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§ I. B ~ e ~ e H 1 e 

B MOeM ioxna~e MBe XOT8XOC» 6H O~PBTB!» ~HBMBBHe ay~B!Opll 
sa ~osuozsoora o~oeo6passoro xoa.oxoraqeoxoro no~o~a K reopaa 

sneuesrapHHX qaora~. XorenocL ~H o6parBTL BBBM&BBe sa ro, qro 

noqra s&MKByras Boenessas , oo~epzalaB orpoMHoe q1ono ra~axr•x, 

~ OHOT8M8 KOopaHBBT m~ap~mHX»~OBOKOrO B86XD~BT8Xft MOZ8T HM8!» 

~Hemsae napauerpH , r.e. nonsyu Macey , saPft~, ~aems1e pasuepy, 
no~o~HHe napauerpau MBKpoqaorB~H. 

Bonae roro, pacouorpeaae o6~exroB o noqrJ aaMKayrol uerp1xo1 

~BeT MO~eXL npOTftZ6HHOI qaCTH~H B 06lel T60PHB OTHOCHTeXLBOCTB, 

CBOOO~HYD OT TPY~HOCTel 0 PBOXO~IMOOTHMB I OOOTB6TOT~YDlBX Tpy~
BOOTel H6XOKBnLHHX T60pBI B 8BKXH~OBOM npocrp8HOTB8e 

BBe~eHHe paauepoB aneueurapaHX qacra~ B 3Bx~•~oBow npoorpaaor

Be fiPOTHBOpeqHT npBH~Bny npJqBHHOCTH: CHraan B6XH8H qaCTB~H HBqH

HBeT pacnpOCTPBHHTLOH CO CKOpOCTLD , 60nLmel npe~enLHOI CKOpOCTB 
cBera. 

B O~lel TeOpHB OTHOOBTenLHOCTH Onaro~apH B68BKnH~OBOI MeTpBK! 

CREHan B6nasa qaorH~ aaue~nsercs H pacnpoorp&HHeros co cxopeor,D, 
M6HLmel CKOpOCTH CBeTa. 

Bonee roro, ecnH B SBKnH~OBOM npocrpaaorBe roqeqaHI o~eKT 
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HBHH6TCH 6CT6CTB6HHNM t TO B o6me~ T60PHH OTHOCHT6HDHOCTH npH 

HC'tlepmDIB!Oll\6M onHCBHHH xj BBTOMBTP!'t16CKH ecteCTB6HHiiM OKBSHBB6T-

CH o6p88 'IIBCTH~bl npOTHZ6HHO~~ 
C ~H3H't16CKOI TO'IIKH apeHHH pe'IID H~eT, KOH6't1HO, 0 COOTB6TCT-

::SYIDll\6M y'tleTe rpaBHTanee B TeOpHH sneMeHTBpHWC 'IIBCTH~. 3;zt6CD 

::sepXOBHNM npHH~HnOY HBJIH6TCH t KBK STO ~y~eT BH~HO HS ~BHDHe~we

ro, - npHHUHn paBeHCTBB HHepTHO~ H rpaBHTB~HOHHO~ MBCCbl. 

9TOT npHH~Hn Blin0JlH6H B CTporoti T60pHH t KOTOpBH ~aeTCfl 

CHCT6MO~ COBM6CTHiiX ypaBH6HH~ 9~HWT6~H8 H t H8npHMep, MBKCBenna. 

B o6meM CHY't180 pemeHHe STO~ CHCT6Mbl CHOEHO, OC066HHO B KBBHTOBO~ 

o6naCTHe Ho T60pHH 6y~eT CB060~HB OT pBCXO;llHMOCTeti BO BC6X 

npH6nezeHHiiX ypaBH6HHHX, BCHH TOJlDKO B HHX Bbln0JlHH6TCH npHH~Hn 

paBeHCTBB MHepTHOti H rpBBHTB~MOHHOti MBCCbl. B ~pyreX OTHOW6HHHX 

npH6nME8HM6 MOZ6T 6HTD KBK yro~HO rpy6HM. 

3~6CD HMeeTCH B BH~Yt B 'IIBCTHOCTH, MBT6MBTH't16CKHti annapBT 

TBOpHM rpaBHTB~HM 9~HWT6~HB, nepenHCBHHbl~ ~nH 3BKJlHAOBa npOCTpBHCT

BB, T.e. TeOpHH t HBnpHMep, THITB TeOpHH rynTbl M ee npe6nezeHHH. 

B T6X cny'IIBHX t KOr~a npH y'tleTe rpBBHTB~MH B TeOpHH sneMBHTBp

HbiX 'IIBCTH~ HapymaeTCH p8B6HCTBO HHepTHOti H rpBBHTBUHOHHO~ MBCC , 

BOSHHKBIDT paCXO~HMOCTH ~aze dbnee BHCOKOrO nopH~KB no CpBBH6HHID, 

HBnpHMep, C aneKTPO~HHBMHKO~. 
KBK HSB6CTHO, rpBBHTB~HOHHN6 MBCWTB6bl nopH;ztKOB HB ~B~~BTD OTRH

'IIBIOTCH OT MBCWTB60B, C KOTOpbiMH MH HM66M ~eno B TeOpHH aneMBHTBp

HbiX 'IIBCTH~. TaK, xapaKTepHBH rpaBHTB~HOHHBH ~m:IHB e5-=- ,fhi_ ::Io-
32

cll, v~ 

xj HueeTCH B BH~Y nonH06 rrpoctpaHCTB6HHO-BpeMeHH06 
onmcaaee THna KpycKana. 
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fiOS!OMY nBBHO CJlOKHJlOCD HHTYH!HBHOe MH6HBB, 

npe~paccyAKa,o TOM, qTO rpBBHTBUHOHHOB BSBHMO~ 

HrpBTD cymeCTB6HHOn ponB B·TeOpHB SJl6M6BT8pHHX 

HSB6CTHO, qTO B HBH6onee pBSBMTOI T60pHH- 3Jlel 

~HMOCTD norapHtPMIII't16CK8H , B TaM MOrYT HrpaTJ. po 

~nHHHe EcTJ., KBK. MH YBH;llBM, B ~pyrBe OCSCTOJITeJll 

MOryT !8KK6 ITOKOne68TD CJlOIHBWIIIBCH npe;~tpaccy~ 

§ 2. K TeOpBH noqTH SBKPHTHX MHPOB 

( tPPH;llMOHH) 

B STo• paa;~tene ;llOKna;na MHe xoTenocD dH odpe 

to, qTo cy~eCTBYIDT ecteCTBeHHl\16 ycnoBHH , npa 

C BH6WHIIIMH MHKpOCKODIII't16CKHMM napaue!pBMBxk tPPH~ 
CO Bp6MBBBM BBTOMBTM'IIBCKH H63BBH?HMO OT saqanDB 

60JlDWHX MBKpOCROITH~BCKHX 3H8't16HHft SfHX napBM8TJ 

TenepD He60nDm0~ SKCKypc B peXHTHBBCTCRYID RC 

KBR HSBBCTHO, M6TpBK8 aaKpHTOrO KBpB tpH~BB 

Js'--:: Jr:-~-Q_'-Ct-) [Jf~;...·hy(,t.J~ .. 

MuelD!CH ;n::se tPYH~aueHT&nDHHe xapaKtepHCTHKH 

SBKPHTOro MHPB I : 

Xl 

B) fiOXHBft M8CCB SBKPHTOrO MHpB PBBB8 BYXI 

MN:::::: o. 
B)3axpsrYI MHp 06H38TeXDH0 SXBK!pHqeCKI HE 

€. =- 2 e;, = o • 

T.e. ITO~HO~ MaccoR, nonHHM 3apH~OM H pa3 
OHa npe.n;CTaB~HeTC.fl illBapUWHJ!D)l;OBCKOJJY Ha6 
TffqecKH Ha 6eCKOHeqHOCTHo 
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CH ecTeCTB6HHWM , TO B o6me~ TeopHH OTHOCHT8HDH0CTH npH 

OTIHCBHHH X/ 8BTOM8THqeCKH ecTeCTBeHBHK OK83HB86T-

qaCTH~H npOTHEeHHO~. 

~H3HqeCK0~ TOqKH apeHHH peqD H~eT, KOHeqHO, 0 COOTB6TCT-

yqeTe rpaBHTBUHH B TeOpHH aneMeHTBpHHX qaCTH~o 3~eCD 

npHH~HTIOM HBHH6TCH , KBK STO ~y~eT BH~HO HS ~BHDHe~me

npHH~HTI paBeHCTB8 HHepTHO~ H rpaBHTB~HOHHO~ MBCCH. 

npHH~HTI BHTI0JlH6H B CTporot-1 T60pHH, KOTOpBH ~aeTCH 

COBM6CTHHX yp8BH6HH~ 3~HmTe~H8 H , HBTipHMep, MBKCB6JlJl8o 

cnyq&G pemeHHe STO~ CHCT6MH CJIOZHO, OC066HHO B KBBHTOBO~ 

H. Ho TeOpHH 6y~T CB060~H8 OT pBCXO~HMOCTei-1 BO BC6X 

eHHHX ypaBH6HHHX, eCJIH TOJlDKO B HHX BHTI0JlHH6TCH npHH~HTI 

B8 HHepTHO~ H rpaBHT8~HOHHO~ M8CCHo B ~pyrHX OTHOW6HHHX 

yro~ao rpy6w. 

D HMeeTCH B BH~y, B qaCTHOCTH, MBT6MBTPJq8CKH~ 8TITI8p8T 

rpaBHTB~HH 3~HlliT6~Ha, nepeTIHC8HHH~ ~Jlfl 3BKJlH~OBa npOCTPBHCT

.e. TeOpHH , HBTipHMep, THTIB TeOpHH rynTH H ee npH6J1HX6HHfl. 

Tex cnyqaax , xor~a npH yqeTe rpaBHTB~HH B TeopHH aneMeHTap

acTH~ HBpymaeTCfl p8B6HCTB0 HHepTHO~ H rpaBHT8~HOH~O~ MBCC t 

pBCXO~HMOCTH ~aze 6onee BHCOKOrO TIOPfl~KB TIO Cp8BH6HHID, 

, C 3JleRTPO~HHBMHKO~. 

3B6CTHO, rpaBHTB~HOHHHe MBClliT86H TIOPHAKOB HB ~B8A~8TD OTJlH-

OT M8ClliTB60B, C KOTOpHMH MH HM66M ~eno B TeOpHH 3Jl6M6HT8p

H~. TaR' xapaKTepHBH rpaBHTB~IIlOHHBH ~JlPJHB e5 -=-'~ = Io-32
cll, v~ 

x/ P!Me6TCH B BH~Y TIOJ1H06 npocrpaHCTB6HHO-BpeMeHH06 
THTIB Kpycxana. 

4 ,. 

fiOS~OMY HBBHO CJlOKHJlOCD HHTYH~HBH06 MH6HHB, HOCHmee XBPBKTep 

npe~paccyAKa,o TOM, qTo rpBBHTB~HOHHOe BSBHMO~e~CTBHe He MOK8T 

BrpBTD cymecTB8HHO~ pOJIH B ·TeOpBH SJleM8HTBPHHX q&CTH~, XO'ffl ~BBHO 

HSB8CTHO, qTo B HBH60Jiee pBSBHTOI T80PHH - 3J16KTpO~HBlm1Ce - pacxo

~HMOCTD JlOrBpBqJMHqecKBH ,z TaM YOryT Hrp&TD pOHD oqeH:& MBJILI6 

ltJlHHiile EcT:&, KBK. IIH YBH;ltHM, B ;ttpyrHe 06CT011T6Jl:&CTBa, KOTOpwe 

MOryT TBKEe TIOKOJ1668TD CJIOIHBWH6CH npeltp8CCY~He 

§ 2. K T80PHH noqTH 38KPLITHX MHPOB 

( WPH~IIOHH) 

B STD. p83;lt6Jl8 ~OKJlBltB MHe XOT6JIOCD 69 odp&THTD BHHMBHHe HB 

TO, qTO cymeCTBYIDT 8C'f6CTB8HHY8 YCJIOBHH , npH KOTOPLIX CHCT6MH 

c BHemHHIIH KHRpocKonHqecKHMH napaueTpaKH~k WPH;ttiiOHH) o6paayrorca 

CO BP8118BBM BBTOM8THq8CKIII HeSBBHCHMO OT HBqBBDHHX , KBK yro;ttHO 

6on:omwx uaxpocxonH~ecxnx aHaqeaHI STHX napaueTpoB. 

Tenep:& He6onDmOI SKCKypc B peJIHTHBHCTCKYD KOCUOJIOrH~. 

KaK H3BecTHo, ueTpHKB aaxpHToro unpa ~PHltM&Ha ;ttae~cH B BH;tte I 

Js '--= d r:-~- a}(t-) [ J f~ ; .. :h';( ( ,t.g ~+t.'htJ «'~<J j]. (I) 

~MeDTCH ~e WYH~aueHTBJIDHHe xapaKTepHCTHKH ( ltBB npMSHBK&) 

aa.ttpliiToro unpa I : 

Xl 

a) llOJIHBft 118008 38KpliiTOrO IIHPB PBBHB HYJim 

MN :::: o • (2) 

B)3axpHTHI unp o6aaaTen:oao snexrpzqecxm sel'fpanea: 

f. = 2 e:. = o • ( 8) 

T.e. rroJIHO~ uaccoR, no~HLIM 3apa~ou 111 paauepaMR cHcTeMH,xax 
OHa npeACTaBRHeTCH lliBap~HJlL~OBCKOMY Ha6JID~aTeRD, rrpaK
TMqecKH Ha 6eCKOHeqHOCTHo 
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KaK M3B6CTHO, 38MKHYT~~ MMP PpM~MaHa OITMC~B86TCH COOTBeTCT

BYID~MMM pemeHMRMH TOHMBHB ~na_c¢epnqecKH-CKMMeTpHqaoro O~HOpO~HOrO 

M M30TpOITHOrO pacrrpe~eneHMH IT~HeBH~HO~MaTepMH rrpM ~BBHeHMH, 

p8BHOM HYHID,M ITPM COOTBeTCTByrome~ KPMTMqecxo~ ITHOTHOCTM Be-

~eCTBBo 

PaBeHCTBO Hymo rronHo~ Mace~ ( Ml...t ) aaKp~Toro MMpa RB1IReTCH 

peayn:&TBTOM B03IH1KHOB6HMH rpBBMTB~MOffHOrO ~eweKTB MBCC ( Ll M ) , 

KOTOP~~ ~ocTnraeT CBoero MBKCMMan:oHoro aaaqeaHa ( M 0 -.1 M 'MN-::. o ) , 

KOr~a·rr1IOTHOCT:& BemeCTBB CTBHOBMTCR PBBHO~ KpMTMqecKO~. 

EonH , O~HBKO, STy CMCTCMY 3BpH~MT:& , ~onyCTHM, p8BHOM8pHO 

31I8KTpnqeCKMM 38pff~OM, TO MeTpMKB MHpB rrepeCT88T 6MT:& 38MKHYTO~ 

rrpM nro6oM aHatleHMM rronHoro aneKTpnqecKoro aapa~a, oTnMqaoro OT 

HYHH. 2 

EcnH 38pff~ CHCTeM~ TBKOB, qTo 31IeKTpHqecKMe CMH~ He B COCTOff

HMH rrpeo~OJieT:& rpBBHTB~MOHHOrO ITPMTH~eHMH, TO ITpH ITHOTHOCTH 

MBTepMH , 6on:&meM KpHTMqecKO~, o6paayeTCH M6TpHK8 T.He rrony-

38MKHYTOro MHpa, BM6CTO MeTpMKM 38MKHYTO~. 

B ~aHH00 CHCTeMe B03HHKaeT UeHTp CHMMeTpHH H c¢epHqecKHe ITO

BepXHOCTH, OITHC~BaeMHe BOKpyr 3TOro UeHTpa, ITpH He oqeHL 00RLmOM 
i 

3ReKTpHqecKOM aapa~e rrpH0RHEeHHO HMeDT BH~ 

s .t. -== a. 2...J..: I] 2.x ~~ f<% 
(4) 

KBK H B CJiyqae OTCYTCTBHff 38pfl~8 rrpM y~aneHMM OT UeHTpa ( j= 

ITOB6PXHOCTM B03p8CTBIDT ( ~0 j:::. Ii/z_ ) t 8 rrpM ~81I:&Hetuneu y~ane-
HMH OT UeHTpa ITOBepXHOCTM YMGH:&lliBroTCHo 

B cnyqae OTCYTCTBMff 38pR~B ITOBepXHOCT:& rrpH J(=~ CTHrHBBeTCH 

B TOqKy - MMp 38M~86TCHo 

ECJIM CHCT6MB aneKTpMqecKM 38pHE6HB , TO rrpM J( , 6JIM3KOM 

K n- ( M rrpn OTHOCHTeJI:&HO M81IOU 38pH~e),MeTpHKB cymeCTBeHHO 

6 

0), 

OTnnqaeTCH OT WPH~MBHOBCKO«. Terrep:& owepmqeox 

He OTHrHBBeTOH B TO'IKY , B B08HMKB6T HeKOTOpaH 

cwepa (ropHOBHHa) t qepea KOTOpyro UeTpJ!Ita MaTe] 

OBH3aHa 0 BHemael MeTpHKO~ Hop~cTpeua-PaAccaepi 

Be.") 

llapaMeTp~ STO~ ropnOBHH!i rronyqa!JTCH 8BTOM8l 

BHyTpeHHe~ M6TPBKH OHCTBM!i 0 BHemaeA HOp~CTpeu 

M6TPBKO~ • 2 

Rro6orr!iTao, 'ITO anexTpHqecKH~ rroTeauHan B ropnoE 

B61IB'IHHH rronaoro S1I6KTPB'Iecxoro SBPH~B OHCTeMH 

c~ 
lf =-' Y2L 

r~e ~ - OKOpOOT:& OBeTa t a ~ - rpBBHTaUHOHH 

.Reno B TOM, 'ITO 0 pOCTOII paCOTOHHMH , rrpH J( '> 

YITOMB8H1IH paa:&me, CW6PH'l60KHe ITOB6PXHOOTH YM6H:&l 

KaK 6~ pOJIL 1IHHS 1 ory~aDmHX S1I6KTPH'I6CKHe OHJIO: 

aaat~eaHe aneKTpeqecKoro noTeHUHana, ~aBaeuoro 01 

HBJIHeTOH npe~eH:&HO 6on:&mHM SHatleHHeM, ~OITYCK86W 

'16HH611 sapH~a OHCTeM~ aneKTPHtleOKHilt ITOTeHUHan r1 

'IHBaeTcH , a rrponopunoHan:&ao aapH~y ( £. ) yBel 

ropJIOBHHH 

rx ==-
C.fi;_ 
~· 

3HatleHHe rronHO~ MBCC!i CHCT6M!i ~86TOH BHpazeHH6M 

rn::: {;. -· ~ 

X) Y MHpa <±>pH,l~HaHa riOS!BJIS!eTCS! TIO TCp!.mHOJ!O 
"Aussenwelt• • .ii. 3eJIJJ,ll;OBJ-tq H TI. I:!OBHI< 

Hfl.3biBaDT 
11
110JIY3U:.!ICHYThll.'U1 i>!!ipmm". 
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~3B8CTHO, 3BMKHYTIJIJ;l Mklp <PpH~:MaHa OIIk1CbiE88TCH COOTE8TCT-

Mk1 perneHllflM~ TonuaHa ~nR c¢epH'tleCKH-CHM:MeTpH't1HOro o~Hopo~Horo 

TPOIIHOrO pacrrpe~eneHHfl IIbiJJe:BH~HO~MaTepHH rrpH ~a~neHHH, 

M HYJJIO ,kl rrpkl COOTE8TCTBYIOIIIeJ;l KPHTJII't18CKOlit IT110THOCTH Be-

a. 
:aeHCTBO HYJJIO rronHolit MBCCbl ( MJ..+ ) aaKpbiTOro MHpa RBJJReTCR 

:&TBTOM E03IlllKHOBeHHR rpaBHTaiJ;HO.HHOrO ~ecpeKTa MaCC ( Ll M ) , 

bllit ;nocTnraeT c:aoero MaKCHMan:oHoro aHa'tleHHR ( M 0 -J M :Mt,~.,;. o ) , 

IIJJOTHOCT:& :aemeCTBB CTBHOBllTCR pBBHOlit KPJIITH't18CKOlito 

CJJll , O~HBRO, 3TY CllCT8MY 3BpH~JIIT:& , ~OIIYCTllM, p8BHOM8PHO 

pllqeCRHM aapR~OM, TO MeTpklKB MJIIpB rrepeCTaeT OMT:& 38MKHYTOlit 

I060M 3H8'ti8Hllk1 IIOJJHOrO 3JJ8KTpk1qeCKOrO 3BpH~Bt OTJJkl'tiHOrO OT 

2 

CJJTI 38pH;n Ck1CT8Mbl TaKOB, 'tiTO SJJ8KTPH't18CKkle CklJJbl He B COCTOH

peo;noneT:& rpaBJIITBIJ;llOHHoro rrpklTRZeHJIIR, TO rrpn nnoTHOCTH 

pllJII , 6on:omelit KPHTJII'tleCKOlit, o6paayeTCfl MeTpJIIKB T.He IIOJJy

yToro Mllpa, BM8CTO M8TPHKTI aaMKHYTOJ;l. 

B ~aHHOlit CHCTeMe B03HHKaeT u;eHTp CH:M:M8TpHH H c¢epH'ti8CKHe IIO

OCTH, OIIHCbiBaeMHe BOKpyr 3TOrO IJ;eHTpa, IIpH He O'tleHL OOnLmOM 

ITPH'tleCKOM aapa~e rrpHOnHxeHHO II!MenT BJII~ I 

~<-- f <% .5 t. -= a.. 2.. .J-: I? 2. X 
(4) 

B cnyqae OTCYTCTBHR 38pH;nB IIPTI y;naneHllll OT IJ;eHTpB ( x~ 

1

pXHOCTTI B03p8CTBIOT ( M j ~ t'i{ ) , a rrpll ;nan:&HeJWey y;nane-

OT IJ;8HTpa ITOBepXHOCTkl YMGH:&illaiOTCffo 

cnyqae OTCYTCTBllfl 38pR;nB rro:aepXHOCT:& IIpH J(~~ CTflrHBB8TCfl 

KY - Mllp 38Mb1KaeTCH. 

EcnH cncTeua aneKTpnqecRH aapHxeHa , TO rrpH J( , 6nHaKOM 

lr.r ( Jll IIPTI OTHOCTITeJJ:&HO MBJJOU 38pH;ne),MeTpHKB CYIII8CTBeHHO 

6 

.,.~ 

0)' 

:'OJ 

OTJJll't188TCR OT cppH~MBHOBCKOlito Tenep:& CcpepH't16CKBR IIOB6pxHOCT!> 

He CTRrHB86TCR B TO'tiKY , 8 B08HHK86T H8KOTOPBR MHHJIIMBJJ:&HBH 

Ccpepa (ropnOBHHB) t 'tlepea KOTOPYIO MeTp~xa MBTepHBJJ:&HOlit CJIICT6Mbl 

CBH88H8 C BHemHel M6TPHKOlit Hop~CTpeua-PalitCCHepa B nyCTOM IIPOCTPBHCT

~.~ 
llapaUeTpbi 9TOlit ropJJOBHHbl IIOJJY'tiBIOTCR BBTOMBTH'ti6CKH npH CmHBBBHH 

BHyTpeHHelit M6TPHKH CJIICT6Mbl C BHemaelit HOp~CTpeM-pelitCCHepOBCKOi 

MBTPHKOft •2 

RI06onHTBo, ~To aneKTPH'tleCKH~ noTeHUMBn B ropnoBHHe ae aa:ancHT OT 

B611H'tiHBbl II011HOrO S11eKTpHqecKoro SBPH~B CMCTeMN Jll paBeB 

cz. 
tf::::-' Y2t_ (5) 

r~e ~ - CKOPOCT!> CBBTB t 8 ~ - rpBBHTBIJ;HOHHBH KOHCTBBTBo 

Beno B TOM, 'tiTO c pocTou paccTOHHHH , npH J( > »~ , KBK Mbl 

ynOMHBBJJH PBH:&me, ccpepJIIqecKHe IIOBBPXHOCTH yueH:&WBIDTCH, OHH HrpBIDT 

KBK 6bl pon:& J!HH8t cryiiiBIDIIIHX S116KTPH'ti6CKHe CH110Bble JJHHHJIIo BH~HMO, 

3HB'tleHHe SJJ6KTPH'tleCKOrO IIOTeHUHBJJB, ~8B88MOrO COOTHOW8HH6M (5) 1 

HBnaeTCH npe~eJJ:&HO 60JJ:&WHM 8HB'tleHJIIeM, ~onyCK86MbiM TeOpHelit. C yBeJJH

qeHHeM 38pH~8 CHCTBMbl 8116KTPH'tleCKHI fiOTeHUH811 ropJJOBHBH He yBeJJH

qHB86TCH , a nponopuHoHan:&ao aapH~y ( ~ ) yBenH'tiHBBeTCH pa~Myc 

ropJJOBHHH 

rr =-
c.~ 
c:t.. • 

3HB~6HHe nonHO~ MBCCbl CHCT6MH ~86TCH Bbip8Z8HHeM 

(_ 
m:: G_. 

(6) 

(7) 

X) Y MHpa ci>pU,l~Ma.Ha IIOS!BJI.fieT CSI TIO T Cp!.mHOJ!OrliH 0 .Klein'a 
"Aussenwelt• • ii. 3eJJ:&,ll;OB!I£q Yl IT. l:!OBY!KOB IIO,JJ;Oc5Hble OCheKThl 

Ha3b!BaDT 11ITOJiY::JU:.!ICHYThiW1 ;,mpmm" • 
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ITp~ E ---" 0 nonHafl Macca Ci'ICT6Mbl odpamaeTCfl B Hym;, - KBK STO MM99T 

M9CTO B 38KpHTOM Ml'lpe ~p~~MaHa. 

OdpamaeT HB Cec5fl BH~MBH~e TO Oc5CTOHT9Rl>CTB0 1 'ITO IIORHBfl MaCCB 

C~CT9Mbl B STOM cnyqae OKa3UBB6TCH :3JI9KTpOCTBT~qeCKOrO npOHCXOE-

~eH~fl. 

B ;naHHOM cnyt~ae Bee rrapaMeTpbl yr; , l fh_ ~MeiOT, Boo6me 
) 

roBopH, ynl>TpaMRKpocKon~qecK~e aaat~eH~fl. 

Tenep'b XOT6JIOC'b c5bl oc5pBTMT'b BH~MBHI'le HB O;nHO oqeH'b BamHOe 

oc5CTOflTGJiliC'J'BO. L'!MeHHO , p83M6phl ropJIOBI'lHbl yCTofAq~Bbl JII'llll'b np~ 

KJIBCCHqeCKOM paCCMOTpeHI'll'l. KaK TOJI'bKO Mbl npl'lM6M BO BH~MaHJ/16 

TO oc5CTOHT6JI'bCTBO t qTO B TBKI'lX orpOMHhiX :3JI6KTpHqeCKI'lX ITOJIHX 1 

KOTOph!e liJM9lOT MCCTO B ropJIOB:IfH6 1 B03HIIJKBIOT :3tPtP6KTbl poJK;neH~fl 

nap 3BPHlKCHHhiX qaCTIIJU - KBPTHHB CTBHOB11TCfl cym.eCTB6HHO l'lHO~. 

,1le~iCTBI'lT6JI'bHO, qaCTI'IUB poJK;neHHOH napb! C 3BpH;nOM 1 npOTI'lBOIIOJIOEHblM 

38pH;ny CI'ICT6Mbl 1 na;naeT HB Cl'lCTCMY t YMCHnlliBfl ee IIOJIH~ aapH;n. 

,1lpyraH KOMITOH6HTa napbl, OTTaJIKI'lBBHC'b OT 38pH;nB CliJCTCMhl , yxo;n~T 

Ha OeCKOHeqHOCTo. 

TaKVIM o6pnsoM, n. o~lCxo;nHT 6ypaoe yMeH'brneHvle nonaoro aapH;na 

CIIJCT6Mbl t , a 110 tPDPMYJIC (7) npOIIJCXO;nl'lT YMCH'blliCHIIJC nOJIHO~ MaCCbl 

CI1CT6Mhl, l'l no tPOPMYJIC (6) IIPOI'lCXO;nliJT YMCH'bWCHT!!C BHCIUHHX pa3M6pOB 

CI'ICTCMbl, ee ropJIOBI'IHbl. CI'ICTefia CTpeMMTCfl RaR MOlltHO IIOJIHee 

aaMI<HYTl>Cfl. 

0UCHRIIJ IIOKB3~BIOT 2 x/, \ITO STOT npouecc pox;neHHfl nap 

YMCH'biUBCT IIOJIHbl" aapH;n CJ/ICT9Mbl ;no HOHeqao" B9JII'ltll'lHbl 

A 

Jf < ( 8) 
dv ~ (§:... /. \~ .,-,. / rn~) 

X) 0 • O'cCpHX np!E!iiTO DO Blli!MUHrlC pOllt,li.CH\16 70JI'bli:O 3JICKTpO!l 

-rr')01TTflO!lHLlX nap. 
8 

r,Ae ./.. - KOHCTBB'1'8 'l'OHKOit CTPYK'l'YPH t (_ 

l'lle.. - 118008 8118K'i'POH8. 

T.K. ~ ( ~ )t.. "'--
d.-

:Z; ~ /'J~. 

Cy~eC'l'B9HHO IIO,ltt16PKHY'l'b '1'0 ~YH~BII6ST8JlbHOe 0( 

8) KOH9t1Hblit 3BPH.lt CHCTCIIH 6f He 38BHCH'l' OT 

38Pfl.ABi B) KOH6t1Hblft 8Bpfl~ HII66T MHKPOCKOIIH\16( 

e1 ~ 1'>':7- e. 

C) BH6WHHe paaMepH CHCT9UH HMe~T MHKPOCKOITH\11 

'i._ 

H ITOJIHBH MBCCB 

(. 13'r·e ~ 

;nf < 

cl... 

/'J're 
~ 

"'"'- I 0 

"'-- I 0 

COOTHOmeHHH (IO), (II) H (I2) HM910'1' BH~ Hepl 

HHH ,Aa~T BepXHH6 rpBHHUH ~RH KOHetiHOrO 88pfl~l 

PeaJI:&Hllle aHa'lleHHH 3THX Bem1t~HH aaat~HTeJibHI 

CKHM 3BPH~, noKBJII'l80BBHHbiM B TBKOit MBROM Odl 

aanonHpHsoB~BTl>CH. EcJIH nonaraTb, 'ITO H K ~~ 

OTHOmeHHe H8BCCTHBH ~OPMYJIB ]BH~By /J/ t CBH: 

[_ 0 :$PeKTHBHHil 8BpH~OM €... , ;no KOTOPI 

BCJie,ACTBHe IIOJIHp~3BUHH BBKyyua, TO 

9 



0 J101!H8R M8CC8 CMCTeMhl o6pamaeTCR B Hy11:& - KBK 3TO MMeeT 

3BKPhlTOM MMpe ~pM~MBHB. 

aeT HB ce6fl BIH1M8Hl1e TO 06CTOflTe1!:&CTBO, t{TO 11011HBH MBCCB 

B 3TOM cnyqae OK83b!BBeTCfl 31!eKTpOCT8Tl1'118CKOrO 11POI1CXOllt-

HOM cnytiae Bee rrapaMeTpbl yr, , {. fh_ 11M8IOT, B0061Ile 
) 

yJihTpaMa.KpocKOITHtieCKHe aaatieHI'Ifl. 

XOT81IOC:& 6bl o6pBTl1T:& BHI1M8HI18 H8 O~HO OQ8H:& B8lltH08 

JI:&CTBO. l'lMeHHO , paaMepY ropJIOBMHbl ycTof4q11Bbl JII1lli:& np11 

KOM paCCMOTp8Hl111. KBK TOJI:&KO Mbl ITPI1M8M BO BHHMB.HHe 

qTo B TBKMX orpOMHbiX 31I8KTPI1ti8CK11X 11011flX, 

rOpJIOBHHe, B03HI1K8~T 3~WeKTbl p0llt~8HI1fl 

Hb!X ti8CTl1U - KBPTI1H8 CTBHOBI1TCH CY!l\8CTBeHHO MHO~. 

ti3CT11UB pOllt~eHHOH napb! C 38Pff~OM 1 npOTMBOI10710lltHbiM 

HB CMCTeMy t JM8HblJJ8fl ee 11071HblH 38pH~. 

OHeHTB 118phl, OTT871KI1BBffC:& OT 38pl1~8 Ci'!CTeMbl , YXO~HT 

11 OMCXO~MT 6ypHOe JM8H:&lli8HMe 1101IHOro 38pff~B 

t t a 110 WDPMyne (7) 11POI1CXO~MT yMeH:&lJJeHHe ITOJIHO~ M8CCbl 

11 ITO ~OpMyne (6) 11POI1CXO~HT yMeH:&meHHe BHeWHHX paaMepOB 

rop710BI1Hbl. CMCTeMB CTpeMMTCff KBK MOlltHO 11071Hee 

rroKaabiBaiOT 2 x/, qTo STOT npouecc pollt~eHMR nap 

ITOJIHbl~ 38pff;ll Cl1CT8Mbl ~0 JIOHeqHot\ B87111t{I1Hbl 

7 
"'-j 

< -
A 

dv ~ {~ /rn" ~~ 
I _I 

(8) 

o . O":r-pux np:r;:.nTo no Blll!Marme pollt,ll;em'fe ::oJibKO 3JI(mTpon -
-"'l3I.TIJO!lFL:x nap. 

8 

... ~ 

rlte ./.. - KOHCTBH!'& TOHKOit CTPYKTYPIII t [,_ - SJieKTpllqecKHM 8BPH:4, 

~~ - uacca aneKTpoaa. 

( % )t... I 
T.K. e.., ~ "'-- d.-

t TO 

,_, ~ /'J,._, zf. _ r. 

CymecTBeaao noltqepKHYTD TO ~YH:4BMeHTBJIDHOe o6CTOHTeJIDCTBo, ~o 

8) KOHeqHblit 88PH:4 CHCTeMH tf He 38BHCHT OT ee HBq&JIDHOrO 

38PH:4Bl B) KOHeqHblt\ 38pH~ MUeeT MHKPOCKOrrHqeCK:yD BeJIMqHHY 

(9) 

e
1 

f. l'>':f e_ 
(IO~ 

C) BH8WHHe paauepH CHCT8MH HM810T MHKPOCKOI1Ht{8CKHe p83M8pbl 

r;,_ 

l'l 110JIH8fl MBCCB 

{. I?J're ~ 

rnf <: 

c~ 

I">'T e 
r:;;__ 

....__ I 0- >-o 
Vo-n 

- ,_, 
,....._ 10 rr-. 

(II) 

(!2) 

COOTHOmeHMfl (!0), (II) l'l (!2) HM6IOT B11:4 HepaBeHCTB. 8TH COOTHOme

HHfl ~a~r B8PXHHe rpBHMUH ~JIH KOHequoro 3BPfl:48 l'J MBCCHe 

Pean»Hble auaqeHMH arMx BennqHH auaqHTenDHO HMZe. TaK, aneKTpMqe

CKHM 38pfl~, 710KB71H30BBHHH~ B TBKOt\ MBJIOt\ 06JIBCTH, .~onzeH CHRDHO 

3BI1071HpH30BbiBBTbCflo Ecnl'l nonar&Tb, qTo H K ~BHHOMY CJiyqa~ HM66T 

OTHOmeHHe H3B6CTHBH ~OpMyJia RBH~ay /J/ t CBH3b1BBD~Bfl rrORHHti SBPH~ 
[ C 3~eKfHBHbiM 38Pfi:40M ~ , ~o KOToporo aapa~ yueuDmaeTcs 

BC716:4CTBHe I10JIHpM38Ul1H BBKyyua, TO 

9 



[.2_ 

e=t-
I -+ 1--' l 2 e,.,(£,J ~ (IS) 

r;ne me..- uacca aneKTPOHa , v - liHono paamlliHHX BH;ztOB pmrt;naiOIIIHXOH 

nap, a A - rrpe;nenbHOe aHalleHHe napaueTpa , OBHSBHHoro o o6nac

nro noKanHaa~HPJ aapa;zta. IlpH £ t~-' fA... (&-j -:t /7 I Bb!pallteHHe (IS) 

npliJHPIMBeT Blll;lt 

-1 
e. '2.- --"') (I4) v &>-> {L)t... • 

~'>~e. 

l!I060llHTHO, liTO B pauee rronyqeHHOM Bb!pallteHPJH (8) rrpHOYTCTBY6T 

TOT ~e xapaKTepHH~ norapK~M, liTO H B ~pMyne ]BH;ztay. TOJIDKO B 

~OpMyne (8) KOHKpeTH311lpyeTOH BH;zt rrapaMe~pa ~ t 8 HM6HHO OKBSH

BBeTCfl t liTO 

-.lr 
.-,.; /0 c:.v 

cl-
;1 = ~ ( I5) 

B ~OpMyne (8) 1\ nplllHHMBeT npHMepHO TO SHBlleHI'!e , KOTOpOe 06-

C~:ztBeTCfl B pa6oTe J!BH:ztBY B CBHSH C rHITOTeSO~ 0 B03MOlltHO~ ponM 

rpBBMTB~HM B TeOpl1H aneMeHTapHbtX llBCTH~. B HBWeM CJiyllae SHBlleHI!le 

napaMeTpa It p80KpHB86'1'Cfl eCT60TB8HHHM o6paSOII 8BTOM8Tl1ll80KH. 

~HTepeCHO, liTO ~OPU3JI8 (8) Ill ~OpMyna (I4) rronyqeHH H3 

COBeprneHHO pasnHllHbtX C006pazeHH~ 11 pBSJII/IllHHMH MBTeMBTHlleCKHMH 

nyTflllm• 

CornaCHO (I4),KOHellHOe 3HBll6lll18 SBpH:ztB CHCT8MH TBIOKe He 

3aBHCKT OT ero HBllBnDHOrO 3HBli6HHH [ Ill OHO MO~eT 6HTD 6nMSKO K 

3 BpH:ztY 3JI6KTPOH8. Ilplll {-"'! 0 MeTpHKB 3BKpW3aeTCH. TBKO~ OC5~eKT t 

TBKYIO CliJCTeMy MH HaSHBaeu 11~pK;ztMOHOM 11 e 

IO 

..-
I! 

tlTO K8086TOH npOOTP8HOTB6HHHX P88M8pOB CHCT611H1 TO B~ 

llt6HBe (II) B cy~OCTK ;zt88T Kn8CCHli8CKYD •cep;zt~8BHHyn 06~6KTI 

BOKpyr EOTOpOR ;ztOJIZH8 B08HHK8Ti CB0806pa8H8R "&TIIOO~pan, 0( 

IIIBR B8 paanHliHHX 8JI8M6HT8pHHX li80TH~. 

llano B TOM, liTO npH € f '< IS7 e.._ 1 KOr;zta li80TH~Ji poz.., 

nap nepeCT8DT "n&;zt8Ti" H8 3BPHZ6HHJiH ~8HTp 1 000TB8TOTBYI 

88pH;ztH aanonHRDT 000TB6TOTBYIOIIIH8 op6HTH BOKpyr 88pHI6HHOrO D 

Ifa;ztHyCY nepBOit 6opoBCKOit op6HTY 0~6HHB810!C.H B BB;zte 

t r ,...._, -- . 
• Mefe. (l 

ECnH B 0B.H88HHOM COCTO.HHHH H6T 0T86HJiiHHX li80TI~ T.HZenee 

HyxnouoB, TO uaBC5onee nnoTHB.H "aTuoc~epa• WPIII;ztiiOHa HBXO;ztHTCH 
-I4 a 

PBCCTOHHHH IO -IO-I OM OT oep;zt~eBHHH o6~eKT8e EcnH 8!8 K8 

B6PHB, TO Ke~;zty pa;ztHyCBIIH 8JI6KTPOCT8THli60KOro ~pHAMOHa I0-80 

.OHEHO 6HTi nyCTOe npOCTpaHOTBO. 

MH BH;ztHa, TBKHM p6paaou, liTO BHewuae pasuepH WPH;ztMOHOB 7l 

6YTi nopH;ztKB pasuepOB 8;ztpOHOB. 

tlTO K8088TCH MB09.H ~pH;ztMOH8 t TO OOO!HOW8HH6 

e _, 
l'rt <. -;;::- ""- I o ,. r 

f - .•'lc.. r (!7 

;zt88T JIHWi BepXHIOIO OUeHKy. 

Eonee !Oro, COOTHOmeHHe (!7) KOZHO paccuarpBBaTi EaK CO 

meHHe, ~ao•ee COOTB8TCTBYO~O 0~8HKY ~nR npe~en»HO 60nimOA II 

MHxpocxonHqecxoR qacrx~y(aneueHrapHol t~aoraqy BOOdllle). EcJB 

cxonxqecxxe llacrH~ raxoR npe~eniHOA uaccY cy•ecrByiOr("uaxcH 

TO OHH KOrnH dH Hrpari pOX& ~BapKOB: npH 3TKX Kaccax rpaBHTa 

II 



[.'}_ 

e :t. -
I + 1:-' t 2 t,(b,J v (I3) 

a aneKTpoaa , v - '~U'Jcno paam'PIHhiX BH;ztOB POllt;ztBIOIIIHXCH 

- rrpe~ennaoe aaa~eHHe rrapaueTpa , CBH3BHHoro c o6nac

aapH;zta. llpH £ t~' ~ ~J <- l''l I Bblpa:ateHHe ( I3) 

BH;zt 

-1 
e. 'L ---") 

(I4) v (lp-. {L)t... • 
r>le,. 

~TO B pBHee rronyqeHHOM BblpB:ateHHH (8) rrpHCyTCTByeT 

PHH~ norapH~M, ~TO H B ~pMyne ]aH;ztay. T01InKO B 

KOHKpeTH3HpyeTCH BH;zt rrapaue!l:pa /( , 8 MMeHHO OK83H-

;I=~ 
-.2.7 

-v' /0 cv 
c:~. (IS) 

(8) /\ ITPHHHMBeT rrpHMepHO TO 3HB'IIeHHe , KOTOpOe 06-

pa6oTe ]BH~ay B CBH3H C rHTIOTe30~ 0 B03UOlltHO~ pORM 

B TeopwH aneMeHTapaux qacTHq. B Haweu cny~ae aaaqeaHe 

~ paCKpHBBeTCH ecTeCTBeHHHM o6pa30M BBTOMBTH~eCKM. 
~TO ~OPU31I8 (8) H ~OPMYRB (I4) fi01Iy'lleH~ H3 

paanwqHhiX coo6pazeaH~ H paanH~H~MH uaTeMBTH~ecKMMH 

0 (I4),KOHeqHoe 3H8'11eHHe 38pfl~8 CHCTeM~ TaiOKe He 

ero H9q81InHOrO 3HB~eHHH c M OHO MOllteT 6~n 6RH3KO K 

poHa. llpH i ~ 0 .ueTpHKa aaKp~aeTCH. TaRo~ o61:>eKT, 

M~ H83HBBeM 11~pH~MOHOM11 • 

IO 

.,.;. 

qTO K8086TCH rrpOCTP8HC!B6HHHX P88M8POB CHCTeKH, TO ByPB-

llteHHe (II) B cy~ocr• .naer xnaccHqeoxym •oep;nneBHHY" o6~exra, 
Boxpyr xoropoA ~onzaa BOSHHK&TL oaoeo6paaaaa "aruoowepa", oooroa

IIIBB H8 P881IH'IIHHX 81I6M6HTBPHHX 'IIBOTMQ. 

Jleno B Tou, 'liTO rrpe e f. '< IS? e.... , xor,na 1lBOTHllH poa.-eawx 

nap rrepecTaiOr 11
IT8MT:&

11 
HB 38pHZBHHHit ll6HTp t OOOTBBTOTBYDIIHB 

88pH;ztH 38IT01IHHmT OOOTB6TCTBYJOIIIH6 Op6HTH BOKpyr 38pftllteHHOro qesrpa. 

I!a;ztHyCH rrepBOit 6opOBCKOit OpOHrH O[lBHHBBIO!Cft B BH;zte 

t r ...__-
,. Mefe. (I6) 

ECHH B 0Bft88HHOM COCTOHHHH HBT CT86H1ILHHX '118CTH[l Tftllt81I&e 

HYKHOHOB, TO H8M6onee TI1IOTH8ft "&TMOC~epa• ~pH;ztMOHB HBXO;ltHTCft H8 
-I4 IS 

PBCOTOHHHH !0 -!0- OM OT cep;ztQBBIHH o6~BKT8e Ecn1 3!8 KBPTHHB 

BBPHB, TO M6llt;zty pa;ztHyOBMH 81I6KTPOCT8TH'IIeCKOrO ~PlAMOHa Io-SO_IO-I6.u 

•onzao 6~:& rryoToe npooTpaaOTBo. 

MH BH;ztHU, TBKHM p6paaou, 'liTO BHeWHHe P83MBPH ~pH;ztMOHOB ;ltOXZHH 

6~:& rropR;ztK8 paauepOB B;ztPOHOBe 

qTO K8086TCR M80CH ~pH;ztMOB8 , TO COOTHOWBBHe 

... e. _, 
''' f ~ . n.c.. "'- I o ~ (!7) 

;zt88T XHWL BBPXBIOIO OQeBKy. 

Eonee roro, ooorsomeaue (I7) uoaao paocuarpxBar:& xax coorao

meaHe, ~aiO!IIee COOTBeTCfBYIO~IO OQeHKY .-nR rrpeABnLHO OOA:&WOI MaCCH 

MHKpOCKOUHqecxoR ~aCTHQH(aneMeHrapHOR ~aCTR~H BOOO!IIe). Ecnx MHKpo

CKOTIR~eCKHe qacrHQH raxoR rrpeAeR:&HOI uaccu cy!llecrsymr(•waxcxuoHH"), 

ro OHH uornH ou Hrpar:r, pon:r, ~Bapxos: rrpH arHx waccax rpaBHt~HOH-

II 

t-



H~e CHn~, ~eMCTBYDmHe wex~y HHMH, ~OCTaTOqH~ ~na 06pa30B8HHB CHC

TeM c ~e¢eKTOY uacc, cpaBHHMHY c uaccaYH 3THX qactHn 141. 
HBMH pBCCMOTpeHB CHCT8MB , KOTOPBff ffBHff6TCff HCTOqHHKOM 

aneKTpHqecKoro nonH , 6y~eu rOBOpHTb SHeK~POCTBT.HqecxHM ~pH~MOH. 

Ho CODTB8TCTBYIDmHe ~pH~MOHH BOSHHKBIDT B RID6HX ~pyrHX B6KTOPHYX 

nonffx. 

TaR, BHr-MHnnCOBCKHtt /S/ ~~H~OH 6y~eT HM6Tb COOTBeTCTBYmmym 

uaccy 

r~e 

mf 
y 

L < M<.-

m r - uacca nporoHa, 

- $;{ 
....... 10 m r 

(I B) 

T.e. MBCCY M8HbWe ~eCffTH 8H9KTPOHHYX MBCC, ecnH BSHTb BOSMOEHYID 

ou;eHKY _ft HS CTBTDH .HHra-nH / 6/. 

Ou;eHKB MBCCH ~ - M830HHOrO ~pH~MOH8 ~BeT Bepxaee SHaqeHHe 

MBCCH, 6onee BNCOKOe, qeu ~Hff 3H6KTpOCTBTHqecKOrO ~pH~MOHBe 

)'1?f. 
f 

<L 
-- f?L (19) 

HeBeKTOPHHe nona, BepHee, nons, B xoTopsx HeT paanHqHH 

qacTHu; H aHTHqacTHu; (Hanpeuep, cxanHpaoe none), He uewaiDT o6paao

BBHHID 38MKHYTOM M6TPHKH • 

Bonee TOro, KOM6HHHpOB8HHNe nonH , HanpHMep, aneKTpOMBrHHTHOe 

H CKBRHpHoe , yueHbWBIDT nOHHYID MBCCY ~pH~MOHB , TBK KBK COOTB6TCT
/7/ 

BYIDmHe BHPBEeHHH ~Hff MBCCH ~pH~MOHB HMeiDT BH~: 

Vl'lf <( I~ - v~ , (20) 

12 

..-

r~e ' - KOHCTBHTB BSSHMO~e~CTBHa CO CKBXapHYM noneu •. 

TBKHM o6paaou , MBCCB ~PH~MOHB MOEeT CMIDHO BBPDHPOBBT 

OHa uozer 6~D oqeHD uanoA, ecne xpoue aneKTpJqecxoro nona 

Ca B HBXHqHH ~pyrHe nona, KOTOpse ~BIDT OTPHIJ;BT6HDHHA BKHB~ : 

C06CTB6HHYD SHeprHID HX HCTOqHHKBo TBXHM CBOACTBOM o6na~BD! 1 
HBnpHuep, CKBnapsoe none H 1 ITO-BH~HMOMY 1 HSKOTOpse BBPMBHTH 

qeTHpex~pMMOHHHX B38HMO~eACTBHA. 

Bonee TOro, B KBBHTOBOA penaTHBHCTCKO~ teOpHH B cnyqae ane~ 

HBMHKH, xor~a KHBCCHqecxaft nMH9AHBH 38BHCHMOCTD SBMeHaeTCJ 

norapM~MHqecxoA 1 COOTB8TCTBYIDmHA HOrBpH~M,MH BH~eHH (!S),M( 

06peSBTDCa HB ~HHBX DOpa~a (IS), qTo Be~eT K 319KTPOMBrHH~ 

uacce nop~a waccu aneRrpoHa. 

TaKHM o6paaou, B p8MK8X 06~eA TeOpHR OTHOCHTeHDHOCTH MOrJ 

peaHHSOBHBBTDCH CHCT8MH C MHKpOCKOnHqecxHMH SHaqeHHaUH napa~ 

6HHSKHMH X napaueTpau T.H. 3H8M6HTBPHHX qaCTHq. 

llopaE88T BBTOMBTMSU B 06paSOB8HHH TBKHX CHCT6M C BH6WHHMM MM 

cxonHqecxauH napaueTpaMM. 

Xorenoc~ 6~ o6parxr~ BHHKaHee xa ro, qro cy~ecr

Byer BBTOMBTHSU odpBSOBBHHa ~pH~MOHHHX BHC8U6XeA O~HHBKOBYX 

EcnH OH rocno~b Oor no CBOeyY npOH3BO~y HaQaA TBOpHT~ E 

~eHHHe c xparaqecxol n.orBocr~D uarepRH,sce~eBHHe, paa~KqBue 

qJcny ranaKTHK, no nonaouy anexTpHqecxouy aapa~y, TO qepea HI 

TOpoe BpeUH TBOpen YBH~en 6s BU8CTO paanHqHHX BCeXeHHHX BHCBJ 

TOE~6CTB8HHHX MMKPOCKOnHqecKMX qaCTHIJ; - ~pM~OHOBo C 8TOA !I 

apeHHa BceneHHBH MOE6T BO BHewaeA CHCTeue KOOp~HHB! npe~CTBl 

co6o~ aneueaTapaym qacTHu;y. SneueaTapHaH qacTHna BRyrpx ceoa 

3a npe~e~aMR ee saemaxx pa3uepoB uozer npe~crasnnri coOoR set 

HYD, co~epza~D HeoOo3pHwoe qxcno ranaxrHx. flsnaDrca ~• ~pm~1 

I3 



zn~, ~ettcTBYDmHe uea~y HHMH, ~ocraroqH~ ~ns oOpaaoBaHHB cHc

~~eKrou Mace, cpaBHHMHM c uaccaMH 3THX qacrHn 141. 
pBCCMOTpeHB CHCTeMB t KOTOpBa HBnaeTCa HCTQqHMKOM 

qecKoro nona , Oy~eu roBopZTL aneKTPOCTBTZqecKH~ ~PM~MOH. 

OTBeTCTBYIDmMe ~pM~MOHN BOSHMKBIDT B nm6NX ~pyrMX BeKTOPHNX 

~e 

SHr-MHHHCOBCKHtt /S/ ~~H~OH 6y~eT HM6TL COOTB6TCTBYmmym 

mf 
y 

L < ~ 
m r - Mace a nporoRa, 

- .s;( 
~ 10 m r 

(I8) 

uaccy MeHLWe ~eCHTH aneKTpOHHNX MBCC, ecnM B3HTL B03MOEHYID 

H3 CTBTLH J!Hra-llH / 6/ • 

HKB MBCCN ~ - M630HHOrO ~pH~MOHB ~BeT BepXHee 3HaqeaHe 

, 6onee BNCOKOe, qey ~nH aneKTpOCTBTHqeCKOrO ~pH~MOHB. 

trlf. 
) 

<L ..... f?L ( 19) 

HeBeKTOpHNe nons, Bepaee, nons, B KOTOpNX H8T paanMqHa 

z aaTzqacTHU (aanpHuep, CKanapaoe none), ae uemamr o6paao-

MeTpHKH • 

TOro, KOM6HHHPOBBHHN6 nona , HanpMMep, aneKTpOMBrHHTHOe 

anapaoe , yMeHLWBIDT nonHyiD uaccy ~pH~MOHB t TBK KBK COOTBeTCT-
/7/ 

He BHpBEeHHH ~nH MBCCH ~pH~MOHB HM6IDT BH~: 

vnf < ~~ - v ~ ' (20) 

12 

... 
1•"- T 

r~e ' - KOHCTBHTB BSijHUO~e~CTBHH CO CKBnHpHHU IIOneu. 

TBKHM o6paaou , MBCCB ~pH~OHB MOE8T CHnLHO BBPLHPOBBTLCH. 

Oaa uozer 6HTL oqeaL uanol, ecnH Kpoue aneKTpHqecKoro nons auemr

cs B HBnHqHH ~pyrae nona, KOTOpye ~BIDT OTPHUBTenLHH~ BKnB~ B 

C06CTB6HHYD SHeprHm HX HCTQqHHKB. TBKHM CBO!CTBOM o6na~amr 1 
HBIIpHuep, CKanapaoe none H,IIO-BH~MOMy t H6KOTOpHe BBpHBHTH 

qerHpex~pMHOHHHX BSBHMO~e!CTBH!. 

Bonee Toro, B KBBHTOBO! penRTHBHCTCKO~ TeOpHH B Cnyqae aneKTpO~H

HBYHKH, KOr~a KHBCCHqecKBR nHHe!HBR 88BHCHMOCTL 3BU6Hft6TCR 

norapH~YHqecKO! t COOTBeTCTBYIDmH! norapH~M,YH BH~enB (!8),MOZeT 

06pe3BTLCR HB ~HHBX DOPR~B (!5), qTo Be~eT K aneKTPOYBrHHTHO! 

uacce nop~a uaccH 3neKrpoaa. 

TBKHM o6paaou, B PBMKBX o6me~ TeOpHB OTHOCHTenLHOCTH uoryr 

peanH30BHBBTLCft CHCT8MH C MHKPOCKOnHqecKHMH aaaqeHHRMH napauerpa, 

6nHaKHMB x napauerpau r.a. aneuearapaux qacrHq. 

llopaaaeT BBTOMBTHSM B o6paSOB8HHH TBKHX CHCT6M C BHemHHMH UHKpO

CKOIIHqecKHMH napaueTpaUH. 

XorenocL Ou oOpaTITL BHHMaHxe Ha ro, qro cy•ecr-

Byer BBTOMBTHSM 06p830BBHBR ~pH~MOHHHX 8HCBM6ne! O~HHBKOBHX qaCTHq. 

EcnH 0H rocno~L Oor IIO CBOeyY !IpOH3BOXy Haqan TBOpHTL BCe

X8HHHe c xpxrxqecxo" n~oraocrLm Karepxx,BceneaHBe, pasnxqaue no 

qHcny ran&KTHK, no nonaouy aneKTpHqecKouy aapa~y, TO qepea HeKo

Topoe BpeMR TBope~ YBH~en 6u Buecro paanHqHHX BceneHHHX aacau6nL 

TOE~6CTB6HHHX MHKPOCROnBqecKHX qacTHq - ~pH~OHOB. C STO! TO~I 

speHHR BceneHHBft MO~eT BO BH8WHe! CHCTeue KOOp~HHBT npe~CTBBHRTL 

co6o! aneueaTapaym qacrz~y. SneueHTapaaa qacrHna B&yrpx ceGa 

3a npe~enaMB ee B&emaxx pa3uepoB uozer npe~craansrL coOoR scenea

aym, CO~epza~m Re0603pHMOe ~Hcno ranaKTHK. HBnBmTCB XH ~p~MOHH 
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HOBHY KRaCCOM qacTH~ MHKpOMHpa HRH H ~pyrHe 3ReMeHTapHHe qacTH~H 

B KBKO~-TO Mepe po~CTB8HHH ~pH~MOHBM? 

B nocne~neu onyqee BOSHHKana 6u BOSMO~HOOTD o6~ero TeopeTHqe

CKoro ITO~XO~B KBK K 8H8MeHTBpHHM qacTH~BM 1 TBK H K BceneHHO~. 

Ho He3aBHCHMO OT nocne~HHX aaueqaHHM ~BHHBH CHCTeMa - ~pH~OH 

MOE8T paCCMBTPHBBTDCfi KBK CBOeo6pB3HBH MO~eHD ~HB 11npOTHEeHH0~ 11 

QBCTH~H 1 KBK 06~eKT CO CB0806pa3HHM ~OpM~BKTOpOM 
1 

B08MOEHHM 

TOHDKO B PBMKBX 06~eM T80pHH OTHOCHT8HDHOCTH. 

§ 2. ~PHnMOH, KBK WeHoMeHonorHqecxaa uonenD 

qaCTHUH, CB060nHott OT PBCXO~HMOOTeM 

MeTpHKB BHemHero npocTpBHCTBB aneKTpaqecxoro ~PH~OHB B 

KOOp~HHBTBX HopnCTpeMa-PeMCCHepa 8BITHCHBB8TCH B BH~e: 

'L _, '2. ~ .L 
r;1 s?.. -== cp rJ,t - c.p dr - r J o , (2r) 

r~e 

npH 

cP ~ . (;- r;,) <., 
' ,..... 

ro -=- ~e. e:r- =. 
~ rn., 
~· 

(22) 

(23) 

3~80D yn I 1 e_ - ITOHHBH MBCCB H ITOHHHn 3H8KTpHQ8CKHtt a·apfl~ CHCT8MH. 

QQeHD CBOeo6pB8HHti BH~ MeTpHKH B08HHKBeT B H30TpOUHHX KOOp~H
HBTBX 

Js 2. =- ~-~ ar--'L- tt (~2..-t ~'l.q(~'l \ 
/' (24) 

14 

~~ 
'~~:~ 

',f';r:,, 

l 
( 
1 
' 

·? 

r~e 

tf =- { n ~ro ) ~ • 

B HaoTponHHX Koop~HHaTax YPBBHeHHe nna ane 

HOT8HUHBHB npHHHMBeT BHn: 

6·~r~ ;~ ~ ~ ==e-

HHH 

1=-
e_ -R.+lo 

TBKHM o6paaou, UOTeHUHBH B Hyne ( r.t = 0) 

'f =~ 
Q.:. u fJJ 

c'L -. r:;;_ 

BHqacneHHe nonHott aHeprHH B OTO BCTpeqaeT 

TBK KBK Q8THP8XM8PHHM B8KTOp 3HeprHH HMITYHDCB B 

xopomo onpe':zteneHHOtt B6JHfqHHOM. EOHH B3.fiTD H3B8C 

MtSller'a, cornacHo KOTopouy /S/ SHepraa E 
B H30TPOUHHX KOOPnHHBTBX BH~:(S): f 

E "'- c 't. ~ R 'L ~I 
:u 'rs7 s 

/ - J<P ( npa · k -::. c-J(.. ~ c:;.c> , ~ ~ It ' - r//n 

l·e. G 
C'l.. ~~ 

r'K-

..,._ )..17,()_ ..__2,.(; ..... 

-;e (h. .u-., ) -:;::: 
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ccou qacTHU MHKPOMHpa HnH H APYrHe sneMeHTapHHe qacTHUH 

0 Mepe po~CTBSHHH ~pH~MOHBM? 

e~H6M onyqee B03HHKana 6H B03MOlltHOOT:& 06JIIero T60p6THqe

XO~B KBK K 3116M6HTapHHM qaCTHUBM 1 TBK H K BceneHHO~. 

CHMO OT noone~HHX 3BMeqaHH~ ~BHHBH CHCTeMa - ~pH~OH 

CM8TpHBaT:&CH KBK CBOe06pa3H8H MO.li6JI:& ~liH 11npOTHllt6HH0~ 11 

KBK o6~6KT CO CBOeo6p83HHM ~OpM~BKTOpOM 1 B03MOlKHHU 

pBMKaX 06111e~ T60pHH OTHOOHT6li:&HOCTHe 

• ~PH~MOH, KaK WeHoMeHonorMqecKaH MO~en:& 

qacTHUH, CB060AHOn OT paCXOAHMOOTe~ 

a BHemHero npocTpaHCTBa sneKTpHqecKoro ~PH~OHB B 

ax Hop~CTpeMa-Pe~CCHepa aanHCHB86TCH B BH~e: 

d. s '2...-:::: cp d.tz.. - (p-' df''2.. - r~Jo'--, 

cfJ ~ (;-;) ~ 

To =- {i e. c. .t =. 
~ rn .. 
~. 

c'--

(2I) 

(22) 

(23) 

,e - ITOliHBH Macca H fiOliHHn 3116KTpHqeCKH~ 38pH~ CHOT6MH. 

CBOeo6pa3HHtt BH~ M6TPHKH B03HHKaeT B H30TpOnHHX KOOp~H-

J.s 2. _ tJ,- I cf.rv 'L_ 1L (oh?. 2.. -t" ~'!. o(6"''l \ 
- 1 T _/' (24) 

14 

...... 

'.:1,, 

' . ,;~~~ 

r 
I 

( 

1
:.' 
. 

r~e 

tf :::. { n ;:ro ) ~ . 
(25) 

B H30TponHHX Koop~HHaTax ypaBHeuHe ~nH 

ITOT6HUH8lla npHHHM86T BH~: 
3li6KTPOCT8THqecKoro 

0 +~)?. ; ~ ~ ~ = e... (26) 

HliH 

e.. 
~=- -R +Ia (27) 

TaKHM o6pa30M 1 fiOT6HUHall B Hyne ( Y.l = 0) KOHeqeH 

!f =~ 
Q.:. u I<J 

c'2... --. y.;;_ (28) 

BHqHcneHHe nonuo~ sueprHH B OTO BCTpeqaeT HaBeCTHHe Tpy~HOCTH 1 
TBK KaK qeTHP6XM6PHH~ B6KTOp 3HeprHH HMnyn:&ca B OTO He HBliH6TCH 

xopomo orrpe~eneHaott BenHqHHo~. EcnH B3HT:& HaBeCTHOe onpe~eneHHe 

M.Sller'a, cornacuo KOTOPOMY /B/ sifeprHH E neeT 

B H30TPOITHHX KOOp~HHBTBX BH~:(S): f 
£ ;:_ c '2..- }z ~ 'L~·/h fl c/lltiy (29) 

:u 'Tst s 

npH · k -=. c.-.Jf. ~ <.Y= , ~ <- h ::: 

l·e. G - ;.r;.~ ....._2.fi _.. 
)( (h.·U;,) ~ -C'l.. 
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(30) ~!!:.. 
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sHeprHH KOHeqHa B cornaCHH C H3nO%eHHOR BGWe TeOpHeR ¢pH~MOHa, 

CymecTBeHHO noAqepKHYTL , qTo B HSOTponHNX Koop~HHBTax ¢PH~MOH, 

MeTpHKB KOTOporo ~aeTCa BHpBEeHHeM (24) , HBHH6TCH TOqeqa~ o6~eK-

TOMe 

B STHX KOOp~HHBTBX npH ~~ 0 KOUTIOH9HTH6 ¢yH~aYeHTanbHOrO 

TeH30p8 J~v HMe~T OC06eHHOCTL , HO STB OC06eHHOCTL He CK83H

B8eTCfl HB aaaqeHHH ~HaHqeCKHX BenHqHH: 3HeKTpHqecKoro flOTeHUHBHB 

H nonHo~ aaeprHH. 

~30TpOIIHHe KOOp~HHBTH y~06HH ~HH BHemHero OflHCBHHH ¢pH~MOH8, 

B qaCTHOCTH, flOBe~eHHH ero BO BH6WHHX ITOHRX KBK Toqeqaoro 00~6KT8. 

E~6orrHTHO OTMeTHTL , qTo B Koop~HHaTax Hop~cTpeua-Pe«ccuepa 

(2I) B OTHMqHe OT H30TpOITHNX KOOp~HHBT (24) ¢pH~MOH HeToqeqau«.X/ 

3~ecn IIOTeHUHBJI HMeeT BH~: 
e. 

c.f = -;: ' 

HO r- M8HHeTCH TOJILKO OT r ==- <->- ~0 r :::: r. ::. e.. f?.t. 
c"'-

H B TOqKe (::=. ra IIOT6HUH8H IIPHHHMB6T 3HaqeHHe 

tf) - e. .2. 
1 r ,. r. - 112e_ ' 

T.e. TO liCe MBitCHMBJ!nHOe 3HaqeHHe t KOTOpoe ~OC~Hr86TCH B 

H30TPOIIHNX KOOp~HHBTBX rrpH ~ =0, 

XOTGJIOCn 6w no~qepKHYTn TO 06CTOHTeHnCTBO, qTo pBCCM8TpHBBe

MW~ 06~0KT (¢pH~MOH), B3HTW« CBM ITO cede, npe~CT8BJIH6T 0060~ 

Y~OBJieTBOpHTeJinHYD BO MHOrHX OTHOilleHHHX MO~eJJn rrpOTHlKeHHOH 

38pHlKeHHOll qBCTHUWo 

x) .3o3l.!ol£Hocn o<heitTy db!Tb To'leqHwu u.'!H rrpoTSIJB:eHHhiH B OTO 
B aaBUCI!MOCTll OT MCIIO.'II,3YBMhiX KOOp~l1HaT yKa3aHa B padoTe 9, 
PadOTbl Arnowitt'a,Deser'a H Misner'a/9/H O.Klein'a/9 '/ 
oqeHh. cymecTB eHHhl ,ll;JIH IIOHl1UaHilH pa3JII!qHhiX CTOpOH odcylt,llae
!rhlx 3.1eCn 'lf'OOJieM, .B STOll CBH3l1 Clvl. TaK%e i.!,A, Ma.pKOB : 

"Closed universe . •" npenpHHT OH.HH .U2-4534, ,UydHa, I969r. 
16 . 
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TaK KBK paccuaTpi/JBaeuwt npoTRJteHaH« o6~eKT onv,cHBaeTca p 

HHHMH penHT>IBHCTCKHX YPBBH6HHI! C HOKBH:&HHMH B38HMO:ztei1CTBBBMM 

TO B ~aHHOM cny~ae no onpe:zteneaHn He uoryT soaaHKHYT:& Tpy~o' 

06H\IHOI! H6HOK8JinHOM T60pHH - aapymeHHe npHqHHHOCTH H np. 

C H6KOTOpot1 TOqKH apeHHH IIpH OIIHCBHHH :ztBHHOrO "npOTflEeHHI 

o6~eKT8 (~pH;ztMOHB) B03HHK86T ~OPM~BKTOp. Ho 6naro:ztBPH COOTB• 

BY~~euy HaMeaeBHID MetpHKH B6nMaH sapH~a cHrHan pacnpo

CTpBHHeTCft CO CKOpOCTniD 1 M6Hnme« CKOpOCTH CB8T8e 

TaK, B H30TponHNX Koop~HHarax,cornacao ¢opMj'Jie (24), CR 

CB6T8 ~B6TCH B BH~e 

H 

~ 
M 

r/fl 

{n~ra)~ 

__, 0 

rtf Ar- k ~ lJ 

(a; 

Tpy:ztaocTH, no~o6able TPY~HOCTHII aenoKan:&ao~ TeopHH, BOSHHF 

H npH flOITbiTK6 CTPOHT:& COOTB6TCTBYIDmym HeJJMHe~Hy~ T60PHID fl0JJH 1 

CB060~HY~ OT pBCXO~HMOCTeR IO, 

DbiJIH ITOIIhiTKH TBK ~OpM8HnHO rrepeorrpe;zteJIHTn MeTpHKy, qT06bl 

B HeHHHe~HHX T60pHHX TBKOrO BH:ztB nonyqHTn B COrHBCHH C npHHU~ 

npHqHflHOCTH COOTB6TCTBYIOIIIYID CKOpOCTn pacrrpOCTp8H6HHH CHrH8H8 

B aTHX rronHTKax peq:& mna o crre~HannHHX rrpHuepax,HJIJIDCTPHPYD 

CHTYBUHID, HO B 06~eM B PBMKBX COBpeMeHHOt1 TeOpHH 1 B3HThiX od 

Mo~eJJ:& , 0 KOTOpOL! H:zteT peq:r, B :ztBHHOM cnyqae (¢pH:ztMOH), OflHCbl 

IIOHHOCT:&ID B PBMKBX COBpeMeHHOR TeopHH. Bonee TOro, 6CHH yro~H 

MOZHO ITO:ztqepKHYTn 1 qTo B :ztBHHOM cnyqae H:zt6T peqn 0 HenHHettH 
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Ha B cornaCHH C H31lOXeHHOR BHWe TeOpHeR ¢pH~MOHa. 

no~qepKHYT:& , qTQ B H30TPOITHNX KOOp~HHBTax ¢pH~MOH, 

~BeTCH BHPBXeHHeM (24) , HBHH6TCH TOqeqHhlM OO~eK-

KOMnOHeHTHH ¢YH~aMeHTa1l:&HOrO 

, HO STB OCOOeHHOCTL He CKBSH

WHSHqeCKHX senaqHH: anexTpuqecxoro noTeHuuana 

KOOp~HHBTH y~OOHH ~HH BHemaero OITHCBHHH ¢pH~MOH8, 

noBe~eHHR ero BO BHemaux nonax KBK Toqeqaoro oo~exTa. 

HT:& , qTo B xoop~HHaTax Hop~oTpeMa-PeMccaepa 

e OT H30TpOITHNX KOOp~HHBT (24) ¢pH~MOH HeTOqeqHH~.X/ 
an HMeeT BH~: 

e. cf=;;, 

R T01l:&KO OT r:::.. v- ~0 r == r. =- <L f-it. 

ro noTe HUH an npnam.taeT aaaqeane 

.2. 
t..i) - e. ' 1r,.r.- ~ 

BJI:&HOe 3HaqeHHe , KOTOpOe ~OCTHrBeTCff B 

HBT8X ITpH ~ =0. 

c.,_ 

ITQ~qepHHYT:& TO OOCTOHTeJI:&CTBO, qTO paCCM8TpHBae

B3HThl~ CBM ITO oeoe , npe~CT8BHHeT 0000~ 

MHOrHX OTHOilleHHHX MOAe3I:& rrpOTH~eHH0£1 

ocn od'beiCTy dh!T:b Toqeqab!u u.'!H rrpoT a:z:eHHbm B OTO 
OCT!! OT 11CITQ.'!J,SyeMbiX KOOp~l1HaT yKa3aHa B padoTe 9. 

Arnowitt'a,Deser'a H Misner'a/9/H O.Klein'a/9'/ 
eCTB e!!Hbl ,ll;J!Ji ITOH!U.!aHL11l pa3JIIfliHblX CTOpOH OdCy:Qae

C1 'TrodJieM, 13 3TO>i CBJi3!1 ClvL TaKXe i,l,A. MapKOB : 
universe • ·" rrpenpHHT ORHH ,ll,2-4534, ,ll,ydHa, 1969r. 

16 . 
__.;: 

Tax KBK paccMaTpeBaeM~ npoTREeHHHR o6~eKT onv,cHBaeTca peme

HHRMH penRT~IBHCTCKHX ypaBaeaHR c noxan:&HHMH Ba8HMo~e£loTBBBMH, 

TO B ~8HHOM cnyqae no onpe~e1leHHD Be MOryT BOSHHKHYT:& TPY~OCTH 

OOblliHOR HeHOK81l:&HOJi! TeOpHH - HapymeHHe np!·rqHHHOCTH H np. 

C H6KOTOpoJi! TOqKH apeHH.fl npH OITHC8HHH ~8HHOrO "npOTHEeHHOro" 

06~eKT8 (¢pH~OH8) B08HHK86T ¢opu¢8KTOp. Ho 6naro~8p.fl COOTB6TCT

BymmeMy HSMeHeHHm MeTpHKH BOHHSH aapH~a CHrHan pacnpo

CTPBH.fl6TC.fl CO CKOpOCT:&D, MeH:&meR CKOpOCTH CB6T8o 

Tax, B H80Tp0ITHNX KOOp~HHaTax,cornaoHO ¢OpJlYJie (24), CKOpOCfL 

CBeT8 ~8eTC.fl B BH~e 

H 

#t 
rJA; 

r/ll 

{n_~rd)'c_ 

--7 0 • 
fi;f At- k ..., ll 

(SI) 

Tpy~HOCTH, no~o6aHe TPY~HOCT.flM aenoKan:oaoM TeopHH, BOSHHKBIDT 

H npH ITOITHTKe CTpOHT:& COOTBeTCTByromyro HeHHHe~Hyro TeOpHro ITOH.fl
1 

CBOOO~Hyro OT pBCXO~HMOCTe~ IO. 

EhlnH ITOITblTKH TBK ¢opM8H:&HO nepeonpe~eHHT:& MeTpHKy, qTOO~ 

B HenHHeJi!H~ TeOpHHX TBKOro BH~8 rronyqHT:& B cornaCHH C npHHUHITOM 

npPiqHr;HOCTH COOTBeTCTBymmyro CICOpOCT:& pacrrpOCTp8HeHHff CHrHana II ' !2 • 

B STPIX ITOITHTK8X peq:r, mna 0 cneUH81l:&HHX rrpHMepax,HnnDCTPHPYDmHX 

CHTYB~HID, HO B o6meM B PBMK8X COBpeMeHHO~ TeOpHH , BSHTHX od hog. 

Mo~en:& , 0 KOTOPOM H~eT peq:r, B ~BHHOM cnyqae (¢pH~MOH), OITHCHB8eTCfl 

ITOHHOCT:&ID B PBMK8X COBpeMeHHO~ TeOpHH. Eonee TOro, ecnH yro~HO, 

MOEHO no~qepKHYT:&, qTO B ~BHHOM onyqae H~eT peq:r, 0 H81lHHeAHOA 
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TeopHH - TBK KBK ~BOTL coBxecTHHX ypaBHeHB~ ( ypaBaeaHa SlRM!el
aa) npe~CTBBna~! 0060~ OHOT6MY HeXHHeiHHX YPBBH6HBI. 

B npHHUHne, HOKBm~Bfi J~v H3 OHOT6MH YPBBH6HB~ 91HmTeiHB-MBKO

B6HnB, MH ~OXIHH ~~a SB6KTpOMBrHHTHOrO nona nony~HTL ~eiOTBHTenL-

BO aenHHeiHOe ypBBHe&Be X/. . 

XoTenooL 6s TBKxe aanoKHBTL , ~To aueeTOH e~e o~aa TPY~BOOTL 

~~a fiOIIHTOK qHOTO sneKTPOMBrHBTHOrO TOnKOBBRBH MBCOH HOTOqHIK8 

sneKTpHqecKoro non~. 

KBK H3B6CTHO, B STOM ony~ae llOBBHI BMnYBLO SBeKTPOMBrHHTHoro 

nona aap~a, ~mzy~erooa o nooToaasol c•opoOTLm vr , paBeH 

p = jj' Y 1Ao 
VI-{}"- c.- (32) 

KoswwuuHeBT 4/3 noaBnaeToa noTouy, ~To npH no~o~e!e nonaoro 

HMnynLOB nona ~BHZy~erooa aapa~a t Kpoue r:~ ~BeT OBO~ BKBB~ 

~06BBO~HH~ ~neB r:~ t o6ycnOBBeHHHft MBKCBennOBOKHMH HBnpazeHBa

MHo K03WWHUHeHT 4/8 B OBOe BpeMH mHpOKO o6oym~anca B O~HTBBCa 

HeKOTopoe BpeiiJI H838~ rnBBHHM npenaTOTBBeM ~~a nOCTpOeHHa 

SB6KTpOMBrHHTHOI TeOpHH MBCCH ~80THq. CqHTBBOOL, ~TO KPOMe 

CHB SHeKTPOMBrHHTHHX H606XO~HMO BBO~HTL OBBH H6916KTPOM8rHHTHOrO 

npOHOXOI~eHHa (B paMXaX BHHeU&HX TeOpH«), 

x/Mozao syqBpnHTL wopu&nLHHI wopuwaKtop,KOTOPH~ B 3BKnH~OBOM npo
OTPBHCTBe ~BeT TOT ze BH~ SHeKTPOOTBTHqecKoro IIOTeHUHBBBo 
~pOBOB nony~Hn ~~a COOTB6TOTBym~ero WOPM-w8KT0p8 B npOOTPBHOTBe 
HMIIYHLOB BHPBEeHHe . (; . . _.._,_ / r I /, )'7 

C(1c)-=- 1~r.KLC,{r.t:),J..n(r.K)-"-"7tr.< ;.,r.~::.; • 

C 3THM WOPM-wBKTOPOM norapHWMH~eOKH pBOXO~~eeca BHpazeHHe ~~a 
006CTB6HHOI SHeprHH 3BeETpOHa ~HpBK8 IIpHHHMaeT BH~: 

C,.t "- /?JLC l. ~ ( :Yt e,.. ~-Itt<. -+ d") t 

T.e. t~ B npe~enax nopH~K8 PBBHO ~one 3B6KTpOHHOI UBOOH. 
KoHeqao,no~o6HHe oueHKH uoryT 6HTL nonyqeas H B pa~e ~pyrax s~eK
TOB, BO 3~eCL CO~epaHTOa rHnOTeaa,qTo TBKOI onooo6 OUeHOK OKBZeT
CH ~OCTBTQqao xopomHM npH6BHEeHHeu, H60 TeOpHa 0 ~Op~aRTOpOM B . 
3BEBH~OBOM IIPOOTpBHCTBe CBM8 no Oe6e He HBnaeTCa noone~0!8T6HLHOI. 

I8 

~ 
) . 

KOTOpHe ~OBEHH rBCHTL S~H MBKOBeHHOBOKHe HBnpazeHHa. 

B ~aHHOI MO~enH STY pOHL BaiiOHHa~T rpBBHTBUHOHHHe CHBH. 

Ha~O TBK!e IIO~qepKHYTL , ~TO B ~BHHOM pBCCMOTpeHHH pe~L M 

0 KHBCCH~eCKOM TeOpHH HCTO~HHK8 sneKTPH~eOKOrO nona, OB060~C 

OT p8CXO~HMOCT6~. 

§ 3. 0 ppHnMOHHOM XBpBKTepe IIPOMSEYTO~HHX COOmOHHH~ 

B KBBHTOBOM TeOpHH. 

BoaHHK86T BOnpoo, aBnReTCa HH WPH~MOH weHOMeHonoraqecKO~ 

~enLm B M3B9CTHOM CMHCne npOTHmeHHO~ ~BOTHUH, TeOpHa KOTOpO~ 

do~aa OT pacxo~HMOOTe~, HBHWPH~MOHHBa CHTYBUHH peanaayeTCH o 

oo6o~ npH y~eTe paayMHHM o6paaou rpaBHTBUHH B TeopHH sneueaTa 

qacTHU? 

ITpoHSBe~eM H6KHM KaqecTBeHH~~ aHanHa rpaBHTBUHOHHO~ OHTYB 

KOTOpaa B03HHKBeT B npoMezyTOQHOM OOOTORHHH, KOr~a ~8CTHU8 H 

eT KBKO~-TO KBBHT SHeprHH. 

ITpH HcnycKBHHM nm6o~ qacTHUe~ KBBHTB aaeprHH C fiOBHOM MaO 

B BHpTyanLHOM OOCTOaHHH STB M8C08 HB OCHOBBHHH OOOTHOWeHHa 

HeTOqHOCT6~ nOK8HH30B8H8 B o6nBCTH ~ TBK, ~TO 

t mo ,,., 1'-'C (83 

JtpyrHMH CnOBBMH t B ~BHIIHI MOMeHT BOKpyr ~BOTHqbl B03HHK86T BH 

HBa MBC08 C nnOTHOOTL~ He ueaee, Q9M 

?""" 
/he t (84 

"" r3 ar-'f 

I9 



- TBK KBK tl80T:& COBJleC!HHX ypaBH6HIA ( ypB:BH6BRH 81Bmtel

:ztCTBB1IHK>T co6oit CHCTeuy H61lRHeitBiiX YPBBB6BBI. 

HH~Hne, HOKnK>qaa: J~v H3 OHCT611Y YPBBH6HHI 81HmTeiHB-MBKc

IIY :ztOHZHY :ztnH aneKTPOIIBrHHTHOrO nOBH nonyqHT:& :zteiDTBRTen:&

HeiHOe YPBBHeHHe X/ • 

enoc:& (5y TBK~e HBfiOIIHHT:& , qTO HII66TOH e~e O:ztHB TPY:ztBOO!:& 

YTOK qlfOTO SB6KTPOIIBrHHTHOrO !OnKOBBBIH IIBCCY IO!OqHJKB 

qecKoro non". 

H3B6CTHO, B STOll cnyqae nOBHYI HllnYB:&C 8X6KTPOIIBrHHTHQrO 

PH:ztB, :zt:BHZy~erOCH C nOOTOHHHOI OKOpOOT:&D vr , paBeH 

1Ao X'Y 
P = 3 V1-f>"- c.. (82) 

eaT 4/8 noa::snaeTca norouy, 'ITO npH no:z~cqere nonaoro 

nona :ztBHEy~eroca aapa:zta t Kpoue T~0~ :ztBeT OBOI BKHB:zt 

Yl qnea T~~ , o6ycno:sneaaYI IIBKCBennoBcKHIIH aanpa:zeaHa

'~H~HeHT 4/8 B OBOe BpeMB mHpOKO o6cyE:ztBnOH H cqHTBXCa 

H83B:zt rnBBHYII npena!OTBH611 :ztBa noCTpOeHHa 

TeopHH uaccy qacTH~. CqHranoo:o, qro Kpoue 

TPOMBrHHTHYX He06XO:ztHMO BBO:ztHT:& CHBY HeaneKTPOMBrHHTHOrO 

:zt6HHa (B pauxax BHH6MBHX TeOpHB), 

BY'lHpnHT:& ~OPMBH:&HHI ~OpM~BKTOp,KO!OpHI B 3BR~OBOII npo
e :ztBeT TOT ae :BH:zt sneKTpOOTB!HqecKoro noreH~HBBBe 
onyqHn :ztna COOTB6TOTBYK>~ero ~OpM~BKTOpa B npoc!pBHOT:Be 
BYPBEeHHe ;; . . _.._,. J r. /. )'..., 

C(tc.}-::. 1_.r.1< L Ct(r.").f..n(r.K)-._.,tr.< <~-> cr.~'..J • 

OpM~BKTOpOM norapH~MHqecKH pBCXO:ztH~eeca BYp8S6HHe :ztna 
HOI saeprHH axexrpoaa BHPBKB npHHHuaer BH:zt: 

C,.t "- /?JL ct. ~ ( ¥t e... ~ ·"'(.. + ~ ) ' 

B npe:ztenax nopa:ztKa pa:sao ~one aneKrpoaaoa uaccy. 
o:zto6Hae o~eHKH uoryT 6YT:& nonyqeay H :s pa::zte :ztpyrHx s~eK
a~ecL CO:ztepzJTCH rHnOT63B,qTo TBKOI cnoco6 OU6HOK OK8S6T

OtlHO xopomau npa6nRzeaaeu, H6o TeopHH o ~op~axropou B . 
u npoCTPBHCTBe caua no ce6e He a::snaeTCH noone:zto!aren:oaol. 

IB 

.-w 
i. 

KOTOpye :ztOHEHH rBOHT:& S~H IIBKCB6RRO:BCKH6 HBnpHZeHRH. 

B ~aHHOU IIO:ztenH STy pon:& :BHnOnHHK>T rpBBHTB~HOHHYe CHnY. 

Ha:zto TBKEe no:ztqepKHYTL , qTo B :ztBHHOM PBCCUOTpeHHH peq:o H:zteT 

0 KnBCCH'leOKOM TeOpHH HCTO'lHHKB SBeKTpHqecKoro nona, C:B060:ztHOI 

OT PBOXO:ztHMOCTel. 

§ 8. 0 WpH:ztMOHHOM xapaKTepe rrpoMezyTO'lHYX cocmoHHHI 

B K:BBHTO:BOM TeOpHH_ 

B03HHK8eT BOnpoc, aBnHeTca RH ~pH:ztMOH ~eHOMeHOROrHqeCKOI MO

:zten:&K> B HS:BeCTHOM CMHCBe npOTHllteHHOI qaCTH~Y, TeOpHa KOTOpol CB0-

60:ztHB OT PBCXO:ztHMOCTel, MnH~pH:ztMOHHBH CHTYB~HH peanHayeTCH CBMB 

00601 npH yqeTe paayMHHM 06paaOM rpBBHTB~HH B T60pHH sneMeHTapHHX 

qacrH~? 

ITpoHa:se:zteu aeKH~ KaqecT:seaauM aHanHa rpa:sHTB~HOHHOI OHTya~HH, 

KOTOpaa B03HHK8eT B npouezyTOqHOM COOTOHHHH, KOr:zta qaCTHUB HCITYOK8-

6T KBKO~-TO KBBHT SHeprHHe 

llpH HcnyCKBHHH nK>60I tl8CTH~el KB8HT8 SHeprHH C ITORHOM MaCCOM ~0 
B BHpTyBnLHOM OOCTOaHHH ST8 MBCCB HB OCHO:BBHHH COOTHOmeHHH 

HeTO'lHOCTal nOKBnH30:BBH8 B o6naCTH ~ TBK, qTO 

mo ,._.. t 
~"-"C (83) 

npyrHMH CHO:BBMH , B :ztBHHYI MOM6HT BOKpyr qaCTH~Y B03HMK86T BHpTyan:&

HBH uacca c nnoTHOCT:&K> He ueaee, qeu 

Y"' 
/111) t (84) 

"' J-3 a;--'7 
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B HD~TOHHBHCKOM npH61IHE6HHH yqeT I'PBEHTBUHOHHOI'O ~e~eKTB UBCCH 

~BeT EHPBZ6HH6 ~1IH IT01IHOI UBCCH E BH~e: 

2. 
:Jemo 

m6vt- =-m.-~c lr-' {.( .,u,t ~o-6:. /;; - ~ /; 2. 
/"7::. - ~ • 

noxaaa uacca o6pBIIIBeTCH B ayn:D npa 

,rr;-' 
r--- fC3' 

T.e. npa non:ao« uacce KBBHTB 

m"" ~""' -ltJ-r ~ 

HO npH r-7 0 COOTHOmeHHe (35) ~BeT ~lUI lnio"t -j- 0.0 

(35) 

(36) 

(3'7) 

3Ta pacxo~BMOCT:& BOSHHKBeT B pesynDrare oqeaD rpy6oro npa6na

zeHHH B TeopHH rpaBHTBUHH, HapymBDIII8I'O ~YH~BM6BT8XDHOe CBOIOTBO 
/9/ MBTepHH, HMeHHO PBB6HCTBO HHBPTHOM H rpaBHTBUHOHHOl MBCC • 

1Im6oe IT1JH6nneaae B Teopu rpaBHTBilHH , KOTopoe coxpaaHeT pa

BeHCTBO HH6PTHOI H I'PBBHTBUHOHHOI MBCC ,6y~eT CB060AUO OT 

~BHHOI pacxo~HMOCTHo 

Hanpauep, ecne cooraomeaee (35) nepenacaTD B BH~e (9), 

r~e Y~6PIBHO paBeHCTBO HH6PTH0l H I'PBBHTBUHOHHOI MBCC 

m = mo-

TO npa r -,() nonaa 

{;e Int. 
-:ie~ r- , ... 

• uacca CTPBMHTCH ra:ae K ayn:mx/ · 

(38) 

rr; = ~ _., [- rc t+ (t-~ ~ J~morcJ ~~ o 

r~o 
~ crporo« Knaccaqecxo« Teopaa 9Aamre1Ha ae uoaer BOSBHKHYf:& 

OTPBilBTeX:&HBJI MBCCB KBK peayn:&TBT I'PBBHTBUHOHHOI'O BBBHUO~elCTBHH 

_,. 

C TO~H 3p6HHR 06111et1 TeOpHH OTHOCHT61I:&HOCTH CHTyB~I 

pyeTCH TB!UIM o6p830M 1 qTO C YB61!.11qeH~16M HCITYCK86M01'0 Kl 

qHB86TCH OTKROH6HH6 OT 3BK1IH~OBO~ M6TPHKH. ~ KOI'~B R1!( 

3HeprHH B COOTB9TCTBYDIII9M ITaKeTe CTaHOBHTCR 0RH3K 

KPHTHqecKOti , CHCTeMa npe~CTBB1IHeT C060t1 MHp C 3BKI 

K0~ 1 IT01IHBH MBCCB KOTOporo, KBK HSBeCTHO, PBBHB Hyn:~. 

3BKp~r~ MHp ~pH~MBHB ~BeTCH MeTpHKOt1 (!),rAe nonoz 

TBK KBK rrpe~~~YIIIH6 OUeHKH ITOK83HBBIDT 1 qTo peq:r, H~e~ 

KBBHTB an:u ero uacce ro-4 -ro~ T.e. Macce , no cpaE 

KOTOpO~ C06CTBeHH~H MBCCBMH BC6X HSBeCTHHX 31!eMeHTBPH 

MO:atHO npeHe6peqD 1 TO B STOM ynupapenRTHBHCTCKOM cnyqa 

non:arau AaBneHHe 

_;?= £ 
--..' 3 

r~e t? - ITnOTHOCTD SHeprHH. 

~SBeCTHOe TepMO~HHBMHqeCKOe COOTHOilleHHe 

dE 
f? +[ 

:; .J de; 
~ 

A1IR ITnOTHOCTH 111'~1!01 11 SHeprHH £ 

[.= 13 
4 .... ' 

r~e ,8 - KOHCTaHTa. 

~BeT BHPBl!t6HHe 

YpaBHeHBe 3~HmTe~H8 SBITHilleTCH TenepD B BH~e 

p lia:: E - .~ g 
Jc'f - .Jct'fc't 

I dt:~ .2 1 
-

4 
z [ ( t:lt -) a 2 r I 

2! 

.. 

~-------------------------



Hb~TOHHBHCKOM npH6liHZ6HHH yqer rpBBHTBUHOHHOrO ~e~eKTB UBCCH 

eT BHPBEBHHe ~nH flOliHOH UBCCH B BH~e: 

z ::Je m() 
mt6'6 -;m"-~c ~~ t.t...INI 

I;; ~t2. 
~()t=- ;:c - ;-J c 5" • 

HHBH MBCC8 o6p~BBTCH B HYHD npB 

,n:;;-' 
r~ J'C3, 

e. npH llOJIHOK MBCCe KB8HT8 

a;:;-' "' -1 {) - [" ev'T. m--y~ F-

npH [-7 0 cooTaomeaHe (35) ~aer ~:nH miot -7- ~ 

(35) 

(36) 

(87) 

3Ta pBCXO~BUOCTb B03HHKB6T B peay:nbTBT6 oqeHb rpy6oro npH6liH

HH B TeOpHH rpBBHTBUHH, HapymaD~ero ~YH~BM6HT8llbHOe CBOKO~O 
/9/ epHH, HM8HHO paBeHCTBO HHepTHOH H rpaBHTBUHOHHOI MBCC • 

JIJD6oe nr·m6nHllteHHe B reopHH rpaBHTBltHH , ICOTopoe coxpamteT pa

CTBO HHepTHOH H rpaBHTBUHOHHOH U800 ,6y~eT OB060~0 OT 

HOM pacxo~HMOCTH. 

HanpHuep, ec:nH COOTHOmeHHB (35) nepenHCBTb B BH~e (9), 

Y~8PJB:BHO PBBBHCTBO HH8PTHOI H rpBBHTBltHOHHOft UBCO 

m = m()-

npH r-'! () llOHHBH 

g_ 
.l (' t. 

Int.. 

r-

·uacca 0TP6MHT0ft TBKZe K Hy:nDX/' 

(38) 

ff7 = ~ _., !- rc t-r (t-~ ~ J:;emoreJ ~~ o 

r~o 
~ CTporoH KJIBCCH'Q:BCKOK T60pHH 8KBm!6IH8 Be UOZ6T B08BBKBYfb 

HltBTellbHBH UBCC8 KBK peay:nbTBT rpBBHTBUHOHHOrO B3BHUO~eftCTBHH 

.. 
• 

C TO~H 3p8HHH 06~e~ T80pHH OTHOCHT8HbHOCTH CHTYBUHH Hlln~CTpH

pyeTCH TBKHM o6pB30Mt liTO C yBenHqeH.,8M HcnyCKB8MOrO KBBHTB YB8HH

qHBB8TCH OTKJIOH8HH8 OT SBKJIH~OBon MeTpHKH. ~ KOr~a HJIOTHOCTb 

3HeprHH B COOTBeTCTBYD~eu naxeTe CTaHOBHTCH 6HH3KOM K 

KpHTHqeCKOH , CHCTeMa npe~CTBBliH8T 0060~ MHp C 3BKPHTO~ MeTpH

KO~t llOJIHBH MBCCB KOTOporo, KBK H3B8CTHO, pBBHB Hyn~. 

3axpwrwt MHP ~PH~MBHB ~a eTCH ueTpHKO~ (I), rAe nonoJB:HM c·~t: qdt 

TBK KBK npe~H~Y~He oqeHKH llOKB3HBB~T, qTo pellD H~eT 06 SHeprHH 

KBBHTa HnH ero uacce ro-4 -ro~ T.e. uacce , no cpaBHeHHID c 

KOTOpO~ C06CTB8HHHMH MBCCBMH BC8X H3B8CTHHX 8ll8M8HTBPHHX qaCTHU 

MOlltHO npese6peqD, TO B 3TOM ynupapeHSITHBHCTCKOM cnyqae CJie~yeT 

nonaran AaBneHBe 

--. ' 3 
,P= E 

r~e 2 - nHOTHOCT:& SHeprHH • 

~3B8CTH08 TepMO~HHBMHqeCKOe COOTHOillBHHe 

dE 
(J + [' 

: 3 dt:~ 
~ 

,ltHSI nHOTHOCTH "ronoH" 3HeprHH E 

f' .= 
_ _!L 
?If.(' 

r~e /3 - KOHCTaHTa. 

~BeT BHPBllt8HH8 

YpaBHeHHe 3~HmTe~a aanHmeTCH Tenepb B BH~e 

p i/ge E- .(£ g 
3c'~ - 3ct'1c'1 

.:z I T(Pi&?-) I ./7 -;;z L 1 ~flit C1 2 t- (_; • 

2! 

(39) 

( 40) 

(4!) 

(42) 



I 

B MOM8Hf MBKCHUBn~HOro pacmHpeHHH MHp& 

MH8 COOTHOW8HHHMH raiSeHdepra) 

( pasuepH, lOnycKae-

.?ii':Je. E = L ' 
.3c 'I Cle> L 

{48) 

tfo - PBlHYC lBHHOro MHpB B MOM6HT ero MBKCHM&n~Horo 
pacmHpeHHH 

<Iii~ a,.t. 
(44) .:!= 

.:1 c It {.,/ ,.I.U 

llonHBH "ronaa" MBCCB 

,A,!, e 2. = f E elv =- ~ fie '1 Qo 

,lt, C '-= i Vc 
1i J/{): ic ., L. 9fc YQo 

.A '1 . ~ 
(45) 

npH t(,c- A A ..__ ,n,7 
Jl ~eJ 

" 

w ,Lie""' fiiF. (46) 

TaKHM o6p830M , yqHTHBBH COOTHOW6HH6 H6TOl.!HOCTeH raHaeH~epra 

B ROK8RH38~HH HCITYCKB8MOH SHeprVIH B npouezyroqBOM COC!OHBHH, MH 

ITPHXOlHM K BHBOlYt ~0 SHepreTHqeCKBH CHTYBUHH B npoueEyToqHOM 

COCTOHHHH npH HCDYCKBHHH KBaHTa 
h,v 
C -== ko :: ~ 

~ 

HOCHT ~PHlMOHHHM XBPBKTep, ~0 HeHTpBH~HBH MBT6pHH , XOKBHH3D-

22 

~ 

BetHIIa.fl C TaRolt l!JIOTHOCT:DIO, Be~eT R 3aRpb!TOH MeTpHite C 

3cixJ!eKTHBnoil BHe!!!Heil Maccon, paBHoil HYJIIO. . .:<.. . 

Il03TOMy KBaHT C 3Hepruel{ J1 J/ ~ vi/._, ( <- = C' ) 

.f!BJI.f!STCJI !!pe~eJILI!b!M 3Hal.!eHHeM KBaHTa B rrpm.1SleyTOl.!HOM 

l 
HHVI, KOTOpoe MOllteT BHOCI1TL peaJILHhlid MaKCHM8.JILHhli1 BKJ!Il 

ITO~Cl.!~Te C06CTB8HHOH 3HeprMH 3JI8KTpciaaX) 

-----------------
x)COOTBeTCTBYIO~He ~~HHhi,O KOTOph!X lliJI8. pel.!:r, B KJiaCCV!l.!€ 

3JieKTp0~!1118.Ml1Ke, 3TO (23): tJ '""e/?, B BeKTOpHO!i Me30 

HeRTpa~LHhiX, HBilpl1Mep, j' -Me30HOB (19): 

t __ o IT 
/' j/' (-< 

VI B KB8.HTOBOH 3JieKTp0~11Jfa.HliiKe (36) B03HHKaeT, KB.K ML1 

r- y;;: 
{ '·' )' J;C -. • 

c.:"-

Bee 3TH ;J;JII1Hhl Haxo~.f!TCH B rrpe~eJiax O,l!;Horo rrop.FI~I{a. 

06plt~B8T I18. C80.fl BHMMCJ.HH8 cJJ!lf30CTL BeJIUl.!HH J/' !1 h 
He acrorrol.!eHo, l.!To 6JIH30CTL 3Hal.!eHHi1, Harrpl1Mep, /' • 

HOrO 38.p.fl,I\8. ') l1 ti>C He C.Tiyl.!aHHa, l.!TO MOll:eT db!TL 
/ 

l!OCJie~oBaTeJILHOH .!eoprm ORallteTC.fl 

~ = lh c . 
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uaKCHUBHbHoro pacmHpeHHH KHpa ( pasuepy, ~onyoKae

eHHHMH rarseHOepra) 

.?ii':Je ~ _ L , (48). 
c. - J... .3 c '1' Qe> 

pa~HyO ~SHHOro MHp8 B MOM6HT ero MBKOHMBHbHOrO 

~ Jc If 
.:!= tt/i~ao.t.. 

H" uaooa 

Alo e 2. = f E e;lz,r = ~ fie '1 Cit> 

iv., 

-..::l ., 

Jlc"--

lit"{).: ic .. .L_ Sfc YQo 

A '1 ~ 

A --

~. 
Ge 

.ri. ~· 
Jl ~eJ 

(44) 

(45) 

(46) 

06p830M , yqHTUBB.fl OOOTHOW6HH6 H6TOqHOOT6" ra«seH~epra 
Hcnycxaeuo« saeprHH B npouezyToqaou cocTO.fiHHH, us 

BHBD~y, qfQ SHepreTHqeCKB.fl OHTYBUHH B npouezyTOqHOM 

HCDyCKBHHH KBaHTa 

hv 
C -=== Uo ~ ~ ae 

DHHb!M XBPBKTep, qfQ He«TpBHLHB.fl MBT6pH.fl , HOKBHHSD-

22 

.,._ 

BB,HJJaSI C TaKol1 ITJIOTHOCTI:.IO, B e,n;eT K 3aKpb1TOH MeTplnte C 

scMJeKTMBHo.i1 BHemHeH uaccon, panHoH HYJIIO. <- _ :<.. fi 
Il03TOMY KBaHT C 3Hepruel1 n V ~ J/.., ( - C ,k. 

SIBJISieTCSI rrpe,n;eJIL!IblM 3HatfeHHeM KBaHTa B rrpouezyTOtfHOM COCTOSI-

/ 
Hl1"!1, KOTOpoe MOllteT BHOC!1TL peaJILHb!H Ma.KCHMaJILHblia BKJia,D; I1p!1 

llO,ll;Ctf6Te COdCTBeHHOH 3HeprHH 3JieKTpciHaX) 

-----------------
x)COOTBeTCTBYIDml1e ,ll;J!HHbl,O 

3JieKTpO,ll;IIHaMMKe, 3TO (23): 
KOTOpbiX lliJia petfL B KJiaCCHtfeCKOH 

"C -'- e...ff B BeKTOpHoll Me30,ll;l1HaMUKe 
.J ("-< , 

HeRTpaJILHHX, HaiTp!1Mep, j' -Me30HOB (19): 

[ -- (/ ~ 
/' J.f' ( -< 

l1 B KBaHTOBOH 3JieKTpO,ll;HH8.Ml1Ke (36) B03Hl1KaeT., KaK lLhl BH,ll;eJIH, 

Yk . )/fiC - • { --
( ... 

Bee 3TM .n;JII1Hhl Haxo.n;SITCH B rrpe,n;eJiax O,II,Horo rrop.H,n;I<a • 

!1 riC. OC5pqmaeT na cet5SI Bmnmm1e C5JII130CTL BeJIUtfMH J,. 
He acrcJirotfeHo, tfTO C5JIH30CTL 3HatfeHMit, aarrpMMep, /' -Me30H-

HOrO 38.pSI,l(a ') l1 )I>C He CJiytfaHHa, tfTO MOllteT db!TL B 
/' 

rrocJie,n;onaTeJILHoi1 Teoprm oxaxeTC.H 

~ = lh c . 
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§ 4.KBBHTOBO-Y6XBBH~ecKBH TpS~OBKB npodneKH 

MOEHO n~lTB no ~OpK&XnHOKY nyTH BKX~~8HHH rpBBHTBUHH B 

coBpeueaaHA ~opuanHSK TeopHH nons. 

O~HH H3 CUOC060B UOCTpOeHHH B 3TOY CKHCne 06-ero 

¢opuanH3Ka B TeOpHH 3ReYeHTapHHX ~aCTHU - 3TO npHCOe~H

HHTh K CHCTeue ypaBHeHHM 3R8Y8HTapHHX qacTHU ypaBH8HIH 

rpaBKTaUHM 3MHWTeMaa, 3anHCaHRH8 ~!H 8BKIB~OB8 npoO!pBHCTBB 

B ~pue rynTii IS • 

K&K HBBeCTHO, YPBBH6HBH rp&BH!BUHOHHOrO DOlfi 91HWT8IH8 YOrYT 

dHT» nepeDHCBHH B DXOCKOY DPOC!pBHC!B6 B Bl~8 

0 ~ Yrv -=- Z- 8rv ) Br~-- = frv..,. -f;-cv 

C ~ODOXHH!8XnHHK YCIOBH8K 7J Yr"' = o. 
~"' 

Cne~oBaTenao, 7J ()r, == o , 
'd Xy 

(47) 

(48) 

r~e ~v - Tesaop aHeprHI :ecex paccuaTpHBaeuHX nonel; t,~ - nceB~o
Teaaop aaeprHH rp&BHT&UHOHHoro nons. B 3BxnH~OBOY npocTpa&c!Be 

no OTHOWeHH~ K npeodpBSOBBBBHY XopeHUB itv Be~eT OedH 

KBK TeHSOpHBH B8XHqHH8. 

TaKBH npOCTOTB SBnHCH HCXO~HX H81HH6IHHX ypBBH6HBI HBIH8TCH 

K&Zy.eftcH, ToKe ~F~ npe~CTBBIH8T COdoft deCKOHeqHJil pH~ DO 

rp&BHTBUHOHHOI KOHCTaHTe, T.e. COOTB8TCTBY~Hft l&rpBHEHBH TBK16 

~aeTca 6ecxoaeqasu p~ou. HaTerpan npa~o« qacTH ypaBHeHHH, 3anH

caHHHM B 3BKBHlOBOY npOCTpaHCTBe, ~aeT B CTaTHqeCKOY cnyqae non

HYD HH€pTHYD Macey 06~eKTa. 

, ·r C t.. Bu d. 'If .::::: t1( (49) 

24 

~ 

MH paccuaTpHBBeM , non»syHCn TepKHHonorHel 0 T 0, pcTp( 

XBPBKTep pacnpe~eneHHH MBTepHH t - MaTepHD, R0KaHH30BaH 

~OpMe ~BCTHU, H~eiDmHX nonHyiD MBCCy, OTIH~Hym OT HYXHo I 

cr.y~BHX 06fl3BT6HnHO HM66TCH BHeWHee, BOOd•e rOBOpH, WI 

CK06 pemeHHe C rpBBHTHpyDmel DOIHOft MBCCOft n, • 
DpyrHMH cnoBaMH, rro~HTerpannHoe BHpaxeHHe (49) ~o~ 

T8K~e ~YHK~Hel rpaBHTHpyDme~ MaccUK/ 

YpaBHeHHe (49) npe~cTaBnHeT co6ol ypaBHeHHe ~nH orrpe 

M8CCH ~ 

ct.. 
fB~m)df~m. 

lloKa peqn H~eT o KnaccHKe. 

Ho ypaBHeHHfl B ~OpMe rynThl y~o6HH ~fl KBBHTOBBHHH, IT 

npHCITOCD6neHHOMY !\ TeopHH BOSMymeHflfl ITO rpaBHTB~HOHHOft 

Ha ~BHHOM STarre paCCMOTpeHHfl HBM He CTOHn B8EHO , H 

~BHHOe rrpHOHH~eHHe KORHqeCTBeHHO npBBHRoHO OITHCHBBeT HB 

KO TO 06CTOHTenoCTBO, qTo ~BHHOe npHOJIH~eHHe COXPBHH6T 

HHepTHOft H rpaBHTB~HOHHOft MBCCH 1 ecnH OHO ero COXpaHHe 

,, 
EcnH ~BHB KBB~pBTHqHaH ~OpMa B BH~e 

3 .\.., 
ds '2.. =- f !J..rd~,. , 

X/ B rrpoCTOM KRBCCHqeCKOM CJiyqae STO , HBITPHMep, K: 
ypaBHeHHe ~nR onpe~eneHHH ~ (cM.~opMyny (38) ). 
PaccMaTpi~BaSI rrpHOJIYYJB:eHHoe ypaBHeHHe ( cTaTHqecKHt! cnytra« 
(47): t7~tt = rn. $(7){;..- #.) :I?J cT(1') KaK "TOIIHoe":-,T.e.J 
raa u = - K m , a He -.):" .m;-1 ,Mhl nonyqaeM ~· (1- c:_; h _,.= 
HJIH m ~ l:.m.,c"'E. _,~_.BiipaJiteHHe (38) B03RHKaeT , eCJIH 

C<- ~ .__x tJ?~ ~~~#/.!- .,.,J 

paccMaTpHBaTh KaK nepBHe qneHH donee ToqHoro BspaxeHHH: 
1+ ·~-......, !-{- !f, • 

c:~ 
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§ 4.KBBHTOBO-M6XBHH~6CKBfi TpSKTOBKB npo6X6MH 

OEHO no~TH no ~OPMBXhHOMY nyTH BKXD~6HHft rpBBHTB~~H B 

~opuanasu reopHH nonn. 

H3 cnocoOoB noctpoeaaa B aTOM CMHCRe oO•ero 

3Ma B TeOpHH 3BeMeHTapHHX ~aCTR~ - 3TO npBC08AH

CHCTeMe ypaBHeHHR 3ReMeRTapHHX qacTH~ ypaBHeHRR 

3RHmTeRaa, 3aiTHCaHHHe ~~H 8BKXH~OBB RpOO!p8HOTB8 

rynTH 13 • 

YPBBH6HBH rpBBH!8~HOHHOro DOXH SIHmteiH8 uoryr 

nepenHCBHH B DXOCKOM DPOO!PBRO!Be B Bl~8 

0 ~}f..- ~ Z- f)r., ) Br.., =:fry -r i;o-" 

ycnoBHeu r;) Yrv = o. 
<)Xjl 

CRe,D;OBaTenHo, 'VfJr.., = o, 
'd Xv 

(47) 

(48) 

- T6HSOp SHeprBI BCeX pBCCII8!pHB8611HX DOXeft; t,.il - RC6B;ll0-

8HeprHH rpaBHTB~HOHHoro nons. B 3BKnH,D;OBOII npocTpBHC!Be 

IHomeHHIO K npeo6pasoBaRBHK JlopeH~B i/'v Be~er !Ce6s 

KBH npOCTOTB SBnHCH HCXO;llRHX H6XHH6IHHX yp8BH6HBft RBRH6TCR 

, T.K. ~rv/ npe;llcTaBnfieT co6ol 6ecKoHelJHHI ps~ no 

B~HOHHOI KOHCTaHTe, T.e. COOTB6TCTBY~Hft narpaHEHBH TBK16 

a OecxoHeliH~M p~ou. HHterpaR npaBoR qacta ypaBHeHHH, 3ana

B 3BKRH,D;OBOM ITpOCTpaHCTBe, ,D;aeT B CTaTH1J9CKOM Cnyqae non
THym uaccy oO~eKta. 

, ·r C'- () u d. 'If :::. 'rrJ (49) 
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MH paccuarpHBBeM , nonh3YHCh repMHHonorael 0 T 0, ocrpoBHOI 

XBPBKTep pacnpe;lleReHHH MBTepHH , - Matepam, ROKaHH30BaHHym B 

~OpMe ~BCTl'J~, W~610!11HX ROJIHYIO MBCCy, OTJIHlJHYXl OT HYRH. B 8Tl'IX 

C~YlJBHX 06HSBT9Jl1HO HM66TCH BH6WHee, B006•e rOBOpa, WBBp~Wl'IRh;llOB

CKOe pemeHHe C rpBBHTHpymmel nonHol MBCCOI nr • 
DpyrHMH cnoBaMH, rro;llHHTerpannHoe BHpaxeHae (49) ;llOJIEHO 6~1 

TBK~e ~YHK~Hel rpaBHTHpyDmeU MBCC~/ 

YpaBHeHHe (49) rrpe;llcTaBJIHeT co6ol YPBBHeHHe ;llJIH orrpe;lleneaaa 

MBCCbl m 

_!__ fB~tr~) tkV ~ h1 • 
ct.. (50) 

ilOKB peqh H;ll6T 0 Kn8CCHK6e 

Ho YPBBH6HHff B ~OpMe ryrrTbl Y:zl06Hbl ;llJIH KBBHTOBBHHH, rrpBB;llB, 

rrpHCITOC06JieHHOMy !\ TeOpHH B03MymcH~H ITO rpaBHTB~~OHHO~ KOHCT8HTe. 

Ha ;ll8HHOM STane PBCCMOTpeH~H HaM He CTOJlh BBEHO , HBCKOJlhKO 

;ll8HHOe rrp~6JI~~eH~e KOH~t{6CTB6HHO npaB~JlhHO OllHCbiB86T HBR6HHH, CKOJlh• 

KO TO 06CTOHT6JloCTBO, ~TO ;llBHHOe rrpH6JIH~6HHe COXP8Hfl6T paBeHCTBO 

HHepTHOI H rpaBHTB~HOHHOI MBCC~ , 6CHH OHO ero COXpaHHeTX/. 

EcJI~ ;llBH8 KBB;llp8Tl1t{H8H ~OpMa B BH;lle 
3 ~ 

d5'2..=-f!J-.rd~,., 

X/ B rrpOCTOM KJI8CCHqeCKOM CHy'I!Be STO , HBITPHMep, KBB;llpBTHOe 
ypaBHeHHe ;llHH orrpe;lleneHHH ~ (cM.~OpMyny (38) ). 
PaccMaTpi1Baa rrpHOJlvrJB:eHHoe ypaBHeHHe ( ctaTHtJecxan cnyqatt 
(47): 17'-ltt., rn. J"(rJ(t ... !f.) :m cT(!') KaK "TotJHoe"/,T.e. nona-
raa u =- £ ,rrl , a He -.)!'P'.~ ,Mbl rronyqaeM ~· (1- ~-w J. = m 

~ /~ c~~ ~~c 
HJIR m ~ m .. c"E __ ,~_ •. Bblpa~eHRe (38) B03HRKaeT, ecn:vr 1+u. 

C-'1: +.XtJJ ... ''~"'~ ... ,1 <.'~ 
paccMaTpHBaTn KaK nepBble llJieHbl Oonee TOt{Horo BblpazeHHH: 
1-r-~~--~-~ • 

'~ 
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I 

TO ypaBHeHHe .liHpaxa,cornacuo ~oxy / 4/, aanHcYBaeorcH !BKHM o6paaou: 

-ik ~~ 2 [?.!.. _ i~ J,/f..,.' 2 re, r:; )~~+ mc.t 't'l'=o. r 'fjf; <~· tr t; c. ' 1.. o1-r l' Y?;r r_; • 
(5I) 

CooTBeTCTBym~HI q;nea aaeprHH BBBHMp~eRCTBHH' aneKTpouarHHTHoro 

nOJIH C 8JI6KTPOHOM HM66T BH~: 

HJIH 

A-rtf ~r<f 
• 

0ri 
ttr ---- €. 

,llJUI e, A~ ifJ.,/f ~ "'-

{fw 

B 116TO~e KBBBTOBBHHH rynTH nonaraeTCH 

3rr = 1- ~ Yrr 
Cne,li;OBaTeJU.Ho, -r e. A o Y. J.. 'f 

(91 r--
~-~rr.~~-~f''!,'t-t--· 

1 

(52) 

(53) 

(54) 

PerynHpHaMpy~~HM XBPBKTep B88MUO~e~CTBMH TBKOrO TMITB He~BBHO 

HCCJI6,li;OBaJIC.R B pa6orax P.Budini H G.Caluoo,115 ;A.Salama, J .strathdee161. 

ABTOPH HCXO~HT H8 ~OpMSJI:&HHX aanap&THHX HB6JI~~6HHR, ~TO 

BBO~HMBH HeJIHHeMHOCT:& BBBHMO~eMCTBHR MOI6T HrpaT:& perynHpMSHPYD~YD 

pon:& I7 
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Ho qiopMBJI:&HOe pBCCMOTpeHll!e 3BAB~lll Clea HCHO~ HBrn!'I,ltHO;i cp~ 

li!Aell!, ITOtreMy rpBBMTB~lllfl ,l{OnlltHB lfr'PBT:& pon:o perynHpyJOU(er 

Ill RBKllle Tpe60BBHlllfl ITpli!ClJilllllteHlllfl STy pon:& COXpBHfiRJT, He C 

peHHOCTH, t!TO OTpM~BTeJI:&H~~ IIIJIIII ITOJIO~MTeJI:&HB~ peayJI:&TB 

flB1!fl8TCfl nnw:& peayn:&TBTOM ,ltBHHOrO ITpli!6JIIIJllteHHfl, llTO B03HI 

OH Jlllll!lb B peayJI:&TaTe CyMMMpOBaHMSI MOXeT 6HTb Oll-eHb 00JibD 

acer,11;a HerroJIHoro trMCJia rpa¢ PellHMaua. 

HecKonbKo neT TOMY HB3BA B MHTepeCHO~ paCloTe B.S .l 

ITOCTBBJieH BOIT!JOC: 
Gravity A Universal Regulator? 

B neCT!HltrHOM rrpHC5nMJKeHMM Ha ocHone ypanaeHMfl EeTe-Cc 

nonytieHO ROJJ8t!H08 3HBtreHI18 COClCTB8HHO~ SneKTPDMBrHMTHO~ : 

CKBnRpHO~ t!BCTIII~N. B BTO~ me pa6oTe ITOJiytieHO CMemeHMe rrp 

I -'-~ ' 
X ~ ---"" '!. 2.. -}-'--

rAe ?- = (6;~ 
C? 06f!3BHHOe rpDBIIITBUI1M t I 

ll(Ce CXOAMMOCT:& rrpem,ne pBCXO,ltfll~MXCfl B8Jlliltri1Ho Ho HeynepeH! 

B 3 BKOHHOCT 11 Pfl.ltB c,nenBJJHblX ITpM6JII1iK8HI1i1 He ,nan a BDTOpy C~ 

yTner~.nw.re JI:&Hoe aaKniO&leHHe • 3T o paccMOTpeH~e De Witt 'a 

MOrJIO HHHUHHpOBaTb BOrrpoc. 

Mbl 11ll(BM cpl1311tieCKOro ITOHMMBHl1fl perynflpV!3HpylOll(e~ pOJIM rJ 

~110HHOrO IIOnH. 

~eno B TOM, ~TO C06CTDeHH8H SHeprl1fl 11CTQqHI1K8 rpaBI1TBU 

IIOJIR OTPM~BTeJI:&HB. ITOSTOMY B CI1CTeMe ITOJie~, KOTOpble ~BlOT 

TSJI:bHblll BKJia,ll;, rpaBHTa~HSI B IIpHH~HITe MO:EeT HrpaT:b pOJI:b p1 

llecKoro perynHpH3aropa. 

rpaBI1T8~MOHHOe none C03,l{BeT ~ecpeKT MBCC, KOTOpb!~ ~OHEe 
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e nHpBKB,COP1IBCHO ~OKy/4/, 8BITHCYB88!CH !BKHM o6pBSOM: 

).I' 

'rr;: [ I_!_ - t~ J f-+ 1 !_ {e, 'H)~~+ mc.J. 't'l-=0. 
<~· '1. r t; c. f !. ('ll·r ~r r_j • 

(5I) 

aaeprHH BSBHMP~e«CTBHH' aneKTpOYBrHHTHOPO 

lAv~nnROM HM88T Bill~: 

~t-1 f~r<f 
• 

~ri 
lfr ~e. 

~~ e_ AD ifJ.Dtf 

r{..o 

0~8 KBBHTOBBHHH ryrrTY nonaraeTCH 

~AV.ISC:Ll:8Jl:bHO, 

~rr =-1--x.Yrr 

~ r--- eA. 'fJ.~ t( 
I -~{r.o-~f"6',;- ... ---

1 

(52) 

(53) 

(54) 

SHpy~mH~ XBPBKTep B88HYO~e~CTBHH TBKOrO TIIIIT8 H6~8BHO 

B paOorax P.Budini 111 G.Caluoc115 ;A.Salama, J.S~rathdee161. 

HCXO~HT HS ~OpM81ILHYX 8BIT8PBTHYX HB61I~~6HH«, qTO 

He1IHHe~HOCTL BSBHMO~e«cTBH« MOE6T Hrp8TL perynHpHSHPYDmym 

26 

~ 

Ho ~pMaJI:&H oe paccMOTpeaHe aa;LlaqH 6ea HCHO~ HarJIR;LlHo;i ~HaHqecKott 

H;LleH, rrotJ:eMy rpannTB~HR ;LlOJilKHa H"PBT:& pon:o perynMpyiOmero rronH 

H RBKHe Tp800B8HHR rrpH6JIHmeHHR STY pOJI:& COXpBHR~, He C03Aa8T yBe

peHHOCTH, 'qTQ OTpH~BT81I:&H!i~ 111!11 ITOJIOlKI1T8JI:&HBtt peay1ILT8T He 

HBJIR8TCH JII1ill:& peayJI:&TBTOM ;LlBHHOI'O rrpH61II1lK6HIIIfl, I.!TO B03HHKaeT 

OH JII1lllb B peayn:&TaTe cyMMMpOBaHH.Il MOJB:eT O!iT:b 01.1·8Hb 00JibWOI'O, HO 

BC8I'Aa H8f!OJIHOI'O T.lHCJia rpa¢ ~enHMaHa. 

HecKon:&IW neT TOMY H838~ B HHTepeCHO~ pa60T6 B.S .De Witt 'al8) 

ITOCTRBJieH BOITiJOC: 
Gravity A Universal Regulator? 

B necTmrqaoM rrpH6JIHllteHHH Ha ocHoBe ypanHeHIIIH EeTe-Conm~Tepa 

IIOJiyl.leHO KOH81.1H08 3H81.18HH8 C06CTB8HHO~ 3JI8KTPOMBrHHTHO~ 3HeprHH 

CKBJIHPHOA T.IBCTH~Y. B STO~ me paooTe rronyqeao cMemeHHe rrponoraTopa 

I -~-~ ' 
;( :t.. ~ A 2..-;l.'- ( SI) 

r.ne 1- = (&;,~ 
c? OClH3BHHOe rpnBHTBUHH , o6ecrreqHnaro-

ll(ee cxo,n.lllMOCT:& rrpem.ne pacxo,nRI~MXCH BeJIM'qVJH. Ho HeynepeHROCT:& 

B 3 8lWHHOCT M PH.llB c,neJIBHHbiX rrpH6JIMilt8!U'IM He ;LIB JIB BBTOpy c,nenan 

YTB8j,,nWreJI:&HOe 3BKJIIO'q8HJIJ8 • 3TO paCCMOTP8H'l8 De Witt 'a TOJI:OI<O 

MOPJIO HHIII~HHpOBaTb BOTipOC. 

MY VJmeM ~11aHqecKoro rroH VJMBHl1H perynHpMaVJpyiOme~ poJIVJ rpaBVJT a-

1.\I'!OHHOI'O TIOJIH. 

aeno B TOM, 'qTO C06CTD8HHBH 3HeprHR HCTOqHJIJKB rpBBI'JTBI.\MOHHOI'O 

TIOJI.Il OTpMI.\8T8JI:&HB. IT03TOMY B CJIJCTeMe TIOJie~, KOTOpye ;LlBIOT ITOJ!OlKJIJ

T8JibH!in BKJIB.,It, rpaBRTa~H.Il B rrpi1HIU,me MOX8T HrpaTb pOJib peaJIIII:CTH

T.l8CKOI'O perynRpH3aTopa. 

TpaBHTB~IIIOHHOe none C03~88T ;Lle~eKT MBCC 1 KOTOp!i~ ~OJI~8H 6YTL 
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I 

yqTeH B Od~eM 3HepreTHqecKOM daJiaHce CHCT8Mblo 

3a~aqa ¢opMaJIR3Ma • yqecTI> rpaBRTaL(HOHHbl~ ~ecpeKT Mace 

TaK, qTod COxpaHHTb B Cl1:1!9 B paCCMaTpHBa9MbiX rrpH6JIHZ8HHRX 

cpyH~aM9HTaJibH!i~ rrpHHL(Hrr - paBeHCTBO HH9pTHO~ H rpaBMTalinOH

HO~ MaGCbiXl 

B HaqaJie ~OKJia~a d!iJIO Bbi~BHfiYTO ITOJIOZ9HHe, 'lTO 9CJIH B 

¢opMa1IH3Me coBpeMenHon TeopHH aneMeHTapnblx qacTHLl ecTecrBeH

HbiM OKa3biBaeTCH odpa3 ToqeqHoK 'laCTHLlbl, TO B Od.ei TeO~HH 

OTHO~HT9J!DHOCTK 9CT9CTB8HHO B03HHKaeT Odpa3 npOTHZ9HHOK 

qacTm:u.~. 

3TO TIOJIOZ9HHe XOT91!0Cb dbl H9CKOJ!DKO TIOHCHHTb ~aJiee. 

Ee110 B TOM, qTo TO'l8'lHOCTb qaCTHL(bl 3a~aeTCH B cpopMa1!H3-

Me COOTBeTCTBYil~e~ b -<!JYHKL(He~. tPif3H'l8CKH ,) - $yHKL(HH TIOHHMaeT• 

CH KaK npeAeJI H8KOTOpOrO pacrrpe~eJieHI'UI TIJIOTHOCTU TipM CTHrH

BaHHM, ~OITYCTHM, ero TipOCTpaHCTBeHHbiX pa3MepoB B TO'lKy. 

ECJIH HaM 3aAaHa KaKaH-TO <I>YHKLlKH ITJ!OTHOCTH MaTepHH H 

Mbl Ha'lMHaeM CTHrHBaTb 3TO pacrrpe~eJI8HM9 BO BCe M9Hl>IUYIJ M 

M8Hl>IIIYJl OdJiacu, TO TIJIOTHOCT:& MaTepHM B 3TOJ.1 CMCTeMe yB8JIH-

'lMBaeTca. 

Kax d!i nu CSb11!a Mana ua'laJI:&Haa Macca od~eKTa npu HeKo

Topblx H9TOtJ:8tJ:HbiX pa3Mepax, TIJIOTHOCTD Be~eCTBa CTaHeT paBHO~ 

ItpHTUtJ:eCKOii, rrpM KOTOpon B03HMKaeT 3aKpbltaH MeTpRKa B CJiy

qae H8HTpa1!:&HOH MaTepMH II rroqTM 3aKpb1TaH MeTpmta B cJiyqae, 

HanpMMep, 3JI9KTpHt!8Citoro sapMa, T • e. B03HMKaeT 31!9KTpOCTaT!f

qecKI1ti <JlpMAMOH, T.e. Od~eKT, UMelll!lMJ.t BHOIIIHMe pa3M8pb1 M, 

BOOCl~e roB OpH, BHyTpeH!IDD CTpyKTypy • l{JiaCCI1'l9CKOe OI!HCaHRe 

;);-~;~;TABHO'M CJiytJ:ae B03HMKaeT CleCKOH8'lHO dOJil>IIIOH ,IJ;ecpeKT 

uacc: TaR ClyAeT BO Bcex cnyqaax, Kor,IJ;a npaBaa qacT:& ypaB

HeHHR(47),BepHee,co~epxa•HecR B HeM l(~~CTpOHTCII B IIBHOM BH~e 
Ha OCHOBaHMH pa3ROX8HMH TIO ,)( , a He HaXOARTC.fi M3 cpopMaJibHO 

II 
Hc.mrcarmoro B AaHHOM "npMd1l!1XeHMU HemmeilHoro ypaBHeHHH. 
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Od~eKTa B ero BHyTpeHHe~ 'laCTH AaeTCH TIO'lTH cppHAMaHOB 

M8TpHitOH, ero BH81UHHH M8TpHita HBJIHeTCH MeTpHKO~ THTia 

KaJia, HJIH AaXe HOPACTpeM-peaccHepOBKOH. 

EpyrHMH CJIOBaMJI, B nocJieAo!aTeJII>HOM KBaHTOBo-Me 

KOM cpopMa1IH3Me, OITHCHBaD~eM 31!eKTpOAHHaMmty B paMKaX 

TeOpHH OTHOCHT8JibHOCTH, nepeXOA K KJiaCCH'leCKOH <!JH3HKe 

AHMO AOJIX8H AaBaTb AJIH, AOTIYCTIDt., 3JI8KTpOHa, Odpa3 KJI 

rtoro (VPHAMOHa. 

Ho TOT cpOp!.!aJibH!iH annapaT B BHA8 CHCT8MH ypaBHe 

IUTel1Ha :vr, AOnycTHM, MaKcBeJIJra 11 EMpaKa, o KOTopoM lllJia 

rJe , nprrBoAHT npu /;- L; K MeTprrKe HoMcTpeMa-PertccH 

e :/ L' WJIH K MeTp:vme lliBapLUI!VIJibAa npH e ~ t) I~ /)1 rO 
Ho, KaK l13B8CTHO, MeTpHKa ll!Bapr~IHJII>Aa He AaeT TIOJIHOrO 

CTB8HHO-Bp8M8HHOro OTIHCaHHH Od~eKTa - 3Ta M8TpHKa COA 

tiJHKTHBHble TIOJIDCa Ha rpaBHTaL(l10llHOM paAHyce. 

ilOJIHOe Xe OTIHCaHHe Od~eKTa AaeTCH, KaK H3B8CTHO 

AHHaTaX THTia KpycKaJia. 

'l?!13I~'lecKua JIIHTepnpeTaL(HH KOOPAHHaT Kpycitana AaHa 

KOBbll/Ig~ COrJiaCHO KOTOpOMY COOTBeTCTBYD~aH TIOJIHaH Me 

BHYTIJH tJ:aCTHLlhl Aa~TCH MeTpHKOH 'PPl1AMaHa, KOTOpaa qepe 

BHHY nepeXOAlfT BO BHell!HIOIO MeTpHKy, 3BKJIHAOBY Ha deCKOH 

I10CJI8Alliie 3aMetJ:aHHH CBr-tAeTeJII>CTBYIOT 0 TOM, t!TO 

-MexamrqecKasr TpaKTOBKa B t%JopMe ypaBHeHJtta ( 47), (51), x 

HO, H MOXeT AaBaTb B H9KOTOpbiX npRdJIKX8HHHX pe3y1!I>TaT~ 

OT paCXOAlfMOCT8H - 3TO OIIJI!CaHHe, TIO-BHAHMOMY, He MOJKe 

HBJIHTI>CJI HC'lepnbiBalllllMM. 
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odmeM 3HepreT~.JqecKoM daJiaHce CHCTeMH. 

qa ~opMaJIH3Ma • yqecTb rpaBvrTanvroHH!iH ~~eKT Mace 

coxpaHHTb B CHJIO B paCCMaTpHBaaMHX npvrdJIHZ6HHJlX 

rrpvrHnHIT - paBaHCTBO HHepTHOR VI rpaBMTaliHOH-

~OKJia~a dHJIO Bli~BHHJTO ITOJIOZ6HHe, qTo 6CJIH B 

qacTHU ecTeCTBeH

odpa3 ToqequoR qaCTHUH, TO B od.eA T60~HH 

6CT6CTB6HHO B03HHKaeT Odpa3 npOTSlZ6HHOR 

ITOJIOZeHvre XOTOJIOCb dH HOCKOJibKO ITOHCHHTb ~aJiee. 

0 B TOM, qTo ToqeqHOCTb qacTMUli 3a~aeTCH B ~OpMaJIH3-

0TCTBYIOl!leli b ~YHKUHeR. <l>!!3HqecKH J'- lf>YHKUHSl ITOHID.!aeT• 

e~eJI HeKOTOporo pacrrpe~eJieHHJl ITJIOTHOCTH ITpH CTJlrH

nyCTHM, ero ITpOCTpaHCTBeHHHX pa3MepOB B TOqKy. 

HaM 3a~aHa KaKaJl-TO ~YHKUHJl ITJIOTHOCTH MaTepHH H 

CTRrHBaTb 3TO pacnpe~eJieHHe BO BCe MeHblllJD 11 

TO ITJIOTHOCTb MaTepllll B 3TOH CHCTeMe yBeJIH-

6u m1 dHna MaJia naqan:ouaa Macca od~eKTa rrpH HeKo

paaMepax, ITJIOTHOCTb BemeCTBa CTaHeT paBHOR 

KOTOpon B03H~IKaeT 3aKpl:lTaH MeTplma B CJIY-1 

JibHOH MaTepHH II rroqnl 3aKpHTaa MeTpl1Ka B CJiyqae, 

, 3JieKTpHqecrcoro aapa~a, T. e. B03HHKaeT 3JieKTpocTaTrt

' T.e. 06MitT, HM61ll!ll1H BHOillHHe pa3uepH vr, 

l{JiaccHqecKoe ormcaHHe 

OM CJiyqae B03HJ1KaeT deCKOHeqHO cJOJiblllOH ~~eKT 
aK 6y~eT Bo Bcex cnyqaax, Kor~a rrpaBaa qacTb ypaa-

47),BepHee,co~epxa~Hecg B HeM ~r~~CTpOHTCH B HBHOM BH~e 
OBaHHH pa3JIOX6HHii ITO )t: , a He lnaxo~JlTCJl !13 ~OpMaJILHO 

II 
oro B ~annoM "rrpMdJII1llteHtfH nemmenuoro ypaBueuHa. 
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..... 
• 

Od~eKTa B ero BHyTpeHHeR qacTH ~eTCH noqTH ~pvrmAaHOBCKOR 

MeTpvrKoit, ero BHemHJUl MeTplnta aBnaeTcSI MeTpvrKoki nma Kpyc

Kana, HJIH ~axe HOp~CTpeM-peRccHepOBKOR. 

npyrHMH CJIOBaMn, B ITOCJie~O!aTeJibHOM KBaHTOBO-MexaHvrqec

KOM ~OpMaJI!13Me, OITHC!:lBa!Ol!leM ::lJieKTpO,!VfHaMl1KY B paMKaX OdU!eR 

TeOpl1VI OTHOCHTeJibHOCTH, nepeXO~ K KJiaCCHllOCKOH cpH3HKe HeOdXO

AHMO ~OJIXOH ~aBaTb AJia, ~OITJCTIDt., 3JIOKTpoHa, odpa3 KJiaccvrqec

ItOrO lypH~MOHa. 

Ifo TOT ~Op!.!aJibH!iH arrrrapaT B BH~e CHCTeMbl ypaBHOHHH 3HH

lUTei1Ha vr, MITycnm, MaKCBeJIJia !1 nvrpaKa, 0 KOTOpOM llJJia peqb Bli

me , rrpHBO~HT rrpu h- (..J K MeTpRKe Hop~cTpeMa-PeRccnepa npH 

e 4 L. !4JIH K MeTpHKe lllBapulllvrJib~a rrpvr e ~ t J 11 m /O. 

HO, ItaK H3BeCTHO, MeTpHKa JllBapumHJib~a He ~aeT ITOJIHOrO rrpOCTpaH

CTBOHHO-BpeMeHHOrO OITHCaHHJl Od~eKTa - 3Ta MeTpHKa CO~epZHT 

tfJHKTHBHble ITOJIJOCa Ha rpaBHTaUHOHHOM pa~Hyce. 

ilOJIHOa ~e OITHCaHHe Od~eKTa ~aeTca, KaK l13BeCTHO, B KOOp

~HHaTa:X nma KpycKaJia. 

'l!!1311qecKaa MHTeprrpeTauvra Koop~HHaT KpycKana ~aHa M. IloBH

KOBbll/191, COrJiaCHO KOTOpOMY COOTB6TCTBYill!laa ITOJIHaR MeTpHKa 

BHYTPH qacTUUbl ~aeTca MeTpuKoti <I>pH~MaHa, KoTopaa qepea ropno

BHHY rrepeXO~I1T BO BHelliHJOIO MeTpHKy, 3BKJIHMBY Ha 6eCKOHe1:UIOCTH. 

ilOCJie~HUe 3aMeqaHHR CBH~eTeJibCTBYIOT 0 TOM, qTO KBaHTOBO

-MexauvrqecKaa TpaKTOBKa B tfJOpMe ypaBHeHHR (47),(5I),XOTJl B03MO% 

HO, H MOXeT ~aBaTb B HeKOTOpHX rrpHdJIHXeHKRX pe3yn:oTaTH, CBOdO~HHe 

OT paCXO~t1MOCTel1 - 3TO Ol1!1CaHtfe, ITO-Blf~l1MOMY, He MOllteT 

RBJ!JlTbCii IfcqeprrHBaO!llKM. 
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uaKcHUan~aoro pacmHpeBHH KHPB ( paauepy, ~onycKae

omeHHRMH ral3eH6epra) 

c- _ L , (48)· c. - .t.. 
41> 

pa~HyC ~8HHOrO UHp8 E MOM6HT ero U8KCHM8H~HOrO 

.:Jc If 
(44) t!= tt#~ ao.t. 

aa" uacca 

~, e 2 :: /'Eelzr =- ~fie "c;o 

ivo ir 1/c: ic .,. ...L_ 5fc YQo 
)I '1 

(45) 

"- ..::l 
.IIJ~ 
Jl ~C'J A ---,.. 

tic"-' ~-:;e (46) 

o6p830M , yqHTYEBH COOTHomeBHe HeTOqHOCTeH raHSeH~epra 

H HCITYCKB6MOH 3HeprHH E npouezyToqHOM COCTOHHHM
1 

MH 

BYBO~y, qro 3HepreTHqeCKBH CHTYBUHH B npouezyToqHOU 

npH HCnyCKBHHH KBaHTa 
hv c-::::: ;&0: ~ ae 

OHHb!M XBPBKTep, qro HeHTpan~HBH M8T6PHH , nOKBHHao-

22 

.... 

BaHHBH C TBKOR IT.l!OTHOCTb~, Be~eT K 3BKpb!TOR MeTpHKe C 

3cWJeKTHB!!Oi1 BHemHeR MaccoH, paBHOH Hyn~. .<, - ;;, ff 
ll03TOMy KBaHT C ::meprueR n J/ ~ vf/., ( - C X. 

HB.l!HeTCSI npe~S.llbllh!M 3HaqemreM KBBHTB B rrpoMeJeyTOqHOM COCTOH
;' 

H>m, KOTopoe MOllCeT BHOCHTb peanbHhllil Ma.KCHMB.ll:bHbiM BKna,D; rrpr1 

ITO~cq~Te COOCTBeHHOR 3HeprRH 3.1leKTpciHaX) 

-----------------
x)COOTBeTCTBYD~He ~nHHbi,O KOTOphiX runa peq:r, B KnaccHqecKOH 

3.1leKTp0~!1HBMJI!Ke, 3TO (23): t: ~ eff B BeKTOpHOH Me30~HHaMHKe 
~ (."-< , 

HeRTp~nLHbiX, Ha!1p11Mep, j' -Me30HOB (19): 

c -- (/ ~ 
/' j/' (. ~ 

Jll B KBaHTOBOR 3.1leKTpO~Jill1aHJI!Ke (36) B03HHKaeT., KB.K Mb1 BH,llemt, 

~ y;;: 
(. =" )' .t;C -. • 

c--

Bee 3TJII .:n:mmhl Haxo;n:SITCR B rrpe~enax o~Horo nops~r<a. 

!1 riC. 06p11~aeT na ceos BHVI~KaHHe dnt130CTb BemrquH J~ 

He rrcKn~qeHo, qTo dnvraocTb 3HaqeHHR, Hanpvruep, f -Me30H-

Horo aaps~a ') H l'" c He C.JryqaRHa, qT o MolB:eT dh!T:D B 
/' 

nocne,lloBaTen:r,HoR Teoprm oKaJKeTcs 

~ =!'A C. 
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