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BBenenue

Hanm kocmonoruueckumMu mpobieMaMn 4ejI0BeuecTBO 3ayMBIBAJIOCH C CAMOTO HAYaJIa CBO-
ero cymiectBoBaaus. O6 3TOM TOBOPSIT MHOTOYHC/IEHHBIE KOCMOJIOTHYECKNE MUDBI PA3ITHIHBIX
HapomoB. Hayunas kocMomorus HadaJiach ¢ pabOT acTpOHOMOB »moxu Bospoxnenus: Hukomas
Konepuuka (1473-1543), Voranua Kennepa (1571-1630) u [anumneo lanunes (1564-1642). On-
HAaKO BCe OHU He MU HaJible cepbl HEeMOMBUKHBLIX 3Be3I, T.e€. NHTEePEeCOBAINCH CTPOCHUEM
Comnueunoit cucrembr. MareMaTnaeckyo OCHOBY 9TO HaIpaBjeHume MPUOOPEsIo MOC/e yCTaHOB-
JIeHIsI 3aKOHa BceMupHOro Tsarorenns Vcaakom Herororom (1642-1727). Kocmorornueckue Te-
opuu Brepssie npemnoxkuin [Ibep Cumon Jlannac (1749-1827) u Ummanynn Kanr (1724-1804).
Takme Teopum mpomoOTIKAIOT Pa3BUBATHCS BINIOTH 10 HACTOSIIETO BPEMEHH HA OCHOBE CaMBIX
COBPEMEHHBIX MPENCTaBIeHNH (GU3UKU, HO He COCTABIIAIOT COmepXKaHMe HayK!, Ha3bIBAaeMOH Te-
mepb KOCMOJIOTHEH.

Mup 3Be3n B ["anakTuke n3ydasics MHOTUMU yI€HbBIME, OTMETUM BKjIan Bunbsma [Nepriresns
(1738-1822), nocTpousiiero nepsyio cxemy crpoerns [ amaktuku. [Tociae 0oTKPBITUS MHOTOUNC-
JEHHBIX CTa0BIX TYMAHHOCTEH BO3HWK CIIOpP, IIe OHW HAXOMITCS: B Halmel ['amakTuke miam 3a
ee mpenenamu. Crop mpomosmxkascs no 20-X TODOB HAIIEro BeKa, IMOKa He OBLIN pa3/IOKeHBI Ha
3Be3nbl Onmkaiiime rajgaktuku. CoBpeMeHHass KOCMOJIOT TS N3y4JaeT MU TAJTaKTUK U CKOILJICHU
rajakTuK.

Teoperuueckoit 0CHOBOI OOIIENPUHITON KOCMOJIOTUN CEHYac SIBISETCS TEOPUs TITOTEHUS
Ansbepra Ditamnreitna (1879-1955), Tak HassiBaeMas obias Teopus orHocuTensaoctu (OTO),
u paborbr Anekcannpa Anekcanmposuua Ppummana (1888-1925), nomyunsirero B 1922 romy
mepBbIe HeCTAIMOHAPHBIE PEeIleHns YpaBHEHU TaroTeHus OitHinTeiina. HabmonaTenbHblil 6a-
3HC ee COCTABIIOT OTKpbIToe B 1929 rony Onsurom [loysmmom Xa66mom (1889-1953) sBnenue
pasberaHusi rajJakTHK OT HAC CO CKOPOCTSIMU, MPOMOPIUOHAJBHBIMU PACCTOSHUSIM [0 HUX, &
TakKXe CYIIeCTBOBAHIE U CBOWCTBA PETMKTOBOTO (DOHOBOTO M3IyUeHUS, OOHAPYKeHHOro B 1964
TOIY.

B sTom yue6HOM mMOCOOWN KPATKO M3TAraloTCs OCHOBHBIE MTOJOXKEHUS COBPEMEHHON KOCMO-
JIOTUU KaK HAYKNU O rj100a1bHOM cTpoernn Beemeruoit. CTpOSTCs OMHOPOMHBIE KOCMOJIOT MIECKIEe
MOIe/IN C y4eToM u 0e3 yuera maBjeHus BeriecTBa. OmpenesieHbl OCHOBHBIE XapaKTePUCTUKN
Momeneii. PaccMOTpeHBI 3aKOHOMEPHOCTH PACIpPOCTPAHEHUS U3TYUEeHUsS B UCKPUBIEHHOM ITPO-
crpaHcTBe. [laeTcsa nHTepnpeTalus cooTHoennit Xab6/a. OMuCEIBAIOTCS CIIOCOOBI BEIOOPA MO-
Tes, COOTBETCTBYIONIEN peasbHONl Beenernoii. VM3maraeTcs mcTopus OTKPBITHS PETUKTOBOTO
U3JIy9YeHNs, U MPUBOMSITCS €ro XapakTepucTuku. [laeTcs onucanme OCHOBHBIX 310X UCTOPUU TO-
pstueit Momesnun BcelleHHOW U OCHOBHBIX (DUBUYECKUX ITPOLECCOB, MPOUCXOMSIINX B DTU DIIOXU.
Haercs mpenctasieHne 0 Teopuu WHGIISIINN, TEPBUIHOM HYKJICOCHHTE3e U 00pa30BaHUU KPYTI-
HOMACIITAOHBIX CTPYKTYp Bcenennoii. M3moxkenue B OCHOBHOM 0Oa3mpyeTcs Ha MOHOTpadmsax
[1-3], HO mpuUBIeYeHBI U APYrUe UCTOYHUKN, B TOM UUCIE U HOBEHIINe NAHHbIe HAOIIONEHUI 1
TEOPUN.

§ 1. HbioTOHOBCKasi Teopusi

1. Ilocmanosra 3adauu. Kak n3BecTHO, TeOpus TATOTeHHs DUHINTERHA, OMyOInKOBAHHAS
B 1915 romy, BmocmencTBum mosyumsia TpuyMdabHOe 0O0CHOBaHME, MaB KOJIMYECTBEHHO TTPa-
BIJIbHOE O0bsICHEeHME TpeM HabiomaeMbiM dakTam: cMmernernio nepurenns Mepkypus (1915),
oTKJIOHeHNIO Jiyda B nose Tskectn Conuna (1919) u rpaBUTAIMOHHOMY YMEHBIIIEHUIO 9aCTOTHL
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U3JIyUeHnsT, UCXOMSIIEro oT Tsxenoro tera (1961). Tloutu cpasy mocse GhOpMyTUPOBKI 3HAME-
HUTHIX ypaBHeHuil TaroTenus A.Ditmmreiin (1917) mbITaICs NOTYIUTH HA UX OCHOBE BBHIBOIBI
o crpoennu Beenennoit. OmHaKO OH MCKaJI CTAlMOHAPHBIE PEIlleHns ¢BOUX ypaBHeHuil. Kak yxe
TOBOPUJIOCH, MIEPBLIE afekBaTHBIE pertenns Obutn moaydensl A. A. punvanom. Oun okazamuck
HeCTaOMOHAPHBIMU. C TeX IMOp UMEHHO 3THU pelIeHNs OIMNCBIBAIOT OCHOBHBIE MOOEJIN BCeHeHHOﬁ.
Ilnsa kpaTkocTn Momenu BeeneHHO GymeM HA3BIBATH BCETIEHHBIMU (CO CTPOUHON GYKBEI).

BwmecTo Toro uTo6sr Bocupon3Bonuth ypaBuenus OTO u mpomecc monyueHns uxX pelieHnii, B
Kypcax KOCMOJIOTUN OOBITHO UCIOIb3yeTCs 00jIee MPOCTON Ty Th, CBOETO POAA MOIYKIACCTIECKTT
meron [1]. IHemo B Tom, uro B 1934 romy Omyapn Apryp Muna (1896-1950) mokasas, 4o
pelieHuss TUIa (ppI/II[MaHOBCKI/IX MO2KHO IOJIYUYUTH MCXOO U3 3aKOHA TATOTECHU A HI)IOTOH&. MI)I
MOCJIeTyeM IO YTOMY Iy TH.

BBenmem ranumeeBy cucTeMy OoTCUeTa ¢ HAUaJIOM B MPOU3BOJBHOW TOUKe. B Hell ompeneneHb
MPOCTPAHCTBEHHBIE KOOPANHATHI U 00bI9HOE BpeMs. [IycTh Bce MPOCTPAHCTBO 3aMOJIHEHO BeIlle-
CTBOM C OOHOPOOHBIM U M30TPOIIHBIM pacCHIpene/jeHueM IIJIOTHOCTU P, KOTOPasd 3aBUCUT TOJIBKO
OT BPEMECHNU. 9TO IpenqnoJIOKEeHNe Ha3bIBACTCA KOCMOJIOTUTYECCKUM IIPUHITAIIOM. HaCKOJII)KO OHO
BBITIOJTHSETCS, OOCYIIITM TIOTOM.

PaccMoTpuM HEKOTOPYIO TOUKY Ha paccTosHun R OT Havajla U MOMECTUM TYHA Teao Mac-
coit m. Mcmonmb3yeM m3BeCTHOE CBONCTBO HBIOTOHOBCKOTO TMOTEHIINAJIA, 3AKI/TIOUAIOIIEeCsS B TOM,
4TO pH cHepruyeckn CUMMETPUYIHOM Paclpene/ieHnn MIOTHOCTU Ha HaIlle TeJI0 BO3MEeHCTBYyeT
TOJIBKO Macca, HaXomsiascs BHyTpu chepsl panuyca K. [TosTomy BeIpe:kem n3 BCero mpocTpaH-
CTBa TAKOW IIap W U3YUUM €0 HBOJIOITIO.

2. Ypasuenue dsuxcenud u e2o caedcmeud. Ha BHIOpaHHOE Teso HECTBYeT HBIOTOHOBA

ClJia M
m
F =G (1)

roe G = 6.67-107% cu?/c*2 — mocTosHHAS TATOTEHNUS, a
4 3
M= §7TR p (2)

€CThb Macca IIapa pagnycoM [, KoTopas B XOme 3BOJIONNN He MEeHSIeTCH.

BetriecTBO He UCIBITHIBAET BpPAILIEHNUsI, I HET NIPYTHUX CUJI, KDOME HAIIPABICHHON O PAauyCy
cunbt (1). Kpome Toro, n ckopocThb Tesa HampaBiieHa [0 PAIIyCy, T.e. IBUKEHNe NOJIKHO ObITh
OPSIMOJITHEHHBIM. B COOTBETCTBUN € 5TUM ypaBHEHUE MBUKEHUS TeJIa 3AIMUIIETCS B CKAJISIPHOM
BUZIE

. N GM
mR =—F I R=———. (3)
R2
Ypasaenue (3) cOOTBETCTBYET 3amade OBYX TeJl B HAUGOJEE IPOCTOM CIIydae, KOTIa OTHO-
CUTEeNbHOEe MBIXKEHUE MPOUCXOMUT MO mpsaMoii. [Ipu 5ToM HecyIiecTBEHHO, UTO BEIeCTBO MBU-
JKeTCs BMECTe C paccMaTpUBaeMBIM TejaoM. MOXHO cunTaTh, UTO BeI Macca M cocpemoToueHa,
B Hauajie KoopauHat. Perraercss ypaBHeHUE MTPOCTO.
Kax o6branO B 3amaue OBYX Tejl, CHAvalla, IOMHOXKUB ypaBHeHue (3) Ha R u mpouHTerpu-
POBaB, 3AIMUIIIEM 3aKOH COXPAHEHUS DHePTUN
R? GM
—=———FkEFE, (4)
2 R
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roe F > 0 — BenumumHa MOMHOMA (MOMYTh CYMMbI KHHETUYIECKON U MOTEHIUAIBHOI) SHEPrUu
eINUHUILI MACCHL Tela, a k — ee 3HakK, T.e. k MoxkeT 6bITh 1, —1 unu 0 (momHas sHeprus Tena
paBaa kmFE). Hu Benuunna sHeprum, Hu ee 3HAK He M3MEHSIOTCS B XOIE IBIKEHUS.

Paspemtus coorHomerne (4) OTHOCHTEIBHO IPOM3BOMHOMN, HAMIEM

dR
V2(GM/R — kE)

= dt. (5)

Bun perienust 3aBUCUT OT 3HAKa dHEPrun k.

3. Pewenusa ypasuenuti. PaccmoTpum cHauasa ciydait kK = 1 n cmenaeM NOACTAHOBKY

GM GM
R = ——sin® Q, dR = - sin g cos gdn. (6)

Torna u3 ypasaenus (5) momydum

(GM/FE)sin(n/2) cos(n/2)dn GM

dt = = (1 — cosn)dn, (7)
V2E\/1/sin?(5/2) — 1 (2E)3/2
Tak 4To npu ycaosuu 7 = (0, xorma t = 0,
GM :
tzw(ﬁ—smﬁ)- (8)

Brrpaxenne ckopocTn depes Ty XKe epeMeHHYI0 NMeeT BUII

— V2E ctg g 9)

B cnyuae k£ = —1 TpuroHoMmerpuieckue QYHKINEN 3aMEHSIOTCS TUIEPOOTNIECKIMIE:
GM n GM . n . n
R = sh? =, dR = —sh—~ch~d 10
o) B o (10)
TaK 4TO

(GM/E)sh(n/2) chin/2)dy __CM
VIR iyt 1 @ppr et =

u npu ToM Xke ycnoBuu 1) = 0, korga t = 0,

GM

1= Gy =), (12)

dt =

=V2E cthg. (13)

Cnyuait mynmeBoit sHeprun, korga k = 0 u 3HaUYeHUe BeJIWYUHBI F HeCyIIeCTBEHHO, MOIMYC-
KaeT SIBHOE pereHue

VRIR _ <9GM>1/3t2/3 b <4GM>1/3t_1/3‘



OI[H&KO MBI 3all1IIeM €ro B BIOE, aHAJIOTUTYHOM OBYM IPEOBIOYIIINIM:

GM n? GM n* . 2
R=""-1 +=_—""_TL R=VREZ-. (15)
E 4 (2E)3/2 6 n

4. Csoticmsa pewenuti. BoiBenenubie (GopMysbl B mapaMeTpudIeckoin GopMe OMuChIBAIOT
HpHMOHHHefIHOe OBUXKEHUE TeEJIa B IIOJIE TIAXKECTH HeKOTOpOfI MaCCHI. I/IHaqe MO2KHO CUNTAaATh,
YTO OHU XapPaKTEPpUu3yroT N3MEHCHUE Macuirabda HpOCTpaHCTBeHHOfI OJIMHBI CO BpEMEHEM.

Bce pemrenns nmeror HekoTopble obirue ueptThl. [Ipn ¢ = 0, korma u n = 0, panuyc R = 0.
CKOpOoCTb XK€ B HAYAJIbHBIT MOMEHT R = +00. DT0 06DBACHIETCS GECKOHETHOCTBIO O TEeHINAb-
HOI SHEPrum B Ha4aJie KOOpOMHAT, KOTOPasd HOOJI2KHA KOMIIEHCHPOBATLCIA KINHEeTIYEeCKON 9HEP-
rueil, 9ToObl IOJIHAsL SHEPrus OblIa KOHEUHON (HeBaXKHO, KAKOil OHA MMeeT 3HAK WM DaBHA
0).

Kaxk sBcTByer u3 dopmynst (6), nBuxenue npu k = 1 GUHATHO, T.e. ¢ POCTOM BpeMeHH
cHagasia R pacter ot 0 mo makcumyMa, a 3aTeM yObiBaeT cHoBa mo 0 m T.n. ['padmuk 3aBucu-
Moctu R ot t m3obpaxaercs muknounoii. [Ipuy k£ = —1 u mpu k = 0 paccrosunme R npu t — 00
yBeJIMUmBaeTcs 00 o0. B mocienueM ciyduae mpu 5TOM CKOpOCTh cTpemutcs K 0, a nmpu k = —1
octaercs: KoHeuHoil. [IBuxenus mpu k = 1, —1, 0 aHAJOTMYHBI IBUKEHUSM IO BJIIUTICY, TUIEP-
6ome m mapaboiie B 3amade OBYX TeJl ¢ HAYAJIbHON CKOPOCTBHIO, HANPABIIEHHOW HE MO MPIMOM,
MIPOXOMSIIEN uepe3 MeHTP TPUTIKEeHU .

[Ipu n — 0 permeHus ¢ HEHYJIEBOW SHEPTUENl OMUCHLIBAIOTCS TeMU XKe (GopMylIaMu, 4TO I
pertierne ¢ HyjeBoil sHeprueil npu Beex 7). CriemoBaTebHO, HA PAHHOX JTAlaX HBOJIIOIMUN BCE
TPU PELIeHNS HePa3INnIuMBbL.

5. Osoaroyut naomuocmu. [lomyuanm nononHUTENBHBIE YPABHEHUSI, 13 KOTOPBIX MOYXKHO 0Y-
IeT, B YACTHOCTH, HAWTHU DBOJIIONUIO TJIOTHOCTH. BBemeM HOBYIO HEpEMEHHYIO, HAa3BIBAEMYIO
B KocMonorun “mocrosuuoi” Xa66ma, XOTs OHAa 3aBUCHT OT BpeMeHN (HO KaK U MIOTHOCTH,
IIOCTOSIHHA BO BCEM IIPOCTPAHCTBE B KAXKIIbIil MOMEHT BPEMEHN):

H="=". (16)

U3 ypaBHenus nuxkenus (3) HETPYIHO MOJYYNTH ypaBHEHUe, CBs3bIBaomiee H ¢ MIOTHO-
cThio. [leficTBUTEIBLHO,

. dR dRH . : : GM (4/3)7 R 4
—— = =RH+RH=RH?’+H)=—+=-G~"2"—p=—G-rRp. (1
R % 7 RH+R R(H*+ H) 7 G 7P G37er (17)
Orcrona
: 4
H=-H- 37Gp. (18)

B cBoro ouepens uepes H BBIpakaeTCs MPOM3BOAHAS OT IVIOTHOCTH, YTO CIELyeT U3 BbIPa-
KEHUs [T MAcChl (2):
. dp _d M M R
dt  dt (4/3)7R? (4/3)TR3 R
IIBa ypasrenus (18) u (19) cocrasmsiior He3aBucuMmyio cucreMy ypaseenuil mius H u p. B Hee
BXOISIT TOJIBKO 9TU BETUYINHLL U IOCTOSHHEIE.
Teneps mepeitmem k OTO.



§ 2. Muarepnperanusa perreHun mo OTO

1. Ilepexod x pewenuam Ppudmana. Bo3zBpaTumcs K MCXOMHON MOIEIN MPOCTPAHCTBA, 3a-
MOJTHEHHOTO OHOPOMHBIM BEIIIECTBOM C HEHYJIEBOU CpemHeil mIoTHOCThI0. CTPoro roBopsi, K Ta-
KOu MomeJJIlm Teopust HI)IOTOHa HEIpUMEHINMa, TaK KaK COr'JIaCHO el HbIOTOHOBCKUI IIOTEHIIMMAJI
obpaTuics ObI B KaXKION TOUKe B O€CKOHEUHOCTD. [[09TOMY Mpu HaXO0XIeHUN HBIOTOHOBCKUX pe-
IIIEeHU I TPUIIIOCH U3 6€CKOHETHOTO MPOCTPAHCTBA BEIpe3aTh KOHEUHBIN ITap. Mexny TeM OCHOB-
HBIM TIPENTNoJIOKeHneM (GPUIMAHOBCKON TeOpUm SBIISETCS MMEHHO OTHOPOMHOE pacIpeneseHune
BEILIeCTBA U M30TPONHOCTH mpocTpancTBa (Kocmonorudeckuit npunnumn). OTO cnpasnsercs ¢
5710l TpynHOCTHIO. (OTMETUM BBICKA3BIBAEMOE MHOTAA MHEHHE, YTO OOpPAIleHHe HOTeHINAJIA
B OECKOHETHOCTDH He SIBIsIeTCs (aTalbHBIM HENOCTATKOM, TaK KaK caM IO cebe MOTeHInal He
HYZKE€H, UCIOIB3YIOTCSA TONBKO IPOU3BOMHBIE OT HETO. )

3meck OymeT monpoOHO W3JI0KEH OMUH 13 BAPUAHTOB KOCMOJIOT MIECKON TEOPUH, TP KOTOPOM
CUUTACTCA, YTO TaK Ha3bIBa€Masd KOCMOJIOTHYECKass IMOCTOAHHAs GﬁHIlITefIHa pPaBHa HYJIIO, a
BeIIIECTBO, 3ATOTHAIOIIEeEe TPOCTPAHCTBO, MMeeT XapaKTep NbIJIN U He OKa3bIBAeT MAaBJIEHUS.

Ecnu mpoBecTu cTporoe pelienme ypaBHEHUIl TATOTeHUs OWHIITEHHA IIPU MOCTOSHHOI
IJIOTHOCTHU BeIleCTBa 0e3 MaBJeHUs, TO pPe3yIbTaT MOIYYaeTCs COBIAIAIONIIM 1O (GopMme ¢
HBIOTOHOBCKHUM, HO C OPYTOil mHTepmupeTamnueir. Kak B MOMTYKIacCHYeCKOM MeTome KBaHTOBOM
MeEXaHUKN, HadO KJIaCCUYECKNE BEJIMYNHBI 3aMEHUTH Ha HOBBIC, B JaHHOM CJIy4ae€ PEIATUBUCT-
CKUe, BO3HUKAOIINE B TEOPUN DWHIITENHA.

B sroit Teopun R > () 0603HAUAET HE PAIIYC HEKOTOPOrO IIapa (Wil KaAKOH-TO MaciTab), a
pagnyc KpUBU3HBI TPEXMEPHOTO IpocTpaHcTBa. KpuBusHa 5Ta cormacHo DUHINITERHY BBI3bIBA-
eTCs HAJNIUeM TSKeJTBIX MAacC U P PABHOMEPHOM pacCIpeleeHnn MIOTHOCTU TaKXKe He 3aBU-
cuUT OT MecTa B npocTpaHcTBe. Eciu k = 0, To 3HAUeHne pamguyca KPUBU3HBL HECYIIIECTBEHHO (B
IJIOCKOM TPOCTPAHCTBE OH OeCKOHedeH), Torna R neficTBuTeabHO HEKOTOPHIN Maciitab. B 06-
1ieM ciiyuae KpUBU3HA MpoCTpaHCTBa pasHa k/R?. Knaccuueckoe gunuTHOE (d/munTuyeckoe)
NBUXKEHNE COOTBETCTBYET MPOCTPAHCTBY MOCTOSHHON MOJOXKUTETBHON, a TUIepboTmIecKkoe —
MMOCTOSIHHON OTPHUIIATETHHON KPUBU3HBEI.

Hanee, sequunna F nomkHa ObITh 3aMeHena 1o dopmyine E = ¢?/2, a mpoussenenue
GM = R,c% CnemoBarenbno, R, — 5TO pacCTOSHNEe, Ha KOTOPOM HBIOTOHOBCKAs MOTEHIIN-
aJIbHasd SHEPruda TeJla IO OTHOILICHUIO K IMPUTATNBAIOIIEMY HEHTPY PpaBHA SHEPrUM IIOKOS TeJlla:

R, = GM, GmM = mc’. (20)

c2

3amMeTnM, 4TO yABOCHHOE 3HAUCHUE HTOr0 paccTodHud [l; = 2R, Ha3eIBaeTC IPaBUTAINOHHEIM
panuycoM. Ha paccTosHUEM TPAaBUTANNOHHOTO PAIUYCa CKOPOCTh yberaHus OT Tena (BTOpas
KOCMIUECKas) KaK pa3 paBHA CKOPOCTH CBETA.

HerpuBna/ibHOCTH 3aMeHBI HBIOTOHOBCKOHW BEJIMYUHBI — KJIACCUUECKOH »Hepruum F — Ha
¢?/2 mokasbiBaeT, 4TO ympollleHHOe m3noxkenue MuaHa mo3BosiseT HallTu GopMmy perieHuii 3a-
advm, HO He moaMeHseT obIteit Teopun oTHocuTenbHOCTU. Tonbko OTO mpaBuabHO YIUTHEIBAET
MeTPHUKY IPOCTPAHCTBa —BpeMeHn. Kpome TOTO, MUJTHOBCKUI TTOAXOM BO3ZMOXKEH JIUIITH MPH TTPO-
CTBIX MOMOENIX.

B pesynbTaTe yka3aHHBIX 3aMeH KJIACCUYECKUN 3aKOH COXPAHEHUs >HepPruu npumMeT Gopmy

R2 2 /2R,
5 =5 %) (21)
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U3 KOTOPOW cjemyeT, YTO aMINIUTYOA U3MeHEeHHUs pAaOuyca KPUBHU3HBI B 3aKPBITON MOIEIN
paBHa 2R,,.

Haxkomner, mom BpemeneM { mompasyMeBaeTcCst COOCTBEHHOE BpeMsl KaXK[ION TOUYKN MPOCTPAH-
CTBa, YTO COOTBETCTBYET BHIOOPY COILyTCTBYIOIIEH CHCTEMBI OTCUeTa B Kaxkmoil Touke. CuH-
XPOHM30BATH YaChl MOXKHO TIO 3HAUEHWIO MJIOTHOCTHU BEIIECTBA, KOTOpas B HAHHBIA MOMEHT
OMMHAKOBA BO BCEM INPOCTPAHCTBe. B pe3ymbTaTe OKa3bIBaeTCs, UYTO B KaXKIBII MOMEHT Bpe-
MeHH MeTPHKa IPOCTPAHCTBA, T. €. 3aBUCUMOCTDH PACCTOSHUN OT KOOPAUHAT OOUHAKOBA BO BCEX
TOYKAX W 1O BCEM HAITPABIIEHWSIM, a CHCTEeMa KOOPIWHAT MBUXKETCS BMECTE C BEIIeCTBOM, KaK
npukjeeHHas K Hemy. Hauajgo koopamHAT MOXKHO BBIOpPATh B JIFOOOH TOUYKE, COMOCTABUB DTOM
Touke KoopauHaTy 7 = (.

3amernm, uro ypasaerus (18) u (19) He U3MEHSAIOT CBOETO BUAA U CMBICIIA.

2. Dpudmanoscrue pewerud. IlepenniieM nonyueHHble HePeIITHBUCTCKIE DEIIEHUS B pe-
JISTUBUCTCKUX ODO3HAUEHUIX U nmpuBeneM mx B OIBYX T&6JIPIII&X.

3 nocnennero cronbma Taba. 1 caenyeT, 9TO CKOPOCTH M3MEHEHNS PAANyCca KPUBIU3HBI MO-
XKeT OBITH CKOJIb YTOMHO OOJIBIION. DTO HE MPOTUBOPEUNT MPUHIIUILY TEOPUN OTHOCUTEILHOCTH,
TaK KakK HHKaKoOil Iepefadll CUTHAJOB 31eCh He IPOUCXONUT.

JTaHHBIE MPENIOCIENHEr0 CTOAONA B Tabl. 2 MOIYyYeHBl ¢ HOMOIIbI0 ypasHeHus (18). O
BeJIMUHMHe, IOMEILIeHHOI B IOCHeHeM CTOJ0Ne, CKaXeM HIKe.

Ta6muma 1. DOBomonusa pagnyca KpPUBU3HBI

k | Bpewms t Panuyc xpuBusuawr R CkopocTb R
R, . )
1| —(n—sinn) | 2Rnysin(n/2) cctg(n/2)
c
0 Ry n? Run?  [(9RnCt? 31 9¢
c 6 2 2 n
Ry
—1| —(shn—n) 2R, sh?(n/2) ccth(n/2)
c

Taobmxuma 2. OBoMOINS IJIOTHOCTA U MOCTOSHHON Xabbia

k H P Q=p/pe
sty | 3 @ 1
2Ry, sin®(n/2) 8mG AR2 sin®(n/2) cos?(n/2)
S T T R TN 1
R.n® 3t 881G AR2 b
1 ¢ ch(n/2) 3 1 1
2Ry, sh®(n/2) 87G 4R2 sh°(n/2) ch?(n/2)

3. Mempuxa 3amMKHYMO20 Mpermeproz20 npocmpancmea. PaccMoTpuM cHavaga CiIydai
k = 1. Pamnyc xpuBusuasl pacter or 0 mpum t{ = 0 mo makcuMmajbHOrO 3HadYeHus 2R, npun



n =7, t=mRy/c. 3aTeM pocT cMeHseTcst yMeHblenneM cuoBa 1o 0 mpu n = 27, t = 27 Ry, /c.
[TpocTpaHCTBO MMeeT TMOCTOSHHYIO TOJIOXUTEIbHYI0 KpuBHU3HY. IIporie Bcero moHATH CTPYK-
TYPY TaKOr0O MPOCTPAHCTBA UCXOMsS U3 YeTHIPEXMEPHOU MOIEIIN.

B geTbipexMepHOM €BKJIMIOBOM MPOCTPAHCTBE MOXKHO MPEICTABUTH TPEXMEPHOE MPOCTPAH-
CTBO HMOCTOSTHHON MOJIOXKWUTEJIbHON KPUBU3HLL B Bue Tunepcdepsl, onpenenaseMoll ypaBHeHIEM

r?+ut=R? r?=a2%4+y*+ 22 (22)

roe R — pammyc chepsr. Torma BBumy Toro uro r? = r2,

xdx + ydy + zdz = vrdr = rdr = —udu, du=——. (23)

Huddepennnaa nHTEPBaIa B YeTHIPEXMEPHOM €BKJINIOBOM ITPOCTPAHCTBE OMPENesIseTcs, Kak
O0OBIYHO, B BHUIIE CYMMBI KBaapaTOB AuM(EPEHIINATIOB YeThIpeX NeKAPTOBBIX KOOpAMHAT. 3amu-
1eM ero B cepuiecKux KOOpAmHATaX

di?> = dr® + r’dw® + du®,  dw® = df* + sin® Odp*. (24)
[Ipu mepexome B TpexMepHYIO runepcdepy moIyInM

2792 2
2 __ 32 27 2 redr _ dr 27 2
dl* = dr* 4+ r°dw +R2—r2_1—r2/ 5 +ridw” (25)

Cnenaem momcranoBky r = Rsiny. Torma u = Rcosy, a
di* = R*(dx* + sin? ydw?). (26)

dero, uto 0 < x <7, 0 <r < R.
KBanpat snemenTa OJINHBI OMpeneIsieT BCIO TeOMeTPUIO TPOCTPaHCTBa. Hampumep, MOXHO
HaWTH 3JIEeMEHT ero o0beMa B Pa3HBIX (opMax:

d
Br=—2 202 = R¥dy sin? yd*w, d*w = sin Odfdep. (27)

BosbMmem ziBe TOUKM B MpocTpaHCTBe ¢ koopmunatamu X = 0 u x = x,. CooTBercTByio-
ume koopauHaThl 1 OynyT 0 u rg = Rsin y,. [IycTe B mepBoii Touke HAXOMUTCS HAOIIONATEND,
BTOPYIO Ha30BeM MpoOHOi. CoenqumHUM 3THU TOUKH JIYIOM, UCXOMAIINM OT Habmomgarens. Booms
JTyda 3HAUEHus yriaoB  u ¢ OyayT MOCTOSHHBIMU, & 3JIEMEHT paccTosHus OyneT dl = Rdy, Tax
9TO PACTOSHUE OT HAOMIOMATEN 10 MPOOHON TOUKN lg = R) . DMeMEHT MIOMIAI TOBEPXHOCTH
ctepsl Ha 5TOM paccTosamn rid’w = R? sin® x, sin fdfdy. Dnement d’w oTHOCHTCS K enMHUIHOL
chepe, TOBTOMY 19 — 3TO pamguyc cepbl, TPOXOMSIIel depe3 TpoOHYI0 TOUYKY. B mpocTpancTse
MMOCTOSTHHON TOJIOXKUTETHFHON KPUBU3HBI PAUYC Ty MEHBIIIE PACCTOSHUS OT HAOIIOmaTess o
NOBepXHOCTH ceprl g = Rsiny, < lp = Ryx,, HAOMIOmATETs HE HAXOMNUTCS B NEHTPE STOM
cephl, KOTOPBII BOOOIIE HE TOMEIIAeTCS B PEAJTbHOM IIPOCTPAHCTBE, a SBISIETCS TOUYKOH te-
TBIPEXMEPHOTO TPOCTPAHCTBa. [lyomians moBepxHOCTU cephbl pammyca r = 7o BBITHCISETCS
cpa3y, TaK Kak MHTerpaJl rno chepuueckuM yrjaM paBeH 47: OHa paBHA 47r7“§ = 47 R? sin? Xo-
JIerko HaXOOUTCS U IIMHA SKBATOPA TOI CEPHI, ONPENesseMOro yCIoBusMu r = 1o, § = m/2:
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leq = 2mRsin x,. OGe 5TH BeMUYUHBI ¢ POCTOM X, CHAYATIA PACTYT IO MAKCHMYyMa, & 3aTeM
yOBIBAIOT U 0OpAILIAIOTCS B HYJIb HPU X, = T, IpUIeM 00beM, 3aKII0UCeHHBII BHYTPH Chepsl, ¢
YBETMICHIEM KOOPIMHATHL X, KAK U PACCTOSHUE [g, MOHOTOHHO PaCTeT:

Xo
1
V(x,) 47r/ —47TR3/SIH ydx =2nR? (X —sin 2y ) : (28)
0 /71 "2/ R? 07 9 0

[TonmubIil 06BbEM MPOCTPAHCTBA B HAHHOM ciydae komeued: V (m) = 272R®. TlosTomy Ta-
KO€ MPOCTPAaHCTBO HA3BIBACTCA 3aMKHYTBIM (I/IJII/I 3aKpI)ITI)IM). OHO AHAJIOTUYHO IMOBEPXHOCTU
TpeXMepHOU cdephl.

HeficTBUTEIBLHO, OTINYNE 3aKTI0UAeTCS B TOM, UTO B IBYMEPHOM CIydYae HET KOOPIMHATHI
z. YpasHerue chepsl nmeeT Bun (22), Ho 2 = x? + y?. Bo BCeX OCTATBHBIX PABCHCTBAX TAKKE
HAIO OIyCTUTH z (momMoxkuTh z = 0 mwiam cuntarb, uro yron § = 7/2). Tormna dw = dp un
5JIeMEeHT IBYMepHOro oobema (mormanu Ha chepe) d’r = R?sin ydxdp. O6bem Taxoro mpo-
CTPAHCTBA, €CTECTBEHHO, PABEH INIOMIAAN ToBepXHOCTH chepul 47mR2. B ciaydae mBymepHOit
ceprl B TPEXMEPHOM HPOCTPAHCTBE OUEBUIHO, YTO PACCTOSIHIE N0 OKPYKHOCTHU, ITPOBEIEHHON
Ha 3TOl cepe, 6OMBIIE, UeM ee pAINYC, a IeHTP OKPYXKHOCTH HAXOMUTCS He Ha cdepe, a BHY-
Tpu Hee. OUEBUAHO TAKKe, UTO PALUYC OKPYKHOCTH (MAPAIENn) U ee AJINHA ¢ YIATEHUEM OT
buKCHpOBaHHON TOUKHM (MOJIOCA) CHAYAIIA PACTYT, & 3aT€M YMEHBIIAITCS.

4. Mempura omxpuimbix npocmpancms. Ciaydait k = —1 He momyckaeT CTOJIb HATJISIHONL
UHTEPIpeTalun: HAI0 PacCMaTPUBATL CPa3y UYeThIPEXMEPHOe MpPOCTpaHCcTBO JlobadueBcKoro.
Ero onmcanme oTnmuaeTcs OT TPUBEOEHHOTO BBIIIE 3aMEHON HEKOTOPBIX ILIIOCOB HA MHUHYCHI.
BmecTo runmepchepbr Hano paccMaTpuBaTh APYTYIO TUIMEPHIOBEPXHOCTH: BEPXHIOK YaCTh IIBY-
MTOJTOCTHOTO TUMepb0IouIa BpallleHnusI Npu NHASPUHUTHON METpPHUKe, T. €.

r?—u?=—R? =24y + 22 d =dr? 4 rido® — du®. (29)

CnencTBueM 5TOro 6yIeT 3aMeHa TPUTOHOMETPUUeCKuX (QYHKINA Ha TUIepboaInieckne, Kak mpu
KJIaCCUYEeCKOM PAaCcCMOTPEHUN B HpembiayiieM naparpade. Hanpumep:

r = Rshy, di* = R*(dx* + sh? xydw?), d*r = R®sh? ydyd*w. (30)

TpexmepHOE TPOCTPAHCTBO TOXKe OKa3bIBaeTCs IpocTpaHcTBOM JlobaueBCckoro m mmeeT Gecko-
HEYHBbIE POTSKEHHOCTh 1 00BheM. OHO HAa3bIBACTCS TUIEPOOTNIECKIM, I OTKPBITEIM. B HeM,
KaK JIeTKO 3aMeTHTh, panuyc chepbl, Bce TOYKI KOTOPO HAXOMSATCS HA OMHOM DPACCTOSHUHI OT
HaOmonaTens, 6obie 3Toro paccrosuus: Rshx > Ry.

Cnyuait £ = 0 cOOTBeTCTBYeT TPEXMEDPHOMY €BKJIUIOBY HPOCTPAHCTBY, KOTOPOE TaKXkKe
OeCKOHEeYHO 1O 00beMy.

Mmuorne cooTHOIIEHNST MOXHO 3alcaTh IS TPeX ClIydaeB enuHbIM oOpaszoMm. Hampmwmep,
dopmyssl (25) u (27) mepenuchBarOTCs Tak:

dr? dr
d? = ——— + r2dw?, &*r = ——12d%w. 31
1—kr2/R2+r T /1—kr2/R2r “ (31)
[Tpu k = —1 u x u r w3menstorcs ot 0 mo co.
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MoxHo coenaTh OPYyrymo 3aMeHy paanalbHON mepeMeHHON

; 1 1+\/1—kr2/R2' (32)

T 1+ krP/AR? 2

r= fry,

Torma kBagpat drementa (31) mepemnuiiercst B BUie BHIPAXKEHIUs, TPOMOPINOHAIBLHOTO eBKIIU-
JIOBY, KAKOBBIM OH W SIBIISIETCS MPU MAJBIX PACCTOSHUAX I ~ 11!

di* = f2(dr? + ridw?). (33)
[Tepemennyto r| TakXke MOXKHO BBIPA3UTh Uepe3 mapaMeTp X:

tg(x/2), mpu k=1,
r =2R X/2, npu k=0, (34)
th(x/2), mpu k= —1.

Ora nepemeHHas o0palaeTcs B GECKOHEYHOCTH B CIIydae 3aMKHYTOrO (IPH X = 7) U IJIOCKOTO
MPOCTPAHCTB, HO, HAIIPOTHUB, ocTaeTcss KoHeuHoi mpu k = —1: 0 < r; < 2R.

Ecnu BBecTm oO1iee o603HaUeHNE MIJI TPUTOHOMETPUIECKOTO U TUHEPOOTNIECKOTO CUHYCA,
7 UX IpeneaTbHOTO 3HAUCHUS:

siny, mupu k=1,

ar(x)=4 X, mpm k=0, da(x)=y/1-kai(x)dx, (35)

shy, mpm k=-—1,
romnpu k=1, 0, —1 6ymer r = Ray(x) u
di* = R? [dx* + aj (x)dw?] . (36)
OneMenT 00beMa TAKXKe MOXKHO IPEICTABATHL B BUOEC, CHPABEIINBOM IJI BCEX CIYYaeB:

d’r = R*(n)dy ap(x)d*w = fPdririd*w. (37)

5. Mempura uemvipermepro20 npocmparcmea—aspemenu. Bee paccyXmeHust mpeabiIyIiero
MYHKTa OTHOCUJINCH K UKCHPOBaHHOMY MOMeHTY Bpemenu. Ho Bceenennas momxkua paccmarpu-
BaThCSA KaK MPOCTPAHCTBEHHO-BPEMEHHOEe MHOTOOOpa3me, T.e. YeThIpeEXMePHOe MPOCTPAHCTBO.
OTO NpOCTPAHCTBO—BpEMs He UMeeT HUYero OOIIero ¢ pacCMOTPEHHBIME BHIIIE (DUKTUBHBIMI
(BCmOMOTraTeIbHBIMI) YeThIPEXMEPHBIME [POCTPAHCTBAMU. Ero reoMeTpus ompenessercs, Kak
1 B OOBIYHON (CIeUabHOI) TeOPUN OTHOCUTEIBLHOCTH, BEIPDAXKEHNEM [IJIsi HHTepBaja, KOTOpoe
IIJIST OMHOPOOHOTO MPOCTPAHCTBA M BHIOPAHHOW CUCTEMBI OTCUYETA MMEET BUI

ds® = dt* — dI?, (38)

rie dl?> maeTcs omHOI W3 MPHUBENEHHBIX Bbire dopmyn. HambGonee ymobmas dopma — (36) (ee
"qacTHBIE BUOBI — paBeHcTBa (26) u (30)).
[Tockonpky R 3aBHCAT TOILKO OT BPEMEHM, MOXKHO CIENIaTh 3aMEHY

cdt = R(n)dn. (39)
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Jlerko y6enuThcs, ITO HOBas MEepEeMeHHAs 1) COBIAMNAET C HCIOIb30BAHHON B MPEILIAYIIIEM IIa-
parpade, a
ds* = R*(n)[dn? — dx* — a;.(x)dw?]. (40)

KoopnunaTa 1 ompemnenseT XOm BpeMeHU U W3MEHEHUEe PAaIuyca KPUBHU3HBI COTIACHO MAHHBIM
Tabn. 1, a KoopamHATA Y OMpPENeIsieT PacCTOSHIUE.

3aKIII0YNTh, 9TO BenunHa [ SBIsIeTCsI paamyCcoM KPUBU3HBI, MPOIIE BCETO MCXOMs MMEHHO
u3 kBanpara umHTepBasna B dopme (40), uro u memaercs B kuure [4]. Momens ¢ k = 0 coot-
BETCTBYeT SBKJIUIOBY MPOCTPAHCTBY B KaXKIBIN 33aJaHHBIII MOMEHT U HA3BIBAETCS BCEJIEHHOI
Oiftamreiitna—iune CurTepa.

6. Aasvmepuamuenvie u 6oaee caoxchvie modequ. B kocMomorun paccMaTpuBaoTCs u 60-
Jiee CJIOXKHBIE MOMEIN, YUUTBIBAIOIINE HOMOJHUTEIbHBIE G deKkThl. OnuH 3 HUX — IaBJeHHe
BerrecTBa. o cUX MoOp MBI CUNTAJIN, YTO MaBjeHNE OTCYTCTBYeT. Takoe MpenmnonokeHne OTBe-
JaeT COBPEMEHHOMY COCTOSHUIO MAaTepuu, KOTIa M3JIydeHrne UTpaeT He3HAUNTEIbHYIO POJb, a
BEIIIECTBO HE OKA3bIBAET MABJICHUS. Y CJIOBHO TAKOE BEIIECTBO HA3BIBAIOT MBIIBIO.

Onmrako, Kak MBI YBUAUM B HaJibHeiieM, Ha 0ojlee paHHUX CTAnuWsX ucTOpuu BceemeHHOi
U3JIyUeHne Urpajio OOJIBIIYIO U Haxke MpeobIamdalollyio poiib. Tormna maBieHneM npeHebperarhb
HEeJIBb3sl U YCJIOBUE TOCTOSHCTBA MACCHL (2) MepecTaeT BBIMONHATHCA. BMECTO HEro mpuHuMA-
eTCs TPENIOoIoKeHne, YTO PACIIIpPeHNe MPOUCXOOUT aanadaTHIecKn, U IIPUBIEKAETCS TepMO-
OMHAMIYECKOe COOTHOIIEHNE MeXIy dHeprueir oobema V' m paboToil ero paciimpeHus, T.e.
d(pc*V) = —PdV. U3 mero ciemyer, u4To

dp dv 3dR A1

p+ P/c? vV R’ (41)

TakK KaK 00beM MPONOPINOHAJIEH KyOy pamuyca KPUBU3HBL ECu W3BECTHO COOTHOIIEHNE MEXKITY

IUIOTHOCTBIO p U masieHueM P, To ypasuenue (41) serko nmpomHTerpupoBaTh. [Ipu BBICOKIX

TeMIepaTypax YacTUIBI CTAHOBSATCS YAbTPAPETITUBUCTCKUMU, U MJIS HUX BHIMOTHIETCS P =
(1/3)pc?. Taxoe e COOTHOMIEHNE CIPABEIIABO W IJISL PABHOBECHOTO W3ITyIEHUS.

U3 ypaBHenuit DUHINITENHA C yI€TOM BIIUSHUS MABJICHUS BHIBOMITCS HE3aBUCUMbIE YPaBHE-
HUS:

.. 4G P
=2 p (4 50), 0
3 pt3 (42)
. 81GE
R? — T,oR2 = —kc®. (43)
STI/I ypaBHeHI/Iﬂ COBMECTHEI TOJIBKO B TOM cnyqae, €CJIN CYUTATh BBIIIOJTHEHHBIMI COOTHOIIICHU A

(41).

[ToCKONMBbKY Ha pAHHHUX CTAAMAX PACIIMPEHNS BEIIECTBO IOpAUee, IMEeET 0COOBIN CMBICT Pac-
CMOTPEThH yIbTPapeIaTUBUCTCKUN mpenes, T.e. nsuxenue npu P = (1/3)pc?. B sTom ciyuae,
KaK Cjlefyer u3 cooTHomreHus (41), KOHCTAHTOI ABUKEHUsI OCTACTCS

W = 4npR*, (44)

a aHAJIOT ypaBHEHUs IBIKeHUs (3), BEITEKAIOMIT 13 ypaBHeHus DiHuITeiina (43), npuanmaet
BUIIL

2GW

R=""3ps

(45)
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OT0 ypaBHeHUE MOMYCKAET WHTErpall, AHAJOTMIHbIA BBIPDAXKEHHOMY PABEHCTBOM (4), rme Hamo
CHeNaTh 3aMeHBI, KaK MPU [Mepexone OT Hero K COOTHomenno (21):

R? GW kCZ (46)
2 3R? 2
Pasperras BbIBemeHHOE COOTHOIIIEHWE OTHOCHUTEILHO MPOU3BOMHONW U WHTECPUPYS, MOIYUNM
Tabi. 3 u 4, anajgoruunbsie Tabdn. 1 u 2.

T a6mnuua 3. OBomonus pagnyca KPUBU3HEL C YIETOM TaBIICHUS

k Bpewms ¢ Panuyc xpuBu3uaer R CxopocTh R
2R, .
1| —(1—cosn)| 2Rysinny cctgn
2R, n?
0 U YR = (ARmet)2 | &
c 2 n
2R,
—1| ——(chn—-1) 2R, shn ccthn
c

T a6 mnuua 4. OBomonus MIOTHOCTH U MOCTOSHHON Xab01a ¢ y4eTOM TaBIIeHUs

k H P Q=p/pe
. ¢ cosy 3 ¢ 1 1
2R, sin’n 167G R2 sin*n cos?n
: c1_1| 3 21 1
2R > 2t 167G RZ n*
T s e | 1
2R, sh?n 167G R2 sh*n ch?n

B Tabn. 3 m 4 BBemeHwbl 0003HAUEHWS, OJU3KHE K UCIOIB30BAHHBIM B Tabm. 1 m 2, XoTd
penuunHa Ry, (B 3aKPLITOl MOMENIH 5TO MOIYAMILIATYAA PANNYCA KPUBU3HBI) OMPENeTsSeTCs

MO-IPYTOMY:
GW
m =\ = 4
R o (47)

KauecTBeHHO mpuBeneHHBIE pelieHus BenyT cebs Tak ke, KaK U MPU OTCYTCTBUU HABJICHUS,
OIHAKO B 3aKPBITOI Momenu mapaMerp 1 usMmensercs or 0 no 7 (a we no 27). Pasnunuatoorcs u
MacHITaObl U3MeHEeHNsT BpeMeHN.

Monenu Bceemennoit MOTYT OBITH elrle 0OoJiee YCIOXKHEHBI HOOABIIEHNEM B IPAaBYIO YaCTh
ypaBHEHUS OBIKEHUs TaK HA3LIBAEMOTO KOCMOJIOTMUECKOTO CJIaraeMoro. JTO caaraeMoe mepBo-
HAYaJIbHO OBLIO BBEmeHO A. DWHINTENHOM IJI TOrO, YTOOBI IPUBECTU YPABHEHUS K BUIY, JOIMYC-
KaIOIIeMy CTAlMOHAPHBIE PEIIeHus, Ty TeM KOMIEHCAIINN TOPMO3SIIEro NeHCTBUS MPUT IKEHUS.
[Tpu 5Tom B ypasHennnu (42) K oTpunaTeabHOMY yckopermio Beiectsa — (47 /3)GR(p + 3P/c?)
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(samenmenmio) mobasmsanock yckoperne (Ac?/3)R. Ecmm 5TO yCKOpeHme 3ammcaTh B TOW Ke
dopme, uro n mua semectBa —(47/3)GR(py + 3Pr/c?) > 0, TO 5TO paBHOCUIBLHO HOGABIIE-
HUIO TTOCTOSTHHOW MJIOTHOCTHU MACCHI pp HEKOTOPOU CyOCTAHINU C OTPULATEIbHBIM TaBICHUEM:

pr = EN/8TG, Py = —ppc’. (48)

B pesynbrare ypasrenne (42) npeobpasossiBasioch (ecau P =0) B

BR=-Z_4+2R (49)

[TapameTp A Ha3BIBAETCS KOCMOJIOIMYECKON MOCTOSHHOI.

[Torom, mocme OTKpBITUS pacinumpeHus BceleHHON m TeM caMBIM ee HeCTaIlllOHApPHOCTH,
A. DifHIITelH 0TKA3aJICsI OT HTOrO CJIAaraeMoro, Ha3BaB €ro BBeIEeHHe CaMOil OOJIBIION CBOEi
omunoOKoit. leficTBUTETBHO, KOMIIEHCAIINS NOCTUTAETCS TOJIBKO MPHU ONMpeneieHHOM 3HadeHun I?
u BOOOIIIe HE HYXKHA. B pas3Hble mepuonbl pa3BUTUsS KOCMOJIOTHH KOCMOJIOTHYECKOEe CJIaraeMoe
noGaBIAIN 1 OTOPACHIBAIIN, TAK YTO BOIMPOC O HEM OCTABAJICS OTKPBITHIM.

MoXKHO MOMYyUnTh perneHns ypasHenus (49), He IPUNUCHIBAS ONPEIETIEHHOTO 3HAUCHUS Ma-
paMmeTpy A, a mBITasgCh HAWTH ero 3 HaOMomeHnil. B mocnennee Bpems HaOMIOMeHNs KaK OYITO
YVKa3bIBAIOT HA TO, YTO ATA MOCTOSHHAS MOXKeT ObITh oTianaHa oT (. K aToMy MEI elie BepHEMCS.

Kocmonornueckoe ciaraemoe, ecium OHO HEOOXONUMO, IPUCYTCTBYET, KOra mMarepuu (Be-
IIieCTBa 1 I/IBJIy‘IeHI/ISI) HEeT COBCEM. HOSTOMy OHO MPUIIMICBIBACTCS BO3HeﬁCTBHm Ha XOO pacCuIim-
PEHUS BCEJIEHHON (DU3MIecKoro BakyyMa. MIHTepecHo OTMETHUTh, UTO TaKasi MOIeIb 0e3 MaTepun
paccMaTpuBaiack. B sTom ciyuae p = 0 u ypasaenue (49) npuoGperaer mpocTyio dopmy

2
=2 (50)
3

Perennem Takoro ypaBHEHHS SBIISIETCS PACTyIas skcrnonenTa R = R, exp(y/A/3 ct). B mocnen-
Hee BpeMsI IMEHHO TaKOe pelleHne nrpaeT O0JBIIYIO POJIb B TAK HA3BIBAEMOIl Teopuu NHMIISAINN,
(6] KOTOpOfI CKa2KEM HIU2XKeE. PaCCManI/IBaJII/ICL MomgeJ/an, YIYNThIBAIOIINEe COBMECTHOE BJIUIHNE OaB-
JeHnsT U BaKyyMa (KOCMOJIOTHYECKOTO CIIArAaeMOro), a TakkKe HeM30TPOIHBIE U HEOTHOPOMHEIE
Momenu. B Onmxaiimmx maparpadax HaI paccyXmaeHus OyAyT OTHOCUTHLCS, B OCHOBHOM, K
Momenu Oe3 maBieHns u 6e3 BaKyyMa.

7. Kpumuueckue seauuunbl. VIMeeTcs HECKOTBKO BeINYWH, KOTOPBIE SBIISIOTCS KPUTHUE-
CKUMU [IJIsL TEOPUU, T.e. UX 3HAUeHus onpenensioT Tun pernenus ypaBHenuit OTO u xapaxTep
reOMeTPUN IIPOCTPAHCTBA B IMIPOIIIOM U OYIyIIIEM.

3akpenumM HEKOTOPBHIN MOMEHT f. 3ammiieM 3aKOH COXPAHEHUs DHEPruu B MOmeun 6e3 mas-
JIEHUs 711 TOTO MOMEHTA!

%HQRQ — G%”,oR2 = —kE. (51)
Burnocst MHOXUTE b TPU JIOTHOCTHU 33 CKOOKY, TOJIydaeM
G R e~ p) = ~HE, (52)
rae BBeIeHO 0OO3HAUEHIE ,
pe = % (53)
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Benuuwna p., BeIpaxkeHue s KOTOPOH He CONePXKUT CKOPOCTHU CBETa, Ha3bIBAETCSI KPUTHIECKON
wioTHOCTEI0. OHa ompenesnseT 3HaK (MIN PABEHCTBO HYIO) SHEPTUN eIUHUIBI MACCHL BEIIIECTBA
kE m Tem camMbIM XapakTep IBUXKEHUs ero BO BcejleHHON. OTHOIeHne

P
Q= (54)
Pc
XapakTepu3yeT OTKJIOHEHHE CPENHell MIOTHOCTH OT KPUTUIECKON. VIMEHHO 5TO OTHOIIEHNE IS
Moreseit Beenernoil 6e3 maBieHUs OBLIO MOMEIIIEHO B MOCTeqHeM cToJIOne Tabm. 2.
Ilpyras xkpurTudeckas BeIWYMHA MOIydaercs, ecan B ypasHenun (4) samenuts GM/R

Ha —RR:

1. .
§R2+<RR::—kE. (55)
STO XKe paBeHCTBO MOXKHO 3aIlliCaThb NMHAUE:
1 RR
kE = —H?’R?*(2¢g — 1 =, 56
SHR(20—1), g=—" (56)

BespasMmepHas BeIMYMHA ¢ HA3BIBACTCS MapaMeTpoM 3aMemaeHud. [Ig 3akpeIToil Momenu Bee-
menHoit ¢ > 1/2, nns otkpeiTont ¢ < 1/2, npu mapaGomuueckoM nemkennu ¢ = 1/2. Boobiie
roBOps, (¢, TakK ke Kak 1 §), MeHIeTCsS CO BPeMeHeM C COXpaHeHHEeM COOTBETCTBYIOIIEro Hepa-
BeHCTBa. TOmBKO Mt minockoit mogenu (k = () mapaMeTp 3aMemyIeHus TOXAECTBEHHO DPAaBEH
1/2,a Q= 1.

C momotsio ypasaenus (3) n onpenenenuit (16) u (53) mosmyuaem ¢Bsi3b mapamMeTrpa yCKo-
penus ¢ mapamerpom (54):

RR  4rGpR® 4nGp 1 1
o _ TP _TTh P g, (57)
R? 3R2 3H? 2p. 2

q:

Bce BenmuuBbL, OTHOCAIINECS K HACTOAILIEMY MOMEHTY, CHaOxKaem HomukoM: Hy, Ry, po, X,
Qp. Ormernm, uro ypasHeHue (21) MOXKHO 3amucaTh Tak, YTO B HETO B KaYeCTBE MAapaMeTPOB
O6yIoyT BXOOUTH TOJIBKO BEJIMYWHBI, COOTBETCTBYIOIINE TAaHHOMY MOMEHTY:

R’
Ry

’ R
:H§1—9m+ﬂq§. (58)

B cayuae Momeneil ¢ maBleHHmEM U, B YACTHOCTH, C YIbTPAPEISTUBACTCKAMI YACTHIIAMIE
(boToHamm) KpUTHUIECKAs MIOTHOCTD, KAK MOXKHO MOKA3aTh UCXONs U3 ypaBHeHus (43), B 3a1aH-
HBIIT MOMEHT ONPefesIieTCst TOUHO Toil ke dhopmyiioit (53). CooTHOIIeHHE XKe MeXIY MapaMeTpPOM
3aMEeIJICHNs U BEJIMYMHON §) COmEPXKUT cllaraeMoe ¢ IaBIeHIeM

1Q 4G P
1= Ta
1, KOHEUHO, MepexonuT B Gonee mpoctoe coorHomrenue (57) mpu P = 0. g ynsTpapensTu-
BHUCTCKOTO CJIy4as OTHOIIeHne () MPUBENEeHO B MOC/IEMHEeM CTOJIOme Tabi. 4.

Kocmonoruueckoe cimaraemoe coriacHo ypasHeHuio (49) mo6aBiseT K JIEBO YacTU COOT-

nomenns (51) —Ac?R?/6, uTo NpUBOIUT K MOABICHUIO NBYX KpuTudeckux sequuns (2. Omna

(59)
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IIO-TIPEKHEMY OIPENENIAeTCs BEIeCTBOM 1 naercs opmyioit (54) (ee obo3HauaoT Takxke ).
Ipyras cazana ¢ mapamerpom A: Qy = Ac?/3H?.

8. Cmandapmuasg modeav. Ilpexme ueM 0OCYXKIATH BBIBOMBI TEOPUU, MOCTYIIHBIE HAOIIO-
MaTeNbHOI MPOBEPKe, U JaHHBbIE HAOIIONEHUI, CKazKeM, UTO HOHIMAETCs MOI TePMUHOM ‘CTaH-
napTHas Momenb Beenenuoit”. Ona onpenessiercss MeTpukoit Buna (40), HaA3BIBAEMOIl MeTPUKOI
Po6eprcona—Y okepa, KOTOpbIe BIEPBBIE OMYOINKOBAIN ee B TaKOM Bume 0kojo 1935 roma. Oc-
HOBHBIE€ YDABHEHUsS TOW MOMENH, KaK SBCTBYET U3 MPUBEIEHHBIX COOTHOIIEHUIT, eCIu coOpaTh
X BMeCTe, UMEIOT BUI]

. Ac2
R2=81C g (AR e (60)
3 3 |
P R
= 3(p+ =) H H=". 61
p (p+62> , 7 (61)

K stum YPaBHEHUAM H€O6XOI[I/IMO I[O6&BI/ITB YpaBHEHNE COCTOAHUSA, CBA3BIBAIOILICE NABJIEHUE C
IINIOTHOCTBIO MaTEpuu.

PaHI/IyC KPUBU3HBL R MOXKHO HaXOOUTHh B 3aBUCUMOCTH OT BPEMCEHU t nam B ImapaMeTpun-
YeCKOM BHIe, KaK 5TO MHpenmnoiaraeTcs B Bbipaxenun mis merpuku (40). Torma maxomsres
byukunn R(n) u t(n) or mapaMerpa 7, CBI3aHHOIO €O BpeMeHeM cooTHomeHneM (39). BeiGop
MOIEIN IPUMEHUTENTBHO K OOBEKTUBHO CYIIECTBYIOIIE BcemeHHol MOMKeH OLITH MPOU3BENeH
ucxons u3 Habmopenuit. [locae sToro onpenemnsiercs n Bun GYHKIUN ay(X) B BHIPAXKEHUN IJIs
IIPOCTPAHCTBEHHON KoopauHaThl 1 = R ag(x).

OcCHOBHBIME MapaMeTpaMU MOMeNell SBISITCS MOCTosHHAas Xabbma H, oTHOIIeHne peahb-
HOIl IJIOTHOCTH BEIIECTBA K KPUTUIECKOl §) (1min mapamMerp 3aMe[jieHns ¢), a TakKe BeInInHa
KOCMOJIOTHUecKoil mocTossHaoi A. I[JTst mepBbIX OBYX mapaMeTpPOB NOCTATOYHO OMPENe/IuTh CO-
BpeMenHuble ux 3uauenus Hy, (y. Tperuit mapameTp — KOHCTAHTA.

Ha puc. 1 npusenens! rpaduku 3aBucuMocTeil pamumyca KpuBu3HbL (a), HOCTOSHHON Xab-
6na (6), mioTHOCTH (6) W OTHOIIEHUS €e K KPUTUIECKON (2) OT BpeMeH! t mpu Tpex THIaxX
Mozesiell I MBIIEBUIHOTO BEIIeCTBA. BCe BeIMYNHBI MaHbI B OTHOCUTEIbHBIX EINHANAX, T. €.
npusonatcs R(n)/Rum, 2Ry H/c n norapudme 1g p, = 1g[(87G/3)(4R2, /c?)p], 1g ). Bpems us-
MepsieTcs B enuHunax Ry, /c.

Ha puc. 2 mpuBeneHbl Te e BEeIMYMHBI, YTO U HA PUC. 1, HO MU YIbTPAPEIATUBHUCT-
CKOTO BEIIIECTBA, T.€. COOTBETCTBeHHO OTHOeHus R(n)/Ruy, 2RnH/c n norapubmer 1g p, =
lg[(167G/3)(4R% /c*)pl, 1gQ kak dyHKINEM Bpemenn ¢, m3MepsAeMOro B enuHUNAx 2Ry, /c. Hamo-
MHIM, 9TO 3HAUeHUs] Ry, IJis MOIENell ¢ MBIIeBHIHBIM I PESTUBHCTCKUM BEIIIECTBOM Da3ilu-
TAIOTCSL.

OTMeTuM, UTO 3aKPBITHIE MONENN BBINEISIOTCS CBOMM moBeneHueM. COTJIacHO DTUM MO-
TeasM TPU TOCTHXKEHNN MAKCHMyMa PaNNyca KPUBU3HBI MOCTOSHHAS Xab0bila U KPUTUUeCKas
IUIOTHOCTH ObpaiaoTest B Hynb (H Menser 3Hak), a mapamerp ) B 6eckoneuHocTh. Kpussre,
OTHOCSIIIINECS K OTKPBITHIM U TIJIOCKOM MOMEIISIM, He MTEPUOANYIECKNe N MOTYT OBITH MPONOIKEHbI
CKOJIb YTOOHO IAJIEKO.
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R/Rn 2R H/c

O P N W b~ O O N o

w S ol
T
|

N
T
I

ct/ Ry ct/ Ry,

Puc. 1. Opomtouns paamyca kpususuasl R (a), nocrosuuoit H (6), nnotaoctu p (8)
u oTHowmenus §) (2) mis Monenei 6e3 maBIeHUS.
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0.0 0.5 1.0 15 20 00 0.5 1.0 1.5 2.0
ct/2R, ct/2R,

Puc. 2. Opomtouns pagmyca kpusussabl R (a), nocrosuuoit H (6), nnotaoctu p (8)
u oTHoweHus §) (2) s Momeseil ¢ u3IyYeHneM.
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§ 3. PactipocTpaneHue M3JTy4eHU s

1. Pacnpocmpanenue usayuenud u 20pusonm. B sTom maparpade paccMoTpum 3DHeKTsI,
CBSI3AHHBIE C PACIPOCTPAHEHNEM U3IYUeHUs B UCKPUBIEHHOM IPOCTPAHCTBe—BpeMeHn. 1paexk-
Topus GOTOHA B TPEXMEPHOM IMPOCTPAHCTBE OMPENeNSieTCs, KaK U B OOBIYHON TeOPUU OTHOCH-
TeJILHOCTH, TeM, 94TO BHONb Hee ds = 0 (ds Gepem B Bune (40)).

[Tycts oTOH B TpexMepHOM MNPOCTPAHCTBE JIETUT MO JIYUY, UCXOMSIIEMY W3 TOUKHU, TIe
HaxonutTcs Habmomarens. [lomecTuMm B Hee Haw9amo KoopamHaT. Jlyd 3amaeTcst TeM, YTO BIOJb
HEero MOCTOAHHEL yIIel f 1 ¢, T.e. df = dp = 0. CnemoBaTenbHO, A1 Takoro GoTona dn? = dx?
U YpaBHEHNE er0 TPACKTOPUU B MPUHITHIX KOOPIMHATAX

0 =6y, ¢ =y, x ==%n+ const. (62)

3HaK IIoC 0TBevaeT (GOTOHY, VOAIIIOMIEMYCS OT Havajaa KOOPAMHAT, & MITHYC — IBUXKYIIIEMYCS
K HaJamy.

Ecim doron moxommt no mabmonarens, rae r = 0, x = 0, B MomenT ty = t(1,), To
pacrupocTpaHeHne Takoro (GOTOHA ONPENesseTcs yPaBHEHHEM X = 1), — 7). OTor GoTOH OBLI
ICIYIIEeH B HEKOTOPBI MOMEHT 1), 0 < 71, < 7)), B TOUKe NPOCTPAHCTBA, MMEIOIIEN KOOpAn-
HATY Xo = 1)y — 7e- MBI Bunum npomnoe Beenennoit, Tem 6oiiee 0THaneHHOE MO BPEMEHH OT
HACTOSIIEr0 MOMEHTA, YeM Jajlblile CMOTPHUM. SIcHO, 9TO X, < 1), I PACCTOAHUE OT MECTa BO3-
HUKHOBEeHUs (OTOHA HE MOXKET OTCTOITH OT TOUKHU HAOTIOOEHUs CKOIb YTOMHO majieKo. POoToH,
U3/Iy9eHHBIN B HAYAJIBHBIN MOMEHT 1) = (), MOXeT MOUTH B MOMEHT t; = t(no) 10 HaO/IomaTeNs,
HAXOIAIIErocst B Touke X = 0, TONBKO ¢ MOBEPXHOCTU Cdephl, TOUYKN KOTOPOil uMenn (B TOT
e HAUAIIBHBII MOMEHT) KOOPIUHATY Xo = M- [lockonbKy koopauHaTa X TOYEK MPOCTPAHCTBA
IIPU €T0 pACIHINPEHNN He M3MEHSeTCsS, TO B KaXKIbIII MOMEHT BpeMeHN t(no) cyiecTByeT cdepa,
OTPAHIUYMBAIOIIAS 00JaCTh MPOCTPAHCTBA, N3 KOTOPOU MOXOMUT W3IyUeHWe B MAHHYIO TOUKY,
HAXOSIIYIOCS HA OMMHAKOBOM PACCTOSIHUHN OT TOYEK HTOH chepsl. ITa chepa HA3BIBACTCSI B KOC-
MOJIOTHE TOPU30HTOM. Best octanbHas dacTh BeemeHHON HAOTIOMEHNSIM NPUHININAIBHO HEHO-
cTymHa. BBIBOO O cylllecTBOBaHNY FOPU30HTA HE 3aBUCUT OT BUOA METPUKN MpOCTpaHCTBa. Bu-
IuMasl B TAHHBIM MOMEHT YacTh IMMPOCTPAHCTBA €CTh CedeHWe YeTHIPEXMEPHOTO MPOCTPAHCTBA
CBETOBBIM KOHYCOM, OOpAIlleHHBIM B Ipolioe. Takoe cedeHnme Bcerma mMeeT KOHEUHBIH 0O0BeM
(em. monpoGuee Huxke). C TeyeHHEM BPEMEHN OPU30HT PACIIUPSIETCS.

st hoToHA, MB3IIYUIEHHOrO BAOJb JIyYa, KOTOPBIH UCXOOUT U3 MAHHON TOYKU, UMeeM Y =
1 — Mg, TO€ OUITH te = t(ne) — MOMEHT ucIyckauus. [nuHa myTu, npoineHHOro GOTOHOM K
MOMeHTY t = t(n):

() = [ RO+ ne)dx = [ Rlnydn = e [ dt = clt(n) = t(n,)] (63)

e

HEeIPEePBIBHO Bo3pacTaer. PaccrosHue ke o MecTa GOTOHA B MOMEHT t(7)) 10 HaUaa KOOPANHAT

I(n) = R(n)(n— 1) (64)

MOHOTOHHO PACTeT TOJIBKO IJIsi OTKPBITHIX MPOCTPAHCTB. Paanyc KpUBU3HBI 3aMKHYTOTO MPO-
CTPAHCTBA IOCHe 1) = 7 yObIBaeT, U C HEKOTOPOTO MOMEHTA (DOTOH HAUMHAET NMPUOIMKATHCS K
MEeCTY CBOETr0 BO3HUKHOBEHHSI.
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[Ipocienum m3MeHeHne co BpeMeHeM paanyca ¢hepbl, Ha KOTOPOIl PACIONIATAETCS B MOMEHT
t(n) paccmarpuaemelii GoTon. DToT pammyc pasen Ryn(n) = R(n)|ax(n — ne)|. llpn k = —1
u k = 0 ¢ pocrom BpemeHu 7 paguyc Rp,(n) yBenmumsaercs meorpanmuenso. Ilpm k = 1,
T.€e. B 3AKPBITOIl MOMEJIH, MOBENEHNE STOTO PAAMYCA M3-32 HEMOHOTOHHOTO U3MEHEHUS PAILyCa
KPUBU3HBI U KOOPAWHATHL I 60jIee CIIOKHO. [[eficTBUTEIBHO, B 3aKPBITOW MOIEIN

Rpn(n) = Rm(1 — cosn)| sin(n — )| (65)

3nech BeMYMHA 1) OTPAHUYEHA CHU3Y MOMEHTOM HCIyCKaHWs (OTOHA 1) > 1],, & CBEPXY 3Haue-
HIIEeM 27, Ipu KOTOpoM obparraeTcs B 0 MHOXUTETb 1 —cos 7, T. e. panuyc KpuBu3HHL. [loBenenne
TIOCTTE/THET0 MHOKITENS CYIIECTBEHHO 3aBUCHT OT HAYAIBbHOTO 3HAUEHHA 1),. Kemm n, < 7, TO
IIPH M3MEHeHIH 1) OT N, 10 (2/3)(n, + ) ¢ Heit pacter m pammyc Ryn(n) or 0 mo cBoero Max-
CUMaJIbHOTO 3HAYeHns Rimax = Rm[l— cos(2(n,+)/3)]sin(27/3—n,/3). llpn nansuetimenm
pocTe 1) 3TOT pamuyc yOeIBaeT u npnm 7 = 1), +7 obparmaercs B 0. 3aTeM (GOTOH mepexomnt c
Hanpaserus 0 =0,, ¢ =y Ha TPOTUBOMOJIOKHOE HampasieHue 0§ =71 —0, ¢ =y + 7. Ha sTom
HANPABJICHNN TIAPAMETP X U3MEHACTCA OT T JIO 1), HO 3aKOHY X = 27T +1), —17: GOTOH mpubImKa-
eTcs K Touke, m3 KoTopoit Bermes. [lpn 1, +m < n < 2(n,+27)/3 pannyc R,n(n) onars pacrer
no MakemMyMa Romax = Rm[1—cos(2(1,+27) /3)] sin(7 /3 +1n, /3) n o6pamaercs B 0 npu i = 27,
Bnauenns Rpy(n) o GOTOHA, BBEINIEMIIEro U3 Havaga B MOMEHT 1), + T > 7, i Ui QOTOHA,
CTAPTOBABITIErO OTTYMA K€ B MOMEHT 1), < 7, I[P OMHUX I TeX ke 1) > 1), + T OMUHAKOBHI, XOTS
sin(n — 1) m sin(n — T — 7,) EMEIOT TPOTUBOMOIOKHBIC 3HAKM.

Ecnu ongaTh [ HADAAOHOCTH TPEXMEPHOE MPOCTPAHCTBO MONEINPOBATH IBYMEDPHON MO-
BEPXHOCTBIO B TPEXMEPHOM IIPOCTPAHCTBE, (POPMAIBHO Mosaras KoopamHary z = (0, TO mjis
IIPOCTPAHCTBA C OTPUIATENBLHON SHepPrueil BMeCTO ypaBHeHus runepcdepsl (22) momydaercs
ypaBHEHUE TpexMepHoil chepbl u = ++/R? — 22 — y?, a B cilyuae MOJIOKUTEIBLHON YHEPrUun
COOTBETCTBYOIIEee ypaBHeHne OymeT u = +/x? + y? + R?, HO Ipu HeompemeseHHOl MeTPUKE,
KOT[Ia KBAIPATHl PACCTOSHUIL IO OCH % 6epyTCs ¢ MEHYCOM B corsacuu ¢ dhopmymamu (29). Ile-
JAIOTCA OOBIYHBIE [JIs MOJIAPHOI CUCTEMBI KOOPAMHAT MOACTAHOBKI & = 7' COS @, Y = T Sin @, 1 =
R ai(x), mocie 4ero MeTpuka TaKux IPOCTPAHCTB IPUHUMAET BUIL

di* = R*[dx’ + a3 (x)d?]. (66)

[To cpaBHEHUIO ¢ TOYHOI HTa MeTpuKa uraopupyet yroiu  (hopmansao § = 7/2). Takum o6pa-
30M, B 3aMKHYTOI KOCMOJIOTTIECKON MOIEIN TPOCTPAHCTBO m300paxkaeTrcs cepoil, B OTKPBITOI
— BepxHell YacTbI0 MBYIOJIOCTHOTO rumepbosIonia, a B MIOCKON — WX OOIINM HPEemesioM Mmpu
R — 00, T.e. mIockocThI0O 4 = R B TpexMepHOM mpocTpaHcTBe. Hauamo koopomHAT BO Bcex
Tpex caydasx HaxomuTcs B Touke r = y = 0, u = R. IlyTh doToHA, BHIIIEAIIEr0 U3 HaUaIA,
m300pakaeTcs KPpUBOI Ha MOBEPXHOCTH MpU MOCTOSHHOM yrie ¢. Ha cdepe »To 60mbImoit Kpyr,
BBIXOISILLINI U3 MOoca (MepuanaH), Ha TUnepbosIonie — BeTBb MUIepOOIIbl, IIPOXOISIIas Yepes3
BEPINNHY MapaboIonIa u jiesKallas B TON ke MJIOCKOCTH, YTO U OCh 1. BIo/ib yKa3aHHON BeTBI
runepboner r = Rshy, u = Rchy, ¢ = g, [ = Ry < r. B nnockoit momenn nyTs GoToHA —
TyY Ha IJIOCKOCTH U = R.

[IycTs GoTOHBI, BEIIIIEAIIIE OMHOBPEMEHHO I3 HaUa/Ia KOOPANHAT PeaabHOro MpOCTPAHCTBA
B Pa3HBIX HANPABIEHUSX, HOIIN 10 CBOMM TPAEKTOPUSIM IO HEKOTOpOHl cdepbl. DOTa chepa
MOIEJIUPYETCS OKPYKHOCTHIO B CEYEHUN MOIE/ILHON MOBEPXHOCTH IJIOCKOCTHIO, MapaslieIbHOI
IJIOCKOCTH X, Y. PaccTosiHme ux 1 M0 OCH % COOTBETCTBYET PANUyCy YKa3aHHOU chephl, a IJIIMHA
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IyTH, TPOMIEHHOR (HOTOHAME — DPACCTOSHUIO X OT Hadasua KoopauHatT. B ciayuae momenu ¢
Hy7eBoli SHeprueil Bce mpomcxomnT Ha miockocTn u [(1) = Ru(n® —13)/6, lpn(n) = Rpn(n) =
2
R (1 — 1) /2.
Ha puc. 3 nmpencrasieHa cxema OBUmKeHuss GOTOHOB B 3aMKHYTOI

0 T m ™ 2T 5
6 3 2 3 6
n T
117 bm 3T 47 7T
2m — — — — —
6 3 2 3 6

Puc. 3. ITocnenosarenbupie momoxkenns (HOTOHOB, BBIMIEIINX U3 TOYKH X, = 0
B MOMEHTEI 1), = 0 n 7/3, B 3AMKHYTOI MOLIEJIH.

MOOe/m C IbLJIEBUIOHBIM BEIILIECTBOM. Palmyc C(I)epI)I CHa4vaJla paCTeT, a NOTOM YMEHBIIACTCI.
Touka y = 0 coBmamaeT ¢ BepxHeil TOukoi cheprl. V306paxkeHo ceuerne cdepsl, comepkalee
TpaekTopun HoTOHOB. POTOHBI, BHIIIENINE U3 Hadaga Y = 0, Bce BpeMs YIaISIOTCSI OT MCXOMI-
HOW TOYKHU, HO C YMEHBIIIEHNEM paanyca KPUBU3HBI CaMO MPOCTPAHCTBO TIHET WX K HATAIY.
PoTOH, BRIIIIEAIINI B MOMEHT 1), = (), yKa3pIBaeT Ha MOJIOKEHNE TOPU30HTA, TAK KaK N0 HAOJIIO-
oaTeilsds B MOMEHT T]O ooxogdar (pOTOHI)I, BHIIIIEOIIINE N3 TOYKU C KOOpHHHaTOfI T]O B HaYaJILHBIN
MOMEHT.

Ha puc. 4,a, 4,6 u 4,6 maHbl TpOiIeHHBIE IYTH, PACCTOSHUS 10 UCXOMHON TOUKN U PAIUYCHI
cdep, MO0 KOTOPBIX AOUUN (DOTOHBL, BBIMIEAIINE B PA3HbIE MOMEHTHI 1), U3 HaYasla KOODAUHAT
Xe == 0, B 3aBUCUMOCTHU OT 7] B 3aMKHyTOﬁ MOOe/In C NbLJIEBIOHBIM BEIIIECTBOM. ,HJIS[ CpaBHEHUA
Ha puc. 4,2 MpUBeNeHBl Te YKe BeJINYWHBbI, YTO W Ha puc. 4,6, HO OIS OTKPBITON MONENH C
IBIJIEBUOHBIM BEIIIECTBOM.
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lon(1)/ Bm ()] B
7 T T T T T 7
6L Ne 7Tm/6 4m/3 3m2 5m/3 6L
Tle
5l /6 5t 0
/3 . 6
4 2 3
3 | 21/3 3 - /2
T 23
2t 2
5m/6
1r 1r
0 0 ‘
0 1 2 3 4 5 6 0 1
n
8
Ron(n)/ R

Puc. 4. Ilyru, npoiinennsie (GOTOHAMHE, BEIIEANINME I3 HAYAIa KOOPIUHAT B Pa3HbIE
MOMEHTHI BDEMEHU B 3aMKHYTOI Momesn (a), U PACCTOSIHUS 10 5TUX (HOTOHOB OT
Mecra ux crapra (0).

Pamuycsl cdep, 10 KOTOPBIX A0 (POTOHBI, BHIIEALINE U3 HAUAIA KOOPINHAT
B pasHble MOMEHTHI BDEMEHH B 3aMKHYTOI (6) U OTKPBITON (2) MOmeIsX.
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XapakTep 3aBUCHMOCTH PANYCOB TOCTUTHYTHIX GOTOHAME cHep 0T KOOPAUHATHI 7) COBEP-
IIEHHO Pa3InyHblil. B 3aMKHYTOI MOmENTN paamyChl OPPAHUYEHBI, IPUYEM NpU 7), < T UMEIOT
IBa MAaKCUMyMa, & TIPH 7), > T UX 3HAYCHUs COBNAMAIOT C BETBBIO CO BTOPBIM MakcmMyMom. B
OTKPBITOH K€ MOMNENIN 3TH PAANYCHI PACTYT SKCIOHEHINAIHHO.

2. Budumasg wacmv Beeaennoti. MHOXKeCTBO TOUYEK, 13 KOTOPBIX M3/IyYEHNE BBIIIIO B MOMEHT
t(ne) = t(1, — X) 1 IOIITO N0 HaGMODATENA B HAUAIe KOODIUHAT B MOMEHT £(1),), o6pasyeT Bo
Bcenennoit B MoMenT t(1,) cepy pammyca R(n,) ax(x, ). Be mmomans 47 R?(n, — x,) an(x,)- Pa-
nuyc cdepsl (a ¢ HIM I ee TUIONIAMIb) ¢ yAaJeHueM OT HaGMIoNATeNd, T. €. C POCTOM X, CHAdaIa
BO3pacTaeT OT HymIs npu X, = 0 (3meck a;(0) = 0) mo makcmmyma, pasroro R(21,/3) ax(n,/3),
npn X, = 1,/3, a 3arem cHoBa cmamaer no 0 mpum x, = 7, (3mece R(0) = 0). YnomanyToe
BBIIIIE CeUeHNe OOPAIICHHBIM B MPOIITIOe CBETOBBIM KOHYCOM, TAKUM OOPA30M, 3AMKHYTO MEXKIY
TOUKOI HaOMIOOEHNI U MCXOOHON TOUKON pACIINpeHHs, MPOTUBOIOIOKHON HabmomaTemo. Te-
OpeTHYEeCKN HAGTIONATENb MOXKET BHIOETb BCIO HCTOPUIO Da3BUTHs BceleHHON (XOTs He Bce
COCTABIISIOLIEE €€ TIPOCTPAHCTBO).

B wacTHOCTH, TOPU30HT OnpenenseTcs GOTOHAMH, NCTIYIIEHHBIMEI B MOMEHT 1), = 0 1 nmeeT
KOOPIUHATY X, = 7),- PaccTogHme M0 4acTHIEI, KOTOpas B MOMEHT ty = t(1),) HAXOOUTCA HA
TOpI30HTe, paBHO I2(n),)n,, pamuyc cdepsl, Ha KOTOPOIl PACIOTAralOTCs JACTHIB TOPU3OHTA,
R(n,) ax(n,), a mmmma sxBaTOpa ecThb 27 R(1),) a (1, ). Ilnomans Taxoit cheps yxe mpuBommIACh
BeILIe, OHa pasHa 4mR*(7,) aj(n,). Hakouen, 06beM HOCTYIHOrO HAGIIONEHIIO IPOCTPAHCTBA
pasen Vo = R*(n,) 7|2, —ax(21,)|, a Macca 3axmouennoro B Hem Bewiectsa poVy, rae po = p(1),)-

HpI/IBeHeHH])Ie pacCyxnoeHus CIpaBEOJINBBI OJId BCEX MOHeJIeﬁ C IOBLJICBIOHBIM BEIIICCTBOM.
B 3aMKHYTOIl MOIeNN BeINYNHA 7) U3MEHSeTCS 0 27, a KOOPAUHATA Y TONBKO mo 7. [losTomy
mpH 7), > T KOOPIUWHATA X, OymeT mpoGeraTh 3HaueHHA B OGPATHOM TOPAIKE, UTO COOTBET-
CTBYeT BO3BpATYy JIydell MOcie MPOXOXKIeHUsI NMU HauboJiee yIaJleHHON TOYKM c(epbl, OrpaHu-
amBaroreil Beesennyo. COOTBETCTBEHHO U 06BeM JOCTHTAET CBOETO MPeesia i 1), = 7, & IPH
HaJbHENIIeM yBeImIeHn KOOPANHATHL 1), 00BeM NPOCTPAHCTBA OYIET yUINTHIBATLCS IIOBTOPHO.

XOTs ¢ TOYKH 3DEHHs [eOMETPUN DACIIHDEHHs MOXKHO YBHUAETH BCE €ro HTAIbI, HA Ca-
MOM ieJie HaGIIIONeHNsT SIeKTPOMATHITHOTO U3JIyUeHIsI DAHHUX HTAIOB PACIUINpEHHs BeeneHHoi
HEBO3MOXKHBI, 160, KaK OymeT MOKa3aHO Hajblile, B HAYAJIBHBIA IEPUOI BIUIOTH IO HEKOTOPOTO
MOMEHTA MPOCTPAHCTBO 3AMOIHEHO BEIIECTBOM, KOTOPOE HEMPO3DAUHO /IS U3IIyUEHUs 1 SKPa-
HUpyeT BCE€ BO3BMOXKHBIC NCTOYHUKN, HeﬁCTBOBaBIHHe OO 5TOro MOMeEHTa.

Takum 06pa3oM, B HACTOSIIIIEE BPEMs MBI MOXKeM BHIETb TOJIBKO KOHEUHYIO YacTh Bcernen-
HOI1, TIPHYEM 5TO OTDAHUYCHNE BBI3BAHO HE HECOBEPIIEHCTBOM HAIINX NPUGOPOB, & IPUHININ-
AJIBHON HEBO3MOXKHOCTBIO HAOIIONATH YaCTh BCENeHHOM 3a TOPU30HTOM. DTO 3aK/IOUeHNe He
3aBUCAT OT TOTO, KOHEUEH Win HGECKOHEIEeH 00bEM TPEXMEPHOrO POCTPAHCTBA, TaK UTO PA3IIH-
que MexKOy 3aMKHYTBIMI 1 OTKPBITBIMI MOOEJIAMI B 5TOM CMBICJI€ CT'JIa2KNBaETCA. OHHaKO, KaK
OymeT SICHO U3 MAJIbHENIIEero, HOCPeICTBOM IPYTUX AT€HTOB, OTAMYHBIX OT MPSIMOTO N3y YeHHs,
MOXHO 3arJIIHYTh U B (G0JIee DAHHIE SIIOXIL.

3. Kpacroe cmewenue. Pagumyc KpuBU3HBL, pacCTOSHIE OO TOPH30HTA U CBA3AHHBIE C HIMI
BeJIMYMHBL He MOT'YT OBITh HeNOCPeNCTBeHHO HabmonaeMbl. [[oaToMy ocobGeHHEIT HHTepec mpe-
CTaBJ/IAIOT BCJIMYNHBI, OOCTYIIHBIE Ha6JIIOI[eHI/I$IM.

Onmna u3 Takux BeJUYInH — KpacHoe cMerrenne. POTOH, U3IyIeHHBIN B MOMEHT to = t(ne)
B TOUKe C KOOPAMHATON X, cormacHo (62) moiimer mo mabGmiomaTend B Touke X = 0 B MOMEHT
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to = t(n,), rme
My = Ne + Xe- (67)
CBsizkeM € MOMEHTOM le TPOU3BOJIBHBIN IPEOEHBb M3TyYaeMONl HJIEKTPOMATHUTHON BOJIHBI.
[IycTs crenyromnmii rpebeHb MOKNAAeT TOYKY M3JIyUeHHs B MOMEHT fe + Te U IPUXOOUT K Ha-
OIIOMATENI0 B MOMEHT tg + Tg, T. €. 4epe3 Mepuoabl KojaeGaHnil BOJIHLL, COOTBETCTBYIOIINE TOU-
KaM U3JIyUIeHNs U HAGIIONeHN. DTH IepPUONBl Ha MHOTO MOPAAKOB MEHBIIEe XapaKTepHOTO Bpe-
MEHU PACIIUPEHUs TPOCTPAHCTBA. [109TOMY MOXKHO CUMTATH, YTO PANUYC KPUBU3HBL 33 BPEMSI,
paBHOE MepPHOIy BOJIHEI, HE MEHSeTCS, Tak 4To ty + 7o = t(n, + dn,) = to + R(n,)dn,/c n
te + Te = t(ne + dna) = te + R(n,)dne/c. Tak xak Toukn msmydenns n HAGTIONEHNA (DUKCHPO-
BaHEI, TO X, = const i cornacuo (67) dn, = dn,. IloaTomy
To Ve Ao R(%)
—=—=—=—2"=1+2. (68)
Te Vy Ae R(ne)
3mech HAPSIY ¢ COOTHOIIEHNEM IIJisi IEPUONOB HAMCAHBI COOTHOIIEHUS I YACTOT (Ve U Vg) U
ITHH BOTTH (Ae M Ag) MCIYIIIEHHOTO B TOYKE ¢ KOODAMHATOM X, I HAGIIOMACMOTO B HauaIe KOOp-
nuHaT (hoToHA. BBenmena Takxke BenmuuHa 2 > (), Ha3bIBaeMas KPACHBIM CMeIEHIeM, TaK KaK B
HACTOSAIIEe BPEMsI IIPOUCXOIUT YMEHBIIIEHNe YaCTOTHI BCICNCTBUE PACHINPEHES MTPOCTPAHCTBA.

4. Pasauunbie munvit paccmoanud. [lonsTue paccTosHus, O9eBUIHOE B CIIyUae eBKINIOBOI
reOMeTpHUU NMPOCTPAHCTBA, OONYCKaeT HEOOHO3HAYHOE TOJKOBAHMWE B MCKPUBJIECHHOM W PACIIN-
psroIeMcs mpocTpaHcTBe. [IpuBeneM HECKOTBKO TUHOB PACCTOSHUI, CBI3AHHBIX C PA3INIHBIMA
IIPOIEYPAMEI UX U3MepeHus [5].

1) Camoe mpocTOe MOHITHE — HTO PACCTOSHUE MEXKIY ABYMS TOUKAMU HA ONHOM JIyue
3pEeHust ¢ KOOPAUHATAMI X, U X, > X; B OOUH I TOT XKe MOMEHT BPeMeHU { = t(n). Ouo paBHO

I = R(n) /dx = R(n)(Xy — X,)- (69)

Taxum o6paszoM, Bce MacIITabbl B TPEXMEPHOM IPOCTPAHCTBE B ONPeNeIeHHbIT MOMEHT BpeMeH!
MTPOTIOPIUOHAILHBI PAINYCY KPUBU3HBI B TOT YK€ MOMEHT.
OTO OCHOBHOE, HO HE €NMHCTBEHHOE TOHSATHE PACCTOSHUSI.

2) Paccrostaue o Bunumomy pasmepy. Ilycrs k HabmomaTento (B Touky r = () npuxomsT
OIHOBPEMEHHO (B MOMEHT %) NIBa ()OTOHA, HCIYIIEHHBIX B OMHO I TO XKe BpeMmd te = t(n),) m3
6eCKOHEUHO GJIM3KUX TOUEK ¢ OMMHAKOBLIME KOOPANHATAMHI ). PACCTOAHIA M0 STUX TOUEK TAKIKe
OyIOyT OMMHAKOBBIMU. KBampaT 5ieMeHTa JMHEHHOrO pPACCTOSHES MEXKIY TOUKAME COTJIACHO
dopmyse (36) nmpu dy =0

dD%y = R*(ng) ai (x)dw’. (70)
[Ipu nBuxkeHnU (HOTOHOB UX KOOPAMHATEI f U ¢ He MEHSAIOTCS, TaK YTO He MEHSETCS BUIUMOE
YIJI0BOE PACCTOSHEUE MEXKIYy TOYKAMU HCHycKauus dw. Hampumep, 5To MOXeT GBITH pa3Mep
HEKOTOPOTrO 00BeKTa. PaccTosHIe XKe M0 5TOMY BEHIMMOMY pasMmepy (yrioBomy mmaMeTpy)

laa = R(n) ax(x)- (71)

3) Paccrosuue no napamnakcy. IlycTh Tenmeps HaYai0 KOOPAMHAT IIOMEIIEHO B TOUYKY, U3
KOTOpPON mCXoOsT nBa (OTOHA, NPUHUMAaeMble HA KOHIIAX OPYroro o0beKTa, TaKxKe PACIOJIo-
JKEHHBIX MO0 OTHOIICHHWIO K TOYKe HCIIYCKAHUsS ¢ OMHOUN koopmuuaToil X. [lomoBuna yria Mexmy
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HaNpaBIeHNSIMI YKa3aHHBIX (POTOHOB HA3BIBAETCS MApAJIIAKCOM MCXOOHOW Touku. Hampumep,

CYTOUHBINl MapaIakc — 3TO YTOJ, MOM KOTOPBIM U3 MAHHOH TOUKN BUIEH PAOUyc 3eMid, a
TONUYHBIN — paauyc 3emMHON opouTel. Oba pammyca mepoeHIUKYISIPHBI OMHON W3 JIMHUN Ha-
OIOneHNsI.

DoToHBI OYIYT 3aperucTPUPOBAHBI B MOMEHT tj = t(no). Paccyxnas Tak ke, Kak 1 BBIIIIe,
HalimeM, 4TO

It = R(1,) ag(X)- (72)

4) Paccrostaue mo yucity ¢hoToHOB. [Tapaiiakcom onpenesnseTcs: TeIecHbI yroil, mon KOTO-
PBIM (1)OTOHI)I NCIOYyCKalTCA TOYCYHBIM NCTOYHUKOM. HOSTOMy mapailiaKTIIEeCKOe PaCCTOsSHUE
ompenenseT MIOIAIL CHEPHI ¢ IEHTPOM B TOUKE UCITYyCKAHUS, TPOXOAIIEN yepe3 TOUKY HaOJTIo-
nmenns. Ecnmm amesno GOTOHOB, HCIYyCKaeMBIX HEKOTOPBIM H30TPOMHBIM HCTOYHUKOM B €IUMHUILY
BpeMeHH, paBHO Ny, TO KOIMIeCTBO (DOTOHOB, IPUXOMAIINX Ha eIUHUIY HOBEPXHOCTH B €Il-
HUIly BpeMeHU K HabiionaTento, OymeT

N h — Nph = Nph
T 4r2 [R(ng) [ R(ng)] — Ami,

(73)

Tak Kak 4ncio HOTOHOB, TEPECEKAIOIINX 5Ty ¢hepy B eNUHUIY BPEMEHU, yMeHbInaeTcs B dly/dte
pa3, 9TO COrJIACHO COOTHOIICHNIO (39) pABHO OTHOIIEHUIO COOTBETCTBYIOLINX DAIIYCOB KPU-
BU3HBL. TakuMm 0Opa3oM, pacCTOSHUE 10 YUCTY (GOTOHOB

(74)

lon = 1l

5) Paccrostaue o Gomomerpudeckoit spkoctu. [Ipu pacnpocTpaHeHnn B pacIiipsIOLIEMCst
MpOCTPaHCTBe BCe (GOTOHBI M3MEHSIOT CBOM YaCTOTHI: YaCTOTHI X cTaHOBATCA B F(1),)/R(1,0)
pa3 MeHBIINMHE, YeM UCXOnHble. [loaToMy perucrpupyemMas B TOUKe HAGIIONEHUs SIPKOCTH 00b-
eKTa, T.e. YaCTh ero MOIHOI (6GOIOMETPHUYECKOll) YHEPIUH, AOLIEAIIas N0 HaOIIONATeNs, OKa-
KETCA yMeHbIIeHHOI B (dty/dte)? pas, Tak 9TO COOTBETCTBYIONICE PACCTOSHIE

R(n,)

lob = lphy| 57—~ = lpi = laa
B 5Toil Henouke paBeHCTB KaxKI0e CICAYIOIIee PACCTOSHIE MEHBIIe IPeIbLIyILIero.

6) PaccrosiHue o MIHOBEHHOMY 00BbeMy. Ero MOXKHO ONpeIeTuTh PABEHCTBOM

2n — sin(2n) npuk = 1,

n
=47 R () [ ()l = R, )3 /3 mp k=0, (76)
0 sh(2n) —2nupun k=—1

47
3

Kaxmoe m3 BBemEeHHBIX 3MeCh PACCTOSHUEN M3MEHSIETCS B COOTBETCTBHUU C BEJIUYNHON, IIO
KOTOPO# OHO ompenessieTcs. [[OCKOMbKY 3TN BeJIMUNHBI U3MEHSIOTCS TI0-PA3HOMY, COOTBETCTBY-
IOIIe PACCTOSIHUS TakxXke pasnudatorcs. He Bce paccTossHUS MCIOMB3YIOTCS OOUHAKOBO YaCTO.
Haubomee ynoTpeGUTeIbHLI TIOMEIIEHHBIE 30eCh 0N HoMepamu 2), 3) 1 5) HApsIy ¢ OCHOBHBIM
1), onpenenenneiM paBeHcTBOM (69).
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0 1 2 3 4 5 6 0 1 2 3 4 5 6

Puc. 5. Ornomenns R(n)/R(n,) mnda 3aMkHyTOl (@) 1 OTKPBITOI (6) Momerneii 6e3 maBIeHns.

Ha puc. 5 mns caygaes samkuyToii (k = 1, puc. 5,a) u otkperroit (k = —1, puc. 5,6) monerneit
C MBIJIEBUIHBIM BEIIIECTBOM PUBEIEHE! OTHOIICHNS paccTosunit 1(n)/R(1n,) npn pa3mmasbx 7,
nas 0 < n < 27, Ha cTenenn sTux OTHOIIEHUIT IPH 1) = 7)) > 1), OTJIMYAIOTCSA PACCTOAHUSA 2)—5)
coriacHo paseHcTBaM (75).

5. Ckopocmu uzmenenud paccmogruuti. CKOpOCTb U3MEHeHNs: paccToauus (69) MKy NByMs
TOYKAMHU C 3aKPEMJIEHHBIME KOOPIMHATAMU, T.€. YKECTKO CBSI3aHHBIMU C BEIIeCTBOM, BhIpaXKa-

eTcs Yepes MOCTOSHHYI0 Xabbu1a: dl R

15t TOSTyYeHuns 5TOTO paBeHCTBa TPeOyeTcs TOJIBKO BBIMOJIHEHNE KOCMOJIOT MIECKOTO TPUHITATIA,
n nuddepeHIIPyeMOCTb GyHKINN .

Hamee, Oys KaXOOTO U3 OCTAIBHBIX PACCTOSHUN, BBEIEHHBIX B MPEIBIIYIIIEM TYHKTE, MOXKHO
TaKXkKe OMpPeneInTh CKOPOCTh yaaneHns. CKOpOCTH HAXOMATCS MO (hopMyIIe

do ol 0l dt o Ol R

V= — = — =
de oty

=~ = ta5 78
otdty 0Oty OtRy (78)
PesyiabraThl BEIYUCIEHUS CKOPOCTe npuBomuM B Tabi. 5 [5].

Ta6mnuua 5. CkopocTu ymaneHus

BunmnMm. | Ilapan- Yucmo Bomomerp. MrHoB.
pa3Mep JIAKC doTonOB SIPKOCTh o0BbeM
Re 3Ry — Re 2Ry — Re
—I Hyl [ [ Hyl;,
RO ad 0pl 9 RO ph RO bb 0

AHAJIOrIYHO MOXKHO HAITU U YCKOpeHuA yOaJICeHUS, HO (I)OpMy.]'IbI IIOJIYyYIaXTCA HE Hal'JIdd-
HBIMI 11 MBI X HE€ IIPUBOIMM.
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§ 4. CooTHonrenus: Xa66s1a

1. Omxpvimue Xab64a. Kak yxe rosopuioch Beie, B 1929 rogy O. Xab6i omy6ankoBasl
CBOE OTKPBITHE, 3aK/II0YaBIIeecs B TOM, YTO KPAaCHOE CMEIIeHNe JIMHUN B CIEeKTPaxX BHEraJlak-
TUYECKNX TYMAHHOCTEM, Ha CAMOM JeJIe SBJIAIOLINXCS TaJaK THKAME, IIPOIOPINOHAILHO PACCTO-
SHIIO [I0 HUX, T. €.

Hy

. (79)

z

OH ucnonbp30BajI U3MEPEHUs z, MPOM3BEIEeHHbIE 10 CIEeKTPaM TajJakKTHK, KOTOpPLIE OLLIN MOIY-
veHbl Becto MenBunom Cnaiipepom u Munronom XbIOMAaCOHOM Ha 2.5-METPOBOM TeJIECKOIIe
obcepBaTtopun Maynt Buncon. Hanbosnbimee 3HaUeHNE KPaCHOTO CMEIIEHNS B €T0 MAHHBIX OBIIO
z = 0.004. Paccrosaus no rajakTuk Xab0OJ ompenenna B HECKOIBKO dTamoB. [[o Ommkaiiimx
rajakTUK paccTosHus Xab0Iy ymajaoch HAWTH, OOHAPYXKWB B HUX HECKOIbKO medeun. B sTux
Ke ONMKAWIINX TaJakTuKaX OBLIN OMpenelieHbl CBETUMOCTHU NPYTuX, Oojee SpKuX OOBEKTOB
— IITapOBBIX CKOIJIEHUH, KOTOPBbIE BUIHBLI TakiXKe B rajJaKTUKaX OIM3KOTO K HaM CKOIICHUS
IeBel. OTHOCUTETBHBIE PACCTOSHUS IO MAJIEKUX (MO MOHATHAM TEX BPeMeH) CKOIIeHmin Xao0
onpenesadai, cCuuTasd, 4YTO OATBhIE IO APDKOCTU I'aJIaKTUKN B CKOIIJICHUN MMEIOT OOUHAKOBYIO CBE-
TUMOCTB. T'eM caMbIM yIajioCh MOCTPOUTH IIKAILY paccTosiHuit. B pesynbrare ObIIO HAWIEHO,
uro Hy ~ 500 xm/(c Mnx), rne 1 Mnx (meranapcex) = 3.086 - 10** ca.

TexHuka m3MepeHnii KPacHBIX CMEIIIEHNI, T.e. MOJOKEeHN CMEIIeHHLIX JUHIA B CIeKTpax
Iaeknx TaJaKTHUK, OTpaboTaHa XOPOIO, MpobiieMa TOJBKO B MOJIYUEHHUHN CIEKTPOB CITa0BIX
00BEKTOB 1 y6eHI/ITeJII)HOM OTOXKIOECTBJICHIN JIMHUN. 3& nmocJjieqguee BpeM:st TEXHOJIOT MYECKIN
MIPOTPecc MO3BOINII U3MEPSTh KPACHBIE CMEIIeHns 00 2 = 2-+3 u maxe 10 z = 5. B Gnmxkaiime
ronbl Habmonarenn oberaior moiitu no z = 10. [IpaBma, moka HambOJbININE 2 OMPENETSIOTCS
He IO CIMIEeKTPAIBHBIM JIMHUAM, a M0 (HOTOMETPUIECKIM HAOTIOMEHUSIM TaJaKTUK B HECKOTBKIX
dunbpTpax.

st onpenenenus 3uavenns: Hy HeoOXONMMO 3HATH PACCTOSHUS [0 rajlakTuk. X momyuenne
— OYeHb cepbesHas npobema. CyrecTByeT mpouenypa yCTaHOBIEHUST MaciTaba pacCTOSHUI
B vacTtu Bcenennoil, mocTymHoil HabmomeHnsM n HasbiBaeMoil Meraramakrukoi. Omnuiem ee
KpaTKO.

2. Onpedeaenue paccmoanuti 6 Memazasakmurke. VI3MepeHUsT TPUTOHOMETPUUIECKIX MAPAJI-
JAKCOB BOBMOXKHO TOJIBKO IO OTHOIIEHUIO K OmmxkaimmM 3Be3gaM. [losTomy mis onpenenmeHus
PACCTOSTHUI 1O 3Be3I MCIOJIB3YeTCsl COOTHOIIEHNE MeXIy IePHONOM U CpPemHell CBeTUMOCTBIO
nyabcupyommx 3se3n — uedenn. OmHako cambie Oim3kne mnedennbl HaXOMSTCs TOBOJIBHO Ma-
JIEKO, ¥ WX MapaLIaKChl OBLIN HEMOCTYIHBI U3MEPEHUIM [0 TOCIEIHEr0 BPEMEHN.

KioueByio poinib B OllpeneeHnn MPOMeXYTOUHBIX PDACCTOSHUI UTPAIOT PACCEesHHBIE 3Be3I-
HBIE CKOIJIEHUS, B IepByi0 ouepenb ['mamgbl. MOXHO NPUHITH, UYTO BCE 3BE3IbI YTOTO CKOIJICHUS
UMEIOT OMMHAKOBYIO ITPOCTPAHCTBEHHYIO CKOPOCTh. Ha HeGecHOl cdepe OHM OBUKYTCS B OTHOM
HANpaBJIeHNN K (QUKTUBHON TOYKe — paanaHTy (“mamgarole 38e31bl” MeTeOPHBIX HOTOKOB, Ha~
IPOTHB, BCe MCXOHAT W3 pamuanTa). OGO3HAYMM YroJl MeXIy HANPABICHUSMUI HA DAIUAHT U
HEKOTOPYIO 3Be3Ny depe3 . DTOT yTOJd JIETKO U3MepuTh. MOXKHO M3MepUTh TakXkKe JTydIeBYIO
CKOPOCTB 3Be3Ibl Uy. TOrma ee momHas CKOPOCTb U = ¥,/ COS (v, & TAHTEHIMAIBHAS Uy = Uyt v.
Cxonnenne ['manbl HAXOOUTCS MOCTATOYHO GJIM3KO, TAK UYTO COOCTBEHHBIE MBUXKEHUS €r0O 3Be3,
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T.e. YIJIOBOE IepeMellieHne nX B eQUNHUIY BpeMeHHU, MOMIAi0Tcsa n3Mepennio. [IycTs y BuriOpaH-
HOU 3Be3MIbI OHO PaBHO vy /l,. OTcroma Haxomum paccrosuue [, mo 5Toi 38e3mbl. OKa3aaoch, 4To
paccTosiHus mo 3Be3n [ 'manm [, nmexar B npenenax ot 27 mo 47 nk.

Cremytorruii mar B 5TOM HAIPABJIEHIN — OIPeNe/IeHIe TPYIIOBLIX MTAPAIIAKCOB BXOMSIIINX
B CKOIIJIEHUS 3B€3[I ONMWHAKOBOIO I[BETA, T.€. PACIOJAralONInXCs B OMHOM MeCTe Ha JuarpamMme
["epmmmpynra—~Peccena “cekTp—CBeTUMOCTE U, CIEOOBATEIBLHO, NMEIOITNX MPUMEPHO OIH-
HAKOBBII BO3PACT U CBETUMOCTD.

B psane paccesHHbIX ckomjenuit umeroTcs medeuns. [lo HUM ycTaHaBIuBaeTCs HYJIb-
OYHKT COOTHOIIIEHUS MePUON—CBeTUMOCTb mjs nedenna. [Ipobmema sTa cioxuas, HYIb-TIYHKT
HECKOJIBKO pa3 mepecMmarpusajics. 1o medennam HAXOMAT, KaK yiKe TOBOPUIIOCH, PACCTOSTHUS 110
IITAPOBBIX 3BE3MHBIX CKOIJIEHUN U OIMKAMIINX TaJTaKTUK.

[ToTom mony4uaioT CBI3b HAWOEHHBIX IO edenaaM pacCTOSHUN ¢ OIpPeneTseMbIME IO CAMBIM
SIPKUM 3Be€30aM 1 MIaPOBBIM CKOIIJICHUAM B I'aJIAKTUKaAX, & 3aTeM U CaMBbIM APDKNM raJlaKTUKaM B
CKOIIJICHUSAX I'aJIaKTHUK. CaMbIMH APKUMU 3BE30aMI MOT'YT CUHUTATHCA CBEPXHOBBIC NJIN CBEPXTU-
T'aHTHIL. CaMbIe APKNE ralaKTUKN — TF'ITraHTCKUEe 3JIITUINITUYECKIE TaJIaKTUKN. HpennonaraeTCﬂ,
YTO CBETUMOCTH STHUX ‘CAMBIX APKUX OIU3KYU U OHM MOT'YT OBITH MPUHSATH B KAUECTBE D TAJIOHOB
(cTaHmAPTHBIX CBEYel).

Bo Bceit sToil mpotenype UMeOTCs HeolpeneTeHHOCTH U monyiienns. OOuH 13 NCTOYHUKOB
HEOITPeNeSIeHHOCTEN — OTCYTCTBUE TEOPUN SBOJIIONNN HAOIIONAEMBIX OOBEKTOB, Belb HAOIOmast
oaJIeKue O6'I)eKTI)I, MBI CMOTPHUM B IIPOIIJIOE. HpI/IXOI[I/ITCSI Oe/IaTh KaKne-TO IPEeAaInoIO2KECHU .

Wctopus ompemeneHuss pacCTOSHUI MepeXuyia HECKOJIbKO pa3 M3MEeHEeHHsS WX MacIiiTaba.
[Tocne BBemeHWS B CTPOW H-METpPOBOrO Temneckoma obcepBaTopun MaynT [lamomap oka3amoch,
uTO medenmnl, NCIOIb30BaBIInecs XabomoMm, B 4 pa3a gapue, UeM CUNTaJIOCh. Eile omHa omrmbka
3aKJTI09AJIaCh B CMEIIEHUN 3Be3[ U IIaPOBBIX CKOILUIEHUN ¢ IPKUME 06/1aCTSIMUI MOHU30BAHHOTO
Bomopona. B pesynbrare ucnpasienus ommbok 3uHadenne Hy cHusumimock mo 75 km/(c Mnk).
IManpreitimas paboTa mpusena K 3Hadenunto Hy = 55 xm/(c Mnix).

He Bce 6bIm coryiacHel ¢ HTUM 3HaUYeHHEM. MHOTOUNCIEHHBIE ONpeNe/IeHns] PACCTOSHUN B
70-X romax TpUBEIN K 3aKTIOUYEHNI0, YTO Hambojee BEpOSTHOE 3HAUEHHe TMOCTOSHHOW Xabbita
nexur B npenenax Hy = (50 + 75) km/(c Mnx). CoorBercrByIOlIee 3HAYEHNE KPUTHIECKON
mnotaoctn pX =5-10730 + 1072 2/ca’.

[Ipsivbie um3MepeHus mapajiakcoB medeunm CTajn AOCTYIHBI TOIBKO B CaMO€ MOC/IemHee
Bpems mocre 3amycka cuyTHuka ['unnapkoc (HIPPARCOS), Ha3BaHHOrO B 9eCTh MpeBHErPe-
1eckoro acTponoMa ['mmmapxa (B matuuckon TpaHckpuniun Hipparchus), cocrasusuiero mep-
BRIl KaTaJjoOr MOJIOXKEHU 3Be3n Ha HebecHoOU chepe. OMHOBPEMEHHO HA3BaHUE CIIYTHUKA SIB-
JISIeTCsl COKPAIIIEHUEM BBIPAYKEHMUsI, Ompenessonero ero ocuoBuyo ¢dyukiuio: HIgh Precision
PARallaxes COllection Satellite. Tanasie HIPPARCOS yBennuunm Bce paccrosaus Ha 10 %.
Ceiivac cknorsiorcs ¥ sHauennto Hy = 65 xu/(c Mnx) = 2.2-1071® 1/ ¢ unn, 6onee ocTopoxuo,
kK 60£10 xum/(c Mnx). Oromy 3uauenuo Hy 0TBEYAIOT 3HAYCHHS KPUTUICCKOI IJIOTHOCTH Bellle-
crBa p? =8-107% 2/cu® u xounenTpannn “kpurumuecknx” Hykmonos 8-10730/(1.67-1072%) =
4.8-1075 1/ca?.

3. Unmepnpemayusa 3axona Xabbaa. XabO1 OTKPHII MPOIMOPIINOHAIBHOCTE KPACHOTO CMe-
IIeHust U paccTosHus. KocMosoru cpa3y ke MHTePIpPEeTHPOBAJIN ee KaK MPOMOPINOHAIBHOCTD
CKOPOCTHU pasberaHus rajakTHK TOMY XK€ PACCTOSHUIO. DTO CIEMOBAJIO U3 TOJKOBAHUS Kpac-
HOTO CMeIlleHns Kak ciencTBus s>ddexrta [Homnepa. [eficTBUTEIbHO, B IUHEHHOM II0 CKOPOCTH
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(kmaccuaeckoM) TPUGIHKEHAN ¢ yIeToM ompenerenus (68)

)\0 - )\e v
=2 = 80
)\e & “ ( )

OTKyZa U U3 yCTAHOBJIEHHOTO Xab6moM cooTHorrenus (79) cremyer
v=HI. (81)

st coBpeMenHol sroxu y nmoctossHuoir H wamo nocrtaBuTh numekc 0. [IpuasTeie BO BHUMaHME
Xab6s10M TalakTHKI UMeNIn CKOpocTu, He mpesocxomsmme 1200 ku/c.

PagencTBo (81) coBmamaer ¢ BeIBeIeHHBIM Bbie (77). 3meck mom ckopocthio v = dl/dt
HAJ0 MOHNMATb CKOPOCTH U3MEHEHHS B eUHBII MIPOBOI MOMEHT PacCTOSHUSA MeXKIy TOUKaMI,
KECTKO CBA3aHHBIMU C PaCHINPAIOMINMCA IMIPOCTPaHCTBOM. TakoBBEIMI TOYKAMU CUYNTAIOTCS T'a-
JIaKTUKN B CpeaHeM, T. €. IIOCJI€ UCKJIIOUYEHU A X COOCTBEHHBIX I[BI/I)KGHI/If/i 1 COOCTBEHHOI'O OBUXKE-
Hus Hamell ['amaktukn B MecTHO# rpymme rajakTuk. Hamo nckIounTh Takxke BCe JIOKAJIbHBIE
IBIKEHNS 3eMIH: BpallleHne BOKPYT cBoeil ocu n mo opbomTe BOkpyr CoinHIA, a Takxke IBI-
xenne camoro Comana BMecTe ¢ COTHETHON cucTeMOH BOKPYT HeHTpa l'amakTnkm, 4To Bcerma
IeNIaeTCss BCEME HCCienoBaTensamu, HadnHas ¢ Xab6ma. CoorHomrernne (81) raxxke Ha3BIBAIOT
3akoHOM Xabba.

[TorsiTh cooTHOIIEHTE (81) IIOBOJIBHO MPOCTO UCXOOS W3 TOW YK€ MBYMEPHOW MOOEIN Tpex-
MEpPHOTO IPOCTPAHCTBA, 0 KOTOPOII TOBOPIJIOCH B IpeAblayIieM naparpade. Hanpumep, ecan Ha
cdepe mpoBefeHa HEKOTOPas OKPYXKHOCTb U paiguyc chephbl YBeININBACTCH, TO KaxkIas TOUKa
Ha OKPYXKHOCTH yHaJjsgeTcs OT J1000H Ipyroil TOUKU Ha TOH e OKPYXKHOCTH CO CKOPOCTBIO,
MTPOTOPIIMOHAJIBLHON MIJIMHE OYTH MEXIY HUMN, & OT IEHTPa OKPYKHOCTU CO CKOPOCTHIO, MPO-
MOPIMOHAILHON PACCTOSHUIO MO GOJIBIIOMY KPYTy H0 Toro mneHTpa. O6e ckopocTu (1 paccTosi-
HIS1) TIPOMOPINOHAIBHEL YBEIMUNBAIOIIEMYCSI PATUYCY chepsl. JICHO, YTO ecnn pamuycsl chepsl
I OKPY2KHOCTHU BeJHMKHI, TO MOL'YT ObITH BeJIMKHI U YKa3aHHBIC CKODOCTHU. YICHO Takike, UTO ecin
PACIIUPSIONIASCS OKPYXKHOCTh HAXONUTCS JAJIEKO OT CBOETO IEHTpa Ha cdepe (masbiiue ropu-
30HTA), TO ee yIOajleHne OT 3TOr0 LEHTPA OUYeHb ObICTPOE W UCIYIIEHHBIN ¢ Hee GOTOH He MOXKEeT
noiTn 1o HaOIOaTeNIs, HAXOnIerocs B meHTpe. IIpu 5ToM oueBrIHO, 9TO KapTUHA PACIIIpe-
HIS He 3aBHCUT OT BbIOOpa HMEeHTPa OKPYKHOCTH Ha cdepe. Takas xKe HHTeplIpeTalus IPOXOIUT
I B clIydae INTIOCKON MOOeIN: BMecTO cdepsl Halo B3ATh IIOCKOCTh. L1 OTKPBITOH Monenu Halao
O6paTh OKPYXKHOCTB, IIEHTP KOTOPOIl JIeKUT Ha OCH rumepOojonna, Tak Kak B IPYTHUX CIydadx
reomerpust JIo6aueBCKOro He CTOIb HATJISAIHA.

3amMeruM, 4TO caMé TaJakKTHKH ¥ CKOIJIEHUS TaJakTHK ([0 BHYTDEHHEH CTPYKType) He
VYIACTBYIOT B II00AJIBHOM PACIINPEHNN, TaK KaK OHU CBI3aHBI JJOKAJIBHON CUION TsxkecTu. Tem
060Jee He PaCIIUPSIOTCI CTPYKTYPBI MEHBIIIEr0 MacIiTaba, He TOBOPS yXke 00 aToMaX 1 MOJEKY-
JTaX, CBSI3LIBAEMBIX 3JIEKTPOMATrHUTHBIMUI CHIAMU.

Bamerum Taxxke, uto npoussenenune Ht = sinn(n —sinn)/(1 — cosn)? npu 0 < n < 7 npn
3aMKHYTOI Momenu cTporo yowiBaer oT 2/3 npu n = 0 mo 0 mpu 7 = 7, 3aTeM MOCTOSHHAS
Xabbmma u3MeHseT 3HAK, TaK KaK paclImpeHune cMeHseTcs cxkartueM. OmnHako ceiiuac Beenennas
eIle PacIIupseTcs, TaK 4To 1) < T U YKa3aHHOe IIpom3BeneHne He Maso. [[pn oTkpeITOl Momenn
Ht = shn(shn —n)/(chn — 1)* u npu uzmenerun n ot 0 M0 0O HTO NPOU3BENEHHNE CTPOTO BO3-
pacraer ot 2/3 no 1. Hust momenu Ditamnreiina—ue Currepa 5TO MPOU3BeNeHNe TOXKIECTBEHHO
pasuo 2/3. [Tosromy 3uauenue H xapakrepusyer Bo3pacT Beenennoit. CoBpeMeHHBIIT ee BO3PACT
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nopsnka 1/Hy ~ 3+ 1017 ¢ = 10'° sem = 10 I" aem (ruranet). Takas Benuumna cormacyercs c
ONpeneneHusIMH BO3pacTa 3eMHOil Kopel, COMHIA, 3Be3M, FATaKTUK I APYTUX 00beKTOB. IIpoMe-
KYTKUN BPEMEHHN IMOPpAOKa MUJIJINAPOOB JIET HA3BIBAIOTCA KOCMOJIOTMYECKUMU. (FeOJIOFI/IquKI/Ie
nmepmogbl — HOECATKN MUJIJIMOHOB JIeT.) ,HJI;[ Ka)KHOﬁ n3 MOHeJIeﬁ MO2KHO BBIYHUCJ/INTH BO3PACT
Bceenennoit mo gopmysmaMm, KOTOpble OyIyT HOIYYeHBI B CICHyIOLIeM Taparpade.

Kak yx)e roBopmiock, CKOpOCTb, BEIUICICHHAs Kak Ipoussenenune HI cormacHo dhopmymam
(77) u (81), MOXKET PEBOCXOMUTE CKOPOCTH CBeTA. PaccTosHIe, Ha KOTOPOM OHA PaBHA CKOPOCTH
CBeTa, Ha3bIBAETCs XaOOIOBCKUM PaCCTOSIHIEM

Iy = —. (82)

v=c—. (83)

Ins macrosiero spemenu npu Hy = 65 xm/(c Mnx) xa66n08cKoe paccrosuue [ = 1.5 - 102
ecm =95 I'nk =15 I" ce aem.

OO6bsicHEHNs CBEPXCBETOBBIX CKOPOCTEN maroTcs pasinunbie. OMHO U3 HUX — 3TO CKOPOCTh
PACIIUPEHHs MPOCTPAHCTBA, & HE CKOPOCTh MBIDKCHHS TeNl B MPOCTpaHCcTBe. [losToMy HeT HU-
Yero CTPAITHOTO B CBEPXCBETOBOI CKOPOCTH 3TOTO PACHINDPEHNS.

4. Unmepnpemayug coommowenud (79). B ornuune ot coero ciencrsus (81) paBeHCTBO
(79) He sBrslercst TouHbIM. [leficTBUTENBHO, OyneM HCXOAUTH U3 TOM ke dopmyisr (81), cBs-
3BIBAIOILIEH CKOPOCTH PACIINPEHUs ¢ PACCTOSHUEM [0 COMYTCTBYIOIETO Teja. s ymporieHus
BBIKJIAJIKU OyZleM CUYUTATh, 9TO B MOMEHT HAOJIIONEeHN Ty = t(no) UCIIOJIB3YIOTCSI 0003HAUEHUS C
HOJTMKOM [I/TSE BCEX BETMYNH KPOMe KPACHOTO CMEILIeHI, 1T MOMEHTa BhIXoma oToHa te = t(1), )
13 NCTOYHNUKA UCIOIb3yeM HHIEKC e. Be3 numekca 0603HAYAI0TCS TIePeMEeHHBIEe, TI0 KOTOPLIM Be-
nercs nuddepenuuposanune u uaTerpuposanue. COOTBETCTBEHHO UMEEM DIl IEPEMEHHBIX CO
CIEMYIOIIUME CBA3SIMU:

dt dR dt
—pn — —n —n.,dy=—dn, dn = c—— = — —. 84
X=1 =1 Xe =1 — Mes X nd = pes = “R R (84)

Kak oTMeuanoch BBIIIe, HHTErpall, KOTOPbIl BXOTUT B Gopmyiny (69), onpemensioniyo paccTo-
ssHue [, He 3aBUCUT OT BpeMeHU. Ero MOXHO mpeobpa3oBaTh CIAEMYIOIIIM 0O0pa30M:

7ed }“d ] dt ar P ar ¢ TdRy/R) ¢ [ d )
X: ’]’]:C —_— = C — = C 2:—/7:—/71
/ i P R(n(t)) 2 RR K4 HR Ry 4 H Ry / H(t(z"))
3mecs n(t) — dyukuus, obparaas no orHourenuio K t(n). Ncmonb30BaHo Takke COOTHOIIEHUE

(68) mexmy pammycaMu KPUBHU3HBI I KDACHBIM CMeIlleHHeM. B pesyibTare moiydaem CBs3b
CKOPOCTH C KPACHBIM CMeIlleHueM

v =Ry ?dx = cH, O/Z ﬁ;)) (86)

30



[ToncraBus 5Ty ¢Bs3b B hopmyiy (81), HaifimeM COOTHOLIEHNE MeXAY PACCTOSHUEM I 2 [6]:

rody
| = co/m. (87)

Brraucienne wHTErpasia HAIO MPOU3BOMUTH MOCHE IPUHATUS KOHKPETHOM MOIEIIH.

Bo MHOruX pyKOBONCTBAX MO KOCMOJIOTHIL, HE TOBOPS yXKe O MOIY/IAPHBIX W3TAHUIX, pa-
BeHCTBO (79) CBA3BIBAIOT ¢ mpomonbHBIM sbdekrom Homnepa. Kak mokasbiBaeT mpuBemneHHAs
BBIKJIAZIKA, 1eJ10 obcTontT ciaoxuee. Dddext Jlommepa onucsBaeT N3MEHEHNIE YaCTOTHL IIPH IBH-
KEHIW B IPOCTPAHCTBe—BPeMeHn MUHKOBCKOTO ¢ €BKIIMIOBBIM TPEXMEDHBIM MPOCTPAHCTBOM.
Kocmomnornueckue e MOIEIN COOTBETCTBYIOT PACIINPSIOIIEMYCs MPOCTPaHCTBY. OMHAKO eciin
Z HE OYeHb BENINKO U 3aBUCHMOCTbIO H OT z MOXKHO mpeHeOpeub, TO cooTHolneHue (86) te-
pexonuT B paBeHcTBO (80), a dopmyna (87) coBmamaeT ¢ HCXOMHBIM 3aKOHOM (79), Tak 4TO B
IPUOIIIKEHIN MaJIbIX (IO KOCMOJIOPMYECKHM MAcIITabaM) pPaccTOsSHUil 3akoH (79) BBIIOIHS-
eTcs.

§ 5. IIpo6siema BeIOOpa Momen

1. Ilpobaema maccor 60 Beeaennot. Ecau nocrosuaas Xabbma Temepb M3BECTHA C TOYHO-
CTBIO MPUMEPHO [I0 HEeCSITH MPOIEHTOB, TO 3HAUEHNE BTOPOW KPUTUUECKON BETMINHBI — Hapa-
MeTpa 3aMelieHns — ropasmno Gosee HeompeneleHHO. ClemoBaTeIbHO, HESICHO, KaKas MOIETb
6omee amekBaTHA BcermeHHOI: 3aMKHYTas, OTKPBITAs WIN IJI0CKas. Takoe MOMIOXKeHNe CBI3aHO
Ipexke BCero ¢ TeM, YTO OYeHb TPYIHO ONPENeINTh COBPEMEHHYIO CPENHIOI0 MJIOTHOCTH MaTe-
pun.

Ecnu npurIMATH BO BHUMaHUE TOJBKO BUAUMBIE YACTHU TAJAKTHUK, T.€. CBETSIIIEECS BeIlle-
cTBO, To momyuaerca 0. = 0.012. [To6aBmeHne CKPLITOTO BEILIECTBA, 0GECTIEYNBAOIIETO Mpa-
BIJIBHYIO KPUBYIO BPAIlleHUS FaJIaKTUK, YBeJINUNBAET 3Ty BEJINUUHY 10 anl = 0.04+-0.05. Ecnu
MOMYCTUTb, YTO CKOIJICHUsSI TajaKTHUK SBJISIOTCS T'PABUTAIMOHHO CBSI3AHHBIMU U IJIs HUX BbI-
NOJIHSIeTCs TeopeMa Bupnaia, To noiayuntces Q9 = 0.25. OueBnnno, m0 3aMKHYTON MOIe/H BCe
9TO He ANOTAruBaeT. B HacTosIee BpeMsi MPUHITO, YTO OapUOHHAsI COCTABJISIONIAsS BeemeHHol,
T.e. GaKTUICCKN HYKJIOHBI, BHOCUT B INIOTHOCTH Macchl p) = 2 - 1073! 2/cM® aTo coorser-
CTBYeT IWIOTHOCTH UHCIa HYKIOHOB pf/my, = 1.2- 1077 1/cw® m , = 0.025. (Hanomunw,
4TO GapUOHAMU HA3BIBAIOTCS AIPOHBI C MOJIYIEIBIM CIUHOM: HYKJIOHBI, TUIIEPOHBI I HEKOTODHIE
pe3oHaHCHl. ATPOHBI — 00IIlee Ha3BaHUE CeMENCTBA TACTUI], YIACTBYIOIINX B CHJIBHOM B3aUMO-
neiicreun. Hapsny ¢ 6apuoHamu 5T0 ceMeficTBO CONEPKUT MH-ME30HHL. )

B cBsa3u ¢ BompocaMmu 00 yCTOHYMBOCTHU TaJaKTHK W CKOIJIEHNN TajlaKTUK, a TaKXke 3a-
MKHYTOCTH UJU OTKPBITOCTH BceeHHON BO3HUKaeT mpobiieMa CKPBITOH MAacCChl, T.e. HAJTIIUS
BO Bcenennoit TeMHOro BerriecTBa, KOTOpoe MBI He BunuM. O6GCYKIATNCH MHOTTE BO3BMOXKHOCTH:
HEHyJIeBasi Macca HeMTPUHO (HO OHA, maxke eciu He paBHa 0, CTONIb Maja, 9TO MOYTU He BIUSET
Ha CPENHION IJIOTHOCTH), 0COObIE BIIeMEHTApPHBIE YACTUILI (AKCHOHBI, HEHTPAINHO, HOTUHO U
Ip., TOKa He HAGTIONABINNECS HU B JabOPATOPUE, HE B KOCMOCE), MHOTOUNCIICHHBIE CIA0bIe 1
HEMOCTYIHbIE HAGTIONEHUSIM HENTPOHHBIE 3BE3IBI U MOTYXIINE 3Be3/Ibl (KOPUIHEBBIE KAPIIUKI),
Teja TUMA TJIaHeT WIN MePBUYHLIE YepHBbIe MBIPHI MaJIBIX Macc. [Ipobnema ocTaercs HepereH-
HOI1, eil MOCBSIIIaeTCsI MHOTO paboT (PU3NKOB M aCTPOPU3NKOB.

IIBa crocoba ompenesieHus mapaMeTpa (o n3 HAOIIOMeHNN HA3BIBAIOTCS KJIACCUIECKUMU Te-
cravu. OnWH U3 HOX 3aK/TIOYALTCS B COMOCTABIEHIN BUANMOI TOTHON CBETUMOCTU OMUHAKOBBIX
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NCTOYHUKOB U WX KPACHOTO CMEIIEeHWS 2, PN MPUMEHEHUHN IPYTOrO C 2 COMOCTABIISIETCS YTJI0-
Boil mumameTp oObekToB. CkaxkeM 06 »>ToM mompoOHee. OmHAKO CHAaYaa MOJYUNM HEKOTOPBIE
(hOpMYIIBI, BEIPAKAIOIINE PA3IMIHbIE BEJINUYNHBI Yepe3 KPAcHOe CMeIlleHne n MoCTossHHbIe Hy u
Q() IJIS MOI[eJIeI‘/)I C IIBIJIEBUOHBIM BEIIIECTBOM.

2. @opmyavt ¢ z. HauneM ¢ BBIpAXkKEHUs IJIsi COBDEMEHHOTO 3HAUEHUS PAIINYCA KPUBU3HEL
Cornacuo ompenenenusMm (53), (68) u (54) u3 3akoHa coxpasenus sHeprum (21), 3anucaHHOTO
IJIs1 HACTOSIIIET0 MOMEHTA, HAXOMUM

. 8tG 8tG
Rf — ——poRy = HyRj | 1 - a2zl = HiR3(1 — Q) = —ke’. (88)
3 3H;
Orcionga ciemyeT, 94TO
c 1
Ry = ———F———. (89)
H, A/ |]_ — QO|
B cnyuae mnockoit momenn {2 = 1 u pamuyc KpuBU3HBEI OeCKOHeUeH, a [y — 5TO MpPOCTO Mac-

mTabHBINA PaKTop.

Teneps BrIpa3uM uepes Te ke BEJINUNHBI MOCTOSHHYIO XabbJia B MTPOU3BOJIBHBIN MOMEHT
Bpemenn t. [{j1s 5T0r0, 3amicaB 3aKOH COXPAHEHUST YHEPTUH IJIsl IBYX MOMEHTOB t 1 1, TIOIeINM
OIHO paBeHCTBO Ha npyroe. llomyunTcs

R? - 87GpR?/3 R*H?/Hi —8nGp/3H; 1 H?/H§ —Q(1 +2)°

- — = —1. (90
R —8nGpyR3/3 R§ 1—8nGpy/3H; (1+2)2 1-Q (90)

31ech UCIOMB30BAHO TAKXKE OUEBUIHOE CIENCTBHE ompemeneHus z: p = po(l + z)*. Paspemus
nocnenHee paBeHcTBO B nenouke (90) orHocurensHo H, nomyunm

H = Hy(1+ 2)y/1+ 28y. (91)

ITanee, u3 ypaBHeHUS AJIs IUIOTHOCTH BerecTBa (19) BbITEKaeT

. d
b= pog(L+2)° = —3Hpm(1 + 2" (92)

C yuerom dopmynst (91) orciona ciegyer cOOTHOIICHNE MeXKIY MuddepeHnaiaMn BpeMeHn 1
2

dz dz
Hdt = — Hydt = — .
Tz 00 (1+ 22T+ o

OTo nuddepernnaabHOE ypaBHEHNE MOXKET OBITH MPOMHTErPUPOBAHO B DJIEMEHTAPHBIX (QyHK-
MUSIX [T KaXKIOW M3 KOCMOJIOTUIecKUX Momesneit. s momerneit 6e3 maBimeHUs MOIydIaeM

( \/1+ZQO QO \/I—QO

(93)

— th Q<1
1)+l (e Tray "
2 1
H()t - 5 (Z n 1)3/2, QO = 1, (94)
QO arct VvV QO — ]_ _ V ]."—ZQO Q > 1
L @ — 122 A0, (Q—D(zt1) 070



roe arthz = (1/2) In((1+x)/(1—x)). B wacTrOCTH, BO3pacT BeeneHHOI HA COBDEMEHHYIO SIIOXY

(1 Q b L VI=
— n
—Qy 21—Q)p2  1—I-Q

mpu  Qy < 1,

Wl DN

H()t() = { npun QO = 1, (95)

Q 1
marctgvﬁg—l—go_l npu Qo > 1.

[Ipencrasiser nHTEpEC HANTH 3aBUCHMOCTD CKOPOCTH PACIINPEHHS OT 2 CONIACHO (hOpMYIIe
(86). st Momesnieit 6e3 maBieHust

( 2c b 21— O < 1
———ars npu ,
VI—Q T VIF2(VI+ 2z +1) b
CcZ
= npu 2y =1, 96
! VItz(V1+z+1) P25 (96)
2c arcsi AL Qp>1
—F——— arcsin opnu .
[ VQ—1 V1+2(V14+Q241) P °

Hanomunm, uto arsh z = In(x 4+ /1 + 22). Ucnons3ys ob6osuadenue (35), popmyist (96) MoxHO

3allncaTh KOpOYe:
1-Q 24/]11 =
o e (o7
c 2 V1+2(V1+Qoz+1)

[To nmpuBemeHHBIM (HOPMYIAM MOXKHO OIEHNTH KPACHOE CMEIIeHUe 2y, COOTBETCTBYIOIIee Xal-
OJI0BCKOMY PacCTOSIHUIO lyy, Ha KOTOpoM v = ¢. B miockoit momenu zy = 3. ['amakTtuku ¢ Takum
7 OOIBIINMEI KPACHBIMU CMEIIIeHUSIMU HAOIIOMAI0OTCsI, HO HUKAKUX MPOTUBOPEUNH B 5TOM (hakTe
mer. Korma ¢oToHBI, momieninme 00 HAC ceiivac, OBLTM U3JIYUEeHBI, STU TaJakKTUKN HAXOMIINCH
ropasmo OJmxe.

Haiimem, HaKOHeII, CBSI3b KOOPAMHATHL X C 2. VI3 ypaBHeHns pacupocTpaHerns GoToHa ds? =
Adt? — R*dx? = 0 maxommum

v dt 14z 1 dz B 1 — d
X=TRTR, H, (14+2)2v/1+2Q  (1+2)vV1+20 =
[Tepen muddepermaaom BpeMeHHN B3ST 3HAK MUHYC, TaK KakK OOIBIINM 3HAUYEHUSM 2 U Y OT-
BEUAIOT MEHBIINE BpeMeHa. VIHTerpan oT mpaBoil wacTu cooTHomenus (98) TOT ke, 4TO U B
paBercTBe (86), HO dyHkIus cieBa B hopmyie (97) pasua ag(y/2). Ecnu nepeirtu x GyHKIUIN
ar(x), TO MOXHO HamucaThb emumHy0 GopMmysnry MarTura, KOTOpyH OOBIYHO BEIPAKAIOT TEpe3
mapaMeTp 3aMemJIeHns (o

2 0 |1+z—|—\/1+§202_\/|1_2%| 14+qo(z — 1)+ (go—1)v/T+2q02
14z VT2 @ 1+ '

HexoTopble 13 mOy4eHHBIX BBIpAXKeHUI MOTPeOyIOTCS HAM majee.

(98)

ak(x) (99)

3. Kocmonoeuueckue mecmol. ITU TECTHI HOJKHBI OTBETUTH HA, BOMPOCHI, 3AMKHYTA HJIH
HeT Hala BceeneHHast, ueMy paBHBI KOHCTQHTHI, XapaKTEPU3YIOIINe ee MOIEIN.
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[TlepBoHAYATLHO TPUMEHSIINCH MBA KIACCHIECKIX KOCMOJIOTUUECKIX TeCTa.

1) Tect BumuMas ApKOCTH — KPacHOEe cMerrleHne. [lycTh rajakTuka UMeeT KOOPIUHATY Y
II0 OTHOIICHUIO K HAM U CBETHUMOCTBH (T. €. IMOJIHYI0 MOIIHOCTB I/I3J1yquI/I;I) L. Mu1 ee nabmio-
IaeM B MOMEHT g = t(%)- Torma nmnotane cdepsbl, Ha KOTOPYIO PACTEKAETCS U3JIydIeHUe HTON
rajlaKkTUKW, PABHA 47ng ai(X). OHeprust U3y YeHus1, NCIyCKAeMOro NCTOIHIKOM, B TAHHOM CITy-
Yae TAJIAKTUKOM, KAK YKA3BIBAJIOCH BHIIIE, OCIAOIAETCS 38 CUeT YMEHbBIIEHNUs SHEePruil (4acToT)
Bcex (DOTOHOB B pe3ylIbTaTe KPAaCHOTO cMelleHUs B 1 4+ 2 pa3 U Ha TOT XKe MHOXHUTENb 3a CYeT
TOr0, YTO OTHEeJbHBIE (DOTOHBI pexke MPUXONSAT K HAOIIOIATENO.

TaKI/IM 06pa30M, BUOINMAA IIOJIHasA CBETUMOCTD I'a/JIaKTUKIN C €eOUHNIBI IIJIOIIA 0N Heba

L
2 2 2
Am R ag (x) (1 + 2)
OTa BelnuUNHA U €CTh BUAUMAS GOTOMETPUUECKAs IPKOCTh, O KOTOPOIl ToBOpuioch Boimre. Co-
OTBETCTBYIOLLIEE el paccTosHue coriacHo pasencTsam (99) u (89)

L= (100)

Iy =Ry ak(X)(1+z):%qg [qu—i—(qo—l) («/1+2q0z—1>} ) (101)

HaOmromas nmasmexne raJakTHKN 0 W3Mepss NX BUOUMBIE 3Be3IHBIC BeJIMINHBI, a 3aTeM mepe-
BOISI X B CBETUMOCTH (XOTs ObI OTHOCHTEJIBHEIE), a TaK¥kKe ONpPEeNeNss NX KPACHBIE CMEIIeHNs,
MOXKHO OBLTO OBI IO TOMY, IPH KaKOM 3HAYCHUN (o HAWIYUIINM OOpPa30M BBINOJHACTCA COOT-
wowrerne (100), cynurs o Benumuuue sroro mapamerpa. OmHAKO IJIsL 9TOrO OMSTH HALO 3HATH
HACTOSIMIYIO CBeTUMOCTD T'aJaKTUKM, T.e. BEIOpAaTh CTaHOapTHYIO cBeuy. Ha sTom myTn okasel-
BAIOTCs 3HAUNTeIbHBIE TPyaHOCTH. OnHa U3 HUX y2Ke YIOMIHAJIACh, 9TO — OTCYTCTBHE TEOPUH,
ONICBHIBAIONICH HBOIONNIO TaJakKTUK M, B YACTHOCTHU, UX CBeTUMOCTHU. lIpyras TpymHOCTH 3a-
KJII09aeTCs B TOM, UYTO IPH BBIOOpE CTAaHZAPTHOI CBeYHW B yHAJICHHOM CKOIUICHHH TaJIaKTHK
JerKO OMMOUThCS, NPUHAB 3a Hee 0ojiee APKYIO FaJlakTUKY, IPUHAIICKAIYIO, BO3MOXKHO, He K
TOMY CKOIJICHUIO.

CormacHO ABYM WCCIENOBAHUSIM 5TOTO Tecta aubo ¢y = 1+ 1, aubo ¢y = 0.33 £ 0.68.
YIy4qmmuTh pe3yabTaThl yOAJOCh B MOCICNHHE TONBI, HO He IO TaJaKTHKaM, O deM CKaxKeM
HITKE.

2) Tect BUOUMBL pa3Mep — KpacHOe cMertenne. [Ipyrum cmoco60M yTOUHEHUs BeTHINHEL
Qo MOXKeT CIIyKHUTh BTOPOH KJTaCCHYECKAN TeCT, 3aKJIIOYAIOIINICSI B N3MEPEeHUN yTJIOBBIX IHa-
MeTPOB UCTOYHUKOB B 3aBACUMOCTH OT UX KPACHBIX CMeIlIeHU.

Ecnu ucTounMKM UMEIOT OOUHAKOBBIN paszmMep [, TO UX BUAUMBINA yTJIOBON HUAMETP

D
9= (102)
lad

rie paccTosHue [,q maercs dopmyioit (71). U3 coorHommenus (75) MeXKIY OBYMS PACCTOSHUSIMIE
HAXOIIM

laa = R(1a) ar(x) = 1}—31—02’ ag(x) = &72)2%(]% Qo2+ (g0 —1) (\/1 + 2qpz — 1>] . (103)
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B xauecTBe UCTOUHUKOB OMHOTO pa3Mepa Opanu sapa 60raThIX CKONIeHU TATAKTHK. JDTOT
TecT MOTr ObI MPENOCTABUTL HE3ABUCUMYIO BO3MOXKHOCTH ONpENeInTh mapameTp ¢o. OmHAKoO u
3[0eCh BO3HUKAIOT TPYIHOCTHU, AHAJOTUUHBIE Y2Ke YIIOMSHYTBIM, U YIy4IIINTh Pe3yIbTaT He yIa-
eTcsl.

4. Cospemennag duaepamma Xab6aa. B mocienuee BpeMs B CBA3M ¢ TEXHOJIOTUUECKIM TIPO-
rpeccoM IMOSABUIACH BO3MOXKHOCTH HaOMOmaTh Oojlee ciadble, a CIIemOBaTeIbHO, 0ojee majieKme
00beKTH. B wacTHOCTH, OompeneeHbl BUAUMBIE SPKOCTU CBEPXHOBBIX 3Be3M B YIAJEHHBIX Ta-
nmakTukax. V3BeCTHO, 9TO y HEKOTOPHIX CBEPXHOBBIX (Tuma la) kpusble Grecka u, uTo Gosee
BaYKHO, CBETUMOCTHU B MakcuMyMme Ojiecka oueHb Ou3ku. Kpome TOro, cuuTaeTcs, 4TO MPOIECC
B3PBIBA CBEPXHOBOW HE 3aBHCHUT OT BO3pACTa TAJAKTHUKW, & OIPENeIsieTCs TOJIBKO CTPOEHWeM
3Be3nbl. [losTOMYy Takme cBepXHOBBIE MOXKHO pacCMaTpPUBATh KaK CTaHOApTHBIE cBedn. [[o HUIM
BemmuuHa {2y OKasbiBaeTcCs Oau3Koit K (.2, Tak 4TO MO TUM JAHHBIM HAIIl MU, CKOPee BCEro,
SIBIISIETCSI OTKPBITHIM.

Omrako HA CaMBIX OOJIBIINX PACCTOSHUSIX, B HACTOSIIEE BPEMs MOCTYIHBIX HAOJIIOMIEHUSIM
Ha 2-METPOBOM 3ePKaJIbHOM KOCMHIYECKOM TeJlecKorme nM. Xab0sa (OKOJIO COTHU CBEPXHOBBIX
B FaJaKTUKAX C KPACHBIMEU CMEIEHUIMHI 2 ~ 1), HAGIIO[AaeTCs OTKIOHEHHe OT MOMeseil mpu
A = 0. Habmonenus kax 6yATO yKa3bIBAIOT HA TO, UTO HTA MOCTOSHHAS OTauYHA OT 0.

CoBpemenHas auarpamMma Xab07a mpencTaBieHa HA puc. 6,¢, TOCTPOEHHOM IO MTaHHBIM
paGoTe [7]. TTo ocsam oTnoxkenst lg z u Benuuuna Dy, = 44.832 + 51g(2Hoqélyn/c), rae Ly, —
paccTosiHue o OojIoMeTpuueckoi cBetuMocTu. Bemuunna Dy, paBHA pazHOCTH HAOIIOIAEMOI
1 abCOTIOTHOH OOTOMETPUYECKUX 3BE3MHBIX BEJIMUWH, IPUMEHSIEMBIX B aCTPOHOMMUN.

Tpu KpuBBIe TOCTPOEHBI /I MOMENEN THIIEBUIHOTO BEIIECTBA C PA3INUYHBIMI 3HAUCHUSIMI
Dy m Q) = *A/3H?. Huxusaa n BepXHsS KPUBBIE COOTBETCTBYIOT IUIOCKOMY HTPOCTDAHCTBY,
a CpemHssS — OTKPBITOMY, IIPUYEM CPEemHSS W HIKHSS TMOCTPOEHBI Oe3 ydeTa BIUSHUS BaKY-
yma, T.e. miasg Q% = 0 u, coorsercrenno, QY = 0.20 u 1.00. IIpu pacuere BepxHeil KpuBoOil
npunsaTo, uto Y, = 0.24, O} = 0.76. Ha puc. 6,6 nuarpammva naHa B yBeJUIeHHOM U HOPMaJIN-
30BAaHHOM IO OTHOIIEHUIO K CpemHell KpuBoil BuAe. T'aM e yKa3zaHBI TOUYKN, COOTBETCTBYIOIIINE
HAOTIOIEHUSIM, U CPeIHIe OMOKY (yCbI Uil error boxes).

B camoii mpaBoii yacTu mmarpaMMbl HaOTOgaeMble TOUKH, TMOJYUEHHBIE IO CBEPXHOBBIM,
MOMHUMAIOTCS HAI ABYMS HIDKHUMW KPUBBIMU U OOJIBIIIE COOTBETCTBYIOT BePXHEN KPUBOMH, ITO
aeT OCHOBAHMS K BBIBOAY O OOJIBIIIOM BJIMSHUM KOCMOJIOTHMYECKOTO CIIAraeMOro WU, CJIeI0oBa-
TeJTbHO, BaKyyMa. Bo3MOXHO, UYTO B HACTOSIIEe BpeMs IIPOUCXOMNUT He 3aMelJIeHIe, a YCKOpeHne
pacIIupeHns TPOCTPAHCTBA.

Hamomuum, uTo noctpoernas Q. Xab6mom B 1929 romy mepBoHavaabHas AUarpaMMa COCTAB-
JIsIeT caMylo JIEBYIO M HUXKHIOI 4acTh cOBpeMeHHOI nuarpammsbl 1o z ~ 0.004 (Igz ~ —2.7) u
He moMecTuiach Ha pucynke. K 1936 rony mmarpamma 6bita npomomkena mo z = 0.1.

Bce paccMoTpenHBIE MO 5TOTO KOCMOJOTTUecKe 3DGEeKTH HOCHIN XapaKTep TreoMeTpuye-
CKUX U MEXAaHUUYECKNX (KUHEMATHYECKUX U NUHAMIYECKHX). [[Ba CAMBIX YOENUTEIbHBIX CBUIE-
TeNbCTBA B MOJB3Y Topsueil Momenu Beenennoit — penukTosoe nzinyuenne (PU) u nepBonavaiin-
HBII HYKJIEOCHHTe3 — obcynuM oTaelnbHo. VIx mompobHoe obcyxmeHne TpebyeT pacCMOTPEHUS
usrIeckux MpoIeccoB B panuein BeemeHHOM.
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§ 6. CocTossHUMEe MaTepuu Bo BcesleHHOI B pa3HbIE 3II0XU

1. Peauxmosoe usayuenue. B aToM maparpade mpuBemeM HEKOTOpPBIE CBEOEHUS O COCTO-
SHUU BeIeCTBAa U W3JIydueHus BO BcejeHHON B paMKaX CTaHmapTHOW Momenu. Hauwem c co-
BpeMeHHOCTU. HecMOTpst Ha OTKPBITHS KBa3apOB, MYJIbCAPOB U IPYTUX MHTEPECHBIX 00BEKTOB
npefcTaBleHnss 0 (GoOpMaxX CYIIECTBYIOIIETO BeIIeCTBA B COBPEMEHHYIO SIOXY B HaykKe 3a IO-
clemHee CTOJeTne KOPEeHHBIM 00pa3oM He M3MeHmINCh. MexXmy TeMm, Kak OKa3aJioCh, OCHOBHOM
hopMOIl M3TyUeHNs B CMBICIIE, O KOTOPOM CKaXKeM HIKe, SIBIASeTCS TelIOBOe PAINOU3ITydeHue
¢ TeMmepaTypoil okoio 3 K, HazbiBaeMoe penunkToBbIM u3nyudenuem (PU).

PN 6bimo otkpeiTo ciayuaiino. B 1964 romy nBa corpynuuka dupmer “Bell Telephone
Laboratories” Apuo Ilensumac nu Pobepr Busicon 3anmMannch MOOrOTOBKOM CBOEl OYEHBL 4UyB-
CTBUTEHHON MPUEMHON anmapaTyphl ¢ HU3KIM YPOBHEM IIIYMOB, paHee UCIOIb30BABIIEHCS TS
CBSI3U CO CIYTHUKAMU, K M3MEPEHUSIM HepepBIBHOTO m3nydeHns ['amaxTukm Ha BotHEe 20 CM.
Onuako mjs YTOUHEHUS YPOBHS IIYMa AHTEHHBLI OHUM HACTPOUIM MPUEMHUK Ha BOJHY 7.3 cM 1
HAIPABUJIN AHTEHHY HA COBEPIIIEHHO TeMHBIN yuacToK ['ajmaxTuku. [[puHsaThIil curHas oka3asics
HeOXKUMaHHO 6osbimM. OKOJIO TOMA OTKPBIBATEIN MEPENPOBEPs/In CBOM HAOIIONEHNS, MOKA HE
yOenuanch B HeAmapaTypPHOM MPOUCXOXKICHUN CUTHAJIA, THTEHCUBHOCTH KOTOPOTO He 3aBUCEITa
HII OT HAIIPaBJIeHNUs, HI OT mosioxkeHus COTHIIA, 3eMIN 1 aHTeHHBL. TIaTebHOe n3ydeHne moKa-
3aJ10, UTO HTO (DOHOBOE MBIyUeHIe, He NMelollee KaKuX-1100 JOKAJTbHBIX NCTOTHUKOB, & UIOyIIee
PaBHOMEPHO CO BCEX CTOPOH.

O mabmonenusx y3uann yaactHukn npyroit rpynnst (Po6epr Hukke, ®umunm [Tubiac u op.),
CO3HATETLHO TOTOBUBIIIEH aHAJOTUYUHBIE HAOTIONEHNS IS TPOBEPKH BBIBOIOB Te€OPUHU BOBIIIOro
B3phiBa, 0CHOBOMOIOKHUKOM KOTOpOil 6611 [eopruit Auronosuu ['amos (1904-1968). TeopeTu-
JecKas CTaThs dTOH IPYNNBI ObLTA OMYOJINKOBAHA B TOM XKe HOMepPe, UTO U pe3yabTaThl HaDITo-
nennii [lensuaca u Buncona. B ckopoM BpemeHu u sTa, BTOpas CpyIina HOJIyYn/Ia HAOTIOIeHUS
PU na Bosae 3 cm ¢ Temu xe cBoiicTBamu. Oroxnectsiaenne PU ¢ oxmaguBmmMest n pa3pekeH-
HBIM U3JIyYEeHNEM TePBOHAYAIHLHOTO OTHEHHOTO MIapa OBbLIO TPUHSATO acTpodu3nkaMu cpasy. 3a
orkpuiTue PU Ilersmacy m Bumncony Obima npucyxmnena HobGemeBckas mpevus mo ¢usuke 1978
roma.

CremyeT OTMETUTH, YTO YKa3aHWUS Ha CYIIECTBOBAHIE TAKOTO U3JIYUEHUs OBLIN M3BECTHBI
ropasno paubiie ero oTKpoeiTus. Eitte B 1941 romy 661710 00HAPYXKEHO, YTO MEXK3BE3IHBIE MOJIe-
kysiael CN moriomaoT u3myyeHne 38e3/1, HaXOmsICh He TOJIBKO B OCHOBHOM CBOEM COCTOSIHUU, HO 1
B BO30YKIEHHOM C TeMIepaTypoil Bo3OyxkmeHus okono 2.3 K. Jlums B 1966 rony ynanocs oobsic-
HUTH UCTOTHUK BO3OYXKIEHUs: OH ObLT cBs3aH ¢ PU. YmoMmsauem 3mech Takxke, ITO BIIEPBHIE 3TO
u3yueHne HaGIIoAan0ch Ha Bonbimom ITynkoBckoM pammoreneckone B Koure 50-x romos (pe-
3yabTaT ony6nukoBaH B 1957 romy), OMHAKO TOYHOCTH STHX HAGIIONEHUN ObIIa HEIOCTATOYHA 1
X 3HAUEHUe OleHeHO He ObIo [8, ¢. 152-153]. CuekTp usiyueHns B 5BOIIOLUOHUDYOLIE Bee-
nenHoit 6b11 Brepsble paccunTtaH A. [, Ilopomkesuuem u W. I1. HoBukoBeiM B 1964 romy. Umn
OBLIO Tpencka3aHo, uTo PU B pammoobmacTu mMpeBOCXOMUT BCe OCTATbHBIE BUIOBI (DOHOBBIX M3-
JydeHuil u mocTynHo Habmonenusm [1, c. 148|, Ho u sTa pabora He GbLIa 3aMeUeHA BOBPEMS.

K 1972 romy cBoiictBa PU 6v1mn monTBepxkaeHsl HabmonerusMu 6osiee 15 rpynn HabI0m1a-
Teneit Ha miwHaX BoJH OT 0.27 no 73.5 cm. B 1975 romy mabmiomennst Ob1In TPOMOIKEHBI 10 00-
JTACTH JJIMH BOTH OKO0 0.1 MM, KOTOpas eXKNT HIKe YacTOTH MakcnMyMa PY ., = 1.6-10M
1/¢, aTo cooTBeTCTBYET AIMHE BOMHBL 1.87 M.

OTo m3nydeHne NeACTBUTEIBHO 3aIMOHSIET BCEe MPOCTPAHCTBO U UIET PABHOMEPHO CO BCEX
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cTopoH. OHO IMeeT YUCTO YePHOTENbHBI CIEKTp, T. €. OmuchBaeTcs dyukunueit [Imanka ¢ Tem-
nepatypoit 1Ty = 2.727740.002 K n mogunaIeTCSI BCeM ero 3akoHaM. B cooTBeTCTBUNI ¢ 3aKOHOM
cMerienns Buna pacrnosaraetcs ee MakcumyM, B 1 cu® maxomnres 0.244(Tokg/ch)® = 411 pe-
NMKTOBBIX (OTOHOB ¢ obIeil sueprueit (87°kg/15h3c3)Ty = 4.17 - 107! spe (wnu 0.25 5B) n
maccolt phyp = 4.63 - 1073% 2, uT0 3HAUMTENBLHO MeHblIle CpeHell IIOTHOCTH BeIeCTBa.

PU u 10 m3nyueHme, 0T KOTOPOIO OHO MPOM3OILIO, BCErIa UMENU IJIAHKOBCKHUN CIIEKTD.
IleiicTBUTENBHO, CIEKTDP, KOTOPBI MbI HAOMIOMAEM Celuac, COOTBETCTBYeT TemiepaType Ty =
2.7 K. B mmTepBaie wacToT dvy OKOj0 4acTOTH vy B PU B 1 cm® comepxurcs smeprus
(47 /¢)B,,(Ty)dvy. B smoxy, xoropas ceifuac oTBedaeT KDPACHOMY CMEIIEHHIO 2, 9TOT yda-
CTOK CHeKTpa mMen 4actoTy v = (2 + 1)y, mnotaocts sueprun (47 /c¢)B,, (Ty)dve(z + 1)* =
(47 /c)B,((z + 1)Ty)dv u nporsxernnocts dv = (2 + 1)dvy. Takum o6pa3oM, CIEKTp B 9IOXY 2
OB YepHOTENBHBIM ¢ Temmeparypoi 1'(z) = To(z + 1).

DTOT BBIBOI CJIEyeT U U3 HHTErPAIIbHOrO cooTHOIeHus: — 3akoHa Credana—Bonbumana,
COTJTACHO KOTOPOMY INIOTHOCTB 3HEPTUH M3JIyUeHus, o6paTHO mponopruonaabaas R, mpn TP
nponopuuonanbha T?, Tak uto T(z) = Ty - (2+ 1) u B paHHme 5M0XU pacMpenns GbLIA BHICOKA.
[TosTOMY paccMaTpuBaeMble MOIEIN HA3BIBAIOT BCE BMECTE TOPSUeil BCETIeHHOI.

2. Coommuowenue mexrcdy naomuocmuio sewecmsa u usayuenud. [Imoraocts maccer PU,
KaK MbI BUIEJIN, 3HAUNTETIHbHO HIKE KPUTUIECKON MJIOTHOCTHU BEIIECTBA U [HaKe MJIOTHOCTHU BU-
IUMOTO BEINIECTBA, a MMEHHO Ha MHOKnTenn nopsanka 10~% o 1073, Tax uTo BKIama B IIOTHOCTD
Maccel PU we naer. Onrako mmoTHOCTS dHeprun PY 3HaUnTEIHHO 6OMBIE pa3Ma3aHHOM IO MPo-
CTPAHCTBY INIOTHOCTH SHEPTUN U3IYUEHUs OPYTUX UCTOUHUKOB BMecTe B3ATHIX. [lo mnorHOCTH
quciia POTOHOB CAMBIMU MOIITHBIMU SIBJISFOTCS PAIMON3IIyUYeHNE TajJakKTUK 1 nHOpPaKpacHOe mu3-
nayueHue melu Hatrenn ['amaktuku, a Takxke cmerennoe B UK obmacts nsmydenue kBa3apoB —
npumepHo 1 GoTOH B KyOUKe, YTO 3HAUUTE/NHHO MeHbIle, ueM y PU. Ho maxe u mo mpotHOCTH
SHEPTUU BCe OpyTrue Nuana3zoHbl BMecTe He npeBocxonsaT 0.05 penumkToBOroO.

CoBpeMeHHass KPUTUYECKAs HIOTHOCTB MAaCChl COOTBETCTBYET IIOTHOCTHU UUCIA HYKJIO-
HoB 4.8 - 107% 1/cm®, Tax uto ma 1 “kpuruueckuit” mykson npuxomurcs 1.2 - 10° pemukToBex
doronoB. OTHOIIIEHNE XKe YNCIIa PeAlbHBIX 6aPUOHOB (HYKJIOHOB) K YHCILY PEJIUKTOBBIX (OTOHOB
pasro 1.2 - 1077/400 = 3 - 1071°.

[Tockonbky coBpeMeHHBIH cieKTp PU ¢ orpoMHOII TOYHOCTBIO YHCTO YEPHOTEIBHBIN, a 3a
6OIBIIION MPOMEXYTOK BPEMEHH OHO HU C UeM He MOTJIO PearmpoBaTh, 3TOT CIEKTD IOTXKEH
OBLTT OBITH KOT1a-TO cPOPMUPOBAH. 3HAUNT, KOTAA-TO CYIIECTBOBAJI IIEPUOI, BO BPEMs KOTOPOTO
u3JIydYeHne U BelIeCTBO HAXOMU/INCh B PABHOBECHN, TOUHEE, B TEPMOIUHAMUYECKOM PABHOBECHH
(TOP). Slcho, 9TO TOrma MIOTHOCTH MATEPUM W TeMIeparTypa HOJKHBI ObLIN OBITH FOPA3I0
OOTBIITIMH.

HeficTBUTENBHO, YUCIO YACTUI], U3 KOTOPBIX COCTOUT BEIIECTBO, U YUCIO GOTOHOB U3ITY-
YeHUs B TeUYeHUe MOJITOTO BPEMEHU He U3MEHSINCh, & 00beM YBeIUUUBAJICS BCIENCTBUE KOC-
MOJIOTHUecKoro paciuupenusi. [losToMmy KoHIEHTpamun acTui] n (GOTOHOB, OTUHAKOBO MPOIOP-
unonaibubie 1/R3 o (2 + 1)3, B npouutom Geutn 3HaunTenbHO Gosbine. OMHAKO TIOTHOCTH
SHEPrUH BEIIECTBA U M3IIYUEHUs N3MEHSIIICH MO-PA3HOMY, TaK KaK YHePrUU HepeIsTUBUCTCKUX
JaCTHUIl — 3TO IPOCTO UX MACCHI, YMHOXKCHHEIE Ha ¢2, a MACCHl He MEHSIOTCS, SHEPTUn ke (hoTo-
HOB BCJIE[ICTBUE pacIIupeHus BceneHHOl, MPUBOMSIIETO K KPACHOMY CMEIEHIIO, YMEHbIIAINCH
u B mpomioM Obutn Gosbie. B pesynabTaTe MIOTHOCTHL sHeprum BerrecTsa pc® o< (z + 1), a
IJIOTHOCTH dHeprum uzmydenus o< (z + 1)%, uTo yxe 6bi10 nCnoNb30BaHO B § 2.

B macrosiee Bpems (T.e. npu z = ) kpuTnueckas miIoOTHOCTH BetecTsa (npu Hy = 65
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wm/c/Mnx) pd ~ 8-1073° 2/cm?, a mnoTHOCTL W3TydenHHs Py ~ 510734 2/cu®. Ux oTHOmEHHE
B 5I0XY C KPACHBIM CMEIIeHIeM Z OBLIO

0
PRR _ PRR( 4 1) =6-1075(z +1). (104)
pC pc

Buaunt, npn z > 2z, = 1.7 - 10" mIoTHOCTH W3TydYeHWs ObIIA BEHIIIE IVIOTHOCTH BEIICCTBA.

[Ipy 5TOM TPAHUYHOM 3HAUEHUM Z = 2, OOIlIee 3HAYEHHE IJIOTHOCTU BEIECTBA U W3IIYICHUS
pe = 4-107Y 2/ch?, a smauenne H, ~ 5-10711 1/¢ = 1.5-10° xm/(c Mnx). CocTosnue MaTepun,
KOTIa U3JIyIeHne UrpaeT IpeoGIalaiollyio POk, Ha3BIBACTCS PANUALNOHHO JOMUHUPOBAHHOI
mwiaszmoit (PIIT). Umernno B snoxy PIII mumammka Bcemenuoil cooTBeTcTBOBa/Ia MONETSM C
PEeIITUBUCTCKUM HABJIEHNEM, PACCMOTPEHHBIM B § 2.

B 10 BpeMms Kak OTHOIIEHNE IIOTHOCTEll M3JIyUeHHs U BEIIeCTBA IPOMOPIUOHATIBHO 2 + 1,
OTHOILIIEHNE KOHIeHTpamnuii hoToHoB PV n HYKIOHOB OCTAETCS HPAKTHYECKH MOCTOSHHBIM ~
400/(1.2-1077) = 3-10°. Ha mo3mHUX cTAASIX PACIIMPEHUS 5TO OTHOIICHUE TONIePKUBACTCS
TeM, 9T0 hoTorsl PU yike He B3anmoneiicTByIOT ¢ BerecTBoM. Ha Gosee paHHUX cTanusx (mocie
AHHUTMIAONN YaCTUL 1 aHTanCTHH) BEIIIECTBO M M3JIYUYCHUEC HAXOOUJINCH B COCTOSHUN THP C
EIMHOI TeMIEePATYPOil, I BCe MPOIECCHl POXKACHUS W YHUUTOXKEHUS YPABHOBEIINBAIIICh.

3. Bsoatoyus memnepamypvl u NaomMHOCMU. B COBpeMeHHYIO 510Xy, KaK MBI BUIE/N, CPET-
Hsid IIJIOTHOCTH BEIIECTBa OonpenesisaeTCd HEe OYeHb HaOCXKHO. OI[H&KO MO2KHO yTBEpPXKIOATH, YTO
OHA OTIMYAETCS OT KPUTHUECKON HE CIUIIKOM CIIIBHO (He Gonee ueM B 25 pa3), a MOXKET ObIThb
6omee 6/M3Ka K Heil. JIerko mokazaTh, 9TO B HpounioM 3HaueHue ) Ob110 Oamke K 1, wem (.
HeficTBUTENbHO, U3 PEHIeHNI CTaHIAPTHON MOOEIN BLEITEKAET COOTHOIICHIE

1-Q=—"" (105)

13 KOTOPOIO CJIENyeT, 4TO C ynajeHueM B mpomnioe (kK 66mbiimM z) € craHoBUTCS BCe GimKe
K 1.

Wcxomst m3 5TOro mjis OMEeHOK BEeTMYNH B paHHel BceeleHHON MOXHO IPUMEHSITH COOTHOIIIe-
HUsl, OTHOCSIIINECS K MOMENH C HyJIeBOll SHeprueil u GeCKOHeUHBIM DAy COM KPUBU3HBI (€BKIIU-
IIOBO IPOCTPAHCTBO).

s momenu 6e3 maBiieHusT (OPMYIIBI TOJIYIAIOTCS W3 MPUBEIEHHBIX B TabI. 1 u 2:

3H? 8.0-10°

2 2 _
H:Ho(z+1)3/2:§, t:g—HU(zH) 32 p=p. = ore it (106)

OTu GOPMYIIBI TOMSATCS JINITE 1T 3HAUEHUN 2 < 2y, IJIsl OONIBINNX 2 HAMO UCIOIH30BATEH MOIEITh
C YIBTPAPETITUBUCTCKUM TABJIECHUEM, OOHAKO (GOPMYJIBI IJId dTUX OBYX Momenell OIu3Kw, s
ODHUX 3aBUCUMOCTEH OTIMYAIOTCS HEKOTOPBIE TOKA3aTeJIlm CTEeNmeHel, M MPYTuX — TOJIBKO

KonhduiueHTs. 719 yIbTpapenaTUBUCTCKAX YACTHUII U (POTOHOB HAXOMUM COTJIACHO Tabm. 3
n4

1 3H?> a
2t7 p p 87TG C2 Y ( )
rme a = m2ky/(15¢°R%) = 7.5641 - 107% 2/(cm-c?-K*) — mnocrosmuas Credana. CooTHomre-

e (107) MoXeT CIyXKuTh [Jisi NPUGIM3UTENBHON OLEHKN BPEMEHH OT Hadaja bBosblioro
BspeiBa, coorBercTByloiero temneparype 1. Takum o6pa3oM, 3aBUCHMOCTH TeMIEPaTyPbI
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OT z OOUHAKOBBI IJis OGOUX CIIyd4aeB, a OT BPEMEHN OTIMYAIOTCS: MPU OTCYTCTBUU MABICHIS
T="Ty-(z+1)=27(2/3H,t)%3, a npu yabrpapenarusucrekom masmenmn 1T =Ty - (z +1) =
(3¢2/32wGa)' /4172,

Bonee TmarenbHoe pacCMOTPEHNE, YINTHIBAIOIIEE COCTAB YACTHUIl B ONPENENIEHHYIO SIOXY
passuTus Beenennoit, npusonut k dopmyse [9]

3¢\’ 1 B\ E \?
p= (0 ) =2 =2.4.10 %12 (—) , (108)
16mgGa) T? 16m39G (kgT)? 158
rlle ¢ — HEKOTOPBIN B3BEMIEHHBI CTATUCTUYECKUN Bec dacTuil. MOXHO TIPpUHATH, 9TO g = 6

npu T < 10'2 K. Ilpu T > 10'® K mano mcxomnTh W3 APYruX COOGPAKEHWil, HO (HOPMAIBHO
MOXKHO 1osokuTh B (108) g = 0.06.

[To 3HAUEHISIM TeMIepaTypPhl MOXKHO PACKIACCH(UIIPOBATE SIIOXHI PACIIHpeHns Bcemen-
HOIL.

4. Cmaduu ucmopuu 2opaueti sceaennot. [lepedncaum 5T cTagmum B peTPOCIEKTUBHOM
HOPSIIIKe.

1) Cospemennas cragus. OHa XapakTepus3yercss HU3KOI TeMIepaTypoil OCHOBHON COCTAB-
JISTIOILIEN M3JIYUEeHUsT — PEeJIUKTOBOrO — OT HECKOJBbKHUX IPaaycoB m0 3 + 4 Teicsd rpanycoB. B
ATOT MEPUOI BEIIeCTBO HeHTPaNIbHO, Mpo3padHo mis PU, u oHn pacmupsioTcs He3aBUCHIMO.

2) Cramgus 9acTUIHON MOHU3AIMN.

3) Crapus nomnuoit norm3anuu. [Ipun TemmnepaTypax, IPEBBIIAIOIINX ~ 10* K, Bomopoxm mo-
UTH TTOTHOCTHIO MOHN30BaH, a pn 4-103 K — nmouTn momrocThIO HeiiTpasen. CoOoTBeTCTBYOIITE
3HaueHus kpacHoro cmerrienust 2 = 3600 u z = 1500. [locnennee 3HaUeHUE 2 HA3BIBAETCS HTOXOI
pexombunanuu. [Ipu 7' > 50000 K (z > 6000) HOTHOCTHIO MOHU30BAH TEIIHIL.

4) Opa panunanuonno momuHuposauuoil miaasmel (PIIT). T'paHumsl 5Toi CTAIIN IIUPOKM:
OHA HAYMHAETCS ¢ TeMIIepaTyp, COOTBETCTBYIOIINX SHEPIUN IOKOS 3JIEKTPOHA, KOTA eIlle BO3-
MOYKHBI PDOXKIIEHUS Iap 3JIeKTPOH-NIO3UTPOH, a 3aKaAaHINBAECTCS MEPel] SIO0X0H PeKOMOMHAILINN.

5) Jlemronuas cramus (JEOTOHBI — YACTHUILI, HE YYACTBYIOIINE B CHIBHOM B3aMMOZIeEi-
creum). Temmeparypa eirie 60jiee BBICOKas, BINIOTH IO COOTBETCTBYIOIIEN MAacce MOKOS IH-
M€30HOB.

6) Anpounas cTamus. 30eCh TPOUCXOMAT POKICHUS 1 AHHUTIIIAIUN HYKIIOHOB, HIIEKTPOHOB
I TO3UTPOHOB, ME30HOB, HEHTpHHO m Apyrux wactui. [lpm z = 5 - 10! mmorHOCTH BemecTna
nocruraer anepuoit 2.8 - 101 2/cud.

7) Dmoxa 51eKTpo-cnaboro 00benuHeHns (371.-CI1.). 3[Iech YHePrum AOCTATOUHBI IS TOTO,
9TOOBI He PAa3INYaTh JeNTOHHI.

8) Dnoxa xBauTosoit xpomonunamukn (KX]I). JJoMuHEpYeT CHIBHOE B3aHMOIEICTBIE.

9) Ouoxa Benukoro oobenuueHus (Bei. 06.) — BeeX KBAHTOBBIX B3aMMONENCTBHI. JIenToHbr
U IPyrHe YacTULHI IPHOOPeTAI0T SHEePrun, XapakTepHbIe IJIs CUIBHOTO B3aNMONEHCTBHS.

10) Dnoxa cBepxobbenuuerns (cBpxo6.) O6BENNHAIOTCS BCe YeThIPe THIA MUPOBLIX B3al-
MOIENICTBUIL: 3/IEKTPOMATrHUTHOE, c1a00e, CUJIbHOE U T'PABUTAINOHHOE.

Hazpanus smox mo BumaM oO0BeOUHEHUN OOBICHSIETCS TeM, UYTO KOHCTAHTHI CBs3U (pu3u-
JeCKNX B3amMoOeicTBuil cjaabo, HO 3aBUCIT OT SHEPruil B3amMOAENCTBYIOIINX YACTUI U MIPU
HHEPrUsIX, XapPaKTEePHBIX IS YKAa3aHHBIX 510X, YPABHUBAIOTCS.
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Ta6mnuma 6. Dmoxu >BOMIONNN TOPSIUIEH BCETIEHHON

T (K) Pe (c—;:‘> kT z t (c) Onoxu
2.7 81030 4-10716 5pe 0 3-107 Conpent,
4103 310720 5-107"3 ape 1500 5-10" Yact. o,
4-10* 3-10717 5-107"2 ape 15000 1.7-10" ot 1ot
710 2.10716 10~ ape 25000 4.6 -10% P
6 - 10° 1.1-10* 511 xsB 2107 10 Temrom.

10*2 810" 0.1 I»B| 4-10" 1073 Anpor.
5-10'3 5-10% 5 B 410" 4-1077 e
10%6 5-10%7 10® I'sB| 4-10" 10~ KXT
10% 5107 10" I'sB | 4-10% 10737 Ber. o6.
10%2 5-10 10" I'sB | 4-10% 1074 B,

[pasnnamm Mexny cTagusMu sBISIIOTCS XapaKTepHbIe 3HaueHus: remueparypst 1’ (u sHep-
run kgT'). Hekoropele n3 HUX MOMyYarOTCs KaK KOMOMHALNY PA3MEPHBIX BEJIMYNH, UTPAIOLIIX
CYIIIECTBEHHYIO POJIb B Kaxmoin u3 cranuii. COOTBETCTBYIOIINE 3HAUCHUS ¢ U 2 BBIYHCIISIOTCS
[0 TPUBENEeHHBIM BhIIIe GopMynaM. OpueHTUPOBOUYHBIE UX 3HAUEHUs MpUBENeHbI B Tab. 6.

['panuna Mexxay cranusvu 4) u 5) onpenessercs sHeprueii mokos saextpona mc? = 0.511
M>B. Eii coorsercTByer Temnepatypa 6-10° K. Mexny 5) u 6) ocHOBHast Be/TudnHa — SHEpPrust
OKOST n-Me30Ha, B 264 pa3 Gosblinas 371eKTPOHHON y HeWTpaJbHOTO U B 273 pa3za — y 3aps-
KeHHBIX Me30HOB: 0.13 [5B= 10" K. [Tanee, mexmy 6) u 7) mOrpaHIYHAs SHEPTUS COCTABIIET
5 5B, a mexny 7) m 8) — 1000 I'sB, coorBeTcTBytomme TeMmepatypsl — 5 - 103 u 1016 K.
Cranmusa 9) HaUWHAETCS Ha 3HAYMTETHLHO GOmbIIX sHeprusx — 1075 B. Haxowern crammm 10)
OTBEYAIOT (PAHTACTUUIECKNE 3HAUCHUS BEJINYNH, HA3bIBaeMble MIAaHKOBCKuME. OHE MOy IaioTcs
KOMOMHAIUAMHU, BKJTIOUAOIINME TTOCTOSHHYO TAroTeHus: sueprus Epy = (/cPh/G = 1.956 - 10'°
ape = 1.956 - 101 e = 1.221-10'° I's B, cooTBeTCcTBYIOMas Macce mp; = 2.177-107° 2, Teme-
parypa Tp; = 1.417-10%? K, pnuna lp) = \/Gh/c® = 1.616-10733 cu, Bpems tp; = 5.390-1074 .
[TnankoBckas sHeprus paBHa 543 KujoBaTTUYacaM, U TAKOW sHepruei obamaeT dieMeHTapHas
gactuma!l Macca mp) Ha pacCTOSHUN KOMIITOHOBCKOM IIINHBI BOJTHBI CO3MAET IPABUTAIMOHHBII
NOTeHnnalN, paBHbii ¢, T.e. Gmp/(h/mc) = 2.

5. @usuueckue npoyeccovl 8 pasauumbie nepuodvl. Teopus GU3MIECKNX MPOIECCOB B paHHE
Bcenmennoit TecHO cBs3aHa ¢ QU3UKOI HIeMEHTAPHBIX YaCTUIl U (PUBUKOI BBICOKUX DHEPTHUil. DTH
TpuU BeTBU (PUBNUECKON HAYKU PA3BUBAJINCH U PA3BUBAIOTCS MAPAJIJIETIBHO.

Bo Bce nmepuonsr paciupesust 0T caMoro HadasIa 10 4) BKJIFOUNTEJIbHO COBOKYIIHOCTH YaCTUI]
u u3nyueHns Haxonmiachk B coctosaun TIP. B mepuon 10) (Teopus cBepXoOBEIUHEHHs eIlle He
cozmana), Gmmkaiiimuii Kk Bombiomy B3peIBy, BCe 4aCTUIBI UMEIOT HACTONIBKO GOIBINNE SHEP-
rUu, 9TO GAKTUIECKHN HE pa3IndalTcsa. Bece OHE yIacTBYIOT BO B3AMMHBIX IIPEBPAIIIEHUSX, TTPU-
4eM He CYILIeCTBEHHO, IMeeT YaCTUIA MacCy MOKOSI UM HeT, TPaBUTOH 3TO Uian (GOTOH, (PepMIOH
uin O030H. BOJII)HII/IHCTBO 9JICMEHTAPHBIX 9aCTUl CYIIECTBYIOT IMapaMi YaCTUIla-aHTUYaCTULa
(B 9TO YHUCIIO HE BXOOIT (POTOH, HEUTPAJBHBIN MU-ME30H W HEKOTOPHIE npyrﬂe). Kpowme Toro,
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COTJIACHO TEOPUH MOJZKHO CYIIECTBOBATH MHOXKECTBO TAXKETBIX (B OOBIYHBIX YCIOBUAX, T.e€. C
GOTBILON MACCON MOKOsI) YaCTUIl: (DOTUHO, TPABUTUHO, HEATPAINHO, XUTTCHHO U IP.

C mepexonom K craann 9) YacTHUIBL, CBSI3aHHBIE ¢ TpaBUTALUell (FPABUTOHBI), TEPECTAIOT
y4acTBOBaTh B 001IeM 0OMeHe. BhiKuBIIas UX 4acTh OTPBIBAETCS OT OCTAJbHBIX U B HAJIbHEN-
IeM pacrupocTpansercs ¢cBoOomHO. OcTaloTes Bce “KBAHTOBOMEXaHMYECKUe  YACTUIIHL.

B wactHOCTHU, HA 5TOH CTAOUN NOMXKHBI CYIIIECTBOBATH MOHOIOJIN, T. €. MAaTHUTHBIE 3aPSIbI.
OnHako MOMBITKU OOHAPYXKUTH OCTATOK UX CEeMYac MOKa K yCIeXy He MPUBEIIH.

[To-BuamMoMy, y2Ke Ha 3TOH CTaAnu, IPH dHeprusx mopanka 10 I's B, mpossigeTcs Heko-
TOpas MOJIOKUTE/IbHAS PA3HOCTD MEXKIY YKUCIIOM TPOTOHOB U AHTUIPOTOHOB, YTO BIIOC/IEICTBUAN
OPUBOAUT K aCUMMETPUU HAIIErO0 MUPa OTHOCUTEIBHO BEIeCTBa U aHTUBelecTBa. [osst »Toi
HECKOMIICHCHPOBAHHOI 9acTH MOXKeT GBITh Beero 107 oT 06l1ero umeia HyKJIOHOB B TY SIOXY.

XapakTepHas SHEpPTUs 3IOXN KBAHTOBOH XpoMommHaMukn ~ 10 I'sB. UTo6s pa3orHaTh
3apsKEHHYIO YaCTUILy [0 TaKUX YHEPTUil, uMes B BUIY, YTO HA HANOOJIBIIIEM COBPEMEHHOM YCKO-
puTese IMHON B 2 Mujiu nojy4aioT saeprun B 50 ['9B, HyKHO ObLJIO ObI MOCTPONTD JIMHEHHBII
YCKOPUTEIIb IJIMHON B 2 Nk, T. €. B 6.5 CBETOBBIX JIET. DTO PacCTOsiHIE OOJIbIIe, YeM [0 OJImKaii-
mreit 3Be3nsl — 1.3 nk. [losTomy enuHCcTBeHHAS TabOPATOPUS I UCCTENIOBAHNIS TAKUX YACTHIL
— Bcenennas B ee ropsueii cranuu. [leno OCTOXKHIETCS TeM, ITO TaKhe JACTHUIBI B OOIBIIIOM
KOJTIYeCTBe OBLIN TaBHO, a MOTOM MOYTH MOJHOCTBIO MCUE3NTN, TaK ITO I UX OOHAPYKEHUS
ceffuac HyXKHO 3aTpPauMBaTh OYeHBb DOJIBIINE CpeNcTBa. l'eM He MeHee PU3UKU U aCTPOGUBUKH
HAJCIOTCS HAWTHU UX PETUKTOBBIE KOJIMYECTBA.

B TeueHme »TOi 5MOXU, COTTACHO TEOPUU TOTO K€ Ha3BAHUSI, KBapKW, UMeEIOIe OPOOHBIN
sapsin (1/3 u 2/3), 06BeAUHSIOTCS B YACTUIBL C TEIBIM 3aPSIIOM.

[Tocrenenno, B Teuenne cranuii 8), 7) u 6), 060COGIAIOTCSA BCe HOBbIE YACTHILI, CHAUAIIA
aIIPOHBI, TIOTOM JIENTOHBI, OOHAPYKUBAIOTCS UX XapaKTepHble npu3Haku. MHOrme n3 HUX mepe-
CTAIOT CYIIECTBOBATH B 3aMETHBIX KOJIMYECTBAX.

C NOHMKEHHEeM TeMIEepATyPhl BLIMUPAIOT W APYTUe YacTUlbl. B Teuenne cramuu 6), am-
POHHOII, CHAYaJIa MCUYe3al0T MH-MEe30HbI, B KOHIle aHHUTHINDPYIOT TPOTOHBI W AHTUIPOTOHHL,
HEATPOHBI U AHTUHEATPOHBI. Ecmu OBl Yncia MPOTOHOB U AHTUIIPOTOHOB, a TAaKXKe NPYTUX da-
CTUIl ¥ AHTUYIACTUI] OBIJIN aOCOIOTHO ONWHAKOBBI, TO Ceiivac MPUBLIYHOTO [JIsi HAC BEIIeCTBA
He ObLJIO OBI COBCEM.

JlenTonHast smoxa 5) comepKUT COOBITHS, CBSI3aHHBIE C JIEMKUME YacTunamu. [Ipu sHeprum
102 ['5B aEHUTHIUPYIOT Mio-Me30HBI, npu 1072 I'9B oT BelllecTBa OTPLIBAIOTCA HEHTPHHO I
AHTUHENTPUHO, KOTOPBIE B MaIbHENIIEM JIETAT CBOOOMHO, HE B3AUMONEHCTBYS HU C 4eM. 3ape-
IECTPUPOBATH UX OYEHb TPYIHO W MOKa He ymaercs. K mexomy craanu 5) aHHUTUIIMPYIOT DJIEK-
TPOHBI U TIO3UTPOHBI, UX YHEPT U TPEBPAIIALTCS B SHEPT IO (POTOHOB, KAK U YHEPTUsT AaHHUTUJIH-
POBABIIINX PpaHee MPOTOHOB U aHTUIPOTOHOB. TepMogmHAMUUIECKe COOOPaXKEeHUsI TOKa3bIBAIOT,
YTO TeMIepaTypa peTuKTOBOTO W3TYUEHNS 3a CUeT MTPOU3OIIeNIell aHHUT IAIIN IaCTHI] 1 aH-
TUIACTUI] NOXKHA OBLITH BHIIIE, YeM TeMIepaTypa PeTUKTOBLIX HEHTPHHO, OTOPBABIINXCSI OT
OCTAIBHOTO BeIllecTBa paHblie (ceituac npuvepro 2 K). Ha 5Toil e cTamuu, Ipu TeMIepaTypax
T = 10" =+ 10° K, nponcXonuT HepBUUHEI HYKICOCHHTES.

B koHue cramuum 4) m3nydeHme TaKKe OTPHIBAETCS OT BEILIECTBA, W INIOTHOCTH €ro CTa-
HOBHUTCSI HIKE INIOTHOCTH BeIeCTBa. A C SIOXI PEeKOMOMHAIINN M3JIyUeHNe PACIPOCTPAHIETCS
cBODOMHO, TaK KaK BEIeCTBO MPO3PAYHO MJIS 3TOTO m3nydeHns. HacTymaeT BpeMs, Korma m3-
JTydeHHbIe (DOTOHBI CTAHOBATCS MOCTYIHBI HAOTIOOEHUSIM B HEM3MEHEHHOM BHUIE, MOMBEPTasch
TOJIBKO KPAaCHOMY CMeItieHuo. 1o 3TOro Bce OHI MCIBITHIBAIN B3aUMOMEHCTBUE C BEILIECTBOM, U
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uHGOpMaIus, KOTOPYIO OHHU HEC/IH, B 3HAYUTEILHOI Mepe 3aMbIBaJIach. DTUM B3aIMOIEHCTBIEM
ompeneaseTcs TOT GU3NIECKN TOPU3OHT, O KOTOPOM YIIOMWHAJOCH B CBS3U C T€OMETPUUIECKIM
ropu3oHTOM. Bcee ke HekoTopble cBemeHust 0 BceneHHOM no smoxm pekoMOMHAIINU MOTYT OBITH
MOJIYUeHBl U3 JaHHBIX O MEPBUYHOM HYyKjeocuHTese, u3 guykryanuit PU, u3 penukToBbIxX Hell-
TPUHO U TPABUTALMOHHBIX BOJIH. [[epBBINl HCTOUYHUK yXkKe HaJl Takue CBENeHUs (CM. HUXKe), KO
BTOPOMY HayKa OBICTPO TPUOIMKAETCS, Ha OBa MOCIEMHNX aCCUTHYIOTCS 3HAUNTEIbHBIE CYyMMBbI
7 BO3IATAIOTCS OOJbIINE HAMEXKIH.

Torma xe HaumHAIOT 06PA30BBIBATHCS aTOMBI Bomopona. He3amonro mo sToro pa3BuBaroTCs
HEOMHOPOMIHOCTH, MPUBOMSAIINE B HabHENIIEM K 00Pa30BaHUIO TAJTAKTUK W WX CKOIJIEHWI.

MHuorue Bompoch 3Toii Teopun pa3paboTaHHI ellle HenocTaTouHo. Ho psim HemocTaTKoB yia-
JIOCh TTPEONOIIeTh B paMKaX Teopuu MHQMIIAINNT.

6. Undagyug. OMHEUM U3 HEIOCTATKOB TeOpHUH OBLIO ciemyioiiiee obcTosaTenbcTBo. PU, xak
MOKA3LIBAIOT HAOIONCHUS, UCKIIOUYNTETHFHO OTHOPOIHO, BO BCEX HAIPABICHUAX TeMIepaTypa
ero onmHakoBa. [Ipu sTom Temneparypa PU B pasubie smoxu Obliia pasHOil, HO OTHOPOIHOCTH
COXpaHsJIach BCerma, TakK Kak HUYTO HE MOTJIO ee CO3maTh. KakoW-TO MpOIecC MOJIKeH ObLI
M3HAYAIBHO BHIPABHIATDH CBOICTBA PA3INIHBIX 00HEMOB.

O6macTét OMHOPOMHOCTH CTOJb BEJIMKH, UTO OTAENbHBIE UX YACTU MPUUNHHO HE CBA3AHEI,
T. €. OHI HUKOTIa He OOMEHUBAJINCH dHEpPrueil, MMITYJILCOM U BooOIe mHbopManuei. [leiicTBu-
TenbHO, Xab0I0BCKOe PACCTOSHUE B IJIAHKOBCKYIO 3MOXy ObuIo [g/zp; = 2 - 10%/4 - 103!
0.5 - 1073 cm, a IIAHKOBCKOE PACCTOSHIE, HA KOTOPOM BO3MOMKEH OBLT 0OMeH WHbOpMAImei,
lp1 = ctp; = 2-10733 cu. Ecn He IPENIIONoOXNTh OMMHAKOBEIX HAUAIBHBIX YCIOBHII IS KasK IO
13 HECBSI3AHHBIX YacTell BCEro MPOCTPAHCTBA, TaKas OMHOPOMHOCTH HEMOHSITHA.

Hpyroe HEMOHATHOE 06CTOATENHCTBO — OJIM30CTD CPeMHed MITOTHOCTN K KPUTUUECKOH ITpaK-
TUYECKN BO BCe Bpems paciuupenns. [laxe coBpemenHoe 3HaueHne {2y He O4eHb OTIANYAETCS OT
1.

Tperbe 06CTOATENIHCTBO — HESCHOCTH MPUYWHBI MOSIBIIEHUST MaJjIbIX BO3MYILIEHUI, TPUBO-
MSIIAX BIOCTENCTBUN K OOPa30BAHUIO MaTaKTHK.

B maugase 80-x romos ObLiTa co3nana Teopus HHGIISIINN, YCTPAHIOIIAs TP YKa3aHHBIX HEHIO-
crarka. OHa yTBepXKIaeT, YTO B CAMOM Havajie PACIIIPEHUS PEIIafolyio poab UTPAT BAKYYM.
[Tpu 5TOM paciinpenue TPONCXOMUIIO TaK, KaK DTO OMUCHIBALTCS KOCMOJIOTUYIECKIM CIaraeMbIM,

1. e. ypasrernueM (50). Ero pemterne — skcnonenmmansraoe: R = R, exp(y/A/3ct). Tak xax npu

stom H = R/R = /A /3¢, T0 3aK0H pasmyBamms MOKHO 3amucaTh n Tak: R = R, exp(Ht). B o
BpeMs Kak pa3Mepbl BeeseHHON ObICTPO YBEIUUMBAINCH OT “TNIAHKOBCKUX MO “XabO0I0BCKUX
IUIOTHOCTH (BakyyMa) Ipu WHQIISIUE OCTABAIACH HIPAKTUYECKN Hem3MeHHON. [lepBoHauambHast
OIHOPOMHOCTH CO34aBAJIACH MMEHHO Ha INIAHKOBCKOM MaciiTabe.

Cornacao dopmyne (48) npm madmamun A = 87Gpp/c? u, crenoBaTenbHO, 3HATCHIE

H = \/ A/3c = \/ 871G pp1/3. Takoe 3HATEHHE TOUYHO COOTBETCTBYET OMPENEIICHIIO KPUTIIECKON
IJIOTHOCTH, 9TO OOBIACHIET OIN30CTH CPEAHENl MIOTHOCTH K KPUTHUECKOI I BIOC/IENCTBUNL.

[To omHOMY M3 BApHAHTOB TeOPHU UHQIANMN IJIOTHOCTH BAKYYMOIOZOGHOTO COCTOSHUS
6muska K mnaHkosckoit pp; = 5 - 10°0 2/cmd. Eit orsewaer smauenme H = 1/(2tp) = 10%
1/c. Tlo npyrum BapuanTam 3Hauenne H 3akmoueno mexmy 103 1/cu 10 1/c.

Kocmomnornueckoe ciaraeMoe, Kak OTMEYasioCh BBIIIE, COOTBETCTBYET COOTHOIIECHUIO MEXKTY
MaBIEHNEM U IIOTHOCTBIO sHeprum Buma (48): P = —pc?. OTpunaTenbHOe NABIEHTE TPUBOIAT
K OBLICTPOMY DOCTY DAIUyCa KPUBU3HBL.
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B xonme mHOIAINOHHOrO Mepuoma BaKyyM pacHamaeTcs, U ero dHeprus MepexXomuT K Be-
IIECTBY, KOTOPOE TeM CaMBbIM IpPHOOpeTaeT OUYeHb BHICOKYIO TeMmmepaTypy. lIpm pasmyBanum
IJIOTHOCTH BakyyMma yOBIBaeT Mpomopnnonaibuo 1/R*Y u mpu ero pacmasie nepexomuT B MIOT-
HOCTH MaTepuu.

Pacnan Bakyyma $iBsieTCs KBAHTOBBIM IIPOIECCOM, W BO3HUKHOBEHUE HEOTHOPOIHOCTEMH
IJIOTHOCTHU OOBICHSIETCS OOBIYHBIMEU KBAHTOBBIMU (DIYKTYAIUSIMH.

OxaspiBaeTcs, uT0 WHGIISIINOHHAS Teopus objerdaeT u apyrue mpobieMel. Hampumep, B
Hell MOKa3kIBAETCsI, YTO UYKUCJIO MOHOIOJIEH He MOXeT ObITh Beaunko. Hakower, oTpuiaTenbHOe
naBiieHne BOOOIe OOBSICHSIET IPUINHY HAaYaJa PACIINPEHUS.

§ 7. IlepBuuHBI HYKJIeOCUHTE3 1 oOpa3oBaHuUe
raJIaKk TUK

1. Obpazosanue TUMUNECKUT IAEMENMOE. XUMAIECCKIE DJIEMEHTHI C MOPSIKOBBIMU HOME-
pamu, OombIuMu 2, 0O6pa3yloTcsa, B OCHOBHOM, B 3Be3aX B Xome sAmepHBIX peaknuii. [Ipomecc
JKe 00paszoBaHUS CAMBIX PACIPOCTPAHEHHBIX B MPHUPOMIE JIEMEHTOB — BOONOPOHA W Telus —
HAUMHAETCS OO CO3MAHUS 3Be3.

HOCJIG AHHUT WA IIPOTOHOB N aHTUIIPOTOHOB BEILIECTBO CTAHOBUTCIA OOBIYHBIM IIO aC-
COPTUMEHTY 4YaCTHUI. OI[HaKO COCTOdHUE €ero eiie OY€eHb CHeIII/I(l)I/I‘IHO. He TOJIBKO HeﬁTpaHbeIe
aTOMBI, HO MaXKe Sapa MpU TeMIepaTypax, MPEBHIIAIONINX OeCATh MIJIINAPOOB KeTbBIHOB, He
MOT'YT CYIIECTBOBATH, OHU PA30MBAIOTCS OKpYKafomuMu dacTuraMu. OCHOBHBIME YaCTHIIAME
B TAKOM BeIILIECTBE SBASIOTCS 3JeKTPOHBI, IPOTOHBI, HEUTPOHLI, OTOHBI, HENTPUHO U aHTHUHEN-
TPUHO.

PaBHoBecue mMexay mpoTOHAMU U HEHTPOHAME YCTAHABINBAETCS 33 CUET Peakmuil cJaboro
B3aMMOMIENCTBUS

pre «+——=n+v, p+U+—n+et, p+T+e +——n. (109)

[Tpu remnepatype T > 10'° K (E > 0.8 M5B) uucia n1poTOHOB U HEHTPOHOB TPUGIN3N-
TelbHO paBHBL. [Ipu MeHBIIUX TeMmepaTypax MO IPOTOHOB BO3PACTAET, TaK KaK OTHOIIEHUEe
X PaBHOBECHBIX KOHTeHTpamuii n/p = exp(—Q/kgT), rme Q = 1.293 MsB, a Q/c* — pa3HOCTB
Macc HeHTpoHa u npoToHa. [lo Mepe paciiupenus: u oxjaxnaeHus BceleHHON aKTUBHOCTBH pe-
akiuit (109) mamaer, paBHOBecHme HAPYIIAETCs, U OTHOLIEHNE 1n/p CTaGUIN3UPYETCs, HEMHOIO
YMEHBIITNBIINCH 33 CUET pachana HeHTpoHOB. [{oss HeHTpOHOB ocTaeTcs Ha ypoBae (.15.

[Ipn yMeHbIIEHUN TeMIepaTypbl HIXKE MeCSTH MWLInapnos kenbsuuoB (E < 0.8 MsB)
HAUMHAIOT 00Pa30BLIBATHLCS MpOCTeiiline sapa. B mampHeieM Bce HEHTPOHBI COEMUHSIOTCS C
npoToramu. B pesynsrare o6pasyorcs aapa *He, neGonsmme nomu *He, nefirepus u murus. He-
KOTOpBIE H0jIee CIIOXKHBIE spa Takxke 00pa3yloTcs, HO B KOJIMIECTBAX, MEHBIINX HA HECKOJIBKO
MOPSIAKOB. DTHU MPOIECCH 3akaHunBaioTcs depes ~ 300 ¢ mocie nauasia pacimpernus. [locie
HTOrO TeMIepaTypa yiKe HeMOCTATOUHA MJIS MPOTEKAHUS SIEePHBIX DEAKITUIL.

Tax Kak IOUTH BCe HefiTPOHLI IOMAHI B 4Ipa m30Tomna rens ‘He, mpudeM Kaskblit HeHTpoH
TaM COENUWHWICA C MPOTOHOM, TO Ha Tenuit mormma moas 2 - 0.15 = 0.3 oT Bcero ocTaabHOTO
BerttecTBa. Tounee roBops, sra moss 3akmiouera mexny 0.26 u 0.32. OcranbHOE, B OCHOBHOM,
IPOTOHBI 1 HeboJbIIas NoOaBKa IeilTepus.
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BrocnencTsun meiiTepuit noeT Ha 0Opa30BaHUe TeIHs, TAK YTO OCTAETCS €ro OYeHb MAJIo.
KonuuecTBo 0CTaBIIErocs AeiiTepus 3aBUCAT OT INIOTHOCTH U, CIIEIOBATENBLHO, XKECTKO CBI3aHO
C IJIOTHOCTHIO B COBPEMEHHYIO DIOXY.

Onucanue xoma NEPBUYHOIO HYKJIEOCHHTE3A CUJIBHO 3aBUCUT OT CKOPOCTEN SIIEPHBIX Peak-
Uil TIPU BBICOKUX TEMIEPATYPaxX. DTU CKOPOCTU BCE BPEMs yTOUHSIOTCS, TaK UTO MEPBUYHBIE
CoONepKAHMS SIIEMEHTOB MPUXOMUTCS MepeCInTHBATL. HabmoneHus cOBpeMEHHOTO COMepKAHIS
reius U OefiTepus TaKXkKe OUeHb CJIOKHBI. HeobXommmo yMeTh OTOEeNUTh MepBOHAUAILHEIE DIIe-
MEHTHI OT 00pa30BaBIINXCA B 3Be3[axX Mo3mHee. B crapbix 3Be3max Harell [amakTuku comep-
xanne ‘He ouensb 6mm3ko x 0.3. IefiTepuit coctasnser nomo 107 ot Bomopoma, dem oTBepra-
I0TCS MHOTTE MOfe/n BCesleHHON U MOATBEPKIAETCS ee CTaHmapTHas Monensb. OupeneneHHbie
13 HabmrofeHnit conepxanma ' Li u *He Tax:e HaXOmATCA B XOPOIIEM COMJIACHE CO CTAHTAPTHOL
MOIETBIO U CIIYKAT €€ IONTBEPKICHIEM.

Ha puc. 7, nocrpoerrom no mauubiM crarbu [10], mpencraBieHbl OTHOCHTENbHBIE (110 OTHO-
IIEHNIO K BOIOPOMY) comepxanus nepsudnbix renus ‘He/H, neiftepust Bmecte ¢ Gosee jerkum
uzoronom resus (D+3He)/H u nurus "Li/H, paccunTannbie B 3aBUCHMOCTH OT COBPEMEHHBIX
3HAUEHUN IIOTHOCTH BEIIECTBA W OTHOIICHWUS YHUCE] HYKJIOHOB M (DOTOHOB, YMHOXKEHHOTO Ha
10", n,, (Toumee, or 1gn). Bee Bemmaunsr maner ¢ yKazaHmeM JOBEDHTEILHBIX HHTEPBATIOB B
IBa CTAHIAPTHLIX OTKJIOHEHHsA. [IBe BepTUKAIbHBIE IPAMBIE MOKA3BIBAIOT T'PAHUIIBI HOIYCTH-
MBIX 3HAUEHMIl apryMeHTa 1), COTIACYIOIIMXCs ¢ TaHHBIMI Habmonennit. PesynpTaTsl cTaThn
[10] Bocupom3Benensl u yrouHeHsl B 0630pe [11].

[Tocne curTe3a reus paciinpeHne IPOXOANT IOYTH 6e3 U3MEHEeHNN COCTaBa BellecTa. Tak
IPOMOIKAETCS MUIIIHOH JIeT, OKa TeMiepaTypa He ymnameT mo 3Hadenus 4000 K. K Tomy Bpe-
MEHHI MPOTOHHI 3aXBATHLIBAIOT HJIEKTPOHBI I 00pa3yoTcs aToMbl. OCHOBHOI dyieMeHT Beemennoi
— BONOPOX — CTAHOBUTCS HEHTPAJIBHBIM (BIIOCIENCTBUN MEXKIAJTAKTUIECKUN Ta3 MOHU3YeTCs
06pa3yoINMICS 3Be3IaMi, TaJakKTUKaMi 1 KBazapamu). Torma, Bo-mepBBIX, BO3HUKAET BO3-
MOXKHOCTH 00pa30BaHUs CTPYKTYD BceneHHOl, a BO-BTOPBIX, BO3MOXHOCTB IJIf HAC U3y4aTh
IPOTEKABIIIE MPOIECCH Yepe3 HAOIIONEHN CBEUeHNs 00BEKTOB, PACIIONOKEHHBIX OIIKe (hi3H-
YEeCKOr0 FOPU30HTA, TaK KAK M3IydYeHne NMEHHO ¢ 3TOr0 MECTa MePecTaeT B3aMMONEeiCTBOBATD
C BEILIECTBOM.

2. Obpasosanue cmpyxmyp Beeaenrnot. OOIIETPUHATON TeOpUN 06PA30BAHUS TATAKTUK I
CKOIJIEHNH TajlaKTUK MOKA He co3maHo. VIMeeTcs HECKOTBKO BapUAHTOB, PA3TMUYAIOIINXCSI KAk
IPENNOOKEHUSIME, TaK U BBIBOTAMU.

OmHOpOMHOE B CpeMHEM BEIIeCTBO HEITPEMEHHO UMeeT HEKOTOPBIe (DIYKTYAINY B IJIOTHOCTH
WIN APYTUX XapPaKTePUCTUKAX. DTU HEOMHOPOMHOCTH CO3MAI0TCS BO3MYIIIeHusME. Bo3mytieHus
OTHOCUTETBHO MaJIbl BIUIOTH MO 3moxu pekoMmOuHaruu. [locie BO3HUKHOBeHUS HeNTpaIbHBIX
aTOMOB OHU CTAHOBATCS 3aMETHBIMU U IMOPOXKIAIOT HEOTHOPOOHOCTHU, IPUBOAsAIINE K 00pa3oBa-
HIIO KPYIHOMACHITAOHBIX CTPYKTYDP, T.e. TAJaKTUK U UX CKOIJICHUN, & TakKXKe, MO-BUAUMOMY,
HEKOTOPBIX 3Be3l N MeXTraJlaKTHIeCKnX 00JIAKOB rasa.

PaccmarpuBaiorcst pa3indHble THIB TEPBOHAYAIBHBIX BO3MYIeHU. OHE HeIITCS HA BO3-
MVIIIeHIs B I'PaBUTAIMOHHOM NOTeHIMalle, anunabaTUdecKue, BUXPeEBble U SHTPONUITHBIE BO3-
Mmytrenns. [Ipocrefimuit Tun Bo3MyIieHnil — anmabaTHIecKoe BO3pACTaHUe IJIOTHOCTH BCEX
cocTaBasgoImX mwia3Mel. CoriacHo Teopun [[:KWHca, ecan Macca BOZMYILIEHHON 06/1aCTH MPEBOC-
XOOUT HEKOTOPYIO KPUTUUECKYIO MAaCCy, TO IJIOTHOCTD OyIeT MPOHoIKaTh Bo3pacTaTh. Pa3zmep
KPUTUYECKON 00IaCTU 3aBUCHUT OT Xoma paciinupenus Bceenmennoii. Ecian macca MeHbIe KpuTu-
YeCKO, BO3HUKAIOT KojiebaTelbHble nBmKeHus. Teopus [[uuca 0000IIeHa Ha ClIydail 3aBUCH-
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MOCTH OT BpeMeHH KaK pa3Mepa BO3MYIIIEHNH, TaK U KPUTHIECKON MACCHI, a TaK¥kKe IJIOTHOCTH.
YUTeHBl U MUCCUTATUBHBIE MPOILECCHI, TPUBOMISIIINE K TOTEPSIM SHEPTUH. DHTPONUNHLIE BO3ZMY-
IIEHNWs] — 5TO BO3MYILIEHUSI B OTHOCHTE/ILHBIX KOHIIEHTPALUIX YaCTUIl BellecTBa u (HOTOHOB,
KOTOPBIE MOT'YT OCYILIECTBIATHCS 0€3 Bo3MyIIeHnl mioTHocTH. [[pn Takux Bo3MyIeHuAX (IIyK-
TyupyeT dHTponus. BuxpeBbie BO3MYIIIEHUs 3aKI0YAIOTCS B HEPABHOMEPHOM OTHOCHTE/THHOM
BPAIIIEHNN sUeeK BerlecTBa BOKPYT HEKOTOPBIX OCell.

Boawmyrtienust MOTYyT pacTl U OPUBOAUTH K OOpPAa30BAHUIO KPYIHOMACIITAOHBIX CTPYKTYD,
13 KOTOPBIX B MPUHIINIIE MOTYT 00pa30BaThCS raJlakKTUKN 1 ux ckormjienus. O6pasoBanue KpyTt-
HOMACIITAOHBIX CTPYKTYP MPUBONUT K BBIIAEJCHUIO DHEPLUM.

Bce paccmaTpuBaBiimecss BO3MYIIIEHNST TOJIKHBI OTPaXaThCs HA PEINKTOBOM WU3JIYUCHUM,
KOTOpPOE HEeCMOTPsI Ha MPOILIOe B3AMMONENCTBHE C BEIIECTBOM (paccesHue) U MOCIemyolee
TOJITOe He3aBUCUMOe PACIPOCTPAHEeHNe COXPAHIeT CIIedbl BO3NeHcTBUs Bo3MyIleHnil. Kak cren-
crBue Ha PU momxubl HAGMIODATHCS HEOMHOPOMHOCTH. DTH HEOMHOPOMHOCTH MOTYT OBITH B €r0
CHeKTpe ujan B HeOOIBIINX BapualUsX WHTEHCUBHOCTH B Pa3jIMYHBIX HalpaBieHusx. Heomuo-
POIHOCTH B CIEKTPe HAOMIOIATh ropa3no TPYIHee, TaK KaK IJIS 5TOr0 TPeOyeTcs KOOomepalms
Pa3IUIHBIX TPYII PAINOACTPOHOMOB C mpubopamu, HACTPOEHHBIMI Ha pa3Hble JacTOTHL. Ha-
6mI0onaTh QIYKTyalun B HAPABIEHUSX, T.e. aHm3oTponuio PV, MOXHO Ha OOMHOM pammoTese-
CKOTIe.

Anwmsorponuio PU pazmensior va Tpu Tuma:

1) MukpomacTabHyio B npenenax yrioB < 1’ (MusyTH nyru);

2) cpenuolo — B mpenenax ot 1’ mo 1°;

3) KpYTHOMACIITAOHYI0 — OT 1° [0 IEeCATKOB TPAIYCOB.

Homnroe BpeMsi oOHapyXKeHIe YKa3aHHBIX HEOTHOPOMHOCTEH OBbIIO HEMOCTYIHO M3-3a HeIo-
CTATOYHON TouHOCTH HabmoneHuil. [lepBoHauaIbHBIE TEOpEeTHYECKUE OIEHKHN BEJIUUUHBI MIPO-
CTpaHCTBeHHBIX HeomHoponuocTeir PU Obiu 3aBbitiiensr, HO ¢ 1970 roma »Tu HEOMHOPOOHOCTH
OICHMBAIOTCS BemmumHoil ~ 2 - 1075, IlepBEIe MX permcTpanuu GBIIN OCYIIeCTBIeHH B 1992 T.
Onn oxazanuck Ha yposHe 107 ° +5-10 8. Ceituac mmeeTcs menblit psai MomoGHBIX HaGIIONCHNIT,
OHAKO CIeTATh BEIOOpP B MOJIB3Y TOH WJIN APYTOH MOMENIN MOKa He yIAeTCs.

O06cyx)maTcst BO3MOXKHOCTH u3MepeHus nojspusanuu PU, koTopas Bo3HUKaeT mpu TOM-
COHOBCKOM PAaCCeSTHUH ero Ha HJIeKTPOHAX Tepel OKOHYaHumeM >moxu pekombuuammu. CTenennb
MONApU3ANN OXumaeTca Ha ypore 10% or daykryannit, T.e. 107% or nrrencusrocTn PU. B
OpUEeHTAINN MJIOCKOCTel monspu3anuu PVl momxHBI 0Tpa3uThCs NBUXKEHNUS TEPBUIHBIX CTPYK-
Typ Bceenennoii.

[Tpenckazanbr HeomuoponuocTu B crnekTpe PU, Bosuumkaroiume u B 60jiee MO3MHIOK BIOXY,
KOTIa MPOUCXOMUIN PEKOMOMHAINY U ACCONMAINN YiKe 00pPa30BaBIINXCS aTOMOB U MOHOB. JTU
HEOMHOPOMHOCTU MOBOJIBHO KPUTUYHBI K TEOPUHM — UX OTCYTCTBUE MOCTABUT OUYEHb KECTKUE
BOIpOCH Tiepen Heit. OmHAKO OHN ertle Goslee Masbl (OPANKa HECKOMBLKUX emuant Ha 107 7), n ux
obHapyxeHne — mneno oymyirero. [lo nopore x HabGmomaTe 0 mocie >moxu pekomonaanun PU
MOXKeT HCIBITATh BINSHIE U3MEHEHNs [PAaBUTAINOHHOTO MOTEHINAIA B CKOIJIEHNIX FaIaKTHK,
a TaKxKe pacCesHUe Ha TOpsueM rase dTUX CKOIMJICHUI.

[Tpoucxomsiuit Ha HaIIUX TJ1a3aX OypPHBIN TEXHOJOTMYECKUI TPOTPECC TO3BOJISIET Hale-
ATHCS, UYTO KOPEHHBIE BOIPOCHI KOCMOJIOTUN, MO KpaliHell Mepe HeKOTOpPBIe, pa3pelIaTcs B He
CAUIIKOM OTHAJIEHHOM OyIyIIeM.

B kxauecTBe mamocTpanun TOro, Kak pacCINTHIBAIOTCS BO3MYIIIEHUS, PACCMOTPHUM CHadasIa
rJI06AIBHY0, & 3aTeM JIOKAJIBHYIO cepudeckyio Monensb [12].
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3. Hviomownosckaa cepuueckad modeap. KoHeIHO, OMTHOPOMHAS U M30TPOMHAS MOAETH —
sBHas abcTpaknus. Bee, uro Mer Habmogaem (kpome PU), pactupeneneHo HEOMHOPOIHO U HEM30-
tpomHo. [losTomMy mouTm cpasy xke Bejen 3a GpPUAMAHOBCKUMU OBIIM MOCTPOEHBI Gojee 006-
e Momenu. [Ipocreiiiieit u3 HuX sSBseTCsS chepuuecku CUMMeTpudHas Momnenb JlemeTpa—
Tonvena—bBounu [12]. PaccMoTpum ee B HBIOTOHOBCKOM HPUOIINKEHIN, CHETIAB B CIICAYOIIIX
TIPEIIOIOKEHNS.

1) MoxHo mpeHe6peusb MaBIeHueM CPEIbl I KOCMOJIOTHYECKUM CIIAraeMbIM.

2) Crnon cpenbl ¢ TeUeHNeM BPEMEHH He IePeCeKAITCS.

[Tpu chepuaeckoit cuMMeTPUN IMEETCs BBIIEICHHBI IeHTP. BBenem oObraHbIe chepuiaeckne
KOOPIMHATHI IO OTHOIIEHWIO K TOMY HeHTpy 7, 6, . Kak u B mpocTeiimem cirydyae, paccCMOTPUM
map paguycoM R ¢ ImeHTPOM, COBMeIIeHHBIM C IeHTpoM cuMMeTpunu. lIpu chepuueckoil cum-
MeTpUH B paCHpeNesleHNN BeIleCTBa MOSBISIeTCS NOMOJTHUTEIbHAS 3aBUCUMOCTD BCEX BEIUUNH
OT KOODIWHATHI 7.

YpaBHEHUe OBUXKEHUs TOYKU HA TPAHUIE BBIIEJICHHOTO IIapa He OTINYAeTCsS MO BUMLY OT
ypaBHeHus (3), INIIb IPOU3BOMHAS 110 BPEMEHN Teleph YaCcTHAs:

PR GM
FA (110)
Bxonsmias croga macca
T t ’
M(r) =4 [ plt, )R r’)%dﬂ. (111)
T

0

Yro6s1 paBeHCTBO (111) BBIIOTHSIOCH, T. €. YTOOLI MACCA 3ABUCENA TOIBKO OT PACCTOAHMUSL,
HO He OT BPEMEeHU, HeOOXOMUMO, YTOOBI MONBIHTErpajibHOe BbIpaxkeHue B dopmyse (111) ne
3aBucesio OT BpemeHu. [Ipu 3ToM mIOTHOCTD

M'(r)
p(t,r) = ) DR (112)
A7 R (t T\ "/
TRt )
Ocraercs BepHBIM U COOTHOIIEHNE (4), IMEoIee CMBICII 3aKOHA COXPAHEHUs SHEPT U

1 (0R\® GM
— | —] =—+F. 113
>\ ot r T (113)

Macca M u saeprus E 3aBucaT oT 7. MOXHO OOMHAKO B3ATh B Ka4eCTBe OCHOBHOTO apry-
MeHTa uMeHHO Maccy. Torma E = E(M). Bee mpyrue ¢yHkiunm Toxke GymeM CYUTATH 3aBU-
CAIIIMI OT MACCBhI, HO OGO3HaueHUs: ux He m3MenseM. Torma pasenctso (111) mepemumercs
CIIEMYIONIMM 00Pa30M:

M
OR(t, M’
M= 47r/p(t, a2 (e, vy 2B g (114)
/ oM’
a BeIpazkeHue miis mwiorHocTu (112) mepeiiner B
1
’ oM
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4. Pewenusg ypasnenuti u cepuueckue modeau. He TpebyeTcs HMCKATh HOBLIE PeEIEHUS
MPUBENeHHBIX YPAaBHEHNUN, TaK KaK OCTAITCS CIPABEMIUBLIMI (DOPMYIBI, OTPAXKAIOIINe 3aBU-
CUMOCTH BPEMEHH OT PAIUyca I1apa, ¢ DOMOJTHUTEIHHON 3aBUCUMOCTBIO MTOCTOSHHBIX UHTET PU-

poBauust ot M:
R(t,M)

/
t=to(M) + / in :
) V2\/GM/R + E(M)

IBe mpoussonbubie dyukuun E (M) u to(M) onpenensioTcs 3aqaHneM HAYaTbHBIX YCIOBHUI,
OR(t, M)

ot
Torma pacnpenenenne niaotHocTn p(ty, M) Haxonures cornacHo Bbipaxenuto (115), MomeHnTOB
to(M) — u3 dopmysnst (116), a sHeprum — u3 coorromenus (113).

Nurerpan B dopmyne (116) MoxeT GBITH BHIUUCIEH € MOMOIIIBIO TEX K€ MOICTAHOBOK, UTO
u B § 1. Bomumem okoHuaTenbHBIE (HOPMYIIBL:

(116)

T.e. dyakuun R(t, M) u cKOpOCTH ee M3MEHEeHUsI B HEKOTOPBI MOMEHT BPEeMeHN ti.

1 —cosn mpu E(M) <0,
2

R(t, M) = Ru(M) % npu  E(M) =0, (117)
chn—1 wpun E(M) >0,

n—sinn npu E(M) <0,
3

. R (M) n
t=to(M) + —— L mpn E(M) =0, (118)
21B(M) sh 776— n upu E(M) > 0.
3mechb
R (M) = % (119)

B ciyuae paBmnoit 0 sHEprum mojrydaeTcs siBHAsS 3aBUCHMOCTD

riean = (2)" e st - o, (120

OTO paBeHCTBO BHIMOJIHSIETCS TPHU Tex 3HadeHusx M, npm KoTopeix sHeprus obparaercs B 0.
[Tpu ToxkmecTBeHHOM paBeHCTBE dHepruu () OHO BEPHO BO BCEX TOUKAX.

3HaK SHEPrum CyIIeCTBEHHO BIUsET Ha Xapakrep nsumkenus. Eciun E(M) < 0, To nmeercs
OTpaHNYCHUE HA PANUYC:

GM
Rt,M) < ——. (121)
|E(M))|

Ecau E(M) > 0, To orpaHuyeHus HeT U PaCIINPEHIe MOXKeT IPOUCXOANTH HEO DAHNIEHHO. DTO
HAIOMUHAET OMHOPOMHBIE Momeun. OMHAKO UMEIOTCS U MPUHIINITHAIbHBIE OTIHIS CHePUIeCKOin
MO OT OMHOPOMHON. Bo-mepBhIX, Kak BUAHO U3 paBeHCTBa (116), Ipu HEOTHOPOTHOM pac-
mpeneeHnn MIIOTHOCTH Pa3nIHbIe YACTHU BeIIeCTBa MEePBOHAYAIBHO OKA3BIBAIOTCS B IIEHTPE B
pa3Hble MOMEHTHI. BO-BTOpBIX, 3HAKN DHEPTUN B PA3HBIX MECTAaX MOTYT Pa3jndaThbCs, TaK ITO
omHU cjiou, OoJiee majlekKme OT MEHTPA, MOTYT pa3/IeTaThCsa M0 OECKOHETHOCTH, a Ipyrue, Oojee
O6/u3KMe K MEeHTPY, BO3BPAIlAThCs B HEro oOpaTHo. HemonycTumo nuiiik mepecedeHne CIoeB.
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Chepuueckn CUMMETPUUHBIE PEIICHUS MEePeXOmsT B OTHOPOMHBIE. [leficTBUTEIBLHO, €Cin
IJIOTHOCTD BEIIeCTBA He 3aBUCUT OT KOOPAWHATHI T UM, YTO TO XKe camoe, oT M, To

4
M = = p(t) R (t, M) (122)
", CJIeq0oBaTeIbHO, MOXKHO IIOJIOXKUTH
R(t, M) = M'?F(t). (123)

IloncTasue 5To ompenenenne B cooTHomrenne (113), momyumm, uro E(M) o M?/3. Torma m
pasercTBo (118) mpeoGpasyercs B

)

F(t dF’
t=1to+ / . (124)
) V2\/G/F — EM-3

3nmech yxe ty He 3aBucuT oT M, Tak Kak oT M He 3aBUCUT WMHTErpaJl. 3HAUNT, BCE UACTUIIBI
HAXOMU/INCH B IEHTPE OTHOBPEMEHHO (CHHTYISAPHOCTD), UTO XapaKTePHO M HPUAMAHOBCKIX

momeneit. [Tomyammnuryna npu stoM Ry, (M) o< 24/| M.

5. Boamyuwenud 00nopodnot modesu. PaccMoTpuM, HAKOHEIl, MAJIOe BOBMYIIIEHHE B OITHO-
POmHOIT Momenn, mMeroliee chepuaeckyro reomerpuio. Takoe BO3MyIIeHIE COOTBETCTBYET CKOII-
JICHUIO T'aJIaKTUK, KOTOPOE€ MO2XKHO MPpeaCTaBUTh KaK JIOKaJIbHOE OTKJIOHEHNE OT OOHOPOMOHOCTH.

[IpumeM, 9TO paauyc BO3MYIIEHUS (CKOMIEHNS) MAJI 0 CPABHEHUIO C PACCTOAHUEM IO TO-
PU30HTA U ¢ PAMLYCOM KPHUBU3HEBI. [[pyrue BO3MyIeHus (COCEMHUe CKOIJIEHNUs) HEe BIUSIOT HA
paccMaTpuBaeMoe.

Ha panHmX sTamax paciiumpeHne MpORCXOONIIO MO 3aKOHY, OJIM3KOMY K IapabOImIecKoMy.
[TosTomy mpumem, 4TO B HEBO3MYIIIEHHON OKpyxKatoiteil cpene F = 0. B masnoit xe chepuaeckoit
OKPECTHOCTHU HEHTPa SHEPTud eOANHNIBI MaCChL OTPpUIAaTe/IbHA I MaJia 110 CDAaBHEHUIO C SHepFI/Iefl
paciupenns. [locmenuss B pacuere Ha QUHUIY MAacChl MOXKeT OBITH OIlCHEHA KAaK KBaIpaT
CpemHell CKOPOCTH PACIINPEHUSI, T. €.

R 2
B < (7)) - (125)

It MaJIoro OTANYKS MJIOTHOCTH BEIIecTBAa OT CpemHell HeoOXOMMMO, YTOOBI TPOU3BeIeHNe
E(M)M ~2/3 cabo 3aBuceno or M. DTO ycaoBHEe MOXKHO BBIPA3UTDh Uepe3 JOTapH(OMITecKyo

IPOU3BOMHYIO: 0
M OE(M 2
5on o "3 <t (126)
Coepuraeckoe CKOIJIEHUE ¢ OTPUIATEILHON SHEPTUEll PACIIIPIETCS MEeIJICHHEee, 9eM OKPYKaro-
I1[ee pa3Ma3aHHOE BEIIECTBO.

Omupemenum OTHOCHTENbHBIE U3MEHEHHs PAINYCa U MIOTHOCTU MACCHl cKomtenust, 0R/ Ry u
dp/pr, a TakKe CKOPOCTH U3MEHEHUS PAIIYCA B HEKOTOPBIN MOMEHT, TMie PAIUYC HEBO3MYIIIEH-
HOTO I11apa, PACHINPSIOIIETOCs COrMacHo pernernio Ppunmana ¢ HyaeBoil sHeprueit (cMm. Tabi.
1 u 2 u dopmysst (14)), HEBO3MYILIEHHBIE TNIOTHOCTH U CKOPOCTH PACIINPEHUST

R 3\ 2G M)V/3¢2/3 11 12

p=(5) @EMIPER, pr= o (127)
) 1/3

vp = <§> (2G M)'/3=1/3, (128)
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Ilng onpemeneHus HCKaxeHus pammyca paszinoxuM ¢yuaknun (117) u (118) mpu E(M) < 0
o ¢opmyse Teitmopa ¢ AByMs clTaraeMbIMIT:

2 2 3 2

U] n Ry n n
R~Ry—|(1—=—), t—ty~ ~(1-L). 129
2 < 12) 0 5|E| 6 ( 20> (129)

Uckmrouns mapaMeTp 1), TOMYUAM [JIsT OTKJIOHEHUS PAIIYCa,

(130)

Rr ¢ 5 GM

;;R [1_to<M>r/3_1_1|E<M>|

Ry ll — tO(M)r/g.

[ToBenenne cpenueil mIoTHOCTH Bo3mylerus p = (3/47)M/R? onnceiBaeTcs aHATIOTMIHOM
opmymoii

— M2 E(M M —4/3
JIerko OIEeHUTH U MOBEIeHIe CKOPOCTIH:
OR (M) 2|BW)) to(M)]*"*
_on - -2 Ry |1— 132
T T [ 5 GM (132)

Panuyc Bo3myIieHHOTO I1apa ¢ HYJIEeBOI dHeprueil Bcerna MeHbIIe, YeM y HeBO3MYIIIEHHOTO,
HO C TeUYeHIeM BPEMEHHU DACTeT U CXOMUTCS K HeBO3MYIIeHHOMY. COOTBETCTBEHHO IJIOTHOCTH
BBIIIIE PABHOMEPHOM, CO BpeMeHeM yOBIBAeT U CTPEMUTCS K MOCTIeqHei.

Ecnu E < 0, TO OTK/IOHEHUST KaK paguyca, Tak U IJIOTHOCTHU MPU TOCTATOYHO OOIbIINX ¢ >
ty CTAHOBSITCS MPOMOPIINOHAIBHBI HEBO3MYIIIEHHOMY panuycy. [Ipu sToMm Bo3myIilieHue pamguyca,
OCTABAsCh OTPUIATETBHBIM U MAJBIM (II0 MPEAMOIOKEHHIO ), PACTET TI0 MOMYIIIO, & OTKJIOHEHUe
IIOTHOCTH TOJIOKUTEIBHO U PACTET MPOMOPIUOHAIBHO —30R/ Ry

CxopocTb BHYTPEHHEro OBUKeHus ckomteHus npu F < 0 u ty =0

= —%%UFRF oc /3. (133)

3mech pacCMOTPEH MPOCTERIIN CyUail NCKAKEeHNsT PACIITPEeHns, MOIeINPYIOINil moBee-

HIE CKOIUIEHUsS FaJIaKTUK Kak c/1aboil ceprdeckoil GIIyKTyannu, B HbIOTOHOBCKOM I PUOJIIKe-

Hun. OKa3bIBAETCS, YTO KaK U B CJIy9Yae OMHOPOMHBIX MOIENell, PeIITUBUCTCKOE PACCMOTPEHIE
IPUBOAUT K KAYECTBEHHO TeM K€ BBIBOLAM.

B xocMmonorum moBemeHme pa3iImYHOTO pOMa BO3MYIIEHWI, B TOM YHCTE PA3TIMIHBIX KOJIe-
OaHUIl paccMaTpuBaeTcs B 6ojee 00X MPEANOIOKeHAIX, YINTHIBAIOTCSI TUIPOAUHAMIICCKIEe
SIBJIEHUSI 1 (PU3nUecKue MPOIECCHl B3AMMONENCTBUS BEIIeCTBA U M3y UYeHNus .
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3akJiiroueHue

B 3akmiouenue oTMeTuM, 9TO y CYIIECTBYIOIIEH TeOpUN MMeeTcs HeMaso mpobiaeMm. bomb-
mrast paboTa elle NPeacToOuT B PelleHnr TpobiaeMbl CKPBITON MacChl, pa3paboTke CBA3W KOCMO-
JIOTUU ¢ Teopuell 3JIeMeHTAPHBIX YaCTUIl, TEOPUU PA3BUTUS HEOMHOPOMHOCTEN M OTPaKEHUs WX
dopmupoBanus Ha PU, a Takxe psna npyrux BornpocoB. [IpomomkaeT pa3zpabaTeBATHCS TEOPUS
OTKJIOHEHHH OT CTAHZAPTHBIX MOIeNell B MaJIbIX MacIiTabax, rfle KOCMOJIOTMYeCKIN TPUHIINT
SBHO He coOmonaeTcs. B caMoe mocienuee BpeMsl BBIIOJHEHNE TOTO MPUHITNIA HA MacIiTabax,
menbinnx 1000 Mnk, o6wsacusioT Gonbinoit ponbio Bakyyma (25 = 0.70 + 0.80) unu ocoboro
BIIa “TeMHOI sHepruu’ (KBHHTICCEHINN), SBISIOLICHCs 000ImeHneM BakyyMa. B kocMomoruio
MPOHUKAIOT TaKXkKe MPeICcTaBIeHus 0 GpakTaabHOM CTpoeHnn BceemeHHOI.

BrrcTpoe pazBuTue HAOMIOMATEIBHON 6a3bI KOCMOJIOTUNU TIO3BOISAET HANEATHCS, YTO MHOTTE
npo6sleMBl OyIyT pellleHbl B Hadajle HACTYMIAIOLIEero CTONeTus. B To e BpeMs yxKe HMeoIn-
ecsl MOCTUKEHNST KOCMOJIOTUU, O KOTOPHIX 37IeCh OBIIO pacCKa3aHO, BIEYATIII0T. BonbImHCTBO
KOCMOJIOTOB, KaK (PM3WKOB, TaK 1 acTPOPU3NKOB, YOEKIEHBI B TPABMILHOCTH NCXOMHBIX IIPEITIO-
CBIJIOK U OCHOBHBIX BBIBOIOB TEOPUM. XOTS TIPEIJIOKEHBI HEKOTOPHIE ajbTepHATUBHBIE TEOPUH
TATOTEeHUs U Mofenu BeemeHHoO, HI OMHA U3 HUX He ajla YIOBIeTBOPUTEILHOTO OOBICHEHUS HI
PW, an mykmeocunTe3y. HecmoTps Ha mpo6ieMBl 1 HeOOXOMUMOCTD YTOUHEHHS P MOJIOXKEHUT
mapaJlyIeIbHO € MOJIyUYeHHeM HOBBIX HAOTIONATETbHBIX NAHHBIX IIOKA ITO TEOPUS PACIINPSIO-
uieiicst BeeneHHON sIBIIsIeTCs @IMHCTBEHHOW Teopueid, MOTYIIell MpeTeHI0BaTh Ha aleKBATHOCTD
IPUPOTIE.

HanbHelimme cBemeHNs 0 MpobiaeMax, NCTOPUN CTAHOBIIEHUS, METONAX I pPe3yabTaTaxX Koc-
MOJIOTHI MOYXKHO MPOYATATH B IINPOKO MUTUPOBAHHBIX BBIIIE yiKe Kiaccuueckux |1, 2] u nznan-
HBIX CPABHUTENbHO HemaBHO [9, 13-14] moHorpadusx, suuuknonenuu [15, crarsu Kocmonorus,
Momnens ropsiaeit Beenennoit, Monens nudisunonnoit BeeneHnolt] 1 B mOIMyISPHBIX N3MAHUSIX
[16-19], a Tak:Ke B KHUTaX U CTAThAX, HA KOTOPbIE TaM HAIOTCS CCHIIKIL.

[Tpu momaroToBke maHHOTO TOCOOUSI K MeYaTH IMeHHBIE 3aMeUaHusl, CIOCOOCTBOBABIIINE YTy U-
IIIEHNI0 TeKCTa KHurum, cmenansl perensenTtamu 1. A. Bapmanosuuem n B. K. [Iy6poBuuem, a
taxxke FO. B. BapeiieBbiM, 3a 9T0 aBTOp BBIpaxKaeT UM GJIaromapHOCTD.

Msnanne ocymecTsireno npu vacTwanoit monnepxke OIIT “Uraterpamua”, mpoext N 2 578.
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