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B onosLes

° WSe uwYrL

Kocmosiorus kak 3a/la4a KJIaCCH4YeCKOH MeXaHHKH

Ypasnenus s6omoyuu Beenennoi, omxpvimpie A. ®pudmanom & 1922 200y, mMozym bvime uHmephnpemu-
PO6AHbL KAK YPAGHEHUS pAOUGNbHO20 OBUNCEHUA MAMEPUATLHOT MOYKY 6 YEHMPANLHOM NONe 08YX NOMEHYU-
QNbHBIX CUN: CUNBL 8CEMUPHO20 npumadcenus Hetomona u cunet 6cemuprozo ommankusanus (awmu)lyka. Ine-
MEHMAPHOCMb MAKOU NOCMAHOBKYU KOCMONOZUHECKOU 3a0a4U NO3GOTAEM PACCMAMPUSAMY ee yace 8 Kypce 00-
wet usuku, ne mpebys 3HaKomMcmea cmyOewmog ¢ obujel meopueii OMHOCUMeRLHOCMU (OTO). Ha mom xce
yposHe mozym o6cyxcdambca Kocmonozueckue cnedcmeus npocmeix 0606wenuii OTO, makux Kak MaccusHas
2pasumayus.

Kniouesvie cnosa: obwas meopus omuocumensnocmu, Kocmonozus, npenodasanue Quauku, 3aKOHbI
Hbvlomona, maccusnas epasumayus.

06 aBTopax
Conosbes Bnagumup OmeroBuY — 10KTOp (PHIHKO-MaTEMaTHIECKHX Hayk, npogeccop xadeapsl Mate-
MATHKM M €CTECTBEHHBIX Hayk ¢miuana «IIpotsuHO» ocynapcTBeHHOro ynmeepcuteta «JlyGHa»; crapmmil
HayYHBIH COTPYIHHK OTZeNa TeopeTrueckol ¢usuxy OI'BY «ocynapcTBeHHbIH HAay4HbII uerTp Poccuiickoi
Denepauru — UHCTHTYT GU3HKH BBICOKHX 3HEpruin» HalHOHANBHBINA HCCEI0BATENbCKHTIL ueHtp «Kypuaros-
cxuit MHCTHTYT). E-mail: vosoloviev@gmail.com. 142281, r. Ipotsuuo, CeBepHbIi npoesd, a. 9. Iocynmap-
CTBEHHBIH yHHBepCHTET «ly6Hay dmmman «[IpoTBHHOY.

Kypc ofme#i ¢usuku npegnasnadeH nate
CTY[ICHTY MOHHMMaHHe HABICHUH OKpPYXKAIOLIEro
MHpA OT 3JIEMEHTApHBIX YacTHI{ 10 BceseHHoii B
uesioM. Ilpu sTom He Tpefyercs 3HAKOMHTS yua-
IMXCS C OCHOBHBIMM TEOPUSMM COBPEMEHHOM
¢usuxu neranbHo. [laxe Takue YCTOABIIHECS
pasfernbl, KaK MEXaHHKA H TEPMOJMHAMHUKA, CHa-
Haya MpenofalTCs CTYAEeHTaM-QU3UKaM B Kpar-
KOM H3/I0XKEHHH, a Oonee noapobHoe ocTaeTca Ha
AOMO Kypca Teopernueckor ¢usuku. Tpamuiu-
OHHOe pazfieneHue obmel GU3MKM NO ceMecTpam
CITOXKHWIIOCh JIOCTATOYHO JIABHO, BO BPEMEHA, KO-
roa KOCMOJIOTHS €IE He CYHTanack TOYHOMH
HayKO# M INpernojaBaiach JMLIb acTPOHOMaM B
KayecTBe CIELMATbHON JUCIMIUTHHbI. O[HAKO B
NOCNeAHNE NECATHWIETHS 3[eCh NPOM3OILIM
GonblMe W3MEHEHHS, Pa3BUTHI U OCBOEHBI HO-
BbI€ METOABI HaGMIOAECHM, Ka4eCTBEHHC HM3Me-
HUBILIME XapaKTep 3TOro HampabieHHs. Ecrte-
CTBEHHBIM M HeOGXOomHMbIM marom Oymer BBe-
A€HHE IUIEMEHTOB KOCMOJIOTHH B Kypc oOmiei
¢uzvxy, HapaBHe ¢ aneMeHTaMM uzMKM dne-
MEHTapHbIX 4acTHLl. XoTd oblas TeopHs OTHO-
cutenbHOCTH (OTO), 10 cHx nop ycnemso 065b-
ACHAIOMWIas pe3yJibTaThl Habmopennii Hax Bcee-
JICHHOH, M CJIOXKHA I CTYIEHTOB MIAJLIHX
KYPCOB, OJIHAKO €€ 3/€Ch BIIOJIHE MOT'YT 3aMEHHTD

© Conosees B. 0., 2016

NpOCThIe MeXaHHW4YeCKHEe Moaenu. B atoit pabore
MBI HAMEPEHE! 3TO IIPOEMOHCTPHUPOBATE.
VYpaBHEeHHMA NHHAMHKH ONHOPOJHOH H
u30TponHoN BeeneHHoil Bnepsbie GbutH MOJy-
yennl Opugmanom B 1922 r. [11-13; 21; 22]. B
NpeAIecTBOBaBIINX paborax OiHwreiH [15;
20] u ne Currep [6; 19] orpaHuynnnce anpu-
OPHBIM MPE/IIOJI0KEHHEM O CTATHYHOCTH MHUPA.
Vpasuenua QpuaMana — 370 JBa OOGLIKHOBEH-
HBIX JH(EpeHIHAILHEIX YPaBHEHHS, OfHO M3
KOTOPBIX NEpBOro nopsjxa, a JIpyroe — BTOpo-
ro. Mickomoii QyHKIHeH ABIseTCs paguyc MH-
Pa, KaK Torja BeIpaXKalinuch, TeNeph e IPUHATO
Ha3bIBAaTh 3Ty BEJIMYHMHY MacwITabHbIM (akTo-
poM. ApryMeHTOM (YHKIHH ABJIAETCA KOCMH-
yeckoe Bpems. Herpynno samerurs, uto ypas-
HeHus ©puaMaHa MOXHO MEpenucaTh Tak, YTo
OHO M3 HHMX NPHUMET BHJ 3aKOHA COXPaHeHuUs
MEXaHMYECKOW SHEepPruM, a Apyroe — BHI, OC-
HOBHOTO 3aKOHa JMHaMMKH HploToHa 111 Ma-
TEPHAIbHOKH TO4YKH B MOJie [4ByX NOTEHUHAb-
HeIX cunl. OnHa U3 cuJT ABSETCS CHUMION IPaBu-
TALMOHHOIO0 MPUTHKEHHASA K TOUEHHOMY JIHGO
cepHUECKH CHMMETPHUYHOMY HENOABHKHOMY
TeJy, Apyras — CHICH OTTaJKMBaHHUA OT 3TOro
Te/la. 3aBHCHMOCTb 3THX CHJI OT PacCTOAHHA
NaeTcs, COOTBETCTBEHHO, 3aKOHOM OOpaTHBIX
kBajgpatos HeloToHa M 3aKOHOM MpsMOii mpo-
NOPLMOHANIBHOCTH paccTogHuio ['yka. Euwe B
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«MaremaTH4ecKkuX Hayajgax HaTypanbHO#H ¢u-
nocoduu» Heiotona [7] Gbuio oTMeueHo, 4TO
TONEBKO JIRE OTU CUNEI 06/ANIAIOT TeM 3aMeva-
TEJIbHBIM CBOMCTBOM, HTO CHJIY, CO3JaHHYIO
cepHyeCKH CHMMETPHYHBIM TEJIOM MOXKHO
3aMEHMTh CHJIOH, CO3JaHHOH MaTepHaIbHOM
TOYKOH, pa3MEIIeHHOH B ero ueHTpe. Urak,
3BOMIOLMA OJHOpPOAHOM M M3oTpornHoi Bcee-
JIEHHOH NOTYMHAETCA TE€M K€ YPaBHEHHUAM, YTO
U PaZMalbHOE NABIDKEHHE MAaTEPUATbHON TOYKH
N0 JAEHCTBHEM [BYX NOTEHIUATBHBIX CHII,
MPOHCXOJAIIEe N0 3aKOHaM MeXaHukd Heroto-
Ha. Pazymeercsa, B 3TOil MexaHHMKe HET MecTa
IJ1s 0COGOH pOJIM CKOPOCTH CBETa M CKOPOCTh
TOYKH HHYEM HE OrpaHM4cHa. AHaJOrus ypas-
HeHuH PpuaMaHa U YpaBHEHHH KJIaCCHYECKOMH
MexaHHKM obcyxaanace B qureparype [17; 25;
29-32].

CymecTByeT H TpaKkTOBKa KOCMOJIOIHH
@puamaHa — Xab61a Ha OCHOBE MEXAaHHKH
CIUVIOIIHBIX CpeAd, Talkke He Tpebymowas wuc-
none3oBanud OTO. OHa Gbina npeayioxkeHa B
Hadane 1930-x rr. Munnom [28] u 3atem pas-
BuTa MM coBMecTHO ¢ Mak-Kpu [27]. Hocra-
TOYHO NPHMEHHTh YPaBHEHHA T'HAPOAWHAMHKH
Oiinepa (wnH uHTerpan bepHyuin) COBMECTHO ¢
YPaBHEHHEM HETPEPLIBHOCTH H B MpeIoJioKe-
HHMH O HYJIEBOM [aBJIEHHH, YTOORI HE3aBHCHMO
or OTO npuATH K ypaBHEHHSIM COBPEMEHHOM
KOCMOJIOTHH.

OTkphiTOE HENABHO ABJICHHE IPaBHTALU-
OHHBIX BOJIH, CO3JJaHHBIX IPH KaTacTpoduue-
CKOM COJIHDKCHHH W CIHAHMH [BYX OOBEKTOB,
OOBIMHO HHTEPHNPETHPYEMBIX KaK 4YepHbie bl
pBl, TaKKe, C TOYHOCTBIO A0 KO3(QQHIHEHTa
NpONOPLUHOHATEHOCTH NOpANKAa €OUHHLBI, Ka-
YecTBEHHO MOXeT OBITh ormmcaHo 6e3 OTO, Ha
OCHOBE HBIOTOHOBOH TEOPHM TpaBHTALUM H
AHAJIOTHH C 3JIEKTPOJHHAMHKOMH [22].

Kak u3BecTHO, mepBbie mpeacKas’aHus
YEPHBIX AbIp WIH «TEMHBIX Tel» GbUIH CAesIaHs!
Muruenom u Jlarmmnacom ewe B XVII 8. Ha ‘oc-
HoBe TeopuH TarotreHus Herotona. Kpome Toro,
HaOmoJaTenbHble CTYAEHTbl 3aMEYalOT, YTO
CTPOrMe BLIMHMCIICHHS IEOJIE3HYECKOro JIBHIKE-
HHUA B LEHTPAIbHO-CHMMETPHYHOM IIOJIe, OMH-
ceiBaeMoM B pamMkax OTO TouHBIM pemeHHeMm
[papmuunpaa, NPUBOAT K YPaBHEHHIO BTO-
poro 3akoHa HproToHa Juis NBIDKEHHS B rpaBH-
TALMOHHOM TIOJE, OMNpEAENICHHOM 3aKOHOM
BCEMMpHOro TaroreHus HeroToHa.

Hixe Mbl MoApoOHO MpOMLTIOCTPUPYEM
coBrnazieHde ypaBHeHuH ®punmaHa c ypaBHe-

HHUSMH PaJHaJIbHOTO JBMDKEHUS MaTepHalibHOM
TOYKH B KJJACCHUECKOH MEXaHMKe B IIONIE IBYX
NOTEHLIKAJIOB: runepbosnueckoro U napabosnu-
YeCKOro.

B cBoe#t nuoHepckoii pa6ore [11; 13;
21], HCnome3ys KOCMOJOTHYECKHH HPHHIMII
O¥HIITeHHa, T.e. OJHOPOJHOCTH H H3OTPOIHIO
MPOCTPAaHCTBA M COMYTCTBYIOLIYIO CHCTEMY OT-
cyeTa Jijid MaTepUH, B3ATOH B BHAE MbuiH, Opua-
MaH IPHXOJUT K CJIELYIOLIUM YPaBHEHUSAM:

R? 2R"R 2

E?"'_RT"'R_Z_}‘:O’ (N
2

3R 3c?

F+—RC?—A= 8nGp. )

3peck ¢ — ckopocTh cBeTa; G — rpaBuTa-
UHOHHaA nocrosHHas HpioToHa; R — «paauyc
MHpa» (ceiiyac NpPHHATO TOBOPHTH MaciuTab-
HBIfl MHOXXHMTENIB); p — CPEIHAS TUIOTHOCTH Be-
uiecTBa Bo BceneHHO#; A — kocMosiornyeckas
NOCTOsiHHAA, BBeACHHas OHumreiiHoM. [ltpn-
XH 0003Ha4yaroT MPOU3BOAHBIE 10 BPEMEHH.
Ecnu Tenepe npeacraButh, 4to R(¢) ompenens-
€T 3aBUCHMOCTE OT BPEMEHH PacCTOSHMS MaTe-
pHAJbHOM TOYKHM €JMHMYHOH MAacchl 0 CHJIO-
BOFO LiEHTpa, R(f) — cKOpOCTh 3TOM TOYKH, a
R'(#) — yckopeHHe, TO HCKIIIOHKB TIEPBYIO IPO-
H3BOJIHYIO C MOMOLIBIO OJHOTO M3 YpPaBHEHHMH,
MBI TIOMY4HM (POPMyJNBI /IS KHHETHYECKOM
SHEPrHH U U1 YCKOPEHHS:

R 2
— =E-U(R), 3)
R"=-U'(R), (4)
rae U(R) = — G?M - %, KOTOpBIE MOXHO TpaK-

TOBaTh KaK 3aKOH COXPAHEHUS MEXaHWUYECKON
1 iz
3Hepruu E = —-Z-mcz U BTOpO# 3akoH Heroro-

Ha ma = F i npoOHO#H 4acTULBl €AMHUYHOR
Mmaccel, m = 1. Ilpun 3TOM B HpaBBIX YacTAX
YPaBHEHHH CTOAT MOTEHLHUANbHBIE BHEPrUd U
COOTBETCTBYIOIIME MM cWIbl. [IpHMeuaressHo,
YTO 3TH JBE NOTEHUHAIbHbIE CHIbI SBJIAIOTCA
OCHOBHEIMM ~ MAaKPOCKOIIMYECKHMH  CHJIaMH
MPUPOJBI, KIMEHHO OHU HauOoJiee TILATENbHBIM
06pa3oM U3y4alOTCs BO BCEX HAYAIBHBIX Kyp-
cax MmexaHukd. B «MareMaTHyecKuX Hayanax
HaTypajibHOH (uiocopnn» HploTOHa OTMe4a-
€TCA, YTO TOJBKO IJId ABYX 3THX CHJI TPaeKTo-
PMH YaCTHUB! SBJAIOTCH KOHUYECKHMH CEUYESHH-
MM, H TONBKO [UIA JIByX 3THX CHJ MbI MOXEM
CYMTATE MCTOYHHKH TOYEYHBIMM U TOTAa, KOraa
OHH Ha CaMOM [ieJie SBJIAIOTCA NUIIb cepuye-
CKH CHMMETpUYHBIMH [7].
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Puc. 1. I'paduku dynxumii u(x), v(x), h(x)

Ha puc. 1 npeacraeneHsl rpaduky 3asu-

CUMOCTH Ge3pa3MepHEIX BENUYMH — MOTEHIU-
B

. 2
ansHOM sneprum u(x) = —=(=+ x2), ckopo-
p (2 p

cu v(x) = \j’-—l +§(§+ xz) H IIOCTOSHHOM

1, B[z
Xa66sa h(x)=J—-x—z+§(;;+ 1)—01 Ges-
pasmepHoro MacwrabHoro ¢akrtopa. Touky
MaKCHMyMa MOTE€HUMANBHOM SHepruud Ry =

3/3GM oy =
= T MOXXHO HazBaTh TOUKOH DHHIITEHHA.

=X 3TO
Ry
Touka x=1. [OpH3OHTANbHAA IMHUA TIOKA3biBa-

€T YpoBeHb Oe3pa3sMepHOH MOJNHOH 3HEPruu

Ilpu Hamem BriGope mepeMeHHOI

. 3 RZ
e = —1. bespazmepHblii napametp f§ = R TAe
1

Ry = 3%1@ ~ IpaBHTALMOHHBIA paguyc Mg Mac-
col Matepud M. I'paduk noTeHUManbHOM Hep-
ruM u(x) B 3TOM MeXaHMYECKOH 3ahaye MOKa-
3bIBAET, YTO JUIA BceeHHOH HeT yCTOWYHBOro
cocTosHMA paBHOBecHs. He 3ameTnBuIMii 3T0T0
OHHINTEHH MMEHHO 3Ty OIIHMOKY CUMTAN «IJIaB-
HOM OlIMOKOH B CBOEH JKM3HH», KOCBEHHO TpH-
3HABIUKCH B 3TOM JIMIUb B HacTHOH Gecene ¢

I'eopruem I'amoBeIM [2]. Pazymeercs, Bek ToMy
Ha3aJi, Korjga He ObIJIO M3BECTHO [axe O Cyllle-
CTBOBAHUH JIPYTHX rajaKkTUK, kpome MieuHoro
IlyTu, a yparsenns OTO ToNBKO NOSBHIKMCH Ha
CBET H YyXacali BCEX CBOEH CIIOXKHOCTEIO,
omubka JfHITENdHA OBINa abCOMOTHO ecTe-
CTBeHHOH. B03MOXKHO, TpeGOBaJIoCh POAMTHCA
uMeHHO B Poccmu, cTpane kocmu3ma J{octoes-
ckoro, ®enoposa u I{uonkosckoro, GbITE CO-
BPEMEHHHMKOM JoKTopa JXXuBaro, nepexxurs TpH
PEBOJIIOLMH M TPAXK/JIAHCKYIO BOIHY, ObITh mpu
3TOM BBICOKOK/IACCHBIM MAaTEMaTHKOM, HMETb
PSIOM KPY’KOK €IMHOMBIILIEHHHKOB, ONUH M3
KOTODPBIX BEPHYJICS NpsMO M3 [eTTHHreHa or
IMunpbepra, BriepBbie HalllEAIIErO IarpatKHaH U
ypasHeHnss OTO, yro6el MMeTp npaBo mpHMe-
uuTh Kk cebe ciosa Jlante: «Boabl, B KOTOpBIE 5
BCTYyIao, He nepecekal eiii€ Hukro» [1; 9]. Ot1-
Ka3aBLIMCh MOBTOPATh OWMOKY OHHINTeHHa
(«axTuyecky, nenenue Ha Home» [23]), Anex-
canap OpuaMaH MONY4YW! ypaBHEHHUs, PaBHO-
3HaYHBIEC A1 KOCMOJIOTMM 33KOHAM MEXaHHKU
Heiotona [5; 8; 17; 29-32].

B 3aBHCHMOCTH OT NpeaNCIOKEHHA O
KpPMBH3HE IPOCTPAHCTBA, KOTOpAs C TOYKH 3pe-
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HHMA MaTeMaTHKH MOXET ObITh M IOJIOXKUTEIIb-
HOH, W HyJIEBOH, ¥ OTpHLIATENIEHOH, OT CpeHeH

NIoOTUOCTU uarpagu'rauunuunii AHENruu u oT

LAAVUANIVW i dE  daw 2aa B AU N0 SRl

BEJIMYMHBl  KOCMOJIOTHMYECKOH  MOCTOSHHOM,
cyns6a BceneHHO#H MoxkeT OBITB pasmH4HOM.
Yxe B paborax DpuamaHa BCE BO3MOXNHBIE
ciydau 6butH pasoOpansr [11-13; 21; 22]. A
BCKOpE CTald MOHEMHOrY NpHOBIBaTh JaHHbIE
oT actpoHoMoB. [lepBEIMM H3 HHUX ObUTH
HabJIOEHHA KPacHOTrO CMEILEHHUS YIaNneHHBIX
rajlakTHK, T.€. CBHAETENBhCTBO, 4To BcenenHas
paciupsercd. 3a CTO JieT aCTPOHOMHS MpolLIa
OrpOMHBIH MyTh, U TENEPh U3BECTHO, YTO IJIaB-
Hble BKJIaAbl B NpaBylO 4acTh ypaBHeHMA (3)
Jal0T KOCMOJNOTHYeckas IOCTOSHHas (WIH
«TeMHas sHeprusa») — 70% u Marepus c ypas-
HeHHeM coctosiHuA meutl — 30%. C onpepne-
JICHHOH TOYHOCTBIO M3BECTHA TAKXKE «IOCTOSH-

'

R N
Hag Xabb6na» H = = CTOAIlad B JICBOH HacTu

ypaBuenusa (2). B MexaHuveckoi 3ajgade 3TO
3HAYMT, YTO MBI 3HaeM (MpHONKEHHC) KHHe-
THYECKYIO 3HEPrui0 Mojaenupymoouei Bcenen-
HYIO YaCTHMLIBI M TIPOTIOPLIMIO MEXIY BKIaAaMu
JIBYX €€ MOTEHIMANLHBIX 3Hepruil. 110cKonbKy
u3 ¢opMmynsl s u(X) HaM TaKkXKe H3BECTHO,
KaK 3TH MOTCHLHMAJbHbIE SHEPTHH 3aBHCAT OT
Ge3pasMepHoro MacmrabHoro ¢akropa, Msl
MO>KeM MpPUOIMIKEHHO OIpeNeNIUTh €ro 3Haue-
HH€ Ui HBIHELIHETO 3TaNa 3BONIoLHK BeesieH-
Hof. Ecnu 3HaveHue x =1 cooTBeTcTBYET
MaKCUMyMY NOTEHLHANbHOH SHepru, T.e. To4-
K€ HEYCTOHYMBOrO paBHOBECHS, TO COBPEMEH-
HO€ 3HaueHue Okaspipaercd X = 1,7. 3to 3Ha-
YUT, YTO TOYKA MMHHMMYMa KHHETHYECKOM
3HEPrHM TNpoiiieHa W 4acTHuUa ABWwkeTcs (a
BcenenHas pacumpsercs) ¢ yckopeHueM. la-
Jee MO 3HA4YCHHUIO KUHETHYECKOM DJHEpruH
MOXXHO IIOJIYYMTh OTFpPaHMYEHHE HA BEJIMYHMHY
o611ero 4UCIOBOr0 MHOXUTENS, CTOALIEro me-
pesl MOTEHLHAJIBHON OHeprueii. OTa OLEHKa
NIOKa3bIBaeT, YTO HE3aBHCHMO OT TOrO, KaKoBa
Ha CaMOM JieJieé KPMBM3HA IIPOCTPAaHCTBA, KHHE-

THYeCKasg OHEeprus paclidpeHus BceneHHOH
JaXe B TOYKE €€ MHHHMYMa HaMHOIO IpPeBOC-
X0onuna Moynhb ee MoNHOM 3HepruM. B cBszu ¢
3THM cefuac MpHHATO IpejnosaraTh, 4Io Npo-
CTPAaHCTBO IIONPOCTY HE MMEET KpPHBH3HBI, T.€.
ABJIAETCS IUIOCKUM (eBKIHOOBBIM). M3 MHOImX
CLieHapHeB 5BONIOLMH BcenenHoi, paszoGpan-
HbIX B 192224 rr. ©®pugmanom [11-13; 21; 22],
ceiyac MpeAroYTeHHe OTAAETCS OAHOMY — Clie-
HapHIO HEOrpaHWYEHHOro pacIIMpeHus («MOHO-
TOHHBIH MHp NepBoro poaa» y @punmana).

Pasymeercs, Bce BhIIECKa3aHHOE BEPHO
npu ycnosuH, yro BepHa OTO U yro B 3BOMIO-
o BceeneHHOH He BHOCHT CYIECTBEHHBIH
BKJIaJ, HEHM3BECTHAai MaTepHi C HEOOBIYHBIM
YPaBHEHHEM COCTONHHA, 00a 3THX MNPearnoJso-
JKEHMs ABJAIOTCA TIMIoTeTHYecKuMH. Hanpu-
Mep, HWK€ Mbl paCCMOTPHM OJHY M3 albTepHa-
THBHBIX Teopui rpasutaumu [3], B KoTopo#
MIPEAMNONaraeTcs CyLIeCTBOBAHHE BTOPOH MeT-
PHKH NPOCTPAHCTBA-BPEMEHU U HAIMYHE MAaCChl
y TpaBHTOHA, T.€. OTPOMHBIH, HO KOHEYHBIH pa-
JANyC JeHCTBHA IPABUTALIMOHHOM CHIIBI.

M xoHeyHO, KOCMOJIOrHs OJHOPOAHOM M
H30TponHON BcesieHHOH ABACTCA NMuIL mep-
BbIM NpHOJIIDKEHHEM K pealbHOMY MHpY. Bo-
Kpyr ce6s MbI BUIMM BECbMa HEOJHOPOIHbIH U
CJIOXKHO opraHu3oBaHHbIi Mup. CoBpemeHHas
KOCMOJIOTHSl PacCMaTpHBaeT 3a/1adyy €ro pox-
JCHHA U3 BaKyyMa, rpy0o roBops, «u3 HUYeroy,
[IPHYEM O BO3MOXHOCTH HAY4YHOH ITOCTaHOBKH
TaKOM 3a4auw 3Han W Ayman ywxe Ppunman
(«ABnseTCA BO3MOXKHOCTH TakOKe TOBOPUTH O
“coTBopeHuH Mupa u3 Huuero™» [14]). Orpom-
HOE 3HA4Y€HHe [JId pealibHOH KOCMOJIOTHH
HMEIOT TOYHbIe H3MepeHUs GOHa PEeIMKTOBOro
H3JIy4YECHHUs, TPOU3BOAMMEIE CO CITyTHUKOB. B
OyZyLieM IU1IaHUPYIOTCA aHAJIOTHYHbIE H3Mepe-
HHA (pOHA MEPBHYHBIX MPaBUTALMOHHbIX BOJIH U
HX BJIMAHHA Ha NOJpU3auuio GoHa BOJH 3JIeK-
TPOMAarHHTHBIX.
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Puc. 2. IpumepHpiit rpaduk 6e3pasMepHOil OTeHUMANBHOM SHEpruH u(X) B TEOPHH MH(IALMH, COOTBET-
CTBYIOIMH «POXKAECHHIO MHPA M3 HHYErO)

s oueH» Maibix 3HadeHMil MacuiTaG-
HOTO ()aKTopa B NOTEHLMAILHOM SHEPIHH J0-
MHHHUpPYeT BKJIaJ] napabonbl ¢ OrpOMHBIM MO
MOZyJIF0 OTPHLATE/IbHBIM KO3 (HijieHToM. B
KOHLIe 3MOXH MHOIALMM 3TOT BKJIAJ CMEHSET
runepooNuYecKoe MOBENEHHE, COOTBETCTBYIO-
LEe POXICHUIO MAaTEPHH, CHAYANIa C YPABHEHHU-

a
©M COCTOSAHUSA HBIYYCHHA, I'le U = ;'2', TNOTOM C

b
YPAaBHEHHEM COCTOSHHA MNbUIM, e U = ;

Hamuoro noske craHoBMTCA CymecTBeHHBIM
BKJIaA mapabosibi ¢ HeGONMBIIMM OTPHLIATENb-
HEIM K03 GHIMEHTOM («TeMHas SHeprusy).

Ecnn, octaBascek B pamkax kiaccuueckoi
¢usuky, 3anmcats ypasHenue Diinepa m1a of-
HOPOJHOIO pacrpe/ieNeHus UAeaNbHON JKHIKO-
CTH, 4aCTHibI KOTOPOH ABHXKYTCA paJHalibHo,
B3aMMOJICHCTBYIOT JIDYr C JPYrOM IO 3aKOHY
BCEMMPHOIO TATOTEHHMS M IIOBEPXKEHBI CHIIE
OTTIKUBaHNA aHTH- yKa,

dv dv 4 A
;3?+ 175; = ;T[Gp?‘ +;T,

TO, IPHMEHAS YPARHEHHE HEMPEPLIBHOCTH,
d—f + 7%56; (rtv) =0,

MO’HO IOIY4YHTb 3ak0oH Xa66na v = rF(t).

OiilepoBa CKOPOCTE JKHAKOCTH HaIpas-
JIEHa paJMalbHO, OHA 3aBHCHUT OT pajHaIbHOM
KOOpJMHATEI M OT BpemeHH. Jlarpamkesa koop-
AWHaTa JIO00H YaCTHLBI XHAKOCTH ONpeess-
ercs dopmynolt r = fR(t), rae R(t) — equnas
Ana BeeX vactuul QyHkumua Bpemenu. Ipu sToMm

TUIOTHOCTb JKMIKOCTH MEHSETCS 110 3aKOHY
_ B
p(t) =, rae B - nocrosnuas. Vpasnenue

AJis nepeMeHHO# R(?), ectecTBenHo, GyneT Me-
XaHHUYECKHM ypaBHEHHEM

d*R GM

e + AR,
a €ro MHTerpaj ABH>KeHMA HMEET BUJT
L R
2 \dt R g e
rne K — nocrosHHas, M = §HR3p. Hrak, un
3/AeCh MBI CHOBA NPMILIK K ypaBHeHHAM OpHj-
MaHa 14 «pajgdyca Mupa» R(?).

O6patumcs Temepr K HHOI TeopuH rpa-
BUTAliMH, Iie CHIa TAXECTH MMEET KOHEYHBIH,
XOTA M OPOMHBI pajilyc AEHCTBHSA, I/l TaKKe
PEaJibHO CYLIECTBYET HE TOJBKO HCKPUBJICHHOE
NPOCTPAHCTBO-BpPEMA, HO M IUIOCKoe. Takas
Teopus Oblia npeytoxeHa B pabotax A.A. Jlo-
ryHOBa ¢ coaBTopaMH [3]. Ee narpamkuan
BKJIIOYAeT B ce0d, KpOMe uieHa CO CKanapHOH
KPHBH3HOH, npemioxeHHoro [uneGeprom u
ABJIAIOIMMCS JIArPAaHXXHAHOM T'PaBHTALHOHHO-
ro nons 8 OTO, xpome BKiaja HerpaBuTaLHU-
OHHBIX TMOJIEH, OOECNEeYHBAIOMIEr0 MX MHHU-
MajlbHOE B3aHMOJCWCTBHE C METPHUKOM Guvs

TAKKE JOTOMHHUTEbHEINA BKIIAN
m2 1
e =1 gve _aX_ —Fl¢
AL= 161G [V g (zg Juv 1) f],\S)
TPHYEM m — 3TO Macca rPaBUTOHA, a f),, — MeT-

pHKa IUIOCKOrO NpOCTpAaHCTBa-BpeMeHM. Teo-
pHM C [ByMA METpHKAMH Ha3bIBalOTCA GHUMET-
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prueckumu. Eile cuibHee BCe W3MEHHTCA, ECIIH
U BTOpas METPUKA CTaHET AMHAMHYECKOM, H K
narpamkuaHy J06aBMTCA NOCTPOCHHAd Ha €€
OCHOBE BTOpas CKaIApHAd KpUBH3HA. B mo-
CIEJIHEM CIlyuae TeOpHs Ha3biBaeTCs OMrpaBH-
tanueii [10].

KocMooruyeck il npuHLmn DHHIITEHHa
roBopMT, 4To BceneHHas [0/DKHA ObITH OJIHO-
ponHoO# ¥ H30TPOMHOHA. JIOMyCTHB 3TO, MOXKHO
¥ B GUMETPUYECKOH KOCMOJIOTHH MPHHATB, HTO
METpHKa MHAMHYECKOro MpOCTPaHCTBA, OIpe-
menseMas MO TEH30PY Jpy, OMPEASNACTCHA
dynkuueii BpeMenn R(f), a METpHKa CTaTH4e-
cKoro, onpezensemMas 3 fyy, HMEET ¢ukcupo-
panHbIi MacwiTab Ry. Torna

m? 1 3R, 3
AL = 2 [NuR® (5 + S - 1) - NR,’),
r7ie MATEpPBATBI COOCTBEHHOTO BPEMEHH B JIBYX
METpPHKaX JAl0TCs COOTBETCTBEHHO ¢dopmynamMu
(dsg)2 = —N2u?dt?, (a'sf)2 = —N2dt?.

IIpousson B BeIGOpe HEIHHAMHYCCKHMX
nepeMeHHBIX N, 4 NPUBOIHUT K BOSHUKHOBEHHIO
aByX ypapHeHud Tuna QpuamaHa, Cojepxka-
mpx R?. VCKMOUYMB M3 HMX JIMIIHIOW Mepe-
MEHHYIO %, MBI TIOTY"MM ypaBHEHHE, KOTOPOS,

kak ¥ B ciaysae OTO, nomyckaeT MeXaHHHe-
CKYIO HHTEPIPETaLHIO
[/

GM , m? RS
npuuem U(R) = —T+T(R2 7

3HayeHUE IIOJIHOM DJHEpPruu HaCTHLBI
3/16Ch OKA3BIBAETCS HYJIEBbIM, 2 IOTCHUHAIbHAL
5Heprus, B OTJIMYHE OT Ciy4dasd OTO, nmeer
MUHHMYM, a He MakcumyM. [ToaToMmy futi aToH
TeopuH MaclITaGHblH (AKTOp OKA3bIBACTCA
OrpaHHHEHHBIM Kak CBEpXy, Tak H CHM3Y, H
clieHapuil 3BOJIIOLHMH BceneHHOH OKa3bIBACTCH
TIepHOIMMECKHM, Kakoe OBl Masioe 3HAUEHHE HE
NpYHMMala Macca rpaBMTOHa. Ipaena, and co-
racks ¢ COBPEMEHHBIMH [aHHBIMH IO YCKO-
PEHHOMY PACLIMPEHHIO, TEOpHs Tpebyer BBEIC-
HHSL MaTEPHH C HEOOBIMHBIM YPaBHEHHEM COCTO-
AHWA, T.H. KBUHTCCeHIMM. KpoMe TOro, NPHHATO
CHHTATh, YTO B TCOPHH C TIOTCHLMAOM (3) Heus-
GesxHO BOSHHKAIOT Ayxu Bynbsapa — Jlesepa [16],
w36eKaTh UX MOABJICHUS MOXHO JIMILb MpU HC-
rnonb30BaHEM moTenumana fe Pam — [aGapan-
3e — Tonu [18]. B mocnenxeM ciyHae MJid OIH-
caHHs KOCMOJIOTHH HEAOCTATOYHO BBECTH MacC-
Cy rpaBHTOHa, OKa3bIBaCeTCA HEOGXOAMMBIM Tic-

pexoJ K OMrpaBUTaLKH [10].

piv)

-20

Puc. 3. [IpumepHBIii rpaduk 3aBACHMOCTH Ge3pasmepHOi TIOTEHIMATBHOH IHEPTHH u(x) B Teopun JloryHoBa
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Ilo MHEHHIO aBTOpa, 3HAKOMHTH C 3Jie-
MEHTAMH COBDEMEHHOH KOCMOJIOTHH MOJXKHO

BCCX, KTC YCBOMIT MEXaHMKY Hb!QTOHa, 3TO He

notpebyer ot cryaentos 3Hanus OTO. Moge-
JIHPOBaHHE KOCMOJIOTHH C MOMOILBIO KIacCHYe-
CKOH MEXaHWKH MOMOraeT aHaJM3MpOBaTh Ka-
HECTBCHHYIO KapTHHY 3BOJIOUHMH BceneHHOI,
npuyem He Tonsko B OTO, Ho M B anbTepHa-
THBHBIX TEOPHAX FPaBUTALHMH.
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