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B ocHoBe 3(hMpoJMHAMHKH JICKUT MPEJCTABICHUE O HEMyCTOM
npocTpaHcTBe. Takoe mpeacTaBiIeHHE SIBIAETCS MPHUBIEKATEIHHBIM
JUTSL TeX, KTO HE CKJIOHCH BEPHUTh B MHUCTHYECKOE MAILHOJEHCTBUE.
CunrtaeTcs, 4TO KOCMOC 3alloJIHEH TEeMHOM Matepueil ((husnueckum
BaKyyMoM, 3upom u T.1.). TeMHas maTtepus coctasiseT 10 96% Bceit
MaTtepun BeenenHol. OHa paBHOMEPHO 3arOHSIET BCE MPOCTPAHCTRO.
Ee temneparypa T=2,75K. IlonaraioT Takxe, 4TO OHA COAEPXKHUT B
cebe OTPOMHYIO TEMHYIO SHEPTHIO.

B nmaHHO#Wt pabore mpenamoiaraeTcs, YTO TEMHOH Marepuei
sBisietcss 3upHbi ra3. OH HEBUAMM W PaBHOMEPHO 3arlOJHSET
Bceenennyro. Bce marepuanibHble Tena, OT 3BE3] 0 3JIEMEHTAPHBIX
YacTHIl, HEMPEPHIBHO MOTIIOMAIOT 3(HpP, KOTOPHIN 3aTeM BHYTPH Tell
npeoOpazyercs B Marepuro. [Ipu  B3pblBaX HOBBIX 3Be31 U
PaaMoOTalaKTUK MaTepusi YaCTUYHO WJIM TMOJHOCTHIO paclagacTcsl Ha
aToMmsbl 3¢upa. [Ipr 3TOM TPOUCXOIUT BEUHBII KPYTOBOPOT MaTepuu U
SHepruu. BHyTpeHHsIsI 3Heprusi (UPHOTO Ta3a SBISCTCS TEMHON
sHeprueit kocMoca. OHa orpomHa. Omnpe/ieieHbl OCHOBHEIC ITapaMeTphl
a¢upHOro raza. IlokazaHo, 4To B OTJIMYHE OT yCTOSBIIETOCS MHEHUS
3¢up obnmamaeT OONBIION IIIOTHOCTHIO. B HEM OTCYTCTBYET BSI3KOCTD.
Ha »stofi  ocHOBe MPEAJIOKEHBl PEIICHUS OOJIBIIIOTO  YHUCIIa
TaWHCTBCHHBIX TpoOJeM acTpoHOMUM U (u3uku. B TOoM uymcne
MOKAa3aHO, YTO Yy BCEMHPHOTO TATOTCHMS, WHEPIMOHHOW MAacChl U
3JIEMEHTAPHBIX JICKTPUUCCKUX 3apsoB eauHas 3pupoauHaMudecKas
MPHUPOJIA.
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CoBpeMeHHasT Hayka CMHUPIJIACh CO MHOTHUMH TapajoKCaMu
(U3HMKYM,  YIOBOJIBCTBOBABIIMCH  TPAaBWIBHOH  KOJIHMYECTBCHHOMN
HWHTeprpeTaiueil spienuil. [Ipu sTom mpupona psana NPUHIMITHAIBEHO
BaYKHBIX SIBIICHUH, TAKUX KaK CHJIBI TSHKECTH, CHIIBI HHEPIIUHU, CUIIOBOTO
B3aMMOJICHCTBUS JJICKTPUYCCKUX 3apsJ0B M MHOTOrO JIPYyroro,
ocrajach HemoHATOM. Her wnew, oObeaWHAIOMEN OSTH SBICHUS.
Bcenennas B n3o0pakeHuu acTpo(U3MKH IycTa U pa3oliieHa. Mup
BO3HUK MTHOBEHHO B pe3yjibraTe “OonbIIOro B3phiBa” U3
“mepBoaToMa’ M MPETEPIICB “TEIIOBYIO CMEPThL” JTOJDKEH Pas3IeTeThCs
BO BCE CTOPOHBI, OCTaBHB IIOCIIE CE0s ITyCTOE MECTO.

B nanHoli pabGoTe mpeAnpUHUMAETCS TMOMBITKA JI0OKa3aTh, YTO
OCHOBOW CHWJIBI TSKECTH, CUJIBI MHEPIIUU U CIJIOBOTO B3aUMOJICHCTBUS
SNIEKTPUUECKUX  3apsA/0oB  SBJIsETCS  HalduMe BO  BceneHHoM
Mesk3Be3HOoro 3¢upHoro raza. B 1968 unes cymiecTBOBaHUS MEXIY
3Be37laMH HEBHJIUMOW MaTEpPHM Hallla CBOC TIOATBEPXKICHUE B
OTKPBITHM  aMepuKaHCKuMH  acTpodmsukamu  A.lleHsmacom u
P.BuibCOHOM pEIMKTOBOTO W3IydeHHs, 3a KOTOpoe UM ObLra
npucyxnaeHa HoOeneBckas mpemusi. [lozxe Obuto 0OHapyKeHO, UTO
OHO COOTBETCTBYET YEPHOTECIBHOMY H3IIyYCHHIO TIPH TEMIIepaTrype
T=2,75K. D10 03Ha4ano, 4to BO BceneHHON WMeeTcs HeBHAMMAs
TeMHas MaTepus, usNy4aromias dSHepruto. OHa  paBHOMEPHO
pacnpesielieHa B TMPOCTPAHCTBE MEXIY 3Be3laMu M cocTaBiser 96%
Bcei Marepun Bcenmennoit. Ha mgomto o0bgHOTO OapHOHHOTO
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BEIIECTBA, M3 KOTOPOTO COCTOSIT Bce Tena, ocraercs Bcero 4%.
[Ipenmonararor, 9T0 TeMHas MaTepUsi COACPKHUT OONBIIYI0 TEMHYIO
sHepruto. He MeHee WHTepecHa Takke MpobiemMa B3anMOJCHCTBUS
TeMHOU MaTepuu (3dupa) u 0ObIYHON OAPUOHHOI MaTEPHH.

[Ipenmonaraercs, 4To TEeMHON MaTepuel sBiseTcs 3QUPHBIN ras,
paBHOMEPHO 3amojiHAomMi BClo BceeneHHnyio. Bce MarepuasibHbie
Tesa - OT 3Be3/ A0 3JIEMEHTapHBIX YacTHUI - HEMPEPHIBHO MOTIIOMAIOT
3(up, KOTOPHIM 3aTeM BHYTPH Tel IpeoOpasyercs B maTepuio. llpm
B3pHIBaX HOBBIX 3BE3/] M PAAMOTATAKTHK MaTepHs YacCTHYHO WIIU
MOJTHOCTHIO pacriagaercs Ha aTtombl 3¢dupa. [Ipu 3TOM mpoumcxomut
BEYHBI KpPYyroBOPOT MATEPHU W DJHEPrUU. BHYTpeHHsSS SHEprus
a¢upHOTO Ta3a ABIsIeTCA dHeprueit kocMoca. OHa orpomHa. [Ipomecc
TIOTJIONICHUS 3(UpPa TEIAMHU U3 OKPYKAOIIETO POCTPAHCTBA SBIISETCS
HEJOCTAIOIIMM 3BEHOM B Mo3HaHuH Mupa. OH MO3BOJISAET MOHATH, YTO
Bcenennas Beuna. Hapsiy ¢ siBlieHHEM paccerBaHusl Teruia (TUImoTesa
Knaysuyca o TemaoBoii cMepTH) BO BceleHHON HIyT MOIIHBIE
co3ugateibHble mpouecchl. [locTaBIIMKOM M PEryasiTopoM 3TOrO
KpyroBOpoTa MaTepUH M OSHEPruu sABsSeTcs mone sdupa. Ddup
MEepBUYEH, a MaTephajbHble Tella W MX CBOIMCTBA BTOPUYHBI.
OmnpenesneHsl OCHOBHBIE TapameTpsl 3¢upHoro rasa. [lokazaHo, 4To B
OTJMYHE OT YCTOSBIIErocss MHeHHs d¢up o0xagaer OONBLIOH
TUIOTHOCTBIO, B HEM OTCYTCTBYET BSI3KOCTb.

[lockonbky B NHpPOCTpPAaHCTBE, 3aMOJIHEHHOM 3(QHUPOM, Kak 3TO
npennonaran M.HeroToH, cyliecTByrOT TeueHus 3upa K EeHTpaM Tell,
a TaKkKe BUXPEBBIE TCUCHHS d(UPA BOKPYT ITHX TeJ, O KOTOPHIX OH HE
JIOTaABIBAJIICS, TO TMPOCTPAHCTBO OKAa3bIBACTCS HEOMHOPOIHBIM.
®DOTOHBI CBETa CHOCATCS paJAWaIbHBIMU TCUCHUSMH K IICHTpam
MAacCUBHBIX Tell. B pe3ynbTare ayd CBETa HCKPUBISICTCS, MPOXOMIS
OKOJI0O 3THX Tel. VCKyCCTBEHHBIE CITyTHUKH 3€MIJIH, MOATOHIEMbIE
KOCMHUYECKHM S(UPHBIM BUXpPEM 3eMJIM, YCKOPSIOT JIBI)KCHHUC Ha
CBOMX OpOWTax, €CIM WuX JBWKCHHUS COBMAJAIOT C BpalllcHUEM
3(UpHOTO BUXPS U caMOW 3eMJIM W 3aMEJISIOTCS, €CIIA X JABIKEHUS
MIPOTUBOIIONOXKHEI. [I03TOMY 0 MpOCTpaHCTBE MOKHO TOBOPHUTH KaK O
nojae 3¢upa, HEOJHOPOAHOCTH KOTOPOTO BOJHM3HM MAaCCHBHBIX
KOCMHYECKHX Tell 00YCIIOBIICHA TeUeHUSIMH d(upa.

OTCyTCTBHE TYCTOTHl JOJDKHO paccMaTpHBAThCI B CMBICIIE
3aMOIHCHUST MPOCTPAHCTBA TAaKOW  HEBHIUMOW JKUIKOW WK
ra3oo0pa3HOil cpelol, KOTOPYIO MOKHO ONHUCaTb B KPUTEPHAX
TUTOTHOCTH, JABJICHUS, TEMIIEpPAaTypbl, CKOPOCTH U dYepe3 KOTOPYIO
nepeaaloTcss BO3MYyIIEHUS. B 3TOM ciydyae mpH pemIeHUH MHOTHX
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3alad MOXKHO HE paccMaTpuBaTh COOCTBEHHYIO CTPYKTYpY OTOH
Cpelibl, a OTIEPUPOBATh STUMHU 00OOIICHHBIMH KPUTEPUAMHU. DOUPHBIN
ra3, XOTS U COCTOUT M3 OCCKOHEYHO MaJbIX aTOMOB, HAXOJSIIUXCS B
HENPEPHIBHOM JIBIXKEHUH, HO B CHITY 3HAYUTEIHHON KOHIICHTPAIH HX
B M0OOOM CKOJIb YTOAHO MajioM 00BEME MOXKET pacCMaTpUBATHCA Kak
CIUTOIIHAA CPEefa.

Kaxnapiii atom 3¢upa, uMess Maccy, IBUKETCS C ONpPEICIICHHON
CKOPOCTBIO TIOpAKAa CKOPOCTH CBETa M, CIIEOBaTeNbHO, O0Iamaer
KHHETHYeCKOU dHepruei. CyMMa KHHETHICCKUX YHEPTHIl BCEX aTOMOB
a¢upa B equHUIC 00beMa SABISICTCS BHYTPEHHEH dHEprueit 3pupHOro
KOHTHHYYMa B 3TOM 00beMe. DTa 3HEePTUus OrpoOMHA H3-3a OIPOMHOTO
KOJIMYecTBa aToMOB >¢pupa B 3tom oObeme. Cpema sdupa B ele
Oonbieli Mepe, 4YeM OOBIYHBIC Ta3bl, 00JIAZAaeT CIIOCOOHOCTHIO K
caMOOpTraHU3aIlK B BUJIC PA3IMYHBIX BUXPEBBIX CTPYKTYpP, KOTOPHIE U
BBICTYIAIOT B POJIM 3JIEMEHTAPHBIX YaCTHUI], aTOMOB U MOJIEKYJN, W3
KOTOPBIX COCTOAT MaTepualibHble Tena BceneHHoil.

EctecTBeHHO, YTO MaTepualbHBIC TEJIa B3aUMOJCHUCTBYIOT JPYT C
JIPYTOM HE TOJBKO MPU HEMOCPEACTBEHHBIX CTOJIKHOBEHHAX, HO W Ha
paccrosiHUHM 4epe3 moJie 3GUPHOro Tas3a, Tak Kak depe3 mole dupa
PacIpOCTPAHSIOTCS CWIBHBIE M CJIa0ble BO3MYINEHUS, BBI3bIBACMEIC
Tenamu. VccrnenoBaTento OCTaeTCsl yCTAHOBUTh 3aKOHOMEPHOCTH 3THX
B3aMMOJEWCTBUH W TOHATH CTPYKTYypy OJJIEMEHTOB MAaTEpHH,
MOJITBEP/IUB MX pacueTaMH M CPAaBHCHUSMHU C M3BECTHHIMH B (DHU3HMKE
3aKkoHaMu. [Ipu >TOM MHOTHE W3 ITHX 3aKOHOB INPEACTaHyT B Ooiice
o0miem u 601ee 000CHOBaHHOM BHUJE.

B kayecTtBe Ha3BaHUA  Cpellbl, 3alOJHSIONIEH  MHPOBOE
MPOCTPAHCTBO, BMECTO 3(PUPHOTO raza MOKHO OBLIO OBl HCITOJIL30BATh
Takhe TEPMHHBI, KaK TEMHas ra3000pa3Has MaTepus WM ‘ CHIIOBBIC
noJisi’. VI3BeCTHBI 3JE€KTPOMArHUTHBIC, TETUIOBBIE TOJS, ITOJIE CHIIBI
TshkecTH u Jipyrue. OQHAKO caMO TIEPEYHCICHUE dTHX HA3BaHUU yKe
TOBOPHUT O TOM, YTO OTH IOJII PACCMATPUBAIOTCH Pa3IUYHBIMH I10
cBoeil mpupome. CamMu OTH Ha3BaHUS HHYETO HE J00aBIAIOT K
MOHMMAHUI0O  BHYTPEHHMX  CBOMCTB JTHUX TMOJed U  Jaxe
MPHUOIM3UTEHFHO HE TMOJACKA3bIBAIOT, B KAKOM HAIPABJICHUU CIEAYET
MPOBOAUTH HCCIIENOBaHUA. MOXHO TaKKe HCIIONB30BaTh TEPMHUH
“Bakyym’. Ho »aroT TepMmH Takke orpanmdeH. OT HEro BeeT
MyCTOTOH. YiKe cefiuac pacCMaTpPUBAIOT HECKOJIBKO Pa3HBIX BAKYYMOB.
OnuH- MEXy 3BE3/1aMH, JIPYroii- BHYTPH aTOMOB, TPETHIA- B COCTaBE
3JIEMEHTAPHBIX JYacTHUIl. To ecTh, 371ech HET 0000IIaroIIero Hadaia.



NMenHo 1O ATOM MNpUYMHE MBI OCTAHOBWINCH HA TEPMHHE
“s¢upHbI  Ta3”, TaK KaK ra30JdHAMHKa SBJSCTCS  XOPOIIO
pa3paboTaHHOI HAayKOW W €¢ pe3ylbTaTaMH MOKHO BOCIIOJIB30BAThCS.
B mnoHsATHSAX CIUIONTHON Ta3000pa3HOM Cpebl 0Ka3aJioCh BO3MOMXHBIM
0000IUTh BCE TPECTABICHHUS O CHJIOBBIX B3aMMOACHUCTBUAX MEXKIY
MaTepUalTbHBIMU TeNaMH. OJTO TO3BOJMIO, KaK HaM KaXkerTcd,
OpUOTU3UTh MeuTy A.DUHINTEeHHA U psiia APYTHX U3BECTHBIX (PU3UKOB
0 eIMHOM TIoJie, 0000IaromeM MPUPOAY BCEMHPHOTO TATOTCHUS C
3IEKTPOMArHUTHBIMH B3aUMOICHCTBUAMYU U PACIIPOCTPAHEHHUEM CBETA.

CornacHo wujesiM, pa3BHUBacMbIM B 3TOH KHHUTE, BCE MHPOBOE
MPOCTPAHCTBO _ MEAY MATEPHAJLHBIMH _TeJIAMH _ 3aNOJHEHO
3(QUPHBLIM Ta30M, 00JIa1AI0IMM_00JIbIIIOH BHYTPEHHEI YHEprHueii.
Bce MarTepuaJjibHble TeJa, Haxoasiliuecsi B moJie 3¢upa,
HelnpepbIBHO €r0 MOrJIOIAKT. ITOT Npouecc ABJISeTCs YCI0BHEM
cyuiecTBoBaHus Teu. IIpu ero HapymieHHM Teja pa3pyliaiorcs,
MOJHOCTHI0 MJIH YaCTUMYHO BHOBb MNpeBpaliasich B 3QUpPHLII ra3.
IIpu >TOM NPOUCXOAUT BEYHBIH KPYTOBOPOT MATEPHH W JHEPTHH.

YeMm ke oTamyaercs dpup oT OGaproHHONW Matepuu? (baproHHas
MaTepusi COCTOMT B OCHOBHOM M3 TSKENBIX 3JEMEHTapHBIX YaCTHII-
HEHTPOHOB W mTPOTOHOB). [loueMy OTH JBa TOHATHS B KHHIE
pasnenensr? Benb 3¢up marepuaieH, T.€. OH CYIIECTBYET PeallbHO BHE
3aBUCHMOCTH OT HAIIETO CO3HaHWS. be3 BHATHOrO OTBETa Ha A3TOT
BOIPOC HEBO3MOXHO IMOCTPOUTH PabOTOCIIOCOOHYIO TEOpHIO 3upa.

OTU OTIWYMS 3aKIIOYAIOTCS MPEeXJAe BCEr0 B TOM, 4TO 3¢pup
IePBHYEH, a MaTepHaJibHble TeJda W HMX CBOICTBA BTOPHYHBI.
ATOMBI, _ DJeKTPOHBI,  NPOTOHBLI,  HEHTPOHbI M ___ Jpyrue
3JIeMEHTAPHbIE  4YacTUILI __ BelIeCTBA _ NMPEICTABJISIOT _ cO00M
ABTOHOMHBbIe MHUKPOBHXpH u3 J¢dupa. Iloanepskanue TedeHWi
3dupa B ITHX BHXPAX Ha MNPOTAKEHUHM MHILIHAPIOB _JeT
o0ecrieunBaeTcsi 00JbIION JHEePrueil, 3aKJII0YeHHON B noJe 3gupa,
M __Iepenaveil  4acTu 3TOlJHePruM BMeCTe ¢ MNOIJIONIEHHbIM
3¢UpoOM MaTepHAJILHBIM TeJaM.

Cuwnraercs, 9TO 3PUP MUPOBOTO MPOCTPAHCTBA TIOMUMO SHEPTHU
oOnamaeT Maccol, mHepIHel, KoIn4ecTBOM ABkeHus. [loTok adupa
MepeaeT CBOE KOJMYECTBO MBIDKEHHS MAaTepHAbHBIM TelnaM |
OKa3bpIBaCT HA HHUX CHJIOBOC BO3JEHCTBHE. D(DHUp, HAXOISIIIHHACS
BHYTPH T€Jl, B OTPBIBE OT 3(pa MUPOBOTO IMPOCTPAHCTBA IMPOSBISCT
CBOWMCTBA MHEPIMM W KOJUYECTBA JBWKCHHS 4YEpPe3 Maccy Tel,
NPOTIOPIUOHAIEHYI0 Macce d(Uupa, EKECEKYHIHO IMOTIOIMAeMOro
TEJIOM.




Macca Ted, mO3TOMY, He SIBJASIeTCS Mepoil  KOJIWYeCcTBA
NOIJIOIIEHHOr0 paHee 3d¢upa, a mnpeacraBjser co0oii _mepy
B3auMoJlelicTBHA TeJ ¢ 3(UPOM MHPOBOI0 NPOCTPAHCTBA.

TeuennsaMu s¢upa, BO3HUKAIOIIUMHU HM3-32 TOTJIOMIEHHUS 3(upa
TenaMH, OOYCIIOBJICHO BCEMHPHOE TATOTEHHE U, UMEHHO I03TOMY,
caMH Macchl 3pHUpa BHE MAaTEPUATBHBIX TEJ HE MOJIBEPIKECHBI ICHCTBUIO
TATOTEHUS. B3anMoneicTBue ABMXKYIIMXCA DJIEMEHTapHBIX YacTHUI]
MaTepuu C TojieM 3(dupa 0OBsICHSICT “Ayann3M’ KOPIYCKYJISAPHBIX U
BOITHOBBIX  CBOMCTB O3THX 4actum. K  3pupy NOpHUMEHUMEI
NpEeACTaBICHUS] KHHETHYECKOH TeopuH Ta3oB. Ero TeueHus MoryT
OBITH OMHCaHbl YpaBHEHUSMH Ta30BOM AMHAMHKH. Bs3kocTtb adupa
Maja. Bo MHOTHX pemieHHsx €10 MOKHO IpeHeOperarh. [Ipm mambix
CKOpPOCTSIX C)KMMAaeMOCTBIO 3(upa TakkKe MOXKHO IpeHeOperars.
[TosTomy Tedenust 3¢hpupa MOryT OBITH ONMCaHbl ypaBHeHHEM Jlamaca.
CocrosiHne  TeueHHHd  dHpa  XapaKTEpU3yeTcs  CKOPOCTHIO,
IUIOTHOCTBIO, JaBJcHHEM, TemrepaTypoi. UYepes mone a3dupa
pacmupoCTpaHsIOTCS CBET, cIa0ble H CHIIbHBIC BOZMYIICHUSI.

Jannass kHura o000mIaeT B CAMHYIO TEOpHUIO 3dupa HIeH,
BBICKa3aHHBIE B MoHOTrpadusx asropa “TaitHer MeX3Be3THOTO
adupa’[l], “ Dpupoaunamuka Beenennoii” [2], “ KpyroBopor 3dupa
BO Bcenennoii”[3] u “Ponb aupoannamuky B mosHanuu Mupa”[4]. B
Hel coOpaHbl Bce MaTepHaibl HAIUX pa3pabOTOK, OnHMCcaHHbIe B [1, 2,
3, 4, 42, 45, 601 61] u BeIIEpKaBIINE MPOBEPKY BpemeHeM. Celiuac
HEKOTOpBIE MPOOJEMbl MBI CTalM MOHMUMATh Jy4YIle W IOCTapalNCh
BHECTH COOTBETCTBYIOIINE KOPPEKTHUBHI B TaHHYIO KHHTY.

B Teopum omnpeneneHbl OCHOBHBIE CBOMCTBA M MapaMeTphbl
3¢UpHOrO ra3a, BCKPHITA MPUPOAA BCEMUPHOTO TATOTCHUS, MOKa3aHa
CBSI3b DJIEKTPOCTATHUECKUX SIBICHUH C TEYCHUSIMH 3(UPHOro rasa,
NpPENIOKEHbI d(QUPOIMHAMUYECKAE MOJICTH DJIEMEHTApHBIX YaCTHUI]
MaTepud M MpOocTeHmmx atoMoB. llokazaHo, YTO BHYTpHUATOMHEBIE
CHJIBI TAK)Ke O0YCIIOBIICHBI TEUEHUSIMH dHpa.

B xHWTEe MHPOKO MPOMUIUTIOCTPUPOBAHBI BO3MOXKHOCTH, KOTOPBIE
MIPEJICTaBISAeT Teopus dhupa I UCCIESAOBAHUS Pa3TUIHBIX TPoOIeM
MUpo3naHus. B Hell  mpemiokeHBl  CBOM  pelieHHsA  psaa
MHUPOBO33PEHUECKHUX MPOOJIIEM acCTPOHOMHH, TaKHX, KakK IMPOOIEMbI
KPacHOTO CMEIICHHUS B CHEKTpaxX “majeKux TalakTHK', “ Bosbimoro
B3pBIBA’, HEHTPOHHBIX 3Be3x M “UepHBIX JABIP”, OSHEPreTHUKH
B3PBIBAIOIINXCS KOCMHUYECKHX OOBEKTOB, CTPOCHHUS CHUPATBHBIX
ralakTuk ¥ paga Apyrux. [lokazaHo, dYTo mpOTHUBOpEUHsT B
MCTOJIKOBAaHUM ONTHYECKHX OMBITOB MaiikenbcoHa, @u30 u sSBICHUS
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3BE3HON abeppaluu, JCKABIIHX B OCHOBE Kpu3uca (U3UKU KOHIA
JIEBSITHA/IIIATOTO-HAYaIa JIBAANATOTO BEKOB, MOTYT OBITH COTJIACOBAHBI
MeXay coOoii 0e3 Teopuum OTHOCUTENbHOCTH A.JuHmITElHHa. C
no3uIuil Teopuu d3¢pupa OOBICHEHBI TaKXKE JAPYrHe JTOCTHIKCHUS
TEOPUH OTHOCHTEIBHOCTH W HaIOJHEHa (U3MYECKUM CMBICIOM
nomnpaBka Jlopenma. IlokazaHo, YTO OHa OTpa)kaeT BIMSIHUE
CKUMaeMOCTH 3()UPHOTO ra3a Mpy OKOJIOCBETOBBIX CKOPOCTSIX.

Mbl  He cTaBWIM CBOEW 3ajadyel  MpPOBOJUTH  aHAJU3
CYIIECTBYIOMICH JTUTEPATYpPHl MO0 NaHHOH TemaTuke. B OobIIMHCTBE
JOCTYMHBIX HAM KHHT M CTarefi 93TOro HampaBieHHS aBTOPHI
OTPaHUYMBAIOTCS JIMIIb  KAYCCTBEHHBIMH  pacCyXJCHUsIMU  0Oe3
KOJINYECTBCHHBIX IMPOBEPOK CBOWX YMO3AKIIOUCHHUH, W IO DTOH
OpUYMHE 37eCh TPYIHO 4TO-MOO0 obcyxaare. Hambomee cepne3Hbie
paboThI 3TOTO HAMpPABICHUS MPOAHANU3UPOBAHBI HAMH M HAIITH CBOE
OTpPa)KHHE B COOTBETCTBYIOIIUX TIIaBaX.

Mpsl B cBOEH KHUTE CTPEMHIIMCH K TOMY, YTOOBI OOJBIIMHCTBO
HAIlUX BBIBOJIOB MOJTBEPIKIATUCH CPABHCHHSIMH C HWMCIOIMMUCS
IKCMEPUMEHTATLHBIMU U HAOJIOIaTEILHBIMH JAHHBIMH U MOTJIA OBITh
nepenpoBepeHbl. OTO, KOHEYHO, 3aTPYJHHUT YTCHHWE KHUTH, HO
MOKAXKET YUTATEIIO CEPhE3HOCTD MOMYUYCHHBIX Pe3yIbTaToB. [IeHHOCTh
npejyiaraeMoil TeopuH dupa 3aKIF0YaeTCS B TOM, YTO OHA C MHBIX
MO3HIIUI TI03BOJIMIIA TONYYUTh WHTEPECHBIC PE3yIbTaThl B TaKHX
pPa3NWYHBIX pas3fenax HayKd, KaK TEOpHs TpaBUTALUH, TEOPHUS
3MIEKTPOMATrHUTHBIX TOJIeH, ACTPOHOMHS, TCOPUS CBETa M SABICHUS
MHUKPOMHPA.

B nanHo# kHHTE 3aHOBO Hamucasbl Thasel 1.4, 1.6, 1.7, 1.9, 1.10,
1.12,1.13, 1.14, 1.1 3.3Psn rnaB nopaboTaH.

YACTH 1
d9OUPOINHAMHUKA - KJIIOY K
IHOHUMAHMUIO 3AKOHOB ITPUPO/AbI

1.19¢upoaunamMmnka 0 TeMHOH MATEPUH H
TEMHOM JHEPruu

B Hacrosmmee BpeMs = B HAy4YHOH JIMTEpaType BCTpedaeTcs
yTBepXKACHHE O TOoM, 4ro 96% o00I1ero KoJMYecTBa BEIIECTBA BO
Bcenennoit coctaBisieT, Tak Ha3plBacMas, TemHas wmatepws. OnHa
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paBHOMEpPHO 3amoiHsAET Bclo BceeneHHylo, W ee He ynaercs
OTOXJICCTBUTh C KAaKUMH-IH0O HAONIOaeMbIMH KOCMUYECKUMHU
Tenamu. Ee Ha3Banmm TeMHOW mMOTOMy, 4TO OHa HeBuaumma. He
3aMEYEHO TAaKKE €€ y4JacTHe B TPaBUTALMOHHBIX B3aUMOACUCTBHAX
MEXJy 3Be3JaMd W 3BE3IHBIMH CKOIUICHHUsSMH. Ee cymiectBoBaHne
acTpodusrka o0yciasiarBaeT (OHOBBIM H3y4YECHHUEM PaIMOBOJIH. DTO
U3JTy4YeHHE PETUCTPUPYETCS PaAUOTENEeCKONIaMd Ha JUIMHAX BOJH
oko0j10 7,35cM. CoOCTBEHHO, KPOME 3TOr0, O HEHM JOCTOBEPHO HHYEIO
HEe M3BeCTHO. Ha moirro 6apuoHHOTO BemecTBa ocraercs He 6onee 4%
Bcell Matepun BeenenHol (0aproHHOE BEIIECTBO COCTOUT B OCHOBHOM
U3 TSDKEJBIX 2JIEMEHTAPHBIX YaCTHI-HEHTPOHOB U MIPOTOHOB).

Uctopuss Bompoca TakoBa. AMeEpHKaHCKHE acTpO(U3UKU
Allensuac u P.Bumbcon [9],[46],[21] oOnapyxuiam B pymnopHOit
NPUEMHOI aHTEHHE CBOETO PaJHOTENeCKomna ciaaldblii HeMcue3aromui
(o BHe3zeMHOro mnpoucxoxacHus. OH He 3aBHCEN OT OPHEHTAIUU
AHTEHHBI. JTO M3IIyYeHHE HA3BAIH PEIMKTOBBIM. 32 €r0 OTKPHITHE B
1968 romy A.dlemsmacy u P.Buibcony Obita mpucyxiaeHa
HobOenerckas npeMus 1o Gpusuke.

[Mo3nHee ObLIM TPOBENEHBI CHCTEMATUYECKUE HCCIICIOBAHUS
PEJIMKTOBOTO W3JIy4eHHs Ha pPa3IMUHBIX [UIMHAX BOJH OT JOJel
MIJUTUMETpa A0 TOJyMeTpa. Pe3ynbTaThl MO3BONMIM ITOJYYHUTh
3aBHCHUMOCTH DHEPTUHU M3IydeHust OT IHHBI BoaH (puc 1.1.1.[46]).

Okasanocsh, uTo 3Ta

2Ty HHOpA-
—10° 1 Reme Kpadé?me 3aBHCHMOCTb COOTBETCTBYET
R oo HeTE YEPHOTENBHOMY H3JTyYEHHIO
BS 10 1 K ‘ c OueHb HU3KOM
Eg ) e TEMIIEpATYpPOit 2,75K,
BE 10 ! — OM3KOi K abCOMFOTHOMY

o

B . A HOHC TOHHKH HYJIIO. Kak BUIHO U3 puUc
e = = 1.1.1, neBee pENHKTOBOTO

0 w0 g 10

IIHHA BOJHE] U3JTYUCHUSA JIC)KHUT CIICKTP

AJIEKTPOMArHUTHBIX BOJIH, a
Puc.1.1.1

npaBee pacroyiaraercsl u3NlydeHue 3Be3Nl, B ToMm uwmcie CoiHia

(A=510°). PennkTOBOG W3TydeHHE BBIAEISETCS HA  CIIEKTPE

CPaBHUTEJHHO BHICOKO HHTEHCHUBHOCTBIO B CBOEM MaKCUMYyMe.
CerojHsi KOCMOJIOTHS TIBITACTCSI CBSA3aTh PEIUKTOBOC M3ITyUEHUE

C KOHIIEHTpaIue (pOTOHOB, NCIYIICHHBIX, KaK IMOJIATal0T Ha paHHEH

cramuu  pa3BUTHS BcenenHoil mocine “Ooinbmioro B3peiBa”. OmHAKO
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0Ka3aJoch, 4TO CpeaHss macca 3TuxX (GoTtoHoB [9,46], npuxossmascs
Ha enuHWIly oObeMa B HECKOJIBKO COTEH pa3 MeHbIe CpenHei
IUIOTHOCTH GapuonHoro BemectBa P=102'kr/M°. IlpudeM, cpemmsis
TUTOTHOCTH OapHOHHOTO BEIIeCTBa OMHAKOBA JUTS BCEi HaOmII0maeMoi
Bcenennoit. JTo 03HayaeT, UYTO paclpelesicHHE BEIIeCTBA BO
Bcenennolt 0qHOPOIHO B CpeaHEM IO OOJBITMM MaciuTabaM, U cama
Bcenennas onqHopoHa.

Takum 00pazoM, OKa3aloch, YTO PEIUKTOBOE H3IYyUYEHHE TOJIBKO
CUTHAJIM3UPYET O HAJIMYUM TEMHOH MaTepuH, a HE SBISACTCS 3TOH
Mmarepueii. JleiicTBUTENBHO, Kak oTMedaercs B [9], BCkope mocie
OTKDPBITHSI ~ PEIMKTOBOTO  M3JIYYCHHS  COBETCKHMH  acTPOHOM
N.C.IknoBckuii, a Takxke amepukaHckue ydeHele JUx.B.Oung u
Jx.JI.Xnukok 3ameTmnn, uto emie B Hayane 40x romos 20 Beka 1o
HAOOJEHHUSIM CTIEKTPOB MEX3BE3IHOTO ra3a ObUIO YCTAaHOBIEHO, YTO
MOJICKYJIbI, BXOJSAIINE B COCTaB MEXK3BE3HOTO ra3a (paauKaiibl [HaHa
CN), Haxomsarcsi B BO30YKICHHOM COCTOSHHH. OJHEPTHsS 3TOTO
BO30YKJIECHHS COOTBETCTBYET TeMmIeparype okono 3°. Takum obpazoM,
UMEHHO MEX3BE3JHBIC MOJICKYJBI OKa3alUCh KaK-Obl TEPMOMETPOM,
YKa3aBIIUM aCTPOHOMAaM TEMIIEPaTypy PEIUKTOBOTO (OHA.

B xocMomorum oOcykmaercs emie oaHa mpodiieMa: o0iamaeT Ju
TeMHasi Matepust TeMHou sHeprueii? UssectHo, uro OTO cBs3biBacT
MaTeprio u SHepruio popmymnoii E=mIC2 IMosToMy MOCTAaHOBKA 3TOM
MPOOJIEMBI BITOJTHE 3aKOHOMEPHA.

Ecnu wactu TeMHOM MaTepuu ABMIKYTCS OTHOCHUTEIBLHO JIPYT Ipyra
¥ OTHOCHTENBHO 3BE€3[l, TO 3TO 03HAYAET, YTO OHM IABMKYTCS TaKKe U
OTHOCUTENBHO BCEro MOJsl TEMHOW MaTepUH B LEJIOM. DTO CIIEAYET W3
MOHUMaHUSl TOTO, YTO TEMHas MaTepHs 3aIOJIHSCT PABHOMEPHO BCE
MeK3BE3THOE MMPOCTPAHCTBO, 00pa3ys CBOe MmoJie TeMHO#M MaTepuu. Ho
9TO TpHU3HAHWE OyAeT O3HadaTh, YTO Hayka BHOBb MPHUXOAUT K
MOHUMAaHUIO0 a0COJIOTHOTO JBMXKCHUS W a0COJIOTHOH CHCTEMBI
otcuera. Mnes, ot kotopoit umenno OTO yBena HayKy OKOJIO CTa JIeT
Hazaj.

IMoxBoas wWrTOrM, OTMETHM, YTO HAOOJATENLHAS ACTPOHOMHS
yOeIUTEeNIFHO TIOKa3aJla HaJudue B MPOCTPAHCTBE PaBHOMEPHO
pacrmpeneneHHOW TeMHON Marepuud. O HEW HUYEro IpPyroro He
W3BECTHO, KpOME TOro, 9YTO OHAa HAaXOAWUTCS TIOBCIOAY U
B3aUMOJICHCTBYET C MOJICKYJaMH MEK3BE3IHOTO Ta3a, MpOsABIss ceOs
YEpHOTENBHBIM  W3Iy4YEHHEM, COOTBETCTBYIOUIUM  TeMIIEpaType
T=2,75 K. IToka HeT HUKAaKMX SKCIEPUMEHTAIbHBIX YKa3aHUH Ha TO,
YTO TEMHAas MaTepusl TMOJBEPKEHA  JICWCTBUIO CHJIBI TSDKECTH U
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oblajiaer enie KakuMu-1u0o cBoiicTBamu. Erie mMeHblne actpodusnka
3HAET O TEMHOMW SHEPTHUH.

B KkayecTBe OCHOBBI [UISi HAIIMX HWCCJICIOBAaHUN NpPHUMEM
JONYIICHNE, YTO TEMHON Marepueil siBisercss d(GUp, KOTOPBIH, Kak
CUHTAIl ellle APHUCTOTENh, 3aIIOHSET BCE MEK3BE3THOE TIPOCTPAHCTBO.
Tor campiii 3¢dup, OT KOTOPOro HayKa HEMPEIyCMOTPUTEIHHO
otkazamacb B 1915 rogy B CBsI3M ¢ TOSBJICHHWEM OOLIeH TeOpuu
otHocutenbHOcTH (OTO). MHOTrHe yueHbIe TOTO BPEMEHH OTKA3aJIHCh
OT TIpeACTaBjiCHUN 00 3dupe HEe MOTOMY, YTO OBLIO TOKAa3aHO €ro
OTCYTCTBHE, @ IPOCTO 32 HEHAOOHOCTBIO /ISl IPU3HAHHBIX B TO BPEMs
Teopuil. DPHUp HEBHIUM H, KaK Ka3aJlOCh ITUM YYCHBIM, HEOIIyTUM U
HU Ha YTO HE BIIHSCT.

Jlenasi TpeAnoNoXKeHWe O TOXACCTBEHHOCTH 3pHpa W TEMHOH
MaTepuH, Mbl OTJIMYHO OCO3HAEM, YTO Ha JaHHOM OJTale HaIlux
UCCIIeIOBAaHNH Takas 3aMeHa Ha3BaHUN MaJio JT00aBIsieT K TOHUMAaHHUEO
TOro, 4ro coboi MpencTaBiaser TeMmHas marepust (3GHpP) M TeMHas
sHeprus. Ho Bce-Taky HEKOTOPhIe MPEHMYIIECTBA B TAKOW MOCTaHOBKE
BOMpOCa yCMAaTPUBAIOTCS, T.K. TMOJ TMOHATHEM 3dupa mosBiseTcs
npssMOe  JKCIIEPHMEHTaJbHOE  OOOCHOBAaHWE  €ro  pealbHOro
CYILIECTBOBaHHs. BTOPBIM TOCTOMHCTBOM NMPUHSITOW aHAIOTHH MEKITY
TeMHOW Marepueii u d>dupoMm sBaiseTcs TO, YTO OJPHUP TIO
OTIPEJICIICHUIO SIBIISIETCS Ta30M. [103TOMY, MOSBISETCS BO3MOXKHOCTH
OpUBJICYDL JJIA  JATBHEHIIMX HWCCICIOBAHUN HAYYHBIH TMMOTCHIHAI
ra3oBo¥ AMHAMUKH. B mambHEHIINX TiaBax KHUTH OyJIeM MOCTETICHHO
HapaluBaTh W PACHIUPSTH JIOKAa3aTeNbHYI0 0a3y MpaBUIBHOCTH
BBIOPaHHOTO HAMU HAIPABJICHUS UCCIICIOBAHHN.

1.2¥napubie BosiHbI B 3¢upe. CkopocTh
pacnpocTpaHeHus cJ1a0bIX BO3MYIIEHUI

B 1934 roay Il.A.UepeHkoB BrepBbic HaOJIOAad CBEUYCHUE
Ype3BbIYAiHO ~ OBICTPBIX  DJIEKTPOHOB,  BBI3BaHHBIX  Y-Ty4aMH
PaIMOAKTUBHBIX 3JIEMEHTOB IIPU MX MPOXOXKICHUH Yepe3 >KUAKOCTh
[20]. Oto HabmozeHWe pa3pymIHIO MpeACTaBICHHE (U3UKOB O TOM,
YTO CBET W3JIyYaeT JINIIb 3JIEKTPOH, ABIKYLIHHACS yckopeHHO. CTano
SICHO, YTO STOT BBIBOJ CIPABEUINB, MOKA CKOPOCTH ABHKYIIETOCS
anekTpoHa V Mensine (azoBoil ckopoctu cera. dazoBas CKOPOCTh
cBeTa B mpo3payHoM BemiectBe paBHa C/N. 3mech N - KOIPPHUIUCHT
IpPEIOMIICHHS JTaHHOTO BemiecTBa. JIisi OONBIIMHCTBA MPO3PAaYHBIX
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MaTepuajoB OH OoJblle equHUIBL. [l03TOMy CKOpOCTH 3JIEKTpOHa
MOXKET TIPEBBICUTH (ha3oByi0 ckopoctb cBera C/N um  crath
“cBepxCBETOBOM.

OCOOCHHOCTBIO  3TOTO CBEUEHHSA SIBISETCA TO, YTO OHO
pacmpeneneHo B TpeAenax KOHyca C YIJIOM IoJypacTBopa V,
OTIpeAETISIEMBIM COOTHOIIIEHUEM

cos(C/n)/V=C/nV. (1.2.1)
B [20] ormeuaeTcs, 9TO CBeueHHe HAOIOAAETCS JIMIIL B TOM
HamnpaBJIeHUHW, B KOTOPOM DJIEKTPOH JABIKETcA. B obOpatHOM
HampaBJIeCHUH CBET He u3mydaercsa. [lpu aHammse STOro sBICHUS
OCHOBHOE BHUMaHHWE (DM3UKOB, TO-BHIUMOMY, OBUIO MPHKOBAHO K
(dakTy “CBEpXCBETOBOro” MABIKECHHUS 3JCKTpOHA. M 3TO MOHATHO,
MOCKOJIbKY ~ TIOSIBJICHHE  “CBEPXCBETOBOW’  CKOPOCTH  3aJI€Bajio
OCHOBHOH MOCTYJaT TEOPUH OTHOCHTEIBHOCTH O TOM, YTO CKOPOCTh
CBETa SBIIAETCS MPEJeTbHON CKOPOCTBIO B TIPUPOE. Y CIIOKOMIIO BCEX
TO, 4TO OblIa TpeBBIIeHa (a30Bas CKOPOCTh CBETA, a HE CKOPOCTh
CBETa B IYCTOTE.

Wrak, ¢us3mka, kKak W BO MHOTHX JAPYTUX CIy4asX, TOJBKO
KOHCTaTHpOBaia (GakT U3MYUYCHHUS CBETa AIEKTPOHOM, JIBIIKYITUMCS HE
YCKOpEHHO, a paBHOMepHO. Ho ocTtaBmia 6e3 oTBeTa BOIPOC O TOM,
Mo4YeMy MPOUCXOANT 3TO cBedeHne. [louemy oHO HabIIOgaETCA TOTBKO
HABCTPEUY ABIKYIIUMYCS 3JIEKTPOHY M TOJBKO B Mpeaesiax KoHyca C
yIjaoM v?

DOU3HIECKYI0 IPUINHY 3TOTO MOYKHO 000CHOBAThH B TeopuH dupa.
JeiicTBUTENBHO, KaK U B J1I000# ra3000pa3Hoi cpefie, ABMKEHHUE Tell B
a¢upe CcO CBEPX3BYKOBOH CKOPOCTHIO JOJDKHO MPHUBOAUTH K
HOSIBIICHUIO TIEpe]] HUMH CKA4yKOB YIUIOTHeHHs (yaapHbIX BoiH). Ilof
CKOpPOCTBIO 3ByKa OOBIYHO TOHHMAIOT CKOPOCTb PaclpOCTPaHEHUs
cna0bIX BO3MyLIeHUH. lIpuMEHHTENBEHO K 3QHPY CIOBOCOUYETAHHUE
“CKOpOCTh 3ByKa’ TEpSET CMBICI, HO COXPaHSICT CBOE 3HAUYCHHE
TEpMUH  “CKOpOCTh  PacCHpOCTpPaHEHHS  CIa0BIX BO3MYIIIE-
HUit". O003HAYMM CKOPOCTh PAaCHpOCTPaHEHHS CIa0bIX BO3MYIICHHUH B
crokoiHoM 3¢dupe depes C, Ecimu kpome sdupa mpocTpaHCTBO
3aIOTHEHO MPO3PAvYHOM KHUIIKOCTBIO, TO 3Ta CKOPOCTh U3MEHSETCS U
CTaHOBUTCS paBHOM (a3oBoit ckopoctu cBeta C,/n.

Ha puc.1.2.1upuseaeHo n3o0pakxeHue mapa MnpHu ero ABHKCHUU B
BO3IyXe CO CBEPX3BYKOBOHW cKopocThio. llokazaHa otomemmas
yaapHas BOJHA. YTOJI HAKJIOHA MIOBEPXHOCTHU YJaPHOM BOJIHBI K
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A RNEACIE HAIPABJICHAIO TOJIETA JI0CTATOYHO OBICTPO
Ay4ed CEETa ymenpiiaercs or 90 mepex 1mapom 1o
HEKOTOPOT'0 MaJI0 MEHSIOIIET0Cs 3HAYCHUS [3.

W3BecTHO, 4TO B Tpenene Ha OYCHb
OOJIBIIOM pPAcCTOSHUM OT IIapa ynaapHas
BOJIHA OcCJa0eBaeT, BBIPOXKIASCH B JIMHUIO
BO3MYILEHHs, a Yrojl HakJIOHA yJapHOU
BOJHBI CTPEeMUTCS TPH 3TOM K YIIy
BO3MYILEHUS |, ONpeaesieMOMY dYepe3 YHCII0
Maxa U3 COOTHOIIECHHUS

Sip=1/M (1.2.2)
Puc.1.2.1
[IpuMeHHUTENBHO K 3PHPY 3TO COOTHOIICHHUE IPUMET BHI
sip = 1/M = (C,/n)IV, (1.2.3)

rae CJ/n - ¢a3oBas CKOPOCTb pacpoOCTpaHEHUs CIIa0bIX BO3MYIIIEHHIA,
V - CKOPOCTBH 3JIEKTPOHA.

CormacHo BONHOBOM Teopuu ['rolireHca Tydd cBeTa SBISIOTCS
CEMEWCTBOM MPSMBIX JIMHUHA, HOPMAJIBHBIX K BOIHOBOMY (POHTY.
TakuM BONHOBBIM  (POHTOM B paccMaTpUBacMOM  Ciydae
“CBEpPXCBETOBOTO” JIBMKCHHS 3JICKTPOHA SIBIISCTCS yAapHas BOJIHA,
OTpaHWYHUBAIOIAST 00JIACTH BO3MYIICHHI, BBI3BIBAEMBIX 3JIEKTPOHOM,
OT CIIOKOMHOTO 3upa. CiemoBaTenbHO, yrodl MoJypacTBopa KoHyca V,
BHYTPH KOTOPOTO paclpeneieHo cBeYeHne YepeHKoBa, IpeaCTaBIIsAeT
co00ifl yrom MexIy HampaBleHHEM [BIDKCHHA ODIIEKTPOHA U
HANPaBICHUSIMA JIByX CEMEWUCTB NPSMBIX JHHUNA, HOPMAIBHBIX K
BEPXHEMY U HIDKHeMY (hpoHTaM yaapHoi Bonusl (puc. 1.2.1).

AHanm3upysi cBedueHrne UYepeHKoBa, MOXXHO OTMETHUTh, YTO TpHU
MaJIbIX pa3Mepax 3JICKTPOHA W OTPOMHON CKOPOCTH €ro JIBIKCHUS
OBLJIO HEBO3MOXKHO Pa3MISAJIETh CTPYKTYPY TOJIOBHOU YAapHOW BOJHBI
B HEMOCPEACTBEHHOM OJIM30CTH OT MOBEPXHOCTH JIETSIIETO IEKTPOHA.
[Toatomy B onbITe 3ahUKCHPOBaHA TOJIBKO OCOOEHHOCTh, CBSI3aHHAS CO
CIIEKTPOM OOTEKaHHS JOCTATOYHO JTAJICKO 3a 3JICKTPOHOM, T/ Yroi
HAKJIOHA YIapHOU BONHBI 3 ONM30K K yriay Bo3mylieHuit [. Mcxoms u3
9TOT0, MOYKHO OIPEICIIUTh CBSA3b MEXIY yrilaMu V U 3 B ClieIytoemM
BUJIC

B=90-v. A1)

Kak otmeueno B [20], coorHomenne (1.2.1) xopoio

moATBepKaaeTcs Ha mpaktrke. CieqoBatensHo, cooTHomenue (1.2.4)
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Takke OyJeT 1aBaTh pEalbHbIC 3HAUCHUS IS BXOMSIINX B HETO
BEIIMYMH, XapakTepusyrolux 3¢GupHeli ra3. Tak, Hampumep, s
3NEKTPOHA, JBIKyLIerocss B Oemsome V =38,5(n =1,501). Dto
HO3BOJISICT ONPEACNUTh OUYCHb BAXHYIO XapaKTEepUCTHKY ddupa-
CKOPOCTh  paclpoOCTpaHEHHs B HEM  CJIa0bIX  BO3MYILCHHH.
JelicTBuTenbHO, NONOKUB U=, Haiiném u3 (1.2.4)yros Bo3MyLICHUS
P=51,5: umcino Maxa IBIDKYIIErocs dIeKTpoHa coriacHo (1.2.3)
Oymer  M=1,278; ero CKOpOCTh u3 (1.2.1) Oymer
V=C/(nBos))=2.55410"%M/c. Oxonuatensro u3 ¢popmynsr (1.2.3)
HOJy4aeM CKOPOCTh paclpOCTpAaHEHUs CJIaOblIX BO3MYILCHUH B
3(UpPHOM Ta3e MPHU ABWKECHUH 3JCKTpPOHA ¢ unciaoM M=1,278 kak
C.=nlV/M=3,010"° cm/c. T.e. CKOPOCTHL PACHPOCTPAHEHUS CIAGHIX
BO3MYIIEHHIi COBNA/AeT CO CKOPOCTHIO CBETa B HEBO3MYIIEHHOM

moJje 3Qn|ga

GC=30100°m/c=3100"cm/c (1.2.5)

OueHb BaKHO IMOTYEPKHYTh, Y4TO B ONbITe UepeHKOBAa M OIIBITE,
NPOBEJICHHOM B CHHXPOTPOHE, CBEYEHHE OBbLIO BHUIHO CO CTOPOHBI
MPUOIIKAIONMIETOCS  DJIGKTpOHAa, a B OOpaTHOM HaIpaBJICHUH
OTCYTCTBOBAJIO. JTO YKa3blBAeT Ha TO, YTO CBEUYCHHUE B OIBITE
YepenkoBa OOYCIOBJIEHO YAAPHBIMH BOJIHAMH, TOPOKIEHHBIMU
JNIEKTPOHAMHU, a HE PACIPOCTPAaHCHHWEM CJIa0bIX BO3MYIICHUIH B
s¢upHOM Tase. B mporuBHOM ciiydae B ombiTe UepeHKOBA CBEUCHHE
JIOJDKHO OBLTO OBl HAOIIOIATHCS TAKKE BCIIEH JIETAIIEMY DJIEKTPOHY,
TaK KaK HHYTO HE MEIIaeT TAaKOMY pPAaCIpPOCTPAHCHUIO CIIA0bIX
BO3MYILIEHHI B ra3oBeIX cpenax. Oanako B [20] oqHO3HAYHO CKa3aHO,
YTO CBEUYCHHUE B OMbITe YepeHKOoBa HAOII01AI0CH JIUIIb B HAIIPABICHUH
JBIDKCHUSI DJICKTPOHA M HE M3JIy4alioch B OOpaTHOM HAmpaBJICHUH.
ITo-BUIMMOMY, CBET BOCIPUHHMMAETCSI YEJIOBCUCCKUM TIJIa30M depe3
nepenaja JaBjieHus, oOpasyiomuiics B 3(upe NpH Mepexoje uepes
CBETOBYIO VAapHYI0 BOJHY B HamnpaBJIeHHH HOpPMaid K &
noBepxHocTH. Kpome TOro, 3a CKauykoM YIUIOTHEHHs 00pa3yercs
npoOKa YIUIOTHEHHOTO Tasa, KOTopas IBHXKETCS 3a CKayKoOM CO
CKOPOCTBIO V> HECKOJBKO MEHBIICH, 4eM CKOPOCTh CaMOro CKayka

YIUIOTHEHHS U CKOPOCTH CBeTa B mosie a¢upa V, = 2% +1

Macca S(I)I/Ipa, yBJICKacMasd CKAa4YKOM YIUIOTHCHUA, 06na)1aeT
KOJIMYCCTBOM  JAIBWOKCHHA W MOXCT OKa3biBaTb JaBJICHUC Ha
IPEMATCTBHUE, TIOTJIOIAOIICE CBCT. YV denoBedeckoro riasa
CYHICCTBYCT CBOI1 MOopor 4yBCTBUTCIBHOCTU K MNCPCIIady AAaBJICHUA U
CHUJIOBOMY BO3I[€fICTBHIO ﬂBH)KymeﬁCﬂ 3a CKA4YKOM CiKaTOM HpO6KI/I
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spupa Ha ceryaTKy rmaza. Takum oOpasom, ombIT Yepenkosa
HOATBEPKIAE€T BO3MOXKHOCTh HOSIBIICHHUS U PACHPOCTPAHEHHS B TIOJIE
3¢upa CKAYKOB YIUIOTHEHHs, a CIIEAOBATEIbHO, M CYLIECTBOBAHUE
camoro 3¢wupa.

1.3Ilornomenue 3pupa TeJI0M U3 OKPYKAIOLIET0
NPOCTPAHCTBA

Bo BBegeHmum yxe OTMEHYanoch, YTO COTJIACHO  HAEAM
paccMaTpuBaeMOTO METOa BCE MHPOBOE TIPOCTPAHCTBO MEXIY
MaTepHaJbHbIMU TeJIaMM 3aIll0JIHEHO 3()UPHBIM ra3oM, 00jaJaroliuM
OompLION BHYTpeHHeW »dHepruedl. Bce MarepuanbHble —Tena,
HaxoJsIuecss B MoJjie 3(upa, HEMPEPHIBHO €ro MOTJIOMAI0T. DTOT
npolecc SBJSIETCS  yCJIOBUEM cyliecTBoBaHMs Ten. llpu  ero
HapyLIeHUU TeJla paspylIaroTcs, MOJHOCTHIO HIM YacTUYHO BHOBb
npeBpamiasice B 3QupHbIi ra3. [Ipy 3TOM NPOMUCXOOUT BEUYHBIN
KPYTOBOPOT MAaTEpUH U DHEPTHUH.

MpHorue Tena BeeneHHOH, Takue, Kak 3BE3MBI, TUIAHETHI U JaKe
aTOMBI, M3 KOTOPBIX COCTOST B KOHEYHOM CUETE€ BCE IpPYyrue Tela,
umerT chepudeckyto popmy. CnocoOHOCTh T NOTIOMATh dPUPHBIT
ra3 oxapakTepu3yeM BEeJIMUYMHOHN YIEJIbHOI0 pacxoa Macchl 3(UPHOro
rasa yepe3 IOBEPXHOCTb 1l1apa B €IUHUILY BPEMEHH:

g=dmydt 30)
rae dme- anemeHTapHas Macca 3(upa, MOCTyamas BHyTPh LIapa 3a
aNIeMeHTapHoe Bpems dt.

B cuny HepaspbIBHOCTH TEYEHMS BHE Iapa M CHUMMETPHHU
OTHOCHTEJIPHO €ro LEeHTpa MOXKHO 3amucaTh, 4TO CKOpocTH (B
cepuyeckoit cucteme koopauHatr) Vee=Vye=0 u uTO ynenbHBIH
MacCOBBII pacxo uepe3 chepruuecKyro MOBEPXHOCTh pajuyca I Oyaer

q= TPV e, (1.3.2)
r7e Pe - IUVIOTHOCTH 3(QHUPHOTO Taza. B maHHOHW TJaBe TUIOTHOCTH Pe
CUMTAETCsl BEJIMYMHON IIOCTOSHHOHM, TaKk Kak paauaibHas CKOPOCThb
TedeHus: Vi Maja Mo CPaBHEHHIO CO CKOPOCTBIO PaclpOCTPaHEHUs
cna0bIX BO3MYIIEHHWH, OJIM3KHX K CKOPOCTH CBeTa B IIyCTOTE
C=310"cm/c=30C°m/c. M3 mOCHEAHETO BHIPAKCHUS nMeeM

N =-q/4pd?, 1.3.3)
3HaK MHHYC NOKa3bIBaeT, YTO CKOPOCTh V(e HampaBiieHa K LIEHTPY
chepuyeckoro Tega B CTOPOHY  YMEHBIIEGHHUS  palualbHON
KOOPJIUHATHI.
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ChopMyarpoBas BbIII€ 3aKOH HEMPEPHIBHOTO TOTIJIOMIEHUS d(upa
MaTepUaIbHBIMHU TEJIAMH KaK CIoco0 UX CYIIECTBOBAHUS, HEOOXOIUMO
pa3o0paThCst B OCHOBHBIX, BHITEKAIOIIUX M3 ITOTO 3aKOHA CIICACTBHSIX.
B mepByio oudepeib 3TO OTHOCHTCSA K CaMHM TMOHSTHSIM  MacChl
MaTephalbHBIX Tell BeeleHHOW M Macchl S(HPHOTO Tasa, a Takke K
COOTHOIIICHHUIO MEXIy MaccaMH TeJl U MacCO# MOTJIONIaEMOro STHMH
TenamMu 3()UPHOTO rasa.

Ou4eBHIHO, YTO YICNIBHBIH MaccoBO pacxon 3(GHUPHOro rasa
[kr/c] oOycnoBieH BeAMUYMHOM Macchl M [Kr] IIOTJIOIIAFOIIErO
MaTepUaIbHOTO Teja U, CIIE0BATEIILHO, PSAMO MPOMOPIIHOHATIEH 3TON
macce:

q 9& =am, (2.3.4)

dt

rae O- ko3¢ UIHMEHT yAeIbHOro pacxoaa 3dupa.

Ddup, NOTIOMEHHBIN TEIaMH, YBEIIMYUBACT X Maccy, MPOSBIIL
B JAJbHEHIIEM CBOMCTBA MHEPUMH W KOJIMYECTBA JIBIDKCHUS depe3
Maccy 3THX Tell. DTO CIeAyeT U3 TOro, uTo 3¢up, momnajas B Tejo, HE
Cpa3y CTaHOBMUTCA MaTepHajJOM JTOro0 Tena, T.6. MpHoOpeTaeT
CBOKMCTBO  MoOIJoOlmIaTh CBOOOAHBIM 3PUp M3  OKPYKAIOIIETO
npocTpancTBa. [losTOMy, He  packpbiBasg  34€Chb  MEXaHU3M
npeo0pa3oBaHys TOCTYMAIOUIETO BHYTPh MAaCCHBHBIX TEl 3(QHUPHOTO
ra3a B Maccy CaMHX TeJ, IIPEANOI0KNM, YTO CKOPOCTh MOCTYIJIEHUS
2¢upa BHYTpL J11000r0 Teaa, He3aBHCHMO OT €ro XMMHYECKOIo
coctaBa ¥ (GU3NYECKOI0 COCTOSIHMS, MPSIMO MPONOPHHOHAIBLHA
CKOPOCTH 00pa30BAHMSI HOBOH MAacChl TeJia:

dmg _ K dm
dt dt
rae K -koadduitmeHT ckopocTr 00pa3oBaHms MacChl. 3aMEHUM JIEBYIO
4acTh ATOTO ypaBHEeHUs ¢ momouibio (1.3.4)Ha am.
(LU - (1.3.6)
dad k

[TpouHTErpHpOBaB 3TO ypaBHEHHE, NOIYYHM 3aKOH H3MEHEHUSI MaCChI
Tena OT BpEMEHH:

(1.3.5)

al
m #n, [@ K (1.3.7)
Benuunna M, siBIIseTCs Maccoi Tejda B MOMeHT Bpemenu t=0, T.e. Ha
Hayayo oTcuera BpemeHu. Koadduiments! 0 u K onpeaenum B
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nocnenyronmx riaBax. C yderom Beipaxenud (1.3.3) u (1.3.4)
paaguanbHas —CKOpOCTh dGHpa 0 HANpaBICHUIO K  LEHTPY
chepryecKoro, MACCUBHOTO TeJla 3aIMIIETCS B BUIC
VY = am/ 4mp.r?. (1.3.8)
3HaK MHHYC B NpaBOM YacTH OIyCKaeM, T.K. HalpaBiCHUEC
CKOPOCTH K LICHTPY TeJla OTOBOPEHO CIIOBAMH.

1.4 Teuenue 3¢pupa 0K0JI0 MIAPOOOPA3HOTO TeJIAa

PaccmoTpuMm o0TekaHHe MaTepHaILHOTO IMapa MOTOKOM 3dupa.
CrocobHOCTs Ten morjomars »upHbi ra3 cormacHo (1.3.1)
XapaKTePU3yeTCsl BEJIMYHHOM YAENIBHOTO PacXoja Macchl 3(HUPHOTO
rasa yepes MOBEPXHOCTD Iapa B TUHUILY BPEMCHH :

_dm,
Tt (L3

rae dm,- anemenTapHas Macca 3¢upa, MoCcTynaoIiias BHyTPh mapa 3a
aNIeMeHTapHoe Bpems dt.

Cormacao  (1.3.2) ymemsHBIH  MacCOBBI  pacxon — depes
chepruIecKyro TOBEPXHOCTh paguyca I oyaeT

q = FdpeVie (1.4.2)

rae P, - INIOTHOCTh 3(PHUPHOro raza. B maHHOW I1aBe IIOTHOCTH P,
CUMTAETCS BEIIMYMHON TOCTOSIHHOHM, TaK Kak paauanbHas CKOPOCTh
TedeHns Vi Mana Mo CPaBHEHUIO CO CKOPOCTBIO PACIPOCTPaHEHUS
c1a0bIX BO3MYIICHHH, ONM3KMX K CKOPOCTH CBE€Ta B IIyCTOTE
C = 3 10" cm/c. Y3 mocieHero BEIPAKEHHS HMEEM:

— 2
& = -0 | 4T, (1.4.3)
3HaK MUHYC TIOKa3bIBaeT, YTO CKOPOCTh V. HampapiieHa K IEHTPY
C(l)epI/I‘-ICCKOFO Teja. DTO TeUeHUE UMEET IIOTCHI Al CKOpOCTeﬁ

¢=q/4p.r . ana
Oc¢up mumen Bs3koctu. [Ipu Mambix CKOPOCTSAX €ro CKUMae-

MOCTBIO MOXHO TpeHeOpeub. [losTomMy TedeHHs sdupa MOTYT OBITH
orMcaHbl ypaBHeHHeM Jlamnaca :

PoIox> + Iy + 9%9l0Z =0. (1.4.5)

DTO JWHEHHOE OTHOCHTEIIHHO ITOTCHIMAIAa CKOPOCTEH OJHO-
ponHoe auddepeHIMaT HOS YPaBHEHHE B YaCTHBIX IMPOWU3BOIHBIX
JIOIyCKaeT MPUMEHEHHWE METOJa HAJIOXKEHUS MOTEHIMAIbHBIX
MOTOKOB, COTJACHO KOTOPOMY CyMMa JII0OOTO 4YHCIIa YaCTHBIX
pelIeHnit TakKe SBISIETCA pelIeHreM 3Toro ypasHeHus. Ilocnmemnee
03HAYaeT, YTO MNpPH HAIMYUM JIOOOTO0 YHCIA MaTepPUAIBLHBIX TEl
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CKOPOCTh 3(upa B 1H000H TOUKE IPOCTPAHCTBA MOXKET OBITH MOJTydeHa
KaKk anreOpandeckas CyMMa CKOPOCTEH, BBI3BIBAEMBIX KaKIbIM W3
9TUX Tel B OTAeiabHOCTH. C ydYeToM 3TOro 3amMIleM I[OTEHIIHAT
CKOPOCTEH CII0KHOTO TEYCHHSI OKOJIO ABHXKYILETOCS CO CKOPOCThIO Vo,
chepuueckoro tema (puc.1.4.1). Temo mormomaer »>dup u3
OKPY’KaIOIEro MPOCTPAHCTBA. YEIbHBIA MacCOBBIM pacxon s¢upa
4yepes MOBEPXHOCTh Teia paBeH (. Ha Teno HaGeraet paBHOMEPHBIN
HOTOK 3dupa. co cKopocThio Ve Mcmonb3yeM st 3TOr0 M3BECTHBIE
YacTHBIE PEIIEeHNs TTepEUnCIIeHHbIX 3a1ad [16, 52, 57].

O=Q/ATP+EV o 1 °CODI27+V & -coB(1-+er,3/2r). (1.4.6)

Hauvamno KOOpJMHAT
¥ pacmoioXuM B LEHTpe
Tena. Temo HABUKETCS CO
CKOpOCTBIO V, HaBCTpPEUy
notoky 3¢upa. OnHAKO €ro

MO>KHO HaIpaBUTh B
MIPOTHBOIIOJIOKHYIO
CTOPOHY. Jns 3TOT0

jpoctatouHo  meped Ve
W3MEHHUTh 3HAK HA MHHYC.
Ckopoctu Ve u Vo,
HU3MEPSIOTCS OTHOCHTEIBLHO
MOJIS CIIOKOMHOTO 2¢upa

B Bepaxennu (1.4.6)
MEPBBI  WIEH YYUTHIBAET
Puc.1.4.1 CIIOCOOHOCTH Tena
MorJIomark 3(QUPHBIA Tas3.
Bropoii uieH omuckiBaeT TeueHHE 3(QUpa OKOJO Tela, ABMKYIIErocs
HABCTPEYy MOTOKY 3(upa co CKOpocThio V. TpeTuil wieH ypaBHEHUS
ONMHKCHIBACT OOTEKaHHWE TeNla IOTOKOM 3(QHUpa CO CKOPOCThIO Ve
Koaddumuent € orpakaer ToT hakT, uto Bo BeenenHol BeTpedaroTes
Tena Pa3MYHON IUIOTHOCTU. Uepe3 HEKOTOphIe M3 HUX, TaKHe, Kak
AP0 aTOMa BOAOPOJa M Y-KBaHT, 3(UpP HE MOXKET NMPOTEKaTh HACKBO3b
W BBIHYXKICH OOTeKaTh WX cHapyxu. /[ wux € = 1. BHytps
MOCTYIaeT TOJNBKO TOT 3(Up, KOTOPHIH MOTJIOMACTCS TEIaMH,
npeoOpasysach B Marepuro. Jlpyrue Tena, Takue, Kak pa3peKCHHBIC
ra3sbl, IJIAHEThI, OOJBIIMHCTBO 3BE3/], HAPOTUB, UMEIOT OTHOCHTEIHHO
HEOOJIBIIYIO IIOTHOCTh M CBOOOIHO MPOIYCKAOT uepe3 cebs adup,
He yBlekas ero 3a coboi. s mux € = 0. [Ipoekiuu ckopoctu
MOTCHI[UAIBHOTO TCUCHUS Ha KOOPAWHATHBIE OCU BBIPAXKAIOTCH Yepe3
MOTCHIIUAI CKOPOCTEH B BHUJE YACTHBIX MPOU3BOAHBIX  II0
COOTBETCTBYIOIINM HaIpaBJICHUSAM. B chepuuecknx KoopuHaTaX :

Vie=00/0r = -0/4rpdr? -eV o 1, ,cODIr +VcoD (1-£r,7/r?), (1.4.7)

20



\e=00/r08=-€V o, °SINB/2r-V SinB(1-+er,/2r°). (1.4.8)

Ckopoctd Ve U Vge TONOKHUTENIBHBI, €CIIH OHU HAMPABJICHBI
COOTBETCTBCHHO B CTOPOHY YBEIHUYCHHS DPaJHaIbHON KOOPIWHATHI U
yBenuueHus yria 0. M3 atux ¢popMyn BUIAHO, YTO BHENTHEE MPaHUYHOE
yCIIoBHE Vye =V BbIMONHACTCS TIpU I — 0. CKOPOCTh TCUCHHS
adupa Ha TOBEpXHOCTH Chepsl MpuU [ = [, CHIBLHO 3aBHUCHUT OT
K03 GHUIIMEHTa TPOHUIIAEMOCTH €, CKOpPOCTeHt Voo U Ve

Ha moBepxrOCTH ChepHIecKoro HEMPOTEKAEMOTO Tella TIpH =l u €=1

N=-0/4TPer o>V .cOP (1.4.9)
ve(;—lvw siné?—ig’ve sind (1.4.10)
2 2
Ha noBepxHOCTH CcepuuecKoro npoTeKaeMoro tena npu r=ryu €=0
M=V, cod (1411
M=V Sind (1.4.12)

1.59¢uponnunamuyeckasi Npupoaa BCEMUPHOIO
TATOTEHUS.

O6partumMcs K 3aKOHY BceMupHoro tarotennsi Herotona. U. Heio-
TOH HE JaJl TEOPETUYECKOro OOOCHOBAaHHWS T'PAaBHUTAIlMH, HE HAIIel
(hu3MuecKoi MPUYMHBI €€ BOBHUKHOBCHHS M HE BCKPBLI MEXaHU3M €&
nerictus. B cBonx “Haganax” oH orpaHAYWICs CIIOBaMH. “THIIOTE3 HE
W3MBIIILISIO . Onnako Takue TTOTIBITKH HEOJTHOKPATHO
MPEIINPUHAMAINCH, HAa TPOTSHKEHUM CTOJCTHH MHOTHMH YYCHBIMHU
[25]. UsBectHo 6Gonee 25 paboT, B OCHOBE KOTOPBIX JIE€XKAT
npezcraBieHus 00 dpupe. [MaBHbIe uaen 3TUX paboT CBOJATCS K TPEM
ocHOBHBIM. [lepBasi paccMaTpWBaeT TATOTECHHE Kak peE3yJbTaT
pacnpocTpaHeHHs IyJbcaluii aToMOB uepe3 3¢up. Bropas - kak
MIPOSIBJICHUE CHUJTI MEXKITY “HCTOUHUKAaMK U “cTokamu’ 3dupa. Tperss -
KaK CIie/ICTBUE OOMOAPAMPOBKU MaTSPUAILHBIX TEJ YACTHIIAMHU dUpa.
Bce 3t paboThl HE IUIICHB BHYTPEHHUX MMPOTUBOPEYU, YTO U
00yCIIOBIIIO UX HETIPHUSITHE.

[Ipobnema odeHp cioxHa. Jlake TOHMMaHWE TEpPMHUHA “CHIIA
BCEMHUPHOTO TATOTCHHS HE sBiseTcs ogHo3HauHbIM. Jlo 1915 roma
9TOT BOINPOC M3JIAraNCs JOCTATOYHO aKKypaTHO. [ToquépkuBanock, 4To
BCE YaCTH CYNICCTBYIONICH B MUPE MaTepUH, HACKOIBKO OHU JIOCTYII-
HBl HaIleMy HAOIIONCHUIO, TPOSBISIOT OCOOOT0 pPOAa KaXKyIIeecs
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B3aMMOJICHCTBUE. JTO B3aWMOJICHCTBUE 3aKIIOYACTCS B TOM, 4TO JBE
Macchl My ¥ My, TPOU3BOIHHON (YOPMBI M OTCTOAIINE IPYT OT Apyra Ha
PacCTOSIHUU I, HAMHOTO IPEBBIIIAIOIIEM WX COOCTBEHHBIC Pa3Mephl,
BEI3BIBAIOT IMPOSBICHUE 0COOOM CHIIBI, JEHCTBYIOIIEH Ha TH MAcCCHI.
IIpudem 3TH CHIIBI CTPEMSTCS COJTM3UTH UX MEXKIY COOOM.

C 4yuCTO BHENIHEW CTOPOHBI SIBIIEHUE TPEICTABISETCS TaKUM, KaK
eciu Obl U3 KaXKJI0M MacChl UCXOAMIIA CUIIA, JICHCTBYIOMIAs HA JPYTYIO
Maccy. Cremyer, oOIHaKo, TIOMHHTb, 4YTO CJIOBaMH  ‘Tena
MPUTATHBAIOTCA TOJBKO BKpaTiie W YyA0OHO OIHMCHIBACTCS OTO
SIBJICHUE. DTO HEINb3s MMOHMMAaTh B OYKBaJIbHOM CMBICIE, OYATO Macca
M; aKTUBHO M HEMOCPEICTBEHHO TSHET Maccy M, k cebe ¢ cmoii F. B
JEHCTBUTEIHFHOCTH MBI TOJBKO MOXEM CKa3aTh, YTO MPHUCYTCTBHE
Macchl My Ha PAcCTOSIHUU I 0OYCIIOBIMBAECT BOSHHKHOBEHUE CHIIHI F,
nedcTByromeit Ha wmaccy M. [panamosHoe pasBuTue HEOSCHOU
MEXaHUKH, IEJIMKOM OCHOBAHHOI Ha 3aKOHE BCEMHPHOTO TATOTEHUS
HrroTrona, 3actaBuiao co BpeMeHEeM VYEHBIX 3a0BITh O YHCTO
ONHCATEIFHOM XapakTepe 3akoHa HbloTOHa ¥ yBUACTH B HEM
aKkTHUBHOE manmbHOzelicTeue [8]. WMmess manmpHOmeicTBhs emié Oolee
okperuta B koHre XVIII cromerns, korma oka3zanoch, YTO MarHUTHBIEC H
JNEKTPUYECKUE B3aUMOJICHCTBHSI MOTYT OBITH CBEJCHBI K 3aKOHaM,
aHAJIOTMYHBIM 3aKOHY HbIoTOHA.

Omnako emé B mepBoit momoBuHEe XIX cromerus apanei,
BEJIMYANTIINN YKCIEPUMEHTATOP U PU3NK-PUIocod, EPBBIM yKa3al Ha
HECOOOpa3HOCTh JIOMYIICHUS JAIBHOACHUCTBUS, TaK KaK CUUTAN, YTO
TEJI0 HE MOXKET BO30YXIaTh CHIIy TaMm, TAe€ OHO He HaxomuTci. OH
CHEIMAIFHO OOpATHIICA K MAarHUTHBIM H JJICKTPUYECKUM SIBICHUSM U
yKazaj, 4YTO B 3TUX SBJICHHSX TJIABHYIO POJIb UTPAET MPOMEKYTOUHAS
cpena, 3amoJHSIoNas MPOCTPAHCTBO MEXAy Tenamu. [1o3ke OIBITHI
I'epria mokasanm crpaBemIMBOCTH OCHOBHBIX B3risimoB apazes Ha
pOJIb  TIPOMEKYTOYHOH Cpelbl B YIOMSHYTHIX sBICHUAX. OIHAKO
HUKOMY JI0 CHX TMOp HE VyaajJoch CO3AaTh 0e3yNnpedHyro
MaTeMaTHYeCKyl0 MOJENb TaKOW cpenbl IS OOBSICHEHHS CHIIBI
BCEMHUPHOTO TATOTEHUS.

Bormpoc 0 BceMupHOM TATOTEHUU MPUHSIT IPYTOH XapakTep, Koraa
OiinmirerH B 1915roay co3man oOIyt0 TEOPUI0 OTHOCHTEIBHOCTH H,
MO CyTH, 3aMEHIJI TOHSATHE CHJIBI MPUTSHKEHUS TOHATHEM KPWBU3HBI
MPOCTPAHCTBA - BPEMEHHM OKOJI0 MAacCCHBHBIX Tell. PemieHue, koTopoe
Jan DWHINTEHH, HeNb3s Ha3BaTh SICHBIM C (U3NYECKOW CTOPOHHI.
Ckopee, 310 QopMalibHOE pElIeHUE, BEITEKAIOIICE U3 MAaTeMaTHYECKON
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TEOPHH, B KOTOPOH (hU3UUECKUE MPEATMOCHUTKA U OCHOBBI MOTYT OBITh
yKa3aHbl ¢ OOJIBIIAM TPYJIOM.

B nmannHO#l paboTe mnpemiaraeTcsi HOBOE pEHICHHE TMPOOIEMBI
IPaBUTAMM HA OCHOBAaHUM 3(UpOoAMHAMHYECKONH Moaenu. HToObI
MOHSATh MEXaHU3M JICHCTBHUS TPABUTAIINHN, MBICJICHHO TIOMECTUM B IOJIE
TEYEHHs] OKOJIO MAaCCHUBHOTO TENa C YACIbHBIM MAacCOBBIM PacXoioM
abupa (p JIpPyroe TEIO MEHBIIUX Pa3MEpPOB CO CBOUM YICILHBIM
pacxojioMm @, . [IpenmnosnaraeM, 4To PacCTOSHHE MEXIy IEHTPAMHU Tel
(mapoB) HamHOro OOIbIIEe pamuyca Maimoro rtema. ClemoBaTelnbHO,
MOXHO CUHTATh, YTO HA MajOe TEIO0 HaberaeT paBHOMEPHBIN MOTOK C
MOCTOSIHHON CKOPOCTBIO, HAMTPABICHHOU K IIEHTPY OOJBIIOro Tena

M=/4Tpd . (1.5.1)
B or1ofi dopmysne HampaBieHHWE TEYCHHsI K IICHTPY OOJBIIOTO Tena
CUMTACTCS  TOJIOKUTEIBHBIM  HampaBleHueM. Macca  3dwupa,

€XKECEKYHIHO IIOTJIOMAEMOTO MAaJIBIM TEJIOM qzdt, TEepsSIET CBOIO

ckopocTh Ve B pesynbrare nosmeiusercs ummynsc cuisl F, dt,

OIpeiessIEMbIii  M3MECHEHHEM KOJIMYECTBA JBIDKCHHS OTOH MacChl
VieiOp dt  u mpumokeHHsIi K a¢upy. C TaKkoi jKe CHIIO MOTOK d¢Hpa
JICUCTBYET Ha MaJloe TEJIO
F = (ap)/(4mper). (1.5.2)
3amMeHUM yAENbHBIE PacXodbl Oy M COp C TIOMOIIBIO (GOPMYITBI
(1.3.4)na maccel Manoro U OOJBIIOTO TEI
Fe(my my)/(41pdr?). (1.5.3)
AHAJOTHYHBIC PACCYXICHUS MOKHO IPOBECTH B OTHOLICHUH
CHJIOBOTO BO3JICHCTBUS MAjoro Tejia Ha OOJbIIOE, TaKk Kak B
NOTEHIMAILHOM TOTOKE, OIKMChIBAGMOM ypaBHeHueM Jlaruiaca,
OPUMEHUM  TNPUHIMI  HAJIOKCHHSA MOTOKOB. TakuMm  o0pasom,
Beipakenne (1.5.3) ompenmenser cmiay, ¢ KOTOpOH Kaxiaoe W3
paccMaTpuBaeMbIX TEJ Yepe3 MPOMEKYTOUHYIO cpely 3pHUpHOro rasa
BO3JCHCTBYEeT Ha JApyroe. BbIBOA cCIpaBeUIMB Ui JIIO0Or0 dMCIia
MarepraabHbIX Tesl. COMmoCTaBsisl MOTYUYCHHYIO (OPMYITy € 3aKOHOM
BCEMHUPHOTO TAroTeHUs1 HproToHa!
F=f(pmy)/ r*, (1.5.4)
B KOTOPOM  TMOCTOsiHHas  Tsarorerms  1=6.7010%wm’/(rld?)=
6,700 Hm%/kr? , umeeM opmy.ay cBsI3H
f =0°/4Tp, . (1.5.5)
U3 dopmyi (1.5.1), (1.5.31 (1.5.4)cnenyer, 4TO YCKOPEHHE CHIIBI
TSDKECTH BBIPA3UTCS 3aBUCHMOCTBIO
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a
g=av, =2 MM (15.7)
4 r r
TP,
YckopeHne CHIIBI TSDKECTH HE 3aBUCHT OT JIBHDKEHHUS Tela ¢
IOCTOSIHHOM CKOPOCTBIO. [ paBUTAalMOHHAs CWIa MPUTSDKCHUS C
yderoM (1.5.7)mMoxeT OBITH 3amucana B BUIE

F, =mg =mav,, (1.5.8)

1.6IlnotHocTs 3¢upa. Onpenenenne o3pPuueHTa
yAeJBHOro pacxoaa o.

Jlnst onpeieneHus MIOTHOCTH 3upa U mapamerpa o, BXOASIIETO B

Beipakenwne (1.3.4),y Hac uMeercs moka oaHo ypasHenue (1.5.5)
fof/4Tp, (1.6.1)

BTopoe ypaBHEHHE TTOTyIUM U3 CICIYIONINX COOOpaKeHUH. 3amuiiem
BeipakeHue (1.3.8)mw1s paananbHOil CKOPOCTH HA MTOBEPXHOCTH OO0
3Be3/bl. T.K. 3Be3/1a SBJISETCS CTOKOM JUIsl 9UPHOTO Ta3a, To (OTOHAM
CBETa TPUXOJUTCS TPEOJI0IEeBaTh BCTPEUHOE TEUCHHE, B KAKOM OBl
HANPaBJICHUH CBET HE VYAAISUICS OT 3BE3lbl. OTO HANOMUHACT
TUTABAaHUE IO PEKe MPOTUB TEUYCHHS. ECTM CKOpOCTH IUIOBIA HE
NPEBBINIAET CKOPOCTH BOJIBI, TO MOXKHO IUIBITh KaK YTOJHO JOJITO, HO
HU Ha OJIMH METP HE TPOJIBUHYThCS BIIEpPE]] OTHOCUTENHHO Oepero. C
YU4ETOM OJTHUX COOOpaXEHHH  TojaraeM, 4YTO CKOPOCTb TEUYEHHS
3¢UpHOrO Traza, HAMPaBICHHOIO K 3Be3Jle, HHTJIE HE IMPEBBIIIACT
CKOpPOCTU CBETa C=310"%m/c=310Pwlc, HaIPaBJICHHOI'O OT 3BE3pbl,
WHaYe 3Be3/1y HENb3s OBIIIO0 OBl YBUICTD.

Vo= a/41p.r 2< C, (1.6.2)

rae nocrosiHHas Tarotenus =6, 710%M%rd’=6,710" HN?/xr?. B
KadecTBE 3BE3/bl, y KOTOPOH Ha TOBEPXHOCTH MOXKHO OXHJIATh
HAuOOJBIINE PAUATBHBIC CKOPOCTH TEUCHHS MOTJIOIAEMOro 3dupa
BO3bMEM HauOoyiee IUIOTHYIO W3 HM3BECTHBIX 3BE3/- 3BE3y OCIbIi
kapmuk Bone}-457 ¢ mapamerpamu: maccoii m=1,0110%r wu
pammycom =0, 710%m.

B orom ciyuae momydaem 0= 0,46 ¢ IloBugmmomy, BoO
Bcenennoit ecthb Ooyiee TUIOTHBIC BHIMMBIC 3BE37bI, KOTOPBIE HE
MOMaJd B TOJIE 3PCHUSA ACTPOHOMOB. BO3MOXXHOCTH MaHEBpa IO
HU3MEHEHUIO BETUUMHBI O 3/IeCh HE BEHUKH. [10 CBOEMYy CMBICITY
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KO3 GUIMEHT O HE MOYKET MPEBBINIATh €AUHUIY. [103TOMY JIoTHYHEe
B Ka4eCTBE KOJIMYECTBECHHOTO 3HAUYCHUS KO3(PPHUIMEHTa yIEIHHOTO
pacxofia B3SITh IMCHHO BEITUIHHY
a=1c¢* 1.6.3)
DOTO 3HAa4YeHWE IIO3BOJIET OMNPEACIUTh BEIMYHMHY IUIOTHOCTH
CIIOKOWHOTO 3upa ¢ momobko cootTHomenus (1.6.1)
Pe =0%/4TE=1,190FPr/em*=1, 11 0°kr/m° (1.6.4)
Cpazy.otmetuM, uto_copmyabl (1.6.1) u (1.6.4) packpbiBaT
(U3NYeCcKYI0 CYIIHOCTh TPABUTAIIMOHHOM NocTOssHHOW HbI0TOHA.
OHa 00paTHO NPONOPIHOHAIbLHA IJIOTHOCTH 3(QUPHOrO ra3a, T.e.
O/IHO3HAYHO CBSI3aHA CO CBOMCTBAMM M0Js1 3¢upa.

1.7 Ko>(ppumueHT ckopocTH 06pa3oBaHus Macchl K.
O BexoBOM yckopeHHH JIyHBI.

UrtoOb!1 onpenenuth KO3(PPHUIMEHT CKOPOCTH 00pa30BaHUS MacChl
K, oOpaTuMmcst K SIBICHUIO BEKOBOTO yckopeHus JIyubl. M3BecTHO, 4TO
cpeau MHOXKeCTBa HEOECHBIX JABHXEHHH, KOTOpblE  MOJHOCTBIO
COOTBETCTBYIOT (opMysiaM HeOeCHON MEXaHHWKH, UMEETCS HECKOJIBKO
CJIy4acB HECOBIQJICHUS MEXJy HaONI0JaeMbIMA W BBIYMCICHHBIMU
IBWKEHUsIMA cBeTWI. OJHUM W3 TakuX HEOOBSICHEHHBIX HayKOH
SBJICHUN SBISIETCS TaK Ha3bIBaeMOE BEKOBOE YCKopeHue JIyHBI.
CpaBHEeHUE JpEBHUX HAOMIONCHUN HaJ 3aTMEHUSIMH C HOBBIMHU
MOKa3alio, 4To B HacTosmiee BpeMs JIyHa JBIKETCS HEMHOTO ObIcTpee,
yeM mpexae. DTo yckopenue Heenuko. 3a 100 mer Jlyna yxomut
BIEpE MPOTHB BBIYUCICHHOTO ToJokeHus Ha 10" wim npuMmepHO Ha
paccrostnue 18,6 kM. Toipko yacTh  3TOr0  yCKOpEHHs,
npuOIU3UTENbHO 6, 00BSICHSETCS Teopuel TATOTEHHUS, a OCTalbHas
o7 4" BEI3bIBAE€TCS HEU3BECTHOM npuunHoi [28]:

ASi00= 7,45km = 0,7450110° cm.
[Ipuunna, 3actapnstomas JlyHy peaqbHO yCKOPATH CBOE IBMYKEHHUE TI0
opOute Bokpyr 3emiH, Oblia mokazana B kuure [1]. [Toka e, momaras
npuOImKEHHO, YTO opbura JIyHBI HMeEeT KpYyroByi Qopmy,
3alMCHIBAEM PaBEHCTBO ACHUCTBYIOIIMX Ha HeE CHJI TATOTCHUS U
HEHTPOOCKHON CHITBI
Mo = M M/Popp
rae mu M - coorBeTcTBeHHO Macchl JIyHbl U 3eMiH; lopp - paanyc
opoutsl Jlynel mpu e€ nBrwkeHuu BOKpyr 3emud; f - moctosHHAs
TATOTCHUS.  Pa3pemuM 3TO paBeHCTBO OTHOCHTENBHO OKPYXHOH
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ckopoctd (opbutanbHOi) JIyHBI, MpeACTaBUMB B HEM Maccy 3eMid C
OMOIIBIO BEIpaskenu (1.3. 7)1<a1< (YHKIHIO BpEMEHH '

/f|v| oo _ (M, 1+_t
ropb

rae M, - macca 3CMJII/I Ha MOMEHT Havajna otcu€ra Bpemenu t = 0.
W3 3TOM 3aBUCUMOCTH CJIEIYET, YTO C TEYCHHEM BPEMEHU CKOPOCThH V
JIOJKHA BO3pacTaTh, uToOb! JIyHa ynepikuBanach Ha cBoei opoute. C
yueroM (1.7.1)npupamenue nytu JIyHbI pu €€ IBUKEHUU 110 OpOUTE,
BBI3BAHHOE POCTOM CKOPOCTH, 3aITUIIIEM B BUJIC
AS = lg wta
4K\ o

Jns Mo=5,9810°"r, I’opb=3,844].010CM, t=1001e1=3,1510°%, noJryqaem

AS,0=2,52107@/k cm ; (ry

AP =AS;/rop=0,65510@/k  pay.

N3-3a 6mm3octu Jlyeel k 3emiie B €€ NBWKCHHHM 3aMETHBI TaKWe
OTKJIOHCHHS, KOTOpBIC YCKOJIB3aIOT MpHU HAOMIOJACHUAX 3a Oolee
JANEKUMH CBETHUJIAMHU. YUUTHIBas HaJIEKHOCTh JAHHBIX TI0 JIBUKEHUIO
Jlyusl, wucnone3yem cootHomierne (1.7.2) nams  ompeneneHus
otromenus /K 1 ko3 duirienTa ckopocTr 06pazoBaHus Macchl K :

a/k = 2,9700 81/, (1.7.3)
k = 3,380 (1.7.4)

B Tabmume 1.7.1 npuBeneHbI 3HAYCHHS PAIUATBHBIX CKOPOCTEH
3¢upa Ha TOBEPXHOCTH psAa Tel BceneHHOH, NOIYYCHHBIX 110
tdopmyne (1.3.8), naronux MpEACTaBICHHE O TOPSIKE BO3MOXKHBIX
CKOpOCTEH BOJIM3U TEN OT CaMBbIX MAJICHBKUX JIO CaMbIX OOJNBIINX U
TUTOTHBIX.

(1.7.1)

Tabmmma 1.7.1

HaumenoBanue Macca, Pamnyc, Ckopocts | CkopocTb
o0ObekTa r M adupa, adupa,
Km/c mlc
3Be3na Boneg 457-
Genblii Kapiuk 1.0+ 1¢* | 0.7+ 1 13680( 1.36+ 1%
3Be3na Ban-Maanena-
bl KapIIuK 0.26 1C* | 4.90+ 1(8 780( 0.78+ 1C’
3Be3na crnyTHUK Cupuyca
- OesIbli KapymK 1.70- 1¢* | 0.20- 1C%° 292 0.29- 1C°
CouHIie-3Be31a
201 | 7.0.2C" 0.27¢ 0.27 1¢
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3eMiIg-IUIaHeTa
6.0 1C* | 640.1c® | 0.0098: 9.81

Jlyna-cnytHuk 3emnu
0.72 1¢*° | 1.73-1C® | 0.0016: 1.6¢

Snpo aroma Bogopoaa

1.66+ 1C** | 0.5+ 1C*® | 0.43- 1C° | 0.43- 10°

1.8IpencraBienus 3PUpPoTUHAMUKH
00 MHEPUMOHHOM Macce TeJl

Kak He crpaHHO, HO TmONlyuyeHHBIC 3HauYeHHS Kod(dduiueHTa
a=1c™ u mrotHOCTH 30upa pe=1,1910°kr/M> cTaBsT BompoOC He TOIBKO
0 TOM, YTO COOOH MPEJICTABIACT APUP, HO U BOMPOC O TOM, MPABUIBHO
JIM CETOJIHS IIOHUMAETCsl HHEPIIMOHHAS Macca Ten?

[epBoe, 4To MOpaxaeT, Tak 3TO OrPOMHAs IUIOTHOCTh 3dupa. IT0
MPOTUBOPEYUT YCTAHOBHBIIEMYCS MPEJCTABICHUIO 00 3dupe, Kak o
TOHKOM, Ype3BhIUAHO pPa3peXCHHOH cpene, KoTopas B CHIY CBOSH
pa3pekeHHOCTH He MeIlaeT IABM)KCHUIO IUIAaHET U JAPYTHX HeOEeCHBIX
Ten mo ux opburtam. Bo3HuKaeT BOIpoc, HE MOMENIACT JIM OOJbINas
TUTOTHOCTH 3(pMPHOTO Ta3a JIBMKCHHIO Ten. PazdepeM 310 Ha mpumMepe.

PaccMOTpuM THIOTETHYECKYIO MPOCTPAHCTBEHHYIO PBHIOOJIOBHYIO
CeTh C KPYIMHBIMU siueiikamu. Ee cpeaHsist TUI0THOCTE, a He TUIOTHOCTh
OTJICNBHBIX HUTEH, HEBEIMKA 1O CPaBHCHHIO C ILIOTHOCTHIO BOJIBI.
Ecnu yBenmnuuBaTh pa3mep S4eeK, TO 3Ty CPEIHIO0 TUNIOTHOCTh MOXKHO
crmenmatb Kak yrogHo Maioi. Ho mpum sTomM ceTh OyaeTr Jerko
MPOXOJUTh CKBO3b BOMy. TeM jerde, yeM KpymHee OyayT ee siueiKu.
Takoe yCTpONCTBO pBIOOJIOBHOW CETH MOJICIUPYET AaTOMapHYIO
CTPYKTYpy OOJBIIMHCTBA MHHEPAJIOB, U3 KOTOPBIX COCTOUT 3eMIId U
JIPyTHE TJIAHETHl. Y JKUAKOCTEH W Ta30B MEXKIyaTOMHBIC PaCcCTOSHUS
umeroT mopsimok 10'% u Gomee. B To ke Bpemst pasmepsl szep
ATOMOB 3THX JXKHKOCTCH H Ta30oB COCTAaBISIOT BCero ummb 107°M.
MexnysiiepHble PacCTOSIHAS CTAHOBSTCA HEMBICIUMO OTPOMHBIMH,
eCTM MX M3MEpATh BETHUMHAMH pa3MepoB aToMa ddupa ,=10%m
(momyuero B mi. 1.9). CiemoBarenbHO, spa aTOMOB, M3 KOTOPBIX
COCTOSIT MOJIEKYJIBI M CaMH Tella, B TOM YHCIIe, TUIAHETHI M 3BE3/bI HE
MOTYT OBITh HETPEOJIOTUMON TOMEXOW IS IABWXKCHUS 3TUX Tel
CKBO3b A(Up WM JUI TeUeHUH 3¢pupa CKBO3b Tena.

CiioniHasi HeBsI3Kasl cpeia 0Ka3hIBAET CONPOTUBJICHHE TOJILKO
TeJaM, IBIKYIIHMCS JTHOO ¢ YCKOPEHHEM, JJH00 ¢ 3aMeNIEHueM. A
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3TO MMEHHO TO, YTO Mbl BHIHM B NPHUPOJE ABUKEHH HEOECHBIX
Teda. Jlasi  o0ObSICHEHUSI  ITMX __ 0COOEHHOCTell  CHJIOBOIO
B3aMMOJIEHCTBUSL _MEKAY CIUIOIIHOW _CpefAoil ¥ JABWKYLIMMUCS
Tejaamu_yuenble B.Tomncon u TT B cBoe Bpemsi pa3padorajim
TEOPHI0 NPHUCOeTNHEHHBIX Mace [57]. Be3 Hee, HanpuMep, HeJib3si
NPABWILHO PACCYUTATHL M0JIeT JAWPUKA0JA, Y KOTOPOro H3-3a
OrPOMHOr0 00beMa uMeercs 00JblIAs MpUcOeIMHEeHHAas Macca. B
CBA3M € 3THM _BO3HHUKAET VBEPEHHOCTb B TOM, 4YTO _V
MaTepuAJbLHBIX Tesl BcesleHHOIi HeT MHOH Macchl, KpOMe MaccChl,
00YCJIOBJICHHOI WX B3auMojeiicTBHeM ¢ nojaem dpupa. Ilo cyru,
JTO M €CTh NPHCOETNHEHHBIE MACCHI.

CoryracHO BO33PECHHSIM METOJa TPHUCOCAMHEHHBIX Macc Oymem
paccMmaTpuBaTh cpefy d¢hupa BMECTe C JABMKYIIUMCS B HEH TBEPIbIM
TEJIOM Kak eAWHYI MeXaHW4eckyro cucremy. [lpm sToM pabora
JNEHCTBYIONMX Ha TeNo cuil OyIer cCBsi3aHa C W3MEHEHHEM
KMHETUYECKON SHEPTruu OKpY’Karomero 3(¢upa WiIH UMIIYIbCOM 3THX
CHWJI U CBSI3aHHOTO C HUM M3MEHEHUS KOJIMYECTBA JBUKCHUS.

B navanpHBIA mepuoj IBMXKEHHSA, YTOOBI Pa3BUTh CKOPOCTH OT
Hyns 10 V, Telno MOIDKHO 3aTpaTHTh JHEPTHUI0 Ha TPEOIOJIEHUE
SHEPIUU YaCTHIl Cpeabl dupa. ITa SHEPrusl COXpaHSICTCS] B HEH U
MOCJIe TOTO, KaK CKOPOCTh TeJa IOCTUTHET TOCTOSTHHOW BETUYMHBL V.
T.o. oka3pIBaeTcsi, YTO HM3MEHEHHE KHWHETHYECKOW SHEPTHH CPEIbl
3¢upa TECHO CBSA3aHO C CWIOH BO3JCHCTBUS Ha Hee Tena,
JBIDKYIIETOCS € YCKOPCHHEM |. DTO HW3MCHECHHE KHHETHUYCCKOMN
SHEPruM OecrhpeleNbHOW Cpeabl, BBI3BAaHHOE [BIDKEHHEM Tela, B
METOJIe TIPUCOEAMHEHHBIX MAacC MPEACTABISIOT KaK KHHETHYECKYIO
SHEPTUI0 HEKOTOPOH, KaK OBl COCPEOTOYCHHON MacChl AITOW Cpelibl,
BCE YaCTHUIIBI KOTOPOH JBMKYTCS C OJMHAKOBOW CKOPOCTHIO, PABHOM
ckopocTH Teja. D(H(HEKTHBHYIO COCPEIOTOUCHHYIO MacCy Ha3bIBaOT
MPUCOEIMHEHHON Maccol Tena.

JlokaxxeM TeopeMy: IPHCOeIMHEHHAasi Macca “Teja-cToka’
PaBHA _VIeJILHOMY MaccoBOMY pacxony 3¢upa (okpy:karomuieii
CILIOLIHOM _Cpe/ibl) 3TOr0 CTOKA, YMHOKEHHOMY HA eIMHHILY
BPEMEHH.

Mbl  yKe OTMEYalld, 4YTO MEXK3BE3IHbIH d3(Up CBOOOIHO
MPOHU3BIBACT JBIDKYIIHECS Tena, 00TeKas TONBKO OYEeHb IUIOTHBIE
saapa aromoB. [IpudeM, sapa aTOMOB HENPEPBHIBHO TOTJIOIIAIOT
3(¢UpHBIN Ta3, KPOTOPBIH Ha TpaHUIE SACP IMEPEXOAUT B IKUIKOS
cocTosiHUe. (A7pa aTOMOB IIPEACTABISAIOT CO0OM CTOKHM s 3dupa).
CToK C yAeTbHBIM MacCOBBIM PacXoJIOM ( CO3[aeT BOKPYT ce0s B
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okpykaromeM 3dupe moje ckopocteit. [ToaToMy, YCKOPEHHOMY HITH
3aMeUICHHOMY €T0 BIDKCHHUIO OyIIET COOTBETCTBOBATH OMpE/ICICHHASL
pHCOeANHEHHas Macca 3¢upa m- V JIBIDKYIIIETOCSI B CIUJIOIIHOU
cpele  HENpPOHHIAeMOro  c(epuveckoro  Tela  eCTh  CBOS
NPUCOCJMHEHHAs Macca, BENIWYMHA KOTOPOM 3aBHCHT OT paauyca
cepsl foy. TlonaraeM, 4To IPH HEKOTOPOM 3HAYEHHH Pamuyca fo=lo,
9TH TIPUCOCAWHCHHBIC MAacChl OyayT paBHbl. HyXHO HaAWTH 3TOT
pamuyc. Torma mOpPUCOCAMHCHHAss Macca CTOKA MOXKET ObITh
orpejieieHa KaK TPHCOCAMHEHHAass Macca cepbl ¢ ITUM PaJUyCOM.
IMonaras, 4To siIpa aTOMOB UMEIOT KPYTIIyio (hOpMY, 3aMHUIIeM XOPOIIOo
M3BECTHOE  BBIDOKEHHE JUI1  TPHCOCAMHEHHOH  MAcChl Mg
chepuyeckoro Tema [57] ¢ pasmepamm sapa aTtomMa  Tena  [oy
JIBIDKYIIETOCST YCKOPEHHO WITH 3aMeIIEHHO Yepe3 dHUpPHBIi ra3
=0,50:Wo, =211, pd/ 3 (1.8.1)

rae Wy, — 00beM siipa atoma Tenma. ly-pamuyc sapa atoma. [lamee ¢
noMoInepio Beipaxenus (1.3.2) 3amuriieM BoIpakeHHE IS YACTHHOTO
pacxojia 3¢upa ga, MOTJIONAEMOTO OTACTBHBIM ATOMOM TeJla ¢ MacCoU
M U paiycoM siipa aToma I,

AFAMY/At=4Ttl; PV 100, =1 21T, PeV reoz/ 310, (1.8.2)
Comocrasasas (1.8.1) u (1.8.2), HaxomuM CBA3b MEXIY YIEIbHBIM
MacCoOBBIM pacxojoM 3¢upa, TMOrJIOINAeMOr0o aToOMOM Tela |
TIPUCOEIMHEHHOI MAaccoil sIpa 9TOr0 aToMa Mye  H, CIEI0BATEIBHO,
BCETo aroMa (JIEKTPOHBI HE YUUTHIBAIOTCS)

A80=m,, [(6Vreod o) (1.8.3)
C mnomompio (1.3.4) 3aMeHMM B 3TOM BBIPOKCHUM YACIBHBIN
MacCOBBIM pacxon ddupa Ha MacCy Tella W ONMPEICITUM CBS3b MEXIY
HMHEPIIMOHHON Maccoi aToma Tella U ero MpUCcCOeTUHEHHOW Maccoi

AR mZDe [(6Vre01a m)z) (184)

[Mponomxum Ham ananu3 ¢opmyn (1.8.3)u (1.8.4).Eciau B aTux
dopmynax MHOXKUTEND (6Veo/0[l,;) MOJOKUTH paBHBIM EAMHHIE, TO
Macca KaJIoro aroma Tena My OyaeT paBHA MPUCOSAMHEHHOW Macce
3(upa Aapa aTOMa STOTO Tea Mye

av/all, =1 (1.8.5)
W3 3TOr0 COOTHOIIICHUS Hai/leM, KaKUM JIOJDKEH OBITh 3P PEKTUBHBIN
paauyc sgpa aroma Foz (roz— rozt), yto0b1  ycnoBue (1.8.5)
BBIMOIHAIOCh. CKOPOCTh Vieo, 3aMeHMM BhIpakeHueMm (1.3.8) mus
ceprueckoil OBEPXHOCTH Pagmyca fo,, OKPYKAIOIIEH SAPO aToMa
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2
Veom=-0Ma/ATIR, I, . TTociie 3Toro paspeinm moaydeHHOe ypaBHEHHE

OTHOCHTEIILHO pajiiyca MPUCOSANHEHHON MacChl
3 3m
of =3 Ga =3 A (1.8.6)
2mp.a 27,

Pajiyc MpHCOCIMHEHHOW Macchl MPOTOHA ¢ Maccoil Ma=1,710%'kr
Oyner

o= 8,810"m (1.8.7)
IMoacrasum (1.8.6)B (1.8.1),momy4nm paBeHCTBO MEXIY Maccoi sapa
aroMa Tella MW TPUCOCAMHCHHONW Maccoil »ddwupa 3TOro sAmpa.
ITockoybKy MaTepHanbHbIe Tella UMEIOT aTOMapHYI0 CTPYKTYpy, TO
WHEPLUUOHHAs Macca JII000ro Tema M OyAeT BBIpaXKaTbCs uepe3
TPHCOCIHHEHHBIC MACCHI BCEX COCTABIISIONIMX €I0 aTOMOB My

mzm (1.8.8)

C yuerom (1.3.4) u3 (1.8.8) uMeem cBsA3b MEKAy NPHCOCAMHEHHON
Maccoi U MacCOBBIM PAacX0JI0M CTOKa

eTRQ/a (1.8.9)

4T0 M_TpeOoBaJ0Ch J10Ka3aTh. Il0JIVUeHHBIH pe3vibTaT MOKHO
NPUMCHATH B IPYIUX 3aa9aX T’M/IPOAMHAMUKH, B KOTOPbIX

TpeodveTcs SHAHUC MPUCOETMHEHHOM MacCChl CTOKAa (l/l.l'll/l

l/ICTO‘lHl/IKa!.

Ob6nacte, 3akimodyeHHass BHYTpH cdepbl ¢ 3PQPEKTUBHBIM
pasIycoM fo,, ompeaenseMbiM i3 ycnosus (1.8.7),0xBaThiBaeT sapo
atoma. DbGEKTHBHBIA paguyc fo, OmpeselseT pasmep chepraecKoil
o0nacTH, BHYTPU KOTOPOW YCJIIOBHO BCE YACTHIIBI 3(Hpa JBUKYTCS C
OJIMHAKOBOW CKOpPOCThIO. B cooTBeTCTBMM ¢ wuAeIMH MeToJa
NPUCOCJMHEHHBIX MacC d3Ta CKOPOCTh paBHA CKOPOCTH Tela, a
KUHETHYeCKass dHEPrusi Macchl >(Gupa BHYTPH 3TOM 00JacTH paBHA
M3MEHEHUIO KWHETHYEeCKOW SHeprum OecnpelenbHON cpelbl 3¢upa,
OKPY’KAIOIIEro TEJNO W BBI3BAHHOTO €ro JABMXKCHHEM. T.e. pedb HIeT
HCKJIIOYUTENBHO O B3aMMOJIECTBUHM TeJla C OKpYKalolle cpeioi.

BhITIOTHEHHBIM aHaTU3 MO3BOJSCT YTBEPXkKAATh, YTO Macca
JIIO00r0 MaTepHAJLHOIO Teja NpeAcTABJseT c000ii CyMMapHYIO
NPHUCOEIMHEHHYIO Maccy 3¢upa Bcex siiep aTOMOB, COCTABJSIIONINX
3TO TeJo.
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Dopmysl (1.8.7), (1.8.8),(1.8.9)103BoNsIIOT JydIIEe MOHSTH
Myralee MHOTHX YUTaTeNell OOJbIIoe 3HAYCHUE TUIOTHOCTH d(Upa.
BriTyer pacxoxee TMpencTaBICHHE O IUIOTHOCTH Kak O TECHOU
VIaKOBKE  BEIIECTBA, CKBO3b KOTOPYIO TPYIHO IPOHUKATH
(MpoTHUCKHMBAThCS) IPYrUM mpeameraMm. Hapsiy ¢ 3TUM CymiecTByeT
HAay4YHOE TPEICTaBICHHE O IUIOTHOCTH KaK O Tpejesie OTHOIIEHUS
MAacChl K 3aHUMaeMOMY 00bEeMY TIPU CTPEMJICHHUH ITOCIEAHETO K HYJIIO.
B cBoto ouepenp B Hayke Macca MOHUMAeTCs Kak Mepa HHEPIHH, T.e.
HE)XKENTaHWE OTOW MAacChl YCKOPATBCS WM  3aMEMIIATBCS  TIOJ
BO3JICUCTBUEM MPUIOKEHHOU K HEM CHIIBI.

SIcHO, YTO MpUAATH YCKOPEHUE OHOMY KyOomeTpy 3¢dupa B mose
adupa TpymHO, T.K. €ro macca OYIET ONPEHEIATHCS OTPOMHBIM
3HaUYECHUEM

ApLIm®=1,1910kr (1.8.10)
Oto Oojee, YeM B MUJUTMOH pa3 MPEBHIMIACT Maccy OJHOTO KybomeTpa
BOJIBI

W =Promn AM°=1C0kr (1.8.11)

IlpuynHa TOre, YTO MaTepHaIbHbIEe TeJIa TPEOVIOT JUIA CBOEr0
pa3roHa MeHbIIUX YCUJIUI, COCTOUT B TOM, YTO MHEpUMA, Macca U
IUIOTHOCTh _Tejia, B _KOHEYHOM _cueTe, OMNpenesieTcsl JINIIb
He00JILIIOH NpUCOeIUHEHHOH Maccoil _3¢upa, BOBJIEYeHHOI B
IBH:KeHUEe YCKopsiionuMes TeaoM. OcTanabHas Macca 3¢upa B
00beMe Tejla MPOXOAUT MHMO_Siiep ATOMOB BHYTPH _TeJ, KaK
CKBO3b_cHTO. OHA He y4YacTBYeT B JBH:KEHHHU TejJa W HE CO3/1aeT
NpensATCTBUI ITOMY ABUKEHHUIO.

Hampumep, ogun kyOoMeTp BOABI MPH YCKOPSHHHU BOBJICKACT B
CBOC JIBIDKEHUE COBCEM MAJICHBKYIO MPHUCOCIMHEHHYIO Maccy AQupa,
3aKJIIOYEHHYI0O B O0BEME C PagUyCcoOM, ONPEAENSEMBIM C TOMOIIBIO
(1.8.7). Tlonmaraem, uro KyOOMETp BOABI OTHOCHTCH K KyOOMETPY
a¢upa, Kak TpPUCOCTUHCHHAs macca  3dupa  OIHOTO aToMa

Boopona  Pe(4/3)0E, rxe r52=8,81013M (cormacno 1.8.7) ,x

oz’

Macce 3¢upa B 00beMe 3TOTO aToMa pe(4/3)Tl1IJ§A ,rae r, =10 e

M./Me=0,68110° (1.8.12)
Cornacno (1.8.10)u (1.8.11)oTHomeHHe Macchl OAHOTO KyOoMeTpa
BOJIBI K Macce 0JIHOro KyOoMeTpa 3(upa CoCTaBIIseT
m./m=0,8410° (1.8.13)
Hab6momaemoe pacxoxaerne Hammx onenok (1.8.12)u (1.8.13)8
1,23pa3a o3HavaeT, 4To MbI Ha 6,5%3aBBICHIN paguyC OJHOIO aToMa
B MOJIEKYJIaX BOJIbI, HHAYE COBIAJCHNHE ObUTO OBl MOJHBIM. SICHO, 4TO
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OTHOIIICHWE TIUIOTHOCTEH BOIBI W 3(dupa OymeT TakuM XKe Kak
OTHOIIIEHHE Macc BOJbI K 3(Upa B 0OJTHOM KyOOMeETpe.

@®opmyner (1.8.8)u (1.8.9)noka3piBaroT, 4TO HHEPUHOHHAS Macca
TeJa He ABJSAETCS 3araJioyHbIM, He00bSCHHMBIM _CBOHCTBOM
camoro Tesa. Ilo cBoeil IpUpo/ie 0HA ABJAETCA CUJI0BOI peakiuei
noJjs 3¢upa Ha YCKOPeHHOe M 3aMelJieHHOe JIBHKEHHEe Tejaa W
omnpejessieTcs Yepe3 NpUcOeANHEHHYI0 Maccy d¢upa. EctecTBeHHO,
YTO 3Ta Macca ONpEeIeNIIeTCs MmapameTpamMu 3(QUPHOrO Tasa, siep
aTOMOB TeJ U CIIOCOOHOCTBIO aTOMOB TEJI IMOTJIOMIATh dPUPHBIN ra3 u3
OKPY>KaIoIllero MpocTpaHcTBa. VIMEHHO mpHCOeOUHEHHAash Macca
SIBJISIETCSl KOJMYECTBEHHOM MEpON WHEpIUHU Tela, XOTS OHAa 3TOMY
TeTy HE TPUHAMICKHUT, a TOJBKO TPUCOCIWHEHA K HEMy, T.K.
BBIp@XKACTCS uepe3 YICHbHBI MaccoBbIi pacxon adupa gq=dmy/dt.
Y100bI _HE BBOJANTH HOBYIO TEPMHHOJOTHIO, B JaJbHEHIIEM
NpHUCOeIUMHEHHbIE MAacChl TeJ OylieM MNPUBLIYHO HA3BLIBATH HX
MaccaMM, a Macchl yacTuil 3¢dupa OyaeM 0003HAYATHL HMHIEKCOM
‘e, HampuMep M.

C ydyeToM TIONYYEHHOTO pe3yibTaTa CWIYy WHEPIIUU Tena,

ABWXXYHICTOCA C YCKOPCHUCM E B BO3QyXC HJIM B BOJAC B 3CMHBIX

YCIIOBHSIX, MOYKHO 3aIHCaTh POpMyIIon
dv
F=d—t (m+nt) (1.8.14)

B aToit popmyse M siBisieTcs Maccoi Tena. MBI Tereph 3HaeM, 94TO
OHa OIpeIeIsIeTCs Yepe3 MPHCOCAMHEHHBIE Macchl 3hupa saep BCex
aTOMOB Tesia B cooTBeTcTBHE ¢ (opmyrnamu (1.8.3), (1.8.4), (1.8.6),
(1.8.7), (1.8.8)u (1.8.9). M-mpucoenMHEHHAs Macca BO3AyXa WIH
BOJIBI ATOTO TeJIa.

[Tpu IBMKEHHU TEJl B BO3JyXE C MOCTOSHHON CKOPOCTBIO y HHUX
BO3HHUKACT adPOIUHAMHYECKOE COIPOTHBICHUE, KOTOPOE HEb3sl HE
yUYHTBIBaTh. Tena, ABWXKyHMecs B 3(Upe C MOCTOSHHOW CKOPOCTHIO
(3Be3mpl, MIaHETHI, KOMETBI, METEOPUTHI) TAKOrO CONPOTHBICHUS HE
UCIIBITHIBAIOT, HO OHM HCIBITHIBAIOT €r0 B MOMEHTHI Pa3roHa WU
TOpMOXKeHUs. VIMEGHHO Tak  BeayT ce0s Tena, JABWKYLIHECS B
CILJIONTHOM Ta3000pa3HOM WM KUAKOW Cpele, ecliv 3Ta cpeja JHUIICHa
BSI3KOCTH U TeJla 00TeKatoTcsi 6e30TphIBHO. T.e. MpH KeJTaHHH MOXKHO
HOHATh, YTO OTIMYUS B OOTEKAaHWM TEJI BO3AYXOM U APHPOM
OOBSCHSIOTCST TEM, YTO BO3/AYX SIBISCTCS BSI3KOM Cpesioid, a apup He
MMeeT BS3KOocTH. U emie TeM, 4To BO3ayx OOTEKaeT Telna, HE romajas
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BHYTPh, a 3()Up NMPOHMU3BIBAET TeJla HACKBO3b, 00TEKas TOJBKO sjpa
BCEX aTOMOB 3TOTO Tela. SIapa Tel MorIomaroT SGUp.

OTCyTCTBHE BSI3KOCTH y 3(HUPa, BO3MOKHO, OOBICHICTCS HU3KOH
temnepatypoit sdupa (Te=2,75K), T.K. M3BECTHO, YTO BS3KOCThH
CUJIBHO 3aBHCHUT OT TeMiieparypbl. Hampumep, ®KUIKUM Tenuil npu
temnepatype T=—268C=5’K mepexoaur B 0c000€ COCTOSHHE
“CBEpXTEKyUeCTH , MPHU KOTOPOM BSI3KOCTh €TI0 MPAaKTHYCCKH paBHA
uymo [20]. TloaToMy, y Ten, ABMKYIIUXCS B KUIKOM TelIHHU, HE OyaeT
COMPOTUBICHHS OT Crl TpeHus. OOTekanue Oyaer Oe30TPHIBHBIM, U HE
MOSIBUTCA BHUXpeBoe comnpoTuBieHne. CHIIBl JaBIEHHS COTIACHO
napagokcy I Anambepa-Diinepa OyayT ypaBHOBEIICHBI U TAaKXkKe HE
JanyT PaBHOJCUCTBYIOLICH CUIIBI. DTOH K€ MPUYUHOM, O-BUIUMOMY,
00BSICHICTCS TIPOIECC KOHIEHCAITNN Ta3000pa3HoTo d(Hpa B KHUIKHE
KaIlTl B si[paXx aTOMOB TeJ, aHAJOTHYHO TOMY, KaK Mapbl BOABI MPHU
MOHIKEHUHM TEMIIEPATypPhl KOHJCHCHPYIOTCS B BOJSHBIC KaIUIH.
HamomanM, 4ro Ttemmeparypa d¢upHOTO Ta3a OYeHb HH3Kas
T=2,75K.

B nmomonneHue 3ameTuM, 9TO Macca OAapUOHHBIX TEN, KaK 3TO
cnenyer u3 ypasuennii (1.3.4)u (1.3.5)npu 0=1, onpenensercs He
KOJIMYECTBOM BEII[ECTBA BHYTPH T, a KaKk Obl “anmmeTuTom” 3TUX Tel,
T.€. KOIIMYeCTBOM 3(¢upa, KOTOPOE 3TH TeNa CIIOCOOHBI MOTIOTUTH 32
enquHUIly BpemeHH. ClenoBaTelbHO, Macca Jro0Oro  Tena
ompeaenseTcst Maccoil agupa, BOBICUYCHHON B JBUKCHHUE 10 pajiycam
K [EHTpaM Kaxaoro u3 3tux Teid. CamMo mpencTaBjieHHE 0 Maccax
TeJd O0Ka3bIBAETCSl CBA3AHHBIM € W3MeHEHHeM KOJU4YecTBa
OBHKEHHUS W YHEprum Macc 3¢upa, HAXQASIIMMUXCHd BHE ITHX TeJ, HO
BOBJICYEHHBIX B JIBIKEHHE K WX IEHTPAM H3-32 NOLJIOIIEHUS
adupa.

B cBs3M ¢ 3TUM yMECTHO BCIIOMHHTB, YTO ITH TPEICTaBICHUS
MIEPEKIINKAIOTCS C BBICKA3BIBAHUEM aBCTPUHCKOTO (U3MKa OpHCTa
Maxa 0 TOM, 4TO MHEpUHA, TO €CTh HEKEJaHHe MacChl BUTAThCA B
OTBET Ha [EHCTBHE CHJIBI, MOXHO OOBSICHHTh COBMECTHBIM
MPUTSHKEHUEM BCETO BEIECTBa BcelleHHOH, W 0 TOM, YTO Macca
o0BeKTa HE €CTh HEYTO TOJBKO €My TPHUCYIIEe, a 3aBUCHT OT
oKpy:katoieit BceneHHOH.

Bo3sBpaiiasice kK BOpocy O TOM, OIIYHIAET JU KaXKJbId YEIOBEK
CWJIOBOE BO3JeHCTBHE 3(Upa, OTBETUM, YTO KaXIbIA YEIOBEK
OIyIIaeT Ha cebe 3TO BO3ACHUCTBUE B BHJIE JABSIICH CHIIBI TSHKECTH, B
BUJI€ CHJIBI HHEPIIMY B MOMEHTHI pa3rOHa WM TOpMOKeHus. Bee Hamm
MIPUBBIYKY, YCTPOWCTBA M MEXAaHWU3MBI (PYHKIMOHHPYIOT C Y4ETOM
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atoro Bo3xaelcTBusA. Ilopol, Kak Mbl 3HaeM, HEJOOIEHKa 3TOTO
NPUBOAUT K TPAarudecKUM TOCTEeACTBUSAM. TONBKO JBHTasich
MPSIMOJIMHENHO C TIOCTOSHHOM CKOpPOCTBIO, YEJIOBEK MOYKET Ha BpEMS
3a0BITh O CYIIECTBOBAaHMM 3(upa. YUHUTHIBas, YTO HMEHHO 3(Hp
co3MaéT CWIy HWHEPIMH IPH YCKOPEHHOM [BWXKCHHU TEI W CHIY
TSDKECTH (MPHUTSDKEHUS), MOXKHO TMOHSTh, YTO OH HE MOXET OBITh
MOSTHYECKH OECTEeNeCHBIM, a JOJDKEH UMETh OOJIBIIYIO MJIOTHOCTH U
WHEPLUOHHOCTbD.

C nmpyroif cTOpoHBI OBLTO OBl CTPAHHO OXHUAATH, YTO HEBECOMBIH,
YpE3BBIYANHO Pa3pPEKCHHBIA 3Pup, WM (DU3MUSCKUN BaKyym, MOT
C03/71aBaTh BIIOJIHE OLIYTUMYIO, a IOPOM OTPOMHYIO CHIIY TsKecTu. Ja
ele KaKuM-TO 9yJIOM MOT CTeKaTh B OoJjiee IUIOTHBIC Tena. SICHO, 94To
3(Up HE TONBKO HAXOJUTCS BOKPYT TEJ, HO U MPOHHU3BIBACT 3TH TeJja.
[Toatomy, HeCMOTpPS Ha OONBIIYIO TUIOTHOCTh OAPUOHHBIX TEN, BHYTPH
HAX WMEETCS TIOHIKEHHOE JaBJIcHHE J(upa II0 CpPaBHCHHUIO C
JIaBJICHHEM BO BHEIIHEM TioJie dupa. ITo U 3acTaBiseT d(UP CTECKAThH
BHYTPb 3TUX TE.

VYike U3 PacCMOTPEHHBIX COOOpaKEHWH CIIeyeT, YTO TPHUPOIa
adupa u OGapUOHHBIX TeN paznudHa. [103TOMY IUIOTHOCTHL HM_MAaccy
3¢upa HeJb3s OTOKIECTBJATH € IUIOTHOCTHK) M MAaCCOM
0apHOHHBIX Tea. D(pup MUPOBOTO MPOCTPAHCTBA MOMHMO SHEPTUU
obnamaeT Maccou, WHepIUEH, KoMmdecTBOM ABmkeHus. [lotok a¢dupa
MepeacT CBOE KOJUYECTBO JBMKCHUS MAaTEpPHAIBHBIM TElaM W
OKa3bIBaCT HA HUX CWIOBOE BO3jeWcTBHE. Odup, HaXoASMIIUHACT
BHYTPH T€Jl, B OTPBIBE OT d(prpa MHUPOBOTO MPOCTPAHCTBA IPOSBIIICT
CBOWCTBA WHEPIMH W KOJHWYECTBA MABIKCHHS dYepe3 Maccy Tell,
MPOMOPIIUOHANBHYI0 Macce d¢upa, EXKECeKYHIHO IOTIOMAcMOro
TEJIOM.

Ddup nepBHYEH, a MaTepHAJbHbIE TejJda M _HX CBOlicTBa
BTOPHYHBI. ATOMBI, 3JIEKTPOHBI, IPOTOHbI, HEHTPOHLI M _JPYrHe
3JIeMEHTAPHbIE  YACTHIIbl __ BelIeCTBA _ MPEACTABJISIOT __ c000ii
ABTOHOMHbIE MHKPOBHMXPH M3 3GHUpPa ¢ MJIOTHBIM IEHTPAJbLHBIM
sinpom. Iloaiep:kanue TedeHWii  3¢upa B 3THX BHXPIX Ha
NPOTSUKEHHN  MIJLIHAPAOB _ JieT _ of0ecmeumBaercsi  00JbINOMH
JHeprueH, 3aKJII0UYEHHO B moJie 3¢upa, U nepenaydeil 4acTu 3Toi
JHEPTHM BMeCTe C MOIJIOIEHHBIM d(PHPOM MATEePHAJBLHBIM TeJIaM.
Macca Tell, mOITOMY, He SfIBJSETCHA MepPOH  KOJHYeCTBA
IOIJIONIEHHOr0 paHee 3¢upa, a mnpeacraBjsieT co0oii Mepy
B3aUMOJIEiCTBHS_TeJI ¢ 3(h)MPOM MHUPOBOrO MPOCTPAHCTBA.
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Nmeercs eme onHO cooOpa)KeHHE B MOJIB3Y OOJBILION TUIOTHOCTH
abpupa. B psge paboT cmiy TSDKECTH TIBITAIOTCS OOBSICHHUTH
0OMOapIUPOBKOM TEN MOTOKAMHU JIEMEHTAPHBIX YaCTHUII, H3ITy4aeMBbIX
3Be3gamMu. B ATHX paboTax cuuTaeTcs, YTO BCE TMPOCTPAHCTBO
NPOHHU3aHO BO BCEX HAMPABICHUSX STHMH MoTokamu. OjHAKO, TpU
9TOM HE MPOBEPSETCS, KaKyI DHEPTHUI0 HECYT ¢ cOOOH 3TH MOTOKH.
Pazbepem a1y mpoGmemy Ha mnpumepe. I[lycTh mOTOK W3mydeHWHs,
AMEIOIMUNA IIIOTHOCTD p=101%<r/M3, OoMOapaupyeT dYeloBeKa C
Maccoir Ttena M=10Gr. [JomycTuM, 4TO BECh MOTOK, MOIXOISIIUN K
Telly deloBeKa Ha IUIOMAmy ero cuiysta F=Im? co ckopoctsio Vi,
MOJTHOCTHIO TOPMO3UTCS W TIEPEJacT CBOE KOJMYCCTBO JIBHIKCHUS
YEJIOBEKY, B Pe3yIbTaTe Yer0 BOZHUKAET CHJIA TSDKECTH Mg

PV, [F(V-0)=m(g.
3necs PV [F-maccoBerii pacxon. OTkynga I[odydaeM 3HAUCHUE
CKOPOCTH IOTOKOB wm3nydeHmss Kk wueHtpy 3emmu V,=0,3Z10Pw/c.
MOoIIHOCTh, TPUBHECEHHAS TOTOKOM B TEJIO YeJIOBEKa
NsiV, [FIV 2 /2=1,610"Br. (1.8.15)

D10 orpoMHasi MOIIHOCTE. COTJIACHO 3aKOHY COXPaHEHUS SHEPTUU
Opd TOPMOXKEHHH T[IOTOKAa €ro KHHETUYECKas DHEpPrus IEJIHKOM
MEPEXOUT B TEIUIO, T.K. MOTOKH HM3IIYYEHUS COCTOAT U3 OOBIYHBIX
0apUOHHBIX YacTHUll. SICHO, 4TO JIF000E TEJI0 MIHOBEHHO MEPEerpeeTcs U
Oyzer paspymieHo. Yem MeHbIIIE MIIOTHOCTh MOTOKA MM MEHBINAS €ro
YacTh 3aJICPKUBACTCS B Telle, TeM OONbIIe MOTpeOyeTcss CKOPOCTH,
4TOOBI CO3AaTh HEOOXOIMMYIO CHIIy TSDKECTH, M TeM Ooubiile Oyaer
MOJIBEICHHAS] MOIIIHOCTb.

He u30exanu cobia3Ha npeacTaButh YQUp B BUAE Pa3peKEHHOTO
rasa aBTOpHl OYEHb HWHTEpecHOW padorel [21]. M.S.MBanoB u
JI.B.TepeHtbeBa cnpaBeUIMBO CYUTAOT TEMHYIO MaTepuio 3(PHPHBIM
razoM. OmHako, y HHX S(QUpHBIA ra3 mpeicTaBisieT co00il OdYeHb
pa3pexeHHyl0 cpedy, KoTopas B CHIy OOJBIIOTO pa3pekeHUs He
MeIIaeT JBMKCHUI0 KOCMHUYECKUX TET M IMO3ITOMY HEOIIyTHMa JUIs
JIOJIEH.

Ecmu OBl OHM TONBITAIUCH OMNPEACTUTH CHUIOBOE BO3JICHCTBHE
a¢upa Ha OGapHOHHBIE TeJa, TO Cpa3y CTOJKHYJIUCH OBl C Cepbe3HOMN
npobiaemoii. UTOOBI MONMYYUTh YCHIHE BO3ICHCTBHS CO CTOPOHBI
a¢upa Ha Teja, HYXKHO BOCIIOIB30BATHCS TEOPEMON MUMITYIbCOB. [Ipn
MU3EPHOH TUIOTHOCTH Jupa IS TONyYSHUs, HAIpUMEp, CHIIBI
TSOKECTH TMPHUIUIOCH OBl JIOMYCTHUTh, YTO CTPYU 3upa ABHKYTCS C
OTPOMHBIMH CBEPXCBETOBBIMU CKOPOCTSIMH. DTH CKOPOCTH JOJDKHBI
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OBLTM OBl MPEBHINIATH CKOPOCTh CBETA HE B paskbl, a, bonee, ueM Ha 13
MOPSIKOB.

Kpome Toro, aBropel [21] momarairoT, 4To 3(GHUpP COCTOUT U3
TIOJIOKUTENEHO ¥ OTPULIATENILHO 3apshKEHHBIX yacTuil. C Hamel TOUKU
3peHUsl HalM4Me 3apsaa yKe MpernojaraecT JIOCTATOYHO CJIOXKHOE
BHYTPEHHEE YCTPONCTBO 3THUX 3apsUKCHHBIX YacTHIl. VIHa4Ye MpHIILIOCh
OBl TpU3HATH, YTO OJJIEKTPUYSCKHUE 3apsifibl SBISIOTCS Kak ObI
MPUPOIHBIM CBOWCTBOM YaCTHI[ TEMHOW MAaTEpHH, HE IMOIJICKAIUM
MOHUMaHUIO ¥ 00bsicHeHHI0. Ho Torma 3adeM BO3BpaIiathes K 3Qupy,
€CIM €My OTBOJIUTCS OJHOAKTHAS POJIb TOJBKO Il OOBSICHEHUS
(hoHOBOTO M3NTy4CHUS? 3a4eM 3aMEHSATh OJIHY 3araJIKy APYrou?

B mocneayroniux riaBax KHUTH MbI TOKaXeEM, YTO JICKTPUUICCKHUE
3apsAapl TakKe, Kak CHiia TSHKECTH W CHIIa MHEPIMH, ONPEICIISIOTCS
TedeHMsIMH d>upa. A camum aToMbl 3¢HUpa IODKHBL  OBITh
OJIMHAKOBBIMH, KaK 3TO IPHUHATO B KUHETHYECKOH TCOPHM Tra3oB. Y
HUX HET 3apsioB U Ha HUX HE JCHCTBYET CHja TSHKECTH. TOJBKO B
3TOM CITy4yae MOXXHO TOBOPHUTH, UTO 3(PHp HE SBISCTCS €Ile OJHUM
OOBIYHBIM Pa3PEIKEHHBIM BELISCTBOM, KOTOPOE CIyYalHO 0 CHX IOp
HE 3aMeTHIIM yueHble. OH SBISICTCS TEM KHPIHYHUKOM, M3 KOTOPOIO
nmoctpoeHa OapuoHHass wmarepus. Ero TeueHusMH OOYCIIOBICHBI
MHOTHE 3aKOHBI TIPUPOJIBI.

B  pmanpHEeMmmMX riaBaX MBI MIOKa)XE€M, YTO OCHOBHEIC
3JIEMEHTApHBIC YaCTHIlbI 0ApUOHHOTO BEIISCTBA CAMU TPEICTABIISIOT
co00i1 BUXPEBBIE CTPYKTYPHI, 00pa30BaHHbIE CTPYAMU dupa.

1.91IpeoGpa3oBanue Mmacchl 3¢upa B Maccy Tel.
ITapameTpsl aToMa 3¢gupa

[Iponiecc  mormomienusi Temamu  cBoOogHOro  >pupa U3
OKpY’KaIOIIIEro MPOCTPaHCTBA ONUCHIBaeTCs ypaBHeHueM (1.3.5)
d dm
Me _ ) dM (1.9.1)
dt dt

IIpu wnaiinennom B (1.7.4) 3HaueHnn Kod>(pGHUIMEHTa CKOPOCTH
o6pasosanns Maccel K = 3,36010" u3 ypasrenns (1.9.1)cnenyer, uro
CKOPOCTb TIOTJIOIIEHUS 3(Upa BO MHOTO pa3 MPEBOCXOIUT CKOPOCThH
obpa3zoBanHus U3 3Toro 3upa Maccel Tena. Co BpeMEHEM U3 OTPOMHOM
Macchl 3pupa Me CO3MaeTCs COBEPUIEHHO HUYTOXKHAs Macca Teia M.
Yr1oObl HAWTH CBSI3b MEKIYy HUMH JIOCTATOYHO IPOUHTEIPHPOBATH
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Beipakenne  (1.9.1) mo  BpeMEHH,  TIOJIOKHB  KOHCTaHTY
MHTETPUPOBAHUS PABHON HYJIIO,

mr%i (1.9.2)

Koasddumment K MOKHO TpaKTOBaTh KaK HEKOTOPHIN IEPEBOIHOM
KOA(pGUIMEHT Macchl 3¢upa B Maccy Teln. To eCcTh ero MOXHO
paccMaTpuBaTh Kak OTHOIICHHUE MOTJIONIEHHOH Macchl a¢upa K mMacce
BEIIIECTBA, HA CO3/IaHNE KOTOPOH MOIIEN BECh TOTJIOMICHHBINA dhup.

UToObl UCKJIIOYHTH B JaJbHEWUIIEM pPAa3HOYTCHHUE B IMMOHUMAaHUU
Maccel 3pupa W Macchl Tella BCIIOMHUM, YTO TIOJ Maccod Ten
MOHUMAIOT HEXENaHWE MACChl YCKOPSTHCA WM 3aMEIUISThCS TOJ
JleiCTBHEM TIPUIIOKEHHOM K Hell cuibl. Macca Ttena-31o koddurment
IPONOPLHOHATILHOCTH MEXIy cuioii F u yckopenweMm | Bo BTopom

3akoHe 1. HerotoHa.
F =m0

Ecnu maccy adupa moHMMaTh Kak Mepy WHEPIIUH, T.¢. HEXKETaHUe
Macchl 3(Hpa YCKOPATbCS WIH 3aMEUIAThCS TIOA BO3JIEHCTBHEM
MIPIIOKEHHOW K HEHM CHIIBI, a HE KaK KOJMYECTBO d(DUPHOU MaTEpHH
(komuuecTBa aTOMOB 3(hMpa) B HEKOTOPOM 0O0BEME, TO B TaKOM
W3MEHEHUH BEJIMYMHBI MacChl 3¢pupa mpu npeoOpa3oBaHUU €€ B MacCy
MaTepuana Tena He OyeT HUYEeTo 3araJoqyHoro, T.K.pe4b UIeT O CHiax,
MPETATCTBYIOIIUX TBUKCHUIO YOUPHON MaTCPHH.

B otHOmeHnun 3¢upa creayer roBOpuUTH 00 WHEPIIMOHHOW Macce
cBoOOaHOrO 3dupa M B 1oje 3pUpa U O CBI3aHHON Macce 3dupa

BHYTpU Tenma M,y , HPEACTABISIOLICH COOOM CyMMapHylo Maccy

aToMOB 3(upa, TOTJIONMICHHBIX TEJIOM 32 BpeMs €ro CyliecTBoBaHus. B
CBSI3H C TE€M, 4TO 3(up SBIAETCS CKUMAEMBIM Ta30M, OIMHAKOBOE
KOJINYECTBO 3(HUpHON MaTepur (KOJHYECTBO aTOMOB 3(Hpa) MOKET
3aHUMAaTh KaK MaJICHBKUH Tak W OoJbimoi o0beMm. [loaTomy mpm
MOTJIONIEHHUH 3(Upa TEOM MBIl MOYKEM TOBOPHTH O 3aKOHE COXPaHEHUS
a¢upHOi MaTepuun: Ero MOXHO chOpMyIHpPOBATh B CICAYIONIEM BHJIE:
KOJUYeCTBO aTOMOB 3¢upa BHYTPU Teja PABHO KOJHYECTBY
aToMoB 3¢upa, NOCTYNUBIIEMY B TeJIO B Pe3yJbTaTe NOrJ0oLeHus
3a BpeMsl _CYLIeCTBOBaHUs Tejia. JGuUpHasa MaTepus He Uc4ye3aeT u
He NosiBJsieTcs U3 Hu4Yero. OHa nepexoauT U3 OJIHOTO COCTOSIHUS B
apyroe. llorjomeHHbl YUp KOHIEHTPUPYETCA B S/PaX aTOMOB
TeJa, MPeBpPalasich B MaTepuaJj 3TOr0 Teja NPUMEPHO TAK, KAK
NAapbI BOJbI IPU OXJIAMKAEHUN KOHACHCHPYIOTCS B KAILIMN.
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B mpomecce mornomeHus 3@upa TEIOM — 3aKOH COXPaHCHUS
WHEPLUMOHHOM Macchl TiepecTaeT nAeicTtBoBarh. I[lo-BUmuMoMy TIpu
normagaHuy 3Qupa BHYTPh Tela W MPEBPAIICHUU €0 B OAPHOHHYIO
MaTEePHUIO0 KOJIUYECTBO 3PUPHON MAaTEPUU COXPAHICTCS, HO B MOMCHTHI
pasroHa W TOPMOXKECHHsSI M3MEHSCTCS €r0 CHIOBOE B3aMMOJCHCTBHE C
nojieM 3¢dupa. MmenHo mose 3dupa ompenensicT BCe H3IBECTHHIC
CHJIIOBBIE B3aMMOJIEHCTBHSI M CBOHMcCTBA Tea. J¢HpP MHPOBOIO
NMPOCTPAHCTBA NMOMHUMO JHEPruu_00J1aJaeT MACCOH, HMHepIHei,
KoJndyecTBoM _ nBm:keHusi.  IloTok  3dwmpa  mepeaaer  cBoe
KOJMY€CTBO JIBMJKEHHSI MATEPHAJbHBIM TeJIaM H OKAa3bIBAaeT Ha
HHUX CWIOBOe Bo3ieiicTBHe. Ddup, HAXoAAIMIicsi BHYTPU TeJ, B
OTpLIBE OT (pupa MHUPOBOr0 NMPOCTPAHCTBA MPOSIBJsIET CBOICTBA
MHEPIMH M _KOJHYECTBA JBW)KEeHHA depe3 maccy Tea. Ilpm
pa3pylliecHHH _siIep aTOMOB _TeJ INPOMCXOAHMT BO3BpaT aTOMOB
3¢dupa B okpyxkamouee mnojge. Tak yro B macmrade BcenaeHHOI
YK CJI0 AaTOMOB 3(huUpa coXpaHseTcsl.

B nmanpHelimem Mbl OyaeM pa3nuyaTh Maccy 3¢upa BHYTpH
MaTepUaIbHOIO TeIa Mhyody, PABHYIO Macce CaMoro Tela, M Maccy
cB0OOOAHOTO 3(hHpa, MOCTYIHBILYIO B MATEPHAIILHOE TEJIO 3a BPEMS €0

cymecTBOBaHus M,y . Cormacro (1.9.2)7Ti Macchl CBA3aHBI MEXKTY

c000i1 3aBUCHMOCTBIO
M, _pody = Mbody K (1.9.3)
B cooTBercTBUM ¢ 3TO# (popMyII0ii Macca apupa BHyTpHU HYKIOHA
(o6brunas Macca Hyki1oHa My =1,67-10'kr), BhIpaKeHHas B ¢IMHUIIAX
Macchl CBOOOAHOTO 3(hHpa, COCTABUT BEITHINHY
m,_,,=3,36-10"-1,67-1G'=5,61-10%r, (1.9.4)
a Macca s¢upa Byrpu Comrma (Macca Commma me=2-16%r),
BBIp@)KCHHAsI B €IMHUIIAX MAacChl CBOOOIHOTO 3(hupa, MPeICTaHeT KaKk
m,_. =3,36-16".2.16° =6,72-1¢" kr (1.9.5)
[TpoBeneHHOE HCCIIEOBAHHUE MO3BOJIICT HAM IMOJYYHUThH €IIe PsiX
(dusznyuecKkux mapaMeTpoB 3¢upHOro rasa. YroObl IOKasaTh 3TO,

O6paTI/IMC}I K YpPaBHCHUIO COCTOSHUSA nacaJIbHOTO rasa.
HpI/IMeHI/ITCHBHO K 3(1)I/Ipy €ro MOXXHO 3aIllicaTbh B BUJEC

p._ b
pe rrE—A °

(1.9.7)
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rie b=1,3810%° [IIx/K] - mocrosmuas Bompimana, Otcroma
HaXOIMM MaccCy OJHOrO aToMa 3¢upa mE_ A B ToJ1e adupa

M » =bTelPe/pe=7,0310*%r (1.9.8)

Macca oxHoro aroma 3¢upa B OOBIYHBIX CIMHHUIIAX MACChl TNl B
cootBerctBuu ¢ (1.9.3)0yner

m, =m_,/k=7,03010% /3,36)18 = 2,09 10k (1.9.9)

Yucno atomoB 3¢upa B 0JHOM KyOWdeckoM MmeTpe mons 3¢dupa,
KaK MbI U [IpeJII0Iarajiy, OrpOMHO

n, = p. M /m, =1,1916 /7,08110°= 0,17 I  (1.9.9)

Pagmyc omHoro atoma s¢upa B 3TOM CIIydae MOXKHO OTPENEIUTh
U3 COOTHOUICHUS

]
0 3m,

r-=3s
4o,

oe
—10%%r/a
rae Po=10"kr/mM°—mmoTHoCcTs sapa aTtoma Bomopona. i cpaBHEHUS

=0,620000%°x, (1.9.10)

paauyc storo sapa I, =10 By,

Uncno atoMoB 3(Qupa, pacmoJOKEHHBIX BHYTPH SApa aroma
BOJIOPO/Ia BIUIOTHYIO APYT K APYTY, OKa3bIBAECTCS PABHBIM OTHOILIECHUIO

. 0
Macc HyKJIOHa (IPOTOHa, HEHTPOHA) My.ny ¥ aTOMa dupa M,

27
B=Mo.nd mizLmezo,ajto”. (1.9.11)
2,09010

IIpu paBHOMEpPHOM IOCTYIUICHHH aTOMOB 3GHpa BHYTPhb sjapa
aToMma Bojopoa B Teuernne 15wpa.ier (4,7100'c) kaxmyro cexyHmy
JOIKHO Obuio momanats okono 0,1710° emuumi aromos a¢upa.
IIpouecc  mormomeHUs  CBOOOAHOrO  3(HUpa  TeJaMH  MOXKET
pacTIruBaThCs HA MUJUIMAPBI JIeT. M3 3T0ro MOXHO cieliaTh BBIBOZ,
YTO SAAPO 3JICMECHTAPHON YaCTHUIlBI Tella MPEJCTaBISET COOOW HedTo,
HaNIOMUHAIOIIee KUAKY 3dupHyro kammo. Ee dopma coxpansercs
Osiarogapst 0ojiee BBICOKOMY BHEIIIHEMY JaBJICHHUIO, @ BO3MOXHO, KaK

3TO Tpeanonaran ['aMoB , Oiaronapsi MOBEPXHOCTHOMY HATSKCHHIO.
Odup nepBuyYeH, a MaTepPHAJIbHbIE TeJIa H HX CBOMCTBA, B TOM
ypcJe M MAacca  KaK _Mepa  MHEePUHMH, BTOPMYHBI. ATOMBI,
3JIEKTPOHLI, NMPOTOHLI, HEHTPOHLI M _JAPYILHE DJIEeMEHTAPHBIE
YACTHIIbl __ BeNIeCTBA __ NPEACTABJIAKT _ c000ii  aBTOHOMHBIE
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MHUKDPOBHXPH W3 J(pHUpa ¢ 0YeHb MAJEHbLKMMH, IUIOTHBIMH,
<CKMIKUMW» siipamMu B 1neHTpax. Iloanep:kaHue TeyeHuii 3¢upa B
ITHUX BHXPAX HA MPOTSKEHHH MULINADIOB JIET 00eCHeYnBaETCS
00JIb1ION JHepruei, 3aKk/I4YeHHOH B moJe 3¢upa, U _nepeaadei
YacTH _ITOW _JHEPIruM _BMecTe ¢ MOIJIOUIEHHbIM _3¢upom
MaTepuaAJbHBIM TejaM. VMHepuuoHHasi Macca TeJ, NMOITOMY, He
SIBJISIETCSI MepPOil __ KOJMYecTBA NOIJIOLIEHHOr0 paHee 3¢dupa, a
NpeACTaBIAeT c000ii _Mepy B3aumMoJeilcTBUSL __ Tea ¢ 3¢upom
MHPOBOI0 MPOCTPAHCTBA.

Ilpu monydeHHBIX 3HaYeHMsx BenmumH O/K m K maccer Ten
BcenenHolt MOMKHBI OyAyT MEIJICHHO BO3pAcTaTh CO BpPEMEHEM B
cootBercTBHE ¢ popmyioit (1.3.7)

aff
m #m, [& K (1.9.12)
TakK, Kak mokasano B Ta01.1.9.1
Tab6muma 1.9.1
Bpems 1,0 | 2,0 3,0 3,5 5,0 10 15

MIIPJL. JIET
m/m=e""* [ 1,1 | 1,202 | 1,33| 1,38 1,61 259 4,17

Bospacranue macc 3emnu u apyrux Ten BceneHHolt uHTepecyer
reoyioroB u actpodusnkoB. OHH TUCKYTHPYIOT O PaCIIHPSIOIICHCS
3emsie, 0 BO3pAacCTaHUH CHJIBI TSDKECTH Ha €€ TIOBEPXHOCTH, TBITAIOTCS
MPOTHO3UPOBATh 3EMJICTPSICCHMsSI, & TaKKe HIIYT OTBET Ha BOIIPOC,
oTKyma Oepércsi Macca, oOecreunBaiomas BBIOPOC OTPOMHBIX
KOJIMYECTB MATE€PHUH B BHJE IENbIX 3BE3NHBIX CKOIUICHHUH W3
B3PBIBAIOIIUXCS SJEp TaJaKTHK. JTa TEOPHs MOXET MOMOYb HaWTH
KOJIMYECTBCHHBIC OTBETHI HAa 3TH U JPYTHE BOMPOCHI.

IIpu pemennn 3THUX 3a7a4 HEOOXOIWMO WMETh B BHIY OOIBIIOE
pazHoOoOpa3ue 3Be31 M MPOMCXOJANIMX B HUX MporeccoB. M3BecTHO,
YTO HapsAy C YBEIMUYCHHEM MAacChl TeNl W3-3a MOTJOHIeHHs 3hupa,
3Be3bl U3MTy4aloT U3 ce0s 3HaunTenbHble Macchl. Tak ConHie 3a cuer
KOPIYCKYJISPHOro M3mydeHus Tepsiet B rox 710" r. TTotepst Macchl 3a
cuer pammammu  cocramsier 1,510%° r/rox. KopmyckymspHoe u
paanalMoHHOE U3Ty4YeHHE CBOMCTBEHHO BCeM 3Be3faM. llo-Bumnmomy
WHTEHCHBHOCTh KOPIYCKYJISAPHOTO W3ITy4YEHHUs MPOTIOPIHOHAIBHA
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OOBIYHOMY H3TYYEHHUIO, T.€. CBETUMOCTH 3Be3Abl. [loaTomy yOBLIb
Macchl, TaKKe KaK M €€ HAKOIUICHWE, MPUMEPHO MPOIOPIIMOHAITHEI
IOpyr Opyry. Y Haubojee MacCHBHBIX 3BE3l CKOPOCTh MOTEPU MAaCCHI
MOXeT OBITh O4YeHb BeNMKa. Hampumep, 3Be3na SIpKUH CBEPXTUTaHT
Bonb-Paiie BeiGpacsiBaer B rog mMaccy 200°°r, t.e Ha 10 mopsakos
6onpmie, yem CoIHIlE, a TONIyYaeT coriacHo Haimreir dpopmyne (1.3.7)
maccy 1,876510° r. T.e. sta 3Be3ma BeiOpachiBaet B 10000 pa3
GobIIyIo Maccy, ueM momydaer [10, 11].

Wtak, MBI YCTaHOBWJIHM, 4YTO TpPH TMOTJIOMICHUH 3(Hpa TeIoM
OonplIas Macca a(upa 3aTpaynBaeTCs Ha CO3aHUE KPOLICYHON MacChl
tena. [Ipu 3ToM ra3o00pa3Hbli APHUP KOHIACHCUPYETCS B OYCHB
IUIOTHYIO KHUJKYIO KaIUTF0 BHYTPU KaXKJOTO sJIpa aroma Tena. Jrta
Karig 3gupa U mpeAcTaBisieT co0oi sAApo aroma. BericHmim , 4TO
peub UIET HEe O KOJIMYeCTBE d(PUPHOH MaTepuu (KOJIMYECTBE aTOMOB
a¢upa), a 00 HHEPIIMOHHOHN Macce. MIHepIIMOHHAs Macca MPeACTaBIseT
co0ol CUIIOBOE B3aMMOJACHCTBHE MacChl ¢ mojieM 3(upa B MOMEHTHI
pasroHa u TopMokeHus. [lodTOMy peur uaer 00 M3MEHEHHH STOTO
B3auMojielicTBus. [IpudnHa, Mo KOTOPOW CHUIIOBOE B3aMMOJIEMCTBHE C
nojieM 3(Hupa B MOMEHTBI pa3roHa U TOPMOXKEHUS Y Tell 3HAYUTEIHHO
MEHBIIIE, YeM Yy cBOOOIHOTrO ra3o00pa3Horo a¢upa Oblia ycTaHOBIEHA
B MPEJIbIAYIIEN rIaBe.

C nomoIpo KO3 QHUIMEeHTa CKOPOCTH O00pa3oBaHUS MacChl
(6apronHol MaTepun) «K>» MOKHO MOIBITATHCS OTBETHTH Ha BOIIPOC O
TOM, KaKoBa CpeIHss IUIOTHOCTh «TEeMHOW Marepuu» BO BceraeHHOM.
Tlon Maccoil «reMHOW MaTepuu» B TaHHOW TEOpPUM pPacCMaTPUBAETCA
Macca 3(QHUpPHOTO Ta3a, u3MepseMas B NPHUBBIYHBIX MAJISI YEIOBEKa
MOHSATHAX Macchl 0apHOHHOTO BEILIECTBA.

JIJIs 9TOTO PacCMOTPUM CIEAYIONIYIO THIIOTETHUECKYIO CUTYAIHIO.
[Mycts Bcs Macca dupHOrO raza B eJAWHHUIIE 00bEMa MPOCTPAHCTBA
Bcenennoit mepeumia B cocTosiHHMEe OapuoHHOM Martepuu. Torma
cornacHo ypaBHenuro (1.9.3)ero uHepuHOHHAs Macca YMEHBIIUTCS B
«k» pa3. CnenoBatenbHo, B «K» pa3 yMEHBIIUTCS CPEIHSIS TIOTHOCTh
«TEMHON Marepuum» B TOH e eOUHHIE 00beMa MO CPaBHEHUIO C
TUIOTHOCTBIO 3(PMPHOTO ra3a U COCTABUT BEITUUUHY

Pe =ps/k=3,5400 " r/em>=3,5410°kr/m°. (1.9.13)

CMpICT 9TOro TepecueTa 3akKO4aeTcs B TOM, 4YTO IIpH
npeBpanieHn 3¢hupa B 0apHOHHYIO MAaTEPHIO U3MEHSIETCS €r0 CUIIOBOE
B3auMoJelicTBie ¢ mojeMm 3¢upa. iMenHo moje s¢upa ompenenser
BCE M3BECTHBIC CHJIOBBIC B3aUMOICHUCTBHSI U CBOHWCTBA TENl B TOM YHUCIIE
Y CBOMCTBA «TE€MHOMN MaTepun»..
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1.10 CunoBoe B3aumMoaeiicTBue nNoToka 3¢gupa c
ABUKYIIMMHCSH TeJIaMH

Bce Tena BcenenHoii IBIKYTCS HE B ITycTOTE, a B 3dupe. [louemy
K€ YeJIOBEYECTBO, YYAaCTBYIOIIEEe B 3TOM JIBUKCHHH, HE UyBCTBYET U
He 3ameuaeT 3Toro? Jleao 3mech HE TOJNBKO B IpHBBIYKE. Beib
OLYIIAET K€ JII000H YeIOBEK CUIIOBOE BO3JICHCTBUE BETPa WIIM HAIlOpa
BO/BI. OKa3bIBaeTCsl, YTO TJIABHOW NMPUYMHON BO3HUKHOBEHUS CHIIBI
COTIPOTHBIICHHS TN B MOTOKAX BO3/yXa FIIU BOJIBI SIBIAETCS BSI3KOCTH
9THX cped. Mamo KTO, 3a  HCKIIIOYEHHEM  CIELHAIUCTOB
ra3oJMHaMUKOB, 3HA€T O MapajoKce I[YAﬂaM6epa-3ﬁnepa. CornacHo
9TOMY TapaZoKCy Tena, ABMKYIIHMECS C IMOCTOSHHONH CKOPOCTBIO B
ra3zo00pa3HON WM KUAKOW cpeiae J000M IIIOTHOCTH, HO JIUIICHHOM
BS3KOCTH, HE WCHBITHIBAIOT COMPOTHUBIICHUS CBOEMY JIBIDKCHHUIO.
MarteMaTHyeckoe I0Ka3aTeIbCTBO 3TOr0 MapajoKca BIEPBBIE OBLIO
nano B 1745roxy. Celiuac ero MOKHO HaWTH BO MHOTHX y4eOHHKaX
0 TUIpOra3oa’ponHanke, Harpumep B [16, 52].

Paznnune B 00TekaHNUU TeN OOBIYHBIMU Ta3aMHU U A(UPOM COCTOUT
B TOM, YTO TeJa SBJISIOTCS HEMPOHUIIAEMBIMHU ISl OOBIYHBIX Ta30B, HO
JeTKO TNpOHH3bIBatOTCA 3(upoM HackBo3b. Ilo3TOMY cHJIOBOE
B3auMojeiicTBue _Tea ¢ 3GUpOM  CKJIAJAbIBAETCH W3 CHJL,
JelCTBYIOIIMX HA KayAblil MX aTOM B OTAeJbHOCTH JTH CWJIbI B
ra3oBoii JMHAMHKe HA3bIBAKT MAaCCOBBIMH. flnpo atoma sBIsiEeTCS
OYCHb TUIOTHBIM OOpa3oBaHUEM U HE TMPOMYCKaeT 3PHp CKBO3b ceOs
(pmpazlols Kr/m® )-

OHo oOrekaerca »5¢upoM, HO Ha OCHOBAaHMM MapajgoKca
I Anambepa-Diinepa HE WCIBITHIBACT COMPOTHBIICHUS TaBIICHUS
cBOeMy ABIKEHHI0. CONMpOTHBIIEHHE TPEHUS TaK)Ke€ OTCYTCTBYET, TaK
Kak 3¢]up, MpakTUYECKH, JIUIICH Bs3KocTH. OJHAKO sApa aTOMOB
HENPEepPHIBHO  NOTJOMIAIOT  3QHUPHBIA  Ta3 M3  OKPYKAIOIIEro
npocTtpancTBa. lloaTomMy mo0oe mMaTepuanbHOE TENOo, COCTOSIIEe W3
aTOMOB, SBJSIETCS CTOKOM Ui 3(QUPHOro raza. JTO BHOCHT CBOH
KOPPEKTUBHI B CHJIOBOE B3aUMOJIEHCTBHUE TEII C IPUPOM.

TeuyeHue BHE aTOMa SABJIACTCS MOTCHIMATBLHBIM (0€3BUXPEBBIM).
[ToaTomy peliieHuE 3a1a4K O CUIIOBOM B3aUMOJCHCTBHHU TeIl ¢ 3pupoM
MOJKHO IOJIy4aTh METOJOM HAJIOKEHUS MOTCHIIMAIBHBIX MTOTOKOB IS
mo00ro Ymcia MaTrepHalbHBIX Tel. 10 ecTh MOXHO OTHEIHHO
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WCCIICJIOBATh 33Jlauy OOTCKAHUS TEN-CTOKOB PaBHOMEPHBIM ITOTOKOM
a¢dupa u pe3ynpTaT M00aBUTH K mapamokcy I’ AmamGepa-Ditepa 6e3
MIOTJIONICHUS PUpa.

MBI TIPHUBBIKIN ONPEACIATh CHUIIY WHEPIHH, JIECHCTBYIOIIYIO Ha
Tela, C IOMOIIBIO KIIACCHIECKOH TEOPEMbI UMITYIILCOB

F "t = —d(mV) (1.10.1)
OTKyJa _
FU= —md—V —\7@ (1.10.2)
dt dt

OTO BBIpa)KEHHUE ONpeneNdeT cuiy nHepuuu Tena. CoBpeMeHHas
HayKa paccMaTpuBaeT 3Ty CWIy Kak HEYTO, He MOAJexKallee
0o0bsicHeHHI0. J(HUPOAMHAMUKA  CYMTaeT, YTO CHJIA HWHEPUHH
SIBJISIeTCSl  CWJIOW peaknmu moJsi 3¢upa Ha YCKOpPEHHOe MJIN
3aMe/UIeHHOe IBM:KeHHue Tesa. [Ipy nBHKEeHUN Tenna ¢ yCKOPEHUEM B
none >upa TeNo MODKHO 3aTPAaTHTh DHEPTHI0 HAa MPEOTOJICHHE
MHEPLMH YacTHLl OKpY’Karolled cpelbl. JTa SHEPIUs COXpaHsIETCs B
Hell B BUAE KMHETHYECKoH sHepruu. Korga ckopocTs Tena JOCTUTaeT
IIOCTOSIHHOM BEJIMYMHBI U Oojiee He U3MEHseTCs, JalbHeiias 3aTpaTa
SHEPIUU IPEeKpallaeTcss MU CHjla CONPOTHUBJICHUS HAa OCHOBAHUU
napagokca Jlamambepa—Diinepa cTaHOBUTCA paBHOW Hymo. B
pa3BHUTHE 3TOr0 MPEICTaBICHUSA O MPUPOAE CHIIBI MHEPLUU 3aMEHUM
OPUPOCT Macchl Tela BCJIEACTBHE HoOrjomeHus d>dupa u3
OKPY’KaIOIIEro MpOCTPaHCTBa ¢ moMouibio ypasHenuii (1.3.4)u (1.3.5)

Fo=-md Ay (1.10.3)
d k
OTa cwia BCErja HANpaBiICHa B CTOPOHY IMPOTHUBOIOJIOKHYIO
yckopenuto. OHAKO peakius Mmoyiss dpupa Ha JBUXKYIICECS TEJIO HE
ucuepmsiBaercs ypaBueHreM (1.10.3).OHO He yYHTHIBAET CKOPOCTH
TEUCHHUS W HWHEPIMIO CTPyH 3¢upa, OOTEKAIOMIMX TEJIO. YUET ITOTO
(hakTOpa TO3BONMJ HaM BCKPBITh (DU3HUYCCKYIHO MPHPOIY CHIIBI
TsoxecT. Crjia TSHKECTH, KaK MBI BUIEIH, PealTu3yeTcs N3-3a TOT0, YTO
Macca 3dupa, execekyHaHo mornomaemas teiaom gldt, Tepser cBoro
CKOpOCTh Ve /0 HyJS W TepefdaeT CBOE KOIWYECTBO JBIKEHUS
noryomnarpmemMy teray, OJHaKo, 3TO J0Ka3aTelbCTBO HE YUYUTHIBAIO
COOCTBEHHYIO CKOPOCTbH MOTJIOIIAIOIIETO TEa.
Tenepb paccMOTpUM cllydai, Korja MorJoliaroiiee Tea0 ABUKETCA

CO  CKOpPOCTBIO  Vioq, B TOM K€ HampasieHud (W B

IPOTHBOIIOJIOKHOM), B KOTOPOM TEUYeT MOTOK 3(hHUpa CO CKOPOCTHIO
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dt 3a

V,. Teno mornomaer 3¢up B xonmuecrse (Lot =

d(M,-0ay )
dt

Bpems Ot . Dra macca >Qupa mepemaeT Tely KOIMYECTBO JIBHIKECHHUS
paBHOE

I_e—body = q Ldit m7e =

d(M_posy) dt 7
dt ¢

BryTpr Tena mMOTJOMICHHBIM A(pHUpP CTaHOBUTCS MaTrepHalioM ATOTO
Tena U B cOOTBETCTBUH ¢ ypaBHeHHeM (1.9.1)ero Macca yMeHbIIAeTCs

Moy g - L Moy
k ot

TIBIDKETCSI CO CKOPOCTHIO Vbody, TO KOJHWYECTBO IBIKEHUS DTOH MACCHI

n CTAaHOBHUTCA paBHOﬁ . HOCKOJ’IBKY TCII0

Tena Oynet

— (rnoody) 1dm,_ OML_pogy
|body ot dt Wbody k o dt Wbody

W3menenue xonuyecTBa ABUKEHUS COOTBETCTBYET HMMITYJIBCY
CHJIBI, C KOTOPOM TTOTJIONICHHAs Macca dhupa Bo3z[eﬁCTByeT Ha TeJo

(me body) dt v, - body)

OTKy,I[a HaxXoAuM BBIPpAXKCHUC JIs1 CUJIIBL, C KOTOpOI/I IIOTOK 3(1)I/Ipa
ﬂeﬁCTByeT Ha TCJI0, ABUKYIICCCA B TOM KC HAIIPABJICHUN

d(Myposy) - _\7body
o [V, )

Ecnu Temo ABMIKCTCS B MPOTHUBOIOJOKHOM HANPABJICHUH, IICPCO
CKOpPOCTBIO  TCJIa CJICAYCT IOMCHATH  3HAK. y‘lI/ITBIBaSI, qTOo

k=3,360010"u Vooy <C (C =3,36-16m/c -ckopocTs cBeta), U uTO

cornacHo (1.3.4)

F 00t =T sy~ Tpogy =

F= (1.10.4)

q =—d(mg;b°"y) =i, =aln, (1.10.5)

BeipaxkeHue (1.10.4)MmoxHO 3amucath MpeHeOperas BTOPbIM YWICHOM B

ckoOKkax mpaBoii uact (T.k. %, K UV,)

F=alnV, (1.10.6)

B »sTom BBIPpAXXCHUU CKOPOCTHb Ve paccMaTpuBacTCd MIHUpPE, 4YCM B
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BeipakeHnH (1.5.8). 310 yke HEe TONBKO CKOPOCTh, HANlpPaBJICHHAs K
[EHTpaM Tell, HO MPOU3BOJILHO HampaBieHHash cKopocTb. Kak Oymer
MOKa3aHO TI03Ke, B MPHPOAE MIUPOKO pPACHPOCTPaHEHBI SPHUPHBIE
BUXPH, BHYTPH KOTOPHIX UMEIOT MECTO CKOPOCTH, HANpPaBJICHHBIE I10
OKPY’KHOCTSIM BOKPYT MAacCHUBHBIX Ted. Tak ke OymyT HampaBieHBI
CHWJIBI, ACWCTBYIOIINE HAa MaTepHalbHBIE TeJa, OKa3aBIIHWECS BHYTPHU
9TuX BuUXxped. MHaue roBops, cuja F, HampaBjieHa B CTOPOHY
TedeHusi d3upa M He 3aBUCHT OT BeJUYMHbI M _HaNpaBJieHUs
CKOPOCTH PABHOMEPHOI'0 IBM KEHUS TeJI.

To, 4To 3TO Tak, MBI BHIEIM Ha TPHUMEPE CHIBI TSHKECTH.
[ocnenuss HanpaBieHa B CTOPOHY JBIKEHHS CTPYH dHpa K IeHTpaM
Macc Tell, HO He 3aBHCUT OT HAIPaBJICHUS M BEIMYMHBI CKOPOCTEH Tel,
HAXOJSIIUXCS B ITOJIC TSHKECTH, KyJa Obl OHU HU JIBUTATUCH. Dopmyna
(1.10.4)noka3piBacT, YTO B OTHOIICHUU MPOM3BOJIILHO HANPaBICHHBIX
CKOPOCTE# CTpyit 3(hrpa 3TO IPAaBHIIO COXPAHIETC.

HezaBucuMocTp 3TON cwibl, B TOM YHCIE CHJIBI TSKECTH, OT
CKOpOCTH PpaBHOMEPHOI'O MABIKCHHS Tela OOYCJIOBIIEHA HOBBIM
MOHUMAaHUEM MacChl MaTEpPHAIBHBIX Tell, OTCTAMBAaeMbIM B IaHHOMN
TEOpUHU. Macchl M KOJIMYECTBA ABIKEHUS MAaTEPHAITBHBIX Tell [ETHKOM
3aBUCAT OT OKPYKAIOIIETO MX Moyisg 3Qupa, BHE KOTOPOTO OHHU
HeMBICTUMBI. COrJIacHO 3THM IPEACTAaBICHUSIM KOJIHMYECTBO IBUKECHUS
TEJI TaKKe 00YCIIOBICHO BCEM IToJIeM 3(dupa.

Ecnu ctpyn sdupa ABMKYTCS OTHOCHUTENBHO HOJIS 3Hpa, TO OHU
001aJaroT KOJMYECTBOM IBIKEHHSA. DTO KOJIMYECTBO JIBHKCHUS HE
MOJKET OecclIeTHO UCUE3HYTh, Oy IyyH MOTIIOMEeHHBIM TesioM. [ToaTomy
BHE 3aBUCHUMOCTH OT BEJIMYMHBI CKOPOCTH Tella €My IepefaeTcs 3TO
KOJINYECTBO JIBM)KCHUS, OKa3bIBasi HAa HETO CHJIOBOE BO3ACUCTBHE B
HaNpaBJICHUH JBIKEHUS CTPpyH d¢upa. ITO MPOUCXOAUT AaKE B TOM
CiTy4ae, KOTJa TeJo ABIKETCS ObICTpee STHUX CTPYH.

Ecnu ke 5¢up CHOKOEH W TMOTJNIOMIACTCS TEJNOM, IBMKYLIMMCS
CKBO3b HETO C MOCTOSIHHOM CKOPOCTBIO, TO MOTJIONIaeMasi Macca aupa
He o0mamaer KoOJWYeCTBOM mABMkeHWsA. OHa pacxomyeTcss Ha
MEIJIEHHOE YBEIMYEHHWE MacChl Tela W BCIEACTBHE JTOTO HE
OKa3blBaeT  HEMOCPEICTBEHHOIO  CHJIOBOIO  BO3JCHCTBUS  Ha
norjomawoniee Teiao. TodyHee, OHA B JAJbHEHMIIEM IPOSBISIET CBOE
CHUIIOBOE  B3aWMoJieiicTBMe ¢ Tmolem ddupa depe3 Maccy
MOTJIOMIAIONIETO MAaTepUAbHOrO Teja IPH €ro YCKOPEHHWH WU

TOPMOKCHHUHU.
CVMMI/IQYH CKa3aHHO0€, MOYKHO YVTBEPK/IATH, YTO HEC BC€ B MUPE
OTHOCHUTECJIBHO. I'paBuTanmoHHas CHJIa onpeaeJaaeTcHd
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a0COJIIOTHOM _CKOPOCTHbI0 J3(upa, OKpY:KAWUIEr0 TeJ0, W _He
3aBHCHT OT CKOPOCTH CAMOI0 TeJa.

Beipaxenne (1.10.5) mos3Bonsier ompenensaTts  aOCONOTHYIO
CKOpOCTh Te4eHus 3pupa B J1000# TOUKe MPOCTpaHCTBA

V=
° " gln

I[J'IH 9TOr0 JOCTAaTOYHO H3MEPUTh KOHTPOJBHYHO MacCy Te€jla M u

ACUCTBYIOIIYIO Ha HETO TIpPaBUTAIIUOHHYIO CUITY Fg . HpI/I 3TOM

clieIyeT HMMeTh B BHIY, 4YTO TMojie d(upa BOIM3M MaCCHBHBIX
MaTepualbHBIX TNl HEOJHOPOIHO. B HEM CylIeCTBYIOT BHXpEBBIC
TCYCHHs, pPaAUaAJIbHBIC TEYECHHS W IPOU3BOJIBLHO HAIPaBJICHHbIC
TeueHus. To ecTb 3HaHME aOCOMIOTHOM CKOpOCTH >dupa HE Oymer
JlaBaTh OTBET Ha BOIPOC O TOM, KakoBa aOCOJIOTHAas CKOPOCTh
JBIDKCHUS TEJl, B TOM uucie, 3emiun, COHIA U IPYyTUX KOCMUYECKHX
TEI.

Cymmupyst Beipaxenust (1.10.3)u (1.10.6)mony4aem BeIpakeHHE
JUTSL CHJIBI, ICHCTBYIOLICH Ha JII000e MaTepHAILHOE TEJIO, ABWKYIIEECs
PaBHOMEPHO MU C YCKOPEHHEM B 110J1e 3(upa.

= = ,=g_= .= .= S« \

F=F,+F'=F,+F +F =maV,-m—-m—=V ,(1.10.7)
dt k

B KOTOPOM CHILY IEg ,KaK y»e 0TMeYaroCh, HA30BEM I'PaBUTAIMOHHOMN

CWJIOH ¥ 3aluIieM €€ B MPUBBIYHOM BHIC YEPe3 YCKOPCHUE
IPABUTALHOHHOMN CHIIHI jg

F, =m0, =maV,, (1.10.8)
rie ig = W7e (1.9p.
Cuna IfJ Ha3pIBacTCs, KaK OOBIYHO, WHEPIIMOHHOW CHJIOH W
3aIICHIBACTCA YePe3 MHEPLUOHHOE YCKOPEHHE | i =dd_\t/

F, =m0, :mctlj—\t/. (1.10.10)

F., Haz0BeM CHIION TOPMOXKEHHUS Tell SGUPOM, BBI3BAHHOI POCTOM HX
Macc BCJIEACTBHE TOMVIOMIEHHS dQUpa, W Tak ke BHIPA3HM €€ 4epe3
YCKOpEHHE 3TOM CHIIBI |
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F =m0, = m%\T, (1.10.11)

rae ] =?V (1.10.12)
Bropoii 3akoH HplOTOHa SIBISETCS YacTHBIM CIyd4aeM BHIPAKECHHUS

a g
(2.10.7)nns Ve=0. T.x. BenuuuHa ? = 29710 c™ ouens mana.,

a —
TO OOBIYHO BEIMYHHA m?V = 0 .ITosTromy

F = —md—V (1.10.13)
dt

Ha Teno, aBukylieecs ¢ MOCTOSHHOM CKOPOCThi0 V' B mOTOKE 3(dupa,

HMEIOLIEro ckopocTh V,, IeficTByeT cuiia

F=F, =m%\75mgmm?e:aunm@ (1.10.14)

a— _
T.K. mEV =0. Eem V.=V, (pagmamshas  CKOpOCTS,

HalpaBJIeHHAasl K IIEHTPY Tela), TO 3Ta GopMyna JaeT CHIY TSHKECTH
NpU CKOPOCTH JBWKEHHS Tena He paBHod Hymo (V£0). Ona Takas e
KaK IPH HETIOJIBIYKHOM TeJIe.

Hanee paccMoTpum ciydail paBHOMEPHOTO JBWKEHHSA Tela CO
ckopocthio V B mojie HeBo3MyIneHHoro s¢upa (V=0). U3 BripaxkeHus
(1.10.7) mnst storo ciy4as moiydaeMm cuity F, o0ycrnoBieHHYRO
pPOCTOM Macchl B Mpolecce  IMOMNIOIICHHUS JBUKYIIUMCS TEJIOM
3(UPHOTO Ta3a U3 OKPYKAOIIETO MPOCTPAHCTBA. DTa CHIIA MPHUIIOKCHA
K TEJIy CO CTOPOHBI 1oJist d¢upa. OHa MPENSITCTBYET IBHKEHUIO TENa

= —%\TDm (1.10.15)

F

m

- a 7
3neck |, = ?V UMEET CMBICH YCKOpeHHs TopMokeHms. OHO OYCHb

MEIJICHHO MEHSIETCSI CO BPEMEHEM B IMPOIIECCE MBIKCHUS Tella. DTUM
HU3MEHEHHEM MOXKHO MpEeHeOpeYh M BHIPA3UTh W3MEHEHHE CKOPOCTHU C
TCUYCHHEM BPEMECHHM, BBI3BAHHOTO POCTOM  MAacCChl, H3BECTHOMN
hopmyitoit
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V=V, -jt=V, —%Vt (1.10.16)
OTkyna noxy4uMm

1+t
k

3nmech VO-CKOpOCTB Tena B MoMmeHT t=0. Kak Oputo mokaszaHo B

a 18 _
OpEAbIAYIIEM pa3jielie BeInYrnHa ? = 29710 c™ ouens mana.

ITostoMy B OONBIIMHCTBE CIy4acB CHIOW M YCKOPEHHEM 3TOTO
COTIPOTHUBJICHUS MOXXHO TMpeHeOpeub. OmHAaKo, 3Ta CHIa MOXKET
CKa3aThCsl HA CKOPOCTH IBHXKCHHH (DOTOHOB CBETA, MPUXOJSIIAX HA
3eMJII0 OT JaleKuX 3BE3/ M HAXOMASIIUXCS B MyTH JOJITHE MHJUTHAP/IBI
JIer.

W3 ypasuenus (1.10.7)BugHo, 4TO MOKHO HCKYCCTBEHHO CO3aTh
HEBECOMOCTh. J[Jis 3TOro HY)KHO TIPHIATh TEIy YCKOPCHHE B
HAMpaBJICHUH IIEHTpa 3eMJIM, pPaBHOE YCKOPEHHIO TSDKECTH (.
Cornacao (1.5.7)yckopenue Tsoxectu g=dV,/dt= oV, [Tostomy

dv
E,=maV em dtr =maV,e maV =0. (1.10.18)

OTOT TpUeM UCHOIB3YETCs MPH TPEHUPOBKAX KOCMOHABTOB IS
CO3MaHMsA  HMCKYCCTBEHHOW  HEBECOMOCTH  BHYTPH  CaMmoJeTa,
JBIKYILIETOCS IO OMPEICTICHHON TPACKTOPHUH.

1.11BausiHuMe C:KMMaeMOCTH 3(PMPHOTro ra3a Ha
CHJI0BOE B3auMoJeicTBHe TeJl ¢ 3¢pupoM. Maccsl
MOKOS M IBHKECHUS

B mexanmke HproToHa Macca cumTaeTcsl BEIUYNHOM ITOCTOSHHOM.
BnocnmencTBun 3TO  OKa3ajgoch HECOBMECTHMBIM ¢ TpeOoBaHHEM
WHBAPUAHTHOCTH YypPAaBHEHUHM IO OTHOIICHHIO K IPEoOpa3OBaHUSIM
JlopeHnia, MCHOIB30BaHHBIM B TEOPUM OTHOCUTEIBHOCTU. [loaTomy
OWHIITEHH TIPEIITOIOKIII, 9TO Macca Teja 3aBUCUT OT CKOPOCTH Telia
OTHOCUTEIIBHO TOM CHCTEMBI OTCUY€Ta, B KOTOpPOM MPOU3BOAUTCA
U3MepeHue Macchl. B pe3ynbrare 0ka3anock, 4To B ABYX JBHKYIIUXCS
CO CKOPOCTBIO V OfTHA OTHOCHTEIHFHO APYTOWM CHCTEMax OTCUYETA IS
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CO3/IaHusl OJMHAKOBBIX yckopenuit dV/dt Tena HY»)HO MPUKIAABIBATE
pasueie cmibl. Otrcioma Macca M,  uW3MepseMas B CHCTEME,
OTHOCHTEIILHO KOTOPOI OHA JBUKETCS, OOJIBIIIE MACCHI M, B CHCTEME,
B KOTOPO# OHA MOKOUTCS. CBSA3b MEX/Y 3TUMH MacCaMH OMpeAesIeTCs
hopmyitoit

m
m=—2 . (1.11.1)

V2
e

Yem OombIlle CKOPOCTH JBIDKCHUS Tela, TeM OOJIbIIe ero macca.
IIpu crpemnenun ckopoctd V K CKOPOCTH CBETa B IYCTOTE Macca
CTaHOBUTCS OeckOHEYHO OombInoi. [loCKONMBKY CHIIBI KOHEYHBI, TO
CKOPOCTh CBETa B IIYCTOTE OKAa3bIBACTCA MPEACIbHON BEIHMYUHOU,
KOTOPYIO HENb3s JOCTHYhL W TeM Oonee mpes3oiitn. Maccy m,
ompenensemyio  ¢popmymnoit (1.11.1), B Teopur OTHOCHTEILHOCTH
Ha3bIBAIOT MonepeuyHor Maccoil. imeeTcs e npoaoiapHas Macca

m=—1o (1.11.2)

V2.,

1 (1_?)
UCIOJb3yeMasl, KOTJa Cujia NCHCTBYST B HAIpaBJICHHM IBH)KCHUSA. B
3TOM paBZ[eHeHI/II/I MacC Ha HpOZ[OJ'IBHyIO u HonepeQHy}o €CTh 4TO-TO
CTpaHHOC. HO“ICMY npo,uoanaﬂ Macca HE€ BXOIAUT B TeopeMy
UMIIYJIbCOB, NPHMEHAEMYIO IUISI  MCCIACIOBAHHS  YCKOPEHHBIX
MOCTYNATEIbHBIX IBUKCHHUM TEJ, a BXOIUT MomepedyHas macca? Bean
Ta Macca HCHOHBSyeTCﬂ B IOBHUXCHHUAX C OTKIOHCHUSIMH OT
HpHMOHHHeﬁHOFO JABHUKCHUAA. TeopeMa I/IMHyJ'IBCOB TeOpI/II/I

OTHOCHUTCIIBHOCTHU B CBCTC CKAa3aHHOI'O UMECT BU

(1.11.3)

1
L

— | o\
dt V 2

1- c?

W3 mpuBeneHHBIX (GOpPMYJ CIEAYEeT, YTO 3aMETHBIC pa3iuuus B
BEJIMYMHAX M U M, TPOSBISIOTCS TOJBKO TPU OYCHHb OOJBIIUX
CKOpoCTSX V, MPUOIKAIONTAXCS K CKOPOCTH CBETA B IIyCTOTE. DTUMU
(dbopMynaMu TONB3YIOTCSA TPH HM3YYCHUU JBUKCHUS DIIEKTPOHOB,
UCIYCKAEMBIX PaJMOaKTUBHBIMU 3JIEMEHTaMH, a TaKXKe MPU Pa3roHe U
OTKJIOHEHHSX TYYKOB JJIGKTPOHOB B OETaTpoOHAaX, CHHXPOTPOHAX U
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JIPYTHX TpUOOpax.

XOoTsi OmBITHasE TPOBEpKAa JBIDKEHHUS  DJIIEKTPOHOB B
MOTMEPEYHOM DIICKTPUUIECKOM Tone moaTrBepawia dopmyny (1.11.3),
OHa HE MOXKET OBITh MMpH3HAaHA BceoObeMiTromiel. Henb3s He 3aMeTHTb,
YTO B JEHCTBUTEIHHOCTH HUKTO HE W3MEpSJI MacCy JBIDKEHUS
JJIEKTPOHA TIPU OKOJIOCBETOBBIX CKOpoCTsaxX. Hemapom DitHmTeiHa
My4YWJia MBICIb, MOXHO JIM TIEPEHOCUTH TMPEICTABICHUS O Maccax
MOKOSI W JIBIKCHHSI C WHEPIMOHHOW Ha BecoBylo Mmaccy. llpsmas
MPOBEpPKa BPSAJ JU OCYIIECTBHMAa H3-3a TEXHUYECKUX TPYIHOCTEH.
IToka ke KOHCTATHPYEM, YTQ IKCIEPUMEHTAJLHO M3MEPWJIN He
Maccy, a CUJIy, NOTPeOHYI0 JUIsi PA3rOHA WM _OTKJIOHEHUs
OBIZKVIIETOCsl  3JIEKTPOHA B cHcTeMe, CBSA3aHHOM ¢ 3eMJéid.
EIMHCTBEHHO 0ecCIOpPHBLIM _MO3TOMY _fIBJsieTCH Ha0J10/1aeMoe
YBeJMYeHNEe JITOH CWIbL NPHU CKOPOCTAX, OJM3KHX K CKOPOCTH
cBeTa.

OrnennBast 3TOT BBIBOJI, BCIOMHUM, YTO B YEJIOBEUECKON MPAKTHKE
U3BECTHO MHOIO CIy4aeB, KOTJa MpH SBOJIOLMOHHOM HW3MEHEHHUU
PEKUMOB paOOTHI TOM WM MHON YCTAaHOBKH WIIM IPOTEKAHUS TOTO WIIN
WHOTO  SIBJICHUSI  TOSIBIISIIOTCSL  JIOTIOJIHUTENBHBIE  (DAKTOPBHI,
U3MCHSIONIME KOJUYECTBCHHBIC TIIOKA3aTENM 3TUX YCTAHOBOK WU
sreHui. [IpuaéMm 3T pakTopsl HE Beerna BUIAHBL. VX HYXHO yMETh
oOHapyXuTh. B TEOpMu OTHOCHUTENBHOCTH TMPEIYCMOTPUTEIHHO
HAJIOKEHBI 3aIPEThI HA BBISBIICHUE TAKUX JOTOTHUTEIBHBIX (DAKTOPOB.
OTO gocTUraeTcsi BBEACHUEM IIOCTyJlaTa O IOCTOSHCTBE CKOPOCTH
CBETa B IYCTOTE U OTKa3e OT dpupa.

[ToaToMy OnpoBeprHyTH WM WU3MEHUTH YTO-TMOO B ATOH TEOPUU C
MO3ULUKA camMOil Teopuu HEBO3MOXKHO. JKECTKUII MaTeMaTUYeCKHid
ammapat BCerJa NMPUBEAET K TEM K€ U3BECTHBIM BBIBOJAM. Teopus
a¢upa cBoOOHA OT ITHX OKOB. B €€ ocHoBe niexuT (husnka razor. OHa
HEIUIOXO  W3y4yeHa. MareMaTuka  WrpaeT  BCIOMOTATENbHYIO,
00CITYKUBAIOIIYIO POJIb U HE CTECHSCT UCCIICOBAHUS.

Ecnmm Baymatbess B JIOTHKY OUWHINTEWHA, JIETKO MOYKHO
MPEJICTaBUTh, KaK (U3UK-TEOPETHK B CBOMX MBICIISIX COIIOCTABIISET
OTHOCHUTEIHHBIC JBMKCHUS Pa3IIMIHBIX TEJ, CKOJIEKO OBl X HU OBLIO U
Kak ObI JTaJieKo APYT OT Apyra OHW HU HaXoIwinch. OJHAKO TPYIHO
NOHATH, KaK TNPUPOAA _ompejejsieT W OTCJIEKHUBAET, YTO
OTHOCHUTEJILHO Yero JBH:KETCH M B _KaKOil _cucreMe B JIAHHBII
MOMEHT BpeMeHU NpPOU3BOAATCH BbluucaeHus Macc. PeanabHee
NMOUCKATH NPUYNHY YBeJIUYEHUS CHJIbl HENOCPEeICTBEHHO BOKPYT
OBHZKYIIErocst Tesa. U Takas MpUYnHA MMEETCs.
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Bun dopmyn (1.11.1)+ (1.11.3)HaBoANT HA MBICIB, YTO BIUSHHE
ckopocT V Ha CHIIy, KOTOPYH HYXHO NPHUJIOXKHUTH K JICTAIIEMY
JMEKTPOHY, YTOOBI pa3orHATh €ro WM W3MEHUTh TPaeKTOPHIO,
00yCITOBIIEHO HE OTHOCHTEIHHOCTBHIO IBM)KEHHS CHCTEM, B KOTOPBIX
MIPOU3BOASITCS U3MEPECHHS, a BIMSHUEM CKUMAEMOCTH Y(DUPHOTO Ta3a.

ONEeKTpOH W JAPYTHe JIIEMEHTApHBIE YaCTHUIBl SIBIAIOTCS OYCHBb
IIOTHBIMU TeslaMu Beenennoit. [Toatomy adup o0TekaeT 3Tu Tejaa Tak
e, Kak BO3AyX oO0TekaeT (yTOONBHBIM M4, WIA METCOPHT,
mormajaroImuii U3 kKocMoca B atmocdepy 3emnn. CremoBarenbHO,
TedeHus] dPUpa OKOJIO JIETAMIETO 3JIEKTPOHA MOTYT OBITh OIHCAHBI
ypaBHeHueM Jlaruraca Juis HEC)KMMAaeMOU KUAKOCTH, €CITU CKOPOCTh
V<<C,,

0°G/0X*+0°P/0y*+0°$/0Z°=0. (1.11.4)
3neck C,, -CKOPOCTh PacIpoCTpaHeHUs cladbIX BO3MYyIIeHUH. B raBe
1.2,65110 TIOKa3aHO, uTO B criokoitHoM 3dupe C,, = 300000xm/c.

PaccmatpuBaercss oOpamiéHHOE JABMXKCHHE. OJTO OOBIYHBIA B
a’poiMHaMUKe puéM. B Takoil MOCTaHOBKE HE AJIEKTPOH JIBIIKETCS CO
CKOpocThiO V depe3 CIOKOWHBIH 3¢hup, a, HA000POT, Ha HETIOABHUKHBIH
3JIEKTPOH CO CKOPOCThIO V HaberaeT moTok ¢upa.

W3BeCTHO, YTO CXKUMAEMOCTh Ta3a MPOSBISCTCS TpPHU OONBITHX
CKOPOCTSIX M BBIPKAETCS B TOM, UTO JEHCTBHE OT JIOOOTO NCTOYHHUKA
BO3MYIIEHNH Ha YHANEHHYIO TOUYKY 3ala3[bIBaeT IO CPaBHEHHUIO C
AHAJIOTHYHBIM  JCHCTBHEM B HECKUMAeMOW cpene, TIe OHO
MPOSBISCTCS H MepenaéTcss MIHOBCHHO. be3BHXPEBBIC TEUCHUS
C)KMMaeMOTO Tra3a, KaKOBBIM SIBJISETCS dUP TPU CKOPOCTSIX TCUCHUS,
npuOmmKaronmxcs Kk ckopoctu  C,, H, CIEIOBATEIBHO, K CKOPOCTH
CBETa B MYCTOTE, B JIMHEHHOW MMOCTAHOBKE OMHCHIBACTCS YPaBHEHUEM
[15]

(M?)0°p/0x*+0°d/dy*+0°$/0z°=0. (1.11.5)

B aToM ypaBHeHMHM uYncio M mpeAcTaBisieT cOO0OM OTHOIICHWE
CKOPOCTH TEYEHHS K CKOPOCTH  paCIpOCTPaHCHUS  CIIa0BIX
BO3MYIIIEHUI B ra3oBod cpene. [IpuMmeHuTenbHO K 3pupHOMY rasy
B 0T MaTepuanbHbix Te1  M=V/C,,=V/C 3nece C,, =C ckopocTh
pacrpocTpaHeHHsT CIa0BIX BO3MYIICHWM B CIIOKOWHOM 3dupe.
[Ipeo6pa3oBannemM KOOpPIUHAT BUIA

x=(\/1—M2jD<H;y=yH;z=zH. (1.11.6)

ypasaenne (1.11.5) mmst mpomsBospHOTO umcna M < 1 cBomures K
ypasaennio (1.11.4)ms unciaa M = 0.Tlorennuan ckopocreit ¢ B ToM
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U JApyroM ciydae OfuH # TOT ke. CKOpPOCTh JBHXKCHHUS Tema
(omexTpona) wampaeimena Baons ocu OX. ®opmynsr (1.11.6)
MOKa3bIBAIOT, YTO MPH MEPEXOAe OT HEC)KUMACMOH KHUIKOCTH K
CKMMaeMoil cpeie pa3Mephl, MOMEePEUHbIC K HAMPABICHUIO JBHKCHUS
Tena wid 3Qupa, HE HUIMEHSIOTCA. Pa3Mmepsl, coOBIJalNHe ¢
HampaBlieHHeM JBIXKeHHs BAonb ocu OX, COKpalawTcs 1o
CPaBHEHHMIO C aHAJOTHYHBIMH pasMepaMu Baois ocu OX, B
HEC)KMMAaeMOM Cpelic B COOTBETCTBUHU ¢ (HOPMYJIOH, COBMAJAIOIICH C
hopmyitoit Jlopenia - duTipkepaba,

< {f-w2)a,

IIpu_3TOM _HeT He00X0AMMOCTH OVKBAJbLHO MOHMMATL 3TO
cokpaiieHue kak Gpu3nyeckoe n3MeHeHHE pa3MepoB Tejl. PeajbHo
HM3MEHSIIOTCSl CBOMCTBA TeueHus1 3UPHOro ra3a 0KoJo Tejaa u3-3a
NPOSAIBJIEHHUS CKMMAEMOCTH, a_(opmyanl nepexoaa (1.11.6) auuib
dopMaIbLHO MaTeMAaTHYECKU _TPAKTYIOT _3TO _fIBJEHHE KaK
H3MeHeHHe JUIMHbI _TeJ B HANPABJEHHHM HX JABHKeHHs. B
a’pOJIMHAMUKE TaKUM  00pa3oM  YCIENIHO  TEPEeCUYUTHIBAIOTCS
AIPOTMHAMUYCCKAC XAPAKTEPUCTHKH KPBUIBEB B  HEC)KHIMACMOM
noroke npu M=0 K COOTBETCBYIOIIUM WX XapaKTEPUCTHUKAM B
CKMMaeMOM IOTOKE MpH JTF0OBIX yrcinax M < 1.

COOTBETCTBYIOITHUE W3MECHEHHS IPOMCXOMIT HE TOJKO C
JTUHEHHBIMH pa3MepamMd, HO ¥ MECTHBIMH CKOPOCTSMH TCUYCHHSI.
JeiictBurensHo, npomudhepeHIUpyeM TOTEHIMA CKOPOCTEH TI0
koopauHataM X,Y,Z B CKHUMacMOM TIOTOKE M, TEpexoms K
KOOpIuHATaM Xy, Yy, Z, B HEC)KMMAeMOM ITOTOKE, OyIeM UMETh

dH__ 1 Jp dp_op Jp_0op (1.11.7)

X -V, dy Oy a2z az
VY4uTBIBas, YTO MEPBBIC NPOU3BOAHBIC OT MOTEHIMAIa CKOPOCTEH
KaKk Uil HEC)KMMAaeMOW, Tak W I CKUMAaeMOH Cpelsl pPaBHBI
COOTBETCBYIOLIMM MPOCKIMSAM CKOPOCTH BO3MYIIEHHOTO TEUCHHS Ha
KoopauHaTtHele och, 3ameHuM (1.11.7) Ha COOTBETCTBYIOIINE
paBeHCTBa

I
Vxl - VXH
V1-M?
OTH paBEHCTBA AT CBsI3b MEXKIY CKOPOCTSIMH BO3MYIIEHHOTO
TEUCHUS OKOJO OOTEKaeMOro Tejla, HampuMep OSJEKTPOHa, B
CKUMAaEeMOM M HEC)KHMAaeMOM IOTOKAaX BO BCEX COOTBETCTBYFOIIMX
TOYKaX, CBA3aHHbIX ypaBHeHHsMu (1.11.6).
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Ckopoctu Bo3mymiéaHoro teuenus V' u V', mpencrasistor coboit
aOCOJIIOTHBIE  CKOPOCTH TedeHHs d(upa OTHOCHUTEIBHO  IOJIS
CIIOKOWHOTO 3dupa B CHCTEME KOODIHMHAT, CBS3aHHON C TEJIOM
(71eKTPOHOM) M ABIKYILEHCS BMECTE C HUM CO CKOPOCTBIO V.

B cBa3u ¢ stuM orMmermM, uro ypaBuenms (1.11.6)(1.11.8)
pPacKphIBAIOT ~ CYNIHOCTh  PEAIbHBIX  (DU3UYCCKUX  SBICHHUH,
HOPOUCXOJSIIMX B CKUMAEMOM 3(HUPHOM rase OKOJIO JABHXKYIIETOCS
snekTpoHa (Tema). IIpu 3TOM caMO HCCIIEAOBaHHME IOATAIKHBAET K
HEOOXOAMMOCTH pazodparbcss B CHCTEMax KOOpPAWHAT H  HX
OTHOCHTEIIbHBIX JBHKCHUAX. DTO OUCHb HAIOMHUHAET MOAXObI 00IIei
TEOpUH OTHOCUTEIBLHOCTH. B Hell Takke paccMaTpUBalOTCS JBE
CHCTEMbI, IBIKYIIHECS OJHA OTHOCHUTEIHHO JPYrod € HEKOTOPOMH
CKOpOCTBIO V. B 3aBUCHMOCTH OT TOTO, B KaKOW CHCTEME H3MEPSIFOTCS
CKOPOCTH M JIPYTHE€ HHTEPECYIOIIUE BEIUYUHBI, B HUX BBIPAKEHHUIX
nosiBisiercst onpaeka 1/(1-M?)Y2 Tonbko B TeOpHH OTHOCHTEIBHOCTH
OHAa  HCKJIIOYUTEIBHO  OMNPEAENACTCA  CAMHM  OTHOCHTEJIbHBIM
JBIDKCHUEM, a B TEOpUH 3(Hpa 3Ta MOMpaBKa HAIMOJIHEHA (PU3HIECKUM
CMBICIIOM, TaK KaK Y4YUTHIBaCT BIHMSHHE CKuMaeMoctu d¢dupa. B
ra3oBol JWHaMHKE OHa M3BECTHa Kak monpaBka IIpanamis Ha
CKUMaeMOCTh  Bo3ayxa. CKOpOCTb  PaclpOCTPaHCHHS  CIAObIX
BO3MYIIICHHH B 3(HUPHOM W JIOOOM NPYyroM Ta3e HE 3aBHUCHUT OT
COOCTBEHHOM CKOpPOCTH MCTOYHWKA BO3MYIIeHHUSA. VIMEHHO 93TO
CBOICTBO B TEOPUHU OTHOCUTEIILHOCTH 0€3 T0KA3aTeIbCTB EPEHOCHTCS
Ha CKOPOCTh CBETA U BBOJUTCS KaK HEMTPEPEKACMBbIii TIOCTYIIaT.

W3 coornomenuit (1.12.8) BuaHO, YTO BO BCEX TOYKax
CKUMaeMoro motoka mpu M>0 aGComoTHbIE CKOPOCTH d>dHpa B
Hanpaenernnn ocu OX (HampasieHue aBmkenns Tema) B 1/(1-MA)M?
pa3 Oouibllie CKOPOCTEH B COOTBETCTBYIOIIMX TOYKAX HECKHMACMOTO
notoka npu M=0. Takue e u3MeHeHHs OyayT MPOUCXOIUTH B TIOJIE
HEC)KMMAEeMOI'0 IMOTOKA OKOJIO Teja, €CIM BMECTO YY€Ta BIIHSHUS
CKUMAEMOCTH, YHCTO (POPMAIIbHO, YBEIHYUTH CKOPOCTh HAOETAIOIIETo
moroka B 1/(1-M?)? pas, To ecth cumTaTh CKOPOCTH HAGETAIOMIETO
HOTOKA

A

=
Vv1-M

B npsMoM ABMXKEHHH, KOTAa Teao (IJMEKTPOH) ABHXKETCSA uepes
CITOKOHMHBIN dup, ckopocTa V u V, OYIyT CKOPOCTSIMH 3TOTO Telia B

C)KMMaeMOM H HEC)KMMAaeMOM IIOTOKax. B 3Tom ciIydya€ TEopEmMa
HUMITYJIbCOB 3aITMIICTCA B BUJIC

V =
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i(mo\7)=i m - |=F. (1.11.9)
dt dt J1i-M?2

3nech, Kak M B MexaHWKe HploTOHa, Macca Tema MM, SBISIETCS
BCJIMYMHOM MOCTOSHHOW, @ CKOPOCTh, YCKOPEHHE U, KaK CIIC/ICTBHE,
cwina F 3aBucAT OT mompaBkM Ha BIMSHHE CKUMAeMOCTH 3(upa
1/(1-M?)*2,

JHanee mociemyeM 3a JIOTHKOH TEOPUHM OTHOCUTENBHOCTH U
OpUMEM, YTO TpPHU JIFOOBIX CKOPOCTSAX IBIDKCHUS Tela, Harpumep
JJIEKTPOHA, YTOOBI MpPHIATh €My OAMHAKOBBIE yckopeuus dV/At u
dV./dt B cxxrMaeMoM U HEC)KMMAEMOM TIOTOKAX, HYXHO TIPHIOKUTE K
HEMy pasHble cwibl. B Takoli mocranoBke B ypaBHeHun (1.11.9)
monpaska 1/(1-M?)Y?  opmanbHO mepeMelaeTcsi co CKOPOCTH Ha
Maccy Tena. B pesymprare 3Ta Macca mepectaéT OBITh IOCTOSHHOM
BCIIMYMHOW W HAYMHAET 3aBUCETh OT CKOPOCTH JABW)KCHHS Tela
OTHOCHTEIIBHO CIIOKOWHOTO 3¢upa. Hao00poT, CKOPOCTH U yCKOpEHUS
B CXKHMMAacMOM M HEC)KHMAaeMOM NOTOKax 3¢upa NpHUPaBHUBAIOTCS
MEXIy COOOM:

V=y, dv/dt=dV,/dt.

B pesynbprate Macca mpuoOpeTaeT CMBICT MacChl IBIDKCHUS M IpH
ckopocTd V ¥ Macchl IOKOS M, IIPU HYJIEBOH CKOpOCTH. Mexk1y HUMH,
kak caenyet u3 (1.11.9),bopmanbHo ycTaHaBIMBaeTCS CBS3b

m=ghny1-V? /C? (1.11.10)

3nech V - CKOPOCTH Tesla OTHOCHTENBHO CHOKOHOTO adupa. [Ipu
TaKOM MOHUMaHHH Macchl Teopema umiyiabcoB (1.11.9) mpuoGperer
BHJI, KaK B Teopun oTHocuTenpHocTH [20]:

di- M gl-g (1.11.11)
dt V2
-

C TOYKM 3peHHUs MPAKTHYECKOTO HCHOJNB30BaHUS (OopMyIIa
(1.11.11) suyem He oriamyaercs oT opmyisl (1.11.3) Teopum
OTHOCHUTEJIBHOCTH OMHInTeliHa. OmHako wu3MeHsercs ¢uiaocodcekas
3HAYMMOCTB 3TOi (OPMYIIBI, TaK KaK B adpOAMHAMHKE H3BECTHO, YTO
UCIIOJIb30BaHHAsl NpU €€ TOJNyYeHHH JIMHEHHas Teopus He HaéT
npaBWIBHOTO pe3yibrata mpu M=1. Jlng 3TOro B a’poaMHaMUKE
UCIIONIB3YEeTCsl Apyras Teopusi, pa3paboTaHHas Ui TPAHC3BYKOBBIX
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TeueHUi. DTa Teopus, XOTA U Ja€T MaKCUMaJbHbIC 3HAYCHUS JIJISI CHII,
JCUCTBYIONIMX Ha TeNa B Ta30BBIX MOTOKax mpu M=1, HO cuibl mpu
9TOM OCTAIOTCS KOHEYHBIMH BEIMYMHAMHM. Takas e Teopus IOJDKHA
HPUMEHSTHCS ISl aHaJIM3a TPAHCCBETOBBIX TCUCHUH dupa.

ITosTomy Ha ocnoBanuu (opmyra (1.11.3)u (1.11.11)ue cremyer
nenath  (GUIOCO(CKUH BBHIBOA O HEBO3MOXXHOCTH IPEBBIMICHUS
CKOPOCTH CBETa B IyCTOTE MaTePHAIbHBIMH TeJIaMHU. Y MECTHO B CBSI3U
C OTHM HANOMHHUTH, 4YTO B TOCJIEIHEEe BpEeMs MOSBUWICT P
myonuKanmuii 00 acTPOHOMHYECKUX HAOIIOJACHHUSIX CBEPXCBETOBBIX
CKOPOCTEl HEKOTOPBIX KOCMHYECKHX 00BekToB. OpHaKo celdac
HO3UIIMU TEOPUH OTHOCHUTEIBHOCTH €UIE HACTOIBKO CHIIBHBI, YTO K
9TUM COOOLIEHUSIM OTHOCSATCS ¢ HenoBepueM. HecMmoTpst Ha (axTsl,
CTOPOHHHMKH 3TOM TEOPUH MBITAIOTCS HAWTH OOBSCHEHHMSI, BHIBOJISIINC
U3 TI0/1 KPUTUKH OCHOBHOMW MOCTYJIAT TEOPUH OTHOCUTEILHOCTU O TOM,
9TO B MIPUPOJE HE CYIIECTBYET CKOPOCTEH OOJIbIIIE CBETA B ITyCTOTE.

CoBepIiieHHO SICHO, 4TO TpH BEIBoE opmyisl (1.11.11)monpaska
1/(1-M)¥ ums gopManbHO mepeHeceHAa C YCKOPEHHS Ha Maccy.
ITosToMy O 3aBHCHMOCTH MacChl OT CKOPOCTH MOXKHO TOBOPHTH
JOCTaTOYHO YCJIOBHO.

Cremyer OCTaHOBUTBCS €HIE Ha OJHOM MOMECHTE, CBSI3aHHOM C
pa3roHOM 3JeKTpoHa. Bo Bpemst pasroHa siekTpoHa mpu uucie Maxa
OonblIe KPUTUUECKOTO Yucia M,, B MOTOKE 3(pUpa OKOJIO NIEKTPOHA
BO3HHUKAIOT JSIMOI0OOpa3Hble CKA4YKH YIUIOTHEHHS. OTO SBICHUE
CONPOBOJK/ACTCSl  TMOSBICHHEM BOJHOBOTO  CONPOTHBIICHHS, Ha
IPEOJOJICHHE KOTOPOTO HYKHA JIONOJHUTENbHAs cwia. Bromne
HOHATHO, YTO BOJIHOBOE CONPOTHUBICHHE, TMPEMATCTBYS pa3rOHy
AIIEKTPOHOB B TIOCTYIATEIbHOM HAINpPABJICHUH, HE OKa3bIBAaCT BIIUSHUS
Ha MCKPUBIICHHUE MX TPAeKTOpUil. BUANMO ¢ 3THM CBsI3aHO pa3jielicHHue
B TEOPUH OTHOCHTEIHFHOCTH Macc Ha TPOAOJIBHYIO U IONEPEUHYIO.
V3menuB creneHb B 3HamMeHatene ¢popmyasl (1.11.1)u npeBpatus e€ B
¢dopmyny (1.11.2), yaanoce npuOIMKEHHO YYECTh JOTOIHHUTEIbYIO
CHJIy BOJIHOBOTO COIIPOTHBIICHHS, KOTOpasi MOSBISETCS MMEHHO HPH
NpUOIMKEHUH CKOPOCTH 3JIEKTPOHAa K CKOPOCTH CBETa M IOITOMY
TICHXOJIOTHYECKH CBS3BIBACTCS C YCKOPEHHEM JJICKTPOHA.

1.12BuyTpeHHsisi JHeprus, 1aBjieHHe U
Temineparypa 3¢pupHoro raza

CornmacHO KHHETHYECKOW TEOpWHU ra3oB 3(PUPHBIA Ta3 o0iagaet
BHYTPEHHEW »BHeprueu, MoJi KOTOPOM TOHMMAEeTCid KUHETHYecKas
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9HEPIUsi XaOTHUYECKOTO JBIDKEHHS BCEX €ro aToMOB. ATOMBI 3¢upa
OeCropsIOYHO JBIKYTCS, CBOOOIAHO TMpoOerass pacCTOSHUE MEXIY
JBYMS TIOCJICIOBATEIBHBIMUA CTOJKHOBCHUSIMH ~ JIPYT C JPYTOM.
CoynmapeHuss aTOMOB 3(Hpa TPOUCXOMAT 0€3 TOTEPh SHEPrHH I10
3aKOHAM COYAAapeHHUs YIPYTHX IapoB. BHYTpeHHsIsE SHEPTUS €IHHUIIBI
MacChl 0OBIYHOTO ra3a 3anuckiBaeTes Gpopmyoit [20]

U, =U,/m=C,T=ia2x, (1.12.1)
Taec CV-yI[CJ'IBHa}I TEINIOEMKOCTEL Ta3a pU NOCTOSIHHOM 00néme; T-
TeMnepaTypa; i-‘-II/ICJ'IO CTeIeHen CB060I[BI MOJICKYJIBI rasa, a-CKOpOCThb

3ByKa B pacCMaTpHBaeMOM rase; mokaszareib H303HTporbsl K=(i+2)/i .
Jlist ahupHOTO ra3a sTa popMyiia HepenucHBACTCS B BU/IC:

U, =U,./ m=iC/2k=0,9C,, (1.12.2)

rae C,=300°m/c - ckopocTs pacIpocTpaHeHus cIabbIX BO3MYIICHHIT B
CIIOKOHHOM 3(HpHOM Ta3e (CoBMamaeT co CKOPOCThIO cBeTa). BmecTo
MOJIEKYJIBI Ta3a OepETcs aToM 3Hpa ¢ YHCIOM CTereHel cBo6o b i=3
Kak y MaTepuanbHOil Touku. Ilpm stom K=5/3. Cormacuo dopmyie
(1.12.2) BHyTpEeHHSS DPHEPTHS, COMEPIKAIIAACS B KaXKIOM KyOHIECKOM
metpe crokoitnoro >dupa (V=1m® =1CFcm’), pasna ouen» Gombmoit
BEJINYHHE!

E1=0,898C 2 poV,=8,710%%pr. =8, 710 Jlx. (1.12.3)

JHepreTuKa KocMoca JelCTBUTENbLHO orpoMHa. OnHako 3Ta
JHEPrusl _HENOCPEJICTBEHHO HEOUIYTHMA JUIS _HAINIMX OpPraHoB
YYBCTB, TAKKe KaK syiepHas JHeprus (10 TexX mop, IOKa He
npousoiiaer B3pbiB). TeM He MeHee, MMEHHO OHA pacxojayercd Ha
OPraHM3alMI0 PATHAILHBIX TedeHHH 3¢dupa K MaTepHAJLHBIM
TeaaaMm_Bceegennoi. I1o3ToMy MBI, OOBLIYHBIE JIIOAM, MMeEEM JIeJI0
TOJbKO C OPraHU30BAHHLIM TeYeHHeM 3(pupa K ueHTPY 3emMju M
OLIVIIIAEM €ro KaK CHJIY TSKECTH.

Janee u3 ypaBHEHUS H303HTPONBI ONPENEIUM  BEITHYHHY
JIaBJICHUS B HEBO3MYILICHHOM Toje d¢upa [16, 52]

BFP[T?/x=6,42a10°° H/m* (1.12.4)
Tak e, kak B pabore [21], Oymem cumTarh, YTO TeEMIIEpaTypa
PEIUKTOBOrO  (DOHOBOrO  HMBIYUYCHHUs  SIBISETCS  OJAHOBPEMEHHO
TEMITEpaTypoll TEMHON MaTephH H, CIICJOBATEIBHO, TEMIICPATypOi
CIIOKOWMHOTO 3(hupa
T=2,75K (1.12.5)
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JIOTIOTHUTENBEHO U3 YPaBHEHUS COCTOSIHUS MOYKHO TIOJTYYHUTh
H=pdpe=5,410"° [Tx/xrK (1.12.6)
OTtkyza ra3oBas IOCTOSTHHAS IS dhupa

e c =RTe 1964100 g (1.12.7)

k-1 " T
YZ[CJ'IBHBIC TCIJIOCMKOCTHU ITPU MOCTOAHHOM JAaBJICHUU U O6’beMe 6y£[yT
,€0,7910" [Jik./xr(K] (1.12.8)
C,=C,/k=0,47410" [Jlx./xr[K] (1.12.9)
BHyTpeHH}I}I OHCprusgd CAUHUIBI MaCChbl Ta3a Uo CBsi3aHa CO
CKOPOCTBIO TCUCHHA Ve HU3BCCTHBIM B Tra30JUHAMHUKE YPAaBHCHHUCM
OHEPTHUU [JIA HU30OHTPOIIMYCCKUX TC‘ICHI/Iﬁ, KOTOpOE€ 3aluiaeM IJIsd

TedeHus dpupa:

KUoet V.2 122V o 2=const, (1.12.10)

W3 sTOro ypaBHEHHs BHIHO, YTO C POCTOM CKOPOCTH TCYCHUS
apupa  BHYTPEHHSsI  DHEPrusi  YMCHBINACTCS,  Iepexois B
KUHETHYECKYIO SHEPTHIO YIOPSI0YEHHOTO TeUeHU 1 Ha000poT. 31ech
V maxMaKCUMaJIbHO BO3MOXKHAsi CKOPOCTh MCTCYCHUS ra3a B ITyCTOTY.
IMoacraBum B ypaBHenue (1.12.10)Bmecto Uge Bipakenue (1.12.2).B
pe3ynbTaTe IOJIYyYUM ypaBHEHHE, OINpEelsioniee 3aBHCUMOCTh
CKOPOCTH PAacIpOCTpaHEHUsI clIadbIx Bo3MmymieHHH C, OT CKOPOCTH
TedeHus dpupa:

G(K-1)/2[VZaxV 21. (1.12.11)
Beanunny V., ONpeaenM M3 VCIOBHSI, YTO B CIHOKOHHOM

a¢upe mpu V=0 ckopocth C, paBHA CKOPOCTH PACIPOCTPAHEHHSA
cJ1a0bIX BO3MYIIIEHHI B criokoiiHom ddupe, C,, = 300000km/c

Vina=/iC . =519615km/c=5,196151 Pm/c (1.12.12)
C yuérom sToro 3HaueHus nepenuiieM ypapaerue (1.12.11) Bungy

VZ

1Cp (1.12.13)

U3 dopmynsr (1.12.11) cnepyer, 4ro npu Ve=Vmax MecTHas
CKOPOCTh pacmpocTpaHeHus cia0bbix Bosmymmenudi C,=0. Dto
O3Hayaer, 4YTo B TOTOKe 5(upa, IBUKYIIEMCS C MaKCHMAaJIbHO
BO3MOXKHOH CKOPOCTBIO Vinay, MPEKpaIaeTcsi XaoTHYECKOE JBHKCHUE
aToMoB d>¢wupa. BereactBue 3Toro mpekpamaeTcs nepefada ciaadbix
Bo3MmyIenuit. IIpu moctmkernn morokom ckopoctu Ve=C (ckopoctu

ECs0

57



CBETA B MYCTOTE MJIA CIIOKOWHOM 3(HPE) CKOPOCTh PaclpOCTPaHCHHUS
c1a0bIX BO3MYIICHUM OCTAETCs emMé MOBOJIBHO OOJBITION BETMIHHOMN:
C.=0,812G~244800xm/c.

C poctoM ckopoctu TeueHUs d¢pupa Ve, NaBiIcHHE, INIOTHOCTh U
TEeMIIepaTypa yMEHBIIAIOTCS B COOTBETCTBHH ¢  (opmyiaMu
ra3oIMHaMUKH

_p l k-1 ﬁ l k-1
pe Te ' pe Te ,
T A 1
—=|1-——|= K : (1.12.14)
Te Vmax 1+ 7_1 M 2
2
rne P Pe, Te - IaBICHHE, IUIOTHOCTh M TEMIIEpaTypa B IIOJIE
cniokoiitHoro adupa ( Ve=0). Ynucno Maxa
=M/C (1.12.15)

1.13 CBsI3b MeXAy Maccou 1 aHepruen

B HacTosiliee BpeMst B HayKe TOCIIOACTBYET YTBEPIKICHHE, YTO
BCsAKas dHeprus obnamaetT Maccoil. M3 3Toro 3akioyaroT, YTO DHEPTHUs
W Macca OKBHUBAIGHTHBI Japyr apyry. CrenoBaTennHO, BCsKas
IMOKOoMmasicss macca M, B coorBerctBUH ¢ CTO okaseiBaercs
TOXJACCTBCHHOM C KOJOCCATBHBIM 3aM1acoOM DHEPTHU

Ei=my-C (1.13.1)

Cunrtaercs, 4TO 3Ta DHEPIHs IMOYTH BCS HAXOMUTCSA B Tele IPHU
TeMieparype aOCOMIOTHOrO HyJisa. IlIaHK Ha3Bal €€ CKPBITOH
sHeprueii. J[ist HamMxX OpraHoOB YyBCTB OTPOMHAs BEMYMHA m,-C
HeolryThMa. 3aMeTuM, 4To yTBepkacHue [lnaHka He JaeT oTBeTa Ha
BOIIPOC, B KAKOM BHJIC 3Ta SHEPIHUs CYIIECTBYET B TEJIE, YTO OHA COOOM
NPECTABIISIET, YETO OT HEEe MOXKHO OXKUAATh.

DTO HE3HaHHE HE CTOJIb 0€300MIHO, KaK MOIJI0 OBl MOKa3aThCH,
T.K. HE MO3BOJISICT HAWTH, HAIPUMEP, NMPAaBUIbHBIA OTBET Ha BOIMPOC,
OTKyna OepeTcsi OrpoOMHas JHEPIus, KOTOpas BBIACIACTCA IPH
3araJIouHbIX CBEPXMOIIHBIX B3PhIBAX B PagUOTaIaKTHKaX. JHEPrHf,
ompenensemass 1o ¢opmyne (1.13.1) mis 3TOTO  COBEPUICHHO
HejocTaToyHa. HermoHMMaHue 3TOro SIBICHHUS 3acCTaBIIIET HEKOTOPBIX
YVUEHBIX TMPEANojaraTb COBEPIICHHO OK30THYCCKAE MEXaHU3MBbI
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B3pBIBOB. Hampumep, mnpeamosiaraioT, 4YTo B paIudorajaKTHKax
IPOUCXOJAT HE LEHTPAIbHBIC B3PBIBBI, a B3PHIBBI, HANIPABICHHBIC Ha
3emito Kak Obl y3kuM Jy4deM. [lo ux Beraucnenusm ¢opmyna (1.13.1)
JaeT Ui 9TOro AOCTaTOYHYIO 3HEpruto. IIpum 3ToM MM He KakeTcs
YOUBHUTEIBHBIM, YTO JOCTaTOYHO OOJBIIOE YHCIO HAOII0AAeMbIX
B3PBIBOB, HaIlpaBJICHO Ha 3eMJTI0, KaKk OyATO 3eMIIsl SIBISETCS IIEHTPOM
Bcenennoit.

He orpomuas mu Bepa B 1O, uro CTO sBusercs mpenenom
YEIOBEUECKOM MBICIIM B TIOHUMaHUM YCTpoHcTBa BcelleHHOH,
YCIIOKOWJIA HEKOTOPBIX YYEHBIX, MOOYyIWB HX TNPEKPATHTh IOUCK
HEM3BECTHOI'O MCTOYHHMKAa BO3MOXHO emle OoJbliell SHEpruw,
cofeprKalielicsi B HEKOTOPBHIX TelaxX, HampuMep, B CBEPXIUIOTHBIX
3Be3nax Oenbix kKapnukax? Teopus sdupa mo3BossieT pa3zoOpaThed,
I7Ie CKpBIBAcTCsl, TAaK Ha3blBaeMasl, CKpbITas SHEPrus U OOHAPYKHUTh
ele OAMH BUJ DHEPruM B Tenax. Pasbepemcs cHadasia ¢ TeM, 4TO JKe
mpescTaBiseT cobOH M TIAe COXPAaHSAeTCs CKphITas dHeprus My-C.
Jns aToro odpatumes K ypasHenuro (1.12.9

U, =U,./ m=iC,2k=0,9T., (1.13.2)
OHO ompezenseT BHYTPESHHIOW SHEPTHIO SIUHUIBI MacChl 3(QHUPHOTO
raza. YMHOXXHM 3Ty YAETHHYIO SHEPTHIO Ha MPHUCOECTUHEHHYIO MacCy
OIHOrO aToMa Tema Mye, MOTYYHM BHIPAKEHHE UI BHYTPEHHEH
sHeprum ddupa B mpeaenax o0beMa, 3aHATOTO IPHCOCTUHEHHOM
Maccoi aToma

E«U, M= U 0,50, g nmozmzo,gjgs TRC2M,, 2 (1.13.3)

C yuetom opmyiis (1.8.6)3T0 BBIpakeHHE MEPEIHIIETCS K BUIY
A& U, [,e=0,9C, M, (1.13.4)

rae My-Macca ogHOro artoMa Tena. Ilepexom oT mpHCOeIUHEHHOU
Macchl 5Qupa Mye K Macce aToMa Teja My 03HAYAET, YTO KOIHIECTBO
BHYTPCHHCH SHEPTrUHM XaoTHYECKOTro (TEIUIOBOTO) JBHKEHHS aTOMOB
adpupa BHyTpH oObema Tong  3¢upa, PpPaBHOTO  0O0OBEMY

4
MIPUCOCTNHEHHON MacChl aTomMa 0,55 T[tIL)ZEB, MOXXET OBITh PacCCUUTAHO

4epe3 Maccy aToma.

®opmyna (1.13.4)oueHp HAIOMHHAET OCHOBHYIO (hOpMYITy TEOpUH
ortnocutensHocTH (1.13.1)0 cBsi3m Maccel u sHepruu. CoriacHo 3Toi
¢dopMyne W3MEHEHHE MacChl TeJ BICYET H3MEHEHHE DHEPIHU.
Hanpumep, namenenuto sHeprun Ha 1 J[)k ee Macca U3MEHsETCs Ha
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TaKyl0 ManeHbKylo Bemmamny AmOL,1A0%kr, uro srto Gymer
CYIIECTBEHHO TOJIBKO TPH SICPHBIX B3PBIBAaX, B KOTOPBIX BBIICIISICTCS
KOJIOCCATBbHAS DHEPTHS.

[Monaraem, uTo MBI B I1.1.2 HE COBCEM TOYHO OINPEICIWIN CBA3b
MEXJIy CKOPOCTBIO PAacCIpOCTpaHEHUs claObix Bo3MymieHuit C, B
3(upHOM Ta3e m CKOpocThio cBera C M 4TO, HA caMOM Jelie, Ooiee
TOYHAs CBSI3b IMEET BH/]

C=,/09[C, =0,94868C, =310°m/c (1.13.5)
C, =1054[C = 3162310°m/c (1.13.6)

Takoe yTouHeHue oO3HayaeT, 4yTo (OTOHBI CBETa, H3IydaeMbIe
PAaCKaJICHHBIMHU TeNlaMH, ABIXKYTCS B ToJie 3pHpa ¢ «I03BYKOBBIMHU»
ckopoctsimu C<C, Ilpu »ToM mnepen HuUMH He OyIeT CKadkoB
YIUIOTHEHHS W HE BO3HUKHET BOJHOBOE COINPOTUBIEHHE, KOTOpOE
MOIJIO OBl MX TOPMO3UTH XK€ IIPU OTCYTCTBUH BA3KOCTH.

MakcuanbHasi CKOpOCTh HCTeUeHHs ()UPHOTO rasa B MMyCTOTY NpU
yTOUHEeHHOM 3HaueHuH C,, IpUMET 3HaueHHe

Voe=5,19610° /,/ 09 =5,47T10° m/c (1.13.7)
B srom ciydae popmyna (1.13.4)3anumercs kak
EC*M,, (1.13.8)

rae E; — sHeprus, cooTBeTcTByIOMIass Macce OXHOTO aromMa M, s
Tela KOHEYHBIX pPa3MepOB, COCTOSIIETO W3 MHOXKECTBA AaTOMOB,
cymmapHas »Hepruss E, cooTBeTcTByromias Bceil macce Tema M,
3aIUIIETCs] TaKXkKe, Kak popMyiia TEOPHH OTHOCUTEIBHOCTH

EZ6h 13.9)
HamomunM, 91O Macca Tena paBHAa NPHUCOCAMHEHHON Macce 3dupa
BCEX aTOMOB, COCTABIISIONIHX 3T0 Teno (M=nT). [Tostomy, sHepruio E,
COOTBETCTBYIOLIYI0O Macce Telna M, MOXHO TPaKTOBAaTh Kak
BHYTPCHHIOIO  JHEprur0  d3¢upa, 3aKIOUYCHHYIO B 00BeMe
MPUCOCIMHEHHON Macchl BCeX aToMOB »Toro teia. Kpome Toro, urto
OYeHb BAXXHO TOJYEPKHYThH, ITA IHEPIrHs CYIIECTBYET He caMa 1o
cefe, a MMeeT MaTepHUAJbLHbIII HOCHTE/]b B BHAE JABUKYILIErocs
3¢upa, cTeKawIero B TeJ0 B IpoLecce NOrjaoueHns TeJoM 3pupa
M3 _OKpY:Kaouero mnpocrpancTBa. CorjacHO OINpeAesieHHI0 OHa
MpeACTaBIsIeT CO0OM KHHETHUECKYID OJHEpPruio crpydl sdupa B
0e3rpaHUYHOM IMPOCTPAHCTBE, OKPYKAIOIIEM TENo, KOTOpast YCIOBHO
Mpe/ICTaBeHa B BHJE KUHETHYECKON OJHEPruu HEKOTOpPOH, Kak Obl
COCpEIOTOYeHHOM, Macchl 3(pHpPHOTO Ta3a BHE TeJa, BCE YACTHIIBI
KOTOPOTO JBUXKYTCS C OAUHAKOBOM CKOPOCTBIO, PaBHOM CKOPOCTH
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JBIKYIIErocs Tenma. T.e OHAa TPEACTaBISICT COOOW KHHETHUYCCKYIO
SHEPTHIO CTPyH 3(dupa B TPOCTpaHCTBE, OKPY)KAIOIIEM Telo. JTa
SHEPIUsi, XOTS U CBsI3aHA C MACCOW Teja Yepe3 ero MpUCOCTUHECHHYIO
Maccy, HO HaxXxOAWTCS BHE Tena. [103ToMy ee mpaBuiibHEE OBLIO ObI
Ha3bIBATh NPUCOCANHEHHOM JHePrueii TeJa.

Coorromenns (1.13.1)u (1.13.9) neificTBUTEIFHO MMOKA3BIBAIOT,
YTO BCSAKas TMOKOMOMIASCS Macca TOXKICCTBEHHA € KOJOCCATbHBIM
3amacoM sHeprun. Hampumep, 1 r Bemiecta ToxkmectBerer 9x1G°
3pram, KOTOpsIe MOTIH 66l Harpets 216TorH Bogsl ot O go 100. Dra
SHEPIUs HEepas3AeNuMO CBs3aHa C MAccoil Tena, XOTS OHA HaXOIMTCS
BHE Tena. OHA HAMHOTO MPEBBIIIACT BCIO OIIYTUMYIO DHEPTHIO Teja -
KWHETHYECKYIO, TOTCHIMAJIbHYIO, TEIUIOBYIO, XHUMHUecKyto. Jlis
HAIIIUX OPraHOB YYBCTB 3Ta SHEPIHs HEOU[YTHMA JI0 T€X MOp, MOKa He
NPOM30HAYT TMPOIECChl, MPUBOMAIINE K YHUYTOXKEHHIO MAaCChl H
NpEeBpalicHHd €€ B  TEIUIOBYKD M  KHHETHYECKYI0  JHEPTHIO
IBHXKYyIIErocs a¢gupa.

IIpu HarpeBaHWH B OOBIYHBIX YCIOBHUAX H3MCHEHHS DHEPTHH
HACTOIILKO MaJlbl, YTO COOTBETCTBYIOIUE H3MEHEHHS MacC He yIaeTcs
0o0HapyXuTh Ha ombiTe.llpr B3phIBE BOAOPOMHON OOMOBI BEIACIISICTCS
oxono 10" Jlx smepruu. Ito cormacHo dopmyne (1.13.1)mpumepro
COOTBETCTBYET MEPexoy B sHepruto 1 kr BerecTBa. OMHAKO, YTOOBI
MOJITBEP/IUTH YMEHBIIICHHE MAcChl 3apsijia MOcIIe SICPHOTO B3phIBa HA
1 xr, moHa00MIOCh OBl COOpATh BCE MPOAYKTHI B3PHIBA U B3BECUTH HX.
Orto HepeanbHO. [IJi1 MOATBEPIKICHUS SBJICHUS YMEHBIICHHUS MACChI
IpH  BBIIEIEHWH DHEPTMH B COOTBeTCTBHM ¢ (opmymoi (1.13.1)
yIANoCh pa3HBIMH METOJAMH B3BECHTH SIAPO JeHTepus W sjpa-
MPOIYKTHI €ro JeNcHus (Sapa reus U MPOTOH) U OTNPEIEIUTh Pa3HUILY
MEXIy HUMH. BBIICHUIOCH, YTO B 3TOM IMPOIECCE UMEET MECTO, Tak
HaspIBaeMbIi, JedekT (yMeHbIIeHHe) Macchl. JleeKT Macchl
cocrarnseT npumepro 1/130 maccel camoro atoma. T.0. 0Ka3aioch,
ato sueprus 10t [k cooTBeTCTBYeT AedeKTy MacChl SICPHOTO 3apsiia
aToMHOU O60MOBI, paBHOMY 1 KT.

@®opmyna (1.13.1) wucmome3yercs TakKe IS OOBICHEHHS
SHEPreTUKU 3Be3l. B OCHOBY OOBSCHCHHS TMOJIOKEHA IICTOYKa
SJICPHBIX MPEBpAICHHH BOJIOPO/A, KOHEUYHBIM 3BEHOM KOTOPOH CTalln
aTOMBI TeNusl, MO3UTPOHBI M HEWTpUHO. B mporiecce peaknum uMeeT
MecTO Ae(hEeKT MacChl M BBIJACIACTCS TMOPIHS DHEPTHU U3IYUCHUS,
koTopast pasorpeaet Comnniie. COriacHO 3aKOHY COXPaHCHHUS SHEPTUH
9TOT Je(eKT Macchl JOJDKEH COOTBETCTBOBATH JHEPIHH, pPaBHON
9HEPIUH CBS3M B sape. [IpobiieMa 3TOro 0ObSICHEHHS COCTOHT B TOM,
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yTO HAOMIOJeHUS He O0OHapyxuBaroT B wu3dydeHun CoHIa
JIOCTaTOYHOT'O KOJMYECTBA HEHTPUHO.. DTO 3aCTaBISIET COMHEBATHCS B
€ro NPaBUIHHOCTH.

Jlo cux mop HEMmOHSTHO, KyJa JEBalOTCs IPOMaJHbIC KOJIUYECTBA
JYYUCTON SHEPTHH, KOTOpBIE HETpEephIBHO HcIycKatoTcs ComHIEM U
IpYTHMH 3Be3[laMHi. B COOTBETCTBHE C TMPHUHIUIIOM IKBHBAIEHTHOCTH
MacChl U PHEPTrUU DUHIITEHHA U3 ATOW DHEPrUU MPHU ONPEACICHHBIX
YCIIOBHSIX JOJ/DKHBI OBUTM OB BO3HHKATH XOTS OBl OTHEILHBIC
3JIEKTPOHBI, POTOHBI M HEUTPOHHI, a 3aTeM U aToMbl. OJTHAKO 3TOTO HE
HaOmonaeTca. CoBpeMeHHas HayKa, OTBEprasi CylmieCTBOBaHUE d(Hpa,
HAXOJIUTCS 3/IECh B OUEPEAHOM TYTIHKE.

B mamelr Teopuu 3¢dupa BO3MOKHOCTH ITOJIHOTO TIPEBpAIICHUS
0apUOHHOI MaTepUU B SHEPTHUIO SBIISICTCS TCOPETUICCKH JIOIYCTUMOMH,
MOCKOJIbKY camMa OapuOHHAs MaTepusi TPaKTyeTcs Kak (BHXpeBas)
dbopma nBwkenus 3Qupa, a DHEpPrus TPaKTyeTcs KaK BHYTPEHHSI
SHEPTHsSI XaOTHYECKOTO JIBIDKCHHS aToMOB ddupa ImbO Kak
KWHETHYecKass JHeprust mnotokoB (cTpyi) sdupa. Kpome Toro,
COIVIaCHO Haled Teopuu BO Bcell BceneHHOM B COOTBETCTBUM C
dopmymnoit (1.3.7) HempepsIBHO TNPOUCXOIUT 00pa3oBaHME HOBOI
Macchl (HOBOW MaTepud) B TIpOILIECCe TMOTIOMICHUST dhupa U3
OKPYKaroIIEro MpoCTPaHCTBA. 3aIOJIHSIONIUI MPOCTPAHCTBO d(OUPHBIN
raz objamaer OTpOMHON BHYTpPEHHEH »Hepruei. EcTtecTBeHHO, UYTO
MEXIy TMoiieM 3(pupa M MaTepPUATbHBIMU TelaMH, B TOM YHCIIC
3Be37[aMH, TIPOUCXOIUT 0OMEH 3Hepruel u maccoil. [loaTomy sHEprus
B MacmTabe BceneHHOW HE Mcue3aeT W HE MOSABISAETCS W3 HHUYETO, a
TOJBKO TMEPEXOJAUT M3 OJHOrO0 BHAA B Apyroil. Tak 4YTO HHUKaKOU
MUCTHUKH B TakOM TpeBpamieHnu Her. OpHako TpeBpainaTth
0apUOHHYIO MATEpPHUIO B DHEPTHIO M SHEPTUIO B OAPUOHHYIO MAaTCPHIO
Ha MPaKTHUKE MBI TIOKA eIle HE yMEeeM.

1.14 HakomieHHe 3HePIruH 3B€31aMH B IIpoLecce
NOIJIOLEeHUs dpupa

Henérxkum ObUT MyTh acTPO(U3UKOB K OTKPHITHIO MCTOYHHUKOB
3BE3aHON 3Hepruu. OT pelnieHus 3TOH MPOoOIEeMBI 3aBUCEN OTBET O
CpPOKax >W3HU U J3Tanmax pa3BuTus 3BE3N. B 0OoprOe MHEHWIA U
koHrenuii B kKoHre 40x romoB XX cromerus Oblna JoKa3aHa
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BEPOSATHOCTh TPOTECKaHWsI B HeApaxX 3BE3]I TEPMOSICPHBIX DPEaKIIHi,
KOTOpBIE OBUIM B COCTOSIHUW MOJJEPKUBATh OTPOMHEIE TeMIIEPaTyphl
3BE3]] B TCUCHHE MUJLTUAPIOB JICT.

Kazanocs, Bompoc wucuepnad. OQHAKO H CErofgHS B OTOU
npobiieMe ecTh HepeméHHble BOmpochl. CyIIecTBYIOMINE TEOPUH HE
MOTYT OOBACHUTH MCTOYHHKHA OTPOMHOM 3HEPTWH, BBIACIAEMON MPHU
B3phIBaX CBEPXHOBBIX 3BE3]] W B3PHIBOB, HAOMIOJACMBIX B
paguoramaktukax. Jlaxke Hame ComHie 3aga€T 37ech 3araaku. Tak, B
[9] ormeuaercs, uTo ‘MO CHX MOp HE ymaiaoch moiayunth or CoiHia
MOTOK HEWTPHHO, KOTOPbIE JO/DKHBI TMOKUAAaTh €ro B  XOJe
TEPMOSICPHBIX peakimii. B u€M TyT femo: B HEIOCTaTKax anmapaTypbl
W METOAWKH WIH B OIMIMOOYHOCTH HAIIMX TPEACTABICHUA 00
UCTOYHHKAX CONTHEUHOU sHeprun? Heyxenu nmocnennee? Ho Toraa uro
ke moanepkuBaeT dHepruro Conana? CHOBa MBI MPUILTH K TOMY, C
Yero Havyalu .

ITocmoTpuM, Kakre OTBETHI Ha 3TH W HEKOTOPHIE APYTHE BOMPOCHI
npeyiaracT Teopus 3¢upa. Jas 3TOro paccCMOTpPHM TENO, MMEHIee
dbopmy miapa ¢ pagmycoM [, W Maccod M, , pPaBHOMEPHO
pactipenen€HHONM 1O  BHYTpeHHeMy 00BéMy. OdupHbBIT Ta3,
MIOTJIONIAEMBIN 3TOM Maccol, TepecekaeT IOBEPXHOCTh CQephl CO
CKOPOCTBIO, onpeaensieMoll (popMyIioi, KOTOPYIO MOXHO TOIYYHTh U3
(1.3.8):

V= amy/4Ter,” .

BayTpr 00BEMa, 3aHWUMAEeMOTO TEJIOM, €KECEKYHIHO BHOCHTCS
SHEprus, paBHas KHHETUYCCKON SHEPTUH BCEU TOCTYMAIOMICH MacChl
3(UpHOTO Ta3a :

N=qVio/2=0°m’/32rep 2 1., (1.14.1)
A€ Npyor; — HA30BEM TPaBUTAIMOHHON MOIIHOCTHIO Tornomenus. OHa
BHOCHTCS BMecCTe ¢ d3(HpHBIM ra3oM B Ji000e Telo. DHeprus,
COOTBETCTBYIOIIAs 3TOW MOITHOCTH, IOTJIOIIACTCA KaXI0H YacThrlei
MAaccChI Tena.

YacTh »TOW DSHEpPruM 3aTpadymBacTcs Ha 00pa3oBaHHE HOBOU
MAacChl, TaK KaK U3BECTHO, YTO PHEPTHS U Macca Tel TOXKIACCTBEHHBI U
B3aMMO CBSI3aHBI (HOPMYJIIOH

E=mC (12u
CrnenoBaTeNbHO, Ha CO3JIaHUE HOBOW Macchl Ten Am 3a Bpems t
JIOJKHA 3aTPavynBaTHCSI MOIITHOCTD
N,=E/t=AmC/t. (1.14.3)
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[Mpupoct Maccel 3a BpeMst t MOXKHO onpeieNiuThb u3 Beipaxenus (1.3.7)
Kak
Am=m-m,=my(M/my-1)=m,at/k. (1.14.4)
Ioxcrasus (1.14.4)8 (1.14.3),01y4UM MOIIHOCTE, 3aTPaunBAEMYIO
Ha CO3/1aHUe HOBOM Macchl Tell :
N=myaC/k. (1.14.5)

Kpome »3Toro, 3BE3mpl WM3NMydYalOT DHEPrHI0 B  MHPOBOE
NPOCTPAHCTBO B BHUJIE CBETOBOTO, pajH0 W PEHTICHOBCKOTO
u3nydeHus. [ImaHeTsl, MO-BUANMOMY, pa3orpeBaIOTCS CO BPEMCEHEM,
TaK Kak MHOTHE U3 HHUX, B TOM YHcJie U 3eMJIsl, UMEIOT PacIUIaBICHHbBIE
snpa, a FOmurep, Kak M3BECTHO, M3Iy4YacT TEIUIa B JBa pa3a OOJIbIIIE,
geM nosrygaet ot CoJTHIIa.

WHTEepecHO OTMETHTB, YTO CBETUMOCTH 3BE3J, TO €CTh MOIIHOCTB,
u3IydaeMasi B MUPOBOE MPOCTPAHCTBO, 3aBUCHT OT MAacChl M paguyca
3BE311. B acTpOHOMUM M3BECTHBI U IIUPOKO UCTIONIB3YIOTCS JTHATPAMMBI
“Macca - cBeTUMOCTE” U “paamyc - cBeTuMOcTh . B [11] ormeuaercs,
YTO CBETUMOCTb OONBIIMX 3BE3N, 4bsl Macca B Tpu M Oonee pa3
NPEBBINIAECT COJHEYHYIO, MPHOIM3HTEIHLHO TPOMOPIHOHATFHA KyOy
Macchl. YuuThIBas, 4To coriaacHo ¢opmyine (1.14.1)rpaButanpnoHHas
MOLIHOCTH IOTJIOIIEHHUS TaKXe MPONOpHUOHANbHA KyO0y MAacchl,
MOYHO OXHJIaTh, YTO CBETHMOCTH 3BE3]] MPOMOPIIMOHATIHHA MOIITHOCTH
nornomenus. [1odTomy, silepHoe ropiovyee 3THX 3BE31 He MOKET
ObITh M3PACX0I0BAHO 32 HECKOJIbKO MUJIJIHOHOB MJIM MWLIMAPIOB
Jer. OHO, CKOpee Bcero, siBJsieTCs JUIIb NPOMEKYTOUYHBIM 3BEHOM
B_Iepejaye W Npeo0pa3oBaHMM MOTJIONIEHHOH dHepruu d¢upa B
JHEPrUI0 M3JIy4YeHHsl 3Be3] M BO300HOBJsieTCS B mpolecce
YBeJIHYEeHNS MACCHI 3BE31.

UtoObI TITy0X)e pa3odpaThes B 3TUX IpoOIeMax, OICHUM B Itudpax
MOITHOCTH TPABUTAIIHOHHOTO TIOTJIONICHHUS, CO3/IaHMsI HOBOW Macchl U
manydyenuss Comama w gpyrux  3BE3x.  Cormacno  (1.14.1)
IpaBUTALMOHHAS MOITHOCTD nornomnienus: Conxia OyneT

Nor=0’m,/321°p 2 r,*.= 7,4710* Br
B Buze cBeTa u3IydaeTCs MOIIHOCTS [9]
N, = =3,800° Br
B coorBercTBum ¢ dopmynoii (1.14.5)Ha co3gaHne HOBOM MacChl

Am BayTpu ConHIIa 3a €JUHWIY BPEMEHH JOJDKHA 3aTpavyuBaThCS
MOIITHOCTh

N, = ma C¥k = 5,35010°° Br.
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W3 comocraBneHus 3Tux 1UGpP BUAHO, YTO TPaBUTAI[MOHHAS

9Heprus 3amnacaetcs BHyTpu CoJHIA, TaK KakK
IlBl‘J‘I >> Nmn + I\LOBH .

OnHako, ecTh 3Be3lbl, Y KOTOPBIX T'PaBUTAIMOHHAS MOIIHOCTh
TIOTJIONICHUST PaBHA MOIIHOCTH u3nmydeHus. Hampumep, 3Be3na SS433
[46] u3 mBOiiHOM cHCTEMBI MMeeT Maccy mopsaka 20 CONMHEUHBIX Mace
mMy=410>kr. Panuyc oueHuBaercss BETUYHMHOU r,=210"m. ITonuas
CBETHMOCTb, T.C. DHEPrus, MOKWIAIONIas 3Be3y B BHJC UITyUCHHS B
emuanny Bpemern, N=10%10"Br. D10 B MMUIHOHBI pa3 Goiblie
ceerumoctu ComHiua. Pacuer mo ¢opmyne (1.14.1) rpaBUTaniiOHHOR
MOIIIHOCTH, MOIJIONAEMOM 3TOH 3Be370H U3 MO 3(upa OKa3bIBaCTCS
PaBHBIM CBETHMOCTH

B (4 D.031)3
3207 (119010°)% (210%)
Takum 00pazoM, oOMEH 3Heprueil Mexmy 3Be37oi W mojeMm 3¢dwupa
3aBUCHT HE TOJBKO OT €€ MacChl M pajinyca, HO U OT 0COOCHHOCTEH ee
BHYTPEHHETO CTPOCHUS, IUIOTHOCTH M MPOUCXOISAIINX B HEH B TaHHBIN
MOMEHT BPEMEHH ITpoIieccax.

JHanee 3ameTuM, 4T0 3QUPHBINA Ta3 BHYTPHU TeJl TOJDKEH JBUTAThCS
¢ OONBIIUMU CKOPOCTSAMU. BClleICTBYE STOTO BHYTPH TEIl COXPAHSAETCS
MOHW)KEHHOE JaBIICHHE M JICHCTBYET MEXaHHU3M 3KCKTHPOBAHHS U
TIOTJIOMIEHUsT dQupa M3 OKPYKAIOMIEro MpPOCTPAHCTBA. MOIIHOCTB,
3aTpauyMBacMas Ha pasroH CTpyd »¢upa BHYTpH Tena, Kak pas,
YepIIaeTCs U3 M3JIUIIKOB TPABUTAIMOHHOW MOIIHOCTH TOTJIoNIeHus . Eé
MOYKHO Ha3BaTh IPaBUTALIMOHHON SHEPTUEH MOTJIONIEHHUS.

B npenpiaymmx rmaBax MbI  YCTaHOBWIJIM, 4YTO Macca Tell
BcenenHoii He sBiseTcss MEpod KOJMYECTBAa A(UPHOTO BEIIECTBA
BHYTPU Tell, a SBJSIETCS MEpPOW WHEPIHNH, OOYCIOBICHHOW CHIIOBBIM
B3aUMOJICHCTBUEM TeJ C ToJeM dS(upa W3-3a IMOTJIOMICHHUS TElaMu
a¢dupa. ExxecekyHaHO B 1I000€ TEnmo mocTtymaet Macca =0 M. Mb1 He
3HaEM KaK BBIDJSIIUT CIIOKHBIM MEXaHW3M BHYTPEHHUX TEUCHUU
3¢upHOTro raza B Tenax. Ho Mbl MOXEM OLICHUTH BEIHYMHY MOIHOCTH
IpaBUTALNU, HEOOXOIUMYIO JIsi Pa3roHa MOCTYMAIONINX BHYTPh Tella
Macc SUPHBIX CTPYil 0 HEKOTOPOIl OCPeHEHHOM ckopocTH Vo, Kak
KHHETHYECKYIO SHEPTHIO, OTHECEHHYIO K CTUHUIC BPEMEHU

No= qV/2 (1.14.6
IlpupaBHsieM ee¢  HW30BITOYHOM  MOIIMHOCTH  TPaBUTAIMOHHOTO
norJoeHus 3¢pupa, onpeaensemoit hpopmynoi (1.14.1)
s = Nrora (1.14.7)
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IMoncraBum B (1.14.7)Beipaskenus A0S Nipas B Nyory 13 (1.14.6)u
(1.14.1) u paspemmM pe3yiapTaT OTHOCHUTEIBHO OCPEIHEHHOM
CKOPOCTH JIBIDKCHUS CTPYH d(Hpa BHYTPH TEI

VO = all

anlp, r?

(o]

(1.14.8)

Pesynbrarhl pacueToB 1o 3toi hopMyiie moMecTHM B Tad1.1.14.1
Tabmuma 1.14.1

my [kr] lo[M] V7 [m/c]
Mepkypuii 0,23910* 2,500° 2,56
Benepa 4,84410* 6,210° 8,6
3emuist 5,9810% 6,3710° 9,86
Mapc 6,5710%° 3,3910° 3,82
FOmmrep 1,8910° 6,9910 25,9
CarypH 5,610 5,7910 11,5
Ypan 8,79107° 2,5510’ 9,034
Hentyn 1,0310°° 2,510’ 11,0
[InyTon 4,4510™
CosnHre 210%° 70° 273

OcpenHeHHBIC CKOPOCTH ABWKCHHS CTPyH d(upa BHYTpU 3BE3[
Genbix KapnukoB Ban-Maamena (m,=0,2810°%r, r,=4,910°m) u
Bome-457 (m=1,0100%%r, r,=0,70°M) oKa3bIBAIOTCS PABHEIMHU
coorBerctBenno; V'=0,7810" m/ic u V=E1,3610° wic. NurepecHo
OTMETUTh, YTO CKOPOCTh CTpyH 3(dupa BHYTpH 3Be3apl Bosabh-457
NpUONKAeTC K 3HAYCHHWSM CKOPOCTH CBETa W MaKCUMAallbHON
CKOPOCTH UCTEUCHHS H3PHUPHOTO ra3a B MyCTOTY

L==5,47T10° m/c

U3 pacueToB BUAHO, YTO CKOPOCTHU 3Hpa BHYTPHU ITUIAHET 3€MHOM
rpymmsl He mpeBbicwan 10v/c. YV GombIIMX Ta3000pasHBIX ILIAHET
CKOpocTh He mpeBbimaetr 26wm/c. Camyro OOJBLIYIO CKOPOCTH B
COJTHEYHOH cucTtemMe mMeer camo packaineHHoe Comnue. Ilpemensno
BO3MOXHasl CKOPOCTh HaOJojaeTcsi y 3Be3] Oenbix KapinkoB. HyxHO
MOMHHTB, YTO 3TO CKOPOCTH CTpyH 3(upa, a He MaTEepUAIBHBIX Tell.
CkpoMHasi cKopocTh cTpy#t a¢upa V, =9,8 M/C, nonagarommx BHYTPb
TEJ B TIPOIIECCE TMOTJOIICHHS, CO3/aeT BIOJHE OIIYTUMYIO CHIIY
TSODKECTH Ha IOBEPXHOCTH 3eMiti. HecOMHEHHO, YTO CBETHMOCTh 3BE3]]
CBsI3aHA CO CKOPOCTBIO TEUEHHsI CTPYii 2pupa BHYTPU HHX.
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T.o. rpaBUTALIMOHHASI JHEPIrUsi HENPEPHIBHO HAKANJIUBAETCH
BHYTPHU TeJl B mpolecce norJjomeHuss umMu 3¢upa. CoBpeMeHHast
actpodu3nka He YYHTBHIBAeT 3TO 00CTOATEJLCTBO. Bceiaencreme
3TOr0 OHA He MOXKeT O0BLSCHUTH TIPAHIHO3HBbIE B3PbIBHI B
ranaktukax [9,10], koropsle Hada0AaI0T acTpoHOMBI. [Ipu >THX
B3pHIBAX BBLICISAETCS OTpOMHas dHeprus nopaaka 100 Ik,
9KBUBAJICHTHAsT OJHOBPEMEHHOH simepHoi Bcmbiike 10 MumnonoB
CBEPXHOBBIX 3BE3/. (dHeprus B3pbiBa B rajaktuke M82). DHeprus
B3pHIBOB, IPOUCXOJSIIMX B paJUOTaNaKTHKAX, OICHUBACTCI B
10°" JIx.

Otkyna Oep€rcst 93Ta UyJOBHIIHAS JHEPTUS, AaCTPOHOMHUS
OOBSICHUTH HE MOXKET, TaK KaK siAepHbIH UCTOYHHK dHepruu (hopmysna
(1.13.1)) mis sTOTO COBEpLIEHHO HenoctarodeH. [lepexon B renwii
BEIIECTBA 1[0 raJakTHKU (mm=104 .10k, mran-sz1057-1058H>K),
cocTosIImell TTOTHOCTBIO M3 BOZOpoxa, xam Obl Tomeko 10° k. (B
SHEPTHIO MIPU TEPMOSACPHBIX MPEBPAIICHUAX EPEXOANT YaCTh MaCCHI,
TaK Ha3bIBaeMblii, nedext maccol). Ho Takoit mepexox He MOXET ObITh
€IMHOBPEMEHHBIM, OH JIOJDKEH OBUI OBl OCYIIECTBIATHCA B TEUCHHUE
MHJUTHAPIOB JIET, TaK KaK CKOPOCTh Iepeladyd BO3MYILICHHH BO
Bcenennoit oT 0gHOTO 00BEKTa K APYroMy HE MPEBBIIAECT CKOPOCTH
CBeTA.

Ecnu npunsate, uro CojHIE CYIIECTBYET B CBOEM CETOJHSAIIHEM
cocrostHnn okomto 15mipx. ner ( 4,710 ¢), To 3a 510 BpeMst BHYTpH
HET0 CKOMMJIACh ObI IpaBUTAIMOHHAS SHEPT U

Eor = Noorn@,71010Y = 3,510% [Tk (1.14.9)

OTo 3HaYCHHE COM3MEPHMO C PHEPrUel B3pbIBa B rajaktiuke M82,
0 KOTOpOH ynmoMuHajochk paHee. 3BE31pl Ban-Maanena u Bonsd 457
(Genble KapnHMKHM) TOJABKO 3a 1 MIIpH J€T HAKOIMMIM ObI BHYTPH ceOs
9HEPTHIO COOTBETCTBEHHO

£, =5,370L0°" Ik, (1.14.10)
E. =.5,900110°% JT. (1.14.11)

JToii JHepruM BMHOJIHE JIOCTATOYHO, YTOObI OOBLSICHHUTHL
JHEPrUHI0 B3PLIBOB, MPOUCXOMAIIMX B PATHOTAJAKTHKAX M JIPYTHX
3arajloyHbIX o0bekTax BeesdeHHoii. T.e. U3 NPOBEIECHHOIO aHAIM3a
CIIe/TyeT, YTO Ul OOBSCHEHHS ATUX B3PHIBOB HaM HE3adeM B3pPhIBATh
HeJble TaJakTHKH. J0CTaTOYHO YTOOBI B 3TUX rajlakKTHKaX B3PBIBAINCH
OTJeNbHBIE CBEPXIUIOTHBIC 3BE3AbI Ocible Kapiauku Tuna Bomeg-457
unu Ban-Maanena. Takue 3Be3/bl €CTh B Kax 01 ranaktuke. [loatomy
HOMOOHBIE B3PHIBBI TEPSIOT OPEONI  3araJOYHOCTH. ACTPOHOMBI
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JIOCTATOYHO YaCTO BHJSAT B3PBIBBI 3BE3]] HE TOJLKO B JANCKUX, HO U B
OJIM3KUX TaJlaKTHUKaX.

IIpu sTOM BO3HUKaeT aApyras mnpobsema. Hy)kHO HalWTH OTBET Ha
BOMPOC, TJI¢ U B KaKOM BHJC B 3BE3/IC COXPAHSICTCA 3Ta OrPOMHAs
sueprus? CormacaHo ¢opmymam (1.3.5) u (1.5.4) npu 3HAYeHHH
kodpdurmenta k = 3,3@10" Ha o6pasoBaHHe HEGOIBIION MACCHI
TeJa 3aTpauuBaeTCss OrpoMHas Macca 3dupHoro raza. T.0. eciau Myggy
€CTh Macca TeJia, BRIPAKCHHAS B MPUBBIUHBIX CIUHHIAX, TO BHYTPH

HEr0 Haxomutes macca spupa M., onpenessieMas GpopMyroi
(1.8.3)

I,ne—body = rnoodyk (1-14-12)
Hampumep, B ConHue ¢ maccoit mc=2-1@°1<r cocpeloToueHa
macca sdupa (1.7.5)
m,_ =2-16%3,36-16'=6,72-10%r (1.14.13)
SlcHo, 9T0 3dup B Teiae HaXOAUTCS B 0o0Jiee ITIOTHOM COCTOSIHHIH,
4yeM B ToJjie ddupa MEXIy 3Be3JaMH, HO TeM HE MEHEe OH COXpaHsSeT
HEKOTOpBIC CBOWCTBA ra30B U K HeMy npuMmeHuma Qopmyna (1.13.2)
JUTSL YACTHHON BHYTPEHHEH SHEPTUH Xa0TUYECKOTO JBHKCHUSI aTOMOB
a¢upa. B coorBercTBUN ¢ 3TOH (hopmynoi CojHile, a Takke J00oe
apyroe teno ¢ maccoit ComHua (3BE31pl Ban-Maanena u Boneg 457
umetor Maccsl coorserctBerHo 0,28-16%r u 1,01-16%r) moxer
aKKyMyJIIpOBaTh B ceOe DHEPruio, COOTBETCTBYIONIYI0 Macce ddupa

M. poay > coOpaBIIeiicss BHYTPH 3BE31IBI 32 BPEMSI €T0 CYITICCTBOBAHMS
Ec=m,_.-C2=6,72-10"-(3,1623}10°6,72-16' Jlx, (1.14.14)

r7e B Ka4ecTBE CKOPOCTH PACIpPOCTpaHEHUs B mose 3dupa cradbix
BO3MYILICHMIA OepeTcs yrounenHoe B (1.13.6)3HaueHue

C, =1054[C = 3162310°m/c

IlonydyeHHOE 3HAaueHHWE DHHEPrHUM 3HAUMTENBHO  IPEBBIIIAET
SHEPIUI0 CBEPXMOIIHBIX B3pBIBOB, HAOIIONAaEMbIX B JaJEKHX
panuoranakTukax. T.0. MOXHO yTBEep)KIaTb, YTO HAKOIJICHHAs1 B
TeYeHHe MHJLIMAPAOB JieT 3HePrusi 3Be3l cOXpaHseTcs B HUX B
BU/e¢ BHYTPEHHeHl JHEPIrMH Xa0THYeCKOr0 [BH/KEHHMS ATOMOB
adupa. OHa cojaepkuTcs BHYTPU KakI0ro siApa aroMa Teja
(BHYTpPH KaxK10r0 HYKJI0HA). [Ipn BHICBOOOKIEHNH, HAXOAAIIHIiCS
nox  00JbIIMM _JaBJeHHEM CHJIBHO CKaThlii  3(UpPHBINA ra3
pa3jeraercsi BO BCe CTOPOHBbI KAaK Iap B30pBaBllerocs
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IeperpeToro NMapoBOro KOTJA, VBJeKasg 3a c000i CrycTKH
MaTepHH.

Pagnyc cdepuueckoro o0bema MmpHCOEOMHEHHOH Macchl Oolee,
yem B 880pa3 mpeBblaeT paguyc sapa atoma, riae 3gpup HaxoauTcs B
<OKHIKOM» COCTOSHHUM. [Ipm paspylieHMH sapa atomMa U 3aI0BOM
BBIZICTICHUH SHEPTHH KHUKOE SIPO ICIIApSETCs» CO CBETOBOM M JTaKe
MaKCHUMaJIbHOM CKOPOCTBIO OT LIEHTpa MO paauycam. DPHUp NepexoauT
B Ta3000pa3HOE COCTOSIHUE, 3aHUMas 00beM B 6,810° pa3 OoJIBIIHA,
yeM npexne. Pazneratomuiicss mo pagumycaM 3¢pup yBiekaeT 3a co00i
cTpyn >dupa H3 MEXKIIEPHOTO NPOCTPAHCTBA M BCTPCUAIOIINECS
MaTepHajbHble YacTUIbl. Ecim paspymmics OAWH aroM, HHYEro
CTpAIIHOTO HE MPOU30MIET, T.K. IPH STOM BBLACIAETCS COBEPILCHHO
He3HaunTelbHas »Heprusa. CocenHHe aTOMBl yJaleHbl OT HEro Ha
paccrostausix 10'%, 3HAUMTETHHO MPEBBIMIAIOIINX 00IACTE, 3AHATYIO
NPUCOCAMHEHHOH Maccoll paspymmBmierocs aroma. Ho 3ToT
JOKAJIBHBIH B3pPBIB OJHOTO aTOMa MOXET BBI3BaTh  IOTEPIO
YCTOHYMBOCTH COCEIHMX AaTOMOB. BO3HHKHET IenHas peakuus M
NPOM30MAET TO, YTO aCTPOHOMBI BUJAAT Ha HeOE MU B3PbIBAax 3BE3/ U
B3pBIBOB, HAOIIOJAEMBIX B palMOTalaKTHKAX. .

Bmecte ¢ TeM TpaBUTalMOHHAs SHEPTHs, OIpeAenseMas
dopmymnoit  (1.14.1), He yrpokaeT IEperpeBOM KOCMOHABTaM,
HaXOJSIIMMCS B OTKPBITOM KocMoce. Ecim npeacTaBuTh, 4TO YellOBEK
HAXOAWUTCA B OTKPBITOM KOCMOCE BJAIM OT MACCHBHBIX 3BE3[ H
IUTAaHET, TO MOIIHOCTb, IOTJIONIaeMas TEJIOM 4YeJIOBEeKa BMECTE CO

CTpysIMH 3 Hpa MOXKET OBITh ompezeaeHa o Gopmyne N=0,50V rzo. B

KadecTBE YCIOBHOrO paaumyca (IpH pacdere dYeloBeKa) IpPHMEM
ro—0,54 1 maccy 10Ckr
2 .4
N=o’m?¥32@cp; r, =310 st
DTa MOIIHOCTh HE TPO3UT YEIOBEKY MEPErPeBOM, Kak Obl JOJITO
OH HE HaXOJHUJICS B MEKIUTAHETHOM IOJIETE.

1.15¥rpoxkaer au 3emie poct cBeTumocTu CoJiHIIA

CymectByer emé onHa mpobiieMa SHEpreTUKH 3BE31, TpeOyromas
cBoero ocwmbicieHus. CyTh B TOM, YTO C POCTOM MacC 3BE3 HX
CBETHMOCTH Bo3pactaeT. [IpumennTensHO K COJHILY 9TO O3HAYAET, YTO
3HAYUTENLHBI POCT CBETHMOCTH, CO3JaBacMbIli POCTOM MacChl,
nookeH ObuT OBI, Kak yrBepkmaercss B [59], ckeubr Ha 3emie Bcé
xuBoe. M xoTs Ha 3emuie HaOMIOmaeTcsl MOTEIJIeHnE, BCE JK€ MOYKHO
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CUMTAaTh, YTO 3a MOCIEIHUN MWIIHAPJ JET PaJuKaJbHBIX W3MEHEHUH
knuMara 3emiid He mpousonuio. CliefoBaTeiabHO, HE W3MEHHIIOCH
KOJIMYECTBO TETUIOBOW SHEPIHH, onydaeMol 3eMinéil o CoiHIa, XOTs
Kkl Mwumapa ser ConHie craHoBuTcs skapue Ha 10% @3
tenenepenaun «llmarersr» or2l mexadbpst 2006 r). B Tenemepenaue
«[onmast Hayka» oT 29 aBrycra Takxe COOOINAIOCh, YTO 3a BpEeMs
cymectBoBanus Comnnua (3,5mipa.iet) usnydenue Beipocio Ha 30%.

HanoMHuM, 9TO CBETUMOCTBIO Ha3bIBACTCS KOJIMYECTBO CBETOBOM
SHEPIHH, M3IIydaeMoe 3BE310i B enuHMIly BpeMeHu. B pabore [11]
YTBEP)KAAETCs, YTO CBETUMOCTH 3BE3J C MaccaMH, B HECKOJBKO pa3
NPEBHIIAIOIIUMHA  COJTHEYHYIO, TMPOIMOpLHOHAaIbHAa KyOy  Mmacc.
SlnepHoe roprodee TakMx 3BE3M MOXKET OBITH M3PACXOJ0BAHO B
HECKOJIBKO AECATKOB MWIIMOHOB JeT. Jnst 3BE3x ¢ maccoit ConHna
aToT mepuoj 3arsaruBaercs n0 13-15 mupn ner. 3BE3mBI ¢ Maccamu
BJIBOC MEHBIIIEC COJNHEYHOW OCTAIOTCS B HAYAIBHOM COCTOSIHUHU TIOYTH
100mnpp jer.

U3 3TOro MOKHO 3aKJIIOYUTh, YTO CBETHMOCTH 3BE31 Tuna ConHia
yBeIMUMBaeTCs cinabee, 4eM y 3BE3N ¢ Oompmumu Maccamu. OmgHAKo
JANbHEWIINe pAcCy)XKJCHUsI 32 HEMMEHHEeM Yy Hac 0oliee TOYHBIX
JaHHBIX TPOBEAEM, UCXOS U3 KyOMUECKOTO 3aKOHA POCTa CBETUMOCTH
Conmxna. B kadecTBe wWHTEepBasia BpPEMEHH BO3BMEM IOCIEAHUN
MUIUTHAP]T JIET.

[lpu anammze pocra cBetuMoctd CoJHUIA CIEAYeT YYecTb HE
TOJIBKO YBEIMUYCHUE €0 MacChl B COOTBETCTBUU ¢ opmymnoit (1.3.7),
HO W OJIHOBPEMCHHOE BO3pacTaHHE BCICACTBUE 3TOTO €ro o0bhEMa.
ITonaras, uto cpemuss mIOTHOCTH CoiHITA OCTAéTCS] HEM3MEHHOM, C
nomoipio  ypaBHeHuss (1.3.7) MOXHO HaWTH BBIp@KEHHE U1
u3MeHeHus: panumyca ConHIAa OT BpPEMEHH B 3aBUCHUMOCTH OT
WU3MEHEHUS MaCCHl.

at/ k — em/ 3k

(1.15.2)
rne o 1 My- pamuyc u Macca Connna npu t = 0.

Moutnocts cBeTtoBoro m3nmydeHuss CoNHILA COTVIACHO AWarpamme
“panmyc-cBETUMOCTE” 00paTHO MPONOPLUOHAIEHA YETBEPTOM CTETIEH!
3 ero pamuyca. [lostomy ¢ y4éTtom OByX yKazaHHBIX (hakTOpoB
ceetuMocth  ConHIA BO3pacTaeT 3HA4YMTENBHO  cjadee, dYeM
npennonaraercs B pabote [59], a UMEHHO B OTHOIICHUU

E/Eo=(m/my)*/(r/r)*=®3 Wt
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CormacHo Ta01.1.6.1 macca CosiHITa B TEYEHHE TIOCIIETHETO
Muumapaa et Bospocina B 1,098 paza. 3a 10 Bpems ero paguyc
BeIpoc B 1,0317pa3za. CnenoBatenbHo, cBeTHMOCTh COITHIIA 32 OJTUH
MWUIHAp] JeT yBennduiachk B 1,1687pa3a. Jrta onenka coBmagaer C
JAHHBIMU HAOIIOICHUM, KOTOPBIMH CETOJHS PacIioyiaraeT acCTPOHOMUS
(YymoMsiHyTEIE TeNenepenayn).

W3BecTHO, YTO SHEPTUs M3ITyYCHUSs, MOTJomaemMas yaaléHHbIMA OT
Conama oObekTaMd, B TOM Huciae 3eMiéii, yOpiBaeT oOpaTHO
IPOTIOPIIHOHATEHO  KBajpaTy  paccrosams  [19].  ITockombky
nonmyyaemMoe 3emu€ii ot CollHIITA KOJNMYECTBO JHEPTUM B TCUYCHUC
paccMaTpuBacMOro OTpe3Ka BPEeMEHM HE MCEHSIOCh, MOXHO
YTBEpXKJaTh, YTO OJHOBPEMEHHO C POCTOM MACCHI M CBETHMOCTH
Connna yBenuuuBanoch paccrosiuue mexay Comauem u 3emunéid. 13
ACTPOHOMHUYECKNX HAONIONEHUN W3BECTHO, Hampumep, 4ro JlyHa
kaxasie 100 et yaansercs Ha 1,5wMetpa ot 3emnu. Ilouemy ke 310
HE MOXET TMPOUCXOTUTh C 3eMiéii W JpYyrUMH TUTAHETaMU?
IMoxcunrtaem, KakuM JOKEH OBITH TMPHUPOCT PACCTOSHHS MEKIY
3emnéit m ComHIleM, YTOOBI KOMIICHCHPOBAaTH POCT CBETHMOCTH
Comnama. OYeBHIHO, YTO OTHOIIECHHWE PaINyCOB 3E€MHON OpOUTHI B
KOHIIE [y M HAdase Iy ops PACCMATPUBAEMOIO HMHTEpBajla BPEMEHM
JTOJI’KHO OBITh CIICTYIOIIAM:

oF6/Toops = E =1,08. (1.15.2)
EO

B nacrosmee Bpems pagnyc opouTs 3emin r(,p6=1,49EEIL013 cMm. C
yaérom (1.14.2) pammyc opOMTHI MIIIMAP[ JIET Ha3ax ObLT I, op5 =
1,38a10™ cm. Ipupoct paccTosHuS 3a 9T0 Bpems A Fops = 0,11510"
cM. CpenHuii IpUpoCT paguyca opOUTHI 3eMIIU 3a CTO JIET COCTABIISIET

Ar,5=1,1910° cm=1,15kwm.

OTHOCHTENBHBIE TPUPOCTHI paanycoB opout 3a 1005eT cocTaBmisIoT !

Jutst JIyHBI A6/ To ops =3,9110°,

U1 3eMIIA A opslToops =7, 7010 °,

Kak BuOuM, OTHOCHTENBHBIH TPUPOCT PACCTOSHHUS MEXKIY
Comanem n 3emnéi, HEOOXOMMMBINA, YTOOBI KOMIIEHCHPOBATH POCT
ceetumoctu ConHia, Tojasko B 1,97 pasa mpeBbicHI HaOJII0gaeMbIH
AQHAJIOTMYHBINA OTHOCUTENBHBIN MPUPOCT PACCTOSIHUA MEXTY 3eMIEH U
Jlyno#i. OgHako MBI, BEpOATHO, 3aBBICWIIA NPUPOCT CBETHMOCTH
Comnma. [ToaToMy peanbHBIH IPUPOCT paaryca OPOUTH 3eMITH MOXKET
OBITH MCHBIIIE.
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Uro ke HapyIaeT paBHOBECHUE MEXKTY IICHTPOOSKHOMN CHIION U
CHJION TSDKECTH YyKa3aHHBIM 00pa3oM? Beap HMEHHO 3TH CHIIBI
ompeAensioT  (GopMbl  OpOMT IUTAHET W CIYTHUKOB.  OTO
paccoryiacOBaHHE HEBEIUKO ¥ TPOSBISACTCA TOJHKO IPH OYCHB
JUTUTCIIBHOM BO3ICHCTBUN CIA0BIX CWI. BenuumHy W MEXaHHU3M
W3MCHECHHS OTHUX CWJI OYyIyT HaMH ONpEICICHBI B ITOCIEIYIONTUX
rjiaBax. Oro Tem Oosiee HEOOXOAUMO, Tak Kak caMm (hakr
MPAKTUIECKOTO COBIAMICHUS OTHOCUTEIBHBIX IPUPOCTOB PaIUyCOB
OpOUT TaKMX Pa3HBIX KOCMHYECKHX OOBEKTOB, KAKOBBIMH SIBIISIOTCS
3emis u JIyHa, He ciaydaeH.

1.16 Poct Mmacchl 1 pa3orpeB Heap 3eMiiu

B rmaBe 1.3 MBI yCTaHOBWJIHM, YTO JH000€ HEOSCHOE MAaCCHBHOE
TEJIO MOTJIOMAET 3PHUP U3 OKPYXKAIOIIETro MPOCTPaHCTBA. B pesynbrare
9TOTO €ro Macca BO3pacTaeT B COOTBETCTBHU ¢ 3aKoHOM (1.3.7)

m=m,e""* (1.16.1)

Otnomenrie O/K HamMu OBLIO MOMYy4eHO O0OPabOTKOM HMMEIOIIMXCS B
JHUTEepaType NaHHBIX aCTPOHOMHYECKHX HAOIIOJCHUIA 3a JBHKCHHEM
Jlynsr (1.5.3)
a/k=2,9710" ¢* (1.16.2)

BaxxHO OTMETHTH, YTO OHO OBLIO ONpPEEeNIEHO HAMU HE3aBUCSIIUM OT
XUMHYECKOTO COCTaBa M (PM3MYECKOTO COCTOSIHUS MOTJIONIAFONIUX Tell.
BwMecre ¢ norsiomaeMoii Maccoit apupa BHYTPh TEJ BHOCHTCS SHEPTH,
omnpenensemast hopmyioit (1.14.1)

__a’On

morn— _ 5 o5 4

32 g,
Ona paBHa KHHETHYECKOH SHEPrMM Macchl 3¢upa, MOrjionaeMoin
tenom. 3meck 0=1 ¢t m,- macca Tena; Pe- TWIOTHOCTH dwmpa; ro-
paguyc Tena. OTH GopMyIIbl 1 METOIUKH pacdeTa ObITH HAaMH BIICPBBIC
omyOnmukoBanbl B [1] eme B 1997 rogy u BOULIM B TOCIEIYIOIINE
m3ganns Hammx KHur [2] u [3]. Tlomstro, uto dopmynasr (1.16.1),
(1.16.2) u (1.16.3) MO’KHO HCIOJIB30BATH IS aHalW3a IIPOIECCOB,
HPOUCXOISIINX Ha 3eMIIe.

Cnycts 6 et mocne BeIxozna B cBeT padotsl [1], B 2003 rogy
BeIUIa B cBeT kHura B.B.bmunosa “Pactymas 3emms” [54]. B sroit
KHHUTEe aBTOp 0€3 CCHUIKM Ha Hallly paboTy MPUXOIUT K 3aKOHY pocTa
Macchl 3eMId, aHaJIOTHYHOMY Hamiemy 3akoHy (1.16.1),Ho u3 npyrux
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npennockuiok. OH  TpoaHaNM3WpoBald  JaHHbIE  HAOIONECHUHN
reo(pM3uKH, CBUACTEIHCTBYIONINE O POCTE IJIOMIAAN 3€MHON KOPBHI U
pa3MepoB  3eMHOT0 Iiapa. AHaIM3 TJIABHOM  T'€OJOTHYECKOM
3aKOHOMEPHOCTH, T.. [UIMTEIBHOTO HEOOpaTUMOro  Ipoliecca
MO3TAaHOTO CTAaHOBJICHHUS KOHTHHEHTAIBHON KOPHI MPHUBEN aBTOpa K
BBIBOJTy, YTO B HACTOSIIEE BpPEMS MPOHCXOIUT €XETOJHBIH MPUPOCT
OKEaHHIECKOTo JHa O ckopoctbio [B,12km?/ron. Pacimpsiercst Takxke
MaTepUKOBash 4acTh 3eMJIM. JTa CKOpPOCTh HE Bceraa Obuia Takoi
OOJBIION.

B ry0n 2mox oHa ymeHbmaercs. Jlo Hadaga MEIOBOM SIIOXH OHA
6buta paBHa (11,3 km? fron. B Gaifkanbckyro (hasy CKIagqaTocTH STOT
poct cocraisut Bcero 0,05 km?/rox, T.e. B 62,4 pasa MeHbIIe, d4eM
ceifyac. AHajau3 rIaBHOM I'e€OJIOTMYECKON 3aKOHOMEPHOCTH IMO3BOJIHII
OTIPEACITUTh 3aBUCHMOCTh POCTa pajuyca 1 00beMa 3eMIId OT BPEMCHH

r=re""? (1.16.4)
V=V, &2 (1.16.5)

B stux dopmynax uaer kak Obl OOpaTHBIM OT HACTOSIIETO MOMEHTA
OTCYET BPEMEHH B TTyOb BEKOB. I, M V,— 3TO COBpEMEHHBIE 3HAUCHUS
paauyca u oobema 3emuy; ' u V — 3HaUYCHUS paanyca u o0bema 3eMin
B TIPOIILJIOM, OTCTOSIINM OT HACTOSIIEro Ha BpeMs t cek. Jlanee ObuTO
MIPUHATO JOTTyTIIEHHE, 9TO Macca  3emMiuM  H3MEHAETCS
MIPOMOPIIMOHAIBHO € 00beMy. BeipakeHue i1 M3MEHEHHUS MacChl OT
BPEMECHHM TIONy4aeTcs MPH YMHOXXCHHHM OOEWX dYacTel TOCIEIHETrO
paBEHCTBA Ha CPEIHIOIO TUIOTHOCTH 3eMITH

m=m,e"” (1.16.6)
ITokasaresp CTeleHH y SKCIIOHEHTHI ONpeaeieH B pabote [54] kak
v=2,910"c" (1.16.7)

Kak BuamM, 5TO BBIpaXKEHHE TOTHOCTBHIO COBMAAaeT Mo (Gopme ¢
HamuM BeipakenneMm (1.16.1).Ono 3amucano, Kak ¥ y Hac, Tak, 4To
npesicKa3blBacT M3MEHEHHE MacChl 3eMIIM OT HACTOSIIErO MOMEHTa
BpemeHn t = OB Oynymiee. ABTOp paccMaTpuBaeT €ro NPUMEHUMBIM
JUIS JTFOOBIX IPYTHX HEOCCHBIX Te BceneHHo .

OnHaKo, B CBSI3M C TEM, YTO B Pa3IMYHbIC I€OJOTHYCCKHE DIIOXH
3eMJIM CKOPOCTh POCTa MOBEPXHOCTH ObLIA Pa3IUYHOM, KOIPPUIMEHT
V B omimune oT O/K npuHUMAET pa3inyHble 3HAYCHHS TS PA3THIHBIX
reoJIoTHYecKuX dmoX. Jlms Hamero BpeMeHH OTH 3HAYCHUS
ormuyatorcs npuOimsurenpHo B 100 pas. B pesynerate mepuoj
YIBOCHHS MacChl 3eMITH U APYTuX Ten (TUIaHeT, 3Be3[ U T...) COrJIacHO
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(1.16.6)u (1.16.7)0yznet Bcero 76 MiIH. JIET BMECTO 8 MIJIPJ. JIET IO
dopmymam (1.16.1)u (1.16.2).

Ha nam B3rsix aBrop [54] 3aBbicwn 3mauenne V= 2,910%° ¢
npotus 0/k=2,9700"® ¢* u3 xenanus MONTYIUTH HONHOE COBHACHHE C
TJIAaBHOW T'€OJIOTHYECKOH 3aKOHOMEPHOCTBIO TOJIBKO 3a CYET pocTa
Macchbl. OJIHaKO, paHbIlle YKEe 0TMEUaNIOCh, YTO MOJIOKEHHOE B OCHOBY
OTIpeJieNICHNsI BEIMYMHBI V paciupenue 3eMiId B HACTOsIIee BpeMs,
panbine 0bu10 ApyruMm. OHO ObUTO B 62,4 pa3a Mmenblne. Eciau yuects
9TO OOCTOSATENBLCTBO, TO HYKHO BEIMYMHY I/ TOXE YMEHBIIHTH BO
CTONIBKO ke pa3. B pesynprate 3HaueHus V u 0O/K mpakTudecku
COBHAJYT.

B 4em ke mpuuMHa W3MEHEHHSI CKOPOCTH POCTa 3e€MHOI KOpBI H,
KaK CJIEACTBHE, U3MEHEeHnsT Kodddunuenra IV B pabore [54]? Jleno B
TOM, YTO aBTOp HE MPHHSUI BO BHUAHUE TO, YTO CO BPEMEHEM
U3MEHSJIOCh COOTHOIIIEHHE MEXIy pa3MepaMu 3eMiId U ee MaccoM.
IMpoucxomuno, Tak Ha3bpIBAEMOE, Pa3yIUIOTHEHHE BEIIECTBA 3€MHOIO
nrapa. B HauyanpHBINH MEPUOJ] CTAHOBICHUS 3EMHOM KOpBI TJIABHBIM
MEXaHHU3MOM HW3MEHEHHUSI pa3MepoB 3eMild OBUT BechMa MeJICHHBIN
POCT ee Macchl U3-3a TMOTJIONICHHOTO dHpa u Mpeodpa3oBaHHs €ro B
OapuonHyto marepuro coryacho (1.16.1)u (1.16.2). OqHOoBpeMeHHO
MPOUMCXOJMI Pa3orpeB HeAp 3eMIIH M3-3a MPUTOKA SHEPTUU BMECTE C
MOTJIOIIEHHBIM 3()UPOM.

Ha ompeneneHHoM »JTame pa3BUTUS B HeJpax 3emid H3-3a
MOBBINICHUS TEMIEPaTypbl ¥ JAaBJCHUSA HAYAINCh XMMHYECKHE
peaknmi ¢ 00pa3oBaHMEM  Pa3IMYHBIX  DIIEMEHTOB  TAOIUIIBI
Mengeneesa. [Ipu pazorpeBe NpoucXoAuUT pacliupeHue BeuiecTna. 13-
32 XMMHYECKHX pEaKIM{d  MOSBWIUCH JIETKUE TIOPOJbI, IIEM3HI,
HOsBHJIACH BOJa (BO3MOXHO HE(Th), BBIICIHINCH Ta3bl U T. 1. Bee 310
MIPUBOIMIIO K OoJiee OBICTPOMY pa3pacTaHHIO pa3MepoB 3emiu. M3-3a
gero B pabore [54] mnNpHIUIOCH CHIBHO 3aBBICUTH BEIUYUHY
ko3 dunuenta V. IMockosbky BennuuHa O/K onpepensiach HaMHu U3
ACTPOHOMUYECKUX HAOMIO/IEHUH 3a NWHAMHKOW NBYOKCHHS JIyHBI U
3aTeM  MpoBepsulach  HAa  JPYTUX  SIBICHUSX, B KOTOPBIX
HETIOCPEACTBEHHO YYUTHIBAINCH MACCHI TEJ, @ HE UX pa3Mepbl, TO OHa
sBIsieTcst OoJiee MPaBUITBHOM.

UccnenoBanusi, BBHIOJIHEHHBIE B [54], mpencraBisioTcs HaM
BECbMa IIEHHBIMH, T.K. B UX OCHOBY IOJIO’KCHA TJIaBHAsI F€OJIOTHYECKAs
3aKOHOMEPHOCTh. JTa 3aKOHOMEPHOCTH SIBISICTCS OMITUPUYCCKUM
00001ICHHEeM HAOMIOACHUH, 3a(UKCUPOBAHHBIX B TI'COJOTHUYCCKUX

-1
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KapTax COCTOSHHS 3eMHON Kopbl. OHa HE 3aBUCHUT OT KaKHX-THOO
TeopeTHuecknx mocTtpoeHnid. OnHa OOBEKTHMBHA W B TJIABHOM
MOJITBEPIKIACT UICH, OTCTAMBACMEBIC B HAIICH TSOPUU.

Manee aBtop [54] meiTaeTcs CBsI3aTh HAOIIOJACMBIH POCT MACChI
Ten ¢ cwiol TshkecTd. OH MPHUXOIUT K TPaBUILHOMY BBIBOAY, UTO
pOCT MacChl Tel TMPOUCXOAWT W3-32 TOTJIOMICHWS MaTepuH U3
OKpy)KarIlero  mpocrpancTBa. Jlms  o0o3HaueHuss  MaTepuw,
3aMONHAIOMIEH TMPOCTPAHCTBO, HCIONB3YETCS TEPMHH ‘ BaKyyMHas
MaTepus’. SIcHO, YTO aeJ0 He B Ha3BaHUH. Ddup U (PU3HYCCKUIN
BaKyyM - 3TO CHHOHHUMEI.

K »aroii yactn paboThl y Hac UMEIOTCS 3aMmeuaHus. Bakyymnas
MaTepus B TIPEACTaBICHWAX aBTopa [54] sBisercs “CBEPXTOHKOM
HCYHUYTOXXMMOH CcyOCTaHmuell” ¢ O4YeHb Majod IUIOTHOCTHIO.
HecMotpst Ha 3TO cumrtaercsi, 4YTO “M3 HEE COCTOST BCE MPEAMETHI,
BEIIN M CTPYKTYpHI peaibHOoro mupa’. [loTok 31Ol MaTepuu B Heapa
3eMHOTO IIIapa CO3[aeT 10 MHEHHMIO aBTOpa T'PAaBHUTAI[IOHHOE II0JIe
3emmu. OHa sBHSETCS TakkKe HOcUTeneM »SHepruu. [lo cBoum
CBOHMCTBaM BaKyyMHasi MaTepus SBJISCTCS TaKOW jke OapHOHHOM
MaTepuel, Kak M Teia, KOTOpbIe ee MOTJIOMIA0T.

ITouemy Tenma MOTJOMIAIOT  Pa3peKEHHYIO  MaTEPUI0 U3
OKpYy’Karolero npocrpancrea? KakoBa ee MIOTHOCTh M CKOPOCTHh Ha
MOBEPXHOCTH TOTJIOMAIIMX Ted? ABTOp 3TOoro He 3HaeT. [lo ero
MOHATUSAM 3Ta MaTepus MOJABEpKeHa cuiie TsokecTu. OHa oOnamaet
Maccoi, KOTOpas CKJIaJIbIBaCTCI C MAacCOW IOTJIOMAOIINX Te,
momajgas BHYTPh 3THUX Tel. ODTOT TMPOIECC BBHITISAUT aHATIOTUIHO
MEXaHUYECKOMY HAIOJTHEHHUIO €MKOCTH CBITyYUM WM JIBIOIUMCS
MPOAYKTOM. ABTOp CUHTAET, YTO BaKyyMHasi MaTepus, CTeKas BHYTPb
TEN, BO3JCHCTBYeT Ha OapHOHHBIC TeNa, OKa3aBIIWMECS Ha MYTH
MOTOKOB, XOTS CaM{ 3TH TMOTOKH OTIMYAIOTCA OT ITHX TEN TOJBKO
OYCHb MaJIOH IIOTHOCTHIO.

B xadectBe 000CHOBaHUSI IPUPOJIBI TATOTCHUSI ABTOP IHIIET, YTO
OHO CO3JIaeTCs MOTOMY, YTO “IIOTOK MaTepWH, MPOXOIsS CKBO3b Tela
o0TekaeT HyKJIOHBI M CO3/]aeT Ha HUX JAaBJICHHE aHAJIOTUYHO TOMY, KaK
notoku (arougoB  (4TO  3TO Takoe?) CO3MA0T JaBlcHHE Ha
MMOMEIICHHBIE B HUX Makpockommueckwe tenma’. Ilpm sToM OH,
MOBHAMMOMY, HHYErO He 3HaeT o mapamokce I Amambepa-Diinmepa,
COTJAaCHO  KOTOPOMY  CHJIa  CONPOTHBIICHUS  JaBJICHUS  IPU
0C30TPHIBHOM OOTCKaHWUH TEJT YCTAHOBUBIIIEMCS ITOTOKOM paBHA HYJIIO.
Ilouemy mnpu ABWKEHHHM 3Be3[] M IUIAHET CKBO3b HETOIBIKHYIO
BaKyyMHYI0 MAaTEpPHIO0 Y HHUX OTCYTCTByeT compotuiieHue? [lo ero
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HOHSTUSIM ~ OTO TPOUCXOAUT H3-3a MAJOW IUIOTHOCTH BaKyyMHOM
MaTepuu U MX HEOOJNBIIMX CKOPOCTEH NBMKEHHS 1O CPABHEHHUIO CO
CKOPOCTBIO CBeTa. B KHHIre MOYeMy-TO CUMTaeTCs, YTO C TaKOi
CKOPOCTBIO BaKyyMHas MaTepHs BXOIHMT BHYTPh 3eMJIM. OTO
HenpaBwiIbHO. He MoKeT 3Ta CKOpOCTh OBITh OJJHHAKOBOM TP BXOJE B
Jr00BIE TeNa OT MAJIBIX 10 OONBLINX.

Hanee monpoOyeM, MCXOAs W3 MPEACTABICHUH CaMOTo aBTOPa,
OLCHUTh IUIOTHOCTh M CKOPOCTh BaKyyMHOHl Marepuu IIpH
HIepeCeYCHUH MOBEPXHOCTU 3eMitu. [JIsl 9TOro, HCIOb3Ysl BEIPaXKCHHS
(1.16.6)u (1.16.7),mony4nM BEIMYHMHY YACIBHOTO PAacXoja MaTepuH
4yepe3 CIUHUIYYy NOBEPXHOCTH B CIUHUIYY BpeMeHd. Jlias 3Toro
npoauddepeHIUpyeM ero o0 BpeMeHH 1 3aTeM moyiokuM =0,

df%t =y n, (1.16.8)

C npyroit CTOpOHBI pacxoi BaKyyMHOW MAaTepHUH C IUIOTHOCTBIO P
yepe3 MOBEPXHOCTh 3eMJIM MOXHO 3alrcaTh C YYETOM IOCTOSTHCTBA
pacxojma 3dupa mpH €ro MOTJIOMICHUH TEIOM (3aKOHA COXPaHCHHUS
Macchl PUECHHUTEILHO K Ta30BOMY MTOTOKY ) Yepe3 MmapamMeTphl IOTOKa

dmy/. =4l pv,, (1.16.9)

e s 3emin r,=6,410°m, my=6010%r. V\o-paauanbHas CKOPOCTh Ha
moBepxHocTH. IlpupaBHsem mpaBbie uactu (1.16.8) u (1.16.9),
TOJYYHUM BBIPAXKEHUE JUTS TUIOTHOCTH
v O,
ATV,
CKOpOCTb Ha MOBEPXHOCTH 3EMJTH OMPEACTUM, UCTIONB3YS A ITOTO
TEOpEeMy MMITYJIbCOB TPUMEHUTEIBHO, CKaXKEeM, K YEIIOBEKY C MAacCoi
Tena My, Tak ke, Kak cama 3eMJisl, TeJ0 YeIOBeKa 3aJCpPiKUBAcT B
cebe B Kakayro cekyHmy Maccy dm,/dt=V m,,. DTta macca motoka
BAaKyyMHON MaTepuu TOJHOCTBIO TEpsieT CKOpOCTh. B pesynbrare
WU3MCHEHUS] KOJMMYECTBA JIBHXKCHHS 3aTOPMOXKEHHBIX MacC BO3HHUKAET
CHIIA TSHKECTH My, g, NeHCTBYOMAs Ha YeloBeKa
dm/dtgy/0)=m,.g,

OTKyZa CKOpPOCTh [ODKHAa uMeTs Bexmumny V,=3,3810° wic.
IMoacraBum 310 3HaueHue B (1.16.10),monyunm 3HaYCHUE TIOTHOCTH
BakyyMHO# Matepun p=10% kr/m°. ITpr 5TOM B Telo denoBeka Gyaer
BHOCHTBCS MOIIHOCTD, ONpeiessieMas Kak

N=0/% ? [dm,,/dt=0,3u(h,,V > =1,4510"° Bt

PE (1.16.10)
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OTH 1MQpPHI TOBOPAT caMu 3a ceds. Bpsin a1 Hy>KHO pa3bsCHATH, YTO
Takas DSHEPIus, KECEKyHJHO BHOCHMas BHYTPb Tejla, MTHOBEHHO
UCTICTICIUT HECYacTHOro yenoBeka. COBpeMeHHas Hayka HE 3HAeT
CKOPOCTEil MaTepHalbHBIX HOCHTEIICH, MPEBBIIAIOIINX Ha 8 TOPSAKOB
CKOpOCTb cBeTa. [loiydyeHHbIE 3HAYCHHs BEJIUYMH MOIIHOCTH H
CKOPOCTH HAIJSITHO WUIIOCTPUPYIOT, YTO HENb3sl CYUTATh Cpeny,
3aMOJHSAIONIYI0 MEX3BE3IHOE IMPOCTPAHCTBO, IMPOCTO Pa3pEIKEHHON
OapmonHoit Mmatepueil. Kak Obl ee He Ha3pIBaTh, dTa MaTepus
HAaXOIHUTCSI B OCOOBIX B3aMMOOTHOLICHHSX C OapHOHHOI MaTepuei,
omnpexaensemMbix 3akoHamu (1.3.1) - (1.3.8)ameli kauru. Packpeituro

3TOH CBSI3H TIOCBAIICHBI BCE €€ I'JIaBbI.

BosBpamasich kK TeMaTHKH HAIIEro UCCIIECIOBAHUS, OTMETHM, YTO
Macca 3eMJIM HEeTIPepbIBHO pociia U MPOJIOIKAET POCTH C MOMEHTa ee
oOpa3oBaHusi B cooTBeTcTBHU ¢ popmyinamu (1.16.1)u (1.16.2).O310T
poct npumepHo B 100 pa3 MmeHsbIle, yeM mpeackassiBacTcs B [54]. B
tabmume (1.7.1) mokasaHa ImKajga yBEIHMUYEHHS MacChl JIIOOBIX TelN, B
TOM yHcie 3eMid, B 3aBUCHMOCTH OT BpeMeHHu. PocT pamuyca 3emnu
MOXET pacTH OBICTpee, 4eM Macca. DTOT POCT MOXKET HMPOUCXOAMTH
HEPaBHOMEPHO. OTO  OOBSICHSACTCS  Pa3yIUIOTHCHHEM  3EMHOTO
BEIIECTBA B pe3ylbTaTe pa3orpeBa W XHMHYECKUX PEaKInH,
NPOUCXOSIIIMX B 3eMHbIX Henpax. Popmyna (1.16.3) mosBomseT
paccurTaTh MOITHOCTH TIOTOKA TEIlIa, TOTJI0NIaeMOoro  3eMIIe

N=2/88° st

Henb3ss HEe OTMETHTH, YTO 3Ta OIICHKA NPAKTHYECKH COBMAaia C
OLICHKO# [54]. DTOT NOTOK HEPTHH MOBHIIIACT BHYTPSHHIOK SHEPTHUIO
3emim W, CJENOBaTeNbHO, Temmeparypy ee Heap. lloBeimenue
TEeMIeparypsl  HEIp  HEIb3s  OTOXKICCTBISATh C  OBITOBBIM
npejicTaBieHueM 00 W3MEHCHWW KiIuMaTa W TIOTOABl Ha ee
noBepxHocTH. Ho oOmas TeHOeHmMs TakoBa, YTO HMEET MECTO
paszorpeB 3eMiu. OTo 0E3YCIOBHO HAKJIAIbIBACT CBOM OTIEYATOK HA
KJITFIMAT.

1.1 Macrynur Ju “ TenioBasi CMepPTh”
Bcenennoii?
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Paccmotpennbie B TnaBe 11 mpoliecchl HAKOIJICHHS SHEPrHU
Tenamu BeeleHHOH BMECTe ¢ TOIIIOIaeMOoi Maccoi a(upa mo3BOJISIOT
BHECTH HW3MCHEHHS B TPEACTaBICHUS O “TemioBOl cmepTu”
Bcenennoit. OTu mpencTaBieHus BIEpBble ObUITM OOOCHOBAaHBI B
pabote B.Tommicona “O mposiBiIeHHH B IPUPOJIE OOIIECH TCHICHIINN K
paccestamo Mexanuueckoi sueprun” (Tpyabl KOPOIEBCKOTO 00IIeCTBa
1852r.). B aT0ii paboTe BHICKa3bIBAJIOCH YTBEPXKICHUE, YTO B IIPHPOJIC
BO BCEX TEIUIOBBIX IIpolLleccax HaOJIOAAETCs] pacceMBaHUE TEIUIa U
MEXaHUYECKOMH SHEPIruMu. Boccranosnenue SHEpPruun B
NepBOHAYATILHOM KOJIMYECTBE 0€3 ee paccerBaHUs HEBO3MOXKHO.

B »Tu mpeacraBneHus XOpOIIO BIHCBHIBAETCS TeOpHs “OOIBIIOTO
B3peiBa mepBoatoma”. CorjacHo 93TOM  Teopuum  BcenmeHHas
oOpazoBanace 14-15 mapa.Jer Ha3zaag U3 MEpBOATOMa, BHYTPH
KOTOPOTO MaTepHsi HAXOIMWJIACh B KAKOM-TO HEMOHSTHOM CBEPXCIKAaTOM
coctossanr. OIHAKO, TEOPHS HE JAaeT OTBETa Ha BOIPOC, YTO OBLIO
BOKPYT 3TOr0 [IEPBOATOMA, €CIIM KPOME HETo BOOOIE HUYEro He ObLIO.
3areM MpOU30ILOI B3PHIB, B PE3yJIbTaTe KOTOPOTO B OYEHb KOPOTKOE
BpeMsi 00pa3oBajach BCS COBPEMEHHas MaTepusi OT NPOCTEHIINX
MHKPOYACTHIL O IIJIAHET, 3BE€3/1 U 3BE3/HBIX CKOIIeHUH. Bee atu Tena
pasneraroTcs OT SIHUIEHTpa B3phIBA C PAa3IUYHBIMH CKOPOCTSIMH.
Haubonee GvicTphIe 3a 3TO BpeMs yieTenu Ha pacctosHue 14-15mpa.
CBETOBBIX JIET. DTO PACCTOSIHAE CUMTACTCS KpacM BceneHHo .

Jlrobast 3Be3ma Ha ONpENENeHHOM JTale CBOETO pa3BUTHS B
pe3yabTaTe CHIBHOTO CXKAaThsl CHJIaMH TSDKECTH BCIIBIXMBaeT. B Hel
HAuUMHAIOTCS SAJCpHbIE PpEaKLUM, KOTOpble MOTYT IIPOAOJDKATHCS
MuwuHapasl JieT. Ilo Mepe BBIrOpaHUsl SEPHOIO TOIUIMBA 3BE37bI
racHyT, IpeBpaasich B 0Oe3:KU3HEHHbIE Macchl. V3mydueHHOe 3a Bpems
KU3HH 3BE3 TEIUIO OE3BO3BPATHO pAacCEUBACTCS B OKPYKAIOIIEM
npoctpancTBe. Camu 3Be3Abl M UX CKOIUIEHUS IPOJOJDKAIOT 10
MHEPLHMH pa3jieTaTbCcs BO BCE CTOPOHBI M TAaKKE PAacCEMBAIOTCA B
0ECKOHEUHBIX MPOCTOpax MYCTOro MpocTpaHcTBa. OCTHIBAIOT TaKKe
IUIAaHEThl, BpaIlAOIIKEcs] BOKPYr 3Be3l. Ha HUX ucueszaeT XU3Hb B
moOBIX ee  mposBiaeHUAX. llpomcxomut  “TeruioBas  cMepTh’
Bcenennoii. (runoteza Kimaysuyca). I'pyctHas kaprtuna. Bcenennas
BO3HMKJA K3 HHYEro Ha IIyCTOM MeECT€ M B HHMYTO JOJDKHA
IPEBPATUTHCA, PA3IeTEBIINCh BO BCE CTOPOHBI M OCTABUB I1OCIE ce0sl
MYCTOE MECTO.

Crosb TIECCUMHUCTHMYECKMH B3IV Ha NIpupody BceneHHo# Mo
HallleMy MHEHHUIO 3aKOHOMEPEH MJIsl YYeHBIX, B PyKaX KOTOPBIX
UMEETCS TOJNBKO OOUH HWHCTPYMEHT, 4YTOObI CcOOpaTh MAaTEepHIO
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BoeauHO. Hampumep, u3 ra3onsuieBbIX 001aKOB 00pa3oBaTh 3BE31bI U
wianeTsl (runorte3a Kanta) u onmpeaeinTh WX JaibHEiIee pa3BUTHE.
OTOT MHCTPYMEHT — CHJIA TSKECTH.

OpnHako, Kak Mbl BHJEIU B MPEABLIYIIUX TJaBaX W YBUAUM B
MOCTIEAYIONINX TJIaBaX 3TOM KHUTH, KPOME CHJIBI TSHKECTH B TIPUPOJE
JNEHCTBYIOT eIle OKPYXHbIE CHJIBl B KOCMHYECKHX BHXPAX BOKPYT
MAacCHBHBIX 3BE3]l M IUIAaHET W CWIbl JaBJICHHS B IoJie 3¢upa,
OKpy’)KaroIeM MaTepuayibHbie Tena. [lom aeiicTBueM cuil AaBIEHUS
00pa3yloTcs pajuanbHbIe MOTOKU d(QUpa BHYTPh MAaTEPUANBHBIX Tel,
TIOTIOJTHSAOINE BHYTPU HUX MACChl M SHEPTUIO. DTH MOTOKH, KaK MBI
MOMHHM, CO3Jaf0T CHITY TSDKECTH.

OTOT mporecc He YYUTHIBAETCS CErOAHS MPHU HCIIOJIb30BaHUHU
BTOPOTO Hayajga TEPMOJMHAMUKHA TPH AaHaIW3E IPOLECCOB,
MPOUCXOMSIIUX B 3Be3JaX, IUIAHETaX W JPYIMX MACCUBHBIX TeJax
Bceenennoii. B pe3ynbTaTe nonyyaercs UCKaKeHHasi KapTUHA Pa3BUTHS
MHpa, OKaHYHMBAIOMAsACA “TeIIoBOM cMmepThio”. B pamkax
KOHIIENIIHY TAHHOW KHUTH MATEPHAJbHbIE TeJIa NepecTalT ObITh
HeM3MeHHbIMH, 3aCTHIBIIMMH BO BpeMEHH, Ybl0 (opMy M cyab0y
MOIYT U3MEHHTD TOJILKO BHEIIHUE BO3/1eiicTBUs. JTO He Tak. Tejaa
BceeleHHO# 0T caMbIX MAaJIEHbKHUX 10 CAMbIX 0OJILIIUX KAK Obl
JKUBYT CBOe€ii KM3HBIO, HENPEPbLIBHO W3MEHSIOTCH, NOrJomas
3¢up H_BMecTe ¢ HHUM 3amacasi BHYTpHM ce0si JHEPrHI0O H3
OKpy’kaomero moJsi 3¢upa. IloBuauMoMmy, NPOUCXOAUT TaKKe
JeNeHHe OTHX Tel Ha Oollee MeEJKHE HE TONBKO B pe3yibTare
CTOJKHOBEHH, HO U B PE3yJIbTaTe SBOIIOIMOHHOTO PAa3BUTHSI.

Kak yxe orTMeuansoch, 3TOT B3I Ha MOPUPOAY Belllen
MOJITBEPKIACTCS TAHHBIMU HAOJIOaTeTbHOW acCTPOHOMHUU U HOBBIMU
maHHbIMU Teousuku. K HacTosAmemMy BpeMEHH B acTPOHOMHUHU
HAKOMWJIOCh ~ MHOXECTBO  (DakToB,  KOTOpble  TPOTHBOpEYaT
MPEJICTABJICHUSM TEPMOAMHAMUKH O CTApSHHM W Jerpanaluu
Bcenennoit. HaGmiogennss B.A.AmOapuymsiHa W psga  JApYTHX
aCTPOHOMOB TOBOPST O TOM, YTO B LIEHTPaxX TalaKTHK HaOIIOIaeTcs
o0pa3oBaHME€ HOBOTO BEHIECTBA. JTO BEIIECTBO 3aTe€M HCTEKaeT
HApyXKy B BHAC CTPYH TOPSYMX HMHEPTHBIX Ta30B. M3BecTHbl [54]
npeacraBicHus B.A.AmOapiymMsHa O TOSBICHHM HEOECHBIX TeNl M3
CBEPXIUIOTHOTO BelecTsa (3up uMeet mioTHOCTh P=1,1T1CPkr/v’).

B nacrosmiee Bpemsi MUIIYT O HECBETSIIEMCS BEIIIECTBE B KOPOHAX
rajJakTHK, KOTOpPOE€ IO Macce HAMHOTO IPEBOCXOJUT CyMMapHOE
BEILIECTBO 3BE3/ AITUX TalakTHK [46], W3 uero ciemyer, 4To 3TH
HECBETSIINECS TeJla — IUTaHEeThl, aCTePOUIBI, Ta3bl — 00Pa30BBIBAIOTCS
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¥ YBEIMYHMBAIOT CBOM Macchl TIOBCEMECTHO BO Bcel BceneHHoOH, a He
TOJIBKO B SiApaxX TajJlakKTUK. JTO MEUICHHBINH MPOIECC, HO MPOUCXOAUT
OH TIOCTOSTHHO. T.e. HaNMUIO HaOII0JAeTCs MOBCEMECTHOE POXKACHUE U
pa3BuUTHE MaTepHaNbHBIX TEJN, a HE CTapeHUe W yracanue BceneHHOI.
OmHOBpPEMEHHO ACTPOHOMBI HaOJIFOMaf0T B3PBIBHI 3BE3I,
COTIPOBOX/IAIONIIMECS]  pacCcesHWEeM BellecTBa W dHepruu. T.e.
Ha0/roaeTcs KpyroBOpoT MaTepuy U SHEPTHH U3 OJHOTO COCTOSHUS B
ZpyToe.

C TOMOIIBI0O  HWCKYCCTBEHHBIX  KOCMHYECKHX  aIlapaToB
YCTAHOBJICHO, YTO HA HEKOTOPBIX HEOONBLINX cryTHUKaX FOmurepa u
CatypHa HaOmogaeTcsi TEKTOHMYECKash aKTUBHOCTb, M JakKe
JEHCTBYIOT BYJIKaHBI. JTO CBUJICTENBCTBYET O TOM, 4TO cmycts 3,5
MIIpJ. JIET ¢ MOMEHTa oOpa3oBanusi ConHEuHOH cuctembl (IO
HEKOTOPBI JJAHHBIM 6 MIIPJ. JIeT) Ha 3TUX CPABHHUTENHLHO HEOONBIIHX
Tenax HaOJroJaeTcs pa3orpeB, a HE OCTHIBAHWE HeENp. Takoe MOXKeT
MIPOUCXOANTh B Cly4dae MPUTOKA DHEPTUU B ITH TeJa HApSAOy C €ro
pacceuBanueM. llpudem, nepBrle moTOKH OoJble BTOPHIX. JlokazaHo
TaKke, 4TO KpymHbIe TiaHeTsl Omurep n CaTypH M3mydaroT O0JbIe
SHEpPrud, 4eMm noinydaior ot ConHIa.

Takoil KpyroBopoT MaTepuu M DJHeprun Bo Bcenennoit
00BsICHSICTCS TEM, UTO BCE TeJa HAXOATCS HE B IIyCTOM MPOCTPAHCTBE,
a B mmoJie 3pupa, KOTOpOe PEryJmpyer Bce 3TH nporecchl. [Tone adupa
3a0upaeT B ceOs M3MyYCHHYIO DHEPTHIO U BELIECTBO MOTUOMINX 3BE3I.
U3 Hero xe BO3HUKAIOT HOBbIE MaTepHaibHBIE TEIa U HOMOIHACTCS HX
BHYTpeHHsIs 3Heprus. Camo mojie 3¢upa, Kak 0TMEYajaoch B riase 6,
3aKJTII0YacT B cebe OrpOMHYIO SHEPIHio. B kKakaoMm KyboMeTpe 3Toro
MOJISL COJAEPKUTCS DHEPrUsd Ee=8,7EI10223pr. B 3akitoueHue MOXHO
BBICKAa3aTh  YTBEP)KIACHUE, UYTO TEOPUH “OONBILIOrO0  B3pHIBA
nepBoaroma’ ® “TeINIOBOM cMepTu Bceenennoil” B HemanekoMm
Oymymiem OyIyT CIaHBI B apXUB UCTOPHH HAYKH.

YACTD 2
IOUPOINHAMHNYECKOE CTPOEHHUE
QJIEMEHTAPHBIX YACTUIl MATEPUU

2.19¢upoauHaMnyeckoe CTPOEHHE ATOMA
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BOJIOPO/A.

Ilpumino Bpemsi MHOCTPOUTH MOJENb 3JIEMEHTAPHON YacCTHIIbI
BEIIECTBa, COCTOsIEH W3 razoobpasHoro »dupa, HO obOIamaromni
OOMNBIION TBEPAOCTHIO M CBOMCTBOM TOIJIOIIATh 3(PUPHBIA Ta3 u3
OKpyKarolero mpoctpaHctBa. Ha mepBeli B3Iy —  3TO
HEBBITIOJTHUMAS 3aa4a. Ho Tak mmu 310?

Hcxons U3 mpeacTaBieHni 0 eIUHCTBE MUPA, IIOCMOTPHUM, HET I
BOKPYI Hac TOJXOMASIIUX aHAJOTHH, CIIOCOOHBIX TIOJCKAa3aTh
MpaBUJIbHOE HAMpaBJIeHUE I JaJbHEUINX UccaeqoBaHui. bosbiioi
WHTEpEC B OTOM HAIPABJICHUU TMPEJCTABISAIOT COOOH BUXpH,
BO3HUKAIONIUE B CIUIOIIHBIX Ta30BBIX M KHIKHX cpenax. MMeHHO
BUXpHU MOXKHO paccMaTpHBaTh KaK JIOKAJIbHBIE OOpa30BaHU, PE3KO
OTIUYAIOIIMECS IT0 CBOMM CBOMCTBAM OT OKPY)KAOIIEro WX TOJs rasa
WIH KUJIKOCTH. Buxpu MoryT o0namath OOJBIION TBEPIOCTHIO, €CIU
CTPYH Ta3a WM XUIKOCTH ABMXKYTCS BHYTPH HUX C OYCHH OOJIBIIUMHU
CKopocTsMH.  M3BecTHO, 4YTO  MsArKas, CIOKOMHas  BOAA,
OpraHM30BaHHAS B BHICOKOCKOPOCTHYIO CTPYIO, CITOCOOHA pa3MBIBaTh
Oepera ¥ JHO BOJOEMOB, Pe3aTh CTAllb U IPYT'HE TBEPJbIC MATCPHAIIBL.
Crpym Ta3za Takke MOTYT 00JamaTh OOJBIION TBEPAOCTHIO. A BUXPH-
CMEpYHU CHOCOOHBI pa3pyliaTh Ha CBOEM IYTH J0Ma, BRIKOPYEBHIBATH
JIEpPeBbsl, TEPEBOpPAYMBAThL ABTOMAIIMHBI W TPOU3BOAUTH JpyTUC
pa3pyIlIeHusI.

CymectByer OombIioe pa3HooOpazme Buxpeil. HabmromaroTcs
JMUHEHHBIC, KOJBICBBIE, CHHpaNbHbIe BUXpH. (OcoOEHHO Hac
WHTEPECYIOT KoyblieBble BHXpU. OHHM HCIONB30BAIUCH B KadyecTBE
MoOJeJe 3IeMEHTapHBIX YaCTHI[ BEIIECTBA. HYKIOHOB, IMPOTOHOB,
HEUTPOHOB, a TaKXe 3JCKTPOHOB, MO3UTPOHOB U aTOMOB B paboTax
[5], [6] u [18]. Eme panbine Oblia U3BECTHA MOJICNb BUXPEBOTO aTOMa,
paspaborannas Kensunom (B.Tomconom). IlpemmoxkeHHBIE MOIETH
BECMa WHTEPECHBI, HO HE COTJIACYIOTCS C WICAMH JaHHOH pPaOOThI.
IMoaromy mompoOyeM co3maTh COOCTBEHHYIO MOJETH MPOCTEUIINX
YacTHWIl  MaTepWd, TMO03aMMCTBOBAaB B  YKa3aHHbIX  paborax
palroHaIBHOE 3epHO.

[Ipexxae yeM TPUCTYMUTH K OOCYXKACHHIO A(HUPOAMHAMUYCCKON
MOJIeIH aToMa 0003HAYKMM TPAHMIIEI, B MPEenax KOTOPBIX MBI MOXKEM
neiictBoBath. COTIacHO COBPEMEHHBIM B3rIsfmaM, B Qusuke [23]
pa3IUYaloT OCHOBHBIC 3JIEMEHTApHBIC YACTHIIBI, CYIICCTBYIOIIHE B
npupoae B cBOOOIHOM WM ClabOCBA3aHHOM cocTossHuU. K HUM
OTHOCST MIPOTOHBI U HEUTPOHBI, BXOIINE B COCTaB aTOMHBIX sIzIEp, a
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TaK)Ke JJCKTPOHBI, MO3UTPOHBI, (OTOHBL. OTO CTaOWIBHEIC,
JTOJITOKUBYIITHE dacTUIBl. OHM 00J1a/1al0oT MacCcoi M, KpoMe HEUTpOHa,
MOJIOKUTENIEHBIM ~ WJIM  OTPUIATEIIEHBIM  DJICKTPUUYECKUM  3aPSIOM.
DOoTOHBI [23] Takke  y4acTBYIOT B  3JCKTPOMArHUTHOM
B3aMOJCHCTBHUH.

Kpome Toro, Ha ceromus oOHapy:keHO O00jbIIoe 4nciao (OKOIO
450) HeyCTONYMBBIX DJIEMEHTAPHBIX YacTHIl. EJBa POAMBIINCH, OHU
MTHOBEHHO pacHaJaroTcs. Bpems mX XKH3HH MOXKET COCTaBJISATH BCETO
or 10%% no 10%¢, a mmuHa mpobGera ¢ MOMEHTA POJKICHHS IO
MOMEHTa paclaja COCTaBISIET OKOJIO 10%m. Dtu yacTHupl TakxKe
00naaloT Maccoi, MHOTJA Jake CYIIECTBEHHO OOJIBIIeH, ueM Macca
mporoHa. Ilpm »ToM HuX Macca H3MEpSIeTCS B DHEPreTHUICCKUX
enuuuiax (M»B) B COOTBETCTBHH C COOTHOIICHHEM OHHINTEHHA
E,=mC®. DT 4acTHUBI, XOTS W HA3BaHbI AJICMCHTApHBIMH, OHH HE
SIBJISTFOTCST 0€3CTPYKTYpHBIMU. VIX BHYTPEHHSS CTPYKTypa HHTCHCUBHO
HCCIEAYyeTCs, HO YCIEXH 3/IeCh HEBEIWKH. B OCHOBHOM sICHEE
CTAHOBSTCS OCOOCHHOCTH HX MOBEICHUS.

IIpu mocTpoeHMH BHXPEBBIX 3GUPOAMHAMUYECCKUX MOJEIeH
JJIEMEHTAPHBIX YacTHII M aTOMOB HEOOXOJMMO IOMHHUTH, YTO HX
MacChl OMPEICIAIOTCS HE KOJUYECTBOM 3¢upa B 00beMe YacTHll, a
TEM, YTO B BUXPEBBIX KOJIBIIAX-4acTUIAX 3(PHp BpalaeTcs BOKPYT OCH
BHXPEBOTO KOJIBIIA M ABUKETCS BIOJb KOJBIIA C OOJBIIION CKOPOCTHIO.
M3-32 BO3HUKAIOIIETO MPU 3TOM Pa3peKCHUS BHYTPU KOJIbIA OHO
HAYMHAET IMOTJIOmATh 3(UpP U3 OKPYKAIOIIETO MPOCTPAHCTBA. Buxph
cTaHoBUTCS BUxpecTokoM. Ky/ia ke jieBaercs MOrJI0EHHbIi 3¢dup?

IIo HaIMM NpeacTaBJeHUsIM IPH JOCTHXKEHUH HEKOTOPOro
onpeaeJeHHOr0 3HAYeHHMsl OKPY/KHOM VIJIOBOH CKOPOCTH (),
BpalleHus1 3(UPHBLIX CTPYH BOKPYI OCH KOJbLA W _YIJIOBOW
CKOPOCTH (), CTPVii 3(pupa BOKPYI 1IeHTPAJIbLHOW OC CHMMETPHUH
KOJbIIA JaBJIeHHE B IIeHTPe BHXPS CHIZKAETCA 10 HyJas. ITO
03HaYaeT , 4To B 3(upe NMPeKpaTWIoCch Xa0THYECKOe JBUKEHHUE
ero _aTtoMoB. B pe3yibTaTe ra3000pa3Hblii_3¢up HauMHAET
MEePeX0AUTh B CBOIO :KWAKYI0 ¢a3y. W3-3a MajabIXx cOOCTBEHHBIX
pa3MepoB _aToMoB 3¢uUpa OHM B KMIKOM 3¢upe pacnoiaraircs
BILIOTHYIO JIPYI K JIPYIY M BCJIEICTBHHM _JTOr0 __ 3aHHMAIOT
COBEPIIEHHO HEe3HAYMTEIbHbI 00beM. Ecam  3T0T npouecc
3aMYCTIIICS, TO NOJIYYAeTCS  JOJIOKMBYIIAsl _3JjeMeHTapHasi
yacTuna. M3 KOMOMHAIMEI JTHX YACTHIL COCTOMT BCS MaTepus
BceieHHO.

Ecau yrioBasi CKOpPOCTb He JOCTHIJIA HY/KHOI'O0 3HAYEHHSI M
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MeXaHM3M Ilepexoa ra3oo0pa3Horo 3¢upa B kuaKy0 ¢a3y He
3aMYCTHIICH, TO NOJY4YaeTcs KOPOTKOKMUBYIIASL 3JieMeHTapHAs
yacTuia. I1ockoJbKY B €€ IeHTPe B HAYAJIbHbI MOMEHT BCE K€
HMeeTcsi 00Jb1I0OE pa3peskeHne, TO HA 0YeHb KOPOTKOE BpeMsi OHA
TaK:Ke CTAHOBMTCH BHXPECTOKOM M TO03TOMY o00peTaeT Maccy.
OaHAaKO, NMPAKTHYECKHM MIHOBEHHO TPOUCXOAMT NepenojgHeHne
YACTHIBI Tra3o00pa3HeiM 3¢mpom. JlaBjaenue 3¢mpa BHYTpH
BHXPEBOT0 _ KOJbIA _TNOBBIIIAETCS W BUXPb __pa3pyliaercs.
DJieMeHTApHASA YacTHIA MPeKPallaeT CBOE CYIIeCTBOBAHUE.

YuuThiBas CKa3aHHOE, TMPEACTaBUM aTOM BOJIOPOJa B BHJIC
BUXPEBOTO KOJIbIIA, B KOTOpPOM  3(QHUp Bpaliaercs ¢ YriIoBOH
CKOpPOCTBIO (), BOKPYT OCH KOJIbIIa MO 3aKOHY BpallleHHsS TBEPAOTO
Tena. IloMHUMO 3TOrO HMMEET MECTO TEUEHHME CTpPyH BJOJIb OCU
BHUXPEBOTO KOJIbLIa CO CKOpocThio U,, BHyTpm BuUXpeBOro Koisla
pacmoyiokKeHO SAPO aroMa-npoToH. [loka momaraeM, 4YTO MPOTOH
cocTouT W3 Xuakoro >dupa. [lo Mepe HakomieHWUS 3HAHWKA OymeMm
YTOYHSTH ero crpoeHue. Kpome Toro, B cepeamHe ra3o00pa3HOTO
BUXPEBOTO KOJIbI[A BIIOJIb HETO MPOXOIUT BUXPEBas HUTh U3 YKHUIKOTO
a¢upa. OHa Tak ke, KaKk U SApO aToma, 00eCreurnBacT HEMPEPHIBHBIN
MIPOIIECC Tepexo/ia TOTIIONIAeMOr0 M3 OKPY’XKAIOIIero MPOCTPaHCTBA
razoobpasHoro 3dupa B kuakywo ¢a3zy. Benuunna pacxona
MOTJIONIAEMOT0 3TOW HHTHIO 3¢upa (, TOBHUIUMOMY, CBs3aHa C
BEJIMYMHOM MacChI DJIEKTPoHa My 3aBucuMOcThi0 (1.3.4).B cymme ¢
Maccoi IPOTOHA OHU PaBHBI Macce aToMa BOAOPOa.

s Toro, 4YTOOBI OIEHWTH BEIUYMHBI OKPYKHBIX M OCEBBIX
CKOPOCTEH BHYTPH BHEIIHETO Ta30BOI0 M BHYTPEHHETO KHUJKOTO
KOJIBIIEBBIX d(QUPHBIX BUXPEH 00paTHMCSl K U3BECTHOMY PEIICHHUIO IS
TEYCHHUS BHYTPU U CHApPYKU OCCKOHEYHOTO TPSMOJIMHCHHOTO BUXPS
[16]. Tlomaraem, 4YTO OHO YAaCTHYHO OTPAXKAET 3aKOHOMEPHOCTH
TeYeHUs] B DQHUPHBIX Ta30BOM H JKWJIKOM KOIBIICBBIX BHXPSX.
CornmacHO 3TOMY PEIICHUIO BBIPAXEHHS UISI OKPYXHBIX CKOpPOCTEH
BHYTPH U CHapY>KH BUXPS paguyca I, UIMEIOT BUJ

Ho, (2.1.1)
Bri2m 12)
3mece [ - HUPKYISUA CKOPOCTH, ITIOACUMTAHHAS 10 TPaHULIC BUXPSI.
M =211,U y=21r%, (2.1.3)

Uyo - OKpy’>XKHasi CKOpOCTh Ha IpaHulle BUXps. [laBieHus B LiEHTpe U
Ha T'paHMLC BUXpS IpU [ =0wu r=r, OnpeaCIIIOTCA (l)OpMyIIaMI/I
2
Z:ppo'peU ud/ 2 (2.1.4)
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one-PeU 2uo/ 2 (2 )]. 5
BenuunHa naBieHUS B HEBO3MYIIEHHOM MOTOKE Gupa [ OblIia
onpenenena dopmyroii (1.12.4)kak  p.=6,426107° H/m’ ToacraBum
JIaBJICHUE Ha IPAHUIC BUXPS [, |3 Beipaxkenus (2.1.5)B BbipakeHne
(2.1.4). Pe3ynpraT paspeminM OTHOCHUTEIBHO OKPY)KHON CKOPOCTH Ha
IpaHuUIlEe BUXPS

(2.1.6)

Ecnu npeamnonoxutk, 94To B LeHTpe BUXps aasieHue [P,=0, 10O
ckopoctb Uy, Oyzer paBHa

5
U, = ,/% = ,/% =23220016 wlc (2.1.7)

Ota ckopocth coctaisger 0,774 oT CKOPOCTH CBETa, UYTO BIIOJIHE
OTIpaB/BIBACT HAIIE MPEAIONIOKEHUE 00 OTPOMHOM CKOpOCTH 3upa B
BUXPEBOM KoJibIle. TeM Ooliee, YTO MOMUMO OKPYKHOW CKOPOCTH €IIIe
UMEeT MECTO JBIKCHHE CTPYH BIOJIb OCH BHUXPEBOTO KOJBIIA.
[MonytHO cdopMmynupyeM  NOCTYJAT O HANPABJEHUH _0CEBOI0
IBHKeHUS 3¢upa B BHXPEBOM KOJbIlE — OCCBOC TCUCHUC B
BUXPEBOM 3(PHUPHOM KOJIBIE HAMPABICHO MPOTHB YaCOBOM CTPEIKH,
€ClIi CMOTpPEeTh Ha KONBII0 CO CTOPOHBI BBIIYyBa CTPyH W3
[EHTPAIBLHOTO OTBEPCTUSA KOJbIA. (JTO YCIOBHO BBIOpaHHOE
HaIpaBJICHHE)

[MpoBeneM  TPUOMIDKEHHYIO ~ KOJNWYECTBEHHYIO  OIICHKY
BEJIMYUHBI OCEBOW CKOPOCTH. JIJIsT 3TOTO KPYTJIOe TOMEPEeYHOe CEUCHUE
BUXPEBOTO KOJbIIAa paauyca [, 3aMEHUM KBaJpaTHBIM CEUYCHUEM CO
cTopoHamu 2f,. Macca KoJblia ¢ KBaJ[paTHBIM CEYCHUEM OYIeT

M=421T ,pe= 81T 6Pel (2.1.8)

3mech I, =(Iotlo;)/2, I BHYTPEHHUH paiilyc BUXPEBOTO KOJbIIA.
lenTpobexHast cuma 3TOoM Macchl, uMmeromeld ckopoctb U, Bomb
Komblla | Oymer Fe= mUZV/rcp=8T[r20peU2\,. Lentpobexnas cuiia
YpaBHOBEIIIMBACTCS TIEPENaJoM CWJI JaBIICHUS  CHApYXXU U BHYTPHU
BUXPEBOT'O KOJIBIIA C KBAJIPAaTHBIM cedeHueM . [Ipu 3ToM naBieHue Ha
BCEHl MOBEPXHOCTH KOJIBIA OJIMHAKOBO U PABHO [,

Fp:4nporo(2ro+roz)'4npororoz:8npor20 .

[IpupaBHseM cwiny JaBieHUs W LEHTpoOexkHyro cuiy. [locne

COKPAIICHHIA TTOTyYUM BBIPAKEHUE JUISI OKPYKHOU CKOPOCTH

P,/ p. = 16400° mic (2.1.9)
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JlaBieHure Ha BepXHEH I'paHUIIe BUXPS ONpEAeseTcs 1Mo popMyJe
(2.1.5)kak  P=Pe-PUi/2=3,20810° H/M°. CymmapHas CKOPOCTh Ha
HOBEPXHOCTH BHUXPEBOTO KOJbLia OyaeT

W= JU?% +U %, =2840Cw/c (2.1.10)

JTa CKOPOCTH MoIy4YeHa 0e3 yueTa CKUMaeMOCTH d(DUPHOTO rasa.
VYuuteiBas, uto uncino Maxa Benuko M=W,/C=0,948, nepecunraem
UIOTHOCT W jaBieHHe d¢upa ¢ BemmunH  P=1,1910%r/M® 1
po=3,2081025H/M2, nonydeHHBIX pu  M=0, K 3HAYCHHUSAM Pecyx U
Pocx TpHu umciae M=0,948 mo ¢opmynam (1.12.14). [Monyuum
pe.cm=0,802:||.09KF/M3 " pom,<=2,024ZI1025H/M2 1 3aTeM 10 (opMyaam
(2.1.7),(2.1.9)u (2.1.10) HaxoauM HOBBIC 3HAYCHHS CKOPOCTSH H
gucina M a¢dupHOTO raza Ha TOBEPXHOCTH BUXPS

Uo=2,8310° m/c, U,=1,58910° m/c, W,= 3,2410%w/c,

M=\WC=1,082. (A1)

Janee mpoBegeM BTOpPOE M TPETbe MNPHONMKCHHS B TOM JKE
nopsiake. [Ipouece Gvictpo cxomurcs. [lostomy 3nHauenms (2.1.11)
npUMeM JUTS JaibHEHIIero ananusa. [Ipu 5ToM Hy)KHO YYUTHIBATh, YTO
HAlll aHAJIM3  HOCWI TPHONHM3HUTENBHBINA, OIICHOYHBIA  XapakTep.
®opmyna (2.1.9)onpenensier cpenHee MO CEYCHUIO BUXPEBOTO KOJIbLA
3HaYEHUE OCEBOM CKOPOCTH. JTa CKOPOCTh HECOMHEHHO H3MEHSETCS
BIOJNb pajuyca. Ha BepxHel MOBEPXHOCTH KOJBIIEBOTO BUXPS, Tl
OKpY)KHasi CKOPOCTh paBHa CKOPOCTH CBETa, OCEBas CKOPOCTh paBHA
(nnm OnM3Ka) HyNIO, a B LEHTPE CEUCHWUs, IJIe OKPYKHas CKOPOCTh
paBHa HYIIO, OCEBasi CKOPOCTh PaBHA CKOPOCTH CBETa B IycTOTe. B
COOTBETCTBHU C W3JIOKEHHBIMH COOOpaKEHUSIMH HM300pazuM  Ha
puc.2.1.1 BUXpeByIO CXeMy aToMa BOJOPOJa W SIIOPHl OKPYKHOH M
OCEBOM CKOpPOCTEN B CEUEHUSX BUXPEBOTO KOJblla. MexX Iy ra3oBbIM U
KHUJIKUM dPUPHBIMU BUXPSIMHU CYIIECTBYET MPOCKAIB3bIBAHUE, TAK KaK
OKpPY)KHBIE CKOPOCTH Ha TpaHMIAX ITUX BUXPEH HE PaBHBI MEXIY
co00ii. YTi0Basg CKOPOCTh BpAIICHUS Ta30BOTO BHXPEBOTO KOJIbLA
BOKPYI' €ro OCH TIpU TPHUHATHIX BEIHYMHAX OKPYKHOW M OCEBOIi
CKopocTeii Oyzaer

= Uo o Foi=Cl1,:=3010%101°=310" ¢ * (2.1.12)
Panuyc aToma Bogopoa cornacHo [23] nmeer 3uauenue fo;=10"% M.
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Puc.2.1.1
Ecnmn pgomycTuth, 4TO YrioBas CKOPOCTh BpPALICHUS KHIKOTO
3QUPHOTO BUXPS-TIPOTOHA paBHA YIJIIOBOW CKOPOCTH BpAIICHUS
ra3zoBoro QUPHOTO BUXPS, OKPYKAOIIETO SAPO
W =w= 3108, (2.1.13)
TO OKpYXKHasi CKOPOCTb Ha TMOBEPXHOCTH siApa OyAeT CYyIIECTBEHHO
MEHBIIIE OKPY>KHON CKOPOCTH Ha OBEPXHOCTH T'a30BOT'0 BUXPSA
L.~ 0,.1o=300° m/c (2.1.14)
Paguyc simpa aroma Bomopona Obu1 oneHeH B ombiTe Pesepdopaa
[23] kak [,,=10"°M. VYrioBas CKOpPOCTb BpAIICHHS SAPA BOKPYT
LEHTPAJIBLHON OCH CUMMETPUH BHXPEBBIX KOJIEIl aTOMa, KaK BHIHO M3
puc.2.1.1
Wz =Uyo-ATor=Und Toi=Clrp=3010"¢c™" (2.1.15)
[Mony4nB 3Ha4YCHUS YTIIOBBIX, OKPYXKHBIX U OCEBBIX CKOPOCTEH, MBI
MOXEM TeTephb MPOBEPUTH, HE OYIYT JIM aTOM W €ro SJIPO pa3opBaHbI
HEHTPOOEKHBIMA CHIaMHu. J{JIs1 3TOrO BBIAETMM CETMEHT BUXPEBOTO
KOJIbLIAa €IMHIYHOM IIMPHHBI, KaK MoKa3zaHo Ha puc.14.2.Macca sToro
cerMeHTa
dprz°de/2 (2.1.16)
Ha sty maccy, (LleHTp Macc pacnoyioxeH Ha paccTOsHUH [y, =2/30,
OT OCH BpamieHHs; U,=rl), BpaIlaroNIyOCs C YIIIOBOW CKOPOCTBIO W),
JIEHCTBYET MEHTPOOCIKHAS CHIa
=30, dm/2r,=pr, w’de/3 (2.1.17)
Ora cWina  ypaBHOBENIMBAaeTCS  CWJIOM  BHEIIHErO  JIaBJICHUS,
JefCTByIONIEeH HA TIOBEPXHOCTb CETMEHTA
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df=per,dd (2.1.18)
UToOBI CETMEHT BUXPEBOTO KOJIbIIA HE OBUI pa30pBaH IEHTPOOCIKHON
CHHOﬁ, JOOJIZKHO BBITIOJIHATHECSA HEPABEHCTBO

dRs/dFR<1. (2.1.19)
IInoTHOCTE BCHICCTBA pacCMaTpUBaACMOTO
BUXPEBOT'O KOJIbIIa MOXHO OLCHHUTH Kak
OTHOIIICHUE €TI0 MacChl MK 06T>eMy

p=3m/4mr,} (2.1.20)
IMomcraBum 10 3Hauenme B (2.1.17),
HOJTYYHM yCIIOBHE paspylieHus

BUXPEBOTO  KOJIbI[Aa  [EHTPOOCIKHBIMU
CHJIAMHU
dR/dR=mw4mrp>1  (2.1.21) Puc.2.1.2

Jlas atoma Bogopoma (m=1,67F10%kr, w=310"%", r,=10"%
P=6,42610"°H/m°) nomyunm dFu6/de=O,18ﬂ06<<1. To ectb aToMy
BOJIOpOJIa paspyllicHue He yrpokaer. J[is simpa aTroma BOIOpOja-
npotona (f=10"°M) nmeem dF,s/dF,=0,0187<1. CnenoBarensHo,
AP0 aTOMa TaKKe HE MOXKET OBITh pPa3opBaHO IEHTPOOCKHBIMHU
cuiaaMu. XOTs B 3TOM Cliydae MPEBOCXOJCTBO CHJI [ABIICHUS HaJ
HEHTPOOCKHBIMU HE CTOJIb BEJHKO.

Takum oOpa3om, mepexona ra3000pa3Horo 3dupa B 3GUpPHYIO
JKHJIKOCTh _BHYTPH aTOMOB, COCTABJSIIONIMX Teja, 00ecneuynBaeT,
10 HAIlEMY MHEHHI0, TPOIeCcC TOIJIOUIEHUs] MATepHAIbHbIMH
TeJaMu 3(¢upa U3 OKPYIKAIIIEro NpocTpancTBa (moJs 3¢upa). B
pe3yJIbTaTe ITOr0 OKO0JI0 MATePHAJIBHBIX TeJd 0T 3JeMeHTAPHBIX
YACTHIL _JI0 _OTPOMHBIX _KOCMHYECKHX 00bEKTOB BO3HHUKAIOT
paJajibHble TeYEHNUsl, HANPABJIEHHbIE BHYTPb DTUX TeJl.

IIpouecc mepexoma razoobOpasHoro 3¢upa B KUKy (a3y u3-3a
MajbIX pa3MepoB aTrOMOB 3(Hpa, pacrmojaraloimxcs B sape
MaTepuaIbHOTO aToMa BIUIOTHYIO OPYr K JIpYyry, HEe HPUBOAUT K
3aMETHOMY POCTY pa3MmepoB sipa. CreoBaTeIbHO, YBEIUUCHUE Sapa
aToMa MOJKET pacTATUBAaThCS Ha JUIMTEIBHOE BpeMs, oOecreduBas
HETIPEPhIBHBIA  MPOIECC  MOTJIOMICHHsS  Ta3o00pasHoro  sdupa
MaTepHabHBIMU TEIAMU B TCUCHHH MHOTHX MHJUTHAP/IOB JIET.

OueHuM fanee, CKOJIBKO BPEMEHH OOBEM si[pa aToMa BOAOpPOIA
OyIeT 3aTOIHATHCS KHIKHUM 3QUPOM.

B coorBerctBuu ¢ ¢opmynoit (1.9.4) macca sdmpa BHYTpH
HYKJIOHA, BBID@XCHHAas B €AWHHIAX MAacchl CBOOOIHOTO Hupa,
COCTaBHUJIa BETUYNHY

0,=5,61-10%r. (2.1.22)
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Macca »adupa, eXKECEKyHIHO IMOTjomaemMas HYKJIOHOM B

HACTOSIIIEE BPEMs B COOTBETCTBUH ¢ opmyioii (1.3.4)paBHa
qe-m,=1,67-10kr/c (2.1.23)

CpenHsst CKOPOCTh TOTJIOIIEHHS MacChl B CEKYH/y Ha TPOTSDKEHUHT

BCET0 MHTEPBAJIA BPEMCHH TOTJIONICHUS OyACT
g=0,50-m,=0,835-1Gkr/c (2.1.24)
CrnenoBaTensHO, BpeMsl, MOTPEOHOE sl HAKOTUICHUS MacChl
Me.n=5,61-10%r 6yxer mpumepHO paBHO
t= Mn/Qep= 6,72-16'c=21,4unpm.oter (2.1.25)
3TO BpeMsi UMEET MOPAIOK CpOKa KU3HU BeeneHHoi, 0TBOAUMOTO
el acTpOHOMHUEH.

Ilpennos;xeHHasi BUXpeBasi dpupoaAnHAMHUYecKasa Moe]db aTOMa
BOJIOPO/Ia He COAEPKUT IEeKTPOHOB. Mbl 10JIaraeM, YTo 3J1eKTPOH
dopMupyercsi Bo30Y:KI€eHHbIM aTOMOM B MOMEHT BbIOpOCa CTPYH
3¢upa M3 Heap mocjeAHero. JTOT Npolecc JUIUTCS HeI0JIro U
SIBJISIETCS _COCTABJISIIONIEH 4YaCThI0 AKTA TBOPEHHS MATEPHH W3
3¢upa. Takas cxema aromMa BOAOpPOAAa B OINPEICICHHOM Mepe
COOTBETCTBYET mpeacrapienusm bopa [23] 06 21ekTpoHHOM OOIaKe
WM JIEKTPOHE, pa3Ma3aHHOM o opOuTe BHYyTpH aTtoMa. [Ipu aTom He
OyJeT MPOTHUBOPEYHMH MEXKIY 3aKOHAMH KIACCHYECKOW MEXaHWUKH U
MEXaHUKOW  MHUKpOMHpA, B  KOTOpPOM  DIJIEKTPOH, HMEIOIIUH
JJCKTPUIECKUN  3apsii W BPAMAIONIAHACA C  IEHTPOOEKHBIM
YCKOpEHHEM Ha OpOWTE BHYTPH aTOMa, TEM HE MEHee HE H3JIydacT
JTYy4UCTyI0 OJHepruro. Her amekTpoHa, HET W wu3NydYeHus. Bcee
HaXOAWTCA B TapMOHHYECKOM COOTBETCTBUH. lIpemiokeHHas 3mech
3¢upoaHAMHUYECKAs BHXpEBas MOJEIh aroMa BoJIOpoaa Oyxaer
COBEPIIICHCTBOBATHCS M JICTAIBHO OOCYKIAThCA C PA3HBIX MO3UIIMIA B
MOCTIEAYIOUINX pa3/ienax KHUTH.

2.2 0 sanepHoii moeau atoma Pezepdopaa.
YTouHeHMe NPeACTABJICHUH 0 CTPYKTYpe MPOTOHA
U HEHUTPOHA.

B sinepHoit Mmomenu atoma Pesepdopaa u BUXpeBoit MosieIu aToMa
B Teopuu 3(upa B IEHTPEe HaxomuTcs sapo. Momenb Pesepdopaa
HaJENsIeT SAPO aromMa BOAOPOJAAa — MPOTOH (M APYTMX AaTOMOB)
MOJIOKUTENBHBIM JEKTPUUECKUM 3apaoM. C MOMOIIBIO 3TOTO 3apsiia
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VACPKUBAIOTCSI HAa CBOMX OpOWMTaX OTPHUIATEIEHO 3apsDKCHHBIC
3JIEKTPOHBI, BPAIIIAIOIIUECS BOKPYT sApa ¢ OOJIBIINMU CKOPOCTSIMHU.

B  BuxpeBoii Momenu aroMa  HET  MOJNIOKHTEIBHBIX U
OTpHULIATEIBHBIX 3apsimoB. CIpaIMBacTCsl, €CIU HET 3apsKCHHBIX
YacTHUI[, TO OTKyJda K€ B3sJIaCh CHJa, OTKIOHSIOIIAS  O-YaCTHIBI,
UCIyCKaeMble sSIpaMM  ypaHa Ipd  IOJETe Yepe3  TOHKYIO
MeTaJIMueckyro  ¢Gonasry? B pesynabTare 3TOro  HaOI0IANo0Ch
paccessHHMe O-4acTHI[ B BCIIECTBE, KOTOPOE ONPEIACISLIOCh I10
BCIBIIIKAM  (CIMJISAIMAM) Ha OKpaHe, IOKPBITOM  BEIIECTBOM,
CIIOCOOHBIM CBETUTKCS TIPH yAape 00 HETo YacTHIL.

B oskcmepuMeHTe — HAOMIOJANMCh  OTACTBHBIE  O-4aCTHIIHI,
paccesnuble ox yriiom 9 gm0 150. Pesepdopa npeanosnarai, 4ro O-
YyacTHIla, HaJeTalolas Ha aToM MaTepuaiga 30J0Tod  (osbry,
OTTAJIKUBACTCS OT HErO SACPHBIMH JJICKTPHUCCKUMHU CHJIAMH, TaK Kak
aTOMHOE SIp0 M (-4acTHIla WMEIH 10 €ro NpeJCTaBICHUSIM
MOJIOKUTEIIbHBIC 3apsbl, IPOIOPLUOHAILHBIC YHCIY IIPOTOHOR B SAPE
P=Z. ZatoMHBIli HOMEp XUMHUYECKOTO OJJIEMEHTa B TaOIUIlC
Mengeneena. s a-dactuipl Z,=2, it 30510Ta Zzg=79. DICKTPOHBI
BBUY MaJOCTH WX Macc B pacyeT He mnpuHumanuch (Puc.2.2.1).
[Ipenmnosnaranock, YTO KUHETHYECKAs SJHEPTUS O-4aCTHUIBI TEPEXOAMUT
B TOTCHIMAILHYI) 3HEPTUI0 OTTAJKUBaHUSI. OTO M ONPEACISIIO
MUHHMAJIbHOE PaCCTOSHKE, TO €CTh pa3Mep 001aCTH, 3aHATON SAPOM.

CornacHo Teopuu dhupa O-yacTuia (IApo aToMa reist) COCTOUT
U3 3JEMEHTApHBIX JKUAKHUX OS(QUPHBIX KOJBICBBIX BHUXpEil. ATOM
METaJTIMYeCKON (POJIbrH, CKBO3b KOTOPBIH MpojeTaeT O-4acTHIIA,
TaK)Ke IPEJACTABIIACT COO0M HAOOP 3JEMEHTAPHBIX KOJIBIICBBIX BUXPEH.
OxkpyxHasi CKOPOCTh B 3JIEMEHTAPHOM Ta3000pa3HOM BHUXpE aToMa
3aIUCBHIBAETCS B BUIE

= W =300°10™°=300%w/c (2.2..1)
3mech I —pacCTOSHHE OT ILIEHTpa CEUEHUs siipa aroma B (osbre
J10 IIEHTPa CeYeHHs MPOJIETAIOMmEH A-4acTHIb! [=ro=10""M. ITponeras
yepe3 aroM O-4acTUIla  OKas3bIBacTCs B HEPABHOMEPHOM IIOJIC
CKOpPOCTEH.
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Puc.2.2..1[Iponer O - 4aCTHIIBI MEMO SIipa aToMa.

B aspoammammke gokaszana teopema H.E. JKykoBckoro o
NMOALEMHOM  CHJIE, VTBEP:KIAIONIAS, YTO HA BCAKOE _TeJo,
HaxoasIeecss B NMOTOKE JKHAKOCTH _MJHM _ ra3a, JeiCTBYeT
nonepevynas (MoaLeMHAS-IIPH PACCMOTPEHHH II0JIE€TA CaMOJIeTa)
cuiaa Y,  ecaM NHUPKYJISIHSA CKOPOCTH, NOACYHTAHHAA IO
MepUMETPY TeJa, He PABHA HYJII0. DTAa CHJIA PABHA NPOM3BEICHHIO
IUIOTHOCTH M CKOPOCTH IIOTOKA HAa IHPKYJIAMNIO CKOPOCTH,
MOJCYNTAHHYIO II0 KOHTYPY TeJa

Y=pVI/ (2.2.2)
Cuna 3anmcana it mWpuHbl Teda . IIpuMeHHMTENBHO K
paccMatpuBaeMoi 3ajJa4ue p=pc=1,19109Kr/M3, los=10"%M,

Wa=w,, =308, V=U,o.=Wafo= C=310Pm/c (6epercst HanbobIIAS
CKOPOCTh CTPY# 3Hpa BHYTPH ra30BOr0 KOJIbI[A aTOMA), IIUPKYJISIIUS
CKOPOCTH TI0 KOHTYPY DJIEMEHTapHOTO BUXPEBOTO KOJIbIIA Ol -UaCTHIIBI
3aIUCHIBACTCS KaK
=T =221 U\~ 4TI, 21 0= 8T, 1o (2.2.3)
Kak Bumno w3 puc.2.2.1 paguyc Q-uacTHUBl paBeH 2l
CkopocThb CTpyit 3upa BOKPYT ILEHTPAILHOW OCH CUMMETPUU Ha €¢
BepxHel rpanune U, ,=W,,2l,, [llupuHa yacTuibl B HampaBlICHUU
HEeHTpabHOM ocu (ckopoctu moneta) f=2r,,[Z,. C yderom 3THX
3HAYEHUI HOpMallbHAs CUJIa, NEHCTBYIOMIAsA HA O-4aCTHIy B MOMCHT
npojieTa €€ CKBO3b aTOM 30JI0TOW  (PONBIM  MEpIeHAUKYIISPHO
HaIpaBJICHUIO CKOPOCTH TT0JIeTa TOJDKHA OBITh yBeNH4UeHa B Zzgpas. C
nOMOIIbI0 (2.2.2)0Ha 3aMUIIeTCS B BHIC

V=160p.C W, 1> o7 (2.2.4)

Z" 0z
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UToOkI 3Ta cUJIa MOTJIA OTKIIOHUTHh O-4acTHIy Ha OOJBIINE YIIIbI
9, HY)KHO, 4TOOBI OHa OBIIa TAKOTO K€ IMOPAAKA, KaK IEHTPOOEKHAS
CWJIa, ICMCTBYIONIAS B MPOTHUBOMOIOXKHOM HamnpapieHuu. [IpupaBHsiem
9TH CUITBI

m,V 2
r"—=16DTE)oeCa)VZrO‘°; (Z,Z,,. (2.2.5)
opb
3mecn lopt=Toat 2o Toa  TIpeACTaBIsET COOON paccTOSHUE OT

[EeHTpa aToMa 0 IeHTpa O-yacTuibl. Y3 3TOro ypaBHEHHUS MOXHO
BEIPa3HTh paauyc sAapa O-gactuiel. OH TaKoOH ke, KaK y sAapa aToMa.
2
b =T o= 3 m,V =4,210"m (2.2.6)
l6Up, CU w,Z,Z,

B kauecTBe Macchl O-4acTHLBI B3ATO 3HayeHune My=1,710 2kr, B
KayecTBE CKOPOCTH ee Toliera — 3Hauernne V=6[10°w/c. Hampasnenue
JIEUCTBUA HOpMaJIbHOM cuiibl JKYKOBCKOTO 3aBHUCHUT OT HANpaBJIEHUSA
BpalleHus: CTpyd 3¢upa BHYTPH BUXPEBOTO KOjblla aToMa. Eciu B
aToMe MaTepHalia MeTALTUIECKON (obru, 4yepe3 KOTOPhIi MposeTaeT
O-yacTHIla, TIOMEHSATh  HAINpPaBIICHWE BpallCHUS CTPyH  Ha
MIPOTUBOIIOJIOKHOE, TO CHiIla Y CTaHET OTTaJKUBaTh O-4acTHILY, a HE
npuTATUBaTh. B MaTepuane (oJbrM HaBEepHSIKA €CTh TaKUE aTOMBL.
PaccMoTpeHHasi monepeyHas cWJja, omnpeaeiseMas TeopeMoii
7KYKOBCKOr0, 0 NpUHATON B (u3dNKe TEPMHHOJOTHU SIBJISETCS
BHYTPUATOMHO#M _cuioii. OHa MOXET HE TOJBKO OTKJIOHATH
MIPOJIETAIONTNE DIIEMEHTApHBIE YaCTHIbI, HO M YIEPXHUBATh UX JAPYT
okouo apyra. Ilpu 3ToM OymyT 0Opa3oBEIBATHCS 00Jiee CIOKHEIE Spa,
aTOMBI W MOJICKYJNBl. BOKpyr OOBCIUHUBIIMXCS SACP MOTYT
0o0pa3zoBBIBaTECS OOIMME BHXpH ddupa, Cco37aBas YCTOHYHUBHIC
oOpa3oBanus. JTa cuja o0yc/JoBjJdeHA BHYTPeHHEHl CTPYKTYpPOii
aTOMa M JJIeMEHTAPHBIX YACTHII M _CBOWCTBAMH IPOMEKYTOYHOM
cpensl d¢upa. ITO NPUHONIHAILHO OTINYAET €€ 0T CHJI MEKIY
JIEKTPHYECKHN 3apSKEeHHBIMH _SI/IPOM _aTOMAa M _(-4acTHIEH B
Mojeau Pesepdopaa.

[lomyaeHHoe HaMu 3HAYEHHE paandyca fAapa aToMa HECKOJBKO
MpPEBBIIACT pa3Mepsl, moiydeHHbie Pesepdopmom (mpumepHo B 4,2
pa3). [IpuyrHa 3TOTO PACXOKACHUS KPOCTCS, MOBHIUMOMY, B TOM, YTO
Ol-4aCTHIIBI, POTOHBI U HEUTPOHBI UMEIOT OO0JIeE CIOKHYIO CTPYKTYPY,
YeM paccMOTpeHHas 10 cux mop. OHM caMu, XOTS M Ha3bIBAIOTCSA
AIpaMd aTOMOB WJIM BXOAST B HMX COCTaB, IPEICTaBISIIOT COOOH
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ra3oBbIC BUXPH, BHYTPU KOTOPBIX HAXOAATCS MAJICHBKHE spa U3
xunkoro 3¢upa. B naHHOW TiaBe HaMU OBUIM TOJTYYCHBI 3HAYCHUS
paanycoB 3THUX Ta30BBIX BUXpeil. Pesepdopnm ke momyumn pasMepsl
caMuX KUAKUX sinep. VIMEHHO, Ta30BbIC BUXPH OMPEICIISIOT CHIOBOE
B3aUMOJICHCTBUE MEXIy dYacThiaMu. CBsi3Ka JKHAKOTO W Ta30BOTO
3(UPHBIX BHXpPEH, MPEACTABIBIIONIMX COOOW sSIpo aTroMa BOIOPOIA,
HACTOJBKO MPOYHAS, YTO MOXET BBIICPXKATh COYJApCHUs C aTOMaMu
Mmatepuaina ¢ponsru B onbiTe Pesepdopra.

JlelicTBUTEIBHO, YTOYHEHUE pPa3MEpPOB O-YAaCTHUIl, MOJy4YECHHOE
HAMH TIpM aHalu3e onbiTa Pesepdopma g0 3HaueHHs paguyca
MONEPEYHOr0  ceueHHss  Topa  lo=4,210"°M, mnpuBomutr K
napajoKcaibHOMY pe3yibTaTy. B 9TOM citydae UX cpeHsisi INIOTHOCTb
W, CIIEIOBATEIILHO, TUIOTHOCTh JKUIKOTO 3(Hpa OKa3hIBAIOTCS MCHBIIIC
IPU3HAHHOI TUIOTHOCTH aToMHBIX sgep P=10kr/m®. Droro Geith He
nmomkHO. OTCro/Ia CIIEAYET BHIBOJ, YTO CTPYKTYpa HEHTPOHA M ITPOTOHA
OoJiee CIOXKHASL, YeM MbI MIPEATIOJIATaiy paHee.

MOXHO TpencTaBUTh cebe HECKONBKO BO3MOXHBIX — CXEM
yCTpOWCcTBa MPOTOHOB. [Ipu 3TOM clieAyeT MOMHHUTH, YTO 3TO OyAeT
JIMIb MPUOIMKEHHE K HMX MCTUHHOMY ycTpoicTBy. Ha pmc.2.2.2
MOKa3aHa MEepCIeKTUBHAS Ha HAlll B3MJIAJ CXeMma MpoToHa. B meHTpe
HAXOIUTCA HKHIKOE SAPO C PAmMycoM Tl =10"°M M TmIOTHOCTBIO
Po=10"%r. OkoII0 siapa pacroNararoTCs JBa BHXPEBBIX KOIbLA M3
ra3oo6pasHoro s¢bupa ¢ paguycamu  lo,=4,200"°Mm. B cooTBeTcTBHE
¢ Teopemoii JKyKOBCKOTO CHIIBI TaBJICHUS YACPKUBAIOT TH KOJbIA B
CBSI3KE JIPYT OKOJIO JIpyTra M OKOJIO IEHTPATBHOTO JKUIKOTO SJIPa.

Uto0Obl HOpMAJILHBIE CHITBI IABJICHUS TIPUTSITUBAIN KOJIbIA JIPYT K
JpyTy, BpalieHue dpupa BHYTPH KOJIEI] BOKPYT UX MPOJIOIBHBIX Ocei
JIOJKHO OBITh HAIPAaBJICHO HABCTPEUY, KaK MOKa3aHo Ha cxeme. Kpome
TOTO, WMEET MECTO BpaileHHe d>(QHupa BIOJIb Ta30BOTO KOJbIA C
YTIIOBOH CKOPOCTBIO ux,p=3EI10180'1. Ha rpanuie >kugkoro sjapa u
ra3000pa3HOTO BHXPS MPOUCXOIUT TEPEXo] ra3000pa3Horo 3dgupa B
Kuakyrw ¢daszy. B pesynabprare oOpasyeTcs yCTOWUMBEIN K BHEIIHUM
BO3MYII[EHUSIM BHXPECTOK.

l'a30BbIif BUXPh HEWTPOHA HE HMMEET OCEBOIO0 TEUYEHUS CTPYyH
BJIOJIb KOIIBIICBOTO BUXpS, T.K. HMEHHO C OCEBBIM TEUCHHEM CTPYH
3¢upa CBA3aHO TIOHATUE ODIICKTPUYCCKHUX 3apsioB AJIEMEHTaPHBIX
yactull. Bpamenue s¢upa BHYTpH KOJEIl BOKPYT WX IPOJOIBHBIX
ocel, Mo-BUINMOMY, HAIMPABJICHO B TIPOTHBOIIOJIIOKHOM HAIPaBICHUU
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M0 CPaBHCHHUIO C BpAlICHHUCM 3(1)I/IpH01"0 ra3a B

NPOTOHA.

BUXPCBBIX KOJIbIIAX
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Puc.2.2.2Cxema npoToHa

2.3Poxnenne yiekrpona. CTpykrypa

KOPOTKOKHMBYIIMX JIECMCHTAPHDBIX
JacTHI MATCPHUH.

B mpenpiaymem pasgene Mbpl NPUIUIM K BBIBOLY, 4YTO B
CIIOKOWHOM COCTOSIHUM B aTOM€ Bojaopoaa (M ApYrux aromax)

JJIEKTPOHOB  HET.

paccTosiHuu

OnekTpoH (opmupyercs U3 CcTpyd ddupa Ha
I, OT ocu BuxpeBoro komeia (puc.2.3.1). B MomeHT

BBEIOpOCA KOJIBIIEBas CTPYS UMeeT CKopocTh U=yl B nanpHeimem
OHA CTAaHOBHUTCS CKOPOCTBHIO MOCTYNATEIHLHOTO JIBUXKCHHS 3JIEKTPOHA
MPH €ro TEepPEeMEIIEHUH B TpOocTpaHCTBe. KobleBOi BUXph aToma
BBIOpAchIBaeT W3 C€0sS BHXPEBOEC KOJIEUKO OJICKTpoHA. Ero ochb
HampaBJicHa BJIOJIb IICHTPAILHOW OCH CHMMETPUU aToMa.
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Uga=C

Puc.2.3.1

[lepBoHaYaIbHO TAa0APUTHI BUXPEBOTO KOJBI[A HOBOPOXKICHHOTO
JJEKTPOHA  HMMEIOT  pa3Mephl  IOJOBHHBI  pajmyca  aTomMa
r.0,5 0,510, B MoMeHT  (OPMHpPOBAHHSL  DIEKTPOHA
BO30YX/JI€HHBIM aTOMOM OH TNPHOOpETaeT TaKyl Xe Kak y aToma
YTIIOBYIO CKOPOCTh CTPYH 3(Hpa BOKPYT OCH BHXPEBOTO KOJIBIIA, TaK
KaK

Wy.e=dU,/dre=dU,.{/dr, =310 * (2.3.1)

CormmacHo  chopMyJIHpOBAaHHOMY paHee TIOCTYJIATy OCEBOE
BpallleHHe BHYTPH HOBOPOXIEHHOTO KOJbI[A HAMpPaBICHO MPOTHB
YaCOBOM CTpPEJIKH, €CIIM CMOTPETh HA HErO CO CTOPOHBI BBITyBa CTPYH.
Benuumna oceBoil yriioBoil cKOpocTH (), TepBOHaudaibHO Mana. Ho
MpH CXATHA BUXPEBOTO KOJbI[Aa OHA YBEIMYUBACTCS U B YyXKe
chopMHpOBaBIIEMCS IIEKTPOHE JOCTUTAET 3HAUCHUS

W,.e=300%," (2.3.2)

HanpaBnenue BpailleHUsi CTpyW BJOJb BHUXPEBOTO  KOJIbIA
3IEKTPOHA HAMPABJICHO B MPOTHBOIOJIOKHYI CTOPOHY IO CPAaBHEHUIO
C MPOTOHOM, €CJIM CMOTPETh Ha HUX CO CTOPOHBI BBIJyBa CTPYH depe3
WX [EHTpPANbHBIE OTBEPCTHS. JTO BaXXHO OTMETHTh, TaK Kak W3
MaTepuraia MOCIeAyIONUX rIaB OyAeT MOHATHO, YTO OT 3TOTO 3aBUCUT
3HAK 3JEKTPHYCCKOTO 3apsaa STUX YaCTHII.

PaccmoTpum, 4TO MPOU3OUJIET npu YMEHBIIEHUU
HOBOPOXJIEHHOTO BHXPEBOTO KOJIBIA O pa3MepoB AIekTpoHa. O0bemM
kombiia W=2TCT o %0, Macca sdupa BHYTPH KOIbIa M=2TC0e Forl o-ck
MOMEHT KOJNHMYeCTBa IBWKCHUS MacChl 3(upa BHYTPH BUXPEBOTO
KOJbIa I=mrorbUV=2Tl2per30rbr20_em,_ [Ipu m3MeHEeHUH [fo, BUXPEBOTO
KOJNbIIAa 70 pa3mepa loe MOMEHT KOJMYECTBA IBIIKCHUS JIOJDKCH
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COXpPAaHUTh CBOC 3HAYCHHUC 3a CUCT YBCIWYCHUIA yFHOBOﬁ CKOpOCTHU
BpalieHus 10 3HAUYCHUA (A)\,_e| . HOBTOMy MOXHO 3aIliucaTb

— 3 2 —_ 5

I—ﬁ-zper orbl o—eI(JO\/—ZTlZI:)er o0-elWy-el (233)
31ech.

_ 15 —_ 10 — 8-1
Fem10 M, 1o=0,510" M, w,.=3010"" (2.3.4)

OTCIO,Z[a MOKHO HalTH Ha4YaJIbHOC 3HAUYCHUC yFHOBOﬁ CKOpPOCTHU (JL)V B
0OJTEIIIOM HOBOPOXKACHHOM BUXPEBOM KOJIBIIC JICKTPOHA

- 3 3 _ -1
W=y el ool Fo=3010%, (2.3.5)
9T0 OTHOCUTCJIIbHO MAJICHbBKAsA BCJIHMYHUHA. HpI/I JOCTMXXCHNU
OONBIIMX  3HAUEHWH  YIJIOBBIX  CKOPOCTEH,  OIpemeasieMbIX

BeIpakeHHAMH (2.3.1)u (2.3.2),BHyTpH BUXPEBOTO KOJIBIIA AJICKTPOHA
BKITIOYAETCS MEXaHHU3M Iepexoa agupa B KHUIKYIO Ga3y u B cepeiuHe
BUXPEBOTO KOJbIIAa HAuYWHAET OOPa30BHIBATHCS BUXpEBas HHUTh W3
KHUIKOTO d¢upa. ODJIEKTPOH CTAaHOBUTCS BUXPECTOKOM, TO €CTh
CTaOMIIBHOM, JOJITO KHUBYILEH >JeMEeHTapHOW dacTuued. Pasmepsl y
9JIEKTPOHA TakWe K€, Kak y mnporoHa. HelTpoH oTiaumyaercs oT
NPOTOHA TOJNBKO OTCYTCTBHEM B €r0 BHXPEBOM KOJBLE OCEBOTO
BpailieHust cTpyid. Y Hero ,,=0. M3-3a 3TOro HEHTpOH HEe HeceT
ANEKTpUYECKOTro 3apsna. [lo3UTpoH SBISETCS TeM e DICKTPOHOM,
KOTOpPBbI Oyqy4d BBIOPOIIEHHBIM W3 BELIECTBA B CHIY KaKHX-TO
KaTaKJIU3MOB,  BBIHY)XX/JEH  JBHTaTbCsl  KPAaTKOBPEMEHHO B
NPOTHBOECTECTBEHHOM JJIsl BUXPEBOTO KOJbLIA HANIPABICHUHU, TO €CTh
B CTOPOHY BAyBa CTpyHd 3dupa BHYTph LEHTPAJBLHOTO OTBEPCTHSI.
3mech Halle MHEHHe coBmazaer ¢ paboroii [18]. Takoe mBmkeHHE
MOXET OBITh TONBKO BBIHY)KIEHHBIM H  KpPaTKOBPEMEHHBIM.
BcnenctBue Toro, 4To MpW 3TOM MEHSETCS HampaBlCHHUE BPalICHUS
CTpyH BIOJIb BUXPEBOTO KOJbI]a MO OTHOIICHHWIO K HAaIPaBICHUIO
MOCTYNATEIbHOTO  JIBMIKECHUS, BO3HMKaeT oOpaTHas KapTHUHA
B3aUMOJICHCTBUS C AJIEKTPOMAarHUTHBIMH MONIsIMH. B pesynbraTe 3T0i
YacTUIIE TPHUIIUCHIBACTCS B OTIMYUE OT DJEKTPOHA MOJOKHUTEIBHBIN
3JIEKTPUYECKUN 3apsi/l.

[Ipo GonbmIol 0TS KOPOTKOKUBYIIMX 3JIEMEHTAPHBIX YaCTHI U
AHTUYACTHUI] MOKHO TTOBTOPUTH CKa3aHHOE paHee. DTH YaCTHILbI TaKKe
MPEACTABIAIOT c000# pasnuudble 10 (opme IPHUPHBIE BUXPH,
BO3HHUKawIMe B 3dupe npu OoMOapaupoBke BemectBa O u 3
YacTHIIaMH W JPYTUX Karakim3max. OTHAKO, YTJIOBBIE CKOPOCTH B
STHX BHXpSX HE HAOpamM Hy)KHOH BenmduHbl mopsaka =310
[To3TOMY B HUX HE BKJIFOYACTCS MEXaHHU3M Iepexo/1a dQupa B )KUJKYIO
¢azy W BHXpeYaCTHLBl OBICTPO TEPEMONHSIIOTCS TOTJIOMIECHHBIM
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a¢upoM. ToNLKO Ha OYEHb KOPOTKOE BpEMS OHH CTaHOBSATCS
BUXPECTOKAMH W HAYMHAIOT TMOTJIOMATh 3DUp W3 OKPYKAIOIIETOo
MPOCTPAHCTBA. DTOT MPOIECC HAACISAST MX Ha 3TO BpPEMs MAacCOH,
BECOM H AJICKTPUICCKUM 3apsaoM. OTHAKO CPOK WX JKU3HU OUYSHB Mall,
T.K. TIPAKTHYECKH MTHOBEHHO BHYTPH HHX IIOBBIIIACTCS JABIICHHE U
nporecc TOTIOMmeHUsT 3dupa Tpekpariaercs. KopoTKokuByIue
YACTHII OTJIMYAOTCS OT KOPOTKOXKUBYIIUX aHTHYACTHI] TOJHKO
HalpaBJIeHHEM JIBIKCHHUSI THOO B CTOPOHY BBIAYBa CTpyH sdupa w3
IIEHTPAIBHOTO  OTBEPCTHSA  BHUXPEKOJIbIlAa, JHOO B  OOpaTHOM
HanpaBieHUH. llpu 3TOM H3MEHSETCS M WX B3aUMOJICHCTBHE C
3IEKTPOMArHUTHBIM ITOJICM.

2.4CnMH 3JIeKTPOHA

M3BecTHO, UTO BpalleHUE AIIEKTPOHA BOKPYT €r0 OCH CBS3BIBAIOT C
HOHSITHEM CrHHA 3eKkTpoHa [22]. CIUHOM 3JIEKTpOHA HA3bIBACTCS
BHYTPCHHHI MOMEHT MMITyJibca (KOJHUYEeCTBA IBIKCHHUS) YacTHIlB. 10
KBaHTOBOW TEOPUU OH PaBEH

sk=%h/4r=0,52510>*/1x(d, (2.4.1)
rae lsg-TIpoeKIus criMHA Ha HaIlpaBJieHUE WHAyKIMH B BHemHero
MarHATHOTO TTOJIS.

Crpyu >dupa BHYTpH BUXPEIJICKTPOHA BPAIAIOTCS BOKPYT OCH
CHUMMETPHUHU KOJIblIa C YTJIOBOH CKOPOCTHIO w,=3010%c . dopmyna
(2.3.3) maer BBIpaKEHHE MOMEHTA KOJMYECTBA JBMIKCHHS MAcChI
a¢upa BHyTpH KoJbla. OHO TOMKHO PABHATHCS CIUHY 3JICKTPOHA

=T I opt) “0-eWh-ol, (2.4.2)
Ecim npuHATE  Fopp=lo-el TO
172 Pl %-c - =h/4TT (2.4.3)

IlomaraeMm BenmWYWHY CIOHHA DJJIEKTpOHA  OOIIETIPHU3HAHHON
BennunHoi. IlosTomy wcmoin3yem 3Hauenus (2.4.1) u dopmyry
(2.4.3) s onpeieNieHust BETMYMHBI padyca dJIEKTPOHA

se= | 1217 p o,y =2,3610%u (2.4.4)

3nech chaeayeT OTMETUTh, YTO B JIUTEpaType pasidyaroT
9NIEKTPOHBI, CBSI3aHHBIE B aTOMaX, CBOOOJHBIC DJJIEKTPOHBI U
9JIEKTPOHBI, BBICTYHAIONIHEC B POJM HOCHTENEH syekTpudectBa. Mx
pa3Mephl OLICHUBAIOTCS B JIMTEPATYPE 110 Pa3HOMY B Mpeaenax lo.e=
10"°....10". [TosToMy Ha 9TOM 3Tare MPOCTO MPHMEM MOTYYCHHOE
HaMH 3HAYCHHE K CBEACHUIO. BO3MOXKHO, B MOCTCIYIONIMX IJIaBaX MBI

MOJIYYUM MNOATBCPIKACHUC W YTOUHCHUC 3TOT'O 3HAUCHUA.
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2.5 ¢upoguHamMuyecKasi MPUPOIAa BOJIH
e bpoiias.

Psn  ¢usmdeckmx ABIEHW yKa3plBa€T Ha CBS3b  MEXKIY
pacipocTpaHeHHEM JTyYUCTON SHEPTHH M ABIKEHHEM 3JIeMEHTapHBIX
yactui. OKaz3aloch, YTO BCSKas MABMXKYINAACS 4YacTUIA MaTEpUU
CBs3aHA C HEKOTOPBIM KOJeOATeNbHBIM, TO €CTh C BOJHOBBIM
MIPOIIECCOM.

OneITHl  MOKa3alid, YTO TMPH OTPAKEHUU DIEKTPOHOB OT
KPUCTAJUTMYECKOW TIOBEPXHOCTH B PsJIe CIIyYacB HAPYIIAIOTCS 3aKOHBI
reoMeTpruecKoii onTHkH. Cxemy ombita MOKHO Haiith B [23]. Tlpn
3alaHHOM YTJIe TaJICHUS JJIEKTPOHBI OTPAKAIOTCA OT IMOBEPXHOCTHU
KpUCTAJUIA TIOJ] Pa3HBIMU YIJaMHU. JTO SBICHHE UMEET MECTO, KOrja
MEKATOMHBIE PACCTOSIHIS Y KprcTaiuia uMeroT mopsinok (10°°...10")m.
Ecim 3T paccrosiHUsI CymecTBEHHO OoJjbllle WM MeHblne, 3hdexT
ucYe3acr.

Ecnu moctpouts amarpaMmy pacrpezeficHHs 10 HarpaBJICHUSM
YHCIIa JIEKTPOHOB, PACCESHHBIX TPU OTPAKEHUH OT KPHCTATUTNIECKON
MUIICHA, TO OHa OyJeT HalmOMHHATh KapTUHY JIu(pakiuu
PEHTTeHOBCKUX ITyuell. B nuarpamme jummHa paanyca, MPOBEIESHHOTO
U3 LEHTpa MUIICHH, OEpPEeTCs MPOMOPLIHUOHATFHON YHCITY JJIEKTPOHOB,
OTPaXKEHHBIX IO JTAaHHBIM yIJIOM. YTOJ TaJieHUs] MEPBUYHOTO ITyYKa
3IIEKTPOHOB 33JaH.

YIUBUTENBHBIM SBISETCS TO, YTO B OJHUX HANPaBICHUSIX
HAOMIOJAIOTCSl MaKCHMyMBl YHCJIAa OTPAKEHHBIX DJIEKTPOHOB, a B
JPYTHUX MUHUMYMEI. M1 5TO IPOMCXOAUT MPU TOM, YTO PACIIPEICICHHC
JJIEKTPOHOB B Iy4YKe  W3HAYaJIbHO  OBUIO  PAaBHOMEPHBIM.
CrpammBaercsi, 4TO € MOIJIO B TpoOIlecce IOJIeTa J3JIEKTPOHOB B
My4YKe TI0 HApaBICHHUIO K AKPAaHy PacCOPTHPOBATH MX B IIOTHBIE U
pa3peKeHHBIC CIIOU?

OTo0 siBlIeHHEe Ha3Bad Au(paKIUeil 1Mo aHaJoruuM ¢ Audpaxuuei
CBETOBBIX M PEHTIE€HOBCKHX Jydel. [lo3ke BBISICHMIOCH, YTO APYTHE
3JIEMEHTApHBIC YACTHIIBI, HAPUMED, MPOTOHBI, ATOMBI U OTACIbHBIC
MOJIEKYJIBI TAK)KE TIOJIBEPIKEHBI AU PAKITUY.

Eme Oonee yauBuTenpHO, 4YTO AU(PPAKIHOHHBIE KapTHUHBI
HAOJIOJJAIOTCS HE TOJIBKO IS ITyYKOB OJHOBPEMECHHO JBUKYIIHXCS
YaCTHIl, HO W M OTACIbHBIX OJMHOYHBIX YaCTHUI], ITOOYEPEIHO
JETAIMX Ha KpUCTAUIMUEeCKUd »HKpaH. Ilocie MHOTOKpaTHOTO
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“obcTpena” MeTAJUIMYECKOM TJICHKH MOHOKPHCTAUIa OJMHOYHBIMHU
JNEKTPOHAMH HaOJIOAanach Takas ke Au(paknnoHHAs KapTHHA, Kak
MIPHU MIPOXOXKIECHUU Mydka. Kak BIMsAET OAWH 3JIEKTPOH Ha IpyroH, naa
elle MO0 MPOLISCTBUM MHTEpPBalIa BPEMEHHU, KOTZIa OH HaXOIUTCA YXkKe
COBCEM B JJPyTOM MECTE, HEN3BECTHO.
®paHuy3ckuid  ydeHbld A€ bpoilsnb, mbITasch corjacoBaTth
BOJIHOBYIO W KBAaHTOBYIO TEOpPWH, BBIABUHYJI THIOTE3y, YTO
KOPITYCKYJISIPHO-BOJTHOBAs JIBOHCTBEHHOCTh, XapaKTepHas ISl CBETa U
JJEKTPOMArHUTHOTO  TOJSl, WMEET YHWUBEPCAJNBHBIA  XapakTep.
CornacHo 3TOH THIOTE3€ CO BCSIKOM YacTHUIlEH, UMEIoIel Mmaccy M
JOBIDKYILEHCS CO CKOPOCTBIO V, CBSI3aHO PacHpOCTpaHEHHUE BOJIHBI JI€
bpoitnst. Jlnnaa neOpoiisieBOii BOJHBI  OTPEICISICTCS 3HAMEHUTOM
hopmyoit ne bpotins
p=n q2)
mvV
3nece  h=6,62610%*1x[d=6,62610%"prld — mocrosuuast ILraHKa.
Ona BXOomWUT BO BTOpoH mnocTtynar bopa, yTBepxknparomuii, 4to
3IEKTPOH MOXET BpallaThcsa BOKPYT A1pa aToMa TOJBKO MO KPYTOBBIM
opOuTaM, A1l KOTOPBIX BBIIOJHAETCSI PAaBEHCTBO
ﬂropbuopbmelznh ’ 32)
rae M — Macca 2JIEKTPOHA; [opp — Payc OPOMTBI 3TOrO DJIEKTPOHA
Opy BpamieHWH BOKPYT siapa atoma,  Ugp —OKpyKHash CKOpPOCTh
JNIEKTPOHAa Ha OpOHMTEe; N — [EeJ0e YHCIO, HAa3bIBAEMOE KBAaHTOBBIM
guciaoM. YacTtoTy BoJIHEI ne bpoitns omnpenensior mo dhopmyie
2
J= er]: H3B)

DTO O3HA4YaeT HEYTO TYMaHHOE, a MMEHHO, YTO BCS JHEprus,
JKBUBAJCHTHas Macce M, paBHa sHepruu  h@ BooGpaxkaemoro
KBaHTa JIyYUCTOW DHEPIHWH, YacTOTa KOTOPOW paBHSAETCS YacTOTe
(ha30Boi1 BOJIHBI, KOTOpas HE SBJIACTCS JYYHUCTON SHEPTUEH.

Takum 00pa3om, IOMyCKas, YTO BCSKOE JBUKCHHE YaCTHIIBI
CBS3aHO C BOJHOBBIM JBIKeHHeM. DU3WKa HE 3HAET, YTO HUMEHHO
KoJeOercs, Kak U TZie MPOUCXOAUT KosiedaHne, KaKoBa CBS3b MEXIY
BOJIHOM W 4yacTMIEd W KakuM o00pa3oM MPOUCXOJUT  UX
B3aumMoeiicteue. [IpoGiiema BotHOBOM Mexanuku nie bpoitns coctout
B TOM, YTO HCTHHHAs TMPHPOJA JIBYX COCTaBHBIX HacTed Iyalu3Ma,
PaBHO KaK M UX B3aUMHOE OTHOIIEHHE, OCTAETCS MOJHOM TalHOM.

Hemano caenaHo NONBITOK OTBETUTh Ha 3TH BOMOPOCH. Tak
[lpenunrep mpemmonarai, 4To camMa YacTHIA €CTh HE YTO MHOE, KaK
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MECTO CTYIIEHHs BOJH ([TAKET BOJIH), HO IMO3)KE OT HEro OTKa3aJcs.
Cam ne bpoilne cuuTal BOJIHOBOE ABHXKEHUE DPEalbHBIM SIBICHHUEM,
MPOUCXOASIIUM B MPOCTPAHCTBE, BHYTPH KOTOPOrO HAaXOIUTCS
MaTepuanbHasg dacTuma. I[Ipm STOM HMHTEHCHUBHOCTH BOJHOBOTO
JOBIDKEHMSI B KaXIOW TOUYKE 3TOr0 IPOCTPAHCTBA OH CBSI3BIBAT CO
CTENEHbIO BEPOATHOCTH HAXOXKJECHUS YaCTHULbI B 3TOM Touke. M3 3TOoro
CIIEZIOBANIO, YTO YacTHIla HampasisieTcsi BomHOH. [eizenOepr u bop
nojarajiy, 4YTO BOJIHA, CONPOBOXKJAIOIAS YacTUIly, BOBCE He
IpPENCTaBIAeT (U3NUECKOTO SBICHHSA, HO JIMIIb CHMBOJIMYECKH
0003Ha4YaeT JBOMCTBEHHOCTh CBOMCTB yacTHIBl. Bce 3T0 moctaTodHO
TYMaHHO.

= h A
B
—F 1 /
1ha U, o To JV
Puc.2.5.1 Puc.2.5.2

B pasBuBaecMmoii Hamm Teopuu 3(PHUpa DIEMEHTAPHBIC YACTHIIHI
BEIIECTBA MPEACTABISIIOT COOOH BHXpEBBIE KOJbIA, 0Opa30BaHHBIC
BBICOKOCKOPOCTHBIMH cTpysiMH 3dupa. [Ipu ABIKEHUM TaKUX BHXpEH
B 1ojiec 3(QHUPHOro rasa BO3HUKAIOT peajibHbIC BOJHBI ¢ bBpoits.
YtoObl pa3oOpatbcst B 3TOM, oOparumcs K puc.(2.3.1) DnexTpoH
corylacHO ¢ TnaBod 2.3 mpeacTaBisieT co00il BHXPEBOE KOJBIIO
paguyca  [loe, JETALIEE B HANPABICHUU BBILYBaHUA CTPYH U3
LEHTPAJIBHOIO OTBEPCTHUS aToMa BAOJb OCH OX. BHYyTpH snekTpoHa
cTpyu 3¢hupa IBWKYTCA B IBYX HampasieHHAX. OHH BpalaioTCs C
OJMHAKOBBIMH  YIJIOBEIMH CKOPOCTAMH (=310 BOKPYT
TIPOIOBHON OCH BHXPEBOTO KObla H W,.e=310'%c" Bokpyr ero ocu
cummertpun. Ha puc.(2.5.1)moka3aHbl 1Ba CEUYCHUS] BUXPEBOTO KOJIbLA
U DIIOPBl paclpenesieHUus OKPYKHBIX M OCEBBIX CKOPOCTEM B 3ITHX
CEUYCHUSIX.

BHyTpu BuUXpeBOro Kojblla CTpyW 3(upa BpaLIaloTCs MO 3aKOHY
BpallleHUs TBEPAOIo Tena

l:nJelz(JOu—elr ’ L-!/—eI:(J\)v—eIr (254)
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Kak BCsIKHii BUXpb, BHXPEIJICKTPOH HHIYIHPYET BOKPYr ceOs B
3dupHOM Trasze Tmojie cKopocTe. KapTuHa ckopocTel morydaercs
JIOCTATOYHO CJIOKHOU. YTOOBI OBLIO TOHSTHEE, PACCMOTPUM TMOJIE
CKOPOCTEH BOKPYT OCH CHMMETPUH BUXpedieKTpoHa. OHa COBMAIACT C
HaIpaBJICHHEM €To JIBHKCHUS. BHE BUXPEBOTO KOJbIA HHAYIIHPYIOTCS
ckopoctu U,.;, OTIHCEIBaeMbIe 3akoHOM bro-Casapa

dus [y Sna Ll
" am?

O0o3HaueHKs, WCMONB30BaHHBIE B (opMysne, TMOKa3aHBl Ha
puc.2.5.2 ®opmyna 3amucaHa s OSCKOHEYHO Majioro 3JIeMEHTa
kpuponuueitnoro Buxps dl. Ckopocts dU,e B TOUuKe A JIEKHT B
TUTOCKOCTH, TEPICHIUKYIIpHOW ocu dmeMeHta Buxps dl u
HampaB/icHA B CTOPOHY BpAICHHS BHUXPS.  [-PACCTOSHHE MEXIY
TOYKOW A W PacCMATPUBAEMBIM DJIEMEHTOM BHXPS. O-yroJd MEXIy
oceio anmemenTa Buxps dl U paguycom r. [ o-IUPKYISINS CKOPOCTH,
MOJICUUTAHHAS 110 MEPUMETPY BUXPEBOTO KOJIbIIA

reI :4T[ro—el Uvo—eI:8.r[(’0\/—elrzo—el (256)

3nech  UyoeF2Wioelloel  ABISACTCS OKPYXKHOHM CKOPOCTBIO Ha
IpaHUIle BUXPEINCKTPOHA, HAPABICHHON BOKPYT €r0 OCH CUMMETPHH.
Y4uThIBas, YTO AJEKTPOH OYEHb Mall, 3aMCHUM OECKOHECYHO MAIyIO
BennunHy snaementa Buxps dl ma mmpuny BuxpeBoro koabia dl=
2roer [omoxum Sini=1. B aToM ciay4ae OKpy:KHas CKOPOCTh BOKPYT
OCH CHMMETPHUH BHXPEBOTO KOJIbIA DJICKTPOHA B OKPYKAIOIIEM €ro
nojie 3¢upa B MIOCKOCTH BUXPEBOTO KOJIbIIA BRIPA3UTCS (hOpMYITOi

N (2.5.7)

B pesymbrare mpu  JBWKCHHU  DJIEKTPOHA  depe3  TIoe
HEBO3MYIICHHOIO 3dupa odas uyactuia 3(hupa Ha IyTH 3JCKTPOHA
HAaYMHACT COBEPILIATH CJIOKHBIC CIUpAIBHBIC TepeMenieHus. BakHo
OTMETHUTh, YTO B ITOM JBM)KCHHH MOSBISCTCS LUKIUYHOCTH, a ITO
HEOOXOIUMBII AJIEMEHT JIJIsl OTIMCaHUS JTFOO0TO BOTHOBOT'O TIPOIIecca.

Jns  nganpHeiiero aHanu3a B KAyeCTBE XapaKTEpPHOW TOYKHU
BbIOCPEM TOUKY B Ha MOBEPXHOCTH BHXPEBOTO KOJbLA AJIEKTPOHA
(Puc.2.3.1). Ota Touka IBHKETCS BMeCTE CO cTpysmu 3dupa. Ilpu
JBIDKEHUH DJICKTPOHA CKOPOCTh TOYKHM B ckiambiBaeTcsl U3 JIBYX
COCTaBJIAIONINX, @ UMEHHO, U3 CKOPOCTH TOCTYIATEIbHOTO IBIKCHUS
V B HampaBlIeHHU OCH OX H OKpYKHOU ckopocTH U, UT0OBI He
3arpOMOXKJaTh Halll aHAU3 TPEHEeOpekeM OKPYKHBIM JBIKCHHUEM
CTPY#l BOKPYT OCH KOJIBIIA.

(2.5.5)
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B pesynbrare ciiokeHusi ckopocteil Touka B omumier kKpuByio,
ommkyo Kk cunycompae. llepron komebanuii wactwin 3¢dupa BOKpPYyT
JIBUKYIIIETOCST 3JICKTPOHA, BO3HUKIIUX B PE3yJbTaTe OMUCAHHOTO
mporecca B OKpykaroleM moie 3¢upa, OyAeT paBeH BPEMEHHU, B
TEUCHUH KOTOPOTO TOYKAa B COBEpHIUT TOJHBEIE 000POT BOKPYT
HEHTPAIBHOM ocH (3TO BpeMs OyIeT paBHO BPEMEHH MTOJHOTO 060poTa
TaKXe BOKPYT OCH BUXPEBOTO KOJIBIA)

At _ 2ir
= od - (2.5.8)
U o-¢l a)v—el
B atom cirydae mimuHa 1eOpoiineBoil BOJHEI OyaeT
2V,
A=V, T="-4}—2 (2.5.9)
wv—el

OTMeTHUM, YTO PACCMOTPEHHOE MPEACTABICHUE O BOJHAX Je
Bpoitns B »dupe NpUHIMIUAIBHO OTIMYACTCA OT OCCIUIOTHBIX
NeOpOMIIeBBIX BOJH, C KOTOPBIMH CETOJHSl oOrepupyer (usnka.

PeajibHble BOJHBI _B__1O0JI€e 3(]2“23, MNOPOKICHHbIC JICTHAIIIUM
JCKTPOHOM M CONPOBOKIAKIINE €10 B I10JIETE, 3TO M €CTh BOJHBI

ne bpoiias.

B »TO#f TpakTOBKE SABIEHHS HET HUYETO YIUBUTEIBHOTO IS
MOBCETHEBHOW MPAKTUKU YEJIOBEKA. A3pPOJIMHAMHKAM HW3BECTHO, YTO
JETSIIUA CaMOJIeT WJIW TUTBIBYIIAsi B MOPE TIOABOHAS JIOJIKA CO3/Ial0T
BOKpPYT ce0si 001acTi BO3MYIIEHHOTO TedeHus. 1 ecnu psgoM wiu B
clie/le 32 CaMOJIETOM OKaXEeTCs APYroil camoier, OH MOXeT OBITh
OTOPOIIICH WM TEPEeBEPHYT STHUMH TCUCHUSMH U JaXKe IOTEPIIETh
katactpody. BuxpeBoil cimen 3a TOIBOTHOW JOIKOW MOYKET OBITH
00Hapy)XEH Yepe3 MHOT0 9acoB, KOTJa JIogKa OyIeT y)Ke COBCEM B
npyrom mecte. M eciu B 3Ty 007acTh TEUEHHUS MOMAACT IPYron
KOpalib, TO Ha €ro IUlaBaHWE HEW30EKHO TMOBIUSACT CIIe] OT
MPOIUTBIBIIETO paHbIle CyaHa. DTO OOBSICHSET, MOoYeMy MOOYEepPETHO
JETSIIUE OJWHOYHBIC AJICKTPOHBI OKa3bIBAIOT C IOMOIIBIO A(UPHBIX
JICOPOMIICBBIX BOJH BIIMSIHUE HA DIICKTPOHBI, JICTAIINE B UX CIIE/IC.

Korma MbI TOBOpHMM, YTO BHXPh HHIYIHPYET BOKpPYr ceOsi B
OKpYKalolllel CIUIONIHOM cpejie MoJie OKPYXKHBIX CKOpPOCTEH, TO
BO3HUKAET BONPOC, KakoOB ke (HU3MuUecKkuil MeXaHHM3M, KOTOPBIN
3aCTaBNseT 4YACTHIBI CpeAbl ABHraThCs. OUEBHAHBIA W CaMBId
pachpoCTpaHEHHBI OTBET, YTO MPHYMHOW SBISIETCS TPEHHE.
JlelicTBUTENBHO, €CITU TIOMECTHTh B IKUJKOCTh BPAIIAIOIIHIACS
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UIHHIP, TO BOKPYT HEro MOJ JCHCTBHEM TPEHHS BO3HUKHET IOJIE
CKOPOCTE#i, HATOMHHAFOIIEE PaCTIpPeIeTIeHHe CKOPOCTEH OKOJIO BHXPSI.

OnHako, BCIIOMHHUM JAPYrOd MpUMEpP — CJIHUB BOJBI M3 €MKOCTH
4yepe3 CIMBHOE OTBepcTHe. JKHIKOCTh BpallaeTcsi BOKPYT BOPOHKH,
obpazyromelicss Hall CTUBHBIM OTBEpCTHEM. V, KOHEUHO, HE BOPOHKA,
TO €CTh JbIpKa, BpallaeTcsi M yBICKaeT 3a co0OW BO BpalllcHHE
OKPY)KaIOIIyI0 KUIKOCTh. Ha camom nene Tam, rie Hadaionaercs
CJIMB_MJIM_NOTJIOLIEHNE, OKPY:KaIas CIUIoniHas cpeaa (Boja,
BO3IYX, 3¢up) ycTpemisieTcss K _NOIJIOUIAKINEMY O00bEKTY H
NMPUOOPETAET YCTOIYNBOE COCTOSIHME IBHKEHHUS TOJbKO, 00pa3ysi
O/IHOBPEMEHHO CO CTOKOM ellle H BUXPb.

Crneayer OTMETHTH, 4YTO €CIM HW3BECTHBI IOCTYIATENbHAS |
YIIJIOBasi CKOPOCTH JJIEKTpoHa, To dopmyasl (2.5.8)u (2.5.9) Oynyr
JaBaTh MEPHOM U JJTUHY JeOpOIIeBOM BOTHBI dNieKTpoHa. Ecnu metut
HE JJIEKTPOH, a Jpyras dJeMEHTapHas YacTHIla, TO 3TH IapaMeTphbl
creyet OpaTh HE Ui JIEKTPOHA, a JUIS PacCMaTPUBACMOM YaCTHIHI.
3T0 BO3MOXKHO, €CJIM caMa dJeMEHTapHas YacTHIIAa UMEET CTPYKTYPY,
AQHAJIOTUYHYIO CTPYKTypEe BHXPEdJIeKTpoHA. B aTOoM ciydae dhopmyIibi
(2.5.8)m (2.5.9)cnenyer 3amuceIBaTh B BUIE

2t
T2 _ 21 (2.5.10)
U Vo a)V
2ntv
A=vT =221 (2.5.11)
a)V
Taxkum o0pazom, YCTOMYHMBELIM H30JIUPOBAHHBIM

3J1eMeHTAPHLIM 00PA30BAHUEM B NMPHPOJIE ABJIAETCH BUXPECTOK. A
JHeprus HA ero oopazoBanune U QYHKIMOHUPOBaHNWe YepnaeTcs U3
OKpYyskaomero noas dpupa. B rmase 1.12 6110 mokazaHo, 4To 3Ta
SHEpPruss OYCHb BEJIMKA, MPAKTUYECKH HEHcYeprnaeMa, TaK Kak
BOCIIONTHSIETCS TIPU Pa3pyIICHUH MAaTEPUU B Pe3yJIbTaTe KOCMHUYECKHIX
KaTaKJIM3MOB C MOCIICAYIOLIEM IIEPEX0I0M €€ B dpHp.

Ha mepserii B3rasn ¢opmyna ge bpoitna (2.5.1) u ¢dopmyna
pasBuBaeMoii Teopuu ddupa (2.5.11)He uMer0T MeX Iy cO00 HUUETO
obmero. Ho Tak mm 310? [IpoBepum mpeAnoioKeHHE, YTO OTH
(OpMyJIBI IPH HEKOTOPBIX TOMYHICHHUSX MEPEXOIST OHA B APYTYIO.

Jlsist 3TOr0 BCIIOMHUM, YTO B COOTBETCTBHU C Pa3BUBACMBIMH B
JaHHOH paboTe UACSIMH aTOM, 3 KOTOPOTO BBUICTACT AIICKTPOH, TAKKE
npeAcTaBisieT coboil BuxpeBoe Koibuo d¢upa. Ha pme.2.3.1
NpPEJICTABIICHO IMONMEPEYHOEe CEYEeHHE OTOr0 KOIbIA. JJNEKTPOH
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(hopMupyeTCsS B MOMEHT BBIOpOCA CTPYH U3 BO30YKJIEHHOT'O aToMa Ha
paccTosiHUM I, OT 1eHTpa Konbha. Ctpys mmeeT cKopocTb  Ugpp,
KOTOpass B JIaNbHEUIIEM CTaHET CKOPOCTBHIO TMOCTYMATEIBHOTO
JIBUKCHHUS DJICKTPOHA TIPU €T0 MEPEMEIIIEHUH B TPOCTPAHCTBE

bh=Vemw uara=Cr—a (2.5.12)
oa

W, YTII0BAsI CKOPOCTh BpallleHHs CTPyH 3(Hpa OTHOCHTENBHO OCH
BUXPEBOTO KoJblla aromMa. OTKy1a IMeeM

Ao 523)

C

Hanee oOpatuMmcs KO BTOpoMy mocTtynary bopa. DToT mocrtynar
YTBEpXkAaeT, YTO DJICKTPOH B IUIaHETapHOH Mojenu Pesepdopna
MOJXKET BpalllaThCsS BOKPYT SApa aToMa TOJBKO IO JO3BOJCHHBIM
CTAallMOHAPHBIM KPYTOBBIM oOpOuTaM. Paamychkl OpOUT dIIeKTpoHA B
aToMe BOJOpOJa TMpPSIMO MPOIOPIUOHATBHBI KBaJApaTy TJIABHOTO
KBaHTOBOro uyucia N . Pamuyc mepBoit (Ommkaiimieil K IEHTPY)
OpOUTHI B aTOME BOJOpoaa TIpu N=1 Ha3BIBAeTCS MEPBHIM OOPOBCKUM
paauycoM. 3aech N=1,2,3....MpUHUMAET IICJIbIC 3HAYCHHMS.

Y Hac aroM HE CONEPXHUT DJJIEKTPOHOB, HO TPHMEM, YTO
POKIAIOTCSI OHM M3 CTPYH ddupa Ha TeX ke opOWTax, Ha KOTOPHIX B
manetapHoil mozenu Pesepdopma onu Bpamarorcs. M3 puc.2.3.1
CIIeTyeT, YTO Paguyc OPOUTHI Iy, MOKHO BBIPA3UTh YePe3 PajlnyChl
AApa lyg, ATOMA loa M PACCTOSHUS OT OCH KOJIbLIEBOTO BUXPsI (Touku O)
JIO paccMaTpUBaEMOM OPOUTEHI I,

For=(2lyartlog)Ta (2.5.14)
Kpome Toro, mpenctaBuM CBSI3b MEXKAY Iy U [, UEpe3 TIIABHOE
KBaHTOBOE YKCJIO B CIICIYIONIEM BUJIC

orti=Nt, (2.5.15)
B stom ciaywae mpu n=1 u3 (2.5.15) umeeM fop=ra u u3 (2.5.14)
2r, +r 2, +r
r, :%. IIpu N=2 numeem r;% I[pu n=3 umeem
:2rydr +I,,

I u tak nanee. Teneps BepHeMmcs kK Qopmyne (2.5.9).

4
[IpaByto 9acTh 3TOH (GOPMYJIBI YMHOKHM U pa3aeiuM Ha CJICIyFOIIUH
MHOKHTENb- MeUaopd oV el B pe3ynbTarte nomyunm

A= 2n [ropr a—opbmel B Vzel
melvel weIU
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B cootBercTBHM ¢ mocTtyidatoM bopa (2.5.2) yucnutens mepBoro
MHOXHUTeN B dopmyrne (2.5.16)  2opUaopdMe=nh. Kpome Toro, B
raBe 2.3 GBUIO MOKAa3aHO, HYTO Wh=W,.e=W.em310°c?, Ve=U,.
opt=Wala. 13 (2.5.15)umeeM  I=roppN. IToaToMy  Ve=Uaopi= Wilopy/N.
C y4eToM 3THX BBIKJIAJIOK UMEEM

Znn.opbU a—opd me| _ hn V2e| _ 1

n

r

My Vg My Vg wyU

OxoHuaTenbHO, BhIpaxkeHue (2.5.16) npuHUMaeT 3HAKOMBIH BHJ

JUIS UTAHBI JeOpOIIIeBOM BOJIHBI, CONPOBOXIAIOMICH JIBHKYIIANCS
CKBO3b 3(Up DIIEKTPOH

a-opb " opb

A= (2.5.17)

myVy
Ecnu omyctuth uHAEKCH “€l”, To momydurM oOIenpu3HaHHbIA BT
hopmyiel ae bpoiis, mpuMeHseMo# A Onpe/IelIeHUs JJINHBI BOJIHBI,
COTMPOBOXIAMONICH JIOOYIO JETANIYI0 3JIEMEHTAPHYI0 YacTHIy C
Maccoit mu ckopoctsio V

p=1 (2.5.18)
mv

®dopmymna ae bpoiins u mepBwiid moctynar bopa ompoOupoBaHb
9KCIIEPUMEHTAJIBHO W MpPU3HAHBI HaydHbIM MupoM. CoBmajaecHue
¢dopmyn (2.5.1)u (2.5.18),0qHa U3 KOTOPHIX MOITyYSHA TCOPETHISCKU
u3 mpencTaBieHnii 06 sdupe, a gpyras (2.5.1) u3 06paboTKH
OKCIIEPUMEHTATBHBIX ~ JMaHHBIX, He ciy4aiiHo. OHO  CIYXHT
HOATBEPKICHHEM  MPAaBHILHOCTH — HAIIMX — [PEICTABICHUN 00
3(pUPOANHAMUYECKON TPHUPOJEe JeOPOISICBEIX BOJH U O BHXPEBOM
3(HUPHOM CTPOCHHUHU 3JIEMEHTAPHBIX YACTHUIl M, B TMEPBYIO O4YEpPE/lb,
9NIEKTPOHA U aToMa. JTO CoBMaaeHHe (HOpMysT OCBOOOXIAET HAC OT
HEOOXOAMMOCTH TIPOBOAUTH pacdeThl Ui TMOATBEPXKACHHUS HUX
COBIAJCHUS C OKCIICPUMEHTAIbHBIMH JaHHbIMH. Kpome ToroO,
BO3MOXKHOCTDb 3amwcaTh (opmyny mae bpoiins B Bume (2.5.9) uepes
YIJIOBYIO CKOPOCTh (W, ((),) OTKPBIBACT €Ille OJWH MyTh JUIS aHAIn3a U
Oonmee  rIyOOKOro  TOHUMAHUS — SBICHUS  Jyaln3Ma  CBOWCTB
9JIEMEHTAPHBIX YACTHII.

JI71s TIOJTHOTBI OCBEIICHUST PACCMATPUBAEMO# TIPOOIEMBI OTMETHM
JPYroii BO3MOKHBI MEXaHW3M, CIOCOOHBIA IO HAlIeMy MHEHHIO
paccopTHpoBaTh  OTP@KCHHBIE OT  KPHCTAUIMYECKOTO  DKpaHa
SNIEKTPOHBI B TPYIIBl € MAaKCUMadbHOW W MHHHMAJIbHOW HX
KoHIIeHTpareit. HamomuanM, uro "auddpaknnonssie” nuarpaMmsl B

104



ombITe A¢ bpolias TOMbKO HAMOMUHAIOT TUGGPAKIIMOHHBIC KapTHHBI,
MOJTyYeHHBIE JJIS1 CBeTa M PEHTTeHOBCKHUX Jydeld. Ho, BO3BMOXXHO, OHU
TaKOBBIMU HE SBJISAIOTCA. [IpuunHa MOXKET 3aKI04YaThCs B TOM, YTO
9JEKTPOHBI B TYYKE, HAMPABIECHHOM HA KPUCTAJUIMYECKUH 3KpaH,
0o0nafaloT HE TONBKO IIOCTYMATEIhbHOW CKOPOCTBIO, HO €me |
BpalllalOTC BOKPYI CBOMX oceil. M3BECTHO, UTO Kpy4deHbIH MY B
MUHT-TIOHT€ WJIM B TEHHUCE OTCKAKMBACT OT PAaKETKH HE TakK, Kak
He3aKpydeHHBIH. VIMEHHO 3TO MOXKET MPOUCXOAWTH C AIEKTPOHAMH,
KOTOpBIE TakXe KpOoMe€ TIOCTYNaTeNbHOTO MABIDKEHUS 00IagaroT
BpaIlaTeIbHBIM JIBUKCHUCM.

Jls He3akpydeHHOTO0 Ms4a WM 3JIEKTPOHA CKOPOCTh moyieta V
OoJBIION poJii HEe UrpaeT. BHE 3aBUCHMOCTH OT ATO# CKOPOCTH yroJ
MaJICHUS PaBEeH YIIIy OTPaKEHUs. 371eCh OECMONIE3HO UCKATh MEXaHU3M
paccoptupoBaHusi yactun. HWMHoe Jeno, Koraa Hapsagy —C
MOCTYMATEIbHBIM IBI)KEHHEM CYIIECTBYET BpallaTelIbHOE TBUKECHHE.
YTIIOBBIE CKOPOCTH BpalleHHUs JIIEKTPOHOB B WX, Ka3ajuochb Obl,
paBHOMEpPHOM ITy4YKe, TeM HE MEHee, MOT'YT ObITh HE OJIMHAKOBBL. JTO
3aBHCHT OT TOTO, C KakoW OpOWTHI BHYTPH aTOMa OHHU BBIJIETAIOT.
IToaToMy, OTpakeHHE pa3HBIX JJIEKTPOHOB OT KPHUCTAILUTHYECKOTO
JKpaHa Takke Oy/IeT pa3IuIHbIM.

HecmoTpss Ha KaXyllyrocs OJHOPOAHOCTb ITydKa 3JICKTPOHOB,
HAIpaBJIEHHOTO Ha OJKpaH B OMNBITE, OH TO BEIWYHMHAM YTIIOBBIX
CKOpPOCTEH M MO YHCIY DJIEKTPOHOB C OJWHAKOBBLIMHU YTJIOBBIMU
CKOPOCTSIMHM BpAILEHUSI WM3HAYAJIBHO HE ABISETCS OAHOPOIHBIM. Ilo
STOW MPUYHHE, MPOIIECC OTPAKEHUS JIEKTPOHOB OT dKpaHa HE CBS3aH
C TeM, JIETSAT JIM JJIEKTPOHBI ITyYKOM WJIHM IOCIIEAOBAaTENIbHO OJMH 32
JIPYTUM C UHTEPBAJIOM BpeMEHU. BaXXHO TO, CKOIBKO M3 HHUX
BBUICTAIOT C OJJMHAKOBBIX OPOUT W, CIEAOBATEIIEHO, Y KAKOTO WX YHiia
MMEIOTCS OJJMHAKOBEIE YTIIOBBIE CKOPOCTH BPAIICHHS.

He ynupnser B 3Toi MOCTaHOBKE U TO, YTO JIPYTUE dJIECMEHTapHbIC
YaCTUIBI W JIaXX€ HEKOTOPbIE AaTOMBbl TaKXKe HapylIaloT 3aKOHBI
TEOMETPUYECKOM ONTHKH TPH OTPAKEHWH OT KPHUCTALUTHIECKOTO
9KpaHa. JTO COBCEM HE O3HA4YaeT, YTO OHH 00JaJar0T BOJHOBBIMU
CBOMCTBaMH, KakK 3TO Mpearnoarai ie bpoiins u Bcien 3a HUM Apyrue
u3BeCTHbIC (Qu3uKH. [IpHUYMHOW 3/1eCh SBISETCS HalUUe BpAIICHUS
3THX YaCTHUI[ BOKPYT CBOMX OCEH BpaIICHHUS.

SIBnsitoTCST M BOJIHOBBIE CBOMCTBA 3JIEMEHTApHBIX  YaCTHII
PEaNBbHEIM SBIICHUEM WM HaJAyMaHHOW MpoOIeMOol, BOHUKIICH H3-3a
HEIPaBUILHONW TPAaKTOBKM ombiTa ¢ bpoing? B mobOom ciydae, B
OCHOBaHUM JIIOOOTO OTBETa Ha 3TOT BOIMPOC JISKHUT BpallaTeIbHOES
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JIBUKCHHE OTUX vacTul. Ilo Hamemy yOexaeHuto, 00a
PacCMOTPEHHBIX 37IECh MEXaHNU3Ma AEHCTBYIOT OJHOBPEMEHHO.

2.6 Teopusi 3¢upa o poroHax, KBAHTaX H
cBeTOBBIX BoJIHaX. [lonsipu3anus cBera.

CoBpeMeHHas (pU3HKa CUMTACT, YTO CBET 00JIaacT OJHOBPEMEHHO
BOJIHOBBIMH M KOPIYCKYJSIpHBIMH  cBoWcTBamMH.  CKOpOCTh
PACIIPOCTPaHEHHUs CBETa B IYCTOTE MOCTOsIHHA M paBHa C=310%w/c.
Ona He 3aBUCHUT OT CKOPOCTH HCTOYHHKAa CBETa W OTpakaromiei
MOBEPXHOCTU U B COOTBETCTBUM C TeOpUeH OHHINTEHHA SBIACTCA
MIPENIeIbHON CKOPOCTHIO, KOTOPYIO HE MOXKET IMPEBBICUTH HU OJIMH
MaTepHaIbHBI O0BEKT BO BceneHHoi. BomHOBBIE cBOWCTBa CBeTa
MPOSBISIOTCS B sABJICHHUAX  uHTepdepeHmmu, Tudpakiuu U
TIOJIIPU3AITHH.

C npyroif CTOpOHBI, B KBAaHTOBOH OIITHKE CBET PacCMaTPHBACTCS
KaK TIOTOK (DOTOHOB, HE O0OJIAJAIONIUX MACCOM TOKOS U JBUKYIIHXCS
CO CKOpPOCTBIO cBeTa. DOTOHBI BO3HUKAIOT MPH IMEPeXojaX aTOMOB U
MOJIEKYJI U3 BO30YKIEHHBIX JHEPTeTHUYECKUX COCTOSHHUI B COCTOSHHS
¢ MeHbIel sHeprueil. @OTOHBI U3ITYYalOTCSl TAK)Ke MPU YCKOPEHUHU U
TOPMOXKCHUU 3apsDKEHHBIX YaCTHIl, PachajaX HEKOTOPBIX YaCTHIl U
VHUYTOXKEHUH TMapbl DIEKTPOH-TPOTOH. [lokosimuxcs (HOTOHOB He
CYIIIECTBYET.

B xBaHTOBOW TeOopuM cuHMTaeTCA, YTO (OTOH SIBIAETCS
HOCHUTEJIEM KBAHTOBBIX CBOIHCTB CBETa, T.C. DHEPTUHU, HMITYJIbCa U
Maccel. [lom BemMUMHONW KBaHTa MOApPA3yMEBAaeTCS TO KOJIUYECTBO
SHEPTUM, KOTOPOE OJHOBPEMEHHO HWCITyCKACTCS WM MOTJIOIACTCS
aTOMOM WM MOJIeKynoi. [lmank Hamien, 49To BelWYMHA KBaHTa
3aBUCHT OT poja Jy4deil, a WMEHHO, YTO KBAHT MNPOMOPIHOHAIEH
4acToTe KoJieOaHWH M oOpaTHO TMPOMOPITMOHANICH UIMHE BOJHBEL. B
JaeKol WH(PAKPACHOW YacTH CIIEKTpa KBaHTHI Majbl, 2 HAUOOJBIIINE
KBAaHTHI HAXOJISTCS B PEHTTEHOBCKHX, FaMMa M KOCMUYECKHX JTydaX.

OCHOBHBIMH XapakTepUCTHKaMH (OTOHA 1O KBAHTOBOW TEOPHHU
SBIISIIOTCSL €T0 DHEPTUS & U UMITYIIBC [

sfszczzhﬁzg—c , (2.6.1)
hd h
—=— 2p.2
P c A (2p
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Macca aBmwxymierocst (potoHa My MOXKET OBbITH ompexaeneHa [22]
Kak
hd h
e e,
3mech 9-4acToTa CBETOBOM DIIEKTPOMATHUTHON BOJHBI, A -IJIMHA
BOJHBI cBeTa B myctoTe; h —octosHHas [lnanka. B 1905 romy
OWHIITEWH BBICKA3aJl MBICITb, YTO TOTOK JIYIHCTONH DHEPTHH COCTOUT
U3 OTJICNBHBIX KBAHTOB, HE CBA3aHHBIX MEXIYy COOOW M JIETSIIUX CO
CKOpOCTBIO cBeTa. TO ecTh MO €ro MPeACTABICHUSIM JIETAT OTAENbHBIC
HHYEM HE CBS3aHHBIC MEXIy COOO0I KIIOUKH JTy4UCTOU dHepruu. Takoe
NpeJICTaBIIeHUE HE TI03BOJIIET TPOCTO U TMOHSATHO OOBSICHUTH
B3aMMOJICHCTBHE JIByX JIyuei, HMX B3aUMHOE YCHJCHUC WU
YHAYTOXKEHHE, KOTOpOe HMEET MECTO B TpUPOJE U HariIsagHO
MOJy4aeTcsl 10 BOJHOBOW TEOPHH CBETa KaK Pe3yJIbTaT CIOXKCHHUS
JBYX TIPOTUBOIOJIOKHO HAMpPaBICHHBIX OJMHAKOBBIX KOJEOAHMH.
BakHO TOHATH, 4YTO OCHOBHas (opMmysia KBaHTOBOH TEOpHH,
CBSI3BIBAOIIAst DHEPTUIO KBAHTA € C YaCTOTOW O W JJIMHOW BOJIHBI A
e=hd ]2)
HHKAKOr0 CMbICTIa He UMeeT. J[eHCTBUTENBHO, IETAT KBaHTHI, TO €CTh
KJIOYKH JTYYHCTOW DHEPTUH, Pa3UYaloNiuecs IPyr OT Jpyra TOJBKO
KOJIMYECTBOM COJIeprKalleiicss B HUX dHeprun €. Hu o kakmx gacrore
¥ W IUMHE BOJMHBI A 37ieCh W peud HeT. B mosere KBaHTOB He
COJICPYKHUTCS JIEMEHTA MEPUOIMYHOCTH, 03 KOTOPOTO caMO MOHSTHE O
JUTMHE BOJHBI OeccMBICIIEHHO. [103TOMY ISl KBAHTOBON TEOPHU B TOM
BHUJIC, KAK OHA CETrOJHs CYIIECTBYET, [UIMHA BOJIHBI A €CTh MPOCTO
YHCIIO0, MONy4aeMoe OJKCIIEPUMEHTAIbHBIM METOJIOM, COBEPIICHHO
HETIOHSATHBIM JUIS 3TOW Teopuu. OHa CITYy)KHUT ISl IEPEX0a OT sI3bIKa
KBAaHTOBOW TEOPHH K S3BIKY BOJTHOBOW TEOPHH M O0OpaTHO. BenmumHy
Macchl IBUKYIIErocsi CO CKOPOCTBIO cBeTa JOTOHA MOKHO OICHUTH M3
BeIpaskenns (2.5.1)w1s amuHbl BOMHBL A, = 610 M

h
pF —— = 0,36810%%r . (2.6.5)
CA,
Pa3MepI>I (1)0TOHa MOXHO HpI/I6J'II/I>KeHHO OLICHUTD, YUUTHIBAAd, 4YTO
MacChl IPOTIOPITMOHAIBHEI Ky0aM JTHHEHHBIX Pa3MepoB, 1Mo GopMyIIe

of = Tlo-el 31/mf /mo_d . (266)

Ecimm B3siTh Maccy u paguyc snektpora m=9,1T10%kr u ry.=10",
TO

(2.6.3)
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0,36810°%°
“onmon O™

Ecnu B kauecTBe pamguyca SJIEKTPOHA HCIONB30BAaTh 3HAUCHUC
(2.4.4) — p=2,3610 By, 1o o= 4,1610%%m. ITomy4aeTcss HEKOTOPOE
pa3HOUYTEHUE, HO SCHO, YTO (POTOH SIBIISCTCS OYCHb MEJIKOW YaCTHUIICH
B BHJIC BHXPEBOI'0 TIa30BOro Koiblia 3dupa. [InuHa mebOpoiiieBoit
BOJIHEBI (POTOHA, TToACUUTaHHas Mo opmyie (2.5.1)umeer 3HaueHme

_ h _ 6626010
m,C 0368010 (BL10P

Hpyroro u OBITP HE MOINIO, Tak Kak Macca ¢oToHa ObLIa
ompenieseHa MO 3TOM JUIMHE BOJHBI. HamoMHHMM, 4YTO AJIMHBI BOJIH
BCETO CIIEKTPa BUIUMOTO CBETa, UcImyckaeMoro CoJTHIIeM, HaXOIATCS B
JMaIia3oHe

#=10"°

. =610 m. (2.6.7)

A=3,8107+6,6[10"m . (2.6.8)

C npyroii cropoHsI B ri1aBe 2.5 010 MOKa3aHo, YTO JUIMHY BOJIHBI
ne bpoiins MokHO mocuuTaTh Takke mo Gopmyste (2.5.11).I1pu stom
HY’KHO YyuecThb, 4TO (oTOH (opmMupyeTcs HAa BepXHeH rpaHuIlle
BHXPEBOr0 _KoJblla _aToma. Ilo3ToMy, OKpY»KHAasg CKOPOCTh
HCXONHOW cTpyW 3¢dmpa, m3 koropoii dopmupyrorca ¢GoToHBI,
paBHa ckopoctu_cBera  U,,=C=300°w/c. B paapHeiimem oHa
CTAHOBUTCSH CKOPOCTHIO MOCTYNATEJLHOI0 JBU:KeHUS (POTOHOB B
npocrpancTBe V=C.  [lns Toro, 4ToObl MOTYYHUTh TAKYIO K€ IIHHY
BONHBI (DOTOHA, YrioBasi CKOPOCTh BpAaIlleHHs CTPYH BHYTPH HETO
IIOJDKHA OBITH

w=2nC/\=6,283010%6,001810'=3,1410"¢c™ (2.6.9)

To ectb y ¢oToHa HAOIIONAIOTCS CYIIECTBEHHO MEHBLINE YIIIOBBIC
CKOPOCTH BpaIleHus CTpyH 2dupa, 9eM y JIeKTpoHa. DTHX CKOPOCTEH,
NO-BUIMMOMY, HEAOCTaTOYHO, 4YTOOBI OO0ECHEeYUTh YCTOHYMBOCTH
npolecca TOTJOMEHUs 3(upa M3 OKPYKAIOLIETO MPOCTPaHCTBA B
HETIO/IBHYKHOM COCTOSTHHU. DTHM OOBSICHSETCS TO, 4TO Y (DOTOHA HET
Macchl MoKos1. be3 OpicTporo ABmKeHHs GOTOH TEPSET YCTOWIUBOCTD U
pacmagaercsi. OTHOcuTenbHash  YCTOWYMBOCTH  €r0  COCTOSHHUS
obOecrieunBaeTcsi €ro HEMpPEePHIBHBIM JBIDKEHHEM C  OOJBIION
CKOPOCTBIO BJIOJIb €r0 OCH CHMMETPHH B HANPAaBICHUU BBIITyBa CTPYH
U3 LEHTPAJIbHOTO OTBEPCTUS. XOTs, MOXKET OBITh, IPOCTO HE HalAEH
CHoco0 YBUAETH €T0 OCTAHOBUBLINMCHL.

Bce »T0 3acTaBnger mymarh, 9TO HA TPaHMIIE BUXPEBOTO KOJbBIA
BO30Y>KICHHOTO aTOMa OZHOBPEMEHHO POXKIAETCs LErnouka (JOTOHOB,
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o0mras Macca KOTOPBIX OynM3ka K Macce ayekTpoHa. OHH paBHOMEPHO
pacmpeneneHbl 1O  JUIMHE CBETOBOM  BOJHBI,  IOJACPKUBAS
YCTOMYUBOCTh CYIIECTBOBAaHUS JApPYr JApyra U BOCIONHSS 3TUM
HEJ0CTAaTOYHO OOJIBIIYIO YIIIOBYIO CKOPOCTH BpallleHUs CTpyH 3dupa
BHyTpH (OTOHA BOKPYr IIEHTPATBbHONH OCH CHMMETpuH. HazoBeMm
JUTMHY CBETOBOH BOJIHBI C PAacIpeleIeHHBIMH BIOJb Hee (POTOHAMHU
“TspKeI0N CBETOBOM BOIHOM.

TakuMm 00pa3oM, OJ TSAKEJ0H CBETOBOI BOJHONH NOHUMAETCH
ae0poiijieBasi_BOJHA B_moJje d(upa 0K0j0 1eno4YKku (hOTOHOB,
TMOPOKIEHHAS X JBHKEHNEM. JTa BOJHA COMPOBOKAAET IMENOUYKY
($OTOHOB HA NPOTSZKEHUM BCEr0 PACHPOCTPAHEHHUS JIyYa CBEeTA M
B3anMoaeiictByer ¢ Heii. Ilog Maccoii Tsikes10ii_CBETOBOI BOJIHBI
BHIMMOIO CBETA NMOHUMAaETCS Macca Bceeil 1enoYku (POTOHOB.

Macca TsKeJI0l CBETOBOIl BOJHBI ¢ JUIMHON  A=1.2A paBHa,
€CTEeCTBEHHO,Macce 0THOI0 3JIEKTPOHA

PaccMmoTpeHHbIE BUXpEBBIE CXEMBI aTOMOB, SJIEKTPOHOB 1 (DOTOHOB
MO3BOJIAIOT pemlaTh HE TOJNBKO 3aJady ONpeHeNeHHUs] IapameTpoB
JeOpOMIIEBBIX BOJIH, HO TAaKXKe 3aJlavy 10 ONPE/ICICHUI0 BO3JCHCTBUS
Yyepe3 OKpyKaroluid ux dQUpP OAHUX YACTHII, JICTANIMX ITyYKOM WU
NoOYepe]HO,  Ha  JApyrHe  JJeMEHTapHble  4YacTHUbel. B
ra3oruJpoAMHAMUKE M3BECTHBI PEIICHHUS 10 ONPEICIICHUIO TPAKTOPUI
JIBIDKEHUSI HECKOITBKUX BUXPEH H3-3a UX B3aMMHOTO BITUSIHUS JPYT HA
npyra. Tak, Hanpumep, ABa BUXPsl Ha TUIOCKOCTH BPAILIAlOTCS BOKPYT
001I1ero meHTpa Mo OKPY>KHOCTH.

Kunernueckast sHeprus I1enodykd (OTOHOB WU 3JIEKTPOHA C
Maccoii M B ToJieTe CO CKOPOCThI0 V MOXKET OBITh 3amucaHa Kak

. = mv?
<2
31mech CKOpPOCTh TMOjeTa dYacTHmel V' paBHA OpOHWTAIBLHOMN
ckopocTu cTpyu 3dupa B atome Ugpp, M3 KOTOPOH 3Ta yacTHLA MM
nermouka ¢GoToHOB oOpaszoBanack. CTpysa 3¢dupa Haxogumach Ha
PacCTOSHUU  lopp OT IIEHTPA CEYEHHs BUXPEBOTO KOJbIIA aTOMa.
ITostomy ¢ yuetom (2.5.15)momyanm

V=l = Wiala = Wia Fort (2.6.11)
n

rme . =300%™ ectp yrioBas ckOpocTh BpamieHHs 3(pHpa BOKPYT
OCH BHXPEBOT'0 KOJIbI[a BHYTPH aroMa. YuuTbiBas (2.6.11)nepenuiinem
(2.6.10)x cnenyromemy Bumy

(2.6)10
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U

opb
2.6.12
> ( )

BemoMmunM, 9To u3 BTOporo mocryiara bopa (2.5.2) Benmnunny
MUop, MOJKHO BBIPA3HTh Yepe3 NOCTosHHYIO0 [I1anka

£ =muU opb

nh
mu,, =—— (2.6.13)
2y,
ITostomy opmyny (2.6.12)MoxHO TIepenHcaTh K BUIY
I
£ = N fhalon N s (2.6.14)
2rrlt,,  2n 2 2

U3 Beipakenuss (2.5.8) ciemyer, 4ro wuacrora KoiecOaHWiA
NeOpoNIeBOM BOJHBI OKOJIO JICTAIMICH YacTHIBI  ONPEACIIIeTCS
3aBUCHMOCTBIO

1l o, w,_
Fg=—=d - "a (2.6.15)
T 2m 2

TaK Kak yrJIOBbIE CKOPOCTH y aTOMa M BBIJIETAIOIICH W3 HErO YacTHUIIbI
WIM [ENOYKH YaCTHI[ OJWHAKOBHI. 3amenuMm B (2.6.14) BTopoit
MHOXXHUTEIIb 9acTOTOW KojeOaHwii neOpoiineBoii BoNHBI B 3dupe. B
pe3yibTaTe MoIyIrM

1
&= NI (26)

CpaBHUBasi TMOJYYECHHBIH pPE3ylbTaT C OCHOBHBIM YpaBHEHHEM
KBaHTOBO#H Teopun (2.6.4) BUANM, YTO KHHETHYECKAs SHEPrus
neTsmei B moje 3hupa 3eMeHTapHON YaCTHIIBI WIH IETIOYKH YacTHIL
(doTroHOB) cocTaBisieT MONOBHHY DHEPrHU KBaHTa. Bropas monoBuHa
SHEpPruu KBaHTa COJEPKUTCS B BOJIHE A€ bpoins, conpoBoxaaroiien
OBIKYIIYIOCSd dYacTuiy. Ee MOXHO Ha3BaTh <dIPHCOEIMHEHHOU
SHEpPrHUe».

YroObl ONpeAenuTh 3Ty SHEPrHi0, BCIIOMHUM, YTO 3TH BOJHBI
BBI3BaHBI TEM, YTO BHXPEBOE KOJIBLIO, TPEACTaBisAronmee coboit
JJIEMEHTApHYI0 YacTUIy, HHAYLIUPYET BOKPYT Ce0sl TOJIe CKOPOCTEH.
[Ipuyem, ckopocTu B moje 3¢pupa BO3HUKAIOT HE 3a CUET Mepenadu
9HEPTUU OT YACTHIIBI TOJI0 3(Hpa, a 3a CUET DHEPTUH CaMOTO IO
a¢upa. KommuecTBo 3TOH 3HEPruM OOYCIIOBICHO ITOTIIOMATEIHLHOM
CIOCOOHOCTBIO PAacCMaTpPUBAaEMON 3JIEMEHTAPHON YacTHLbI, KOTOpas
onpexnensiercs  ¢popmynoit (1.3.4). U3 ¢dopmynsl BHIHO, 4YTO B
KOHEYHOM MTOTE OHA OIIPEJIEISIETCS MacCON dJIEMEHTapHON YaCTHIIHI.
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Bo Bpewmst moneta 3JeMEHTAPHON YaCTHIIBI OCh BUXPEBOTO KOJIbIIA
OpHEHTHPOBAHA 0 HANPABICHHUIO JBMKCHUS BBIILyBOM CTPYH BIIEpE[l.
I[Ipu o3TOM morNONIaeMass »ATHUM KOJBIOM M3  OKPY)KAIOIIETro
MPOCTPaHCTBA Macca 3(Upa MOXKET MONAacTh BHYTPh KOJbBIA TOJIBKO
BJIOTOHKY B BHJE CTpyH dUepe3 BcachiBaromiee orBepctre. CKOpocTh
JTUX CTPYH paBHA CKOPOCTH JBIDKCHHS CaMOW YacTUIBI V, paBHOM
OKPYXHOH CKOpocTH cTpyH 3¢upa BHyTpu atoma Uy, ompenensiemMoit
dopmynoit (2.6.11). ITopuuss KHHETHYECKOM DHEPTUH OTHX CTPYH,
COTIPOBOXIAOIIUX ABMKYIIYIOCS YaCTHILY C Maccoil M Oyznet

9 U20b 2
€l =42 =T _Ehﬂ

2 2
CymmapHas sHeprusi OyieT paBHa CyMMe KHHETHUECKUX SHEPTruil
YaCTHUIIBI U COMTPOBOXKIAIONIEH €€ BOJHBI jie bpoilns
£=€,+€,0=h0 (2.6.18)
OTO W eCTh KBaHT JIyYUCTOW dHepruu. Eciu pedb WOeT o KBaHTE
CBETa, TO YACTOTa BOJIHBI

(2.6.17)

C
I== 29
F g29)
3H€pFI/I}I KBaHTa CBE€Ta 6y;[eT
gzhﬁzgg (2.6.20)

OTMeTuM, 4TO B TAKOM HCTOJIKOBAaHUU KBAHTA JyYHUCTON ZHEPTUU
yacToTa W [JJMHA BOJHBI TEPECcTaroT OBITh  aOCTPaKTHBIMH,
(hopMalbHBIMK TTOHSTUSAMH. DTO BIIOJIHE PEANBbHBIC XapaKTEPHUCTUKU
JeOpoiiieBoi BONHBI (TSXKEION BOJIHBI), BXOASAIICH B COCTaB KBaHTA.
AyaausM CBOICTB 3J1eMEHTAPHBIX YaCTUIl BBIVIAAMT _Tenepb
cJeAYIONMM 00pa3oM: Bo3JeiicTBHe /1e0poiileBbIX BOJH, TO eCTh
TedeHHil 3(upa BOKPYI JeTSIMX 3JIeMEHTAPHBLIX YACTHI, B
ONBLITAX __ VJIABJIUBAETCH _ MHTepdepeHUNOHHbIMU U 1ug-
dpaKuMOHHBIMH _crieKTpaMHu. A camMa 4YacTHna (MM _Ienoyvka
YaCTHI) _ SIBJISIETCS HOCHUTeJIeM HMMMNYVJIbCa, JABJEHUSA Ha
Nperpajibl, Macchl U MOJOBUHbI JHEPTUH.

MbI He 3HaeM TOYHO, Kakylo (opMy HMeeT B IPOCTPAHCTBE
nernovka BUXpe@oToHoB. OJHAKO SCHO, YTO OHA JISKHUT B IIOCKOCTH,
HO HE BBITSHYTa CTPEIKON B HAIIPABICHUH CKOPOCTH CBOETO JIBUKECHUS
B NPOCTPAHCTBE, & JICTUT HAKIOHHO K 3TOMY HAIPaBICHUIO WU UMEET
dbopMy cuHycoumbl. IIpOEGKIMS TSXKEIOM CBETOBOM BOJIHBI Ha
IJIOCKOCTh, MEPIEHANKYIAPHYIO K CKOPOCTH €€ JIBMXKCHHUS, BBITJISIUT
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IIOJIOCKOH ¢ OTHOCHUTEILHO OOJIBIIONH BBICOTOM M OYE€Hb MaJIEHBKOM
mHUpHHOM (Hopsaka auamerpa (OTOHA). DTOT BBIBOA MOIYIAETCH Kak
CJIEeACTBUE W3 SIBICHUS MoJisgpu3anuu cBeTa. COBEPILIECHHO SICHO, YTO
nperpaja, HanmpuMep, MPo3pauHblil KpucTamt TypMainta [20], kak Ob
coep KAl y3KHe, MPOTSHKEHHBIC, IMapaieTbHbIC MPOXOLI, OymeT
MIPOITYCKATh CKBO3b CE€0S TOJIBKO T€ IMETOYKHA (POTOHOB, YbH INIOCKOCTH
pacmoyioKEHUsl mapajuleNibHbl ATUM ImeisM. Eciam ke 3a mepBbIM
KPHCTAJUIOM TypMajliHA PACIOJIOKHUTH BTOPOW KPUCTAILI CO IIEIISIMH,
HaIlpaBJICHHBIMHA TEPICHAUKYISAPHO K IICNISAM IMapBOTO, TO ICTIOYKH
(hOTOHOB, COXpaHMBIIKME MPEKHIOK OPHEHTAIMI0, HE CMOTYT
MPOJIETETh CKBO3b HUX U3-3a OOJIBIION MPOTHKEHHOCTH IICTIOYCK.

B BOMHOBOW TeopwH CBETa 3TH PA3NHUMA B MPOXOXKICHUH CBETA
yepes MIeTU KPUCTAIUIOB TypMajinHa UHTEPIPETUPYIOTCS KaK MPU3HAK
MOTIEPEYHOTO XapaKTepa KoJeOaHWW CBETOBBIX BOJH M HA3BIBAIOTCS
MoJIIpU3ayel cBeTra. OTO SBUJIOCH, IO-BUIUMOMY, CIICJICTBHEM
HMCTOPUYECKH CIIOKHUBIIETOCS YCTOWYMBOTO IPEICTABICHUS O CBETE
KaKk O BOJHOBOM IIPOIIECCE Hamomo0ue pachpoCTpaHEeHHs 3ByKa B
Bo3myxe. [IoCKONMBbKY TMOJSIpHBIC CBOMCTBA CBETA HE COTIIACOBLIBAINCH
C TIPOJOJIBHBIM XapaKTepOM BOJH B CIUIOINTHBIX CPENax, TO MPHIIIOCH
0TKa3aThCs OT Ta3000pa3HOro 3¢upa Kak CBETONMPOBOASIIIEH cpenbl. B
pe3yabTaTe TMOSIBWIOCH YYEHHE O Jyalu3Me BOJHOBBIX U
KOPIYCKYJSAPHBIX CBOWCTB CBETAa, TPUMHPSIONICC BOJTHOBBIC W
KOPIYCKYJIsIpHbIe Teopuu. [lo3ke BOIHOBBIC CBOICTBA NpUIHCAIIU
TaKKe AJEKTPOHAM M JIPYTUM JABIKYIIMMCSI YacTUIaM, HECMOTpPS. Ha
HEBO3MOXKHOCTh HAWTH TpHeMINMOE OOBSICHEHHWE TOTO, YTO
KOJICOJIETCS BOKPYT WJIM BHYTPH CAMOM YaCTHITBI.

B mpenmaraemMoii  TeOpMHM _ CBOWCTBO _NOJSPHOCTH _CBETAa
HATJISJTHO O0BLSICHSIETCSI TPEJCTABJEHHEM 0 ITLUIOCKHX IENMOYKax
puxpedoTonoB (KBAHTOB CBETA), TO €CTh CAMHX HOCHTE/IEH CBETa.
Tak »xe HarsgHO TOdydYeHa ¢opmyna ae bpoiingd u oObsIcCHEHa
npupoa Ayaau3Ma BOJHOBBIX U KOPIYCKYJISIPHBIX CBOMCTB 3JIEKTPOHA
U IPYTUX YacCTHIl, a TaKKe KBAHTA JIyYUCTON DHEPTUU KaK HOCUTEIIS
SHEPTHH CBS3aHHBIX C HUM YacTHI[I B BHJIEC CYMMBI KHHETHYCCKOM
SHEPTMM M DHEPrHUM BpalllEHUsA JIETSAIe U Bpalmaromencs
qacTUIBL. (MM TPYIIIEI YaCTHI], 00BETUHEHHBIX OOIIIMM KBAaHTOM).
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YACTbDb 3 _
IJIEKTPOMAT'HUTHBIE B3AUMOJIEUCTBUA

3.13akon KyJjiona B 3¢pupoauHamMuke.

3akoH KynOHa onpeAcIACT MOAYJb CHIIbL 3JICKTPOCTATUYCCKOI'O
B3aHMOICUCTBHS MECXKAY TOUCYHBIMHU JJICKTPOCTATUUCCKUMU 3apsiiaMu
(SJ'ICMCHTapHBIMI/I 3ap$IZ[aMI/I) 1 3a11MCBIBACTCA B BUIC

=% (3.1.1)

ATEE I °

3nech Q-BeNMYMHA DJIEKTPOCTATHYECKOTO 3apsiia. PasHOMMEHHBIC
3apsiibl  TPUTSATHBAIOTCS, a OJHOMMEHHBIC OTTalKuBatoTcsA. Jlis
BakyyMa €=1.€-OTHOCHUTEIbHAS JUDIICKTPUIECKAs TIOCTOSIHHAS.
€,=8,8510™ /M -—oieKTpOCTATHYECKas IIOCTOSHHAS.  3apsiybl
obmagaror cdepuyeckoit cummerpuei. Cuna F HampasneHa 1o
MPSIMOM, COSAMHSIONICH EHTPHI 3apsioB. [Ipu 3neKTpu3anuu 3apsiabl
MOTYT TIEPEXOJIUTh OT OJIHOTO Teja K JApyroMy. B pesynprare omHO U3
HUX TPUHUMACT MOJOKUTENBHBIN 3aps, a IPYyroe OTPUIIATCIbHBIMH.

Cuutaercs, 4TO HEKOTOPHIC DIIEMEHTAPHBIC YaCTHUIIBI BEIECTBA
HECyT Ha cebe DJJIeKTpHUYECKHH 3apsim. OJIEeKTpoH oObmamaer
OTPHIIATEIHHBIM 3apPs0M, a MO3UTPOH M MPOTOH MOJOKUTENBHBIM. [10
MOJYJIO  OTH  3apsiibl  OJMHAKOBBI W PaBHBI  BEJIUYMHE
e=1,602191019KJ1. Cuibl  3NEKTPOCTATUYECKOTO  B3aUMOJICHCTBUA
YAEPKUBAIOT JCKTPOH HA OPOUTE BOKPYT s/pa aToMa B IIAHETAPHOMN
mozeu Pesepdopna.

B Teopuu sdupa 37eKTpOH NpeAcTaBiaseT COO0H KOJBICBOH
S(pUPHBIA BUXph C PaguycoM [oe (Puc.2.5.1). BHyTpu BHXpeBOTrO
KOJIbIa 3(Up JBWKETCS B OKPYKHOM M KOJIBIIEBOM HAINPABICHUSAX CO
CKOPOCTSIMH

WerWyeir, tme OSr<r_, (3.1.2)
Werwye r, Tne O<r < 2ro_e| (313)

B rmaBe 14 6bul0 MOKa3aHO, 49TO  Wy.eFW,.=310%c. Bre
BUXPEBOTO KOJIbIIA HHIYIUPYIOTCS CKOPOCTH, OIUCHIBAEMBIC 3aKOHOM
buo-Casapa (2.5.5). YuntsiBast, 94T0 3J€KTPOH OYEHb Mall, 3aMEHHUM
OeckoHeUyHO Manylo BeianuumHy odnemeHTa Buxps dl (Puc.2.5.2)
IIMPHHOM BHXPEBOIO KOJbIA JJIEKTPOHA 2o, MOTOXKHM Sino=1.
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CKOpOCTh B IJIOCKOCTH BHUXPEBOTO KOJIbIA, MHAYLUPOBAHHAS 3TUM
KOJIBIIOM B OKPY KaIOIIEM MPOCTPAHCTBE, BEIpA3UTCs HOpMyIIOn

_Taloa
27(r?
3nech [ sgBIsCTCS MUPKYJSIMUEH CKOPOCTH, MOJCUYATAHHOU TIO
MEPUMETPY BHXPEBOr0 KoJblia dJjiekTpoHa. OHa 3aIHCBIBACTCS

dopmynoit (2.5.6).C yuerom stoii hopmyisl ckopocTh U,.e IPHMET
BUJT

| (3.1.4)

3
W, _o I
Wom 229 = e o-d 3.15
" onir? r (3:1.9)

Jlaee oGosnaunm wepes [, - u - mpocTpaHcTBeHHBIE
v poz p

MUPKYJSIIAH TT0 BUXPEBBIM KOJIBI[AM 3JIEKTPOHA, TO3UTPOHA U MPOTOHA

ry=ryar,_, =16m,r’, , (3.1.6)
I_IEOZ = rP022r0—POZ = 167m)pozr03—poz ’ (3-1-7)
M, =r,2r,  =16mors . (3.1.8)

Ecnu B mosie OKPY)KHBIX CKOPOCTEH OKOJIO 3JIEKTPOHA IOMaaaeT
npyroii snexktpor (Puc.3.1.1), To cormacHo Teopeme JKyKOBCKOro o
HOPMAaJIbHO# CHJIe Ha Hero OyaeT IeiicTBOBaTh OTTAIKUBAOIIAs CUJIA,
HarpaBJIeHHas BIIOJTb JIMHWH, COCTUHSIONIEH HEHTPBI
BUXPEDJICKTPOHOB. ECiM Ha MecTe BTOPOr0O 3JICKTPOHA OKaKETCsS
OPOTOH WJIM TO3UTPOH, MMEIOIIHE MPOTHBOIMOIOKHOE HAIpPaBICHUE
BpallleHHsl CTPY# upa B KOJbIIE, TO HAIPABICHUE CHIIBI U3MEHHUTCS
Ha TPOTHBOIMOJIOXHOE. VI3MEHEeHHWEe HampaBiCHUS BpaIlCHHS B
BUXPEIO3UTPOHE TI0 CPABHCHHUIO C BUXPEIICKTPOHOM HE TOBIHSET HA
MOJIYJIb HUPKYJISIIIAH CKOPOCTH

| reI |=| rpoz | (319)

C y4eroM CKa3aHHOIO NpPUMEHHM TeopeMy JKYKOBCKOrO K
OIPEIETICHHIO MOYJISl CHITBI B3aUMOJICHCTBHSI MEK/TY JIEMEHTAPHBIMU
BUXPEBBIMH YaCTHUIIAMHU

Pe re? —1r§ -2
4nlr?
V= 64710ea)5—el r.o6—el

r.2

Ecnmu B3sath paanyCbl DJJICKTPOHOB, IMO3UTPOHOB W IPOTOHOB
OJWHaKOBBIMHA

V=peUy.el g = (3.1.10)

(3.1.11)

HJIn

e To-por=Top=2, 100", (3.1.12)
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To ¢opmyna dsdupomunamuku (3.1.11) mact Takyr Ke CHIY
B3aUMOJIEHCTBHUS MEKTy YaCTHIIAMH, Kak 3akoH Kymona (3.1.1)
Fo 4% _ 2,110%
ATEE, I r’
_ 64D Ty _ 2,02010%°
r’ r
3Havenne paanmyca odrmeMeHtapueix uactury (3.1.12) umeer
MPHUMEPHO TO JK€ 3HAUYEHHEe, KOTOpoe ObLI0 Hamu moaydero (2.4.4)upu
aHanmM3e cnuHa dJekTpoHa. OHO  OoJblie, 4YeM  MOJYy4YCHO
Pesepdopnom, a Taxke Hamu (2.2.6)pu COOCTBEHHOM aHAJIN3E 3TOTO
3HAMEHHUTOro ombITa. OIHAKO, CIEAyeT Y4ecTh, YTO HMPHU IMOIYYCHUU
(dopmynbl (2.2.6)MbI paccMaTpUBalIi ONTUMAJIbHBIA BApUAHT TPOJIETa
O-4acTHIBl Yepe3 CepeAnHy BHXPEBOro KOJblA aToMa Marepuala
¢dorapru. 31ech CKOPOCTh BCTPEYHOTO MOTOKAa MaKCHMallbHa M PaBHA
CKOPOCTH CBETa B BakyyMe. B ombITe O-4acTHIBI, JAaXe C CaMbIMHU
OoNBIIMMH  3a(PMKCHPOBAHHBIMU OTKJIIOHEHHSIMH, MOTJIH TPOJICTATh
BBIIIE WM HIDKE CEPEeAMHBI BUXPA. B 9THX MecTax cKOpoCTh MOTOKA B
ra3oBOM 3(HPHOM BUXpE aToMa OyZeT CyIIeCTBEHHO MEHbIIIE.

ITostomy opmya (2.2.6) macT Takoe ke 3HAUEHHE paguyca O-
gactuupsl, Kak B (3.1.12)u (2.4.4).1Ipu sToM He cienyer 3a0bIBaTh,
YTO MPOBEACHHBIH aHAIN3 HE SBJISICTCS TOYHBIM PEIICHHEM U HE JaeT
TOYHBIE 3HAUCHHUS, @ HOCUT OIIEHOYHBIN XapakTep. [lomydeHHoe moyrn
TOYHOE COBIIQJICHHE 3HAUCHUIl pPaJNYyCOB JIICKTPOHA, MO3UTPOHA M
NPOTOHA B JOCTATOYHO PA3HBIX 00JACTAX (DU3UKH MOKHO TOJBKO
IPUBETCTBOBATD.

OueHp  BOXHO  OTMETUTh, YTO MBI  HONYYWIH  CHIY
B3aMMOJICHCTBHSL MEXKIY JIEMCHTapHBIMU YaCTHIIAMHU TAKYIO K€, Kak
ee ompexaenser 3akoH Kymona. Ho MBI He Hamensuld 3TH YacTHUIIBI
JNIEKTPUUYECKUMH  3apsaaMu. Pesymbrar moimydeH 0e3 Kakux-mmOo
JOTIOJIHUTENIFHBIX TPEINONIOKeHNH. JTa Cuila MOoNMy4Yuaach Kak Obl
cama co0Oil Ha OCHOBE NPHHATHIX paHee B JAHHOW TEOPUU MOEIeH
aToMa ¥ 3JIEMEHTAPHBIX YAaCTHIl M MHPOBBIX KOHCTaHT TaKHX, Kak
IVIOTHOCTh  3uUpa Pe H  BEIWYUHBI  YIJIOBBIX  CKOpPOCTEH
w,=w,=300"%™". HanomHI0, 4T0 MIOTHOCTH 3dupa GblNa OHpeIeIeHa
IpY aHAJU3e CHJI MPUTSHKECHUS MEXIy TelnamMu BceneHHOM, To ecTh
COBCEM B IpYroil obmactu GU3MKH. ITO TOBOPHUT 0 eIMHOii 3dupo-
ANHAMHMYECKOl  TpHpoJe  CHJI _ BCEMHPHOIO  THATOTEHHS,

H, (3.1.13)

v H (3.1.14)
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BHYTPHATOMHBIX CHJI_H _JJIEKTPHYECKHX CHJI, O00VCJOBJEHHBIX
BHYTPEHHUM CTPOE€HHEM ATOMA M 3JIEMEHTAPHBIX YACTHIL.

Ha »ToM MOXHO OBUIO OBl OCTAHOBHMTHLCSA. MBI BBISCHUIU, YTO
3aKOH Kynona, MOJIY4CHHBIN AKCIIEPUMEHTAIBHO JUTS
3JIEKTPOCTATUIECKUAX CHJI, HA CAMOM JieJie 00YCIIOBJICH NCHCTBHEM CHIT
JIaBjicHUS B 3GuUpe Ha 3JICMCHTApPHBIC YaCTHIIBI BEINECTBA IMPHU.MX
cOmmkeHny. YacTUIbl UMEIOT BUXPEBYIO CTPYKTypy. Hampasrnenue
BpallieHus d(upa BHYTPU BUXPEBBIX KOJIEI[ 3JICMEHTAPHBIX YaCTHUII 110
OTHOIIEHWIO K HaMpaBJICHUIO BBIAyBa CTPyH W3 IICHTPAIBHBIX
OTBEPCTHH OmpeAenseT, OYIAyT JU 3TH CIWIbl OTTAJKWBaTh WIU
MPUTATUBATh YaCTUIBI, TO €CTh B OOMICTIPHUHITON TEPMUHOJIOTUU
HECYT JIM OHU TOJIOKUTEJIbHBIA WJIM OTPULIATENIbHBIM AIEKTPUUECKUN
3apsi.

Takum o00pa3oM, 3HAK M _BeJUMYHHA 3apsAa )JIeMEHTADHOM
YACTHIIbI 00YCJIOBJIEHDI BEJIHYMHOM H HANIPABJICHHEM
NPOCTPAHCTBEHHBIX IUPKYJISIMIA, MOICYUTAHHBIX N0 BHXPEBLIM
KOJIBIIAM 3JIEKTPOHA, MPOTOHA, MO30TPOHA M HE 3aBHCAT 0T MaCChI
atux yactui. OJHAKO OCTAarOTCSA BOMPOCH. Bems HU oxHa W3
PacCMOTPEHHBIX BHUXPEBBIX Ta30BBIX MOJIEICH 3JIEMEHTAPHBIX YaCTHII
HE OTBEYACT YCIIOBHIO Cepuyeckoii cummeTpuu. M3 3toro cremyer
BEIBOJI, YTO JIEMEHTAPHBIN chepUdecKuii 3apsit JODKEH UMETh OoJiee
CIIOXHYIO (OPMY, YEM MIEPEUNCIICHHBIC YaCTHIIBL.

Ha pwnc.3.1.1 moka3aHbl BO3MOXHBIC CXEMBI JIIEMEHTAPHBIX
MOJIOKUTENBHBIX W OTPHUIATENBHBIX  CHEPUUYSCKUX  3apsoB,
COCTABJICHHBIX M3 DJIEMCHTAPHBIX BHUXPEBBIX KOJICI DJJICKTPOHOB H
MMO3UTPOHOB, KOTOpPHIE IO HAIIEMy MHEHHI0O MOTYT OOCCICYHTH
c(heprUeCKyI0 CUMMETPHUIO. 3a OTPHUIATEIbHBIN AIIEMEHTAPHBINA 3apsiy]
MPUMEM 3apsJl, COCTABICHHBIA U3 PJIEMEHTAPHBIX BUXPEBBIX KOJEL, U3
LICHTPAJIbHBIX ~ OTBEPCTHH  KOTOPBIX  3(HUpP  BBIAYBaeTCsA 110
HaIpaBJICHUIO OT ILIEHTPOB 3apsOB BO BHEIIHEE MPOCTPAHCTBO. 3a
MOJIOKUTENBHBIA  AJIEMEHTAPHBIN  3aps] MNpUMEM 3apsll, Takke
COCTABJICHHBIH W3  DJIEMEHTAPHBIX BHUXPEBBIX  KOJICN, 4epes
IIEHTPAIIbHBIE OTBEPCTHS KOTOPHIX 3(Hp TOrIomaeTcss BHYTPb.
OTpuUllaTeNBHBIA  3apsii  TPEACTaBISeT COOOW  dIEMEHTapHBIN
HWCTOYHUK, a MOJIOKUTEIBHBIN — 3JIEMEHTAPHBINA CTOK.
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48

Puc.3.1.1 Puc.3.1.2

O¢up BHYTpPHM KaKIOTO K3 BHUXPEBBIX KOJIEI, COCTaBIISIOIINX
JJeMeHTapHble cdepuyecKue 3apsapl, BpamlaeTcss BOKPYT ocei
CUMMETpUU cBOMX Koien. [lpumem, 4To OTpHLIATEIEHOMY 3apsmy
COOTBETCTBYET  BpallleHHE  MPOTUB  YAacOBOW  CTPEJIKH, a
MOJIO’KUTEILHOMY- BpallleHHe M0 9acCOBOW CTPEJIKe, €CIIU CMOTPETh Ha
3aps W3BHE. JTO YCIOBHOE pasiaencHue. MoXKHO OBLIO OBl TPUHATH
OpsIMO TPOTUBOIIONIOKHOE MpaBwio. TeM He MeHee, SICHO, 4TO IBa
OJIVHAKOBBIX TI0 HANPAaBJICHUIO BPAIICHUS B KOJBIAX chepudeckux
3apsana OyIOyT OTTaNKHUBATHCS, a JBa 3apsAla C pa3HOHAIPABIECHHBIM
BpalllcHUEM OYIyT MPUTATTBATHCSI. B CO3MaHMM CHUI TPUTSKCHHUS U
OTTaJKUBaHUS OJHOBPEMECHHO YYaCTBYIOT YETHIPE BUXPEBHIX KOJbBIIA.

Ecnu 3apsmer  pacnipenenieHbl 1o CEpHUECKOW TTOBEPXHOCTH
KOHEUYHBIX Pa3MEpoB, TO CHJIA, ICHCTBYIOINAs HA cdepy, B 3TOM CIIydae
OyzeT paBHa CyMMe B3JIEMEHTApHBIX CHJI, ACUCTBYIOIIMX Ha KaKI0e
BHUXPEBOE KOJIBII0-3aPSII.

Takum o0Opa3oM, TP OTHOWMEHHOW JNEKTPU3AIUH JIBYX JETKHX
IIAPUKOB, TPUBSI3aHHBIX K JUIMHHBIM  HHUTSM, OHH  OyayT
orrankuBathes. llapuku pasoiayTcs TeM Hanblie, YeM CUIIbHEE OHHU
HadIIEeKTPU30BaHbl. M3BECTHO, YTO HAa MPAKTHKE ISl OMpEIesIeHUs
CTCTIEHH  Ha’JICKTPU30BAaHHOCTH  NPHUMEHSIOTCS  CIELUaJIbHBIE
npubopbl-snekTpockonsl.  Hanmpumep, ©a Puc.3.1.2 mnokazan
3JIEKTPOCKOI, B KOTOPOM K MPOBOJIOKE B ¢ mapukom A Ha BepxHEM
KOHIIE MPUKPETIICHBI IBa TOHKHX JINCTOYKA U3 AMIOMHHUS.

I[lpu coobmenun mnpoBonoke B  snekrpuueckoro 3apsaa
JJIeMEHTapHble BUXPEBBIE KOJbIAa 3(upa BHYTPH alllOMHHEBBIX
JUCTOYKOB Pa3BOPAYMBAIOTCS TaKUM 00Pa30M, YTO WX OCH CHMMETPUU
HaIpaBJIeHbl BAOJb JETIECTKOB U OCEBOE BpalleHNe 3pHpa B BUXPEBBIX
KOJIbLIaX OJMHAKoBoe. B pesymbraTe, Kak OTMEYalloOCh paHBIIE,
BO3HUKAIOT CHJIBI OTTAIKMBaHU. 110 pacxoKAeHHIO IENeCTKOB MOYKHO
CYIHTB O CTETICHH COOOIIEHHON UM JICKTPU3ALHH.
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IIpm >TOM MOXHO CYHMTaTh, YTO B HE3aPSDKCHHBIX Telax BCerna
VMEIOTCSI 3apsiibl MPOTHUBOINOJIOKHBIX 3HAKOB WIIH, YTO TO K€ CaMoe,
JNIEMEHTapHBIC Y(PUPHBIE KOJIBIA C TPOTUBOIOJIOKHBIM HANPaBICHUEM
BpallleHHs1 CTPyH S(upa BIOJIb BHXPEBBIX Koyiell. VX KOIMYecTBO
TaKoOBO, YTO MX JCHCTBHE MOJHOCTBIO KOMIIEHCHUpYET Ipyr japyra. B
Hpoliecce JMEKTPHU3AlMU HaYMHAeT Hpeobiianate BpaiieHue sdupa B
SIIEMEHTAPHBIX ~ KOJNBIAX KAaKOro-mubo OJHOr0 3HaKa. JTO U
OmpeNeNsieT 3HaK U CTEeNeHb dMeKTpu3amu Tel. COnocTaBisis MEXIy
co0Ooii BeIpakeHHs1 3aKkoHa KylloHa Ui OSJIEeMEHTapHbBIX 3apsjioB,
noxydeHHsie B anektpocratuke (3.1.1) u aduponumnamuke (3.1.10),
HaliZIeM CBs3b MEXKIY OJIEMCHTApHBIM 3apsioM  Ce=€ U Tpo-

o o 0
CTPAHCTBCHHOU LUPKYIIAIUCU BUXPCIJICKTPOHA re,

esf+£,E0p, T (3.1.15)

Jloruka ganpbHEHIINX PAacCyKIEHHH MOXET ObITH TaKoi ke, Kak B
anekTpocTtaTtuke. [lockonbky TedeHue 3dupa BHE BUXPEBBIX KOJIEI]
UIEKTPOHA, IMO3UTPOHA U IPOTOHA SIBIIETCS IMOTCHLUUAIbHBIM, TO
PE3YIbTUPYIOIEE HAMNPSHDKEHUE OKOJIO PA3IUYHBIX  3JICKTPUYECKU
3apsHKEHHBIX TEJl MOXHO HAXOJUTh, UCIOIB3YsI METOJl CYNEPIIO3ULIHIA.
To ecTb HaXOAUTH PE3YJBTUPYIOILIEE PELIEHHE KaK T'€OMETPUYECKYIO
CyMMY HaIlpsDKE€HUH, CO37aBaeMbIX TOUEUHBIMH 3apsilaMH.

MoxHo OpIO OB TOBTOPHTH BCE BBIBOIBI DIIEKTPOCTATHKH,
UCIIONB3ys] ~ BMECTO  3apsioB  ( HX  BBIpaXEHHA  4Yepe3
HPOCTPAHCTBEHHYIO IHHUPKYIALUIO CKOPOCTH M TOMYYHTH (HOPMYIIBI
JUIsL HaNpsHDKEHHOCTEH 3NIEKTPUYECKMX TMOJEH OKOJIO 3apsKEHHBIX
TUIOCKOCTEH, IMIMHAPUIECKUX U c(hepryecKux MOBEpXHOCTEH U psna
apyrux. OueBUIHO, YTO B 3TOM HET HEOOXOIUMOCTH, TaK KaK CMBICI
HaIllUX UCCJIEIOBAHUH 3aK/II0UaeTcsi B ApYyroM. Mbl XOTHM PacKpbITh
U 000cHOBATHL  3GHPOAMHAMUYECKYI0 NPHUPOAY  IJIEKTPO-
CTAaTHYECKUX SIBJICHMIl, NOKA3aTh ¢JMHCTBO TAKHX, Ka3a10Ch Obl,
PA3HOPOJAHBIX SIBJEHMIl, KaK BCeMHMPHOe TSroTeHWe, WHepIus,
siiepHAs JHePrusl, AYAJIW3M KOPHYCKYJSIDHBIX M BOJHOBBIX
CBOWCTB 3JIEMEHTAPHBIX YACTHIL, 3JIEKTPOMATHUTHbIC SIBJICHUS W
pacnpocrpaHeHie cpera. Bce 3TH siBjieHHs MMEIOT, 10 HaumieMy
yoesxneHu10, 3GUPOIMHAMUYECKYIO NPHUPOAY W  SIBJSIOTCS
PA3JINYHBIMH TI'DAHSIMHU CBOWCTB W Te4yeHMii 3¢upHoro rasa. B
ITOM :Ke PHAAY HAXOAATCSH MHOIHe 3arajo4Hble KOCMHMYECKHE
siBJICHUs, OTKpPbITble AaCTPOHOMHEH, HO He uHMelollHe Ha
CerOHAIIHUI 1eHb PA3YMHOT0 00bSCHEHHS.
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[IpoBeneHHbIit aHaM3 3QUPOTUHAMHYSCKON TPUPOABI  CHITBI
TSOKECTH W DJICKTPOCTATHIECKUX CHJI TTO3BOJISIET MPUOTKPHITH 3aBECY
HEU3BECTHOCTU HAJ[ CTPYKTypoil HelTpoHa. OTCyTCTBHE y HETO
ANEKTPUYECKOTO 3apsjia 03HAYAET, YTO OH MPEJICTABISICT COOOH, KaK U
MIPOTOH, BHUXPEBOEC KOJIBLIO JKMIKOrO 3(Hupa, B KOTOPOM, OIHAKO,
OTCYTCTBYET BpAIllCHHUE CTPYH BIOAbL KoNbla (W, =0 ). Bpamenue
CTPy# KuaKoro >hupa BOKPYr OCH Tejia KOJIblla HEWTPOHA C YIJIOBOM
CKOPOCTBIO (JqJ_n=3EIL018c'1 MMEET MECTO. DTO TEUEHHE 00ECIICUNBAET
CIIOCOOHOCTh ~ HEHTpOHA MOrjiomarh 3GUp U3  OKPYKAIOIIETo
MPOCTPAaHCTBA, KOTOpas, B CBOIO  ouepelb, OOYyCIOBIMBaET
CTaOWIBHOCTh JOTOW DJIEMEHTApPHONH YACTHIBI W HaIWYUe y HeEe
0O0JIBIION MacCCHI.

3.2DJ1ekTprYecKii TOK B MpPeACTABJIEHUX
3GUPOTUHAMUKH

ITo ompenmenenmto [23], cuma Toka J paBHA KOJIMYECTBY N

IEKTPUYCCKUX 3apsioB € , MEPeHOCHMBIX CO CKopocThio V B
eAMHUIly BpEMEHH uepe3 Iuomans S MOMEPEYHOr0 CEYCHHUS
npoBogHuka [23].

J=¥nS 23)
rae N-YUCiIo  DIEKTPUYECKUX — 3apsioB  (BHXPEIICKTPOHOB
NpOBOIUMOCTH) B eauHuIe oObema. Jlnms MeZHOro TpoBOIA
n=8.910°® M. CkopocTb IBMKEHHs 3apsiiOB BHYTPH IPOBOHHKA
nmeet mopsmok V =80 m/c.

Ho snexrpuyeckuit 3apsin € cormacuHo (3.1.15) mpomoprmonaneH
HPOCTPAHCTBEHHOHN IMPKYJISIMUA CKOPOCTH r; , PacCUMTaHHOH 110
MOBEPXHOCTH  3(QUPHOTO  BUXPEBOTO  KOJbIA,  0OpPa3yIOIIEro
anekTpuueckuit  3apsn. I[lostomy  Belpakenue (3.2.1) MOKXHO
HepenucaTh K BUILY

JHe,60,MynVS. (3.2.2)

HamoMuuM, 4To MpOCTpaHCTBEHHAs LUPKYISIIUSI CKOPOCTH rg,
MOJCUMTAHHAS 10 MOBEPXHOCTH BUXPEBOIO KOJbLIA 3JCKTPOHA,
CBSI3aHA C LUPKYJSIIHEH CKOPOCTH MO KOHTYPY BHUXPEBOIO KOJbLA
aneKkTpoHa ['e; 3aBUCUMOCTBIO
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rac 1—‘elzs.r[(o‘)v-elI'Oz_d =lg) (324)

JIBurasich BJOJb METAJUIMYECKOTO TIPOBOJHNKA BUXPEBBIC KOJIbIIA,
3apsAapl 00pa3yrOT BUXPEBBIC HHUTU C HANPSKECHUSAMU |lg, paBHBIMHU
MUPKYJISAIUSIM  CKOPOCTH 3(upa IO KOHTYPYy BHXPEBOTO KOJbIA
anekTpoHa [¢. Bce BUXpeBbie JIMHUU BHYTPU MPOBOJHHUKA 00Pa3yroT
BUXPEBOM KI'yT C CYMMapHBIM HampsbkeHueM |y u paBHOH emy
CyMMapHOU ITUPKyIsnuei [ .

Yepes mIonagKy MexaTOMHOTO MIPOCTPAHCTBA, PABHYIO ILIOMIAN

aToma Sa=T[r§a, TEOPETUUECKH  MOXKET  MPOXOAUTH  YHUCIO
3JIEMEHTAPHBIX BUXPEBBIX JIMHUHN C IUIOMAABIO TOMEPEYHOTO CEUECHHUS
Se|=T[(2ro_e|)2 paBHoe  SYS.. BuxpeBsle IHHMH B 3TOM Clydae
pacnonarainchk Obl BIUIOTHYIO, 4ero ObITh He MoxeT. [lomaraem, urto
3TO KOJMYECTBO AJIEMEHTAPHBIX BUXpPEH MPUXOIUTCS HE Ha ILUIONIAb
Sa, a HA EMHUYHYIO TUIOIAJb TONEPEYHOr0 CEUYCHHS MPOBOJHHKA
Si=1m> IlosToMy 4YHCIO DJIEMEHTApHBIX BUXPEBBIX JIMHUH,

MpUXOAANIUXCA Ha CAUHUYHYIO IUIOIaAb CCUYCHHUA IMTPOBOJAHHNKA, 6y):[eT

S,/S,
S

CEYeHHs MPOBOJHUKA IMPOXOAMMA ISl BUXPEIIEKTPOHOB. llmomans
paccMaTpuBaeMoOro MpoBOAHKMKA paBHa S. Cle0BaTENbHO, YEpPE3 ATY
TUIOMIAh OYJET MPOXOIUTh CIEAYIONIEe KOJIMYECTBO IIEMEHTAPHBIX
BUXPEBBIX JTUHUN

SIS o

q [M?]. 3mech C<1, Tak Kak He BCS IUIOMIA[b IOMNEPEYHOTO

xS
S Si S

YMHOXHB HanpspkeHue (LUPKYJSIUI0) 2JIEMEHTapHOH BHUXPEBOM
nuHUU le=[¢) HA KONMMYECTBO JTUX JHMHUH MOJYYMM CyMMapHOE
HampsKEHHE BCETO BUXPEBOr0 KI'yTa BHYTPHU IPOBOIHUKA

z'zrzzrelcié (3.2.6)

SHS]
Jlanee BepHeMcs K BBIp@XEHHIO Ui cwibl Toka (3.2.2).
[lepenumem ero, mpeaBapuUTEIbHO YMHOXHB U Pa3fciUB IPaBYIO

(3.2.5)

4acTh HAa MHOXHTENb G(—>-S M 3aMCHHMB IIOBEPXHOCTHYIO
x

LHUPKYJSUIO 3JEKTPOHA F; BeipaxkenueM (3.2.3). B pesynbrate
MOJTYYUM
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J=JecoTinV S=./e ol 2r_,nV
0 /De d 0o /jg e o-¢ Ei C_[E% /Eia

Ei =

I
_ s
EE0, 20 _gNV —=——8S. (3.2.7)
¢LB, /S,
Otkyna HanpsbkeHHe 3(QUPHOIO BHUXPEBOTO JKIyTa BHYTPH
METaJUTMIECKOTO TIPOBOJHMKA |y MOYKHO BBEIPA3WUTh Uepe3 CHITy TOKa B
9TOM IIPOBOJHHUKE

— = <:[:Eii/ Sia
A=Is=

S.\/&.80,2r,_ynV

D10 moje3Has 3aBUCUMOCTh. OHa MO3BOJISET, KAK YBUIUM B TJIaBe
3.3, nydimie MOHATH HE TOJBKO APUPOAUHAMUYECKYIO TMPHUPOIY
JNIEKTPUYECKOTO TOKAa, HO U  A(PHUPOAUHAMHUYECKYIO IPHPOLY
MarHUTHOTO TIOJISi OKOJIO TPOBOJHUKA C AIICKTPHYECCKUM TOKOM. Tam
K€ YTOYHUM 3HaueHUE G,

B razonunamuke [24] ©3BeCTHO pelICHHE 33/1a4H 110 OTPEICICHUIO
MOJISI CKOPOCTEH OKOJIO CHCTEMBI BHXPEBBIX KOJEN B O€3rpaHHMIHOM
H0JIC KHUAKOCTH, paclpeIeICHHBIX PAaBHOMEPHO IO JUTMHE [MJIHHAPA B
IUIOCKOCTSIX, TIEPIICHIUKYIISIPHBIX ero oOpasyromiei. PaccmarpuBaetcst
TONILKO OKPYXXHOE BpallleHHE J>XUJIKOCTH B BHXPEBBIX KOIBIAX C
YIJIOBOH CKOPOCTBIO (), . TeueHWe BIOJb KON OTCYTCTBYET
(Puc.3.2.1). Oka3zanoch, 4TO BHE IMJIHHApPA BUXPbh HE HHIYIHPYET
ckopocTeil. BHyTpM mmMiIMHIpa WHIYIHPYETCS OCEBOM IOTOK CO
CKOPOCTBIO, U3MeHsoIelcs or V=Y Ha ocu muimHipa 1o V,=Y/2
Ha ero CTeHKax. 3/iech Y - MOTOHHAS MHTEHCUBHOCTH BUXPEBOTO CIIOS
Ha TOBEPXHOCTH INWIMHApA. ECIM JIOMYCTHTh, YTO DICKTPOHBI
JBIDKYTCS BIUIOTHYIO APYr K JAPYTY, TO €€ MOXKHO OIICHUTh Kak
OTHOIICHNE MHUPKYJAUN OKPYKHOTO TEUYEHUS Ha IOBEPXHOCTH
BUXPEBOTO KOJIbIA (BUXPEIIEKTPOHA) K €T0 IIHPHHE

My

(3.2.8)

Y=

=, O, =200° wmlc (3.2.9)
ro—d

J4 K3 IMPOBCACHHOTO aHa/Jin3a CJICAYCT, YTO BHYTPU MPOBOJHHKA

MMOMUMO JBW)KCHHUS C HEOONBIIONH CKOPOCTHIO BHUXPEIIECKTPOHOB

(V C 610" m/c) cymecTByet oceBast CIpys 3pHpa co CKOPOCTHIO
&2010°m/c. (3.2.10)
Takum 00pa3oM, JIOTMKA HAIIUX KMCCIICIOBaHHMN IOJBENA HAC K
MBICIIM, YTO  JJIEKTPUYECKHIl __TOK __ NpeAcTaBJsieT  co0oi
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KOMOMHALNIO JBYX IMOTOKOB!: nepBblii COCTOMT U3
BHXPEIEKTPOHOB, T.€. BUXPEBBIX I(UPHBIX KOJell, NPOTEKAIUINX
¢ HeGoabmoii_ckopocthio (VB0*m/c) BI0IbL BHXPEBBIX JIMHHIL,
00pa3yiomMX _ BUXPEBOW _ IIHYP  BHYTPH __ MeTAJJIMYECKOr0
npoBoaHNKa. Ero conpoBo:kIaeT B TOM Ke HANpPABJEHUM BTOPOW
BBICOKOCKOPOCTHOI moTok 3¢upa (V [PA0°w/c). On uHMIHNpPOBAH
nepBbIM N0TOKOM. Hanpsi:keHue BUXpEBOr0 IHYPA B NIPOBOJAHMKE
CBA3AHO ¢ cuJIoii _Toka dopmyoii (3.2.8). MIMeHHO _3TOT
BBICOKOCKOPOCTHOM _MOTOK _3¢upa  cBA3bIBaeTCS B HalleM
CO3HAHHM C MIOHATHEM KY/IAP TOKAY.

IIpn 3aMbIKaHUH TIPOBOJHUKA C 3a3€MJICHHBIM TEJIOM 3TOT MOTOK
BPBIBACTCSl BHYTPb IOCIETHETO W, B3aMMOCHCTBYS C MOJIEKYJIaMH U
aToOMaMH JTOTO Teia, MPHUBOAUT HMX B BO30YXKICHHOE COCTOSIHHUE,
BEI3bIBa€T HarpeB. HeocTopokHOe oOpaieHHe C 3IEKTPHYSCKUMU
MPOBOAMH, HAXOMAUIMMHUCS IO/ HAIPSDKEHHUEM, MOXKET MPHUBECTH K
TParu4eCcKUM MOCIIEACTBUSM.

be3 npencraBjienns 0 BLICOKOCKOPOCTHOM OTOKe 3(upa 0bLi10
Obl_He cOBCeM NMOHATHO, KAK NMOTOK JJ1eKTPOHOB, ABUKYIINXCH €
MH3EPHOH CKOPOCTbIO MeHbllle OIHOr0 MHJJIMMETPAa B CEKYHIY
MO:KeT YOUBATH JII0/Ieiil ¥ KUBOTHBIX, Ybsl peakuus Ha 00J1b, yaap
U IpPyrue oulylnieHusl 3Ha4YuTeJbHO ObIcTpee.

DJNIeKTpUYecKass MOJHHUS TakKe TPEIACTaBIsIeT Cco00H paspsn
SJEKTPUYECKOr0 TOKAa, COCTOSIIIEr0 M3 TEX K€ ABYX MOTOKOB. Bo
BpeMs TpO3bl BO3AYyX I[IEPEHACHINIEH BOJSHBIMA TapaMd U
CBOOOJHBIMH 3JIeKTpoHamu. I3-3a TypOyleHTHOCTH aTMocdepbl U
MEepEeMEIINBAaHUSL CIOCB B  BO3JyXE BO3HUKAIOT TMPOTSKCHHBIC
BO3/YIIHBIC BHUXPH, BOBJIEKAIOIIUE B CBOC JBHKCHUE CBOOOIHBIC
3NEeKTPOHBI. B pe3ynbpTrare 00pa3yroTcs 31eKTpoHHbIE BUXpH. Ecim ati
BUXPH OKa3bIBAIOTCS BBHITAHYTBIMU MEXY 3€MJIEH U TyueH, B KOTOpOil
HAKOMMIIOCh MHOTO HM30BITOYHBIX JJIEKTPOHOB, IMOCIEIHUE HAYWHAIOT
MEJIEHHO JIBUTATbCAd OT TYYH K 3€MJie, BBICTPAMBAsCh B IICTIOYKH
BBITYBOM 3(Upa BIepe U3 NEHTPATbHBIX OTBEPCTHH BUXPEKOIe. DTH
BUXPEBbIC JIUHUU (TOYHEE BUXPEBBIC TPYOKHM) HAYMHAIOT UTPATh POJIH
aMeKTponpoBojoB. Celvac k€ BHYTPU BHUXPEBBIX JJIEKTPOHHBIX
TpyOOK BO3HHKAIOT BBICOKOCKOPOCTHBIE MOTOKHU 3¢pupa. [Ipoucxoaut
paspsn TOKa CO BCEMH BBITEKAIOIUMH W3 3TOTO ITOCIEICTBHUIMH.
BzaumopeiictBys ¢ aromaMm M MOJICKyJaMH  BO3AyXa,
BBICOKOCKOPOCTHBIE TIOTOKH 3(Upa pa3orpeBaroT BO3IYX JI0 COCTOSHUS
packaJieHHOM IIa3Mbl, CBEUCHIE KOTOPOH MBI BUAMM B OJICCKE MOTHHIMA
W CIBIIIMM B 3alO3JalIbIX packaTax rpoma. M3BecTHO, YTO MOJHUU

122




BO3HUKAIOT TAaKKe MEXIy IBYMsS Ty4aMH, B OJHOH M3 KOTOPBIX
uMeeTcst i30BITOK, a B IPYroi HeJIOCTATOK 3JIEKTPOHOB.

B Hacrosiiee Bpems W3BECTHBI 3KCICPUMEHTAIBHBIC TaHHBIC I10
M3MEpEHMIO CKOpocTell «mmepa» (koHunmka wmomunn) VILOPMm/c u
«UTONBYATOrO JHAepa» (Korma KaHal MOJIHHM YXKe HpPOOHT)
VIAA®Pw/c. Konedno, B SKCIepuMEHTe (GHKCHPYETCS HE MOTOK
a¢upa, a nepenBrwKeHHe (HPOHTa CONPUKOCHOBEHUS MOTOKA 3dupa ¢
BO3JIyXOM, TJi¢ MPOMCXOJHUT pPa3orpeB W MpeBpalleHHe BO3ayXa B
wiazmMy. Korma kaHanm yxe TpoOHT, B HEM, IO-BUIMNMOMY,
(GUKCHpyeTCsl TOTOK CBOOOAHBIX AJIEKTPOHOB. CKOPOCTh  3THX
3JIEKTPOHOB MOXKHO paccUuTaTh 1o hopmyie

VEFV, (3.2.11)

[Mpumem, 4TO HayanmbHas CKOPOCTh JJEKTPOHOB paBHa Hymro V=0.
Cornacuo BelpaxkeHnto (1.10.6) cuia, mpuiIoKeHHass K KaKAOMY
JNIEKTPOHY, CO CTOPOHBI TOTOKAa »dHupa B KaHajle MOJIHHUU
oTpeJieIIsIeTCs KakK

FFMj=maVe, (3.2.12)
e M-Macca 3eKTpoHa, j-yckopeHue 31ektpona, 0=1c™, V=210°m/c
(cormacuo (3.2.10)).0O1kyna

G =2010°m/c? (3.2.13)
IMomcraBum 510 3Hadenwme B (3.2.11) m pe3ympTaT IpHPaBHIEM
IKCIIEPUMEHTAJIBHOMY 3HAUCHHIO CKOPOCTH <HTIOJBYATOTO JIUACpa».
U3 mony4eHHOro paBeHCTBA HaiJeM BpeMs, HOTpeOHOe /sl pa3roHa
JJIEKTPOHOB B KaHalle MOJHHUM JIO0 3HAuYeHWs, 3aUKCUPOBAHHOTO B
9KCIIepUMeHTE (HaOIIOICHIH)

t84°/2010°=2c (3.2.14)
DTO  JOCTaTOYHO  peaIbHBI  pe3yibTaT,  HOATBEPKIAIOLINI
JIOCTOBEPHOCTH HAILIETO MCCIICTOBAHUS.

3.3 MaraurTHoe 1moJie 0K0.J10 NMPOBOJHHUKA C TOKOM.

PaccMoTpuM  37E€KTpOMAarHMTHOE  B3aUMOJEHCTBHE  JBYX
napajjieJbHbIX OECKOHEYHO JJIMHHBIX IPOBOJHUKOB C TOKOM.
W3BecTHO, YTO NPOBOJHHUKH C OAMHAKOBO HAIPABJIEHHBIMH TOKaMHU
OPUTATUBAIOTCA, @ C IMPOTHBOIOJNOKO HAmpaBICHHBIMA TOKAMU —
OTTAJKHUBAIOTCA. MOIydb CWIIBI TPUTSDKCHUS (OTTaJKUBAHUS) TPU
OJIMHAKOBBIX (IIPOTHUBOIIOJIOKHBIX) HATIPABJICHUSIX TOKA PaBEH

F J.J,

I HoH 2[R
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3nech J U J - CHIIBI TOKOB B TIEPBOM M BTOPOM IPOBOJHHKAX. o —
MarHuTHas TIOCTOSIHHAasA. || — MarHWTHas MPOHHUIIAEMOCTh Cpeibl, B
KOTOPOW HaXOAWUTCS MPOBOJHUK. R —paccTosiHUe, OTCUUTHIBAEMOE OT
MPSIMOJIMHEHHOTO TPOBOJHWKA B HANPABICHWH HOPMAIH IO JPYTrOTO
MIPOBOJIHUKA.

Ho=4T10 Tr/M=1,2610°Tu/m (3.3.2)

Jlanee BepHeMCS K TMPEACTABICHUAM J(PUPOIUHAMUKHA. MBI
OCTaHOBWJIUCh HAa TOM, YTO BHYTPH METaJUIMYCCKOTO MPOBOJHHUKA C
SIEKTPUIECKIM TOKOM CYIIIECTBYET JKI'YT U3 DJIIEMEHTaPHBIX BUXPEBBIX
aureit adupa. Ero mHamnpsbkenne Beipaxkaercst popmyioii (3.2.8)uepes
cuty Toka. CTEHKH METAJUIMYECKOTO MPOBOJHUKA HE SBISIOTCS
HENPEOJOJIUMON Tperpafioil ans 3(QUPHOTO Trasa, OKPYKAFOIIEro
MPOBOJHUK. BHXpeBble KOJbIa SIEKTPOHOB, 00pa3yIoNINe BUXPEBHIE
HUTH JBWXXYTCS BIOJb MPOBOJHWKA. M3 WX IEHTPALHBIX OTBEPCTHUI
BbITyBaeTcst cTpys d3¢dupa. C NPOTUBOMONONKHONW CTOPOHEI 3PUP
3acachlBaeTCs  BHYTPh  IEHTPAIBHOTO  OTBEPCTHS,  YAaCTUYHO
MOTJIONIASsICh BEIIECTBOM BHUXPEdJIEKTPOHOB. B  pesynprare 3TOTO
BHYTPH METAJUTHYECKOTO TIPOBOJTHUKA BOSHHKACT HE TOJIKO TIOTOK W3
BUXPEBBIX KOJEI, HO U cTpys 3¢upa, TeKymlas BAOIb IMPOBOIHHUKA.
Jasnenne 5>dupa BHYTpM TNPOBOJHUKA YMCHBIIACTCS — W3-3a
YBEJIMYCHHSI CKOPOCTH.

B okpyxatomem crtpyr mone 3dupa BO3HHKACT paJgHaIbHOS
TEYCHHE TI0 HAMpaBICHHI0O K CTpye B CTOPOHY MOHIKEHHOTO
JaBICHHUA. OTO paJualbHOE TEYeHHE HEYCTOWYHMBO M TOITOMY
HAYMHAET BPAIIAaThCS BOKPYT cTpyu. OOpasyercs TUNHYHAS KapTUHA
TE€YEHHUS OKOJIO IIEHTPAIBHOTO BUXPS, HAIPUMEP, BOHUKAIOMIAS TPU
CJIMBE BOJBI M3 OOJIBIIION €eMKOCTH Yepe3 CIIMBHOE OTBEPCTHE.

B Uu "’ﬁmu

TOK OT Hac\W
n

-WJTDK Ha Hac

Puc.3.2.1 Puc.3.3.1
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DTO TeUEHUE CTAHOBUTCS YCTOWYHMBBIM K BHEITHUM BO3/ICHCTBUSM,
TaKk KaK IIEHTPOOEKHBIE CHIIBI, BO3HUKAIOIIME TIPY BpPAIICHUH U
JICHCTBYIONIUE HA CTPYH JKUAKOCTH, YPABHOBEIIWUBAIOTCS CHIIAMU
naBineHus. HampaBneHwe BparieHus 3¢upa BOKPYT HPOBOJHUKA C
TOKOM, TI0-BHIANMOMY, MOKET OBITH JIFOOBIM, KaK IO YaCOBOW CTPEIIKE,
TaK ¥ MPOTHUB YaCOBOW CTPEJIKH MO0 OTHOIIECHHUIO K HAIMIPABIIEHUIO TOKa
B mpoBojgnuke (puc. 3.3.1). HanpaBneHnue BpallieHHWs 3aBUCUT OT
BHEIIHUX BO3IECHCTBUI B MOMEHT 00pa30BaHMS 3TOTO TEUEHHS.

B cucteme aAByX pAacmoIOKEHHBIX PSAOM TPSMOJIMHEHHBIX
MIPOBOJIHUKOB C TOKOM HAITPaBIICHUE BPAIlCHUS BHXPEW OKOJIO HUX
peanu3yeTcs ¢ y4eTOM MX B3aMMHOTO BIMsHUS. Ecim Tok B 00oux
MIPOBOJHMKAX HAIpPaBJIeH B OJWHAKOBOM HAIIPABJICHWH, HAPUMEDP OT
HAC, TO BUXPHU BOKPYT BHXPEBBIX XI'YyTOB (MMPOBOJHHKOB C TOKOM)
BpaliarTcs HaBcTpeuy apyr apyry (puc.3.3.2). B srom ciydae B
NPOMEXYTKE MEXIy JBYMsS TPOBOJAHHMKAMH CKOpPOCTh 3(upa,
WHAYIHpYyeMas BUXPSIME, YBEIHYUBACTCS, a JaBJCHHE IOHIKAETCS
(cormacHo ypaBHenuto bepHyman). CHapyXd OT TMPOBOJHHKOB
JABJICHWE OCTaeTcsi Oojiee BBICOKMM. B pesynbraTe Kaxablii u3
MIPOBOJHUKOB TIOATAJKUBACTCS TIEPEnajoM HaBICHUS OPYT K IPYTY.
Wuave roBopsi, MPOBOIHUKU PUTATHBAOTCS.

Ecnu TOoxk B TpPOBOJHUKAX HAMpaBlIeH B IPOTHBOMNOJIOKHBIC
CTOPOHBI, TO BUXPU BOKPYT BUXPEBBIX KI'YTOB (IPOBOTHUKOB C TOKOM)
BpalllaloTCs B OJWHAKOBOM HampaBleHWH. B 3a30pe Mexay
MPOBOJIHUKAMH HAOJIOJAOTCSI BCTPEUHBbIC IMOTOKH. WX cymmapHas
CKOPOCTh yMEHBIIAeTCs, a JaBJCHHE BO3PACTAECT IO CPABHEHHIO C
JABJICHUEM CHapyK{ OT MMPOBOJAHHUKOB C TOKOM. B pesynbprare Kaapii
U3 MPOBOJHUKOB OTTAJIKUBACTCS JIPYT OT Apyra MepenajoM JaBIeHUS
(puc.3.3.3).

Ecnu psamom mapaiienbHO OpyT APYTY PacIoiio’KeHBI TpU U Ooee
MPOBOJHUKOB C OJMHAKOBBIM HATPABICHHUEM TOKa, TO JIOOBIC aBa (U
Ooree) U3 HUX MOXKHO pacCMaTPUBAaTh KaK ¢IWHBIN BUXPEBOM LIHYP C
HanpsHKEHNEeM, PaBHBIM CyMME HAIpPSsDKEHUI COCTaBIIONINX BHXPEH.
OcraBmuiics TPOBOJHUK M CYMMAapHBIM BHXPH MPEACTABISIIOT COOOM
kak Obl 1Ba BUXps. [loaToMy kapTrHA 00TEKaHUS 3TUX BUXPEH dPUpOM
CBOJIUTCS K YK€ pACCMOTPEHHOMY Cllydaro Ha puc.3.3.2.

Ecnu psamom mapaiienbHO OpyT APYTY PacIoiio’KeHBI TpU U Ooee
MIPOBOJIHUKOB, CPEN KOTOPHIX XOTS OBl B OJJHOM U3 HUX TOK TEUET B
MPOTUBOIIOJIO)KHOM ~ HANpPaBJICHWM TI0 OTHOUICHWIO K JIPYTUM
MPOBOJHMKAM, TO KapTWHA TEYeHHA IPHpa CBOAUTCA K CIIydaio Ha
puc 3.3.3.B aTom citydae MPOBOAHHUKH C OJMHAKOBEIM HAIPaBICHUEM
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TOKA MOXHO pacCMaTpuBaTh KaK CIWHBIA BHXPEBOH IIHYp C
HamnpsHKEHHEM, PaBHBIM CyMME HANpsHKEHUH BUXpEH BHYTPH ITHX
MIPOBOTHUKOB.

TOK OT HAC TOK Ha HacC

Puc.3.3.2 Puc.3.3.3
WHaynupoBaHHble B 1ON€ 3(PUpa OKOJIO MPOBOJHUKOB C TOKOM
CKOPOCTH  BBIUMCHISIFOTCS ~IIYTEM HHTCTPUPOBAHHS MO  JJIMHE
NPOBOJIHUKA BBIPAKEHUS JIISI KOJBIIEBOM CKOPOCTH, OIpeeNsieMOi
3akoHOM bro-Casapa

r_z = I_Z (3.3.3)

2IR 27R
3mech I's |z - COOTBETCTBEHHO MHPKYJAINS W HaMPSIKECHUE
BUXPEBOTO KryTa 3(Qupa BHYTpH NMPOBOIHWKA. [IepBBIi MPOBOIHUK,
BHYTPH KOTOPOTO MPOXOJUT BUXPEBOU HIHYp C LUPKYJsIued ['yi,

o 2
HaXOJIUTCS B TIOJIE CKOPOCTEH UVFﬁ , HTHITYITAPOBAHHBIX BTOPHIM
JT

npoBoAHUKOM. [loaTOMy Ha Hero AelcTByeT cuia, omnpezensiemMas
TteopeMoit XKykoBckoro. OHa HanpaBsJieHa K BTOPOMY IIPOBOJHUKY

FperanI:peml (3.3.4)
27R

OueBUIHO, YTO C€ TaKOM Ke CHJIOM BTOPOH TMPOBOJHUK
nputsAruBaercs Kk nepBomy. W3 Beipaxkenus (3.2.8) nHanpsokenue |y
BUXPEBOI'0 IIHypa BHYTPH JIO0Or0 IPOBOJHUKA MOKHO BBIPA3UTh
gepe3 cuity Toka. [loaToMy 3aMeHNUM HaNpsHKEHUS] BUXPEBBIX d(HPHBIX
KIyTOB ly1 U Iy, IEPBOrO U BTOPOTrO MPOBOJHUKOB YEpe3 CHIIbI TOKOB
J, u J; B 3THX MpoBoAHUKAX. B pesynbraTe cuia, OTHECEHHAs K JIMHE
NPOBOJHMKA, OMPEAETUTCS KaK

F_ ¢US/S)° A,

1 4e,e02,n’(V)2S? 2R
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ComocraBisiss 3T0 BblpakeHue c¢ 3akoHoM (3.3.1), moxyuum
¢dhopmyny st moacueTa  Hol

2 2
— C (Sa / Se| ) 3.3.6
UOU— 2 2A7\22 ( . )
4506 |]o—e| n (V ) Q
HOI[CTaBI/IM B OTO BBIPAXXCHUC 3HAYCHUA BXOIAIINX B HETO BEJIMYUH.

S _
S—a =0,21310°, n=8,510°"3, r1,.=2,1810%m, V =8110"m/c,

o
u=1wu e=1 (s Bakyyma), £,=8,85410 d/m, S =1m (3.3.7)

IMocne BBIYKMCICHWI TONYYMM 3HAYECHHUE JJIS  MArHUTHOU

MTOCTOSIHHOM
Ho=5,93T10°¢ Tu/m (3.3.8)

DKCIIepUMEHTAIbHOE ~ 3HAYCHUE MarHUTHOM MOCTOSIHHOU
npuBenecHo B (3.3.2). CpaBHHBas 3TO 3HAYCHHE C €r0 PACUCTHBIM
snagenneM (3.3.8) maxomum koadpdunmenr ¢=0,46. Kak ™Mbl u
OXuaand, STOT Kodpduuuent Omm3ok k 3Hadenuto 0,5. On
MOKA3bIBACT OTHOIICHUE YACTH TUIOIIAIN MEKAaTOMHOTO MTPOCTPAHCTBA
K BCEH IUIOIIAAM CEYEHUS METAJUIMYECKOTO NpPOBOAHMKA. B
3aBUCHMOCTH OT MaTepuajia MPOBOJHUKA 3TOT KOI(D(UIIMEHT MOXKET
U3MEHSTHLCS, HO €ro 3HaYCHUE He BBIHIeT 3a mpenensl 0<c<l.

B 3akmioueHue cpenaeM OAHO 3aMEYaHWE, HECMOTPS HA TIOJIHOE
COBIIQJICHUE PE3YTHTATOB PACUCTOB C SKCIIEPUMEHTAILHBIM 3HAUCHHEM
koddpdumenta |,. Jeao B TOM, 4TO MOCTYIUPOBAHHOE HAMU YUCIIO
BUXPEBBIX JIMHUH, MPUXOSIUXCS HA SAMHUYHYIO TUIOMA]b CEYCHUS

S
MIPOBOJTHUAKA ¢ 8 g, + MajoBaro. Benp cedyenue mpoBogHMKA S
3|

moxer Obrth Menbme 10° M (zmamerp mensine Imm). Ho He MokeT
Ha ATOM IUIOIIAAU OBITh MEHBINE OJHOW BUXPEBOW JIMHUH, TIOCKOJIBKY
CIa0CHBKUN DJICKTPUYECKHA TOK depe3 J3Ty IUIOMAaAb MOXKET
npoxonuTh. KcTaty, s HUr/Ie He BCTPETHI YKa3aHUI Ha OrpaHHYCHUE
npumeHuMocT Gpopmyasl (3.3.1)mo cunam Toka B mpoBogHHKaX. Ho
OHH JIOJDKHBI OBITb.

[MosTOMy, TIpHM ONpEACTICHUW BIUSHHA BUXPEBOTO IKIYTa,
PacIoI0KEHHOTO BHYTPH IPOBOJHUKA C TOKOM Ha OKpYIKaroliee mose
aupa, HYXKHO Yy4eCTb, UYTO OTOT IKIYT HAXOAUTCA CpeIu
HETO/IBIKHBIX ~ aTOMOB ~ METaJUIMYeCKOro MpoBogHHMKAa. W 310
ociabiseT BO3ACHCTBUE BHXpeld Ha (DOpPMHpPOBAHHE BHXPEBOIO
TEUCHUs BOKpYr mnpoBogHuka. C yderoMm 3TOro (akTopa YHUCIO
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BUXpEH, HA caMOM Jelie, MOXKET OBITh BO MHOTO pa3 OoJIbIle, HO HX
BO3MICHICTBHE HA BHEIITHEE TCUCHHUE OyIeT TaKUM, KaK €CJIH ObI HX OBIIO

MaJio, HO OHH HaXOJWIIHCH OBl B BAKyyMe, 8 HMEHHO §—— IITYK.
o

BaxkHo jpyroe, 4ro CcyMMapHas LUPKYJISLIUS W CyMMapHOE
HANpsDKCHWE ~ BHXPEBOTO  JKIyTa,  HAXOAAIIErocs  BHYTPHU
METaJUTMYECKOTO IPOBOJHUKA, OKAa3aJHCh MPONOPLUHOHATIBHBIMEI CHIIE
TOKa, MPOXOJSIIETO Yepe3 STOT MPOBOAHUK. TO €CTh MCCICOBAaHHBIN
HAMH MEXaHHM3M B3aUMOJICHCTBHS DJIEKTPHYECKOTO TOKA C BHELIHUM
noseM 3¢Gupa cpaboTalm ¥ 3TO BO MHOTOM pacKpbIBaeT MPUPOIY
ANIEKTPOMAarHUTHOTO B3aUMOJICHCTBHS MPOBOJHUKOB C TOKOM MEXIY
coboil. Benmumny P

BRH 51 (3.3.9)

HA3bIBAIOT MHAYKIMEW MAarHUTHOTO TOJs Ha paccTosHuu R ot
MPOBOJHMKA C TOKOM. JIMHUM MarHUTHOW HWHIYKIIMH COBIAJAIOT C
JUHUSIMH TOKa 3(Qupa B TIOTOKE BOKPYT BHXPEBOTO XKIyTa,
MPOXOSIIEr0 BHYTPH METAINIMYECKOTO MPOBOJHHKA ¢ TOKOM. Ecmu
BHYTpPH TNPOBOJHWKA HET TOKA, TO BHXPEIIEKTPOHBI MPOBOINMOCTH,
MIPEJICTABJISIONINE COOOH BUXPEBBIC KOJbIA 3(hHpa, OpUSHTHPOBAHEBI B
MIPOCTPAHCTBE MPOU3BOJIIBEHO U HE 00pa3yrOT 3JIEMEHTAPHBIX BUXPEBBIX
HUTEH U BUXPEBOTrO XryTa. [103TOMy MarHMTHOE TOJ€ OKOJO TaKOTro
MIPOBOIHUKA OTCYTCTBYET.

3.48akon AmMnepa.

Ecnu mpoBOIHUKH ¢ TOKOM Haxojsarcs mox yriaoM 3 (Puc.3.4.1),
TO ckopocTh U, HHIyIMpOBaHHYI0 B mojic 3(upa OGeCKOHEUHBIM
TOPH30HTAIBHBIM MPOBOIHUKOM C TOKOM Jj, CIIEIyeT Pa3JIOkKHTh Ha
HalrpaBJieHHe HOpMalk K HakiIoHHOMY mpoBoaHuky U.=U,Sin0  u
Ha HampaBlieHHe, MapajuieabHoe 3ToMy mpoBoauuky U,=U,;co.
31ech IBHKEHHE MOTOKA 3(Hpa BIOJIb HAKIOHHOTO IMPOBOJHHKA HE
OTpaKaeTcs Ha OINOPE pAaClpelesicHUusl aBJICHHUS B TIONEPCUYHOM
CEUYCHUH ATOTO TPOBOTHUKA.
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Pacnpe):[eneHI/Ie JaBJICHUS

T, 3aBHCHUT TOJIBKO oT
ez Un ckopoctu U, Tlosromy
%‘ U B dopmyny  (3.3.5) s
| | ONPENICNICHUsT MOAYJIS 10~
| [ mepednoii cunbl  JKyKOB-
— B CKOI'O CJIENyeT IMepernucarhb
Iy ¢ yuetom dopmyn (3.3.4),
(3.3.6)m (3.3.9)x Buay

Puc.3.4.1
AF = pU Ty Al, = ,uo,uz‘];T—JEZRSincrAI2 =J,Al,BSna (3.4.1)

VYyreM, uTo HampasieHHe ckopoctd U coBmamaeT ¢ HampaBiIeHHEM
BEKTOpa WHAYKLIWU MarHUTHOTO TOJISl, HABEIEHHOT'O TOPH30HTAIBHBIM
MPOBOAHUKOM C TOKOM J. IlosToMy yrom O oOKa3bIBaeTCs YIIIOM
MEXJIy BEKTOPOM MAarHMTHOW WHAYKIUU B ¥ yd4acTkoM HaKIIOHHOTO
npoBoganka Al, ¢ Ttokom b . Takum ob6pasoMm, dopmyma (3.4.1)
SIBJISICTCSL M3BECTHBIM 3aKOHOM AMIIEpa, OMPEACTSIONIUM CHITY, C
KOTOpOH MarHMTHOE ToJe ¢ WHAyKIHMed B geiictByer Ha mome-
HICHHBIN B HETO OTPE30K HAKIOHHOTO mpoBoaHuka Al ¢ TokoMm Jb.

3.5 Cuaa Jlopenua

Ecnn B MarHuTHOM moJie MOJ YoM O K BEKTOPY MarHHUTHOU
WHIYKITUN B co ckopocteio V  OBHKETCS DIIEMEHTAPHBIN
JNEKTPUUYECKUH 3apsan (| , TO €ro ABMKEHHE MOXKHO PacCMaTpUBATh
KaK 2JIEMEHTAPHBIN JIEKTPHYECKUI TOK ¢ cmiiold  }b=Q/1; B yCIOBHOM
npoBoHuke uHOIM Al,=V [, . [ToncTaBum 3TH 3HaYeHUS B GOpMYITy
Awmrepa (3.4.1)npenpinymei rnassl. [Tlomyunm cuty Jloperna

AF=qVBSim (Ap

Ha puc.3.5.1 u 3.5.2 nokazanel cxembl cuil JKyKoBCKoOro,
JCUCTBYIONIMX HA JICTAIINE BJOJIb NPOBOJHHUKA C TOKOM , TEKyIIEM B
HaIlly CTOPOHY, JJIEKTPUYECKHUX MOJOKHUTEIBHOIO M OTPHLATEIHHOTO
3apsimoB.  HampaBnenwme cun  JlopeHua,  ACWCTBYIOIIMX — Ha
HOJIOKUTENBHBI M OTPHLATENbHBINA 3apsAAbl MOKHO OIPEAEIHTH II0
NpaBUITy JEBOH PYKH.
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NPOBOAHHK
w0

3."EKT|]DH "D:E-II_J)TPDH
o o

] L

Puc.3.5.1 Puc.3.5.2

oD
NPoB0AHHK

3.6PaMKa ¢ TOKOM B MATHUTHOM I10JI€
NPAMOJIMHEIHOTO MPOBOHUKA C TOKOM

Ha pwuc.3.6.1 uzoOpakeHa pamka, MpeACTaBisAionias co0oi
3aMKHYTBIA TUIOCKUH KOHTYp ¢ TOKOM J. Och paMku mapajuieibHa
0ECKOHEUYHOMY MPAMOIUHEHHOMY MPOBOJHHUKY C TOKOM J. MBI yxke
3HaeM, YTO 53TO pPAaBHOCHIBHO TOMY, YTO BHYTPH IIPOBOJHHUKA
MPOXOaUT PUPHBINA BUXPEBOH IMIHYp ¢ HanpspkeHueM |;. Crta Toka u
HanpsDKEHHE BUXPEBOTO IIHYpa CBsI3aHBI MEKAY co0oi (opmyoit
(3.2.8). IlpsaMomuHeWHBI BHXPh HHAYNHAPYET BOKPYT ceOs IoJe
OKpPYKHBIX CKOpocTed. PaMka wuMeeT MajeHbKHE pasMephl II0
CPaBHCHHIO C pACCTOSHUEM MEXKIYy PaMKOW W TMPSMOJIUHEHHBIM
BuxpeM. [loaTromy Oynem cuuTarh, YTO OHa LEJIUKOM OOTEeKaeTcs
pPaBHOMEPHBIM TIOTOKOM 3(upa C OTMHAKOBOW OKPYKHOW CKOPOCTHIO
U=I1,/21R. 3necs R-paccrostnre Mexay OECKOHEUHBIM IPOBOIHUKOM
U OCBIO paMKH. J[TMHA CTOPOH paMKH, MapauieIbHBIX OCH, paBHa Al,,
a meprneHAuKyIApHbIX - h. TInomans BHYTpH KOHTYpa paMKH paBHA
S=Alh. TIpn obTekaHnu paMKu NMOTOKOM 3(Hpa, WHIYIUPOBAHHBIM
BHUXPEBBIM IIHYpPOM OECKOHEYHOTO MPOBOAHHKA, HA CTOPOHAX PaMKH,
napauieIbHBIX €€ OCH, BO3SHHMKAIOT HOPMajbHBIE CHIIBI JKYKOBCKOTO.
OTO MPOUCXOAUT MOTOMY, YTO B NMPOBOIHHUKE, 0OpasyIoLIeM pPaMKy,
TaK)Ke MPOXOIUT CBOHM d(DUPHBIN BHXPEBOH MIHYP C HAMpPSOHKEHUEM o,
DT0 HampsHKeHWE CBsA3aHO C cwioi Toka J, ¢opmynoit (3.2.8). B
COOTBETCTBMM C TEepBOA TeopeMoil ['enpMroibma o BHXPAX
HanpsoKeHue |, TMOCTOSHHO MO BCEW UIMHE PaMKH, HECMOTpPS Ha ee
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cnoxnyto ¢opmy. Ilpum sTOM, HampaBieHue BpamleHHs 3¢upa B
HapajulelIbHBIX CTOPOHAX BHXPEBOTO JKI'yTa PaMKH OKa3bIBAIOTCS
BCTpe4HBIM. Bo3HUKaIOImKe Ha ATUX MPOBOAHUKAX CHIIBI JKYKOBCKOTO
OyayT mnapamienbHbBl MEXAy co0oif, HO HampaBieHBl B pa3HbIC
croposl.  Cunbl  JKyKOBCKOTO — MEpNEHOWKYJISAPHBI K OCH
MIPSIMOJIMHEWHOTO BUXPS W CKOPOCTH Haberaromiero moroka. Tak ke,
Kak TIpH aHalu3e CHJIOBOTO B3aWMOJCHUCTBHUS ABYX OECKOHEUHBIX
OPSIMOJIMHEHHBIX ~ NPOBOAHMUKOB C  TOKOM, CHJIBI  CONIDKAIOT
IPOBOJHUKN KOHEYHOH JUIMHBI, €CIIM HAIpPaBICHUS TOKOB COBIAIAIOT
U OTTaJKHBAIOT, €CIM TOKU TMPOTEKAIOT B Pa3HBIX HalpaBJICHHSX.
Benuuune! aTHX cun onpenensirorces hopmyion (3.3.4)

[,1,Al,
¢ 2R
MOMEHT mapsl CHJI, PaclOJIOKEHHBIX HA PACCTOSIHUK Ny Ipyr OT
npyra oyneT

Fo (3.6.1)

[ 1,Al
PFh=p -12—2n 3.6.2
loe Zlﬂ 1 ( )
Ecmm nampsoxkennss  I; u | 3(UPHBIX BUXPEBBIX KI'YTOB

3aMeHUTh ¢ momomipio (3.2.8) yepes3 cuibl TOkoB J; 1 J, U ydecThb
BeipaxkeHue (3.3.6) mus ko unmenToB Mo M Bblpaxkenue (3.3.9)
Ut vHAYKnuu B, To momyunmM ¢opMyiy ciemyromero Buaa
2BJAlN, . (3.6.3)
W3 puc.(3.6.1) BuaHO, 9TO TUIEY0 CHI hy CBSA3aHO ¢ PacCTOSHHEM
MeX1y cTopoHamu pamku h uepe3 Cosx
1AhCosx . (3p.

Puc.3.6.1
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IMoacraBum st0 3HaueHue B Qopmyrny (3.6.3). OkoHUYaTETHHO
MOTYIUM
R=BJl,hCos1=BJLS,Cosx . (3.6.5)
3mech O - yroi Mex Iy HampasieHreM ckopoct U B LieHTpe paMKu
(BekTOpa HMHAYKIMH) W IUIOCKOCTHIO paMku. Ilomydennast dopmyia
MOJHOCTBIO COOTBETCTBYET O3KCICPUMEHTAIBHBIM AaHHBIM. CaMbIlit
00JIBIIION MOMEHT, ACHCTBYIOIINI Ha paMKy, Oyzaet korma Cosx=1.

Korma pamka pacrnonaraeTcss B IIOCKOCTH, TPOXOIAIICH depes
OeckoneuHbId TpoBoaHUK, COR=0 u MmomeHT Py, oOpaiaeTcst B HOJIb.
B sTOM ciyyae CuIibl, IPUIOKEHHBIC K MPOTHBOIOIOKHBIM CTOPOHAM
paMKH TaKKe JIeAT B OJHOW IUIOCKOCTH U, XOTS OHH IONPEKHEMY
HampaBJIeHbl B pa3Hbie CTOPOHBI, mwiedo =0 ¥ Mo3TOMYy MOMEHT
Pn=0.

OpueHTanysi paMK{ 3aBHCUT OT HalpaBlieHHs TOKa B pamke. [1pu
nepeMeHe HalpaBlIeHHUs TOKA B paMKe HM3MEHSETCS 3HAK HaIPSHKCHUS
(umpkynsuun) 3¢pUpHOTO BUXps. B pe3ynbraTe CHUIbl 1 MOMEHT OT HUX
TAK)Ke€ MEHSIOT CBOM HAIPaBIICHUS W paMKa moBopaunBaercs Ha 180.
Uem Onmske pacrionaraercsi paMmka K IpoBOJLy, 0 KOTOPOMY TEUeT TOK,
TeM OOJIBIIIE OKA3hIBACTCS MOMEHT OT CHJI, JCHCTBYIOIIUX HA PAMKY.
Bemmunny AP [23], BXOZAIIyI0 COCTaBHOH YacThio B (HOpMyiy
(3.6.5), Ha3wpIBAalOT MOTOKOM MATrHUTHOW WHIYKIUK (MarHUTHBIM
ITOTOKOM)

AD=B[FCoxx (3.6.6)

[MonoxuTeNnbHBI 3HAK MArHUTHOTO TIOTOKA COOTBETCTBYET
0CTPOMY YTy O.

3.7 ITocTOSITHHBIE MATHUTHI

HakoruieHHBI B TpeABAyIIMX TJIaBax ONBIT pabOThl  Hal
JJICKTPOMArHUTHBIM  TIOJIEM  TIO3BOJISIET  BBICKA3aTh  HEKOTOPHIC
cooOpakeHHsI O (M3UYECCKOW TPHPOAC IOCTOSHHBIX MArHUTOB. MBI
BUJICJM, YTO MArHUTHOE TI0J€ OKOJIO TIPOBOJHUKA C TOKOM
00YCJIOBIICHO HEpPaBHOMEPHBIM II0JIEM CKOPOCTEH H JaBJICHUHN B
OKpy>KaroreM dpupe. MarHuTHBIC CHIIBI SIBJISIFOTCS CHJIAMU TaBIICHUS.
DNEKTPUYECKUN TOK TPEJCTABISET COOOW OYCHb MEIJICHHBIH TMOTOK
BUXPEAJICKTPOHOB, TO €CTh BHUXPEBBIX 3(upHBIX Komen. [lpu
JIBIDKCHUN DJIEKTPUIECKOTO TOKAa BHYTPH IMPOBOIHUKOB 00pa3yroTcs
MAIHHAPUIECKUEC BUXPEBBIE IMOBEPXHOCTH W3 BHXPEBBIX KOJICI
3JEKTPOHOB MPOBOAUMOCTU. BHYTpPHU 3THUX MOBEPXHOCTEH BO3HUKAIOT
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BBICOKOCKOPOCTHBIE OCEBbIE TIOTOKU 3(hUpa B HANPaBICHUN BUKCHUS
snextpoHoB (puc.3.3.1).

W3BecTHO, YTO NOCTOSHHBIE MAarHUTHI CO3AAIOTCS IyTEM HX
HaMarHUYVBaHMS. Hanpumep, CepACYHHUKH COJICHOHJIOB,
BBITIOJTHEHHBIE U3 (PePPOMArHUTHBIX MAaTepUATIOB, HAMATHHYMBAIOTCSI.
DTO MOXHO OOBSICHHTH TEM, YTO TIpH paboTe CcoJeHOWIa BO
BHYTPEHHEM €ro KaHaJle B OCEBOM HAaIlpaBJIeHUH MHIYLUPYETCS IOTOK
3¢upa. MMEHHO, ITOT TIOTOK, B3aWMOJICHCTBYS C BHXpEaTOMaMH
METaJUTMYECKOT0 CepJICYHUKA, Pa3BOpayMBacT OOJBIIOE WX YUCIO B
OIHY cTOpOHY. OHHM COXPaHSIIOT 3Ty OPHEHTALMIO U TMOCJIE TOro, Kak
CepACYHMK yIAleH M3 COJCHOMAA M TEeNephb YK€ CaMH MPOIOJDKAIOT
WHIyIIUPOBaTh B HEM OCEBOH MOTOK 3¢upa. DTOT MOTOK JENaeT HX
MOCTOSTHHBIMU MarHUTaMH.

[losToMy aToMBl ()EPPOMArHMUTHBIX MAaTEPHUATIOB  JTOJKHBI
NpPEJCTaBIAThL cOO0M BUXpEBbIe KONbIAa — AUNONH. CXeMaTHUYHO OHU
nokazanel Ha puc.3.7.1. Y HUX Ha MOBEPXHOCTH BHXPEBOTO KOJIbIA
uMeeTcs OoJIbIIast OKpyKHasi CKOpocTb Uy, HO OTCYTCTBYET KOJbLIEBast
ckopocth U,=0. Byay4unm oaMHAaKOBO OpPUCHTUPOBAHHBIMH B OJIHY
CTOPOHY BBITyBOM, OHM MHIYITUPYIOT B TeJie MAaTHUTA OCEBOE TEUCHUE
a¢upa OT IOKHOTO TONIOCA K CEBEpHOMY, HECMOTpSl Ha HWHOTIA
cnoxHyo Qopmy wmarauta (Puc.3.7.2). Jluamm TOKa odupa,
BBINIE/IIAE W3 TEla MAarHATa B OCEBOM HAIpPaBIICHHH, 3aMBIKAIOTCS
CHapy>Kl MEXIYy CEBEpHbIM M okHbIM nomocamu (Puc. 3.7.3). B
pe3yabTaTe MOCTOSHHBIA MAarHuT caM CTaHOBHUTCS IUIONEM C SIPKO
BBIPOKEHHBIMH TIONIOCaMH. [Ipy 3TOM B IMOCTOSHHOM MAarHHUTE He
NPOWCXOJNUT  JBWKCHHS  CBOOOTHBIX  OJJEKTPOHOB B OCEBOM
HalpaBJICHUH U BCIIEACTBUE STOTO HE BO3HUKAET DIIEKTPUYECKUN TOK U
COITyTCTBYIOIIEE €MY JIEKTPOMArHUTHOE MoJIe.

| Un U
. . -
Puc.3.7.1 Puc.3.7.2
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Ecnu MarHuTH TOBEPHYTHI IPYT K JAPYTY Pa3HOUMEHHBIMH TIOJIFOCaMH,
TO OHHM CTAaHOBSTCS Kak OBl MPONOIDKEHHWEM JApYyr Apyra. B mecrax
CTBIKa CKOPOCTH 3(Upa CKIAABIBAIOTCS, a JaBJICHUE YMEHbIIaeTcs. B
pe3yabTate MarHuThl nputarusaotcs (Puc.3.7.4). Ecnu ske MarHuTHI
MOBEPHYTHI APYT K JIPYTy OJHOMMEHHBIMH IIONIOCAMH, TO CKOPOCTH
a¢upa, HHAYUMpPYEMBbIE MarHUTaMd B 3a30p€ MEXAY HUMHU
BBIUMTAIOTCS, a JaBleHHWEe Bo3pacTacT. MarHuthl HaYWHAIOT
OTTaJKUBATHCS. Cuter MIPUTHKEHUS u OTTAKUBAHHS
MPOMOPIIMOHANBHEl BEIMYMHAM [aBJeHHus 3(upa B 3a30pax Mexmy
MarHuTaM¥, TUIONIAU CEYCHUsS MArHUTOB, BEIUYHMHE 3a30pa MEXIY
HUMH, a TaKXKe OMPENCIAIOTCS CTPOCHUEM KPUCTAILTUYECKON PEIIeTKU
(heppOMarHUTHOrO MaTepualia, U3 KOTOPOTO CIETaHbl MarHUTHI. CHITBI
JIABJICHHUS HETJIYOOKO MPOHUKAIOT BHYTPh MarHUTOB, TaK KaK OCEBBIC
MOTOKHU 3(pHpa 3aXBaTHIBAOT TOJIBKO OJIKAMIINE K CTHIKY aToMbI. [1o
Mepe YBENWYCHHS 3a30pa MEXAYy MarHUTaMH MAarHUTHBIE CHIIBI
yOBIBAIOT OOPATHO IPOITOPIIHOHAIBHO KyOy 3a30pa.

W3BecTtHO, uyTOo y 3emum wumeeTcs MaruutHoe mone. OHO
dbopmupyercss KocMU4ecKuM 3(PHUPHBIM BHXpeM BOKpyr 3emuu [1].
OQupHBIE KOCMHYECKMH BHXPh 3€MIIM TPEACTABIIET COOOM
THTaHTCKOE BUXpEBOE dPHUpHOE KOibIo — qumnoib (Puc.3.7.5).B atom
KOJIBLIE IMEIOT MECTO KOJIBIIEBOE TEUCHUE CTPYH dHpa CO CKOPOCTHIO
U, 1 oKkpykHOE TedeHne co ckopocteio U, BHyTpHM Kojblia BIOJIb €ro
OCH BO3HHUKAaET 0ceBoe TeueHue agupa. OHO MPOHU3BIBACT 3EMITI0. DTO
TEYCHHE OPHUCHTUPYET BHXPEATOMBl METAUIMYECKOrO sapa 3emiin
BBIIyBOM W3 WX IEHTPAIBHBIX OTBEPCTHH B CTOPOHY CEBEPHOTO
MOJTOCA.

Puc.3.7.3 Puc.3.7.4 Puc.3.7.5
Mpb1 mpenrnonaraeM, 4To SiIpo 3eMITM caMO IPEICTaBIseT OO0
BUXPEBOC KOJBIIO M3 PACIUIABICHHOTO MeTayia 0e3 IEHTPaIbHOTO
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OTBEPCTHSI. YTIIOBBIE CKOPOCTU BPAILCHUSA B siApE 3€MJIM OUCHb MaJbl.
Tem He MeHee, WMEHHO OKpY)KHOE BpallleHHE pacIuiaBa
METaJUIOCOAEPKAILIUX TOPOJ MOXKET MPUBOAUTH CO BPEMEHEM K
npetipy MarHUTHBIX TMONFOCOB 3eMiu. JleCTBUTENBHO, 32 MOJIOBUHY
000poTa TOMEPEYHBIX CEYCHWH BHXPEBOTO KOJBIA SApa 3eMIIH BCE
HaMarHWYeHHbIE BUXpEaTOMBbl (EPPOMArHUTHBIX MaTepHajoB sjapa
MOMEHSIIOT CBOIO OPHEHTALMIO HA MPOTHUBOMOJOXKHYIO. DTO MOXKET
BbI3BaTh M3MCHEHHE BpalleHUs dGuUpa TakkKe W BO BHEIIHEM
KOCMHYECKOM 3(PHMPHOM KOJIBIIEBOM BHXPE.

YACTb 4 PACIIPOCTPAHEHHUE
CBETA B O®UPHOM KOHTHUHYYME

4.XCxopocTh cBeTa

Jo cux mop MBI HE paccCMaTpUBAIN CYHIECTBEHHOE BO3PaKCHHE
npotuB 3¢Qupa, CBA3aHHOE C TPOTHBOPEUYMSIMH B HMCTOJIKOBAHUHU
ONTHYECKUX OIBITOB. 3BE3qHOW abeppammu W Maiikenbcona. Ha
OCHOBAaHMH IEPBOTO JeNalcs BBIBOJ O TOM, YTO 3eMJi B CBOEM
nBwkeHnn Bokpyr CoiHLa He yBiekaeT 3¢up 3a coboif, a BToporo,
YTO TIOJHOCTEIO €ro yBiekaeT. [ToaTomy cienyeT riayoke pa3zodparhes
B (pM3MUECKON MPHUPOJE CBETA, KOTOpas BEChbMa MpOTHBOpedmBa. JIJis
9TOro oO0paTHMCSi K HCTOPHHM aCTPOHOMHYECKMX M (PH3MYECKHX
CIOCOOOB OTIpeeNCHU CKOPOCTH CBETA.

BcermoMHUM, 4TO TIEPBYIO MOMBITKY ONPEACTHTH CKOPOCTh CBETA
npennpuss B 1607rony [Mamuneii [20]. EqMHCTBEHHBIM pe3yibTaToOM
9TOH TMOMBITKK OBUIO BBISICHEHHE TOTO, YTO CKOPOCTH CBETa OYEHBb
Benrka. BrocmencTeun ObUT pa3paboTaH W OCYIIECTBIEH psia Oosee
TOYHBIX METOJ0B. B 1676 romy ObUI MPEeaioKeH acTPOHOMHYECKHI
Mmeton Pémepa, ocHOBaHHBIM Ha HAaOJIOJEHUSAX 32 OTKJIOHEHHSIMU B
3aTMEHHM CIyTHUKOB IOmmrepa. DTOT MeToj Jan 3aHWKEHHYIO
ckopocth cBeta 215000km/c. B maugame XVIII Beka 6bu1 paspaboran
MeToA 3BE3nHON abeppaumu. OH TMO3BOJMI OIPENETUTH CKOPOCTh
ceera kak C = 303000 km/c. TlorpemHOCTh COCTaBHIA OKOJIO
300Gm/c. B 1849romy ®u3o ocymecTBHI METO 3y0UaToro Kojeca,
KOTOpO€ TPH BPALICHWH TO MPOIYCKAIO MEXKAY 3yOLamMH CBETOBOM
MYYOK, TO TEPEKPhIBAJIO €ro 3youamu. MoxkHO OBLIO Tak mono0paTh
YicIo 3yOIOB, CKOPOCTh BpAIICHUS KoJeca, pPACCTOSHHE MEXIY
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MCTOYHUKOM CBETa M OTPAKAIOIIUM 3€PKaJioM, YTOOBI CBET Ha HKpaHe
He wucue3an. PacummdpossiBas 3TH 1oKazaHus, DPH30 MOTYyUHT
ckopocth cBeta C = 299870+ 50 km/c. B majpHeiieM 3TOT MOIX0I K
pemieHuio 3amadd  ObUT  ycoBepiieHCTBoBaH @Dyko B MeTofe
Bpallamomerocs 3epkaja 1 MalKenbCOHOM B METOJE BpaIIaloLIencs
npu3Mbl. [locKONbKYy Bce METOABI HM3MEPSUTH CKOPOCTH CBETa B
BO3IyXe, TO pEe3yNbTaThl OBUTM TIOMPABIEHBI 110 HM3BECTHOMY
K03 PULIMEHTY MpeTOMIIEHHUsSI BO3AyXa. JTO TMO3BOJMIO ONPEACIHTH
CKOPOCTh CBETA B MyCTOTE C OYEHb BBICOKOW TouHOCTRIO (C = 299776
* 4 xm/c). Ilpu Oonee rpyObIX OIEHKAaxX € JOCTATOYHOH TOYHOCTHIO
MoxHo torarats C = 30000@m/c = 310" cm/c=3100°w/c.

Ha ocHoBaHMM 3THX OKCHEPHUMEHTOB B CO3HAHWMH (QHU3UKOB U
aCTPOHOMOB TPOYHO YKPENHUIACh MBICIH O TOM, YTO CKOPOCTh CBETa
SIBIISICTCS. TIOCTOSIHHOW BENWYMHOW, HE 3aBHCALICH OT COOCTBEHHOU
CKOpOCTH HCTOYHMKA CBETa M OTPAXKAIOIIEH MOBEPXHOCTH. ITa
YBEPEHHOCTh TMOAKPEIUIUIach TEM, YTO JaHHasg 0cOoOEeHHOCTh
XapaKTepHa TaKKe ISl pacIpoCTpaHEHHs 3ByKa B BO3AYyXE M JIPYTHX
M3BECTHBIX Tra3ax MW KHUAKOCTAX. [lo3TOMy Kasajoch BIIOJHE
€CTeCTBCHHBIM, 4YTO B J(QUPHOM Ta3e paclpoCTpaHEeHHE CBeTa
MPOUCXOANT AaHAJOTUYHO pPACIpPOCTPAHEHHIO 3ByKa B BO3IYyXe.
[lo3nnee, korma DWHINTEWH MPEIOKHI OTKa3aThCsl OT 3¢Upa, OH
COXpaHHJ 3a CBETOM OJTH OCOOEGHHOCTH. B cOOTBeTCTBHM C
BO33PEHISIMH TEOPHH OTHOCHUTEIBHOCTH CBET CTall PaCHpPOCTPAHATHCS
B MycTOTe ¢ mocTosHHOi ckopocthio C = 3A0° m/c. Ero cxopocTs
cuMTanach MPENEeNbHOM Ui CBeTa W MarepuainbHbIX Ten. OHa He
3aBHCeNIa OT COOCTBEHHOM CKOPOCTHM WCTOYHHMKA M OTpakaroliel
TIOBEPXHOCTH.

Ho Ttak nu sro Ha camom nene? [lompoOyem CHOBa B3IJISIHYTh
CBE)XMM B3IJISIIOM Ha pe3yJbTaThl METOJOB OMpEAETICHUSI CKOPOCTH
cBeTa. 3ameyaeM, YTO AaCTPOHOMHYECKHE METOHBl AAI0T OOJBIIYIO
norpemrHocth (AC = 3000 km/c). DTo Ha aBa TOpsAKa OoOJbIIe
opbuTankHONH cKopocTH 3emin mpu e€ IBuwkeHuH Bokpyr ConHua.
OO6mmieit 0COOEHHOCTHIO BBICOKOTOUYHBIX (DHU3MUECKHX JKCIECPHUMEHTOB
SIBIISIETCS. TO, YTO B HUX HM3MEpsUIach CPeAHss CKOPOCTh CBeTa MpHU
NPOXOKACHUHN JTy4OM (HUKCHPOBAHHOTO PACCTOSIHUSI O0s3aTEeIbHO B
MpsIMOM W OOpaTHOM HaIpaBJICHUSIX. JTO O3HAYaeT, dUYTO, ECIH,
CKa)X€M, B MPSMOM HAIPaBIEHUH CKOPOCTH CBETa OblIa OobIIe, YeM
C Ha HEKOTOpYIO BennuynHy V, a B 00paTHOM HANpaBICHUH HA Ty e
BEJIMYMHY MEHbBIE, TO CPEAHSSI CKOPOCTh OKa3bIBalach pPaBHOM
ckopoctu C. CkopocTh V ucde3na U3 moJist 3peHus UCCcienoBaTeieii u
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He MorJia ObITh 3a)UKCHpOBaHA TPH TAKOW METOIMKE dKCIICPUMEHTA,
Kak Obl HHM YMEHBINAIOCH PACCTOSIHUE MEXJY HCTOYHUKOM U
NPUEMHHUKOM CBETA.

Io3TOMY MOKHO YTBEP:KAATH, YTO ITH IKCHEPHMEHTHI,
HECMOTPS HA HMX Pa3HO00pa3ue M BBLICOKYIO TOUHOCTh HEKOTOPBIX
W3 HHUX, He OTBEPraldT BO3MOKHOCTH PACHPOCTPAHEHHUS CBETA
OTHOCHTEJILHO CHOKOIHOr0 3(Mpa WIN MaTepPHAJIBHBIX TeJ CO
CKOPOCTSIMH, _OTJIMYHBIMH _OT _CKOPOCTH _CBeTa B __NYCTOTE.
[o-BupMOMy, B HMCTOPHM HAyKH HE WM3BECTHBI SKCIICPUMEHTHI, 3a
UCKITIOUCHHEM siBiieHHs1 Jloruiepa, TPOBEACHHBIC CIECHUAIBHO IS
U3Y4YCHHs 3aKOHOB HM3IIyYCHUS W OTPAKCHHS CBETA JIBIKYILIUMHUCS
HUCTOYHUKOM CBETa M OTPaXKAIOIIEH MOBEPXHOCTHIO.

B m3BecTHOM cMbiciie (u3MKa yke caenana OOJbLIOH IIar B Ha-
NpaBJICHAU OTXOJa OT JOTrMara O IIOCTOSHCTBE CKOPOCTH CBETa,
NpPU3HAB, YTO HOCHUTEIIEM CBeTa SBISIOTCA (OTOHBI, TO €CTh
MaTepHajbHbIC Tella, 2 HE BOJHBI HANIOJI00ME 3BYKOBBIX BOJH B ra3ax u
KHUIKOCTAX. YK€ OJIHO 3TO TpeOyeT MepecMoTpa CUCTEMBI B3TIISIOB O
3aKOHAX WCIYCKaHHS U OTPAKCHHS CBETA W BO3BPAICHUS K 3aKOHAM
CJIOJKEHHSI CKOPOCTEH Tell, MPHHATHIM B KIIACCHIECKOM MEXaHHKE.

[Mponomkas pa3BUBaTh HAMETHUBIIYIOCS TCHICHIHIO, 3aMETHM,
YTO COIJIACHO MEXaHM3My U3IydeHUs (GOTOHOB (M DICKTPOHOB),
OMMCaHHOMY HaMmH B I'1.2.3 1 2.6 GOTOH MOKUIAET M3TyYaAOIIUH ero
aTOM CO CKOpPOCTBIO CBETa B CIIOKOHHOM Tosie 3¢upa (B MycTOTE)
OTHOCHTEIIFHO caMoro aroma. Ecim e aToM, W3Iydaromuii CBET, caM
JIBIDKETCSI CO CKOPOCThIO V' OTHOCHTENBHO HEBO3MYIIEHHOTO OIS
a¢upa, TO CKOpoCcTh (hOTOHA OYJET BEKTOPHOM CYMMOH 3THX
CKOpOCTEH U MOXKET OBITh 3amucana GopMyIIoi

C'=CzV (4).
B cBs3u ¢ 3TUM MOXXHO MONPOOOBATH YTOUYHUTH (POPMYITHPOBKH
3aKOHOB H3JYYCHUS W OTPAKEHUS CBETa, HE BXOAS IMPH 3TOM B
MPOTUBOPEYHE C M3BECTHBIMU CIIOCOOAMH OIPE/CICHUS CKOPOCTH
CBeTa.
3akoH u3ayuenus cBera: [Ipu IBMKEHUHM MCTOYHHKA H3ITYyUCHUS
CBETa OTHOCHUTEIBHO CIHOKOWMHOTO TONs 3(upa €O CKOpPOCThio V
CKOPOCTh W HAINpPaBJICHUC JBWKCHHS TSKEIIOW CBETOBOW BOJIHEI
otHocutenbHO mons 3dupa C  ompenensercs BEKTOPHOH CyMMOit
ckopocteit C u V:

C'=CtV (@1
3neck C - CKOPOCTh PACIIPOCTPAHEHUSI CBETA B CIIOKOHMHOM 3upe
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OTHOCHUTEIFHO MCTOYHHMKA W3mydeHHs. OHa paBHa CKOPOCTH CBETa B
nycrore. HampaBieHue pacnpocTpaHCHHMs CBeTa IIPHHUMAETCS 3a
MOJIOKUTEIIEHOE M €My COOTBETCTBYET 3HaK “+”. ECIu MCTOYHUK cBeTa
JIBUKETCS B MMPOTUBOIIOIOKHOM HANPABICHUH, TO €My PUITUCHIBACTCS
3Hak “-.” U3 ¢opMmyasl ciemyer, uyTO CKOPOCTh CBETa B 3(Hpe
OTHOCHUTEJIBHO CaMOro0 MCTOYHHKA H3IyYCHHUS MM HaOJIoIaTeNs,
JIBUKYIIIETOCS] OTHOCUTENILHO A(upa ¢ TOW ke CKopocThio V, Oyxaer
paBHa C.

3aKoH _OoTpa)keHHsI CBeTA. 3aKOH OTPaKCHHUS CBETAa JODKEH
VYUTBIBATh ~ CKOPOCTh  JIBIDKCHHUS  OTPaXKarolled IMMOBEPXHOCTHU
OTHOCUTENIFHO HMCTOYHMKA H3Iy4eHUs. CKOPOCTh TAJaoIIEro yda
CBETa OTHOCHTEIBHO OTPaKaIOIICH IIOBEPXHOCTH OYICT B 3TOM Cliydac
BEIpaxartbcs (hOpMyJIIOit

C, =C'FU=CzVFU. (4.1.3)
3neck V. u U - COOTBETCTBEHHO CKOPOCTH HMCTOYHHMKA CBETA M
OTpaKAIOIIEH MOBEPXHOCTH OTHOCUTENBHO ddupa. OTHOCHTENbHAS

CKOpPOCThL MaACHUA CI paBHa OTHOCHTCIILHOU CKOpPOCTHU OTpPAXCHUA

/
ceera C;. VYronm mnameHus paseH yriay oTpaxeHus. CKOpoOCTh

OTPaKEHHOTO JIyda CBETa OTHOCHTEIbHO moist dmpa C, Kak U B
Cllydae U3y4eHHUs, OTpeeisieTCs BEKTOPHOH CyMMOM:
C'"=C/ zU. 4.1.4)

3Hak “—" mepen CKOPOCTBIO OTpakaromer moBepxHocTH U
COOTBETCTBYET €€ JABMXKCHHIO B HAMPABICHHUU JBMXXCHUS WUCTOYHHKA
cBera, a “+” B mpoTHBOMOJOKHOM. [TosTomy, kak BumHO 3 (4.1.3),
mpu paBeHCTBE ckopocted V m U CKOpPOCTh CBeTa OTHOCHUTEIHHO
WUCTOYHHMKA M OTpaXKarolieldl MOBEPXHOCTH paBHAa CKOPOCTH CBETa B
MyCTOTE.

Jiis 0OBEKTUBHOCTH OTMETHM, YTO B WCTOPUU HAYKH H3BECTHO
BO3pakeHHE MPOTHUB CIIOXKeHus1 ckopocreil Buma (4.1.1), ocHoBaHHOE
Ha HaOIIOJCHUAX 3a JBOWHBIMH 3Be3namu [7,26]. B Hamieit kuure
0o0CYyXICHMIO JTOM TpoOIeMBl TOCBsAmieHa TiaBa 4.7. B He,
OCHOBBIBasICh Ha paboTe [26], MbI MOKa3bIBaeM, 4TO 3TH HAOJIIOICHUS
HE TOJIbKO He ompoBepratoT 3akoHsl (4.1.1)-(4.1.4),Ho nummHHN pa3
MOJTBEPIKIAIOT UX TPABHILHOCTD.

B Hacrosimee Bpems, MO-BUAMMOMY, TJABHBIM 3allpeToM s
TaKOTO B3MJIAJa HA CKOPOCTHh CBETa SABJSETCS HE HKCHEPUMEHT M HE
ACTpOHOMHUYECKHE HAOJIONEHHs, a COOTBETCTBYIOIIMHA IOCTYJAT
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Teopuu oTHOcHUTenbHOCTH. [loaTomy emi€é pa3 ormeruM riiaBHOe. Her
00bEeKTHBHBIX 3alPETOB, OCHOBAHHBLIX HAa JIKCNEPHUMEHTAJLHBIX
JAHHBIX _ WJAM ___ HAOJIOJEHUsIX Ha _TO, 4YTO0bI __ CKOPOCTH
pacnpocTpaHeHHus cBeTa OTHOCUTEJILHO 3¢upa WIH
MATEPUAJBLHBIX TeJ MOIJAa ObITh 00Jbllle WJIH _MeHbllle, 4YeM
CKOPOCTh _pacnpocTPaHeHUsl cBeTa B IYCTOTEe W _3aBHceNa 0T
CKOpOCTeil _ M3Jyyalouieil W 0Tpa:Kalolieil  NOBEPXHOCTEN.
HamoMunM, 9t0 TepMuH “mycToTa” B JAHHOW TEOPHH SKBHUBAICHTCH
MOHATHIO “CIIOKOMHBIN »¢pup” win “mone 3dupa”. K yemy xe
npuBeNET HAC OTKa3 OT JIOTMaTa O TOCTOSHHOW CKOPOCTH CBETa B
MyCTOTE, HE3aBUCUMOW OT CKOPOCTH UCTOYHHMKA WM HAOIIOIATENs?
Kak B oTtomM cimywae OyxyT BBINJISIIETh ONTHYECKHE  OTIBITHI
Maiikenscona, Canbsika u Jomepa? PaccMoTpuM 3TH BOHpOCH B
MOCIIEAYIONTNX pa3ienax.

4.2 Pasraaka onbiTa MaliKeJILCOHA

Onbir MalikenbcoHa OBUT BBEITIOJNHEH C IENBIO OOHAPYKEHUS
JIBUKCHHUST 3€MJIM OTHOCUTEIBHO 3(HUpa MHPOBOTO IIPOCTPAHCTBA.
M3BectHO, 4TO 3eMilsi ABIKETCS IO CBOCH OpOHWTE CO CKOPOCTHIO
okojo 30 kM/c, yyacTByeT B OOIIEM JABHKCHUU COTHEYHON CHCTEMBI
OTHOCHUTEIBLHO IICHTpAa TaJakKTHKH €O cKopocThio 22(km/c u B
JBHKCHUH CaMOM TaJaKTHKH.

OcHOBHasg MBICIIb 3TOTO  HCCIEAOBAaHUS  3aKI0OYalach B
MPEIMONI0KEHNUH, YTO TPU CYIIESCTBOBAHMU HEIIOJBIKHOTO 3dupa
IBIKCHHE 3eMJIM JOJDKHO TIPWBOAWTH K TIOSBICHHUIO 3aMETHOU
pasHUIBl B YUCIICEHHBIX 3HAYEHHUSIX HEKOTOPBIX ONTHYECKUX BETUYHH
MPU PaCIpPOCTPAHCHUU JTyda CBETa BIIOJIb U TOMNEPEK HAIPaBIICHUSL
nBrkeHusa 3emian. CKOpOCTh CBETA CUUTANIACH MOCTOSIHHOM BETUYMHON
BHE 3aBHUCHUMOCTH OT CKOPOCTH U3JIYYaloIlero WCTOYHUKA U
OTpaXKAMIIEH IMOBEPXHOCTH. [JaBHYHO pOJB B OMNBITE HrPaj
uaTephepoMeTp. DTOT MHTEPHEPOMETP U METOIUKA DKCIICPHUMEHTA
omucanbl BoO MHOrmx kuurax [8,20]. Ormernm, uro MaMKeasCoH U
MOCTIEAYIONINE UCCIIEA0BATENN HE OOHAPYKHUITH OKUJAeMON Pa3HHUIIBL.
Ha ocHoBaHuM 3TOTO OBUT CAENAH BBIBOJA O TOM, 4TO JIUOO 3upa HET
BooOmEe, b0 oH yBiuekaercs 3emicit. OgHako, 3TO TOCIEAHEE
MIPENONI0KEHHEe TPOTHBOPEYNT pe3ysIbTaTaM SBICHUS 3BEITHOMN
abepparuu [20] u onbity ®uso [8].

B nmanHOii paboTe  KimaccMueckMi  OmbBIT  MaiikelabcoHa
OOBSACHSETCS C TIOMOIIBIO TIONYYEHHBIX B TPEABLAYIIEM pa3zielie
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3aKOHOB M3JTyUCHHUs M OTpakeHus cBeTa (cM. popmyisl (4.1.2)-(4.1.4))
OT JBWXKYIIMXCA OTHOCHTEIBHO J(Hpa HUCTOYHMKA CBETa U
oTpaxkaromieil nmoBepxHocTH. OCHOBBIBasicb Ha SIBICHHH “3BE3THOM
abeppanuu”’, monaraeM, 4to 3eMiisl B CBOEM JBIXCHUU MPAKTUUYECKU
He yBiekaeT 3¢up 3a cobdoit. Cxema uHTepdhepomeTpa MailikeabcoHa
mokasaHa Ha puc. 4.2.1B ynpoIieHHOM BH/IE.

_Rz
V EV

Tl A l Rz B R
LV 0

N,

| 1 O J(f)( C N C
Sn CII 1
P O P

di =
Puc.4.2.1 Puc.4.2.2

Jlyy, uaynuii oT UCTOYHHMKA S, 0TYaCTH OTpakaercsi B Touke O
OT CTEeKJISIHHOHM, clierka NocepeOpEHHOM MIaCTUHKH A; [anee OH
oTpakaeTcst OT 3epkana R, , 1 yacTh ero mpoiins yepes A, monauaer B
3pUTENIbHYI0 TPyOy, Haxomsmiyrocs B F. Jlpyras uacte nyua S
HOPOXOAUT uepe3 A, oTpaxkaercs OT 3epkaja R;, BHOBb OTYacTh
orpaxkaercs B O u Taroke nonagaet B TpyOy F. Habmomatens Bugut B
F unTepdepeHIMOHHBIC TONIOCK, 3aBHCANIMNE OT PAa3HOCTH BPEMCEH
npoxoxkaenuss nyred OR,0 m OR0 aByx myueir. B ompenenénHom
MecTe (DOKaJIBHOW IUIOCKOCTH TPYObl F NMOmKkHA MOSBUTHCS OJHA U3
UHTEePPEPEHIIMOHHBIX ITOJIOC, COOTBETCTBYIOIIAS PA3HOCTH XOJa JIBYX
JTy4ei.

CoBepIIeHHO SICHO, YTO, €CITU MPUOOP HENOABIKEH OTHOCUTEIBHO
a¢upa, TO BpeMs, 3arTpauMBaeMoe Jy4aMH CBeTa Ha JBIKEHHE,
OJIMHAKOBO, TaK KaK KaXIbIi M3 HUX MPOXOIUT MyTh 2| CO CKOPOCTHIO
C. Dro Bpewms paBHo t=2I/C.

PaccMotpum  Temeph,  Kakoe ~ BIMSHHE ~ HAa  KapTUHY
UHTEePPEPCHIIMOHHOTO SIBIICHHUS JIOJDKHO HWMETh JIBUKCHHE BCETO
mpubopa BMecTe ¢ 3eMiéit B HemoaBmxkHOM 3dupe. [Ipeamomoxum,
9TO 3TO JBIDKCHHE NPOUCXOJUT MAPALICIBHO OIHOMY U3
nanpasinennii OR; mn OR,. Paccrosaus OR; u OR, pasus! |. McTounnk
CBETa MBI, I@PH 3TOM, MOXeM cebe MPEeACTaBUTh HAXOMSIIMMCS B
touke 0. IlycTh MCTOYHUK M 3€pKajo IBIKYTCS IO HalpaBICHHUIO
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HpSIMOi, MX COCOUHSIONICH, CO CKOPOCThIO V OTHOCHUTENBHO 3(upa.
Coracuo ¢dopmyne (4.1.4) mpu BeIXOZEe W3 A CKOPOCTH JTyda CBeTa
OTHOCHTENBHO 3(upa ¢ y4ETOM JOMOIHHUTEIBHOM ckopocTH V OynmeT
C'=C+V. CkopocTb OTHOCHUTEIBEHO MPUOOpa, KOTOPBIA CaM JIBIKETCS
B TOM ¢ HampaBJIeHHH cO cKopocThio V okaxkercs C=C'-V=C.
IMosromy Bpemst npoxoxaenust nytu | or 0 no Ry : 4=l/C=l/C. K
3epKajly CBET MOIXOAMUT C OTHOCHUTENBbHOH ckopocthio C'=C'-V=C.
Cornacao ¢opmyie (4.1.4) oTpakEHHBINH JTyd HAYMHACT JBUTAThCS B
o0paTHOM HampaBieHUH co ckopocTblo C'' oTHocHTeNnbHO 3dupa.
3nece  C'"=C/-V=C-V. CkopocTb OTpak€HHOrO0 Jyd4a CBETa
OTHOCHTEIIBHO TNPHOOpa, KOTOPBIA JBWKETCS TENeph HABCTPEUy CO
ckopoctsio V, 6yzer C'=C’+V=C. Bpems npoxoxmenns myta | ot
R mo 0: t"'=I/C/""=I/C. CymmapHO€E BpeMs IPOXOXKICHHS IyIOM CBETA
paccrosaus 2| ot 0 1o Ry 1 B o6parHOoM Hampasienun: t1=t;'+t,''=2I/C.
JlBmxeHne mnpudopa OTHOCHTENFHO 3(upa HE HU3MEHSET BPEMECHHU
HPOXOXKICHUS JTy4OM ITyTH B HAIIPaBICHUH CKOPOCTH V.

Ilepeitném  k  ciyyato, Korjga  HCTOYHHK  cBeTa A
(cBeTomenmuTenbHas ~ IIacTMHA) W 3epkaio R,  IBUKyTCH
HEPICHINKYIISIPHO K HANIPABICHUIO PacpocTpaHeHus Jiy4a cBeta OR,.
ITonpoOHbIii (pparMeHT IBMIKCHHS Jiyda CBEeTa B O3TOM Cllydac
n3obpaxén Ha puc. 4.2.2. Cormacuo ¢opmyne (4.1.2) ckopocth
U3ITy4EHHOTO JIy4a CBeTa B HampaBieHHd AB ¢ yuérom HampaBieHus U
BCIIMYMHBI CKOPOCTH V  JIBIDKCHHS HCTOYHHKAa CBeTa OynaeT

b L V2
C'=yJC?+V?=C 1+F. [MockonbKy MpUOOp IBUKETCS B

HanpaBieHHH R,R, co ckopocThio V, TO OTHOCHTENbHAs CKOPOCTh
MajaroIiero Jiyya CBeTa B OTOM HANpAaBICHWH paBHA HYJIO, a B
HANpaBJICHUH, MEPICHIUKYISIPHOM JBIDKEHHIO NPUOOpa, CKOPOCTh
nagaromiero syda paBHa C. OTpax€HHBIA JTyd CBEeTa WMEET YTroJ
OTPaKCHHUS, PABHBIN YTy MaJCHUs, U CKOPOCTh, PABHYIO MO MOYJIIO
cormacio  ¢opmyre  (4.1.4) ckopocTH  TamaloIIero  Jiyda

n V2
C"=4C*+V? =C l+F, tak kak ckopocts U = V. Ilyts,

KOTOPBIH TIPOXOIUT JIyY CBeTa B Aupe Tyaa u oOpatHo, Oyaet

S=2,1%+ p°. (4.2.1)

B mnanpaBnennn nmanm BO myu cBera pacmpocTpaHseTcs co
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ckopocthio C, a B HampaBiennun AA' co ckopocteio V. IlosTomy

MOXHO coctaButh mpomopuuto  pP/I=V/C, ortkyna p =IVIC.

IMomcraBum 310 3HadeHume B Qopmyny (4.2.1). Torma myte S
V? V?

3alMIIETCS B CIEAYIOUIEM Buae S =2 |2+|ZF =2 1+—2.

2

= —. Comnocrasiss

C

MOJTyYEHHBIH Pe3yNbTaT C BpeMeHeM 1, oOHapyxuBaem, 9to t; =

Wrak, BcnencTBue  IBHKEHHS  BCEM  CUCTEMBI  BpEMEHa
MPOXOXKIEHUSI CBETa OT MCTOYHHMKA J0 3€pKajia U O0paTHO, B ABYX
B3aUMHO MEPHEHANKYISIPHBIX HaIpaBJICHUSAX OKa3bIBAIOTCS
OJIMHAKOBBIMHU U, 0OJIEe TOTO, PAaBHHIMU BPEMEHHU MPOXOXKICHUS ITUX
paccTosHUI JydamMH CBeTa B CiIy4ae, Korja MpuOOp HEMOABIKEH
OTHOCHUTENBHO 3¢upa. EcTrecTBeHHO 1M03TOMY, 4TO ONBIT MalkeahcoHa
HE Jal CMEIIeHUS WHTeP(EPCHIIMOHHBIX TIOJOC W HE BBISBHI
OKMJAeMOTO BIUSHHS JBIDKEHHUS 3€MJIM B HETOABIKHOM 3(upe Ha
ONTHYECKUE XapaKTCPUCTHUKH JIyda cBera. Kakoi Obl 00JbIIOH HHU
ObLJIA CKOPOCTDH 3eMJIM OTHOCHTEIbHO 3(pupa, onbIT MaiikeabCcoOHA
He MO’KeT ITOr0 BBIABUThb. YUYUTHIBAs OONBIIOE YHCIO OMHCAHHBIX
paHee CBHJIIETECNHCTB HAIWYHS MEXK3BE3THOTO dPUpa U €ro OrpoMHOMN
pomu B (GOPMUPOBAHMUM WHEPIUOHHBIX CHJI, CHJI TPUTSKCHHS,
3JIEKTPOMArHUTHBIX cui, B SHEPreTUYECKUX mpoiieccax,
NPOUCXOSIMMX BO BceneHHol, (GopMHpPOBaHUM IIAHETHBIX CUCTEM,
3BE3, TATAKTUK U APYTUX KOCMHUYECKUX OOBEKTOB, IpaBUIbHEE OBLIO
OBl paccMaTpuBaTh ONBIT MalikenbcoOHa Kak 3KCIICPUMEHTAIBHOE
JIOKa3aTeNIbCTBO CQOPMYITHUPOBAHHBIX B JaHHOW paboTe 3aKOHOB
W3Iy4YeHHUs U OTPaKeHUs cBeTa. bonee Toro, ecinu ObI TaKOH OMBIT HE
ObLT TpoBeAEH, €ro cleAoBajlo M300pecTH s TMPOBEPKA U
MOATBEPKACHUS 3TUX 3aKOHOB.

HyxHO mpsmMo ckazath, uTto (u3MKa cama ce0e mpuaymaJa
TPYAHOCTH, HOCTYJHPOBAB NOCTOSHCTBO CKOPOCTH _CBEeTa, ee
HE3aBUCHMMOCTh 0T CKOPOCTH _MCTOYHMKA M OoTpa)kaiouiei
NMOBEPXHOCTH M OTOiAA 0T M3BECTHBIX __ NPUHIIUIOB
orHocuteabHocTH Tammiaesi (HpioTona). Ilpowmsonuro 310 B TO
BpeMs, KOTJa HUKTO HE COMHEBAJICS B CYIIeCTBOBaHWU d(upa. B
pesynpTaTe cpadoTaja WHEPLUHOHHOCTh YEIOBEYECKOTO MBIIIJICHHS.
Ilo anamoruu ¢ pacmpocTpaHEHHEM 3ByKa B ra3ax M KHUAKOCTSIX CBET
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CUMTaIM BOJHOW, PACIPOCTPAHSAIONIEHCS B Tra3000pa3HOM 3dupe.
IToaToMy CcOBepIIEHHO €CTECTBEHHO 3a CKOpPOCTBIO CBETa TaKke
MPU3HAIU CBOMCTBO IOCTOSHCTBA BHE 3aBHUCHMOCTH OT CKOPOCTH
UCTOYHHWKA W3IYYCHUS U OTpaXKarolleld MOBEPXHOCTH. Teopus
OTHOCHUTEJILHOCTH A.DWHINTEHHA, BHIOPOCHB caM 3QHUp Kak Cpemy, B
KOTOPOHW pacmpocTpaHsAiach BOJHA CBETa, TEM HE MEHee, COXpaHHia 3a
CBETOM CBOWCTBO TIOCTOSIHCTBA CKOPOCTH. JTO B TO BpeMs HE
BBI3BIBAJIO COMHEHUH, HO ObUTO ommOKoi. [ToaToMy B manmbHeHIEM B
HayKe Iu1a 00ppda ¢ KaXyIIUMUCS TPOTHBOPEYUSIMHI B HCTOJIKOBAHUHU
Pe3yJIbTaTOB ONBITOB 3Be3/HOW aOepparmu, Ou3o u MaiikenbcoHa Ha
0a3e ommOOYHOW MOCHUIKH. PesymbraTomM 3TOH OOpHOBI SIBHIIACH
NpUYYyUINBas TEOpUs OTHOCHUTENBHOCTH C €€ MapajJoKCaMHy,
MPOTHUBOPEYAITIMH KU3HCHHOH MPAKTUKE YeTIOBEUCCTBA.

B nacrosmiee Bpems ycriexu (PU3MKK TMPHUBENTU K MPU3HAHHUIO 32
CBETOM Hapsily C BOJHOBBIMH €Il U KOPITYCKYJSIPHBIX CBOMCTB. DTO U
MO3BOJISIET BEPHYTHCS K MPHHLOWINAM OTHOCHTEIBHOCTH | ammies
(Mexanukn  HploTOHA) B TOHMMAHHUM  3aKOHOB  H3IYYCHUS,
pacipocTpaHeHHS W OTpPaKEHUS cCBeTa. BOJHOBBIE CBOICTBAa CBETa
OpPOSIBIISIIOTCSL B SIBJICHUSX  HWHTepdepeHnd, audpakiud U
MOJIAPU3AIMM W TIPUCYIIM BOJIHAM J¢ Bpoiis, CONMpOBOXIAIOIUM
netsimue GoTonsl. Kak MBI TOMHMM, 3TH BOJIHBI TIPEJICTABIISIOT COOOM
IIAKJIMYECKAE TeUeHUS 2Pupa BOKPYT (POTOHOB.

4.30nupiT CaHbska

MaiikenbCcoH, HECMOTpPS Ha OTPHUIATEILHBIA pPE3yibTaT CBOETO
3HAMEHHUTOTO ONbITA BEPHJ B CYIIECTBOBaHME 3(pHpa W BCKOpE
paspaboTan uIe0 HOBOI'O POTALMOHHOTO ONbITa, KoTopeid B 1911r
ocymiectBmi Canbsik [18]. IlpunnmnuansHas cxema uHTEphEpOMETpa
Canbsixa mokazana Ha puc.4.3.1 HUprepdepomerp Obu1 cobpan Ha
Bpamjamomeiics miargopMe M COCTOSUI M3 HCTOYHHMKA CBETa,
CBETOACIHUTEILHON TacTuHBl [1, Tpex 3epkain 31,3,,33 U 3pUTEIBHON
TpyObl. CBeromenuTesnpHas IUIACTHHA pas3jensuia Jyd CBeTa OT
UCTOYHUMKA Ha JIBa KOTEPEHTHBIX JIydya, OMKCBHIBAIOIIMX JIOMAHBIC
JUHUM 10  TEepUMETPy  IUATGOpMBI B HPOTHBOIOJIOMKHBIX
HampaBieHusXx. OOoWIs Kpyr HW  BCTPETHUBIINCH BHOBb Ha
CBETOJCNMHUTENILHOM  IUTACTHHE, Jy4d CBETa HANpaBISUICh B
3pHUTENBHYIO TPYOy Ui MOJydYeHHs MHTEeP(EpEeHIMOHHON KapTHHBI.
[peamnonaranaock, 4To BpameHne nHTepdepoMeTpa He BOBICKaeT 3Up
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B CBOE JABIDKCHHE M OH OCTaeTcsi HEHOABIKHBIM. OKMAAIOCH, UTO B
uHTepdepoMeTpe BO3HUKHET CIBUT TMOJOC CHEKTpa M IMOKAKET
BpallaTelbHOE ABIKECHUE PHOOpa OTHOCUTENBHO 3(dupa.

B ompite Casbsika ObUT MOMYYEH OLICTOMIISIOUIMH, XOTS U
OKUJIaeMbIH, Pe3yNIbTaT, TMOATBEPKAAIONINNA HATMUUe HETOABHIKHOTO
aupa. DTOT pe3yabTaT ObUI MOJIYICH C BEICOKOUW CTETICHBIO TOYHOCTH.
OpHako, OH HAaXOIWJICS B HEPa3pelIMMOM IMPOTHBOPEYHH C OMBITOM
MaiikenbcoHa, KOTOPBIH HEe OOHApYKWJI JBI)KCHHE 3€MITH BMECTE C
MPUOOPOM OTHOCHTEIHEHO d(upa.

YIUBUTENHHO, HO HAyYHBIA MHUP, TONBKO YTO HAIICHIINA C
MOMOIIBIO TEOPUH OTHOCHTENIIHOCTH DWHINTEWHAa BBIXOJ W3 KpU3Hca
(U3MKK ¥ OIIYTUBIIMN IMOJ HOTaMH TBEPAYIO ONOpPY, HE IOXKeIal
OBITh BBEPrHYTHIM B HOBBI KPHU3UC, TIONHBIA COMHEHUH U
pasHornacuii. B pesynprare ombiT CaHbsika OBUI MPOMTHOPUPOBAH
OOJIBIIMHCTBOM (U3UKOB H, 0Ojice TOro, YIOPHO B JAajbHEHIIEM
3aMaTYMBaJICS B y9eOHOM M HaydHOH nuteparype. [lo aToit mpuumae
OH He Bomead B Hamy paboty [1]. DrtoTr mpoben HeoOXOIUMO
UCIIPaBUTh W IPOAHATU3UPOBATh ONBIT CaHbsIKa, YTOOBI YOCIHUTHCS,
YTO OH HE TMPOTHBOPEYUT OTCTAWBAEMBIM B OTOH  KHHIE
NpEACTaBICHUSIM O 3aKOHaX paclpocTpaHeHHs cBeTa B 3¢upe. B
COOTBETCTBHU C 3aKOHaMH W3iIydeHus u orpaxenus (4.1.2), (4.1.3),
(4.1.4) ckopocTb CBeTa OTHOCHUTEIHHO HEMOABIKHOTO d(upa IpH
BpalleHny mIaTGopmbl OyneT:

o HaNpaBJICHUIO BpAILICHUS
C, =C+U [Cos45’; (4.3.1)
POTUB  HANpPABJICHHUS  BPALLCHUA

3necs U=wl -okpykHasi CKOPOCTh
npubopa BMecTe ¢ mIaThopMoi Ha
paccTosHUM [ OT OCH 10 OKPY>KHOCTH
C  pacloliOKeHHBIMH  Ha  Hel
3epKaJaMH M CBETOJCIMTEIIHLHOM
ITACTHHOM.

Puc.4.3.1
Pasuuna B Benmmunnax ckopocreii C, m C_  ob6pasosanach B

MOMEHT U3JIyuY€HHsl KOIEpEHTHbIX JIyded Ha CBETOJEIUTEIbHON
mwiactuae  [1. B coorBercBun ¢ (4.1.3) oHa He W3MEHsETCS TPU
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MEePEeOTPAKCHUU JIyde oT 3epkan 31, 32, 33. Paccrosuus | |
MPOXOJNMBIC JTY4OM B CIIOKOMHOM 3(Upe MpH BpamieHHUH CUCTEMBI
3epKall TaKke HE H3IMEHSIOTCS, TaK Kak 3epKaja JABIDKYTCA I10
KacaTeNbHBIM K COEOUHSIONmEH WX OKpykHocTH. CremoBaTensHO,
pa3HHIla BO BpEMEHU JBUKEHUSI BCTPEUHBIX JTy4ue 6y;%eﬁ

= 4l - 4l =8Cos4§? : (4.3.3)
C -UCos45° C +UCos4k°

DTO COOTBETCTBYET BO3HHUKHOBEHHIO ONTUYECKOW PA3HOCTH XOJa
Jydei, cofiepKaliei CTOIBKO JJIHH CBETOBOM BOJNHBI A , CKOJNBKO pa3
BpeMs OTHOTO TEpPHOIa | CBETOBOTO KOJEOaHHUS COMEPKUTCS B
pazsoctu At. [Tycte N —uucio mosoc, Ha KOTOpPOE PU 3TOM JOKHA
CMECTUThCS BCS cucTeMa roioc. Toraa

At

N=—="""""" =8Cos45° ——, (4.3.4)
AC

tak kak A=CT. VIMeHHO Takoe 3Ha4YeHHE OBLIO IOJYYEHO B OIBITE
Canbska.

Heo0Oxoaumo oTMETHTB, YTO TOJIBKO M3JaraeMasi B JaHHON KHUTE
TEOpHUsSl C €IWHBIX TO3HWIWH CMOTJIa OOBSCHUTh U OOBENWHUTH OITBIT
MaiikenbcoHa, onbIT CaHbsiKa U SIBICHUE 3BE3HON abeppanuu. DTuM
YCTPAHSIOTCS TPOTHBOPEYHS B HMX HCTOJKOBAHUHM, UYTO SIBIAETCS
HECOMHEHHBIM TIOATBEPXKJICHUEM CYIIECTBOBaHUS 3(Upa W HAIIHX
MIPEJICTABJICHUH O 3aKOHAX PACIPOCTPAHEHUS CBETA.

Kcratu, s BocmpusTHs JTUX TMPEICTaBICHUH O CBETE
JIOCTaTOYHO CJeNaTh elle TOJAbKO OJUH IIar B HAaNPaBICHUU
pacuIMpeHus TMPEACTaBICHUNA O Iyallu3Me CBETa — OTKAa3aThCs OT
JlorMaTa O TIOCTOSTHCTBE CKOPOCTH CBETa. JTO HE CTPAIIHO, TaK Kak
Oymer o3HadaTh BO3BpPaT K OOBIYHOMY H  E€CTECTBEHHOMY
MPEJICTABICHNUI0O O CJOXXEHHH CKOPOCTEW, WCIONb3yeMOMY B
MOBCETHEBHOW XKU3HCHHON MpakTHke, Gu3uke u mexaHuke. Cremayer
PactpOCTpaHUTh ATH IMPEICTABJICHUS Ha IBW)KCHUE (POTOHOB M YHTH
OT U3BECTHBIX MapaIOKCOB TCOPHH OTHOCUTEIILHOCTH DiHIITeHHA. To,
4TO (DPOTOHBI COIMPOBOXKIAIOTCS BOJIHAMHU J¢ bpoiis, He H3MEHSET
3aKOHOB WCITyCKaHUs, PACIpOCTPAaHCHUS W OTPaXKCHUS CBETa. OTHU
BOITHBI MPOSIBISIFOT ceOsi B SBJICHUSX MHTEpGEPEHIMH, TUPPAKIUN U
TIOJISIPHU3ALIHH.
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4.%1Baenue Jlonjepa B 3¢pupe

Senenvie Jlommiaepa MIMPOKO HCIONB3YETCA B ACTPOHOMHUHU IS
ONpeesieHUs] JIY4EBBIX CKOpPOCTe 3BE37 M TyMaHHOCTEH IO
OTHONICHUIO K 3emile, JUIs ONpeACTICHUS YIJIOBBIX CKOpOCTEH
BPAIICHUS 3TUX OOBEKTOB U B PAAC APYTUX CIyYacB HAYKH M TEXHUKH.
3TO SBJICHUE OMUCHIBAET CBSI3b MEXITY KOJICOAHUSIMH, HCITyCKaEMBIMHU
UCTOYHUKOM, H KOJCOaHWSMH, BOCHPUHUMAEMBIMH KaKHM-ITHOO
PETUCTPUPYIONTUM TPUOOPOM, €CIM UCTOYHHK U TPHOOP IBHKYTCS
JpYT OTHOCHTEIILHO JpyTa.

B [20] ormeuaercs: “4yToObI KONEOAHHS MOTJIM OT HMCTOYHHKA
pacmpoCcTpaHsIThCA 0 Mpubopa B BUAC BOJH, NPUOOP M HCTOYHUK
JIOJDKHBI OBITH TIOTPYKEHBI B CIUIOIIHYIO YIOPYryio cpeny’. OTH
NPE/ICTABJICHUS BIIOJHE BIHCHIBAIOTCS B KapTUHY paclpOCTpaHEHUS
TSDKETIBIX CBETOBBIX BOJH B d¢wupe. [Ipu 3TOM ciieqyeT y4ecTh, 4TO
CKOPOCTH PaCIpOCTPAHCHHS TSHKEIBIX CBETOBBIX BOJH 3aBHCAT OT
CKOPOCTH UCTOYHHUKA U3TyUCHHS W OMUCHIBAIOTCS 3aKOHOM H3TYUCHUS
CBETOBBIX BOINH B d¢upe (4.1.2).

Kak B pabore [20], ycmoBumcs ckopocth U wucTOYHMKA
OTHOCHUTEIBHO d(Hpa CUYATATh MOJOKHUTEIBHOW, €CITH HCTOYHHK
npubamkaeTcs K mpubopy. Ecnm mcTouHmk ymanseTcs oT mpubopa,
€ro CKOpocTh OyJIeM CUHTATh OTPHIATEIHHON. AHAJIOTMYHOE yCIIOBHE
BBEIEM ISl 3HaKa CKOPOCTH NPHOOpPa OTHOCUTENBHO CPEIbl: HpHU
NPUOIIKEHUH €T0 K HCTOYHUKY CUUTAEM CKOPOCTh TOJOKHUTEIHHOH,
NpY YAAJCHUH OT UCTOYHUKA - OTPUIIATEIIHHOM.

IlycTs perucTpupyromuii npubop ¥ HCTOYHUK MEPEMEHIA0TCS
OJTHOBPEMEHHO OTHOCHTEIBHO 3(upa, B KOTOPOM PaCIIPOCTPAHSFOTCS
TSDKETIbIE CBETOBBIC BOJHBI. VICTOYHWK W3IyUCHHS JBUXKETCS TIO
HAINpaBJICHHIO K PETUCTPUpYIOIIeMy NpuOOpy co ckopocthio U>0
OTHOCHUTEILHO 3(upa. Peructpupyromiuii mpudOp MOXKET ABUraThCsA B
TOM € HaIpaBJICHHH OTHOCUTENBHO 3(pupa co ckopocthio V<0 wmin
HaBCTpeUy UCTOYHHKY €O ckopocTbio V> 0. B cooTBeTCcTBHM C 3TUM U
¢ yuérom 3akoHa (4.1.2)oTHOCUTENbHAsI CKOPOCTh TSDKEIIOW CBETOBOM
BOJTHBl OTHOCUTENBHO TIpHOOpa, IBUKYIIETOCcS HaBCTpeuy, OymeT
C+U+V. UYwucno BOJH, MPOMIEHIINX 32 €IWHUIYY BPEMEHH MHMO
npubopa,

, _C+U+V _ 1 u Vv 1+V/C
V=" =1+ —+— = ——.

A T\ c c) 1-u/C

Ecmm mnpubop ymansercs, TO OTHOCHUTENbHAs CKOPOCTb
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TsDKENo# cBeToBoM BoHEI Oyaer C+U-V. Huciio BoH, MpOIIeAuX 3a
SIMHUITY BpEMEHN MUMO IpHUOO0pa, B 3TOM ciIydae OyaeT

,_C+U-V _1(, .U V)_1-VI/C
p=— e T e =

= V.
A T c C) 1-u/C

Takum oOpazom, V' 3aBUCHT TTO-Pa3HOMY OT CKOpOCTH Tpudopa V
u ckopoctu uctounuka U oTHOocuTenbHO 3¢dupa. [TomydeHHbIe 3/1eCh
dopmynel  coBmamaror ¢ Qpopmymamu  paborsr [19] mis  BouH,
PacIpOCTPAHSIONINXCS B YIPYTOW Cpejie ¢ MOCTOSTHHONH CKOPOCTHIO, HE
3aBUCAIICH OT COOCTBEHHOH CKOPOCTH WMCTOYHHKA H3ITyUCHHS.
CremoBareibHO, HMX TPAKTHYECKOE HKCIMOJB30BaHHE HE OymeT
OTJIMYATHCS OT OOBIYHON TPAKTHKH.

4.5 I'paBUTALIMOHHOE KPAacHOe cMellleHne B
CIIeKTPax 3Be3/l

B cmektpax  3BE3nm  HaOmomaercs, Tak  Ha3bIBAaEMoeE,
IpaBUTALIMOHHOE KpacHoe cMeleHue. Jlng ompeneneHus ero
BEJIMYMHBI DWHIITESHH MPEIT0XKII CIEAYIONIYI0 GOopMyITy:

A fm

A rC?

o]

[onTBepxkneHre 3Toi (OPMYNBI HAOMIOJACHUSIMU COJHEYHOTO
CIIEKTpa ¥ TJIaBHBIM 00pa3oM CrekTpa ciryTHuka Cupryca, IMEOIIEro
OOMBIIYI0 MacCy M Majble pa3Mephl, SBISCTCS OAHUM W3 YETBIPEX
SKCIIEPUMEHTANBHBIX  JOKAa3aTeNbCTB  CHPABEVIMBOCTH  TEOPUHU
OTHOCHUTEIFHOCTH.

IMokaxem, uTo 5Ty (QOpPMYIy MOXHO TOJYYHTh, IMOJB3YSIChH
MOHATHEM TSDKENOW CBETOBOM BOJIHBI, TO €CTh BOJIHBI CBETA,
MOJIBEPKEHHON cuiie TpuTskeHus. [lokaxkeMm Takxke, YTO MPUUMHOMN
atoro 3¢ddexTa SBIAIOTCS XOPOIIO H3YYCHHBIC NPUIMBHBIC CHIIBI,
BBI3BIBAIOIIHE TIPUJIMBBI U OTJIUBEI BOJBI 36MHBIX OKCAHOB.

IIpennonaraem, 9ro TsHKENAs CBETOBAs BOJIHA 00JIaIaeT Maccow,
PaBHOMEPHO pacmipeiesieHHOM 1o €€ jynHe. Ha Kax Iyt TOUKY BOJIHBI
BCJIC/ICTBHE 3TOTO JICHCTBYEeT YCKOpeHHe cuiibl TsokectH (puc.4.5.1):
j = fm/r? co3maBasi IPUIMBHEIE CHIIBI, CTPEMSIIIHECS PACTSHYTh BOJIHY.
3nmeck M -Macca 3Be3/1bl; [ - paAnaIbHOE PACCTOSTHHE OT IIEHTPA MacChl
M 10 paccMaTpUBaEMOW TOYKH TsDKENOH CBeTOBOW BOJHBEI. CKOPOCTB
TOYEK TSDKENOI CBETOBOI BONHBI 6e3 yuéra cmit Tsmkectn C = 3010
cm/c. C y4u€roM MAEHCTBUSL YCKOPEHHS OT CHJI TSDKECTH 3BE3IIbI
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CKOpPOCTb MOXKET OBITh 3alMcaHa B BHJIE
¢ fm
v=ch 7 dt (ap.
(o}
rie r=or+ Ci dt=dr/C. (4.5.2)
MoacraBum (4.5.2) B (4.5.1) ¥ BHINOJIHUM HWHTETPUPOBAHHE.
KoncranTa uHTerpupoBaHus paBHa HyJt0. [loatomy
V = C - fm/(Cr).

[on BAMSAHMEM YCKOPEHHS TSKECTH Ha TSKETYIO CBETOBYIO BOJIHY
JNEHCTBYIOT TPWIMBHBIE CHJIBI, CTPEMSIIHNECS PACTIHYTh BOJHY.
CKopocTh, ¢ KOTOpOH mepeaHuid (GpoHT OyaeT yXOAWTh BHEPEN OT
3aJJHEroO,

AV=V -V, =[C-fm/(Cr)]-[C-fm/C(r-A)]=Afm/Cr.

3nech A - [UIMHA BOJIHBI B HadvaJdbHBIH MOMCHT BPEMCHH B
cnokoitnom »dupe. IlpupamieHue ATMHBEI BOJHBI 33  BpeMs
NPOXOKACHHUS OT UCTOYHMKA CBETa K HAOMIOJATENI0 MOKHO 3alHcaTh
KaK

t t
A =jAth - i iﬁ= fmj 1.1 (4.5.3)
0 C ir cCo\r, L
YuuteiBas, ato L >> I, , monyqaem Gpopmyiry
AN = fml(Cry) . (4.5.4)

Orta (QopMyna TMONHOCTBIO COBIATAET C COOTBETCTBYIOIICH
¢dopmynoit DifHIITEiHA ¥ MO3TOMY HE HYXKAAETCsl B KOMMEHTApHSIX,
xoTs Oosnee ctporuii e€ Bux umeet ¢popmyna (4.5.3).ITonyTHO 0T™MEUY,
9TO 0OBICHCHHE “TPaBUTAITMOHHOTO KPACHOTO CMEMICHHUS XOPOIIIO

T
N

E
g

Puc.4.5.1 Puc.4.5.1

W3BECTHBEIMH B 3¢MHOM IMMPAKTHUKES MPUIIMBHBIMA CUJIAMU HE OCTABJIACT
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MecTa Uit 3(P(HEKTOB TEOPUH OTHOCUTEIHHOCTH, Ubsl JIOCTOBEPHOCTH
JIOKa3bIBaeTcsl caMuM 3THUM 3 dexktoM. B mpoTUBHOM citydae JOIKHBI
Obun OBI paboTaTh 00a 3TH 3((deKTa W MPUPOCT UIMHBI BOIHBI AN,
MOJIy4aeMbIi DKCIICPUMEHTAIbHO, IO/UKeH ObL1 Obl ObITH B 2 pasa
0ombIe. TOro Ha CaMOM JIeJIe HET.

4.6/IBu:KeHNE TSKEI0i CBeTOBOI BOJTHBI MEMO
MAaCCHBHOIO TeJIA.

B Teopuu OTHOCHTEIBHOCTH IpeIoxKeHa GopMysia s pacyéra
yria OTKJIOHEHHS Jiyda CBeTa, MPOXOISIIEro OT 3Be3dbl K
HaOII0JaTeI0 MUMO Tella ¢ Maccoi M:

P = 4fM/(hC), (4.6.1)
rae h - paccTosiHEE MKy IEHTPOM MACCHBHOTO TeJia M JIy4OM CBETa.
[IpoBeputs 3Ty dopmyny MoxHO Tosbko it Comnnoa. [Tostomy eé
0OBIYHO 3aMUCKHIBAIOT JUIS Macchl U paauyca Connna. Ecnu myd cBeta
MPOXOAUT HEMOCPEACTBEHHO BAONMh TmoBepxHocTn ComHia, TO
OTKJIOHEHHE Jy4a MakcumansHo P = 1,75". JIng npyrux pacctosiHui
h/r,

We =W/ (hirp) = 1,75"/(h/r,) . (4.6.2)

M3BectHo, uTo 30BAHEpP Mall pemicHHE 3adadyu 00 OTKIIOHEHWUH
CBETa MPH MPOXOKICHUU MHUMO MAaCCHUBHOTO Tejia, UCXOHS U3 3aKOHa
HrroTona, mpeacTaBuB, 4TO BOJIHA CBETa O0JIamaeT Maccoil, M TeM
caMbIM BBENI TOHATHE “TSKEIOW CBETOBOH BONHBI . OH ITONYYHUI
pe3ysbTaT,  COCTABJISIONIMA  MOJOBUHY  UJ,,  MpeacKa3aHHOIO
Ditamreinom [7]:

Y1 = 2fM/(hC) ,

Wo1 = 0,5y, = 0,875".

OpHako WCKPWBJICHHE Jy4da CBETa IMPOUCXOAWT HE TOJBKO IO
BO3/ICHCTBHEM TPaBUTALMOHHBIX CHJI, HO ONpenensercs eué u TeM,
YTO CBETOBAsl BOJIHA CHOCHTCS TOTOKOM 3QHpa co CKOpPOCThIO V| K
LIEHTPY 3Be31bl. B cooTBeTcTBHM ¢ prc. 4.6.1Ha 11000M ydacTKe Jiyda
3a Bpems dt cBeToBas BosHa mpoxomuT myTh X = Cdtu cmemaercs
BMecTe ¢ 3(UpOoM B MEPHEHANKYISIPHOM HalpaBlIeHHH Ha PAaCCTOSIHUE
dy = Vsinydt. IIpy 3TOM NPOUCXOAUT TOBOPOT JydYa CBEeTa Ha
3JIEMEHTapHBIN yTroJl

dp’;=(dy/dx)adt=aV siny dt/C=a*Msinydt/(4mp,r°C)=
= fMsydt/(r C).
W3 puc. 4.6.1cnenyrot o4eBUIHBIC COOTHOIIICHHUS
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r=h/sinu dt=-hdy/(Csirfy) .
[loacTaBMM MX B BhIpaXkeHHE Ul O) 1 ¥ MPOMHTErPHPYEM €ro B
npezgenax ot Y;=Tt A0 Y,=0. [Momy4ynm yron moBopoTa Jiyda cBeTa,
00yCJIOBIEHHBIN pafuabHBIM TeUEHHUEM dpHpa K LIEHTPY 3BE3bI

M ¢ 2M
J'sm y ity =
hC? 5 hC?

B pesyapTare cymMMapHBIA Yroa MOBOPOTa, OOYCIOBICHHBIN
OTKJIOHCHHEM TPACKTOPUU IICHTpPa TOKEIOHW CBETOBOW BOJHBI TIOJ
BO3JICHCTBHEM TPAaBHUTAIIMOHHBIX CHJ M TOBOPOTOM BOJIHBI W3-3a
panuansHOro TeYeHus 3(hupa K IeHTPY 3Be3JIbl, OyIeT

Y=+, =4fMI(hCP). (4.6.3)
s Comaua; W, = 1,78'/(h/r,). (45.

Ionyuenusie popmyist (4.6.3)u (4.6.4)comagaror ¢ popmyaamu
(4.6.1) mu (4.6.2) Teopunm OTHOCUTEIBHOCTH OWHINTEHHA W,
CJIeZIOBATENHHO, HE HYX/Tal0TCS B JIOTIONTHUTETLHON
9KCMEPUMEHTAIILHON TIPOBEPKE U TIOATBEPIKICHHUH.

[MomyTHO, Kak B MpenbIAyIIeH TiaBe, OTMEUy, YTO TMOTYYCHHBIH
pe3ysibTaT  HE  OcCTaBisieT MecTa i 3PQPEKTOB  TEOpHUH
OTHOCHUTEIFHOCTH, Ybsl JIOCTOBEPHOCTH JIOKA3bIBACTCS CAMHUM O3TUM
3 dexrom. B mpoTUBHOM CiTydae JOJKHBI OBLTH OBl paboTaTh 00a ITH
3¢ dekTa, u TOBOPOT Jyya CBETA MPH MPOXOKIACHUN MUMO MAaCCHUBHOTO
Tea, MoJyYaeMblil 9KCIIEPUMEHTAILHO, J0JDKEH ObLT ObI OBITh B 2 pa3a
0oJpIe. DTOro Ha CaMOM JIeJie HeT.

*

ll/l ==

4.700 onbITHO MpOBepKe 3aBUCHMOCTH
CKOPOCTH CBETA OT CKOPOCTH HCTOYHUKA

Bce mpempiayiide HAmM - MCCIICAOBAHUS TPUBEIM HAC K
OJTHO3HAYHOMY 3aKJIFOUYCHHIO, YTO CKOPOCTh CBETa 3aBHCUT OT
CKOPOCTH MCTOYHHKA M OTPaXKaroliell TOBEpXHOCTH. IMEHHO OTKa3 OT
NpU3HaHKs 3TOro (akta mpuBen (QU3NKY CHavala K KPH3HCY KOHIA
JICBATHA/IIIATOr0 Hayaja BAJIAaTOr0 BEKOB, a 3aTeM K MOSBICHUIO
OTO AJDiiHmTelHa C ee mapajgoKcaMHd, MPOTUBOPEYALIUMHU
©)KETHEBHOW TPaKTUKE YeJoBeuecTBa. ECTECTBEHHO, MBI HE IEpPBEHIC,
KOTO 3aWHTepecoBajia 3Ta mHpoOiiema. B HCTOpUHM HayKd H3BECTHA
IUCKyccHs, cocTosBInascs B xypHaine Physikalische Zeitschrift [7,26]
1O BOIIPOCY O TOM, 3aBUCHUT HJIM HET CKOPOCTh CBETa OT CKOPOCTH
ucrounuka. Kak ckazano B [7], B To Bpems 3aBrcumMocTh (4.1.1)
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C =Cc*V (4.1.1)
obocuoseBanmu E. Freindich, Ritzu mpyrue.Ona jnerma B ocHOBY, Tak
Ha3pIBaeMoH, OammcTHdeckoil rumore3sl Putma. JTta rHmoresa
coryiacoBbiBaia 3 (et 3Be3HOI abeppain ¥ OnbIT MaiikenbcoHa, a
TaKXe psj APYTHX SKCIEPHUMEHTOB, MOCTABICHHBIX JUIS O0OHAPYKECHUS
a¢upHoTO Berpa. Jluckyccus obopBamach 1l MHpPOBOW BOMHOW C
OTPULIATEILHBIM JIJISl 3TOW TOYKU 3pCHUsS pe3ynbraToM. Bo3obmanano
MHEHHE, YTO CKOPOCTh CBETa MOCTOSHHA B MYCTOTE U HE 3aBUCHT OT
ckopoctu uctounnka (C=const). bamumcTrdyeckas Tumoresa Puria
ObuUTa OTBEPrHYTa W3-3a KAXKYIIETOCS €€ MPOTHBOPEYHS  CO
CHEKTPOCKOTTMICCKUMHU HAOJTFOICHUSIMU JIBOMHBIX 3BE3/I,
obocuoBanHoro B padore ae Currepa [40].

CyTtsb paccyxnenuii 1e CurTepa CTaHOBUTCS MTOHSATHOW M3 aHAIN3a
HAOJIOJICHUIA 3a JBIKCHHEM IBOMHBIX 3Be3n. Ha puc.4.7.1 mokazana
VIPOIICHHAs CXeMa JTOro siBJeHUs. B menTpe O HaXOAUTCS TsDKENas
cnabo cBeTAMIasCsS 3BE3Na, BOKPYT KOTOpOH IO KPYroBOW opOuTE
obparriaercst Apyrast 6ojee sipkas 38e371a, MOCIe0BaTCIBHO
3aHuMas nonoxenus A, B, F, Du 1.1.

L=Ct

Puc.4.7.1

Jlo wHaOnromarenst AOXOAWT CBET OT O3TOW SPKOW 3BE3IIBL
CrieKTpaibHO-JIBOMHEIC 3BE3/IbI OMPECISIOTCS MO PACIICIUICHUI0 WX
CIIEKTpa Ha JBa, CMEMICHHBIX OTHOCHUTENIHHO APYT Ipyra BCIEICTBUE
addekra Jlommiepa, T.K. H3Tydaromias 3Be3[a IBIDKETCS TO IIO
HANPAaBJICHUIO K HAOFOIATEII0, TO OT HETO.

CormacHo OammucTHUECKOW THIIOTe3e PuTia Jyd  CBera,
UCITyCKAaeMBIH SIpKOU 3Be370U m3 Touku D, NMBKeTcs K HaOII0IaTeIio

C YMEHBIIECHHON CKOPOCTHIO C =C-V. Curnan us Toukn D
JOXOAUT 10 Habmromatens uepe3 Bpems t=L/(C-V) 3mecr  L-
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paccTosiHUE OT JBOWHOHM 3Be3nbl 10 HaOmromarens Ha 3emuie. OHO
MHOTOKPATHO TIPEBHIIIACT TabapuThl OpOUTHI TBOMHON 3Be31bl. [locite
3TOrO spKas 3Be3/a MEepexoauT u3 Touku D B Touky B 3a Bpems
nojynepuoga oopamienus /2. CurHain, BbIIemmuaid w3 TOukd B,
OpUXOANT K  Habmomaremo depe3 Bpems L=T/2+L/(C+V),
OTCUUTHIBAEMOE C MOMEHTA BBIXO/a 3Be3/1bI 13 TOUKH D.

WHTepBanm BpeMEeHM MEXIy TONYYCHHEM JBYX CHTHAJIOB,
MpUIIeanX K HaOmomaremo w3 Todek D wm B, ompexgensercs
pa3HOCTBIO BpeMeH tp u t;

At=T/2+L/(C+V)-L/(C-V) OT/2-2VLIC?, (4.7.1)
Eciu Temeps IpeAnonoxuth, uto T=4VL/C? To mHTepBan BpeMeHH
ucue3ner. Curnan w3 touek D m B mocrynur k  Habmomaremnto
omHOBpeMeHHO. B aToMm ciyuae mo yrBepskaeruto H.Tirrmga curaan
JIOJDKEH OBIT OBl Bech IepeMemnaTrhcsi W ObBUI0 OB HEBO3MOXKHO
HAOMIOaTh  JIMHEWYAThIE  CHCKTPhl  W3Iy4YeHHWs  3Be3l. B
JNIEHCTBUTEIHHOCTH, BenmumHa At JUis psga CHEKTPOCKOIMMYECKUX
JIBOMHBIX 3BE3/] OKA3hIBACTCS BEChbMa OOJIBIION.

K coxanennro, onricaHHbie COOBITHS HE HAIILIIM CBOETO OTPAKEHUS
B TOMYJIPHBIX Y4eOHHMKAxX 1o (u3uke W acTpoHoMmuH. O HUX MHE
CTaJIo U3BECTHO M3 paboT [7,26] yke mocie BbIX0Ja B CBET MOMX KHHT
[1,2] 1 110 3TO# NpUYNHE OHK TaKXKe HE ObUTH B HUX OIHCAHBI.

UTtoOBI BBEIpa3UTh CBOE OTHOIIEHHWE K YyKa3aHHOW mpobieme,
OTMEUY OJIHO CYIIECTBEHHOE HAa MOH B3TJISA pa3indue MEXIy
u3naragMoil  paboTod W OAJTUCTHYECKOW THUMOTe30d  Puria.
BcnomuuM, uTo PUTI) BRIABMHYN CBOIO OQJUNTMCTHYECKYIO THIIOTE3Y
CBETa B TO BpPeMsl, KOTJla CBET CUMTAIM BOJIHOM, HAoJ00ue 3BYKOBOM
BOJIHEI B BO3AyXe. M3BECTHO, YTO MOCICIHSS PacCHpOCTpaHSICTCS B
BO3/yXe CO CKOPOCTBIO 3ByKa, HE 3aBUCSIIEH OT CKOPOCTH MCTOYHHUKA.
IToaTomMy B TO BpeMsi OBIJIO COBEPIIEHHO HETIOHSATHO, TOYEMY CIIETyET
CUHMTaTh, YTO CBETOBas BOJHA IIOKUAAECT HCTOYHUK W3IYYCHHS C
MOCTOSTHHOM ~ CKOPOCTBIO ~ OTHOCHUTENFHO  WCTOYHHMKA, a  He
OTHOCHUTEIFHO OKPY’KAIOIIETo TOJs CBETOHOCHOTO 3(upa. B To Bpems
cuntasiock (mo mosiBnenus B 1915 CTO A.DiiHmTei#Ha), YTO
Bcenennas 3anonHeHa CBETONPOBOIAIICH cpenoi-3hupom.

B wumznmaraemoii paboTe 3aKOHBI H3IYYCHHUS W PaCIPOCTPAHCHUS
CBETa COCTaBIIAIOT TOJBKO YacTh paspabaThiBacMOi HaMHU OOIICH
Teopuu 3Qupa. JTa YacTh OYEHb BaKHA, HO OHA HE OTOpPBaHA OT
OCTaJIbHOM Teopuu. BakHO momuepkHyTh, 4ro (opmynaa (4.1.1)
JIOTUYECKH BBITEKAET M3 HAIINX MPEACTABICHUH O CTPYKType aToMa U
nporecce 00pazoBaHUsl (DOTOHOB-HOCHTENEH CBETa, M3JI0KEHHBIX B
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rnmaBax 2.1....2.6. Ecniu npunumarotcss uaen Bceld paboThl, TO HE
BO3HHKAeT W COMHEHUH B TOM, IMoueMy (OTOHBI MOKHIAIOT
BO3OY)KICHHBIH aTOM HMeHHO co ckopoctsto C=3[0°m/c. Takosa
CKOpOCTh CTPY# 2(hUpa Ha BepXHEW IpaHuIle ra30BOTO BUXPS aTOMa, U3
KOTOPOTO hOPMHUPYIOTCSI POTOHHI.

OTHM, TOBUIUMOMY, MOKHO OOBSICHUTH HEyauy OAITUCTHICCKOM
runote3sl Purtma. Ilockombky y Hee He OBUIO TOKa3aTeIbHON Oa3bl
TOTO, YTO CBET TMOKUAAeT HUCTOYHHK W3IIyUYEHUS C IOCTOSHHOU
CKOPOCTBIO OTHOCHTEILHO CaMOr'0 HCTOYHHKA, OHA TaK W HE cTala
Teopueil. Bce ycmiams KPUTHKOB ATOW THIOTE3BI IOITOMY OBLIH
CBCJICHBI K TIIOMCKaM IIPOTHUBOpeYMid B camoil rumoTe3e. M 3to
MPOTUBOPEYNE OBUIO HAWICHO B CIICKTPaX TBOMHBIX 3BE3I.

KoneuHo, nBoiHBIC 3Be3/bI OYCHH JAJIEKH OT HAC, YTO CHIDKACT
TOYHOCTH M JIOCTOBEPHOCTD JIOKA3aTEIbCTB, UCIOIB3yEMBIX KPHUTUKOM.
MHuorue (GakTopbl MPUPOMALI MO 3TOH MPUYWHE MOTYT TOBIUSATH Ha
CUTHAJI CBeTa, TMOKa OH (QOpPMUPYETCS M 3aTeM MPOXOJUT dYepe3
OTPOMHBIC KOCMHUYECKHE PACCTOSHUS OT 3Be3/bl A0 3emin. Ha omHo
Takoe OOCTOATENBCTBO yKazaHO B pabote [7], KoTOpas CTOUT Ha
MO3UIMSX OamucThueckoir Teopun Putma. OHa ccbutaeTcs Ha
sakmodenne  JL.Bpmmmosma [41] o  TOM, YTO  JIOCTaTOYHO
NPEIOJIOKEHHS O CYIIECTBOBAHUN 3aBHCUMOCTH CKOPOCTH CBETa OT
TPaBUTAIMOHHOTO TOTCHIMANA, 4YTOOBI pa3pyIIWTh JOBOJABI e
Currepa. OxHaK0, OMHON ATON CCHUIKM HETOCTATOYHO.

Jlpyrasi ccphuUlka Ha aHAJOTHIO pPAclpOCTPAaHEHHUs CBeTa C
pactpoCTpaHEHHEM MaJIbIX TPOJOJIBHBIX KOJEOaHWH B JIBIKYIIEMCS
YIPYTrOM CTEpKHE, MCIIOJIb30BaHHAs B 3TOW paboTe Iuisi 000CHOBAaHUS
ycmoBusi  (4.1.1), HecocTosTenpHa. B 3TOM ciiydae BIIKEHHE
UCTOYHWKA CBETa B HEMOJBIKHOW cpelne 3(upa HEKOPPEKTHO
HOJMEHSIETCS JIBIDKCHUEM BCEil cpelbl (CaMoro CTEpiKHs) BMECTE C
HUCTOYHUKOM BO3MYIIICHUI OTHOCHUTEILHO HETIOIBHYKHOTO
HaOmromatens. Kpome Toro, Mbl 3HaeM, 4TO B PaCIpOCTPaHCHHU CBETa
y4acTByeT MaTepuaibHas dacTulla-QoToH, a He BOJHA. BosHa
ne Bpoiinst TOIBKO CONPOBOKIAET ABHKYIIHIACS (DOTOH.

Bonee oOcToATeNbHON U AOKA3aTEIHHON B 3TOM CMBICTIE SIBIISIETCS
pabora I1.C.Uukmna [26]. OcraHoBuMCS Ha 3TOil paboTe Oonee
noipoOHo. Ha Hamr B3rsim oHa ompoBepraeT MoBojsl Ae Currepa u
moATBepKaaeT MpaBoTy Beipaxkenwus (4.1.1). Omupasce Ha 3TO
BEIpaXXCHHE, OHA 3HAYUTEIHHO TPOJBHracT 3HAHUE O MPHPOJIC
JIBOMHBIX 3Be31, 00BEAUHSS UX B OJIHY TPYMITy ¢ ehenamu.
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B otnnuue ot ne Currepa B pabote I1.C.Unkuna paccMaTpuBaeTcs
U3JIydeHHEe OT JBOWHON 3Be3[bI HE TOJNBKO B JBYX XapaKTEPHBIX
toukax B u D (Puc.4.7.1),H0 B TeueHue Bcero o00poTa spKOW 3BE3/bI
BOKPYT TSDKEJION TyCKJION 3Be3abl. [IpoeKuus cKopocTH SApKOW 3BE3AbI
Ha HampaBJeHHE OX, COCAMHSIONIEe ABOMHYIO 3Be3y M HaOIomaTens
Ha 3emuie, 3aIHCHIBACTCS B BH/C

Nos=V [Sing (2y
PaccmarpuBaeTcs 1yr CBETOBBIX BOJIH, HCIYIICHHBIH SIPKUM
KOMIIOHEHTOM 3a OJIWH mepuoj oOpamieHus. 3a Hayalo oOTcyeTa
npuHATa Touka A. Ilpum 5TOM B HayalbHBIA MOMEHT JUIMHA IIyTa
cocraBur |=C[T, rme C- ckopocth cBera 6e3 mM00aBKM CKOPOCTH
M3JIy4arolieil 3Be3/Ibl.

CHauana aMIUIMTyZAa Iyra CBETOBBIX BOJIH OYCHb BEJIMKA W PaBHA
paauycy opoutsl R,,s u3mydaromeii 3se3zbl. [To Mepe nBmkeHns 1yra
CBETOBBIX BOJH K HAOMIOATeNi0 aMIUIMTYAa CHHYCOHMIBI OyaeT
ymenbmarhbes, T.K. iydrn NB u ND cxonsrcs B Touke N (mpumeuanue
aBTOpa). B MOMeHT mpuema curHaia HaOJIIOJaTe]IeM OHA y)KEe OYCHb
Maia (ompezenseTcsi KOHCTPYKIUeH crieKTpoMeTpa). B Bumy Toro, 4ro
L>R,p6, MoskHO mpubmmkenHo cuutats 0L0. (Puc. 4.7.1).

Cormacuo dopmyne (4.1.1) pasHsle 4yacTH Iyra IBUTAIOTCH K
HaOJIIOATENIO C Pa3HBIMU CKOPOCTSIMH. BeaeacTBue 3Toro ckopocTs B
HalpaBJIEHUH OCH OX 1000 TOUKHM Iyra OyaeT

Cl =C+Vy0s=C+VEind (4.7.3)

Puc.4.7.2
JIrobasi TOYKA CHHYCOWIBI Iyra CBETOBBIX BOJIH BCJIEICTBHUE
HEOIMHAKOBOCTH cKopocteil C' Gy/ieT cMeIaThesl B HAMPABICHHH OCH
oX. C TeyeHreM BpeMeHH t 110 Mepe IBIKCHHUS IyTa CBETOBBIX BOJH OT
3Be3Obl K HAONMIOZATENI0 JTO CMEHIEHHE OTHOCHUTEIBHO CBOErO
HePBOHAYAIBHOTO TTOJIOKEHHUSI COCTABUT BEIMUNHY
A=V 061 =VEISING (4.7.4)
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K nabmogaTento OyayT MPUXOIUTh CUTHAIBI PA3IMIHON (OPMBI
B 3aBUCHMOCTH OT BEJIHYHMHBI OpOUTaNIBbHOW ckopocTd V, mepuona
oOpaiieHust SpPKOH 3BE3IIbI BOKPYT TEMHOH TsDKeNod 3Be3mpl T U
BpEMEHH JBM)KEHUSI Lyra CBETOBBIX BOJH  OT 3Be31bI K HAOII0IATEIIIO.
Haubosee xapakrepHbie pOpPMBI CHTHAJIOB M300paXkeHbl Ha puc.4.7.2-
4.7.4.Yxe paccMoTpeHHas Ha puc.4.7.2 GpopMa 1yra CBETOBBIX BOJIH
aBusieTcsi  HauOonee  pacmpocTpaHeHHOH. OHa — COOTBETCTBYET
HEPaBEHCTBY

¥CT/4 (4.7.5)

Yem Gmmxe BenmunHa Vi mnpubmmkaercs x 3Hauenwio CT/4, Tem
cunbHee Touka B Haberaer k Hauany iyra (touke A), a Touka D
OTCTaeT, CMEUIasich K KOHILy Iyra (Touke A). Takyro sxe ¢popmy OyayT
UMETh W BCE IOCJEIYIONIME I[yI'M CBETOBHIX BOJH. B paGore [26]
OTMEYEHO OJIHO OYeHb BaAXKHOE HAONIOJEHHE, COCTOsIee B
COOTBETCTBHHU TOIYyYEHHBIX Ha puc.4.7.2¢$opM LyroB CBETOBBIX BOJIH
C pacmpeieleHUsIMH ITy4EeBBIX CKOpPOCTEH, pealbHO HAOII0JaeMbIX
acrpoHoMamu nieenn u, B vactHoctH, nedense O Llepes (V=20xm/c).
Ecmn Vt=CT/4cfryuqaii ne Currepa), (4.7.6)
TO B MOMEHT TIOJIyUeHHs CHTHAJIa TOYKa B mocTHraer B HampaBlIeHUU
ocH OX TOJIOKEHHS TOYKA A. B 3TOM ciydae mocienoBaTelbHOCTh
I[yTOB CBETOBBIX BOJIH MPUMET BHJI, TOKa3aHHbINA Ha puc. 4.7.3

ANMILTHTY A —1
A

B B B E B..,\

\F\f\F\F
TN N N\

I¥; D D
I=CT =CT I=CT I=CT

H Y

Puc.4.7.3
W3 pucyHka BHIHO, YTO MEPEIHUE TOYKU KAXKIOTO CIICTYIOIIEIO
Iyra JOTHANW 3aJHUC TOYKW TNepeAHux IyroB. Ho, dYTO BaxHO
MOJJYEPKHYTh, CAMHU IyTH HE M3MEHUIIU CBOCH JIJIMHBI, T.K. TOUKH A U
F mBikyTes ¢ omuHakoBbiMu ckopocsiva C=300°m/c. TTpu sToM MbI
BUJIUM SIPKO BBIPOKEHHYIO IUKIMYHOCTH 3THX CBETOBBIX CHUTHAJOB.
NMeHHO »OTHM [HKIWYECKWE CUTHAIbl, WMCIOIIUE HEHYJICBYIO
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NOPOTSHKEHHOCTh B TPOCTPAHCTBE, (DUKCHPYIOTCS CIIEKTPOMETPOM
HaOII0IaTeN .

U3 puc.4.7.3 xopomo BHAHO, 4TO B ciydae ae Currepa Ha
yyacTKax IyroB BOJH OT TOYeK A 10 Touek F nmuHHMH criekTpoB
CMEIAI0TCS B CTOPOHY (DUOJIETOBOW YaCTH CIEKTpa, T.K. OHU HECYT B
cebe mHpOpMaNUI0 O TPHOIMHKAIOIIEMCST UCTOYHUKE M3ITydeHuid. Ha
yuacTtke oT F 10 A cMmelleHue IMHUIA CIIEKTpa MPOUCXOIUT B CTOPOHY
UHGPAKPACHOTO HW3AY4YeHHMs T.K. OHM HecyT wHHpopmamuo 00
ynanstomemcs ucrouHnke. HMKakoro mepeMelminBaHus CHTHAJIOB
NPH 3TOM He NPOU30iJIeT, T.K. PeYb HWIET He 0 CJI0KEHUH CBETOBBIX
BOJH_TOJbKO B TOYKaX A u B, a 0 cBeTOBbIX BOJIHAX Ha
NPOTSKEHUHU I[YTOB, COCTOSIIMX M3 M3JIVieHHs 1enoii 3Be3abl. U
JTH_IYTH CBETOBBIX BOJH, KaKk BUIHO W3 puc. 4.1.2u 4.1.3, He
HAKJIAIBIBAIOTCA JIPYT HA IPYra (MpuMedYaHue aBpTopa).

Henocratok paccyxknenuit ne Currepa COCTOSII UMEHHO B TOM,
YTO OH HE paccMOTpel BCIO TIOCIEIOBATENBHOCTh BO BpPEMEHHU
00pa3oBaHMs CUTHAJIOB OT JBOWHON 3BE37IbI, a OTPAHMYHIICS TOJIBKO
CUTHAJIAaMH U3
IBYX TOYEK OpOUTHI sipKoii 3Be3761 B 1 D (Puc.4.7.1).

Ha puc.4.7.4u300pakeHbl yT'H CBETOBBIX BOJIH, MOJTy4YaeMble AJIs
ciyyas

SAT/4. 4.7.7)

B [26] orMmeueHo, 4T0 HMX (hopMa COOTBETCTBYET paCIpENEICHUIO
nayueBbix ckopocteit redennst RR JIuper (V=50xm/c, T=0,567 cyToK)
u nedeunst W Jlessl. Korma 3Be3ma JBWKETCS K HaOIIOIAaTENIo,
MaKCHMyM [OJIOKHUTENIbHBIX JIy4EBBIX CKOPOCTEH B HMX CIEKTpax
BCET/Ia TMOSIBISIETCSI HECKOJIBKO PaHbIIIC HAMMEHBIIIUX OTPUIATEIBHBIX
N00aBOYHBIX CKOpocTel. OHOBPEMEHHO OJIECK 3BE3/bI BO3pACTacT U
COOTBETCTBYET JIMHHUAM (BOIOpJAa WM META/LUIOB) B CIIEKTPax 3BE3J C
O4YEeHb BBICOKOM TeMIlepaTypod H3-3a CMELIEHUS] TOCIEAHUX K
(h10JIETOBOMY KOHILY CIIEKTpA.

Korma nBoiiHas 3Be3fa IBHKETCS OT HaOJromarelns, OJecK ee
najgaeT v JIMHUMU (BOJOpO/Ia, METAJUIOB) CTAHOBSTCS ciiabee, CABHUIascCh
K KpacHOMYy KOHIy crekTpa. Ho eme 10 TOro, Kak 3TH JIMHUH
HOJIHOCTBIO MCYE3HYT, B CIIEKTPE YK€ OOHAPYKUBAETCSI HOBask CEpHUs
JIMHUA, CIBUHYTHIX K (DHOJIETOBOMY KOHILY | T. 1. DTO, KaK CIEAyeT U3
puc.4.1.4 sBaseTcss CIEACTBHEM IEPETPYNIUPOBKH dYacTei Iryra
cBeTOBOTrO M3nydenus. Touka B mpuxoauT K HAOIIOATEITIO paHbIIIe,
4yeM To4ka A (Hayaso Iyra), a Touka D 3ama3ipIBacT 1Mo CpaBHEHHIO C
TOYKOM A (Hayalo CIIEAYIOIIEro Iyra CBETOBOTO H3JIyUEHHUS).
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ACTPOHOMBI BBISIBUIIM THICSYH 3BE3]] C TAKUMH CIIEKTPaMH. DTO BEChbMa
pacnpocTpaHEHHOE ABJIEHUE BO BceneHHoi.

[ToaTOMy MOKHO TOJHOCTBIO COTJIACUTBCS C BBIBOJOM pPadOTHI
[26] o ToM, YTO TpH HCMONB30BAaHUU 3aKOHA CIIOKEHHUS CKOPOCTEit
(4.1.1) nuueiyaTHIi CIEKTp W3NyYeHWs OBOMHBIX 3Be3] OymeT
HAOJIIOMATECS BO BCEX CIyYasx, OIpeelsseMbIX 3akoHamu (4.7.5),
(4.7.6)u (4.7.7),Brmoyas v yacTHbIH ciry4aid e Cutrepa.

AMILTHTY A —1
A ) C
E E

\F F FBK\,
NI N X

L
I=CT I=CT I=CT I=CT

Puc.4.7.4

Ilamee aBrop paborel [26] comocTaBiasSeT  OCOOEHHOCTH
U3MEHEHUs OJiecka pasNuuHbIX 1edenn ¢ GopMoil IyroB CBETOBBIX
BOJIH, TOJy4aeMbIX Ha OCHOBaHUM BeIpakeHus (4.1.1) oT mBOWHBIX
3Be3]l, IBMKYIIUXCS HE TOJIBKO MO KPYTOBBIM, HO H IO SJUTUIITHYECKAM
opOuTaM, a Takke 00enx 3Be3 BOKpYT o0Iero mnenrpa. Habmomast ux
COBIMAJICHUE, OH NPUXOIUT K BBIBOAY, YTO B TPUPOJEC BOOOINE HE
MIPOUCXOHNT ITyJIbcaruii paguycoB nedeun. lledbennast mo ero MHEHUIO
ABISAIOTCA  CHEKTPaJIbHO-IBOMHBIMH  3Be3daMH, Y  KOTOPBIX
PETUCTPHUPYETCS UINMYIECHUE TOIHKO OJHOTO SIPKOTO KOMITOHEHTA.

[MonTBepkaeHEM TPAaBOTHI PACCMOTPCHHOW TOYKH 3pEHUS
SBIISIETCSl CHATHE MPOTHBOPEUYNS B CTATHCTHKE HAOIIOZaeMbIX 3BE3.
OHO COCTOMT B TOM, 4YTO B paiioHe Hamiel ramaktuku (MiedHoro
nytH) ¢ paauycoM 10 mapcek Bokpyr CojHIIA Kakaas BTOpas 3Be3/a
SIBJISICTCS] IBOMHOM 3BE3MI0H, a 3a MpeAesiaMHu 3TOTO paguyca ABOMHBIX
3Be3]] CTAHOBHUTCS OYCHb Mayio. B3ameH mosBiisgeTcsi OONBIIOE YHCIO
MyJBCUPYIOMIUX 3Be3/. YuuThiBas, uro CoNHIE SBISCTCS PAIOBOMN
3Be3710 MIIEYHOTO IyTH, Takash OCOOSHHOCTh BBI3HIBACT yIUBIICHHE.
Kpome Ttoro, paccrosiare 10 mapcek Toxe sBISIETCS CyOBEKTHBHBIM,
YUCTO YEJIOBEUECKMM OrpaHHYeHHEeM, T.K. OHO OIpeIeNnsIeTcs
BO3MOKHOCTSIMHU TEJIECKOMOB (HAOII0IATeIBHON ACTPOHOMUH).
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OOBscHEHUE TPUPOABI IMyNibcanuu nedens Ha Oa3e ypaBHEHHS
(4.1.1) TeM, 9TO OHHU SIBJIAIOTCSA IBOWHBIMH 3BE3IaMH, CHHMAET 3Ty
HCHOPMAJIGHYI0 ¥ HEOOBSICHUMYIO Pa3HOPOJHOCTh HACEICHHOCTH
Bcenennoit aTumu 3Be3aamu. Haromuro, uto B npeaenax 10 mapcex ot
Connna (3emiin) IBOMHBIC 3BE3/bI HA3BIBAIOT BH3YaJbHO-IBOMHBIMH
M3-32 TOTO, YTO MX MOXXHO HaOII0JaTh C MOMOIIBIO TEJIECKOIOB. 3a
MpeJIelaMy 3TOTO OTPOMHOTO PACCTOSHUS TBOMHBIE 3BE3/IbI HA3BIBAIOT
CHEKTPALHO-IBOMHBIMHU, T.K. CIIEKTPaJbHbIC HAONIOJCHUS 32 HUMH
OCTaIOTCSl €JMHCTBEHHO JIOCTYNMHBIMU. [lo 3TOM mpHYuHE OTH
HAOJIOMICHHUST  JOMYCKAIOT  Pa3InYHbIC  TOJKOBAHUSA  MPUPOIBI
HAOJI0JJaeMBIX B ATHX CHEKTPaX OCOOCHHOCTEH.

Takux TOMKOBaHWU OBIIIO MHOTO. IlepByI0 TOMBITKY 00OCHOBATH
U3MEHEHUe OJyiecka Ieden]] MBUKCHHEM H3IYYaromeld 3Be3fbl 110
JJUTMOTHYECKON OopOUTE BOKpYyr Oosee Cradoro KOMIIOHEHTa
npeanpubsa B 1894 roay acrpodusuk A.A. Benononasckuii B cBocH
JIOKTOpCKOM muccepraiuu [9]. DTa rumoresa comepHHYANa ¢ APYroi
TUTIOTE30H, OOBSACHSIONICH BO3MOXHOCTh HM3MCHCHHS OJieCKa 3Be3[
MEPUOTUIECKUMHA TyJIbcalusaMi ux o0bemMa. OHa OblIa BBIABHHYTA B
1879 rogy TeopeTHMKOM B O0JIACTH BHYTPCHHETO CTPOCHHUS 3BE3J
A.PutrrtepoM. VYKa3aHHbIE THUIOTE3Bl C TEPEMEHHBIM  YCIIEXOM
KOHKYPUPOBAJIH APYT C APYroM. Y 00CHX UMEETCS MHOTO TPYJTHOCTEH
U MHOTO CTOPOHHHUKOB. MBI He OyJeM BIaBaTbCs B TOHKOCTH STOH
quckyccud. Bo3oOmanana myascanioHHas runoresa. He B mocieqHiown
ouepellb ATO OOBSACHSAETCS TEM, YTO CTOPOHHUKH JBOMHBIX 3BE3]
OCTaBAJIMCh HA TIO3WIIMMA HE3aBHCHMOCTH CKOPOCTH CBeTa OT
OpOUTATHFHOM CKOPOCTH M3ITyYarOIIeH 3BE3IHI.

Bropas mpuuMHA HOCHT CKOpee TMCHXOJOTMYECKUN XapakTep.
Pa3paboTurKky U CTOPOHHUKH KaXIOH M3 3TUX THIIOTE3 CUUTAIOT, YTO
NpUYMHA TIyJIbCAllMid 3Be3]l MOXET ObITh TOJNBKO OJHA W OHA
UCKII0YaeT aApyryro. [loaToMmy, ecnm cpemu OrpOMHOTO KOJHUYECTBA
HAOJIOJJaCMBIX 3BE3]] BBISABISCTCS HECKOJNBKO CIIy4aeB, KOTOpBIC HE
BITUCHIBAIOTCS B KaKyIO JIMOO THIIOTE3Y, TO 3Ta THIIOTE3a OOBSBISIETCS
HecocToATeNspHOM. Ha Ham B3mmsig 00 THIOTE3BI OTPaXKAIOT PEaTHH
Bcenennoii. T.e. cpeaw TEpEeMEHHBIX 3BE3Il UMCIOTCS 3BE3IbI, Y
KOTOPBIX TYJIBCUPYIOT OOBEMBI, a TakkKe JBOWHBIC 3BE3Ibl. Y
MOCJICIHAX TTyJbcaliui  Ojiecka OOyCIIOBJICHBI JNOO 3aTMEHUSIMH
OJIHOTO W3 KOMIIOHEHT JPYTHM, JIMOO W3-3a TOTO, YTO TEpeIHHE U
3aHME YaCTH IIYyTOB CBETOBBIX BOJH JBHKYTCS B COOTBETCTBHU C
ypasHenusmu (4.1.1)u (4.7.3)c pasHBIMH CKOPOCTSMH M BCIIEICTBHE
3TOro 00Jaal0T pa3Ho SHeprue.
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BeposITHO, B CTATUCTHKE 3B€3/1 IPOUCXOAUT HEKOTOpAs MyTaHHUIIA
U3-32 OTPOMHOW yOAJCHHOCTH H HEBO3MOXXHOCTH pasriIseTh
3araJiouHbic 00bEKTH. BO BCAKOM cilydae COCTOSIHHE 3HAHMU B 3TOM
00JIaCTH HAyKH HE IMO3BOJIIIOT OJHO3HAYHO YTBEPKIATh YTO-THOO O
3aBUCHUMOCTH CKOPOCTH CBeTa OT CKOPOCTH HCTOYHHKA. boee
HAaJICKHBIMUA  JIOKA3aTEJIbCTBAMH  3TOW  3aBUCHMOCTH  SIBIISICTCS
Ha0JII01aeMoe  COTJIacOBaHKME SIBIICHUS 3BE3IHON abeppaiiu, OIBITOB
Maiikenscona, Canbsika, Jlommuiepa W Apyrux, MPOBEICHHBIX Ha
3emie. Baxwno, uro 3aBucuMocTh (4.1.1) He BBIXOOWT 3a IIpPEAEBI
3eMHOM MPAKTHKH YeIOBEYECTBA.

4.8 YMeHblIIeHHE CKOPOCTH CBETA 10 Mepe
yaaJjieHusl 0T MCTOYHUKA

B rmaBe 1.10 Obuta monyudeHa Qopmyna Ui ONpeacICHUs
YMEHBIICHHUsI CKOPOCTH BHKEHHS MATEPUAILHOTO Tejla 4yepe3 IoJie
HeBo3MyILeHHOT0 3¢upa (1.10.17)

VO

v=_Yo (4.8.1)
1+9¢
K

3mecs  V,-ckopocts Tena B MoMenT t=0. Kak Gbl10 mokasaHo paHee

a 18 -1
emmunna — = 297[107°C™ ouens mana. [TosToMy B GOJIBIIMHCTBE

CIy4aeB CWJIOW ¥ YCKOPEHHEM CONPOTHBIICHUS, OOYCIOBICHHOTO
pPOCTOM MaccChl Tella BCIEACTBUM MPHUTOKAa 3puUpa BHYTPh MOXKHO
npenebpeys. OgHAKO, OHM MOTYT MOBJHSTh Ha CKOPOCTH JBIIKEHUS
(oToHAa CBeTa OT MJalieKUX CBETWI JIO HaOmrojarenss Ha 3emile.
3aBUCHMOCTh CKOPOCTH CBETAa OT BPEMCHH JIBIDKEHUS (POTOHA MOXKHO

noiy4uts, 3aMeHuB B Qopmyiae (1.10.17)ckopocts V, Ha ckopocTb

cBera B MOMeHT ucmyckanus ¢porona V, = C. Ona Takas xe, KaK y

CB€Ta B 3€MHBIX YCIIOBUAX

v=_C (4.8.2)

C
a
1+t
k
Immpr.rer=3,1510' ¢. CrnemoBarensHo, depe3 IMIpI.JIeT CKOPOCTH

dorona cera 6ymer V=2,7410° wm/c, 4rO0 COBCEM HEMHOTO
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OTIIUYACTCS OT 3eMHOM cKopocTH cBeTa. Uepes 10 mipa.ietr ckopocTh
CBETa, MPUIIE/IICTO K HaM OT JaJICKOH 3BE3/Ibl, OyIeT V:1,532|L08 mlc,
TO €CTh OYZET COCTaBIISTh TOJIHKO MOJOBHHY OT HaYaIbHON CKOPOCTH.
Uepe3 15 Mipa.iet cBeT, MPUIIEANTHN ¢ OKpanH BUIUMON BcemeHHo#
6yner umersb ckopocts V=1,251C° wm/c, uro uyrs Gomsme 40% ot
36MHOM CKOpocTH cBeTa. [IpoieHHBII CBETOM IIyThb MOXHO
OTIPECITUTh KaK

C a
Le = [Ve [t =——In[ 1+t |. (4.8.3)

alk k
VYka3zanHoe u3MeHEHUEe CKOpOCTU CBCTa OT BPCMCHH, KaK MHC
KaKC€TC4d, MOXKHO OIpCACINTb MCTOJA0M a6eppauI/II/I U TEM CaMbIM

MIPOBEPHUTH CIPaBEIIUBOCTE (hopmyi (4.8.2)u (4.8.3).

YACTD 5 ACTPOPU3UKA B CBETE
IOUPOINHAMUKHU

5.1 KpacHoe cMellieHHe B CIIEKTPAX JaJIeKHX
raJakTHK

Hamnbonee BomHyromeil mnpoOieMoil COBpeMEHHOW (HU3UKH U
acTpoHOMHH, 0e3 BCAKOTO COMHEHHMS, SBISETCSA 3arajka KpacHOTo
CMEIICHHS B CIIEKTpaxX AANEKuX TanakTHK. CyTh SBJICHUS CBOJHUTCS K
TOMY, YTO JIMHUHM CIIGKTPOB IOYTH BCEX TaJIaKTHK CMELICHBI K
KpPacHOMY KOHI[y IO CpPaBHEHHMIO C AaHAJOTHYHBIMH CHEKTpaMH B
OOBIYHBIX 3€MHBIX YCIOBHAX, YTO OOYCIIOBICHO YBEIMYCHHEM JUINH
CBETOBBIX BOJIH.

UYem panpllie OT HAC HAXOJIUTCS TaNAKTHKA, TEM OOJBIIE CMEIIEHBI
nuHUH e€ CrieKTpa K KpacHoMy KoHIly. B 1930rony 5.Xa00i1 BeIBe U3
HAaOJIIOZICHUI COOTHOILICHUE JUIi TaJIAaKTHK MEXKAY BEIWYUHOMN
KpPacHOTO CMEIICHHUS M PACCTOSHUEM !

ANA=HIL 81)
rome H - mocrosmnHas kpacHoro cmemenns. Kak ykasano B [9],
nepBoHayaabHO Xadon ompexemmwn e€ 3HaueHue kak 500 km/cMnk
(KMmOMETpoB B CeKyHAy Ha Meramapcek, Anmk=3,110'%cm), uro
COOTBETCTBYET BEITMUMHE

H=5,60°% cm™, (5.1.2)
paccrostHue L BeIpaxaeTcs B CaHTUMETpax.

160



B cootBerctBuM ¢ mpunnunoMm Jlonmiuepa KpacHOE CMEICHHE
OOBACHSIOT KaK pe3yiabTaT JIy4eBOTO [BIDKCHHS TallaKTUK TI0
HANPaBJICHUIO OT HAONIONATENs, BO3HHUKIIETO B pE3yJbTaTe TaK
Ha3bIBa€MOT0 OOJNBIIOr0 B3phIBAa ‘TEpBOAaTOMA”, T.€. CBEPXTHKEION
TUTIOTETHYECKON dJeMeHTapHON dYacTuilel. COTJIacHO 3TOH TEOpHH
OCKOJIKM B30pBaBIIIETOCS “TiepBOATOMa’, MMCIOIIHE CaMbIe OOJIBIIHE
CKOpOCTH, YJETeNd OT OJNULEHTpa “OONBIIOro B3pbIBA” Jajblle
JIPYTHX, PA3JIETAIOMIMXCS ¢ MEHBIIMMHU cKopocTsMu. 3emisi, ConHIle u
BeCh MJICUHBIN MYTh JIETAT II€-TO B CEPEAUHE.

OpnHako BCKOpEe cTaimu OOHApYKMBAThCS TaJaKTHKHU, YbE KPacHOE
CMCILICHHE B CIIEKTPaX HayaJo COOTBETCTBOBATH CBEPXCBETOBBIM
ckopoctsM. IToaromy mocTossHHYI0 Xa06ia cTamu KOPPEeKTUPOBATh B
CTOpPOHY yMeHbllieHHs. B kuHure [9] roBopurcs, YTO B HACTOSIIEE
BpeMs HamOojee BEpOSITHOC 3HAuUCHHE BenWuMHbl H Haxomutcs B
Juara3oHe

H=(1,129,805y10%° cm™. (5.1.3)

B kuwmre [10] B kauecTBe mocTOsHHON Xab0ia Ha3bIBAETCH YiKE

BenmmunHa 65km/(cMnk) mmn
H=0,720%%Mm™. (B0

Ecnm B manmbHeMIeM ¢ poCTOM BO3MOKHOCTEH HaOJIOmaTeIbHON
aCTpOHOMHUHU OyJeT HaimeH emé Kakoi-mu0o OuYeHb YHanEHHBIN
00BEKT, JETSIINA CO CBEPXCBETOBONM CKOPOCTBIO U TEM HapYIIAIOMINT
OCHOBHOH ITOCTYJIaT OOIEH TEOPHUH OTHOCHUTEIIBHOCTH, MPUAETCS eIIé
pa3 CKOPPEKTHUPOBATh BEIWYHMHY NOCTOSHHON Xab0ma. Tonpko
BCETO.

OO0BsicHUM TIPOOJIEMYy KPAacHOTO CMEIICHHUS C TO3UIUH TEOPHH
3dupa. MBI yXKe YIIOMHHAIN O TIOHATHU TSKEIOW CBETOBOW BOJHEI,
oOmajaromei Maccod Iemoukd (OTOHOB U, BCIEACTBHE JTOTO,
oOmagaromeil oOmuM cBoiicTBoM Ten BceneHHO# moriomate 3¢up.
YBennueHue Macchbl TSHKEJIOM CBETOBOM BOJIHBI JOJDKHO NMPUBOAUTH K
YBEITUUEHHUIO 00BbEMA, 3aHATOTO TSDKEION CBETOBOW BOJHOM, TO €CTh K
YBEJIIMYCHHIO €€ JTTMHBL. B COOTBETCTBUE C 3TUM MOXKHO 3aITUCaTh, YTO
MPUPALLEHUE UIMHBI TSKEIOW CBETOBOW BOJIHBI OTHOCUTCS K JUIMHE
BOJIHBI KaK MpHpaIieHne eé Macchl K Macce

AN A=(m-mp)/me=m/my,-1=€" *-1=art/x (5.1.5)
WY, y9uThIBas, uTo t = L/C, monmydaem
ANJN = aL/(kC). (5.1.6)
Comocraisis popmyasl (5.1.1)u (5.1.6),Haxoaum
H=t/(kC) (5.1.7)
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Ioacuuraem H o popmyne (5.1.7)c yuérom (1.6.3)u(1.7.4)

H=0.9910%° 1/cm . (5.1.8)
Kak sumnm, sHauenne H B (5.1.8) okazanock B auamasoHe HanOoiee
BEpPOSTHBIX 3HAYCHHM, TMONYYCHHBIX W3 HAONIOACHHWA COBPEMEHHOM
acTpoHOMHeH, yka3zanHbiX B [10].

OTMeTnM TaKkKe, 4YTO TOJIYYEHHOE OOBSCHEHHE IPHUPOABI H
BEJIMYMHBI KPACHOTO CMELICHHS B CIIEKTpax AATEKHUX TajJaKTUK JeIaeT
HEHY)KHBIM 0OBsAcCHeHHe 3Toro (eHomena sddexkrom [oriepa u
“Oonpiroro B3pbiBa mepBoaroma’. B3peIBBI MacCHUBHBIX 3BE3N U
BBEIOPOCHI MacChl BemIecTBa W3 00JacTeli  B3PHIBOB  IMTHPOKO
HaOIronatoTcst BO BeeneHHo U ABISIFOTCS HEOOXOIUMBIMHE SABJICHUSAMHU
B KpyroBopore wmarepun Bo Bcenennoil. OHHM TpPOHCXOOST HE
€IMHOBPEMEHHO, a 10 Mepe HAaKOIUICHHS YPe3MEPHBIX MacC 3a CUET
HETIPEPhIBHO TPOUCXOAAIIEro noriomeHus ¢upa. [ToBunumomy, onu
YaCTUYHO COMPOBOKAAIOTCS B3PHIBHBIM MIPeoOpa3oBaHUEM MaTepuu B
3(UPHBINA Ta3 ¢ BBICBOOOKAEHHEM OTPOMHON SHEPTUH I'PaBUTALIUH.

Crmemyer OTMETHTH, YTO 3aKOH Xab0ma s OYeHb OONBIIHX
paccTosiHUi U, cIel0BaTeIbHO, BPEMEHH JBMKEHUSI CBETOBOW BOJIHBI
npaBUIIbHEE 3alHChIBaTh, He TpubOeras K pa3iokKEeHUIO B psiA
semmunnel €7 ¥, T.e. B BHIE

M N=€"" 1=¢"-1, (5.1.9)

@®opmyna Xab6ma (5.1.1) ucmomp3dyeTcs B aCTPOHOMHH IS
OTIpEEIICHHs PACCTOSHHUN 10 PAJHO3BE3] M PAANOTATIAKTUK, KOTOPHIE
U3-32 OTPOMHOM YHAJIEHHOCTH KaXyTcs 3Be31000pa3HbIMH. Benndnna

AA

—— OIpenensieTcs Mo JHMHUAAM OalbMEPOBCKO CEepHHM B CHEKTPax

A

9TuX 00BeKkTOB. Kak oTmeudaercs B [15,] yxe oOHapykeHBl OOBEKTHI,
JUTSL KOTOPBIX Y =5 u Gosbliie ¥ YbH CKOPOCTH YAAICHHUS OT 3eMIIN

OpUOTMKAIOTCS K CKOPOCTH CBeTa. B cooTBeTCTBHH ¢ (OpMyaaMu
(5.1.1)u (5.1.9)oT1 yaaneHus MOIy9alOTCS Pa3InIHbIMU:

s,

Loy :T/‘; (5.1.10)
In M+1
Ly = (5.1.11)



[lockonbky  3axkoH  XaObma  sBHseTcs  JWIIb  HEPBBIM
npubmmkenneM k popmyie (5.1.9),to popmyna (5.1.11)mxaer 6omee
NpaBUIIbHBIC 3HAUYCHUS] PACCTOSHUN M 3TO MEHSAET NPEACTaBICHHUS O
pasmepax BuauMoii BeenenHo#t. PesynbraTel pacueToB o dopmynam
(5.1.10) u (5.1.11) mpu H=10%1/c cBexensr B TaGmumy 5.1.1.
CorracHo TabiuIle CBET C OKpanH BUIUMOM BcemenHo# oT 06bekTa ¢
AA/A = 6 Gyner uaT K HaMm B TEUEHUH CIIETYIONIETO BPEMEHHU:

o Xa661y nkobt =L ansfC 3,150 = 63,49Mnpm.ier;
o Teopuu 3dupa ;ﬁ,=Leﬁr/C[3,15101 6=20,53anz[.neT.

To ecTh COBpPEMEHHBIC OILICHKHM pa3MEpOB BHIMMON YacTH
Bceenennolt cymecTBeHHO 3aBblllieHB. Ha camom jgene oHa MOYTH B
TpU paza MeHble. bornee NpaBUIIbHBIE OIIEHKH pAcCTOSHUN J10
YIaJIeHHBIX 0O0BEKTOB MOBIUSIOT HA JPYTHUE PE3YNIbTAThI, OTyUYESHHBIC
B acTpoHoMuu. Hampumep, U3MEHATCS OLCHKHU SHEPTETUKHU KBa3apoB.
B stux pacderax Mbl HE yYUTHIBAIM 3aMeIJICHHE CKOPOCTH CBETa B
cooTBeTcTBHH ¢ (hopmyioii (4.8.2).

Taomuma Ne 5.1.1

AN 1 2 3 4 5 6
Lhavo/ 10° | 1 2 3 4 5 6
Lefifeg /10° | 0,7 1,1 1,38 1,6 1,76 1,94

5.2 HoBoe npeacraienue o " boabmom B3pbiBe”

B NpeABLAYIIUX TJIaBaX MbI IIOKa3ajiv, 4YTO IpOLCCC HNepexoa
razoo0pa3Horo 3¢upa B KuAKyI0 (azy u3-3a MajJbIX pa3MepOB aTOMOB
3(wupa, pacmoyararonuxcs B SAPe MAaTepUAIHLHOTO aTOMa BIUIOTHYIO
JIIpyr K JpYyry, HE TPUBOAUT K 3aMETHOMY POCTY pa3MeEpOB sipa.
CJ'ICI[OBS.TCJ'IBHO , YBCIMYCHUC dIpa aToOMa pacCTArMBACTCsA  Ha
AJIUTCIIBHOC BpEMH, obecneunBas HerepBIBHBIﬁ nmponuecce norjiiouCHuA
razoobpaszHoro 3¢hupa MaTepHAILHBIMHA TEIAMH B TCYCHHH MHOTHX
MUJIJIMApPA0B JICT.

B rnaBe 2.1 6b110 MOKa3aHO, YTO 3aMOJHEHUE CHEPUIECKOTO
fapa aToMa BOZOPOJA TNpH IUIOTHOCTH supa P=10"kr/m>
npojoskanock He Menee 21,4 mmumapaoB ser (2.1.25). 3to
BpeMs IPEBBbIIAET MOYTHM B TOJITOpAa paza CpPOK JKU3HU
BcenenHoii, OTBOAMMBIA € acTpOHOMHEWH. DTOT CPOK ObLI
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ompeneseH B TeopuH O0oybmoro B3peBa'. [lpu 3TOM, Kak Mbl
CUHTAEM, ObLIa HapyIlIeHa 3JIEMEHTapHAast JIOTHKA.
JlelicTBUTENBHO, HEIaBHO MPOILJIO COOOILICHHE, YTO aCTPOHOMBI
n3 CHIA 3adukcupoBanm curHajd OT CaMOW yJaJeHHOW WH3
OoOHapyXCHHBIX Ha CETONHSAIIHUI JeHb rayakThku. CUTHAN OT
Hee momen mo Hac 3a 13,5 mupa.ger. UmMeHHO 3TO Bpems
o4yeMy-To0  OOBSBIECHO Bo3pacToM BceneHHo#l, TO ecTh
BpEMEHEM, TPOIIEAINIEeM ¢ MOMEHTa ' BOJbIIOTO B3phIBA
nepBoaToma’ 10 Hamux AHe. HepoBepue k 3TOMy 3aKIIIOUEHUIO
BBI3BAHO TE€M, YTO OHO HE YYMUTHIBAET BPEMEHHM MOJIETa 3€MIIH U
OTOM TaJakTUKA OT MecTa "OOJBIIOro B3phIBA" 1O CBOHX
MOJIOKEHUH B MOMEHT M3Jy4€HHs TaJlaKTUKOM CHUTHAJA,
IIOJIyYEHHOT0 ceifyac Ha 3eMJle.

Jlaxke ocTaBasCh B paMKax HpEICTaBICHHN O "OOJBIIOM B3phIBE
nepBoaromMa’ ¥ HEBO3MOXKHOCTH TPEBBINICHHS 3HAYCHUS CKOPOCTH
CBETa B MYCTOTE MaTEPUATBHBIME OOBEKTaMH, HETPYTHO TOHSTH, UTO
rajiaKTHKa JoOMpanach JJO CBOETO IOJIOKEHHS B MOMEHT U3JIy4eHHS HE
MCHBIIIC BPEMCHH JIBW)KCHHSI CHTHaja OT rajakTuku K 3emuie. MHaue
rOBOps, JaKe OCTaBasCh B PaMKax CETOJHSINHUX IMPeJCTaBIeHUI 00
oOpa3oBannu BceneHHOM, HY)KHO, KAK MUHUMYM, yIBOUTh Bpems 13,5
MJIPA.JIET ¥ CUUTATh, 4TO "BoJbIoi B3pBIB" MpOM30IIET NPUMEpHO 27
MIIPJ.JIET Ha3al.

HetpynHo yBHeTh, YTO TpOIECC 3alONHEHHS SACp KUIKHM
3(HUPOM U YBEIIMUCHHE BCJICICTBUE ITOTO UX 00BEMA JI0 MpPEACITbHON
BCIIMYUHBI, XOTS M SBISICTCS OYEHb OOJBIION, HO BCE KE KOHCYHOM
BEITMIMHONW. DTO BO3BpaIIaeT HAac K rumorte3e "bomipimoro B3phiBa'.
Ecom npenmonoxuTh, 9To "aKT TBOpPEHHS Marepum w3 ddupa”
MpOU30IIET OJHOBPEMEHHO BO Bcel BceneHHod, ToO M MOMEHT
MIEPETIOTHEHUSI SIIEP ATOMOB YKUJIKUM 3(QHUPOM TaKke OyeT COBIAIATh
M0 BpeMeHH y Bcel matepuu Beenmennoit. [loaromy, kak Okl gameko He
OTCTOSUTH 3BE3[bl U TAIAKTUKU APYT OT APYra, pa3pylIcHUE MaTepuu
MOXXET MPOU30UTH BO Bceil Bcenennoi eauHOBpeMeHHO (IO
ACTPOHOMUYECKHM MepKam). BIojHe BEpOsSTHO, YTO 3TO pa3pyllieHUE
OyZeT COIpOBOXIATHCS OXHOBPEMCHHBIM B3PBHIBOM. OJTO W Oymer
"0oMNBILION B3PHIB".

[Ipu »oTOM, KOHEYHO, HE HYXEH '"TepBOATOM', CTPYKTYpY
KOTOpPOTO HE CMOINIM ce0e TIPEJICTABUTh JaKe YYEHbIE C CaMbIM
OyiiHbIM BoOOpaskeHHeM. B aTom ciyuae "bombioi B3pbIB" HayHETCS
NOBCEMECTHO, Kak Obl 1O CHTHAIy YacoBOrO MEXaHH3Ma,
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YCTaHOBJICHHOTO B KaXKJIIOM aroMme. Matepusi B pe3yibTaTe 3TOTO
B3pbIBA pacraiercs Ha cBoOomHbIN 3¢up. Bece mome adupa Oymer
B30YJOpPayKEHO B3PHIBOM U cpa3y K€ HAYHETCsl BUXpeoOpa3oBaHHe, TO
ecTh mpeBpaileHue 3pupa B MaTepHio. [Iporecc MOKET MOBTOPATHCS
OCCKOHEYHOE 4YHCIIO0 pa3 C MHTEPBAJIOM BPEMEHH He MeHee 27
MJIpI.JIET. YYUTBIBas, YTO C MOMEHTa IMPEABIAYIIEro OOJBIIOTO
B3pBpIBa" mpoumuio okoido t = 21,4 mupnJier, MOKa MOXHO HeE
OecroKouThCs O clieayromeM "bonbiom B3peiBe”. Ilpw 3TOM HYKHO
CUMTATBCS C TEM, YTO MBI TPOBETHM HE TOYHBIA pacder, a
NpUONTM3UTENBHYI0 ONEHKY. [lolydeHHBIE 3HAYCHHWS MOTYT OBITh
YTOYHCHEI.

He MeHee MHTEpeCHO MPOCIEANTH 32 TEM, OTKy/Ia B3sulach mudpa
t=13,5u1pa. ner (mpuHATa B KayecTBE O(PHIMAIBHONW OICHKU
cymiecTBoBaHus BeeneHHoit). J[eno B TOM, YTO HCMOIL30BAHHBIN IS
3TOT0 3aKOH Xab0ma

% =HM, (5.2.1)

OBLT TIONyYeH U3 aCTPOHOMHYECKUX HAOMIOACHUN. AHAIU3UPOBAIUCH
CIIEKTPHI JAJICKUX TAAKTHUK, PACCTOSHUSI 10 KOTOPBIX OBLIH TOTYYCHBI
HE3aBUCUMO METOJaMH acTpOHOMHHU. llepBOHa4YalbHO STOT 3aKOH
paccMaTpuBaliCs TONBKO KaK HMHCTPYMEHT [UIsl OMpPENENIeHUs JSTHX
paccTosiHUE 10 APYTUX yAaNeHHBIX 00BeKTOB BceneHHOH, Koraa aTu
paccTosiHus ObLTO HEBO3MOXKHO ONPEAENUTh IPYTHM METOIOM.

3arem Obula TPOBEACHA AHAJOTHS MEXAY H3MEHEHHEM [IITHHBI
CBETOBOM BOJIHBI AN U COOCTBEHHO# CKOPOCTBIO YAAJICHHS HCTOYHUKA
cBera V oT HAOMIOZATENs B COOTBETCTBUU C 3akoHOM Jloriepa

L) :X, 5.2.2)
A a

MOJIYYCHHBIM [IJIsl PAacOpOCTpaHEHUsS 3ByKa B BO3Ayxe. 31Iech  a-
CKOPOCTBH 3ByKa B CHOKOWHOM BO3[lyXe. JTOT 3aKOH IMPUMEHUM TOJBKO
MPH T03BYKOBBIX CKOPOCTSIX JABMXKEHUSI HICTOYHUKA 3BYKa. OJIHAKO, 3TO
HE O03HAYaeT, YTO WCTOYHUK 3ByKa HE MOXET JIBUTAThCs OBICTpee
CKOPOCTH 3ByKa. [IpocTo mpu cBepX3BYKOBBIX CKOPOCTSX MCTOYHHUKA B
BO3/yXe Mepes HUM o0pa3zyeTcs ckadek yruioTHeHus. CUTHAI OT HETro
u3-3a Tepemnaja NaBlCHUS Ha CKAayke YIUIOTHEHUS BOCHPUHHUMAETCA
YXOM 4eJIOBEeKa KaK PEe3KUil pe3KHuil XJIOMOK WM B3pbIB. B pesynbrarte
3aKkoH Jloriepa nepecTtaeT AeiCTBOBATD.

[lepBoHayampHO 93Ta aHaANOTHUs ObLIA BOCIPHUHATA  OYCHB
ONTUMHUCTUYHO. M3-3a TOro, YTO YBEIUYCHUE JIUHBI CBETOBOU BOJHBI
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AN\ 0Ka3aJgoCch MPOMOPUHOHAIBHEIM PACCTOSHUAM 0 H3IyYarOIuX
00BEKTOB, POAMIIACH TEOpHUs "OOJNBIIOTO B3pHIBA mepBoaroma’. DTO
0E3MATESIKHO MPOIOHKAIOCH [0 TEX IOP, ITOKa paciin(poBKa CIIEKTPOB

OT JAJICKHUX TaJIaKTUK HE CTaJIM JaBaTb 3HAYCHUA T 3HAYUTCJIIBHO

OOJIbIlIC CIUHUIBI, YTO O3HAYAIO MPEBBIIIEHHE CKOPOCTH V Haj
ckopocThio C.

Yro0bl n30€kKaTh HAPYIICHHUs IOCTYJIATa TCOPUU OTHOCHUTEIBHOCTH
0 HEBO3MOKHOCTHU TMPEBBIIICHHS U3TyYalONIMMH 00bEKTAMH CKOPOCTH
CBeTa B IYCTOTE, C IMOMOIIBIO OTOM TeopuH Oblia MOJydYeHA apyras
dopmyma gms  3akona Jlommepa [42], omHako, ©0e3  ee
9KCTIEPUMEHTATIBHOTO 00OCHOBAHHMS

A J1-v?/c?
V _1-@+AA12)?
C 1+@1+AA/A)?

Ecnn m3nywarommii o0bekT ynansercss oT HaOmofaTens U AJUHa
BOJHBI yBenamuyuBaercs (AA>0), To npuHMMaeTcs, 4to ckopocth V<O.
IIpu BBIBOZIE 3THX (OPMYNT H3HAYAIBHO OBLIO 3aJI0KEHO YCIIOBUE
HEBO3MOKHOCTH IIPEBBIIEHUS M3JIy4arolluM OOBEKTOM CKOPOCTH
ceeta. IloaToMy u pesynbrar mosydmics TakuMm xe. Kak BHaHO M3

WU (5.2.4)

dhopmyi1, Tpu JFOOBIX 3HAYCHUSIX T >1 ckopocts V ocraercs
menbmie C. B pesynaprate u3 pacmmpoBKH CIEKTPOB, CKaXKeM,

MOJTy9aeTCs T = 6. IMocine 06paboTKu 31Ok HUPPHL 0 (GopMyIie

(5.2.4) otHotIEHTE E OKa3bIBACTCS MEHBIIIC SIUHUITBI. JTO 3HAUYCHNE

CHOBa nozcTapisiercs B popmyny (5.2.2),HecMOTpst Ha TO, YTO TEOPHUS
OTHOCHTEIIHOCTH CYHTACT €€ HETOYHOH U HENIPUTOTHOM JUIsi OOJIBIINX
ckopoctei V.

B pesymsrare AMM okaseiBaercs yike paBubiM 0,96. [Tamee 310

3HA4YCHHC (a HC 7 =6, IMOJIYY4YCHHOC U3 Ha6J'IIOZ[CHI/If/’I) IOACTaBIIACTCA

B 3ak0H Xa00ma (5.2.1),u3 KOTOPOTO yXe OIpeaesIeTcs] pacCTOSTHHE
oT 3eMJTu JI0 H3IIydaroniero oobekra L.
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DTO paccTosHHUE ACTUTCS Ha CKOPOCTh CBETa, B PE3YJIbTATE YEro
nojiyyaeTcst To camoe BpeMs (=13,5vnpa.gier. OHO M OOBSBIAETCS
Bo3pacToM Bcenennoii. Ecnmu monb30BaThCs IKCIIEPUMEHTATBHBIM

3HAYCHHUEM T = 6, TO 3TO BpEMsd OKa3ajloChb OBl PaBHBIM

63, 49mipa.ier. SIcHO, YTO CTOPOHHUKOB TCOPHH "0OJIBIIIOTO B3phIBA"
CMYIIAaeT HEe ATOT OOJNBIION CPOK, & TOJNBKO OMACHOCTh TMPEBBINICHUS
U3TyYaloNMM  O00BEKTOM CKOpPOCTH cBeTa. M3-3a 3TOTO U OBLI
TOPUAYMaH 3TOT MIePECUeT.

Teopus 3dupa HEe CBA3BIBaET MpobIeMy "KpacHOTO CMEIICHUS C
3akoHOM Jlomiepa. B Heil m3MeHeHME IJIMHBI BOJHBI OOYCIIOBIICHO
W3MCHECHHUSIMH B CBOMCTBAX CaMOro KBaHTa CBETA, MPOUCXOMISAIIMMHU B
TEYEHUH OTPOMHOTO BPEMEHH JBHXKCHHS BOJHBI CBETa OT UCTOYHHKA K
3emJie B moste a¢upa.

5.31apagokc Oandepca.

He cexper, 4uTo U3-32 OTpOMHOM yIAJICHHOCTH 3BE€3J/] HayKa UMEET
MaJi0 JIOCTOBEPHBIX aCTPOHOMHYECKUX (hakTOB, KOTOpBHIC HE
JOTyCKamu OBl pPa3NUYHBIX TOJKOBaHWHA. IlosTOMy, KOCMOJIOTHIO
pa3peIBAIOT BOIOIOIINE JIPYT C JIPYTOM MIKOJBI, KaXdas U3 KOTOPBIX
UMEET KPaCHOPECUUBBIX M TIOPOW OYCHHb BIUSATEIHHBIX 3aIUTHUKOB U
CTOPOHHUKOB.

OTO 3aTpyAHSET TMOSBICHHE HOBBIX MHPOBO33PEHYECKHX HICH.
Opnako, I0 Mepe HaKOTUIEHUS (PaKTOB POTAIUS 3TUX UICH HEN30eKHa,
T.K. MHOTUX MBICIIAIINX JIOACH, JaKe HANICKUX OT HAyKW, BOJHYIOT
BeuHble Bompochl. Kak Bennka Bceenennas? Kakoe ee Bospact? Kak
pacripeneneHa Marepusi B ipoctpancTBe? OTKy/ia OCTyHaeT dHeprHus,
npuBojsImas B jaeciictBue Bcenennyro? [IpuMeHMMBI J1 3eMHBIC
3aKOHBI B YAaJICHHBIX yrojkax BcenenHoi#? HakoHell, kakoBa pojib
MBICIISIIETO YeJI0BEYECTBA U KAaKUE Y HETO MepcreKTHBBI ? OJIHU JIU MBI
Bo Bcenennoii? U, BooOImEe, €CTh JIM CMBICH 3a/aBaTh STOT BOIPOC
3Hasl, YTO JAKE CBET C OIPOMHOM, HEAOCTYHMHOM AJisi HAC CKOPOCTHIO
rogaMud uAeT K 3emie OT OmmKaWmmx 3Be3d. A OT yOaJICHHBIX
TaJIAKTUK PaJUOCUTHAIIBI MPUHOCAT HAM WH(POPMAIMIO O COOBITHSAX,
MPOUCXOAMBIINX B HUX MHILIHAPBI JIET Hazald. BO3MOXHO cerojHs
9TH TAJaKTHKHU YK€ TMPEKPATHIIN CBOE CYIIECTBOBAHNE, & MBI BUANM Ha
HeOe ToJIbKO (oTorpaduro TeX MaIeKHuX COOBITHI?

AcTpo(hM3UKHN U KOCMOJIOTH CTPOST CBOM TEOPETUUYCCKUE MOACITU
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Bcenennoit ¢ momouipl0 CBOGH HHTYHMIIMM M 3HAHUN 3E€MHBIX H
OKOJIO3€MHBIX ~ 3aKOHOB  Tpuponsl. Jliobas mMomens  AODKHA
MPaBIONOJO0HO OOBSICHATH JaHHBIC, TIONYYCHHBIC, W3 paJHo- U
ONTUYECKUX TEIECKOMMUECKUX HaOMofcHMA. Ecou Takas Mojenb He
YIOBJIETBOPSIET N3BECTHBIM W BHOBB ITOJIy9aeMbIM (DaKTaM, OHa CXOAHT
co cmeHbl. Ha ee MecTo mpuXOAWT JIpyras MHPOBO33PEHUECKAs
MOJICTIb.

OpHOl M3 MUPOBBIX HE OOBICHEHHBIX HAYKOW 3arafloK SIBISETCS
napanokc I'eapuxa Omsbepca [18], chopmyampoBanubii uMm B 1826
roxy. Ilo muenuro OmnpOepca CyIIECTBYET NPOTHBOPEUUE MEKIY
HAOMIOJJaeMBIM ~ TEMHBIM  HOYHBIM HEOOM W OECKOHEYHBIM
KOJIMYECTBOM  paBHOMEPHO (B KOCMHYECKMX  MacmTabax)
pacupeeNieHHBIX B MPOCTPaHCTBE 3Be31. Onp0epc MOAMETIII, YTO MPH
OCCKOHEYHOM KOJIMYECTBE 3BE3JI HOYHOE HEDO JODKHO Ka3aThCs
MOJTHOCTHIO TOKPBITHIM CBEPKAIOIMIMMH TOYKAMH WU OBITh TaKUM Ke
spkuM, Kak CoJHIIe.

[TombITKa OOBACHUTH APATOKC TEM, YTO HHTCHCUBHOCTH CBETA OT
yAaJeHHBIX 3Be37] YOBIBAET MPOMOPLIHUOHATIBFHO KBAAPATy PacCTOSHUS
oT HalIro#aTeNsl U OCBEIIEHHOCTh JIOJDKHA TalaTh, HE BBIIEP)KHUBAET
kpuTvku. [IpyunHa B TOM, 4TO TIO0 Mepe yJaJeHUs OT HabmoaaTens B
€ro IoJie 3pCHHUs MOMNaaeT BO CTOIBKO pa3 OOJBIIEe YUCIO BUTUMBIX
3Be3l, 4YTO0 ociabjJeHne CBeTa TOJHOCTHI0 KOMIEHCHPYETCS
YBEJIMYCHUEM MX 4uciia. He cocTosTeraeH M BTOPOH apryMeHT, 4TO
CBET OT 3BE3Jl TMOTJIOIIAETCS MEXK3BE3HBIMU Ta30MBUICBEIMU
obnmakamu. Ecmm nmaxke 3THX 007akOB OYEHb MHOTO, TO IIBLIb,
MOTJIONIAs M3ITydeHHe, BCKOpe Harpejach OBl JO TaKUX TEMIIEpatyp,
YTO caMa Hadaja Obl CBETUThCS MOMOOHO 3Be3maM. Tak 9To M 3TOT
apryMeHT HE OTMCHSET TPOTHBOPEUUS MEXKIY MPOCTCHITUM
HaOMOAeHNEM TEeMHOTO Heba U IOmymieHHEeM OCeCKOHEYHOCTH
BcenenHoll ¢ paBHOMEpPHBIM DACIHpECICHUEM B HEll OCCKOHEYHOTO
YyHuclia 3Be3]] U TalakTuK. Ha ceromHsmHuil neHb yke OOHapyXKeHO
n=1CG" 3pe3x. Ilkana pacCTOsAHMM, OCHOBaHHAas Ha CPaBHUTEJILHOU
WHTCHCHBHOCTH 3BE3]] M TaJaKTHK, HE MOKa3bIBaeT HUKAKUX TPaHUI]
BUIMMOH BcereHHoMH.

Brimenum B paccmaTtpuBaemoil mpobiiemMe TiiaBHoe. s ee
pelIeHnsT UMEIOT 3HAYeHWE JIMIIh T€ 3Be3Zbl, KOTOPbIE H3IIy4aroT
BUJUMBIA CBeT. VIMEHHO C OTHM CBSI3aHBI TPOTHBOPEUHUS MEXKIY
TEMHBIM HEOOM M OCBEIICHHOCTEIO OT 3BE3]], OTMCUCHHBIC B TAPAJIOKCE
Onpbepca. OTMeTuM, YTO [UIMHBI BOJH BHAMMOTO CBETa JIEXKaT B
JMara3oHe
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A=(3,8-6,6)10m (5.3.1)
3a HIKHUM TMPEACSIOM HauWHAeTCs YIbTPa(UOICTOBOS M3ITyUYeHHE, a
3a BEpXHUM — UH(]paKpacHoe. DTH JHANA30HbI YK€ HEBUIUMBI IS
YeNoBEYECKOTO IJIa3a U, CIeJOBaTeNbHO, JNYyYd C TaKUMU JJTUHAMHU
BOJIH YK€ HE MOTYT OCBEIIATh HOYHOE HE0O.

Jlaiee BCmoMHIM 0 3aKkoHe Xa06ia. CoriracHO 3TOMY 3aKOHY, YeM
JIANbIIIe OT HAC PACIONOKEHA 3Be3/1a WIIH TaJlakKTHKA, TeM CUIIbHEE B e
CIIEKTpax OYyJeT «KpacHOE CMEIICHHE», T.¢. HAOIF0JaeTCs YBEITUUCHUS
JUIMHBI BOJIHBI CBETAa, TIOCTYMAIOMIEr0 K HAOMIOJATeNo. OTO
HaOMrOAaTeNbHEIN acTpoHOMHYecKuil ¢dakT. OH HE 3aBHCHT OT €ro
WCTOJIKOBaHMsSI pa30eraHueM TaJaKTHK B TEOPUU <«OOJBIIOTO B3phIBA»
WIH YBEIUYCHUEM MacChl IEMOoYKh (OTOHOB B TeopuH Iupa.
VYuuteBas 3T0, HaljeM, YTO MpeleNbHOE OTHOIICHHE NpUpPAaIICHUs
JUIMHBI BOJIHBI CBETa K €¢ JUIMHE B TIpeJeNiax JHara3oHa Mepexona
BUJIMIMOTO CBETA OT yIbTPa(UOIIETOBOTO 10 WHPPAKPACHOTO HE MOKET
NPEBLICUTH BEITMYUHBI

AL _ (66-38)107

A 3800’
3a mpenenaMy 3TOrO 3HAYEHHsl CBET IMepecTaeT ObITh BHAMMBIM H,
ClIeI0BaTeNIbHO, MepecTacT ocBemiath Hebo. CormacHo ¢opmynam
(5.1.10)m (5.1.11) paccrostHHEe OO0 CaMbIX HAIBHHX BHIAMMBIX 3BE3]I
npu ANA=0,737He MOXET NPEBHICUTH 3HAUCHHUI

=0737 (5.3.2)

o Xa661y luab=0,73T10%°cM=0,23810"I1x (5.3.3)
Teop.>bupa les=0,55107%cm=0,17 710" Ik (5.3.4)
Ot pacCToOAHUA COOTBCTCTBYIOT BDCMCHU NBUKCHUSA (l)OTOHOB CBC€Ta
rho=Lnan/C-3,1510'°=7,8wnp.ceer.qet (5.3.5)
hi=Lei/C:3,1510"°=5,8 mnpa.ceeT.tet (5.3.6)

W3 mpuBeAcHHOTO aHalW3a CIEAYeT, YTO OCBEIICHHOCTh Heba
3aBHCUT OT OTPAaHMYCHHOTO 4YKCIa 3Be3/, HECMOTpPS Ha HX
OcckoHEYHOE YHCIO0 BO BceenmeHHOW. OTO Te 3BE31bI, KOTOPHIC
W3JTy4aloT BUAMMBIA Ha 3emie cBer B auamnasone (5.3.1).I1pu sToM,
4yeM OOJIBIIIe PACCTOSTHUE OT HAOIIIONATelNsl, TEM MEHBIIE CTAaHOBUTCS
TaKuX 3Be3]l. BUINMBIMU OCTAIOTCS TOJBKO OYEHbL SPKUE 3BE3[IHI,
U3IyYarolue B yiabTpaduoneToBoM auama3oHe BoiH. [IpudeM, k Ham
3TOT CBET JOXOJUT B MeHee SPKOM WH(PAKPACHOM JHAIa3oHe.
[MosToMy HOYHOE HEOO OcTaeTCs YEPHBIM, YKPAIICHHBIM OTIEIbHBIMU
SIPKUIMH 3Be3/IaMH. DTHM U 00BsICHseTCs mapanokc Onpoepca.
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5.4 DdupHbIii BUXPb 0KO0JI0 BpalIaloNIerocsi
HEeHTPAJIbHOr0 MACCMBHOIO TeJja

AcTpoHOMHUYECKHE HAONIONCHUS TOKA3bIBAIOT  IOpa)karoliee
equHOOOpa3ue  IHPOKO  PacHpOCTpPaHEHHBIX  BO  BceneHHOM
BpaIaTeNbHbBIX ABMKEHUH. 3BE3IBI B TaJJAKTHKAX BPAIIAlOTCA B OTHOM
HanpaBicHUH. B HampapieHun BpameHus MIIEUHOTO MMyTH BpaIllaeTcs
BOKpyr cBoeli ocu Comnre. [InmaHeThl CONMHEYHOW CHUCTEMBI O0ETaroT
Bokpyr ConHIIa B OJHOM HAmpaBJICHHWH, COBMIANAIONIEM C
HampaBieHueM BpamieHuss camoro ComHna. bonee Toro, wux
coOCTBEHHOE BpalllcHUE BOKPYI CBOMX OcCel, 3a penKuMm
WCKJIIOYEHNEM, COBIIAJAaeT C WX HANpaBIE€HHEM IBI)KCHHUS BOKPYT
ConHia u ero co6cTBeHHBIM BpamieHneM. CIIyTHUKH TUIaHEeT TakkKe B
OOJBIIMHCTBE BPAIIAOTCS B CTOPOHY BpAIllEHHS CaMUX IUTAHET. DTO
eanHOoOOpa3ne BpallaTeNbHBIX JBIKEHHH IUIOXO COYETaeTcsl C
MpeACTaBICHUAMH O “BoibpIlioM B3pbIBE mepBoaToMa”,  SKOOBI
noponusiieM BceneHnyro. B3pelB 1o cBoeil mpupojie MODKEH OBbLT
MOPOJIUTH Xa0C, a He HAOII0JaeMYIO 3aKOHOMEPHOCTb.

Bcé€ o310 HaBomMT HA MBICTB, YTO CYIIECTBYeT OOmINi
MPUBOJAHON MEXaHHM3M, JICUCTBYIOIIUNA BO BCEX MEPEUUCICHHBIX
cinydasx. TakuM MeXaHU3MOM MOTYT CIYXHTh 3(HpHBIE BHXpH,
KOTOpBIE, MOBUANMOMY, IIMPOKO PACIpOCTpaHEeHBI B KocMoce. be3 mx
ydéTa HEBO3MOXXHO OOBSCHHTH INHPOKOE pACIpOCTpPaHEHHE U
eAnHOoOOpa3ue BpalaTeIbHbIX ABIKCHUHN BO BeelneHHOM, a Takke psij
JIPYTHX, CBS3aHHBIX C 3TUM mpoOiieM. Hayka, HampumMep, 10 CUX TOp
HE cMoryia OOBSICHUTh HECOPa3MEpPHO OOJBIION MOMEHT KOJHMYECTBa
JIBUKCHHS TUTAHET COJHEYHOHW CHCTEMbl W OCOOCHHOCTH CTPOCHUS
CIIUPATHHBIX TAIAKTHK.

Buxpu mmpoko pacnpocTpaHeHsl B pupoae 3emid. Mbl 3HaeM
aTMoc(epHble BUXPH, BOJOBOPOTHI. V3BECTHO, YTO CIHB BOJBI H3
Mo0oN EMKOCTH Yepe3 OTBEPCTHE COIMPOBOXKIACTCS 00Opa3oBaHHEM B
Boje BHXpsA (BMXPEBOM BOPOHKH), KOTODBIM BOBIEKAET B CBOE
BpallleHHE OKPYKAIOIIyI0 Maccy BOAbI M Haxonmdmiuecs B  HEH
TUTABAOIIKE MPEAMETHI. B KauecTBe Takol BOPOHKH JUIs CIIMBa 3Qupa
B KOCMOCE BBHICTYMAaIOT MaTepHajbHBIE Tella, HEMPEPHIBHO
nornomarome 3dup. PamuanebHoe TedeHWE K TeNy  SIBIISCTCS
HEYCTOWYUBBIM U CBOPAYMBACTCS B YCTOWYMBBINA BUXPECTOK.

B a’poguHaMuke — IIMPOKO  HUCHOJB3YETCS  BUXPEBOE
MOJICJTMPOBAaHNE MHOTHUX OYEHb CJOXKHBIX pPEATbHBIX BUXPEBBIX
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TE€YEeHHH BO3yXa, BO3HUKAIOIIUX OKOJIO CAMOJIETOB M PAaKeT B MOJETE.
TeopeTnueckn BUXpPH MOTYT CYIIECTBOBATH B BHAE OECKOHEUHBIX
BUXpEH, TaK KaK COITIaCHO CIEACTBHIO U3 TEOPEMBI | €NbMrospla OHU
HE MOTYT OKaHYMBaThCsl OCTPUEM [16]; BUXpH MOTYT OKaHYMBAThCS HA
TPaHUIE PA3TUYHBIX CPEl; N3BECTHBI BUXPEBBIE KOJBIIA.

OnwuiieM Te4deHUEe OKOJIO d(QUPHOTO BHUXPS C LEHTPAILHBIM
MacCHBHBIM TEJIOM MTOTEHIIMAJIOM CKOPOCTEN BUXPECTOKA !

o = am/dmps + Wy 151, (5.4.1)

rae M - Macca Tena; W - YrioBas CKOPOCTh BPAICHHUS sApa BUXPS C
pamuycoM g, Y um O - yrmoseie koopmuHatel (puc.5.4.1); r -
pamuanbHas KoopauHaTa. Hagano cheprudeckux KOOPIHHAT COBMAIACT
¢ nentom O chepuueckoro tena. DPuUp BHYTPH BHXPS BPAIIACTCS TI0
3aKOHY BpalieHus TBEporo tena [16]
LE w; 1 sird. (5.4.2)

B naHHO#M 3amade MOCTymareNbHOEC BIKCHHE Tela W BHXPS
OTCYTCTBYET. MeTO/I HaJIOXKEHHSI MTOTEHIIHATBHBIX TOTOKOB TO3BOJISET
N00aBUTh HX TMO3Ke. BiusHHe CKUMaeMocTH H(uUpHOro rasa
OTCYTCTBYET H3-3a HEOOJBINONW CKOPOCTH BPAIICHUS W PAIHATBLHOTO
TeueHus1. TedyeHrne BHE BUXPS SBJSETCS MOTEHIHATLHBIM. C MOMOIIBIO
notenimana ckopocreit (5.4.1)MOXHO 3amucath IPOEKIMHA CKOPOCTEH
a(upa BHE BUXDS !

V.= 09/dr = -am/4mpdr?, (5.4.3)
\ = (1/r)9$/08 =0, (5.4.4)
Vi = (LrsirB) 09/00 = war’ap/(rsind). (5.4.5)

Pemenne (5.4.1),(5.4.3)-(5.4.5) ynmoBierBopseT  ypaBHEHHIO
Jlarlaca ¥ TpaHWYHBIM YCIIOBHSM Ha OECKOHEYHOCTH. YTJIOBas
CKOPOCTb BpAIICHHS () ¥ PAIANYC o IEHTPAIBLHOTO TEJa HE COBMAIAIOT
C YIJIOBOM CKOPOCTBIO BpAIEHHS (W U PATAUYCOM [y sIpa 3QUPHOTO
BHXPSI.

171



PaccmoTpum monmpobHee cuioBoe
BO3JCHCTBHE A(PHUPHOrO BUXpS HA
HeHTpaibHoe Teno. OOpatumcs IS
3TOTO K nuddepennranbsHOMY
7 YpPaBHEHHIO BpAIIATEIbHOTO JBIKCHUS
TBEPIOTO TeJa BOKPYT OCH:

Jdw/dt = M.
B asrom ypaBHeHMum J, - MOMEHT
WHEPIH CcPEepuIecKoro Tena; w -

YIJI0Basi CKOPOCTh BpamieHus Tena; t -
BpeMs; M-MoMeHT oOT cuisl F,
JICUCTBYIOLIEH Ha TEJIO CO CTOPOHBI
JBUKYyIIErocs 3dupa.

Puc.5.4.1.

Kak 0buL10 _moka3ano B pa3aene 1.10, TeueHume 3¢mpa
OKA3BIBAET HA TeEJO CHJIOBOE BO3/IeiiCTBHE BHE 3aBHCHMOCTH OT
COOCTBEHHOTQ _JIBUKEHHUS _TeJa. IodToMYy BpamaTeabHOe
ABWKeHUe 3(dupa BHYTPU sApa BUXPpS OVIeT YBeJIHYHUBATH €O
BpeMeHeM VIJIOBYI0 CKOPOCTH () IeHTPAJbLHOro Teja. Teuenue
d¢upa BHe siipa BHXPS € OKPVKHOH CKOPOCTbIO V COIJIACHO
dopmysie (1.10.6) Takike oka3bIBaeT CHJIOBOE BO3/IeliCTBHE Ha
COYTHUKHM _[EHTPAJIBLHOIO _TeJia, VBEJIWYMBAs _MX __OKPY’KHbIE
CKOPOCTH. DTO 10 CHX NOP He YYMTBLIBAJIOCHL HAYKOIl M _CTABWJIO
ACTPOHOMHMIO B _TYNHMK B _TMONBITKAX OOBLICHHTL _HEKOTOpbIE
CBSI3aHHBIE C ITHUM _siBJeHHs. [IpouHTEerpupyeM 3TO ypaBHEHHUE U
HalIeM 3aBUCHMOCTh YTJIOBOW CKOPOCTH OT BPEMEHHU:

W= M/t + . (5.4.6)
MoMeHT HHEPIMH OJHOPOIHOrO IIapa u3BecteH [48] :
o (3/5) mg?. (5.4.7)

31ech M - Macca LEHTPAIBbHOTO Tea, UMEIOUIEro paauyc I, Hanee
3amMIeM MOMEHT OT CHJI CO CTOPOHBI Bpaimaromerocs 3dupa,
NPUIIOKEHHBIH K ChepUIecKOMy Tey :

M = j_” r sin@lF = 2 ARl M, (5.4.8)
. 5

roe W - o0bém miapa; dF - smeMeHTapHas Cuiia, MPHIOXKEHHAs K
sneMeHTapHoil Macce tena dm. Crta onpesensieTcst B COOTBETCTBUH C
dopmynoit (1.10.14)ms ckopoct V= Ue (cM. popmymy (5.4.2)).
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[MoacraBum B ypaBHenue (5.4.6)Bbipaxkenus J,u M u3 (5.4.7)
u (5.4.8).B pe3yabrare Moaydnm
w=2/30mgt + wy. (5.4.9)
IMonyuennast opmyna omnpenensier 3aKOH YBEIHUYCHHS YIIIOBOI
CKOPOCTH BpAalICHHs MAaCCHBHOTO Teja, HAaXOMSAIICTOCS BHYTPH
3(upHOTO BUXPsI, OT BPEMCHH.
®opmyna (5.4.9) MokeT OBITH HCIIONB30BaHA IS PEIIEHHUS
o0paTHO 3a7aud, TO €CTh IS OMPEACICHUS YIJIOBOW CKOPOCTH
BpaIlleHHs s1pa d3pUPHOTO BUXPS (W 10 M3BECTHOM YIIIOBOH CKOPOCTH
LIEHTPAILHOTO0 MACCHBHOT'O TEJIa:
@ — C(,O

@ =32———= (5.4.10)

CnoXKHOCTh yKa3aHHOM 3a/1auydl COCTOUT B TOM, YTO, HECMOTPS
Ha KKYIIYIOCS TPOCTOTY 3TOW (OpMyIbl, MpH e€ pearu3anuu
HEOOXOMMO 3HATh YTIIOBYIO CKOPOCTH BpalleHHs IIEHTPaIHHOrO Tena
0e3 MOCTOPOHHUX BIMSHANA Ha €€ BEIWYMHY CO CTOPOHBI IPYTHX
KOCMHUYECKHX TeJl WJIH IPYTHX COOBITUN B KU3HU ATOTO TEJa, KOTOPHIS
MOTJIH U3MEHHUTh 3Ty CKOpOCTh. KpoMe Toro, Hy)KHO 3HaTh BpeMms, B
TE€YEHHE KOTOPOrO IMPOUCXOAMIIO pACKpy4YHBaHWE, M HAYAIBHYIO
YTIIOBYIO CKOPOCTH (.

[Mpumenum dopmyny (5.4.10)k pacdéry yrioBbIX CKOPOCTEH
a¢upHbx Buxped ConHIIA W TUIAHET COJHEYHOW cUCTeMbl. Jlis
COBPEMEHHOI'O 3HAYCHHUS YTIIOBOW CKOpocTH BpaimeHus ConHia W =
2,910 ° pax/c u Bpemenn cymecreoBanmst CoNHIa Kak 3Be3as1 t = 15
MIpA JIeT Tpu W, = O yrimoBas CKOpPOCTh BpalIeHUS COJHEYHOTO
3¢upHOro BUXpst Oymer Gy = 0,92510 % pax/c.

TTomumo 3TOrO OMpeAeIuM €mi€ OJHO 3HAYEHHE Wy COJIHEUHOIO
BUXPS, MCXOIS W3 BPEMEHH CYIIECTBOBAHWS CONHEYHOW IUTAaHETHOMN
cuctembl t = 3,5 mupn ner. [lpu 3Tom momaraem, 4TO B MOMEHT
o0Opa3oBaHMs ITAHET MOMEHT KOJIMYECTBA JBMXKCHHUS OBUI TepenaH
miaHeTaMm, a BpameHue camoro ConHIa OBUTO MPAKTHYECKH
OCTAaHOBIIEHO, Wy, = 3,9610 % pan/c.

PesymbraTel pacdy€ToB YIJIOBBIX CKOPOCTEH A(MHUPHBIX BUXpEH
OKOJIO TIIAHET COJIHEYHOHM cucTeMbl Juis Bpemenu t = 3,5 mupn ner
npuBeAeHsl B Ta0m.5.4.1. B aToif Tabmmie B TEPBOM CTOJOIE
MpUBE/IEHBl HAa3BaHUs IUIAHET, a B TOCJIEIYIOIIHUX CTOJOLAx JaHbl
3HAYEHUS Macc, PaauyCcoB, YIIOBBIX CKOpOCTEH miaHer. B ceapmom
CTOJNOIIC TPUBE/ICHBI YTIIOBBIC CKOPOCTH A(UPHBIX BUXPEH.
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Tabmuma 5.4.1

VYrnosas Pangnyc OxpyxHas |YrioBas
[Tnaners: |Macca, Pamuyc, CKOPOCTB OpOHTHI, CKOPOCTB,  [CKOpPOCTH
r cM IUTAHETHI, cM cmlc BUXPA,
paxnl/c pazl/c

Bemst 5,.9810% 16,.3%10° ([7,2810° |1,4910"° [2,9810° |9,9310%
Mapc 6,5710% |3,3910°% [5,9810° [2,2810"° [2,42%10° [9,6810%
FOnurep [1,8910% (6,.9910° |1,7610* |7,8810%° |1,3210° |2,4010%
Carypu  |5,6810%° [5,7510° |[1,78#10* [1,4210** |0,9%10° [2,3310%
Ypan 8,7810%® |25510° [1,6310* |2,8%10" [0,6810° |2,2310%
Hentyn  [1,0310*° |2,5610° [1,1010* [4,6010* ]0,5410° [1,5010%

C TedyeHWEM BpEMEHU YIJIOBas CKOPOCTh BpAIICHUS 3EeMITH
BO3pacraet. B coorBeTcTBHHM ¢ popmymnoii (5.4.9)kaxasie 1000eT ona
YBEITMYUBACTCS HA BEJIMIUHY

Aw=w- 0, = 0Wstod3 = 2,080 pag/c.
CpenHee mpupanieHue yrioBoi CKOPOCTH 3a 3TOT TIEPHOJ
Aw, =Dw/2 = 1,040 pan/c.
JIyist 3eMI COBPEMEHHas yIIIoBasi CKOpocTh W, = 7,2810° pan/c.
B pe3synbraTe packpyunBaHus 3eMHbBIE CYTKU B cpenHeM 3a 100
JIET YKOPAYMBAIOTCS HA BPEMSI
AT100= 200y, - 20(0, + Awy,) = 1,23500 3¢,

3T0 oueHb MaJeHbKas BEIMYHHA, HO OHAa B 1,23 pa3a mpesswiiaet
BEIMYMHY TOPMOXKCHHMS 3eMIH MPUIMBHBIMH cuiamu OT JIyHBI,
cocrasisomumu cormacHo [28] 10°%c¢ 8 100mer wm 10°c B rox.
OnHako 93Ta BeNMMYMHA HECOM3MEpPHMa Majia [0 CPaBHEHHUIO C
€KETOHBIMU KOJICOAHUSIMA CKOPOCTHU BPAIICHHUS 3eMJIH BOKPYT CBOEH
ocu. Boisicueno [26], uto B xonie XIX Beka 3emis crermmia 0oiee
yem Ha 1 ¢ B roa. ITociie 1900roaa, oHa oTcTaBajia MeHee 4eM Ha 1 ¢ B
roa. Haunnas ¢ 1920roma oHa crana cHOBa cremuTh. Kak OTHOCHTBCS
K MONlydeHHOMY pe3ynbTary? OH, 0e3 coMHeHus, Na€T MUy s
pPasMBITIUICHWHA, HO €ro He CTOWT a0CcomoTH3upoBaTh. Hamuio
OJTMHAKOBBIA TOPSIOK 3HAYCHUN MPHUIMBHOTO TOPMOXKCHHUSA 3eMITH
JlyHo#t n eé packpyunBaHusi >pupHBIM BuxpeM. Pacxoxaenue B 1,235
pasza He JOJDKHO Ka3aThCsl OOJBIINM, €CIH Yy4YecTh, YTO Pacdér
packpyuuBaHHs 3eMIIM TIPOBOAMJICS CO MHOTHMU HEHU3BECTHBIMH,
KOTOpPBIC MOTYT BJIMATH Ha 3TOT Mpoliecc. Mbl He 3HAEM, HampuMep,
korma W kak 3emus u Jlyma oOpa3oBamum TeCcHyH Tapy H,
CJIeJIOBAaTENIbHO, HE 3HAeM, MPaBHJIBHO JIM MBI BBIOpanmu Bpems 3,5
wipa aer B ¢opmyne (5.4.10). He 3HaeM, MOXHO JH CyMMapHBIN
3GQGEKT OT TOPMOXKCHUS WU PACKPYYUBAHHS  IONYYaTh IMPOCTHIM
cyMMHpoBaHueM. HakoHell, Mbl HE 3HAeM, YeM BBI3BAHBI CIKETOJIHBIC
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KOJIcOaHUsI B CKOPOCTH BpAIICHUS 3eMJIHM M KaK OHU OTPaXKAIOTCs Ha
NPUIMBHOM TOPMOXKEHHUH U PACKPYYHBAHUU 3EMITH BUXPEM.

Vike mocie TOro Kak 3TOT pacuy€T ObUI BBINOJHEH, MOSBHIOCH
MHTEPECHOE HayyHOE COOOIICHHE. ABCTPAIHUCKHE YYEHBIC H3YUUIIH
JIpEBHEMIINE  OTJIOKEHUS Ha MecTax OeperoBoil  JTMHUH,
cymecTtBoBaBiieii Tam 900 mutH stet Hazan. OHM NPHIUIA K BBIBOAY,
9TO CKOPOCTH BpamieHus 3emun 3amesarcs. [1o ux maenuro, 900miH
JIeT Ha3aJl 3eMHbIE CYTKH cocTaBisuiH Beero 18 4. B To jxe Bpems oHM ¢
VIUBJICHUEM OTMEYAIOT, YTO OMOPUTM YeJIoBeKa, C(HOPMHPOBABIIANCS
B T€ JaJICKHE BPEMEHA M COXPAHUBILIHICS 10 HAIUX JHEW COCTaBIISACT
304. [Touemy?

Ecnm Bce-takm 3emiist pa3roHseTCsS B CBOEM BpalllcHHH, a He
TOPMO3HTCSI U 3eMHbIC CYTKH HE YBEIUUUBAIOTCS, @ COKPAIIAIOTCS, TO
pacuér no popmyre (5.4.9) mpuBoaur umeHHo k Tomy, 4ro 900 mitH
JeT HazaJ 3eMHble CYTKH ObutM paBHBI 30 94 M COOTBETCTBOBAIU
ouoputrMy uenoBeka. Marepecao? Ho rae ncrtuna?!

5.5 ®opMa peaibHOT0 KOCMHYECKOI0
3¢UpPHOr0 BUXPSH

PaccMoTpuMm BOIIpoC O TOM, Kakyio (OpMy HODKEH HMETh
peanbHBIA BUXPh OKOJIO MacCHBHOTO Teja. Kak mokasaHo BBIMIE, TIPH
BUXPEBOM MOJICIIMPOBAHNUN SIBJICHUM, TMPOUCXOJAIIUX B KOCMOCE,
JIOCTAaTOYHO TIPEAIONOKHATh, YTO 3TOT BHXPb HMMEET TIOCTOSHHOE
CEUCHUE W TIPOCTHpPAETCI B OCECKOHEYHOCTh IO 00€ CTOPOHBI OT
HeHTpanbHOTO Tena. OMHAKO TPYIHO MPEJCTABUTH ceOe HaTU4Ue BO
BcenenHolt orpoMHOr0 4Ymcia TakuxX OeCKOHEUHBIX Buxpeil. Cropee
BCEro, CeueHUe 3(QUPHOrO BUXPS YBEIUYUBACTCS 10 MEPE YAAJICHHUS OT
[EHTPAIBHOTO TeNa, NPEACTAaBIAONIEro coboit crok (puc.5.5.1).
Takyro ¢opMmy HMEIOT, HampuUMeEp, BUXPEBBIC BOPOHKH TPU CIUBE
BOJBI M3 EMKOCTH depe3 oTBepcTHe. [Ipr 3TOM HOmKHA BEITIOTHATHCS
Teopema ['enbpMrosbma o TOM, YTO HANPSHKEHUE BUXPEBOTO MHYypa |
0CTaéTCsl HEM3MEHHBIM 110 €r0 JJINHE, TO €CTh

I :ZH w [US = const
S
3mech W - yriioBas CKOPOCTh BPAIICHUS BUXPS; S -OMEPEYHOE

ceuenne Buxps. [IpuMeHuTensHO K 3(QUPHOMY BHXPIO, HMEIOLIEMY
- 1 2
IUIOIIA/Ab TOMEPEYHOro Cce4eHuss S = TI,” W BpalaromeMycsi C
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MOCTOSIHHOM YTJIOBOM CKOPOCTBIO () = (g, 3Ta TEOpEMa BBIPOIAUTCS B
DABEHCTBO We o’ = const.

DTO paBEHCTBO O3HAYAET, MO CYTU Jena,
MTOCTOSTHCTBO MOMEHTa KOJIMYECTBA
IBIDKCHHS TI0 JJWHE BHUXpsS. Bennumna

Wat (2)8 Bxoaut B BeIpakenue (5.4.1)mms

MOTEHIIHANA CKOPOCTEH, OIMCHIBAIOIIETO
BHCIIIHEE Te4YeHHe d(upa OKOJIO BUXPS.
[Tockonbky OHa TIOCTOSHHA MO JUIMHE
Buxps, Beipakenus (5.4.1), (5.4.3¥

Puc.5.5.1 (5.4.9)e OynyT M3MEHATHCS MIPH U3MEHEHUH
pamuyca Ilog, €CIH OJHOBPEMEHHO W3MEHSETCS YTJIOBash CKOPOCTh
BpaIleHHs sIpa dGUPHOTO BUXPSI B COOTBETCTBHH C (HOPMYIIOi

We= constfz.

Korma paagmyc ceueHus BHXpSL log  CT@HOBHUTCS OCCKOHEYHO
OONBIINM, YIJIOBas CKOPOCTh BpAIICHHS (g CTAHOBUTCS PaBHOM
Hyr0. [loaTtomMy peanbHble 3QHUPHBIE BUXPH OKOJO MACCHUBHBIX Tel
UMEIOT (PaKTHYECKH OTPAHUYCHHYIO MPOTSHKEHHOCTD.

VYka3aHWeM Ha YMCHBILICHUE YTJIOBOM CKOPOCTH BpAIICHHUS BIOJb
OCH BHUXpA IO Mepe YHAJICHUs OT HKBAaTOPHAIBHOM IUIOCKOCTH
HEHTPAJbHOTO TeJla CIyXaT HaOmojeHus 3a BpameHueM CoHIA.
SBnssice  Ta3000pa3HeIM mapoM, ColHIIE Bpalaercss He Tak, Kak
TBEpHoe Temo. HaOmiomeHWss 3a  CONHEYHBIMH — ISITHAMH U
CHEKTpanbHBI  aHamu3 [47] MOKa3ajau, YTo OBICTpee BCETO
00pararoTcs 3KBaTOpHUATLHBIC TOUYKH, COBEPIIIAIOIIIE TTOTHBIN 000pOT
3a 25 nHell. Yem nanblie oT 3KBaTopa, TeM OoJiblle BpeMs 0OpalleHHs.
IMox wmmporoii 40° oHo yxke cocraBiuser cBoie 27 aueit. Iog
mmporoir 8C° Bpems obpaineHuss A0XoAMT 10 34 nHeil. Bpaienue
IOnurepa Bokpyr ocu [47] umeer Ty ke 0coOeHHOCTH. I[lomyTHO
OTMETHM, YTO MPHYHHA 3arafj0YHOrO “IKBATOPHAILHOTO YCKOpCHHUS
ocTaércs 3araJKoi JUisl HayKy U HE pa3pellieHa 1Mo CerOAHSITHUN JIE€Hb.

5.6 Paaumychl kocMUYecKHUX 3I(PUPHBIX BHXPEN.
Biausinue 3¢pupHbIX BUXpeil HA paauyChl IJIAHETHBIX
opouT.

BaxxabpIM 1 HE UMEIOITUM TTOKa OTBETA SBIISCTCS BOIIPOC O paauyce
AApa BUXDA. HpOH.[C BCEro OBLIO OBI MMpCAINOJI0XKUTh, YTO OH PABCH
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paanycy ICHTPAJILHOTO Tella, KaK B Ciiy4ae oOpa3oBaHUS BHXpS 3a
CY€T CHJI TPEHHS O IOBEPXHOCTH Bpamaromerocs tena. OmHako
npupojia 3PUPHOTO BUXPS HE CBsi3aHA ¢ TpeHWeM. OHa 00yCIIOBJICHA
TE€M, YTO HJEalIbHOE paJAUAIBHOC TEYCHHE OKOJO CTOKAa SIBIACTCA
HEYCTOWYMBBIM U BCIICICTBHE 3TOTO CBOPAYMBAETCS B BUXPh. TeUcHME
BHYTPH H CHApY)KH BHUXPS SBJICTCS YCTOHYHMBBIM K BHEIIHUM
BO3MyIIeHUSAM. [lo3TOMy Hemb3st BO BCceX cily4asx TpeOoBaTh
paBEHCTBA paJNyCOB Telda W BUXPS, XOTS ATOTO PABEHCTBA HEIB3S
TaK)Ke UCKITIOUHTE.

VIOOHBEIMH  KOCMHUYECKHUMHU OOBEKTAMH, IO3BOJISIOIUMU
OmpeAeTuTh paguyc d(PHUPHOTO BUXPS  HEMOCPEICTBEHHO W3
HaOJIOACHWH, SBIISIOTCS CIHPAIbHBIC TATAKTHKHA, B KOTOPHIX 3BE3IBI
Kak OBl BU3yaJIM3UPYIOT TPaHUIy 3(UPHOTO TaJaKTUYECKOTO BUXPSI.
HaGuromeHust moKkasbIBaloT, 4TO 3BE3MBI B SAPE CIUPATHHON TaaKTH-
K 00pamraroTcsi BOKPYT OOIIETo IEHTpa MO 3aKOHY TBEPAOTO Tella |
TOJIBKO 3BE3IBI B CIUPAIBHBIX pyKaBax HMEIOT CKOPOCTH,
yOBIBAIOIME [0 Mepe YHaJICHUs OT sapa. Takas ke KapTHHA
pacrpeneneHusT CKOPOCTel, KaKk W3BECTHO, XapaKTepHA IS TCUCHHMA
BHYTPH W BHE BUXPs. JTO HaOIIOJAEHUE, KPOME TOTO, TOITBEP)KIacT
CICNaHHOE paHee YTBEPKICHHE O TOM, YTO Pamuyc 3(pupHOro BUXPS
MOXXET HE COBMAJaTh C PaJAUYyCOM CIUIOIIHOTO LEHTPAIbHOIO Telna,
MMOCKOJIBKY 3BE3BI B SNIpE TAIAKTHKM yAAJEHBI APYr OT JApyra Ha
OoMbIIME PACCTOSHUS W HE MPEACTaBISAIOT CO0OW €AMHOro Tea.
PHCYHOK CHHPAJBHBIX TAJAKTHK TOBOPHT TAKMKE O TOM, 4TO
3UpPHBINA TAJAKTHYECKHH BHXPb AKTHUBHO (pOpMHUpYET CKOPOCTH
IBUKEHUSI 3BE€31 WM MX MOJIO)KEHUS OTHOCUTEJbHO IEHTpa
TAJAKTHKH.

K coxanenuro, HeT TpsSMbIX HAOMIOJCHUN OOBEKTOB COJIHEY-
HOM CHCTEMBI, U3 KOTOPBIX MOXXHO OBIIIO OBl ONPEACIUTH PATUYCHI
a¢upHBIX Buxpeil camoro CoJHIIA U TUIaHET. JTO 3aCTaBIIICT UCKATh
SIBJICHUSI, KOTOPBIE XOTS OBl KOCBEHHO TO3BOJIIN OIMPEICIUTh ITH
pagmycbl. OOpaTUMCS I STOTO K 3aKOHAM JBHKEHUS TUTAHET.

M3BecTHO, 9TO ABMKEHHUE TUIAHET IO DJUIMIITHYECKUM OpOHTaM
nounHseTcs 3akoHaM Kemepa. [Tockonbky ammunTuyeckue OpOUTHI
IJIAHET COJTHEYHOH CHCTEMBI ONHM3KH K KPYTOBBIM, TO 3TO O3HAYACT,
9TO B JI000W TOYKE OPOWTHl JODKHO BBITIOTHATHCS PABEHCTBO
HEHTPOOCKHON CHIIBI U CHJIBI MPUTSHKEHUS OT IEHTPAIBLHOTO TEa,
JICHCTBYIONIUX Ha IUIAHETY:

£ = Foo, (8p.
re Fs = MU, Frs=fmm/rys. (5.6.2)
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IMocne moacranoBku (5.6.2) B (5.6.1) m HEoOXoaUMBIX

COKpAIlleHUH uMeeM
U= i . (5.6.3)

B (5.6.2) u (5.6.3) BenmuuHbI M, ¥ M NPEICTABISIOT COO0M
MacChl IUTaHET M IEHTpaabHOW 3Be3xbl; U - okpyxHas opOuTambHAS
CKOPOCTb IIIAHETHI; [ops - CPEAHUM paamyc opOMThl. B HavyanbHBIN
MoMeHT BpeMeHH t = 0,korma U = U, M = MU lops = [y ops, YCTOBHE
(5.6.3)mpuHNMaeT BU

B= T/ ops - (5.6.4)

Kak 6bu10 TOKa3aHo B 171.1.3, ¢ TeueHHeM BpEMEHH MacChl Tel
BO3pacTarT corjacHo 3akoHy (1.3.7),yBenuuuBasi CUIly MPUTSKCHUS
IJIAHEeTHl K LeHTpambHoMy Temy. C  Apyroil  CTOpOHBI, IOJ
BO3JCHCTBHEM JS(PHUPHOTO BHUXPs IIEHTPAJIBHOTO Tejla BO3PACTACT
OKpY)KHasi CKOPOCTh IUIAHETHI MPU IBIKCHUH TI0 OpOUTE, yBEIMIHUBAs
ICHTPOOEKHYIO CHJIy W TEM CaMbIM MPEMATCTBYS ICHCTBHIO CHII
HPUTSKECHUS.

PaccMoTpuM 3TH mpollecchl Ul IBMKCHUS IUIAHETBHI 3a
npenenamMu  sAapa  dGUpHOTO BHXpsA. B TedeHme Mamoro 1o
KOCMHUYECKHM MepKaM OTpe3Ka BPEMEHH H3MEHEHHEM CPEIHEro
paaMyca OpOMTBI MpeHEOpe:kEM M OyJeM CUUTaTh, YTO [ops = lo-ops-
Cornacao ¢opmynam (1.10.6), (5.4.5)cuna, ¢ xoropoit >¢dpupHBIiI
BUXpb ACHCTBYET HA CIIyTHUK WU IJIAHETY B HAIIPaBICHUU OKPY>KHOM
CKOpOCTH 3(hupa Mo KacaTeNbHOI K opOuTe, OyaeT

F = pdU/dt = a mna)BrOZB Iops (5.6.5)
Vpasuenue (5.6.5) npounrerpupyemM, B pe3ysbTare MOIYIUM
BBIp@XKEHHE JIJIsI CKOPOCTH TUIAHETHI MJIHM CITyTHHKA Ha OpOUTE
U= U+ awy 2 t /My (5.6.6)
IToxcraBum B ycmoBue (5.6.1) Maccy HEHTpabHOTO Tella U3

(1.3.7)u cxopocts u3 (5.6.6).ITocie HEOOXOAMMBIX TPeOOpPa3OBaAHMIA
HOJTYYHM

a
—t
ro";;ta)Ba)2 _ fmeX

uza+
"

(5.6.7)
oropb
Tonarast fops = foopsy  (€77¢)? =1+ @/ 2K u, umes B

Buny, coorHomenue (5.6.4), paspemum  Beipaxenue  (5.6.5)
OTHOCHUTEIILHO PaJiInyca BUXPS

opb
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(a/k)\[ frnoropb
20 (b,

®opmyna (5.6.8) mo3BonsteT OmMpeneNnuTh PAgHyC SPUPHOTO
BHXPS OKOJIO JIIOOOTO MAacCHBHOTO Teja, ©CIM W3BECTEH PAaIMyC
PABHOBECHOI OpPOMTHI, HA KOTOPOH COXpaHSETCH HEM3MEHHBLIM BO
BPEeMEHH PABEHCTBO IEHTPOOEKHOW CHJIbI M CHJIbI NPHUTSKEHH,
JeliCTBYIOIIMX HA HAXOASIIVIOCH HAa Hell mjaHery. B kadecTse
PaBHOBECHOH OpPOUTHI JIOTHYHO B3SITh OPOWUTY, TPOXOMASAIIYI0 TIO
HApY)KHOU TpaHUIle I(PUPHOTO BUXPS, TaK KaK OHA MCHSET 3aKOH
TeyeHHs 3(pupa BHE ¥ BHYTPH sAApa BUXpsA. B 3ToM ciydae [1,=l,p6. pab
u u3 popmyisl (5.6.8)cnenyer, uro

(5.6.8)

r.OB

Fog = Fopp-pan = 3/ fM alk (5.6.9)

° °\ 2a v,
CornacHo sToii opmyne paauychl 3¢upHbIX Buxpeir CojHIa u
3emin OymyT
ke = 0,57410%cwMm, (5.6.10)
B3ew = 0,956010° cm. (5.6.11)
[Ipu mopcu€re HCMONB30BANKCH CICAYIOIIUE 3HAYCHUS: Myzey =
60°T, Wy 3en = 9,9310% pan/c, My = 200°%r, wy ¢ = 3,9610%¢™.
HManee paspemnm ypaBHerue (5.6.7) OTHOCHTENBHO paauyca
opbuTsl, 3aMeHuB B HEM U, ¢ momomsio (5.6.4)u o16pocuB Maibie Be-
JVYUHEL. B pe3ynbraTe noiaydnM cOOTHOIICHUE

r a2 r2
o _ o' _ 20 Belop (5.6.12)

r.Oopb A\ fmo r.Oopb

Jlnst HeOOMBIINX IO KOCMHYECKUM MacIiTadaM OTPE3KOB BPEMEHU

C TIOMOIIBI0 ATOW (POPMYIIBI MOXKHO 3amucaTh MPHUPAIICHUE pagryca

OpOUTEHI, pa3iOKUB ™ g crenennoit PAn U yAepkaB B HEM JTIMHEHHBIE
IO t YICHBI:

2
Aropb = rOopb (z —%)t_ (5613)
k frnor00pb

Ipumennm  dopmynsr  (5.6.6) u (5.6.13) mis ompeneneHus
M3MEHCHUI MapameTpoB JABWKeHHs JIyHBI MO OpOHUTE BOKPYT 3eMilnd
IS oTpeska BpeMeHH to=3,1310°%. (cro mer). B pacuérax
HCHOJNIB3YeM 3HAYEHHUS lopg fiymm = 3,844M.0%%M, fyp 30, = 0,96510° cm,
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W 3w = 9,9310% pam/c. B pesynsrate moiydacM MpUPAIICHHE
paguyca opoutel Ar,,s = 3 M, cpelHee IpUpALIEHHE OKPYKHOU
ckopoctn AU, = AU/2 = 3,8 [0° cm/c ¥ CBA3aHHOE C OSTUM
YCKOPEHHOE JBWKEHHE Mo opoute Ha paccTosHuU AS =AUt 100= 1,2
KM. OTH IUQPBI OJTU3KU K H3BECTHBIM 3HAYCHUSIM BEKOBOTO YCKOPEHUS
JIynst AS 00 = 7,45KM U IIpUpAIIEHUs CPEHETO pagyca OpOUTHI Al g
= 1,5 M, omnpeaenéHHbIM W3 HAOMIOACHUI 3a ABMXEHHEM JIyHBL.
PacxoxneHusi, BUIUMO, CBsi3aHbl ¢ TeM, 4to Qopmyna (5.3.9) nana
mpuOIMKEHHOE 3HAYCHUE pamuyca dUPHOTO BUXpsS 3eMiau. Pamgmyc
peaIbHOTO BHUXPSl HECKONBKO Ooublie. JocTaTOYHO TMOJOXKHTE fop =
2,4110° cm BMecTO fg = 0,96510° cM, 4TO6HI MOJy4uTh 3HaueHue AS
= 7,45 kM, TIOTHOCTBIO COBMajaaroIiee ¢ HabmogaeMeiM. [lpu 3Tom
norydaeTcst Manas BeauduHa Ar,s = 6,5cM. [locnennee o3Hauaet, 4To
Habmonaemoe mnpupamenue Ar,,;=1,5M B OCHOBHOM IPaBUIIBHO
00BSICHEHO MPUJIMBHBIM BO3JCHCTBHEM 3eMITM Ha aBXeHue JIyHBI U
JIMIITEG B MAJIOM CTETIEHH OHO 3aBUCHUT OT 3(UPHOTO BUXPS 3EMITH.

Manee obpatumcs k opbure 3emian Bokpyr Cosnma. 3a 3,5
MIIPJ JIET TIPH Wg ¢ = 3,9510% pan/c, ftgc = 0,57410" cm, Fop6 3em
= 1,46510" cM npuparenne opOUTaIBHOI CKOPOCTH 3eMIH COCTABHT
Benmnunny AUz, = 1,436kMm/c. CoBpemenHas ckopocth 3emin U, =
29,8 km/c. 3a ogun Mummmapa et cornmacHo (5.1.12)paanyc opOHTEI
3emMt BO3pOC B OTHOIICHHUH

oblloops = 1,08. 541

VYBenuuenue pamuyca opOUTHI 3emid, 00ycioBIeHHOE 3dup-
aeiM BuxpeM ConHia, kak creayer u3 (1.15.2),1momHocThi0 KOMITEHCH-
PyeT BO3pacTalIlyld CcO BpeMeHeM cBeTUMOCTh ConHIa H, Cielo-
BaTEJILHO, MOJyYaeMyl0 OT Hero 3emiéi TermioByto sHepruto. Ioc-
JenHee, Kak MbI TIOMHHM, OOYCJOBJIEHO pPOCTOM €ro MacChl B
coorBercTBuK ¢ 3aKOHOM (1.3.7).MHTEpeCHO OTMETHTH, YTO PE3YIlb-
tatel (1.15.2)u (5.6.14)nony4eHsl HE3aBUCHMO JIPYT OT Apyra. ITo
JUTITHUN pa3 TMOATBEPXKIACT MPaBUILHOCTh HAWACHHBIX OOBSICHEHHIMA
SIBJICHUSI YBEITUYCHHSI MacC M SHEPTHH 3BE3, a TAK)KE CYIICCTBOBAHUS
3(UPHBIX BUXPEH.

5.7 Poab 3(pMpHBIX KOCMU4YeCKHX BUXpeil B
(popMupoBaHuUM rajJakTuku-Mie4Hblil NyTh

CTpoeHHe CNUpabHBIX TaJaKTHK MMEET JBE OTIHYUTEIBHBIX
ocobennoctr [9,10]. [TepBast U3 HUX COCTOUT B TOM, UTO SAPO JIFOOOH
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CIMPANTbHON TAaTaKTHKH, COCTOSIIEH M3 MUALTHAPIOB 3BE3, BpalaeTcs
Kak eaumHoe TBEpIoe Telo. BTropas 0cOOCHHOCTh 3aKIIFOYaeTCS B TOM,
9YTO BHE SJpa YIJIOBBIE NEpEMEINeHUsT 3BE3M, HAXOAALIMXCS B
CIMPANTbHBIX PYKaBaX, BOKPYT IEHTPA TaJaKTUKA HAYHHAIOT yOBIBATH
0 Mepe ymameHus oT IeHTpa. Habmomenus mokaseiBaior [10], uro
CIMpalibHBIE TaJaKTUKN BPALIAlOTCsl KOHIIAMHU BETBel Ha3aa. ITOro He
CMOTJIM  OOBSICHUTH  CYHICCTBYIOIIME THUIOTE3bl  0Opa30BaHUS
crnupanbHbiX TanakTuk (Jxurc, JIMHOIA[T), HO €CTECTBEHHO OOBSICHSIET
teopust adupa ( puc.5.7.1,coupanbhas ramaktiaka M51 [55] ).

Mgl cuMTaeM, YTO SIIPO CHHMPATLHON TaJaKTHKH 3aKIIOYCHO B
OTPOMHOM TaJIAKTHUECKOM 3(PUPHOM BHXpe. SIApO BHUXps cOBMamaeT
M0 CBOMM Pa3MepaM C SJIPOM TaJaKTHKHA. DTOT BBIBOJI C/ICIaH HAMU Ha
OCHOBaHHWH PE3yJIbTATOB, MONyYeHHBIX B r1aBax 1.5u 1.100 ToM, 4to
Ha JII000€ JBIDKYILEEeCsS MaTepHaIbHOE TEJIO, B TOM YHCIIC U Ha 3BE3/Ibl,
JIEHCTBYeT TpaBUTAIMOHHAS CHJIa CO CTOPOHBI JBIDKYyIIerocs 3dupa,
omnpenensemas hopmyioii (1.10.6)

JF=OamVey . (5.7.2)
Cuna peiicTByeT B HamnpaBlIeHUM TedeHHs ddupa. 3aech V-
OKpY’KHasl CKOpOCTh d(hUpa B BUXpPE U BOKPYT HETO; M-Macca 3Be3Ibl.
B rmaBe 10 noka3zaHo, YTO rpaBUTAIMOHHAS CHJA IEHCTBYET Ha TEO
JaKe B TOM Cllydae, KOTJIa CKOPOCTh Telia TIPEBBIMIAET CKOPOCTh
a¢wupa. T.e. oHa HE 3aBUCUT OT CKOPOCTH Tea.

[Mockonbky 5TH CHJIBI, ACHCTBYIONIME HA 3BE3Ibl CO CTOPOHBI
HoTOKa 3(QHpa, IPONOPUUOHATBHEI CKOPOCTSIM B 3()UPHOM BHUXpE, TO
UMEHHO OHH (DOPMHUPYIOT XapaKTepPHBIH PHUCYHOK CIHPAIbHON
raJakTUKUd B COOTBETCTBUH C IOJIEM CKOpPOCTEH B caMoM Buxpe. B
pe3yibTarte 3BE3lbl, HaxoIdIIUecs B sape 3(QUPHOTO  BUXPS,
BpAIIAlOTCs KaK eIMHOE TBEPJOE TEJO, a BHE €ro CKOPOCTH 3BE3J TaK
ke, Kak CKopocTd 3¢upa, yOBIBAIOT MO Mepe yHaJeHHs OT LEHTpa
SIpA.

T.0. Ha 3Be3bl TAJAKTHKH JICHCTBYKT TPH CHWJBI . CHJa
TSZKECTH, IEHTPOOEKHASI CHJIA M OKPY:KHAs cuja. CHila TSKeCTH U
HEHTPOOEKHASI CHJIA JICHCTBYIOT B PAIMAJILHOM HANPABJIEHUHU IO
OTHOLIEHWI0 K NEHTPY J(QUPHOr0 TajJaKTHYecKOr0 BUXPS H
CIOUPATLHON TAJIAKTHKH, 2 B OKPY)KHOM HaNpaBJIeHUU JIeHCTBYET
OKpY’kHasi _cuja.  OHa _ 3acTaBjseT  3Be3[lbl JIBUTAThCH €
YCKOpPEHHEM BOKPYI TEHTPA TAJAKTHKH, TPYNNHPYS WX B
XapaKTePHBI _CNUPAJLHBINA _PUCYHOK B 3aBHCHMOCTH _OT _HX
PACIIOJI0KEHUSI 110 OTHONIEHUIO K AAPY Y(PUPHOro BUXPSL.
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EcrecTBeHHO, UTO B 3TOM Clly4ae BEIMYUHBI OKPYKHBIX CKOpPOCTEH
3Be3]] B BUXPE W BOKPYT HETO 3aBUCAT HE TOIBKO OT PACCTOSIHHSA IO
LIEHTpa BHUXPS, HO U OT BPEMEHH, B TEUCHUH KOTOPOro 3Be31a
HAXOJWTCS B 30HE NEHCTBUS 3(QUPHOTO TalaKTUIECKOTO BUXps. B aTOM
CMBICTIE TaJaKTHYeCKUH S(UPHBIA BUXpPh W CIUpabHAs TaJaKkTHKa
CBSI3aHBI MKy COOOM MaTOU POKICHUS.

OTHOCHUTENBHO OTBETa HAa BOIMPOC, YTO BO3HUKAET PaHBIIC-3BE3/IbI
Wik dQUPHBIA BHUXPb, MBI CKJIIOHHBI PaCcCMAaTPUBATh CIICAYIOIIYIO
nocienoBaTeNbHOCTh. CHavala B IPOCTPAHCTBE COOMPAETCS OTPOMHOE
ra3ormbUIeBOE 00JIaK0, KOTOPOE UMEET IICHTP MacC BHE 3aBUCUMOCTH OT
coOcTBeHHOU (opMmbl. B pesymbraTe TOro, 4TO BCE YaCTHUIBI ATOTO
oOjaka TOraomawT 3(up, BOZHUKAET pagualibHOE TeueHue 3dupa K
IEHTPY MacC M, Kak CJCICTBUC, CUJa TKECTH, HANpPaBICHHAS K
IEHTPY Macc. PaHbIlle MBI yke HE pa3 OTMEYalld, YTO paJuaibHOE
TEUCHHUE CIUIONTHOW Ta3000pa3HON Cpeabl HE SBISICTCS YCTOWIUBBIM H
MIpU BO3HUKHOBEHHWH BO3MYIIEHWH OHO IEpecTpamBaeTCi B TEUECHUE
OKOJI0 BHXPECTOKa. JTO TeueHHe d¢Gupa W TNPEACTaBISET COOOH
OTPOMHBIA  TaJIaKTUYECKUH  BUXpPb,  COCTOSALIMH U3 AJpa,
BpAIAIOIErocsl Kak TBEPAOE TEJO, M TEYEHHS 3a ero Inpeneiramu. B
3TOW 00JaCTH OKpPY)KHBIE CKOPOCTH YOBIBAIOT MO MEpe yNAICHUS OT
s7Ipa 00paTHO MPOTIOPIIHOHAIIEHO PAIAYCy.

[MapannensHO € 3THM B Tra3oNbUIEBOM o0Jiake (GOPMHUPYIOTCS
3BE3bI TakK, KaK »JTO paccMmaTpuBaeT KocMmonorus. HerpyaHo
YBHIETh, 4YTO B _OTJWYMe OT _Teopuu 3¢upa coBpeMeHHas
KOCMOJIOTHSl _TIOTepsiyia W3 MOJsl _3PeHUs OKPY/KHVIO CHJY,
JelicTBYIOIME HA 3Be3/Ibl M BO3HHMKAIOLHE BCJEICTBHE ITOT0 MX
OKPY’KHbI€ CKOPOCTH M _YCKOpPEeHHUsI. JTO CYUIECTBEHHO CY:KHBAET
ee_ BO3MOKHOCTH _JIJisl NPABUJILHOIO TOHUMAHUS _YCTPOHCTBA
BceesienHo#i. PaccMOTpuM, K KakuM MOCIEACTBUSIM MPUBOMAAT 3TH
OTIIUYHSL.

ITox BO3mEHCTBHEM 3TOM CHIIBI 3BE3[a MPHOOPETAET OKPYKHOE
YCKOpEHHE U MPHUpAIlEeHUe OKPYKHONU CKOPOCTH:

J=du/dt =R/m, = aVe, (5.7.2)
AU =0aVet. A3)

IIpupamenne myTu 3a BpeMs { BIOJIb OpOUTHI U TIpUpAIIEHUE YTIia

(puc. 5.7.2)6yayT
AS =12 =aVe, t12, (5.7.4)
DG = AS/tyys = (O Vey ) 2605 . (5.7.5)

Kak Bugao wm3 dopmyn (5.7.1)-(5.7.4), yckopenne 3BE3n,

MIpHUpAIIeHUE CKOPOCTH MX JIBMXKCHUS 110 OPOUTE BOKPYT IEHTPATBHOMN
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3Be3/Ibl, NpHUPAIICHUE MPOWACHHOTO BAOJIb OpPOUTHI MNYTH U
JIOTIONTHUTENIEHOE YTJIOBOE TIEpEeMENICHUE TPSIMO POIOPIHOHAITBHEI
OKPYKHOH ckopocT 3¢upa Vey. I'paHuna sapa ragakTHKH, XOPOILIO
paznmmuuMas Ha Qortorpadusx, OJHOBPEMEHHO SBISCTCS TpaHUICH
TallaKTHYECKOTO BUXPS. [T03TOMY o 1p0a=lop=910 cM.

OkpyxHasi CKOPOCTb dQupa B sIApe BHUXPSA ONPEICISICTCS
dopmynoit (5.4.2),a Bae sapa - popmynoit (5.4.5).B coorBercTBUE C
stuMH  dopMmyaamMu Ha puc.5.7.2 MocTpoeHa 3IOpa  OKPYKHBIX
CKOpocTel d(upa BHYTPH U CHAPYKHU 3QUPHOTO TIAKTHYECKOTO
BUXPSL.

Puc.5.7.1 Punc.5.7.2

W3 puc.5.7.2BuaHO, YTO BHYTPH sapa 3(up Bpaliaercs 1Mo 3aKOHY
TBepaoro tena. B coorBerctBuu ¢ dopmynamu (5.7.4)u (5.7.5) ato
oOycrmoBiBaeT HabIrOmaeMoe [BWKEHHE 3BE3N BHYTPH  szpa
rajJjakTUKM 10 3aKkoHy TBEpmoro Ttena. Bue sapa >(uUpHOrO
raJaKTHYeCKOro BHUXPA OKPYXHas CKOpPOCTh 3(upa YMEHbLIAETCS
00paTHO TPONOPLUUOHATBHO pamuycy (PacCTOSHHIO JO BHUXPs). DTO
JIOJDKHO TIPUBOAWTH K OTCTABAHMIO 3BE3], HAXOMAIMIMXCS B KOHIAX
criupanbHbIX BeTBed ['amaktuku. C TedeHWEM BpPEMEHH H3MEHSIOTCS
paanychl OpOMT 3BE3A B CIUPANBHBIX pPyKaBax, MOJACTPAMBAsCH TOJ
3akoHbl Kemiepa.

He nmperenays Ha TONHOE OOBSICHEHHE CTPYKTYpPHl U
NPOUCXOXKICHHUS CIHUPAJbHBIX TANaKTUK, TEM HE MEHee, Ha IpuMepe
Hamedd [anaktuku (MJEYHOrO MyTH) OTMETHM HEKOTOpBhIE MHTEpec-
HBI€ KOJHMYECTBEHHBIC COBMAJCHUS TNPHUPAIIEHUA CKOPOCTEH MBH-
JKeHMs1 3BE3]] MO0 CBOMM OpOHMTaM, MOJTYYEHHBIX pacuéToM 1o Qop-
MyJaM JaHHOH pa0OTHl, M W3 aCTPOHOMHYECKHX HaOMIoneHWH. JTH
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COBMAJICHUS MOKA3bIBAIOT, YTO TAJAKTHYEeCKHE d(PUpPHbIE BUXPH aK-
THBHO (hJOPMUPYIOT CTPYKTYPY CHUPATbHBIX FAJIAKTHK.

Mneunslii TyTh, KaK H3BECTHO, SIBISETCSA chupanbHOU ['amak-
tukoii. Hame ConHine mpeacraBnsieT co00il ONHY W3  MIUUIHAPAOB
3BE31, cocTaBIAOmMUX [amaktuky. OHO PACIIOIOKEHO 3a TMpeeTaMu
anpa. Tak ke, Kak ¥ Jpyrue 3BE3IbI, OHO JIBIKETCS BOKPYT LIEHTpa
TanakTukn ¢ OKpyxHO#M ckopocteio U, = (220 + 225) km/c Ha
PACCTOSHUU OT LEHTPA lops ¢ = 10km = 310%% cM. Macca TanakTuku
oTpesieNsieTCs] B ACTPOHOMHH W3 YCIIOBHUSI PaBEHCTBA IIEHTPOOESKHOMN
cuibl COJTHIIA U CHIIBI MIPUTSDKEHUS, co3/laBaeMoi Maccoil [anakTuku
M., 3aKITIOUEHHON B Tpeienax paauyca opouTsl CoHIa:

Mar = Ug Teopslf = 2010% . (5.7.6)

B kmwmre [11] orMmeuaercst, uYTO MEPHOABI BpaIlEHHS BCEX
HAOJI0JaCMBIX TAAKTHUK 3aKIIOYCHBI B CPABHUTEIIEHO Y3KHX MPEenax
ot 30 1o 100 maH 5eT. DTOMY COOTBETCTBYET CIEAYIOIINI IUana3oH
M3MEHEHUS YTJIOBBIX CKOPOCTEH BpaIIeHus sAAep TalaKTHK !

Wy = (6,65+ 2 Y10™ pan/c. (5.7.7)

Cornacuo [11] pagmyc siapa Hameid [anakTuku r,mp=31<n=9E|LO21
cM. B kadecTBe YyIJIOBOM CKOpOCTM BpalmieHus sapa [amakTuxu
NpUMeM CpeJiHee 3HaueHHe M3 auanasoHa (5.7.7),a UMEHHO )=
5,6010%° pan/c.

Mb1 MOXeM MoAenupoBaTh B3aumMopciicTBue CONHIIA € SIpOM
MiedHoro myTH Kak, eciau Obl BMECTO MHJUIMAPAOB 3BE3[ S1pa B €ro
LEHTpe HaxoIuiach Obl OJHA 3BE3lla C MAaccoil, paBHOW Mmacce siapa
TaIaKTUKH. JTO MO3BOJISET BOCIONB30BATHCSA JUISI HAIETO aHAIN3a
(hopMynaMu, MOTYYCHHBIMH JUIS BUXPS OKOJIO TICHTPAIBHOM 3BE3/IBI.

IMoacunTaem mo popmyie (5.4.10)mpu @), = O yII0ByIO CKOPOCTH
BpalieHusl sipa dPUPHOTO TAIAKTUYECKOT0 BUXPsl MIIEYHOTO MyTH
Jutst BpeMeHu Bo3pacta ["amakTuku t; = 15mmpn ner:

Wsrar = (3/2) w,p/aty = 1,78410% pan/c. (5.7.8)
C TedyeHweM 3TOro BpPEMEHHM B COOTBeTCTBUH ¢ (opmynoi (5.6.6)
MIPOU3OIIIJIO YBETUYEHNE OKPYKHOU ckopocT CONHIIA Ha BETUIUHY

AU = 0Ws gy Tos” Ureops = 226KM/c, (5.7.9)

COBIMAJIAIONIYI0 C COBPEMEHHOU ckopocThio Comuia. CremoBarensHo,
ckopocTh CoJlHIIa TONMHOCTBIO 00YCIIOBJICHA TaaKTHYECKHM BHXPEM.
3a 3710 ke BpeMsi B cooTBeTCcTBHH C (hopmyiion (5.6.12)panuyc opOoUThI
CouHIa BO3pOC HE3HAYUTEIBHO:  [opo/loops = 1,025.

PaccmoTpum emie OIHY HMHTEpECHYIO HpoOieMy, CBA3aHHYIO C
Hamedd [amaktukoii. B cratbe [53] ormewaercs, 4ro B pamkax
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OporpaMMbl “CIOYHOBCKHH HU(PPOBOH CHEKTpaibHBI 0030p Heba”
(SDSS) amepukanckue acTpopu3uKH OOHAPYKHIM HEOOBIYHYIO
3Be3/ly, BBUICTAIONIYIO M3 Hamel ["amaktuku co ckopocthio 700 km/c.
D10 mocTaBWIO acTpodu3MKy B Tymuk. Jlemo B TOM, 4TO BTOpas
KOCMHUYECKasi CKOpPOCTh Jjisi MIleuHOro MyTH, MpH KOTOPOM 3Be3/a
Moruia Obl yneTeTh U3 ['anakTHKy, UMeeT BEINIUHY

¥ 2T, In,,., = D46rmlc,

Tre Mo, =2010%r, 14,,,=900%cm, =6, 7110%cMm%(r(d?).

AcTpo(M3HKH HE TPUHUMAIOT B PAacyeT HATMUUE TaIaKTHIECKOTO
a¢upHOrO BUXpS B Hamied ramaktuke. OHH HE 3HAIOT O JCHCTBUU
okpyxHou cuibl (5.7.1), pasrousifonieii 3Be3Abl B MX JBWKECHHH Ha
opbutax u YOEKZEHB, YTO B MIEYHOM TYTH OTCYTCTBYIOT
MEXAHM3MBI, CIIOCOOHBIE pa3orHaTh 3Be3my Obictpee  45Ckml/c.
ITosTOMY OHM HE B COCTOSIHUH OOBSICHUTEL HaOJI0TaeMbIi peHOMEH.

OnHako, ero ecTeCTBEHHBIM 00pa3oM OOBSICHSET dPUPOTUHAMUKA,
omupasick Ha (GOpPMyJBl, HWCIIONB30BaHHBIE IS ONpEIeNIeHUs
opOuTansHOU ckopocTr COTHITA M COTHEYHON CUCTEMBI. UTOOBI B 3TOM
yoemutbesi, BbIMomHEUM 1O  ¢dopmyne (5.7.9) pacdeT OKpyKHOM
CKOpPOCTH 3BE€3[bl, KOTOpas MO BOJIE CiIydas OKa3alach Ha TpaHHLE
sapa 3QUPHOTO TANTAKTHYECKOrO BUXPs (COBIATaeT ¢ rpaHMICH sapa
COHMpaNbHONW  TaJaKTHKH ~ MUIIEUHBIH  TMyTh) Ha  PACCTOSIHUH
r0p6=r03m=9EIL021CM ¥ HAXOIWJIach TaM B TEYECHUH JKU3HU TaJAKTHUKU
15MiIp.JIeT BIUIOTh 10 Hammx aueit t=4,72%310''c. Yriaosas ckopocTh
raJakTU4ecKoro aupHoro Buxps ompezaeicHa B (5.7.8).Paguyc sapa
BUXPS COBMAAAET C paInyCcoOM sijipa Haiei [ anakTuku I’oBraHZQDI.OZlCM.

AU3B:a (*)BranrzoBrant/rzB 0p6::a (*)BranrOBrant:758(M/C

Pacuer moxkaszait, uto 3a 15vnpa.jer sta 3Be3aa Habpasia CKOpPOCTb,
JoctarouHyto ans mobera w3 [amaktuku. Kpome Toro, pacuer
MOKa3aj, YTO TaJaKTHIECKUH IPUPHBIA BUXPH MPOJOIDKAET U3MEHSITh
CTPYKTYpy TaJJaKTUK HapaBHE C CHJIOW TSHKECTH Ha MPOTSHKEHHWU BCEH
KU3HH TalakTUK. JleficTBHEe CHIBI TSDKECTH TakKe HE OCTaeTcs
BEJIMYNHON MTOCTOSTHHON BO BPEMEHHU M3-3a2 POCTA MaccC 3BE3[] U TUIAHET
(bopmyma 1.3.7), cocraBisronux ramakTuky. OOCyKaaeMas TEOPHs
3¢upa Mo3BOJSET MPOCIEANTD IBOJIOLHIO T'AJIAKTHK.

ran

5.8 YepHbie abIpbI

YEpHbIMU IbIpaMU Ha3BaHbI 3BE3/bl, KOTOPbIEC MPEATION0KUTEITHHO
UMEIOT HACTOJBKO OOJIBIITNE MAacChl U Majble pa3Mephbl, 4YTO CBET HE
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MOYET MPEOI0JIETh CHITY TSDKECTH U MOKMHYTH 3Be3ny. M3BectHo [10],
YTO ISl yXO/a OJHOr0 KOMIIOHCHTA W3 JBOWHOW CHCTEMBI Macc €ro
CKOPOCTh JIOJDKHA JOCTHIaTh HEKOTOPOTO KPHUTHUECKOTO 3HAYCHUS,
Ha3BIBAEMOTO BTOPOH KOCMHUECKOW CKOPOCTBIO. OTa CKOPOCTh
onpezaensaeTcs Gopmynoi

2fm,

; (ap.
[0}

Ecimn BMecTo ckopoctd V' B 3TOM BBIPQKEGHHH IIOJICTABHUTH
ckopoctb cera C = 3A0° m/c, pemnTh ero OTHOCHTENBHO pajmyca
3BE31bI [,, TO MOJYYUM 3HAYCHHUE TPABUTAIMOHHOTO PAUyca 3BE3bI C
Maccou My :

oF2fmy/C2. (2B

Ecnmu paamyc 3Be3bl MEHBINE 3TOTO 3HAYCHHUS, TO TsKENas
CBETOBasi BOJIHA Wi ()OTOH CBETa HE MOXKET €€ MOKWHYTh M 3Be3fa
JIOJDKHA TIOTaCHYTh IS OCTAJIBHOTO MHpa. YBHUIETh “4€pHYIO ABIPY”
HEBO3MOXKHO. [lo3TOMy mombiTku €€ (MX) OOHApYX HUTh CBOISTCS K
MOWCKY BTOPHUYHBIX SBJICHUNM U3 O0JACTH HEOOBIYHO CHIIBHBIX
TPaBUTALMOHHBIX B3aUMOJECHCTBUN B LEHTpax ranakTuk. Mmeercs
TakXe Teopuss XOKHHra, 0 KOTOpOM yIOMHHaeTcs B [22], cormacHo
KOTOpOH u3-3a “ncnapeHus’ 4YEPHBIX MBI NPOUCXOIUT IOJTHOE
COBMAJICHUEC W3IYYCHUS YEPHOW IBIPHI C HU3IYyYCHHEM OOBIYHOTO
HArpeToro Tena.

Xotsa camo ycrnosue (5.8.2) mpaBuiabHOE, MMEIOTCS COMHEHHS B
BO3MOKHOCTH CYIIIECTBOBAHUS 3BE3I-UCPHBIX JIBIP, YAOBICTBOPSIFOIINX
3TOMY YCIOBHIO. UTOOBI yOETUTHCS B ATOM, MOMPOOYyeM MHPUMEHHUTH
e€ro K THUIOTETHYECKOW 3Be3le, O0Opa3oBaBIICHCS B pPE3yNIbTaTe
KOJUTarica W3 HOPMAJIbHOW 3BE37bl C HWCXOAHBIMH TapaMeTpaMu
Comuma; macca Myc=20%r, r,e=7AFPM, w,=2,910%". TIlocne
KaTacTpO(UIECKOTO CXKATUS 3BE3MbI OTH TapaMeTphl M3MCHATCS Ha
mapaMeTphl YEpHOM IBIPEl ¢ TOH ke Maccoit M, =2[10%%r, Ho ¢
MEHBIINM paguycoM I, =300 (u3 ypaBuenust 5.8.2). U3 yciosus
COXpaHCHUS MOMEHTAa KOJIMYECTBA JBIKCHHUS OIpPEICSIsieM HOBYIO

YIJIOBYIO CKOPOCTh (A)qﬂ:(oocﬂfozcl I’j) =1,610°c™". Jlanee BbIUHCINM
CPEIHIOI0 IJIOTHOCTh 3TOU yepHOi JBbIPBL
pqﬂ=3mm/4T[rj) =1,810%r/M°. Ona oxasamacs B 180 pa3 Gombmie

IIJIOTHOCTH aTOMHOTI'O AApa (G -‘laCTI/ILII:I), 4yero OBITH HE MOXKET.
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[pomomkum Ham aHanmu3. [l 3TOro  3amuIneM  yCJIOBUE
paspymieHuss YEpPHOW IBIPHI  IIEHTPOOCKHBIMH  CHJIaAMH.  ITO
MIPOU30MIET, €CITU LIEHTPOOSKHAS CHIa MMPEBBICUT CHITY TSHKECTH

Ro/Fonn=4TC 1> [f [, T%=5,16>1 (5.8.3)

[lepron  BpamieHms  depHOH  geipel  T=2TTw,,=3,91510°%.
=6, 700 H?/kr?. Kak BHmMM, paccMaTpuBacMasi depHas IbIpa B
JCUCTUTEBHOCTH ObUTa OBl pa3opBaHa MPOTHBOJCHCTBYIOIMMHU
cunamu. B cyiiecTByromiell HaydHOTOMYISIPHON JUTEpaType Yacto
MOYKHO BCTPETHTh YTBEpXKICHHUE, UTO 3Be3aa ¢ mapamerpamu CoiHIa,
NPEBPATUBIINCH B YEPHYIO JBIPY, COKMETCS B Chepy ¢ KPOXOTHBIM
TPEXKUJIOMETPOBBIM PaJNyCOM, HO MHE HH pa3y HE BCTPETHIOCH
NPOJIOJDKEHUE 3TOTO HCCICAOBAHUSA, KOTOPOE MOKA3bIBAIO ObI, YTO
Takast 3Be3/1a HEyCTOIUMBA U Oy/IET pa3pylleHa.

B Teopum sdupa mmeercs eiie oaHa MPHUYHHA, 3aCTaBISIONIAS
YCOMHUTBCS B CYIIECTBOBAHUHT 3BE3I-UEPHBIX JIBIP,
ymosrneTBopsronux  ycimosuio  (5.8.2). Ona coctouT B TOM, YTO
paauanbHas CKOpocTh V,  HE MOXET MPEBBICUTh MaKCUMATbHYIO
CKOPOCTh JUTs 3Hpa MPH UCTCUCHUH B MYyCTOTY  Vima,=519615km/c.
IIpu MOCTHXXEHUM 3TOW CKOPOCTH BCSI BHYTPEHHSS DHEPTHS KaKIOH
CIMHMIBI MAacChl Ta3a TOJHOCTBIO TEPEXOJUT B KHHETHUCCKYIO
SHEPTHUI0 MOCTYNATEILHOTO ABMKCHUA. OUEBUIHO, YTO MUHUMAITBLHBIN
paauyc BUAMMOWN 3BE37bI, MPU KOTOPOM pajuaibHble CTPyH 3hupa

JMIOCTUTAIOT MaKCHMallbHO  BO3MOXXHOW  CKOPOCTH V=V max
ompenensercs u3 Beipaxkennii (1.3.8)u (1.6.4)kak
a f
M (5.8.4)

forin = AarpN... \alV

e~ max max

CrnemyeT y4ecTh, 4TO ¢ POCTOM CKOPOCTH 3(HUpa K 3HAYCHHIO  Vay

B HEM NIPEKPAaTUTCS XAO0THYECKOE ABIKEHHE aTOMOB 3¢upa. B atom

ciryqae 3(GUpHBIN Ta3 OyAeT MepexoIuTh B CBOIO KUAKYIO (a3y W Ha

HOBEPXHOCTH 3BE3/IbI 10 MHEPIIMU MPOIBETCS AOKAb KHUAKOTO dpupa

(mediTrponHor kmakocth). Cuia TSDKECTH Ha TOBEPXHOCTH TaKOM

3Be3Ibl IEPECTaHET TMOMUMHATHCA 3akoHy Hprorona. K kakum

HOCIICICTBUSAM JUIS 3BE3bI 3TO MpHBEAET? BeposTHO, 3TO HapymmT

paBHOBeCHE CHJI BHYTPH 3BE3[bl U HMPOM30HAET ee B3phIB. IloaToMy
TaKue 3BE3/bl BPS JIU CYIIECTBYIOT JUIMTEIBHOE BPEMS.

Hpu a=1c' u p,=1,1910° r/cM® MUHMMATBHBII PAHYC 3BE3/BI C

maccoii CosiHIa, TIpW KOTOPOM 3BE3Aa HCUe3aeT U3 IOJI 3PEHUs

cormacao Beipakenuto (5.8.4), OymeT o min = 508 kM. 3HaueHue
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MHHUMAJIBHOTO paguyca [, min Uil 3BE3n ¢ Maccoir CornHia
COOTBETCTBYET IOPSJKY BEIUYUH PaJMyCOB PEajbHO HAOIIOJACMbIX
3BE3]] TUIA OeNbIX KapIuKoB. CaMblil MaJICHBKHUI M3 NU3BECTHBIX OCIBIX
KapIHKOB - 3Be3na Bombd 457 [9] mmeer maccy m, = 1,0110% r u
pamuyc r, = 700km = 0,710° cM. MUHHMABHBIA paguyc s 3TOH
maccsl coracHo dopmyie (5.1.3)6yzer fo min=361 kM=0,36110° cm.
Beblit kapiuk - 38e31a Ban-Maanena umeer maccy m=0,2810%r u
pamuyc ,=4900 km=4,910° cM. MuHHMaNbHBIA pagdyc s Macchl
3TOM 3Be3mBl Fomin=190 kM=1,910" cm. Takum 00pa3oM MOXKHO
yTBEpXKIaTh, 4T0 Oeible KapIHKA HAXOMATCS HENAleKo OT Iopora
BUIMMOCTH 3BE3N. HemapoM acTpoHOMBI He BUIAT Ha Hebe 3Be3]
MEHBIIIE OENBIX ¥ KPACHBIX KapJIUKOB.

5.9 CBepxMaccuBHbIE HEITPOHHbIE YepPHbIE
ABIPBI B HEHTPAaX CHHMPATbHBIX FAJIAKTHK

B nieHTpe crnimpanbHOU TallakKTHKK JO0JDKHA OBITh COCPENOTOYCHA
3HAYMTENIbHAS Macca MaTepHd, KOTOpas CO3MacT CHIIY TSDKECTH,
HAMpaBJICHHYI0 K IIGHTPY TalaKTHKH. OJTa CWIa YIACPKUBACT
Omkalimue 3Be3/Ibl HA CBOMX OpOWTaX MpPU WX BpAIEHHH BOKPYT
oOmiero miertpa. [nst Oonee gamekux OT LEHTpa 3Be3x OMKalIme K
HEMY 3Be3/Ibl HAUMHAIOT YBEIMYMBATH CHITY TSDKECTH. [0 mociieaHero
BpPEMEHHM aCTPOHOMBI TOJAralid, 4TOo B LIEHTPaX TaJaKTHK HAXOJSATCS
rasomnbiieBble  00JaKa, KOTOpbIE HE W3Iy4arT CcBeT. [Ipu 3ToM
JIOMTyCKAJIOCh, YTO B IIEHTPE MOXKET HAXOAUTHCS 3BE3/la, CBET OT
KOTOPO¥ TOTJIOMIAETCS B OKPYKAIOIIEM €€ 00JIaKke TEMHOW MaTepHH.

B cBoeii kuure [1], usmannoit eme B 1997 r, MBI ciemys dTOi
JIOTHKE, TPEATIOKUIN MOJICIh CIIUPATBHON TaTaKTUKK C IEHTPATBLHON
MaCCHUBHOMW 3BE3/10#, HAXOIAIICHCS B TaJaKTUICCKOM 3()UPHOM BHXPE.
C ToukM 3peHHs IUHAMHUKU JIBIDKEHHS OKPY)KAIOIIMX 3BE3]] ATOTO
OBLJIIO JOCTATOYHO.

CeronHst acTpOGHU3UKH CTPEMATCS MOHATH COCTOSIHHE BEIICCTBA,
HaxoJsIIierocss B  ImeHTpe ranaktukd. Cyas 1o CIOXKeTy
TeneBu3noHHOro unbma mpousBoactsa BBC ot 20 nosops 2004 1.
BEIMYMHA MACChl BEIIECTBA B IIEHTpE Obla OMpenesicHa W3 aHau3a
JUHAMHUKH OJMOKAMIINX K IIEHTpaM TalakTHK 3BE3JI, BBIMOJHEHHOTO Ha
OCHOBE CHUCTEMATHYECKHX HAOIIOJCHUH C TIOMOMNIBIO KOCMHYECKOTO
Teneckomna “Xao0”, Kak

m,= 0,005M,,, =10"r=10%%r (5.9.1)
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Paccrosinusa oT 5THX 3B€371 10 LEHTPOB TANAKTHK [opp MOKHO OLICHUTE,
ToJIaras, YTo TpH IBIKCHUN KaKIOW 3BE3/IbI TI0 OpOUTE HAOIIIOMaeTCs
PaBEHCTBO JCUCTBYIOIIMX HA HEE B MPOTUBOIOIOKHBIX HAMPABICHUSIX
CHWJIBI TSDKECTH U IICHTPOOSIKHOHN CHITBI

fﬁz (5.9.2)
U

B stux ¢dopmynax mocTosHHas TATOTESHUS f=6,710™" Hm%/xr? m,, -
Macca CBEPXMACCHBHOW YEPHOH IBIPHI B LEHTPE TANAKTHUKH; M., -
Macca TalakTukd (agpa ramakTuku); U-OKpysKHass CKOpPOCTH
OmDKaWIMX K LEHTPY TajJaKTUKU 3Be3]] NMpPU HX JABWKCHHU II0
opbutam. Ota CKOPOCTb OLICHUBAETCS aMEepUKaHCKHUMU
actpodusukamu kaxk UB0000Gm/uac=1,400°w/c=1,400" cm/c

g Hame#d cnupanbHOM TamakTUKW MIEeYyHOro myTH ¢ Maccoi
M;=200"kr pamguycel opouT GIIKANIINX K LEHTPY 3BE3[ COMIACHO
(5.9.2)cocrasst

obb—

ofi= 3,410"M=3,410" kM (5.9.3)
Paaunyc cBepxmMaccUBHON YepHOM ABIPHI B lIEHTpEe MIIeqHOro myTH
MOKeT ObITh paccunTan 1o popmyie (5.8.2)

a= 2o -1 4q10%0=1, 401 (5.9.4)
C

JIns HarJIAHOCTH BCIIOMHHM, 4YTO paamyc opoutsl CarypHa
ropb=1,4Zf|LO9 kM. Kak BuauM, paauyc 4epHOW IBIpbl COBMAJAaeT C
pamuycom opobutbl CarypHa. 3710 TOOyaMiao — acTtpoduU3UKOB
HPEANONOKUTh, YTO B LEHTPE CIHUPATbHBIX TaJaKTUK HaXOIATCS
CBEPXMAaCCHBHBIE YepHBIE AbIPHI paMepoM ¢ COTHEUHYIO CHCTEMY.

VcioBue CyIIECTBOBAaHMS YEpPHBIX [JbIp B TEOpuH ddupa
ompenenseT ux pamuycsl Gopmynoit (5.8.4). Jlins maccel MiedHoro
myTH 3Ta GopMyIia JaeT ciaeaylomee 3HaueHue

ohin= %zl,mzﬂd KM (5.9.5)
a Wmax
DTO 3HAYCHHE B CTO C JIMIIHAM pa3 MEHbIIC paanyca YepPHOU JBIPHI,
omnpexaenenHoro no (5.9.4).

He coBcem MOHATHO, MoYeMy acTpohU3NKa HATPAJNIa MACCHBHBIC
YepHbIC IBIPhI B IEHTPAX CHHUPAJIbHBIX TAIAKTHK OYEHb OOJIBIITHMH
pasmepamu. [lpu Takux pasmepax CpeAHssS IUIOTHOCTh 3BE3/IBI
moxydaercsi  Pu;=0,01r/cM>, 4TO B CTO pa3s MEHbIIE [UIOTHOCTH BOJIBI
U TOJBKO B JIECATH pa3 OOJbIIE INIOTHOCTH BO3IyXa Y MOBEPXHOCTH
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3emin. HyXHO NOMHHTB, 4YTO OSTH 3BE3Ibl HENB3 YBHUACTH U
o0MepuTh. B TO e Bpemsl IJIOTHOCTb 3BE31 OEJIbIX KapJIMKOB J0XOIUT
110 BemHunHbl Pg=0,700°r/cv®. Bentbie KapiMKH-3TO BUIUMBIC 3BE3/IbI,
a HEe 4YepHble IbIpbl. BO3MOXKHO, Yy aMEpUKaHIIEB €CThb KaKHUe-TO
JOBOABI B TOJIb3y YTBEPXKACHHUS, YTO YEpHBIE IBIPHl B LEHTPax
rajakTHK UMEIOT pa3Mepbl COJIHEUHONW CUCTEMBbI, XOTS AJIsl JUHAMUKU
JOBIDKEHUs OMDKaWIIMX K LEHTPY TaJakTUKA BHIUMBIX 3Be€3]] 3TO
coBceM He o0s3aTenbHO. Tem Oojee, YTO B COOTBETCTBUH C
COBPEMEHHBIMH B3IJIAJaMH CaMOW acTpOo(U3WKK YepHBIE JBIPHI
00pa3yroTcs BCIEACTBUE KoJulalica OOJBbIINX PAa3peKEHHBIX BUIMMBIX
3BE3 WM Ta30MbUIeBbIX 00JakoB. [Ipu 3TOM IUIOTHOCTH BemlecTBa
JOIKHA OblTa GBI BO3PACTH 1O 3HA4eHHI Pu,=10%kr/m*=10"r/cm®.
IIpn Takoi IUIOTHOCTH pajlyC CBEPXMACCUBHOM YEpHOM IBIPBI C
Maccoilt Miieqnoro myTH ObLT OBl

3m,
47T wq()

Ecin pammyc MacCMBHOM YepHOM OBIPHI B3STb B COOTBETCTBUH C
Teopueit sdupa (5.9.5)KaK lo.q,=1,13310™M, To cpeaHss MIOTHOCTH
TaKOU 3BE3/bI OyIeT

Pou=1,6T10Pkr/m° (5.9.7)
Oro 3HauyeHHe OJU3KO K 3HAYEHWSIM IUIOTHOCTEHl OOBIYHBIX 3Be3[
6enbix kapmukos (0.400°%kr/v®-0,900 kr/vd).

Utak, MBI WMeeM pa3HbIe OILEHKH JJIsi ONpEJICICHUs paauyca
CBEpPXMAacCCHUBHOM YEpHOM JBIPBI B IIEHTPE CIUPAIbHOM ramakTuku. Ha
Kakoii W3 Hux ocTtaHoBUThCA? QueBuaHo, 4to oreHka (5.9.4)
lou=1,4910° kM, KOTOpas oKa3anach GOJIBIIE, YeM JaeT Teopus dbupa
(5.9.5) bmi=1,13910" kM, O3HayaeT IMIIb, YTO CBET OT JHOGOTrO
MCTOYHHUKA BHYTPH 3TOH 00J1aCTH HE CMOXKET €€ TIOKUHYTh.

Paamyc He MokeT OBITh MEHBIIE, YeM pPaJuyC CBEPXMAaCCHUBHOMN
HeitrporHoii 383161 (5.9.6) £,,=0,310" kM, T.K. BeecTBO He MOXKET
OBITh CKAaTO CHIIbHEE, YeM HEWTPOHHAS >KUIKOCTh C IUIOTHOCTHIO
pr=10"kr/m%. Ouenka (5.9.6)03Hauaer To, 4TO Ha rpaHHIE OOIACTH C
pamuycoM Fomii=1,13510" kM >upHBIi Ta3, TOCTUTHYB MaKCHMATIBHO
BO3MOXHOH CKOPOCTH Vg TEPEXOJHUT B CBOIO JKUIKYIO (azy c
TUIOTHOCTHIO HEHTPOHHOU KUAKOCTH. T.0. MOXKHO ¢ OONBIION monei
YBEPEHHOCTH OXHJATh, YTO PAJNYC CBEPXMACCHBHOM YEPHOM JBIPHI C
maccoit m,;=0,008M,,, nexut B npeaenax

0,310" kM< fo.; < 1,13510 kM (5.9.8)
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HamoMHMM, 94TO B OCHOBE BCEX PACCYXKJCHHUIA O CBEPXMACCHUBHBIX
YEepHBIX JbIpax JEKUT TOT HAOIIONATENBHBIN (hakT, 4TO B IEHTPAx
CIIUPATHHBIX TAAKTUK ACTPOHOMBI HE BUIIAT U3IYUYCHHS OT JIOKATBHON
3BE3/Ibl, HO CYMEIU Pa3TisAeTh, YTO OKPYKHBIC CKOPOCTH OJIMKAUIIIIX
K IEHTPY 3Be3 aHoManbHO BhicOkH U=50000Gm/qac=14Ckm/c. Bes
9TOM MEHTPaIHLHOM MacChl OHU JOJDKHBI OBLTH OBl OBITH YpE3BBIUANHO
MaJIbl.

ACTpOHOMHUYECKHE HAOIIOACHUS TOKa3bIBAIOT JIBOMCTBEHHYIO
ponb  simep ramaktik. C OJHOM  CTOPOHBI  LIEHTpANIbHBIE
CBEPXMACCHBHBIE  HEHTPOHHBIC  YEpPHBIE  JABIPEI  OONagaroT
CBEPXPa3pyIIUTEIBHON CHWJIOH TSKECTH, CIIOCOOHOW OecciieHo
MOTJIOTUTH JIIO0YIO PACIIOJIOKEHHYIO OOJIM30CTH 3BE31ly HIIM JIPYroe
MaTepuanbHOe 00pa3oBaHue. B CBS3M ¢ 3TUM acTpOPU3UKU CUHTAIOT,
YTO B IEHTPaX UYCPHBIX [P HAXOAWUTCA CHUHTYISIPHOCTH. Ilo
OTIPEJICIICHUIO-OTO TOYKA , B KOTOPO# Kcue3aeT BemecTBo?? Hacerna
umn Ha Bpema?? Kak sto mpomcxomut?? Kyma oHo neBaercsa??
Actpo¢usrka 00BACHUTH 3TOr0 He MOXKET. Teopus aupa qaet oTBeT
Ha OJTOT Bompoc. B uyepHONl HEHUTPOHHOM JbIpe  BEIIECTBO
npeoOpasyeTcs B 3(PHUPHYIO JKHIKOCTh OOJBIION IUIOTHOCTH. M3-3a
MaJIBIX COOCTBEHHBIX pa3MEpOB aTOMOB 3(upa MpoIecc MOTIIOIECHUS
3(MpPHOTO raza W BEIIECTBA PACTATHBACTCS HAa MIJUIMAPHABI JIET, HO
HEM3MEHHO 3aKaHYMBACTCS CO3JaHUEM HOBOTO BEIIECTBA M BHIOPOCOM
ero Ha TpocTopbl BceneHHO#, T.K. UMEHHO W3 SACp TalaKTHK
HAOJIOJAIOTCS MCTEYCHHUS OTPOMHBIX MacC HEHTpaibHBIX Ta3oB. T.0.
CBEPXMACCHBHBIE _ HEHTPOHHBbIE 4YepHbIe  JbIPbl __ SBJISIOTCH
OTPOMHBIMH _KOTJIAMH, B_KOTOPbIX M3 3(Upa W NOTJONIEHHBIX
3B€3/1 BAPUTCH HOBAas MATEpPH JUIA IAJbHEHIIEro ee KPYroBopoTa
Ha npocropax BceejieHHOI.

Ha npumepe 3Be3n OenbIX KapiWKOB U HEHTPOHHBIX ITYIILCAPOB,
KOTOphIE ~ O0pa3oBajMch B pe3ylbTaTe  KojUiamnca, — T.C.
KaTacTpO(UIECKOrO CXaTHig MaTepUH, CISAyeT OXHUAATh, YTO
CBEPXMACCHBHBIC YepHbIC HEHTPOHHBIE JIBIPHI B IIEHTPAX CIUPAIbHBIX
TaJllakTUK OYeHb OBICTPO BpammarTcs. SICHO, YTO TPOTHBOCTOATH
cOCCHBILIEMYCSl TATOTCHHIO MOTYT TOJBKO IIEHTPOOEKHBIC CHIIBI TPU
JBW)KEHUH 3BE3]l BOKPYT IIEHTPOB TaJlaKTHK. [[eHTpOOEKHBIE CHIIBI
MOTYT TIO HallleMy MHEHHIO TPUBOJUTH TakXKe K BBIOpOCaM MaTepuu
U3 ICHTPOB TAJAKTHK, €CIU IEHTPOOCKHBIC CUJIBI IMPEBBICAT CHITY
TSKECTH.
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Paccysknas Tak jke, Kak 3TO ObLIO CAEIaHO HAMU MPUMEHHUTEIHEHO
K spy aroMa BOJOPOJa, HCHOJIB3yeM IOJTYy4eHHOE YCJIOBHE €ro
paspymrenus (2.1.21)

2
Fu - M@ >1 (5.9.9)
I:p 4” |]O—w) Epe

B sTOM ycnoBuu Maccy siipa aToma, ero paJnyc U yriloByF CKOPOCTh
BpalICHUS 3aMEHHM Ha COOTBETCTBYIOIIINE napameTpbl
CBEpPXMACCUBHOW YEpPHOU JBIPHI. mo.qﬂ=10°’91<r (Macca HEWTPOHHOIM
YEepPHOW IBIPbI B IEHTpe MIICYHOTO MyTH). (W-YIJIOBas CKOPOCTh €€
BpALICHUS. loq; — PAJUYC YEPHOW IBIPBI. YUTEM, YTO YepHas JipIpa B
ICHTPE TallaKTUKH HAXOAMTCS BHYTPH CQepbl ¢ paanycoM,
ompeesseMbIM BeIpaxkenueM (5.9.5).

IMoxacraBum 3uauenue masienus (1.12.4)B yciaoBue paspyrieHus
3Be3/IbI HIeHTpoOexkHbIMU critami (5.9.9).0Tkyaa noxyyaeM 3HaueHHE
YIJIOBOM CKOPOCTH BpAILCHUS CBEPXMACCHUBHOM YEpHOW MABIPHI B
neHTpe MIle4HOro MyTH, PU MPEBBIIICHUN KOTOPOTO LEHTPOOESIKHBIE
CHJIBI TIPEB30OWAYT CWIIBI JABICHHS M 3Be3/la COPOCHT HW3JIUIIHIOIO
Maccy

4” |]‘0q() Epe

m,

e fo,=1,13510"M, p=6,426 H/M?>, m,=10%r. D10 3HAucHHE
COOTBETCTBYET IEPUO/IY BPAIICHHUS

7 65,60 (53.1
w

=0,095%", (5.9.10)

IIpu 3TOM OKpYXHBIC CKOPOCTH Ha TMOBEPXHOCTH 3BE3IbI —ICPHOM
JIBIPBI Oy YT
4,=wil,.,=10,861Cw/c, (5.9.12)
UTto mpeBbIaeT CKOpOCTh cBeTa B 3,6 paza. Bo3MOXKHO MBI 3aBBICHIIH
3HAYCHHE paJnyca YEepHOW IbIpbl. ECIH OH MEHBIE, CKOPOCTh Ha
MOBEPXHOCTH YEePHON IBIPHl HE TPEBBICHT CKOPOCTH cBeTa. Eciu
yIJIOBask MU OKPY)KHAss CKOPOCTH MPEBBICSIT HaWICHHBIC TMPEICTbHBIC
3HAUCHHsS, TO 3Be3[]a COPOCHUT JIMIMHIOID MAacCy W YMEHBIIUT CBOH
pasmepbl. MBI He 3HaeM, MPOM30HAET JIM 3TO IBOJIOIMOHHBIM MyTEM
WU B pe3yJIbTaTe B3PHIBHBIX MPOIECCOB.
Ecau 3T0 mpoW30iIeT SBOIIOIMOHHBIM ITyTEM, TO BBIOPOIICHHAS
MaTepuss HE CMOXKET MOKHUHYTh MpPEIesibl 00NacTH , ONMpeaesaeMoi
pamuycom (5.9.4) £.,=1,4910° kM, T.K. ee CKOPOCTb HE IPEBBICHIA
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3HaYeHHWE CKOPOCTH CBETa M MAaKCHUMaJbHO BO3MOXKHOW CKOPOCTH
Teuenuit 3¢pupa Vma,=5,210Pm/c. Eciin npousoiieT B3pEIB 3BE3/bl, TO
MOSIBATCSL JIOTIOJTHHUTENIbHBIE paJdalibHBIe CKOpOCTH. B 3ToM ciryuae
MOXHO OXKHJIaTh, YTO OHU IPEBBICIAT CKOPOCTh Vmax B TIOKUHYT
00nacTh BOJIM3Y YEPHOU JBIPHI B BUJIE BEIOPOCOB pACKaJICHHBIX T'a30B.

Hamm pacuerhl mokasany, YTO CBEpXMacCHBHAs dYepHas JbIpa
SBIISICTCSL OYEHb IUIOTHBIM O00Opa3oBaHUEM, WMEIOIUM TUIOTHOCTh
TaKyl ke, Kak y Oenbix kapnukoB. CTpyd sdupa, Magaroiiye Ha
TaKylo IUIOTHYIO MOBEPXHOCTh HE MOTYT CBOOOJIHO MPOHUKATH CKBO3b
3Be3my. Iloaromy, mporecc B3auMOACHCTBUS CTpyd ddupa ¢
MOBEPXHOCTBIO 3Be37bl OyZeT HANOMHHATH AKKPEIHIO BEIIECTBA,
coaepskamierocs B cTpysix 3¢gupa. Pazdepem 3To Ha mpumepe.

Ilyctb Macca W paadyc CBEpXMAacCUBHONW HYEpHOU JbIPHI
Moq_ﬂ=109’91<r, r0=1,135-16°M 3Be3/ma €XKECEKYHIHO W HEMPEPBIBHO
noryiom@aer JQUPHBI Ta3, B KOJWYECTBE, OKBUBAJICHTHOM (B
coorBercTBuu ¢ (1.3.7)),K0muuecTBy 6APHOHHOTO BEIIECTBA

AM=M-M = M ( ek -1)= Mot

rne M u Mg-Macchl 3Be3/Ibl B paccMaTpuBacMblii MOMEHT BPEMEHH U

Ha MOMEHT Hauajna oTcuera. I[lOTOK BemlecTBa, MAJAIOLIEro Ha

HIOBEPXHOCTH OEJIOro KapiiuKa B €IMHHIYY BpEeMEHH, OyAeT paBeH
JsM/t= M,[a/k=0,29810%kr/c

CKOpOCTh, C KOTOPOW BEIIECTBO MEPECEKACT MOBEPXHOCTH 3BE3IIbI

omnpeaensiercs popmysoit (1.3.8)

M 5 1gaciu,

(o]

B arrlp,r
YTO YyTh MEHBIIC Vma=5,19610%w/c. OHeprusi, MOCTymawmas K

MOBEPXHOCTH 3BE3[bl B EIWHUILY BPEMEHH paBHA KHWHETHYECKOH
SHEPruu MOTOKA 3TON Macchl

Q=0,5J%=4110Br=410"5pr/c

3a 15 mupa.aer (4,72310'c ) BHYTpH YepHON ABIPHI CKAILIMBACTCS
KOJIMYECTBO SHEPrUM (YepHast IbIpa HE M3IydaeT SHEPIHIO)
L=@=4010"4,72510''=1,8910°*pr

JToii __3Hepruu _BIOJHE JIOCTATOYHO, 4YTO0bl _O00bLICHUTH
JHEPIHI0 B3PbIBOB, MPOUCXOAMAIIMX B PATHOIAIAKTHKAX M JAPYTHX
3araJl04HbIX 00beKTax BcesieHHOIi, IPH KOTOPBIX 0OJIHOBPEMEHHO
BbIe/IsIeTCsl 0rpoMHas SHeprus nopsiika E =10%pr. Kak cunraer
COBpeMEHHast acTpo(H3HKa, Takas SHEPrUsi MOIJIa Obl BBIICITUTHCS
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TOJILKO TIpY OJHOBPEMEHHOM SICPHOM B3PBIBE BCEX 3BE37 LEIOU
TaJlakTUKH. JTO, KOHEYHO, HEBEPOATHOE COOBITHE B OTIUYHE OT
B3pbIBa OJHOH, XOTSI U OYCHB OOJIBIIION CBEPXMACCUBHON 3BE3/IHI. .

Jlamee ocTaHOBUMCS e€Ille Ha OJHOM aKTUBHO OOCYXJIacMOH B
nociieiHee BpeMs mpodsieMe. bombImmM qoCTHKeHHEM, OTKPBIBAIOIITUM
MyTh K TIOHUMAaHWIO MHUPOYCTPONCTBA, aMEpPUKAHCKHE YUCHBIE
CUMTAIOT OTKPHITHE UMU CBSI3U MEXKIY “CUTMON~ M Maccoi TaJlaKTHK.
“Curma’- 3T0 TO OMPEIEICHUIO aMEPUKAHIICB CKOPOCTh, C KOTOPOM
3Be3Ibl JBIDKYTCS Ha Kpaio ramakTukd. OHH HE YyBCTBYIOT
MNPUTSDKEHUE OT CBEPXMACCUBHOW HEUTPOHHON YEpHOM NBIpPBI U3-3a
OOJBIIIOTO YAAJICHUS, & 3aBUCAT OT BCEH MaCChl TAJTAKTUKH.

C mnoMompI0 KOCMHYECKOTO Teneckoma “Xabbm”  ObUIO
BHITIOJTHEHO ~ MHOTO  HAONIOJIEHWH  CIHPANBHBIX  TaJlaKTHK,
MO3BOJIUBIINX TOCTPOUTH TPapUK 3aBUCHMOCTH MAacC TaJlaKTHK OT
curMbl. Bce JKkcnepuMeHTanbHBIE TOYKM CTPYIIHPOBAINCH Ha
rpaduKe 0KOJIO0 MPSMOH JIMHUHY, BEIXOAIICH N3 Hadaia Koopauaat. U3
Yero CIEAYET, YTO UMEETCS JIMHEWHAs 3aBUCUMOCTh MEXKIy MacCoi U
curmoii. OgHAKo, HAOIOMAIONTHICS 3HAYNTENBHBINA Pa30dpoCc TOUEK Ha
SKCIIEPUMEHTANBHOM Tpaduke O3Ha4daeT, dYTO JTa CBA3b HE
onHO3HauHA. VMeroTcs Apyrue (akTOphl, TAaKKE BIUSAIONIME HA
MOJIO’)KEHUE TOYCK. BBISCHEHHIO MCTHHBI MOTJa OBl IOMOYb TEOPUS ,
HO e¢ HeT. [I[puMeHHuTensHO K TeopuH ddupa peds UAeT o GopMyIie
(5.7.9) nns  OkpyXKHOM CKOPOCTH 3Be3l 3a MpeleiamMH sijapa
TaJIaKTUYECKOTO BUXPS

Wrwo, 12, [ /rop (5.9.13)
B sty gopmyny Macca ramakTuku He BxoauT. OJHAKO, B HEE BXOMIUT
MIPOU3BE/ICHIE oogmgg, XapaKTepU3yHllee IHUPKYIAIUAI0 CKOPOCTH
TaJlaKTHYECKOT0 3(QUPHOTO BUXPSI, TIOJICYUTAHHYIO TI0 TPAHUIIE S/pa

[, =211, 17, (5.9.14)
JomkHa cymecTBOBaTh CBS3b MEXIy MHPKYISAIUEH CKOpOCTH
(HampspKeHHEM) TajJaKTHYeCKOro A(GHUPHOrO BHUXPS W BEIMYHHOM
Macchl BeIIECTBA TaJlAKTHUKH, T.K. MEXKIy Maccod Ten u ee
MIOTJIONIATEIFHON CITOCOOHOCTBIO CYIIECTBYET OJHO3HAYHAS CBSI3b
(1.3.4).13-3a normorienns >pupa 3Be31aMH TaJaKTHKK B T0JIe ddupa
peanuzyeTcs pagualbHOC TEYCHHUE II0 HANpPAaBICHHIO K IEHTPY.

WNMeHHO 3TO pamuanbHOE TeueHHEe O0yCIaBIMBACT CUIY TATOTECHUS U
SBISETCSI  OCHOBOIIOJIAraroIIyM. Ho oHO HeycroiuuBo H
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CBOpAuYMBACTCA B BUXPh. [109TOMY MOKHO OXHAATh, YTO HMEHHO
ramaKkTHYECKHi d3PUPHBIA BUXph GOpMUPYET (OPMY TaTaKTHKH.

Haiinennass aMepHKaHCKUMH acTPOPHU3UKAMU 3aBUCHMOCTE CHT'MBI
OT MacChl TATAKTHK MOXHO MPEICTABUTE B BUEC (HOPMYIIBI

=AM, (5.9.15)

Kosddummenr mpomoOpUHOHAIEHOCTH — ONpPEAEIMM 10  JaHHBIM,
moayuenuasiM s Comuma U=226Gm/c w1 MieuHoro  myTH
M,,,=210"kr

U
A=—2 =1 1310 [m/cRr] (5.9.16)
Comocrassst popmyist (5.9.13)u (5.9.15) Haxoaum
alllr
—= =AM, (5.9.17)
ropb

OTkyna MOXXeM HaWTH BBIPAKCHUE I IUPKYJSIHH CKOPOCTH
TaJIaKTUYECKOTO BUXPA Yepe3 Maccy MIIEYHOTO Ty TH

A[rODb )
J — M, =4,310"m7c (5.9.18)
ald
— - 019 —1.-1 —_ — 017

I'ne ropr=3 knc=910"™M, a=1c”, t=15mupa.rer=4,72310 ‘c. 3Hanue
BEJINYMHBI IIUPKYJSIIANA CKOPOCTH TaJAKTHYCCKOTO BUXPS OTKPBIBACT
BO3MOYKHOCTH [UUI1 aHajn3a CHJIOBOTO B3aMMOIEHCTBUSA TalaKTHK
MEXIy COOOH B cllydae, TaK Ha3bIBAEMbIX aHOMAJbHBIX TaJaKTHK U
KBa3apoB.

5.10KopoTkonepuoanyeckue MyJabcapbl
U HEHTPOHHBIE 3BE3/IbI

[lynbcapamMu Ha3BaHbI 3BE3/bI, SABISIONIHECS HCTOYHHKAMU
KOPOTKHMX TEPUOTUUECKUX WMITYyJIBCOB PaJau0 W PEHTTCHOBCKOTO
U3Iy4YeHHs. BOJBIIMHCTBO IMyJbcapoB, WX u3BecTHO okojo 300,
W3JTy4al0T UMIYJILCHl C OYCHb KOPOTKUM mepuogom  Tllc. (B
untepBasie T=1+3c). Ho W3BeCTHHI TaKke KOPOTKOMEPHOAUUICCKUE
myibcapsl [9]: PSR0835-4% nepuomom T=0,08% u PSR0531+21 ¢
nepuogom T=0,032. [Tocneanuii pacmoyioKeH B LIEHTPE KpaOOBUIHON
tymanHocTH. B [12] oTmewaercsi, YTO MyJdbcap-peKOPACMEH C
HauMmeHbpimuM mepuogoM 1=0,0015% oOnapyxen B 1982 romy B
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co3pe3nuu Jlucmuku. OTKpBITHE MyJbcapoB oTMeueHo B 1972 romy
HobGeneBckoit mpeMuei.

[leprognuHOCTE  paiMOCUTHANA  CBS3BIBACTCA C  OBICTPBIM
BpalllCHUEM TaK Ha3bIBAEMBIX HEUTPOHHBIX 3Be3A. CumTaeTrcs, 4To
3BE3/1a-UCTOYHUK W3ITyYeHHH Bpaimaercs HarnomoOwe (oHaps Maska.
DTO co3mMaeT TMPEPHIBUCTOCTh M3IIy4YCHHs. UYTOOBI OOBSICHHUTH
Haumenbiuit mepuox  1=0,0015%, mnpenmonaraercsi, 4to 3Be3da
BpaIaeTcsi ¢ OTPOMHBIM 4HCIOM 000poToB N=64506/c. TIpu sTOM
BO3HHMKAET OMACHOCTh, YTO OHA OyaeT pa3opBaHa IEHTPOOCKHBIMH
cwaMu. YToOBI 3TOT0 HE MPOU3OIILIO0, MPUXOUTCS MPEATIONAraTh, YTO
ee pamuyc MeHbie 20 kM. IIMOTHOCTH BelecTBa TaKOH 3BE3/bI
NpUOTH3NIACH K TUIOTHOCTH BEIIeCTBA aTOMHBIX sgep P=10"kr/m’.
MIMeHHO 3TH 3Be3/bl HA3BaHBI HEUTPOHHBIMU. 11X Macchl OllEeHUBAKOTCA
B npeenax ot 1,410 3 macc ComHiia.

BemecTBo, cxkartoe A0 TakoW IUIOTHOCTH 1O MHCHUIO YYCHBIX-
pa3paboOTUYMKOB TEOPHHM HEHUTPOHHBIX MYJIbCAPOB MpEBpaIlacTcs B
CMeCh HEHTPOHOB C HEOOJBITON MPUMECHIO IMPOTOHOB U AJICKTPOHOB.
Buyrpennee YCTPOMCTBO 3BE3/IbI OIHCHIBACTCS BEeChMa
NpUOIM3UTENHHO, TaK Kak (hU3WKa HE pacrmojiaracT HEoOXOIUMBIMU
3HAHUSIMH O CBOMCTBAaX B3aWMOJICUCTBUS HEUTPOHOB B YCIOBHUSAX
orpomuoro cxatus [12]. TeM He MeHee CUMTAETCS, YTO HEHTPOHHAS
3Be37la TPECTABISAET COOOW HE Tra3oBYIO, a XUAKYH chepy. MuHaue
NPUIIIOCH ObI MPENOJIOKUTh, YTO Ta3 B ILEHTPE 3BE3JbI CXKAT JIO
0oJiee TUIOTHOTO COCTOSIHHUS, Ye€M BEIECTBO aTOMHBIX sjep. ITo, HOo-
BUJMMOMY, BBIXOJUT 3a pPaMKH CaMbIX HEBEPOSTHBHIX (aHTa3UN.
[TonararoT Takke, YTO HEHTPOHHAS YKHUIIKOCTH JTUIIICHA BI3KOCTH.

BripabateiBasi cBOE OTHOIIIEHUE K HEHTPOHHBIM 3BE3/1aM, CIIEAYET
MOMHHUTh, YTO AWAMETPHl U TUIOTHOCTH ITHX THIIOTCTUYCCKUX 3BE3]
HUKOTJIa U HUKEM He u3Mepsuiuch. CaM (pakT uX CyIIecTBOBaHUS
HENMKOM OOYCIIOBIIEH TOJBKO TEM, 4TO He ObLIO HalJEHO JPYroro
0OBSICHEHHSI, KpOME OBICTPOTO BPAIICHHS 3BE3IbI, IS HAOIIOdacMOM
MPEPBIBUCTOCTH W3IY4YCHHS ITyJdbcapoB. ChIrpaio CBOK pOJb, TO-
BUJIMMOMY, €Il  JKeTaHWe  psja  BIUSATCIBHBIX  YUYCHBIX
MaTepHaIn30BaTh TECOPETUIECKYIO MOJIENIb HEUTPOHHOM 3BE3/IBI.

Hamu comMHEHHs B TPaBWIBHOCTH OOIIETIPUHATOTO OOBSICHEHUS
MUTaHUS TYyJIhCapOB OCHOBAHBI HA TOM, YTO HEUTPOHHBIC 3BE3JIBI
OKa3aJIMCh HAMHOI'O0 MEHbBIIIE MUHHMAIBHOTO pajnyca BUIAMMOCTH
3Be3n (5.8.4). 3Be3mpl Takoro pasmepa TOAATCS TOJNBKO HAa POJb
"uepHpix OpIp". B cBM3M ¢ 3TUM mompoOyeM COCTaBUTH CBOE
COOCTBEHHOE TMPEJICTABIICHUE O TOM, HE MOTYT JIM HEKOTOphIe U3

196



PEaNbHO CYIICCTBYIOIIMX M HAOIIOJAEMBIX 3Be3]] "OCNBIX KapIUKOB"
BBICTYIIaTh B POJIH MYJIbCapOB. JIJIs OIIEHKH MOYyYNM YCIOBHE B BHJIC
OTHOIIICHUS CWJIbI TSDKECTH Ha MOBEPXHOCTH BPAIIAFOIISHCS 3BE3IBI K
HEHTPOOCKHOMN CHUIle, KOTOPOE, YTOOBI 3BE3/1a HE pa30pBalach, TOHKHO
OBITH OOJIBIIE WIJIM PAaBHO CIUHUIIE:

ExlFus = fmTH4r0rS 2 1, (5.10.1)

rae T - mepwoja BpamieHHst 3BE37bI; M - Macca 3Be3MbI; I, - pauyc
3BE3.IBI.

PaccMoTpuM caMblii  pacnpOoCTpaHEHHBIM TEepUOj  BpalllCHUS
KOpOTKONeproandeckux myiabcapoB [14] T = 1c. Ecnu Obl ¢ Takum
MePUOJIOM Bpalliajach U U3Iydasia PaJrioBOIHEI 3Be371a OBl KapiuK
Bombh-457 (mapamerpsl cMm. B Ta6m1.1.6.2), To cuima TsoKeCcTH Ha €€
HOBEPXHOCTH MOYTH B IISATh pa3 MpeBbIlaia Obl HEHTPOOSIKHYIO CHITY.
DOTOT TmpuMep TOKa3bIBaeT, YTO YacTh O€JBIX KapJIUKOB C
nmapaMeTrpaMu, OJM3KHUMH K 3Be3ae Bonab(-457, BrmoiHe MOryT
OBITh KOPOTKONIEPHOANIECKIMHU HyJIbCapaMu. HawubGonee
pacnpocTpaHEHHbIH B TIPUPOAE MEPUO ITyJIbCALMIA U, CIICIOBATEIBHO,
nepuon BpameHuss T = 1c+3c He MOKET IPUBECTH MX K Pa3pyLICHHUIO
HEHTPOOCKHBIMH CHIIAaMH. [Ipy 3TOM cieqyeT 0co00 MOMTYEpKHYTH,
YTO JTO peallbHO CYNIeCTBYIONME W  HaOiromaemple, a He
npunymannsie 3BE3abl.  [loacraBuB B Qopmyny (5.10.1) Bmecto
pamuyca 3BE3NbI [, 3HAUCHUE  Fomin U3 hopmynsl (5.10.3), moxyunm
OTHOIIICHNE CHIIBI TSHKECTH K IEHTPOOEKHOU CHile Ha TOBEPXHOCTH
BpAIAIOIIEHCs 3BE3/Ibl, HAXO/SIICHCS HA MOPOTE BUAMMOCTH:

2 V3 3
ExlFus = J? % >1, (5.10.2)

rae Vimax =51961%M/c, a =1¢. Maccnr Genbix KapJIUKOB 3aKIIOYECHBI B
npegenax m = (0,2+ 1.4)M., rae M, = 2 [(110* r - macca Conrra. Dt
npenensl onpenenensl yuéueivu JI.J. Jlangay, C. Yannpacekapom u3
YCIIOBHSI YCTOHYMBOCTH XOJIOMHOTO BBIPOXKJICHHOTO ra3a [14].

Jns mambonee mupoko HabmromaeMoro Bo Bceenennoi mepuona
BpalICHUS KOPOTKOTIEPHONICCKUX MyJTbCapoB T=1c+3c
paccMaTpuBacMbIl TMana30H Macc OEbIX KaplIMKOB YAOBJICTBOPSICT
yenoButo (5.10.2). Jns 3Be3ant ¢ Maccoit Connna on paseH 11,75.
CrnenmoBarenbHO, 93T 3BE3ABI  HE MOTYT OBITh  pa3opBaHbI
IIEHTPOOCKHBIMH CHIIAMHU.
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[Mynscapst PSR0845-4% nepuogom T = 0,082, PSR0531+2k
nepuogoM T = 0,033 u, ocobeHHO, mynbcap B co3Be3auu JIMCHUKH €
nepuonom T=0,0015% w©e ynoenerBopsitor kpureputo (5.10.2).
[MosTomy crieyet HaiiTh qpyroe oObsICHEHNE HAOMIOAaeMbIX SIBICHUI.

Hrak, u3 300 M3BECTHBIX NMYJbCAPOB TOJbLKO TPH CO31AI0T
1poodJieMy, T.K. OHH He YI0BJIeTBOPAIOT yciaoBuio (5.10.2). Tem He
MeHee, IpeHeOperaTb 3THM HeJib3sl. Y COBPEMEHHOi acTpoU3NKH
AJig 00bsICHEeHN s 3TOro eHOMEHA He 0CTABAJIOCH IPYIOr0 BBIX0/a,
KpOMe VMeHbIIeHUs PaJNYCOB MyJbcapoB 0 20 KM, MOCKOJIbKY
CUMTAETCH, YTO NPOCTPAHCTBO BOKPYTr 3Be3q myctoe. Kpyrom
TOJABKO  M3JY4YeHWsl OT  JAPYIUX 3Be31 M HeBeCOMble
3J1eKTPOMATHUTHBIE NoJs. B Teopuu 3¢upa HeliTDOHHBIE 3BE3/bI,
KAK W BCe JAPyrue 3Be3[bl, OKPY:KEHbI J0CTATOYHO ILUIOTHBIM
noJieM 3¢upHoro ra3a. B a¢gupe nmeercs BbIcOKOe 1aBJIeHUE U ITO
JABJIEHHE TaK:Ke TNPOTHBOJEHCTBYET PAa3phLIBY BPAIIAIOUINXCS
3Be31.

VY OOBIYHBIX TA30BBIX 3BE3]] ITO BO3JCHCTBHE HEBEIUKO M UM
MOXHO TmpeHeOperatb. OHO CTAaHOBUTCS 3aMETHBIM H  JaXKe
pemaromuM  QakTopoM, €ClIi  TOBEPXHOCTh 3BE3/Ibl  OKPYXKCHA
CIUIOIIHBIM ~ CIIOEM  IUIOTHOTO  BEIIECTBA, OTOPOILCHHOIO  Ha
nepudepuro HeHTPOOSIKHBIMU CHIIAMU U YIDIOTHEHHOTO MPH OBICTPOM
BpameHuu  3Be3nbl.  [lomaraeM, d9To 3TOT CIIOH  CIIOCOOCH
BOCHPUHUMATH JaBJICHUE OKPYKAIOIIETO TOJIs d(Upa U YTO JaBICHUE
a(upa yaepKUBaeT 3Be3/Iy OT Pa3pbiBa HEHTPOOCKHBIMU CHUIIAMH.

Jlist aHaM3a BOCITOIB3YEMCS YCIIOBHEM paspbiBa aroma (2.1.21),
3aMEHHB B HEM MacCy aroMa Maccoil 3Be3JIbl, YIIIOBYIO CKOPOCTh
BpalllcHHsT aToMa Ha YIJOBYIO CKOPOCTh BpAILCHUS IIyJbcapa B
cosBesmun Jlucmakn w=4.0910°" (n=646/c); r,-Oymer o3HadaTh
pammyc 3Be3bl. Jaienue sdupa p=6,426107°H/m?

dFl;.ﬁ. _i mwz
dF 4arrr, [,

p

HyXHO MOMHHUTB, YTO MYJIbCAPHI-PEKOPACMEHBI KpalHE PEIKO
BCTpeuaroTcsi BO BcenenHol. JTo0 HEeoObIYHBIE 3Be3bl. [loaTomy He
TaK MPOCTO MOJ00pPATh CPEeIH M3BECTHBIX 3BE3] TAKYIO 3BE31Y, YTOOBI
oHa ymosierBopsna ycimosuio (5.10.3),Bpamasice ¢ urciaoMm 060poToB
N=64%06/c. D10 MHOrO Ha)ke I 3eMHBIX MEXAHU3MOB, BLIITIOTHEHHBIX
U3 CcaMBIX TMPOYHBIX MATEPHAIOB, CIOCOOHBIX TIPOTHBOCTOSATH
pa3pymUTEeILHOMY AEHCTBHUIO IEHTPOOEKHBIX CHII.

>1 (5.10.3)
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Kak Hu cTpanHO, HO Ha 3Ty POJIb TApMOHUYHO Tofomen FOnurep,
MMEIONIHT CIeIyIONHe MapaMeTpsl; Macca My,=1,89107'kr, pamuyc
loo=70M. XoTs coGcTBeHHast yrioBas cKopocTh IOmmrepa
w,=1,7610%" (monHoe obpamenne BoKpyr cmoeii ocu IOmmrep
coBepimaeT Bcero 3a 9 vacoB 55 MuHYT), mpu pacyeTe BO3bMEM ee
TaKoif, KaK y myascapa B cospesauu Jlucuuku w=4,0910°c™". B stom
ciyuae Beipaxkenne (5.10.3) mokaseIBaeT, UTO paspyliaromias 3Be3Iy
HEHTPOOEKHAsE CHJIa OKa3blBaeTCS MCHBINE CHJIBI  JIABJICHUS,
CACPKUBAOIICH pa3pyIlIecHIe

gFF=0,54 (5.10.4)

KoneuHo, cpa3zy e MOTYT TOCJIEZIOBaTh Bo3paxeHus, uto FOmurep
He 3Be3/1a, a ianera. OJIHaKo, 3TO elle BOMpOoC, YTO CUYUTAThH 3BE37I0H.
Ms1 yxe ynmoMuHANU paHee, 4To IOmuTep W3iydaeT B OKpyXKaroliee
NPOCTPAHCTBO B JiBa pa3za OoJibllle TeIJla, YeM I0Jy4aeT e€ro OT
ConHna. 10 SBIETCS MPHU3HAKOM 3BE3IBI U BPSA JIH MOXET OBITh
OCIIOPEHO TeM, 4To 3a 3,5 MIIpA. JeT OH emie He ocThul. CIHIIKOM
MHOTO TMPOIUIO BpeMeHHu. MccaenoBanus mokaszanu, 4yto FOmurep kak
n CoinHIle COCTOMT W3 Bojgopoma u Tenus. C ATOM TOYKH 3peHUs
IOnutep- manenvkas 3Be3na. OHa HE CTaja CaMOCBETAIICHCS W3-3a
TOTO, YTO SHEPrus TPaBUTAIIMOHHOTO  CXKATHUSI  OKa3aiach
HEJOCTATOYHOW I  BO3HUKHOBEHHS B  HEM  yCTOWYMBBIX
TepMosiaepHbIx peakiuii. CoryacHo riasam 1.3u 1.1410nurep, Kak u
JIpyTHe MacCHBHBIC Tena BCeneHHO#, cO BpeMEHEM HarpeBaeTcs W B
OyaylieM, YBEIMYHB CBOIO MAacCy H 3amachl JHEPTHH, MOXET
BCIIBIXHYTh TaK e apko, kak CoHIle.

Jlpyroe cepbe3HOe BO3pa)KeHHE CBSA3aHO ¢ TeM, uTo y lOmmrepa
HEBBICOKAsT CpeaHss TUIOTHOCTh. OHa cocraBmser Jmmb 1,33
wiotHoctd Boabl U MeHee 0,25 mmotHoctn 3emmm. Ho 3mech He
ciemyer 3a0bIBaTh, 4TO Mbl ToBopuM He o lOmwmrepe, a o apyroi
HEOOBIYHOMW 3BE37I¢, KOTOpask B CHJIY KaKUX-TO MPHUYUH PACKPYTHIACH
JI0 OYCHb OONBIION YrIoBOW CKOPOCTH. IIpm 3TOM LEHTPOOEKHBIC
CHIIBI TIEPEMECTIIIH Hauboliee TsHKeIble DIIEMEHTBI MaTepPHH U3 LIEHTpa
3Be3/bl Ha ee nepudepuro. Ha BHemHe# rpanmile BEMECTBO 0Ka3aaoch
CKaThIM € JBYX CTOPOH TPOTHUBOJCHCTBYIOIIUMH  CHJIAMHU:
MEHTPOOSKHOW CHIIOW M CHJIOW JAaBJICHHS BHEIIHETO TOJs 3dupa.
B pesynbTaTe MIOTHOCTH BEPXHETO CIOS 3BE3/BI MOTJIA MOBBICHTHCS
JI0 TUIOTHOCTH 3BE3]-O€TbIX KapJIMKOB, HAIMpHUMEp, JO IUIOTHOCTH
spkoro ciyTHuka Cupuyca pCHp=4|].07KF/M3. [ToBbIIIeHHE TUIOTHOCTH |
JABJICHHUSI B DTOM CIIO€ MOXET OKa3aThCs JOCTATOYHBIM JJISI €ro
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HarpeBaHusi A0 TaKoW TeMIepaTypel, IpPH KOTOPOH HAYHYTCS
TEPMOSIICPHBIE PEAKLUH.

TonmuHy BEpXHEr0o YMJIOTHEHHOTO CJIOS MOXHO OIPEIENIHTB,
1oJiarasi, YT0 MMEHHO B 3TOM CJIO€ COCPEOTOYEHA BCSI Macca 3BE3.Ibl

A=mJAT(T. Peup=750m (5.10.5)

B omimune ot 0OBIUHBIX 3BE31 B LIEHTPE IyJbCapa-peKopICMEHa
IUIOTHOCTh BELIECTBA MOXET OBITh OUY€Hb MaJIeHbKOH. SICHO, 4TO Yy
TaKOW HEOOBIYHOW 3BE3[bl B BEPXHEM CJOE€ MPOUCXOIAT CTOJIb KE
HEOOBIYHBIE IPOLECCH, CBS3aHHBIE C  MOIIHBIMH  Paglo |
PEHTTEHOBCKUM H3IIyYCHUSMH, 3a()UKCHPOBAaHHBIMH Ha 3emie |
3ara/laBIIMMH acTpo(U3UKaM 3arafky o IpUpPOJIE IIyJIbCapoB.

IMomytHO oTMeTnM, uto y lOmuTepa HabmiogaeTcss AOBOJBHO
3HAa4YUTEJIbHOE pajauounsiaydeHue. Bmepssie IOmurep Obul npusHaH
paanou3TyvariuM o0bekToOM B Havaie 1955T, korma coTpyaHUKH
uHctutyta Kapnerun b.®.bepk n @.JI.Opanxnun csa3zanu ¢ FOnurepom
CHJIbHBIC TICPHOIMYECKHE BCIUIECKH paaronryma Ha BoHe 13,5m [19].
Hemnoro mo3xe pagmoactponom C.A.lllaitH ycTaHOBHI, dYTO
NEPUOJUYHOCTD BCIJIECKOB PAAMOM3IIyYEHHSI COOTBETCTBYET MEPHOLY
Bpauienusi lOmurepa BOKpYr ero ocu. OTa B3aMMOCBS3b XOPOIIO
YKJIAIbIBAa€TCI B  IPEANOJIOKEHHE  acTpo(U3UKOB O  CBSI3U
HNEPUOJUYHOCTH PAAUOU3IYUEHUH MyJIbCAPOB C IEPHOAOM BpALICHUS
9THX 3BE3I.

PaccMmoTpenHas Mozienb 3BE3/1bl UMEET IIPAaBO Ha CYLIECTBOBAHUE
U MOXET OOBACHUTH NPHUPOLY Ilyjabcapa B co3Be3auu Jlucuuku c
PEKOPAHBIM YKCIOM 000poTOB N=6436/c. AHATOTMYHO OOBICHACTCS
ObICTpOE BpallleHHe ABYX IPYTHX aHOMaJbHBIX myiabcapoB PSR0845-
45u PSR0531+2% nepuonamu parienuns 0,082 u 0,033.

MoXHO yTBEp)KIOaTh, 4TO Bce "OeJble KapiWK{' BpalaroTcs C
OONBLIIMMU YIJTIOBBIMH CKOPOCTSIMH BOKpPYr cBoux oceil. Ecum,
nanpumep, cxath Comne (foe=700v, we=2,910°%") no pasmepos
3Be3nbl Boiapd-457 (I;)BOHI,qFO,?EILOGM), TO TIEPHOJ €ro BpaIleHHs Ha
OCHOBAaHWH 3aKOHA COXPAHECHUS MOMEHTA KOJIMYECTBA JBIKEHHS CTal
OBl

T=E = @=2,165:, (5.10.6)
w 29
YTO BIIOJIHE YKJIaJbIBaeTcs B HauOojiee HIMPOKO paclpOCTpaHEHHBIN
JUana3oH MepuoIoB BpaleHus myiascapoB T=1+3c. Ecnu ke pa3mepsl
OOBIYHOI Ta30BOH 3BE3IBI 10 CXKATHA HMENH MOPSIOK [o=1,400M,

yto B 200 pa3 Oompme ComHna, mpu Takoir ke kak y CouHia
200



HAYalbHOW YTJIOBOM CKOPOCTH BpAIllCHHs, TO TMOCIE CXAThUA €€ 0
pasMepoB 3Be316I Bomb(d 457 mepuo BparieHus cTaix Obl TAKAM, KaK Yy
caMoro OBICTPO BpaIIAIONIETOCs MyIbcapa B CO3Be3un JINCHUKH.

W3BecTHO, YTO 3BE3/I6I KPacHbIC THTAHTHI, HApUMeEDp, beTenbreiize
u Anrapec umerot auametpsl B 400u 300pa3 Oonbiiie conneyHoro. To
€CThb Takue 3Be3lbl BO BceneHHoil wumeroTcs. BHyTpu 3Be3fbl
Berenbreiize Moryin Obl YMECTUThCS OPOUTHI BCEX TUIAHET COMHEUHOMN
cucTeMBbl 10 Mapca BKIFOUUTENHHO. ['a3, U3 KOTOPOTO COCTOST 3BE3/IbI
KpacHble THTaHTBl OYCHb pa3pekeH. Ero IUIOTHOCTh B THICSYM pa3
MEHBIIIE MIOTHOCTH KOMHATHOTO Bo3ayxa [47].

KoHeuHo, TpyAHO MNpPeACTaBUTL TakKoe OOJBIIOE COKpaliCHUE
pasmepoB jio BenmmuuHbl 700 KM, HO elie TpyAHEe MPeICTaBUTh, Kak
9TH 3Be3Ibl CKaauch 10 pasmepoB 10:20 kM, KOTOpBIE CErOIHS
OTIYIICHBI acTpO(U3UKON HEWTPOHHBIM 3BE3llaM WM J0 pa3MepoB
3Be3/-"4epHBIX ABIP" MEHbIIE 3KkM. XOTS HET Mpejesa YeTOBEUSCKUM
(danTasusaM. Hampumep, Teopust "Oonblioro B3pbiBa’ MPEAINoJiaraer,
4TO Bes BeeneHHas koraa-To Obliia cxkara B IepBOATOM, T.€. B TOUKY.

HecmoTtpss Ha TO, 49ro Obula HaiiieHa MOJETL 3BE3[IHI,
MO3BOJNISAIONIAsT  OOBSICHUTH  OBICTPOC  BpalllcHHE  MyJIbCApPOB-
PEKOPIICMEHOB, BO3MOXHBI ~JPyrde pEIIeHHs PacCcMaTpPHBAcMOMN
npobiemsl. [ToaToMy MBI TIOJaracM, 4To CBEPXOBICTpPBIC IMyNLCAIIUU
MOTYT HE OBITh CBSI3aHBIMH C BpAIllCHHEM caMoOi 3Be3fbl. BmonHe
BO3MOXHO, YTO 3TO CBSI3aHO C BPAlICHUEM KOCMHUYECKOTO 3(QHPHOTO
Buxps 38e316! (Puc.5.10.2).Takoii BUXph BOBIIEKAET B CBOE BPaIlleHHE
AIIEKTPOHBI U MOYKET UMETh HeOObIoN quamerp nopsiaka (20-40km.
OH Bpamaercs ¢ yriaoBoil ckopoctbio w=4,0310°c™ (n=645 06/c).
[lynpcaniu BMOJSHE MOTYT OBITH CBSI3aHBI C 3TUM BpalllcHHEM. Y
COBpPEMEHHOW acTpoQU3WKH OTCYTCTBYET 3HaHHE 00 JITUX BHUXPSIX.
TToaToMy OHa 3acTaBJISIET BpaIllaThCsl C OTPOMHOM YTIIOBOM CKOPOCTHIO
3Be3ny. B 3ToM cMbIicie Teopus ddupa HUMEET JAOTONHUTECILHYIO
CTeTeHb CBOOO B TIPU MCCIICOBAHIH TIPUPOIHBIX SBICHUH.

5.113¢upoannamuka o0 KBazapax

[IpobnemaTnka kBa3zapoB MHOTOTpaHHa. [loaTOMy, MBI HCClIeTyeM
TOJIEKO YacTh OCOOCHHOCTEH, C COBPEMEHHBIM OOBSICHEHUEM KOTOPBIX
TPYAHO cormacuthes. lIpexe, 4eM MpUCTYIUTh K OOCYXACHUIO dTHX
0COOEHHOCTEW CHOPMYIHPYEM KpPaTKO, OCHOBBIBASCh HA MaTephaiax
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kaurn  A.J[.Uepruna [46], dWro cerogHs moapa3yMeBaeTCs MO
TepMUHOM “KBazap”.

KBazaper HaOmromaroTcsi Ha HeO€ B MOIIHBIC TEIECKOIBI
(pamnoTeecKomnbl) Kak KOMITAKTHBIC (TOYEUHbIE) CIabOCBETAIIHECS
00BEKTHI C OUCHB OOJIBIIMMH KPACHBIMU CMEIICHUSMH B HX CIEKTpax,
nocruraromuMu 3Hadesnii Z=ANA=0,16-6.9T10 o3Hayaer, 4TO IJIMHA
BOITHBI PHHUMAEMOT0 M3ITy4eHHUs1 10 6 pa3 0oblie UCXOTHON JITHHBI
BoyiHEI. U 310 He mpenen. Cuwraercs, 4TO KBa3aphl POJCTBCHHBI
rajakTukam. B WX sApaX TPOUCXOIAT MOIIHBIE  IMPOLECCHI
SHEPTOBBIJICTICHNS], B COTHH pa3 MPEBOCXOSIIUE JHEPTOBBIACICHUE
Harmeit ranaktuku (Mieudoro mytH). [Ipu 3TOM, 4TO 0COOEHHO BaXKHO
JUTSL HAIIeTO TOCIIEeIYIOMIET0 U3JI0KEHHSI, 3TO H3yYeHHE POKAACTCA B
ob6BeMe, cpaBHUMOM ¢ 00beMoM CONTHEUHOU CHCTEMBI (HEOOIBIIIOM I10
KOCMHYECKHM MEPKaM).

OcoOeHHOCTBIO OOJBIIMHCTBA KBA3apoOB SIBISETCS CYIIECTBEHHOE
U3MEHEHUE WX CBETHMOCTH KaXKJIble HECKOIBKO JIET W JlaKe dYallie.
[lepeMeHHOCTh CBETUMOCTH IIO3BOJISIET OICHHTH pa3sMepbl 00IacTh
W3ITy4YeHHS, yKa3aTh MX BepxHH mpenen. O METOIUKe 3TOH OICHKU
MOKHO npountath B [46]. Kak ormeuaercs B [46], camyto OoibLIyro
CBETUMOCTb B BHJIUMOM cBeTe mMeeT kBazap 3C273. Ob6macth, u3
KOTOpPOH  HCXOAMT 9TO m3iydeHme orenmBaetcs B 10w
CyliecTBeHHBIC HM3MCHEHHS PEHTTEHOBCKOW CBETHMOCTH KBaszapa
3C273 npoucxomar emie ObICTpee. DTO MO3BOJACT OLIEHUTH Pa3MEpPbI
0671aCTH PEeHTreHOBCKO# cBeTMocTH Kak 310"°M. Omun U3 kBazapoB
obagaer peKopIHO OBICTPOH MEPEMEHHOCTBIO CBETUMOCTH, KOTOpas
mensietcst  kaxaeile 20Q. DTO  COOTBETCTBYET pasMepy ero
u3Tydaomeii oomacty paguycom 610™°M. ITo BIBOE MEHBIIE paguyca
3eMHOU OPOUTEI.

B [46] oTMmeuaercsi, YTO HECMOTPsS Ha HEOOBIYHOCTH CBOWCTB
KBa3apoB, K HACTOSIIEMY BpPEMECHH HAKOIHIOCh MHOXECTBO
JIOKA3aTeNIbCTB, YTO KBa3apbl MO MOIIHOCTH H3ITyYCHUs POJICTBEHHBI
ramaktukam. OHH 3aMBIKAIOT HENPEPHIBHYIO II€Th OT MPOCTHIX
TalaKTHUK Yepe3 pPajHOTANAKTHKH, DIUTUINTHYCCKUE TalaKTHKH C
AKTUBHBIMH SIIpaMH, Cel(epTOBCKHE TallaKTHKH, JalepTuibl |,
HAKOHeIl, KBa3aphbl.

Baxxubim JUTSt HalIEro JabHEMNILEro HCCIIEA0BAHUS
NpesCTaBIsIeTcs] TOT (akT, YTO KBa3apbl UCITYCKAIOT JIMHHU TEX JKe
XUMHUYECKUX 3JEMEHTOB, uTo U CoONHIE. YUNTHIBas, YTO H3IYYCHUE
UCXOAWT OT KOMIAKTHBIX SiIEp KBa3apoB, 3TO YKa3bIBACT Ha POICTBO
ITHX SJIEp C OOBIYHBIMH 3BE3JIaMH, BO3MOXKHO, OCITBIMH KapIHKaMHU.
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B nmpeppinynmx riaBax Mbl yKe BCKPBUIM MHOTHE HEH3BECTHBIE
paHee 3aKOHOMEPHOCTH OOBIYHBIX CIIHUPATILHBIX TaJaKTHK U TaJaKTHK C
CBEPXMACCHUBHBIMH LEHTPAJIBLHBIMH YEPHBIMHU JblpaMid. lIpomomxum
HAalll aHaJIM3 IPUMEHUTEIBHO K KBa3zapaM. [Ipexkae Bcero ocTaHOBUMCS
Ha OOJBIINX 3HAYCHHUSX KPACHBIX CMEIICHUH B UX CIIEKTPAaX.

CeromHsi aCTpOHOMHSI CBSI3BIBAET OTH KpacHbIE CMEIICHUS C
3akoHOM 0.Xa06ma (5.8.1) m TeopeTHUECKHM BBIBOJOM TEOPHUHU
A.A.®puaMada O CBSI3M CKOPOCTH YAAJNCHUS OT HAC TalaKTHK C
paccrostHusAME L 110 Hac

V/C=HIRA/A=Z , (5.11.1)
rae H=10%%cm=10%m?

[TockonpKy 1715 KBa3apoB Hepenko Z>1, a y HEeKOTOphIX U3 HuX Z
Jocturaet 3HaueHus 6, To coraacHo (5.11.1)ckopocTH yaaneHus 3THX
KBa3apoB B 5-6 pa3 MpeBBIIIAIOT CKOPOCTh CBETA. JTO MPOTUBOPEUUT
OTO u sBnsercs “Taby” ms COBpEMEHHBIX Pa3AeiioB HAYKH: (PU3UKH,
ACTPOHOMUH, acTpOPH3UKH. B cBs3M ¢ 3TUM AenaroTcsl crienuaibHbIe
OTOBOPKH O TOM, 4T0 (opmyiy (5.11.1)MOKHO HCHONB30BATH TOIBKO
IIPH CKOPOCTSIX TaIaKTHK (KBa3apoB), MEHBIINX CKOPOCTH CBETA.

B rmaBe 5.2 Hamieii KHUTM oTMEYaecs, 4To acTpodu3uKaMu Oblia
npuayMana crieruansHas popmyna (5.2.3) ,uToOblI He JaTh B pacyerax
CKOPOCTH pa3zjieTa TalaKTHUK MPEBBICHTh CKOPOCTh CBETA HH MPH KaKHX
3HayeHusix Z>1. MHe mnpeacraBiseTcs, 4TO acTPOQU3UKU B ITOM
BOIPOCE HAXOJATCS B TUICHY COOCTBEHHBIX 3a0JyKJCHUI W Tropsuero
JKeTIaHus OCTaThesl B paMkax Tteopuii A.A.Dpuamana, A.DHHIMITEIHA,
Bonbmoro B3pbiBa nepBoaroma.

Ha camom pmeme sra mpoOiema, BO3MOXKHO, JIGKHT B IPYroi
IUIOCKOCTH. Benb KpacHoe cMellleHHe ONpeersieTcss HE TOJBKO
3akoHamMu .Xab0ma u Jlomepa. MmeeTcs eme TpaBUTAIIMOHHOS
KpacHOe CMelIeHHe 3Be31 B cooTBeTcTBUE C (opmynoir (4.5.3),
KOTOpOE HE CBf3aHO C PACCTOSHHUSIMU MEXIy HWCTOYHUKOM |
NPUEMHUKOM HM3IYyYEHUH M CKOPOCTBIO HMX JABWXKCHUS JAPYT
OTHOCUTENBHO Apyra.. OHO 3aBHUCHUT JUIIb OT TOTO, HACKOJBKO BEJIHKA
¥ KOMIIAKTHA Macca H3ITy4arolero Teja

8= /r -1y =
C r,

(5.11.2)

Mbl  crnenuanbHO O0paliaeM BHHMAaHUE 4YHTATeNlss Ha pa3Mephl
oOjacTeli M3IydYeHHs KBa3apoOB, IMOJYYCHHBIX B aCTPOHOMHUECKHUX
HaOJIFOICHUAX

T10"M....6010"M (5.11.3)
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Kpowme Toro, B rmaBe 43 Mbl, onupasich Ha JaHHBIC aMEPUKAHCKUX

ACTPOHOMOB, OTIPEIEITWIINA MACCY S/Ipa FalaKTHKH Kak
m=0,005M,,[1L0*r (5.11.4)

JIOCTOBEpHO HW3BECTHO, YTO M3IyYeHHWE KBa3apa HCXOJHUT OT
KOMITAKTHOT'O 00BEKTa, B IeHTpe Hamiel ['amaktuku (OT 3BE3mbl, He
CTaBIIEH CBEpXMAcCHBHOW uepHOM mwIpoi). Iloxgcumraem Z mis
KBazapa ¢ Maccou r‘nran=1()°’91<r U paguycoM, ONHM3KHM K
MHHHMAJTBHOMY pafuycy u3 anamasona (5.11.3), ;=1,510"m

z=PA_T0M _ 96 (5.11.5)
A CPr,
Takoe 3HaYeHHWE HaA CETOOHS YyXKe peanbHO 3apUKCHPOBAHO B
acTpoHOMHUYecKnx HabOmogeHusx. Kpome TOro, r, MOXET OBITh
CYIIECTBEHHO 0OJbIlle WK MeHbIe. [1oaToMy y Apyrux kBazapo Z
MOJKET MPUHUMATH JTF00bIe 3HaueHus oT Z=0,16110 Z=6 u BEIIIIC.

VY cBepxXMacCHBHOH 3BE31bI B IICHTPE TAAKTHKY, HAXOSIIEHCS Ha
nopore BuaUMOCTH (r1asa 5.9) npu pamuyce f,=1,13510"%, uucno Z
JIOCTUTHET 3HAYCHHUS

ZAX/\=65,5 (5.11.6)
3T0, TO-BHIUMOMY, MpENeNbHOE 3HAYCHHE Ui Yuciia Z BUJIUMBIX
3Be3Jl, B TOM YHCJIC B PaJIiO U PEHTTEHOBCKOM JIHANa30HaX, KOTOPOE
eIle MOXKeT “NPHUATHO” YAUBUTH aCTPOPHU3UKOB.

Mpl yke oTMevanu B riiaBe 43, 94TO CBEPXMACCHBHBIC 3BE3/bI B
[EHTpax TaJaKTHK ObIcTpo Bpamaorcs. KX yrioBas CKOpOCTh
w=0,095%" u mepuox Bpamenus T>65. PaccmarprBacMbie 3BE3/bI
SBIISIFOTCS BUAMMBIMU. [103TOMY, HX pajnychl OOJbIIIE, YeM PaHyChl
CBEPXMACCUBHBIX YEPHBIX JbIp. HanMenbmii 3adukcupoBaHHEIN B
ACTPOHOMHYECKHX HAOMOCHHAX paauyc [(=6[10'"% Bcero mmmb B 5
pa3 Oobllle MAKCHMATHHOTO Pajryca CBEPXMAaCCUBHOW YCPHOH JIBIPBI
B IICHTPE TaJaKTHKH.

[epuon xonebanuii Onecka U3MyUEeHUI KBazapa ¢ caMOi OBICTPOi
NEPEMEHHOCTBI0 WHTEHCUBHOCTH m3nydeHusi cocraBmsier 200, yrto
BCEro JIMIIb B 3 pa3a OTJIIMYACTCS OT MepHoja BpaiieHus (Mo Harei
OIICHKE) CBEPXMACCHBHBIX UYCPHBIX [bIP. ITO HABOAUT Ha MBICIH O
TOM, YTO KBa3aphl NPEIIICCTBYIOT B CBOEM pa3BUTHUH CTaJUU
CBEPXMACCUBHBIX YEpHBIX ABIP B IIEHTpax Trajmaktuk. Kpome Toro,
ObICTpasl cMEHA WHTCHCUBHOCTH W3IYYCHHUS, BO3MOXKHO, KaKHM-TO
00pa3oM cBs3aHa C YIIIOBOM CKOPOCTHIO BPaIIEHHUs KBa3apoB.

T.e. uMeHHO OBICTpOE BpalllCHWE HApPSIy C TPABUTALMOHHBIM
KpPacHbIM CMEIICHHEM OIPENeNIOT OONbIINe 3HAYCHUS KPACHBIX
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CMCIICHUH y KBa3apoB U JpPyrde HMX OCOOCHHOCTH. OTO BBOIUT
aCTPOHOMOB B 3a0.Ty’KI€HHE OTHOCHTEIBHO PACCTOSHHHI 10 KBAa3apoB
MOUTHOCTHU M3JIyYeHHS 3TUX OOBEKTOB.

[Ipu GBICTpOM BpaleHHH OTPOMHOI 3Be3/bl IEHTPOOEKHBIE CHIIBI
OyIyT CTPEMHUTHCS Pa30pBaTh 3Be3/1y. VIM B 3TOM HPETATCTBYIOT CHIIBI
TSDKECTH. V3 ycioBHS paBeHCTBA STHX CHJI Ha IIOBEPXHOCTH sIpa
KBazapa IMoJIlyduM B cooTBeTcTBUH ¢ (opmynoii (5.10.1)npenenbHbit
HIepPHOJI BpAIlIeHUs KBa3apa, IPU KOTOPOM Pa3phIB €Ilie He MPOUCXOJHUT

4rr
T> —2 (5.11.7
fm,
HpCZ[CJ'IBHaH yrii0oBast CKOPOCTh BpAllICHUA KBa3apa
2T fm
wﬂs?s > (5.11.8)
r

(0]
Bo3bMeM B KadecTBe Macchl KBasapa BemuunHy My=10"%kr Taxyio xe,
KaK y CBEPXMACCHBHBIX YEPHBIX JBIP B IICHTPAX ralakTHK. B kadecTBe
pammyca BeIOEpeM cpenHee 3HadeHme wu3 auamasona (5.11.3)
r,=300"M. OkpyXHasi CKOPOCTh BpAILICHHS BHEIIHETO Kpas IHCKa
KBazapa Oynet

f
U, = r,wl= |—% = 047200y, (45.9)
rO

T.e. TPUMEpPHO ONHA IIecTas dYacTh OT CKOpocTH cBera. [lamee
BCIIOMHHMM, YTO OKOJIO JIIOOOT0 MAacCHBHOIO KOCMHYECKOIO TeJa
CYIIECTBYET J(UPHBIA BUXph. Teno SBISIETCS BHUXPECTOKOM IS
3¢dupa. ITOT BUXPh PACKPYUHBAET siAPO KBazapa. B rmaBe 5.4 Hamm
Obuta noyuena gpopmyia (5.4.9)

w=(2/3)aw, M, (5.11.10)
CBSI3BIBAIONIAS YTJIIOBYIO CKOPOCTH 3BE3[BI () C YIJIIOBOH CKOPOCTHIO
sipa 3UPHOTo BUXPS W), U BpeMeHeM packpyTku {. B Hamel 3agaue

WP fm, _ |67010™ 0%
re (3Mm0%)3

o]

=0157107°¢* (5.11.11)

ByZ[CM CUnuTaTh, 4YTO MU3MCHCHUC HWHTCHCUBHOCTH HU3ITYUYCHUA
KBasapa IMIpOUCXOAUT B TO BpPEM:A, KOIrJa BCICACTBUHU PACKPYTKH
YIjioBasd CKOpPOCTh KBa3apa () TIIPEBBICUT IIPEACIbHYH YIJIOBYIO
CKOpPOCTH (A)D. BCJ'ICZ[CTBI/IC OTOTO HApyHIacTCA PAaBHOBECUC MCKIAY
HeHTp06C)I(HOI>’I CHIIOM U CHIIOM TSDKSCTH H CO34ar0TCA yCJIOBHA JIA
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BEIOpOCa U3 He/Ip s/pa KBazapa OOJBIINX MacC 3JICKTPOHOB, BOJIOPO/IA,
HEUTpaJIbHBIX Ta30B U T.]I.

[Nokunaromue 3Be31y Macchl €e BeIecTBa YHOCAT ¢ COOOH MOMEHT
KOJIMYECTBA JIBWXKEHUs. M3-3a 3TOro yrioBas CKOPOCTh 3BE3JbI
YMEHbBIIIAETCS MouTH 70 Hyns W,[ 0. TpebOyercs HexkoTOpoe Bpems,
YTOOBI rajlakTHYecKuii YQUPHBIA BUXPh BHOBb PACKPYTHI 3BE3Ny IO
3alpeieIbHON yIJIOBOM CKOPOCTH, B PE3YJIbTATE€ YEro IPOU30IIEI
HOBBI BBIOPOC BeIIeCTBa. OJTOT HMHTEPBAI BPEMECHH ONPEICIISCT
W3MCHEHNEC WHTCHCHBHOCTH W3JIyYCHUS KBa3apoB. BEIOpoIIeHHBIC
CTPYH WIH YacTH OOOJOYKH s/pa KBa3apa, Momajnas B WHTEHCHBHBIN
3(UPHBIN TaTaKTHYECKUH BUXPH, 0 MEPE yNaJICHHUS OT IEHTPAILHOU
3BE37bl CTAHOBATCS HMCTOYHUKAMH PEHTTEHOBCKOTO U PajHo
W3My4deHuid. BpIOpoIeHHble Macchl BeHmIeCTBa MOTYT MPHHUMATh
paziuyHbie (OPMBI.

U3 popmynsr (5.11.10) MokeM OIpeAeInuTh YIIIOBYIO CKOPOCTh
3(UPHOTO KOCMHYECKOTO BHXPS OKOJO KBazapa, HEOOXOIMMYIO,
yTOOBI B TEUEHHWH OJHOTO TOJa pAacKpyTUTh SAPO KBazapa M0
3anpeeabHON YTIIOBOM CKOPOCTH
3w -w, _,.0157(10°

2 o 7 31500
rae t=1lron=3,1510c, a=1c™, w,=0, w=0,15710°%". Bumum, uro
OKOJIO KBa3zapa CYIIECTBYET BeChMa WHTCHCHUBHBIN I(UPHBIN BUXPH C
OONMBIION  YIJIOBOW  CKOPOCTHIO  BpallleHHs, KOTOPBIA  MOT
chopMUpOBaTECS B MOMEHT CXKATHUS Pa3peKCHHOH MaTepuu B
TUTOTHYIO MAaCCHUBHYIO IICHTPAJIIBHYIO 3BE3]1y TOJ] BO3ACHCTBUEM CHIIBI
TSDKECTH. DTa 3BE3/a eIlle He CTajga CBEPXMACCHUBHOW YEPHOU IBIPOiA,

HO HaXOJIUTCs Ha mopore (0 KOCMHUYECKUM MEepKam) 3TOTr0 COOBITHS.
Cpenusist INIOTHOCTh KBAa3apOB UMEET MOPSI0K

W, =0,748110"c™, (5.11.12)

pngik = 338kr/iv® (5.11.13)
47t
DTO IIOTHOCTh 3eMHBIX MaTepHaioB. OCOOCHHOCTH COCTOHUT B TOM,
YTO H3-3a OBICTPOrO BpaIlleHUs OIPOMHOM 3BE3bl HAaHOOJIEE TSHKEIIBIC
(pakiuu ee BeEIIECTBA CKAIUIMBAIOTCA BONHM3M TMOBepxHOCTH. [loj
JNCHCTBHEM MPOTHBOOOPCTBYIOIIMX IIEHTPOOCIKHBIX CHI U CHJIBI
TSOKECTH 9TH CJIOM NPHOOPETAaOT OOJBIIYI0 IUIOTHOCTH IOPSIIKa
TUTOTHOCTH 3BE3/1-0€bIX KapJIMKOB.
ITonBoas UTOrH, OTMETUM:
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1. KpacHoe cMmenieHre B CHEKTpax KBa3apoB, BIOJIHE BO3MOXKHO, HE
CBSI32HO C pa30eraHueM TallakTHK, a OMpPEACISeTCs TPaBUTAIMOHHBIM
KpacHBIM CMELICHHUEM. JTO SIBICHUE HE 3aBUCUT OT PACCTOSHUS MEXKIY
MCTOYHUKOM W NPHEMHHUKOM H3nydeHus. OHO ompeaemsieTcsi TOJIBKO
OOJTBIITON KOMITAKTHOM MacCOo siiep KBa3apos.
2. Oto ocBoboxmaer cropoHHHkoB OTO oT He00X0aUMOCTH
M3BICKHBAaTh COMHHTENbHBIE OOBSICHEHUS AJIsl TOTO, YTOOBI Pa3opBaTh
OUEBHJIHOE CIICJICTBUE M3 3akoHa Jlomepa, CBs3BIBAIOIIEe CKOPOCTH
pasberaHusi MCTOYHWKA W TMPHEMHHKA CBETa C WU3MCHEHHEM JJTUHBI
BOJIHEI.
3. Kgasapel, BO3MOKHO, pacmoyioKeHbl Onke K HamM. Bo Bcskom
cllydae BBIBOJI O DPACCTOSHHSX JIO KBa3apoB cleayeT JelaTh, HE
OCHOBBIBasICh Ha (popmyne D.Xab0mna.
4. Ecnn paccTosHUSI 10 KBa3apoB, NEHCTBUTENHLHO, HAMHOTO MEHbBILE
paccMaTpuBacMbIX Ha OCHOBaHHM (Gopmyinbl D.Xab0ma coOBpeMEHHOM
ACTPOHOMHEH, TO M pacCUMTAaHHBIC MONIHOCTH W3JIYYCHUH KBa3apoB
MHOTOKPAaTHO YMEHBIIATCS. JTO MPOU30UAET MOTOMY, YTO B pacueT
3aKIJIa/IbIBAJIOCh  YMCHBIIICHUE WHTCHCHUBHOCTH CHTHala oOpaTHO
NPOTIOPIIMOHAILHO KBajpaTy paccTosHUs. B pesynbrare KBazapbl
OpeAcTaHyT Tepel HaMd Oojlee 3HAKOMBIMH  IEPCOHAXKaMH,
BBIPSIIMBIIMMUCS. B TIBIIIHBIE OAEKABI HEKOTOPBIX CIIOBOOXOTJIHBBIX
ACTPOHOMOB M aCTPO(HU3UKOB.
5. Kgazaper ObicTpo Bpamatotcs. Ha rpanumax simep KBazapoB
BO3MOXHO TIOSIBJICHHME CBETOBBIX CKOpocTed. g Toro, 4TOOBI
CKOPOCTh Ha TIOBEPXHOCTH SIpa KBasapa ¢ paamycoM r,=0,41410"m
JOCTHITIa CKOPOCTH CBETa, CKOpPOCTh BpalleHHs [OJDKHA OBITh
CpPaBHUTEIIHFHO HEOOJBITION

w=C/r,=7,2510°c* (5.11.14)
Hanndme OKONOCBETOBBIX CKOPOCTEH BpallleHHs MOBEPXHOCTH SJEp
KBa3apoB, MO-BUAMMOMY, CBS3aHO C OOJBIIOW 3HEProoTHaueil STHX
00BEKTOB.

5.1206 akkpenuu u dapcrepax.

[MonsiTue 00 akkpeluu MOSIBUJIOCh KaK  WHTEPIpETaIUs
HaOIOACHWM 3a HEOOBIYHBIMH 3BE37[aMH, HAa3BAaHHBIMH OapCTepaMH.
bapcrepamu Ha3BalM BCIBIXUBAIOIIUE PEHTTCHOBCKHE 3Be3ibl. Kak
otMeueHO B [46], ceifuac u3BecTHO Ooyiee TPUALATH OapPCTEPOB,
BOCEMb M3 KOTOPBIX NPUHAIJICKAT 3BE3JHBIM CKOIUICHUSM Hareh
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lanaktukn. OCOOCHHOCTBEO 3TUX 3BE3/ SBISETCS TO, 4YTO WX
W3Ty4YeHHE TMOYTH TIOJHOCTHIO COCPEIOTOYEHO B PEHTTCHOBCKOM
nuanasone. [lepBas u3 Hux oTkpbiTa B 1962r.

VY Oapcrepa uMeeTCs HEMCUE3aoIee PeHTTEHOBCKOE H3IIyYCHUE.
Ha sTtoM QoHe BO3HUKAIOT pe3KkHe BCILICCKH H3ydeHHi. Bcemiecku
U3IIy4CHUH JUISITCS HECKONBKO CcekyHn wim wmuHyT (At=10cC).
IIpoMexyTkn MeXIy BCIUIECKAMH HE BBIXOASAT 3a Tpeaeisl
HECKONBKHUX uacoB umn aueit (t,=10%).

AKkpenrell Ha3Balld 3aXBaT BEIICCTBA TPAaBUTALMOHHBIM TOJIEM
3Be3nbl. I1o umee coserckoro actporoma M.C.IHkmosckoro (1966)
UCTOYHHUK CHUJIBHOTO PEHTTEHOBCKOTO H3JIYYCHHUS SIBIIICTCS UICHOM
JIBOMHOM 3BE3IHONM CHUCTEMBI, COCTOALIEH W3 OOBIYHON BUIUMOM
3Be31bl U HEBUIUMOW HEHTPOHHOH 3Be3/bl. CHILHOE TOJIE TSATOTEHUS
HerTpoHHOH 3Be31bl 10 MBIcTH W.C.ILKI0BCKOTO CITOCOOHO CPHIBATH
BEIIECTBO C IMOBEPXHOCTH 3BE3/BI-COCEAKH. DTO BEIECTBO, Majas Ha
HEHUTPOHHYIO 3B€3Mly C OOJBIION CKOPOCTBIO, HCIBITHIBAET CHUIIBHOE
cKarne M pasorpeB. M3-3a 3TOTO0 OHO CHMOCOOHO HCITyCKaTh
PEHTTCHOBCKUE JTy4H.

Tak Ha3zeiBacMast poHOBAs CBETUMOCTh OapcTepa L, BO3HUKAET u3-
3a HarpeBa MOBEPXHOCTH HEHUTPOHHOW 3BE3/bI MPH MaJeHUU HA HETrO
3aXBaYeHHOTO y COCETHEH 3Be3nnl BemlecTBa. Ecin Ha MOBEpPXHOCTH
HEUTPOHHO 3BE3/IbI BHIMAACT B SIUHHITY BpEMEHH Macca BEIIecTBa J

D" kr/c, (5.12.1)

To xuHeTHYeCKass 3HEPTUs, cooOIaeMas MOBEPXHOCTU B EAMHHUILY
BpEMEHH, OyIeT

Q=0,bv*[D,13JT?=0,58510°Br, (5.12.2)
CkopocTh TajieHus BemiecTBa B [46] olieHMBAaeTCS Kak MOJOBHHA OT
ckopoctu cBeta V=0,5C. HarpeB moBepXHOCTH HEHTPOHHOM 3BE3bI
AKKpPEIUPYEMBbIM BEIIECTBOM YPABHOBEIIIMBACTCS €€ OXJIAXKICHUEM U3-
3a m3nyueHus (Q=Ly).

[Ipobnemoii fnst TEOPHHM aKKPEIMH SIBIAETCS Maias BEpOSTHOCTh
00pa3oBaHMsI TECHOW IBOWHOW CHICTEMBI, COZICpIKaIleii HEHTPOHHYIO
3Be3ay. Jlemo B TOM, 4TO HEHWTpOHHas 3Be3/a oOpa3yeTcs BO BpeMs
BCIIBIIIKA ~ CBEPXHOBOW 3Be3bI W TPH OTOM IpHOOpETaeT
3HAYUTENEHYI0 CKOPOCTh. ACTpOMOM3HMKM TOJCYUTAIM, YTO IS
o0Opa3oBaHMs JABOWHOW Maphl HEUTPOHHOW U OOBIYHOM 3BE3J JOJDKHA
MIPOU30MTH OJTHOBPEMEHHAs BCTPEUa HEUTPOHHOU 3BE3/bI €I C IBYMS
3Be3mamu. OmgHAa W3 OTHUX 3Be3d JIOJDKHA 3a0paTh HM3OBITOYHYIO
SHEPryi0 HEUTPOHHOM 3Be3/bl M yJeTeTh. A BTOpas 3Be3/la JOJKHA
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3aXBaTUTh CBOMM TIOJIEM TATOTEHUS HEUTPOHHYIO 3Be3ly. OTO
COOBITHE UMEET HUUTOXKHYIO BEPOSITHOCTb.

Temepp paccMOTpUM 3Ty MpobieMy € TOYKH  3pEHUs
s¢uponuHaMukd. PaHee MBI yXe oOTMe4anH, 4To 3PUPOIUHAMHUKA
OTBEpracT BO3MOXHOCTh CYIICCTBOBAHWS HEWTPOHHBIX 3BE3][ C
pamnycamu mopsiaka f,=(10-20km. Harr anamus B rmase 5.8 mokasaur,
YTO 3BE3[bl C TAaKUMH pazMepaMH HEBUAMMBI U TOHATCS TOJBKO Ha
poONb  3BE3A-U4EPHBIX  AbIp. [losBIGHWE  HEWTPOHHBIX  3BE3[
MOHAI00MIOCh acTpo(U3MKe [UIsI OOBSICHEHHS OYECHb OBICTPOIO
BpalleHus 3Be3-MyIbcapoB. B rimaBe 5.10Hamu OpUIO MOKA3aHO, YTO C
POTIBIO MYJIECAPOB OTIMYHO CHPABIISIOTCS 3BE3AbI-0€IbIe KapiIuKH, Yb1
pasMephl Ha JIBa TOPsAKA OOJBINE pa3sMepPOB HEUTPOHHBIX 3BE3M. DTH
3Be3/bl HAOIIOAAIOTCS aCTPOHOMaMHU. VX KU3HEHHBIA IMKI XOPOLIO
u3y4yeH. M3BecTHB OCOOCHHOCTH MX BHYTPEHHEIO CTPOCHUS U HX
TIOBEJICHHE.

[Ipu paccmoTperunn 0apcTepoB He OyIeM OTCTYIaTh OT IPHHITOTO
HaMHM paHee HalpaBJIeHUs U MONPOOYyeM J0Ka3aTh, YTO U Ha 3TOT pa3 B
pOJNHM HEWUTPOHHBIX 3BE3]] BBHICTYMAIOT Oenble Kapnukd. CHauana
pa3bepeMcs ¢ pOHOBOM CBETHMOCTHIO. BecioMuuM, uTO nMr00ast 3Be3/a
HETPEPHIBHO MOTJIOMAET 3QUPHBIN Ta3, KOTOPBI HENOCPEICTBEHHO Ha
MOBEPXHOCTH OYEHb IUIOTHOTO O€Noro Kapiuka IepexoJuT B
COCTOSIHUE BelecTBa. KonMdecTBO TOCTYMAMOMEro K IMOBEPXHOCTH
BEILIECTBA ONPEICIIeTCS B COOTBETCTBUH ¢ hopmyiont (1.3.7)

a
T4
AM=M-M ;= M(e* -1)= Mo%t , (5.12.3)

rome M u My-Macchl 3Be3bI B pacCMaTpHBaeMbIii MOMEHT BPEMEHH U
HAa MOMEHT Hadyaja orcuera. [Ipumem My=1,4M-=2,810°%r. Macca
Comuma Mc=210%%r; k=3,3610". [ToTok BemecTBa, MafAKMEro Ha
MTOBEPXHOCTH OETOro KapjrKa B ¢AUHHUIY BpEMEHH, OyIeT paBeH

FEM/t= M,[d/k=0,83310"%kr/c (5.12.4)
CKOpOCTb, ¢ KOTOPOW BEIIECTBO IMEPECEKACT MOBEPXHOCTh 3BE37IbI
omnpexaensiercs popmyoit (1.3.8)

™
=T —7 9710w, (5.12.5)
arrlp,r

[0}
rJie paguyc Oenoro Kapiimka MPUHIT MPUMEPHO TaKUM, KaK y 3BE37Ibl
Bonbh-457, paBHeIM [,=810°M. DHeprusi, mOCTymaoom@s K
MOBEPXHOCTH 3BE3/IbI B CJMHHUI]Y BPEMEHH paBHA KHHETHYCCKOUN
SHEPTUH MOTOKA STOW MacChl

ro
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Q=0,5J%=0,59210"Br (5.12.6)

CpasuuBas (5.12.2)u (5.12.6)Buanm, 4To MOCTYIUICHUE YHEPTHU
K 3Be37Ic BMECTE C 3(HPOM PABHO MOTOKY aKKPEIUH, HEOOXOIUMOMY
Uit TuTaHus (OHOBOro wu3ydeHus Oapcrepa. Takum o00pasom,
OTHaJgaeT HeOOXOAMMOCTh TPHIYMBIBATh MaJOBEPOSTHYIO BCTpEUy C
pachpenie/iecHHBIMH POJISIMH  TPEX 3BE3JI, BKIIOYAs TMIIOTETHYECKYIO
HEUTPOHHYIO 3BE31Y.

[MocmoTpuM nanee, Kak OOCTOMT €TI0 C BCIUIECKAMH SHEPrHU
PCHTIEHOBCKOTO M3iIydeHus. JIJii 3TOro BBIMOJHUM  HECIIOKHBIN
OPUKUIOYHBIA pacdeT. Mbl yXKe OTMEYand, 4YTo Oeible KapJuK{
ObICTpO BpararTcs. [TonaraeMm, 4To Ha MOBEPXHOCTH 3BE3/IbI C MACCOM
U PaJMyCOM, XapaKTePHBIMH TS 3BE3]] OCIIBIX KAPIMKOB, HIMEET MECTO
PaBHOBECHE CHIIBI TSDKECTH U LIEHTPOOSIKHOMN CHITBI

mUz, _ fmM,,
r r2
rme M- mMacca Ha TMOBEPXHOCTH 3Be3nbl; U~ OKpY)KHas CKOPOCTh
TOYEK IMOBEPXHOCTH, BO3HHUKAIOUIAs BCIICICTBHUE BPALICHUS 3BE3[IHI;
macca Gemoro kapimka Mg,=2,810°%r; pammyc 6emoro kapimka
r,=80°m; f=6, 70 Hm?/xr%. 13 9TOr0 ypaBHEHHS HMEeM
M,

U, =.|—2=15300°m/c (5.12.7)
r

(o]

(o]

2-51 KOCMHYECKasi CKOPOCTh JUTS PACCMAaTPUBAEMOT0 OEJIOTO KapiinKa
2fM .
r

V =

K

= 216010°u/c (5.12.8)
o

Jlanee paccCMOTPUM TaKyrO CHTyaIuio. J(OUPHBIA KOCMUYICCKAN BUXPb
0eNoro KapivkKa YBEIMYMBAET YIJIOBYIO CKOPOCTh BPAICHUS 3BE3bBI
OT 3HA4YCHUS, COOTBETCTBYIOIIECTO PABHOBECHIO CHJIBI TSDKECTH W
IIEHTPOOSIKHOU CHITBI

w, =U. /r;=190 ¢" (5.12.9)
B cootBercTBHHM ¢ hopmyioii (5.4.9)

wﬁ,,czg oW+, (5.12.10)

Ecim B pesynbrate packpyduBaHHsS Oenoro Kapiuka 3(GHpPHBIM
BUXPEM YTJIOBasi CKOPOCTh MPEBBICHT KpuTHUYecKoe 3Hadenue (5.12.9),
YCJIOBHE PaBHOBECHSI CHJI Ha TIOBEPXHOCTH 3BE31bI OyJIeT HApyIIEHO B
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CTOPOHY VBEJIIMYCHHS IIEHTPOOSKHOW CHIbl. B pe3ynbrare 4acTh
MAaccChI 3B€3/IbI OTOPBETCA OT HEE, YHOCS ¢ COOOM MOMEHT KOJMYEcTBa
JIBUKCHHS. 3BE3lla CHU3HUT CBOIO YIJIOBYIO CKOPOCTH BpAIICHHS.
OTopBaBIascs ¢ MOBEPXHOCTH OEOoro Kapiuka rmiasMa (IpOTOHHI,
SIIEKTPOHBI M T.J.) TIOAXBATHIBAIOTCS I(PUPHBIM BUXPEM M HAYWHAIOT
COBEpIIAaTh JABIKEHUS MO crupaisM. [Ipu 3ToM 3apspKeHHBIE YaCTHITBI
HAYMHAIOT  WM3JIy4aTh  JOMOJNHUTEIBHYI)  JHEPTHI0,  KOTOPYIO
aCTPOHOMBI (PUKCHPYIOT Ha 3eMJI€ B BHJIC BCIIBIIIICK.

Bo3MOXHEI /1Ba CIIEHApHS Pa3BUTHS MadbHEHNX coObITHi. Ecam
OTPBIB MAaCChl IUIa3Mbl TPOU3OIIET TMPH YIJIOBOH CKOPOCTH,

N 0
NPEBBIIAONIEH KPUTHYECKYIO YIJIOBYIO CKOPOCTh W, ., HO MEHBILIE

YIJIOBOW CKOPOCTH, COOTBETCTBYIOLIECH 2-#1 KOCMUUECKOW CKOPOCTH

W=V, Ir,=270¢™, (5.12.11)
TO Yepe3 HEKOTOPOE BpeMs 3Ta Macca OIATh YMaJeT Ha 3BE3/Y, BbI3BaB
JOITOJHUTENbHBIN (HEPETyIsApHBIH) BCIUIECK HMOHEPTHH. ECIM OTpHIB
MPOU30LIET IPU YIIIOBOM CKOPOCTH, MPEBBIIAIONIEH W, TO 3Ta Macca
MTOKUHET 3BE3/1Y.

Ham MeTon mo3BosisieT paccuuTaTh YIIOBYIO CKOPOCTh BpallleHUs
3(UPHOTO KOCMHUYECKOTO BHXPS (), OelIoro kapiuka 1o ¢opMmyiie
(5.4.10)

G~ @,

wg = 32— (5.12.12)
ta

Mpbl He 3HaeM BEJIMYUHY YIJIOBOM CKOPOCTH (), TOCIE OTpbIBa C €€
MOBEPXHOCTH YaCTH Macchl. BeposTHO, B 3aBHCHMOCTH OT TapaMEeTPOB
3BE37bl M KOCMHYECKOTO 3(UPHOTO BUXPS OTH 3HAYCHUS MOTYT
pazmuuatecs.  [Ipumem ,=0. B kavecTtBe uHTEepBana BpemeHH
MEXIy BCIbIIKamMu BosbMeM Bemmumny t=10'c, xapaxrepuyro mis
GapcrepoB [46]. Bcmeimku, Kak yKe OTMEYajaoCh, CBS3aHBI C
BEIOPOCOM BEIIECTBA IO BO3JCHCTBUEM PACKPYTKH 3BE3IbI.

ws=30190/210'=0,0285¢™ (5.12.13)
HepI/IO,Z[ BpaliCHUsA KOCMHUYCCKOTO 3(1)I/IpHOF0 BUXPS 6y):[eT
T,=210s=220c (5.12.14)

OxkpyxKHasi CKOPOCTh 3apsHKCHHBIX YACTHIl BBIOpOCA IIa3Mbl paBHA
NPUMEPHO OKPY>KHOW CKOPOCTH MOBEPXHOCTH 3BE3lIbI B MOMEHT
BBEIOpOCa

U, ! [,=19008010%)=1,5210° m/c (5.12.15)

3ap$DKeHHI:Ie HaCTUIbI BBI6p008. IJ1a3Mbl, BpalliasiCb BHYTPU B(I)I/IpHOI‘O
BUXPA C OKOJIOCBETOBOM CKOPOCTBIO JOJDKHBI U3JTy4YaThb SHCPIUIO.
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5.13 O npuyMHAaX YCKOPeHHsSI HCKYCCTBEHHBIX
cnyTHUKOB 3emusin LAGEOS npu aABu:keHun
110 OKOJI03¢eMHBIM OpOMTAM

B wayyHomomymnsipHOil crtathe [51] mpuBeneHBI WHTEPECHBIC
CBEZICHHS O TOM, YTO HTAIbSHCKHE yUeHBIE M3 yHHUBepcurTeTa Jlewue
NpOaHaIM3UPOBAIN JaHHBIE C ABYX OpOMTalbHBIX cnyTHHKOB HACA
LAGEOS-1 u LAGEOS-2. OTtu choyTHHKH Bpaujajuch B
0C3BO3AYIIIHOM IPOCTPAHCTBE BOKPYr 3eMiau — ofuH ¢ 1976 T, a
napyroii ¢ 1992rona. Bee 3T0 BpeMsi OHHM OTpaskajid HallpaBJICHHBIA Ha
HUX JIa3epHBIA Jyd. DTO TMO3BOJIMIO C OOJBIION TOYHOCTHIO
BBIUMCIIATH UX OpOuTY. IIpn 5TOM BBISICHMIIOCH, UTO MX IOJIOKEHHE Ha
opOHWTE CMemanoch Ha IENbIX JBa MeTpa B TOA B HaIlpaBIIEHUU
BpalIeHUs 3€MIIU 110 CPABHEHHIO C PACUETHBIM.

Kak ykaspiBaeT aBTOp cTaTbd, IO MHEHHIO UTANBIHCKUX YYEHBIX
MOJIyYEHHbIC JaHHBIE <«IBIOT BOJY HA MEJbHUILY» SHHINITEHHOBCKOMN
OTO u moaTBep>KAalOT HE MEHEEe MHTEPECHBIN A HayKu dPQeKT —
frame dragging,kotopeiii B 1918 rony chopmynupoBaiu ydeHble
Jlense n Tuppunr. CorjaacHO WX BEpCHH BOJU3H JTIO00TO MACCHBHOTO
BPAIAIONIETOCs TeJa MPOCTPAHCTBO M BPEMS 3aKPYUHBACTCA BOKPYT
9THX TeNl B HANpaBleHUH HX BpamieHus. C LeNbl0 MPOBEPKH 3TOrO
npeanojoxkenus B anpeiae 2004 roma 3amylieH eiie OAWH HaCOBCKUH
coytank — Gravity Probe B.

B orHOmenun aedopmanuu mpocTpaHCTBA U BPEMEHHU CIEIyeT
3aMETUTh, YTO HECMOTPS Ha MOYTH CTOJICTHUI BO3pACT 3TOW maeu (co
BpeMenu omyonukoBanuss OTO) HE OAMH 3IPaBOMBICIAIINN YeTOBEK
HE B COCTOSHMU NpEACTaBHTH ceOe, KaK 3TO JOJDKHO BHITIIAACTH Ha
npaktuke. Ha ceropnsmnuii eHs 310 He OoJee, YeM MaTeMaTHIecKas
abctpakius. B To jxe BpeMs pa3BuBacMasi B 3TOH KHHUTE TCOPHS ddupa
MpeJTaraeT BIIOJIHE HATISAIHYIO U (GU3NIECKH 000CHOBAHHYIO MOJETh
JUISL  ATHX TpeacTaBieHwid. JlelicTBUTENnbHO, JF000€ MAaCCHUBHOC
KOCMHYECKOE TeJIO, HaXOsCh B OKPY)KAIOLIEM €ro OECKOHEYHOM TI0JIe
a¢upa, HEMPEPHIBHO €ro MOromaeT. B pe3ynpraTte opraHu30BBIBAETCS
TedyeHne 3pupa K HEHTPYy dToro Tena. Kpome TOro, oKoio Takux Tel
o0pa3yloTcss KOCMHUYECKHe dS(QUpPHBIE BHXpH, Bpallalomuyecs B
HanpaBJCHUHM BpAIICHWUS OJTHX Tel. TedeHWe OKOJIO TaKWX Tem
MOJIEIIPYETCS TeUEHUEM OKOJIO BUXPECTOKA.

OueBuaHO, 4TO JIIOO0E MaTepHaIbHOE TEJIO, HAXOASIIEECs B MOJe
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a(upa OKOJIO BHXpECTOKa OyJeT MOAXBAYCHO TEUCHUEM d(Hpa, Kak
IeNKa B BOJOBOPOTE, M TMOJIYYUT JONOJHUTEIBHOE K CBOEMY
OCHOBHOMY JIBHJKCHHIO €IIe W JIBIKCHHE B CTOPOHY LICHTpa Macc
9TOrO Teja U B HANpaBJICHHU BpamieHus d>pupHOro Buxps. CeroaHs
HayKa YYUTBIBAaeT IBIDKCHHE d(Hpa K LEHTPaM Tel B BUIE CHIIBI
TSDKECTH, OIMMCBIBAEMON 3aKOHOM BCEMHpPHOTO TATOTeHHs HpioToHa.
CuioBoe  B3auMoJeicTBHE  S(OUPHBIX  BHXpEH  MacCHBHBIX
KOCMHUYECKHX TeJl C HAXOMAIMUMHUCS OKOJIO HUX JIPYTMMHU TeJIaMH TOoKa
He yunTbiBaeTca. Ho OHO yke mnposBmio ce0st B HaOMIOICHUIX
BEKOBOTO YCKOpeHHsi JIyHbBI, yCKOPCHHU CITyTHHKOB B HalpaBIICHUU
BpalllcHHUsl BUXpEil, B OTKIIOHCHHH JIy4ed CBETa OKOJIO MacCHUBHBIX
3Be3q. K coxanenmro, Hayka 10 CHX IOp HE IIOHHMAaeT, YTO
HPOUCXOJHUT B MpUpoOJe Ha camoM neiie. OTCroa U MOSBISIOTCS 3TH
a0CTpaKTHBIC UCH O 3aKPYYCHHOM IPOCTPAHCTBE-BPEMEHH.

OnHako, BepHEMCS K JaHHBIM HAOMIOJCHUH 32 MCKYCCTBEHHBIMU
cnytiukamMu LAGEQOS. Mb1 He otaenseM oOHapy)KEHHOE SIBICHUC
YCKOPEHHUSI 3THX CIYTHUKOB Ha HMX OpOHMTax OT M3BECTHOTO paHee
BEKOBOTO YCKOpeHHs JIyHBI, OT HOBEICHMS IUIAHET, BPAIIAIOMINXCS
Bokpyr CoylHIA M JPYTrUX E€CTECTBEHHBIX CITyTHHKOB BCEX IPYI'HX
MaccuBHBIX HeOecHbIX Tenl. Eme B 1997 rogy bl omyOnukoBamu
kHury [1], B koTopoil mpuBenu aHaiau3 3TOro siBieHus. [loka3anu, 4yto
MMEHHO KOCMHYECKHe (pUpHBIC BUXPU BBI3BIBAIOT U3BECTHOE BEKOBOE
yckopenue JIyHsl ipu ee nBrkeHnu Bokpyr 3emun (ctp. 28...30, [1]),
(GOpPMHUPYIOT ~ XapaKTEpHBI  PHUCYHOK  CIHPAJIBHBIX  TaJlaKTHK,
OOyCIIOBWIIN BENMYMHY OKpYXHOH ckopoctn CoiHIAa TpH  €ro
IBIKEHHH BOKPYT meHTpa Mireunoro nytu (crp.56...58, [1]).B sToM
Ke psIIy HaXOAUTCs OMMCaHHOE B K. OTOHEK €KEroJHOe CMEICHNE Ha
oBa MeTpa npotuB pacuerHoro cmytHukoB HACA LAGEOS-1 u
LAGEOS-2 npu ux HIBWXKEHHM IO OpOMTAaM BOKPYr 3eMiid. ITO
cmenieane AS ompenensiercs dopmynoii (65) u3 [1] u dhopmystoit
(5.7.4) marnoit paboTHI

AS=j[f/2=0V g t2/2 (5.13.1)
rae a=1c™; j,- ycKopeHHE CIYTHHKOB, BO3HHKIIEE M3-32 CHIIOBOTO
Bo3eiicTBUs ddupHOro Buxps; t=3,1510'C-uncno cexyHg B TOLY;

V oy =Wkl3-OKpY’KHast CKOPOCTh 3(Hpa B BHXpE OKONO 3emid Ha

PacCTOSHUH lo3 OT €€ LEHTpa; (W, =9,9310%%pan/c-yriaoBas CKOPOCTh

BpamieHus: sapa dupHoro Buxps 3emun (cM. Tadn. 5.4.1 naHHO#M
kaurd ¥ 1a6n. 3 us [1]); r=6,37M0°cM-paguyc 3emmu. Pacuer naer
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BEJIMYNHY
AS=3,141 (5.13.2)
Takum ObUTO OBl CMEIIEHWE HWCKYCCTBEHHBIX CITyTHUKOB Ha
opOuTe 3a ToJI, eclii OBI OPOMTA JIeIKaIa CTPOTO B INIOCKOCTH DKBATOPA.
Kak BuamM, coBHmajeHHE NOIYYWIOCh OYEHb XOPOIIMM. BaHO
MOJYEPKHYTh, YTO JUIS MOJIYYEHUS 3TOTO Pe3ysbTaTa He ObLIO CACTIaHo
HU OJHOTO JIOTONHHUTENHLHOTO JIONYHICHUS. OTO IOATBEPKAAET
€MHCTBO 3aKOHOB TIPUPOJBI [0 OTHOIICHUIO K JIBIDKCHUIO
ecTecTBeHHbIX HeOecHbIXx Ten: Jlyner, 3emum, ConHIa, IEIBIX
TaJlaKTUK ¥ MCKYCCTBEHHBIX CITyTHUKOB 3€MITH, CIICJIAHHBIX PYKaMHU

YeIIOBEKA.

5.1411apagokc kKocMUYecKUX KopaodJeit
ITuonep-1 u lnonep-2

B riaBe 4.8 MBI pUIILIK K BBIBOJY, YTO ()OTOHBI CBETA MEIJICHHO
TOPMO3ATCS] BO BpeMsi CBOETO JIBIXKCHUS uepe3 moiie 3¢upa. Benndanna
YCKOPEHUSI TOPMOXEHUS (OTOHOB MOXKET OBITh OIpeJelieHa ¢
nomoieio  gopmyner  (1.10.12) 3ameHoit B Held ckopoct V Ha
ckopocTh cBeta C

&-alCT/k=-8,9110°%m/c? (5.14.1)

B cBiI3M ¢ 3THM BCIIOMHHAeTCs, TaK Ha3blBaeMoOe, aHOMAallbHOE
YCKOPCHHUE TOPMOXKCHUSI aMEPUKAHCKUX KOCMUYECKHX AammapaToB
“ITnonep-10" u “Iluonep-11”, ynansiomuxca or ConHua u 3emin. B
[49] co ccobukoit Ha InternetnpruBeneHo YHCIEHHOE 3HAYEHHE 3TOTO
MIOCTOSIHHOTO YCKOPEHHUST TOPMOKEHHS

I8onep F8,5710°%cm/c? (5.14.2)
B [49] ormevaeTcs, 4TO BBIBOJ 00 3TOM YCKOPSHUH OBLI CHIENAH U3
JIOTICPOBCKOW MHTEPIPETAIIMU U3MEPESHUI YacTOThI PaJJMOCUTHAIA OT
ITHX KOCMHYECKHX arnmaparosB. Pesynbrar CUHTAETCS
MapoAOKCaabHBIM, T.K. MPOTHBOpeuuT 3¢ dekty [ormiepa. M3BecTHO,
YTO y CUTHAJIA, UCITYLIICHHOTO YIAISIOIIUMCS HCTOYHMKOM 4YacTOTara
JIOJDKHA YMEHBIIIATHCS.

IIpou3oino, no-BUANMOMY, cieayrollee. B HadalbHBII MOMEHT
BpeMeHH coriacHo 3¢dexry Horiepa sl yAaasiomerocst or 3emMiu
UCTOYHUKA CHTHAIOB (KOCMHYECKOTO KOpaOis) JUIMHAa  BOJHBI
YBEITUUMIIACEH Ha BeMUUNHY AN, 1 cTasma paBHOU A1=A+AN,. (3aech Aq-
JUTHHA BOJIHBI ISl HEMOABM)KHBIX MCTOYHHMKA W HabOmromarens ). Ho
4eM Janbllie yjeTal HCTOYHHMK, TeM C MeHblueil ckopocteio C'
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cornacHo (4.8.2) muMo HaOmromaTenss Ha 3emile MPOXOAUN CHTHAJ.
Iepuon xomebanuit T, mpu 5ToM, He m3mensuics. (T=Const).ITosTomy,
yMenbInanack mmmHa BonHel A'=C'T mo cpaBHEHHIO ¢ Ha4aabHOH ee
JUTHHOM A1.

AMepuKaHCKHE YYCHbIE CUHTAIM CKOPOCTh CBETa BEIUYUHOMN
HOCTOSIHHOM W WHTEPIIPETHPOBAIH 3TO HAOIIOJICHUE KaK YMCHBIICHHUE
HPUPOCTA JJTHHBI BOJHBI [0 CPABHEHHIO C HAYAIbHBIH 3HaUeHUEM A\,
(C=Const) 3a cuer ymeHbleHnus nepuoaa konebanuii T'<T. A 3rTo
aBTOMaTH4eckn Ha ocHoBaHmu ¢opmynsl Jomrepa (U/C=AN'/A)
NpPUBEJIO MX K BBIBOJY, YTO YMEHBIIMIACH CO BPEMEHEM CKOPOCTb
KOCMHYecKoro kopabist U.

Hesnanne aMeprKaHCKUME YYE€HBIMH TOTO, YTO CBETOBBIC U PAJIHO
CUTHAJIBI TOPMO3ATCS ToeM 3¢upa, HE OCTABWIO MM BbIOOpa U
CBOOO/IBI ICHCTBUI NIPH OOBSICHEHUH ITOTO Tapajokca. B pesynbrare
9TOr0  TOPMOXKCHHE  paJuocHTrHaia  moiaeM  ddupa  ObUIO
WHTEPIPETUPOBAHO MU KaK TOPMOXKEHUE UCTOYHUKOB M3ITYyUCHUH, T.¢
caMMx KocMmuueckux ammapatoB “Ilmonep-10" u “Ilmonep-11".
HeGonpmoe pacxoxnenue uncieHHbix 3Hauenuit (5.13.1)u (5.14.2),
cocrapisioniee MeHee 5% MoOXKeT OOBACHATHCS IMOTPEIIHOCTAMU B
U3MEPEHHUSIX.

5.15T'unore3a 00 »Boonnu CoJtHIIA U
00pa30BaHMHU COJTHEYHOM MJIAHETHON CUCTEMBI

Bce cymecTByromme THHOOTE3bI 00 DBONIONMU 3BE3N U
00pa30BaHMU IUIAHETHBIX CUCTEM, €CTECTBEHHO, HE MOTJIM YYUTHIBAThH
JIBYX, &, BO3MOXXHO, TpEX 00CTOATENBCTB. IlepBO€ M3 HHUX - 3TO POCT
MacChl COTJIacHO 3akOHy, copmynupoBanHomy B (1.3.7). Bropoe
COCTOMT B HaJMYMHM OKOJIO BCEX MAaCCHUBHBIX KOCMHYECKUX Tel
3(UPHBIX BUXPEH U CBSI3aHHOTO C STHM YBEIHUYCHHUS CO BPEMECHEM HX
YIIIOBBIX CKopocteil. TpeTbe cBsizaHo ¢ ycnoBueM V<V iay , KOTOpOE
MO-BUJIMMOMY, O3HAYaeT HE TOJBKO YXOJ W3 TIOJS 3PEHHS YeIOBEKa
3Be3bl THMa “4épHoil mpIpbl”’. CKopee BCero, Mpu 3TOM HapyLlaeTcs
CaMoO YCIIOBHE CYIIECTBOBAaHHMS MAaTE€pPUH, TO €CTh BO3MOXHOCTh
TIOTJIOICHUST MaTepueit SpUPHOTo rasza.

Ecnm ckopocth 3dupa HE MOXKET NPEBBICHTEH MPEACTHHON
CKOPOCTH Vpay TO MPU pagnycax TENI MEHBIIUX, YeM OIPEICIICHO
ycaoBrueM (5.8.4) mapyimaeTcs ypaBHEHHE IIOCTOSHCTBA pacxoja
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a¢uproro raza (1.3.1),4ero ObITh HE MOXET. Pe3ynbraToM HapymeHus
9TOTO YCIOBHUS JOJDKHO SIBUTHCSI WCYE3HOBEHHE CHIIBI TSDKECTH B
3Be37ic MPU COXPAaHCHHHM JPYTUX MEXaHHW3MOB, YJCPKUBAIOIINX
3BE3/ly B PABHOBECHUH, TaKHUX, KaK JaBIICHUEC HATPETOTO CXKATOTO Tasa,
CBETOBOE JaBJICHWE W HaTW4Me LEHTPoOexHBbIX cwmi. CrencTtBuemMm
3TOTO MOXET OBITh JTHOO cOpoc BHENTHEH 000J0YKM 3BE3NBI U €€
pacurupenue, Tu00 eHTpaTbHbIH B3phIB [9].

PaccMoTpeHHOE B MpeablaylIMX pasfiefiax B3auMOJECTBUE
3Be3bl, HaXOMSIIEics BHYTpH 3(QHUPHOTO BHXpS, C CaMHUM BHUXpPEM
HEU30C)KHO NPHUBOAMT K PACKPYUYHMBAHUIO 3BE3Ibl. OJTO, B CBOKO
ouepellb, JODKHO C TEYCHHEM BPEMEHH IPHUBOJIUTH K HApPYIICHUIO
paBHOBeCHs 3BE3/IbI U M3BEPKEHHIO BEIIECTBA M3-32 YBEIWUMBINEHCS
EeHTpOOEKHON Cuiibl. M3Bepruyroe BemeCTBO OyAET ABUTaThCS B
OIHOM  HAIpPaBICHWM C HANpPaBICHHEM  BpalleHUS  3BE3IIHI,
JIOTIOTHUTENFHO BOBJIEKAEMOE B 3TO JABIDKEHHE 3(PHUPHBIM BUXpPEM
HEHTPATBHOTO TeTa.

Buxpb pasroHseT miIaHeTHl NPU UX JBHKCHHUU IO opOuTam. B
pe3ynpTaTe JTOTO YBEIWYMBAIOTCS WX MOMEHTHI KOJIMYECTBa
JIBMKCHHUST OTHOCHUTEIHHO IIEHTpa COJIHEYHOH cucTembl. HamomamM,
YTO MOMEHT KOJIMYECTBA JBW)KCHUS IUIAHETHI, JBIDKYIICHCS 110
KpPYroBOW OpOWTE, €CTh MPOU3BEICHUE MACCHI, PACCTOSHUS OT I[CHTpa
u opburtanpHOU ckopocTH. Ilpm BeIOpoce BemecTBa M3 MEHTPATBHOTO
TETa OHO CaMO TEPSET MOMEHT KOJMYECTBA JBW)KCHUS U YMCHBIIACT
CBOIO YIJIOBYIO CKOPOCTh BpAIICHHUS.

[TomyTHO HamOMHUM, YTO MPOOIEMY OTPOMHBIX MOMEHTOB KO-
JUYECTBA NBIKEHHS OOJBIIMHCTBA IJIAHET COJHEYHOW CUCTEMBI HE
cMoriia 00BSCHUTH HU OJIHA U3 u3BecTHBIX runote3 ( Kanra - Jlamnaca,
Jxuuca u apyrue). CormacHO w3araeMoi rumotrese mpumepao 15
MIIpA JIeT Ha3ax Ha Mecte CoJHIIa CyIIecTBOBAIA 3B€3/1a C MacCoil My,
B3aUMOCBSI3b KOTOpOM ¢ coBpemMeHHOM Mmaccoi ComHia M
omnpeaensiercs popmyoit (1.3.7)

m= m/e"™ = 0,4810°r.

Cnoyctss mpumepno 11,5 mupm mer, To ecTh K MOMEHTY
0o0pa3oBaHMS COJHEYHOW CHCTEMBI, Macca 3BE3/bl COTJIACHO JTOH
(hopMyIie focTHrIa 3HAYCHUS

= me? = 1,4510%r.

UToObl OmpeAcnuTh Paguyc 3TOW 3BE3NbI B paccMaTpPUBACMBIN
MOMEHT BpeMeHH, y4TéM, uro B TeueHue 11,5 mupna set 3QupHBIH
BUXPb 3TOM 3BE3]Ibl PACKPYUUBAI €€ JI0 3HAYEHUSI YIJIOBOM CKOPOCTH
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W,c BIUIOTH IO HACTYIUICHUS PABEHCTBA LEHTPOOEKHON CHIIBI M CHIIBI
TSXKECTU Ha €€ MOBEPXHOCTU
wb = Foc.
W3 sToro paBeHCTBa MOJy4aeM, YTO OKPYKHAsI CKOPOCTh TOYEK
MTOBEPXHOCTH 3BE3/bI JIOJDKHA ObLIa OBITH B TO BPeMsI

fm,
U0 = (5.15.1)
r
ooC
C JIpyroi CTOPOHBI, OKPY>KHAsI CKOPOCTh
oF Woclooc (5.15.2)

IIpupaBusem mpasble wacth ypaBHenmit (5.15.1) u (5.15.2).
IMosydeHHBIN pe3yNIbTaT pa3pelinuM OTHOCHTEIBHO YIIIOBOM CKOPOCTH:

1 [fm

_ oC
We = (5.15.3)

ooC ooC

MoMeHT ~ KOJIMYeCTBa  JBMKCHHS  OJHOPOJHOTO  Imapa

OTHOCHTEJILHO €T0 IIEHTPA OMPEIEIAETCS BRIPAKEHHEM
M (2/5) 6r,? m, (5.15.4)

rIe W - yrioBas CKOPOCTh BpAIIeHHs Iiapa; o - paauyc mapa; My -
macca mrapa. ITomcrasum B (5.15.4)yraosyio ckopocts u3 (5.15.3)u
napaMeTphbl MPOTOCOJHIIA Myc U oo B pe3ynbTaTe mosyduM MOMEHT
KOJIMYECTBA JIBIDKEHHS IPOTOCOJHIA BO BPEMs HEMOCPEICTBEHHO
IPEIIECTBYOIee COPOCY YacTH BEIIECTBA, TO €CTh OTICICHHIO
IUIAHETON CHCTEMBI OT IIEHTPAIBHOU 3BE3/IbI:

2 /fmo 2
M, = Ercfocmo - < = g,/fmicrooc. (5.15.5)
ooC

VuuThIBast, YTO MPU OTAEIECHHU IJIAHET OT 3BE3/bI OHU YHOCST C
c000l1 MOYTH BECh MOMEHT KOJIMYECTBA IBIKEHHUS 3BE3IbI, a4 caMa
3Be3/[a MPAKTHYECKHU MPEKpaIaeT CBO¢ BpallleHHe, MOCYMUTAEM CYMMY
MOMEHTOB KOJHMYECTBA [BIDKEHHS IUIaHeT. J{JIs 3TOro JOCTaTOYHO
MOJICYMTATh MOMEHTBI KOJIHWYECTBA [BIKEHHS TOIBKO OOJBIIAX
IUTAHET, MoJTarast MX OpOMTHI TAKUMH K€, KaK B HacTosiee Bpems. [Ipu
9TOM MAacChl IUIAHET My ; YMEHBIIUM B COOTBETCTBHU C (HOPMYJIOH
(1.3.7),B35B MX TaKWUMH, KaKAUMK OHM ObLH 3,5 Mitps jieT Hazax (Tabir.
5.15.1). Ckopoctu turaner 3,5 Mipa JieT Haszal, ONpemeNsseMBIE IO

¢dhopmyne
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U om r !
Oop6
TaKke MpUBEIeHBI B Tabmwmie 5.15.1.
Tabmuma 5.15.1
[TapameTpsl Onurep CatypH Ypan Henrtyn Ilnyron
Mo s, T 1,38 10° (4,100 10° 6,36 107° (7,45 10°® 3,47 « 107
[Iro o5, oM 7,80+ 10° [1,42. 10 |2,87-10* [4,60- 10 |5,91 10*
[Uo s, cmic 1,11 1¢F 0,82+ 1CF 0,58+ 1¢F 0,46+ 10° 0,40 « 10
(Mous, rem¥e 1,19- 10°  J0,48+10° [0,11+10° [0,16+10° [0,008 1G°

MOMEHTBI KOJIMYECTBA JBMIKCHHUS IUIAHET IOJICYUTHIBAIOTCS IO

tdhopmyne
Mn = rnerUOrerOp6-

Takum o6pazoM, B MoMmeHT oTaeieHussi oT CONHIA TIaHEThI
YHECIH ¢ 000 MOMEHT KOJTHYECTBA JIBIKCHHSI OTHOCHTEIILHO [ICHTPA
COJIHEYHOH CHCTEMBI 4yTh OOJIbIIIE, YeM

2 Mo = 1,9410%° remc. (5.15.6)

IIpupaBusem mnpaseie vactu Beipakenuit (5.15.5) u (5.15.6).

Pe3ysbrar paspemm OTHOCHTELHO paiuyca MPOTOCOHIIA:

i 2qsm, )

we = afmy

B utore npoToconHIle B MOMEHT, HEMOCPEICTBEHHO MPEIIIECTBO-
BaBIIUI OT/CICHUIO IUIAHETHOTO BEIECTBA, UMEJIO MPUOJIM3UTEITHHO
CICAYIOIIKE MapaMeTphl: Myc = 1,4510% r, lfooc = 0,11810" cm,
wW,c = 0,243 pan/c, Toc = 25,9c.

[ToydeHnHbie TapaMeTpbl OYEHb IMOXO0XKH Ha IMapaMmeTpbl 3BE3N
THTIa OCJBIX KapJIUKOB, HANIpUMep, ciiyTHHKa Crupuyca:

ng=1,7700"r, 1,=0,19710 cm.

B HacTosIiee Bpemsi B aCTpPOHOMHUH YTBEPAMIOCH MHEHHE, YTO
Ocnble KapiauKd OOpa3yroTCs TOCTE BCIBIIIKKA 3BE3]] B PE3yJIbTaTe
BBITOPAHUS ATOMHOTO TOIUTHBA (BOAOPOJA, TENHs) H, CICI0BATEILHO,
OHHM 3aMBIKAIOT ABONIOIMIO 3BE31. OIHAKO paccMaTpUBAEMBIN 371€Ch
MEXaHU3M PAaCKpPY4YMBaHHUS 3Be3lbI A(UPHBIM BUXPEM MPUBOJIUT K
HAPYIICHUIO PAaBHOBECHS MEXKY JaBJICHUEM HArpeToro ra3a U CHION
TSOKECTH BHYTPH O€JIOr0 KapjuKa HM3-3a BO3POCIICH IEHTPOOSKHOMN
cuibl. CornmacHo Teopun MunHa [9] mpu HapylmIeHUH YCTOWYMBOCTH
MIPEKHETO CTPOSHUS 3BE3/bI OHA CKAYKOM IPUOOpETaeT COBEPIICHHO
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HOBOe cTpoeHue. Ilpu 3ToM MuUTH yKa3bIBaji, YTO IOCIE BCHBIIIKU
CBEpXHOBOW TIpU CHaJaHUM 3BE3/bl, MpU €€ KOoJularce, u3-3a
YBEJIMYCHHUS CKOPOCTU €€ BpAIlCHUS 3Be37a MOXET pa3JIeIUThCA Ha
JIBE yacTH, 00pa3oBaB TECHYIO IBOMHYIO 3BE31Y.

B HeKoTOpBIX CiTydasx IMociie pa3IBOCHHS OJIUH WIH JAake 00a
KOMIIOHEHTa MOTYT CHOBA B30pPBAaThCS, IPEBPATHBIIKCEH B Mapy 3BE3N
HOpMasbHO# TIoTHOCTH [9]. IMEHHO 3TO, MO-BHIUMOMY, MPOU3OIILIO
B MOMEHT oOpa3oBanus ConHIIa, TaK KaK B JUTEPAType WHOTIA MOKHO
BCTPETUTH OOCYXXIEHHE BOIMpOca O TOM, He sBigercs au FOmurep
MaJICHbKOH 3BE€3110H, a He m1aHeTo. IHTepecHo Takke OTMETUTh, YTO
acTpoHOM [BHE cumTam Bce HOBBIE 3BE3BI IO BCIBINIKA OCIBIMU
KapiIuKaMH, TPUIKCHIBAs WM HEYCTOWYMBOCTH BBHAY OOJBIION
TUIOTHOCTH.

Henapom BCIBIIITIKK CBEPXHOBBIX 3BE3J1 HE SBISIFOTCS €IUHO00-
pasHeIMH. Pa3nuyaioT CBepXHOBBIE, OOBIUYHBIE HOBBIE, IMOBTOPHBIE
HOBBIE, MPOCTO BCIIBIXMBAIONUE 3BE3IBI. 1IpH TakmxX BCHBIIIKAX, IMO-
BUJIMUMOMY, OOpa3yroTCsS HE TOJBKO 3BE3BI, HO W W3 OCTAaTKOB
BBEIOPOITICHHON MaTEPHH 00Pa3yIOTCS TAKKE U TIAHCTHI.

[Tocne BembimkH, cOpoca Macchl U MOTEPH KOIUYECTBA JIBUXKE-
HUS HOBasl 3Be3/a chopmupoBanach He Kak OEblid KapiiHK, a B BUJC
coBpemenHoro CoJIHIIA, TO ©CTh 3BE3[bI MCHbBINEH IUIOTHOCTH U
Oosbirero paguyca. 3a 3,5 Mip JIeT, MPOLIEANIAX ¢ 3TOMO0 MOMEHTA,
macca Comnna cornacHo (1.3.6)BeIpocia 10 COBPEMEHHOTO 3HAYCHUS
me = 2102, a paanyc OCTaHOBHIICS Ha BennumHe Ic = 710 0 ¢em. 3a
3TO BpeMs (UPHBIN BUXPh, KOTOPHIN TIPU BCIIBIINIKE 3BE3bI U CaM
mpeTepren n3MeHeHne, packpy Tt CoHIIe A0 YTIIOBOM CKOPOCTH W =
2,910° pax/c.

Ecmu ©Ob1 3Be3ma ¢ mapamerpamu coBpeMeHHoro ComHila
cKaJlach JI0 pa3MepoB MPOTOCOITHIIA, TO €€ YIIIOBasi CKOPOCTh CTajia Obl

Wooc = G (FocTFooc?) = 0,0102pan/c.
[punsB 310 3HaueHHWe B KadecTBe ), B ¢opmyne (5.4.10),
MOJICYUTAEM YTJIOBYIO CKOPOCTHh 3(HUPHOTO BUXPs 10 Bembimku( t =
11,5mmpn ner ):

Wy =1,00510™" pan/c.

_ liwoc - wooc)
" 2a [

[Ipu ompemacHun paauycoB saep dPUPHBIX BHUXPEH 10 M IMOCIE
pa3pylieHHs] MPOTOCONHIIA CYUTAEM, YTO MOMEHT KOJHUYECTBA ABU-
JKEHUS BUXpS, NPUXOJAIIMICS HA €IUHUILY [JIMHBI, TPU B3PHIBE
MIPOTOCOJIHIIA He M3MeHmIcs. OHAKO B CBSI3U C M3MEHEHHEM pafiyca
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Y YTJIOBOW CKOPOCTH 3BE3[bl, a TAKXKE YIJIOBOW CKOPOCTH 3(PHUPHOTO
BUXPs1, €T0 NOIEPEYHbIE Pa3MepPhI 1OJDKHBI U3MEHUTHCS
Ton = )| %8 = - 0793,
Fop W
Takum 00pa3oM, COBpEMEHHBIH J(UPHBIA BHXpPh OKOJO
ConHua uMeeT paauyc sapa B 12,6 pasza Oosibiiie 3pHPHOro BUXPS
MPOTOCOJHIA.

YACTD 6 PasHoe

6.1.106 >¢pupoannamuke B.A. AIOKOBCKOT0

Haunbonee npoasunyTOi M3BECTHOM HaM Teopueil 3dupa sBIseTcs
Teopus, pa3paboranHas B.A.AIFOKOBCKIM, H3JI0KeHHas UM B [5],[6] u
psne Npyrux KHUT. B Hell BbICKa3aHO MHOTO CMEJBIX U MPaBUIBHBIX
uaeil o poiu >dupa B CO3MAHUM 3JICMEHTAPHBIX YACTHIl, aTOMOB U
MOJICKYJT MAaTepHH, pOJM TeueHHH d3(uUpa B IIEKTPOMATHUTHBIX
SBJICHUSX W TIPUPOJIE cBeTa. BMecTe ¢ TeM psJ MPUHIUIHATBHBIX
MOJIOXEHUH STON TEOPHH TPEACTABISIOTCS HAM IO MEHBIICH Mepe
CTIOPHBIMH.

[pemnoxkeHHass HaMH Teopus dPUPa MPUHITUITHATEHO OTINYACTCS
ot >pupoauHaMukn AlrokoBckoro B.A. [5,6]. B mepByio ouepens 310
OTHOCHUTCSI K TIOHUMAHHIO MAacChl M IUIOTHOCTH 3(upa, CHIOBOTO
B3aUMOJICHCTBUSL MeXay d3(pHpoM U TelmamH, CKOpPOCTH CBETa,
BCEMHUPHOTO TATOTEHUsI, YCIOBUH (DYHKIIMOHUPOBAHHS BHXpEH,
MPECTABIISIONINX OO0 dIIEeMEHTapHBIC YACTHIIBI BEIECTBA.

B mpenaraeMoii TeopHHM BHXPEBOE IBIKEHHME d3(GHpa BHYTPU
YacTUI[ MOMAepKUBacTcsa TmoneM s¢upa. B paborax [5] u [6]
CUMTACTCSA, YTO TaKWe BUXPH, CIAMHOXKABI BO3HUKHYB, Jaiiee
BpaliarTcs mo uHepiwn. K ToMy ke, uepe3 TpeHHe OHU HETPEPHIBHO
packpyunBaroT 3¢up BOKpyr cebs. Ilpm 53ToM, Tak 3aBEHINICH
KO3 GUIMEHT TPEHHUs, YTO I10 HAIIMM pacuyeTaM TPEHHE OJHKHO
3aTOPMO3UTh “TOPOHMIANIBHOE W KOJbIIEBOS" JBWXKECHHE 3(dupa B
YacTUI[aX  BelecTBa M,  CJEJOBaTeNbHO,  MPEKpaTHTh  HX
CYIIECTBOBaHUE B TEUCHWU OYEHb KOPOTKOTO HWHTEpBalla BpPEMEHHU
nopsinka At=10°%C. D10, KOHEYHO K€, MPOTHBOPECUHT PEATBHOMY
BPEMEHH CYIICCTBOBAaHHMS aTOMOB W JIPyTHUX  JIOJNTOXUBYIIHX
3JIeMEHTaPHBIX YacTull. OCTAHOBUMCS HA 3TOM MOpOOHEE.
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Tak, B [5] mpuBemeH OICHOYHBIN pacyeT BpalleHHsS MPOTOHA.
[IpoToH paccmarpuBaeTcsl B BUE BpAIIAIONIETOCs MIapa C PajiycoM
r,=1,410"°M. 3a cder cHn TpeHHs, BpAaIAsCh IO HMHEPLHH, LIAP

CO37IaeT B OKpY’KaromeM 3(Hpe IoJie CKOPOCTEH, IOIYNHSIONINCS
r2 r2
3aKOHY V=VL2 =oor0L2 (6.1.2)
r r
Bemuunnaa V=X, B cTeHKax MPOTOHA OIICHEHA Kak Vy =310 w/c.
KoadduineHT AMHAMUYECKOH BS3KOCTH ONPEACICH Kak
N=10° xr'd™". 3agaua o MexneHHOM BpameHMH cdepbl B BA3KOI
KHUIKOCTH PEIIeHa B TMIPOMEXaHUKe. DTO pelIeHHe MOXXHO HAlTH B
[52]. dns nognepskaHust BpaleHUst chepbl COrIacHO ITOMY PEIICHHIO
K HEl He0OXOUMO MPHKJIAABIBATH BPAIIAIOINN MOMEHT
MAfriw (6.1.2)
3T0 03HAYaeT, 9YTO MOMEHT CHJI TPEHHS PaBeH TAKOH JKe BEJIWIHHE
¢ oOparHpiM 3HakKoM. HecloXHBIH pacueT TOKa3bIBaeT, dTO

w=V,/ r0=2E|1036paz[/ ¢ 1 MOMeHT

M=1,3810"° H (6.1.3)
JuddepennmanbHoe ypaBHEHUE BPALIATEIbHOTO JABMKECHHS TBEPIOTO
da _ M
TeJa U3BECTHO — = (6.1.4)
d J

(0]
3mece M- MOMEHT CHII TpeHUs], MPUIOKEHHBIH K BpalllalolieMycs
IMPOTOHY CO CTOPOHBI MOJIA 3(1)I/Ipa. Jo- MOMCHT UHCPIHUU OJHOPOJHOI'O
1apa ¢ paguycom IIpoToHa Iy
3
J0=g mr? (6.1.5)

0o

IMoxacraBum (6.1.3)u (6.1.5)B (6.1.4),moryunM BBIpaKEHUE IS
W3MEHEHMsS] YIJIOBOM CKOPOCTHM BpaIlleHUs] TPOTOHA C Maccou
m=1,710%kr o BpeMeHH

Z—‘t‘ =-0,6910"pan/c? (6.1.6)

OneHnM yMeHbBIIIEHHE YTIIOBOW CKOPOCTH BpallleHUS MPOTOHA
M0 BPEMEHH 10T BIUSHUEM CHJI TPSHUS TI0 hopMyJie

w:wo+‘ij—‘t°m = 2[10% - 069M0%At  (6.1.7)

Otkyzna ompeznensieM HPOMEXKYTOK BPEMEHH 10 IOJHOW OCTaHOBKH
Bpamenus npotona At=2,910°c.
Takum oOpa3oM, 3amaca WHEPIMH NPOTOHA TPH BpallcHUHd B
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BS3KOM 3(Upe Ha TMPEOJOJICHUE MOMEHTAa OT CWJI TPEHUS XBaTUT
Tonbko Ha Bpems At<3[10°C, uTo IPOTHBOPEUHT peanbHOMY BPEMEHH
JKU3HU OTOW YacTHIBl. AHAJIOTHYHBIA pacueT MPUMEHUTENIbHO K
(oToHaM, TaK K€ MPEACTaBJIAIONINX MO MbICIH AIIOKOBCKOTO B.A.
TMUHEHHbIE 3(UpHBIE BUXpHW, TOKAa3bIBACT, YTO BpPEMs WX JKU3HU
OKas3bIBaeTCsA elle MeHble. BuiBox omu: B paborax [5] u [6]
Ype3BBIYAMHO 3aBBIINICHO 3HaueHHe KoddduimeHnta TpeHus. BoooOie
HCONPaBAaHO BEJUKAa pOJIb TpeHUS B  (QYHKIMOHUPOBAHUU
3JIEMEHTApHBIX YacTul] Marepun. [lo cytu, 3up, HaENCHHBIH TaKUM
TPEHHEM, MPEACTABISACT TOT “IKeIe300€TOHHbIN™ 3(hUp, B KOTOPOM I10
MHeHHIO A.DWHIITeWHa yBI3HYT Bce Tena BeeneHHoM.

B knwrax [5] wm [6] HaOmomaeTcs pa3HOYTEHHE B CaMOM
NOHUMaHWU CyImHOCTH 3¢upa. C OJHOW CTOPOHBI 3TO Tra3, TO €CTh
CIUIONIHAA CXXMMaeMmas cpena, 3amoJHSIomas Bce mpocTpaHcTBo. C
STUX TMO3UIMHA ONPEJCIICHbl 3aKOHBI TEUCHWH 3(upa B BUXPSIX U
BOKPYT HHX U Tak fanee. Ho 31ech e yTBep:KaaeTcs, 4To d3Qup B BHIC
“cronbIoB” mamaeT Ha 3eMITIO TIOX JelicTBHEeM rpaBuTaruu. Ho ecnm
yacTe 3¢Qupa magarT Ha 3eMITF0 KaK TBEp/IbIe HEB3aMMOACHCTBYIOIINE
MeKIOy coboil Tema, To 3To yxke He ra3. CKOpOCTb BXOXKICHUS
3(¢upHOTO raza B 3eMIIIO JOJDKHA MOJYMHATHCS 3aKOHY ITOCTOSHCTBA
MaccoBOTO  pacxoja W,  CIeJoBaTelbHO, OBITH  OOpaTHO
MPOMOPIIMOHANBHON ~ KBajpaTy paamyca 3eMiId, a He KOPHIO
KBaJIPaTHOMY W3 3TOTO paJuyca, Kak MpH MajeHnu TBepabix Ten. Hamo
BBIOMPATH OJTHO U3 IBYX- JIMOO Ta3, TUOO0 POU TBEPABIX YACTHII.

B paborax [5,6] upe3BbIdaiiHo BETUKH CKOPOCTH PACTIPOCTPAHCHHUS
cnabbIX BO3MYIIEHUM M KOJBIEBBIX CKOPOCTEH 3(puUpa B BUXPIX-
qacTHIAX MaTepuW, AocThraroume sHaueHmii V=10"M/c, uro Ha
TPUHAIIATh MOPSAIKOB IMPEBBIIAET CKOPOCTh CBera. [lpm Takmx
CKOPOCTSIX BpAllleHHWsT TMPOTOHA MW  O3BYYCHHOM JIABJICHHU B
oKpyxkaromieM ero mone >pupa P=20°HM ™ 1eHTpOOEKHBIE CHIIBI
pasopByT TpoToH. Ilo HameMy MHEHHIO 3TO SBHJIOCH CIIEJICTBHEM
YIPOIIEHHOTO MOHUMAaHUS CYIITHOCTH 3(upa.

Kak u B OonbIIMHCTBE APYrux padOT ATOr0 HAIpaBiieHUs, 3Qup
ocTaeTcsi OOBIYHBIM Ta3000pa3HBIM BEIIECTBOM, TOJIBKO Oojee “Mern-
koro momona”. OIHAKO CIPaBEUTMBO OXHUAAOT, YTO €ro POJb B
MpHUpOJIe HE OTPAHWYUBACTCS TOJBKO PACHpPOCTPAHEHHEM CBETa.
[TonararoT Takke, 4TO €ro TeUCHUSI 00YCIOBIUBAIOT CHIIBI BCEMUPHOTO
MIPUTSDKEHMS], 3JEKTPOMArHUTHBIE B3aMMOJEWCTBUS, BHYTPHSIEPHBIC
cunbl. Ho ams momydeHust 9TUX CHJI, OCHOBBIBAsICh Ha KJIACCHYECKHUX
TeopeMax MEXaHWKH, MPU UYPE3BBIYANHO MaJIOW TUIOTHOCTH, KOTOPOU

222



HAZEIAI0T B 3THX paboTax 3¢dup, TpeOyioTcs HepeadbHO OOJbIINE
cKopocTH TeueHus d¢pupa. Kpyr 3ambikaercs.

Brixon TonpKO OOWH - TOHATH, YTO 3GMP NPH CXO0KECTH €ro
CBOWCTB €O CBOWCTBAMH H3BECTHBIX 3€MHBIX Ta30B HMeeT CBOH
OT/INYMTe/IbHbIe CBOiicTBa. I'IaBHBIMHM M3 HMX SIBJSIIOTCH €ro
00Jb1Ias MJIOTHOCTD, 00J1blIasi CKJIOHHOCTh K BUXPe0OPA30BAHUIO
U TO, YTO OH NepPBHYEH M0 OTHONIEHHWIO K 00bIYHOMY, TOCTYNIHOMY
HAlIMM OLIVIIeHusM, BemiecTBY. CamMmu MaTepHajbHble Tejda M
CUJIOBbIC B3aUMOJCHCTBHS MEH#AY HUMM, B TOM YHcjde CHJIA
BCEMHPHOI0 NPHUTSKEHUs, SBJIAIOTCH CJeJICTBHEM TedeHMil
3¢upHoro raza. IlosToMy COBEpIIEHHO HEMPaBOMOYHO TOBOPHTH,
49TO Ha d(pHp AEHCTBYET CHiIa TSHKECTH M OH B BHJIE “ CTOJIOIOB” TIagaeT
Ha 3eMIIo.

3ak/jIouenue

[IpuBenénnpie B paboTe WCCIENOBAaHHWA HE HWCYEPIBIBAIOT BCEX
BO3MOXXHOCTEH Teopuu 3dupa. Mmeercs Oonplioe 4uciio mpodiieM
(¢u3MKK, acTpOHOMHH, MHUKPOMHpPA, KOTOpPBIE MOTYT IIONYYUTh
pelIeHne ¢ MoMOIIbI0 3TOK Teopuu. OHa pacuIupser MpeacTaBiIeHue
Hayku 00 ycTpoicTBe KocMoca. IlokasbiBaeT, 4To cuiia TSKECTH, CHila
WHEPLHHY, 3JIEKTPOMAarHUTHBIC CHUJIOBBIC B3aHMMOJCHCTBHUS, CBOWCTBA
CBETa, YCTPOMCTBO MUKPOYACTHUI] U aTOMOB OOYCJIOBJICHBI TEUEHUSIMHU
a¢dupa. BrirageBaeT B pyKu YIEHBIX HOBBIA HHCTPYMEHT, YBEIMUNBACT
CTeTeHb CBOOOABI HaydHbBIX HccienoBaHuit. [lokasbiBaer, dTO
aCTPOHOMHUS U KOCMOJIOTHSI HE YUUTHIBAIOT OUYEHBb BaXHBIH KOMIIOHEHT
ycTpoiicTBa BceneHHOH, a WMEHHO, HaJU4YHUE€ OKOJIO MaCCHUBHBIX
KOCMHUYECKHX TeJl 3(UPHBIX BUXPEH U ACHCTBHUS OKPY>KHBIX CHIL.

Lenbio paboThl HE SABIAETCS KPUTHKA TEOPUH OTHOCHTEILHOCTH,
CBITpaBIEl OOJBIIYIO POJIb B HCTOPUU HayKH. boiee Toro, aBTop HE
CUMTACT IJIABHBIM B pabOTe TO, YTO C MO3ULMI Teopuu 3¢pupa yaaIoch
OOBSICHUTH TOYTH BCe onTHyeckue dPQEeKTHI, JIexkanme B pyHIaMeHTe
teopun A.DiHmTetHa u npuBemmue 100 jger Hazang (GU3MKY K
kpm3ucy. CoOCTBEHHO TOBOpPS, HEOOBSCHEHHBIM OCTAJIOCh TOJIEKO
cMmerienue nepureans Mepkypus Ha 43’ B croneTre. Bo3moxkHo, 310
U He TpeOyeTcs, Tak Kak u3BecTHa pa3padoranHas emé B 1906roay [7]
HEMELKHM acTPOHOMOM  3eeJMrepoM  XOpomo  0OOCHOBaHHAs
runore3a. OHa OOBSICHIET 3TO CMEIICHUE TPABUTALIMOHHBIM BIASHUEM
OOJBIION MacChl MENKHWX YaCTHII, 3aIllONHSIONINX OKOJOCOIHEYHOE
MPOCTPAHCTBO BIUIOTH 70 opOuThl 3emnu. Hamuume Takoro BemecTBa
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MOJITBEPIKIAETCS Ha0II01aeMbIM 301aKaJIbHBIM CBETOM,
NPEICTaBISIIOUINM COOOH PacCesiHHOE OTPa)KeHHE COJHEYHOIO CBETa
OT 3TUX YaCTHIL.

Bonee BaxkHo TO, yTO Teopus »dupa PU3MUHA U HE 3a)xara B
KECTKYIO CKOPIYIly MaTeMaTHYeCKHX YPaBHEHWH, KOTOpbIE Kak B
TEOpPUH OTHOCHTEIBHOCTH, HAYMHAIOT CaMOJAABIETh HaJ (HU3UKOH
peaNbHBIX MPUPOAHBIX SIBICHUN M 3IpaBbIM CMBICIOM. Teopus s¢dupa
CBOOOJHA OT 3THX HEIOCTaTKOB U OTKPBIBACT LIMPOKHUH MPOCTOP AJIS
HOBBIX OTKPBITUI U CBEPIICHUH.

WHTEepecHO OTMETUTH, 4TO, HecMOTps Ha pasHele c OTO A.
OHHINTeHA TOAXOABI K IO3HAHUIO MHpa, Teopus d>pupa TakKe
OpuIla K NPaBHUIbHOMY BBIBOAY O TOM, YTO IPOCTPAHCTBO BOJIU3HU
MacCUBHBIX KOCMHUYECKMX Tel HeogHopogHo. M3-3a TOro, d4ro
raJakTHKH, 3BE3[bl, IUIAHETHl HEMPEPBIBHO MOTJIOMIAIOT 3QHUp U3
OKPY’KalOILEro IIPOCTPAHCTBA, BOKPYI HUX peaU3yercsl palualibHbIe
TE4EHHs], HalpaBJIEHHbIE K LIEHTpaM 3THUX MAacCUBHBIX 0Opa30BaHUM.
OTH TeueHWs OMMCHIBAIOTCA TeueHueM okojio ctoka. B OTO 310
ABJICHUE TPAKTyeTCsl KaKk MCKPUBJICHHE IIPOCTPAHCTBA BOKPYT
MAaCCHUBHBIX 3BE3I.

PannanbHple T€UEHMsSI OKOJIO CTOKOB HEYCTOMUYMBBI K BHEIIHUM
Bo3MywieHUsM.  [loaToMy, OHHM cBOpauMBalOTCS B  D(QHUPHBIC
KOCMHUYECKHE BHUXPH, OKPYXKAIOLIUME 3TH MAaCCHBHBIE O00pa30BaHUS.
CoBpeMeHHass HayKa HCTOJIKOBBIBAET MX KaK 3aKpy4MBAaHHE CaMOI0
MIPOCTPAHCTBA BOKPYT MaCCHBHBIX 3BE3/.

B 3akmioueHue oTMETHM ellle pa3 Haubolee CyIIEeCTBEHHbIE Ha
Halll B3[JISIL PE3YJIbTaThl, OIy4YE€HHbIE HAMH B JaHHOU paborTe:

1. Mup nepecran ObIThb mycThIM. [liisi 00bsicHeHus1 GU3MYECKHX
3aKOHOB MOSIBMJIOCH 00beANHsAIONIee HaYa0—Iiose 3¢gupa

2. IIpoMexkyTOUHAsl cpela Mesk3Be3IHOT0 3¢upa onpeaensier CUIY
HHEePIHH, CHJIY TSKeCTH, TPABUTAIIMOHHYIO CHJIY, HAIIPABJICHHYIO
M0 KacaTeJbHbIM K OKPY/KHOCTAM BOKPYI MAaCCHMBHBIX TeJ, CHJIIY
pocTa Macchl, CHJI0BOE B3aNMOelCTBHE MeKIY M0J10KMTeIbHbIMH
H OTPUIATEJILHBIMH “IJIeKTPUYECKHMU 3apsiiaMu’ .

3. PaccmoTpeHHblii mpouecc mnoriomenus 3Qupa TeaaMu U3
OKPYZKaI0IIero MpoCTPAHCTBA SABJISIETCS HEAOCTAIOIINM 3BEHOM B
no3HaHnu Mupa. OH NO3BOJIsIeT NOHATHL, 4YTo BceejeHHas BeuHa.
Hapsiny ¢ siBieHneM paccenBanusi Temiaa (rumore3a Kiaysmyca o
TEemI0BOil cMepTH) BO BcesleHHOl MayT MOIIHbIE CO3MIATEIbLHbIE
npouecchl. B pe3yabTaTe poXKAAKTCI HOBbIe KOCMHMYeCKHe
o0bexkThl. B HHX HakamMBaeTcsd  OFPOMHAsl  JHePrus.
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IMocTaBIIMKOM M pPeryJsiTOpOM 3TOr0 KpPYroBopoTa MaTepuM M
IHePruu sABJsieTcs nmoJie 3gupa.

4. TlosiBasieTcs MOCTHK MEKAY HEXHBOW W KMBOW HNPUPOIOIi.
Yto0bI CylIecTBOBATH TeJla HEKMBOH NPHPOABLI TaK Ke, KakK
pacTuTe/lbHble M KMBble OPraHM3Mbl, JOJKHBI MNOIVIOIATH W3
OKPY’KAIOIIero NMpPOCTPAHCTBA JHEPrui0 H maccy. Mbl (oam)—
IUIOTH OT IJIOTH 1OJIst 3¢pupa. Mbl )KMBeM B OkeaHe 3¢upa.

5. JInst yuyeHbIX, KOTOPbIE MBICJIAT CTATHYECKMMH 00pa3amMu, caMo
NMyCTOe TeoMeTPUYEeCKoe MPOCTPAHCTBO, KaK 3TO CUYMTAETCHA B
odomeii Teopunm otHocuTtenbHOcTH (OTO), w3rudaercss m
3aKPYYMBAETCH OKOJI0 MACCHUBHBIX Tejl. 3aKjl0UeHHEe O mporude
NMPOCTPAHCTBA  CIEJAaHO HA  OCHOBAaHHUM  HaODJI0OIaeMOro
OTKJIOHEHHS JIy4a cBeTa, mpoxoasimero psagom c¢ CojHiem oT
JaJIeKAX 3Be3] K HaoOaomareao Ha 3emuie. 3aKIO4YeHHE O
3aKPY4€HHOCTH NPOCTPAHCTBA  C/IeJIAHO, U3  HeyMeHHs
O0bSICHUTHL  HA0/J0IaeMOe  omepexeHHe  HMCKYCCTBEHHBIMHU
COyTHHKAMH  3eMJIM UX PACYeTHOI0 MOJI0KeHUsI Ha OpOUTAaXx.

6. ITockoabKy B NPOCTPAHCTBE, 3aMOJHEHHOM 3GHPOM, Kak
npennoiarain U.Hb0ToH, CylIecCTBYIOT TeueHUs dQupa K HeHTpam
TeJI, a TaKKe BHUXpPeBble TeueHUsi pupa BOKPYr ITHX TeJ, O
KOTOPBLIX OH He J0raJbIBajICsi, TO MPOCTPAHCTBO OKA3bIBAETCSH
HeOMHOPOAHBIM. @OTOHBI cBeTa CHOCATCH  PaAUAIBLHBIMH
TeYeHUsIMU K MEHTPaM MAaCCHBHBIX TeJl. B pe3yabTarte jy4 cBeTa
HCKPUBJISIETCS, IPOXOSI OKOJIO 3THX TeJ.

HckyccTBeHHbIE CIYTHUKH 3emuin, NMOJATrOHsieMble
KOCMHYEeCKUM 3(PUPHBLIM BUXpeM 3eMJIH, YCKOPSIOT IBHKeHUe Ha
CBOMX OpOMTAX, eCJad HMX ABUKEHHS COBHNAJAIOT C BpallleHHeM
3¢upHOro BUXpPSA H caMoil 3eMuid M 3aMeJJISIIOTCH, €CJIU HX
JABHMKEHUS] TPOTHBOMOJIOKHBI. JTHM OOBSICHSIETCH TaKikKe, TaK
Ha3bIBaeMoe, TAMHCTBEHHOE “ BeKoBoe yckopenue JlyHbr'.

7. Okasanock, uto 3ueprus E=mC’, cooTBeTcTBYIOIIasi Macce M,
npeicTapiasieT  co00ii  KHMHeTHYeCKyl0  JHEeprui0  CTpyi
ABHKYIIerocst 3¢upa, cTeKalllero B TeJo B Ipouecce
NOTJIOIIEeHHUsI TeJIOM 3¢Hpa U3 OKPYKAIOIIEro MPOCTPAHCTBA.

8. Kpome sneprum E=mC’ B sapax aToMoB Tea B TedeHHH

MIJUIHAPAOB JIET WX CYIIECTBOBAHMSI B IpoIecce MOIJIOMIEHUs

3¢upa CcKanJHMBaeTcss OrPOMHAsi TPABHTANMOHHAS JHEPrHs,

onpeneasiemasi popmyaoii (1.14.1). Ota 3Heprusi coxpansiercs B
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HHUX B BH/le JHEPrHM XA0THYECKOro BM:KEHHSI aTOMOB 3(upa.
ITOii IHEPIrUM A0CTATOUYHO, YTOOBI 00BSICHUTH OIPOMHYI0 YIHEPIHI0
3arajo4yHbIX B3PbIBOB, MPOMCXOAALINX B paauorajiaktukax, Jias
cOBSICHEHHS! 3THX B3PbIBOB Heprust E=MC”nexocraTouna.

9. Ortka3z or gormata OTO 0 NMOCTOSHCTBE CKOPOCTH CBETA B
MyCTOTEe TO3BOJIAET, MepexoAss K NMPUHUHMIAM OTHOCHUTEILHOCTH
l'amunes (HbloTOHA), ecTeCTBEHHBIM 00pa3oM NPHUMHPHTH
KaKyl[decsi MNPOTHBOpPeYHsi B  ONTHYECKHX  ONBITaX M
HA0II01eHusIX

10.IMo3TOMy 0 MPOCTPAHCTBE MOKHO T'OBOPUTH KaK 0 1oJe 3¢upa,
HEOJHOPOJHOCTH KOTOPOro 00yc/ioBieHa TeueHussMu 3¢upa. Ilose
3(upa MOKHO, B CBOIO 0UYepe/lb, pAaCCMAaTPUBATh Kak (u3nyeckoe
NMPOCTPaHCTBO, T.e. Bcesennyro. BemjecTBeHHbIe Tesla, a TaKiKe
CIJIA TSKECTH, YJIEKTPOMATHHUTHBIE CHJIBI, HATPEB OT M3JIy4YeHus,
si/iepHasi JHeprus ABJsAOTc popmamu ABUKeHus 3pupa. Kak Mbl
BHU/IeJIU, CBSI3b MKy 0aPHOHHBIM BellleCTBOM M 3(HpPOM He TaKas
NnpocTasi U NPSAMOJIMHeliHAasA, KaK ee XO0TeJH Obl BHAETh MHOTHe
aBTOPHI, HO OHA He BBIXOAUT 32 PAMKH H3BECTHBIX (PM3MYECKUX
3aKOHOB.
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