MaTepu M npocremux aromoB. IIokasaHo, YTO BHYTPHATOMHEIC
CIUJIBI TaKXX€ O0YCIIOBJICHBI TCUEHUAMH dHpa.

B kHUTE IHUPOKO NPOWLIIOCTPHUPOBAHBI BO3MOXHOCTH, KOTOPBIC
npelcTaBiIfeT Teopus 3dupa M UCCIECAOBAHUA PasIMIHBIX IIpobieM
MHpoO3JaHusA. B HeH OpPEemIOKEHBI CBOM  DPEIICHUS  psAda
MHEPOBO33pECHYECKMX IIPoOJeM acTPOHOMHUH, TaKHMX, Kak mpoOiieMel
KpacHOI'0 CMCULICHHS B CHEKTpax “JajeKux TrallakTHK , “‘boijbumoro
B3phIBA”, HEWTPOHHBIX 3Be3d H “UepHBIX JbIp”, IHEPIETHKU
B3PEIBAIOIMXCA KOCMHYECKHX OOBEKTOB, CTPOCHUA CHUPaIbHBIX
rajakTuk ¥ psga gpyrux. IlokaszaHo, dYTO HPOTHBOpEYHI B
HCTOJIKOBAHMY ONTHYECKHX ONBITOB Maiikenscona, Ou3o U sBICHMS
3BE3HON abeppamuu, JICKABIIMX B OCHOBE Kpu3nca (PU3UKM KOHIA
IeBATHAAUATOr0-Hadaia OBalaTOrO BEKOB, MOTYT OBITh COITIaCOBAHBI
MeXOy coboii 6e3 TeopnM OTHOCHUTENbHOCTH A.JiHmreiiHa. C
IO3UIIMH TeopuHn >hupa OOBICHEHBI TAKKE IpyrHe IOCTHKECHMS
TEOPHH OTHOCUTEIBHOCTHM M HAaloOJHEHa (PH3HYECKMM CMBICIOM
nompaBka Jlopenna. Ilokaszano, dYTO OHa OTpaxaeT BIUSHHE
CIKHUMAEMOCTH 3(PUPHOTO ra3a mpH OKOJIOCBETOBBIX CKOPOCTSX.

9



Mu He craBUIHM CBOS€M 3ajjad€d MpPOBOAMTH  aHAJIH3
CYIIECTBYIOLIE!N JUTEpaTypel MO AaHHOH TemaTtuke. B OonbIIMHCTBE
AOCTYIIHEIX HaM KHWAT M CTaTe#l 93TOro HAIPaBJICHUS aBTOPHI
OrpaHUYMBAIOTCS JIUIOb KAYECTBCHHBIMH pPaCCyXICHUSIMH 0€3
KOJIMYECTBEHHBIX IIPOBEPOK CBOMX YMO3AKIIOUYCHHM, U II0 ITOH
IpU4YHHE 31E€Ch TPYAHO 4TO-IUbO0 00Cyxmarh. Hambomnee cepnhe3nbie
paboTEl 3TOr0 HamNpaBiCHUA IMPOAHATU3UPOBAHEI HAMHU M HAIUTH CBOE
OTPa’XKHUE B COOTBECTCTBYIOIIUX IIaBaXx.

MsI B CBOCH KHHT€ CTPEMIINCh K TOMY, YTOOEI OOJIBIIMHCTBO
HaIllUX BBIBOJOB IOATBEPKIAIUCh CPAaBHEHMSMH C HMEIOIMMUCS
IKCHCPUMEHTAILHEIMI H HAaOIIOAATENHHEIMH JJAHHBIMH U MOIJIM OBITH
IIEpENpPOBEPEHBl. IJTO, KOHEYHO, 3aTPyOHHT UYTEHUE KHUTH, HO
IOKaXXET YUTATEIIO CEPHE3HOCTh IOTYICHHBIX Pe3yIsTaToB. LIeHHOCTD
TIpeasiaraeMoil Teopuu 3(upa 3aKI09aeTCs B TOM, 9TO OHA C €IMHBIX
IO3MIMN II03BOJIMIA IIOJYYHUTb HMHTEPECHBIE pPe3ylabTarhl B TaKMX
pa3IMYHBEIX pa3fenaax HayKH, KaK Teopus TIpaBUTAUM, TCOPHA
3NEKTPOMArHUTHEIX MOJIEH, aCTPOHOMHUS, TEOPHS CBETA M SBJICHMS
MHUKPOMHUDPA.

Pesynbrarel rnas 27,28,30,31,32,33,34,38,40,41,42 myOnukyrorcs
BrepBele. [nmaBel 4 m 12 cymecrBeHHo popaboranel. ['nasa 44
u3llaraeTca mupe, 4eM B [2] W COmEpKWUT HaAmM JanbHeilInue
pa3paboTKu mpobieM KBaHTOBOM MEXaHMKHU O€3 IPHBICYCHUS TCOPUH

a¢upa.

1. Pazin4yus B MOHATHAX MACC MATepUAJIbHBIX TeJl
1 3¢upa. Poct Macchl TeJI BCJICACTBHH IPHTOKA
3()UPHOro rasa

Muorune Tena BcesleHHOHM, TakHe, KaKk 3BE3bI, IUIAHETHI U JAXKE
aTOMBI, H3 KOTODBIX COCTOAT B KOHEYHOM CUETE BCE Apyrue Teia,
nmeror chepudeckyio dopmy. IlosroMy paccMoTpuM oOTEKaHue
MaTEpPHANbHOTO IIapa, HAXOMAMIErocsl B  CIIOKOMHOM  Y(Hpe.
CnocoOHOCT, TEn Imorjomarsk 3J(QUPHBIA Tra3 OXapakTepH3yeM
BEJIMYMHOA YIEIBHOTO pacXxola MacCchl OJ(HPHOro rasa dYepes
IIOBEPXHOCTH I1apa B €AHHHUITY BPEMEHH :

q=dm,/dt (1.1)
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rae dme- aneMeHTapHas mMacca 3¢pupa, IOCTyNaIas BHyTPh IIapa 3a
eMeHTapHoe BpeMa dt.

B cwiy HeEpaspeIBHOCTM TEYEHHMs BHE INapa M CHUMMETPHU
OTHOCHUTEIBHO €TI0 IIEHTpa MOXXHO 3aIHcaTh, 4TO CKOPOCTH (B
chepumueckoii cucteMe koopamHaT) Ve=V..=0 B 9TO yZHEIbHBIH
MacCCOBEIHA pacxof Yepe3 cheprudecKyro IIOBEPXHOCTh paauyca r OyIer

q=-41't 1'2peVres (12)
Iae p. - IWIOTHOCTh 3QupHoro raza. B paHHO# raBe IJIOTHOCTH P
CUMTAETCSA BEJIMYHHOM IIOCTOSHHOW, TaK Kak pajHalbHas CKOPOCTHb
TCYCHUS V,, Maja II0 CPaBHEHUIO CO CKOPOCTBIO pPacnpOCTpaHCHUS
cl1a0BIX BO3MYIIEHHA, GIM3KHX K CKOpOCTH cBeTa B mycrore C=3-10"
cM/c. Y3 mocieaHero BEIpaKECHHA HMEEM

Ve =-q/4npe’, (1.3)
3HaK “MHHYC” IIOKa3BIBA€T, YTO CKOPOCTb V.. HAaIlpaBleHa K IEHTPY
C()epUUECKOro Tela. ITO TEUCHUE UMEET IIOTEHITHAT CKOPOCTEH .

CdopmynupoBaB BEHIIEC 3aKOH HEIIPEPBIBHOT'O MOTJIOMICHUA 3(drpa
MaTE€pHaJILHEIMM TeJIaMH Kak CIIoco0 MX CyIecTBOBaHUA, HEOOXOAMMO
pa3o0paTbCa B OCHOBHBIX, BHITCKAIOIINX U3 3TOrO 3aKOHA CIICICTBUAX.
B nepsyio ouepenb 3TO OTHOCHTCS K CaMHM MOHATHAM  MAacChl
MaTepHalbHbIX Ten BceeneHHol M Maccel 3(HpHOro rasa, a Takxe K
COOTHONICHUIO MEXIY MaccaMy TEI M MacCOM MOIJIOIAEMOr0 3TUMH
TeJIaMH 3()HUPHOTOo rasa.

OueBuaHO, 9YTO YHOEIbHBIH MaccoBOM  pacxonx 3(HpPHOro rasa
00yCIOBIIEH BEIMYHMHONM MacChl m MOTJIONIAIOMIET0 MaTEPHAIBHOTO
TeJIa Y, CIeI0BATEIHHO, MPSIMO MPOIIOPIIMOHATICH 3TOM Macce :

q=dmy/dt= am. (1.4)

Bribop xoadduimenTa yaensHoro pacxoaa o IpeincTaBiIseT He
TOJIBKO TEXHWYECKMH, HO M MHPOBO33peHYeCcKMii HHTepec. Cpenm
PAcCCMOTPEHHBIX BapHAaHTOB €ro 3HA4CHHil TONBLKO 3HaueHue o=1c”
[I0O3BOJIMNIO CBSI3aTh BOEJMHO BCE PACCMaTPHUBAEMBIE B ITOCIIEAYIOLIMX
paszenax npobiaemsl. Ilpu TakoMm 3HadeHMHM K03 HUIMEHTa O Macca
TENa ABIIETCA MEPOH €ro MHEPLMH U COXpaHSET BCE NMPHUCYNIHE €U
M3BECTHEIEC CBOHCTBA.

B naanHelllieM He CAEAYeT OTOXKIECTBIATH NMOHATHH “MAaCChI
Te” H “macchl 3¢upHoro rasza”. Macca sagupa obnagaer uuepiuet,
KOJIMYCCTBOM [IBIDKCHMSA BO B3aMMOACHCTBAM CO BCEM IIOJIEM
MHpOBOro 3¢upa. O¢up, HOrJIOMEHHBIN TenaMH, YBEIHIUBACT HX
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Maccy, IMPOABIAA B NaJbHEWMIIEM CBONMCTBA HHCPIHMHM H KOJIHYECTBA
IBIDKEHMS dYepe3 Maccy 3Tux Teln. Macca Ten, Kak MBI BUJIEIH,
IIPOIIOPIMOHANIbEHA Macce dHpa, eXKECEKYHIHO OTJIOMaeMoi TellaMH,
¥, CJIE€HOBATEIbHO, MPOSBIAET cebfA Tak ke, xak cBOOOIHEIN 3¢up,
yepe3 B3aMMOJICHCTBHE ¢ ImOJieM MupoBoro 3dupa. OmgHako 3TO
B3aHMOJIEHCTBHUE Y TeJ Ooliee CIOXKHOE, 4eM y cBoOoaHOTrO adhupa.

He packpsiBas 37ech MeXaHu3M mpeoOpa3oBaHUA NOCTYMNAIOMIETO
BHYTPh MAaCCHBHBIX Te€JI 3(QHPHOrO ra3a B MacCy CaMHX Tell,
IPEIIOI0XKHUM, YTO CKOPOCTH IIOCTYIUIEHHMA >(pHUpa BHYTPH JIHOOOro
TeJla, HE3aBHCHMMO OT €ro XHMHYECKOr0 COCTaBa H (DH3HUECKOTO
COCTOSHHUSA, IPSAMO IIPONOPLIMOHAIEHA CKOPOCTH 00pa3oBaHMs HOBOIM
MAacCCHI Tena:

dm,/dt = kdm/dt, (1.5)
rae k -xoaddmumenT ckopocti obpazoBanusa Maccel. Ilom Maccamm
BEILIECTBEHHBIX TEJ Mbl IIOHUMAaEM HE KOJIMYECTBO CKIIAIUPOBAHHOTO B
HUX 3¢upa, a uX cnoco6HOCTE MOraomarh 3QUp. 3aMEHHM JIEBYIO
4JacTh 3TOr'0 YpaBHEHMS ¢ moMoIbio (1.4) Ha am.

am «
=== 1.6
a kT (1.6)

Benmuunna o/k ouens Mana. Onpenenum ee nosxe. [Ipounrerpuponas
3TO YpaBHEHHUE, OTYIHUM 3aKOH H3MEHEHHS MacChl T€JIa OT BPEMEHH
m = m, e*, (1.7)
Benuuauza m, ABIAETCS Maccod TEIa B MOMEHT BpeMeHHu t=0, T.e .Ha
Hadano orcuerta BpeMeHn. C yderom BrepaxeHnit (1.3) m (1.4)
pamManbHas CKOpPOocTh A3upa 15O HampaBiICHUI0O K  LEHTPY
ceprIeCKOr0 MAaCCHBHOTO T€JIa 3AITUIIETCS B BHJIE
Ve =-am/4mper?>. (1.8)

2. 3aK0H BCEMHPHOI0 TATOTEHHA.
IL1oTHOCTS 3dupa

OO6patuMcs K 3aKkOHY BceMupHoro taroreHus Herotona. H. Heio-
TOH HE Hal TEOPETHYESCKOI0 OOOCHOBAaHWSA IpaBHTALUM, HE HaIIeN
(GU3UIECKON MPUYMHBI €€ BOSHMKHOBCHHMA H HE BCKPBUI MEXaHU3M eé
neicreui. B cBoux “Hauanax’ oH OrpaHHYMICA CIIOBAMH: “‘THIIOTE3 HE
W3MBIIILIAIO . Onuako TaKHe IIONBITKH HEOJHOKPATHO
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OpSANPHHUMAINCE HA IPOTSDKEHHH CTOJIETHH MHOTMMH YYCHBIMH
[24]. H3BectHO Oonee 25 paboT, B OCHOBE KOTOPHIX JIEXKAT
npencrasieHus 06 acdupe. I'1aBHEIe Haen 3THX pabOT CBOAATCA K TPEM
ocHOBHEIM. IlepBas paccmarpuBaer TATOTEHUE KaK pPe3ynbTar
pPacIpOCTpaHEeHHs ITyJbcaluii aToMOB depe3 d¢pup. Bropas - kak
IIPOABJICHHE CHJI MEXKIY “HCTOYHUKAMU H “cToxaMu’ 3dupa. TpeThs -
KaK ciiecTBHe OoMOapAMPOBKY MaTEepPHAILHBIX TEJ YaCTHIIAMH 3(Hpa.
Bce 3tH paboThl He JIMIICHHI BHYTPEHHHX HPOTHBOPEYHH, YTO H
00yCIIOBHIIO HX HEIIPUATHE.

[Ipobnema odensr cnoxua. Jlaxe moHMMaHMe TepMHHA ‘‘CHIa
BCEMHPHOI'O TATOTEHHA HE€ SABIAETCA OFHO3HAYHBIM. J10.1915 roma
3TOT BOMPOC U3TATrajICA JOCTATOYHO aKkKypaTHO. Ilogy€pkuBanocs, 4To
BCE YaCTH CYIIECTBYIOMIEl B MUpE MaTE€pPHH, HACKOJIBKO OHM JIOCTYII-
HHl HamieMy HaOMIoeHMIo, MPOSBIAIOT 0co00ro poja kaxymeecs
B3aMMOZEHCTBHE. DTO B3aHMOIEHCTBHE 3aKIIIOYAETCA B TOM, UTO ABE
MacChl M; ¥ My IPOU3BOIBHONH GOPMBI M OTCTOSLINE APYT OT APYyTa HA
PacCTOSHUM T, HAMHOTO TNPEBBHIMIAIONIEM HX COOCTBEHHBIE pa3sMEpEHI,
BEI3BIBAIOT MPOSBICHUE 0CO00M CIUIBI, AEHCTBYIOIEH HA 3TH MAacCCHL.
[TpHieM 3TH CHIIBI CTPEMATCS COMM3BUTE MX MEXAY CO0O.

C 4HCTO BHEMIHEH CTOPOHB! SBJICHHE MPEACTaBALETCA TaKUM, Kak
ecau OBl U3 KaXA0M MacChl MCXOAWIA CIWIA, IEHCTBYIOMAs! HA APYTYIO
maccy. Crmenyer, oAHAaKO, TIIOMHHTb, HYTO CJIOBaMH ‘“reja
IIPUTATUBAIOTCA TOJABKO BKpaTne M yI0OHO OIMCBIBACTICA 3TO
sIBJIEHHE. DTO HEIb31 IIOHMMAaTh B OYKBaJIbHOM CMEICITE, O6yaTo Macca
m; aKTHBHO M HEIIOCPEICTBEHHO TSIHET Maccy m; K cedbe ¢ cuioii F. B
JNEUCTBUTEILHOCTH MBI TOJIBKO MOXEM CKa3aTh, YTO IPHUCYTCTBHE
MacChl M; Ha PacCCTOAHHM r 00YyCIIOBIMBaeT BO3HHKHOBEHHE CHIIEI F,
OeHCTByIOmEl Ha Maccy m,. ['paHamo3Hoe pasBuTHe HeOecHOH
MEXaHUKH, LIEJIHKOM OCHOBAaHHOW HA 3aKOHE BCEMHPHOI'O TATOTEHHA
HrpioTOHA, 3aCTaBMII0O CO BpPEMEHEM VYUYE€HBIX 3a0BITh O YHCTO
ONKCATEIPHOM Xapakrepe 3akoHa HbOTOHa W yBHAETP B HEM
akTHBHOEe JanbHOoxewcTBue [7]. HMaes manmpmHOIeHcTBHA emé Oosee
oxperia B koHie XVIII cronerus, korma 0ka3anoch, YTO MarHUTHEIE H
3NEKTPUIECCKUE B3aNMMOAEHCTBHA MOTYT OBITR CBEJEHBI K 3aKOHaM,
aHANOTrM4HEIM 3aK0Hy HbroToHA.

Ongnako emé B mepBoil nonoBuHe XIX cromerus Dapanei,
BEJIMYAUIIINN YKCIIEPHMEHTATOP U Pu3uK-QHUIOoCcO(d, IEpBHIM YKa3all Ha
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Heco0Opa3HOCTh NOMYNICHHS AAIBHOANCHCTBHA, TaKk KaK CUMTAN, YTO
TEJI0 HE MOXeT BO30yXHaTh CHIy TaM, I'le OHO He Haxoxutcs. OH
CHELHMAIBLHO O0paTHIICA K MarHUTHBIM H JJIEKTPMYECKUM SABJICHHSIM H
yKasaj, 9T0 B 3THX SBJICHHSAX [VIABHYIO POJIb UIPAET MIPOMEXKYTOUHAS
cpeda, 3aloJHAIOIIAA MPOCTPAHCTBO MEXAY Teinamu. [lo3ke ombITEHI
Il'epa pokaszanu crpaBeQIMBOCTh OCHOBHBIX B3ViAoB Dapajaes Ha
pOIIb MPOMEXKYTOUHOH Cpenbl B YIOMAHYTHIX fABIeHMAX. OmxHaKo
HUKOMY JO CHX TIIOp HE YJalnoch cO31aTk Oe3ynpeuHyio
MATEMaTHYECKYI0 MOZENbL TAaKoM Cpedsl I OOBACHEHUS CHJIBI
BCEMHUPHOTO TATOTECHMUA.

Bonpoc 0 BceMHpHOM TATOTEHHH IIPUHSI APYroi Xapakrep, Koraa
Oianiteitd B 1915 roay co3gan oy Teopuo OTHOCUTEIBHOCTU H,
II0 CYTH, 3aMCHWJ ITOHATHE CHIbI IIPUTSHKCHWSA MOHATHEM KPUBHU3HEI
IIPOCTPAaHCTBA - BPEMEHH OKOJIO MAaCCHBHBIX Tell. Pemienue, xoTopoe
nan OWHIUTEHH, HelIb3d Ha3BaThb fACHBIM C (PH3MYECKON CTOPOHBEIL.
Cxopee, 370 GOopMaAIBHOE PEIIEHHE, BEITCKAIONIEE H3 MaTeMaTHIECKOH
TEOpHH, B KOTOpoil (pu3udeckue NPeanoCkUIKH U OCHOBBI MOT'YT OLITH
yKa3aHsI ¢ 60JbIINM TPYIOM.

B panHOM paboTe Ipemiaraercsi HOBOE peIlIeHHe MNpodIeMBl
rpaBUTAIAd HA OCHOBaHHM >QUPOIUHAMHYECKOH MoAenad. YUToOn:
IIOHATH MEXaHHU3M JIECHCTBHA IPaBUTAIIMH, MBICIIEHHO [IOMECTHM B NOJIE
TEUCHHUSI OKOJIO MACCHBHOIO Tejla ¢ yACIBHBIM MAacCOBBIM PacxoIoM
3¢pupa q; APYroe TEJIO0 MEHBIIMX Pa3MEPOB CO CBOMM YAEIbHEIM
pacxonoM ( . IlpeamnonaraeM, 9T0 paccTossHME MEKIY LICHTPaMHU TeJl
(mmapoB) HamuHoro Oosbime paguyca Maimoro Tena. ClemoBaTelBHO,
MOXHO CYUTaTh, YTO HA MAJO€ TeJI0 HaberaeT paBHOMEPHBIH TOTOK C
IIOCTOSIHHOM CKOPOCTBIO, HAITPABJIEHHOH K LEHTpY O0mbmoro Tena

\ Viel=qi/4mpr” . 2.1)
B »toit ¢opmyne 3HaK “MHHYC” ONyIIEH, Tak KakK- HallpaBJICHHE
TE€YCHUS K LIEHTpY OOIBIIOro Tejla OroBOpeHo cioBamu. Macca a¢upa,

€XKECEeKyHIHO IOITIOMAEMOT0 MAalbiM TeIOM (,dl, TepSeT CBOIO

CKOpOCTb Vy. B pesynsrare mnossisercs ummyinsc cuisl F, dt,

ONpPEnECNACMbIii H3MEHCHHEM KOJIMYECTBA IOBHDKEHMSA OSTOH MacChl
Vieiqz dt u npunoxeHusid k 3¢upy. C Takoii ke cunoi MOTOK 3¢Hupa
OEHUCTBYET HA MAJIOE TEJIO

F= (a1 @)/(4mper’). (2.2)
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3aMeHHM YACNBHBIE PacXoAsl (; H ¢z ¢ moMombsio dopmyisl (1.4)
Ha MaCChl MaJIoro u 60JIBIIOTO Tel
F=a’(m; m,)/(4nper). (2.3)
AHaJOTUYHEIE PACCYy)XKACHHMA MOXHO IIPOBECTH B OTHOIICHUH
CHJIOBOTO BO3IeHCTBHA MaJloro Tejla Ha Oonpmioe, TaKk Kak B
IIOTCHIMAIGHOM IIOTOKE, OIHMCHIBAEMOM YypaBHeHHeM Jlamnaca,
OPHMEHUM IPHHLMII HAJIOXKEHHS IOTOKOB. TakuM o0pasoMm,
BEIpakeHHEe (2.3) ompenmenser CcuiIy, C KOTOpOH Kaxzmoe w3
paccMaTpUBAaEMBIX Tell Yepe3 MPOMEKYTOUHYIO cpeny 3(UpHOro rasa
BO3JeHCTBYeT Ha Jpyroe. BelBox chnpaBeqiuB miIi Jo0oro 4ucia
MaTepHaJbHEIX Tel. COIOCTAaBIISS IIONYYCHHYIO q)opMyJIy C 3aKOHOM
BCEMHUPHOTO TAroTeHus HpioTona:
F=f(m m) r*, (2.4)
B KOTOPOM  TOCTOSHHas  Tarotemms  1=6.7-10"cm’/(r-c*)=
6,7-10" "Hm?/xr* , nMeeM (opMyiTy CBS3H

f = o*/(4np,). (2.5)
OTCIOga MOKEM ONPEAECIMTD IJIOTHOCTD SQHQHOI‘O ra3a.
pe= a’/4nf = 1.19-10°r/cm’ = 1,19-10°kr/™’. (2.6)

IInorHOCTE 3QHPHOrO rasa okasagach OYEHh OONBIION, YTO
NPOTHBOPEUYUT YCTAaHOBHBIIEMYCS MpecTaBiIeHHI0 00 3¢dupe, KaK o
4€M-T0O HeBecoMoM H OecrenecHoM. IloxXamyit, HMEHHO 31€Ch
HaxonuTcA Hambojee TPyaHO MOHHMAaeMas 4acTh Teopum 3¢upa. B
CBA3H C 3THM CJEAyeT IIOMHHTh, YTO IUIOTHOCTh 3(Hpa HEIb3S
OTOXKIECTBJIATh C IUIOTHOCTBIO TeJ, TaKk KaKk caM MHpOBOi >Qup B
OOBIYHOM COCTOSAHHMHM He 00i1azaeT CBOMCTBOM Tell IIorjoumiatrh 3QHpP.
Henp3s oToXaeCTBIATH OONBIIYIO INIOTHOCTH 3(Hpa ¢ CyObeKTUBHBIM,
MO/ICO3HATENBHEIM NPEACTABICHAEM O 3aTPYIHEHHOM MPOABIDKEHAH
TEJI 4depes IIOTHYIO cpeny. CornacHo napajokxcy AJlaM6epa-9m1epa
Tejla, ABIDKYILMECSA Yepe3 CIUIONIHYIO HEBAZKYIO Cpely ¢ NOCTOSHHOM
CKOPOCTBIO, HE UCTIBITRIBAIOT COIPOTHUBIICHNUS CBOEMY JIBIKCHMIO.

O¢up Henb3a HabpaTh WM yaanuTh U3 Kakoi-nmudo émxoctu. OH
3aII0JIHAET BCE IPOCTPAHCTBO M JIETKO NPOHU3BIBAET MAaTCPHAIBHBIC
Tela. YUWUThIBasA, YTO HMEHHO 3(Hp CO3MaéT CHIy HHEPILHHA TpH
YCKOPEHHOM IBHXEHWH TENl M CHIIY TDKECTH (PUTDHKEHUA), MOXHO
IIOHATH, YTO OH HE MOXET OBITh MO3THUECKH OECTENECHBIM, a JOJIKEH
HMETh OONBLIYI0 IUIOTHOCTh M HHEPUHOHHOCTb. Bo3Bpamasich k
BOIIPOCY O TOM, OIIYINAET JIH KaXIBIA YEJOBEK CHIIOBOE BO3ICHCTBHE
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3¢Hpa, OTBETUM, 4YTO KaXKIABIAH ueaoBeK ollyliaeT Ha cebe 3To
BO3IEHCTBHE B BUIC AABANMICH CHUIIBI TAKECTH, B BHAES CHIIEI HHEPLIHH B
MOMEHTHEI pa3roHa WIM TOPMOXEHHA. Bce Hamm IpUBBIYKH,
YCTPOMCTBA U MEXAHH3MBI (YHKIMOHHPYIOT € YYETOM 3TOTO
Bo3nencTBusA. 1lopo¥, kak MBI 3HaeM, HEAOOLEHKA 3TOT0 IPHUBOIUT K
TParM4eCKUM MOCIEACTBMAM. TOJIBKO OBHIaACh MPSAMOJIMHEHHO C
IIOCTOSSHHOM CKOPOCTBIO, HYENOBEK MOXET Ha BpeMi 3a0nTh O
CYIIECTBOBAHHUH 3(Hpa.
N3 dopmyn (2.1) u (2.3) cnenyer, YTO YCKOPEHHE CHIIBI TSKECTH
BEIPA3UTCS 3aBUCHMOCTBIO
2 .
g=aV, =——=L=f"1 2.7)

drp, r’ r?

YcKkopeHne CHIBl TSOKECTH HE 3aBHCHT OT [IBIDKEHHMSA Tela C
IIOCTOSSHHOM CKOpPOCThIO. I paBHTAI[HOHHAS CHWIA MNPHTDKEHUSA C
ydaeToM (2.5) MoxkeT OBITh 3alIHCaHa B BHJIC

Fr=mg=maVre (28)

3. KoagduuuenT ckopocTH 06pa3oBaHusi Macchl.
O BexoBOM yckopenuu JIyHbI

Urobel onpenenuTs K03QPHUHEHT CKOPOCTH 0Opa30BaHUs MAacChl
k, oOpaTuMCA K- ABICHHIO BEKOBOro yckopeuud JIyHel. 3BecTHO, 4TO
CpeAH MHOXXECTBa HEOECHBIX [ABMJKEHWHM, KOTOPBIE€  IOJIHOCTHIO
COOTBETCTBYIOT (popMysaM HeOECHON MEXaHHKH, HMeEETCSI HECKOJIBKO
CIy4acB HECOBMAJECHHMA MEXKIy HaOMoJaeMbIMH H BEIYHCICHHBIMHA
OBIOKCHUAMH CBeTWI. OIHHM M3 TakuX HEOOBACHEHHBIX HayKOU
ABJIEHUHA SBIAETCA TAK HA3BIBACMOE BEKOBOE YCKOpeHHE JIyHBHI.
CpaBHeHne ApeBHHX HaOmogeHWd Hax 3aTMEHMSAMH C HOBBIMH
0Ka3aJio, YTO B HacTosIee Bpems JIyHa IBIDKeTCa HEMHOTO OrICTpee,
yeM mpexzae. ITo yckopeHue Hesenuko. 3a 100 nmer Jlyma yxomur
BIIEPEN IIPOTHB BEIYHCICHHOrO monoxeHus Ha 10" unu npuMepHO Ha
paccroaune 18,6 kM. ToOapk0 4YacTb 3TOIO0  YCKOPEHUS,
IpuOIU3NTENBHO 6'', 00OBACHASTCA TEOpHMEH TArOTEHMSA, a OCTAIbHAS
a0n4 4’ BLI3RIBA€TCA HEM3BECTHOU MPUIMHOM :

AS100 = 7,45 xm = 0,745 - 10° cm.
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Ilpuauna, 3acrasiaronias JIlyHy peansHO YCKOPATh CBOE OBHIKEHHE II0
opbute Bokpyr 3emin, Osl1a noka3aHa B kKHure [1]. IToxa ke, mojiaras
npubmixéaHo, yro opbura JIyHe wnMeer xpyrosyoo (opmy,
3aIIMCBIBAEM pPABEHCTBO ICHCTBYIOIMIMX HA HEE CHI TATOTCHUS U
LIEHTPOOEIKHON CHJIBI

mV/rym = fm M/,

rae m ¥ M - COOTBETCTBEHHO MacChl JIyHBI H 3eMIH; Iy, - Paguyc
opbutsl JIynsi mpu e€ nBMXKEHMH BOKpYT 3eMiu; f - mocTosHHASA
TArOTeHUs. PaspemuM 3TO pPaBEeHCTBO OTHOCHUTEIBHO OKPYXKHOIM
ckopocTu (opburansHoM) JIyHEI, IpeacTaBUB B HEM Maccy 3eMId C
ITOMONIBIO BeipakeHH (1.7) kax PyHKIHMIO BpEMEHH :

X .
V = M, e w —ﬂu—o(l - —a;t] (3.1
- ot 2k

rae M, - Macca 3emyin Ha MOMEHT Hauaja oTcdéra Bpemenu t=0.
W3 3T0i 3aBUCHMOCTH CIEYET, YTO ¢ TEICHUEM BPEMEHH CKOPOCTh V
IOJDKHA BO3pacTaTh, 4ToOsl JIyHa ylepxuBaiack Ha cBoel opbure. C
yueroM (3.1) npupamienue nyru JIyHE npu €€ ABHXEHHU IO opbuTe,
BEI3BAHHOE POCTOM CKOPOCTH, 3aITHIIEM B BHJE !

AS =19 fMOtZ.
4k\r,

op

Jlna  Mo=5,98-10""r, Topy=3,844-10"%Mm, t=100mer=3,15-10°,
IOJTy4acM .
AS106=2,52-10%.a/k c™ ; (3.2)
AQ =AS100/Teps=0,655-10"-a/k pan.

N3-3a 6mm3octn JIynel Kk 3emiie B €€ OBIOKCHHHM 3aMETHRI TaKHe
OTKJIOHEHHMS, KOTOPHIE YCKOJIB3al0T Ipu HabmoaeHmsx 3a Oomee
OanéKuMM CBETHIAMH. YUMTHIBAsA HAmEXKHOCTH JAHHBIX II0 JBIDKCHHIO
JIyHBI, HCIIONB3yeM COOTHOIIEHHE (3.2) A7A ompeAesIeHHs OTHOIICHUS
o/k 1 ko3 dunmenta ckopocTr 06pazoBaHus Maccel k :

ok = 2,97 .10 " 1/c, (3.3)
k=3,36 -10" (3.4)

[Ipn mony4eHHBIX 3HaueHMsAX BenmuuH o/k um k maccel Ten
BcenenHo#t AOMKHBI OyayT BO3pacTaTh CO BpPEMEHEM Tak, Kak
moKa3aHo B Tabi.3.1.
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Bo3pactanme macc 3emiM M Ipyrux Ten BceeneHHOH ROMXKHO
HHTEPECOBATh Te€OJIOTOB H acTpodmu3ukoB. OHH AHUCKYTHUPYIOT O
pacmmpsromeiics 3emie, O BO3PAaCTaHHMH CHJIBI TSDKECTH Ha €€
IOBEPXHOCTH, MBITAIOTCS MNPOTHO3HPOBATH 3EMIICTPSACEHHMS, a TaKKe
UIOIYT OTBET Ha BOIPOC, OTKyHda Oepérca Macca, obecreduBaromias
BEIOPOC OrPOMHBIX KOJIMYECTB MATEpHH B BHIAC LEJIBIX 3BE3NHBIX
CKOIUIEHHH M3 B3PBIBAIOIIUXCA SAJAEP TAJAKTHK. 3Ta TEOPHUS MOJXXET
IIOMOYb HANTH KOJIMYESCTBEHHEIE OTBETHI HA 3TH H APYTHUE BOIIPOCHI.

Tabmuma 3.1

IlonyTHO 3ameTHM, 4YTO IIOJIYyYEHHOE 3HadeHHME Ko3(duiueHTa
CKOpPOCTH 00pa3oBaHusa MacChl Kk IO3BONSAET B3ISAHYTH APYTHMH
IJla3aMH Ha IUIOTHOCThL 3@upa. /leqo B TOM, YTO IIPHUBBIYHOE AJIA
4YEJIOBEKa ITOHSATHE IUIOTHOCTH TIOApa3yMEeBaeT OTHOMIEHHE MAaCChHI
BelllecTBa K 00BEMY, 3aKiiodaromeMy B cebe 370 BemecTBo. B To ke
BpeMs u3 (1.5) cnenyeT, 9T0 KoadhduuuenT kK MOXKHO TPaKTOBaTh Kak
HEKOTOpHIN NepeBoAHON K03 UIMEHT MacCl 3¢upa B Maccy Tel. To
€CTh €r0 MOXHO pacCMaTpuBaTh KaKk OTHOIICHHE MAacCh 3(upa K
Macce BEMIECTBA, Ha CO3MAHHE KOTOPOM MHOIIEN BECh IMOIIOUICHHBIHN
a¢pup. IlosTomy, ompenensii ILIOTHOCT, 3QHpa B NPHUBBIYHBIX
KaTeropuix IUIOTHOCTH BENIECTBAa, MOXKHO CYWUTATh, YTO IUIOTHOCTB
3(¢upa IpeacTaBIIeT CO00H BETMIHHY

Pe =pe/k=3,54-10"%r/cm>=3,54-10"kr/™°. (3.5)

Ecmn jk¢ MBI XOTHM ¢ NOMOMBIO KOIQQHIHEHTa CKOPOCTH
o0pa3oBanust Macchl k mepecuMTaTh MacChl MATEPHANBHBIX TEI M,

B MacCHl M by, BHPAKEHHEIE B ¢IWHALAX, CBA3AHHBIX C TUIOTHOCTHIO
a¢upa, TO ciaeayer oOparureecs k  Belpaxenumro  (1.5).
[IpoHHTETpHPOBaB 3TO BHIPAKEHHE U IOJOXHB  KOHCTAHTY
MHTEPUPOBAaHNA PABHOH HYIIO, TIOYYUM HCKOMOE COOTHOIIEHHE

Mg, = Moz K (3.6)
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4. CujioBoe B3auMoAeHCTBHE 3dupa ¢
MaTEPHAJbHBIMH TEJIAMH

Bce tena BeeneHHOM ABIDKYTCS HE B IIyCTOTE, a B a¢upe. IloueMy
XKE YEJIOBEYECTBO, YUaCTBYIOLMICE B 3TOM ABHKCHUHU, HE YYBCTBYET M
He 3amedaer dtoro? Jleno 3mech He TOJNBKO B NpPHBBIUKE. Benb
OIMyIIAET K€ J1I000i1 4eTOBEK CHIOBOE BO3ACHCTBIE BETPA WM HAopa
BoAbl. OKa3pIBacTCA, YTO IJIaBHOW NPHUYMHON BO3HMKHOBEHHSA CHIIBL
COIPOTHUBIJIEHHA TEI B IOTOKAX BO3JyXa HJIM BOXBI ABJISETCSH BA3KOCTh
ITUX Cped. Mano Kr0, 3a HCKIIOYSHHUEM CIELMAINCTOR, 3HAET O
mapazokce JI Anambepa-Ditnepa. CornacHo STOMY HapamoKCy Tela,
IBHXKYLIUECH C TIOCTOSHHOH CKOPOCTBIO B ra3000pa3Hod WIH XUIKOH
cpesie mobOON MNOTHOCTH, HO JIHINEHHOW BA3KOCTHU, HE HMCILITHIBAIOT
CONPOTHUBIIEHUS CBOEMY IOBHKCHHIO. MaremaTHdeckoe OKa-
3aTENLCTBO 3TOr0 Mmapagokca BroepBbie Obui0 maHo B 1745 rogy.
Ceitgac ero MOXHO HalTH BO MHOTHMX ydeOHMKax, HarmpuMmep B [15].

Pasnuane B oO6TekaHun Ten OOBIMHBIME ra3aMH H 3QHPOM COCTOHUT
B TOM, YTO T€Ja ABISAIOTCA HEIMPOHUIIAEMBIMH IJI OOBIMHBIX ra30B, HO
JIETKO MNPOHU3BIBAIOTCA 3pmpoM HackBo3b. JI03TOMY CHJIOBOE

Baanmogeﬁc'mne TEJ € SQHEOM CKJIAAAbBIBAECTCH H3 CHJI,

JeMCTBYIOIINX HA KaXIbIM HX aTOM B OTAEJLHOCTH. Slnpo atoma
SBJISETCA OYEHb IUIOTHBIM 00pa30BaHMEM M HE mNpoIlryckaeT 3¢up

CKBO3b CE6S (Prppa=10"° K/’ ).

. OHo oOTexaercs »QPupoM, HO HAa OCHOBAaHHHM IIapamoKca
I’ Anambepa-Oitjiepa HE HCHBITBIBAET COMPOTHBIICHUA JaBICHHSA
cBOeMY IBIXeHHIO. COIPOTHBIIEHHE TPEHHS TAKXE OTCYTCTBYET, Tak
KaKk 3¢QHup, IPaKTHYECKH, JHUIICH BA3KOCTH. OmHaKo sAApa aToMOB
HEOPEephIBHO MOIJIOMIAIOT A(QHpHEIA ra3 U3  OKPYXKAKOMIETO
npoctpaHcTBa. IloaToMy moboe MaTepHalbHOE TEJNO, COCTOSINEe H3
aTOMOB, ABJSAETCS CTOKOM M 3(HupHOro rasa. OT0 BHOCHUT CBOH
KOPPEKTHBEI B CUIIOBOE B3aUMOJEHCTBHE TN C YPHPOM.

Teuenue BHe aToMa SABIAECTCA NOTEHIMANBHBIM (O€3BHXPEBBIM).
ITosToMy pemieHue 3aa4i O CHJIOBOM B3aMMOAEHCTBHH Ten ¢ 3dupoM
MOXKHO TIOJIy9aTh METOAOM HAJIOXKEHHA IMOTEHLHAILHBIX ITOTOKOB 1A
moboro uMcia MaTepPHANBHBIX TE€I. 10 €CTh MOXHO OTHAEIBHO
MCCJIE0BaTh 3adady OOTE€KaHHs TEJI-CTOKOB PAaBHOMEPHBIM ITIOTOKOM

19



‘wpupa ¥ pesyabrar n06aBuTh K nmapanokcy [’ Amambepa-Oiinepa 6e3
Horiomenunsa agupa.

MBI IIPHBBIKJIA OMpENeATh CHIIy HHEPUUH, ACUCTBYIOLIYIO HA
'10J18, C TTOMOIIBIO KJIACCHYSCKON TEOPEMBI HMITYJILCOB

F* dt=—d(m-V) 4.1)
OTKyIa _
Fr=-m@ _am (4.2)
dt dt

OT0 BBIpaXXEHHE OMpEICIACT CWIy HHEpUMH Tena. CoBpeMeHHas
[layKa paccMaTpUBAaeT 3Ty CHWIY KaK HEJYTO, HE MOJUICKAIICe
00BACHEHHIO. J(PuUpoAMHAMHKA  CYHTAET, YTO CHJIA HHEPIUHH
AIBJIAETCA CHJION peaknnu nmojs d¢upa Ha YCKOPeHHOE ABMIKEHHE
Tegaa. IIpy IBHKEHUH Tela ¢ YCKOPEHHEM B moire 3¢upa TeJI0 HOKHO
3aTPAaTHTh SHEPTHIO HA MPEOJOJIeHHE WHEPIMH YaCTHUILl OKpYKaloinei
cpeanl. OTa JHEpPruf COXpaHAETCA B HEH B BHJEC KUHETHYCCKOM
3Heprun. Koraga ckopocTs Tena IOOCTHTaeT NOCTOSHHOM BEJIMYHMHEI U
Oosiee He H3MEHIETCS, JaNbHEHIIAA 3aTpaTa SHEPTUMH NPEKPAILACTCS H
CHJIa COIPOTUBIICHHA Ha OCHOBaHHMH Napanoxca Jlamambepa —Ditnepa
CTAHOBUTCA paBHOH Hymo. B pa3BuUTHE 3TOro IIPEACTaBICHHA O
IPUPOAE CHILI MHEPLHM 3aMEHMM IIPHPOCT MAcChl T€jla BCIEICTBHE
HoryIomeHus 3dupa H3 OKPYKAIOMEro MPOCTPAaHCTBA C TMOMOIIBIO
ypaBHeHuUsA (1.6)

Fro_md _27, 4.3)
dt k

OTa Ccuila BCerAa HampaBiIceHA B CTOPOHY IIPOTHBOIIOIOXHYIO
yckopeHnio. OnHako peakuus moiis 3Qupa Ha JBHXKYLIEECA TEJIO HE
ucuepnsiBacTcs ypaBHeHHeM (4.3). OHO HE YYUTHIBAET CKOPOCTH
TEUEHHSA M HHEPLHUIO CTPyH 3(upa, 0OTEKAIOIMX TENIO. YUET 3TOro
¢akTopa IO3BONMHA HaM OOBACHHUTH (PU3HUECKYIO .TIPUPOAY CHITBI
TsokecTH., CHila TSXKECTH, KaK Mbl BUJIEH, PeaIn3yercd u3-3a TOro, 4To
Macca 3pmpa, €XKECeKYHAHO momiomaeMas TeaoMm q-dt, Tepser CBoio
CKOpOCTh Vi, B pesyasTate ImOABIAETCA HMIYJIBC  CHIIHI,
onpeneseMbli HM3MEHEHHEM KOJHYeCTBa JBIMIKEHHS MacChl M
IIPUIOKEHHOM K 3TOH Macce 3¢upa

Fdt=-q-dt-V, (4.4)
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C rtakoi ke CHIOH IIOTOK 3(Hpa AESUCTBYET HA TEJO, MOIJIOMIAIONIES
3TOT 3(¢up, B MPOTHBOMOJI0XHOM HANpaBICHUH, T.€. B HaNpaBICHUH
cBoero TeueHunsa. HazoBeM e¢ rpaBUTaLIMOHHON CHIIOM

F,=q-V,=a-m-V, (4.5)

B 3TOM BHIpaXX€HMH CKOpPOCTh V., PacCMaTpUBAacICA IMHUpe, YEM B
BeIpaxeHuH (2.8). IT0 yx)e HE TOJIBKO CKOpPOCTh, HAIlpaBJEHHAs K
IIEHTPaM TeJ, HO MPOHM3BOJIBHO HamnpaBjieHHas cKopocTb. Kak Oyzer
IIOKa3aHO IIO3)KE, B IPHPOAE IIMPOKO PACIPOCTPaHEHHBI (HPHEHIE
BHXPH, BHYTPH KOTOPBIX HMEIOT MECTO CKOPOCTH, HalpaBlEHHKIE IO
OKPY>XHOCTSIM BOKPYT' MAaCCHBHBIX Tell. Tak )Xe OyIOyT HampaBJICHBI
CWJIBI, JCHCTBYIOIIHE HA MAaTEpUAIBLHBIE TENa, OKA3aBIINECSd BHYTPH

stux Buxped. MHaue roBops, cujaa F, HanpasjieHa B CTOpPOHY

TCUCHNSA QQHER H_HE 3AaBHCHT OT BCJIHYHMHLI M HAIIpABJCHHSA

CKOPOCTH PABHOMCPHOI'O NBMKCHHMHA TECJI.
TO, YyTO JI9TO TaK, MBI BHJIMM Ha IIpUMEPEC CHIIbBI TKCCTH.

Ilocnennss HampaBlIeHa B CTOPOHY JBIDKEHHUS CTPyH dHpa K LIEHTpaM
Macc TeJI, HO HE 3aBHCHT OT HAIIPaBJICHHS U BEJIUIHHBI CKOPOCTEHN Tell,
HaxXOAAIIVIXCHA B TIOJIE TAXKECTH, KyAa Onl oHM HU aBuramuchk. Her
OpHYUH CYUTATh, YTO B OTHOIIEHHMH IIPOM3BOJIBHO HAIlpaBJICHHBIX
CKOpoOCTeii cTpyit 3pupa 4T0-1H00 H3MEHHTCS.

He3aBHCHMOCT, JTOH CHIIBI, B TOM YHCIIE CHIbl TSKECTH, OT
CKOPOCTH pPaBHOMEPHOTO IBHXXCHHUS Telda OOYCIIOBIIEHA HOBBIM
IIOHAMAaHUEM MacChl MaTE€PHAIBHBIX TEJI, OTCTAHBAEMBIM B JAHHOH
Teoprud. (COrmacHO 3TOM TEOPHHM MAacChl M KOJIWYECTBA JBHKCHUA
MaTCpHANBHBIX TEJI ILETHKOM 3aBHCAT OT OKPYXAIOmIEro HX IMOJA
adupa, BHE KOTOPOro OHH HEMBICIMMBEL. OTO MOJOXKEHHE
[IEPEKIMKACTCS C BHICKA3bIBAHMEM aBCTPHHCKOro (Qm3mka OpHCTa
Maxa o TOM, YTO UHepIHsA, TO €CTh HeKelaHHE MacChl JBHIaThCA B
OTBET Ha JEHCTBHE CHJIBI, MOXHO OOBSICHUTH COBMECTHBIM
IPUTSDKEHUEM BCEro BeHeCTBa BceeneHHo, W 0 TOM, YTO Macca
o0beKTa HE €CTh HEYTO TOJIBKO €My IMpHCyIee, a 3aBHCHUT OT
okpyxkatomern Bcenennoit. CorylacCHO 3THM  NpeaCTaBICHHAM
KOJIMYECTBO ABH)KEHHS TeJl Takke 00yCIIOBIEHO BceM IoyieM 3¢dupa.

Ecnu ctpyu a¢upa DBHKYTCS OTHOCHTEIBHO ITONA 3(Hpa, TO OHH
001a1a10T KOJIMYECTBOM [OBIDKEHHSA. OTO KOJIMYECTBO JIBHIKCHHS HE
MOXET OecclleIHO UCUE3HYTh, Oy Iy4H MOIVIOMEHHBIM TelIoM. [ToaToMy
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BHE 3aBHUCHMOCTH OT BEIMYHMHBEI CKOPOCTH T€lla €My Iepemacrcs 3TO
KOJIMIECTBO JBIKCHHUA, OKA3bIBas Ha HETO CHJIOBOE BO3IEHCTBHE B
HAaIIPABICHUY ABIKEHHA CTPyH dPHpa. ITO IPOHCXOIUT JAXKE B TOM
CIIy4ae, KOrjja TeNo JBUKETCS ObICTpEe 3THX CTPYii.

Ecmm ke 5up CIOKOE€H M IOIIOUIACTCA TEIOM, IBHKYIIMMCS
CKBO3b HETO C IIOCTOSHHOM CKOPOCTBIO, TO ITOrIomaeMas Macca 3dupa
He oOnamaer xonuM4ecTBOM JBMKEHHSA. OHa NMPOCTO BBIPHIBACTCH H3
nojii 3pHpa U PaCXOAyETCA Ha MEIJICHHOE YBEIMYCHHE MAcChl TEa.
Bcnencreie 3TOro OHa He OKa3bIBA€T HENMOCPEJCTBEHHOI'O CHIIOBOTO
BO3JICHCTBHA Ha TIOTJIOIIAIONIEE TENl0. TouHee, OHA B JaNbHEIHNIEM
IPOABIIAET CTBOE CHJIOBOE B3amMOJCHCTBHE C moiieM 3¢upa depes
MacCy IOTJIOIIAIOIIEr0 MaTepHAIbHOrO Tejla MPH €r0 YCKOPEHUH HIIH
TOPMOXKEHHH.

CyMMHpYS CKA3aHHOE, MOKHO YTBEDPXKIATh, YTO HE BCE B-MHPE
OTHOCHTEJIBbHO. I'paBuTAIMOHHAS CHJIA onpeneasiercs

a0coJI0THOI _cKOPOCTHIO 3$huUpa, OKPY)XAIONIEro Tea0, M He
3aBHCHT OT CKODOCTH CAMOI0 TeJaa. DTO IPOUCXOAMUT H3-3a TOTO, YTO

3¢up, nonagas B TelO, HE Cpa3y CTAHOBUTCA MaTEPHAIOM 3TOrO Tena U
IIpHOOpEeTaeT CBOHCTBO B JAJbHEHIIIEM IOTJIONIATh CBOOOHEIM 3dup
U3 OKpyxKawmero mpocrpaHcrBa. (CHadala OH BOBJICKacTCS B
IBH)KEHHE CTPYH d(pupa BHYTpPH Tel, N3MCHNAS CBOMCTBA STHX TCYEHHUH,
A TEM CaMbIM OYE€Hb MECIJICHHO HM3MCHSECT KOJIUYCCTBEHHOE B3a-
UMoJIelicTBHE TeN ¢ moneM 3dupa. Kak oTMedanos panee, MMEHHO 3TO
B3aUMOJEHCTBHE TEN C 3PHUPOM ONPEAETIAET MacCy MaTEpUAIIBHBIX TEN.

Bripaxenue (4.5) nmo3BoisgeT onpeneiitTh abCOMIOTHYI0O CKOPOCTh
Te4eHUA 3Qupa B J1000H TOUKE MPOCTPAaHCTBA

_ F
V,=—2= (4.6)
a-m

JInd 3TOro AOCTAaTOYHO H3MEPHTHh KOHTPOJBHYIO MacCy Tela m M
NEHCTBYIOUIYI0 Ha HEro rpaBuTamMoHHyo cuwiy F_. Ilpu sToMm

CllefyeT HMeThb B BHLY, 4YTO moae 3(upa BOIM3H MACCHBHBIX
MaTepHAJIGHBIX TEI HEOTHOPOAHO. B HEM CyIECTBYIOT BHXPEBEIC
T€YEHHS, paguadbHBEIE TEUYCHHA H IPOHU3BOJBHO HAIPaBICHHBIE
TeueHuss. TO ecThb 3HaHHME alOCOMIOTHOH CKOpOCTH 3pupa HE Oyner
naBaTh OTBET Ha BOIPOC O TOM, KakoBa a0OCOMIOTHasA CKOPOCTE

22



OBIDKEHHA Tel, B ToM umcie, 3emud, ColHIa U IPyTHX KOCMHIECKHX
TE. .
Cymmupys BeipaxxkeHus (4.3) u (4.5) noirydaeMm BEIpaXKEHHE IIA
CWIEI, JEeHCTByIomieit Ha 000e MaTepuaabHOE TENIO, JBHKYIIEeCH
PaBHOMEPHO WIH C YCKOPEHHEM B I10JI€ 2pHPa.

F=F +F =F +F +F, =ma-V,-m*—-m%7, @7)
dt k

B KOTOPOM cuily F, ,kaK yxe OTMe4alnoch, Ha30BeM IPaBUTALHOHHOM

CWIOH M 3alMIleM €€ B IPHUBLIYHOM BHAE 4Yepe3 YCKOpPEHHE
TPaBUTAlHOHHON CHITHI jg

Fg:m-jgzma.Ve’ (48)
rae J- g — O V.. (4.9)
}T'j HA3BIBAeTCA, KaK OOBIYHO, MHEPIMOHHON CHJION H 3aITMCHIBACTCA
- dv
4€pe3 HHEPIIMOHHOE YCKOPCHHUE | j = __d_t_
Fnd - d f/-
Ff=’"'1f=m“gt—- (4.10)

F, Ha3zoBeM cHiOi TOPMOXEHHA Tell 3()HUPOM, BEI3BAHHOH POCTOM HX

Macc BCJIECACTBHE IOINIOMmMeHMI 3(dHpa, U TaK JKE BHEIPa3dM €€ depes
YCKODEHHE 3TO# CHIIBI

)
1
3

-
I

a —
=V, 4.11
m (4.11)

e j.o ==V 4.12)

Kax BumuM, 3akoH HproTOHa SABIsSETCS YacTHBIM ClydaeM
BeIpakeHu (4.7) qna V=V =0.
— dv
F.=-m— 4.13
; 7 (4.13)

Ha Teno, aBmKylneecs ¢ MOCTOSHHOM CKOPOCTBIO V' B moToke 3dupa,

MMEIOLIETO CKOPOCTh V,, NEeHCTBYeET cuna
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F=F, =%I7-m+a-m-l7;, ~a-m-V,

(4.14)

a 18 -
T.K. BEIMYHHA ; =2,97-10"¢™ ouenus mana.

Hanmee paccMOTpHM clIydail paBHOMEDHOT'O JBIIKCHHSA TE€Na CO
CKOpOCTEIO V B 1mole HeBo3MymeHHoro »3¢upa (V.=0). H3
BeIpaxkeHusd (4.7) g sToro ciaydasd mnoaydaem cmiy F,
O0yCIOBICHHYI0 POCTOM MACCHI B  IIpOLieCCE  IMOMJIONICHUA
OBKYLIUMCH  TeIOM  3(QHUPHOrO Ta3a M3  OKPYXKAIOMIETO
IIPOCTPAHCTBA. JTA CHJIa NPHJIOXKEHA K TEJIy CO CTOPOHEI IO 3¢upa.
OHa npenaTCTBYET ABMKECHHUIO TENla

F =—%7'm (4.15)

m

3 a —
3mecs j, = —V wuMeeT cMBICH ycKopeRusa TOpMOxeHns1. OHO OY€Hb

k
MCIJICHHO MEHACTCA CO BPEMCHCM B ITPOLICCCEC JNBHOKCHHS TCJIA. OTHM
N3IMCHCHHECM MOXXHO npeHereqL M BbIPpa3uTbh H3MCHCHHUE CKOPOCTHA C
TCUCHUECM BpPCMCHH, BBI3BAHHOI'O pOCTOM MACChI, H3BECTHOM

bopmyoi
V=n—ﬁ=n—%w (4.16)

OTxyza noayqum
V
V=—"- (4.17)

1+gt
k

3necs V,-cxopocts Tena B MomeHT t=0. Kax OrL1o mokaszaHO B

o 8 -
IpeabIAyIIEM pas3jeiie BEIUdHHA Z =297-10"¢™ ouens mana.

ITosToMy B OOJBIIMHECTBE CIIy4acB CUIOH H YCKOPEHHEM ITOr0
CONPOTHBJIECHUA MOXKHO mnpeHeOpeds. OaHako, 3Ta CHIA MOXET
CKa3aThCAd Ha CKOPOCTH OBIDKCHHU (POTOHOB CBETA, NMPUXOAAMIMX Ha
3eMiII0 OT JaJICKHX 3B€3]] U HaXOAAMIMXCA B IYTH JOJITHE MUILTHAPBI
JIET.
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W3 ypaBHeHnsa (4.7) BUAHO, YTO MOXHO HCKYCCTBEHHO CO37aTh
HEBECOMOCTh. JUIss 3TOro HYXHO IIpUAATE TEIy YCKOPEHHME B
HAaIpaBICHUM ILEHTpa 3€MJIH, paBHOE YCKOPEHHUIO TSKECTH g.
Cormnachno (2.7) yckopenune Tsokectn g=dV/dt= oV, IlosTomy

av,

dt
JTOT IIPHEM MCIOJNB3YETCS IPH TPEHUPOBKAX KOCMOHABTOB MJIfA
CO3JaHMsd  HCKYCCTBEHHOM  HEBECOMOCTH  BHYTPH  CaMoJe€Ta,
ABIDKYIIETOCS IO OIIPEAEICHHON TPaeKTOPUH.

Frm=moV,e-m = moV,e- maV, =0. (4.18)

S. YaapHbie BOJIHBI B 3(pupe. CKOpoOCTE
pacupocTpasHeHss ¢J1a0bIX BOBMYIIEHUH -

B 1934 romy II.A.UepenHxoB BIEpBEIE HAOMOIal CBEUCHHE
gpe3BBIYaHO  OBICTPEIX  AJNEKTPOHOB, BBI3BAHHBIX  Y-IydaMH
PagUOaKTUBHBIX 3JIEMEHTOB MPH MX IIPOXOXKICHHH 4E€pe3 KHUIAKOCTb.
JT0 HaOMIOCHHE PaspyIWIO NPEACTABICHHE (PHU3HMKOB O TOM, 4YTO
CBET M3IYydaeT JHIIb IEKTPOH, ABMXKYIIHUiicA yckopeHHo. CTano ACHO,
4TO 3TOT BBIBOJ CIPABEIHNB, II0KA CKOPOCTh ABIDKYLIErOCs 3JICKTPOHA
V wmenbme ($a3oBoil ckopoctn cBera. PazoBasg CKOPOCTH CBETa B
npo3pauHoMm BeniectBe paBHa C/n. 3mech n -  Ko3dPuiueHT
IPEJIOMIICHHS HAHHOrO BemiecTBa. (s OONBIMMHCTBA MPO3pavHBIX
MaTepuajioB OoH Oonbme eauHULIEL. II03TOMY CKOpPOCTH 3IEKTPOHA
MOXKET TIpeBHICHTh (pa3oByr0 cKopocth cBera (C/m m craTh
“CBEPXCBETOBOI”. '

OCOOEHHOCTRIO 3TOI'0 CBE€YEHHI SABIETCS TO, YTO OHO
pacmpenesieHo B IpeAeiax KOHyca C YIJIOM MOJXypacTBopa VvV,
OTIpeneIIeMbIM COOTHOEHHUEM

cosv=(C/n)/V=C/V. (5.1)

B [19] orMmeuaercs, 9T0 cBedueHHe HaOmoOAacTCA JMNIb B TOM
HAaIpaBjICHUH, B KOTOPOM JJIEKTpOH IBIKeTcd. B  obpaTHOM
HaIlpaBJICHHU CBeT HE wu3iaydaercd. [Ipu aHammse 3TOro ABICHUA
OCHOBHO€ BHWMaHHE (PH3HMKOB, NO-BHAMMOMY, OBLIO NPHKOBAHO K
¢dakTy “cBEpXCBETOBOro” HABIDKEHHA 3IeKTpoHa. M 3TO mOHATHO,
IIOCKOJIbKY IOSBIEHHE  “‘CBEPXCBETOBOM~  CKOPOCTH  3aIeBajlo
OCHOBHO# IIOCTYJIAT TEOPHHU OTHOCHUTEIBHOCTH O TOM, YTO CKOPOCTH
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CBETa ABIACTCA IPEJECIbHOH CKOPOCTBIO B IMPUPOAE. Y CIIOKOMIO BCEX
TO, 9TO OBLTa IIpEBHIICHA (pa3oBasg CKOPOCTh CBET4, a HE CKOpPOCTH
CBETAa B IyCTOTE.

[Ipy 3TOM OCTaJCS B TEHH JOPYrodi yAWUBUTEIBHBIN (aKrT,
CBA3aHHEIN C TeM, YTO CBEUECHHE HaOmomaeTcs TOJMBKO B mpenaenax
KOHyca ¢ yrioM v. PU3HUYECKYI0 MPHYHHY 3TOTO0 MOXHO HaWTU B
Teopud 3¢pHpa. [eficTBHTENBHO, KaK K B 000i# razoodpasHoi cpexe,
IBIDKEHHE Tel B 3(Hpe CO CBEPX3BYKOBOM CKOPOCTBIO HOJDKHO
IIPUBOJNTH K ITOSABJIECHUIO NEpe]] HIMH CKaYKOB YILTOTHEHMS (YAapHBIX
BojH). Ilom ckopocThi0 3Byka OOBIYHO IIOHMMAIOT CKOpPOCTD
pacnpocTpaHeHus ciaabbix Bo3MymieHud. IIpumenmtensHO K 3dupy
CIOBOCOYETaHME “‘CKOPOCTh 3BYKa TEPSET CMBICI, HO COXPAHSAET CBOE
3Ha4YeHHE TEPMHH “‘CKOPOCTh pacCIpPOCTpaHCHHA CIabbIX BO3MYyIIle-
mmit”. O6o3nauuM e€ aepe3 C,. Ha puc.5.1 npuBeneno msobpaxkeHue
miapa IIpH €ro JBIJKEHHH B BO3JYXE CO
HaNpaBAEHHE CBEPX3BYKOBOM CKOPOCTBIO.

AYNCH CBETa Ha pucyake 5.1 mokasana oTollemmas
KpPUBOJIMHEHHAA yaapHad BOJHA. YTIOl

HAaKIIOHa TIOBEPXHOCTU YAApHONH BONHBI K

phia i HANPABJICHHIO IOJETA JOCTATOYHO OBICTPO
yMeHbmaercs or 90 Iepex mapoM 10

HEKOTOPOT'0 MajIi0 MEHSIOIIETOCA 3HAUYCHHUS .
W3BecTHO, 9TO B Ipeecine Ha OdYeHb
O0JBIMIOM pacCTOSHMM OT Iapa yJapHas
chetopaq | BOAHA ociabeBaeT, BBEIPDOXKAASACh B JIHHUIO
BOAHA | BO3MymICHHMSI, @ Yrol HAaKJIOHa YAapHOM
BOJIHEI CTPEMHTCA IPH ITOM K YLy
BO3MYILIECHHA |, ONPEIEIACMOMY depe3 Yruciio Maxa U3 COOTHOLIEHUS

Puc.5.1 sin u = 1/M. (5.2)
IIpuMEHATENBHO K 3(HPY 3TO COOTHOLICHUE MMPUMET BUJT
sin p=1/M=(C,/n)/V, (5.3)

rae C,/n - pa3oBas CKOPOCTh PACIPOCTPAaHCHUS CIA0BIX BO3MYIIEHHH;
V - CKOPOCTH 3JIEKTPOHA.

CoritacHO BOJMHOBO#I Teopyu I'toHreHca JIydum CBE€Ta ABILIIOTCS
CEMEHCTBOM IMPAMBIX JWHHH, HOPMAJIBHBIX K BOJHOBOMY (DpOHTY.
Takum BOJIHOBEIM  (POHTOM B  PaCCMAaTpPUBAEMOM CIIydae
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“CBEpXCBETOBOr0” IBIDKCHMSA 3JICKTPOHA fABISAETCA yJapHas BOJIHA,
OrpaHHYMMBAIONIAA 00J1aCTh BO3MYIICHMH, BBEI3BIBAEMEIX JJIEKTPOHOM,
OT CIIOKOMHOTrO d¢pupa. CrenoBaTeabHO, YIOI IIOIypacTBOpa KOHyca Vv,
BHYTpPH KOTOPOI'O pacHpeAeneH0 cBeueHHne UepeHKOBa, MmpecTaBisieT
coboifi yrom MeXIy HaIpaBI€HHMEM [IBIDKEHMS DJJIEKTPOHA H
HAaIlpaBICHUSIMM JBYX CEMCHCTB IIPAMBIX JIMHMH, HOPMAJIBHBIX K
BEpXHEMY M HHOKHEMY (DpOHTaM yaapHOH BOJHEI (pHC. 5.1).
AHaIM3UpysA CBedeHHE UepeHKOBa, MOXHO OTMETHUTb, YTO IIPH
MajelX pa3sMepax 3ICKTPOHA U OrPOMHOM CKOPOCTH €r0 IBMKCHMA
OBLIO HEBO3MOXXHO PasrIMACTh CTPYKTYPY I'OJOBHON yAApHOM BOJIHEI
B HEMOCPEACTBEHHOM OJIM30CTH OT IMOBEPXHOCTH JIETALIETO 3JIEKTPOHA.
IToaToMy B ombITe 3apHKCUPOBaHA TOIBKO OCOOEHHOCTD, CBSi3aHHAA CO
CIEKTPOM OOTEKaHHUS JOCTATOYHO AAJICKO 3a JJIEKTPOHOM, IAE Yrol
HAKJIOHA YIApHO# BOJHEI B OMHM30K K yrity Bo3Mylenuii | Mcxoas u3
9TOT'0, MOXHO OIIPEACIINTE CBA3b MEXKIY YIVIAMHU V H 3 B CleAyomeM
BH/JIE
B=90"-v. (5.4)
Kak ormMeueno B [19], coormomenue (5.1) xopomro
IIOATBEPKAAcTCA Ha mpakTtHke. ClnemoBarenbHO, cooTHOMmEHHE (5.4)
Taloke OyJeT HaBaTh pEaIbHBbIC 3HAYCHUSA 71 BXOASAMMX B HETO
BEIIMYMH, XapakTepusylomux >(QupHbIA ras. Tak, HanpuMmep, a1
JIEKTpOHa, NBIDKYMErocs B Oemsone v =38,5 (n =1,501). 3to
IIO3BOJAET OIPEHEINTh OYECHb BAXKHYIO XapaKTEPHCTHKY 3(upa-
CKOpPOCTb PacHpOCTpaHEHHMs B HeM ClIabbIX  BO3MYIIECHHIA.
HeHCcTBUTENBHO, IONOXKUB M~f, HaiiaéM u3 (5.4) yron Bo3MyIIeHUS
n=51,5"; uncio Maxa JBIXKyIIerocs 31eXTpoHa cornacHo (5.3) Gyxer
M=1,278; ero ckopoctb u3 (5.1) 6yner V=C/(n-cosv)=2.554-10""cm/c.
OxoxHgarensHO ®u3  ¢opmynel  (5.3) nmoigydaeM  CKOPOCTH
pacrpocTpaHeHus cnabblX BO3MYLICHUH B OS(QHPHOM Trasze ImpH
NBHKEHHH SI€KTpoHa ¢ ducioM M=1,278 xak C,=n-V/M=3,0-10"

cM/c. To eCTh CKOPOCThL PACHpPOCTPAHEHUN CIa0bIX BO3MYIICHHI
COBIIAJIAET CO CKOPOCTLIO CBETA B HEBO3MYLIEHHOM IoJie 3(pupa

C,=C=3-10°m/c=3-10"%m/c (5.5)

OueHb BaXHO MOTYEPKHYTH, YTO B OITBITC YepEeHKOBa M OIBITE,

IIPOBEACHHOM B CHHXPOTPOHE, CBEUYCHHE OBLUIO BHIHO CO CTOPOHEI

IIPUOJIMKAIOIErocs 3JIEKTPOHa, a B OOpaTHOM HampaBJIEHHH

OTCYTCTBOBAJI0. JTO YKa3hIBa€T HAa TO, YTO CBEUCHHE B OIBITE
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YepenkoBa O0OYyCIOBICHO YIOAapHBIMM BOJHAMH, [OPOXKIEHHBIMHU
NEKTPOHAMH, a HE pPacHpoCTpaHCHMEM CIa0bIX BO3MYNIICHHM B
a¢upHOM rasze. B mpoTHBHOM ciaydae B onbiTe UEepeHKOBa CBEYEHHE
OOJDKHO ObLIO0 Obl HAOMIOMATECA TAKXKE BCIIE] JIETAMIEMY JJIEKTPOHY,
TaKk Kak HHUYTO HE MEIIAeT TaKoOMy pacIpOCTpaHEHUIO clIabbIx
BO3MYIIEHHH B ra3oBbiX cpeaax. Oxguaxo B [19] ogHO3HaYHO cKa3aHoO,
4YTO CBEUCHHE B ONBITE YepeHKOBa HA0MI0/1aJIOCh JIMIIE B HAIIPAaBJICHHH
OBIDKCHMA DJICKTPOHA M HE M3Iyd9aloCch B OOpaTHOM HamnpaBiICHHM.
Ilo-BuaMMOMY, CBET BOCIPHHHUMACTCS YEIOBEYECKHM IJIa30M 4YEpe3
nepenan AaBlIeHMH, oOpasywomuiicas B 3(QHpe NpH MNepexone depes
CBETOBYIO YyJapHyX0 BOJHY B HallpaBICHHWH HopMmamu K €&
nnoBepxHocTU. Kpome TOro, 3a ckadkoM YIUIOTHEHHA oOpasyercs
npobka YILUIOTHEHHOIO TIa3a, KOTopas JBHXKETCS 3a CKavYKOM CO
CKOPOCTBIO V, HECKOJIBKO MEHBIIEH, 94€M CKOpPOCTh CaMOro CKadka

YILIOTHEHHS M CKOPOCTH CBeTa B moie 3¢upa V), = 2% +1

Macca »s¢pupa, yBiaekaemas CKA4YKOM VIUIOTHEHHS, ofiamaet
KOJIM9ECTBOM [JBIDKEHHA H MOXET OKa3hkBaTh JIaBICHHME Ha
IIPENATCTBHE, IIOIJIOMAIONIEe CBET. Y  YEIOBEYECKOro IJiasa
CYIIECTBYET CBOM NMOPOT YYBCTBHUTEJIBHOCTH K Nepenany JaBICHHAA H
CHJIOBOMY BO3JICHCTBHMIO JBMKYIICHCSH 338 CKa9KOM CXAaTOM IIpOOKH
adpupa Ha cerdyarky IWaza. TakuM oOpa3oM, oOmbBIT YepeHkKOBa
IIOATBEPKAACT BO3MOXKHOCTH MOSBICHHS M PAaCIPOCTPaHEHHS B IIOJIE
3¢Hpa CKAa4YKOB YIUIOTHCHHS, & CIEJ0BaTENbHO, M CYMIECTBOBaHME
caMoro sgupa.

6. JHepreTuka KocMoca. /[aBjienue B
HEeBO3MYIIIEHHOM 1noJie 3¢upa

Snpa ramakTux, 3BE3ABI, IUIAHETHI M APYTHE KOCMHYECKHE Teila
HENMPEPHIBHO MOIYYAIOT M3 KOCMOCa OrPOMHEIEC KOJIMYECTBA JHEPIHH.
OT0 MHOATBEpXKIaeTcd acTpOHOMUYECKMMH HalOmiogeHusaMu. OtTKyzna
xKe Oepércs 3Ta SHEpru?

OTBeT Ha 3TOT BOMPOC MOXKET AaTh KUMHETHUYECKAas TECOPHA Ia3oB
[19]. CornmacHO 3TOM TEOpUHM HACAIBHBIM ra3, KaKOBBIM SABIIIETCH
3¢up, obnamaer BHYTpEHHEH SHEpPrHeH, NOA KOTOPOW NOHMMAaeTCH
KHHETUYECKAsg DHEPrUsl XaOTHYECKOro IBIDKCHHMS BCEX €r0 aTOMOB.
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AtoMel 3dupa OecrniopamodHO ABMXKYTCS, CBOOOAHO mpoderas IyTh
MEXIY IBYMS MOCIEIOBATEIBHBIMUA CTOJKHOBEHHSMHU IPYT C APYIOM.
Coymaperus atoMoB 3>Gupa npoucxomar Oe3 IIOTEps PHEPruM IO
3aKOHAM COYyJapeHHS yIPYrux MapoB.

MaremaTHueckas pa3paboTka KMHETHYECKOH TeOopHH ras3oB BIIEp-
Bble Tipeioxkena B 1738 r. merepOyprckum axageMukoM bepHysuH
ITo3zxe sta Teopusa paspabartsiBanack JlomMoHOCOBEIM, Kiaysmycom,
bonesiManoM, MakcBe/lioM # pAIOM Apyrux yuéHeix. CoriacHo
KHHETHYECKOM TEOPHHM Ta30B BHYTPEHHSS 3HEPrHS €AHHHIIBI MacChI
OOBIYHOIO ra3a 3amuchiBaeTcs popmyioi [19]

U,=C,T=ia*/2x, (6.1)
rie C,-ymenbHas TEIDIOEMKOCTb rasa IIpH IOCTOSHHOM oO0séme; T-
TEMITEPATypa; i-9UCIIO CTeleHei cBOOOBI MOJIEKYIIEI Ia3a; a-CKOPOCTh
3ByKa B PacCMaTpPHBAaeMOM ra3se; I0Ka3aTellh H303HTpomsl K=(i+2)/i .
st a¢upHOro rasa gpopmyna (6.1) nepenuceBacICs B BHAC:
U,e=iC,2/2x=0,9-C,2, (6.2)
rae C, - CKOpOCTh pacpOCTpaHEeHNS CNabRIX BO3MYIIEHUM B 3QHPHOM
raze. Bmecto Momekynsl 3¢upHOro rasa Oepércs atom sdupa c
4HCIIOM CTeTICHeH ¢cBoOObI i=3 Kak y MarepuanbHoH To9ky. IIpu 3ToM
k=5/3. CornacHo dopmyine (6.2) BHYTPEHHSA SHEPTHA, COICPKAIIAACS
B KOXKIOM KyOudeckoM MeTpe crHokoiiHoro sdupa (V=1M’), paBHa
O4Y€Hb OOJIBIIOH BEIIMINHE:

E..=0,898-C2 p,V;=8,7-10** spr. (6.3)

Qo

3HayeHUEe CKOPOCTH PpACIIPOCTPaHCHHA CiIa0OBIX BO3MYILEHHH B
cnokoiiHoM a¢upe C,,=300000kmM/c momxyueHO B TIIaBe 3.
DHEpPreTHka KOCMOca JCHCTBUTENRHO orpoMHa. OMHAKO 3Ta SHEPIrus
HEMOCPEJACTBEHHO HEOMIyTHMa IJifi HAIIMX OPraHOB YYBCTB. TeM He
MEHEE, MMEHHO OHA pAacXOAyeTCA Ha OPraHu3alii0 pPaaHaTbHBIX
T€YECHUN >(upa K MaTrepHanbHbEIM TenaM Bcenennoii. Iloatomy MEl,
OOBIMHBIE JIOAW, UMEEM JIEJI0 TOJBKO C OrpaHM30BAHHEIM TECYCHHEM
3¢pupa x HeHTPY 3eMJIX U OM[yIaeM €0 KaK CHIYy TSKECTH.

BHYTpeHHAS JHEprus eauHUIbI Macchl rasa U, cBf3aHa CO
CKOPOCTBIO TEYEHUA V., HU3BECTHBIM B ra30JHHAMHUKE YpaBHEHHUEM
SHEPrUY Iy HM303HTPOIMYECKHX TEUYEHHWi, KOTOPOE 3aIlHIImeM IS
TeYeHUA 3(Pupa:

KUoe+ V2 2=V /2=const. (6.4)
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W3 3TOoro ypaBHEHHs BHUOAHO, 4TO C POCTOM CKOPOCTH TE€UYECHHSA
apupa BHYTPCHHSIA  DHEPrHA  yMCHBINACTCA, IIEPEXOas B
KUHETHICCKYIO SHEPTHIO YIOPAAOYEHHOr0 TeYEHUA H HA000pOT. 3/1ech
V max-MaKCHMaJIBHO BO3MOJXKHAsi CKOPOCTh MCTEUEHMS rasa B ITyCTOTY.
[logcraBum B ypaBHerme (6.4) Bmecto U, Brpaxenue (6.2). B
pe3ynbTaTe IIOyYHMM YpaBHEHHE, OIPERENAIonee 3aBHCHMOCTD
CKOpPOCTH pacnpocTpaHeHusl cinabbix Bo3MmymieHu#it C, OT CKOpoCTH
TCUYCHHA dPHpa;

Ca=(k-1)/2[Vax-V 2 ]. (6.5)

Bennunny V., ONpeneJuM M3 YCIOBAA, YTO B CHOKOHHOM
3dupe npyu V=0 ckopocts C, paBHa CKOPOCTH PacnpocTpPaHeHUs
c1a0bIX BO3MYIIeHHil B ciokoiinoM ydupe, C,, = 300000 xm/c

Vaar=+iC,,=519615 km/c. (6.6)
C yuéroMm 3TOro 3HadeHus nepenuiieM ypasHenue (6.5) k Bugy
V2
C=Cn J .
i+Cp (6.7)

N3 popmymnsl (6.5) cnegyer, 9T0 MPU V=V ux MECTHAS CKOPOCTH
pacrnpoctpaneHus ciabeix Bo3mymenuin C,=0. 310 03Hadaer, 9TO B
IIOTOKE 3(HUpa, ABKYLIEMCS C MAKCMMAJIBHO BO3MOXHON CKOPOCTBIO
Vmax, IpEKpaliaeTcs XaoTHYeCKOoe [JBIDKCHHE aTroMOB 3dupa.
BcnencTBue 3TOro InpekpamiaeTcs nepefada clabbhiX BO3MYIMICHHI.
[Ipu pocTkeHMH I1OTOKOM ckopoctd V.=C (CKOpOCTH cCBeTa B
IyCTOTE WIH CIIOKOHHOM 3¢Hpe) CKOPOCTh PACIPOCTPAHECHUS CIa0BIX
BO3MYILEHHH oOcTaércsi emé€ AOBOJBHO OONBION BETMYMHOIMN:
C.=0,812C,,=244800 xm/c.

dajlee ®m3 ypaBHeHNA uaoanxponm onpeaeauM _BeJIHYMHY

aBJICHHUS B HEBO3 CHHOM I10JI€ 3 a

. C
p.=F

=6.426-10% H/m? (6.8)
K

C pocroM ckopocTtH TeueHus dpupa V., naBieHue, INIOTHOCTh H
TEMIIEPATypa YMEHBIIAIOTCS B COOTBETCTBMM C (popMynamu
ra3oJHHAMUKY
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K 1

= \N—

i _ I_ x-1 ﬁ _ I- x-1
p. \T,) p. TJ ’
VZ
T _i,_ e |=— 11 , (6.9)
L £ 1+ —M*?
2
TAE Pe Pe, Ie - JHOaBiICHME, IUIOTHOCTH U TeMIeparypa B IIOJE
criokoitHoro 3¢upa ( V.=0). Uucro Maxa M=V/C (6.10)

7. HakonieHue 3Hepruy 3se3gaMu B mpomecce
norjomeHus 3gupa

Henérxkum OwLT IMyTh acTpo(M3MKOB K OTKPHITHIO HCTOYHHKOB
3B€3QHOM 3Heprud. OT pemeHus 3TOM NpoOJIeMBI 3aBHUCEN OTBET O
CPOKax J>H3HHM M JTamax pa3BuTHA 3BE3n. B OoprOc MHEHHH H
koHnemmid B KoHIUE 40-x romoB XX cromerus OwUia goKa3aHa
BEPOATHOCTh NMPOTEKaHHS B HeApax 3BE3J TEPMOSAAECPHBIX pEaKIUi,
KOTOphIE OBLIIM B COCTOSHHH IOAACPKUBATh OIPOMHBIE TEMIIEPATypPhL
3B€31] B TCYEHHE MWLIIMAPJIOB JIET.

Kazamocs, Bompoc wucuepman. OmHaKo W cerojHi B JTOH
mpobneMe ecTh HEpEIIEHHBIE BOMPOCH. CymIeCTBYIOIIME TEOPUHM HE
MOTYT OOBACHUTHP MCTOYHHKH OIPOMHOM SHEPruH, BBIACIACMON ITpH
B3phIBaX CBEPXHOBBIX 3BE3J M B3pHIBOB, HAOMIONAEMBIX B
paguoranaktukax. Jlaxe name ConHue 3amaér 3aech 3aragku. Tak, B
[8] orMeuaercs, aro “mo cux mop HE yzanock noayduts oT ConHila
IIOTOK HEWTPHHO, KOTOpPHIE HOOJKHEI IIOKHAATh €ro B XOHAE
TEPMOSAAECPHBIX peakiui. B 4éM TyT Aeno: B HeOCTATKaX almapaTypsl
A METOOUKH WIM B OMUOOYHOCTH HAalIMX TIPEACTaBICHHH 00
HCTOYHMKAX COJNHEUHOM sHeprun? Heyxenu nocaeauee? Ho Toraa 4ro
xe moaaepxuBaer sHepruro ComHua? CHOBa MBI NMPHIUIM K TOMY, C
4ero Hadaam' .

ITocmoTprM, KakHe OTBETHI Ha 3TH H HEKOTOPHIEC APYTHE BOIMPOCHI
maér teopus 3¢upa. s 3TOro pacCMOTpUM TeI0, UMeromee GopMy
mapa ¢ paauycoM I, H MacCod m, , pPaBHOMEPHO PACIPEACIEHHON 110
BHYTpEHHEMY 00BEMY. D(HpHEBI ras, HOrION[aeMBIA 3TOH MacCoM,
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IIEpeceKaeT IMOBEPXHOCTh C(EepEl CO CKOPOCTBIO, OIpeneaeMoit
dhopMYyII0ii, KOTOPYIO MOXKHO MOIy4uTh U3 (1.8):
Vo = OMy/4TP T, .
BHyTpp 00BEMa, 3aHMMAEMOro TEIOM, €XKECEKYHIHO BHOCHUTCH
SHEPIUA, paBHAA KHHETUYECKON SHEPIrUHM BCEW MOCTYHAIOLICH MACCHI
3(pUpPHOro rasa .

Nior=qVro/2=0’m’/327%p 1", (7.1

1€ Nyors - MOIIHOCTh, BHOCHMAasA BMeECTe ¢ 3(HPHBIM I'a30M B JI1000€
TEI0. OTa DJHEPrud IOrJOMIaeTCAd KaXaod dacTHLel Macchl Tena.
Yacts 3TOM >HEpPruM 3aTpadyrBacTCsa Ha 0oOpa3oBaHHME HOBOM MAacCCHI,
TaK KaK W3BECTHO, YTO SHEPIHA M Macca TEJI TOXACCTBEHHEI M B3aHMO
CBA3aHEI PopMyIToi

E=mC? (7.2)

CnenoBaTensHO, HA CO3NaHME HOBOM Macchl T€I Am 3a Bpems t
IOJDKHA 3aTPavYUBaThCS MOIIHOCTD

Neos=E/t=AmC?. | (7.3)

IIpupocT Maccel 3a BpeMSl t MOXXHO OMNPEACINTh W3 BHIPAKCHHSA

(1.7) xak |
Am=m-m,=m,(m/m,-1)~m,at/k. (7.4)

IToncraBus (7.4) B (7.3), mony4uM MOIIHOCTH, 3aTPadHBAEMYIO Ha
CO3Z1aHHE€ HOBOHM MAacChI Te :

Nmn=moaC2/k. (7.5)

Kpome »2toro, 3B€3mpl M3Iy4YalOT OSHEPrHI0O B  MHPOBOE
IPOCTPAaHCTBO B BHIE CBETOBOrO, pagd0 H PEHTTEHOBCKOTO
mnydeHus. IlmaHeTsl, No-BHAMMOMY, Pa3orpeBalOTCA CO BPEMEHEM,
TaK Kak MHOTHE W3 HHUX, B TOM 4YHCIIE M 3eMJIf, MMEIOT PaciliaBICHHEIE
angpa, a JOnnrep, Kak M3BECTHO, M3IIyJaeT TeIUla B JABa pasa Oonble,
qeM nony4daet ot ComnHua.

HNHTEepecHO OTMETHTH, YTO CBETHMOCTD 3BE3], TO €CTh MOIIHOCTD,
M3JIydacMasi B MHPOBOE IMPOCTPAHCTBO, 3aBUCHT OT MAacChl M PaJMyca
3B€37. B acTpOHOMHM H3BECTHBI M IIHPOKO HCIONB3YIOTCS AUarpaMMEl
‘“Macca - CBETUMOCTh H “‘pagmyc - ceetuMocTh . B [10] ormeuaercs,
4TO0 CBETMMOCTH OonbIIMX 3BE3A, 4bs Macca B Tpu u Oonee pas
IIPEBBIIIAET COMHEUHYIO, IIPONOplUMOHalIbHa KyOy MacChl. Y4YHThIBas,
yro cornacHo Qopmyne (7.1) mornoijaeMas MONIHOCTh TaKKe
IpOIOpUMoOHalbHa KyOy MacChl, MOKHO OXXMIaTh, 9TO CBETHMOCTH
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3BE3 MPONOPLHOHATIFHA MOIHOCTH IorioileHus. I1oaToMy, iiepHOE

ropiovee 3THX 3B€31 HE MOMXKET ObITh M3PACX0I0BAHO 34 HECKOJIbKO
MHJLIMOHOB MJIH MHJINIHADPAOB JeT. OHO, CKOpee BCEro, SIBASETCH
JHIIL NMPOMEXYTOYHLIM 3BEHOM B Iepeaade H npeofpa3oBaHHH
NMOrJOIIEHHON 3HEPrud_>pHpa B JHEPrHI0 H €HHS 3Be3 H

BO300HOBJISIETCS B NMpoliecce YBEJIHIECHHAS MacChl 3BE31,
Jlanee 3aMeTHM, UTO 3QHUPHBIA ra3 BHYTPH Tl JOJKEH JBHIaThCA

¢ OOJIBPIIMMH CKOPOCTAMH. BClIeICTBHE 3TOr0 BHYTPH Tell COXPaHIETCS
INOHIKCHHOE HABJICHHE M JCHCTBYET MEXaHU3M DJKEKTHPOBAHUA H
nornonieHus 3¢upa. I1o3TOMy TONBEKO 9acTh KMHETHMECKON YHEPIruy
3¢upa, MOIJIONIAEMOT0 TeJlaMH, MOXET NEPEXOOUTh B YKA3aHHBIC
BUAB dHepruu. OcTajbHas 3HEprus 3amacacTcsi BHYTPH TEI H €€
MOXXHO Ha3BaTh I'paBHTALMOHHON 3Heprued. OHa BRICBOOOXKIACTCS U3
3BE3] PH B3phIBaX, KOTOPEIE aCTPOHOMEI HaOMIOZAI0T B BIAE B3PHIBOB
B rajakTukax [8,9], mpHM KOTOpPHIX BBIAENSCTCS OrPOMHAas IHEPrus
nopsiaka 10> 3pr, SKBHBaJICHTHAA OTHOBPEMEHHOM ATEPHOM BCIBIIIKE
10 MUIIMOHOB CBEPXHOBEIX 3BE3],. :')HSPI‘HSI B3PBIBOB, ITPOMUCXOAALINX
B paguoTrajiakTHKax, orjeHuBaercsa B 10 spr.

Otrkyga Oepércs 9dTa dYyAOBHIIHAS DHEPrHA, AacCTPOHOMMSA
OOBACHUTH HE MOXKET, TaK KaK SAACPHBIN HCTOTHUK DHEPIUM JJisl 3TOTO
COBEpImICHHO HemoctarodeH. Ilepexom B renuii BellecTBa IelloM
TalaKTHKH, COCTOAIICH IOMTHOCTHIO U3 BOJOPOAa, Aal Okl Tonsko 10%
apr. Ho Takoit nepexo HE MOXKET OBITh €AMHOBPEMEHHBIM, OH JAOJDKEH
Ob11 OBl OCYIICCTBIATHECS B TEYEHHE MWUIMAPAOB JICT, TaK Kak
CKOPOCTB IIepesiadu BO3MyLIeHUi BO BeeneHnoit ot ogHOro o0nhekra
APYroMy HE NPEBBINACT CKOPOCTH CBETA.

Yro6rl rinybke pa3obparbes B 3THX IpobieMax, OleHHM B Liudpax
MOIIHOCTH TMOIVIONIEHUSA, CO3JaHHMs HOBOHM MAacChl M W3NYYCHUSA
Conuua u gpyrux 3B€3a. CornacHo (7.1) MOIDHOCTH MOINIOLIECHHA
ConHua Oynaer

Npor=0’m,/321%p 2 1,'=7,47-10* spr/c.

B Buze cBeTa H3IIy4aeTcs MOIIHOCTD [ 8]
N = 3,8 :10% apr/c.
B cootBercTBHM ¢ dopmyioii (7.5) HA co3gaHUe HOBOM MacCEl Am
BHyTpu ConHlla 3a €IUWHHUIY BpEMEHH JOJDKHA 3aTpadyHBaTHCA
MOINIHOCTE

Neosz = mpat C¥/k = 5,35 -10% aprvec.
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N3 comocraBneHus 5STHX Iudp BHIHO, YTO TI'paBUTALMOHHAS

sHeprus 3amacaetca BHyTpH ComnHia, Tak Kak
Niors >> Nuan + Neosz -

Ecin mpuuars, yro CoJNHIE CYHIECTBYET B CBOEM CETOAHSAIIHEM
cocTosHIM 0Koto 15 mipa. ner ( 4,71-10" ¢), To 3a 3TO BpeMst BHyTpH
Hero CKkonmiack Obl TpaBUTALIMOHHAS SHEPT U

Eoors = Nporad,71-10'7 = 3,5.10% apr.

JTO 3HaYCHHE COM3MEPHMO C DHEPrHeil B3peiBa B rajaxkTuke M82,
0 KoTopo# yrmoMuHanoch panee. 38é€3apl Ban-Maanena u Boasd 457
(Oesple XapiuKi) TOJMBKO 3a 1 MIIpA JleT HakomwiIK Okl BHYTpH ceOs
SHEPTUIO0 COOTBETCTBCHHO

Enors = 5,37 - 10% spr,
Erorn = 5,90 - 10% spr.

ATOili 3HEPTrHM BIIOJIHE JOCTATOYHO, YTOOEI OOBACHHUTH SHEPTHIO
B3PEIBOB, IPOHCXOAAIINX B PaJAOrajaKTHKaX M APYTHX 3araJoYHbIX
o0BekTax BeeneHHOM.

CymiecTByeT elé ofHa IpobiieMa 3HEPreTHKH 3BE31, TpeOyromas
cBoero ocmeicieHud. CyTb B TOM, YTO C POCTOM MacC 3BE3d HX
CBETUMOCTH Bo3pacTtaeT. [IpumenuTensHo K COMHIYY 3TO O3HAYAET, UTO
3HAYUTEIBHBIA POCT CBETUMOCTH, CO3IaBacéMblii pPOCTOM Macchl,
nommkeH Osu1 OBI, KaKk yTBepakaaercs B [17], cxedr Ha 3emiie BcE
xuBoe. 1 xota Ha 3emiie HaOmMIOmaeTCA MOTEIUIEHUE, BCE XKE MOYKHO
CUMTATh, 9TO 3a MOCICAHNN MIJUIMAPA JIET PaguKaIbHBIX H3MECHEHHH
KIAMaTa 3eMiu He mnpousonuio. ClienoBaTeIbHO, HE H3IMEHMIOCH
KOJIMYE€CTBO TEILUIOBOU SHEPruu, noirydaemoit 3eminéit or Comniia.

HanmoMHHUM, 9TO CBETHMOCTBIO HA3bIBACTCH KOJIUYECTBO CBETOBOI
YHEpPruy, M3JIydacMoe 3Be3[I0H B €AWHHLY BpeMmeHH. B pabore [10]
YTBEPKAACTCA, 9TO CBETUMOCTh 3BE3]] C MaccaMHu, B HECKOJBKO pa3
NpPEBEIIAIONMMHA  COJIHCYHYIO, IMpPONOpIMOHAIbHA Ky0y Macc.
SnepHoe roprodee TaKuMX 3BE3] MOXET OBITh H3pPAacX0JOBaHO B
HECKOJIBKO IEeCATKOB MWUIMOHOB JieT. Jlis 3Bé3x ¢ Maccoit ComnHua
3TOT mepHox 3araruBaeTca no 13 - 15 mupa ner. 3B€3asl ¢ MaccaMu
BJBOC MEHBILIE COJIHCUHOM OCTAIOTCA B Ha4aJbHOM COCTOSHHH IOYTH
100 mutpp nerT.

M3 3TOro MOXHO 3aKJIIOYUTH, YTO CBETUMOCTD 3BE3 THIa ConHLA
yBeIudnBaeTcs ciabee, yeM y 3B€3x1 ¢ OompmmMu Maccamm. OmHaxo
JajdpHEHIIe pacCyXJeHHus 3a HEeMMEHHeM y Hac 0ojlee TOYHEIX
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JAHHBIX MPOBEAEM, HCXOIS U3 KyOM4eCKOro 3aK0OHa POCTa CBETHMOCTH
Conuma. B kadecTBe MHTEpBalla BpPEMEHH BO3BMEM MOCIETHUMN
MHJUTHAP] JIET.

[Ipn ananuse pocTa cBerumoctu COJNHIIA CIETyeT Y4YeCTh HE
TOJIbKO YBEITMICHUE €r0 MacChl B COOTBETCTBHMH ¢ (hopMynoii (1.7), HO
M OJHOBPEMECHHOE BO3pacTaHUE BCIEACTBHE 3TOr0 €ro oOBEMA.
Ilomaras, 4yro cpeaHssd ILIOTHOCTh COmHIIa OCTA€rcsd HEM3MEHHOM, ¢
noMoulso ypaBHeHus (1.7) MOXHO HalTH BRIpaXKCHUE I M3MEHCHUA
paxuyca CoJHIIa OT BPEMEHH B 3aBUCHUMOCTH OT U3MEHEHNA MaCCHI:

(7.6)
Tz I, ¥ my- pagmyc ¥ Macca Comuma mpu t = 0.

MoniaocTs ¢BeTOBOro HM3nydenus CONHIIA COTNIACHO IUarpaMMe
“paJInyC-CBETHMOCTE 0OPaTHO IIPONOPHHOHATIBHA YeTBEPTOH CTENEHH
u3 ero paguyca. ITo3ToMy ¢ ydé€roMm AByX Yyka3aHHBIX (aKTOpOB
ceeTuMOCTh CoNHI@ BO3pacTaer 3HAYHTENBRHO cllabee, deMm
npeanonaraercsa B padore [17], a HMEHHO B OTHOLICHHH

E/Eo=(m/my)*/(t/1,)* =P ¥/t

CornacHo Tabn.l  macca ConHua B TeUYEHHE MOCIETHETO
MuwLIHapaa JieT Bospocuaa B 1,098 pasza. 3a 3to BpeMs ero pamuyc
BeIpoc B 1,0317 pasa. CnenoBarensHo, cBeTUMOCTh CoNHLA 32 OIuH
MWJITHAPL JeT yBenuamnach B 1,1687 pasza. M3secTtHO, 9TO 3HEprus
M3Jy4eHUA, noromaeMas yaan€HHsiMi oT ConHna 00beKTamMu, B TOM
uyucne 3emiéi, yOnlBaeT O0OpaTHO MPOIOPIMOHANGHO KBaApaTy
paccrosuus [18]. Ilockomeky mnomydgaemoe 3emné€si or ComnHna
KOJIMYECTBO 3HEPTHH B TEUEHHE pacCMATPHUBAEMOIO OTPE3Ka BPEMEHH
HE MEHSJIOCh, MOXHO YTBEpXKHAAaTh, UTO OJHOBPEMEHHO C PpPOCTOM
Macchl M cBeTuMOCTH COJHIA yBETUYIMBAIOCH PACCTOAHHE MEXKIY
ConuueM u 3emnéit. 3 acTpoHOMudYeckux HaOIIOOEHHH H3BECTHO,
HarpuMmep, uro JIyna xaxasie 100 ner ypansercas Ha 1,5 mMerpa ot
3emimu. [TogeMy ke 3TO HE MOXKET MMPOMUCXOOMTD ¢ 3eMIIEH M IPYTHMH
wiaHeTamu? IloxcunraeM, KakuM JOKEH OBITH IMPHPOCT PacCTOSHUSA
Mexay 3emnéit u ColHIeM, YTOOb KOMIIEHCHPOBATh POCT CBETUMOCTH
ConHua. OdeBHaHO, 9TO OTHOIIEHHE PANHyCOB 3E€MHOM OpOWTEI B
KOHIIE Tops M HAUANE To ops PACCMATPUBACMOTO HHTEPBAI2 BPEMEHM
IOJIKHO ORITH CIEAYIONHAM:
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E
Top6/To op6 = E_ = 1,08. (7.7)

0

B HacTosmmee BpeMsa paauyc opOUTHI 3eMiu rop5=1,495-1013 cMm. C
yaétoM (7.7) pamuyc opOHTBI MWIIHapZd JE€T Hasax ObBLT I, ops =
1,380-10" cm. IIpupocT pacCTosHMS 3a 3TO BpeMA A Iy = 0,115-10"
cM. CpenHuii mpupocCT paguyca opouTsl 3eMiln 3a CTO JIET COCTaBIISIET

Ar,p6=1,15-10° cm=1,15 Km.
OTHOCHTENIBHBIE TPUPOCTHI paguycoB opbur 3a 100 et cocTaBasIoT :
st JIyHe! AT p6/To op5 =3,91-107,

s 3emitn AT p6/To ops =7,70-107,

Kak BuamM, OTHOCHTEIBHEIM IIPUPOCT PACCTOSIHHSA MEXKIY
Conuuem u 3emnéit, HeoOXOOUMEIH, 4TOOBI KOMIIEHCHPOBAaTH POCT
ceetumoct Commila, Tonbko B 1,97 pasa mpeBbicun HaOmOAaeMBIil
aHAJIOTHYHBIA OTHOCHTEJIBHBIN IIPUPOCT PACCTOAHUA MEXIY JeMiEi U
JIyuwoii. OmgHako MEI, BE€pPOATHO, 3aBRICWIN IIPUPOCT CBETUMOCTHU
Conuna. IToaToMy peanbHBII MPUPOCT paguyca OpOUTE 3eMITH MOXKET
OBITH MEHBIIIE.

YT0 xe HapylaeT paBHOBECHE MEXIY LIEHTPOOEKHOM CHION 1
CHJIOM Ts)KECTH YKasaHHHIM o0Opaszom? Beap HMEHHO 3TH CHIIBI
onpenenaloT ¢GopMbel OpOHUT TIUIAHET W COYTHHKOB. OTO
paccoryiacoBaHue HEBEIMKO H IIPOABIAECTCA TOJNBKO IIPH OYEHb
JUIATEIBHOM BO3JeHCTBUM Cina0blX CWiI. BenwuuHy M MeXxaHU3M
M3MEHEHUA J3THX Cmil OyAyT HaMH OIPEACICHBI B IOCIEMYIOITHX
rmaBax. JT0 TeM Oomee HeoOxomuMo, TaKk Kak caM (bakT
IPaKTHICCKOTO COBMAJCHUA OTHOCHTENIBHBIX NPHPOCTOB PaJUyCOB
OpOUT TAaKMX PasHEIX KOCMHYECKUX OOBEKTOB, KAKOBEIMH SIBIISLIOTCS
3emns u JIyHa, He CiiydacH.

8. dpupoauHaAMHUYECKOe CTPOCHHE aTOMA
BOZAOpPOAA

[Tpymmno BpeMsl IOCTPOUTH MOAEHIb JJIEMEHTAPHOM YaCTHIIBI
BEIIECTBA, COCTOALLEH u3 rasoodbpasHoro 3¢mupa, HO 00IamarOIIUIA
OOJBIION TBEPIOCTBIO M CBOMCTBOM MHOIJIOmAaTh 3(MUPHBIN Tra3 wus3
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OKpyJ>Kajoliero nmpocrpaHcrBa. Ha mepBsli  B3rmsg - 310
HeBHNOMHKUMAaA 33aa4a. Ho Tax i 310?

Hcxoaa u3 mpeacTaBicHA 0 eAMHCTBE MHpa, TIOCMOTPUM, HET JTH
BOKPYr HaC IMOAXOAAIIMX AHAJOIMH, CIIOCOOHBIX MOJICKA3aTh
paBWILHOE HalpaBlICHHE MM NAIbHEHINUX HcclienoBaHui. boabioi
HHTEPEC B OTOM HaNpaBJICHHH IIPEACTABIAIOT CoOOM BHXPH,
BO3HHKAIOIIME B CIUIOIIHBIX Ta30BBEIX M XUIOKHX cpegax. MMeHHO
BUXPH MOJKHO paccMaTpUBaTh KaK JIOKAJIBHBIE 0Opa30BaHHsA, PE3KO
OTJIMYAKONIMECH 10 CBOMM CBOHCTBaM OT OKPYJKAIOIIEro MX IOJsA rasa
WIN XKuaAKocTH. Buxpu moryr obnagare 00nbmoil TBEPAOCTHIO, CCIH
CTPYH ra3a WIH XHUIKOCTH ABWKYTCA BHYTPH HHX C O4eHb OONBIINMH
ckopocTAMU. H3BecTHO, 4rO0  MATKasA, CHOKOWHAs  BOJa,
OpraHW30BaHHAsi B BHICOKOCKOPOCTHYIO CTPYIO, CIIOcOOHA pa3MHIBaTh
Oepera u JHO BOJOEMOB, Pe3aTh CTAIb U JPYTri€ TBEPALIE MaTEPUAIILI.
Crpyu rasa Taioke MOryT 0o6nagars GOJIBIION TBEPIOCTHIO. A BHXpH-
CMEpPYH CIIOCOOHBI pa3pylIaTh Ha CBOEM IyTH JOMA, BHRIKOPUYEBHIBATH
IepeBhsl, MEPEBOpPAUMBATL AaBTOMAIIMHEI W IPOU3BOJAUTH JpPYTHE
pa3pyIlICHHS.

CymiectByer Oonpmioe pasHooOpasume Buxpen. HaOmopmarorces
JWHEWHBIE, KOJBLEBRIE, CHIHUpalbHble BHXpH. OcobeHHO Hac
HUHTEPECYIOT KOJbleBble BHXpH. OHH HCIONB30BAINCh B KaveCTBE
MoOZeNned ANEeMEHTapHBIX YacTHIl BEIIeCTBA: HYKJIOHOB, IIPOTOHOB,
HEUTPOHOB, a TakXKe INEKTPOHOB, MO3UTPOHOB K aTOMOB B pabortax [3]
u [5]. Eme panpme Obuia M3BECTHA MOZAEIP BHXPEBOIO aroma,
pa3zpaborannas KensBunoMm (B.Tomconom). IlpeamoxeHHBIE MOIEIH
BECMa HHTEPECHEI, HO HE COIVIACYIOTCA C MAEeAMH OaHHOW paOoTHI.
IlosToMy mnompobyeM co34aTh COOCTBEHHYI0 MOZEIb MPOCTEHIIHAX
4acTUL] MaTepHH, MO3aMMCTBOBaB B  YKa3aHHBIX padoTax
palMOHANBHOE 3E€PHO.

[Ipexae geM npucTymuTs K 0OCyxaAcHMIO 3QHUPOAMHAMUYECKOMN
MOZeNI aToMa 00O03HAaUMM I'PaHMILI, B MPEAEIaX KOTOPBIX MBI MOXXEM
nerictBoBaTh. CorjiacHO COBpPEMEHHBIM B3IiiAaM, B (usuke [22]
pa3Iu4aloT OCHOBHBIE DjIEMEHTapHBEIE YAaCTHUIIBEl, CYMIECTBYIOINUE B
opupoie B CBOOOJHOM MM ClIabOCBA3aHHOM cocTosHuH. K HHM
OTHOCSIT IPOTOHE! U HEHTPOHBI, BXOAANINE B COCTAaB aTOMHBIX sfep, a
TAaKXK€ DJJEKTPOHBI, MO3WTPOHB, (OTOHEL OJTO CTaOUIIBHEIE,
nonroxuBympe gactunnl. OHM 001a1a10T MacCoi ¥, KpoMe HEUTPOHa,
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IIOJIOKUTEIIBHBIM WIH OTPHULATENBHBIM JJIEKTPUYECKUM  3apsiaoM.
@oroHel  [22] TaKKe  y4aCTBYXOT B  3JJIEKTPOMArHUTHOM
B3aMMOJEHUCTBHH.

Kpome Toro, na ceroans oOHapyxeHO Ooipmoe uucio (OKOIIO
350) HeycCTONYHMBEIX 3J€MEHTApHBIX dacTHll. EaBa poguBIIMCH, OHM
MIHOBEHHO pacmajalorcs. Bpems ux XKM3HM MOXKET COCTaBJIATh BCETO
or 10 mo 10%c, a mwmHa mpobera ¢ MOMEHTa DPOXACHHS IO
MOMEHTa pacmajga cocTaBaser okoao 107°M. DTu gacTunBI Tarke
obmagaroT Maccoil, MHOrJa Jaxke CymeCTBEHHO Ooipliel, 9eM Macca
nporoHa. IIpy 3ToM HX Macca H3MEPACTCA B ISHEPreTHICCKHX
equanIax (MsB) B COOTBETCTBHMM € COOTHOIIEHHMEM OMHHITEHHA
E,=mC? DTH dacTuipl, XOTS M Ha3BaHbl JJIEMEHTAPHBIMH, OHH He
ABJIAIOTCA OE€CCTPYKTYpHBIMU. X BHYTpPEHHAS CTPYKTYpa HHTEHCHBHO
HCCIeqyeTca, HO YCIEeXH 30eCh HEBEeIWKH. B OCHOBHOM fCHee
CTAaHOBATCA OCOOEHHOCTH UX MOBEICHUS.

[Ipy nocTpoeHHMM BHXpPEBBIX JS(QHPOAMHAMHYECKHX Monelnei
3NIEMEHTapHBIX YaCTHUIl W aTOMOB HeoOXOAMMO ITOMHHTh, YTO HX
MacCHl OMPENEIAIOTCA HE KONM4eCcTBOM 3(pupa B o0beme HacTuil, a
TE€M, YTO B BUXPEBRIX KOJbLaX-9acTULaX 3¢Hp Bpamaerca BOKPYT OCH
BHXPEBOTO KOJIblIa M JBHXKETCA BIOJIb KOJbLa ¢ OOJBIIONH CKOPOCTBIO.
V3-3a BO3HMKAIOMETr0 IIPHM 3TOM PA3PEKECHUSI BHYTPH KOJIbLA OHO
Ha4YMHAET MOrJIomAaTh dPHp K3 OKPYKAIOMIEr0 NMpoCcTpaHcTBa. Buxps

CTAaHOBUTCA BUXpecTOKOM. Ky/a e JeBaeTcsl NOrIouIeHHBIH 3¢up?

Ilo HamMI¥M NpeACTABJACHHASM NP JOCTIKEHHH HEKOTOPOro
ONpeaeICHHOI0 3HAYCHHS OKPVKHOH VYIJIOBOM CKOPOCTH @),
BpanieHns 3(MUPHBIX CTPYH BOKPYL OCH KOJbIA MW YIJOBO#
CKOPOCTH (), CTPY# 3(pupa BOKPYr NEHTPAJIbLHON OCH CHMMETPHH
KOJbILA IABJCHHE B LECHTPEC BHXPH CHHIKAETCH 10 HYJaf. IJTO
03HAYAET , YTO B d(Mpe NPEKPATHIOCH XA0THYECKOE ABHIKEHHE
ero _aroMoB. B pe3yabTaTre ra3zoo0pa3Hplii 3(pHp HauuHAET
IEPEXOUTh B CBOIO KHIAKYIO (pa3y. WM3-3a MajJdbIX COGCTBEHHBIX
pasMepoB_aToMoB 3dHpa oHH B KHAKOM 3(hHpe pacnoaralrcs

BIUVIOTHVIO NPYr K JApvry H BCICICTBHH JTOr0 JAHHIMAaT

COBEPIUEHHO HE3HAYHMTEAbLHLIN o0beM. Ecau  310T__ nipouece
3AIYCTHJICHA, TO NMOJYYACTCH JOJIrOXHBYINAA JJCMEHTAPHAA

yacTHIA. I/I;; KOMOHHAIIMHM STHX YACTHII COCTOHNT BCH MaTepus
BceieHHOM.
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EclIn_VyriioBasi_CKOPOCTh HE JIOCTHIJIA HYXKHOI0 3HAYEHHS M

MEXaHH3M Ilepexona razoodpasHoro 3> a B XK a3y He
3alIVCTHJICH, TO HMOJVYAETCs KOPOTKOKHBYIIAH DJAeMeHTADHAN

gyacTnna. I1ockoabKy B €€ IEHTPEe B HAYAJIbLHLIA MOMEHT BCE K€
AMeeTcsi 00b110€ pa3peeHne, TO Ha 09¢Hb KOPOTKOe BpeMs OHa
TAKHKE CTAHOBHTCH BHXDPECTOKOM H _I03TOMY ofperaer Maccy.
OnHako, NpakKTHYeCKH MrHOBEHHO INPOHCXOAHT MEPemoJHEHHE
JacTHObI _ra3oo0pa3abiM_dbupom. JlaBiaeHHe >pupa BHYTPH
BHXPEBOr0 _ KOJbIAa IMOBLIINACTCS H  BHXPbL  pPa3pylIaercs.
QJIEMEHTAPHAN YACTHIA NMPEKPAIAeT CBO¢ CYIIECTBOBAHHE,

YauTeiBass CKa3aHHOE, HOpPEACTaBMM aroM BOJOpPOJa B BHAE
BUXpPEBOI'O KOJjblla, B KOTOpOoM  5GMp Bpamacrci C YIJIOBOH
CKOPOCTBIO )y, BOKPYT OCH KOJIbLIAa IIO 3aKOHY BpallleHHA TBEPOro
Ttena. IloMHMO 3TOro HMMeeT MeCTO TedeHHe CTPyd BJONh OCH
BUXPEBOI'O Koibla CO ckopocTbiy U,.,. BHyTpu BHXpEBOro Koinblia
pacmoliOKCHO SApOo aToMa-mpoTOH. IIpOTOH COCTOUT U3 KHIKOrO
s¢upa. Kpome Toro, B cepenune ra3oo0pa3HOro BHXPEBOr0 KOJBIA
BJIOJIb HETO IIPOXOAUT BHXpEeBas HUTh W3 XHUAKoro 3¢upa. OHa Tax xe,
KaKk H A0po, oOecrneduBaeT HEINPEPEIBHBIA IpoIEeCC Iepexona
IOrJOIIaEMOr0 W3 OKPYXAIOMmIEr0 IPOCTPAHCTBA ra3000pa3sHOro
3pupa B XMAKyIO (azy. Bemwumma pacxoma mOrJION@eMoro 3Toid
HUTBIO 5hupa (¢, IOBHAMMOMY, CBS3aHA C BEIHMYUHOH MACCEHI
IEKTPOHA Mg 3aBUCUMOCTEIO (1.4). B cymme ¢ maccoit mpoToHa OHH
paBHEI Macce aToMa BOJIOPO/iA.

JUis Toro, 9roObl OIIEHMTH BEIMYHMHBI OKPYXKHBIX M OCEBBIX
CKOpPOCTE€l BHYTPH BHEIIHEI'O TIa30BOI'0 M BHYTPEHHETO IJKHIKOTO
KOJNBIEBHIX YQUPHEIX BHXpeii 00paTHMCH K M3BECTHOMY PEIICHHIO NI
T€YCHUs BHYTPH U CHApPYXM OCCKOHEYHOTO MPAMOIMHEHHOrO BHXpPS
[15]. IlonaraeM, 4T0 OHO YacTHYHO OTPAXKACT 3aKOHOMEPHOCTH
TeYCHNA B OS(PUPHBIX Tra30BOM M KHIKOM KOJBLUEBBIX BHXpAX.
CornacHO 3TOMY pEIIeHHMIO BBHIPAKEHHUA IS OKPYKHEBEIX CKOPOCTEH
BHYTPH ¥ CHapYXH BHXpS pagHyca r, AIMEIOT BH]

Ugs=or, 8.1

U=I"2nr (8.2)

3nech I' - IMpKynsAnusa CKOPOCTH, MOACYHUTAHHAA [0 TPAHUIIE BUXPA.
=27t Up=270r, (8.3)
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Uyo - OKpY)XHast CKOPOCTh Ha IrpaHune Buxpd. JlaBneHus B LEHTPE U
Ha IpaHuIe BHXpA Ipu 1 =0 u r=r, onpeaenaoTcs GopMyIaMu

pz=po" peU2 uo/ 2 (8 4)

po=pe'peU2uo/ 2 (8 5 )

BenvuuHa naBiieHHs B HEBO3MYIIEHHOM NOTOKE 3¢upa p. ObLia
ompeneneHa Gopmynoii (6.8) xkak  p.=6,426-10 H/m% IMoxncrasum
JABJICHUE HA IPaHMIIC BUXpA P, M3 BhEIpaXCHHA (8.5) B BeIpaxKeHUE
(8.4). Pesynbrar paspeniuM OTHOCHTEIBHO OKPYXHOM CKOPOCTH Ha
r'paHuIe BUXPA

Uuo — pe —pz (8.6)
Pe

Ecnu npeanonoXurb, 94T0 B LEHTPE BUXpA naBieHue p,=0, To
ckopocts Uy, Oyaet paBHa

6.426-10%
\)&_\flw o = 2322:10° we (87)

Ota ckopocth cocraBisier 0,774 oT CKOpPOCTH CBETa, 9TO BIIOTHE
ONpaBIbIBacT Hallle MPEATIONOKeHue 00 OrpoMHOI CKOpocTH 3dupa B
BHXpeBOM Koublie. TeM Golee, 4TO MOMHMO OKPYIKHOM CKOPOCTH eIe
HMEET MECTO MABHKCHHE CTpyH BIONb OCH BHXPEBOI0 KOJBIA.

ITomytHO chopMymupyeM  HOCTYJAT O HANPABJICHAH _OCEBOIO

BH)KEHHS J>(HpPa B BHXPEBOM KOJbIE€ — OCEBOE€ TEICHHE B
BHXpEBOM 3(HUPHOM KOJIbLI€ HAmpaBlIEHO MPOTHB 4YaCOBOH CTPEJIKH,
€CIH CMOTPETh Ha KOJBIO CO CTOpPOHBI BEIAYBa CIpPyHd U3
IEHTPAILHOr0 OTBEPCTUS KOIBIIA.

[IpoBeneM  NPUOMIDKEHHYIO  KOIMMYECTBCHHYIO  OLICHKY
BEJIMYMHBI OCEBOH CKOPOCTH. I 3TOro Kpyriioe MonepedHOe CCUCHNE
BUXPEBOr0 KOJIbIAa paguyca T, 3aMEHHMM KBAJPAaTHEIM CEYCHUEM CO
CTOpOHaMH 2T,. Macca KoJbIa ¢ KBaJIpaTHEIM ce4eHueM OyaeT

m=4r202nrcppe= 87tr20percp (8.8)

3nech o, =(Iot1o;)/2, To,-BHYTPEHHHH pagdyc BUXPEBOIO KOIbIIA.
[entpobexxnast cuna 3ToH Maccel, umeromei ckopocts U, BIOIb
Konpua . Oymer Fy= mUzv/rcp=8nr20peU2v. Henrpobexnas cuia
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YPaBHOBEIIMBACTCS IMEpPEMagoM CHI JaBJICHUS CHApyXKH M BHYTPH
BHXpEBOro KOJIbIA ¢ KBaApaTHEIM cedeHueM . [Ipu 3ToM naBneHue Ha
BCeH MOBEPXHOCTH KOJIbLIa OAUHAKOBO M PaBHO P,
Fo=4mpoTo( 205 +T0s)-4MP ol Tz =8TPol s
IIpupaBHAEM CHIly JIaBle€HHMS H LEHTpoOexHyio cuiy. Ilocie
COKpall[eHUH MOJIYYHUM BEIPAKECHUE I OKPYKHOM CKOPOCTH

Us=+lp,/p, =1,64-10°w/c (8.9)

JlapiieHHe Ha BEpXHEWH rpaHuIe BUXpA ompeaeiserca no popmyne
(8.5) KaK Po=Pe-pU>/2=3,208-10° H/M*. CymMapHas CKOpPOCTb Ha
IIOBEPXHOCTH BUXPEBOIO KOJbLia OyaeT

W= JU% +U2%. =284-10%w/c (8.10)

OTa CKOpPOCTh MoIyueHa 6e3 yuera CoKHMaeMOCTH 3(HupHOro rasa.
YyurriBas, 9To uncio Maxa Beimko M=W,/C=0,948, mnepecauraeM
INIOTHOCTh M JaBJNeHHe 3puUpa ¢ BeIMIHMH p=1,19-10°kr/M’ m
po=3,208°1025H/M2, MONyYeHHEIX npH M=0, K 3HaYEHHAM Pccx U
DPocx IIpu ugmcine M=0,948 mo dopmymam (6.9). Ilomyqum
Pecx=0,802-10°kr/M’ B  Pocs=2,024-10”H/M* 1 3aTeMm mo QopMyaM
(8.7),(8.9) u(8.10) maxonum HOBEIE 3HAYEHHUA CKOpPOCTEeHl M umcia M
3(UPHOro rasa Ha MOBEPXHOCTH BHXPA

Uor=2.83-10° m/c, U,=1,589-10° m/c, W= 3,24-10%m/c,

M=W,/C=1,082. (8.11)

Hanee mnpoBeleM BTOpPOE€ M TpeThe IPUOMMKEHHA B TOM XKe
nopsanke. IIpomecc OvicTpo cxomurcia. Ilostomy 3uadenma (8.11)
IIPYMMEM 1 JajJbHeHnero aHanu3a. Ilpu 3ToM Hy)XHO YIUTEIBATh, YTO
Hall aHali3 HOCWI NpuUOIM3UTENIBHBINA, OLCHOYHBIM  Xapakrep.
QopMmyna (8.9) onpenenser cpeaHee IO CEYESHHIO BHXPEBOTO KOJBIA
3HAYEHUE OCEBOM CKOPOCTH. ITa CKOPOCTh HECOMHEHHO H3MEHAETCA
BAONb pamuyca. Ha BepxHell MOBEpXHOCTH KOJIBLIEBOTO BHXPSA, IIE
OKpy’)XHasi CKOPOCTL paBHa CKOPOCTH CBETa, OCEBad CKOPOCTh paBHa
(win Onu3Ka) HymIO, a B LIEHTPe CEYEHHH, I'le OKPYXKHas CKOPOCTB
paBHa HYJIIO, OCE€Bas CKOPOCTh paBHA CKOPOCTH CBETa B IIyCTOTe. B
COOTBETICTBUH C H3JI0KCHHBIMH COOOp@KECHHAMH H300pa3uM Ha
prc.8.1 BHXpEBYIO CXeMy aToMa BOIOPOJAa W JSIIOPHl OKPYXHOH H
OCEBOH CKOPOCTEH B CEUYCHUAX BUXPEBOro KoJblia. Mexy rasoBsIM 1
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KUAKAM 3()HUPHBIMA BHXPSAMH CYIIECTBYET IIPOCKaIb3EIBAHUE, TaK Kak
OKPYXHBIE€ CKOPOCTH Ha TPAaHMIIAX STHX BHUXPEW HE PaBHBI MEXIY
coOoi. YrioBas CKOPOCTb BpAICHHUS ra3oBOrO BHXPEBOro KoJjbLia
BOKPYT €ro OCH NPH I[PUHATBHIX BEIMYHHAX OKPYXKHOHM U OCEBOH.

ckopocreii Oynmer
©ue=Uop.o/Toa=C/T0z=3-10%/107%=3.10" ¢! (8.12)
Panuyc aToMa BoJ0poJa cornacHo [22] uMeeT 3HadeHue r,,=10"" M
Ecnu pomycTurh, 9TO YIVIOBas CKOPOCTh BpAaIEHUS KUJIKOIO

3()MpPHOrO0 BUXpPA-IIPOTOHA PaBHA YIVIOBOM CKOPOCTH BpamicHHS
ra3oBOro 3MPHOro BUXpPA, OKPYIKAIOUIETO SIPO

@u=0y=3-10" ¢, (8.13)
TO OKpPYJ)KHas CKOpPOCTh HAa IIOBEPXHOCTH AApa OyAeT CyliecCTBEHHO
MCHBIIIC Opr)KHOfI CKOPOCTH Ha NNOBEPXHOCTH Ira30BOr0 BUXPA

Ubo=0v,To=3-10° M/c (8.14)

Pannyc aapa aToma BOOpOza Onin oneHeH B onuiTe Pesepdopna
[22] KaK T1,~10"°m. VriuoBag cKOpOCTh BpamieHusd sapa BOKpPYT
LUEHTPaATbHOM OCHM CUMMETPUU BHUXPEBBRIX KOJIEL] aTOMa, KaK BUHO U3
puc.8.1

®vz =Uso-2/T0;=Upa/T0a=C/roz=3-10"%¢"’ (8.15)

Puc.8.1

[TosyquB 3HaY€HHS YTJIOBBIX, OKPYXXHBIX ¥ OCEBEIX CKOPOCTEH, MBI
MOXXEM TENeph IIPOBEPUTH, HE OYAYT JIM aTOM M €ro ;mpo pPa30pBaHEI
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LEHTPOOEXKHBIMH CWiIaMH. [[1f 3TOrO BBIJEINM CEIrMEHT BHXPEBOIO
KONbIIa €QUHUIHOM IMIMPHHEI, KaK IIOKa3aHo Ha puc.8.2. Macca atoro
CEerMeHTa
dm=pr,>d6/2 (8.16)
Ha sty Maccy, (LleHTp Macc pacImonoKeH Ha PACCTOSHHU Ty, =2/3-1,
OT OCH BPALIEHHUS; LV,=T (), BPAIIAIOMIYIOCA C YIIIOBOH CKOPOCTRIO 0,
IEeUCTBYET HEHTPOOESKHAS CHIa

dF ,6=3V, dm/2r,=pr, ©°d6/3 (8.17)

Ota cujga YpPaBHOBEIIMBAETCS CHJIOM  BHELIIHETO  JaBlICHMA,
OEUCTBYIONIEH HAa ITOBEPXHOCTh CETMEHTA

dF,=per,d0 (8:18)

YToOBl CErMEHT BHXPEBOro KOJIblia He OBUI pa3opBaH LEHTPOOCIKHOU
CHJIOM, TOJDKHO BBIITOJIHATHCS HEPABEHCTBO
dF,¢/dF <1. (8.19)
IInoTHOCTH BEmEeCTBa paccCMaTpUBAEMOTO
BHXPEBOTO KONHLA MOXKHO OIIEHHTH Kak
OTHOIIEHHE IO MacChl M K 00beMy

p=3m/4nr,’ (8.20)
IToncraBum 310 3HadeHme B (8.17),
MOJIYIHM YCIIOBHE pa3pyuieHns

BHXPEBOTO KOJbIAa IEHTPOOEKHBIMU
CHJIaMH
dF ¢/dF,=me’/4nrp>1  (8.21) Puc.8.2

IIna aroma Bojopoza (m=1,673-10‘271cr, ®=3-10"%¢?, r,=10""M
P=6,426-10"H/™°) monyunm  dF/dF,=0,187-10°°<<1. To ecTb aromy
BOJOpPOJa pa3pylieHue He yrpoxaer. ng sgpa aroMa BOJOpPOJA-
npotona (r,=10"°m) umeem  dF,¢/dF,=0,0187<1. CrneaomarensHo,
PO aroMa TakKe He MOXXEeT OBITh Pa3opBaHO LIEHTPOOEKHBIMM
cuiaMu. XOTs B 3TOM CiIydae NPEBOCXOJCTBO CHJ JIABJICHHSA HaJ
LEHTPOOCIKHBIMH HE CTOJIb BEJIHKO.

TaxuMm obpazoM, nepexoa razoobpaznoro 3¢upa B 3dbupuyio
KHIKOCTE BHYTPH aTOMOB, COCTABJIAIONIMX TEJIa, o0ecneunBaer,
0 HAIIEMY MHEHHIQ, Npouecc MOraouieHus MaTepHalbHBLIMH
TeJaMu 3dupa M3 OKpYKAaoNero npocrpancrea (moas 3dnpa).
B pe3yiapTaTe I3TOr0 _ OKOJO  MATEPHAJBHBIX _TeJX _ OT
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3JIEMEHTAPHbIX YACTHI| /10 OTPOMHLIX KOCMHYECKMX 00HEKTOB

BOJHHKAKT PDANHATBHBIC TCUCHNA, HANIPABJICHHDIC BHYTPDb 3THX

TeJL,

; ITponecc mepexona razoobpa3Horo 3¢gupa B KUAKYIO (pa3y n3-za
MaJIBIX pasMEpOB aToMOB 3J¢upa, pacnojaralomuxcs B SaApe
MaTEepUaNbHOTO aToMa BINIOTHYIO APyl K APYry, He IIPUBOAUT K
3aMETHOMY POCTY pa3MepoB snpa. ClenoBaTelbHO, YBEIHNYECHHE
sgpa aroMa MOXET PpacTATHBaTbCid HA IUTENBHOEC BpeMd,
ofecriednBas HENPEPHIBHBIM MPOLECC MOTIOMIEHUsS ra3000pa3HOro
3¢Upa MaTepUaJbHBIMH TeJaMH B TE€YCHHH MHOTMX MUIIMApAOB
JeT.

OneHuM gajee, CKOJIbKO BpeMEHH O0BEM sapa aToMa BOAOpOa
OyZeT 3amomHATBCS JKMOKUM 3GHPOM. B MNOHATHAX ILIOTHOCTH
BEIlECTBA INIOTHOCTh Apa aToMa BOAOPO/ia UMEET LOPAIOK [19]

p, =10"%kr/™’° (8.22)

Kosdppumuent cxopoctn oOpasoBaHuss MacChl Kk MO3BOSIET
IIEPECYNTATh 3Ty BEINYMHY K CAWHUIAM ILIOTHOCTH 3¢upa B
cooTBeTcTBHH C (3.6)

o=prk =10'%.3,36-10"" =3,36- 10° xr/m’ . (8.23)

3TO IIOTHOCTH XHAKOrO fANpa aTOMa BOAOPOJA, BeIpa)KeHHAs B
eAVHUIaX IDIOTHOCTH CBOOOomHOro »s¢dupa. anee 3amumeM
eXXKeCEKYHIHBIN pacxon 3¢upa, MOrjIolIaeMoro aToMOM BOIOPOAA

Q=S,Vip=4nr’,; V:pe (8.24)

Ecnm Bech 00beM Alpa aToMa Boxopoaa W, 3alOIHUTE KHIKHM
3¢HpOM, TO €ro Macca Oyzer

M,= zpe,_z=47tr3ozpe.z/3 (8.25)

CrnenosarensHo, BpeMsa, NOTpeOHOE 1A HAKOILIEHHS 3TOM MacChl
Oyzer mpuMeEpHO paBHO

4 - r pez/3_roz-pe_z

t=M,/Q= =
dr-r>-V.-p, 3V, -p,

(10.26)

3aech To,=10"°M, pPe,=3,36:10"xr/™’’ p=1,19-10°kr/m’ . CxopocTs
V, noacuntrBaercs o dopmyne (1.8) mr m,=1,67-10%xr , r=r,,. B
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pe3ynbTaTe Ha rpaHHUIIC Apa aTOMa BOAOpOAA CKOPOCTh 3¢upa Oyner
V=0,112:10°M/c, a Bpems 3aTpaduBacMOe Ha 3allONHeHHe 0OBeMa
S1pa aToMa BOZOpOAa XKHAKHM dbupoM t=8,4-10"7c=26,7mnpx.mer.
JTO BpeMs UMEET IOPAAOK CPOKa KM3HM BceneHHoit, OTBOIUMOro et
aCTPOHOMUEH.

[TpennoxenHas BuxpeBas >(PUpOoAUHAMHYECKAS MOJECIb aToMa
BOZOPONa HE COACPKUT dBJIEKTPOHOB. MBI momaraeMm, 4TO 3JIE€KTPOH
¢opmupyercs BO3OYKOECHHEIM 3TOMOM B MOMEHT BHIOpOCa CTpPyH
3pupa M3 HEOp MOCIEAHEr0. JTOT MpollecC IJIMNTCA HEAOIro u
ABJISIETCA COCTABJIIONIEH YaCTHIO aKTa TBOPEHHSA MaTepuM u3 3dupa.
Takas cxemMa aToMa BOJOpPOAA B OIIPENEICHHON Mepe COOTBETCTBYET
npeacTasieHnaM bopa [22] 00 smekTpoHHOM 00s1ake WM 3JE€KTPOHE,
pasMa3aHHOM II0 opOuTe BHYTpU aroma. IIpu sTomM He Oyner
IIPOTHBOPEYMH MEXIAYy 3aKOHaMM KIacCUYECKOM MEXaHHuKM |
MEXaHMKOM MHKpPOMHMpPa, B KOTOpPOM DJIEKTPOH, HMEIOMIUHA
JIEKTPUYECKHII 3apsAd W  Bpallalomuiics C  LEHTPOOEKHBIM
YCKOpPEHHEM Ha OpOuTE BHYTpY aroMa, TEM HE MEHEE HE H3Iy4aeT
Ty4YuCTYI0 3Hepruio. Her 3jekTtpoHa — HeT M u3nydeHus. Bcee
HaXOOUTCS B TapMOHHMYECKOM COOTBETCTBHHU. IIpemnoxkeHHas 34ech
apupogUHAMUYCCKAas BHXpeBas MoOjelb aromMa Bogopoaa Oyner
COBEPIIEHCTBOBAThCS M ACTAIbHO O0CYXKIaThCA C pa3HBIX MO3ULUHA B
MOCIIEAYIOIMMUX pa3Jeiiax KHHI'M.

9. Poxaenue yexrpona. CTpykrypa
3JIEMEHTAPHBIX YACTHII MATEPHH

B mnpenpiaymem pasziene Mbl OPHOUIA K BEIBOAY, YTO B
CIIOKOMHOM COCTOSSHMM B aToMe BoAopoza (M JOpYyrux aromMax)
3EKTPOHOB HET. JNeKkTpoH (opMmupyercs U3 CTIpyH 3¢Hpa Ha
paccTOSHHM T, OT OCH BHXpeBOro koisblia (puc.9.1). B moMeHT
BEIOpOCa KoJbleBas CTpyds HMeeT CKOpocTh  Uyp,=wy1,. B
JaJbHEHIIEM OHA CTAHOBHUTCA CKOPOCTBI0 MOCTYHNATEIBHOTO
JABIDKEHMSI DJJIEKTPOHA IIPH €ro IEPEMENIEHUN B IIPOCTPAHCTBE.
KonbpueBoi BUXpbh aToMa BeIOpachIiBaeT U3 cebs BUXPEBOE KOJIEUYKO
exkTpoHa. Ero och HampasieHa BIOAB IEHTPaIbHOH OCH
CHMMETpHH aToMa.
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Puc.9.1

[TepBoHavatsHO raGapuThl BHXPEBOTO KOJIbLA HOBOPOXKAECHHOIO
IEKTPOHA  HMMCIOT  pasMephl  IOJIOBHMHBI  paJHyca  aroMa
1,=20,5r,,20,5-10"°M. B  MoMeHT (OpMHPOBaHHA  3JIEKTPOHA
BO30yXICHHEIM aTOMOM OH ITIpHOOpeTaeT TaKyl0 XKe Kak y aroMa
YIJIOBYIO CKOPOCTBh CTPYH 3¢Hpa BOKPYT OCH BHXPEBOro KOJbLa, TaK
Kak

Dy.e=dU, o/ drg=dU, /dr, =3-10"%" 9.1)

CorjmacHo chOpMYJIHPOBaHHOMY paHee IIOCTYJIaTy OCEBOE
BpallicHUE BHYTPHA HOBOPOXKICHHOIO KOJBLA HAIpaBiIeHO NPOTHUB
YaCOBOM CTPENIKM, €CIIM CMOTPETh HAa HETO CO CTOPOHHI BHIAYBA CTPYIL.
BenuauHa OCeBOM yTIIOBOHM CKOPOCTH @, II€pBOHAYyainbHO Mana. Ho
IPH CXKATHM BHXPEBOTO KOJNbIA OHA YBEJIMYMBACTCA U B YyKe
chopMUpPOBaBIIEMCS 3JIEKTPOHE NOCTHUIAaET 3HAYCHNUS

@y=3-10"8." (9.2)

Hanpapinenue BpamieHWss CTPYH BAOJNb BHUXPEBOro KOJbBIA
3JICKTPOHA HAMPABJIEHO B IIPOTHUBOIIOIOXKHYIO CTOPOHY II0 CPAaBHEHMIO
C MPOTOHOM, €CJIY CMOTPETh HA HUX CO CTOPOHBI BHIIyBa CTPYH 4Yepes
HX [EHTpaJbHBIE OTBEPCTUA. ITO BaAXKHO OTMETUTh, TaK Kak M3
Marepuaia [ocleIyomuX riaB 0y/eT MOHITHO, YTO OT 3TOI'O 3aBHCHT
3HAK JIEKTPUIECKOrO 3apsiaa ITUX JacTHII,

PaccMOTpM, 9TO  NOPOM3OHAET MNP YMEHBIICHUH
HOBOPOXXACHHOT'O BUXPEBOT'O KOJIbIAa JO pa3MepoB 3e¢KTpoHa. O0beM

KOJIBIIA W=2&t2r°,br20_el, Macca 3¢upa BHyTpH KOJIbLA m=27t2pe rorbrzo-el.
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MoMeHT koMuecTBa [BIDKEHHUSA MacChl 3(upa BHYTPH BHXPEBOTO
KOJbIIA I==mrorva=21t2per30,b12°.e,cov_ IIpy M3MEHEHHHM Ty, BHXPEBOTO
KOJblia A0 pasMepa T, MOMEHT KOJWYECTBA JIBIDKEHHS IOJDKEH
COXPaHHUTh CBOE 3HAYCHHE 32 CYET YBEIMYEHHUSA YIJIOBOM CKOPOCTH
BpALICHUA [0 3HAYCHUS (y.¢ .JJ03TOMY MOXKHO 3amucaTh
I=2n2per30rbr2 o-elmvzznzperso—elmv-el (93)
3nece:
Too=10"" M, 1o=0,5-10""M, 0y.=3-10"%", (9.4)
Ortcrona MOXHO HaWTH Ha4YaJIbHOE 3HAYEHUE YIVIOBOM CKOPOCTH Dy B
O0IB1IOM HOBOPOXKACHHOM BHXPEBOM KOJIBIIE IEKTPOHA
O=yeit et/ ors=3-10%" (9-5)
JTO OTHOCHUTEIIBHO MaJicHbKas BemWuyWHA. [IpHM JOCTIDKEHHH
OOMpIINX  3HAYEeHWH  YIJIOBBIX  CKOPOCTEH,  OmpeneaseMBIX
BeIpaxxeHHIMM (9.1) u (9.2), BHyTpH BHXPEBOro KOJbIa 3JIEKTPOHA
BKJIFOYACTCA MEXaHHU3M nepexoa sdupa B XKUIKYIO a3y U B CepeauHe
BUXPEBOTO KOJblla HayWHaeT OOpa30BHIBATHCH BUXPEBas HUTh W3
XKHUIKOTO 3¢upa. ODIEeKTPOH CTAHOBHTCA BHXPECTOKOM, TO €CTh
CTaOWJIBHOH, HONITO XUBYIIEH JJIEMEHTAapHOH dacTuiied. Pasmepnl y
JJIEKTPOHA TaKue JKE€, KaKk y IMPOTOHA. TOJIBKO IPOTOH IEIMKOM
COCTOMT M3 XKHAKOro 3¢upa. HeHTpoH OTIM9aeTcs OT MPOTOHA TOIBKO
OTCYTCTBUEM B €r0 BHXPEBOM KOJIbIE OCEBOTO BpaIlEHUs CTPyH. Y
HETO ®y,=0. M3-3a 3TOro HEUTPOH HE HECET DIEKTPUYECKOr0 3apsa.
[To3uTpoH ABIIETCA TEM JKE€ 3JIEKTPOHOM, KOTOPhIM OyAydu
BEIOpOIIEHHFIM M3 BemIeCTBA B CWIy KaKUX-TO KaTakIW3MOB,
BHIHYXKIEH ABUTaThCA KPATKOBPEMEHHO B IIPOTHMBOECTCCTBEHHOM JUIS
BHXPEBOT0 KOJIbIIAa HAINpaBJIICHHU, TO €CTh B CTOPOHY BAYBa CTpPyH
spupa BHYTIPH LIEHTPAILHOTO OTBEPCTHS. 3ACCh HAIIE MHEHUE
coBmagacT ¢ paboroit [5]. Takoe ABHKEHHMEC MOXKET OBITH TOIBKO
BBIHYKJICHHBIM M KpaTKOBpeMEHHBIM. BeieacTBue TOro, 9To IpH 3TOM
MeHS€eTCs HalpaBJIEHUE BpallleHHsI CTPYH BAOJIb BUXPEBOT'O KOJIbIIA 11O
OTHOIICHHIO K HAIPABICHUIO MMOCTYNATENBHOTO ABWKCHNAS, BO3HHUKAET
oOpaTHas KapTHHA B3aNMOACHCTBHSA C 3JCKTPOMArHUTHHIMH ITOJISIMHU.
B pe3yibTaTe 3TOH 4acTULIE NPUIMCHIBACTCS B OTJIMYHE OT 3JICKTPOHA
IIOJIOKUTEIILHBIN JIEKTPUIECKUM 3aps.
[Tpo Gonbioii OTPsAA KOPOTKOKUBYIIUX 3JIEMEHTAPHBIX YACTHI] U
AHTMYAaCTHUL] MOXXHO IIOBTOPUTh CKa3aHHOE paHee. DTU YacTHLBI TAKKE
IPEACTaBIAIT Co00M pa3nudHele 10 ¢QopMe >QUpHBIE BHUXpH,
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BO3HUKaKIMUe B 3dupe mpu OGoMbapaupoBke BemecTBa o U 3
YacTUIIAMH M JAPYTuX KaTakimiamax. OmaHako, yIVIOBBIE CKOPOCTH B
STHX BHXPAX He HaOpamM HyXHOH BeJIMUMHBI mopsgka o=3-10'%¢
ITosTOMy B HMX HE BKJIIOYAETCH MEXAHH3M Iepexona dpupa B KHAKYHO
¢asy M BHXPEYACTHIBI OBICTPO MNEPCHOJHIIOTCH IOTJIOIICHHBIM
a¢upoM. TOIBKO HA O4YEHP KOPOTKOE€ BpEMS OHH CTaHOBATCS
BAXpPECTOKAaMHA M HAYMHAIOT MNOIJomiate 3(GHUp M3 OKPYIKAIOIIETO
IIPOCTPAHCTBAa. DTOT HPOLECC HAASISIECT MX HA 3TO BpeMS MacCOi,
BECOM H 3JICKTPHUUECKHUM 3apsaaoM. OJHAKO CPOK UX JKH3HH OUYEHb Mall,
T.K. MPAaKTUYECKH MTHOBEHHO BHYTPY HHX IIOBBIIIAETCS NaBJIEHUE U
npouecc mornomenus sdupa npekpamaerci. KopoTKOXHUBYIHE
JaCTUIB! OTJIWYAOTCA OT KOPOTKOKHBYIIMX aQHTHYACTHUI] TOJIBKO
HaIpaBJICHUEM [BIKEHUS TUOO B CTOPOHY BRIAYBa CTpyH adupa Hu3
LEHTPAIBHOTO OTBEPCTHA BHXpeKoabla, mu60 B  oOpaTHOM
HanpasieHud. Ilpu 3TOM H3MEHAETCs H WX B3aUMOJEIHCTBHE C
3JIEKTPOMArHNTHBIM ITOJIEM.

10. Cnun 3aeKkTpoHAa

N3BecTHO, 9TO BpamieHUe 3J€KTPOHA BOKPYT €TI0 OCH CBA3BIBAIOT C
NoHATHEM cluHA 3jekTpoHa [22]. ChomHOM 3JeKTpOHA Ha3sIBaeTCA
BHYTPSHHMII MOMEHT MMITyJIbca (KOJIM4ECTBA I[BPI)KCHHH) gacTuilsl. I1o
KBAHTOBO# TEOPHUM OH PaBEH

Igp=1h/47=0,525-10"*Ix-c, (10.1)
rae Isp-poekmus criMHa Ha HampaBlieHWe MHAYKiMH B BHemHero
MAarHMTHOIO MOJIA.

Ctpyu 3dupa BHYTpH BHXPERIEKTPOHA BpPAIMAIOTCS BOKPYT OCH
CHMMETPHH KOJblia C YIJIOBOH CKOPOCTBHIO Oy.e=3-10"%c". dopmyia
(9.3) maer BeIpakeHHME MOMEHTa KOJIMYECTBA JBHIKEHHUS Macchl 3¢pHpa
BHYTpH Koibia. OHO JODKHO paBHATHCS CIIMHY 3JIEKTPOHA

I= ane rsopbrzo-elmv-el. (102)
Eciy npuHATE Iopp=To-¢1, TO
[=27° el o el Oy =/4T (10.3)

[TonaraeM BeJHYHHY CHHHA OJEKTPOHA  OOIIEmPU3HAHHOHN
BexmunHoi. [ToaToMy ucmonb3yeM 3Havenus (10.1) u ¢popmyny (10.3)
IS OTIpEAEICHNS BETUIMHE] paguyca JJIEKTPOHA
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toe=31/278% p 0, , =2,36-10"m (10.4)

3nech cCiaeoyeT OIMETHTh, 4YTO B JIUTEpAaType pas3IndarorT
JJIEKTPOHBI, CBS3aHHBIE B aTOMax, CBOOOJHEBIE DJJIEKTPOHBI U
3JEKTPOHEI, BBICTYNAIOMIME B POIM HOCHUTENEH 3nekTpudecTtBa. Mx
pasMepEl OLICHUBAIOTCS B JIUTEPATYPE 10 pa3sHOMY B NpEAENaX Ty o=
10....10"*m. TIoaToMy Ha 3TOM 3Tare IPOCTO IPUMEM [OJIy9E€HHOE
HaMU 3Ha4€HUE K CBEACHUIO. BO3MOKHO, B OCISAYIONIMX IJIaBaX MBI
IIOJIy4HUM MOATBEPKACHUE WK YTOYHEHNE 3TOT'0 3HAYCHH.

11. ddupoaunaMuyeckas MpupPoaa BOJH
ne bpoias

Pan ¢usuueckuxX sABIEHMH YKa3hiBaeT HA CBI3b  MEXIOY
PacCIIPOCTPAHEHHEM JIyYHUCTOH SHEPTrUM M ABIDKCHHEM 3JIEMEHTapHBIX
gactdu. Oka3anoch, 9TO BcfAKas ABHXKYIIAACH 4YaCTHIA MaTepuu
CBSI3aHA C HEKOTOPEIM KOJIEOAaTeNBHEIM, TO €CThb C BOJHOBBIM
IIPOIECCOM.

OmbITEI TOKa3aiW, 9YT0 MNOpH OTPAKCHUHM DOJIEKTPOHOB OT
KPUCTAJUIMIECKON MOBEPXHOCTH B psA€ CIyYaeB HAPyIIAIOTCA 3aKOHEI
reoMeTpu4eckoil ontuku. Cxemy onblta MOXXHO Haiftu B [22]. Ilpu
3a[JaHHOM yTJIE MAaACHWS IIEKTPOHBI OTPAKAIOTCS OT MOBEPXHOCTH
KpHCTaJIa NOJ pasHbBIMM yrilaMd. DTO ABJICHHUE MMEET MECTO, KOraa
MEXaTOMHBIC PACCTOAHUA Y KPUCTAIUIA UMEIOT MOPATOK (101°...10")m.
Eciu 3TH paccTOSHUA CYHIECTBEHHO Ooibmie WiM MeHbmE, 3(PQEKT
MiCUe3aeT.

Ecinp mocTponTh IHarpamMMmy pacupeAesICHHUs [0 HanpaBiICHHSIM
qKCJIa 3JIEKTPOHOB, PACCESHHBIX MPH OTPAXKEHUH OT KPUCTAUTHYECKON
MHIIEHH, TO OHAa OyJer HanoOMHHATP KapTHHY AuUQpaKiuH
PEHTTeHOBCKHX Nydeil. B auarpamMMe givHa panuyca, IIPOBEIEHHOIO
13 ICHTpa MUIIEHHU, OepeTcs MpOrOpHUOHAIBHON YUCIIy 3JIEKTPOHOB,
OTPaXKEHHEIX IO/ JaHHBIM YTJIOM. YToil HajeHUs NEPBUYHOTO Iy4yKa
3JIEKTPOHOB 33/1aH.

YIUBUTENBHEIM SBISICTCS TO, 4YTO B OJHMX HAIPaBICHHAX
HaOIIOAAIOTCA MAaKCHMYMEI 9HCIIA OTPAKEHHBIX DJJIEKTPOHOB, a B
ApPyrux MUHAMYMBI. 11 3TO IPOMUCXOAUT IIPH TOM, YTO PacHpPEACIICHIE
3JIEKTPOHOB B  MOy4YKEe  M3HAYadbHO OBUIO  paBHOMEPHBIM.
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CnpammBaeTcsi, 4TO X€ MOIJVIO B IIPOLIECCE IIOJETa 3JIEKTPOHOB B
IIy4dKe IO HAIpPaBJIEHHIO K SKpaHy paccOpTUpPOBATh UX B IUIOTHEHIE H
pa3spEKEHHBIC CIIOM?

OTO sBlIeHHWE HA3BAIH AUPpaKmueil Mo aHANOTHM ¢ JHPpaKnUen
CBETOBEIX M PEHTT€HOBCKUX Jydeil. [lo3ke BBIACHWIOCH, 9TO IPYTHE
3JIeMEHTAPHBIC YaCTUIIBI, HAMPHUMEP, IIPOTOHBI, aTOMBI U OTHEIIBHBIC
MOJIEKYJIBI TaK)Ke IOBEPIKEHBI JUPPaKIIHN.

Fme Ooilee yAMBHTEIBHO, 4YTO AN(MPAKIMOHHBEICE KapTHHBI
HAOIIOAAIOTCA HE TONBKO A ITyYKOB OJHOBPEMEHHO ABMOKYILMXCS
9YacTUILl, HO H /IS OTHEIBHBEIX OJUHOYHBEIX YaCTWL], ITOOYEPETHO
JEeTAUMX Ha KpUCTAUIMYECKUN OJkpaH. Ilocne MHOrOKpaTHOro
“obcTpena” METAUIMYECKON IUICHKA MOHOKPHUCTA/IA OJWHOYHBIMMU
JIEKTPOHAM¥ HaOmoAanach Takas e JuppakiMOHHAS KapTHHA, Kak
IIPY IPOXOXKACHUM IMydka. Kak Binsger OJWH 3JIEKTPOH Ha APYToii, Aa
elle o MPOIISCTBHUM MHTEpBalia BPEMEHU, KOr[a OH HAXOMUTCH YiKe
COBCEM B JPYIOM MECTE, HEU3BECTHO.

DpaHiy3Ckuii y4YeHBIM nA¢ Dbpoins, NRITA’ICE COIIacoBaTh
BOJIHOBYI0 M KBAHTOBYI0O TEOPHUH, BBIABHHYJ THIOTE3Y, UYTO
KOPITyCKYJISPHO-BOJIHOBas ABOMCTBEHHOCTb, XapaKTepHAas JJIA CBETa U
JIEKTPOMarHUTHOTO MOJI, HWMEET YHHUBEPCAIBHEIH  XapaKTep.
CormacHo 3TOH rurnorese co BCAKOU yacTulled, UMEIOmei Maccy m m
ABWKYIIEHCA CO CKOPOCTRIO V, CBA3aHO PacHpOCTPaHEHHE BOJIHBI I
bpoinsa. [muHa #eOpoitieBOM BOJHEI ONpERENAeTCs 3HAMEHHUTOM
dbopmyioii Ae bpoiins

=

mV
3nece h=6,626-10"*]Ix-c=6,54-10""3pr-c — mocrosnnas ITnanxa. OHa
BXOAMT BO BTOPOH NIOCTYnaT Bopa, yTBEpHAOIui, YTO 3IEKTPOH
MO>KET BPAINaThC BOKPYT SAPa aTOMa TOJIBKO HO KPYTOBEIM OpOHTAM,
IS KOTOPBIX BEINIOJIHSIETCS PABEHCTBO

27'Cl'opropb mel—-—'nh . (1 1 .2)

IIe me — Macca dIEKTPOHA; Topp — PAANYC OPOUTHI 3TOTO NEKTPOHA
IpH BpalleHWW BOKPYT sjapa artoMa;, Ugy —OKPYXKHAf CKOPOCTh
3JIEKTPOHAa Ha OpOMUTE; N — HEN0e€ 9YUCIIO, Ha3bIBAEMOE KBAHTOBBIM
guciaoM. YacToTy BOJHEI Ae bpoitns onpeaensioT 1o gpopMmyne

(11.1)
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OT0 03Ha4Yaer HEUYTO TYMaHHOE, a HMEHHO, 4TO BCS DJHEpPrud,
SKBHBAJICHTHAd Macceé m, paBHa sHeprud h-§ BooOpaxkaeMoro
KBaHTa JIyYUCTOM 3JHEPruM, 9acToTa KOTOPOM PaBHICTCS YacTOTe
¢a30BOi1 BOJIHEI, KOTOpasA HE ABJISETCA JIyYHMCTOH SHEpPrueH.

Takum 006pasoM, J0Imyckas, 4YTO BCAKOE JBIKCHUE YaCTHIIHI
CBA3AaHO C BOJIHOBEIM JIBIDK€HWEM, (pH3MKa HE 3HACT, 9TO HMEHHO
KonebneTcs, Kak M rjae IpOUCXOIUT KojdeOaHue, KaKOBa CBA3b MEXIY
BOJHOH M dYacTHLed ¥ KakuM oO0Opa3oM IPOMCXOJUT HX
B3auMozeiicTBue. IIpo6iema BOTHOBOM MEXaHUKH Je Bpoiins cOcTouT
B TOM, YTO MCTHHHAsf MPHUpPOJA IABYX COCTABHEIX YacTed ayanus3ma,
PaBHO KaK 1 MX B3aMHOE OTHOIIEHNE, OCTAeTCA MOJIHON TalHOM.

HeMmano cnemaHo NDOMBITOK OTBETUTh Ha OSTH BOHPOCH. Tak
[Ipenunrep npeanosnaraj, 4T0 caMa 4acTHIIA €CTh HE YTO MHOE, KaK
MECTO CTYIIEHHS BOJH (MMakeT BOJIH), HO IO3)KE€ OT HEr0 OTKA3aJCH.
Cam ge bpoiinp cuuTan BOJHOBOE ABMIKCHUE DEAJIbHBIM SBIICHHEM,
IPOUCXONMIIMM B MPOCTPAHCTBE, BHYTPH KOTOPOrO HAXOAMTCS
MarepHaibHas 49actuma. IIpy 3TOM HHTEHCHBHOCTH BOJIHOBOTO
ABWXKEHHA B KaXXAOH TOYKE 3TOr0 IPOCTPAHCTBA OH CBASBIBAIL CO
CTEIICHBIO BEPOSITHOCTY HAXOXICHUSA YaCTHLIBI B 3TOH TOouke. Y3 3TOro0
CIEAOBaO, YTO 9YacTUIla HampaBigeTcs BOJHON. I'eizenbepr u bop
mojiarajy, 9YTrO0 BOJIHA, CONPOBOXAAMONIAA 4YacTHIy, BOBCE HE
OPEACTaBIseT (U3MYIECKOr0 SABJEHHS, HO JIMIIb CHMBOJMYECKH
0003HagacT ABOMCTBEHHOCTh CBOMCTB dacTHIEL. Bce 3T0 A0CTaTovHO
TyMaHHO.

B pasBuBacMoOlf HaMu Teopud 3¢HUpa 3IEMEHTAPHEIC YACTHILHI
BEIIECTBA MNPE/CTABIAIOT C000H BHXpEBEIE KOJblia, O0Opa3OBaHHEIE
BEICOKOCKOPOCTHBIMH CTpysAMH 3¢upa. Ilpu aABrkeHnd Takux Buxpein
B IToj€ 3(HUPHOro rasa BO3HHKAIOT pEanbHBIE BOJHBI Jie Bpoiis.
Yrobs1 pazobpatecsi B 3TOM, oOparmMmcsa k puc.(9.1) Onextpon
COTJIacHO C IJ1aBoil 9 mpeacTaBiieT co0o0il BUXpEBOE KOJIBLO pagdyca
To-el, JIETAMIEE B HAIPABICHWM BEITYBAaHUS CTPYH H3 LIEHTPAIBHOIO
OTBEPCTHS aTOMa BAOJIbL OCH OX. BHyTpu 3nexrpoHa crpym 3¢upa
IBVXKYTCSA B IBYX HampaBieHusx. OHH BpamawTci C OJWHAKOBBIMH

YIJIOBBIMM CKOPOCTAMH ye=3-10'°c’  Bokpyr mnpomomsHoif ocw

3 = (11.3)
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BUXPEBOIO KOJIBIA M ®y.o=3-10"°c” Boxpyr ero ocu cummerpun. Ha
puc.(11.1) moxa3aHel IBa CE4YEHHS BHUXPEBOI'O KONbIA H BIIIOPHI
pacrpeieJIEHI OKPYKHBIX M OCEBEIX CKOPOCTEHN B ITUX CEUYCHHUAX.

ry

o

.

)’ |

@ dVia

Puc.11.1 Puc.11.2
BHyTpH BHXpEBOro Konslia CTpyH 3Hpa BpaIIAIOTCS 10 3aKOHY
BpanicHUs TBEPAOro Teia
Uperm0uell 3 U™yl (11.4)
Kak BcSk#i BUXpH, BUXPEIIEKTPOH HHAYLMPYET BOKpPYr ceOs B
a¢upHOM Tase 1mole ckopocred. KaprmHa ckopocteit momydaercs
AOCTaTOYHO CHOKHOW. YTOOEI OBUIO IMOHATHEE, PACCMOTPHM IIOJIE
CKOPOCTEH BOKPYT OCH CHMMETPHUH BHXpedNEeKTpOoHa. OHA COBIAIAET C
HallpaBJIEHHEM €ro JBHxeHUs. BHE BUXpeBoro Konslia HHAYLHPYIOTCS
ckopoctu U,.j, ONHCBIBaEMEIE 3aKk0HOM bro-Casapa
I',Sina-dl
2

dUy.e= (11.5)

47r
OO6o03HaveHusA, HCIOJIB30BaHHEIE B (DOpMyJie, IIOKAa3aHRl Ha
puc.11.2 ®opmyna 3zamucanHa a1 OECKOHEUHO MAJIOrO 3JIEMEHTA
kpuBonuHeitHoro Buxpsa dl. Ckxopocts dU,. B Touke A nexur B
IUIOCKOCTH, IIEPIIEHAUKYJApDHOM OCH »3JeMeHTa Buxpa dl w
HalpaBleHa B CTOPOHY BpallleHUs BHXpSA. I-pacCTOSHUE MEXAY
TOYKOM A M pacCMaTPHUBACMBIM 3JIEMEHTOM BHXPS. Ol-YyrOJl MEXIY
oceio dneMeHTa Buxpsa dl u paguycoM r. I'e-ITUPKYJIALHS CKOPOCTH,
OACYUTAHHAS II0 IMEPHUMETPY BUXPEBOro KOJbla
I'e =4nroe Uvo-el=87t0)v-elr20-el (11.6)
3nech Uy e=2W@yo.ello-el  SIBISETCA OKPYXKHOM CKOPOCTBIO Ha
rpaHHIle BUXpE3IEeKTPOHA, HATIPABICHHON BOKPYT €r0 OCH CUMMETPHH.
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YuuThiBas, 4TO SNEKTPOH OYEHb Mayl, 3aMEHHUM OECKOHEYHO MAJIYIO
BEIIHYHHY 3JIeMeHTa Buxps dl Ha miMpuHy BuXpeBOro Kojpla dl=

2r,.¢. IlomoxxuMm Sino=1. B 3TOM ciiyuae OKpy»KHas CKOpPOCTEH BOKPYT
OCH CHMMETPHH BHXPEBOrO KOJbIAa 3JIEKTPOHA B OKPYKAIOWIEM €ro
1noje 3¢gupa B INIOCKOCTH BUXPEBOI'0 KOJIbIA BEIpasuTcs GopMyoi

Uyer= Fel ra—ezl (11.7)
27 r
B pe3yneraTe 1mpd ABMKEHHUHM 3NEKTPOHA Uepe3 IIOJe
HEBO3MYILEHHOr0 3¢upa mobad yactuia 3¢pHpa Ha IyTH 3JIEKTPOHA
HAaYMHACT COBEpIIATh CIIOXHBIC CHUpAJbHEIE NepeMelieHus. BaxHo
OTMETHTH, YTO B 3TOM JBIDKEHMH IIOSBJIAETCS LUKIMIHOCTB, @ 3TO
HEOOXOAUMEII 3IEMEHT AJIA OMHCaHus JIIOO0ro BOTHOBOI'O Ipoliecca.

JUid pajdpHEHMINero aHajgu3a B KaueCTBE XapaKTEPHOH TOYKH
BeIOEpeM TOuky B Ha IMOBEPXHOCTH BHXPEBOroO KOJBIA 3JIEKTPOHA
(Puc.9.1). Ora Touka nBmXeTcs BMecTe co CTpysaMu d¢pupa. Ilpn
OBIDKECHHUHU JJEKTPOHA CKOPOCTH TOYKA B cKiIaJpIBaeTcsd M3 ABYX
COCTaBJAIONIHX, @ UMEHHO, U3 CKOPOCTH MOCTYIATENBFHOTO ABIKCHUS
V B HampaBII€HHMH OCH OX H OKpYXHOM cKOpocTH U, UYtToOBI HE
3arpoOMOXAAaTh HAIl aHaIU3 NpeHcOpeKEM OKPYKHBIM IBHKECHHEM
CTpy# BOKPYT OCH KOJIBILIA.

B pesynsTate cnoxeHus CkopocTed TOUKa B onmmer KpuByio,
Omm3kyo k cuHycomae. Ilepuon xomebGanmii wactul 3¢upa BOKpYT
OBH)KYIIEroCsl 3JIEKTPOHA, BO3HHKIOMX B PE3YJIbTATE OIMCAHHOTO
nponecca B OKpyxaromem Ione 3¢upa, Oyaer paBeH BpEMEHU, B
TEYEHHH KOTOPOrO0 TOUKA B COBEpIIMT MNOJHEIA OOOpPOT BOKPYT
IEHTpaJibHOM ocu (3TO BpemA OyAeT paBHO BpeMEHH MOITHOro obopora
TAK)KEe BOKPYT OCH BUXPEBOI'0 KOJIBIIA)

A .
I Vo 27 (11.8)
Uo-eI wv-el
B sToM cnydae niauHa nebpoiineBoii BOIHEI OyaeT
27V
A=V,T = ol (11.9)
wv-el

OTMeruM, 4YTO PACCMOTPEHHOE IIPEICTABICHHE O BOJHAX M€
Bpoiinga B 3dupe NpHHIMUNHAILHO OTIMYACTCS OT OecIOTHBIX
AeOpOiiIeBBIX BOJNH, C KOTOPBIMH CETOAHA omepupyer (¢u3uka.
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PeajbHbl¢ BOJHLI B _1oJe 3¢dupa, NOpPOXKACHHBIC JETAINUAM
3JICKTPOHOM M _CONPOBOXKAAIONINE €r0 B NMOJIETE, 3TO B €CTh BOJHbI

ae bpons,

B 91Ol TpakTOBKE SBICHHSA HET HHYEr0 YAMBHUTEIBHOTO IS
MOBCEAHEBHOM MPAKTHKKU 4YENoBeKa. A3pOAHHAMHKAM H3BECTHO, UTO
JeTAIMNN caMOJIeT WIH IUIKIBYIIAad B MOpPEe MOABOAHASA JIOJKA CO3MAIOT
BOKpYT cebs obiiacTH BO3MYILIEHHOIO TeueHHs. M ecniu psaoM WM B
clefe 3a CaMOJIETOM OKaXKETCAd IOPYyrod CaMoOJIET, OH MOXET OBITH
OoTOpOIIEH WM NEPEBEPHYT STHMU TCUCHHAMHM H JaXe IOTEPIETh
xkaracTpody. BuxpeBoil cmen 3a IIOJBOJHONM JIOJKOM MOXET OBITH
oOHapy>eH Yepe3 MHOI'O 4acoB, KOTAa JIOAKa Oyler y»Ke COBCEM B
apyrom Mecte. U ecnmu B 3Ty 00yacTh TE€UEHMA IIOMANET JPYTOi
kopabnmp, TO Ha €ro IUIaBaHHE HEM30E€KHO INOBIUAET CHEed OT
MPOIUIEIBUIETO paHbIIe CyqHA. DTO OOBACHAET, MOYEMY ITOOYEPETHO
JETAIINE OJMHOYHBIE 3JEKTPOHBI OKAa3bIBAIOT C MOMOINLI 3(PHUPHBIX
OeOpOMIECBEIX BONH BIMAHUE HA JICKTPOHEL, JETANIHNE B UX CIEe.

Korma MBI roBOpHM, 9YTO BHUXph HHIYIIMPYET BOKpYr ceOf B
OKPYXaIONIeH CIUIONIHOM cCpene MOJIE OKPYXHBIX CKOpOCTEH, TO
BO3HHMKAET BOIPOC, KAaKOB Xe (U3HUECKH MEXaHH3M, KOTOPHIH
3aCTaBJIAET 4YAaCTHULBl cCpeanl OBUTAThCA. OYEBHAHBIA U CaMbId
pacnpoOCTPAaHEHHEBIM OTBET, YTO [PUYMUHOM SABIACTCS TPEHHUE.
JIeNCTBUTENBFHO, €CJH IIOMECTUTH B JKUAKOCTH BpalIAIONIANACH
HWIHHADP, TO BOKPYT HEro moja ACHCTBUEM TPEHUA BO3HHUKHET IIOJIE
CKOpOCTE#, HAMOMMHAIOIIEE pacIpedesICHIE CKOPOCTENH OKOJIO BUXPSL.

OmHako, BCIIOMHHM JApYTroil IIPUMEP — CIHMB BOJABI U3 €MKOCTH
yepe3 cIuBHOe OTBepcTHe. KMAKOCTHE BpamlacTcsi BOKPYT BOPOHKH,
obpa3yromercs Ha CIUBHBIM OTBEpCcTHEM. M, xOHEUHO, HE BOPOHKA,
TO €CTh IBbIPKa, Bpaljaercsi U YBIEKaeT 3a co0oil BO BpamieHue

OKPYKAIOIIYIO XUAKOCTe. Ha camoM nene TaM, rae Hab.aioaaercs

CJIHB_HJIH IOIJIONIeHAE, OKPY/KAIONIas CILIOIIHAs cpeaa (Boaa,
BO31VX, 3dHp) yvcTpeMiserci K IMOLJOMIAIONIEMY O0LEKTY H
NpHOOPETAET YCTOHYHNBOE COCTOAHHE NBHKEHHN TOJbKO, 00pa3ys
OJIHOBPEMEHHO CO CTOKOM €Ille ¥ BUXPb.

Cnexyer OTMETHTh, YTO €CJIH W3BECTHHl IIOCTymNaTelbHAsd |
yrjoBas ckopoctu 3jnekrpona, To ¢popmynsl (11.8) u (11.9) Oyayr
JaBaTh IEPHON H IIMHY AeOpoiIeBOi BOIHEI 3NeKTpoHa. Ecny meTur
HE DJIEKTPOH, a Jpyras dJJeMEHTapHasd 4YacTuiia, TO 3TH IapaMeTphl

54



cienyer Opath HE IJIA JIEKTPOHA, a I paccMaTpPHBAEMOM JaCTHIIEI.
JTO BO3MOXKHO, ECIM CaMa 3JICMCHTApHAsA YacTHI]A MMEET CTPYKTYpY,
aHAJIOTHYHYIO CTPYKType BHXPEINIEKTpoHa. B 3TOM ciydae dopMyIihn
(11.8) u (11.9) cnenyeT 3amuceIBaTH B BUAE

2-r, 2
=22l _ 27 (11.10)
UVO a)v
A=yr=22Y (11.11)
a)v
Taxum obpa3zom, YCTOHYHBLIM N30,JUPOBAHHBIM

JJICMEHTAPHBIM 06Q33083HHCM B IIPHPOAC ABJACTCH BHXPECTOK. A

JHEPrus HA ero o0pa3zoBaHue U GYHKIIMOHHPOBAHHE YepHaeTcH U3
OKpYyxamouero mojsi 3¢upa. B rimase 6 Owuio moka3aHo, 4TO 3Ta

SHEPrusd OYCHb BEJIHKA, IPAKTHYECKH HEHcdeprnaeMa, TaK Kak
BOCITOJTHSCTCS MPH PaspyLICHUH MAaTEPUM B PE3YIBTATE KOCMHIECKHUX
KaTaKJIM3MOB C IOCIEAYIOMEM IIEPEXOOM € B mup.

Ha mnepsriii B3rnan dopmyna ge bpoitns (11.1) u dopmyna
pa3BuBaeMoi Teopun 3pupa (11.11) e nmeror Mexay coboit Hudero
obmero. Ho tak mu 310? IIpoBepuMm mnpeamonoxeHue, 4T0 HTU
¢ OpMyJIEI NPH HEKOTOPHIX AOMYMIEHUAX MEPEXONAT OHA B JPYTYIO.

JUI8 3TOro BCIIOMHHM, YTO B COOTBETCTBHM C Pa3sBUBACMBEIMU B
naHHOM paboTe HaesIMH aTOM, U3 KOTOPOro BEUIETAET 3NEKTPOH, TAKKE
npeacTaBiieT coboit  BuxpeBoe kouelo dpupa. Ha puc.9.1
IPENCTABIEHO IIOMEPEYHOE CEYeHHE STOro KOjblla. OIEKTPOH
¢opmupyeTCs B MOMEHT BeIOpOCa CTpYH U3 BO3OYXIECHHOI'O aToOMa Ha
paccTossHUM I, OT LeHrpa komblia. Crpys mmeer ckopocTe Ugpp,
KOTOpasi B JalbHEHIIEM CTaHET CKOPOCTBIO IIOCTYHATEIbHOI'O
IOBIDKCHMS JIEKTPOHA IIPH €ro NMepeMenieHUH B MPOCTPAHCTBE

Uopp=Ver=0 wti=C—%- (11.12)
r

oa

0y,-YTJIOBas CKOPOCTb BpalieHHA CTPy#H 3(upa OTHOCHUTEIHHO OCH
BHUXPEBOTO KOJIbIIa aromMa. OTKy/1a HMeEM

Ve
I, =Ty —& (11.13)
C
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Jlanee oGpaTtuMcs KO BTOpoMy mocTyinaTy Bopa. DTor mocrymart
YIBEPKIACT, 4YTO SJICKTPOH B IUTaHETapHOM Mozenu Pesepdopraa
MOXET BpalaTbCA BOKPYT SApa aToMa TOJNBKO IIO JO3BOJEHHEIM
CTAallMOHApPHBIM KPYTOBHIM OpOuTaMmM. Pammycm opOHMT 35eKTpoHa B
aTOME BOIOpOHa IIPSMO MPONOPHHOHAIBHB KBaJApaTy TIJIaBHOTO
KBaHTOBOIo 4ucia n . Paguyc mepBoit (Ompkailimieir x LEHTPY)
OpOUTHI B aTOME BOZOpoZia IIpH n=1 Ha3pIBaeTCA MEPBHIM OOPOBCKHM
panuycoM. 3aech n=1,2,3..... NpIHUMAET LEJIbIC 3HAYCHMUS.

Y Hac aroM HE COACPKHUT JJICKTPOHOB, HO MPHMEM, UTO
POXKIAKOTCA OHM U3 CTPyil adupa Ha Tex ke opburax, HA KOTOPEIX B
IIaHeTapHOW Mojemu Peszepdopma onm Bpamarorcs. M3 puc.9.1
CIIEQYET, 4TO paguyc OpOHTHI I,y MOXKHO BBRIPa3UTh Yepe3 pPaguyChl
AApa Tyd, AaTOMA Iy U PACCTOSHMS OT OCH KONBLIEBOIO BUXps (TOoUKH O)
IO paccMaTpuBacMoil opOUTHI T,

ro,b=(2rydr+roa)-ra (1 1. 14)
Kpome TOro, mpeacraBuM CBS3b MEXAY I, H Ty 4Y€pe3 IJIABHOE
KBAHTOBOE YHCIIO B CIEAYIOMIEM BHIE
Top=N'Ty (11.15)
B atoM ciydae mpu n=1 m3 (11.15) mmeem ry=r, u u3 (11.14)
27, +1,, 2r,, +r

r, = S ITpu n=2 umeeM r,=————. IIpn n=3 nMeeM
27 g +¥og

I,= 2 H Tak Janee. Temepp BepHemcs K ¢opmyne (11.9).

TIpaBy10 4acTb 3TOH (HOPMYJIHl YMHOXKMM M Pas3felyM Ha CICAYyIOmuit
MHOXHTENIE- MeUp opbTory Vel B pe3ybTaTe nomyunm

1= 270 - FoppU o opp™Mer Ve (11.16)

mel Vel U

B COOTBETCTBHM C IOCTYJIaTOM Bopa (1 1.2) YUCIIMTEND MEPBOro

muoxurens B Gopmyne (11.16)  2mryp,Ua.oppyme=nh. Kpome toOro, B

rnase 9 OBLIO MOKA3aHO, UTO M,=Wy.o=Wy-e=3" 1018c'1, Vei=Ug-opb=®ala.

M3 (11.15) umeem 1, =Topum. IloaTOMy Ve =U, opp= 04fopn/n. C yaeTom

THX BBIKIAA0K HMEEM

2
27 -, ¥opb Ua-opd m, hn Ve

m el Vel m el V wel U opb n

a opb

i
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OxonuarenpHO, BeIpaxkeHue (11.16) mpumHMMaeT 3HAKOMBIH BHA
I JUIMHBI AEOpOIIEeBOM BONHBI, COIIPOBOXKIAIOMIECH NBVDKYIIIUICS
CKBO3b 3(up 3NEKTPOH

=t (11.17)

mel Vel
Ecnu omyCTHTE HHAEKCH “el”, TO moiydnm obimernpiu3HaHHbIi BU
dopmynrl ne bpoitnsg, mpuMeHseMo A ONpeeNeHus JIUHBI BOIHEL,
COIIPOBOKIAIONIEH JIIOOYIO JIETANIYIO 3JEMEHTApHYIO 4YacTHIy C
Maccoif m ¥ CKOpPOCThIO V

h
A=—r0r 11.18
- (11.18)

dopmyna ne Bpoiuis m nmepBeii mocTynar bopa ompoOupoBaHEI
SKCIEPHMEHTAIIBHO H IPHU3HaHbI HAaydyHeIM MupoM. CoBlajaeHHE
dbopmyn (11.1) u (11.18), oxHa 13 KOTOPHIX MOTy4EHA TCOPETHIECKU
n3 mnpeacraBieHuit 00 adupe, a napyras (11.1) m3 obpaborku
AKCIICPUMEHTAJIBHEIX  JAHHBIX, HE Ciay4daitHo. OHO  CIyXuUT
MOATBEPXACHUEM IPAaBWIBHOCTH HAMIUX MPEACTaBICHUN ob
3QUPOIUHAMIYECCKON mpupone AcOpOINIEBBIX BOJIH U O BHXPEBOM
3()MPHOM CTPOECHHMHM 3JI€MEHTApHBIX YaCTHI[ M, B IEPBYI0 OYEpenb,
ANEKTPOHA M aToMa. DTO COoBHajacHUE (POopMya ocBOOOKIaeT HAC OT
HEOOXOMUMOCTH IMPOBOJHUTH pPacyeThl I MOATBEPKICHMSI HX
COBMAJCHUA C DJKCIECPUMCHTAaIbHBIMM JaHHBIMH. Kpome TOrO,
BO3MOXHOCTh 3amucate (popmyny ne bpoiis B Bume (11.9) uepes
YIJIOBYIO CKOPOCTH My ((0,) OTKPBIBAET €le OJHUH ITyTh JJIs aHAIHu3a U
Oonmee riyOOKOro MOHMMAaHWUA  SABIEHMS  Jyalu3Ma  CBOMCTB
3JIEMEHTAPHBIX YaCTHII.

JU1s TOJTHOTBI OCBEIIECHUS paccMaTpUBacMoii MpoOIeMEl OTMETHUM
OPYro BO3MOXHBEIA MEXaHH3M, CIHOCOOHBIM MO HAIIEMY MHEHHIO
pacCOpPTHPOBATh OTPAXEHHHIE OT KPHUCTALIMYECKOTO SKpaHa
3NEKTPOHHL B TIPyNmsl € MAKCHMAIbHON ¥ MHHHUMAJbHOH HX
KoHIeHTpanuei. HanomunMm, 4to "muddpaximonnsie” guarpaMmbl B
oneite Ac¢ bpoiid TOIPKO HANOMHHAIOT Au(pdpaklMOHHEIE KAPTHHEL,
HOJy4EHHBIE IS CBETa H PEHTT€HOBCKUX Jydeit. Ho, BO3MOXXHO, OHH
TAKOBBEIMHM HE ABIAIOTCA. IIpudanHa MOXET 3aKiI04YaThCAd B TOM, YTO
SNEKTPOHBI B IIy4YKe, HAIpPaBICHHOM HA KPHCTALUIMMECKHHA 3KpaH,
o6amaloT HE TONBKO IMOCTYIATEIBHOH CKOPOCTBIO, HO €Ie M
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BpamIarOTcid BOKPYT cBOMX ocei. M3BECTHO, YTO KPY4ECHBIM MAY B
IIVHT-TIOHTE WIX B TEHHHCE OTCKAKMBAEeT OT PAKETKU HE Tak, Kak
He3aKpy4IEHHRIM. VIMEHHO 3TO MOKET MPOHCXOIUTH C SJIEKTPOHAMH,
KOTOpBIE TakXke KpOME IMOCTYMaTelIbHOro JBMKEHHs 001agaiT
BpallaTeIEHbIM JBHKEHHUEM.

Hnd He3akpydeHHOr0 Msfda MWIH 3JIEKTPOHA CKOPOCTH mojiera V
OoneInoit ponu He UrpaeT. BHE 3aBUCHMOCTH OT 3TOH CKOPOCTH YIol
MaJCHASA PaBEH YIIy OTpaXXeHHA. 3nechk OECIIONEe3HO HCKATh MEXAHM3M
paccopTupoBaHua dactull. HMHoe Jnemo, Korga Hapsaay C
IIOCTYIIATEIBHBIM IBIDKCHHEM CYMIECTBYET BpalIaTEIbHOE JBIDKEHHE.
VIoBel€ CKOPOCTH BpaIeHHs 3JEKTPOHOB B HX, Ka3ajaock Obl,
PaBHOMEPHOM IIy4YKe, TEM HE MEHEE, MOT'YyT OHThH HE OAWHAKOBHI. JTO
3aBHCHT OT TOrO, C Kakoi OpOHTH BHYTPH aTOMa OHM BBUIETAIOT.
IloaTOoMy, OTpa)k€eHHE pasHbIX JJEKTPOHOB OT KPHCTAIJIMYECKOIO
3KpaHa Takke OyZET pa3IMIHbIM.

HecMoTpas Ha KaXyIIYIOcd OJHOPOAHOCTh ITy4Ka 3IEKTPOHOB,
HAMPABJIEHHOr0 Ha J3KpaH B OMNKBITE, OH II0 BEIMYMHAM YTTIOBBIX
CKOpOCTEHi M MO YHCIY O3JEKTPOHOB C OINHUHAKOBBIMH YIJIOBEIMH
CKOpPOCTAMM Bpall€HUs] W3HAYAJIbHO HE ABJAETCS OOHOpOoAHEIM. IIo
ATOM MPHUYIHHE, MPOLIECC OTPAXKEHUS INEKTPOHOB OT 3KpaHa HE CBS3aH
C TEM, JIETAT JH 3JEKTPOHBI IIyYKOM WIM MOCIEOOBAaTENRHO OAUH 3a
OIPpYyTHM C HHTEpPBaJIOM BpeMeHH. BaXHO TO, CKOIBKO U3 HHUX
BBUIETAIOT C OJMHAKOBBIX OPOUT M, ClIE€AOBATEIBHO, ¥ KAKOro MX 4uia
MMEIOTCS OQHHAKOBEIE YIIIOBEIE CKOPOCTH BpPAIICHHUS.

He yauBisier B 3TOW IIOCTAHOBKE M TO, YTO APYIHE NIEMEHTAPHBIE
YacTHIBI M JaXE HEKOTOpPHIE AaTOMBI TakoKe HapyIIaloT 3aKOHEI
reOMETPUYECKON ONTHUKHA IPU OTPAXKEHHMH OT KPHCTAIHYECKOro
3KpaHa. ITO COBCEM HE O3HAYAET, YTO OHM OOJIaJar0T BOJTHOBBIMH
CBOMCTBaMH, Kak 3TO Ipexmonaran ae bpoitns u Bcien 3a HUM Ipyrue
u3BecTHele (u3uku. [IpuduHON 371€Ch ABIAETCA HAIUYNE BpalieHHS
3TUX 4YaCTHUI] BOKPYT CBOUX OCEH BpallcHUs.

JIBNAXOTCA NI BONHOBBIC CBOMCTBA 3JJIEMEHTApPHBIX YaCTHII
peanbHBIM SBJICHUEM WIH HaAyMaHHOW mpoOneMoi, BOZHUKIIEH n3-3a
HENpPaBWIBHOM TPaKTOBKU OmNbITa A¢ bpoina? B mobom ciydae, B
OCHOBaHUHM JOOOr0 OTBETa HAa 3TOT BONPOC JIEKHT BpaIllaTeIbHOE
ABwxkeHue ITMX vacthl., Ilo wamemy  yOexaenmmo, oba
PACCMOTPEHHBIX 3ACCHh MEXaHHU3MA JIENCTBYIOT OJHOBPEMEHHO.
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12. Teopus 3¢pupa o poTroHax, KBAaHTaAX H
CBEeTOBBIX BosIHAX. Iloasipu3anus cBera

CoBpeMenHas ¢pH3HKA CUUTAET, YTO CBET 00lI1aaeT OZHOBPEMEHHO
BOJMHOBBIMH H  KOPIYCKYJIMApHEIMH  cBoiicTBamu.  CKOpoOCTb
PacIIpOCTpaHEHHs CBETa B IYCTOTE MOCTOSHHA M paBHa C=3.10°w/c.
OHa HE 3aBHCHT OT CKOPOCTH HCTOYHHKA CBETa H OTpaXarollei
MOBEPXHOCTH M B COOTBETCTBHH C TEOPHEH DUHIITECHHA SBISACTCA
IPEACNIBHON CKOPOCTBIO, KOTOPYI0 HE MOXKET NPEBBICUTH HHU OXUH
MaTepranbHbIE 00BeKT BO BceneHnHo#. BonmHOBEIE CBOHCTBA: CBETa
OPOABIAIOTCA B  SABIEHUAX UHTEpepeHUMH, IUPPAKIUH H
NOJISPU3aLINH.

C mpyroi CTOpOHEI, B KBAHTOBOI ONTHUKE CBET pacCMaTpPHUBAETCA
KaK MOTOK (JOTOHOB, He 00IamAIOIMIMX MAcCOM IOKOA M JBHXKYIIHXCS
CO CKOpPOCTBIO cBeTa. DOTOHB! BO3HMKAIOT IMPH IIEPEXOAax aTOMOB H
MOIIEKYJ U3 BO30YXKACHHBIX YHEPreTHISCKUX COCTOSHHNA B COCTOSHUSA
¢ MeHblIer 3Heprucit. DOTOHEI U3MYJAIOTCA TAKXKE IIPH YCKOPECHHM U
TOPMOXXCHUHM 3apSHKCHHBIX YacTHIl, pacriajlax HEKOTOPHIX YacTHI[ U
YHUYTOXKEHUHM Tapel MEKTPOH-NPpoToH. [lokosmniuxcs (OTOHOB HE
CYLIECTBYET. |

B xBaHTOBOH TEOpHH cYHTAETCsH, 4YTO (POTOH HABJIAETCA
HOCHUTEJIEM KBAHTOBBIX CBOMCTB CBETa, T.C. DHEPrUM, UMITYyJIbCA U
Maccel. Ilox BenuduHOM KBaHTa MOAPA3yMEBAETCSI TO KOJIUYECTBO
SHEPrHH, KOTOPOE€ OTHOBPEMEHHO HMCOYCKAeTCA HIIM MOIIOMAeTCH
aTOMOM HIu MojekyiaoH. [lmank Hamen, 4ro BeIMYHHA KBaHTA
3aBHCUT OT poja Jy4eii, a UMEHHO, YTO KBAHT IIPOIOPIIHOHAJNICH
qacToTe KojaebaHnit M 00paTHO MPONMOPUHOHAJICH IJIMHE BONHH. B
nanexkod HHQpaKpacHOM dYacTH CIEKTpa KBaHTBl Majbl, a
HanOONBIIHE KBAaHTHI HAXOAATCA B PEHTTEHOBCKHX, ramMma H
KOCMUYECKMX Jydax.

OCHOBHBIMM XapaKTEPHCTHKAaMHM (POTOHA IIO KBAHTOBOM TEOPHHU

SIBIIAIOTCS €0 SHEPTUA €¢ M UMITYJIBC Py

.«-:f=mfc2=h\9-—---”/1£ , (12.1)

o
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D hS h
f— C A’o ’
Macca npBmxyinerocs poroHa mg MoXeT OBITH onpeneneHa [22]
KaK

(12.2)

hS h
meE— = : (12.3)
C> CA,
3necrd-yacToTa CBETOBOM 3JEKTPOMArHHUTHON BOJIHBI, A -[JIHHA
BONHEI CBeTra B Imycrore; h —mocrosHHad [lmanka. B 1905 rony
OWHINTENH BHICKA3aJI MBICIb, YTO MOTOK JIYYHCTON 3HEPTUH COCTOUT
M3 OTHENLHBIX KBAHTOB, HE CBA3aHHBIX MEXIY COOOM U JNETAIIMX CO
CKOPOCTBIO cBeTa. TO €CTh MO €ro MPECTaBICHUSAM JICTAT OTAEIbHbIE
HUYEM HE CBA3aHHBIEC MEXAY CO00M KIOYKH JIydrCTON 3Hepruu. Takoe
IPEACTABIIEHHE HE II0O3BOMACT MPOCTO H IIOHATHO OOBACHHUTH
B3aMMOJIEHCTBHE MOBYX JIydel, HNX B3aUMHOE YCHWICHHE HIIH
VHUYTOXXECHHE, KOTOpOE HMeeT MECTO B IIPUPOAE M HArIAJHO
IIOJIyd9acTCA IO BOJHOBOH TEOPHH CBETa KakK pe3yNbTaT CIOXKCHUSA
IBYX IIPOTHBOIOJIOKHO HAIIPaBICHHBIX OAMHAKOBRIX KoJeOaHUI.
BaxHO mnoHATB, YT0 OCHOBHaA (opmysia KBaHTOBOH TEOpHH,
CBSI3BIBAIONIAs SHEPTHUIO KBAHTA € C YAaCTOTOM 3 H JJIMHOM BOJIHBI A
e =h9 (12.4)
HUKAKOT'O0 CMBICIIA HE UMeEeT. JleliCTBHTENBHO, JICTAT KBAHTHI, TO €CTh
KJIOYKH JYYHUCTOM JHEpruu, pas’im4alomuecs Ipyr OT Apyra TOJBKO
KOJIMYECTBOM COJIEp)Kalleiica B HUX sHeprun €. Hu 0 Kakux gacrore

9 u qmHE BONHBI A 37€Ch M pe4Yd HET. B momere KBaHTOB HE
COZEPIKATCS ITIEMEHTa IEPHOJUIHOCTH, 6€3 KOTOPOTro CaMo MOHITHE O
JJIMHE BOJIHE O€CCMEICIIEHHO. T103TOMY I KBAHTOBOM TEOPHUH B TOM
BHJC, KaK OHa CErofHs CYIIECTBYET, IJIMHA BOJHBI A €CTh IIPOCTO
YHCJIO, MOJy4aeMO€ SKCIEPHUMEHTAIBHBIM METOAOM, COBEPIIEHHO
HEMOHSATHEBIM JIIA 3TOH Teopun. OHA CIYXKHT IS MEPEX0]a OT A3LIKA
KBaHTOBOW TEOPHH K A3BIKYy BOJHOBOH TEOpHH M oOpaTHO. Benmuunny
MacChl IBIDKYLIETOCS CO CKOPOCTHIO CBeTa (POTOHA MOXKHO OICHHTH M3

BeIpaxxenns (12.3) s UTHHEI BOTHEL Ay = 6-10""M

h o _ 0,368-10kr . (12.5)

me=
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PasMeps! GoTOHAa MOXHO NMPUOIMKEHHO OILCHHUTH, YUUTHIBASA, YTO
MaccChl MPONOPIMOHANEHEI KyOaM THHEWHEBIX pa3MePOB, 1o hopMyie

Fof = To-el %[mf /mo_e, . (12.6)
Eciu B34TH Maccy ¥ pagayc a1ekTpoHa m=9,11-107"kr u r..=10"m,
TO
368-107%°
To=107"°-3 093161 100_31 - 1,6-10'17M. Ecin B kxauecTBe pamuyca

3NEKTPOHA HCMOJIb30BaTh 3HaueHue (10.4) — ro,e1=2,36-10‘13M, TO Iy
4,16:10°m. Tlomygaercs HEKOTOPOE PA3HOYTEHHUE, HO SICHO, UTO
(OTOH sIBIIIETCS OUEHb MEJIKOM 4acTUIIEH B BHIE BUXPEBOTO rasgBOro
xonbna 3¢upa. Jnuna nebpoitieBoit BOMHE POTOHA, MOACINTAHHAS 110
dopmyne (11.1) naer 3nageHue

h 6,626-107
Ay = = 35 8
m,C 0,368-107-3-10

Hpyroro u OBITB He MOIVIO, TaKk Kak Mmacca ¢(oToHa ObLla
OIIpefelieHa MO 3TOH ANuHE BONHBEL. HamoMHHM, 4TO IIIHHBI BOJIH
BCEro CIIEKTpa BUAUMOTO CBeTa, ucimyckaeMmoro ComnHileM, HAaX0IATC B
OUana3’OHe

~6-107" M. (12.7)

2=3,8-107+6,6-10"m . (12.8)
C npyroii cTtoponsl B riiase 11 ObLI0 mOKa3aHO, YTO MJIMHY BOJIHBI
ae bpoinsa MoxHO moacuuTate Takke no gopmyne (11.11). IIpu satom
HYXXHO Y4eCTh, YTO (oTOH (OpMHMpYETCHA HA BepxHeill IPaHMIIE

BUXPEBOro KoJablia _aroMa. IlodToMy, OKpyXkHAsi CKOPOCTb
HCXOHOM _CTpYH >(pHpa, H3 KoTopoH cdopMu TCA (OTOHKI
PaABHA CKOPOCTH CBETA U,!!=C=3-108M/c. B panbHeilieM oHA

CTAHOBHTCH CKOPOCTBIO MOCTYNATEJILHOIO ABHKEHAN (POTOHOB B
npocrpancTee V=C. [Ing Toro, 9To0nl MONMYYHTH TAKYIO XKE JIUHY

BOJHEI (OTOHA, yIJIOBas CKOPOCTh BpAanICHUS CTPYA BHYTPHU HErO
IOJDKHA OBITH

w=21C/A=6,28-3-10%6,0018-10"=3,14.10" ¢ (12.9)

To ectr y Pporona HabmMmOgar0TC CYILIECTBEHHO MEHBIIINE YTJIOBEIE

CKOPOCTH BpalleHUs CTpyil 3¢Hpa, YEM Y IIEKTPOHA. ITHX CKOPOCTEH,

NO-BHAMMOMY, HEIOCTATOYHO, 4YTOOBI OOECIEYUTh YCTONUIMBOCTE

npoluecca NOraomeHus 3pupa M3 OKPYXAIOMEro MPOCTPAaHCTBA B
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HEMIOABIDKHOM COCTOSIHMH. OTHM OOBACHAETCH TO, YTO Y (POTOHA HET
Macchl Toko0d. be3 OricTporo aBmkeHus GOTOH TEPSET YCTOHIHMBOCTD U
pacmagaerca. OTHOCHTENIBHAA YCTOHYHUBOCTH €r0  COCTOSHHUSA
obecrieuMBaeTcs €ro HEMPEPHIBHEIM JBIXKEHUMEM C Ooibmoit
CKOPOCTBIO BJIOJIb €r0 OCH CIMMETPHH B HAIpaBJICHWH BRIAYBA CTPyH
13 IICHTPAILHOTO OTBEPCTHA. XOTH, MOXKET OBITh, IIPOCTO €r0 HUKOTIa
HE BHIEIH OCTAHOBHUBIIMMCH.

Bce 310 3acraBniger Zymarh, YTO Ha I'PAHUIIC BUXPEBOrO KOIBLA
BO30YXXIEHHOTO aToMa OJHOBPEMEHHO POXKAAeTcsa LEnovka (HOTOHOB,
obimas Macca KOTOPRIX OnMM3Ka K Macce AneKTpoHa. OHu paBHOMEPHO
pacmpeZiejieHEl IO JUIMHE CBETOBOM  BOJHEI, MNOAACPKHUBas
YCTOMIMBOCTD CYIIECTBOBaHMSA MApyr Jpyra H BOCIONHSAA STHM
HEAOCTaTOYHO GOJIBIIYIO YIVIOBYXO CKOpPOCTH BpallleHHs CTpyH adupa
BHYTpH (OTOHA BOKpYr IEHTpajlbHOH oOcHM cumMmerpun. Hazoem
IVIMHY CBETOBOIl BOJHEI C pacIpeleleHHBIMH BIONL Hee (OTOHAMH
“TSHKENION CBETOBOM BOTHOM .

TaxuM 06pa3oM, OA TAKEIO0N CBETOBOH BOJHOW NOHHUMAETCS

eOpoiiieBasi BOJHA B moJie 3(Pnpa OKo0JO NenouKkH (oTOHOB
[IOPOKIACHHAN HUX IBHKEHAEM. )T BOJTHA CONPOBOKIAET LECNOYKY
(}OTOHOB HAa NMPOTANEHAH BCEr0 PACNPOCTPAHEHHS JIVIA CBETA M
B3auMonencTBYeT ¢ Hei. Ilog Maccoil Tske/0ii CBETOBOI BOJIHEI

BHAMMOI0 CBEeTA INOHHMAETCS MACCA BCeill IENOYKH O0TOHOB.

®

Macca_Tskenoii cBeTOBOM BoaHBLI ¢ aamHOl _A=1,2A4 paBna.
eCTeCTBEHHOMACCE OHOIQ JIEKTPOHA

PaccMOTpeHHBIe BUXPEBEIE CXEMBI ATOMOB, JJIEKTPOHOB M (DOTOHOB
IIO3BOJIAIOT Ppemarh HE TOJBKO 33/1ady ONpEeIeICHUA I1IapaMeTpOB
neOpoiieBEIX BOJIH, HO TAKXKE 33]]a4y 10 ONPENEIeHUIO BO3CHCTBHS
yepe3 OKPYXKAromuid MX 3(Up OAHMX YaCTHII, JETAIMHAX IIYYKOM WIIH
IIO09EpeHO, Ha  JApyrue  DIEMEHTapHBRIE  dJacTulel. B
ra30ruapOAMHAMMIKE M3BECTHBI PEMICHUS TI0 ONPEAEIEHHIO TPaKTOPHA
ABIDKCHUA HECKOJIBKUX BHXpell H3-32 MX B3aHMHOIO BIUSHUS APYT Ha
apyra. Tak, HanpuMep, ABa BUXPA Ha IUIOCKOCTH BPAIIAIOTCS BOKPYT
O0IIero ueHTpa M0 OKPYKHOCTH.

Kunernueckass SHeprus Lenodxky (OTOHOB HIM DIIEKTPOHA C
Maccoif m B IOJIETE CO CKOPOCTHI0 V MOXeT OBITh 3alucana Kak
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my?

30eCh CKOPOCTh IONEeTa 4YacTWIRl V  paBHa OpOMTAIBHOM
CKOpPOCTH CTpYH 3bupa B aroMe€ Ugw, U3 KOTOPOH 3Ta YacTHIIA MIIU
nenodka ¢oToHOB oOpasoBanace. Ctpys sdupa Haxommiack Ha
PacCTOSHHMH T, OT LIEHTPA CEYCHMS BHMXPEBOro KOJIBIIA aToMa.
IIosToMy c¢ yderom (11.15) momyqaum

(12.10)

r
V=Uopb = Wyaly = Wya orb

n
rme o.,=3-10'%c" ects yrmosas ckopocTs BpameHnus 3¢upa BOKpYT
OCH BUXPEBOI0 KOJblia BHyTpH aTtoMma. YuuTeiBas (12.11) nepermumem
(12.10) x cnenyomeMy BHIY

U

opb
o 2” (12.12)

(12.11)

g, =mU

BcmoMauM, 4To M3 BTOporo mocryiara bopa (11.2) Bemmumny
MU b MOXKHO BEIPA3UTh 4e€pe3 MOCTOSHHYI0 Ilnanka

h .
mU,, =— (12.13)
27 ¥,
IToatomy popmyiry (12.12) MOXKHO nepenUcaTh K BULY
___hn Dy—alorp ___ﬁ_, Dy—q
% =2rr,  2n 2 27 (12.14)

W3 Belpaxenns (11.8) cnmeayer, uro dyacrora KoieOaHui
AcOpoiJIeBOM BOJHBI OKONO JIETAIIEH YacTHLB! ONpPEAENsIeTCS
3aBUCHMOCTBIO

9=t _Pra _Pua (12.15)
T 2z 27

TaK KaK yIJIOBBI€ CKOPOCTH Y aTOMa U BBUIETAIOLIEC M3 HErO Y4aCTHIIBI
HIM LEIMOYKH YacTull oxuHakoBel. 3amMeHuM B (12.14) Bropoi
MHOXHTENIbL 4acTOTOM koneOauuit neOpoineBoii BonHel B 3dupe. B
PE3YILTATE MOTYyIUM

1
8k=5h3 (12.16)

CpaBHuBas IOIMy4YEHHBI pe3yJbTaT C OCHOBHBIM YypaBHCHUEM

KBaHTOBOH Teopud (12.4) BuauM, 9TO KMHETHYECKasA SHEPrHs JIETALICH
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B rolie 3¢upa 3neMeHTapHOH YaCTHIILI WIH HEermodKHy JacTHll (GOTOHOB)
COCTaBJIeT IIOJIOBHHY OJHEPruMl KBaHTA. BTOpass NoOjoOBHMHA 3HEPIUH
KBAHTa COACPXKHUTCA B BOJIHE A€ bpoiia, COrpoBOXKIaIOMIEN IBIKYIILY-
10cs yacTuny. Ee MOYKHO Ha3BaTh «IPUCOETMHEHHON SHEPrUein.

UTo6Bl ONpEAenNTs STy SHEPIHIO0, BCIIOMHHM, YTO 5TH BOJIHEI
BEI3BAHBl TEM, YTO BHXPEBOE KOJIBIO, IIpeACTaBiAIOmeEe coboii
9JIEMEHTApHYIO0 YacTHILy, HHAYLIMPYET BOKpPYT cebs IToIe CKOpOCTeil.
IIpudeM, CKOpOCTH B mone 3QHpa BO3HHUKAIOT HE 3a CYET Nepemaydu
SHEPTrHM OT YACTHLBI MO0 3(Hpa, a 3a CYET SHEPIrUM CaMoOrQ oA
a¢upa. KomuaectBo 3TOi 3HEepruu OOYCIOBJIEHO IOIVIOMIATEIHHOM
CIIOCOOHOCTRIO PAaCCMATPHUBAEMOM 3JIEMEHTAPHON YaCTHIBI, KOTOpas
onpeaemsaetcs Gopmynoii (1.4). A3 popmynsl BUAHO, YTO B KOHEYHOM
UTOTe OHA OIPEHEACTCS MACCOM ANeMEHRTapHON YaCTHIIHI.

Bo BpeMs mojieTa 37IEMEHTApHOM YaCTHIIEI OCh BUXPEBOT'O KOJIBIIA
OpHUCHTHPOBAHA I10 HAIIPABJICHUIO JBIDKCHHS BEIAYBOM CTpPYyH BIEpEl.
Ilpuy s3TOM moOmIOmMAaeMass 3THUM KOJIBILOM M3 OKPYXalOLIEro
IIPOCTPAHCTBA Macca 3(dHpa MOXKET IIOIIACTh BHYTPh KOJbLAa TOJBKO
BJIOTOHKY B BHUJIC CTPyH 4depe3 BcacheiBawomiee orBepcTue. CKOpPOCTH
3TUX CTPy# paBHA CKOPOCTH ABMIKEHMS CaMOM 4HacTHUb! V, paBHOi
OKpPYKHOH CKOpOCTHU CTpYyi 3¢pupa BHyTpu atomMa Uy, ONIpEeAeIIeMOoi
dopmynoii (12.11). IMopums KHHETHYECKOH DHEPruM 3ITHX CTPYH,

COMPOBOXKAAIOMIMX ABKYDIYIOCS YaCTHIY ¢ Maccoii m Oyxer

q/ U 20 b 2
o =22 - mUZ""” =—;—h9 (12.17)
CyMMmapnas sHeprus OyjieT paBHa CyMME KMHETHYECKMX SHEpPrui
YaCTHIIH! ¥ COMPOBOXKAAIOMICH ee BOIHEI e bpoiins
=€, +€vo=h9 (12.18)
OTO M eCTh KBAaHT JYYHCTO# SHeprun. Ecinm pedn HOET O KBaHTE
CBETa, TO YaCTOTAa BOJIHBI

&

C
F=— 12.19
2 (12.19)
OHeprus KBaHTa CBeTa OyACT
E=h8= % (12.20)
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OTMeTHM, YTO B TAKOM HMCTONKOBAaHHH KBaHTa JIyIHCTOH SHEPTHHU
4YacToTa H JJIMHA BOJHBI IIEpecTaloT ObITh aAOCTPaKTHBIMH,
¢OopMaTbHEIMYM IIOHATHAMU. OTO BIIOJIHE PEAJbHBIE XapaKTEPUCTHKH
neOpoitneroit BONHBI (TAXKENO BOJHEI), BXOIAIICH B COCTAB KBAaHTA.

Ayajau3M CBOMCTB JIEMEHTADHLIX YACTHI BLIIISIAHT _Tenepb
CJCAYIOIINM 00pa3oM: Bo3aeiicTBHE JeOpoiijieBbiX BOJH, TO €CTh
TedeHNil »¢dupa BOKPYIr JeTHAIINX 3JeMEHTAPHLIX YaCTHIl, B
OUBITAX _ VJABJHBACTCH  MHTepEpeHNMOHHBIMH _ H  aud-
¢pakuAOHHBIME _CHEKTPAMH. A caMa 4vacTHng (NaM Kenovyka
YACTH SIBJIAETCH HOCHUTEJIEM HMMIYJbCa aBJICHHS HA
nperpaibl, MacChl M NOJOBHHLI YHEPIAM,

Mrl He 3HAEM TOYHO, KaKyi0 ¢(opMy HMeeT B IPOCTPAHCTBE
1eroyka BuxpeoToHoB. OQHAKO SICHO, 9TO OHA JIEXKUT B IUIOCKOCTH,
HO HE BHITSAHYTA CTPEJIKOW B HAIIPABICHUH CKOPOCTU CBOEIO ABMIKCHUS
B IPOCTPAHCTBE, a JIETUT HAKJIIOHHO K STOMY HAIpaBICHUIO HIH UMEET
dopmy cuHycomanl. IIpoexius TsKea0l CBETOBOM BOJHBI HAa
IIOCKOCTh, IEPIECHAUKYISPHYIO K CKOPOCTH €€ JIBHOKEHUS, BRITJISIAUT
IIOJIOCKO# C OTHOCHTENBHO OOJBIION BBICOTOM M O4YEHbH MAJICHBKOH
mupuHOH (rmopsAaka guaMerpa (JOTOHA). DTOT BEIBOJ IOIYHACTCA Kak
CIEACTBHE W3 ABJICHMA NOJApu3aiuu cBera. CoBepIICeHHO SCHO, YTO
Imperpana, HalmpuMep, Mpo3padHbliil KPUCTALI TypManuHa [2,3], kak Obl
COACpKallMi y3KHe, IIPOTSIKEHHEIC, ITapaUICNBHEIE ITPOXOAbI, OyaeT
IIPOITYCKaTh CKBO3b CE€0SA TONBKO T€ LETIOYKH (POTOHOB, YbH IUIOCKOCTH
pacnoJIOKEeHUs ImapajUIenbHbl ATHM IIendaM. Eciau ke 3a mepBbIM
KPUCTAJUIOM TYpMAaJIMHA PaCIOIOKHTE BTOPOH KPHUCTALI CO IIEIAMH,
HaIpaBJICHHLIMH IEPNECHAUKYJIAPHO K IIENAM IIapBOro, TO IEMOYKH
(OTOHOB, COXpPAaHHUBIINE IIPEKHIOK OpHEHTALMIO, HE CMOrYT
IIPOJIETETh CKBO3b HUX H3-3a 00JIbIION IMPOTAKEHHOCTH IIETIOYEK.

B BOIHOBOH TEOpHH CBETa 3TH pa3iW4YMsa B NPOXOXICHHH CBETA
qepe3 mieI¥ KPUCTAIUIOB TypMaJIMHa UMHTEPHPETUPYIOTCS KaK NpU3HAK
IOTIEPEYHOro Xapakrepa KojleOaHHif CBETOBBIX BOJH WM HA3BIBAIOTCS
onspusanues cBeta. ITO SBWIOCh, NO-BHANMOMY, CJIEACTBUEM
HMCTOPUYECKH CHOXHBIIEIOCH YCTOMYMBOIO MNMPEACTABICHHUS O CBETE
KaKk O BOJIHOBOM mpollecce HanoXoOHe pacrpocTpaHeHHMHs 3ByKa B
BO3ayxe. IIocKONbKY MOJIpHBIC CBOMCTBA CBETa HE COIrJIACOBBIBAIHCH
C IIPOJOJBHBIM XapaKTepOM BOJIH B CIUIOLIHBIX Cpehax, TO IPHILIOCH
OTKa3aThCs OT razoobpasHoro 3upa kak cBeTompoBoafmmieii cpensl. B
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pe3yipTare MOSBHIOCh YYE€HHME O Ayalu3Me BOJHOBBIX H
KOPITYCKYJIAPHBIX CBOMCTB CBeTa, IIPUMHUPSAIONIEC BOJHOBBHIE H
KOpIycKyspHeie Teopud. [lozxe BONHOBBIE CBOMCTBA IPHITMCATIH
TaKXKE JJIEKTPOHAM U APYTHM IBIDKYIIMMCS 4acCTHIIaM, HECMOTpSA Ha
HEBO3MOKHOCTh HaWTH TNpHEMIUMOE OOBICHEHHME TOIO, YTO
KoseOJIeTCs BOKPYT WK BHYTPU CaMOM JaCTHIIEL.

B npenjiaraeMoii _TeopMH _ CBOWCTBO _NMOJSIPHOCTH _ CBETA

HALJIAAHO O0LSICHACTCH NPEACTABJACHHEM 0 ILIOCKHX IEMOYKAX
BUXpPedhOoTOHOB (KBAHTOB CBETA), TO €CTh CAMUX HOCHTEJICH CBETA.

Tax ke nHarmsagHo monydeHa ¢Qopmyina ne bpoitna um oOBsAcHeHa
[IpUPOJia Jyaau3Ma BOJHOBBIX U KOPITYCKYJISIPHBIX CBOMCTB 3JIEKTPOHA
U OpYTHX 4YacCTHI[, a TAKXKEC KBAaHTA JIydUCTOM SHEPIUHM KaK HOCHUTEIA
SHEpPrUH CBA3AaHHBRIX C HMM YaCTHUI[ B BHIAE CYMMBl KHHETHICCKOM
SHEPTMM H DOHEPrHH BpallcHHUS JICTANEH U  Bpamalomeincs
YaCTHIBL. (WM IPYNIIbI 9aCTULl, O0bEINMHEHHBIX O0IIUM KBAaHTOM).

13. O anepuoi monessn aroMa Pezepdopna

Snepuas mozens atoma Pesepdopaa paaukaJbHO OTIHYIACTCS OT
BUXPEBOH MOJEIH aToMa TeopHH 3(Hpa, KPOME OJHOIO — B OOEHX
MOJENSAX B IICHTPE aToMa HaXOOMTCS SAApO, JUHEHHBIE Pa3MeEphI
KOTOpOro mpuOm3uTensHO paeHE! 107°M+107"*M. Pasmepsr nomyuens:
PeszepdoprnoM. o cux nop MBI IOJIB30BAIUCHE 3THM 3HAYEHHEM U 3TO
NaBajJl0 YZOBJIETBOpPUTENbHbIE pe3ynbTaTel. llosTomMy y Hac Her
OCHOBAHMUM €ro ocmapuBaTtb. 1eM HE MEHee, 3Ta Iudpa B TEOPHHU
adupa Tpedyer CBOero ocMeICIeHNA U 000cHOBaHMA. J[en0 He TONBKO
B camoii 1udpe, a B ToM, uro Monens Peszepdopaa Hagenser sapo
aToMa BOJOpOAa — MPOTOH (M APYTHX AaTOMOB) IOJOKHTEIBHBIM
INEKTPUIECKUM 3apanoM. C MOMOIUBIO 3TOro 3apsia yACp>KUBAaIOTCS
Ha CBOMX OpOHMTax J3JIeKTPOHEI, BpAaLIAIOIIUECS BOKPYr sApa C
OONBIIMMH CKOPOCTSAMH. JJIEKTPOH, HECMOTPS Ha MHOTOKpPAaTHOE
pasnuyue B Maccax, HECET TaKOH K€ 10 MOJYJIIO, HO OTPHUUATEIBHEIN
3apAf. YKe OZHO STO 03HA4YaeT, 4To 3apAnbl siApa aToMa U JIEKTPOHA
He MABISIOTCA YE€M-TO POAHBIM, OOYCJIOBJIEHHEIM HX BHYTpPEHHEH
npuponoii. Cxopee 5T0 HANIOMMHAET MX JJECKTPH3aLMIO, Hanomobue
3JIEKTPH3ALMH IIApUKOB, ONUH U3 KOTOPHIX M3rOTOBJICH M3 CTEKIA, a
Apyro# —u3 saTaps.
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B BuXpeBOH MOAENM aTroMa HET [OJIOXKHTENBHBIX U
OTPULATENBHBIX 3apsgoB. CrpammuBaercs, €clIM HeT 3apsKEeHHBIX
YaCcTHI], TO OTKyAa € B3sJIaCh CHJIA, OTKIOHAIOINAA  OL.-YaCTHUILHI,
HCIIyCKacMble SApOM ypaHa TIIPH IIONETE 4Yepe3  TOHKYIO
MeTaurndeckyo ¢onery? B akcnepumente Pesepdoplia 3TH 4acTHIEI
B BHJI€ Y3KOro Iy4Ka IPOITYCKAJIMCh 4epPe3 TOHKHE METAJLUTMYECKHE
IIACTHHKHM M3 30J10Ta ¥ IUIaTHHBEL. B pe3ynbrare 3TOr0 Habmioganoch
paccessHHE O-YaCTUI] B BEOIECTBE, KOTOPOE OIPEAETIANIOCh II0
BCIBINIKAM  (CIIUIAIMAM) HAa JKpaHe, IMOKPEITOM BEIIECTBOM,
CIIOCOOHBIM CBETHUTHCA NpU yaape 00 Hero dactuu. B mpoctpaHcTBeE
Mexay (omeroii m 3xpaHoM obecnmeduBAIICS AOCTATOYHBIM BaKyyM,
yToGsl M30€XKaTh MHOIOJIHHMTEIBHOIO PACCEHBAHHMA O-4acTHI B
Bo3ayxe. B skcmepumenTe HaOMOZAIHMCH OTAENBbHBIE O.~9aCTHILEL,
paccesuusie moja yriiom 3 1o 150°. Pesepdopa npeamonarai, 4To o-
4acTHlla, HAJIETAIOMas Ha aTOM MaTtepHana GOoabri, OTTaIKHBAETCA OT
HETO SACPHBIMH JJICKTPUYCCKUMH CHJIAMM, TaK KaK aTOMHOE SJIpO H

QL-4acTHIIA UMEIH 10 €ro IPEACTaBICHUSM OJUHAKOBHIH
TIOJIOKUTENBHBIN 3apsif. DIEKTPOHBI BBHUAY MaJIOCTH HX MacC B pacyeT
HE IPUHUMANUCh. B pe3ynbTare 3TOro IMPOMCXOAUT MCKPUBICHUE
TpaekTopuu. Pezepdopn paccMOTpen YCIOBHS IPOXOXKICHUS O.-4aCTH-
IIbl HA MUHUMAITEHOM PACCTOSHUM OT Spa aTOMa, NPEINOI0KUB , YTO
KMHETHYECKAs DHEPrUd O-4aCTHULBI NEPEXOAHUT B INMOTCHIUAJIBHYIO
3HEPTrHIO0 OTTAIKMBAHHA H ITOIYYWI 3TO MUHUMAJIBHOE PACCTOAHHE, TO
€CTh pa3Mep o0siacTH, 3aHATOH SIAPOM. -

CornacHo Teopuu 3¢Hpa O-49acTULA IIPEACTaBiIfeT coboit Aapo
aToMa Y COCTOUT M3 XKHJIKOrO 3(QHPHOro KOJBLEBOr0 BHUXpS. (IJIaBhI
8,9). IlomyTHO OTMETHM, 4YTO OTCTaMBaeMoe B OJToHM pabore
NpeACTaBICHHE O XKUIKOM 3SPUPHOM sgpe aTOMOB XOpOILIO
corjacyercs ¢ M3BEeCTHOH B (u3uke [22] xamensHON MOZEIBIO AApa
aToMa.

ATtoM Metammudeckoii (POIBrM, CKBO3b KOTODBIM IIPOJIETaeT Ol-
yacTuIa, TaKke mpencrasiser coboi komblieBoi BHXph. OKpyXHas
CKOpPOCTb B ra3000pa3HOM BUXPE aTOMa 3alHChIBAETCA B BHIE

Uya= 0y =3-10"% 1 (13.1)
34eCh T — PacCTOSHME OT LIEHTPA CEUCHHS Aapa aToMa B ()OJIBIe
OO0 LEHTpa CedeHus mnpojeramomed o-dactulbl. (puc.13.1). Uy,—

67



3aBUCHUT OT T. [Ipu r=r,, OKpyXHas CKOpOCThb CTpy# 3(Hpa B LIEHTpE
BHXPEBOTO KOJIbIIA aTOMA
Uya=0valos = C=3-10°w/c (13.2)
[Iponeras uepes aTOM 0-4aCTULIA OKa3bIBACTCS B HEPABHOMEPHOM
mojine Ckopocreii. B adpoamnammke gokaszaHa Teopema HLE.
JKyK0oBCKOTO 0 IOJBEMHON CHITe, YTBEPIK/IAIOIas, 9TO Ha BCAKOE TellO,
HaXOOAIIEECAd B MOTOKE XXUAKOCTH HIH ra3a, ACHCTBYET MOnepedyHas
(nogbeMHasA IPH PACCMOTPEHHM IIOJIeTa caMojieTa) cwia Y, eclH
LUPKYJIAIHAS CKOPOCTH, IIOACUYHTaHHAsA II0 HEpUMETPY Tejla, HE paBHA
HyJI}0. 3Ta CIjia PaBHA MPOU3BEACHUIO INIOTHOCTH ¥ CKOPOCTH ITOTOKA
Ha OHPKYJSIINIO0 CKOPOCTH, ITOJCYUTAHHYIO IO KOHTYPY Teja
Y=pVI/¥ (13.3)
Cuna 3anmucaHa i1 mupueel Tena £. IlpuMeHHTEnsHO K
paccMaTpUBaeMOU 3a7a49€ p=p.=1.19-10°kr/™’, Io.=10""Mm,
Wyg=Wy =3 1018M'l, V=U,..=0yaI0a=C=3- 10%m/c (bepercs HaubomnbInaAs
CKOpPOCTb CTpY# 3¢Hpa BHYTpU ra30BOTO KOJIbI[A aTOMa), ITUPKYJIALIA
CKOPOCTH IO KOHTYPY BHXPEBOrO KOIbIIA O-4aCTHUIILI 3aIMCHIBAETCSH
KaK
=T =27210,U 0 =4 0,21 0= 8Ty oz - (13.4)

Puc.13. IIponer o - 4aCTHIIEI MUMO AJIpa aTOMa.

Kak BugHo mu3 puc.13.1, pagmyc O-4acTHLBI paBeH  2r,,
CKopocTh CTpy#t 3(prpa BOKpYr UEHTPAIBHOM OCH CHMMETPHH Ha €€

BepxHell rpanune Uy, ,~0y.2T,, LlupuHa 9acTUIEI B HampaBiIeHUH
IIEHTpalbHOM . ocH (ckopocTu moneta) £=2r,. C yderoM 3THX
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3HAYEHUN HOpMaJlbHAsA CWiIa, ACUCTBYIOIIAA HA O-YaCTHIY B MOMEHT
IIpojieTa €€ CKBO3b aToM (POJBrH IEpHEHAUKYISIPHO HaIpaBICHUIO
CKOPOCTHM NoJieTa, 3anumeTcs ¢ moMombio(13.3) B Buae

V=16p.Co, 1> (13.5)

vz oz *©
Uro06rI 3Ta CHIIa MOTJIa OTKJIOHHTh OL-4aCTHLy Ha OOJBIIHUE YIJIBI
9, HyXHO, 4TOOR OHa ObLIa TAKOIrO € MOpsAAKa, KaK HeHTpoOeKHaAsA
CUJa, ICHCTBYIOINAad B IPOTUBOIIOIOXKHOM HaripaBieHuu. [Ipupasrdem
3TH CHJIBI

2
m, V"

ropb

31ech Topb=Toat2l0,20a IPEACTABIAECT COOOM PACCTOSHUE OT
IlEeHTpa aroMa M0 LIEHTpa o-9acTHUHBl. M3 3TOro ypaBHEHHS MOXKHO
BEIPA3UTh PaIUyC sapa o-4acTHIEI. OH Takoi ke, KaK y S1pa aroMa.
2
m,V

Tor=Tor=1 =2.1-10"*m (13.7)
lo7-C-r, o,

=16p,Co 7, . - (13.6)

B xauecTBe MAacChl O-YaCTHIIBI B3ATO 3HaueHnue m,=1,7-107'kr, B
Ka4ecTBE CKOPOCTH ee mojleTa — 3Hadenne V=6-10°w/c. Hanpasnexue
JOEUCTBUS HOpManbHOU cvibl JXYKOBCKOIO 3aBHCHT OT HAIIpaBlIEHHS
BpanleHHA CTPy# 3¢upa BHYTPH BHXPEBOro Kojbla aroMa (puc.13.1).
Ecnu B atoMe MarepHana MeTaUIMIECKOH (oONBru, 4epe3 KOTOPHIif
IPOJNETAET O.-4aCTHUIA, IIOMEHATh HaIIpaBJICHHWE BpALICHHSA CTPYH Ha
IIPOTHBOIIOIOKHOE, TO CHjla Y CTaHET OTTAJIKUBATh O~-YaCTHIY, a HE
npuTATHBaTh. B Matepuane (Qoibrd HaBEepHAKA €CTh TAaKHE aTOMBEI.

PaccMOTpeHHAS NONEpevHas CHJa, ompeaeasieMasi _TeopeMoii

ZKVKOBCKOI'0, 110 NPUHATOH B (pM3NKe TEPMHUHOJOIHH SIBASETCS
BHYTPHATOMHON cmaod. OHa MOXET HE TOJBKO OTKIOHSTH

IPOJIETAIONIUE BIEMEHTAPHBIC YaCTHIBI, HO U YACPXKHBATh UX APYT
okoJI0 apyra. IIpu 3ToM 6yayT 00pa3oBEIBaThECS O0JIEE CIIOXKHBIE Apa,
aTOMbl ¥ MOJEKyJul. Bokpyr o0beguHUBmIMXCS SAEpP MOIYT
obpa3zoBbiBaThCcs 00ImMue BUXpH 3¢Hpa, C€O34aBas YCTOHYMBBIC

obpa3oBanud. JTa cmja 00YC/I0BJAEHA BHYTPEHHEH CTPYKTYPOM

aToMa H JJICMCHTAPHBIX 4YaCTHIIL. 10 IHPHHIAINAAJIBHO OT/IHYAECT
€€ OT CHJI MCOKAY JJEKTPHYCCKH 3aPSKCHHBIMHU SAIPOM aToMa # O~

yacTuueil B Mmoaean Pesepdopia.
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[Tonmy4yeHHOE HaMHM 3HAYCHHE DpaaMyca fapa aTOMa HECKOJIBKO
IPEBRINAET pa3sMeprl, monaydeHHsle Pesepdoprom. Ilpuywmua 3Toro
pacxoxJieHuss moapob6HO MccnenoBaHa B i 32. B aroit rmaBe Gyaer
IOKa3aHO, 4TO O-4aCTHLBI, TMPOTOHBI M HEWTPOHEI HMEIOT Oonee
CIIOXKHYIO CTPYKTYpY, YEM pacCMOTpeHHas no cux mop. OHH camy,
XOTd M HAa3pIBAIOTCA SApPAMU arOMOB HJIH BXOAAT B HX COCTaB,
IpeNCTaBIAIOT co00if ra3oBsiec BHXpPH, BHYTPH KOTOPHIX HAXOAATCH
MaJIEHbKHE AApa U3 Xuakoro 3¢upa. B manHoit rmaBe Hamu Obuin
NOJIydCHBl 3HA4YE€HHA PpaJUuyCoB ITHX Ta30BBIX BuXped. HMmenHo,
ra3oBbl€ BHXDH ONpEENAOT CHIIOBOE B3aMMOACHCTBUE MEXKIY
yactuiamMi. CpBs3ka JMXHUIOKOTO H Tra30BOro 3(QHPHBEIX BHXpEH,
npeAcTaB/IIomnX co0oi Aapo aroMa BOJAOPOAA, HACTOJILKO MpPOYHAs,
YTO MOXET BBIIEPXKATh COyAApEHUA C aTOMaMM MaTrepuaja (OIbru B
omneite Pezepdopaa.

14. 3axon KyJiona B 3¢pHpoauHAMHEKE

3akpon KynoHa omnpenenser MOAYyJb CHIBI DIEKTPOCTATHYECKOTO
B3aMMOICHCTBUA MEXKIY TOUEYHBIMH JIEKTPOCTATUMECKHUMH 3apsiIaMH
(3meMeHTapHBIMH 3apANAaMH) H 3alMMCHIBACTCS B BHUIE

9,9
dree,r’

3aeCh G—BENMYMHA JIEKTPOCTATHYECKOr0 3apsana. Pa3sHOMMEHHEIS
3apsaAbl TPUTATHBAIOTCH, a OJHOHMMEHHEIE OTTalkuBaiorca. Jlus
BaKyyMa &=1. £-OTHOCUTEIbHAS TUAJICKTPUICCKAS MOCTOSHHA.
£,=8,85-10" /M -—dnexTpocTaTHyeckas IOCTOSHHAsd.  3apsigsl
obnmamaror cdepudeckoir cumMmerpuer. Cmina F  Hanpasnenma 1m0
IIPAMOM, COSIUHSIOMEH LEHTPH 3apAaaoB. [IpH 3neKTpH3aiiuy 3apsaasl
MOT'YT NEPEXOIUTH OT OJHOTO Tela K ApyroMy. B pe3ymasTare ogHO U3
HUX MPUHUMAET MOJIOXKUTEIbHEIN 3apsjl, a APYTroe OTPULIATeIbHEIM.

Cuuraercs, 9r0 HEKOTOPBHIC 3JIEMEHTAPHBIE YACTHIRI BElIECTBA
HECYT Ha cebe »IneKTpudecKMi 3apaa. OJeKTpoH oflIagaer
OTPHIATEILHEIM 3aPAIOM, a TIO3UTPOH U MPOTOH IOJIOKUTEIbHBIM. [1o
MOAYJIK) O3TH  3apAdpl OAWMHAKOBEI ¥  PAaBHBEl  BEIMYHUHE
e=1,60219-1019KH. Cunel 3IEKTPOCTaTHYECKOI'0 B3aUMOIECHCTBUSA
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yACP)KABAIOT JJICKTPOH Ha opOuTe BOKPYT AOpa aToMa B IUIAHETapHOH
Moxaenu Pesepdopaa.

B Teopun s¢dupa snexkTpoH mnpencTaBifer cobo#l KOJIBLIEBOH
3QUPHEIA BUXPH C pPAAHMYCOM Ty (Puc.11.2). Buytpu BuXpEBOrO
KOJIbLIa 3HUpP ABHKETCA B OKPYKHOM M KOJBIICBOM HAMpaBJIEHHAX CO
CKOpPOCTAMHU

Upem®yar, tme 0<r<r,_, (14.2)
Uye=®y.aq T, THe 0<r<2r _, (14.3)

B rmaBe 8 OBIIO NIOKA3aHO, YTO Dy =0y. 1=3-10180'1. Bue
BUXPEBOTO KOJIbIIA HHAYLMPYIOTCS CKOPOCTH, OIHCHIBAEMBIE 3aKOHOM
brno-Casapa (11.5). YauteiBas, 9T0 3J€KTPOH O4YE€Hb Majl, 3aMEHHM
OeckoHeuHO Manyl0 BeauuuHy 3neMmeHTa Buxps dl (Puc.11.2)
IIAPUHOH BHXPEBOTO KOJBIA JJIEKTPOHA 2Io., NOMOXHAM Sino=1.
CxopocTh B IUIOCKOCTH BHXPEBOrO KOJbLIA, MHIYIMPOBAHHAS 3THM

KOJBIIOM B OKPYXKalOIEM MPOCTPAHCTBE, BRIpa3suTcH (GopMyiioi

F r
_ el o-el
Uv-el

Sy (14.4)
3nech I fABISETCS UMPKYIALHUEHA CKOPOCTH, NMOACYUTAHHON I10

NEpUMETPY BHXPEBOTO KoOJblIa OJjekTpoHa. OHa 3anmceiBaeTcs

dopmynont (11.6). C ydgerom stoit dhopmynnl ckopocTth U, mpuMeT

BUA

3

v-elro—el (14 5)
27 -r: r? .

. »
Hanee obosnaumm uepes I, I'), m I, mpocrpancrsenunie

R 4

v-el™

-el __

IIEPKYJIAIMH 110 BUXPEBEIM KOJBIIAM 3IEKTPOHA, IO3UTPOHA U IIPOTOHA

r,=T2r_, =16zw,r,, (14.6)
® . 3

I“poz = I“poz 2r,_ oz = 167?01,,027’0-,,02 . (14.7)
» 3

[ =I,2r,_ =l6mo,r,_, . (14.8)

Ecnu B mone OKpY>KHBIX CKOPOCTEHM OKOJIO 3JIEKTpPOHa IOINanactT
napyro# amekTpoH (Puc.14.1), To cornacHo Teopeme JKyKoBCKOro o
HOpMaNbBHOI CHIe Ha Hero Oyner JeHCTBOBAThH OTTAIKUBAIONIAS CHIIA,
HarpaBJICHHasi BAOJIb JIMHUH, COCAUHAIONIEN LEHTPEI
BAXPEEKTPOHOB., EcnM Ha MecTe BTOPOro SJIEKTPOHA OKAKETCH
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IIPOTOH WM IO3UTPOH, MMEIOOINE ITPOTHBOIIOIOKHOE HaITpaBICHUE
BpamieHUs CTpy# 3dupa B KOJIbIE, TO HANPABICHHE CHIBI H3IMEHUTCA
HAa IIPOTHBOIIONOXHOE. VI3MeHeHHE HamnpaBjieHHs BPAaNICHHA B
BHXPETIO3UTPOHE 110 CPABHEHMIO C BUXPEIIEKTPOHOM HE TOBIHIET Ha
MOJYJb IUPKYJISIHH CKOPOCTH

| Fer[=] Tpoz |, (14.9)
C yd4eToM CKa3aHHOTO IIPHUMEHMM TeopeMy JKYKOBCKOrO K

OIIPEACICHHIO MOJYJIS CHJIBI B3aMMOZEHCTBHA MEXKTY 3JIEMEHTapHBIMHU
BHXPEBBIMH YaCTHI[AMH

. p.IT |
V=pU,l = "Z =g, (14.10)
6
H y= 34702 2”’ =N (14.11)
Y

Ecim B3STh paguyChl 3JIEKTPOHOB, IIO3UTPOHOB M IIPOTOHOB
OAHNHaKOBBIMH
To-e=To-por=Top=2,13-10"m, (14.12)

TO0 ¢Qopmyna sdupomunammukn (14.11) macT Takyro ke CHIy
B3aHUMOJCHCTBUSA MEXIy JacTULIaMM, kKak 3akoH KymoHa (14.1)

_q9q, _2-107%
F= 4,,81312 ==K (14.13)
6 —28
_G4m.0, valoe _ 27197 (14.14)
r 4

3HaueHHEe paguyca IdeMeHTapHeix dYacthn (14.12) wumeer
IIPUMEPHO TO K€ 3HAY€HHE, KOTOopoe ObL10 HamMu monydeHo (10.4)
IpH aHalM3e cnuHa OSiaekTpoHa. OHo Oonpmme, 4eM IOIYYEHO
Pe3zeppopaom, a taxke Hamu (13.7) nmpm cCoOCTBEHHOM aHaJIM3e
9TOr0 3HAMEHHTOro ombiTa. OIHAKO, CIEAyEeT Y4YecTb, 4TO IIpH
nonydeHun ¢opmynsl (13.7) MBI paccMaTpHBaId ONTHMAJIBHEIN
BapHaHT IIPOJI€Ta O-9aCTHHBR de€pe3 CEPEeAVHY BHXPEBOTO KOIbIa
aToMa Martepuajiia (Qonbru. 3Aech CKOPOCTh BCTPEYHOTO ITOTOKA
MaKCHMMAaJIbHa M paBHA CKOPOCTH CBETa B BakyyMe. B ommite a-
JacTUIEl, JaXe ¢ CaMbiIMA OOJNPIMIHMH 3a(MKCHPOBAHHEIMH
OTKJIIOHCHHUAMH, MOIJTH IIPOJIETATh BHIIE HIH HHXKE CEPEIHHBI
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BUXpsA. B 3THX MecTax CKOPOCTh IMOTOKA B Ta30BOM 3()HPHOM BHXpPE
aTroMa OyZieT CynieCTBEHHO MEHBIIIE,

ITosromy dopmyna (13.7) gacT Takoe e 3HAUCHHE pajuyca Ol-
gactuiel, kaK B (14.12) u (10.4). Ilpu 3ToM He cnexyer 3abbIBaTh, 94TO
IPOBEJACHHBIA aHANHU3 HE SABIACTCA TOYHBIM PEIICHHEM H HE JaeT
TOYHBIC 3HAUECHUA, & HOCHT OIICHOYHEIA XapakTtep. IlonydeHHoe noatu
TOYHOE COBIAICHHE 3HAYCHUN pagNyCOB JJICKTPOHA, IIO3UTPOHA M
IIPOTOHA B JOCTAaTOYHO PA3HBIX 00NACTAX (H3HKH MOMXHO TOJBKO
IIPUBETCTBOBATb.

OdeHp BaXHO OTMETHUTh, 4YTO MBI [ONYYWIA  CHIY
B3aVIMOACHCTBUA MEXAY JJIEMEHTAPpHBIMHM YaCTHLAMU TAKYyIO XK€, Kak
ee onpenenser 3akoH KyinoHa. Ho MBI He Hamelsum 5TH 4YacTHIEI
NIEKTPHUECKUMH 3apsAfgamH. Pesynprar nonydeH 0e3 xaxkux-mubo
IOOTIOJIHUTENbHBIX NPEANONOXKEHUI. DTa CHla IOIy4YMIach Kak Obl
caMa co0Oi Ha OCHOBE NMPHHATEIX paHee B HAaHHOH TEOpHH Mozeneit
aToMa H DJIEMEHTAPHBIX YaCTHI[ U MHPOBBIX KOHCTAaHT TaKHX, KaK

IUIOTHOCT 3QUpa Pe H BEIMYMHEI YIVIOBBIX  CKOPOCTEH
®,=0,=3-10"*m"'. Hanmommo, 910 mI0THOCTH 3upa Gbina ompeeneHa
IIPH aHAJM3E CWJI NPUTDKEHUA MEXIy TelaMH BcelleHHOM, TO €CTh

COBCEM B Jpyroit obnmactd pu3uku. IT0 TOBOPHT 0 eAMHOH Idupo-
JAHAMHAYECKOH  NpHpone  CWJ  BCEeMHPHOIO0 _ TATOTEHHS,
BHYTPHATOMHBIX CHJ M JJCKTPAYECKHX CHJI, 00YCI0BICHHLIX

BHYTPEHHHM CTPOCHHEM ATOMA M YJIEMEHTAPHBLIX YACTHIL,
Ha sToM M0>kHO ORLTO OBI OCTaHOBUTHLCSH. MBI BBISCHWIH, YTO 3aKOH

KymoHa, IOMYy4EeHHBINA 3KCICPUMEHTAIBHO I DAIEKTPOCTATUYCCKHUX
CHJI, Ha caMOM Jefie o0yClIOBICH AeHCTBHEM CHII JaBieHHA B dHpe Ha
3IIEMEHTApHLIE YaCTHILl BEIeCcTBa MPU.UX cOmmKeHnd. YacTuiml
UMEIOT BUXPEBYIO CTPYKTypy. HampaBnenue BpanieHus 3dupa BHyTpH
BUXPEBBIX KOJIEL DJJIEMCHTApPHBIX dYacTUI[ [0 OTHOUICHMIO K
HaIIpaBJICHUIO BHIAYBa CTPYH U3 LEHTPAJIbHBIX OTBEPCTHH OIIpeleiseT,
OyIZyT J¥ 3TH CWIbI OTTAJIKHBATh WJIH ITPHUTATUBATH JACTHIIEI, TO €CTh B
O0IEenpHHATOR TEPMHHONOIMM HECYT JIH OHH IIOJIOXKHTEIBHBIA FUIH
OTPHLIATENLHBIN STIEKTPUHMECKHN 3apsl.

Takum o006pa3oM, 3HAK H BeJIAYMHA 3apAIa 3JeMEHTAPHOM
yacTHbl _ 00YCHAOBJECHbI  BEJIMYMHOA MW HAaNpaBJeHHEM

NPOCTPAHCTBCHHLIX gﬂgg!ﬂﬂgﬂﬁ, IOJACYNTAHHLIX 110 BHXPEBLIM
KOJbI&M 3JI¢ OHA, IIPOTOHA, IT030TPOHA N HE 3aBHCAT OT MACChl
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3TAX dvacTun. OpHako OCTalTCA BONPOCH. Beap HU oJHa U3
PACCMOTPEHHBIX BHUXPEBBIX I'a30BBIX MOJENCH 3JIEMEHTAPHBIX JACTHII
HE OTBEYAeT YCIOBHIO chepHueckoit cummerpuu. M3 aToro cinemyer
BBIBO/JI, 9TO 3JIEMEHTAPHEIN ChepHUeCKuii 3apa JOJDKEeH HMETh Oonee
CIIOXKHYIO POpMY, €M IIEPEIHCICHHBIE JACTHIBI.

Ha puc.14.]1 mnokasaHel BO3MOXHEIE CXEMBEI 3NEMEHTapHBIX
IIOJIOKUTENBHBIX W OTPHLATENBHBIX  COEPUYECKHX  3apAHOB,
COCTaBJICHHBIX W3 JJIEMCHTApPHBIX BHXPEBBIX KOMNEI 3JICKTPOHOB H
IIO3UTPOHOB, KOTOpPHIE II0 HAIIEMy MHEHUIO MOIYyT OOECIIC€YMTH
chepHIeCKy0 CHMMETPHIO. 32 OTPHUIIATENLHBIA SJIEMEHTAPHEIN 3apsij
IIPUMEM 3apsJi, COCTABJIEHHBIH U3 3JIEMEHTAPHBIX BUXPEBLIX KOJIEI, M3
LEHTPAILHEIX  OTBEPCTUA  KOTOPBIX Adup  BEIAYBaerca IO
HalpaBJICHUIO OT LIEHTPOB 3apAZ0B BO BHEIIHEE IIPOCTPAHCTBO. 3a
IIONOKHTENbHEIM DIEMEHTApHBIM 3apsAnx IIPUMEM 3apsad, TaKKe
COCTaBIICEHHBIH M3 DJJIEMCHTApHEIX BHXPEBBIX KOJEL, dYepes
LEHTPAILHBIE OTBEPCTUSA KOTOPBIX HPHUP IOTIOMIACTCA BHYTPb.
OTpunatenbHEIM  3apsa IpeACTaBiIseT Cco0oi  3eMEeHTapHBIN
HCTOYHUK, a MOJIOXXUTEIILHEIA — 3IEMEHTapPHBIN CTOK.

_ A
(D1 (3 B
Y e
. ‘2“ -4 . , "r. £l |
ONe oNe
Puc.14.1 Puc.14.2

Opup BHYTPH KaXKIOTO M3 BHXPEBBIX KOJIEL, COCTaBIAIOIIHAX
3JE€MEHTapHBIE C(epudecKHe 3apsAnpl, BpAamIACTCS BOKPYTr OCEH
CHMMETpUH CBOMX Koien. IIpumeM, d9TO OTpHUIaTEIBEHOMY 3apsmy
COOTBETCTBYET  BpalleHME IIPOTHB  49acOBOM  CTpENKH, a
IIOJIOKHTEIFHOMY- BpalleHHe 10 JaCOBOH CTpejIKe, €CIIH CMOTPETh Ha
3apsAl U3BHE. OTO YCIIOBHOE paszencHue. MoxHO Oblno Obl NpUHATH
IpPAMO IIPOTHBONIOJOXHOE MPaBMiI0. Te€eM HE MEHee, ACHO, 4YTO ABa
OJHHAKOBEIX II0 HAIPABJIECHHIO BPANICHHs B KOJIbLAX ChepHuecKux
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3apsifa OyIyT OTTaIKUBATHCSI, a ABa 3apsia C pa3HOHAIIPABICHHBIM
BpamieHHEM OyAYyT NPHTAITBaTECA. B CO3MaHUHM CHJI NpUTSIKEHUS H
OTTAJIKHBAHUA OJHOBPEMEHHO YJACTBYIOT 4ETHIPE BUXPEBBIX KOJIBLIA.

Ecnm 3apsanel pacnpeneneHbl 0 CHEpHIECKOM ITOBEPXHOCTH
KOHEYHBIX pa3MEpOB, TO CHJIa, ACHCTByIOmMAd Ha cdepy, B 3TOM Ciaydae
Oynmer paBHa CyMME 3JIEMEHTApHBIX CHJ, JEUCTBYIOIIMX Ha KaX0€
BHXPEBOEC KOJIBLIO-3aps.

TakuMm oOpa3oM, IIpM OQHOMMEHHOH JIEKTPH3aIMH ABYX JIEIKHX
IIapHKOB, TMPUBA3AHHBIX K JJIUHHBIM HHTAM, OHHM Oyayt
orrankuBaThea. Illapuku pasoinyrcd TEM ajiblie, 9€M CHIbHEE OHH
Ha’IEeKTPpU30BaHbBl. M3BECTHO, 9TO HA IIPAKTUKE I OIpEHCIICHUS
CTEIICHH  HAJJICKTPU30BAaHHOCTH  IIPUMEHAIOTCHS  CICUMANIBHBIC
npubopr—anekTpockonsl. Hanpumep, Ha Puc.14.2 nokasan
3NEeKTPOCKOII, B KOTOPOM K ITPOBOJIOKE B ¢ mapuxoM A Ha BEpXHEM
KOHIIE MPUKPEIUICHBI fBa TOHKUX JUCTOYKA M3 aIFOMHHHS.

IIpu coobmieHnH mpoBoNOKE B  snexTpmdeckoro 3apsna
SJIEMEHTApHBIC BHXPEBHIE KONbIa 3(Hpa BHYTPH aIIOMHHEBHIX
JTMCTOYKOB Pa3BOPAYUBAIOTCH TaKUM O00pa3oM, UTO UX OCU CUHMMETPHU
HarpasIeHb! BAOJb JICTIECTKOB ¥ OCEBOE BpalIeHHE 3(pHpa B BUXPEBBIX
KOJbLIAX OJWHAKOBOE. B pe3ynpTate, kak OTMEYaJOCh paHbIIE,
BO3HHKAIOT CHIKI OTTANKUBAHUA. 110 pacX0XACHUIO JEIIECTKOB MOXHO
CYZHTH O CTENEHH COOOIIEHHON UM 3NEKTPU3aLlHH.

Ilpn 3TOM MOXHO CYHTaTh, YTO B HE3APSDKCHHBIX TElIaX BCerda
UMEIOTCA 3apsaabl IPOTHUBOIMOIOXKHBEIX 3HAKOB WM, 9YTO TO XK€ CaMmoe,
3JIEMEHTapHBIE 3QUPHEBIC KONbIA C IPOTHUBOIIOIOKHEIM HAIIPaBIICHHEM
BpallleHHd CTpyil 3dHpa BAOIL BHUXPEBHIX Konel. MX KOIMYECTBO
TaKOBO, YTO MX ACUCTBHUE MOJHOCTBHIO KOMIICHCUpPYET Apyr Apyra. B
Ipouecce IMEKTPU3AlMKM HAaYMHACT mpeobiaamaTe BpamicHHE 3(QHpa B
9MCMEHTAapHbIX KOJbIaX Kakoro-mubéo omgHOro 3Haka. OTO M
ONpeAefeT 3HaK M CTENeHb dekTpu3anun ten. ConocraBisis MExXay
coboit BrIpaxxeHHs 3akoHa KysioHAa AN 3JIEMEHTapHBIX 3apsaAoB,
noxydeHHsle B 3nekrpoctatuke (14.1) m sdpupoaunamuxe (14.10),
HafileM CBA3b MEXJIY DJIEMEHTAPHBIM 3apsalioM (e=€ H IIpo-

CTPaHCTBEHHOM LUPKyJIALKEH BUXpednekTpoa I,

e=qe=+/£,€ P, ‘T (14.15)

75



Jloruka pmanbHeMIIMX pacCyXIASHH MOXeET OBITh Takol XKe, KaK B
nnexkTpocraTtuke. IIockonpKy TedeHue 3¢Hpa BHE BHXPEBBIX KOJEIL
3NIEKTPOHA, MO3UTPOHA U MNPOTOHA MABIACTCA IIOTEHI[HAIBHBLIM, TO
pE3YJBTHPYIONIEE HANPIKEHHE OKOJIO PA3NMYHBEIX JJICKTPHYECKH
3apSDKEHHBIX TeJl MOXKHO HaXOAMTh, UCHOIB3YS METO] CYIEPIIO3HIIHIA.
To ecTb HaxOAUTh Pe3yNbTHPYIOIIEE PElICHHE KaK IM€OMETPHIECKYIO
CYMMY HampsDKEHHM, CO31aBaEMBIX TOYECIHBIMHU 3apsaIaMH.

Moxuo Obut0 OB MOBTOPHTH BCE BHIBOABI 3JIEKTPOCTATHKH,
HCOONB3ys BMECTO 3apsfloB ( HX  BBIPAOXCHHUSA  Uepe3
IIPOCTPAHCTBEHHYIO0 LIMPKYJSAIHUI0 CKOPOCTH M IONYy4YUTH (OPMYJIB
I HAIPSHKEHHOCTEH SIECKTPHMYIECKUX IIOJeH OKOIO 3apsaKECHHEIX
IIOCKOCTEH, HHUMHHAPHIECKHX M CPEepUYECKHX IIOBEPXHOCTEH WM
paga gpyrux. O4eBHIHO, 9TO B 3TOM HET HEOOXOIMMOCTH, TaK Kax
CMEICII HAIlUX UCCICAOBaHUH 3aKiiovaeTcs B ApyroM. Mbl X0THM

PACKPLITE ¥ 000CHOBATH _SDHMPOAMHAMMYECKYIO IIPHPOAY
ICKTPO-CTATHYECKHX SIBJCHHAMW, IO0KA3aTh EAMHCTBO TAKMX,
Ka3ajoch  0Obl, pa3HOPOAHBIX SBJEHHH, KaK BCEeMHpPHOE
TACOTEHUE, AVAJM3M KOPINYCKYJISAPHBIX H BOJHOBBLIX CBONCTB

IJEMEHTADHBIX YaCTHI, YJIEKTPOMATCHUTHLIX ABJCHHHA H CBETA.
Bce 3TH _ sABJGHHS  HMMEKWT, IO _HamieMy YO0eXxaeHH1o,
IpUpOAUHAMUYECKYIO TIPHPO A SBJAIOTCH pPa3JuYHbLIMH
rPAHSIMHM _CBONCTB M _TedyeHMi >¢upnoro raza. B atom xe psany

HAXOASTCH _MHOrMEe 3arajoyHble KOCMHYECKHE SIBJCHHS,
OTKPLITHIE ACTPOHOMMEH, HO HE MMEIOIHE HA CErOAHAIIHUH

AE€Hb Pa3YMHOI0 00LACHEH U,

IIpoBeaeHHEIN aHANN3 3(PHPOAUHAMUYECKON IIPUPOABLI CHIILI
TSOKECTH M JICKTPOCTATHYECKUX CHJI MO3BOJIAET IPHOTKPBITH 3aBeCy
HEU3BECTHOCTH Haa CTPYKTypod HedTpoHa. OTCyTCTBHE Yy HETO
HIIEKTPUIECKOTO 3apsAia 03Ha4yaeT, YTO OH IPEACTaBisieT coOoH, Kak H
IIPOTOH, BHXPEBOE KOIBIO JMXHAKOrOo 3pupa, B KOTOPOM, OJHAKO,
OTCYTCTBYET BpalllcHHE CTPYH# BAOIE KOIbHA (Myo,=0 ). Bpaumienne
CTPYH JKHAKOro 3(Hupa BOKPYT OCH Te€Jla KOJblla HEMTPOHA C YITIOBOM
CKOPOCTBIO M,=3-10"°c”! mmeeT MecTo. DT0 Teuenue obecrneanBaet
CIIOCOOHOCTP HEHTpoHa mnornomare 3GUpPp U3  OKPYKAIOIIETO
OpOCTpaHCTBa, KOTOpas, B CBOWO ouepedb, OOyCIOBIMBaET
CTaOWIBHOCTh J3TOM JJIEMCHTApHOM dYacTHLBI M HAIMYHE Yy HEE
OonbI0i MacCHI.

76



15. DnexkTpuYecKdii TOK B IPEACTABJICHUSIX
IPUPOANHAMAKH

Ilo ompenenenuro [22], cmwia TOoxka J paBHa KOIMHYECTBY N

SJIEKTPUYECKUX 3apAN0B € , IIEPEHOCHMBIX CO CKOPOCTHIO V B
CIUHHUIy BPEMEHH dYepe3 IUIomanp S MOIEPEIHOIO CEUCHHA
IIPOBOJIHHKA [22].

=enV' S, (15.1)
rae  N—YUCI0  DJJIEKTPHUECKUX  3apsfoB  (BHXPEIICKTPOHOB
IIPOBOAMMOCTH) B eauHuIe of6bemMa. Jliga MemgHOrO mpoBoOAa
n=8.5-10°® M. CkopoCTh MABW)KEHHS 3apsifOB BHYTPH IPOBONHHKA

nmeer nopsaox ¥ =8-10m/c.
Ho snexrpuaeckuii 3apsig € coriacHo (14.15) mpomopumonaneH
POCTPAHCTBEHHOM NHUPKYAANMH cxopoct I, paccYMTaHHOM IO

IIOBEPXHOCTH  3(QHUPHOrO BHXPEBOTO  KOJNbla, OOpa3yromero
anexrpuaeckuit  3apsga. I[losromy — Belpaxkenme (15.1) MoxHO

IIEpPEMCaTh K BUIY

J=,Je,ep,T;nVS. (15.2)

L
HamoMHMM, 9TO IpOCTpaHCTBEHHAs HMUPKyJuiims ckopoctu I,

[IOJICAUTAHHAS II0 IIOBEPXHOCTH BHXPEBOIO KOIbLOA 3JICKTPOHA,
CBfA3aHA C MMPKYJSUMEH CKOPOCTH II0 KOHTYPY BMXPEBOrO KOIbIIA
aJiekTpoHa I’y 3aBHCHMOCTBIO

r:=r,2r_,, (15.3)

e

raec Ie=8moy.e 7‘02_ ol =l (15.4)

JIBUraschp BIOIbL METAJUIMYECKOTO IIPOBOJAHHKA BUXPEBLIE KOJBIA,
3apAnbBl 00pa3yloT BHUXPEBBIE HHTH C HANpPMKEHUAMU I, paBHBIMH
LAPKYJAIUAM CKOPOCTH 3(Hpa [0 KOHTYpPY BHXPEBOTO KOJbLA
anektpoHa I'y. Bce BUXpeBBIE TMHHMH BHYTPH NMPOBOIHHKA 00pa3yroT
BHXPEBO# JKIYT C CYMMAapHEIM HampsokeHHEeM [y M paBHOH emy
CyMMapHOM IHUpKyJsiuuen [y
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Yepe3 mwIomaaKy MexaTOMHOT'O MPOCTPAaHCTBA, PAaBHYIO ILIOMIAnH
2
aroMa  S,=Rnr, , TEOPETHYECKH MOXKET IIPOXOAHMTH  YHCIIO

SIIEMEHTAPHBIX BUXPEBBIX JHHHUH C ILTOMIAABIO IIOIIEPEIHOr0 CEYCHHUS
S,¢,1=1r.(2r(,_el)2 paBHOE  S,/S,. BuxpeBpie JMHHH B 3TOM CiIy4ae
pacronaraiich Obl BIUIOTHYIO, 4ero OmiTh He MoxeT. Ilomaraem, 4aro
3TO KOJMHYECTBO JJIEMECHTAaPHBIX BUXPEH NPUXOIUTCA HE HA IUIOIIALb
Sa, a HA €OMHUYHYK IUIOWIaAb IONEPEYHOI0 CEYEHUS NPOBOJHHMKA
Si=1M°. IIo3TOMy uHMCIO OJIEMEHTapHHIX BHXPEBHIX JIHHUIA,
IPUXOISNINXCA Ha €IUHUYHYIO IUIOMIaAbh CEUCHUS ITPOBOAHUKA, Oyner

S, /8
G “S . [m?]. 3mech c<1, Tak kak HE BCA ILIOMAAb IOIEPEHHOTO
1
CCUYCHHA NPOBOAHHMKA MPOXOAWMA IJI1 BUXPEIIEKTPOHOB. Ilmomans
paccMaTpHUBaeMoOro nipoBOoaHHMKA paBHa S. ClenoBaTenbHO, 4€pe3 3TY
wiomaap Oyaer mpoXOoOuTs cleAylomee KOJHYECTBO IEMEHTAPHEIX

BHXPEBLIX JIMHUH

c;S“/Se’ S=gS—“S (15. 5)

S 1 S el
YMHOXHUB HanpsoKeHHe (UHPKYJALMIO) 3JIEMEHTapHOK BHXPEBOI
mHuK Ig=l'q Ha KONMYECTBO ATHX JIMHHUMA IOJIYYHM CYMMAapHOE

HanpsDKEHUE BCETO BUXPEBOTO XKI'yTa BHYTPH MPOBOTHUKA

S
Is=T's=TeC S“ S (15.6)

el
Hanee BepHeMCss K BeIpaxeHHI0 a1 cwiel Toka (15.2).
IleperumeM ero, mpeaBapUTENbHO YMHOXXHMB H Ppa3deiiMB IIPaBYIO

S

a

4aCTh Ha MHOXHTENB G M 3aMEHUB IIOBEPXHOCTHYIO LUPKYJIAIIHIO

el

anexktpona I'), Beipaxcenuem (15.3). B pesynapTare nomydaum

J=\Je,ep,TonV S =\¢,60,T,2r,_nVS 65,5 _
c-S,/S8,
s ep. 2r P —Z (15.7)
= r_n : :
o pe o—el g'Sa /Sel
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OTtkyza HampskeHHe 3(HPHOTO BHUXPEBOTO XIyTa BHYTPH
METaJUIHIECKOr0 ITPOBOAHMUKA [y MOXKHO BBHIPA3HUTh Yepe3 CHIIy TOKA B
3TOM IIPOBOJHHUKE

Is=I's= 6515 (15.8)

£,ep,2r,_nV

JT10 none3Has 3aBUCHMOCTh. OHa MO3BOJIAET, KAK YBHANM B TIaBE
16, nydyme IOHATP HE TOJABKO 3PHUPOJIHHAMUYECKYIO MPHPOIY
JIEKTPHUYIECKOTO TOKa, HO H 3(PHUPOAMHAMHYECKYIO NPHPOXY
MAarHuTHOIO MOJA OKOJO NPOBOAHHKA C DIEKTPHYCCKHUM TOKOM. TaMm
K€ YTOYHUM 3Ha4YcHUE C.

B rasonuHaMuke [23] H3BECTHO pEIICHME 33/1a9H 110 onpeneneHmo
IOJIA CKOPOCTEM OKOJIO CHCTEMBI BHXPEBBIX KOJEI B O€3rpaHIIHOM
oJIe KUJAKOCTH, PACIPEACIIEHHBIX PABHOMEPHO I10 IJIMHE IWIHHIPA B
IUIOCKOCTSX, NIEPIIEHANKYJIAPHBIX €ro obpasyromeii. PaccMarpuBaetcs
TOIBKO OKPYXKHO€ BpalllCHHE XXHUAKOCTH B BHXPEBBIX KOJBLAX C
YIJIOBOM CKOPOCTBIO ®, . 1ed4eHHe BHONb KOIEL OTCYTCTBYET
(Puc.15.1). Oxa3anocs, 9TO BHE LMIMHIpa BUXpPb HE HMHIYyLHPYECT
CKOpoCTeii. BHyTpm mWiIMHApa HHOYUHUPYETCS OCEBOM IIOTOK CO
CKOpOCTBIO, H3MeHsomelics oT V=Y Ha ocH IwimuHApa 10 V,~=Y/2
Ha €ro CTeHkax. 371eck Y - IIOTOHHAas UHTEHCHBHOCTE BUXPEBOIO CIIOA
Ha IIOBEPXHOCTHM IMIHMHApa. ECIM »#OMyCTUTH, YTO JJIEKTPOHEI
IBHXKYTCS BIUIOTHYHO ApPYT K JApPYTry, TO €€ MOKHO OLICHHTh Kak
OTHOIIIEHHE IHUPKYIAMH OKPYXHOIO TE4YCHHUS Ha IIOBEPXHOCTH
BHXPEBOT'O KOJIbIIA (BUXPE3ICKTPOHA) K €TI0 ITHPHHE
Y= 1-‘el

2r, o—el

W3 npoBeneHHOro aHanusa CIEAYET, 94TO BHYTPH NPOBONHHKA
IIOMHMO [JBIDKEHHS C HEOONBIIOH CKOPOCTBIO BHXPESNECKTPOHOB

=n-w,r,_,=2-10° mc (15.9)

(V=6-10"M/c) cymectsyer oceBas crpys 3bHpa CO CKOPOCTBIO
=2-10°w/c.
TakmMm oOpasoMm, Jloruka HamIMX HCCIEAOBaHMI IOJBENa HAc K

MBICITH, 9TO JJCKTPHYECKMHA TOK __ Ipeacramjsier  coboi
KOMOMHANMIO  IBYX  NOTOKOB: IEePBLIA___ COCTOMT M3

BHUXDECIJC OHOB, T.C. BUXPECBbLIX I(MUPHLIX K0JICIl, IPOTCKAIOIIINX
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¢ _HeGoabINol cropocThio (V26-10"m/c) BIoanL BHXPEBLIX JMHMI,
o0pa3viommux _ BHXpPEBOi  INHYP BHYTPHA  METAJJIMYECKOrO
IpoBOAHMKA. Ero CONMPOBOKAAET B TOM K€ HAIIPABJCHHUN BTOPOH
BLICOKOCKOPOCTHOI I0TOK dupa (V.22-10°m/c). O HHANKADPOBAH
IepBLIM MOTOKOM. Halpsisken¥e BUXPEBOI0 IIHYPa B IPOBOAHUKE
CBSI3AHO ¢ cmjoi _Toxka dopmyJoii  (15.8). HMeHHO 3TOT
BBICOKOCKOPOCTHOM _NMOTOK _3(pupa CBA3LIBACTCH B HaIllleM
CO3HAHMM C MOHATHEM «YIaP TOKAY.

[Ipn 3aMBIKaHUM MPOBOJHHMKA C 3a3¢MIIEHHBIM TEIOM 3TOT IOTOK
BPEIBA€TCA BHYTPh IOCJICAHETO M, B3aUMOJIEHCTBYSA C MOJIEKYyJIaMu U
aTOMaMH 3TOr0 Tena, IPHBOJHT MX B BO30YXKACHHOE COCTOSHHUE,
BhI3EIBaeT HarpeB. HeocTopoxxHOe oOpameHHe C 3JIeKTpHIECKUMHU
IIPOBOJaMH, HAXOMAIIUMHCA ITOJ HAIPSIKCHHEM, MOXXET IPUBECTH K
Tparm4eCcKUM IIOCICACTBHAM.

be3 npeacraBjeHns 0 BBICOKOCKOPOCTHOM NOTOKE 3¢hupa 6bL710
Obl_He COBCEM IOHSITHO, KAK IMOTOK JJIEKTPOHOB, NABMKYIIMXCH C
MH3EPHOl CKOPOCTHI0O MEHbIIE OAHOI0 MHJLIMMETPa B CEKYHIY
MOXKET YOMBATD Jilodeli M KHMBOTHBIX, Ubil peakinga Ha 00Jb, yiap

A ApYIrHe OLYIIeHAS 3HAYATEILHO OBICTpEE.
OnexTpudecKkas MOJHHSA TAaKKe IIPEACTABIACT CO00H paspsag

JJIEKTPUIECKOI0 TOKA, COCTOAIIEr0 M3 TEX »xKe JBYX IIOTOKOB. Bo
BpeMs TIPO3bl BO3AyX IIEpEHACHILIEH BOASHBIMH HapamMd U
cBoOOIHEIME 3nekTpoHamHu. HM3-3a TypOyneHTHOCTH aTMmocdepsl u
[IEPEMEIUNBAHUA CIOCB B BO3AyX€ BO3HHUKAIOT MNPOTKECHHBIC
BO3AYIIHBIC BHXpH, BOBJIEKAIOIIME B CBOE BIDKEHHE CBOOOAHBIC
3JICKTPOHEL. B pe3ynbpTare 00pasyrorcs anexkTpoHHBIE BUXpH. Ecnu 5TH
BUXPH OKA3bIBAIOTCS BBITAHYTHIMU MEXIY 3€MIICH U Tydel, B KOTOPOI
HaKOMWJIOCh MHOTO M30BITOYHBIX 3JIEKTPOHOB, ITOCICAHHE HAYMHAIOT
MEIEHHO IBUTATHCA OT TYYHW K 3€MIE, BBICTPAUBASCh B LCHOYKU
BBIIYBOM 3(mpa BIEpes U3 LICHTPAIbHBIX OTBEPCTHH BUXpPEKOJIELl. JTH
BHXPEBEIE JHHUHU (TOYHEE BUXPEBBIE TPYOKH) HAYHHAIOT UTPATh POJIb
MEKTPonpoBoZoB. Ceityac ’ke BHYTPH BHXPEBBIX JJIEKTPOHHBIX
TpyOOK BO3HHKAIOT BRICOKOCKOPOCTHEIC ITOTOKHM 3¢upa. Ilponcxoaur
paspsan TOKa CO BCEMH BEHITEKAIOIMMMH H3 3TOTO IIOCIEACTBHAMM.
B3anMoznelcTBYys ¢ atoMaMM H MOJEKYJaMH, BBICOKOCKOPOCTHBIE
IIOTOKH 3(QHpa pa3orpeBalOT BO3LYyX OO COCTOSHHUA pacKaJeHHOMU
ILIa3MBbl, CBCUCHHE KOTOPOH MBI BUAMM B Ol€CKE MOHUM M CJIBIIIMM B
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3amo3JalblX packatax rpoma. M3BeCTHO, YTO MOJIHMH BO3HHMKAIOT
TaKKe MEXIY ABYMS Ty4aMmu, B OJHOM M3 KOTOPHIX UMeeTCs M30BITOK,
a B ApyTO# HEAOCTATOK 3JICKTPOHOB.

16. MaruuTHOE€ 10JI€ 0KO0JI0 IPOBOJHHKA C TOKOM

PaccMOTpHM  3JE€KTPOMAarHUTHOE  B3aUMOJICHCTBHE  ABYX
mapajjaebHbIX OECKOHEYHO IMHHBIX IIPOBOAHHKOB C TOKOM.
H3BecTHO, YTO IPOBOAHUKH C OJUHAKOBO HAIPABICHHLIMM TOKaMH
OPUTATHBAIOTCA, @ C IPOTHUBOIOJIOXO HaNpaBICHHBIMH TOKaMH —
OTTAJIKUBAIOTCS. MoOAyns CwiIbl NpUTSDKEHHA (OTTANIKHBaHUSA) IIPH
OJMHAKOBBIX (IIPOTHBOMOJIOKHEIX) HAIIPABJICHUAX TOKA PABEH

F_ P JiJ,

—— — ou —

[ 27+ R
3necs J; ¥ J; - CHIBI TOKOB B IIEPBOM H BTOPOM IIPOBOTHUKAX. Mo —
MarHUTHAs IOCTOSHHAsA. ) — MarHWTHas IIPOHMIIAEMOCTH CpPEIbl, B
KOTOPOH HaxXOAUTCA MPOBOJHHUK. R — paccTosHue, OTCUMTHIBAEMOE OT
IPAMOJIMHEMHOTO IPOBOJHUKA B HAMPABJICHHH HOPMaIH OO JPyTOro
IIPOBOJHHUKA.

(16.1)

ne=4m-10"TH/M=1,26-10"°T1/M (16.2)

Hanee BepHEeMcsi K TMpeacTaBleHHAM 3S¢upoguHaMuKu. Maei
OCTaHOBWINCh H2a TOM, 9TO BHYTPH METALIMYECCKOr0 NMPOBOAHHKA C
ANEKTPHIECKIM TOKOM CYIIECTBYET KI'YyT U3 AJIEMEHTApHBIX BUXPEBHIX
HuTeH 3¢upa. Ero manpsyxkenue Bripaxaerca dopmymnoit (15.8) gepes
cwry TOKa. CTEHKHM METaUIMIeCKOr0 TPOBOJHHMKA HE SABJIAETCA
HEIIPSONOIMMOM Mperpajoii i 3(HUPHOro rasa, OKPYKAIOMIETO
IIPOBOJHUK. BUXpeBnie xOIbLa 3MIEKTPOHOB, 00pa3ylomMe BHUXpPEBHIE
HUATH JBIDKYTCA BAOJIb NPOBOAHHKA. M3 MX IEHTpaJIbHBIX OTBEpCTHIA
BHIAYyBacTCa CTIpya d¢pmpa. C IOPOTHBOMONOKHON CTOPOHBI 3(Pup
3aCachIBa€TCd  BHYTIPL  UEHTPAIBHOIO  OTBEPCTHS, YACTHYHO
IIOTJIOMAACh BEMIECTBOM BHUXPE3NEKTPOHOB. B pesyisrate 3TOro
BHYTPHM METAUIMYECKOTO MPOBOIHMKA BO3HUKAET HE TOIBKO MOTOK H3
BUXPEBBIX KOJIEIl, HO U CTpysA 3¢upa, TEKyllas BAOIb MPOBOIHHKA.
HasneHne >bupa BHYTPH IPOBOAHHKA yMEHBINACTCA  H3-3a
YBEIWYEHUA CKOPOCTH.
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B okpyxaromeM cTpyn Ione 3(upa BO3HHKAeT pagdalbHOE
TEYCHHE IO HANpaBJICHUIO K CTPye B CTOPOHY IOHIMKEHHOTO
OaBICHUA. JTO paAMalbHOE TEYCHHE HEYCTOHYHMBO M IOITOMY
HAa4YMHAET BpamiaThcs BOKPYr cTpyd. OOpasyercs THNMYHAsA KapTHHA
TE€YEHUA OKOJIO IEHTPAIHLHOTO BHUXPA, HaIpUMEP, BO3ZHHMKAIOMAA MpPH
CIIUBE BOAKI M3 OOIBIION €MKOCTH depe3 CIMBHOE OTBEPCTHE.

TOK OT HacC

TOK Ha HacC

Puc.15.1 Puc.16.1

JTO TCUECHUE CTAHOBUTCA YCTOMYIMBBIM K BHEIIHHUM BO3ICHCTBHAM,
TaK Kak IEHTPOOEKHBIE CWIbl, BO3ZHUKAIONINE IIPH BpallCHAM H
OECUCTBYIOIIME HA CTPYM JKUIOKOCTH, YPaBHOBEIIMBAIOTCA CHJIAMH
naBieHus. HarpapiieHue BpallleHMS 3aBUCUT OT BHEIIHHUX BO3ICHCTBHH
B MoMeHT oOpa3oBaHua 3toro TedeHus. [IpuMeHHMTENBHO K
paccCMaTpMBacéMOMYy TEYCHMIO J(HUpa BOKPYT BHXPEBOIO IKIyTa
TaKMM BO3IEHCTBHEM MOXKeT OBITh TeUeHHe CTpyH 3(prpa BOONE XTYTOB.
Eciny BUXpE3neKTPOHR! MPOTEKAIOT B H30JIMPOBAHHOM IIPOBOAHHMKE OT
HAac, KaKk MOKa3aHO HA BepxHeM puc.16.1 (Tok oTr HAc), TO BpamieHHE
3pupa BHYTIPH H CHapy>Xd IPOBOZHHMKA IIPOMCXOAUT IO YaCOBOM
CTpEJKE, a €CIM B HAaly CTOPOHY(TOK Ha HAaC), KaK B HIDKHEH yacTH
3TOr'0 PHCYHKA , TO BpalllCHHE BO3HUKAET MMPOTHB YaCOBOM CTPEIIKH.

Ecin papoM mnapauieNpHO APYr IPYTY pacloloXeHBI [ABa
IPAMOIUHENHBIX IIPOBOAHHKA C TOKOM, TO TE€IEHUE OKOJIO HUX
peanu3syercs Tak, Kak IToka3ano Ha puc.16.2 u 16.3. Ecnu Tok B 000oux
IIPOBOAHHKAX HAIIpaBlICH B OAMHAKOBOM HAaIIpaBICHUM, HAIlpHUMEp, OT
Hac, TO MEXAY NPOBOJHHKAMH B Nojie 3(Hpa BO3HUKAET CIIyTHBIH
BUXph. BHYTPH CIIyTHOTO BHXpS JiaBjieHHe moHmwKacTca. CHapyXH ot
IIPOBOSHUKOB NABJICHHE COXpaHsAE€TCA Ooiee BRICOKMM. B pesyiprare
KaXIbI 13 MPOBOJHHUKOB MOATAIKMBACTCA MEpENagoM JaBICHUSI APYT
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Kk npyry. MHaue roBops, MpOBOAHMKH HPUTATHBAIOTCA. Ecim TOkK B
IPOBOJHHUKAX HANPABJIECH B MPOTHBOIIOJIOKHEIE CTOPOHBI, TO CITyTHEIE
BUXpH BO3HHMKAIOT C IIPOTHBOIIOJIOXKHBEIX CTOPOH. B pesynbrare
IIPOBOJHUKH HAYHMHAKOT OTTAITKUBATHCS.

cnyruun cnyrwl; o

A

TOK OT HAC — TOK OT HacC TOK OT HAC TOK Ha Hac .

Puc.16.2 Puc.16.3

WnnynupoBadHbeie B mojie 3()Hpa CKOPOCTH BEIYHUCIAIOTCSA IIyTEM
HHTETPUPOBAHUA MO IJIMHE IIPOBOAHHKA BBIPAXEHUS IS KOJBLEBON
CKOPOCTH, onpeacisieMoi 3akoHoM buo-Casapa

T I
U=—2=—= (16.3)
27R  27R

3necs I's 1 Iy - COOTBETCTBEHHO LHPKYJALUA U HAIPSIHKCHHE
BUXpEBOro *Xryrta 3¢upa BHyTpH IpoBomHHKA. [IepBbIii IPOBOJHMUK,
BHYTPH KOTOPOrO MOPOXOAUT BMXPEBOHM IMIHYp C LMpKyaamuen [y,
1 %2
27 -
npoBogaukoM. IloaTroMy Ha HEro ACHCTBYET cuia, ompeaenseMmas
TeopemMoi JXykosckoro, OHa HallpaBjIeHa K BTOPOMY IMPOBOJHUKY

HaxoauTcs B nojie ckopocreit Uy,y= , HHIYIIMPOBAHHEIX BTOPBIM

Is.1
F=per2le=pe 2122 l (164)
2R

OdeBUAHO, 4YTO C TAaKOM K€ CWION BTOPOH IIPOBOIHHK
npuTsaruBaercs k mepsomy. M3 Beipaxkenus (15.8) nampspkerue Iy
BUXPEBOr0 IHypa BHYTPH JIOO0r0 MpPOBOJHWKA MOXKHO BBIpa3UTh
yepes cliry Toka. [1o3ToMy 3aMEHNM HANPSHKEHUS BHXPEBBIX YPHPHBIX
KTYTOB Iy H Iy, IEPBOro M BTOPOrO IIPOBOAHHKOB 4EPE3 CHIIEI TOKOB
J; 1 J, B 37X npoBoaunkax. B pe3ynsTaTe cuila, OTHECEHHAS K JJINHE
ITPOBOHMKA, OIIPEACIINTCS KaK
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F _ 5’ ’(Sa/Sez)_2 J1/,
I dee-rl n* (V) 2R
Conocrasnss 310 BhIpaxeHne C 3akoHoM (16.1), momyanm
dopMyy s moacdeTa  pop
g2 (S a / S el )2
4808 ) ’.02--eln2 (V)2
IloncraBuM B 3TO BeIpaXeHHe 3HA9EHUA BXOAAIIMXBHETO BEJIMYMH:

S -
2. =0,213-10°, n=8,5-102%w3, r,=2,18-10"m, V =8-10"m/c,

(16.5)

Hopl= (16.6)

el

u=1u e=1 (g1 BakyyMma), £,=8,854-10""* ®/m, (16.7)
Ilocne BelMUCIEHHMH MOMy4YMM 3HA4YE€HWE JJISI MAarHUTHOH
IIOCTOSTHHOM

1e=5,937-10°¢* Tn/m (16.8)
JKCIEPUMEHTAJIbHOE  3Ha4YeHHE  MAarHWTHOM  IOCTOSHHO#M
npuBencHo B (16.2). CpaBHuBasg 3TO 3HaUYEHHE C €r0 PacIECTHBIM
sHaueHueM (16.8) Haxomum koodouumenr c=0,46M7 . Kak MbI H
OXHIANM, 3TOT KoddduIueHT Onm3ox K 3HaueHmo 0,5M2 On
IIOKA3BIBACT OTHOIIECHHE YACTH ILTOMIAAN MEKATOMHOIO ITPOCTPAHCTBA
K Bced IUIOmaAM CEeYCHHUS METAIUIMIECKOr0 IPOBOJHMKA. B
3aBHCHMOCTH OT MATEpHaja NPOBOJHUKA 3TOT KOIPPHUIMEHT MOXKET
M3MEHATRCA, HO €r0 3HaYeHHe He BRIHAeT 3a npeaensl 0<c<l1.
B 3akmodyeHnue cnemaeM OOHO 3aME4YaHME, HECMOTPS Ha IIOJIHOC
COBIaJICHNE PE3YIHTATOB PACUYETOB C IKCIHCPHUMCHTAIBHBIM 3HAYEHHEM
ko3dbumpenTa o, JIENo B TOM, 9TO MOCTYJIMPOBAHHOE HAMM YHCIIO

BHXPEBHIX JIMHUHA, MPUXOMAINIHXCA HAa E€OUHUYHYIO ILUIONIA[b CEYEHMA

IIPOBOTHHMKA g-g“—l M> , ManoBaTo. Bemp ceuenme mpoBomHMKA S
e

MoeT OrITh MeHbiie 10 M (zmamerp Mensnre 1mm). Ho He Moxer Ha
9TOM IIomagu OBITh MEHBIIE OAHON BHXPEBOM JIMHUH, ITOCKONBKY
CIaGEHBKMI JIEKTPHUYECKHIA TOK Yepe3 3Ty IUIOMaab MOXKET IPOXOJUTS.
Kcraru, s HUre HE BCTpeTWI YKa3aHUil HA OrPaHHYCHUE IIPUMEHNMOCTH
dopmyisl (16.1) mo cuiaMm Toxa B MpoBoaHKKaX. Ho OHM JO/IKHEI OBITS.
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ITosTomMy, 1ipm onpenelecHHd BIMAHHA BHXPEBOTO XKIYTa,
PacCIIONIOKEHHOTO BHYTPH IIPOBOJHHMKA C TOKOM Ha OKPY’KAIOIEe MojIe
3¢upa, HYXHO yH€CTh, UTO OJTOT IKIYT HAXOOUTCA CPEAH
HEIIO/IBIDKHBIX aTOMOB METAJUIMYECKOr0 mpoBogHMKAa. M 310
oclabiiseT BO3JEHCTBHE BHXpEH Ha (OPMHUPOBAHHE BHXPEBOTO
T€YEeHHS BOKPYr mnpoBogHuka. C yderoM 3Toro (Gakropa dHCIO
BHXpeif, Ha caMoM Jejie, MOXeT OBITh BO MHOro pa3 0onbllle, HO HX
BO3ACHCTBHE Ha BHEMIHEE TCUCHUE OyIE€T TaKHUM, KaK €CJIH Obl HX OBLIO

S,

MaJIo, HO OHM HaXOJWINCH OBl B BAKYyME, 8 IMEHHO §——.8 MITYK.

el

BaxxHo Jgpyroe, 9T0 CyMMapHas IUPKYJIALUAd M CYMMapHOE
HanpsDKEHHE  BHUXPEBOTO  JKTyTa,  HaxOOAUIETOCS  BHYTPH
METAUIHYECKOT0 IPOBOJHUKA, OKA3aJIUCh IPOMOPLIMOHATLHEIMU CHIIE
TOKa, MMPOXOASAMIEr0 Y€PE3 3TOT MPOBOAHHUK. 1O €CTh MCCIEAOBaHHBIM
HAMH MEXAHM3M B3aMMOACHCTBUA DIEKTPUYECKOTO0 TOKA C BHEIIHHUM
nosem 3¢upa cpaboTam M 3T0 BO MHOTOM PaCKpHIBacT IIPHPOLY
3JIEKTPOMAarHUTHOIO B3aMMOJEHCTBHA IIPOBOJHHUKOB C TOKOM MEKIY
coboir. Bemmduny

J
B={loh 52 (16.9)

Ha3bIBAIOT MHAYKIMEH MAarHUTHOTO IIOJIA Ha paccTosHUE R ' oT
IPOBOJHHKA C TOKOM. JIMHMM MAarHMUTHOM WHIAYKIUM COBHNAAAIOT C
THHUAMHM TOKa 3(upa B [OTOKE BOKPYT BHXPEBOIO IXKIYTa,
IIPOXOAAINEr0 BHYTPH METAIUIMYECKOTO NMPOBOJHMKA C TOKOM. Ecmu
BHYTpPHM IPOBOJHHKA HET TOKAa, TO BHXPEIJICKTPOHLI ITPOBOJUMOCTH,
IIpeACTaBIAIOmue coO0M BUXPEBEIE KOIbLA 3(HUpa, OPUEHTUPOBAHEI B
ITPOCTPAHCTBE IIPOU3BOILHO H HE 00pa3yloT AIEMEHTAPHBIX BUXPEBRIX
HUTEN u BuxXpeBoro kryta. [loaToMy MarHMUTHOE Mojie OKOJIO TaKOro
IIPOBOJHUKA OTCYTCTBYET.

17. 3axkon AMnepa

Ecnm mpoBOAHMKM ¢ TOKOM Haxoznsrcsa moj yrioM  (Puc.17.1),
TO0 ckopocth U, HHAYLHPOBaHHYI B moje 3pupa OecKOHEUHBIM
TOPU3OHTAIBHBIM ITPOBOAHUKOM ¢ TOKOM J;, cClleqyeT pas3jioXHTh Ha
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HaIlpaBJICHNE HOPMANIH K HakiIoHHOMY IpoBoaHHKY Up,=U,;sina u
Ha HalpaBjeHWe, HapauleJpHOE€ 3ToMy mnpoBOAHMKY U.=U,cosdl.
3neck ABWKEHHE IMOTOKA 3¢Hpa BAOIL HAKJIOHHOTO MPOBOJHHKA HE
OTpa)kaeTCsd Ha SIMIOPE pacCHpelielIeHHsA OABJICHUS B IIOIIEPEYHOM
CE4YECHHUH 3TOT0 MPOBOIHHKA.

Pacnpenenenue naB-
JICHAS 3aBHCHT TOJIBKO OT
ckopoctt U, Iloatomy
bopmyny  (16.5)  mua
ONpENEJICHUS MOy IIo-
nepedHol cunel  JKykoB-
CKOro clieAyeT Mepernucarhb
¢ yderom (opmyn (16.4),
(15.8) u (16.10) k BuIYy

\J;U“ U 13

Puc.17.1

AF = p U T's,Al, = yoy%Sz’naAlz =J,Al,BSina  (17.1)

YdreMm, 9TO HaIpaBlieHuEe cKOpocTH U COBMAAACT ¢ HAIIPABICHHEM
BEKTOpa WHAYKIIMY MarHUTHOTO IO, HABEACHHOTO FOPU3OHTAILHBIM
IIPOBOJAHUKOM C TOKOM J,. IloaroMy yron o Oka3bIBaercs yrioM
MEXIY BEKTOPOM MAarHHTHOW MHAYKIHH B M y9acTKOM HaKIOHHOTO
npoBogHuka Al, ¢ Tokom J, . Takum obpasoMm, ¢opmyna (17.1)
SBIACTCS M3BECTHBRIM 3aKOHOM AMIIEpa, OIPEACIMIONNM CHITy, C
KOTOpOW MArHWTHOE MOJ€ ¢ HHAYKIMEeH B AeucTByeT Ha IoMe-
IICHHBIH B HETO OTPE30K HAKJIIOHHOTO ITpoBOAHUKA Al ¢ ToxoM Js.

18. Cuna Jlopenua

Ecin B MarsurHOM IOJIE MOJ yIVIOM O K BEKTOPY MarHUTHOH
HHIYKUHH B c¢o ckopocteio V aBMXKeTCA 3IE€MCHTApHEIN
ANEKTPHYECCKHHM 3apsi  , TO €ro ABHXKCHHE MOXHO pacCMaTpHBATh
KaK 3JIEMCHTAPHEIH 3JIEKTPHYECKHMI TOK C CHIOH J,=¢/1; B yclI0BHOM
npoBojiHuKke niauHoN AlL=V-1.. IloacraBum 3T 3Ha4deHUI B HOpMYITy
Awmnepa (17.1) mpeasigymeit riassl. ITomyqaum cury JlopeHna
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AF=qVBSina, (18.1)
Ha pnc.18.1 u 18.2 moka3zans! cxeMsl ciia JKyKOBCKOro, JEHCTBYIOMIMX
HA JIeTSIye BAOIb IPOBOAHUKA C TOKOM , TEKYIIEM B Hallly CTOPOHY,
JNEKTPUYECKUX TMOJOXKHTEIBHOTO M OTPHOATENILHOIO  3apsIiOB.
Hanpasnenue cun JlopeHia, AeHCTBYIOMMX Ha IIOJIO0XKHTEIBHBIA H
OTPHIIATEIBHEIN 3apAIbI MOXKHO ONPEACIUTH IO IIPAaBUITY JIEBOH PYKH.

NPOBOAHHK
(63

no3oTPOM
Doy

NPOBOAHHKK

Puc.18.1 Puc.18.2

19. Pamka ¢ TOKOM B MATHUTHOM IOJI€E
NPAMOJHAHEHHOT0 IIPOBOTHUKA ¢ TOKOM

Ha puc.19.1 uzobpaxena pamka, npencraBiasmonias coboii
3aMKHYTBIH IJIOCKUN KOHTYp ¢ TOKOM J,. Och paMKH HapajjeiibHa
OECKOHEIHOMY MNPAMOIUHEHHOMY NPOBOAHUKY ¢ ToKoM J;. Ml
YK€ 3HAEM, YTO 3TO PABHOCHJIBHO TOMY, 9YTO BHYTPHU IIPOBOOAHHKA
IPOXOAUT dQUPHEIH BHXpeBoil mHYyp ¢ HanmpspkeHneM I;. Cuna Toka
M HampsOKEHHE  BHXPEBOrO INHypa CBS3aHBl MEXKAYy COOOH
dopmynoit (15.8). IIpAmMonmHEHHEIH BHXPHP HHAYIHUPYET BOKPYT
cebs mone OKPYXHBRIX CKopocteil. PamMka wnMeeT MajleHbKHE
pasMepsl MO CPaBHEHUIO C PACCTOSIHUEM MEXAY paMKol H
npsMoauHe#HeIM BuxpeMm. Ilo3ToMy OyxeM cdHTaTh, 9TO OHA
LIEJIMKOM 00TEKaeTCsd paBHOMEPHBIM MOTOKOM 3(Hpa ¢ OXMHAKOBOH
"okpyxHoH ckopoctei0 U=I;/2n-R. 3gecs R-paccTodaHne Mexay
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O0eCKOHEYHBRIM NMPOBOIAHMKOM M OCBIO paMKH. J/In1HMHa CTOPOH paMKH,
nmapaJiIeIbHBIX OCH, paBHa Al,, a nepneHauKkyIsapHsIX - h. ITnonaas

BHYyTpU KOHTypa pamku paBHa S,=ALh. Ilpu obrexanmn pamku
HOTOKOM  3(Qupa, HHAYUUMPOBAHHEIM  BHXPEBEIM  IIHYPOM
O€CKOHEIHOro IMPOBOTHMKA, HA CTOPOHAX PaMKH, IapajIeIbHBIX €€
OCH, BO3HHKAIOT HOpMaJIbHEIE CHIIBI JKYKOBCKOTO. DTO MPOUCXOIUT
IIOTOMY, 9YTO B IIPOBOJHHKKE, 00pa3yolieM paMKy, TaKXK€ MPOXOIUT
CBOH HJ(QHpHBIH BHXPEBOW mIHYp C HampsoxkeHHemM I, 3710
HampsA)KEHWE CBA3AHO C cmioi Toka J, ¢opmymoit (15.8). B
COOTBETCTBHUM ¢ TIIEpBOM TeopemoM ['enpMronsma o0 BHXPAX
HanpsKeHue I, MOCTOAHHO MO BCcEH MIMHE paMKH, HECMOTPSA Ha €€
cnoxuayo ¢opmy. Ilpu sToM, HanpaBneHue BpamicHHA d(pHupa B
napajuIeIbHBIX CTOPOHAaX BHXPEBOr0 XI'YTa PaMKH OKa3bIBAIOTCS
BCTpedHBIM. BoO3HHKaOmIH€ Ha STHX IPOBOJHUKAX  CHIIBI
XykoBckoro OyayT mapamienabHbl MeXIy coOoil, HO HampasieHbl B
pasuble CcTOpOHBI. Cuwibsl JKyKkOBCKOrO IIEpIEHAUKYISIPHBEI K OCH
IPAMONMHEHHOIO0 BUXpSA U CKOPOCTH Haberaromiero nmoroka. Tak xe,
KaK IIpU aHaJIH3€ CHJIOBOTO B3aMMOACHCTBHA ABYX OECKOHECUYHBIX
IIPAMOJMHEMHEIX IPOBOAHHKOB C TOKOM, CHWIB COmMmKaior
IIPOBOJHUKN KOHEYHON IJIMHBI, €CJIM HAIPaBJICHUA TOKOB COBIIAJAIOT
M OTTAJIKHBAIOT, €CJIH TOKH MPOTEKAIOT B PAa3HBIX HAIPaBICHUSIX.
Benuuuss! 3THX cHII ontpenensroTesa Gpopmyiioi (16.7)

(19.1)

MoMenT mapsl CHJI, paCHOJIOKEHHEIX HA pacCTOSHHM h; Ipyr or
apyra Oyzer

I,I1,Al

27R

Ecou Hanpsixkenua I, u I 3()UPHEIX BUXPEBBIX JKI'YTOB
3aMEHUTh ¢ rmomonipio (15.8) depe3 cmibl TokoB J; M J, U ydecThb

BeIpaxkeHue (16.7) misa ko3PPUIMEHTOB Lol , TO MOIYyIHM (PopMyIy
ClIeZyIONIEro BUaa

P,=Fh= p, 2 hy (19.2)

Pm=BJ2A12h1 . (l 93)
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N3 puc.(19.1) BugHoO, 4TO IUie4o cui h; CBA3aHO ¢ PacCTOMHHEM

MEXAY cropoHamM paMku h depe3 Cosa
h;=hCosa. . (19.4)

Pnc.19.1

HonéTaBuM 3T0 3HadeHHe B Gopmyny (19.3). OxoHUATEIBHO
HOJTYIHM
P=Bl,1,hCosa=BJ,S,Cosa. . (19.5)

3necs o, - yroj Mexay HampaBieHueM ckopocTd U B LIEHTpe paMKH
(BekTOpa MHOYKIMH) M IUIOCKOCTBIO paMku. [lomydeHHas ¢opmyna
HOJTHOCTBIO COOTBETCTBYET OSKCHEPUMEHTAJIBLHERIM NaHHBIM. CaMebril
OosnbnIoi MOMEHT, AEHCTBYIOIINMA Ha paMKy, OyaeT korna Coso=1.

Korga pamka pacmosiaraerca B IUIOCKOCTH, IPOXOAfAIIed depes
6eckoneunsld mpoBogHuK, Cosa=0 u MoMeHT P, obpaiaeTcs B HOMIb.
B 3TOM ciry4yae CrIbI, MPIIOKEHHBIE K IPOTHBOIOJI0XHBIM CTOPOHAM
PaMKU TaK)Ke JIeKaT B OJHOH IUIOCKOCTH H, XOTS OHH IOIPEIKHEMY
HAIIpaBJICHEI B pa3HbIE CTOPOHBI, wieyo h;=0 u mo3TOMy MOMEHT
P,,=0.

OpunenTanus paMKH 3aBUCHT OT HaIlpaBieHHUA TOKa B pamke. Ilpn
NIEpEMEeHE HalpaB/ICHUA TOKA B paMKe H3MEHACTCA 3HAK HaIpPsDKECHUS
(uupxynaLmuM) 3pUPHOro BUXps. B pe3yasTare CHIBI H MOMEHT OT HUX
TaK)Ke MEHAIOT CBOH HAIIPaBJeHHA M paMKa noBopauuBaercs Ha 180°.
Yem Omike pacnosiaraeTcs paMmka K NpoBOAY, II0 KOTOPOMY T€UET TOK,
TeM OOJIbIlle OKa3bIBAETCA MOMEHT OT CHJI, NEMCTBYIOMIMX HA PaMKYy.

89



Benmauny A® [22], BXOAAIIYI0 COCTABHOM 4aCThIO B (POpMyITy (1%5)2
HA3BIBAIOT MOTOKOM MarHUTHOW MHIYKIHH (MArHUTHEIM ITIOTOKOM)

AP=B-S-Cosa (19.6)

[TonoxuTeNbHEIA 3HAK MArCHUTHOTO IOTOKA COOTBETCTBYET

OCTPOMY YTIIy O
20. ITocTossHHBLIE MATHHUTHI

HakormneHHbII B IpeAplAylIUX TIJIaBaX ONBIT pabOTEl Hax
JMEKTPOMArHNTHBIM IOJIEM II03BOJSET BBICKA3aTh HEKOTOPEIE
coobpaxkeHuss 0 (Pu3MUECKOI MpUpoAe MOCTOSHHBIX MArHMUTOB. MBI
BHJIETH, YTO MAarHUTHOE IIOJ€ OKOJIO IIPOBOAHHMKA C TOKOM
0o0ycnoBI€eHO HEPaBHOMEPHBIM IIOJIEM CKOPOCTEH M JaBJIEHHI B
OKpy>XalonmeM 3¢upe. MarHUTHBIE CHIIBI ABIIAIOTCS CHJIAMH JIaBJICHUA.
JIEKTPUYECKHUII TOK NpeAcTaBiafseT co00H O4YeHb MEOJICHHBIN IOTOK
BUXPEJJIEKTPOHOB, TO €CTh BHXPEBBIX JQHpHBIX Kkoixen. Ilpm
IABIKEHUM SJIEKTPUIECKOTO TOKA BHYTPH MPOBOAHHUKOB 00pa3yroTCs
IMWIMHAPUYECKUE BHXPEBBIC TIOBEPXHOCTH M3 BHXPEBBIX KOJEIL
3JIEKTPOHOB MPOBOAUMOCTH. BHYTPH 3TUX MOBEPXHOCTEH BO3HUKAIOT
BEICOKOCKOPOCTHEIE OCEBBIE MOTOKH 3(Hpa B HAIIPaBJICHHUH ABH)XCHHA
3EKTPOHOB (cM.16.1).

V3BeCTHO, YTO IOCTOAHHBEIE MAarHMTHl CO3JAIOTCA IYTEM MX
HaMarHU9MBaHHA. Hanpumep, CepACYHUKM COJICHOUJIOB,
BBITIOJIHEHHBIE M3 (PEPPOMArHUTHBIX MAaTEPHAIOB, HAMAarHAYNBAIOTCAL.
OT0 MOXHO O0OBACHUTE TeM, u4TO mnpu pabore coneHoOMZa BO
BHYTPEHHEM €TI0 KaHaJIe B OCEBOM HaIIpaBICHUM HHIYUHUPYETCS MOTOK
3¢upa. IMEHHO, 3TOT MOTOK, B3aMMOJEHCTBYS C BHXpeaToMaMH
METaJUIMYECKOT0 CepJICYHNKa, pa3BopauuBacT OONBmIOE KX 4YHCIIO B
ofHy cTopoHy. OHU COXpaHSAIOT 3Ty OPHEHTALMIO U MOCJIE TOro, Kak
CEPACYHHK YJAalleH M3 COJICHOWAA H TeNeph YK€ CaMHM IPOJODKAIOT
MHOYLMPOBaTh B HEM OCEBOH MOTOK 3¢upa. ITOT MOTOK AENaeT UX
ITOCTOSHHBIMM MarHUTaMHU.

[Tootomy aroMbl ()eppOMArHUTHBIX MATEPHAIOB  JOJDKHEI
IPEACTABIATh CO00H BHXPEBHIE KOMblLA — HUIIOIM., CXeMaTHYHO OHH
noka3ansl Ha puc.20.1. ¥V HuX Ha NOBEPXHOCTH BHXPEBOro KOJIbIa
nMeeTcA 6onbias okpyxkHas ckopocTbU,, HO OTCYTCTBYET KOJIbIEBas
ckopocte U,=0. Byaydm OAMHAKOBO OpHEHTHUPOBAHHEIMH B OIHY
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CTOPOHY BBIAYBOM, OHH MHIAYLMPYIOT B TEIE€ MarHUTa OCEBOE TCUCHHE
3¢pupa OT IOKHOIO IMOJIOCAa K CEBEPHOMY, HECMOTpS HA HHOr[a
cnoxHuyio popmy maraura (Puc.20.2). JIuauu Toka 3¢upa, BEILIEIINE
M3 Tela MArHuTa B OCEBOM HANpaBJICHWH, 3aMBIKAIOTCA CHApYXH
MEXIY CEBEpHHIM H I0KHEIM ITomrocamm (Puc. 20.3). B pesynerare
IIOCTOSSHHBIN MAarHUT CaM CTAHOBHTCSH JHUIIOJEM C SSPKO BHIPAXKEHHBEIMHU
nomocamMu. IIpy 3TOM B NOCTOSHHOM MAarHuTe HE IIPOMCXOIHT
OBWKCHHA CBOOOJIHEIX OJJIEKTPOHOB B OCEBOM HAIPaBIICHHH M
BCJIEACTBHE JOTOT0 HE  BO3HHUKAET OJJICKIPHUYECKMIA TOK H
COITYTCTBYIOIIEE EMY 3JIEKTPOMArHuTHOE IIOJI€.

Puc.20.1 Puc.20.2
Eciu MarHuTEl NOBEPHYTHI APYT K APYTY Pa3sHOMMEHHBEIMHU ITOTIOCAMH,
TO OHH CTAHOBATCA Kak OBl IpOAOKEHHEM Ipyr apyra. B Mecrax
CTBIKa CKOPOCTH 3(Hpa CKIAABIBAIOTCS, & JaBJIEHHE YMCHbIIaeTca. B
pe3ynsTaTte MarHuTel npuraruBaioTcsa (Puc.20.4). Eciu ke MarHWTHI
MOBEPHYTHI APYT K APYTY OJHOMMEHHEIMH IOJIIOCAMH, TO CKOPOCTH
3¢upa, HHAYLUUPYEMBIE MArHATAMH B 3a30p€ MEXAY HUMH
BHIUHTAIOTCA, a JABIEHHE BO3pacTacT. MarHuTel HAYHHAIOT
OTTAJIKUBAThCA. Cuel IIPUTAKECHUS | OTTaJIKABaHHA
IPOTIOPLIMOHANBHEI BEJIMYWMHAM JAaBIeHMS 3(Qupa B 3a30pax MEXIY
MarHWTaMH, IDIOMIaJM CEYECHHUS MATHUTOB, BEIMYMHE 3a30pa MEXAY
HUMH, a TAKKE OMPEICIIAIOTCS CTPOCHUEM KPHUCTAIIHYECKOH PEIIETKH
(eppoMarsuTHOrO MaTepuaia, 3 KOTOporo cieiaHbl MarHUTH. Cuuisl
NaBJieHHs HETTyOOKO IPOHHMKAIOT BHYTPh MAarHMTOB, TaK KaK OCEBBIE
HOTOKH 3(Hpa 3aXBATHIBAIOT TOJBKO Ombkaimye K CThIKy aTtoMsl Ilo
Mepe YBEIMYEHHMA 3a30pa MEXKIYy MarHHTaMH MArHUTHBIE CHJIBD
yOBIBaIOT 0OpaTHO NPONOPLIMOHANBEHO KyOy 3a30pa.
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H3BectHO, 4910 y 3emim wumeercss MarHutHoe none. OHo
dopmUpyeTCsT KOCMHYECKUM S(HUPHBEIM BUXpeM BOkpyr 3emmm [1].
O¢HpHEI KOCMUYECKHH BUXPh 3eMIIH IPEACTABIAET COO0H TMraHTCKOE
BUXpeBoe 3pupHOE KOonbI0 — gumroak (Puc.20.5). B 3ToM Konblie KMEIOT
MECTO KOJIBLIEBOE TE€YEHUE CTPYyH 3¢upa co ckopocThio Uy, U OKpYXHOE
T€4EHHE cO ckopocThio U, BHyTpHu konbla BOJb €ro OCH BO3HHUKAET
oceBoe TedcHHe 3(Pupa. OHO HPOHHM3BIBAET 3eMIIO. JTO TEUCHHE
OPHEHTHPYET BUXPEATOMbI METAUIMYECKOTO siipa 3eMJIH BEIAYBOM H3
HX LIEHTPAJILHBIX OTBEPCTHH B CTOPOHY CEBEPHOIO ITOIFOCA.

Puc.20.3 Puc.20.4 Puc.20.5

MsI mpeanonaraeM, 4ro AApO 3eMIM caMO IPEJCTaBIACT COOOH
BHXPEBOE KOJBIO M3 DPACIUIAaBJIEHHOIO0 MeTajila 0e3 ILICHTPaJIbHOIo
OTBEPCTUA. YTJIOBBIE CKOPOCTH BpAIICHMS B AApe 3€MIIM OYEHb MAaJbI.
Tem He MeHee, HMEHHO OKpPY)KHOE BpallcHHWE PpaciUIaBa
METAUIOCOACPKAMMX TOPOA MOXET TMPUBOAUTE CO BPEMEHEM K
Ipei(y MarHATHBIX NOMOCOB 3eMiH. [[eHCTBUTENBHO, 32 MOJIOBHHY
060poTa NONEPEYHBIX CEYEHHH BHXPEBOrO KONbIA fAApa 3eMIH BCE
HaMarHUYCHHBIE BHUXPEAaTOMBl (PEPPOMATHUTHBIX MATEPHANOB sApa
IIOMEHSAIOT CBOK) OPHEHTAI[MI0 HAa NPOTHUBONOJIOXKHYI0. JTO MOXKET
BEI3BaTh H3MEHEHHME BpallleHNMA J3(upa TaKKEe U BO BHEIIHEM
KOCMHUYIECKOM 3(PHUPHOM KOJIBI[EBOM BHXpE.

21. CxopocTts cBeTa

o cux mop MBI HE PacCMaTpUBAIM CYMIECTBEHHOE BO3Pa)KEHUE
IIPOTHUB 3(upa, CBA3aHHOE C IPOTHBOPECYMAMH B HCTOIKOBaHMU
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ONTHYECKHUX ONBITOB: 3Be3gHOM abeppaumu u Maiikenscona. Ha
OCHOBAaHUM MEPBOTO JAENAJICH BBIBOJ O TOM, 4YTO 3eMiii B CBOEM
nerxeHnn Bokpyr CojHila He yBiekaeT 3¢up 3a coboit, a BTOpOro,
4TO MOJIHOCTHIO €ro yBnekaeT. [loaroMy cneayer rirybxke pasodparscs
B (pM3MYECKOH NMPHUPOJIE CBETa, KOTOpas BeChMa MpoTUBOpedHBa. J{is
3TOr0 00paTHMCS K MCTOPHM acCTPOHOMUYECKMX U (PH3HYIECKHX
crioco0O0B onpejieeHNs CKOPOCTH CBETa.

BcrioMHNM, YTO NEPBYIO MONMBITKY OINPEAECIUTh CKOPOCTh CBETA
npeanpuaan B 1607 roxy Tamuneitr [19]. EnuscTBeHHBIM
pe3ynbTaTOM 3TOH NMOMNBITKH OBLIO BREISICHEHHE TOTO, 4YTO CKOPOCTH
CBeTa OdYeHb BejauWka. Bnocneacrsuu ©Opu1  pa3paboran u
OCyInecTBIE€H paAx Oojiee To4YHBIX MeTomoB. B 1676 rony Osun
NpeANoXeH acTpoHOMHYEcKuii MmeTon Pémepa, OCHOBaHHHIM Ha
HaOMIOAeHUAX 3a OTKJIOHEHUSMH B 3aTMEHUM cnyTHHKOB IOmurepa.
OTOT METOJ Jdajl 3aHWKEHHYI0 ckopocts csera 215000 xm/c. B
nagane XVIII sexa 6p11 paszpaboran Metonx 3BE3AHOMN abeppanuu.
On mo3Bonuy onpeAeiauTh ckopocTh cBera kak C = 303000 xm/c.
ITorpemuocts coctraBuna okono 3000xm/c. B 1849 rogy ®uso
OCYIIECTBHI METOJ] 3y0UaTroro xojeca, KOTOpPOE NMPH BPAIICHUH TO
IPOIYCKaI0 MEXAY 3yOIllaMH CBETOBOM IIy4OK, TO IEPEKPHIBATIO €T0
3ybriamu. MoxHO OBITO Tak moaoOpaTh 4HCIO 3yOIIOB, CKOPOCTH
BpallleHUs Kojeca, pPacCCTOSHHE MEXIAY HMCTOYHHKOM CBE€TA H
OTpaXkaloIlUM 3€pKajioM, 4TOOBl CBET Ha 3KpaHE HE HcUe3all.
PacmiudposriBas 3TH noxa3anus, Ou3o mony4un ckopocts csera C
= 299870 = 50 xm/c. B manpHeimieM 3TOT NMOAXOA K PEUICHUIO
3anadu Obl1 ycoBepmieHCTBOBaH (DyKO B METOZE Bpallaiomerocs
jepkajia ¥4 MalkenbCOHOM B METOAE BpalllalOIICHCS NPU3MBEI.
ITockonrky Bce METOIBI M3MEPSIN CKOPOCTh CBETa B BO3LAyXE, TO
pe3yabTaThl OBUIM IONpaBlIeHbl HO H3BECTHOMY KO3 HULIUEHTY
NPENOMIIEHH BO3AyXa. JTO MO3BOJHUIO OMNPENENUTh CKOPOCTh
CBETa B MyCTOTE ¢ O4YeHB BRICOKOH TouHOCTERIO (C = 299776 + 4
km/c). [lpu Gonee rpyOBIX OLICHKAX C AOCTATOYHOH TOYHOCTBIO
moxHO nonarars C = 300000xm/c = 3-10'° cm/c=3-10°w/c.

Ha ocHOBamMM 3THMX 3KCHEPHMEHTOB B CO3HaHMM (PH3UKOB H
aCTPOHOMOB NMPOYHO YKpPENMWJIaCh MBICJIb O TOM, YTO CKOPOCTH CBETa
ABJIACTCA IIOCTOSHHOM BEIUYHMHOMN, HE 3aBHCALICH OT cOOCTBEHHOI
CKOPOCTH MCTOYHHMKA CBETa M OTpaXalollell IOBEPXHOCTH. ITa
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YBEPEHHOCTh MNOJKpEIUIIach TEM, 4YTO JaHHas OCOOEHHOCTH
XapaKkTepHa TakKe JUIS pacpOoCTPaHCHUA 3ByKa B BO3AYXE M APYrux
M3BECTHBIX Ta3ax M XKugkocTax. IlosToMy Ka3anoch BIIOJIHE
€CTECTBEHHEIM, 49YTO B J3(QHUPHOM Tra3e pacopOCTpaHEHHE CBeETa
IIPOMCXOAUT AHAJIOIMYHO PacIpOCTPaHCHUIO 3BYKa B BO3JIYXE.
Ilo3gnee, xorga OHHIITEHH NpemIOKWI OTKa3aTbCa OT d(dupa, OH
COXpaHMII 3a CBETOM 3TH ocobeHHocTH. B cooTBercTBHM C
BO33PEHUAMH TEOPUU OTHOCUTECIBHOCTH CBET CTAJl PacCHpOCTPaHATHCS
B MyCTOTE C IOCTOsHHOM ckopocthio C = 3-10° m/c. Ero cxopocTs
cUMTANIaCh MPeACIBHOU AJISL cBeTa M MarepuayibHBIX Ted. OHa He
3aBUCENa OT COOCTBEHHOW CKOPOCTHM HCTOYHHMKA M OTpaKaromein
IIOBEPXHOCTH.

Ho tax nu 3ro Ha camMom gneine? IlompoOyem cHOBa B3IISHYTH
CBEXVM B3IIAJIOM Ha PEe3yJIbTaThl METOAOB ONPEAENICHHUS CKOPOCTH
cBera. 3amedaeM, YTO ACTPOHOMHYECKHE METOAB! AT OOJBIIyIo
norpemaocts (AC 2 3000 xm/c). 1o Ha nOBa mopsaka Oonsmie
opOuTabHON CKOpOCTH 3emMium Ipu e€ aBrkeHuH BOKpyr ComHIa.
O6me#t 0COOEHHOCTBIO BBICOKOTOYHBIX (PH3HYECKHUX IKCIIEPHMEHTOB
ABJSIETCA TO, 4TO B HUX HM3MEPATIach CPEIHSSI CKOPOCTh CBETa IIpH
IPOXOXKACHUM JIydoM (HKCHPOBAHHOTO pPaccTOSHUA OOg3aTeNbHO B
IpIMOM K OOpaTHOM HaNpaBACHUSIX. JTO O03HA4aeT, YTO, €CIH,
CKa)keM, B IPSAMOM HAIpaBJI€HHH CKOPOCTh CBeTa Oblia Oonpnie, yeM
C Ha HEKOTOPYIO BEIHYHUHY V, a B 00paTHOM HAaIIpaBICHHM HA Ty XKe
BEJIMYHHY MEHBIIE, TO CPEAHSAA CKOPOCTh OKa3eIBajJlach pPaBHOM
ckopoctu C. CxopocTs V Hcdesia U3 0N 3PEHHS HCCIEN0BaTeNIEH
He Morna OBITh 3a)MKCHPOBaHA IMPHU TaKOM METOAMKE IKCIIEPHMEHTA,
Kak Obl HH YMEHBIIAIOCH PAaCCTOSHHE MEXAY HMCTOYHHKOM W
IPHEMHUKOM CBETA.

IIO3TOMY MOXHO _VTBEP:KIATHb, YTO 3TH IKCIECPHMEHTDI,
HEeCMOTPS HAa MX pa3Hoolpa3ne H BbICOKYI0 TOYHOCTh HEKOTOPLIX
H3 HHX. HE¢ OTBEPraT BO3MOXHOCTH PACNPOCTPAHCHHS CBETA
OTHOCHTEJILHO CIOKOMHOr0 3hHpa HJIH MaTepHAJbHBLIX TeJX CO

CKOPOCTSIMH, OTJIHYHBIMH OT CKOPOCTH CB€Ta B NYCTOTE.
[To-BuMMOMY, B HCTOPUH HAayKM HE H3BECTHBI SKCIEPUMEHTHI, 3a
UCKIIOYEeHHEM sBiacHUA Joruiepa, NpOBEACHHBIC CICLWAIBHO A
U3Yy4CHHSA 3aKOHOB U3IYUYCHUS H OTPAXKEHHA CBETA IBIDKYILIHMMUCS
HCTOYHHAKOM CBETA M OTPAXKAIONIEH TTIOBEPXHOCTBIO.
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B u3BeCcTHOM cMbIciie PHU3MKa yKe caesnana Ooablnoi mar B Ha-
IpaBjeHHH OTXOJia OT JOTrMara O IOCTOSHCTBE CKOPOCTU CBETa,
NIPHU3HAB, 4YTO HOCHTEIEM CBeTa SBIAIOTCA (POTOHBI, TO €CTh
MaTepHaJIbHbIE TEJia, a HEe BOJHBI HamoJgo0He 3BYKOBHIX BOJIH B
rasax H XHAKOCTAX. YXe OJHO 3TO TpeOyeT mepecMOTpa CUCTEMEL
B3IJISAJIOB O 3aKOHaX WCIYyCKaHUA U OTpaXXeHUs CBeTa H
BO3BpaIlleHUS K 3aKOHAM CJIOXEHHA CKOPOCTEH TeJl, MPUHATHEIM B
KJIaCCHYECKON MEXaHHKE.

IIponomxasi pa3BHBaTh HAMETHUBIIYIOCS TEHICHIMIO, 3aMETHUM,
9TO COIJIaCHO MEXaHM3My u3IydeHHs (OTOHOB (M IJIEKTPOHOB),
ONMCaHHOMY HaMu B TJ1.9 B 12 (oTOH HMOKMAAeT H3Iydaroluii ero
aTOM CO CKOPOCTBIO CBeTa B CIOKOMHOM Imojle 3¢upa (B MmyeroTe)
OTHOCHTEJIbHO caMoro aTtoMma. Ecim e aToM, U3IIydalomui CBET, cam
IOBIDKETCH CO CKOPOCTBIO V OTHOCUTCIBHO HEBO3MYILIECHHOI'O IO
adupa, TO CkopocTh (oToHAa Oyaer BEKTOPHOM CYyMMO# 3THX
CKOPOCTEH U MOJKET OBITh 3anucana Gopmysioi

C'=CzV (21.1)

B cBsA3M ¢ 3TMM MOXHO monpo0oBaTh YyTOYHUTH (HOPMYIHPOBKH
3aKOHOB H3Iy4YEHHUSA W OTPaXKECHHA CBeTa, He BXOASA NPU BTOM B
IIPOTHBOPEYUE C HM3BECTHBIMH CIOCOOaMH OIPENCICHHSA CKOPOCTH
CBeTa.

3aKkoH M3ayuenus cBera: Ilpu ABIKEHMH HCTOYHHKA U3TYUCHHSA
CBETAa OTHOCUTEIIBHO CHOKOMHOrO mois 3¢upa CO CKOPOCTEIO V
CKOPOCTh M HaNpaBJICHUE MABWKEHHUSA TAXKEIOH CBETOBOM BOJIHEI
OTHOCMTENBHO moNs 3¢upa C' omnpenensercsi BEKTOPHOH CyMMOM
ckopocteit Cu V:

C'=CtV (21.2)

3neck C - CKOPOCTh PacIpOCTpaHEHNA CBETa B CIIOKOMHOM 3dHpe
OTHOCHTENIBHO MCTOYHMKA M3TydeHHs. OHA paBHa CKOPOCTH CBETAa B
nmycrore. HampapiieHue pacIpOCTpaHCHHS CBeTa NPHHUMAETCA 32
[IOJIOKUTENBHOE U €My COOTBETCTBYET 3HaK “+”. ECIM MCTOYHHK CBETA
ABIDKETCS B MPOTHBOIIOJI0KHOM HAIPABICHUH, TO €My ITPUITUCHIBAETCA

6

3gak “-” W3 ¢opMynsl ciegyer, 4TO CKOPOCTh CBeTa B 3dupe
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OTHOCHTENBHO CaMOro0 HMCTOYHUKA W3JIydeHMA WM Halmonaress,
ABUXymIerocs OTHOCHTEIBLHO 3¢Hpa ¢ TOH ke CKOpOoCcThio V, Oymer
paBma C.,

3aKOH OTPAKEHMSI CBEeTa: 3aKOH OTPAXKEHHUS CBETA JOKCH
YIUTLIBATP CKOPOCTh  ABIDKCHHS  OTPaXKamollled  ITOBEPXHOCTH
OTHOCUTENRHO HCTOYHHKA H3IydeHHs. CKOpOCTh MAAalomero Jyda
CBETa OTHOCHTEIBHO OTPAXKAIOIEH IMOBEPXHOCTH OyZET B 3TOM CilIydae
BBIpaxKaThCH HOpMYIIOit

-— -—

C,=C'sU=C+VzU. (21.3)

3nece ¥ u U - coorBeTcTBeHHO CKOPOCTH HMCTOYHHKA CBETA U
OTPpaxaromeHd MNOBEPXHOCTH OTHOCUTCIRHO 3¢upa. OTHOCHUTEIbHAA
CKOpocTs mageHus C; paBHa OTHOCHTEIHHONH CKOPOCTH OTpPaKeHUs
cBeta C;. Vron mageHHs paBeH yriy OTpaxeHHsi. CKOPOCTH
OTPaKEHHOrO JIyda CBETa OTHOCHTENbHO moms 3¢upa C, Kak H B
ClIyYae U3IyIECHUS, OTIPEEIIACTCA BEKTOPHON CYMMOM:

C"=C; +U. (21.4)

Jaak “~” meped CKOPOCTBIO OTpaxaromeil mnoepxHocTH U
COOTBETCTBYET €€ IBIDKCHHIO B HAMNpPAaBICHHH ABIDKCHHUS WCTOYHHKA
CBET4, a “+” B mMpOTHUBOMONIOKHOM. IToaToMy, Kak BumHO U3 (21.3), npu
paBencrBe ckopocreit V 1 U CKOpPOCTE CBETa OTHOCUTEILHO HCTOYHHKA U
OTpaxarolIeil MOBEPXHOCTH paBHAa CKOPOCTH CBETa B ITyCTOTE.

Jns 0ObEKTUBHOCTH OTMETHM, YTO B MCTOPHHM HAyKH H3BECTHO
BO3Pa)kKCHHE IPOTUB CIOXKECHMSA CKopocrte Buaa (21.1), ocrHoBanHoe Ha
Habmonenmsx 3a ABOMHEIMM 3Be3fiamm [6,25]. B Hamedt kuure
o0Cyxneamio »oTolf npobieMel mnocBamena riaBa 27. B Heii;
OCHOBBIBasCh Ha paboTe [25], MBI ITOKa3bIBaeM, YTO 3TH HaOIIOAEHUS
HE TOJIBKO HE OIPOBEpraioT 3akoHel (21.1)- (21 4), HO TUNIHWK pas
IIOATBEPKAAOT UX MPABUILHOCTS.

B HacTosiiiee BpeMs, MO-BHAMMOMY, TJIaBHBIM 3alIpeTOM JJIs
TaKOro B3IVISAa HA CKOPOCTHh CBETA SBIAETCA HE SKCIHEPUMEHT M HE
aCTPOHOMHMYECKHME HaOMIONEHUA, a COOTBETCTBYIOIIWN IOCTYNAT
T€Opum otHOcHTEIbHOCTH. IloaToMy emié pa3 orMeTum rnasnoe. Her

Oﬁ'BEKTHBHle 32MIPETOB, OCHOBAHHLIX HaA JIKCIICPHMCHTAJIBHbIX
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aHHbIX HJIH Ha0/110JeHHAX Ha TO YTOObI CKOpPOCTH

pacnpocTpaHenus cBeTa OTHOCHTEJAbLHO a¢dupa WA
MATEPHAJBHBIX TeJ MOrja ObITh 00Jbllle HJIH _MEHbINE, 4YeM
CKOPOCTH PaclpoCTPaHEHHS CBEeTa B INYCTOTE H 3aBHCEJa OT
CKOPOCTeH  m3jyvyaloumieii #W  oTpaxkaomeil  NMOBEpXHOCTEN.

HanomHaMM, 9T0 TepMHH “IycTOTa” B AAHHON TEOPUU IKBUBAICHTEH
INOHATUIO “‘CIIOKOMHEIN 3up” Hnu “none 3dupa”. K geMy xe
IpUBENET HAaC OTKAa3 OT JOrMara O HOCTOSHHOM CKOPOCTH CBeTa B
IIyCTOTe, HE3aBHCHMMOM OT CKOPOCTH HMCTOYHHKA WU Habmozarens ?
Kak B »3roM cnydae Oyayr BRIVISAETh ONTHYECKHE OIBITH
Maiikenscona, Cannsika u Jomnepa? PaccmMoTpum 3TH BOMpPOCH! B

NOCIICOAYIOINNX pasaciiax.

22. Pasraaka onbiTa MaifkeJILCOHA

Omeitr MalikenbCoHa OB BBITIOJHEH C IIETIBIO OOHAPYXEHHA
ABIOKEHHS 3eMIH OTHOCUTEIHHO 3(Hpa MHPOBOr0 IPOCTPAHCTBA.
W3BecTHO, 4TO 3emiia ABIOKETCA II0 CBOEHM OpOMTE CO CKOPOCTHIO
okono 30 xM/c, ygacTByeT B 00mieM IBWKEHUM COJIHEYHOM CUCTEMEI
OTHOCHTENRHO IICHTPA TAJIaKTUKXA CO CKopocTeio 220xM/c u B
IBMOKEHUH CaMOi TaJIaKTHKH.

OcHOBHasg MBICIb JTOTO HCCHENOBaHHA 3aKJOvYalach B
IPEAIIOIOKEHNUN, YTO IIPH CYIIECTBOBAaHWHM HEMOABHIKHOTO 3dwpa
OBHKCHHE 3eMiIH OO/KHO IPHUBOAUTH K IMOSBICHHUIO 3aMETHOMU
pPasHHIEI B YHCICHHBIX 3HAa4YeHHAX HEKOTOPHIX ONTHYECKHX
BEIMYHH IIPH PACHpPOCTPAHCHHUHM Jydya CBETa BAOIbL U IOMNEPEK
HanpasiacHua gBwkeHHa 3eMian. CKOpOCTP cBeTa CYHTaNIACh
IIOCTOAHHOM BENMYHUHOHM BHE 3aBHCUMOCTH OT CKOPOCTH
M3JIy4arolllero UCTOYHUKA M OTPa)Kawlleld NOBEpXHOCTU. I'maBHYIO
pons B ONeITe Mrpaid HHTepdepoMeTp. ITOT HHTEPHEPOMETP H
METOJMKa DJKCIEpHMEHTa ONMUCaHbl BO MHOrux Kuurax [7,19].
OtMeTnM, 4TO0 MallkelbCOH U NOCIEAYIONIUE UCCICAOBATEIU HE
oOHapyXuiIn oxumaeMor pasuunbel. Ha ocHoBaHWMH 3TOrO OBIN
caelaH BBIBOX O TOM, 4Tr0 amMb60 3¢upa HeT BooOme, mubo OH
yBlIekaeTca 3emi€il. OmgHako, 3TO nOCIEeAHEES MPEAMONOKEHHE
IPOTHBOPEUYUT Pe3yabTaTaM fABJCHHUS 3BE3AHOH abepparuu [19] u
onbity ®uzo [7].
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B gamnoi pabore Kimaccumueckmii ombIT  MalikenascoHa
OOBSICHAETCS C IIOMOIBI0 MNONYYEHHHIX B IIPEABIAYINEM pa3fene
3aKOHOB H3NIyYE€HHMS H OTpaxeHHd cBera (cM. ¢popmynsl (21.2)-21.4))
OT JBHXYIIMXCS OTHOCHTEIRHO 3J(dupa HCTOYHHUKA CHETA WU
OTpaXkarome IOBEpXHOCTU. OCHOBHIBASACH HA SBIACHUM ‘‘3BE3THOU
abeppanuu’”, nmojaraeM, 9To 3eMII B CBOEM ABWKEHHH MPAKTUICCKHU
HE yBiaekaeT 3¢up 3a coboit. Cxema uaTephepoMerpa MaiikenscoHa
II0Ka3aHa Ha puc. 22.1 B yIpoIIeHHOM BUJE.

JIyd, ugymui OT NCTOYHMKA S,, OTYACTH OTpakaeTcs B Touke 0 oT
CTCKIIIHHOM, CHErKa MocepeOpEHHOM IUIaCTHHKH A; ganee OH
OTpa)kaeTcsi OT 3epkana R, , M 4acTh €ro mpoias depe3 A, momnanaer B
3puUTENIbHYI0 TPYOy, Haxoasntyrocs B F. [Ipyrad gacts nyda S, mpoxoaur
gepe3 A, oTpaxaeTcs oT 3epkana R;, BHOBb oT4acTu oTpaxkaercsa B 0 u
Tarke nonaxaer B TpyOy F. HaGmomarens Bumur B F unTepdepen-
LMOHHEIC ITOJIOCHI, 3aBHUCAIINE OT Pa3HOCTH BpPEMEH ITPOXOXKACHMA
myreit OR;0 u OR,0 mByx mydeii. B onpenenéHHoM Mecte (poKaIbHOIM
IUTOCKOCTH TPYOH F oimkHa mosBHTECA O0fiHA U3 UHTEP(EPEHIIMOHHEIX
1010C, COOTBETCTBYIOIIAA PA3HOCTH X042 ABYX JIY4EH.

Puc.22.1 Puc.22.2

CoBepHIeHHO ACHO, 9TO, €CJIH IPHOOP HEMOABIKEH OTHOCUTEIIHHO
adupa, TO BpeMs, 3aTpaduMBacMO€ JydaMH CBETa Ha JABIKEHME,
OJIMHAKOBO, TAK KaK KaXIBI M3 HUX IIPOXOAMT IMyTh 2l co CKOpPOCTHIO
C. 3to Bpems pasHo t=21/C.

PaccMoTpuM  Temepp, KakOoe  BIMSAHHE HAa  KapTHHY
UHTEPPEPEHIIMOHHOTO SBJICHHUA IOJKHO HMMETh IBHIXKEHHE BCETO
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npubopa BMecTe ¢ 3eMnéit B HemoABMXKHOM ddupe. [Ipeanonoxum,
4TO 3TO JBMKECHHE MNPOMCXOAUT NapaICIBHO OJHOMY H3
HanpapiacHud OR; wmnum OR,. Paccrossuma OR; m OR, paBumer .
HUctouHuk cBera MBI, IIpH 3TOM, MOXeM cebOe NpenCTaBHTh
HaxoasmuMcs B Todke 0. IIycTs HCTOYHHK U 3€pKaIO ABMXKYTCSA IIO
HalnpaBJICHNIO MpPAMO#, HX COCAHHAKOMmEN, CO CKOPOCThIO V
oTHOCHTEIbHO 3¢upa. CornacHo dopmyne (21.4) npu Beixome u3 A
CKOpPOCTh JIyda CBE€Ta OTHOCUTEABHO »J3dpupa ¢ yd4ETOM
nononHuTenbHO ckopoctu V  Oyaer C'=C+V. Ckopocts
OTHOCHTEIBHO NpHOOpPa, KOTOPHIH caM JABHXKETCHA B TOM XK€
HampaBJieHHH cO0 cKopocTthio V oxaxerca C=C'-V=C. IloaTtomy
BpeMs npoxoxaenua nyta 1 or 0 go R, : t,=l/C=1l/C. K 3epkany
CBET MOAXOJHUT C OTHOCHTenrHOH ckopoctero  C,/=C'-V=C.
CormacHo ¢popmyie (21.4) oTpax€HHBIN Tyd HAUYMHAET ABUTAThHCS B
obpaTHOM HampaBieHHH cO ckopocThio C'' oTHOcHTenbHO 3dupa.
3necy C''=C,/-V=C-V. CkopocTs OTpaX€HHOr0 Jy4da CBeTa
OTHOCHTENBHO MpPHOOpa, KOTOPHIH ABHIKETCH TEeNeph HaBCTpedy CO
ckopoctsio V, 6yzer C/'=C"+V=C. BpeMs mpoxoxIeHus myTH |
ot R, mo 0: t,""=l/C)’=l/C. CymmapHO€E€ BpeMs MPOXOKIACHUS JTyIOM
ceera paccrosHua 21 or 0 o R; U B ob6parHoM HampaBiIcHHH:

t1=t; +t,’'=21/C. HOBmwxenne npubopa OTHOCUTEIBHO 3dupa HE
M3MEHAET BPEMEHH HNPOXOXJICHHS Jy4OM IYTH B HaNpPaBICHUH
CKOPOCTH. V.

IlepeitméM Kk  caydalo, KOTIJa MCTOYHHMK CBera A
(cBeTogenuTeNbHAs IUIaCTMHA) W 3epkano R,  aBHXKyTCs
HEPHECHANKYJIAPHO K HANpaBICHUIO pACNMpPOCTPaHEHUS JIyda CBETa
OR,. ITogpoOHEIA (parMeHT ABMXEHHUA JIyda CBETA B 3TOM Ciy4dae
. n300paxén ma puc. 22.2. Cormacuo ¢opmyne (21.2) cxopocts
H3JIy4€HHOrO Jydya cBera B HampaBieHud AB ¢ yuérom
HaIrpaBJCHNA U BEJIWYMHBI CKOPOCTH V IABHXKEHHA HCTOYHHKA CBETA
' \/ 2 2 y?
oymer C' =vC“+V* =C 1+F. ITocKoIBKYy npuoop

IBHKETCH B HampaBieHMH R,;R;, co ckopoctsio V, TO
OTHOCHUTEIbHAA CKOPOCTh IaJaromiero Jyda cBeTa B 3TOM
HanpaBJ€HNH paBHAa HYJI0, @ B HaNpaBI€HUH, HEPHECHIUKYIAPHOM
ABIDKEHUIO mpubopa, CKOpOCTh mnagawmomero Jjayda pasHa C.
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OTpaxx€HHBIN Jy4 CBETa MMEET YTOJ OTPaXKCHHUSA, PaBHBIH YTy
MafieHus, U CKOPOCTh, PaBHYI0 MO MOIYJIO coriacHo (opmyie

2
(21.4) cxopoctn magatomero gyuya C''= NC2+V? =C 1+%’

Tak kKak ckopocts U = V. IlyTh, KOTOPHIH OPOXOAHUT JIy4d CBETAa B
a¢upe Tyna u obparso, 6yzer

S =21 + p*. 22.1)

B mHanpasnennn nmamn B0 gyu cBera pacmpocTpaHseTcs co
ckopocteio C, a B HampaBieHun AA' co ckopoctsio V. ITostomy
MOXKHO cocTaBuTh mnpomopuuto p/I=V/C, orkyna p =1V/C.
IToacrasuMm 310 3Ha4YeHHUE B opmyiy (22.1). Torma myTs S 3anmumercs

V2 V2
B cregylomeM BHIe S =2 12+IZF=2I 1+—&7. Bpewms,

3aTpadnuBacMoOC JIydOM CBCTa Ha IIPOXOXKIACHHE J3TOT'O IIyTH,
S 21 1+v*/C* 2

ONPEACIHIC KaKk [, = o c\V1avi/icE ¢ Comocrasiss
IIOJIy4YCHHBIN PE3YyJIBTAT C BpEeMEHeEM t;, oOHapyxuBaeMm, 9To t; =1
Wtak, BCACACTBUEC [OBIDKCHHMA BCE€H CHCTEMBI BpEMEHA
IIPOXOKJEHNSA CBETa OT HMCTOYHHMKA A0 3€pKajla M o0paTHO, B JBYX
B3aUMHO  MNEPHEHAUKYJAPHBIX  HANpaBICHUSIX  OXKa3bIBAIOTCSA
OJJMHAKOBEIMHU H, Oojiee TOro, paBHBIMH BPEMEHH IIPOXOXKACHHUSA ITUX
pPacCTOSHUM JydYaMH CBETa B cliydae, KOrga NpHOOp HEMOABUKEH
OTHOCUTENBHO 3¢upa. EcTecTBeHHO M03TOMY, 9T0 ONBIT Maiikenscona
HE Jajl CMemEeHHA HHTEPPEPEHUMOHHBIX II0JIOC M HE BEISBHI
OXKHAAEMOT0 BIVAHUA JBWKEHHSA 3eMIN B HENOJBIXKHOM >(pupe Ha
ONTUYECKME XapaKTEePHUCTHKU jyda cBera. Kakoi Obl 00ablIod HM
ObLIa CKOPOCTh 3eMJIH OTHOCHTEALHO 3¢dupa, onbiT MalikeJbCoHA
He MOKET ITOro BhbISIBHThL. YUYHUTBEIBasA OOJBINOE YUCIO ONMHMCAHHBIX
paHee CBHIECTEIHCTB HAJIMYUA MEX3BE3THOTO dPHpPa U €r0 OrPOMHOMU
pomu B (OPMHPOBAHMH HHCPIMOHHBIX CWI, CWI IIPHTLOKCHUSA,
3JICKTPOMArHUTHBIX  CHJI, B  SHEPreTHYECKHX  Mpolleccax,
IPOUCXOasmuX BO BceneHHO#, QOpMHPOBAaHUU IINTAHETHBIX CHUCTEM,
3BE3], TAIAKTHK U JPYTrUX KOCMHYECKMX OOBEKTOB, IpaBUIbHEES OBINO

100



Onl paccMaTpuBaTh ONBIT MaMKeIbCOHA KakK 3IKCIEPUMEHTAJIBHOE
OOKa3aTelbCTBO CcOpMYIMpOBAHHBIX B JaHHON paboTe 3aKOHOB
M3JTydeHNs U OTpaxkeHusd cBera. bonee Toro, ecinu G5 TakOM ONBIT HE
Obln MpPOBENEH, ero CIedOBaJ0 H300pecTH JIi IIPOBEPKH H
IIOATBEPKACHUS ITHX 3aKOHOB.

HyxHo npsMmo cka3ars, 9T0 (pH3HKa cama celfe mpuaymaia
TPYAHOCTH, NOCTYJHPOBAB NOCTOSHCTBO CKOPOCTH CBETA, €€
He3aBHCHMOCTh _OT__CKOPOCTH _HMCTOYHHKA H _0Tpa)xaiouiei
MOBEPXHOCTH M OTOWJAA _ OT _ M3BECTHLIX  NPHHIHNOB
oTHocuTeabHOCTH I'anniess (HwioTona). Ilpousomno 3Tto B TO
BpeMS, KOrlja HUKTO HE€ COMHEBAJCHA B CyIIECTBOBAaHUH ddupa. B
pe3yibsTare cpaboTana MHEPIHOHHOCTh Y€IOBEYECKOTO MBIILICHHS.
Ilo anmanoruu ¢ pacmpocTpaHEHHMEM 3ByKa B ra3ax M KHIKOCTAX
CBET CYHTAIHM BOJHOH, pacHpoCTpaHAIOMICHCA B Tra3o00pa3sHoOM
a¢pupe. [ToaToMy coBepImIEHHO €CTECTBEHHO 3a CKOPOCTHIO CBETA
TaK)Ke IIPH3HAJIH CBOMCTBO IOCTOSHCTBA BHE 3aBUCUMOCTH OT
CKOpPOCTH HMCTOYHHKA H3JIIyYEHHS U OTPaXalIlel IOBECPXHOCTH.
Teopust oTHOcUTEenpHOCTH A.DHHIITEHHA, BEIOPOCUB caM 3QHUp Kak
Cpelly, B KOTOPOH! pacmpoCTpaHsIach BOJHA CBeTa, TEM HE MEHEE,
COXpaHHJa 32 CBETOM CBOMCTBO IIOCTOSSHCTBA CKOPOCTHU. OTO B TO
BpeMsl HE BBI3BIBAJIO COMHEHUH, HO Obpu10 ommudOkoi. [Toatomy B
JajlbHEHUIIEM B HayKe nina 60ppba ¢ KaKyIIMMHCH IPOTUBOPEYUIMH
B HCTONKOBaHMU PE3YyJIbTATOB OMKITOB 3BE3AHOM abeppauuu, Ouso
1 MaiikenscoHa Ha 0aze omuOOYHOM MOCHIIKH. Pe3ynbeTaToM 3TOM
O6opeOBI sBUMACH IPUYYAIUBAsg TEOPUSA OTHOCHUTEIBHOCTH C €€
napagoKcamy, IPOTUBOpEYAIIUMHU XKU3HEHHOM IIPaKTUKE
4eJ0BeYecTBa.

B Hacrosimee BpeMs ycnexH (U3HMKH NPHUBEIH K MPHU3HAHUIO 32
CBETOM HapsAy ¢ BOJHOBBIMM €l U KOPITyCKYJISAPHBIX CBOMCTB. JTO U
IO3BOJIAET BEPHYTHCA K IIPUHUMIIAM OTHOCHUTEIBHOCTH [ amuies
(Mexannku HbproTOHa) B MOHMMAHHMH  3aKOHOB  M3JTy4YEHHS,
pacpoCTpaHCHHS M OTpaKeHHUs cBeTa. BOIHOBEIE CBOMCTBA CBETa
IPOSBIAIOTCH B  SABJICHMAX HUHTepdepeHId, IUGpaKUUd U
NOJApH3allM U MPUCYIIM BOJTHAM J€ bpoind, compoBOXAAIOLIMM
nersmue GoToHsl. Kak MBI TOMHHMM, 3TH BOJIHEI IIPEACTABIAIOT cOOOM
LIIKIMIECKUE TedeHNs 3(pHpa BOKPYT (POTOHOB.
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23. Onbit Canbpsgaka

MalkenbCOH, HECMOTPS Ha OTPHLATENBHEIM pe3yJbTaT CBOEro
3HAMEHHUTOTO OIBITa BEPUI B CYIIECTBOBaHHE 3Qupa U BCKOpE
pa3paboTan uaeK HOBOrO POTALMOHHOrO OmbITa, KOTOPBIH B 1911 1
ocymectBmi Canbsak [5]. IIpunmunuansHas cxema HHTEpPepoMeTpa
Canpsaka mokazaHa Ha puc.23.1 HUprepdepomerp 6rin cobpan Ha
Bpalaromeiics rmiathopMe M COCTOAJI U3 HCTOYHHKA CBETA,
CBETONEIINTEIILHON IJIACTUHBI I1, Tpex 3epxail 31,3;,33 H
3pUTEIbHON TpyObrl. CBETOAEIUTENbHAS IUIACTHHA pa3jiensya Jyd
CBETAa OT MCTOYHHMKAa HAa JBa KOTCPEHTHEIX JIy4a, OIMHCBIBAIOIIMX
JIOMaHbIE JIMHHHM IO IMEPUMETPY IWIATPOPMEI B MPOTHBOIOJIOKHEIX
HanpaBiaeHussX. QOOoHas Kpyr M BCTPETUBIIMCh BHOBb Ha
CBETONEIHMTEIBHON IIJaCTHHE, JIydH CBE€Ta HaNpaBIsiIMNCh B
3pUTENbHYIO TPYOy g monydeHusa uHTEpdepeHIMOHHON KapTHUHEI.
IIpennonaramoce, 4TO BpallleHHME HHTEPHEPOMETpPa HE BOBIIECKAET
3¢up B CBOE IBWKCHUE H OH OCTAeTCA HEMOABIKHEIM, OXHUIanoCh,
4TO B HHTEpGEpOMETPE BOZHUKHET CABHI IIOJIOC CIICKTPA U MOKAXKET
BpallaTeIbHOE ABMKEHHE MPpUOOpa OTHOCUTENBHO 3 Hpa.

B onmte Caepsixa ObLT MOMYy4EH ONICIOMISIONMM, XOTS H
OXXHMAACMBIHY, PE3yJIbTaT, MOATBEPKAAIOMMNI HAIWIUe HEMOABIDKHOIO
a¢upa. ITOT pe3yabTaT ObUI HOYdEH C BRICOKOH CTENEHBIO TOYHOCTH.
OpHako, OH HaXOMWICS B HEPa3pelllUMOM IPOTUBOPEYHUH C OMBITOM
MaiikenscoHa, KOTOpBIH HE OOHApYXMI IOBIDKEHUE 3E€MJIM BMECTE C
IpUOOPOM OTHOCHTEIHHO 3(dupa.

YINBATENLHO, HO HAYYHBIH MHpP, TOJIBKO YTO HAIOEAUIMH C
IIOMOIIBI0 TEOPHH OTHOCUTEILHOCTH OWHIITEHHA BRIXOA U3 KpHU3Uca
¢u3UKM ¥ OLIYTHUBIIMI IIOJ HOraMM TBEPAYIO ONOpY, HE MOKEIA
ORITh BBEPTHYTHIM B HOBEIM KPW3HC, IIOJHEIA COMHEHHH WM
pasHoriacuii. B pesynprare omeiT CaHbsika ObLI NPOUTHOPUPOBAaH
OonpImMHCTBOM (QH3UKOB H, Oolee TOro, yIopHO B JalbHEHIIEM
3aMaTIUBAJICA B YI€OHON M Hay4dHOU JmTeparype. 110 3TOH mpHYvHE
OH He Bomea B Hamy pabGory [1]. Oror mpoben Heobxomumo
WCOPaBUTh U IpoaHaNM3upoBaTh ONBIT CaHpska, 9TOOBI yOEOUTHCA,
YT0 OH HE IMPOTHBOPEYHUT OTCTAMBAEMBIM B 3TOM KHUIE
IpEACTaBJICHUAM O 3aKOHaX paclpoCTpaHeHUs cBera B 3dupe. B
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COOTBETCTBHH C 3aKOHAMM H3IIyueHHs U orpaxenua (21.1), (21.2),
(21.3) ckopocTs cBeTa OTHOCHTEJIBHO HEMOIBIXKHOrO 3dupa mpHu
BpalllcHUH 11aTPopMEI OyAeT:

1o HaIpPaBICHUIO BpAIICHUS

C, =C+U-Cos45°; (23.1)
OTUB  HANpaBICHHA  BpallcHUA
_= C-U-Cos45°. (23.2)

3aecs U=mr -OKpyXHass CKOPOCTh
mpubopa BMecTe ¢ IIAaTGOpMOM Ha
PacCTOSSHUM I OT OCH AO OKPYXXHOCTH
C  paclmolOKEHHBIMH Ha  Hei
3¢pKajlaMi M CBETOACIUTEIIBHOU
MTACTHHOH.

Puc.23.1
Pasuuna B Bemvumbax ckopocreii C. um C.  obpasoBamach B
MOMEHT W3JIydeHHS KOT€peHTHHIX JIyded Ha CBETOACIMTENBHOM
miactuHe II. B coorBercBum ¢ (21.3) oHa HE M3MEHSICTCS IIPH
IEPEOTPAKEHNH JIydel OT 3epkan 3;, 3;, 33. Paccrosmua 1 ,
IPOXOAVIMBIE JIy9OM B CHOKOHHOM 3(Hpe IpH BpAIIEHHH CUCTEMBI
3epKal TAKXKE HE H3MEHAIOTCS, TaK KaK 3¢pKaja IBIDKYTCA II0

KacaTeIbHBIM K COCOMHAIOMEN HX OKpyxKHOCTH. (CllegoBaTelIbHO,
pa3sHulla BO BPEMEHH JIBHKEHUS BCTPEYHEIX JTydeit OyneT

LU
I . - 4 =8Cos45° -2 . (23.3)
C-UCos45° C +UCos45°

At

3TO COOTBETCTBYET BO3HHKHOBECHHMIO ONTUYECKOH PasHOCTH XOIa
Tydeit, comepkaleid CTOIBKO JUIMH CBETOBOM BOJIHBI A , CKOJIBKO pa3
BpeMs OOHOrO mepuojia T CBETOBOrO KOIEOaHHS CONEPXKUTCA B
pasHOCTH At. IIycte N — 9ncio moioc, Ha KOTOpOE IMPH 3TOM JODKHA
CMECTHTBCS BCS CHCTEMaA 1ojioc. Toraa

_ At _8Cos45°4U LU

N > =8Co0s45° ——, (23.4)
T C°T AC
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Tak kak A=CT. MeHHO Takoe 3Ha4eHHE OBLIO IMOJIYYEHO B OIIBITE
CaHpska.

Heo6xomumo oTMeTHTh, YTO TOJILKO M3JIaracMas B NaHHOH KHHIe
TEOpUsS C EAUHBIX MO3UIUNA CMOTjIa OOBSACHHTh M OOBEHMHHMTH OHBIT
Maiikenscona, onsiT CaHbsSIKa U ABJICHHE 3BE3AHOM abeppanuu. ITUM
YCTPaHAIOTCA IIPOTHBOPEYMA B HX MCTOJIIKOBAHHH, YTO SBJIAETCA
HECOMHEHHBIM IIOJTBEPXKIECHUEM CyIIECTBOBaHHS 3(QHpa H HAMMX
NPENCTaBICHUH O 3aKOHAX PACIPOCTPAHEHHSA CBETA.

KcratH, 18 BOCHpHATHA DJTHMX IIPEACTaBICHHH O CBETE
NOCTaTOYHO CACNaTh eme TOJABKO OJMH INar B HampaBICHUH
pacIIMpeHNs IPeACTaBICHHN O Iyalu3Me CBETa — OTKa3aTbCs OT
JIOTMaTa O MOCTOSHCTBE CKOPOCTH CBETa. OTO HE CTPANIHO, TaK Kak
Oyner o3HauaTh BO3BpaT K OOBYHOMY M  €CTECTBEHHOMY
IIPEACTABJICHHIO O CIOXEHUHM CKOPOCTEH, MCIIOJIb3yEMOMY B
TIOBCCAHCBHOM JXU3HCHHOM NpakTuke, Qpusuke u Mexanuke, Craexayer
PacCIpOCTPaHUTh 3TH NPEICTABIICHHA Ha JBHXKEHHE (OTOHOB U yITH
OT M3BECTHBIX N1apaIOKCOB TEOPHH OTHOCUTEIBHOCTU OiiHurreiiHa. To,
910 ()OTOHBI COIPOBOKIAIOTCA BONMHAMHU 1€ bpoiins, HE H3MEHICT
3aKOHOB HMCITyCKAHHSA, PACHpPOCTPAHEHHS M OTPAXEHUS CBera. OTH
BOJIHBI MPOABILIIOT Ce0s B ABJICHMAX HUHTEpPQEpEeHLMY, THQPAKINH H
HOJIAPH3ALIH.

24. SIsnenne Jomnepa B 3¢upe

Asnenue omruiepa HIMPOKO HCMONB3YETCSs B aCTPOHOMUM A
ONpeneeHNAd JYydeBBIX CKOpPOCTEH 3BE3] M TYMaHHOCTEH IO
OTHOINIECHMIO K 3emie, i1 OIPEAENICHUS VIVIOBBIX CKOPOCTEH
BpalIeHHI 3THX OOBEKTOB U B psAZle APYTHUX CIIYy4acB HAYKH U TEXHHKH.
JTO ABICHUE OIHUCHIBAET CBA3b MEXKAY KOJICOAHUAMH, HCITYyCKaeMBIMH
WCTOYHMKOM, M KOjeOaHwsMu, BOCIIPUHUMAEMBIMH KaKUM-IHMO00
PETHUCTPUPYIOIIMM IPHOOPOM, €CiaM HCTOYHWK H NpHOOp ABMXKYTCH
OPYT OTHOCUTEIILHO JpYTa.,

B [19] orMmeuaercsa: “arobml konebaHusS MOTJIM OT HCTOYHHKA
PacIpoCTpaHAThCA A0 IIpHOOpa B BHAC BOJH, NpubOOp M HCTOYHHUK
OOJDKHEI OBITH IIOTPYXEHHI B CIUIONIHYIO YIIPYTYIO Cpely”. OTH
IpEACTABICHHS BIOJHE BIIMCRIBAIOTCH B KapTHHY DPaCIPOCTPaHEHHS
TSOKEJIBIX CBETOBEIX BOJH B 3¢dupe. Ilpu 3rom ciexyer ydecTsb, 4TO
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CKOPOCTH DPAaCIpPOCTPAHCHUA TSKCNBIX CBETOBBIX BOJH 3aBHCAT OT
CKOpPOCTH MCTOYHHMKA M3Ty9CHMUA U OIMCHIBAIOTCS 3aKOHOM M3TydCHHUS
CBETOBBIX BOJIH B d¢upe (21.2).

Kak B pabore [19], ycmoBumcsi ckopocts U HCTOYHHKA
OTHOCHUTENBHO 3(dupa CIHNTATh MONOKUTCIIBHON, €CIM MCTOYHHK
npubimmkaercs k mpubopy. Eciu ucTouHHMK yaansercs oT mpubopa,
€ro CKOpoCTh OyieM CHUMTATh OTPHIATEIBLHON. AHATOTHYHOE YCIOBHE
BBeAEM M1 3HAKAa CKOPOCTH Hpubopa OTHOCHTEIBHO CpEIbl: IIpH
NpHOIYDKEHHHN €r0 K MCTOYHHKY CYHMTAEM CKOPOCTH IOJIOKHTEIBHOM,
[IPH YAQIEHUH OT UCTOYHHKA - OTPULIATEIHLHOM.

ITycTte perucTpupyromuii mpubOp M HCTOYHUK IIEPEMEIIAIOTCS
OJHOBPEMEHHO OTHOCHUTENIBHO 3(pupa, B KOTOPOM PaclpOCTPaHIKTCS
TSOKEIBIE CBETOBBIE BOJHBL VICTOYHUK M3ITydeHHMS JABMDKETCA IO
HaIIpaBIICHHIO K perucrpupyromemy npubopy co ckopocteio U>0
OTHOCHTENBLHO 3¢upa. Perucrpupyromuii mpubop MOXKET ABUTATHCS B
TOM K€ HAIIPABJICHUM OTHOCHTEIBHO 3¢Hpa cO CKOpocThio V<0 mwmu
HaBCTpPEdy MCTOYHUKY CO cKOpocThio V> (. B cOOTBETCTBUM C 3TUM U
c y4€TroM 3ak0Ha (21.2) OTHOCHUTEIBHAs CKOPOCTh TSDKEJIOH CBETOBOM
BOJIHBI OTHOCHTEIBHO mpubopa, JBIDKYIIErocs HaBcTpedy, Oyner
C+U+V. UYucno BONH, HpomICAMNX 328 CIMHHIy BPEMECHU MUMO

mpubopa,
, C+U+V 1 U V) 1+V/ C
Vv = =—|14+—=+
A T C C) 1-U/ C
Ecin npuGop ypansercd, TO OTHOCHUTEIBHa#s CKOpPOCTH

TSDKEJI0i cBeToBoM BosHeI Oyaer C+U-V. Huciio BoaH, MpomeaIux 3a
eOUHULYY BpeMEHH MUMO IIpubopa, B 3TOM ciIydae Oyaer

, C+U-=-V 11 U VJ lV/C

V=" Tt c ) icuic”

TaxkuMm oOpas3om, V' 3aBHCHT II0-pa3HOMY OT CKOPOCTH mIpubopa V
U ckopoctH ucrodHrka U oTHocHUTenbHO 3¢upa. ITomydeHHsle 30€Ch
¢opmynel coBmamaroT ¢ ¢opmyiramu paborel [19] ans  Bomw,
PaCIPOCTPAHAIOIIUXCA B YIIPYION CPeNe ¢ MOCTOAHHON CKOPOCTHIO, HE
3aBHCAIIEH OT COOCTBEHHOM CKOPOCTH HMCTOYHHKA H3IIYUCHHA.
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CnenoBarenbHo, WX MPAKTHYECKOE HCIHOJIB30BaHHE He Oyxer
OTJIN4AaThCS OT OOBITHOM ITPAKTHKH.

25. I'paBATAIIHOHHOE KPACHOE CMEIIEHH B
CIIEKTpax 3Be3]

B cmektpax 3BE€3x  Habmrojzaercs, TaK  Ha3kIBaEMOE,
IpPaBUTAIIMOHHOE KpacHOe cmemeHue. Jlna omnpeneneHHs €ro
BEJIMYMHEI DHHINTENH NpeIOKWI CICAYIOLIYI0 GopMyIIy:

AL _ _fm
A rC*

[TogTBepxnenne 3Toit (opmynel HAOMIOAEHUSAMU COIHEYHOI'O
CIIeKTpa U INIaBHEIM 00pa3oM crnekTpa crmyTHuka Cupryca, AMEIOIIErO
OONBIIYI0O MAaccy M Majsle pa3Mephl, ABJIMACTCA OJHHM M3 YETHIPEX
SKCIICPUMEHTAIIBHBIX  JOKA3aTENIbCTB  CIPABEIIMBOCTH  TEOPUM
OTHOCUTEJIBHOCTH.

IToxaxxeM, 49T0 3Ty (QOpMyJTy MOXHO MNOIYIHUTh, IOIB3YACH
TIOHATHEM TXKEIOW CBETOBOH BOJHBEI, TO €CThb BOJHBI CBETa,
IIOABEPKECHHON cuwjie mpuTsiKeHHud. l1IokaxkeM Tarke, 4TO IMPUYMHOMN
3TOro 3¢deKTa ABIAIOTCS XOPOMIO M3YYCHHEIC MPWINBHBIE CHIIGI,
BEI3BIBAIONINE IMPIIMBEL X OTJIMBEL BOJBI 36MHEIX OKCaHOB.

[Tpenmonaraem, 9aro TspkEnas cBeTOBasi BojHa 00J1aaeT MacCOW,
PaBHOMEPHO pacIipeAeicHHon 1o e€ pymHe. Ha kaxayo TOYKY BOJIHEI
BCIIEICTBHE 3TOT0 JAEHCTBYET YCKOpeHue CHIBI TshxectH (puc.25.1):
j = fm/r* ,co3naBas IPHIHBHBIE CUIIbI, CTPEMAIIMECS PACTAHYTEL BOJHY.
3nech m - Macca 3BE3/bl; I' - PaAUaIbHOE PACCTOSHUE OT LICHTPA MacChl
m 0 pacCMaTpHUBaeMOil TOYKHM THKENOH CBETOBOH BOMHBL (CKOPOCTH
TO4eK TOKENOM cBETOBOM BOMHE! 6e3 yuéra cmi Tokect C = 3-10"°
cM/c. C yd€ToM JeNCTBUS YCKOPEHHUS OT CWI TSDKECTU 3BE3/bI
CKOPOCTb MOXKET OBITh 3aIIMICaHa B BUJIE

t fim
v=c+f T (25.1)

rae Cr=r,+Ct, dt=dr/C. (25.2)
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IlogcraBum (25.2) B (25.1) B BHINOIHAM WHTETPHPOBAHUE.
KoncrtaHTa unTerprpoBanus pasHa Hyo. Ilostomy

V =C - fm/(Cr).

'Tlox BIMAHUEM YCKOPEHHS TSHKECTH Ha TKEIYIO €BETOBYIO BOJIHY
OCHCTBYIOT NPWIHBHBIE CWIBI, CTPEMSILMECH pACTAHYTH BOJIIHY.
Ckopoctb, ¢ koTopoii mepemHuit PpoHT OyAer yXOAuTb BHEPEN OT
33JTHETO,

AV=V_-V =[C-fm/(Cr)]-[C-fm/C(r-\)]=Afm/Cr>.
30eck A - IMHA BOJIHBI B HAYaJIbHBIHK MOMEHT BPEMEHH B

crIoKoHOM 3¢wupe. [IpupanieHre AIMHBI BOJIHEI 32 BpeMA TIPOX O ICHHS
OT MCTOYHMKA CBETa K HAOJIIONATEIIIO MOXHO 3aIIACaTh KaK

M:!AVdr:ﬁgﬂ'jd’ =ﬁ”’1(ro _ 1} (25.3)

2
"’ C L
YuautsiBag, 9to L >> 1, , noiny4aeM popmyiry
AMM = fm/(C?r,) .
Jra ¢opMyla TMOTHOCTHI0 COBIAJAeT C COOTBETCTBYIOMIEH
dopMyioit DUHINTEHHA U MO3TOMY HE HYXOAeTCsd B KOMMEHTapHIX,

xota 6olee cTporuii e€ Bug umeer popMmyina (25.3). [TomyTHo oT™METY,
410 00BICHEHHE “IPaBUTALMOHHOrO KPaCHOI'0 CMEILICHUA XOPOLIO

[ ¥

o

Puc.25.1 Puc.26.1

R

M3BECTHHIMU B 3€MHOH MPAKTHKE MPHINBHLEIMHA CHJIAMH HE OCTABJIACT
MecTa 11 3PGdEeKTOB TEOPHUH OTHOCHUTENBHOCTH, Ybsl JOCTOBEPHOCTH
JIOKa3bIBacTCs caMUM 3THM 3¢ exToM. B mpOTHMBHOM CiIydae JOJDKHBI
Ob1nu On1 paborate 06a 3TH 3ddeKxTa W HPHPOCT AJIHMHEI BOJHBL AA,
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MOJIy4aeMBlif 3KCIIEPUMMEHTANBHO, JODKeH Ol Onl ORITE B 2 pa3sa
0oJIpIme. 3TOro Ha CaMOM Jelie HeT.

26. IBoxeHne TAXKEJI0H CBETOBOM BOJIHBI MUMO
MAaCCHBHOI'0 TeJa

B Teopuu OTHOCHUTEILHOCTH IpeanokeHa Gopmyia A pacuéra
yIjla OTKJIOHEHHA Jlyda CBETa, IPOXOAANIETO OT 3BE3Obl K
Ha0J1101aTeIII0 MHMO Tejla ¢ Maccoit M:

y = 4fM/(hC?), (26.1)
rae h - paccTosgHne MEXAY LIEHTPOM MaCCUBHOI'O T€ja U JIy4OM CBETA.
[IpoBeputs 31Ty hopMmyiry MoxHO Tonbko Ans Comnnua. Ilosromy eé
OOBIYHO 3aNHMCBIBAIOT OIS Macchl M paguyca ComHua. Ecim myu cBeta
TIPOXOAUT HETMOCPEACTBEHHO BIONG NoBepxHOcTH CoiHIA, TO OTKIO-
HEHHUE JTyda MakcuMansHo Y = 1,75 "', Jlna npyrux paccrosumii b,

We = yo/(b/re) = 1,75 "/(b/r,) . (26.2)

H3BecTHO, 4T0 30IbOHEP O pPEIICHHE 3aAadH 00 OTKIOHCHHUHU
CBETA MPU IPOXOKACHAK MUMO MACCUBHOIO Tella, UCXOJd U3 3aKOHa
HeioTOHA, mpeacTaBMB, 4YTO BOJIHA CBeTa 00namgaeT Maccod, U TeMm
CaMbIM BBEII MOHATHE “THKENION CBeTOBOH BOMHEI . OH MOy4uII
pe3ynabTaT, COCTABIIIONIMM  TIOJIOBHHY Y, I[IPEACKA3aHHOIro
OWHINTEHHOM:

Y = ZfM/(hcz) ’
Vo1 = 0,5 yo=0,875".

OnHakO UCKpUBICHME JIyda CBETa IIPOHMCXOAUT HE TOMBKO ITIOJ
BO3ACHCTBHMEM I'PABHTALIMOHHBIX CWJI, HO OMPEACIIACTCS CIIE U TEM,
4YTO CBETOBAas BOJIHA CHOCHTCA IIOTOKOM 3(¢Hpa CO CKOPOCTBIO V; K
LICHTPY 3Be3Akl. B coorBeTcTBHE C puC. 26.1 Ha MOOOM ydacTke Iyqa
3a BpeMs dt cBeroBas BonHA mpoxoguT myth dx = Cdt u cmemaercs
BMecTe ¢ 3¢HUpOM B IIEPIICHAMKYIAPHOM HANpPaBICHUU Ha PACCTOSHHE
dy = Vsinydt. IIpu 3TOM ImpPOMCXOAWUT OTKIOHEHHE JIy4a CBETa Ha
SJIIEMEHTAPHBIN yTOJI

dy’ 1 =(dy/dx)adt=aV siny dt/C=a*Msinydt/(4np,r"C)=
= fMsinydt/(r* C).
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W3 puc. 26.1 cneayor oueBHIHBIE COOTHONIEHMS
r=h/siny u dt=-hdy/(Csin’y) .
IlomcTaBuM MX B BEIpaxeHHe MIi dy | M MPOMHTETPUPYEM €TO B

opeaciax or y;=n 10 Y»,=0. [lomydaum yros1 OTKJIOHEHUS HTyda CBETa,
O0yCIOBIICHHBIN pagualbHBIM TeICHUEM ddHpa K LIEHTPY 3BE3/bI

.M
Y1 hC? hC?

B pesynbrare CyMMapHbBI yTOJI TIOBOPOTa, OOYCIOBIEHHEIN
OTKJIOHEHHEM TPAaCKTOPMM LEHTpa TSDKEIOW CBETOBOH BOJHBI IO
BO3JICUCTBHEM I'PaBHTAIUOHHEIX CHJI M PaJHAalIbHOIO TCYCHUA 3¢upa K
IEHTPY 3Be31bl, OyaeT

Y=y +y; =4M/(hC?). (26.3)
Hna Consna: W, = 1,75"/(h/x,). (26.4)

[Nomxygennsle ¢opmyJsl (26.3) u (26.4) coBnagaroT ¢ popMyIamMu
(26.1) u (26.2) TeopMH OTHOCHUTEIBFHOCTH JWHINTECHHA H,
CIICIOBATENBHO, HE HY»XJAIOTCS B IOOIIOJIHUTEIFHON
IKCHEPUMEHTANBHON IIPOBEPKE M IOATBEPIKIACHUH.,

_(isiny-d7=

27. O0 onbITHOH OpPOBEPKE 3aBHCHMOCTH
CKOPOCTH CBETA OT CKOPOCTH MCTOYHUKA

Bce npeasimymue Hamm HCCIEJOBAaHHA IPHUBEIH HAc K
ONHO3HAYHOMY 3aKIIOYEHHIO, 9YTO CKOPOCTh CB€Ta 3aBUCHUT OT
CKOPOCTH MCTOYHHMKA U OTPAXKAIOMIEH MOBEPXHOCTH. IMEHHO OTKa3 OT
npu3Haaug 3Toro ¢akra nmpusen GU3NKY CHadajda K KpH3UCYy KOHIA
ACBATHANUIATOIO Hadaja ABAAIATOrO BEKOB, a 3aTEM K HOSBICHUIO
OTO ADiHmTefiHa ¢ ee¢ TMapagoKcaMH, IIPOTHBOPCHYAIIMMHU
€XXEAHEBHON NpaKTHKe 4YeI0BEYeCTBA. ECTECTBEHHO, MbI HE IIEDBEIE,
KOr0 3auHTepecoBana 3ta Nnpobrema.”B mncTopmu Hayku H3BECTHA
TUCKyCCHA, cocTosiBInagcsa B xypHane Physikalische Zeitschrift [6,25]
IO BOIPOCY O TOM, 3aBHMCHT WM HET CKOPOCTh CBETAa OT CKOPOCTH
ucrouHuka. Kak ckazano B [6], B To Bpems 3aBucHUMOCTh (21.1)

c =ctV (21.1)
o6ocHoBeiBaym E. Freindich, Ritz un apyrue.Ona neria B OCHOBY, Tak
Ha3bIBaeMOM, OamucTHIecKkoi runore3sl Puria. 3ta rummoresa coria-
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coBmiBaJIa 3(¢exT 3Be3guON abeppaip M ombIT MaHkensCOHa, . a
TAKKe PAL IPYIHX IKCIICPUMEHTOB, IIOCTABICHHBIX 1 OOHapyXeHH
s¢upHOro Berpa. Juckyccus obOopBasack 1ii MHpOBOH BOMHOH C
OTPHULATEIBHEIM I 3TOH TOUKH 3peHMA pe3ynsTaroM. Bo3obmanano
MHEHHE, 9TO CKOPOCTh CBETA MOCTOSHHA B IMYCTOTE M HE 3aBUCHT OT
ckopoctd ucrouHmka (C=const). bammicruueckad rumore3a Purna
Oblla OTBEPrHyTa HM3-38 KaXYIIETOCd €€ INPOTHBOPEYHA CO
CHEKTPOCKOMMYECCKHUMHU Ha6II0IcHUIMHU IBOMHBIX 3BE3M,
ob6ocHOBaHHOrO B pabore ae Currepa [40].

CyTts paccyxaenuit 1e CuTTepa CTAaHOBHTCH MOHATHON M3 aHAIN3a
HaGMIOCHAM 33 ABIKCHMEM ABOMHEIX 3Be3n. Ha pumc.27.1 mokasama
YIpPOLICHHAasA cxema 3Toro sisieHusd. B nenrpe O HaxomuTcs TsKesnas
c1abo cBersiiasgcs 3Be3/1a, BOKPYTI KOTOpON MmO Kpyrosoii opOwute
obpamaercs Opyras Oonee sApkas 3Be3a, HOCICAOBATEIIBHO 3aHUMasA
nonoxenns A, B, F, D u t.1.

o mHabmonarens aOXOOUT CBET. OT O3TOM SAPKOM 3BE3MHI.
CrexTpaibHO-ABOMHBIC 3BE3Abl OMPEHCHAIOTCHS MO0 PACHICIUICHHIO HX
CIEKTpa Ha ABa, CMCIICHHBIX OTHOCHTEIIBHO IPYT Apyra BCIEACTBHE
a¢p¢pexra Momruiepa, T.K. H3Iydawomas 3Be3Ja ABIDKEICS TO IIO
HanpaslICHUIO K HabmroAaTemo, TO OT HEro.

Puc.27.1

CormacHo OawmucTudeckoit rumorese Puriia Jayd  cBera,
MCITyCKaeMbI APKOH 3Be310# U3 TOUkM D, aBmkercs K HabimoaaTenio

—p —p

C YMEHBIIEHHOH CKOpOCTEI0 C =C—V. Curram U3 Toukd D HOXOmuT
no HaGmomarens depe3 Bpema t,=L/(C-V) 3amecy L-paccrosHue ot
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OBOMHON 3Be3abl 0 HaOmrogarens Ha 3emie. OHO MHOTOKPATHO
IpeBslmacT rabaputel opOuTel IBOIHOM 3Be3Anl. [locne atoro spkas
3B€3/la nepexoAuT u3 To4kd D B TOYKy B 3a BpeMs mosytiepuoaa
obpamenns T/2. Curnan, Belmieqmuii w3 TO4YKM B, mpuxoauTt K
Habmogatemo uepe3 Bpema =T/2+L/(C+V), otcumTbiBacMoe c
MOMEHTA BBIXO/1a 3B€31hI U3 TOYKH D.

HMHTEpBan BpeMEHM MEXKAY TMOJIy4YEHHEM JBYX CHUTHAJOB,
opunieqmux K Habmoparemo w3 Touek D u B, ompenmemsercs
Pa3HOCTBIO BPEMEH t; H t;

AE=T/2+L/(C+V)-L/(C-V)=T/2-2VL/C?, 27.1)

Eciu Temeps mnpemmonoxutb, d9ro T=4VL/C? To wuHTepBal
BpeMeHH wucyesHer. CurHan u3 Toudek D u B mocTtymur K
Habmonaremo OXHOBpeMEHHO. B 3TOM clydae MmO YTBEPXKACHHIO
H.Tirrmga curran gomkeH Obln OBl Bech mepeMemarhess U ObUT0 O
HEBO3MOXXHO Ha0ir0/aTh JIMHEHYaThle CIEKTPEI M3IIydeHHA 3Be3a. B
NEHCTBUTEIBHOCTA, BEIMYHHA At I psAda CIEKTPOCKOIMHYECCKUX
JBOMHBIX 3B€3/] OKa3bIBA€TCA BeChbMa 00IbNOION.

K coxaneHHio, onucaHHele COOBITHS HE HANOUIA CBOETO
OTpaX€HHUA B NOMYJISAPHEIX yueOHUKAX 1O (pu3uke U actpoHomuu. O
HUX MHE CTal10 U3BECTHO U3 pabort [6,25] yxke mociie BBIXOAa B CBET
MOHX KHHT [1,2] ¥ mo 3To# NMpUYHMHE OHH TAKXKE He OBUIM B HHX
OTIMCaHEI.

YtoOBl BBEIPa3UTh CBOE OTHOIIEHME K YKa3aHHOH mpobieme,
OTME4Yy OIHO CYIIECTBEHHOE Ha MOH B3IVIAL pPa3IUdIHE MEXAY
u3jgaraeMoi paboro u OamamcruueckOoM rmIore3on Purna.
BcnomauM, 9T0 PUTH BEIABHHYJ CBOK OANIMCTHYECKYIO THIIOTE3Y
CBETa B TO BpeEMs, KOrja CBET CYMTAIM BOJHOHM, HamomoOue
3BYKOBOH BOJHBI B BO3QyXe. HM3BecTHO, 4YTO IOCHEIHSSA
pacnpocTpaHsieTcs B BO3AYXE CO CKOPOCTHIO 3BYKa, HE 3aBHUCILICH
OT CKOPOCTH HCTOYHHKA. [I03TOMY B TO BpeMs OBLIO COBEpPIICHHO
HENOHATHO, IIOYEMY CIEAyeT CYHTaTh, YTO CBETOBAas BOJHA
NOKHUIAET HMCTOYHHK H3IY4EHHS C TIOCTOSSHHOM CKOPOCTBIO
OTHOCHTEIBHO HCTOYHHMKA, @ HE OTHOCUTEIBHO OKPYIKAIOWIErO MOJIs
CBETOHOCHOrO 3¢upa. B TO Bpems cuutanoch (4O IOSBICHHUS B
1915r CTO A.Dinimreiina), d9ro BceleHHas  3amonHEHa
CBETONPOBOAANIEH cpenoi-3¢hupoM.
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B wu3naraemoii paGoTe 3aKOHBI M3IYYEHHUS M PacCIpOCTPAHEHUS
CBETa COCTABISIOT TOJIBKO 4YacTh pa3pabareiBaeMoi Hamu oOmiei
TeopuH 3¢upa. Jra 4acTh OYEeHb BaKHA, HO OHA HE OTOpBaHa OT
OCTaJLHOH Teopuu. BaxHO nomdepkHyTh, 9T0 Gopmyna (21.1)
JIOTMYECKH BBITEKACT U3 HAMIMX MPEICTABICHUM O CTPYKTYpE aToMa M
npouecce obpa3oBaHus (POTOHOB-HOCHUTENICH CBETA, M3IOKEHHEIX B
rnaBax 8....12. Ecnu npuHMMaroTcAd HOeM Bceil paboTel, TO He
BO3HMKAaeT M COMHEHHMM B TOM, ImO49eMy (OTOHEI NOKHIAIOT
BO30YXICHHEI aTOM MMEHHO co ckopocThio C=3.-10°m/c. Taxosa
CKOPOCTh CTpyH 3(dupa Ha BepXHe# IrpaHMIIe ra30BOro BUXPA aTroMa, U3
KOTOpOro GopMUPYIOTCA (POTOHHEL.

ITUM, IOBHAUMOMY, MOXHO OOBACHUTE  HeEyAady
Oamnuctudeckoit rumoressl Putua. ITockoneky y Hee He OBLIO
OoKa3zaTenbHOM ©Oa3sl TOro, YTO CBET IIOKUAAET HCTOYHHUK
U3NYy49eHUsS C TIOCTOSHHON CKOPOCTBIO OTHOCHTEIBHO C€aMoro
UCTOYHHKA, OHA TAK M HE CTaja Teopueil. Bce ycuIHs KPHTHKOB
3TOH THIOTE3El IO3TOMY OBUIM CBEACHBI K IIOMCKAM IMPOTHBOPEUHIA
B caMoi runoTese. 1 310 npotuBopeudre ObLIO HAMAEHO B CTIIEKTpax
JIIBOVHEBIX 3BE3]I.

Konegno, nBoiiHbIE 3BE30BI OYEHb JAJICKH OT HAC, YTO CHIDKAET
TOYHOCTH U JOCTOBEPHOCTh AOKA3aTEILCTB, HCIIONb3YEMBIX KPUTHKOM.
Muorue ¢akropsl NpUpOARl IO 3TOM MPHIMHE MOIYT IIOBJIHMATH Ha
CUTHajJ CBeTa, NOKa OH (OPMUPYETCS M 3aTeM ITPOXOIUT dYepes
OrpOMHbIE KOCMHYECKHE PacCTOAHUA OT 3Be3anl A0 3emum. Ha oano
Takoe OOCTOATENBbCTBO yKa3aHo B pabore [6], xoropas crour Ha
nosunuax Oamnuctuaeckoir teopuun Purna. Ona cceliaercs Ha
3akmouenne JL.bpwumosHa [41] o0 TOM, dYTO HOCTATOYHO
IIPEANONIOKEHUS O CYIIECTBOBAHUU 3aBUCHMOCTH CKOPOCTH CBETa OT
rpaBHTAIMOHHOTO MOTEHIMala, 49100 pa3pymuTh JOBOARI €
Currepa. OgHako, OJJHOM 3TOM CCBHUIKM HEIOCTaTO4HO. [pyras cchlika
Ha QHAJIOTHIO PacIpOCTpaHEHHMSI CBETa C PaclpOCTpaHEHHEM MAJIBIX
IPONOJIBHEIX XoJIeOaHWit B JBHKYIIEMCS YIPYTOM CTEpiKHE,
HCIIOb30BaHHaA B JToif pabote mna obocHoBaHWsA ycmosus (21.1),
HECOCTOATEIbHA. B 3TOM cCiydyae ABIIKCHHE MCTOYHHMKA CBETa B
HEMOABIKHON cpele 3(pupa HEKOPPEKTHO IOIMEHSETCS IBHKCHUEM
BCEH cpempl (CaMOro CTEP)KHA) BMECTE C HMCTCYHUKOM BO3MYIIEHWIA
OTHOCHUTENBHO HEMOABHIKHOIO HAOIIOIaTeN .
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bonee 06CTOATENbHOM M JOKAa3aTEJBHOM B OJTOM CMEICHIE
apiseTca pabdora I1.C.YUukuna [25]. OcranoBuMcs Ha >ToM paboTe
Oonee moxpo6uo. Ha Hamr B3rida OHa OnpoBepraeT NOBOXEL A€
Currepa u moaTBepxzaeT npaBoTy BbipaxkeHusa (21.1). Ommpasces
Ha 9TO BBIPaXCHHE, OHA 3HAYUTEIBHO IIPOABUTACT 3HAHHE O
IIPUPOJEC HOBOWHBIX 3Be3l, O00beAUHAI KX B OJHY TIpynmy cC
nebengamu.

B otnnune ot ge Currepa B pabote I1.C.Ynkuna paccmaTpusaercs
HU3Iy4YEeHUE OT JBOMHON 3Be3Zbl HE TOJIBKO B ABYX XapakTepPHBIX
toukax B u D (Puc.27.1), HO B TeueHHe BCEro o60poTa ApKOU 3BE3/EI
BOKPYT TSDKEJIOM TYCKIIO# 3Be315l. IIpoeKiius CKOpPOCTH SpKOil 3BE3/(E]

Ha HAIpaBIEHNE OX, COCTHHSIOMEE MBOMHYIO 3Be3/ly M Habmronarens
Ha 3eMile, 3alIMCHIBAETCS B BUJE
Vino6=V-SINQ (27.2)

PaccmarpuBaeTcs Lyr CBETOBRIX BOJIH, MWCHYNICHHBIM SPKHM
KOMIIOHEHTOM 3a OAMH Iepuon oOpalneHHs. 3a Hayalo OTCYeTa
npuHiaTa Todka A. Ilpu 3TOM B HadajbHBIA MOMEHT [[IHHa I[yra
cocraBur 1=C-T, rme C- ckopocth cBera 0e3 no0aBKM CKOPOCTH
M3JTy4aromen 3Be3/E5l.

CHagajna aMIIUTyZla yT'a CBETOBBIX BOJIH OYEHDb BEIHKA U PaBHA
paguycy opOHTEI Rops H3nydwaromed 3sesfnl. Ilo Mepe nBHKEHHA
I[yra CBETOBBIX BOJH K HAOGIIOAATEIO aMIUIMTYla CHHYCOHABI OyeT
yMeHpmaThCAd, T.K. JIydd NB u ND cxogarca B Touke N
(mpuMedanne aBTOpa). B MOMeHT mpueMa curHaia HabmiozareneM
OHA y>K€ O4eHb Mana (OIpenensieTcs KOHCTPYKIHEH CIIEKTPOMETPa).
B Buny toro, uro L>Rp6, MOkHO npubmmkenHo cautats 0=0. (Puc.
27.1).

Cornacao ¢opmyne (21.1) pasHeie uacTH Lyra ABHUTAIOTCA K
HaOJII0IaTeI0 C Pa3sHBIMM CKOPOCTSIMH. BeencTare 3Toro CKOpocTh B
HAIIpaBJICHUU OCH OX JH000H TOUKH Lyra Oyner

C!=C+V_,, =C+V-sing (27.3)

JIiobass TOYKa CHHYCOMABI Iyra CBETOBBIX BOJIH BCJIEIACTBHE
HEOAMHAKOBOCTH ckopocTeit C' 6ymeT cMemaThes B HANPaBICHHH OCH
ox. C TedeHrneM BpeMeHH t 110 Mepe ABHKEHHUA LyTa CBETOBBIX BOJIH OT
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3B€34bl K HAOMIONATen:0 3TO CMENIEHHE OTHOCHTEILHO CBOCro
NCPBOHAYAJIBHOI'O ITOJIOXCHUA COCTAaBUT BCIIHIHNHY

A=V po6 t =V-t-8inQ (27.4)

=CT

Puc.27.2

K Habmogaremo OyayT NpUXOQUTh CUTHAJEl Pa3nHIHOR (HOPMEI
B 3aBHCHUMOCTH OT BEJIMYHMHBI OpOUTAIBHON CKOPOCTH V, Iepuojla
oOpamieHus ApKOH 3Be3ABI BOKPYI TEMHOH TSKEJION 3Be3gnl 1 U
BPEMEHHU OBM)KEHMS I[yTa CBETOBBIX BOJH t OT 3BE3/5l K HAOIFOAATEIIIO.
HaubGonee xapakrepHble (OpPMBI CHTHAJIOB H300pa)keHsl HA puc.27.2-
27.4. Yxxe paccMoTpeHHas Ha puc.27.2 opma Liyra CBETOBBIX BOJH
sBisiercs  Hambomee pacmpocTpaHeHHOM. OHa  COOTBETCTBYET
HEpPaBEHCTBY

Vi<CT/4 (27.5)

Yem Ommxke BeauauHa Vt mpubmmxkaerca x 3madenuio CT/4,
TE€M CHIIbHee TO4uka B Haberaer x Hauany myra (Touke A), a Todka D
OTCTaeT, cMemaich K KoHIy uyra (Touke A). Takyio xe Qopmy
OyZyT HMETh M BCE IOCIEAYIOMHE HYTH CBETOBBIX BONH. B paboTte
[25] oTMedeHO OAHO OYEHb BaXHOE HAOMIOZEHHE, COCTOANEe B
COOTBETCTBHHM NONYYEHHBIX Ha pHC.27.2 GOopM ILYroB CBETOBHIX
BOJH C pAacCIpeAeCHHAMH JIy9€BBIX CKOpPOCTEH, pealbHO
HabI0laeMBIX acTpOHOMaMH IedeHa H, B 4aCTHOCTH, nedeuge &
Ledes (V=20xwm/c).
Ecmm
Vt=CT/4 (27.6)

(cyuaii me Currepa), TO Touka B JOoCTHraeT B HAIIpaBIeHHH OCH OX
IIOJIOKEHUS TOYKM A. B 3TOM ciydae IIOCI€OBATEILHOCTH ILIYyTOB
CBETOBBIX BOJTH IPUMET BHUJ, IOKa3aHHEIA Ha puc. 27.3
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Puc.27.3
W3 prucyHKa BHIHO, 9TO IEPEAHUE TOUKH KAXKIOTO CICAYIONIETO IyTa
OOTHAIM 3aJHHE TOYKM nepegnux IyroB. Ho, 49ro BaxHO
MOZYECPKHYTh, CAMH I[yTHM HE M3MEHWIN CBOCH JUTMHBI, T.K. TOYKH A 1
F OBIDKYTCA ¢ OAMHAKOBEIMH ckopocTsamu C=3:10°m/c. TIpn sToM MBI
BUIUM SPKO BEIP@KECHHYIO IIMKIMIHOCTh 3THX CBETOBBIX CHTHAJIOB.
VIMEHHO 53TH IMKIWYECKUE CHUTHAIBI, HMEIOIIUE HEHYJIEBYIO
IPOTSHKCHHOCTh B IIPOCTPAHCTBE, (MKCHUPYHOTCSA CIIEKTPOMETPOM

Habmonarens. HAkakoro IHEPEMEININBAHMA CHTHAJIOB IIDHA 3TOM HE
npomogg" €T, T.K. p€Yb HACT HC O CINO0KCHHMH CBCTOBbIX BOJH B
TOYKAX A H B, a 0 CJI0KCHUH IIVI'OB, COCTOSIINX M3 MIJIVHCHUA
genoﬁ 3BE€31bl. U 3th IYI'H CBE€TOBbIX BOJIH, KAK BHIHO H3 PHC.

27.2 m_27.3, He HAKJIAABIBAIOTCH r_Ha ra_(npuMevaHue
aBTopa). HenoctaTok paccyxkuaenuii e Currepa COCTOSII MMEHHO B
TOM, YTO OH HE PacCMOTPeJ BCIO IOCJIEIOBATEIHHOCTH BO BPEMEHHM
o0pa3oBaHHA CHUTHAIOB OT ABOMHOH 3BE31bl, @ OTPAHHYHIICS TOJBKO
CHUTHAJIaMH M3 JABYX TO4ek OpOnTHI Apkoii 38e3a6I B 1 D (Puc.27.1).
Ha puc.27.4 n300pake€HE! LyT'H CBETOBBIX BOJIH, IIOJIYYA€MEIE JIJIA
clryJas
Vi>CT/4. (27.7)
OtMedeHO, uTO MX PopMa COOTBETCTBYET pacHpeleiCHHUIO JTYyIEBBIX
ckopocreii uedemnel RR Jlupm (V=50xm/c, T=0,567 cyrok) u
nebeunsl W Jesnl. Korna 3Besna ABWKETCS K HabIIIOAATENIo,
MAaKCHMYyM IIOJIOXKMTENIBHEIX JIy4€BEIX CKOPOCTEM B HX CIIEKTpax
BCer/a TOABISETCA HECKOJILKO PaHblleé HAMMEHBIIHNX OTPHUIATEIbHEIX
no6aBoOuHEIX cKkOpocTeit. OXHOBPEMEHHO OJIECK 3BE3/EI BO3PACTaeT M
COOTBETCTBYET JIMHUAM (BOXOPAA WM METAJUIOB) B CIIEKTPax 3Be3[ C
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O4YEHb BBICOKOM TEMIIEpaTypod H3-3a CMEILICHHMS IIOCIEAHUX K
¢HoNIEeTOBOMY KOHITY CITEKTpA.

Korna nsoiiHad 3Be3ma ABUKETCA OT HaOmronmareis, OJecK ee
najgaer u JMHUH (BOAOPOAa, METAJLUIOB) CTAHOBATCA Ciaadee, CABUTaACH
K KpacHOMY KOHINy crekrpa. Ho eme A0 TOro, Kak 3TH JIMHUH
IIOIHOCTBI0 MCYE3HYT, B CIIEKTpe Y)K¢ OOHapy>KUBAacTCAd HOBas CEpHS
JIMHUH, CIBUHYTHIX K (PHOIETOBOMY KOHILY M T. 2. DTO, KaK ClIeayeT U3
puc. 27.4 sBngeTcs CICACTBHEM IICPErPYINUPOBKA dYacTeH Iyra
CBETOBOT0 M3ITydyeHHd. Todka B mpuxomur k Habmonaresio paHsiie,
geM TO4Ka A (Hayano Iyra), a Touka D 3ama3japIiBaeT 110 CPaBHEHHIO C
TOYKOM A (Hayamo CHeZyIOmEro IHyra CBETOBOTO M3ITy4CHUSA).
ACTpOHOMBI BEISBUIIN THICAYM 3BE3[ C TAKUMH CIIEKTpaMH. ITO BEChMa
pacpoCTpaHEHHOe sSBJIeHHEe BO BceneHHOM.

IToaTOMYy MOXHO TOJNHOCTBIO COTJ@CHTHCA C BBEIBOJAOM paboThI
[25] 0 TOM, 4TO mpH MCIOJIL30BAHHMH 3aKOHA CJIOXKEHHS CKOPOCTEi
(21.1) nuueldaTeIi CHEKTp M3IYyYCHHA JBOMHBIX 3Be3n Oyner
HaOMIONAaTECA BO BCEX ClIydadx, OmpeAcasdeMbIX 3akoHaMH (27.5),
(27.6) u (27.7), BTIO9as M 9aCTHBIN cirydait e Currepa.

Hanee aBTOop paGorer [25] comocraBadgeT OCOOEHHOCTH
U3MEHEHHUA Onecka pasnudHbIX nedgena ¢ Gpopmoii I[yroB CBETOBBIX
BOJIH, IIOJIY4a€MBEIX Ha OCHOBAaHUM BbIpa)keHHA (21.1) oT ABOMHEBIX
3B€3][, ABIDKYWIMXCS HE TONBKO IO KPYyroBelM, HO H IIO
JUIMIITHYECKUM OpOMTaM, a Takxe 00eHx 3Be3] BOKpPyr o0miero
nenrpa. HaGmronas ux coBmageHue, OH MPUXOAUT K BHIBOAY, YTO B
npupoae BOOOIIE HE IPOMCXOIUT IYJbCAlUHd paguycoB leden.
Iepeunsr mo ero MHEHHIO SBIAIOTCA CIEKTPaAIbHO-ABOHHBIMU
3B€3/]aMH, Y KOTOPBIX PETHCTPHPYETICS H3IYy4YECHHE TOJIBKO OJHOTO
APKOTO KOMIIOHECHTA.

IloaTBEpXKAEHNEM IIPABOTHI PACCMOTPEHHONM TOYKH 3pEHUS
SBIIAETCA CHATHUE IPOTHBOPEYHS B CTATHCTHKE HAOMIOJAaEMEIX 3BE3].
OHO. COCTOUT B TOM, 9TO B paiioHe Halmed rajdakTHkd (MiedHoro
nytd) ¢ paguycoM 10 mapcek Bokpyr ComHLa Kakaas BTopas 3Be3na
ABIAETCA ABOWHOM 3BE370M, a 3a IMpeAeiaMH 3TOro panuyca ABOHHBIX
3B€3[, CTAHOBUTCA OY€HHL Maji0. B3amMeH nosgBiseTcs OGOBIIOE YHCIIO
yJbCUPYIOIMUX 3Be3[. YuuthiBag, 9r0 ConHIle fABIAETCS pPAAOBOM
3Be3/10i1 MIedHOTO ITyTH, Takas OCOOEHHOCTH BEI3BIBACT YAMBIICHHE.
Kpome Toro, paccrosuue 10 mapcek TOXe ABISETCS CyOBEKTHBHBIM,
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YHCTO YEJIOBEYECKHM OIpPaHHYEHHEM, T.K. OHO OIpeAeIsercs
BO3MOXHOCTSIMH T€JIECKOIOB (HabmogaTeIbHOMH aCTPOHOMHH).

AMILTATYO A =1
M -
: B B

r. v

A ) \ \ X

D
=CT |° =CT .| I=CT I=CT

Puc.27.4

OO0BAcHeHNE IMPUPOABI Iynabcammy nedeun Ha Oase ypaBHEHHUA
(21.1) TeM, 9TO OHM ABIAIOTCA ABOWMHBIMHM 3Be3[lamM¥, CHHUMAET 3Ty
HEHOPMANbHYI0 H HEOOBACHUMYIO Pa3HOPOAHOCTh HACEIEHHOCTH
Bcenennoit atumu 38e3gamu. Harmomuro, 9To B npenenax 10 mapcek ot
Conaua (3emiu) mBOHMHBIE 3Be3Abl HA3BIBAIOT BHU3YAIBHO-IBOMHBEIMHU
M3-33 TOrO, 9YTO MX MOYKHO HaOMIOZaTh C IOMONIBLIO TEJIECKONOB. 3a
IIpeAEeIaMy 3TOTO OTPOMHOTO PACCTOSHMSA JBOMHEIC 3B€3bl HA3BIBAIOT
CIIEKTPAIbHO-ABONHEIMH, T.K. CHEKTPalbHLIE HAOIIONCHHA 332 HUMH
OCTarOTCs EOUHCTBEHHO JAoCTynHeIMU. Ilo »3TOH mpuuuue 3TH
HaOmoeHHUA  JOUYCKAalOT  pasiMIHbIE  TOJIKOBAaHMSA  IIPHUPOIBI
HaOMI01aeMBIX B 3THX CIIeKTpax 0COOEHHOCTEH.

Taxux TonkoBaHu¥ ObLIO MHOro. IlepByr0 moneiTKy 000CHOBAaTh
N3McHeHNe Oiiecka 1edeus ABMKCHHEM M3Tydarolmeid 3Be3Isl IO
JUIMIITHYECKOM opOuTe BOKpyr Oonee cmaboro KOMIIOHEHTA
npeanpursi B 1894 rogy actpodmsuk A.A. bermomonbckuii B cBoei
JOKTOpCKOH auccepramud [8]. Jta rumoresa conepHUYanga ¢ APyroi
TUIIOTE30H, OOBACHSIONIEel BO3MOXXHOCThP M3MEHEHHs OJiecKka 3Be3]
IIEpUOANYECKUMH MynbcanusaiMu X o0beMa. OHa Oblia BBIABMHYTA B
1879 romy TteopetuxkoM B 00MacTM BHYTPEHHETO CTPOCHHS 3BE3]
A.PuttepoMm. VYKka3zaHHbIE THIOTE3Bl C IIEPEMEHHBIM YCIIEXOM
KOHKYPUPOBAIU APYT C APYTOM. Y o0eux MMeeTcs MHOIO TPYIHOCTEMR
1 MHOTO CTOPOHHUKOB. MBI He OyaeM BIaBaThCA B TOHKOCTH 3TOH
nuckyccum. BozoOnagana mynscalimoHHAas rMIIoTe3a. He B IIOCIeIHION
ouepelb 3TO OOBACHAETCA TEM, YTO CTOPOHHHUKH JBOMHBIX 3BE3[
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OCTaBAINCh Ha IIO3MIMH HE3aBUCHMOCTH CKOPOCTH CBeTa OT
opOUTATBHON CKOPOCTH M3TYy4aIOmeH 3Be3/H!. .

Bropas mnpHdMHA HOCHT CKOpEe ICHXOJIOTUYECKHI XapaKTep.
Pa3paboTuuxy M CTOPOHHMKH KaXIOH H3 3THX TMIIOTE3 CYMUTAKOT, YTO
IIPHYHWHA ITyJILCALMH 3Be3]] MOXKET OBITh TOJIBKO OIHA ¥ OHA HCKIIOYAET
apyryo. IloaToMy, ecimu cpei OrpOMHOr0 KOIMYECTBa HAaOIIOAaeMBIX
3BE31 BBIABISIETCA HECKOJBKO CIIy4aeB, KOTOPhI€ HE BIIMCHIBAIOTCH B
KaKy10 JU0O0 TUIIOTE3Y, TO 3Ta FMI0TE3a OOBIBIACTCS HECOCTOATETLHOM.
Ha Ham B3rsin ofe rumore3sl OTpaxkaror peannu Bcenennoit. T.e.
Cpeny ICPEMEHHBIX 3BE3]] MMEIOTCA 3BE3JIEl, Y KOTOPBHIX IyILCHUPYIOT
00BEME], a TaK)KE ABOHHBIC 3BE3[bl. Y NOCIEIHHMX IIyJbcalyu Oliecka
00yCIIOBIIEHB! THOO 3aTMEHMSMM OJHOIO M3 KOMIIOHEHT JPYTHM, IM00
M3-3a TOTO, 9TO IIEpeAHHE M 3aAHHE YacTH IYIrOB CBETOBBIX BOJIH
IOBIDKYTCS B COOTBETCTBHH C ypaBHEHMAMH (21.1) u (27.3) ¢ pasHbIMH
CKOPOCTSAMHM M BCJICACTBHE 3TOr0 00JIaJal0T pasHOi SHEPrUEH.

BeposTHO, B cTaTicTHKE 3BE3] IMPOUCXOOUT HEKOTOpPAs MyTaHWIIA
M3-3a OrPOMHOM Yy/IaJIeHHOCTH M HEBO3MOXXHOCTH PasriIsfeTh 3arajod-
Hble 00BEKTHI. BO BCAKOM cllydae COCTOSHWE 3HaHMM B 3TOM obnacTu
HAyKH He ITO3BOJIOT OJHO3HAYHO YTBEPXKIATh YTO-IHOO O 3aBHCHMOC-
TH CKOPOCTH CBETa OT CKOPOCTH UCTOYHHMKA. bosee HaJeXHBEIMH JI0Ka3a-
TEIBCTBAMH 3TOH 3aBHCHMOCTH ABJLIETCA HaOIIOZa€MOE COTVIaCOBaHHE
ABJICHUSA 3Be3qHOM abeppaimu, onbrToB MaitkenscoHa, Cambsika,
Homrinepa U Apyrux, MPOBEICHHEIX Ha 3emiie. BaxHO, 9TO 3aBUCMOCTE
(21.1) He BEIXOAUT 3a IPEHEIIHI 36MHOM NMPAKTUKH YEJIOBEYECTBA.

28. YMeHbllIeHHE CKOPOCTH CBETA 110 Mepe
yaAaJEeHHUsI OT HCTOYHHUKA

B rnaBe 4 Ownuta nonydeHa ¢opMyna g OIpPEeAC/ICHHS
YMEHBIIIEHUA CKOPOCTH ABM)KCHHSA MAaTCpHAIBHOIO Tella 4epe3 IIoe

HEBO3MYIIEHHOTro 3¢ upa (4.14)

s Vo

1+gt
k

(28.1)
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3mecy V,-ckopocte Tena B moMent t=0. Kax ObUIo mokasaHo paHee

a 18 -
BEIMYMHA Z =297-107%¢™ ouens mana. [TosToMy B GOJIBIIMHCTBE

CIIy4aeB CWJION U YCKOPEHHEM CONMPOTHBIICHMS, 0DYCIOBJIEHHOIO POCTOM
MacChl TE€Na BCICACTBUM IPUTOKA 3GHpa BHYTPh MOXKHO IIpeHEOpEYb.
OpHako, OHM MOTYT IIOBJIMATH HA CKOPOCTH ABIDKEHHSA (POTOHA CBETA OT
JaJeKux CBEeTWI N0 HaOmojarens Ha 3emie. 3aBHCHMOCTH CKOPOCTH
CBE€TAa OT BpPEMEHHU IBIKCHMA (POTOHA MOXKHO IIQJydHTH, 3aMCHHB B

dopmyne (4.14) ckopocts ¥V, Ha CKOPOCTH CBETa B MOMEHT HCITyCKaHHSI

dorona ¥, = C . Ona Takas e, KaK y CBETa B 3¢MHBIX YCIIOBHSIX

y =—C (28.2)

1+%;
k

Imapa.rer=3,15-10"° c. CnemopaTensHO, d9epe3 1MIPAJIET CKOPOCTH
dorona cBera O6ymer V=2,74-10° m/c, 9TO COBCEM HEMHOTO OTIIMYAETCS
OT 3eMHOM ckopocTH cBera. Yepes 10 miupa.Jier CKOpOCTh CBeTa,
IIPUIIEALIETO K HaM OT JajieKoil 3Be3asl, OyaeT V=1,53-108 M/c, TO eCTh
Oyzer cOCTaBIATH TOJBKO MOJIOBUHY OT HadabHOH ckopocTu. Yepes 15
MIIpA.JIET CBET, NpUINEAMIMKM C OKpanmH Bugumon Bcenennoit Oyner
nMeTh ckopocTh V=1,25:10° m/c, a0 uyTs Gombme 40% OT 3eMHOMH
ckopoctu cBeta. IIpoiineHHEIH CBETOM IIYTh MOXXHO OIIPEE/IHTh KaK

C o
L.=\V. -dt=——In|1+—1¢]. 28.3
¢ I" alk ( k) (28-3)

Yka3aHHO€ HM3MEHEHHE CKOPOCTH CBE€Ta OT BPEMEHHM, KaK MHE
KaKETCA, MOXHO OIPEJENUTh, METOZOM abeppalluM M TeM CaMbIM
IIPOBEPHUTH CITpaBeIuBOCTh hopmyit (28.2) u (28.3).

29. Maccel noxkos M ABMkeHun. Cea3b
MEKIAY Maccoi M dHepruei

B Mmexanuxke HpOTOHA Macca CYUTACTCHA BEIWYMHOM ITOCTOSHHOM.
BriocnencTBHM 3TO  OKAas3alloCh HECOBMECTHMBIM C  TpeOoBaHHEM
MHBAPMAHTHOCTH YPaBHEHMI II0 OTHOLICHHIO K IIpeoOpa3oBaHMAM
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JlopeHua, MCNOIB30BAaHHBIM B TEOpUMM OTHOCHTENbHOCTH. [lo3aTOoMy
OHHIITENH TPEAIIONI0KWI, YTO Macca Tejla 3aBUCHT OT CKOPOCTU Tena
OTHOCHUTENBHO TOM CHCTEMBl OTCY4ETa, B KOTOPOH IPOHU3BOIUTCH
M3MEPEHHE MAcCEL B pesyibTare 0Kka3anoch, YTO B ABYX ABIDKYIIMXCS
CO CKOpPOCTBIO V OIHAa OTHOCHUTEIBHO IAPYrol CHCTEMax OTCUETa UIA
CO3aaHus OAMHAKOBHIX yckopeHmii dV/dt Tema Hy)XHO IpHKIaABIBAThH
pasHble CHIBl. OTCIOAa Macca m, H3MepsAeMas B CHCTEME, OTHOCUTENBHO
KOTOpO#l OHa ABIDKETCA, OOMIbIIE MacChl M, B CHCTEME, B KOTOPO# OHA
noxouTcs. CBA3b MEXAY STHMU MaccaMu orpeaenserca popMynon

S R (29.1)

Yem OGompime CKOPOCTH ABIDKEHMSA Tena, TeM Oonbllie €ro macca.
IIpu crpemiiennn ckopocTH V K CKOPOCTH CBETa B IMYCTOTE Macca
CTAHOBUTICH OeCKOHedHO Ooibimioi. IToCKONBKY CHIBI KOHEYHBI, TO
CKOPOCTh CBETa B IIyCTOTE OKA3bIBACTCA ITPEACNIBHON BEIUIHHOIMA,
KOTOPYIO HeJIb3A AOCTHIh H TeM Oonee mpessoiitu. Maccy m,
ompeaeniemMyo dopmynoi (29.1), B Teopum OTHOCUTEIBLHOCTH
Ha3BIBAIOT ITOIIepedHO# Maccoi. MMeercs emé npomonsHas Macca

m=——"DTe (29.2)

HCIIONIb3yEMasi, KOTJa CJIA ACHCTBYET B HAIIPaBJICHUM JBIDKEHUA. B 3TOM
pas3zesieHHH Mace Ha MPOJOIbHYIO H IIOIIEPEIHYIO €CTh YTO-TO CTPaHHOE.
IloueMy mpofonpHas Macca HE BXOAUT B TEOPEMY MMILYJIBLCOB, IIpUMe-
HAEMYIO I MCCICAOBAHMS YCKOPEHHBIX ITOCTYTIATEIBHBIX IBWKCHHA
TENN, a BXOOUT IomepedHas macca? Bemp aTa macca HCIIONB3yeTcs B
IBIDKCHUSAX C OTKJIIOHEHHMSAMH OT NPSMOJIMHEHMHOro ABIDKEHMA. Teopema

MIMITYJI5COB TEOPHH OTHOCHTEIHHOCTH B CBETE CKA3aHHOTO MMEET BHJI
( )

d m, V-:
dt \/ y 2
\ c*

120

- F. (29.3)




W3 npuBeNeHHEIX (OPMYJ ClEAYyEeT, YTO 3aMETHBIC pa3nu4Hs B
BEIMYMHAX M KW m, OPOABIAIOTCA TOJBKO IIpH OYEHb OOIBLIUX
CKOpOoCcTAX V, npubnmxkamomuxci K CKOPOCTH CBE€Ta B IIyCTOTE.
JtumMu  QopMyJIaMH NONB3YIOTCA IPU H3YYCHHUH JIBHOKECHUA
3JIEKTPOHOB, MCIIYCKacMBbIX pagHOAaKTHBHBIMHU 3JIEMEHTaMH, a TaKXe
IPH Pa3srOHe U OTKIOHEHUAX IYIKOB JIEKTPOHOB B OerarpoHax,
CHHXPOTpPOHAX M Ipyrux mpubopax.

XoTss oOmneITHas MPOBEpPKa JBIDKCHHA DIEKTPOHOB B
MONEPEIHOM 3JIEKTPUYECKOM IIOJIE HOATBepAmwIa (opmyny (29.3),
OHa He MOXeT OvTh mpu3HaHa BceoObemmomeii. Henb3g He
3aMETHTh, YTO B JCHCTBUTEIBHOCTH HUKTO HE HU3MEPAT MacCy
OBHXEHHS JJIEKTPOHAa IIpHM OKOJIOCBETOBBIX CKOpocTax. Hemapom
OHMHIITEHHa My49/Ia MBIC/Ib, MOJKHO JIH TIEPEHOCHTDh NPEACTABICHUS
0 Maccax IMOKOS M JABIKEHUA ¢ MHEPIMOHHON Ha BECOBYIO MAaccy.
IIpsMass mpoBepKa BpAH JH OCYI[ECTBHMa H3-3a TEXHHYECKHX

TpyaHOCcTEH. IIOKa K€ KOHCTATHPYEM. YTO JIKCIEPHMMEHTAJBHO
M3MEPHJIH He MACCY. a CHJY, NMOTpeOHYI0 Naf pa3roHa MM
OTKJIOHCHHS IBMIKVLIErocHl 3JI€KTPOHA B CHCTEMe, CBA3ZAHHOM C

3emiiéil. EQvMHCTBEHHO  (ecCIOPHBIM _ NOITOMY  fIBJISIETCSH
HabJwaaeMoe YBEJIHUYEHHE 3TOH CHJIbI NPH CKOPOCTAX, OJM3KHX
K CKOPOCTH CBeTa.

O1iesnBag 3TOT BEIBOJI, BCIIOMHUM, YTO B Y€JIOBEYECCKON MPAKTHKE
HU3BECTHO MHOIO ClIy4aeB, KOrja IpH 3BOIIOIMMOHHOM H3MEHEHHH
PEKMMOB pabOTHI TOH WJIM MHOM YCTAHOBKM WIH MPOTEKAHUA TOTO WIH
MHOTO  SABJICHMSA  MNOABISMIOTCS  JOTOJHUTENbHBIE  (paKkTOpHL,
M3MEHAIONINE KOJWICCTBCHHBIE ITOKA3aTENM 3THX YCTAaHOBOK MIIH
apineHuit. IIpuwaém sti dakTopsl He Bcerga BUAHBL WX HYXHO yMETh
obHapyxuTh. B TEOpPUM OTHOCHTENBHOCTH IPEOYCMOTPUTEIBHO
HaJI0KEHBI 3aIIPETh HA BBIABICHHE TAKHUX NOMOIHUTEIBHEIX (PaKTOPOB.
OTO HOCTHTaeTcs BBEACHHEM MOCTYJaTa O IMOCTOAHCTBE CKOPOCTH
CBETa B IIyCTOTE H OTKa3e OT 3(upa.

IToaTOMYy OIPOBEPTrHYTH WJIM U3MEHHTH UTO-JIMO0 B 3TOH TEOPHH C
NO3ULMKM CaMOil TeopuH HEBO3MOXHO. JKECTKMIT MaTeMaTHYeCKHi
amnmapar BCerja IPUBEAET K TEM )K€ M3BECTHHIM BBIBOAaM. Teopmd
a¢upa cBoOOoAHA OT 3TUX OKOB. B €€ ocHOBe nexuT (pusmka raszos. OHa
HEIUIOX0  H3ydeHa. MareMaTtuka HIpaeT  BCIIOMOTaTeIbHYIO,
00 CITyKUBAIOIIYIO POJIb U HE CTECHAET UCCIENOBAHH.
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Ecnn BaymaTtecs B JIOTHKY OWHINTEHWHA, JIETKO MOXKHO
IPEACTaBUTh, KaK (UMK - TCOPETHK B CBOMX MBICIISAX COIIOCTAaBJIACT
OTHOCHUTEJIBHBIE ABIDKEHUS PasIMIHBIX TEN, CKOJIBKO OBl MX HU OBLIO U
Kak OBl JajleKko OPyT OT Apyra OHM HH Haxomwiuch. OIHAKO TPYAHO

INOHNATh, KaK TIPHPOIA ONpeacjadHeT H  OTCICKHUBACT, YTO
OTHOCHTEC/JAHbHO YE€ro ABMIKETCH H B KaKOH CcHCTEMe B gﬁﬂﬂﬂﬁ
MOMEHT BPEMEHH NMPOH3IBOAATCH BbLIYMCIICHHSA MACC. PeajabHee
NOMCKATH NPHYHHY VBOINYEHHH CHJILI HENMOCPEACTBEHHO BOKDVI

ABIKYIIerocs rejaa. U rakas npuuHHA MMEeTCs.
Bug dopmyn (29.1) + (29.3) HaBOAUT HA MEBICIb, YTO BJIMSHUE

CKOPOCTH V Ha CWIy, KOTOPYIO HYXKHO IPWIOXKHUTh K JIETAIIEMY
JNEKTPOHY, YTOOBI pPa30rHaTh €ro WM H3MEHHTh TPACKTOPHIO,
00yCOBIIEHO HE OTHOCHTEIBHOCTBIO ABMIKECHUA CHCTEM, B KOTOPHIX
[IPOU3BOASTCH U3MEPECHMS, @ BIMTHAEM CKUMACMOCTH 3(PUPHOrO rasa.

ONEeKTPOH M [PYTHE DJIEMEHTApHBIE 9acTHIBl ABIAIOTCA OYCHB
IUIOTHBIMH TenaMu BeenenHoii. [Toatomy 3dup obTekaer 3Tu Tena tak
XKe, Kak BO3nyX oOrexaer (QyTOONBHBIH MAY, HIH METEOPHT,
NIOMajaromii U3 kocMoca B armocepy 3emnu. CrnemoBaresbHO,
TedeHUA 3Qupa OKOJIO JETHIICTO 3JIEKTPOHAa MOTYyT OBITH OITHCAHBI
ypaBHeHueM Jlamnmaca aisi HEC)KMMAeMO# KHOKOCTH, €CIH CKOPOCThb
V<<Cy. 3aech Cyp -CKOPOCTH pacpOCTpaHECHUA CIa0BIX BO3MYIIICHHIA.
B riaBe 5 nokasaHno, 910 B ciokoitHoM 3¢upe C,, = 300000 xm/c

Fo/ox>+6%¢/dy*+8°9/62>=0. (29.4)

PaccmarpuBaeTca oOpaméHHOE JBIDKEHME. OTO OOBMMHEIA B
a’poanHaMuKe IIpUEM. B TakOH IOCTAHOBKE HE 3JIEKTPOH JABIXKETCS CO
CKOpPOCTBIO V Uepes CIIOKOHHEIH 3¢up, a, Ha000pOT, HAa HEMOABMKHBIH
3NEKTPOH CO CKOPOCThIO V Haberaer noTox 3¢gupa.

H3BecTHO, YTO CXUMAeMOCTh Tra3a IPOABIACTCA HOpH OOJIBIITMX
CKOPOCTSX M BEIPAXKACTCA B TOM, YTO ACHCTBHE OT JIHOOOr0 MCTOYHHKA
BO3MYIIEHHH Ha YyHAIEHHYI0 TOYKY 3ala3fbIlBacT MO CPaBHEHHUIO C
AHAJIOTMYHBIM JACHCTBUEM B HEC)KHMAEMOW CpENE, II€ OHO MPOSBIISCTCS
U nepenaércss MrHOBEHHO. De3BHUXPEBBIE TEUYEHUSI CHKHMAEMOro rasa,
KaKOBBEIM ABIIICTCA (UP IMPH CKOPOCTAX TSICHUS, IIPHUOTIDKAIOLIUXCS K
ckopocth C,, M, CIEAOBAaTENbHO, K CKOPOCTH CBETa B IyCTOTE, B
JIMHEWHO! ITOCTAHOBKE OIMMCHIBACTCS YpaBHEHHUEM [15]

(1-M> & /ox>*+6%@/oy*+80/0z*=0. - (29.5)
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B sroM ypaBHeHuH d9ucI0 M mnpexacraBnser co00i OTHOIIEHHE
CKOPOCTH T€4eHHMs K CKOPOCTH pacIpOCTpaHEeHHMs  clabbIxX
BO3MYIIEHUN B Ta30oBoM cpene. IIpumeHuTeIbHO K 3QHPHOMY rasy
BraiH oT MatepuanbHeix Tl  M=V/C,,=V/C .3necs C,,=C cKxopocTh
pacIpoCTpaHeHHs ClaOBIX BO3MYIICHMII B CIIOKOMHOM 3(Hpe.
IIpeobpazoBanueM KOOpAMHAT BUA

=( 1—M2)>¢H;y=yH;z=zH. (29.6)
ypaBHeHUuE (29.5) mis mpousBoibHOrO ducia M < 1 csoaurcs K
ypaBHeHUIO (29.4) mia aucna M = (. ITorennuan ckopocTed ¢ B TOM U
APYTOM CiIy4yae OAuH U TOT Ke. CKOPOCTh ABHKEHHUA Tena (JIEKTPOHA)
Hanpasnesa Baoiab och OX. @opmynsr (29.6) nMoka3pIBalOT, 9YTO TIPH
NEPEXOIC OT HECKMMAEMOM JKHAKOCTH K COKMMAEeMO# cpeae pasMepsl,
NONepeYHble K HamnpaBjIeHWIO [OBWKEHHA Tela HiId 3¢dupa, HE
U3MEHsI0TCH. Pa3meprl, COBNAparmue C HAapaBiICHUEM ABMKCHHS
BIonh ocu OX, COKpamjaroTcs OO CPaBHEHUIO C aHAIOTHYHBIMH
pasmepaMu BAOab ocH OX; B HECXKUMAaEeMOH cpefie B COOTBETCTBHU C
dopmynoii, copnagaromnicii ¢ popmymnoit Jlopenua - PuTIpKEpaIbaa,

- (V1=37 )1,

IIQH ITOM _HET HCOﬁXOEKMOCTH 6!KBaJILHO INOHHUMAThL 3TO

coKpamense Kak ¢pusnueckoe H3MeneHne pa3MepoB Tejl. PeajbHo

H3MEHAIOTCH CBOMCTBA TE€YCHUSA BQHEHOTO ra3a oxKoJio TeJja nu3i-3a
NPOSABJACHNSA CKMMAEeMOCTH, a dopMyanl nepexona (29.6) avmin
QOEMaJILHO MATEMATHYCCKH  TPAKTYIOT J3TO0 SIBJCHHEC KaK

M3MEeHEHHE [UIHHBI _TeJ B HanpaBJeHHH NX [ABWKeHHs. B
a’poAMHAMHMKE TakuM o0pa3oM  YCHEIIHO  II€PECUMTHIBAOTCA

a’pOJMHAMHYECKUE XapPaKTEPUCTHKHA KPHUILEB B  HECKHUMAEMOM
noToke mpu M=0 K COOTBETCBYIOIIMM HX XapaKTepHUCTHUKaM B
C)KMMAeMOM IOTOKe MpH JI0ORIX yucaax M < 1.

CoOTBeTCTBYIOIIME M3MEHEHUA IPOMCXOMAT HE TOJKO C
JINHEWHBIMU pa3Me€paMH, HO M MECTHBIMH CKOPOCTAMM TEYEeHMS.
HericTBUTENIbHO, npoaupdepeHIHpyeM NOTCHIMAN CKOPOCTEH ITo
xoopavHaTaM X,Y,Z B CKHMaeMOM IIOTOKE M, IIEpexols K
KOOpAUHATaM XH,YH,Z B HEC)KUMAEeMOM MOTOKe, OyzIeM UMETh

o _ 69¢ op_Jdp  op_Jp (29.7)
& 1-Md, ¥ ¥, & &,
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YuuTEIBasi, YTO NEPBBIE MPOU3BOAHBIE OT MOTEHIMAIA CKOPOCTEH
KaKk 1 HECKUMACeMOH, Tak M JUId CXKHUMAEeMON Cpeabl paBHH
COOTBETCBYIOIIIUM ITPOEKIMAM CKOPOCTH BO3MYILUEHHOIO TEYCHHS Ha
KOOpAUHATHEIE OCH, 3aMeHUM (29.7) Ha COOTBETICTBYIOIIIHE PABEHCTBA

yr— Ve
T oV1-M?

OTH PaBEHCTBA JAalOT CBA3b MEXKIYy CKOPOCTAMH BO3MYILIEHHOTO
TE4EHUs] OKOJIO O0TekaeMoro Teia, HAIpuMEp JJIEKTPOHA, B
CKUMaEeMOM H HECKHMMacMOM: IIOTOKaX BO BCEX COOTBETCTBYIOIIUX
TOYKaX, CBA3aHHBIX YPaBHCHUAMH (29.6).

Cxopoctu BO3MyIIEHHOTO Te4eHUs V' u V'y mpeacrasiaior cobon
abCOMIOTHBIE CKOPOCTH Te4eHHA DJ(QHUpa OTHOCHTEIBHO IIOJIA
CIIOKOMHOr0 3dupa B CHCTeMe KOOpPAMHAT, CBS3aHHOW C TEJIOM
(3NMEKTPOHOM) U IBHXKYIIIEHCSA BMECTE C HUIM CO CKOPOCTBIO V.

B cBa3m ¢ 3THM OTMeTHM, 910 ypaBHeHHa (29.6) + (29.8)
PacKpBIBalOT  CYIIHOCTh  PEANBHBIX  (PU3MYECKHX  SBIICHHM,
IPOMCXOAAIINX B CKMMAeMOM 3(pHPHOM rase OKOJO ABIXKYIIETOCS
aiexkTpoHa (tena). Ilpum sTOM caMO HCCI€aOBaHUE IOATAJIKHBAeT K
HE0OXOMUMOCTH pa3obpatbCsi B CHCTEMax KOOPJAMHAT M HX
OTHOCHTEJIBHEIX JABIDKECHUAX. JTO O9€HDb HAIIOMHHAET IIOAX0AbI 00mein
TEOPUH OTHOCHTEIBHOCTH. B HEH TaxKe paccMaTpUBAalOTCH JIBE
CHCTEMBI, JBHXYIIHMECS OIHA OTHOCHTEIBLHO IPYroi C HEKOTOpPOH
CKOpPOCTBIO V. B 3aBHCMMOCTH OT TOr'0, B KAKOH CHUCTEME HU3MEPSAIOTCH
CKOPOCTH M APYTHE HMHTEPECYIOUIHUE BEJIMYMHEI, B MX BBIPAKCHHIX
nosensercs nompaeka 1/(1-M*)"2. Toneko B TEOPUHM OTHOCHTEIHLHOCTH
OHA HCKIIOUHUTC/IBHO  ONPEACIAETCS CaMHUM  OTHOCHTEIBLHBIM
ABIDKCHUEM, a B TEOpHH 3(HUpa 3Ta MOIpaBKa HANIOIHEHA QUIHICCKUM
CMBICIIOM, TaK KaK Y4YUTHIBAaeT BIMWSIHHE CHKHUMaceMOCTH 3¢upa. B
ra3oBOM JIMHAMHKE OHAa H3BECTHa KakK nompasBka IlpanHaTnga Ha
CKMMaeMOCTh  Bo3ayxa. CKOpOCTh pacnpoCTpaHeHHs  ClaabbIx
BO3MYIICHUH B 3pHPHOM H I0O0OM IPYroM rase HE 3aBUCHT OT
COOCTBEHHOM CKOPOCTH HCTO9HHMKAa BO3MymleHus. NMeHHO 3TO
CBOICTBO B TEOPHH OTHOCHTEIBHOCTH 0€3 J0Ka3aTeIbLCTB IEPEHOCUTCH
Ha CKOPOCTh CBETA K BBOJIMTCS KaK HEIIPEPEKAEMBIN MOCTYaAT.

13 cootHOomenu# (29.8) BUAHO, YTO BO BCEX TOYKAX CKUMAEMOIO
notoka npu M>0 abcomoTHEIe cCKOpOCTH 3Pupa B HanpaBICHUHUH OCH

V=V V=V (29.8)

y
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OX (mampaBnenwe memxenms tema) B 1/(1-M?)'?  pas Oombie
CKOpOCTEHl B COOTBETCTBYIOIIMX TOYKaX HECKHMMAeMOro I0TOKa IIPH
M=0. Takue xe u3MeHeHuss GyAyT MPOUCXOAUTE B IIOJIE HECKUMACMOI0
[I0TOKa OKOJIO TelNa, €CIIM BMECTO Y4€Ta BIMAHMA CXKAMaeMocTH, THOTH
(bOpMaNBHO, YBEIHYUTh CKOpOCTb HaGeraromero moToxa B 1/(1-M)
pa3, TO €CTh CAUTATH CKOPOCTh Haberaromero noToka

y = —Lu

J1-M?

B mpaMoM ABH)KEHMM, KOTZa TelIO (3MEKTPOH) ABHDKETCH TEPE3
CIIOKOMHEIA 3dup, ckopocti V u V, OyayT ckopocTamu 3T10r0 T614 B
CXXHMaEeMOM M HEC)KMMAaeMOM II0TOKax. B arom cimygae TeOPEMa
MMITYJIGCOB 3aIUIICTCSA B BHAE

d( =\ d V .
Zlmyv)l== H = F. (29.9)
dt ( (¢ ) dt mo J]_ _ M2

3necs, kak M B Mexanmke HpBIOTOHa, Macca Teda m, ABIACTCA
BCJIMIMHOMN ITOCTOSHHOM, @& CKOPOCTh, YCKOpEeHHE H, Kak CICACTBUC,
cuna F 3aBHCAT OT IONpaBKM HA BIMAHHE CXKMMaeMOCTH dPHpa
1/(1-M3H*2, |

Hlatee mnocnexyeM 3a JIOTHKOH TEOPHHM OTHOCHTENBHOCTH H
NIpEMEM, 9TO NpH JHOOBIX CKOPOCTAX JBWKEHHMA Teja, HANPHMCD
3I€KTpOHA, 9TOGHl NPHIATH €My OJMHAKOBhIE yckopemus dV/dt u
dV./dt B cxximMaeMOM B HEC)KMMAaeMOM TOTOKAaX, Hy)KHO IpuiI0KHTb K
HEMy pa3Hple CWiIbl. B Takoll NOCTaHOBKE B YypaBHEHHH (29.9)
[IOIIpaBKa 1/(1-M2)1’ 2 ¢opMansHO IIEpEMEINAcTCs CO CKOPOCTH Hil
Maccy Teia. B pesynbrate 3Ta Macca nepecTaér ObTh moCTOAHHOM
BEIMYMHOH WM HAYMHAET 3aBHCETh OT CKOPOCTH JBIDKEHUA T
OTHOCHTEJILHO CIIOKO#HOro a¢upa. Hao60pot, ckopocTy 1 yCKOPCHIA
B CKAMAaeMOM M HEC)KHMAEMOM IIOTOKaX 3(upa mpupaBHUBANTCH
MEXIy COOOH: |

V=V, dV/dt=dVy/dt.
B pesynbsrare Macca mprHoOpeTaeT CMBICI MacChl ABIpKeHIA M IPH
CKOPOCTH V M MacChI IIOKOS m, TP HYJIEBOH CKopocTH. Mexay HHMH,
Kak ciaexyeT u3 (29.9), popMansHO yCTaHaBIMBAETCA CBA3b

m=mJ/\1-V?/C> (29.10)
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3nece V - CKOPOCTh TeNa OTHOCHTENBHO CIIOKOHHOTO 3¢upa. Ilpu
TAaKOM TIOHMMAaHWM MacChl TeopeMa HMIyJsCoB (29.9) npuobperer
BHJ, KaK B TEOpUM OTHOCUTENBHOCTH [19]:

d
dt

=F (29.11)

C TOo4Ku 3peHMA IMPAKTHYECKOTO MCIOIL30BaHuA popmyna (29.11)
HUYEM He oTiimdaercs oT Gopmyisl (29.3) TeOpHH OTHOCHTEIHHOCTH
Oitnmreiina. OnaHako u3MeHsercs (uimocodckas 3HAYMMOCTH 3TOMH
¢GopMyIIbl, TaK KaK B a3pOJMHAMHKE M3BECTHO, YTO HCIIOI30BaHHAN
Ipu €€ TONydeHHH JIMHEHHas Teopus HE JaéT NpaBHJILHOTO
pesyiabsrata nmpu M=1. [lusg 3TOoro B a’pOgUHAMUKE MCIIOIB3YETCS
Apyrasi Teopus, pa3paboTaHHas I TPaHC3BYKOBBIX TE€YCHHU. ITa
TEOpUs, XOTA U Na€T MaKCUMAJILHBIC 3HAYECHUS I CUI, IEHCTBYIOMIMX
Ha Teja B ra30BBIX IMOTOKax mpu M=1, HO CHIBI IIpH 3TOM OCTaKOTCA
KOHEYHEIMM BEJIMYMHAMU. Takas ke TeOpHs JOJKHA IIPUMEHSTECH OIS
aHaJIKn3a TPAHCCBETOBBIX TeUCHUi 3dupa.

[Tostomy Ha ocHOBaHuM ¢opMya (29.3) u (29.11) e cnenyer
aenatb (uiaocodckuif BEIBOJ O HEBO3MOXHOCTHA MPEBBILICHUS
CKOPOCTH CBETA B ITyCTOTE MaTEpUAaJbHRIMU TE€JIaMH. Y MECTHO B CBA3HU
C J3THM HaINOMHHMTH, YTO B IIOCJICHEE BpeMA MOABWICH pAA
nybnukanuii 06 acTpOHOMHYIECKHMX HAOMIOACHUSIX CBEPXCBETOBBIX
CKOpPOCTEH HEKOTOphIX KOCMHYIeCKkMX oOOBekToB. OpHako cenvac
IIO3ULIMHA TEOPHUU OTHOCHTEIBHOCTH €IN¢ HACTOJIBKO CHIIBHBI, YTO K
ITUM COOOIIEHUAM OTHOCATCH C HegoBepueM. HecMoTps Ha (axThl,
CTOPOHHMKH 3TOH TEOPHMH IBITAIOTCA HAMTH OOBACHEHMS, BRIBOAAIINEC
U3 1104, KPUTHKH OCHOBHOH IIOCTYJIAT TEOPUU OTHOCUTEIILHOCTH O TOM,
4TO B IPUPOAE HE CYLIECTBYET CKOPOCTEii OOMBIE CBETA B IYCTOTE.

CoBepIeHHO SICHO, YTO IpH BEIBOAE ¢opmyasl (29.11) monmpaBka
1/(1-M*»" jump dopMmanbHO NepeHeceHa ¢ YCKOpEHMs Ha Maccy.
IToaToMy O 3aBUCMMOCTH MacChl OT CKOPOCTH MOHO TIOBODHTH
IOCTaTOYHO YCJIOBHO.

Ciexyer OCTaHOBHTHCH €IIE HA OJHOM MOMEHTE, CBA3AHHOM C
Pa3sTOHOM D3JIEKTpOHA, BO BpeMs pasroHa 3JIEKTPOHA INPH THCIIE

Maxa 6onbpwmie kpuTH9eckoro umciaa My, B IoTOoxe 3(pupa OKOIO
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3NEKTPOHAa BO3IHHMKAIOT JIIMOM000pa3sHBle CKAYKH YIUIOTHEHUA. JTO
SABJICHHE CONMPOBOXIACTCA ITOABJICHUEM BOJIHOBOT'O CONPOTHBIICHHS,
Ha TIPEOJIOJICHHE KOTOPOTO HY>KHA JOIOJHHUTENbHAs cwia. Brnoixe
IMOHATHO, YTO BOJHOBOE COIIPOTHBIICHHE, IPENATCTBYHA pa3roHy
JIEKTPOHOB B IMIOCTYIAaTeIbHOM HAIIpaBICHHUHM, HE OKa3blBacT
BIMSHUS Ha UCKPHUBJICHUE MX TpaeKTopui. Buammo ¢ 3TUM CBA3aHO
pa3neieHue B TEOPHHM OTHOCHUTEIBHOCTH MAacC Ha IIPOIOJBHYI H
nonepednyio. VisMeHuB creneHp B 3HameHatene GopMmynsl (29.1) u
npeBpatuB €€ B ¢opmyny (29.2), yaanoce npuOIKEHHO yYeCTh
AOIOMHUTENBY0 CHIJIy BOJIHOBOTO COIIPOTUBICHHSA, KOTOpas
MOABIETCAd MMEHHO MNpH HPHOMIKEHHH CKOPOCTH 3JJICKTPOHa K
CKOPOCTH CBETa H IO3TOMY IICHXOJOTHYECKH CBA3BIBACTCH C
YCKOPEHUEM JIEKTPOHA.

H3BecTHO, 4YTO MNpENCTaBICHHE O Maccax IIOKOS M JIBIDKCHUSA
IIO3BOIUI0 B TEOPMH OTHOCHUTEIBHOCTH IONY4UTH (HOpMYITy, .
CBA3BIBAIOLIYIO MAacCy C DHEPruen

E =mC> (29.12)

ITockoneky dopmynsr (29.9)+(29.11) wuoeHTHYHBI (QopMynaM
(29.1) u (29.3) Teopun OTHOCHUTEILHOCTH, TO BRIBOA (hopMyJsl (29.12)
B PaBHOI Mepe OTHOCHUTCS K M3JaracMo Teopuu ddupa. ITOT BBIBOA
MOXHO HaWtu B [7,19,22 u gp.]. IloatoMy MBI HE CTaHeM
BOCIIPOM3BOOUTH €ro B 3T0iH pabore. OTMETMM JIMIIb M3BECTHBIC
BRIBOAK M3 3TOH (OpMyJBl: M3MEHEHME MacChl Belfr K
3KBMBAJICHTHOMY M3MEHEHHIO SHCPTHH M, HA060pOT, SHEPIHs M Macca
3KBHBAJIEHTHBl APYyr Apyry; BCAKasd IOKOAINAACAd Macca m,
TOXAECTBEHHA C KOOCCAIIbHEIM 3aIIaCOM SHECPTUHU

E,= mOCZ.

OTa 3HEprus MOYTH BCA OCTa€ICs B MAaTEPHUAJILHOM TENE IIpH
TeMneparype abCoMIOTHOrO HyJd. Ity 3Heprmo Ilnamk Hassan
CKpeITOM dHeprueil. Korga noxosimascs Macca IpuoOperaer
CKOpPOCTBV, TO €€ 3arac SHepIruu

2
m, C
2

E=mC* = = ——
Vi-v2/C

W3 oroit GOpMymsl BHOHO, YTO BedWuMHA (MyV>)/2, OGKMHO
Ha3hIBaeMad KHHETHICKON BSHEpPrueil MBHIKYIIErocs Teja, COCTABJAET
JMIIbF  HHYTOXHOE IpHUpAlleHHEe DHEPruM, COOTBETCTBYIOLIEE

=m,C? +%moV2 + o
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ckopoctd V. IlomyTHO HanmoOMHHM, 4YTO B pa3gence 5 Obuia OTKpBITa
rpaBUTALIMOHHAS DHEPIUsi, 3aKII0YEHHAs B MaTCpHAIBHBIX TEJIaX. JTa
PHEPrUsd, B CBOI O9YEpeSb, BO MHOro pa3 O0osplne SHEPIHUH,
onpenenseMoit hopmynoii (29.12).

30. YepHble ABIPHI

UEpHBIMHU IBIpaMHU Ha3BaHBI 3BE3/IEI, KOTOPHIE MPEANOIOKUATEIHHO
MMEIOT HacTOJMBKO OOJbIIME MACCHl M Majbie pasMEphl, YTO CBET HE
MOJKET NPEeo0NIETh CIHY TSIKECTH M IMOKMHYTH 3Be3y. U3mectHo [9],
9TO IJIA yXO#a OJHOIO KOMIIOHEHTa M3 IBOMHOM CHCTEMBI MacC €ro
CKOPOCTh HO/KHA JOCTHIaTh HEKOTOPOro KPUTHYECKOrO 3HAYECHUS,
Ha3LIBAEMOTO BTOPOH KOCMHYECKOH CKOPOCTBIO. IJTa CKOPOCTH
onpenensercs GopMyoi

2fm
-

o
Ecmn BmecTo Cckopoctd V B 3TOM BEIPAXKEHHM IIOJCTaBUTH
ckopocth ceera C = 3.10° m/c, pelIuTh €ro OTHOCHTEIBHO PamHyca
3BE3MHI T, TO MOYYNM 3HAUYCHUE TPABUTAIIMOHHOTO paguyca 3BE3IEL C
MacCcoHu m, :

V= (30.1)

r=2fm,/C>. (30.2)

Ecmu paguyc 3Be3Asl MEHBIIE 3TOr0 3HA49eHMA, TO TOkEnas
CBETOBas BOJHA WM (OTOH CBETa HE MOXET €€ MOKMHYTH H 3BE3Aa
NO/DKHA NOTaCHYTh Ui OCTAJIBHOTO MHpa. YBHIAETH ‘9€PHYIO ABIPY
HEBO3MOXHO. IloaToMy mombITKM €€ (MX) OOHAapyXWUTh CBOJATCA K
IIOUCKY BTOPHYHEIX #ABJCHHH H3 00macTH HEOOBMHO CHJIBHBIX
ITPaBUTALIHOHHEIX B3aMMOJCHMCTBUH B I[€HTpax raiaxkTuk. Mmeercs
TaKke Teopuss XOKHHra, O KOTOPO# ynommHaercs B [21], cormacHo
KOTOPOH u3-3a “ncnapeHus” UEPHBIX MOBIP IPOMCXOMMUT IIOIHOE
COBIIQJICHHEC M3Iy4YCHUA 9EPHOH JIBIPEl C HIIYyYCHHEM OOBIYHOTO
HarpeToro Tena.

Xota camo yciaoBue (30.2) mpaBHIBHOE, UMEIOTCS COMHEHHS B
BO3MOXXHOCTH CYILIE€CTBOBAHMSA 3BE31-9CPHEIX ABIP, YAOBIECTBOPAIOIINX
3TOMy ycnoBuio. Uto6s yOeautsca B 3TOM, monpolyeM NMpHMEHUTE
€ro K THUMNOTCTUYECKOH 3Be3re, o0pa30oBaBHICHCH B PpPE3yJIbTaTe
KOJjUlanca W3 HOPMAJbHOM 3Be3dbl C HCXOAHBIMU IIapaMeTpaMu
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Conuna: Macca moc=2-103°1<r, Toc=7 -108M, a)oc=2,9-10'6c'1. ITocie
KaTacTPOHUUECKOTrO CKATUA 3BE3Ibl 3TH NapaMeTphl U3MEHATCSA Ha
mapaMeTphl 9epHOR JBIphl mq=2-10>kr, 1,,=3-10°M (w3 ypaBHeHm:
+30.2), Wq=0oc rozc / rfa =1,6-10°c” (43 ycaoBus COXpaHEeHMs MOMEHTA
KOJINYECTBa ABMXCHMA). [lanee BRIYUCIUM CPENHION0 IUIOTHOCTDH 3TOH
JEPHOH HBIPBl Pag=3My, /4T r,3,=1,8-10201<r/M3. Ona oka3anace B 180

pa3 6onpIIe IUIOTHOCTH aTOMHOTO sApa (Q-4aCTHLbI), Yero OHTHh HE
MOXKET.

IlpopomoxuMm Ham aHanu3. i 3TOro  3amMINEM  YCIIOBHE
paspylIeHUAs 9YE€pHOM MOBIPH LUEHTPOOCKHBIMH CWIaMH.: OJTO
NPOU30MIET, eCIH IEHTPOOEeKHAs CHJIA ITPEBRICUT CIITY TSDHKECTH

Fus/Frms=4n? 1, /f M T2=5,16 >1 (30.3)

Tlepwox  BpameHHs  depHOH  meIphl  T=2m/0.;=3,915-10"c.
£=6,7-10""H-M*/xr*. Kax BuEHM, paccMaTpHBacMas uepHas IBIpA B
AEUCTATENIPHOCTH Obula OB pa3opBaHa IIPOTHBOACHCTBYHOIIMMU
cuwiamMd. B cymecTsyromeil Hay4YHONOMYJISIPHOH JIMTEpaType 9acro
MOXKHO BCTPETHTH YTBEPXKICHHUE, 9TO 3BE3aa ¢ napamerpamu ColHIIA,
IIPEBPATHUBIINCE B 9EPHYIO OBIPY, COXMETCS B CHepy C KPOXOTHBIM
TPEXKWIOMETPOBBIM pPaguyCcoOM, HO MHE HH pa3y HE BCTPETUIOCH
NPONODKEHUE DTOTO HCCICHOBAaHMA, KOTOPOES NOKA3hIBAIO OBI, 9TO
Takas 3Be3/la HeyCToN4YuBa U OyAeT pa3pyllcHa.

B Teopuu 3dupa MMeeTcs elle OHA IpHYMHA, 3aCTaBIIAIONIAsd
yCOMHUTECH B CYIICCTBOBAHUM 3BE3A-9ECPHBIX IBID,
yaoBiaerBoparomux yciaoBuio (30.2). OHa COCTOHT B TOM, 4TO
pagnanbHasE CKOPOCTE V, HE MOXET IPEBBICHTh MAKCHMAJIBHYIO
CKOPOCTH I 3(Hpa MPU UCTEICHHNH B NMMYCTOTY Vimex—=319615 xm/c.
IIpu JOCTHOKEHUU 3TOH CKOPOCTH BCH BHYTPECHHSASA SHEPrud KaXIOH
C€OUHMIIBI MACCHl TIa3a IMOJHOCTHIO IEPEXOJUT B KHHETHYECKYIO
HEPTHI0 MOCTYIIaTeAbHOro ABKEHHA. O9eBUAHO, 9TO MUHNMAJILHBIN
paauyc 3Be3lbl, IpY KOTOPOM pajHalbHBIE CTpyu 3>dupa NOCTHTaroOT
MaKCUMAaJbHO BO3MOXHOM CKOpocTH V=V, OINpenensercs wu3
BEIpakeHu# (1.8) n (2.5) xak

Fomin = = mO 2 me (304)
ar - p,V . a-V,..



Crnenyer y4ecTh, 9TO C pOCTOM CKOPOCTH 3(pupa K 3HAYCHUIO Vpax
IIPEKPATHTCA XaOTHYECKOE JBIKEHUE aToMOB 3¢upa. B 3Ttom cioydae
acpnpnbm ra3 Oyder NEepexoauTh B CBOIO JXKHIKYIO (basy U Ha
IIOBEPXHOCTE 3BE3/EI IO MHEPLHH MPONBETCS AOXKIb XKHUAKOTO 3dHpa
(uevirponno#t xwmaxoctd). CHila THKECTH HA IOBEPXHOCTH TAKOM
3BE€3/Bl II€peCTaHET IOMYMHATHCK 3aKOHY HbioroHa. K Kakum
IIOCAENACTBHAM AU 3BE31bl 3TO IpuBeler? BepoaTHO, 3TO HapylIMT
pPaBHOBECHE CWJI BHYTPH 3BE3Ibl U IPOH30HAET e€¢ B3phbiB. IloaTOoMy
TaKWe 3Be34bl BPsij JIM CYLIECTBYIOT IIUTEIBEHOE BpEMS.

ITpu o=1 ¢ u p,=1,19-10° r/cM’ MHHMMANBHEIH PagHyC 3BE3MBI C
Maccon ConHna, nNpu KOTOPOM 3Be3[a HCYE3aeT ‘M3 IO0NsA 3PSHHS
cornacHo BuipaxkeHMI0 (30.4), O6ymer 1o mn = 508 xM. 3HadeHue
MHUHMMAJIBHOTO pPaguyca T, min A4 3BE3x ¢ Maccoir ComHna
COOTBETCTBYET IOPAAKY BEIMYHMH PaJAyCOB PEaTbHO HaOII0AaeMBIX
3BE3 TUTIA OeNbIX KapianKoB. CaMblii MaJICHBKMIT U3 U3BECTHBIX OEIIBIX
KapIuKoB - 3Be3na Bonsh 457 [8] mmeer maccy m, = 1,01-10® r u
paguyc 1, = 700 kM = 0,7-10° cM. MHUHMMANEHEIH paguyc IS 3TOH
Macchl cornacHo opmyie (30.3) 6yIeT To mn=361 kM=0,361-10° cMm.
Benslit Kapiuk - 3Be3fa Ban-Maanena mveer Maccy mg=0,28-10 r u
pagnyc r,=4900 xkM=4,9-10° cM. MHBHMAaJIBHEIM paguyc i MAacchl
ITOM 3BE3ABI Tom=190 kM=1,9-10" cm. Taxum o0pa3oM MOKHO
yTBEpXKAaTh, YTO O€Nble KAapIMKU HaxoAdTca HEOAJIEKO OT Iopora
BHAMMOCTH 3BE31. Hemapom acTpoHOMBI HE BHAAT Ha Hebe 3Be3f
MeHbIIe 0€JbIX ¥ KPaCHBIX KapJIMKOB. &

31. KopoTkonepnoauyecKue nyJabCaphbl
H HEeHTPOHHbIE 3BE3AbI

[TynecapaMu Ha3BaHBI 3BE3AbI, SBAIOIIMECH HCTOYHHKAMHM
KOPOTKHX NEPUOOUYECKUX HUMITyJICOB pPaavo0 M PEHTTEHOBCKOI'O
u3ayuyeHus. BOJNBIIMHCTBO ITyJbCapoB, HMX u3BecTHO okono 300,
M3Iy9al0T MMIYJIBCHL C OY9E€Hb KOpOTKMM mnepumogoM  I=lc. (B
maTepBane T=1+3c). Ho wm3BecTHBI Takke KOPOTKONEPHOAMYECKHE
mynbcapsl [9]: PSR0835-45 ¢ nepuogom T=0,089¢c u PSR0531+21 ¢
nepuogoM T=0,033c. ITocneauuit pacmoaoxkeH B LICHTpe KpaOOBHAHON
TymaHHocTH. B [11] orMmedaercs, 4TO mynbcap-peKOPACMEH C
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HauMensmiiM nepuogoM T1=0,00155¢ obmapyxen B 1982 rogmy B
co3se3guu JIucwaku. OTKpeITHE ITylibcapoB OTMEdeHO B 1972 romy
Hob6eneBckol mpeMueii.

[leppogndHOCTE paagMOCHTHAIA CBA3BIBACTCA C  OBICTPBIM
BpalllCHUEM TaK Ha3bIBAEMBIX HEHTPOHHBIX 3Be3[, CuwuTaercd, 9ro
3BE3/1a-MCTOYHMK H3IydEHMI Bpalmaercs Hamogobue ¢GoHapsA Maska.
IJTO CO3MA€T IPEPHIBUCTOCTh H3IydeHMA. YTOOBI OOBACHUTD
HauMmeHbpIiud nepuon  1=0,00155¢, mpeamomaraercs, 4ToO 3Be3da
Bpamaercs ¢ OTPOMHBIM 4HCIOM 000poTOB n=645 06/c. IIpu 3TOM
BO3HMKAeT ONACHOCTb, YTO OHA OyZeT pa3opBaHa LEHTPOOECIKHBIMU
cunaMi. YToOkl 3TOr0 He MPOU3ONLIO, MPUXOANTCH MPEeATIONaraTh, 4T0
ee pamuyc Membme 20 kM. IDIOTHOCTH BEmIECTBA TAaKOM 3BE3MBI
npuOIM3mIachk K IVIOTHOCTH BEIIECTBA ATOMHBIX AAEP |:>=10181cr/1v.[3 :
HWMeHHO 3TH 3BE€34pI Ha3BaHEI HEUTPOHHBIMU. VX MacChl OI€HUBAIOTCH
B nipeaenax ot 1,4 no 3 macc ConHua.

BemecTBo, Cxaroe 10 TaKOH IUIOTHOCTH MO MHEHHUIO YYEHBIX-
pa3paboT4UKOB TEOPHHM HEHTPOHHBIX ITyJBCapOB IPEBpAILACTICS B
CMECh HEHUTPOHOB ¢ HEOONBUIOH MPHUMECHIO MPOTOHOB M 3JIEKTPOHOB.
BHyTpeHHEe  yCTpOHCTBO 3BE3/EI OITUCEIBAETCS BECbMa
IpHOIM3UTENRHO, TaK Kak (U3MKa HE pacrojaracT HEOOXOAMMBIMU
3HAHUSMU O CBOMCTBaxX B3aUMOIEUCTBUI HEUTPOHOB B YCJIOBUAX
orpomuoro cxarus [11]. Tem He MeHee cuuTaeTCH, 9TO HEUTPOHHAS
3Be3/la NpEACTaBiseT coboit He rasoBylw, a XKy chepy. VHage
IPHILIOCE OBl IPEAIIONOXKHTE, YTO a3 B LEHTPE 3BE3HbI CXKaT [0
Oosnee IUIOTHOTO COCTOSHHUSA, YEM BEINECTBO aTOMHBIX SAep. ITO, IO-
BUIMMOMY, BBIXOJHUT 338 pPaMKH CaMBIX HEBEPOATHBRIX (paHTa3HN.
IlonararoT TaxoKe, YTO HEMTPOHHAA KUJIKOCTD JIMIIEHA BA3KOCTH.

BripabaTeiBasi cBOe OTHOIIEHUE K HEUTPOHHBIM 3BE31aM, CIELYET
[IOMHWTH, 9TO JUAMETPHl U IUIOTHOCTH JTHX TMIIOTETHYSCKHX 3BE3J
HUKOTJa U HUKeM He usMmepsiuch. CaMm (PakT HMX CYIIeCTBOBaHUS
[[EIUKOM OOYCIOBIEH TOJBKO TE€M, YTO He OBUIO HAaWJIECHO IOPYTOro
o0pACHEeHUsI, KpoMe OBICTPOrO BpaIlleHHA 3BE3ZbI, MUIA HAOII0gacMOH
OPEPEIBUCTOCTH H3Iy4yeHHUs IIyJbcapoB. Ceirpano CBOIO poib, IIO-
BUJMMOMY, €ImIE€  JKCNaHWE  psAda  BIMATEIBHBIX  Y9E€HBIX
MaTEpUAIN30BaTh TEOPETHICCKYIO MOAECIb HEUTPOHHOM 3BE3/IBI.

Hamu coMHEHHA B IPaBWIBHOCTH OOMICIPHHATOrO OOBSICHEHHS
MHUTaHUS IIyJIbCAPOB OCHOBAaHBI HAa TOM, YTO HEUTPOHHEIE 3BE3/IBI
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OKa3aJIMCh HAMHOI'0 MEHBINIE MHHUMAJIBHOIO paanyca BHIAUMOCTH
38e3q (30.4). 3Be3mn! Takoro pasMepa IOMATCS TONBKO Ha POIB
"gepusIx ABIp". B cBA3M ¢ 3TMM nONPoOyeM COCTaBUTH CBOE
COOCTBCHHOE MpEACTaBICHWE O TOM, HE MOTYT JH HEKOTOpEIE H3
peasbHO CYIIECTBYIOIIMX M HaOmofaeMbIX "O€IBIX KapauKoB"
BBICTYIIATH B POJIM MyJibcapoB. s omeHKH IMOy4YHM YCJIOBHE B BHJE
OTHOIICHMA CHJIBI TSDKECTH HA ITOBEPXHOCTH BPAIIAIOIIEHCA 3BE3JB K
LCHTPOOCKHON cuile, KOTOpOoe, YTOORI 3B€34a HE pa3opBalIach, NOKHO
ObITH OOJBIIIE UM PABHO CAWHULIE:

F 1ul/Fus = fmTH4w’ry 2 1, (31.1)

rae T - mepuonx BpamieHUs 3BE3Jbl; m - Macca 3BE3IBl; I, - paauyc
3BEe3.Ib.

PaccMoTpuM caMelii pacnpocTpaH€HHBIA [MEPHOJA  BpallCHHs
KopoTkonepuognueckux mynscapos [13] T =1 c. Ecnu OB ¢ Takum
IIEPHOAOM BpaIajiaCh ¥ W3Tydalsia paaupBOJIHEI 3B€3/1a Oe/Iblil Kapiaux
Bome-457 (mapamerpst cMm. B Tab6n.31.1), TO cmia TsbxecTH Ha eé
MOBEPXHOCTH [IOYTH B IATH pa3 NpeBslmaia Obl HEHTPOOEXKHYIO CHITy.

Ta6auma 31.1

HaumenoBanne Macca, Panuyc, Cxopocts | Cxopocrs
o0BeKTa r cM aupa, adupa,
' KM/C M/c
3Be3na Bonsd 457- 1
1 Genbiii KapJMK 1.01¢ 10 | 0.70108 136800 1.36 e 10°
3Be3na Ban-Maanena-
OeJIBIi KapIuK 0.28010% | 490 10° 7800 0.78 ¢ 10’ J
3Be3aa cnyTHUK Cupuyca jI
“ - Gesb1it Kap/mK 1.70 ¢ 10* | 0,20 10" 293 0.29 ¢ 10°
Conniie-38e3na
2.0 ¢10% | 7.0010" 0273 | 0.27e10° 4
i 3eMIIA-II1aHETa l
6.0 10?7 | 6.40010° | 0.00981 9.81
Jlyna-crytauk 3emiu
0.730 10% | 1.73¢10° | 0.00163 1.63
Anpo aroMa Bogopoaa F

DTOT IpuUMep IIOKA3EIBAET, YTO 4YaCTh OENBIX KapiIHKOB C

nmapaMeTpamu, Omuskumu X 3Be3ae Bons¢-457, BHomHe MoOryT
My JIbCapaMHu.

OBITH

KOPOTKONEPHOAMIECKUMH
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pacTIpOCTPaHEHHEIM B MPUPOAE IEPHOA MyJIbCalMi M, CIEAOBATEIEHO,
neproa BpameHusa 1T = 1c+3c He MOXET NPUBECTH HX K Pa3pyLICHHIO
neHTpobexxHeiMu cunamMu. Ilpu 3ToM cmexyer oco0o ITOAYEPKHYTH,
YTO 3TO peaIbHO CyImecTBYHOIIue H HalOmogaemsie, a He
npuayMannele 38€3ap1. IToactaBus B popmymy (31.1) BmMecTO panuyca
3BE3bI I, 3HAYCHHE Tomin U3 Gopmynsl (30.3), momyduM OTHOILIEHHE
CHJIBI TSDKECTH K IIEHTPOOEIKHOH CHIe Ha IIOBEPXHOCTH Bpallarouencs
3BE3/bI, HAXOMIIEHCSA Ha ITIOPOre BUAUMOCTH:

2 3 3
T* |V .2 >1.
az*\ fm
rae Vo =519615xm/c, a=1c¢™*. Macchl 6ebix Kap/IMKOB 3aKJIIOYCHEI B
mpegenax m = (0,2 + 1.2) M,, rie M, = 2 ¢ 10* r - macca Coinna. Dtu

mpenensl onpenencHnl yaéusiMu JILI. Jlanmay, C. Hanapacekapom us
YCJIOBUS YCTOMYUBOCTH XOJOQHOTO BRIPOXKIECHHOrO rasza [13].

F’rm/F .6 = (31 2)

Hns maubonee mupoxo HabmomaeMoro Bo Bcenennoil mepuona
BpallCHUA KOPOTKONIEPHOAHIECKUX ITyIbCcapoB T=l1c+3c
paccMaTpuBaCMbIH qUana3oH Macc OebIX KapiauKOB YZOBJIECTBOPSET
ycinoBuo (31.2). Jlna 3Be3gsl ¢ Maccoit Commna o paseH 11,75.
CnenmoBaTenbHO, OSTH 3BE3AM HE MOryr OBITh pa3opBaHBI
IHEeHTPOOCKHBEIMH CHIIAMH.

ITynscapsr PSR0845-45 ¢ mepuogom T = 0,089¢c, PSR0531+21 ¢
nepuogoM T = 0,033c u, ocobeHHo, myascap B co3Be3auM JIMCHIKH C
nepuoaoM 1=0,00155¢c He yaosnersopsiot kpurepuio (31.2). ITosTomy
CIeAyeT HaluTH Apyroe o0bACHeHne HaOMIOAaeMbIX ABJICHUH.

HUrak, u3 300 mM3BeCTHBLIX MYJbCAPOB_ TOJLKO TPH CO3IAI0T
npodjieMy, T.K. OHH He YIOBJIeTBOPSIOT YcaoBao (31.2). Tem He
MeEHee, IpeHedperaTh 3THM HeJib3sl, Y COBPEMEHHOH acTpodH3nKH
LI 00bSICHEHHS 3TOr0 heHOMEHa He 0CTABAJIOCH APYIOro BhIX0AA,
KpOMe VYMEHBLIIEHAS PAAHYCOB MYJbLCAPOB N0 20 KM, NOCKOJIBKY
CUHTAETCHd, 4YTO IPOCTPAHCTBO BOKPYI 3Be3a mycroe. Kpyrom
TOJAbLKO  HM3JIYIEHHMS  OT __ JIDYIMX _ 3Be3] M HEBECOMBIE
3JIEKTPOMArHUuTHbIE NOJAsA. B Teopun 3¢upa HEHTPOHHBIEC 3BE3/Ibl,
KAK M BCe JPYrue 3Be3abl, OKPYXEHbl JAOCTATOYHO ILIOTHLIM
noJjeM 3¢pnpHoro rasza. B 3¢upe uMeeTcs BhICOKOE AaBJIeHHE M 3TO

133




JABJICHHEC TaKiKe IIEOTHBGHEﬁCTB!eT Pa3pbIBY BpallaliAaxcs

3BEe3/.
Y 0OBI9HBIX I'a30BBIX 3BE€3J 3TO BO3ACHCTBHE HEBEIMKO H UM

MOXHO mpeHeOperaTb. (OHO CTAHOBUTCA 3aMETHBIM M JaXKe
pemaromuM (GaKTopoM, €ecld MOBEepPXHOCTh 3BE3ABl OKpYXKEHa
CIUIOIIHEIM CI0€M IUIOTHOI'O  BEIISCTBa, OTOpPOIICHHOI0 HAa
nepudepuIo0 HEeHTPOOSKHBIME CHIaMH U YIUIOTHEHHOr'O IpH OBICTPOM
BpanicHUM 3Be3apl. [lomaraem, d9ro 3rOoT CI0M  cmocobeH
BOCIIPUHMMATDH HABJICHUE OKPYXKAIOIIEro IO 3QHpa M 4YTO JABICHHE
3¢upa yaepXKUBAET 3BE3Ay OT Pa3phiBa LICHTPOOEKHEIMU CHIIAMM,

JU1s aHam3a BOCIIONB3yeMCS YCIOBHEM pa3phiBa aToma (8.21),
3aMEHMB B HEM MAacCy aTroMa MacCOM 3B€3Ibl, YTJIOBYIO CKOpPOCTH
BpalllcHWsT aToMa Ha YTJIOBYX CKOpPOCTh BpallleHHs IIyJscapa B
co3Be3muu JIucuuxun ©=4.05-10°c (n=645006/c); r,-Oyzner o3HavaTh
pazmuyc 3e3xbl. JaBneHne sdupa p.=6,426-10°H/m’

drF, 6. 1 ma)z

Yy

dF, 4rr, -p,

P

HyXHO NHOMHHMTB, YTO IMyJbCApPHI-PEKOPACMEHBl KpalHE peJKo
BCTpEYarOTCs BO BceeneHHON. D10 HEeoObdHBIC 3BE3Abl. IloaToMy He
TaK IIPOCTO IMOA06paTh Cpeayu M3BECTHBIX 3Be3] TaKyIO 3BE31y, YTOORI
OHa yAoBieTBopsina ycnoBuro (31.3), Bpamasics ¢ urcioM o000OpOTOB
n=64506/c. 310 MHOTO J1axe I 3€MHBIX MEXaHN3MOB, BEIITOIHEHHEIX
M3 CaMbIX IIPOYHBIX MATEPHAIOB, CIOCOOHBIX NPOTUBOCTOSTH
Pa3spyHMUTEIBHOMY JEMCTBHIO LICHTPOOCKHEIX CHII.

Kak Hu cTpaHHO, HO Ha 3Ty poJib rapMOHHYIHO noxomen IOnurep,
MMEIOIUi CIeyIOIHe mapaMeTpsl: Macca mg,=1,89-10*'kr, pamuyc
r.,=7-10'Mm. Xors coBcrBeHHas yriaoBasgs ckopocts FOmurepa
w=1,76-10"c" (monHoe oGpamenue Boxpyr cBoeit ocu IOmuTep
cCOBepmIaeT Bcero 3a 9 dacoB 55 MHHYT), IIpu pacyeTe BO3BMEM €€
TaKoH, Xax y myJiscapa B cosBe3aud JIucmuxu w=4,05-10c". B arom
ciryuae BeipaxkeHHe (31.3) mokaseiBaer, yTO paspyliaronias 3Be3gy
IeHTpoOeXKHAsd Cwia OKa3hBaeTCs MEHbINE CWIIBI  JaBJICHHS,
CACP»KUBAIOLICH pa3pylIeHUE

dFe/dF,=0,54 (31.4)

KoneuHo, epa3y k€ MOryT IOCIIE0BATh BO3pakeHUs, uro HOmurep

HE 3Be3/a, a IvIanera. OHAKo, 3TO €Ie BONPOC, YTO CYUTATh 3BE3AOM.
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Mze1 yxxe ynomuHanau panee, 4to IOnutep usimydaer B OKpyxaroiiee
IIPOCTPAHCTBO B JBa pa3za Oojapmie TeIia, YEM IIOIYydaeT €ro OT
Connna. OT10 siBngeTcsa NMpH3HAKOM 3Be3JBl U BpAI JU MOXKET ObITH
OCIIOpEHO TeM, 4YTO 3a 3,5 MupA. JeT OH eme He ocThul. CIHIIKOM
MHoro Iponuio BpemeHu. HMccnenoBanus mokasanm, 9ro FOmurep xak
H Conuue cocrouT u3 Bogopoxa H renmd. C 3TOH TOUKM 3peHUSA
IOmurep- maneupkas 3Be3na. OHa HE cTaja CaMOCBETAIIEHCS H3-3a
TOTO, YTO DJHEPIUs TIPaBUTAllHOHHOIO  CXaTUA  OKa3alach
HEJOCTaTOYHOM [UII BO3HUKHOBEHHA B HEH  yCTOHYHBEIX
TepMosiepHbIX peakuuii. CorimacaHo rmaBam 1 u 7 IOmurep, xak u
Apyrue MacCHBHBIE Tena BceneHHOM, cO BpeMEHEM HarpeBacTcs 4 B
OyaymeMm, yBEAWYHMB CBOK) MacCy M 3amachl 3JHEPTHH, MOXET
BCIIBIXHYTb TaxK Xxe Apko, kak CoHiie.

JApyroe ceppe3HO€ BO3PAXKCHUE CBA3AHO C TeM, 4TO y IOmurepa
HEBBICOKAass CpeAHas IUIoTHOCTh. OuHa cocrtasmdger jumb 1,33
IVIOTHOCTH BoAnI W MeHee 0,25 mimorHoct 3emmu. Ho 3xecer He
ciexyeT 3abeiBaTh, 9TO MBI I'oBOpuM HE o0 IOmurepe, a o Ipyroii
HEOOBIYHOM 3BE3/IC, KOTOpas B CWIy KaKMX-TO IMPHIUH PacKpyTWIAch
no o4deHb Oonpmoi yrnoBoi ckopoctd. [Ipm 3TOM IeHTpPOOEKHEIE
CIWIBI IEPEMECTIITH HauOoiIee TsKeNbIe DICMEHThI MATEPHUH U3 LIeHTpa
3Be3/bl Ha ee nepudepuro. Ha BHenHE# rpaHmiie BeUIECTBO OKa3aIoCh
CXaTBIM C JABYX CTOPOH IMPOTHBOAEHCTBYIOIIMMH  CHJIAMHU:
LeHTpOOEIKHOW CHION M CHJIOH JaBieHHs BHENIHero Ions 3¢upa.
B pesynbprare ILIOTHOCTH BEPXHEr0 CJIOA 3BE3Jbl MOIVIA ITOBBICHTLCS
OO0 IUIOTHOCTH 3BE3A-OelIbIX KapIHUKOB, HalpUMeEpP, A0 IUIOTHOCTH
sApkoro cnyTHuka Cupuyca chp=4~107I<r/M3. IToBhlIeHHE IUIOTHOCTU U
JaBIICHHSA B OJTOM CJIO€ MOJXKET OKAa3aThCsAd JOCTaTOYHBEIM ISl €ro
HarpeBaHusd JO TaKOH TeMIIEpaTyphl, IIpM KOTOPOM HAaYHYTCH
TCPMOAICPHEIC PEaKIIUH.

TommnuHy BepxXHero YIUIOTHEHHOIO CJOS MOXHO OIIpeeIvTh,
moJjiarasi, 90 UMEHHO B 9TOM CJIO€ COCPEAOTOIECHA BCA Macca 3BE3/IbI

A=m, /4T 72 peay=T50M (31.5)

B oTnmdue oT OOBIMHEIX 3B€3] B IICHTpE IylIbcapa-peKOpACMEHA
IUIOTHOCTh BENIECTBA MOXET OHITh O4YeHb MajieHbKOH. SICHO, 9TO Yy
TaKOH HEOOBIYHOI 3BE3[bl B BEPXHEM CJIO€ IPOMUCXOIAT CTONL XKe
HeoObIMHBIC IIPOLICCCHI, CBS3aHHBIE C MOIIHBIMH paguo H
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PEHTTEHOBCKUM H3Iy4eHUAMHU, 3a()MKCUPOBaHHBIMH Ha J3eMie H
3araJaBIIMMU acTpodH3UKaM 3arajiKy O Ipupojie MyJIbCapoB.

ITomytHO oOTMeTHM, urTo y IOmurepa Habmromaercss IOBOJBHO
3HaYUTENBHOE paguoustydyeHue. Bnepseie lOmurep Obu1 npu3HaH
paguou3nyyaromuM o0bpeKkTOM B Hadane 1955 r, xorma corpyaHHKH
uncturyTa Kapraeru b.®.bepk u ®.JI. Opankinun ceazanm ¢ FOnurepom
CUJIBHBIE NIEPHOANYECKUE BCILIECKU paauomryma Ha BoiaHe 13,5 M [18].
HeMHoro mo3xxe paguoactporom C.A.lllaliH ycTaHOBHI, YTO
IIEPHOANYHOCTD BCIUIECKOB PaJUOU3IYUYCHHSA COOTBETCTBYET NEPHOIY
BpameHus: IOnmurepa BOKpyr ero ocu. 3ta B3aMMOCBSI3b XOPOIIO
YKIaJgbIBAaeTC B  MPEONON0KEHHE  acTpodHU3HKOB O  CBA3M
NEPUOIUYHOCTH PAZUOU3IITYdEHUN ITyAbCAapOB C MEPHOIOM BpaICHHA
3THX 3BE3.

PaccMorpeHHass MOAENE 3BE€34bI HMECT IIPABO HA CYIIECTBOBAHHE
M MOXeT OOBSACHUTH NPHUPOAY IyJikcapa B CO3Be3Aud JIMCHUYKH C
PEKOPAHBIM YUCIOM 000poTOB Nn=64506/c. AHATOTUIHO O0BACHAETCS
OBICTpOEC BpallleHHE ABYX APYTHUX aHOMANBHBEIX IMyjibcapoB PSR0845-
45 u PSR0531+21 ¢ nepuongamu Bpamenus 0,089¢ u 0,033c¢.

MoxHo yTBepknaTh, 4TO Bce "Oenble kxapiauku" BpallarTCs C
OonbIIMMKM YTJIOBBIMM CKOPOCTSAMH BOKPYr CBOHMX ocei. Ecnwu,
HampuMep, cxaTb Comane (f.c=7-10°M, ©c=2,9:10°c") mo pasmepos
3Be3161 Boinbd-457 (r030m=0,7'106M), TO IIEPHOJl €roc BpamICHHUA Ha
OCHOBAHMH 3aKOHA COXPAHEHHS MOMEHTA KOJIIMYECTBA ABMKCHHS CTal
§) 31

T= 27 _ 6,28

o 29

9YTO BIIOJIHE YKJIAABIBAaCTCs B HaubOJIee IIMPOKO PacIpOCTPaHEHHBIH
JOWaIa3oH IIEPHOI0B BpalneHus mynscapoB T=1+3c. Eciu xe pasMepsl
OOBIMHOM T'a30BOM 3BE3JBI 0 CXKATHA HMEIM IOPAIOK r.=1,4-10"'m,
yro B 200 pa3 Gompme Comuma, npu Takoil ke kak y ComHua
HA4aJbHOM YIJIOBOM CKOpPOCTH BpalIeHHUs, TO IOCHE CKATHA €€ N0
pa3MepoB 3Be3ansl Bons( 457 nepuoa BpammeHus crajl Obl TAKUM, KaK y
camMoro OBICTPO BpallaloIIerocs myJjibcapa B co3Be3auu JInCHUIKH.

H3BecTHO, YTO 3BE€3/IBl KPACHBIC I'MIaHTEI, HAIIPUMED, berensreine
1 ArTapec nmeoT auamerpsl B 400 1 300 pa3 6onbme conaeynoro. To
eCTh Takue 3Be3Asl BO BcencHHON wuMeOTcsa. BHyTpu 3Be3JB

=2,165c, (31.5)
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berenbreiize Morinu Os1 yMecTUTECA OpOUTHI BCEX IUIAHET COJIHEYHOH
cucTeMsl 10 Mapca BKIIOYMTEIBHO. I'a3, 13 KOTOPOro COCTOAT 3BE3IHI
KpacHbI€ THTaHTHl O4YEHb pa3pexeH. Ero IIOTHOCTH B THICSYH pa3
MEHBIIE INIOTHOCTU KOMHATHOTO Bo3xyxa [47].

KoHedHO, TpYAHO MpeACTaBHTHh Takoe OONBLIOE COKpallleHHe
pasmepoB 1o BeauduHsl 700 KM, HO elle TpyAHEE IIPEACTaBUTh, KaK
TH 3Be3Abl CXKaJUCh A0 pasMepoB 10+20 kM, xoTOopmie ceromHs
OTIyIIEeHB! acTpOQU3UKON HEUTPOHHEIM 3Be3ZaM MIH A0 pa3MEpOB
3Be3[-"4EPHBIX JOBIP" MeHbme 3xM. XOTS HET IIpeaela
yejoBedeckuM (antaszuaMm. Hanpumep, Teopus "Gonsmoro B3psiBa”
Ipennoiaraer, 4ro BCAd BceneHHas korja-ro Oblna c)kaTa B
IIEpBOATOM, T.€. B TOUKY.

HecmoTps Ha TO, dYro OBUIa HaWAEHA MOAENb 3BE3JHI,
IIO3BOJIAIOMAs OOBACHHUTH, OBICTpPOE  BpaleHUE MYJIbCapOB-
PEKOPACMEHOB, BO3MOXHBI JpYyrue pelleHUs pacCMaTpHUBacMOH
npobiaeMel. [To3TOMY MBI IoJIaraem, 94T0 CBEPXOBICTPHIC MyNbCallHU
MOT'YT He OBITh CBSI3aHBIMM C BpallleHHEM caMoi 3Be3Anl. Bmomxe
BO3MOXXHO, YTO 3TO CBA3aHO C BpaIlEHUEM KOCMHUYECKOr0 YPUPHOro
Buxps 3Be3gbl (Puc.31.2). Takoii BuUXphP BOBIEKaET B CBOE
BpalleHue DJJEKTPOHBI U MOKET uMeThb HeOonpmo#N aguaMeTp
nopaaka (20-40)xkm. OH Bpamaerca ¢ yIVIOBOM CKOPOCTBHIO
®=4,05-10°c’ (n=645 o06/c). Ilynpcammu BIOIHE MOTYT OBITh
CBSI3aHEI C OJTHM BpameHHEeM. Y COBPEMEHHOH acTpodu3uku
OTCYTCTBYeT 3HaHME 00 3Tux BuXpsX. IIo3TOMy OHa 3acTaBiIfeT
BpallaTbCsi C OrPOMHON YITIOBOW CKOPOCTBIO 3BE3Ay. B 3TOM
CMBIC]IE Teopus 3puUpa MMEET AONOIHUTEIBHYIO CTElICHb CBOOOEI
IIPY UCCIICIOBaHUU MPUPOAHEIX SBJICHHH,

32. YTO4YHeHue npeacTABJIEHUH 0
CTPYKTYpe HEHUTPOHA ¥ NIPOTOHA

J10 cHX IOp MBI CUUTAIIN, YTO HCHTPOH U MPOTOH LICJHKOM COCTOAT
u3 Kuakoro sdpupa. OgHAKO, YTOUHEHHE Pa3MEpPOB OTHX HACTHII,
IIOMyYEHHOE IIpH aHaiu3e 3axkoHa KyloHa [0 3HAYCHHs paguyca
MONEPEIHOTO  CEYEHMS Topa I,=2,13-10"M, mpuBomur K
IapagoKCaIbHOMY pe3ynbTaTy. B 3TOM cirydae MX CpenHss IUIOTHOCTb
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n, CIACA0BATCIIBHO, INIOTHOCTD XHAKOI'O 3¢upa OKa3bIBAIOTCA MCHBIIIC,

YeM y HEKOTOpHIX 3Be3fl "Gemex kapmuxoB”" ( p=0,4-10°kr/m --
0,7-10"kr/m’)

m_1673.-107%
= = 8,77-10°kr/™° 32.1
2T W, T 19,741 o G2

Jroro 6wiTh He Moker. OtTcr0/Ia clieyeT BHIBOA, YTO CTPYKTypa
HeiTpoHa ¥ NpoToHa Oonee CiioXHas, 9YeM MBI Ipelosaraid paHee.
OdeBUIHO, YTO TOJMBKO 9aCTh 00BbEMa 3TUX YaCTHIl 3aHATA TAKEIIBIM
XKUOKUM SAPOM, a OCTaJbHAS 4YacTh IpPEACTaBiIdeT COOOH Ia3OBBIH
3HpHEI BUXPH ¢ pajuycoM re=2,13-10"°m. BMecTe HX yHepKHBAIOT
cunbl gasiaeHuA. IIpu 3TOM CBf3ka ra3oBOr0 BUXpSA M XKHUIAKOTO siApa
DOKHA ObITh HACTONBKO MPOYHOM, 4TOOR HE pa3BaJIMTHCA BO BpeMs
CTOJIKHOBEHMII f/iep aTOMOB, HaOMoaaeMBIX B onbiTe Pesepdopaa npu
obcTpene MeTaIIMIeCKor (onsrd OBICTPEIMM  O-dacTUnamMu  (T.€.
IIPOTOHaMH).

MoxHO TmnpeacTaBuTh ce0¢ HECKOIbKO BO3MOXHEIX CXEM
YCTpPONCTBAa NMPOTOHOB M HeWTpoHOB. [Ipu 3TOM CiregyeT IOMHMTb,
4yTO 3TO OyAeT numb NpubIMKeHUEe K UX HCTHHHOMY YCTPOHCTBY.
Omna u3 BO3MOXHBIX CXEM IIpeJacTaBiaseT coO0OH KoOJbIEBOMH
ra3oo0pa3Hslii 3(QUPHEIA BUXPb, Y KOTOPOIO IIOJYICHHOE 3HAYCHHUE
rep=2,13-10"°M sBmAETCS pagMycoM CedeHHUss KOIbLA 3TOrO
ra3oBoro BuUXpsA. B LieHTpe KOJBLEBOr0 raioBOro BHXpPsS NPOXOIUT
BHUXPEBOM XI'yT M3 XHAKOro 3¢upa. Paguyc nmornepe4Horo cedeHus
3TOrQ XryTa Oyaer

r,, =«m,/19,74Rp, =0,2-107m, (32.2)

rae R=r,=2,13-10*m, p,=10"%kr/™’, m,=1,673-10*xr.

Ha rpanuie KMAKOro A1Ipa ¥ razoo0pasHOro BHXpS IPOUCXOIUT
mepexoa raszoobpasHoro s¢upa B xugkyoo ¢asy. B pesymprare
ofpa3yeTcss YCTOMYMBBIA K BHEIIHUM BO3MYILICHUSM BUXPECTOK.
I'azoBBIfl BUXpPH IIPOTOHA Bpamaercs BOXKPYr ocHu Tena Buxpa. Kpome
TOTO, MMEET MECTO BpameHue 3¢Qupa BIOAL TIa30BOT0 KOJbLA C
VIJIOBOA CKOPOCTBIO va=3-10180'1. I'a30BBII BMXph HEHTpOHA HE
HMEET OCEBOI'0 TEUYCHHA CTPYH BHOJBL KOJbLEBOro BUXpA. IMEHHO C
OCEBhIM TEUCHUEM CTPyH d(upa CBA3aHO NOHATHE IJIEKTPUUYECKHX
3apsAJI0B dJIEMEHTAPHEIX YacTul (cM.ri.14-20).
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Paguyc rasoBoro 3¢upHOro BHXpA sSApa aroMa ¥ PaBHOTO C
HHM paguyca O3JIeKTpoHa Obl1 oOmpeneneH U3 aHaau3a CIMHA
anexkTpoHa (rn.10) u aHanu3a CHIOBOTO B3aUMOAECHCTBHUS MEXIY
ajeMeHTapHeIMU dacTHnamu (ri.13 u 14). IlosTomy He ciuemyer
YIAUBJIATECA, 9TO ITOJy4cHHEIE 3HAYCHUSA 3TOTO paAuyca He COBIIAIH
C Halledl OIIEHKOH pa3MepoB JKHAKOrO Anpa aToMa (IIpOTOHA) H
OLEHKOH pagdycoB aTOMHEIX saaep (Q-9aCTHI) B  OIBITE
Pe3zepopaa. Ilo cyru B onmite Peseppopma Onlmu onpenciacHs!
pasMephl KUAKOT0 3QHUPHOIO SApa.

33. KpacHoe cMelIeHHEe B CIIEKTPAX JAJeKHUX.
rajJaKkTHK

Haubonee BoONHyIOmEH npobiieMO COBpPeMEHHOM (HU3HKH H
acTpoHOMHUHM, 0e3 BCAKOrO COMHEHMS, SBIACTCS 3arajika KpacHOTO
CMEINEHHUs B CIEKTpax JaleéKmX radaktuk. CyTes SBICHUS CBOTUTCA K
TOMY, 9TO JIMHUM CHCKTPOB IIOYTH BCEX TaJlaKTUK CMEIIECHHI K
KPpacHOMY KOHIly II0 CpPaBHEHMIO C AHAJOTMYHBIMHM CIICKTpaMH B
OOBIMHEIX 3€MHBIX YCIIOBHUAX, YTO OOYCIIOBJIEHO YBCIMYCHUEM IIHH
CBETOBBIX BOJIH.

Yem gajiblie OT HAC HaXOJHTCA raJakKTHKa, TEM OOJNbINE CMEIEHE]
JuHUN e€ cllekTpa K kpacHoMy KoHIY. B 1930 rogy 9.Xa66x BeiBen u3
HaOmIOmeHHiT COOTHONICHHE JUIS TalaKTHK MEXAYy BeJIHINHON
KpPacHOI'O CMEIIEHUS U PACCTOSHHEM :

AAMA=H-L (33.1)
rae H - mocrosnnas xpacHoro cmemenud. Kak ykazaHo B [8],

nepBoHadanbHo Xab0n ompenemun e€ snadewwe kak 500 xm/c-Mnk

(KHIIOMETPOB B CeKyHAy Ha Meramapcek, 1mk=3,1-10"%cm), wuro
COOTBETCTBYET BEIITIUHE

H=5,62-10 cMm™, (33.2)

paccTosiHie L BpIpaxaeTcs B CAaHTUMETpax.

B coorBercTBuM ¢ npuHOUIIOM Jlomiuiepa KpacHOE€ CMEIICHUE
OOBACHAIOT KAk pE3yJILTAT Jy4EeBOr0 MABHXKEHHA TajJakTHK II0
HampaB/ICHHIO OT HaOnromarens, BO3HMKINETO B pe3yibTare Tak
HA3BIBAEMOI'0 OONBIIOro B3pEIBa “IiepBoaToMa’, T.€. CBEPXTAKEIOH
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THIIOTETHYECKOM DJIeMEHTapHOW d4acTuilel. COrjiacHO 3TOH TEOpHU
OCKOJIKM B30pBaBIICrocs ‘‘riepBoaroMa’, HMEIOIMME caMble OOpmMe
CKOPOCTH, YJIETENIM OT OSNHIOEHTpa “‘O0JIBLIOrO B3pHIBA” Hajble
IOPYTHX, pa3lIETAIOIIUXCA ¢ MEHBIIUMH CKOpocTAMH. 3emiis, CoHIEe u
BeCh MIIEUHEIH ITyTh JIETAT I'ZIe-TO B CEPEIUHE.

Opnako Bckope cTanu O0HApyKMBAaThCs IajlaKTUKU, YbE KpacHOe
CMEIEeHHEe B CHEKTpax Hayal0 COOTBETCTBOBATh CBEPXCBETOBHIM
ckopocTsaM. [loaroMy moctosHHYK® Xab0na cramu KOPpPEKTHPOBATH B
CTOpOHY yMeHblueHMA. B kHure [8] roBopmTcd, 4TO B HACTOAMIEE
BpeMsa HauOojiee BEpOATHOE 3HadeHHEe Benu4duHbl H Haxomurcsa B
avana3oHe

H=(1,125+0,805)-10%* cm™. (33.3)
B xaure [9] B kxauecTBe mocTossHHOM Xa0O0na Ha3bIBa€TCS YIKE
BenuunHa 65 xm/(c-Mrk) nnu

H=0,73-10%c™m™". (33.4)

Eciu B ganpHeHmeM C POCTOM BO3MOXXHOCTEH HabmoAaTenbHOA
acTpoHOMUM OyAeT HaiiieH em€ Kakoi-Tnbo o4YeHb YyHaN€éHHEIA
OOBEKT, NETAIUI CO CBEPXCBETOBON CKOPOCTHIO U TEM HApYIIAIOUIUN
OCHOBHO# ITOCTYJIaT 00mie#i TeOpUH OTHOCHTEIBHOCTH, IPUIETCS emié
pa3 CKOPPEKTHPOBaTh BeNHYMHY HOCTOsSHHOM Xabbma. Tombko u
BCETO.

OO0BsacHUM npoOJeMy KPacHOr0 CMELIICHHA ¢ ITO3ULUH TeopuH
3¢upa. MBI yxe yIOMHHAIH O IOHATHH TSHKENON CBETOBOW BOJHBI,
obnamaromed Maccoif Iemodku (POTOHOB M, BCIEACTBHE 3TOrO,
obnazaromeit obmumM cBOICTBOM Ten BceeneHHo#l noriomath >pup.
YBCIMYCHHE MACCHI TSXKEI0N CBETOBOH BOJIHBI JOJKHO HNPUBOIHUTH K
YBEIMYEHHIO 00BEMA, 3aHATOrO TSKEION CBETOBOM BOJIHOM, TO €CTh K
YBEIIMYEHHUIO €€ IIUHBL. B COOTBETCTBHE C 3TUM MOXKHO 3aIIUCATh, YTO
[IpUpaICHHE IIHHBI TSOKETOH CBETOBOM BOJIHBI OTHOCHTCA K IJIHHE
BOJIHBI KaK IpHpameHue e€ MacChl K Macce

A /A=(m-m,)/m;=m/m-1=e* "*-1~at/k (33.5)
WM, yauTeiBad, uto t = L/C, momyuaem
AM/A = aL/(kC). (33.6)
Conocrapnsia popmyss! (33.1) u (33.6), Haxoaum
=a/(kC) - (33.7)
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ITogcuutaem H o ¢popmyne (33.7) ¢ yuérom (3.3) u(3.4)
=0.99-10% 1l/cMm. (33.8)

Kak Bumum, 3Hauenue H B (33.8) oxasanocs B auama3oHe Haubonee
BEPOATHBIX 3HAYCHHH, MOJTy4YeHHBIX M3 HaOMIONEHHH COBPEMEHHOU
aCTPOHOMMEHN, YKa3aHHBIX B [9].

OTMeTuM TaKXe, YTO MOJYyYEHHOE OOBACHEHUE IIPUPOIALI U
BEJIMIUHBI KPAaCHOTO CMEIICHHUSA B CIIEKTpax MOajJ€KUX TrajlaKkTHK
nenaeT HEHYXHBIM O0O0bsAcHeHue »JToro ¢eHoMeHa 3pQexToM
Jomnepa u “60apmOro B3phiBa IEepBOaTOMa’”. B3pBEIBEI MaCCHUBHBIX
3B€31 M BBIOPOCHI Macchl BeliecTBa U3 00/acTedl B3PHIBOB IMHUPOKO
HaOmogaTcss BO BCeaeHHON M ABIAIOTCS HEOOXOIUMEIMH
ABICHUSAMH B KpYroBopoT¢ Marepuun BoO Bceenennoit. Onnu
IIPOUCXOAAT HE €AHHOBPEMEHHO, & IT0 MEpe HaKOIUIEHUS dpe3Mep-
HBIX MacC 3a CY€T HENpPEpPHIBHO IPOUCXOAAIIETO ITOrJIOIMCHUS
a¢upa. [ToBuAUMOMY, OHH YACTHYHO CONPOBOIKAAIOTCS B3PEIBHBIM
npeobpa3oBaHHeM MATEPHH B 3(QUPHEIH ra3 ¢ BHICBOOOXKIEHHEM
OIrPOMHOM 3HEPIrUu I'PaBUTALIUM.

Crnemyer ormeTurs, 4TO 3ak0H Xab6ma mna oueHbp OONBIIVX
pPacCTOSHUM U, CIeA0BaTEIbHO, BPEMEHH ABMIKEHHUS CBETOBOM BOJIHBI
[IpaBUJIbHEE 3aIlUChIBaTh, HE Mpuberas K pa3loXKECHHIO B  PIX

Benmuunsl ¥V 5, 1.e. B BUIE

AN/ A=e®V* 1=e"-1, (33.9)
Gopmyna Xabbma (33.1) ucnome3yerci B aCTPOHOMHU IS
OIPEACIICHNs PACCTOSHHMI IO paguo3Be3 U PaUOralakTHUK, KOTOPEIC 13-

AA

3a O'POMHOH YAAICHHOCTH KaXyTcs 3Be3000pa3HeiMi. Benminbaa —

ompejendeTca Mo JUHUAM OaJlbMEPOBCKOM CEpHH B CIICKTpax 3THX
o6bekToB. Kak ormeuaerca B [14,] yke oOHapyXeHBI OOBEKTHI, IJIA

AA

KOTOpPBIX —— =3 ¥ Oolbloe M YbM CKOPOCTH YA&ICHWS OT 3eMIIH

npuOIIDKAIOTCA K CKOpOCTH CBeTa. B coorBeTcTBHE ¢ popmynamu (33.1)
 (33.9) 31 yaaneHus IoIy4aroTcs pa3sIndHbBIMU:

A
Lhabbl = —fé" . (3310)
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ln(A—;'- - 1] |
= . (33.11)

L. =
efir H

[Tockonbky 3akoH  Xabb6nma  sBisieTcs  JuMMib  IIEPBEIM
npubmmwxenneM K Gopmyne (33.9), to dopmyna (33.11) maer Gonee
NpaBWIbHBIE 3HAYEHUS PACCTOSHUN M 3TO MEHAET NMPEICTaBICHUA O
pa3Mepax BuauMoit BeenenHo#. PesynsTaTel pacdeToB Mo popmynam
(33.10) u (33.11) mpu H=1071/c cBenens: B Tabmry 33.1.Cormacao
TaGIHIEe CBET ¢ OKpauH BHaUMON Beenernoit ot o6nexta ¢ AA/A =6

OyI€T MITH K HaM B TEYECHHH CJIEIYIOLIETO0 BPEMEHM:
I10 Xa66ny thabbl = LHabs/C-3,15 - 1016 = 63,49 mupz.ner;

110 TeOpuH dupa tesir=Les/C-3,15- 1016=20,53 MJIpZ.JIET.

To ecTe coBpeMEHHBIE OIEHKHM pPa3MEPOB BHAMMOM 4YaCTH
Bcenennoill cymecTBeHHO 3aBHIIECHEI. Ha camMoM 1ele OHa MOYTH B
TPH pa3a MeEHbIE. bosiee mIpaBUIbHBIE OLCHKM PACCTOSHUU 10
yaleHHbIX 00BEKTOB MOBIMAIOT Ha APYTHE PE3yJIbTAThI, IONYyHEHHBIC
B acTpoHOMuM. Hampumep, M3MEHATCA OLIEHKM SHEPreTHKM KBa3apoB.
B sTux pacuerax MBI HE YYHUTHIBAIM 3aMEIJICHHE CKOPOCTH CBETa B
COOTBETCTBUH C popMmynoii (28.2).

TaOmuma Ne 33.1

34. HoBoe nmpeacrasiaeHne o ""boabuiom B3pbiBe'

B mpexplgylouMx IyiaBaX Mbl TIOKa3ajd, 4TO IIPOLIECC TNepexoja
ra3oo0pasHoro a¢upa B )XHUIKYIO (pasy u3-3a MaJlbIX pa3MEPOB aTOMOB
3¢upa, pacrojaralomuxcsa B AOPEe MATEPHAILHOrO aroMa BIUIOTHYIO
ApYyr K Ipyry, He NPUBOAUT K 3aMETHOMY pPOCTY pPa3MepoB sipa.
CnenmoBaTelbHO, YyBEIMYEHHE Spa aroMa pacTATHBAcTCA Ha
INIATEIBHOE BpeMsi, 00ecrieanBas HENPEPHIBHBIHA MPOIECC MOTTIOIEHHA
razoo0pasHoro 3¢upa MaTepUaJbHBIMH TEIaMH B TEYEHUHM MHOTHX
MWLIHAPIOB JIET.
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B rnaBe 8 OwLIO IMOKa3aHo, YTO 3aMOIHEHHE CEpPUIECKOro sapa

aToMa BOJOpOAa Ipu mIoTHocTH sapa p=10"°kr/M’ mpomomkamocs
He MeHee 26,7 MWIUIHapAoOB JeT. OTO BpeMs NpPEBBIIIACT IOYTH B
IBa pa3a CPOK XXW3HH BcemeHHOH, OTBOAMMBIA €ff aCTPOHOMHEN.
Q10T cpok Obl1 ompereneH B Teopuu "OGonpmmoro B3peiBa". Ilpu
3TOM, Kak MEI CUUTaeM, Onlla HapymieHa 3J€MEHTapHas JOTHKa.
JleCTBUTENBHO, HEJABHO MPONUIO COOOmeEenne, 9T0 aCTPOHOMEL U3
CIIA 3adukcupoBalu CHUTHAI OT CcaMoOii yJaneHHOH U3
OOHapy)XE€HHBIX Ha CErONHAIIHMH AcHb ramakTUku. CHUrHAJI OT Hee
nomien 1o Hac 3a 13,5 mupa.ner. MMeHHO 3TO BpeMs IOYEMY-TO
00BsBICHO BO3pacToM BceneHHOi, TO €CTh BpeMEHEM, ITPONIeANIeM
¢ MoMeHTa "bonsmoro B3peiBa nepBoaToMa' 0 HAIIMX ' JTHEH.
Henmosepue kK 3TOMYy 3aKkIIOUEHHIO BEI3BAHO TEM, 9TO OHO HE
YYHUTBIBAET BpPEMEHHM mojera 3eMJIM M 3TOW ralaKTMKH OT MeCTa
"OoJBIIOro B3pHIBa" 0 CBOMX IIOJIOXKEHHUM B MOMEHT H3IydEeHHA
rajJlakTUKOM CUTHala, IIONYy4e€HHOro ceifvyac Ha 3eMie.

Haxe ocTaBasjch B paMKax NpPEACTaBICHHA O "OONBIIOM B3DBIBE
nepBoaromMa"’ M HEBO3MOXHOCTH IIPEBHIICHHS 3HAYCHHS CKOPOCTH
CBETa B IIyCTOTE MaTEPUAIBHBIMUA O0BEKTAMH, HETPYHO IOHATH, YTO
rajakTuka foOmpanachk X0 CBOEro IOJIOKEHUS B MOMEHT U3TyUYECHHA HE
MEHBIE BPEMEHH JBIDKEHHSA CHUTHAJa OT TallakTHMKH K 3emite. MHade
TOBOpS, JAXKE OCTABasCh B PaMKaX CETONHAIIHMX IPEJCTaBICHUM 00
obpasoanny BceneHHON, HY)KHO, KaK MHHUMYM, YJABOUTS Bpems 13,5
MJIPA.JIET ¥ CYUTATH, 9TO "DBONbII0# B3pEIB" MPOM30IIET IPUMEPHO 27
MIpA.JieT Hadad, VHTepecHO OTMETUTh, YTO 3TO 3HAYECHUE BO3pacTa
COBITAJI0 C HAIMEH OIEHKOM BO3pacTa BCEneHHOH, OIEHMBAEeMOI'O IO
BpPEMEHH 3ar0HEHUA AIEP aTOMOB KUIKAM dPUpPOM.

HetrpyaHo yBHIETH, YTO IIPOLIECC 3alOIHECHHUA SOEP >KUIAKMM
3QUpPOM K yBEJIMYECHUE BCIEICTBHE 3TOro MX oObeMa [0 NpeieIbpHOM
BEJTWYHHEI, XOTS M SIBISETCS OYEeHEH OOJNBIIOH, HO BCE € KOHCIHOM
BEJIMYMHON. OTO BO3BpAallaeT HAC K rumore3e "bombmoro B3phiBa'.
Ecnu mpenmonoXuTh, 9TO "aKT TBOpEHHs MaTtepuu Hu3 >¢pupa”
IpPOM30mIeN ONHOBPEMEHHO BO BceM BceneHHOM, TO M MOMEHT
NEPENOHEHNSA SAAEP aTOMOB XUAKHM 3¢upomM Taioke OyneT coBnagarhb
10 BpeMeHH Yy Bcell matepun Beenennoit. I1o3ToMy, Kak OBl Janeko He
OTCTOSUIM 3Be3bl M TaJaKTHKH IPYr OT Apyra, paspymieHHE MaTepun
MOXET IPOH3OUTH BO Bced BceenmenHodt eauHOBpeMeHHO (IO
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aCTPOHOMHYECKHM MepKaM). BriojiHe BEpOATHO, 9TO 3TO pa3pylISHUE
OyxeT CONMpOBOXIATHCS OMXHOBPEMEHHBIM B3PHIBOM. JOTO M Oymer
"GonLmoit B3pEIB".

Ilpy 3TOM, KOHEYHO, HE HYKEH "NIepBOaTOM", CTPYKTYpY
KOTOpPOTO HE CMOIJM ce0e MPEeACTABHUTh AaXe Y4YEHbIE C CaMBIM
OyiiHbIM BoOOpaxxeHueM. B atom ciaydae "bonbmoii B3peiB" HagHETCS
IIOBCEMECTHO, Kak OBl 10 CHTHaJIy 4acoBOr0 MEXaHH3Ma,
YCTaHOBJIEHHOIO B Ka)XXJAOM aroMe. Marepusa B pe3ynbTaTe 3TOro
B3pEIBa pacrajgercs Ha cBOOOmHbBIH 3¢gup. Bece mome agupa Oyner
B30YyZOpaXXK€HO B3PBHIBOM M Cpa3y K€ HAYHETCS BHUXpeoOpasoBaHue, TO
€CTh NpeBpauieHre 3¢upa B Marepuro. [Ipouecc MoxeT MOBTOPATHCA
OGECKOHEIHOE YUCTIO Pa3 ¢ MHTEPBAJIOM BPEMEHH B HECKOJBKO THICSY
MJIpA.JIET. YUWUTBIBaA, YTO ¢ MOMEHTA MIPEABIAYLIEro '6oNbmOro
B3pbIBA" IIPOLLIO OKOJIO t=26,7MnpA.JieT, II0Ka MOXKHO HE
OecrioxouThCa 0 cnexyronieM "bonbsmoM B3peiBe”. Ilpu 3TOM HYXXHO
CUMTaThCd C TEM, 4YTO MBI IPOBEIHM HE TOYHBEIM pacder, a
NpuONM3HTENbHYI0 OLEHKY. IlonmydeHHble 3Ha4€HHST MOTYT OBITh
YTOYHEHEI.

He MeHee HHTEPECHO IMPOCHEAUTH 3a TEM, OTKYAa B3AIach Ludpa
t=13,5mMnpn. ner (mpuHATA B KA4eCTBE OQHIHAIBHOA OIECHKH
cyniectBoBaHMA BcenenHnoif). Jeno B ToM, ITO MCIOMb30BaHHBIA IS
3TOro 3akoH Xab06ma

% =H-L, (34.1)

ORI IOTy4YeH M3 aCTPOHOMHYECKHX HAOMIONCHMH. AHANTN3UPOBAIHCH
CIIEKTPHI JAJICKUX TalaKTHK, PACCTOSHUSA IO KOTOPHIX OBLIH IOTydeHE!
HE3aBHCHMO METOIaMH acTpoHoMHH. I[lepBOHAYaIbHO 3TOT 3aKOH
pacCMaTPHUBAJICA TONbKO KAk HHCTPYMEHT IJIf OIpPEIeIeHUs 3ITHX
paccTOMHUM 10 IPYrHX ynaneHHbIX 00bekToB BcenmeHHOM, Korma 3tH
paccTosHuA OBLIO HEBO3MOXKHO ONPEAENIUTh APYTUM METOAOM.

3arem Oblla MpOBEeAcHA AHAJIOTHA MEXKOY H3MEHEHHUEM [IHHEI
CBETOBOM BOMHEI AA M COOCTBEHHON CKOPOCTHIO HCTOYHUKA CBETAa V B

COOTBETCTBHUH C 3aKOHOM Jlomnepa
ALV

A a

IIOJlyYEHHBIM JUIfl pPACIpOCTpaHeHHs 3ByKa B BO3Ayxe. 3mech a-

CKOPOCTH 3ByKa B CIIOKOMHOM BO3[AyX€. OTOT 3aKOH IIPUMEHHM TOJIBKO
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NpU JO3BYKOBBIX CKOPOCTSIX ABIDKEHHUSA MCTOYHUKA 3ByKa. OqHAKO, 3TO
HE O3Ha49aeT, 9TO HCTOYHHUK 3BYKa HE MOXET JBUTAThCs OBICTpee
CKOpoCTH 3ByKa. IIpoCTO IpuH CBEPX3BYKOBBIX CKOPOCTSIX HCTOYHMKA
nepe HUM oOpasyercst Ckadek ymuioTHeHus. CurHaja OT Hero us-3a
epenaja JaBICHUS Ha CKadKe YIUIOTHEHHMS BOCIIPMHMMACTCH yXOM
4EeJI0BEKA KaK PE3KUI PE3KMM XJIOMOK WK B3pHIB. B pesynbraTe 3akoH
Jloriepa nnepecraeT JeMCTBOBATE.

IlepBonauansHO 3Ta aHAjMOrMA ObLIa BOCHPHHATA OYECHD
ONTUMHUCTHYHO. M3-3a TOro, 9T0 yBenud9eHUe JJIMHBI CBETOBOM BOJIHBI
A\ 0Ka3ajJoCch IPONOPLHUOHAIBHBEIM PACCTOSHUAM 1O H3TYYaroIuX
OOBEKTOB, POAUNIACh TeOpus "OONBIIOro B3phIBa IiepBoaTroma’. OTO
0e3MATENHO MPOAOIKATIOCH JO TEX MOP, MOKA pacIIudpPOBKA CIIEKTPOB

AA

OT HAJICKMX TraJIJaKTHK HC CTaJIN JaBaTh 3HAYCHHUS —— 3HAYUTCIBHO

OoJibllI€ €OUHMIIBI, 9TO O3HAJaJI0 IIPEBBIMIEHHE CKOPOCTH V Haj
ckopoctbio C.

Yro6n! u30exaTh HApYNICHUS MTOCTYJIaTa TEOPUH OTHOCUTEIHLHOCTH
O HEBO3MOXXHOCTHU IIPEBHINICHHMS M3IydalONIMMH O0BEKTaMH CKOPOCTH
CBETa B IIyCTOTE, C ITOMOUIBIO 3TOH Teopum ObLIa MOJydYeHa Opyras
bopmyna ans 3akoHa Jlonnepa [42], ogHako, ©Oe3 ee
3KCNEPUMEHTAIBLHOM IIPOBEPKU

1+—-M= Jl_Vz/ C2 (34.3)
1-V?/C
2

V' 1-(1+AA/A) 34.4)

C 1+(1+AA/A)

Ecnmu usnmyvaromuiit o0beKT ynajsiercs OT HabmonaTens U AJIMHA
BoNHBEI yBemmuuBaercs (AA>(), To mpuHMMaeTcs, 9To CKOpocTh V<0.
IIpn BEBOJE 3THX (GOpPMYyI H3HAJAIbHO OBUIO 3aJI0KEHO YCIIOBHE
HEBO3MOXXHOCTHM IIPEBBIMIEHNA H3IyJal0IiuM OOBEKTOM CKOPOCTH
cBera. IloaToMy M pe3yabTaT MOAy9wiICsH TakuM xe. Kax BUAHO u3

AN

dopMyn, mpu MOOEIX 3HAYEHHAX N 21 ckopocte V ocraercs

meHsnie C. B pesynsrate m3 pacmu(pOBKH CIEKTPOB, CKAaXKEM,

A
IIOJTy4aeTcs —% = 6. Tlocne oGpaboTku 3toii mUdps Mo Gopmyie
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\%

(34.4) oTHOmMEHHE —(-:- OKa3bIBa€TCA MEHBIIEC €AUHHUIBI. JTO 3HAYCHHE

CHOBa MoJjcTaBisieTca B popmyiy (34.2), HeCMOTps Ha TO, 9TO TEOPHA
OTHOCHTENILHOCTH CUUTAET €€ HETOYHOM M HEeIPUIOAHOM I 6ONBIIHX
CKopocTer V.

B pesynsTaTe AA/A oxa3swiBaeTcs yxe paBHeM 0,96. Idanee 310

AL

3Ha4YeHue (a He 7 =6, MOJIy9YeHHOE 13 HAOIIOACHNIT) ITOACTABIAECTCS

B 3aK0H Xa00na (34.1), u3 KOTOPOTro yXe OImpEeHeIieTCs PacCTOTHUE
OT 3eMJId JI0 u3lyJaronmero oorekra L.

JTO pacCTOAHHE IEIUTCSH Ha CKOPOCTh CBETA, B PE3YJIbTATE 4Ero
oy4yaeTcss To camoe Bpemsa t=13,5mipa.ier. OHO U 0OBABIACTCA
Bo3pacTOM Bcenennoii. EciM mNONB30BaThCSI 3SKCHEPUMEHTAIbBHBIM

AL

3HaueHHeM —— =06, TO 3TO BpeMa o0Ka3aloch ObI paBHBIM

63, 49 mnpa.net. SICHO, 9TO CTOPOHHHKOB TeOopuH "OONBIIIOro B3peBa"
CMYII[aeT HE 3TOT OONBIION CPOK, a TONBKO OMAaCHOCTH IIPEBBIICHUS
H3Iy4YalonMM OOBEKTOM CKOpOCTH cBeTa. HM3-3a 3TOoro u OblI
IIPUAYMaH 3TOT Hepecyer.

Teopus sdupa He ca3siBacT mpobiiemy "KpacHOro cMemieHus" ¢
3akoHOM Jlomnepa. B Hedl u3MeHeHHME IIMHBEI BOJIHBEI OOYCIIOBICHO
H3MECHEHHUSIMH B CBOMCTBAaX CaMoOro KBaHTa CBETA, MPOUCXOAAIIMMHU B
T€UIEHUH OrPOMHOI0 BPEMEHH JIBIDKCHUS BOJIHBI CBETA OT UCTOYHHKA K
3emie B Ioiae 3¢upa.

35. pupHBIA BHXPbL OKO0/I0 BpalalOILErocs
HEeHTPAJIbHOT0 MACCHBHOIO TeJja

ACTpOHOMUYECKHE HAOMIONCHUS TOKa3bIBAIOT IIOPaXKAIOMIEE
€AMHOOOpa3ue INHUPOKO  pacIpoCTpaHEHHBIX BO  BceneHHoOM
BpalIaTEIbHBIX ABIKEHUN. 3BE3BI B raJJaKTHKAX BPAIIAIOTCA B OJHOM
HampaBsieHHH. B HanpaBieHUM BpanieHUs MIIEIHOrO IIyTH BpallaeTcs
BOKpYT cBoeit ocu Conuue. IlmaHeTsl colHETHOH CHCTEMBI 00€raioT
BoKpyr ConeHlla B OJHOM HaNpaBICHMM, COBMAJAIOMIEM C
HampaBneHueMm Bpameans camoro Connma.  bomee TOrO, HX
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coOCTBEHHOE BpallleHE BOKpPYI' CBOMX OCEH, 3a peIKuM
HCKIIIOYEHHEM, COBMANaeT C WX HaNpaBJICHUEM JBIKCHHS BOKPYT
Comnnna 1 ero co6cTBeHHBIM BpanieHueM. CIIyTHHKH IUIAHET TaKXKe B
OOJILIIMHCTBE BpamaloTcs B CTOPOHY BpPAIICHUS CAMUX IUIAHET. OTO
eauHoOoOpa3ne BpalaTeNbHBIX [BIDKEHUN IUIOXO COYeTaeTrcs ¢
npeAcTaBleHusIME 0 “BonpmiomM B3peIBE nEpBOaTOMAa’, SKOOBI
nopoausmeMm BceneHnyro. B3pelB no cBoeil mpupoae AOMKEH ObLI
IIOPOIUTE Xa0C, a He HabMogaeMyI0 3aKOHOMEPHOCTb.

Bcé 3T0 HaBOZUT HA MBICIb, YTO CYMECTBYET OOIUN
TPUBOLHON MEXaHM3M, [OCHCTBYIOONIUA BO BCEX IEPECUHUCICHHBIX
coyyasX. TakMM MEXaHU3MOM MOTYT CHY>XWThb S(QHpPHBIE BUXDH,
KOTOpBIE, IIOBUANMOMY, IIUPOKO PaCIIPOCTPaHEHBI B KocMoce. be3 ux
y9€ta HEBO3MOXXHO OOBSICHUTD ULIHPOKOE pPaCIpPOCTpaHEHHE H
equHOOOpasne BpallaTebHBIX ABHOKEHUN BO BeenmeHHOM, a Taioke paa
APYTHX, CBA3AHHBIX C 3TUM npobireMm. Hayka, Hampumep, 10 cux mop
HE cMoriia o0OBACHHUTh HECOpa3MepHO OONBIION MOMEHT KOIHYECTBa
ABIDKCHHS IUIAHET CONHEYHOH CHCTEMBI M OCOOEHHOCTH CTPOCHHSA
CITUAPAJILHEIX TAJIaKTUK.

Buxpu mHMpOKO pacnpocTpaHeHs! B Ipupoae 3emnn. Mul 3HaeM
aTMOC(epHBIE BHXPH, BOAOBOPOTHL. M3BECTHO, 4TO CIHB BOJEI H3
moboit EMKOCTH 4epe3 OTBEPCTHE COIMPOBOXKIAAETCS 0Opa3oBaHMEM B
BOAE BuXpsA (BHUXPEBOH BODOHKH), KOTOpBHIH BOBIIEKaeT B CBOE
BpalcHHEe OKPYXAIOUIYI0 MacCy BOJBI M HAaXOAsAMuecss B  HEH
IUIaBaroue npeaMersl. B xauecTre Takoi BOPOHKH I CIHBa 3¢dupa
B KOCMOCE BBICTYIIAIOT MATEPUAIBHBIC TeNa, HENPEPHIBHO
normomarmomue »>dup. PanuanpHOE TEYeHHME K TeENy ABIAETCA
HEYCTOMIHMBEIM M CBOPAaUHBACTCA B YCTOMIUBEIN BUXPECTOK.

B  aspommHaMuke  IIMPOKO  HCMHONB3YETCS  BUXPEBOE
MOAENUPOBAHWE MHOIUX OYEHb CIOXHBIX PCEAIBHBIX BUXPEBBIX
TEUCHMH BO3AYyXa, BOSHUKAIOUIMX OKOJIO CaMOJIETOB U PAKET B ITONIETE.
TeopeTHdeCKH BUXPH MOryT CYMECTBOBATh B BHAE OCCKOHEUHBIX
BUXpEH, TaKk KaK COTJIaCHO CIIEACTBUIO M3 TeopeMs! I'enbMronsna OHH
HE MOTYT OKaHIHBATHCA OCTPUEM [15]; BUXpH MOryT OKaHYMBAaThCA HA
IPaHUILIC Pa3IMYHLIX CPE/l; U3BECTHHI BUXPEBEIE KONBIIA.

OnumeM Te4eHHE OKOJIO 3(PHUPHOr0 BUXPS C LEHTPAILHBIM
MaCCHBHBIM TEJIOM ITOTEHIIHATIOM CKOPOCTEH BUXPECTOKA :

¢ = am/4np.r + @, -ro"; Y, (35.1)
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re m - Macca Teja; Mg - YIVIOBas CKOPOCTH BpallleHUA siApa BUXPS C
paguycoMm tog; W H O - yrnoseie koopauHaTel (puc.35.1); r -
paguagbHas koopauHata. Hadano chepudecknx KoopAMHAT COBNAAacT
c uenroM 0 cepuueckoro tema. Dpup BHYTpH BHXPSA Bpamaecrcs IO
3aKOHY BpameHus TBEpaoro tena [15]
U, = @y rsinb. (35.2)

B panmHOlf 3aJade NHOCTYIATEIbBHOE IBWKCHUE TENa U BUXPA
OTCYTCTBYeT. MeTo1 HaJl0XKEHNA ITOTeHIMAIbHBIX MOTOKOB MMO3BOJISAET
n0o0aBUTh HX TmO3Ke. BiusHHEe CKxMMaemMocTH 3(PHUPHOro rasa
OTCYTCTBYET H3-3a HeOOJBNION CKOPOCTH BpalleHHA H PaIdaIbHOTO
T€ICHHA. Te4YeHHue BHE BUXPA SABIACTCA MOTCHIMAIBHBIM. C ITOMOIIBIO
noTeHImana ckopocreit (35.1) MoXHO 3amucaTh IPOEKHMH CKOPOCTEH
3(¢upa BHE BUXPA .

V= 00/0r = - am/4np.r, (35.3)
Veo = (1/r) 89/06 =0, | (35.4)
Vey = (1/15in0) 0p/0y = wpr’op/(1sind). (35.5)

Pemenue (35.1),(35.3)-(35.5) ynosnerBopsier ypaBHeHuto Jlarnaca
U TPaHUYHBIM YCJIOBHSM Ha OECKOHEYHOCTH. YIJOBasg CKOPOCTb
BpalleHus ® U PajuyC r, IECHTPAIBLHOrO Tejla HE COBIAJAIOT C
YIJIOBOH CKOPOCTBIO BpAamEHUS O H PagUyCoOM TI,g AApa 3(pupHOro
BHUXPA.

PaccmorpuMm 1noapoOHee CHIOBOE
BO3AcHcTBHE J(QHUPHOrO BHXPS Ha
HeHTpansHoe Teno. OOparmmces s
3TOTO K nubdepeHraIbHOMY
] ypaBHEHHIO BpalIaTENBHOrO IBMXEHHUA
TBEPJOTO TEj1a BOKPYT OCH:

J,dow/dt =M.
B sTomM ypaBHeHuu J, - MOMEHT
MHEpUUU CHEpUIECKOro Tena; © -

yrioBasi CKOPOCTh BpamicHus Tena, t -
BpeMsa, M-momenT or cwisli F,
JEUCTBYIOIIEH HA TEJIO CO CTOPOHBI

ABWKyILerocs 3gupa.

Puc.35.1.
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Kak ObL10 noka3ano B pasneie 4. TedeHne 3¢upa oxainiBaet

HA TEJ0 CHJI0BOE BO3AeHCTBHE BHE 3aBHCHMOCTH 0T COOCTBEHHOIO
BIsKeHHs Teaa. IloToMy BpamiareabHOE ABMIKEeHHE >(hupa
BHYTpU siipa BUXps OVieT YBEJINYMBATH CO BPEMEHEM VYIJIOBYIO

CKOPOCTh ( HEHTPaJbHOro teja. Teyenne 3pupa BHe fApa BHXPS
C_OKpYVXKHO#W cxopocthio V, coraacuo dopmyae (4.14) tawske

OKa3bLIBAET CHJA0BOC BO3AEHCTBHE HA COYTHUKH NECHTPAJILHOI'O

T€Ja, YBEAHYNBAA HX OKPYKHBIE CKOPOCTH. DTO A0 CHUX IIOpP HE
YYUTHIBAJIOCH HAYKOM M CTAaBWJIO ACTPOHOMHI0 B TYNHMK B
NMONLITKAX O0LACHHATHL HEKOTOPhIE CBA3AHHBLIE C 3THM SIBJICHHS.

ITpounTErpupyeM 3TO ypaBHEHHE W HaijeM 3aBUCUMOCTb YTIIOBOH
CKOpPOCTH OT BPEMECHH:

® = (M/J,)t + .. (35.6)
MoMEHT MHEpLINK OHOPOJHOIO mapa U3BecTeH [48] :
J,=(3/5) mr,’. (35.7)

3necr m - Macca LIEHTPAJbHOTO Tella, UMEIOLIEr0 pajuyc r, Janee
3allMIIEM MOMEHT OT CHWI CO CTOpPOHBI Bpamaroumerocs 3¢upa,
IPUJIOXKEHHBIN K ChepHIeCKOMY TEIy :

M = ([ rsin 6dF = % aopt,m, (35.8)
W

rae W - 00bpéM mapa; dF - snemeHTapHas cwila, OPWIOXKEHHAs K
3/leMeHTapHoi macce Tena dm. Cuna ompeAensaercs B COOTBETCTBUH C
¢popmynoii (4.14) nia ckopoctu V= U, (cM. dhopmyiy (35.2)).

IToncraBum B ypaBHeHuE (35.6) Boipaxkenus J,u M u3 (35.7) u
(35.8). B pesynsTare noirydum

®=2/3 awgt + ®,. (35.9)
IToryyennass ¢opmyna ompenenseT 3aKOH YBEIHMYECHHSA YTIIOBOI

CKOPOCTH BpamICHHsI MAacCCHBHOTO TeENa, HAXOAAIIEroCs BHYTPH
3($UpPHOr0 BUXPA, OT BPEMEHM.

®opmyna (35.9) moxer OHITP HMCHONB30BaHA MJIA PEIICHHS
oOpaTHOM 3aJa4W, TO €CTh MJIA ONpEeHCNICHHA YTJIOBOM CKOPOCTH
BpPamICHUs sapa 3GUPHOro BUXPS g IO U3BECTHOM YIJIOBOM CKOPOCTH
IIEHTPAIBLHOTO0 MACCUBHOIO TEJIa:

0 -a,

wg = 3/2 . 35.10
5 ta ( )
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CnoXHOCTh YKa3aHHOM 3aJ1a4¥ COCTOMT B TOM, YTO, HECMOTPSA
Ha KaOXyOIYIOCAd IIPOCTOTY 3Toi (opMynsl, IpH e€ peaau3aldu
Heo0X0AMMO 3HATh YTJIOBYIO CKOPOCTh BpAalICHHSA LEHTPAIBHOro Tela
0€3 IOCTOPOHHMX BIHAHHN Ha €€ BEIWYHMHY CO CTOPOHBI APYIruUX
KOCMUYECKHX TEJl WIH APYTUX COOBITHI B KU3HU ITOTO TEJIa, KOTOPHIE
MOITIM M3MEHUTH 3Ty CKOPOCTh. Kpome TOro, Hy>XKHO 3HaTh BpeMs, B
TEYIEHUE KOTOPOro IPOUCXOMMIO PACKpYYHMBAaHHUE, M HAYAIbHYIO
YIJIOBYIO CKOPOCTB (.

IIpumenum dopmyry (35.10) Kk pacaéTy yrioBBIX CKOPOCTEi
3¢upHeix BuXpeii ConHIa ¥ IUIAaHET COMHEYHOM CHCTeMEl. Jljis
COBPEMEHHOI0 3HA4CHMSA YII0BOH CKopocTd BpameHus ConHia @ =
2,9:10 ° pag/c u BpeMeHuU cymecTBoBakma CONHIA KaK 3Be3fsl t = 15

MJIIpO JIE€T IpU ®, = 0 yrmoBas CKOPOCTH BpPAIICHUSA COJIHEIHOIO
supHoro Buxps 6yner  og; = 0,925-10 * pan/c.

IToMuMo aTOrO OmpeAenuM €mEe OAHO 3HAYECHHE (Dpy COJHEIHOIO
BUXPSl, ACXOJ8 M3 BPEMEHM CYIIECTBOBAHMA COJMHEYHOM ILTAHETHOM
cucteMsl t = 3,5 mupn naer. IIpu 3ToM I1onaraeM, 4TO B MOMEHT
oOpa3oBaHHA IUIAHET MOMEHT KOJIMYECTBA [ABIDKEHHMS OBUI IEperaH
IUTlaHeTaM, a BpameHue caMmoro ConHIa OBIIO IPAKTHIECKH
OCTaHOBJIEHO: Mgy = 3,96-10 23 pazn/c.

PesynsTaThl pacd€ToB YIJIOBBIX CKOpOCTeH S(PHUPHBIX BUXpel
OKOJIO IUIAHET COJHEYHOM CHUCTeMBI JJIS BpeMeHH t = 3,5 Mupa et
npuBeieHsl B Tabn.35.1. B aToét Tabmuue B mepBoM cTonOLE
IIPUBEACHH Ha3BaHHWA IUIAHET, 4 B IIOCICAYIOMMX CTONOLAX IaHbI
3Ha4eHUss Macc, PaguyCoB, YITIOBBIX CKOpoCTed miaHeT. B ceasMom
CTONOIIE IIPUBEAESHRI YTJIOBBIE CKOPOCTH 3)MPHBIX BUXPEH.

Tabmuua 35.1

Yrnosas Pamuyc Oxpyxuas |Yriosas
[Inanerst |Macca, Pamuyc, CKOpPOCTh  |OpOHTH, CKOpPOCTB,  |CKOPOCTB
T cM TLIQHETHI, cM cM/c BHXD,
pan/c pan/c

Bemins 5980107 [6,37010°% [7,28¢107° [1,49010 [2,98010°  [9,93e10 %
apc 6,57010% [3,39¢10% |598e10° [2,28010" [2,41010° [9,68¢10 %
marep |1,89¢103% [6,.99¢10° [1,76010% |7,88¢10% |1,31e10% [2,40e10
ICatypr  [5,68010% [5,75¢10° [1,71e10* [1,42¢10™ [0,97¢10¢ [2,33e10 %
pau 8,78010 % [2,55¢10° [1,63e10%* (2,87¢10' |0,68¢10° [2,23e10 %
entyH  |1,03010% [2,50010° |1,10e10* {4,60e010'* 10,54e10°% [1,50e10 %
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C TeueHWMeM BpEMEHH YTJIOBasg CKOPOCTh BPAamEHHA JEMIIH
Bo3pacraer. B coorBeTcTBHU C (hopmyoii (35.9) xaxaeie 100 et ona
YBEJIMYHUBACTCS HAa BETUIUHY

A®=® - ®, = 2005 tige/3 = 2,08 -10 ** pag/c.
Cpensee npupainieHue yIjioBoi CKOPOCTH 3a 3TOT IIEPUOL
Awg =Aw/2=1,04-10 ** pam/c.
Ilnst 3eMIM COBpEMEHHas YII0Bas CKOPOCTb ), = 7,28-107 pag/c.
B pe3ynbTare paCKpy4MBaHHsA 3€MHEIE CYTKH B cpeaHeM 3a 100
JIeT YKOPadMUBarOTCA Ha BpeMs
AT100 = 27/, - 27/(@, + Awdy) = 1,235 -10 2 c.

OTO OYECHb MaJleHbKas BEJMYMHA, HO OHA B 1,23 pa3a mpeBbIact
BEJIMIUHY TOPMOXKCHHA 3eMIM NOPWIMBHEIMM CHiaMH 0T JlyHsl,
cocTarstronmMu cornacao [27] 10 ¢ B 100 ner mmm 10 ¢ B rox.
Oanako 3Ta BenMYMHA HECOM3MEpMMa Majla II0 CPaBHEHHIO C
€XKErOJJHEIMH KONeOaHUsIMY CKOPOCTU BPaIIeHHUA 3€MIIM BOKPYT CBOEH
ocu. BersicHeHo [27], uro B koHue XIX Beka 3emis cnenmuia 6osee
gyeM Ha 1 ¢ B rof. ITocae 1900 roxna, ona orcraBana MeHee 4eM Ha 1 ¢ B
rox. Hauunasa ¢ 1920 roga oHa crana cHoBa creninTh. Kax OTHOCHTRCS
K nosydeHHoMy pesyiabrary? OH, 0e3 cOMHeHmMd, Aa€T NMUIy A
pPasMBIIUICHUM, HO €ro He crouT abcomoTu3upoBars. Hanuio
OOWHAKOBBIM MOPSIAOK 3HAYCHUH IPWIMBHOTO TOPMOXEHHUA 3E€MIIH
JIynou u e€ packpyduBanus 3QupHbIM BuxpeM. Pacxoxaenue B 1,235
pa3a He JAO/DKHO Ka3aTbCsd OONBHIMM, €CIH Y4Y€CTh, 4TO pacuér
pacKpy4uuBaHus 3eMJIM TPOBOAWICS CO MHOTHMH HEWU3BECTHBIMH,
KOTOphIE MOT'YT BIHATH Ha 3TOT Ipolecc. Mbl HE 3HaeM, HampuMep,
Korma ¥ Kak 3emid U JlyHa oOpasoBaad TECHYIO Iapy M,
CI€0BATENBHO, HE 3HAEM, IPAaBWIBHO JIM Mbl BEIOpanu Bpems 3,5
mipa aer B ¢popmyise (35.10). He 3nmaeM, MOXHC JH CyMMapHBIH
3¢(EeKT OT TOPMOXKEHHA M PaCKpyYHMBAaHHUA IMOIydaTh IPOCTHIM
cymmupoBanueM. HakoHell, Mbl He 3HaeM, 4€M BEI3BAHEI €XKETOJHBIC
KoneOaHUs B CKOPOCTH BpalleHHA 3€MJIIM M KaK OHM OTPaXaloTCs Ha
IPIWIABHOM TOPMOXKE€HHH U PACKPYIUBaHUU 3EMIIH BUXPEM.

Yxe mocie TOro Kak 3TOT pacd€T OblI BBINOJIHEH, IOSBHIOCH
HHTEPECHOE HAyYHOE COOOmIeHHE. ABCTPAIMIICKHAE YYEHBIE U3y9HIIH
ApPEBHENIINE OTJIOKECHUS Ha MeCTax OeperoBoit JMHWH,
cymecTBoBaBmeid tTam 900 miH jer Hasan., OHU NMPUILIM K BHEIBOAY,
YTO CKOPOCTh BpaimieHus 3emiu 3amemriercsa. Ilo mx maeHmro, 900
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MJIH JIET Ha3aJl 3€MHEIE CYTKH COCTaBIsAnm Bcero 18 4. B To xke Bpema
OHU C YAUBJIEHHMEM OTMEYalOT, 4YT0 OHOPUTM  UEJIOBEKa,
chOpMUpOBaBIIHICA B T€ HJAJICKHE BpPEMEHA H COXPAHHBIIMNCS 10
Hamux aue cocrasngeT 30 4. [Touemy?

Ecimu Bce-taku 3emild pasrOHAETCA B CBOEM BpallCHUM, a HE
TOPMO3HTCSI M 3€MHBIE CYTKHM HE YBEIUYHUBAIOTCS, & COKPAIIAIOTCS, TO
pacu€ér no dpopmyie (35.9) mpuBoaUT UMEHHO K TOMY, 9TO 900 MiH
JeT Has3an 3eMHble CyTkd Obuim paBHBEl 30 4 M COOTBETCTBOBAIH
Oouoputmy genoseka. Uurepecno? Ho rae ncruna?!

36. ®opMa peajIbHOT0 KOCMHYECKOI'0
3GHPHOr0 BUXPH

PaccMOTpHM BOIPOC O TOM, KaKy1o popMy AO/DKEH UMETh pPealbHblid
BUXpPh OKOJI0O MacCHMBHOIO Tena. Kak MokasaHO BhINE, IIPH BUXPEBOM
MOJICTTHPOBAHNH SBJICHUM, IIPONCXOAAIMIUX B KOCMOCE, JOCTaTOYHO Mpea-
IIOJIOJKUATH, 9TO 3TOT BUXPh UMEET NOCTOSHHOE CEICHUE U ITPOCTHPACTCA B
0eCKOHEYHOCTH IT0 00€ CTOPOHEI OT LIEHTpaIbHOrO Tena. OAHAaKO TPYAHO
IpeAcTaBUTh cebe Hamuuue BO BeeneHHO OrpOMHOro 4mcia Takux Oec-
KOHEYHBIX Buxpeil. Ckopee Bcero, ceueHue 3(UPHOro BHXPA YBEIU-
4MBAETCA [0 MEpPe YIAIEHUS OT HEHTPAIBHOIO TENa, MPEACTABILIIONIErO
coboit crok (puc.36.1). Takyro ¢dopMy HMEIOT, HaIPAMEP, BUXPEBHIE
BOPOHKM IIPH CIIMBE BOABI M3 EMKOCTH 4vepe3 orBepcrue. IIpn srom
IOO/DKHA BBEIIOIHATHECS TeopeMa ['enpbMroibia 0 TOM, 4YTO HAIPSDKCHUE
BHMXPEBOIO HIHypa I OCTa&rcst HeM3MEHHBIM I10 €0 JJIMHE, TO €CTh

I=2Hco-dS = const.
S

3aech ® - YIJIOBas CKOPOCTh BpalICHUSA
BUXpPS; S - IONEPEYHOE CEUYCHUE BHXPA.
ITpuMeHHNTENEHO K 3QUPHOMY ° BHXPIO,
IMEIOLIEMY IUIONMIak  IIONEPEYHOTrO
CeueHHs S = TI, M BPAUIAIONMIEMYCSH C
IIOCTOSSHHO#M YTJIOBOM CKOPOCTBIO 0 = (I,
3Ta TEOpeMa BEIPOJIUTCS B PABEHCTBO p

1'0132 = const.

Puc.36.1
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JTO PABEHCTBO O0O3HAYACT, MO CYTH J€Ja, IMOCTOSHCTBO MOMEHTA
2
KOJIMYECTBA JBM)KCHMA ITO JIMHE BUXps. BenwuuHa wpr,; BXOJAWT B

Belpaxkenue (35.1) ans moreHIMana CKOpPOCTEH, OIMCHIBAFOIIETO
BHEIIHEE TedeHHUE d(pupa 0kolo BuXpsA. [IockonbKy OHA ITOCTOSHHA IO
miHe Buxps, Beipaxkenus (35.1), (35.3) + (35.5) =me Oyayr
M3MEHATBCA TIPH HM3MCHEHMH paguyca Iop, €CIH OIHOBPEMEHHO
M3MEHACTCA YTJIOBas CKOPOCTh BpamleHWs sAapa 3(QUpHOrO BUXPSA B

y 2
COOTBETCTBHH C popmynont wp= const/7,;.

Korjma paavyc cedyeHHss BHUXpA Tog CTAHOBUTCH OECKOHEYHO
OonbmIEM, YTIOBas CKOPOCTh Bpall€HHs (g CTAHOBUTCS paBHOM
Hymo. IloaToMy peanbHbie 3(UpHBIE BHXPH OKOJIO MACCHUBHEIX TEI
HMEIOT HakTHIEeCKH OTPaHUYCHHYIO MPOTIXKEHHOCT.

VKka3aHmeM Ha YMCHBIICHHE YIJIOBOH CKOPOCTH BpalleHUs
BJIOJIb OCH BHXPSA IO MEpE yAAJICHUA OT YKBaTOPHAIBHOM IIIOCKOCTH
LEHTPAIBHOIO Tejia Ciayxar HalOmioacHusd 3a BpameHHeM ComHna.
SBnsgce razoobpasuHeiM mapoM, COHIIE BpamaeTcsi HE Tak, Kak
TBépnoe Temo. Habmoaenus 3a COIHEUHBIMH IIATHAMHU U
- CIEKTpanbHbI aHann3 [47] moka3ainu, 49TO0 OBICTpee BCEro
oOpaimaroTcs SKBaTOPHAJIBHBIE TOYKH, COBEPIIAIONIME IOJHBINA
obopoTt 3a 25 aueil. UeM Aanbine OT IKBATOpa, TEM OOJbIIE BpeMA
ob6pamennsa. Ilox muporoit 40° OHO yxke COCTaBiiseT CBHIM® 27
nueit. ITox muporoit 80° BpeMs oOpaimienus IOXOIHT 10 34 aHel.
Bpamenue Onurepa Boxpyr ocu [47] uMeeT Ty ke OCOOEHHOCTbD.
IlonyTHO OTMETHUM, UTO MPUYHHA 3arajJOYHOTO “IKBATOPHANIBHOIO
YCKOpeHHs” OcTaéTcs 3araJkoil Aji1 HAyKH M He paspemieHa IIo
CErOJHAINHUN eHb.

37. Paguycel KocMMYeCKHX J(PUPHBLIX BHXPEM.
Bansanue >()UPHBLIX BUXPe HA PAAHYCh] IVIAHETHBIX
opOuT

Ba)XHEIM ¥ HE MMEIOMUM [10Ka OTBETA ABIAETCS BOOPOC O paauyce
aapa Buxpsd. [Ipome Bcero 6510 OBl IIPEAIONIOKKTh, YTO OH PaBEH
pamuycy UEHTPaJbHOr0 Tela, Kak B ciiydae 0Opa3oBaHMA BHXpSA 3a
C4€T CHJI TpPEHHMS O IIOBEPXHOCTh Bpamjaromerocs tena. OaHaKO
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npupona 3¢uUpHOro BHXpA He cBa3aHa ¢ TpeuueM. OHa 00ycioBIeHa
TEM, YTO MICAJIBHOE PAANAIBLHOE TEIEHME OKOJIO CTOKAa SABJIACTCSH
HEYCTOMYUBBIM H BCICACTBHE STOT'O CBOPAYHUBAETCA B BUXPh. 1€UECHHE
BHYTPU M CHapyXu BHXpA SBIAETCA YCTOHYMBBIM K BHENIHHAM
BosmymieHussM. IloaroMy Henp3s BO Bcex ciy4asx TpeOoBaTh
paBeHCTBa pajgWyCOB TElIa M BHXPS, XOTA 3TOTO PABEHCTBA HENb3S
TAKOKE UCKIIIOYHTD.

YIoOHBIMH KOCMHYECKHMHM  O0BEKTaMH, ITO3BOJIAIOHIMMU
ONPENENINTh paguyc JIGUPHOrO BHUXPSA  HENOCPEACTBEHHO M3
HaOMIOJEHNH, ABJIAIOTCA CIHMPANIbHBIE T'aJIaKTHKH, B KOTOPBIX 3BE3IIBI
KaKk Obl BU3yalIM3UPYIOT I'paHuily 3GUPHOIO TaJIAKTHYECKOrO BHUXPAI.
HabnroneHus MoKa3pIBaloT, 9T0 3BE3MEI B 4Ipe CNIMPATIbHOM rajakTu-Ku
obpaiaroTcd BOKpPYTI OOmIEro LIEHTpa II0 3aKOHY TBEPAOro Tela H
TOJIBKO 3BE3bl B CHHPAIBHBEIX PYKaBax MMEIOT CKOPOCTH, YORIBArOIME
0 Mepe yAaJeHusd OT sapa. Takas K€ KapTHHA pacipencicHUs
CKOpPOCTEH, KaK M3BECTHO, XapaKTEpHa [Ojd TeYEHUH BHYTPU U BHE
BHXpsi. 3T0 Ha0I0/IcHHE, KpOME TOro, IIOATBEPXKIAET CACIaHHOE paHee
YTBEP)KJICHHE O TOM, YTO paauyc 3pUPHOrO BUXPS MOXKET HE COBIIaaTh
C paauyCcOM CIUIOITHOIO LEHTPaJbHOr0 TEja, IIOCKOIbLKY 3BE3AHI B Spe
raJJakKTHKH YZJQI€HBI APy OT Apyra Ha OOmbIIne pacCTOSHUA H HE

NpeICTaBIsoT c000ii equHOoro Tejia. PHCYHOK CIMPAJbHBIX FAJaKTHK

TOBOPHT TAaKiKC¢ O TOM, YTO 3Qﬂpﬂblﬁ raJakTHIecKui BHXDb
AKTHBHO QOEMHQ!GT CKOPOCTH NBHIKCHHS 3B633 H HAX HNOJOXKCHHA

OTHOCHTEJIBHO LEHTPA raJaKTHKA.
K coxanenuro, HET IpAMBIX HAOIIOACHUA OOBEKTOB COJTHEY-

HOM CHCTEMBI, U3 KOTOPBIX MOXXHO OBUIO OBl OIpEeACIHTh PaIUyChI
3¢UpHEIX Buxpei camoro CoisHIA M IUIaHET. JTO 3acCTaBISIeT MCKaTh
ABJICHUA, KOTOpPBIE XOTA OBl KOCBEHHO IMO3BOJIMIIM OIPEIEITUTh 3TH
paauycel. OOpaTuMCA i1 9TOr0 K 3aKOHaM JBYDKCHHUA IUIaHET.

H3BecTHO, 9T0 ABMIKEHME IUIAHET MO JIUIMNTUICCKHM opOuTam
noaunHsaeTcsa 3akoHam Kerepa. [T0CKOnbKy 3THIITHYECKHE OPOUTEHI
IUIAHET COJMHEYHOH cucTeMbl ONM3KM K KPyTrOBBIM, TO 3TO O3HAYaerT,
9qT0 B J1000H TOUKE OpOUTHI JOKHO BBIIOJHATECS PaBEHCTBO
LUEHTPOOEKHOM CHJIBI ¥ CHJIBI IPUTAXKEHHA OT ILIEHTPAIBLHOrO TEja,
JEUCTBYIONIVX HA IUIAHETY:

Fn.G = FTM; (371)
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rac Fu.ﬁ = an2/ Top6s F m=fmnm/r2 op6 (372)

Ilocne mnoacranoBku (37.2) B (37.1) m HeoOXOZUMEIX
" COKpaIllEHHU! HMEEM

U? = fm/tops . (37.3)

B (37.2) n (37.3) BenmMuMHBE M, H M MOPEACTABIAIOT COOOM
MacChl IUIAHET ¥ HEHTPaNbHOM 3Be3Abl; U - OKpyXHast opOuTaIbHAs
CKOPOCTBb IUIAHETHI; Iops - CPEAHHMH paauyc OpOHTHL. B HauvaibHbBIN
MOMEHT BpeMeHH t = 0, xorga U = U,, m = my, U Top6 = I op6, YCIOBHE
(37.3) npuHMMAaET BH]

U, = fMy/To op6 - (37.4)

Kak 6pU10 mOka3aHo B ri.l, ¢ TeueHHEM BPEMEHHM MAcChl TEN
BO3pacTaroT corjiacHo 3akoHy (1.7), yBenMUHBas CIIy IIPUTSKECHUS
IUIaHETBl K LeHTpadbHOMY Teny. C  Apyroil CTOPOHEBI, IIOJ
BO3AcHCTBHEM 3(QUPHOIO BHXpA LEHTPAJIBHOIO TEiIa BO3pacTacT
OKpY)XHasi CKOPOCTh ILTIAHETHI NP JBHIKEHUHU IO OpOUTE, yBEIUIUBAast
LHEHTPOOEIKHYI0O CIIIy M TEM CaMbIM MPENATCTBYA HEHCTBHIO CHII
IPHTHKCHUL.

PaccMOTpHM 3TH mOpomecchl IId JBMIKEHUSA IUIAHETHL 34
mpenenaMu  fapa  3QupHOro BuXpA. B TeueHHe Mamoro o
KOCMHUYECKUM MEpPKaM OTpe3Ka BPEMEHM HM3MEHEHHEM CpEeJHEro
panuyca OpOHTHI HpeHeOpexE€M U OylIeM CUMTaTh, 9TO Top6 = Io-op6:
CornacHo popmynam (4.14), (35.5) cuna, ¢ xoTopoit 3GUPHEIA BUXPb
JEUCTBYEeT Ha CIIYTHHK WM IUIAHETY B HaIPaBICHUH OKPYXKHOU
CKOPOCTH 3¢Hpa o KacaTreJbHOI K opbuTe, Oyner

F = mdU/dt = amu@, 7. /os. (37.5)

VYpaBuenne (37.5) NMpOHHTErpHpPYEM, B PE3YJIbTATE IMOIYYHUM
BBIPAXXCHHUE 11 CKOPOCTH IUIAHETHI WIIK CITyTHHKa Ha OpOuTe

U=U, + 0@y 75 t /Tops. (37.6)

IToacrasumM B ycioBue (37.1) Maccy nmenTpanbsHoro tena u3 (1.7) n
ckopoctb U3 (37.6). [Tocne HE0OX0MMMBIX MPeOoOpa30BaHMii IOy IUM

a

2 —t
U2 [1+£33""_B“] _ et (37.7)

ol opb r opb
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[lonarast Tops = Toopg M HMES B BHAy cooTHomenue (37.4),
pa3pemuM BrIpaxkeHHe (37.5) oTHOCHTENBHO pajiyca BUXpA :

alk 7,
Yop = ( )\/ﬁno iy (37.8)
2a - wg

DopMmyna (37.8) mo3BoMAET OMPEACIHTH paguyc 3PHUPHOrO
BUXPSA OKOJIO JHOO0Or0 MacCHMBHOIO Tejla, €CIH H3BECTEH PAIHYC

PaBHOBECHOH OpOMTHI, Ha KOTOPOH COXPAaHAECTCH HEH3MEHHBLIM BO
BPEMEHH PABEHCTBO NEHTPOOEKHO CHIBI M _CHJIbl _NPHTAKEHHNA,

JCHCTBYIOIIMX Ha HAXOAAULIVIOCH Ha Hel maaHery. B kadectse
pPaBHOBECHON OpOUTBHI JOTMYHO B3ATH OpOHTY, MMPOXOAAINYIO IO

HapyXHOM rpaHMile 3(UPHOr0 BHXpS, TaK KaK OHA MCHAET 3aKOH
TeueHus 3dupa BHE U BHYTPH AApa BUXpA. B 3TOM ciiydae To=Tops. pab
u 3 popmyiel (37.8) ciexyer, 9To

2
alk
Toi = Vopppap = 3| S 2w, | (37.9)
B

CornacuHo aro#i dopmyne paguychl 3¢upHbeix Buxper ConHma u
3emiu OyayTt

r,sc = 0,574 -10" cm, (37.10)

T3 = 0,956 - 10° cm. (37.11)
[Ipn mojacdére HMCHONB30BANHCH CHEAYIOMME 3HAYECHMS: M3ey =
6-107"r, p 36 = 9,93:10% pan/c, mec=2-101, 0 c = 3,96-107c™.
HNanee paspemmum ypaBHeHHe (37.7) OTHOCHTENBHO paguyca
opb6uTEl, 3aMeHHB B HEM U, ¢ momompsio (37.4) u otbpocus mMairle Be-
JIMIUHEL B pe3yabTaTe noJIydUM COOTHOIIEHHE
T _git 2E O, (g
F Oopb \/ ﬁnor Oopb

Jns HeGombmMX MO0 KOCMHYECKUM MaciiTabaM OTpPE3KOB BPEMECHH
C MOMOMIBIO 3TOH GOPMYJIBI MOKHO 3aIMCaTh NpHUpALIEHUE paauyca

opOHTBI, PA3I0OKUB e*"* B cremenHo P4 M yAEpKaB B HEM JTHHEHHBIC
MO { WIEHBI:
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2
@ _ 20 0yl |, (37.13)

ko \[fmorof;pb

ITpumenum dopmyimsl (37.6) um (37.13) mna  onpeaeneHud
M3MEHCHUH MmapaMeTpoB ABMkeHUA JIyHBI 110 opbHTEe BOKpPYr 3emim
JUIL OTpe3ka BpeMeHH tio = 3,15:10° c.(cto ner). B pacuérax
HCIIONB3YEM 3HAYEHMS Tops Iiyma = 3,844 - 10'° cM, Top 3w = 0,965 10
CM, OB 3ex = 9,93:10% pag/c. B pesynbTate MoMydacM IPHpPAIICHHE
pamuyca opbMTBI Ar,,s = 3 M, cpegHee NpHUpAIIEHHE OKPYXKHOMH
ckopoctt AUy, = AU/2 = 3,8 -10° cM/c m CBA3aHHOE C 3THM
YCKOPEHHOE JBIKEHHE 10 opOHTe Ha paccTOSHHU AS = AUt 100= 1,2
KM. O1H uudps! O1M3KHM K H3BECTHHIM 3HAUEHHAM BEKOBOI'O YCKOPEHHA
JIyuet AS1g = 7,45 XM M IIpHPAINEHUA CPEAHETO PanUyca OpOUTHI Aloyg
= 1,5 M, onpenenénHsiM K3 HaOmiogeHul 3a IBIKEeHHEM JIyHEL
PacxoxaeHusa, BUANMO, CBA3aHBI ¢ TeM, 910 ¢opmyna (37.9) mana
npubmbKkEHHOE 3HAYeHHE paauyca 3QHPHOro BuUXps 3emuu. Pamgmyc
peaJIbHOr0 BUXPA HECKOIBKO Oospmie. J[0CTaTOYHO MONOKHTD Tog =
2,4 -10° cM BMecTO Ig = 0,965 -10° cM, 9T065I MOMYIUTH 3HaUEHHAE AS
= 7,45 KM, NOJHOCTHIO coBmajamomee ¢ HabmozaemeM. [Ipu aToM
NoJIyYacTcs Majias BeInduHa Arq,s = 6,5 cM. ITociequee o3Havaer, 9410
HabmiogaemMoe mnpupamneHuHe Arg,s=1,5M B OCHOBHOM IIPaBHJIBHO
OOBSICHEHO MPUIIMBHBIM BO3JEHCTBHEM 3eMJIM Ha JBIKeHHE JIYHBI U
JIAOIb B MAJIO¥ CTEIICHH OHO 3aBUCUT OT 3(PUPHOro BUXpA 3eMIIN.

Hanee obpartumcsa x opbure 3emnu Bokxpyr Comnma. 3a 3,5
MJIPJI JICT IIPH MWp ¢ = 3,95-10% pan/c, rosc = 0,574 10" cm, Top6 3em
= 1,465-10" cm npupamenve opOUTAIEHOM CKOPOCTH 3€MITH COCTaBHT
Benmauay AUsz,, = 1,436 xM/c. CoBpeMenHas ckopocts 3emnu U, =
29,8 km/c. 3a omguH Mumapy Jier corsiacHo (37.12) paguyc opOUTHI
3emii BO3pOC B OTHOLICHHU

Topo/Toops = 1,08. (37.14)

Veemuuenne paguyca opOHTE 3eMiH, o0ycloBiaeHHOE 3(pUp-
HeIM BuXxpeM Cojnna, xak ciaegyer n3 (7.7), HOJHOCTHIO KOMIIEHCH-
pyeT BO3pacTalONIyl0 CO BpEMEHEM cBeTuMocTh CONHLA M, ClIeno-
BaTEIHLHO, MOJYyYaeMyH OT Hero 3emMiéd TeIuIoByro SHepruio. Iloc-
JeJHEee, KaK MBI IIOMHMM, OOYCIOBJIEHO POCTOM €ro MaccChel B
cooTBeTCTBHU ¢ 3aKOHOM (1.7). MlHTEpeCHO OTMETHTH, YTO PpE3YJb-
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Tatbl (7.7) u (37.14) nomydeHsl HE3aBHCUMO APYr OT Jpyra. JTO
JIMIIHKAYM pa3 MOATBEPKAAET IIPaBHJIBHOCTh HAWICHHBIX OOBACHEHMUI
ABJICHUS YBEJIMICHUA MAacC M DHEPIHH 3BE3, a TAKXKE CYIIECTBOBaHHUA
3(HPHBIX BUXPEH.

38. CBepxMaccuBHbIC HEHTPOHHBIE YE€PHbIE
AbIPLI B HEHTPAX CIHPAJIbHbBIX FAJAKTHK

CTpoeHHe CHupalbHBIX raJakTHK HMMEET ABE OTINIHUTENb-
HBIX ocobeHHocTH [8,9]. IlepBas U3 HUX COCTOHUT B TOM, UTO SAPO
mI000H CUPaATbHON TaJlaKTHKH, COCTOALIEH M3 MHJLINApAOB 3BE3[,
Bpamiaercs Kak eJUHOe TBEPAOE Teno. Bropas 0COGEHHOCTH
3aKJII0YAaETCAs B TOM, 9TO BHE fAIpa YTJIIOBHIEC IlepeMCIICHHA 3BE3N,
HaXOJIIMUXCH B CIHMPAIBHBIX PYKaBax, BOKPYI IIEHTpa rallaKTHKHU
HaYUHAIOT yOBIBaTh 1O Mepe yaadeHus oT uenrpa. Habmronenmus
IIOKa3bIBAIOT [9], 9T0 CIIHpANBHEIE TAIAaKTHKK BPAalIalOTCA KOHLAMH
BeTBe#l Hasajg. OTOro HE CMOrIM OOBACHHTH CYHIECTBYIOLIVE
rUnoTe3sl 00pa3oBaHusA CrMpaibHBIX ranakTuk (JxuHc, JIunOnan),
HO €CTECTBCHHO 00BAcHseT Teopus d¢pupa ( puc.38.1, cnupanpHas
ramakTuka MS1 [20]).

Mul cumraeMm, 49TO AP0 CHUPAIbHOM ralakKTUKU 3aKIIOYEHO B
OrPOMHOM TalaKTUIECKOM 3(QUPHOM BUXpPE. SIIpO BUXpS COBIAZacT
IO CBOUM pasMepaM ¢ SAPOM raIaKTUKU. DTOT BBIBOJ CAEIaH HaAMH HA
OCHOBaHHUH PE3YIbTATOB, MOMYUESHHBIX B IVIaBaX 2 H 4 O TOM, 9TO Ha
moboe JBMXYINEeeCa MaTepHaILHOE TENO0, B TOM YHCIE ¥ Ha 3BE3[HI,
OelcTByeT rpaBUTallMOHHASA CHJIa CO CTOPOHBI ABIDKYyLIErocs s¢upa,
onpeaensemas ¢opmyion (4.14)

Fy=oamV,, . (38.1)
Cuna peiictByer B HampaBleHMM TedeHUst 3¢upa. 30ech V-
OKpPY>XKHasi CKOPOCTh 3¢upa B BUXPE M BOKPYT HETO; M-Macca 3BE3/IEL.
B rnase 4 nmokasaHo, 4TO rpaBUTALIMOHHAs CWJIa JICHCTBYET Ha TEJO
Jaxe B TOM CIy4dae, Korja CKOpOCTh T€jla IIPEBHINIACT CKOPOCTH
3¢upa. T.e. OHA HE 3aBHCUT OT CKOPOCTH TeJa.

[TOoCKONBKY 3TH CHIIBI, AEHCTBYIOIME Ha 3BE3/BI CO CTOPOHBI MOTOKA
3¢hupa, IPONOPLHMOHANBHE CKOPOCTAM B d(PHpPHOM BHXpPE, TO MMEHHO
OHH (OPMHUPYIOT XapaKTEPHLIA PHUCYHOK CIIMPAILHOM TIajlaKTUKU B
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COOTBETCTBHHM C IIOJIEM CKOpPOCTeH B camMoOM Buxpe. B pesyirrare
3BE31[bI, HAXOAAMIKECA B sAPE 3QUPHOIO BHXPs, BpaIalOTCsI KaK €AUHOE
TBEPIOE TEJIO, @ BHE €r0 CKOPOCTH 3BE3]] TaK XK€, Kak CKOpOCTH 3¢upa,
yOBIBAIOT 110 MEpE yJaJIeHUs OT IIEHTpa AApa.

T.0. Ha 3BC3/Ibl TAJNAKTHKH geitcrnylo'r TPH _CHJIbI. CHJIA
TIKCCTH, gen;gpoﬁemnaa CHJIA M OKPYKHasA CHJiA. CHia TsxecTd M
genjgpoﬁemuaﬂ CHJa geﬁCTB!lOT B paiHaJbHOM HANpPaBJCHHH IO

OTHOIICHHI0O K NEHTPY 3(}HPHOre rajaKTH4ecKOro BHXpS H
CIHPATbLHON TAJaKTHKH, 3 B OKPYKHOM HanpaBJieHHH AeHCTBYET
OKpYkHAasi _cHJa., OHa 3acTaBjasieT  3Be3ibl _JBHIaThed  C

VCKOPEHHCM BOKDPVI NCHTPA TAJAKTHKH., TIDYINIHPDYHA HX B

xapaxrepnuﬁ cnupanbuuﬁ PUCYHOK B _3aBUCHMOCTH OT HMX
PAacnoJIOKCHHA 10 OTHOINCHHIO K S/IPY 3¢l_lEHOF0 BHXPII.

EcTecTBEHHO, UTO B 3TOM CIy4ac BEJIMYMHBI OKPYKHBIX CKOPOCTEHN
3B€3J B BUXpPE M BOKPYT' HErO 3aBHCAT HE TOJBKO OT PACCTOSHHUA IO
[IEHTpa BHUXpsA, HO H OT BPEMEHH, B TEUEHHH KOTOpOro 3Be3fa
HaxOAUTCA B 30HE AEHCTBHSA SPHPHOr0 rajIaKTUIECKOT0 BUXpA. B 3TOM
CMBICIIC TaJaKTHYeCKUW S(QUpHBIA BHXph M CIUpaIbHAs TrajlaKTUKa
CBSI3aHBl MEXAY c000# JaTOH pOKIECHHUA.

OTHOCHTEIBLHO OTBETA HA BOIPOC, 9YTO BO3HHKAET PaHBIIC-3BE3/bI
WIH 3QUpHBIH BHXPh, MBI CKJIOHHBI PacCMaTpHUBaTh CIEAYIOIIYIO
IIocaen0BaTeNnbHOCTh. CHayasa B IMPOCTPAHCTBE COOMPAETCs OrPOMHOE
ra3omnbuieBOE 001aK0, KOTOpOE UMEET LIEHTP MAacC BHE 3aBICHMOCTH OT
coOCTBeHHOM ¢opMmbl. B pesynbTraTe TOro, Yro BCE YACTHMILI 3TOIO
obnaka moriomaT 3¢up, BO3HUKACT pagualbHOe TedeHue 3dupa K
IIEHTPY MacC H, KakK CIIEJICTBHE, CHJIa TSDHKECTH, HAIIpaBJIC€HHAA K
IIEHTpY Macc. PaHpmie MBI y)Xe€ HE pa3 OTMEYaiId, YTO PaJHaAIBHOE
TE€UEHUE CIUIOIIHON ras’oo0pa3Hoi Cpeasl He SABIASTCA YCTOHIMBEIM U
IIpH BO3HMKHOBEHHM BO3MYIIECHHMH OHO ICPECTPAHBACTCA B TEYCHHE
OKOJI0O BHUXPECTOKAa. JTO TeueHUE ddupa U IpeAcTaBiseT co0oi
OTPOMHBEIA  TaIAKTHYECKHUH  BHXPb, COCTOAIMUM HW3  sA4pa,
BpaILAIOIIEroCs KaK TBEPAOE TENIO, M TEUCHHUA 3a €ro mpeaemamu. B
9TOH 06JaCTH OKPYXKHBIE CKOPOCTH YOBIBAIOT IO Mepe YIaJIeHHA OT
saApa 00paTHO MPOIIOPLMOHATIBHO PaguyCy.

[lapamsienbHO ¢ 3TMM B Ta30mbUIEBOM OOnake (QOpMUPYIOTCS
3Be3[BI TaK, KaK 3TO paccMaTpuBaeT KocMoliorud. HeTpyaHo yBHAETS,
4YTO B OTJIIMYHE OT TeOpHH 3¢Hpa COBPEMEHHAS KOCMOJIOrUS IIOTEPsIa
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U3 MOJS 3pEHUs. OKPYXKHYIO CHIIy, ACWCTBYIOIHME Ha 3BE3JHI . H
BO3HHMKAIOIIME BCIEJACTBHE HTOT'O0 HX OKPYXHBIE CKOpPOCTH X
YCKOPEHUA. 3TO CYIIECTBEHHO CY)XHBAacT €€ BO3MOXHOCTH s
IIpaBUIRHOIO NMOHHUMAHHUsA yCcTpoucTBa Bceenenuon. PaccMoTpuMm, K
KaK{UM TOCIIEICTBHSAM MPUBOAAT 3TH OTINIHA.
[lox Bo3geicTBHEM 3TOH CHJIBI 3BE37a IIPHOOPETAECT OKPYKHOE
YCKOPEHHUE U MpUpPANICHHE OKPYXKHOH CKOPOCTH:
ju=dU/dt =F/m; = aVe,, (38.2)
AU =0V, t. (38.3)
IIpupaineHue myTH 3a BpeMs t BAOJIb OpOUTHI U NpUpalleHHe yTiIa
(puc. 38.2) 6yayr
AS =jt’/2 =V, t'/2, (38.4)
AQ = AS/tps = (0 Vi 1)/ 21006 . (38.5)
Kax BumHo u3 dopmyn (38.1)-(38.4), yckopenue 3BE3f,
IPUPAIIEHNE CKOPOCTH UX JIBMKEHHUSA ITO OpOHTE BOKPYT LIEHTPAIBHOIM
3B€31bl, IpHUpPAIEHHE IMPOHJIEHHOrO0 BJONb OPOHUTEI NYyTH ¥
JIOIIOIHUTENBHOE YIVIOBOE MEPEMELICHUE MNPSIMO IPONOPLHOHAIBHE
OKPYXXHOH cKOpocTH 3bupa V. I'panunia saapa rarakTHK{, XOpOIIO
pasnuurMas Ha ¢Qororpaduax, OJHOBPEMEHHO fABIAETCA TIpaHHIICH
raJakTu4eckoro Buxps. [103ToMy MOXHO 3armucaTh Io znpa = ToB-
OxpyxHast CKOPOCTh 3dupa B AApe BUXpS onpeensieTcs popMytoi
(35.2), a BHe saAnmpa - ¢opmynoit (35.5). B cooTBercTBUM C 3THMU
¢dopMynamMu Ha puc.38.2 IOCTpOeHa OJIIOpa OKPYKHBIX CKOPOCTEH
3¢ pa BHYTPH H CHAPYKU 3PHPHOTO IITAKTHIECKOTIO BUXPAL.

Puc.38.2
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M3 puc.38.2 BUAHO, UYTO BHYTPH A1pa 3(Up Bpamaercs 10 3aKOHY
TBEpAOro tena. B coorBercTtBum ¢ ¢popmynamm (38.4) u (38.5) aro
o0ycoBIMBacT HaOMIOZaeMoOE JABIDKCHHE 3BE3]] BHYTPH sApa
FaJIaKTUKH 110 3aKOHy TBEpAOro Tena. BHe aapa 3¢UPHOro
rajJJakTHIECKOr0 BUXPA OKpYXHad CKOPOCTh 3(upa yMEHBIIAETCs
0o0paTHO TPONOPLIMOHAIBHO paauycy (PacCTOSHHMIO A0 BHUXpS). 3TO
IOJDKHO IPHBOAMTH K OTCTaBaHMIO 3BE3], HAaXOLAILIMUXCS B KOHIIAX
cuupanbHeIX BeTBeH ['amakTuku., C Te4eHHMEM BpPEMEHH H3MEHSAIOTCSA
panuycel opOHMT 3BE34 B CIMpPAIBHEIX pPyKaBax, IOACTPaUBAasCh MOJ
3akoHEI Kemepa.

He n1npereHays Ha NOJHOE OOBACHEHHME CTPYKTYpHT H
MPOUCXOKACHHS CIHPAIBHBIX rajJakTHK, TEM HE MeHee, Ha MpHMEpe
Hamei ['anaktnku (MiedHoro IyTH) OTMETHM HEKOTOPBIE MHTEpEC-
HbIC KOJWYECTBCHHBIE COBIAACHUS IMPUPALIEHUM CKOPOCTEH MOBH-
JKEHHs 3BE3N 10 CBOMM OpOHTaM, IOJIy4EeHHBIX pacdéToM 10 ¢op-
MyJlaM JaHHO# paboThl, U W3 aCTPOHOMMYECKHX HaOmMIOneHMil. OTH
COBIAJICHHUSA ITOKA3bIBAIOT, YTO rAJaKTHYeCKHue d(pHpHbICe BUXPH aK-
THBHO GOPMHDPYIOT CTPYK COMPAJbLHBLIX FATAKTHK,

MinedHsii 1yTh, KaK HM3BECTHO, ABISCTCA CIupanbHON [amak-
tkod. Hame Connne npeacrasnsger co0oit OAHYy H3 MHILUIHApAOB
3BE3M, cocraBnAomuX ['amakrnky. OHO PacHmoIOKEHO 3a MpenciiaMu
aapa. Tak e, Kak U Apyrue 3BE3JbI, OHO JBMIKETCS BOKPYT LIEHTDA
[amakTuku ¢ OKpyxkHOH ckopocteio U, = (220 + 225) xM/c Ha
PAcCTOSTHUM OT LEHTPA Iops c = 10 kI = 3.10% cm. Macca anakTuky
onpeAensieTcs B aCTPOHOMHMM M3 YCJIOBUS PaBEHCTBa LCHTPOOEKHOM
cwisl CoNHIIa U CHIIBI IIPUTSHKEHUS, CO37aBaeMOr Maccoi [ amakTuku
M;.;, 3aKIII04EHHOM B nipenenax paguyca opoutsl ConHua:

M = U 1 ope/f =2:10%T. (38.6)

B kuure [10] oTmeuaercs, d9TO NEpHOAL BpalIieHUI BCEX
HaOII0AAEMBIX IaJIaKTHK 3aKJIFOMEHBI B CPABHUTEIBHO Y3KHX MpejeIax
ot 30 go 100 MmnH ner. ITOMy COOTBETCTBYET CIACAYIOLIMI JHUATIA30H
M3MEHEHMS YITIOBEIX CKOPOCTEN BpalEHNA SACP rajaKTyK :

Wz = (6,65 + 2 )-10"" pany/c. (38.7)

Cormacuo [10] pazuyc anpa Hamedt TanakTuxy r,,=3km=9-10%
cM. B xadecTtBe yYIimoBOH CKOpOCTH BpalleHHd sapa [ anakTHku
NPUMEM CpeJiHee 3HaYeHHe M3 auamnas’oHa (38.7), a UMEHHO ®yp=
5,6-10™ pan/c.
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Mul MOXxeM MoAeaupoBarh B3laumozcicTsue CoOnHIA C AAPOM
Mnegnoro Myt Kak, €ciid O BMECTO MILIMApAOB 3BE3J AApa B €TI0
IICHTpe HaxoAmwiack OB OfHa 3Be3/la ¢ Macco, paBHOM Macce Ajapa
TFATaKTHKH. OTO IO3BOJISET BOCIOJB30BaTHCA [Jis HAMEro aHajmM3a
dopMyamMH, IOITY9ESHHEIMHU A8 BAXPA OKOJIO IEHTPAIbHOM 3BE3AEL.

[Toacuntaem no dopmyie (35.10) npu w, = 0 yriaoBy: CKOpOCTB
BpamieHHs fnpa 3(QHpHOro rajakTH4ecKoro BUXpsa MiedHoro myTH
nya BpemeHu Bospacta INamakrvxu t; = 15 mipn ner:

OB = (3/2) Ogplat; =1,784-1072 pag/c. (38.8)

C TedeHHEM ITOI'O BPEMEHH B COOTBETCTBHHU ¢ popmyion (37.6) mpo-
M30ILI0 YBeIMYeHUE OKPYKHOU CKopocTH CoNnHIEA HA BETHIHHY

AU = O.0B ran ToB- UToops = 226 KM/C, (38.9)

COBIIAZAIONIYIO C COBPEMEHHOM CkOpocThio Comnna. CraeoBaTelnHo,
ckopocTh CoJIHIIa MOTHOCTEIO 00YClIOBlIEHA TajJaKTHICCKUM BHXPEM.
3a 3TO 3Ke BpeMs B COOTBETCTBUHM ¢ hopmynon (37.12) paguyc opOuTH
Coimua BO3pOC HE3HAYMTENBHO:  Iope/Toops = 1,025.

B neHTpe CnMpalbHON rajakTHKH AOKHAZ OBITH COCpEeXOTOYEHa
3HaYUTCIbHAA Macca MaTEpHH, KOTOpas CO3JaeT CHIIY THKECTH,
HaIIpaBJICHHYI0 K IEHTPY TrajlakKTUKH. OJOTa CWIa YAEep)KUBaeT
Ommkaiimue 3Be3ZBI Ha CBOMX OpOMTax IpH MX BpPAUIEHHH BOKPYT
obimero nenrpa. s Gonee Jamekux OT IeHTpa 3Be3] Ombkaimine K
HeMY 3B€3/ibl HA9MHAOT YBEJIMYUBATh CHIIY TAXKECTH. [0 ITOCIEeRHEro
BPEMEHH aCTPOHOMEI II0JIarajii, 9TO B I[EHTPaX TajJakTHK HaXONATCA
rasomneuieBele¢  00naka, KOTOphIE HE H3Iy4aloT CBeT. IIpH 3TOM
OOMYCKAIOCh, 4TO B LEHTPE MOXKET HaxXOAUTHCA 3Be3da, CBET OT
KOTOPOI MOIJIOMIAaeTCs B OKpYXKaroleM ee ofnake TEMHON MaTepHH.

B cBoeit xuure [1], usganno# eme B 1997 r, MH cremys 3TOM
JIOTHKE, TIPEIIOXKUIIM MOJENb CIIUPaIbHOHN rajlakKTHKU C [EHTPaIbHOU
MAaCCHBHOM 3Be340H, HAXOAAOIEHCs B FATAKTUIECKOM 3QHUPHOM BUXDE.
C Toukm 3peHMs AVHAMHMKH JABIDKEHHUS OKpPYXAIOMMX 3BE3J 3TOrO
OBLIO JOCTATOYHO.

CeronHs acTpoH3UKH CTPEeMATCA IOHATH COCTOSHHE BEMIECTBA,
Haxodmierocs B ICHTpe ramakTuku., Cyas 1o  CIOXeTy
TeneBu3HoHHOro ¢uneMa mpoussoacrsa BBC or 20 noabps 2004 r.
BeJHYHNHA MacChl BeIllleCTBa B LeHTpe ObLla ompexaesieHa U3 aHaIM3a
AMHAMHKY OJIKailIuX K NEHTpaM ralakTukK 3Be3, BHIOIHEHHOrO Ha
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OCHOBE CHCTEMATHMECKHX HAOMIONEHHI ¢ IIOMOIIBIO KOCMHYECKOTro
Teneckorna “Xabbn”’, kak

Mg ;= 0,005 M,, =10%r=10"kr (38.10)

PaccTosnus oT 3THX 3Be3/ 10 LIEHTPOB raJlaKTHK Iop, MOXKHO OLIEHMTH,
nojiarasi, YTO IIpH ABWKEHHUU KaXKIOH 3BE3/bI 10 opOuTe Habmonaercs
PaBEHCTBO ACHCTBYIONMX HA HEE B IPOTUBONOJIOKHBIX HAITPaBJICHHUAX
CHJIBI TSKECTH U LIEHTPOOEIKHOM CHIIBI

Lopb™ f U”:q,3, (381 1)

B sTux (opMynax MOCTOSHHAs TArOTeHMs =6,7-10° cm’/r-c’; mg,-
Macca CBEPXMACCHBHOH 4YEpHOH ABIPHl B IEHTPE TANaKTHKH; My, -
Macca rajmakTHKd (sgapa ramaktukd); U- OKpyXKHas CKOpPOCTb
OmpKalfmimX K LEHTpY TajakTUKA 3BE€3 IPH HX [IBWKECHUH IO
opbutam. JTta CKOpPOCTh OLIEHUBAETCS aMEpPHUKaHCKMMU
actpotusnkamu kak U=500000xm/gac=1,4-10°m/c=1,4-10" cm/c

Jlis Hamedt CIHUpanbHOM rajakTHKH MIiedHOro IyTH ¢ Maccou
M =2-10*xr pagnychl OpOHUT OmpKaiIIMX K LEHTPY 3BE3J COrIacHO
(38.11) cocraBst

Topo= 3,4-10'*M=3,4-10"km (38.12)
Pangnyc cBepXMaCCUBHOM YEPHOU ABIPEI B LIEHTPe MilieyHOro myTH
MoOXeT OBITh paccuuTaH o popmyie (30.2)

— 2f m Yo
C2
Ui HarIsgHOCTH BCIOMHHM, 49TO0 pamuyc opbutmt CaryphHa

ro,,\,——-l,42-109 kM. Kak BuamMm, paguyc 4e€pHOM IBIPBI COBIAJAET C

paguycoM opbutel CarypHa. 310 mo6ymmio acTpodH3MKOB

[IPEANIONIOKNUTE, YTO B IEHTPE CHMPAIbHBIX TAJIAKTUK HaXOIATCs

CBEpXMacCCHBHEIC YEPHBIE ILIPEI paMepoM ¢ COJIHEUYHYIO CHCTEMY.
YcmoBue CymiecTBOBaHMSA UYEPHBIX JBlp B TeopuH 2ddupa

onpenenseT ux paauycsl dopmynoii (30.3). Jng maccel MiedHoro

nyTH3Ta QopMyiia NaeT clleayrollee 3HaYCHHe

=1,49-10""M=1,49-10°xm (38.13)

roqn

romin=\/f'm“" =1,135-10" xm (38.14)
a-V,,,
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JTO 3Ha4YEHHE B CTO C JUIIHUM pa3 MEHBIIE paguyca YSepHO#M ILIPEHL,
onpeaenaeHHoro o (38.13).

He coBceM noHATHO, MoueMy acTpodU3MKa HAIpaamia MaCCHBHEIC
4EepHBEIC OBIPEl B LEHTPaX CHHPAIBHBEIX TAIAKTHK O4YCHH OONBIIHAMH
pasmepamn. IIpm Takux pasmepax cpeaHis IUIOTHOCTH 3BE3/B
monydaercss  Pg=0,01r/cM’, 4TO B CTO pa3 MEHBIIE ILIOTHOCTH BOJEI
¥ TOJMLKO B JECATh pa3 0oiblie IUIOTHOCTH BO3dyXa y IOBEPXHOCTH
3emimu. HyXHO HNOMHHTB, 9TO 3TH 3BE€3JBl HENB3S YBUIETHL M
obmepHTs. B TO ke BpeMs IUNIOTHOCTD 3Be3]] OENBIX KapIUKOB JOXOJUT
JI0 BEIHIMHBL Pg=0,7-10°r/cM’. Bellble KapiIMKK-3TO BHAMMEIE 3BE3TEL,
a4 HE 4YepHBIC ABIPE.. BO3MOXHO, Yy aMEpUKaHLIEB €CTL KaKHEe-TO
JOBOZBI B IIOJIb3Yy YTBEPXKACHMA, YTO 4YEpHBIC OBIpEl B IEHTpax
raJJaKTHK HMEIOT pa3Mepsl COTHETHON CUCTEMBI, XOTH II4 JUHAMUKU
ABIDKCHUA OMIDKaHIIUX K LEHTPY TalakTHKH BHAMMBIX 3B€37 3TO
coBceM He oOs3arensHO. Tem Oonee, 9YTO B COOTBETCTBHH C
COBPEMEHHLIMH B3[VISIaMHU CaMoOii -~ acTpOQU3UKH UEPHBIEC JBIPHI
o0Opa3yroTcs BCIEACTBHE Kosutanca Oonbmmx pa3spekeHHBIX BUIUMBIX
3B€3], MM ras3onbuieBhiX 00iiakoB. IIpm 3TOM IIOTHOCTE BeElECTBa
nomKHA OBbL1a GBI BO3pAacTH A0 3HAYEHMM Po=10'°kr/M=10"r/cM’.
IIpy TakoHW IUIOTHOCTH PaguyC CBEPXMACCHBHON YEpHOMN IBIPEI C
Maccoit MiegHoro myTH OsL1 OBl

3
=3 | =0.31-10"M=3100xM (38.15)

47['pu0

Ecnu pamyc MaccMBHOM dYEpHOHM ABIPH B3ATh B COOTBETCTBHU C
Teopueii 3¢pupa (38.14) KaK ro.=1,135-10'"M, To cpenmas mwioTHOCTS
TaKOU 3Be31bl OyaeT

Po.r=1,63-10%kr/™° (38.16)
JT0 3HadeHHEe OJIM3KO K 3HAYCHMAM IUIOTHOCTEH OOBIYHBIX 3BE3J
6embix Kapmukos (0.4-10%kr/M-0,9-10kr/v’).

WUtax, MBI HMeeM pa3HbIE OLEHKH IS OINpEIEeNCHHUS pamuyca
CBEPXMACCHUBHOM YEPHOM JIRIPEI B LCHTPE COUpaTbHOM ramaktuku. Ha
Kakol M3 HUX OCTaHOBUTECA? QOueBmano, uto oneHka (38.13)
Tou=1,49-10° kM, KOTOpas Okasanacs GoNbINe, IEM AaeT Teopus dbupa
(38.14) Tomin=1,135-10" kM, O3HaYaer jgMmb, 9TO CBET OT OGOro
HCTOYHNKA BHYTPH 3TO} 0671aCTH HE CMOXKET €€ IOKHHYT.
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Paguyc He MoxeT OvITh MeHBINE, 4YEM PaJHyC CBEPXMACCHUBHOHN
HelTpoHHOH 3Be3bl (38.15) Ieq;=0,31-10"M, T.K. BemeECTBO HE MOXET
OBITH CKAaTO CWIbHEE, YeM HEHTPOHHAsA >XXMAKOCTh C IUIOTHOCTBIO
Pr=10"*kr/™’. Onenka (38.15) o3HagaeT To, 4TO Ha rpaHuIIE 06IACTH C
PAIMYCOM Tomir=1,135-10" kM >dHpHBIA ra3, JOCTUTHYB MaKCHMAILHO
BO3MOXHOM CKOPOCTH Vi, IEPEXOANT B CBOK XHAKYIO (asy c
IUTOTHOCTBIO HEUTPOHHOM XMAKOCTH. T.0. MOXHO C OonbmIol moiei
YBEPEHHOCTH OXMaTh, 9TO PaJUyC CBEPXMaCCHUBHON JEPHOH ABIPEI C
Maccoil mq;=0,005-M_,, ICKHUT B IIpeaeax

0,31-10* KM< Tg.qp< 1,135-10" kM (38.17)

HanoMHMM, YTO B OCHOBE BCEX PACCYKACHMH O CBEPXMACCHBHEIX
YepHBIX ObIpaX JIEKHUT TOT HalmromaTensHeI (akT, 9TO B IEHTpax
CIHPAILHBIX rajJakKTHK aCTPOHOMEI HE BUAAT U3IyUEHHUS OT JIOKATbHOM
3BE3/IBI, HO CYMENH PasrifieTh, YTO OKPYXXHBIE CKOPOCTH OirmKkaiInmx
K LUEHTPYy 3Be3n anomanbHO BeICOKH U=500000xMm/gac=140km/c. be3
3TOH LEHTPAIbHOM MAacChl OHH JOJDKHBI ObUIH OBl OBITH Ype3BRIMAIHO
MaJIbI.

AcTpoHOMHYECKHE HAONMIOAECHUA IOKAa3bIBAIOT ABOMCTBEHHYIO
pons saep ramakTuk. C  OAHOM CTOPOHBI LEHTpPAJIbHBIE
CBEPXMACCHUBHEIC  HEWTPDOHHBIE 4YEpHBIE  ABIpEI  0OyamarorT
CBEpXpa3spyLINTENbHOH CHJION TsXKeCcTH, CIocoOHOil OeccienHo
IIOTJIOTHTh JIOOyI0 pPacHoOJIOKCHHYI0 NOOIM30CTH 3BE3Ay MWIIH
Apyroe mMarepuajisHOe oOpa3oBaHHEe. B ¢BsA3M ¢ 3TUM acTpo(U3UKHU
CYMUTAIOT, YTO B IICHTPAxX YEPHBIX ABIp HAXOIWTCS CHUHTYJISAPHOCTh.
ITo ompenenenmio-3TO TOYKAa , B KOTOPOH MCHYE3aE€T BELIECTBO??
Hascerna wnu na Bpemsa?? Kak sto npoucxoautr?? Kyna onHo
neBaerca?? AcTpodu3uka OOBACHHUTH ATOr0 HE MOXET. Teopwus
3¢upa gaer OTBET HA ITOT BOMpoc. B depnoii HENTPOHHOU ABIpE
BCIICCTBO mpeoOpasyerci B 3PHPHYH KUAKOCTH OONBIION
wioTHOCTH. W3-3a Manelx cOOCTBEHHBIX pa3MepoB aTOMOB 3(QHpa
IIPOLIECC MOrIOIEHUS 3GUPHOTO rasa ¥ BEIMIECTBA PAaCTArUBacTCs Ha
MWJUIHAPJBL 1T, HO HEU3MEHHO 3aKaHYMBACTCS CO3JaHMEM HOBOTO
BEIIECTBAa U BRIOPOCOM €ro Ha mpocCTOprl BeenenHoM, T.K. HMEHHO
M3 sAep TalakTHK HaOMIOAAQlOTCS HCTeYEeHWsT OIPOMHEIX Macc
HEWUTpaJIbHBIX ra3oB. 1.0. CBEPXMACCHBHLIC HEHTPOHHLIE YepPHbIE

AbIPbI ABJASAIOTCHA O'POMHBIMH KOTJIAMH, B KOTOPbIX M3 3&1‘[&8 7
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NOrJIOUICHHBIX 3B€34  BAPHATCH HOBasi _MAaTepHs 1A
IaJbHEHINEro e¢ Kpyropopora Ha npocropax BeeJieHHOI.

Ha npumepe 3Be3x Oenslx KapIMKOB H HEWTPOHHBIX
Iy IbCapoB, KOTOPHE O0Opa30BajiMCh B pe3yJIbTaTe KoJjuamnca, T.e.
KaTaCTpOPHUIECKOr0 CXKATUA MAaTEpUH, CICAYeT OXHIAATh, 9TO
CBEpXMAacCHBHBIC dYEPHBIE HEHUTPOHHEIC JBIPBI B  HEHTpax
COHpAJbHBIX TAJIAKTUK O4Y€Hb OBICTPO BpamawTCcsa. SICHO, YTO
[IPOTUBOCTOATE  cOecHBIIEMYCSA  TATOTEHHIO MOTYT  TOJBKO
NeHTpoOeKHBIC CHNBl MNMPH [OBIKEHWH 3B€3Jd BOKPYT LEHTPOB
raakTuK. lLleHTpoOeXHbIE CHJIE MOTYT IO HAIIEMy MHEHHIO
IIPHBOAUTH TAKXKE K BEIOpOCaM MaTepHH M3 IEHTPOB r'alaKTHK, €CIIH
LeHTPOOCKHBIE CHIIBI MIPEBLICAT CHIIY TAKECTH.

Paccyxnas Takke, Kak 3To ObUIO CACIaHO HAMHU IIPUMEHHUTENBHO K
AOpy aroMa BOAOpOAA, HCMOJIB3YEM IMONYYECHHOE YCIOBHUE €ro
paspymenu (8.21)

2
F‘i5 - mo-ud @

_ >1 (38.18)
F 47t°ro-ud 'pn

p

B aToMm ycnoBuu Maccy siapa aToMa, ero paauyc M YyIIoOBYH0 CKOPOCTH
BpameHus 3aMCHMM  HA  COOTBETCTBYIOIIME napameTpsl
CBEPXMACCHBHOM depHO# IBIpH. Mo, =10"kr (Macca HeHTpoHHOMH
4epHOW IBIPHl B LEHTpe MIiedHOro IyTH). M-yrjoBas CKOPOCTh €€
BPAIICHUA. oy, — PAOUYC YEPHOH OBIPEI. YYTEM, UTO YEPHas ABIPA B
IEHTpPE TaJlakKTHKM HAXOAWTCA BHYTPU CQepsl C PajdycoM,
onpeneaeMbIM BelpaxeHrneM (38.14), 1 normomaeT yxe He dPUpHBIA
ras, a IOTOKY HEHTPOHHOM XKUIKOCTH.

JTO OPOUCXOAUT IIOTOMY, YTO IIpU OOCTHDKEHHMH IMOTOKOM rasa
MaKCHUMAQIIbHON CKOPOCTH Vpx HAaBICHHE B IIOTOKE CTAHOBHTCS
paBHEIM Hymo. IIpogomxas no HHEpPIHUM ABHXKEHHME K IEHTPY
raJIaKTHKH, aTOMBI 3dHpa COMUKaIOTCs, 3aHUMasA BCE MEHBIIUN 00bEM
B CHIly MajibIX COOCTBEHHEIX pa3MepoB. [laBicHUE P, B HEHTPOHHOU
XKHUIKOCTH Ha IMOBEPXHOCTH 3BE3[bl OIPEACINM, IIOJaras, 4To B
COOTBETCTBHM C TEOPEMOM WMIyJIbCOB H3MEHEHUE KOJIUISCTBA
OBIDKEHUS PpaJUATbHEIX IIOTOKOB HEHMTPOHHOM JKHIKOCTH IIpH
CONPUKOCHOBEHUM C IIOBEPXHOCTHIO 3BE3[bI YpPaBHOBEIIUBACTCS
HIMITYJIbCOM CHIIbl JaBJICHHA
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(pa-0)-dS=p,-V 2, -dS-0,

OTKYZA
Pi=PnV oy =2,7-10H/m* (38. 19)

IlogcTraBuM NOy9CHHOE 3HAYEHHE AABJICHUS B YCIOBHE Pa3pylleHUs
3Be31bl HeHTpoOexHEIMM critamH (38.18). OTkyla nomydaeM 3HaYeHUE
YyIJIOBOM CKOPOCTH BpallleHHsA CBEPXMAaCCUBHOM YEpHOH JBIphl B
neHTpe MitedHoro myTH, MpH MPEBHINICHNH KOTOPOTO LEHTPOOEIKHEIE
CIUIBI MPEB30MAYT CHIIBI IaBNICHHA M 3Be3lla COPOCHT M3IIULIHION
Maccy

Ar-r - .
o> 0w " P _3 24 pan/c (38.20)
m
OT0 3HAYEHUE COOTBETCTBYET IIEPHOY BPaICHU
2
T>2% =1,94¢ (38.21)
4,

Oxkasanoch, 4TO NEPHOA BpalICHUSA CBEPXMACCHBHON HEHTPOHHOMH
YEepHOH JABIpHl HAXOAWTCA B IIpelejaXx 3HA4eHUH IMHPOKO
paclpoCTpaHEHHEIX BO BceleHHOM IepuOmOB BpallleHMA ITYJECAPOB
T=1-3c. Ilpu 3TOM OKpY>XHEIE CKOPOCTH HA IOBEPXHOCTH 3BE3BI —
qepHOi ABIPEI OyIyT |

Ugur=0To.r=1,005-10"M/c, (38.22)
YUro He ImpeBsIIaeT CKOpPOCTH cBera. Ecim yrioBas H OKpYKHas
CKOPOCTH TPEBBICAT HAaNACHHEBIEC IIPEC/ILHBIE 3HAYCHWHA, TO 3BE37a
COPOCHT JIMIIHIOI MacCy M YMEHBIIUT CBOM pa3Mepbl. MBI He 3HaeM,
IIPOM3OMIET JIM 3TO DJBONIOLMOHHBIM ITYTEM WIM B Pe3yJbTare
B3pBIBHBIX IPOLIECCOB.

Ecnu 3T0 npon30iaeT 3BONMIOIMOHHBIM ITyTEM, TO BRIOpOLICHHAS
MaTepud He CMOXKET IOKMHYTh ITpenennl 00jacTH , OmpelenseMoi
paguycoMm (38.13) r(,.tm=1,49-109 KM, T.K. €€ CKOPOCTE HE NMPEBBICHIIA
3HAYEHUE CKOPOCTH CBETa M MAaKCHMAaJbHO BO3MOXXHOH CKOPOCTH
TedeHHH 30upa Vimne=5,2:10°m/c. Eciu mpousoiineT B3pHIB 3BE3IH,
TO IIOABATCA MHOTOJHUTEIbHEIE PaJgUalbHEIE CKOpocTH. B 3TOM
CIy4ae MOXKHO OXHUIATh, 9TO OHH IPEBBICAT CKOPOCTh Vi H
NOKMHYT ob6jacTs BOMHM3HM dYepHOH JABIpEI B BHAE BHIOPOCOB
pacKaJleHHEIX 'a30B.
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Bo3MOXeH TaxKke CreHapMii, 110 KOTOpPOMY YIJIOBasi CKOPOCTHb
BpalleHHsl YEpHO# ABIPHI IPEBBICHT 3Ha4YCHUE W=3,24 paj/c Tak, 4To
OKpY’>KHasg CKOPOCTH Ha MOBEPXHOCTH YEPHOH IBIPHI MPEBBICUT Vi, B
3TOM CIy9a€ OTOPBaBIINECS BEpPXHUE CJIIOM CBEPXMAaCCHUBHOM
HEUTPOHHOM YEpPHOM MABIPEI IIPEOHOJNECIOT TIPaBUTAIIMIO M IOKWHYT
OKPECTHOCTH 3BE3/EL.

Janee ocTaHOBHMCS €le Ha OOHOI aKTHBHO OOCyXZaeMo# B
nocinegHee  BpeMsa ~— npoOneme.  bomsmmM — OOCTHIKEHHEM,
OTKPHIBAIONMM ITyTh K MOHUMAHUIO MUPOYCTPONCTBA, aMEPUKAHCKYE
yY49€HBIC CYHTAIOT OTKPBITHE MMH CBA3H MEXKIY ‘“‘CHTMOH” M Maccoii
raakTuk. “Curma”- 370 no OIpeleNICHHI0 aMEPHKAHIEB CKOPOCTH,
C KOTOpOM 3Be3nbl IBHXKYTCS Ha Kpaio ramaktukd. OHM He
YyBCTBYIOT NPUTSKECHUE OT CBEPXMACCHBHOH HEHUTPOHHOM dYEpHOHU
OBIpEl W3-3a OONBMIOro ypaneHHus, a 3aBHCAT OT BCEH MacChl
raJIaKTHKH.

C noMompI0 KOCMHUYECKOro Teneckoma “Xab6n”  Oblno
BREIIIOJIHEHO  MHOIO  HAOmMOmeHMiI  CNHpaNbHBIX  IallaKTHK,
IIO3BOJIMBIIMUX NOCTPOUTHh I'padUK 3aBUCHMOCTH MacC TalakTHK OT
curMmbl. Bce 3KcnmepuMeHTalbHBIE TOYKM CrPYNIMPOBAINCH Ha
rpauke OKOJIO IPAMOM JIMHKY, BRIXOAAIIEH U3 Hayaja koopauHart. 13
4ero CIenyeT, YTO MMECTCS JIMHEWHAsA 3aBUCUMOCTh MEXIY MacCOH M
curmoil. OgHako, HaOIIOAAIOMIMICA 3HAYUTENbHBINA pa3dpoc TodeKk Ha
OKCNEpUMEHTAIBHOM TrpaduKke O3Had9acT, 9YT0 J3Ta CBA3b HE
onxHo3HagHa. Hmerorcs apyrme (QakTophl, TaKKe BIHAIOMME Ha
II0JIOXKEHUE TOYEK. BhIsSICHEeHMIO MCTHHBI Morja Obl IIOMOYL TEOpHA ,
HO ee Her. IlpuMmeHHTENBEHO K TEOpHH ¢upa peus uaer o dopmyie
(38.9) nnsa  okpyxHoif CKOpPOCTH 3Be3[ 3a IIpenenamMu sAapa
raJakTH9ecKoro BUXps

U=0w, 1 3« -t /Topb (38.26)
B ary dopMmyiry Macca ranakTHKH HE BXoauT. OIHAaKO, B HEEC BXOIUT
IIPOM3BEACHHE O T ie , XapaxkTEpU3YIOmee LUPKYIALMIO CKOPOCTH
raJIJakTUICCKOro A(pUPHOro BUXPS, NOJCIUTAHHYIO 10 I'PaHHULIe Aapa
Trar=2700 , T2, (38.27)

JlolDKHa CyIIeCTBOBATh CBSA3b MEXAY IMPKYJAOUEH CKOPOCTH
(HanpsDKEHHEM) TraJakTUIecKoro 3(QHpPHOrO BHUXPS M BEIUYMHON
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Macchl BEINECTBA TalaKTUKM, T.K. MEXJIy Maccol Tem H ee
NOIJIOMATENIbHON CIIOCOOHOCTBIO CYINECTBYET OOHO3HAYHAasl CBA3b
(1.4). H3-3a moryomenus 3¢upa 38€34aMK TaJIaKTUKH B IoJjie ddupa
peanu3yeTrcsi paAualibHOE TEeYEHHE II0 HaMpaBACHUIO K LEHTDY.
WMeHHO 3TO paguansHOE TedeHHEe O0YyCIIaBIMBAaCT CHIY TATOTEHHSA M
ABIIACTCA - OCHOBOIOJaralomuM. HoO OHO  HEyCTOWYHBO M
CBOpa4YMBaeTCA B BHXph. [[03TOMYy MOXHO OXHAATh, YTO HMMEHHO
rajlakTHIecKui 3(pupHbI BUXpb GOpMHUPYET GHOpMY TalIaKTHKH.

Hajlinennas aMepHUKaHCKMMH acTpOpU3NKaAMU 3aBUCHMOCTE CHI'MBI
OT MacCChI FaJIAKTHK MOXKHO ITPEJICTaBUThL B BUJie GOpMYJIB

Uopp=A* Mrax (38.27)

KoaddnipenT mponopiuuoHansHOCTH OIpPEAeIuM 10 JaHHBIM,

noaydeHusiM i ComHma U=226kM/c u MieqHoro Iyt
M,;=2:10%kr

U
A= M"P” =1,13-10"% [m/c-kr] (38.28)
Conocrasmnsis hopmyisl (38.26) u (38.27), Haxoaum
ot I
ALALE NN Vo (38.29)
g opb

OTkyna MoXeM HaWTH BBIpaXEHHE JUIA IUPKYIAIAH CKOPOCTH
TaIaKTHYECKOTr0 BUXPS depe3 Maccy MiledHoro nyTu

_A'ropb

rar= M, =43-10" v/c (38.30)

-t
I'me top=3 kc=9-10"m, a=1c¢?, t=15 mpn.ne1=4,725-1017c.
3HaHWE BEIVYHUHBl IHUPKYJFIMHA CKOPOCTH TaJaKTHYECKOT0 BHXPS
OTKPBIBAET BO3MOXKHOCTH JJIA aHajd3a CHJIOBOrO B3aMMOJEHCTBHUA
ratakTHK MeEXay cofoii B ciydae, Tak Ha3bIBA€MBIX aHOMAJIBHBIX
rajlakTHK ¥ KBa3apoB.

39. I'mnote3a 06 3Bosonnu Coyinna u
o0pa3oBaHNH COJTHEYHOH MJIAHETHON CHCTEMBI

Bce cymecrByromue Trumore3sl 00 3BOMIOIMM 3BE3T M
00pa3oBaHuM IUIAHETHRIX CHCTEM, €CTECTBEHHO, HE MOIJIM YYHTHIBATH
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ABYX, 4, BO3MOXHO, Tp€X obOcrosrenscTB. [IepBoe 3 HUX - 3TO, poCT
Macchl COrJIacHO 3aKkoHy, cdopmynupoBanHoMy B (1.6). Bropoe
COCTOMT B HaJINIUM OKOJI0O BCEX MACCHBHBIX KOCMHMYECKMX Tell
3()UPHBIX BUXPEH U CBA3aHHOI'O C 3THM YBEIHYEHHUA CO BPEMEHEM HX

YIJIOBEIX CKOpocTeil. Tperbe cBfA3aHO ¢ YCIOBHEM V<V, , KOTOPOS
IIO-BUAMMOMY, O3HA4Y4€T HE TOJBKO YXO[ M3 IIOJIA 3PCHUS YEIOBEKa
3Be3Rl TUna “g€pHOoi AeIpel”. CKOpee BCEro, NpH 3TOM HApYyIIAeTCs
caMO YCJIOBHE CYHIECTBOBAHHS MaTE€pUH, TO €CTh BO3MOXKHOCTH
IIOTIOMICHMSI MaTepHeH 3UpPHOTro rasa.

Ecin ckopocTh 3¢Hpa HE MOXKET NPEBHICHTH IpeleIbHON
CKOPOCTH Vg, TO NPH pagdycax Tel MEHbLIINX, YeM OIIPEAeJICHO
ycinoBueM (30.3) mHapymaercs ypaBHEHHE ITIOCTOSHCTBA pacxoja
a¢upHoro raza (1.1), gero OuITe He MOXKET. Pe3yIbTaTOM HapyHICHHS
3TOrO YCHOBHUA JAODKHO SBHUTHCA HCYEC3HOBEHHE CHJIBI TSKECTH B
3B€3/l¢ IIpM COXpaHEHWU JPYTUX MEXaHHU3MOB, YISPKUBAIOIINX
3Be31y B PaBHOBECHH, TaKMX, KaK JaBJICHHE HATPETOrO C)KAaToro rasa,
CBETOBOE [aBJIECHHME H Haauume IeHTpoOexHBIX cwi. CneacrBueM
3TOI'0 MOXET ObITh JHOO cOpoc BHENIHEH O0OMOYKM 3BE3ABI M €€
pacmupeHHe, 1100 LCHTPaIbHEIN B3PhIB [8].

PaccMoTpeHnoe B mpeAplAylIMX pas3felax B3auMOJEHCTBUE
3BE3/[bl, HAXOMMAIICHCSH BHYTPH S(PHUPHOTO BHUXpS, C CAMHM BHXpEM
HEH30€KHO IIPUBOAUT K pacKpy4yMBaHUIO 3Be3fbl. JTO, B CBOK
odepelib, NODKHO C TEYCHHEM BpPEMEHH NPHBOANTL K HapYIIEHHIO
PaBHOBECHS 3B€3Jbl M M3BEPIKEHUIO BEIIECTBA M3-33 yBEIMYMBLIEHCS
neHTpoOeKHON cuibl. M3Beprayroe BelmecTBO OyHET ABUTaThCs B
OJHOM HamOpaBI€HHHM C HAIPABJICHMEM  BpalleHWs  3BE3H,
NAOMOJIHUTEIHFHO BOBJIEKAEMOE B 3TO JBWDKEHHE J()HUPHEIM BHXpEM
IEHTPAIBHOrO Tela.

Buxps pasroHsMeT miaHeTsl NP HMX ABIDKeHHH 1o opOutaMm. B
pe3ynsTaTe »JTOr0 YBEIUYMBAIOTCS MX MOMEHTHEl KOJWJIECTBa
OBYDKCHUS OTHOCHUTEIBHO IIEHTpa COJHEYHOH cHcTeMsl. HamomHmM,
9TO MOMEHT KOJHW9eCTBa JBIKCHUSA IUIAHETHl, IBHXKYIIEHCA IO
KpyroBoi opOuTe, eCTh IIPOU3BEACHHE MACCHl, PACCTOSHHS OT LIEHTpa
u opbuTansHoi ckopocTH. [Ipu BeIGpOCe BemecTBa M3 LEHTPATBHOIO
T€Jla OHO CaMO TEPSACT MOMEHT KOJIMYECTBA IBMXCHHSA M YMEHbLIIACT
CBOIO YIJIOBYI0 CKOPOCTH BPanieHHS.

170



ITormyTHO HamOMHUM, 9TO IIPOOIIEMY OrpOMHBEIX MOMEHTOB KO-
JIMYECTBA ABIDKEHUA OOJBIIMHCTBA IUIAHET COJHEYHON CUCTEMBI HE
cMoriia OOBSICHHUTH HU OJIHA U3 M3BeCTHBIX rurore3 ( Kanra - Jlannaca,
Hxunca u apyrue). CormacHO M3jIaraemMoil rumnorese mpuMepHO 15
MIIpA JeT Hasag Ha Mecte ColHIa CylecTBOBaja 3B€3/1a C MaCCOM My,
B3aMMOCBSI3b KOTOpoH ¢ coBpemeHHod Mmaccod ConHila m,
onpexnesnaercs popmynoit (1.7)

m,, = my/e*™ = 0,48-10°r.

Crycts npuMepHo 11,5 Mupnx er, TO €cTb K MOMEHTY
oOpa3oBaHus COJHEYHOM CHCTEMBI, Macca 3Be3[bl COIVIACHO JTOM
dbopMyne gocTuria 3HaYCHHA

m,c = mee™ = 1,45-10"r.

YrolOsl onpezenuTs paJdyc 3TOH 3Be3Nbl B PacCMaTpHUBacMbIH
MOMEHT BpPEMEHM, y4TEM, 49TO B TedeHue 11,5 mupa ner >¢pupHEIMA
BUXPb 3TOHM 3BE3[Bl pacCKpydMBajl €€ 10 3HA4EHHs YIVIOBOH CKOPOCTH
Woc BIUIOTH JO HACTYIUIEHUSA PaBEHCTBA HEHTPOOEkKHOM CHIIBI M CHIIBI
TSDKECTH Ha €€ ITOBEPXHOCTH

Fi6 = Frax.

W3 3TOro paBeHCTBa MOJIy4aeM, YTO OKPYXHas CKOPOCTh TOYEK

IIOBEPXHOCTH 3Be3/[bl AODKHA OblIa OBITH B TO BpeMs

fm
U =, — (39.1)
Tooc
C APYroM CTOPOHBI, OKPYy>KHasA CKOPOCTh
Uo = WocTooC (392)

IlpupaBusem mpaBele wacTH YypaBHemumit (39.1) um (39.2).
Ilony4geHHEIN pe3ynsTaT pa3peIuM OTHOCHTEBLHO YIJIOBOM CKOPOCTH:

Ly 30,3
@ == . .
°c l-ooC v l-ooc ( )

MomeHT KOJIM4IECTBA ABHOKCHHUA OAHOPOOHOI'O IIapa
OTHOCHTCIIBHO €TI0 UCHTPA ONPEACIIACTCA BRIPAXXCHACM

M, = (2/5) or,° m,, (39.4)

I'Zle @ - YIJIOBas CKOPOCTh BpamieHHs miapa; r, - paauyc Iiapa; m, -
Macca mapa. I[Togcrasum B (39.4) yrioByio ckopocts u3 (39.3) u na-
paMETPhI MPOTOCONHLIA Myc U Tooc. B PE3YILTATE MOTYYUM MOMEHT
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KOJIMYECTBA JBI)KCHMA INPOTOCOJHIA BO BpPEMA HENOCPEIACTBEHHO
npeamecTByomee cOpoCcy YacTH BEIMIECTBA, TO €CTh OTHEJICHHIO
IUTAHETOM CHCTEMEI OT LIEHTPAIBHOM 3BE3/IL:

T .. (39.5)

oC

YuuTHBasA, YTO OpPU OTACICHHUM ILIAHET OT 3BE3/IHI OHM YHOCAT C
co0oif TOYTH BeCh MOMEHT KOJHMYECTBA BIOKEHUS 3BE3Zbl, a CaMa
3BE€37a [IPAKTUYECKH MPEKPAIIaeT CBOE BpaIEHUE, ITOACIUTAEM CyMMY
MOMEHTOB KOJIMYECTBa IBHOKEHHSA IUIaHET. [[J18 3TOro JA0CTATOYHO
IIOJICIMTATh MOMEHTEI KOJIHJECTBa ABMIKEHUSA TOJHKO OOJIBIIMX ILIAHET,
noyiarad ux OpOMTHEI TakMMM €, KaKk B HacTosmee Bpems. IIpu atom
MacChl IUIAHET M, , YMEHBIIIHNM B COOTBETCTBHM C popMynoi (1.6), B3sB
NX TakMMH, KakuMH oHM Opimm 3,5 mupx ner Hasan (rabm. 39.1).
CkopoctH wiaHer 3,5 MiIpJ JIeT Ha3all, onpeacisieMeIe o opMmyie

tm .
U, = .
e r
v Oopb
TaloKe IMpuBeaeHH B Tabmuie 39.1.

_ Tabmuma 39.1
[TapameTpst IOmmTep Carypr Ypan Hermrryn ILnyTon
1,38 «10® |4,10010% 6,36 ¢ 10® 7,45 ¢ 10 [3,47 e 107
iTo ops, CM 7800108 | 142¢10" [2,87¢10" |[4,60e10"* [591e10"

onm, CM/C 1,11 ¢ 10° 0,82 @ 10° 0,58 e 10° 0,46 ¢ 106 0,40 ¢ 10°
nmI‘CMz/c 1,19¢10° [0,48 #10% [0,11 «10° (0,16 «10° |0,008 ¢ 10

MOMEHTSl KONWYECTBA [BUKEHUS IUTAHET MOJCIUTHIBAIOTCA IIO

popmyiie
Mo = Mg 17U malo op6-

Taxum o0pasoM, B MOMeHT otaeneHusa oT CoOJHIA IUIaHETHI
yHECIIH ¢ c000i MOMEHT KOJIMYECTBA ABHXEHNA OTHOCHTEILHO LIEHTpa
COJIHEYHOM CHCTEMBI 9yTh OOJBIIIE, YEM

T Mo = 1,94:10%° rem?/c. (39.6)

ITpupaBHsaeM npaskic 4acTH BeipaxeHuit (39.5) u (39.6). Pesymprar

paspelInM OTHOCUTEIBHO paJuyca IPOTOCOIHIIA:
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25(zM,,, )
T

oC

B uTOre mpoToCcosHIie B MOMEHT, HENOCPEICTBEHHO TIPEALICCTBO-
BaBIIHI{ OTACICHHMIO IUIAHETHOT'O BENIECTBAa, HMENO ITPHOIM3UTEIBHO
CIIeAYIOmME NapamMerpsl: Moc = 1,45:10% T, rooc = 0,118-10" cm, @oc
= 0,243 pan/c, T,c =25,9 c.

ITomy4eHHBIE MapaMeTphl O4YEHb IOX0XKH Ha IlapaMeTpsl 3BE3J
Tura O€IBIX KapJIUKOB, HaNpuMep, cryTHuka CupHyca:

m, = 1,77 -10® r, 1,=0,197-10"" cm.

B Hacrosmiee BpeMf B aCTPOHOMWH YTBEPAWIOCh MHEHHE, YTO
Oenble xapnuku 00pa3yrOTCs IOCH€ BCIBIIKH 3BE3N B pe3yJsIbTaTe
BEITOpAaHMA aTOMHOI'0 TOIUIMBA (BOJAOpOJA, I'€lUs) U, CIIeA0BaTEILHO,
OHHM 3aMEIKAIOT SBOJMIOLMIO 3BE34. OAHAKO paccMaTpUBaEeMBIH 3JECh
MEXaHU3M pPaCKpy9YMBAaHHA 3Be3Abl S(QUPHEIM BUXPEM IPUBOIMT K
HApYIICHNIO PAaBHOBECHA MEXKIY IaBJICHHEM HArpeToro rasa M CUIOU
TSHKECTH BHYTPH Oe€loro kapimka Hu3-3a BO3pocIied IeHTpOoOEKHOM
cunel. CorimacHo Teopuu MunHa [8] mpu HapylleHUM yCTOMYHMBOCTHU
IIPEKHET0 CTPOCHHSA 3BE3[lbl OHA CKAa4KOM IpuoOpeTaecT COBEPIICHHO
HOBO€ cTpoecHMeE. IIpn 3TOM MMIH yKas3pIBaJ, YTO IIOCJIE BCIBILIKH
CBEpXHOBOM IIpM CIIAJaHUM 3BE3Ibl, Npu €€ KoJUlance, M3-3a
YBEIMYCHUS CKOPOCTH €€ BpalllcHHA 3Be3/1a MOXET PasAciIMThCA Ha
IB€ 9aCTH, 00pa30BaB TECHYIO ABOMHYIO 3BE3AY.

B HEKOTOpBIX CIIydasx IIOC/IE pa3ABOCHUSA ONWH HIM Jaxe o0a
KOMIIOHEHTa MOTYT CHOBA B30pBaThHCS, IIPEBPATHBIIKCH B I1apy 3BE3N
HOpMaJIbHOM MIOTHOCTH [8]. IMeHHO 3TO, II0-BUAMMOMY, ITPOU3OIILIO
B MOMEHT 0OpasoBanus CoyHIa, TaK KaK B JINTEPAType MHOTIA MOXKHO
BCTPETUTh OOCYXAEHHE BOmpoca O ToM, HE sBigercad 1 IOmmrep
MaJICHbKOH 3BE3710H, a He maHeTod. MHTepeCHO TaKkKe OTMETHUTh, 9TO
acTpOHOM I'3He cuuTan BCce HOBBIE 3BE3ABI O BCIBIIKH OCIbIMH
KapJauMKaMy, IPUIIMCHIBAS MM HEYCTOMYMBOCTH BBHUAY OO0NBIION
IUIOTHOCTH.

HenapoM BCHBIIKH CBEPXHOBHIX 3BE3]] HE SBISIOTCA €IUHOO00-
pasubiMU. Pa3nudairoT CBEPXHOBBIC, OOBIYHBIE HOBEIEC, IOBTOPHEIE
HOBEIE, IIPOCTO BCIbIXHBaromue 3B&3Abl. [Ipw Takux BCIBIMIKax, IO-
BHJIMMOMY, OOpa3yrOTCAi HE TOJBKO 3BE3ABl, HO H H3 OCTaTKOB
BLIOpOIIEHHON MaTepHH 00pa3yloTCsA TaKkXKe U IIaHETEL.
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ITocne Benmimkwm, cOpoca MacChl M IOTEPH KOJHYECTBA JIBIIKE-HIA
HOBas 3Be3a COpMHUPOBATIACH HE Kak OelbIi Kapimk, a B BUJE COBpe-
meHHOro CojiHIa, TO €CThb 3Be3Abl MEHBIICH IUIOTHOCTH H OOJbIIero
pamuyca. 3a 3,5 muIpz JeT, MpOUIEANINX C 3TOr0 MOMeHTa, Macca CoJHua
cornacHo (1.6) BBIpocia [0 COBpPeMeHHoOro 3madeHms mc = 2107 r, a
paJuyc ocTaHOBHIICA Ha BevmrauHe rc = 7-10™'° cm. 3a a0 BpeMs sdupHbIi
BHUXPb, KOTOPHIM IIPH BCHBIIIKE 3BE3IbI M CaM IIpeTeprien U3MEHEHUE,
packpyTii CoJHIIE 10 YITIOBO# ckopocTH o¢ = 2,9-10° pagy/c.

Ecimn Onl 3B€37a ¢ mapameTpaMu coBpeMeHHoro CoJiHIIa CxKanach
J0 pa3MEpPOB MPOTOCOIHLIA, TO €€ YII0Bas CKOPOCTh cTana G5l

Wooc = OC (roczlroocz) =(0,0102 paxn/c.

[lpyHaB 3TO 3HA4YeHHME B KadecTBE W, B GopMmyne (35.10),
MOICIUTAEM YTJIOBYIO CKOPOCTh 3(QHUPHOro BHUXpA IO BCIBIIIKM( t =

11,5 mupn ser ):
B I,S(a) o~ a)ooc)

O, = —— =1,005-10""® pan/c.
2a - t

[Ipu ompeaneHun paguycoB saep QUPHBIX BHUXPEH IO M IIOCIIE
paspymeHus NPOTOCOJHLA CIUTAEM, 9TO MOMEHT KOJIHWYECTBA [IBH-
KEHHUA BUXpPH, IPUXOAANIMICA Ha EOUHHMIYY JJIMHEI, NPU B3PEIBE
IIPOTOCOJHLA HE u3MeHWICH. OaHAKO B CBA3M C U3MEHECHHEM pajJiHyca
H YIJIOBOM CKOPOCTH 3BE3[bI, a TAKXKE YIJIOBOM CKOPOCTH 3(QHPHOIO
BUXPSI, €TO IIOIIEPEYHBIC Pa3MEPhI JTO/KHEI U3MEHUTHCS :

¥ooB @Dp

0B _ ,

F B a)oB

(7)

TaxiM o0Opa3oM, COBpeMeHHBIT 3(upHBII BuXph OKkoIO0 ConHIla
UMeEET paauyc sapa B 12,6 pasza 60mbime 3upHOro BUXpPs MPOTOCOITHLIA.

= =0,0793.

40. O npuYrHaAX YCKOPEHHA HCKYCCTBEHHBIX
cnyTHHKOB 3eMiau LAGEOS npn aBui:kennn
MO 0K0JI03eMHBbIM OpOMTAM

B HayunomomynsapHoi crtarbe [51] mpHBEACHEI HMHTEPECHEBIC
CBCAEHMA O TOM, YTO WTANbIHCKHE YUYEHBIE M3 YHHMBEpcuTera Jleade
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IPOAHATM3HPOBAJIA JJaHHEIE C NBYX OpOuTansHBIX cryTHHKOB HACA
LAGEOS-1 =# LAGEOS-2. JOtn CcOYTHUKM Bpaljajuch B
6e3BO3AyIIHOM IPOCTPAHCTBE BOKPYT 3eMid — oaumH ¢ 1976 r, a
apyroi ¢ 1992 roga. Bee 5T0 BpeMs OHM OTpakajiv HalpaBICHHBIA Ha
HUX JIa3€pHBId Jyd. 3TO IMO3BOMMIO ¢ OONBIIOH TOYHOCTHIO
BEIIUCIINTG UX opOuTy. IIpH 3TOM BBISICHWIIOCH, UTO HX ITOJIOKEHUE HA
opOuTe CMEIATOCh Ha LEIRIX JBAa METPa B I'OJ B HAIpaBJICHHH
BpallleHud 3€MJIH 110 CPABHCHHIO C PaCYCTHBIM.

Kak yka3seiBaeT aBTOp CTaTbH, II0 MHCHHUIO HTAIbSHCKUX YUCHBIX
INOJIy4YCHHBIE NJAHHBIE IBIOT BOAY HA MEJBHHILY» 3MHIITECHHOBCKOH
OTO u noaTBEpPKIaOT HE MEHEE MHTEPECHBIA JIA HayKu 3Q(eKxT —
frame dragging, xortopriii B 1918 romy cdhopMyimpoBain YYEHBIE
Jlen3e u Tuppuar. CoracHo ux BepcuH BOIM3H TH0OO0r0 MacCHBHOIO
BPAILAIOIIErOCsA TEJda MPOCTPAHCTBO M BPEMS 3aKpy4dHBaeTCs BOKPYT
THX TEJI B HampaBicHMM HX BpanieHuda. C LENbIO IIPOBEPKU 3TOTO
npeanonoxenus B anpene 2004 roxa 3anymeH enie OAWH HACOBCKHUM
crryTHHK — Gravity Probe B.

B otHomeHuu aedopManimu IMPOCTPaHCTBA H BPEMEHM CIICXyET
3aMETUTh, YTO HECMOTPA HA ITOYTH CTOJIETHWH BO3pPacT 3TOi HACH (CO
BpeMeHu onyOiaukoBanua OTQ) HM oouH 3ApaBOMBICIISNINN YEIOBEK
HE B COCTOSHUM IIPEACTaBUTh cebe, KaK 3TO JOJDKHO BEIIISACTh Ha
npaktuke. Ha cerogusmnuii AeHp 3T0 HE OoJee, 4eM MaTeMaTHIECKasn
abctpakiusa. B To ke BpeMa pa3BuBaeMas B 3TO# KHUre Teopus ddupa
IpeajiaraeT BIIOJHE HaITAAHYI0 U (PH3HYECKH 0OOCHOBAHHYIO MOACIIb
U114 JTHUX IIpeACTaBiICHWM. JleAcTBUTENbHO, M0O00€ MACCHUBHOE
KOCMHYECKOE TEJI0, HAXOIACh B OKPYIKAIOMIEM €r0 OECKOHEYHOM II0JIe
3¢upa, HEIIPEPEIBHO €ro noriomaer. B pe3yibTate OpraHu30BLIBACTCS
TeYCHHE 3(Qupa K LICHTPy 3Toro teia. Kpome TOoro, OKONO Takux Tel
oOpasylorcas KocMudeckue J(QHUPHBIE BHXPH, BpAaINAIOIHECH B
HAlIpaBJICHUM BpAIEHUS ATUX TEJI. Te4EeHHE OKOJIO TaKuX Tell
MOJCIHPYETCH TEICHUEM OKOJI0 BUXPECTOKA.

OueBuHO, UTO MH060E MAaTEPHANBEHOE TENO, HAXOAAIIEECH B II0JIE
aprpa OKOJIO BuxpecToka OyaeT MOAXBaYE€HO TEUYCHHMEM 3(Hpa, Kak
IIENKAa B BONOBOPOTE, M IOJYYHUT JOIIOJHHUTENLHOE K CBOEMY
OCHOBHOMY JBIDKEHMIO €lli€ U JIBIDKEHHE B CTOPOHY IIEHTpa Mace
3TOTO TEJMa M B HAPaBICHUHU BpameHund 3¢upHOro Buxpsa. Ceroans
HayKa YYHTBHIBACT ABMXKEHHE 3¢QHpa K LIEHTpaM TEJI B BHAE CHIIBI
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TSOKECTH, OIACHIBAEMOH 3aKOHOM BCEMHPHOro TATOTEHHS HBHOTOHA.
CumoBoe  B3auMmopeiicTBue  dQHPHBRIX  BUXped  MAaCCHUBHBIX
KOCMMYECKHNX TEJ ¢ HaXOAAMMMUCSA OKOJI0 HUX APYTHMH TeJIaMH IIOKa
He yuumreiBaeTcsi. Ho OHO yxe mposBuio cebs B HaOIIOICHHSIX
BEKOBOI0 yckopenus JIyHpl, YCKOPEHMM CIyTHHKOB B HaIIpaBJICHUH
BpallCHUS BUXpEH, B OTKJIOHEHMM JIy9E€H CBETa OKOJO MACCHBHEIX
3Be3a. K coxaneHmio, Hayka 10 CHX IOp HE IOHHUMAET, 9TO
IIPOMCXOOMT B IIpUpoAE HA caMoM jaene. OTCroia u MOSABIIAIOTCA 3TU
abcTpakTHBIE HACH O 3aKPYISHHOM IIPOCTPAHCTBE-BPEMEHH.

Opnako, BEpHEMCH K JaHHBIM HAOIIOACHMH 32 UCKYCCTBEHHBIMH
cuytHkaMu LAGEOS. Mui He otTaemsseM OOHApPY)XEHHOE SBJICHHE
YCKOPEHHS 3THX CIIYTHHMKOB Ha HX OpOMTax OT HM3BECTHOI'O PpaHEE
BEKOBOr0 yckopeHUsA JIyHBI, OT NMOBEINCHHS IUIAHET, BPalIarOIUXCH
BOKpYyTr COIHIIa M APYIHX €CTECTBEHHBIX CITyTHHMKOB BCEX APYTHX
MacCHBHEIX HeOecHbix Ten. Eme B 1997 roamy mMel omyOnukoBanm
kuury [1], B KOTOPO# IPHUBEIH aHATH3 3TOro ABJAeHMA. Il0oKa3am1, 9To
MMEHHO KOCMHMYECKHE 3(UPHBIC BUXPH BEI3RIBAIOT H3BECTHOE BEKOBOE
yckopeHue JIyHEI Ipu €€ JBukeHMM BOKpyT 3emuH (cTp. 28...30, [1]),
GOpMHUPYIOT XapakTCPHBEIA PHUCYHOK CIHpalbHBIX  TaJaKTHK,
o0yclOBIIIM BEIWYHMHY OKpyxHO#t cxopoctn ConHila npu ero
ABIDKEHUH BOKPYT 1ieHTpa Mnegnoro mytu (crp.56...58, [1]). B arom
Ke pAAY HAXOAUTCA ONMUCAHHOE B K. OTOHEK €XKEroJHOE CMEIICHUE Ha
aBa Merpa mpotuB pacuetHoro cmytHukoB HACA LAGEOS-1 u
LAGEOS-2 mpu uxX ABWXEHHH MO OpOuTramM BOKPYr 3emMim. ITO
cmemenne AS onpenenserca dopmynon (65) u3 [1] u popmynoit
(38.4) nanHoit paboTHI

AS=j £2=aVey /2 (40.1)
rie o=1c’; j,- YCKOpeHHME CITyTHHMKOB, BO3HHKINEES M3-32 CHIIOBOTO
BO3JCHCTBHA 3bHpHOro BHXpA; t=3,15-10'c-4mCcn0 CEKyHA B TOALY;

V ,, =Oclo3-OKpyKHasA CKOpPOCTh 3dupa B BHXpe OKOIO 3eManm Ha

PacCTOsIHUM I3 OT €€ LEHTpa;, @, =9,93.-10**paz/c-yrioBas CKOpOCTB

BpameHns Aapa >¢upHoro Buxpsa 3emum (cMm. tabi. 34.1 u tabn. 3 u3
[1]); 155=6,37-10°cM-paguyc 3emmu. Pacuer faeT BETHIHHY
AS=3,14m (40.2)
Takum OBUTO OBl CMEMIEHHE HCKYCCTBEHHBIX CIIYTHHKOB Ha
opOute 3a roj, ecimu Obl 0pOuTa Jiexkana CTporo B INIOCKOCTH IKBATOPA.
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Kak BuauM, COBMaAE€HHE MOJIYYWIOCh OYECHb XOPOUmIMM. BaxHO
NOAYEPKHYTH, YTO JUIS MOJYYECHUS ITOI'0 pe3yJibTaTa He ObUIO CACIAHO
HA OIHOTO JONOJHUTEIBHOTO JAONYyIICHUA., ITO IIOATBEPIKAAET
€QUHCTBO 3aKOHOB IIPUPOALI IO OTHOIICHHMIO K JBHIKCHHIO
ecTeCTBEHHBIX HeOecHpIx Ten: JIywsl, 3emum, CojHIla, LEIBIX
TaTaKTUK M MCKYCCTBEHHBLIX CITYTHMKOB 3€MJIH, CHC/IAHHBIX pyKaMu
qeNI0BEKa.

41. Ilapagokc KOCMHAYECKHX KopalJei
IInonep-1 u IIuonep-2

B riase 28 MBI IpUIIIM K BHIBOAY, 9T0 ()OTOHBI CBETA MEIJICHHO
TOPMO3ATCA BO BPEMsI CBOETO ABIDKECHIUA depe3 noiie adupa. BenuduHa
YCKOPEHMS TOPMOXKEHHS (OTOHOB MOXET OBITh OINpejeicHa C
NOMOIIBI0 GopMyITel (4.12) 3ameHoN B HEH CKOpocTH V Ha CKOPOCTh
ceera C

Jo=-a-C/k=-8,91-10"cm/c? (41.1)
B CBA3M C 3THM BCIIOMHHAE€TCH, TaK Ha3eIBacMOE, AHOMAJIbHOE
YCKOPEHHE TOPMOXCHUA aMEPHKAHCKHX KOCMHIECKUX arapaToB
“IInonep-10” u “IInonep-11", ynanstomuxcsa or Connna u 3emim. B
[49] co cchuikoii Ha Internet mpuBEHEHO YHCICHHOE 3HAYECHHE 3TOIO
IIOCTOSHHOI'O YCKOPEHMS TOPMOKEHUA
Trinonep=-8,5-10 cm/c? (41.2)
B [49] ormeqaercs, 9To BBIBOA 00 3TOM YCKOpeHMH OBLI CHENaH U3
DOIUIEPOBCKOM HHTEPIpPETALMN N3MEPEHMIT YaCTOTH PaJHOCUTHaIa OT
9THX KOCMHYECKHUX aIlnaparos. Pe3ynbTar CUUTAETCA
IIapOJOKCAIbHBIM, T.K. NpoTuBopedut 3¢pdekty dorwiepa. W3BecTHO,
9TO y CMT'HAJNa, UCIyIIEHHOr0 YyIaJdoIuMCS UCTOYHUKOM YacTOoTara
IO/DKHAQ YMEHbNIAThCS. B JEHMCTBUTENBHOCTH CUTHAI IIpUNIET C
YBEJIUIUBIIEUCA 9aCTOTOH.

Ha mHam B3y npudMHa, BO3MOXHO, KPOETCS HWMEHHO B
TOPMOXXCHHUH CHTHalla C YCKOPEHHMEM, OIPEACIAEMBIM (OPMYJION
(41.1). Hesnanue aMepHKaHCKMMH YYE€HBIMH TOI'0, 9TO CBETOBHIC H
panavo CUTHAJIBEI TOPMO3ATCA MOJIEM 3(Pupa, HE OCTABHIIO MM BBIOOpa U
cBOOOZIBI JEHCTBUI npu 0OBACHEHNM 3TOr0 Iapamokca. B pesyimsrare
9TOr0  TOPMOKEHHME  paaWoCurHaia mnojpeM  3dupa  OBUIO
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HHTEPIPETUPOBAHO MMH KaK TOPMOKECHNE UCTOYHHKOB M3TydIEHHH, T.€
caMux KocMudyeckux ammapatoB “TIuonep-10” u “TImomep-11~.
HeGonbimoe pacxoxieHue 4uCIeHHBIX 3HaueHuit (41.1) m (41.2),
cocraBjuironiee MeHee 5% MOXKeT OOBACHATHCA NOrPEmIHOCTAMU B
N3MEPEHMIIX.

42, MMapagoxc Oanbepca

He cexper, 9To M3-3a2 OTpOMHOM YaJICHHOCTH 3BE3]] HayKa HMEET
MaJI0 JOCTOBEPHBIX aCTPOHOMHYECKHX ¢aKTOB, KOTOpHIE HE
IOmycKaiyd OBl pasIMYHBIX TOJKOBaHUM. Ilo3TOMy, KOCMOJIOIuio
pPaspeIBalOT BOIOIONIME APYT C APYTOM WIKOJIBI, Kaxzjas M3 KOTOPBIX
MMEeT KpPacCHOPEYMBHIX M MOPOi O4CHb BIMATENBHBIX 3aIMUTHUKOB H
CTOPOHHHKOB.,

OTO 3aTpyAHAET IMOABJICHHE HOBBIX MHPOBO33PCHYECKUX HIEH.
Oanako, o Mepe HaKOIUICHUA (PaxTOB poTaLMsa 3TUX HAcH Hen30eKHA,
T.K. MHOTHMX MBIC/IAIIMX JIOJAEH, NAXe NAJCKUX OT HAyKH, BOJIHYIOT
BeuHble Bompockl. Kak Benuka Bcenennana? KakoB ee Bospact? Kak
pacrmpezneneHa Matepus B npocrpaHcTBe? OTKyAa MOCTYHAET SHEPIU,
npuBoasAuias B AcicTBue Bceenennyro? I[IpuMmeHMMBI M 3€MHBIC
3aKOHBl B YJaJICHHBIX yrojkax BcemeHHor? Hakoder, kakoBa poib
MEBIC/IAIIETO YEJI0BEYECTBA M KAKHUE Y HET'O NEPCIIEKTUBEI? OIHM I MBI
B0 Bcemennoit? U, BooOIue, €CTh M CMBICI 3aJaBaTh 3TOT BOIPOC
3Has, 4TO HAXE CBET C OrPOMHOM, HEJOCTYIIHOM IJI1 HAaC CKOPOCTBIO
rogamMu uaer K 3emye OT OmoKalmux 3Be3d. A OT YyOaJICHHEIX
rajlakTHK PaJuOCHTHAIBl HPHHOCAT HaM HMH(POPMAIMIO O COOBITHAX,
IIPOMCXOAWBIOUX B HUX MHIUIMApPIB JIET Ha3ad. BO3MOXKHO CETOIHSA
9TH TajJaKTUKH YK€ IIPEKPATHIN CBOE CYIIECTBOBAHHUE, & MBI BUANM Ha
HeOe ToIbKO poTorpaduio TeX JaIEKHX COOBITHIA?

ACTpopHu3NKH U KOCMOJIOTH CTPOSIT CBOH TCOPETUYECKHE MOXEIIH
BceeHHON ¢ IIOMOIIBIO CBOEH WHTYMIMHM M 3HAHUW 3€MHEIX H
OKOJIO3€MHBIX 3aKOHOB' Ipupoasl. JlroGas Mozens  HOIDKHA
IPaBAONOAO0HO OOBACHATH, JaHHBIE, IIONYYCHHEIC, H3 pagHo- H
ONTHYECKUX TeJIeCKONMMIecKnX HaOmoaeHui. Eciu Takas Monens He
yAOBJIETBOPAET U3BECTHHIM M BHOBB IIOTY9a€MEIM (paKTaM, OHA CXOIUT
co creHsl. Ha ee MecTo mpuxosur Apyras MHPOBO33PEHIECKAT MOJIEIb.
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OnHolt U3 MHPOBBEIX HE OOBACHEHHBIX HAYKOM 3aralok sIBIAETCH
napanokc I'enpuxa Omnpbepca [18], chopmynupoBaHHbli UM B 1826
rogy. IIo Muenmio Onpbepca CymecTBYET NPOTHBOPEIHME MEKIY
HaOMIONaeMBIM TEMHBIM HOYHBIM HeOOM H  OECKOHEYHBIM
KOJIMIECTBOM  paBHOMEpPHO (B KOCMHYECKMX  Macmrabax)
pacIpeAcICHHBIX B MpocTpaHCTBe 3Be34. Onpbepc moaMeTun, 9ro Ipu
OCCKOHEYHOM KOJHMYECTBE 3BE3[l HOYHOE HEOO HOOKHO Ka3aTeCs
IIOJHOCTBIO TIOKPHITBIM CBEPKAIOIIMMHU TOYKAMHM M OBITH TaKMM K€
apkuM, Kak Connie.

IlonriTka OOBACHUT MAPaiOKC TEM, YTO HHTEHCUBHOCTD CBETA OT
YAAIEHHBIX 3B€3[ YObIBaeT IPONOPIHMOHAJILHO KBagpaTy pacCTOSHHS
OT HaOMIOAaTENA M OCBEIICHHOCTh HOJDKHA I1aJ1aTh, HE BBIIEPIKUBACT
kpuTukd. Ilppauna B TOM, 9TO IO MEpe yAaineHus OT HalmozaTens B
€ro IMOoJIe 3pEHHA MOIaJacT BO CTONBKO pa3 Oobllee IUCI0 BUAUMBIX
3B€31, 4r0 ocjabieHue CBeTta MOJHOCTHIO KOMIIEHCHPYETCS
yBeJIHYCHHEM HX uucia. He cocTtodTenceH M BTOPO# apryMEHT, 4TO
CBeT OT 3Be3]] TMOMNIOMACTCA MEX3BE3AHBIMH TIa30NBLUICBBIMU
obmakamu. Eciu pgaxe 3tux 007JaK0OB O4YEHb MHOTO, TO IIBLIb,
norjonias H3JIydeHHe, BCKOpE Harpenach OBl OO TakuX TEMIEparTyp,
4TO caMa Haudaja Obl CBETHTHCS NMOAOOHO 3BE3ZaM. TaK 4TO H 3TOT
apryMEHT HE OTMEHSeT MPOTHBOPEYIHA MEXIAY NPOCTEHIINM
HaOmomeHneM TeMHOro Heba M AomymeHHeM OeCKOHEYHOCTH
BceneHHO# ¢ PaBHOMEpPHBIM PaclIpeAeIeHHEM B HE O€CKOHEYHOrO
qucia 3Be3d U ramaktuk. Ha ceroassamHuil JeHp yxe oOHapyXeHO
n=10*' 3pesn. Illkama paccTOSHWii, OCHOBAHHasS HA CpPABHUTEIHHOM
MHTEHCUBHOCTH 3Be€3[{ M TaJlaKTHUK, HE MOKA3BIBACT HUKAKUX I'PAaHHMII
BUAUMOM BceneHHoi.

Beigenum B paccmarpuBaeMoii mpoOieme rnasrHoe. g ee
pEMEHNsT MMEIOT 3HAYECHHE JHMIIb TE€ 3BE3[bI, KOTOpPHIE H3Iy4aroT
BUAUMBIA CBEeT. VIMEHHO ¢ 3TMM CBS3aHBI IIPOTHUBOPEUHA MEXKIY
TEMHBIM HEOOM M OCBEIICHHOCTBIO OT 3B€3/, OTMEYEHHEBIC B IIAPaJ0KCe
Onnbepca. Mul yxe oTMedanu, 4TO JJIMHBI BOJIH BHIAHUMOIO CBETA
JIeXAaT B JUATIa30HE

2=(3,8-6,6)10"m (42.1)
3a HIDKHUM TIpelleSIOM HAa9MHACTCA YIBTPadHOICTOBOE H3Iy4YEHHE, a
3a BEPXHUM — HH(paxpacHoe. OTH AWANA30HEl YK€ HEBHIHUMBI 1A
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4eJIOBEYECKOr0 I71a3a Y, CICAOBATEIbHO, JYYH C TaKHMHM JJHAHAMH
BOJIH YK€ HE MOTYT OCBEIAaTh HOIHOE HEOO.

Hanee BcrioMHHM 0 3akoHe Xa66mna. CoriacHO 3TOMY 3aKOHY, 9eM
JaJbIIE OT HAC PacIOIOKEHa 3BE3/ia WM rajlakTHKa, TEM CHILHEE B €€
criekTpax OyAeT «KpaCHO€ CMEINEHHE», T.€. HAOII0aeTCs yBEIIMICHHE
AIMHBI BOJIHBI CBETA, IIOCTyMamomlero K Habmoomatemo. ITo
HaOMIOAaTeNNbHEI acTpoHOMUYeCKuid (dakT. OH He 3aBHCHT OT €ro
MCTOJIKOBaHUS pa3OeraHneM rajgakTHK B TEOPHH «00JIBOIOTO B3PBIBA»
WM YBEIWYCHUEM MAacChl LEmOYKH (OTOHOB B TEOpHH 3dHpa.
YautniBas 3TO, HaAEM, 4TO IpEAeNbHOE OTHOIICHUE NMPUpALICHHAS
IJIMHEl BOJIHEI CBETA K €€ JJIMHE B Mpejeiax Auana3oHa Iepexoaa
BUIAVIMOT'O CBETA OT yJIbTPa(HOJIETOBOrO 10 MHPPAKPaCHOTO HE MOXKET
IIPEBHICUTH BETMYIMHEI

-7
AL _ (6,6-38)L0 =0,737 (42.2)
A 3,8-107
3a mpeaeaMH 3TOr0 3HAYECHHA CBET IEepecTacT OBITh BUAMMEIM H,
clIeIoBaTeNbHO, IlepecTaeT ocBemarh Hebo. CoriacHo Qopmynam
(33.10) m (33.11) paccrosiHHE KO CaMBIX AAIbHUX BHANMBIX 3BE3]l MIpH

AMA=0,737 HE MOKET MPEBEICUTHL 3HAYCHUI

ITo Xa66my Lias=0,737-10**cm=0,238-10"TIx (42.3)
Teop.adupa Les=0,55-10*cm=0,177-10"TIx (42.4)
OTH pacCTOAHMA COOTBETCTBYIOT BPEMEHU ABHXKEHNA (OTOHOB CBETA
thab=Lnan)/C-3,15: 1016=7,8Mﬂpﬂ.CBeT.J'IGT (42.5)
tos=Les/C:3,15-10'°=5,8 mupa.cBer.1er (42.6)

V3 npuBeneHHOr0 aHaIM3a CIEAYET, YTO OCBCIICHHOCTh Heda
3aBHCUT OT OrpaHMYEHHOI'0 4HMCiIa 3Be3l, HECMOTpPA Ha HX
OeckoHeYHOe 4HMCIO0 BO BceeneHHOM. 3TO T€ 3Be34bl, KOTOPHIE
M3IIy4alOT BUAUMBIN CBET B nuamnas3oHe (42.1). Ilpu aToM, dem Gonbiie
paccrosgHue OT HAOMO#ATeNd, TEM MEHBIIE CTAHOBUTCA TAKHUX 3BE3J.
BuauMEIME OCTAlOTCH TOJBKO OYEHBb SPKHUE 3BE3/AbI, H3ITy4YaloOlUe B
yIETpaHOIETOBOM AUAalia3oHe BOJH. IIpudeM, K HaM 3TOT CBET
JOXOOUT B MEHEE APKOM HH(ppakpacHOM Auanasone. [loatomy HodHoe
He0O0 OoCcTaeTCs YEPHBIM, YKPAIICHHBIM OTAEIbHBIMU SPKHUMH 3BE3/13MH.
JtuM H obpacHsercs nmapagoxc Onndepca.
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43. O06 >¢puponmaamuke B.A. AIIOKOBCKOI0

Haubonee mpoasuHyTO# M3BECTHOH HaM TEOpHEH 3pupa ABIIETCS
Teopus, paspaboranHas B.A.AIFOKOBCKHM, H3JIOXKEHHasA UM B [3,4]. B
HEH BBICKa3aHO MHOI'O CMEJIBIX M MPABWJIBHBIX HAEH O pOJIH 3QHpa B
CO3ZIaHUM JIEMEHTAPHBIX YaCTHUL, aTOMOB H MOJIEKYJ] MAaTEpHH, POJIU
- TeYeHUil 3¢upa B IIEKTPOMArHWUTHRIX SBICHHAX M IPUPOAE CBETA.
BMecte ¢ TeM psAOg NPHHIUIHAILHBEIX ITOJIOKEHHI 3TOM TEOPHH
IIPEACTABIILIOTCS HaM 110 MEHBIILIEH MEPE CIIOPHBIMH.

IlpennoxxceHHas HaMu TeopHsA 3QUpa MPUHLMIIKATIEHO OTIMYAECTCA
oT a¢upoauHamMuku AIrokoBckoro B.A. [3,4]. B nepByio odepens 310
OTHOCHUTCS K INOHMMAHHIO MacChl ¥ IUIOTHOCTH 3(QHpa, CHIOBOIO
B3aUMOACHCTBUSA MEXIAY 3IOUPOM H TEJIaMH, CKOPOCTH CBETa,
BCEMHPHOI0 TATOTCHHUA, YCIOBHH (DYHKIMOHMpPOBAHUS BUXPEH,
IIPEACTABILIIOMUX cO00M AneMeHTapHBIE YaCTHIIHI BEIIECTBA.

B npenmaraeMoil TEOPUM BHXPEBOE MABHKCHHE 3(upa BHYTPHU
JacTUll MoanepkuBaercs mnonem 3pmpa. B paGorax [3] u [4]
CIMTAETCA, 4YTO TaKH€ BHXPH, CHOUHOXKALI BO3HHKHYB, JOajee
Bpamarrcs 1o uHepuuu. K Tomy xe, depe3 TpeHNE OHM HEIPEPLIBHO
packpy4uBaioT 3¢up BoOkpyr cebsa. IIpm 3TOM, Tak 3aBHIIEH
KOA((QUIIMEHT TpPEeHHA, YTO II0 HAIDUM pacderaM TPEHHE TOJDKHO
3aTOPMO3HUTEh “‘TOPOMIAIBHOE M KOJBLIEBOE” JBIDKCHHE 3(Qupa B
4acTULIAX  BEUIECTBA U,  CJEAOBATENbHO, IIPEKPATHTh KX
CYyLIECTBOBAHHE B TE€YEHHH O4YECHb KOPOTKOIO HHTEpBana BPEMEHH
nopanka At=10°c. DTo, KOHEYHO e, HMPOTHBOPEYUT pPEATLHOMY
BPEMCHH CYIIECTBOBAaHMA aTOMOB H JIPyTMX JIOJTOXKHBYIIHX
3JIEMEHTAPHBIX JacTul. OcTaHOBHMCA Ha 3TOM ITOAPOOHEE.

Tax, B [3] mpuBeIE€H ONEHOYHBIN pPacdeT BPANICHUS NPOTOHA.
ITpoToH paccMaTpuBaeTcs B BHAE BPAINAOIIErOCs IMapa ¢ PagmMycoMm
r,.=1,4-10"°m. 3a cuer cun TpeHus, Bpama’sCh IO HMHEPLWH, IIap
CO3[1aeT B OKPYXaKIIeM 3(PHUpe IT0JIE CKOPOCTEW, MOJIMHSIIOLIUICH

2 2
3aKOHY V=Vkr—°- =TI, To_ (43.1)
r’ r

Benmuuuna Vi=0r, B CTEHKaX IPOTOHA OljcHeHa Kak Vi =3-10*'m/c.
KospdumuenT nuHaMudeckoil BA3KOCTH OIPEACIICH Kak
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n=10"° xr-m"-c”'. 3amaga o MemneHHOM Bpamenuu cdepsl B BA3KOMH
’KMIKOCTH PEIICHa B IHAPOMEXaHUKE. JTO PEIICHUE MOXXHO HAWTU B
[52]. Jlns mopaepxaHus BpameHus chephl COIIACHO 3TOMY PEIICHHIO
K HEH HEOOXOAMMO MPUKIAAGIBATh BPAIAIONUH MOMEHT

M=8mnr’ o (43.2)

3JTO 03HAYaeT, YTO MOMEHT CHJI TPEHMS PaBEH TaKOil JKe BeITudHHe
¢ oOparHeIM 3HaKOM. HeCrmoXHBIH pacyeT IOKa3bIBaeT, YTO

W=V /1,=2- 1036pa)1/c'1 A MOMEHT

M=1,38-10"1-M (43.3)
HuddepeHipanbsHoe ypaBHEHNE BpallaTeIbHOTO JBKEHHS TBEPAOTO
M
TEJIa N3BECTHO do = (43.4)
da J

0o

3aecs M- MOMEHT CWJI TpeHHUs, NMPUIOKEHHBIH K BpallalomeMycs
IIPOTOHY CO CTOPOHBI IToNA 3dupa. J,- MOMEHT HHEPLUMH OTHOPOIHOIO
mapa Cc paJgaycoM NpoTOHa I,

o=—mr (43.5)

[TogctaBuMm (43.3) u (43.5) B (43.4), nmoryduM BEIp@XKECHHE IS
W3MEHEHUS YIJIOBOM CKOPOCTH BpamieHHMs IIpOTOHA C Maccoi

m=1,7-10*'kr o BpeMenn

‘;—j’=-0,69-1044pan/c2 (43.6)

OueHNM yMCHBIICHHE YITIOBOH CKOPOCTH BpaIlCHHUS NPOTOHA
II0 BPEMEHH II0/ BIHSIHHEM CHJI TPEHHS 110 dopMyie

oa=oao+d—wAt =2-10% -0,69-10“ At (43.7)
dt |
Otkyza ompenensiaeM IPOMEXYTOK BPEMEHH OO MOJHOH OCTAaHOBKHU
BpamieHus mpotona At=2,9-10c.

Takum o6pa3om, 3amaca HHEPLMH NPOTOHA IIPU BpalleHHU B
BA3KOM 3(QHpe Ha NPEOJOJCHHE MOMEHTa OT CHJI TPEHUS XBATHT
TONBKO Ha -BpeMi At<3-10%c, uwTo mporHBOpedMT peajbHOMY
BPEMECHH  JKM3HHM OTOM  YacTHLOBEL.  AHAJIOTHYHEIM . pPacueT
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IIPUMEHHUTENBHO K ()OTOHAM, TAK XK€ NPeACTABJISIOIIUX II0 MEICIH
AwmroxoBckoro B.A. nuHelHble 3¢UpHBIEe BUXpH, NOKa3bIBaeT, 4YTO
BpeMs HX JXH3HH OKa3bIBaeTCsA €me MCEHbIE. BrIBog OAWH: B
paborax [3] wu [4] upe3BHYAHO 3aBHIIIEHO 3HAYCHHUC
ko3¢ durnmenta Tpenus. Boobme HeonpasjaHo BEIHKA POIb TPECHUS
B (YHKUMOHUPOBAHHUH SIEMEHTApHHIX uacTuil Marepuu. ITo cyry,
3¢pup, HameleHHBIA TaKUM TpPEHHEM, IIPEACTaBIAET TOT
“xe1e300€TORHBIN 3(Hp, B KOTOPOM MO0 MHEHHUIO A.OWHIITCHHA
YBA3HYT BCE T€la BceneHHoOM.

B kuwrax [3] m [4] HabmromaeTcs pa3HOYTEHHEe B CaMOM
NOHMMAHHU CyIHOCTH 3¢upa. C OAHON CTOPOHEBI 3TO ra3, TO €CTh
CIUIOLIHASA CXMMaeMas Cpeia, 3amoIHAIoNmaA Bce mpocTpaHcTBo. C
3TUX IO3ULUMH OIpPEACNEHBl 3aKOHBI TedyeHUM B(Pupa B BUXPAX H
BOKPYr HUX M Tak Janee. Ho 31ech e yTBepxkaaeTcs, 9T0 3QuUp B
BUZe “cTonOnoB” mamaeT Ha 3e€MII0 IOJ OEeHCTBHEM IpaBHUTAaIUH.
Ho ecnu 4actu »>¢upa mnagaror Ha 3emMii0 Kak TBEpIBIC
HEeB3aUMOJCHCTBYIOIINE MexIy co0oil Tema, TO 3TO yXE€ He ras.
Ckopocte BXOXACHHA 3QHPHOrO Tra3za B 3JeMial0 JOJKHA
NOTYUHATHECA 3aKOHY IIOCTOSHCTBA MAacCCOBOrO pacxoja H,
ClIenOBaTelIbHO, OBITE OOpaTHO IPOMOPLUOHAIBHON KBaApaTy
panguyca 3eMiIH, a HE KOpHIO KBaJIpaTHOMY H3 3TOro paguyca, Kak
npu naJeHuH TBepablx Tesi. Hago BuIOMpaTh OAHO M3 ABYX- JHOO
ras, 1m0 poit TBEPABIX YaCTHII.

B pabotax [3,4] upe3BEIuaiiHO BEIMKH CKOPOCTH PacHpoOCTPaHCHUSA
cabbIX BO3MYIICHHMM H KOJNBLEBEIX CKOpPOCTEH atbqu)a B BHUXPAX-
JacTULIAX MaTepUH, AOCTUTAIoNMe 3HadYeHuM V=10 M/c, aT0 Ha
TPUHAALATh IIOPAAKOB IIPEBBHIMACT CKOpOCTh CBera. I[IpuH Takux
CKOPOCTAX BpalleHHs MNPOTOHAa H O3BY4YEHHOM [JaBIICHHH B
OKpyXatomeM ero none 3pupa pe=~2-10"H-M? nenrpobexHsie CHIEl
pasopByT mnpoToH. [Io HameMy MHEHHMIO 3TO SBHJIOCH CIICACTBHEM
YIIPOIIECHHOTO IIOHMMAaHMSA CYIHOCTH 3(Hupa.

Kak u B OONBIIMHCTBE ApYyrux padoT 3TOro HampaBiCHUS, IPHUP
ocTaeTcs 0OBIYHBEIM ra3000pa3HEIM BELIECTBOM, TOJBKO Oonee “mern-
koro momona”, OmHako CIpaBeIjUBO OXKHIAKT, YTO €ro poib B
IPUPORE HE OrPpaHUYHBACTCA TONBKO PacCHpPOCTPAHCHUEM CBETa.
Ilonaraior TakXke, dYTO €ro Te4yeHUs OOYyCHOBIHMBAIOT CHIIBI
BCEMUPHOI0 IMPHUTIKCHHUA, DJJICKTPOMArHUTHBIC B3aUMOJAECHUCTBUS,

183



BHyTpHUsiepHEIe Cuibl. HO Ana mosydeHHs 3THX CHII, OCHOBEHIBasICh
Ha KJIACCHYECKHMX TEOpEMax MEXaHMKM, IIPU 4Ype3BhIYAHO Majou
IUIOTHOCTH, KOTOPO# HaJeIdloT B 3THX paborax 3dup, Tpebyrorcs
HepeanbHO OoJibImiMe CKOPOCTH TedeHus 3¢pupa. Kpyr saMmeikaercs.
BrIxo TONBKO OOUH - IOHATH, 4YTO J(HP NPH CXOMKECTH €ro
CBOMCTB CO CBOMCTBAMH HM3BECTHBLIX 3€MHLIX Ia30B HMEET CBOH
OTJHYHNTEIbHLIE CBOHCTBA. I'JIaBHBIMH H3 HHX SBJSIOTCS €ro
0oabinasi NIOTHOCTD, 60JbIIAs CKJIOHHOCTL K _BHXpeoOpa3oBa-
HHI0 U TO, YTO OH NEPBHYEH IO OTHOWIEHNIO K O00LIYHOMY, J0C-
TYNHOMY HAauIHM OMYIIEHHsM, BenmiecTBY. CaMu MaTepHalbHBIE
7€J1a M CAJIOBbIE B3aMMOJEHCTBHS MEXKIY HHUMM, B TOM YHCIE

CHJIA BCEMHDHOrQ MPHTSIKEHASN, ABJISIOTCH CIeICTBHEM TeueHMi
3¢uapHOre rasa. ITo3ToMy COBEpIIEHHO HEITPaBOMOYHO I'OBOPHTH,

4TO Ha 3pHUpP DEHCTBYEeT CHia THKECTH M OH B BHAC “CTONOHOB”
nmagaeT Ha 3eMirto.

44.Eme pa3 o BoaHax ae bpoiiin

3Ta ri1aBa BRIIamaeT w3 obuiell TeMaTMKW KHWUTH, T.K. B HEll He
HCIIONB3yeTcd 3(QupoauHaMHYecKas MOACIb IIPOCTPAHCTBA. TeM He
MeHee, BBHY BaXHOCTH MpPOOJEMBI H3JI0XKY BapHaHT MCCIIEIOBAHHS
mpoOjeMEI BOJTHOBBIX CBOMCTB KOPITYCKYJISAPHBIX YacTHI[ Ha OCHOBE
o0menpu3HanHOHA Mozaenn aroMa Pesepdopaa. Eie pa3 Hanomuro, 9o
IIHHa AeOpOHIIEBO# BOIHEI onpeaeigeTcs GopMyoit

A= —h— (44.1)
mV "

rae  h=6,626-10*mx-c=6,54-10%"3pr-c — nocrosunas Ilranka. OHa
BXOJMT BO BTOpOH moctyinar bopa, yrBepxparommii, 910 3JICKTPOH -°
MOXCT BpamaTbCsa BOKPYT AApa aTOMa TOJBKO IO KPYTOBEIM OpOHTaM,
JUISE KOTOPHIX BBIIIOJTHAETCS PaBEHCTBO ‘

27T opbUoppMer=h, (44.2)

TA€ M, — Macca NeKTPOHA; I, — PAmUyc OpOUTEI 3TOro BIIEKTPOHA
IIpH BpalleHHH BOKPYr #apa atoMa; Uy, —OKPYXHas CKOPOCTH
3NEKTPOHA Ha OpOHTE; N — IEIOE YHCNIO, HAa3bIBAEMOE KBAHTOBHIM
gucaoM. OgHaKo, JOMycKas, YTO BCAKOE JBHKCHHE YACTHIIEI CBA3AHO
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C BOJIHOBBHIM JIBIDKEHHEM, (DM3HKA He 3HAET, YTO MMEHHO Konebiercs,
KaK HM rae mpoucxoauT kojxeOGaHHME, KaKkoBa CBS3b MEXAY BOJTHOM H
yacTHIICHi M KkakuM oO0pa3oM IIPOUCXOAMT HX B3aMMOJIEHCTBHE.
[Ipo6nemMa BOJHOBO#H MeXaHMKHM A€ Dbpoityia COCTOMT B TOM, 4YTO
UCTHUHHAA IIPUPOAA IBYX COCTABHBIX YaCTE! Jyaju3Ma, paBHO KaK M uX
B3aMMHOE OTHOIICHHUE, OCTASTCSA IMOJIHOM TallHOM.

IIpexae, yeM nenars Kakue-mu00 COOCTBEHHBIC MPEATIOIONKECHHUS O
¢u3uueckoii mpupone IOeOpOINIEBBIX BONH BCIOMHUM HEKOTODEIE
N3BECTHHIEC MMPEACTaBIICHUA 00 aTroMe M 3NEKTPOHE. Tak IUTaHeTapHas
Moaens aroMa Pesepdopnaa npeamnosnaraer, 4TO0 B LICHTPEe HAXOAUTCS
TSKENIOE AP0, BOKPYT KOTOPOro IO CBOMM oOpOuTaM BpalaroTcs
jerkue (0 CPaBHEHHIO C AAPOM) 3JIEKTPOHBI. PSIOM MX yIEpXKHBAIOT
ANEKTpocTaTH4eCKue CHibl. Iloag BO3ACHCTBHEM BHEIIHHMX MPHIHH
(HarpeBa, CHJIBHBIX COYAApeHMIl M TaK Jajee) aroM NOpPHUXOOUT B
BO30Y)KJIeHHOEe COCTOSSHME H M3 HEro MOXET BBUICTETH OJIMH HIIH
HECKOJIBKO 3JIEKTPOHOB. OKpy)KHas CKOPOCTh BpAILICHMS DIICKTPOHA

BOKDYT sA/1pa
Uopb=03a'ropbs (44.4)

IHAE (D,-YTJIOBAs CKOPOCTh BpPAmICHUS JJICKTPOHA BOKPYT AAPA. Torp-
panuyc OpOMTHI 3JieKTpoHA. M3BeCcTHO TakXke, YTO JJIEKTPOH
BpaacTCA BOKPYT COOCTBEHHON OCH € YITIOBOM CKOPOCTBIO M.

Jlanee BEBIZCIHM Ha MOBEPXHOCTH 3JIEKTPOHA TOYKY B, Kak
noxazano Ha puc.44.l] (MoxHO B3ATH JIOOYI0 TOYKY Ha
IIOBEPXHOCTHU JJIEKTPOHA BHE OCH). B pesynbraTre CraOXCHHUA
CKOPOCTEH MOCTYMATEIbHOI'O H BPAIIaTeNBHOIO JBHKECHUM TouKka B
OIMIIET KpPHBYIO, OnNH3KyHd K CHHycouae. B ee [JBH)XECHHH
MOSABIACTCA LUKINYHOCTh, YTO SBJISAETCSA HENPEMCHHBIM YCIOBHEM
obpasoBanmss u (QyHKUHOHMpOBaHHA J0060H BONHEL. IlepHon
konebanuit OymeT paBeH BPEMEHHM IIOJIHOro o0OpOTa 3IEKTPOHA
BOKPYT CBOEH OCH

= 27: . ro-el — EE_

) T : (44.5)
- K Coelr o—el mel
JlnvHa BOJHEI OyIeT A=VT= 21V , (44.6)
()

el
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rae  V-CKopoCTh
IOJIETa, Toe-Pa-
AUYC 3JIEKTPOHA.
Ha IIepBLIA
B3IAA, dopMya
ne bpoiing (44.1)
" dbopmyia
pa3sBUBaEMOI0
HCCIICIOBaHUSA
(44.6) He nMerOT
MEKITY co0oH
Puc.44.1 HHdero ofmero.
Ho Tak nu 310? [IpoBepuM Npeanonox)eHue, 9r0 3t (HOPMYJIsl IIpu

HEKOTOPEIX JOMNYWICHUAX NEPEXOmAT OAHa B Ipyryro. [md 3Toro
IpaByl0 9acTb Gopmynnl (44.6) yMHOXKHM M pa3ieauM Ha OOHY U TY

XK€ BEITMYUHY V -To, Ugpp Mel.
B pesynetare ¢ yueroMm (44.2) noimy4yum
2 Ver. U m, nh V2
2\ = nvV . opb ~ opb el __ ) . (447)
Wy V- l‘opb Uopbmel melV W) ropb Uopb

O4eBHUIHO, 9TO JIIEKTPOH IOKHAACT BO30OYKACHHEIH aTOM C TOU
CKOPOCTBIO, C KOTOpPOH OH BpamiajCA IO KPyroBoil opOuTe BHYTpU
aToMa |

V=U0pb=ma'ropb . (44 . 8)

C ydueroM 3toro coobpaxkenma dopmyna (44.7) mepenumiercs K

BUIY

nh U’ ®, nh
A= : LT ) . (44.9)
melV (oelropropb mel rnelV
Ecin npuHATE, 4TO YIVIOBBIE CKOPOCTH M, K (D¢ CBA3AHBI MEXKIY CO00#
4epe3 KBAaHTOBOE YHCIIO We~N,, (44.10)
TO popmyina (44.8) mpumer BUA, A = hV : (44.11)
mel

[Tonydennas ¢opMyia IIONHOCTBIO COBIIamaer ¢ ¢GopMmyloH e
bpoins ams JAIMHBL BOJHBL JeTAmero 3iekrpoHa. Ecmm omyctuts
MHACKCH “el”, ToO momydyuM OOIIENpHM3HAHHEIR BMI QOpMYJEI 1€
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bpoinsi, nDpuMeHseMOH ans  onpedelieHUs  OJIMHBI  BOJIHEI,

COMPOBOXKAAIOMCH JIFOOYIO JICTAIMYyI0 DSICMEHTapHYXO YacTHIy C
Maccoil m ¥ CKOpOCTBIO V

P (44.12)

my’

dopmyna ae bpoitis m mepBelif nocTynar bopa oOnpoOHpOBaHEI
3KCIIEPUMEHTAIHO U MPU3HAHBI HAYYHBIM MHPOM. 3TO OCBOOOKIAET
HaC OT HEOOXOOUMOCTH IIPOBEPATH JOCTOBEPHOCTH ITOJIYUYEHHOM
dopmynsl. Cosnanenune Qopmyn (44.1) n (44.12), ogHa U3 KOTOPHIX
(44.12) nomyuena Tteopermdeckd, a Apyras (44.1) m3 oO6paborku
OKCTIEpUMEHTAILHEIX ~ JaHHEIX He  ciaydaiHo.  IIpoBenexHoe
HCCIICIOBaHKE IIO3BOJIACT CACNIATh BRIBOJ, O TOM, YTO AYAJM3M CBOMCTB
JJEMEHTAPHbIX YacTul 0o0yC/I0BJIeH ABYMSI COCTABJISIOMMMH HX
ABMIKEHHSI, 2 MMEHHO, NOCTYNATEJIBLHOIO0 €O CKOPOCTB) V H

BPalATEILHOI0 BOKPYI CBOEH OCH C YIJVIOBOM CKOPOCTBLIO (.

OtBer Ha BOMpPOC, KaK XK€ BpalaTEiIbHOE ABIDKCHHUE JJICKTPOHA
.COPTUPYET OTPAKEHHBIE JJIEKTPOHBI B IPYyNIBl ¢ MaKCUMAIBHOH U
MHHHMMAIBHON MX KOHUEHTPAIMEH 10 3HAYCHUSM YIVIOB OTPAXKEHHA OT
KpUCTA/ULIMYECKOro 3Kkpana (cMm. ria. 11), Moxer ObITh HOMydeH H3
aHaJIOTMM C OTCKOKOM KPY4YE€HOrO H HEKpYYE€HOro Ms4a B TEHHHCE WIIH
IUHT-NIOHTE. /{19 HE3aKpY4YEHHOIO Ms4a U, CICI0BaTENHHO, OTPAKECHHOIO
'9NIEKTPOHA, CKOpOCTh Iodera V Oonemodl pomm He wurpaeT. Bhe
3aBUCHMOCTH OT 3TOM CKOPOCTHM yIoJl H3JIeHHUsS PaBEH YIIy OTPaKECHHA.
3nech OECIONIe3HO MCKATh MEXaHM3M pacCOpPTHpOBaHMA dactuul. HMHoe
JEI0 C BpalllaTEIbHBIM ABIKECHUEM. YTITIOBBIE CKOPOCTH BpallCHUA
AMIEKTPOHOB B HX, Ka3aloCh Obl, pABHOMEPHOM ITy4YKE, TEM HE MEHEE, HE
oauHAKOBEI. OHM 3aBHCAT OT BETHUHHLI KBAHTOBOI'O uKMcjia 'm", To ecth
OT TOro C Kakoif OpOMTEI BHYTpH aTroMa OHH BEUICTAIOT. YTOOHI
ybeauTeCs B 3TOM NpHpaBHsieM IIpaBeie YacTh popmyi (44.1) u (44.6)

= _20V (44.13)

mV ®

el
3ameHuM ckopocth V ¢ nmomompro (43.8) m ®, HA W C [OMOIIBIO
(43.10), mosryaum

n-h  me*-m,

1 = 2
° 2n-mg-r,,  2n’h’e’

® (44.14)
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3nech e-3apsa eKTPOHa, €,-3EeKTpUudeckas noCcTosHHaA. B kadecTBe
Topb ITOJICTABICHO 3HAYECHHE DPATHYCOB NO3BOJCHHBIX CTAI[HOHAPHBIX
OpOHT 31EKTPOHOB BHYTpH aroMa [22]. 3 dopMynsl BUHO, YTO, YEM
Oonbmre KBaHTOBOE 9¥CIIO, TEM MEHBIIE YIVIOBas CKOPOCTH BpamlCHHS
anekTpoHa. CJleIOBAYENBHO, OTPAXKEHUE ITHX INEKTPOHOB OT
KPHCTaIIMYEeCKOro 3KpaHa take Oyaer apyruM. IlosToMy, HecMoOTps
Ha KaXYIIYIOCA OZHOPOIHOCTD ITydKa JICKTPOHOB, HAIPABJICHHOIO HA
9KpaH B ONBITC, OH IO BEJIWYMHAM YTJIOBEIX CKOPOCTEH U II0 YHUCITY
MEKTPOHOB C OAWHAKOBBIMH 3HAYCHUSIMM KBAaHTOBOI'O YHCIa HE
ABlgeTcsa oqHopoaHbeIM. IIpudaem, nmpouecc oTpaxxeHus 3NEKTPOHOB OT
9KpPaHa HE CBA3aH C TEM, JICTAT JIM SJIEKTPOHEI OJHOBPEMEHHO ITyYKOM
WIM TIOCIEA0BAaTENBHO OAWH 3a APYTMM C HHTEPBAJIOM BpPEMEHH.
BaxHO TO, CKOJIBKO M3 HUX BBUIETAIOT C OJMHAKOBEIX OpOHT M,
CIIeJOBATENBHO, Y KAKOI'0 MX YHCJIa UMEIOTCS ONUWHAKOBBIC 3HA4CHWSA
KBaHTOBOT'0 9HCJIa M YIVIOBEIX CKOPOCTE! BpalicHUS.

He ymuBmser B 3TOif MOCTAHOBKE NMPOOIEMBI U TO, 9TO APYTHE
3JIEMEHTapHEIC YaCTHIbl H Ja)e HEKOTOPBIE aTOMEI TAKXKE HapyIIaloT
3aKOHBl ~ IEOMETPUYECKOH  ONTHMKM  TPH  OTPaXEHUH  OT
KPUCTAUIMIECKOr0 3KpaHa. JTO COBCEM He O3HAYAET, YTO OHH
o0nagaoT BOMTHOBEIMHA CBOMCTBaMH, KaK 3TO mpexamnonaran ae bpoins
M Bcled 3a HMM Jpyrue u3BecTHole ¢usuku. I[IpHauHON 31€ech
ABJIACTCA HAJIWIME BpalICHUS OTHUX YacTHI[ BOKPYT CBOHMX OCEH
BpamcHus. VI3 4ero MOXHO cienaTh BEIBOJ, 4TO Npo0JeMa ayajiu3Ma

KOPOYCKYJSAPHLIX H BOJHOBbLIX CBOWCTB 3JIEMEHTAPHLIX YACTHI H
HEKOTOPBIX ATOMOB BO3MOKHO SIBJSAETCHS HAAYMAHHOH NPolJaeMoHu,
BO3HHUKIUEH H3-33 HENMPABWJILHON TPAKTOBKH e bpoiijieM onbITa
deBuccona u lzxkepMepa.

3. Jaiee ompenenuM BSHEPrHI0 BpaImaromerocs 3JIEKTPOHA,
BBUICTCBIICTO0 U3 BO30yxzaeHHoro aroma. OHa paBHa CymMe
KUHETUYECKOH 3HepruM IMOCTyIaTelIbHOTrO ABMKeHMA E, u sHepruum
Bpamenud E,,

E = my Vg + J 403

2 2
IIpencraBuM ceOe 37MEKTPOH B BHAEC KOIblLEBOoro topa (0ybmmka) c
panuycoM CpeIHEH JIMHUU T, 1orJa MOMEHT MHEPLMH TaKOro Topa
3AIUIIECTCS KaK

(44.15)
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Jo=mers_, (44.16)
Kunetudeckas 3Heprus IOCTYNATEIBHOIO MABM)KCHHS 3JIEKTPOHA C
Y4ETOM COOTHOLIEHMI (44.15), (44.8) u (44.2) Oyzer

2
_m, Vg _ Ug _ nh Ug,

Ex mU = 44.17
2 2mr, 2 D
Hanee ¢ yuetoM (44.4), (44.10) u (44.5) nonyqyaeM
2
EK=m“-‘Vel _ b Ol Doy lhs (44.18)

2 27, 2 22 2
OHEprus BpaICHUsA JIEKTPOHA ¢ yueToM (44.16) 3anumeTcs B BUIE
Ja®, _ M Iy 0O

el o~

E, = = . 44.19
) 5 ( )

3aMEHUM B 3TOM BEIpaKEHHH ¢ ¢ nmomompio (44.10). Kpome Toro,

2
VYMHOXMM H pPa3jicinM €ro Ha r opb A 3arC¢M Y41CM, 4YTO

Vea=Uopp=Walopb. B pe3ynbTare nomyanm

2 2 2 2
Eu melro-eln2 Dalopy _ m, Vy, n? r%—el . (44.20)
21,5 2 Tooh
_ Topb
[IpumeM, 9TO Io-a = T (44.21)

J.o:Z m,V: 1
el “Wel — el Yel — —h’S' (44.22)
2 2 2
OKOanTeJIBHO, CyMMapHas JHCPrua JCTANIEro CO CKOPOCTBIO Ve[ H
BpamalomeFOCﬁ C YTHOBOﬁ CKOPOCTBIO (0] JICKTPOHA GYJIeT

2
E=EK +EB =melVel + J-el(")
p
2 2
TO €CTh JHEPIrus JICTHAINEIro H BpAaAKIIErocs JJCKTPOHA

COCTABJISIET JHEPINI0 KBAHTA JYYHUCTOM YHEPIrum,
4. N3 (44.10) u (44.21) MOXKHO YBHAETH, YTO XAPAKTEPHCTHKH

aTOMa M JJEeKTPOHA B3aUMHO O00YCJIOBJEHLI H CBH3AHBI MEXIY
coboii _vepe3 kBanHToBOe umMci0 _"n'". CoorHomenme (44.10)

BO3pa)KCHHUH He BRIZLIBACT, a 13 (44.21) cinegyer HEOPUBBIYHEINA BEIBOJ,
9TO BJIEKTPOHB! INPEACTABIAIOT COOOM TOHKUE KOJIEYKH C PaJuyCoM
ISTop, ¥ PAAMYCOM IIOHEPETHOTO CEYEHHMS Tyop=107°M. DT0 cTaBHT mMOA
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ITocne gero 6ynem umerp E,p=

2
ol =hg, (44.23)




coMHeHHe camo ycnosue (44.21). Ognaxo B moaenu aroMa Pesepdopnaa
HEeT APYTOro MeXaHH3Ma, 9TOOBl IOIIOIHUTE SHEPTHIO YJICTAIOMEro U3
aToMa 3JEKTPOHA J0 BEJIMYUHE! KBAaHTa JIy9UCTOH 3HEPruM, KpoOMe ero
BpauieHUsi. ITO 3aCTaBIsAeT OCTABHTD B CHJIE TOJy4YEHHEIM pe3yJIbTaT U
TOMNKITATHCS TOHSATH BEITEKAIOIINE M3 HET'O MOCIICACTBHA.

5. B 3T0# CBA3M BO3HHKAET BOMPOC O TOM, ITIOYEMY BCE ICKTPOHEI
UMEIOT ONWHAKOBBIM MO BEIMYMHE CIIMH, HECMOTpPS Ha OOnbIIHe
pasnuuys B ux pasMepax. CornacHo [22] crHOM 3nekTpoHa L Wiu
OPYIOH 3JIEMCHTAPHOM 4YAaCTHUIBI HA3hIBACTCA MOMEHT KOIHMYESCTBA
ABIDKCHUS dYaCTHIBI , OOYyCHOBICHHEIH €€ KBaHTOBOH HNpHPOIOIL.
ITpoekums cnuHa Ha HampaBleHHME MHAyKuMH B BHemHero
MarHUTHOTO IO/ MOI'YT IIPHHUMATH TOJIBKO ABa 3HAUYCHHUA

1
L=t —h (44.24)
47
MoMeHT KOIH49ecTBa ABMKCHHA DJIEKTPOHA TOPOMAANLHON (HOPMEI

Oyaer

Mg U ilo-i=Me1 (e 1':_ ol (44.25)
N3 sToporo nocrynara bopa (44.2) ¢ momomsio (44.4),(44.8),(44.10) n
(44.21) MOXKXHO 3aITHCATh

nh 5 5y © y
2751111 = 1.opb.Uopb = ('oAropb =1 r(>2-el = o—elmel'
5 h
Orkyna I, 0, =—— = Const. (44.26)
27tm,

h

[TogcraBuM (44.26) B (44.25), monydnm Me1=—£—-. (44.27)
I’

Kak BHIUM, MOMEHTLI KOJHYECTB JABHIKEHUS JJIEKTPOHOB
OKA3AJHUCh HEe3aBHCAUIAMHA _OT _HMX Ppa3MepoB H  VIJOBLIX
CKODPOCTeil. IJTO NOATBEPKIAAET BO3IMOKHOCThL HaXO0KIACHUSA
BHYTDH _aTOMa JJIEKTPOHOB PpAa3JaHYHBLIX pa3MmepoB. Oaxaxo,

MOMEHT KOJHYECTBAa JBHKCHHS 3JICKTPOHA KONIBLEBON (POPMEI
okazajcs B 2 pasa Oombure, ueM ompeaenser ¢opmyna (44.24).
ITpyauna 3TOoro moka He mOHATHA. llo-BHaAMMOMY, IpaBUIBHEE
rOBOPUTb, YTO CIHH 3JIEKTPOHA HE PaBeH, a IPONOPLHUOHAIEH €ro
MOMEHTY KOIU4YeCTBa JBMKEeHHS. Eme MeHee IOHATHHI M3BECTHHIE

dopMynst kBaHTOBOH Mexamumkm. Kax orMedeno B [22],
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NPEACTAaBJICHHE O CIOMHE KaK O MOMEHTE KOJHJIECTBA JBHKEHH]
3meKTpoHa cdepudeckoit GopMsl ¢ mapamerpamu m=9,1-10~'kr,
Ioe=10""M IpM nONB30BaHMM BTHMH (OPMYIaMH NPOTHBOPEYHT
TEOPHH OTHOCHTEIBHOCTH, TaK KaK CKOPOCTH, C KOTOPHIMH IOJDKHBI
BpamaThCa BOKPYT CBOCH OCH TOYKH Ha JUAMETPE 3JICKTPOHA-IIAaPUKAa,
NMPEBHIMAlOT CKOPOCTh cBeta B Bakyyme C=3-10°M/c. [eiicTBHTENEHO,
MOMEHT KOJIMYECTBa ABHKCHHA OZHOPOIHOIO IIapa H3BECTCH

Mo=ga)r02mo =—1——h.
5 47
Orkyma ©=0,144-10" ¢!, U=r,-©=0,144-10" m/c >>C.

B paccMmoTrpenHo Mopennm dtoro Her. Jna 1nepBoH
Ooposckoit opburel n=1. Kpome TOrO, me1=9,11-10'311<r,
ToelTopp=3,29-10"'M, h=6,63-10"*Ix-c. IIo dopmyne (44.14)
YyIJI0OBas CKOPOCThD Mg~ 4-1016c'1, Uel=coe1-ro-el=2,l1-106M/c.
Okpy)XHasi CKOPOCTh 3JIEKTpOHA Ha 3TOH OpOMTE M CKOPOCTH €ro
JAJIBHCHIIEr0 IIOJIETa IIOCJIE BBIIETa M3 BO30yXIEHHOro aroma
Ooyner V=Ugnp=0aTopn=0,21 1-10" m/c<C. ITpu mpyrux 3HAYCHHAX
KBAaHTOBOrO 4ucja "n", To €CTh NPH BBUIETE DICKTPOHOB C APYTHUX
opOUT BOKPYT spa aTOMa, HX YIJIOBBIE CKOPOCTH OyIyT MEHBIIIE,

5. Ilepexoas x ¢OTOHAM, KaKk K HOCHTEIAM CBETa, OTMETUM, YTO
(GOTOHEI HaMHOr0 MEHBINE [0 CBOMM pasMepaM H MaccaM, YeM
MEKTPOHBL. OCHOBHBIMH XapaKTEPHCTHKaMu (POTOHA MO KBAHTOBOM

TEOPHH ABJLAIOTCH €0 SHEPTHA €f M IMITYJILC Pt

hC

sFm£2=h 19:7 , (442 8)
hS® h

A 44.29

P 2 ( )

3aech 9-4acToTa CBETOBOM JJICKTPOMArHMTHOM BOJIHBI; A -JJIMHA
BOIHBl CBeTa B Iycrore; h -mocrosaHas IImanka. B 1905 roxy
OWHIITEHH BBICKA3aJl MBICIB, YTO IIOTOK JIY9UCTOM SHEPIrUM COCTOMUT
M3 OTHENbHBIX KBAaHTOB, HE CBA3aHHBIX MEXAY COOOH M JETSANHX CO
CKOPOCTBIO ¢BeTa. TO €CTh MO €r0 NMPEACTAaBICHHUAM JIETAT OTACIbHEIE
HUYEM HE CBA3aHHbBIE MEXAY COO0H KIOUKM TydUCTON SHEPrUH. Takoe
NPEACTaBICHUE HE TMO3BOIAET MNPOCTO M IIOHATHO OOBACHUTH
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B3aUMOJIENCTBHE JBYX Jyd4el, HX B3aHMHOE YCWICHHE- HIIH
YHUYTOXXEHUE, KOTOPOE€ HMEET MECTO B IIPHPOJAE M HaIJSIHO
IIOJIy4aeTCs IO BOJIHOBOM TEOPUM CBETa KaK PE3YJbTaT CJIOXKCHHUA
OBYX ITPOTHUBOMIOJIOXHO HAMpPaBJIEHHBIX OJMHAKOBEIX KOJeOaHWMIA.
Baxkso noHaTh, 4YTO OCHOBHaA (OpMylla KBaHTOBOM TEOpHH,

CBSI3BIBAIOIAS SHEPTHIO KBAHTA € C YaCTOTOH O M JUIMHOM BOJHBI A
e=h9 (44.30)

HUKAKOIr0 CMbICIa HE HUMeEET. JICHCTBUTENBHO, JICTAT KBAHTHI, TO €CTh
KJIOYKHM JIy9UCTOH SHEPIUM, pasMYarolmuecs Apyr OT Apyra TOJBKO
KOJITIECTBOM COAepKamiciica B HuX 3Heprun €. Hu o kaxux vactore 9
M JUIMHE BOJIHEI A 37CCh M pedd HET. B monere KBaHTOB HE CONSPIKUTCS
3JIEMEHTA MEPUOUIHOCTH, 0€3 KOTOpOro camo MOHATHE O JJIMHE BOJIHEI
6eccmricienHo. IlosromMy mns KBaHTOBOW TEOPHMHM B TOM BHE, KaK OHA
CETONHA CYIIESCTBYET, [UIMHA BOIHBI A €CTh IIPOCTO YHCIIO, TIOTYJYacMOe
SKCMIEPUMEHTAILHBIM METOZOM, COBEPIICHHO HENOHSTHBIM IS STOM
teopur. OHA CIIYXUT 714 IIEPEX0aa OT A3BIKA KBAHTOBOM TEOPHH K A3BIKY
BOJIHOBO¥ T€OpHH U 00paTHO. Mano noHsTHa Taxoke GopMyna KBAaHTOBOM
TEOPHH )1 ONPEAECIICHU YaCTOTEl BOIHEL A¢ bporing

2
3=mC
h

CornacHo 3Toii (opMylie BcA SHEPrud, SKBHBaJCHTHas Macce m,
paBHa SHeprud h3 BoOOpakaeMOro KBaHTa JIYYHMCTOH SHEPIUH,
9acTOTa KOTOpOM paBHAETCA 4acTOTE (pasOoBOM BONHBI, KOTOpas HeE
ABIAETCA JTYYUCTON SHEPIUCH.

BenuduHy Macchl ABIKYILIETOCS CO CKOPOCTBIO CBETa (POTOHA

h

MOKHO OLIEHHTh M3 BeIpakeHus (44.28) kxak my = =

CA

(7

(44.31)

0,368-10"°kr(mwns AIMHBI BOMHEI A,=6+10"M). PasMephl GOTOHA MOKHO
IpUOMIDKEHHO OLIEHMTh, YYWTHIBAf, YTO MAacChl MPOIOPLHMOHATLHEI

KyOaMm IHHEMHBIX pa3sMEPOB  Iof= ol %/ m, /mo—el = 0,841-10’12M<

< To-el.

Baxuo ormeTuts, 4T0 MoAeab aTroma Pesepdopaa He CONEPKHT
doronoB. OaHaK0, HMEHHO aTOMbI M MOJIEKYJbI, COCTOSILIHE W3
ATOMOB, H3JV4YaK0T (OoTOHBI IIpH Iepexofe u3 BO30YKIACHHEIX
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SHEPTeTHYECKUX COCTOSAHHI B COCTOSHHUS C MEHBIICH JHEpPrUeH. ITo

IIO3BOJISET Mpeamnonararb, 4To_ ¢oToHbLl 00pa3yloTcssi B MOMEHT
CBOEro m3ayveHus., MartepuajoM 1jad HMX CO3JIaAHHA CIYHKAT

3J1€e OHbI. Vieras (BOTOHBL] VHOCAT YaCTh HAKONMHBIICHCH B
aToMe H30bITOYHOH »HEprud B _BHIe CYMMBl KHHETHYECKOH

JHEPrHH B JHEPrAH BPAIUECHNS,
Ms1 yoke BHACTH, YTO 3JIEKTPOHBI BHYTPH HEBO3OYXIECHHOIO aToMa

MMEIOT CKOPOCTH Ha JBa IOpSAOKA MEHbIIE, UeM CKOPOCTH (OTOHOB,
pPaBHBIC CKOPOCTH CBera B IycToTe. II03TOMY MOSIBIEHHE CKOPOCTEH
IIOPAIKA CKOPOCTH CBETA BHYTPH aTOMOB MOXKHO OKHIATHh TOJBKO B TOM
Clyd4ae, €Cn¥ B De3yJasbTaTe Harpesa (HampuMep, HHTb B Jamiax
HAKaIMBAHUSA) B aTOMaX HAYMHAIOT BO3PACTATh YIJIOBHIE CKOPOCTH W U
0. Korga oxpyxHasi CKOPOCTh IEKTPOHA AOCTUTHET CKOPOCTH CBETa
IIPOMCXOAUT YaCTUYHBIA WIM NMOJHBIA pacrnaj 3JeKTpOHA Ha ILENOYKY
bonee Menkyx ¢otToHOB. (Ecau mpon30MIeN YaCTHIHBIN paciaj, TO OCTaB-
IIANMCH YMEHBIIMBIIVUCA MEKTPOH IEPEXOLUT HA APYIYIO HOJNIOKEHHYIO
eMy MO €ro pa3MepaM U 3HaYE€HWIO HOBOIO KBAHTOBOI'O 9HCNa OPOUTY.
ITo-BUAMMOMY TaK e MMPOCTO AIEKTPOH MOXKET IOMOIHUTE CBOU MaccCy H
pasMepel 3a cdeT ImoriomaeMsIXx (oroHOoB). Bompoc 0 ToOM , Kak
BO3HMKACT IIENOYKA (POTOHOB MCCIIENOBAaH HAMH B riiaBe 12,

B monp3y 5TOH TIMIOTE3Bl TOBOPUT TAKXKE TO, YTO (DOTOHBI
U3IIy4YarOTCA MPU YCKOPEHHH U TOPMOXEHHUM 3apsHKEHHBIX YacTHI, a
TAlKOKe IPH pacnmajax HEKOTOPHIX YacTHUI[ U YHHUYTOKCHHMH Iaphl
ANEKTPOH-TIO3UTPOH.

YTI0BYI0 CKOPOCTE BpallEHHs (POTOHOB MOXKHO ONPEICINTH, €CIIA B
dopmynax (44.6) u (44.13) 3aMCHMTE CKOPOCTH 3JEKTpOHA V, Ha
ckopocTts cera C=3-10%w/c, a B xauecTBe JUTHHEI BOSHEI B3TH A=6+10"M
(BHAMMEIA CBET) m¢=2nC/ko=3,14-10150"1 (U3BecTHBIE  (HOPMYJIBI
KBaHTOBOM MEXAaHMKM HE MO3BOIAIOT 3TOr0 CHENaTh). BpammeHue
¢oToHOB HTpaeT GONBIIYIO POJIbh B BOTHOBBIX CBOMCTBAX CBETA.

Hcxons m3 pacCMOTPEHHBIX COOOpPaKEHHH MOXKHO IIPEATIOJIOKHTS,
YTO HAa JJIMHE BOJIHBI CBETA PACIPEACICHA IIENOYKa BPAIAIOIIMXCS
(OTOHOB H YTO Talcaa BOJHA, ITO3TOMY, oGna,z[aeT MacCCO#H. 3ry BOJIHY
MOXKHO Ha3BaTh "TSIKENOH CBETOBOM BOJHOMH".

6. PaspaGoTanusic B 3TOH CTaThe MOJEIH SIEKTPOHA M (OTOHA
IIPEACTaBIAIOT COOOM TOHKHE KOJIEYKH C PajHyCaMM Ty H Togf H
paaMyCaMu IOTIEPEYHBIX CEUEHHIl T U Iy, Bemnuuna 1,.=0,529-10"'"M
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nns n=1. Ilomarass, 4TO IUIOTHOCTE MaTe€puala 3THX 3JIEKTPOHOB H
()OTOHOB OAMHAKOBA M paBHA MX IUIOTHOCTH B MOJEIIX JJIEKTPOHA H
doroHa cdepudeckoit GOpMBI, MOXHO OIPEIEIUTh OCTAIBHEIE
pa3MepsI:

rg=2:10"%,  1,~0,846:10% M, 1=3,2-10"m.

Ecnmu nnoTHOCTE B34Th MEHBINE, TO 3TH pasMEpPEl MOIYyT
CYIIECTBEHHO yBEJIMYUTHC.

BrutereBnine u3 aTOMOB KOMNBIIA 3NEKTPOHOB U (POTOHOB OBICTPO
BpPamIAIOTCA BOKPYT MX OCEH CHMMETPHH. I'MpOCKOIIMYECKHH MOMEHT
COXpaHsET MX OPUCHTAIMIO B nojieTe. COBEPIIEHHO ACHO, 9TO IIperpaaa,
HallpUMEp, MpPO3payHBId KpucTaLl TypManuHa [19,22], xak Obl
COJIEpIKaii y3KHe, NPOTSHKEHHBIC, NapajuleNbHbIE MPOXOXLI, OyayT
IIPOIyCKaTh CKBO3b c€0s TOMBKO T€ (POTOHBI, YbH IUIOCKOCTH BpaIlCHUSA
apaulebHBl 3TMM memaM. Ecim Xke 32 MNEpBRIM  KPHUCTALIOM
TYPM@JINHA  PACMOJOKKTE BTOPOM  KPHUCTAUI CO  IIENSAMH,
HAIIPaBICHHBIMU ICPNCHAMKY/SIPHO K IIEIAM IIapBOro, TO JUCKH
()OTOHOB, COXPaHUBILNE IMPEIKHIOIO OPUEHTALUIO, HE CMOI'YT MPOJIETETH
CKBO3b HMX u3-3a OONBIIMX pa3sMEpPOB AMCKOB. SICHO W TO, d9TO
BpAIIAIOIHecs Koibua PoToHOB OyayT OpPasHOMY OTpaXKaThCA OT ABYX
IUTACTHH CO B3aMMHO MEPIEHAUKY/IIPHLIMHA IUTOCKOCTAMMY MaJCHUS.

B BOnNHOBOM TEOpHMM CBETa 3TH Pa3NW4yMsd B OTPAKEHUM U IIPO-
XO0XKACHUH dE€pe3 MM UHTEPIPETUPYIOTCA KaK IMPU3HAK ITOIIEPEIHOro
XapakTepa KoJjieOaHHM CBETOBBIX BOJIH M HA3bIBAalOTCA NOJIpH3alHei
CBETa. JTO SBWIOCH, [I0-BUAUMOMY, CIICACTBHEM HUCTOPUYECKH CIOIKUB-
IIETOCA YCTOMYMBOIO MPEACTABICHUA O CBETE KaK O BOJHOBOM
IIPOLIECCE HAMOA00UE pacHpOCTpaHEHUA 3BYKa B Bo3myxe. IIockonbky
[IOJISIPHEIE CBOMCTBA CBE€Ta HE COIVIACOBHIBAIMCH C ITPOAONLHBEIM
XapakTepoM 3BYKOBBIX BOJH, TO TPHUIUIOCH OTKAa3aTbCi OT
razoobpasHoro 3dupa kak CBETONMpOBOAALICH cpedbl. B pesyinerare
NOSBIIOCE YIEHHE O Jyainu3Me BOJIHOBBIX U KOPIYCKYJISIPHBIX CBOWCTB
CBETA, IIPUMHPAIONICe BOJHOBEIC H KOPIYCKYJApHBIC Teopmu. Ilozxke
BOJIHOBBIC CBOMCTBAa MpHIMCATH TAKXKE OJIIEKTPOHAM H JAPYTHM
ABIDKYILMUMCS 4YacCTHLlaM, HECMOTpPS Ha HEBO3MOXHOCTH HaWTH
NpUEMIIMMOE OOBSCHEHHE TOT0, 9T0 KOJIECONETCA BOKPYT WIH BHYTPH
caMO¥ 9aCTHULIEL.

B npepnmaraemoii Teopuu IOISPHOCTE CBOKMCTB CBETa HATrJLAAHO
00BACHsETCS pa3nuMausaMH B ¢opMe (OTOHOB, TO €CTh CaMHuX
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HOCHTEJIEH CBETa, B IUIOCKOCTAX HX BpAlICHHUS H B IIONEPEYHOM
HanpaBleHHAX. Tak k€ HarjaagHo moiaydeHa ¢opmyna ge bpoiis u
00BACHEHa MpUpoAa Ayajlnu3Ma BOMHOBBIX U KOPITYyCKYJISIPHBIX CBOMCTB
3JIEKTPOHA M JAPYrMX YacCTHLl, a TAKKE KBAaHTA JIydYHCTOH JHEPIrHH Kak
HOCHTEJIA DHEPIrHH CBA3aHHBIX C HHUM 4YacTUIl B BHAS CYMMEI
KMHETHYEeCKOM HHEpPruM H DSHEPrUM BpallcHHs JeTAlled H
Bpalalomieiics 9aCTUIb]. (MM IPYINIEI 9YacTHL, 00beIMHEHHBIX O00IHM
KBAHTOM).

3aKJII09YeHHE

I[IpuBenéunsle B paboTe MCCAEAOBAHMA HE HMCYEPIBIBAIOT BCEX
BO3MOXKHOCTEH Teopuu 3dupa. Mmeerca OGonbmoe duciao mpobiem
(HU3UKY, acCTpOHOMMH, MHUKPOMHpPA, KOTODHIE MOIyT MOIy9HTh
PEILICHNE C MOMOMBIO 3TOM Teopun. OHa pacmUpsAET IPENCTABICHUE
Hayku 00 ycrpoiictBe kocMoca. Iloka3eIBacT, 4TO cHIIa TSKECTH,
JICKTPOMAarHUTHBIE  SABJICHUS, CBOMCTBA CB€Ta, YCTPOMCTBO
MHKPOYACTHUIL ¥ aTOMOB 00yCIOBIEHBI TCUEHHAMHU 3upa. BrinaassaeT
B PYKH Y4YEHBIX HOBBIH HHCTPYMEHT, YBEIMYMBACT CTEIICHH CBOOOIBI
Hay4YHBIX UCCIIEAOBAHUI.

Ilemsr0 paboTel HE ABNAETCA KPHTUKA TECOPUM OTHOCHTENHHOCTH,
ChIrpaBIIeil OONBINYIO pOJIb B UCTOPUM HayKH. boiee Toro, aBTop HE
CYMTaET IMIaBHBIM B padoTe TO, 9TO C IMO3ULIUKA TeopuM 3pupa yaaioch
OOBACHUTE ITOYTH BCe ONTUIECKHE 3P (PEKTHI, IeKanue B PyHIaMEHTE
teopun A.DQiHnrreitna u mpuBeamue 100 mer Hazan ¢H3UKY K
Kpu3ucy. CoOCTBEHHO TrOBOps, HEOOBACHCHHBEIM OCTAJIOCh TOJIBKO
cMmelnenue nepurenuia Mepkypus Ha 43" B cronerue. Bo3amoxkHO, 3T0
u He TpebyeTcd, TaK Kak U3BecTHA paspadoranuas emé B 1906 roxy [2]
HEMELIKHM  acTPOHOMOM  3eeinurepoM Xopomo oOO0CHOBaHHAA
runore3a. OHa 00BACHAECT 3TO CMEILEHUE I'PaBUTAIMOHHBIM BIUSHUEM
O60nBIION MAacChl MENKWX YacCTHIl, 3ANOTHAIOMMX OKOJOCOJHEYHOE
IPOCTPAHCTBO BIUIOTH A0 opOuTH 3emiu. Hanuure Takoro BemecTsa
IIOATBEPIKIAETCA HaO/I101aeMbIM 30/{UAKATIbHbIM CBETOM,
IPEACTABJIAIONIUM C000i pacCeaHHOE OTPaKEHHE CONHEUHOI'O CBETa
OT HTHX YaCTHII.

Bbonee BaxHO TO, uTO Teopus dpupa (HHU3MUHA U HE 3aXKaTa B
XKECTKYI0O CKOPIIYIly MaT€MaTHYCCKHX YpPaBHEHUHM, KOTOpHIC KaK B
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TEOPHH OTHOCHTENBLHOCTH, HAYWHAIOT CaMOAABIETh HaX (H3UKOM
peanbHBIX NPUPOIHEIX ABJIEHMH M 3ApaBEIM CMBICIOM. Teopus 3¢upa
cBOOOAHA OT 3THUX HENOCTATKOB ¥ OTKPBIBAET MIMPOKHH IIPOCTOP AJIA
HOBBIX OTKPHITHH U CBEPLICHUH.

HurepecHo oTMeTHTH, 4TO, HecMOTpS Ha pasueie ¢ OTO A.
OHHINTEHHAa NOAXOARl K NO3HAHMIO MHpa, Teopud 3¢Hpa Taroke
IIPUIIA K MPaBUJILHOMY BBIBOAY O TOM, YTO IIPOCTPAHCTBO BOIH3M
MAaCCHBHBIX KOCMHYECKMX Ten HeoaHopomHo. HM3-3a Ttoro, d4ro
TAIaKTUKH, 3BE3/bl, IUIAHETHI HEIPEPHIBHO MNOITIOINAIOT 3Qup U3
OKPY’KAromero MpOCTPAHCTBA, BOKPYT HUX PEATU3YETCA PaavaIbHBIC
TEUYCHMs, HANPABJIICHHBIC K LIEHTPaM 3THUX MAaCCHBHBEIX 00pa30BaHMM.
OTH TE€YEeHHMS OIMCHIBAIOTCA TedeHueM oOkxoino ctoka. B QTO ato
ABJICHHE TPAKTYeTCA KaK HMCKpPUBICHHE IIPOCTPAHCTBA BOKPYT
MaCCHBHEIX 3BE3/I.

Pannanpabie TE9EeHHS OKOJIO CTOKOB HEYCTOMYHMBEI K BHEIIHHM
BO3MymieHusAM. [lo3ToOMy, OHM CBOpauYMBAOTCA B 3(HpPHBIC
KOCMHUYIECKHE BHXPH, OKPYXKaIOIOE 3TH MAaCCHBHBIE 00pa3oBaHMI.
CoBpeMeHHass Hayka HCTOJKOBBIBAET MX KaK 3aKpy4MBaHME CaMOI'0
IIPOCTPAHCTBAa BOKPYT MacCHBHEIX 3BE3I.

CoBepineHHO IOHATHO, 9TO TaKHe 3(PHPOBOPOTHI, T.C. TECHEHHSA
3(pa OKOIO BHXPECTOKOB, BO3ZACUCTBYIOT Ha APYTHE KOCMHYECKHE
T€Ia, HAIpUMEp, KOMETHI, CIYyTHHUKH, METEOPHUTH], (OTOHEI,
IPOJIETIONIHE MHMO, TaK XK€, KaK BOJOBOPOTHI BO3JACICTBYIOT Ha
IIPOIUTRIBAIONIME PSAOM KOpaOiay MM NMONaBUIME B 3TH BOZOBOPOTHI
LICTIKH,

B CBA3H ¢ HSTHM _HANpPAalIMBaeTc BLIBOA, YTO ¢amo
IPOCTPaHCTBO B hu3uke (2 He B MATEMATHKE) CIeAVeT NOHHMATh

KaK yduapoanaamMuvecKoe NpocTpaHcTBo. Ilocaenuee nmpeacrasisaer
coboit mone a¢upa, BHyTpH KOTOPOTro OYILIYIOT pasHOOOpa3HbIC BUXPHU
¥ TE4eHHA. OJEeMEHTAPHEIE MaTe€pPHalbHBIE YacTHIBl, M3 KOTOPBIX
COCTOAT Bce  Tena  BceejeHHOW,  mpeacTaBnqaOT  coboit
BHICOKOCKOPOCTHEIE  BHXpEBbIE  MHMKpOoOOpa3oBaHuA.  Bojbliue
CKOpOCTH 3(upa BHYTPH HUX NpHAAOT UM TBepAOocTh. Ilome adupa
OMpeAeNseT MacChl MATEPHAIBHEIX TEJI, 8 TEUEHHUS BHYTPH 3TOr0 IO
OIPENENAIOT BCE CHJIOBBIE, DJICKTPOMATHUTHHIE U  TEIMIOBBIE
B3aMMOJIEHCTBUA MEXAY Tenamu. BHe mois 3@upa Bce 3TH CBOMCTBA
TEPAIOT CMBICII.
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