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Ms o6mero npHHnHna OTHO CHT8JII,HOCTH, KaK 1rnnecT1IO, Moryr 

6LITb c,n;eJialrn Ba:Kime 3aKJIIOqemrn O CBOtiCTBe MeTpMK11 rrpocTpaHCTBa 

H BpeMeHH., 

¢yH,!(al!eHTaJII,HLIM pesyJII,TaT B 3TOif 06JiaCTH npirna,n;JieirnT ¢pu,n;-
( 

1taHy, ICOTOpHti noKa3aJI, lITO ypaBIIemrn T.firOTemrn: ,1T,1IR 1130Tpomrnii 

M0,1T,8JIH HMeIDT TOJII,KO HecTaUHOHapHue pemeHHS. CTapoe CTaUHOHapnoe 

pemeHHe ypaBHeHHR C KOCMOJIOrrrqecKOR ITOCTO.fIHHOft, nonyqeHHOe 

311HmTel1HOM, OKa3aJIOCI, HeJcToitqHBLU,CH TeM caMUM rI1H~HlJeCI{H Hey,n;oB

JieTBOpHTe JibHbIM e 

OTKpuT11e Kpacnoro cuememur X~6110M 611ec:rm:ritu 06pa3ou 

no,tTBep,n;HJIO H6CTaUH0HapnocTI, MeTpHKH • C Tex nop, IIO-BI1}tUM01,[Y, 

H6T 60JI:&l!Ie Hl1KaKHX rpusuqecKHX OCHOBamti1 ,!(JI.fl BBe.n;emur B ypaBHe

HHe TRrOTeHHR KOCMOJIOruqecKOI OOCTOHHHOUo 

3a,naqef1 HacTosrntero ,!(OKJia,n;a RBJISieTcsr anamrn Toro, HaCKOJI:&Ko 

conpeMeHH@e 3KcnepHMeHTaJI:&Hbie ,naHHhie o KpacnoM cMentemrn onr1cu

naroTcn H30TponHon 6,!(HOpO,!(HOU MO,!(eJI:&IO. Cne,lT,yeT HM8Tb B BH,n;y, t!TO 

caua rHITOTe3a 06 0,!(HOpO,n;HOCTH H H30TpOITHH BceJieHHOH SBJIHeTCH 

npoHsnon:011011 H 1.wxeT B npHm.uine ne cor nacoBaThCR c ua6n10,ne1mm.m, 

no Kpat1Heit Mepe, Ha paHHMX 3Tanax 3BOJIIOIUUU1 MO,i.(8JIM • Cet-1qac H0HCHO, 

B KaKott Mepe HeO,!(HOpO,!(HOCTH ITQIOTHOCTl1 BO Bcenemron MOryT 

11cKas11Th pesyn:&TaTbl aHa1urna, IT03TOMY, paccMaTp1rnas ,n;aJiee uaTeptt

anu Ha6JIID).t8HHR C TOqKH speHHR 0,1.CHOpO,!(IIOtt H H30TpOnHOfl MO).t8JIH, 

Mbl Bcer,na ,!(OJIXHbI nomrnT.o 06 orpa1rnt1e1rnocTH Ta1toro anamrnao 

3KcnepH~.!eHTaJII,Hbie ,n;aimhie, o KO;rOpbIX 6y.n;eT lI).CTM pe l!b, 6um1 

He,n;aBIIO ony6JIHKOBaHbI B ,!(BYX padoTax H3 MayHT TiaJIOMapcKOii o6cep

BaTOPIIII1e 'DMacoH, Mat1ene III CaH).t~·j!t(I) ony6JIH~OBaJIH ,!(aHHble o 

KpaCHOM CMemeHl1lI ,!(JUI CKOIIJieH11i1 raJiaKTmt ).CO CKOpOCTei1 0,20 
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( 60000 KU/CeK)" EouC2) npO)tQJijJtltJI :3TvI I13Mepe liv!R .n;o CKOpocrei1 

0, 4c (I20000 RU/ce1t) 11 3auono npoanaJIH3MpoBaJI cTapue ,u;aHHb!e" 
\) 

B pe3yJI1>TaTe anrop11 o6eux pa6oT npoxo.n;srr _K BUBo.n;y o Tou, 

qro cor Jiacne c ua6JIFJ,1tem101t ,n;aeT 3aKpLITan Mo.n;ein, I1:JIH B KpatiueM 

CJiyqae' MO)t8JI:b I1JIOCRaR (I\PUBII3Ha = 0) 9 3TOT Br.IBO,!; rrpe)tCTaBJI.H

eTCH Hey6e.n;HT8JII>HbU,.111) 06cyrt,u;emrn OToro BOIIpoca u HBJI.H8TC.H 

TeMOH ,JJ,ORJia,u;a e 

§ 2 o_OpHOBHUe <p0:Puym1 

ITpt1ne,u;eu ocHOBHiiie. (>OPMYJIH H30TponHoH I1 o.n;nopo,n;non 1.10,nem/ cp
3 
d 

MeTpnKa TaROH MO)~eJIH xapaKTCpHayeTCR mmetrnm.I OJieueHTOM.: 

' 
·2. 2. 2. [ a , l d 5 = dt - ~ ('t) d X + 5. ( X ) d Q J (2.I) 

' 
3,n;e Cl> dQ ~ oJieMeHT Tpexuepnoro TeJiecHoro yrJia, cKopocT:& 

cnera rroJioEena pannoi1 e,u;1rnmie, a rpyHKi1HH § (x) ecr1:,: 

S()()=SinX (3aKpLITaR MO)teJI:o) 

~ (rr~ocKasr Mo.n;en:o) 

Sh ex~ ( OTKpura.fI 1.10,n;e JI:&) 

?.. . I 

(2.2) 

TamnJ o 6pa301.r, 

c@epHe BMeCTO npeueHH 

1JOpMyJie .' 

s (x)a.Q - 8CTh aneueHT IlOBepxHOCTH 

t BBO,D;llTCR nepeMeHHaH 11_, no 

. dt = ~ ('L) d vi (3o2) 
C 

Tor.n;a JittHennun ~JieMerrT rrepenttCHBaeTCH B CHMM8TpMtIHOM BH,ne: 

d s2 
= ~~(rt) [ d r{· - dx2 

- s'- ( x) d 2]. (2o4) 

~-

j 
ii 
t 
I 
i 
I· 

Xi 

I 
t 
I 
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'PYHKI,H.fI ~ ( '"C) Y.ll:0BJI8TB0p1IeT ypa.BH8Hl1SIM ( cp. 4) : 

2,~·~+~2~-~s 
(2.5) 

•• I 
~ -::-6 ;qf1 

3,ttec:c S. = +I,O,- I .n;Jm 3~KpL1Ton, IlJIOCKOft H OTKpI,ITOit MO,IJ;eJiet-t 

cooTBeTCTBenno. TotIKa 03HattaeT .n;:mpqJepeHn11poBanne ·no 't > p ·, -
cpe,ll;HSISI I11IOTHOCTJ,. ii, - rpaBHTaUHOHHa.fl IlOCTOSIHHaa (6,.67 .ro-8 .8 ) : 

-v>:::167·10_
6 e,rvl 

(J,., ' 2 eek' (2. 7) 

BBe,n;eM "TIOCTOSIHHYJO XtH1Jia" (cpymtr(Vut OT 'G ) : 

(2.8)· 

Tor,l(a THil MO,IJ;eJIM onpe,n;emreTCSI 3HaKOU B8JIMtlliHLl-; 

_l. ·l,p - I l.. o 
J h2 ' . (2.9) 

3HaK paBeHCTBa OTBetiaeT TIJIOCKOll MO,ll;0JIM. 

' 3 h'" 

Bne,11;eu BeJm,umy: 

_pkp:: T (2.IO) 

Tnn MO,IJ;8JIH onpe,11;eJIII0TCSI COOTHome1meM M8Jr.ltY _9 l1 _pKP : 

p 'l .P l<p 
. ( saKpLITaSI). 

p = fKp (nJIOCitaSI) (2.II) 

_p <. r kp 
(oTKpbITaSI) 

Tip11 COBpeMeHHOM 3HattemuI h(2> x): 

h kM/Get; . -9 
::. 150 --- = O, IS· 10 /\8T. 

MPS . (2.I2) 

x) X1,10MaCOH H .np. (I) ,n;aror· h = ISO! ?.,o 0/o 
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- 5" 5 · 10 · · · 1- · J 
_ · .ll9 .. 

r .-•---~ 
CM', 

,. ~. ··· (2 oI3) 

PeI1Iem1:s{ ypaB!IeHldi (2 o5) MOi!eT 6b!T:b sarmcaHO B rrapaMeTpl'.t

qec1wn (flOpMe ( 3 ) ,!tJI.fI 3aKph!Ton i.W,!tSJIH: 

'· >·~-; ~o ·(1,:--CO.S/l ). 

t, =-.'C C~ - ·sin11;) · 

H ,!tJIR OTKPI-.ITOJ:f M0,!t9JII1 : 

;j·,;CJ,
0

(ch~ -1) 

t :T (Sh'l - 'l) 

B OTHX pellISHHSIX.- ~o TIOCTOSIHHaR - HHTerpHpOBaHIIaHo 

(2oI4) 

. · (2oI5) 

Us rpopuyJI (2oI4) It (2oI5) MOi!HO BhltIHCJIHT!, 3Haqezrne 

IlOCTORHHOM XtH>Jia (2 o8)fL: · 

i_ :',,~,h:: _1.. Sin 1 
"<Jo _(1-cos1_)2 \ 

• ,. • :· ~ : •• p., ' " ; :.~- ~· ., ,! ... " _(•' ; 

(2oI6) 

HJili 

. h :: ~-· ----~h\ 
~

0 (ch'(. -1 )2· >' 
.. (2eI7) 

. )!JIR .rtBYX :uo,neJiei1 COOTBSTCTBSHHO O' J13 cpopMyJI TIOJiytiaeTC.fI CB.fl3:& 

uer.c,rty BpeMeHeM T, 11: h : 

I . t::ah) (2eI8) 

,. 

r.rte 

a:: 5in rt Ul -_sin~) 
' {I - cos rt)~ - ) 

(2eI9) 



He3aBllCHUO OT 11O,n;eJrn0 Jt,rn 3aI\pb!TOTT uo.n;emr (J < 2/3, )J;JI.fI 

OTKpb!TOti ) 2/3e )IJm CTapoi1 3aKpbITOi1 MO,neJrn: ( ~, ) ) I ) 

a~r n 

(2e22) 

Orcro.n;a BM,n;Ho, qTo cTapan OTRpinan Mo,n;eJI1> ,naeT HaMc50Jil>myPJ 

umaJiy BpeMeHI1 e Tipn 3Hatiemrn hi ==5 .ro9 JieT npe,ncTaBJUieTCJI, 

ttTo TOJibKO TaKaJI uo.n;em:, troliceT 6h!T» cor11acona.ua c ,npyrm,m 

acTpOcpM3MtleCKlIMI1 Ir reoJiorn:ttecKm.m ~aHHbIMI! o 3aKp1:!Ta.H MO,n;eJil> 

,n;aeT 'C < 3or89 JieT, 3HatteHn:e .fIBHO 3amt~eHH08o 

,If,1u1 ,n;am.,nei11:mx 06cyji,ne1mt1 naM nona,n;o6nTcn: ette o,nna 

ne JIH tin:ua · 

HeTpy,n;HO Bit,TJ;eT:&, tITO IU.{eeT MeCTO paBeHCTBO: 

EcJIM '-~ Ha6Jno.rr,em1.11' orrpe',!teJIBTI> . ,~ u h , TO · orcro.n;a orrpe.n;e;meTcn 

11 1 II TSM caMLIM'. onpe,neJimOTCSI Bee rrapa.ueTpH Mo;ieJUI9 0603Hatll:UJ 

(,n;m1 ncex uo,n;enen) : . . 
' 

(2o25) 
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Tor.n;a : 

~ = { h K) -I " 

-1 
~a= h k --3 

]a11ee , 

(t-q)/i::: Ch 1, U(IU COS ti_, 

(B 3al3HCI!MOCTli OT Toro: (1-q,)/ q,) I 

,.,_ I /:~2, o l·tk ... 
L :: - \ k - i t. n ~---) h. I~ K · 

§ 3 o _KJ?acnoe m,!_eiyem1:e_ 

(2o26} 

(2,,27) 

(26)28) 

UJII1 t.. I) J,I 

(2029) 

3cp(peKT Xo6Jia onpe.n;en.rreTCst 1!3 CB.(13!! MeA,ny BU,n;m.mn JIPKODTI>IO 

CIWIIJieHHSI raJiaKTHK l'I KpaCI!b11:I CM8ll{emrnMo . ITOTOK SIIeprim OT ,n;aJil>

Hero cnernmeroca o6~eKTa onpe,neJinerc.rr 1opMynon: 

J = con st £(rt -x) 'l -·--·-·····"'·· . 
~ (1) S2 (,X) I 

('.3aI) 

ITpe,nnoJiaraercn, qro cBeT m3Jiyqaercs B uoueHT npeueH~, orneqaro-

mni1 h -· ,\ l'I 3apern:cTpuponaH HadJIIO)(aTeJieM B UOMeHT ri, 1 S (. X) 
.... ,._ J 

onpe.n;eJIJieTCJI q1opMynon (2,,2)o Kpacnoe cueme1me. orrpe.n;eJIJieTc.a ciiop-

uyJiaJ!I1: 

1. _t_~-~~ -~
Ao 

!.~• :: ~' - .iL1.:~~-> 
A Ao 1<1-1.1 

(3o2) 

(3o3) 

,........ 
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r,Ite Ao Bli,ItMUa.fI .I(Jnrna B0JIHb! A - ~JIHHa BOJIHhI Tot1 ,:te 

mrnrrH ,ItJUI 6mrnKoro ocheitTao Hyjrrnan ){JUI cpaBH8IUISI c OITiiITOM 

(I)OpMyJia rroJiyt1aeTc.FI, ecm-1 I1'.CitJIIOlIUTI, 1m (3.I) - (3.3) nepeimnuy10 

X ' npe,ItCTaBHD :j B BH,n;e p.rr,7.;a TIO CTeneHSIU 1. • TaKoe 

BLtpaj!teHvte -C TQqHQCTl,10 .ItO qJieIIOB 
1
/-2 llOJiyqeno Po6epTCOHOM 

11: HOCHT Ha3Bamrn - rIJOplfyJia Poc5epTCOHa (
5) 0 Ilpn pa3JIOJtCemrn na,n;o 

I10JH,30BaTl>C.fI cpopMyJioi1; 

I{potrn Toro, Ha.Ito 11crroJI1>30BaT1, cpopuynu: 

ITOCJIO,}\HJI.fI (I)0pMyJia CJie,n;yeT I1X (2o5)xx) 0 

Ey,n;y'4H nhlpar.:em,t. trepes h · n 0
1 

, Bee_ <I>opMyJiu cranoBSIT-

CSI npMM0HI1UH?!H Kalt ,ItJISI 3aKpHTOTT, TaK I1 ,ItJISI OTKPLITOll ( U ,ItJI.fI 

nJio cKo!1 Moi,n;e nen) e !{JUI 1:. 

Pe man 0TH0CI1Te JI:&1-10 X l1 IICTTOJII>3Y.ff_ (2 ~24 ); 
, '/?. ! Yv=l(t-iq,) 1~~_(1-q,)1~ 

+[i(I +9, )"---.* (1 ➔ ~9,))-/ +. · J -
- C, 

X) OtJeBI1,IT,H0, l!T0 B nepnou rrptf CJJIUY.C0HMU 'j ~ "':-f:... , Ta.K JtaK 1:. 
rrponopnuoHaJr:oHO B 8TOM npH6JUI~emrn: paCCTORHI1IOo IIOGTOUY 
pa3JI0Y.cerme uatmaaeTCH c tIJiena 1/i c. 0 

xx) B JI!1TepaType JI Bcrpetra}I BLIBO,n, He MCITOJib3YIOH~l1TI 3Tl1X (~OPMYJI 
J cp 1,,, /, • qTo JIUI!Iaer -pesyJI1>TaT 11paKT1ttrec1wro CHhicJia e UHe ne 
(~~~):IW, 6una mi IWr.)1a~Hu6y,nFJ_ orry6mnwnaHa .npocra.rr · rI>op11yna 



IlO,I(CTaBJIHSI B (3oI), Hai1,neM: 

-
. hi [ . I ( ' . (.) C. 1 J = Con<:Jt -:i~ I - ( l -'t) t t-\ 3 - ?., q,- q, I T ·, . , 

2. . 
1'!3 3T011 cpopMyJihI BH,I(lIO, 'llTO OTCJp~c11naTb qJieH C I 

() . 

HeJI:&3.FL, EcJrn rI~,I(CTaBI!T:b f'1 = -2, 5 eo~ 
10 

J + cons} 

npvr 1 ~ o14 

, TO 

npH,neM IC o6@'4Hon 3anncn 3TOt1 q>OPMYJihl 0 

06paTllMCJI K 3Kcnepm.rnHTaJII>HllM ,naHHllM"' -

YnO?.tSIIIYTLie Bhll!Ie aBTOpbl yKa3UBaIOT, tJTO nx ,naumire y1rna,n1rnaioT

cn Ha KPHBYK>, omrnrmaeMyro ,n;BytIJiemroi1 cI1opMy notf ( 6e3 'tlJieua C t2. , 
co cne,ny10~:0:M sHaqenneM q • • 

HMS(') q ~ ,,6 

Bo. lArn l 2.) ~ ::: I ± O, 5 
(309) 

JT.amme HMS · , TIO-Bll,Il;llMOMY, 3aBHllleirn: 3TO YTBepJI,n;aeT Eou, C 

3TIIM cor naceH u npoq)eccop JioS:L,MapTUHOB, ,I(OKJia,rcLma10mnu ua 

uacTo.rrntel.I conentaHm1"' 

Tipn ImTepnpeTarum .n;aHIIbIX (3o9) CJie,n;yeT l1M8TI, B BU,I(Y, KaR 

3TO y1casaHO B (I), 'lITO 3Hatie1rne 9, TIOJiytieHO B npe,I(ITOJIO:l:temrn, 

tITO a6cOJIIDTHaR apKOCTL o6~eKTa He uenaeTCfi M qTo H~ npOHCXO,I(HT 

E~ saMeTHoro nor.rrontemrn usnyqemrn n ueICraJiwJ.Ji'llecKoH npocTpaHCTBe 
. ' 

(11 tJTO, Kpmre Toro, rrpaBMJI:&IIo npoM3Be,TI;eII. nepectJeT l! 6onoMeTpn-

tiecK11M neJm~rnHaM) Q 

Qqen11,nno, tITO cettqac IIeT 1111:rtaxnx .n;ammx, KOTOpli!e nosnoJIIVIH 

6@ oneHUTb 3TU omn6KHa MOXHO JIHillL 3aM6TMTb, tITO, ecnn a6conroT- . 

Ita.fl SipKOCTL MeHneTca TaK, <ITO l:1J'jfl<. h. ,To 3nu1 H3Meue1rneu 

UO,IHO 11peue6petI:h9 Hpe).(nonoxeHme O 'j ,. 0 . DKBHBaJI~HO YB0JIH.,;. 
. u. 

'Iemuo q. ( "sarcphIT!ile" J.ta,n;e nn), ":J. t.. 0 }~KBI-rnaneHTHO yMeH:hrue1mro 

9,. ("OTKpbIT~e" uo,n;enn)e TiorJIOrtemrn TaitEe npHBO,IJ;l:!T K yneJivt'lleII11IO 

9, 0 

Pe3yJI:oTaT EOJ,Ia (3o9) MOi.<HO ccpopMyJiupoBaTI> TaICo EcJm 

i 

l 
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OTKJia)J;bIBaT:& BeJH!tJMHY ~:)-f · KaK q1yHKI.(ttlO 7 (B npotJ3BOJII,HbIX 
. h ~ . 

e,I(JfHHI1ax), TO BCe 3Kcrrepm,rerrTaJII>HI-Ie TOttKH Y1tJia.D;tU3aIOl'Csr B 

1.tex,ny .I(ByMn npsn.rmm: 

u :::: I -
1
/ c. '7" 

~ I . ~ . 

OTCIO.n;a nOM .n;eJiafJT BbIBO.U, trTO 3TOT omlIT · roBopnT. B IlOJI1>3Y. . 

3aKp@Toi1 Mo.n;emt o 0,n;HaKo, ecim yqecrl':i '-tJien,, nponopttHOHaJIJJHhltt 
2 

1. , TO, Ka!{: BM)J;HO J/!3 pvtceI, IIllI\HSI!I Kptrnasr JieJmT B_ 06JiaCTll 

OTKpbITOM uo.n;emr O IT0:3TOl!Y 113 ,IJ;aIIHb!X Eoua ,1.teJiaTJ> Bh!BO,I( 0 Tou, 

'tITO MO,I(8JII> 3aKpHTasr, H8Jil':,3Sfo 

Ecn11 rrp11H.aTl':i BO nmn.mmi:e coo6pa,ice1nrn:, BbteKasaHHI>Ie ·B · 

KOHI.ie § 2 O l!IKaJie BpeMeHH, TO OTKphITa.fI MO,IJ;8Jil:, OKa3IiIBaeTcsr 

()OJiee Bepo.HTHOi10 

B Il0Jll':i3Y OTKpbITOfi uo.n;e;ur rOBOpSIT M .n;aHHbie O ITJIOTlIOCTM 

J) X) 0l KaK rIOKaSaJia ,I(lICKYCCRR Ha 3TOM COBerr{alIHM, rIOtJTH BCe 
. . 

ou;emcn TIJIOTHOCTUAaIOT 3Haqemrn __ p_z. J\,p_ (2oI3),o 

TaICJV!M o6pa30M, MOJ!CHO 3aKJIIOtUITI>, qTQ cymecTBY!)ttMe 0Ilb!THLI8 

.n;amme MOryT 6!:i!T:& cor JiaCOBaHU B -paMKa.X O'?KPLITOit MO,IteJix,r 0 Borrpoc 

xe o rrpm.rnmnrocTM caMoil M30Tporrnoil n o.n;nopo.n;non MOJtemr 

xpe6yex .n;iur cnoero aHanrrna sHatJnTeJI:&Ho 601n,mero tJucna 

rra61no,n;eHI1i1 o 

/ ------
x) I{ cor:canemnoi i!3~aa lla11on TOttHocTn ua61uo.n;emrn nenI>ssr eme 

oueHnT:& n3 '- 3 o9) BemIT.nmy nJioTHOCTH II! 3Hatiem1e napauexpa ~ 0 

Moxno_ ni,rm1, yrBept.C,T(aT:&, ttTo. 'l. :, I n _p '- .P1<p e 
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Pnc oI O CxeuaTHtI0CKHtl rpacpvIK SaBHCIU.tO CTM BH,n;m.wn .HpKOCTll 
OT 1qacnoro cMerteHHR o Kp1rn1iie- nap11cona1m B rrpe.n;no- . 
JIOl'temrn' tITO yMeHI,ntemrn SipKOCTI1 CBsrnaHO JU!IDI:, C y,n;aJie
HHeM 06'beKTa - qiOpM o (3 08) o· ITyHKTii!pime mnnrn orpamt-
tn,maIOT o6JiaCTI,, B KOTopotl (110 Emiy) JieJ!mT 3KCnepH-
M0HTaJIJ,HaR Kp~rnan. l{pHBaSI ~ = 0 OT Be qaeT CTapoMy 

( 1c. '? j I ) OTKpbtTOMY l,mpy O Kprrnast q, = I/2 pas-
rpaHH'IHBaeT o6JiaCTH 3aKphITOn H OTKPliITOlt MO,n;eJiet10 
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