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YIMeiOTCSI ABe !jJyHABMeHTanbHhie xapaKTe p!!CTIIKII (A 3a !jJI!3ll'IecKIIX rrp1!3-

HaKa) 38KphiTOrO Ml!pa/1/! 

a) 38Kpb!Tb!K Mllp 06SI38TeJibHO aneKTpl!"!eCKII Hei TpaneH; 

6) IIOnHBSI MBCCB 38KphlTOro Mllpa paBHB Hyn!O, 

PaaeHCTBO Hyn10 IIOnHOK MaCChi (M tot 38Kpb TOrO Ml!pa SIBnHeTCSI 

pe3ynbTBTOM B03HIIKHOBeHI!SI rpBBIITBUIIOHHOrO Ae!jJeKTB ME CC ( i'l.M ) , KOTO-

pb!K AOCTIIraeT caoero MBKCIIMBnbHoro 3Ha"!eHIIH ( Mo -, '> M = M tot = 0) , 

KOrAa IInOTHOCTb BeiUeCTBB CTBHOBIITCSI pBBHOK KpiiTI!'Ie,;KOK l!nll rrpeBbllliBeT 

ee. 

3neKTpH"!eCKBSI Heil:TpBnbHOCTb 38KpblTOrO MllpB IIMeeT CBOe OCHOBBHI!e, 

B KOHe"!HOM !!Tore, B 3BKOHe COXpBHeHI!SI aneKTpl!"!eCK!>rO 3Bp5!llB, 

3apHAOBhie II MBCCOBbie XBpBKTepi!CTIIKII MHpa CB ~3BHhl Me)KJly co6oii: 

II o6pBTHbiMII yTaep)KAeHI!SIMII B TOM CMbiCne, "'TO Mllp aneKTpl!"!eCKII 3BpH

)KeHHOH MBTepl!ll 06SI3BTenbHO He 3BMKHyT II era IIOnHBl: MBCCB o6H3BTenbHO 

He pBBHB Hyn10, 

8 COBpeMeHHOH Teopllll 6ap110HHbie II neiiTOHHbie 38 1SIAhl BbiCTyiiBIOT KBK 

COOTBeTCTBy!OIUI!e BHBnOrll aneKTpll"!eCKoro 3BpHAB. 8o3HIIKBeT BOIIpoc, B KB

KOH Mepe 3TB BHBnOri!H COXpBHHeTCH B 3BAB"'BX 0 3BMCHYTOM Ml!pe? 
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I. nonHbll1 3APHll Cl1CTEMbl 

Ill 
3aKpb!Tblil: Mllp 06SI38T9rrbHO 8IT9KTpH'I9CKH Heil:TpaneH 

ileil:CTBHTerrbHO, mo6aSI 38MKHYT8SI IIOB9pXHOCTb B 8TOM MHpeXI 1 Harrpn-

Mep c<flepa pa.o.nyca r 0 =a sin X 0 , .o.ennT BeCb o6oeM Mllpa ( V =217 
2 

a a ) 

H8 .QBe '18CTH. 

Xo 
V 1 = 417 a 3 f 

0 

V2 = v- V1 • 

BH)Tp9HHSISI CTOpOH8 ITOBepXHOCTH orpaHH'IHBBeT 06'beM 

sin 2 x dx , 8 ee BH9lliHSISI CTOpOH8 orpaHH'IllB89T 06oeM 

Ecrrll 38pSI.O. HB XO.QllTCSI B 06'beMe VI 1 TO IIOTOK 8rr9KTpH'I9CKOrO B9K-

TOp8 qepe3 rroBepxHJCTb c<flepw ( ro paBeH 

( 2) 

Ho TOT )1{9 38pSIII HB W.lJ,llTCSI C npyrofi CTOpOHb! TOll )1{9 IIOB9pXHOCTll 1 orpBHll

'lllBBIOII]9ll o6oeM V 2 • Cne.o.oBaTerrbHo, qepe3 Ty )Ke noBepxHoCTb rrpo

XO.O.llT IIOTOK BeKTOpa sneKTpll'leCKOll H8IIpSI)KeHHOCTll TOH )1{9 Berrll'lllHbl (4rre), 

HO o6paTHhlH IIO 3H8Jy: B 38KphlTOM Mllpe I!p8B8SI qacTb ypaBHeHllSI (2) Beer-

na paBHa HyniO, 

Ecnn, o.o.HaKo, "ncrropTllTb" 3apSI.O.OM Mnp ¢pll.O.MaHa, T.e. ecnn B Mllp 

C H9HTpanbHOil: IIhlrrEBH.O.HOll M8Tepllefi, IIrrOTHOCTb KOTOpofi p onaopo.o.aa 

n 6onbme, qeM 

f 1 TO T8KOil: M¥ p paCKpbiBBeTCSI - OH He MO)KeT 6b!Tb 38Kpb!Tb!M IIpll 

• B aToM cnyqae Mllp rronyqaeT mBapumnrrb· 

.o.oBcKoe (Bepaee, HcpncTpeM-peil:ccaepoBcKoe) rrpouon)KeHlle- "Au{3enwelt ", 

rro TepM.~;~HonornnXXX; 0. K I ei n 'a 1 2!. MeTpHKa ¢pll.O.MaHa n rnBapurnllrrb.O.OB-

cKaSI M9TpHK8 CBSI3b~ B8IOTCSI qepe3 "roprrOBHHy'- qepe3 c<flepy MHHllMBrrbHOrO 

panHyca. 

(I) 
xx/ 

p = p c 1 IlpH KOTOpOif Mllp CTBHOBHTCSI 38KpbiTbiM. 

xxxl O.KneifH rronpo• >Ho paccMoTpen II!BapuwnnbnoBcKoe rrponon)!{eHne •IacTn 

MHpa ¢pnnMaHa; sTa qacTb Mnpa Bwpe3aeTCH 113 uenoro HeKoif c~epoif rrpu 

X > TT I 2, T,e. rrpn X' TT /2 P-rrnoTHOCTb MaTepnu rronaraeTCH pasnoif HyniO, 
CM,TBK)!{e pa6oThi H. 3,3enbUOBH'la/3/u H.il.HoBHKOBa/4/, 

no TepMHHOIIOIHH H.E.3errbL\OBH'lB, T8KOif o6oeKT H83hlBaeTCSI "rrony-

38MKHYTbiM MHpoM", 
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B Mnpe <PpnAMaHa, .. ncrrop'!BHHOM" MaJibiM 3apSIAOM , Boo6me roBo-

pSI, MeTpnKa cna6o ncKa~eHa. HcKa~eHne MeTpllKll rrpo~BnSieTCSI TOJlhKO Ha 

caMOM "ropll30HTe" rrpn X = rr- a • f'Jle a IIpll MaJIOC"ll aapSI)la Marro. 

]lpyrllMll CJ!OBaMll 0 c<jlepbi 0 OfillCbiBaeMbJe B )laHHOM Mllpe, CHa'!ana YBBJlll'!llBa-

JOTCSI c poe ToM X ( paccToSIHHSI a X oT X = 0 A<' X = rr /2 , 3aTeM 

rrpn X> rr I 2 c¢e.pbi yMeHbiUaJOTCSI, KaK aTo rronarae-rc~ B Mnpe <PpnuMaHa: 

rroBepxHoCTh S = 4 rr a ~sin 2X H o rrpn x 6nnaK oM rr , MeTpnKa 
) 

CTaHOBHTCSI cyweCTBBHHO He <jlpHJlMaHOBCKOif: fiOBBpXHOC Tb IIpll X > TT He 

CTS!f'llBaeTCSI B TO'!Ky, a '!epe3 MllHllMaJlbHYJO fiOBepXH08Tb - "ropJlOBHHy" 

MeTpnKa <PpnAMaHa rrepexoAHT B MeTpllKY PeifccHepa-HopucTpeMa, 

lliBapUlllHJlb)lOBCKaSI MaCCa "Bcero Mllpa" OKa3~BaeT:SI Terrepb OTJ!ll'!HOH 

OT HyJISI 0 MllHHMaJlbHOe 3Ha'!BHllB ee paBH0/2,5/ 

m ( 3) 

BHBCBHH~A 9JlBKTpll'IBCKllH 3apSIU 0 K - rpaBH raUHOHHaSI KOHCTaH-

Ta, 3JIBKTpll'I8CKHB CHJlOB~e JlllHHH 0 crywaSICb Ha rpaHIU8 ¢pHJlMaHOBCKOH 

'l8CTll Mllpa, He )laJOT eMy 3aKpb!TbCSI 0 06paayeTCSI "rop;;OBllHa" ( MllHllM8Jlb

H8SI c<jlepa), '!8p83 KOTOpyiO CHJlOB~e JlllHHH YXOilHT !18 illB8plllHJlhllOBCKyJO 

6eCKOHB'!HOCTb, 

Ho ecnn ITblJIBBHUHBSI MaTepnSI Mnpa <PpnnMaHa p!,annayeTcSI B Bnue, 

JlOITyCTHM, BOUOpOJlHOf'O raaa, TO, K838Jl0Cb 6bi 0 9Ta <jlop via MaTepnn, 6yJly'lH 

9JlBKTpH'lBCKll HBATpanbHOA, llOITyCKaeT IIpll COOTB8TCTBYM>IIl8H fiJ!OTHOCTll o6-

p830B8Hlle 38Kpb!TOf'O Mllpa, C upyroif CTOp0Hbl 1 TBKOH Mill' 38pSI~8H OI'pOMHbiM 

6apl!OHHb!M ll Jl8fiTOHHb!M 38pS!Jl8Mll 0 38KO!Ibl COXp8H8HIHI l:OTOpbiX COJlep~aTCSI 

B anna paTe coBpeMennoif Teopnn. B KaKoif Mepe 6apHoHHI Iii ll nenTOHHbiH aa

pSIIl~ npeJlCTBBJ!SIJOT co6oA 8H8Jl0f'H aneKTpll'IBCKOf'O 38p!Jl8 B o6cy~Jl88MOH 

npo6neMe? 

6 ) E a p ll 0 H H bi if aapSiu 

EapHOHHhlif 3BPSIIl rroAo6Ho aneKTpll'IBCKOMY aapSIUY nperrSITCTBOBan 6hl 

o6pa30BaHHJO 38KpbiTOf'O Mllpa ¢pllJlMaHa, BCJ!ll 38KOHY co;:paHeHllSI 6apllOHHOf'O 

5 



3BpRAB MO*HO 6hlnC 6hl CODOCTBBHTb HBKOTOpOB BBKTOpHOB none B AYXB 

naeil riHra-Mrrnnca/6'. B aaMeTKe flrr-riHra/7 I o coxpaHemm noKenblX 'JBCTHU 

BBeaeHo TaKoe none. BepHee, npeanono*eHo, 'ITO coxpaHeHrre 6apnoHOB CBR

aaHo C llHBaprraHTHO·:TbJO BOnHOBb!X rjJyHKUHM HeifTpOHa ll npOTOHa OTIIOCll

TenbHO npeo6paaoaaJ~il 

I (! (X ) i a< x l 
1{1 

11 
( x) _, e ~ 'Pn ( x); 'e 1{1 (X). 

p (4) 

J1 HBapnaHTIIOCTb a niT< !paT a Teopnrr OTIIOCHTenbHO 3Tl!X npeo6pa30BllHHM IlpliBO

LillTX/ !10 aHanornrr C sneKTpOLIHHBMHKOll K CyWeCTBOBBHll!O KOMileHCHpyiD

mero HBt\TpanbHOrO BBKTOpHOrO nonR, B38l!MOLiet'ICTByJOIIIero C HyKnOHBMH, 

KBaHThl sToro nonR HMeJOT ayneByJO Macey noKoR. 3To none B o6cy*aaeMoil 

HBMH CHTYBUllll BfiODJie aHanorli'JHO aneKTpOMarHHTHOMy, nprr HBDli'Jllll TaKoro 

nonR Mnp, HanonHE HHblll 1 HanpnMep, BOAOpOLIHbiM raaoM, He Mor 6b! 6h1Tb 

38Kpb!Tb!M, J1 B006We 1 MaTepHR 1 He coaep*BWBR B CBOeM COCTaBe paBHOrO 

'JHCna 6apHOHOB ll a~TH6apHOHOB1 Hll npll KBKHX ycnOBllRX He MOrna 6bi 06pa-

30B8Tb aaKpbiToro M 1pa. JlnR cneuncpn'leCKoro 6apnoHHoro aapRaa, IJMeiDwero 

pa3Hbie 3H8KH 6apHO lOB ll 8HTH6apHOHOB 1 riHr H flH, IJCXOLIR ll3 3KCI1epHMeH-

TanbHbiX DBHHbiX 1 Ilp 1BOLIRT BepXHIOIO OUeHKy: 

-5 ') 

TJ <10 KM,~ (5) 

Ecnn none HHra-fln aet\cTBHTenbHO cywecTByeT n ecnn, HanpnMep, 

B Harneil BceneHHOil aeilcTBHTenbHO qncno 6apnoHOB 6onbrue 'llicna aHTn-

xl 
3necb H3J:araeTCSI KOHUellUilSI B TOM Bllne, K8K OH8 B03HilKna B pa60Te 

aBTopoB/ 6, 7 I. 
Borrpoc c TOM, BeneT nn Tpe6oBaHne Kann6poBO'JHot\ HHBapnaHTHOCTll 

C Heo6xonllMOCTbO K CyWeCTBOB8HllJO 6e3M8CCOBWX BeKTOpHhlX ITOnet\ - BTO 

BOITpOC OC06biH, < >H S!BnSieTCSI rrpenMeTOM WllpOKOf'O o6cy:>r<neHllSI/8, 9/, 
B nanhHEt\meM ycnoBHo non SIHr-MnnncoBCr<HMll rronHMll rroHHMaJOTCSI 

COOTBeTCTBYIOWllE "6e3M8CCOBbie" BeKTOpHbie ITOnH, 

6 



6ap110HOB 0 TO Hatua BceneHHBSI He MO)KeT 6biTb 38KpbiT•lH ll8)Ke B TOM cnyqae, 

ecnn IlJ10THOCTb MBTepnn B HeM OKB)KeTCSI 60J1bWe KpH"H'IeCKOH IlJ10THOCTI1X/, 

ilpyrnMn cnoBaMn, B 3TOM cnyqae Hawa BceneHHISI llOJ1)KHa nMeTb rrpo

llOIT)!<eHne ( "Auf:lcnwcl t" ) Tnrra WBapurnnnbllOBCKorc c rrona·ou Maccofi, He 

MeHblLlei1, qeM 

( 1\ -N ) -!1/2 
10 Mp(N-N), ( 6) 

\ " 

rae N-:\ pi13HOCTb 'II1CJ18 6apHOHOB H 8HTn6ap10HOB BO BceneHHoi1. 

Ecnu uawa EceneHHaSI cocTOHT rrpaKTH'IeCKH H:J OllHHX 6apnoHoB, TO 

OTKJ10HeHne OT cjlpll/lMBHOBCKOH MeTpi!KH 38Kpb!TOro M:rpa ll0J1)KH0 B03HI1Ki1Tb 

381lOJ1rO llO X = 1T , a p81li1YC ropnOBI1HHOll ccpepb MO)KeT 6b!Tb TOJlbKO 

np11MepHO B JQ5/2 pa3 MeHbWe p81li1YC8 M8KCI1M8J1bHOH ccpepw cpp111lM8HOBCKOH 

qacTI1 Mnpaxx/. 

ilnSI 38MKHYTOCTI1 BceneHHoi1 Heo6xonnMa B 3TJM cnyqae ee rronHaSI 

Hei1Tp8J1bHOCTb OTHOCI1TeJ1bHO 6ap110HHOro 38pSIIl8o 

x/ 
CymecTBoBaHMe nonSI .HHra-nM Morno 61>1 cKa3aThCSI B KOCMonorMqec-

KMX acjlqleKTBX B oGnaCTM 6nM)Ke K ropM30HTy Hamero M ~pa. 0TTanKMB8HMe 

OllHOMMeHHI>IX GapHonm,Ix GapSiilOB non)KHO npMBeCTM K I·03HMKHOBeHMJO no6a

no•JIIJ,IX paQHilJibHI>IX CKO[JOCTeif He6eCHbiX Ten HJIM J.l8)!(( K OO~>SICHeHMIO MX !'pO

MCXO)KL1eHHSI, KRK " 3JJeKTpoMarnMTHoellO/ none, 8TO 1 one Mo)KeT npenSIT

CTBOBaTb HeOI'p81!M'!eHHOMy C)I<BTMIO llpM KOJJnance KOC~ !l'!eCKMX 06beKTOB M 

necTH K nocnenyiOIUeMy pacumpeHMIO, 

C aaenenMeM nonSI Rnra-n" TepSieTcSI, 

TponnocTb B~eneHHoil, HO 3TO o6cToSITenbcTBo 

KOHe'IHI, OL1HOpOUHOCTb ll M30-

He Beil·!T K K8KllM-nll60 BHYT-

pei!HMM ITpOTMBOpe'IHSIM TeOpllH, !10 OHO MO)KeT npOTMBCpe'!HTb 3KCIT8pHMeH

THJlhHhiM cf"l(lKTnM. 

()Gcy)K/18eMOE' ITOJIQ ilOJI)I<HO CK838TbCSI II !W MllKpOCKOITM'!eCKIIX 9cjlcjleK-

THX TlliW, 1181l[JHI'.i\e[J, KMKYII!erOCSI ll"\fY!IIeHilSI ;oM6MHilpOB8HHOif qeT-

Hl'~CTH - noHBJTe/JHe> :1nnpe1I1enHoro pacnana 1\ 8 I£<1 1 Ba n - Me3oHa B6nn-

31! rpaBHTIIPYlOli!IlX MflCC, 0TC:VTCTBI!e TaKOT'O :c>cjlcjleKTa, 3aBilCSI!Uero OT CKO-

[JOCTil K - ~1e3ona, IWn<ti's3eT ·caK)Ke orpaHM'!enne na BepxHJOJO rpaHHUY 

31l8'10hl!51 Tf - Olin Ill' CliiiiTIKOM OTJlll'l.li'TCSI OT (5). 

xx/3TM OQeHKII, CllpOBBDJliiBhlB B KnOCCII'!eCKOif ~II=IIKB, K8pDHHaJ1bHO 

MeHSIIOTCSI C .V'>E\TOM KBHIITOBbiX 3q1cjleKTOB ITOnS!pi13aU!III BaKyyMa ( CM, HH)KB), 
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a) BeKTopH hie Me30HHbie IIOIIHj p-, ¢-, w - Me30Hbi 

8 HacToHruee 11peMH HeH3BecTHO, ecTb nn csepxcna5oe none HHra-nn, 

HO HMeiOTCH 3KCITeptrMeHT8IIbHO 05Hapy>KHBaeMbie sneKTpHqeCKH Heihpanb

Hbie BeKTOpHbie m.<IH ( P cp W ) C COXpaHeHneM COOTB8TCTBYIO

IUHX 5apHOHHbiX TOKoB, 8 OTIIIfqlfe OT HHI'-MHIIIICOBCKHX rronei{ KB8HTbl p 

¢ If W o5nana:oT MaCCOH ITOKOH, OTIIIfqHOH OT HynH, HanHqne M8CCbl 

ITOKOH y KB8HTOB STHX rronei{ 3aTpyll!!SI8T Herrocpe}:(CTB8HHOe rrpnMeHeHHe 

o5Cy>K}:(88MOI'O KpHT ~pHH 38MKHYTOCTll MeTpllKH, 

lleHCTBHTeiibHO, ITOIIH Tenepb y}:(OBneTBOpHIOT ypaBHeHHIO (B eBKIIH}:(OBOM 

rrpocTpaHCTBe) 

v v 
¢ +g) 0, ( 7) 

STOI'O ITOIIH, 

- IIOTeHUHan, gv - ClleUH¢nqeCKHH 38pHll llCTOqHHKa 

BeKTOp 5apnoHHoro ToKa, H3 ypaaHeHHH (7) cne-

nyeT 

a r' ~a 1 v 
m (8) 

v v g v 

3aTpynHeHHH 3aKmcqaroTcH B ToM, qTo Terrepb aHanoroM TeopeMbi faycca 

B sneKTpO}:(HH8MHKe OK83~BaeTCH B~pa>KeHH8 

( 9) 

x/ 
H B TOM cnyqae, KOI'}:(8 IIpaBaH qacTb ( 9) o5pamaeTCH B HYIIb , COOTHOIUe-

-mv r 

xl EcnH, HI npHMep, <P 
4 

= g v _.:;;e_r=--- , TO 

-f cf>
4
med V=-4rrgv ( 10) 

Ho To JKe Bbrpa)! eHHe c o6paTHbiM 3HaKoM naeT g v f I 
4 

d V 
MneH BeKTlpHOH t:IOMHHBHTHOCTH/11/ BHOCHT B paCCM8TpHB8eMyiD npo-

6neMy CBOH KOn >pHT, 
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Hlf8 ( 9), KB3BJ10Cb 6br, He Tpe6yeT B 3BKpb!TOM MHpe palleHCTBa qucrra 6apH

OHOB If BHTH6apHOHOB. Dp8LiblLIYlllee 3BMeqaHne, OLIHBKO, He pewaeT BOITpoca, 

ToKo OHO OTHOCHTCH K 8BKJIHLIOBOH M8TpHKe; 3BLiaqa Tp86)8T CBoero pBCCMOT

peHHH B yCJIOBHHX 3BKpWTOH MeTpHKH, qTO 6yaeT CLieJIBHO LIBITbWe rrpn o6cy*

LI8HHH ITOJIHOH MBCCbl CHCTeMblo 

r ) J1 e IT T 0 H H bl e 3 a pH 11 bi 

C rreiTTOHHb!MH 3apH!l8MH B03HHKaeT CI!TYBUHH, 6nll:IKLlH K TOH, KOTOpaH 

61orna paccMoTpena Bb!Ilie B cnyqae 6apnoHHoro 3BpHDa. 

B rrpeaerrax ToqHocTn cospeMeHHoro aKcrrepnMeH"a MO)KHO roBopnTb 

rrp!!M8HHTeJibHO K rreiTTOHBM 0 11BYX 33KOHBX coxpaneHHH; 

a) 0 3BKOHe COXpaHeHHH 3JieKTpOHHWX rreiTTOHOB, 0 COXpaHeHHH o6mero 

qncna 3JieKTpOHOB ll 3JieKTpOHHbiX HeHTpHHo; 

6) 0 3BKOHe COXpBHeHHH f1 - Me30HOB ll MIDOHHbiX H8HTpllHO. 

CoxpaHHIDllllleCH qncna L p n L 11 MoryT 6b!1 b 3arrncaHbi B BH118 

L e = [ n (e-) - n ( e + ) l+ [ n ( ve )- n ( v" ) ] 

I! 

L = [ n ( fl. t ) - n ( 11- ) I + [ n ( v ) -n ( u ) I . 
fl. fl. fl 

3aiTHlll8M llJIH yuo6CTBa: 

ljle 
~ .. 
~,, 

ljl 
Jl 

Toraa COOTB8TCTByiDlllH8 3BKOHW COXpBH8HHH B KOMITBKTHOI 3BITHCH ITpHHllMBIQT 

BllLI 

a ljl r ljl 
p = 0; a ljl r ljl =0 

a a a fl a fl. 
( 11) 

rae y () 

ra 
0 y - MBTpHllbl .llHpaKa. y 
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EcnH rronaraTh, ~TO C)Xp8HBHHB TOKOB (11) CBH38HO C HHB8pH8HTHOCTh~ THI18 

'II (x); 
e 

j f3 (X) 

'II ( x) _. e 'II ( x), 
f.1 f.1 

HJlH I1pOCT0 0 BCJlH I1p·~Lli10JlO:»<HTh 0 ~TO cyureCTByJOT HHr-MHJlJICOBCKHe ITOJIH 

KBK LlJlSI ::meKTpOHHl IX, T8K H ( Llpyroe) LlJIH MJOOHHbiX Jl8I1TOHOB 0 TO TOrLla 

BceneHHBH, COCTOH!ll8 H, H8I1pHMep, H3 BOLlOpOLlHOrO ra3a, He MO)KBT 

38KphlTOA H ITO I1pH~HHe COXp8HBHHH JIBITTOHHOrO ~HCJiax/. 

a)Cna6hle B38HMoaeAcTBHH 

6b!Th 

EcnH cyurecTBOillHHe SIHr-MHJIJICOBCKHX rroneA nnH nerrToHoB rrpo6ne

M8THqHo, TO cy!llBCTBlB8HHB CJI86hlX BBKTOpHhlX B38HMOneACTBHA, CRH38HHhlX 

C JlBI1TOH8MH 0 SIBJISIBTCSI 3KCI1BpHMBHT8JlhHbiM cp8KTOM B TOR )K8 Mepe, K8K 

Cy!llBCTBOB8HHB BBKTOpHhlX M830HHhlX rroneA ( p , ¢ w ), CBSI38H

Hb!X C 6apHOH8MH. 

PanH rrpocTOTbi rrpHBeneM B03MO)KHOe ( e v ) ( e v B38HMoneA-

CTBHe, KOTOpoe B I1p1HUHI1B HBCBT Bee qepThl TIOK8 6onee pB8JlhHhlX npyrHX 

qeThlpexcpepMHOHHhlX 338HMOLlBACTBHA. 

B ypaBHBHHH 

IV+ Gy IV y IV .IV ~0 
e 11 V 11 V e 

( 12) 

TIOJIBM CJiy)KHT BBKTOJ · 

v 
I {3 ~ IV v y {31V v • 

( 13) 

HcToqHHKOM SIBJISIJOTCI 3JIBKTpOHhl. 

x/ 
CymecTBOBlHHe HHr-MMJIJICOBCKMX rroneA c pa3HbiMM KOHCTaHTBMH 

B38HMOLleAcTBHH LJ,IH 3JI8KTpOH8 .M f1 - MB30H8 MOrJIO 6bi 6b!Tb 11pH'iHHOA 

p83JIH'iHH HX C06C1BBHHhlX M8CC. 
Ho 3necb IO·Ka Heo6'hHCHHMoe pa3JIHqHe B Maccax qacTHU 3aMeHSJeTCSJ 

Heo6'hHCHHMbiM pa3 ni'iHeM B KOHCTBHTax B38HMonei1:cTBHH. ABTopy KameTcSJ 
6onee 11pHBJIBK8TBTbHOA npyraH UpHHUMI1H8JlbH8Sl B03M0}f(H0CTb - CHSlTb rrpenrro-
naraeMoe BblpOJKLlE HHe 110 M8CC8M ( m ~ ~ m ~ ) HBKOTOpb!M OLlHMM B38-
HMOLlBi1:CTBHBM/ 12/, 

10 



B CB~38HHOM c (12) ypaBHeHHH 

(ip +ID ) ljl +GyR lfeYR ljle .ljl 
v v /'-' /'-' v ( 14) 

HCTQqHHKOM ~Bn~IDTC~ HeHTpHH0 1 a none sneKTpOHHO-IT03HTpOHHOe 

( 15) 

B oTnHqHe oT cnyqa~ sneKTponHHaMHKH HHTerpar hi 

JG(If y 'I' )dV 
V n v H (16) 

T,e, crreuHqmqecKHe 3ap~llbi sneKTpoHa H HeihpHHo, He cB~3aHbi TeopeMoll: 

faycca C ITOTOK8MH COOTBeTCTByiDIUHX H8!Ip~>KeHHOCTe i !lOne if, 3necb HeT 

aHanora 8neKTpOilHH8MHqecKOH TeopeMhl faycca, H Mbl l HIIleHbl B03M0)KHQCTH 

HCITOJ!b30B8Tb apryMeHTbl THIT8 ( 2) !IpOTHB CyllleCTBOBam ~ 38Kpb!TOi\ MeTpHKH 

B cnyqae rronHoro nerrToHHoro 3ap~na, oTnHqHoro oT H)n~. 

Ho rrepen TeM, KaK rrepei\TH K paccMoTpeHHID npyrH{ KpHTepHeB 3aMKHy

TOCTII CHCT8Mb! 1 o6nanammeil: 6apHOHHbiM H nerrTOHHbiM 38pSlllOM, !IpHBe.o.eM 

Kp8TKO€ paCCy)KJl€Hil€ "OT !IpOTHBHOPO", llorryCTHM H8 MPH<•B€HH€ 1 qTQ B CJiyqae, 

H8ITpHMep, M8TepHH 1 COCTO~IIleH li3 BOJJ.OpOJJ.HOPO P838 1 B )3M0)KH8 peanH38UHSI 

3aKpbiToro MHpa ¢pH.o.MaHa. Ho, KaK cne.o.yeT H3 .o:anhHE i\mero, TaKoe .o.orry

me HHe BeneT K cneJJ.CTBH~M, KOTOpbie MO>KHO HCTOnKOI ,8Th K8K HapyllleHH9 

38KOHOB COxpaHeHH~ 6apHOHHOPO H neiTTOHHOPO 38p~llQB, 

e) Bo3HHKHoBeHne 3aKpbiTbiX cncTeM 

H 3 a K 0 H bl C 0 X p a H e H H 5! 6 a p H 0 H H bl X H ll e II T 0 H H bl X 

38p~llOB 

llanhHeil:llleMy o6cy>KneHHID uenecoo6pa3HO rrpenrrocnaTh HecKOJihKO 3a

MeqaHHil: 0 KOJIHqeCTBe BellleCTB8 1 He06XOJJ.HMOPO llnSI o6pa30B8HHSI 38Kpb!TOH 

MeTpHKH CHCTeMbl, 
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KaK H3BeCTHO, ypaBHeHHe 3i1Hll!Tei1:Ha JW'il 3CJKPbiToro MHpa c!>pHLIMaHa 

HMeeT BHLl/ 1/: 

c 2 a __ 3_(_1 _da ) 2 
p=--- ---+ 

a 2 
877K 877K a dr 

( 7) 

rae a - napaMeTp Xa66na, p ll!IOTHOCTb HeitTpa!IbHOH 

llbin0Bll!lHOH MaTe pH<, a~(t)=-g 1 , <jlopMhJ ( I) c - CKopocTb cBeTa, 

' 
K - rpaBHT8UHOIIH8'il KOHCT8HTa, B MOMeHT M8KCHM8llbHOrO paCll!HpeHH'il 

1 da 
MHpa c!>pHL1M8H8 ( --.. ~ H = 0, a =a max 

;~ 
2 

c 
Pz 

877 a !ax K 

( 18) 

CB'il3aHo c "ronoit" Maccoit \1 o \I o - Macca Bell!eCTBa 6e3 

y'IeTa rpaBHTauHoHH oro Lie¢eKTa Mace) cooTHOllll' JmeM/ 1 I 

a ( 19) 
max 

CneLioBaTeJibHO, LlJI'il aaHHoli MaCChi Bell!eCTBa !\1 o ll!IOTHOCTb Be-

ll!eCTBa B MOMeHT I !aKCHMaJibHOrO pacwupeHH'il MHpa 

77 (' 6 ( 20) 
p min 

TaKHM o6pa30 .-~, 3aKpb1TbJit Mllp c!>pwnMaHa "MO;>KHO o6pa3oBaTb" mo6biX 

M8llblX pa3MepoB ( n D6b!X M3.11b!X a ) ll3 Bell!eCTBa aneKTpH•IeCKH Hei\T-

pa!IbHOH mo6ofi: Ma.r OH MaCChi \I 0 Ho Heo6xoLIHMa'il onHoponHa'il nnoT-

HOCTb MaTepHH !lOlMHa B MOMeHT MaKCHMa!lbHoro paCll!HpeHH'il o6beKTa 

YLlOBJieTBOp'i!Tb C001 HOWeHHIO ( 20), 
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Ecn11, HarrpHMep, Macey BemecTBa, paBHYIO M3.cce f'anaKTHKH, 
44 

(M 0 ~10 5 , ) , 38MKHyTb B Ml1p ¢pHAMaHa 0 TO 9TOT Mllp COrnaCHO ( 19) 

liMen 6w MaKCHMaJlbHhle pa3Mepw 

a ~ 10 10 
max KM ( 21) 

H MHHHMaJlbHy!O ITJlOTHOCTb 

-4 ( 22) 
p . 10 

mtn 

flepeXOAH K 60J1bWHM ITJlOTHOCTHM ( ( p min ) 0 IV O;>KHO orpaHH'lHTbCH 

MeHhWHMH MaccaMn M 0 

o6neKTa. 

UJlH o6pa30B8HHH COOTBeTCT3YIOWero 3aMKHyToro 

ilnH Maccw, paBHoA conHe'lHOA 
33 

( ~~ o "' 10 r ) . MaKCHM8J1bHb!e 

pa3Mephl 3aMKHyToro Mllpa CTaHOB~TCH ITOpHUKa 

IS r } 

l1 M a ITJlOTHOCTb -

6nll3KOA K HDepHOA ( P min 10 :::::3 . M bl OCT8BJ1HeM 
CM · 

B cTopoHe Borrpoc, 

ITpH KaKHX yCJlOBHHX B DpHpone ITpOHCXOL(llT peanbHOe o6pa30B8HHe TaKHX 

o6neKTOB H3 BewecTBa HaweH: BceneHHOH H rrpoHCXOAHT nrr 3TOT rrpouecc 

B HaCTOHWee BpeMH. 

B AaHHOM o6cy;>Knennrr AJlH nac cywecTBeHHo, qTo B rrprrHunrre o6pa3o-

Banne 38MKHyToro o6neKTa ( BO BCHKOM CJiyqae B 38pHAOBO-CllMMeTpHqHOM 

CHCTeMe) MOJKeT 6b!Tb ocyrueCTBJl8HO B MbiCJleHHOM 3KCIT ?pHM8HTe, 'ITO H8Jlb-

3H CAenaTb c gneKTpHqecKH 3apH;>KeHHhlM BewecTBOM. Ecnrr Aa;>Ke rronHwe 

6apllOHHhle l1 JieTITOHHhle 3apHUhl CHCT8Mhl OTJlHqfihl OT IYJ1H 0 B03HHKHOB8HH8 

B Mllpe TaKoro C06biTHH He ITpOTHBOpe'lHT 38KOHY COXp<tH8HHH 9HeprHH 1 T8K 

KaK OHO UOJl)KHO COTipOBO)!UJ8TbCH COOTBeTCTByiOWllM li3Jl} qeHI!8M, Ho 113 MHpa 

HcqeaaeT B 9TOM Cnyqae KaK08-TO KOJIHqecTBO 6apHOHOB H Jl8ITTOHOB 1 TO 8CTb 

B03HHK88T napyweHH8 COOTBeTCTBY!OWHX 33KOHOB COXpa~eHHH. 

TaKHM o6pa3oM, paccy;>KACHne "oT rrpoTHBHoro" rrpHBOAHT K BhiBOAY 

0 B03MOMHOCTH HapyweHHH 38KOH8 COXpaHeHIIR 6apHOHHW( 11 Jl8ITTOHHhlX qncen 

B CHJlbHhlX rpaBHTaUHOHHWX ITOJlHX. 

EcTeCTBeHHo, qTo 9TOT pe3ynhTaT CTHMYITHpyeT AanbHeH:wee Hccne

AOBaHHe BODpoca, ITOHCKII ApyrHX 6onee yGeaHTeJlbHWX apryMeHTOB 38 HJlll 

ITpOTllB B03MOMHOCTH OCyrueCTBJieHHH 38KpWTOM MeTpHK! B CllCTeMe C TIOJl

HblM !)apHOHHb!M llJlH Me30HHblM 3apHUOM, OTJlHqHblM OT HynH. 
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ll nonHA5I MACCA CV!CTEMbl 

Bbi!lle Mbl aHaliH2 HpOBaliH lllflllh OAHH H3 IIpH3HaKOB 3aKpbiTOH CHCTeMblo 

C TO'IKH 3peHHSI 8TOro IIpH3HaKa Clly'laH 5apHOHHbiX If neiiTOHHbiX 3apSIAOB 

MOryT Cyll!eCTBeHHO OT lH'IaTbCSI OT Clly'laSI 3apSIAa B 8lleKTpOAHHaMHKe. 0nHaKO 

cnenyeT IIOA'IepKHYTb0 'I fO paBeHCTBO HYliiO IIOliHOH MaCChi SIBliHeTCSI 5onee o5lUHM 

IIpH3HaKOM 3aKphlTOH CHCTeMhl. 

flpaBAa, 8TOT KpiTepHi\ rrpearronaraeT B03MO)I{HOCTb Bbi'IHCliHTh IIOJlil.YIO 

Macey BeiUeCTBa C y'leroM B SIBHOM BHAe KaK CHllhHbiX1 TaK If cna5biX IIOlleif. 

K comaneHHI00 IIOliHOe perneHHe 3aAa'IH IIOKa BhlXOAHT 3a paMKH COBpeMeHHOH 

TeopHH. Ho HeKoTopbie coo5pa:>KeHHSI, He nHweHHbie, Ha Haw B3rnHA, liHTepeca, 

MOryT 6 b!Tb BbiCKa3aHSio 

Ueno B ToM, ~·o AliSI rpaBHTaUHOHHoro H aneKTpoMarHHTHoro rronSI 

KllaCCH'IeCKaSI 3aAa'la ) IIOliHOH Macce HHTepecyiOIUHX HaC CHCTeM pell!aeTCSI 

B cTaThSIX ApHOBHTa, .le3epa H MailcHepa/5/. XoTSI 8TH aBTOpbi rrocBHlllaiOT 

CBOH pa60Tbl IIpo6neMe MaCChi TO'Ie'IHbiX HCTO'IHHKOB IIOli51 1 HO ~J8KTll'!eCKll IIMII 

pewaeTC51 HMeHHO Ta 3EAa'Ia, KOTopaSI B Ll8HHblH MOMeHT H8MII paCCMaTp11BaeTC51. 

0HH HCXOAHT H3 HeKOTO poi\ IIpOTSimeHHOH MOUElliH 1 KOTOpyiO B nanbHei\meM CTHrli

Ba!OT B TO'IKy. illiSI HeiTpanhHOH rpaBHTHpyiOIUeif '18CTHUbl HMH 5epeTCSI B Ka-

qeCTBe MOAeliH ueHTpa. IhHO-CHMMeTpH'IeCKOe 05llaKO IIbineBH!lHOH MaTe pHil !Ipll 

paBHOM HYliiO naBneHHlo 

A.ll.M/5/ 3anaiO"CH HeKoTopoi\ ronoi\ Maccoi\ cHcTeMbi m o , a 3aTeM, 

OCTaBliSISI m 0 IIOCTOSIHHC i\ 0 ycTpeMliSIIOT pa3Mepbl CHCTeMbl K HYliiO. B 3TOM CTpeM

neHHH pa.::JMepOB CHCTe vlbl K Hyll!O OHH rrepeXOASIT K BCe 60llhlllliM ll 6onhlliHM 

IIliOTHOCTSIM MaTepHH. ]1 KOrAa IIliOTHOCTh MaTepHH CT8HOBHTC51 paBHOH KpliTH

qeCKOi\0 CHCTeM a CT8HC BHTC51 liOliHOCTh!O 3KBHBalleHTH8 3aKpbiTOMy MI!py ¢pHil-

MaHa. 

KaK rroKa3b!BaeT wnpo5Hbiil aHanH3 3ana'IH, K Hyn10 ycTpeMnHIOTCH BHew

HHe pa3Mepbl CHCTeMbi 0 T.e. pa3Mepbl IIOBepXHOCTH 1 OKpy)KaiOWei\ CHCTeMyX/ • 

x/ 
Y CTpeMnHe fC51 K HyJIIO r 2 a 

2 
sin 

2 
X (X ~ rr ) Ko3¢¢HuneHT 

II pH ( d 0 2 + Sin 
2 0 d rp 2 

) B KBaapaTH'IHOH ¢opMe ( 1). 
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BHyTpeHHHe )Ke ee p83Mepbi ( e =a X) nnHeHHO 38BJICSlT OT mo H MoryT 

6biTh KBK yroaHo 6onhli1HMH x/. EcTeCTBeHHo, 'ITo IOnHaSI Macca TaKoif 

CHCTeMbi o6p8II18eTCSl B Hynh - K8K 8TO 11 llOn)KHO ( biTb lll!Sl 38KpbiTOI'O 

MHp8 ¢lpH.QM8H8. 

3aaaqa 8Ta, Boo6me rosopSI, HecTaTn'leCKaSI. Ho anSI noac'I~Ta non

HOM M8CCbl CHCTeMbi MO)KHO Bbi6paTb MOMeHT Han6o 'lblllero paCI11HpeHHSl 0 

KOr.Qa Bee '18CTHllbi CHCTeMbl MrHOBeHHO liOKOSlTCSl - 'ITI> 11 .QenaeTCSl B lll!TH

pOBBHHhlX pa60T8Xo 

TaK11M )Ke o6pa3oM paccMaTp11BaeTcSI 11 cnyqaif aneKTpH'IeCK11 3apSI

)KeHnoii MaTep11H. Ho B oTnH'I11e OT 9neKTp11'1eCKH Hei Tpanbnoro semecTBa 

B 9TOM Cl!y'lae llp11 liJ06biX llnOTHOCTSlX M8Tep11H 0 llpH I 1060M MBnOM l!Ol!HOM 

38pSl.Qe C11CTeMbl - ll0l!H8H M8CC8 C11CTeMbl OK83biBaeT<:H OTl!H'IHOH OT HynSI. 

MaKC11ManhHoe 3H8'1BH11e nonHoii Maccw naeTcH Bwpa)KeHHeM ( 3). 

3TOT pe3yl!bT8T 03H8'!8eT, 'ITO rpaBHT8U110HHbiil ae4JeKT MBCC CliOC06eH CKOM

rreHCHpOBdTb KBK l!J06oe 3H8'!eHHe 38Tp8BO'IHOil HeATp8l!~HOH M8CChl BemeCTB8 1 

TBK H '18CTb 9neKTpOM8I'HY!THOA MaCChi 38pH.Oa. Ho B B11.Qe ( 3) 

KOHe'IHOe 3H8'1eHHe l!Ol!HOH MaCChi CHCTeMbi. 

OCTaeTCSl 

B "xx/ 8 9TOM Cl!y'!ae CIICTeMa OK83biB8eTCH He38KpbiTOII • HyTpeHHHH MeT-

p11Ka 11MeeT BHewnee HopncTpeM-peifccneposcKoe npon~>n)KeHHe. 

noapo6Hoe paCCMOTpeH11e 38D8'1Y! K8K o6o6meHHH li3BeCTHOI'O HeCT8TH

'I~CKOI'O peweHHSl TonMeHa npHBOil11T K ToMy )Ke pe3)nhTaTy (3). B 9TOA 

38.Q8'1e peweHHe ):ll!Sl cna6o 38pSl)KeHHOH llhll!eBH.QHOH M8TepHH ClllHBaeTCSl 

C COOTBeTCTBYJOIIlY!M peweHHeM B rrycTOTe 06p8W8PT Ha ce6Sl BHIIMBHHe 
1 

x/ 
'BHyTpeHHI!e' pa3Mepbl CI!CTeMbl - 9TO pan11y::: 38Kpb!TOI'O Ml!pa 

¢>pHnMaHa. 

xx/ /5/ 
A,ll.M. paCCM8Tpi!B8JOT 38/l8'1Y B OllHOpO/lHOi! CIICTeM e KOOp/lHHaT: 

CBSI3b Me )!(Jly 

B BHne/2/: 

dS
2

=A(dR
2

, R
2

d!1
2 )-,8c dt 2 

0/lHOpO/lHbiMH ll IliBapUUIHnh/lOBCKHMH KOOp, IIIH8TaM H naeTCSI 

m2 -m 2 cJ";--;;-
r = R + m • · 4 R 

0 
m 0 = ~ B cnyqae m 2 = m 5 ; r=R+m. 

npn CTpeMnemm pa3MepoB R • 0 r CTpeMJITCSI K m r = m = ~. 
c2 

R = 0 B R - cncTeMe cooTBeTCTByeT r = e y/( / c r -cncTeMe. 
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'ITO B o5naCTif ropnOBHEibl B03HHKaeT OI"pOMHOe, KBK TIOK838HO HBMH H B,f1,«1Jpono

BbiM, BHAHMO, npenenbHO B03MOlKHOe 3Ha'!eHH:e 9neKTpOCT8TH'IeCKOI"O TIQTeHUHa

na x) (HMeHHO: cp =C
2 1-.fK). 

B 9TOM none c rpoMHoro sapSina, noKannsoBaHHoro B Manoif o5nacTH, 

o5pa3yiOTCSI napbl BCS KOI"O pona 38pSIJKeHHbiX '!aCTHU, qaCTHUbl 0 TipOTHBOTIOnOlK

Hbie IIO 3H8KY 38pSIA y CHCTeMbl, 5ynyT CTpeMH:TbCSI yMeHblliHTb IIOnHblif 3a

pSIA, a KOMTIOHeHTbl lap, OAHHaKOBb!e IIO 3HaKy C sapSIAOM CHCTeM bl)- yna

nHTbCSI Ha IIIBapuiiiHnbAOBCKyJO 6ecKoHe'IHOCTb, KonH'IeCTBeHHhie oueHKH 9TO

ro 9tPtP8KT8 8!II8 He 3aKOH'IeHb1 0 HO MOlKHO Bb!CKa3aTb yTBep:JK.[leHH:e, 'ITO 

IIpH n1060M H8'18nbHC>M sapSIAe CHCT8Mbl IIOCnenyJOIIIHif 9tPtPeKT IIOnSipH3aUHH 

BaKyyMa yMeHbiiil!T ee llOnHblif 9tPtPeKTHBHblif 3apSIA AO OAHOI"O ll TOI"O JKe 

3H8'18HHSI Z ::;_ 137 e • 

He ucKnJO'IeHo, 'ITO 9TO 3Ha'!eHue oKalKeTCSI paBHbiM enllHl!Ue 9neKTpll-

'!eCKOI"O sapS!Aa ( e ) XXI, 

x/ 
B eaHHHuax, K )raa m = e - MaKCHManhHoe 3Ha'!eHHe aneKTpocTa-

TH'!ecKoro noTeHuHana - paBHo I (eaHHHue), CymecTBeHHo, 'ITO sTo 3Ha'!e

HHe noTeHUHana He pa:TeT C pOCTOM 38pHA8, C yBeflH'!eHHeM 38pHAa YB8ITH'IH

B8eTCH ITllllib ctjlepa rc piTOBHHbl 1 COOTBeTCTBeHHO H nOITH8H M8CC8. 

xx/0 6 . ~-co eHHOCTb cTOH 38A8'1H no cpaBHeHH~ C COOTBeTCTBy~wel\ 3BAa'!en 

AITH 8TOMHOrO HApa C Z '> 137 e 38KIT~'I88TCH B TOM 1 'ITO H8'18ITbHb!e 38pH-

J:Ibl 3AeCb MOryT 6b!Tb orpOMHblMH 1 a rnaBHOe, 3H8'!eHHH aneKTpOCT8TH'IeCKO

ro noTeHUHana B ropn )BHHe - M8KCHM8ITbHble H3 B03MO)I{Ilb!X. 

C yMel!bllieHHe~ atjltjleKTHBHOrO 38pHA8 H3-38 nonHpH38UHH BaKyyMa 

3Ha'!eHHe KyiTOHOBB noreHUHana B ropnOBHHe He yMeHbWBeTCH - OHO OCTB

eTCH rrpeaenbHO 60ITbllHM 1 HO y~eHbWBeTCH COOTBeTCTBeHHO paAHYC ropnOBHH

Holi ctjlepb!, B OTflH'IHE OT BTOMHOrO HApa C Z = 137 e noTeHUHBnbHBH HMB 

06pe3aeTCH He HB HAep Ib!X p8CCTOHHHHX 1 a HB rpaBHTBUHOHHbiX1 KOTOpbJe 

B A8HHOM cnyqae IB ABB):IUBTb ITOpHAKOB MeHbllle. f1pH OUeHKe stjltjleK-

TB cyweCTBeHHy~ ponEo HrpaeT pO)I{AeHHe nap 6o3e- 'IBCTHU 1 ):lflH KOTOpbiX npHH

UHn f1aynH He CTBBIIT )rpBHII'Ielli!H no 38CeneHHOCTII. 

Ecn11 K aToll 3 IAa'!e B KaKoll-To Mepe MOlKeT I!MeTb Ka'!eCTBeHHoe 

OTHOllleHI!e 113BeCTH8H popMyna JlaH):Iay/13/ 1 X8pBKTep113Y~lli8H ITOnHp1!38UIIOH

HbiH a¢tjleKT 6onbllloro 3BpHAa ronoro sneKTpoHa, TO cornacHo 11 sTol\ tjlopMy

ne stjltjleKTHBHbili 38P>IA BCeX 'IBCTIIU AOITlKeH 6b!Tb O):IHIIM JJ TeM lKe He38BH

CI!MO OT era HB'IBITbHO'O 3HB'IeHIIH B MOMeHT era o6pa30BBHHH. 

«1JopMyna, 0 KOTO )QH HAeT pe'!b 1 IIMeeT BHA 
2 

2 
e 

I + < 2 
I/ P ~ A/ m 

npH 
f ~~ 0o0 , e 

v fg m (23) 

T.e. Ha'!anbHbill 3apHa np11 < H3 BbipalKeHHH BbiiTaaaeT, EcnH 3Ta 

¢opMyna 6bma 6bi np1111 eHHMa B HaweM cnyqae, To A npeacTaBnHno 6hi 

co6ol\ pa3Mepbl ropnor I!Hbl 1 KOTOpbl8 ITHHeHHO CBH38Hbl CO 3HB'!ei!H8M m 

v - tntcno. 
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B rrpellbiilyumx o6cy}KneHIIHX Mbi orpaHII'IIIBamrcb TonhKO seKTOpHbiMII 

TIOnHMII II COOTBeTCTByJO!UIIMII 38pHJl8MII IIX IICTO'IHIIKOB, 

Ho peanbHO cymecTByJOT nonH II c npyri!MII TpaHctjlop \1aUI!OHHbiMII csollcT

BaMII ( rrCeBJlOCKanHpHbie rrOnH, cna6bre rrCeBJlOBeKTOpHbiE II T,Jl,) CO CBOIIMII 

CTIBUII~li'IeCKIIMll KOHCT8HT8MII B38liMOJleHCTBliH ("3apHJllMH"), 

Y'IeT TaKoro pona npyriix nonet\ 3Ha'IHTenbHO ocno~HHeT 3anaqy, lleno 

B TOM, 'ITO OJlHII rron•a ysenH'IIIBaJOT, JlpyrHe yMeHblli8J<·T 3!!8'18Hlle rrOnHOH 

M8CCbl CIICTeMbi, CKanHpHoe none, HanpiiMBp, KaK H3BeCTf 0 1 naeT OTpiiUaTenb

HOe 3H8'IeHIIe C06CTBBHHOH M8CCbl ero HCTO'IHHKa, C~anHpHOe none, KaK 

ll rpaBIITaUHOHHOe, ysenH'IHBaeT ne¢eKT Mace CliCTeMbl 'I8CTHUX/, 

YTo KacaeTCH UO cna6biX B38IIMOUeHCTBIIH 0 TO ll311BCTHaH KOM6IIH8UHH 

seKTOpHoro n rrcesnoseKTopHbiX no net\ ( TaK Ha3biBaeMc e V- A B3anMo

nei1cTBIIe) B HH3WeM IIO~HUKe (rreTnn) He naeT BKnana E C06CTBeHHyJO 3HBp

I'HJO IICTO'IHl!Ka, ilnarpaMMbl Tllrra -e- ) ITO rrpeuBaf•HTenbHbiM OUeHKaM 

( J-1, )Kene3HbiX), rrpiiBOJlHT K OTpiiUaTenbHb!M BKnauaM B C 6wy10 Macey CIICTe-
) 

Mb! 1 11 1 K83anOCb 6bi, He MOI'YT ll ITO paCCMaTpl!BaeMOM r Kpi!TepH!O rrpeiTHT-

CTBOB8Tb o6pa30B8HIIIO 38KphlTOH MeTpHKII, 

fHrrOTe3a rrpoMe}KyTO'IHOI'O 6030Ha B cna6hlX B38II~OJleHCTBIIHX B03Bpa

waeT HaC K o6wet\ rrpo6neMe BeKTOpHOI'O Me30HHOI'O IT! >nH C M8CCOH IlOKOH 

KBaHTa IlOnH, OTnH'IHOH OT HynH, TaKHM o6pa3oM, BBIIUY HeonH03Ha'IHOCTII 

B OCHOBBX CaMofr TeOpHII cna6biX B3aHMOJleHCTBliH 1 DOCTa:1neHH8H H8MI1 3fl'la'Ia 

B cny'Iae nenToHoB He uaxonnT csoero OKOH'IaTenbHoro pe!lleHHH, 

06paTHMCH Tenepb K peanbHO cywecTBYJOIUIIM Me3 mHbiM nonHM, Pac

cMoTp11M lll!H rrpi!Mepa rrpenenbHLili cnyqafr, Korna 3apHncsaH CliMMeTpiiH cnc

TeMw HapywaeTCH rrpliCYTCTBHeM OflHOI'O nliWHero 6apl!O 18 0 JlOITyCTliM, HBHT

poHa, B OTCYTCTBHe 3Toro HeATpoHa cucTeMa 6hlna 6hl .\aKpwToll, ee nonHaH 

M8CC8 o6p8Tlln8Cb 6bi B Hynb, nepen H8MII CTOHT 38/l8'!8 ITOMBCTHTb B MHp 

C 38Kpb!TOH tjlpiiJlM8HOBCKOH MeTpllKOH OJlHY 'I8CTHUy C Mac:coli HeiiTpOHa, HBnH-

JOWYJOCH UeHTpOM aneKTpll'IeCKII HB 38pH}KeHHOI'O BeKTOpHJI'O M830HHOI'O ITOnH, 

xl 
Mo)KHO yKa3aTh, Harrpi!Mep, 'ITO nnH cTaTIPiBCJ:oli 381l8'III, Y'IIITbiBa-

JOWeli rpaBIIT8UIIOHHOe, 3l!BKTpOCT8TII'IBCKOB ll 6e3M8CCO 108 CK8l!HpHOB IIOne 

CO C!IBUII¢11'IBCKIIM 38pHUOM g, l10l!H8H MaCCa CIICTB\1hl llOBTCH Bhlp8)1{8-

Hli8M/22/ 

m 
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v---
K 

17 

( 24) 



3Ta onepaUH~ OKE3hlB8BTC~ HBCOBMBCTHMOA C 38KphlTOA MBTpHKOA MHpa 

<f>pHJJ.M8Ha. TionHa~ M8CC8 CHCTBMbl HB HC'IB38BT x/. 

TipH X 1 6;JH3KOM K TT, JJ.8HH8~ CllTy8Ull~ 1 K8K 9TO BllllHO ll3 nanb-

HBArnero 1 npHHUllnllanbHO HB OTnll'l8BTC~ OT snBKTpOJJ.llH8Mll'lBCKOrO cnyqa~1 

KOrJJ.a nenaBTC~ f!OHb!TKa B 38Kpb!TbiA Mllp <f>pllJJ.M8H8 f!OMBCTllTb snBKTpll'lBC-

KHA aap~n. KaK n 3 cnyqae aneKTpll'lBCKoro aap~na rrpn X ->TT I MB30H-

HOB none CTpBMllT<:~ K 6eCKOHB'lHO 6onblliOMY 3H8'lBHll101 B03HllK8BT noniOC 

xx/ g 2 

Tnrra , rne ~a sin x • Ho llMBHHO TaKoe BoapacTaHne no-

TBHUllana K "rpaHllUB" Mllpa B cnyqae snBKTpOJJ.llH8MllKll ll npllBOJJ.llT K HB

COBMBCTllMOCTll 38 ::>~)].8 1 OTnll'lHOrO OT Hyn~, C 38Kpb!TOA MBTpllKOA. 

B cnyqae snB[Tpll'lBCKoro aap~na cncTeMa ypaBHBHllA sneKTponnHaMnKn 

ll rpaBllT8Ullll JJ.OITYCK8BT rronHOB pBlliBHllB npo6nBMhl. iln~ BBKTOpHOrO MB-

30HHOrO non~ pBlliBHllB CllCTBMhl ypaBHBHllA OCnD*H~BTC~ TipllCYTCTBllBM 'lne

Ha c MaccoA (m 2
) B ypaBHBHllll nn~ MB30HHoro non~. Haw npnMep 

v 

C OJ].HllM llnll Manbl vi '!llCnOM ll36b!TO'lHb!X HBATpOHOB npn6nll*8BT MB30HHyJO 

38JJ.8'1Y K 8nBKTpornH8Mll'lBCKOA, 

x/ 
CneayeT TaK~e rronqepKHyTh 1 'ITO o6cy~naeMag orrepaungJKaK H B rrpn-

Mepe C sneKTpOIIHH8MHKOi1, HapywaeT OJJ.HOpOJJ.HOCTb MHpa ¢pHJJ.M8Ha, nogB

ngeTcg BhiJJ.eneHJ :hiil ueHTp MHpa. 

xx/ 
llng TO 'I< ''I !lOll 38pg~8HIIOA '18CTHUbl ITOTBIIUHan B MHpe ¢pHJJ.M8H8 

J].B8~JJ.bl CTp8MH1 cg K 6eCKO!I8'1HOCTH, HMBII!IO: B M8CT8 H8XO~JJ.8HHg TO'I8'1-

HOi1 '18CTHUbi H llpH X -> 11 , roBopg o6pa3!101 118 'cppHJJ.MBIIOBCKOA 6eCKO

HeT.IHOCTH" • 

B eBKnH!:oBoM rrpocTpaHCTBe BTopoe 3Ha'le!1He rroTeHunana ( r _,"" ) 

o6pamaeTcg B H;"nb, Pe'lb HJJ.BT KaK 6b! 0 CBOeo6pa3HOM H306pa~ei!HH TO

'IB'IHOrO HCTO'IHFKa rrong y rrpoTHBorrono~Horo 'rron10ca' MHpa. 3To H30-

6pa~eane B03HHLaeT scnencTBHe Toro, 'ITO rroBepxaocTh ccpepbi rrpn X _, rr 

CTp8MHTCg CTgH:"TbCg B TO'IKy H, KBK CB0806pa3Hag nll!138 1 cpoKycnpyeT, 

CHOB8 KOIIUBHTp}pyeT none B Manoil o6naCTH, 3TO H306pa~8!1H8 HCTO'IHHK8 

cTpeMnTcg rrpn X _, rr 

MOrO HCTO'IIIHK8, 

K TO'I8'I!IOMY 1 eCnll aa~e BBBCTH p83M8pb! ang ca-
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lleno B TOM, 'ITO B STOM !IpllMepe p83Mepbl ropnOBl Hbl ( BHE'U!Hlle pa3-

Mepbl CllCTeMbl) Ha MHOro !IOpS!AKOB MeHbUJe lt I mv c ' SKC!IOHeHullanbHbie 

-m 

tjlaKTOpbl Tll!I8 e v 
o6paUJ8JOTCSI B eAllHllUbl "H II 38A8"1e OK83b!B8-

JOTCSI !IpllrOAHhiMll COOTBeTCTBYJOUille tjlopMynhi sneKTpOAll H8MllKll C 38MeHOH 

e Ha g v x/. no aHanorllll C sneKTpOAllH8MllKOH MOHHO OUeHllTb MllHll-

ManbHYJO Macey CllCTeMbl B BllAe 

m ( 25) 

COOTBeTCTBeHHO MHHHM8J1bHbJe pa3Mepbl BHeUJHe~ Ccpepbl CHCTeMbl 

(ropnOBHHhl) OUeHHB8JOTCSI cneayJOUIHM o6pa30M: 

r n "" 

gv \r; 
( 26) 

c 

xx/ 
0TnH"'H8SI OT HynSI IIOnHaSI M8CC8 CHCTeMhl CBHAETenbCTByeT 0 TOM, 

'ITO MeTpHK8 CllCTeMbl He SIBnSieTCSI 38Kpb!TOH, 

x/ 
B rrpllMepe Knaccll'IecKoll 4IH3HKH yKa3aHHhie coo6pa>K ~HilS! llnnJOCTpH-

pyJOTCll o6o6IU8HlleM .Q!Ill Me30.QHH8MllKH COOTBeTCTBYJOIUHX CO )THOllleHHll, rrony-

'I8HHhiX B 3JleKTpOAHH8MHKe. 

LlellcTBHTenbHO, Bhipa)KeHHe anll rronaoi! MaCChi B cny1ae sneKTpH'Iec-

Koro 3Bpl!Aa e H aei!TpanhHoil ronoi! MaCChi m0 3alTHChlBa8TCll B BH-

ael 5/ 

HnH 

m =m 0 
l 

+2 
e 2 l ----K 
r 0 2 

-1 m =K ! - r 
0 

+ [ r; + 2m 
0 

r 
0 

K +e 2 K l 
~ 

I. 

npH r O -> 0 m -> _e_ ,jl<. 
EcnH ananor 3THX cjlopMyn 

l e2 l g2 -mro 

2 ro Ha 2 -r- e 

.Qnll M830HHOrO IIO!Ill .Q88TCll 38M8HOi! 

TO rrpH r
0

-.0 _!_ £ e mro-> _L g
2 

2 r o , 2 ro 

CneaosaTenhHO 1 m • g I /7;. 
xx/ 

BHAHMO, 3TO o6wnfr pe3yJ1hTaT .QJlll scex rronei!, BHOC mmx rronO)KHTenh-

Hhill BKJ18.Q B IIOJlHYIO 3HeprHIO CHCT8Mhl, 8CJ1H CO~TB8TCTBYI01l.ee Bbipa>KeHHe 

.QJlll IIOT8HUH8J18 npH r o ·• 0 CTpeMHTCll K BH.Qy rn, rae n ::: l. HeTpy.QHO 

BH.Q8Tb, 'ITO KpHT8pHti 38MKHyTOCTH ITO MaCce H KpHTepHti no 3apli.Qy COB-

M8CTHMhl, Lleno B TOM, 'ITO I1p8B8SI 'I8CTb (9) o6pamaeTCll B HYJlb B !Tpll

Be.QeHHOM rrpnMepe npH HHTerpHpOBBHHH B eBK!IH.QOBOM IIpOCTJ>BHCTBe ITO BCeMy 

6eCKOHe'IHOMY o6~eMy, npn HHTerpnpOB8HHH >Ke no o6~eMy, 38Hl!TOMY 38-

pl!LtOM ( 26), BKJ18.Q OT HHTerpana ( 10) HC'I838IOIU8 Man. 
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EcnH B Hallie,{ npHMepe yBenH"'HBaTh qHcno Heil:TpoHoB, T,e, yBenH"'H

BaTh 3apSIAOBYIO a :::HMMeTpHIO CHCTeMbi 1 TO yBenH"'HTCSI H He3aMKHYTOCTb 

CHCTeMbi 1 pa3Mepii ropnOBHHbl, 3TO yBenH"'eHHe I'OpnOBHHhl 6yaeT paCTH 

nponopuHoHanbHO 'IHCny Heil:TpOHOB ):{0 e w "'1l I mo c ITpH aanbHeil:

ll!eM yBenH"'eHHH 3llpSIAOBOil: aCHMMeTpHH CHCTeMbi Ha"'HHaeT HI'paTb cymecT

BeHHyiO ponh Kopo'I Koaeil:cTBHe sTHX cHn. Ho sTa o6nacTh BhiXOAIIT 3a paM

KH cnpaBeJ:tnHBOCTII Hall!HX OUeHOK, 

Bee cKa3aHH<'e Bhillle o6 yBenH"'eHHH ropnoBHHhi c pocToM 3apsraoBoil: 

aCHMMeTpHH CHCTeHhl cnpaBeAnHBO B npeaenax KnaCCH"'eCKOil: tPH3IIKII AO TeX 

nop 1 noKa He npHH~MaeTCSI BO BHHMaHHe stjltjleKT nonsrpH3yeMOCTH BaKyyMa 

B 3THX npeaenbHO i)Onhll!HX nonsrX, ilanee Mhl MOI'nH 6b! nOBTOpiiTb BCe, "'TO 

6hinO CKa3aHO OTHOCHTenhHO nonsrpH3aUHH B cnyqae sneKTpH"'eCKOI'O 3apsraa, 

HO y~e B npHMeHeHIIK K 6apHOHHOMY 3apsray II pO~A8HIIIO nap CIInhHOB3aHMO

aeil:CTBYIOII1HX "'aCTJ IU. 

l1TaK, Ha OCH•JBaHHH oueHKH IIOnHOil: MaCChi CIICTeMhl HaM rrpeacTaBnSI

eTCSI B03MO~Hh!M ,;aenaTb 3aKniO"'eHHe 1 "'TO 3aKpb!Th!il: MHp aon~eH 6b!Tb 

3apSIAOBO-CHMMeTpii 'IHhiM ( COAep~aTb OAHHaKOBOe "'IICnO 6apiiOHOB II aHTII6a

pHOHOB ) • 

Ecnii 6b!Tb O'leHb OCTOpO~HhiMII B BhiBOAaX II coxpaHIITb C pa3Hh!M Be

COM, HO anbTepHaTJ:BHhie B03MO~HOCTH 1 TO pe3ynbTaTbl o6cy~aeHIISI BOIIpoca 

MO~HO pe3IOMIIpOBa Tb cneayiOll!IIM o6pa30M, 

B cnyqae coE MeCTHMOCTII c 3aKphiToil: MeTpiiKoil: rronHoro 6apiiOHHoro 

H neiiTOHHOI'O 3apsraa, OTnH"'HOI'O OT Hynsr, sneKTpii"'eCKHil: 3apsra B ceMbe 

CIIeUIItPII"'eCKHX 3ap·IaOB HOCHn 6bi qepThl HCKniO"'HTenbHOCTH, A 3aKOHhl CO

XpaHeHHSI 6apiiOHHhl IC H neiiTOHHhiX 3apSIAOB 6hinii 6bi 3aKOHaMII 1 ecnii MO~HO 

TaK CKa3aTb 1 6one~ HH3KOI'O paHra no cpaBHeHHIO C 3aKOHOM COXpaHeHHSI 

sneKTpii"'eCKOI'O 3c psraa, OHH HapylllanHCb 6bl B CHnhHhlX rpaBIITaUHOHHhiX 

nonsrx. OaHaKo 6oJ:ee BepoSITHO (H HaM Ka~eTcsr o6ocHoBaHo), "'TO oTnH"'

Hhiil: OT Hynsr nonHhl f 6apHOHHhiH 3apsra HeCOBM8CTIIM ( KaK II B cnyqae 8neKT

pOAHHaMHKH) C 3aKphlTOH MeTpHKOil:, 

Ho ecnH aaqa lhHhiMH ycnoBHSIMH 6hm 3aaaH MHp 3apsraoBo-HeCHMMeT

PH"'HhiH, ecnii IIpll !TOM nnoTHOCTb MaTepHH 3aaaeTCSI 6onbll!e KpHTH"'eCKOil:, 

TO 6naroaapsr stjltjle~Ty nonsrpH3aUHH BaKyyMa, MHp aBTOMaTH"'eCKII aon~eH 
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x/ 
IIpeBp8THTbCH B IIp8KTH"!eCKH 38pHAOBO-GHMMeTp11"1HYIO CHC reMy , 3necb Mbl 

BIIepBbie BCTpeqaeMCH C CBOeo6pa3HOH yrrhTpaMaKpOCtOIIH"'eCKOH porrh!O 

KB8HTOBhlX 8~~eKTO~ 

EcrrH B HaWeH BcerreHHOH IIITOTHOCTh BeweCTBa OKa~eT~H 6ITH3KOH K KpH

TH"!eCKOit, TO Hallla BcerreaaaH norr~Ha conep~aTh aHTHMaT ep1110, 11 aT a aHTH

MaTepHH H8 OCHOB8HHH rrpeAbiAYUlero MO~eT 6b1Th ITOK8ITH 30B8H8 B o6rraCTSIX 

6rr11~e K ropH30HTy MHpa, Yl o6paTHo, ecmt B oTnarreHHhiX o6rracTHX Halllero 

MHpa 6yneT 06Hapy~eHO 8HTl!BeweCTB0 1 8TO 06CTOHTerrhCTIIO MO~eT CITY~l!Th 

OAHHM l!3 apryMeHTOB B nonhay 38MKHyTOCTl! H8lllef'O MH[8, 

llarree B03Hl!KITH C006pa~eHHH, BeAyiUHe K TOMy, "'T·> pe3yiThT8Tl!BHbiH 

nOITHhlH 8~~eKTHBHhlH 38pHA B aaqarre 38pHAOBo-HeCl!MM€TpH"'HOH Cl!CTeMhl 

BCerna OAHH l! TOT ~e - He38BHCl!MO OT BeiTH"'l!Hhl H8"18IT,HOH 8CHMMeTpHl!, 

Eorree Toro, aTa senH'IHHa nnH aneKTpHqecKoro aapHna Mefhwe, "!eM Z =137e, 

a B03MO~H0 1 H 6nH3K8 K e):lHHHUe, 

TaKHM o6paaoM, noSIBITHJOTCH B03MO~HOCTH AITSI cymecTBOBaHHSI ynnBH

TerrhHhlX no CBOHM CBOitCTB8M o6beKTOB 1 KOTOphle no CBCeMy BHyTpeHHeMy 

conep~aHHIO YITbTpaMaKpOCKOIU!'Il!hl, HO no CBOeMy npoHBITeJ:HJO B "Auf3enwe(t" e 

YIThTp8MHKpOCKO!Il!'IHhl, ~H3HK8 T8KHX o6beKTOB H8CTOIThKO CBOeo6pa3Ha, 'ITO 

ecrrH oHH no"!eMy-nn6o ae peannayJOTCSI B rrpoueccax, o KOTop ,1x wna pe"'h BbiWe, 

l!X CTOHITO 6bl CIIeUH8IThHO BhiAYM8Th, TaKne o6beKTbl l'v hi B A8IThHelirneM 

6yneM H83b!B8Tb "cppHAMOH8MH
11

, 

HaM Ka~eTCH yMeCTHhlM cnenaTb HecKonhKO crreunanhHhlX 3aMe"!aHHH 

0 ~H3HKe ~pHAMOHOB, 

Ill. K ~J..13J..1KE Q>PYlilMOHOB 

¢lpHUMOHhl ITO CBQeH MeTpHKe npaKTH"!eCKH He OTITH"'8tiTCSI OT 38KphlTOrO 

MHpa Q>pHAMaHa, CyweCTBeHHOe OTITH"!He OT 38KphlTOH M?TpHKH B03HHKaeT 

ITHllih y C8MOf'O rop.H30HT8 MHpa - B paHOHe, 6nH3KOM K r'OftiTQBHHe, ~PHAMOHh! 

o6n8A8JOT nnoTHOCTbJO BeweCTBa, 60ITbWeH KpHTH'IeCKOH, n111 Jh H8ITH"!He M8ITOf'O 

x/ 3aMe'I8Hife B p8BHOH Mepe OTHOCHTCSI K8K K aneKTp>>!lHH8MHKe 1 BeKTOp

Hb!M Me30HHhiM nonSIM, TaK 11 K rHnoTeTH'IeCKHM rronSIM H rra-Mnnnca. 
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x/ 
38p51ll8 HJIH Bp8III8J!H51 MeiiiaeT B 3TOM OO'heKTe B03HHKHOB8HHIO flOJIHOCTbiO 

38Kpb!TOH MeTpHKH, 

flpn CTpeMm,HllH TIOJIHOrO 38p51Jl8 Oo'heKTa ( f ) HJIH CTIHHa ( 8 

K Hymo, ¢pHllMOHbl npeBp8lll8IOTC51 B 38Kpb!Tb!e ¢PHllM8HOBCKHe MHpbl, llpy

rHMH CJIOB8MH 1 B 28p51)1{8HHhiX ¢pHllMOH8X BCSI HX 3JI8KTpH'I8CKH HeihpaJibH8SI 

M8CC8 raCHTCSI rpE BHT8UHOHHhiM aecpeKTOM CHCT8Mbl, C TO'IKH 3p8HH51 Knac

CH'IeCKOil: tPH3llKI1 !H •JIH8SI M8CC8 OO'b8KT8 C TIO'ITH 38MKHyTOil: M8Tp11KOil: M0)1{8T 

OhiTh KaK yronHo 1 inH3Ka K HynJO, B qacTHOCTI1, npHHU11TII18JibHO peanl13yeM 

oo·oeKT c 3ap51JlOM, paBHhiM, Hanp11Mep, 3apswy onHoro 3JieKTpoaa. B aToM 

nap8llOKC8JibHOM 1 H l Mh!CJIHMOM B KJI8CCI1'I8CKOil: cp11311Ke cnyqae IIIB8pUIIII1Jih

LlOBCK851 Macca MO)K&T OhlTb paBHoil: 

m 
-6 

"' 10 r, 
e 

xx/ 
a IIIBapumnnhLIOBCK iie pa3Mephi oo'heKTa 

-33 
10 CM. 

( 27) 

(28) 

BHyTpeHHne Ja3Mepbr aTnx oo'heKTOB MoryT OhiTb KaK yronHo 6onb

mnMH ( KOCMll'I8CKH Mll 1 B 'IBCTHOCTI1) 11 OO'b8KTbl 3TH MOryT coaep)K8Tb K8K 

" yronHo 6onhmoe q 1cno 6apnoHoB 11 nenToHoB. 06'beKThi 3TH KnaccH'IeCK11e, 

ll H8 Jl8HHOM 3T8TIE paCCMOTp8H1151 Mbl He XOT8JII1 Obi 11X OTO)KJ:leCTBJISITb 11JII1 

KBK-TO CB513biBBTb C 3JI8M8HT8pHbiMI1 'IBCTHU8MllXXX/, 

x/ 
Ecm1 TI e6oaaTh coxpaHeHHSI MD MeHTa KomrqecTBa 11BIDKeHHSI1 TO :vmp, 

o6nanaJOI.UHl! KaJ: yronHo cna6hiM apamemreM, ae MO)I{eT 6biTh 3aKpbiThiM. 

B nanhHefiweM \1hi orpaHH'IHMCH paccMoTpeHHeM TOJihKO 3BpH)I{eHHbiX n 

TOJibKO 3JieKTpH ~eCKH 38pSI)I{eHHbiX cppllllMOHOB, 

xx/ To ecn pannyc noaepxaocTn, 38KJIJO'IaJOmel! B ce6e cppnnMaHoBCKYJO 

'IBCTb MHpa. 

xxx/ 
XoTH a1a B03MO)I{HOCTh npencTaBnSieT 113BeCTHhJtl naTepec. CM. noK-

nan aBTopa "0 B03MO)I{HOCTH KOCMonornqecKoro rronxona B Teopnn aneMeH
TapHhiX qacTnu• I 14/. 
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neno B TOM 1 'ITO Kn8CCH'I9CKYJO tPH3HKy B ):(8HHOM cnyqae orpaHH'IHB810T 

KBBHTOBhie aqxpeKThio B o6nacTH anHH, HecKonbKO 6onb!l HX ( 28), HMeHHO 

r 
"' • I Jt K -"' lO -32 

v 3 eM, 
c 

115 16/ 
MeTpHKH 

1 
: B03HHK8JOT KBE HTOBbie atP!fleKThl 1 Tep5!eT CMhiCn IIOH5!THe 

CB5!38HHhie C !flnJOKTy8UH5!MH MeTpHKHo 

OoaToMy HBIIIH KnaccH'IeCKHe rrpeacTaaneHH5! o rro'ITH .1aMKHYTDM M!!pex/ 

HMeJOT CMhicn, ecnH ero BHeiiiHHe pa3Mepbi 6onbiiie, qeM 

r 
ytK ,.10 

3 c 

-az 
CM 

xx/ 
a ero IIIB8pUIIIHnb):(OBCK85! M8CC8 He MeHbiiie, 'I9M 

m "' r 

( 29) 

(30) 

OycTh rae-To BCTpe'IaJOTC5! aaa TBKHX !flpHAMOHa, OycTb tPPHAMOHhi 

o6n8):(810T MBnhiMH paBHbiMH IIpOTHBOIIOnO)KHbiMH ITO 3H8KY ~ ap5!A8MH, C TO'IKH 

3p9HH5! KB8HTOBOft lPH3HKH T8KHe o6~eKTbl 8HHHrHnHpyJOT, C TO'IKH 3peHH5! 

x/ 
PaccMoTpeHI!e 38MKHyToro M!!pa KaK rrpenerrhHorc cnyqag Ml!pa 

ITO'lTII 38MKHyToro, CKopee CBI!):(eTeiibCTByeT 0 TOM, '!TO crporoe reoMeTpll

qeCKOe ITOHBTI!e a6COIIIOTHOli 38MKHyTOCTI! HOCIIT CIII!lllKOIV a6cTp8KTHb!# 

xapaKTep II OCHOB8HO Ha IIpi!MeHeHI!II KII8CCI!'leCKIIX rrpeAC18BIIeHI!lt B TOft 

o6naCTII 1 rne OHII MOI'YT OK838ThCB Heiipi!MeHI!MbiMI!, 

xx/EcTb HeKOTOpbie OCHOB8HIIB IIOIT8f'8Tb1 '!TO 3TO 3Hn'leHHe M8CCbl BB-

rrgeTCB rrpenerrhHbiM nrrg sneMeHTapHbiX qacTHU, 

3TH qacTHUbi MornH 6bi HrpaTh porrh KBapKoB, CM, cTaThiO '3neMeH

TapHbJe 'l8CTI!Ubl M8KCIIM8IlhHO 6oiThllii!X M8CC ( KBapKH, Ma CCIIMOHhl) r/17/, 

23 



xl 
KnaCCH"l9CKOfi $H31!Ka OHH ITOil neACTBHeM rpaBHT8UHOHHblX CHn o6pa3yiDT 

CB5138HHYID HeHTpam,HyiD CHCTeMy. 

f1oKa JlHH8MHK l ITOJl06HbiX 06'beKTOB eme He p83BHT8 0 HO 9CT9CTB9HHO 

rronaraTb 0 "'TO pe3y~bT8TOM B38HMOJl9HCTBH51 llBYX TBKHX $pHAMOHOB OKa

>K9TC51 JlB8 HnH Jl8>K l Olli!H 38MKHYTblfi MHpxx/ • 

Bo Bcex cnyqaHx "'tj:JpHAMOHOBCKHli:' na6niDnaTenb non>KeH KO'HCTaTHpoBaTb 

CITOHT8HHbl9 H3M9He HI! 51 B ero MHpe. Btmlly OTCyTCTBH51 COOTB9TCTBYIDIU9Ji 

TeOpHH H9nb351 rrpen:K838Tb 0 6ynyT nH 3TH H3M9H9HH51 HOCI!Tb K8T8CTpOtPI!

qeCKHli: X8p8KT9p l!nl! xapaKTep ITOCT9IT9HHbiX l!3M9H9HI!li: 0 HO I! B TOM 1 I! B npy

rOM cnyqae tPPHilMCHOBCKHH Ha6niDJl8T9nb 6yneT KOHCT8THpOB8Tb CBoeo6-

pa3Hb!H a<jxpeKT B03 IlfKHOB9HH51 ( pO>K/l9HH51) MaTepHH. ¢pHilMOH $H31!"19CKH 

rrpencTaBn51eT co6oii, B cymnocTil, rny5oKyiD rroTeHul!anbHYID 51MY caMocorna

conannoro rpaBHTa~HOHHoro rron51. fny6Hna aToii 51Mb! TaKoBa, "'TO rronHaH 

3HeprHH CHCT9Mbl ITp.!KTl!'-!eCKI! p8BH8 HyniD: rpaBI!T8UI!OHHblll netjleKT HefiTp8nb

HblX "18CTHU rronHOC rbiD KOMIT9HCHpyeT 3H8"19HH51 HX ronbiX Mace. B 3TOH 

yrrpoiUeHHOll K8pTI!H9 ABa COC9AHHX tjlpl!llMOH8 0 ABe COC9JlHI!e ITOT9HUI!8nbHbl9 

51Mb! MOrn!! 6b! 6b!Tl CB5138Hbl I! KB8HTOBbiMH a<jxpeKT8MI! rrpOXO>KJl9HI!51 qepe3 

ITOT9HUI!8nbHhlA 6ap1ep. 

x/ 
EcnH ane cTpHqecKHe 3apHilbi Hx MeHbllle, qeM c < 137 e . Pan11yc op-

6HTbi Eopa TaKoi1 cHcTeMbi, o6pa3oBaHHbiil rron neilcTBHeM cHn T~IroTeHHH, 
r 8 ~ h~ K m 3 

. 

3TO r 8 
Mace 

fTOJlCT8B !5151 CIOila 3Ha'IeHH9 m 
r 

8 
~ v liK/ ~3 

1!3 ( 30), rronyqaeM 

KaK fa3 COBIT81l88T C p83MepaMH HalllHX ¢pHilMOHOB 1 a ne¢eKT 

K m 2 fu 
l'!m, 2 ~ v--

c r B K 

OK83b!Ba8TC.II flOp !JlKa Mace o6cylKJl88MblX ¢pHilMOHOB, 

Knaccn:qe:KHil rrpouecc cnHHHHH nayx ¢pHilMOHoB, Bl!lli!Mo, Tpe6yeT 

(nn.H !llBapU!llHnbllJBCKoro Ha6niOnaTenH) 6ecKoHe'IHO 6onbllloro apeMeHH. Ho 

OCHOBHOe 3aMelln•mHe BpeMeHH ITO ¢opMynaM KnaCCH'JeCKOH ¢H3HKH llOfllKHO 

ITpOHCXOilHTb H8 CTpe3Ke rryTH ITOpHJlKa rpaBHT8UHOHHOPO panHyca, T,e. B Ha

ll19M cnyqae Ha ll1HHe I0-32 CM. noHHTHe TpaeKTOpHH H8 3THX JlnHHaXTepH

eT CMbiCfi H3-38 <BaHTOBbiX ¢niOKTyaUHH M8TpHKH1 H B9Cb 3¢¢eKT llOfllK8H 
1 

cKopee1 nocHTb xtpaKTep KBaHToBoro rrepexona. 

xx/n .., 
11pH Hepa: Hlb!X 3apHJlaX B03HHKaiOT HOBbie '+'PHilMOHbl, 
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B o6cy*naeMwx a~~eKTax peq& naeT o cBoeo6pa3H<M rrpoHHKHOBeHnn 

Be!lleCTBB B ABHHYIO CI1CTeMy 113 "Auf3en wei t "a , 3TH ~·~~eKTbl 1 C y3KOH 

TQqKI1 3peHHH ~pHAMOHOBCKOrO HB6JTIOABT8JTR 1 6yayT BOClpHHHMBTbCR KBK 

[lO*AeHHe Be!lleCTBB B ero M11pe, 
II 

<l>H3HK 1 orrepnpyiO!llliH BHCBM6JTeM ~pHAMOHOB B nAu/3e11Wel t'e, perHCT-

pnpyeT CTporoe Bhll10JTHeHHe 3BKOHB COX[lBHeHHR 3Hepr11H BO BCeX 3THX 3~

~eKTBX, 06cy*AB8Mb!e CHTYBU11H 1 ecJTH OHH 11 B03HHKBI0" 1 TO B03HHKBIOT 1 

BHAHM0 1 TOJTbKO C !10MO!llb10 HeKJTBCCHqeCKHX ~~eKTOB 1 Hap:'lllB!OlllHX He TOJTb

KO KJTBCCJ.IqecKoe l1[lOCT[lBHCTBeHHO-BpeMeHHOe Ol1HCBHHe ( HilpyllleHI1e, K KOTO-

poMy Mbl Y*e I1pHBblKJT11 B KBBHTOBOH T80[li1H) 1 HO 11 1 q'I 0 HOBO, 

!10HHTHe pBCCTOHHH51 1 CBMY MeTpHKY, 

CBMO 

CoceaHnfi ~pnaMoH, rrpoHHKWIIii B aaHHbiH MIIp, 6yaeT e:TecTBeHHO pa3BH-

BBTbCH B CBOeM BHyTp8HH8M IT[lOCTpaHCTBe 1 OCTBBBHCb B 1pOCTpBHCTBe ITO

rJTOTHBWero ero ~pl!AMOHB CBOeo6pa3HblH BBKYOJTbiO, 

8o3Hl!K88T Borrpoc - B03MO*HB JTH TBKBH CIITYBUHH, Koraa ~pl!AMOH, 

!1pOHHKWHH B ABHHhlH MHp, HaqHeT, aorryCTIIM 1 pBCWllpHTbC~ B IT[lOCT[lBHCTBe 

ABHHOrO MIIpa, B8pHee, Terrepb Y*e B rrpOCTpBHCTBe 06lllE H CHCT8Mbl, 

TaKaH B03MO*HDCTb BwrnHilHT 6onee rrpaBaorroao6Hol, ecnii o6a ~prrn

MOHB HBXOI'\HTCH B HaqaJTbHOH CTBAHH CBOero [li13BHTHH: I 6JTBl1BIOT MBJlblMH 

He TOJTbKO BH8ll!Hl!Mll 1 HO H BHyTpeHHIIMH pa3MepaMH - "Draa Mbl HM88M 1 

B CYlllHOCTH 1 6onee I1pHBhlqHhlH AJTH pacCymaeHHH o6beKT tBBHTOBOH Teoplill, 

8 3TOM CJTyqae rrepexoa CHCT8Mbl H3 Ol1HOrO COCTOHHHH 1 ::apaKTepH3yeMoro 

rrapaMeTp8MH 1 0!1HChiBBIO!llHMH HBJTHqiie ABYX ~pHilMOHOB 1 B COCTOHHHe, B KO-

TO[lOM B03HHKaeT OAHH 06lllllH QJ[llll1MOH 1 He BbiriTHAIIT a-priori 

rrono6HbiM, 

HerrpaBao-

CoceaHHH ~pH!1MOH 1 IT[lOHl!KlllHH B ABHHb!H MHp, M<o)!{eT HBXOAHTbCR 

B JTI060ii CTB!1HH CBoero pB3BHTHH: B CTBilllll paCl!lHpeHHf 1 B CTBAHH C)!{B

THHx/ 1 MOmeT HBXOilHTbCH B JTI060M CB8[lXI1JTOTHOM COCTOHH:!l1 M8T8[lllll C Jlto-

6b!MH MBJTblMH He TO.TlbKO BHell!HHMH 1 HO li BHyTpeHHHMH p l3M8[lBMll, 8 TOM 

xl 
Ecnlf 9TH 9<jl<fJeKThi BepoSITHhi Ha paHHHX CT8llHSIX pa3BHTHSI MHpoB 

( <fJpHllMOHOB) 1 TO B ITOCnenytoU!He 9ITOXH MOPJTB 6bl C0Xp8 1HTbCH ITBMHTb 

06 9TH X C06b!THHX ( H8'I8JTbHbie ycnOBHH) B Blflle HepBBHC MepHOPO pa3BHTHSI 

OTnenbHblX o6nacTeil Mlipa, CBOeo6pa3HOPO 38IT83llb!B8Hr H B p83BHTHH li 

T,n,/19/, 
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I'HilOT8THqecKOM I apHaHTe a<)J!j:JeKTa, KOI'll8 npOHHKW8SI B ll8HHbiH M!!p 1!3BHe 

CB8pXIlJIOTH8SI M8T2p!!S! H8qi!H88T paCIIlHpS!TbCSI B o6weM llpOCTp8HCTBe CHC-

T8Mbl 1 !j:JpHllMOHOB<~KHH H86niO/l8T8Jib 6yneT 

qeCKOe pOM/l8HHe (Bepuee, JIOK8JibHhle HCTCqeHHS!) 6apHOHOB H JI81lTOHOB. 

Ho sToT s!j:Jij:JeKT fyrreT coBMecTHM c 38KOHOM coxpaueHHSI sueprnn, ecnH 

rpaBHT8UHOHHOe B~8HMOlleifcTBHe BeweCTB8 "pacnaBW8I'OCSI" !j:JpHQMOHa C OK

pyM8!0W8H MaTepl eif BCeH CHCT8Mbl C0.3ll8CT necpeKT Mace, B uenoM IIOJI

HOCTb!O KOMIIeHCllf Y!OWHH M8CCbl B03HllKWHX qaCTHU. 

Ecnll B CBoEonuoM npocTpaHCTBe (B nycToTe) ll~Bneqb H3 ~pllUMoHa 

K8K08-TO KOJI!fqecrBO 6apHOHOB H JI81ITOHOB, TO llOJIH8SI M8CC8 OCTDBWeHCSI 

qacTJI 06beKT8 yBEJ1!1qHBileTCSI. ilpyrllMll CJIOBDMI!, TflKOl! CBOe86pa3HbiH npo

U8CC pOMlleHHSI qa ~Tllll Tpe6yeT 38Tp8Tbl suepl'Hll. Pe'1b HUeT, KOHeqHO, He 

06 :not! B03MO.>KHOC Til, a 0 rrepexoae llBYX Cl!CTeM B Cl!CTeMy, Xilp<1KTepl!3YJO

lliYIOCSI HOBOH KOHd,Jl[rypaulleif, 0 nepeXOLle B HOBOe COCTOSI!Hie C TOJl )!\e 11011-

HOH 3Heprllel1, 6nH.lKOl! K HyniO. Kouequo, rroKa 3Til B03MO)JOIOCTb npencTnB

J1SieT co6o11 rHnoTe(:y - Mbi rroKa MHororo He 3HaeM, qTo Morno 6bt o6nerqJ!Tb 

llJill 38TpyllHl!Tb BC 3HHKHOBeHlle TilKOI'O 3cjl!j:JeKTa. 

06cyM!l8eMbl8 srjJ!j:JeKTbl MOI'JIH 6bt S!BllTbCSI HeKOH 6a::l0i1 1 HallpHMep, 

AJISI llHTepnpeTaUllH H~BeCTHhiX acTpOHOM!fqecKnx HiloJIIOlleJmti B.A.AI'.t6apuy

MSIHa/18,19/ H ere TOqKH 3peHllH 0 B03MOMHOM (HilpS!IlY C npyrHMH) CBOe

o6pa3HOM npouecc? 3Be3noo6pa3oBaHHSI ll3 MaTepnH, nepsonaqanbuo uaxo-

llHBWeHCSI B CBepXHJIOTHOM COCTOSIHHH. 

06cy.>KnaeMbiH B8pH8HT "pO.>K!lGHHH" M8T0pl!ll ( H ero MOQJHjJHKaUI!Ii) MOJ'Jil! 

6bt npencTaBJISITb 11 nepec n n pHne npyrllx KOCMonorHqecKIIX npo6nel\/ 20,211, 

ecnn B sToM B03H1KHeT ueo6xonHMocTb. K coManeHll!O, nocnenoBaTeJibHaSI 

llHH8MJ1qeCK8SI TGOj:lfH rppllllMOHOB, BKJI!Oq8IOW8SI B CP6SI II 3q1!j:JeKThl KB[lHTQBf,JX 

!j:JJI!OKTyauHi:i MeTpHKrr, npeacTaBnHeTcH nenoM, nHllHMo, He omt3Koro 6ynywero. 

HeB03MOMHO npellE11lleTb, KaKlle H3MeueullSI rrpeTepnSIT uamn rrpe.QcTaBneunSI 

llpli llBHMeHHH OT !CCJiellOB8HHH 38KOHOMepHOCTei1, XapRKTepHhlX llJISI lli1HH 

Io-15cM, K 3aKOHC MepuocTSIM, yrrpaBJIHIOllillM SIBneHHmvtll B o6nacTSIX llJillH 

I0-32cM, 

Ecnn BcnoMtHTb rryTb 

TO Ha llpenCTOHIJleJ 1 nyTR K 

HeO>I\llll8HHOCTil. 

-6 -15 
HayKH OT llJIHHLI JQ CM K llJIHH8M 10 CM, 

llJIHH8M }Q-32 CM MOI'yT BCTpeqnTbCH MHOI'He 
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IV. BCEJJEHHAH 

8 HaWBM paCCMOTpBHHH BKUBHTHpOBanaCb Tp8KTOBI8 38KpNTOrO MHpa 

ae KaK Bceneaaoii c 6onbwoii 6yKBbi, ncqeprrbiBBIOIUBH B ~e conepJKaane cy

TUBCTBYIOIUero: 38Kpb!Tble MHpbl paCCMBTpHBflJlHCb HBMH {[lK CITBUHCjJH'!BCKHB 

qm3H'IBCKHB CHCTBMbi 1 B KOTOpb!X B03MOlKH8 KOHUBHTpi:lUH ~ B rrpHHUHITB JlHWb 

He6onbiuoi1 qacTH cymecTByiOmefi MaTepHH, Omr B rrpHHUHIT'! MoryT 6brTb MHO

roqJ1cneHHhi H pa3Hoo6pa3Hb! ITO CBOHM q11131!'1eCKHM rrap.:C M8TpaM, 

foBOp51 M8T8M8TI!'I8CKIIM 513b!KOM 1 COOTB8TCTByiOIUH<· MOnenH 38Kpb!Tb!X 

cncTeM orri!CbiBBIOTC51 1!3BBCTHbiMH peweHH5IMH TonMeHa I 1 I, xapaKTepu3yiOilli!MH 

UBHTpanbHO-CHI\H1BTpH'IHYIO CHCTeMy, COCT05l!UYIO 113 rpaBHTHPYIOlllBH IThJnl!, 

B 3TIIX petHeHH5IX Bhi6npniOTC51 aBe TI[JOH3BOJJbHbiB cjlyiiKUHH - pacrrpeneneaue 

TIJJOTHOCTH BB!lleCTBa ll p8!ll18.1bHbiX CKOpOCTefi-L9KIIM o6pa:10M 1 'ITO B CIJCTBMB 

B03HHKaBT 38KpblT851 MeTpHKa, 

CHCTBMY MOlKHO 38K[JWB8Tb TIOCTBITBHH0 1 U068BJ15151 MITBpll!O K HBKOTOpOfi 

HcxouHoi1 KoHqmrypauuH, B pa6oTel41 uana qJrcneHHaH Hnn JCTpauHH yMeHbwe

HH51 ITOJlHOfi MBCCN TaKOfi CUCTBMN TipH no6aBJJBHIJU K HBH Be!lleCTBa B o6na-

CTH X '> X() ~ 7T / 2 

X >rr/ 2 no X~ rr 

npll J18JlbHBHWBM ao6aBJJeHIJH BeUeCTBa B o6naCTH 

rpaBIJT8UHOHHNH aecpeKT MaCC BO.IpBCTaeT !10 T8KOH 

CTeiTBHIJ 1 '-ITO ITOJ1H851 Macca paCCM8TpHB8BMOH CIJCT8Mbl B rrpeuene (X ~ 7T ) 

o6pamaeTC51 B HYJlb, fopJ10BilH8 CT5IrHBaeTC51 B TO'IKY - M8TpHKa CIJCTBMN 

naKphmaeTcH, MoJKHO MhiCJJHTb KaK yrouao 6onhwoe '!I!CilO CHCTBM BO Bee-· 

neHHOH1 9BOJ1IOUI!OHHpyiOWHX YK838H flbiM Bbllll8 rryTBM B 38 Kpb!Tb!B xl, 

8ep05IT!IeB Bcero, TBKHB CHCTeMbl MOrJJH 6b! o6pa:: OBbiB8TbC51 B Bll!1B 

cppHJ1MOHOB 1 TaK K8K J18lKB H36NTOK JlHWb ODHOrO 3JlBK1pOHa HJJH HYKJJOH8 

uenaeT CHCTeMy HB38MKHYTOfi, 06pa30BUHHe a6COJ1IOTHO 3~eKTpH'IeCKH H 6a

fJHOHHO HefiTpBJJbHNX CHCTBM K8lK8TC51 HCKJliO'IHTBJlbHO MBJ10B8p05ITHNM C06N-

THBM, 

Bo3HHKaeT Borrpoc, cymecTBYIOT nn cjlpHDMOHbi B oKpy)l<aiOUIBM Hac 

MHpeXXI HJlH HBW M!!p TOJlbKO KBK uenoe MO)l{BT OKB3c1TbC51 cpp!!!lMOHOM? ¢pHil-

xl B KnaccnqecKoii <jln3l!Ke c 'IHCTo reoMeTpll'!ecKoil • O'IKH 3 peHHSI H30-

JTSIU!ISI ( 3BKpbiTOCTb) TllKoi1 cjlpll!lMBHOBCKOH cucTeMbi a6con fOTHa, B KBaHTOBOH 

TBOpHH a6COnJOTH851 38MKHyTOCTb TBK!IX cPli3H'I8CKliX Cl!CTB! I He CTOJlb O'IB

BHllHB. 

xx/ 
EcnH OHM npn nanbHeiiweM uccnenoBaHHll He OTO)l{JBCTBHTCSI c o6bi'I-

HblMH 3Jl8M8HT8pHbiMH '18CT!IU8MH, 
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MOHbl B HBIIleM Mlfpe MOI'/llf 6bi 6b!Tb
1 

ITO-BiflllfMOMy, TO/lbKO pelllfKTOBOf'O 

rrpOifC XO>KAe HlfSIX/, 

OpeacTasneHRe o BeeneHHoA, KaK o sMeeTiflllfwe, s qaeTHOeTn n ~pna-

MOHOB, ITplfBOAifT HB<: K CBOeo6pa3HOA BBKYOilbHOA MOAelllf Mnpa B uenoM, 

Beab KB>KAhiA 13 rjlpHAMOHOS e KBK yrOAHO MBIIOi-i MaeeoA II SHelliHIIMH 

pa3MepaMH ~O>KeT nJeUeTBS/lRTb eo6oA orpOMHNA SHyTpeHHHA Mllp 0 S eso~ 

MHO>KBeTS{) ~pHUMOHOS, ilpyrHMH e/IOSBMII, Mbiei!HMB 

If TBKBSI MOAB/lb BceneHHOA e 60/lblliOA 6yKShl 0 KOTOpaR rrpeaeTBS/lSIBT eo6o~ 

6eCKOHe'IHY~ (s o6e eTOpOHN) noeneaosaTe/lbHOeTb B/lO>KeHHhlX apyr B apy-

ra MHpos. 

BeeneHHaR s U!·noM s eMbiene noeneaosaTellbHOeTH MO>KeT ObiTb HH'IBM 

HB Of'pBHH'IBHB; OHB MO>KBT eoaep>KBTb 6eeKOHB'IHOB ql!ellO 6apHOHOS H /IBn-

TOHOB, Ho ITOIIHBSI t!Beea 3THX 'IBeTHU B OI'pBHH'IBHHOA qesepxy" nocne-

):lOBBTe/lbi!OeTll MO>KB r HMeTb 3HB'f'!Hll8 1 6nli3KOB K HYll~, T,!?., o6p830Bh!B8Tb 

CHOBB rjlplfAMOH, 

ilpyrlfMII enosa '111, 11SIIf'BS!eb no 3TO(I noeneUOSBTB/lbHOeTII see "Sb!We" 

ll 'Bbill!B" 1 T,e, Onlle .ISBA nosepXHOeTll, SKlllO'IB!Oliii!B see 60llblli88 II 00/lbWBB 

qneno 3BBHbeB 3TOA noe/leAOBBTB/lbHOeTH, Mhl MOIKBM ITOIIY'IBTb ITOSTOpS!JO

IIlHeCSI ei!TYBUllH, KOI UB ITOJlHBR Maeea OI'pBIIll'IeHHOA Ti1Kl!M o6p830M eHeTe

Mbl 6yaeT OK8.3biBBT ,CSI 0Jlll3KOA K HY/110, 

fpaSHTBUHOHHhiif uecpeKT M&Ce UenaeT S rrpi!HUIIITB S03M0)!{Hb!M eymeeTSO

BBHl!e TBKOH Moaenn BceneHHOH B llBI!OM, 

~ ) ~ 
EcnH lj>pHJlMO fbi 06/lBJlBIOT MBCCBMll ( 30 , T,e, m ~ 10 r, TO 

)lnSI 3BMKHyTOCTH HBlli?f'O MllpB ( Pc ~to-29 r/cM3) )lOeTaTO'IHB nnoTHOCTb 

9THX 'IBCTHU I0-24 48CTHUICM3, 

Ecnn nonasmiJOIUBH qacTb noToKa STHX qacTnu, nanarownx Ha 3eMnro, 

HMBBT CKOpOCTHJ. KOT< <pbie OHH npHo6peTBIOT B I'pBBHTBUHOHHOM none nna-

HeTbl ( v ~ 10° CM/ ~eK), TO, o6naJlaSI 6onbWOH KHHeTH'feCKOH 9Heprnel1 

( m o V
2 /2 ~ 10 9B ~»}G, w), 'IBCTHUbl 3TH, 6yny'fll OJlHOKpaTHO 38pSilKBHHbiMH 1 

He B cocTOSIHllll o6pa~ csaTb HOHH3BUHOHHbiX TpeKoB, T,K, MBKCHManbHBR 

3HeprHSI, nepeJlBBBeMES1 3neKTpOHy npH TBKHX CTOnKHOBeHHSIX 

['max ~2m e v 2 < 0,01 3B 

C npyf'OH CT< >pOHbi, rpaBHTBUHOHHbiB Cllllbl 0 )leHCTBYJOIIllle B none 

3eM/lll HB TBKlle 'IBCTJIUbi, OTHOC!{TenbHO 6onbW!{e: HB MB)!(MOneKyJiHpHbiX 

pBCCTOSIHaSIX ( Jo-7 C~ I) 3TH Cllllbl CnOC06Hbl npOll3BOJlllTb pa60TY mgh ~ 
~ 103 3B, 

3TO, Bll):lllMO, 3HB'IHT 0 'ITO Hll B KBKOM COCyUe HB noBepXHOCTll 

3eMnH 3TH 'IBCTHUbl 0 )Hapy)!(HTb Henb3S1, 0HH non UeHCTBHeM Clln TSf)!(eCTll 

npOBBnHBBIOTCSI K uew·py f1naHeTbi, 

28 



n H T e p a T y p a 

I. n.n.naHJ:tBY H E.M.nHijJIIIJ[Il, TeopHH IIOJIH, "HayKa", MocKED, 1967,cT[!,434. 

2. 0 ,Klein. B KHHre "Werner Heisenberg und die Physik unserer 

Zeit". S. 58, Vieweg, Braunschweig, 1961. 

3, H.E,3enb£WBH'I. )/(3TC/J, :1Jl., /037 ( 1962). 

4, 11.1l.HoBHKOB, BecrHHK MTY, cepHH Ill , NoS ( 191;2). 

5. R.Arnowitt, S,Deser and C.Misner. Phys. Rev., 120, 313, 321 

(1960); Ann. of Phys., 3~ 88 {1_965). 

6.C.N,Yang and R,L,J1.1ills. Phys. Rev., 96, 19.~ (19.0-1). 

7, T,D,Lee, C,N,Yang. Phys. Rev., 2_§_, 1501 (1•}55). 

8.J.Sakurai. Ann, of Phys., .1.b_ 1 (1960), 

9, V.I.O.gievetskij and I.V.Polubarinov. Nuovo Cim., s 17:3 (1062); 

Ann, of Phys., ;?_0 358 (196:3). 

IO. 11.1l.HoBHKoB. AcrpoHOMH'IeCKHH JKypHan, :1Jl., 911 ( 1966)j 

J.Graves and D,Brill. Phys. Rev., 120., .100 7 (1060), 

II. T,D,Lee, S. Weinberg, B. Zumino, Phys, Rev., .~ J.()2CJ (1 'J()?). 

12. M.A.Markov. Nucl. Phys,, !.!_0 130 ( 1 '16<1). 

13.L,D.Landau, B KHHre Niels Bohr and Develop. ncnt of f Jhysics, 

Pergamon Press , London, 1955, p. 02. 

14. M.A.J\1apKoB. Tpyllbi f\1e}f{JlyHapoaHoro ceMHHapa II0 1 eopnn ·-,ne\Ienrap

HL>IX 'IBCTHll, BapHa, 6-19 MaH, 1968 r. ny6nHKCJL(W' 011HI1, P2-4050, 

crp. 409, 1ly6Ha, 1968, 

IS, T,Regge, Nuovo Cim., VII, 215 (1958), 

16. D.I.Blohincev. Nuovo Cim., XW , 382 (196/l), 

/7, )\1,A,MapKoB, )/(3TC/J, fi1__, 878 ( 1966), 

18. B.A.AM6apuyMHH, Hay'IHbre rpyabr, r. 2, EpeBaH, J13anrenbcTBo 

AH ApM. CCP, 1.960. Boiipocbr KocMonorHH, 8, .J ( 1962). 

19. 11.Jl.HoBHKOB, AcrpoHO!vflf'IecJ(Hii JKypuan, f1.l., 10~·5 ( 1964). 

20, H.Bondi, T,Gold. M,N,R.A.S. 108, 252 (194 S), 

21. F'.Hoyle. M.N.R.A.S., 108, 372 (1948); 

109, 360 (1949). 

22. P.A.AcEWOB II M,i\,MapiWB. nl!CbM{] B ){(3T<P, 0 BJ,I I, 11,417 ( 1967). 

PvKDTIHCb rrocTyml.rra B H3DaTeolbCKJiii '·Tnen 

11 HIOHH 1969 roaa, 

29 


