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1. BBeneunne

B nocyieiame jlecaTniieTus 3HaYUTE/IHHO BO3POCJIO OCO3HAHUE CO-
0011IeCTBOM (PUBUKOB JIBYX MpodJieM dpyH1aMeHTaJILHON (hU3UKH, 38~
TparmBaoOMNX caMble OCHOBBI Hammmx 3HaHuii o Bcemennoil. Peun
UJIET O JIBYX CyOCTaHIMAX — TEMHOH MaTepuu W TEMHOW SHEpPrum,
PUPOJIa KOTOPHIX Ha JAHHBIH MOMEHT HEH3BECTHA U KOTOPBIE CO-
CTaBJIAIOT, 110 COBPEMEHHBIM HOHATUsIM, 6oJiee 95 % maccnl Beenen-
HOi1. OOBbEM aHIVIOSI3BITHON JINTEPATYPhI 110 JAHHOI TeMe JIOCTATOd-
HO oOmmmpen. MoxKHO yKasaTb, HalpuMmep, JiBe (yHIaMeHTaJIbHbIe
KOJUICKTHBHBIC MOHOrpadun |1, 2|, Takzke mMeeTcsa GOJIBIIOE THCITO
0030pHBIX cTareil. O0ObEM JUTEpPATYPhl HA PYCCKOM s3bIKe OejHee
IPUMEPHO Ha J[Ba, €CJIU HE Ha TPH MOPsJIKA. DTO, BEPOSITHO, MOKHO
O0bSICHUTBL TEM, UTO aBTOPbI, aKTUBHO paboTalolue B JAHHBIX Ha-
MpaBJICHUAX, MPEINOUYNTAIOT MUCATH CTATHbU HA aHTJINHCKOM SI3bIKE,
B COOTBETCTBHUU C WJIYIIUMU <«CBEPXY» YKA3AHUIMHU O IMOBBIIICHUN
nHJIeKca nuTupyeMocTu. HeTpy/iHO BHjIeTh, KaK 9TO CKa3bIBaeTCs
Ha TPENoJIaBAHNN yKa3aHHbIX BOIMPOCOB B (DU3MIECKUX JUCITHTLIHI-
Hax. Takum obpas3oM, BKIIOUEHHE HA3BAHHLIX TE€M B JTUCIUTLITHY
«['maponnaMmdecKe MeTO/Ibl B TEOPETIMIECKOI (PU3NKe» SABJISIETCS
BITOJIHE OOOCHOBAHHDBIM.

3/1ech OyJIeT YMEeCTHO KPATKO OCBETUTH MCTOPHIO MPETOoIaBaHNs
JAHHON JUCIUIINHBI CTYJAeHTaM, M3yUIaloNM TeOPEeTHIeCcKyIo (-
3UKYy B fpoc/iaBcKoM yHUBepcHuTeTe. Yrke Haunnasd ¢ 1972 roja cry-
JIEHTBI-TEOPETUKU TIEPBbIX BBITYCKOB CJIYIIAIN CIeNUaIbHbIN KypC
«HexoTopble BOpochl MEXaHUKH YKUJKOCTH U ra3ay B COOTBETCTBUN
¢ y4eOHBIM ILJIAHOM, cocTaB/IeHHBIM 1pod. D. M. JlunmanoBbiM. 3a-
TeM B 1980-x gucnurimHa mucdessia u3 yueOHbIX IIaHoB 1 B 1992 1.
ObL/1a BHOBb BO3BPAIICHA 10 MPEJIOYKEHIIO aBTopa. [Ipu aToM Heob-
XOIUMO OBLTIO 000CHOBATDL, TIOUEMY CJIEyeT BLIJIETUTL B CIIENNAhb-
HBII Kype 1719 OYyIX (PpU3NKOB-TEOPETUKOB TEMY, KOTOpasd B Jieii-
CTBUTEJILHOCTU BXOJIUT B JIUCHUILINHY <« TeopeTndecKass MeXaHUKas,
a COOTBETCTBYIOIINE TVIABBI COJlEPXKATCA B yuebnuke [3|.
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Kak mokazaJi MHOTOJIETHUII OIBIT IpenogaBaius, BKIIOYeHne B J10-
CTATOYHOM 00'bEME YaCOB BOIIPOCOB I'UAPOJIMHAMUKK B yU€OHBII I1/IaH
nucnuiinHbl « TeopeTnyueckasi MeXaHHKa» HEBO3MOXKHO 0e3 yIep-
Oa JUIsl IPYTUX BayKHBIX Pas3jiesioB. B To ke BpeMmsi, KaK CKa3aHO B
QHHOTAMU K JuciuIiLinHe «['mapojnHaMumdeckue MeTOIbl B Teope-
THYECKOI (PpU3UKEe», OHA «00ecIeunBaeT IPUOOPETEeHNE CTYICHTaAMU
yIJIyOJIEHHBIX 3HAHUN W yMEHUII TeOPEeTUUECKOIO OIMCAHUSI CUCTEM
MHOTUX YaCTHI ¢ TOMOMIBIO MOHATHH KOHTUHYYMa, CKAJIAPHDBIX, BEK-
TOPHBIX M TEH30PHBIX I10JIell, KOHTUHYAJbHBIX YPaBHEHUI coXpaHe-
HUS, C 1eJIbI0 TPUMEHeHNs 9TUX 3HAHNN 1 YMEeHN K BaXKHBIM 3a/1a-
JaM TeopeTudeckoii acrpodusuku u kocmosioruns. B 2004 r. B coep-
JKaHWe JIMCIUTIIMHBI ObLIO BKJIIOUYEHO U3yUYeHUe I'MJIPOJIMHAMUKN O]
HOPOJIHOI HecTalmoHapHoii BeesleHHoi B paMKax KJ1acCU4IecKoil Teo-
pun rpapuTami. ITo0yauTeIbHBIM MOTHBOM 3TOT'0 OBLIO 3HAKOMCTBO
co crarwéit ¢I. B. BenppoBuya [4], riae aBrop HAISIAHO MPOJEMOH-
CTPUPOBAJI BO3MOXKHOCTH, UCXO/s U3 IIPOCTHIX IMPUHITUIIOB, OINCATH
JIOCTATOYHO CJIO?KHBIE BOIPOCHI Bojtonun Beenennoii. Haunnas c
2009 1. B paMKax JIMUCIUIJINHBI U3YyYaeTCsl YCKOPEHHOe pacliupeHne
Bcestennoit, o0ycsioBIeHHOE BJIMIHIEM TEMHON SHEPIUN.

B nacrosinem y4eOHO-METOJMIECKOM II0COOMU PAaCCMATPUBAIOT-
csl CJIeYIONIIE BOIIPOCHI: OCHOBHBIE (DOPMYJIbI MEXaHUKHU M ea/bHO
JKUAKOCTH; ypaBuenue [lyaccona i rpaBUTAITMOHHOTO TOTEHITNA-
Jla; TOTeHIaJl T'PABUTAIIMOHHOIO IIOJISI OJHOPOJIHOI Cpejibl; 3aKOH
XabbJia; cucTeMa ypaBHEHUI MIIPOJIMHAMUKK OJHOPOIHON HecTalIl-
onapnoii Beesennoil B KaccndaecKoil TECOPUN IPABUTAIIUN € YIETOM
OapUOHHOI U CKPBITON MacChl; KpUTHYECKas IIJIOTHOCTH; YpaBHEHHE
@pujgMmaHa; clieHapuy paciupenust BeesieHHOi IPpU IJIOTHOCTH HIZKE
1 BBIIIIE KPUTHYECKOIO 3HAUEHNA, YCKOPEeHHOe paciinpenne Beesien-
HOI1; BKJIIOUEHNE TEMHOI SHEPI'UH.

ABTOpY IPHUATHO BOCIIOIB30BATHCS BO3MOYKHOCTBIO BHIPA3UTH OJ1a-
rogapaoctb A. [I. CMupHOBY 3a BHHUMATEJIbHOE UTEHHE PYKOINICH
U TIOJIe3HBIE 00CYZKIEHNUS.



2. OcHoBHBbIEe (POPMYJIbI MEXaHUKM 1JI€AJTbHOI
2KNJIKOCTH

OIHIM 13 OCHOBHBIX HMOHSITAN MEXAHUKN CILIONIHON CPeJIbl sIBJISI-
eTCsT PU3UECKU OECKOHEUWHO MAAAA YACMULYA, TO €CTh JacTb CPEJIb,
C OJIHOI CTOPOHBI, TIOCTATOYHO MaJjias, TaK UTO B Ipejie/iax TaKoil Ja-
CTUIIBI BCce (PUBUIECKHUE ITapaMeTPhbl — IJIOTHOCTD, JaB/IeHue U T. JI. —
MOYKHO CUYNTATH IIPUMEPHO HOCTOSTHHBIMU. C JIpyTroii CTOPOHBI, TaKast
JaCTHUIA JOJYKHA ObITHb JIOCTATOYHO OOJIBIION, UTOOBI JUCKPETHOE
CTPOEHME Cpebl He MPOoSBIAIoch. Hampumep, B cirydae KUIKOCTH
WM ra3a JacTula J0JKHA COJep:KaTh JOCTATOYHO OOJIbIIOE YUCTIO
MOJIEKYJI, TaK YTO MOYKHO BECTU pedb UMEHHO O CILJIOIIHOI, TO €CThb
HEIPEPLIBHOI cpeJie.

OCHOBHBIM ypaBHEHHUEM JUHAMUKU CILJIOIIHON CpeJibl SIBJIsIeTCs
YPABHEHUE HENPEPHIGHOCMU, NHBIMHI CJIOBAMU — 3aKOH COXPaHEHUS
Maccel B jauddepennnanbaoii popme. CkajisipHoe 10Je ILJIOTHOCTH
cpebl p(z,y, z,1) 1 BEKTOPHOE TOJIe CKOPOCTeil cpeibl v (z,y, 2, 1)
CBA3aHbl ypaBHEHUEM:

@—l—div(pv):O. (1)
ot

U neasibHOI »KIIKOCTHIO HA3BIBACTCS CILJIOIIHAS Cpejla, B KOTOPOI
MOXKHO IIpeHeOpedh TaHTeHITNAJbHBIMU, T. €. KacaTe/JIbHbIMI Hallpsi-
JKEHUSIMHU 110 CPABHEHUIO ¢ HOPMAaJIbHBIMU. Y PaBHEHHE NU3MEHEHUsI
UMITYJIbCA TAKOH CpeJibl HA3BIBACTCS YpasHeHuem IUaepa N B CIyUIae
MOTEHITUAJIBHBIX CUJI UMEET BU/I:

v + (vV)v = 1 grad p — grad ¢, (2)
ot 0
rjie p — JlaBJieHue,  — TOTeHIuaJ  OObEMHBIX cujl, Tak dTo f =
— grad ¢ gBIseTCd yaeabHoil 00bEMHOI CUJION, T. €. CUJIOH, TTPUXO0-
JidIeiics Ha eJUHUIY MacCChl.



3. I'paBuTanmmoHHoe 110JIe TOYEYHOI MacCChl,
OJTHOPOJIHOM cpeabl

B ciydae rpaBUTAIIIOHHOIO I0JIS Y I€JIbHOM CUJIOM sIBJISIETCSI YCKO-
peHne CBOOOJIHOTO I IeHUs] &, KOTOPOe MOXKHO, TaKIM 00pa30M, Ha-
3BaTh HAIPSKEHHOCTHIO TPABUTAIIMOHHOIO 110JIs1. B moJiHoil anaJo-
' C 3JIEKTPOCTATUKON MOYKHO BBECTH IIOTEHINAJ IPaBUTAIIIOHHO-
IO TOJIS (0, CBA3AHHDBIN C HAIPAKEHHOCTBIO & COOTHOIIEHUEM g =
—grad . Kak n B ajiekTpocTaTnke, MOTEHIINAJ JIOJIZKEH OIIPE/IeIATh-
cs U3 pernenust ypasaenus [lyaccona:

Ap=Cp, (3)

rie A = div grad — oneparop Jlamiaca, p — IJIOTHOCTb MAcChl, a He
zapsja, C' — HeKoTopas KOHCTAHTA.

st ontpeieniennst KoHCTaHTHI C' CJie/IyeT BOCIIPOU3BECTH U3 YPaB-
nenng [lyaccona 3axkon Bcemmpnoro tarorennsa Hororona. Haiiém
IpaBUTAIMOHHOE T10JIe TOYedHoi Macchl M, HaxojsdIeiica B Havae
KoopinHaT. [1JIOTHOCTH MOYKHO BBIPA3UTDh Yepe3 Jie/bTa~-(DyHKITHIIO:

p(r) = M&(r). (4)

[Ipounrerpupyem ypasaetue (3) ¢ yaérom (4) mo oobémy Vg mapa
pajuyca R c menTpoMm B HadaJie KoopjuHaT. B npapoii yactu dop-
MyJTbI (3) mmveeMm:

C [p)dV =CM [§(r)dV =C M. (5)
Jraa=en]

Nurerpan B jeBoit gactu (opmysisl (3) mpeobpasyeM 1o hopmy-
se Taycca—OcTporpajckoro B unrerpas mo cdepe Sp paauyca R,
B Pe3y/ILTATE IIOJIYYUM BBLIPAZKEHNE JJId IPOCKINN HAIIPSIKEHHOCTH
TPABUTAIIIOHHOTO 110151 ¢y, (R) Ha HOpMAaJIb K MOBEPXHOCTH Chephbl —
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IIOBEPXHOCTHU PaBHOI'O ITOTEHIINAJIA:

/dV div grad ¢ = de (grad @), =
VR SR

= —749,1 dS = —g, 4TR*. (6)
Sr

CpasuuBasg dopmyiibl (5) u (6) ¢ BbIpayKeHneM JJisi yCKOPEHUsT CBO-
0OJIHOrO TIaJIeHUsI, KOTOPOe CJIeJlyeT U3 3aKOHA BCEMUPHOI'O TsAIO-
Tenust HploTOHA [T TPABUTAIMOHHOIO B3aUMO/IENHCTBIS TOYETHBIX
MaCC:

GM
gnz—ﬁa (7)

rie G — rpaBUTAIMOHHAS ITIOCTOSTHHASI, OKOHIATEJIHHO HAXOIIM KOH-
cranty C' = 41 G. Ypasuenue Ilyaccona npunuMaer Bu/I:

Ap=4rGp. (8)

Haiiném permrenmne Toro ypaBHeHUs JJjIsi IOTEHIMAJA B CJIydae
OJIHOPOJIHON Cpebl ¢ TIOCTOSHHOI TJIOTHOCTBIO p = const. B cuty
OJIHOPOJIHOCTU U M30TPOITHOCTU OyIeM MCKaTh chepruIecKn CHMMeT-
pudHOe perienne (1), mepernncas ypasuenue (8) B Buje:

1d/ode
r? dr dr

[Tocsie IBYKpaTHOro MHTErPUPOBAHUS HOJIydaeM o0Iee pelieHne

=41 Gp. 9)

ypaBHEHUS B BUJIE:

QO(T):2—7TGIO7“2—Q+CQ. (10)
3 r
[TockobKy CHHTYISPHOCTDL B TouKe 7 = () He mMeeT CMBIC/Ia JIJTd
OJIHOPOJIHOI cpebl, HeoOX0o MO 110J10KuTh C7 = 0.

KpajpaTtndyiHo pacTymuil ¢ paccTOsSHUEM IOTEHIUAJ BbILJISIAT
HEOOBIYHO: MBI IPUBBIKJIA K TOMY, UTO OH JIOJI?KEH CTPEMUTHCA K HY-
JIIO Ha, OECKOHEYHOCTH. DTO CIPABE/JIMBO JJIsI OPAHIYeHHO cucTe-
MbI KOHeUHOI Macchl. Ho He jursg 6eckoneunoii Beesiennoii ¢ mmocro-

AHHOI ILJIOTHOCTBHIO MaTEpUuH.



4. 3akoH XaboOJja. I'mapoamHaMuKa OJHOPOIHOI
HecTallmoHapHOii BcesleHHOIT B KJ1acCmYecKOit
Teopuu rpaButanumn. Kpurndeckas njoTHOCTD

HerpusnaibHbIM BOIIPOCOM SIBJISIETCSI BO3MOXKHOCTH IIPUMEHEHHUsT
3aKOHOB MEXaHUKH CILIONIHOM cpenbl Ko Beenennoit. Hanpumep, ka-
KOI'O pasmMepa ClIe/lyeT B3ITh (hudu1eck, 0eCkoneuHo Maiyro 4acmu-
Uy, ITOObI TJIOTHOCTH B HEl MOYKHO OBLJIO CYUTATH NPUMEPHO IIO-
CTOSIHHON U JUCKPETHOE CTPOEHME He IPOSIBJISIIOCH. 3aMETHUM, 9TO
CTPYKTYPHBIMU €JIMHHUIIAMU 3/eCh BMECTO MOJIEKYJI SIBJIAIOTCS Ta-
JIAKTUKHU, KOTOPbIE, KaK M3BECTHO, CPOPMUPOBAHBI B TaK Ha3blBa-
eMYI0 KpynHomacumabryo cmpykmypy Beeaennot, BecbMa asié-
KYy10 OT ojiHOpoiHOCTH. CyIIECTBYIOT KaK CKOILJIEHUs TaJaKTUK, TaK
U TUTAHTCKHUE MyCTOThI — 80tidbl. Kak 1mokasbiBaeT aHaIN3, JJIsT BbI-
MOJIHEHUSI YCJIOBUSI OJTHOPOJIHOCTH p = const B KadecTBe huauvecku
OECKOHEUHO MAAOT YACMUYDL CTIETYET B3ATh KyO ¢ peOPOM MOPsiIKa
100 MIIk (meranapcek)?!.

[Tox m10THOCTBIO OYIeT MOHUMAThC ILJIOTHOCTD BCEeil IpaBUTHPY-
Ioleil MaTepun, BKJIFOUAOIel KaK HaOJ/II0IaeMyI0 MaTEPHUIO, yIacT-
BYIOILYIO B 9JIEKTPOMAIrHUTHOM B3aUMOECHCTBUN 1 OOBIYHO HA3bIBa~
eMyto OApUOHHON, WM CBETSIelicsd, TaK U TEMHYIO MAaTEpHIo, JIJIsd
KOTOPOIl Ha JIAHHBIII MOMEHT YCTaHOBJIEHO yYaCTUE TOJILKO B I'DaBH-
TAIMOHHOM B3amMmojielicTBun. 1o coBpeMeHHBIM OIlEHKaM CpeJIHd
IJIOTHOCTb TEMHOII MaTepuu Bo BceesienHoii bosiee yeM B 5 pas3 mpe-
BBIIIAET IIJIOTHOCTb CBETSIIIeiicsi MaTepU.

Urak, OyjemM IpUMEHSATh 3aKOHBI MEXaHUKH CILIOIIHOM CpeIbl
ko BcejtenHoit, 3anucebiBasi ypaBHenune sHerpepbiBHocT (1) u ypasHe-
aue Ditepa (2). [lpu 9moM, B custy npenoiozKeHusi 0JHOPOJIHOCTH
pacIipejiesieHusI BelecTBa Bo BeesieHHoI, ecTeCTBEHHO 1M0J1araTh, 9To
gradp = 0.

B kadecTBe elné ojHOr0 ypaBHEHUsI pacCMOTPUM 3aKOH Xabbiia,

! B xauecTBe equHMIELI JJIHHEI B KOCMOJIOTHH HCIONb3yeTcs napcex, 1 IIk ~ 3 - 106 ar
s cpaBuenus: paccrosinue ot Costania 70 nenrpa [amaktukn cocrasisier okouio 8.4 kIIk.



COIVIACHO KOTOPOMY JMAJIEKNE TaJJaKTUKU YAAJIAI0TCA OT HAC CO CKO-
POCTSAMU, TPOIMOPIUOHATBHBIME PAcCTOAHUAM Jj10 Hux. Ilycth r —
paJinyCc-BEKTOP HEKOTOPOI raJlaKTUKH, TOIJIa €€ CKOPOCTh PaBHA!

v=H(t)r, (11)

riae H(t) — nocrosnnas Xab0sa. [locrosiina omHa B TOM CMbICIIE, UTO
OJINHAKOBA /Il BCEX Y/IAIEHHBIX TAJaKTUK, O/[HAKO €€ 3aBHCHMOCTD
OT BPEMEHN, KaK MBI JaJee YBUINM, SIBJISETCS 003aTeIbHOIL.

[Togcrasum dopmyser (11) u (10) B ypasaenue Ditnepa (2) u
ypaBHEHNEe HelpepeiBHOCTH (1), yauThIBas, ITO

ov dH

o @

(VV)v = H*r |
A
3
div(pv) =3pH.

gradp = —Gpr,

[Tostyuaem jiBa jndpdepeHnnanibHbIX ypasaerust st pyHKIwit p(t)
u H(t):

dH 47

R & P 12
dp

—=-3pH. 13
% p (13)

Bamernm: u3 ypasHenusi (12) HEMOCPeJICTBEHHO BHJIHO, YTO MOCTO-
sHHasd XabbJ1a Jo/KHa 0043aTe/IbHO 3aBUCETH OT BPEMEHU, MPUIEM
JOJIZKHA YOBIBATH, TO €CTh paciimpenne BeeleHHoi To/KHO 3aMe/T-
JThesd. Kak Tenepb n3BeCTHO, 3TO CIPABEITINBO TOJIBLKO JIJIT «OObIU-
HOIT» MaTepuu, TO eCTh IOIINHSIIONIEcsT 3aKoHaM I'paBuTanun. AHa-
JIOTHYHO 13 ypaBHeHnnus (13) BUIHO, 9TO U MJIOTHOCTH p HE MOXKET He
3aBUCETh OT BPEMEHHU.

Pemenne cucrempr ypasuenuit (12) u (13) ymob6uo mposectn, 1o-
JIeJTUB [IepBOe M3 HUX Ha BTOPOe, TOTJa TOCJe HECJI0ZKHOIO Tpeod-
pazoBanus noayuaeM jnddepennnaabioe ypasnenne 11 H?2, kak

10



pyHKIINN TJIOTHOCTU p:

dH?(p) 2 8T

— 2 HYp)=—G. 14
0 5 e = (14)
Ono permtaercd CTaHAAPTHBIM METOJIOM BapUAIMH TOCTOSHHOI.

Craga/ia HaxoJMM peIlleHne OJIHOPOJHOIO ypaBHEHHsI, 6e3 IpaBoit

HJacCTu:

H(p) = C 1, (15)

3aTeM 00'bsIBJISIEM TPOU3BOJIBHYTO TocTosTHHY 0 byHKnei, C' = C(p),
nojictapssieM perenne (15) B ypasuenue (14) u HAXOIUM ypaBHeHHE
JUJTe 9TOHN (PyHKITAN:

dC(p) _ 8w ~2/3
- . 1
1, oGP (16)

Perast ero, Haxo/ M periieHne HeoHOPOIHOTO ypaBHenust (14):
8
HQ(,O)IA/JQ/?’Jr?WGp, (17)

rie A — HOBast IPOM3BOJIbHAS ITOCTOsIHHAA. F& MOXKHO BBIPA3UTDL Ue-
pe3 3HaveHus nocroguHoi Xaboaa Hy u miotnoctu Beenennoit pg
B JIaHHBII MOMEHT tj. OKOHYATEIbHO HAXOJUM:

9 5 8T p 23 g
H(p) = HO_?GpO 0 +?G/)- (18)

MokHO BHJIETH, UTO IIOBEJICHUE HalijgeHHOil (DyHKIUN OyIeT cylie-
CTBEHHO 3aBHCETh OT 3HAKa BhIPaKEHUsI B CKOOKaX B IIEPBOM CJlarae-
MoM. [lesrecoobpasHo BBECTH BEJIUUUHY C pa3MEPHOCTHIO IIJIOTHOCTH:

am
- 871G’

KOTOpa«d Ha3blBa€TCsl %pumu%ecnoﬂ naomuocmowro. Eé auciaentoe 31a-

o (19)

qeHrne MOYKHO OneHnTh. [lojgcrasisst B Boiparkerue (19) Benmanny
nocrosinaoit Xabbsaa Hy ~ 68 (km/c)/MIlk, momydaem, 910 Kpu-
TUYECKasl TLJIOTHOCTh COCTABJISIET IPUOJIN3UTEILHO 5 MACC MPOTOHA
Ha KyOOMeTp.
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5. Macuorradusbiii pakTop. YpaBaHenue PpuamaHa

Ucnonbsyst onpejiesienne Kpurndeckoii mwiorHoctu (19), MOXKHO
npeobpasoBaTh Beipazkenne (18) K Buy:

R CR [
Hy Pe | \Po Po £o

Bseném o/1HO 13 BasKHEHIINX B KOCMOJIOTUN IOHATHH — Macumao-
Houtl haxmop. Ilycrs Ly — paccrosinne MexKj1y HEKOTOPBIME JIBYMsI
raJJakKTHKAMU B JaHHBIII MOMEHT BpeMeHH tg, a L — paccTosiHne MexK-
Jly HUMU K€ B IIPOU3BOJILHBIN MOMEHT KOCMOJIOI'MYECKOI0 BPpEMEHU
t. Ilyctb B MoMeHT tj B 00ObEMe Lg COJIEPKUTCS Macca BelecTBa m,
TOrJIa IJIOTHOCTH paBHA py = m/ Lg. B momenT Bpemenu t Ta ke
Macca OYIIeT CoIepKaThesd B 00béMe L3 1 B 9TOM cirydae Jyis IJI0T-
Hoctn noyunM: p = m/L3. Macwmabroim darxmopom HazbiBaeTcs
BeJINUNHA!

1/3
Mﬂ:%%:<£%> . (21)

BBG,[[H JJI OTHOIIIeHUud IIJIOTHOCTU po B ﬂaHHblﬁ MOMEHT K KpI/ITI/Iqe—
CKOH IJIOTHOCTH 0003HAaUYCHUE

Po
0=" 22
Pe (22)

MOYKeM Tiepernucarh Beipaxkenne (20) B Bue:

R CEI S

Bepuéwmest k ypasuenuio (13). Ileperuiiiem ero B Bujie

d
L _3HAt, (24)
P

1 ¢ y9I6TOM peodpa3oBaHust, OCHOBAHHOTO Ha BhIpazkeHun (21),

d d
P dinp=-3dna=-3-2
P a

12



MO2KEM 3alliCaTb ypaBHCHUE IJIAd HaAXOXKICHNA MAaCIITaOHOIO CbaK—

TOpPa B BUJIE:
lda a
= =H. 25
adt a (25)
Ob6bennusta ypasuerns (23) u (25), nonydaem ypasrernue Ppudma-

na: )
a 1 1\ 1
= (%) —mal=-(1-2) 5. (26)
a a Q) a
Perierie 9T0oro ypaBHeHHs, TO €CTh HAXOXKJICHHE 3aBUCUMOCTH
MacitabHoOro bakTopa OT BpeMeHn a(t) ¢ 0YeBUIHBIM HAYAIbHBIM
yesoBueM a(tg) = 1, 1aéT HAM B HESIBHOM BHUJIE 3aBUCUMOCTH ILJIOT-
woctu Beestennoit ot Bpemenn, p(t).
[Ipeobpasyem ypasuenue (26), pa3iennB nepeMeHHbe, K BILY:
da
Hydt = : (27)

\/1—Q+Q§

9TO OYJIeT YJI00HO JIJI TaJbHENINero aHa msa.

HeobxommuMo 3aMeTuTh, 9TO HPUBEAEHHDbIE PACCYKICHNsT HIUKAK
HeJIb3s CYUTATh BBIBOJOM ypaBHeHus Ppujamana. B jeficTBuTe b
HOCTHU, OHO BBIBOJINTCSI U3 YPABHEHUsT 00weli Meoput 0mHocumens-
HocMU IUHWMedHa, OTKY1a CAeAYI0T KaK HePeJIATUBIUCTCKUN 3aKOH
BeceMupHOTo Tarorerns Hetorona (7), Tak u 3akon Xao6ua (11); me-
TaJibHee 9TH BOIMPOCHI MOXKHO U3YUNTh, HAIIPUMED, 10 KHure [5]. Mo
xKe 371ech, caeays f. B. Benpgaosuay [4|, B KAKOM-TO CMbICIe TIepe-
CTABUJIN MECTaMU TPUYUHY U CJIeJICTBIE, BBeJlst 3aKoH Xabbsa (11)
KaK MCXOJIHBIN AMITMPUIECKUIT TTOCTYJIaT. DTOT MOJIE3HbII MeTo e~
CKMiT TPUEM TaéT BOZMOKHOCTD 00Jiee MIPOCTBIM A3bIKOM, UeM alllla-
par o0I1eit TeOpUN OTHOCUTEILHOCTH, OIICATD PA3JINIHBIE CIIeHAPIII
sBoJtolnn Beestennoii.
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6. Cuenapuu sBosironiuu BcesienHoIi

6.1. ILmoTHOCTh MeHbIIe KPUTUIECKOM, py < pe, 2 < 1

Nurerpupys ypasuerne (27) ¢ y9éToM HAYATBHBIX YCJIOBUIT, MBI
MOZKEM HafiTi 3aBUCHMOCTH a(t) B HESIBHOM BH/IE:

o (t—ty) = (28)

/VH—Q+QV

[IponsBeiém 3aMeny repeMenHoi

1 Q
\/ THEGTE @ 22— (1-9Q)

I BBEJIEM 000O3HAYCHIE

1—Q=¢%,
uHTerpasi (28) 1pu 3TOM I[Eepenuiercsi B Bu/ie:

Ho (t — to) = —20 / Wi—‘;)z, (29)

1

‘:\/1—Q+Q1.
a

Nurerpas (29) HECTOKHO BBIYUCINTD, UCIOIb3YsT COOTHOIICHIE:

1 1[11 1 1 1 1 1 1

rje

(51:2 _ 82)2 T4

2 (z—e)?2 & (z+e¢)? 53x—5+§x+5
(30)

[Tocste mpeobpazoBammii HEABHYIO 3aBICHMOCTD ¢(t) HAXOANM B BUJIE:
Vay/(1—Q)a+Q -1
1-0
Q 1¢u—ma+9+¢u—9a
— n
(1— )32 1+v1-Q

14

Hy(t —ty) =




@opmyna (31) MO3BOJISIET BBIYUCIUTD MOMEHT BOJIBINIOro B3pbI-
Ba (Big Bang), tpp, koropsrit onpenessercs yeiaosuem a(tpp) = 0.
Taxum obpasoM, Bo3pacT BcejieHHOi, TO ecTb BpeMs, HPOIIe/IIee
OT MOMeHTa BoJIbIIIoro B3phIBa /10 HACTOSIET0 MOMEHTA, PABHO:

1 1 N 0 | VO
e n
Ho\1-Q (1-932 14+/1-0Q

Ha puc. 1 nzobpazkena 3aBUCUMOCTb MacIITabHOro pakKTopa OT Bpe-

to —tpp = (32)

MEHH IIPU BLIOPAHHOM 1151 HJLTIOCTPAINK 3HAYCHU OTHOIIEHUS T1JIOT-
HOCTHU B JIAHHBIII MOMEHT K Kpurudeckoil miaorHoctu {2 = 0.9,

2.0 —

15+

t 1.0~

05

00 ! ! ! !
0.0 0.5 10 15 20

at)

Puc. 1. 3aBucumocts Macitabuoro dpakropa ot Bpemenu pu 2 = 0.9; Bpems oriioxke-
HO B YCJIOBHBIX €IUHUIAX, TaK UTO t = () COOTBETCTBYeT MOMEHTY BOJIbIIOro B3phiBa,
a t =1 — "HacrodiemMy MOMEHTY
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YuanteiBas, ato 1/Hy =~ 14 MIp[ J1eT, MOKeM OIEeHUTb BO3PacT
Bcestennoit, B 3aBuCUMOCTH OT BestmduHbl {2, B mHTepBaJse 10 + 13
MJIPJL, JIET, UTO COIJIACYETCA 10 TOPAJAKY BEJIUUNHBI ¢ UMEIOIIIMUCS
HAYIHBIMA JTAHHBIM.

Ananus dopmyiiet (31) MO3BOJISIET ONMPEIEINTE ACUMITOTHIECKOE
noBeJieHne MacuTabHoro gpakropa Mnpu OOJBIINX 3HAYEHNAX KOCMO-
JIOTMYECKOI'0 BPEMEHH, a UMEHHO 3aBUCUMOCTh CTAHOBUTCs OJIN3KA K
JIMHEITHOMY 3aKOHY:

a(t) ~ HyvV/1—Qt. (33)

6.2. IlmoTHOCTH paBHA KPUTUYECKOM, py = pq, 1 =1

B srom ciyuae ypasrenue (27) JIerkKO WHTEIPUPYETCs, TPUIEM
OTCYET BpeMeHHu yuo0Hee BECTH OT MOMEHTa DBOJIbIIOro B3pbiBa U
B KavyecTBe HavdasbHOrO ycjoBus BbiOpars a(0) = 0. B pesyibrare

[IOJTy 4aeM:
a

2
Hot:/ozl/Zdoz:§a3/2. (34)
0
3/1eCb MbI MO’KEM HAfiTi 3aBUCUMOCTH a(t) B SIBHOM BHJIE:

3 2/3
a(t) = ( = Hot : (35)
2
Kak 1 B mpeablayIneM ciydae, Mbl HaOJII0aeM 3/1eCh HeoI'PDaHIeH-
HBI{T POCT MacIITabHOro GakTopa, HO [0 CTEIEHHOMY 3aKOHY ~ t2/3.
TO ecThb OoJjiee MeJJIeHHBIN, YeM JIMHEHHBIIT poCT TpHU IJIOTHOCTH
MeHbIIIe KPUTHIECKOii, cM. dhopmyiy (33).
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6.3. ILnoTHOCTH GOJIBbIIIE KPUTUYECKOMN, py > pe,y 2 > 1

B stom citydae ypasrenue (27) yiobHO nepernucaTth B BUJIE:

1 da
Hydt = , 36
0 \/ﬁ T ; ( )
rJIe BBEJIEHO 0Do3HaueHUe:
Q-1
b= —. 37
y (37)

3J1ech 3a HAYAJI0 OTCUETa BPEMEHU TaKzKe yJI00HO BhIOpATh MOMEHT
Bosbimoro B3poiBa ¢ HadasababiM yestoueM a(0) = 0. XapakrepHoit
OCOOEHHOCTBIO JJAHHOTO CJIydasd sIBJISETCA TO, 9TO U3 IIOJIOKUTE/Ib-
HOCTH TOJIKOPEHHOIO BbIpakeHusi B ypasHenun (36) ciejyer orpa-
HIYeHNe Ha BO3MOXKHBIC 3HAUCHHA MACHITAOHOro (paKTopa:

a-=—. (38)

\/ﬁHOt:/d—a, (39)

IIPOU3BE/Is 3aMeHy IIepeMeHHOl

1 1
S p=b?, a=—
o v e b(1 + v?)
B pesyabraTe nnrterpas CBOJUTCA K TAOJTUIHOMY:
2 r dv
QHyt = 40
\/_ 0 b3/2 / (1 + 'U2)2 9 ( )
rie
! 1
vy =1\ — —
! ab



Hesteryto 3aBucuMocThb a(t) HAXOAUM B BUJIE:

1
VQHt = = < —v/ab(1 — ab) — arctg bab) . (41
a

Kaxk yrke ormedaniocs, cM. dopmyity (38), MaciTabHblii (hakTop
HE MOYKET TPEBBIIATh MpeJIebHOr0 3Hauenns, a < 1/b, a npu pa-

BeHcTBe a = 1/b nBa nocaeHux wiena B Bbipakenun (41) obpara-
IOTCSL B HyJIb. DTOMY COOTBETCTBYET MOMEHT BPEMEHH:

T Q) 1

P —
2 (Q—1)32 Hy

(12)
I3 ananusa Boipazkenust (41) MOXKHO TaK:Ke MMOKA3aTh, YTO MPOU3-
BopHast da/dt pu t = t, obpammaercst B HyJib. JleficTBUTEIbHO, BBI-
anciisist B popmysie (41) npoussopnyio dt/da, MoxkeM BUJETH, 9TO
npu a — 1/b ona Gyuer Becru ceds, kak (1 — ab)™Y2, 1o ecrs npu
t — t, mmeem da/dt — (1 — ab)/? — 0. A s10 o3Hauaet, 4TO
pacimmpenne Beeennoil K 3ToMy MOMEHTY OCTAHABJINBACTCS.

Tenepb Bepuémcst K ypasaeruio Opunvata (26), meperucas ero
gepes mapamerp b, cm. (37), B Buje:

H\?2 1—ab
(1) ol 3

OTKY/Ia, KaK 1 CJIeJIOBAJIO OXKIIATH, ITOJTydaeM TOT JKe BBIBOJ] 00 OCTa-
HOBKe paciiupenns: Beesennoit: H = 0 npu a = 1/b, 1o ectb B MoO-

MEHT BPEMEHU ¢ = T.
Bosepairasics Tereps K dopmyite (12), koropast npu H = 0 nipu-
HUMaET BUJT
dH An
ey, (44)
dt 3
BUJIUM, 9TO Tipon3BojHas dH /dt npu H = 0 umeer oTpunare/bHbIit
3HAK, TO €CTh BeJNYNHA MOCTOSHHON XabOja MepexouT K OTPH-
IaTeIbHBIM 3HadenusaM. Pacimmpenune Bcenrennoit octanaBimBaeTcs
U CMEHsIeTCsI CyKaTheM!
CiieioBaTesibHO, Teleph, MOCKOIbKY H = —+v/ H?, npu nepexo/je

ot ypasaeruss Opuamana (26) K ypasuennio (27), a 3arem K (36),
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rJie Mbl MOJTYAJIMBO Tosaraiau, 9ro H > 0, ciejlyer H3MEHUTDb 3HAK
1 BMecTO (36) perarh ypaBHeHHe BUJIA:

1 da
VQ l_b'

[Ipu 5TOM B KadecTBe HAYAJIBHOIO CJIEIyeT B3ATH yciaoBue aty) =

_Hydt = (45)

1/b. Ilporegypa pelienst OJTHOCTBIO AaHAJOINYHA U3JI0KEHHON BbI-
me. [Ipeobpasosas dopmysmy (41), MOXKHO 3ammcaTh €6 U pe3yJibTar
HOBOI'O MHTEIPUPOBAHUS €IMHOOOPA3HO:

upn t <ty

1 1 -
\/ﬁHo(ts—t):W v ab(1l — ab) + arctg 7&6 ., (46)

nupu t = tg

1 1 -
\/ﬁHo(t—ts):W v ab(l — ab) + arctg Tab . (47)

Anasus ypasaenust (47) MOKa3bIBAeT, YTO B ITOM CJIydae MacliTad-
HBIT (hbaKTOpP YMEHBITAETCS CO BpEeMEHEeM U B MOMEHT tpo = 214 00-
palaeTcst B HyJIb — BeeJleHHasl JI0JI?KHaA, C2KaThCsl B TOUKY. DTOT MO-
MEHT IPUHATO Ha3biBaTh Bosbiioit xjtomnok (Big Crunch). Ha puc. 2
n300pazkena 3aBUCUMOCTH MACHITAOHOTO (DaKTOpa OT BpeMeHU Ipu
BLIOPAHHOM J1JIs1 UJITIOCTPAITMI 3HAYEHNN OTHOIICHUS IIJIOTHOCTH
B JIAHHBII MOMEHT K KpUTHUIecKoi 1mmornoctn 2 = 1.1.
si0xkennast ipocrast 1 HarisijiHas Mojiestb 9. B. Sesbosuua [4],
BEPOSITHO, U HE JIOJIZKHA ObLIa IPEeTEeHI0BATh Ha HAYUHYIO CTPOTOCTb.
ITo kpaiineit Mepe, oHa HeIpUMeHNMA K paHHeil BeesleHHOiT, TOCKOJIh-
Ky He OIMCHIBAET cTajuu MHQJIAIIE U PaJHalliOHHOr0 JOMUHUPO-
Bauust. OJIHAKO TU BOIPOCHI BHIXO/SAT 38 PAMKHI HACTOSIIErO KYPCa.
PaccMorpenHasi MOJe/Ib XOPOIIO paboTaeT Ha TaK Ha3bIBAEMOIl IIbI-
JIeBOIT cTajuun pacimupennsa BeesenHoil, n B ureparype, Kak Hayd-
HOIi, TaK W HAy4IHO-IIONYJIAPHON, BhIe/aIeil 1o Hadagsa XXI Beka,
MOKHO, HaIlpUMep, HAWTH OIEHKH JIjI MOMEHTa OCTAHOBKHU PACIITH-
penusi t; (0010 30 MJIPJT JIET OT HACTOSIIErO BPEMEHI) U MOMEHTA
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12

at)

Puc. 2. BapucumocTs maciradbuoro pakropa or speMenn 1npu ) = 1.1; BpeMs oTj10xKe-

HO B YCJIOBHBIX €IMHHIAX, TaK 9T0 ¢ = (0 cOOTBETCTBYeT MOMEHTY BoJIbIoro B3phiBa,

t = 1 — MOMeHTY OCTaHOBKH pacmupenus Bcenennoii, a t = 2 — momenty Bouibioro
XJIOIIKA,

Bosbioro xionka tpe (mwioc emé mpumepHo 45 MIpI JIeT K yKa-
3aHHOI 1Idpe).

Curyanus JpamatTuiecku u3Menmiach B 1998 rouy, 4o emé He Ha-
10 orpaxkenns B kaure C. BaiinOepra, K KoTopoii Obliia, HalllCaHa
crarbs-jonosaerne [4|. Vimerno o6 9ToM 1 HOHIET pedb B VIO
eM pasJelie.
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7. YckopeHHoe pacinupenne BcejeHHOIA.
Bxkiioyenne TéMHOIT sHEepruu

B 1998 rojy JiBe rpyIiibl aCTPOHOMOB COOOIIUJIN, UTO IIPU HAOJIIO-
JEHUSAX CBEPXHOBBIX THIA la (KOTOpbIE HABBIBAIOT «CTAHJIADTHBIMI
KOCMOJIOTUIECKUMU CBeYaMu» ) ObLIO OOHAPYKEHO, UTO B YIATEHHBIX
rajJlakTUKaX, PacCTOsTHUE JI0 KOTOPBIX OBLJIO OIPEJIEJIEHO 110 3aKOHY
Xab0J1a, 9T CBEpXHOBbBIE NMEIOT SIPKOCTH HUKE pacuéTHON. VHbiMu
CJIOBaMU, PACCTOsIHUE JIO 3TUX TaJaKTUK, BBIYHCJICHHOE MO0 METO/Y
«CTaHJAPTHBIX CBedeil», OKa3bIBaeTCsI OOJIbIIIE PACCTOSTHUSI, BHIUNC-
JICHHOT'O Ha OCHOBAHWH paHee YCTaHOBJIEHHOI'O 3HAYCHUS ITapaMeTpa,
Xab0sa. beln ciuenan BeIBoJI, uTo Beenennas ne mpocTo pacimps-
eTCsI, OHA PACIIUPSIETCS C YCKOPEHHEM.

B HacTosiiee BpeMs Bce HabJI101aTe/IbHbIE KOCMOJIOINYECKIe JIaH-
HbIe YKJIa/IbIBAIOTCSI B CTAHIAPTHYIO KOCMOJIOTUYECKYIO MOJIE/b, Ha~
spiBaemyto AC DM . 3xech «JIssmOmay IponCXoanT OT HA3BAHUS KOC-
MOJIOITYeCKOil mocrosinaoit A B ypaBHenusix Ditamreitna, CDM —
cokparienue or Cold Dark Matter, To ecTb Xos10/1HOI TEMHON Ma-
tepun. B mogenn ACDM Bceenennas 3amojiHeHa, KpoMe OOBITHOI
OapHUOHHOII MaTepuu, XOJOJMHON TEMHON MaTepueil, a Tak»Ke HOBOI
cyOcTaHIueil, oIy duBIneil Hazpanue memmot snepauu. 11oapobHblii
pacckas o €€ CBOMCTBAX BBIXOJUT 38 PAMKH HACTOSIIIErO Kypca, MbI
OyJieM paccMaTpuUBaTh TOJIBKO MaTEeMaTHIECKyI0 CTOPOHY BOIIPOCA.

[Tepermuriem ypasaerue @puimana (26) j1/is1 ciydasi, KO [mIoT-
HOCTH PaBHA KPUTUUIECKOM, pg = pP¢, {2 = 1, 9T0 XOPOIIIO coriacyercs
¢ COBPEMEHHBIMI KOCMOJIOTTYECKIMI JAHHBIMUA:

N

) = 13 . (48)

a a
JleBast yacTb ypaBHeHusi (48) COJEPKUT CKOPOCTH U3MEHEHUsST Mac-
mrabHoro gakrTopa @, TO €cTh CKOPOCTb pacimpenHus BcesenHoii.
OueBuHO, YTO IPaBas JYacTh IPOIOPHUOHAIBLHA CYMMAPHOI ILJI0T-
HOCTU MaTepuy, BK/IIOUaolleil Kak 0apMOHHYIO, TaK 1 TEMHYIO Ma-

TEePHUIO.
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A renepb 0000muM ypaBHeHne (48), BKIOYNB B HETO KaK MaTe-
PHIO C BECOBOIl j1o1eit {237, TaK U KOCMOAOLUMECKYIO MOCMOAHHYIO C
BecoBoit nosieit 2y, npu srom Qy + Qp = 1, Qp > 0. YpaBHenue
IPUMET BUJL;

N
g — H2 QM%qLQA . (49)
[Tocnennee cnaraemoe B IpaBoil YacTu, CBA3aHHOE C TEMHOI SHEPTH-
eif, y»ke MOyKeT XapaKTepu30BaTh HEOOBIYHOCTH €€ cBOiCTB. B 1mep-
BOM cJlaraeMoOM, OIMCBHIBAIOIEM BKJIA/ MAaTCPpUN, BEJIMINHA a® B 3Ha-
MeHaTejie eCTh He YTO MHOe, KaK 00e3pasMepeHHbIil 00bEM, Cle/I0Ba~
TEJILHO, IPH paciupernn BeeeHHol I0THOCTD MaTepun yMeHbIIIa-

3 B 3HAMeHATE/Ie BKJIAJA TEMHOI SHEPIUH O3HA-

ercsa. OTcyTcTBHE O
gaeT, 9To IPH pacimpern BeeleHHO e€ MIOTHOCTb OCTaéTCs I10-
crostanoit! CreoBaTesIbHO, Ha, HAYAJIBHON CTQJINN PACIINPEHHST, KO-
I/1a TJIOTHOCTH MaTepun ObLIa HAMHOTO OOJIbINE, BAUSHUE TEMHOI
sHeprun ObLIO HezaMeTHO. Ho Hem30ekHO HacTymaer (yzKe HACTY-
mmjial) 91oxa, Korjia TEéMHAs SHEPTUsl BIMsieT Ha TEMIT PACIIUPEHIUs
Bcenennoii.

Ypapuerue (49) Jierko MHTErPUPYETCsT ¢ HAYAJIBHBIM YCJIOBUEM

a(0) = 0, B pe3y/ibrare moJydaeM:

Q3 3 2/3

alt) = [ == sh (= Hy/Qu t . (50)
Qx 2

Ha puc. 3 nzobpazkeHna 3aBUCUMOCTH MacIITaOHOTO (paKTopa OT Bpe-

MeHH, orrckiBaeMasi hopmystoii (50).

NuTepecto nceieoBaTh MoBeIeHne MACIITAOHOr0 (haKTopa B Ipe-
JEJBHBIX CIydasx MaJbiX BpeméH, t < 1/Hy, n 6obImx BpeMéH,
t > 1/Hy. Ilpu manbix t w3 dopmyisr (50) BOCIPOU3BOJNTCS CTE-
MIEHHOI 3aKOH, aHAJIOTUIHBIN BhIpazkeHuto (35):

3

2/
a(t) ~ gHO NI (51)
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[Tpu 6osbitux ¢t w3 hopmysisl (50) moTydaeM 3aKOH SKCIIOHEHITH-
AJILHOIO PACITUPEHUSI:

1/3
0)= (7o) expltn /). (52)
4 QO
Ha puc. 3 Xopolo BuIHO, KaK 3aMeIsSIoleecs pacipenne Bee-
JIEHHOIH, TIPOMCXO/IsIIIEee TP MAJIBIX ¢, KOTJIa BJIMsIHIE TEMHOI SHep-
I'UH elIE He CKa3bIBAeTCs, [IEPEXOJINT IPU OOJIBLINNX ¢ B paCIINPEHIEe
C YCKOPEHUEM.

2.5 I I T T

20+ =

151 f

10~ =

05 |

OO | I | I I | I I | I I | I I
0.0 0.5 1.0 15 2.0 25

at)

Puc. 3. 3aBucumocTh MacmTabHOrO (hakKTopa OT BPEMEHU; BPEMST OTJIOXKEHO B YCJIOB-
HBIX €IMHUIAX, TaK 9To t = () cOOTBETCTBYeT MOMeHTy Bousbmmoro B3peBa, a t =1 —
HaCTOSAIIEMY MOMEHTY
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8. 3akJIroueHume

Marepuas 3 Bukuneaun:

Témuas marepus (anri. dark matter) B actpoHoMEN 1 KOC-
MOJIOTHH, & TaKxKe B TEOpEeTUYecKoi (pu3MKe — I'UIIOTETH-
yeckas (opma MaTepuu, He y4acTBYIOIIAsl B 9JIEKTPOMAI-
HUTHOM B3aMMOJIEHCTBUN M II09TOMY HEJIOCTYIIHAsT HPSIMO-
My HaOJojeHnto. Cocrapiiger TOpsijika YeTBEePTH MacChbl-
sHeprun BeereHHO 1 IPosiBJIsSIeTCsI TOJIBKO B IPaBUTAIIIOH-
HoM B3auMmoeiicteunu. IlonsTue TEMHONI MaTepuu BBEJIEHO
JIJIsT TEOPETUIECKOr0 00bsICHEHMS IIPO0JIEMbI CKPBITOI Mac-
cbl B 3(pdekTax aHOMAJLHO BBICOKOI CKOPOCTU BpAIEHUSI
BHEIIHUX 00JIaCTeil raJlakTHK 1 I'PABUTAIIMOHHOIO JINH3UPO-
BaHUs (B HIX 33/IelCTBOBAHO BEIECTBO, Macca KOTOPOIrO Ha~
MHOT'O IIPEBBIIIAET MacCy OObIYHOI BHIUMOIT MaTepMH); cpe-
JI TIPOYNX IIPEJI0YKEHHBIX OHO HamboJIee YI0BIeTBOPUTE b
HO.

CocTaB 1 Ipupojia TEMHOI MaTepUN Ha HACTOSIIIIUN MOMEHT
Hen3BeCTHBI. B paMKax oOIIeNpUHSITON KOCMOJIOINYECKOit
MOJIe/In HanboJiee BEPOSITHON CUNTAeTC MOJIE/b XOJIOTHOM
TéMHOIT MaTepun. Hanbosiee BeposiTHbIE KaH/I1IaThl Ha POJIb
qacTur TéMHOI MaTepnu — BuMibl (o1 anrt. WIMP, Weakly
Interacting Massive Particle). Hecmorpst Ha akrtuBHBIE TTO-
UCKU, SKCIIePUMEHTAIbHO OHU 1I0Ka He OOHAPYKEeHbI.

Témnuast sueprus (anri. dark energy) B KOCMOJIOTHH — TH-
OTETUIECKIIT BU/I SHEPIUH, BBEIEHHDBIN B MAaTeMaTHIECKY IO
Mozeb Beenennoii i 06bsicHeHsT HAOJII01aeMOro €€ pac-
[INPEHNS C YCKOPEHIEM.

Ha ocnoBe mannbix KocMmdeckoii obcepBaropun «llimanky, mory-
yeHHbIX K 2013 1., ObLIO ciesiaHo 3ak/odeHne, 9ro CraHgapTHas
MOJIEJIb 3JIeMEHTAPHBLIX YacTHll OlKUChiBaeT Tojabko 4.9 % nabioza-
eMoil BceslenHolt, Ky/la BXOAUT BCsS U3BECTHasl MaTepHUsl, BKJIIOUASI
3BE3BI U MexKrajJakTudeckuil ras. 9t 4.9 % — Tak HasbiBaemoe
«CBETHINeecsT» BeIecTBO. TakuM o0pa3oM, JOMUHUPYIONIAS YaCThb
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Macchl-9Heprin Beesennoit — 9o Témuas marepus (26.8 %) u mém-
rast sueprus (68.3 %). VIx uccienoBanme JeKUT Ha [EPEJIHEM Kpae
COBPEMEHHOI pyHIaMeHTaTbHON (HUBHKH.

Byaer yMecTHO TPONUTHPOBATH 3/1eCh BEJMKOI'O aMePUKaHCKOTO
dusuka-Teopernka Puyapna @eitnmana: «Ham HEOOBIKHOBEHHO T10-
BE3JI0, YTO MbI KIBEM B BEK, KOIJIa €€ MOXKHO JIeJaTh OTKPBITHSI.
ITO Kak OTKpbITHE AMEPHUKHI, KOTOPYIO OTKPBIBAIOT pa3 1 HABCET/IA.
Bex, B KOTODBIil MBI KHBEM, 9TO BEK OTKPBITHs OCHOBHBIX 3aKOHOB
IPUPOJIbI, U 3TO BPEMs yrKe HUKOTJa He MOBTOPUTCH. DTO YIUBU-
TeJTbHOE BPEMSsI, BpeMs BOJIHEHNI 1 BOCTOPTOB. . . »

MorkHO HaJleAThCsI, YTO U3ydeHNe YKa3aHHbBIX BOIIPOCOB I10 JIaH-
HOMY y49eOHOMY IIOCOOMIO B JIaJIbHEIIIIEM ITIOMOXKeT CTYyJ/IeHTaM IIpH
yTeHun OoJiee MPOJBUHYTOI HAy9HO JUTEPATYpPbl, TAKOl, HAIIPHU-
Mep, KaK yzKe CTaBIas KJIacCuIecKoit Kuura 5.
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