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OTr n3agarenbcrBea

DTa KHMTA IIpomoskaeT cepuio «Relata Refero» (mocmoBHEIM epeBon —
PacCKa3hIBAl0 PacCKa3aHHOE).

ITong »tM rpudoM M3OATEILCTBO IIPEeAOCTaBISIET TPUOYHY aBTOpaM,
yToOBl BBICKA3aTh IIYOJIMIHO HOBBIE HIEH B HaykKe, OoOOCHOBAaTh HOBYIO
TOYKY 3pCHHSI, JOHECTH OO OOIIECTBA HOBYIO HHTEPIIPETALIMIO HU3BECTHHIX
AKCIIEPUMEHTATIBHBIX JAaHHBIX, €tc.

B crope pa3HBIX TO4YeK 3peHMsS TOJBKO peuleHue Bemxoro cyapym —
BpeMeHH MOXET CTaTh peIalolnuM M OKOHYaTeIbHBIM. CaM Xe mpoliecc 1o-
ncka MCTHMHBI XOpOIITO XapaKTepU3yeTcsl M3BECTHBIM BEICKA3BIBAHHEM ApH-
CTOTEJIsI, BBIHECEHHBIM Ha OO0JIOXKKY HACTOSIIEH CEPUU. aBTOPUTET YYMTENIs
He JOJDKEH MOBJIETh HAJl YYICHUKOM U TIPEIIATCTBOBATDH ITOMCKY HOBBIX ITYTEH.

M=l HageeMcsl, 9TO MyOJMKYEeMbIE B 3TOM CEpUM TEKCTHl BHECYT, HE-
CMOTPS Ha CBO€ OTKJIOHEHHE OT YCTAaHOBUBIIMXCS KaHOHOB, CBOM BKJIA.
B no3HaHue MICTUHEI.



BBenenne

CoBpeMenHasl HayKa CMHpPIIaCh CO MHOTHMM INapaJoKcaMu
(HU3MKY, YIOBOJBCTBOBABIINCEH  IIPABHIBHOH  KOJIMYECTBEHHOMH
uHTepIperanue spiacHui. Ilpu 3TOM nprpoaa psaaa NPpHHLIHIHAIBHO
Ba)KHBIX SIBJICHUH, TAKMX KaK CHJIBI TAKECTH, CHIBI HHEPI[HH, CUIIOBOTO
B3aMMOJEUCTBUS NIEKTPUYECKUX 3apAJ0B M MHOI'OIO0 Jpyroro,
ocTajachk HemoHAToM. Her wnnen, oObenuHSMIONEH 3TH SBIEHUM.
Bcenennas B u300paxkeHnu acTpopu3MKu IMycTa W pasoOmieHa. Mup
BO3HHUK MCHOBEHHO B pe3yiabTaTe ‘“‘O0NMpIIOro B3pEIBA’ U3
“nmepBoaToMa’ u IPETEPIEB “‘TEILIOBYIO CMEPTH MODKEH Pa3jIeTeThCA
BO BCE€ CTOPOHBI, OCTaBUB ITI0CIIE ce0s ITyCcTOe MECTO.

B pannoi paboTe NpeampUHUMACTCS MONBITKA AOKAa3aTh, 4YTO
OCHOBOM CHJIBI TSHKECTH, CHJIbI HHEPIIUM U CHJIIOBOTO B3aHMOJECHCTBUA
NMEKTPUYECKUX  3apsfioB  SABSIETCS HajMdWe BO BcCencHHOH
MEX3Be3gHOro 3¢upHoro rasa. B 1968r naes cymecTBOBaHNSA MEXKIY
3B€34aMU HEBHOUMOHM MaTEpUM Hallla CBOE IOATBEPKICHUE B
OTKPHITHH aMepuKaHCKuMu  acTpodmsuxkamu  A.llemsmacoM wu
P.BUIBCOHOM pPEIUKTOBOIO H3IYYEHHSA, 32 KOTOpoe uM Obuia
npucyxneHa HobGeneBckas mpemms. Ilosxe Obino oOHApYKEHO, 9TO
OHO COOTBETCTBYET YEPHOTEIBHOMY H3IYy4CHUIO IPH TEMIIEpAType
T=2,75°K. D10 o03Hagano, 4TO BO BceneHHO#i MMeeTCAd HEBHIHUMAA
TEMHasd Marepus, u3nydaromas sHeprmro. OHa  paBHOMEPHO
pacmpezneneHa B IIPOCTPAHCTBE MEXAY 3BE3daMu M cocTaBILiIeT 96%
Bceii Marepud Bceemennoil. Ha pomo o06bdHOro OapuoHHOIO
BEIIECTBA, M3 KOTOPOTO COCTOSIT BCE Teja, ocTtaercs Bcero 4%.
[IpeamnonaraioT, 9TO TEMHAas MaTepus COZCPKUAT OOJBIIYI0 TEMHYIO
sHepruio. He MeHee mMHTepecHa Taike MpodiiemMa B3aUMOACHCTBUS
TemHO#M Marepuu (3¢upa) 1 00br9HOM OapHOHHON MaTEepHH.



[IpeanonaraeTcs, YT0 TEMHOM MaTepuell SBIACTCA SQHUPHBIH ras,
paBHOMEPHO 3allONHAIOIIMKM BCIO Bceenenmnyio. Bce MarepuaibHBIE
Tena - OT 3Be3]l A0 DJIEMEHTAPHBIX YacCTHII - HEMIPEPHIBHO IMOTIOMIAIOT
3¢up, KOTOPBHIH 3aTeM BHYTpH Ten mpeobpasyercs B Marepuro. IIpu
B3pHIBAX HOBBIX 3BE€3X M DAXHOTAIAKTMK MaTepud YaCTHIHO HIH
IOJHOCTHIO pacrnagaerca Ha aTomel 3¢upa. [Ipu 3TOoM mpoucxoamr
BeYHBEI}i KpPYTOBOPOT MAaTEpPHH H DJHepruu. BHYTpEHHSS OSHEPIrus
5(HpHOro rasa ABIAETCA 3HEprueil kocmoca. OHa orpomua. [Iponecc
noryomeHnAs d¢upa TenaMu U3 OKPYKArOMIETO MPOCTPAHCTBA ABIACTCA
HeJOoCTAXOIIUM 3BEHOM B MO3HAHMK MHpa. OH MO3BOJIET ITOHATH, YTO
Bcenennas BedHa. Hapsaay ¢ sIBI€HHEM pacCeMBaHHA TEIUIa (THIIOTE3a
Knaysuyca O TEIIOBOW cmepTh) BO BcCeneHHOH HMAYT MOIUHBIE
co3umareipHble mpouecchl. I[locTaBOIMKOM M PEryISTOPOM 3TOTrO
KpyroBopoTa MaTepPHM M OJHEPrHM sBIACTCA noje ddupa. IO¢up
IiepBUYEH, & MATCPHANBHEIE TellAa M MX CBOWCTBA BTOPHYHEL,
OrmpenieieHBl OCHOBHBIE HapaMeTpHl 3¢upHoro rasa. Ilokasauno, 4ro B
OoTNIMdHe OT YCTOSBIIErocss MHeHMda »3dup obnagaer OoJbIION
IJIOTHOCTBIO, B HEM OTCYTCTBYET BA3KOCTb.

[TockONBEKY B IIPOCTPAHCTBE, 3alOJIHEHHOM OB(QHpPOM, Kak 3TO
npeanosaral M. HeI0TOH, CymIeCTBYIOT TeICHH 3(Upa K LeHTpaM Tell,
a TaK)Ke BUXPEBBIC TeUeHHA d(upa BOKPYT ITHX Tell, 0 KOTOPHIX OH He
NOTageIBAICA, TO IIPOCTPAHCTBO OKA3BIBACTCH HEOTHOPOJHBIM.
@oToHBl CBETa CHOCATCA paJuaNbHBIMM TEYECHWSIMH K IEHTpaM
MacCHBHBIX T€l1. B pesyibTate Nyd cBeTa HCKPHUBIIAETCS, IPOXOLS
OKOJIO 3THX Tel. MCKyCCTBEHHBIC CITyTHUKH 3€MJIH, IOATOHAEMEIE
KOCMHUYECKUM 3(QHUPHEIM BHXpeM 3eMi, YCKOPSAIOT [BIJKCHHE Ha
cBoux opOuTax, €CiIM HX [ABHXEHHS COBIAJAIOT C BpalICHHUEM
3(upHOro BUXPA M CaMOM 3eMIIM U 3aMEIJIAIOTCS, €CIH MX JBHKCHHA
pOTHBONONIOKHEL. II03TOMy 0 MpocTpaHCTBE MOKHO TOBOPUTE KakK O
none »GUpa, HEOAHOPOAHOCTB KOTOPOrO BOMM3H MAaCCHBHBIX
KOCMIIECKHX TeN 00yclIoBIeHa TedeHUAMH 3dupa.

OrcyrcTBHE IIYyCTOTH [MO/DKHO pacCMaTpUBaTrkCd B CMBICTIC
3a[OJIHEHUS TPOCTPAHCTBA TAaKOW HEBHAMMOM JKHAKOM WIH
razoo0pa3sHOM CpelOH, KOTOPYI0 MOXHO OIIMCaThb B KPUTECPHAX
IUIOTHOCTH, [ABJICHHS, TEMIIEPATyphl, CKOPOCTH H Yepe3 KOTOPYIO
repefaloTcs BOMYIIEHHMA. B 3TOM ciydae NpH pelmieHMM MHOTHX
3amad MOXHO HE€ pacCMaTpuBaTh COOCTBEHHYIO CTPYKTYpY OTOM
Cpeipl, a ONIEPUPOBATh 3THMHU 0000IEHHEIMU KPUTEPHAMI. DGHpPHBIH
ra3, XOoTd U COCTOMT K3 OECKOHEUYHO MAJBIX aTOMOB, HAXOISIIUXCH B
HeNpepHIBHOM IBIDKCHHHM, HO B CHITY 3HAYUTEIbHON KOHLEHTPALlHH HX
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B JIOOOM CKOJb YTOAHO MaJIOM O0BEME MOXKET pacCMaTpUBaTHCA Kak
CIUIOIIHAA Cpeaa.

Kaxnaslii atoM 3¢upa, uMes MacCy, JBIXKETCA C ONpeneleHHOH
CKOPOCTBIO NOPANKAa CKODOCTH CBE€Ta H, CIEHOBATENbHO, OOIamaeT
KHHETHYECKOM sHeprueil. CyMMa KMHETUYECKHX SHEPTHH BCEX aTOMOB
adupa B egunamnile o6bema ABIAETCA BHYTpPEHHEH dHEprueit 3QupHOro
KOHTHHyyMa B 3TOM 00BbeMe. JTa SHEPIus OIPOMHA H3-32 OIPOMHOTIO
KOJH4ecTBa aToMoB d3(dmpa B 3toM o0peme. Cpena 3dupa B eme
Oonbiiei Mepe, yeM OORIMHBIE Tras3sl, 0o0magaeT CIOCOOHOCTBIO K
CaMOOPraHM3aluM B BUJE Pa3INIHBIX BUXPEBLIX CTPYKTYP, KOTOPHIE H
BEICTYIIAIOT B PONH JJEMCHTApHBIX YacTHI], aTOMOB H MOJIEKYJ, K3
KOTOPEIX COCTOAT MaTepHalIbHEIE Tena BeemeHnowu.

EcTecTBEHHO, YTO MaTepHAIBHBIE TEJIa B3aUMOAEHCTBYIOT IPYT C
JAPYTOM HE TOJBKO IMPHU HEIMOCPEACTBEHHBIX CTOIKHOBEHUSIX, HO M Ha
paccTossHMM depe3 noiie 3pupHOro rasa, Tak Kak 4depes rnoie spupa
PacIIPOCTPaHAIOTCH CIIbHEIE M clabble BO3MYLICHMS, BBI3BIBAEMEIS
TenaMu. FccrieqoBaTemo ocTaeTcsd YCTAHOBUTE 3aKOHOMEPHOCTH 3THUX
B3aUMOJEHCTBUA M IIOHATH CTPYKTYpPy DOJIEMEHTOB MATEpHH,
NOATBEPAUB HX PacdeTaMH M CPaBHCHHAMH C H3BECTHBHIMHU B (DH3HKE
3aKkoHaMH. [Ipu 3TOM MHOrHME€ M3 3THX 3aKOHOB MPEACTaHYT B Ooee
obmem u 6011ee 000CHOBAaHHOM BHJE.

B kadecTBe Ha3BaHUA CPEABl, 3alONHSAIONIEM  MHPOBOE
ITPOCTPAHCTBO, BMECTO 3(PMPHOTO raza MOXKHO OsUT0 GBI HCIOIB30BATh
TAaKWE TEPMUHEI, KaK “‘CHIIOBbIE TIOJS . VI3BECTHBI 3JIEKTPOMarHUTHEIE,
TEIUIOBbIE IO/, TOJE€ CHWIB THOKECTH u Jpyrue. OmHAKo camMo
NEpEeYrCICHNe 3TUX Ha3BaHMM y)K€ TOBOPHUT O TOM, YTO 3TH IOJA
paccMaTpUBAIOTCA PpA3IMYHBIMH IO CBoed mnpupoae. Camu 3tH
Ha3BaHUS HUYETO HE AOOABIAIOT K IMOHMMAHHIO BHYTPEHHHX CBOWCTB
THX NONeH M Jake NpUOIM3UTETHHO HE INOJCKA3BIBAIOT, B KAKOM
HAIIPaBJICHUM CJEAYEeT IIPOBOAUTH HCCIEAOBAaHMA. MOXHO TaKKe
HCIIONB30BaTh TEPMUH “BakyyM . Ho 3TOT TEpMHUH TaKXE OrpaHUYCH.
Ot Hero BeeT mycTOTOH. YXe ceHdac paccMaTpHBAalOT HECKOJIBKO
pa3HsIx BakyyMoB. OauH- MEXOY 3B€3JaMH, APYIOii- BHYTPH aTOMOB,
TPETHH- B COCTaB€ INIEMEHTApPHBIX 4acTUIl. 1O €cTh, 3AECh HET
o6ob11aromero Havana.

VIMeHHO 10 3TOH NpPUYMHE MBI OCTAaHOBWINCH Ha TEPMHHE
“3pupHbIi raz”, TaK KaKk Tas’OJWHAMHKA SBJISETCH XOPOIIO
pa3paboTaHHOM HAyKOW M €€ pe3yJIbTATAMH MOXKHO BOCIIOJIB30BAaThCA.
B noHATHSAX CIUIOMIHOM ra3oo0pasHOM cpelbl 0Ka3alioCh BO3MOKHBEIM
0000IHUTE BCE IPENCTABICHUA O CHIIOBBIX B3aHMOACHCTBUAX MEKIY
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MaTEpHAJIBHBIMH TeJaMH. JTO I[IO3BOJIMIO, KaK HaM KaxkerTcs,
NpHOIH3UTh MeuTy A DHHINTEHHA 1 psAa IPYTUX U3BECTHBIX (H3UKOB
O €QMHOM Iojie, 0000miaroneM OPHPOAY BCEMHPHOIO TATOTCHUS C
3JIEKTPOMAarHUTHBEIMU B3aUMOACHCTBUAMH ¥ PacIPOCTPAaHEHUEM CBETA.

CornacHO HACAM, pa3sBHMBACMBbIM B JTOl KHHre, BCE MHMPOBOE

IPOCTPAHCTBO __MEKAV MATEPHAJIbHLIMH _TEJAMH  3aII0JTHEHO
IGHUPHBEIM ra3oM, obaagalomuM 00Jblloli BHYTPEHHEH 3HEeprHcH.
Bce mMaTepHajibHBIE TejIa, HaxoAslidecs B Ioje  3¢upa.
HEeNpPEePLIBHO €ro MorjaoinanT. JToT npouecc sABaseTcs VCIOBHEM
cymecTBoBanus Tejl. IIpHM ero HapyIIEHMH Tejla pa3pymIaloTcs,
IOJHOCTBIO WIH YACTHYHO BHOBb NpPEBpamasch B 3GHPHBIA ra3.

IIpH 3TOM NPOHCXOAMT BeUHbIi KPYTOBOPOT MATEPHH M YJHEPIrUM.
Yem xe ormmgaerca 3¢up ot OapuonHod Marepun? (6apuOHHASA

MaTE€pUs COCTOMT B OCHOBHOM H3 TSKEJIBIX JJIEMEHTAPHBIX YaCTHII-
HEUTPOHOB M MpoTOHOB). [lodyeMy 3TH [Ba MNOHATHS B KHHIE
pa3aeneHsl? Bens agup MaTepualieH, T.€. OH CyHIECTBYET PEAIBHO BHE
3aBUCUMOCTH OT HANIEr0 CO3HAaHUA. be3 BHATHOIO OTBETa HAa 3TOT
BOIIPOC HEBO3MOXKHO ITOCTPOHTE PabOTOCIIOCOOHYIO TeopuIo 3(dupa.
OTH OTIMYHA 3aKII0Yal0TCA IPEXKAE BCEro B TOM, 4T0 JI(MHD

IepBMYEH, a MATEPHAJbHBIC TejJa H HX CBOWCTBA BTOPHYHBL
ATOMBI,  3JEKTPOHbI, _ IIPOTOHLI, HEHWTPOHBI M JPYIHE
3JIEMEHTAPHbLIC  JaCTHObLI _ BEIIECTBA  NPEACTABJIAIOT 000
ABTOHOMHBbIC¢ MHKpOBMXpH M3 3bupa. Ilomnep:xkanmue TedeHMH
dhMpa B JTHX BHXPAX HAa INPOTIKEHHMM MWLINAPIOB _JeT
ofecneuynBaercs 00abImoH Heprueii, 3aka0UeHHol B moJie d¢dupa,
M__nepenavyed YacTM JTOil JHEPIrMH _BMECTE € NOLJIOIIECHHbIM
IPUPOM MATEPHAIBHBIM TEJIAM.

Cuuraercs, 410 3¢GUp MHPOBOTO IIPOCTPAHCTBA IIOMUMO DHEPIHH
obnamaeT Maccoil, MHEpIUENH, KOIMIECTBOM IBHXKEHUA., [IoToK 3dupa
nepesacT CBO€ KONMYECTBO IBIKEHWSA MATEPHAIBHBIM TEjIaM U
OKa3BIBACT HAa HHUX CHIOBOE Bo3gcicTBHe. Odup, HAXOAAIHACH
BHYTPH T€N, B OTPEIBE OT 3(HUpa MUPOBOTO MPOCTPAHCTBA IIPOSBIACT
CBOMCTBA HMHEPIUM M KOJHMYECTBA JBIJKEHHA dYEpe3 MAacCy Tell,
IPONMOPIMOHAIBHYI0 Macce 3(dupa, EKECEKYHAHO MOIrjIoumaeMoro
TEJIOM.

Macca Tea, IO3TOMY, He SBJISETCS Mepoi  KoJaM4ecTBa
IOIJIOILEHHOr0 paHee Y(hHpa, a npeacraBiasieT Cco00H Mepy

B3aMMoJIeicTBHSA _TeJ ¢ h¢dupoM MHPOBOro NPOCTPAHCTBA.
TedennsaMu 3¢Hpa, BO3HUKAIOIMIMMH H3-3a IOrIOLIeHHA 3¢upa

TeJlaMHu, OOYCIOBIEHO BCEMHPHOE TATOTEHHE H, UMEHHO IIO3TOMY,
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caMHM MAacChl 3(pupa BHE MaTEPHAIBHBIX TEJI HE IIOABEPKEHBI IEHCTBUIO
TATOTEHHA. DB3auMOJENCTBHE ABMXKYIIHMXCA 3JIEMEHTApHBIX YacCTHII
MaTe€puH C mojieM 3¢upa 0ObACHAET “myanu3M” KOPITyCKYJISAPHEIX H
BONMHOBBIX CBOMCTB 3TuX dactuu. K 3¢pupy mnpuMmeHHMSBI
IIPEACTAaBICHUS KUHETHYECKOM TEeOopuM Tra3oB. Ero redeHus Moryr
OBITh ONKCAHBI YPaBHEHMSIMH Ta30BOM AuHaMHKW. BA3KOCTE 3¢wmpa
Majia. Bo MHOTUX pellleHHAX €10 MOXHO mpeHeOperars. Ilpu maneix
CKOPOCTAX CXHMAaeMOCThIO 3(QHpa TakkKe MOXKHO IIpeHeOperarTs.
[ToaTromy Teuenus 3¢upa MoryT ObITH OIIMCAHBI ypaBHEHHEM Jlamaca.
Cocrogane  TedeHuii  3¢QHpa  XapakTEpU3YEeTCAd  CKOPOCTEHIO,
IUIOTHOCTBIO, JaBlICHHEM, Temmeparypod. UUepe3 mone 3dupa
PacIpOCTPaHAIOTCA CBET, c1a0ble X CHIIbHBIE BO3MYIICHHA.

HanHass xHuUra o6ofmaeT B eOUMHYI0 TeopHMIO d(upa uaewu,
BhICKa3aHHEIE B MOHorpadpuax asropa “Taitmer Mex3Be3gaoro
agupa’[1], “Odpupogunamuxa Beenennoit’’ [2] u “Kpyrosopor adupa
Bo Bcenennoit”[3]. B wHelt coOpamel Bce MaTepHadbl HaNIMX
paspaborok, omucanmele B [1, 2, 3, 42 u 60] u BEAEpKaBIIHE
NpPOBEpPKY BpeMeHeM. (CeHdac HEKOTOpeIe MNpoOJIeMBl MBI CTalH
IIOHMMATh Jy4dlllé K MOCTAPAIMCh BHECTH COOTBETCTBYIOIIHE
KOPPEKTHBEI B IAHHYIO KHHTY.

B Teopum omnpeneneHsl OCHOBHBIC CBOWMCTBA H IapaMeETPEI
3(UPHOrO ra3a, BCKPBITA IMPHPOAA BCEMHUPHOI'O TATOTEHHS, MOKa3aHa
CBA3h DJEKTPOCTATUYECKHX ABJICHWN C TeUCHUAMH 3(QUpPHOro rasa,
IpeAIOKeHsl 3QUPOIHHAMHIECKHE MOJCIH JJIEMEHTAPHRIX YaCTHI]
MaTepuH H IpocTedmmx atoMoB. IIokazaHO, YTO BHYTpHATOMHEIE
CHJTBI TaK)ke 00YCIIOBJIEHRI TEYEHHAMHU dPHpa.

B KHUTE MHMPOKO NPOMLTIOCTPUPOBAHEI BO3MOXKHOCTH, KOTOPEIE
IpEeACTaBIAET Teopus 3Qupa jis UCCICTOBaHHUS Pa3IMIHEIX mpobiem
MHApO3ZaHusi. B Held IIpPEemIOXKEHs CBOH pEHICHHA pAaa
MHPOBO33PEHIECKUX IIpoOnIeM acCTPOHOMHUHM, TAKHMX, KakK IPoOIeMbl
KpacHOTO CMEIICHHA B CIEKTpax “‘ZlaleKux rajlaxTtuk’, “bombuioro
B3pbIBA’, HEWTPOHHBEIX 3Be3d M “UepHbIX HOwIp”, DSHEPreTHKHU
B3PBIBAIOIIUXCA KOCMHYECKHX OOBEKTOB, CTPOEHHS CIIHPAIBHBIX
raJJakTUK ¥ psana JApyrux. IIoka3aHo, d9r0 IIpOTHBOpEYUSI B
HCTOJIKOBAHMH ONTHYECKHX ONIBITOB MamnkenbCoHa, (DHU30 M ABICHUSA
3Be3MHOH abeppanuu, JIexKABOIMX B OCHOBe Kpu3nca (U3MKU KOHIA
JAEBATHAIIATOro-Haqaja ABaJAaToro BEKOB, MOIryT OBITh COIVIaCOBAHEI
Mexay cobo#t 6e3 Teopuu OTHOCHTENBHOCTH A.JWHmTeWHa. C
no3unpii Teopuu 3(pupa OOBACHEHBI TaKXKE ApYrue AOCTHKCHUS
TCOPHH OTHOCHTEIBHOCTH M HAMOJIHCHAa (U3MYECKHM CMBICIOM
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nonpaBka Jlopenma. IlokxaszaHo, 4YTO OHa OTPaXaeT BIUSHUC
CKIMAEeMOCTH 3PUPHOro raza mpu OKOJIOCBETOBBIX CKOPOCTAX.

Mel He cCTaBWiIH CBOeH 3aJadeld IPOBOAHUTH aHAIN3
CyINECTBYIONIEH JUTEpaTyphl IO JaHHOM TeMaruke. B OoJjpIIMHCTBE
AOCTYIHBIX HaM KHHAT M CTaTedl JTOro HampaB/IGHHUS AaBTODHI
OTPaHUYHUBAIOTCA JIMIOb KAYeCTBEHHBHIMM DPAcCYyXKICHUAMH 0Oe3
KOJIMYECTBEHHBIX IIPOBEPOK CBOMX YMO3aKIIOUEHHH, M IO 3TOM
IpUYKUHE 37eCh TPYAHO 9To-1ub0 o0cyxmars. Haubonee cepresHsie
paboTEl 3TOTO HAIpaBJIECHUA IIPOAHATIM3UPOBAHEI HAMHM M HAILIH CBOE
OTpaXXHHE B COOTBETCTBYIOIIUX ITIaBaX.

M=l B cBOEHl KHHre CTpEMHINCh K TOMY, YTOOEI OOJBIIMHCTBO
HallUX BBIBOJOB IIOATBEPKIAJIHCH CPAaBHCHUSMH C HMEIOLIMMICS
SKCIIEPUMEHTAILHEIMY B HaOMIONATEIFHBIMH AAHHBIMH M MOIJIH OBITEH
NEePEIPOBEPEHBl. JTO, KOHEYHO, 3aTPYAHHUT 4YTEHHE KHWIH, HO
MOKAXKET YUTATENI0 CEPHE3HOCTE MOYUYEHHBIX pe3ynsTaToB. [[eHHOCTD
IpeayiaracMoit Teopud 3dupa 3aKII09acTCA B TOM, YTO OHA C €IMHBIX
IIO3UIAI II03BOJIMIIA IIOJYdHWTh WHTEPECHBIE PE3Y/IBTaTBl B TaKMX
pa3IMYHBIX pa3fielax HaykKy, KaK TeopHsd TIpaBUTAllMM, TEOpHUA
3JICKTPOMArHUTHBIX IIOJI€H, ACTPOHOMHS, TEOPHS CBETA U SBICHHA
MHUKPOMHpA. |

Pesyneratel rnaB 1, 5, 7, 8, 9, 12, 13, 41, 45, 46 nyGnukyrorcs
BrepBeie. BBencume, raaBel 3, 6, 11, 15, 21, 43 u 3axkmoueHue
CYIIECTBCHHO NOpaboTaHBbI.

YACTbD 1
YOUPOINHAMHUKA — KJIIOY K
IMMOHUMAHHWIO 3AKOHOB ITPHPOIBI

1. TeMuasi MaTepusi M TEMHAS JHEPrus
B moJjie 3¢upa

B HacTodmiee BpeMd B HAyYYHOM JIMUTEpAType BCTpedaeTcs
yTBEpXKAeHHEe 0 ToM, 9T0 96% o00mero komwdecTBa BEIIECTBA BO
BcelneHHOM COCTaBseT, TaKk Ha3plBaeMad, TeMHas Marepus. OHa
PaBHOMEPHO 3allOHAET BCI0O BcemeHHylo, M e He YyJaercs
OTOXIECTBUTh C KakuMH-THOO HalomaeMbIMM KOCMHYECKHMMU
tenamMd. Ee Ha3Banm TeMHOM I©OTOMYy, 9TO oOHa HeBuauma. He
3aMEUYEHO TaKXKE€ €€ y4acTHC B IpaBHTallMOHHBIX B3aUMOAEHCTBUSIX
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MEXIY. 3B€31aMH U 3BE3HBIMH CKOIUICHHAMH. Ee cymecTBoBaHHE
acTpodu3uka o0ycinaBIuBaeT (GOHOBBIM H3TyICHHEM PaIHOBOJIH. DTO
M3JIy4EHUE PETHCTPUPYETCS pPaguOTENIECKOIIaMH Ha JJIAHAX BOJH
okono 7,35 cm. CoOGCTBEHHO, KPOME 3TOr0, O HEli TOCTOBEPHO HMYETO
He u3BecTHO. Ha nomo OapuonHOro Bemecrsa ocraercs He 6onee 4%
Bcel Marepun BeemenHoit (6aproHHOE BEMIECTBO COCTOMUT B OCHOBHOM
U3 TSOKEJIBIX 3JIEMECHTAPHBIX YaCTUI-HEUTPOHOB M MPOTOHOB).

Hctopua Bompoca TakoBa. AMEpHKaHCKHE acCTPOPHU3UKHU
A.llensnac u P.Bunscon [8],[46],[20] oOHapyxumum B pymopHOH
IIpMEMHOM aHTEHHE CBOETO paJuOTeIecKona cliabblii Hemcae3aromuii
¢oH BHe3eMHOro mpoucxoxkaeHusi. OH He 3aBHCEI OT OpPHEHTAIHU
AHTCHHBI. OTO M3Iy4YeHHE HA3BalH PEIHKTOBHIM. 3a €ro OTKPHITHEC B
1968 roxmy A.llemsmacy u P.BuibcoHy Obpia mpHCYXKICHA
Hob6eneBckas npeMus no pusuxe.

[To3guee OBUIM MHPOBEJEHBI CHCTEMATHYECKHE MCCIICIOBAHUA
PENMKTOBOrO UBIydeHHA Ha Pa3IM4YHBIX [PIMHAX BOJH OT JOJEH
MHJUTAMETpa 10 IIOJIyMETpa. Pe3ynbTaTel MO3BOJIMWIH IONYYHTH
3aBHCHMOCTH SHEPTHM H3Ty4eHHS OT MIHHEI BOIH (puc 1.1.[46]).

Oxka3sanocs, 9TO 3Ta
1071 SEyieme R+ 1 3aBHCUMOCTh COOTBETCTBYET
S I ks YEPHOTEIHLHOMY H3IIydEHUIO
a:E N ' o
B2 10 7 K : v OYE€Hb HUA3KOM
EE 1 K TEMIIEpaTy PO 2,75°K,
gg 10° --7\/ — Onu3koii K abCOMIOTHOMY
E _44{ QIHOMCTOYHHEKKA HYIIIO. Kak BHOHO H3 PpPHC
i P R o 1.1, 7eBee PpEIUKTOBOTO
1010 ,qmalI?a Bom-llr_g 0 H3JIY4CHHA JICKHT CIICKTD
3JIEKTPOMATHUTHERIX BOJIH, a

Puc.1.1

IIpaBee pacrojaracrcs H3lydeHde 3Be3l, B ToM uucie ComnHna
(A=5-10°M). PenmkToBOe M3Iy4eHME BEHIENSETCSd HA CIIEKTPE
CPaBHUTEIHHO BEICOKOH MHTEHCHBHOCTHIO B CBOEM MaKCHMYyME.
Cerofts KOCMOJIOTHS ITBITAETCA CBA3ATHh PEIMKTOBOEC H3NTy4ECHHE
C KOHIECHTpaue (POTOHOB, HCIYIMICHHBIX, KaK MOJIaraloT Ha paHHEH
cTagud pa3BuTHA Bcenenuoit mocne “Oonbmoro B3peiBa”. OgHAKO
OKa3aJ0Ch, YTO CpeAHAs Macca 3TuxX (HOTOHOB [8,46], mpuxoasmasics
HA eauHMIly o0ObemMa B HECKOJIBKO COTEH pa3 MEHbIIE cpenuei
IUIOTHOCTH GapwonHOro BemectBa p=107"kr/m’. IIpraem, cpemmss
IUIOTHOCTHh OapHOHHOTO BemIeCTBA OAMHAKOBA I BCel HabmonaeMon
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Bcenennoil. 310 oO3Hagaer, YTO pacIpeleieHHe BeElIecTBA BO
Bcenenno#t onHOpOIHO B cpegHeM mo 6oapoIMM MacmiTabaM, H cama
Bcenennas omHopoHa.

Taxum ob6pa3zoMm, Oka3anoCh, YTO PEIMKTOBOE H3IIYYEHHE TOIBKO
CHTHAIM3HPYET O HAIMYMM TEMHOHM MaTEpUM, a HE SABJIACTCA ITOH
Marepuei. JledcTBUTENBHO, Kak orMmedaerca B [8], Bckope mocne
OTKPBITHA  pPEIHKTOBOIO  M3JYy4EHMsI  COBETCKUH  aCTPOHOM
N.C.IlIxknoBCKHii, a Takxke aMmepukaHckhe yueHble Jx.B.Oung wu
JIx. JI. Xmgkok 3aMeTHiM, 9TO eme B Hadaie 40x romgos 20 Beka 1o
HaOTIOACHUAM CIIEKTPOB MEX3BE3[JHOL0 ra3za OBUIO YCTAHOBJICHO, YTO
MOJIEKYJIbI, BXOJAIKUE B COCTaB MEXK3BE3IHOrO ra3a (paJIuKajibl HaHa
CN), Haxomarcs B BO30YXAEHHOM COCTOSHHH. ODHEPrus 3TOrO
BO3OYXKIECHHSA COOTBETCTBYET Temmeparype okoio 3°. Taxum obpazom,
HMCHHO MEX3BE3HBEIC MOJEKYJEI OKa3aJuCh Kak-OBI TEpMOMETPOM,
yKa3aBIIUM aCTPOHOMAM TEMIIEPaTypy PEIMKTOBOrO (hOHa.

B xocmosiornm obcyxamaeTcs emie oaHa npobiema: obmamaer Jin
TeMHas Matepus TeMHOH 3Heprueii? Ussectrno, ato OTO cea3biBaer
MaTEpHIO H SHeprHio dopmynoii E=m-C’. ITo3ToMy MOCTaHOBKA 3TOi
mpo0JieMBl BIIOTHE 3aKOHOMEPHA.

Eciu vacTH TEeMHOM MaTEpHUH ABHXKYTCS OTHOCUTEIIHHO ApYT Apyra
H OTHOCHUTEJIFHO 3BE3J, TO ATO O3HAYAET, YTO OHH JIBIDKYTCA TAKXKE H
OTHOCHUTEJILHO BCETO ITOJIA TEMHON MaTe€puH B LEIOM. JTO CIECAYET U3
IIOHMMAHUsA TOTrO, 9YTO TEMHAasA MATEpHs 3aIIOJIHAET PABHOMEPHO BCE
MEX3BE3AHOE MPOCTPAaHCTBO, 00pa3ys cBoe nojie TeMHo# Marepun, Ho
3TO mpu3HaHHe Oyzer o3Ha4aTh, 4YTO HAyKa BHOBb IIPHXOINUT K
IIOHUMAHUIO aOCONIIOTHOTO JBIDKCHMS M aOCONIOTHOH CHUCTEMBI
orcuera. YUnes, o xkotoport mMeHHO OTO yBena mayky OKoJO CTa JIeT
Ha3am.

ITogsoas HWTOrH, OTMETHM, YTO HAOIIOAaTENbHAs acTPOHOMHSA
yOenurenpHO ITOKa3aja HajJIudMe B NPOCTPAHCTBE PaBHOMEPHO
pacnpefieieHHOi TeMHO# wMarepun. O Heli HH4MEro Ipyroro He
U3BECTHO, KpOM€ TOro, 4YTO OHAa HaXOOUTCA IIOBCIOAYy M
B3aHMOJIEHCTBYET ¢ MOJIEKYJIaMH MEXK3BE3AHOr0 ra3a, mposBIsas ceds
YEPHOTENBHBIM  H3Iy4eHHEM, COOTBETCTBYIOLIMM  TEMIIEpaType
T=2,75° K. IToka HET HMKAKMX HKCIEPHMEHTAJILHBIX YKa3aHHI Ha TO,
YTO TEMHAsd MaTepud NOABEPXKEHA JCHCTBHIO CHIBI TSDKECTH H
obnanaer eme KakMMH-THO0 cBoiicTBamMM. Emie MeHbme acTpo(U3nKa
3HACT O TEMHOM SHECPTHHU.

B xauectBe OCHOBBI I HANIUX WCCICAOBAHUU TIPHUMEM
JAOMyHIeHne, YTO TEMHON Marepuel sBuseTcs 3(PHUp, KOTOPBIM, Kak
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CUHTAJ eme APHCTOTENb, 3AII0IHACT BCE MEX3BE3THOE IIPOCTPAHCTBO.
Tor cambelif 3¢HpP, OT KOTOPOIO0 HAyKa HEMPEAYCMOTPUTEILHO
oTkasajgack B 1915 romy B cBsa3u ¢ NosBICHHEM OO0med Teopuu
orHocutebHOCTA (OTO). MHOrHe ydeHBIE TOrO BpEMEHU OTKa3aINCh
oT mpexacraBieHui 06 3>dupe He MOTOMY, YTO OBIJIO HOKA3aHO €ro
OTCYTCTBHE, a ITPOCTO 38 HEHATOOHOCTHIO )i IIPU3HAHHEIX B TO BPEMS
Teopuit. QHUp HEBUIUM M, KaK Ka3aJ0Ch 3TUM YYEHEIM, HEOLIyTUM H
HU Ha 9TO HE BIIMAET.

Ilenas mpeArnooXeHHe O TOKAECTBEHHOCTH 3(Qupa H TEMHOM
MaTE€pHUH, MBI OTJIMYHO OCO3HAEM, YTO HA JAHHOM JTale HaIIHMX
FICCJIEIOBaHMI TaKkas 3aMEHA Ha3BaHUI MaIo J00aBIseT K IOHUMAHHIO
TOro, 4T0 cO0O# IpemcraBisieT TeMHad marepua (dHup) H TeMHas
sueprud. Ho Bce-Taky HEKOTOPEIC NPEUMYINECTBA B TAKOW. IIOCTAHOBKE
BOIIPOCA YCMATPHUBAIOTCA, T.K. NOJA IHOHATHEM 3(¢Hpa NOSBIAETCA
npsAMOe  OSKCIEPHMCHTAILHOE  ODOCHOBaHME €r0  peanbHOIO
CYLIECTBOBaHHA. BTOPBIM JOCTOMHCTBOM MPHUHATON aHAJIOTHH MEXITY
TEMHON Marepueili u d>PUpOM sABaIAETCA TO, 9YTO 3PHpP IO
OnpeAelicHUI0 ABIAeTcs rasoM. I1o3ToMy, IOSABIACTCA BO3MOXXHOCTH
IpUBJICYS IS JAJbHEHIIMX HCCICAOBAHHM HAYYHBIA ITOTCHIIHAI
ra3oBOM AMHAMHKH. B JanpHEHIIHX riiaBax KHHATH OyJieM MTOCTEIEHHO
HapamyBaTh H PacCIIMpATh J0KA3aTellbHyl0 0a3y IpaBHIBHOCTH
BEIOpaHHOI'0 HAMH HampaBJIEHUA UCCIIEIOBAHMIA.

2. YaapHble BOJIHBI B 3Qpupe. CKopocTh
pacnpocTpaHeHHs CJIa0bIX BO3MYIICHUH

B 1934 rony II.A.UepenkoB BIiepBEle HaOmMOHan CBEYECHHE
4Ype3BBIYaHHO OBICTPBIX  3JEKTPOHOB, BBEI3BAHHEIX  Y-Iy4aMH
PaaviOaKTUBHBIX 3JIEMEHTOB IIPH MX IIPOXOXKICHHH dYEepe3 KHUIKOCTh
[19]. D10 Habmronenne pa3pymmiIo MpeAcTaBieHue (PHU3UKOB O TOM,
YTO CBET M3JIy4YaeT JUOIb 3JIEKTPOH, ABHXKyIuiica yckopeaHo. Craio
SCHO, 9TO STOT BBIBOJ CHIPaBCHIMB, ITOKA CKOPOCTH IBMIKYIIETOCS
3JIEKTPOHA V MeHbime ¢a30BOH CKOpPOCTH cBeTa. Pa3oBasg CKOPOCTE
CBETa B MpO3padHOM BemlecTBe paBHa C/n. 37ech n - x03dpdunmenHt
peIoOMJICHUS AAHHOrO BemiecTBa. [ OONBIIMHCTBA MPO3PaYHEIX
MaTepualoB OH Oolbine eauHUnEBl. [I03TOMYy CKOpOCTH 3IEKTPOHA
MOXET TPpeBBICHTh (Da30BYyI0 CKOpocTh c¢Bera C/n u  craTh
“CBEpXCBETOBOM .
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OcoOeHHOCTEI0O 3TOr0 CBEUYEHHsS SBIIETCA TO, UYTO OHO

pacIpeeieHO B Mpelenax KOHyca € YIJIOM IOIXypacTBOpa V,
oInpeaenseMbIM COOTHOLICHHUEM
cosv=(C/n)/V=C/nV. (2.1)
B [19] oTMedaercsd, 9TO cBedeHHE HAONIOAAaeTcs JHWOIBL B TOM
HampaBlICHHMH, B KOTOPOM D3JIEKTpOH [BMXKeTcd. B  obpatHOM
HAIIPaBICHHH CBET HE u3nyvaercia. IIpum aHanmm3e 3TOro sBIIEHHA
OCHOBHOE BHUMAaHHE (PH3MKOB, IIO-BUAMMOMY, OBUIO IPHUKOBAHO K
bakTy “‘CBEpXCBETOBOrO” IBMIKCHMA 3JeKTpoHA. M 3TO momATHO,
IOCKOJIbKY  IOSBIICHHME  “‘CBEpXCBETOBOM~  CKOpPOCTH  3aA€Balo
OCHOBHOM ITOCTYJIAT TEOPHHM OTHOCUTEIBHOCTH O TOM, 9TO CKOPOCTH
CBeTa SBIIETCA MPENeIbHOM CKOPOCTHIO B IpHUpOae. Y CIIOKOHIIO BCEX
TO, 9TO ObINA mpeBbIleHA (a3oBasg CKOPOCTH CBETA, 4 HE CKOPOCTH
CBETa B IMyCTOTE.

Urax, ¢m3uxa, kakx ¥ BO MHOIUX JAPYTHX CIy4asdx, TOJIBKO
KOHCTAaTHPOBaJIa (PaKT H3NIydEHNA CBETa 3JIEKTPOHOM, ABIDKYLIUMCS HE
YCKOpeHHO, a paBHOMepHO. Ho ocTaBuiia 6e3 oTBera BOIPOC O TOM,
No4eMy IPOUCXOAHMT 3TO cBedeHHe. [loueMy OHO HaOIIOXAETCS TOIBKO
HABCTpedy ABIXKYIMMYCs 3JEKTPOHY M TOJIBKO B IIPENENax KOHyca C
yTIIOM V? |

dusyyecKyl0o NPUYHHY 3TOTO MOKHO HANTH B TeopHH 3dupa.
TlelicTBUTENBHO, Kak U B o000 razo06pasHoil cpele, IBIKEHNE Tel B
3pupe CcO CBEPX3BYKOBOH CKOPOCTBIO JOJDKHO TMPHBOJUTL K
IOSBJICHHIO NIEPEA HUMH CKa4dKOB YIUIOTHEHHS (yZapHBIX BOjH). Ilox
CKOpPOCTBI0 3BYKa OOBIMHO IIOHMMAIOT CKOpPOCTh pacHpOCTpaHEHHS
cnabplx Bo3MymeHud. [IpuMeHWUTENLHO K 3(QHPY CIOBOCOYECTAHHE
“CKOpPOCTh 3BYKA~ TepseT CMEBICH, HO COXpaHseT CBOE 3HAYCHUE
TepMUH  ‘‘CKOPOCTH  pPAacIpOCTpaHeHMs  clIabrix BO3MYILIE-
Huii”, O603HAYMM CKOPOCThL PACIIPOCTPAaHEHHS CIa0bIX BO3MYIIEHHI B
cnokoiHoM 3¢upe depes C, Ecmum kxpome 3¢upa mpoCTpaHCTBO
3aI0JIHEHO MPO3PadHON KHUIKOCTHIO, TO 3Ta CKOPOCTHh M3MEHSAETCA M
CcTaHOBUTCH paBHOi Pa30Boit ckopocTu cBeta Cy/n.

Ha puc.2.1 npuBeneno n3obpaxeHue mapa IpH €ro JBHXKEHUH B
BO3IyXe CO CBEPX3BYKOBOH ckopocThlo. Ilokasama oromemuas
yAapHas BOJIHA. YTO0JI HAKIOHA ITOBEPXHOCTH YIAPHOM BOJIHEI K
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Hanpasaenne HAMpPABJICHUIO TOJIETA JOCTATOTHO OBICTPO
Ay4EH CBETA yMeHbpIIaeTCa ot 90 mnepex mapoM 0
HEKOTOpPOTO MAaJI0 MEHAIONIEr0Cs 3HAYCHHS 3.

M3BeCTHO, YTO B mpeAecine Ha OYCHDb
OONBIIOM PpACCTOSHHH OT Imapa yJAapHas
BOJTHA OcCaa0eBaeT, BEIPOXKAAACH B JIMHHUIO
BO3MYIICHNS, a Yyrol HaKJOHA YAapHOH
BOJHEI CTPEMHTCS IIPH 3TOM K YTy

BO3MYILIECHHS W, OIIPEACIIAEMOMY 4EPE3 YUCIIO
Maxa 13 COOTHOIIEHUS

BOAHA Sinp=1/M 2.2)
Puc.2.1
[TpuMeHUTETHLHO K 3(UPY 3TO COOTHOMEHHE IIPUMET BH/T
sin p=1/M=(C,/n)/V, (2.3)

rae C,/n - da3oBag CKOPOCTh pacCIpOCTPaHECHMS CIIA0BIX BO3MYIIICHHIA;
V - CKOPOCTB 3JIEKTPOHA.

CornacHo BONIHOBO# Teopuu I'loiireHca IIyyd CBeTa SBISIOTCS
CEMEHCTBOM MPAMBIX JIMHMM, HOPMAJIBHBIX K BOJHOBOMY (pOHTY.
Takum BOJHOBEIM  (POHTOM B paccMarpuBaeMOM CIIydae
“CBEpPXCBETOBOr0” JBIDKEHHUSI IJIEKTPOHA SBIACTCA yAapHad BOJIHA,
orpaHu4uBaromas o6JacTh BO3MYIIEHNH, BBI3EIBAEMBIX JJIEKTPOHOM,
0T crioKOHHOro 3¢upa. CienoBaTenbHO, YIoll MOJIypacTBOpa KOHyCa V,
BHYTPH KOTOPOTO PACIIPEleiIeHO CBEUCHUE UEepeHKOBa, MPEACTABIIACT
coboif yroa MEXKAy HalpaBICHHUEM [IBIKCHHUA DJJIEKTpOHA H
HampaBJIeHUSIMH JBYX CEMEHCTB MNpAMBIX JIHWHWH, HOPMANBHBIX K
BEPXHEMY ¥ HIDKHEMY (DpOHTaM yIapHoi BoiHEI (puc. 2.1).

AHaym3upysa cBeucHHe YepeHKOBa, MOXKHO OTMETHUTb, YTO IpH
MAJIBIX pa3Mepax 3JIEKTPOHAa M OTPOMHON CKOPOCTH €ro ABMIKCHHA
OBI0 HEBO3MOJKHO Pa3IVIALETh CTPYKTYPY I'OJIOBHOM yapHOM BOJIHEI
B HETIOCPEACTBEHHOM OJIM30CTH OT MOBEPXHOCTH JICTALLErO JIEKTPOHA.
[ToaToMy B onkiTe 3aHKCUPOBaHA TOJILKO 0COOCHHOCTD, CBA3aHHAA CO
~ CIIEKTPOM 00TEKaHHWA HOCTATOYHO JAIEKO 3a IJIEKTPOHOM, TIE Yroil
HAKJIOHA yAapHO# BoJIHB B 6130k K yriry Bo3MymeHud p. MUcxons us
3TOT0, MOYKHO OIIPENENINTE CBA3b MEXIY yIJIAaMH V U 3 B CI€AYIOLIEM
BU/JIE

B=90"-v. (2.4)

Kak ormeueno B [19], coornomenme (2.1) xopomo

NOATBEPXKAaeTcad Ha npakruke. ClaeaoBarenbHO, COOTHOImMEHHE (2.4)
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Taoke OyJeT JaBaTh peaJbHBIC 3HAYECHHS I BXOASIIMX B HETO
BEJIMYHH, XapakTepH3yIOImUX 3(QHupHBIA ra3. Tak, Hampumep, It
3JIEKTPOHA, ABMXKyIlerocs B OeH3ome Vv =38,5(m =1,501). Dro
TIO3BOJIAET ONPEAEIHTh OYEHb BAXKHYI0 XapaKTEepHCTHKY 3dupa-
CKOPOCTh  PaclpOCTpaHeHHMss B HEM CIa0bIX  BO3MYILCHHIL.
IleiicTBHTENBHO, MOJIOXKHB U~P, HaWOEM Hu3 (2.4) yrojl BO3MYyIMICHH
p=51,5"; uncro Maxa JBIXymErocs 3MEKTpoHa coraacHo (2.3) Gyzer
M=1,278; ero ckopocts u3 (2.1) 6ymer V=C/(n-cosv)=2.554-10"%m/c.
OxkordarenmbHO W3 ¢opmynsl  (2.3) noayd4aeM  CKOpPOCTB
pacrpocTpaHenuss clIabblX BO3MYIEHHH B 3QHpHOM rase mpu
IABWKEHUM 3JIEKTpOHA ¢ uuciaoM M=1,278 kax C,=n-V/M=3,0-10%

cM/c. l.e. CKOPOCTh _pPACHPOCTPAHCHUSA caaldbIxX BOBM!EGHHI?I
COBIIANAET CO CKOPOCTHIO CBETA B HEBO3M €HHOM I10J1€ YU DA

C,=C=3-10°w/c=3-10"cm/c (2.5)

OueHp BaXKHO IIOMYEPKHYTh, YTO B OIKBITEC YepeHKOBA M OIIRITE,
IIPOBEJACHHOM B CHHXPOTPOHE, CBEYCHHME OBLIO BHAHO CO CTOPOHBI
IpHOTIOKAIOMIETOCS DJIEKTpOHa, @ B O0paTHOM  HaIpaBlICHUH
OTCYyTCTBOBAJIO. JTO YKa3bIBaeT HAa TO, YTO CBEYCHHE B OIBITE
YepenkoBa OOYyCIIOBICHO YIAapHBIMH BOJIHAMH, IOPOXKAEHHBEIMH
3JICKTPOHAMH, & HE pacIpocTpaHeHHEeM CnabblX BO3MYIICHUH B
s3dupHOM raze. B mpoTuBHOM ciydyae B ombiTe UepeHKOBA CBEICHHE
NoJxHO O6BL10 OBl HAOMIOAATBECH TAKXKE BCIIEH JICTAIIEMY 3JIEKTPOHY,
TaK KaK HHYTO HE MeEIIaeT TAaKOMy pPacIpPOCTPaHCHHIO ClIaOnixX
BO3MYILCHU B ra3oBeiX cpefax. Onnakxo B [19] ogno3HadHO CcKa3zaHo,
4YTO CBEUCHHUE B OMNBITe UepeHKkoBa HAOMIOQaN0Ch JINIIb B HAIIPABJICHUH
IBIDKCHUA DJJIEKTPOHA M HE M3Iy4aJOCh B OOpaTHOM HAIpaBJICHWH.
[To-BuguMOMy, CBET BOCIIPHHHMMAETCS YEJIOBEYECKHMM IJIa30M depes
nepenax AaBieHHA, oOpasyromuiicd B 3(upe mpu Nepexoye uepes
CBETOBYI0 VJapHYyI0 BOJHY B HampaBICHHM HOpManH K €€
noBepxHocTH. Kpome Toro, 3a ckadkoM YIUIOTHEHHA oOpasyercs
mpoOkKa YIUIOTHEHHOrO rasa, KOTOpas HJBHXKETCA 32 CKAa4KOM CO
CKOPOCTBI0 V3 HECKOJIBKO MEHBIIEH, YEM CKOPOCTh CaMOro CKadka

YIUIOTHEHHUS M CKOpOCTH CBETA B 1ole dpupa V, = 2% +1

Macca »3¢dupa, yBlIekaeMas CKAadKOM VIUIOTHEHHA, oOOlamaer
KOJIMIECTBOM JBMOKCHMS M MOXET OKa3pIBaTh [aBJI€HHE HA
IpEnATCTBHE, IMOITIOINAIOMEEe CBET. Y  4elOBEYECKOro rIjasa
CYmEeCTBYET CBOM MOPOr YyBCTBUTCIBHOCTH K Iepernany AaBJICHUA H
CIJIOBOMY BO3JECHMCTBHIO ABIDKYIIEHCA 3a CKAYKOM CXAaTOM IpOOKH
a¢pHUpa HA cCeTYarTKy I7Ma3a. TakuM o00pa3oM, OIBIT YepeHkoBa
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IIOATBEPKAACT BO3MOKHOCTE IIOSABJICHHSA H PACIpPOCTPAHEHHA B IOJIE
3¢upa CKAYKOB YIUIOTHEHHMA, a CJIEAOBATEIBHO, M CYIIECTBOBAaHME
camoro 3¢upa.

3. Paznnuns B MOHATHAX MACC TeJ H 3PpHpa.
3aK0H BO3pacTaAHUA MACCHI TeJl
BCJIEACTBMH NPHTOKA >(pupa

Muorune Tena BceneHHOM, Takue, KaK 3BE3NBI, IUIAHETHI H JIAXKE
aTOMBI, W3 KOTOPBIX COCTOAT B KOHEYHOM CUYE€Te€ BCE IPYTrHE Tela,
uMelT chepuueckyo ¢opmy. Iloatomy paccmorpum oOTekanue
MaTEpHAJILHOTO Iapa, HaXOAAIIEroOCs B CIOKOWHOM  3gHpe.
CrnocobHocTh Tel MOrjaomaTh 3>QUPHBIM TIa3 OXapaKTepusyeM
BEIMYMHOM VJEIBHOTO pacxola Macchl 3(QUPHOro rasza uepes
IIOBEPXHOCTH IIapa B CAMHUILY BPEMCHM:

q=dm,/dt (3.1)
rae dm,.- 3neMedTapHas Macca 3¢upa, OCTyNaomas BHyTps IIapa 3a
3neMeHTapHoe Bpems dt.

B cuny HepaspeIBHOCTHM TEYEHHMs BHE IIapa M CHMMETPUH
OTHOCHTEJIFHO €ro IIEHTpa MOXHO 3alucaTrb, 4TO CKOPOCTH (B
chepudecKOM CHCTEME KOOpPAMHAT) Voe=Vye=0 H UYTO YICIBHBIHA
MACCOBEI pacxo] uepe3 chepuuecKyio MOBEPXHOCTh paguyca r Oyner

q=-4nrpVe, 3.2)
Tl€ Q. - IUIOTHOCTH 3(HUPHOro rasa. B naHHOHN riiaBe IUTIOTHOCTB .
CUMTAETCS BEIMYMHON MOCTOSHHOM, Tak Kak pagualbHasi CKOPOCTH
TeYeHUA V, Maja II0 CPaBHEHHIO CO CKOPOCTBIO PacCIpOCTpaHCHMA
cinabrIx BO3MYIIEHNH, OJM3KMX K CKOPOCTH CBera B IrycroTe C=3- 10
cm/c=3-10°w/c. I3 mocmeHero BEIpaKeHus MMeeM

Ve =-q/4nper, 3.3)
3Hak “MHHYC” IIOKAa3bIBAE€T, YTO CKOPOCTh V. HAIpaBlieHa K IEHTPY
chepuuecKoro Tejia. ITo TeICHUE UMEeT IIOTEHIHA CKOPOCTEH .

CdopmynupoBaB BHIIIE 3aKOH HEMPEPHIBHOI'O IOIVIOMEHNA 3QHpa
MaTEepHAIbHBIMH TEJIaMM KaK CIOCO0 MX CymecTBOBaHMA, HEOOXOANMMO
pa3o0paTeCa B OCHOBHBIX, BHITEKAIOIIMX U3 ITOr0 3aKOHA CIEACTBHIAX.
B 1nepByio odepeap 3TO OTHOCHTCA K CAMUM IIOHATHSAM  MAaccChl
MaTepUalbHBIX Tell BeemeHHOM M MacChl 3¢HPHOro rasa, a Takxke K
COOTHOILICHUI0 MEXIYy MaccaMH T€Jl M Maccoil MOIIomaeMoro 3TUMH
TeaaMu 3QUpHOro rasa.

17



Od4eBHIHO, YTO YAEIbHBIA MAaCCOBOM pacxof 3QHUPHOro rasa q [Kr]
OOyCJIOBJIEH  BEJIMYHMHOM MacCHl m  [Kr]  IOIVIOLIAIOMIETO
MaTepHAJIBLHOTO TEJa M, CIeI0BAaTENBHO, IPSIMO ITPOIOPIMOHANICH 3TOH
Macce:

dm,

dt

rje o- ko3 duiueHT yaensHoro pacxoaa agupa. O Beibope 3HadeHUS
3TOro K03 pHIMEHTa HAITNCAHO B IJIaBe S.

O¢up, NOrJIOWEHHBIN TEIAMH, YBEIUIHBAECT HX MACCY, IPOSBILIA
B JANbHCHIIEM CBOMCTBA MHEPIMM M KOJIMYECTBA ABMXKCHUHA 4EpPE3
MAacCy 3THX Tejl. TO CIeayeT U3 TOro, 4To 3dup, nomnagasd B TeI0, HE
cpa3dy CTaHOBHTCA MaTepHaJIoOM »3TOro Teja, T.e. Ipuobperaet
CBOMCTBO IOIMIOmMATh CBOOOMHRIA 3¢HUp U3  OKPYKAIOIIErO
nmpoctpancTBa. [loaTomy, HE  packpbiBas 34€Ch MEXaHU3M
mpeobpa3oBaHud MOCTYNAIOMIEr0 BHYTPh MACCHBHBIX Te€JI 3(HUPHOTO
rasa B MacCy caMmux Tejl, IPEAIIONIO0KAM, ITO CKOPOCTHh NMOCTYILIEHHS
a¢bupa BHYTPL J1000r0 Teja, HE3ABHCHMO OT €ro XMMHYECKOIO
COCTABA M (PH3MUECKOr0 COCTOSIHHA, NPSAMO MNPONOPIHOHAJILHA
CKOPOCTH 00pa30BaHUS HOBOH MACCHI TeJia:

dme _ 1 9m (3.5)
dt dt

rae k -xoadduiuenT ckopoctu 06pazoBaHMA MacCEl. 3aMEHHM JIEBYIO
9aCTh ITOr'0 YpaBHEHMA ¢ moMoIIbio (3.4) Ha am.

=om, (3.4)

q=

dm «
=—m (3.6)
d k
a
Benuyuna — oueHs Maja. Omnpenenum ee I03Ke B Iiase 6.

IIpounTerpupoBaB 3TO YPaBHECHHE, IIOIYYHM 3aKOH U3MECHEHHA MACCHI
T€JIa OT BpEMEHM:
ot
m= m,-e (3.7)
BennmauHa m, ABIMETCA MAacCOM Tejla B MOMEHT BpeMeHH t=0, T.c. Ha
Havano orcyera Bpemenu. Koaddunuents: a u k onpenenum B
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nocneayromux rinaBax. C yderoM Belpaxenud (3.3) m (3.4)
paguanbHas CKOpOCTb 3(pupa M0 HampaBICHWMIO K IEHTPY
cheprudecKoro, MAaCCMBHOIO Tejla 3aMHIIETCA B BHAE

Ve =-am/4npr?. (3.8)

4. dDpupoauHaMnYecKas NpUpoaa BCEMHPHOI0
TATOTEHHSL.

O6paTtuMcs k 3ak0Hy BceMupHoro tarorenus Herorona. M. Heio-
TOH HE Jajl TEOPETHMYECKOrO0 OOOCHOBaHHSA TIpaBHTAINM, HE HAIIE]
¢u3MIecKoil NMpUYNHE! €€ BOZHHKHOBEHMA M HE BCKPBUI MEXAHH3M €€
aevictBug. B cBoux “Haganax™ OH OrpaHMImiIcsa CIOBaMH: “TMIIOTE3 HE
W3MHIIWL0”®,  OfHaK0  Takde  TONBITKH  HEOMHOKPATHO
OPEANPUHUMAINCh HA IPOTSDKEHMM CTOJCTHH MHOTHMH YYEHBIMH
[24]. H3BectHO Oomee 25 pabor, B OCHOBE KOTODHIX JIEXaT
npencraBirenns 06 sdpupe. ['aBanIe uuen 3TX paboT CBOIATCA K TPEM
ocHOBHBIM. IlepBag paccMaTpuBaeT TATOTEHHE KaK pe3ylbTaT
pacImpoCTpaHCHMS MyJIbCcalluii aToMOB depe3 3dup. Bropas - kax
IPOSIBIICHHE CHJI MEXKIY “UCTOYHMKAMH U “CTOKaMH” 3¢upa. Tpersb -
Kak clieacreue 60MOapAMpPOBKH MaTepHAILHBIX TET YaCTHLIAMH 3(HpA.
Bce atH paboTel HE JHIIEHH BHYTPEHHHX IPOTHBOPEYHI, 9TO H
00yCIIOBHIIO MX HEIIPUATHE.

[Tpobrema oueHs cioxHa. Jlake mOHMMaHWE TEPMHHA ‘‘CHiIa
BCEMHUPHOI'0 TATOTCHUS X HE ABAAeTCA OAHO3HAYHBIM. Jlo 1915 rona
3TOT BOIPOC M3jIarancs JOCTaTOYHO akKypaTHO. IlomgaépkuBanocs, 910
BCE JaCTH CYIIECTBYIOLIEU B MUpE MaTE€PHUHU, HACKONIBKO OHH JOCTYII-
Hel HalleMy HaOMIOACHMIO, OPOSABIAKT 0COOOro poja Kaxymeecs
B3aUMOJEHNCTBHE. OTO B3aMMOIEHCTBHE 3aKJIIOY4aeTCA B TOM, YTO JBE
MacChl m; H M, IMPOU3BOILHON (DOPMEI M OTCTOSIINE APYT OT Apyra Ha
PacCTOSHUH T, HAMHOT'O IIPEBHIMIAIONIEM HX COOCTBEHHEIE pa3MEpHI,
BBI3BIBAIOT IPOSABICHHE 0CO00I CHIIBI, CHCTBYIONICH HAa 3TH MAaccCHI.
[TpuueM 3TH CHIIEI CTPEMSTCSA CONMU3UTH UX MEXITY COOOM.

C 41CTO BHEIMIHEN CTOPOHE! SABJICHUE IMPEACTABIACTCA TaKUM, KaK
eciid OBl M3 KaXJAOW MacChl HCXOAWIA CWiIa, ASHCTBYIOIA] HAa APYTYIO
Maccy. Crmenyer, OmHAaKO, TNOMHHTb, 4YTO CJIOBaMH “‘tena
IPUTATHUBAIOTCA® TOJIBKO BKpaTile M yHOOHO ONHCEIBAETCA 3TO
SIBJICHHE. OTO HEIh3A MOANMATh B OYKBaJIBHOM CMEICIE, OyATO Macca
m; aKTHBHO M HEIIOCPEICTBEHHO TAHET Maccy m; k cebe ¢ cuioii F. B
NCHCTBUTENBHOCTH MBI TOJBKO MOXEM CKas3aTh, YTO IIPUCYTCTBHE
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MacCHl m; Ha pacCTOAHMM r O0yCIOBIMBAEcT BO3HMKHOBEHUE CHIHI F,
NEHCTBYIOMEH Ha Maccy m,. I'paHauo3Hoe pas3BuTue HebOecHOMH
MEXaHUKH, LEIMKOM OCHOBAHHOH HAa 3aKOHE BCEMHUPHOrO TATOTCHHS
HepioToHa, 3acTaBWIO €O BpEMEHEM YYEHBIX 3a0BITb O HHCTO
ONMMCATENIbHOM XapakTepe 3axkoHa HBIOTOHA W yBHAETh B HEM
aKkTuBHOE nanpHOzAeiicrBue [7]. Unes pampHOAeicTBus emié Oolee
okpemia B koHIte XVIII cronmerus, korma 0ka3aaoch, YTO MAarHHTHEIE U
NEKTPUIECKAE B3aMMOJACHCTBUA MOTYT OBITH CBEIEHEI K 3aKOHAM,
aHAJTIOTMYHEIM 3aKOHy HbroTOHA.

Opnako emé€ B nepBoit nonmoBuuHe XIX cromerms Dapaneii,
BeJIMYaNmMNii SKCIIEpUMEHTATOD M HUSHK-(PHIOCOd, IEPBEIM YKa3all Ha
HeCO00pa3HOCTh JOMYMCHNA JanbHOMEHCTBHS, TaK KAK CYHUTAI, 9YTO
TEJI0 HEe MOXET BO30YyXIaTh CWIy Tam, Iie¢ oHO He Haxomurci. OH
CHEIHATIEHO 00paTHICA K MarHUTHBIM M 3JIEKTPHYECKUM SBJICHUAM M
yKa3all, 9T0 B 3TUX SBJICHUSAX TNIABHYIO POJIb MIPAET IMPOMEKYTOIHAS
cpeaa, 3allOIHAIomas MPOCTPAHCTBO MEXAY TelaMu. I103Xe OIBITHI
I'epua moxasanu CIIPaBeUIMBOCTR OCHOBHBIX B3riLifioB Papames Ha
pOJIb TPOMEXKYTOYHOM Cpeanl B YIOMAHYTHIX sABIeHmMIX. OgHako
HUKOMY Q0 CHX TIIOp HE VAaJdoChb CO34aTh Oe3ympedHyio
MaTeMAaTHYECKYK) MOJIEIb TaKOH cpeabl mIiIs OOBIACHEHHS CHIIBI
BCEMHUPHOTO TATOTCHUA.

Bompoc 0 BCeMUpHOM TATOTCHHUH IPHHAIL APYTOM XapakTep, Korjaa
OunmTeiH B 1915 rogy cosman obmyo TEOpui0 OTHOCUTENHHOCTH H,
II0 CYTH, 3aMCHMJI MOHATHE CWIbI IPUTSKCHUSA IIOHATHEM KPHUBH3HEI
IIPOCTPAHCTBA - BPEMEHM OKOJI0 MAaCCHBHBIX Tejl. Pemenue, KOTOpoe
Ian OHWHIITEHH, HEIb3A HAa3BaTh ACHEIM C (U3NMYECKOH CTOPOHEL.
Ckopee, 370 popManpHOE pelleHne, BRITCKAIOmee U3 MaTeMaTU4eCKON
TEOPHH, B KOTOPOil PU3HUECKHE IPEATIOCEUIKY 1 OCHOBEI MOTYT OBITh
yKa3aHB! ¢ OONBIIUM TPYIOM.

B nammoit pabore mpejnaracrcsi HOBOE peIEHHE MPOOIeMBI
TpaBUTALIMd HAa OCHOBaHMM 3(puporuHaAMUYECKOM Mozaenu. UToOnl
IIOHATH MEXAHU3M JNEHCTBHUA IPAaBHTALIMH, MBICIICHHO IIOMECTHM B II0JIE
T€JIEHUA OKOJI0 MACCHBHOIO TEJa C YJAEIBbHBIM MACCOBBIM PacxoAoM
3bupa q; HOPYyroe TenO0 MEHBIIMX Pa3MEpPOB CO CBOHM YJAEIbHBEIM
pacxonoMm q; . [Ipeamornaraem, 4T0 pacCTOSHAE MEXAY LIEHTPAMH TeEN
(mapoB) HamHOro Oonpme paauyca Manoro Tenaa. ClenoBaTeIbHO,
MOXKHO CUHTATh, YTO HA MaJIOE TEIO HaberaeT paBHOMEPHBIN IIOTOK C
IIOCTOSHHOM CKOPOCTHIO, HAIIPABIEHHOM K IEHTPY OOJBIIOro Tena

Vier=qi/4mper” . (4.1)
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B 3roii dopmyne 3HaK “MHHYC” ONYIIEH, TaK KaK HaIpaBjICHHE
TE€YEHUS K LIEHTPpY OOJIBIIOro Tejla OrOBOPEHO ciaoBaMu. Macca a¢upa,

©XKECEKYHJHO IIOINIOIAEMOTr0 MailbiM TEIOM ¢,dl, TepiaeT CBOHO

CKOpOCTb Vi;. B pesynsrate mosmnsercs mmmynsc cwiel F, dt,

ONMpPEHCIAEMBIN H3MECHECHHEM KOJIWYECTBA MABMKEHUSA OTOA MACCHI
Vie1Q2 dt 1 npunoxeHHsIH K 3¢upy. C Tako xe CHION MOTOK 3dupa
IEHCTBYET Ha Majoe TEJIo
F= (q: q2)/(4np.r). (4.2)
3aMEHHM YIENBbHBIE PacXodpl ; U (> € nmoMombio GopMmyisl (1.4)
Ha MacChl MaJIOro U OOIBIIOro TN
F=a’(m; m,)/(47pe’). (4.3)
AHJIOTHYHBIE PACCYXIACHMA MOXKXHO IIPOBECTH B. OTHOIICHUM
CIJIOBOTO BO3JIEHCTBHA MAaJoro Teila Ha Oonbsmoe, Tak Kak B
IIOTCHIIMATEHOM TIOTOKE, OIIMChIBaeMOM ypaBHeHmeM Jlaruiaca,
IPUMEHHUM [IPUHIIAII HAJOXKEHHUA IIOTOKOB. TakuM o00pasom,
BelpakeHue (4.3) ompenmenser CWIy, C KOTOPOH KaxOoe H3
paccMaTpHUBAEMEIX TEJl Yepe3 MPOMEXKXYTOYHYIO cpeay 3¢HupHOro rasa
BO3JeicTBYeT Ha apyroe. BriBom cmnpaBemiuB mind moboro ducia
MaTepHaIbHEIX Tejl. COomocTaBiIfs MOMYICHHYI0 ¢(OpMYJly C 3aKOHOM
BCEMUPHOTO TArorenns HeloToHa:
F=f(mmy) 1, (4.4)
B = KOTOPOM  TIOCTOSHHAas  TaroTenms  £=6.7-10%cm’/(r-c?)=
6,7-10" "Hm*/xr* , umeeM dopMyy CBs3m
f = a*4np,. (4.5)
U3 dopmyn (4.1) n (4.3) ciaemyer, 9TO0 YCKOPEHHE CHIBI TSKECTH
BBIPA3UTCHA 3aBUCUMOCTHIO
2
g = aVre = 45; m21 = fﬁzl_ (47)
Pe T 4
Yckopenue CWIBl TSXKECTH HE 3aBUCHT OT JABIDKCHHUSA Tella C
IIOCTOSHHOM CROPOCTBIO. I'paBUTALIMOHHAA CHJIa HPHUTOKEHUS C
y4eToM (4.7) MoxKeT OBITh 3aIIMCaHa B BUJIE

F,.o=mg= mal7,e (4.8)

g
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S. IlnoTHocTh 3¢pupa. Onpeaenenne kod3dpdumuenTa
YAEJIBHOI'0 pacxoaa ol.

s onpeneneHys INIOTHOCTH A(dupa 1 mapaMerpa O, BXOIAIIErO B
BEIpaxxeHHe (3.4), y Hac uMeeTcA IoKa 0JHO ypaBHeHHE (4.5)
f=o/4np. (5.1)
BTopoe ypaBHEHHE MOIYIUM K3 CICAYIONIUX cOOOpaxkeHuil. 3anuimeM
BEIpaxeHue (3.8) Ha NDOBEPXHOCTH M000# 3BE3NdEI, Ionarasd dYTo
CKOPOCTb TE€YEeHHA >(UPHOIO rasa HUrAe He IPEBHIMIACT CKOPOCTH

“ceera C=3.10"%M/c=3-10°w/c (uHade 3Be31y Heb3s YBUIETE)
Vo= 0-m/47p, 1> < C, (5.2)

rge mocrosuHas Tsrorenus =6,7-10%cm’/r-¢?=6,7-10" H-M*/xr’. B
Ka4eCcTBE 3Be3Jbl, Y KOTOpOHM Ha IIOBEPXHOCTH MOXHO OXHJIATh
HauOOJIbIINE pPagHaAIbHBIE CKOPOCTH TEYEHHS ITOTJIoNIaeMoro 3¢dupa
BO3bMEM Hambojiee IUIOTHYIO W3 W3BECTHRIX 3Be3d- 3Be3ay Oeiblit
Kapauk Boned-457 ¢ mapamerpamm: Maccoit m=1,01-10"kr u
pamuycoM 1,=0,7-10°%M.

B 3toM ciaydae mnonmydaem o2 0,46 ¢l IloBugumomy, BO
Bcenennoit ects Oonce MIIOTHBICE BHAMMBIE 3BE3bl, KOTOpPHIE HE
IOmaju B IIOJIC 3PEHHUA acTPOHOMOB. BO3MOXHOCTH MaHEBpa IIO
W3MECHECHMIO BEIWYMHBI O 37ech He Benuku. IIo cBoeMy cCMeICTy
k03 (PUIMEHT O HE MOXET NPEBHINATh EJXUHHLEI. ITosTomy
JIOTHYHEE B KadeCTBE KOJIMYECTBCHHOTO 3HA4YeHHA KodpduiueHTa
YACIBHOTO PacXx0jia B3ATh KIMCHHO BEIIMYUHY

. a=1 ¢ (5.3)
310 3HAYEHHE IO3BOJIAET OIPEACIUTh BEIMYIUHY ILUIOTHOCTH
CIIOKOMHOro 3¢upa ¢ HOMOMBI0 cooTHomeHus (5.1)

pe =0*/4nf=1,19-10°r/cm’=1,19-10°kr/™’ (5.4)

Cpasy.otmetnM, uto_topmyia (5.1) packpeiBaeT GU3NYIECKYIO
CYIIHOCTh I'PABMTALIMOHHO nocTosinnoi HeioToHa. Ona ofparHo

HNPONOPIEMOHANLHA IJIOTHOCTH J3(MHUDPHOI'0 rasa, T.6. 0JAHOIHAYHO

CBSI3a8HA CO CBOMCTBAMA mOJs Ydupa.

6. Ko3sdpunueHt ckopocTH 00pa3oBanusa Macchl k.
| -O BeK0BOM ycxkopeHud JIyHbI.
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Yto6nl onpenenuts KO3GEOHUIMEHT CKOPOCTH 00pa30oBaHUs MacChl
k, oOpaTHMCA K SABJIICHUIO BEKOBOro yckopenus Jlynel. M3BecTHO, 4TO
CpelH MHOXeCTBa HeOECHBIX JBIKCHHH, KOTOpBIE  MOJHOCTEHIO
COOTBETCTBYIOT (popMynaM HeOeCHOW MEXaHMKH, MMECTCA HECKOJIBKO
CIIy4acB HECOBIAACHHA MEXITy HaOMIOZaeMEIMH K BEMMHCICHHBIMH
ABMKEHUAMH cBeTwiI. OmHMM 13 TakuX HEOOBACHEHHBIX HAayKOW
ABJIEHVIA SBIIETCA TAaK HA3blBAEMOE BEKOBOE YCKOpeHHe JIyHml.
CpaBHeHue OpeBHUX HaOMoneHWH HaJ 3aTMEHMAMH C HOBBIMH
I0Ka3ajio, 4To0 B HacTosllee BpeMs JlyHa aBmxeTcs HeMHOro 6sicTpee,
yeM npexae. 9To yckopenue HeBenuko. 3a 100 ner Jlyma yxoaur
BIIEPEN IMPOTUB BHIYUCICHHOTO IMojoXeHud Ha 10" mwmm npumepHO Ha
pacctossune 18,6 kM. Tombko wacTe 3TOTO  YCKOPEHHUS,
nprOIM3uTENbHO 6", OOBACHACTCA TEOpHEH TATOTEHHS, a OCTAIBbHAS

mosis 4’ BeI3BIBACTCA HEM3BECTHOM IIPUIHHOHN [27]:

ASi00 = 7,45 kM = 0,745 - 10° cm.
IIpuuuna, 3acTaBisomas JIyHy peajibHO YCKOPATE CBOE JIBMDKEHUE IO
opbute BOKpyr 3emim, Obuia moxa3ana B kaure [1]. IToka e, monaras
npubmxénno, d9ro opbura JlyHel mnMeeT Kpyrosyw dopMmy,
3aIMCHIBAEM PABEHCTBO JCHCTBYIOIIMX HAa HeE CHI TATOTEHUA H
IEHTPOOEIKHOH CHIIBI

mVZ/ Topb = fmM/ r2°pb ,

rme m 1 M - cooTBeTCTBEHHO MacChl JIYHBI U 3eMiM; toy, - paaMyc
opbutel Jlyner mpu e€ ngBrwkeHuH BOKpYr 3emiu; f - mocTosHHAS
TATOTeHUs. PaspenuM 3TO paBEHCTBO OTHOCHUTEIBHO OKPYXKHORM
ckopocTu (opOutansHoi) JIyHEI, mpencTaBUB B HEM Maccy 3eMIH C
TOMOMIBIO BEIpaxkeH! (1.7) kak (QyHKITHIO BpEMEHH :

23
V = fM"e%z M, 1+2¢ (6.1)
7 o - 2k

rae M, - macca 3emiim Ha MOMEHT Hadaja OoTcdéra BpeMenu t=0,
W3 3T0M 3aBUCUMOCTHU CIEAYET, YTO C TCUCHHEM BPEMEHHU CKOPOCTh V
IO/DKHA BO3pacTarh, 9T0OH! JIyHa ylepkuBanach Ha CBoei opbure. C
yaetoMm (6.1) mpupainenue mytd JIyHsl npu e€ JBHOKeHUH 0 opOuTe,
BEI3BAHHOE POCTOM CKOPOCTH, 3aIIUIIEM B BUE :

AS =12 |Mop
4 k ropb
s Mo=5,98-1027r, ropb=3,844-IOmCM, t=100ner=3,15-10°c, IIOJTydaeM
AS0=2,52-10%-0/k cM; : (6.2)
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AQ =AS100/Topy=0,655-10"-a/k pan.

N3-3a O6musoctn JIyHel k 3eMie B €€ IBIIKEHHH 3aMETHBI TAKHE
OTKJIOHEHUS, KOTOpHIE YCKONb3alOT Ipu HabmonmeHmax 3a Ooiee
IAJIEKMMH CBETHIIAMH. Y UHTHIBAs HAAEXKHOCTH JAHHEIX IIO IBUKECHHIO
JIyHsl, ucnosb3yeM cooTHomeHue (6.2) Aig onpeneneHus OTHOMECHUS
o/k # xoadpunrenta ckopocTH o6pa3oBaHuA MacCrI K :

a/k =2,97 -10 1/c, (6.3)
k =3,36 10" (6.4)

[Ipn momydeHHBIX 3HaveHMAX BenmdvH o/k m k Macchl Ten
Bceenennoit npomxHel OyZyT Bo3pacTarh CO BPEMEHEM TakK, Kak
OKa3aHo B Ta6:n.6.1

Ta0Omima 6.1

Bo3pactanne macc 3emMiu U APYyrHUX Ten BceelleHHOH TOMXKHO
MHTEPECOBATh TE€O0JIOTOB M acTpodu3mkoB. OHM AUCKyTHUPYIOT O
pacIupsronieiicas 3Jemiie, O BO3PACTAHMHM CWIBl THKECTH Ha €€
IIOBEPXHOCTH, ITHITAIOTCA IMPOTHO3HUPOBATH 3E€MIICTPSACCHHS, a TaKKe
UIIyT OTBET Ha BOMmpOC, OTKyAa Oepércs macca, obecreduBarolas
BEIOPOC OrpOMHBIX KOJHYECTB MAaT€pUH B BHAC ILENBbIX 3BE3THBIX
CKOIUICHMH W3 B3pPHIBAIOIIUXCHA AACP TajJlaKTHK. JDTa TEOpUS MOXKET
IIOMOYb HAaWTHU KOJIMYECTBEHHEIC OTBETRI HA 3THU U JPYTUE BOIIPOCHI.

Ecma MBI XOTHM ¢ ©OMONOIBI0 KO3(p(uIIIEeHTa CKOPOCTH

obpa3oBaHusA MacChl k nepecudraTh MacChl MaTEpHANbHEIX TEN My, 4,

B MacCcChl m;ody » BRIPAXXCHHBIC B €IMHHUIIAX, CBA3AHHBIX C INIOTHOCTBIO

abpupa, TO cuegyer oOpatuthcsi K BeipaxkeHmio  (3.5).
[IpounTerpupoBaB 3TO BBIPAKEHUE U TOJOXKHB  KOHCTAHTY
MHTETPUPOBAHUSA PaBHOM HYIIIO, IOJIYIMM HCKOMOE COOTHOIICHUE

m;ody = mbodyk (6-5)

3ameTuM, 4YTO TIOMyYE€HHOE 3Ha4YCHue KO3pPULIHCHTa
CKOpocTH 00pa30oBaHMA MacChl K ITO3BOJISET B3IMVIAHYTh JAPYTHMHU
rjla3aMHd Ha IUIOTHOCTH 3¢gupa. Jleno B TOM, YTO HPHMBHIYHOE AJIA
4eJI0BEKa IIOHATHE IUIOTHOCTH IIOJPa3yMEBaeT OTHOIICHUE MAacChl
BemiecTBa K 00béMy, 3akmodalomemy B cebe 3TO BeniecTBO. B To xe
BpeMd m3 (6.5) cnenyer, 9To kodpULIHEHT k MOKHO TPAaKTOBaTh Kak

HEKOTOPBII nepeBoAHON k03 duimeHT Macchl 3dupa B Maccy Tel. To
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€CTh €r0 MOXKHO paccMaTpUBaTh KaK OTHOIIECHHUE ITOTVIOMEHHON MaCcChI
3¢upa K Macce BEmIeCTBA, Ha CO3AaHUE KOTOpOil IIOmIENT BECh
norjgomeHHsld »dup. IlosToMy, ompenensas mIOTHOCT 3¢Hpa B
IIPUBEIYHBIX KATErOPUAX IUIOTHOCTH BEMIECTBA, MOXKHO CYUTATh, YTO
IVIOTHOCTH 3upa npeacTasiser coO0H, BeIHIUHy
Pe =po/k=3,54-10"r/cM?=3,54-10 x/™". (6.6)

CMEICH 3TOro mepecdera 3aKIodaeTca B TOM, 9TO IIpH TIONaJaHuH
3¢upa BHYTpPs T€Ja M IPEBpamicHUH €ro B OapHOHHYIO MAaTEpHIO
HU3MEHSETCA €ro B3auMmopeicTBue ¢ noiieM s¢pupa. MIMEHHO mnoie
3¢upa OIpenesieT BCE H3BECTHHIC CHUJIOBBIC B3aHMOJECHCTBUA W

CBOMCTBA TECII. SQKE MHDOBOI'0O INpoCTPAaHCTBA NOMHMO 3HEPIrHM

ofanaer Mmaccoii, MHeplHel, KOJHYECTBOM JIBMKEeHHS. [loTok
a¢upa mepeaaeT CBOE KOJMYECTBO ABIDKEHUS MAaTCPUAILHBIM TeJIaM U

OKa3pIBa€T HA HUX CWIOBOEC BO3AcUCTBHE. JMHP. HAXOOALIMIACH

BHYTPHM _TeJ, B OTpPbIBE 0T 3(npa MHPOBOro NPOCTPAHCTBA
OPOSBJISIET CBOWCTBA MHEPIMH M _KOJHYECTBA JBHXKEHHMS 4epe3

MAacCy TeJ, NpPOoOHnoOpPmMHOHAIBHYIO MAacce SQHE& CKECCCKYH/THO
HOIJIOIIAEMOro TEJIOM. B NEPBYIO O4YEPCAL 93TO CKA3ZBIBACTCA Ha

COOTHOIIICHMM MAacC M IUIOTHOCTEH cBoOozaHOTO 3hHMpa U 3¢wupa,
CBA3AHHOT'O BHYTpPH TEIl.

Tabmuna 6.2
HauMenoBanue Macca, Pamuyc, Ckopocts | CkopocTh
o0BexTa r cM a¢upa, a¢upa,
| KM/C M/C
3Be3na Bonbd 457-

GeJIBIi KapmK 1.01¢10* | 0.7 10" 136800 1.36 @ 108
ﬂ' 3Be3na Ban-Maanena-
| Geniii KapimK 0.28¢ 10* | 4.90 ¢ 10° 7800 _ | 0.78 e 10
[ 3Besna coyTHHK Crpmyca

- Gembiit KapiuK 1.70 ¢ 10* | 0.20 ¢ 10" 293 0.29 o 10°

Cosmne-38e31a
2.0 «10 | 7.0010" 0.273 0.27 e 10°

3eMiis-IDIaHETa
6.00 107 | 6.40010% | 0.00981 9.81

JIlyna-crIyTHHK 3eMiH
0.73¢ 106 | 1.7310° | 0.00163 1.63

SAnpo aToma BogOpOIa

. 1166010% | 05107 | 0430107 | 0.43 010" |
B TaGJmue 6. 2 IIPUBEIEHEl 3HAYCHHUA pannanmmx CKOpOCTePI
3pupa Ha MOBEPXHOCTH psAma Tea BceneHHOH, IOJIydYeHHBIX II0

bopmyne (3.8), maromuyx nOpeaCTAaBICHUE O IOPSAKE BO3MOXKHBIX
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CXOpOCTeli BOMW3H TENl OT CaMBIX MAJCHBKUX A0 CAMBIX OONBIIMX U
IUTOTHEIX.

7. KuneTHuyeckasi Teopus ra3oB B 3QHPOAHHAMHKE.

Hasiaenne n remneparypa. [lapamerpsl aToma
Jdpupa

Cornacao xumHETWYECKOM TeopuM ra3oB QHpHEIM ra3z obnagaet
BHYTPEHHEH »SHEPruei, moa KOTOpOH NOHMMAETCH KHHETHYECKas
SHEPIHs XaOTHYECKOTO IABIDKCHMS BCEX €ro aroMOB. ATOMEI 3¢upa
becriopsimouno ABWKYTCA, cBOGOMHO mpoleras pacCTOSHHE MEXKIY
ABYMS 1OCJIE€AOBATCIbHBIMA CTOJKHOBEHMAMH  Jpyr C APYroM.
Coynapenus atomMoB 3(upa MpoMCXomaT 6e3 IOTEPs SHEPTHH IO
3aKOHaM coyaapeHHs YIPYTHX mapoB. BHyTpeHHAd SHEPTUA €IUHULIEI
MAaCCHI OORIMHOTO I'a3a 3amMChIBaeTca popmynoit [19]

U=C,T=ia’/2x, (7.1)

rae Cy-ynenpHas TEIIOEMKOCTh ra3a NPH MOCTOAHHOM 0O0BéMe; T-
TEMIIepaTypa, i-4MCJI0 CTENEHEN CBOOOABI MOJIEKYJIIEI Ta3a; a-CKOPOCTh
3ByKa B paccMaTpHUBACMOM rase; I0Ka3aTenb W303HTpONE! k=(1+2)/1 .
Jna sbupHoro rasa 3ta GopMyia NepenuchiBaeTCS B BUAE:

U,e=iCa/2x=0,9-C,2, (7.2)
rae C.=3.10°m/c - cKOpOCTB pacpocTpaHeHHs CIabbIX BO3MYIICHHIT B
CIIOKOMHOM a¢upHOM raze (COBIagaeT co CKOPOCTBIO cBera). BMecTo
MOJICKYJIEI 3¢upHOrO rasa O6epércs atoM 3¢upa C YUCIOM CTEICHEH
cBoOOAEI i=3 kax y MaTepuansHo# Touku. IIpu atoM k=5/3. CornacHo
Gopmyne (7.2) BHYTpeHHSS SHEprHus, COACPKAMAICH B KAKIOM
KyOmdeckom merpe criokoifaoro adupa (V=1m" =10%M’), paBHa odens
OoNbmIO BenMYMHE:

E,~0,898-C% p.V,=8,7-10*%pr. =8,7-10* IIx. (7.3)

JHEePreruKa _KOCMOCa IeHCTBHTEILHO orpoMHa. Onnako 3Ta
JHEPIruy HenmOCPEACTBEHHO HEOUIYTHMA JUIS HAIIHNX OPraHOB
BCTB, TakKXe KaK fAnepHas >Heprus (do Tex HOp, IIOKa He
Hpon3o¥aeT B3phiB). Tem He MeHee, HMMEHHO OHA DACXOAYETCH HA
OPTraHU3ANMI0 PAJHAJLHLIX TedeHHMH >(upa K MaTepHAILHLIM
TejaaM Bceeaennoii. IIoaToMy MbI, 00bLIYHBIE JIIOAH, MMEEM J1€J0
TOJbKO ¢ OpraHu30BaHHBIM TedyeHHeM 3(hupa K NeHTPY 3eMian M
OINYyIAEM er0 KAK CHJIY TSIXKECTH.
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Hasmee W3 ypaBHEHHA M303HTPONBI ONPEICIMM BCITHYHHY
JAaBJICHHAS B HEBO3MYIICHHOM I10JIe 3dupa [15]
Pe=pe C/x=6,426-10" H/M* (7.4)
Tak xe, xak B pabore [20], Oymem cuuTarh, YTO TEMIIEPATypa
PEIMKTOBOrO  (POHOBOTO  H3IMydeHHS ABIFCTCS  OJHOBPEMEHHO
TEMIICpAaTypoil TeMHOH MaTEpUH H, CIEHOBATEIBHO, TEMIIEpaTypoi
CTIOKOMHOTO 3¢ Hpa
T=2,75°K (7.5)
OTO MHO3BOJMCT HAM IONYYHTh €IIe PiAA (PU3NIECKUX IIapaMeTpoB
a¢upHOro rasza. Jas 3Ttoro oOpaTMMcs K YpaBHEHHIO COCTOSHMA
HUAEaTbHOr0 ra3a. [[ppuMeHNTENEHO K A(PHPY €ro MOXHO 3allucarh B

BHALC

p b
==—T,, (7.6)
Pe M,
rae b=1,38-10% [IIx/K] - mocrosuuas BombiMana, YauThBas,

YTO 3TO YPaBHEHHE COJCPMKHUT YHUCJICHHLIC 3HAYCHHUS, CBA3AHHEIEC C
OOBIYHBIM IIOHATHEM MAacChl W IUIOTHOCTH OapHOHHOrO BEMIECTBA, B
KadecTBE IUIOTHOCTH 5»GHpa HaM CleayeT OpaTh 3HAYEHHE (.,
onpenenaemoe ¢opmynon (6.6). Orcioga HaxoguM Maccy OAHOIO
aToMa 3¢upa

me=b-Te'pe /pe=2,09-10""kr ‘ (7.7)

Uucno aromMoB »¢upa B OOXHOM KyOHUECKOM METPE, KaKk MBI H
npenarosaraiy, OrpoOMHO
n=p. /me=0,17-10¥m" (7.8)

Pasmep oxHOro aroma 3dupa B 3TOM CIydae MOXHO OIpPENEIIHUTEL U3
COOTHONICHUSA

3m,
4rp,

rae p.=10'°kr/M’—IwIoTHOCTE AMpa aToma Bogopoma. Tl CpaBHEHMA
pamHyc 5TOTo Aapa I,,=10"°M. O6beM ogHOro aToMa 3dupa

r, =3 =0,62-10 n (7.9)

e

Woe=me/p,=2,09-10"°m> (7.10)
Hns cpaBaeHMs 00bEM Aapa aTOMa BOIOpOaa
Wo=4T10,/3=4,19-10"M (7.11)

Yucio aToMOB 3¢upa, pacloIOKEHHEIX BHYTPH sApa aToMa BOAOPOa

BILIOTHYIO APYT K APYTY, OKa3bIBa€TCs paBHBIM
N6, =W oo/ Woe=2:10 (7.12)
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[Ipr paBHOMEPHOM IIOCTYILUICHHH aTOMOB 3(¢Hpa BHYTPh spa
aToMa BoAOpona B TeueHue 15mup.ier (4,71-10'¢c) xaxmyio cexyHny
NOIDKHO GBI HomagaTh oxoio 0,425-10" eaummn aToMoB 3¢dHpa.

JloTIOTHUTENEHO H3 YPaBHEHHA COCTOSHISA MOXHO MMONYIUTh

R.T.=p./p=>5,4-10"® Di/xr-K (7.13)
OTtkyna ra3zoBast TIOCTOSHHAS I 3QHpa
k _ R, T, 16
R~ 1 C,= T =1,964-10" x/xr-K (7.14)
VYV aensHble TEMTOEMKOCTH ITPH IMOCTOAHHOM NaBlIeHUU U 00beMe OyayT
=0,79-10"® [Ix./xr-K] (7.15)
C,=Cy/k=0,474-10" [ i./xr-K] (7.16)

BuyTpeHHsa »SHeprud enumHMIBI Macchl rasza U, cBa3aHa co
CKOPOCTBIO T€4YeHUA V. M3BECTHHIM B Tra30AyHAMUKE YPaBHECHUEM
SHEPrUU I M302HTPOIMYECKHX TEYCHHM, KOTOpOE 3aluIleM i
TeueHud dupa.

KUt V. 12=V2n/2=const. (7.17)

. I3 »3TOr0o ypaBHEHHA BHMOHO, YTO C POCTOM CKOPOCTH TCYCHHSA
3¢upa  BHYTPCHHAS  DHEpPruUi  YMCHBIIACTCA, Iepexonsa B
KUHETUIECKYIO SHEPTHIO YIOPAIOUCHHOI0 TCUCHHA U HA00OpOT. 31€eCh
Vinax~MaKCHMAaJIbHO BO3MOXKHAA CKOPOCTh HCTCYCHHUS ra3a B IIyCTOTY.
Ilogcrarum B ypaBHenue (7.17) Bmecto U, Beipaxenue (7.2). B
pe3yisTare IOJIY4YHM YpaBHEHHE, ONPEIACIAIONIEe 3aBUCUMOCTD
CKOPOCTH pacupocTpaneHus ciabex Bo3mymeHHH C, OT CKOpPOCTH
Te4eHNA >upa:

Co=(k-1)/2[V?uax-V 2 ]. (7.18)

BeanIuHy V., onpeaeJuM H3 YCIOBHS, YTO B CHOKOHHOM
a¢pupe npu V=0 cxopoctb C, paBHA CKOPOCTH PACHPOCTPAHEHHS

cJaIa0bIX BO3MYyLIeHH# B cnoxoiinoM a¢upe, C,, = 300000 km/c

Van=+iC ,, =519615 xm/c=5,19615-10*m/c . (7.19)
C yuérom 3TOr0 3Ha4YeHUA nepemuineM ypasaenue (7.18) x Buay
2
Ca=Cso J 1- V
i+ Cp (7.20)

W popmymer (7.18) cnemyer, 4ro mpH V=V max MECTHAS CKOPOCTH
pacnpocrtpadeHus cnabeix BosmymeHuit C,=0. 3T0 o3Hauaer, 4TO B
IOTOKE 3(¢Hpa, ABKYHIEMCS C MAKCUMAIbHO BO3MOXHOH CKOPOCTBIO
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Vmax, TIPEKpamIaercs XaoTHUECKOE [ABIDKCHHE aTOMOB 3(upa.
BcnencTBHe 3TOrO mpekpamaercs Iepenada cilabpIx BO3MYLIECHHHU.
ITpu mocTIDKEHMH IIOTOKOM ckopoctTH V.=C (CKkOpOCTH cBeTa B
IIyCTOTE WM CIOKOWHOM 3¢Hpe) CKOPOCTh PACIPOCTPAHCHHS CIIa0bIX
BO3MYIIEHMI OcCTaérca emé MJOBOJIBHO OONBIION BEIMYMHOM:
C.=0,812C,,=244800 xm™m/c.

C pocToM ckopocTd TedeHHA dupa V., AaBlieHUE, IUIOTHOCTh U
TeMIeparypa YMCHBIIAIOTCA B COOTBETCTBUHM C (opMyllaMu
ra30JHHAMHKH

£— a £ x-1 _p_ 3 £ x-1
p. \IL.) "~ p. \I.) ~
T ? 1
- =|1- V; - P , (7.21)
¢ V o 1+ —M?
2
A€ Pe, Pe, e . HaBICHUE, IUIOTHOCTH U TEMIIEpaTypa B IOJIE
crrokorHoro a¢pupa ( V.=0).
Uucno Maxa M=V/C (7.22)

8. IIpeacrasiaenus 3pupoanHAMHAKHA
00 HHEPIHOHHOM Macce TeJ

Kak He cTpaHHO, HO IOJY4Y€HHBIC 3Ha4eHHA Ko3(uieHTa
a=1c¢" u wroTHOCTH a¢upa pe=1,19-1091<r/1~42 CTaBAT BOIPOC HE TOIBKO
0 TOM, 9TO c000# mpeAcTaBugeT 3QHP, HO X BOIPOC O TOM, IIPABUILHO
JIX CETOHS [IOHMMAETCA MHEPLIMOHHAS Macca Te?

[TepBoe, 9TO Mopakaer, Tak 3TO OrpOMHAs ILIOTHOCTE d(pHpa. ITO
IIPOTHBOPEYUT YCTAaHOBHUBIIEMYCA MpeacTaBieHuic o0 adupe, kak o
TOHKOM, 4pE3BhIYANHO Pa3pEeKEHHON cpene, KOTopas B CHIY CBOEH
PaspeKEHHOCTH HE MEINAET ABMXKCHUIO IUIAHET M APYyrux HeOeCHBIX
Tell o ux opOutam. Bosnukaer Bompoc, He nomeniaer jgu OoJbmas
IUIOTHOCTE 3(QHUPHOTO ra3a ABKEeHHIO Tell. Pasbepem 310 Ha mpuMepe.

PaccMOTpUM THNOTETHYECKYIO IIPOCTPAHCTBEHHYIO PBHIOOJIOBHYIO
CETh ¢ KpYIMHRIMM f4elikaMu. Ee CpeHss mIOTHOCTh, a4 He IUIOTHOCTD
OTACNBHBIX HHUTEH, HEBEJIMKA II0 CPAaBHEHUIO C IUIOTHOCTBIO BOJBI.
Eciu yBeIMYINBATh pa3MeEp SIEEK, TO ITY CPEAHION0 INIOTHOCTh MOXKHO
ciaenath kak yromHo Maimoi. Ho mpm 3toM cerp Oyzer nerko
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IMPOXOIUTE CKBO3b BOAYy. TeM jierde, 9eM KpyliHee OyAyT ee sJeiiku.
Takoe ycTpoHCTBO PHIGOIOBHOM CETH MOACIMPYET aTOMApPHYIO
CTPYKTYpY OOJBIIMHCTBA MUHEPAJIOB, U3 KOTOPBEIX COCTOHT 3eMII M
OpyTHE IUTAHETEL Y MXKUOKOCTEH M ra3oB MEXITYaTOMHEIE PACCTOSHHUSA
nmeoT nopsmok 107°°M m Gomee. B TO e BpeMs pasMepsl sjep
aTOMOB STHX JXHIAKOCTEH ¥ Ta30B COCTABIAIOT Beero ymmb 1077w,
MexaysaaepHeIe pacCTOSHUS CTAHOBATCA HEMEBICIMMO OIPOMHEIMH,
eCIIM WX H3MEDATH BEJMYMHAMH Da3MepoB aToMa 3¢upa r=107m.
CrneaoBaTesHO, SAIpa aTOMOB, H3 KOTOPBIX COCTOAT MOJIEKYJIBI M CAMU
TeJa, B TOM 4HCJE, IUIAHETBI® M 3Be3Obl HE MOIYT OBITH
HENPEOAOIMMOM TOMEXOH U1 NBIDKEHUA STUX Tel CKBO3b 3Hp UM
JUIA Te4CHMI 3(Qrpa CKBO3b Tela.

CnonmiHas HeBA3KANA Cpeia 0KA3LIBAET CONPOTHBJICHHE TOJbLKO
TE€JIaM, ABMKYIIMMCS JIH00 ¢ YCKOPEeHHeM, JIH00 ¢ 3aMe/lIeHneM. A
IT0 MMEHHO TO, YTO Mhl BHIHM B NPHPOAE ABMKEHMS HeOeCHBIX
TeJ. JInsg  o0bsiCHEHMSI  ATHX _ 0co0eHHOCTEd _ CHJI0BOrO
B3aHMOAECHCTBUS MEXAY CIUIONIHON cpefodl M ABMXYIIMMHACS
TenamMu_ydenble B.Tomncon m TT B cBoe Bpems paspaboranam
TEOPHIO NMpHCOoOeAMHEHHLIX Macc [S57]. be3 Hee, HAIPAMED, HEJIbL3S
OPABWILHO PACCYNTATL 10JeT AHPHKA0Is, Y KOTOpPOro M3-3a
OrpoMHOro 06beMa MMeeTcsi H0JbINAA NPHCOCAMHEHHASE Macca. B
CBSI3M ¢ JTHM _BO3HHKAET VBEPEHHOCTh B __TOM, 4YTO0 V
MATEpHAJLHLIX TeJ BceJeHHOH HET MHOH MACChI, KPOME MACChI,
o0ycaoBJeHHON HMX B3auMoaeicTBueM ¢ mojeM 3¢upa. Ilo cyru,

3TO M €CTh NPHCOECAHHEHHLIE MACCHI.
CornacHo BO33peHHSM METOJAA INPUCOEAMHEHHBIX Macc Oyaem

paccMaTpuBaTh cpeny 3¢dupa BMECTE C ABIDKYIMMMCH B HeH TBEPIBIM
TEJIOM KaK EIUHYI0 MEXaHWJecKyrwo cucteMy. IIpu 3ToM pabota
OCHCTBYIOIIMX HAa Tel0 Ccuwil Oyaer cBA3aHa C H3MEHEHHEM
KMHETUYECKON DHEPIUM OKPYXKAIomero 3gupa WiIH UMITYJIBCOM 3THX
CIJI M CBA3aHHOTO C HUM H3MEHEHMS KOJHICCTBA IBHKCHHSI.

B HavaneHBI NEpUON ABUXKEHUS, YTOOB! Pa3BUTH CKOPOCTH OT
Hyla a0 V, Teno OODKHO 3aTPaTUTh DSHEPrHI0 HA IPEOHOJICHHE
HEPIMM YacTHI] cpednl 3dupa. ITa PHEPrus coxpaHseTca B HEiH
IIOCJIE TOr0, KaKk CKOPOCTh Tejla JOCTUTHET IOCTOSSHHON BEIMYHHH V.
T.o. oxa3piBaeTcs, 4TO H3MCHEHHC KUHETUYECKOW 3JHEPrHU Cpeibl
3¢pHpa TECHO CBS3aHO C CWIOM BO3ACHCTBHA HA HEE Tea,
OBHXXYHOIETOCA € YCKOPEHHMEM j. OTO M3MEHEHHE KUHETHUECKOH
yHeprun OecmpenenbHON cpennl, BBI3BAHHOE IBIKCHUEM TEJI3, B
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METOZI€ IPHCOCAUHEHHBIX MAacC NOPEACTAB/IAIOT KaK KHHETHYECKYIO
SHEPrHI0 HEKOTOPOH, Kak OBl COCPEOTOYEHHON MAacChl 3TOM Cpelbl,
BCE YACTHI[El KOTOPON ABIKYTCS C OAMHAKOBOM CKOpOCTBIO, PABHOM
CKOPOCTH Tena. D(PPEeKTUBHYI0 COCPEIOTOYEHHYIH) MACCy HAa3bIBAIOT
IIPHCOCAUHEHHON MaccoH Tena.

HokaxxeM TeopeMy: HNpPHCOeAMHEHHAs Macca “resa-cToxa”

dBHa €JIbHOMY MAacCCOBO acxo0 J a (0K aloIen
CILIOIIHOM _cpeabl) 3TOr0 cTOKa MHOKCHHOMY HAa €IAMHH
BPEMEHH.

Mu yxe oTMedanu, dYTO MEX3BE3JHBIH 3hHp CcBOOOTHO
NPOHU3BIBAET ABIDKYNIMECS Teja, 00TeKas TOJIBKO OYE€Hb IUIOTHBIC
sapa aromoB. Ilpudem, szapa aToMOB HEMPEPHIBHO IOTJIOMIAIOT
3QUpHEIA ra3, KPOTOPBIA Ha TpaHMIE SACP MEPEXOAHUT B IKHIKOE
COCTOSSHHE. (fapa aTOMOB IIPEJCTaBIAIOT cOOOM CTOKHM A 3(dupa).
CToK ¢ yACIBbHEIM MAacCOBEIM PAacXOIOM ( CO3daeT BOKpYr ceOs B
oKpyxaromeM 3pupe none ckopocreit. I1oaTroMy, yCKOpeHHOMY HIIH
3aMEJICHHOMY €ro ABIDKCHHMIO OyAEeT COOTBETCTBOBATh OIIPEACICHHAN
NpHCOeHHEHHas Macca 3pHupa m, . Y JABHXYIIErocs B CIUIOIIHOM
cpeae  HEMNpPOHMIAEMOro  cepudecKkoro T€jJa €eCTh  CBOA
NpHCOCAHHEHHAsT Macca, BeIW4rHAa KOTOPOW 3aBHCHUT OT pajguyca
cthepsl 1,,. [lonaraem, 4To MPH HEKOTOPOM 3HAYECHHH PATUYCa Ty To,
9TH TNPHCOCAUHCHHEIE MacChl OyayT paBHEL. HyXHO HalTH 3TOT
paguyc. Torma mpHCOeIUHEHHAd MacCa CTOKAa MOXKeET OBITh
onpejieneHa Kak NPUCOSIUHCHHAad Macca cpepsl ¢ 3THM PajuyCOM.
[Tonaras, 4r0 sApa aTOMOB WMEIOT KpPYyIVIyio ¢GopMy, 3alldlIeM
BEIPAKECHHE IS NPHUCOCIUHEHHOM MACCHI M, CcEPUIECKOro Tela
[57] ¢ pa3smepamMHu sigpa aToMa Teja, ABMKYIIETOCS YCKOPEHHO HIIH
3aMeMJICHHO uepe3 3UPHEIi ras

Mo " =0,5Ppe W o7 =2Tl oz Pe/3 (8.1)
rae Wy, — 00B€M AlIpa aTOMa Tena. r,-pajuyc sapa aroma. [anee
IOMONIBI0 BhIpaxkeHHs (3.2) 3amuIIeM BBIpaXKEHUE UIS YACILHOI'O
pacxozna 3¢Hpa g, IOTIOMAEMOT0 OTACIBHEIM aTOMOM TeElla C MacCOM
m, ¥ PAIHyCOM AApPA ATOMA I,

Qa=dm/At=47To,"PeVre0n =127Toz’ PeVre0z /3toz (8.2)
ConocraBnas (8.1) m (8.2), HaxoAMM CBA3b MEXAY YACHBHBEIM
MAacCOBBIM pacxomoM 3¢dupa, DIDOTJIONIAEMOr0 aToMOM Tela H
IpUCOCAMHEHHON Maccod sfjpa 3TOro aroma m,, H, CIE€IOBAaTEIIbHO,
BCero aToMa (3JIEKTPOHEI HEe YIUTHIBAIOTCS )
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Aa=q~m,_ - (6Vicor/Toz) (8.3)
C momombio (3.4) 3aMEHMM B 3TOM BBIPAXKEHUU YAEIBHEIM MaCCOBBIM

pacxon 3Qupa Ha MacCy Tena H ONpedeliMM CB3b MEXIy
MHEPIHOHHON MaccOi aToMa Tella B ero MPUCOCAUHEHHON MacCcou

mMa=m_, - (6Vreor/0To) (8.4)

IlocKONBKY MaTepHadbHBIe TEla HMEIOT aTOMapHYIO CTPYKTIYPY,
TO YACIBHBIN MAacCOBBIA pacXxoX M MHEPIMOHHAS Macca Jb0ro tena
Oymer BRIpaXaTbCA  4Yepe3  IPHCOCOUHEHHBIE  MACCHI  BCEX
COCTABJIAIONIMX €r0 aTOMOB B COOTBETCTBHH C (popmyiamu (8.3) m
(8.4).

IIpomomxum wam anamu3 ¢opmyn (8.3) u (8.4). Ecain B 3tx

dbopMys1ax MHOXKHUTEIIb (6V eo,/0lTy;) IONOKUTH PABHBIM €IHHHIE, TO
Macca Kaxaoro aroma Teila my OyzeT paBHa NMpHCOEOHHEHHON Macce
3¢HUpa Apa aTOMa 3TOTO TENA My .

6V oo/ 0Ty =1 (8.5)
W3 3TOr0 COOTHOWICHNA HaWIeM, KaKUM AOJDKECH OBITh 3(PEeKTUBHEBIN
PasMyC A1pa aToOMa Loy (For—Toz ), YTOOHI yCia0BHE (8.5) BEINOIHAIOCH

Toz = 6Vieor/ O (8.6)
3aMEHHM B 3TOM BEIPAXKEHUH CKOPOCTHb Vye,, BbIpakeHueMm (3.8) musa
chepHUIECKOi MOBEPXHOCTH Paguyca I, , OKPYKAIomeHl saapo aToMa,

2
Vieo=-0m / 47p. 7, . Tlociie 3TOro paspemuM moaydeHHOe YpaBHEHHE

OTHOCHTENBHO paguyca. JIns Maccsl mporosa m=1,7-10kr

. 3q -, 3m
2rp, o\ 27p,
IlogctaBum (8.7) B (8.1), nomyyuM paBEeHCTBO MEXAYy MaccOH fapa
aToMa Tella ¥ IIPHCOCAMHECHHON Maccoil adupa 3Toro aapa
- m=m," (8.8)
C yuerom (3.4) u3 (8.8) umeeM cBA3p MEXKAY IPHCOSTHHEHHOMN Maccoli
¥ MacCCOBEIM PacX0JIOM CTOKa

m," =q /ot (8.9)

yTo M TpelfoBajioch MoKa3arh. IloavdaeHHBLIH pPe3vVILTAT MOXKHO

OpHMEHSITh B _JIPYIMX 3a1a4aX TUIPOAMHAMHKH, B KOTOPBIX
Tpefyercss 3HAHHME NPHCOCAMHCHHOW MACChl  CTOKA (MM
ACTOYHHAKA),

=8,8-10"°m (8.7)

Loz
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Obnacrh, 3akaioueHHasi BHYTPH chepbl ¢ 3¢ deKTHBHBLIM

PAJAYCOM Iy, » ONpPeneasseMbIM B3 YCIOBHA (8.7), 0XBATBHIBAET AP0
aroma. DddexTuBnbiii pagmyc I, ompexeasier pa3mep
chepuyeckoil 001acTH, BHYTPH KOTOPOH VCJOBHO BCE YACTHIIBI

< a B TCS ¢ OAMHAKOBOM CKOpPOCTHIO, B COOTBETCTBHH C
esiMH METOAA IPHCOCAMHEHHBLIX MACC 3TA CKOPOCTL DPABHA
CKOPOCTH Teja, 3 KHHeTAYecKas YHepras Macchl Ydupa B !

3TOH _ 00JaCTM __ paBHA W3MEHEHWIO KHHETHUYECKOi JHeprum
OecnpeneJbHON cpeabl 3GUpa, OKPYKAIOIIEro TeJI0 H BLI3BAHHOIO

ero BokeaueM, T.e. euhb eT HCKJIOYHTEILHO O
B3aNMOACHCTBHM TEJIA ¢ OKPVKAIOINEM Cpenoil.

BoInonHeHHBIH aHalIM3 I03BONSET YTBEPXKIATh, YTO Macca
JII000r0 MATEPHAJLHOIO TeIA mpeacTaBjser co0oi CyMMAapHYIO
NPHCOCINHEHHYIO Maccy 3(apa BceX AAep aTOMOB, COCTABISIONIUX

3TO TeJaO0.
®opmynsl (8.8) u (8.9) moka3pIBalOT, 9TO MHEPIMOHHAS MAacca

TeJa He SIBJSETCH 3araj0o4yHbiM, Heo0LACHHMbLIM CBOHCTBOM
caMoro teja. Ilo cBoeil Mpupoae OHA ABJIAETCH CHI0BOH peakuuen
moasi_3(pupa HA VCKOPEHHOE M 3aMe[JICHHOE NBWIKEHME TeJa W
onpeaeIsercs yepe3 NPpACOSANHEHHVIO Maccy 3¢upa. EcTecTBeHHO,

9TO 3Ta Macca OIpeneifercs mnapaMerpaMH 3(QHUpHOro rasa, Aaaep
aTOMOB TeN 1 CIIOCOOHOCTBIO aTOMOB ‘T€N ITOIJIONIaTh SPHUPHEIA ra3 us3
OKPY’)XAIONIET0 IpocTpaHcTBa. VIMEHHO IIpHCOCAHMHEHHAs Macca
ABIACTCA KOJIMYECTBEHHOM Mepoil MHEpUMM Tejla, XOTS OHa 3TOMY
TEJIy HE TPHHAMJIEKUT, a TOJNbKO IPHCOEANHEHa K HeMy, T.K.
BRIPAXXKACTCA depe3 YACIBHHRIA MacCOBRIH pacxon 3dupa g=dm,/dt.

UTo6bl _He BBOIWTH HOBYI0 TEpPMMHOJOIHIO., B JaJibHeHIleM
IPHCOCIMHEHHDbIE Macchl _TeJ OyieM NPHBLIYHO HAa3bIBATH MX
MaccamMi, a Macchl yacTni >bupa Oyaem 00603HAYATL HHACKCOM
“e”, HampuMep m,,

C yderoM mOIYYEHHOr0 pe3yJbTara CHIy HHEPUHH Tela,

dv

ABIDKYILErOCa C YCKOPEHHEM —Jt— B BO3JyX€ HJIH B BOJE B 3e€MHBIX

YCJIOBHSX, MOJKHO 3amucaTh Gopmysion

dt
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B 3T0i1 popmysie m ABiseTca Maccou Tesa. MEI Teeps 3HaeM, 4To
OHa ONpelenIeTcd d4epe3 MPHCOSAHHECHHBIE MacChl 3Hpa AAep Bcex
aTOMOB Tela B coorBeTcTBHE ¢ dopmyiamu (8.3), (8.4), (8.6), (8.7),
(8.8) u (8.9). m*-nprcoefUHEHHAA MAcCa BO3/yXa 3TOrO Tea.

[Tpn ABMKEHHH TEJI B BO3AyXe C IOCTOSHHOM CKOPOCTBIO Y HHX
BO3HHKACT A3POAUHAMHYCCKOS COIMPOTHBICHUE, KOTOPOE HEIB3A HE
YIMTBHIBaTh. 1€la, ABWKyImuecs B 3(PUpe ¢ NOCTOSHHON CKOPOCTHIO
(3Be31Bl, ILUIAHETHI, KOMETE, METEOPHTHI) TAKOro COMPOTHBICHHUA HE
HCIEBITHIBAIOT, HO OHM MCHOBITHIBAIOT €ro B MOMCHTHI pPa3roHA WIH
TopMOKeHMA. VIMEHHO Tak  Bemyr ceOs Tena, ABWXKYIIHECH B
CIUIOIIHOM ra3000pa3sHON WK XHAIAKOM cpejde, eClIv 3Ta cpefa JIMIIeHa
BA3KOCTH M Tena 06TekaroTcsa 6e30TPEIBHO. T.e. IIPH JKEITaHHU MOXHO
IIOHATh, YTO OTINYUA B OOTEKAaHMM TE€I BO3AYXOM H 3QHPOM
OOBACHAIOTCS TEM, YTO BO3AYX SBIIAETCS BS3KOM cpenol, a 3dup He
UMeeT BA3KOCTH. M emle TeM, 4TO BO3AyX OOTEKaeT Tella, HE Monajas
BHYTPb, & 3(QHp IIPOHMU3BIBACT Tejla HACKBO3b, OOTEKasd TOJIBKO SApa
BCEX aTOMOB 3TOro Teia. SAmapa Tei noraomamT 3¢up.

OtcyTcTBHE BA3KOCTH YV 3(QHpa, BO3MOXKHO, OOBSICHASTCS HU3KOM
temrneparypoii spupa (T=2,75°K), T.K. HM3BECTHO, 9YTO BA3KOCTbH
CIJIBHO 3aBHCHUT OT TeMmeparypsl. Hampumep, Xuakwid renuid mnpH
temneparype T1T=—268°C=5°K mepexomgut B 0c000€ COCTOSHHE
“CBepXTEKydecTH , IIPH KOTOPOM BS3KOCTh €r0 IPAKTHYCCKH PAaBHA
Hymo [19]. IToaTomy, y Ten, ABMKYIIMXCA B XXKUIKOM Ie€JIMH, He OyaeT
COIMPOTUBJICHHA OT cuil TpeHusa. O6TeKanue 6yaeT 6€30TPHIBHBIM, H HE
- TIOABHTCA BHXpeBoe compoTuBieHne. CHIBI JaBJIEHHS COIVIACHO
napagokcy [ Anambepa-Oiinepa OyayT ypaBHOBEIICHEI M TaKXe HE
OagyT PaBHOACHCTBYIONICH CHIIEL.

B pomomHeHHe 3aMeTMM, YTO Macca OapHOHHBIX Te€J, Kak 3TO
cnemyer n3 ypaBHeHuit (3.4) m (3.5) mpu o=1, onpenmensercsa HE
KOJITYECTBOM BENIECTBA BHYTPH TeJl, 4 KaK OBl “amreTHToM’ 3THX Tel,
T.€. KOJIMYeCTBOM 3(}Hpa, KOTOpOE 3TH Tejla CHOCOOHBI ITOTJIOTUTH 32
equauLy BpeMeHu. CrenoBaTelnsHO, macca moboro Tena
oTIpeneaseTcs Maccoi adupa, BOBICUCHHOH B JBIDKCHUE 110 pajHycaM

K I[ICHTPaM KaXJO0ro U3 ITHX TCII. Camo OPpeACTABJICHHAC 0 Maccax
TeJd OKAa3hIBACTCH CBAZAHHLIM C  H3IMEHEHHEM KOJHIECTBA

ABHIKCHHSA H JHCPIrHHA Macce 3ghupa, HaAX0AHAINNXCH BHE 3THX TCJ, HO
BOBJICYCHHLIX B BHIKeHHEe K HX IICHTPaAM MH3-34 NOIIOIICHHS

3@1193.

B cBfi3H C 3TMM YMECTHO BCIIOMHHTBH, UYTO 3TH IIPEIACTaBIICHUS
TIEPEKJINKAIOTCA C BbHICKa3pIBAHHEM AaBCTPHICKOro (H3umka JpHCTa
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Maxa 0 TOM, YTO MHEpIUSA, TO €CTh HEKEJIaHWE MAacChl IBUIaThbCs B
OTBET Ha JCHCTBHE CHIBl, MOXHO OOBACHUTP COBMECTHBIM
NPATDKEHHEM BCEro BemiecTBa BcelneHHOW, H O TOM, YTO Macca
o0beKTa HE €CTh HEYTO TOJBKO €My IIPHCYIIEe, a 3aBHCHT OT
OKpyaronier BeeneHHoii.

Bo3sBpaniadace K BOIPOCY O TOM, ONIYIIAET JIM KaXKIbIM YEIOBEK
CHJIOBOE€ BO3AeicTBHE 3(Hpa, OTBETHM, YTO KaXABIA 4YEIOBEK
omymiaer Ha cebe 3TO BO3ACHCTBHE B BUAC JaBAIICH CIIhI TSXKECTH, B
BH/I€ CHJIEI MHEPITHA B MOMEHTHI pa3roHa Win TopMoxkeHus. Bee namm
IIPUBBEIYKHM, YCTPOMCTBA M MEXAHHU3MEI (PYHKITHOHHPYIOT C YYIETOM
aToro Bo3zeucTBuA. Ilopoil, xak MBI 3HaeM, HEIOOIIEHKa 3TOIO
OPHBOAUT K TPAarudecKUM IOCIEACTBHAM. TOIBKO JBHIasiCh
IIPSIMOJIMHEMHO C IOCTOSHHOM CKOPOCTBIO, YENOBEK MOJXKET Ha BpeMs
3a0BITh O CYIIECTBOBaHMM >(Qupa. YUWTBEIBasA, YTO HMMEHHO 3bwup
CO3ZAET CWIy HHEPIWH IIPH YCKOPEHHOM JOBWXEHHUHM TE1 M CUIY
TSOKECTA (IPUTOKCHMA), MOXKHO HOHATh, YTO OH HE MOXET ORITH
IO3THYECKHA OECTENIeCHBIM, a JOJDKEH MMETh OOMBIIyIO IUIOTHOCTH H
VHECPIMOHHOCTD.

C mpyroi cTopossl O6BUIO OBl CTPAHHO O0XHATh, YTO HEBECOMBIH,
9pE3BRMAMHO pa3peXeHHEI 3¢up, Wi (U3UYSCKUH BaKyyMm, MOr
CO3/1aBaTh BIIOJIHE ONIYTHMYIO, 8 IOPOH OrPOMHYIO CHIY TsDKecTH. Jla
€me KaKuM-TO 9yJOM MOT CTEKaTh B Oojiee IUIOTHEIE Tea. SICHO, 9To
3¢Hp HE TONBKO HaXOJUTCA BOKPYT T€JI, HO H IIPOHM3BIBAET 3TH TEa.
IToaToMy, HECMOTpPs Ha GONBIIYIO ILIOTHOCTs OAPHOHHBIX TEJI, BHYTPH
HUX MMeeTci HNOHMKEHHOE JAaBicHHE 3(Hpa II0 CPaBHEHHIO C
JaBJIEHHEM BO BHEIIHEM IOJIE 3dupa. 3T0 H 3acTaBisgeT 3QUP CTEKaTh
BHYTPb 3THX TEIL

MokHO OKHIATH, YTO BHYTPM Tea ra3oofpasHblii  3¢up
nepexoadT B KuaAKoe cocTrosinve. Ilpu 3TOM, aTtomel 3dHpa
pacnoaaraloTces BIUIOTHYIO APYT K Apyry. MMess HHUTOKHO MaJjbie
co6CTBEeHHbIE pa3Mepbl. OHM 3AHHMMAIOT OYE€Hb MaJiblii 00LeM,
IloaToMYy nepexon raszoo0pasHoro 3dupa B KAIKOE COCTOSTHHE
BHYTPHM aTOMOB TeJia PACTArMBAECTCH HA MIJIIHAPALI JeT. DT0 H
ofecneunBaeT HeNpepLIBHbIH _npollece NOrJoIIeHus 3¢upa

TeJIaMH M3 0 AI01[1er0 NPOCTPAHCTBA.
YXe H3 pacCMOTPEHHBIX COOOpaXeHHM CIenyeT, 4TO IIPHpOAa
3¢upa u GapuoHHBIX Tea paszandHa. [Jo3TOMYy IJIOTHOCTL M _MAacCCy

sbupa_ HeJb3S  OTOXKAECTBAATHL € ILUIOTHOCTBHIO M . MACCOM
0apHOHHBLIX TejJ. OPup MHUPOBOrO HPOCTPAHCTBA ITOMHMO JHEPrHUU
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ob1agaeT MaccoM, HHEpIHeii, KoAIecTBOM ABmxeHudA. T1oTok adupa
nepesaeT CBOE KOJNIMYECTBO [BIKCHMSA MAaTEpHAJILHBIM TeElaM H
OKa3bkIBa€T Ha HUX CHWIOBOE BO3ACHCTBHE. OQup, HaXOIAMHAHCS
BHYTPH TEN, B OTPEIBE OT 3¢Hpa MUPOBOTO IPOCTPAHCTBA HMPOSBISACT
CBOWCTBA HMHEPLUHMH H KOJIMYECTBA MABIDKCHHSA depe3 MacCy Tel,
IIPONIOPIMOHANBHYI0 Macce 3(¢Hpa, €XKECeKYHAHO IOIJIoIaeMoro
TEJIOM.

JbHp nepBHYEH, a MAaTepHAJBLHbIC TejJa M HMX CBOiiCTBa
BTOPHYHBLI, ATOMBI, 3J€KTPOHLI, NPOTOHLI, HEATPOHbI M _ApYIrHe
JJIEMEHTAPHbIC  4YACTMOLI _ BelIeCTBA  NPEACTABIAIOT _ co0oM

ABTOHOMHLIC MHKDOBUXPDH H3 3 a. Ilonnepxanue TeueHHH

3Gupa B ITHX BHXPAX HA NPOTHNKEHAH MHWLIHADAOB _JeT
ofecneunBaercsa 60ab1I0M HEPruel, 3aKJII0YeHHOM B moJie 3¢dupa,
A _nepenaded dacTH ITOil JHEpPrHM BMeECTe€ ¢ IOINOIIEHHLIM
3HApOM MaTepHAJILHLIM TejdaM. Macca Tea, MNOITOMY, He
SABJIAETCS Mepoil KoJuuecTBA NOIJIOIICHHOI0 paHee 3¢dupa, a
npeacTaBiasier cofoii Mepy BiauMoeicTBHS  Te ¢ hupom

MHPOBOI0 IIPOCTPAHCTRA.
HNmeercsa eme ogHO cooOpakeHHE B IIONB3Y OOJIBIMIONH IUIOTHOCTH

apupa. B page pabor culy TOKECTH IBITAIOTCA OOBACHHUTH
OOoMOGapaAUpPOBKOH TEJI TOTOKAMM 3JIEMEHTAPHEIX YacTHUIl, U3Ty4aeMbIX
3Be3gamMu. B 3THx paboTax CcUYMUTAETCS, 4YTO BCE MPOCTPAHCTBO
IPOHM3aHO BO BCEX HAIPABICHMAX 3THMHU MOTOKamMu. OgHaKo, mpH
3TOM HE NpOBEpAETCHA, KaKyl0 DHEPIMIO HECYT C co0OOM 3TH MOTOKH.
Pa3bepeM 3Ty mpobiemy Ha npuMepe. [IycTh IIOTOK H3IydeHMS,
uMmeronmit IwIoTHOCTE p=10""kr/M’, GoMmOGapaupyeT uelOBEKa C
Maccoit tenma m=100kr. JomyctuM, 9TO BeCh MOTOK, HOAXOMSIUIHH K
Tely 4deOBeKa Ha IUIOMAIHM ero cuiydta F=IM" co cKOpocThiO Vi,
IIOJIHOCTBIO TOPMO3HTCH M IIEpeJacT CBOE KOIUYECTBO IIBHIKCHUS
JEJIOBEKY, B PE3YJILTATE YEr0 BO3HMUKACT CHJIa TSDKECTH mg
erF(V 1,‘.())..—_]:n. g.

3mecp p-VeF-maccoBriit pacxox. OtTkyaa 1nomydaeM 3HadeHHE
CKOPOCTH IIOTOKOB H3Iy4CHMS K IEHTpYy 3eMIH V=0,32-10%w/c.
MoniHocTh, MPUBHECEHHAA IIOTOKOM B TENIO YEJI0BEKA

N=p-V.F-V2/2=1,6.10"sr. - (8.7)
310 orpomMuas MONIHOCTh. COriaacHo 3aKOHY COXpaHEHHsA SHEPTHH
IIPH TOPMOXCHHH IIOTOKa €ro KHMHCTHYCCKasi JHCPrus InNCINKOM

IEpEeXOqUT B TEIUIO, T.K. MOTOKM H3IyIEeHHSA COCTOAT M3 OOBIYHBIX
OapHOHHEBIX JacTHII. SIcHO, 94TO 1000€ TEI0 MITHOBEHHO IIEPErPEETCS H
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Oyner paspymeno. Yem MeHbIIE IUIOTHOCTH IIOTOKA WJIH MEHBIIAs €0
9acTh 3aJCpXKHUBACTCA B Tene, TeM Oombmie moTpedyeTcd CKOPOCTh,
qTOOBI CO3JaTh HEOOXOAHMYIO CHIY TSKECTH, H TeM Oomnslie Oyaer
NOABEACHHAsS MOIIHOCTb.

Ecnu npeacTaBuTh, 4TO 9ENOBEK HAXOIUTCA B OTKPHITOM KOCMOCE
BJIaJTH OT MAaCCHBHBEIX 3BE€3[ H IUIAHET, TO MONIHOCTh, IOrjomniaeMas
TEJIOM 4YeJIOBEKa BMECTE CO CTPYfAMH 3(QHpa MOXET ORITh OmpeeieHa

no ¢opmyne N=0,5g-V fo. B xadectBe ycmoBHOro paauyca (IIpH
pacdere 4eoBeKa) mpuMeM 1,=0,5M u Maccy 100kr
N=c’m’/32-n%p 2 7 =3.10"*pr

OTa MOIHOCTh HE I'PO3UT YEIOBEKY IEPErpeBOM, KaK Onl HOJTO
OH HE HaXOJWICA B MEXKIUIAHETHOM ITOJIETE. :

He n36exxanu co6na3Ha mpeAcTaBUTH (AP B BHIE Pa3peiKCHHOIO
rasa aBTOpHl OuYE€Hb HHTepecHOH paborel [20]. M.A.UBamoB u
JL.B.TepeHTRCBa CIpaBEJIMBO CUMUTAIOT TEMHYIO MAaTCPHIO 3(PUPHBEIM
razoM. OgHako, vy HMX 3QHpHEIA ra3 npeacTaBlIsieT coOoif oudeHb
Pa3speKEHHYIO CpEAay, KOTOpas B CHIY OONBIIOrO paspekeHUS He
MENIAET IBIDKCHHMIO KOCMHMYECKHMX TEl H II03TOMY HEOIMyTHMa L
JTIIOJIEH.

Ecnmau Obl OHHM HOIBITAaIHCh ONPENEIIMTh CHIOBOE BO3JCHCTBHE
a¢upa Ha OapHOHHBIE TE€JIa, TO Cpa3y CTOJKHYIHCh OBl C CEphE3HOM
npobnemoii. UTOOBH NONYYHTh YCHIIME BO3IACHCTBHA CO CTOPOHBI
3(upa Ha TeNa, Hy’KHO BOCIIONB30BaThCA TEOPEMOH MMIynbCOB. [Ipn
MH3€pHOH IUIOTHOCTH 3(Hpa INd MOIYyYEeHHSA, HaNpHMEpP, CHIIRI
TSKECTH NPHIUIOCH OBl HOIYCTHTH, 9TO CTPyH 3(upa IBIIKYTCA C
OrPOMHBIMM CBE€PXCBETOBBIMH CKOPOCTAMH. OTH CKOPOCTH JOJDKHEI
ObLTH OB MPEBEINIATH CKOPOCTH CBETA HE B pas3kl, a, Oonee, yem Ha 13
TIOPSIIKOB.

Kpome Toro, asropel [20] momaraioT, 4Tto 5QHUp COCTOHT H3
TIOJIOXKHTEILHO H OTPHIIATENIBHO 3apsHKCHHBIX dacTHi. C Hamel TOYKu
3peHns HaIW9YHe 3apsiaa yXKe NpednojaraeT AOCTATOYHO CIIOXKHOE
BHYTPEHHEE YCTPOMCTBO 3THX 3apsHKCHHBIX dacTull. MHade nmpunuiocs
OBl IPH3HATH, 9YTO DJJICKTPHYECCKUE 3apsAbl SBIAIOTCA KakK OBl
INPHPOAHEIM CBOMCTBOM YacCTHI[ TEMHOH MaTE€pHH, He NOIJICKAIIM
NMOHMMaHMIO ¥ 00bAcHeHHn:0. Ho Toraa 3aueM BO3BpamarhCa K 3Qupy,
ecliH €My OTBOAMTCA OJHOaKTHAas pOJIb TONBKO i OOBICHEHU
(doHOBOroO M3MydeHns? 3a4eM 3aMEHATH OQHY 3aragKy Apyroi?

B mocieayomux IiiaBax KHATM MBI IIOKaXEM, 9TO BJIEKTPUICCKUE
3apambl TAKXKE, KaK CWiIa TSDKECTH M CHa HHEPLUH, ONPENCISAIOTCH
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TeUeHUsMH 3¢upa. A camMH aToMbl 3¢Hpa JODKHBI OBITH
OJUHAKOBHIMM, KaK 3TO IIPHHATO B KMHETHYECKON TCOpHH ra3oB. Y
HUX HET 3apsf0B H Ha HUX He AEHCTBYET CHJIA TSXKECTH. TOJBKO B
3TOM CIIy4a€ MOXXHO T'OBOPHTbH, 4YTO dPHP HE SBISETCA €lie OTHHM
OOBIYHEIM pa3peXEHHBIM BEIIECTBOM, KOTOpOE CIyJaiHO ZO CHX IOp
HE 3aMeTiM y4eHbsle. OH gBIsSeTCS TEM KHPIIMYHUKOM, U3 KOTOPOro
IOCTpOeHa OapuoHHas MaTepud. Ero TedeHMsIMH OOYCJIOBJICHEI
MHOT'HE 3aKOHEI IIPUPOLIBI.

B jgampHedmmx riaBax MBI [IOKa)XEM, YTO OCHOBHEIE
3JICMEHTAapPHBIC YacTUIIEI OapMOHHOLO BemEeCTBa CAMM MPEICTaBIIAIOT
co00if BUXPEBBIC CTPYKTYPHI, 00pa3oBaHHBIE CTPYAMH ddHpA.

9. CuiioBoe B3auMojieiicTBHE MOTOKA 3(pHpa ¢
ABHOKYITHMHUCH TeJIaMHA |

Bce Tema BceneHHolt ABHXKYTCS HE B IIyCTOTE, a B 3pupe. [Togemy
)K€ HeJIOBEYECTBO, YUACTBYIOIIEE B 3TOM IBHXKCHMM, HE UyBCTBYET H
He 3amedaeT d3Toro? Jlemo 34eck HE TONBKO B IIPUBBIYUKE. Beasb
OIYILAET JKe II000H 4eOBEeK CHIIOBOE BO3IEHCTBUE BETPa MM HAIIOpA
BoAbl. OKa3wIBaeTcs, YTO rJIaBHOM MPUYMHON BO3HHKHOBEHMS CHJIBI
COIPOTHBJICHUS TEJ B IMOTOKAX BO3AYyXa WM BOXBI SBISIETCS BA3ZKOCTH
3TUX Cpen. Mano KTo, 3a HCKIIOYEHHEM CIICIHaJIHCTOB-
ra3oaMHAMUKOB, 3HaeT o mapajgokce ]| Amam6epa-Ditnepa. CormacHo
ITOMY MapajOKCy Tella, ABIKYIIHECS C IOCTOSHHON CKOPOCTBIO B
ra3000pa3Hoi WIH XHUAKON cpede 000K IIIOTHOCTH, HO JIMIIEHHOM
BA3KOCTH, HE HCIILITEIBAIOT COIIPOTHBIICHUS CBOEMY IBWKCHUIO.
MaTteMaTUdeCKOe JOKA3aTeIbCTBO JTOr0 MapajgoKca BIEpBEIE OBLIO
aaso B 1745 rony. Ceidac ero MOKHO HalTH BO MHOI'MX y4eOHMKaX,
umanmpumep B [15].

Pa3nnuue B 00TeKaHMH Tell OOBIMHBIMH ra3aMH 1 3HUpOM COCTOHUT
B TOM, YTO T€JIa ABJAIOTCA HEIPOHHUIAEMBIMM 11 OOBIYHBIX I'a30B, HO
JIETKO IPOHH3EIBAIOTCA 3(QHUpOM HACKBO3b. II03TOMY CHJIOBOE
B3auMoneiicTBae  Tea ¢ 3GHPOM  CKIAALIBACTCH M3 CHJI

geﬁCTB!lOI_I!HX Ha Kaﬂblﬁ HX AaTOM B OTIACJBHOCTH ITH CHJIBLI B

ra30Boi IAHAMHAKE HA3BLIBAIOT MACCOBBLIMH. Sapo aToma SBIISETCS
O4YeHb IJIOTHEIM OOpa30BaHHEM H HE IPOITyCKaeT 3Qup CKBO3b celf

(p,mpa=1018 KT/M° ).
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Ono oftekaercs »>QHpoM, HO Ha OCHOBAaHHH IapajoKca
I’ Anambepa-Jitsiepa HE HCIHBITBIBACT COIPOTHUBICHHA JaBICHUS
cBOeMy ABHWKECHHIO. COIIPOTHUBICHHE TPEHHUSA TAKXKE OTCYTCTBYET, TaK
KaKk 3(Qup, MpaKTUYeCKH, JUIIEH BA3KOCTH. OAHAKO faApa aTOMOB
HENPEPBIBHO  MOINIOMAIOT J(QHUPHBIA Tra3 M3  OKPYKAIOUIETo
npoctpancTBa. IloaTroMmy 1H060e MaTepHaJIBHOE TEJIO, COCTOMIIEE M3
aTOMOB, SIBISICTCA CTOKOM Jifi 3(HPHOro raza. 910 BHOCHT CBOH
KOPPEKTHBEI B CHJIIOBOE B3aMMOJEHCTBUE TEI ¢ 3(QHPOM.

Tedenue BHE aTroMa ABIACTCA OTCHIMAIBHEIM (0€3BMXPEBBIM).
IToaToMy pemieHHe 3aa9i O CHJIOBOM B3aMMOJECHCTBHH TEI ¢ 3(UpOM
MOXXHO NOJYy4aTh METOZOM HAIOKEHHA NOTCHIMAIBHBIX IIOTOKOB I
mo60ro d9Hcia MaTepHANBHBEIX Tel. 10 €CThb MOXKHO OTHAEIBHO
HICCJIEAOBATh 334a4y OOTEKaHHsA TEI-CTOKOB PABHOMEPHBIM: IOTOKOM
a¢upa ¥ pe3yiapTaT 400aBUTH K mapaaokcy /[’ AmambGepa-Jitnepa 6e3
IOTJIONIeHHA 3Qupa.

MBI NpUBBIKIM OINPEACIIATh CHIIYy HWHEPIWM, ICHCTBYIOIIYIO Ha
TENa, C IOMOIIBIO KJIACCHYECKOH TEOPEMBI UMITYJIHCOB

F' dt=—d(m-V) 9.1)
OTKyZa _
F* =—md—V—7d—’” (9.2)
dt dt

310 BEIpaXCEHHE OmpejenseT Cwiy uHepuym tena. CoBpeMeHHas
HayKa pacCMaTpHBaeT 3Ty CHIY Kak HEYTO, He IOo[Iexanice
oOpacHeHI0. JPUPOAMHAMHKA  CUMTAeT, 4YTO0 CHJIA  MHEPIHH
SABJSETCH CHJION peaKiuu 1moJjis 3(hupa HA YCKOPEHHOE NBHIKEHHE
Tejia. [IpH JBIDKEHMH Tella C YCKOPEHHEM B 1oJie 3pupa Teno JOIKHO
3aTPATHTh SHEPrHIO Ha IIPCOMOJICHHE MHEPIHMH YACTHI[ OKpYyXKarouen
cpedbl. JTa JHEPrud COXpaHSeTcs B HEH B BHIE KUHETHYECKOH
sHeprud. Korga cKOpocTh Tena JOCTUTAeT MOCTOSHHOM BEJIWYUHEI U
Oonee He M3MEHAETCA, JaJIbHEHIIAA 3aTpaTa PHEPrHU IIPEKPamacTca u
CHja COIPOTHBIIEHHS Ha OCHOBaHMM mapaaokca Jamambepa —Diepa
CTAHOBHTCH paBHOH Hymo. B passutme 3TOro INPEACTaBICHUA O
IpUPOAE CHIbl MHEPIMH 3aMEHMM IPHPOCT MAcCCHl Tela BCIICACTBHE
IOTJIONICHUA 3(PHupa H3 OKPYKAIOMIEr0 ITPOCTPAHCTBA C TOMOIIBIO
ypaBHeHUS (3.6)

Fem® _27, . (9.3)
itk

OTa cmjla BCErjJa HalpaBlieHa B CTOPOHY IPOTHBOIIOJIOKHYIO
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yckopermio. OgHako peakiud Nojas 3Qupa Ha ABIKYIIEEcs TellO HE
ucuepnsiBacrcs ypaBHeHHeM (9.3). OHO HE YYMTHIBAaET CKOPOCTH
TCUCHUS W MHEPUMIO CTpyH 3¢dupa, obTekarommx Tej0. YYeT 3TOro
¢axTopa mO3BONWI HaM OOBACHHTH (PH3UIECKYIO IIPHPOLY CHUIIEI
TsokecTH. CHlla TSDKECTH, KaKk MBI BHACIIH, PeaIu3yeTcss 3-3a TOro, 4T0
mMacca 3¢dupa, eXeCEeKyYHIHO MoriomaeMas TeloM q-dt, Tepser cBoio
CKOPOCTh Ve, B pe3ynbTaTe NOABIAETCS MMIIYJILRC CHIEL,
ONpeleNsieMBIii H3MEHEHHWEM KOJIHMYECTBA JIBIDKCHHA MacChl M
IIPIIOKEHHOM K 3TOit Macce 3dupa

Fdt=-q-dt-V, 9.4

C Taxoit ke CWIOl TOTOK 3(upa AeHCTBYeT Ha TEIO, MOTIOIIaoIee
3TOT 3(QHp, B IMPOTUBONIOJIOKHOM HAIIPABICHHHU, T.€. B HAIPABJICHUU
cBOero TedeHus. HazoreM ee IrpaBUTAIMOHHON CHIION

F,=q-V,=a-m-V, 9.5)
B 5TOM BBEIpaXXEHHH CKOPOCTh V. pacCMaTpHBAacTCs LINPE, 9€M B
BeIpaxkeHHH (4.8). DTO yxe HEe TOIBKO CKOpPOCTh, HAmpaBlICHHAs K
IICHTpaM TeJl, HO NPOM3BOJLHO HAampaBl€HHas CKOpocTh. Kak Oymer
IIOKAa3aHO IO3XKe, B MNPHUPOJAE IIHMPOKO PacHpOCTPaHEHE 3(PHpHBIE
BHXPH, BHYTPH KOTOPBIX MMEIOT MECTO CKOPOCTH, HAlpaBJIEHHEIC II0
OKPYXXHOCTSIM BOKPYI' MAacCHBHEIX Tel. Tak ke OyAyT HaIlpaBJICHBI
CHWIBI, JEHCTBYIOIMIE HAa MaTepHabHEIE TENa, OKa3aBIIHECS BHYTPH
yTX Buxpeil. MHade rosops, cmiaa F, HanpapjeHa B CTOPOHY

TEYCHHA 3ana H HEe 3aBHCHT OT BCJIHYMHLI H HANOPABJICHMNSA
CKOPOCTH PABHOMEPHOI'O IBMIKCHMSH TEJ.

To, 4ro 3TO TaK, MBl BHIAUM HA IIPUMEpPE CWIbI THKECTH.
[Tocnequsas HampaBiieHa B CTOPOHY ABIDKEHUS CTPYH 3(pupa K IeHTpaM
Macc Tell, HO He 3aBHCHT OT HamnpaBJICHUSI H BEIHIUHBI CKOPOCTEH TeI,
HaxXOAdIMXCS B IIOJIE TSHXKECTH, Kyaa Obl OHM HHU ABHraauces. Her
IPHYHAH CYUTATh, YTO B OTHONIEHWM NPOM3BOIBHO HANpPaBICHHEIX
CKOpOCTeH cTpyi 3pupa 9To-1100 H3IMEHUTCH.

He3zaBucHMOCTh 3TOH CHJIIBI, B TOM YHCJIE CHJIBI TDKECTH, OT
CKOPOCTH pPaBHOMEPHOI'O IBHXKEHHSA Tela OOycCiIOBI€HA HOBEIM
IIOHMMAaHHEM MAacChl MaTepHajJbHEIX TE€l, OTCTAUBaeMbIM B JaHHOMH
TeOpHH. Macchl H KOTHYIECTBA ABIKCHIAS MaTEPHAIBHEIX TEN IIEJIUKOM
3aBHCAT OT OKPYXAIOMEro HX mnoild 3¢Hpa, BHE KOTOPOI'O OHH
HeMBICTMMBI. COriIaCHO 3THM IIPEACTABICHUAM KOJIMIECTBO ABIIKECHHS
TEJI TakxKe 00YCIOBICHO BCEM IOJIEM 3(upa.

Ecmu crpyu 3dupa IBIKYTCA OTHOCHTENIBHO IO 3(dupa, TO OHM
001a7al0T KOJIWYIECTBOM JBHIKEHHUA. JTO KOJMMYECTBO ABIDKEHUS HE
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MOXET OeCCIeIHO UCYE3HYTh, OyAy4dH OTJIOMEHHBIM TestoM. [loaTomy
BHE 3aBHCHMOCTH OT BEJIMYHHEI CKOPOCTH TeJIa €My MEpPEeAacTCA 3TO
KOJIMYECTBO JBIDKEHMS, OKa3blBasg Ha HEI'0 CWIOBOE BO3JCHCTBHE B
HANpPaBJICHUH OBIDKCHHS CTPYH 3¢upa. ITO MPOHCXOIUT JaXKE B TOM
ClIy4ae, KOIra TENO ABIKETCA OhICTpee 3TUX CTPYH.

Ecnn xe 3pup CHOKOEH M IOTNIOMACTCS TEJIOM, IBIKYIIMMCH
CKBO3b HETO C MOCTOSAHHOM CKOPOCTHIO, TO morjaoniaeMas Macca 3¢upa
He 00/afaeT KOIM4eCTBOM JBIKeHHA. OHa IIPOCTO BBEIPEIBACTCS H3 -
mons 3¢upa U pacxoayeTcs Ha MEMJICHHOE YBEIMYCHHE MAccChl TEja.
BceneacTBue 3TOr0 OHa HE OKa3hIBA€T HEIIOCPEIACTBEHHOI'O CHIIOBOTO
BO3JEHCTBHI Ha IOMVIOIIAIONIEE TEI0. 1O4YHEE, OHA B JaIbHEHIIIEM
IPOABIIACT CBOE CWIOBOEC B3aMMOACHCTBHE C IonNeM 3dxpa uepes
Maccy TMOIVIOIIAIOMIEr0 MaT€PHAIBbHOr0 TENa IPH €ro YCKOPEHHH HIH
TOPMOXKEHHUHU.

C!I\_dMHQ!ﬂ CKa3aHHO0€, MOKHO YTBEDKAATh, YTO HE BCC B MHPC

OTHOCHUTEJILHO. I’ paBHTALIMOHHAA CHJIA onpenensierca
a0COJIIOTHOM CKOPOCTHLIO >0bupa, OK AI0IIEero TeJNo, M He

3ABHCHT OT CKOPOCTH CaAMOI0 TEJa. ITO MPOUCXOIUT H3-32 TOTO, YTO
a¢up, monagas B TeJIO, HE Cpa3y CTAHOBHTCA MaT€pHAIOM 3TOr0 TEIa U
nproOperacT CBOMCTBO B JaJbHEMIIEM IOINOMATH CBOOOIMHBIM 3(up
M3 OKpyXammero npocrpaHcTBa. (CHadana OH BOBJIEKACTCA B
ABYOKECHHE CTPYid 3dupa BHYTPH TEJI, H3MEHAA CBOMCTBA 3THX TEUECHUIA,
M TEM CaMbIM O4YE€Hb MEAJICHHO M3MEHAET KOJIMYCCTBEHHOE
B3aMMOJIENCTBHE Tel c ntosieM 3¢upa. Kax ormedanob panee, IMEHHO
3TO B3aMMOJACHCTBHE Tel € H(PUPOM ONpeesIeT MAcCy MaTEPHATBHEIX
TeJL

Bripaxkenne (9.5) mo3Boiisier onpeaeniaTs abCOMOTHYIO CKOPOCTE
Te4eHMA (pHpa B 11000 TOUKE ITPOCTPAHCTBA

_ F
V, = (9.6)
a-m

Jia 3TOro AOCTaTOYHO H3MEPHTH KOHTPOJIBHYIO MAacCy Tela m H

ACHCTBYIOIIYI0O HA HEro TIpaBUTALMOHHYIO cmiy F g+ 1lpu 3ToM

cilieayeT MMETh B BHAY, 4YTO moje 3¢dupa BOMM3M MAaCCHBHBIX
MaTEpPHAIBHLIX TEJI HEOOHOPOAHO. B HEM CyImmecTBYIOT BHXpEBEIE
TEYEHUSA, pPaAAMAIbHbIE TEYCHHS W MPOMU3BOJIBHO HAIIPABICHHBIC
TeyeHHs . To ectb 3HaHme abcomoTHoit ckopocTH 3dupa He OyheT
JaBaTk OTBET Ha BONPOC O TOM, KakoBa abCOJNIOTHASA CKOPOCTH
IOBIMKEHHUS TeN, B TOM uucie, 3emnu, COJHIA U JPYTHX KOCMHYECKUX
TEIl.
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Hamraue abGcomoTHeIX ckopocTeit 3¢dupa Bo BceeneHHoil He
JOOJDKHO MIOKMPOBAaTH KOCMOJIOrOoB M Gu3MKoB. Benp He yauBisgeT ux
IIOCTYJIAT TEOPMM OTHOCHUTEIBHOCTH A.JiHmTeiHa 00 abcomoTHOH
CKOPOCTH CBE€Ta B ITyCTOTE€, HE 3aBHCSIICH OT CKOPOCTH MCTOYHHMKA M
OTpaXKkaromen MOBEPXHOCTH. A BeJb HIMEHHO 3Ta TCOPHUS YTBEPHKIAECT,
4YTO BCE B MUPE OTHOCUTEJIEHO ¥ HET HUYET0 abCOMIOTHOrO.

CymMupys BoipakeHusa (9.3) u (9.5) nmomydaem BRIpaK€HHE i
CHNIBI, ACHCTByIOmEH Ha mo0oe MaTepHanbHOE TENO0, ABIKYINEECH
PaBHOMEPHO HIH C YCKOPEHHMEM B 110JIE Adupa.

F=F,+F'=F,+F,+F, =m°a-Z—méK—mﬁr7, 9.7)
dt k

B KOTOpOM cuiy F ,KaK y)Ke 0TMEYaloch, Ha30BeM IPaBHTALHMOHHOMA

CHJIOH M 3alHIIeM €€ B IPHBEYHOM BHIE 4YEPE3 YCKOPECHHE
rPAaBUTALMOHHON CHUIHI jg

. F,=m-j,=ma-V, (9.8)
ra¢’ j.=aV,. 9.9)
F'j .&%maﬂca, KaK OORIYHO, HHEPIMOHHOM CHJION M 3alUChIBAETCS
uepes HHEPLMOHHOE YCKOPEHHE | =éd%
Fi=m-j, = v (9.10)

dt

F, Ha30BEM CHJIO¥ TOPMOXEHHS TeJ 3QUPOM, BEI3BAHHOA POCTOM HX

MAacC BCJIEACTBHE IOTJIOMICHUA 3(Hpa, U TaK K€ BBIPA3HM €€ 4depes
YCKOpPEHHUE ITOH CHIIBL |,

F,,,:m-]'m:m-%l—/-, (9.11)
re j = %17 9.12)
3akon HproTOHA ABIAETCA YAaCTHBIM CiIydaeM BbeIpaxceHus (6.7) mis

, | : o 8 -
V=0. T.x.  BenuunHa ; =2,97-10"¢™ ouens mana., To 06BYHO

BEIMYHHA m;V ~ 0 .IToatomy
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— dv
F.=-m— 9.13

Ha Teno, ABMXKyIIeecs C TIOCTOSHHOH CKOpOCTEIO V' B moTOKe 3dupa,
MMEIOMIET0 CKOpoCTh V,, AeHCTByeT CHIla

— —_— a__ —_ —_
F2F, =m—V -+a-m-V,~a-m-V,
k
a —+ —
k. M—V =0, Ecam V.=V (pagmansHas CKoOpOCTS,

e r

(9.14)

HAIpaBJICHHAA K LEHTPY Tela), TO 3Ta GopMyia JaeT CHIY THKECTH
IIpH CKOPOCTH JIBIDKEHHA Tesia He paBHOM Hymro (V#0). OHa Taxas ke
KaK IIpY HEIOJBIIKHOM TeJIE. '

Hanee paccMOTpHUM cioyd4ail paBHOMEPHOI'O ABIDKCHHSA Tella CO
CKOpOCTEIO V B 1oJjie HeBo3MyIeHHOro 3¢upa (V.=0). U3 Brpaxeuus
(9.7) nns sToro ciydas mnoaydaem cmiry £, oOyCIOBIEHHYIO pOCTOM
MacChl B IIpOIiecCe MOTIOMICHMS IBIDKYLIAMCA TEJIOM 3(GHUPHOro rasa
M3 OKPYXKAroIllero IIPOCTPaHCTBA. JTa CHJIA NPWIOKECHA K TEIy CO
CTOPOHEI T0JIA 3¢upa. OHa IPENATCTBYET ABHIKCHUIO TEIA

F;=-%an 9.15)

m

- _ Q=
3necey j, = —,;V HMEET CMEICH YCKOpPEHHA TopMOxeHHs. OHO OUeHB

MEIJICHHO MEHSETCHd CO BPEMEHEM B IIPOIIECCE JBMIKEHHSA TEId. DTUM
H3MECHEHHEM MOXHO NpEeHEOpeYh M BBIPA3UTh H3MEHEHHE CKOPOCTH C
TEYEeHHEM BpPEMEHH, BEI3BAHHOIO POCTOM MAacChl, H3BECTHOMH

bopmynoun
V=n—ﬂ=n—%w 9.16)

OTKyza noy4um
Yo

po (9.17)
1+—t¢
k

3nece V,-cxopocts Tena B momeHt t=0. Kax Obuio mokasano B

o 18 -
NpeasIayIeM pasjielie BeIuYHHA T =297-10"%¢™ ouens mana.

43



IlosToMy B OONBIIMHCTBE CIIy9acB CHJIOH H YCKOPEHHEM 3TOTrO
CONPOTHBIICHMSI MOXHO ImpeHeOpeds. OmHako, 3Ta cwiIa MOXET
CKa3aTbCAd Ha CKOPOCTH JBWXKEHUH (POTOHOB CBETa, NMPUXOAAMIMX HA
3eMIIIO OT HAJCKHX 3BE3J M HAXOAMIMMXCA B IIyTH AOJITHE MIJLIHAPIBI
JeT. .

W3 ypasueHus (9.7) BHIHO, YTO MOXHO HCKYCCTBEHHO CO3JAaTh
HeBeCOMOCTh. U1 3TOro HYKHO HpHAATh TEIy YCKOPEHUE B
HAIPaBJICHUM LCHTpa 3eMIIM, pAaBHOE YCKOPEHHIO THXKECTH g.
Cornacno (4.7) ycxopenue tsokectd g=dV,/dt= aV,, Iloatomy

ddi’ =MoLV - mo Ve =0. (9.18)

OTOT IIPUEM MCIIONIB3YeTCS IPH TPEHUPOBKAX KOCMOHABTOB IS
CO3JaHUsT  KCKYCCTBEHHOM  HEBECOMOCTH BHYTPH  CaMOJIETa,
IBIDKYIIErocs 110 OIpeIeJICHHON TPaeKTOPHH.

Frm—moV .-m

10. Biausiaue cxMMaeMOCTH 3(pHPHOro ra3a Ha
CHJIOBO€ B3auMoaeicTBHE TeJ ¢ 3pupomM. Macchol
MOKOA H ABH)KCHHSA

B Mexanuxe HpioToHa mMacca cauTaeTcd BEIMYMHOM ITOCTOSHHOM.
BriocneacTBMM 3TO OKa3adoCh HECOBMECTMMEIM ¢ TpeOoBaHHEM
MHBAapHAHTHOCTH YPAaBHEHMA IO OTHOIICHHIO K HpeoOpa3oBaHUAIM
JlopeHna, HCMOJB3OBAHHBIM B TCOPHH OTHOCHUTEIIBHOCTH. Iloatomy
OUHINTEHH MPEeANoNoKuiI, YTO Macca Tella 3aBUCUT OT CKOPOCTH Teja
OTHOCHUTEJIBHO TOH CHCTEMBI OTCYETA, B KOTOPOH MPOH3BOAMUTCS
M3MEpEHUE MacChl. B pesyibraTe 0Ka3ajaoCh, 9TO B ABYX JIBIKYIIUXCS
CO CKOPOCTBIO V OJHZ OTHOCHTEIBHO APYIOH CHCTEMax OTcUéTa Iis
CO3JaHusi OJMHAKOBBIX yckopeHuid dV/dt Tena Hy»XHO IIPHKIaIBIBATEH
pasuple cwiel. Orcroma Macca m, u3MepsieMas B CHCTEME,
OTHOCHTEJIBHO KOTOPOH OHa ABIDKETCH, OONBIIEe MAacChl m, B CUCTEME,
B KOTOpO# oHa moKouTcsa. CBA3b MEXKIY STHMHU MacCaMH OIPEACIACTCA

dbopmMynoii

m=—== (10.1)

YeM Ooibllie CKOPOCTH ABMKEHHSA TeNa, TEM OOJIBIIE €ro Macca.

44



IIpu cTpemieHHMH CKOpocTH V K CKOPOCTH CBETa B ITyCTOTE Macca
cTaHOBHTCH Oeckonedno 6Gonbmoi. IIOCKOIBKY CHIBEI KOHEYHBI, TO
CKOPOCTh CBE€Ta B IIYCTOTE OKAa3bIBACTCA IMPEACIbHOH BEIHMIMHOM,
KOTOPYIO HeNb3s AOCTUYh W TeM Oomee mnpeB3oiTH. Maccy m,

onpenendeMyo ¢opmyno# (10.1), B TEOpHM OTHOCHTEIBHOCTH
Ha3BIBAIOT MOIEPEYHOM Maccoﬁ. HNwmeerca emi€ mpoaoibHas Macca

. (10.2)
T

MCIIOJIb3yEMasl, KOrja CHjia AEUCTBYET B HAIlpaBICHWH IBIXKCHHA. B
3TOM pa3ZiejICHHH MacC Ha MPONOJIBHYIO M IIONEPEYHYI0 €CTh YTO-TO
crpanHoe. Iloyemy mpomosbHas Macca HE BXOOHT B ‘TEOPEMY
HMIIyJIbCOB, IPHMECHAEMYIO JUIL  HCCICIOBAHUS  YCKOPEHHBIX
IIOCTYNATENbHBIX IBWKEHHH TeN, a BXOAUT momepeuynas Macca? Benas
3Ta Macca HCIOJIB3YeTCS B JABWKCHHAX C OTKIOHCHHAMHU OT
IPAMOJMHEMHOIO  JABMXKCHHMSA. TeopeMa  HMMIOYJBCOB  TEOPHH

OTHOCHTCIIBHOCTH B CBCTC CKa3aHHOI'O HMCCT BH
( A

4| M. yl|-F. (103)
dt , y 2
\ c* )

U3 npuBeneHHBIX (GOPMYJ CIEIYET, YTO 3aMETHEIC Pasnudud B
BEIHUMHAX M H M, OPOABIAIOTCA TOJIBKO IIPH OYEHH OOIBIIMX
CKOpOCTAX V, MpHOIMKAIOMMUXCA K CKOPOCTH CBETA B IIyCTOTE. OTUMHU
bopMysaMH TONB3YIOTCA NPH H3YYCHHUH IBWKCHUSA IJICKTPOHOB,
HCITYCKAEMBIX PaAMOAKTUBHBIMM JIEMEHTAMH, @ TAKXKE MNPH pa3roHE H
OTKJIOHEHHAX ITyYKOB 3JEKTPOHOB B O€TaTpOHAaX, CHHXPOTPOHAX H
IpyTHX mpHOOpax.

XOoTs OmbITHasd TMpPOBEPKAa  JBIDKEHUS  IJIEKTPOHOB B
IIOMIEPEYHOM DIICKTPUYIECKOM IT0JIe moATBepawia ¢opmyiny (9.3), oHa
HE MOXET OBITh IIpu3HaHa BceoObeMmoniel. Henbsd He 3aMeTHTD, YTO
B JeHCTBHUTEILHOCTH HHKTO HE HM3MEPSJI MAaccy ABM)KCHHSA DJIEKTPOHA
IPH OKOJIOCBETOBHIX CKopocTax. Hemapom OiimmrrediHa Myuuia
MBICJIb, MOXHO JIA TEPEHOCHUTH IIPEACTABICHHSI O MAaccaXx IOKOS M
IBH)KECHHSA C WHEPIMOHHOM HA BECOBYK) Maccy. IIpsmas mposepka
BpAJ JIM OCYIIECTBMMa H3-3a TeXHWYECKuX TpyaHocreil. Iloka ke

KOHCTATHPYEM, YTO JIKCICPAMEHTAJIBHO M3IMEDPH/JAM HE MAacCCy, a

CHJIY, NOTPEeOHYIO JJId pa3’roHa WM OTKJIOHEHMS ABWKYIIErocs
45
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JIEKTPOHA B CHCTeMe, CBsi3aHHON ¢ Jemuaéil. EQNMHCTBEHHO

feccmOpHLIM NMO3TOMY_ fiBJAsEeTcH HabJI0NaeMoe VBeJNYeHHE ITOM
CHJIBLI IPU CKOPOCTHAX, OJINIKHX K CKOPOCTH CBETA.

OueHuBas 3TOT BEIBOJI, BCIIOMHUM, YTO B YEJIOBEYECKOH IIPaKTUKE
M3BECTHO MHOI0 CiIyd4aeB, KOrJa IPH 3BOJIOLIMOHHOM H3MEHEHHH
PEKUMOB PabOTH TOH WIIH UHOM YCTAHOBKH HIIH MPOTEKAHMUA TOTO UIIH
MHOIO  ABJICHHA  NOABJIAIOTCA  JIOHNOJHHTENbHBIE  (haKTOPHI,
H3MEHAIONIHNE KOJHMYECTBEHHBIC IIOKA3aTEIM OJTHX YCTAHOBOK HJIM
apneuuid. [Tpuaém 3T dakropsl He Bcerga BuAHEL VX Hy)XHO ymeTh
OOHAapyXUTh. B TeopuHm OTHOCUTEIBLHOCTH NPEXyCMOTPUTEIBHO
HAJIOKEHBI 3aNPEThl HA BHISABJIEHNE TAKUX XOIMOJHUTEIBHBIX (DaKTOPOB.
OTO JIOCTUTACTCH BBEJACHHEM IIOCTYJaTa O NOCTOSHCTBE CKOPOCTH
CBETa B IyCTOTE U OTKa3e OT d(pupa.

[To3TOMYy OIIPOBEPrHYTHh WIH H3MEHHUTH YTO-IHO0 B 3TOM TEOpHH C
IIO3HIMIT caMOii TeopuH HEBO3MOXHO. JKECTKH MaTeMaTHYECKUM
amnmapaT BCerja IIPHUBEAET K TEeM K€ M3BECTHBHIM BBIBOJAM. 1eopus
a¢upa cBoOOaHA OT 3THX OKOB. B €€ ocHOBe nexuT ¢pusuka ra3os. OHa
HEIUIOXO  HM3y4eHa. MaTemaTka  urpaer  BCIIOMOTaTeIbHYIO,
00CTyKHUBAIONIYIO POJIb H HE CTECHACT MCCICAOBAHMA.

Ecim BOymarbcs B JIOTMKY OWHINTEHHA, JEKO MOXHO
IIPEACTaBUTh, KAK (PH3MK-TCOPETHMK B CBOMX MEICIAX COIIOCTABIIACT
OTHOCHTEJIbHEBIE ABMIKECHUS Pa3IMYHBIX TEN, CKOJILKO OBl MX HH OBLIO M
Kak OBl mamexo ApyT OT Apyra OHH HHU Haxoaunuch. OaHAKO TPyaHO

NOHATL, KaK INpHPOAA onpeaensieT MW OTCIAEKNBAECT, UTO
OTHOCHUTEJLHO Yero NBMKETCS M B KaKodl cHCTeMeé B JaHHLINA
MOMEHT BPE€MEHH NPOU3BOAATCH BLIYNCIACHHNS MacC. Peaabnee
NOMCKATh NPUYHHY YBEIHYEHHS CHJIbl HENOCPEACTBEHHO BOKPYIL

ABMKYLIerocs Tena. M Taxas NpuauHa NMEEeTCs,
Bung ¢opmyn (10.1) + (10.3) HaBOgUT HA MBICIH, YTO BIIHAHHE

ckopocTH V Ha CWiIy, KOTOPYI0 HYXHO IIPHIIOXHTH K JIETAIIEMY
3NEKTPOHY, YTOOB! pa3orHaTh €ro HIM H3MEHHTH TPACKTOPHIO,
OOyCIIOBJIEHO HE OTHOCHUTEIHLHOCTBIO IBH)KCHHA CHCTEM, B KOTOPHIX
IPOU3BOASTCH H3MEPEHMS, a BIMSIHUEM CKHUMAEMOCTH 2(HUPHOTO rasa.

JJIEKTPOH M OPYTHE 3JIEMEHTApHBIC YAaCTHIIBI ABJIAIOTCS O4YEHB
IUIOTHBEIME TenaMu BeeneHHoi. [Ioaromy adup obrekaer 3T Tena Tak
)K€, Kak Bo3XyX oOtexaect GyTOONBHBIN MAY, MHJIH METCOPHT,
nonajarommii U3 kocmoca B armochepy 3emun. CiieoBaTelbHO,
Te4eHus 3¢upa OKOJO JETAMIETO 3JIEKTPOHA MOI'YT ORITh OIHCAHEI
ypasHenueM Jlanmaca s HeC:)KMMaeMOH JKHMIKOCTH, €CIH CKOPOCTH
V<<C,. 3nece C,, -CKOPOCTh PACIPOCTPAHESHUA CIA0BIX BO3MYIIICHHIA.
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B rnase 6 ,6yxer moxasaHo, uTo B crnokoitHoM 3¢upe C,, = 300000
KM/C l
& @/0x*+0p/0y*+5"0/0z=0. (10.4)

PaccmarpuBaercs oOpaméHHOe JIBWKEHME. IJTO OOBIYHBEIA B
a’poAnHaMUKe ITpuEM. B Takol ITOCTAHOBKE HE IEKTPOH ABMIKETCSH CO
CKOPOCTBIO V 4Uepe3 CIOKOMHEIN 3dup, a, Ha000POT, Ha HEIIOABMIKHEIN
3NIEKTPOH CO CKOPOCTHIO V HaberaeT moTok 3¢dupa.

H3BecTHO, YTO COXMMAEMOCTh Tra3a IPOSBIAETCA MpPHU OOJBIIMX
CKOPOCTAX H BBRIPA)KA€TCA B TOM, YTO JACHCTBHE OT IIOOOr0 HCTOYHHKA
BO3MYIICHUM HA YJAJE€HHYI0 TOYKY 3ala3fbIBacT M0 CPaBHEHMIO C
aHAJIOTHIHBEIM JEHCTBMEM B HECKMMAEMOH cpene, TIAe€ OHO
IIPOABIACTCA M IIepedaércs MIHOBEHHO. be3BHXpEBBIE TeueHUS
CKMMAaeMOro rasa, KakoBeIM fABIIfeTCA 3(Up MPU CKOPOCTAX TCUCHUS,
mpubmmkaomuxcs K ckopoctd C,, H, CIEIOBATEIBHO, K CKOPOCTH
CBETA B IMYCTOTE, B JMHEHAHON INOCTAHOBKE OIMCBHIBAETCS yPaBHECHUEM
[15]

(1-M?)&o/ox*+8 0/oy*+8°¢/02*=0. (10.5)

B 3ToM ypaBHeHum 4ducio M mpezncrTaBigeT coboil OTHOIICHHUE
CKOPOCTH TEYEHHMA K CKOPOCTH DacHpOCTpaHEHHS  ClIabBIX
BO3MYIIEHHA B rasoBoil cpene. IIpuMeHuTensHO K 2dupHOMY rasy
Baaim oT MatepuanbHeix Ten M=V/C,,=V/C 3pecs C,,=C cxopocTb
pacnpocTpaHeHus ClabbIX BO3MYHIEHMH B CIIOKOMHOM 3dwupe.
IIpeobGpa3oBanneM KOOPAUHAT BHAA

x=(\[l—M2)-xH;y=yH;z=zH. (10.6)

ypaBHeHne (10.5) mma mpowusBoibHOro umcia M < 1 ceoaurcs x
ypaBHeHMIO (10.4) mns uncna M = 0. Iloreniuan ckopocteit ¢ B TOM U
IPYTOM CiIy4dae OJUH M TOT k€. CKOPOCTh ABMKEHHSA Tela (3IEKTPOHA)
manpaniieHa BIos ocu OX. @opmyisl (10.6) mokassIBalOT, YTO MpPH
IEPEX0AE OT HECKUMAEMOH KHAKOCTH K COKMMAEMOH cpelic pa3Mephl,
NoNepedHble K HAMpaBICHHIO HOBIDKCHUA Telna WIH 3¢upa, HE
U3MEHSIOTCS. Pa3Mephl, COBIAarOnUe C HampaBJICHUEM IBIDKEHHSA
Baois ocd OX, cokpamarorcss MO CPaBHEHHI0 C aQHAIOTMYHBIMH
pasMepamu BIoJib ocH OX; B HECXKUMAEMON cpele B COOTBETCTBHH C

dbopmynoit, coBnagaronieii ¢ popmyinoit Jlopenua - @utipkepanpia,
1=Wi=m7) 1,

IIpy_3TOM_HET He00X0AMMOCTH OVKBAJILHO NOHMMATHL 3TO
COKpanleHMe Kak (pn3uueckoe H3MEHEHHE pa3MepoB Ted. PeaabHo

M3MEHAIOTCH CBOWCTBA TEUEHNHA SQHEHOI‘O ra3a OxoJ0 TeJaa nui-ia
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IPOSIBJICHUS CKEMAaeMOCTH, a dopmyanl nepexona (10.6) aummsb

OPMAJBHO _MATEeMATHYECKH AKTVIOT _3T0 _SIBJIEHHE Kak
H3IMeHEeHHe AHbl _TeJl B HANPABJICHNM HWX JIBWKeHus. B
ajpoJMHAMUKE TakuM o00pa3soM YCHEIIHO IE€PECUHUTHIBAIOTCS
a’pOAMHAMHIECKAE XapaKTePHUCTUKH KPBUIBEB B HEC)KMMAEMOM
nmoroke mpu M=(0 K COOTBETCBYHOIIUM HX XapaKTEPHCTHKaM B
CKMMAaeMOM MOTOKE NpH Jio0kx aucaax M < 1.

CoOTBeTCTBYIOmUE W3IMEHEHHS IPOMCXOAAT HE TOIKO C
JIMHEHHBIMH pa3MepaMH, HO M MECTHBIMH CKOPOCTSMM TEYCHHI.
NeiicTBUTENbHO, mpoAuddepeHIMpyeM IIOTEHIHANT CKOpOCTed IIo
koopauHataM X,¥,Z B CKHUMaeMOM IIOTOKE H, IEpeXold K
KOOpOUHATAM Xy, Ys,Zs B HECXKIMAEMOM IOTOKE, OyIeM UMETh

dp__1 dp Sp_op Jp_op (10.7)
& JI-MO, ¥ ¥ & & |

YUHTHIBasA, 9TO NEPBEIC IIPOM3BOAHBIC OT MOTEHIHAIa CKOPOCTEH
KaK IS HEC)KMMAaeMOH, Tak M I CXHMaeMOH Cpensl paBHEI
COOTBETCBYIOIIHUM ITPOSKIHMAM CKOPOCTH BO3MYHIEHHOIO TEYCHHs HA
KOOpAUHATHEIE OCH, 3aMeHUM (10.7) HAa COOTBETCTBYIOIIHE PAaBEHCTBA

14 V' ! '
V! = V! =V V! = (10.8)

CoN1-Mm?

OTH paBEHCTBA AAIOT CBA3b MEXAY CKOPOCTAMH BO3MYIIEHHOIO
TEUCHHUS OKOJI0O OOTeKaeMoro Tejila, HaIpHMEp JJIEKTPOHA, B
CKMMaéMOM ¥ HEC)KMMAaeMOM IIOTOXKaX BO BCEX COOTBETCTBYIOLIHX
TOYKAaX, CBA3aHHBIX ypaBuenusamu (10.6).

CxopoctH Bo3MymI€HHOro TedeHud V' u V', mpencraBiatoT coboi
abCOMIOTHBIE CKOPOCTH TeYeHHMA 3(upa OTHOCHTEILHO ITOJIA
CIOKOMHOr0o 3dupa B CHCTEME KOODAHHAT, CBA3AHHOM C TEJIOM
(37IEKTPOHOM) U JBYDKYLIEHCS BMECTE C HUM CO CKOPOCTHRIO V.

B cBa3m c atmM ormernMm, 4ro ypaBHeHMf (10.6)+(10.8)
PacKpBIBAIOT  CYINHOCTh  pealbHbIX  (U3HYECKUX  SABJICHUM,
IIPOHCXOAAMMX B CKMMaeMOM 3(QHPHOM ra3e OKOJIO ABHDKYIIErocH
anekTpoHa (Tena). Ilpm sToM camo ucciefoBaHHEe IIOATAIKHBACT K
HeoOXoauMOCTH pa3obparbc B CHCTEMax KOOpPAMHAT M HX
OTHOCHTEIBHEIX JIBIDKEHHUAX, DT0 O4C€Hb HAIIOMHMHAET ITOAXOALI 0OIIeH
TEOPUM OTHOCHTEIBHOCTH. B Hell Taxke paccMaTpuUBalOTCH JIBE
CHCTEMBI, IBHXKYIUMECS OJHA OTHOCHTEIBHO JpYrod € HEKOTOPOM
CKOPOCTBIO V. B 3aBUCHMOCTH OT TOr0, B KaKOH CHCTEME H3MEPAIOTCA
CKOPOCTH M ApPYIHE HHTEPECYIOLIVE BEJIUYWHBI, B HMX BEIPAXCHHIX
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nosiBnseTcs mompaska 1/(1-M?)"2. Tonsko B TeOpHH OTHOCHTEIBHOCTH
OHa HCKIIOYHUTEJIBHO  ONpPENeNseTCs CaMHUM  OTHOCHTEIbHBIM
NBIDKEHHEM, a B TEOPHH 3(Hpa 3Ta NoNpaBKa HanoJiHeHa QH3NIEeCKUM
CMBICJIOM, TaK KaK YYHMTHIBAET BIHAHHE CKUMaeMmMocTH 3¢upa. B
razoBoii JUHAMMKE OHAa M3BEeCTHAa Kak mnompaBka IIpanarns Ha
C)KHMaeMOCTh Bo3ayxa. CKOpPOCTB pacmpocTpaHeHMs Ciaa0bIx
BO3MymeHuid B 3dupHOM M J0O00M APYyroM rase HE 3aBHCUT OT
COOCTBEHHOM CKOPOCTH HCTOYHMKA Bo3mymieHud. MmeHHO 3TO
CBOMCTBO B TEOPHH OTHOCHTEIBLHOCTH 0e3 JJ0Ka3aTENbCTB IIEPEHOCHTCA
Ha CKOPOCTh CBETA M BBOJUTCA KaK HEIIPEPEKAEMBIid MOCTYIAaT.

U3 cootHowmenmit (10.8) BHOHO, YTO BO BCEX TOYKAX CIHKHMAEMOTIO
noroka nmpu M>0 abcomoTHbIle CKOPOCTH 3(Hpa B HANMPABICHUHUH OCH
OX (uampaBneHue ABWKeHHA Tena) B 1/(1-M?Y?  pas Gomsme
CKOpPOCTEd B COOTBETCTBYIOIMX TOYKAX HECKMMAEMOrQ IIOTOKa IpH
M=0. Takue ke u3IMeHEHHAZ OyoyT MPOUCXOAUTH B IOJE
HEC)KMMAEMOro II0TOKa OKOJIO Tejla, €CIM BMECTO Y4E€Ta BIIHSHMA
COKMMAEeMOCTH, YUCTO GOPMAaNbHO, YBEIMIUTh CKOPOCTh HaOEraroniero
notoxka B 1/(1-M*)'? pas, 1o ects cumraTs ckopocTs HaGeraromero
IOTOKA

— VH
J1-M>

B mpsMoM aBwkeHHMH, Korga Teao (MEKTPOH) ABWIKETCA depes
CIIOKOMHEIN 3¢up, ckopoctn V u Vy; OyAyT CKOPOCTAMHE 3TOro Teia B
CXKMMAcMOM M HECKUMAEMOM IIOTOKaXx. B 3rom ciydae Teopema
MMITYJTBCOB 3aIIUIIETCSA B BHJIE

v

-

L (np)=L m, L _|-F. (10.9)
dt dt\ ° \J1-M>2

31ech, Kak U B MexaHuke Hpioroma, Macca Tema m, ABISIETCA
BEIMUMHOM IIOCTOSHHOM, a CKOPOCTh, YCKOPCHHE M, KaK CJICICTBHE,
cuna F 3aBHCAT OT TONpaBKM HA BIMAHME CIKAMAEeMOCTH 3¢Hpa
1/(1-M3»*2,

Jlanee mocneayeM 3a JIOTHKOM TEOPHM OTHOCHTEIBLHOCTH M
[IPUMEM, YTO IIPH MIOOBIX CKOPOCTAX IBIDKEHHS TEjla, HAMpHUMED
3NIEKTPOHA, YTOOR HNpUIaTh €My OAMHAKOBBIe ycKopenus dV/dt u
dVy/dt B cxxMaeMOM B HEC)KUMAEMOM IIOTOKAX, HYXKHO MPHUIOXKHUTE K
HEMy pasHble cuibl. B Takoii mocraHOBKe B ypaBHeHunu (10.9)
nompaska 1/(1-M*)'?  ¢opmansro mepememaercs co CKOPOCTH Ha
Maccy Tena. B pesynbTaTe 3ra Macca mepecTaér OBITE IIOCTOSHHOM
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BSJIMIMHOH M HA4YMHACT 3aBHCETh OT CKOPOCTH MBIJKCHHS Tela
OTHOCHTEILHO criokoitHoro 3dmpa. Hao6opoT, cKOpoCcTH U yCKOpeHus
B CKHMAEMOM M HEC)KIMAacMOM IIOTOKax 3(Hpa IpHPaBHHBAKOTCH
MEXIY COO00ii;

o V=Vi, dV/dt=dV,/dt.

B pe3yneraTe Macca mpHOOpeTaeT CMBICI MAcChl IBIXKCHMS M IIPH
CKOPOCTH V ¥ MaccHI ITIOKOS m, ITPH HYJIEBOM CKOpPOCTH. Mexay HUMH,
xak cienyer u3 (10.9), bopmMansHO ycTaHABIMBAETCS CBA3b

m=m/1-V?*/C* (10.10)
31ech V - CKOpOCTh Tella OTHOCHTEIBHO CIIOKOWHOTro 3dupa. Ilpu
TAKOM IIOHHMaHWM Macchl TeopeMa ummyibcoB (10.9) mpuobperer

BH/I, KaK B TSOpHHM OTHOCHTEJIbHOCTH [19]:
( )

d
dt

=F (10.11)

C TOYKHM 3peHHs NPAKTHYECKOro MCIIOIB30BaHUA opmyna (10.11)
HAYEM HE oTimdaerca or ¢opMyisl (10.3) Teopun OTHOCHTEIBHOCTH
OunmrTerHa. Onpmpako u3MeHsercs ¢mrocodckas 3HAYMMOCTh ITOH
¢GOpMynbl, Tak KaKk B a3pOAMHAMMKE M3BECTHO, YTO HMCIOIb30BaHHAsI
npu €€ TMONydeHMM JIMHEWHAd Teopus HE MaéT [PaBHILHOIO
pe3yiasTaTta mpu M=1. [In4 3Toro B a’pOAMHAMUKE HCHOJIb3YETCA
ApyTas TEOpHsd, pa3pabOoTaHHas AJA TPAHC3BYKOBBIX TEUCHHIA. OTa
TCOPHA, XOTA H Ja€T MaKCHMaJIbHbIE 3HAUYEHHUA AJI CUJl, ACHCTBYIOIHX
Ha TEIa B ra3oBhIX MOTOKAX npu M=1, HO CHUIIEI IIPH 3TOM OCTAaIOTCH
KOHCYHEIMM Be/IMIUHAMU. Takas ke TEOpHS JO0/DKHA IIPHMEHATHCA I
aHalIH3a TPAaHCCBETOBLIX TEYECHHUH ddHpa.

IloatoMy Ha ocmosamuu ¢dopmyn (10.3) u (10.11) me cuemyer
aenatb Qumocodckuii BEIBOJ O HEBO3MOXKHOCTH IIPEBHIMIECHUS
CKOPOCTH CBETa B IIyCTOTE MAaTEPHUAILHBIMH TEIaMU. Y MECTHO B CBSI3ZH
C 3TMM HAaImOMHUTh, 4YTO B IIOCICAHEEC BpPEMSA TMOABHICH PsAI
myOnukanwii 06 acTpoHOMHYECKMX HAGIIONEHHAX CBEPXCBETOBEIX
CKODOCTEH HEKOTOpEIX KocMHM4ecKHMX o00bekToB. OpHako ceifdac
IIO3UIIMM TEOPHHM OTHOCHTEJIBHOCTH €I HACTOJBKO CHJIBHBI, YTO K
3THM COOOIEHMAM OTHOCATCHA ¢ HegoBepueM. HecmoTps Ha ¢axTsl,
CTOPOHHUKH 3TOW TEOPHH IIBITAIOTCA HANTH OOBACHEHHS, BRIBOASIIUC
13 104 KPUTHKH OCHOBHOM ITOCTYJIAT TEOPUH OTHOCHUTEIHLHOCTH O TOM,
YTO B IPUPOE HE CyNIECTBYET CKOpocTeil 60IbIIe CBETa B IyCTOTE.
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COBelpI[IeHHO SICHO, 9TO IIpH BEIBoAe $opmyisl (10.11) nmompaBka
1/(1-M3'"? mume dopmansHO mepeHeceHa C YCKOPEHHMS HA Maccy.
ITo3TOMy © 3aBHCHMOCTH MAacChl OT CKOPOCTH MOXHO TOBODHTH
NOCTaTOYHO YCJIOBHO.

Crnemyer OCTaHOBHTBHCHA €II€ HA OZHOM MOMEHTE, CBA3aHHOM C
pasrOHOM 3jIeKkTpoHa. BO BpeMs pasroHa anekTpoHa mpu uuciae Maxa
OoJIbllie KPUTHYECKOTO 9Kcaa My, B OTOKE 3(Hpa OKOJIO 3IEKTPOHA
BO3HMKAKOT JAMOAZ000pa3Hble CKAYKH YIUIOTHEHHA. JTO SABJICHHE
CONPOBOXKAACTCA IOABIICHMEM BOJHOBOI'O CONPOTHBICHHSA, Ha
NPEOJOJICHNE KOTOPOIO HYy)KHA IOIOJHHUTE/IbHAA cwia. Broomxe
MOHATHO, YTO BOJHOBOS CONPOTHBIEHUE, IPENATCTBYS Pa3rOHy
3JICKTPOHOB B IOCTYIIATEIBLHOM HAIIPABICHUM, HE OKA3hIBAET BIMAHUA
Ha UCKPUBIICHUE UX TPACKTOpHUH. BUIUMO ¢ 3TMM CBA3aHO pa3feiICHHE
B TEOpPHUH OTHOCHTENBHOCTH MAacC Ha IPOACIBHYIO M IOIEPEYHYIO.
WU3meHuB crenens B 3uaMenatene Gopmynsl (10.1) u npespatus e€ B
dopmyity (10.2), yonanocs mpuOimkEHHO yIeCTh JOIOIHATEIBYIO CHITY
BOJIHOBOT'O COIPOTHMBICHUA, KOTOpas IIOABIAETCA HMMEHHO IIpH
NpHOMIDKEHUHM CKOPOCTH 3JIEKTPOHA K CKOPOCTH CBETa M IIO3TOMY
IICHXOJIOTMYECKHY CBA3BIBAETCHA ¢ YCKOPEHHEM JJIEKTPOHA.

H3BecTHO, 4YTO TIpENCTaBIEHHE O MaccaXx IOKOS H JIBIDKEHHSA
IO3BOIIJI0 B TEOPHHM OTHOCHTEIBHOCTH IOIYIHTh (OpMYyIy,
CBSI3BIBAIOIIYI0 MACCy C SHEPrueH

E =mC>. (10.12)

ITockonpky ¢opmymsr (10.9)+(10.11) wnaeHTHUHBEI dopMynam
(10.1) u (10.3) Teopuu OTHOCHTEILHOCTH, TO BEiBoA hopmynsl (10.12)
B PaBHOM Mepe OTHOCHTCS K M3iaraemoit Teopun 3dupa. OTOT BEIBOJ,
MOXHO HautH B [7,19,22 u ap.]. IlostoMmy MBI HE CTaHeM
BOCIIPOM3BOAUTh €ro B 3T0i paGbre. OTMETHM JMIIbL H3BECTHHIE
BBIBOABI H3 OTOH (QOpMYyNnl: H3MEHEHHE MacChl BeIéT K
3KBHBAJICHTHOMY M3MECHEHHIO SHEPIMHM M, HA000pOT, SIHEPrus U Macca
OKBHBAJIEHTHHl JApPYr Jpyry; BCsAKas [OKOAAACI Macca m,
TOX/IECTBEHHA C KOJIOCCAIBHEIM 3a1aCOM SHEPIUH -

E, =m,C> .

Ta SHEPrHs HOYTH BCA OCTAéTCi B MATEPHATLHOM Tele IpH
Temieparype abcomoTHoro Hymsd. Oty osHeprmo Ilndhk Hasan
CKphITOM oHeprueit. Korma mnoxosmasics wacca npnd6pe'raer
CKOPOCTBYV, TO €€ 3a1ac SHEPrun

E=mC? = m,C
J1-V2/C?
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W3 orofi QopMyIsl BHAHO, 4TO BeIMYHHA (M,V’)/2, OOBMHO
Ha3bIBacMass KHHETHYCKOM BHEPruey IBIKYINETrOCs Tela, COCTaB/IsACT
JIMIITH HUYTOKHOE IPHUPAIIEHHE SHEPTHH, COOTBETCTBYIOINES CKOPOCTH
V. IlomytHo oTmMerHM, 9TO B pasgene 11 Oyzer moka3aHo, 4TO B
MaTepHAJbHBIX TeJaX HMEETCS elle OHMH BUI CKPHITOH SHEPIHH,
HMMEIOIIHH 3¢UPOAMHAMHYECKYIO IIPIPOAY, KOTOpPYyIo OyaeM Ha3bIBAThH
TPaBUTAITMOHHON SHEPrueii. ATa DHEPrus, B CBOIO 04epeanb, BO MHOIO
pa3 Oosiie 3Heprun, onpeaensemoin Gopmymnoit (10.12).

11. HaRonJIelme IHEPIriM| 3Be3JaMH B npouecce
norJomeHus 3gupa

Henérkum Obin myTh acTpO(QU3UKOB K OTKPHITHIO HCTOYHHKOB
3B€3qHOM SHepruu. OT pemeHus 3ToH mpOOIEMBI 3aBHCEN OTBET O
CpOKax Xu3HH U JTamax pasBuTus 3BE3N. B Ooppbe MHeHHit
koHUenuuii B KoHue 40-x romoB XX croserus OmLia 1oka3zaHa
BEPOATHOCTh IPOTEKAHWA B HEApax 3BE3N TEPMOSACPHBIX pPEaKIIMii,
KOTOpEIe OBLIH B COCTOSHHUM IOAAEPKHUBATH OTPOMHBIE TEMIIEPATYPHI
3BE311 B TCUCHUEC MIJUIMAPAOB JIET.

Kazanoce, Bompoc wucdepman. OoHak0 M CEroiHs B STOH
nmpobiieMe €CTh HepemeéHHble BOMPOCH. CyllecTBYIOMHUE TEOPHH HE
MOT'YyT OOBSICHUTP MCTOYHHKH OTPOMHOI SHEPruM, BBIJEISAEMOM NpU
B3PEIBaX CBEpXHOBBIX 3BE&37] H B3pHIBOB, HA0II0OJaeMEIX B
paauoranakTukax. Jlaxxe Hamie Connne 3aaaért 3aech 3aragku. Tak, B
[8] oTMedaercs, 9T0 “AO0 CHX IOpP HE YAAJIOCh MOIy4duTh OoT CoJIHIA
NOTOK HEWTPUHO, KOTOpHIE NOIKHBI HOKHMJaTh €ro B  XOAC
TEPMOSIEPHBIX peakumii. B uém TyT JEN0: B HEAOCTATKAX anmapaTrypsl
M METOAMKM WIA B OmMHMOOYHOCTH HAIIMX IIPEACTABICHUNA 00
MCTOYHMKAX CONHeuHOM sneprun? Heyxem nocneguee? Ho Torma uro
xe noaaepxusaer dHEprmo Connna? CHOBa MBI IPHUIUINA K TOMY, C
9ero Haqaiu .

ITocMOTpUM, Kakye OTBETHl HAa 3TH H HEKOTODBIE APYTHE BOMPOCHI
naér Teopus 3¢upa. g aToro paccMoTpum Teno, uMmeromee Gopmy
mapa ¢ paguycoM I, 1 MacCod m, , paBHOMEPHO pacIpencI€éHHON 110
BHyTpeHHEMY 00BEMY. O(QHpHEIN ra3, NOINIOIMAEMEI 3TOM Maccoi,
IIEPECEKAET IMOBEPXHOCTE CRPEpPH CO CKOPOCTBIO, ONpEAE/IIeMOn
dhopMyI0#i, KOTOPYIO MOKHO IIOIY4HTH U3 (3.8):

Vi = 0my/4npets .
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BryTps 00BEMa, 3aHMMaecMOTO TEJIOM, €XECEKyHIHO BHOCHUTCA
9HEprus, paBHAs KHHETHICCKOM HHEpruu Bcel MOCTyMaromed MacChl
3()MPHOTIO Irasa :

Nuor=qVo/2=0’m’/321%p 2 1, (11.1)

r7e Npors - MOIIHOCTH, BHOCMMAad BMeCTE ¢ 3(UPHBIM rasoM B JH000€
TEJNO. OTa SHEPTHd IOTJIOMAETCA KaKJO0H dYacTHIle Macchl Tela.
YacTe 3TOH SHEprum 3aTpaduBaeTci Ha oOpa30BaHHE HOBOM MAacCHI,
TaK KaK H3BECTHO, YTO SHEPrusa M Macca TeJ TOXKIECCTBEHHB! H B3aUMO
CBsA3aHEI HOPMYJIOH

E=mC? (11.2)

CnenoBaTensHO, Ha CO3JaHME HOBOM MacChHl Tell Am 3a BpeMs t
OOJDKHA 3aTPaqMBaThCSI MOIIHOCTE

Neos=E/t=AmC*#. " (11.3)

ITpupocT MaccChl 3a BpeMsd t MOXHO OIPENEIUTh U3 BBIPAKCHUA

(3.7) xak
Am=m-m;=~m,(m/m,-1)=m,at/k. (11.4)

ITonctaBms (11.4) B (11.3), moryduM MOLIIHOCTH, 3aTPAIUBAEMYIO
Ha CO3JaHuEe HOBOM MAacChHI TEI :

Neoa=mo0 C/k. (11.5)

KpoMe »3TOro, 3BE3anl H3IYYAlOT OHHEPIUI0 B  MHUPOBOE
IIPOCTPAHCTBO B BHAE CBETOBOIO, pPagu0 H PEHITECHOBCKOI'O
nm3nydenus. [naneTsl, no-BUAMMOMY, pPa3orpeBalOTCS CO BPEMEHEM,
TaK KaK MHOT'ME H3 HUX, B TOM 4UCIIC U 3eMIIA, UMCIOT PacIlIaB/ICHHBIC
anpa, a IOnurep, Kak H3BECTHO, H3Iy4YacT TeIla B Ba pa3a Ooiblme,
gem noxydaeT oT CoiHiia.

HHTEpecHO OTMETUTh, 9YTO CBETUMOCTB 3BE3M, TO €CTh MOIIHOCTS,
H3lIydacMas B MUPOBOE IMPOCTPAHCTBO, 3aBHCHUT OT MAacChl M pajguyca
3B€31. B aCTpOHOMHU M3BECTHBI U IINPOKO HUCIIOIB3YIOTCHA JHAaTrPAMMBI
“macca - CBeTUMOCTE H “paamyc - cBeTUMOCTh . B [10] oTmedaercs,
4TO CBETHUMOCTH OOJBIIMX 3BE31, 9Yb Macca B TpH H Oojee pa3
IIPEBEIIIAET COMHEYHYIO, IIPOMOPIIMOHAIBHA KyOy MacChl. YUHTHIBAS,
yTO CcoracHO ¢opmyne (11.1) moryomiaemass MOIIHOCTH TaKXKe
IPONOPIMOHAIBHA KyOy MacChl, MOXHO OXHAATh, UTO CBETHMOCTE
3BE37 IPOIOPLIMOHANEHA MOMTHOCTH nornomenud. IloaTomy, sizepHoe

ropiovuee 3THMX 3BE3 He MOXKeT ObITL H3PACXO0I0BAHO 32 HECKOILKO
MHUAJIHOHOB W MMWLIHAPAOB JeT. OHo, ckopee BCero, siBJIseTcs

JHIIIb NPOMCKYTOYUMHBIM 3BCHOM B _Ifpoiatie H npeoﬁpaaonannu
MOTJIOIIEHHON JHEPIruy| 3 a4 B JHCPIrul0 M3 CHHSH 3Be3l M

B0300HOBJIfETCH B MpoLiecce YBEJIMUYEHAR MACCHI 3BE3 1L,
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Hanee 3aMeTnM, 9T0 3(GHUPHBIN ra3 BHYTPH TEJl JOIKEH ABUTATHCS
¢ OompImMUMH CKOPOCTAMHU. BClieACTBHE 3TOI'0O BHYTPH TEN COXpaHACTC
IIOHIDKCHHOE [JaBJICHHE M JEHCTBYET MEXaHU3M KEKTUPOBaHUS H
nmorjaomenusa 3¢upa. I103TOMy TONBKO 9acTh KMHETHYECKOM SHEPIUM
a¢upa, NOITOMAECMOro TEJIAMH, MOXKET NEPEXOIUTh B YKa3aHHEIE
BUAEI 3Heprum. OCTanbHas SHEPrMA 3aIacaeTcs BHYTPH Tel H eé
MOXHO Ha3BaTh TPABHTAIMOHHOI 3HEprueil. OHa BRICBOOOKIACTCS U3
3BE3]1 IIPU B3pEIBaX, KOTOPBIE aCTPOHOMB! HaOIIOAAIOT B BUAE B3PHIBOB
B rajakTukax [8,9], mpH KOTOpBIX BBIACISECTICA OIPOMHAsA DHEPTIUA
nopsaxa 10°° apr, SKBMBaJIEHTHAS OJHQBPEMEHHOM SIEPHOM BCITBIIIKE
10 MIUITHOHOB CBEPXHOBHIX 3BE3. 3H6e4prp1;1 B3PBIBOB, IIPONCXOAAMINX
B paauorajakTukax, oleHuBaeTca B 107 apr.

Otkyna Oepércs »Ta d9yOOBHIIHAA DHEPrUfA, AacCTPOHOMHUSA
O00BACHUTH HE MOXKET, TaK KaK SAepHBIN MCTOYHHK HEPTUH IJI 3TOTO
COBEpLICHHO HenocrarodeH. llepexom B renui BemecTBa LEIOH
raJIaKTHKH, COCTOSIIEH MOJIHOCTHIO U3 BOAOPO/A, Jajd OBl TOIBKO 109
3pr. Ho Takoii mepexon He MOXKET ORITh €UHOBPEMEHHEIM, OH JIOJDKCH
ObUl1 OBl OCYINECTBIATHCA B TECYEHHE MIULIHAPJOB JI€T, TaK Kak
CKOPOCTH IIepeaaun BO3MYIIEHHH BO BeenenHoit oT oqHOro o0ObeKTa
APYTOMY HE IIPEBHIIIACT CKOPOCTH CBETA.

Yro6rI riry0ike pazoOpaThscs B 3THX MpobiaemMax, OleHNM B Iudpax
MOIIHOCTH IIOTJIONIEHUS, CO3JaHMS HOBOH MacChl W H3JIy4YEeHHS
Comuija u apyrux 3Bé3a. Cormacmo (11.1) MomuOCTH moTrIOmEHHs

Comxiia Oyner
Nnom=a3mo3/327r2p z 1.*=7,47-104 apr/c.

B Bume cBeTa m3irydaeTrca MOIIHOCTS [ 8]
N = 3,8 -10% sprve.

B coorBercrBum ¢ popmymoit (11.5) Ha co3nanme HOBOHM MacCHI
Am BHytpun COJIHIIa 33 €QUHMI[y BPEMEHH IOJ/DKHA 3aTpadMBaThCs
" MOIITHOCTB

Neosx = meor C/k = 5,35 -10°° aprvc.

W3 comocraBneHnsa 3THX IUQpP BHAHO, YTO IpaBUTALHOHHAsA

9HEprus 3anacacrca BHyTpu ConHIla, Tak Kak
Nnorn >> Nm + Ncosn .

Onxnako, eCTh 3B€3Ibl, Y KOTOPEIX MOMIHOCTE IIOIJIOIICHUS PaBHA
MOIDHOCTH H3TydeHuA. Hampumep, 3Be3ma SS433 [46] u3 asoiHOH
CHCTEMBI MMeeT Maccy mnopsaka 20 COMHEYHBIX Macc M,=4-10%'kr.
Paguyc oneruBaeTca BeMMIHEOM 1,=2-10'"M. ITonBas cBeTHMOCTS, T.€.
SHEprus, MOKUAAONIAsA 3B€30y B BHAE U3IIyUCHUS B €JUHULY BPEMEHH,
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L=10*-10"Br. Bto B MwumoHsl pa3 Gombme cBeTuMocTu COJHIA.
Pacuer o ¢opmyine (11.1) MOITHOCTH, IOTJIONIAEMOM TOM 3BE3/10# U3
101 3pupa OKa3EIBACTCH PaBHAIM CBETHMOCTH

31,3
= (4-10°) = 8,95.10%Br.
32-7%(1,19-10°)%(2-10")*
Taxkum 0Opa3om, oOMeH 3HEprueil MexAay 3Be3f0H H mojeM 3dupa
3aBHCHT HE TOJIBKO OT €€ MacChl M paJguyca, HO ¥ 0T OCOOEHHOCTEN €e
BHYTPEHHEr0 CTPOEHHUS, INIOTHOCTH M MPOUCXOAIIUX B HEM B NAHHBIN
MOMEHT BPEMECHH IIpOIeCcCcaXx.

Ecmu npunaTh, 910 CONHIIE CYmIECTBYET B CBOEM CETOAHSAMIHEM
cocTosHMM 0K0IO 15 Mipa. et (4,71-10" ¢), To 3a 3T0 BpeMms BHYTpH
HEr0 CKOIMIAach ObI rpaBUTallMOHHAsA YHEPTHA

Egorn = Nporn4,71:10"7 = 3,5-10%° spr.

OTO0 3HAaUCHHE COM3MEPHMO C YHEPrUeH B3phBa B rajakruke M§2,
0 KOTOpO#i ynomuuanocsk panee. 3Bé3nsl Ban-Maanesa u Bonbd 457
(6enble KapaMKK) TOJBKO 3@ 1 Mapx JIeT HakomuiIy OBl BHyTpH cebs
SHEPI'HIO0 COOTBETCTBEHHO

Erors = 5,37 - 10%* opr,
Eporn = 5,90 - 10% opr.

DTOM__JHEPruM BOOJHE J0CTATOYHO, YTOOLI O00LICHHTH

JHEPrHi0 B3PHIBOB, IPOHCXOASNINX B PAANOraJaKTHKAX M JIPYIHX

3aragodHsiXx 00nLeKkTax BeesleHHOM.
CyumecTtByer emé oaHa mpobiaeMa SHepreTHKU 3BE31, TpeOyromas

cBOero ocmeiciicHud. CyTeb B TOM, 9TO C POCTOM MacC 3BE3d HX
CBETHMOCTE Bo3pactaeT. IIpumenurensuo x COHIY 3TO 03HAYAET, YTO
3HAYUTENBHBIA POCT CBETHMOCTH, CO3/aBaeMbIH pPOCTOM MAacCCHI,
mo/keH ObLn GBI, Kak yTBepxaaeTca B [59], ckeusr Ha 3emie BCE
xuBoe. 1 xotg Ha 3emiie HaOmMIOZaeTCA IOTEIUIEHHE, BCE XKE MOXKHO
CUUTAaTh, YTO 34 MOCIEAHUN MUWUIHAPA JET PafgUKaIbHBIX H3MEHCHHUIA
KkinMara 3emiau He npousomuio. CiaemoBaTenbHO, HE H3MEHMIOCH
KOJIM4ECTBO TEILIOBOM 3HEPruM, monydaemoit 3emnéit ot ComHiia.
HanoMHuM, 9TO CBETHMOCTBIO Ha3bIBASTCS KOJHYECTBO CBETOBOI
HEPIruy, M3JIydaeMO€ 3BE3J0H B eAMHUIY BpemeHu. B pabore [10]
YTBEPXKIACTCA, 4YTO CBETHMOCTH 3BE3J C MacCaMi, B HECKOJBKO pa3
IIPEBBIMNAIONMMY  COJIHEYHYIO, MpOonoplIuoHaibHA KyOy ' Mmacc.
AnepHoe roprouee Takux 3BE3N MOXKET OBITH H3PAaCXOJOBAHO B
HECKOJIBKO IECSTKOB MIJLTHOHOB JeT. [nsa 3B€3n ¢ maccoit CosHila
9TOT IIepHoh 3aTaruBaercsa n0 13-15 mnpa mer. 3Bé€3aml ¢ Maccamu
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BJIBO€ MEHBIIIE COTHEYHOH OCTAIOTCA B HAYAJIbHOM COCTOSHUH IOYTH
100 mipx ner.

W3 3TOro MOXHO 3aKJIIOYUTh, 9TO CBETHMOCTH 3BE3] THIIa COoMHIA
yBelH4yuBaeTca ciaadbee, ueM y 3Bé3n ¢ Oompmmumu Maccamu. OnHako
JalsHEeHIIne pacCy)XIeHus 3a HEHMEHHMEM Yy Hac 0ollee TOYHEIX
NAHHBIX TPOBEAEM, HCXOAA U3 KyOMIECKOro 3aK0Ha pocTa CBETHMOCTH
Conuna. B kadecTBe wuHTEpBajJla BPEMEHHM BO3bMEM IIOCICTHUIMA
MIJUIHAAP/ JIET.

IIpu aHamm3e pocra cBeTmMocTH CosHIIA CllelyeT y4eCcTb HeE
TOJIBKO YBEIMIEHHE €r0 MacChl B COOTBETCTBHHM ¢ dhopMynoit (3.7), HO
¥ OJHOBPEMEHHOE BO3pACTaHHME BCIEACTBME 3TOr0 €ro 00BéMa.
ITonaras, uTo cpemHsia IWIOTHOCTH ConHma ocTraércs HEM3MEHHOM, C
IIOMOILBIO YpaBHEHHMS (3.7) MOXKHO HAHTH BEIPaXKEHHE UL H3MCHEHHS
panuyca ConHIla OT BpEMEHM B 3aBUCHMOCTH OT M3MEHEHUs MacChl:

, (11.6)
I'Zie 1, U my- paguyc 1 macca Comnma npu t = 0.

MomHocTs ¢BeToBOro m3iaydeHus CoOJHIIA COTJTIAaCHO AHarpamme
“paanyc-CBETUMOCTS > 00paTHO IPONOPLMOHAIBHA YETBEPTON CTEIIEHU
n3 ero paauyca. Iloatomy ¢ y4€roM OBYX yka3aHHHX (pakTOpoOB
ceetuMocTh CoNHIIa BO3pacTaeT 3HAYMTENBHO ciabee, dYeM
npeanoaraercsa B pabore [59], a *MEHHO B OTHOIICHHUH

E/E,~(m/m,)*/(t/r,) =P Pt

Cornacao Ta6:m.1 macca ConHia B TEYEHHE IIOCIEAHETO
Mwumapaa jer Bo3pocia B 1,098 paza. 3a 3T0 Bpems €ro paguyc
Beipoc B 1,0317 pa3a. CiaenmoBarensuo, cBeTUMOCT, CONHIIA 3a OJUH
MuUMapa JIeT yseawdwiack B 1,1687 pasza. M3sectHO, 9TO 3HEprus
U3IIy4eHMs, TIoTIomaemMasn yaanéausIMHa OT CoitHIa 00BEKTaMK, B TOM
quciae 3emnéd, yOpiBaeT 00paTHO IPOMOPIMOHATIBLHO KBaApaTy
paccrosuusa [18]. Ilockomeky momyuaemoe 3emnéit or ConHia
KOJIMYECTBO 3HEPIrUM B TEYEHHE PacCMaTpHUBAEMOI'0 OTpE3Ka BPEMEHH
HE MEHANOCh, MOXHO YTBEPXKAATh, 4TO OJHOBPEMEHHO C DPOCTOM
Maccel H cBeTUMOCTH CoNHIIA YBEIMYHBAJIOCH PACCTOSAHHE MEXIY
Comanem m 3emnéil. M3 actpoHOMHMdYeckmx HaOIIOACHME HM3BECTHO,
HanpuMep, 910 JIyna xaxzaele 100 ner ypamserca Ha 1,5 merpa ot
3emun. IToueMy ke ATO HE MOXKET ITPOHCXOIUTE C  3eMNEH U JPYTHUMH
naneraMu? Iopcauraem, KakuM JODKEH OBITH IIPUPOCT PACCTOSHMUS
mexay 3emnéit u ConaneM, 9TOOB KOMIIEHCHPOBATE POCT CBETHUMOCTH
Comnua. O4eBHIOHO, YTO OTHONIEHHWE PagUyCOB 3€MHOH OpOMTHI B
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KOHILE Tops H HAYAIE T, ops PACCMATPMBAEMOr0 HMHTEPBAJa BPEMEHU
TOJDKHO OBITH CIICYIOMIUM:

E
Tops/Tocps = o T = 1,08, (11.7)

\

B Hacrosiee BpeMs paauyc opOHUTE 3eMiu r(,p5=1,495-1013 cm. C
yuéroMm (11.7) pamuyc opGuUTE MUWIIHAapA JIET Ha3ad ObUI Ty ops =
1,380-10" cm. ITpupocT paccTOSHUA 3a 3TO BPEMS A Tops = 0,115-10"
cM. Cpenuuii mpupocT paaryca opOuTH 3eMiIM 32 CTO JIET COCTABISAET

Arops=1,15-10° cm=1,15 xm.
OTHOCHTEIBHEIE MPHPOCTRI paguycoB opout 3a 100 neT cocTaBsatoT :
nist JTynst At 6/To 0ps =3,91:107,

s 3eMian AT op6/To op6 =7,70- 107,

Kak BHIMM, OTHOCHTEIBHBIH IIPHPOCT PACCTOSHHUS MEXKIY
Conanem m 3emiéii, HEOOXOAHUMBIHM, Y9TOOBI KOMIIEHCHPOBATE POCT
ceetumocTd CoiHna, TOMBKO B 1,97 pa3za mpeBbICHN HaOMIOgaeMBIi
AHAJIOTHYHBIH OTHOCUTEIIBHEIA IIPUPOCT PACCTOSHHUS MEXIY 3eMIIEH H
JIlyHo#i. OmHako MBI, BEpOSATHO, 3aBBICHIN IIPHPOCT CBETHMOCTH
Comnna. [TosToMy peabHEIA MPHPOCT pajryca OpOUTH 3EMIIH MOXKET
OBITE MEHBIIIE.

Yto e HapymaeT paBHOBECHE MEXKIY LIEHTPOOESKHOM CHIIOM U
CWIOH TSOKECTH YyKa3aHHbBIM o0O0OpazoM? Beap HMMEHHO 3TH  CHIIBI
onpexnensaioT (GOpMBEI OpOHT IIIAHET © = CIOYTHHKOB. OTO
paccoriiacOBaHHE HEBEJIMKO H IMPOABIAETCA TOJIBKO IHPH O4YEHD
IJINTEIBHOM BO3IEHCTBHH ClIa0bIX CHI. BemdduHy H MEXaHH3M
M3MEHEHUA HTHX CHJI OyIyT HaMH OIpeneieHbl B ITOCIETYIOIIHX
raBax. J10 TeM Oomee Heobxoaumo, Tak Kak cam  (axT
IIPAKTHIECKOI'0 COBHAJECHUS OTHOCUTENBHBIX TIPHPOCTOB PATHYCOB
OpOHT TakMX pa3sHBEIX KOCMHYECKHX OOBEKTOB, KAKOBBIMU SBJISIOTCS
3emis u JIyHa, He CiIydaeH.

12. PocT Maccel 1 pa3orpes Heap 3emin

B rnaBe 3 MBI YyCTaHOBWIH, 9TO JIF000€ HEOECHOE MAaCCHBHOE TEIO
nornomaer 3pHp U3 OKPYXKAKOUIEro IPOCTPaHCTBA. B pe3yisTare
3TOI'0 €r0 Macca BO3pacTaeT B COOTBETCTBUHM C 3aKOHOM (3.7)

m=m,e*"* (12.1)
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OtHomenne o/k HaMH OBLIO MOIydeHO OOpabOTKOII MMEIOmHUXCH B
IUTEpaType NaHHBIX aCTPOHOMHYIECKHX HAOMIOAEHMI 3a IBIDKCHHEM
JIynst (6.3)

a/k=2,97-10"% ¢! (12.2)
BaXHO OTMETHTH, 9TO OHO OBUIO OIpEAENICeHO HaMH HE3aBHCAIIHAM OT
XUMIYECKOTO COCTaBa M (PM3UIECKOTO COCTOSAHMS TOIJIOIIAIONINX TEJI.
BMmecre ¢ mornmoniaemoit Maccoit adupa BHYTPh TEJ BHOCHTCH DHEPTHS,
onpenensemas Gopmyioi (11.1)

3 3
Naon= 320;2 T (12.3)
Peto

OHa paBHa KHMHETWIECKOM 3HEPrUM MAacChl 3¢mupa, IOrIomaeMoiH
TenoM. 3mecs o=1 ¢’; m,- macca Tema; Pe- IUIOTHOCTHL 3GHUpa; T,-
paauyc Tena. At GopMyIbl 1 METOTUKH pacucTa ObL1M HAMU BIICPBEIE
omybmukoBansl B [1] eme B 1997 rogy M BOLLIM B mOCHEAyIOIIHE
u3nanna Hamux kHur [2] u [3]. [Tonarro, 9T0 dopmyitsl (12.1), (12.2)
n (12.3) MOXHO HCHOOIB30BaTH U1 AaHaIUM3a IIPOILECCOB,
IPOMCXOOAIIMX Ha 3eMiie.

Cmoycrs 6 nmer mocne Bbixona B cBeT pabotel [1], B 2003 rony
BelliUIa B cBeT kuura B.b.biuHoBa “Pactymas 3emua” [54]. B aroit
KHWUTe aBTOp 0e3 CCRUIKM Ha Halmy paboTy IPHUXOAMT K 3aKOHY pOCTa
MacChl 3eMIIH, aHAJIOTHYHOMY HameMy 3akoHy (12.1), mo n3 apyrux
npeanoceuiok. OH  OpoaHaM3MpOBal  JaHHEIE  HabmoaeHMi
reoU3NKy, CBUACTEIBCTBYIOMME O POCTE ILIOMAAN 3€MHOHM KOpHI U
pa3MepoB 3€MHOro [apa. AHaJW3 TIJIaBHOM TIe0JIOrM4YecKoiH
3aKOHOMEPHOCTH, T.€. JUIMTEIIEHOTO HeoOparumoro Ipoiecca
IIO3TAITHOT0 CTAHOBJICHUSA KOHTHHEHTAJIbHON KOpBI IPUBEJI aBTOpa K
BBIBOY, YTO B HACTOAMIEE BpeMsA MPOUCXOAMUT €KETONHBINA IIPUPOCT
OKEaHIYEeCKOT0 JHa CO CKOPOCTHIO ~3,12 kM?/rox. Pacmmpsercs Takke
MaTepUKOBad 49acTh 3eMJIM. OTa CKOPOCTh HE Bcerma Owljia Takoif
OOJIBIIIO}!.

B riry0b 5mox ona ymensmaercs. Jlo Hadajga MEIOBOi 3MOXH OHA
6bita paBHa ~1,3 kM’ /rox. B Gaiixkansckyio ¢asy CKIag4aTOCTH STOT
poct cocraBisn Bcero 0,05 km>/ron, T.e. B 62,4 pa3a MeHbIIe, YeM
cefuac. AHanu3 TJTIAaBHOM I'eOJIOrHYeCKOM 3aKOHOMEPHOCTH IIO3BOJIMI
OIPEIEIUTh 3aBUCMMOCTB POCTa paauyca 1 o6bemMa 3eMitn 0T BpeMEHH

r=re*"? (12.4)

V=V et (12.5)
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B sTux ¢opmynax uaeT kak Obl 0OpaTHBIH OT HAaCTOAIMIETO MOMEHTA
OTCYET BPEMEHHU B I'TyOb BEKOB. T, H V,— 3TO COBPEMEHHEIE 3HAYCHHUA
paguayca 1 o0beMa 3eMIIH; T 1 V — 3HadeHHA paanyca i o6bema 3eMim
B IIPOIILIOM, OTCTOSIIMM OT HACTOAIIEro Ha BpeMsa t cex. Janee ObLIo
OPUHATO  OOMYILIEHHe, 9YTO  Macca  3eMiid  H3MEHSETCs
IPOIIOPIMOHAIEHO €€ 00beMy. BrIpaxkeHue a1 U3MEHEHUS Macchl OT
BPEMEHM IIOJIy9aeTCs NpPH YMHOKEHHM O00€HMX dacTeil IOCIEeAHEro
PaBEHCTBA Ha CPEIHIOIO INIOTHOCTh 3eMITH

m=me"" (12.6)
IToxa3zaTens CTeneHH y 3KCIIOHEHTHI OIIpeaeiieH B pabote [54] xak
v=2,9.10" ¢ (12.7)

Kak BuamM, 3TO BEIpaXeHHE IOJHOCTBIO coBHagaeT mo Gopme ¢
gamuM BeipaxenueMm (12.1). Ono 3ammcaHo, Kak H y HAac, TakK, 49TO
IIpeNCKa3bIBACT M3MEHEHHE MACCHI 3€MIH OT HACTOSIIETO MOMEHTA
BpeMenn t = 0 B Oymyimiee. ABTOp pacCMaTpHBAET €0 IIPUMEHUMEIM
1718 MOOBIX MpyruX HeGecHBIX Tell BeeleHHOlH.

Onpuako, B CBSA3U C TEM, YTO B Pa3IHYHEIC T€OJOTHMYECKHUE 3TIOXH
3eMiI CKOPOCTh POCTa OBEPXHOCTH ObLIa pasiudHOM, KodpduimeHT
V B OTJIHYHE OT /K IIpHHMMAET pa3audHble 3HAYCHUA 1A Pa3IMIHbIX
IEOJIOrMUeCKUX »Hmox. /JlIg Hallero BpeMEHM JTH 3HA4eHHA
orauyaiorcs mpubmmsurenbHo B 100 pa3. B pesynsrare mepuon
yABOEHUS MaCChl 3eMJIM M ApyTHX Ten (IUIaHET, 3Be37 U T.JI.) COTJIACHO
(12.6) u (12.7) 6yaer Bcero 76 MIH. JieT BMECTO 8 MIpA. JET IO
dopmynam (12.1) u (12.2).

Ha nam B3rian aBTop [54] 3aBeicun 3Hadenwe v= 2,9:107¢ ¢
npotus o./k=2,97- 10'% ¢! u3 xenanus IIOJIY9HTh IIOJIHOE COBIIAICHHE C
INIABHOM TI€OJIOTMYECKOM 3aKOHOMEPHOCTBIO TOJBKO 3a CYeT POCTa
Mmaccel. OgHako, paHbIIe yKe 0TMEYalIOCh, YTO MOJIOXKEHHOE B OCHOBY
ONpeneNeHusl BeIMIMHbl V pacmIMpeHne 3eMIId B HACTOAIIEe BpeMd,
passme 66110 gpyruM. OHO ObLI0 B 62,4 pa3a mensmie. Eciu yuecTs
3TO 0OCTOATENBCTBO, TO HYXKHO BEIMYHMHY V TOXE YMEHBIIUTH BO
CTOJIBKO k€ pa3. B pesynerare 3HaueHus vV H o/k OpakTHICCKH
COBIIAVT.

B 4eMm e mpudMHa M3MEHEHHI CKOPOCTH pOCTa 3€MHOI KOPHI H,
KaK cliefcTBue, u3MeHenus koddgounmuenta v ? Jlemo B TOM, 9TO CO
BPEMEHEM H3MEHSIOCHh COOTHOIICHHE MEXAY pa3MepaMu 3eMiIM U €€
maccor. [Ipoucxoauno, Tak Ha3sIBacMoe, pa3yIUIOTHEHHE BEILECTBA
3eMHOro mapa. B HavanpHBIA TIEpHOI CTaHOBJICHHUS 3E€MHOH KOPHI
IVIABHBIM MEXaHU3MOM H3MCHEHHA pa3MepoB 3emumi OB BecbMa
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MeIUICHHBIf pOCT €€ MacChl M3-32 NOINIOMEHHOTO 3dupa U
npeoOpasoBanms ero B 6apuonHyro MaTepuio coracHo (12.1) u (12.2).
OXHOBPEMEHHO ITPOMCXOMWI PasorpeB Heap 3eMaM HU3-3a IPHTOKA
SHEPrud BMECTE ¢ TTOTIOMICHHBIM 3QHPOM.

Ha onpeneneHHOM 3Tame pa3BUTHA B Heapax 3eMiIM H3-3a
[OBBIIEHUS TEMIIEPATYphl ¥ [aBICHHUA HAYalUCh XHMHYECKUE
peakuud ¢ OOpa3OBaHMEM Da3NUIHBIX. DJIEMEHTOB  TaOHIE!
Menneneesa. IIpu pa3orpeBe IpOUCXOANT pacIMpeHre BemecTsa. M3-
38 XMMHYECKMX PCaKIHM  IOABWIHCH JIETKHE IIOPOXBI, IIEM3HI,
IOABWIACH Boya (BO3MOXHO HE()TE), BEIICIIMIMCE Ta3kl U T. 1. Bee aTo
pUBoAMIO K Gosee OBHICTPOMy pa3spacTaHMiO pasmepos 3emmu. 3-3a
qero B pabore [54] mpunuIoch CHIBHO 3aBEICHTH BEIMYHHY
koopdumuenra v . Ilockonbky BenuumHa oU/k ompenensnace U3
acTpoHOMMYEcKMX HaOmozenuii 3a auHaMuKo# IBrKeHud JIynel u
3aTeM OpoBepAnach Ha  JpyTMX  ABJEHHAX, B  KOTODBIX
HETIOCPEACTBEHHO YY9HTBIBAINCh MACCHI TCJI, 4 HC MX PA3MEPEL, TO OHA
siBIsIeTCst Gonee MPaBUIBHOM.

Uccnenopannd, BBIIOIHEHHBIE B [54], mpencTaBisdioTcs HaM
BeCbMa [IEHHBIMH, T.K. B X OCHOBY IIOJIOXXEHA rJIaBHAs reoJorudecKas
3aKOHOMEPHOCTh. T 32KOHOMEPHOCTH SBILETCH SMIMPHIECKHM
0000menremM HaOMIONCHHUN, 3a(QHUKCHPOBAHHEIX B TEONOTMIECKHX
KapTaX COCTOSHMS 3€MHO! Kophl. OHa HE 3aBHCUT OT Kaxux-mubo
TeoperHdeckux IocTpoenuil, OnHa OOBEKTHBHA ¥ B  IJIaBHOM
TIOATBEPIKAACT HieH, OTCTAHBACMBbIC B HALICH TEOPUH.

Jlanee aBrop [54] IBITaeTCA CBS3aTh HAOMIONAEMBIH POCT MACCHI
ten ¢ cwioii TsoxecTH. OH NPHXOAWT K NPaBWIBHOMY BBIBOAY, YTO
POCT MAacCCHI Tesq DPOHUCXOMUT H3-3a IIOITIOMICHHA MaTECpUn H3
OKpyXaiomero npocTpancrsa. J[nd  00CO3HadeHHA  MaTepuw,

3anoNHSIOmEedl MPOCTPAHCTBO, HCIOJIB3YETCA TEPMMH ‘“‘BaKyyMHas
marepua”. SIcHo, 9TO JENO He B Ha3Bauuu. JGUp H QH3MIECKHM

BaKyyM - 3T0 CHHOHUMBEL.

K sroif wacTu pabOTEl y Hac MMEIOTCH 3amedaHus. BaxyymHas
MaTepus B NpejncTaBICHUAX aBTOpa [54] sBnsercs ‘‘CBEPXTOHKOI
HeyHMITOXKHMoM CyOCTaHumeii” ¢ O4YCHb MaJIOH IUIOTHOCTHIO.
HecMoTpss Ha 3TO CYMT2ETCA, YTO ‘W3 HEe COCTOAT BCE IPEIMETSI,
BeI H CTPYKTypHl PeanbHOro mupa”. IIoTok 3ToH MaTepuu B Helpa
3eMHOTO Imapa c03JaeT N0 MHEHHIO aBTOpPa IpaBHTALMOHHOE IIOJIE
Semun. OnHa sgBnieIci Takke Hocurenem »sHeprud. I[lo cBoum
CBOMCTBAM BaKyyMHas MaTepus SBJISETCA Tako# e OapuOHHOM

marepueit, Kak u Tela, KOTOPHIE ee MOIIOMAIOT.
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ITouemMy Tella TOIJIOIMIAIOT  Pa3spekKCHHYI0 MATEpHIO U3
OKpykaroniero npocrpancTBa? KakoBa ee ILTOTHOCTh M CKOPOCTh Ha
MOBEPXHOCTH IIOTIomIaromux Tein? ABTOp 3TOro He 3Haer. Ilo ero
NOHATHSAM 3Ta MaTCpHA IoABEpXKeHa cuiae TokecTH. Ona obnanmaer
MaccoM, KOTOpas CKIaAbBIBaeTCs ¢ MacCOH MOIIOMAIONIMX TeEI,
IolaJas BHYTPh JTHUX TEJI. DTOT MPOIECC BBHIITAAUAT AHAIOTHYHO
MEXaHMYECKOMY HAIOJHEHUI0 EMKOCTH CBIIYyYMM WIM JIBIOIIUMCH
IPOXYKTOM. ABTOP CYMTAET, YTO BaKyyMHas MaTepus, CTEKAs BHYTpPb
TEJ, BO3ACHCTBYeT Ha OapHOHHBIE TEla, OKa3aBHIMECS Ha ITyTH
IIOTOKOB, XOTS CaMHM 3TH NOTOKU OTJIMYAKOTCS OT JTHUX Tl TOJBKO
O4€HBb MaJIOH IULIOTHOCTEIO.

B kagecTtBe 000CHOBaHMS MPHUPOABI TATOTEHMS aBTOP MHIIET, YTO
OHO CO3JAaE€TCS MOTOMY, 9TO “IIOTOK MaTE€pHd, NMPOXOAsl CKBO3b Tela
o0TexaeT HyKJIOHEI H CO3JAaeT HA HUX JIaBJICHUE aHANOTUYHO TOMY, KaK
NOTOKH (monaoB (YTO OSTO Takoe?) CO3JAXOT JAaBICHHE Ha
IIOMEIIeHHble B HUX Makpockomwdeckue Tena”. Ilpum 3ToM OH,
IIOBHAMMOMY, HMIero He 3HaeT o napanokce I Anmambepa-Oinepa,
COTJIACHO KOTOPOMY CWIa  CONPOTHBICHUS  JaBICHUS  IIPH
0€30TpEIBHOM OOTEKaHHUH TEJT YCTAHOBUBILIEMCS IIOTOKOM paBHa HYJIXO.
IloueMy mnpu ZIBHXKEHHMH 3B€31 U IUIAHET CKBO3b HEIMOABMIKHYIO
BaKyyMHYI0O MaTe€pHUI0 Y HEX OTCYTCTByeT corpotusicHue? Ilo ero
HOHATHAM JTO IIPOMCXOAMT HU3-3a MajaOd IUIOTHOCTH BaKyyMHOH
MaTEepUU M UX HEOONBIIMX CKOPOCTEH IBMXKEHHS 0 CPaBHEHUIO CO
CKOPOCTBIO CBeTa. B KHUTe MOYEMY-TO CUHTAeTCS, 4YTO C TaKoil
CKOPOCTBIO BakyyMHass MaTCpUd BXONUT BHYTPh JeMiId. 3TO
HEIpaBWIbHO. He MOXeT 3Ta CKOPOCTh OBITH OAMHAKOBOH IIPH BXOJE B
I00BIe Tella OT MAJIBIX A0 OOIBLIIHX.

Hanee mompoOyeM, HCXOAS W3 MpPENCTABIEHUA CaMOr0 aBTOpa,
OLICHUTh IUIOTHOCTh M CKOPOCTh BAKyyMHOH MaTe€pHH IIpH
IIEPECEUEHHUH TTOBEPXHOCTH 3eMyd. [l 3TOro, UCIONb3Ys BEIPAKECHUA
(12.6) u (12.7), momyduM BEeIMYMHY YAEIBHOTO pacxoia MaTEpHH
yepe3 eaUHUIY IOBEPXHOCTH B €aUHHUIY BpemeHHM. [lna 3toro
npoauddepeHITIPYEM €ro 110 BpEMEHH M 3aTeM MoaokuM t=0.

m/ =v-m, (12.8)

C apyroit CTOpOHEI pacxox BaKyyMHOM MaTE€pHH C IDIOTHOCTBIO Yepe3
IIOBEPXHOCTH 3eMJIM MOXKHO 3allMCaTh Yepe3 MapaMeTpsl MOTOKA

d%t =4dr-r’p-V,_, (12.9)
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rie s 3emiu 1,=6,4-10%, m,=6-10%*kr. Vio-PanguansHas CKOPOCTh Ha
nosepxHocTH. IlpupaBHsem mpassie yacTH (12.8) u (12.9), momyaum
BEIPKEHHE ) ILIOTHOCTH

vV-m,
dr-r’V,,.
CKopoCTh Ha MOBEPXHOCTH 3€MIIM OIMpPEACSINM, MCNOJIB3YS IS 3TOTO
TEOPEMY HMITY/IbCOB MPUMCHHUTEIBHO, CKaXeM, K 4EJIOBEKY ¢ Maccoi
TEJIa My, T1aK XK€, KaK cama 3eMisd, TEIO YeJIOBEKa 3aICpiKUBAET B
cebe B KaXAYIO CEKYHHy Maccy dme/dt=v m,,. J1a Macca nmoToka
BAKYYMHOH MaTCpPHH IIOJHOCTBIO TEPAET CKOPOCTh. B pesynsrare
M3MCHEHHMA KOJMYECTBA JBIDKCHHA 3aTOPMOXKECHHBIX MAcC BO3HMKACT
CHJIAa TSDKECTH My,g, ASHCTBYION[AA HA YEIIOBEKA

dmjdt(VIO'O)mO'lga
OTKyA2 CKOPOCTh MNOIDKHA HMeETs BenmumHy V,=3,38.10° wm/c.
IlogcTraBum 310 3Hadenue B (12.10), monyunM 3HaYCHHE ILIOTHOCTH

BaKyyMHo Matepun p=10"* kr/m’. TIpu 3ToM B Teno denoBeka Gyzer
BHOCUTBHCS MOITHOCTB, ONpeAcigeMas KaK
=0,5-V 2 .dm,/dt=0,5-v-m,,V 2 =1,45.10'® BT

Itr mudpsl TOBOPAT caMH 3a ceOs. Bpsaj Jin Hy)KHO pashiACHATH, YTO
TaKas DHEPIrHs, €KECEKYHJHO BHOCHMMAs BHYTPh TEjla, MTHOBEHHO
UCIICMEINT HECYacCTHOro deinoBeka. CoBpeMeHHass Hayka He 3HaeT
CKOPOCTEM MaTepHAIBHEIX HOCUTEJICH, MPEBRIIAIONINX Ha 8 MOPAAKOB
CKOpocTh cBera. IloilydeHHBIe 3HAYEHUS BEJIMYMH MOIMHOCTH W
CKOPOCTH HAarjiiiHO WLITIOCTPHUPYIOT, YTO HEIb3% CYUTATh Cpexy,
3aMOJHAIOIIYI0 MEX3BE3JHOS IPOCTPAHCTBO, HPOCTO PaspeKEHHOM
Oapuonnoit Marepueii. Kak Onl ee He Ha3pIBaTh, 3Ta MaTepUA
HAaXOAUTCA B OCOOBIX B3aMMOOTHOLICHHMAX C OapHOHHONH MaTepHeH,
onpenenaeMeIxX 3akoHaMH (3.1) - (3.8) Hameit kauru. PackpeiTiio 31O

CBSI3H IIOCBAIICHBI BCC €C I'JIABBLI.

Bo3Bpamaschk K TEMAaTHKH HANIEro HCCIICOBAHHA, OTMETHM, 9TO
Macca 3eMJIM HENPEPHIBHO pOCia M MPOJOIDKAaeT POCTH ¢ MOMEHTA €€
obpa3oBanus B coorBeTCTBHH ¢ hopmynamu (12.1) u (12.2). 1ot poct
nmpumepHo B 100 pa3s mensmie, 4yeM mpeackassiBaercs B [54]. B
tabaune (6.1) nokasana mkajia yBEITHISHUSA MacChl TIOOBIX T, B TOM
guclie 3€MJIM, B 3aBHCHMOCTH OT BpeMeHH. POCT pammyca 3emMiuu
MOXET pacTh OBICTpee, 9€M Macca. DTOT POCT MOXKET IPOUCXOIHTH
'HEPAaBHOMEPHO. J10 O0OBACHAETCH PpasyIUIOTHEHHMEM  3E€MHOTO
BENIECTBA B pe3yJbTaTe pa3orpeBa H XUMHYECKHX peaklvy,
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Ipoucxomsanmx B 3eMHbIX Hexgpax. ©opmyma (12.3) mossomser
paccuuTaTh MOIIHOCTH MMOTOKA TEILIA, IOTIOMAEMOro 3emiieit
N=2,88-10% BT

Henp3st HE OTMETUTb, YTO 3Ta OIEHKA HOPAKTHYECKH COBHaja C
OL[eHKOH [54]. DTOT MOTOK 3HEPI'UH MOBBINIACT BHYTPEHHIOK YHEPTHIO
3eMIn M, CIEeNOBaTEBHO, TemIleparypy ee Hedp. IloBmimenue
TEMIIEPATYpbl  HEAP  HENb3s  OTOXKAECTBIATH €  OBITOBHIM
OPEACTaBICHHEM 00 M3MCHEHMM KiIuMara M IOrogbl Ha ee
nosepxHocTH. Ho o0mas TeHmeHHMs TaKOBa, 4YTO HMEET MECTO
pasorpeB 3emiH. 310 0E€3yCIIOBHO HAKJIAIbIBAET CBOM OTIIEYAaTOK HA
KJIMMaT.

13. HacTynur au “remjioBast cMepTh” BeesieHnoit?

PaccMorpennsle B ryiaBe 11 mpoueccsl HakOIUIEHWST 3SHEPIHU
TeJlamMu BcelleHHoO# BMecTe ¢ nmoromaeMoi Maccoii 3¢upa 1mo3BoJIAIOT
BHECTH H3MEHEHHS B IIPEACTABICHHA O “TEIIOBOH cmepTH”
Bcenennoii. DT mpencTraBieHus BHEpBbie ObLUIM O0OOCHOBAaHBI B
pabore B.Tomrmicona “O mposiBlieHHH B IpUpoAe o0mIeil TEHACHIUN K
paccesHHIO MexaHudeckoi sueprun’ (Tpyast KoposeBCKoro odmecTsa
1852 r.). B aT0i pab0Te BBICKA3BIBAIOCH YTBEPKACHHE, 9TO B PUPOAE
BO BCEX TEIUVIOBHIX mporeccax HaOmopaercs pacceMBaHME TEIUIa U
MEXaHHIECKON SHEPTHUU. BoccTraHoBiienue IHEPIIH B
IIEPBOHAYAIBLHOM KOJIHYECTBE 0€3 €€ pacceMBaHNA HEBO3MOXKHO.

B 3TH mpeacraBiieHHs XOPOWIO BIHMCHIBAETCS TeopHs “‘00JIBIIOTO
B3peIBa nepsoaroMa’. CorimacHO 3ToM Teopuum  BceeneHnas
obpasoBanace 14-15 wMupa.Jler Ha3ax H3 IIEpBOATOMAa, BHYTPH
KOTOPOro MaTepus HaXOAWIach B KAKOM-TO HETIOHATHOM CBEPXCKATOM
cocroganu. OgHAKO, TEOPUSA HE JaeT OTBETa Ha BOIPOC, 4TO OBLIO
BOKPYT 3TOr0 IIEPBOATOMA, €CIIH KPOME HEro BOOOINE HIYErO HE OBLIO.
3aTeM HPOH3OLION B3PHIB, B PE3YyIbTaTeé KOTOPOTO B OUYECHB KOPOTKOE
BpeMsa o0pa3oBamach BCA COBPEMEHHAas MaTepusi OT HPOCTEHITHX
MUKpPOYACTHUI] A0 IUIAaHET, 3B€3/ U 3BE3IHBIX CKomuieHuil. Bee aTu Tena
pasieTaloTCs OT OSIIMIIEHTpa B3pbIBA C PA3IUYHBIMU CKOPOCTSMH.
Hawbosnee GpicTpEIe 3a 53TO BpeMs yieTelu Ha paccrosuue 14-15 mupa,.
CBETOBBIX JIET. DTO PaCCTOSTHHUE CIUTACTCS KpaeM BeeneHHoi.

Jliobast 3Be3ga HA ONPENEIIEHHOM JTal€ CBOEr0 pPa3BHUTHA B
pe3yipTaTe CHJIBHOTO CIKATHA CHIAMM TSKECTH BCIIBLIXUBaeT. B Heit
HAaYUHAIOTCS SIACPHBIE PEaKIMH, KOTOPHIE MOIYT IIPOAOIKATHCS
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Mwumapael jeT. Ilo mepe BBIrOpanMs SIEpHOTO TOIUIMBA 3BE3JEI
raCHyT, IIpe€Bpamasich B O€3:KM3HEHHse MacChl. M3mydeHHOE 3a BpeMs
XW3HU 3Be€3] TEIUI0 Oe3BO3BpaTHO pacCeMBAETCA B OKPYKAIOIIEM
npocrpancTBe. CamMu 3Be3abl M HX CKOIUIEHHSA TIPOAOIDKAIOT IIO
MHEPLHHM Pa3jIeTaThCA BO BCE CTOPOHHI M TAKKE pacCEeUBAIOTCS B
OECKOHEUHBIX IIPOCTOpAaX IyCTOro NpocTpaHCTBa. OCTHRIBAIOT TaKXKeE
IUTAHETHI, Bpaljaromuecs BOKPYT 3Be3a. Ha HuMx ucde3aeT XHU3HL B
mobeix ee mpossneHuax. Ilpomcxoaur ‘‘remioBas  CMepPTh”
Bcenennoit. (rumotesa Kiaysuyca). I'pyctHass xapTuHa. BceneHnas
BO3HHKJIA H3 HHYErO Ha IIyCTOM® MeCTeé M B HHYTO JOJDKHA
'MIPEeBPATHTHCS, Pa3IETEBIINCH BO BCE CTOPOHEI M OCTAaBUB ITOCIE CEOS
IIyCTOE MECTO.

Crolp IMECCHMHCTHYECKHHM B3NN Ha Ipupoxy Bcenennoil mo
HAIIEMy MHEHHUI0O 3aKOHOMEPEH I Y4YEHBIX, B PpyKax KOTOpHIX
MMEETCHd TONBKO OAWH HMHCTPYMEHT, dYTOORI CoOpaTh MaTepHIo
BoeaAuHO. Hanmpumep, U3 ra3omnbelIEBEIX 0071aK0B 00pa3oBaTh 3BE3Abl U
maneTH (runote3a Kanra) u omnpejenwTs MX JalbHEHIICE Pa3BUTHE.
OTOT HHCTPYMEHT — CHJIa TSDKECTH.

Onnako, KaKk Mbl BHOCIM B IpeAbIAYIIMX IJaBaX M YBHIUM B
nocne,uyxomnx I7IaBax 3TOM KHHUIH, KpOME CHIIBI TSKECTH B IPHPOJE
NEHCTBYIOT €I OKPYXHbIE CHIBl B KOCMHYECKAX BHXPAX BOKDYT
MACCHUBHEIX 3B€3J M IUIaHET W CWiIsl JaBI€HHMs B mole 3dupa,
OKpyXawlleM MaTepuanbHele Tena. [lox npelicTBHeM CUl JaBJlIEHUSA
o0pa3yroTcs paJualbHele NOTOKH 3Qupa BHYTph MaTepHaJIbHBIX TEll,
NOMNOJIHMIOMME BHYTPH HUX MAaCCHI H SHEPTHIO. OTU MOTOKH, KaK MBI
IIOMHHM, CO3J1al0T CHITY TAXKECTH.

- JTOT mpONECC HE YYHUTHIBACTCA CETOAHS IIPH HCIIOIB30BaHUH
BTOPOr0O Havana TEPMOJUHAMHMKA MpH aHAJIU3€ IPOIECCOB,
NPONCXOAIMX B 3BE3haX, IUIAHETax W APYTHX MAaCCHBHBIX Tellax
Bcenennolt. B pe3ynbTare 1omydaercs HCKaKeHHass KAPTHHA Pa3BUTHA
MHpa, OKaHYMBAIOMmMAsACs “TEIUIOBOM cmepThio”. B pamxax

KOHIENINHN JTAHHOH KHATH MaTepHaJbHbIE TEJIa NEepecTaiT ObITh
HEH3MEHHLIMH, 3aCTLIBIIHMH BO BPEMEHH, Ybl0 GopMy H cyably
MOI'VT M3MCHHTH TOJLKO BHECIIHHE B03IeHCTBHA.JITO He TaK. Teaa
BceejleHHOW 0T CaMBIX MAJEHbKHX 0 CAMBIX 00JbHIAX KaK 0bI
KHBYT CBOEH KH3HLIO, HENPEPLIBHO M3MEHSIIOTCH, MNOIJIOIIAS
3bHp HW_BMecTe ¢ HHMM 3anacag BHYTPH ce0si  JHeprmio m3

OKpy:kawonmiero mojs 3dupa. IlospgumoMy, NPOHCXOAUT TaKKE

NCIICHHE 3THX TeN Ha Oojiee MEIKHE HE TOJIBKO B DPE3YJBTATe
CTOJIKHOBEHMI, HO H B PE3yJIbTAaTe BOIIOIHOHHOTO Pa3BUTHS.

64




Kax yxe oTMeyasocp, 3TOT B3IVIAJ Ha MPUPOAY Bellei
NOATBEPKIAAETCA NaHHBIMU HAOIIOAATENILHON aCTPOHOMHM U HOBBEIMHU
AanHeiMM Treodmsuku. K HacrosmeMy BpeMEHM B aCTPOHOMHH
HaKOIIWIOCh  MHOXECTBO  (paKTOB, KOTOPHIE  MPOTHBOPEYAT
INPEACTaBIEHUAM TEPMOAMHAMHUKH O CTapeHHMM U Jerpajgallud
Bcenennoii. Habmonmenms B.A.AmbapuymsaHa u psga Opyrux
aCTPOHOMOB IOBOPAT O TOM, YTO B I[EHTpPAaX TrajakTUK HabmomaeTcs
oOpa3oBaHME HOBOI'O BEMECTBA. OJTO BEIIECTBO 3aTEM HCTCKAET
Hapy)Xy B BHIE CTPYH Tropsdux HHEpPTHRIX ra3oB. M3BecTHrl [54]
npencrasieHus B.A.AmGapiymiaHa o0 MOABICHHH HEOSCHBIX TNl W3
CBEPXIUIOTHOTO BEMIECTBa (3()Mp MMEeT IIOTHOCTD Po=1,19-10°kr/™’).

B HacTosiimee BpeMs NUNIyT O HECBETAIIEMCS BEIIECTBE B KOPOHAX
rajlakTUK, KOTOpO€ II0 MacCe HaMHOI0 IIPEBOCXOAHT CyMMapHOE
BEIIECTBO 3BE3[ ITHX TramakTumk [46], M3 4ero cieayer, 4To 3TU
HECBETSIIMECS Tella — IUIAHEThI, ACTEPOUIB], Ia3kl — 00pa30OBBIBAIOTCS
H YBEJIHYMBAIOT CBOM MacChl IIOBCEMECTHO BO BCeH BceneHHoOM, a He
TOJIBKO B AApax TaJaKTHK., DTO MEIICHHBIN IIPOLECC, HO IMPOUCXOTUT
OH MOCTOSHHO. T.€. HanuI0 HadMOJaeTCs NOBCEMECTHOE POXKACHUE U
pa3BUTHE MaTepHAIbHBIX Tell, 4 HE CTapeHue U yracanue BceneHHOM.
OnHOBPEMEHHO  aCTPOHOMBI  HaOMIOZAIOT  B3PBIBBI  3BE3J,
COMPOBOXKIAIOIIMECS. pacCesHUeM BelecTBa ¢ JHepruu. T.e.
HaOMI0JaeTCS KPyTOBOPOT MaTEPUM U DHEPTUU U3 OTHOT'O COCTOSHUSA B
OPYroe.

C 1noMOmpI0 HCKYCCTBEHHBIX  KOCMMYECKHX  allllapaToB
YCTAHOBJIEHO, YTO HAa HEKOTOPEIX HeOompmmx crmyTHukax IOnutepa u
CarypHa HaOmIOZacTCd TEKTOHMYECKas AaKTUBHOCTh, M Jaxe
NEHCTBYIOT BYJIKaHBL. JTO CBUACTEILCTBYET O TOM, YTO cIycTs 3,5
MJIpA. JIET ¢ MOMEHTa oOpa3zoBanua COJIHEYHOM CHCTEMBI Ha 3THX
CpPaBHUTEIBHO HEOONBIMIMX Telax HaOmMOIaeTcs pas3orpeB, a He
OCTHIBaHHE HeEmp. Takoe MOXKET IPOMCXOAUTh B CIydae IPHUTOKA
HEPIrUM B 3TH Tella Hapsaay C ero pacceuBaHueM. IIpuuem, nepsrie
NOTOKH Oolblie BTOPBIX. JloKa3aHO TakK»Xke, 4TO KPYIHBIC ILIAHETHI
Omutep u CarypH u3nydaror OOJbIIC YHEPrHH, 4eM IOJIy4aioT OT
Connna.

Takoil KpyroBopoT MaTepud H DHEPrHH BO BceneHHOHR
OOBSCHIETCA TEM, YTO BCE TeJIa HaXOAATCA HE B IyCTOM NPOCTPaHCTBE,
a B 1ojie a¢upa, KOTOPOE PeryJIupyeT Bce 3TH mpouecchl. Ilone adupa
3abupacT B ce0S M3IMyUYESHHYIO SHEPTHIO U BEIISCTBO ITOTHOIINX 3BE3].
W3 Hero xe BO3HHUKAIOT HOBHIE MATEPHANBHBIE TEJIa U MOMOTHAESTCS HX
BHYTpeHH 3Heprusl. Camo molie 3¢gupa, Kak OTMEYanoch B I1aBe 6,

65



3aKI[I09a€T B ce0¢ OrpoOMHYIO SHepruro. B kaxjaoM xkyOGoMeTpe 3Toro
mons comepxurcs sHeprus E.=8,7-10°°spr. B saxmodcHHe MOXHO
BEICKa3aTh yTBEpXKACHUE, UYTO TEOopuM  “OONBIIOTO  B3PHIBA
nepsoaToMa” M “TeruIoBOM cMeptn BcemenHoit” B Hemalekom
Oyaymem OyayT caHBl B apXUB UCTOPHH HAYKH.

YACTh 2
3OUPOIUHAMAYECKOE CTPOEHHUE
3JIEMEHTAPHBIX YACTHUIl MATEPUH

14. DPpuponnHaMHYeCcKO€e CTPOECHHE aTOMA
BOZOpoOaA.

[Ipumimo BpeMsS DOCTPOUTH MOMEIHL 3JJIEMEHTAPHOM YaCTUIIBL
BEIECTBa, COCTOsmIIEeN u3 razoobpasHoro sdupa, Ho obiamaronruii
OOJBIION TBEPAOCTHIO M CBOMCTBOM IOIVIOIIATh S(PHpPHBIA ra3 us
OKpY’Kalomero . mnpocTpancTea. Ha nmepBelid  B3mIsg —  3TO
HeBERINOJHUMAas 3adada. Ho Tak jm 310?

Hcxond u3 npeAcTaBICHMII O €IUHCTBE MHpA, IIOCMOTPUM, HET JIK
BOKpYT Hac MNOAXONMUIMX AaHAIOTHH, CHOCOOHBIX MOACKA3aTh
IIPaBMIBHOE HANPABIICHUE JUIA JAIBHEHIINX HccienoBaHuil. boapmoi
MHTEpEC B OTOM HanpaBI€HHH MPEACTaBIIIOT Cco00#i BHXpH,
BO3HMKAIONIHUE B CIUIOMIHBIX Ta30BBIX M XKHAKMX cpeaax. Mmenno
BUXPH MOXHO pacCMaTpHBaTh Kak JIOKaJbHBIE OOpa3oBaHMs, PE3KO
OTJIMYAIOMIMECH II0 CBOMM CBOMCTBAM OT OKPY’KAIOIIEro MX IOJS rasa
WM XKUAKOCTH. Buxpu moryr obnagaTts 60nblIoN TBEPAOCTHIO, €CIIH
CTPYH Ta3a WIH XHAKOCTH JABMXYTCA BHYTPH HUX C OYCHb OOJIBIIHMMU
ckopocTssmMu.  M3BeCTHO, 9TO  MArkas, CIOKOMHAas  BOJA,
OpraHHU30BaHHAsA B BRICOKOCKOPOCTHYIO CTPYIO, CIOCOOHA pa3MEIBATh
Oepera 1 AHO BOJIOEMOB, PE3aTh CTallb U APYTHE TBEPABIC MaTepHUAalIEL.
Crpym raza taxoke Moryr oOnazars OOJIBIION TBEPAOCTHIO. A BHXPH-
CMepYHU CIOCOOHBI pa3pymiaTh Ha CBOEM IIyTH J0Ma, BEIKOPYCBHIBATH
IEpeBbs, IMECPEBOPAYMBATHL ABTOMAIMMHBI U IIPOM3BOAUTE JOpyTrHe
paspymeHus.

CymecrByeT Oombmioe pasHooOpasme Buxpeit. HabmozparoTcs
JIMHEHWHBIC, KOJBIEBBIC, chHpanbHble BuUXpH. OcoOeHHO Hac
MHTEPECYIOT KONBIEBHIE BuxpH. OHM HCHOJB30BAJINCH B KadeCTBE
MOJEJICH 5SJIEMCHTAapPHBIX YacTHI[ BEIMECTBA. HYKIOHOB, ITIPOTOHOB,
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HEHTPOHOB, a TAKKE 3JIEKTPOHOB, MO3UTPOHOB M aTOMOB B paboTax
[4], [5] u [17]. Eme panbsme Obu1a U3BECTHA MOJEIB BUXPEBOTO aTOMA,
paspaborannad KempBunom (B.Tomconom). IlpemnoxkeHHEIE MOJEIH
BECMa HHTEPECHBI, HO HE COTJIACYIOTCA C HIEAMH OaHHOH paboTsI.
ITosToMy mnompoOyeM cO3maTh COOCTBEHHYIO MOJACIH IIPOCTEHIIMX
YacTHUL MaTepuM, I03aMMCTBOBAaB B  YyKa3aHHRIX paborax
PaLIMOHATBHOE 3EPHO.

IIpexne geM npuCTYIUTH K OOCYXIEHHIO 3(UPOIHHAMMYECKOM
MOJEIIN aToMa 0003HAYUM I'DAHHUIIBI, B MpEJeNax KOTOPLIX MEI MOXEM
nericTBoBaTh. COrNaCHO COBpPEMEHHBIM B3INIfgaM, B (usmke [22]
pa3I4aloT OCHOBHBIC 3JICMEHTAPHBIC YacTHIBl, CYIIECTBYIONMIUE B
NpupoAe B CBOOOXHOM HIH CIabOCBA3aHHOM COCTOSHMHM. K HUM
OTHOCHAT IPOTOHBI U HEMTPOHEI, BXOAANIUE B COCTAB ATOMHBIX' A1€D, a
TaKKE DSJIEKTPOHBI, IIO3UTPOHEI, (OTOHEL. 3TO CTAOHIILHEIE,
NOJTOXUByIIME yacTuikl. OHU 00/1a1a10T MacCoH M, KpoMe HEATpPOHA,
NOJIOKUTEIIBHBIM HJIM OTPHILIATENIBHBIM DJIEKTPHUYECKHM 3apsJIOM.
®otoHsl [22] TakKke  Y4aCTBYIOT B  DIIEKTPOMarHUTHOM
B3aMMOJCVICTBHU.

Kpome Toro, ma ceromus oOHapykeHO OosbIIoe 9uciao (OKOJO
350) HEyCTOHYHBBIX 3JIEMEHTapHBIX dacTul. ExBa poauBmuch, OHH
MIHOBEHHO PacrafaroTcs. BpemMs ux KuU3HH MOKET COCTaBJIATh BCETO
or 10Pc mo 102 C, a JJHHa Ipobera ¢ MOMEHTa POXKIECHHS 0
MOMEHTa paclaia cocTaBiser okomo 107°M. DTH uHacTHIBI TaKxKe
o0anaoT MacCoM, MHOTIA JaXe CYIIECTBECHHO Ooublleil, 4eM macca
nporoHa. IIpy »TOM mBX Macca H3MEpPSETCS B HSHEPrEeTHYECKUX
equadiax (MsB) B COOTBETCTBHH C COOTHOLICHMEM OiHIUTEiiHA
E,=mC> DTu wacTHmsl, XOTS M Ha3BaHEl ICMCHTAPHBIME, OHH HE
SIBIIIOTCA O€CCTPYKTYPHEIMU. VX BHYTpPEHHSA CTPYKTypa HHTEHCHBHO
HCCIEAYETCS, HO YCIEXH 3[eCh HEBEIMKH. B OCHOBHOM SICHEE
CTAHOBATCS 0COOEHHOCTH HX ITOBEACHUS.

IIpn 1mOCTpPOSHHMM BHXPEBHIX JPHUPOJUHAMUYECKHX MOZIEIeH
3JIEMEHTApHBIX YacTHI] XU aTOMOB HEOOXOAUMO NOMHHUTB, 4YTO HX
MacChl ONPENEIOTCS HE KOIHYeCTBOM 3¢dHupa B 00BeMe dacTHuIl, a
TEM, YTO B BUXPEBHIX KOJIbIIAX-4acTUIax 3(QUp BpamaeTcs BOKPYT OCH
BHXPEBOT'O KOJIbLIA M IBYIKETCA BIOJb KOJIBIA C OONBINONH CKOPOCTHIO.
V3-3a BO3HUKAIOLIErO IIPU 3TOM pa3peK€HHA BHYTPH KOJIBIA OHO
HadHHaeT MNOTIIomAaTh dQUP U3 OKPYKAIOIMEro MpoCTpaHCTBa. Buxps

CTaHOBHUTCS BHXpecTOKOM. Kyaa ke ieBaeTcs MOrJIoIeHHbINH 3¢up?

Ilo HAIMM NpENCTABJACHAAM NPH JAOCTHKECHHH HEKOTOPOIO

ONpeneJeHHOr0 3HAYECHHA OKPYKHOH _YITIOBOM CKODPOCTH (),
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BpameHusi d(MUPHLIX CTPYil _BOKPYIL OCH _KOJbIA M _VIJIOBOH

CKOPOCTH @, CTPYH 3¢Hpa BOKPYT LEHTPAJIbLHOW OCH CHMMETPAM
KOJbIA AaBJEHNC B IECHTPE BHXPA CHHIKAECTCH N0 HVJIA. IJTO
03HAYAEeT . YTO B ) € IMPEKPaTHJI0Ch XA0THIECKOE ABHKCHHE
ero aromMoB. B peilvabTare ra3oo0pasHbiii  3dHp HaUuMHAaET
NEPEeX0JANTh B CBOI0 XKHMIKYIO (a3dy. W3-3a MajbIX COOGCTBEHHBIX
pa3MepoB_aToMoB 3(GHpa OHH B XXHIAKOM Y(dHpe pacnojaraiorcsi

BIUIOTHYIO JADPYr K JPYIV M BCAECACTBHHM J3TOr0 _ 3aHMMAIOT
COBCPIICHHO He3HAYHTENbHLIH 00meM. Ecam 3ToT mnpomecc

3ANYCTHIICH, TO NOJYYACTCH ROJroKMBYINAS  3JeMEHTADHAsN
qacTHia. M3 KOMOMHAIIMH 3THX YACTHIL COCTOHT BCSl MATEpHSA

BceJsieHHOM.
Eciu yrjoBasi CKOPOCTh He JOCTUIJIA HY>KHOI'0 3HAYEHUS M
MeXaHM3M nepexona raszoodbpasHoro >bupa B 10 hazy He

3ANVCTHIICH, TO NOJYYaercsl KOPOTKOXHMBYIIAS JJIeMEHTADHAS
yacTHua. ITocKOJLKY B €€ IIeHTPE B HAYAJAbHBIA MOMEHT BCE JKe
HMeeTcesl 6oabIIoe pa3pekeHne, TO HA 09¢Hb KOPOTKOE BpeMsi OHA
TAKOKE CTAHOBHTCH BHXPECTOKOM M NO3TOMY olperaer Maccy.
OnHako, NMPAKTAYECKH MIHOBEHHO NPOMCXOANT NEpenoJaHeHHe
YACTHILI _rasoo0pa3sHsiM_3¢upoM. JlaBiaeHne 3¢hMpa BHYIPH
BHXPEBOro KOJbLA IOBLINAETCH M BHXPb___ PA3pPYHIAETCS.
DJICEMEHTAPHAS YaCTHIA IPEKPAINAET CBOE CYILIECTBOBAHME,

YuuTeIBasi CKa3aHHOE, MpPeACTaBMM aTOM BOAOpOJ2a B BHIC
BUXpPEBOTO KOIbLIa, B KOTOpPOM O(Hp Bpamacrcs ¢ YIIOBOH
CKOPOCTBIO (., BOKPYT' OCH KOJbIa II0 3aKOHY BpallicHHs TBEPAOTO
tejia. IloMMMO 3TOro MMeeT MECTO TEYEHHE CTpy# BIOJIb OCH
BUXPEBOI'0 KOJbIA CO CKOpPOCTHIO U,,. BHYTpH BHXpPEBOTO KOIBLA
pacmonoxeHo sfxpo aroMa-mporoH. Iloxa mnojaraeM, 4TO IPOTOH
cocrouT w3 Xuakoro 3¢upa. Ilo mepe HakomleHUs 3HaHMH OyaeM
YTOYHATh €ro crpoeHue. Kpome TOro, B cepeamHe ra3oo0pasHOro
BHXPEBOr0 KOJbila BAOIb HETO MPOXOAUT BUXPEBAasl HUTHh U3 XKUIKOTO
a¢upa. OHa Tak kK€, KaK M AOPO aToMa, 00eCHeIUBAET HENPEPHIBHEIN
IIPOLIECC IEpPexosa IMOIVIOMAEeMOro M3 OKPYXAIOIMIEro IIPOCTPaHCTBA
razoobpazHoro 3¢mpa B xuAKyo ¢aly. BemuunHa pacxona
MOrJIOIIAaeMOro 3TOH HHUTBIO 3pupa q, IOBUAUMOMY, CBS3aHa C
BEJIMIHMHOH MAacChl SJIEKTPOHA M 3aBHCHUMOCTBIO (3.4). B cymme ¢
MacCCOi MPOTOHAa OHM PaBHBI Macce aToMa BOJAOpPO/a.

Jing Toro, 4roOBl OIIEHUTH BEIMYWHEI OKPYXXHBIX U OCEBBIX
CKCpPOCTE#l BHYTPH BHEHOIHETO Ta30BOI0 H BHYTPEHHETO IKHUIKOIO
KONBIEBBIX 2(DUPHBIX BUXPEH 06paTUMCS K U3BECTHOMY PEIICHHIO JUIA
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Te4eHMs BHYTPH H CHapyXu OECKOHEYHOIO NPAMOIMHENHOro BHXpS
[15]. Ilomaraem, 910 OHO YacCTHYHO OTpaXaeT 3aKOHOMEPHOCTH
TCUCHUA B DJ(UPHEIX Ta3oBOM M JKMIAKOM KOJBIEBBIX BHXPSX.
CornacHo 3TOMY DEIICHHIO BBIDXEHHsS IS OKPYKHBIX CKOPOCTEH
BHYTPH ¥ CHApY>KH BUXDS paguyca 1, AMEIOT BHJ

U=ar, (14.1)
U=I2nr (14.2)

3aecs I - UPKYIALMS CKOPOCTH, ITOACYUTAHHAS 110 TPAHUIIE BUXDS.
I'=27r,Uy=2n0r, (14.3)

Uy, - OKpPYXHas CKOpOCTh Ha TpaHHMIlE BHXpS. JIaBICHMS B neHTpe M
Ha TpaHuie Buxps mpHu r =0 u r=r, onpeaeaaorcs GopMylamu

P Po-PeU” 1o/2 (14.4)

Po=Pe-PeU u0/2 " (14.5)

BennunHa AaBICHUS B HEBO3MYIIEHHOM IIOTOKE 3(hupa p. Gniia

ompeneneHa dopMmyioit (7.4) kak  p.~6,426-10° H/M*. Tloacraum

JABJICHHE HA TPAHHUIC BUXpS P, U3 BhIpaxeHud (14.5) B BupaxkeHue

(14.4). PesynsraT pa3pemuM OTHOCHTEIBLHO OKPY)KHOM CKOpocTH Ha

IrpaHUIIE BUXPS
Uio =\/p "p_p = (14.6)

Ecnu npennonoXurs, YTO B IEHTPE BHXPS NaBlI€HHE p,=0, TO
ckopocts Uy, Oyzmer paBHa

P, \/6.426-1025
p, |\ 119-10°

Ota ckopocTh cocTaBiier 0,774 OT CKOpPOCTH CBETA, YTO BIIOJIHE
OllpaBABIBAET HAIIC NPENIIOIOKEHNEe 00 OrPOMHOM CKOPOCTH 3hupa B
BUXPEBOM KOJblle. TeM Ooiee, 9TO IOMHUMO OKPYKHON CKOPOCTH eIie
HMEET MECTO IBIDKEHHE CTPYH BIOJIb OCH BHXPEBOI0 KOJIBIA.

ITonytHO chopMynmpyeM  HOCTYJIAT O HANPABJICHUH 0CEBOI0
IBMKEHHS >GHpa B BHXPEBOM KOJBIE — OCEBOE TEYCHHUE B
BHXpEBOM 3(HpPHOM KOJIbLE HANpPaBICHO ITPOTHMB YacOBOH CTpekw,

€CIH CMOTPETh Ha KOIBIO CO CTOpPOHBI BBIIYBA CTpyH U3
IIEHTPAIbHOTO OTBEPCTHUS KOJIBIIA.

[IpoBeneM  nNpUOMDKEHHYIO  KOJIMYECTBEHHYIO  OIIEHKY
BEJIMYMHBI OCEBOH CKOPOCTH. 71 3TOr0 KPyIiloe MOIIEPEYHOE CEUECHHUE
BUXPEBOTO KOJBIAa pajuyca I, 3aMEHHMM KBaJIpaTHBIM CE€YESHHUEM CO
cTopoHaMu 2r,. Macca xonblia ¢ KBaApaTHEIM CeueHuEM Oy et

M=41° 2MTe,pe= 8N oPelcp (14.8)
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3nech Top=(To1102)/2, I,~BHYTPEHHHH paJuyC BUXPEBOTO KOMBLA.
IlearpobexHas cwila 3TOM MAacChl, UMewmen ckopocts U, BAOIb
xomblia , Oyaer Fge= mU%/t,=8nr’.p.U%. llenrpobexHas cuia
YPaBHOBEINMBAECTCA IIepelaioM CHII JABJICHHS CHAapyXH H BHYTPH
BUXPEBOTO KONbIIa C KBaApaTHRIM cedeHueM . IIpu 3ToM naBneHue Ha
BCE# MOBEPXHOCTH KOJIBIIA OAMHAKOBO U PABHO Do,

F=4mpoto(2reH o) -4TMPoT ooz =8Pt o

[IpupaBusieM cwiIy naBileHHS B IeHTpoOexHyro cuiry. Ilocne

COKpaImIcHUH ITOIyIHUM BEIPAXKEHHE I8 OKPYKHOI CKOPOCTH

Us=+p,/p, =1,64-10°m/c (14.9)

JlaBlleHHe Ha BEPXHEH IpaHMIE BUXPS omnpeaeiercs no ¢popmyie
(14.5) kak  po=pe-psU>,/2=3,208-10* H/m*. CyMmapHas CKOpOCTb Ha
IIOBEPXHOCTH BUXPEBOTO Kojblla Oyzer

Wo= VU? +U%, =284-10°wc (14.10)
OTa CKOpPOCTH MOJdy4eHa 0€3 ydeTa CKMMAaeMOCTH d(PUPHOro rasa.
YuureiBad, 9To quciio Maxa Bequko M=W,/C=0,948, nepecuuraem
IUIOTHOCTH M AaBlI€HHe >bupa ¢ BemwuuH pe=1,19-10°kr/M u
Po=3,208-10°H/™*, monyueHHBIX mp M=0, K 3HAYCHWAM Pecx U
Pocx  IIPH YHCIE =0,948 mo dopmynam (7.21). Ilomyqaum
Pecsx=0,802-10°KT/M H Pocx=2,024-10”H/M* u 3aTeM mo dopMyaam
(14.7),(14.9) u (14.10) raxoguM HOBEIE€ 3HAYCHHMA CKOPOCTEH M THCIA
M s¢upHOTo raza Ha HOBEPXHOCTH BHXPA
Un=2,83-10° m/c, U,=1,589-10° m/c, W,=3,24-10°w/c,
M=W,/C=1,082. (14.11)
Haigee npoBeaeM BTOPOE M TpPETbe NPUOMDKEHNA B TOM IKE
nopsake. Ilpouecc Ovictpo cxomumtca. ITostomy 3Hadenma (14.11)
IIPEMEM I JanbHenmero anannsa. [Ipu 3ToM HyXKHO YIHTBEIBATh, 9TO
Halll aHaJIU3 HOCWI MNpUOJIU3UTENbHBIN, OLIEHOYHBIM  XapakTep.
Dopmyna (14.9) onpenender cpenHee Mo CeYSHUI0 BUXPEBOTO KOJIbIIA
3HAQ4EHUE OCEBOM CKOPOCTH. DTa CKOPOCTh HECOMHEHHO H3MEHACTCH
BOJNbL paguyca. Ha BepxHel NOBEPXHOCTH KOJBIIEBOTO BHXpS, TIE
OKpPY>KHas CKOPOCTh paBHa CKOPOCTH CBETa, OCEBasi CKOPOCTh pPaBHA
(wn Onm3ka) HyTIO, a B IEHTPE CEYeHHS, I/Ie¢ OKpYXHasd CKOpPOCTh
paBHa HYJIO, OCEBas CKOPOCTh paBHA CKOPOCTH CBETA B IyCTOTE. B
COOTBETCTBHH C MU3JIOKEHHBIMM COOOpaXEHHMAMH H300pa3uM Ha
puc.14.1 BHXpeBYIO CXeMy aTOMa BOZOPOZA M SIIOPHl OKPYXKHOH H
OCEBOH CKOPOCTEH B CEYCHMAX BHXPEBOTO KOJblA. Mexay ra3oBeIM H
KAAKUM 3PUPHEIMM BUXPAMH CYIIECTBYET IIPOCKAIb3BIBaHUE, TAK KaK
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OKPY>XHBEIE CKOPOCTH Ha IpaHHUIaX 3THX BHUXpPEl HE PaBHBI MEXIY
cofoif. VrioBas CKOpOCTH BpalieHUs Ia30BOTO BHXPEBOro 'KOJbIA
BOKPDYT €r0 OCH IIpH IPHHATBHIX BEJIMYMHAX OKPYXHOM M OCEBOH
CKOpocTel Oyzer

Du=Uo.a/Tea=C/1o.=3-10%/10"°=3.10" ¢! (14.12)
Pajuyc aToMa BoZopofia cornacHo [22] nMeet 3Hadenue 1,,=10" m.

Y — 7

UnFC;

Vol _
| Puc.14.1
Ecnim momyCTuTh, YTO YIJIOBasS CKOPOCTh BpalleHHs KHIKOIO
3pUpHOr0 BHUXPA-IIPOTOHA PaBHA YIJIOBOM CKOPOCTH BpallleHUA
ra3oBoro 3QHUpPHOTO BUXPs, OKPYKAIONIIETO SAPO
Ou=0y= 3-10"% ¢, (14.13)
TO OKpPYXHas CKOPOCTE Ha MOBEPXHOCTH fAapa OyZeT CYILEeCTBEHHO
MEHBIIIE OKPYKHO¥M CKOPOCTH Ha MOBEPXHOCTHU Ia30BOT'0 BHXPS
Uo-=0sLo=310° M/c (14.14)
Pangumyc sigpa atoma Bogopozaa OvUI oncHEH B omuiTe Pesepdopaa
[22] kak 1,,=10"°M. VIioBas CKOpPOCTb BpallleHHS SApa BOKPYT
IIEHTPAJILHOH OCH CHMMETPHUM BHXPEBHIX KOJIeI aToMa, KaKk BUAHO U3
puc.14.1

®yz =Upo-2/Tor=Una/T0a=C/T0s=3-10"5¢” (14.15)

ITomy4ue 3HAYEHNUA YTJIOBBIX, OKPYKHEIX U OCEBRIX CKOPOCTEH, MBI
MOXKEM TEIeph MPOBEPUTH, HE OYIYT U aTOM M €ro SApo pa3sopBaHbL
IHEHTpOOSKHBIMI CHIIaMH. {711 5TOr0 BBIAENIMM CETMEHT BHUXPEBOIo
KOJIbIla €IHHIYHOM MIMPHHEI, Kak Moka3aHo Ha puc.14.2. Macca »Toro
CerMeHTa

dm=pr,’d0/2 (14.16)
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Ha 31y Maccy, (LleHTp Macc pacnosioxeH Ha pacCTOAHUH Iy, =2/3-T,
OT OCH BpPaOICHHA; L,=T:()), BpalIaIONIyIoCsa C YIJIOBOH CKOPOCTRIO 0,
IOCUCTBYET eATpobexHas cuna
dF6=3v,°dm/2r,=pr,’d6/3 (14.17)
Ora cHlla yPaBHOBEIIMBAETCS CHJIOH BHCIIHETO  JIaBJICHMA,
OEUCTBYIONIECH HA IIOBEPXHOCTH CETMEHTA
dF;=p.r.d0 (14.18)
Yro6nl CErMEHT BHXPEBOro KOJbIA He ORI pa3opBaH LEHTPOOEKHON
CHJION, OJIKHO BEITIONIHATECS HEPABECHCTBO
dF¢/dF,<1. (14.19)
IImOTHOCTE BELIECTBA pacCMaTPUBAEMOIO =
BHXPEBOI'0 KOJIbIIa MOXKHO OLEHHTh Kak do
OTHOIIEHME €ro Macchl m Kk 00beMy
p=3m/4nr,’ (14.20)
IToocraBum 310 3Hauenue B (14.17),
IIOJIYYHM YCIOBHE pa3pynICHUA
BHXPEBOr0  KONbIA LEHTPOOEKHBIMU
CHIaMH
dF¢/dF,=ma’/4nr,p>1  (14.21) Puc.14.2
Ilns aroma Bomopoma (m=1,673-10%kr,, ©=3-10"%¢"!, r=10""m
pe=6,426°1025H/M2) IOJTY9UM an(,/de=0,187o10'6<<1. To ecTp aTOMy
BOJIOpOJia pa3spyuieHue He yrpoxaer. g sAzapa aroma BOAopoza-
IPOTOHA (ro=10'15M) nmeem  dF,¢/dF,=0,0187<l. CnenmoBarensHo,
AOPO aTroMa TaKXKe He MoXeT OBITh pa30opBaHO UEHTPOOEKHBIMH
cutamMi. XOTS B 3TOM CIIyda€ HPEBOCXOACTBO CHWJI HABJICHHA HAaJ
LEHTPOOEKHBEIMH HE CTOJIb BEJIHKO.

Taxum obpasoMm, mepexon rasoo0fpassoro 3¢upa B 3PHpHYIO
KAAKOCTHL BHYTPH ATOMOB, COCTABJISIOIIAX TeJa, 00ecrneanBaeT,
0 HAIEMY MHEHMIO, IpOHecC NOLJOIIeHHUN MAaTepHAJbHLIMH
TeJIaMu ddHpa U3 0 alolero npocrpancrea (moasa >dupa). B
Pe3yALTATE 3TOr9 OKOJO MATEPHAJBHBIX TEA OT JJAEMEHTAPHBLIX
YACTHI 10 OrPOMHBIX _KOCMHYECKHX O00BLEKTOB BO3HHKAIOT

PAANATLHBIC TeUEHNS, HANPABJICHHBbIE BHYTPb 3THX TeJl.
ITponecc mepexona rasoobpasHoro 3¢upa B xkKuAKYH ¢asy u3-3a

MajIbIX pa3sMepoB aroMoB 3(¢Hpa, pPaclIoNaraloluxcd B SIpe
MaTE€pUAIILHOI'O aToMa BIUIOTHYIO APYT K JPYry, He IPUBOJAUT K
3aMETHOMY pPOCTy pa3MmepoB fnpa. CrenoBaTelIlbHO, YBEIMICHUE AIPa
aTOMa MOXET pacTATMBaTbCS Ha IIUTEIHHOE BpeMd, obecrieynBad
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HEeNMpEpPhIBHEIA  mpollecc momiomieHus rasoobpasHoro  3¢upa
MaTepHabHEIMH TEJIaMH B TeYeHHH MHOTMX MIJUIHAPAOB JIET.
OuenuM Jajiee, CKONBKO BpeMeHH o0beM siapa aToMa BOAOpOJa
OymeT 3almoONMHATHCH KUAKUM dPupoM. B NOHATHAX IUIOTHOCTH
BEECTBa IUIOTHOCTS SApa aToMa BoIopoAa uMeeT nopsaaok [19]
p, =10"%xr/™’ (14.22)
Koapdunuent ckopoctn oOpa3zoBanms MacChl Kk IT03BOJIAET
IMepPecUnTaTh STy BeNMYMHY K €IWHHIAM IUIOTHOCTH 3¢upa B
cooTBeTcTBHH ¢ (6.6)
De=Pr-k = 10'%.3,36:10"7 =3,36- 10*° xr/m’ . (14.23)
OTO IUIOTHOCTh KHAKOIO fAapa aroMa BOAOPOAA, BhIpayKEHHAsA B
eOUHULaX IUIOTHOCTH CcBoOogmHoro ddupa. [MHanee sanumem
€XXECEeKYHIHBIM pacxon 3(upa, moriomaeMoro aToMoM BoAopoaa
Q=S,V:p~4nr’;, Vipe (14.24)
Ecin Becs 00beM fpa aroMa Bogopona W, 3aIllOJHUTD KUIKHAM
3¢HpoM, TO ero macca Oyaer
M,=W 06 =47 oz e/ 3 (14.25)
CrnenoBatensHO, BpeMs, MOTpeOHOE AJis HAKOIUICHUSA 3TOHM MACChI
OyZeT IpHMepHO PABHO
4”.7.:2 .pe—z /3 — rOZ .pe—z
dn-rl-V,-p, ,p,
3nech r°z=10'15M, pe-z=3,36-1035KI‘/M3’ p¢,=1,19-1091<r/M3 . Ckopocth
V; nopcuutkBaercsa o dopmyie (3.8) mix m,~1,67-10%kr , r=r,,. B
pe3yJIbTaTe Ha IpaHHUIle fpa aToOMa BOAOPOJa CKOPOCTh ddupa Oyer
V=0,112-10°w/c, a Bpems 3aTpaumBaeMoe Ha 3amONHeHHWEe 0OBEMA
A7pa aToMa BoJOpoja XHAKMM 3bupoM t=8,4-10'7c=26,7Mupm.jer.

JTO BpeMs HMeeT MOPAAOK CPOKa KHU3HK BcenenHoM, OTBOAUMOro €it
aCTPOHOMHUEH.

IIpenioxkeHdas BUXpeBas YQUpoINHAMAYECKAS MOIeIb ATOMA
BOOPOJA HE CONAEPKHAT NIEKTPOHOB. MBI mojiaraeM, YTo 3JeKTPOH
hopmupyvercs Bo30YKICHHLIM ATOMOM B MOMEHT BhLIOpOCa CTPYHM
3pupa ¥M3 HeAp HOCHeAHero. JTOT NPOIecC JINTCH HEI0JAro |

ABJASACTCH COCTABJAAIONIEH YACTHIO AKTA TBOPEHHMS MATEPHMH M3
a¢upa. Takas cxema aromMa BOZOpPOJAa B OIPEICICHHOM Mepe

COOTBETCTBYeT mpencraBieHuaIM bopa [22] o6 3jexkTpoHHOM OOjaKe

HJIH JIEKTPOHE, Pa3Ma3aHHOM 1o opOure BHyTpu aroMa. [Ipu sToMm He

OynmerT ImpOTHBOpEYMiI MeXOy 3aKOHaMH KJIACCHYECKOH MEXaHWKH |

MEXaHMKOM MHKpPOMHpa, B KOTOPOH  3JIEKTPOH, MMEHOIIUN

JNEKTPUIECKIII 3apfsJ M BpallalOmIuHCA C  LEHTPOOEKHEIM
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YCKOpEHHEM Ha OpOUTe BHYTpH aToMa, TEM He MEHee He M3JIydacT
ayducTyio sHeprmro. Her amexTpona, Her m wm3mydeHus. Bce
HaXOJMUTCA B TapMOHMYECKOM COOTBeTCcTBHHU. IIpemyioxkeHHas 34€Ch
3(UpOAUHAMHYECKas BUXpeBas MOAEIbL aromMa Boxopojda Oyner

COBEPIICHCTBOBATHCA U ACTAIBHO OOCYXAATHCA ¢ Pa3HbIX MO3MIMI B
MOCIIEAYIOIMIMX pa3eiaX KHUTH.

15. O sapepHoii mogenu aToma Pe3epdopaa.
YToyHEHHe NPEeICTABIEHAH 0 CTPYKTYpe IPOTOHA
A HEMTPOHA.

B snepHo#t mozienu aroma Pesepdopaa u BuxpeBoit MoJIeIM aToMa
B Teopun 3dupa B neHTpe Haxomaurca aapo. Moxens Pesepdopra
HajxenseT SOpo aroMa BOAOpPOJa — INPOTOH (M HOPYTHX aTOMOB)
HOJIOKHUTEIBHBIM EKTPUYECKNM 3apaaoM. C MOMOIIBIO 3TOro 3apsama
YACPKUBAIOTCS HAa CBOMX OpOMTaxX OTPHMIATEILHO 3apSHKCHHBIE
AJICKTPOHEI, BpaIalonIuecs BOKPYT Aapa ¢ GoIbmMMY CKOPOCTAMH.

B BuxpeBot MoOZeIM aroMa HET IONOXHTEIBHBIX M
OTpULIATEIBHEIX 3apsAaoB. CrnpammyBacTCid, €CIM HET 3apsKCHHBIX
qacTHI], TO OTKYZa JX€ B3sfNach CHJIA, OTKJIOHAOMAA O-YaCTHIIE,
UCITyCKAEMBIE AApaMM ypaHa IIpd T1oJeTe dYepe3 TOHKYIO
Metauimdeckylo ¢onery? B pesymeraTre 3TOro HabIIOAamoch
paccesHMEe O~-4acTHI[ B BeII[EeCTBE, KOTOpPOE OIpeAesuIoch M0
BCOBEIMKAM (CIJULALMSAM) Ha J3KpaHe, IIOKPHITOM BEIIECTBOM,
CrIOCOOHBIM CBETUTHCSA IPH yape 00 HEro YacCTHIL.

B oskcmepuMeHTre  Halmiogamuch  OTHAEIBHEIE  OL-YaCTHIIBL,
paccessHHble mox yrmoM 9 mo 150°. Pesepdopn mpearmoiarai, 4To o.-
yaCTHI[a, HAJETAIONMad Ha aroM Marepuana 30J0ToH (ONErH,
OTTAIKMBACTCA OT HETO SIePHBIMU JJICKTPUIECCKHMH CHIIAMH, TaK Kak
aTOMHOE AP0 M O-49acTUI]Aa HMEIM MO €ro IpeACTaBICHUAM
TTIOJIOKHUTENBHEIC 3apsabl, IPONOPIHMOHAIBHEIEC YHCIY IPOTOHOB B AApE
P=Z. Z-aTOMHEIi HOMEpP XHMHYECKOTO JJIEMEHTa B Tabiuue
MeHzneneesa. g a-vacTmel Z,=2, g 3000Ta Z1=16. DNEKTPOHEI
BBHIYy MAallOCTH HMX Macc B pacuer He npuHuMmanuck (Puc.15.1).
IIpeamnonaranoch, YTo KHHETHYECKAs SHEPIUs O-4aCTHIEI MEpPEXOANT
B IOTEHIMAJIbHYIO SHEPIHI0O OTTAJKMBAHMA. OTO M ONPEACIIAIO
MHHHMaJIEHOE PaCCTOSIHHUE, TO €CTh pa3Mep 00J1acTH, 3aHATON SOPOM.
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CornacHo Teopuu 3¢pupa C-4acTHIA (SIPO aTOMa rejus) COCTOHT
M3 DJJIEMEHTApHBIX JKHAKMX J(HUPHBIX KOJBIEBBIX BUXpEH. AToM
METALINYECKo# (OJBIHM, CKBO3b KOTOPHIH IpojieraeT  O.-4acTHIIa,
TaKXKe MpeAcTaBiIsgeT co0oi Habop AeMeHTapHBIX KOJBIEBLIX BUXPEH.
Oxpy’>xHasi CKOPOCTH B 3JIEMEHTapHOM ra3oo0pa3HOM BHXpe aroMa
3aIMCBHIBACTCS B BUAE

Uva= 0vr =3-10"%.101°=3.10°w/c (15.1)

3mech T — pacCTOSHHME OT IL[EHTPA CEUeHHUs Aapa aToma B (oibre
JI0 LIeHTpa CedeHns IpoJIeTAIomel O-9acTHIB I=To=10""M. IIponeras
yepe3 aToM O.-4acTHI[a OKAa3blBaeTCA B HEPAaBHOMEPHOM IIOJIE
CKOpPOCTEN.

Puc.15.1 Ilponer o - 9aCTUIBI MUMO SIpa aTOMA.

B aspoansamuxe nokxaszana Teopema H.E. XKvkoBckoro o
NOALEMHOM CHJIE TBE awniag, 4YT0 HA BCAKOE TeJo
HaxoAdNieecss B IOTOKE JMKHIKOCTH WM rasa eficTBYET

nonepevnas (noabeMHas-IIPH PACCMOTPEHHMH IMOJETA CAMOJIETA)
CUIa_ Y, ecl¥ NNPKYJIANNSA CKOPOCTH, NOACYHTAHHAA 10

NEPUMETPY TEj1a, HE paBHA HYJIIO. ITAa CHJIa PABHA IIPOHU3IBECACHNIO
ILIOTHOCTH H CKOPOCTH _HNOTOKAa HA NHPKVIAAINAK CKODPOCTH,

MNOJACUYNMTAHHYIO IO KOHTYPY TECIa

V=pVI/ (15.2)
Cuna 3ammcana a1 mupuHsl Tena £, IIpuMeHHTENRHO K
paccMaTpuBaeMOH 3a7a4€ 0=pe=1,19-10"kr/™’, ro:=10""m,

Dva=0y,=3-10"M, V=U,,..=0valos= C=3-10%m/c (Oepercsa manbomnpmasn
CKOpOCTh CTPYy# 3dupa BHYyTpH rasoBOro KOAbIa aTOMa), IHPKYJISIHA
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CKOPOCTH II0 KOHTYPY 3JIEMEHTApHOI'0 BUXPEBOI'O KOJbLA O.~4aCTHIIBI .
3aMMCHIBACTCA KaK
= =272, U0 =40y, 21 0, =800y, oz (15.3)
Kaxk Buguo u3 puc.15.1 paguyc a-dacTumel paBeH 2r,,, CKOpoCTh
cTpyii 3¢upa BOKpyr LEATpaabHON OCHM CUMMETPHM Ha €€ BepXHEH
rpasuLe Uvoz=Wyz28 oz, Illipuna w9acTULBI B HAMPABICHUU
neHTpanbHoM ocu (ckopocTu mojera) £=2r,,Z,. C yderom 3THX
3HAYCHHI HOPMAJIbHAA CHJIa, AEHCTBYIOMIAS HA O-4AaCTHI[y B MOMEHT
mpojieTa €€ CKBO3b aroM 30J0ToM (onsru mnepHeHauKyJIApHO
HATIPABIEHHIO CKOPOCTH IIOJETa JOJDKHA GBITh yBemmaena B Zg pas. C
rnomomibio (15.2) ona 3anuirercss B BHIE

V=16p.C @, 7> -Z»Z1s (15.4)

VZrOZ
Yrobs!I 3Ta CHiIa MOrJIa OTKIOHUTh O-4acCTHIly Ha OOIbInMe yTJIbI
9, HyxkHO, 4TOOBI OHa OBLIAa TaKOro XKe IIOPSIKa, KaK LeHTpoOexHas
CHJIa, IEHCTBYIONIAaA B MPOTHROIIOIOXKHOM Hampasinenun. [Ipupasasem
3TH CHIIbI

2
m,V

F opb

3mech Topb=ToaT2r0Sles NPEACTAaBIIET COOOH paccTOSHUE OT
LIEHTpa aToMa [0 UEHTpa O-4acTHIbl. M3 3TOro ypaBHEHHA MOIKHO
BBIPA3UTh paguyc fanpa o-dacTUlrl. OH TakoH XKe, KaK y AIpa aToMa.

m,V*
Yoz=Toa™ 3
V 16 ‘P, C- roaa)vzzzzIG

B xadecTBe MacCBHl O-4aCTHILBI B3ATO 3HAUECHHE ma=1,7-10'271<r, B
KauecTBe CKOPOCTH ee IojeTa — 3Hauyenue V=6-10°m/c. Hanpasnenne
JACHCTBHA HOPMaJbHOM CHIIBI JKYKOBCKOTO 3aBHCHT OT HaIpaBlIeHHA
BpanieHud CTpy# 3¢upa BHYTPH BHXPEBOro Kojblia aroMa. Eciu B
aToMe MaTepyalla METAUINYECKON (POJIbru, 4epe3 KOTOPHIN IMPOJIeTaeT
O-4acTUIa, IIOMEHSTh  HANpaBJICHWE  BpalleéHUs CTpyH Ha
IIPOTHBONOJIOXKHOE, TO CHiIa Y CTaHET OTTAJKUBAaTh (~4aCTHLLY, a He
npuTAruBaTh. B Marepuane (onsrM HaBEPHSIKA €CTh TAaKHUE aTOMBI.

P ACCMOTPDEHHAN IIOIIepCUYHAd CHJIA, onpeacjJasicMas TCOEGMOﬁ

JKVYKOBCKOro, M0 mpuHATOH B (GH3NKE TePMHHOJOIMH SBAACTCH
BHYTpHATOMHONH _cmjoii. Ona MoXeT He TONBKO OTKJIOHATH

IIpoJICTAIONIE DJIEMEHTAPHEIE YACTHUIIBI, HO U YJAEpXHUBaTh X APYyT
okoiio apyra. IIpn aToM 6yayT oOpa3oBniBaThes Ooiee CIOXKHBIE sApa,

=167 -p,Co v’ -Z,Z,,. (15.5)

=7,12-10""m (15.6)
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aTOMBl H MOJIEKYJEl.. Bokpyr o6BeguHMBIIMXCH S€p MOIYT
obpazoBeiBaThca oOmme BHXpH 3dupa, co3laBas YCTONIMBEIC

oOpasoBanud. Jr1a cHja o0ycJoBJAeHA BHYTPEHHEH CTPYKTYDPOH
ATOMA M _JIEMEHTAPHBLIX YACTHI] M CBOWCTBAMH NPOMEXKYTOYHOM
cpenbl 3¢upa. ITO NPUHUANAAJILHO OTJAHYAET €€ 0T CHJ MEKIY
JIEKTPHYECKH 3apsikeHHBIMHA _SIPOM  ATOMA W Q-YACTHIEH B
Moaean Pesepdopaa.

IlomyyeHHOe HaMH 3HA4YeHUE paguyca sApa aToMa HECKOJIBKO
IpEBBIIACT pa3sMepsl, moxydeHHble Pesepdopaom (mpumepno B 7,12
pa3). [IpuduHa 3TOro PacXoxACHUSA KPOETCH, IOBUAMMOMY, B TOM, YTO
Ol-4aCTHIIBI, IPOTOHEI ¥ HEHTPOHEI UMEIOT OoJiee CIIOKHYIO CTPYKTYDY,
YeM paccMOTpeHHas 10 cux mop. OHM camMu, XOTS M Ha3bIBAIOTCH
ApaMHd aTOMOB WIH BXOAAT B HX COCTaB, NHPEACTABIAIOT cofoit
ra30BhIE BUXPH, BHYTPH KOTOPHIX HAXOAATCHA MAalleHbKHE sapa M3
xuaxoro ddupa. B mawuoit riraBe Hamu ObUIM ITONYYEHBI 3HAYEHUA
PagMycoB 3THX ra30oBBIX BHXpeEil. Pesepdopna ke mHoilydusa pasMepsl
CaMHX XHIKUX sxep. AMeHHO, ra3oBele BUXPH ONPENEIIAIOT CHIIOBOE
B3aNMOAECHCTBHE MeEXAy dacTulaMu. CBs3Ka XHAKOrO M TIa30BOro
3(UPHBIX BUXPEH, MPEACTaBIAIOMIUX COOOH Aapo aTomMa BOAOPOJA,
HACTONBKO IPOYHASA, YTO MOXET BBIAEPIKaTh COyAapeHHA C aTOMaMH
MaTepuaia ¢oisru B oneiTe Pesepdopaa.

JleliCTBUTENbHO, YTOYHEHHE pPa3sMEpPOB O-YaCTHIl, MOJYYEHHOE
HaMH IIpH aHajgu3e onbita Pe3sepdopaa o0 3HaueHMA pagdyca
ONEPEeYHOr0  CedeHHs Topa I4=7,12:10"°M, mpuBomur K
IapaZoKCaNbHOMY pe3yJbTaTy. B 3TOM ciIydae uX cpefHsA IIOTHOCTE
¥, CJIe0BaTEIbHO, INIOTHOCTE JKHAKOr0 3¢HUpa OKA3bIBAIOTCA MEHBIIIE
NpHM3HAHHON IUIOTHOCTH aTOMHsIX snep p=10"°kr/m’. DToro GwTH He
nopxHo. OTciona cneayer BRIBOJ, YTO CTPYKTYpa HEHTPOHA U IIPOTOHA
Ooee cioxHasA, YeM MBI IIPEANoJIaraiu paHee.

Moxuo mnpencraButh cefe HECKONBKO BO3MOXHBIX CXEM
ycTpoiicTBa npoToHOB. IIpu 3TOM clegyer MOMHMTB, 4YTO 3TO OyzeT
NHINp MPHOMMKEHHE K HMX HCTHHHOMY ycTpoicTBy. Ha puc.15.2
I0Ka3aHa MEpCIIeKTHBHASA HA HAaml B3] CXeMa IPOToHA. B meHTpe
HAaXOJUTCA SKHIOKOE AP0 C pajguycoM I,,=10"°M u mmoTHOCTBIO
p0z=1018KF. Oxono sgpa pacmoiiaraloTcs JBa BHXPEBBIX KOJbIIA K3
ra3oo6pasHoOro 3hupa ¢ pagHycaMi I,=7,12:10"°M. B coorBercTBHE
¢ TeopeMon JKyKOBCKOro CHJEI JABJICHUSA YACPKHUBAIOT 3TH KOJLIA B
CBA3KE APYT OKOJIO APYTa M OKOJIO IEHTPAIBHOIO XKUAKOTO AIpa.
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YtoOB HOpMAaNIbHBEIE CHJIBI IABJIEHUA IMPUTATMBAIN KOJIBIA APYT K
Apyry, Bpamenue 3dupa BHYTPH KOJIEI BOKPYT UX IPOAOJBHBIX OCeil
JIOJDKHO GBITh HANpaBIeHO HAaBCTPedy, Kak [okasaHo Ha cxeme. Kpome
TOTO, HMeeT MECTO BpallleHHe 3¢Hpa BIOJb Ia30oBOrc KOJbBIA C

yrnoaon 'CKOPOCTBIO  (y,=3- .10'%¢!. Ha rpanume xwuaxoro sgpa u
ra3oo0pa3Horo BUXpsS IPOHUCXOIUT Ilepexoi rasoobpasHoro 3¢dupa B
KUKy (asy. B pesymsrate oOpasyercs yCTOHYMBEIH K BHEIIHMM
BO3MYIIECHUSAM BHXPECTOK. 5

['a30BBIli BUXph HEHTPOHA HE MMEET OCEBOTO TEUEHHs CTPYi
BIONb KONBIEBOIO BHXpS, T.K. HMEHHO C OCEBBIM TEUYEHHEM CTPYii
3(bnga CBA3AHO IOHATHE DJIEKTPUUECKHX 3apAOOB IJIEMEHTaPHBIX
JaCTHLL. ‘Bpamenne 3¢upa BHYTpH KOJIEIl BOKPYT HMX TPOJONBHEIX
oCeld, no-BmmMOMy, HAIIpaBjeHO B IPOTHBOIIOJIOKHOM HAapaBICHUH
1o cpaBHeHmo ¢ BpamieHneM 3(HUpHOro rasa B BUXPEBHIX KOJIbIAX
NpOTOHA.

L S 1 Lr "
U 4 oz
U,=C
'/- - ua
b b
“\‘ i
\
U,=C : Bt Yot
[ (2] ()]
" v AR
- ~Joa

’ Puc.15.2 Cxema mmpoToHa

16. Poxaenne 3aexkTporna. CTpykTypa
KOPOTKOKABYIIHAX 3/IeMEHTAPHBIX
JaCTHIl MATCPHH.

B mnpeapimymem pasgene MBI IOPHMIUIA K BBIBOAY, 9TO B
CIIOKOMHOM COCTOSSHUM B aToMe BoAopoja (M APYTMX aToMax)

3JIEKTPOHOB HET. OJNeKTpoH ¢opMupyerca H3 CTpyd 3bupa Ha
pPacCTOfSHHU -1, OT OCH BHXpeBoro koibna (puc.16.1). B MomeHt

BEIOpOCa KOJIBIIEBAA CTPYS HMEET CKOPOCTh U=y, T, B mansueiimem
OHa CTaHOBHTCS CKOPOCTBIO MOCTYNATENbHOI'O ABMKEHHUA 3JIEKTPOHA
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IIpH €ro IMepeMEICHMM B mpocTpaHcTBe. KonbleBod BHXph aroMa
BEIOpaceiBaeT M3 cebI BHUXpEBoe KoJe4yKko 3eKTpoHa. Ero ochb
HaIlpaBJIEHA BAOJIb LIEHTPAIbHON OCH CHMMETPUH aToMa.

Uga=C

Puc.16.1
ITlepBoHa4aabHO rabapUTHl BHXPEBOr0 KOJIbI]A HOBOPOXAECHHOIO
3MEKTpOHA  HMEIOT  pasMepsl  IIOJOBMHBI  pajdyca  aroMa
ra50,5r0a§0,5-10'l°M. B MoMeHT (opMHpOBaHMA  3JIEKTPOHA
BO30Y)KJIEHHBIM aTOMOM OH IIPHOOpETaeT Takylo e Kak y aroMma
YTJIOBYIO CKOPOCTHb CTpyH 3(upa BOKPYT OCH BHXPEBOIo KOJblla, Tak
KaK
Ope=dU,.e/dre=dU,.,/dr, =3-10"%," (16.1)
CorimacHo cpopMyJIMpOBAHHOMY paHee I[OCTYyJaTy OCEBOE
BpalllcHHE BHYTPH HOBOPOXJICHHOI'O KOJblla HAIPaBIEHO IPOTHB
YaCOBOM CTPENKH, €CIIM CMOTPETh HA HET'O CO CTOPOHBI BEIAYBA CTPY.
Benrguna 0ceBoil YIIIoBOH CKOPOCTH , IepBOHA4aIbHO Mana. Ho
IpH CXATHM BHXPEBOrO KOJbI[A OHA YBEIUYHBAECTCA U B YXKe
chOpMUPOBABIIEMCS 3JIEKTPOHE TOCTUTAET 3HAYCHUA
Wy.=3-10"" (16.2)
Hanpapnenue BpaleHHS CTpyH BIOJIb BHXPEBOrO KOJbIA
3JIEKTPOHA HANPABJIEHO B IPOTHBOINOIOXKHYIO CTOPOHY O CPaBHEHMIO
C IPOTOHOM, €CJIM CMOTPETh HA HHUX CO CTOPOHK! BELIYBa CTPYH é@pes
MX LEHTPAILHEIE OTBEPCTHSA. DTO BaAXHO OTMETHTb, TaK KAK H3
MaTepHajia NMoCaeAyOMMX IV1aB OyeT MOHATHO, 9TO OT ATOrO, 3aBUCUT
3HAK JIEKTPUIECKOro 3apAia 3TUX JACTHII. . |
PaccmoTpuM, 9TO  NpPOM3OHAET IOpH  YMEHbIICHHH
HOBOPOKAECHHOIO BUXPEBOro KOJblia 4O pa3MepoB 3iaekTpoHa. O6neM
KOMBIE W=27"T 1% Macca ahupa BHYTPH KOIBIEA M=27"0e Lol o-el-
79



MOMEHT KONMYECTBA ABIKCHAS Macchl >(hHpa BHYTPH BHXPEBOrO
KOIBIA I=mro,Uy=27"pel bl 0.1y, IIpH M3MEHEHHH Toi, BHXPEBOTO
KOIBIA N0 Pa3MePa I, MOMEHT KOJMYECTBA ABIKEHHS IOJDKEH
COXPaHHTh CBOE 3HAYEHME 33 CUET YBEJIMHYCHHS YITIOBOH CKOPOCTH

BpallieHUd 0 3HA4YEHUT M. .1103TOMY MOXHO 3a11Mcarh
I=27'52Pe1'3 orbl':Z o-elmv=2n2perso-elmv-el (16.3 )
31eCh. )\
Too=10"" M, 1,4=0,5-10"" M, w,.=3-10'5", (16.4)
OTcro712a MOXKHO HaliTH HaYaNnbHOE 3HAYEHUE YIVIOBOI CKOPOCTH O, B
OoNBIIOM HOBOPOXXAEHHOM BHXPEBOM KOJIbIIE 3JIEKTPOHA
O =0y.oit 061/ T ory=3-10%" (16.5)

DTO OTHOCHTENbHO MaNeHbKas BelMyuHA. [IpM JOCTIKEHHH
OoNbIIMX  3HAYEHUH  YIVIOBRIX  CKOPOCTEH,  OmpelensieMBIX
BeIpakeHUIMH (16.1) u (16.2), BHYTpM BHXpPEBOTO KONBIA 3IEKTPOHA
BKJIIOYAETCS MEXaHU3M Nepexoja >(pupa B KuAKyo ¢asy u B cepeinHe
BHXpPEBOro KOJbIla HauyMHaeT OOpa30oBBIBATHCA BHXPEBas HUTH U3
XKUAKoro 3¢dupa. DJEKTPOH CTAHOBHTCH BHXPECTOKOM, TO €CTh
CTaOWJIBHOH, [ONTO JKMBYIIEH 3JIeMEHTapHON dactuieii. PasMmepnl y
3NEKTPOHA Takue Xe, Kak y mnporoHa. HelTpoH orindaercs or
IIPOTOHA TOJBKO OTCYTCTBHEM B €r'0 BHXPEBOM KOJBIIE OCEBOIO
BpallleHus CTpyi. ¥ Hero y,=0. M3-3a 3TO0r0 HeUTpOH HE HeECeT
JIEKTpUdeckoro 3apsaaa. Ilo3uTpoH ABIAETCA TEM XKe DIIEKTPOHOM,
KOTOpHIA Oyaydn BEIOPOIIEHHBIM M3 BEIIECTBA B CHIY KaKHX-TO
KaTaKIM3MOB,  BBIHYXIEH  [JBHIaThCS  KDAaTKOBPEMEHHO B
IIPOTHBOECTECTBEHHOM I BHXPEBOI'0 KOJbIIa HAIIPABJICHUM, TO €CTh
B CTOPOHY BAyBa CTpyd »dupa BHYTPb LEHTPAIBHOIO OTBEPCTHA.
3nech Hame MHEHHE coBmagaeT ¢ paborou [17]. Takoe nsrkeHue
MOXeT OBITb TOJNBKO BBIHYXKAEHHBIM M  KpPaTKOBpPEMEHHBIM.
Benencreue TOro, 9T0 NpH 3TOM MEHSAETCS HANPaBICHUE BpPaIICHUS
CTpyil BJOJIb BHXPEBOTO KOjblla IO OTHOIIEHHUIO K HAIpPaBJICHUIO
HOCTYNATEIbHOTO  JBHIKEHUA, BO3HUKaeT oOpaTHas KapTUHA
B3aMMOJEHCTBHA C SJIEKTPOMAarHUTHBIMH IOIAMHU. B pesynsraTe 3TON
JACTHUIIC MPHUIINCHIBACTCA B OTJIMYHE OT 3JIEKTPOHA ITOJIOKUTEILHBIN
ANEKTPHIECKUI 3aps.

ITpo GonpmIol OTPsA KOPOTKOXKHMBYIIMX JIEMEHTAPHBIX YAaCTHI[ U
aHTUYIACTHI[ MOKHO IMOBTOPUTH CKa3aHHOE PaHEE. DTH YaCTHULbI TAKXKE
NPEACTaBIMIOT Cco0oit pasnmuuHbie mo (Qopme sQUpHBIE BHXPH,
BO3HHKaromue B 3pupe mpu OombGapaupoBke BemiecTBa o H f3
JacTMIIAMM M JApyTruX KaTtaknu3max. OaHako, yIrjIOBEIE CKOPOCIH B
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3THX BHXPAX HE Habpamy Hy)XHOH BEJMUMHEI mopsaka o=3-10"%¢.
IToaToMy B HHX HE BKIIOYACTCA MEXaHH3M Iepexona 3¢upa B :KHIKYIO
dasy u BUXpEYACTHUHBI OBICTPO MEPEMONHSIOTCH IIOTJIOIEHHBIM
s¢pupoM. TONBKO Ha OYE€Hb KOPOTKOE BpEMA OHHM CTAaHOBATCA
BUXPECTOKAMH W HA4YHHAIOT IOrAoIare 3GHP H3 OKPYXAIOMEro
IPOCTPaHCTBA. JTOT IPOLIECC HAJAENsSeT MX Ha 3TO BpeMs MaCCoi,
BECOM H JJIEKTPHYIECKHM 3apsaoM. OLHAKO CPOK UX KHM3HH OYEHBb Mal,
T.K. IPAKTHYECKH MTHOBEHHO BHYTPH HMX MOBBINIACTCS HABICHHE H
IpOLIECC MOTNIoIleHMA d¢upa npexkpamaercs. KOpOTKOXKHBYIIHE
JACTHIIEI OTIMYAIOTCA OT KOPOTKOXXHBYIIUX AaHTHYACTHI] TOJILKO
HaIpaBJIeHHEM IBIKEHHMA MO0 B CTOPOHY BEIAyBa CTPYH 3dupa us
IIEHTPAIBHOTO OTBEPCTHA BHXPEKOJblla, JuUO0 B oOpaTHOM
HAllpaBiIeHMH. IIpH 3TOM H3MEHAETCI YW HX B3anmMoJeicTBHE C
3JIEKTPOMArHUTHEIM TIOJIEM.

17. CnuH 371eKTPOHA

W3BeCTHO, 9TO BpaIEHHE JIEKTPOHA BOKPYT €r0 OCH CBA3BIBAIOT C
IOHATHEM cnHHA 3MeKTpoHa [22]. CIIMHOM »JJIEeKTpOHA HA3LIBACTCSH
BHYTPEHHHI MOMEHT MMITyJibca (KOJIMYeCTBa ABIDKEHNA) dacTuInl. I1o
KBAaHTOBOH TEOPHHU OH PAaBEH

Isp=th/41=0,525-10" Tx-c, (17.1)
rae Isg-TIpoekiusd CNHHA Ha HampaBlIcHWE MHAYKIHH B BHemmHero
MarHuTHOTO TIOJIA.

Crpyn >0dupa BHYTPH BHXPE3TIEKTPOHA BpPAIAIOTCS BOKPYT OCH
CHMMETDHH KOJIbIIa C YTIIOBOM CKOPOCTBIO y.e=3-10"°c™. ®opmyma
(16.3) maeT BHIpaXKeHHE MOMEHTa KOJIMIECTBA ABHKEHHA Macchl d(upa
BHYTPH KoJjiblla. OHO JOIDKHO PaBHATHCS CITMHY JJICKTPOHA

I= 2MPe Popbt”o-ciy-el. (17.2)
Eciu OpuHATD Topb=To-e1, TO
[=2T Dl o.c10y-ei=h/4T (17.3)

Ilomaraem BeNMWYHHY CIHHA OJIEKTPOHA OOLIeNpH3HAHHOU
BesmuuHOM. [Toaromy ncnonp3yem 3nHauenms (17.1) u popmyiry (17.3)
IS OTIIPEIEICHHS BEIUYHHEL paguyca IEKTPOHA

ro=1/27° p,m,_, =2,36-10"m (17.4)

3mech ciegyeTr OTMETHTb, 4YTO B JIMTEpaType pasjin4yaroT
3JICKTPOHEI, CBfA3aHHBIE B aToMaxX, CBOOOAHBIE JJIEKTPOHEI H
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3JIEKTPOHBI, BEICTYINAIONIHE B POJIH HOCHTENeH siekrpudecTBa. MXx
pa3MepEI OLICHUBAKOTCS B JIUTEPATYPE 110 PA3HOMY B IIpeenax Ioe=
10°5....10?m. TTosToMy Ha 3TOM 3Tame HPOCTO NPHMEM HOIydeHHOE
HaMH 3Ha4YCHHUE K CBEICHMIO. BO3MOXHO, B NIOCIEAYIOIIKX IJ1aBaX MBI
HOIYYHM MOATBEPKIACHUE HIH YTOYHEHUE ITOTO 3HAYEHMUS.

18. JpuporunaMuYecKas NPUPOAA BOJIH
ne bporsi.

L

Pag ¢usuueckux sABICHMM YKa3RIBAET HA CBA3h MEXIY
pacIpOCTpaHEHUEM JIyYHCTOH SHEpruM U ABMIKEHHUEM BIIEMEHTApPHBIX
gactull. OKa3anoch, 49TO BCAKAad MABIDKYIIAsCAd 4YacTHIla MaTepHu
CBA3aHA C HEKOTOPBIM KOJeOaTeNbHBIM, TO €CTh C BOJHOBBIM
IIPOLICCCOM.

OmneITel  IMOKa3ajny, YTO0 IIPH OTPAXKEHHH DIEKTPOHOB OT
KPUCTAIIHYECKOH ITOBEPXHOCTH B PALE CIy4aeB HAPyMAKTCS 3aKOHBI
reoMerpudeckoi ontukud. CxeMy OmeITa MOXKHO Hautu B [22]. Ilpn
33JaHHOM YIUVIE MAfCHUS DJICKTPOHEI OTPAXAIOTCA OT MOBEPXHOCTH
KpHUCTalla I1of pa3HBIMH yTJIaMH. JTO SBJIEHHNE HMEET MECTO, KOorjaa
MEXXATOMHBIE PACCTOAHMS Y KPHCTAJLIa HMEIOT HOPATOK (10...107)m.
Ecnu 3ti paccTosHMS CymiecTBEHHO Oonbmie MM MeHsIle, 3¢dext
HCYEC3aeT.

Ecniy mocTpouTs muarpaMMy pacrpeleieHHS II0 HAIpaBICHHUAM
9yCcia 3IEKTPOHOB, PACCESHHBIX DU OTPAXKEHHH OT KPUCTAIMYECKOM
MMIIEHH, TO OHAa Oyaer HalnOMUHATP KAPTUHY AuUPpaKImu
PEHTTCHOBCKUX Nyded. B auarpamme anuHa paguyca, IIpOBEICHHOIO
U3 IICHTpa MUILECHH, OepeTcs MpONMOPIMOHATILHON 4HCITY 3JIEKTPOHOB,
OTPaXXeHHBIX NMOJ AaHHEIM YIJIOM. YT'OI MagCHHMA HEPBHYHOrO IIydKa
3IEeKTPOHOB 33/1aH.

YIUBHTEIBHEIM SABISETCS TO, 4YTO B OJHMX HaMPaBICHUIX
Ha0TI0AAI0TCS MAaKCHMyMBl 9HCHIAa OTPaKEHHBIX JJIEKTPOHOB, a4 B
JPYIruX MUHUMYMEL. W 3TO IIPOMCXOINUT IIPH TOM, 9TO pacCIpencicHue
BJACKTPOHOB B  IIy4Ke  H3HAYaJbHO OBI0O  paBHOMEPHBIM.
CropammuBaercs, 9TO XK€ MOITIO B IIpOIECCe IIOEeTa 3IEKTPOHOB B
IIy4Ke 10 HAMPaBICHUIO K DKpaHy pacCOPTHPOBATH UX B IUIOTHBIC H
pa3peKEHHBIE CIION?

J10 ABICHME Ha3Bamu AU(paKIHell 1o aHAJIOrWH C IudpaxKiueH
CBETOBEIX M PEHTTCHOBCKHUX JIydei. Ilo3xke BHIACHUIOCH, YTO APYrHe
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AJIEMEHTApHBIE 9acTUIlbl, HAIIpUMEP, IPOTOHBI, ATOMBI H OTHAENbHEIE
MOJIEKYJIBI TaK)K€ MOABEPKEHBI TUPPAKIIHH.

Eme Oomee yzauBUTENRHO, 4YTO JUPPAKUHOHHBIE KAPTHHEI
HaOMIOal0TCS HE TONBKO IS ITyYKOB ONHOBPEMEHHO NBHXKYIHUXCS
YACTULl, HO U I OTACIBHBIX OJMHOYHBIX YA4CTHII, II00YEPETHO
NeTAIUX Ha KpHcTaimdeckuid JkpadH. I[locine MHOrokparsoro
“obcTpena” MeTaIUMYECKOW ILIEHKH MOHOKPHMCTAIa OJHMHOYHEIMH
IEKTpOHaAMHU Habjrodanace Takad ke nudpakuvOHHAA KapTHHA, Kak
IIpH TIPOXOXKJAEHUM ITy4yka. Kak BAMJAET OAUH SJIEKTPOH HA APYTroH, Ja
enle 1o HPOILIECTBUM WHTEpPBajla BPEMEHHU, KOT/Ia OH HAXOMHMTCH YIKE
COBCEM B OIPYTOM MECTE, HEH3BECTHO.

@OpaHLy3CKHH YYeHBHIH JO¢ bpoilnb, mneITadCh COrNacoBaTh
BOJIHOBYI0O H KBAaHTOBYK TECODHH, BBIIBHHYJ] THIIOTE3Y, UYTO
KOPITyCKYJIIPHO-BOJIHOBAs IBOMCTBEHHOCTD, XapaKTEPHas /I CBETA H
NEKTPOMATHUTHOTO TIOJIf, MKMEET YHHUBEPCAIBHBIM  XapakTep.
CornacHO 3TOM THNOTE3€ CO BCSIKOW 4aCTHUIIEH, UMEIOMENR Maccy m H
IBHXYIIEUCSA CO CKOPOCTBIO V, CBA3aHO paclpoCTpaHeHWe BOJHBI 1€
bpoitna. Jnnsea neOpoiiieBoil BOIHBI OIPEAENICTCA 3HAMEHHTOM
bopmynoit ne bpoiinsa

A= e . 18.1)
mV

3necs h=6,626-10"*1Tx-c=6,54-10?"3pr-c — mocrosaras Ilnanka. Ona
BXOJIUT BO BTOpoH mocrynar bopa, yTBepKOAXOMUH, YTO 3JIESKTPOH
MOKET BpaIaThCs BOKPYT AApa aToMa TOJIBKO O KPYTrOBBIM OpOHTaM,

JIS KOTOPHIX BRITIOJTHAETCS PABEHCTBO
27T opbUopb Mei=nh , (18.2)
TI€ M, — Macca IEKTPOHA; Iopy — PAAUYC OPOHTHI 3TOrO 3IEKTPOHA
IPF BpamieHHH BOKpyr sgpa aroMa; Uy, —OKpYXKHAs CKOPOCTH
3JIEKTpOHA Ha opOHTEe; N — LEI0€ YHCIO0, HAa3hbIBAEMOE KBAHTOBBIM

ypciaoM. YacToTy BOJHEL A€ bpoins onpenensor no popmyie
mC*
9=
- h

OTO 03HAYaeT HEYTO TyMaHHOE, 4 HMEHHO, YTO BCS 3SHEprus,
SKBHBAJICHTHAasd Macce m, paBHa SHepruH h-9 BooOpakaeMoro
KBAaHTAa JIyYHCTOH SHEPrHH, YacTOTa KOTOPOH pPAaBHACTCA YacTOTE
($a30BOM BOIHEI, KOTOPAs HE ABJIAECTCA JIyYUCTOM SHEPTrHEH.

Takum oOpa3oM, pomyckas, 4YTO BCAKOE JBH)KEHHE YACTHIIBI
CBSI3aHO C BOJIHOBHEIM IBIkeHHMeM. (DH3MKa He 3HAET, YTO HMEHHO
KOonebnercs, Kak U IZie MPOUCXOIUT KonebaHne, KakoBa CBA3b MEXKIY
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BOMHOM M dJacTHIed ¥ KakuM o0pa3oM M[POHCXOAHT HX
B3aumoneiicTeue. IIpo6nema BOTHOBOM MeXaHHUKH e bpoiing cocTouT
B TOM, YTO MCTHHHAs NpUPOJa IBYX COCTAaBHBIX 4acCTEM Iyasu3Ma,
PaBHO KaK M UX B3aMMHOE OTHOIIECHHE, OCTAETCA IOTHON TaUHOM.
Hemano cllenaHo IIOMBITOK OTBETHTP HA 3TH BONPOCH. Tak
HIpenuurep npeamnonarai, 4ro caMa 49acTHIA €CTh HE 9TO MHOE, Kak
MECTO CTYILEHHA BOJH (IIaKeT BOJIH), HO ITO3)KE€ OT HEr0 OTKA3aJCi.
Cam ne Bpoiiie cuMTan BONHOBOE IBH)KECHHE PEAbHBIM SBICHUEM,
IPOUCXOHAIIMM B IIPOCTPAHCTBE, BHYTPH KOTOPOI'0 HAaXOIHWTCS
MaTepraibHas dacTuua. [Ipy >TOM HMHTCHCHBHOCTH BOJIHOBOIO
OBWKCHUA B KaXIOM TOYKE 3TOr0 IPOCTPAHCTBA OH CBS3BIBATI CO
CTEIIEHBI0 BEPOSTHOCTH HaXOMXKICHUA YaCTHUIIBI B 3TOM Touke. M3 3TOro
CIe0OBANI0, YTO YacTHIa HampaBisercsa BoaHOM. I'eiizenbepr u bop
moJjlarajii, d9TO BOJIHA, COITPOBOXKJAAIOMIAs YaCTHIy, BOBCE HE
IIpPEACTaBIsgeT (UIUISCKOro MBJIIEHHA, HO JIHIOIb CHMBOJHUYECKH
o0o3HadaeT JBOMCTBEHHOCTh CBOMCTB YacTHIEL. Bce 3TO moCTaToO4HO

TYMaHHO.

L

|
)
™

2. Uy © JV.4

Puc.18.1 Puc.18.2

B pa3BuBacMoii HaMu TeOpHH 3(DHpa 3JIEMEHTAPHBIE YACTHUIIBI
BEIIECTBA IIPEICTABIAIOT COOOM BHXpEBBIE KOIblA, 0Opa3OBaHHBIE
BEICOKOCKOPOCTHBRIMU CcTpysaMH 3¢upa. [Ipu ABHxKeHUN TaKHX BUXpei
B mnoie 3pUpHOro rasa BO3HHKAKOT pealbHBIE BOJHEI Jie bBpoiins.
Yrobrl pasobparecs B 3TOoM, oOparumcs k puc.(16.1) OmexrpoH
COrJIacHO ¢ I1aBoi 16 mpeacraBnsger co00ii BUXpEBOE KONIBIIO pagnyca
Toel, JIETAILEE B HaNpaBjeHWU BBRIAYBaHUS CTPyH M3 LEHTPAIbHOTO
OTBEPCTHH aTOMa BIOIb OCH OX. BHyTpH 3mexTpoHa cTpyd 3¢mpa
ABHXKYTCS B ABYX HampaBieHuaX. OHM BpamjaloTci ¢ OAMHAKOBBIMH
YITIOBEIMH CKOPOCTAME ,=3-10'°c’  Bokpyr mpomomeHo#t ocm
BHXPEBOTO KOMBLA H ,.=3-10"°c” BoKpyr ero ocn cummerpuu. Ha
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puc.(18.1) mokazaHbl [OBa CEYEHUA BUXPEBOTO KOJIBIA H 3SITIOPEI
pacIpenciIeHUs] OKPY)KHEIX U OCEBBIX CKOPOCTEH B 3THX CEYEHHUIX.
BHyTpH BHXpEBOTI'O KOJbLla CTPyH >(Hpa BpaIalOTCA II0 3aKOHY
BpaIICHUA TBEPAOro Tena
Upe=0yeell Uy o= Oy-eif (1 84)
Kak BCsikuil BUXpb, BUXPEIIECKTPOH HHAYLHUPYET BOKPYT ceOs B
adpupHoM rase mone ckopocrei. KapruHa CkopocTell mnoiydaercs
HOCTATOYHO CIIOXKHOH. UTOOEI OBLIO TNOHATHEE, PACCMOTPUM IIOJE
CKOpPOCTel BOKPYT OCH CHMMETPUH BHXpedeKTpoHa. OHa COBMAgaeT C
HAIIPaBJICHUEM €0 ABIDKCHUA. BHE BUXpEeBOro KOIbIa MHAYLIMPYIOTCH
ckopoctu U, OTHCEIBaeMEIe 3akoHOM buo-CaBapa
I',Sina-dl

2

de-el'_"

- .(18.5)

OOo3HadeHus, HUCMONBL30BaHHBIE B (OpMylle, NOKA3aHEl Ha
puc.18.2 dopmysna 3anucaHa i OECKOHEYHO MAaJIOrO 3JIEMEHTA
kpuBonuHeiiHoro Buxps dl. Ckopocts dU, B TOUke A IEXHT B
IUIOCKOCTH, NEPHNEHOUKYIIPHOH ocH »3iaeMeHTa Buxpa dl wm
HAIpaBjieHa B CTOPOHY BpallCHHUs BUXpA. TI-PaCCTOSHHE MEKIY
TOYKOM A ¥ paccMaTpHBAEMBIM JJIEMEHTOM BHUXPSA. O-yI'OJI MEXAY

oceto dnemMeHTa Buxps dl u paguycom r. I'e-LpKYyJIALHMA CKOPOCTH,
MOACYHTAHHASA I10 IIEPUMETPY BUXPEBOTO KOJIbIA
g =4nt,e Uvo-elzsnmv-elrzo-el (1 86)

30ech  Ugoel™=2Wyoeiloel  ABIACTCA OKPYKHOH CKOPOCTBIO Ha
IPaHULIC BUXPENIEKTPOHA, HAIIPABIEHHOH BOKPYT €TI0 OCH CHMMETPHH.
YuuThIBasg, 9TO 3JEKTPOH OYEHHh Majl, 3aMEHHM OECKOHEYHO MANYIO
BeanuuHy dneMeHTa BUXpA dl Ha mupumy BHXpeBoro komemna dl=
2roe1. ITomoxkuMm Sina=1. B 3TO0M Ciyuae okpyxHas CKOPOCTb BOKpPYT
OCH CHMMETPHH BHUXPEBOI'O KOJbI[Aa JJICKTPOHA B OKPYXKAIOMEM €TI0
niosne 3¢upa B INIOCKOCTH BUXPEBOTO KOJIBIIA BEIPA3UTCH GOpMYIIOi

|
Uv-e= el” o—el 18.7
Coger? (18.7)

B pesynbTare T©npH ABIKEHHH D3JIEKTpOHA depe3  IIoJIe
HEBO3MYIIEHHOTO 3¢upa mobas gacTuna 3pupa Ha IyTH 3IEKTPOHA
HAa9MHAET COBEPIIATH CIOKHBIE CIFpPANbHREIE NEpEeMEIeHUs. BaxkHo
OTMETUTh, 9T0 B 3TOM JBI)KECHHH TIOSBIACTCS IMKIHYHOCTH, & 3TO
HeOoOXOMUMBIH 3JIEMEHT IS ONMCaHus F0O0ro BOIHOBOI'O IIpOLIECCa.

JIna nanpHEMIIETO aHAIM3a B KadeCTBE XapakTEPHOH TOYKH
BEIOEpeM TOYKY B Ha IIOBEpXHOCTH BHXPEBOI'O KOJIBIIA 3JIEKTPOHA

(Puc.16.1). Jta ToO4ka IBWDKETCA BMECTE CO CTpysmu 3¢upa. Ilpn
85




IOBIDKCHUM DJIEKTPOHA CKOPOCTh TOYKH B  CKiIagplBaeTCsa H3 IBYX
COCTaBJISIOIINX, & UIMEHHO, U3 CKOPOCTH IOCTYIATENBHOIO JIBIDKECHHS
V B HampaBleHUU OCH OX H OKpYXHOH CKOpOoCTH Uy YTOOH HE
3arpOMOXIATh HAalll aHaIN3 MPEeHEOPEeKEM OKPYKHBIM JBHIKCHHEM
CTPYH BOKPYT OCH KOJIbIIA.

B pesynerare crmoxeHus CKOpocTel Touka B omumer xpHBYyIO,
Onm3kyio k cunycoupe. Ilepmon koneGanmit wactui 3¢upa BOKpYT
JABYDKYIIETOCS JIEKTPOHA, BO3HUKOINX B PE3yIbTATE€ OMMCAHHOTO
mporecca B OKpyxammieM moie sdupa, OyneT paBeH BpeMEHH, B
TEYCHHH KOTOPOro TOYKa B COBEPIIMT mMOMHBIA 00OpOT BOKPYT
LIEHTPAIbHOM OcH (3TO BpeMs OyzaeT paBHO BpEMEHH IOJIHOTO 060poTa
TaK)Ke BOKPYT OCH BUXPEBOTO KOJIbIIA)

_4rr g 2%

T = 18.8
Uo-—el wv-el ( )
B sToM cirydae pymiua nebpoiineBoii BOIHEBI OyaeT
2n-V
A=V,T= 4 (18.9)
w

v-el

OTMeTnM, 9TO PACCMOTPEHHOE MPEACTABICHHE O BOIHAX [
bpoitna B 53¢upe NpHHIUNHAILHO OTIMYIACTCA OT OECIUIOTHBIX
NcOpOHNEBEIX BOJIH, C KOTOPBIMH CETOMHsA OICpHpYeT (u3mKa.
PeanbHble BOJHbI B _moje 3¢upa, DOPONKIEHHBbIE JETSIAM
ICKTPOHOM H CONMPOBOXKAAIONINE €0 B I0JeTe, 3TO U eCTh BOJHbI
ne bpoiis.

B »3Toif TpakTOBKE SABACHHSA HET HHMYET0 YAMBHUTEIBHOIO JIA
IIOBCEAHEBHOM NPAKTHKH 4elIOBeKa. ASPOOMHAMHKAM H3BECTHO, YTO
NETAIHAN caMONIET WM IUIBIBYINAsA B MOPE MOABOJHASA JIOJIKA CO3MAI0T
BOKpYT cebs 0061acTH BO3MYILEHHOrO TedeHusa. Y ecim psIoM WA B
Clelie 3a CAMOJIETOM OKA)KETCS NPYroii CaMOJIET, OH MOXeT OBITh
OTOpOImIEH MIIH NEPEBEPHYT 3THMHU TCUCHHUAMH U HaXK€ IOTEPHETh
Karactpoy. BuxpeBoil ciex 3a ITOOBOAHOH JIOAKOM MOXKET OBITH
oOHapykeH d4epe3 MHOro 49acoB, KOTjia JIOJKa Oyner yke COBCEM B
apyrom Mecre. M ecnmu B 3Ty 00macTh TedeHMsS NOMAIeT IpPyroM
KopaOiap, TO Ha ero IUIaBaHHe HEH30C)KHO MOBIHAET CIEX OT
IIPOILIBIBIIEIO paHbIIE CyAHA. JTO OOBACHAET, IOYEMY IOOYEPEIHO
JETANIHE OJHHOYHEIE 3IEKTPOHBI OKA3LIBAIOT C MOMOIIBIO 3(PHPHEIX
neOpoiiyieBEIX BOJIH BIUSHHUE HA 3JIEKTPOHEI, JETAIIUE B UX CICHE.

Korga MEI TOBOpHM, 9TO BHXph HHAYLHMPYET BOKpYr cebs B
OKpY KAlomie# CIUIOMIHON Cpene Mojie OKPYXKHBIX CKOPOCTEH, TO
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BO3HHKAeT BOIIPOC, KaKOB ¢ (HUIMYECKUN MEXaHU3M, KOTOPBIH
3aCTaBJAE€T 4YacTUIBI Cpedasl ABurarbes. OdYeBUIHBIN M CcaMbId
pPacCIIpOCTPAaHEHHBIM OTBET, 4YTO IPUYMHOH SBJIIETCS TPEHHUE.
HeHCTBUTEILHO, €CIH TIOMECTUTh B JKHIKOCTh BpaIaromuics
IMIIHHADP, TO BOKPYT HEro Iox NEHCTBHEM TPEHHMsS BO3HUKHET II0JIE
CKOpOCTE, HATIOMUHAIOIIEE PACIIPEAEICHHE CKOPOCTE OKOJIO BUXPA.

OpHako, BCIIOMHMM [PYTOM IIPHMEpP — CJIMB BOJBI U3 €MKOCTH
qepe3 CIMBHOE OTBepcTHE. XXHIKOCTH BpaimaeTcss BOKPYT BOPOHKH,
obpasyromieiica Hax CIMBHBIM OTBepcTUEM. M, KOHEIHO, HE BOPOHKA,
TO €CTh JBIpK4a, BpamiaeTCA M YBIEKAeT 3a COOOM BO BpalllCHHE
OKpYXKaloNUlyro XHAKOCTb. Ha camoM Jene TaM, rae malaionaercs
CIMB HJHM _TOIJIONICHHE, OKPYKAIUaa CIJIoOIIHAsi cpeaa (Boaa,
BO31YX, J0u CTPEMJISiETCS K NOIJIOIIAIOIIE ofne u

npuodperaer YCTOHIHBOE COCTOSIHHE ABHIKCHHA TOJbKO, 00pa3ys

OAHOBPEMECHHO CO CTOKOM CIIIC M BHUXPb.
CJIelIyeT OTMCTHTh, HYTO C€CJIH HU3BCCTHBI IIOCTYNATCIIBHAA U

YIJIOBas CKOPOCTU 3NeKTpoHa, To popmynsl (18.8) m (18.9) O6yamyr
JaBaTh MEPHON U IJIMHY AeOpoiieBOil BONMHEI eKTpoHA. Eciu meTut
HE JJIEKTPOH, a Apyras SjJeMEeHTapHas YacTHI[A, TO 3TH NapaMeTPHI
cienyeT OpaTh He I 3JIEKTPOHA, a UI1 PacCMaTPHBAEMOM JaCTHIIEL.
JTO BO3MOXKHO, €CJIH CaMa JJICMEHTapHas 9acTHUIla HMEET CTPYKTYpY,
aHAJIOTMYHYIO CTPYKTYpE BUXpedlleKTpoHA. B 3TOM ciiydae QopMyIist
(18.8) u (18.9) cnenyer 3anvceIBaTHL B BUIE

27 - 2
=22 _ 2% (18.10)
Uu, o,
A=y7=227V (18.11)
a)v t
Taxum obpasom, YCTOMYHBBIM H30JMPOBAHHLIM

JJNCMCHTAPHDLIM oﬁpaaoBaHneM B IIPHPOJC ABJACTCH BUXPCCTOK, A

JHEprus HA ero ofpaszoBanve H GYHKNNOHAPOBAHNE YepnaeTCs W3
OKpYkaomero moJs 3pupa. B rimase 7 Osui0 moxa3aHo, uTO 3Ta

SHEPruA O4YEHL BEIHKA, IIPAKTHYECKH HEUCUEpIaeMa, TaK Kak
BOCITOJTHAETCH IIPH Pa3pYIICHHH MAaTEPUH B PE3YJIBTATE KOCMHYECKHX
KaTaKJIM3MOB C MOCJIeYIOMIEM IEPEX00M ee B dup.

Ha nepeeni B3rmag ¢opmyna ae bpouna (18.1) m dopmyna
pa3BuBaeMoit TeopuH 3¢upa (18.11) He umeroT MeXxIy coboit HHUIEro
obmero. Ho Tak nm 310? IIpoBepuM IIpeamoIOKEHHE, HYTO 3TH

¢GOpMYIIEI IIpU HEKOTOPHIX AOIYMICHHAX IIEPEXOAIT OQHA B APYTYIO.
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HAnsg 3TOro BCIOMHUM, YTO B COOTBETCTBHH C Pa3sBHBAEMBIMH B
ITAHHOHM paboTe UAEsIMH aToM, H3 KOTOPOr'0 BRUIETAET JIIEKTPOH, TAKKE
npeacTaBisieT coboil  BHXpeBoe xomelo 3¢mpa. Ha pmc.16.1
IIPEACTABIICHO IIONEPEYHOE CE€YCHHE JTOr0 KOoabla. OJIEKTPOH
dopMUpyeTCs B MOMEHT BEIOpOCa CTPYH U3 BO3OYXXAEHHOrO aToMa Ha
paccTosHMHM I, OT ueHrpa Komewa. Ctpys mmeer ckopocTth Uy,
KOTOpas B JabHEHIIEM CTAHET CKOPOCTBIO ITOCTYIIATEIBHOIO
IBIDKEHUSA 3JIEKTPOHA [IPH €ro IIEpEMENIEHHH B IPOCTPaHCTBE

Uopb=Vel=0) uala— ( 18.1 2)

¥

oa

ya-YTIIOBAas CKOPOCTh BpamieHMA CTpyid 3¢dHpa OTHOCHTEIBHO OCH
BUXPEBOTO Koninlla aToMa. OTKya uMeeM

Vet (18.13)
C

Jlanee oOpatumcs KO BTOpoMy IocTynaTry bopa. Jtor mocrynar
yTBEpXKIaeT, 9TO JIEKTPOH B IUTaHETapHOH Mozenn Pesepdopna
MOKET BpamaThcs BOKPYT AApa aroMa TOJIBKO II0 IO3BOJICHHBIM
CTAIHOHAPHBIM KPYroBEIM OpOutam. Pagmycel opOHT d51€KTpOHa B
aTOME BOJOpPOJa NpAMO MNPONOPLHOHAIBGHE KBaApaTy IJIAaBHOTO
KBAaHTOBOro ducina n . Pammyc mepBoit (Ommpkaimiedn K LEHTPY)
opOHUTEI B aTOME BOJIOpOJa NpH n=1 Ha3wIBaeTcs NEPBBIM OOPOBCKUM
paauycoMm. 3neck n=1,2,3..... IpHHUMAET LIEIEIC 3HAYCHU.

Y Hac aroM He COIEPXWUT JJIEKTPOHOB, HO IIPHMEM, HYTO
POXKIAIOTCA OHM U3 CTpYH 3¢upa Ha Tex ke opOHTaX, Ha KOTOPHIX B
IwianeTapHoi Mozemu Pesepdopaa ouu Bpamarorcsa. W3 puc.16.1
CIEAYET, 9TO PagnyC OpPOHUTHI I'yp, MOXKHO BEIPA3HTh Uepe3 PamuyChl
SIApa Tygr, AaTOMA I, H PACCTOSIHUA OT OCH KOJIBLEBOrO BUXpA (Touku O)
0 paccMaTpUBaeMON OPOUTHI I,

rorb_(zrydr"'roa)'ra (1 8. 14)
Kpome TOIO, IPEACTABUM CBSI3b MEXAY I, U Iy YEPE3 INIABHOE
KBAaHTOBOE YHCJIO B CIIEIYIOIIEM BHJIE
Iy =0T, (18.15)
B srom ciyyae mpr n=1 u3 (18.15) umeem ron=r, u 3 (18.14)
21,y 1, 2r , +r

o == [Tpr n=2 umeeM r,=—=> . IIpu n=3 umeeM
27 + Vo
.= M Tak najee. Temeps BepHeMmcs K ¢opmyne (18.9).

4
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[TpaBy10 9acTh 3T0i POPMYJIEI YMHOXKUM H pa3feiuM Ha CIECXYIOMHN
MHOXKHUTENb- MUz opblon Vel B pE3yNIbTaTe MOTYyIHNM

2

_ 27 - ¥, apra opbm Ve

mel Vel wel U

B cootBercTBHH ¢ nocryiaaroM bopa (1 8.2) YUCIUTENIb IEPBOTO

mMHOXHTeNA B dopmyine (18.16)  2mrqy,Usoppme=nh. Kpome Toro, B

riaBe 16 OBLIO ITOKA3aHO, YTO (D=Wy.o[=Wyo=3" 10'8c, Vo= a-opb—gTa.

3 (1 8.15) umeeM r=ropwm. [ToaTOMYy  V=U, o= @alopp/D. C yaeTOM
3THX BRIKJIAJIOK HMEEM

2
27[ apra Opdm hn V el ]-

9
m el Vel m el Vel U

OxonuaTensHo, BhIpakeHne (18.16) nmpurnmaer 3HaK0MHi'1 BH]I
IS JUTHHER NeOpOMIeBOM BOJIHBI, CONMPOBOXAAIOMEH IBHXYIIUNACS
CKBO3b 3(Hp 3IEeKTPOH

(18.16)

-opb

aopb h.

h
7
mel el

Ecnu omyctute HHEAEKCH “el”, TO noydrM oOnIeITpU3HaHHbIN BU
dopMynel ne bpoitng, mpuMeHIEeMON I OIIPEAEICHNAS JINHBI BOIHEI,

COINPOBOXKIAIOMIEH JIIOOYIO JIETANIYIO DBJIEMEHTApHYI0 dYacTUIy C
MacCcOH m U CKOPOCTBIO V

A= (18.17)

h
A=— 18.18
mV ( )

®dopmyna ne bpoiina m mepshiit nocrynar bopa ompoOupoBaHEI
SKCIIEPUMEHTATIFHO H TpHU3HAHBl HaydHeiIM MHpoM. CoBnagenue
dopmyi (18.1) u (18.18), ogHa M3 KOTOPBIX MOJIydeHA TEOPETUIECKHU
n3 mpeacraBiueHuid o0 3¢upe, a apyrags (18.1) u3 ob6paborku
3KCHEPHMEHTAIBHEIX  OAHHBIX, He ciaydaiiHo. OHO  CIyXHT
NOATBEPXKACHHEM IIPAaBWILHOCTA HAIOMX IIPEACTABIICHMIA o6
a¢upouHaMHIECKON Ipupoae AeOpONNIEBEIX BOJIH H O BHXPEBOM
3(MPHOM CTPOCHUM DJJIEMEHTAPDHBIX YACTHIl W, B TEPBYHO O4YEpEIb,
JNEKTPOHA U aToMa. ITO COBIazeHue (hopMys1 OCBOOOXKOAET HAC OT
HEOOXOMMMOCTH IIPOBOAUTh PacdeThl I TIOATBEPXKACHHS WX
COBIIJICHN C OKCIECpHMEHTANbHBIMH JaHHBIMH. KpoMe TorO,
BO3MOXHOCTh 3amucate (Qopmyny ne bpoitns B Buzpe (18.9) uepes
YIJIOBYIO0 CKOPOCTBh Oy ((,) OTKPRIBAET €mie OfUH IyTh /1A aHAIu3a H
Obonmee rnyOOKOro IOHMMAHHMA SBJIEHMSA  Ayalu3Ma CBOHCTB
3NIEMEHTaPHBIX YaCTHII.
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JIJ1s1 MONHOTEI OCBEIIEHHM paccMaTrpuBaeMoil IMPobaeMbl OTMETHM
Npyroii BO3MOMKHBIM MEXaHM3M, CIOCOOHBIM MO HamleMy MHEHHIO
pacCOpPTUPOBATh  OTPAKEHHBIE OT KPUCTAIMYECKOIO  OSKpaHa
3JCEKTPOHBI B TPYMIEI ¢ MaKCHMQIBHOM M MHHHUMAIBHOU HX
KoHIeHTpanue. Hamomuum, uro "auddpakimonnsie” nuarpaMMel B
onelTe ¢ bpoityis TONbKO HanoOMHHAIOT AUGPpaKkHOHHEIE KAPTUHEI,
TIOJTy4EHHBIE IS CBeTa U PEHITEHOBCKUX Jaydei. Ho, BO3MOXHO, OHH
TaKOBBIMU HE ABIAIOTCH. IIpmuamHa MOXKET 3aKIIOYaThCs B TOM, YUTO
3NMEKTPOHB! B ITydKe, HANPABICHHOM HA KPUCTAIUIMYECKUI 3KpaH,
o0nagaroT HE TONBKO IIOCTYHATENbHOM CKOPOCTBIO, HO €MmEe H
BpanjaloTcsI BOKPYT CBOMX oOced. M3BECTHO, 9TO KpydeHBIH MA4Y B
IMHI-IIOHTe WM B TEHHHCE OTCKAKMBAaE€T OT PaKeTKH He Tak, KakK
HE3aKpy4eHHBI. VIMEHHO 3TO MOJKET IPOHCXOIUTh C 3IEKTPOHAMH,
KOTOpPEIE TaKXke KpOME TIIOCTYIATeIbHOTO JBIJKEHHA 00J1amaroT
BpalaTeIbHEIM ABIDKCHUEM.

AN HEe3aKpy4YEeHHOI0 MsS4a WM DJIEKTPOHA CKOPOCTh moieta V
OonbIION poNu HE UrpaeT. BHe 3aBHCHMOCTH OT 3TOH CKOPOCTH YTOJI
IIaJCHUS PABEH YIUIy OTpaXXKeHHs. 34eCh OECIONe3HO HCKATh MEXAHHU3M
paccoprupoBaHus 4qactun. MHoe jaenmo, Kora Hapagy ©
IOCTYITAaTENBHEIM JBHKCHHUEM CYLIECTBYET BpamaTEIbHOE ABIKCHHE.
YTNIOBEIE CKOPOCTH BpPAI[EHUA DJJIEKTPOHOB B HX, Ka3aloCh OFl,
PaBHOMEPHOM IIYYKE, TEM HE MEHee, MOTYT OBITh HE OJUHAKOBEL DTO
3aBUCHT OT TOTO, C KakoM OpOMTHI BHYTpH aToMa OHHM BELICTAIOT.
[ToaToMy, OTpakeHHE pPasHBIX DJICKTPOHOB OT KPUCTAIUIMIECKOI'O
SKpaHa TaKkxKe OyJeT pa3TuIHbIM.

HecMoTpsa Ha KaXyniyrocsi OSHOPOZHOCTH ITy4Ka 3JIEKTPOHOB,
HampaBJICHHOTO Ha 3KpaH B OIBITE, OH II0 BEIWYMHAM YIJIOBBIX
CKOPOCTEHl M IO YHUCIY D3JICKTPOHOB C OJAMHAKOBEIMU YIJIOBBIMH
CKOPOCTSIMH BpamieHys W3Ha4ajdbHO HE ABIMECTCH OAHOpoAHeM. Ilo
3TOM IPUYHHE, IIPOLECC OTPAKEHUA IJICKTPOHOB OT SKpaHA HE CBA3AH
C TEM, JIETAT JIM JJICKTPOHBI IIydKOM WIH IIOCJIEHOBATEIHHO OZUH 34
APYTHM € MHTEPBAJIOM BpeMeHH. BaxHO TO, CKOIBKO U3 HHX
BBIJICTAIOT ¢ OAMHAKOBBIX OpOUT M, CIIEAOBATEIBHO, Y KAKOI'0 UX YHJIa
HMEIOTCS OJUHAKOBBIEC YIJIOBEIE CKOPOCTH BPAICHHUS.

He yauBigeT B 3TOU ITIOCTAHOBKE U TO, YTO APYTHE 3IIEMEHTApHEIE
YACTHI[BI M .JIaXK€ HEKOTOPBIE aTOMBI TAKXKE HAapyNmIalOT 3aKOHBI
reOMETPUYCCKOM ONTHKH IIpH OTPAKECHUH OT KPHCTAIIHYIECKOIO
3KpaHa. JTO COBCEM HE O3HA4aeT, YTO OHM 00nanaroT BOJHOBBIMH
CBOMCTBaMH, KaK 3TO npeamonaran e bpoine U BCiex 3a HUM IPyrue
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m3BecTHBIC (Qu3mku. IIprmimHON 3[€Ch ABIACTCS HATWINEC BpPAMICHUS
3TUX YaCTHL] BOKPYT CBOMX OCEHl BpalllcHHA.

SBndIoTCS M BOJHOBBEIE CBOWCTBAa 3JICMEHTApHBIX YacTHIY
PCeanbHbIM SABIICHHEM WIH HaOyMaHHOH mpoOjeMoH, BOZHHMKILIECH W3-3a
HETPaBHIBHON TPakTOBKH ombiTa A€ bpoitna? B mobom cioydae, B
OCHOBaHMH JIO00r0 OTBETa HA 3TOT BOMPOC JIEKHT BpalIaTEILHOE
OBWKEHAE dTux dactun. Ilo Hamemy yOexaeHmoo, 00a
PaCCMOTPEHHBIX 31€Ch MEXaHU3Ma IEHCTBYIOT OZHOBPEMEHHO.

19. Teopus 3¢upa o poroHax, KBAHTAX M
CBETOBLIX BOJIHAX. Ilospu3anusa cBeTa.

CoBpeMeHHasa (pU3HKa CINTAET, 9TO CBET 00J1afacT OMHOBPEMEHHO
BOJTHOBBIMH H  KOPIYCKYJApHBIMH  cBoMcTBamu.  CKOpOCTB
PacIpOCTPaHEHHs CBETA B IIYCTOTE IOCTOSHHA # paBHa C=3-10°w/c.
Ona HE 3aBHCHT OT CKOPOCTH HMCTOYHMKAa CBETa M OTpa)amooumeil
IIOBEPXHOCTH M B COOTBETCTBHHM C TEOpPHEH OMHINTEHHA SBIICTCA
IIpeeIbHOM CKOPOCTBIO, KOTOPYI0O HE MOKET IIPEBRICUTL HU OOMH
MaTepualbHeIi 00BEeKT BO Bcemennoit. BomHOBEIE CBOMcTBa cBETa
NpOMABJIAIOTCA B  SBICHUAX HHTepepeHImy, Iudpakiud u
ITOJIAPU3AIHH.

C Apyroit CTOpOHBI, B KBAHTOBOM OIITHKE CBET pacCMaTpPHUBaeICA
KaK IOTOK ()OTOHOB, He 00JagaroMX MacCOM IOKOS M ABIDKYIIUXCS
CO CKOPOCTBIO C¢BeTa. DOTOHB! BO3HUKAIOT IPH IIEpEX0Jax aTOMOB M
MOJICKYJI U3 BO30YXIECHHBIX SHEPreTUICCKUX COCTOSHUNU B COCTOSHHA
C MeHblIeH sHepruei. MOTOHBI U3YYal0TCs TAKKE MPH YCKOPEHHH U
TOPMOXXEHUM 3apsDKCHHBIX 4YacTUll, paclagax HEKOTOPHIX 4YacTHI] U
YHUYTOXKCHHANA IMAaphl ICKTPOH-TIpOTOH. llokosmmxcss ¢OTOHOB HE
CYLICCTBYET.

B kxBaHTOBOM TEOpHHM CYHMTaeTcsi, 49T0 (DOTOH SBISETCA
HOCHTEIEM KBAaHTOBBIX CBOMCTB CBETa, T.C. 3HEPIHH, HMITyJIbCa H
Maccel. Jlox BETHYMHOW KBaHTa MOAPA3yMEBACTCA TO KOJIUYECTBO
3HEpPrUH, KOTOPOE OJHOBPEMEHHO MCITyCKACTCS HWIH ITOIIOMIACTCA
aTOMOM WJIHM MONekyinoi. IlnaHk Hamien, 9TO BeIWYMHA KBAHTA
3aBUCUT OT pPoJa JIydeil, a MMEHHO, YTO KBAHT IIPOIOPIHMOHAJIEH
4acTOTE€ KojcOaHmi u 0o0paTHO MPONMOPLUMOHANEH IIMHE BOJHEL. B
Aanexkoy nHGpaxkpacHON 9acCTH CIIEKTpa KBAHThI MaJlbl, 8 HAMOOJIBIIHE
KBaHTHI HAXOASITCA B PEHTT€HOBCKUX, FTaMMa M1 KOCMHYECKHX JTyJaX.
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OCHOBHBIMH XapakTEpUCTMKaMH (POTOHA IO KBAHTOBOW TEOPHH
SBJIAIOTCA €0 SHEPTUSA €f U UMITYJILC Pt

af=mfc2=h.9=’;—c , (19.1)
hS h

= = : 19.2

pe= c 7 (19.2)

Macca asmxymerocs GoroHa mg Moxer ObITh ompeneneHa [22]
KaK

©

h9 h
mE— = ——
C? CA,
3mechd-4acTOTa CBETOBOM 3JIEKTPOMArHWTHOM BONHBI, A -JJUHA
BOJHEI CBeTa B Iycrore; h —mocrosHHas Ilnamka. B 1905 roxmy
OWHIITEHH BBICKA3all MBICIb, YTO IIOTOK JyYHCTOH 3HEPIHHM COCTOUT
U3 OTHEJIBHBIX KBAHTOB, HE CBA3AHHBIX MEXKAY COOON M JIETAINMX CO
CKOpPOCTBIO CBeTa. TO €CTh II0 ero mpeACTaBICHUAM JETAT OTHE/IbHEIE
HIYEM HE CBSI3aHHBIC MEXIY COO0M KIIOIKH JTy4HUCTOM SHEPruu. Takoe
IPEACTABIEHHE HE IO3BOJSET MNPOCTO K IOHATHO OOBSCHUTH
B3aUMOJCHCTBHE JBYX Jydeid, HX B3aUMHOE€ YCWICHHE WIH
YHHUTOXKCHHE, KOTOPOE€ HMMEEeT MECTO B IPHPOAC M HAITIAOHO
IIOIy4aeTcsl 110 BOJIHOBOM TEOpUHM CBETA KaK pe3yJIbTaT CIIOXKEHUS
IBYX IIPOTHBOIIOJIOXKHO HATPABICHHBIX OJWHAKOBHIX KOJeOaHUM.
Baxno mnoHATH, 9TO OCHOBHas (OpMylla KBAaHTOBOM TEOpPHH,

CBA3BIBAIONIAN SHEPI'HIO KBAHTA € C YACTOTOM O K IJIMHOM BOJIHBI A
€ =h3 (19.4)
HUKAKOI'0 CMBICJIa HE HMeeT. JIeHCTBUTEIRHO, JETAT KBAHTHI, TO €CTh
KJIOYKH JIyYUCTOM JHEPruM, pasjHvarommecs APyr OT APyra TOJIBKO
KOJIMYECTBOM COAepkamiehcsa B HuX 3Heprun €. Hu 0 kakux yacToTe
S ¥ mgIuHE BOJHBI A 3/€Ch M pe4yH HET. B IojieTe KBAaHTOB He
COACPKUTCA HIIEMEHTA NIEPUHOAUIHOCTH, O€3 KOTOPOT0 CaMO ITOHSATHE O
IUIAHE BOJIHBI OecCMEBICTIEHHO. IT09TOMY AJI KBAHTOBOM TEOPUH B TOM
BHJIC, KAK OHA CEroAHsA CyIECTBYET, IJIHHA BOJHBI A €CTh IIPOCTO
YUCIIO0, MONyd9aeMOe DKCICpUMEHTAIGHEIM METOIOM, COBEPIICHHO
HEMOHATHBIM I 3TOM Teopru. OHa CIIYKUT IS nepexoda OT S3bIKa
KBaHTOBOM TCOPHHU K A3BIKY BOJIHOBOH TEOpHH # 0O0paTHO. Bennunny
MacChl JBHXXYILErocA CO CKOPOCTHIO ¢BeTa GOTOHA MOKHO OLICHUTH U3

BrIpaskerns (12.3) 1 IruHEI BOMHBL Ao= 6-10"M

(19.3)
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h

ms= =0,368-10%xr. (19.5)

0
Pasmeps! oTOHa MOXKHO IpUOIHKEHHO OLCHWThb, YYUTRIBAS, YTO
MacChl IPOTIOPLIMOHANEHEL Ky0aM JIMHEHHEIX pa3MepoB, 1o ¢opmyiie

r0f= ro-el ;3\/mf /mo_el . (19.6)

Ecnu B3STh Maccy U paguyc 37eKTpoHa m=9,1 1-10¥%r u Toe=10"M,
TO ~

15, 0,368-107%
9,11-107*
Ecnin B KadecTBe paamyca JJIEKTPOHA HCIONB30BATH 3HAUCHHE
(17.4) — 155=2,36-10""m, T0 1= 4,16-10"°m. Tlomywaercs nexoropoe
Pa3sHOYTEHHE, HO ACHO, 9TO (HOTOH ABIIAETCS OYCHL MENIKOI yacTuei

B BHJE BHXPEBOTO Tra3oBoro kompua 3¢mpa. [dnuHa neGpoiineBoii
BOJIHBI ()OTOHA, IToAcauTanHas no popmyie (18.1) naer 3mavenne

h 6,626-107 _
Ay = - , 35 7 ~6-10 "™, (19.7)
me 0,368-107 -3-10
Ipyroro m OEITP HE MOrJIO, Tak kak Macca ¢orTona Ornia
ompeAciieHa 1Mo 3ToM Anuae BOMHB. HameMHMM, 9TO IjIuMHBI BOJIH
BCET'0 CIIEKTpa BUANMOI'O CBETa, HCITyckaeMoro COHIEM, HaxoIaTCA B

AHUAIIa30HC

=10 =1,6-10""m.

1=3,8-107+6,6-10"m . (19.8)
C mpyroit cTopoHsI B r1aBe 18 OBLIO MOKAa3aHO, 9TO JNMHY BOJIHEI
ne bpoitna MoxHO noacuuTars Takke 1mo gopmyne (18.11). ITpu srom
HY)XKHO yd4ecTb, 4TO (poroH (GOpMHPYETCH HA BEpXHEi rpaHuie

BHXPEBOr0 KOJAbHA _aToMa. II03TOMY, OKDYXKHAS _ cKODPOCTE
HCXOIHOW cTpyu 3¢upa, u3 KOTOpPOH (QOpMHDYIOTCH (hoTOHEIL,
paBHa ckopocTu_cBera U, =C=3.10°w/c. B nanpHeiimem ona

CTAHOBATCH CKOPOCTHIO IMOCTYNATENbLHOr0 ABWXEHUA (HOoTOHOB B
npocrpancTree V=C. [lns TOro, 4T0oOKI MOIyYHTE TAKYIO e JIMHY
BOJIHBI (DOTOHA, YIWIOBas CKOPOCTH BpallleHMs CTPYW BHYTpPH HETO

IOJI’KHa OBITH
w=21C/A=6,28-3-10%/6,0018-107=3,14-10"°¢" (19.9)
To ecthb y poToHa HAGMONAIOTCA CYMIECTBEHHO MEHBIINE YIIIOBEIE
CKOPOCTH BpalleHus CTpyi 3¢dupa, 4eM y 37IEKTpOoHA. OTHX CKOpOCTEi,
MO-BHANMOMY, HEXOCTaTOYHO, 4YTOOBI O0O0ECIEYNTH YCTONYHMBOCTH
Ipolecca MOINIOMEnHs 3¢Hpa U3 OKPYXAMOLIEro IPOCTPAHCTBA B
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HETMOABIKHOM COCTOSIHMH, OTHM OOBACHACTCS TO, 9TO y (JOTOHA HET
Macchl ToKos. be3 OpicTporo aBmxenus GOTOH TEpAET YCTOMYHUBOCTD U
pacriagaercsi. OTHOCHTENIBHAs!  YCTOMYMBOCTH €ro  COCTOSHHSA
o0ecrieynBaeTCA €ro HEIPEPHIBHBIM IBIDKEHHEM C  OOJBIIOH
CKOPOCTBIO BIIOJIb €TO OCH CUMMETPHH B HAanpaBJICHUH BEIAYBa CTPYii
U3 LEHTPAJIBHOIO OTBEpPCTHA. XOTHI, MOXET OBITh, MPOCTO HE HaiifeH
croco0 yBHZIETh €r0 OCTAHOBHUBIITMMCH.

Bce 3T0 3acraBifer DyMarh, YTO HAa TPaHUIIC BUXPEBOTO KOJbLA
BO30Y>KICHHOT'O aToMa OJHOBPEMEHHO POKIAeTCA Hernouka (OTOHOB,
o0mas macca KOTOphIX Oyim3ka K Macce ekTpoHa. OHM paBHOMEPHO
paciipedesicHbl I0 JJIHHE CBETOBOM  BOJHBI, IOAACPKHBAs
yCTOMYMBOCTh CYLIECTBOBAHHUS Jpyr' HOpyra U BOCIOJHAA 3THM
HEAOCTAaTOYHO OOJIBIIYIO YTTIOBYIO CKOPOCTBH BpallleHHfA CTpyil 3dupa
BHYTpH (OTOHA BOKPYT' LEHTPAIbHOM oCHm cmMmeTpun. HasoBem
IJIVHY CBETOBOM BOJIHBI C PACIpEICICHHBIMH BIOIL Hee (OTOHaMHu
“TSHKEITION CBETOBO# BOJIHOM .

TaxuMm 00pa3oM, HOA TAKEJO0M CBETOBOI BOJHOW NMOHUMAETCH

eOpoiijieBas _BojJHA B mojie 3dupa o0Ko/0 menouxkn ¢GoToHOB
NOPOXKACHHAA MX JIBMMKEHHEM. JTA BOJHA CONPOBOKAAET NEMOUKY
¢doToHOB Ha MPOTHMKEHHM BCEro PACNPOCTPAHCHUSNA JYy4a CBETA H

B3amMonelicTByer ¢ Heil, ITox Maccoil THxKeI0i CBEeTOBOH BOJHLI
BHIHMOr0 CRETA MOHMMAETCA Macca Bced Hemouyxkd (OoToHOB,

.
Macca Taxesnoii cneToBoii BoaHBI ¢ NumHO# A=1.24 papHa,
ECTECTBEHHO,MACCE OTHOIO IJACKTPOHA

PacCMOTPEHHBIE BUXPEBHIC CXEMBI aTOMOB, 3JIEKTPOHOB U (POTOHOB
IIO3BOJIAIOT pellaTh HE TOJBKO 3aJady OIPEHc/ICHMs I1apaMETPOB
OeOpOHIIEBBIX BOJIH, HO TAKXKE 3aJiady II0 OIPENCIICHUIO BO3ACHCTBHS
qepe3 OKpYKaromuid UX 3QUp ONHMX YaCTHII, JETAMMX ITYIKOM HIIH
IIOOYEPEHO, HA  JOPyrHe  JJEMEHTapHele  dYacTunbl. B
ra30ruApOAMHAMUKE N3BECTHBI PENICHUS 110 OMPEHEICHUI0 TPaKTOPH
IBYDKCHUA HECKOJIBKHMX BUXpEH H3-3a UX B3aMMHOT'Q BJIMSHUS JpPYT Ha
apyra. Tak, HampuMep, ABa BUXpA Ha IUIOCKOCTH BPamjaroTCs BOKPYT
001ero neHTpa 110 OKPYKHOCTH.

Kuneruueckas 3HEpPrus LEIMOYKH (OTOHOB WIH 3JJIEKTPOHA C
Maccoil m B ITOJIETE CO CKOPOCTBI0 V MOXKET OBITh 3alucaHa Kak

5 = my?
£ 2

(19.10)
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3eCh CKOpPOCTh IOJIeTa 4YacTHIEI V  paBHa OpOMTanbHOM
CKOPOCTH CcTpyH: 3¢upa B aroMe Ugyp,, H3 KOTOPOH 3Ta JacTHIIA WUIH
nerodka ¢(oroHOB oOpaszoBanack. CTpyfs 3¢upa HaXOZWIack Ha
PacCTOSHMHM Iop, OT LICHTPA CCYCHHS BUXPEBOIO KOJBIA aToMa.
IToatomy c yderom (18.15) momyqanm

V=Ussp = DuaTa = Byg 22 (19.11)
n
e ©,,=3:10"%" ects yTJI0Basgi CKOPOCTh BpallleHuA 3¢upa BOKPYT
OCH BHXPEBOro KOJbLa BHyTpH atoMa. YuutsiBas (19.11) nepemmmuem
(19.10) k cnreayomeMy BUAY

U
opb

19.12

5 . (19.12)

E, = mUopb

BcnoMHuM, uro #M3 BrOporo mocrynara bopa (11.2) Bemwmumny
MUy, MOXKHO BEIPa3HTh depe3 OCTOSHHYIO IlmaHka

nh
mU,, = (19.13)
27 ¥,
IToaromy dopmyny (19.12) MO)HO TiepenucaTs K BUAY
hn o, _,r h o
& = e o —, ko (19.14)

_Zﬂ-ro,b 2n 2 2z

N3 Beipaxenus (18.8) cmeayer, dro dacrora KoacOaHwuid
neOpoiiIeBOM BONHEL OKOJIO JICTANICH YaCTHUIIBI OMPEAEIAETCS
3aBHCHUMOCTBIO

9 = 1 = Dy-el = Dya . (19.15)
I 2z 27

TaK KaK yIJIOBEIE CKOPOCTH y aTOMa M BBEUICTAIOMICH M3 HEr0 YacCTHILBI
WUIA LENOYKHM 4YacTHIl oAuHakoBbl. 3ameHuM B (19.14) Bropoi
MHOYKMUTEIIb 4acToTON KonebGanmii neOpoitneBoit BoimHBI B 3¢dupe. B
pe3yJIbTATE MOITyUUM

1
= b (19.16)

CpaBHuBasg TOJNy4eHHBIH pPE3yJIbTaT C OCHOBHBIM YpPaBHCHHMEM
KBaHTOBOM Teopuu (19.4) BuanM, 9TO KWHETUYECKAA SHEPTHSA JICTAMEH
B Moje 3(Qupa INIEMEHTAPHOM 4YaCTHUIBI WIM MLENOYKH YaCTHII
(bOTOHOB) COCTaBISIET IOJIOBUHY 3HEpPrud KBanTa. BTopas mosioBuHa
SHEPTHM KBaHTa COJEPKHUTCA B BOJIHE Ac bpoitnst, conmpoBoxaaroniei
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ABIDKYIIYIOCS dacTHIy. Ee MOXHO Ha3BaTh «IIPHUCOEOUHEHHOM
SHEpPrUcH».

YToOB ONpPEACIIUTh 3Ty SHEPrui0o, BCIOMHMM, 4YTO 3TH BOJHEI
BBI3BaHBl TEM, 9YTO BHXPEBOE KOJIbBIO, NpPEACTaBIIONEE COOOM
3JIEMCHTApHYIO Y9acTHIY, HHAYLIUPYET BOKPYT cebd 1ojye CKOPOCTEH.
IIpraeM, ckOpocTH B mone 3(dupa BO3HUKAIOT HE 3a CHET IIEpeladn
SHEPrMM OT YACTHIIEI IIOMIO 3(Hpa, a 32 CUET SHEPTrUM CaMOT0 IIOJIA
a¢upa. KonmuecTBo 3T0#t 3Heprum 0O0YyCIIOBIEHO IIOTJIOIIATENbHOMN
CIIOCOOHOCTBIO paccMaTpUBaeMON 3JIEMCHTAPHOM YaCTHUIIEI, KOTOpas
onpeaenserca dhopmynoii (3.4). U3 GopMynsl BUAHO, 9TO B KOHETHOM
HTOT'e OHA ONPEAEIIACTCA MacCO AJIEMEHTAPHON JaCTHIILI.

Bo BpeMs molieTa 3M€eMEHTapHON 9acTHIBI OCh BUXPEBOr0 KOIbLia
OPHUEHTHPOBAHA 110 HAIIPABICHUIO ABIDKCHUS BBIAYBOM CTPYH BIiepeL.
IIpuy »>TOM mOrIOmAaeMas 3TUM KOJIBLOM M3 OKPYXAIOIIETO
IIPOCTPAHCTBA Macca 3(pupa MOMKET IIONacTb BHYTPh KOJBIA TOJIBKO
BJIOTOHKY B BHJIE CTPYy# 4depe3 BcachiBawomee orBepctue. CKOpOCTh
3TUX CTPYH paBHa CKOPOCTH ABIIKCHHMSA CaMOM dacTHIlbl V, paBHO#
OKpPYKHOH CKOpoCcTH cTpy# adpupa BHyTpu aToMa Uy, OIIpEaEIIeMOit
dopmynoit (19.11). IMTopums KHHETHIECKOH SHEPTHH 3THX CTPYH,

COIIPOBOXKAAIOMIMX IBIKYIIYIOCA YACTHIY C Maccod m Oyzer

q/ Uzopb 2
 =La —= '"Uz"”" =-12-h9 (19.17)
Cymmaphnas sneprus Oyaer paBHa CyMMe KHHETHICCKHX SHEPruif
YaCTHIBI ¥ COITPOBOXKIAIOMEH €€ BOJHEI A¢ bpoitns
g=¢g,+€,,~=h9 (19.18)
OTO A €CTh KBAHT JIy4YHCTOHM >Hepruu. Eciu peds HAET 0 KBaHTE
CBE€Ta, TO 9aCTOTA BOJIHEI

&

C
3 =— 19.19
P (19.19)
OHeprus KBaHTa cBeTa OyAeT
g=h.9=h—f- (19.20)

OtMeTnM, 9TO B TaKOM HCTOJIKOBAHMHM KBAaHTA JIYYUCTOH DHEPrUH
JacTOTa HW JUIAHA BOJHBI IEPECTAIOT OBIT, abCTpaKTHEIMY,
(¢bOpMaEHEIMM TIOHATHAMU. OTO BIIOJHE pEalbHBIE XapaKTCPHCTUKH
neOpoiineBoi BOIHE (TAXKEIOH BOIHBEI), BXOMANIEH B COCTaB KBaHTA.

AJH3M _CBOMCTB _JJIeMEHTAPHBLIX YACTHAL BLILJIASANT TENepb

cJaenyiommm ofpa3oM: Bo3aeicTBHE ne0poiijJeBLIX BOJH, TO €CTh
06



TeYeHHA >Ghupa BOKPYL JeTAHIAX JJEeMEHTAPHLIX YaCTH B
OHbLITaX JABJIABACTCH HHTEPMECPCHIIHOHHLIMHA H gHQ-

QE&KQHOHHBIMH CeKTpaMu. A cama’ JacTuia !HJIH HECIOYKA

JACTH ABJISETCS HOCHTEJIEM HMMIYJbCA, JHABJCHHA Ha
nperpaabl, MACChI M MOJOBUHbI JHEPI UM,

MBI He 3Ha€M TOYHO, Kakyrd (OopMy HMeeT B IPOCTPAHCTBE
nerouka BuxpegoronoB. OgHAKO SCHO, 9TO OHA JIEKUT B IUIOCKOCTH,
HO HE BHITSAHYTA CTPEJIKOH B HaIIpaBJICHUH CKOPOCTH CBOETO ABHKCHUA
B IIPOCTPAHCTBE, & JIETHT HAKJIOHHO K 3TOMY HAIIPaBJICHUIO IIN UMEET
dopMy cunHycomApl. Ilpoeximsi TSKEJIONM CBETOBOM BONHBI Ha
IUIOCKOCTbD, NMEPHEHAUKYIIPHYIO K CKOPOCTH €€ ABMKCHUS, BBITJIAIUT
IOJIOCKOH C OTHOCHTEIBHO OONBHION BHICOTOM M O4YE€Hb MAJICHBKOI
mpuHON (TopAaka guaMerpa GoroHa). STOT BEIBOA IOIYyHAeTCd Kak
CIICACTBHE M3 ABJICHUA MNOaApu3anuu cBeTa. COBEPHICHHO SCHO, 4YTO
nperpaga, HalpuMep, MPO3pavHEI KpHCTALI TypMaIuHa [19], kak Owr
COJEpXalnil y3KHe, IIPOTHKCHHEIC, NapauIejibHEIE MPOXOAbl, OyaeT
IIPOITYCKaTh CKBO3b C€0f TOIBKO TE LEMOYKH POTOHOB, 9bH ILIOCKOCTH
pPacloIOKCHUA IapajUIeibHB 3TUM meiasM. Ecnu Ke 3a IepBBIM
KPHCTAJUIOM TYpMAaJIMHA PacIOJIOKHUTE BTOPOH KPHCTANI CO IMENISAMH,
HampaBJICHHBIMH IEPHCHIUKYJIAPHO K IMEJIAM IAapBOro, TO IIEMOYKH
(GOTOHOB, COXpaHHMBIINE IIPSKHIOK) OpHEHTALMI0, HE CMOTYT
IIPOJIETETh CKBO3b HUX H3-3a OOILIMION MPOTAKEHHOCTH LIETTOYEK.

B BOJIHOBO# TE€OpHK CBeTa 3TH PAa3jIM4Hi B MPOXOKICHUM CBETa
yepes I KPUCTAUIOB TypMaluHa MHTEPIPETUPYIOTCA KaK IPU3HAK
MOTIEPEYHOr0 XapakTepa Koje0aHuil CBETOBBIX BOJIH M HA3LIBAIOTCA
onsApu3anuen cBera. OTO SBWIOCH, II0-BHAUMOMY, CICICTBUEM
ACTOPHMYECKH CJIOXKUBIICTOCS YCTONYIMBOI0 TMPEACTABICHUS O CBETE
KaK O BOJIHOBOM IIPOILIECCE€ HAmoA0OMe paclpoCTpaHeHHs 3BYKa B
BOo3ayXe. IIoCKoNBKY MOApHBIE CBOMCTBA CBETa HE COTJIACOBRIBAJIHCEH
C IIPOJOIBHBIM XapaKTEpOM BOJH B CIUIOUIHBIX CpelaxX, TO MPHILIOCH
OTKa3aThCA OT ra3oo0pa3Horo 3¢gupa Kak CBETOINPOBOAAMEH cpensl. B
pe3ylbTaTeé MOSABMIOCH YYCHHE O Oyalu3Meé BOJHOBBIX H
KOPIIYCKYISAPHBIX CBOHCTB CBeTda, IIPUMHUPAIONICE BOJIHOBEIE M
KOPITyCKyJIspHBI€ TeOopHH. Il03e BOJHOBBIE CBOMCTBA IPHUITHCAJIH
TaKKe 3JCKTPOHAM M IPYTMM JBMDKYIIMMCH 4acTHIAM, HECMOTPSA Ha
HEBO3MOXXHOCTh HAaWTH NPHUEMIIEMOEC OOBSACHEHHME TOro, 4YTO
KoJIe0IeTCA BOKPYT WIN BHYTPH CaMOM 9aCTHIIbI.

B npennaraemMoil  TEOpHH CBOWCTBO _IOJIIPHOCTH _ CBETA

HarJsaHo 00BACHALTCH OPpeACTABJICHHECM O IUIOCKHX IICNMOYKAX
B!IXECd)OTOHOB (KBaHTOB CBETA !, TO €CTh CAMHMX HOCHTEJIell CBETa.
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Tax xe HaraHO moirydeHa ¢opmysna ne bpoitngd m 00bsacHeHa
NpUpOJa Jyaln3Ma BOJHOBBIX H KOPITYCKYJIAPHBIX CBOMCTB 3IEKTPOHA
M JPYTHX YacTHIl, & TaKKEe KBaHTa JIYJIHUCTOM SHEPruM KaK HOCHTEIA
3HEPTMM CBA3aHHBIX C HHM YacTHI] B BHIEC CYMMBI KHHETHYCCKOM
3HCPTMM H JHEPTHH BpaLlCHUA JIeTAMleM ©  Bpamarolencs
JaCTHIIEL (MM TPYIIIILI YACTHII, 00BE€IHHEHHBIX 00IIIIM KBAHTOM).

YACTD 3 )
3JEKTPOMATHUTHBIE B3AMMO/EHCTBHS

20. 3akoun KyaoHa B 3¢pHpoaAHHAMHKE.

3akon Kynona ompenmenser MOAYJIb CHIBI 3JEKTPOCTATUUECKOTO
B3aHMOJCHCTBHA MEXIY TOUEUHBIMH IIEKTPOCTATHICCKAMMU 3apslami
(371eMEHTApHBIMHE 3apAJaMH) U 3aIMChIBACTCS B BUJE

p=—21%2 (20.1)
dree, v

3nechr q—BEIHYMHA 3JICKTPOCTATHYECKOro 3apsana. Pa3sHOMMEHHBIC
3apsAbl IMPUTATHUBAIOTCS, a OAHOMMEHHBIC OTTaIKUBarOTCHd. Jid
BakyyMa £=l. e-OTHOCHUTEJIbHAA ANIIICKTPpHICCKAsA [IOCTOAHHAS.
£,=8,85-10" /M —nmekTpocTaTHUecKas IOCTOSHHAA.  3apsbl
obimagaror cdepudeckoit cummerpued. Cmima F  HampaBieHa mo
IPAMO#, COeMMHIOMEH UEeHTPHl 3apanoB. [Ipn 3neKTpH3alua 3apA/Is]
MOT'yT IIEPEXOAUTh OT OJHOTO TElla K ApyroMy. B pe3yiasTare OgHO u3
HUX IIPUHUMACT MOJIOKUTENBHEIN 3apsi), 8 JPYToe OTPULIATENbHBIN.

Caurtaercs, 9TO HEKOTOPHIE 3JEMCHTApPHEIE YaCTHIIBI BENMIeCTBA
HECYT Ha cebe INeKTpUYEeCKHH 3apaa. OJEeKTPOH obmajaet
OTPHLATEILHBIM 3apAJI0OM, a IMIO3UTPOH H IIPOTOH ITOJIOKUTENBHBIM. I10
MOAYII0 3TH  3apsagsl OJMHAKOBEI M pPaBHBI  BEJIHYHHE
e=1,60219-10"Kn. Cuasl 31eKTpOCTATHYECKOTO B3aMMOIEHCTBUS
YACPKHUBAIOT 3JIEKTPOH Ha OpOMTE BOKPYT sApa aToMa B IUIaHETapHOM
Moznemu Pezepdopna.

B Tteopuu sdupa smexTpoH mnpexncraBiser coboifl KOIBLEBOI
3(HPHBI BUXPH C PagHycoM I, (Puc.18.2). BHyTpm BHXpEBOro
Ko/blia 3Gup ABMIXETCA B OKPYXKHOM M KOJIBIIEBOM HAINPABIEHHAX CO
CKOPOCTAMU
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Uu-el=0)u-el r, TAC 0Lr<r —el « (202)
Uy.e=0y.ar, TaE 0<r<2r_, (20.3)

B rnase 14 ObUIO MIOKAa3aHO, 4YTO wa.el=0)v.el=3-1018c'1. Bue
BUXPEBOr0 KOJIbIIa HHAYLMPYIOTCA CKOPOCTH, OIMCHIBAEMBIE 3aKOHOM
buo-Cagapa (18.5). YuureiBas, 4T0 37J€KTPOH O4E€Hb Majl, 3aMCHHM
OeckoHeYHO Many0 Benuuuny »dneMenta Buxpsa dl (Pumc.18.2)
IMMPHHONA BHXPEBOr0 KOJIbIIA 3JICKTPOHA 2r,, MOMOKHAM Sino=1.
CKOpOCTh B TUIOCKOCTH BHUXPEBOTO KOJbLA, MHIYLMPOBaHHAS STHUM
KOJIBIIOM B OKPY>KarONIEeM MMPOCTPAHCTBE, BRIpA3UTCa GopMyIion

L,r
U= -"” (20.4)

27z .t
3necs ['q ABIAETCA LMPKYJIALHAEH CKOPOCTH, IMOACYATAHHOU I10
IICPUMETPY BHXPEBOr0 Kojblla 3nekTpoHa. (OHa 3amuChIBacTCH
dopmynoit (18.6). C yuerom 3toit Qopmyinsl CKOpocTh Uy IMPUMET

BH]I

3
_Felro—e _ 4wv el

UV-GI_ 2

20.5
27 12 r (20.5)

Tanee o6o3maumm wepes I, I'. m I, mnpocTpaHCTBCHHEIE
P el? poz p pocTp
IUPKYJILMA 110 BUXPEBBIM KOJIBIAM 3JIeKTpOHa, IIO3ATPOHA Y IIPOTOHA

,=T,2r_, =16z, (20.6)
Lo = 1027 s = 167m)pozro_poz : (20.7)
I, =T2_, —167tcopro iy (20.8)

Ecian B mojie OKPYXHBIX CKOPOCTEH OKOJIO 3JIEKTPOHA IOManaeT
apyroii anextpon (Puc.20.1), To cormacHo Teopeme JKyKOBCKOro o
HOpPMaJIBLHOM CHUIIE Ha HEro OyJeT JeHCTBOBAaTh OTTAIKHMBAIONIAA CHIIA,
HaIlpaBIeHHAs BIIOJIb TUHUH, COEAMHAIOMICH L{EHTPHI
BUXPEITIEKTPOHOB. EcCiM Ha MECTe BTOPOT0 3JIIEKTPOHA OKaXKeTCs
IIPOTOH WIH IIO3WTPOH, MMEIOMME IPOTHUBOIIOIOKHOE HAaIlpaBIICHUE
BpalleHus CTpy# adupa B KOJbIE, TO HAMPABICHHUE CIUTHI M3MEHHUTCS
Ha IpOTUBOMONOXHOe. V3MeHEHMe HampaBieHHA BpAIICHHA B
BUXPENO3UTPOHE II0 CPABHEHHIO C BUXPEIICKTPOHOM HE IOBJIHMAET Ha
MOZYJIb LIMPKYJIAIUYA CKOPOCTH

| Tat = Tpez | (20.9)

C yderoM CKa3aHHOrO NpPHMEHHM TeopeMy JKYKOBCKOTO K
OIpEJIETICHUIO MOLYJISI CUIBI B3AUMOAEHCTBHA MEXAY dIZEMEHTAPHBIMi
BUXPEBEIMUA JaCTHIIAMM
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*

* peF;—l el-2 (20.10)

Y=p.U,. el ’
Pe el 47 -r?
2 6
WIH y= 64”pew2v—elr o-el . (2011)

4
Ecin B3are pagmycel 5IeKTpOHOB, IIO3WTPOHOB M IIPOTOHOB
OZHHAKOBEIMH
Toei=Topor=Top=2,13-10"m, (20.12)
T0 ¢opmyna sdupomummammk; (20.11) JgacT Takylo Ke cuiIy
B3aUMOZICHCTBHSA Mex Ty dacTULaMu, Kak 3akoH Kymona (20.1)

—28
- 94, 2107 o (20.13)
TIEE, T r
2 6 -28
V= 647p ewzv-e’rO‘e’ = 2 1(2) H (20.14)
4 4

3Hadenme pamguyca snmeMenTapHsx gacThn  (20.12) mMeer
IIPUMEPHO TO XK€ 3HadeHne, KoTopoe ObUT0 HaMu mony4eHo (17.4) mpn
aHAIIN3C couHa anekTpoHa. OHO Oonbmme, dYeM  IOJIY4YEHO
Pesepdopnom, a raxxe mamu (15.7) npu coGCTBEHHOM aHAIN3€ 3TOTO
3HaMECHMTOro omeita. OmHaKo, CIEAYET Y4eCThb, IYTO TPH MOTYYECHHH
dopMyer (18.7) MEI paccMaTpHBAIK ONTHMAIBHBIH BaAPHAHT IPOJIETA
O-9aCTUIl 9Yepe3 cepeAMHY BHXPEBOr0 KOJbIla aTOMa Marepuaia
(hoMBIH. 37ech CKOpPOCTh BCTPEYHOTO IOTOKA MAKCHMAIBHA H PABHA
CKOPOCTH CBe€Ta B BaKyyMe. B OIBITC O-JacTHIBl, AaXe C CaMBIMH
OONMBIIMMY 3aUKCHPOBAHHBIMY OTKIOHGHHSMH, MOLTH IIPOJIETATh
BBIIIIC WM HWKE CepeivHEl BUHXps. B 3THX MeCTax CKOpPOCTh IOTOKA B
ra30BOM 3(upHOM BHXpE aTOMa OYAET CYIIECTBEHHO MEHBIIIE,

ITostomy dopmyna (18.7) macT Takoe ke 3HaUCHHE PagHyca Oi-
9aCTHIIEL, KaK B (20.12) u (17.4). IIpu 3TOM He crexyer 3a0BIBaTh, 4TO
IIPOBCACHHEIN aHanW3 HE ABIAETCA TOYHBIM PEIIEHNEM M HE Jaer
TOYHBIC 3HaAYCHHS, a HOCUT OLICHOYHBIN XapakTep. IlomydenHoe modrn
TOYHOC COBNaJCHME 3HAYEHWI paguyCOB OJJIEKTPOHA, IO3UTPOHA U
IIPOTOHA B AOCTAaTOYHO PAa3HBIX O0JacTIX (PU3MKKA MOXHO TOJIBKO
IIPUBETCTBOBATb.

Odens BaxmHO OTMETHTIB, HYTO MBI HOIYYWIH CHIY
B3AUMOMEHCTBHS MEXAY IJIEMEUTAPHEIMH JaCTHIAMH TaKylO XKe, KaK
CC ompenenser 3axkoH Kynona. Ho MEI HEe Hamensanu 3TH YaCTHIEI
JJICKTPHICCKUMH 3apsgaMu. Pe3ynsrar monydeH Oe3 Kaxkux-mubo
ACTIOTHHTEIBHBIX IPEANOJIOKECHNM. JTa CHiIa MOMYyYMIach KakK Ol
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camMa coboli Ha OCHOBE NPHHATHIX paHee B JAHHOH TEOPHH MoJeieii
aToMa M 3JIEMEHTAPHBIX YaCTUI[ U MHPOBEIX KOHCTAHT TaKHX, Kak
IVIOTHOCTh 3(upa pPe U BEIMYHMHBI  VYITIOBBIX  CKOPOCTEH
(ou=(ov=3-1018M'l. HaroMH10, 9T0 II0THOCTS 3¢upa Oblna onmpeaencHa
IIPH aHAJIN3€ CHJI IIPUTKCHUA MEXAY TenaMul BceineHHOM, TO eCTh
COBCEM B Japyroi obmacti ¢u3mku. JT0 rOBOPHT 0 eAMHOI Ydupo-

HHAMHAYECKO!  NPMPOAE  CHJ ___ BCEMHMPHOIO _ TAIOTEHHS,

BHYTPHATOMHBIX CHJI H JJEKTPHYUCCKHX CHJI, OGYCJIOBJIEHHBIX

BHYTPEHHHM CTPOCHHEM ATOMA M 3JAeMEHTAPHBIX YACTHII.
Ha stoM MOXHO ObUIO OBl OCTaHOBUTHCA. MBI BBISCHWIIH, YTO

3aK0H KyoHa, ITONYICHHBIN 3KCIIEPUMEHTAJIBHO biby
3NEKTPOCTATHICCKMX CHiI, Ha CAMOM Aeje 00yCIOBIEH JCMCTBUEM CHII
OaBJICHUA B 3(dupe HA 3IEMEHTApHBIC YaCTULBl BEOIECTBA - MPH.UAX
cOmpkennn. YacTuisl MMEOT BHXPEBYH CIPYKTYpy. Hampasnenmne
BpameHua 3Qupa BHYTPH BUXPEBBIX KOJEI] 3JIEMEHTapHBIX 9aCTHUIl II0
OTHONICHMIO K HAIPaBJICHHUIO BBhIAYBa CTPYH M3 ILECHTPAJBHBIX
OTBEPCTHUH oONpenenser, OyAyT JM OTH CWIBl OTTAIKWBaTh WM
IIPUTATHBATh YacCTHIBl, TO €CThb B OOMICHPHHATON TEPMHUHOJIOTHH
HECYT JIH OHH IIOJIOKUTENBHBIN HIH OTPHIATENBHBIN 3IEKTPHICCKUN

3apAz.
Takum o6pa3oM, 3HAK H_BeJHYHHA 3apsiaa 3JAeMEHTAPHOM
gacTHIbl ___ 00YCIOBJEHBI _ BeJIWYNMHOM W HanpaBJeHHEM

IIPOCTPAHCTBCHHbLIX gnpgyﬂﬂguﬁ, HNOACUYHTAHHLIX 110 BHXDEBLIM

KOJIBIIAM 3JIEKTPOHA, TPOTOHA, MO30TPOHA M He 3aBHCAT OT MACCHI
yTHX uacTun, OpHako ocTaroTcd BOIpocsl. Beap Hm ogHa U3

PAaCCMOTPEHHEIX BHXPEBBIX Ia30BHIX MOJEICH 3NEMEHTApHBIX YaCTHIL
HE OTBEYaeT YCIOBHIO cepuueckor cummerpuu. U3 3toro cuemyer
BEIBOJI, 9TO DJIEMEHTApHBIH chepuUeCKuil 3apsa] OOJDKEH UMETh Oonee
CII0HYIO POopMy, YeM EPEIUCICHHBIE JACTHUILE.

Ha punc.20.1 moxa3zaHsl BO3MOXHBEIE CXEMBI 3JIEMEHTapHBIX
INOJIOKUTCIbHBIX M OTPULATEIBHBIX COEpUUECKHMX  3apsaaoB,
COCTaBJICHHBIX M3 3JICMCHTAPHBIX BUXPEBBIX KOJIEL 3JIEKTPOHOB H
IIO3UTPOHOB, KOTOphIE II0 HANIEMy MHEHUIO MOIYT OOECceYMTh
chepuIecKyl0 CHMMETPHIO. 3a OTPHLATEIBHEIN 3IEMEHTAPHBIA 3aps
IIPAMEM 3apsifl, COCTaBICHHBIN U3 JIEMEHTAPHBIX BUXPEBRIX KOJEI, U3
[EHTPAIBHBIX  OTBEPCTHM  KOTOPBIX 3(uUp BBIAYBaeTCA  IIO
HalpaBJIeHUIO OT IEHTPOB 3apsAA0B BO BHEIIHEE IPOCTPAHCTBO. 3a
IONOXKHUTENIbHEIN ICMEHTApHBIA 3apsad  I[pPHUMEM 3apAl, TaKKe
COCTaBIICHHBIM W3 JIEMCHTApHBIX BHUXPEBEIX KOJELl, dYepes
[EHTPAIbHBIE OTBEPCTHS KOTOPBHIX B(QHpP NOINOMACTCS BHYTPb.
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OTpunarensHelii  3apsiag = mOpencTaBiseT cob0d  3yIeMEHTapHBIA
UCTOYHHK, a ITOJIOKHUTEIIFHBIA — 3JIEMEHTapHBIN CTOK.

A

2
g

Puc.20.1 Puc.20.2

Odup BHYTPH KaXJOro M3 BUXPEBBIX KOJEL, COCTABIAIOMINX
IeMEHTapHEIe cdepudeckue 3apsdbl, BpamaeTcid BOKPYr OCeH
CUMMETPpHH CBOMX Koiel. IIpmmeM, 9TO OTpUIIATEIBLHOMY 3apsiy
COOTBETCTBYET  BpAamieHME IHPOTHB  4YacOBOM  CTpElKH, a
IIOJIOXKHUTEJILHOMY- BpaIieHHe O YaCOBOM CTPEJIKE, €CIIM CMOTPETh Ha
3apsA M3BHE. OTO YCJIOBHOE pasuerneHue. MoxHo 6pu10 OB IpHHATH
IPSMO IIPOTHBONOJIOKHOE IIPaBWIO. 1eM HE MEHee, fACHO, YTO JBa
OIMHAKOBBEIX I10 HANpPaBJICHHIO BPalICHWSA B KONBIAX CHEPUICCKUX
3apsifa OyayT OTTANTKMBATHCA, 4 JBa 3apAla C pa3HOHAMPAaBJICHHBIM
BpamieHueM OyZIyT NPHUTATTBAThCA. B CO3MaHMM CWT IPUTSHKECHUS U
OTTAJIKUBaHUA OJJHOBPEMEHHO YIaCTBYIOT Y€THIPE BUXPEBBIX KOJIBIIA.

Ecmi 3apgnael pacnpeneiieHel 110 CepHdecKOl IIOBEPXHOCTH
KOHE4HRIX Pa3MEPOB, TO CHJIA, IEMCTBYIOMAs Ha cepy, B 3TOM ciydae
OynmeT paBHA CyMMeE 3JIeMEHTAPHBIX CHJI, JNEHCTBYIOIMMX Ha KaXIOE
BHXPEBOE KOJIbI[O-3aps].

TaxuMm 00pa3oM, IIpu OTHOMMEHHOM DJIIEKTPH3AIMH IBYX JIETKHX
IIAPUKOB, IPUBA3AHHEIX K JUIMHHBIM HHUTAM, OHH OyAyT
orraikuBarscs. [Mlapuxu pazolayrcs TeM Aalibile, YeM CHIIbHES OHH
HA3IEKTPU30BaHbel. M3BECTHO, YTO Ha MPaKTHUKE I OMpEACICHHA
CTENEHM  HAJNEKTPU3OBAHHOCTM  NPUMEHSIOTCH  CIIELIHATLHEIC
npuboprlonekTpockonsl.  Hampumep, Ha  Puc.20.2 moka3zaH
3MEKTPOCKOII, B KOTOPOM K IIPOBOJIOKE B ¢ miapukom A Ha BepxHeM
KOHIIe ITPUKPEIUICHB! JBa TOHKUX JINCTOYKA U3 AJTIOMUHUA.

IIpy coobmenmm mnpoBonoke B a;mexTpudeckoro 3apsana
3IeMEHTapHble BHXPEBBIE KOJbIA 3(Hpa BHYTPH ATIOMHHEBBIX
JIMCTOYKOB Pa3sBOPaUYHBAIOTCA TaKMM 00pa3oM, YTO HX OCH CHMMETPHH
HaIIpaBJICHBI BIIOJIb JICIIECTKOB M OCEBOE BpaICHUE 3(PHpa B BUXPEBBIX
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KOJbIaX OJUHAKOBOE. B pe3yabrare, Kak OTMEYAJOCh pPaHbIIE,
BO3HMKAIOT CHIBI OTTAIKUBaHuA. [10 pacXoXXIeHHIO JEMECTKOB MOXKHO
CYZUTH O CTEIECHU COOOMEHHON UM BJICKTPHU3AIIMH,

IIp 3TOM MOXXHO CUMTaTh, YTO B HE3apsDKEHHBIX TEIaX BCEraa
VIMEIOTCS 3apAabl IMPOTHUBOIIOIOKHBIX 3HAKOB HJIH, YTO TO K€ CaMoe,
3JIEMEHTapHBIe 3QUpPHEIE KOJIbIA C IMPOTHBOMNOI0KHEIM HAMpPaBICHHEM
BpamieHud CTpy# 3dupa BHOIL BUXPEBHIX Kkoxeln. WX komaudecTBo
TaKOBO, YTO HMX NEHCTBUE MOJIHOCTBIO KOMIIEHCHUPYET ApYyr apyra. B
[Ipolecce MEKTpU3alMU HauyuHaeT IipeobiiafaTth BpamieHHe 3dupa B
JJIEMEHTApPHBIX KOJBI[aX Kakoro-nubo OJHOrO 3HaKa. OJT0 H
ONpenelIAeT 3HAK U CTENEHb IeKTpu3anuu Teia. COoIoCTaBIfgd MEXIY
coboii BeIpaxkeHHs 3axkoHa KyioHa s B3J€MEHTapHBIX 3apsioB,
noiryacHHbsle B 3nekrpocratuke (20.1) u adupoaunamuke (20.10),
HaliieM CBA3b MEXAY DJIEMCHTAPHBIM 3apsiioM (=€ ~ H IIpo-

CTPAHCTBEHHOM LUPKYSALMER BUXpedaekTpona 1

e

e=qe=+/&,&" P, ‘T (20.15)
Jloruka naapHEMIIMX pacCyXKACHHUI MOXET OBITH Takoil )K€, KaK B
nexkTpocTaTuxe. IlockonpKy TedeHuwe 3¢upa BHE BUXPEBBIX KOJIEI]
3JIEKTPOHA, IIO3UTPOHA ¥ ITPOTOHA SABIACTCA IMOTCHIHAIBHBIM, TO
PE3YIBTHPYIOIIEE HAIPSDKCHHE OKOJIO PAa3IMYHBIX DICKTPHICCKH
3apSUKCHHBIX TEN MOXKHO HaXOAUTh, HCIIONIB3YsS METO CYTIEPIO3UIIHH.
To ecTs HaxoAUTH PE3YJBTHUPYIOIICE PEIIEHHE KaK I'€OMETPHIECKYIO
CyMMY HampsDKSHHH, CO3/1aBA€MBIX TOYCYHBIMU 3apsilaMHu.

Moxuao OvLTIO OBl MOBTOPHTH BCE€ BBHIBOJBI 3JICKTPOCTATHKH,
WCIIONB3YyA  BMECTO  3apAO0B (¢ HX  BBIPaXCHHA  4epe3
IIPOCTPAHCTBECHHYH) LMPKYJALHIO CKOPOCTH M IOIY4UTh (POPMYIIBI
JUIL HaNpSHDKEHHOCTEH JJIEKTPUYCCKUX IOJIEH OKOIO 3apsDKEHHBIX
ITOCKOCTEH, ITMIMHAPUYESCKIX H C(HEPHISCKHX IOBEPXHOCTEH U paaa
apyrux. O4eBUMAHO, 9TO B 3TOM HET HEOOXOAMMOCTH, TaK KaK CMBICI
HAIIMX HCCJIENOBAHMM 3aKIF0YaeTca B ApyroM. Mbl XOTHM PACKPLITH

H __ o00cHOBAaTh _ 3QMPOIMHAMHYECKYIO  NPHPOAY  3JIEKTpo-
CTATHYECCKHX SABJECHHH, MOKA3aTh E€IMHCTBO TAKHX, KA3aJ0Ch Obl,
PA3HOPOAHLIX SABJCHHH, KAK BCEMHUDPHOE TATOTEHHE, AVAJH3IM
KOPNYCKYJISPHbIX B BOJHOBBLIX CBOHCTB 3JEMEHTADHLIX YACTHIL,

JJCKTPOMAI'HATHBIX ABJCHANA N _cBeTa. Bee 3TH SABJICHNSA HMEHT,
10 HAIlIEMY OeKICHNIO, 3 OAHHAMHYECCK IpPHPo 4 |

ABNSIOTCH PARIHYHLIMHU I'DAHAMHM CBOMCTB M TeYeHHH YOHPHOIO
raza. B 53ToM JKe PpsaAy HAXOAATCS MHOIHME 3arajaovyHble
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KOCMHYCCKHC SABJICHHA, OTKPBITHIC 8(5:!:EOI-I(')MI’I(BFI:I HO HC HMCIOIIIME

HA CeroAHAIIHNNA JeHb PA3YMHOI0 O0bLACHEHH .
ITpoBenennsl aHamM3 3QUPOANHAMHYECKON IIPUPOMBI CHIIEI

TSDKECTH U JJIEKTPOCTATHYECKUX CHI MO3BOJICT IMPHOTKPHITH 3aBECY
HEM3BECTHOCTH HAJ CTPYKTypoH HeitpoHa. OTCyTcTBUE y HEro
MEKTPUIECKOTO 3apiaAa 03HAYaeT, YTO OH IPEACTaBIsgeT COo00M, KaK u
IIPOTOH, BHXPEBOE KONBIO XKHAKOrOo 3(QHpa, B KOTOPOM, OJIHAKO,
OTCYTCTBYET BpamICHME CTPYH BAOIL KOABLA (Wyo,=0 ). Bpamenue
CTpYH KHAKOTO 3(Hpa BOKPYr OCH Teja KOJblla HEUTPOHA C YIJIOBOMH
CKOPOCTBIO cou.n=3-1018c'1 HAMEET MECTO. OTO TedeHHue obecrieduBacT
CIOCOOHOCTP HEWTpPOHA TmorJiomiath 3QHpP M3  OKPYXKAKIIEro
IIPOCTPAHCTBA, KOTOpas, B CBOIO oOdepenb, OOYCIOBIMBAaET
CTaOMIBHOCTH 3TOM DJIEMEHTAPHOH YACTHIIHI H HAJMYHE Y HEe
00nBII0# MaccChl.

21. DJ1eKTpHYeCKHH TOK B NPEACTABJICHUAAX
3¢UpOANHAMHKH

- [lo ompeneneHuIo [22], cuna Toxa J paBHa KOJIMYECTBY N

i ’ -
SJEKTPUYECKMX 3apsafioB € , IEPEHOCUMBEIX CO CKOPOCThIO V' B

COMHUIY BPEMEHM dYepe3 IUIomaap S [IOTIEPETHOTO CEYCHMA
IIPOBOJHUKA [22].

J=enV S (21.1)
II€ N—9HCIO0  DJJIEKTPHYECCKHX  3apsfgoB  (BHXPE3JICKTPOHOB
HPOBOAWMOCTH) B eauHMNe oO0sema. [l MemHoro npoBoaa
n=8.5-10® M. CxopocTh MABWXKEHHA 3apSNOB BHYTPH IPOBOJHHKA
MMEET MTOPIOK V =8-10"m/c.

Ho smexTpuueckmii 3apsan € corjacHo (20.15) mpomopuuonaieH
IIPOCTPAHCTBEHHON LIMPKY/ISILHHA CKOPOCTH :,, PAaCCUUTAHHOH IIO
IIOBEPXHOCTH  J3GHUPHOIO  BHXPEBOIO  KOJbIla, 0O0pa3yroouero
SIeKTpHUeckuii 3apan. Ilosromy — Beipaxkerue (21.1) MoXxHO

IEPENUCATD K BUAY
J=.\/e,60,T,nVS. (21.2)

HannoMHuM, 9TO TPOCTPAHCTBEHHASA LUPKYJISAINUS CKOPOCTH r:; ,

MIOJICYNTAHHAA II0 IIOBEPXHOCTH BHXPEBOr0 KOJIbHOA 3JIEKTPOHA,
CBfA3aHa C IUPKYJIAIMEH CKOPOCTH MO KOHTYPYy BHXPEBOIr0 KOJIbIa
9JIEKTpoHA I’ 3aBUCUMOCTBIO
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r:l =rel2ro—el s (213)

rac Fe1=8ﬂ0)v-e1r 02_ el =Iel. (2 1 4)

JIBUrasces BIOJIb METALIMYECKOrO MPOBOJHUKA BUXPEBBIE KOIBLIA,
3apaabpl oOpa3ylOT BHXPEBBIE HUTH C HAIPOKCHUAMU I, paBHBIMH
IUPKYJISAIUAM CKOpOCTH 3(pupa IO KOHTYpY BHXPEBOTO KOJIbI[A
anekTpoHa I'. Bee BuxpeBrle IMHUM BHYTpH IPOBOAHHMKA OOpa3yioT
BUXPEBOM JXIryT C CyMMapHBEIM HampshkeHHeM Iy M paBHOH eMy
CyMMapHOH IupKyauueil I'y.

Yepes muonraky MexXaTOMHOI'0 IIPOCTPAHCTBA, PaBHYIO ILIOMALU
aToMa  S,=nr. TCOPETHYECKH  MOXET  IPOXOIUTH  9HCIIO

oa’
3JI€MEHTAPHBIX BUXPEBBIX JTUHUM C IDIOMAABIO IIOTIEPEIHOr0 CEYEHMS

Se=n(2roe)” PpaBHOE Su/Sq. BHXpeBEle JIMHHE B 3TOM Ciydae
pacnonaranuchk Obl BILIOTHYIO, 4ero ObITh HE MoxeT. [Tomaraem, 49To
3TO KOJMYECTBO DJIEMEHTApPHBIX BUXpPEi NPUXOOUTCA HE HA IUIOMIAJb
Sa, a Ha eJUHUYHYIO IUIOIAAb IIONEPEYHOrC CEYEHUS ITPOBOJHUKA
S;=1v’. TIlo3ToMy 4HCIO OJEMEHTAPHBIX BHMXPEBEIX JIHHHH,
IPUXOAAIIMXCS Ha €ANHUYHYIO IUIOMIAb CEUCHHS IMPOBOAHUKA, OyneT
S /S )
c—2—= [m?]. 3mech ¢<1, Tak Kak He BCA IUIOMAAb MOMEPEYHOTO
1

CedeHUsA NPOBOJHUKA IMMPOXOAWMMA i1 BHUXpe3neKTpoHOB. IInomans
paccMaTpuBacMOro MpOBOJHMKA paBHa S. CrnemoBaTelbHO, YEpE3 3TY
IIomans OyZeT NpOXOAHTH CIEAYIOIIee KOJUYECTBO IEMEHTapHBIX
BUXPEBBIX JTUHUMN

SelSag_ 5.
55 Se

e

S 1. 5)

YMHOXHUB HalpspKeHHe (LUPKYJISIMIO) 3JIEMEHTAPHOM BHXPEBOM
maHuA I=Ie Ha KOJIUYECTBO STHUX IHMHUH MOIYYUM CyYMMapHOE
HAITPAKEHHUE BCETO BUXPEBOIO XKT'yTa BHYTPH IIPOBOJHHKA

S
) 21.6
S (21.6)

el
Jlamee BepHeMcCS K BREIpaXXEHMIO JUis CHiel ToKa (21.2).
ITepemumeM €ro, MmpeIBapUTEIBHO YMHOXXKHB M DPAa3delUB IPaBYIO

S

a

IZ=PZ=I‘elg

qaCTb Ha MHOXXKHTCJIIb C 1 3aMEHHUB IOBEPXHOCTHYIO ITUPKYJ/IAITHIO

el

anexTpona I, BeipaxenueM (21.3). B pesynsrare mony4um
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J=,&,6p,TnV S = .J¢,6p,T,;2r, ;nV S 5 i" ;?’ =
G a el

I |
g ) S a / S el
OTKy,lIa HAITPpsSIKCHAC B(I)HpHOI‘O BIUXPCBOI'O XKI'yTa BHYTPH

METAUTHMIECKOTO IIPOBOAHMKA Iy MOJKHO BEIPA3UTh YE€PE3 CIIIY TOKA B
3TOM IIPOBOJHHUKE

=.E,8p,2r,_ nV (21.7)

g'Sa /Sel ©
gogpe 2ra—ean

310 mone3Has 3aBucUMOCcTh. OHA MO3BONSIET, KaK YBUAVM B I'TIaBE
22, nydme TNOHATh HE TONBKO SPUPOIMHAMHYECKYIO IIPHUPOLY
JNEKTPUIECKOT0 TOK3a, HO H 3(QHPOOUHAMHYECKYIO IIPHUPOIY
MarHUTHOTQ IIOJIS OKOJIO IIPOBOJHUKA C JJICKTPUYECKUM TOKOM. TaMm
)K€ YTOUHUM 3HAYCHHUE C.

B razoguHammke [23] u3BeCTHO pemIcHNE 3a0a49d 110 ONPEACTICHUIO
IIOJIE CKOPOCTEH OKOJI0 CHCTEMBI BHUXPEBBEIX KOJIEL B O€3rpaHMIHOM
T10JIE XUJKOCTH, paclpeieICHHBIX paBHOMEPHO IO JIMHE IIIHNHIPA B
IUIOCKOCTAX, IEPIEHANKYPHBIX ero oOpasyromeii. PaccMaTpuBaercs
TOJNBKO OKPY)KHOE BpaIll€HHE J>XHIOKOCTH B BHXPEBBIX KOJBLAX C
VIJIOBOH CKOPOCTBIO @, . TedeHme BHONb KOJel OTCYyTCTBYET
(Puc.21.1). Oxkazanoch, 9TO BHE ILWJIMHApPA BUXph HE HHAYLUPYET
ckopocTel. BHyTpH ImwmmMHApa HUHAYLIHMPYETCA OCEBOM IIOTOK CO
CKOPOCTBI0, H3MeHsAomelca or Vy=Y Ha ocu nuiuHipa Ao V,=I/2
Ha €ro CTeHKax. 37ech Y - ITOrOHHAs HHTCHCUBHOCTH BUXPEBOI'O CJIOA
HAa IIOBEPXHOCTH UMIHHApa. EcaM IOmMyCTHTh, YTO JIEKTPOHEI
IOBIDKYTCA BIUIOTHYHO JPyr K APYTY, TO €€ MOXHO OLIEHHTh Kak
OTHOIICHUE IMPKYIALMH OKPYKHOTO TEYEHHS Ha IIOBEPXHOCTH
BUXPEBOr'0 KONbLIA (BUXPEITEKTPOHA) K €T0 IMUPHHE

Y= rel
2r,

Iz=rz= J (2 1. 8)

— =1.10°
=r-o,r_,=210" m/c (21.9)
—el

V3 npoBeneHHOro aHamm3a CIEAYeT, YTO BHYTPH IpPOBOJHHKA
MOMAMO JBIDKEHHA C HEOONBIIONH CKOPOCTBIO BHXPE3IEKTPOHOB

(V = 6107 m/c) cymectsyer oceBas cTpys 3bHpa Co CKOPOCTBIO
V=2-10°m/c. (21.10)
Taxum o00pa3oM, NOTHKa HAIIKMX MCCICIOBAaHMI ITOABENA HAC K

MBIC/IM, YTO JJEKTPHYECKHHM  TOK  IIPEACTABJIAET _coOOM
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KOMﬁHHaEHlO ABYX IIOTOKOB. nepnmﬁ COCTOHT 3

BHXPE)JIEKTPOHOB, T.e. BAXPEBbIX YOUPHBIX KoJIel, IPOTeKaIONINX
¢ HeGoabmoii ckopocThio (V=6-10"M/c) BIoIb BHXPEBBIX JHHMI
ofpa3ylonmux BHXPEBOH INIHYP BHYTPH  MeTANINYECKOro
npoBonHuka. Ero conpoBoxIaeT B TOM e HaNpaBjeHHA BTODOii

BBICOKOCKODOCTHO# moTok 3dupa (V.22-10°m/c). On nHMIMApoRan

nepBbIM NoToKoM. Hanpsikenue BUXpeBoro NHypa B IPOBOIHMKE
CBfA3aHO ¢ cmaod toka dopmyaoin  (21.8). HIMeHHO 3TOT
BbICOKOCKOPOCTHOM _NMOTOK _3(dupa cBA3GIBACTCH B HalleM
CO3ZHAHHUM C NIOHATHEM «YAAP TOKAa»,

IIpu 3aMBIKaHHH IIPOBOAHHKA C 3a3€MJICHHBIM TEJIOM 3TOT IMOTOK
BPEIBAETCA BHYTPh MOCJIEIHEI0 M, B3aUMOJICHCTBYS C MOJEKYJIaMH H
aTOMaMH 53TOro Tejla, MPHBOAUT HX B BO30YXIEHHOE COCTOSHME,
BRI3BIBAET HarpeB. HeocTropoxkHOoe obpameHue ¢ 3NEKTPHYECKHMH
IIPOBOZAMHU, HaXOIAIIMMUCA IT0[ HaIPsDKCHHEM, MOXET IIPHBECTH K
TPAarudeCKUM IOCIICACTBHAM.

be3 npeacraBjieHAs 0 BbICOKOCKOPOCTHOM NOTOKe 3(upa Obliio
Obl HE COBCEM IMOHATHO, KaK IMOTOK J3JEKTPOHOB, IBH HXCH C
MM3EPHON CKOPOCTHI0 MEHBLIIE OJHOr0 MWLIMMETPR B CEKYHIY
MOKeT YOMBATh JII0ieH M JKUBOTHBIX, Ubsi peaknus Ha 60Jib, yaap

U ApYIrue olyIIeHnus 3HAYMTEJbHO ObIcTpee.
OnexkTpudeckasd MOJHHS TaKXKe MpeACTaBiIieT coboil paspan

3NEKTPUYECKOr0 TOKA, COCTOAIIEr0o M3 TE€X € JBYX MOTOKOB. Bo
BpeMd TIpPO3bl BO3AyX IIEPEHACBHINEH BOAAHBIMH IIapaMM |
CBOOOIHBIMH 3eKTpoHaMu. H3-3a TypOyJaeHTHOCTH aTtMoc(epsl H
IIEpEMEIINUBAHUSI CJIOEB B BO3AYXE BO3HMKAIOT IIPOTSKECHHEIE
BO3JyNIHEIE BHXPH, BOBICKAIOIIUE B CBOE IBIDKEHHE CBOOOJHEIC
3NEKTPOHBL. B pesynsTare 00pa3yioTcs 3/1eKTpOHHbIE BUXpH. Ecinu atH
BUXPHU OKA3bIBAIOTCH BEITSHYTHIMH MEXIY 3¢MJIEH U TY4€Hl, B KOTOpOU
HaKOIIUIOCh MHOIC H30BITOYHBIX 3JICKTPOHOB, ITOCICIHNE HAYMHAIOT
MEIUICHHO JBUTAThCS OT TYy4M K 3€MJI€, BBICTPAMBasCh B ILICTIOYKH
BEIYBOM 3(¢Hupa Brepes U3 LEHTPAJIbHEIX OTBEPCTHH BUXpEKOIEL. OTH
BUXPEBBIC JIMHUHU (TOYHEE BUXPEBHIE TPYyOKH) HaYWHAIOT UIpaTrh poib
NEKTPOIPOBOAOB. CeHyac € BHYTPH BHUXPEBBIX JJIEKTPOHHBIX
TPYOOK BO3HHMKAIOT BRICOKOCKOPOCTHEIE ITOTOKU 3¢dupa. IIponcxogut
pa3psaa TOKa CO BCEMHM BBITEKAIONIMMH M3 3TOrO IOCICACTBHUAMM.
B3aumoznelicTByds ¢ aroMaMH K MOJEKYJaMH  BO3OyXa,
BBICOKOCKOPOCTHBIE ITOTOKH 3(hmpa pa3orpeBaroT BO3AyX OO COCTOSHUA
pacKaJICeHHOH IIa3MBbl, CBEUECHHE KOTOPOH MBI BUAUM B OJIECKE MOJTHUHA
M CIBIMMM B 3all03JalbIX packaTax rpomMa. MI3BecTHO, 4TO MOJHUH
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BO3HHMKAIOT TaKKe MEXAY IOBYMS TydaMH, B OJHOM U3 KOTOPHIX
nMeeTcs U30LITOK, a B APYToi HEJOCTATOK JIEKTPOHOB.

B macTosmiee BpeMs H3BECTHBI IKCICPHMEHTAJBHBIC NaHHBIC IIO
HU3MEPEHNIO CKOPOCTEH «uaepa» (KOHYHMKZ MOJIHUH) V=10°w/c n
«HATOJIbYATOro Jmaepa» (Korga KaHal MOJHMM YyXe IIPOOHT)
V=4-10°M/c. Komeuno, B SKCIEpUMEHTE (HKCHpPYeTcS HE IOTOK
a¢upa, a nepeaBuxkeHue GPOHTA COIMPHUKOCHOBEHUS MOTOKA 3dupa C
BO3OYXOM, IA¢ IIPOHUCXOOUT Pa3orpeB M IPEBpAaNICHUE BO3IyXa B
mnasMy. Korma xanan yxke npobur, B HEM, MO-BHANMOMY,
(pukcupyercds IOTOK CBOOOAHBIX IEKTPOHOB. CKOpoCTh 3THX
3MEKTPOHOB MOXKHO PaCcCIUTATh 110 (hOpMyIIE

V=j-t+V, (21.11)

[IpuMeM, 9TO HadajlbHAS CKOPOCTh JJIEKTPOHOB paBHAa Hymo V=0,
CornacHo BeIpakeHHIO (4.8) cHna, IPMIOKEHHAs K KaKIOMY
3NEKTPOHY, CO CTOPOHEI . MOTOKa 3¢upa B KaHaIe MOIHUU
OIpeAcHIeTCS Kak

Fe=mj=moV,, (21.12)
I'me m-Macca 31eKTPOHa, j-yCKOpEHHe 3IeKTpoHa, a=1c™, V,=2: 10°m/c
(cornacHo (21.10)). OTkyna

j=aV,=2-10%w/c* (21.13)
Iloncraum 3T0 3HaueHwe B (21.11) m pe3ymbTaT npupaBHiIEeM
3KCIEPHMEHTAIBHOMY 3HAY€HHI0O CKOPOCTH «HUT'OJIBYATOTO JIHIACpaY.
W3 momydeHHOro paBeHCTBa HaWeM BpeMsd, NMOTpeOHOE s pasroHa
JIEKTPOHOB B KaHAJC MOJHHMM OO 3HA49CHUA, 3apHKCHPOBAHHOIO B
IKCIIEpUMEHTE (HaOMIOACHUN)

t=4-10%/2-10°=2c¢ (21.14)
OT0  [0CTaTOYHO  pEalbHBINl  pe3ysbTaT, IOATBEPKAAIOLIMH
JOCTOBEPHOCTh HAIIET'O UCCICIOBaHUS.

22. MarHaTHoe moJie 0Ko0J10 MPOBOJHAKA C TOKOM.

PaccMOTpuM  J3I€KTPOMAarHUTHOE  B3aWMMOAEHCTBHE  JBYX
[apaulelbHbIX O€CKOHEYHO [UIMHHBIX IIPOBOOHHKOB C TOKOM.
H3BecTHO, 9TO IPOBOJHHMKH C OJUHAKOBO HAIIPaBICHHBIMH TOKaMU
IPUTATUBAIOTCA, a C IIPOTHBOIIONOXO HAmparJIEHHBIMH TOKAMH -
OTTaJIKHBAIOTCA. MOIYJIb CHIBI NPUTDKEHHUA (OTTAIKUBAHUA) IIpH
OIHMHAKOBBIX (IIPOTHBOIOJIOXKHEIX) HAMPAaBICHUAX TOKa paBeH

F J,J,

7='u°ﬂ27r-R
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3nece J; ¥ Jp - CHIIBI TOKOB B IIEPBOM M BTOPOM IPOBOJHHUKAX. L, —
MAarHuTHas: IOCTOSIHHAsA., | — MarHWTHas IPOHHUIIAEMOCTb CpPEHNEI, B
KOTOPOM HAXOOUTCS MPOBOAHHUK. R — paccTosiHHEe, OTCUMTHIBAEMOE OT
IPSAMOJIMHENHOIO IMPOBOHKWKA B HAIPABJICHWH HOPMAlIH IO APYTOTro
IIPOBOJAHHUKA.

He=4m-10"Tr/M=1,26-10"Tw/M (22.2)

Hanee BepHeMCAd K IpeAcTaBICHUAM >SdupomuHaMuku. Mel
OCTAHOBHJIUCh HA TOM, 4YTO BHYTPH METAUIHYECKOIO IIPOBOIHMKA C
NEKTPUIECCKUM TOKOM CYIIECTBYET JKI'yT U3 IJIEMCHTAPHBIX BUXPEBEIX
HuTel s¢upa. Ero nanpsokernue Bripaxaerca Gopmymoit (21.8) gepes
cury Toka. CTEeHKH METAJUIMYECKOIO0 IPOBOJHHMKA HE SBIIIIOTCH
HEMPEONOJUMON mperpanod mis 3(QHUPHOro ra3za, OKPYIKAIOMETO
IIPOBOAHUK. BHUXpEBBIE KONBIA IEKTPOHOB, 00Pa3yIOIMINE BUXPEBBIC
HHUTH IBIKYTCS BHOJb NpOoBOAHWKA. VI3 MX LICHTpalbHBIX OTBEPCTHH
BEIyBaerca crpyfd d3¢upa. C MDPOTHUBOIIOIOKHOW CTOPOHEI IPHUD
3aCachlBaeTCA  BHYTPh  LEHTPANbHOI'O  OTBEPCTHUS,  YACTUYHO
IOTJIOIIAACh BELIECTBOM BHXPEINICKTPOHOB. B pesynsTare 3T0r0
BHYTPH META/UIMICCKOr0 MPOBOAHMUKA BO3HHKAET HE TOJBKO ITOTOK U3
BUXPEBBIX KOJEI, HO M CTpyfA 3¢Hupa, TEKyIIas BIOIb IIPOBOAHHUKA.
HaBpnenne 5S¢upa BHYTpH MPOBOAHHKA YMEHBIOAETCH  H3-32
yBEIIMIEHHSA CKOPOCTH.

B oxpyxamomeM CTpylo noiae 3¢mpa BO3HHKAeT paJuaibHOE
TEUYEHHE II0 HAIpaBIEHHIO K CTPye B CTOPOHY ITOHHIKEHHOTO
OABIEHUSI. OTO PAJUAUIGHOE TEYEHHE HEYCTOMYMBO H IO3TOMY
HA9MHAECT BpallaThCid BOKPYT cTpyu. OOpasyercs TUNIMYHAS KapTHHA
TEYEHNSA OKOJIO IEHTPAIBHOTO BHXPA, HAIIPMMEP, BO3HMKAIONIAS MPH
CIIKBE BOJEI U3 OONBINON EMKOCTH 9€pe3 CITMBHOE OTBEPCTHE.

TOK OT HacC

"V

TOK Ha HaAcC

Puc.22.1
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3T0 TeUEHHE CTAHOBUTCSA YCTOHYMBBIM K BHELIHHUM BO3ICHCTBUAM,
TaK KaKk LIEHTpPOOEXHBIE CHIbI, BO3ZHHKAIOIUME INpPH BpAIICHHH U
OCHCTBYIOIIME HA CTPYH JMKHAKOCTH, YPaBHOBCLIMBAIOTCA CHIIAMH
naBineHus. HanpaBiaeHwe  BpalieHHs 3aBUCUT OT  BHEINHHUX
BO3ACHCTBUMA B MOMEHT 00pa3oBaHHs ITOro TeueHus. IIpuMEHUTENRHO
K pacCMaTpUBacMOMY TEYEHHIO 3(HUpa BOKPYI BHXPEBOro XKIyTa
TAKMUM BO3JCHCTBUEM MOXET OBITh TE4eHHE CTpPyH 3dHpa BIOIb
KTyTOB. ECIM BHXpPEdIEKTPOHBI MPOTEKAIOT B H30IUPOBAHHOM
NPOBOJHHMKE OT HAC, KaK IT0Ka3aHO Ha BepxHeM puc.22.1 (Tok Or Hac),
TO BpallleHHUE d¢upa BHYTPU U CHAPYXKHU IMPOBOJHUKA IMPOUCXOLHUT II0
4acoBOM CTPEIIKE, & €CIIM B HANIy CTOPOHY(TOK Ha HAC), KAK B HMXKHEH
4acTH 3TOr0 PHUCYHK4a , TO BpamieHWEe BO3HMKACT INPOTHB YaCOBOH
CTPEJIKHY.

Ecnu psagoM mnapamnenbHO Jpyr APYTY PacHoOXKEHB! [Ba
IIPIMOJIMHEUHBIX IIPOBOAHUKA € TOKOM, TO TEYCHHE OKOJIO HHUX
peanusyercd Tak, Kak IokasaHo Ha puc.22.2 u 22.3. Eciu Tok B 06oux
IIPOBOJHHUKAX HAIIPABICH B OJMHAKOBOM HAMpAaBJICHHH, HAIPUMEp, OT
Hac, TO MEXOy IIPOBOAHMKAMH B IIoJie 3(¢Hpa BO3HUKAET CITyTHBIH
BHXPb. BHYTpH CIyTHOrO BHXpPs HaBlieHHEe NOHMKaeTcs. CHapyKu OT
IIPOBOIHUKOB JaBJIeHUE coxpaHsercs Ooiee BbICOKMM. B pesyinpraTe
KaXIBIH U3 IMPOBOJHUKOB MOATAJIKUBAETCS MEPENagOM NABICHUS APYT
K apyry. MHade roBops, NpOBOAHHUKH NPUTATHBAIOTCA. Eciu Tok B
IIPOBOJAHUKAX HANPaBJIEH B IMPOTHBOIIOIOXHBIE CTOPOHEI, TO CITyTHEIC
BHXpH BO3HHMKalOT C IIPOTHBOIIOJIOXKHBEIX CTOpOH. B pesyiawrare
IIPOBOAHHKH HAaYWMHAIOT OTTAJIKHBATHCA.

TOK OT uac‘“"ﬂmx OT HaC TOK OT HaC TOK Ha Hac

Puc.22.2 Puc.22.3
HunyuupoBaHHble B 1ose 3QHpa CKOPOCTH BRIYHUCIAIOTCH ITYTEM
HHTETPUPOBAHUS IO JJIMHE NPOBOJHMKA BRHIPAKCHHUA OIS KOJIBLIEBOI
CKOPOCTH, onpeaensieMoi 3akosom buo-Capapa
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Iy Iy
27R 27R
3neck I'y 1 Iy - COOTBETCTBEHHO LMPKYJISIIHA H HAIPHKEHHE
BUXpEBOI'O XKTyTa 3¢upa BHYTpH HpoBoAHMKA. [lepBEIii IPOBOJHUK,
BHYTPH KOTOpPOI'O IPOXOAUT BUXPEBOH WMHYp ¢ mupKysmed Iy,
1 22
27+ R
nmpoBoaHUKOM. Ilo3ToMy Ha Hero paeicTByeT cuia, ompeaeieMas
TeopeMoil XKykoBckoro. Ona HalpaBieHa K BTOPOMY IIPOBOTHHKY

121122

v

(22.3)

HAXOJUTCA B Ioye ckopocter Uy,= , HHIYIIHPOBAHHBIX BTOPEIM

F =per2Fz11= Pe l (224)

OdeBuHO, YTO C TaKoH JK€ CHIOH BTOpOH IPOBOJHHUK

IPUTATUBACTCS K IepsoMy. W3 BelpaxeHus (21.8) Hanpsokenne Iy
BAXPEBOTO IMHypa BHYTpH JI0O0r0 INIPOBOJHHKA MOXHO BHIPAa3HTh
qepe3 city Toka. [103ToMy 3aMEeHMM HANPSHKEHUA BUXPEBBIX 3()HPHBIX

XryTOB I3 ¥ I3, IEPBOro U BTOPOro MpOBOJHUKOB 9E€PE3 CHIIBI TOKOB
J, u J, B 3THX nmpoBoaHMkax. B pesynprare cuia, OTHECEHHAA K JJIMHE
IIPOBO[HHKA, OIIPEACIIUTCSA KaK

F_ ¢*(8,/84)" JiJ,
| 4e,6-r n*(V)? 22R
ComocTasniafs 3TO BeipaXeHHe ¢ 3aKkoHOM (22.1), nomydum
¢opMyIy I OACYETA Mo
c*(S /S el)2
4e,&-r.  n” (V)?
[IoacTaBuM B 3TO BHIPAXKEHHE 3HAYEHUS BXOIIUIMXBHETO BEIHYHH:

S _ 0,213-10°%, n=8,5-10%m", 1,.=2,18-10"m, V" =8-10"wm/c,
el
u=1 u e=1 (w1 Baxyyma), £,=8,854-107"* ®/m, (22.7)
IMocte BLIYHCIEHHH IONYYHM 3HAY€HHE I MATHHUTHOH
IIOCTOSHHOMN

(22.5)

Hopt= (22.6)

1=5,937-10°.¢° Tu/m (22.8)
OKCIIepUMEHTAIbHOe  3HA9eHHE  MArHUTHOM  ITOCTOSHHOM
npuBeaeHo B (22.2). CpaBHuBasg 3TO 3HAYEHHE C €ro pPacuyEeTHHIM

3nageHueM (22.8) maxomum Ko3pPuueHT c=0,46M7 . Kak MH u
OXUzand, 3T0T Koahuiment 6mm3ok K 3Hademmio 0,5M”. OH
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[TOKa3bIBACT OTHOIMIEHUE YaCTH IUIOIAAA MEXATOMHOIO MPOCTPAHCTBA
K BCEH IUIOINaAW CEYEHHUA METALUIMYECKOro IpPOBOJHHMKA. B
3aBUCHMOCTH OT MarepHaad HNPOBOAHHKA 3TOT KOIPGUIMEHT MOXKET
M3MEHATHCS, HO €r0 3HaYCHHE HE BhIMACT 3a mpeaensl 0<c<l.

B 3axmodyeHue cliegaeM OJHO 3aMedaHHe, HECMOTPS Ha ITOJHOE
COBITAJIEHUE PE3YIbTaTOB PaCICTOB C IKCIICPHMMEHTAIBHBIM 3HAYCHUEM
ko3pdmmenta L, Jeno B TOM, 9TO MOCTYJIUPOBAHHOE HAMU YHCIIO
BHXPEBBIX JIMHHH, MPUXOIAUIMXCA HA €IHHHYIHYIO IUIOLIAAL CEUCHHA

S
mpoBoREMKE & %/c M> , MaJIOBaTO, Beh cedeHye IPOBOAHAKA S
el

Moxer ObrTh Menbime 107 M* (quamerp menpmre 1mMm). Ho e mMoxeT
Ha 3TOM miomaau OBITh MEHBIIE OJAHOI BUXPEBOM JIMHWH, ITIOCKOJIBKY
CIa0CHbKMIT BICKTPUYECKHMH TOK dYepe3 3Ty IUIomanb MOXKET
npoxoauTs. KCTaTH, 1 HUATAE HE BCTPETHI YKa3aHUW Ha OrpaHUYCHHE
npuMeHUMOCTH GopMmyisl (22.1) no cwiaM Toka B mpoBoaHukax. Ho
OHM [OJIKHBI ORITh.

IlosToMy, mnpu oOnpeaeleHUM BIUAHMS BHXPEBOro IXKryTa,
PacIoNOXEeHHOI'0 BHYTPH IIPOBOJAHUKA C TOKOM Ha OKpY’Karolgee Moje
a¢upa, HYXKHO Y4YE€CTb, UTO OSTOT XKIYT HAXOAWICI Cpenu
HEIOABIDKHEIX aTOMOB METaJUIMdecKoro IpoBoguHuka. M 31O
ocnaliiseT BO3JCHCTBHE BHXpeit Ha (HOPMHPOBAHUHE BHXPEBOIO
TEUCHUA BOKpPYr mpoBomHuka. C yueroM 3Toro dakropa YHCIO
BHUXpEil, Ha caMOM Jejie, MOXET OBITh BO MHOro pa3 0Oonslme, HO MX
BO3/IeiiCTBHE Ha BHEILIIHEEe TedeHne Oymer TakuM, Kak eciiy Os1 ux 6bUI10

S,

el

Baxno ngpyroe, 9ro CcymMMapHas LHMPKYJSIIHAS U CyMMapHOE
HallpsDKCHME ~ BUXPEBOrO  JKIyTa,  HAXOMMIIErocs  BHYTPH
METAITTHYECKOr0 MPOBOJAHMKA, OKA3aJIUCh IIPOMOPLIMOHATIBLHEIMUA CHIIE
TOKA, IMPOXOJAILEro 4Epe3 STOT IMIPOBOAHUK. 10 €CTh UCCICAOBAHHBIA
HaMM MEXaHH3M B3aUMOJIEHCTBHUS IJIEKTPUIECKOrO TOKa C BHEIIHHM
nomeM 3¢upa cpaboram W 3TO BO MHOIOM pPacKpHIBA€T IIPUPOIY
3NIEKTPOMarHUTHOIO B3aUMOJCHCTBUS IIPOBOJHUKOB C TOKOM MEKIY

coboit. Bemmunmy 7
=Pol 5 7R (22.9)

MaJIO, HO OHH HaXOJWINCh OBl B BAKYYME, 8 HMEHHO ¢ ——S IITYK.

Ha3bBAIOT WHAYKIWMEM MAarHMWTHOrO IIOJIL Ha paccTosHun R oT
IIPOBOJAHMKA C TOKOM. JIMHMM MAarHMTHOM HMHAYKUWHM COBHAOAIOT C
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AMHUAME Toka S(Hpa j ke BOKPYI' BHXPEBOT'O XIyTa,
IIPOXOJMAIICIO BHYTPH METanmmeKOro MPOBOAHMKA ¢ TOKOM. Ecim
BHYTPH NPOBOAHMKA HET Toka 10 BHXPEANEKTPOHBI IIPOBOAMMOCTH,
TIPEACTABISIOMKUE COOOH Byxpeme Kombla 3dupa, OPHEHTHPOBAHEI B
IIPOCTPAHCTBE MPOHAIBONBHQ y 5t 00pa3yIOT HIEMEHTAPHBIX BUXPEBHIX
HUTEH ¥ BHXPEBOTO XXTYTa, [JoyMy MarHMTHOE IIOJIE OKOJIO TaKOro
IIPOBOAHUKA OTCYTCTBYET.

23. 3akorAMmepa.

Ecin IpoBOTHUKH C ooy faxoasTcs mox yriaoM P (Puc.23.1),
To ckopocTe U, HHIOYIupopamjlo B mone 3¢pupa OeCKOHEIHRIM
TOPH30HTAJIBHBIM TIPOBOMHKKoM ¢ TOKOM Ji, ClEeAyeT pas3lOoXHUTh Ha
HalpaBIeHUE HOPMAIH K magopoMy npoBoauuky U,=U,sina u
HAa HampaBJICHWE, Iapaluenppe 3ToMy mnpoBogHuky U,=Uycosa.
3mech ABIDKEHHC ITOTOKA 3fypg BIOME HAKJIOHHOIO IPOBOJHHKA HE
OTpaXacTCs Ha OJIIOPE pacmpeleiCHHA JABICHHMA B IIOIEPEIHOM
CEYEHHH 3TOT'O ITPOBOIHHKj,
— Pacnpenenenne maBneHus
3aBHCHT TOJIHKO OT
ckopoctu U,. Ilosromy
dbopmyny  (22.5) nma
OIlpezielieHus MOAYJs TII0-
nepedHod cuiabl  JKykoB-
CKOro ClIeOyeT Iiepenucarb
c yderoM ¢opmyn (22.4),
— (21.8) u (22.10) x BuxY

Puc.23.1

AF = p,U Ty,Al, = u,,ﬂ%smamz = J,ALBSina.  (23.1)
n'o

YqreM, IT0 HaIlpaBlenye cxopocTH U COBIIAJAET C HATIPABIEHHEM
BEKTOpa HHAYKIHH MaTHuTyoro 011, HABEICHHOI'O IOPHU30OHTAIbHBIM
IIPOBOAHUKOM C TOKOM ], [pIoMy YTOJI O OKA3BIBAETCS YIJIOM
MEXYy BEKTOPOM MAarHWTHpif yyiyKIUM B M y4aCTKOM HaKIOHHOIO
npoBoAHuKa Al, ¢ Toxoy J, , Takum o6pasom, dopmyna (23.1)
SIBJIACTCA H3BECTHBIM 3oy AMIEPa, ONPEAEHAIONMM CHIY, C
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KOTOPOM MAarHuTHOe Iojle ¢ MHAYKUMeH B pgeiictByer Ha mome-
INEHHEIH B HEr0 OTPE30K HAKJIOHHOrO MpoBOaHUKAa Al ¢ TokoM Js.

24, Cuaa Jlopenua

Eciu B MarHuTHOM moje IIOA YIVIOM O K BEKTOpPY MarHUTHOM
WHIYKIAH B co ckopoctero V JIBHXKETCA 3lIeMEHTApHBII
3NEKTPHYECKUH 3apsid  , TO €ro JBHXKEHHE MOKHO pPaccMaTpUBaTh
KaK 3JIEMEHTapHBIA JEKTPUICCKAN TOK ¢ CHIod  J=q/1, B yCliOBHOM
npoBoguuke AnuHOH Al,=V-1; . IlogcTraBum 3TH 3HaYeHHA B HOPMYITY
Awmrepa (17.1) npeasinymeii rinasst. ITonyunm cury Jlopertia

AF=qVBSina (24.1)
Ha puc.24.1 n 24.2 noka3asbl cxeMbl cHll JKyKOBCKOTO, JIeCTBYIONIHX
Ha JICTANIUE BJOJb IIPOBOTHUKA C TOKOM , TEKYILEM B HAlly CTOPOHY,
JNEKTPUYECKUX IMOJOXKHMTEIBHOr0 H OTPHLATEIBHOrO 3apsaoB.
Hanpasnenune cun Jlopenna, AeHCTBYIOUIMX HA TMOJIOXKHUTEIBHBIA H
OTPULATEIBHEIN 3apPsAAK MOKHO OIPEIENIATH IO IPABIITY JIEBOH PYKH.

NPOBOAHHKK
o

No3aoTpoH
(Hy

NPoOBOAHHK

Puc.24.1 Puc.24.2

25. PaMKka ¢ TOKOM B MATHUTHOM I0JIE
NPAMOJAHEHHOI0 MPOBOTHAKA C TOKOM

Ha pwuc.25.1 uszobpaxena pamxa, NpeacTaB/sIomas cobou
3aMKHYTBRIH IIOCKHM KOHTYp ¢ TOKOM J;. Och paMku mapaiielbHa
OecKOHEYHOMY NPSIMOJIMHEHHOMY IIPOBOJZHHUKY € TOKOM Ji. MBI yxe
3HaeM, YTO 5TO pPaBHOCWIBHO TOMY, YTO BHYTPM IPOBOJHHUKA
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IIPOXOANT 3QHUPHEIN BUXpEBOU IIHYP ¢ HalpsmkeHueM ;. Cuia Toka H
HaNpsDKEHHEe BHXPEBOrO IIHYpa CBi3aHbI MeXAy coboit ¢opmyroit
(21.8). IIpsMonuHEHHBIH BUXph HHAYLUMPYET BOKPYr cebs mosne
OKPYXHBIX CKOpocTed. Pamka mMMeeT MaleHBKHE pasMephl II0
CPaBHCHHMIO C DACCTOSHHEM MEXIAY paMKOM H IPAMOIHHEHHBIM
BuxpeM. Ilosromy OymeM cuuTaTh, YTO OHA IEIMKOM OOTeKaercs
PaBHOMEPHBIM TIOTOKOM 3¢Hpa C OJAMHAKOBON OKPYKHOU CKOPOCTBIO
U=I,/2n-R. 3aece R-paccrosaue Mexnay OECKOHEIHEIM IIPOBOAHMKOM
H OCBIO paMKH. J[nmMHa CTOPOH paMKH, TapaUIenbHEIX OCH, paBHAa Al,,
a MepNeHIUKyJpHEIX - h. Ilnomane BHyTpH KOHTypa paMKu paBHA
S,=ALh. IIpu obrexanuy paMku 1oToxkoM 3¢Hpa, HHAYLIHPOBAHHLEIM
BHXPEBRIM IIHYPOM OECKOHEYHOrO MPOBOJHMKA, HA CTOPOHAX PaMKH,
MapauICIbHEIX €€ OCH, BO3HMKAIOT HOpMalbHele cwibl JKykoBCkoro.
JTO IMPOUCXOAUT IOTOMY, 9YTO B IIPOBOAHMKE, 00pa3yrolmeM paMKy,
TAKOKe MPOXOAMUT CBOHM 3(QUPHBIA BUXPEBOH MIHYp C HalpsokeHueM L.
JTO HalpsHKEHHE CBA3aHO C cwiod Toka J, dopmymoii (21.8). B
COOTBETCTBHM C IIepBOd Teopemor I['eapMmMronsna O BHXpPSX
HamnpsokeHue I MOCTOSAHHO IO BCEH JJIMHE paMKH, HECMOTpS Ha €e
cnoxHyo ¢opmy. Ilpm 3TOM, HampaBieHue Bpamienus 3¢upa B
IIapajUie/bHBIX CTOPOHAX BHXPEBOTO JKIyTa PAaMKH OKa3bIBAIOTCS
BCTpeYHHIM. BO3HUKaroIMEe HA 3THX NPOBOJHUKAX CHIIEI JKyKOBCKOTO
OyayT mapaaielsHbl MEXZYy co0oll, HO HampaBleHbl B pasHEIC
ctoporbl. Cunel  JKykOBCKOro  NEpHeHIUKYJSpHBI K  OCH
IPAMOJIMHEMHOI'O BUXPSA M CKOpOCTH Haberaromero moroka. Tak e,
KaKk IIPH aHaJM3€ CHIOBOI'O B3aUMOACHCTBHA IBYX OECKOHEYHBIX
IPAMOJHHEHHBIX = MPOBOAHHKOB C TOKOM, CWIBR COMIKAIOT
IMPOBOJHUKH KOHEYHOM JJIMHEI, €ClM HaIlpaBJICHUS TOKOB COBIIAJAIOT
M OTTAJIKUBAIOT, €CJIHM TOKH IIPOTEKAIOT B pPAa3HBIX HAaIPaBJICHHAX.
BenuduHb 3THX CHII ompeAenaioTca hopmymoi (22.7)

b= LibAlL
° 27R
MOoMeHT nape! CHJI, PaCIIOJIOKEHHBIX HA PacCTOAHHH h; HApyr ot
apyra Oyner

(25.1)

I.1,Al
P,=Fh;=p, = 2R2 h, (25.2)
Ecnn Hanpsxenus [, # Ié 3(UPHBEIX BHUXPEBBIX XTYTOB

3aMeHUTh ¢ nomombio (21.8) depe3 cuisl TOKOB J; B J, M ydecTh
BeIpaxeHue (22.7) mna k03¢pPULHUEHTOB ol , TO MOIYIUM POpMyITy
CIEAYIONIETO BHAA
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Pm=BJ 2A12h1 . (253)
W3 puc.(25.1) BuaHO, YTO IUIEY0 CHI h; CBA3aHO C PAacCTOSHHEM

MexXAy cTopoHaMH paMkH h gepes Coso
hi=hCosa. . (25.4)

Puc.25.1

IlogctaBuM 31O 3HageHue B Qopmyiny (25.3). OxoHuarelnbHO
HOJTYIHM
P,=BJ:1,hCosa=BJ,S,Cosa . (25.5)
31ech o - YToJI MEXK/Ty HalpaBJICHHEM CKOpocTH U B LIEHTPE paMKH
(BeKTOpa MHIYKIMH) M IUIOCKOCTBRIO paMku. IlomydenHas ¢dopmyiia
IOJIHOCTBI0 COOTBETCTBYET SKCIIEPUMEHTANBHBIM HaHHBIM. CaMblit
Oonbmioil MOMEHT, JeHCTBYIOIMM Ha paMKy, Oyaer korna Coso=1.

Korga pamka pacmomaraercs B IUIOCKOCTH, MPOXOAAOICH depes
6eckoneunnrit mpoBogHuK, Cosa=0 u momenT P, oOpaimmaercs B HOMb.
B 3TOM Cily9ae CHIIBI, IPWIOXKEHHBIE K IIPOTHBOIOI0XKHBIM CTOPOHAM
PaMKM TaloKe JISKAT B OHOM IUTOCKOCTH M, XOTSA OHH IIONPEKHEMY
HAIIpaBI€HH B pasHbIE CTOPOHBI, Iwied0 h;=0 M IIO3TOMYy MOMEHT
P,=0.

OpuenTanys paMKu 3aBHCHT OT HallpaBJI€HWs TOKa B paMke. [Ipu
nepeMeHe HalpaB/ICHMAA TOKA B paMKe H3MEHSACTCS 3HAK HaIPHKCHUS
(mapKyJaun) 3¢pupHOro BUXps. B pe3ynsTaTe CUibl ¥ MOMEHT OT HHX
TaK)Ke MEHSIOT CBOM HAIpaBJCHMs M paMKa ImoBopauyuBaercsa Ha 180°,
Yem 6nmxe pacnojaraeTcs paMka K IIPOBOAY, IO KOTOPOMY TEYET TOK,
TeM OOJIbIIIe OKa3bIBAETCS MOMEHT OT CHJI, JEHCTBYIOIIUX Ha PaMKy.
Benuanay A® [22], BXOAOIYIO COCTaBHOM 9acThIO B opMyiy (25.5),
Ha3bIBAHOT ITOTOKOM MAarHUTHOM HHIYKIMH (MAarHATHEIM IIOTOKOM)

ADP=B-S-Cosa (25.6)
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IIomOXKUTENBHBIT 3HAK MAarHMTHOIO IIOTOKa COOTBETCTBYET
OCTPOMY YTIIY CL.

26. ITocTOosTHHBIE MATHHMTHI

HakomieHHsld B IpeAsiaylOuX TIjiaBaX omBIT padoTel Haxg
3JICKTPOMAarHUTHBIM  IIOJIEM  IIO3BOJISET BBICKA3aThb HEKOTOPHIE
cooOpaxxeHud O (PU3UIECKOI NPHPOJE IMOCTOAHHBIX MarHUTOB. MEI
BUJEIHA, YTO MarHMUTHOE IIOJ€ OKOJIO IIPOBOAHHKA C TOKOM
OOyCIIOBIEHO HEPAaBHOMEPHBIM IIOJIEM CKOpPOCTEH M JABICHHH B
OKpyxaroleM >dpupe. MarHuTHEIC CHIIBL SBJIIOTCSA CHIIAMH JaBJICHUA.
ONEeKTPUYECKHIl TOK IIpPEeJACTaBIsgeT COOOM O4YEeHb MEIJIEHHBIM MOTOK
BUXPE3JIEKTPOHOB, TO €CTh BHXPEBHIX J3(QHUpPHBIX Kojel.. Ilpu
OBH)KCHUHU DJJIEKTPHYCCKOrO TOKA BHYTPH IIPOBOAHMKOB O0pasyroTCs
OUNAHAPUYECKHE BHXPEBBIE ITOBEPXHOCTH U3 BHXPEBBEIX KOJIel
3JIEKTPOHOB IIPOBOAVMOCTHA. BHYTpH 3TUX ITOBEPXHOCTEH BO3HUKAIOT
BEICOKOCKOPOCTHBIE OCEBBIC ITOTOKU 3(Hpa B HANPABIICHHH JIBHKEHUA
3N1eKTpOHOB (cM.22.1).

W3BeCTHO, 4TO MOCTOSAHHBIE MAarHUTHI CO3JAIOTCA IIyTEM HX
HaMarHMYHUBaHHA. Hamnpumep, CepPACYHHUKH COJIEHOH OB,
BEIIIOJIHEHHBIE M3 (PEpPOMArHUTHRIX MAaTEPHAJIOB, HAMATHMYHBAIOTCH.
JTO MOXKHO OOBACHHTH Te€M, 4YTO IIpH paboTe coleHOHJa BO
BHYTPEHHEM €ro KaHajie B OCEBOM HaIPaBJICHVH MHIYLHPYETCH IMOTOK
a¢pupa. MIMEeHHO, 3TOT MOTOK, B3aUMOJICHCTBYA C BHXpeaToMaMH
METAJUIMYECKOr0 CEepIedHUKa, pasBopadmMBacT OONbIIOE HUX YHCIO B
oJHy CTOpOHY. OHM COXpaHAIOT 3Ty OPHEHTALMIO M IOCIE TOro, Kax
CEPACYHHK YyJaJIeH M3 COJICHOMJIAa M Teleph YK€ CaMH IIPOOIKAIOT
AHOYLIAPOBaTh B HEM OCEBOH MOTOK 3(upa. DTOT MOTOK AelaeT MX
ITOCTOSSHHBIMU MarEUTaMH.

ITosToMy aroMel (EpPOMArHATHRIX MATEPUAIOB  JOJDKHEI
IpeAcTaBIATs COOOM BUXpeBhIE KOMbIa — AUIONM. CXeMaTHdHO OHU
IMOKa3aHel Ha pucC.26.1. YV HHUX Ha IIOBEPXHOCTH BHUXPEBOIO KOJIbIIA
HMeeTcs OoJbIas OKpyXHas CKOpOCThUy, HO OTCYTCTBYET KOJbLIEBas
ckopocts U,=0. byaydun oInHAKOBO OPHEHTHPOBAHHEIMH B OIHY
CTOPOHY BBIyBOM, OHH HHIYLMPYIOT B T€JI€ MarHUTa OCEBOE TCYEHHE
3hHpa OT IOKHOIO IIONIOCa K CEBEPHOMY, HECMOTpsS Ha HHOrJa
cioxHyr0 dopmy Maruuta (Puc.26.2). JIuaun Toka 3¢upa, BRIIEAIINE
U3 Tela MarHuTa B OCEBOM HAIIPABJICHHMH, 3aMBIKAIOTCS CHAapyXHU
MEXIY CEBEpHBIM M I0XKHBIM momocamu (Puc. 26.3). B pesyisrare
IIOCTOSIHHBIH MarHHUT CaM CTAHOBHUTCS TMIIONIEM C SIPKO BBIPAKEHHEIMH
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nomocaMi. [Ipy 3TOM B IOCTOSHHOM MAarHuTe€ HE IIPOHCXOAHT
IOBIDKEHMS CBOOOIHBIX 3JIEKTPOHOB B OCEBOM HAllPaBICHUM H
BCIEJICTBHE S3TOIO0 HE  BO3HHUKACT DJJICKTPHUYECKMM TOK H
COITYTCTBYIOIIEE €MY .IJIEKTPOMAarHUTHOE IIOJIE.

Puc.26.1 Puc.26.2
Ecny MarBuTHl IIOBEPHYTHI APYT K APYTY Pa3HOMMEHHEBIMH ITOIIOCAMH,
TO OHH CTaHOBSATCA Kak Owl mpopoikeHmeM Apyr apyra. B Mmecrax
CTBIKAa CKOPOCTH 3(Hpa CKIaARIBAIOTCS, a JaBJIICHUEC yMEHbIIacTcsa. B
pe3ynbpTare MarHuThel NpuTaruBaorcia (Puc.26.4). Ecinn jxe MarHUThHl
MOBEPHYTH! APYT K APYrYy OJXHOMMEHHBIMHU IOJIOCAMH, TO CKOPOCTH
3¢upa, HHAyLUMPYEMBIE MATHHTAMH B 3a30pe MEXKAYy HUMH
BEIYMTAIOTCS, a4 [JaBI€HHME BoO3pacTacT. MarHuTtel Ha4YHHAIOT
OTTAJIKHBaThCH. Crier IIPUTKCHUS " OTTaJIKHUBaHHUA
IIPOTIOPIHOHANBHEl BEJIMYMHAM JAaBJICHUA 3QHpa B 3a30pax MExXIY
MarHuTaMy, IUIOINAJH CEYCHMS MarHuTOB, BEIMYHUHE 3a30pa MEKIY
HHMH, 4 TaKXKe OIPEACIAIOTCI CTPOSHHEM KPUCTAUIMYECKON pellIeTKH
(eppOMarHUTHOTO MaTepuaia, ©3 KOTOPOro CAeIaHbl MarHUTHI. CHiIhl
JDaBJICHHAA HErTyOOKO IIPOHMKAIOT BHYTPh MAarHMTOB, TAK KaK OCEBBIE
IOTOKH 3(pHpa 3aXBaTHIBAIOT TOJBKO ONKaifline K CTRIKY atoMsl. ITo
Mepe YBEIMYEHHA 3a30pa MEXIy MAarHuTaMy MarHUTHBIE CHJIBI
yORIBa10T 00paTHO IMPOIIOPIHOHATBEHO KyOy 3a3opa.

HsBectHO, 4910 y 3eMnu wumMeercs MarHuTHoe Ione. OHO
dopmupyercs kocMudecKuM 3¢GUPHBIM BHXpeM BOKpyr 3emnu [1].
O(upHBII KOCMUYECKHH BHUXPE 3€MJIH MpEACTaBIACT Cco0oi
TUTAHTCKOE BUXPEBOE 3(HUpHOE KONBLO — aumonb (Puc.26.5). B atom
KOJIbLIe MMEIOT MECTO KOJIBIEBOE TeYCHHE CTpyH 3QHpa CO CKOPOCTHIO
U, ¥ oKpyxHOe TedeHue co ckopocTbio U, BHyTpH KolbIia BIONL €TO
OCH BO3HHKAET 0CEBOE TedeHHE 3¢pupa. OHO MPOHHU3EIBAET 3€MITI0. ITO
TeYEHHE OPHUEHTHUPYET BUXPEATOMBl METAJUIMYECKOro sapa 3eMIH
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BBIJYBOM M3 HX LEHTPalbHBIX OTBEPCTUHL B CTOPOHY :CEBEPHOrO
IIOJIIOCA., .

N
N
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g

RS 8 U
~
Puc.26.3 Puc.26.4 Puc.26.5

Ms1 mpeamnosiaraeM, 4t0 SApO 3eMIIM caMO IpeAcTaBiIseT coboit
BUXPEBOE KOJBII0 M3 PACIUIaBICHHOIO MeTtauia 0e3 HEHTpaIbHOIo
OTBEPCTHSA. YTIOBBIE CKOPOCTH BpPAlllCHUS B Aape 3eMJIH OYEHb MAaJIkL.
Tem He MeHee, HMEHHO OKpPY)KHO€ BpamieHHWE pacIUIaBa
METAJUIOCOAEPKAIIMX IIOPOX MOXET IPHUBOAUTHE CO BpPEMEHEM K
npeidy MarHUTHBIX IOMIOCOB 3eMNH. JICHCTBHUTENBHO, 3@ IIOJIOBUHY
o0opoTa IOIEPEeYHBIX CEICHMH BHUXPEBOrO KOJbIA AApa 3¢MJIM BCE
HaMarHW4YeHHBIC BHXPEaTOMBl (PEPPOMarHUTHBIX MAaTCPHAIOB AApa
IIOMEHAIOT CBOI0 OpPHUCHTAIMIO HA NPOTHUBONIOJIOKHYIO. DTO MOXKET
BBI3BaTh H3MEHEHHE BpamlcHus dpHpa Takke H BO BHEIIHEM
KOCMHYECKOM 3()UPHOM KONBIIEBOM BHXpE.



YACTD 4 PACITIPOCTPAHEHHE
CBETA B DO®NPHOM KOHTUHYYME

27. Cxropocth cBeTa

Ho cux mop MBI He pacCMaTpMBAIU CYIIECTBCHHOE BO3DAXKCHHUE
nmpoTuB 3(¢Hupa, CBI3aHHOEC C MPOTUBOPECUYUSMH B HCTOJIKOBAHUH
ONTHYECKMX OIIBITOB: 3Be3AHOM abeppauum u MaiikenscoHa. Ha
OCHOBAaHMM MNEPBOro meyajcd BBHIBOA O TOM, 4TO 3€MJIS B CBOEM
nskeHun BoKpyr CoHila He yBimekaeT 3¢up 3a coboif, a BTOpOro,
4TO IIOJIHOCTEIO €ro yBiaekaeT. IloaToMy cienyer riryGxe pasobparbes
B (pm3uueckoii mpupoae cBera, KOTOpas BechbMa MpoTHBOpeumBa. Jlis
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3TOr0 OOpaTUMCA K MCTOPHH AacCTPOHOMHYECKMX U (PHU3MYECKHX
coco00B OIpeeeHns CKOPOCTH CBETA.,

BcenomMHuM, 9TO IEpBYIO IMOMBITKY OIIPEEIHTh CKOPOCThH CBETa
npenmpuasi B 1607 roay I'anmneit [19]. EquncTBeHHBIM pe3ysibTaTOM
3TON IMOMBITKM OBLIO BBIACHEHHE TOr0, YTO CKOPOCTH CBETa OYEHB
BeNMka. BrnocmeacTeuu ObuT paspaboraH M ocymecTBIEH pan Oomee
TOYHEIX MeTOmO0B. B 1676 romy ObLI1 NMpeaIoxeH acTpOHOMMYECKHI
Meron Pémepa, ocHOBaHHBIN Ha HaOMIOJEHMSIX 32 OTKJIOHEHUSIMM B
3aTMEHUM CIyTHMKOB [Onmrepa. 3TOT MeTON Aal 3aHIKCHHYIO
ckopocTh cBeTa 215000 xm/c. B Hauajie XVIII Bexa 011 paspaboTan
MeTod 3BE3aHOi abeppaumu. OH MO3BOJMWI ONPEAEIMTHL CKOPOCTH
ceera kak C = 303000 xm/c. IlorpemHocTs cCOCTaBHJIA OKOJIO
3000xm/c. B 1849 rogy ®u3o ocymecTBunl Merod 3ybdaroro xoieca,
KOTOpOe IIPH BPAIEHHH TO MPOIYCKAIO MeXIy 3yOuaMH CBETOBOM
40K, TO IIEpPEKPHIBaIO ero 3ybraMu. MoxHO ObuIo Tak moxobparh
quciI0 3yOmoB, CKOpPOCTh BpalleHHS KOJIECA, PACCTOSHHE MEXIY
HCTOYHHUKOM CBETa H OTPAXKAIOMIHAM 3€pKalIoM, 9TOOBI CBET Ha SKPaHE
He wucdesan. PacnmdpoBriBast 3TH TmoOKaszaHusd, DH30 MOTYIWI
ckopocThk cBera C = 299870 + 50 xm/c. B mansHeimeM 3T0T IOAXO0H K
pemieHMIo 3ajgaum  OblT1  ycoBepmeHCTBOBaH PDyko B MeTone
BpAIAIOIIErocs 3epkaja 1 MalkensCOHOM B METOAE Bpamiaromieics
opn3Mel. TIOCKOJIBKY BCE€ METOABI H3MEPSIM CKOPOCTh CBETa B
BO3AyXe, TO Pe3yJbTaThl OBUIA IOIpaBiI€HKl II0 H3BECTHOMY
KO3 DUIIUEHTY ITPEIOMJIEHMA BO3[IyXa. OTO IIO3BOJHIO OIPEETUThH
CKOPOCTH CBE€Ta B IIyCTOTE ¢ 04eHb BRICOKOH TOYHOCTEIO (C = 299776

+ 4 xm/c). IIpn Gonee rpy6GrIX OIlEHKax C JOCTAaTOYHON TOIHOCTHIO

MoxxHO Tonarats C = 300000xm/c = 3-10"° cm/c=3-10%m/c.

Ha oCHOBaHMHM 3THX SKCIEPHMEHTOB B CO3HaHHMH (H3UKOB H
aCTPOHOMOB IIPOYHO YKpEmHiach MBICIb O TOM, YTO CKOPOCTHh CBeTa
SIBJIICTCS. IOCTOSHHON BENWYMHOM, HE 3aBHUCHAIIEH OT COOCTBEHHOH
CKOPOCTH HMCTOYHHKA CBETa M OTpaXawileld MNOBEPXHOCTH. ITa
YBEPEHHOCTh MOIKpPEIUIJIACH TEM, 4YTO JaHHas OCOOEHHOCTH
XapakTepHa TaKXKe AJIS PacpoOCTPAHEHUA 3ByKa B BO3AYXE M JPYI'HX
HM3BECTHEIX ra3ax H XUAKOCTaX. IloaToMy Kasajgoce BHOIHE
€CTECTBEHHBIM, YTO B 3(HPHOM ras3e pacmpoCTpaHeHHE CBETa
IIPOMCXOAUT AaHAJIOTHMYHO PaCIpPOCTPAHEHHIO 3ByKa B BO3AYXE.
ITozguee, xoraa OiHINTEHH NPEIIOKUI OTKa3aTkCA OT 3dupa, oH
COXpPaHml 33 CBETOM 3TH 0CO0eHHOCTH. B COOTBETCTBHH C
BO33PECHMSIMH TEOPHU OTHOCHUTEIBHOCTH CBET CTAJI PACIPOCTPAHATECS

B IMycToTe C TocTosHHOM ckopocthio C = 3-10° m/c. Ero cxopocTs
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CUMTAJaCh IPENEIbHOM Ui CBeTa M MaTepuanbHBIX Teln. OHa He
3aBHCENa OT COOCTBEHHOH CKOPOCTH MCTOYHHKA M OTpaxkKaromiei
IOBEPXHOCTH.

Ho Takx m1 3ro Ha camom gnene? [lompoOyeM CHOBa B3IJIAHYTH
CBEXHMM B3IVIAIOM HA PE3yNbTaThl METOJAOB OIPENCTICHHSA CKOPOCTH
CBeTa. 3aMe€4acM, YTO aCTPOHOMMYECCKHE METOABI HAIOT OOBIIYIO

norpemHocts (AC 2 3000 xm/c). OTo Ha aBa mopsaka Oonbime
opOuTanbHOM CkopocTH 3emiHu mpH e€ MBIKEHHH BOKpYr COINHIfa.
O6mielf 0COOCHHOCTBEIO BBICOKOTOYHBIX (PH3HMUECKMX DKCIIEPHMEHTOB
ABIIETCI TO, YTO B HUX H3MEPAIACh CPEAHAL CKOPOCTh CBETa IPH
IPOXOXIAECHAN JIy9OM (HKCHMPOBAHHOTO PACCTOSHHMA O0A3aTeabHO B
OpssMOM H OOpaTHOM HaIpaBlEHMAX. OTO O3HAYAET, 49TO, ECIIH,
CKa)X€M, B IIPAMOM HAIIPaBJIEHHH CKOPOCTH CBeTa ObLIa GonbIe, yeM
C Ha HEKOTOpYIO BEIM4YHHY V, a B 00PaTHOM HampaBIICHHU HA Ty K€
BEJIMYNHY MCHbBINE, TO CpEAHSIA CKOPOCTh OKAa3hIBAJIaCh PaBHOWM
ckopoctu C. CxopocTh V ucHesa U3 Mo 3peHus UCCIeAoBaTelIcH H
He Morfia ObITh 3aUKCHpOBaHA MMPH TaKOH METOJUKE IKCIEPHUMEHTA,
Kak OBl HHM YMCHBIIAIOCh pACCTOAHHME MEXAY HCTOYHHKOM H
IpUEMHHUKOM CBETA.

IIo3TOMY MOXKHO VTBEPKAATH, 9YT0 3TH JIKCIECPHMEHTDI,

HECMOTPS _HAa MX pa3Hoolpa3ue M BbHICOKYI0O TOYHOCThL HEKOTOPBIX
W3 HMX, HE¢ OTBEPral0T BO3MOXHOCTH PACHPOCTPAHCHHS CBETa
OTHOCHTEJILHO CIOKOMWHOIO 3(upa HJIM MATEpPHAJBHBIX TeJ CO
CKOPOCTHIMH, OTJIMYHLIMA _OT CKOPDOCTH _CBeTa B __IYCTOTE.
[To-BraMOMy, B HMCTOPHH HAayKHd HE H3BECTHBHI JKCIICPHMEHTHI, 3a
HCKIIOUeHUEeM sBNCHUA Jlomnepa, NPOBEACHHBIE CIEIHAIBHO IS
M3y4CHUSA 3aKOHOB H3IIydCHHS H OTPaXKEHHUS CBETa IBIKYIMMHCS
HCTOYHHUKOM CBETA ¥ OTPAKAIOIIEH [IOBEPXHOCTHIO.

B u3BecTHOM cMbIcIe (H3MKA YK€ clenana OONpIION mar B Ha-
IpaBJIe€HHH OTXO0Ja OT JAO0rMara O IIOCTOSHCTBE CKOPDOCTH CBETa,
NPHU3HAB, YTO HOCHUTENEM CBETa SBIAIOTCA (POTOHBI, TO €CTh
MaTepHaJbHbIC TE€NA, 2 HC BOJIHEI HAamOAOOHE 3BYKOBBIX BOMH B ra3ax M
XKUIKOCTAX. YK€ OZHO 3TO TpeOyeT IepecMOoTpa CHCTEMEL B3IJISAIOB O
3aKOHAX MCIYCKAaHWA M OTPaKEHHMsA CBETA W BO3BPAIIEHHMS K 3aKOHAM
CIOMXKEHMA CKOPOCTEH TelN, MPUHATEIM B KJIACCHYECKOM MEXaHHUKE. '

[Tpogomxas pa3sBHBaTh HAMETHBIIYIOCS TEHIEHIIMIO, 3aMCTHM,
YTO COIJIACHO MEXAaHM3My H3Iy4eHHs (POTOHOB (M IIEKTPOHOB),
OIMCAaHHOMY HaMmH B TN.16 u 19 GoTOH NOKMAACT M3NYYAIOIWHH €ro
aTOM CO CKOPOCTBRIO CBETAa B CIIOKOMHOM Iione 3¢Hupa (B IyCTOTE)
OTHOCHTENBHO CaMoro aroMa. Ecim ke aToM, H3Iy4alonuu CBET, CaM
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ABHXKETCS CO CKOPOCTBIO V OTHOCHTENHFHO HEBO3MYIUCHHOI'O ITOJIA
a¢upa, TO CKOpocTh (oroHa OyHeT BEKTOPHOM CYMMOHM 3THX
CKOPOCTEH M MOXKET OBITH 3arucaHa GopMyIon

C' =CtV 27.1)

B cBa3u ¢ 3THM MOXHO DOHIpoOOBaTE YyTOUYHHTH (DOPMYJIHPOBKH
3aKOHOB H3IY4YCHHMS MU OTPaKEHHSI CBETa, HE BXOAA IOpPH 3TOM B
IIPOTUBOPEYHE C M3BECTHHIMH CHOCOOaMHU OIPEACHCHHUSI CKOPOCTU
CBeTA.

JaxoH M3aydeHns cBera: IIpu ABIKCHUM MCTOYHUKA HU3IIYUCHUS
CBETa OTHOCHTCIIBHO CIIOKOMHOrO I1oiad 3¢Hupa CO CKOPOCTBIO V
CKOPOCTh M HAIPABICHHE MABIDKCHUSA TSKECIOHM CBETOBOH BOJIHEI
OTHOCHTENIBHO o 3¢upa C' onpenensercs BEKTOPHOM CyMMOM
ckopocreit Cu V:

C'=CtV (27.2)
3neck C - CKOPOCTh pacIIpOCTPAHEHHA CBETa B CIIOKOHHOM 3(Hpe
OTHOCHTEIbHO MCTOYHMKA M3nydeHHA. OHa paBHa CKOPOCTH CBETA B
nycrote. HampasneHue pacmpOCTpaHEHHS CBETa IIPUHHMAETCSA 3a
IOJIOXKUTENIBHOE ¥ €MY COOTBETCTBYET 3HAK “+°, EClId HCTOYHMK CBETa
JOBIDKETCS B IIPOTHBOIIONOKHOM HAIIPABIEHHH, TO MY IPUITMCHIBAETCA
s3Hak “-.” M3 ¢opmynsl ciemyer, 9TO CKOPOCTb CBeTa B 3(upe
OTHOCHTEJIFHO CaMOro HCTOYHMKA HM3IIydeHus Wi HabmogaTens,
ABHXKYINETOCA OTHOCHTEILHO 3¢Hpa ¢ TOH K€ CKOPOCThIO V, Oyaer
paBHa C.
3akoH OTpaKeHHusA CBeTa: 3aKOH OTPaXKCHHS CBETa JOJDKEH
YYUTBIBATD CKOPOCTH  [BIDKCHUS  OTPAKAIOMICH IIOBEPXHOCTHU
OTHOCUTENBHO HCTOYHMKA H3nydeHHsA. CKOpPOCTh MAagaloniero Jryda
CBETA OTHOCHUTEJIBHO OTPAXKAIOIIEH MOBEPXHOCTH OyZEeT B 3TOM Cliydae
BEIpAXATHECA HOpMyoit

C,=C'FU=CxVFU. (27.3)
3nece ¥V u U - COOTBETCTBEHHO CKOPOCTH MCTOYHMKA CBETA M
OTpaXKaloIIe# IOBEPXHOCTHM OTHOCHTENBHO 3¢pupa. OTHOCHTENLHASA

CKOPOCTP TajieHus (C, paBHa OTHOCHTENBHOW CKOPOCTH OTpaKEeHUS

/
ceera C,. Yrom mageHus paBeH Yriy oOTpaxeHusi. CkopoCTb

OTpaXEHHOI0 JIiyda CBeTa OTHOCHTEJIBbHO moas 3¢upa C, kak u B
ClIy4ae U3Iy4cHUA, OIIPEAEIIeTCS BEKTOPHOH CyMMOMH:

C"=C +U. (27.4)
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3HaK Ilepel CKOPOCTBIO OTpaxawounled mosepxHoctu U
COOTBETCTBYET €€ ABVKEHUIO B HANPABICHHM JABMIKCHHS HCTOYHHKA
CBeTa, a “+” B mpoTHBONOJI0KHOM. [ToaToMy, Kak BUAHO U3 (27.3), IpH
paBeHCTBE ckopocreit V' U U CKOPOCTh CBETa OTHOCHTEJIBHO
HCTOYHUKA M OTPAXKaIOWICH ITOBEPXHOCTH paBHA CKOPOCTH CBETA B
ITyCTOTE.

JIns OOBEKTHBHOCTH OTMETHM, YTO B HCTOPHM HAyKH H3BECTHO
BO3paXKCHHIE IIPOTHB CIOXKCHHA CKOpOCTeH BUaa (27.1), oCHOBaHHOE Ha
HAOIOACHUAX 32 JBOMHBIMM 3Be3fgamMu [6,25]. B wHame#n kuure
oOCyXneHHI0 3TOH ImpoOneMbl mNocBAumicHA TnaBa 33. B Hedd,
OCHOBEIBASICh Ha pabore [25], MBI MOKAa3kIBacM, 9TO 3TH HaOMHOACHUA
HE TOJNBKO HE OIPOBEpraioT 3akoHH (27.1)-(27.4), HO mumHUK pa3
ITOJITBEPIK/IAI0T UX MPAaBHIBHOCTD,

B HacTosmiee BpeMs, MO-BUANMOMY, TIJIABHBIM sanpe'rom ISt
TAKOr0 B3TJIAa HAa CKOPOCTh CBETA SBIAETCA HE SKCIIEPHMMCHT U HE
ACTPOHOMHYECKHE HaOMIOACHUA, a COOTBETCTBYIOIIMN MOCTYJAT
TEOpHH OTHOCHTENbHOCTH. [ToaTOMYy emé pa3 ormerum rinaBHoe. Het
00beKTHBHLIX 3aNPETOB, OCHOBAHHLIX HA JKCIEPHMEHTAJBHbLIX

AHHBLIX  WaH _ HabaiofeHMAX HAa  TO, 4TO0BI __ CKOPOCTh
ACHPOCTPAHCHHSA CBETA OTHOCHTEJIbLHO dybupa WM

MATEPHAJIBHLIX TeJ MOrja ObITh (0JbIe HJIH _MEHbIIe, Y9eM
CKOPOCTHh _PAacHpPOCTPAHEHHSl CBEeTa B _HNYCTOTE M _3aBHCEJIA OT

CKOpOCTed  mM3Jydalolied M oTpaKalolied  NMOBEPXHOCTEM.
HamoMuuM, 9T0 TEPMUH “mycTOTa” B JAHHOH TEOPHMH SKBHBAJICHTCH
HOHATHIO “‘CIIOKOMHEINA »dup” wim “none sgupa”. K gemy xe
IIpUBEJET HAac OTKa3 OT AorMara O IIOCTOSIHHOHM CKOPOCTH CBeTa B
IIyCTOTE, HE3aBHCHUMON OT CKOPOCTH HCTOYHHMKA WIM Halmoxarens?
Kak B 9ToM cioyyac OyZyT BBEIVISAETh ONTHYCCKHE OIBITHI
Maiikenscona, Canpsika u Jlomuepa? PaccMoTpuM 3TH BOIPOCH! B
IIOCTIEIYIOIAX pa3jeax.

28. Pasraagka onnita MaikeJanCoOHA

Omneir MalikenbcoHa OBLT BEIIOJIHEH C IENBI0 OOHAPYKCHUA
OBIWKEeHUs 3eMJIM OTHOCHTEIBHO 3¢Hpa MHPOBOIO IPOCTPAHCTBA.
H3BecTHo, ur0 3eMiIAd ABIIKETCSA IO CBOEH OpOHTE CO CKOPOCTBIO
okono 30 xM/c, ydacTByeT B OOIIEM ABMIKCHUU CONHEUYHOM CHCTEMBI
OTHOCHTENIPHO LICHTpa TalakTHKH CO CKOpOoCcTh0 220kM/c M B
JIBHOKEHHH CAMOH I'aJIaKTHUKH.

OcHOBHasi MBICIB 3TOTO MCCIENOBaHMS  3aKmOdalach B
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MPEIIONIOKEHUH, 9TO NPH CYLISCTBOBAHHMH HEIIOABIDKHOTO 3(Hpa
ABIDKEHHE JeMiIM JODKHO HPHUBOAWTh K IIOSABICHHIO 3aMETHOM
PasHMILI B YUCICHHBIX 3HAYEHHAX HEKOTOPBIX ONTHICCKMX BEIHYIMH
IIPH PaCIPOCTPAHCHUM JIyda CBeTa BAONL M IIONEPEK HAINPABIECHUSA
nsrokeHud 3emid. CKOPOCTh CBETa CUMTANIACH IIOCTOAHHOH BEITMYHUHOM
BHE 3aBHCHMOCTH OT CKOPOCTH H3JIy4alOImEr0 HCTOYHMKA ¢
OTpaKalol[eH IIOBEPXHOCTH. I[JIaBHYI0 pOJIb B OIBITE HIrpal
uHTEpQEepOMETP. ITOT HHTEPPEPOMETP M METOAMKA HKCIEPHUMEHTA
onucanHsl BO MHOTMX kHurax [7,19]. Ormerum, uro MalikeabCoH H
MIOCNIEIYIONIHE MCCIIEIOBATEIN HE OOHAPYKUIM OKUJAEMOH Pa3HHUILHI.
Ha ocHOBaHMH 3TOr0 OBLT CAEIAH BRIBOA O TOM, 4TO 0O 3¢upa HET
BoOOme, nu00 oH yBiuekaerca 3emnéit. OOHAKO, 3TO MOCICAHEES
IIPEANONOXKECHHE IMPOTHUBOPCUHUT pPE3yNbTaTaM MBIICHHA 3BE3AHOM
abeppartuu [19] u omeiTy Puszo [7].

B nanHoi#i pafore KIacCHMYECKHM OIBIT MaiikenbCoHa
OOBACHAETCS C IIOMONIBIO IIOJYYEHHBLIX B IPEABIAYLIEM pasfAecle
3aKOHOB M3TYYCHHA M OTpakeHHA cBeTa (cM. dopMyinl (27.2)-27.4))
OT [JBIDKYIIUXCA OTHOCHTEIBHO 3(HUpa MCTOYHMKA CBETa H
oTpaxkaromei moBepxHOCTH. OCHOBHEIBasfCh Ha SIBIEHHH ‘‘3Be3gHOMN
abeppamuu’, mojiaraeM, 4r0 3emMyii B CBOEM ABIXKEHUH ITPAKTHYECKH
He yBIekaeT 3¢up 3a coboii. Cxema mrTEephepoMeTpa ManKelIbCOHA
II0OKa3aHa Ha puc. 28.1 B yIIpOLICHHOM BHJIE.

Puc.28.1 Puc.28.2
JIy4, uaymumif OT HCTOYHHMKA S,, OTHacTH OTpaxaercs B Touke 0
OT CTEKIAHHOM, CJIETKa IOCepeOpEHHOM ITACTUHKM A; Janee OH
OTpaXkaeTcs OT 3epkaja R, , ¥ 9acTe ero mpoias uepe3 A, IoNagacT B
3pUTENbHYI0 TpyOy, Haxoagmyiocs B F. [pyras dactes myua S,
IIPOXOJUT 4Yepe3 A, OTpakaerca OT 3e¢pkana R;, BHOBb OTYACTH
orpaxaercs B 0 u Taike momanaer B TpyOy F. HaGmronarens Buaur B
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F unreppepeHIMOHHEIE TONOCH, 3aBUCAIIME OT PAa3HOCTH BPEMEH
npoxoxnaeHus myred OR;0 u OR,0 amsyx mydeit. B ompenenéunom
MecTe (poxanbHOM IUIOCKOCTH TPYOm F JoDKHA MOSBHTHCH OOHA H3
MHTEPEPEHITHOHHBIX TOJIOC, COOTBETCTBYIOLIAA PA3HOCTH X043 ABYX
Ty9EH.

CoBepnieHHO SCHO, 4YTO, €CTM MPHOOP HEMOBMIKEH OTHOCHTEIBHO
apupa, TO BpEeMA, 3aTPauMBAEMOE JIydaMH CBE€Ta Ha IBUIKCHUE,
OJIMHAKOBO, TaK KaK KaX/blil U3 HUX MPOXOAMT IMyTh 21 CO CKOPOCTHIO
C. 9to Bpems pasHo t=21/C.

PaccmoTpuM  Temeph, Kako€ ~ BIMAHHE Ha  KapTUHY
MHTEPPEPECHIIMOHHOTO SBICHUA JODKHO HMETh JABIDKCHHE BCETO
npubopa BMecTe ¢ 3eMiéd B HemoABMWKHOM 3(dupe. [Ipeamonoxum,
4TO 5T0 ABIKEHUE IIPOMCXOAMT IIApaJUICIbHO OJHOMY U3
manpasneHur OR; umm OR,. Paccrosuus OR; u OR; paBusl 1. UcTouHMK
CBETa MBI, IIPH OTOM, MOXKEM ce0¢ NpeACTaBUTh HAXOAAUIAMCA B
touke 0. IIycTh HMCTOYHMK M 3€pKal0 ABIXKYTCH II0 HAIPABJICHUIO
pAMOHN, MX COCAHUHSAIOUICH, CO CKOPOCTBIO V OTHOCHTENBHO 3(Hpa.
Cormacao ¢opmyne (27.4) mpu BeIXOAE M3 A CKOpPOCTh Jyda CBETa
OTHOCHTEJIFHO 3(upa ¢ yu€TOM JOMOIHUTEIBHONH CKOpocTH V Oyaer
C'=C+V. CxopocTh OTHOCHUTEIBHO IIPpUOOpa, KOTOPEIM CaM IBHXKETCS
B TOM € HampaBieHHH CO0 CKopocThio V okaxerci C=C'-V=C.
[Tostomy Bpemsa npoxoxaenus myta 1 or 0 o R; : t=l/C=l/C. K
3epKaly CBET IOAXOAUT C OTHocuTenbHOM ckopocteio C)'=C'-V=C.
Cormacao ¢opmyne (27.4) orpak€HHBIM JIyd Ha9YWHACT ABUTATHCA B
oOpaTHOM HAaIpaBlICHHH CO CKOpOoCcThi0 C'' OTHOCHTENIBHO 3(upa.
3aece C'"=C/-V=C-V. Ckopocts oOTpaxE€HHOr0 Jyda CBeTa
OTHOCHTENBHO NpuOOpa, KOTOPHIH ABIDKETCS TEICPh HAaBCTPEdy CO
cxopocthio V, 6ymer C/'=C"+V=C. Bpems npoxosxaerus myTts 1 ot
R, mo 0: t;"=V/C{'=l/C. CymmapHO€e BpeMs IMPOXOXKICHUA Ty4OM CBETa
paccrosuusi 21 ot 0 g0 R; u B 0OpaTHOoM Hampasienuu: t;=t,'+t,"'=21/C.
JlBmkeHne mpubopa OTHOCHUTENBHO 3(upa HE H3MEHACT BPEMEHU
IIPOXOXKIACHUA Ty9OM IIyTH B HAIMPABICHUM CKOPOCTH V.

[Tepeiiném x  ciydaro, KOrJa  HMCTOYHUK cCBeta A
(cBeTozenuTeNbHAA ~ IUIACTHHA) M 3¢pkano R,  ABHKYyTCA
NEPHCHANKYISIPHO K HANPABICHUIO paclipocTpaneHus J1yda cseTa OR,.
[TogpoOuElit (parMeHT OBMXKEHHMSA JIyda CBETA B JTOM Clydae
m3obpaxkén Ha puc. 28.2. Cormacso ¢opmyne (27.2) CKOpPOCTB
HU3Iy4E€HHOTO JTy4a CBeTa B HanpasjieHud AB ¢ y4éTOM HanpasieHus U
BEIMIMHEL CKOPOCTH V JABIDKEHHS HCTOYHHKA cCBeTa Oyaer
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2
C'=\/C2+V2 =C 1+%. ITockonbKy HpHOOP IBHDKETCA B

HampaBineHun RyR; co ckopocTeio V, TO OTHOCHTENBHAs CKOPOCTH
NafaroLUIer0 Jyda CBETa B OTOM HAaIlpaBJICHWM paBHA HYIIO, a B
HaripaBlICHUH, IICPICHIUKYAPHOM [IBIDKCHHMIO IpHOOpa, CKOPOCTH
nanaromero myd4a paBHa C. Orpak€HHBIH JIyd CBETa HMECT YTroOd
OTpa)KeHWs1, PaBHEIN yriay NageHHs, U CKOPOCTh, PAaBHYK) II0 MOLYIXO
cormacHo  ¢opmyine  (27.4) CKQPOCTH  TMAjalOmEro  Jiyda
2
C" = x[CZ +V:=C 1+£—2—, Tak Kak ckopocth U = V. IlyTs,

KOTOPBIM NMPOXOAUT JIyd CBETA B 3dupe TyAa u obpatHo, Oyaer
S =2.I* + p*. (28.1)
B nampasnesun nuHuu B0 gy4 cBera pacnpocTpaHAETCA CO
ckopocteio C, a B HampasneHuH AA' co ckopocteio V. Iloatomy

MOXHO cocTaBuTh mnpomopumio p/I=V/C, orkyna p =IV/C.
IToxcraBuM 310 3HaueHKE B popmyiry (28.1). Torna myTs S 3anumercs

2 2
B CIeOyIOImEeM BHAe S =2 lz+12%=21 1+-Z—2. Bpems,

3aTpayuBacMoe Jy4OM CBE€Ta Ha IIPOXOXKIACHHE J3TOr0 IyTH,
S' 21 1+v?/C* 2

ONPENENUTCA KaK [, = —— = 5 — - Comnocrasuis
c" CV1+rV°/C C
NOJTy9EHHBIH Pe3ybTaT ¢ BpemeHeM t;, 00HapyxuBaeMm, 9to t; = t,,
Wrax, BclIeACTBHE [JBIDKEHHS BCEHM CHCTEMBI BpeMEHa
IPOXOXACHUA CBETa OT HMCTOYHMKA N0 3€pkajia U o0paTHO, B JBYX
B3aMMHO  NCPICHAWKYJAPHEIX  HAIPaBICHHSIX  OKa3bIBAIOTCA
OJUHAKOBEIMHU H, 00JI€e TOr0, paBHBIMH BPEMEHU IPOXOXKIEHHUS DTHX
PacCcTOAHMI JIydaMH CBETAa B Cilydae, Korjga IpuHOOp HEMOABIDKEH
OTHOCHUTEJNIHHO 3¢upa. ECTeCTBEHHO ITO3TOMY, 4TO OIBIT MalikenscoHa
HE JajJd CMEMECHUI HHTCPPEPEHLUMOHHEIX ITIONOC M HE BBIABHUI
O)XHIACMOI'0 BIMAHUA ABIKCHHA 3eMJIM B HEIIOABIDKHOM 3QHpe Ha
ONTUYECKHE XapaKTEPUCTHKH Tyda cBeTa. Kakod Obl GoabInol HM
ObLJIa CKOPOCTh 3eMJIH OTHOCHTEILHO 3(upa, onbIiT ManlKeJIbLCOHA
HE MOMKET ATOr0 BbISIBHTh., Y UYHTHIBaA OOJBIIOE YHCIO ONHMCAHHBIX
paHee CBHICTEILCTB HAJIHYIMA MEX3BE3IHOTO 3¢Hpa U €ro OrpoOMHOM
pomx B (OPMUPOBAHMH UHEPIWOHHBIX CHJ, CHWI IIPUTDKEHHS,
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MEKTPOMarHATHBIX  CWI, B  DJHEPreTHYECKUX  Mpoleccax,
npoucxomsamx BO BcemeHHOM, (GOPMHUPOBAHUM ILUIAHETHBIX CHCTEM,
3BE3]], TAIAKTHK H JPYTHX KOCMHYECKNX OOBEKTOB, MpaBWIbHEE OBIIO
661 paccMarpuBaTh ONBIT MaWkenbCOHA Kak SKCICPUMEHTAIHLHOE
OOKa3aTeNbCTBO CHOPMYIMPOBAaHHBIX B JaHHOH paboTe 3aKOHOB
M3JIy4EHNS W OTpa)KeHHA cBera. boyee TOro, ecinm OblI TaKO# OMBIT HE
ORlT mpoBenéH, €ro cleaAoBano H300pecTH A IPOBEPKH U
HNOATBEPXKACHUS 3THX 3aKOHOB.

HyxHO npsmo cka3zate, 9r0 (pu3uMKa cama cefe npuaymajia
TPYAHOCTH, MNOCTYJHPOBAB IOCTOAHCTBO CKOPOCTH _CBETa, ee
HE3aBHCHMOCTL 0T CKOPOCTM _MCTOYHHMKA M OTpakaiomiei

OOBEPXHOCTH M OTOWAA  OT  H3BECTHHIX  NPHHIMIOB
oTHOCHTEAbHOCTH I'ammiess (HwioToma). IIpomsommno 310 -B TO
BpeMs, KOrJa HMKTO HE€ COMHEBAJCA B CYHICCTBOBAaHMH 3(upa. B
pe3yibTaTe cpadoTalla HHEPIIMOHHOCTh 4EIOBEYECKOTO MBINLICHUA.
ITo aHamoruu ¢ pacIpoCTpaHCHUEM 3BYKa B ra3ax M XHIKOCTAX CBET
CUMTAJIM BOJIHOHM, pacIpOCTpaHsAIOmIEHCs B ra3000pasHOM 3¢upe.
[TosToMy COBEpIICHHO €CTECTBEHHO 3a CKOPOCTBIO CBETa TaKKe
IpU3HAIM CBOMCTBO IIOCTOSHCTBA BHE 3aBUCHMOCTH OT CKOPOCTH
MCTOYHHMKA H3ITYy4YEHUS M OTpaXKalolleil moBepXHOCTH. Teopus
OTHOCHTENBHOCTH A.DHHINTEIHA, BHIOPOCUB caM 3¢uUp Kak cpenay, B
KOTOPO# pacIpOCTpaHsIach BOJIHA CBETa, TEM HE MEHEe, COXPAaHMIIA 33
CBETOM CBOMCTBO IIOCTOSHCTBA CKOPOCTH. JTO B,  TO BpEMA He
BBI3BIBAJIO COMHEHHH, HO Obln0 omuOkoi. [IoatoMy B manpHeiIneM B
Hayke muia 00psba ¢ KaKyImUMHCS NPOTHBOPEIUAMH B HCTOJIKOBaHUH
pe3yJIbTaTOB OIBITOB 3BE34HOM abeppauun, Ou3o U MaiikelbCcoHA Ha
Oasze ommbo4HON mNOCHUIKH. PesynbraTroM 3TO# OOpHOBI SBHIIACH
IpUYYAJIUBasi TEOPHSL OTHOCHTEJIBHOCTM C €€ IapaJoKCaMH,
IIPOTHBOPECYALIMMH KU3HEHHON ITPAKTHUKE 9€II0BEYECTBA.

B Hacrosiiee BpeMms ycnexu (QU3NKH IIPUBENIM K HIPH3HAHHIO 32
CBETOM Hapsily ¢ BOJTHOBBIMH €11I€ H KOPITyCKYJIAPHBEIX CBOHCTB. JT0 U
IIO3BOJSIET BEPHYTHCA K IIPHHIIAIAM OTHOCHTEIRHOCTH I ainmies
(Mexanukn HploTOHa) B NOHMMAaHMM  3aKOHOB  M3JTy9CHHA,
pacIIPOCTPaHECHUS H OTPAXKECHUS CBETAa. BOJIHOBHIC CBOMCTBAa CBETa
NPOSABIAIOTCA B  ABICHUAX  MHTEPPEPECHINH, AHUPPaKUMH H
OJIIpH3alMM M NPUCYIOM BOJNHAM J€ bpoiis, compOBOXIAIOIIHM
nersaue ¢GoToHEl. Kak MBI TOMHHM, 3TH BOJHEL IIPEACTABIAIOT CO00M
[MUKJIM9ECKHE TCUEHUA 3Pupa BOKPYT POTOHOB.
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29. OneiT Canpsaka

MalikenscoH, HECMOTpS Ha OTPHULATENBHBIH pe3ysibTaT CBOErO
3HaMEHHTOr0 OMNKITA BEPWI B CYIIECTBOBAaHHE d(upa M BCKOpE
pa3paboTan M€ HOBOTO POTALIMOHHOIO ONbITa, KOTOpHIA B 1911 r
ocymectBu Caubsak [17]. [Ipuniunuaneaas cxema uHTEpPEpOMETPa
Canbpsixa mokasama Ha puc.29.1 Hprepdepomerp Oninm cobpaH Ha
Bpamaomeicas mirathopMe M COCTOSI U3 HCTOYHMKA CBETA,
CBETOACIUTENbHOM iacTHHE II, Tpex 3epkan 31,3,,33 ¥ 3pHTENbHON
TpyObl. CBeTOHENMTENbHAS IUIACTMHA pa3feila Jyd CBETa OT
HCTOYHMKA HAa JBa KOT€PEHTHHIX JyYd, ONKCHIBAIOLIMX JIOMAaHEIE
IUHAM TI0 TEpUMETpy IatGOpMBI B IPOTUBOIIONOMKHEBIX
HanpasneHusix. OOoiins Kpyr ©  BCTPETHMBIIMCH BHOBh Ha
CBETOACNUTENbHON IUIaCTUHE, JIydd CBETA HAmpaBlsUIMCh B
3pUTENbHYXO TPyOy I INONYy9CHHS HHTCPPEPEHUUOHHOM KAPTHHEL
IIpeamonaranoce, 9T0 BpalleHUe HHTEpPEpOMETpa HE BOBICKACT 3(PpUp
B CBOE JBIDKEHWE M OH OCTAE€TCA HEHOABIDKHBIM. OXHNanoch, 9TO B
HHTEPPEpOMETPE BO3HHKHET CIBHI IIOJIOC CIIEKTpAa H TIOKAXET
BpallaTeNbHOE IBIKCHHE IIPHOOPa OTHOCUTENBHO 3(dupa.

B omeire CaHbsika OBII IONYyYeH OLICTOMISIOIWN, XOTH H
OXXHOAEMBIH, pe3yJbTaT, MOATBEPIKIAOMINI HAIU9UE HEMOJBIDKHOTO
3¢upa. ITOT pe3ynsTaT ObLI MONYYEH C BBICOKOH CTEIEHBIO TOYHOCTH.
OnnHaxo, OH HaXOAWICA B HEPa3pemIMMOM IPOTHBOPEYHH C ONBITOM
MatikenbcoHa, KOTOphI HE OOHAPYKHUJ IBI)KCHHE 3€MJIM BMECTE C
npubOpPOM OTHOCHTENBHO 3dHpa.

YOUBUTEIbHO, HO HAY4YHBIA MHDP, TOJNBKO YTO HAIIEHIIMHA C
IIOMOIIBI0 TEOPUH OTHOCHTEJIBHOCTH ODHHINTEHHA BEIXOJ W3 KpH3HCa
¢H3UKN M ONIyTHBIINH IIOJ HOTaMH TBEPAYIO OIIOpPY, HE IOXKEeJal
ORITh BBEPrHYTBIM B HOBBIM KpHU3HC, IIOJHEIE COMHEHHH H
pasHornacuii. B pesynerare onelT CaHbAka ObUI NMPOHTHOPHUPOBAH
OonpmrmHCcTBOM (u3MKOB #, Oolee TOro, ymopHO B HdajbHEHIIEM
3aMaT9uBalICa B y4eOHON M Hay4yHOH nureparype. 11o aroi npuduHe
OH HE¢ Bomen B Hamy pabGory [1]. Otor mnpobem Heobxommmo
HCIIPAaBUTh M NpoaHanu3upoBaTh onblT CaHbsika, 4TOOB yOEIMTHCH,
4YT0 OH HE [POTHBOPEUYHT OTCTAWBAEMBIM B JOTOH - KHHTE
NpE/CTaBICHUAM O 3aKOHaxX pacIpoCTpaHeHus cBera B 3¢upe. B
COOTBETCTBHH C 3aKOHAMM HM3Iy4CHWSA M oTpaxeHus (27.2), (27.3),
(27.4) cKOpOCTP CBETa OTHOCHTENIBHO HEMOJABIKHOIO 3(upa IpH
BpameHun 1atdopMsl OyAeT:
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1o HaIIpaBJICHUIO BpALICHUA

C, =C+U-Cos45°; (29.1)
OTHB HAITpaBJICHHUS BpaICHUsA
_ = C-U-Cos45° . (29.2)

3nece U=w-r -OKpYy>KHast CKOPOCTE
npubopa BMmecre ¢ miathopMoil Ha
PACCTOSHMH I' OT OCH IO OKPYKHOCTH
C  PaclolOXE€HHBIMH Ha  HeEH
3EpKAlaMH = B CBETOACIHUTEIIbHOMN
IUTaCTHHOM.

Puc.29.1 .
Pasuuna B BenumumHax ckopocret C, m C_  oOpasoBanace B

MOMEHT H3JIy4e€HHs KOTE€PEHTHBIX JIydelf Ha CBETOAENHTENILHOM
mnactude II. B coorBercBum ¢ (27.3) OHa He HM3MCHAETCA IIPH
[ICPEOTPAXKEHHH Iydeit oT 3epkan 3;, 35, 33. Paccrosuua 1 ,
IIPOXOAUMBIE JIyJOM B CIOKOHHOM 3(HpE NPH BPAICHHH CHCTEMBI
3epKajl TAaKKe HE H3MCHIIOTCHA, TAaK Kak 3€pKaja ABHKYTCA IIO
KacaTeJbHEIM K coegumsmouieii ux oxpyxHocTH. ClenoBarenbHO,
pa3sHHIA BO BpEMEHH ABIKEHUA BCTPEIHBIX Jy4ueH Oymer

44 44 v

At

= - =8Co0s45° C? - (29.3)
C-UCos45° C+UCos45°
OTO COOTBETCTBYET BO3HMKHOBCHHUIO ONTHIESCKOM Pa3HOCTH XO4a
nydei, CoJIepXkKamed CTOIBKO JJTHH CBETOBOH BOJHEI A , CKOJIBKO pa3
BpeMs OJIHOro Irepuozia T CBeTOBOTO KOjaeO0aHuA COAEPKUTICH B
pasHocTH At. [Iycts N — umcno monoc, Ha KOTOpPO€E IPH 3TOM AOJDKHA
CMECTUTBCA BCA CHUCTEMA mojoc. Toraa

N =Bt _8CosAS LU g nsase ii% (29.4)

T C°’T
Tak kak A=CT. IMeHHO Takoe 3Ha4Y€HHE OBLIO IIONYIEHO B OIILITE
Canpska.

Heo6x0auM0 OTMETUTh, YTO TOJBKO HM3JTaraeMas B JaHHOW KHHUTE
TEOPHUS C CAUHBIX MO3HMIIAA CMOTJIA OOBSCHUTh U OOBCAMHUTH OIIBIT
Maiixenscona, onuIT CaHbiKa M ABJICHUE 3BE3JHON abeppannu. DTUM
YCTPAHSAIOTCA NPOTHBOPEYHMS B HX HMCTONKOBAaHUM, 9YTO ABIACTCA
HECOMHEHHBIM IIOITBEPKACHUEM CYIIECTBOBAaHHA 3(QHpa H HAIIMX
IPEACTABICHUN O 3aKOHAX PacIpOCTPAHCHUS CBETA.
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Kcraru, 118 BoCOpHATUS 3THX IPEACTABICHUNM O ' CBETE
AOCTATOYHO CJieJlaTh €me TOJNBKO OJWH NIar B HapaBlICHUH
pacCIMPEHusA IIPEACTABICHMNA O OyajJu3ME CBETa — OTKa3aTbCd OT
OOorMara O MOCTOSHCTBE CKOPOCTH CBETa. JTO HE CTPAINHO, TaK Kak
Oymer o3Ha4aTh BO3BpaT K OOBMHOMY M  €CTECTBCHHOMY
IPEACTABIICHHI0O O CHIOKEHHH CKOpPOCTEH, MCIOIB3yEMOMY B
NOBCEHEBHOM XM3HEHHOH mNpakTuke, pusuke u mexanuke. Cinenyer
PacIpOCTPaHUTh 3TH IPEACTABIEHUA HA ABM)KCHHE (POTOHOB M YHTH
OT M3BECTHBIX MAPaJOKCOB TEOPUH OTHOCHTEILHOCTH JitHiTelHa. To,
9T0 (POTOHEI COIPOBOXJAIOTCH BOJHAMM Ae¢ bpoinsg, HE H3MEHSCT
3aKOHOB HCITYCKaHHA, PaCIpOCTPAaHCHHUSA M OTPaKCHHS CBETA. ITH
BOJIHBI NMPOABISAIOT Ce0d B ABIEHUAX MHTEpEpeHIH, AUPPaKIul U
OJIIPH3ALHH.

30. sisnenue Jdomiaepa B 3¢pupe

SBnenne Jonmnepa IMPOKO HUCIIONB3YETCS B ACTPOHOMHH A
ONpeNeNeHus JYIeBHIX CKOpPOCTEH 3BE€3g M TYMaHHOCTEH IIO
OTHOIIEHWIO K 3eMie, Alif OIpEeAeNcHUus YIJOBEIX CKOPOCTEH
BpalICHUA 3TUX OOBEKTOB U B pAlle APYTHX CIy4acB HAYKU M TEXHUKH.
JTO SBICHUE OMMCBHIBAET CBA3b MEKIAY KoIeOaHHMAMH, HCITyCKacMbIMU
UCTOYHHUKOM, H KONcOaHWAMH, BOCIPHHHMAEMBEIMH KaKHM-IH00
PETUCTPHPYIOIUM IIPpUOOPOM, €CIHM HCTOYHHMK B IPHOOP ABHKYTCS
JAPYr OTHOCHUTENBHO ApyTa.

B [19] ormeuaercsa: “aroOmi koneGaHus MOINIM OT HCTOYHHKA
pacIpocTpaHsaThCs A0 npubopa B BUAE BOJH, IPHOOpP M HCTOYIHUK
OOJDKHEL OBITH IIOTPYKEHBI B CIUIOHIHYIO YIOPYIYyI0 cpeny’. OTH
IPEACTABICHUS BIIONHE BIIMCHIBAIOTCS B KAapTUHY PaclIpOCTPAHCHMA
TSDKEJIBIX CBETOBBRIX BONH B 3¢dupe. [Ipu 3TOM ciexyer ydectb, 4TO
CKOPOCTH PaCHpOCTPAaHECHUS TSDKEIIBIX CBETOBBIX BOJIH 3aBHCAT OT
CKOPOCTH MCTOYHHUKA M3IY4YCHUA U OMHUCHIBAIOTCA 3aKOHOM H3JIYYCHHS
CBETOBBIX BOJH B 3dupe (27.2).

Kak B pabore [19], ycnmoBumcsa ckopocts U HCTOYHHMKA
OTHOCHTENBHO 3(QHpa CUYMTATh MONOXKHUTENbHOH, €CIM MCTOYHHK
npubimxaerca x mpubopy. Eciam ucrodunx yaansercs oT mpubopa,
€ro CKOpOCTh OyZieM cUHMTaTh OTPHLATEIbHOH. AHAIOTHYHOE YCIOBHE
BBEJIEM JJId 3HaKa CKOPOCTH IpuOOpa OTHOCHUTENbHO CpPEIbl: IIPH
MPUOMIDKEHUH €T0 K HCTOYHHMKY CYHTaeM CKOPOCTH ITOJIOXKUTENBHOM,
IIPH YAQJICHUY OT HCTOYHHKA - OTPULIATEIILHOH.
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IIycTs pPErHCTPUPYIOIIMHA NPHOOP M MCTOYHHK IEPEMEMIAIOTCA
OIHOBPEMEHHO OTHOCHUTENBHO 3(QHpa, B KOTOPOM PACIPOCTPAHAIOTCA
TSOKEJIBIC CBETOBBIC BOJHBL. VICTOYHHK HM3Iy4eHHS HOBIKETCA IIO
HANpaBJIEHUIO K PETHUCTpUpYIomieMy mnpubopy co ckopocteio U>0
OTHOCHUTENBHO 3(upa. Peructpupyromuii mpuOop MOXET ABUTATHCA B
TOM XK€ HaIlpaBJICHNK OTHOCHTEIBHO 3(upa co ckopoctbio V<0 mmu
HaBCTPEYy MCTOYHHUKY CO CKOpOCThIO V> 0. B COOTBETCTBHH C 3THM H
c y4€ToM 3akoHa (27.2) oTHOCHUTENbHAs CKOPOCTh THKEIOH CBETOBOI
BOJIHBI OTHOCHUTENBHO IpuOOpa, IBIDKYNDIETOCsS HaBCTpeuy, Oyaer
C+U+V. Uucno BoiH, Ipomenmux 3a €IUHHUIY BPEMEHH MMMO
opubopa,

, C+U+V 1 [HU . V) l+v/ic

yV = e
¢ C 1U/C

A T

Eciu npubop yaansercs, TO OTHOCHTEIBHAA CKOPOCTH
TSKENOH cBeToBOM BONHE Oyaer C+U-V. Uuncno BoiH, mponieamux 32
€AVHULYY BPEMEHH! MHMO IIprubopa, B 3TOM ciaydae Oyaer

L_CrU-V _1( Q_KJ 1-v/C
i T\ C c) 1-uic’

Taxum o6pa3oM, V' 3aBHCHT IO-pa3sHOMY OT CKOpOCTH IIpubopa V
U CKOpoCTH ucTouHHKa U oTHocHTenbHO 3(¢upa. IlomydeHHsle 34ech
¢opmyner coBmamaior ¢ (dopmynamu paborei [19] mmm  BOIH,
PAcCHpOCTPAHSIIOIIUXCS B YIPYTOU CPEAE ¢ IIOCTOSHHON CKOPOCTEIO, HE
3aBHCAIIEH OT COOCTBEHHOM CKOPOCTH HCTOYHHMKA HUBIIYIEeHUA.
CrnegoBatelbHO, UX NPAKTUIECKOE HCIONB30BAHHE HE OyIer
OTJIMYATHECA OT OORIYHON MPaKTHKM.

31. I'paBUTAlIMOHHOE KPACHOE CMEILEHM B
CIIEKTpax 3Be3]1

B cmekTpax  3B€3n  HaOmomaercda, Tak  Ha3bIBaeMOE,
IrPaBUTAllMOHHOE KpacHOe cMemieHue. Jlnd onpeneneHus €ro
BEJIHIHHE DHHINTEHH NpelIoKUI CIeAyIouy0 GopMyJIy:

AL fm
A rC2

IMonTeepxknenne 3Tod (GopMyabl HAOMIOAEHUSMH COJHEYHOI'O
CIIEKTpa M rIaBHEIM 00pa3oM crekrpa cmyTHHKa CHpHyca, HMEIOIIETOo
OONBIIYI0O MacCy M Majble pa3MEpEl, SBISETCS ONHMM H3 YETHIPEX

131



SKCICPUMEHTANBHBIX  JOKA3aTENbCTB  CIPABEAIUBOCTH  TEOPHH
OTHOCHTENBHOCTH.

IToxaxxeM, 4r0 3Ty (QOpPMYJdY MOXKHO IIONYYHUTh, MOJB3YIACh
IIOHATHEM TOKEIOM CBETOBOM BOJHBI, TO €CThb BOJIHBI CBETA,
NOIBEPKEHHOM CHile NMpuTHKEHHA. [lokaxkeM Takke, 9TO IPUYHHOM
aToro 3ddexra SBIAIOTCA XOPOIIO H3YYEHHBEIE ITPHJIMBHEIE CHIIHI,
BBI3BLIBAIONIHE MPHIMBEL M OTIMBEI BOJIBI 3€MHBIX OKEAHOB.

ITpeanonaraem, uto TMKENas CBETOBAas BOJHA 00namaer mMaccow,
pPaBHOMEPHO pachpeneacHHon nmo € mmuae. Ha Kaxayro TOIKY BOIHEL
BCJIEICTBHE 3TOr0 ACHCTBYET yCcKOpeHue Cwisl TsokecTH (puc.31.1):
~j=fm/r* ,co31aBas NIPUIHBHBIE CHIIBI, CTPEMSAIIMECS PACTIHYTE BOJHY.
3aecsr m - Macca 3Be3/bl; I - paanaibHOe pacCTOAHUE OT LIEHTpa MacChl
m J0 pacCMaTPHBAeMOH TOYKH TSKENOH cBeTOBOM BOJHEI. CKOPOCTH
TOYEK THKENOM cBeTOBOM BOJHBI Oe3 yuéra cun TsaxecTH C = 3.10"
cM/c. C yd9€TOM JEHCTBHS YCKOPEHHMS OT CHJ TSDKECTH 3BE3JIEI
CKOPOCTh MOXXET OBITH 3aIICaHa B BUAC

!
fin
v=c+f72—dt, 3L1)
Ie r=r,+Ct, dt=dr/C. (31.2)

IMoacraBum (31.2) B (31.1) n BemonHuM uHTErprpoBanue. KoHcraHTa
HHTETPUPOBAHUS paBHA HyJIO0. [IoaToMy
V =C - fm/(Cr).

ITox BIUAHUEM YCKOPEHHUA TAXKECTH HA TAKEIYIO CBETOBYIO BOJIHY
OEUCTBYIOT TNPWINBHBEIE CHWIBI, CTPEMSIOIUECS pPacTAHYTh BOJIHY.
CkopocTh, ¢ KOTOpO# mepenuuii PpoHT OyZeT yXOOWTh BIEPEN OT
3aJHETO,

AV=V -V =[C-fm/(C1)]-[C-fm/C(r-1)|=Afim/Cr?.

3nech A - OJIMHA BOJHHI B HavdallbHBIi MOMEHT BpPEMEHH B
cnokoiiHoM »3¢upe. IIpupamenue MMHEI BOJHEI 32 BpeMs
IIPOXOXKIECHUS OT UCTOYHMKA CBETA K HaONIOZATEIII0 MOXHO 3alHCaTh
KaK

fmArdt fmAf1 1
jrz =T | (31.3)

o 0

t
AL=[AVdt=
0
Yuureisag, uto L >> 1, , monysaem popmyiry
AMA = f/(Cr,) . (31.4)
Ora ¢QopMyna IOJHOCTBIO COBHAAaeT C COOTBETCTBYIOLIEH
GopMyoit DHHINTEHHA U IMOITOMY HE HyXOAaeTcsi B KOMMEHTapHIX,

X0Ts 6osee cTporuii €€ Bua umeer popmyna (31.3). ITomyTHO 0TMEYY,
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9T0 00BACHEHHE “TPaBUTALMOHHOIO KPACHOI'O CMEIICHHS XOPOIIO

Puc.31.1 Puc.32.1

M3BECTHBIMH B 3€MHOH MPAaKTHUKE NMPUJIHBHEIMM CHJIAMH HE OCTABIISICT
Mecra Ons 3pQPeKToB TEOpHH OTHOCHTENBHOCTH, b JOCTOBEPHOCTE
IJOKa3bIBAeTCH caMUM 3TUM 3 (PexkToM. B MpOTHBHOM CIIy4ae JOKHEI
ObutH Ob1 paboTars o0a >TH d¢ddekra U NPUPOCT JUIHHLEI BOIHBI AA,
IIOJIyJAEeMEIHl 3KCIIEPUMEHTAIBHO, AOJKEH Obul Obl ObITH B 2 pasa
OoJipllie. 3TOro Ha caMOM JeJIe HET.

32. /IBmkeHAE TAXKEI0H CBeTOBOH BOJHBI MUMO
MAaCCHBHOI'O TeJIA.

B Teopum OTHOCHTENBHOCTH IpEJIOXKEHa (opMyna Al pacuéra
yriia OTKIOHEHWS Jyda CBETa, MNPOXOAAmMEro OT 3BE3IBl K
Ha0II0AaTeI0 MUMO Tela ¢ Maccoit M:

v = 4fM/(hC?), (32.1)
rae h - paccTosHMe MeXIY IIEHTPOM MAacCHBHOIO T€Jla M JIY4OM CBETa.
[IpoBepurs 3Ty hopmyny MoxHO TOabkO i Comnna. ITostomy eé
0OBI9HO 3amUCRIBAXOT 1A Macchl M paguyca Conuma. Ecim j1yd cBeta
IIPOXOAUT HEIOCPEeACTBEHHO BAoiAb mnoBepxHocTH ConHila, TO
OTKJIIOHEHME Jy4a MakcuManbHo W = 1,75 ", Jlna apyrux paccTosHUiA
h/r,

Ve = yo/(bvr) = 1,75 "/(hr,) (32.2)

H3BecTHO, 9TO 30JbOHEP Hal PEUICHUE 3aadu 00 OTKIOHEHHU
CBETa IMPH IIPOXOKACHUM MHMO MACCHBHOI'O T€Jia, HCXOAA U3 3aKOHa
HeioTOHA, mpeAcTaBUB, YTO BOJIHA CBETA O0IagaeT Maccoil, U TeM
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caMbIM BBEN noHATHE “TKEnNoM cBeToBOM BOmHEI . OH mOTy4dHI
pe3ynpTaT, COCTABIAIOLIAN  IIOJIOBHHY  ,  NPEACKa3aHHOTO
SQUHINTEHHOM [7]:
Y1 = ZM(hCZ) ’
Yo1 = 0,5 Yo = 0,875 ",

Opnako HCKpHBIEHME JIyda CBETa IMPOMCXONUT HE TONBKO IO
BO3/ISHCTBHEM T'PABUTALMOHHBIX CHJI, HO ONPEHCHACTCA CIE H TEM,
49TO CBETOBAs BOJIHA CHOCHTCA MOTOKOM 3(Hpa cO CKOPOCThIO V) K
IIEHTPY 3Be3abl. B cooTBeTcTBHHM ¢ pHcr32.1 Ha moboM ydacTke Jy4da
3a Bpema dt cBeToBad BojHA mpoxoauT myTh dx = Cdt m cmeniaercs
BMecTe ¢ 3QUpoM B IEepHEeHANKYISPHOM HAIMPABICHAH HA PAaCcCTOSIHHE
dy = Vsinydt. IIpu 3ToM OPOMCXOAMT IOBOPOT JIyda cCBeTa Ha
3IEMEHTApHEIN yIron

dy’ 1 =(dy/dx)odt=aV,siny dt/C=a*Msinydt/(4np,r"C)=
= fMsinydt/(r* C). |
W3 puc. 32.1 cnexyror o4eBHAHBIE COOTHOLIEHUA
r=h/siny u dt=-hdy/(Csin’y).
. HoxcrasuMm mx B BEIpaxeHue 41 dy | H IPOHHTEIPHPYEM €ro B
mpenenax or yi=n no v,=0. [lomydum yrom moBopoTa Jy4a CBETa,
00yCIIOBIEHHEBINA pagHaIbHBIM TEYCHHEM 3(Upa K HEHTPY 3BE3/bI

. M
YT e hC?

B pe3ynsrare CcyMMmapHEBI Yroi moBOpoTa, OOyCIOBIEHHBIH
OTKJIOHEHHEM TPACKTOPHU LIEHTpa TOKENOM CBETOBOM BONHEI MO
BO3JCUCTBHEM TIPAaBUTALIMOHHBIX CHJI M IIOBOPOTOM BOJIHBI H3-3a
paguaIbHOro TeYeHus 3¢HUpa K LICHTPY 3BE3B], OyAeT

Y=y 1ty =4fM/(hC?). (32.3)
Hns ConHna: v, = 1,75"/(h/1,). (32.4)

[Tonyuennsie (opmyist (32.3) u (32.4) cosnanaior ¢ hopMyaamu
(32.1) u (32.2) Teopuun OTHOCHTEIBHOCTH OWHINTEHHA H,
CJIEIOBATEIBHO, HE HYXIAI0TCS B JOIONHATEIBHOK
IKCHECPHUMEHTANILHOM IIPOBEPKE U MOATBEPIKIACHHH.

IlommyTHO, Xak B NpeaelAynicil riaBe, OTMEYY, YTO MOJTyYCHHBIH
pesyneTaT He ocraBiager Mecta Jid  3pdexkroB  Teopum
OTHOCHUTENIbHOCTH, 4YbS IJOCTOBEPHOCTH IOKA3hBAETCA CaMHUM ITHM
3¢ pexToM. B mpoTuBHOM CiTydae JOJDKHBI ObLiH OBl paboTaTs 00a 3TH
3¢ deKTa, ¥ OBOPOT JIyda CBETA [IPH IIPOXOIKAECHUH MUMO MacCHBHOTO
TeNa, MOJIy4aeMBIN SKCIEPHMEHTANIBHO, NO/KEH OBlI Ob1 OHITE B 2 pasa

isin;/-dy=
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Oonbine. 3TOro Ha caMoM JIeJi€ HeT.

33. O0 onbITHO# MpoBepKe 3aBUCHMOCTH
CKOPOCTH CBETA 0T CKOPOCTH HCTOYHHKA

Bce mpeamlmymue Hamom HCCIEOOBaHMA IIPUBEIM Hac K
OIHO3HaYHOMY 3aK/IIOYE€HMIO, 9TO CKOPOCTh CBETA 3aBHCHT OT
CKOPOCTH HCTOYHMKA M OTPaXKaromeH noBepXHocTd. UIMEHHO 0TKa3 OT
npu3HaHusA 3toro (daxra mpuBen (GH3HMKY CHavala K KpPM3HCY KOHIA
OEBATHAAUATOr0 Ha4aja IBAAIATOrO0 BEKOB, a 3aT€M K NOSBIECHUIO
OTO ADMHmTeiHa ¢ ee mapajgokcaMmH, IIPOTHBOPEYANIMMU
€XKEIHEBHOHM ITPAKTHKE 4ejoBedecTBa. ECTECTBEHHO, MBI HE IIEPBEIC,
KOr0 3auHTepecoBana 3Ta mpobnemMa. B HCTOPHMH HayKH H3BECTHA
aucKyccus, cocrosmasicsa B xypHaie Physikalische Zeitschrift [6,25]
II0 BOIPOCY O TOM, 3aBHCHUT MJM HET CKOPOCTb CBETa OT CKOPOCTH
ucrognuka. Kak ckazaHo B [6], B TO Bpems 3aBUCHUMOCTD (21.1)

c =ctV (27.1)
obocHoBriBaiM E. Freindich, Ritz u apyrue.OHa neria B OCHOBY, Tak
Ha3BIBaeMOM, Oa/yIMCTHYECKOM THIOTE3M Purila, 3JTa THIIOTE3a
corsacoBsiBana 3G @dexT 3Be3aHOH abeppallun U onbIT MalkenbcoHa, a
TAK)KE Pl APYTHX SKCIIEPHMEHTOB, IIOCTABICHHBIX I 0OHapyKeHUs
a¢upHoro Berpa. Muckyccua obGopBamack 1it MHpPOBOM BOMHOH C
OTPMIIATEIBHBIM IS 3TOM TOYKH 3pE€HMH pe3ynbTaroM. Bo3obnanamo
MHCHHE, YTO CKOPOCTh CBETA MOCTOAHHA B IIyCTOTE W HE 3aBHCHUT OT
ckopoctn mcrogHuka (C=const). basmcrudeckas rumoresa Purna
Obl1a OTBEprHyTa M3-3a KAXKYIIErocsi €€ IPOTHBOPEYHS CO
CIEKTPOCKOIIMIECKAMH HaOMIOACHUAMM IBOMHBIX 3BE3,
obocHOBaHHOTO B padore e Currepa [40].

CyTs paccyxaeHui ne Currepa CTAHOBUTCS ITOHATHOMN M3 aHAIN3A
Ha0OroJeHuit 3a IBMKEHMEM IBOMHBIX 3Be3s. Ha pmc.33.1 mokasana
yIpouleHHas cxeMa 3Toro aBieHHsa. B meHTtpe O Haxomurcs Toxenas
c1abo cmersmasAcad 3Be3da, BOKPYT KOTOpOM IO KpYroBoii opOure
ofpainaercs apyras 6omnee spKas 3B€3/a, [IOCICAOBATEIBHO
3aHnMas nojgoxenus A, B, F, D u 1.1.

Ho wnabmiogarens HAOXOAMT CBET OT OJTOM SAPKOH 3BE3MmI.
CneKTpansHO-ABOMHBIE 3BE3IbI OIPEACISIOTCS MO PACIICIUICHUI® UX
CIIEKTpa HA 1Ba, CMEIMICHHBIX OTHOCUTENIBHO IPYT APYra BCIEACTBHE
spdexra Jlommaepa, T.K. H3AydaAOmasd 3B€34a JBHXKETCH TO II0
HaITpaBICHUIO K HAOIIOAATENI0, TO OT HETO.

135



CornacHo OawmicTudeckoii rumore3e Purma Jyd  cBera,
HUCITyCKaeMbIHN SPKOH 3BE€3I0M M3 TOUKM D, OBIDKETCS K HAOIIOAATENIO

¢ ymeHsmenHO# ckopocteio C =C—V. Cursan w3 Ttoukm D
poxoauTt 1o Habmomarens uepe3 Bpemsa 14,=L/(C-V) 3mecy L-
paccTOsiHHME OT JBOMHOM 3Be3Anl n0 HaOmomarens Ha 3emuie. OHO
MHOT'OKPAaTHO IIpeBhIIaeT rabapuTel opOUTEI 1BOMHO#M 3Be3/anl. [locne
3TOrO spKas 3Be3fa IepexOAuT u3 Todku D B Touxky B 3a Bpems
norynepuona obpamenns T/2. CurHan, BBINEAIINA U3 TOYKH B,
npuxoguT K HaOmoparemro uepe3 Bpema tH=T/2+L/(C+V),
OTCYHTRIBAEMOE C MOMEHTA BBIXO/A 3Be3BI M3 TOUKH D.

== L=Ct =

{ Puc.33.1
WHrepBan. BpeMeHH MEXAy IOIYy4EHHEM  JABYX  CHUTHAJIOB,
npumeqmux k HaOmoomaremo u3 Todek D um B, omnpenensercs
Pa3sHOCThIO BPEMEH tp M 1
A=T/2+L/(C+V)-L/C-V)=T/2-2VL/C?, -~ (33.D

Eciu Teneph NpeANoNoXHTh, 970 T=4VL/C? To MHTepBan BpeMeBHM
ucue3HeT. Curman m3 touek D m B mocTtymur Kk  Habmogarem:o
OZHOBpeMeHHO. B 3ToM ciyuae mo yrBepxaenuto H, Tirrmga curnan
nokeH Owv1 Onl Bech mepeMemarbcsi H ObLIO OBl HEBO3MOXKHO
Habmonate  JUHeHYarsle  COEKTPH  M3NMydeHuss  3Be3n. B
OEHCTBUTENILHOCTH, BelMMUMHA At IS psAga CIEKTPOCKOMMYECKUX
JIBOMHEIX 3B€3J OKAa3bIBAETCA BeChMa OOJIBIIOI.

K coxaneHnro, OICaHHbIE COOBITHA He HANLIA CBOET0 OTPAXKEHHS
B IONYJSApHEIX y4eOHHMKax 1o ¢u3mke ¥ acTpoHOMHH. O HUX MHE
CTaJI0 H3BECTHO M3 paboT [6,25] yKe mociie BBIXOAA B CBET MOMX KHUT
[1,2] ¥ o 9TOIL IPHYMHE OHU TAK)KE HE OBUIN B HUX OMHCAHEL.

UToOBl BHIpA3HTh . CBOE OTHOINEHHWE K YKa3aHHOU Ipobieme,
OTMEYy OAHO CYIIECTBEHHOE Ha MOHW B3IVIJ pa3indue MExmy
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u3jiaraeMoit paboroii u OamMCTHYEcKOH rHmoTe30ii Puria.
BcmomurM, 94T0 PHTL) BEIABHHYNI CBOIO OANMHCTHYECKYIO THIIOTE3Y
CBETa B TO BpeMs, KOIla CBET CYUTAIM BOJIHOW, HAaOAOOHE 3BYKOBOM
BOJIHEI B Bo3gyxe. M3BeCTHO, YTO NHOCHIEHHAA PACIPOCTPAHAETCA B
BO3OyXE CO CKOPOCTBIO 3ByKa, HE 3aBHCAIICH OT CKOPOCTH HCTOYHHKA.
[TosTomMy B TO BpeMs OBLUIO COBEPIIEHHO HEIIOHATHO, IIOYEMY CIENYET
CYMTaTh, YTO CBETOBAsd BONHA IIOKHAACT WCTOYHMK H3IYyYCHHA C
IIOCTOSIHHOM ~ CKOPOCTBIO  OTHOCHUTEIIBHO  HMCTOYHHMKA, a He
OTHOCHUTENBHO OKPYIKaIOIIEro OIS CBETOHOCHOro 3¢upa. B To Bpems
cautanock (n0 mosBaexus B 1915r CTO A.DQitmmreiina), dro
BceneHHas 3an01HEHA CBETOIIPOBOAAIIEH Cpeloit-3PHpOoM.

B wu3nmaraemoii paboTe 3aKOHBI M3IYYEHHSA H PaclpOCTPaHEHHS
CBETa COCTABIIIOT TOJBKO YACTh pa3pabaTeiBaeMOH HaMH OOIIEH
TCOPUH 3(Pupa. JTa YacTh OYeHb Ba)KHA, HO OHA HE OTOPBAHA OT
OCTaJIbHOM Teopuu. BaxkHO nogdepkHyTh, uyTo Gopmyna (27.1)
JIOTWYECKH BBITEKAET U3 HAMINX IIPEACTABIEHHMI O CTPYKTypE aroMa U
nponecce o0pa3oBaHMA (DOTOHOB-HOCHTENEH CBETA, H3JIOKEHHBIX B
rmaBax 8....12. Eciau npuramMalorcs wuiled Bced paboTel, TO He
BO3HMKAET M COMHEHHH B TOM, I04eMy (DOTOHBI MOKUIAIOT
BO3OYXKICHHEI aToM HMeHHO co ckopocTeio C=3-10°w/c. Taxosa
CKOpPOCTb CTPYil 2dHpa Ha BEpXHEH I'PaHUIIE I'a30BOI0 BUXPSA aTOMa, U3
KOTOpPOro GopMuUpyIOTCs (POTOHHEI.

OTHM, NOBHAUMOMY, MOXXHO 00BACHUTE HEYAdy OaNIMCTHICCKOH
runore3bl Putna. Ilockoneky y Hee He Omulo JOKa3aTensHOM Oasbl
TOTO, 9YTO CBET IMOKMAAET MCTOYHUK H3IYy4SeHHS C ITOCTOSHHOM
CKOPOCTBIO OTHOCHTENIPHO CaMOI'0 MCTOYHHKA, OHA TaK M HE cTana
Teopued. Bce ycunus KpUTHKOB 5TOH THIIOTE3Rl IIO3TOMY OBLIM
CBEJCHB K IOHCKaM IIPOTHBOpeduid B caMoM rumorese. M 3t10
IIPOTUBOpEUre ObUIO HAliIEHO B CIIEKTPaX JBOMHBIX 3BE3N.

KoneuHo, nBOiHEIE 3BE3ABI OME€HDH JAINEKH OT HAC, YTO CHIDKACT
TOYHOCTH ¥ JOCTOBEPHOCTh JOKA3aTENbCTB, UCIONB3yEMBIX KPHTHKOH.
Muorue ¢GakTOpel NPHPOALI IO 3TOH IPHYMHE MOIYT [OBIHATH HA
CHIHAJl CBeTa, II0OKa OH (OPMHPYETCA M 3aTEM IPOXOAMUT depe3
OrpOMHBEIE KOCMHYECKHE PAcCTOSHUS OT 3Be3Anl 10 3emim. Ha omHo
Takoe 0OCTOATENBCTBO yKa3aHO B pabore [6], koropas CTOMT Ha
no3uIuax OammacTuyeckod Teopum Purna. Ona ccesutaeTcs Ha
jaxmodchne JL.bpmimosna [41] o ToM, d9TO JOCTAaTOYHO
IPEATIONOXKEHHA O CYIIECTBOBAHMH 3aBUCHMOCTH CKOPOCTH CBETa OT
IPaBUTAIHOHHOIO ITOTCHIHAanNa, d9ToOBl pa3pylINTh NOBOABL J€
Currepa. OgHako, OJHOM 3TOH CCBUIKY HEAOCTATOYHO.
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Jlpyras ccplIka Ha aHAJOrMI0O pPAacHpOCTPAHEHWS CBETa C
pacIpoCcTpaHEHHEM MANBIX HPOAOJBHBEIX KOJIeOaHWil B JBIDKYILIEMCS
yOpyroM CTEp)KHE, HCIIOIB30BaHHAA B 3TOH paboTe AiIA 000CHOBAHMA
ycnoBus (27.1), HecocrositenrsHa. B 3TOM ciiydae JBIDKEHHE
ICTOYHHMKA CBETa B HENOJABMXXHOM cpeae sdupa HEKOPPEeKTHO
OAMEHAETCA JBMOKCHHEM BCEH cCpeldnl (CaMOro CTEPIKHSA) BMECTE C
HNCTOYHUKOM BO3MYLIEHUMH OTHOCHTEIHHO HEMOABYKHOTO
Habmomarens. Kpome Toro, Mel 3HaeM, 4TO B pacIpOCTPaHEHHH CBETA
y4acTByeT MaTepuanbHass 4dYacTula-poTOH, a He BOjgHA. BonHa
ae bpoityif TOIBKO COMPOBOXKAAET ABHKYIIUHICH (DOTOH.

Bonee o6croATensHOM M JOKA3aTENLHON B 3TOM CMBICIIE ABIAETCS
pabora IL.C.Uuxmua [25]. OcraHoBuMmcs Ha 310l pabore Oonee
noApoOHo. Ha Hami B3rian oHa ompoBepraeT AoBoasl Ae Currepa H
IIOATBEPXKAACT IIPaBOTY BhelpaxeHus (27.1). Ommpasce Ha 3TO
BBIpa)XXEHWE, OHa 3HAYWUTEIIGHO MNPOJABHIAcT 3HAHUE O IIPUPOAE
ABOMHBIX 3Be3M, OOBEOUHAL X B OJHY I'PYIITY ¢ He(deHIaMH.

B ornungue ot ge Currepa B pabote I1.C.Uuknna paccMaTpuBaeTcs
M3]IydeHUE OT ABOMHOM 3BE3Abl HE TONBKO B JABYX XapaKTEpPHBIX
Toukax B u D (Puc.33.1), HO B TeueHue Bcero o60poTa ApKoii 3Be345I
BOKPYT TSDKEJION TyCKIO# 3Be3anl. IIpoeKims CKOpOCTH SAPKOH 3BE3/IbI

Ha HAmpaBIICHUE OX, COSAMHAIOIIECE ABOMHYIO 3Be3Ay U Habiromarens
Ha 3eMiie, 3aIIMChIBAETCS B BUIIE

PaccmarpuBaeTcs IIyT CBETOBRIX BOJIH, WCIyIIEHHBIN SPKUM
KOMIIOHEHTOM 3a OAuH Iepuof oOpaineHus. 3a Hadalo OTcYeTa
npuHATa Todka A. Ilpm 3TOM B HadajgpbHBIA MOMEHT UIHHA I(yra
cocraButr 1=C-T, rme C- ckopoctb cBera 0e3 HOOaBKH CKOpPOCTH
M3IIy4aloliei 3Be3 5l

CHavana aMIUINTyJa IyTa CBETOBBIX BOJH OYEHb BE/IMKA M paBHA
pamuycy opouth Ry M3mydaromier 3se3/iel. Ilo Mepe IBHXKECHUS 1IyTa
CBETOBHIX BOJH K HaOMIO#aTeM0 aMIUIMTYAa CHHYCOHAB! Oyner
yMEHBIATECA, T.K. ayau NB u ND cxoaarcs B Touke N (mprMedaHue
aBropa). B MOMEHT npuemMa cursana HaOIoZaTeneM OHa yX€ O4YEHb
Malna (onpegenseTca KOHCTPYKIlHeH criekTpomerpa). B Buxy Toro, 4ro
L>Rps, MOKHO mpubivxenHo cauraTs 0=0. (Puc. 33.1).

Cormacio dopmyne (27.1) pasHele dacTH Iyra JBHTalOTCA K

HaOJIIOaTeN0 ¢ PasHEIMHA CKOPOCTAMH. BelleicTBUE 3TOr0 CKOPOCTH B
HanpaBJICHHH OCH OX JII000# TOUkH Iyra Oynaer

C! =C+Vxzoe=C+V-sing (33.3)
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=CT

Puc.33.2
JIroGas TOUYkAa CHHYCOHABI Lyra CBETOBBIX BOJH BCIECACTBHE
HEOJMHAKOBOCTH ckopocTeif C' OyeT cMeIaThes B HAaIPaBIEHAH OCH
ox. C TedeHHEM BPEMEHM t 0 MEPE IBMKEHHUSA LIyra CBETOBBIX BOJIH OT
3B€346] K HaOMIOAATENI0 5TO CMEIICHHE OTHOCHUTENBHO CBOEIO
IIEPBOHAYAIILHOI'O MOJIOKCHIA COCTABUT BEIMIHHY
Al=V 060 t =V-t-8in@ (33.9)
K nHabmonarento Oy XyT MPUXOANUTE CUTHAIBI Pa3iIudHON (HPOPMEL
B 3aBHCHUMOCTH OT BEIMYHUHBI OpOMTANBHON CKOpOCTH V, mepuoza
ofOpailieEHA fAPKOM 3Be3Ibl BOKPYI TEMHOH TsKenoi 3Be3dbel 1 H
BPEMEHH ABIKEHHUSA LIyra CBETOBEIX BOJH t OT 3Be31bI K HaOII0HaTe IO,
Haubonee xapaxrepHeie (JOpMBI CATHAIOB M300pa)keHn Ha puc.33.2-
33.4. Yxe paccMoTpenHas Ha puc.33.2 ¢opMa Ifyra CBETOBBIX BOJIH
aBisieTcss  Hambornee  pacnpocrpaHeHHOH. (OHa  COOTBETCTBYET
HEpaBEHCTBY
Vi<CT/4 (33.5)
Yem Ommke BenmumumHa Vt npubmmkaerca x 3HadeHuio CT/4, tem
cwibHee ToYka B HaGeraeT k Hadaiy myra (Touke A), a Touyka D
OTCTaeT, CMeIasch K KoHILy myra (Touke A). Takyro xe GpopMy OyayT
UMETh H BCE IIOCIECAYIONIME LYTH CBETOBHIX BONH. B pabore [25]
OTMEYEHO OAHO O4YEHb BaXKHOE HAOIIONCHHE, COCTOAIMEEe B
COOTBETCTBHH MOIYy4YEHHBIX Ha puc.33.2 hopM LYTOB CBETOBBIX BOJIH C
pacrpelelneHusAME JIy9EBbIX CKOPOCTEH, peabHO Ha0II0aeMBIX
acTpoHOMamu nedeun U, B 9acTHoCTH, Hedeune O Lledes (V=20xm/c).
Ecmm Vt=CT/4 (cy4aii ne Currepa), (33.6)
TO B MOMEHT IIOJTy9€HHMA CUTHaja TOYKa B qocTuraeT B HampaBlICHHMH
OCH OX NOJIOXKEHMS TOYKH A. B 3TOM ciaydae mociieIoBaTeIbHOCTD
I[yI'OB CBETOBBIX BOJIH IIPUMET BHJ, ITIOKA3aHHEIN Ha puc. 33.3
W3 pucyHka BHAHO, YTO MEPEAHUE TOYKHU KAXKAOr0 CIEAYIOLIETO
yra AOTHAIM 3aJHNE TOYKM nepeguux Iyros. Ho, 9T0 BaxHO
OAYEPKHYTh, CAMM I[yTM HE U3MEHIIH CBOEH JJIMHBI, T.K. TOYKH A U
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F IBUXKyTCS ¢ OXMHAKOBEIME cKopocTamu C=3-10°m/c. ITpu 31OM MbI
BHIMM SIPKO BBIPAXCHHYIO0 IHMKIAYHOCTh 3THX CBETOBEIX CHI'HAIOB.
VIMEHHO »5TH I[MKIHNYECKHE CHTHAIBl, HMEIONHE HEHYIEBYIO
IIPOTSIKEHHOCTh B IIPOCTPAHCTBE, (PHUKCHPYIOTCS CIEKTPOMETPOM
HaOmoKaTess.

U3 puc.33.3 xopomo BUIHO, YTO B cliydae Ae CuTTepa Ha yyacTKax
I[yTOB BOJIH OT TO4E€K A 10 TOuYeK F JMHHH CIIEKTpOB CMEMIAIOTCS B
CTOPOHY (PHOIETOBOH 4YacTm CIEKTpa, T.K. OHH HecyT B cele
HHpopMamuio o mnpubmDKaoneMcs WCTOYHMKE WM3nyvenuid, Ha
ydacTtke oT F 10 A cMeleHue JIMHWM «cIeKTpa IMPOUCXOIUT B CTOPOHY
MHQpPAaKpacCHOr0 W3Iy4eHHs T.K. OHHM HecyT uH(popmammio 006

yaansgiomeMmcs uctounnke. HHUKAKOro HEPEMECIIIMBAHHA CHUTHAJO0B
IIDH 3TOM HE nponsoﬁgel‘, T.K. p€4b HACT HE 0 CIA0KECHUHN CBETOBLIX

BOJH TOJBKO B TOYKax A m B. a 0 cBeToBBLIX BO0JHAX HA

NPOTSUKEHAN HVIOB, COCTOSIINX M3 M3JYYECHHASA 1ejioi 3Be3anl. U
ITH I'M CBETOBLIX BOJIH. KaK BHIHO H3 puc. 27.2 m 27.3, He

HaAKJIAAbIBRIOTCHA I' HA a (MpHMeEUYaHe aBpTopa).

aMIDTHTYIa

Puc.33.3
HenocraTok paccyxaenmii e CUTTEpa COCTOSI HMEHHO B TOM, 4TO OH
HE pacCMOTpPEN BCIO MOCIEA0BATEILHOCTE BO BpEMEHHM 0Opa3oBaHMs
CUTHAJIOB OT JBOMHOM 3BE37bl, 4 OIPAHUIUIICS TOJIBKO CUTHAJIAMM U3
IBYX Todek opOuTEI sipkoii 3Be3asl B u D (Puc.33.1).

Ha puc.33.4 n306pakeHEl IyTH CBETOBBIX BOJIH, HOIy4aeMble JUIfA

ciIy4as

Vt>CT/4. (33.7)
B [25] ormeueno, 4T0 MX (popMa COOTBETICTBYET pacCIpelEICHHIO
myqeBsIX ckopocteit nedeuns RR JInpu (V=50xm/c, T=0,567 cyToK)
n nedpeuasr W J[esel. Korma 3se3ma ABHXKeTCH K HaOIIOZaTENIo,
MAKCHMYM IIOJIOKWTEIBHBIX JIy4€BBIX CKOPOCTEHM B HX CHEKTpax
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BCETJIa HOSBIIAECTCS HECKOIBKO PaHbING HAMMEHBIIMX OTPHIATEIHHEIX
n00aBOYHEIX cKopocTeil. OTHOBpEeMEHHO OJIECK 3BE3IBI BO3PACTAET H
COOTBETCTBYET JIMHHMAM (BONOPZA WIN META/UIOB) B CIEKTPaX 3BE3J C
OYCHb BRICOKOM TEMIIEpAaTypOl M3-32 CMELIEHHA MNOCIEIHHX K
¢1OnETOBOMY KOHIIy CIIEKTpA.

Korza gsoifHas 3Be3na IBIDKETCS OT HaOmomarend, Oneck ee
najgaer u TuHuM (BOJOPOHa, METAJUIOB) CTAHOBATCS caabee, CABUrasch
K KpaCHOMY KOHIy cmekrpa. Ho eme g0 Toro, Kak 3TH JIMHHMH
MOJIHOCTBIO MCYE3HYT, B CHCKTPE yKe OOHapy>KMBACTCSA HOBad CEpHA
JTMHUHA, CABUHYTHIX K (PMONETOBOMY KOHIIY H T. J. JTO, KaK CIEAYET H3.
puc.33.4 saBngercs CHEACTBHEM ICPErPYHIMPOBKH 4YacTeH Iyra
CBETOBOIr0 M3Iy4eHHA. Touka B mpuxoauT k HaOMoAaTeo paHblne,
4yeM TO4YKa A (Ha4ano myra), a Todka D 3anma3apIBaeT [0 CPaBHEHHIO C
TOYKOH A (HaJalo ClIeAyOmero Iyra CBETOBOTO H3IIy9CHWS).
ACTPOHOMEI BEIIBHJIA THICSYH 3BE3]] C TAKMUMM CIICKTpaMU. JTO BECbMa
pacIpocTpaHeHHOE SABJICHHE BO BeenenHoil.

[TosToMy MOXKHO IIOJIHOCTBIO COTJIACHTBHCS C BBIBOAOM PpalOThHI
[25] ‘0 TOM, YTO IPH WMCHOONHG30BAHUM 3aKOHA CJIOXKEHHS CKOpOCTeH
(27.1) nuHeHUaTHIA CIEKTpP H3JIy4YeHMsA JBOUHBIX 3Be3s Oyner
Ha0MIOAaThC BO BCEX CIydasX, omnpeaenseMbix 3axkoHamu (33.5),
(33.6) u (33.7), Bximrogas ¥ yacTHBIN ciydait Je Currepa.

aMIUTITYZ a =
A -G
s B Bo
A % X J -
' i \ \ X
D | : »
e =CT | =CT =CT . =CT
Puc.33.4

Hamee aBtrop paborel [25] comocraBmseT OcoOE€HHOCTU
U3MeHeHUs Onecka pasnudgHbiX Hedena ¢ GopMoH LyroB CBETOBBIX
BOJTH, ITONYy9Ya€MEIX HA OCHOBaHMHM BrIpakeHms (27.1) oT ABOMHEIX
3Be3J, JABIDKYIIMXCS HE TOJIHKO ITO KPYTOBBIM, HO H IO SJUIHIITHICCKUM
opOuTaM, a TaKke o0enx 3Be3 BOKpyr obmero nenrpa. Habmogas ux
COBIaJeHNe, OH NMPUXOANT K BEIBOXY, YTO B IpHpoAe BooOme He

IPOHCXOAUT HyJIbcalmi paauycos nedeun. Lledenas no ero MHeHMIO
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SABILIIOTCSL  CIEKTPaJbHO-IBOMHBIMH  3Be3JaMH, Yy  KOTOPBIX
PETHUCTPUPYETCH H3IYUYECHHUE TOJIBKO OQHOTO SIPKOro KOMIIOHEHTA.

IlogTBEpKACHHEM IIPAaBOTHI PACCMOTPEHHOM TOYKH 3pEHHA
SABIAETCS CHATHE IIPOTHBOPEYMS B CTATHUCTHKE HAOMIOZAEMEIX 3BE3[I.
OHO cocTOMT B TOM, 4TO B paiioHe Hamei ramaxTuku (MiedHoro
nyTH) ¢ paguycom 10 mapcex Bokpyr ComHua Kaxjaas BTOpasl 3Be37a
SBJISIETCSl JBOMHOI 3BE3MIOM, a 3a IMpeAcIaMHU 3TOr0 paauyca ABOHHBIX
3BE€3]l CTAHOBHUTCS OYCHBL Mayio. B3amen mosBigercss 60jbmoe YUCiIo
IIyJIbCUPYIOINX 3Be3J. YduThiBasA, 970 CoyHIlE SBIsAETCS PAIOBOHA
3Be3710M MiteqHOro myTH, Takas OCOOE€HHOCTb BEI3BIBACT YAWBJICHUE.
Kpome Toro, paccrosaue 10 mapcek Toxke ABIACTCA CYOBEKTHBHEIM,
YHCTO YEJIOBEYECKMM OrpaHHYEHMEM, T.K. OHO OIpPEAENIIETCS
BO3MOKHOCTAMH TEJIECKONOB (HaOII0aTeNbHOM aCTPOHOMHR),

OOnsicHeHre TPUPOAB MyJjbcanyy ledeun Ha O0aze ypaBHeHHA
(27.1) Tem, 9TO OHM SBIAIOTCA IBOWHBIMM 3BE€3JaMM, CHHMAET 3Ty
HEHOPMAJIBHYI0 H HEOOBACHHMMYIO PasHOPOAHOCTh HACEIEHHOCTU
Bcenennoi atumu 3Be3gamu. Hanmomsio, 9410 B npefenax 10 mapcek ot
Comana (3eMinu) ABOMHEBIE 3BE31BI HA3KIBAIOT BU3YalbHO-IBOHHBIMU
HU3-32 TOTO, YTO MX MOXHO Ha0JII0JaTh C IIOMOINBIO TEJIECKOIOB. 3a
IIpe/ieIaMH 3TOT'0 OTPOMHOI'0 PACCTOSHMS IBOMHEIE 3BE3/BI HA3bIBAIOT
CIEKTpanbHO-ABOMHLEIMH, T.K. CHEKTpanbHble HaOMIOACHUA 32 HUMU
OCTAIOTCA €AWHCTBEHHO MJOCTYNHBIMU. I[lo 3TOH mOpuduHE ITU
HaOMIOIeHUA  JOMyCKAalOT  Pa3iIMdHble  TONKOBAHUA  IIPHPOABI
HabIIOKaeMEIX B 3THX CIIEKTpax 0coOOeHHOCTEl!.

Taxux TonkoBaHu# ObLI0 MHOrO. IlepByr0 MOIMBITKY O00OCHOBATH
u3MeHEeHne Onecka nedeua ABIKCHHEM H3ITydYaromedl 3Be3Anl II0
NMITHIECKOH opbute Bokpyr Oonee cmaboro KOMIOHEHTa
npeanpussn B 1894 roxy acrpodm3uk A.A. benomonsckuii B CBOeH
NOKTOpCKO# mguccepranuu [8]. Orta rumoresa comepHudana c Jpyroi
TUIIOTEe30#, OOBACHAIONMIEH BO3MOXKHOCTh M3MEHEHHs Olecka 3Be3[
[IEPHONUICCKUMHY ITyIbCAIMIMH HX o0bema. OHa ObLna BEIIBUHYTA B
1879 romy TeoperuxoM B 00NaCTH BHYTPEHHETO CTPOCHHUSA 3BE3J
A PurrepoM. VYKa3aHHBIE THIIOTE3Hl C IEPEMEHHBIM YCIIEXOM
KOHKYpPUPOBAJIM APYT C APyroM. Y o0enx mMeeTcs MHOIO TPYIHOCTEH
¥ MHOTO CTOPOHHHMKOB. MBI He 6y[eM BIaBATECS B TOHKOCTH 3TOM
muckyccum. Bo3o6nasana ynscalModHas runores3a. He B mocieqHiow0
ouepenb 3TO OOBACHAETCA TEM, YTO CTOPOHHHKH IBOMHEIX 3BE3N
OCTaBaJIHMCh HA IIO3UIMM HE3aBHCHMOCTH CKOpPOCTH CBeTa OT
opOUTAIBHOMN CKOPOCTH H3Iy4qaronlei 3BE3 EL..
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Bropag npuYMHA HOCHT CKOpEe IICHXOJNIOrMYECKHMiIl Xapaxrtep.
Pa3paboTIuKH H CTOPOHHMKH KaXKOOH M3 3THX THIIOTE3 CYUTAIOT, YTO
IpHYMHA MOyJbCauuii 3Be3Z MOXKET OBITh: TONBKO OJHA M OHa
HCKI0O9aeT Apyryo. Iloatomy, ecir Cpead OrpOMHOIC KOJHIESCTBA
HaOMOAacMBIX 3BE3J BBUBIICTCA HECKOJIBKO CIIydacB, KOTOPHIE HE
BIIMCRIBAIOTCS B KaKyi0 MO0 rMIoTe3y, TO 3Ta THI0TEe3a OObABIAETCS
HecocTosATensHOM. Ha Ham B3rimaj o0e IrMIoTe3nl OTpaXKaloT peauu
Bcenennoii. T.e. cpeau mnepeMeHHBIX 3Be3] HMEIOTCH 3Be3MABI, Y
KOTOPEIX MYyJBCHPYIOT OOBEMBI, a TaKKe [ABOWHBIE 3Be3Obl. Y
HOC/IENHUX ITylbcamuu Onecka OOYCIOBNEHBI JMOO 3aTMEHUSAMH
OJHOTO U3 KOMIIOHEHT APYTHM, JIH0O H3-3a TOro, YTO MEPEIHHE H
3alHUe YaCTH LYTOB CBETOBBIX BOJIH IBMIKYTCA B COOTBETCTBHH C
ypaBHeHHSMH (27.1) u (33.3) ¢ pa3sHEIMH CKOPOCTSMM H BCJCACTBHE
9TOr0 00NanaroT pa3Hoi SHEprueil.

BeposTHO, B CTATUCTUKE 3BE3J MIPOMCXOAUT HEKOTOpas IMyTaHMIIA
H3-3a OrPOMHOM YZ&JIEHHOCTH H HEBO3MOXXHOCTH pasTiAeTh
3arajiouHele 00BEKTH. BO BCAKOM Ciydae COCTOSHUE 3HAHHMH B JTOMH
001acTH HAYKH HE MO3BOJIAIOT OAHO3HAYHO YTBEPXKAATh YTO-IHOO O
3aBHCHMOCTH CKOPOCTH CB€Ta OT CKOpPOCTH MCTO4YHHKA. boiee
HaOEKHBIMH  JOKA3aTeJIbCTBAMH OTOM  3aBUCHMMOCTH  SIBIAETCH
Ha0JII0AaeMOe COrJIaCOBAHHE SBJICHHS 3BE3[IHOM abeppainuy, OIBITOB
Maiixkenscona, Canbsixa, [ommiepa H JApyruxX, IPOBEICHHBLIX Ha
3emie. Baxuno, 910 3aBucuMocth (27.1) He BBIXOAMT 3a IIpENEiIbl
3€MHOH IMPAKTHKH 9E€I0BECUYECTBA.

34. YMeHbIlIeHHE CKOPOCTH CBETA 10 Mepe
yaajeHHs OT HCTOYHHUKA

B miase 9 O6nuta monydexa GopMynaa A8 ONpeleneHHs
YMCHBIIIEHHS CKOPOCTH ABIKEHMS MaTepHAaIbHOrO TEIa 4Epe3 IOjIe

HEeBO3MYIIEHHOro 3¢dupa (9.17)

4
V = —2— (34.1)
a
1+—t
k
3necs ¥V, -ckopocts Tena B MoMeHT t=0. Kax ObU1o moxasaHo paxee
BEIHMYHHA 2_ 2,97-10"¢™ ouens mana. ITosToMy B GONBIIMHCTBE
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CIy4aeB CHIOH M YCKODEHHEM COIPOTHBIEHUS, OOYCIOBICHHOIO
pPOCTOM MAacCHl Te€Ja BCIEOCTBMM HpPHTOKAa d(Hpa BHYTPE MOKHO
npeHeOpeds. OAHAKO, OHM MOTYT IOBJIHUATH Ha CKOPOCTH JBHXKECHUA
¢oTOHAa CcBeTa OT JajleKMX CBETHJ HO HaOmogarens Ha 3EMIE.
3aBHCHMOCTh CKOPOCTH CBETa OT BPEMEHH ABIKCHHSA (QOTOHA MOXKHO

IOJIy49HTh, 3aMeHUB B dopMmyie (9.17) ckopocts V|, Ha CKOPOCTH CBETA

B MoMeHT ucmyckanus ¢orona V,, = C. OHa Takas e, KaK y CBETa B
3€MHEIX YCIIOBHAX

y -_¢ -

c

- (34.2)
1+—¢
k

1mapn.er=3,15-10"° c¢. CaenmosarensHo, depes IMIpA.JIET CKOPOCTH
doTroHa ceera Oymer V=2,74-10° m/c, dTO cOBCEM HEMHOTO
OTJIMYACTCA OT 3€MHO# cKopocTH cBeta. Uepes 10 Mapa.jeT cKopocTs
CBETa, MPHIIEANIIETO K HaM OT JaJeKOil 3Be3/kl, Oyaer V=1,53-10° m/c,
TO €CTh OyAeT COCTaBIATH TOIBKO MOJOBHMHY OT Ha4albHOI CKOPOCTH.
Yepes 15 mapa.jer ¢BeT, NpUIISOIINI C OKpaWH BUIMMOK BcerneHHOK
6yzer uMeTh ckopocte V=1,25-10° M/c, gro uyrs Gomsme 40% ot
36MHOM CKkopocTH cBeTa. IIpOMACHHBIE CBETOM IIyThb MOXKHO
OIIpeenTh Kak

C o
L.=|\V.-dt=—n|1+—t|. 34.3
=7 p ( k] (34.3)

VYka3aHHOe H3MEHEHHE CKOPOCTH CBeTa OT BPEMEHH, KaK MHE
KaXETCs, MOXKHO ONpeHeiMTh METOAOM aleppallii U TeM CaMbIM
IIPOBEPHTH CrpaBeaInBOCTh Popmyi (34.2) u (34.3).

YACTH 5 ACTPODPH3HUKA B CBETE
YOUPOINHAMUKH

35. KpacHoe cMelieHHe B CIEKTPAX JAJEKHX
raJIaKTHK

Hanbonee BonHymoomei mnpoOieMod COBpeMEHHOH (U3MKH M
aCTPOHOMMH, 0€3 BCAKOTO COMHEHHA, SBISETCS 3arajfika KpacHOro
CMEIICHUSA B CHEKTpax HaIEKuX rajakThk. CyThb SBIE€HUS CBOZUTCH K
TOMY, 9TO JHHHUHM CHIEKTPOB IIOYTH BCEX TaJAKTUK CMEIIEHBI K
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KpPacHOMY KOHIIy II0 CpaBHEHHI0 C AQHANOTMYHBIMU CIIEKTpaMy B
OOBIYHBIX 3€MHBIX YCIOBHMAX, YTO OOYCIOBIEHO YBEIHYEHHEM IUIUH
CBETOBBIX BOJIH.

YeMm pansllie OT HAC HaXOAUTCS IalaKTHKa, TeM Oonblle CMENICHEI
JTMHHUH €€ CIeKTpa K KpacHOMY kKoHIy. B 1930 rogy 3.Xa06:1 BemBen u3
HAOMIONEHUH COOTHOINCHME /IS TajJaKTHK MEXIy BEIUYUHON
KpPacHOr0 CMEIICHUSA U PACCTOSHUEM :

AAMA=H:-L (35.1)
rae H - mocrosmmas kpacHoro cMemenus. Kak ykasaHo B [8],
nepBoHadabHO Xab6m ompexenuwn e€ 3nadeHue kak 500 xm/c-Mnx
(KWIOMETpOB B CEKyHAy Ha Meranapcek, lmx=3,1-10'%cM), uro
COOTBETCTBYET BEJIMIHUHE
H=5,62-10% cnm), (35.2)
paccTosiHue L BeIpaxaercs B CAHTUMETpaX.

B cooTrBercTBHU ¢ mnpuHImMIoM Jlommiepa KpacHOE CMEINEHUE
OOBACHAIOT KaK pe3yJ/IbTaT Jy4YeBOrO JBWKEHHMS TAalaKTHK II0
HaIpaBJICHUIO OT HaOmiofaTend, BO3ZHMKIICTO B pe3yJbTare TakK
Ha3bIBacMOro OOIBOIOrG B3phIBA “‘IIEpBOATOMA’, T.€. CBEPXTHKEIOH
THIIOTETUYECK0M dneMmeHTapHOM dwacTuubl. CornacHo 3TOH Teopuu
OCKOJIKM B3OpBABIIErocs “repBoaTroMa’, MMEIOINHe cambie OOJbIne
CKOpOCTH, VJIETCIM OT OJNMIEHTpa “‘O0JIbIIOr0o B3pHIBA~ Halbllie
IpYTHX, Pa3jIeTaIOMINXCA ¢ MEHBIMMMU CKOpocTsaMu. 3emiisd, ComHile
BE€Ch MJICYHEIH ITyTh JIETAT I'7Ie-TO B CEPEUHE.

Onnako BCKOpe CTann OOHApPYKHBATHCA TalaKTHKH, Yb€ KPAaCHOE
CMEIIECHNE B CIEKTpPaX HAYaJI0 COOTBETCTBOBATH CBEPXCBETOBEIM
ckopocTaM. IloaTomy nocrosiHHyio Xab0na cranu KOppEeKTHPOBATH B
CTOpOHy yMmeHbIneHWsi. B kuure [8] roBopurcsi, YTo B HACTOSIIEE
BpeMs Haubojiee BEpOATHOE 3HAYEHHWE BEIHYMHBL H Haxomurca B
IUara3oHe

H=(1,125+0,805)-10% cm™. (35.3)

B kxuure [9] B kadecTBe mocTosHHOI Xa0O0ja Ha3bIBacTcs yxke

BenuurHa 65 xM/(c-Mnx) win
H=0,73-10"c™™". (35.4)

Ecnu B jmanbpHeineM ¢ pocToM BO3MOXHOCTEH HaOMOnaTerbHON
acTpoHOMHMM Oyner HaiiieH emé Kakou-Tubo O0d4eHb YyAaNEHHBIN
00BEKT, JETAIIMA CO CBEPXCBETOBOM CKOPOCTBIO ¥ TEM HApyILIAIOMIUA
OCHOBHO#M HOCTyJsaT o0Imei TEOpHH OTHOCHTEIBHOCTH, NPUAETCS emeé
pa3 CKOPpPEKTHPOBAaTh BenWdMHy NocTosiHHOM Xab6na. Tomeko H
BCETO.
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OOmsicHEIM mpoOJIeMy KpacHOro CMEIIGHHMA C IO3HIMH TEOpHH
3upa. Mbl' yike YIOMHHAJIH O HOHATHM TSUKEIOH CBETOBOM BOIIHEI,
ofnmamaromedi maccod memodkH (OTOHOB U, BCIEACTBHE 3TOrO,
obnaxaromieii o6mmM cBoiictBoM Ten BceeneHHO#M noriomars 3¢up.
YBeIM4eHHEe MAacChl TKEJIOM CBETOBOM BOJHBI JTO/DKHO NPHBOIAHTH K
yBenudeHui0 00bEMa, 3aHATOro THKEIOH CBETOBOM BOIHOH, TO €CTh K
YBEJIMIEHUIO €€ JUIMHEL. B COOTBETCTBHE C 3THM MOXKHO 3aMMcaTh, YTO
IPHpPAINCHUE JJIUHBI TOKENON CBETOBOM BOJHBI OTHOCHTCS K JIMHE
BOJIHBI Kak ITpHpamnieHue e€ Macchl K Macce

AL A=(m-m,)/me=m/m,-1=e% - 1=at/x (35.5)
WM, YYHTEIBafA, 910 t = L/C, monmydaem
AM./A = aL/(kC). (35.6)
Conocrasmas dopmyisl (35.1) u (35.6), Haxoaum
=a/(kC) (35.7)
[Toxcuuraem H 1o dopmyie (35.7) ¢ yuérom (6.3) 1(6.4)
H=0.99-10% 1/cMm. (35.8)

Kak BumuM, 3Hagenne H B (35.8) okasamoch B nuamazoHe Haubomee
BEPOSTHHIX 3HAYCHUM, MONMyYEeHHBIX M3 HaOIIONEHHH COBPEMEHHOH
ACTPOHOMMEMN, YKa3aHHEIX B [9].

OTMeTuUM TaxKe, 4YTO MNOJNYy4EeHHOE OOBSICHEHHE IIPUPOLBI H
BEJIXYUHEI KPACHOT'O CMENIEHHUs B CIIEKTpaxX JaléKuX rajlakTUK JenaeT
HEHYXHBIM OO0bsacHeHne »Toro (eHomeHa 3¢pdekrom Homnepa u
“OonblIOro B3phEIBA IepBoaToMa’”. B3phIBEI MaCCHUBHEIX 3BE3N U
BBIOpOCHI MacChl BemmecTBa U3 ofnacreid B3pHIBOB  IIHMPOKO
HaOmopaioTcs BO BeeneHHOI 1 ABIAIOTCS HEOOXOXHMBIMH SBICHUSIMH
B KpyroBopore wMarepuu BO Bcenensoit. OHHM npouCXOOiAT HE
EAUHOBPEMEHHO, a 110 MEPE HAKOIUICHHS YPE3MEPHEIX MAacC 3a CUET
HEIIPEPLIBHO IMPOUCXOAAMIETO ImornomeHus dpupa. Ilosuaumomy, oHu
9aCTUYHO COIIPOBOKJAIOTCA B3PHIBHEIM MpeoOpa3OBaHHEM MAaTEPHH B
3¢ upHEI ra3 ¢ BEICBOOOXKICHHEM OTPOMHOM SHEPTHH TPaBUTALIHH.

Cnenyer OTMETHTBb, YTO 33aKOH Xa00na s OdYeHb OONBIIMX
PacCTOSIHUI Y, CIIEXOBAaTECIbHO, BPEMEHM JBIDKCHUSA CBETOBOH BOJIHEI
IIpaBHiIbHEE 3aMHCHIBaTh, He mnpuberas K pasloKEHHI0 B  PANX

BenmauHsl eV X, T.e. B BUzeE

AN /A=e™ V5 1=¢"-1. (35.9)
Qopmyna Xab6ma (35.1) HcCHONB3yeTCx B ACTPOHOMHM  JIJIfA
OIpeNeIeHUs] PACCTOAHUI OO Paguo3Be3] U PaIuOTraakTHK, KOTOPEIE
¥3-3a OTPOMHOH yAAJIEHHOCTH KaXXyTCs 3Be3noo0pa3HeIMu. BenuunHa
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A

e OIpeneNnseTcs IO JUHUAM OalbMEPOBCKOH CEpHH B CIEKTpax

aTix 00bexToB. Kak orMeuaercs B [14,] yxke oOHapykeHBl OOBEKTHI,

AA

I KOTOPBIX - =5 ¥ GOoJbIle H YbH CKOPOCTH YAAJICHHI OT 3eMIIM

npuOIMKAIOTCS K CKOPOCTH C¢BeTa. B coorBercrBuM ¢ (GopMyraMu
(35.1) u (35.9) a1 yzaneHus moyqaTCa pasIMIHBIMM:

AA
L, = TA : (35.10)
ln(% + IJ ,
L . = . 35.11
efir H ( )

[Tockoneky 3akoH Xa06ma  SABIACICA  JMOIb  NEPBBEIM
npubmmkerneM Kk gopmyne (35.9), To dopmyna (35.11) maer Gomee
IIpaBUJIBHEIE 3HAYEHUS PACCTOSHHMI M OTO MCEHSET IpPeICTaBICHUSA O
pasmepax BunuMoii Beenennoit. Pe3ynbpraTh pacderoB o popMynam
(35.10) u (35.11) mpu H=10**1/c cBenenn B Tabmmy 35.1.CoriacHo
TaGIHIIE CBET ¢ OKpauH BHAMMOI BeenenHoit or o6sekta ¢ AA/A =6

6}'116T HATH K HAM B T€CUCHUH CICAYIOINCTO BPEMCHH.

1o Xa66my thabbl = Lians/C-3,15 +10'° = 63,49 mnpa.ner;
o Teopuu 3¢upa tos=Les/C-3,15-10'°=20,53 mupa.ner.

To ecTb COBpEeMEHHBIE OLIEHKM pa3MepoB BHAUMOH dacTH
Bcenennoil cymecTBeHHO 3aBhIIICHBI. Ha camoM jeine OHa IOYTH B
TPH pa3a MeHblle. bBollee npaBUIbHBIE ONEHKH PACCTOSHMHA IO
YAAJICHHBIX O0BEKTOB MOBJIHUAIOT HA APYTHE PEe3YIbLTAThI, HOIy9eHHBIC
B acTpoHoMuu. Hampumep, N3MEHATCS OLICHKH DHEPIETHKH KBa3apoOB.
B sTHX pacderax MB! HE YYMTHIBAIIA 3aMEIJICHHE CKOPOCTH CBETa B
COOTBETCTBHH ¢ hopMyinoii (34.2).

Tabmuiga Ne 35.1

AMA 1 2 3 4 5 6
Luabiad/ 105 | 1 2 3 4 5 6
Lesiriead /10 | 0,7 1,1 1,38 1,6 1,76 1,94
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36. HoBoe npeacrasieHne 0 "boabuioM B3pbiBe"

B npeasigynmx riaBax Msl IIOKasald, 9TO IIponecc Iepexoza
razoo0pasHoro 3¢upa B KUAKyI0 (pa3y u3-3a MaJIbIX pa3sMEpPOB aTOMOB
3¢upa, pacmoiaramliuxcsa B AIpe MaTePHAILHOTO aToMa BILIOTHYIO

ApYT K JIpyry, HE NPHUBOAMT K 3aMETHOMY DOCTY pa3sMepoB sApa.
CienoBaTenbHO, YBEJIWYEHHE sAJpa AaroMa pacTATHBAaerCcs Ha

JUTUTENILHOE BpeMs, 00ecrednBas HEIIPEPRIBHBIN MPOLIECC IIOTIOMEeHHT
ra3oo0pasHoro 3¢upa MaTepUaJbHEIMH TelaMM B TEYCHHH MHOIMX
MUJIAAPAOB JIET.

B riaBe 14 GBLTIO MOKa3aHO, 9TO 3alOJIHEHHE CPEPUIECKOrO

Aapa aroMa BOJOpOZa IIpH IUIOTHOCTH sapa p=10181<r/M3
IPOJO/DKATIOCE HE MeHee 26,7 MWIIMApAOB JIET. OTO BpeMs
IpEeBHIIaeT IIOYTH B JBa pasa CpOK XKWU3HH BceeneHHOH,
OTBOAMMEIA eif acTpoHOMHeH. DTOT CPOK OBLT OmpeneneH B
Teopun "Gomemioro B3peiBa". IIpm 3TOM, Kak MBI cuuTaeM, ObLIa
HapymieHa »JJE€MEHTapHasd JIOruKa. JleHcTBUTeNbHO, HEIaBHO
mpouwnto coobmienue, uro actponomsl u3 CIITA 3aduxcupoBanu
CHTHAI OT CaMOM yJaJleHHOX u3 OOHAapyXECHHBIX Ha
CEerOAHAIHUN AeHb ralakTuku. CUTrHAJI OT Hee JOMIEN OO0 Hac 3a
13,5 mupa.sier. AMeHHO 3TO BpeMa NO4YeMy-TO . OOBSIBIEHO
BO3pacToM BceneHHO#, TO ecTp BpEMEHEM, MNpOLISALIEM C
MOMEHTa "DOJBIIOrO B3phIBa IepBoaToMa’ O HAIUMX JHEH.
Hemosepue k 3TOMY 3aKIIOYCHHUIO BBI3BAHO TEM, 4TO OHO HE
YYIUTBEIBACT BPEMEHH IOJICTa 36MJIM M OTOM TalakTUKH OT MECTa
"OGoJIBbIIOr0 B3pBIBA" OO CBOMX MOJIOKEHHH B MOMEHT M3Ty4YCHHUA
TAIaKTHKOM CUTHAJIa, NOYYEHHOro cefyac Ha 3eMIIe.

Haxe ocraBasch B paMKax IpeAcTaBiIeHMiI 0 "GOJNBIIOM B3pPHIBE
nepBoaromMa" ¥ HEBO3MOXHOCTH NPEBBINICHMS 3HAYEHUS CKOPOCTH
CBETA B IyCTOTE MAaTEPHAIBHBIMU O0BEKTaMH, HETPYAHO IOHATH, YTO
rajaxkTika Jo0upanach O CBOErO IIOJIOXKEHUA B MOMEHT H3IyYeHHS He
MEHBIIIE BPEMEHU IBM)KEHHMSI CHI'Hala OT rajlakTHKH K 3emue. lHade
TOBOPS, AK€ OCTABasCh B paMKax CErOAHANIHUX IIPEACTABICHHI 00

obpa3oBaHuy BceneHHoM, HY)KHO, KaK MUHUMYM, YABOHTH Bpema 13,5
MIIDA.JIET U CYUTATh, 9TO "BONBIION B3pBIB" MpoU3oLIe]I IpuMepHO 27
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MIIpA.JIET Hasal. MIHTepeCHO OTMETUTh, YTO 3TO 3HAYEHHE BO3PACTA
COBIIAJIO C Hamiey OLIEHKOH Bo3pacTa BcenenHoli, orieHMBaEMOro 1o
BPEMEHH 3aII0THEHMA SIIEP aTOMOB KUIKUM 3DHUPOM.

Herpyano yBmaeTh, YTO HpOLIECC 3ANOJHEHHA SAED KHIAKHM
3(MpOM U yBenHUeHHE BCIEJICTBHE 3TOT0 HX 00LeMa 0 IperenbHOM
BEIHYMHEIL, XOTS M ABIACTCA O4YCHb OOMBIIOM, HO BCE )K€ KOHEUHOI
BEIMYMHOM. DTO BO3Bpamiaer Hac K rumotese "Bomsmoro Bs3prisa'.
Ecnu npeanonoxwurth, 4ro "aKT TBOPEHHA Marepuu H3 3¢dupa”
IIpOM30NIENl OJHOBPEMEHHO BO Bce BcenenHoil, T0 M MOMeHT
IIEPENOTHEHNUS ep aTOMOB XUAKUM 3dHpoM Tarke OyAeT coBmanaTh
II0 BpeMEHM Y Bcel MaTepuu Beenennoi. [1oaTomy, kak GBI 1amexko He
OTCTOSIM 3BE3[l U TAIaKTHKH APYT OT Apyra, paspylleHHe MaTepHu
MOXKET IIpOM30HMTH  BO BceH BceneHHo#t exuHOBpeMeHHO (IO
aCTPOHOMHUMECKMM MEpKaMm). BIo/IHE BEpOATHO, YTO 3TO paspylieHue
OyZer COMPOBOXAATHCH ONHOBPEMEHHBIM B3pPHIBOM. JTO H OyIeT
"601b010# B3pEIB".

IIpn 3TOM, KOHEYHO, HE HYyXEH "mepBoaroM', CTPYKTYpY
KOTOpOro HE cMoriu cebe mpeACTaBHTh Aa)Ke€ YYCHBIE C CaMBIM
OyiueiM BooOpaxkeHueM. B atoMm ciygae "Bosbmoit B3peiB" HauHETCH
IIOBCEMECTHO, KaK OBl [0 CHrHajJy 4acOoBOrO MEXaHH3Ma,
YCTAaHOBJIEHHOrO B KaXXJoM aToMe. Marepus B pe3yabTate 3TOro
B3pHIBA pacmajercs Ha cBoOonHbIA 3¢up. Bee mone adpmpa Oyzer
B30yZIOpaxeHO B3PHIBOM H Cpaly K€ HAYHETCS BUXpeoOpa3oBaHME, TO
ecTh mpeBpaiienue pupa B MaTepuio. IIponecc MOXKET OBTOPATHCS
OeCkOHEYHOE YHCIO pa3 ¢ HHTEPBAJIOM BpPEMEHH He MeHee 27
MJIpA.JIET. YYWUTEIBaA, 9T0 C MOMEHTA IIPEObIAYmIEro "6GOIbIIoro
B3peIBA" MPONLIO OKOJO t=26,7MIpa.neT, NoKa MOXHO He
6ecrokoutses 0 cneayomeM "bomsmom B3prBe". IIpu 3TOM HyX)HO
CUMTATBCS C TE€M, 4YTO MBI IIPOBEIM HE TOYHBEIM pacuer, a
npulnmsuTensny0 OueHKy. IlomydeHHsle 3HadYeHHs MOryT OBITh
YTOYHEHEI.

He MeHee uHTEpECHO IIPOCICAUTD 3a T€M, OTKyZa B3sAnach Imdpa
t=13,5Mnpa. ner (mpuHATa B KadecTBE OQPUIMAIBHOM OIICHKH
cymecTBoBanus BcenenHoli). Jleno B TOM, 9YTO HCIIONB30BAaHHBIA I

3TOr0 3aKOH Xa00a

A%“ -H-L, (36.1)

OBIN IIOJy4YeH M3 aCTPOHOMUYECKHUX HAaOMIOACHWI. AHATH3UPOBAIUCH

CIIEKTPHI JAJIEKUX TaJIaKTHK, PACCTOSHUS 0 KOTOPHIX ORUIN MOIy9YEeHE

HE3aBHCHMO METOJaMH acTpoHOMHH. llepBoHauambHO 3TOT 3aKOH
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paccMaTpuBalCa TOJNBKO Kak HHCTPYMCHT JUId OIPEACICHHA ITHX
pacCTOSHUII 1O APYrHX ynaleHHBIX 00beKTOB BeelleHHOM, korna oTu
paccTOSIHHA ORUIO HEBO3MOXKXHO ONPCACTUTE IPYTUM METOAOM.
3aTeM 6bUTa mpoBeleHA AHANOTHS MEXTY M3MEHEHHEM IIHHEI
CBETOBOI BONHEI A\ M cOBCTBEHHOH CKOPOCTBIO yIAICHHS HCTOYHHKA
cBeta V OT HaGmomaTens B COOTBETCTBHU C 3aK0HOM Jloruiepa
ANV
A a
NONyYEeHHBIM Ul pacHpoCTpaHeHHA 3ByKa B BO3yXe. 31ech  a-
CKOPOCTB 3BYKA B CTIOKCHHOM BO3IYX€. JTOT 3aKOH NPUMEHHM TOIBKO
IIPH JJO3BYKOBEIX CKOPOCTSX ABWKCHMA HCTOYHIKA 3BYKA. Onnako, 3T0
HE O03HAYAET, YTO WMCTOUHMK 3BYKA HE MOXET JBUTATBCA OsicTpEE
CKOPOCTH 3BYKa. I'Ipocm Ipu CBEPX3BYKOBBIX CKOPOCTSAX HCTOYHHKA
nepel HAM 0Opasyercs ckadeK YIUIOTHCHHA. Curtgan oT HEro mu3-3a
lepemaja NABJICHHS Ha CKAYKe YIUIOTHCHMS BOCHPHHMMACTCH YXOM
4eJlOBEKa KaK pe3kuii pe3kuil XJI0NOK WIH B3PhIB. B pe3ynbTaTe 3aK0H
Jlomnepa nepecract XeMCTBOBATD. _
[lepeoHauansHo 5Ta AHAIOTHS GEUla  BOCHpHHATA —OYEHH
ONTHMHCTHYHO. M3-3a Toro, 940 YBENMICHNE IUIHHEI CBETOBOX BOJHEI

A\  OK83aI0Ch MPONOpPLHOHANGHBIM DACCTOSHHAM N0 HM3ITyJaromlHX
00BEKTOB, POIMIach Teopus "OOIBIIOro B3pEIBA mepBoaroMa'. JTO

Oe3MATERHO MPOAOIKAIOCH JI0 TEX 110D, IIOKa pacmupoBKa CIIEKTPOB

AL

OT JaJIeKuX rajlakTUK He cTaid AaBaTh 3HAYCHHA —— 3HAYUTCIBHO

(36.2)

Gonblle COMHKIE, YTO O03HAYATO MPEBBINIEHHE CKOPOCTH V Haj
ckopocthio C,

Yt06H! H30exaTh HapymeHns IOCTYJIaTa TEOPHH OTHOCUTENIEHOCTH
0 HEBO3MOMKHOCTH IIpEeBHINICHA HITYJAIOIIMMH 00BEKTaMH CKOPOCTH
CBera B IYCTOTe, C IOMONIBIO JTOH TEOpHH OBUIA MOTyYeHa ApyTrasd
bopmyna nsa  3aKoHA Jlomtepa [42], opHako, ©6e3 ee
3KCHEPHUMEHTAIBHOr0 000CHOBAHUA

WAL _ 1-v/C

A \1-r*/C?
Vo 1-(1+AAA)°
C 1+(1+A4/A)

 Eeim w3lydaromyii o6bexT YIAJEeTCs OT HabmofaTeNna ¥ JIHHA
BOJIHBI YBEIHIUBACTCS (M)O), TO IPHHUMAETCS, 9TO0 CKOPOCTh V<O0.

(36.3)

(36.4)
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[Ipu BrIBOAE 3THUX (OpMYJ H3HAYANBHO OBLIO 3aJI0XKEHO YCJIOBHE
HEBO3MOXHOCTH IPEBBILICHHS H3Iy9alONIMM OOBEKTOM CKOPOCTH
cBeta. [loaTOMy M pe3ynbrar noIMydmwics TakuMm xe. Kak BHAHO M3

AA

dopmyn, npu mOOBIX 3HAYEHHAX ~ 21 ckopocts V ocraercs

Menpmie C. B pesynbrate H3 pacHIH(POBKH CIEKTPOB, CKaXKeEM,

AA

TIOJTy9aeTCA N = 6. ITocne obpaborku 3T0# 1MPpE! MO dopmyIie

\Y%

(36.4) oTHOIICHHE —(—:- OKa3BIBAETCA MCHBIIC CAUHHUIBI. JTO 3HAYCHUE

CHOBa IOACTaBsAeTCA B popmyny (36.2), HECMOTpPS Ha TO, YTO TEOPHSA
OTHOCHTEJIBHOCTH CIUTACT €€ HETOYHON U HEMPHUTOAHON IS OONBIINX
- CKopocreit V.

B pesymsrare AA/A oxa3niBaercsa yxke paBHeiM (,96. Jlanee 3T0
AA

3HaYeHUC (a He 7 =6, IOIy4E€HHOE U3 HaOMIOIeHUIT) TOACTABIIAETCS

B 3aKk0H Xab66ma (36.1), U3 KOTOPOro y>ke OIMpenenacTCs PacCTOAHHE
0T 3eMiId A0 H3nydaromero oosekra L.

OTO paccTOosHUE HEINUTCA Ha CKOPOCTh CBETa, B PE3YJIBTATE UETO
noiry4daercsa 1o camoe BpeMsa t=13,5mupa.er. OHO U 00BABISCTCA
Bo3pacToM Bcenennou. Ecinu mnoab30BaThCS 3KCHOEPUMEHTATBHBIM

AA

3HAYCHHEM N =6, TO 3TO BpeMs OKa3aroch OBl pPaBHBIM

63, 49 mipa.aer. SICHO, 9T0 CTOPOHHUKOB TEOPHH "OONBIIOro B3pEIBa”
cMyIaer He 3T0T 00mbmiol CPOK, a TONBKO OMACHOCTH IIPEBBHILICHUS
H3Iy4dalomuM OOBEKTOM CKOpOCTH cBera. HM3-3a 3Toro m ObLI
IIPUIYMaH 3TOT NEPECUET.

Teopus 3¢upa He cBa3niBacT mpobneMy "KpacHOro cMemeHus" ¢
3akoHOM Jloriepa. B Heii m3MeHeHHe IIMHEI BOIHBI 00YCIOBIEHO
H3MEHEHHSIMH B CBOMCTBAaX CaMOro KBaHTa CBETAa, MPOHCXOAANIUMH B
T€YESHHH OTPOMHOTO BPEMEHM ABHKCHHUS BOJIHBI CBETA OT HCTOYHHKA K
3emuie B noie adupa.

37. Ilapagoxc Oanbepca.

He cexper, 9T0 H3-3a OTPOMHOM yJaJIEHHOCTH 3Be3[] HaAyKa UMeeT
MaJ0 JOCTOBEPHBIX aCTPOHOMMYECKHX ¢axToB, KOTOpHIC HE
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poryckad OBl pasnMuHBIX ToikoBaHuil. IloaToMy, KOCMOIOTHIO
pa3peIBalOT BOIOIOMIHE JAPYr ¢ APYTOM MIKOIBI, KaXJasd U3 KOTOPBIX
HMeEeT KPAaCHOPECUHBBIX M IIOPOM OYE€Hb BIHATCIHHBIX 3aIIUTHHUKOB U
CTOPOHHHKOB.

OT0 3aTpyAHsET IOABJICHHME HOBBIX MHPOBO33PCHUYECKHX HACH.
Onxako, 0 Mepe HaKkOIUICeHUs ()aKTOB POTaLlMs ITUX UaeH Heu3bexHa,
T.K. MHOTHX MBICIAIOUX JIXOJEH, Jake JAJIEKUX OT HAYKH, BOJHYIOT
BeuHble Bompocel. Kak Benmka Bceenennas? KakoB ee Bospact? Kak
pacipeneiieHa Marepus B mpocTpancTBe? OTKyAa MOCTYIIAeT YHEPrus,
npuBojdmas B Jeucrsue Bceenenuyo? IIpumeHuMBl 7 3€MHBIE
3aKOHBI B YIOAJICHHBIX yroikax BcenenHon? HakoHer, xakoBa poJib
MBICJIAIIErO YeJI0BEYECTBA H KaKHe Y HEro nepcneKTUBbl? OqHU 11 MBI
B0 Bcenennon? M, BooGmie, ecTh JIM CMBICH 3aJaBaTh 3TOT BOIIPOC
3Has, 9TO JaXK€ CBET C OrPOMHOM, HEAOCTYIHOM ISl HaC CKOPOCTHIO
rojamMm HIACT K 3emiie OT Ommxaimux 3Be3l. A OT yZJaJIEHHBIX
raJIaKTHK PaJUOCUTHAJIRI MPUHOCAT HAM HH(POPMALUIO O COOBITHIX,
IIPOMCXOAUBIIMX B HUX MHILIMApABI JICT Ha3ad, BO3MOXHO ceromgHs
3THU raNakTHKH YK€ IPeKpaTWIi CBOE CYILECTBOBaHUE, & MBI BUOUM Ha
Hebe Tonbpko poTorpaduio Tex gajgekux COObITHI?

ACTpOo(H3UKH U KOCMOJIOTH CTPOST CBOHM TEOPETUYECCKUE MOIEIH
BceeneHHO#T ¢ MOMOIIBI0 CBOEH HMHTYULIMM M 3HAHUMA 3E€MHBIX U
OKOJIO3eMHBIX 3aKOHOB nmpupoxel. Jlrobags Mozens JODKHA
IpaBaoniOA0OHO OOBACHATHP JaHHBIC, NOJNY4YCHHBIE, U3 pPaaHO- U
ONTHYCCKUX TEIIECKONMUYECKUX Habmopenui. Ecinu Takas Moneilb HE
yAOBJIETBOPAET U3BECTHBIM H BHOBD ITONY4aeMbIM (paKTaM, OHa CXOJUT
co cueHel. Ha ee MecTo npuxomur apyras MHPOBO33peHYECKasi
MOZEIIb.

OxHolt U3 MHUPOBBIX HE OOBACHEHHBIX HAYKOH 3araJioK SBIISETCA
napajaokc I'eapuxa OnsGepca [18], chopmynupoBamusiit um B 1826
rogy. Ilo muenmro Oinpbepca CymecTByeT IPOTHBOPEYHE MEXIY
Ha0momaeMBIM TEMHBIM HOYHBIM He6oM #n  OE€CKOHEYHBIM
KOJIM4ECTBOM  paBHOMEpHO (B KOocMHM4YEeCKHX  macurabax)
pacIpeAelieHHbIX B IIPOCTpaHCcTBe 3Be3h. Onmpbepc moagMeTws, 94To mpH
OECKOHEYHOM KOJNIMYECTBE 3Be3J HOYHOEe He0O MOIDKHO Ka3aThCs
NOJHOCTBIO IOKPBITHIM CBEPKAOMMMU TOYKAM#A U OBITH TaKUM KE
ApxuM, kak CorHe.

ITombITka OOBACHUTH MAPAAOKC TEM, YTO HHTEHCUBHOCTh CBETA OT
yAaJeHHBIX 3Be3] yObBaeT IPONOPIHOHAILHO KBaJpaTy PaCCTOSHUSA
OT HabmroAaTens U OCBElIEHHOCTh JOJDKHA MalaTh, HE BhIIEPKUBACT
KpuTUKH. [Iprauna B TOM, 9TO O Mepe yOaJeHHd OT HalJromaress B
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€ro II0JIC 3pCHHS MOMNAajaeT BO CTOJIBKO pa3 Oonbliee YHCIIO BUAUMEIX
3B€34, YTr0 ociabileHue CBeTa IMONHOCTBI) KOMIICHCHPYETCSA
yBeJIM4EHUEM HMX ducia. He COCTOATENIEH M BTOPOl apryMeHT, 4To
CBeT OT 3B€3J IIOMJIOMAeTCA MEK3BE3JHBIMH ra30IbLIEBBIMU
obmaxamH. Ecmu pgaxe 3THX 007aKOB OYEHHL MHOILO, TO IIBUIb,
IIOrJION[as H3JIy4EHHEe, BCKOpPE Harpeiaach Obl IO TakUX TEMIEpaTyp,
yTO caMa Haudajia OBl CBETHUThCA MOJOOHO 3Be3gaM. Tak 4To M 3TOT
APryMEHT HE OTMEHSET MPOTUBOPEUHUS MEXKAY MNPOCTEHIIUM
HabmogenueM TeMHOro Heba u gomymeHHEM OECKOHEIHOCTHU
BceeneHHOIT ¢ paBHOMEpPHEIM pacHpeAciicHNEM B Hell OCCKOHEYHOro
qucaa 3Be3n M ranakTHK. Ha ceroaHsmuuii eHp yxe 0OHapy>K€HO
n=10"' 3Besn. Illxama paccTosHMif, OCHOBaHHas Ha CpPaBHHTENBHOI
MHTCHCUBHOCTH 3BE€3[ U TaJIaKTHK, HE MOKa3bIBACT HUKAKUX ‘- TPAHHUIL
BUAUMOI Beerennoii.

Brigemum B paccMarpuBaeMoi mpobieme rmiaBHoe. [ ee
peIIeHUs HMEIOT 3HAYCHHE JIMIIb T€ 3Be3Ibl, KOTOPBIE H3IY4aroT
BUAUMBIA cBeT. VIMEHHO C 3THM CBSI3aHBI IPOTHBOPEIHS MEXKAY
TEMHBIM HEOOM U OCBEIIECHHOCTHIO OT 3BE3[l, OTMCYCHHEIC B MapajoKce
Onsbepca. OTMeTyM, 9TO JJIHHEI BOJH BHIAHMOI'O CBETA JIEXKAT B
AUara3oHe

A=(3,8-6,6)10"Mm (37.1)
3a HIDKHHM NPEOeIOM HAYHHACTCA YIbTPa(HOJIETOBOS M3Ty4CHHE, a
3a BepXHUMM — HH(QpaKpacHOe. JTH NHANa30Hbl Y)X€ HEBUIUMBI IJIS
9JEeJIOBEUECKOro Ija3a Hu, CIEIOBATENIBHO, JIyYH C TAKUMH JIHHAMM
BOJIH Y€ HE MOT'YT OCBEIIaTh HOIHOE HEe0o.

Hanee sBcnoMuEuM 0 3akoHe Xab6ia. CorliaCHO 3TOMY 3aKOHY, 9EM
Jajblle OT HaC pacIoio;KEHA 3Be3/a WIH TaJlakKTHKa, TEM CHJIBHEE B €€
cuekrpax Oyzer «kpacHoe cMemeHue», T.e. HabmoAaeTCsa yBEeITHUCHHE
JUIMHBL BOJNIHBI CB€TA, IMOCTyHmalmowWero K Habmozaremo. 310
HaOmonaTrenbHEIA acTpoHOMUYECKkHi ¢akT. OH HE 3aBHCHT OT €ro
MCTONKOBaHUA pa3beraHueM rajakTUK B TEOPHU «OOJBIIOrO B3PHIBAY
WIN YBEIM4YEeHHEM MAacCchl Henodkd (POTOHOB B TeOopud ddupa.
Y4uTHIBass 3TO, HAHJAEM, 9TO IIPEIAEIbHOE OTHOIICHUE IPHpamEHUs
IUTHHBl BOJHBI CBETA K €€ JUIMHE B HpejAciax Juamna3oHa mepexoaa
BHJIIMOI'0 CBETa OT YJIbTPa(HUOIETOBOrO 10 HHPPAKPaCHOr0 HE MOXKET
IIPEBLICUTDH BEJTHIMHEI

-7
AL _ (6,6-38)10 =0,737 (37.2)
A 3,8:107

3a mpeenaMH 3TOro 3HAYEHHS CBET IIEpecTaeT OBITh BUAMMEIM W,
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CIIOBATENbHO, IEpecTacT ocBemiath He6o. CormacHo Qopmynam
(35.10) m (35.11) paccrosHme 10 CaMbIX AAJILHHAX BHANMEIX 3BE3] IIPH
AM/A=0,737 BHe MOXKeT IMPEBbICUTEL 3HAYCHUH

ITo Xa66my Liati=0,737-10cM=0,238-10"TIx (37.3)
Teop.3dupa Les=0,55-10"cM=0,177-10"TIx (37.4)
OTHU PACCTOSIHUA COOTBETCTBYIOT BPEMEHH JBIKEHUSI (JOTOHOB CBETA
thabi=Lbar/C-3,15-10'°=7, 8Mapa.cBer.eT (37.5)
tesr=Les/C-3,15-10'%=5.8 MJIPA.CBET.JIET (37.6)

V3 npuBeneHHOro aHanu3a CIEOyeT, 9TO OCBEILECHHOCTh HeEda
3aBHCHT OT OrpPaHHYEHHOIO WYHCIA 3Be3]l, HECMOTpA Ha HX
OeckoHEYHOE 4HCIO BO BceneHHOW. IJTO Te 3Be3ABl, KOTOPBIC
M3IydaloT BHANMEIN Ha 3emye cBer B auama3oHe (37.1). Ilpu atom,
geM OOJIbIIe pacCTOSHHE OT HAOIIOHATENs, TeM MEHBIIE CTAHOBHTCS
TaKHMX 3Be3d. BHAMMEIMHA OCTalOTCA TOJIBKO OYEHb SPKHUE 3BE3.HI,
H3Tydaronue B yibrpaduojieToBoM auana3oHe BojH. [Ipudem, k HaM
3TOT CBET JOXOAMT B MeEHee SPKOM HH(PaKpaCHOM [aUala3oHe,
IToaToMy HOYHOE HE0O OCTaeTCsa YepPHEIM, YKPAIEHHBIM OTIACIBHBIMH
APKUMH 3BE3AaMH. OTUM H 00BsAcHAeTCsA napagoke Onsbepca.

38. DpupHBIil BHXPH OKO0JI0 BPAIIAIOHIETr OCH
HEHTPAJILHOI0 MACCHBHOIO TeJIA

AcTpoHoMuYecKHe HAOMIOMEHHS IIOKa3bIBAIOT  MOPaXKaIOIIEe
enuHOOOpasHe  LIHPOKO  pacIpOCTpaHEHHBIX BO  BceneHHOM
BpaIaTe/IbHEIX ABMKCHHUHM. 3BE3/bl B rajlakKTUKaX BpalllaloTCsi B OAHOM
HanpaBiaeHUU. B HampaBieHud BpameHns MiedHoro Iyt Bpamaercs
BOKpyr cBoeit ocu Comnue. IlnaHeThl COMHEYHOM cuCTeMB! 00eraimoT
BOKpyr ConmHma B OJHOM HAINpaBJI€HHHW, COBIANAIOMIEM C
HampaBlieHueM BpameHna camoro ConHuma. bonee Toro, mx
cOOCTBEHHOE BpalllCHHE BOKPYT CBOHMX OCEH, 34 pPEIKHM
HCKJIIOYEHHEM, COBMNAAACT C WX HAIpPaBICHUEM ABIDKCHHS BOKPYT
Connua u ero co6ctseHHbIM BpameHueM. CIIyTHUKH IUIAHET TaKKe B
OOMPMIMHCTBE BpaIalOTCA B CTOPOHY BpalllEeHHUs CaMMX IUIAHET., JTO
eauHooOpa3ue BpamIaTENbHBIX OBIDKCHHH ILTIOXO COYETaeTCd C
npeacTaBiiecHUsAMH O “BonbmoMm B3peIBE mEpBOaTOMa’”’, SAKOOHI
nopoausineM BcemeHHyro. B3pelB mo cBoeii mpHpojae MOmKeH ObLI
IIOPOJIUTH Xa0¢, a He Habmo1aeMy0 3aKOHOMEPHOCTb.

Bc€ 3T0 HaBoAMT Ha MEBICIb, 4YTO CYIOECTBYeT OO
INpUBOAHOM MEXaHW3M, JEHCTBYIONMNM BO BCEX IIEPEIUCICHHBIX
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coydasx. TakuM MEXaHH3MOM MOTYT CHYXHTh 3(HpPHBIE BHXPH,
KOTOpPBIE, MOBUAUMOMY, LIHPOKO PaCIpOCTPaHEHR B KOCMoce. be3 ux
ya€Ta HEBO3MOXHO OOBACHUTP MIIMPOKOE PpAaCHPOCTPAHECHHE M
earHOoOOpa3ue BpalmaTenbHBIX JBHKEHHH BO BeeneHHOM, a TakkKe P
IPYTHX, CBSI3aHHBIX C 3THM mpobiem. Hayka, Harmpumep, 10 CHX IIOp
He CMOryia OOBSACHUTE HECOpa3sMepHO OOJIBIION MOMEHT KOIHMYECTBA
OBIDKEHUS IUIAHET COJIHEYHOM CHCTEMBI M OCOOEHHOCTH CTPOCHHUA
CIIHPAIbHBIX TaJIaKTHK.

Buxpu mupoxo pacmopocTrpaHeHs! B mpupoae 3emiid. Mul 3HaeM
aTMoC(hEpHBIE BUXpPH, BOAOBOPOTHL. M3BeCTHO, WTO CIMB BOXBI M3
mo0oi EMKOCTH d9€pe3 OTBEPCTHE CONPOBOKIAACTCA 0Opa3’OBaHHEM B
BOJie BHXpA (BUXpEBOM BOPOHKHM), KOTOpBIi BOBJICKa€T B CBOE
BpalllcHHE OKPYXXAIOMYI0 MacCy BOAbI M Haxo[fAmuecs B HEH
IIIaBalomue npeaMeTsl. B xauecTBe TakoH BOPOHKH IS CIuBa »¢upa
B KOCMOCE BBICTYNAalOT MAaTEpHAIbHBIE TeNla, HEMNPEPHIBHO
noriaomaromue 3¢up. PaauanpHOe TEYEHHE K TEIy SABISCTCA
HEYCTOAYHBLIM U CBOPAYHBACTCS B YCTOMIUBBIM BUXPECTOK.

B  a’jpoaMHaMHKEe  IOUPOKO  HCHONB3YETCA  BHXPEBOE
MOJECIHPOBAHHE MHOTMX O4YCHb CJIOXKHBIX PEabHBIX BHUXPEBBIX
TEJECHHM BO3AyXa, BOSHUKAIOMIYX OKOJIO CAMOJIETOB H paKeT B MOJIETE.
TeopeTudeckd BHXpH MOIYT CYHIECTBOBaTh B BHJIe OECKOHEYHBIX
BHXpE#, TaK KaK COIJIaCHO CJEACTBHIO M3 TeOpeMHl [ eJIbMIosbla OHU
HE MOTYT OKaHIMBATHCA OCTPUEM [15]; BUXpU MOTyT OKaHIMBATHECS Ha
IpaHULE Pa3IMYHBIX CPEA; U3BECTHHI BUXPEBHIE KOJBIIA.

OnuireM Te4YeHHE OKOJO 3(HPHOrO BHXpA C LEHTPaJBHBIM
MAaCCHBHEIM TEJIOM IIOTEHIMAIOM CKOPOCTEN BHXPECTOKA :

O = om/ATpL + Dy ¥y, (38.1)

I7le m - Macca Tella; g - YIJI0Basg CKOPOCTh BPANICHMA AApa BUXPA C
pagnycoM fog; Y H O - yriosele koopmusarsl (puc.38.1); r -
pamuanbsHag xoopauHara. Hagano cpepraeckux KoopAHMHAT COBHaaacT
¢ nenroM 0 chepudeckoro Tenaa. IdUp BHYTPU BHUXPA BpAIAETCHA IO
3aKOHY BpameHus TBépaoro tena [15]

- U, = @, 1 sind. (38.2)
B pmaHHOM 3agave MOCTYNAaTEIbHOE IBIDKCHHUE TEja U BHUXPS
OTCYTCTIBYeT. MeTol HaJIOKEHU NOTEHIIMAIBHEIX NOTOKOB I103BOJIAET
no0aBuTh HMX T1O3kKe. BimsHume CcxuMaeMoctTH IGHPHOro rasa

OTCYTCTBYET H3-3a HEeOONIbIIOH CKOpPOCTU BpAIIEHHS H PagHaIbLHOrO
TeyeHNA. TedeHue BHE BUXPA ABIACTCA HOTEHIHAIBHEIM. C ITOMOMIBIO
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noTeHIHaIa ckopocreil (38.1) MOXKHO 3amucaTh MPOSKIHUH CKOPOCTEit
a¢upa BHE BUXPA :

V= 00/0r = - am/4np’, (38.3)
Veo = (1/1r) 0p/08 =0, (38.4)
Vey = (1/rsin@) 0p/0y = wgr’os/(rsind). (38.5)

Pemenwue (38.1),(38.3)-(38.5) yaoBierBopseT ypaBuenuro Jlamiaca
H TIpaHHYHBIM YCIOBUSM Ha OECKOHEYHOCTH. YTJIOBasI CKOPOCTh
BpamieHus O H PaguycC I, LEHTPAIBGHOrO Tejla He COBIANAIOT C
YTJIOBOM CKOPOCTBIO BpALICHHA (g H PAAMYCOM I,p AApa 3(PHPHOro
BUXPSL.

PaccmorpuM moapoOHee CHIIOBOE
Bo3AcHCTBHE S(QUPHOrO BHXpA Ha
LHEeHTpalbHOe Teno. OOpatvMmcs Ui
3TOro K mi¢depeHIaTbBHOMY
1 ypaBHEHHIO BpamaTeIbHOrO ABIKCHUA
TBEPJIOro TEJIa BOKPYT OCH.:

J.dw/dt = M.

B sromM ypaBHEeHMM J, - MOMEHT
HHEpIUU cQepHIecKkoro Tena, o -
yIJI0Bas CKOPOCTHh BpamieHMsa Teja; t -
Bpemia; M-moMeHT or cwisl  F,

! o o
<, > NEACTBYIOIIEl Ha TEIO CO CTOPOHBI

ABWKYIIErocs a¢upa.

Puc.38.1.

Kak 0b110 nmoka3ano B pasaene 9, Teuenne 3¢pupa oxka3biBaeT
HA TEJ0 CHAOBOE BO3JeHCTBHE BHE 3aBHCHMOCTH OT COOCTBEHHOIO
aABkeHHs  Teaa.  Ilodromy BpamaTeJbHOE ABHIKeHHE 3(dupa
BHYTDH SiApA BHXPS OyIeT YBEGJIHYHBATL CO BPEMEHEM YIJIOBYIO
CKOPOCTh (0 LEHTPAJIBHOI0 Teaa. Teuenne 3pupa BHE sApa BAXPS
C OKPV)XHO# ckopocTthio V., corjgacHo dopmyae (9.14) raxxe
OKA3LIBACT CHJIOBOE BO3A€HCTBHE HA CIVTHHKH IEHTPAJABHOIO
TeJIa, YBCJIUYNBAS HX OKPY/KHBbIE€ CKOPOCTH. JTO [0 CHX IOp He
YYHTLIBAJIOCH HAYKOW M CTABHJO ACTPOHOMHIO B TYNHK B

NONLITKAX O00bACHHTL HEKOTODLIE CBS3aHHLIE C YTHM SIBJCHHS.
IIpounterpupyeM 3TO YpaBHCHHE U HaWIeM 3aBHCHMOCThb YTJIOBOM

CKOPOCTH OT BPEMEHH:
o = (M/J )t + ,. (38.6)
MoMeHT uHepIIMY OJHOPOJHOIO IIapa U3BECTEH [48] :

156



o= (3/5) mr,’ . (38.7)
3nece m - Macca LEHTPaJIbHOIO Tela, MMEIOMEro paauyc I, Jlamee
3alMIIEM MOMEHT OT CHJI CO CTOpOHBI Bpamarmerocs 3¢mupa,
NPUIOKEHHLIH K CHEepHUIeCKOMY Tely :

M = UIrsianF =%— QBT M, (38.8)
W

rae W - o6sém mapa; dF - sneMenTapHas cuna, IPHIOXKEHHAS K
3JIeMeHTapHOM macce teia dm. Crwia onpepenserca B COOTBETCTBHH C
dopmynoii (9.14) nna ckopoctu V= U, (cMm. hopmymy (38.2)).

IMoncrasum B ypaBHenue (38.6) Boipaxenus J, u M u3 (38.7)
(38.8). B pe3ynpTare noay4um

®=2/3 0wt + ®,. /(38.9)
ITonydyennast ¢opMyJia OIPEACIACT 3aKOH YBEIMYCHHSA YIJIOBOM
CKOPOCTH BpalllEeHWd MAaCCHBHOIO TEJIa, HaXONAIIErocs BHYTPH
3(UPHOrQo BUXpPsA, OT BPEMEHH.

Gopmyna (38.9) mMoxkeT OBITP HMCHONB30BAaHA IS pPEMICHUA
obpaTHOM 3ajadu, TO ecThb IA OIpENeeHHI YIVIOBOH CKOpPOCTH
BpaICHUA Aapa 3PHUPHOro BUXpA g II0 M3BECTHOH YIVIOBOM CKOPOCTH
LEHTPAJIbHOT'0 MaCCUBHOIO TEJA;

(/) 0)0

op =3/2 —= . (38.10)
ta

C0XXHOCTh YKa3aHHOH 3aJa9¥ COCTOMUT B TOM, 9TO, HECMOTPA
Ha KaXYIYIOCA IIPOCTOTY ITOM (OopMynsl, IpH €€ pearu3aiiin
HEO0OXOQMMO 3HATh YIVIOBYIO CKOPOCTH BPAIUCHHUS IICHTPaIbHOIO TEla
0e3 MOCTOPOHHHMX BIMSHHIA Ha €€ BeJWYMHY CO CTOPOHBI IPYyTHX
KOCMHYECKHX TeJl WIM APYTruX COORITUN B )KU3HU 3TOr0 TEJI4, KOTOPHIC
MOTJIH M3MEHMTH 3TY CKOpPOCTh. KpoMe Toro, Hy>KHO 3HaTh BpEMs, B
TCUCHHE KOTOpOr0 IPOMUCXOAWIO PpAaCKPYdUBAHWE, M HAYJaNbHYIO
YIJIOBYIO CKOPOCTB (M.

ITpumenum dopmyny (38.10) x pacuéry yrioBeIXx CKOpOCTEi
3¢pupHrix Buxpeil ConHUIA M IUIAHET COJHEYHOH CcHCTEMBI. Jlus
COBPEMEHHOr0 3Ha4eHMA YIIIOBOM ckopocTH BpameHus ConHia o =
2,9-10 ® pax/c u Bpemenu cymecTsoBanma CONHIIA Kak 3Be3qnl t = 15
MIpH JET mpH o, = 0 ymioBasd CKOPOCTs BpaIICHUS CONHEYHOIO
s¢upHoro Buxps Oyaer wg; = 0,925:10 23 paj/c.

ITomMuMo 3TOrO ONpeAcIM €ni€ OJHO 3HAYEHUE (Dg; COJHEYHOIo
BUXpS, MCXOJA U3 BPEMEHH CyIICCTBOBAHHMS COJIHEYHOM IUIAHETHOH
cucteMsl t = 3,5 mupp jer. ITpu >TOM monaraeM, 97O B MOMEHT
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o0pa3oBaHus ITAHET MOMEHT KOJIMYECTBA [BI)KEHHSA ObLI MepedaH
ImaHeraM, a  BpamicHHe camoro Comxua OvUIO MPAKTHYECKU
OCTaHOBJICHO: (g, = 3,96-10 % paz/c.

Pe3ynbTarel pacu€ToB YIJIOBBIX CKOpocTeil 3(HpHBIX BuXxpeit
OKOJIO IUIAHET COJIHEYHOM CHCTEMBI IS BpeMeHH t = 3,5 muppn Jier
npuBeacHsl B Ta6m.39.1. B 3roit Tabmuie B mepBoM crosdue
OpHBEACHE HAa3BaHWA IUIAHET, a B IOCIEAYIOLIUX CTONOIAX IaHbI
3HAYCHHUSI MAacC, paguycoOB, YIJIOBEIX CKOpPOCTEH IiaHeT. B cenbMoM
cTONOLE NPHUBEICHBI YITIOBBIE CKOPOCTH 3(PHPHBIX BHXPEH.

-

Ta6mnma 38.1

YrioBas Paguyc OxpyxHas |Yraosad
[lnamerst |Macca, Pamuyc, CKOPOCTb opOuTH, CKOpPOCTb, |CKOpPOCTH
T CM TJIRHETHI, CM cM/c BHXpA,
pa/c pan/c
Bemns 5980107 [6,37010° [7,28010° [1,49¢10 [2,98010¢ [9,93e10 *
Mapc 6,57010%° 3,39010°% |5,98010° |2,2810!° [2.41e10° ]9,68010 %
IOmarep  [1,89010 %  16,.99010° |1,76e10* |7,88¢10 " |1,3110° " |2,40e10 *!
Catypr  |5,68010% [5,75¢10° |1,71010* |1,42010% [0,97010° [2,33e10 2
pau 8780102 [2,55010° [1,63010* |2,87¢10 [0,68¢10° {2,23¢10 %
entyH  [1,03¢10% [2,50010° [1,10010* [4,60010 " [0,54¢10¢ [1,50e10

C TeueHuEM BpEMEHH YIJIOBas CKOPOCTb BpaIEHHA 3eMIH
Bo3pacTtaer. B coorBercTBUM ¢ dopmyoit (38.9) xaxarie 100 et oHa
YBEINYHBACTCA HA BEIIHIUHY

A® =0 - 0, = 2005 tig/3 = 2,08 -10 '* pam/c.
CpenHee nmpupameHue yriiOBOH CKOPOCTH 32 STOT NEPUOS]
Ao, =An/2=1,04-10 " pan/c.
Tl 3eMin cOBpeMeHHas YIIoBasA CKOPOCTh o, = 7,28-10™ paxy/c.
B pesynsTare packpy4YHBaHHUA 3eMHBIE CYTKH B cpegaeMm 3a 100
JIET YKOPAYHBAIOTCSA HA BPEMS
AT00= 27/ ®, - 2712/((00 + ACOcp) =1,235-10 -3 C.

OTO O4YECHP MaJICHbKas BEIMYHHA, HO OHA B 1,23 pasa IIpeBnINIaeT
BEJIMIHHY TOPMOXXEHHUS 3€MIM NPWIMBHEIMM CHiIaMH OT JIyHEI,
cocTaBImomuMY cornacHo [27] 10 ¢ B 100 ner mmm 10 ¢ B roa.
OnHAKO 5Ta BelMYMHA HECOM3MEpMMa Maja M0 CPaBHEHHIO C
€XKEroIHBIMH KOJIEOaHHAMM CKOPOCTH BpamieHHs 3eMJIM BOKPYT CBOCH
ocu. BruicaeHO [27], uro B konne XIX Bexa 3emus cnemmia Gonee
geMm Ha 1 ¢ B roa. ITocne 1900 rona, oHa oTcTaBajia MeHee 9yeM Ha 1 ¢ B
roxa. Haunnas ¢ 1920 roga osa crana cHoBa ciemuTs. Kak OTHOCHTHCA
K TOJNYYCHHOMY pe3yibrary? OH, 6€3 COMHeHus, HA€T MUYy Ui
pasMEINUICHWY, HO ero He CcrouT abcomoTru3upoBarh. Hamuro
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OJMHAKOBBIA MOPAJOK 3HAYCHUN INPHIMBHOIO TOPMOXCHHA 3eMIIH
JlyHoit u e€ packpyuuBauusa >(pupHEIM BuxpeM. Pacxoxaenue B 1,235
pasa He MIODKHO Ka3arbCsa OONBIIMM, €CIM Y4Y€CTb, YTO Pacder
pacKpydHBaHMs 3eMJIHM MPOBOAWICS CO MHOTMMH HEHU3BECTHRIMY,
KOTOpEIE MOIYT BJIHATH Ha 3TOT mpolecc. MbI He 3HaeM, HalpHMED,
kornja u kak 3emus u JlyHa o6pa3zoBand TECHYHO mapy H,
CJIEIOBATEILHO, HE 3HAEM, NMPABWJIHHO JIM MBI BeIOpamu Bpems 3,5
miupa ser B ¢opmyne (38.10). He 3HaeM, MOXHO JId CyMMapHBIA
3bpdpexT OT TOPMOXEHHMA M PACKPYIHBAHHA MOJydaTh HPOCTHIM
cymmupoBanueM. Hakonell, Mbl HE 3HaeM, 9€M BHI3BAHEI €XXETOAHBIC
konebGaHuss B CKOPOCTH BpamieHHs 3eMJIM M KaK OHM OTPaXaroTCA Ha
IIPIUIMBHOM TOPMOXEHHUH U pacKpy4YHuBaHUH 3eMIIU BUXPEM.

Yoxke moclie TOro Kak 3TOT pacu€r ObUI BHIIONHEH, IOSBHJIOCH
. HHTEPECHOE Hayd9HOE COOOmcHME. ABCTpATHHCKUE YIEHBIE H3YIHIH
JPEBHEUINNE OTJIOXKECHHUS Ha MECTax beperoBoil JIuHUH,
cymecTtBoBaBmicH TaM 900 muH et Hasaa. OHHM IOPHIUIA K BHIBOLY,
YTO CKOpPOCTh BpamieHHs 3emid 3amemigerca. Ilo mx mueHuio, 900
MJIH JIET Ha3aJ 3€MHBIE CYTKH COCTaBILUIM Bcero 18 4. B To xe Bpems
OHM C YAMBICHHWEM OTMEYal0T, 4YTO OHOPUTM  dUeIOBEKa,
cHOPMHUPOBABIINIICA B TE€ AAIEKUE BPEMEHA M COXPAHHBIOMICA JI0
Hamux gHeit cocrasmuser 30 9. [louemy?

Ecnu Bce-Taku 3eMiis pasrOHA€TCA B CBOEM BpAIICHUH, 4 HE
TOPMO3HUTCS U 3EMHBIE CYTKU HE YBEJIHIHBAIOTCS, 8 COKPAIAIOTCs, TO
pacu€t mo gopmyie (38.9) mpHUBOAUT UMEHHO K TOoMy, uro 900 MiH
JNeT Ha3ax 3€MHble CyTKH Obutn paBHbI 30 9 M COOTBETCTBOBAIM
ouoputmMmy genoBeka. arepecHo? Ho rae uctuHa?!

39. ®opMa peabHOr0 KOCMHIECKOro
3(GHPHOr0 BHXPSHA

PaccMOTpHM BOIIPOC O TOM, Kakyl0 ¢opMy JOIDKEH HMETh
peaJbHBIH BHXpPh OKOJIO MAacCHBHOro Tejia. Kax nmokasaHO BEINIE, IIPH
BUXpPEBOM MOJCIHPOBAHMH SBJIEHUM, IPOHUCXOMAIMX B KOCMOCE,
NOCTAaTOYHO IIPEATIONOKHTh, YTO 3TOT BHUXPh HMMEET IIOCTOSHHOE
CCUeHHe H MpoCTUpaerci B OECKOHEYHOCTh MO O00€ CTOPOHBEI OT
IeHTpalbHOro Teia. OnHako TPyAHO NMPEACTABHTE cebe HAaIMIHe BO
BceneHHOM OrpoMHOro 4ucia takmx OeckoHedHnlx Buxpei. Ckopee
BCEro, ce4eHue 3(PUPHOTro BUXPS YBEJIMIUBACTCA IO MEPE YHAAICHHS OT
LIEHTPAJIBHOIO TeNa, mpeacraBiomero coboi crok (puc.39.1). Takyro
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dopMy umeloT, HampuMep, BUXpEBble BOPOHKM IIPH CIMBE BOAH U3
€MKOCTH depe3 oTBepcTre. [Ipr 3TOM I0JDKHA BBHIMOJIHATBECA TEOpeMa
I'enpMrosisa 0 TOM, 9TO HANpsKEHHWE BUXPEBOro muypa I ocraércs
HEHU3MEHHBIM 110 €ro JJIVMHE, TO €CTh

I= ZH @ - dS = const.
S

31ech M - YIJIoBas CKOPOCTh BPalIEHHs BUXPSA; S - IOMIEPETHOE
cedeHue BuxpA. lIpuMeHHUTENEHO K 3GHPHOMY BHXPIO, HMEIOIIEMY
UIOMAab IIONEPEYHOTO CEYEHHS S = 7r,° U BPAMAIOmeMycs C

-«

TIOCTOSIHHOM YTJIOBOM CKOPOCTBIO () = (0, 3T TEOPEeMa BHIPOAMUTCHA B

PaBEHCTBO 0B roB2 = const.
OTO PaBEHCTBO O3HAYAeT, II0 CYTH A,
S e MOCTOSHCTBO  MOMEHTa  KOJIM4ecTBa

OBWOKEHUS IO AJIHHEe BuXpia. Benwynna
@pr., BXOHMT B BIpaxkenwme (38.1) mms

IIOTEHI[HAJIa CKOPOCTEH, OIMMCHIBAIOMIETro
BHEIIHEE TEYCHHE 3(pupa OKOJIO BHUXPA.
ITockopky OHa MOCTOSHHA II0 JJIMHE
BUXDA, BeIpaxkeHus (38.1), (38.3) + (38.5)
Puc.39.1 He OyayT U3MEHATHCS NMPH U3MCHEHHUH
pagmyca I, €CIH  OJHOBPEMEHHO
M3MEHACTCSL yriioBasg CKOPOCTh BpallleHUs sifipa 3(QUPHOrO BHXpS B

. 2
COOTBETCTBHH C GopMyIoii = const/7,,.

Korma panuyc cedeHHs BHXPSA Tog CTAHOBUTCA OECKOHECYHO

OonbniuM, yIjIoBasg CKOPOCTh BpalleHHf (0p CTAHOBHUTCS pPaBHOU
Hymo0. [Ioaromy peanpHbie 3QHPHBIE BHXPH OKOJIO MACCHUBHBIX Tel
IMEIOT (aKTHUYECKHA OIrPAaHUYCHHYI0 MPOTIKEHHOCTb.

Yka3aHHeM Ha YMCHBIICHUE YIJIOBOM CKOPOCTH BpalllCHHS BAOJb
OCH BHXpS II0 MEpE€ YHAAICHHS OT DJKBATOPHAIBLHOM ILIOCKOCTH
LIEHTPAJIBHOIO Tejaa ChayxaT HabmromeHus 3a BpameHueM CoiHiia.
Aenssice  ra3zoobpasamiM mapoM, ConHie BpamiaeTcs HE Tak, Kak
TBEpAOe Temo. HaOmoaeHms 3a COJMHEYHRIMM [STHAMH M
CHEeKTpaIbHEIH aHamm3 [47] [IOKa3aJd, 4YTo OBICTpEe BCEro
o6pamaroTcsa S3KBaTOpUANbHBIC TOYKY, COBEPIIAIOMME MONHBIH 060pOT
3a 25 aueit. Yem nansime oT 3KBaTopa, TeM Oobine BpeMs O0pameHHus.
ITon wmporoii- 40° oHo yxe cocraBuder cBeimie 27 aHei. Ilox
muporoii 80° Bpems oOpamenus AoxonuT Ao 34 mHeil. Bpamenue
IOnurepa Bokpyr ocu [47] mmeer Ty xe ocoberHHOCTB. IlomyTHO
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OTMETHM, YTO NPHYHMHA 3araf04HOro ‘“>KBAaTOPHANBHOIO YCKOPCHHS
OCTaeTCs 3araJKoH IS HAyKH H HE pa3peIleHa M0 CErOAHAIIHIN JeHb.

40. Paguycel KOCMHYECKHX 7(HUPHLIX BHXPEI.
Biausinde 3(pMpPHBIX BUXpel HA paanychl IIAHETHBIX
opoOuT.

BaXHEIM ¥ HE UMEIOIUM [TOKA OTBETA ABJIAETCA BOIPOC O PAUYCE
siapa Buxps. IIpomie Bcero 6sU10 OBI MPEANONIOKUTE, YTO OH PaBEH
paauycy LIEHTPalbHOI'O Tela, Kak B ciIydae oOpa3oBaHMs BHXpSA 3a
CY4ET CWI TpPEHUss O IIOBEPXHOCTh Bpamaromierocs Tteia. OaHako
npupoAa PUPHOro BUXPS HE cBA3aHA ¢ TpeHHeM. OHa 00ycnoBjcHa
TE€M, 4YTO MJACAIHHOC PAAUaJbHOC TEUYCHHE OKOJIO CTOKA SBJIAETCA
HEYCTOMYHBEIM M BCJIEIACTBUE 3TOr'0 CBOPAYHMBACTCA B BUXPh. TeueHne
BHYTPH H CHapYXH BHXpSA SABJIMCTCS YCTOMIMBEIM K BHEIIHUM
BO3MyIIeHusM. [loaToMy Hemp3s BO BceX Ciaydasx TpeboBaTs
PaBEHCTBA PaAMyCOB Tela M BHXPHA, XOTA 3TOr0 PaBEHCTBA HENIb3S
TaKkKe HCKIIOIUTb.

YI100HBIMH KOCMHMYECKHMMH OOBEKTaMH, ITO3BOJIAIOIIUMH
ONPEACINUTh PpaauyC 3SPUPHOTO BHXPA HEMOCPEACTBEHHO M3
HaOmoeHui, ABIAIOTCA CHHpPAIBHBIE TallaKTHKH, B KOTOPBIX 3BE3MBI
KaKk Obl BH3yaIM3UPYyIOT I'paHHIly 3(QUPHOro rajakTUdeCKOro BHXpA.
HabmoeHus mokassiBalOT, 9TO 3BE3ABI B SAPE CIHPAILHOU rajlaKkTH-
KH oOpaimaroTcs BOKpPYT OOIIErO LIEHTpa MO 3aKOHY TBEPAOIO Tela M
TOJIbKO 3BE3JBl B CIHPAIBHBIX pykaBax HMMEIOT CKOPOCTH,
yOBIBAIOIIME II0 MEPE YyAaJCHHUsA OT sapa. Takad ke KaprvHa
pacIpeelieHls CKOPOCTEeH, Kak M3BECTHO, XapakTepHa Aid TCUEHMMH
BHYTpHM H BHE BHXpf. JTO0 HabmoaeHue, KpOME TOTO, IIOATBEPKAAET
CICIIAHHOE PAHEE YTBEPKICHHUE O TOM, YTO PaAHyC dPHUPHOro BHXpsA
MOXET HE COBIAJaTh C PaJUycoOM CIUIOIIHOIO LEHTPajJbHOro Tena,
IIOCKOIBKY 3BE3JEl B fApe TalaKTHKH yJaJeHbl JpPyr OT Apyra Ha
OonbIINE PaCCTOSHHAA M HE MPEACTABIAIOT coboil eawHOro Tena.

PHCYHOK CHHPAJBbHLIX TAJaKTHK TOBOPHT TaKiKe O TOM, 4TO
3HpHLIA rajakTHYeCKHii BHXpbh aKTNBHO GOPMHPYET CKOPOCTH
OBMOKEHHMSI 3B€31 M NX INOJOKEHHS OTHOCHTEIbLHO HEHTpa

rajJaKTHKH,
K coxaneHuio, HET MPAMEIX HaOIIOJeHMIT 0OBEKTOB COJIHEY-

HOM CHCTEMEI, M3 KOTOPEIX MOXHO ObUIO OBI OnpeaenuTh paauycChl
3¢HpHBIX BHXpe# camoro CoiHIla ¥ IUIaHET. JTO 3aCTaBIIET MCKATh
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SBJICHUA, KOTOPHIC XOTS OBl KOCBEHHO rO3BOJIIA ONPEHCIHUTH ITH
panuychel. O6paTHMCS [UIS 3TOTO K 3aKoHaM IBHIKCHMS TLIAHET.

H3BEeCTHO, 4TO ABWKEHHUE ILIaHET [10 JUIMITTHYECKHM OpOHTaM
nopuunsiercs 3akonam Kemnepa. lockonpky smmrruaeckue OpOHTEI
IUIAHCT COIHEYHOH CHCTEMBl ONM3KH k KpyroBBIM, TO 3TO O3HAYaeT,
9T0 B /000 TOYKEe OPOMTHL JOmKHO BRIMOMHATHCS PABEHCTBO
LIEHTPOOEKHON CHIIBI H CHIBI IIPUTIKeHMs OT IEHTPaIBHOTO Tela,
OCUCTBYIONIMX HA IUIAHCTY:

Fus = F oons (40.1)
rac Fpe = anz/ Yop6s F mm=fmfﬁm/l'20p5 . (40.2)

Ilocne mnoacranoBku (40.2) g (40.1) m Heob6XOHMMBIX

COKpaICHUH NMEEM
U? = fin/top5 . (40.3)

B (40.2) n (40.3) Bem4MHEI m, ¥y m NPEACTABIAIOT coboi
MacChI IUIAHET M ICHTPAaJbHON 3Besju; U - okpyxHas opbuTaabHAsA
CKOPOCTB IUIAHETSHI; Tops - CPEHHMH pamuyc opGursl. B HadanbHBIA
MomeHT BpeMeHH t = 0, koraa U = U, m = m, # Top6 = o opss YCAOBHE
(40.3) mpuanMaeT BUL

U, = fmy/To ops . (40.4)

Kax 65110 MOKa3aHO B T3, ¢ TeyeHHeM BPEMEHM MAacChl TE
BO3pacTaloT COIVIACHO 3aKOHY (3.7), ymempamBas CHIy IPUTSDKCHUS
IIaHETEl K [EHTPaJbHOMY T€ly. C fpyroi CTOpPOHBI, IIOX
BO3/ICHCTBHEM S(HPHOTO BHXPS NEHTpalILHOrO Tela BO3PACTACT
OKpY>KHasi CKOPOCTb IUIaHETH! TIPH ABMKeHHM 110 OpOUTE, yBEINIUBASL
IEHTPOOCKHYI0 CHIy M TEM CaMbIM mpenaTcTBYS JCHCTBUIO CHI
IPHUTDKCHA.

PaccMOTpMM 53TH MPOLECCH nis  ABWKCHMS IUIAHETHL 33
mpeAenamMd sAapa 3QUPHOTO BHXps. B TeyeHHe Maioro IO
KOCMHYICCKHUM MCEpKaM OTpE3Ka BpemeHn H3IMCHCHHUEM CPCIAHETO
pamuyca OpOMTH mnpeHeOpexéM M Oynem cauTaTh, ITO Tops = Fo-op6-
Cornacuo ¢opmynam (9.14), (38.5) cuna, ¢ xoTopoit 3¢pUpHBIH BUXPb

JCACTBYET Ha CIOYTHHK WIM IUIaHeTy B HalpaBi€HWH OKpPYKHOM
CKOPOCTH 3¢)Mpa 110 KacaTeNIbHOM K op6ure, 6yaeT

F = m,dU/dt = am, W% Mops. (40.5)

Ypasuenue (40.5) npouHTerpupyem, B pe3yiabTare MONYIHM
BBIpAXKCHHUE [ CKOPOCTH ILIAHCTHI MJIH cIryTHHKA Ha OpOHTe

U= U, + 0@p 15 tfr. (40.6)
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Ilogcrasum B ycnoBue (40.1) Maccy IEHTPAlbHOIO Teja H3
(3.7) u cxopocts H3 (40.6). Ilocme HeobXomUMEIX mpeobpasoBaHMil

MOy IHM

2
t k
U2 4 T Pe %y _ Jmee” (40.7)
Uoropb ropb

ITomarast Tops = Touopss (e""”")2 =1+a-t/2k u, uves B
BUny, cooTHomenue (40.4), paspemmum Bripaxenue (40.5)
OTHOCHTEJIBHO PaJuyca BUXpA :

/k
g = J (a )\/ ﬁno opb ( 40. 8)

20wy

@opmyna (40.8) mosBonser ompenenuTh Paguyc 3GHPHOrO
BUXpS OKOJO 000ro MacCHMBHOTO Tejla, €CIM H3BECTEH pagmyc

PABHOBECHO OpOMTHI, HA KOTOPOH COXPAHAETCH HENM3MEHHLIM BO
BPEMEHH PABEHCTBO LEHTPOOEKHON CHJILI M CHJIbI NPHTIKEHNS,

eHCTB AX Ha HAXOOALIVIOCS HA HeHd miaaHery. B kauecrse
PaBHOBECHOM OpOUTHI JIOTHYHO B3ATh OpPOUTY, NPOXOMALLYI® IIO
Hapy>KHOM rpaHurle 3QuHpPHOro BUXpsA, TAK KaK OHA MCHAET 3aKOH
TEYEHHs d(PUpa BHE M BHYTPHU AApa BUXPA. B 3TOM CIIydae I¢=Tops- pab

u u3 popmyinsl (40.8) cienyer, uTo
2
alk J

20 -y

ro = ropb—pab 3'V f mo[ (409)
CornacHo 3ro#i ¢opmyne pamuycs >pupHeix Buxpeit ConHua.u
3emin OyxyT |
rcsc = 0,574 10" cm, (40.10)
Tonew = 0,956 - 10° cm. (40.11)
Ilpu noacdére HCIOIB30BAJIUCH CIEAYIOUINE 3HAUCHUA: My3ey =
6:10%7 T, 0p 30 = 9,93-102 pan/c, myc=2:10r, wg ¢ = 3,96:10%¢™*
Jlamee paspemmMm ypaBHenue (40.7) OTHOCHTEIBHO paauyca
opOuTHl, 3ameHNB B HEM U, ¢ momoltsio (40.4) 1 oTOpocus mMaisie Be-
nu4auHEL B pesynsraTe MOy4uM COOTHOIIEHUE

r 2 2a-w,r:
B ek — B oB ¢ (40.12)
7 Oopb '\/ fmor Oopb
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JI18 HeGOMBIINX 0 KOCMHYECKHM MaciTabaM OTpPEe3KOB BPEeMEHH
C HOMOMIBIO 3TOH (OPMYNEI MOXKHO 3amMCATh IPHpAICHAE PamHyca
op6uTEl, pasmoxuB e*** B cremennoM paa ¥ yAepxKaB B HEM JTUHEHUHBIE
I10 { YJICHBI:

20w, 1
X L2 Daleny, (40.13)

k J f mor00pb
ITpumenum  ¢opmynmsr (40.6) u (40.13) jana  onpenencHUs
M3MECHEHNH MAapaMeTpoB JBWKEHHA JIYHEI IO opbure BOKPYr 3eMiid
IS OTpe3ska BPeMEHH tio = 3,15-10° c¢. (cTo mer). B pacuérax
HCITOJIE3yEM 3HAYCHUA Topg Jiyms — 3,844 - 10'° cM, 1,5 30, = 0,965 -10°
CM, OB 3 = 9,93-10% pam/c. B pesyinTaTe HModydaeM MpHpaIICHHE
paguyca OpOHTHI Ary,s = 3 M, cpelHee NpHUpAIIEHWE OKpPYKHOH
ckopoctu AU, = AU/2 = 3,8 :10° cv/c B CBA3aHHOE C OTHM
YCKOPEHHOE [IBHXKEHUE 10 opOuTe Ha paccTossHuH AS = AUt 190 = 1,2
KM. OTH udpsl 6IU3KK K H3BECTHBIM 3HAYCHHUSIM BEKOBOTO YCKOPEHU
JIyner ASyg = 7,45 KM ¥ IpUpameHus CPEAHETO paanyca OpOUTHI Aryys
= 1,5 M, ompegenénasiM u3 HaOmiomeHuwii 3a aBikeHueM JIyHBI.
PacxoxIeHns, BHANMO, CBS3aHbI C TeM, 9r0 ¢opMmyina (37.9) nana
IpHOMDKEHHOE 3HA4YCHHE paguyca 3(pUpHOro Buxps 3emin. Panuyc
pPEAJIBHOr0 BHXPS HECKOIBKO Oojbme. JloCTaTO9HO MONOXKUTh Tog =
2.4 -10° cMm BMectO 1,5 = 0,965 -10° cM, 9TOBEI ITOTYYHTh 3HA4eHNE AS
= 7,45 KM, IIOJHOCTBIO COBMajaiomec ¢ HabmromaeMbeIM. Ilpu 3TOM
Tody4aeTcs Majnas BenuauHa Ars = 6,5 cM. [locnennee o3Hadaer, 4To
HabmogaeMoe MNpHpameHue Arg,s=1,5M B OCHOBHOM IPaBHJIBHO
O0BSACHEHO MPUWIMBHBIM BO3/iciicTBHEM 3emin Ha ABmkeHue JIyHBI M
JIMIIB B MAJIOH CTEIICHH OHO 3aBHCHT OT 3()MPHOr0 BHXPS 3eMJIH.
Hanee obparmmcsa x opbure 3emnu Bokpyr Comrma. 3a 3,5
MJIpJI JIET IIPA Mp ¢ = 3,95.10% pax/c, r,sc = 0,574 .10'2 ¢, Yop6 3en
= 1,465-10" cM mpupamienre OpOGUTATBHON CKOPOCTH 3€MJH COCTABHT
Benmauny AUz, = 1,436 xm/c. CoBpemennas ckopocts 3emun U, =
29,8 xkM/c. 3a omua MHUTHApH JeT cornacHo (35.12) pammyc opbuts!
3eMIIn BO3POC B OTHOIICHHM
Tops/Toops = 1,08. (40.14)
VYBennuenue pagmyca opOutel 3emiu, oOycrnoBiieHHOE 3(pup-
HeIM BuxpeMm Connna, xak cieayer u3 (7.7), IOTHOCTBIO KOMIIEHCH-
PYET BO3pACTAIONIyI0 CO BpeMeHeM cBetumocTh ConmHua H, cieno-
BaTEIbHO, MMOIYYacMyI0 OT Hero 3eMi€i TEIuioByro dHepruro. Iloc-
NEAHES, KaK MBI IIOMHHM, OOYyCIOBJIEHO pPOCTOM €ro Maccel B
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COOTBETCTBHM C 3aKOHOM (3.7). MIHTepecHO OTMETHTh, YTO PE3YIIb-
Tatel (11.7) u (40.14) nmonmydeHsl He3aBHCHMO APyT OT Apyra. OTo
JIMIDHAKA pa3 MOATBEPXKAACT IPABIIIPHOCTh HAMICHHBIX OOBACHEHMIA
ABJICHNA YBECIMYCHHUA MacC M 3HCPrHUU 3BE3, a TaKXKE CYIMCCTBOBAHUA
3¢upHEIX BUXpEH. |

41. Posb 3(pMpHBIX KOCMHEYECKHX BHXpeEi B
¢popMEpOBaAHMHE rajlaKTHKH-VMIIeYHbIil HYyTh

Crpoenue cnupanbHBIX TTAKTHK HMCET JBC OTIHYHUTEIIBHBIX
ocobernoctu [8,9]. IlepBas U3 HHUX COCTOMT B TOM, UTO AAPO 06O
CIIUpaIbHOM raJJaKTHKH, COCTOSINCH U3 MHJLTHAPIOB 3BE3]], BpalaeTcs
Kak eauHoe TBEpIAOEe Teno. BTopas 0COOCHHOCTh 3aK/IIOYAETCS B TOM,
YTO BHE fAJpa YIJIOBBIC IICPEMEILICHUS 3BE3J], HAXOAAIIUXCA B
CIHMPAJIbHBIX PyKaBaX, BOKPYT LCHTPA FAIAKTHKHA HAYHHAIOT yOLIBATh
0 Mepe yaaneHus or nemrpa. Habmopenus noxasweiBaioT [9], uTO
CITHPAJIGHBIC TATAKTHKY BPam[alOTCs KOHIIAMH BETBEH Ha3al. JTOro He
CMOIYIM  OOBSICHUTL CYyWICCTBYIOIIME TIHOOTE3Bl  0Opa3’oBaHHMA
cripainbHbIX ranakTuk (Jxrisc, JInaOIa1), HO €CTECTBEHHO O0OBACHSET
teopus dpupa ( puc.41.1, cnupansnas ramaktuka MS1 [55]).

M:el cuuTaeMm, 4TO SApPO CIHPAIBLHOW TajJaKTHKM 3aKIIOYEHO B
OrPOMHOM TaJaKTHYECKOM 3(PUPHOM BHXpE. SIApO BHXpsA COBHAIAeT
IO CBOHMM pa3MeEpaM C SAPOM TajlaKTHKH. DTOT BBIBOJI C/I€JIaH HAMU Ha
OCHQBAHHWHU pe3yJbTaTOB, IOJYICHHBIX B I1aBax 4 © 9 0 TOM, 9TO Ha
M000¢ ABIKYIMICECS MaTCpPHANbHOE TEJNO, B TOM YHCIC W Ha 3BE3/IHL,
IOEHCTByeT TpaBUTAI[HOHHAS CUJIa CO CTOPOHBI ABIDKyHIETrocs 3¢upa,
onpeneniemas Gopmynok (9.14)

Fy=omV,, . 41.1)
Cuna peHcTByeT B HampaBlICHUH TEYCHHS ddupa. 3HECH V-
OKpY’KHast CKOpOCTh 2¢upa B BUXpe H BOKPYT HET0O; m-Macca 3BE3JHI.
B rimase 9 moka3zaHoO, YTO IpaBHTALMOHHAS CHJIa JCHUCTBYET Ha TEJO
Jaxe B TOM CIy4ae, KOrja CKOPOCTh Te€ja MPEBBIIAECT CKOPOCTH
a¢upa. T.e. 0Ha HE 3aBUCUT OT CKOPOCTH TeEJa.

IlockoIBKY STH CHUIBI, ACHCTBYIOIMME HA 3BE3ABI CO CTOPOHBI
IIOTOKa 3(Hpa, IPOMOPIMOHANBHBl CKOPOCTAM B 3QHUPHOM BHXpPE, TO
HMEHHO OHH (OPMHUPYIOT XapakTEpHBIH PHCYHOK CITHPAJIbHOM
rajJakKTUKM B COOTBETCTBHMH C ITOJIEM CKOpPOCTEeH B caMOM BHXpE. B
pe3yJIbTaTe 3BE3IbI, HAXOAsmIWecs B sAApe S(PHUPHOTO BHUXDPA,
BpaIIalOTCA KaK €IMHOE TBEPAOE TEIO, 4 BHE €ro CKOPOCTH 3BE3 TaK
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XK€, KaK CKOPOCTH 3(¢Hpa, yOLIBAIOT 0 ME€pe YJAlI€HHSA OT IIEHTpa
Axpa.

T.0. HAa 3Be3nbl TaJAKTAKHN JEHCTBYIOT TPH CHJIbI: CHJIA
TSKeCTH, MEHTPo0exkKHaAA CrJIa M OKPYxkHASA cuaa. CHia TsxecTH
IHeHTPoOekKHAN CHJIA IEHCTBYIOT B PaAnalbHOM HANDABJICHHM IO

OTHOICHAI0O K IIeH JOHUPHOI'0 TATAKTHUCCKOIoO BHXPDA N

CAPANBLHON TATAKTHKHA, & B OKPY/KHOM HANPABJIECHHN JeHCTBYET
OK ag__cmiaa.  OHa 3acTaBjsieT 3Be3bl JBHIATHLCH C
YCKOpEeHNEeM BOKPYI HEHTpPa TIaJaKTHKH, IPYNOApys HMX B
XapPAKTEPHLIH CHOHUPAJIbLHEIA _PACYHOK B 3aBHCHMOCTH _OT _HX
PACIIOJI0KEHNA TI0 OTHOLICHNIO K AAPY 3(DAPHOro BUXPH.

EcTecTBEHHO, YTO B 3TOM ClIydae BEITHYHHEI OKPY)KHEIX CKOPOCTEH
3BC3] B BUXPC M BOKPYT HEr0 3aBHCAT HE TOJIBKO OT PACCTOSHHA 0
IICHTpa BHUXpSA, HO M OT BPEMCHHM, B TEYCHWHM KOTOPOIO 3Be3/a
HaxXOIHUTCA B 30HC ACHCTBUA H(PUPHOrO raJakTHISCKOro Buxps. B aTom
CMBICIIC TallaKTU4eCKHi S(QHpPHBIM BHXpPh H CIMpalbHas TajlaKTHUKA
CBS3aHBI MEXKIY coD0i qaToit pokaeHHs.

OTHOCHTENTEHO OTBETa HA BOMPOC, YTO BO3HHKACT PAHBINC-3BE3]IBI
WIH 3(QHUPHEIA BHXpPb, MBI CKJIOHHBEI PacCMAaTPHBATh CIIEAYIOIIYIO
nocnenoBaTeIbHOCTh. CHagalia B MPOCTPAHCTBE COOUPAETCS OrPOMHOE
Ta30MELIEBOE 06/1aK0, KOTOPOE HMEET LIEHTP MacC BHE 3aBUCHMOCTH OT
cobcTBeHHOl dopmel. B pesynsrare TOro, 9TO BCEe YACTHI(BI 3TOrO
obaka IOraomaloT 3Qup, BO3HUKACT pagUalbHOE TedeHne 3(dupa K
IICHTPY MacC M, KaK CICACTBHE, CWIAa TKECTH, HAIPaBICHHAS K
LHeHTPY Macc. PaHpIle MBI yxe HE pa3 OTMEUAIM, YTO PAIUAIBLHOE
T€4YEeHUE CIUIOMIHON ra3000pa3HOi CPeabl HE SBISETCS YCTOMYUBREIM U
IIpY BO3HHKHOBCHHH BO3MYIICHUI OHO MIEPECTPAMBACTCH B TECYCHHE
OKOJI0 BHXPECTOKa. IJTO TedeHHE 3(upa H MpeICTaBiIfeT coboi
OFPOMHBIM  TaJaKTWYeCKH#i  BUXpb, COCTOAIMH W3  AmApa,
BpaINaIONICTOCA KaK TBEPAOC TENO, M T€4CHMs 3a ero mpejaeiramu. B
3TOH 001aCTH OKpPYXHBIE CKOPOCTH yORIBAIOT IO Mepe YAaJICHHS OT
Aapa oOpaTHO IIPONOPIIMOHAIBHO PAAHYCY.

ITapamienbHO ¢ 3THUM B Tras3ombUIEBoM oOnake (GopMupyroTcs
3BC31BI TaxK, KaK JTO paccMmarpuBaer KocMmonorus. HerpyaHo
YBHACTh, YTO B OTJHYME OT Teopnu 3(upa CcoBpeMEHHAS

KOCMOJIOIUS NIOTepsAJa W3 NOoJf 3peHAS OKPYXHYIO CHJY,
JAEHCTBYIOINE HA 3Be3Jbl M BO3HAKAIIINAE BCIEACTBAE ITOr0 MX
OKPYIKHbIC CKODPOCTH ¥ YCKOPEHHS. JTO CYINECTBEHHO CY/KHMBAET
€ BO3MOXKHOCTH JUIS NpPAaBWJILHOI0 TNOHHMAHHS _VCTPOiCTBA
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BceneaHoil. PaccMOTpyM, K KaKUM ITQCIEACTBHAM IIPUBOMAT 3TH
OTIIMYHS. |

Ilon Bo3medcTBHEM 3TOH CuUiBl 3Be3da HpHOOpETaeT OKPYKHOE

YCKOPEHHE U NIPHpAIEeHHe OKPY)KHOH CKOPOCTH: -
ju= dU/dt =F/m;, = oV, | (41.2)
AU=0aV t. (41.3)

IIpupamenue ImyTyH 3a BpeMs t BIOJIb OPOUTHI K NMpUpaNICHUE YIriia

(puc. 41.2) 6yayt
AS =j 2 = aV,, /2, (41.4)
AQ = AS/Tops = (0L Vieyy 1)/ 2rp5 . (41.5)

Kax Bugao u3 o¢opmyn (41.1)-(41.4), yckopenme 3BE3f,
IIPUPAMECHAE CKOPOCTH HX ABIKCHHA IO OpOUTE BOKPYT JICHTPAIIBHOM
3B€34bI, INPHPAUICHHEC MNPOHIEHHOrO0 BAOIbL OPOUTEI HYyTH H
JIOTIONIHUTENIBHOE YIJIOBOE MEPEMEIICHHE HPAMO NPONOPLMOHATEHEI
OKpY)KHOH CKOpOCTH 3bupa Ve,. I'paHuna sapa raiakTHKH, “XOpOLIO
pasnmuuumMas Ha (Qororpaduax, OTHOBPEMEHHO SBIACTCS TIPaHMLIEH
rayaKTHIecKoro BUXpA. TI03TOMY To pa=Tos=9-10"'cMm.

'‘OKpykHasi CKOpocTh 3(dupa B sApe BHXpS ONpeACIAeTCA
dbopmymnoit (38.2), a Bue aapa - popmynoii (38.5). B coorBeTrcTBHM C
oTHMU (dopmymamu Ha puc.4l.2 NOOCTpOEHA OJmIOpa OKPYKHEIX
CKkOpocTe 3¢upa BHYTPH H cnapy)m 3()UPHOro TIJIAKTHIECKOTO
BUXPA.

Puc.41.1 Puc.41.2
W3 puc.41.2 BuaHO, 4TO BHYTPH AApa 2(UP BpAMIACTCA 110 3aKOHY
TBepAoro tema. B coorBercTBMM ¢ QopMmynamu (41.4) u (41.5) aro
ofycnoBnuBaer Ha0mogacMOe IBIDKCHHEC 3BE3 BHYTPH smpa
TajJakTHKM II0 3aKkOHy TBEpAOro Tema. BHe sapa 3¢upHOro
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raJJaKTUIeCKOrO0 BHXpSA OKPYXKHas CKOpOCTh 3(upa yMEHBINACTCA
o0paTHO MPOMOPLHOHANBHO paguycy (PacCTOSHMIO A0 BHXps). ITO
JOJDKHO IIPMBOLNUTH K OTCTAaBaHHWIO 3BE3N, HaXOMANIMXCS B KOHIAX
cnupanbHbIX BeTBeH I'anaktuxu. C TeyeHHEM BPEMEHHM HM3IMEHSAIOTCSH
panguychl OpOMT 3BE3] B CIHPAIBLHBIX pyKaBax, IMOACTPaHBasiCh IOX
3akoHb! Kennepa.

He nperemays Ha TIIOIHO€ OOBACHEHHE CTPYKTYpsl H
IIPOUCXOXKACHNA CIIMPAJIFHBIX rajlaKTHK, TEM HE MEHEE, Ha IpUMEpe
Hamel anaktuku (Mie4HOro myTH) OTMETAM HEKOTOpPBIE HHTEpEC-
Hble KOJIMYCCTBCHHBIC COBIIAJCHUA " IPUPAICHHN CKOPOCTEH [IBH-
JKEHMA 3BE3J MO CBOMM OpOMTaM, MONYYEHHBIX pacdéroM 1o (op-
MyJiaM AaHHOH paboTH, H M3 aCTPOHOMHUYECKHX HaOmIoAcHHH. OTH

COBIMAZICHHA ITOKA3bIBAIOT, YTO FAJMAKTHYICCKHEC BQHEHBIB BAXPH aK-
TABHO QOEMHE!IOT CTPYKTVYDPY CIINPAJBHBLIX I'AJAKTHK.

MnedHelit myTh, KaK H3BECTHO, SABIAETCA cnupanbHOM [amak-
tukoi. Hame ConnHue npeacraBisier coboi oAHY M3 MHILIHApAOB
3B€31, cocTaBIsomux I'anakruky. OHO PacIoNIOKEHO 3a mpelelIaMu
anpa. Tak ke, KaKk ¥ Apyrue 3BE3IbI, OHO IBHXKETCS BOKPYT LEHTpa
lanakTuxku ¢ OKpyxkHOH ckopocthro U, = (220 + 225) xM/c Ha
PACCTOSHMH OT LIEHTPA Tops ¢ = 10 Kk = 3-10” cm. Macca Tanakruxu
OIIpeeNfieTcs B aCTPOHOMHMM M3 YCJOBHS PaBEHCTBA I[CHTPOOCKHOU
cunel CojHIOa ¥ CWIBl NIPUTSDKEHH, CO3/aBaeMoi Maccoil INanakriku
M:es, 3aKII09EHHON B ITpefieax paauyca opdbuter ConHia:

Miar = Ug” o ops/f =2:10* 1. (41.6)

B xmure [10] orMedaercs, 9TO NECPHOAEI BpalleHUA BCEX
HaOII0JaeMBIX TajlJaKTUK 3aKII0YCHE B CPaBHHTENBHO Y3KHX Ipeieax
oT 30 mo 100 MiH ner. OTOMY COOTBETCTBYET CICAYIOIIMI AHANa3OH
M3MEHEHUS YTIIOBLIX CKOPOCTEH BPAIECHUSA AACP TaIaKTHK :

W = (6,65 +2)-10"° pan/c. (41.7)

Cornacao [10] paguyc sinpa mame# T'amakTuky r,,=3Kxm=9-10""
cM. B kagecTBe yriIOBOM CKOPOCTH BpameHHA sapa [ amakTHKH
IIPUMEM CPEAHEE 3HAYCHHE u3 Auana3oHa (41.7), a UMEHHO =
5,6:10"° paz/c.

Mu1 MoxeM MoaenupoBaTh B3auMoaecHcTBHe CoiHIIA C SAPOM
MneqHoro nmyTu kak, eciu 651 BMECTO MIJUIHApPJIOB 3BE3 AApa B €TI0
LIEeHTpe Haxoauinack OBl OfHA 3BE3[a C MAccCOi, paBHOH Macce sapa
TaJIaKTHKA., 3TO IMO3BOJAET BOCIIONB30BAaTHCA I HAMICTO aHAIN3a
popMyaMu, MOITy9EHHBIME AJIs BUXPS OKOJIO IEHTPAIBHOMN 3BE3/IbL.
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ITogcuuraem mo Popmyne (38.10) mpu @, = 0 yrImoBy:o CKOpOCTB
BpalleHus sapa 3(QUPHOro rajlaKTHYECKOTO BHXpA MIIEYHOrO INyTH
171 BpeMeHu Bo3pacta ["anaxtuxu t; = 15 muipa ner:

OBran = (3/2) Og/at; = 1,784-107 pag/c. (41.8)
C TedeHMEM 3TOro BpPEMEHM B COOTBeTcTBHH ¢ (opmynoi (40.6)
IIPOM3OIIUIO YBEIWIEHUE OKPYKHOU cKOpocTH ColHIA Ha BEIMYAHY
AU = 0B rar ToB” Vleops = 226 KM/C, (41.9)
COBIAJAIOMIYI0 ¢ coBpeMeHHOI ckopocthio Comana. CienoBaTenbHO,
ckopocts ColtHIIa MOTHOCTBIO O0YCIOBIICHA TajJaKTHYECKHM BHXpEM.
3a 3T0 e BpeMs B COOTBeTCTBHM ¢ (hopmynoii (40.12) paguyc opOuTs
ComHiia BO3POC HE3HAYUTEIBHO:  Tops/Toops = 1,023.

PaccMoTpuM emie OAHy HMHTEPECHYIO IIPoOJIieMy, CBA3aHHYIO C
Hamed I'amakrukoit. B cratee [S53] oTMedaercs, d9TO B - paMKax
IporpaMMbl “CIIOYHOBCKHH LH(pPOBOH creKTpaipHBIH 0630p Heba”
(SDSS) amepHKaHCKHE aCTPOPH3HKH OOHAPYXKWIN HEOOBMHYIO
3BE3/y, BBUICTAIONIYIO M3 Hamieil ['amakTuku co ckopoctbio 700 kM/c.
OTO0 MOCTaBWIO acTpoPm3uky B Tynuk. Jlelo B TOM, 4YTO -BTOpas
KOCMHYEeCKass CKOpPOCTh A1 MIiledHOro myTH, IIpH KOTOpOU 3Be3na
Morna 651 yiaereTs U3 ['anakTuky, UMEET BEJIMIUHY

V= o2 fM o Topyy = 546100/,

e M,,=2-10%r, ro,,m,=9-10210M, f=6,7 -10'80M3/(r-02).

AcTpo(H3NKH HE MPUHUMAIOT B pacdeT HAJIMYMEC raIakTUICCKOrO
3QHUpHOro BUXpA B Hamed ramaktuke. OHM HE 3HAOT O ICHCTBUH
okpyxHOH cwiel (41.1), pasroHaiomeit 3Be3abl B UX IBIKCHHIL Ha
opbuTtax ® YyOeXKACHB, 4YTO B MNEYHOM IYyTH OTCYTCTBYIQT
MEXaHM3MEI, CIIOCOOHBIE pa3orHarhk 3Be3ny Osictpee 450xm/c.
[ToaTOMy OHM HE B COCTOSSHHH O0BACHHTH HabmogaeMblil PeHOMEH.

OpHako, ero eCTECTBCHHBIM 00pa3oM oOBACHAET 3PHPOIUHAMIKA,
omupaich Ha (QOopMynbl, HCIIONL30BAHHEIC IS ONPCASICHUA
opburanbHOH cKopocTH COJIHIIA U COTHEYHOH CHCTEMBI. YTOOEI B-3TOM
ybenuthca, BeimonHuM 110 Gopmyne (41.9) pacduer OxpyxHOIR
CKOPOCTH 3BE3/bl, KOTOpas IO BOJE CIydas OKa3ajJach HA IPaHMIIC
sapa 3QHUPHOrO rajJakTHIECKOro BUXPS (COBMAAAcT ¢ IpaHULICH Aapa
CIHpAIbHON  ramakTMku MIedHeIld IIyTh) HAa  PACCTOSAHHH
T'op6=ToBran=2" 10%'cM ¥ HaxXomWNACh TaM B TEYEHHH JKU3HM TaJIAKTUKY
15Mmpa.neT BIUIOTH A0 Hamux mHelt t=4,725-10"¢c. YrioBas ckopocTs
rajlakTUaecKoro 3gupHoro Buxps omnpenencHa B (42.8). Paguyc sapa
BHXPS COBIIAAACT C PAJHyCOM sapa Hameit ['aTakTHKH Iopre=9-10% cM.

AUsn‘_'amBranrzoBrant/rsn opb acoBraJxroBraJxF75 8KkM/c
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Pac4aer mokasai, 9to 3a 15mipa.er aTa 3Be31a Habpaia CKOpOCTh,
OOCTaTOuHyl Ans mobera u3 Iamaktuku. Kpome Toro, pacder
II0Ka3aj, YTO raJakKTUIeCKUH 3()UPHBIA BHXPhH MPOJOJLKACT U3MEHATH
CTPYKTYpPY TallakKTHK HapaBHE ¢ CHJIOW TSHKECTH Ha MPOTAKEHHH BCEH
XKHU3HM TalakTHK. JleHCTBHEe CHJIBI TXKECTH TaKKEe HE OCTaCTC
BEJIMIUHOU NOCTOSHHON BO BPEMEHH H3-3a POCTa MacC 3BE3/ U IIAHET
(bopmyna 3.7), cocraBmmomux ranaktuky. OOCykmaeMas TEOpHS
3(Hpa MO3BOJIAET IPOCIICAUTE YBOTIOIHIO TaIaKTHK.

42. YepHble ABIPHI

UépHeIMU IHIpaMy Ha3BaHEI 3BE34EI, KOTOPBIE IIPEATIONOKHTECIHHO
MMEIOT HACTOIBKO OOMBIINE MACCHl M MAJbIC pa3MEphl, YTO CBET HE
MOXET IIPEOIONIETh CHIIY TSDKECTH M IOKMHYTH 3Be3ay. M3BectHO [9],
49TO I yXoAa OJHOI'0 KOMIIOHEHTa M3 IBOHMHOM CUCTEMEI MAcC €ro
CKOpPOCTh HOJDKHA JOCTHIaTh HEKOTOPOIO0 KPHTUYECKOI'O 3HAYCHUS,
Ha3bIBAEMOI'0 BTOPOM KOCMHYCCKON CKOPOCTBIO. JTa CKOpPOCTB
onpeznenserca popmyioit

V= (42.1)

Ecmu BMecTOo CKOpocTH V B 3TOM BRIPRXCHHUHM I10JCTaBHTh
ckopocts cBera C = 3:10° m/c, pelInTh €ro OTHOCHTENBHO PamHyca
3BE3/IHI I, TO MTOJIy9UM 3HA4YECHUEC I'PaBUTALIMOHHOTO pafuyca 3BE31BI C
Maccoi m, :

r=2fm,/C>. (42.2)

Ecau paamyc 3Be3Bl MEHBIIE 3TOr0 3HAYCHMS, TO TDKEIAs
CBETOBas BOJIHA MM (JOTOH CBETA HE MOMKET €€ IOKMHYTh U 3Be3/a
IOJDKHA MOTacHyTh IJIS OCTAJIBRHOrO MHpa. YBHUAETh “dE€PHYIO ABIPY
HeBo3MOXHO. [loaromy momeiTkm €€ (uMx) OOHapyXWTh CBOAATCS K
INOMCKY BTOPUYHEIX MBJICHHM #3 00macTd HEOOBIYHO CHIIBHBIX
I'PaBUTALIMOHHBIX B3aUMOACHCTBHII B IieHTpaX rajaxktuk. HMwmeercs
TAKKC TEOpHA XOKHHTa, 0 KOTOpPOM yrmoMuHaeTcs B [21], cormacHo
KOTOpOH u3-3a “UcnapeHus”’ d9EPHBIX ABlp INPOUCXOAUT IOIHOE
COBIIAJICHUC W3Jy4CHUA UEpHOM MBIPEI C M3IYyY€HHEM OOBIYHOIO
HarpeToro Tena.

Xotsa camo ycnoBue (42.2) mpaBWIbHOE, MMCIOTCS COMHCHHS B
BO3MOYKHOCTH CYII€CTBOBAHUS 3BE3/1-YEPHBIX ABIP, YAOBICTBOPAIONINX
aTOMY ycnoBui0. UToOH ybemuThcs B 3TOM, NOmpobyeM NpHUMEHWTH
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€r0 K THIIOTETHYECKOH 3Be3me, oOpa3oBaBImeiics B pe3yJybTare
KoJtanca M3 HOPMAalbHOM 3BE3ABl C HCXOAHBIMH IapaMeTpaMu
ConHnia: Macca mc=2-103°m, r,c=7-10°wm, cooc=2,9-10'60'1. ITocne
KaTacTpOHUIECKOro CKATHA 3BE3Abl 3TH IAPAMETpPhl M3MCHATCH Ha
mapaMeTphl HepHOM ABIPH ¢ TOM ke Maccod mg=2-10"kr, HO ¢
MEHBIIMM DPaJHYCOM I, =3-10°M (w3 ypaBHemms 42.2). U3 ycroBus
COXPaHEHUA MOMEHTA KOJIMYECTBA HABIDKCHUSA OINPEJENIEM HOBYIO

YIIOBYIO CKOPOCTh (ar=0Woc: 7w /7 =1,6-10°c’, Jlamee Brramcmmm
CPEIHIOIO IUIOTHOCTB 9TOU qepHOM IBIPEI
Pu=3m/4n 7, =1,8-10"kr/™’. Ona okasamacs B 180 pa3 Gombme

ILIOTHOCTH aTOMHOI'0 Spa (O-9aCTHUllkl), 9€T0 OBITh HE MOXKET.
IMpogomxuMm Ham aHamu3. Jns 3TOro 3ammiieM YCIOBHE

paspyuIeHHs 4YE€PHOH JOBIPBl  IEHTPOOEKHBIMM  CWiaMH. JITO

IIPOU3OHACT, €CITH HEHTPOOEIKHAA CHIa IPEBBICUT CHITY TAIKECTU

Foo/Fona=dn 7)) /fm,, T2 =5,16 >1 (42.3)

[lepron  BpameHMs  uepHOM  ABIpH  T=2m/04=3,915-10c.
£=6,7-10""H-M"/xr*. Kak BHmuM, paccMaTpHBacMas ucpHas JBIpa B
OeHCTHTEIBHOCTH Obuta OBl pa3opBaHa IIPOTUBOACHCTBYIOMMMU
cuiaMu, B cylecTByrOmeil HayJIHOIOIYJIAPHOH JHTEpaType 49acTo
MOYKHO BCTPETHTH YTBEPXK/CHHUE, 9TO 3Be3za ¢ mapamerpamu CojHua,
IIPEBPaTUBIINCE B YEPHYIO ABIPY, COXKMETCA B cPepy ¢ KpPOXOTHBIM
TPEXKUJIOMETPOBBIM PATUYCOM, HO MHE HH pPa3y HE BCTPETHIOCH
IPOJOJLDKEHHE 3TOr0 HCCICAOBAHUA, KOTOpOE IIOKashBaIO OBI, 4TO
TaKas 3B€371a HEYCTOuMBa U OyJeT pa3pylcHa.

B Teopunm sdupa umeercs eme oaHA IPUYUHA, 3aCTaBIAIOMIAN
YCOMHHTECSH B CyIICCTBOBAaHUHU 3Be3/I-9E€PHEBIX IBID,
yaoBierBopstomux ycnoBuio (42.2). OHa COCTOMT B TOM, YTO
pagualibHas CKOPOCTh V; HE MOJXET IPEBBICUTh MAaKCHMAJIBHYIO
CKOPOCTH 11 3QHpa IIPU UCTEUCHHH B IIYCTOTY Vmax—=19615 xm/c.
ITpu DOCTHXKEHHMU 3TOM CKOPOCTH BCS BHYTPEHHSASA DHEPrusd KaxKnoi
€OMHUIIEI MAaccel ra3a IIOJJHOCTBIO IIEPEXOAUT B KHHETUYIECKYIO
SHEPrHuI0 NOCTYNATEIBHOr0 ABWKEeHHA. OdeBUAHO, YTO MUHAMAJIBHEBIN
pagyc BHAMMON 3BE3Ibl, NP KOTOPOM pajualnbHBIE CTPYH 3(upa
NOCTHTAlOT MaKCHMMaJIbHO BO3MOJKHOM  CKOPOCTHU Vi=Vmax,
onpezensercs u3 BeipaxeHni (3.8) u (7.19) kak

amy, Jfmy,
dr-pV... \Na-V._.

max

Yomin = (42.4)
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Cremyer ydgecTs, 4TO ¢ pOCTOM CKOPOCTH 3HpPa K 3HAYCHUIO Vpmay
B HEM IIPEKPATHTCA XaOTHYIECKOE IBIDKCHHE aTOMOB 3(pmpa. B stoM
CIIy4ac 3(QHpHBIA ra3 Oyaer mepexOauTh B CBOK XKHIKYIO ¢a3y H Ha
IIOBEPXHOCTH 3BE31bI I10 MHEPIMHU MPOJBETCA HOKIL KHUAKOro 3dupa
(HeitTpoHHOM JXMAKOCTH). CHIA THKECTH HA ITOBEPXHOCTH TaKOM
3B€3JBl IIEPECTaHET IOAYUHATHECA 3aKkoHy Hbiorona. K kakum
IOCIEACTBHAM IS 3BE3abl 3TO mpuBener? BeposaTrHO, 3TO HAPYIUUT
paBHOBECHE CHJI BHYTpPH 3BE3[bI M NPOH30iAET ee B3pHIB. Ilo3TOMY
TaKHE 3BE3/bl BPA X JIU CYLICCTBYIOT AJIHTEIIBFHOE BpEeMH.

Ipu o=1 ¢ u p,=1,19-10° r/cM’ MMHUMaTBHEIE PaTHYC 3BE3IHI C
Maccoii ConHia, mpu KOTOPOM 3BE€3[la MCUE3aeT M3 TOIA 3PECHUS
cornacHo BelpaxeHHIO (42.4), OymeT To min = 508 kM. 3HaueHue
MUHHMAJBHOIO paauyca I, mn AM8 3BE3D ¢ Maccor CoiHia
COOTBETCTBYET IOPANKY BEIUIHH PaJUyCOB PEaTbHO HAOIIOTAEMBIX
3831 Tuna Oenpix kapaukoB. CaMelil MaNeHBKHH W3 H3BECTHBIX OENIBIX
KapJIMKoB - 3Be3a Boxetd 457 [8] umeer mMaccy m, = 1,01.10¥ r u
pamayc 1, = 700 kM = 0,7-10° cM. MUHMMaNBHLIA pagHyc I STOl
Macchl coriacHo dopmyine (35.3) 6ymer o mn=361 kM=0,361-10° cm.
Benbiii kapivk - 3Be31a Ban-Maanena uMeer Maccy m=0,28-10>r u
pamayc r,=4900 xvM=4,9-10° cM. MHHUMATBHEIH pajuyc IS MAacchl
ITOH 3BE3OBl Tomin=190 kM=1,9-10" cM. TakuM 06Gpas’oM MOKHO
YTBEPKIATh, 4YTO O€ibie KapjHKH HaXOOATCS HEJATICKO OT IIOpOora
BUAUMOCTH 3BE3X. HemapoMm acTpoHOMEI He BHAAT Ha HeOe 3BE3]
MEHBIIIE O€NbIX U KPACHBIX KAPIIMKOB.

43. CBepxMaccHBHbIC HEHTPOHHBLIE YepPHbIE
AbIPHI B HEHTPAaX CIHPAJbHBIX F'AJIAKTHK

B nenTpe cnmpalbHON rajakTHKH AO/DKHA OBITE COCPENOTOYEHA
3HAYUTENbHAA Macca MAaTepHH, KOTopas CcO34acT CWIy TSKECTH,
HanmpaBJICHHYI0 K IECHTPY TallaKTHKA. OJTa CWia YJAEPXKUBAEeT
Ompkaiiniue 3Be34p Ha CBOMX OpOMTAaX NMpH MX BpPAIICHUM BOKPYT
obmero nentpa. dnsa Gonee mamekux OT LEHTpa 3Be3] Ompkaiimue K
HEMY 3BE3[I6] HATHMHAIOT YBEIMINBATh CIIY TsKeCTH. [0 mociexHero
BPEMEHHM acCTPOHOMBI IOJIarajid, YTO B LIEHTPaxX TajaKTHK HaXOIATCA
ra3onelneBple o0Onmaka, KOTOpele HE uH3ny4daloT cBeT. Ilpu 3ToMm
IOMyCKAJIOCh, YTO B ILEHTPE MOXKET HaXOAWUTHCA 3BE€31a, CBET OT
KOTOPOH MOIIONIAeTCA B OKpY KalomeM ee 001aKe TEMHOI MaTepHM.
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B cBoeit xkaure [1], m3gauuHoit eme B 1997 r, MBI clenys 3ToH
JIOTHKE, MPEUIOKWIA MOACHH CIUPAIBHOM IrajlakTHKH C LIEHTPaJIbHOM
MAacCCHBHOH 3Be3710i1, HaXOoAIIelca B raJIaKTHIECKOM 3(HPHOM BHXDE.
C Touky 3pEHHS JHHAMUKH HOBHKCHHUS OKPYXKAIOIIHMX 3BE3J] 3TOTO
OBLIO TOCTATOYHO.

Ceronns acTpo(pM3MKH CTPEMATCH IIOHATH COCTOSHHUE BEIIECTBA,
HaxomsAmierocs B IeHTpe ramakTuku. Cyad 10 CIOXKETYy
TelleBU3nOHHOrOo (punbMa npoussoacTsa BBC or 20 nosbpsa 2004 r.
BEIM9MHA MACCHl BEIIECTBA B IIEHTpe Oblla ompenciicHa U3 aHAIH3a
IMHAMHUKU OMIKaMImuX K IEHTpaM rajlakTHK 3BE3J, BRIIOJIHEHHOIO Ha
OCHOBE CHCTEMAaTMJIECKMX HaOMIOACHUA C IOMONIBI0 KOCMHYECKOTO
Tejieckomna “Xab6n”’, kak

Mgy = 0,005 Mpa; =10%r=10"kr (43.1)
PaccTosHUS OT 3THX 3BE3/ JI0 LEHTPOB TAJIAKTHK I'op, MOXKHO OLICHHTH,
T0j1aras, YTO IPHU JBIKEHUH KaXJ0# 3BE3/bI 10 opOuTEe HabmroaacTes
PABEHCTBO ACHCTBYIOIIHMX HA HES B MPOTHBOIOJI0XKHBIX HANPaBICHUAX
CHIIBI TSDKECTH M IIEHTPOOEKHOM CHIIBI

r b._.___f.mu.a.
op
U2

B sTHXx dopMyNax MOCTOSHHas TaroTeHms £=6,7-107" HM*/Kr%; M-
Macca CBEPXMAaCCHBHOM 9E€pHO# HOBIPH B IEHTPE TalaKTUKH; Mgy -
Macca TalakTHKM (sOpa ramakTukv),; U-okpyxkHas CKOPOCTE
OmmxadmpuX K LEHTPY TalakTHKHA 3BE3J IPH HX IBIKCHHUM IIO
opburam. 3Jra  CKOpPOCTH OLICHUBACTCA aMEpHKAHCKHUMH
actpodmsukamu kak U=500000xm/9ac=1,4-10°m/c=1,4-10" cm/c

JIng Hamel CIMpanbHOM rajakTHKA MiedHoro myTH ¢ Maccoi
Mo =2-10"'kr paguycsl op6uT GumKaifinux K HEHTPY 3BE3J COITIACHO
(43.2) cocTaBsT

(43.2)

Topp= 3,4-10"*M=3,4-10"km (43.3)
Pannyc cBepxXMacCHBHOW 4epHO# ABIPH B LieHTpe MiiedHOro myTH
MOXeT OBITh paccuuTaH 1o popmyne (42.2)

2
rm=—%-=1,49-1012M=1,49-109KM (43.4)

s HarmagHOCTM BCIIOMHUM, YTO0 pammyc opbutbl CaTypHa
ropb=l,42-109 kM. Kak Buaum, paguyc 9epHOH ABIPE COBIIAZACT C
paguycoM opbutrel Carypra. 310 mnoOyamno acTpopH3HMKOB
[IPEATIONOXUTh, YTO B LEHTPE COMPAIBHEIX TalaKTUK HaXxoAATCs
CBEPXMAaCCUBHEIE YEPHEIE ABIPH paMepoM ¢ COJIHEYHYIO CHCTEMY.
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YclloBHE CyINeCTBOBAaHHSA HYEPHBIX MOBIp B TCOpHH 3(upa
onpenenseT UX paguycel ¢opMmynon (42.4). dnsa maccel Mnedsoro
IMyTH 3Ta opMyna JaeT CIeAyIoLee 3HaICHHE

Tomin™ \[ S my =1,135-10" km (43.5)
a-V

JTO 3Ha4YEHUE B CTO C JIMIUHUM pa3 MEHBIIEC pajnyca YepHOU JBIpEL,
onpegeneHHoro mo (43.4).

He coBceM noHATHO, IO4YEMy acTpoduU3uKka Harpaguiaa MaCCHBHEIC
9EpHBIE OBIPEl B LIEHTPaX CIHPAIBHBIX TaJIaKTHK O9eHb OoiapImImMu
pasMepamu. IIpym Takux pasmepax CpeaHss IUIOTHOCTH 3BE3JEI
Momydaercs  Py~0,01T/cM’, 94TO B CTO pa3 MeHBIIE IIOTHOCTH BOJbI
¥ TOJMIKO B ACCATH pa3 Ooiblne ILTOTHOCTH BO3JyXa Y IOBEPXHOCTH
3emid. HyXHO DOMHMTB, 9YTO OTH 3BE3Jbl HEIBL3S YBHIACTh H
obMepuTs. B TO XXe BpeMs IIOTHOCTH 3Be3[ OenbIX KapiIUKOB JOXOLUT
J0 BEIMIHUHEL Pg—0,7- 10°r/cM°. Bernsie KapJIUKU-3TO BUIUMEIE 3BE3/IEL,
a HEe dYepHbic AbIphl. BO3MOXHO, y aMEpHKaHIIEB €CTh KakKHe-TO
NOBOJB! B INONB3Y YTBEPXKIACHMA, YTO dEpHBIC ABIPHl B LEHTpax
raJIakTHK UMEIOT pa3Mepsl COJIHEYHOH CHCTEMBI, XOTH AJI1 JHHAMHUKH
OBIDKEHHA OmmKalilmMxX K LEeHTPY TalakTHKM BHAUMBIX 3B€3J 3TO
coBceM He obgzarenpbHo. Tem Oonee, 9TO B COOTBETCTBHHM C
COBPEMECHHBIMHM B3IJIAJaMH CaMOM acTpoQH3UKH UYEpPHEIE JBIPHI
00pas3yloTcs BCIEACTBHE Kouanca OOIbIIMX paspemKEHHBIX BUAMMEIX
3BE34 WM ra3ombLIeBhIX 00makoB. IIpy 3TOM MIIOTHOCTH BEMIECTBA
NOKHA ObUla GBI BO3pacTH N0 3HA4EHMH po=10"°kr/M’=10"r/cm’.
IIpn Takoii ILTOTHOCTH paguyC CBEPXMACCHBHOM YepHOH IBIPHL C
Maccoit Miequoro mytu 6611 651

3m
Toar=3 ©__ =0.31-10'M=3100xm (43.6)

A7 - P
Ecmu panmyc MacCHBHOM dYepHOM OBIPEI B3ATh B COOTBETCTBHH C
Teopueit 3dgupa (43.5) KaK Toor=1,135 1010M TO CpemHAsA IUIOTHOCTB
TaKo# 3Be3451 OymeT
Po-ar=1,63-10%kr/n’ (43.7)

JTO0 3Ha4yeHHE OMM3KO K 3HAYEHMSIM IUIOTHOCTEH OOBIMHBIX 3BE3]
6encx kapmakos (0.4-10°kr/m-0,9-10"kr/’).

Hrak, MBI MMeeM pa3HbIE OLICHKH N5 ONpeAeiiCHHS paguyca
CBEPXMACCHBHOM J4EPHOH IBIPBI B LIEHTPE CIMPAIBbHOM rajakTuku. Ha
Kakod Hu3 HMX ocTaHOBUTBCA? QOueBHAHO, 4TO oneHKa (43.4)
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Toq=1,49-10° KM, KoTOpas oxasanack GoMbIIe, 4eM A8ET TeopHs PHpa
(43.5) Tomin=1,135-10" kM, o3mauaer IMmb, 9TO CBET OT JFOGOTO
HCTOYHMKA BHYTPH 3T0ii 00;1aCTH HE CMOXKET €€ MOKHUHYTh.

Panuyc HE MOker OBITH MEHBINE, 9EM PAAUYC CBEPXMACCHBHOM
HEHTPOHHOH 3BE31EI (43.6) Ioyy=0,31-10'M, T.K. BEMECTBO HE MOXET
ORITE CKaTO CHJIbHEe, 9eM HEWTPOHHAN MXHAKOCTh C ILIOTHOCTBIO
p=10"*kr/M’. OLienKa (43.6) 03ma"aET TO, ITO HA MPAHMULE OBIACTH C
PaITHyCcOM Tomin=1,135-10" xM s¢upHEIA ra3, JOCTHTHYB MaKCHMATBHO
BO3MOXHOH CKOPOCTH V., IEPEXOAHT B CBOK XHIKYIO (asy c
IUIOTHOCTHI0 HEMTpOHHOM )uakocTH. T.0. MOKHO ¢ Gonbmioi josneit
YBEPEHHOCTH OXXMaTh, YTO PagHyC CBEPXMACCHBHOHN Je€pHOI IBIPHI C
maccort m,;~0,005-M,,, mexwur B npemenax

0,31-10* kM< ro.q7< 1,135:10" xm (43.8)

HanmoMHUM, 9TO B 0CHOBe BCeX pacCyXXIeHHH O CBEPXMACCHBHBIX
YEPHBIX ABIPAX JICKHT TOT HAOMIOmaTenbHHN (akT, UYTO B LIEHTpaX
CIHPAIBHBIX TAJTAKTHK ACTPOHOMEI HE BHAT U3IMYYEHUSA OT JTOKAILHOM
3BE3/1bl, HO CYMEJIH PasriiiieTh, YTO OKPYKHBIE CKOPOCTH OIvKaimumx
K LeHTpy 3B€3[ anomanpHO BeICOKH U=500000xM/uac=140xm/c. be3
9TOM LIEHTPAIBHOH MacChl OHH JOIDKHEI ObUIM GBI OBITH YPE3BEIYANHO
MAJIEL.

ACTPOHOMHYecKHe HaGMONCHMS IIOKA3BIBAIOT BOMCTBEHHYIO
pone  Anep ramaxtuk. C  OOHOM  CTOPOHBI  ILIEHTpaIbHBEIE
CBEpXMACCUBHBIE  HEHTpPOHHEIC  YEPHBIE  ABIPEl  0OmagaioT
CBCPXpPa3pylIUTEIIbHOM CHIOH TIXKECTH, CIOCOOHOI ©Oeccienuo
IOTTIOTHTH JIOOYIO pacnookeHHYI0 MOGIH30CTH 3BE3AY WIH APYroe
MaTepuanbHOE 0Opa3oBanme. B CBA3M ¢ 3TUM acTpO(HM3UKH CIUTAIOT,
9YT0 B IEHTPAaX qepHBIX Jblp HAXOAWTCA CHUHTYIApHOCTh. Ilo
ONPEACTICHUIO-3TO TO4Ka , B KOTOPOH Mcde3aeT BeniecTBo?? Hapceraa
wix Ha BpemA?? Kak asto mpoucxomur?? Kyma oHo neBaercsa??
Acrpodusnka oOssacHuTs 3TOr0 HE MOXeT. Teopus 3dHpa IaeT OTBET
Ha OSTOT BOmpoc. B u4epHo¥ HEHTPOHHOH ABIpE BELIECTBO
npeoOpasyeTcs B 3upHy0 XHUAKOCTs Gombmol mioTHOocTH. M3-32
MaJIbIX COOCTBEHHEBIX Pa3MEPOB aTOMOB 3(HpPa MPOLECC HOTIOMEHHS
3(UPHOrO rasa u BemecTBA PACTATHMBACTCS HA MHJUIMAPIE! JIET, HO
HEHM3MEHHO 3aKaHYHMBACTCS CO3HAHMEM HOBOI'O BEIIECCTBA M BRIOpOCOM
€ro Ha MpPOCTOpsl BcenmeHHo#, T.K. HMEHHO H3 AACp TalaKTHK
HaOIIIOAAIOTCA HCTEYeHHs OTPOMHEBIX MacC HeHTpajbHBIX rasoB. T.o.

CBCPXMACCHUBHEIC  HEHTPOHHBLIC  YEpHbIE  AbIPHI  SABJSIOTCS
OTPOMHLIMH KOTJIAMHM, B _KOTOPLIX M3 3(HpPa U NOIJIONICHHLIX

175




3Be3] BAPHTCH HOBAS MATEPUA s NaJbHEHIIEI0 ee KPYroBopoTa

Ha npocTopax BcejleHHOM.
Ha npumepe 3Be3x GenbIX KapiauKOB U HEMTPOHHBIX ITyJIBCAPOB,

KoTOpele  ofpazoBasmick B pe3yisTate  Kojuiamnca, — T.C.
KaTacTpOPHUIECKOTO CHXATHA MATEPHH, CIEAYET OXHAATh, 4YTO
CBEPXMACCHBHBIE YEePHBIE HEUTPOHHEIE JIBIPEI B LEHTPaX CIMpPaJIbHBIX
TAIAKTHK Ou€Hb ObpICTpO Bpamarorcd. SICHO, 9TO IPOTUBOCTOATH
cObecuBiieMycss TATOTCHHIO MOTYT TOJIBKO LIEHTPOOEKHBIC CHUJIBI IIPH
NABIOKEHUM 3BE3]] BOKPYT LEHTPOB TalakTuK. [leHTpoOekHEBIe CHIIBI
MOTYT IO HAlIEMy MHEHUIO IIPHBOXUTH TaKkKe K BeIOpocaM MaTepuH
M3 LEHTPOB TAIAKTHK, €CIH LEHTPOOCKHBIC CHIBI IIPEBBICAT CHITY
TOKECTH.

Paccyxzas Tak ke, Kak 370 ObUIO CIEIaHO HAMH IMPUMEHHTEIBHO
K AIpy aroMa BOAOpPOAQ, MHCIIONB3YEM IIONY4EHHOE YCJIOBHE €TI0
paspymenns (14.21)

2
F!l5 _ m o—udm

= 21 (43.9)
Fp 4mx'ro—v0'pe
B sTOM ycnoBuM MacCy sapa aroMa, €ro paguyc M YIJIOBYIO CKOPOCTb
BpAaIlEHMs  3aMEHUM  HAa  COOTBETCTBYIOIIME  HAPaMETPHI
CBEPXMACCHBHOM uepHOH IBIPEL. Mg.,=10"kr (Macca HelTpoHHOI
4EPHOH ABIPHI B ILEHTpEe MIIEYHOr0 IyTH). (-yIJIOBas CKOPOCTh €€
BpaIlECHUSA. Toq; — PAOUYC YEPHOM IOEIPEL. YUTEM, UTO 4E€pHAd IbIpa B
LNEHTPE TalaKTUKU HaXOAMTCA BHYTPH CQEpel C pagmycoM,
ompeenseMbIM BeipaxerueM (43.5).

ITogctaBnM 3HaueHHe naBleHus (7.4) B yCIOBHE pa3spyLICHHs
3831l HeHTpoOekHbIMU critaMu (43.9). OTKyza moiny4yaeM 3HaueHHE
YIJIOBOM CKOPOCTH BpAlIEHMs CBEPXMACCHBHOM WepHOM IBIpH B
neHTpe Mile4HOro ImyTH, IipH MPEeBHINIEHHH KOTOPOTO HEHTPOOESIKHEBIE
CWIKl IMPEB30OMAYT CWIEI AABJIEHHA H 3Be3fila COPOCHT H3JIHIIHIOKO

Maccy

47 - :
o> = Tow Pe _4 g957¢1 (43.10)
m.

rae: To=1,135-10"M, p=6,426 H/M*, m,,=10"kr

DTO 3HAYECHUE COOTBETCTBYET IEPHOLY BpAIICHIUSA

2
| > 2" =65,6¢ (43.11)
N a)
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[Ipx 3TOM OKpY)KHBIE CKOPOCTH Ha ITOBEPXHOCTH 3BE3ABI —4EPHOM
IBIPBI Oy Iy T

Uoar=0To0z=10,86-10°m/c, (43.12)
YT0 npeBRIIIAeT CKOPOCTE cBeTa B 3,6 pasza. Bo3aM0OXHO MBI 3aBRICHIIU
3HA4YEHUE paauyca depHod Anlpel. Ecim OH MeHbIIe, CKOPOCTh Ha
IIOBEPXHOCTH YEpHOM HABIPHI HE IIPEBBICHT CKOpPOCTH cBera. Ecmm
yIJIOBas M OKPYXHasi CKOPOCTH IIPEBBICAT HAWJCHHBIC IIPEHCTIBHBIC
3HAYCHHA, TO 3BE3J4a COPOCUT JIMINHIOK MAacCy H YMEHBIIUT CBOH
pa3Mepel. MBI HE 3HaeM, IPOU3OMAET JIM 3TO DBOMIOIMOHHBIM ITyTEM
HJIH B PE3YJIFTATE B3PRIBHBIX ITPOLIECCOB.

Ecimm 370 npon30MIeT 3BOMIONMOHHEIM IIyTEM, TO BEIOpOIICHHAS
MaTepHd HE CMOXXET IMOKHHYThH MpPEAESbl 006nacTé , OmpeneseMoin
pamuycoM (43.4) roer=1,49-10° kM, T.K. €e CKOPOCTh He MpPEBHICHIA
3HAYEHUE CKOPOCTH CBETa W MAaKCHMAaJIBHO BO3MOXHOW CKOPOCTH
TeueHuH 3¢Hpa Vime=5,2-10°M/c. Eci mpou30iieT B3phIB 3BE3/HI, TO
IOABATCA NTOIOJIHMTENILHEIC paJualbHEIE CKOPOCTH. B 3TOM ciydae
MOXHO OXHIATh, YTO OHH IIPEBBICIT CKOPOCTh Vmax M IIOKHHYT
0071aCTh BOJIU3HM Y€PHOM JBIPE B BUAE BEIOPOCOB PacKaJICHHBIX I'a30B.

Hamu pacdeTsl mokasajgy, 970 CBEpXMAacCHBHAas dYepHas IEIpa
ABIACTCA OYCHb IUIOTHBIM OOpa3oBaHHEM, HMEIONIUM IUIOTHOCTE
TAKyl0 XK€, Kak y Oempix kapnuxoB. Ctpyn 3¢upa, magamonipe Ha
TaKylO ILIOTHYIO IIOBEPXHOCTh HE MOTYT CBOOOZAHO IIPOHHKATH CKBO3b
3Be3ny. IloaToMy, mpollecc B3auMoIeHcTBHS CTpyit ddupa c
IIOBEPXHOCTBIO 3BE3ABl OyZEeT HANTOMMHATH AKKPELHIO BEHIECTBA,
cozepikamerocs B cTpysax 3¢upa. PazbepeM aTo Ha mmpuMepe.

[Tycts Macca CBEpXMacCHBHOM H9epHO# IbIphl Mg, =10%kr.
3Be3/1a €XKECEKYHIHO H HEIPEPBIBHO IOriomiaer 3(QupHEIi ras, B
KOJIMYECTBE, JKBHBaJICHTHOM (B cooTtBerctBHH ¢ (6.5) u (3.7)),
KOJIMYECTBY OApHOHHOI'O BEILECTBA

2, a

AM=M-M,=M,(e* -1)= Mo;t’
rie M u M,-maccel 3B€3Ibl B pacCMaTpUBAaEMBblii MOMEHT BPEMEHH H
HA MOMEHT Hauaja oTcudera. IIOTOK BemiecTBa, IAfAIONIEro Ha
TTOBEPXHOCTH OEJIOro Kapiiuka B €IMHHUIYYy BpeMeHH, Oyner paBeH

J=AM/t= M,-0/k=0,298-10kr/c

CKopocTh, C KOTOpPO# BEINECTBO IIEPECEKaeT IIOBEPXHOCTh 3BE3MbI
onpenenaercs hopmyoii (3.8)
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a-M
vV, = 2 - =5,18-10°wr/c,
dr - p,r

o

YTO 9yTh MEHBIDE Vp,=35,196-10°m/c. OHeprus, MNOCTyHAaInas K
MOBEPXHOCTH 3BE3AEI B COWHHUIy BPEMEHH paBHA KHHETHIECKOM
SHEPTUM MOTOKA 3TOH MACCHI

Q=0,5]V 2 =4-10*B1=4-10*3pr/c

3a 15 mupa.er (4,725-10"c ) BHYTpH uepHON ABIPH CKAIUIMBACTCA
KOJIMYECTBO IHEPIUH (depHasd JbIpa HE N3TYIaeT SHEPTHIO)
L=Q-t=4-10%.4,725-10"=1,89-10%3pr
JTO0l _JHEpPTrHM _ BHOJHE JIOCTATOYHO, 4TO0bI _00LICHHTH

JHCPIHI0 B3PLIBOB, TIPDOMUCXOAANIINX B HOT'AJIAKTHKAX H T'UX

3aragodyHbIX 00beKTax BcejleHHOM, NpH KOTOPbIX OXHOBPEMEHHO

BbiIeJsieTcs orpomMHas >ueprus nopsuixa E =103pr. Kak cauraer

COBpPEMEHHAs acTpo(U3MKa, Takas JHEPrus Morjia Obl BBIICITHUTHCS
TOJIBKO IIPH OMHOBPEMEHHOM SIICPHOM B3PBIBE BCEX 3BE31 LEJION
TajlaKTUKH., IDTO, KOHEYHO, HEBEPOATHOE COObITHE B OTIUYHE OT
B3pPEIBA OTHOM, XOTA U O4eHb GOIBIIONH CBEPXMACCUBHOM 3BE3bI..

Hamee OcCTaHOBHMCS €IM€ HAa ONHOM akTHBHO 00CY)XKmacMoi B
nocienHee BpeMsa npobneme. bonbmuM TOCTHKEHHEM, OTKPHIBAIOIINM
OyTh K I[IOHUMAaHUI0O MHPOYCTPOMCTBA, aMEPHKAHCKUE YYECHBIE
CUHTAIOT OTKPBITHE UMH CBA3U MEXIY “‘CHUIMOIT” ¥ MacCOM rajakTHK.
“Curma’”- 370 IO ONPEACIICHUIO aMEpPUKAHIIEB CKOPOCTB, C KOTOPOH
3Be3bl [IOBHJKYTCA Ha Kpaio rarakTukd. OHM HE YyBCTBYIOT
IPUTHKEHHE OT CBEPXMAcCCHBHOM HEHTPOHHOM YEPHON IBIPHI H3-3a
OONBIIOro yAaJICHHs, 8 3aBUCAT OT BCEH MacChl TAJIAKTHKH.

C nmnoMOmpBIO KOCMHYECKOIo Teneckoma “Xa66n”  6BLIO
BLITIOJTHEHO MHOTI'O HaOIIoaeHu CITMPAIBHBIX TralaKTHUK,
IIO3BOJIMBIINX IIOCTPOMTH rpadMk 3aBUCHMOCTH MACC TaJlaKTHK OT
curMbel. Bce 3KcIepUMEHTANBHBIE TOYKH CrpyIIIMPOBAIUCH Ha
rpaduke OKOJI0 IIPSAMO# JIMHUH, BRIXOIAIIECH H3 Hadana koopauHat. 13
qero CJIEAyeT, 9TO UMEeTCH JIHHEWHAs 3aBHCHMOCTh MEXIY Maccoi M
curmoii. OaHako, HaOIIOAarONIMHCA 3HAa9HUTEIbHBIN pa3bpoc ToUeK Ha
3KCIIEPHMEHTAILHOM TIpaduke O03HA49aeT, 4YTO I3Ta CBA3b HE
omHOo3Ha4yHa. VIMerorca npyrue (akTopsl, Takke BIMAIOMME Ha
IOJIOXKEHHE TOYeK. BBIACHEHHIO HCTUHBI Moria Obl IOMOYs TEOpHS ,
HO ee HeT. IIlpuMeHMTENBHO K Teopuu 3(Hpa pedb MIAET 0 GopMyIe
(419) pnma OKpyXKHOM CKOPOCTH 3BE€3X 3a IIpeleraMu sapa
TaIaKTHIECKOrO BUXpS
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U=00, T2, t/Top (43.13)

B 3ty dhopmyny Macca rajakTuky He Bxogur. OmHAKO, B HEE BXOIMT

MPOM3BENIEHHE ,T. , XApPAKTEPU3YIONme IMPKYJSIHMIO CKOPOCTH

raJJakKTUIECKOro 3QHPHOro BUXpA, HOJCYKTARHYIO 110 TpaHULIE AApa
T =270®, T, (43.14)

JlomkHa CyIIEeCTBOBATh CBA3p MEKAY LIUPKYJIIHEH CKOpPOCTH
(HampsUKEHUEM) TalaKTHIeCKOro S3(QHUPHOrO BHXPA ¥ BEIHINMHOH
Macchl BEIMIECTBA TajakTHKW, T.K. MEXAY Maccol Tel Hu ee
IOIJICIIATEIBHON CHOCOOHOCTBIO CYIIECTBYET ONHO3HAYHAS CBSA3b -
(3.4). U3-3a nornomenns 3drpa 38€31aMH rajJakTHKU B noje 3¢upa
peaym3yercs paguanbHOE TEYEHHE II0 HAIPaBICHMIO K ICHTPY.
HNMmenHO 370 paguansHoe TedeHHE 00YCNAaBIMBAET CUIY TATOTCHUA H
ABIIfETCA  OCHoBomojararomuM. Ho oHO  HeycToHYMBO H
CBOpadHBaeTcs B BUXph. Il03TOMy MOXHO OXMIATh, YTO HMEHHO
raJlakKTH4IeCKuil 3QupHEIH BUXph opMupyeT GOpMYy rajIaKTHKH.

Hailinennas aMepuKaHCKUMH acTPOdH3MKAMH 3aBUCUMOCTh CHI'MBI
OT MacChl TAJIAKTHUK MOKHO IIPEACTABUTH B BUEe POPMYIIBI

Uopp=A* Mg, (43.15)

KoappUIHEHT DPONOPIHOHAIPHOCTH OIPEAEIHM MO AaHHEIM,
monydeHHsM mid  Comrnma U=226kM/c ¥ Mneudoro myTH
M, =2:10"%r

U
A= M"P” =1,13-10"% [m/c-xT] (43.16)
Conocrasmsia dopmynsl (43.13) u (43.15), Haxoqum
-t I ,
AL TR Ve (43.17)
F opb 3

OTKyna MOXKEM HaWTH BHIPAXKEHHE MAIA IUPKYIAUMH CKOPOCTH
TaJIaKTHIECKOr0 BUXpA gepe3 Maccy MIIEdHOro Iy TH

A N 4 b ] ‘ .
I‘m=7i:}-Mw =4,3-10" M*/c (43.18)
Tae ropp=3 knc=9-10"m, a=1c”’, t=15 mupa.ner=4,725-10""c. 3nanme
BEJIAYMHE] IUPKYIAIAYA CKOPOCTH TallaKTHYECKOTO BHXPS OTKDHIBAET
BO3MOXKHOCTH JUIsSi QHAJIW3a CUIOBOTO B3aUMOJCHCTBHA TIAJaKTHK

MEXKIy co0oif B cilydae, TaKk HA3bIBACMBIX AHOMAJIBHEIX TaJlaKTHK M
KBa3apoB.
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44, KopoTkonepaoaaiecKue myJabcapbl
A HEUTPOHHBIE 3BE3/bI

IlynbcapaMu Ha3BaHBl 3Be3ABl, ABIAIOINUECS HCTOYHHKAMHU
KOpOTKHX IIEPHOJUYECKUX KMITYJIBCOB PAaaW0 H PEHTTEHOBCKOIO
U3IrydeHus. BOIBIMMHCTBO IyJbkcapoB, HUX wu3BecTHO okxoixo 300,
H3Ty49al0T KMITYJbCHl C O9YC¢Hb KOPOTKHM InepuogoM T=lc., (B
uaTepBage T=1+3c). Ho H3BECTHBI TaKkXke KOPOTKOICPUOIUIECKHE
nynbcapsl [9]: PSRO0835-45 ¢ mepuogom T=0,089¢c u PSR0531+21 ¢
nepuonoM T=0,033c. ITocreannii pacriojioXeH B LIEHTpe KpabOBUIHOM
tymaHHoct: B [11] ormeuaercs, 4TO myspcap-peKOpACMEH C
HapMeHbmM repuogoM T=0,00155¢ obGmapyxen B 1982 roxy B
co3Be3guu Jlucuukyu., OTKpBHITHE MyJIbCapoB OTMEYCHO B 1972 romy
Ho6eneBckoii mpemueii.

IlepuoaudHOCTh PAAMOCHTHANIA CBA3BIBACTCE C  OBICTPEIM
BpaIICHUEM TaK HAa3BIBAEMBEIX HEHTPOHHBIX 3Be3n. CuurTaercs, 91O
3Be3a-UCTOYHNK H3TydeHHN Bpamaerca HanojgoOue ¢oHaps Madka.
OTO CO37aeT IPEPBIBUCTOCTh M3TydeHMA. UToOsl OO0BACHWTE
mauMeHbmmud mnepunony  1=0,00155¢, mpemmonaraercsi, 49To 3BE3Aa
BpaIlacTCs C OIPOMHBIM dmciioM 00oporoB n=645 06/c. [Ipn stom
BO3HHMKAET OMACHOCTh, YTO OHA Oyzer pa3opBaHa LEHTPOOEIKHEIMH
criaMu. YTo6E1 3TOro He MPON30ONLIO, IPUXOJUTCA MPEATIONAraTh, 9TO
ce paguyc Menpme 20 kM. IInoTHOCTH BemiecTBa TakoM 3BE3[BI
npH6IM3MIACE K IUIOTHOCTH BEIIeCTBA aTOMHEIX szep p=10"°xr/n’.
VIMEHHO 3TH 3Be3bl Ha3BAHEI HEATPOHHEIMH, MIX MacChl OLIEHUBAIOTCH
B peaenax or 1,4 no 3 macc ConHua.

BemecTBO, CXaToe N0 TaKOH IJIOTHOCTH IO MHEHMIO Y4YEHBIX-
pa3paboTIMKOB TEOPHH HEHTPOHHEIX ITyJNbCAPOB NpPEBpallacICs B
CMECh HEUTPOHOB ¢ HEOONBOION IMPUMECHIO IIPOTOHOB M AJEKTPOHOB.
BHyTpeHHee  yCTpOMCTBO  3BE3ABl  ONMCBIBAETCA  BECHMA
npubIU3UTENRHO, TaKk Kak (pu3mka He pacrojaraeT HeoOXOaMMEIMU
3HAaHUAMH O CBOMCTBax B3aUMOJACHCTBHS HEUTPOHOB B YCIIOBHSX
orpomHoro cxatus [11]. Tem He MeHee cuuTaercs, 970 HEHTpOHHasA
3B€31a NpEAcTaBIAeT co00H HE ras’omylo, a XHAKYH chepy. Mnadge
NpUIIOCE OBl IPEANONIOXHUTh, YTO I'a3 B IEHTPE 3BE3[BI CXKAT IO
Oosee IUIOTHOI'O COCTOSHHS, YEM BEIIECTBO ATOMHEIX AACp. DTO, IO-
BUAMMOMY, BBIXOJMT 3a pPaMKH CAaMBIX HEBEPOSTHRIX (hbaHTa3Wi.
Ilosyrararor Taxke, 9T0 HEHTPOHHAA KHIKOCTD JIMIICHA BA3KOCTH.
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BripabaTeiBasi CBO€ OTHOLICHHE K HEHTPOHHBIM 3BE3AaM, CICAYET
IIOMHUTH, 9TO AMAMETPhl ¥ IUIOTHOCTH 3THX THIIOTETHYICCKHUX 3BE3J
HHUKOTJ2 M HHUKEM He m3Mepsanuch. Cam (pakT HX CyIIEeCTBOBaHHUA
LIETUKOM OOYCIIOBIIEH TONBKO TE€M, YTO He OBLIO HAEeHO APYTOro
00BsACHCHHUA, KpOME OBICTPOro BpamICHHUS 3Be3AHI, AT HabGmomaeMoi
IPEPBIBUCTOCTH H3JIy4YeHUs IyiabcapoB. Cheirpaao CBOIO poOib, IO-
BUJUMOMY, €IIe JKeNaHWe  pAAa  BIMATCABHBIX  YYCHBIX,
MaTePHAIH30BaTh TEOPETHICCKYI0 MOAEIbh HEUTPOHHOM 3BE3 kL.

Hamu coMHeHUs B NMPaBWIBHOCTU OOINENPHHATOrO OOBICHCHUA
MUT3HUs MyJIbCapOB OCHOBAHBI HAa TOM, YTO HEHTPOHHBIE 3BE3IIBI
OKa3aJlJuCh HAMHOI0 MCHBIIC MHHHMAIBRHOTO pagdyca BHIUMOCTH
38e3n (42.4). 3Be3anl Takoro pasMepa TOOATCA TOJNBKO Ha poOJb
"gepHeIX ap1p". B CBA3M ¢ 3THM mompoOyeM COCTaBUTH CBOE
COOCTBEHHOE IIPEACTABICHHE O TOM, HE MOIYT JIM HEKOTOphIE H3
peaIbHO CYILIECTBYIOIIMX H HaOMIOmaeMeIX 3Be3nd "OenpIX KapiIukoB'
BHICTYIIaTh B POJIH ITyJIbcapoB. [ OLIEHKH MOIYyYHM YCJIOBHE B BUAE
OTHOILICHUS CUJIBl TAXKECTH Ha MOBEPXHOCTH Bpamiaromieics 3Be31bI K
LIEHTPOOEXKHOI cHile, KOTOpPOE, 9TOOH! 3B€3/1a He Pa3opBanach, AODKHO
OBITH OOMIbINE MM PABHO CIUHUIIE:

F 1o/Fus = fmT 4ty > 1, (44.1)

rae T - mepuon BpamieHMs 3Be3Zbl, M - Macca 3BE3MBL, Iy - PAAKYC
3BE3 /B

PaccmMoTpuM caMBlii  pacIpOCTPaHEHHBIM IIEpHOA BpalICHUS
KopoTkonepuoanueckux mysascapoB [13] T =1 c. Eciu 6m1 ¢ Takum
IIEpPHOJOM BPallajiack U H3Tyqajia paAHuOBOIHE 3B€3/1a OEbI KapiIMK
Bonsd-457 (mapamerpel ¢cM. B Tabn.6.2), To cuia TSKECTH Ha €€
IIOBEPXHOCTH II0YTU B MATh pa3 IpeBhImana Obl LIEHTPOOEXKHYIO CHITY.
OTOT TIpuMep IOKAa3bIBaeT, 9T0 HacTh OensIX KapiuKOB C
nmapaMeTpaMH, Onu3kumMH K 3Be3fe Bonbd-457, BoonHE MOryT
OBITE KOPOTKOIEPHOAUIECKIMHU MyJIECapaMH. HauGonee
PacIpoCTPaHEHHRIN B MPUPOJIE NEPUO], ITyJILCAIUHA H, CICTOBATE/ILHO,
nepuo Bpamenus T = 1¢+3¢ He MOXET NPUBECTH HX K Pa3pyIICHHIO
IeHTpoOeXKHEIMI cuiaamu. Ilpum 3TOM ciefyeT 0co60 NOAICPKHYTH,
YTO 5TO PEWIbHO CYyIMECTBYIOIIHe M HabmoJaeMmbie, a He
npuIyMaHtsle 38€34pl. [loacTaBus B hopMyity (44.1) BMecTo paauyca
3BE3MLL I', 3HAYEHHUE Tomin M3 GOpMyNH (42.3), mOJIYyYHM OTHOLICHHE
CHJIBI TSOKECTH K LIEHTPOOEKHOH CHIIe Ha MOBEPXHOCTH BPAIAIONICHCS
3BE3bI, HAXOAAIIEHCA HA ITOPOTre BUNUMOCTH:
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T> V) o
4r*\  fim
e Ve =519615kM/c, o=1c™'. Macchl 6eIbIX KapIMKOB 3aKIIFOYEHH! B
npeaenax m= (0,2 + 1.4) M, rne M, =2 - 10* r - macca Commua. Oty

npegensl onpeaencHnl ya€éusivu JI. Jlanmay, C. YanapacekapoM U3
YCJIOBHS YCTOMYHBOCTH XOJIOAHOIO BRIPOMAECHHOTO rasa [13].

Frax/Frs = 21, (44.2)

I Haubojee mmpoko HabmrogaeMoro Bo BceneHHOM mepuoja
BpaIeHHA KOPOTKOIEPHOAMIECKHX IyJILCapOB T=1c+3c
paccMaTpuUBaeMBbIi AMana3oH Macc OENbIX KapiHKOB YAOBICTBODSET
ycinoButo (44.2). Ina 3seaxsl ¢ maccoi Comnma oH pasen 11,75.
CnenoBaTenmpHO, 3TH 3BE3ARI HE MOrYyT OBITH pa3OpBaHE
LEHTPOOECKHBIMA CHIIAMH.

ITynscaprr PSR0845-45 ¢ nmepuogom T = 0,089¢, PSR0531+21 ¢
nepuogoM T = 0,033¢ u, 0co0eHHO, IMyabcap B co3Be3aUM JIMCHYKH C
nepuoaoM T=0,00155¢ ne yaosnersopsoT kpurepmo (44.2). Iloaromy
cledyeT HailTu gpyroe oObsaCHEHNE HabIIOaeMEIX ABIICHHU.

Hrak, m3 300 W3BECTHLIX NMYJALCAPOB TOJALKO TPH CO3AAI0T
npodjaeMy, T.K. OHH He VJIOBJETBOPHAIOT VCJIOBHIO (44.2). Tem He
MeHee, IpeRedperarb THM Hejib3sl. Y COBPEMEHHON acTpodu3NKH
a5 o0 bAcCHeHNs 3TOro heHOMEeHa He 0CTABAJIOCH APYIroro BhLIX0Aa,
KpOMe YMEHbIICHAN PAANYCOB MYJAbLCAPOB 10 20 KM, MOCKOJbLKY
CYNTACTCH, YTO IPOCTPAHCTBO BOKPYI 3Be3x nycroe. Kpyrom
TOJALKO  HMYIVIEHHAS OT __ OPVIMX  3Be3 M HEBECOMbIE
IJIEKTPOMArHMTHEIE 10Jis. B Teopun 3pUMpa HEHTPOHHBIEC 3Be3bI,
KaK H Bce He 3Be3dbl, OKPYV)KEeHbI J0CTATOYHO NJOTHLIM
noJjgem 3¢upnoro raza. B achbupe nMeercs BLICOKOE IaBJICHAE U 3TO
JaBjicHHe TAaKKe NPOTHBOACHCTBYET PAa3phIBY BPARIOIUXCS

3BE3/L,
Y OOBIMHEIX ra30BBIX 3BE3d 3TO BO3ACHCTBHE HEBEIHKO H HM

MOXHO mpeHeOperatb. OHO CTAaHOBHUTCA 3aMETHBIM M Jaxe
pemalomuM  (GaKTOpOM, €CIM IOBEPXHOCTh 3BE3ILI OKpPYXKEHA
CIUIOIIHBIM CJIOEM IUIOTHOT'O BEIIECTBa, OTOPOIMIEHHOIO Ha
neprdepHio NeHTpoOEKHBIMY CUJIAMH M YITIOTHEHHOTO IIPH GBICTPOM
BpalleHUH 3Be3ael. JlojaraemM, 4YTo OTOT CJIOH  crocoben
BOCIIPHHMMATE AABJICHUE OKPYXKAIOWIETO Iojd 3QUpa U 4TO AaBJICHUE
3¢upa yaAepKUBAET 3Be34y OT pa3phiBa IEHTPOOEIKHBIMH CHIIAMH.

JU1s aHanmM3a BOCHIONIL3yeMCs YCIIOBHEM pas3pbiBa atoMa (14.21),
3aMEHHB B HEM MAacCy aroMa MacCOM 3Be3Jbl, YITIOBYIO CKOPOCTE
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BpallcHHs aTOMa Ha YIJIOBYI0 CKOpPOCTh BpalieHHA INyIbcapa B
co3se3nuu JIuCuukm ©=4.05-10°c" (n=64506/c); 1,-6ymer o3uauars
paauyc 38e3asl. Jlapnenne 3¢upa p=6,426-10H/M*

dF, . Arxr, - p,

p

HyXHO IIOMHHTB, YTO IIyJIbCapE-PEKOPACMEHEl KpaiHE peaKo
BCTpevaloTcss Bo Bceenennoil. Oro HeoObraHEIe 3Be3nbl. I103TOMY HE
Tak IIPOCTO IMON0OpaTe CpedH M3BECTHBIX 3BE3]] TaKYIO 3BE3IYy, YTOORI
OHa YAOBIETBOPsIA YCIOBHIO (44.3), Bpamasch ¢ 4HCIOM 00OpOTOB
n=64506/c. 3T0 MHOIrO axe i 36MHBIX MEXaHH3MOB, BBIIIOJIHEHHBIX
U3 CaMbIX IIPOYHBIX MAaTE€pHalOB, CIIOCOOHBIX ° IIPOTHBOCTOATH
Pa3pyNIUTEIIPHOMY AE€HCTBHUIO LIEHTPOOCHKHEIX CHIIL. ‘

Kak Hu cTpaHHO, HO Ha 3Ty poib rapMOHMYIHO nogomen IOmurep,
MMEIONIHi CIEAYIOMHe MapaMeTphl: Macca My,=1,89-10""kr, paguyc
Too=7-10'M. XoTs cob6cTBeHnHas yrioBas ckopocTs IOmuTepa
w=1,76-10"%" (monHoe o6pamenve Bokpyr cBoeit ocm IOmuTep
COoBeplIaeT BCEro 3a 9 9acoB 55 MUHYT), IpHU pacdeTe BO3BMEM €€
Taxoii, KaKk y myibcapa B cosesauu Jlucuuxu ©=4,05-10°c". B srom
ciydae BeIpaxkeHue (44.3) NMoKa3bIBaeT, 4TO paspymamomas 3Be3dy
HeHTpoOexHasd CHia OKa3hlBae€TCd MEHbIIE CWIB JaBJICHHS,
CICPKUBAIONICH pa3pyLIeHUe

dFe/dF,=0,54 (44.4)

Koneuno, cpa3y ke MOT'YT IIOCJICIOBATh Bo3pakeHud, 910 IOmurep
He 3Be37a, a ianera. OgHaKo, 3TO eme BONIPOC, YTO CYNTATh 3BE30ON.
Mu yxe ynmoMuHaIu pasee, 4To IOmurep H3aydaer B OKpyXKarolmee
IIPOCTPAHCTBO B JABa pa3za OonbplIe TeIUla, Y€M IONy4aeT €ro OT
Comnnia. 3T0 ABIAETCA NMPU3HAKOM 3BE3ABI M BPAA JIH MOXKET OBITH
OCIIOPEHO TEeM, 9TO 33 3,5 MupA. NEeT OH eme He OCThUL ClMmIKoM
MHOTO IIpOLLIO BpeMeHH. MccnenoBanus mokasand, 9ro IOnurep kak
H Connne cocrout H3 Bomopoda M remusa. C 3TOH TOYKM 3peHUA
IOnuTep- ManeHbpkas 3Be3ga. OHa He CTala CaMOCBETSINEHCS H3-32
TOTO, 4YTO OSHEPrHd TIPaBUTALIMOHHOrO  CXaTHs  OKa3ajach
HEJOCTAaTOYHOMH I BO3HUKHOBEHHMSI B HEH  YCTOHMYHBEIX
Tepmosanepunix peakuui. CornacHo rnasaM 3 u 11 IOmnurep, Kak u
JApYTHE MacCHBHEIE Tena BcelleHHOH, CO BpeMEHEM HAarpeBaercs U B
OymyuieM, YBEIWYHB CBOK MAacCy M 3allachl DHEPTUHM, MOXET
BCITBIXHYTD TaK e Apko, kak Comnnire.

Hpyroe cephe3HOe BO3paxKCHHE CBA3aHO ¢ TeM, 4To y IOmurepa
HEBEICOKAasA CpenHas IuoTHocTh., OHa cocrasmger maumb 1,33
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IUDIOTHOCTH BoAbl H MeHee 0,25 miorHoctH 3emau. Ho 3aech He
cinemyer 3abeiBaTh, 9TO MBI roBOopMM He O IOmmTepe, a o apyroit
HEOOBIMHOM 3B€34€, KOTOpas B CHIYy KAKHX-TO IPHYUH PacKPyTHIAChH
D0 ovenb Oonpmioit yrimoBoit ckopoctu. IIpum 3TOM HEHTpOOEKHBIC
CWIBI IIepeMecTUI Hanbosee TsDKemble 3JIEMEHThI MaTepUH M3 LICHTPa
3Be375bl Ha e nepudepuro. Ha BHelIHel TpaHMIle BELIECTBO OKA3aJIOCh
CXKaTBIM C JBYX CTOPOH IIPOTUBOACHCTBYIOIMIMMHM  CHJIAMM:
IEHTPOOEKHON CHJION M CHIIOW JABJICHHSA BHEIIHEro mojs 3¢upa.
B pesynbTaTe IUIOTHOCTh BEPXHEroO CIIOA 3BE3IbI MOIJIA ITOBBICHTHCH
JO IUIOTHOCTH 3Be3x-O€NBIX KapiIMKeB, HalpHMeEp, A0 IUIOTHOCTH
ApKoro cryTHrKa Cupuyca peg,=4- 10’kr/M’. TIoBBIIEHNE TIOTHOCTH H
OABJICHHsI B JTOM CJIO€ MOXET OKa3aThCsi MOCTATOYHBIM IS €ro
HarpeBaHMs OO TaKOM TeMIICpaTypsl, IIpH KOTOpOHM HA4YHYTCH
TEPMOSAICPHEIC PEAKITHH.

TommuHy BepxHEro YILUIOTHEHHOI'O CJIOf MOXKHO OIpPEHEIHTh,
I1oJ1arasi, Y70 HMEHHO B 3TOM CJIO€ COCPEAOTOYEHA BCA Macca 3BE3/bI

A=m, /47 ¥ Peay=T50M (44.5)

B oTiv4ue ot O6BIYHEIX 3BE3d B LIGHTpPE IYyJILCapa-peKOpPACMEHA
IUIOTHOCTh BEIIECTBA MOXKET OBITh O4CHb MAJEHBKOH. SICHO, 4TO y
TAKOM HEOOBIYHOI 3BE3JBI B BEPXHEM CIIO€ MPOHUCXOAAT CTOIb IKE
HEOObMHEIE IIPOLIECCHI, CBfA3aHHBEIE C MONIHBIMH Ppajguo H
PEHTI€HOBCKMM M3IYydeHHSIMH, 3a(UKCUpOBaHHBIMH Ha 3eMie U
3araJlaBIIMMH acTpo¢H3uKaM 3arajxy O mMpUpoze IIyJIbCapoB.

IlomytHOo ormernmM, uyto y IOnmrepa Habmozaercs AOBOIBHO
3HAYUTENIbHOe paguomsnydeHHe. Bmepseie IOmurep Obun IpH3HaH
panuon3IydaronuM 00bexTOM B Hadane 1955 r, korma coTpyaHMKH
uacruryta Kapueru b.®.bepk u @.J1.Opauxnuu cesa3anu ¢ IOmirepom
CHJIbHBIE IEPHOAMYECKHE BCIUIECKH paguonryma Ha BonHe 13,5 m [18].
Hemuoro mnosxe pagumoactponom C.AIllafin ycraHOBWI, d9TO
[IEpHOAUTIHOCTD BCIUIECKOB PaIHOM3TYydIECHUS COOTBETCTBYET IEPUONY
Bpamenna IOmmrepa BOKpPYr ero OCH. JTa B3aUMOCBA3b XOpPOIIO
YKIAOLIBACTCS B  IPEAIONOKECHHE  acTpOPH3UKOB O  CBA3H
IIEPUOIUIHOCTH PagHUOU3IIyICHUN ITyJIbCAPOB C MEPHUOJOM BpalICHUS
3THUX 3Be3/I.

PaccMoTpeHHass MOJenb 3Be34bl MMEET MPaBO HAa CyIIECTBOBAHME
M MOXET OOBACHUTL NPHUPOAY IylIbCapa B CO3BE3AMM JIMCHYIKH C
PEKOPIHBIM YHCIIOM 000poTOB N=64506/C. AHaNOrM4HO OOBACHIETCA
GRICTPOE BpallleHHE ABYX APYTMX aHOMAJLHEIX mynkcapoB PSR0845-
45 u PSR0531+21 ¢ nepunogamu spamenus 0,089¢c u 0,033c.
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MoxXHO yTBepkAaTh, 4TO Bce "Genble KapiaMKH" BPamalTCs ¢
OOIBINMMH YIVIOBEIMM CKOPOCTAMM BOKPYT CBOMX oceil. Ecmm,
Hampumep, cxate Comare (f,c=7-10°M, ©c=2,9-10°") mo pasmepos
3Be3asl Bombd-457 (roBo,m¢=O,7°106M), TO MEPUOJ €ro BpAaICHHA Ha
OCHOBAaHMH 3aKOHa COXpPaHCHUSA MOMEHTA KOJIMYECTBa JABIIKCHHS CTaN
OBl

_2n _ 6,28

® 29

9TO BIIOJIHE YKJIAARIBAeTCS B HaHOOJICe IHPOKO PacIpOCTPaHEHHBIH
Avalia3oH [EPHOIOB BpalleHus mynascapoB T=1+3c¢. Ecau xke pasmephl
OOBIYHOM ra3oBOil 3BE37Bl AO CHKATHA HMEIH ITOPAHOK l‘o=1,4-1011M,
yr0 B 200 pa3 OGomneme Comnua, mpH Ttakodl ke kak y Connia
HAJAIBHOM YTIOBOM CKODOCTH BpalleHHs, TO IOCIE CXKaThsi ee IO
pa3zmepoB 3Be3abl Bons( 457 nepuox BpameHus crajl Obl TaKUM, KakK y
caMoro ORICTPO BpamaroIIerocs Iyabcapa B co3Be3auu JINCHIKH.

H3BecTHO, 9TO 3BE3/bI KpaCHEIC THTaHTHI, HampuMep, berensreise
i AHTapec umeroT quaMeTpsl B 400 u 300 pa3 6onbme coinredsoro. To
€CTh Takue 3Be3anl BO Bcemenuoin wnmerwrcsi. BHYyTpH 3Be3bl
berensreitse Morim 6b yMECTHTECS OPOHTHEI BCEX ILIAHET COJTHEYHOM
cucreMnl 10 Mapca BkntouurensHo. ['a3, 3 KOTOPOTO COCTOST 3BE3/bI
KpacHbI¢ THTaHThI OYE€Hb paspexeH. Ero IUIOTHOCTH B THICAYHM pa3
MEHBbIIe INIOTHOCTH KOMHATHOrO Bo3ayxa [47].

KOHEeUHO, TPYAHO INPEACTABHTH Takoe OOJBIIOE COKpAI(CHHE
pasmepoB A0 BeaWyuHEI 700 kKM, HO euie TpyAHEe IPEACTaBUTh, Kak
9TH 3BE3JKI CXKaIUCh A0 pasMmepoB 10+20 kM, KOTOpEIE CErOmHS
OTHYIIEHbl acTpO(U3UKOM HEHTPOHHBIM 3BE3JaM HIH A0 pa3MepoB
3Be3/1-""9epHBIX AIp" MEHbIIe 3kM. XOTSA HET npefena 4elI0BeYeCKUM
¢anTasuiaM. Hanmpumep, teopud "GOIBIIOrO B3phIBA" IPEANIOIAraeT,
970 BCA BceneHHas Korja-To Obliia C)xaTa B IEPBOATOM, T.€. B TOUKY.

Hecmorps Ha TO, wro Oblma HaiiieHa MOZENs 3BE3AHL,
IO3BOAIONIaA  OOBACHUTH  OBICTpOE  BpallleHHE  IIyJbCapoB-
PEKOpACMEHOB, BO3MOXHBI APYIHE€ peElIeHHs paccMaTpHBacMOi
npobnemMnl. [Io3TOMy MBI mOjaraeM, 4TO CBEpXOBICTpEHIE ITyJILCAI[UU
MOI'yT He OBITH CBS3aHBIMH C BpalleHHEM caMOi 3Be3anl. BromHe
BO3MOXXHO, YTO 3TO CBS3aHO C BPANICHKEM KOCMHYECKOro 3(pHUPHOIO
Buxps 3Be31bl (Puc.44.2). Takoli BUXph BOBJICKAET B CBOE BpalleHUE
3JIEKTPOHBI M MOXKET MMeTh HeOonbmon guamerp nopsaaka (20-40)xm.
OH Bpamaercia C yriuoBoil ckopocThio ©=4,05-10°c” (n=645 06/c).
[Tynbcalliu BIOJHE MOTYT OBITH CBSI3aHBI C 3TUM BpallCHHEM. Y
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COBPEMEHHOH acTpPOPHU3UKM OTCYTCTBYeT 3HaHHE 00 3TMX BUXpSX.
IloaTOMy OHa 3acTaBISIET BpalaThCsi C OTPOMHOM YTIIOBOH CKOPOCTHIO
3Be31y. B sTomM cMpICiIe Teopma 3dupa HMEET AONOJHHTEIILHYIO
CTEIIEHb CBOOOIBI MPU HCCIENOBAHNY IIPUPOAHBIX SIBICHHUIH.

45. IpupoanHaMHKa 0 KBa3apax

ITpobnemaTuka kBa3apoB MHororpanHa. Iloaromy, M1 uccienyem
TONIBKO %acTb OCOOCHHOCTEHN, C COBPEMEHHBIM OOBACHEHMEM KOTOPRIX
TPYAHO eornacuThes. IIpexae, 9eM MpUCTYNHTh K OOCYXKACHHIO 3THUX
ocobeHHocTel CPOpMyIHpyeM KparKO, OCHOBBIBasACh Ha MaTepHasax
kaura A Jl.Uepnuna [46], 9r0 CeromHsa mNOApa3yMeBaeTci IIOA
TepMHUHOM “KBa3ap’. ‘

KBaszapm Habmogarorcs Ha HeOe B MOIIHBIE TEIECKOIIBI
(pamnoTenecKonsl) KaK KOMITAKTHBIE (TOYEYHBIC) ciabocBeTsmyecs
OOBEKTHI ¢ 0O4eHb OONMBIIMMHI KPACHEIMH CMEILCHUSAMY B HX CIIEKTpaXx,

OOCTHTAIOIMUMH 3HadeHur Z=AA/A=0,16-6. 310 03Ha4aeT, 9YTO AJIMHA
BOJHBI IIPHHAMAEMOI'0 H3TyYeHHA N0 6 pa3 GonbIue MCXOMHON JIHHEI
BOMHEI. 1 310 He mpeaen. Cuuraercs, 9TO KBas3apel POIACTBEHHEI
rajakTukaM. B uX sAapax npoHCXOASAT MOIHEIE ITPOIECCHI
SHEPIrOBBIICICHNA, B COTHM Pa3 IPEBOCXOISIIHE SHEPrOBHIJEICHUE
Hamiei ranaktuku (Mneddoro myta). IIpu 3T0M, 9T0 0OCOOCHHO BAXHO
IJIS HAMIeTo MOCIIEAYIOIETr0 K3JI0XKESHUS, 3TO M3IIy4eHHE POXKIACTCA B
o6seme, cpaBHUMOM ¢ 06beMoM ConHEYHOH cucTeMs! (HEO0IBIIOM 110
KOCMHYECKUM MEpPKaM).

Oco0eHHOCTBIO OONBIIMHCTBA KBa3apOB SBJIAETCS CYIMIECTBEHHOE
U3MEHEHHE HMX CBETHMOCTH Ka)KAbIEe HECKONIBKO JE€T M JaXe dalle.
ITepeMEeHHOCTE CBETMMOCTH TIO3BOJIIET OIIEHUTH pasMephl obmacTu
H3IIy4e€HHUA, YKa3aTh HX BepXHMil mpenen. O MeTOAMKE 3TOM OLICHKH
MOXHO npouuTars B [46]. Kak ormedaercsa B [46], caMylo GOnBIIyIO
CBETMMOCTH, B BHIUMOM cBeTe umeer KkBazap 3C273. OOmacth, u3
KOTOpOH MCXOMMT 5TO HU3IydeHHe oleHuBaerca B 10'°M.
CymecTBeHHBIC HM3MCHEHHA PEHTICHOBCKOH CBETHMOCTH KBasapa
3C273 npoucxoasar eme OrIcTpee: DTO IMO3BOIACT OLEHHTH Pa3MepHI
06/1acTH peHTreHOBCKOH cBeTHMOCTH Kak 3-10°M. Omun u3s xBazapos
obnagaeT pexopAHO OBICTPO# HMEPEMEHHOCTBIO CBETMMOCTH, KOTOpad
Mensercs kaxaele 200c. 3ITO COOTBETCTBYET pasMepy €ro
wany4aomeit o6nactu paguycom 6-10'°M. IT0 BaBOE MeHsIIE paguyca
3€MHOM OpOHTEL
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B [46] oTMewaercd, UTO HECMOTPS Ha HEOOBIYHOCTH CBOMCTB
KBa3apoB, K HAacTOAIEMy BpPEMEHH HAKOMWIOCh MHOXKECTBO
N0Ka3aTeNbCTB, YTC KBa3aphl [0 MOLIHOCTH H3JIyYEHHUS POACTBEHHBI
ralakTikaM. OHE 3aMBIKAIOT HENPEPHIBHYIO LEMb OT IPOCTHIX
TalakTUK 4Yepe3 paguOTANaKkTHKH, BJJUIMIITHYECKHE TIalaKTHKA C
aKTMBHBEIMHM sApamu, cei(epTOBCKHE TanakTHKH, JallepTHABI H,
HaKOHeLl, KBa3apkl.

BaxHelIM i Hamero - JanbHEMIIEr0  MCCIEIOBaHUA
IpECTaBIgeTCAd TOT (PAaKT, 9YTO KBas3aphl MCIYCKAIOT JIMHHM TEX Ke
XUMHAIECKUX 31eMeHTOB, 4TO0 M ConHue. Y4uThIBas, 4TO M3IIYUCHHE
MCXOJUT OT KOMITAKTHBIX AI€p KBa3apoB, 3TO yKa3hIBacT Ha POIACTBO
3THX AJep ¢ OOBIYHBIMHU 3Be3aMH, BO3MOXHO, OCIILIMU KapJIUKaMH.,

B mpeaplgynux riaBax MBI YK€ BCKPBUIH MHOI'ME HEH3BECTHHIC
paHee 3aKOHOMEPHOCTH OOBITHBIX CIIMPATIbHBIX TAJIAKTHUK H I'aJIaKTHK C
CBEpPXMACCUBHBIMH LIEHTPAJIBHBIMH 4YE€pHBIMH Iblpamu. IIpomormxum
HAI aHAJIW3 IPUMEHHUTEILHO K KBa3apaM. lIpexae Bcero ocraHoBUMCH
Ha OOJBIINX 3HAYEHUAX KPAaCHBIX CMENICHHIA B MX CIICKTpax.

CeromHa acTpOHOMHS CBS3BIBACT 3TU KPACHEIE CMEMICHHS C
3akoHOM 2.Xabbna (42.1) W TEOpPEeTHYECKMM BBIBOJIOM TEOpPUHU
A A.®OpunMana O CBA3M CKOPOCTH YyJaJ€HHMS OT Hac TajakKTUK C
paccrosiHuaMH L 1o Hac

V/C=HL=AMA=Z , (45.1)
rae H=102cm'=10°m"

ITockonbKy JJIs1 KBa3apoB Hepeako Z>1, a y HEKOTOPLIX M3 HUX Z
JocTuraeT 3HadeHus 6, To cormacuo (45.1) ckopocTu ymaneHus 3THX
KBa3apoB B 5-6 pa3 mpeBHIIIAIOT CKOPOCTh CBETa. DTO IIPOTUBOPEYUT
OTO u ssngerca “raby” LI COBPEMEHHBIX Pa3iesioB HaYKH: (DH3UKHU,
aCTpOHOMMH, acTpou3uku. B CBA3M ¢ 3TUM AENAIOTCS ClIELUAIbHEIE
OTOBOPKH O TOM, 4TO ¢opMymny (45.1) MOXHO HCHOIB30BATh TOJIBKO
IIPH CKOPOCTSIX TaJaKTHK (KBa3apoB), MEHBIIMX CKOPOCTH CBETA.

B rinaBe 38 Hamreit KHUTH OoTMedaecs, 94TO acTpodu3ukamu Oblia
mpuayMaHna cneruansHas popmyna {38.3) , 4To6rl He JaTh B pacderax
CKOPOCTH pa3jieTa raJJakTHK [IPeBBICUTE CKOPOCTh CBETa HH IIPH KaKUX
3HaueHuax Z>1. MHe npexcrasngercs, 410 acTpOPHU3UKHM B 3TOM
BOIIPOCE HAXOIATCH B IUIEHY COOCTBEHHBIX 3a0iIyXAEHUNH M IOpAYEro
KeJIaHuA OCTaThCs B paMKkax teopuil A.A .Dpugmana, A.DWHmiTelHa,
BoneIIOro B3pEIBa IIEPBOATOMA.

Ha camom zenme sTra npoOiema, BO3MOXHO, JEXHT B Apyroi
IJIOCKOCTH. Bemp KpacHOe CMEIIEHHE ONpEeAcnsieTCs HE TONbKO
3akoHaMu O.Xabbna m J[omnepa. Hmeercs emie rpaBHTALIMOHHOE
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KpacHoe CMEIICHME 3Be3] B cooTBercTeMe ¢ ¢opmynoi (31.3),
KOTOPOE€ HE CBA3aHO C PpaCCTOSHHAMH MEXAY HCTOYHHMKOM H
IPHEMHHKOM HM3IYyYeHHH H CKOPOCTBIO HMX [ABIDKCHHS JpyT
OTHOCHUTENBHO Apyra.. OHO 3aBHCHUT JHIIE OT TOI'0, HACKOJIBKO BEIHMKA
M KOMIIAKTHA Macca U3Ty4aromero Tena

z=Am=Eﬁ§(1/ro _1/L)s I (45.2)

2

Yo

Mul cmenmansHO oOpamaeM BHHMAaHHE 4HUTATellss Ha PpasMephl
obiacTeit M3NTydeHHs KBa3apoB, IOy9EHHEIX B aCTPOHOMHYECKHX
Ha0moAeHHAX
1,=10"m...6-10''m (45.3)
Kpome Toro, B riase 43 MbI, OIIMPasCh HA JaHHBIE aMCPHKAHCKHX
aCTPOHOMOB, OIIPEASIIIN MacCy sipa raJakKTHKH Kak
My=0,005M, 210 kr (45.4)
JOCTOBEpHO HM3BECTHO, 4YTO H3Iy4YEHHE KBa3apa HCXOAHT OT
KOMIIAKTHOTO 00BEKTa, B lieHTpe Hamei [amaxTuxu (OT 3BE3JBI, HE
CTaBlell CBepXMacCHBHON depHO# xeipoii). Iloacumraem Z mis
KBa3spa C Maccoll my,=10"kr w® paguycoM, OmmDKEM K
MHHHMATBHOMY pafuycy U3 auamna3zoHa (45.3), r,=1,5-10''m

z=8A_J o =496 (45.5)
A Cr

o

Takoe 3HadeHHMe HAa CerofgHA YK€ peanbHO 3a(PUKCHPOBAHO B
acCTpOHOMHUYECKMX HaOmoZenusx. Kpome Toro, tr, Moxer OBITH
CyIIEeCTBEHHO Oojbie Hiau MeHbIIe. I1o3TOMy y Apyrux KBazapoB Z
MOXET ITPUHUMATSH J00sIe 3HaueHus 0T Z=0,16 10 Z=6 u BhI1e.

Y cBepXMacCUBHOM 3B€3BI B IEHTPE rajIaKTHKH, HAXOAIIeHCs Ha
nmopore BUOMMOCTH (r71aBa 43) mpH pazmyce r,.=1,135-10"M, uncio Z
NOCTATHET 3HAYCHHUS

Z=AMA=65,5 (45.6)
JT0, NO-BHIAMMOMY, NPEACIFHOE 3HAaYEHHE IS 9HCiIa Z BHAUMBIX
3Be31, B TOM YHCJIC€ B PaJu0 ¥ PEHTTC€HOBCKOM JHMalla30oHaX, KOTOpOe
eIIe MOXKET “IPUATHO” YIAUBUTH aCTPO(PH3NKOB.

Msm1 yxe oTMedanu B ri1aBe 43, 9TO CBEPXMAaCCHUBHBIE 3BE3IbI B
IICHTpax TranakTHKk OBICTpO BpamawTcsas. MWX yriosas CKOpPOCTH
@~0,0957¢c" u mepuox Bpamenns T>65c. PaccMaTpuBaeMEIe 3BE3MH
ABILTIOTCA BUAMMBIMH. [I0TOMY, MX paauychl OOJblie, 4eM paauyChl
CBEpXMAaCCHUBHBIX 4EpHEIX Anp. HamMeHbmmi 3aHMKCHPOBAHHBINH B
aCTPOHOMMYECKHX HabIoaeHmIX paguyc r,=6-10'’M Bcero mmms B 5
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pa3 6oJjIpIIe MaKCHUMAJIBHOI'O paaryca CBEPXMACCHBHON 4epPHOM IBIPEI
B IIEHTPE TraJaKTHKH.

[Tepuon xonebanuit 6i1ecka U3Ty9eHMI KBa3apa ¢ camoit OpICTpOit
IIEPEMEHHOCThI0O MHTEHCUBHOCTH H3IydeHusa cocraBiafer 200c, 4rto
BCEro JHUIIb B 3 pa3a OTIIMYAETCA OT IIEpHoAa BpalleHHd (10 Hamiei
OLIEHKE) CBEPXMACCHBHEIX YEPHBIX IEIP. OTO HABOAUT HA MEBICIE O
TOM, YTO KBa3aphkl IIPEALIECTBYIOT B CBOEM pa3BHTHH CTaauH
CBEpXMAaCCHBHEIX YEPHEIX ABIp B IIeHTpax ramaktuk. Kpome Toro,
OBIcTpas CMEHa HMHTEHCHBHOCTH W3JIYyYECHMSI, BO3MOXKHO, KaKUM-TO
o0pa3oM CBf3aHa C YITI0BO# CKOPOCTBIO BPallleHHs KBa3apoB.

T.e. umeHHO OBICTpOE BpAaICHUE HAPSAY C I'PaBUTALMOHHBIM
KPaCHBIM CMEIICHHEM Onpencnsor Oompmiie 3Ha9eHUs KpPaCHBIX
CMELICHUII y KBa3apoB M JApPyTHME€ HMX OCOOEHHOCTH. OTO BBOIUT
aCTPOHOMOB B 3301y X/IeHHE OTHOCHUTEIHHO PACCTOSHUI IO KBa3apOB U
MOII{HOCTH U3Ty9eHMS 3THX OOBEKTOB.

IIpu GEICTPOM BpameHUH OI'POMHO#M 3BE3bl IEHTPOOEIKHBIC CHIIBI
OyayT CTpeMHThCS pPa3opBaTh 3Be34y. VIM B 3TOM IIPEIATCTBYIOT CWIKI
TsokecTH. M3 yclioBus paBeHCTBA 3THMX CWJI Ha MOBEPXHOCTH Anpa
KBa3apa MOJy4HMM B COOTBETCTBHH C ¢opmynor (44.10) npemenbHemi
IEepHOJT BpalleHnsA KBa3apa, IIpH KOTOPOM Pas3phiB €lii€ He POUCXOTUT

4y
T> |22t (45.7)
\ fm,
ITpenenbHAs YITIOBas CKOPOCTE BpalIeHHs KBa3apa
. .2 m
o <o |L e (45.8)
T ¥

7]
Bo3sMeM B KadecTBE MacChl KBa3apa BEIMIMHY m,=10"Kr TaKyIo xe,
KaK Y CBEpXMAaCCHBHBIX YEPHBIX ABIP B IIEHTpPax ralakTUK., B kauecTse
pazuyca BhIOEpeM cpeHee 3HaUeHHE U3 AHanaszoHa (45.3) r,=3-10"m.
Oxpy’kHasg CKOPOCTH BPaIlCHMS BHEIITHETO Kpas AUCKA KBa3apa Oyaer

U, =ro*= fm, =0,472-10% m, (45.9)
rO
T.€. IPUMEPHO OJHA mecTas 4YacTh OT CKOpocTH cBera. J[lanee
BCIIOMHHMM, YTO OKOJIO JIOO0ro MacCHBHOIO KOCMHYECKOI'O Teja
CYLIECTBYeT J3(QUPHBIM BUXpPh. 1€JI0 ABIAETCA BHUXPECTOKOM JUIA
3¢pupa. ITOT BUXpPh PacKPy4IMBAET AOpO KBaszapa. B rimaese 38 mamm
Onna momydeHa ¢popmyna (38.9)
@0=(2/3 )0, t+w,, (45.10)
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CBSI3BIBAIONIAA YIJIOBYI0 CKOPOCTH 3BE3ABI (® C YITIOBOM CKOPOCTBIO
aapa 3pUPHOTrO BUXPA W M1 BpEMEHEM pacKpyTku t. B namen 3anade

-1 1039
= 5710 10 =0,157-107¢" (45.11)

(3 . 1013 )3

byneM c4uTarh, 9TO H3MEHEHUE HHTCHCHBHOCTH HW3Iy4eHUS
KBasapa IIPOMCXOAUT B TO BpeMs, KOrZJa BCIEACTBHHM PacKpYTKU
yIJIOBa#d CKOPOCTh KBa3apa  IIPEBBICHT IIPEACIbHYI0 YIJIOBYIO
CKOpOCTh ® . BcelleAcTBHE 3TOro HapymiaeTcs pPaBHOBECHE MEXKIY
IEHTPOOCKHON CHION M CHIIOH TKECTH M CO3JAIOTCH YCJIOBHMS IS
BEIOpOCA M3 Henp sAApa KkBa3apa OOIBITHX MACC 3JIEKTPOHOB, BOAOPOAA,
HEUTPAIBHEIX T'a30B U T.J.

IToxugaronize 38€3Iy MacChl €€ BENIECTBa YHOCAT C 000 MOMEHT
KoJIxndecTBa ABHkeHus. M3-3a 3TOro yrioBass CKOPOCTh 3BE3IEI
YMEHBIIAETCA IOYTH A0 Hyma M,=0. TpebGyerca HEKOTOpoe Bpems,
4TO0Bl ramaxkTUdecKunii d3QUpHLEIA BUXph BHOBL PacKpyTWII 3BE3AY [0
3alpeAcIbHON YIJIOBOM CKOpPOCTH, B PE3yjbTaTe Yero IPOH30IIe]
HOBBIH BEIOPOC BelllecTBA. JTOT HMHTEpPBAl BPEMEHH OIpelenseT
U3MCHEHHE HHTEHCHUBHOCTH H3JIY9C€HHMA KBa3apoB. BriOpomeHHEIE
CTPYHM WiIX 4acTH OOONOYKM sipa KBas3apa, NMoIajgas B MHTEHCHBHBIH
3(HUPHEIH TAIaKTHICCKUIH BUXPb, 110 MEpe YAAJIEHHUSI OT IICHTPaIbHOM
3B€30Bl CTAHOBATCA HCTOYHHKAMHM PEHITEHOBCKOI'O M Paauo
H3TydeHui. BriOpomieHHBIE MacChl BeIECTBA MOTYT IIPUHUMATH
pa3IMIHbEIe GOPMBI.

U3 dbopmyner (45.10) moxeM OHpEACIHTEH YIJIOBYIO CKOPOCTE
3QUPHOr0 KOCMHYECKOTO BHXpS OKOJIO KBa3zapa, HEoOXoaumylo,
yTOORI B TEYEHHMHM OJHOIO TIOJa PacKpyTHTh SAPO KBa3apa [0
3alpeneibHOU YITIOBOM CKOPOCTH

* =5
0)B=§w Y =13 0157-10 =0,748-10 ¢, (45.12)
2 a-t 3,15-10’
rre t=1rox=3,15-10"c, a=1¢’, ©,=0, ©'=0,157-10°c. Bumum, uro
OKOJIO KBa3apa CYINIeCTBYeT BECbMa WHTEHCHUBHLIM 3QHpPHEIA BHXPH C
OonploM  yriIOBO#L  CKOPOCTBIO  BpallleHMsA, KOTOPBIH  MOT
chOpMHpOBaTECA B MOMEHT CXKAaTHA pa3pexeHHOH MaTepHu B
IUIOTHYIO MAaCCHBHYIO I[EHTPAJbHYIO 3Be3]ly IIOA BO3ACHCTBHEM CHIIBI
TSDKECTH. JTa 3Be3]a eie He cTajla CBEepXMacCHBHON J4epHOH JBIpoii,
HO HaxOJUTCA Ha mopore (0 KOCMHYECKHM MEpKaM) 3TOr0 COOBITHA.
CpeniHas IUIOTHOCTH KBa3apOB UMEET MOPAIOK
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Orpas= 3’"03 = 3,38 xr/™’ (45.13)
dr -7, *
DTO IJIOTHOCTE 3€MHBIX MarepuasioB. OCOOEHHOCTH COCTOHT B TOM,
4TO H3-3a ORICTPOrO BpAllEHHs OrpPOMHOH 3Be3Abl Hambomee TsKemble
¢dpakiuy €€ BemecTBa ckaruuBaloTcad BOmMM3M moBepxHOoCTH. Ilox
OeHCTBHEM ITPOTUBOOOPCTBYIOMMX IIEHTPOOEKHBIX CHJI M CHIBI
TSOKECTH JTH Cjioum npHoOperaroT OOIBNIYI0 IUIOTHOCTH HOPSAKA
IJIOTHOCTHU 3BE3/1-0€JIbIX KapIMKOB.
IlonBoas HTOTH, OTMETHM:
1. KpacHOe cMelecHHEe B CIIEKTpax KBa3apoB, BIIOJIHE BO3MOXHO, HE
CBSA3aHO C pa3beraHueM TaJIAKTHK, 4 ONpeeNsieTcs rpaBUTAI[HOHHBIM
KPaCHEIM CMEIIEHUEM. JTO ABJICHHE HE 3aBHCUT OT PACCTOSHUSA MEKIY
HCTOYHHUKOM H IPHEMHMKOM H3ilydeHus. OHO Ompenensercs TONBKO
OompII0i KOMITAKTHON MaccoH Azxep KBa3apos.
2. 910 ocBoboxmaer cropoHHukOB OTO or Heob6xo0aUMOCTH
M3BICKMBATh COMHUTENIbHBIE OOBACHEHUSA IS TOro, YTOOE pa3opBaTh
OYCBHAHOE CICACTBHE M3 3aKoHa [loriepa, CBA3BIBAIONIEe CKOPOCTH
pasOeraHys MCTOYHHKA KM MpPHEMHHKA CBE€Ta C M3MEHEHHUEM JIVHBI
BOJIHBI.
3. KBazapsl, BO3MOXHO, pacnojioxkeHnl Ommke Kk HaM. Bo BcakoM
cllydae BBIBOJ O pPacCTOSHHUAX OO KBa3apoB CIEAyeT AelaTh, He
OCHOBBIBasCh Ha popmyiie J.Xabbma.
4. Eciu pacCTOSHHS OO0 KBa3apoB, ACHCTBUTEIHLHO, HAMHOTO MEHBIIIE
paccMaTpuBaeMbIX Ha OCHOBaHMM (GopMyisl J.Xab0i1a coOBpeMeHHOM
aCTPOHOMHMEH, TO M PacCYMTAHHEIC MOIIHOCTH HM3ITy4YEHHI KBa3apoB
MHOI'OKPaTHO yMEHBIIATCA. JTO MPOH30MAET ITOTOMY, YTO B pacdeT
3aKIaJBIBAJIOCh yMEHBIICHWE MHTCHCHBHOCTH CHTHAJAa 00paTHO
IPONOPIUOHATIBHO KBaJIpaTy paccTOofHUA. B pesyibrare KBa3apsl
IpeACTaHyT mepes HamMH Ooliee 3HAKOMBIMH  II€PCOHAKAMHU,
BEIPSAMBIUMMUCS B MBIINHBIE OAEXKIOH HEKOTOPHIX CIOBOOXOT/IHUBBIX
aCTPOHOMOB U aCTPO(PH3UKOB.
5. Ksazapel ObicTpo Bpamarorcsa. Ha rpamuuax spaep KBa3apos
BO3MOXHO IIOSIBJICHHE CBETOBBIX CKopocTed. JImd Toro, d9ro6bI
CKOPOCThL Ha IOBEPXHOCTH fApa KBa3zapa ¢ paguyCcoMm 1,=0,414-10"m
OOCTUTJIa CKOPOCTH CBETa, CKOPOCTh BpalleHHs JO/DKHA OBITH
CpaBHUTEIBbHO HeOONBIION

w=C/1,=7,25-10"¢" (45.14)
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Hajnnuue OKOJIOCBETOBBIX CKOPOCTEH BpamieHUs MOBEPXHOCTH SIEP
KBa3apoB, II0-BHAMMOMY, CBSI3aHO C OOJBIION 3HEProoTAadeH I3THX
00BEKTOB.

46. O06 akkpenun u fapcrepax.

IlomsTHe 00 akkpelMH NOABWIOCE KaK HMHTEPIpETaLUA
HabmoneHuit 3a HEOOBIMHBIMH 3Be37aMH, HA3BaHHBIMHU OapcTepaMu.
bapcrepamu Ha3BajgHd BCHBEIXHBAIOIINE PEHTTCHOBCKHE 3Be3Abl. Kak
oT™MedeHO B [46], cefidac m3BecTHO Oojlee TPHIALATH 6GapCTEPOB,
BOCEMb H3 KOTOpBIX IIPHHAJJIEKAT 3BE3[HBIM CKOIUIEHMAM HaIICiH
Ianaktuxy. OQcoOEHHOCTBIO 3ITHX 3BE3[ ABIAEICI TO, YTO MX
HU3Ty4eHHE IIOYTH ITOJHOCTBI0 COCPEJOTOYEHO B PEHTTEHOBCKOM
nuarraszone. IlepBas U3 HUX OTKpHITa B 1962 T,

Y Gapcrepa HMeEETCA HEHCUE3aIOMee PEHTTEHOBCKOES H3ITYy4CHUE.
Ha 3TO0M ()OHe BO3HHKAIOT pe3KHe BCILUIECKH H3ITydeHHH. Bcemmeckn

H3IydeHuH JUISTCAd HEeCKOIbKO CcexkyHa wm MuHYT (At=10c).
IIpoMexyTkH MeEXOy BCIUIECKAMM HE BBIXOOAT 3a IIPEACIIB
HECKOJIbKHX 9acoB WiH quei (t;=10%c).

Axxpere#l Ha3BaJIM 3aXBaT BeLIECTBA IPaBHUTALIMOHHBIM IIOJIEM
3Be3anl. I1o unmee coserckoro acrpoHoma M.C.llIxknosckoro (1966r)
HCTOYHUK CHJIBHOTO PEHTTCHOBCKOTO H3IIYYCHHS SBILIETCA UIEHOM
OBOHHOII 3BE3IHOM CHCTEMBI, COCTOSAMIEH H3 OOBIYHOM BHUINMOH
3Be30bl 1 HEBUAUMOH HeUTpOHHOU 3Be3Abl. CHIBHOE I10JI€ TATOTCHUA
HeirrporHoil 3Be31bl Mo Meican M.C.IIkmoBckoro crmoco6HO CpeIBaThH
BEIIECTBO C MOBEPXHOCTH 3BE3ABI-COCEAKH. JTO BEHIECTBO, Ianas Ha
HCHTPOHHYIO 3BE€34y C OOJBIION CKOPOCTBIO, HMCIIBITHBIBAET CHIILHOE
ckaTue M pasorpeB. H3-3a 3TOro OHO CHOCOOHO HCITyCKAaTh
PEHTTEHOBCKHUE JIYYH.

Tak Ha3niBacMas poHOBAs CBETHUMOCTH OapcTepa L, Bo3HuKaeT us-
3a HarpeBa IIOBEPXHOCTH HEUTPOHHOM 3Be3Abl IpH MAJACHUM Ha HETO
3aXBaUCHHOTO Y COCEOHEH 3Be3anl BemlecTBa. ECIM Ha IIOBEPXHOCTH
HEUTPOHHOM 3BE3JbI BHIIANACT B €AUHHILY BpEMEHHU Macca BellecTsa J

J=10"kr/c, (46.1)
To xunerwueckas sHeprus, coodmaemMasi IMOBEPXHOCTU B EIUHMILY
BpEeMEHH, Oyner
Q=0,5-TV*20,13.J-C*=0,585-10°Br, (46.2)
CKOpOCTh MajieHHs BemecTsa B [46] olleHHMBaeTcs Kak IOJOBHHA OT
ckopocTH cBera V=0,5-C. HarpeB 1oBEpXHOCTH HEHTPOHHOH 3BE3[BI
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aKKpeLIMPYEMBIM BEIECTBOM YPABHOBEIIUBACTCS €€ OXJIKICHUEM H3-
3a u3nydeHnd (Q=L,).

[Tpo6nemoit aJis TEOpUH aKKpeLH ABJIACICS Majas BepOSATHOCTD
o0pasoBaHMA TECHOH NBOMHON CHCTEMEI, COAEpXamied HEUTPOHHYIO
3Be3ny. Jleno B TOM, YTO HEWTpOHHas 3Be3Za oOpasyercsd BO BpeMid
BCIILIIIKM CBEPXHOBOM 3Be3Anl M Impu 3TOM  IpuobOperaer
3HAYHTEIBHYI0O CKOpPOCTb. ACTPOH3MKM IOACYMTAIM, 9YTO A
o0pa3oBaHUA JIBOMHOI Mapsl HEUTPOHHOM M OOBIMHOM 3Be31 AO/DKHA
IIPOH30HTH OZHOBPEMEHHAA BCTPEeYa HEUTPOHHOM 3BE3ABI €1Ee ¢ ABYMS
3Be3famMi. OpgHa M3 3THUX 3Be€3J IODKHA 3a0paTh M3OBITOYHYIO
HEPrUI0 HEHTPOHHOW 3Be3dbl M yleTeTh. A BTOpas 3Be34a HOJDKHA
3aXBATUTh CBOHMM IIOJIEM TATOTEHUS HEHTPOHHYIO 3BE3dy. ITO
COOBITHE UMEET HUYTOXXHYIO BEPOSTHOCTb. :

Teneps paccMoTpuM 3Ty 1IpobiaeMy C TOYKH  3peHUS
abupoguHamMuky. PaHee MBI yXe oTMedanw, 9TO 3I(PHUpOIUHAMHMKA
OTBEpPraerT BO3MOXHOCTE CYIIECTBOBAaHUS HEHTPOHHBIX 3B€3d C
paguycamu nopsaaka r,=(10-20)km. Ham amaimm3 B rimaBe 42 mokasain,
9TO 3Be3[bl C TAKMMH pa3sMEpaMM HEBHAMMBI U TOAATCH TOJIBKO Ha
poiis  3Be3n-uepHBIX Ablp. IloABneHue  HEMTPOHHBIX  3BE3
noHagobunoces acrpodpusuxe mis OOBPACHEHMS O4deHb OBICTPOro
BpalmcHus 3Be3A-yJIbcapoB. B riaBe 44 Hamu ObUIO mMoKa3aHO, 9TO C
POJIBIO ITyJICAPOB OTIMYHO CIIPABIIAIOTCA 3Be3bI-0elIble Kap/IMKH, 961
pa3sMephl Ha JABa nopsaaka OOJbIIe pa3MepoB HEUTPOHHBIX 3BE3]l. OTH
3Be3abl HaOmomaroTcsd acTpoHOMaMH. MX KM3HEHHBIH IUKII XOpOIIO
n3ydeH. VI3BeCcTHB! OCOGEHHOCTH HX BHYTPEHHETO CTPOEHHA H HX
IIOBEZCHHUE.

ITpu paccMorpenuu 6apcrepoB He OyAeM OTCTYHATh OT IMPUHATOTO
HAMH paHee HalpaBleHus u HonpobyeM J0Ka3aTh, 9TO M Ha 3TOT pa3 B
pOJIM HEWTPOHHBIX 3Be3] BRICTYHawT Oemble kapmuxku., CHadana
pasbepemcsa ¢ POHOBOM CBETUMOCTHIO. BemoMuMM, 9To mobas 3Be3aa
HEIIPEPEIBHO MOTJIOMIACT 3(HUPHBIH ra3, KOTOPEIH HEIOCPEACTBEHHO Ha
MOBEPXHOCTH OYEHb IUIOTHOro Oeloro Kapiuka M[EepeXOoAuT B
COCTOAHHE BemecTBa. KOIM4ecTBO IOCTYMAIOIIEro K IIOBEPXHOCTH
BEIIECTBA OIpeAeseTcs B COOTBETCTBHE ¢ ¢opmynamu (3.7) u (7.19)

(74
2t

AM=M-M,=M,(e* -1)=M, : (46.3)

rae M u M,-maccel 3Be3[Bl B pacCMaTPUBAaEMBIA MOMEHT BPEMEHH H
HA MOMEHT Hadama orcdera. Ilpumem M=1,4-Mc=2,8-10°’kr. Macca
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Conauna Mc=2-10>%r; k=3,36-10"". ITorok BemecTBa, mazaomero Ha
IIOBEPXHOCTH 0€I0r0 KapiauKa B eJUHULYY BpeMEeHH, OyJeT paBeH

J=AM/t= M, a/k=0,833-10kr/c (46.4)
CxopocTh, ¢ KOTOPO# BEIECTBO INEPECEKAaET IMOBEPXHOCTHL 3BE3IbI
onpenenaerca Gopmyioii (3.8)

V= 4“ Mo 29210, (46.5)
” ) p e rO

rae paguyc Geloro KapiMKa IPHHAT PaBHBIM I,=8-10°M. Dmeprus,
IOCTYIAaKINasg K IOBEPXHOCTH 3BE3[bI B €AMHUI]y BPEMEHH DaBHA
KMHEeTHIECKON SHEPruu IMOTOKA 3TOM MaCChI

Q=0,5IV?2 =0,592-10°°Br . (46.6)

CpasunBas (46.2) u (46.6) BUOUM, YTO IOCTYIUICHHE SHEPrHH K
3Be3/le BMecTe ¢ 3QHpoM paBHO IIOTOKY AaKKpeIUH, HEOOXOIUMOMY
nnsa nutaHud  ¢GoHoBoro m3nydeHusa Oapcrepa. Takum o6paszom,
OTHagaeT HeoOXOOMMOCTh IPHAYMBIBATH MaJIOBEPOATHYIO BCTPEUY C
pacrpenecHHbIMM POISAMH TpPEX 3BE3[, BKII0YAs I'MIIOTETUYECKYIO
HEUTPOHHYIO 3BE3AY.

ITocMoTpuM Janee, kKak OOCTOMT [0 C BCIUIECKAMH 3HEPTHH
PEHITEHOBCKOIO M3Iy4eHus. J[lJIg 3TOro BRINOJIHUM HECIIOKHBIM
NPHUKUJIOYHBIA pacdeT. MEul yxe oTMevanu, 9TO O€nble KapiaukH
OricTpo Bpammarorca. [Tomaraem, 910 Ha MOBEPXHOCTH 3BE3ALI C MACCOM
H PaJiyCoM, XapaKTEPHBIMH IS 3B€31 GEIBIX KapiIHKOB, HMEET MECTO
PaBHOBECHE CHIIBI TAXKECTH H HEHTPOGEKHON CHIIBI

mUl?lc - ﬁanﬁ.x
— 2

7o To

rle m- Macca Ha IOBEPXHOCTH 3Be3Ibl; Ugsi- OKPY)KHAs CKOPOCTE
TOYEK IMOBEPXHOCTH, BO3HHKAIOLNAs BCIICACTBHE BpAaMICHWs 3BE3JbI;

macca Gemoro kapmuka Ms.=2,8-10°kr; paamyc Gemoro xapmmka
r,=8-10°m; £=6,7-10" 'Hm%/xr?. Y3 3toro YpaBHEHHS UMEEM

’

Uy, = Mo _ 1,53-10°m/c (46.7)
¥

o

2-51 KOCMHUHYECKasi CKOPOCTh AJIf pacCMaTpuBaeMoro 6enoro xapiamxa

2
V. = LER =216-108m/c (46.8)
rO
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Ilanee pacCMOTPHUM TaKyIO CHUTyanuio. J(QHPHbI KOCMHYECKUN BUXPb
Oeoro xapivKa yBEIMYHMBAET YIVIOBYIO CKOPOCTH BpAIlCHHSA 3BE3IbI
OT 3HA4E€HUs, COOTBETCTBYIOIIEIO pPAaBHOBECHIO CHIBI THKECTH H
IIEHTPOOEKHON CHIIBI

w; =Us /1:=190c" (46.9)
B coorBeTcTBHE ¢ hopmymoit (39.9)

ms,x=§ aw,t+o, (46.10)

Ecmu B pesyineTaTe packpyduBaHus 06esioro xapiauka >¢QHPHBIM
BUXPEM YIJIOBasl CKOPOCTh IIPEBBICHT KpHUTHYECKOe 3HadeHue (46.9),
YCJIOBHE PaBHOBECHS CHJI HA ITIOBEPXHOCTH 3BE31bl OyJeT HapymeHo B
CTOPOHY YyBEIWYeHUS ILeHTpobOexHoW cunel. B pe3yneTrare. 4acTh
MAaccChl 3B€3bl OTOPBETCS OT HEE, YHOCH C cO00H MOMEHT KOJIUYECTBA
OBIDKCHUSA. 3Be3Za CHHU3HUT CBOKI0 YIVIOBYI0 CKOPOCTh BpAallCHHA.
OTtopBaBuIasics C IIOBEPXHOCTH Oe€yoro kapiuka muasMa (IIPOTOHEI,
3NEKTPOHEL U T.[.) MOAXBATHIBAIOTCS 3(GHUPHBEIM BHXPEM H HAYMHAIOT
COBEpHIaTh ABIDKCHMA IO cuupanaM. Ilpu 3ToM 3apsKeHHBIE YaCTHUIIbI
HAa9YWHAIOT HM3Iy4YaTh  JOMOJIHMUTENIBHYIO  JHEPrHI0, KOTOPYIO
ACTPOHOMB! (PUKCHPYIOT Ha 3€MJIC B BHJI€ BCIIBIIICK.

Bo3MOXHEBI /1Ba CLieHapus pa3BUTHA JanbHeMmnx cobwrrmit. Ecnu
OTpBIB MAacChl IDIa3Mbl IIPOM3OLIC] IIPH YIJIOBOH CKOPOCTH,

IPEeBRIIAIONIEH KPUTHIECKYIO YIJIOBYIO CKOPOCTh ., , HO MEHbIIE

YTJIOBOH CKOPOCTH, COOTBETCTBYIOWIEH 2-H KOCMUYECKON CKOPOCTH

0=V, 1:=270 ¢/, (46.11)
TO 9epe3 HEKOTOPOE BpeMS 3Ta Macca OISATh YIIaJeT Ha 3BE3/1y, BHI3BaB
JTOIOJIHHUTENbHBIN (HeperynapHEIi) BCIUIECK HIHEPIHMU. ECiIH OTpHIB
IIPOHM30IIEN IIPH YIII0BOM CKOPOCTH, IMPEBHIIAIOIEN M, TO ITA Macca
ITOKWHET 3BE3MY.

Hammr MeToA Mo3BONSET PacCYHTATh YITIOBYIO CKOPOCTh BPAIICHHS
3HpHOr0 KOCMMYECKOI0 BHXpSA M, Oenoro kxapiaumka mo Qopmyne
(38.10)

w—o

wp =3/2 —— 2 (46.12)

ME! He 3HaeM BEIMYMHY YIJIOBOM CKOPOCTH (), IIOCJE OTpPHIBA C €€
TIOBEPXHOCTH YaCTH MacChl. BeposATHO, B 3aBUCHMOCTH OT IIapaMETPOB
3Be3A6I H KOCMHYECKOro 3(QHpPHOIO BHXpS OTH 3HA4YEHUS MOTYT
pasimuarbea. Ilpumem ®,=0. B KadecTBe HHTEpBajIa BpEeMEHH

MEX/y BCIBIIIKaMH BO3bMeM Bemmamay t=10%c, xapakTepHyio s
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OGapcrepoB [46]. BcmplmkH, Kak yXKE OTMEYalOCh, CBS3aHBI C
BRIOPOCOM BEIECTBA MO BO3JCHCTBUEM PAaCKPYTKH 3BE3MEL.

0p=3-190/2-10*<0,0285 ¢ (46.13)
ITepuoa BpameHns KOCMHIECKOro 3pupHOro BUXps OyaeT
Ty=271/0w=220 c (46.14)

OKpyxkHasi CKOPOCTh 3apsuKeHHBIX YacTHI BbhIOpoca miIa3Mel paBHA
IPUMEPHO OKPYXKHOM CKOPOCTH IOBEPXHOCTH 3BE34bl B MOMEHT
BRIOpOCa

US. =0 1,=190-8-10°)=1,52-10° m/c (46.15)

3apsoKeHHbIE YaCTULEI BEIOpOCa Mmia3Mbl, Bpamasich BHyTPH 3(¢HUpHOro
BUXPSI C OKOJIOCBETOBOI CKOPOCTHIO JOIXKHEI H3Iy4aTh SHEPTHIO.

4'7. O npuYnHAX YCKOPEHUA UCKYCCTBEHHBIX
cnyTHHKOB 3eMin LAGEQOS npu ABHKeHUH
0 OK0JI03¢eMHBLIM OpOuTaM

B mHaywHOmomy:sApHO# crTaree [S51] npHBeAeHEI HMHTEPECHBIC
CBEICHHA O TOM, YTO MTaNbAHCKME YUeHEIC U3 yHHBEpcuTera Jleuue
MpOaHAIM3HPOBAIIH JaHHBIE ¢ ABYX opOuransHbiX cryTHukoB HACA
LAGEOS-1 # LAGEOS-2. 3OTu COyTHMKA BpallajIiCh B
0e3BO3IyIIHOM IIPOCTPAHCTBE BOKPYr 3eMiIH — ofuH ¢ 1976 r, a
apyroit ¢ 1992 roga. Bee 310 BpeMs OHM OTpaka/IM HaNpaBICHHBIA HA
HHUX Ja3epHBIH Jyd. 3T0 HO3BOIWIO ¢ OOIBImION TOYHOCTEIO
BRIYHCIUTE WX opOuTy. IIpH 3TOM BBISICHHJIOCH, YTO MX ITOJIOKEHHE HA
opbute cMemaaoch Ha LENRIX JBA METpa B IO B HaIPaBICHHH
BpameHNs 3€MJIN 110 CPABHEHMIO C PACYETHRIM.

Kak ykasblBaeT aBTOp CTaTbH, 0 MHEHUIO HTAJIBIHCKHX YYEHBIX
IIOJTY9EHHEIE JNaHHBIE «IBIOT BOAY HAa MEJBHMILY» SHHIITEHHOBCKOH
OTO u moATBEPXKAAIOT HE MEHEe MHTEPECHBIH I HayKd 3(dexT —
frame dragging, xotopmii B 1918 romy chopMymupoBaiu y4ECHBIE
Jlemse u Tuppunr. CornacEo ux Bepcuu BOIU3H TI000r0 MacCHBHOIO
BPAIAIOMIErocss Tela IMPOCTPAaHCTBO M BPEMA 3aKpy4YHUBACTCS BOKPYT
3TUX TEJ B HampaBiIeHWH UX BpameHusa. C LEeNs0 NPOBEPKH ITOrO
npeanonoxesus B anpene 2004 rozga 3anylneH eme OOUH HAaCOBCKUM
ciyTHHK — Gravity Probe B.

B orHOmeHuu nedopMmanmu IPOCTPAHCTBA M BPEMEHH ClIeQyeT
3aMETUTh, 9TO HECMOTPS HA MOYTH CTOJICTHMII BO3pacT 3TOH HueH (co
BpeMeHu onyb6siukoBanus OTO) HE oguH 34pPaBOMBICIIAIINI Y€TOBEK
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HE B COCTOSHHMH ITPEACTaBUTH ce0e, Kak 3TO JODKHO BBIIJIAAETHL Ha
npaxkTuke. Ha cerognsmnuit n1eHp 310 He OoJiee, 9eM MaTeMaTudecKas
abcrpaknua. B To ke BpeMs pa3sBuBacMas B 3TOM KHHTe TeopHs 3dupa
npejjiaraeT BIOJIHE HarigHYI0 U pu3ndecku 060CHOBAHHYIO MOJEIE
VIl 3TUX TMpeAcTaBneHud. J[eACTBUTENIbHO, JOOOE MAaCcCHBHOE
KOCMHYECKOE TeN0, HAXOAACh B OKPYXKAIOIIEM ero OECKOHEYHOM I10J1e
3¢upa, HEIIPEPBIBHO €T0 MOTTIOMAeT. B pe3ynsTaTe OpraHn30BhIBAETCS
TeueHHe 3¢upa K HEHTPY 3Toro tena. KpoMe Toro, 0KoIo Takux Tell
obpasyrorcs KocMudeckue OS(QHUPHBIE BHXPH, BpallalOM¥ecs B
HaIllpaBJICHWM BpAaIICHUA OTUX Tel. T€UYeHWE OKOJI0O TaKuX Tell
MOAEIUPYETCS TEIEHHEM OKOJIO BUXPECTOKA.

OueBHAHO, 4TO NH000€ MaTepHAILHOE TEIO, HaXOAAIIeecs B IOJIe
a¢upa OKOJIO BHXpecToka OyaeT MOAXBAYE€HO TeUeHHeM 3(Hpa, Kak
INerKa B BOIOBOPOTE, U IONYYUT HAONOJIHHATEIBHOE K CBOEMY
OCHOBHOMY JABIJKCHUIO €I H IBIDKEHHE B CTOPOHY IIEHTpa Macc
3TOIO0 TeJa M B HaIpPaBICHHU BpamieHud >¢upHOro Buxpia. CeromHs
HayKa YYHTHIBACT ABIIKCHHE 3(QHpa K LEeHTpaM T€l B BHIE CHIIBI
TAXKECTH, ONMUCBIBAEMOH 3aKOHOM BCEMHPHOro TAroreHus HbiOoTOHA.
Cunosoe  B3amMmomeicTBue  3(QUPHBIX  BHXpei  MAaCCHBHEIX
KOCMHYECKHUX TE€JI ¢ HAXOIAIMUMMCA OKOJIO HUX JPYTHMMH TEJaMH MOKa
He yuuTeIBaerci. HO oHO yxe mposswio cebs B HabmomeHMAX
BEKOBOT'O YCKOpEeHHA JIyHBI, YCKOPEHWM CIIyTHHKOB B HalpaBlICHHHU
BpaIllcHUA BHUXped, B OTKIOHCHHMH Jy4del CBEeTa OKOJIO MACCHBHBIX
3pe3n. K coxaneHmro, Hayka J0 CHX IIOp HE IIOHHMAeT, YTO
IIPOMCXOAUT B MpHUpPoAEe Ha caMoM zene. OTcioaa U MOABILIOTCA 3TH
a0CTpakTHBIE MAEH O 3aKPY4CHHOM ITPOCTPAHCTBE-BPEMEHH.

Omuaxko, BepHEMCA K JTaHHBIM HAOMO[eHMI 3a HCKYCCTBEHHBIMU
cnytHukaMd LAGEOS. Mul He oTaeinseM OOHapYy>KEHHOE SIBICHHE
YCKOPEHUS 3THX CIyTHMKOB Ha MX OpOMTax OT M3BECTHOI'O paHee
BEKOBOT'O ycKkopeHHus JIyHBI, OT HOBEAEHUS IUIAHET, BPALIAIOIIUXCSH
BoKpyr ConHIa H APYTHX €CTECTBEHHBIX CIIyTHHKOB BCEX IPYTHUX
MacCHBHBIX HeOecHbIX Tel. Eme B 1997 romy mel omyOnmkoBanu
KHUTY [1], B KOTOpOil NpuBeny aHaM3 3Toro ABiIcHUs. [Iokasanu, 910
HMEHHO KOCMHYeCKHe 3(UPHBIC BUXPH BEI3EIBAIOT H3BECTHOE BEKOBOE
yckopeHue JIyHEI IpH ee ABMOKEHUH BOKPYT 3emuu (cTp. 28...30, [1]),
GopMHUPYIOT XapaKTepPHBIH PUCYHOK CIHPAIBHEIX  TIajaKTHK,
o0ycIOBWIM BETWYHHY OKpyXHOM ckopoctn CoNHIIAa IIpH ero
IBIKEHUM BOKPYT LieHTpa MiegHoro mytH (cTp.56...58, [1]). B 3ToM
Xe pAIy HaXOAHUTCA OMIcaHHOe B K. OTOHEK eXKerogHOe CMEIECHHEe Ha
nBa Metpa mpotuB pacderHoro cnyTHukoB HACA LAGEOS-1 m
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LAGEOS-2 npu uX ABWKeHUH 10 OpOHTaM BOKPYT 3emid. JTO
cmemenne AS onpenensercas dopmynoit (65) u3 [1] u popmynon
(41.4) nanHo¥ paboTEI

AS=jt2=aVy t* /2 47.1)
rie o=1c”; j,- YyCKOpeHHe CITyTHHKOB, BO3HHKIIEE H3-3a CHJIOBOTO
BO3ZeiHCTBHA 3(UpHOrO BuUXp#A; t=3,15 .10’c-gmcno cekysn B TOAy;

V ,, =Welo3-OKPyXHas CKOpPOCTb 3Qupa B BHXPE OKOJNO 3EMIH Ha

PACCTOSIHMH T3 OT €€ LeHTpa; @, =9,93-10pay/c-yIiioBsas CKOpPOCTH

BpaleHus aapa 3QUpHOTro BHXPS 3emi (cM. Tabm1. 34.1 u Tab1. 3 u3
[1]); 1,5=6,37-10%cM-pamuyc 3emm. Pacder qaeT BemvauHy
AS=3,14m (47.2)
TakuMm Opul0 OBI CMEmIEHHE HCKYCCTBEHHBIX CI[yTHHKOB Ha
opOuTte 3a rox, eciu 661 opOuTa JI€XKana CTPOro B INIOCKOCTH IKBATOPA.
Kak BuaMM, COBHaaeHHE IIOIYYWIOCH OYEHb XOpomuM. BaxHo
IOJAYEPKHYTH, YTO IS ITOMyYEHHA 3TOTO pe3y/IpTara He ObUIO CAEIaHo
HA OJHOTO MJONOJHHUTENIHHOrO JOMyIIeHus., IJTO MOATBEPXKAAeT
€OUHCTBO 3aKOHOB IIPUPOALI IO OTHOMIEHHIO K JBIDKCHHUIO
ecTecTBeHHHIX HeOecHRIX Ttenm: Jlywsl, 3emnu, ComHia, LEIBIX
rajlakTUK M HCKYCCTBCHHBIX CITYTHHKOB 3€MIIH, CIAEIAaHHBIX pyKaMH
qelI0BEKA.

48. Ilapanoxc KocMAYECKHX KOpadJeH
ITnonep-1 u Ilnonep-2

B rnase 34 MBI npuIE K BEIBOAY, 9TO ()OTOHEI CBETA MEIJICHHO
TOPMO3SITCA BO BPEMsI CBOETO JABIIKEHIA uepe3 1olie dbupa. Bemmauna
YCKOpEHHsI TOPMOXEHHS (POTOHOB MOXET OBRITH OmpeneacHa C
nomMombio Gopmysisl (9.12) 3ameHO# B Heil CKOpocTH V Ha CKOPOCTE
ceeta C

J=-0-C/k=-8,91-10"cm/c? (48.1)
B cBA3M ¢ 3THM BCHOMHHAE€TCA, TaK HA3RIBAEMOE, AHOMAJILHOE
YCKOpPEHHE TOPMOXKEHUS aMEPHKAaHCKMX KOCMHUYECKHX aIIapaToB
“IInonep-10” u “Iluonep-11”, ymansmromuxca or Connna u 3emmd. B
[49] co cceuikoii Ha Internet mpuBEeAEHO YHCIEHHOE 3HAYEHHE STOTO
IIOCTOSIHHOI'0 YCKOPEHMA TOPMOKESHHA

T tnonep=-8,5-10 cm/c? (48.2)
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B [49] ormedaercs, uTto BEIBOA 00 3TOM YCKOPEHHMH OBLI CIellaH H3
JOILIEPOBCKON MHTEPIIPETAlMY H3MEPECHHH YaCTOTH PaHOCHUTHANA OT
ITHX KOCMUYECKHX anmnaparos. Pesynprat CUHMTAETCH
apoJOKCaAIbHBIM, T.K. mpoTuBopeunT >ddexry omnepa. U3secTHo,
4TO y CUTHa&JI4, HCIYILICHHOI'O YJAAJMIONIMMCH MCTOYHHKOM YaCTOTaTa
OOJDKHA YMEHBIIATHCA.

ITponsonuio, Mo-BUAUMOMY, cieayonice. B Ha9ansHBIA MOMEHT
BpeMeHH cornacHo 3¢ dexry Jlomnepa g yaanaiomeroca oT 3emMim
HMCTOYHHMKA CHTHAJIOB (KOCMHYECKOro xopaliasd) JANHHA BOJIHEI
YBEIMYWIACh Ha BEIUYNHY AA, M cTajia paBHOH A=A, +AA,. (30ech A,-
IVIKHA BOJIHEL JUIS HEMOJBIIKHEIX HMCTOYHMKA M Habmogarema ). Ho
yeM Jajibllie yjeral HCTOYHHK, TeM ¢ MeHpmeH ckopocteio ('
cornacHo (34.2) mumo HaOmomarens Ha 3emjie IIPOXOIWI , CHTHAI.
[Tepuox xoneGanuit T, mpu 3TOM, He M3mMersIcad. (T=Const). IToaTomy,
yMeHsInajgach AHA BONHB! A'=C'T 1m0 cpaBHeHMIO ¢ HadaJbHOH €€
IUTHHOM A,;.

AMEpDHUKAHCKHE YYCHBIE CUYMUTANHA CKOPOCTh CBETa BEIMYUHOU
MOCTOSIHHO M MHTEPNPETHPOBAIH 3TO HAOIIOACHHE KaK YMEHBIICHHE
IIPUPOCTA ATHHBI BOJIHBI 0 CPaBHEHMIO C HAYAJIbHBIN 3HaAYeHHEM A,
(C=Const) 3a cuer ymeHbmeHus nepuona xonedamuit T'<T. A 3t10

aBTOMaTH4ecKd Ha ocHoBaHuH (opMyimsl [lomnepa (U/C=AA'/A)
IIPUBEIO MX K BBIBOJAY, YTO YMEHBIIWIACh CO BPEMEHEM CKOPOCTBH
KOCMH4IeCKOro kopabmns U.

He3nanne aMepHKaHCKHMH YYEHBIMH TOT'O, YTO CBETOBBIC H Pajio
CUTHAJIEI TOPMO3ATCA IToneM 3¢upa, He OCTaBWJIO MM BbEIOOpa H
cB0OO/IEI IEHCTBUM mpu OOBACHEHWH 3TOr0 napaaokca. B pesyisrare
3TOT0 TOPMOXEHHE  pagHOCHTHaja IoneM  3dpupa  Obuio
HHTEPIIPETUPOBAHO HMH KaK TOPMOKEHHE HCTOIHUKOB H3JIy4eHHUH, T.€
caMux kocMudeckux ammaparoB “IImomep-10” u  “IImomep-117.
Hebonwmoe pacxoxaeHHe 4YHCICHHBIX 3HaueHHM (47.1) um (48.2),
cocraBiionee MeHee 5% MoKeT OOBACHATHECH IOTPEIIHOCTAMH B
H3MEPECHUSX.

49. I'mnote3a 00 3Bomonuy CoaHna n
00pa3oBaHUHU COTHEYHOH NJIAHETHOM CHCTEMBI

Bce cymectByrompe THIOTe3sl 00 3BOMOLMHA 3BE3X H
o0pa30BaHMH MJIAHETHBIX CHCTEM, €CTECTBEHHO, HE MOIJIH YUHUTHIBATH
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ABYX, &, BO3MOXHO, TpEXx oberosarenscTs. [IepBoe U3 HUX - 3TO pOCT
MacChbl COrlJacHO 3akoHy, cdopmyinupoBaHHoMy B (3.6). Bropoe
COCTOMT B HAalHYMHM OKOJO BCEX MACCHBHBEIX KOCMMYECKHUX Tel
3(upHEIX BUXpEH U CBA3aHHOIO C 3THM YBEJIMYEHHA CO BPEMEHEM HX

YIJIOBBIX CKOpocTed. Tperse CBA3aHO C yCiIoBHMEM V<V... , KOTopoe
[I0-BHJIUMOMY, O3HA4YacT HE TOJNBKO YXOI M3 IIOJI 3peHUs YEJIOBEKa
3Be3qsl THNA “9€pHOH OBIpE”. CKopee BCEro, NMpH 3TOM HapyIIaeTCs
CaMO YCIOBHE CYIIECTBOBAHMSA MATEPHH, TO €CTb BO3MOXKHOCTH
IIOMIONIEHUS MaTepuei apupHOro rasa.

Ecmn ckopocte 3¢upa He MOXKET NPEBBICUTH IPeaeIbHOM
CKOPOCTH Vi, TO IPH pagdycax Tell MEHBIINX, Y€M OIpeerIcHO
ycnoBueM (42.4) HapymaeTcs ypaBHEHHME IIOCTOSHCTBA pacxoja
a¢upHoro rasa (3.1), gero OBITE HE MOXeET. Pe3yIbTaToM HapyIIeHHI
3TOTO YCHOBUS JODKHO SBUTHCH HCUE3HOBEHHE CHIIBI TSKECTH B
3B€3/Ic NpPH COXPaHEHUM [PYIrUX MeXaHW3MOB, YICPKHUBAIOIINX
3B€3/y B PaBHOBECHH, TaKUX, KaK JIaBJIEHHE HArPETOr0 CXKAaTOro rasa,
CBETOBOE JaBJICHHE M Hanmuuhe UeHTpoOexxHex cui. CreactBueM
3TOro Moxetr OvITh 1HOO cO6poc BHemrHeH OO0OJOUYKH 3BE3OBl U €€
pacuiupeHue, Ju00 eHTpaIbHBIN B3pHIB [8].

PaccMOTpeHHOe B IPEABIAYINUX pa3denax B3aHUMOCHCTBHE
3Be3/bl, HaXOAAMENCSs BHYTPH 3(HUPHOTO BHXpA, C CAMMM BHXpEM
Hem30€)KHO IPHBOAWUT K PACKpPYYHBAHMIO 3BE€3IB.. JTO, B CBOIO
ouepenn, JOKHO C TEICHHUEM BPEMEHH MNPHBOAUTH K HAPYUICHUIO
paBHOBECHA 3BE3Abl H M3BEPKEHHIO BEINECTBA M3-332 YBEIMYHBIIECHCA
IeHTpoOe)KHON Ccwiel. H3BeprHyToe BemiecTBO Oyzaer ABHATAThCA B
OZHOM HaIPaBIICHUM C HANpaBICHHEM  BpamICHUS  3BE3JEHI,
OONOJIHUTEIIFHO BOBJICKAEMOE€ B 9TO JBIDKeHVE 3(UPHBIM BUXPEM
LEHTPAIIBHOIO TeJIa.

BHXph pasroHseT IUIAaHETRI NMPH MX ABHXKEHUH IO opbutam. B
pe3ylbTaTe 3TOr0 YBEIMYHBAIOTCA HX MOMEHTHI KOJHUYECTBA
OBWKECHHSA OTHOCHUTEIIBHO LEHTpa COJHEYHOU cucTtembl. Hamomumw,
YTO MOMEHT KOJIHW9YECTBa [BIDKCHMS IUIAHETHI, ABMKYINEHMCS I10
KpyroBoi#l opOHTe, €CTh NPOU3BEACHIE MACChl, PACCTOSHUSA OT LIEHTpa
1 opburansHOM cxopocTd. IIpu BEIOpOCE BemecTBa U3 LEHTPAILHOIO
T€JIa OHO CaMO TepAeT MOMEHT KOJIMIECTBA ABIDKEHHMSI H YMEHBIIACT
CBOIO YIVIOBYIO CKOPOCTh BpAaIllCHHA.

[TonyTHO HallOMHHM, 9TO IIPOOIEMY OIPOMHBIX MOMEHTOB KO-
TMYEeCTBAa NBWIKCHHA OONBIIMHCTBA IUIAHET COJHEYHOM CHCTEMEl HE
cMorJIa OOBSCHHTh HH OIHA H3 H3BecTHRIX rumnoTe3 ( Kanra - Jlamaca,
Ixuaca u gpyrue). CorlnacHO H3araeMoil I'MIoTe3e mpuMEpHO 15
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MIIpZ JIET Ha3az Ha MecTe COHIIa CYIIECTBOBAJIA 3B€3/1a C MaCCOM My,
B3aUMOCBSA3b KOTOpOit ¢ coBpeMeHHOM wmaccor ComHma mg
onpeznensercsa popmynoii (3.7)
my, = my/e* = 0,48-10r

Coycrs npumepao 11,5 miupa mer, To €cTh K MOMEHTY
o0pa3oBaHMs COJIHEYHOM CHUCTEMEI, Macca 3BE3Anl COIVIACHO 3TOH
(opMylIc ROCTUTIIA 3HAYCHUA

Myc= My,e*”® = 1,45 1033

Uro6sl ONpEAETHTh PajdyC 3TOM 3BE3ABl B PaccMaTpUBAEMBbIH
MOMEHT BpPEMEHHM, y4TéM, 9T0 B TedeHue 11,5 mnpn ner s>¢pupHsIin
BHXPh OTOM 3Be31bl pacKpyduBai €€ JO 3HAYCHUS YITIOBOH CKOpPOCTH
Woc BIUIOTH A0 HACTYIUIEHHA PaBCHCTBA LEHTPOOEIKHOIM CHUIEL H CHIIH!
TSHKECTH Ha €€ IIOBEPXHOCTH

Fn.ﬁ = F TK °

W3 3TOro paBe€HCTBA IIONY4YacM, 9TO OKPYXXKHAaf CKOPOCTh TO4YEK

IIOBEPXHOCTH 3BE3/BI JOMAKHA ObLIa OBITH B TO BpeMA

(49.1)

C IpYro# CTOPOHBI, OKPYXHasi CKOPOCTh -
U, = 0oc TooC (492)
IlpupaBHsieM mpaBele uacTu ypaBHeHud (49.1) u (49.2).
[Tomy4eHHbIi pe3ybTaT pa3spemuM OTHOCHTEIBHO YITIOBOM CKOPOCTH:

1 [f_,
a)oC = ——— ] . (49.3)
rooC v rooC

MoMeHT  KOIM4decTBa  JBIDKEHHMS  OAHOPOJHOrO  Inapa

OTHOCHTENBHO €ro LIEHTPa ONMPEASNAECTCS BRIPAXKECHHEM
M, = (2/5) or,’ m,, (49.4)

rAe @ - yIJIOBas CKOPOCTh BpalllcHUs IIapa, I, - pagdyc Lapa; m, -
Mmacca mapa. IToacraBum B (49.4) yriioByw ckopocts u3 (49.3) u na-
paMeTpRl IMPOTOCOJIHLIA Myc H Iyoc. B pe3yibraTe NONy4YMM MOMEHT
KONMYECTBAa JBHXXCHHUS IIPOTOCOJHIA BO BPEMA HENOCPEACTBEHHO
IIpeAIICCTBYIOMICE COpOCY 4YacTH BEIIECTBA, TO €CTh OTACICHHIO
IUIAHETON CUCTEMBI OT ILIEHTPAIBHON 3BE3IBI:




YuuTEIBasl, YTO NpH OTACICHUM IUIAHET OT 3BE3Ibl OHHU YHOCST C
co0Goif moYTM BEChb MOMEHT KOIMYECTBA [ABIDKCHMS 3BE3/Ibl, a cama
3BE€3/1a NPAKTHYECKH IIPEKPAIaeT CBOE BPalICHUE, IIOACINTAEM CYMMY
MOMEHTOB KOJIMUECTBAa ABWIKEHMA IUIaHeT. J{mfg 3TOro I0CTaTOYHO
IOACYUTATh MOMEHTHI KOJHYECTBA MOBHXKEHHUA TOIBKO OOmpIImx
IIaHeT, monaras uX opOUTHE TaKMMH XK€, KaK B HacTosee Bpems. IIpu
3TOM MacChl IUIAHET M, y; YMEHBIIMM B COOTBETICTBMM C (opMysoH
(3.7), B31B X TaKUMHM, KakuMu oHK ObIH 3,5 mapa ner Haszaz (Talu.
49.1). Cropocrn mmaHer 3,5 MIpA NIeT Hasaj, ONpPEACIACMBIC IO

Q)opMyne

TaKXKe MPHUBEACHEI B Tabmarie 49.1.
Taonuma 49.1

v
[lapaMeTpr Ommrep Carypn YpaH Henryn 1L1yTOH
Mo, T 138 ¢10° [4,10010® [6,36 ¢10®* |745 «10%® [3,47 « 107

o op6s CM 7,800 10 [142010" ]2,87010™ |4,60010" |591e10"

Uo i, CM/C 1,11 & 108 0,82 e 10° 0,58 ¢ 10° 0,46 « 10° 0,40 e 10°
Moms, TeM/C 1,190 10° 0,48 ¢ 10°  [0,11 « 10° 0,16 ¢ 10° 0,008 ¢ 10*°

MoOMeHTE KOJIHMYECTBa ABMXKEHHS IUIAHET MOJACYMUTHIBAIOTCHA IIO
bopmyne
M 1 = Mg 1xUo malo op6-

Takum o6pasoM, B MoMeHT otaeineHus OT ConHua IUIaHETHI
yYHECTH ¢ c000if MOMEHT KOJIMYECTBA ABIDKECHHSI OTHOCHTEIIHHO LICHTPA
COIHCYHOU CHCTEMEI UyTh OOJIbIIE, IEM

Y M, = 1,94-10%° rem?/c. (49.6)

ITpupaBHsaeM IpaBeie 9acTy BeipaxkeHuit (49.5) u (49.6). Pesynprar

pa3pelliM OTHOCUTEIIHHO paguyca IPOTOCOIHIA:

2
r = ZS(EM""”) =0,118-10"° cm
o€ 4fm?_ ’ |

B urore nporoconHile B MOMEHT, HEIIOCPEICTBEHHO IIPEAIIECTBO-
BaBINUN OTHEJICHUIO IIAHETHOT'O BEIIECTBAa, MMEINIO IPUOIM3UTEIBHO
CIEAYIOIME MAPaMETPEL Myc = 1,4510® r, r,,c = 0,118-10" CM,
Woc = 0,243 pan/c, Toc =25,9 c.

INosyuennsle mapaMeTpsl OYEHb IIOXOXKHM Ha IapaMETPHl 3BE3N
THIa O€IBIX KapJIMKOB, HAllpUMEp, CITyTHUKA Cupuyca:
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m, = 1,77 -10®r, 1,=0,197-10" cm.

B HacTofmiee BpeMAa B aCTPOHOMHH YTBEPAWIOCH MHEHHE, YTO
OeNnble KapinHKH OOpa3yIOTCA MOCHEC BCIBIIIKA 3BE3N B pe3yIbTaTe
BEITOpPaHHA aTOMHOI'0 TOILIHMBA (BOAOPOAA, TelusA) M, CICIOBATEIRHO,
OHHM 3aMBIKAIOT IBOMIONMIO 3BE3A. OIHAKO paccMaTpUBaEeMBIA 371EChH
MEXaHU3M PaCKpPy49MBaHHMA 3BE3Abl D(UPHBIM BUXPEM IIPHBOJUT K
HapyNICHUIO PaBHOBECHS MEXIY JABIICHUEM HArpeToro rasa U CHION
TSKECTH BHYTPH O€I0ro KapiMka mu3-3a BO3pOCHICH HeHTpoOekHOH
ciibl. CornacHo Teopud MunHa [8] nmpu HapylmIeHHMH YCTOMYHMBOCTH
IIPEXXHEr0 CTPOCHMS 3BE3/hI OHA CKAaYKOM IIPHOOpETaeT COBEPIICHHO
HOBoe crpoeHue, IIpu 3toM MunH yxa3siBaj, 4TO IIOCIE BCHBIIIKH
CBEPXHOBOM IIpH CIagaHUM 3Be3Abl, IIpy €€ KoJulalice, u3-3a
YBEIMUYEHHUS CKOPOCTH € BpAIIEHHS 3BE3/la MOXET PasAciuThC Ha
JIB€ 4acCTH, 00pa30BaB TECHYIO JBOMHYIO 3BE3MY.

B HEKOTOpERIX CIydasx IOCie pa3ABOCHHA OJHMH HIIH Jjaxke 00a
KOMIIOHEHTa MOT'YT CHOBa B30PBaThCH, MMPEBPAaTHBIIHUCH B Mapy 3BE3J
HOpMalbHOU TI0THOCTH [8]. UMEHHO 3TO, MO-BHAMMOMY, IMPOH3OLLIO
B MOMEHT o0Gpa3oBanus ColHila, TaK KaK B JIUTEPATYpe MHOTAA MOXKHO
BCTPETHTE OOCYXXIEHHE BOIIpOca O TOM, He sBserca Jm IOnwmrep
MaJICHBKOM 3BE310H, a He IaHeTod. IHTepeCHO TaKkke OTMETHUTD, UTO
acTpoHOM I'3He cumTam BCEe HOBHIE 3BE3AB A0 BCIBIMKH OeInMH
KapIuKaMH, IIPUIMCHIBAS MM HEYCTOHYUBOCTh BBHAY OOJIBIION
IIOTHOCTH.

HexgapoM BCHBIMIKY CBEPXHOBBIX 3BE3[ HE ABJIAIOTCHA €IHHOOO-
pa3HBIMH. Pa3nmuyaroT CBEpXHOBBIC, OOBIYHEIE HOBBIE, IOBTOPHEIE
HOBBIE, IIPOCTO BCIBIXMBaromue 3BE3Abl. Ilpm Takux BCmEImIKax, Io-
BUIUMOMY, OOpa3ylOTCi HE TOJNBKO 3BE37bI, HO M M3 OCTAaTKOB
BEIOpOmMEHHOM MaTepuy 00pa3yroTCs TakKe U IUIaHETHI.

Tlocne BCOBIMIKK, COPOCa MACCH M MOTEPH KOJIUYECTBA ABIDKC-
HHUSA HOBas 3Be3/1a CHOpMHUPOBanach He Kak Oenblif KapiuK, a B BHJC
coBpeMeHHOro CollHI]a, TO €CTh 3BE€3JEl MEHBIIEH IUIOTHOCTH H
Oonemiero paguyca. 3a 3,5 Mipa JeT, IPOMEAIINX ¢ 3TOr0 MOMEHTA,
Macca Comuma cornacHO (3.6) BRIpOCIa J0 COBPEMEHHOIO 3HAYCHHA
me=2-10r1, a paguyc OCTaHOBMIICS HAa BEIMYMHE I¢c = 7/ 10 ¢m. 3a
9TO BpeMsd A(UPHEIA BHUXPb, KOTOPBIM IIPH BCHBIMKE 3BE3ABI M CaM
IIpeTeplie U3MEHEHHE, pacKpyTw COIHIIE A0 YITIOBOM CKOPOCTH (¢ =
2,9:10° pan/c.

Ecnu Ol 3Be3ga ¢ mapamerpamu coBpeMeHHoro ComHina
C)KaJIach JO pasMEPOB MPOTOCOIHILA, TO €€ YTIIOBasi CKOPOCTH CTaja Okl

Wooc = Oc (Toc/Tooc”) = 0,0102 paz/c.
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[IpuHgB 3TO 3HaUcHHE B KadecTBe ®, B ¢opmyne (38.10),
IOJCYNTAEM YTIIOBYIO CKOPOCTH 3GUPHOr0o BHXpsA 0 BCIBIMIKH( t =
11,5 mupx ner ):

1,5(a) o~ @ ooc)
DB 200 - t

IIpn onpeiyeHUn paguycoB sSAcp IQUPHBIX BUXpEH 10 M IIOCHE

paspymeHud MPOTOCOJIHIIA CYUTACM, YTO MOMEHT KOJIN4YECTBa IBH-

XKCHUA BHUXpHA, NPUXOAAMMICA Ha CQUHUIYy [JIUHEI, IIpH B3PBIBE

IPOTOCONHIA He u3MeHwIca. OaHako B CBS3H ¢ M3MEHCHUEM pajuyca

H YTIIOBOM CKOPOCTH 3BE3[EI, a4 TaKKE YIIIOBOM CKOPOCTH 3(HPHOro
BUXDS, €0 NONEPEYHBIE pa3Mephl JOKHEI M3MEHUTHCA :

=1,005-10""® pan/c.

Yoo _ 4| L8 — — 00793,

roB a)oB

Takum 06pa3oM, COBpeMeHHEIH 3(UpHBIA BHXPH OKOJO
ConHua umeer paguyc sapa B 12,6 pasa OGonplie 3QupHOro BUXpA
NPOTOCOJIHLA,

50. 06 s¢uponanamukxe B.A. AIIIOKOBCKOr0

Haubonee mpoaBuHyTOM H3BECTHOM HaM Teopuel 3dupa sBiseTcs
Teopus, pazpaboranHas B.A. AIFOKOBCKHM, H3JI0KeHHass UM B [4],[5] u
psle Opyrux KHUr. B Hel BBICKA3aHO MHOIO CMENIBIX M IPaBHIBHBIX
HACH O poinu 3(Upa B CO3JAaHHUM DIEMEHTAPHEIX YaCTHIl, aTOMOB M
MOJIEKYJl MATCpHH, DOJIM TEUeHHH 53(dupa B BICKTPOMArHUTHBIX
ABICHUAX M IIPUPOAC CBeTa. BmecTre ¢ TeM pAd MPHHIMIIHAIBHBIX
IIOJIOXKEHHH 3TOM TEOPHUH IIPEACTABIIAIOTCS HaM IO MEHBIICH Mepe
CIIOPHBIMH.

IIpennmoxxeHHas HaMu Teopus QUpa NPUHIUINAIBHO OTIUIACTCS
ot 3gupoguHamuku Aiokosckoro B.A. [4,5]. B nepByro ouepean 31o
OTHOCHTCH K TNOHMMaHHI0 MacChl M IUIOTHOCTH 3(dupa, CHIOBOTO
B3aUMOACHCTBMS MexXIay OJS(QHpoM u TellaMH, CKOPOCTH CBeTa,
BCEMHPHOI0 TATOTEHHS, YCIOBHH (YHKIIMOHHPOBAHUS BHXPEH,
IIPEACTaBIAIOMUX cO00H 371EMEHTaPHBIC YaCTHUIIHI BEIECTRA.

B npennaraemoif TeOpHM BHXpPEBOE ABIDKCHME 3(Qupa BHYTPH
qacTUll NoAAcpkuBaeTca nojeM 3b¢upa. B paborax [4] u [5]
CUHTAETCA, YTO TaKUE€ BHUXPH, €IUHOXKIHI BO3HUKHYB, Jajiee
BpamaroTed 1o uHepiy. K ToMy ke, 4epe3 TPEHUE OHH HEIIPEPHIBHO
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packpyduBaioT 3pup Bokpyr cebs. IIpum a3roM, TaK 3aBBIIICH
K03 PuUIIHEHT Tpemm 910 II0 HAIIMM pacderaM TPEHHC IOJDKHO
3aTOPMO3HTH “TOpOMIaBHOE M KOJIbIEBOe” [BIKeHHE 3dHpa B
YacTHIIAX  BeIecTBa H, ClIEAOBarTejbpHO, IPECKPaTHTh  HX
CYIIECTBOBAHME B TEYEHHHM OYEHb KOPOTKOro HHTEpPBala BPEMCHH
(603011 %] At=10"%¢. DT0, KOHEYHO K€, IPOTHBOPCIUT pPECAIBHOMY
BPEMEHH CYIIECTBOBAHHA aTOMOB M Jpyrux HAONTOXUBYIIHX
3NE€MEHTapHBIX qacTull. OCTaHOBUMCA Ha 3TOM n011p05H33-

Tak, B [4] mpuBeNeH OLEHOYHEIM pacuer BPALICHUA IIPOTOHA.
ITpoTOH paccMaTpuBaceTCA B BHIE Bpalljaiomerocs mapa ¢ painycoM
1,=1,410"°m. 3a cuer cmn Tpemms, Bpamascr IO HHEpIH, IIap
co3faeT B OKpyxaroimeM 3drpe mome ckopocred, MOTIHHAIOIHACA

2 2

3aKOHY V=Ver2 =cor(,rL2 (50.1)
r r

Benmuuna Vi,=0r, B CTGHKaX IPOTOHa oleHeHa kaK Vi =3.10*m/c.
Kos(btlmunem* ,unHaanecxoﬁ BA3KOCTH OIpenc/icH Kak
n=10"° kr-m’-c’. 3amaua o meanenHOM Bpamenuyt ¢depsl B BA3KOHU
*KUJIKOCTH pelIeHa B IMAPOMEXAaHHKE. JTO pereHUC MOXKHO HaiiTH B
[52]. Ins mopaepkaHusA BpauieHus chepsl corjgacHO 3TOMy PCIICHUIO
K Helf He0OXOJMMO ITPHKJIAIRIBATE Bpamaromuii MOMEHT
M=8mnr, (50.2)

3TO0 03HA4YaeT, YTO MOMEHT CHJI TPEHUA paBeH TaKOM XK€ BEIHIMHE
c obpaTHelM 3HaKoM. HecJoxubli pacdger MOKashlBacT, HTIO
o=Vy/r,=2-10° 6pa,r:[/ ¢’ 1 MOMeHT

M=1,38-10"n-Mm (50.3)
JuddepeHnMaIbHOe YpaBHEHHE BpallaTeIsHOro ABWKCHUA TBEPAOTO
Tela H3BECTHO do = M (50.4)
d J

(4]
3nece M- MOMEHT CHJI TpPEHMs, NPWIOKEHHBIM K BpamalomieMyCi
IIPOTOHY CO CTOPOHEI 1ojist ddupa. J,- MOMeHT HHEePLHH OXHOPOAHOTO
IIapa c paIdyCcoM IIPOTOHA I,

Jo=%mrf, (50.5)

[Togcrasmm (50.3) u (50.5) B (50.4), momysHuM BHIDAKCHUC JUTH
U3MEHEHHS YIrJIOBOM CKOPOCTH BpamicHus MPOTOHA C Maccow
m=1,7-10%"kr no Bpemenu
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%=—0,69-1044paz[/02 (50.6)

OneHrM yMeHBIIEHHE YTJIOBOH CKOPOCTH BpamICHHsA MPOTOHA
II0 BpEMEHH O BIUSHUEM CII TPEHUA 10 GopMyie

co=0)o+%£;)—At =2.10% —0,69-10% At (50.7)

OTKyna ompeacnsieM NIPOMEXYTOK BpPEMEHH J0 IIOJIHOH OCTaHOBKH
BpALlICHUA IPOTOHA At=2,9-1075¢.

Taxum o6pasom, 3amaca WHEpIMA NPOTOHA IIPH BpaIICHUM B
BA3KOM 3(QHpe Ha IIPEOJOICHHE MOMEHTAa OT CHJI TPEHHUS XBATHT
TONEKO Ha BpeMs At<3-107°c, uTo mpoTHBOpEYUT pearsHOMY BpeMEHH
KU3HH 93TOM 4YacTHUIbl. AHAJIOTHYHEIM pacyeT MPHUMEHUTCIBHO K
poToHaM, Tak e IPEACTABIAIOMMX MO MEICIH AIfoKoBckoro B.A.
JIMHEVHEIE 3(UpHBEIE BUXPH, ITOKA3bIBA€T, YTO BpPEMsS HX IKU3HH
OKa3pIBacTCAd c€me MeHbme. BriBog omun: B paborax [4] u [3]
9qpe3BHIYAHO 3aBBINICHO 3Ha4YeHHE Ko3ddpouimeHnta tperus. Boobme
HEOIIpaBIaHO BEIHMKA POIb TpeHHMA B  (QYHKIUOHUPOBAHHH
3NEMEHTApHBIX dacTun MaTepuu. I1o cyTH, 3dup, HAAEICHHBIN TaKUM
TPEHUEM, NIPEICTABIACT TOT “)KeIe300€TOHHEIN 3QHup, B KOTOPOM IIO
MHEHMIO A .DVHINTEIHA YBA3HYT BCe Tena BeeneHHon.

B kuurax [4] u [5] nHaOmomaerca pa3HOYTEHHE B CaMOM
IIOHUMaHuM CcymmHocTd 3¢upa. C OAHOM CTOPOHBI BTO ra3, TO €CTh
CIUIOIIHASA CXHMaeMas Cpefia, 3alojHfomas Bce IpocTpaHcTBo. C
3TUX MO3WIMN ONPEACICHH 3aKOHbI Te4CHHU! 3(upa B BUXPIX U
BOKpYT HHX H Tak aanee. Ho 3aeck ke yTBepKaaeTcs, 9T0 3Pup B BUIE
“cTonOmoB” mamaeT Ha 3eMiI0 oA JAelcTBHeM rpasuranuu. Ho ecnu
yacTH 3upa MagaroT Ha 3eMIII0 KaK TBEPAbIe HEB3aNMOIEHCTBYIOIIHE
Mexzay coboif Tema, TO 3TO yxke He ras. CKOpPOCTh BXOXIEHHS
3(UPHOrO raza B 3eMiII0 JO/DKHA NOJUYUHATHECHA 3aKOHY IOCTOSHCTBA
MaccoBOI'O  pacxoga M,  CIEIOBaTe€NIbHO, OvITE  oOpaTHO
OPONOPLMOHATIBHOM KBaApary paauyca 3eMiId, a He KOpPHIO
KBaJApaTHOMY H3 3TOT0 paauyca, Kak ImpH IlafeHun TBepasix ten. Hano
BeIOMpATE OMHO U3 ABYX- JHOO ras, b0 poi TBEPIBIX YACTHII.

B pabotax [4,5] 4pe3BrIYaiiHO BEIMKU CKOPOCTH PaclpOCTpaHEHUs
CIaOBIX BO3MYIIEHHH M “KOJNBLIEBBIX CKOpOCTEH 3(pHpa B BHUXPAX-
YaCTHI]AX MAaTEpHH, AOCTATAlOmHe 3HaueHmit V=10"'M/c, uro Ha
TPUMHAAATh IOPAIKOB IIPEBBINIAET CKOpOCTh CBera. IIpm Taxkux
CKOPOCTSX BpalIeHHUA NOPOTOHA W O3BYYEHHOM [aBI€HWH B

OKpY’KalommeM ero moxe s¢upa pe=2-10°’H-M? 1eHTpOGEKHEIE CHIBI
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pa3opByT npoToH. Ilo Hamemy MHEHHMIO 3TO SBHIOCH CIIEACTBHEM
YIPOIIEHHOI'0 TOHNMaHMs CYIIHOCTH 3(upa.

Kak u B OonbimHCTBE ApYrHX paGoT 3TOro HampaBneHus, 3¢up
OCTaeTcsl OOBIMHBIM I'a3000pa3HEIM BEIIECTBOM, TOJIBKO Oojee “Meji-
Koro momona”. OZHAKO CIPaBENIMBO OXHUIAIOT, YTO €r0 PONb B
OpUPONIC HE OrPaHWYUBAETCH TONBKO PACIPOCTPAHEHUEM CBETA.
[TonararoT TaKxke, 4T0 €ro Te4eHus 00yCI0BIUBAIOT CHIIBI BCEMHPHOTO
NPUTOKEHUs, JJICKTPOMAarHUTHREIE B3aMMOACHMCTBHSA, BHYTPHAJCPHEIE
cuisl. Ho /s momydeHus 3THX CHJI, OCHOBBIBAsSICh Ha KJIACCHYECKHX
TEOpeMaxX MCXaHHKH, IPH Ype3BhIYailHO Mallol IDIOTHOCTH, KOTOpOi
HaJCII0OT B 3THX pabotax 3dup, TpeOyrOTca HEpealbHO OONBIIHE
ckopocTy TeueHus dpupa. Kpyr 3aMbikaercs.

BEIXo/1 TOJNBKO OOWH - TOHATH, 9TO J(MHP IPH CXOXKECTH ero
CBOHCTB CO CBOHCTBAMM HM3BECTHLIX 3€MHLIX Ia3oB HMMeEeT CBOM
OTJIHYHTEAbHbIe CBOMCTBA. I'IaBHLIMH H3 HHX SIBISIOTCH €ro

foJbLIas NIOTHOCTDh, 00JAbIIAS CKJIOHHOCTL K BHXpEeoOpa3oBaHuIo
M _TO, YTO OH NEPBAYEH 10 OTHOMEHHIO K 00LIYHOMY, JOCTYITHOMY
HAIUHM OUIYIICHHNAM, BemiecTBY. CamMH MarepHaabLHbIe Tejaa H

CHJIOBLIE B:;aumogeiicmml MEKIY HHMH, B TOM YHCJI¢ CHJIa

BCEMHUPHOIO NPHTHKEHAN, SABIAITCH CJAEACTBHEM TeYeHHi
3¢upHoro raza. IlosroMy COBEpPIICHHO HENPaBOMOYHO TI'OBOPHTD,

4TO Ha 3(Up ACUCTBYET CHJIa TSHKECTH H OH B BHAC “CTONOINOB” magaer
Ha 3eMIIIO.

3axiIrouenne

[IpuBenéuneie B paboTe HCCIENOBAHUS HE MCYCPIBIBAIOT BCEX
BO3MOXKHOCTEH Teopmu 3¢upa. MMeercs Oonpmoe gucno mpobiem
(¢U3MKH, acTPOHOMMM, MHMKpPOMHUpPa, KOTOpPEIE MOIYT IIONYy4HTh
peIeHHe C IOMOMBIO 3TOM Teopuu. OHa pacHIMpSAET IpeCTaBICHHE
HayKu 00 ycTpoiicTBe KocMoca. [Ioka3sIBaeT, 4TO CHiIa TSAKECTH, CHIa
HHEPIIHH, SJICKTPOMArHUTHEIC CHIIOBBIE B3aUMOJCHCTBHSA, CBOHCTBA
CBETA, YCTPOMCTBO MHUKPOYACTULl U aTOMOB O0YCIOBICHBl TCYEHUAMHU
3¢upa. BKiagsiBaeT B pykd YIEHBIX HOBBIH HHCTPYMEHT, YBEIHYUBACT
cTeneHbh CBOOOARI HayuHBIX uccaeaoBaHur. [lokaspiBaer, uTO
ACTPOHOMHSA H KOCMOJIOTHS HE YYUTEIBAIOT OY€HBb BAXKHBIH KOMITOHCHT
ycTpoiicTBa BcemeHHOM, a HMMEHHO, HAJIWYHME OKOIO MAaCCHBHEIX
KOCMHYIECKHUX TEJI YPUPHBIX BUXPEH U AECHCTBUA OKPYXKHBIX CHII.

ITensio paGoOTHl HE ABISIETCH KPUTHKA TEOPHH OTHOCHTEIHHOCTH,
CHITpaBILici OONBIIYIO POJIb B MCTOPHHM HayKH. bojee To10, aBTOp HE
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CUHTAET IMaBHEIM B paboTe TO, 4TO ¢ MO3KUIMI TEOpHH 3¢¥pa yIanoch
OOBSCHUTE ITOYTH BCE ONTHUECKHE A(PPEKTE], Jexkanpie B pyHIamMeHTe
Teopun A.JiiHmTeiiHa u npuseamue 100 ner Hasanm ¢usNky X
kpu3ucy. CoOCTBEHHO TIOBOpsA, HEOOBSCHEHHBIM OCTAIOCH TOIBKO

cMemenne nepurenus Mepkypus Ha 43" B cronerue. Bo3MoXkHO, 3TO
1 He TpeGyeTrcs, Tak Kak M3BECTHA pa3paboranHas emé B 1906 roxy [2]
HEMEIIKHM aCTPOHOMOM  3eeMrepoM xopomo 00oCHOBaHHas
rurore3a. OHa OOBIACHACT 3TO CMEILeHHE TPABUTALIMOHHEIM BIIMAHHEM
OOJIBIION MacChl MEJIIKHX 4YAaCTHI, 3alOJIHAIOMMNX OKOJOCOIHEYHOE
IIPOCTPAaHCTBO BILIOTH A0 opbuThl 3eMmi. Hamudaue Takoro BeImecTsa
IOTTBEPKIACTCH Ha0II0IaeMEIM 30/IHaKATbHBIM CBETOM,
IIPENCTABIAIOIIUAM CO00il pacCesHHOE OTpaKEHHE COIHEYHOI'O CBETa
OT 3THX YaCTHII.

bonee BaxkHO TO, 9TO TeopHs ddupa ¢u3ngEa M HE 3aXKaTa B
KECTKYIO CKOPJIYIY MAaTeMaTHUCCKHX YPaBHCHUM, KOTOpEIE KakK B
TEOPHH OTHOCHTEIHLHOCTH, HAYMHAIOT CaMoOJaBjieTh Hax (u3mkxon
peallbHBIX IPUPOAHBIX SBICHHH M 3IPaBEIM CMEICIOM. Teopus 3¢upa
cBOOOJHA OT ITHX HEZOCTATKOB M OTKPHIBACT IIMPOKHH MPOCTOp I
HOBEIX OTKPBITHH 1 CBEPILICHUIMA.

HHTEepecHO OTMETHTh, 4TO, HeCcMOTpsA Ha pasHele ¢ OTO A.
OWHIITEHAa MNOAXOAB K IIO3HAHHIO MUpa, Teopus IPHpa TaKKe
IpHIUIa K NPaBHIBHOMY BBIBOZY O TOM, YTO IIPOCTPAHCTBO BOIM3HU
MAaCCHBHEIX KOCMHYECKHMX Tel HeogHOpoaHo. M3-3a ToOro, uro
ranakTHKH, 3BEe3[ElI, IUIAHETH HEMPEephIBHO IOMIOmAoT 3bup u3
OKpPYaroIIer0 IIPOCTPAHCTBA, BOKPYTI HUX pPCalM3yeTCd paaualibHBIC
TE€YEHUs, HAIIPABJICHHBIC K IEHTpaM 3THX MAaCCHBHBLIX O0pa3oBaHHM.
OTH TEYeHUs ONMCHIBAIOTCA TeueHKEM Okoio croka. B OTO aro
SBICHUE TPaKTyeTCd KaKk HCKPHUBICHHEC IIPOCTPAHCTBA BOKPYT
MaCCHBHEIX 3BE3[.

PanmaneHble TEYEHHSA OKOJIO CTOKOB HEYCTOWYHMBHI K BHEIIHHM
Bo3MymeHusM. Ilosromy, OHH CBOpa4MBalOTCS B  O{HPHEIE
KOCMUYECKUE BHUXPH, OKPYKAIOIIME 3TU MAaCCHBHBIE OOpa30BaHUA.
CoBpeMeHHasI Hayka WCTOJIKOBBIBAET MX KaK 3aKpy4dHMBaHHE CaMOTO
IIPOCTPAHCTBA BOKPYT MACCHBHBIX 3BE3/.

B s3axmodenne OTMETHM eIne pa3 HamOolee CYMICCTBCHHBIC Ha
Halll B3IVIAA pe3yNbTaThl, IIQIYICHHBIC HAMU B JaHHOHU paboTe:

1. Muap nepecran ObiTh nycThiM. I 00bsAcCHeHHs1 PH3MIECKHX
3aKOHOB MOABHJIOCH 00beHHAIONIEe HAYAN0—IIoJe Ydupa

2. IlpomexkyTo4yHasi cpeaa Mex3Be3AHOro gupa onpeaeaseT CHay
HHEPIHHA, CHJIY THAKECTH, TPABATANNOHHYI0 CHJIY, HAIIPABJIECHHYIO
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IO KacaTeJbHbLIM K OKPYKHOCTSIM BOKPYI MACCHBHBLIX Te€J, CHJIY
pocTa Macchl, CHJIOBOE B3aHMOACHCTBHE MEKAY MOJIOKUTEILHBIMA
H OTPHUATEIbHBLIMH “3JIeKTPHYECKAMH 3apsaaaMn’,

3. PaccmoTpenHblii mnponecc mnorjiomenus 3¢upa TeJaMH H3
OKPy’Kaolero npocTPaHCTBa SBJISETCH HEI0CTAIOLIHM 3B€HOM B
no3HaHuu MHupa. OH no3BoJisieT NOHSATh, 4YT0 BceelleHHas Be4na.
Hapsany ¢ sBjieHneM paccenBaHud Temiaa (rumore3a Kiaaysmyca o
TEIUVIOBOH CMepTH) BO BceejleHHOM HAYT MOLIHbIE cO3AaTeIbHbIE
npouecchl. B pe3yjabTare poXKAAWTCS HOBbIE KOCMHYECKHE
o0bekThl. B HHX HakanJHBaeTrcs oOrpoMHasi JHEpPIHS.
IHocTaBINKOM H PEryJsiTOPpOM 3TOr0 KPYroBOpOTa MATEPHH H
HEPTHH SIBJSIETCH moJie Y¢upa.

4. TlosiBiIsieTcsi MOCTHK MeEXKAY HEKMBOH H JXUBOHM IIPHPOIOH.
Yro0bl CyIIeCTBOBARTh Tejla HEXHBOH HnpHpoOAbLI TaK XKeé, Kak
pPacTHTE/NbHbIE W KHMBbI€ OPraHd3Mbl, JO/UKHLI IOIJIOINATL H3
OKPYKAI0MIero NPOCTPAHCTBA J3HEPru m maccy., Mbl (rioam)—
IJIOTh OT ILIOTH NoJas 3¢pupa. Mbl :KHBeM B oKeaHe 3¢upa.

5. /I y4eHBIX, KOTOPbIe MBICJIAT CTATAYECKHMHA 00pa3amMu, caMo
NyCTO€ reOMeTPHYECKOe MNPOCTPAHCTBO, KAK 3TO CYHNTAECTCH B
odfmeii Teopum oTHOCHTEALHOCTH (OTO), m3rubaercs w
3aKpYYHBAaeTCA OKO0J0 MACCHBHBLIX Tej. 3axk/IioueHune 0 mpormbe
OpPOCTPAHCTBAa CAeIaHO HAa  OCHoBaHMM  HalgioxaemMoro
OTKJIOHEHHS JYy4YR2 CBeTa, npoxoasmero psaoM ¢ Coanuem ot
Aajieknx 3Be3J] K HaOmiogateno Ha 3emie. 3akiIoueHune o
3aKPY4Y€HHOCTH  MPOCTPAaHCTBA  CAEJAHO, H3  HEYMEHHA
o0bSICHNTL  HalaiogaeMoe  omepexeHHe  HCKYCCTBEHHBLIMH
COYTHAKAMH  3eMJIM HX PacYeTHOIrO I0J0XKeHHns Ha oponTax.

6. INockonbKy B IPOCTPAHCTBE, 3aN0JHEHHOM 3(QHPOM, Kak
npeanoJarai N.Hel0TOH, CylIeCTBYIOT TeueHH 3(pHpa K HEeHTpaM
TeJd, a TaKkKe BUXpeBble TeyeHUsl >Pupa BOKPYI 3THX Tej, O
KOTOPBIX OH HE A0raJbiBajicsi, TO INPOCTPAHCTBO OKAa3bIBaeTCs
HeOAHOPOAHBLIM, DOTOHBI CBETa CHOCATCH pagnuaIhLHbLIMH
Te4eHnsAMM K HeHTpaM MAacCHBHBLIX Tejl. B pesyabTaTe JIyd cBeTa
HCKPHBJISETCS, IPOXOAs OKOJIO 3THX TeJ.

HcKyccTBeHHbIE CNIYTHHKH 3emin, NOAroHsIeMbIe
KOCMHAYECKIM 3(PHPHLIM BHXpeM 3eMJIH, YCKOPAIOT ABHKEHHE Ha
cBOMX op0HMTax, ecid HX JBIJKEHHSI COBIAJAIOT C BpalleHHEM
3pHPHOro BUXPA M caMOii 3eMiHm H 3aMeLISIOTCH, €CAH HX
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ABIOKEHHS HPOTHBONONOXKHBI, JTHM OOBSICHSIETCH TakKKe, TaK
Ha3bIBaEMOE, TAMHCTBEHHOE “BeKOBOE YCKOpenHe JIYHBI”,

6. IlosToMy 0 NPOCTPAHCTBE MOKHO F'OBOPHMTL Kak O 1oJie >¢upa,
HEOZHOPOAHOCTh KOTOPOro o0ycJjioBiaeHa Teuennsamu 3¢pupa. [loae
3pUpa MOKHO, B CBOI0 04Yepedb, PACCMATPHBATL Kak (pu3mueckoe
IIPOCTPaHCTBO, T.e. Bceiiennyw. BemecTBeHHbIe Teaa, a Takke
CHJIA TSKECTH, 3JIeKTPOMATrHHTHLIE CHJIbI, HAIPEB OT H3JIy4YeHHS
ABJAI0TCH (popmamu ABHxKeHHMS dPupa. Kak MBI BHjean, cBi3b
Mexay OapHoOHHLIM BellleCTBOM H >(}HpPOM He Takas HPOCTas M
NpSMoINHEeHasA, KaAK ee X0TeJn Obl BHAETh MHOTHE aBTOpPhI, HO
OHA He BBIXOHT 32 PAMKH U3BeCTHLIX (PH3HYECKHX 3aKOHOB.

7. Orka3 or gormara OTO o mocTosiHCTBE CKOPOCTH CBETA B
NyCTOTE NO3BOJIfAET, Hepexoas K NPHHIHNAM OTHOCHTE/JILHOCTH
FNanuiaes (HbloTOHA), e€CTEeCTBEHHLIM 00pa3oM NPHMHPHTDL
KQKYIIHEeCA MNPOTHBOPEYHS B  ONTHYECKHX ONbITAX H
Ha0JI0eHHSX,
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