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BBene@e 

HaCTOJilllRI n;liRJl JIBlW;i!tl: llOCBH1118H HSJ10lt8HUJ PJma B.K'l'ya.lll,HHX BOII,POCOB, 

BosmIRBlllllRX Ha CTmte qESHRH aJieMeBTapHUX qaCTHn H xoc110JIOl'HH. B I .11 

2 pas.ne.nax ,lta8TCH 'xpaTRd o6sop CTSH,Itap?HO:li T80pm ropa-qei Bce.neHHO:li 

.II cneHapa.a: pa3.D;yilaJllll8ICH BceJieHHol. O'.>BpeM8HH08 COC'l'O.a:HH8 npo6JieMH 

6aIJIOHHOI a<HMll8TIJIH Bce.neHHol B HOBuit BOSMODl:ll M8XSHJISM ea o6pa
S0Baml.S: J![SJlOJ!aHU B 3 pas,neJie. 4 pa3,lt8Jl IIOCBHlll8H o6sopy ltOCIIOJIOI'lf'l8-

cmu: CJ18,ItCTBHI ,ItJlJI cynepCDOl8'l'IJI~ Teopafi. HOBU8 BOSMOZHOCTB 8ItO

II8IJIM8HT8Jl:&HOro o6HapyzeBliUI JiermDC: cynepqa.C'l'Hn 06CYJUtBMCH B 5 pas

,lt8Jl8. Ilpe.ttq~ae'l'c.a: SHSXOMCTBO 1lll'l'a'l'8Jl81 C MBT8IJl~OM, BSJI038mmM 

B JIB~HX 14,5, Ha IIpe.ItlitltYlltBX DI1to.nax, H c o6sopaMH 1261~ · -

I. :KgrOJIHi prume:I BceJieBHO:I 

0601,ItHM OCHOBHUe 8TSJIU paCllllp0HHH BceJieHHol. Ha"lHEIM C ltOHna, 

T. e. c BaCTO.a:ntero STana pacmapemm. Erourafl:mee 1t HaM uo BpeMemi xa

paKTel)Hoe C06HTH8 IlpOllSOIDJIO B MOM8HT f ~ 10120 (coOTB8'l'C'l'BYJ)

lllM '1'8MII8pa'l'ypa "'f' ~ ~ "..I~ ) • B· 8TO BpeMll p0J1111lt'l'OB08 BSJiytl8BJl8 OT

lll8IDIJIOC:& OT B811l8C'l'Ba: IIIJI ~ ~ -{ .;i ~ 8JI8.R'l',POHU 06~.ri:e;wmrc.a: C • 

ll,POTOHallll B aTo:r.w; ·B811l8C'l'BO C'l'aHOBHTC.S: H8i'l'paJII,!WM llI IIpospa'IIHlR 

,ItJlJI HSJiytZemt.a:. ll:>1tpacHeBmee Hs-sa paClllHpeHH.a: BceJieHHol, .tteTBRTBpy

euoe ~OTBJIBCitOIISIGI 11sJiy11emte Jll3JI.a:8Tc.a: "cmumoM" 1«>uema -f: ~ 
~ I012 

C~ llpmael)HO B 8TO -lle Bp0Mll M8WlBTCJI SaitOH paCDlilpeBliUI 

BceJieHHol. Hs R _. 4. '12. (pa,IUialijlOHHO:-.ItOMrIBHpoBaHHa.a: enoxa) OH 

IIpeBpa!Qa8Tc.a: B R "'- -l 'l.'3 ( snoxa ,ltOMmm,POBamI.a: MaT8IJIB) • lloCJie 
~ ~ I0

12 
C ll,POBC:X:O.rtBT q>OIJIH,POBaHHe l'aJia.R'l'HR. Pam,me STO 6w.to He

BOSMOZHO: \I>OTOHH08 llI3Jiyll8BH8 IIpe,ltOTB.l)alila.JIO pa3BIITllI8 l'paBH'l'alijlOHHOI 

HeyCTofftmBOC'l'.11. 3IIoxa s;ztepimx peaitnJII, HyRJI80<EHT83a O'l'HOaITc.a: lt 
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BpeMeHa.M -I:.~ I -f- IOO c, TeMIIepaTypa T ,v I MaB. 3.n;ecr, npoucxo~Jio 

qiopMBPOBamI8 JI8I'KHX an:eMeRTOB. Ilp:H noBlmiemm T8MII8paTYl)li H3M8HJI8TCSl 

":mMHti:8Cimi1" COCTaB nJmSMH! npi T ~ 0,5 MaB llOSIBJI8lD'l'CJI nosHTpoHH, 

npi T ~ 100 MaB - MKJOHS, 71-t ,:11- RI T • .n;. HaRoHSn;, npt T rv O (IOO) 
MaB npol'ICXO~T xoopx-~pommlt ipaaOBHii nopexo.n;, BWI18 KOToporo cylll8CT

Bym He CBJI3amtl:l8 B aJU)OH!i KBapKR. :3Ta IIJiaBMa JIBJIJI8TCSl B BHCOKOit 

CTeneHH sa~OBO-<l'IMMOTpttJ:HOii, Ha 108 7 ra1° KBapx-ammwapxoBl:lX 

nap npixo~TCSl O~H l'I36lll'OtIHHH KBapK (.11IM8HHO HS 8Tl'IX H36lll'O'tffil:DC 

KBapxOB COCTOHT Ha6~.naeMM BceJieHHasi:). ,ILaJiee,n.l)R TN 100 I'aB 
( t "' ro-10 c ) B nJmSMO noJIBJ!JllOT CSl W - RI ~ - 603 OHS. Ilp:HMepHo 

s.n;ecr, npoucxo~T (1?830Bmi nepexo.n; c Hapyme:im:eM rpym1u $UC2.). Bme 

TemepaTYl)li qiasoBoro nepexo.na BC8 R3B8CTHH8 ti:aCTR!Ul CTaHOBHTCJI 6es

MaCCOBHMR. 
~8KTlltJ:8CIGI Ha 8TOM MSCTe KOH'tJ:ax>TCSl onpe.n;eJieHHue npe.n;CKaSamIJI, 

noCKOJlI,KY MH HatJ:HHaeM BHlCO~TI, sa paMlGI 8KCII8IJIM8HTBJII,HO npoBepeH

HOil Teopm. CR8llt8M, 8CJIH CIIpaB8,Il;Jllrall npoCTH8 TSO~ B8JmKOro 06'1>8~

H8HHJI (TBO) THIIa $ V (5) , TO BnJIOTI> .n;o T rv IO 5 ThB He npoucxo~T 

Jmti:ero HHTepecHoro. TOJII,KO npH 3TOit T8MII8paTYl)8 HatIHHaxlT npoJIBJlilTI>CSl 

cTeneHH · CBo6o.ItH, xapmtTepHSe .nJIJI TBO • 
Ec.1m 1t8 m.teJOT M8CTO cynepcm.n.teTpI'tJ:Hll8 T80pm 3JI8M8RTaplWX ti:aCTHD;, 

To, HatIHHasi: c T rv o (IOO) I'aB, B nJiaSMe 6ym cynteCTBoBaTI> cynepiapr-

Hepu o6IRHmC ti:aCTHn;. . 
HaxoHen;, npi T .., ra19 raB = G. -I/2 ( G, - HI,ll'l'OHOBCKaJI noCTO

JIHHaJI T.lll'OTeHWI) CTaeyT CHJII,lWMli KBaRTOBo-rpaBHTaD.HOmwe Baaru.to.n;eit

CTBHJI. IIoxa MaJIO onpe.n;eJieHHoro Moimo Clt83aTr, 06 aToit anoxe. 

Ilo-BH.n;HMOMy, OCHOBHH8 CBOitCTBa BceJieHHOii (Taime, K8.K O.n;HOp0.n;HOCTI>, 

li30TpollHOCTI, H T • .n;.) 6HJm *frpoBaHH Ha OtJ:8HI> paHHHX &ranax pa<r : 

nmpeHHsi: BceJieHHoii, npu T.., IO 9 raB. lh'o xacaeTCSI MOMeHTa Bosmnwo

BSHHJI 6aI&IOHHOi aaU,lM8TpIR BceJieHHOil (EAB), TO BOnpoc noxa OCT88TCSl 

OTKpurHM. BosMOJKHO RaK pa.HHee(np:H T N roI5 I'aB), TBK R nos.n;Hee 

(T rv 100 r9B) BOsHHKHoBeHHe EAB. Mi 60Jiee no.n;po6Ho o6cy;iuw 8TH Bon-

• poca H8CKOJlI,KO nos.n;Hee. 

2. Pasm8IO}Ila,a;ca B ceJiemtag 

B 3TOM pas.n;eJie 6y;gY,T pacCMOTpeHH OCHOBHH8 H.n;eH cn;eHapIH pas.n;yBa

ro~eilcJI Bce.zreHHoii /I,27. 
IlpeJK.n;e Bcero, o6cy.n;HM pacnpoCTpaHeHHe CBeTa c yqeToM paClllllpemm • 

.I(HcTa:m:i;RJI, npoxo~MB.JI Clll'HaJIOM, onpe.n;eJI.ll8TCJI·ll3 Yl)aBH8HHJI! . 
e = ~ e. + 1, (2.I) 
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r.n;e H - noc:rommasi: Xa66Jia. B pa.n;mw;nomto-.n;oM11:im:poBaHHoit CTB,Itml: 

1-\:: 1/2-l:. R €=, 2t, B anoxy ,IlOMIIHHpOBaJmH MaTepIR H;.2/:3t., 
!=312 t • Ilpo6Jl8Ma I'OPISOHTa Boa:mmaeT R3 npe,IOIOJIOEeHHH O TOM, 

tJ:To BceJiemma: Bee BpeMH paCllil!PR118.cr, no c:reneHHOMy saxoey, Rev i: o< • 

Cx:eMa'l'HtJ:ecxaa: BJIJillCTpaa;,:a STo! npo6JieMH .n;aHa Ha pnc.I. Bm:o.zumtne HS 

TOtJ:Im t = 1017 c .tmmm o6pasym CBeTOBOii ltOHyC llpol!IJJ:oro. BHy'.rJlH 
Hero HB.XO.n;HTCJI TOtmn, ltOTOl)H8 MOI'yT 6mr, mi6~eHH B HaCTOJm\l'Ifi MO

M8HT BpeMeHH. Hs TOtJ:elt, Jielltammc Ha IIpRMOil f = o., noCTpoemi CBeTo

Blle ltOHyCH 6y,eyIItero. Tait, 06.naCTl'I A, B, C B MOMeHT t = ro12 o 
HRKOr,na H8 6wm llpl'lllHHO CBJma!IH. lfMeHHO MOM8HT t = lOI2 C 

ID3JlJI8TCJI B8l!HHM, lIOCKOJil>KY nocn:e Hero B3azMO.n;eitCTBRe M83,ey' qioTOHBJ&i 

llpaKTBtJ:eCIGI OTCyTCTByeT t H .n;eTeKTHpyeMoe ceilti:ac p0J.ll'IKTOBOe RSJiy'tJ:8-

mi:e HeceT l'IHqio~ RaR paa 06 8TOM MOMSHTe. STo 03Hati:aeT, 'ITO 

OHH .n;OJIZHH 6wm 6a xapaKTept30BaT!:,CJI pasHOii TeMllepaTypott. ().n;Haxo 

3ItClle:pHMeHTaJII,HO 3TO He T~,R B ,IteitCTBRTeJII,HOCTR OHH l'IM8JIH 0.n;Hy l1I 

TY llt8 T8MIIepaTY:PY• STOT <J1axT l1I COCTaBJIJI8T cyTI, npof-8,Mll I'OIJ!aOHTa. 

OoHOBHaJI R.n;8H cn;eHape:JI paa,ItyBanqeiiCSI BceJieHHOi l/ COCTOHT B TOM, 

'ITO Ha HeitOTOpOM &rane pa3Bl'ITRH BceJieHHOi ( t" < "t- <. t~) BOSMOJ!HO 

tJ:p03BHtJ:aiHO 61atc:rpoe ( 3KCIIOHeHn;H8.1WIOe) pacmnpe:ime B ceJieHHott, KOTOpoe 

saTeM nepexo.n;HT B 06HtJ:Hoe pa.ro!atl)IOHHO-.n;OMllHHPOBamJOe l'IJm, CKallteM, 

,ItOMlllmpOBaHHoe MaTepiett (cM.pRC.2) • .Ii1IJI 3TOI'O Heoctx:o.n;HMO, tIT06Ii II!H 
-c1 < -I:< t2,, "noc:rommasi:" Xa66Jia H 6wra .n;eitCTBHTeJII,HO noo-

• TOJIHHO!. Tor,na f"" "'/1-f ~p(l·H-~) • ECJm nepo:o,It pacme:peHHa 
.n;oCTaTO'tJ:HO ,ltJll'ITeJII,mdt, TO BCJI BJil,It}IMaH ti:acrr, BceJieHHOf! OKaJ!STCSl llpl!

tIHHHO• CBJl3HOI • IIPR 9'l'OM 611IJT O.n;HOBpeMeHHO pemeHH npo6JI8!,W I'OIJ!30H

Ta, 6JmSOCTl'I llJIOTHOCTl'I BceJieHHOit It KpITRti:ecxoii (nocn:e 3ItClIOHeHU;HBJll,

HOI'O pacnmpe:ima KIJ!BR3Ha BceJieHHof! yM8HI>llll!TCSl B eitp<IH:.2) pasf), 
npo6JleMH O.n;Hopo.n;HOCTH l1I H30TpolIHOCTR. IIP1B8,Il8M on;emty H806XO.n;HMoro 

BpeMeHH pa3.n;yBrumJI. ECJllI nocn:e t2. ~arJ)!JI .D:OMIUmpyeT, TO pas-
Mep llpRtJ:WmO-CBJISROii 06JiaCTR B MOMeHT t 0 = IOI? C COCTaBJIJieT 

10 C O C 12. ''2. ( 1 1=7 )2 /3 
R = Ro €-?Ip (H t2) ( -l2 -) 10◄ 2. c. . (2.2) 

BSBB ~ on;eHOK Ro ,v "'/M Pe ~ ro-33 CM, 

,,.., IO c l1I y<mTHBasi:, 'l'ro paswp BceJieHHoit 

lIOJiyqa8M H t'2. ~ 70. 

t "' 0(11pe)"' 
~ -28 R ~ Iu- CM, 

.aim Toro, tJ:T06Ii l'IM8JIO MeCTO 3KClIOH8H.t:(RaJII,HOe pacmnpe:im~ Heo6xo-

.n;HMO, tIT06H' ypaBHe:mieM COCTOSlmH .6WIO p = - C. • Ilp:H 3TOM 
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1-\- ( i,r.£ )'''l. - .3 Mp\ 1 l:_ =- C°"1-':>t.. (2.3) 

PacCMOTpm,4 BOS~rOB8HH8 HyJltHOI'O HaM ll8:p!IO~ B Cll;8Hapm xaOTR'll8-

Cit01'0 pas.eyBa!m.11 
3 

B pw.ntaX JII)OCTefunett T80pmt Cita.1lapHOI'O llOJIJ! C 

Cal40,It8itCTBR8M 'X ~~ (CM.,PRC.3) • :EcT8CTB8BHO 0'ql1Ta'1'l>, 'llTO B llJIBH

ItOBCIW:8 BpeM8Ha :paCIIJ:)8,It8Jl8HH8 llOJIJ! .<f 6WIO H80,ltHOp0,JUWM, Cpe,tt-

WIJI aHepraa, sanacemraa B nOJie ~, 6:wra no~ llJiaHitOBCitoti, 

N M~ • PacCMOTpm,4 cYll),6y O,ItHOI'O RS ,ItOM8HOB t B ItOTOJlOM ,It0Mllllllpy-

8T IIOT8mt1![aJILiiaJI 8H8Pr'Jl.11 IIOJIJI Cf (BpeMemwe llpOllSBO,ItHH8 R JII)OCT-

paHCTBemwe r~eHTH MaJlli) • B 8TOM c.nytm8 llOJI8 Cf QTJIR'qHO OT 

HyJIJI, <f = lfo {cu.pac.3). SBo~ noJIJI <f OIIHoimaeTca 

ypaBH8HH8M: 

•• • 3-
~ +3\-\~:.-?.(f 

7 

Cf 2. I \-\ = - ( 1. ~ ?i \ '2. 
MPe 3 ). (2.4) 

JlBDeHH8 <f .IIBJISI8TCJI 1148,It.7l8mmM Rs-sa "TpeHH.11°, JII)OIIO~OHB.lll,HOI'O 

IIOCTOHHHOit Xa66Jia. ll:>8TOMf 1JJI8HCl4 tp ·MOJl!HO IIpeH86pe,u,, R pe~:tm:8 

(2.4) 6y;it8T lD48TI, BR,It: 

1/'21 
\fl= ~o e.,<pl- MPf i, (9'/S;r) J • (2.5) 

~ )'''l J-1 
8TO 08Ha"la8T, 'IITO JipiI -1:~t : [ Mpf ( 'A/S7i 3Ha'll8HH8 

IIOJIJ! Cf II:paitTneCD H8 R81148W!8TOH, ,ItOMll:tmpyeT IIOT8Jllt0'._8.llI,HWI 

8H8Pr'Jl.ll IIOJIJ! 'f t R BceJI8BHaJI :pacumpgaTca 8ItCIIOH8mt1!(aJll,HO. Ilpt 

8TOM 

H t* rv 2 ii i l/2. 
(2.6) 

n · 4 u 4 
.ItJlJI I\ ~ o ,v n Pt . 
PacmJql8HH8 t Ii806xO,ItHM08 ,ItJlJI pemeim:a yIIOwmyTHJ: npo6JI8K, ,It00'1'lll'a8TOJI 

IIIJI ~ ,6 I0-2. , 
Ilepao,tt 8ItCIIOHemt1!1am.lioro pas,JzyBam,:a BoMeBHoA m488T eute o,ItHo ·sa-

1110,urremoe OJI8,ttCTBR8. Jla.naHI,ItH8 KB8lJTQB® qiJiyRTyaitllll CitaJ.IapEoro 

llOJIJI BO BpewI :pacmapem,;a npeB~0.11 B KpyIIHOMa.Cll?ra6H!i8 RJiaOQC80-
lGI8 H80,ItHOpo,ItHOCTR, mopw 114017'1' OTRMyJmpoBaT:r, · 06:pa80Balll![8 rDJTBitTRKo 

PaC'll8TH. IIOEaSHBBlDT 
2/, 'IITO 8TO ,It8itCTBRT8JII,HO lD488T 1148CTO~ Heo6:x:o-

.IOD(O, O,ItHaltO, 11T06H ROHCTaHTa ?.. 6w.ra ,ItOCTaTO'qHO MaJI8HI,K()fl, 

~ i;' m-12 • B JII)OTRBH<lil 0Jil"l88 H80,ltHOp0,ItHOCTR, IIOJiy'iamas: CJIHIII&OM 

'10JILDIH1GI \I B8COBll8CTJDIH O BS.6Jlll,It8HH8M • 
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3aK8.H'lllllaJI o6cy,K,Ilemrn cqeHapmI X8.0Tli'I8CKOI'O pa3,JJ.yBamIJI, XO'ISTCJI 

OTMSTRT:& O~H ere Balltllliii npuw;m:ma.n::&mtli H8,ItOCTa.TOlt. OH, IIOMHMO Beere 

npo-qero, Oim:pa8TCil Ha TO, 'ITO B Ha6JllO,ItaeMOit BceJieHHOit BH8:pl'Bil Ba-. 

ltyyMa prurna HyJI!l'.l. 0Ha ,IteiiCTBBTeJibHO 6Jm3Ka lt HyJIIO B3 HaMJQitemi:n; 

H8B3B8CTHO, O,Itlia.KO, llO'IeMy BTO Ta.K - B BTOM COCTORT npo6JieMa A
'I,]IeHa B ypaBHemi:mc SiiHmTeinta. He 6wr Jm Mexami:sM, ymI'ITOBallllHii 

A -'tlieH Tenep:&, CTOJII, ,oo ajxlleKTBBlWM B B :prumeii BceJieHHoii, npmoM 

TeM Cru.ruM lt OTCyTCTBllR) pas,eyBaJmil?! 

3. Eam!oHHrut aCHMMSTWR BceJieHHott 

Bonpoc o 6a:pE:oHHoii acHMMeTpm/23/ y-z.e o6c~aJICJI B Jie~~ aBTo

poB Ha IIp8,ItimyunDC ImtOJiaX' O.llilli IIO qll3Blt8 BllCO.HllX 8Heprni1 (CM. 4,5/). 
IloaTOMy MU OTCWLaeM traTaTeJiil lt pa60TaM / 4 , 5/ 'AJiil BB8,It8miil B npe,ItMeT 

li 'AJiil 06cyx,t1eH1IH Bonpoca O B03HllltHOB8IDm 6apIOHHOit ac:RMMeTpIB B TSO

:pE:BX 60JD,moro o6i>8,nHHeIDISI. UeJI:&IO HaCTOsm:teii Jieruum SIBJISI8TCJI pacCMOT

pe:ime H8COxpaH8IDIH 6apIOHHOI'O 'Il!CJia B CTa.I\ltareIJOii TeOpIB 3JI8KTpOCJia-

6lllC B38RMO,IteiiOTBllii llpI BllCOKIDC T8MII8pa:rypax 61 B gqeHaprn: B03HllltHO

B8miil EAB B <])asoBOM nepexo,tte c Hapymemi:eM SU (2)/7/. 

3.I. AlroMBJI;r,Hoe 8JI8KTDOCJia6oe H8Cox;paH8HH8 
6am01moro 'IIICJ!a rrm Bll'CORHX TSMII8paTypax 

Mu Ha'IH8M BTOT pa3,It8JI C HallOMlmamm B3B8CT~ qia.KTOB O H8TpmlB8.7I:&

HOii OTPYKTYP8 Ba.Kyyr,ul B KaJUI6poBO'llWX: T80pIBX S/ (BMSSI B BB,Icy' MO,IteJib 

BaiiH6e:pI'a-CaJraMa) II CBSI3aHilliMB C HSii IIp0~8CcaMII C H8COXpaH8ml:8M 6a
:pE:OHHOro 'IHCJia. PacCMOT!lllM 'AJiil npoOTOTll 3JieltTpoCJia6yIO TSOpID C Bmt

JIIIR8lilWM :rmxepaap.R;IUWM B38BMO,It8itCTBli8M (aTO ll!lllBO'AHT Jlllm:& lt H83Ha

'IBT8JibHllM lt0Jm'I8CTBeHHHM B3M8H8mISlM pesyJI:&TaTOB) • JlarpammaH lIM8ElT 

BB,It: 

1 _i_ VT '2. f ( t u-1. 'l. t) 

= 2~~ Ir Fr" + (""Drlf') 17 Cf)- ·Ml\) (f- 2.) + /..,:-~ 
(3.I) 

r,Ite lr: - o6wmaJI <])ep.moHHaJl '!aCT:&. B KaJm6poBK8 A
0 

= O BH8!)I'BH . 

KJiaCCH'I8CKOi1 OTaTBCTB'ISCKOii KOHqlI~B K8JIII6:p0BO"CIHllX B CKaJIJ!pHHlC 

llOJI8ii ,Ita8TCH Bl:ijlaJlt8mI8M 

\ l { ,1 2 + t .. tr "tJ1.J f (A,~)= jdX -2.3~ Tr F~+(""D.~)(1:>i~),'A(4>lf'-2 .(3.2) 

8 

II 

.j 

✓,; 

C TO'lHOOT:&IO 'AO TOIIOJIOrB'I8CIGI TpIB.J!aJD,HlllC KaJm6poBO'lHHX npeo6pasoBa

Hd y iJ!ymw;l!omi.na (3.2) CYII!8CTBY8T ,IOICKpeTHllii Ha6op BaxyyMOB - ltOH

<I/Hl'Y.P~it B.1!,Ita 

'"') , .. ) --1 1'1) 

Ai.=~ ~-i:~ 7 (. 
0 ) c ... > '"') 

~ = c2 IS/T2 ~ (3.3) 

(\,\) 
r,Ite ,g - MaT:ptma TOIIOJIOl'B'!J:8CKH H8TplBl:t8.7I:&HOro KaJm6pOBO'IHOI'O 

npeo6pasOBa.mrn, xapaKTepi:syeMoro qeJWM 'Il!CJIOM 

\"p: 3~-7T7. f'. ijlC ~r-)(' Tr c:3'd,i\r~ g1 £ ~I< 3-~ (3.3a) 

BaltyyMH (3.3) OT,IteJI8Hll 'J1JJYr OT ,Iij)yra IIOT8~aJI:&HHM 6ap:&epoM (CM. 
p.ac.4), Bepmmm 6ap:&epa IIp8'ACTaBJIH8T co6oi1 Kol$Ir~D nOJieil A* B 

~· •· SIBJISlD!lij1JCJI H8CTa6BJI:&lWM pememi:eM CTaffl'!SCKHX ypaBH8miit ,ItBW&e-· 

IDISI 'AJiil ,4 , lf / (cer.o:i3oii TO'IKOil <p~OHaJia. 3H8:pl'llll (3.4). STO 

peme:ime BM88T BH.It 9•10 : 

~ 2 Jt U- l'1. X 0 •,i.~ q ( ) 
A,=i.(t'LJ1e. )(j'cl(/r ).&(J),. ~=V'Z.~(~)-.-- -1, (3.4) 

r,Ite · \::: .3"'u-r, ;c~) n \.it~) .HMeDT CJie,IJ;ylOlllHe aCIIIMIITOTBltlrI: 

\.,(o)::: ;co)::::. o , \., loo)= :Hoo): 1 . CixeKTp MaJilllC BOBMYII!BHll[ft 

01t0JI0 A 11, , ~,.. co,Itepn,:T poBHO o.rtHY' OTpi:qa:reJI:&Hyll MO'AY, CBBSaHHyll 

C .u;muteml:SM IIO HaIIpaBJI8~ ~ lmmn,yMaM E C pl3JllrnWMH \'\ • :3H8prBJl 

3TOfl KOJ$Irypa.lJ:ml: paBHa IO 
~ r- _ 2M iv o ( ~' 

c: o - olw r.:, °'-', (3.5) 

I',It8 E:, B3M8HilElTCJl OT I,5 ,D;O 2, 7 llpI Bapia!l)lll ~ OT O 'AO 00 

H, TaitHM 06:pasoM, E = 8 - 14 TaB. 
Ilepett.I(eM Tenep:& lt pacCMOTpemm npo~CCOB C H8CoxpaH8BH8M 6a:pE:OH

HOI'O 'IHCJIB.. ~omw;I! B JI8IITOmmfl TOltlrI B 3JI8KTpoCJia6oA T80pim 

aHOlloflJI:&Hll /I ( BTO HBJIJmTCJl CJI8,It0TBB8M Toro, 'ITO JI8Bll8 .If llpaBll8 

KBal)KI! B JI8IITOHll BMem pasHUe R.BaHToBue 'Il!CJia no SU ('21): 

. L °d e. -1 Ne, (. 'Z C\ "'q) (3 6) 
~ dr = rJr =s2,r?. 3 -~\v Fr" ~v I • 
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r,D;e /Je. - tmCJIO COOTB8TCTByIOilllIX q>ep.mommx: (JieIITOHHbOC RJm KBap

ltOBUX: .ny6JieTOB. &ro O8Hatffi8T, 'lTO IIPR lt3M8H8mm KaJIR6poBotmoro l:l 

citaJlllilHOro IIOJieit, Ha'IlIH~Cll B O,D;HOM Balty-yM8 lt 3aita.H'mBaIOll{iDCCll B 

,D;pyr0M 

A ,/ (0) .J.. 1-1) t-t) 
-/;~-"'"°: n= 0, ~=- vi} IS j 1,, ~+oo: A= A ., ~=~ 

{3.7) 

JIJX)BCX:O,D;ll:T poJQJ;e:im:e ,D;9BSlTl:l JieBUX: ItBa:PKOB l:l Tpex JieBUX JieIITOHOB (IIo 

'll!:CJ.ty ~ep.moHHUX .cy6JieTOB C y,:i:eTOM n;seTa ItBa:PKOB). 

AHoMaJJRSi B 6apIOHHOM (JieIITOHHOM) TOlte TeCHO CBSiSaHa C JIBJimr 

IIepece-g:e:im:Si Y:PO13Heii ~ep.!HOHOB BO BHe!llHeM RB.Jm6poBO'gHQM IIOJie I2 • 
Tax, IIJllI KBa3RCT~OHa!)HOM lt3MeHemm IIOJieit (3. 7) CT:pyKTypa ypoBHeit 

OIIe:pa.To:pa Jll!:paKa IIPR t. ~t OD O,D;ll:HaltOBa; O,D;HaltO SamICZMOCTI, 

O'l',D;8JII,HUX: ypoBHeii O'l' t H9TpIBHMI,Ha! Be];DCHltit ypOBeHI> C O'l'IIUJ;a

TeJII>HOii aHeprnett nepecexaeT oc:r, E = 0 H CTaHOBR'l'OH IIpI t-'>+ &><> 

muamM ypoBHeM c IIOJIODTeJII,ao:tt :meprne:tt {a4.p1tc.5). EcJm. IIyTI> MO, 
~(t) II!)OXO,D;ll:'l' -g:epes A* , "f""" (CM. (3.4)), TO IIepece-g:emi:e OCR 

E = 0 IIpol:lCX:O,D;ll:'l' Italt :pas Ha KOHqu~ (3.4). TEUWM O6:pasoM, eCJJH 

IIIH "t-"> - o,D Mll RMeJm BaxyyM (Bee q>ep.momme YJ)OBmI C O'l'PltIJ;a'l'8JII,

HOii aHeprnett 3aIIOJIHeHH), TO IIpI 'C-'>+ oP COCTO.a:im:e CO,D;e:pllll:IT :pea.m:.
mm q>ep.moHH. 

. li'l'alt, q>ep.!HOHHI:le B JI8IITOmw:e 'IIRCJia He 00:x:pa.HBJOTC!l B aJielt'l':poc.na6ott 

TeopIB ll!ll (j)JiyKT~.a:x: .KaJm:6:pOBoimoro n cxaJm:pHoro IIOJieit, Hai:mruw-

lllBXC!I "CJieBa" O'l' ( A it, If"' ) ll KOHtl:alOilllIXC!I CIIJ)aBa O'l' { A"'~ ~1'< ) { <H. 

:pac.4) • .ffcHo, 'ITO B 06.wmux: yCJIOBBJDC Hecoxpa.Hemi:e B OBSl8aHO c IIO,D;-

6a:p:&e:pHI,1M TYHHeJJll:pOBrumeM HS O,D;HOro BaityYl,la B ,D;:pyrott; COO'l'B8TCTByIO

IIIWI 8MIIJIRTma COCTaBJIJieT ex:p{-27f" / o(\v), 'ITO IIIE3O,D;ll:'l' K II:paKTl'l'geOKavty 

OTcyTCTBWJ yxasaHHHX n:pori;eccoB. Cl,D;Ha:Ko, eCJIR B CHCTeMe sanaceHa ,D;oo

TaTO'qHO BUCOKa.fi 8Hepr1m, C:paBHRMasl C BUCO'l'Oil: 6a:p:&e:pa, TO CRCTeMa MO

Jlt8'1' IIe:pettXB B COCTOHHae C .zu>YI'BM B 'lllC'l'O racCR-g:ecIGI, 'ITO IIpIBe,D;eT It 

OTcyTCTBIDO 8KCllOH9Hll;aaJII,HOro IIO,D;aBJ:telmSI 3E • 

3!) 3aMeTEM, 'g'l'O TaKM CBT~Si mieeT MeCTO WISI TSillt8Jil:,IX { h, F ~ Ni.,/~) 
q>ep.mOHOB, :pacna,u;u KO'l'O!)UX: C B-Hec~e:im:eM He IIO,D;aBJ:teHH /I3/, a 

T8.1Clte B IIJIO'l'HOii q>ep.mOHHO:lt MaT8p!lill ~ J.4,1 • 

IO 

I 

I 

'I 

'i 
! 

' 

E 

JWV 
n=-1 · n=O ➔ n=l 

A.,'P.. 

Pac. 4 

E 

' '=-+-_ 
-L___ --- --

======r= ~=----··4-
-~ --+---
-----t=:--

Pac.5 

V 

0 .__ __ ---"'.........::;. __ _ 

'Po 'P 

Pac.6 
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Aim nae ococ5Hii H.ll'l'epec c5y;n;eT npe.n;CTaBJIJrrl, CJIY'laH BllCOKRX TeMIIS

paTyp, lIMSmtllii H8IIOcpe,Il;CTB8HH08 OTHOme:ime K prumeii BceJISHHoii, K oc5-

paaoBamm BAB• Hama. II8pB8Jl n;em, - on;eHHTl> BepoaTHOCTl> npon;eccoB C 

B-H8COXpaH8Bll8M IIpI BllCOKIIX T • Kalt CJIS,ey-eT HS (3.6), CKO!)OCTl> JI3M8H8-

Bll.fl B COBIIa.ztaeT C BepOaTHOCTl:,IO oc5pa30BamI.fl ~yao;llii RaJmc5pOBO'IHOro 

IIOJI.fl C H3M8H8Bll8M I-'\ • Pa3yM88TC.fl, B T8p,40,JUmaMl:I"l8CKOM paBHOBeam 

npon;eccu c t:.. "1 > 0 llMSIOT TY %8 CKO!)OCTl>, 't!TO ll c ..ti\1 < 0 • Hae 

lite H.ll'l'epecym llX BepomHOCTH no OT,Il;eJU,HOCTH. HeTpy.n;Ho IIOHJlTl>, 't!TO 

HH'l'SpeoYJ(lllaJI Hae BSJiii'lHHa COBIIa.ztaeT C BepOaTHOCTl:,IO pacna.zta M8TaCTa

c5HJil>HOro COCTO.flHH.fl, npe.n;CTaBJI.lll(I!lero coc5oii T8p.iO,Il;HHaWI"l8CKl'Ifi aHcaM(5m,, 

IIOCTpoeHHllit H~ O,IOmM H3 Brutyy'MOB, CRaJKSM, c 11 = o. 8Ty Bepom

HOCTl, MOJKHO HBHTH C JICIIOJII,30B~8M Teopm pacna.zta "JIOJKHoro" Brutyy'Ma 

IIpI H8HyJI8BUX: TeMII8paTypax /I5 • 3.n;eci, CKO!)OCTl> STOro npon;ecca IIpO-

IIOproIOHaJII,Ha exp(- S3 ) , r,n;e ~3 - ,n;eiiCTBHe Ha nepio.n;n-qecKOM pe-
meHHH ItJraCCll"l8ClGIX 8BRJllI,Il;OBUX: ypaBHemtii ,Il;BHlltSBll.fl (nepzo.n; = T). Ilpn 

,Il;OCTaTO"IHO BllCOKIIX T8MII8paTypax OCHOBHOii BKJJa,It ,Il;aroT CTaTH"l8CKl18 Ra
JIHc5poBO"!Hll8 H :mrrcOBCKII8 IIOJI.fl, .flBJI.fllOlltHSC.fl 08,Il;JIOBOfi TO"IKOii if?y'HKn;llo

HaJia 3H8prlUI {3.2), T.e. IIOJI.fl, onpe.n;8JISmlllI8 'OJIOllt8Bll8 c5api,epa, pas-

,IJ;eJISnCIIl8r0 pa3JIH"!Hll8 BaityyMll. Ta.IGIM oc5pasOM 61 

~- ~C ~p ( E'o(T)) (3 8) &d-1:. -- . . -~,, • 

r,n;e IIpe,I1;3KCIIOH8Hn;llaJII,Hl,fil qia.KTOp BBe,n;eH H3 pa3M8PHllx: cooOp8llt8HHil:, 

C - HSKOTOpa.fl if?y'HKn;ll.fl T8MII8paTypll H KOHCTa.ll'l' CB.fl3H, Bll'mCJI8Hl'l8 KO

TOpOil: CB.fl3aHO C O!l;SHKOii p83JIII"IHH2C ,Il;8T8p.nlHB.HTOB B ~OHOBOM IIOJI8 {3.4), 
"R (T) = 2.r,wtrJJ ~($\CT)/d..,trJ) Mi.,IT) cl.,.,(T) 9'(T) - 38.BHCSilllHS OT TSMIIe-
~ ~rr , , - , 
paTypll Macca 'W H KOHCTa.ll'l'll CB.fl3H. 3HaK (-) 008CII8'!lmaeT B = 0 
B T8p.lO,Il;HHBMII"!8CKOM paBHOBSClllt. Ilpe,D;CTaBJI8HH08 3,Il;8Cl> Bll"IHCJI8Bll8 CKO-

pOCTH npon;eccoB c 6. B # 0 CIIpaBSWIRBO IIJi1 

£'0 (T) 1 E, lT) 47i 
~ >> .1. j ~ « o{\v (3.9) 

IlepBoe H8paB8HCTBO 80Tl, yCJIOBHe IIpIMSHBMOCTH KBa3HKJiaCCH"l8CKoro IIpI..: 

OJiillltElmI.fl, BTOpoe lite oc5eCIIe"!HBaeT Ilp:IMSHBMOCTI, BllCOKOTSMIIepa.TypHOro 

pa3JIOllt8Bll.fl. 

~p.run,Ho, IIpn T > T 0 , r,n;e T0 - TeMIIepa.Typa ~oBoro nepexo,n;a c 

BOCCTaHOBJI8Im8M CllMM8TpmI £ U (2), xrut08-JI1IOO IIO,IJ;aBJiemte npon;eccOB 

C A B p O Booome OTcyTCTByeT. XOT.fl KBa3HltJiaCCll"l8CK08 Iij1IOJIII%9mt8 
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B STOii OOJ!aCTH T8MII8paTyp He piOOTaeT , HST ID'IKaKIIX IijlI'lllH o:m.n:aT5, 

'ITO ItOBq:IU'ypa[]1im TH!Ia (3.4) IIO,Il;aBJISHU llpH BllCOlGIX T8MII8paTypax 31: , 

Tait 'ITO CKO!)OCTl, npon;eccoB C B /. 0 B8JllUta,. XOT.fl H He MOX8T Olll'l> 

- ~SJtHO Bll'mCJI8Ba. Ilepeitlt8M T8II8pl> It ltOCMOJIOrlI"!8CKHM CJ18,Il;CTmtBM 

aHOMaJII,HOro SJI8K'l'p0CJia.Ooro B-H800xpaH8Hll.fl IijlI BHCOKIIX T8MII8paTypa:x:. 

HaibteM npel!r,ll;e Boero T8MII8pa.Typy, BIIJIOTl> .n;o KOTopott npon;eccu c 

B-H8COxpaH8Hll8M H8XO,IU1TC.fl B T8];140)l)IHBMl!"!9CKOM paBHOBSCllH: 

t t "- M,e 
e. ~ 4 - N."z. "T"' 2. (3 IO) ·~H ,,_ , • 

r.ne Ne~ - i:m:CJio .aMieKTHBHO oesmcconux: CTeneHett CBoc5o.n;u. 

OT~a 

~ !!:: 2Mw (,J,) ~ Ji._) 
' &w e,,, fH,tf T.if.) ( ol..,, , 

(3.II) 

Tait 'ITO IIpH T £; T,,,. npon;eccu c B-necax:paHeHHeM IIpaKTHtJ8CIIH He H.n;yT. 

3Ha"!8BH8 T;,. 3am.ta!IT OT BeJIH'lllHH ~ • Hanpm,tep, npn ?i -=S~ , 
B = 2,I, T0 = 340 I'.aB, T,i,. = 0,6 T0 = 200 rsl3'>"> M wCT). 

,Ifs:>IIyCTHM, trl'O llp! T8MII8paType T G-lJT . sa C"IST TB0-BsaBMO,IJ;8!CTmtl 

BOSmutna Jl8IlTOHBaJI H 6all!OBBWI aCHMMeTpI.fl t\g O , 6Lo • 3a C"l8T 

aHOMBJll,HllX 8Jl8RTpoCJJa0HX npon;eccOB "laCTl, STO! acm.!M8TIEH HC"l83H8T • 

IlocxoJI&Jty aHOMBJll,Hli8 npon;eccu COXJ)!UI!mT P.:,-L. {CM. (3.6), SBOJlll.ttl(JI 

Oall!O!J!!O:lt (H JI8Il'l'oimo!J acmomTIEH Oim:C!maeTC.fl KIIH8TH"l8CKHM ypaBH8-
Hll8M /I7/ 

d Ar- d6L ..:,1 . 

~= dT"" =--'t" (b~+ti.d, 
(3.I2) 

r.n;e "c- - xapaRTepHoe BpeMJI npOTeitaHHJI aHOMaJII,HHX npon;eccoB, 'L:-n.. 
""\!> ~ lIPJ,I T ) Tc , ~ - H8H3B8CTmtil: ~op, 3amtcmqHI OT ltOHCT8H'l' 

CB.fl3B • C7re.n;OB81'8Jll>HO, 

.11!. Cic ): ½ (tie,:61.o)+ { fo@-
0 
+ li.L

0
) e-,4 

A~ r-, 1'-lpe /~ · Ne~ "' r-, 10'~ 
(3.13) 

!!) BaJmo, trl'O ItO~ (3.4) .HBJI.fl8TC.fl "IHCTO ~T~ff• 0Jm.t{a8TC.fl, 

'ITO IIPI T > Tc Mal'Hl'ITHH8 JIOJI.fl llpIOOpeTBlOT Macey IS IV!.,.~.., ""cil"" 7; 
'ITO .n:aeT Eo IT~ t-n~ lT) Id..,~~ 0 ( 1). 
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flCBO, '!TO Ag ("fc )::. ½ (6e,;" C).4) C O'l8Hl, 60JibllDH TO'IHOCTI,JO. 3To 

03:Ha'!aeT, 'ITO 0CJm nepBll'IHrul EAB B03HlUt)Ia B npoqec:,l ~ &-ls cox

prui8HH0M (rum, CKal!t0M, B MHmIMaJll,HOit MO,IJ;8Jlll 'S,V(S) lB , TO OHa 

noJIHOCTl>ID BllMHBaeTcH K MOMeHTy SUl'2) x UC'1) qiasoBoro nepexo.n;a. 

06Cy.n;HM Bonpoc O KOCMOJIOrl!'l0CKOit lm3H0CIIOC06HOCTl1 TBO C rb-L. 
COXprui0IDI0M 60JI80 no.n;po6Ho. Heo6XO.n;EMOCTJ, arocypa.THOro pacCMOTpeHHH 

COCTOltT B TOM, 'ITO BOSlillKrnaSI B TBO EAB 06bl'mO H8CHMM8TpB'!Ha llO 

KBapxoBblM apOMaTa.M /l7 , 19 • Tax, CKWKSM, B MO,I1;0Jll:I ~lJ(5) c ,n;BYM,fl 

KBBHT0TBMH CKaJIH]?HUX: noJiei1 c BaKyj'MlillMH cpe.n;aHMlil o.n;Horo nopsmxa, BAB 
nponopn;HOHaJII,~ lORa.BCKllM KOHCTaHTa.M CBH3l1 mm6oJiee Tmt0JIOro qiep.moH

HOrO .n;y6JI8Ta 117 , 191 

Ae,/"' 0(10•'3 )~111; ? ~"'.S tV o(~IJT 1~g. (3.14) 

TaKltM o6pasoM, B snoxy TBO EAB cocpe,n;oToirena B TmteJWX KBapKOBmc 

apoMaTax, a Jl0llTOHHM aCHMMSTprul, COOTB8TCTB8HHO, B Tp0TI,8M llOKOJie

Hltlt. CynteCTBOBaHlte ~eimmaHR.fl M0JK,Ity KBapxaMH sa C'l0T 06M0Ha Xltl'rcaMR 

llp!BO.n;RT It paBHopacnpe,n;0JI8HltlO EAB no KBapxOBblM llOKOJI0HWIM. Ila OTC;fT

CTBlt.fl CM0111lIBamm B JI0llTOHHOM ceitrope c.ne.n;yeT, '!TO 0 CTI, aCllMM0Tp!.fl 

M0JK,Ity JI8llTOHlWMII apoMaTB.Mll B MOM0HT Tc , H8a.l:0Tpil Ha TO, 'ITO cyw.mp-

H00 /..,. = 0. f&>:lltHO ll0Ita3a.TJ,, 'ITO 

( T ) ./ m~ ("Ti,<) 
6 ~ ~ ;,.12 ,r2. -:i: '2. 61!>0 

~ / (3.15) 

-~ 
'ITO .IT,lIJl T ~ = 200 rsB .n;aeT .t.e, (T*) ~ ,fO t:. e, 0. 

T8Itl1M o6pasoM, Ml1K!)OCKOIIH'l0CKM aC111MM0Tp!H B pa~ Jl0llTOKBapxoB 

Si..s = l:' G 2•~ ... : r 7 Bk .n;OJD£Ha 6m1, nopH.n;Ka e;nnmcn., 'ITO npe,n;CTaBJIH-

eTCH MaJIOBepomHHM~ BosMo.lltlmil llyTl> yB0Jll:l'l0mIH EAB B Mo.n;eJIHX c P.:.-l 
COXprui0lill8M - BB8,IJ;0Hl10 .n;onOJIIDIT0JibHOrO T.8llt0JIOro llOKOJI0mIH qi8IU!OHOB. 

8:ro o.n;HoBpeMeHHo yB0Jllt'll1BaeT b n-,~ 11 qimTOJ ,o.n;aBJiemIH (3.15). 

Ilp;t0MJI0MaH 6apIOHHrul aC11MM8TpIH B03Hl1Ka0T llp! 
6 

~ N O(~o:> ~ .. ~~ 
~~, ~~ . 

EcJm llt0 llOKOJI0mI:i!: TOJ.IJ,KO Tp!, TO Blt.n;HO, 'ITO KOCMOJIOI'RH Tpe6yeT 

Cl11JibHoro Hapymemxn B-l. (CM. ,o.n;HaKO, mme). Ta1toe mpymeHite 

BOSMOJKHO B ~e MO,Il;0JI0it 60.m,moro o6!.e.n;RH0HHH. Hanpmi!ep, B MO,Il;eJm 

~ U(5) Heo6xo.n;ItMo .n;o6aBl1Tl> XlU'rcoBCKllit 15-llJieT, 'ITO np;,:Be.n;eT x 
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1:1 

llt0CTlt0My HapymeHltlD e:,- L., • B MO,IJ;0Jllt S, 0 (IO) CllOHT8HH00 ~-4 
Hapym8Hl10 MO.llt0T OCYJll0CTBJISiTJ,C.fl sa C'l0T HaJllrf'llI.fl y CitaJIHpHoro I26-llJI8-
Ta Ba.KyyMHoro cpe.n;Hero c KBaHTOBW.W: 'lltCJia.Mll (l,1,3) OTHOCltT0JibHO 

~U (3) x <;v (2}L x £! U (2)~ • Clre.n;CTBB~ .IT,lIJl qHSltrot 'laCTnq CltJlJ,Horo 

B-:e:ecoxpru1eHltH HBJIJlJ(7l'C.fl OTJll:l'lHli0 OT HyJIH Ma:i!:OpruIOBcrote MaOCH H8tiTp!

HO, BetiTpoH-aHTl1H0HT!)OHHH0 OC!Ji!Jl1l~, .n;onyCTHMa B03MOJltHOCTJ, (J!JIJ,HO

ro Hapylll8HHJI e, - ~ B pacna.n;e HyltJIOHOB llp! 06M8H8 Cit8JlSI,PlWMl! Jien

TOKBa:pxm.m (MO.n;u ~-'>e-1<+ > p-v kr. 11 T • .n;.~ 

OTMeTHM s.n;ec1, Taue nHTepeCHWi cqeHa!l'!R l I BosHltIOloBeimn BAB 
np;,: imsltlll: TeMIIepa.Typax {Heo6xo.n;m40 1 '!To6u 6wzo T ,6 T,.. ) sa c'leT 

pacna.n;a KJiaCCR'l8CKOro CitaJIHpHOro llOJIH, Hecymero 6aPIOHH08 'IHOJIO. 0H 
8CT0CTB0HHHM o6pasOM peamrayeTCH B cyII0!)CltMM8T!l'l'llWX T00p!JDC · 6om,mo

ro o6'L0,ItRH0lmH, r.n;e KBa:pKOBHM l1 JienTOHHHM CT0ll0WlM CB06o.n;u COOTB8T

CTBym' CKaJIH]?HH0 cynepJapruepu C T8Mli llt0 KBaHTOBHMli 'lllCJiaMlt. 

3 .2. CqeHBJlifi BosmnmoBaim,a; BAB B wreKTpoCJia6oU 

~ 

Bap;,:oHHaH aow.waTp,IH Bce.l[0HHO:it MOrJia 6u B03HltKaTJ, B npoqecce H0-

paBHOB8CHOro ipasoBoro nepexo.n;a («III) nep13oro ·po.n;a c mpymemxeM rpynnu 

<;U(2). B 0Jly"m8 llt8 fl BTO!)OI'O po' OTKJIOH8Hl1H OT paBHOB0CHH H0B8Jm-

KB, lI BOSHIIRHOB0HH8 BAB H8B03MOJ!HO 6/ • . 

Ilp;,: fl nepBOl'O po.n;a 8qql8ltTHBIWit llOT0JmllaJI Xlll'rCOBOXOro llOJIH IIp! 

TeMIIepa:rype, 6Jmsxo:lt It IqBTnecKO:I! T0 (II!)B T = T0 uc-qesaeT. 6apI,ep 

Mes,ey ipasar.m o ~ = 0 H (f:: ~0 ,' 0), HM00T mi:.n;, H3o6pageHHHit Ha 

pnc.6. Tmt, llpaRTlt'l0CIGI BI?IOTJ, .n;o Tc Cl1CT0Ma HBXO.n;RTCH B COCTO.llBlm 

C ~= 0 , SaT8M STO coc-romme CTa.HOBltTCH H0CTa6ltJIJ,IWM 11, B xonqe 

lt,OHqOB, CROTeMa Oita3HBa0TCH B MHllHMyM8 C 'f '= ~o • 

06ClY,ItHM do.nee IIO.n;po6HO CTJJYKTYPY OCHOBBOI'O COCTOJl!W[ IIp! T > Tc 

H T <. Tc. F.CJlK T < Tc I TO OHMM0Tp!H HBJIHSTCH CIIOHTBHHO napymeHHoit, 

VI- H ~- 6030HH IIp,I06peTam. Macey. OcHOBHOO COCTOHHI18 npe,n;CT8BJIJf-

0T HS _ce6n 'lltCTYJO xa.,m6pomty, Ar~.s 'oi..f\-,f • lip!!! T > Tc CHMMST

l)HH BOCCTa.HOB.IIBHa, B0ltTO!)HH0 6030HH HM0lOT HyJISBYJ) SaTpaBOlJHYJ) Macey• 

3To II!)HBO.n;RT x CJIJIJ,HHM ( CTenemmM) ltHg)paxpaClWM pacx:O.n;RMOCT BM B 

C8ltT0!)0 CTaTH'l0cmtt SU(2) ;.; 1118I'HIITHHX nOJiei!:, n, BOnOJmo, R cyiqeCT

BOBamm B8Tp!BJlaJIJ,Bo.it CT!)yRTY!)H OCBOBHOl'O COCTOH!m.lI 16, 171. B ~e 

pa60T 6wm llp!B0,IJ;0HH apryMeHTH, IIORaSHB8JllltliI0, 'ITO Hea60.II8Ba IIJJaSJ,,a 

llp! ROB8'IHHX T8UII0pa.Ty:pax MOJteT co,nepzaTJ, H0HyJI0B00 SU (2)-Mal'Hl1T-
H08 IIO.II8 C BanpJWlHHOCTLI> \-\ ..,_ ,8 3 'T' 'I. H xapaitrepmm: pasMBpOM 

H80.n;HO!)O.n;H00'?0I r.1 C,8'LT:f~ /I6 ~2l,?/. Bo BpeWI II!)O'l'8itam!JI ipasOBOl'O 

nepexo.n;a nepBoro po.n;a H0Tpmma.nr.BH8 xo$rypaa;1m Mal'Bl{TBoro nOJIH 
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CTaIIOBSlTCSI HSCTa61IJ11,JWMH, IlOCKOJll,Ky OHll ,ItOJD!iHll npeBpaTHTI>CSI B tmC

T-yID. RaJm6pOBKy. Ta.IWM o6pa80M, 8Ha'i9Hll9 HHTSrpaJia 

.1. s-z. c-t: 4 ,._ 
f:, = V 32 7i'Z. j d X FF = (3.I6) 

"'=o 

= f. [Ncs(-b)- ~s-l-bo)], 

o't 2 -" /I ) ,j1<. 
N. -:. _Cl_ \' cf\ Ti- ( ~ i A I( - 3 71 i. A,f'1 K. G cs 3'2:TT2. .J c:.J 

.fIBJIJiaTCSI, BOo611!8 roBOPfi,OTJllltJJWM OT HyJIJI / 7/ (s,1tecr, V - o6'l>eM 

CBCTeMH, Ncs - tmC/IO lfupHa-CaiiMoHca, cOBIIMal00!88 c (3.3a) ]])II1. 

IlOJieii, npe,ItCTa.BJIJI!Oll!IDC 'llICTOO KaJm6poBim). B CBJ!Y (3.6) B, 8CTI, 

HS trrO HHOS, ItaR 6apJOHH09 'llICJIO, poor,Ita.lOlll88CSI B pe3yJ11,TaTe S. U(2)-
qiasOBOro nepexo,1ta. Ori;emrnaa: Nc- (-t. 0) Kalt 

s 3 

Ives (to)"' e<V\-\A~ Vr:J.-.3 T, (3.I7) 

no.nyt1aSM 6apJIOHH-yro acn:MMSTprn /7 I 
t'\11 3 
~ ~ ot (3.IB) 

(HanoM!mM 8KCll8p!MSHTaJII,H09 8Ha-qe:ime Yl Cl, /J1r !!:: ro-8 + 10-10). 
)WI 60Jiee arotypaTHoro pacCMOTpeHWI B08MOlltHOCTH B08mIKHOB9BHJi EAB 

B 8JISKTpoc.na6oit TSOpm'I CJl9,Ity8T BB8CTH Il0Hll'ffl8 8qq)eKTHBHOro IIOT8H

D;l'la.l1a OT BeJllltmHU B . &ro JJBJIJISTM BOSMOlltlWM, IIOCKOJII,Ky 8Ha1i8HHe 

B saBRCHT TOJII,ltO oT Ha'lam,Horo cocTOJIHM :a MOM8HT BpeMemt to. Taxoil '. 

8qxileKTHBHHil IIOT8HD;llaJI HM98T o6li'IHHil CMUCJI: OH ,ItaeT. 8Ha1i8HH9 CB060,It-

HOii 8H9p!'IDI B 8aBHCllMOCTll OT ~ • JPI B08MOJltHl,18 q>Op.m 8qxileKTHB-

HOro noTSHD;llaJia Hso6pg,iteIW Ha pi:c. 7 lf (saMeTHM, trro V C&) cm.t-

MeTpi'ieH OTHOCHT9Jl1,HO 8aM8HU s.:..:.-~ ; 8TO 8CTI, CJ18,ItCTB.118 CPI'-CHM
M8Tllffl). ECJlll HMeeT M8CTO p.ac.7, TO reH8!2D;BJI BABB SUC'2.)xVl~) 
.fIBJIJI8TCJi H8B08MOlltHOii, T.K. 8,It8CI, OCHOBH08 COCTomme S!BJUI8TCSI T.IE

BIIaJU,IWM. B CJiy'laS pJIC. 76 BO BC8JI8HHOii 6YlJST 06pa80BUBaUCJi ,ItOM8ml 

3£) Ka!truJ: H8 mIX pea.mrnyeTCSi, ceii'iac H8.118B8CTHO. BosMOlltHO, OTB8T Ha 

8TOT Bonpoc MOJJtHO IlOJiy'IlITI, B pemeTO'iHOit q>Op,tyJlllpoBKS KBJm6pOB01i

Imx Teopi:ii. 
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c pa3H1,1M :ma1IeimeM B • B 06.naCTmc c B '> 0 6y;rceT B03HH

KB.TI> 6apIOHHrul acIU.!MSTpiSI, a B 06JiaCTJDC C B < 0 - amn:6apiOHHaSI. 

reHe~sr Ha6JIIO,ItaeMoro 6apnoHHoro na6m:ita B CJIY'lae 76 B IIplll!IJ,fIIe 

B03MOlltHa, Heo6xo.mmo, O,lU!a.KO, HaliTlI @KTlIBH!tlt MSxaHH3M paCTJmSHHSI 

)tOMSHOB 'AO pa3MepoB IIOpsr.ItKa Bli)tn:MOil 'IaCTlI BceJieHHoii. 3a.MeTliM 3.ItSCI,, 

'ITO Ta.Ra.SI paCTmKKB. HSB03MOliWa BO BpeMJI CTa!I,ll;apl'HOro pa3.cyBalllUI, 

IIOOKOJII,KY 3KCIIOHSIW;llaJil>HOS yMSHI,lll0HHS TSMIISp:lTYl)H I!p!BO,IO'IT It lIC'ISS

HOBSHHIO KBJm6poBO'IHOI'O IIOJIS!, A ,v e,,;,<p (-1-1 t.) ; npn: IIOCJIS,JzylO: 

lltSM IIO)tOrpeBe BceJISHHOll o6pasymcsr HOBHS ]tOMSHH C pa3MSpOM Q(~i,-I. 
EcJm IIOTSIW;llaJI l'IMSST BR.It, yxasaHH!tlt Ha piC. 7B, TO reHepau;rut EAB BOS

MOJ!tlla IIpn ,ItOCTaTO'IHO CMI,HOM CP-Hapymemm / 7/. Hep:tBHOB8CHOCTI, pac

llllipeHHSI BceJISHHOit l'I CP-HapymeHHe BO B88liMO,IteitCTBlIJDC O HSCOXpaHSHHSM 

6aprnHHoro 'IliCJia cHHMaIOT BHpoJK,IteHHe IIO & • Boa~asr .I{o6aBKa 

It 8qXpElltTHBHOMY IIOTSIW;llaJiy f" ( &) l'IMSST BR.It / 7/ 

Lit:<&)=- bn.is 'f 'l/Mpe· & , (3.19) 

r)te £...,s - MliKpoOKOIIli'ISC!ia.fI aCilMMSTpllSI B IIpo.a;ecoax C HSCOXpaHe-

HHSM 6apioHHoro 'IliCJia, 

~ _ G'(ii-,-=>01.4-l)- e-tl;--->~) 
~s- . ..---

6"(41->0tf-t)-+ 6" (Li,,-atii) 
(3.20) 

TaruIM 06pa30M, B s:Wn:CIIMOCTH OT 3Halta <o "'13 (ItOTOpHfi CBHBaH CO 
I> 

8H8KOM CP-HapymeHHSI B paCIIa,n;ax K - MSSOHOB) OOCTOSIHHS C MliHlIMBJll,-

HliM (M8KClIMBJII,HHM) 3Ha'ISHH8M & CT'HOBliTCSI Han:60Jiee SHSp:t'STlI'IS-

CKI! BHI'O,!(HHM. Mo;mo IIOita3aTI,, 'ITO npn: 7/ . 

1: -=- lv1re d.-z S > 1 
':) ~ ~s ,-

{3.21) 

ClICTSMa OitaJKSTCSI B COCTO.!lHIIll C Ma.KCHMaJII,HliM (IIO MO)zy"JDO) 8Ha'ISHH8M 

HSSaBn:Cl'tMO OT MSCTa Ha IIJiaTO, C KOTOporo OHa CTaproBa.na. Ilpn 8TOM 

BSJm'IliHa. EAB He 3aBHCilT OT mmJIHTy;tCH CP,Hapymemrn:, sHBK JJte EAB oIIpe-

.I{SJISISTcsr 8HaKOM CP-HapymeHHSI B pacnEWl,X \( O • 

BH1Ill!CJiemi:e ))""S IIpe,ItCTaBJISI8T co6oit Tpy;ItHy!O sa,n;a-qy I IIOOKOJII,Ky 

s.ztec1, CP-HapymeHHe BOSHHKB.eT TOJII,KO B I2~ II9RH.ItRe IIo llK8BCRW4 KOH-

CTaHTaM CBHBlI. I'py6ue o.a;eHRn )taJOT '§. = 10- + I, 'ITO )ta8T BAB 

1-iP., -1'2. -4 
6. <Tc-)"' "'t, (V IO -:--10. 

~ 

18 

i 

SaMeTIDA s.ztec1,, 'ITO MD:ImMaJII,HHe pacmpemi:sr sJieitTpoCJia6oit Teo pm 

( 4- a IIOKOJI8HH8 (fep.nlOHOB, 2- it XlIITCOBCR!l:it )tydJieT' cynepcm!MSTpiSI) 

I[!XIBO)tHT K ~ :>'> 1 H TSM caMliM K reHSparl;IIR MaltCIDJBJll,HO B03-

MO:mott EAB, A~ Ocro4 ). 
.l4am,He:lblraJI Cy;tCI,6a aCHMMSTpm SaIUICliT OT TeMIIepaTypH IIOCJie q>a.80-

BOI'O IIepexo)ta. I'py6o roBopsr, SCJIR '1"7 "> ~..,,, ( OM. pa3,IteJI 3.I), TO 

BCSI B03mntlllaH EAB ymflrr0za8TCSI B paBHOBSCHHX: IIpo.a;ecoa:x: C B-Hecoxpa

HSHHeM. ·n IIpoT).!E!HOM CJIY'la8 BAB )tOlltmlaeT 'AO HaCTosrmero BpeMemi:. B 

o6llteM CJiy"lae 17/, · 

~~oi.,- = A£tlD ~ (k!k), 

r.zte $ l 111 .. ) - qiaxTop IIO'A8-BJ!emrn: aCHMMeTpm, Y'DITHBaJllltl'Itt npo.a;eccu 

c B-HecoxpaHemi:eM lI BH.IteJiemi:e aHTpomm (ItOTopoe TOlltEl yMaHI>maeT EAB) 
BO BpeMJI q>asOBOI'O nepexo]ta IISJ:lBOro po]ta. 3aBl'ICHMOCTI, s c,-.., .. ) H806-

paxeHa Ha pie.a. Sm\~~lp!e Ma.OCH 1111-1 ~ IO rsB OTB8'11aeT T80:pml TlIIIa 

Koy.lllv18Ha-Bruill6ep:t'a /~. 3,zteoI, W830BHi1 IISpeXO)t C Hapym0HR8M SU (2) 
IIpoHCX:O,Il;lIT IIp! mISKOii 'l'81\1II8paType 1 . T "'IOO MaB lI COIIpoB~aeTCSI 

60.l'lI,lllllM BH;It8JI8Hli8M SHTpomm. 

Ta:Kl!M 06pa30M, Macca WCOBCKOI'O 6030Ha 'AOJDJ!Ha JIEllmTI> B HHT8J:lBW18 

mraB~1v1 11 -6 45 raB 
7 • F.cJm A<"\1)>6 .. 4 "' , To Heo6xo,mmo 

yxeHI>meHHe aCMMMeTpm. S'l'o SIBJm8TCSI BOSMOl!UWM TOJililtO ,ItlISl ~11 ~IOraB 

lI "1k ~ 45 raB. 3TH SHa'll8BHSI MOZHO l)aCCMaTpiBaTI> mm. ltOC240JIOI'lI'll8C

KO&' IIpe,JtCita3rume MaCCH DII'l'COBCKOl'O 6osoHa, ec.m 'A8ilCTmtT8JII,HO EAB 
BOSHHltaJla B ~u (2)-wa,sOBOM nepexo,1te. 

4. KQQMQJlQI'IDJ I QYII8PCWtffiTJII't!Hij8 Teonm 

, B IIpe,Itl:l.ltylllHX pa3)t8Jlax 6WlO pacCMOTpeHO Bsam.moe BJIH.mme KOCHOJIO

nm H Tpa,n;II.[JJ!OHHHX Teop,:11 B8JJHKOro o67>e,IO'IH8HHSI lI T80pnI 3JI8ETpoo.na-

6oro B8SHMO,Jt8ICTmtS:. 0)tHSICO B IIOCJI8)tli88 ,!{80JlTHJI8TJil8 B08 60Jll,11188 BBH-
• I • -

Maml8 K8K T80peTliIKOB, Tax H 81tCII8pl,D48HTaTopoB JiplBJI8KSllT cynepcmt-

M8T!E'IBH8 ItBJm6pOBOimHe Teopm. IlOMBMO CBOett SCT8TH1180KOI JiprmJie~

TSJil,HOCT.H I OBH 'ASDT Ba,It8Jl,IC' Ba pemeime IIpo6Jiew .Hepapml, a Tamt8, 

B03MOZB0 1 Ba IIOCTp08BH8 8,Il;lIBia: 110,lteJiel, 06$8.D;lIHJD)lll'l't[ CHJII,BH8 1 CJIB.6H8, 

3JI8KTpcllBI'BJl'rHli8 JI rpamtT~omme B88HMO.It8ICTmts:. 

K caza.nemm, Ba 08I'O,lt1JJIIIIBHI ,Jt8Br, 8llt8 H8T CyD8pcm!M8'l'pillHOil 110,lte.mt, 

KOTOpasl JipI8Hal38,7laCl, 6H BOEUH B Jta'I8CTB8 "CTmmap:aoll" (8Jla.7Iorlflm0 

MO,lt8Jlil rJiaDDy-Ba.lH6ellt'a-Cwralla BJIH ICBaHTOBOI · xp'1,(0,ItKBaMIIK8). OCHOB
HOI Tpy.!tHOO'l'I>ll Ba JIYT.H IIOO'l'po8HHS: Taxoa MO,lt8Jll1t SBJIJmTCH npo6J:rella 

Hapym0BHS: cynep<m!MBTIJDI, KOTOpa.a: 1t HaCTOJ'.l:llt8MY BpeMeBJI 8llt8 He IIOJiy

im.m OKO!Na'l'8JII,HOI'O pemeBIIJl. JJoaTOMY B Jlil8'ACRB.S8HllBX cynepcmam-rp,:'11-

1
19 



HUX: Teopnil:, oco6eHHo B Tex, 'ITO itaCaIOTCJI crrexTpa Mace cyneptap:rHe

poB, l'IM8IDTCJI 3Ha'!l'IT8JI1,Hli8 H80IIpe,IJ;eJI8HHOCTH. YM8lll,ImITl, 8TH Heonpe

,IJ;8JI8HHOCTH MOiltHO TOJI:&KO IIpIIBJI8KM ;i;amwe 8KCII8pIM8HTOB, a TB.Kllt8 

~OCMOJIOrlf'lecmrn H aCTpoqlll3H'l8ClW8 COo6p&telil'IJI. C ,Iij)yl'O:ii CTOpOHH, 

CII8Ul!ipl'l8ClW8 oco6eHHOCTl'I cynepCl'IMM8TPH'IJHWC T8OIE:ii (Taroie, Kalt Ha

Jlll'll'l8 B CII8KTpe a6cOJilOTHO CTa6HJII,HO:ii CJia60B3al'IMO.IJ;8:iiCTBy:Bill8:ii TiaCTl'l

{Ul) ,ll;8JI8.DT llX B8Cl>Ma HHTepeCHWM C TOtnm 3p0Hl'IJI BO3MOJKHOro pem8Hl'IJI 

pima KOCMOJIOrHTI8CKl'IX npo6JieM ( CKplll'Oil MaCCli BceJI8HHOil, o6pasOBaHl'I.II 

raJiaKTHK l'I T • .IJ;.). 

4.1. KaTI8CTB8HHa.lI OU8HKa COBpeMBHHO:ii 

llJIOTHOCTH p0JlllKTOBHX TiaCTHU 

HanOMHlIM BKpaTD;e qJOpMyJili CTaH,IJ;a:pTHOil: T8O~ l3oJI:&moro Bspwa 

(no,ll;po6Hoe HsJioxeHHe CM. , Hanpl'IMep, B mmre 24/). 
Ha Ha'laJI:&HO:li CTa,IU!ll paCimipelil'l.!I ,IJ;OMllHl'lpyeT H3JIY'l8HH8, llJIOTHOCTl, 

6Jll'l3Ka K Kp!Tl'l'l8CKO:ii: 

f= c'/3 

3 
Be= &7r 

l-1 'l. 
Gr 

s 
Q=:. 7 ~-1 

C 

Qi: ~IMPe . 

8;i;ec1, Cc - RPHTl'ITIBCKa.lI llJIOTHOCT:&, \..\-=- H l t) - "IIOCTOmIHBJI" 

Ia.66Jia (3aBHCl!IT 

,u,1rnaT) , N Pe. 

8TCJI no 3aKOHy 

OT Bp0M8Hl'I~ HO HB 3aBl'ICl!IT OT npoCTpaHCTB8HlWX KOOp

= 1,2.IOI rsB. BceJIBHHa.lI Ha S'rOii CTa,u;RH paCIIIHp.!I-

Q. I\, tl'z 

lJJrOTHOCT:& 8H8prHH II8,ll;a8T co BpeMBHBM no 3aKOHy 

" - 1.-t.'-c - '32,r Gr 
3 

(OTMBTHM, 'ITO aTa qJOP4YJia H8 CO,ll;8p,li.HT 3aBHCl!IMOCTl'I OT 'll'ICJia CT8ll8H8il 

CBO60,IJ;l,l 'laCTBU) • 

Ilpe,ll;IIOJiaraeTCJI, ,IJ;aJI88, 'ITO 6Jiaro~p.lI B38iIMO.D;8il:CTBHHM, OllBCHBaeMNM 

TBOPH.IIMll 6OJI1,moro o6'Ii8.u;nHelil'I.II (BJIH ItaKlll.t-JIH6O ,IijlyI'BM B3all:MO.IJ;8ilCTBH.RW 
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Bee 'laCTBIUl HaxO,IVlTC.II B T8p.!0,Il;l'IHEIMl!'l8CKOM paBHOBBCIDI, Tax TITO 

MO!CHO BB8CTll {06l!lYD) T8Mll8p:l.Typy BcMBHHOil T, CBJl3rumyD C llJIOT

HOCT:&!J 8H8pr:mt COOTHOW8Hl'l8M 

,r7.. -...,4 
l-=30 N,-s-! , , 

r,ll;e ~~ - ajqieRTBBHO8 'll'ICJIO CT8ll8H8il CBOOO,IJ;H TiaCTRD;: O,ll;HO qJ8p-

MIIOHHO8 IIOJIJlpI3OBaHHOB coCTo.lIHHe (mmpnMep, UL. ) ,IJ;aeT B Ne~ 
B~ ~ , O,ll;HO 6O3OHHO8 IIOJIJipI3aUl!OHHO8 COCTO.IIHH8 - B~ l {HaIIl)ll

M8p, q>OTOH ,ll;a8T N~ = 2). B MO,ll;8JIRX 6oJI:&moro O6'Ii8,ll;llH8HHJI 'll'ICJIO 

TiaCTHD; BBJillKO: NeH = 0(100). T8Mllep:l.Typ:l. BoeJieHHOil µa.n;aeT co Bpe

MBHBM no 3aKOHy 

T= ( MPe_f'Z. ;..-114 
\._2.7ri.] Ne~¼ 

B COBpeM8HHOft BceJieHHott ,IJ;OMmmpyeT (no Ma.COB) B8llt8CTBO. ECJill 
sa61ll'I, npc H8O,ll;HOpO,ll;HOCTB, TO COBpeM8HHO8 COCTO.IIHH8 BceJIBHHOil: xa
paKT8:pH3yeTC.II ,IJ;ByMll IIaP3,M0TpaMH: COBJJ8M8Hlia.lI nOCTOmnta.lI Ia.66Jia ( Ho ) 
B COBJJ8M8Hlia.lI WIOTHOCTI, B8l!l8CTBa ( fo ) , BMBCTO KOTOpott y-'AO6H88 pao
CMaTIEBaTI> 683pa3M8pHO8 OTHODl8mt8 

Q._-:~0 

~Co 
1 

r;i;e ~Co - OOBpeM8HHO8 3Ha'l8Hl'l8 KpITH'lBOKOil: llJIOTHOCTll B8l!l8CTBa. 

ClJiyqatt .sL <· ~ OTB8'la8T OTKplil'l'Oil BceJIBHHOil, .Q_ > 1 - 3aMKHyTOil, 

n = l - llJIOOKOil: BceJIBHHOil. 

1:JHCJI8HHli8 BHa118Hl'I.II 9THX napaMBTpoB TaKOBli: 

~ 0 = h.' ~00 c: l<~l'lc = 3 ~0 .. 1048 
C --r 

\,o-=- o.s.;-~ 

-2 •'2. -'2 
~.s.,o ho ~ SLo ~ ho . 
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liruKHmI rpamIWl ,Iµm: 52_ 0 CJI8,IJy8T HS Toro t 'ITO cpe,Il;Hllli llJIOTHOCTL 

CB8T.Rill8HCJI MaTep:im:, corJiaCHO Ha6Jll0.rt8HHRM, COCTB.BJJJI8T 

' -3.f . 
~c6'er ~ '3 • '10 1./ ~ ~ 

Bepx:HR.!I r~ ;D;JJJI Sl.o CJI8,IJy8T HS Toro, '!TO BOSpaCT BceJieHHoif 

SaB8.rtOMO npeBOCXO.n;HT 10 MJip.n.JieT. 

0.n;nH HS <pyH.D;aM8HTaJILH!il( pesyJil>TaTOB Ha6JllO;D;a.T8JII,HOii aCTpoHOMRH 

S8XJIIO'la8TCJI B TOM, '!TO Hap.lJ.I{y ,CO CB8T.Rill8HCJI MaTepn:e:11 BO BceJI8lil!Oli 

;D;OJDKHa lll)llcyTCTBOBaTL 8Ill8 H 11 Ciq)lll'aJI11 (:wm 11T8MHaJI") Ma.Cea, llpi'l8M 

B8JlH'IIRHa cxpmo:11 MaCCll, llO-BH.n;HMOMy, . BO MHoro pas 60J!l,W8 Ma.CCU 

o6wmoro, CBBT.RilleroCJI B8Ill8CTBa ( Stca,.p1i,T-=- -fO+ GOSl.caeTJ. 
0rpaml'l8Hl'I8 Ha llOJIHy!O llJIOTHOCTL BO BceJielill0:11 ( 52..o ~~ ) - O.n;HH 

HS B8lltH8iilmDc liCTO'lHl'IKOB KOCMOJIOI'lt'l8CI<WC orpaHPI'l8HHH Ha CBO:liCTBa 

8JI8M8HTapHUl( 11aCTHll; (,npyrne HCTO'llllllW - paCIIp0CTpaH8lillOCTL r8JlHJI, 

;n;eiiTepn:JI li T.,It., cneKTp p0JlliKlrOBOro ll:SJJ:y'l8HHJI, CII8KTP KOa.m'l8CKIIX 

Jiy'leil: s;n;ecL o~cy,ir,n;aTLCJI He 6ylJYT). 

KaK HS orpamI'l8Hl'IJI Ha llJIOTHOC'l'L MaCCll BO BceJI8lill~H llOJJ:y'lHTL HH

q)Op,fan;HIO O CBOiiCTBa:x: 8JI8M8HTapmoc 'I8.12f!J? ){.)IJI 8'l'Oro Ha,ItO YME3TL on;e

HHBa'l'L COBpeM8HHyIO llJIOTHOCTL '!aCTHn; 25 • 
PacCMOTl)llM X -11acTID.H c Macco:11 m .. .lJycTL oHH CTa6nJII,HH n 

MOryT HC'l8Sa'l'L H pOJK,Ir,a'l'LCJI JmlllL napaMII: X + r~ 'ITO-TO, C8'!8Hl'I8 

aToro npon;ecca 6 • 
KaK SaBHCH'l' KOHn;8HTpa.mlJI X -'laCT~ • OT BpeM8HH? 

CHa'!aJia sa6y;i:teM Ha M!A.lfYTY o paClllllpemm BceJielllloii. Tor.rta paBHO

BeCHaJI KOHn;8HTpan;lIJI ;n;aeTCJI 06:wmm.m <l)oIJl!Y.nm.m T8p.!O;D;aH8Mllltll: 

e, f (:ons-l-T 
3 

-
~ - 7 

'X - Coi.t5-!:., (Thif'2 e,_rn/T 

T":bh1 

Tc::<tn . ., 

IlyCTL 'l'8II8p:& BCBJieHHB..fI pacmn:psie'l'CJI, HO Oti8HL M8,IVI8HHO no CpaBH8IDID 

c TeMIIOM aHHlII'HJI.JmIDI X -'IB.CT~, T.e. 

Hft) << G"nx cr-., 

r,Ite \S" - OTHOCRTBJI:E,HaJI cxopoCT:& X -11acT~. . Tor.na KOHn;eHTpa-

lUIJI 6y,It8T llO'lTH COBII~aTl> C paBHOB8CHOil: e, 
VIX~ 'fl X 
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B npoTlIBOllOJIOlitHOM npe;n;eJII,BOM CJJ:y'la8 O'i8H:& 6uCTporo paClllll'.peHHSI 

MOJtHO npeHe6pe'!L a.mrnr~e:11 H p0x.ztemrnM X -'IB.cT~. · Tax '!To 

me KOHn;8HTpaDJa:JI 6y,It8T na..rtaT:& Jll!ml> sa C'l8T 061Il8r0 pacnm:peHHJI: 

~it 3 "\• = R.3 = co11s-l:.•T • 

8Ha'l8mI8 KOBCTaH'l'll MOEHO BaiiTH HS •yCJIOBHJI Cllll!BIG'! ,ItByx peDMOB 

B 140M8HT Bp0M8HH -t -l'- 'l'aKO:l!:, '!TO 

H lt~f= o tr nxu•'')_ 

3TOT MOM8HT Ha8Ima8TOJI MOM8H'l'OM "srutaJIKH" HJIH 11 0TltJIIO'l8HHJI
11

• C yq:e

TOM CBJISH 

no.nyqaBM 

1/2 /.,\pp 
i:-= NeH ~ 

-II- * hx = h.tl-e ). 

Ilpe;itIIOJiaraJI ,naJI:&H8bOe pacmn:pemi:e 8J]Jila.6aTH'i8CKID4, IIOJJy'mM ;rtJIJI COB-

peMeHHo:l!: xoHn;eHTpa.o;HH X - '!aCTHn; no OTHomemm K ip6ToHBM 

J')Xo 

11~0 

IJepexo,ItlI lt KOHn;8BTp!:UJ.llll 

l1ro 
- I\. 
h -e,o 

* hx 
~ 

T.,, a' 

X OTHOCH'l'OJ!I,HO 6a.p10HOB, IIOJiy"DtM 

1 •1~ , 
~1'1 e- \l" Mp~ Ne¼¼ ll 
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he, -S 
r.I(e 6.-=- -.,-0 ~ I o - 6ap1:IOHHM acm.!MeTIJfSI BceJieHHo:tt. 

i-o 
BoJiee TO"IiMt paC"IeT IIpHBO.DJ:IT It OTJmtmm Ha qia.KTop IIOl)ff.ltKa I + IO. 

4.2. Aa6yxa cynepcm,lMeTpm 

He HMBSI BOSMOlltHOCTJI[, B pru.max ,I(aHHOro o6sopa, IIO.I(p06HO OlIJl[CaTi> 

pasJmm, CYil9PCJl[MM9Tp1:I"IH!l9 M0,1(9J.lll[ (B Ita"I9CTB9 06sopa, a.t., HaIIPJ:I

M9p, 26 , II9p0"Ill[CJmM OCHOBHHe qia.KTU t ItacaJ!l$i9CSI cynep(lll[MM8Tpill[ t 

H906XO,DJ:IMH9 ~ ,I(aJII,HS:iJmero HSJIO.l!t9mtSI. 

IIpeo6pasoBrumSI cynepCHMMBTpml IIBpeBO,I(SlT 6oso_HHHe COCTOSIHBSI B 

qiep,momrua H Ha06opoT, Tait "ITO '!JaCT.HI:Ul c pasHHMR cmrnBMH MOryT Ha

XO,DJ:ITI,CSI B O.n;HOM JI[ TOM .llt9 MyJii>THIIJI9T8 • 

CynepCHMM9Tpliflilill9 Ita.Jm6poBO"Ilill9 Teopm IIp0,I(CRa3HBamT oymeCTBOBa

mte qeJioro. CIIBitTpa HOBLOC "IaCTnq (cynapnapTHepoB) JI[ HX B38.RM0.1(8:l!:CT

Bl'ISI. 0,IUiaito Maccu cynepnapTHepoB, aCJIH II IIpe.I(citaSHBaX>TCSI, TO c 

60JII,!llIDv'M H90IIpe.I(BJI8HHOCTJ:!Mll:. 

"OraH.I(apTHo:1111 cynapCHMM9Tpi"IHO:ll M0,1(8Jlll IIOI<a HST. Y6e,DJ:IT9Jll:,HH9 

3KCII9piM9HTaJil:,Hli9 ,I(OitaSaTeJII,CTBa cymeCTBOBamISI cynepnapTHepoB TO.l!t9 

IIOita OTCYTCTByBJT. OcHOBHNM T90p0TH119CRHM apryMeHTOM B IIOJll:,Sy cynep

Teop1:I:ll SIBJIJm>TCSI pasHoo6pasHH9 CJcy"IBlI COitl)all\9mtSI pac:x:o,DJ:IMOCT8il B 

pru.ntax TaIWX Teopn:tt, "ITO BC9J!SI9T Ha,It8l£,Ily Ha pememte IIp06JI9MH KaJm6-
poBO"IHI:« l'!epapmii, a Ta.RlK8, BOSMOlltHO, Ha o67>e,zumemte BC9X BSBllMO

.ttaiiCTBH:tt, BitJll01IaSI rpaBHTau;HXl. 

KpoMe Toro, MOlltHO Ha,It9SITI,CSI Ha TO, "ITO ycxope:TeJIH HHH8111Hero l'I 

CJI9.u;yIO~ero IIOKOJiemtil: BH9CYT SICHOCTI, B BOIIpOC O CJ'm9CTBOBamm cynep

"IaCTl'lq, IIOCKOJILity l'IX Maccu, Bepomuo, He IIpeBoc:x:o,JtllT NI03 raB. 
MaTeMaTl'!"I9CKaSI OCHOBa cynepCIDv!MBTIJUI B9CliMa 8JieraHTH.a H B.llpalKa-

9TCSI, IIO CJ'm8CTBy, H8CKOJII,Kl'IMH qiOIJ,!yJiaMH I OIIl'ICHB81l~ a.JJI'96py ra

H8paTOPOB rpyn!Ihl IlyaHKape ( Pr , fv\ )"V ) , paCIIll'lpeHHyD sa C"I9T 

.I(06aBJI8mtSI CIIl'IHOpHoro reHepaTOJB <t" ( N = I cynepcmdMeTprSI): 

[ ~) Qol ]= 0 
cl~ Q u1r.,, Qcl ]= o f'v ia, 

{QJ.J Q~ \==- ~;f> P/1. 
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0CHOBHaSI IIpo6JieMa cynepCHMM9Tp!t!HlilC T90p!Iii SaKJ.llOtJaeTCSI B BH6ope 
C1Ioco6a uapymamtSI cynepcm.!MaTp.m, T. e. pas,ll;Bl'OlUtll IIO Macca Mez,ny 

06.WIHHMII '!JaCTHqaMI! H HX cynepnapTH9paMli ( TO"IHaSI cynepCl'IMM9Tp!ISI 

IIpe.ztcxaaHBaeT paB9HCTBO MaCC tJaCT.HI:Ul l'I ee cynepnapxHepoB, HO B IIp!I

po.zte ml'. C.KaJISipHoro 8JI9KTPOHa c MaCCOil: 0, 5 MaB) • 

HeCMOTPSI Ha OTCYT CTBHe "CT~apTHoii" cynepCJl[MM9Tp!I"IHOii Mo.n;e.1m, 

MOll!HO ajiop.cy-JmpoBaTI, 11TlIIIOBHe IIpaBl'IJia HrpH", BHIIOJrWlIDIIllI9CSI BO MHO

rll[X MO,It9Jlf.lX l'I IIOSBOJim'.lllllIB IIpOl'ISBO,DJ:IT!, oqemm CB"I9mtii, BeposrrHOCT9i1: 

pacn~a l'I T.II. 

IlpaBl'IJIO Ni I ItaCaeTCSI COCTaBa "iaCTHq. MOlltHo IIOKaSaTl>, "ITO mt O,Itlia 

l'IS -l'ISB9CTHHlC '!JaCTl'!q He MO.l!t9'1' 6HTI, cyneprapTHepoM KaKOii-Jil'l60 .n;pyro:tt 

HS HSB8CTHUX '!JaCTJl[q (HaIIpmrep, xmTCOBC!tliii 60SOH HS MO.l!t9T 6HTI, CKa

JIJipH!iM IIapTHepoM 3JI9ItTpoHa) • IIoSTOMy K~oii HS HSBBCTHHlC -qaCTHq 

COIIOCTaBJ!SIBTCSI HOBaSI cynep"IaCTHqa C TeMH .llt9 KBaHTOBHMII tmCJIBMH 

(SJI9ltTpll:'g9CKH:tt sap.rm, ~e-r H T • .I(.), HO cmrn OTJm"ia9TCSI Ha I/2: -9- '\ CitBaIJK "S:0 

e~1 OJI9IITOH :r-:a 0 
Ao 

cue:ttTprno • "3 -= 0 )J --01> 
~ i-, ~ qiOTHHO "S::: ''2 

'w-w BHHO J"""'2 ,.._ 

~-"2 
:5-= ''2 Sl'IHO 

H ➔ tt 
XHITCllHO -:Y-=-''2. 

IlpaBl'IJIO Hi 2 ("IIapHoil SaMBHU") ItacaeTCSI Bepnnm BSaHMo.n;e:ttOTBl'ISI c 

y-qaCTl'l9M cynep"IaCTHq. }JJISI IIOJIY'l9mtSI "cynepa9p!IIHHH11 ~o B 06U"IHOil 

B9p!IIHH8 BSBl!Mo.n;e:ttCTBHSI SBM8mtTI, .n;se J.lll[HHl'! Ha "cyn9PJil'IHH1'! 11
, a ItOH

CTaHTY CBSISH OCT8.Bl'l'l'l, 6es HSM8H8Hl!ISI (npm.iepu CM. Ha p!IC. 9). 
CJre.n;CTB1'!9 IIpaBHJia Ni 2: JieMaftmaSI cynepcm.lMeTpr1!HaSI '!JaCTl'l!~a (JICt.l) 

,I(OJDma. 61ll'I, a6cOJI.KlTHO CTa6l'IJI!,HOfl. lfs Bcex cynep-qaCTHq m.!9HHO JlC-'iao

THqa mm60JI89 HHT9peCHa C TO"llal 3pemtSI KOCMOJIOI'Hl'I l'I aCTpoqiiSl'IIGI. 

:3TO 06'I>.rl:CHSI8TCSI H8CltOJil,KHMl'I IIpe:tmHB.MH. 

Bo.;xapaux:, YCKOPHT8J.II,HH9 3ItCII8p!M8HTH ,I(a.KlT CB8,ll;9HIISI, B OCHOBHOM, 

0 CBO:ttOTBax sapJDteHHbllt { CICBapIGI, CJieIITOHH,. • •) l'IJil'I Cll[Jll,HOBSaHMO,D;e:tt

OTBYJl!IWC "iaCTHq H MaJIO l'II£li0p.la!l;llll 06 JIC-tJaCTIIqaX (Rait 6y;z,;8T Bl'l.n;HO 

1'13 ,ll;aJII,Heiimero, JICtf, c1topee Bcero, HeiiTpam,na l'I 6a~eTna). 

C .JWYl'Oil CTOpoHU, ltOCMOJIOrl'ISI l'I aCTJ)oqiisruta MOryT .n;aTI, Jlt8CTIGI8 

Orpa.Hl'l'qemtSI Ha CBOilCTBa JIC--..aCTHIUl l'I IIpol'l3B9CTH OT6op RaH,ll;R,ll;8'l'OB 
Ha pDJII, JlCtf. 
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K:poMe Toro, JIC-'!aCTRUa MO.llt8T OllT:& ll0JI83Ha B KOC'J,1'.OJIOrlm ,ItlIII BO3-

MOJJtHOro oo~cHeima CK:pllTOil: MaCCli, BO3mutHOBeima HeO,ItHO:pO,ItHOCT8li n 

T • .I{. 

4.3. Krutaa ns cyne:pcm!MeTp!~ tJ:aCTR~ 

MOlieT om:& Jier-qailmett? 3! 

,._ ~ "'+ 
3apimemwe oec~eTHHe tJ:aciTnIUI e. · , J , 't , 'w , H - • IloJI:&-

syac:& MeTO.IOmOit o~emw: DX COB:pGMeHHoil KO~eHT~ ( Y'J ) , OIDicaH

HOit BW!Ie' MOJ!tHO Hai!Tn 

h -6 m 
ne. ~ ~o ~, 

r.I{e m - Macca ti:aCTnIUI. Ho SKCIIe:pnMeHT no nozcey aHOMa.lll,'o TRllte

JIHX ll:pOTOHOB .I{aCT or:paim"<Ieime (CBepx:y) Ha .EX KO~eHTIJMIDO 
28/: 

Jl.. < I -2.1 n . ... o 
I 

'1f4 m ,."3so r:3-&. 

,,._ ,v "'-'t . 
CJre.I{OBEil'eJI:&HO, e , W , \-\ He MOryT Olll':& JIC-tJaCTIDJ;eit. 

~- rJlllmio oopasyeT oe~eTHHe CBsmamwe coCTommJI c rJllOOHa

MK n ( R - 8,Iij)()HlI) • CoB:peMeHHM KO~eHT~ TEUGIX 8,Iij)OHOB COCT8.B

JIH8T 

~ ~ 10-.fO 
!) 

llPR c:paimemm SToro ,m CJia o axCIIeJ;JIMeHToM CJie.I{yeT pasJmti:a1':& .ItBa 

c.xyqaJI: a) J1er1Jaiinlltli Hs R - 8,Iij)OHOB sapimeH ( Q -= ± 1 ) - . &TOT 

CJIYllail lICKJil)tJ:8H llOl!OltOM aHOMBJl:&HUX: n:poTOHOB. 

6) .11el'1IBil:lmtlt Ba R · - a.zu>OHOB HeitT:paJieH - aTo BOKJmti:eHo, eCJm .11er

"<Ie.ibmilit R - 8,Iij)OH Bo BJ.)8MJl HyltJI8OCRHTesa CBsm1maeTca c n:poTOHOM. 

Ho eC.llH STOT 8,Iij)OH He oopasyeT CBsmamwx: ooCTo.mma c n:pOTo:aw, TO 

ero ltOHqeHT:paql'IJl B 38WI8 ;ltW!t8 Ha YJ)OBH8 m-IO' llO-Bl!,IOIMOMy' He 

ll:pOTHBO:pe'lltT mntamD4 81tOIIep!MBH'l'M:&lWM .I{a.mmM. 

1:) Hsn:ozemte B &TOK pas,It8Jl8 OJI8.I{yeT, B OOHOBHOM, :pa.60Te /'2:1/ 
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C ,lij)yl'Oil CTOpOHI,[, H3 T80pmI H3B8CTHO, '!TO B JI!OOOil cynepcm.1MeT

Pl'lliOil T80Pl.H B8.T.GIKOI'O OO'I>8,II;HH8HlIH rJIIOliIHO Tmlt8JI98 q>OTHHO. 

Cne.n;o.BaT8Jll,HO, rJIJJHHO, IlO-BH.n;HMOMy, He MOJKeT Oll.rI, JieI'1UUbneil oynep

CHMM8TPl'lllOil 'laCTHD;ei!:. 

Cxa,,/tlrmm;ij KBapx C\ .. Kalt ll rJllOIIHO, CXBaPK 06pasy:5 6ec:qseTHH8 

OBH3aHHli8 COCTOHHHH C OOWllWMII ll CK8JIJip1WMB KBaIJI{BMl'l 3f : 

-;:::: ~ '"S=-0 9 <\ j -~ ,.. V. 'cf 3-= ~ C\ r 

"iv 
3°:-l/2 '\q 

"' ~d Jlel"'Iaiimll:il 1!3 08JWX KBaPKOB q 4 lI.T.GI ~ 
peM8HHaH KOHo;8HT~H B 38MHOM B81118CTB8: 

~ -10 "'e. ~ 10 . 

"cKBaPKOmtit" 

"OeJll,18 KBal)lUI". 

- CTa6.HJI8Ho Ero COB-

CTom. BblCORall K0Ho;8HTPB,URH HCKJJD'l8Ha ( eC.T.GI JI81"miilm!i!: 6eJlblil KBaPK 

Hei!TpaJieH, TO npe.n;noJiaraeTCH, '!TO BO BpeMSI Hyl(JI8oc:mrrei.'1 OH OBH3H

BaeTCH c IIpOTOHoM, T .x. ( 'q" 4 , c3j d ) - Hao.n;yOJieT / 3 J. 
TeopeTlr'l8CKI!, CKBapK ~CTO 0Ra3b1Ba8TCH TJ1llt8JI8il CJI8IITOHa. 

. HTax, HaHOOJiee Beposrr:am.m ~.n;aT&m Ha pOJII, JIC.JJaCTmti:l HBJifillTCH: 

q>OTl!Ho 'g , Heil'rpam,Hoe :xHITCSHO 14" H Clt8JIHpHoe HeilTPIHO v . 
4.4. KoCMOJIOrlr'lecme orprum:11emsi: Ha uaccy 

JieI"miimei!: cyne~CTll~ 

B ,II;aJlI,H8ttnleM O;flJYT paCCMaTpm3aTI>CH Ol'paHH'l8IDm, OCHOBamme Ha 

cylll8CTBOBamut B8IDCH8i!: rpamID;bl ]J,}lH cpe.n;Heii WIOTHOCTll, B8Dt8CTBa BO 

BceJieHH0:11 (KOTOpaH B03HlIKa8T, B CBOD 011epe.n;r,, l!3 orprum:1l8HlIH c:imay 

Ha B03paCT BceJI8HHOi!:). Ho IIpellt,Il;e 11eM nepettTlI It o,a;emtaM, OTM8TlIM, 

3£) C:Boi!:CTBa a.zu>OHOB, CO,Il;8l)lKaIIIHX CKBJIJipHH8 KBapmt C yqeTOM HaJ.il!'lllH 

ORaJIH]?HOl'O KOIU(8HcaTa, a TaRllt8 .iumawma q>aaOBOI'O nepexo.n;a OT (o) 

KBa~rJllOOHH0:11 IIJia3MH K a,Il;p
0

0HHOil MaT8pmI B paHHeii BceJI8HHOil II~

po6HO OO~CI, B paOOTBX /29-3J/ • (B Ka'l8CTB8 0030:IB CM./32/) • 
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I 
.I, 

'lTO 8CTI, 8Dt8 O,Il;HH B03MCllltHblit llCTO'll!HK orprum:11e:imi!: Ha Macey J!Cll. .I{eJIO 

B TOM, 'lTO ra.JiaKTH'I8ClW8 Jlcr<I , ammrn.T.Gipysi: ,n;pyr C ,Il;pyrOM, MOryT ,n;a-

BaTI, noToroi: /S - KBaHTOB, aHTHIIpOTOHOB H T .n. ECJIH aTll noTOKH 

.n;oCTaTO'll!O B8JmKII, TO Opa.IJHHB~ o Ha6.mo.u;aeMI:lMll, MOJKHO IIOJIY'lllTI, 

Ol'pamI'l8HllH Ha Macey JIC1I /
33 ,3 • K HaCTOHDt8My BpeMSHll, O,II;HaKO, Ha 

aTOM IIyTlI He y,I{aJIOCI, IIOJIY'lllTI, CKOJII,-HlIOy,I{I, JK8CTKIIX orprum:11eHHi!: Ha 

OBOi!:CTBa JIC1I, H II03TOMy B ,IJ;a.7Il,H8ttnleM OH He paoOMaTp.HBaeTCH. 

.If.mt OD;8100I 8rutaJI8HHOi!: Komi;eHTpa.a;IDI JIC-11aCTHD; HSOOXO,Il;HMO SHB.T,I, 

C8118l:llI8 amnil'lIJIH[tlm JIC"I. 

AmmrHJIJ!Img digl'lIHO (pzo. IQ) • PaoOMOTpHM cHa';{aJia CJiyqaii T .8llt8JIOI'O 

q>OTHHO, YY\ 'i '>"> h1 J ( h7 J. - Macca q>ep.nIOHOB, B KOTOpl:l8 8.HHHI'HJIH

p-ym q>OTJIHO) ll npe.n;nOJIOll!llM ]J,}lH npoCTOTbl, 'lTO Boe OKaJIHpHbl8 cynep

napl'Hepbl q>ep.mOHOB Bblp0l!r,It8HH IIO Macce: 

t'Y),__ :::: \')1h- sM 9L,Q, e 1- R ,, 

Tor,n;a 08118Hll8 amnII'lIJIH[tlm napbl q>OTJIHO COCTaBJlHST: 

~ -i .i. m ! u 
I "'P"' 

\J'" t'Vt§ 
f-\'1 o ~-i,,,~ 

K 
J 

s<'?i- fi)=-
I 

d.'Z. J_ l'Yl '1. -"-
11,,, 

, lipi. ~~ -M" 1 l1" ~ 1";18" 

TaIWM o6pa30M, orprum:11eme Ha Macey q>OTllHO cylll8CTB8HHO Sa.Bl!CHT OT 

MaOObl aapmteHHoro o:ttaJIHpHOro cynepnap.rHepa M • Hs yoKop.HTeJII,Hl,IX 

axCIIePIM9HToB'/CJie.n;yeT, 11To M ~ 20 rsB. B aTOM CJiyqae KoCMOJiorM 

paspewaeT 127 
l'\'\?~0,5 r-B. 

IlPH yBeJm11emm M 3TO orpaHH1Iemxe yCHJIHBaeTcsi:. TaK, IIPH M = 40 
rsB ,n;o.mmo 011:rr, mi~ r,a rsB~IIPH !!= IO~ rsB - h-1~>5 rsB. 
0TM8THM, '!TO y,l8T pa3.ItBlIJl!KR MaCC e 12. , el , 91..,,z. CJirujo BJIHH8T Ha 

OKOH'laTSJII,m,tlt pesym.TaT. 
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Ha nepBlift B3r.1IH,1{ KW!t8TCJl napa.t{ORCaJII,HHM, '!TO llOJlY'!8HO orpamtt1e

ime Ha Macey ipOTHHO ~. a He CBepxy. 3To o6'I>JICWI8TCJl TeM, '!TO 

BltJIB,It <pOTlIHO B ILlIOTHOCTI, BceJieHHO:lt IIl)OllOpa:HOHa.ll9H ItaR ero Maoce, 

"lax JI ero saitaJio'!Holl ROHll;eHTpari,m: 

~'i ,v ni1 \;Ji · 

Ho C poCTOM MaCCbl ROHD;8HTpaIUm ll8,lta9T Rax 

j_ -2 hx"' 6 ~ ~ , 

ll08TOMy BltJIB,It 4/0THHO B IIJIOTHOOTI, BceJieHHOH, Taiate yM9Hl>lllaeTCJl C poo

TOM Maccm 

)i (V-4. 
HanoMlillM, "lTO BC8 Blilll9RSJ1~8Jm08 OTROCHTCSI 1t CJIYimD TSD!t8JWX ipo

TBBO (!pOTRHO C"lRTa8TCSI "Tsm8JWM" ec.m ero Saltamta npo:acxo;it:aT np:a 

'r ;G mi , :a "JierlUlM" , ec.m SaltaJllta npo:e:cxo;it:aT np:a · 'T' ;::. m ~) . 
B CJ.Iyqae JI8rROro !pOTJIHO ROCMOJIOI'l:lst p:13pemaeT 06.traOTI, 1271 

l"l'll -< O {,too ., &) 

(aHaJIOr.lI"lHO 06bl"lHblM H81!.'rprno) • O~o T80peTH1i8CltH TamI9 3Ha"l8lmst 

Ma.Celi <pOT.IIHO MaJIOBepomHbl, Talt :KaK B cynepo6'!,8,IJ;l:IH8HBHX Teopucc SOT!, 

CBiml> MSW" Ma.Ccru.m 4/0TJIHO JI l'J.IJJHHO 

11'\~ 3 d3 

h1i "=' & olz ~11-iew, 

a RIS yCitOptT8JII,HbllC 8RCll8ptM9HTOB JISB80THO, 'llTO l'n8 '?!, ~ raB. 
HatrpmHoe xm;:rcmro B WJll JIQ-saQTmm. Ammrl!~ H BOSMOJt-

Ha m sa o"leT o6MeHa Cit8JIJI.PH!D4 cynepprHepOM (p110.IIa,6) (aHSJIO-
rll:"lHO ~ 11 ) . TBit RI sa C"l8T o6M8H8. ~ - 6030Ha 

(p11~lli). ~-

IIo,lt'l~8M, "lTO ROHCTaHTH OBSI3RI -! RI ~ B Bep!IHHBX ~ H l-! 
n ~ ~ 11ij Jlll.JIJmTCSI MO,It8JII,HO BaBl'Icm.lWH (T.e.npmm.no "nap!IOil sa-
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'i. 

Mem1" B .n:rumoM c.,ryqae He BmIOJIH!I8TCJI). 3TO CB.II3al!O o TeM, '!TO Mmm

MBJII,H08 KOJ!ll'I8CTBO .xnrrooBCKHX .ey6.neTOB pa.BRO JWD1 B cynepCHMMeT

pltJHI:IX MO.n;8JIJDC , Ta.It' 'ITO l4 8 CTl> CMS Cl> 

~ o ""o 
·'Ii_ \S; l-h +u~ ~2. 

n - ---;::::;:====::;-, 
VIF.,..+,S.'1.. I 

I -z 

0 
u-,-;,< H., > 

C) 

\S"2 = < \.\'l. ~ . 

B peay.m,TaTe ItOHCTall'l'H CB.II31I .; lI ~ OKaSHBaJOTCJI 3a:BBCJDl\llMll OT 

COOTHOmemrn: M8Jr,!!y BeJm'tll'!HaMH ""• B IS" z. • Ilo8TOMy .n;a.Jiee paoamT!)ll-

BBJlTCH ~a c.,rytiaJI! H 

Cl7ryqaj\ U', ~ IS' 1, • B 8TOM c.,ryqae XBI'rCRHO ammmJIHpyeT, B OOHOB-

HOM, Tiepea o6Meit sapm1emnm CitaJUipimM cynepnap-rHepoM (pnc.IIa,6). 

Ilpe.n;IIOJI.aI'aa Bup0lr,It8HHOCT1, CKa.JIJipHHlC KBapitOB B CJielITOHOB IIO MaCOO, 

· M, : Me= M? 

C8'!8Hllll aHBHrHJI.llll)IH Xl'!rrarno npn.n;a,n:I,!M BlI.n; 

6' \S" ~ 

r~ I 2 ., 'A'{ h-1~ ~2. 

('~ ,f Lu'2, 
'J' -r ... ,, 

M 

, '1p4 u-~ m-4 
,.. h1'1 

' l'lf"I 
m., ... ~-

v_ mii 

OlrycitaJI .n;a.n:&Heilnme IIpOM8;eyTO'IHl:l8 BHitJm,ItKH, IIIHB~~ OKOH'm'r8Jll,Hlitt 

peay.m,TaT. IIim M = 20 raB KOCMOJIOI'IDI paspellBElT 7 (,n:JIJl CJiyTiaJ1 TH:-

llteJioro XHITCitHO) 

m 'i:i '.:> mt 
1 

r.n:e "11-e - Maoca TOJI-ItBapi<a (CMHCJI STOro orpa!m'l8HH.S: TaitOB: 'I8M 

T.a:at8JI88 KBaplt q • T8M .rryqme .0;1{8T a.mmI'lLlIJlIJ;.S: DllTCRHO 'H~ - <\9 
HO e -KBapR 81lt8 "He.n;OCTaTO"IHO T.a:ateJI", ,n:OCTaTO'IH08 KOJIH'l80TBO 

32 

XlllTaIHO He C%4Clllt8T IIpoamm:I'.l'IJlllp0BaTl, Jlllllll, Tor.n:a, Itor.n:a 6y;I(8T OTKPHT 

RaHaJI 11 q ~ -l:. :r ) . IlpH yBeJmTiemm Maccu CKaJI.f.!l)HHX cyneprraprHepoB 

B BHT8pBaJI8 20 - 100 raB .n:amroe orprum'l8HlI8 M8HaeTc.a: HesHa'tll'IT8Jll,HO. 

G,7reta1l: '1', '>"> \S'a, • B 8'l'OM c.,ryqae XllI'I'CllHO ammrBJmpyeT npeHMy-

1118CTB8HHO -qepes ~ - 6osoH (imc.IIB). PaapemeHHa.a: KOCMOJIOrHefi 

o6JiaCTl> Ma.CO (wm TmiteJioro) Xlll'I'CHHO 8CT1, 

m1:i > ™Q 1 

r,n:e ~e_ - MaOCa 8 - KBapKa. 

liaitoHen;, '!TO KacaeTc.a: KOCMOJIOI'l!'Iecxoro orprumtJ:eim.a: Ha Macey Jier-

1t0ro Xl'!rrCHHO. TO OHO rJiaCHT 

~ ~ O(-f00 ;.B) 1 

aHaJIOI'.l'l'IHO CJiytJalO o6wnmx: HeiiTprno. 

C:Ka.J!apHoe H8iiTpIHO B p0Jill JIC-TiaCTBD;l:l. IlpeJK,D;e TI8M II8peXO.n;HTl, K 

KOC240JIOrl'I'IeCIGIM on;eHRBM, OCTaJIOBlIMCJI Ha Bonpoce O TOM, ItaKll:8 orpa

Bll'I8HHH Ha Macey CHeii'J;pIHO CJI8;Jzym HS q&I3HK0'. TiaCTHD;. O.n:no BS TBXIDC 

orprumTieHH:tt BHT8Ka8T BS Toro qia.KTa, '!TO pa.Clla,IU,1 'l;" - JI8llTOHa C 

xoporooil: TOTIHOCTl>IO OIIBCh!BSIOToa CTaH.JtapTHO:i1 SUC"2.)x UC-() MO,n:8Jll,JO. 

EcJIH 6u Maocu CKBJIJipHHX neiiTprno Ut, , Ve (BJm 'vt" ) 6wm: ,._. 
MeHl>me MaCOH "t - JI8llTOHa, TO 6WI 6H B03MOJ!t8H pacna.n: tt-~'1'e 'V._e 
(B.7m ~-->\l-e-v,.. .J-4 CM.pRc.12), '!TO npHB8JIO 6u It OTJIH'tll'IIO OT 

CTaII,IT.apTHHlC npe.n;cKaSamt:ll: ,n:JIJl Cll8KTpa. JI8llTOHOB B B8po.llTHOCTB pa.cna.n;a. 

IloCKOJII,Ky pa.cua,n; Ha CKaJI!IpHll8 H8:iiT!)llHO npOHCXO.n;HT Tiepes 13HpTyaJ.ll,H08 

BRHO W , TO qia.KTHTieCIGI BOSmn<aeT COBMe,HO' orpaHHTI8HII8 Ha MaCCH 

CH8iiTpmo ut- • 've. ( v;. ) H Macey BlIHO 
35 • ClxeMaTB'I8ClGI OHO 

RS o6pal18HO Ha pno. 13 • 
.AmmnlJL<m;Jlla CRaJISipHl,[X H8iiTprno B JI8llTOHl:l IIpOHCXO.n;HT sa O'I8T npo-

~;:;. n+ n- <-:~ - ,....,__ 
11ecooB \JV-'> t:. \::. , 1.J v __.., ~)) , a Ta.Kllte vv -vv B 

1>'i5->'5V · (pRc.14). IloOJie.mme .n:aa npon;eoca miJIJnOTc.a: .n:omHHpp:IIIRMB 

(uim BSM8H8mnI ,ga~eTpoB cynepCH1,!M8TpR'lHO:i1 MO,n:8Jm B ~~91toM BHTep

BaJie 3Ha'I8HHii: 126 • 27/). Hx: C8"l:8HH8 ,n:aeTCR: B!lpalltemteM 12 'I: 

,...,, 

4 '2. 2. 
1 "i'""1 [ Cd.t Si.-F->.: i1> J 

6'lf= - ~ 
1, 71 l= -1 Mi.. , 

r~e '2 i. - oo6CTBeHHHe snaTiemm MacooBoii MaTIJ!D;l:l HeiiTpaJmHO 

"""' ,,.._o "'"o 
it-= (Xi. w3 .,. r-,, & + oi \-\1 -+ bt 1-12 , 
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mv -t\1-t 

\], . Q 

'>-·J--/ -;;:. / ,~vv--~~ 

\}/ -e 

£-1 R ~'2. - ROHCTamu CBsmn, OTBe'!a.JOllll'le rpym:xaM U<·O ll SU(2) • 
lfa Bll!)alK8HWi wra 6" U'" B:imHO, 'ITO 6 lr ' a CJie,n;oBaTSJI!,HO, ll 

OCTaTO'Il!aJI ROHUSHT:par~UI CHeftTpllHO He 38.BHCllT OT M!ij • IloSTC!q, 

ec.m npoqeccu amnII'HJIJlUIUI vv- '\)"l) R V 'i}-vv ,n;OMllHlI:py!OT, 

TO xoa.to.nornsr :paspemaeT JIJD6ue sHa'!emisr Maccu cHe:iiTprno. (Ee.mt Jlt8 

ltOHCTaHTII CBSl:3li B Mne( Ta.KOBII, 'ITO 3Tll II:pOil;eCCU IlO,Ita.BJieHU, TO BOS

mIRaeT or:pamrqemie 36 aa Macey CHSliTpllHO Ta.KOro xe IlO!)ff,IUta, 'ITO R 

JJ)IS! i li Tf ) • 

4.5. ACT:poqlll3R'!eCIGie orprum'l8HlIS! 

ACTp0qlli8R'l8CKl!l9 Orpami'l8HlIS! B HeitOTOI>OM CMHCJI8 ,n;onOJIHRTem.Hu It 

ItOCMOJIOI'R'!eCmIM, IlOCitom.Ity ROCMo.nornsr He MOJK8T San:p9TRTI, CYJiteCTBO

BamIS! CJia6OBSaRMO,n;eilCTBy.IOII\WC '!aCTRn; C O'!em. MaJIOft MaCCOft (CKruJteM, 

<< I sB), a .HS aCT:poq!!Sli'l8CIGDC coo6:paxtemift Ta.Kile '!aC'l'lin;II MOryT 

6UTI, lICRJIJO'!eHU, .HJ.m MOlKBT 6UTI, IlOJIY'ISHO C0:JI!,HOe orprum'!emie Ha me 
ItOHCTaHTy CBSl:3.H -C BemeCTBOM. 

M,!te.a: coCToRT B CJie,I(y.IOllleM. Ec.m Macca '!aCTlln;II X Mam.me .HJm no

!)ff.IUta T8MII8P9,TY.PII BHyTPR SB8S.Itll, TO 3TH '!aCTlln;II MOryT aixr/eRTRBHO 

:pOJlr,ltaTI,O.S: B CTOJIKHOBe:tmmc q,OTOHOB C 8JI8ItT!)OHaMl1{ .HJm IlpOTOHaMR 

o+ e,r-X+ e~P. 

Ec.mt X - i:iacTlln;II R Tor,zy- :ate ~ BSaHMo,n;eil:CTBYJ)T c Be11'3CTBOM, TO 

OHlI 6y;zyT 6ecrx:pelIJlTCTB8HHO BWI8TaTI, RS SBes,ItII, yuocsr ee BHyT:pemmro 

3H8PI'Rl0· Hs T:p86oBamm, '!To6II BTa 3H8PI'RS! H8 n:peBOCX:O,Itll:Jia ,n;onyCT.H

MUX n:pe,n;eJIOB, MO:atHO IlOJcy"mTI, Orpami'I8Hlie Ha ItOHCTaHTy CBSl:3.H '!aCT.Hn;II 

X C B81!l8CTBOM. 

B Ra'!eCTBe IlPRMe:pa / 3B/ P9,COMOT:PllM orprum'!emte Ha ItOHCTaHTy CB.S:SR 

JI8ritOft nceB,IJ;OCitaJIJipHOit '!8.CTlin;II </> (BsrotMo,n;eil:CTByeT C BemeCTBOM no 

Sa:rtOHy. f-= s tr; Or lJ,J <p ) • 
Trume '!aCTlln;II MOl'yT :poJQtaTI,CJI B Il;SHT:pa.lll,HHX: o6JiaCTmc CoJIH.n;a sa 

C'!eT Taitl'OC n:pon;eccOB, Itait e+~_.,cp+e (q,oTO:poll1,D;e:tme pilc.I5a), 

e+ ~~ • -I- e + ~ (TOp.10SH08 .HSJiyg:8HlI8 . <f, B nOJie JmP9, pilC.156) 

li ,n;p. Ce'!emte q,OTO:pOJQte:tmsr COCTaBJI.a:8T 

{o:.d.. o."Z.r). ~ = (g)'Z. 6:: (J:E_ )2 
3 o 111t e o h-le 

' 
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r.n;e ~ - ::3Hep,I'l'IJI W()TOHa, 6 0 - KOMIITOHOBCK08 ce'IJ:e:ime. Ce1IeHE1e 

TOp.403HOI'O H3JryqeimJI cp B llOJie H,1ij)a paBHO 

6"= - 1- a-ia ~-z. L 
9 7/" <.) h1 '3 e 

r.n;e £ - rumeTH'IJ:0CltaJI BHep,I'l'Ia BJ18KTpOHa. 

lh'oCSu on;emrri, nOTepro aHepnm CoJIHD;eM sa c'll:eT BsJryqemi:a <P -'IJ:ao-
TIU{, HeOCSXO.n;JilMO SHaTI, npoCSer ¢, - '118.CTlIIJ; B CoJIHD;e ~.,,. Pac'IJ:eT 

noxas1:maeT. 'IJ:TO llplI MaJilllC KOHCT8ll.T8X CBJ'ISH $fl.I~ = o('P npoCSer 

CSo.za,me pa.ItHyca COJIHD;a, T. e. <P - '!B.CTBIJ;ll npomi:simam CoJ1HIJ;8 , 

llpaKTB'leCKlI He B3aHMO).l;efiCTByJI. B CJryqae CSo.za,mott KOHCTaHTH CBJISB 

( 10-
1 

'2. < ctq, < ,o-s ) B CoJIHD;e Henpospa.'ll:Ho .rtJIJI 

'P (HallJl™ep, sa c'll:eT npon;ecca 'P+e -~ + e ). 
JlonyCTl!MaJI 8Hepl'OllOTel)II Co~ COCTaBJU:IeT 

L ~,o'll 
'hqk 0 1 

r.n;e le;, = 4.I0
33 

apr/c - COBl)ENeHHaJI CBeTBMOCTI> Co~. Ms yCJio-

BBa., 'll:ToCSu rp - CBeTBMOCTI> lct, He npeBocxo.ItHJm Li"11tx , no.ny-

'IJ:aeM: CJiytla.il CSOJII,IIIIDC KOHCT8HT CBHSH ( ,o-n (. ctq, (. / 0-" ) BORJllO'IJ:eH, 

T.K. IIpIBO.ItHT K l ,p ~ to' l 0 , B CJryqae MaJ.WlC KOHCTBHT CBmm 

llOJiy"IaeM -20 
o{~ ~ lo 

-6 
(c.iry,m:lt clq:, > lo oCSli'IJ:Ho He npe.n;CTaBJU:IeT ipl'ISB'll:eCKoro BHTepeca 
B .n;Wiee He JnCCMaTIJIBaeT ca). 

A!r.a.nol'BtJ:Hlle on;emw: .rtJlJI Kp8.CHHX: I'lII'aHTOB IIIJIBOm/ CSOJiee CWII,HOMy 
(HO saTo <:So.nee MO).l;eJII>HO-SaBilCHMOMy) OI'pa.Im'l8Im!O 37 

-26 o(<p ~ 3 .. 10 . 

ITim llOJiy'lemm: aCTpoipl'ISl'I'll:0CKHX OI'p8Hl'I'IJ:emi:tt Ha MaCCH cynepClIMM8TIJI'll:

HUX: 'IJ:aCTRIJ; B.n;eH OCTaeTCH TO! xe, HO Tenepi, B SJieMeHTaPHOM npon;ecce 

POJQtaeTCH He O).l;Ha 'IJ:aCTIIIJ;a, a oCSJISaTeJa,HO ).];Be. POJQteHE!e llpORCXO,ltHT sa 

c'll:eT oCSMeHa BRprya7II,Hoi1 cynepqaCT.mte-11 mccu M • Tamm oCSpascu, · 

Bepo.RTHOCTI, poome:imJI. co.n;epimT qiaKTOp Tnna ~ B OTCID,Ita MOlltHO no.ny-, 
'IIITI, OI'pa.Im'IJ:emi:e ( CHEisy) Ha BeJllll'mHy M. 

38 

B Ka'll:eCTBe npIIMepa 129/ pacCMOTI»IM B3.1Iy"I0Hl'Ie .n;Byx <I/OtHHO, B npe.n;

IIOJIOllteHl'IR, 'IJ:TO Olm JieI'KHe h'\i ~ 0 (40 \:;. e.~ . OcHOBIDie npon;eccu 

(<pOTOpOJQteBRe 2%' 1 TOp.40SHOe H3.1Iy"I0Ime 2.t 3JI0KTpOHOM B IIOJie 

a.npa, ynpyroe paccemme <I/OTHHO Ha SJieKTpo:a:ax:) nsoCSpruiteHH Ha :pnc.16. 

Qnycxasi llpoM8JltYTO'll:H!Ie BUKJIB,ItIW, nprne.n;eM OKOH'll:aTeJII,HUe pesy.za,TaTu 

; 391_-B CJryqae KpaCHHI I'BI'aHTOB: B npe,IJ;IIOJIOJKemm, 'IJ:TO "JieBuli" lI 

"npaBui111 CitaJIJipHUe 8JieKTpoHU B!Ip0Jlr,It0HU IIO Macce WI (EL.)= t'n C~ll. )
1 

noJryqaeM orpa.ImtJeime 

m (e') > 2..f n.~e, 1 

eCJm me O.n;JilH HS OOJieKTpoHOB ropas.n;o T.fDieJiee ;ru,yroro ( WI le,._) ":>"':>h--Jle°e,)) 
~ 

TO Orpamt'll:eime .HMeeT BB).]; 

m (eR) > 1G r:;iB. 
B CJryqae SBes.n; C yrJiepo.n;HI,IM ropeimeM MOlmO IIOJiy"'l}ITI, 60Jiee CllJII,HUe 1 

HO M8H89 Ha).];9JKllll9 OI'pa.Im'IJ:9ImJI: 

'rl\(e~_) = mleii) ="> m re>'> ~G r~~ 
:, 

""(€z_h"> n-icell.) -=.,. mce,l.) "> 39 r9& 

3TB OI'pa.Im'll:9HIIIH HHT9p0CHH T0M 1 'IJ:TO B M0).];9JIJDC C JI9I'mIM <pOTHHO MaCCH 

CitaJIJIPlllilt aJieKTpoHoB He MoryT CSUTI, o'IJ:eHI, Be.71lml<! , n-i '-, R * O( 4 o · r';> B-1 
Tait 'IJ:TO TamI9 M0).];9JJR, B03MOXHO, HaXO,I(ffi'CJI no.n; "aCTpoipl'ISH'll:9CROi1. yrpo

sofi". 

EJte O.IU<IH IIIJIM9p / 4D/ OI'pmll'l8Imi1 IIO,IJ;OCSHOI'O THIIS. - 8TO OI'paim'll:9HIII9 

Ha Macey BHHO D . M0).];9JIJDC I co.n;ep.:mIIVIIX JieI'KOe CKaJIJipH09 ( BJ19RTl)OHH09) 

H8:lh'PRHO (n,~ < 0(~0\£,~B)) • JlltarpaMMU, OimCl:m8ll'.Jllll9 POJQt8:mie napu 

cHe:lh'IJIHO - aHTBCHe:lh'prno B npon;ecce (f+e-~ 1\ +e 
B .imimc KpaCHUX rRrmrroB nsoCSpa:ateHH Ha :pHc.16. 

C9'1!9HH9 illOTOp()JQt8ImH pa.BRO 

ci(..3 c.,l '2. 
cS 

'I 6"" = 24 ~""61.v Mw. 
PO,IJ;HBWH8CH (8.HTH)CHe~TpHHO 6ecnpenHTCTB8HHO IlOKH,ll.aIOT npe.n;e~li 3B83-

A~, T,K. ce~eHHe Hx ynpyroro pacoemmJI Ha 8Jl9RTpo:aax (pno.I7) co

CTaBJISleT 

6 ~ G? F ( 
Mw )4 
M~- me Eu. 
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B pesynbTaTe HMeeM cne,eyro~ee orpa.HHqeHHe Ha Macey BHHO / 38/: ecnH 

m-v ~ 0 ( 10 .1<9B), 

TO 

Mw > 100 r:;i&, 
qTO npeBbllllaeT HMero~eecH B HaCTOH~ee BpeMH orpa.HHqeHHe H3 3KcnepH
MeHTOB Ha ycKopHTenruc: 

M~::,, Or20 r'3B). 
llTaK, Mb1 BH,JJ,HM, qTO KOCMOnorHH H acTpO~H3HKa cny~aT HCTOqttHKOM 

yHHKMbHoA (no KpaAHeA Mepe, Ha cero.u;H.fllllHHH FeHb) HH~OpMaqHH o aos
MO~Hx CBOACTBaX cynepcmm,,ieTpR'llllll qacTHq. BecbMa BepOHTHO, qTo cy
niecTeyeT H o6paTHaH CBff3b: cynepCHMMeTpH~He KMH6pOBO~e TeopHH 
MOPyT OKa3aTbCff KpanHe none3Hb1Mlt )Vlfl pemeHHfl p~a KOCMOnorHqecKHJC 
npo6neM (HaqlfflM qT oc~eCTBneHHff HHi{!JrffqHOHHOro cqeHapHH H KQHqafl 
npo6neM0'1 CKpbrron ,MaCCH). 

5. IJoacx:,a: cynepCIIMMeTpm B pacnB,ll;ax 

JierXJIIX a,Iij)OHOB 

He.ItaBHO HaM8TRJ10Cb enie o.mro nepcneKTBBHoe Ha.IIpaBJiemte IIOBCKOB 

JierKPIX cynepcm.weTpPmm: 11a0Tn4 - B :pacna,n;ax HettTpamHoro ImOHB.. 

(B .u;a.m,HeitmeM 6y.u;eM npe.u;no.n:a.raT:&, He oroBaJ;llIB8.I! aT oro cnenii:aJI:&Ho, 

'ITO MaCCl:l pacCMaT~eMllX cynepqaCTII4 Memme MaCCl:l 7i c, ) • 

B.A.Ma.TBeeBW& 6WIO yita3aHO, 'ITO BepoJITHOCT:& pacna.u;a 

.1r
0
--,. )r~ · MOJ!t8T 6!ll'b ,l{OCTaTO'lHO BeJJmta, 8cnll B Teopm BM8eTCJI 

3Ha'll!T8JibHOe Q118llll'IBamie Me,my JieB!ilMJII lI IIpaBHMli CKBJISipiillMll KBapxaMH • 

B pa60Tax 1421 8TOT BOIIpoc 6WI .u;eTaJibHO lICCJie.IJ;OBaH lI IIOJIY'I8HO CJie-

.u;yIOlll88 Bupal!t8mte ,IJ.JIJI BepO.fi'l'HOCTll pacna.u;a '7f'"0-~;f (pacna,n; 

IIpOlIC:XO.n;HT aa C'leT TpeyroJI:&HHX: .u;IIarpaMM c o6MeHOM CKB.JIJip!WMll KBap

~): 

rl! S' '2 2. 'Z. 

r ( o ~~ ri d.. 'I. j'11' h-1,. / J1 . ) O( 1ri1)· 71 
... to>= ~ rr,~ l h1z tn~-J4/ + ~ _-· 

~ . 
8.u;ec:& . m~-::. 2 ( hi"' -t l"v'ic1) - mcca Jiermn: KBaPKOB, jll 'l. - BeJm'll!-

Ha CM8llll'IBamtJI CKaJIJipmoc KBaPKOB, h11.- B 'rl)(R. - Maccu JieBoro B npa-
Boro CKBJISipHHX: KBap!tOB) 111' = 93 MaB. 

• C y,ieTOM 8KCII8PllM8HTaJI:&HHX: orp:um'lemti!: Ha B03MOJKBylO 418JIH'll!Hy ua-. 
paMeTpa CM8IIIIIBaHlIJI lI Maccl:l CitB..7IllJlHWC KBaPKOB MOlltHO IIOJiyqlIT:& CJI8~ 

niee orprum11emte Ha naprnmn:&HYJO BepoJITHOCTl> pacna.u;a 'Jr~ 'jjJ 1~~: 
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11 n ( o ~"-) r(7r'L;,~?) l 
P"- Ji-> )/\'le' :. f ( ., 0 _ '- 5',IO 

OU ,r-.. cce> ~ · (5.I) 

Jljm CpaBH8lllIJI yKallteM, 'ITO B OTCyTCTBHe CM81llllBamtJI Me,my JI8BW&ll H 

IIpaBl:lMll CKBap!t&m a-ra BeJm'll!HB. 06palilaeTCJI B HyJib llPI ""'i- = o., 
a IIp1I H9HyJieBmc mi 0Ka.SHBB.8TCJI, KB.K MllHHMyM, Ha I3 IIO~OB 

M8HI,lll8, 'l8M. (5.I); Ta&, IIPH l'Vlx = IOO MaB (Be:plCHWI KOCMOJiorH'!ec-

EaJI rprum4a ,IJ;JIJI JierroDC \POTHHo) /42., 4 3/; 

BR. (:,r~ '8'cf) ~ s.1021_ . 
J=o 

BoSMOlKHyIO KOHKypemuno pacna.u;y ImOHB. Ha <pOTllHO MOryT COCTa.BBT:& 

paCIIa.u;H mrnHB. Ha HettTprno Cc aKcnepn:MeHTanl>Hoil TO'IKH apeHD:H paCIIB,ll;l:l 

11'~ ~ , vv npe.u;CTaBJI.llIDT co6oil npoueccl:l THIIa 7f 
0
- "HD:'lTO" B me 

Tpy.u;HO OTJlll'lD:Ti .u;pyr OT .u;pyra). 0.n;HB,Ko a CTa.ImaPTHOH MO.IJ;SJill IIpaBOe 

HeilTpmo OTCyTCTByeT,li MB.Cea H8HTIJIHO paBHa eyJIID. B $TOM CJiy"lae pac-

IIB,II; Jr'.:'...,:, ')1')) aanpemeH 3a&OHOM coxpaHe:mm yrJIOBOro MOM8HTa. 

B plJ,l{e Mo.u;eJieil, BHXOMillltX aa plMKl:I CTrur,n;aIJTHOtt, HettTprno o6JI8,IJ;aeT 

IIaPTHepoM n: IIpRo6peTaeT Macey. Tor.u;j nr.4ecc 71° --!:P lJV OKa.SUBaeTCJI 

paapemeHIWM. BoSMOJJtHl:l ,It88 Cl!Tyannll 44 : 
a) ))R B38lIMO.IJ;9HCTByeT TOJI:&KO C xn:rrcOBCKD:Mll CitaJI.lll)a.Mll, reHepn:-

py:rootl'IMH Macey . H8llT:plIHO. B 8TOM CJiyqae OCHOU!1 BKJIB,ll; B nmpn:ey pacna.u;a 

lJ;IDr .u;llaI'paMMl:l C 06MeHOM ~ - 6030HOM / : 

-9 
&R;[?f°_.,.W) ~ P.::.Rr: <::r~°'iiJ) mv= 55 M:1~)= 2. 1:,,-/o 

-2.0 
13R~(7r!.,v'v)'l'iv= 100 eV)= 4.10 . 

6) ).)R. o6Jia.n;aeT IOKa.BcKHM Bsam.m.u;ettCTBHeM c Heron.m TsmeJ.11:lMll CKB.

JIJipa.Mlr, HMeIOilllOOI HyJieaoe Ba&yy:MHoe cpe.ItHee (cnyqail JierKWC CKM~ 

paCCMOTpeH IDI.l!t8) • Tor.u;a 1!3 8KCII8J:llM8HTOB IIO H8llTpaJI:&IWM TOKaM : 

12>R\, (,r~).11} )~ 5,,,cfG 
eq~ . 

<;cq\11r 

BMB,ll; B pacna,n; if~ "Hll'ITO" OT yxe 11H3BeCTmoc" (T.e. IIpe.IJ;CTaB

Jiemrux B y;E.9 CY1Jl8CTBYl()IIlliX MO,JJ;eJIJDC) CKB.JI.HpOB OKa3HBaeTCJI IIpeHe6pemIMO 

MaJWM. Tax, HB.IIpn:Mep, po,x.u;emte napu aKCD:OHOB CllJil>HO IIO.IJ;aBJI8HO, T.K. 

OHO aanpenieHO P-'l8THOCTl>ID. ifuipn:Ha pacna,D;a 7f0 Ha CKaJIJiplW9 HSRT

l)!IHO pruma HyJIID Ha .u;p8B8CHOM ypOBHe. 0.u;Ha.KO BKJia.u; OT po,x.u;emm Herotx: 
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JierKIDC C:ita.11.llpIWlC tJacT.nn;, BBe.nemmx: o..J \-ioc , MOr 6u, B npmr~me, 

HacmHT:& 3KCir8JllIM8HTaJI:&Hlm npe,lteJI / 44/ 
-s 

e,p_ e.,cp (Ji"°__,. "mrnTo") f 2,4x 10 . 

BH,ltHO, 'ITO, H8a.!OT:pll Ha TO, "ITO na:p!U!laJ.Wia.B: llllI:pIIHa pac:na,Ita 

,ro__., if MOJltST OKa.38.Tl,CJI ,ltOBOJII,HO 60JII,mO.:li, nOJIODTe.lIIililltt pesym,-

TaT no.ncxa npon;eCCOB 'JI~ "mrirro" 6y;r.teT Tpy;r.tHO .l:IHT8l?llP9Tlll)O-

BaTI, O'AH08Ha'IHO. Ho B JII06oM CJiy"Iae 3TO yKaSHBaJIO 6H Ha Heoc5xo.IOI

MOCT:& BliXQ'Aa sa :paMruI CTa.H,I(al)THO.:li MO.U:8JI.1:I yxe B Im8K03H8p:t'8Tll'I8CKO.:li 

06JiaCTH. . t 
0:rMeTIIM, irro Ta.Ko.:li xopomo .nsBeCTHli.:li npon;ecc, KaK pacna.n: \(L>7f + 

+ 11mt'ITO", H8JII,8JI llCllOJil,SOBaTI, MJI nOllCKa JISrKIDC <pOTHHO, llOCKOJII,Ey 

B 3TOM CJiy"Iae BSl)OJlTHOCTl, l)OJr,It8ImJI HS.:liT:pIIHO, Bll'mCJlSHHaJI B CTaH

,ltal)THOii MO,lteJllI, OKa3HBa8T CJI 60JII,me, 'ISM MaXCl!MaJII,HO BJSMrmaJI (.l:IS 

COBpeMemmx: orpa:imtJe:imii) B8l)Om'HOCT:& IJOl!QtSIDIJI <pOTlIHO 45 • 

0TJm'Il:IT8JII,HOil: 'ISIJTO.:li pB;na cynepcm.!M8T:pII'IHliX .MO,lt8JI8.:li / 46/ JIBJIJI8T-

CJI pacnmpemre CTa.H,I(al)THOii: SU(3))SV<2),.,U<•f) MO.ItSJm c ncuont&JO 

,ltOllOJIHIIT8Jil,HOro U (-1) qia.KTopa 3E • 06111R]?Hli.:li o6sop Aoro.mmx: 
CBOil:CTB HOBliX V ( -1) - 6osoHOB co.nepuorc.a: B pa6oTe 49 • He,ltaBHO 

6wro noKaSaHO /flJ/, 'ITO O,ltmIM HS aqxileltTHBHliX anoco6oB mmcxa Ta.mtx 

6osoHOB JIBJIJieTCJI nOllCK pacna.n;a 71".!..:. ($' . + ~mrirro". lapaKT8:plmM 

CBOil:CTBOM Ta.mtx 3KCll8pIM8HTOB (no cprume:amo, CKaJ!tSM, 0 3KCII8Jm48H

TBMl:I no noocxy npon;eccoB ?;" 0 -'>- "Imirro", Kt....,. ,r+ + "mttJTo" n 
T .n.) .8BJIJI8TCJI O,U:HOSHatJHOCTl, mrrepnpeTaa;im: nOJIODTSJII,Horo pesyJI:&

Ta.Ta. 06napymm Ta.KOil: pacna.n, MOJltHO 6m:& yBSpGlllmM, 'ITO Ha.it,rteH 

l'IM8HHO HOBHil: BSKTOpmlil: 6osoH, a He irro-:ro l'IH08. ~OH OT l)Ol!Qt8HHJI B 

npon;ecce -;r0-"> 0 + "Imirro" .npyrnx JierIGDC Hei!TpanimX: iraCTnn; 

(a.KCZOHOB, H8.:liTpIHO, <pOT.l:IHO lI llpOTJ.) OKaSHBaSTCJI llp8He6:peDMO WJWM: 

&R (-;;,~"> o+ cpep~1n)~ 10'-z...+. IO_,b 

-rg 
BR (;f°_.,. ~+~~)~IO . 

.llJm Cl)aBH8El!JI OTMSTHM, 'ITO B U (-1) - MO,lt8JllI ~ail:e / 46/ pOJr,Ite

mre HOBoro B8KTOIJHOro 6osoHa)o6wmo Ha.8HBaSMOI'O u -60SOHOM,MOJlt8T 

-OJm:,lta'l'l,CJI Ha YI>OBHe: 

31:) OrMeT.1:IM, 1l'f0 STa BOSM~OCTl, i:mCTO peaJmsyeTCJI T~--1 TSOpIJIX 

BSJmltOI'O 06~.ztllH8EBJI / S/ II cyII8IJCT:pyllHliX T80:pIIJIX: / 47 • B IIOCJI8,lt

H88 BpeMJI mrrepec .lt IIO,lt06Hl:lM MO,lt8.llm4 BOSIJOC Ta.Rllt8 B CB.a:3.1:I C 

yxasrummm Ha B03M0Jm08 cyJl!8CTBOBa!DiI8 HOBOro ,ltanHO,ItSitCTBHJI 
("lIJITo! CRJIH" /48/). 
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~R (,r~"> o-'" U) ~ to. 

(BHplJlt8Im8 ;JJ;JIJI llllipIHH paCIIa,M 71°-<> 0 + U 
aHaJIOI'lI'IHO CJIY'I8l0 7r<>__.,. 'lf o ) 

MO.lltHO IIOJIYllllT:& 

ABTOPH 6Jiaro.na.PHH A.H. BotJRape:sy, H.M. !eJreslllDC, B.A. RySI,MHHY, 

B.M • .llo6ameBy, B.~. MyxaHo:sy, B.A. Py6aROBY, H.H. TRa'lie:sy, c.10. XJJ:e6-

Hlllt0Bj' H M.D. XJJ:ono:sy sa neHHHe 3aMe'laHRR: B nOJiesHHe o6oyir.ztemm. 
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