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u~ HaCTOnme~ CTaTLK - yr~6KTL K TeM CaMHM yrrpoCTKT' Wo~JIH

poBKY KBaHTOBO:kt TeOpIDt nOJIfI (IcrIl) c W~eHT8.JIIlHoti MaCCOR 1- • Ha
nOMHKM, "iITO WYImBMeHTaJIhHaJI Macca M - aTO HOBl:lli I'HIIOTeTKqecIG'Iii rra

paMeTp pa.3MePHOCTE: MaCCH, KOTopIffi ,nOJIlKeH 611TL CTOJID ae "ymmepcaJI:bHHM, 

KaK t , C wm HLIDTOHOBa rpasarenaoanaa nocroaaaaa z , K BH

cTynaTLB Ka~eCTBe XapaKTepHOro MaCmTa6a B 06~CTH.CBepxBllCOKKX aHep

rd. 
B OT~e OT rrpe~ pa60T ~Horo ~ rrOCTPoeHHe HOBOti 

Teopo TenepL c CeMoro Ha~wra pa.3BopatmBaeTcH B KOHifJm:ypaImOHHOM 

rrpe.n;CTaBJIemm. 3TOT MOMeHT BMeeT IIpmm;mmaJThHOe saaxeaae K IIyJI{,naeTCH 

B KOMMeHTapm. 

B D;HTHEO~ paoorax KJIlIReBYID poJID zrpaza CJIe~ reOMeTJ>H

~ BJI,estV: ,lJ,1I.íI rrOCTpo.eHHH KTII, o6ecrre~me:tt a,n;eKBaTHoe OIIKCamIe 

B3aHMo,nenCTBDR ~C~ CBepXBHCOKHX aHepr~, Heo6xo~o 3arrHCaTL 

CTaH,napTHYIO reopan nOM B BMIIYJI&CHOM rrpencraaaeaaa, a 3aT.eM nepettTH 

B Hett OT p -rrpocrpaaccsa MmmoBcKoro K p -rrpoCTpaHCTBY ,ne CHTTepa 

c ,nOCTaTO'lllIO 60JIDnmM pa,:lO!YCOM M . 
llPOCTpaHCTBO .ne CKTTepa 06~aeT rrOCTORHHO~ KpHBK3HOtt. B COOT

BeTcTBIDI c ee 3HaROM HMeDTCH .n;Be B03M01ltHOCTH: 

:z. -t L .t.. z, KL z,
;>0 -foi -I:z.. -/,:; +?5=j p/{"p,-==M )'k,L::O,1,2,3,S" (I) 

o" :1.1 .z.z. .11 JTj(KplrBR3Ha nozozerensaa; J -= -j = -J =-j =j = ) 

z: e: Z. z, ..z. KL 
f ti -1:1. -fi - /':; - Ir .=J PI(P,-'=' -NJk;L-= o, '/,<,J, 5 (2) 

00 n .l.2 .JJ r.r )
( Kpmm3Ha °TPHnaTeJII:»Ha;j = 1 =I =;j =;t :" t · 

, 

HeeBKJIJ:f,ltoBo ÍIW'CTpaHCTBO (2) HasÍlBBJOT TaIOlte MImMllM 4-npoCTpaHCTBOM 

JIo6a'lieBcKoro I • 
ECTecTBeHHo, ~TO KTII, orrapannaaca aa HMIIYJIDCHOe npocepaacrao 

mur.a (1)- (2), ,ltomma np8,ltCRa3HB8.TL HOBHe <tm:3~ecKHe HBJl8HIDl lIpH 

*I'OHa BOCXO~T K paoore K>.A.rOJII4>aH.D;a/a/. eM. TaKJlte"9-13/. 

Jo~"\ejn~'i5n~jL~: i~ i:~;':~. T'l.'rn. \r 

1 !lA~it~litlX U..::" r : ,,\)HãíHJI 
r=.~kt= JI1. j " ~ 'j"CK Â. 

~



SHepI'HHX E~ M • B npaamnre, rra~.J!eTp M MOJKeT ORa3aTbC.fI 6Jlli3KHM K 

IJJIaHKOBCKOH MaCCeMp==/;;'C' ;;:: 10 9 rSB. Tor.n;a HOBarI CX8Ma 06íI3aHa 

BKJlIO'q:aTb B ceoa RBaHTOBY-tO reopzo rpaaaranaa, 
CTaH;n:apTHoít K'l'TI OTBellaeT rrpHÓJlIDKeIme "MaJIh1X" 4-EMIIYJIbCOB 

Jto J ) Jf /« M 
(3)s- >J"

! z: j f)" ~ M 

KOTopoeBO MIíOrlIX c.nyqaax íI?OP~a.JI.I:,HO .n;OCTm'aeTC.fI npa J1~ 00 (nIIJIOCKID1 

rrpe.n;eJIn). 

npHBJIeRaTe~HRMH llepTaMH paCCMaTpHBaeMoro.o6oÓmeHRH TeOpHR ílB

~TC.fI ero reOMeTpRllHOCTb li! MMHHMa~HOCTb. 3TQ OÓYCJIOBITeHO TeM, llTO 

nMTIYJThCHOe 4-rrpoCTpaHCTBO r~OBCKoro, o6~mee nOCTO.fIHHOH HYJIe

BOM KpHBH3HOH, npencraanaer c06011 B1:lpO.1K,II;eHHylO npe.n;eJIóHYID qpp~ lreJlt 

.n;oro li!3 rrpoCTpaHCTB nocTo.fIHHofi HeHyJIeBOfi KpHBa3HH (1)-(2). 
çr,o:f.MY.illIpüBKa IITII c W1mélMeHTa.JIbHolt 'MaCCOR, OÓCyJK.n;a.eM3JI B ,U;aHHoi1; 

pa60Te, OCHOBaHa Ha KBaHTOBOH BepCRa .n;e-cRTTepoBcRoro ypaBHeHHff (2)~/ 
T.e. Ha rrOJIeBOM ypaBHeHHH B IlRTH H3MepeRRRX 

! õ.... ~'L Ml.C1.j 
\ 

1 l' ~X - 'i)X" - tI. ep(xJxJ)==OJ (4) 
\ 

X f6 5'	 I' = o, /, Z, J • 

no~eMoM H3 (2) c nOMOmbID CTagnapTHOfi ~ KB3HTOBOR TeopHH no.n;CTa

HOBKH 

'O 
P == l't ô-\'I' Jr 

(5)
d 

1'.> z: rt: ~.-;.r 

MH yM1:llUJIeHHo lICnOJIó3yeM B (4) HOPMBJLblllie e.n;mmr:I;bl, 'QTOÓ!1 nO.IJ;lIepK

HY'l'Ii, 1:ITO TpH ymrBspcaJI:bIme nocroaaase t: , c II M anecs rpymmpy
lOTca B O,1J;KH napaxerp - <pYHJ(aMeHTa.JIl>HyBJ MHHY e.::.- ~c • Ha CaMO ypaB

Remia (4) eCTeCTBeHHO TaIOlte pacnpocrpaaars TeJ.)Mlffi n<pYH,u;aMeHTaJI:DHIDt" 

(coKpameHHo - <p.Y.)~ 

0.y. (4) OÓa3aHJ:l no,ItqIDIJlT:bC.fI ace nOM, He3a.mICI4MO OT me TeH30p,
•	 HO~ pa3MepHocTH, nOCKOJI:&KY no,noóHott ymmepCaJIbHOCT:b1O o6JIa,IJ;aJI "IOIaC

nc:wqecm llpOTOTIDI éf}.y. - ,n;e-mITTepoBcKoe P -rrpoCTpaHCTBO (2). IIpn

, ~IIplPmHa, no ROTOpoH Jl3 ypa.BHeHIDi (I )-(2) MIl npe;1010'qJll{ HM8HHO 

(2), BWlCIDI'l'Ca mme. 

2 

MeHJlTeJIóHO R C:KaIDIPHHM, cnaaopasa, BeRTOpHblM }! np, nOJIíIM MIl Óy;IteM 

aanacssazs WlTHMSPHYIO BOJIBOByro cIJymmmo cp (x, x;) B EMe P(x,xr) , 
C;;dx,x~), AI"(x,x"} , ... 

TeopHH nOM, oIIJIpa!lJInaJICff na w.y. (4), OKa3I:lB8.eTCH ÓOJIee nOCJIsJ(o-

BaTeJIbHOR li õoase oómSR, 'tleM cxeaa, pa3BlmaeM'EJI B p -rrpoCTpaHcTBe 

'J(e CHTTepa. (2). TaK, B cKJrY (2) ROMilOHeHTl1 4-m.myJIbca J(OJDItHll noma

HHT:bCa orpaHKlleHED 

2; z, -.:L 2
f ::: pc - P ~ - /'1 J	 , (6)... 

(4) K CMe-KOTopoe He CJIe~eT 113 w.y. (4). B CaMOM .n;eJIS, rrepexo~ B 

maHH0MY (PJX» -npe.n;cTaBJIemm, nOJIY'!aeM ypasaeaae 

[p1.+ M 2- -I s. rp(pIX»==O~	 (7) 
'S 

EMeIOmse peneaae rrpa acex I' 2-
,BKJIIí)llaJI OÓJIaCT:& 

(8)p1.+/v/ « O. 

s: rx ---i: 
CJIe.n;oBaTeJI!>Ho, t =Vf> +M reneps rrpmmMaeT KaR BemSCTBeHHHe, TaR 

li trnCTO MHJIIMHS 3HalleHIDI. B' pacxere na .n;aJI:&HSMnme rrpEM8HeHID! onpe.n;eJmM 

aTY BS.JIKlI}!Hy KaR oÓoÓIl\eHHYlO g)yHR.II.roo: 

1. 2

) ecmI ,	 +M » O,/fP"+M 1 

p;= 11".,./,,/:,70 :( ih':..",' , 
(9) 

eCJIH I'L+fi-l< o, 

C nOMOIlU>ID (9) JIerKO aanacans oonee peuesae ypa.:BHeHIDI (7): 

cfJ(p') = ~ ( J;(P'''' M '.-70)<j;(p,.y" +	 s,,, (x' ,;;;ç;ç) d <jJ{p,.) (10)VP"'-fM1.+/0 ?xS" J 

./ Ô )P(p;o) 
rne "Hai!8.JIbHHe naanse" <f>t P; O ) 11 ~ onpe.n;eJISHH npa scex 
3Hallemmx 4-mvmyJThCOB. IIpoH3BOM H8,lJ. (10) npeocpaaoaaaze ~ypbS, Ha

XO,IJ;IW qpP.mJThHOS pemeaze <p.y. (4): / 

t f -/px
1(x;x~) =(2.tr)M. e "Í' 9'r?/ x$) = 

3 



::: 1. (etf>,rt(~ I~ /XTI. ~ 1. '),J,fD )fo5iJ,(xS'l,Dl-lM~/O) ~?IÁ'fII)
CtK):Ji ) e r l c (, 'P-IM -1'0 Y"f/',o -a.rr 

11'1.-11'11..-1/ 0 • 

'lTo6H CKOMIIeHCHpOBaT:D paCTyrItHe 'qJIeHH oA.(l-p,"-~· xs) JI.dfl..,t,.,& x:J 
H npIUaT:b Ta.ImM 06pasOM CMbICJI KHTerpa.7Iy em, aeocxonaao lIO,I{tIl111mT:b 

npOH3BOJIbHHe ~ t:J>(,P,o) JI ~rV(o) no MeHLmeit Mepe 3Kcno

HeHI:(HB..1IbHHM YCJIOmIRM y6HBaHIDI B o6JIacTH (8) npa /,PJ~ co • MOJKHO 

CKa3aT:& R Tax: y.n;OBJIeTBOp,monuIe yKa3aHHOMY Iq)RTepmo ~/tJ) II C49'fo)
..- ui/' ~x 

06pa3ymT KJIaCC <I>~_ B qpe,n;eJIaX aoroporo ,n;OnyCTliIMa KopneKTHasI 

nOCTaHOBKa 38,n;8:llH Ko~I~,I6/ ,lI,JIJl <'p.y. (4) no nepeMemm:tt ){S': 
_ 2

(O - ~~:z. _).12.) </>~xs") =: O ) (I2a) 

~ f -'IJX 
~(X, xr ) / =:' (~~ e 

.
tp(p/ o) d' Í' ~ (I26) 

.{S":: o 

?9'f-r,xf") / = -!:.. (e~;"'X d$l>(~o) clS' (I2B) 
"")~r / Jt"":= o (2.,)J1. j t ~Xr /' . 

/~eTJlJ.M, 'tITO ecna 6H MbI pa3mtBa..7m eBK.1rH,Il;OB BapnaHT HOBO~ KTII 
(cp, ), TO if}.y. lIMeJIO 6H BB)l; 

z. L ) 

( ?.t, + ;:.:z. r ;v,z' <jJ(x,xr)==o, -t.=~L/J,Y) (I3) 
~.x~ 'S" 

a.H8JlOrOM (8) 6wm. 6H 06JIaCT:& 

p~ > M~ 
Ir , 

a yc~oBRe KoppeKTHocTR cooTBeTcTBymme:tt 3ana'tIR Koma ~ <1>.Y. (I3) no

Tpe6oBSJIO 6bI OT HalffiJIDHHX ,n;a.mmx B f -rrpenceaaaeaaa 1>(/'/0) R 

~t:(o) 3KCnOHeHD;RaJII>HOrO y6I:rnaHW! BHe c<I>epu p,/' =1'1~. TaKHM 

06pa30M, aa <l>YH.ItaMeHTaJI:l)HYID MaCCY M B onpeneaeaaoa CMHCJIe B03JIa

raerca poas llapaM9Tpa oopesaaaa B YJI:&TpaiImOJIeTOBOíl oõzacra, 
M.6., paasasaeaaa Teo~ 6y,n;eT csoõonaa. OT YJI:&Tpa4!HOJIeTOBWC 

paCxo~ocTe!? B HaCTO~ MOMeHT y aac eme HeT OTBeTa Ha 3TOT xap

,ltJIHaJI:&HI:dt BOnj;x>C, O.IJ;HaKO MH MoxaM o6'bSICImT:&, 3a'tIeM Boo6me HYJKHo 

pacCM8.Tpm3aT:& 3a.zr.a'tIY KOIIll:l ,IJ;JI.ff <.p.y. no KOop,I(KHaTe xS' H JlJ.MeHHO B KOp

(p8RTHoD: nOCTaHOBKe. )IeJIO B TOM, 'tITO ~e KOIIlH tf>(xl'o) R ~ff~o) 
CYTJJ nOM, onpe,n;eJIemme B 'tiemeWepHOM npoCTpanCTBe-BooMeg. lIlICJIO 

3TJ1IX t.IJ;a.HHHX onpe,n;eJIfIeTCH nOpg.ltEtOM ~epem:tHaJI:l)HOrO ypa:BH8m1Ji (I2a) 

J~no nOBO~ TO'tlHOrO OllRCaHHH 3Tora KJIaCca CM./I 5/. 

4 

no nepeMeHHo:tt xJ' • ECJm aanasa KOIIIH (I2) zoppezrna, TO pememre cp.y. 

,n;aeTC.íI mITerpaJIOM ~yp:&e ur). IlpRtreM lIO CaM0MY nocrpoeaan OHO.ffB

MeTCR eAIDicTBeHHHM. CJIe,n;OBaTeJIDHO, cymecTByeT BSaHMOO)l.HOSHa'lliOe co

OTBeTCTBlIe 't>(X,O)) 
%,X» ~ d~/O).( 

oxS" 
Jlpyrm.m CJIOBaMH., YTBe:PJlmeHHe o TOM, 'ITO BceM noJI.ffiVI B 5-rrpOCTpaHCTBe 

COnOCTa.BJIffeTC.ff. CBO.ff. BOJlliOBaJI <PYHKI:U1fI <P(x~xs"), lIO,IJ;'tllDImOll{arrCíi iJ).y. 

(4), paBHOC:w.rr.HO YTBepxr,neHJ1[l{), 'tITO Ka.JKJI;Oe as 3TIrr lIOJIeM B 06UlIHOM 

rrpocTpaflcTBe-BpeM8HH OTIRCHBaeTCíi BO~OBOH ~~eíl c ~OeHHHM, lIO 

cpasaesan c rrpeJKHBM, 'illCJIOM KOMIlOHeHT: 

'!'(x,O)) 
(I4)'O 9>(11",0)( 

7J)(S" • 

,IT.a.rree eCTeCTBeHHO npennozoaars , 'tITO Ha'qaJI:&H1I8 ztamrse (I4) non
'I:l:IDI.f.UOTC.ff JIaI'paHJKeBHM: ypaBHeHIDIM ,IJ;BIDKeHHR, KOTopue CJIe,JJ,y1OT lIS YCJIOBH.f! 

cTauRoaapHocTR ..n;eficTB1I.ff 

c' = (d:x L [' <P(x,o) oeJ>4o)l (I5)rJ ) c .I 'CÁ' s: j . 

. r~aa 3a.n;a'tIa HOBOR TeOp1I1I COCTOHT B TOM, 'tITo6u nOCTp0HTD 

KomcpeTHue, BHPBJKeHIDI .n;.mr JIaI'pa.H7KI1a.HOB L [ CP(X/ «l » ;~~,ty 0Jj B <I>H

31NeCItE: HHTepeCHHX cJIY'tI8.HX, BH.ffCHHTb PMliCJI ,n;onOJIHiilTeJThHHX rrOJIeBHX 

nep8MeHHHX 11 ,n;aT:& orraCaHHe HOBHX WR3R'IeCKRX ~eKTOB B 06~CTH CBepx

Bb1COKIDC 3HjPrIDt E;;;M • \IaCTlfIlHO '3Ta aanasa yxe 6WIa. peneaa npez
,n;e/ I ,2 ,5- 7 • O)l.HaKO HeKOTopHe R3 rroJIytleHIlliX palIee pe3YJIbTaTOB ae 

BOCnpoR3BO,IJ;íTC.ff B HaIJIeM HOBOM nonxone R rr03TOMY YTpatmBaIOT crory. B 
3TOM CM3R 3aMeTlfM, 'tITO, rrOJIOJKHB B OCHOBY KTII sa.n;a-qy Konrn (I2), MH 

tImtTK'tIeCIGI BBe.rm HOBytO ROHr(enn;mo nOM. 3Ta KOHIJ,eIIU;WI ae 3KmrBaJIeHTHa 

TOM:{ noaaean nOJIR:, xoropoe 6I:lJIO paspaõoraao B Teopmr c m.myJI:&CHHM • 

IlpOCTpaHCTBOM nocroaaaoã Rpmm:3HH, a TOJI:&KO MOTRBl1pOBaH8 MM. TeM ae 

MeHee MHOrR8 qaCTO reOM9TpR'tIeCRMe 'tIepTH rrpeXHero rro.n;xo,n;a HaXO,IJ;íT 

crre~eCKoe OTpaJKeHHe R B ROBOE: cxeae, Be.n;:o B KOHe'tlHOM cxere 

p -npoCTpaHCTBO Y aac roze ID4eeT ,n;e-CRTTepOBCI~yro CTPYKTypY c TOE: , 

OI'OBOpKoít, 'tITO Ji1MIIYJIbC P/4 IiYJmo npa 3TOM TpaKTOBaT:b KaK KBaHTOBO

MexaHK'tIecKRíi: onepaTOp pp=;~~ KcTaTR c~saTD, eCTeCTBeHHOCT:& ~ MKHH

~HOCT:b TaROrO o606~eHRff TeoplIR ~TK'tIeaKH 6HJIa apryMeHTHpOBaHa 

BHIlIe (CM. a63aIJ; noCJI8 WoINYJIH (3». 
IIpH rrpeoõpasoaaaasx I'pymm ne CRTTepa 0(1, «}, RBJ.LffIOmeílc.ff rpyrmoH 

.IJ;BIDKelld npocrpaacraa OTPJ[UaTe.n::DHOíl Iq)HBH3HH (2), BeJIR'lmHH ( 1.' .;:'" , 

5 
.~ 



i ~}> ) Be,IJyT CeÓH sas KOMlIOHeHTli &-BeKTOpa l J~ (L: O///l,,/J$") • 

B 't!8.CTHOCTH, IIpH "spanenasx" B fi< S) -IIJIOCKOCT.ffX • 

. v 'iJj• d . Q • o tJ, ._ 
l -, = l - + tJ4f' "\0" + --- lO,y'v J 

'OK" l}fl' M 0"" M -7s
(I6) 

'() , y 

I' -I = -!1.. Í) -c·.!lF.1 
'aKS" M ().{)- ~ '}rr J
 

~ 2. 2
r.n;e tj. - f.. r =-M •
 

B lIJIOCKOM rrpe.n;eJIe}14 DO 3TH COOTHOmeH:Wi .n;OJDImli BRpOJK,I:taTIlC.fl B
 

rrpeOÓpa30BaHIDI casara rrce~oe:BItJIlUtOBa !' -IIpOCTpaHCTBa
 
.'# . "P
 

lôXl-' =: I ô~ + 'tI'
OTCm,IJ;8. a Id3 (16), C yqeToM (3), 3aRJID1IaeM, "tITO npa H -1> (>D 

I,. 'O;" 1'(x,xf")/« /VI /c;r;;rrj.	 (I7a) 

z' 'Ô cp (xJx F ) e-. _ ~ d-. r: r) 
(I76)r - 1~/·"r (x/x . 

~x 

COOTHomeHHe (I7ó) MOJKllO	 IlpOmITerpHpC>BaT:D: 

//t1x-r
1> fxl-X .r) ~ e tP(xl o) (I8) 

TaKHM OÓpa30M, B IIJIOCKOM	 npeneze 11~ oo 3a.BHCl/IMOCTll OT .n;onOJImITeJill

Ho1it ROOp,ItKHaTli )(r acsesaer , ecaa B zaxecrse WITJllMeplIo1it BOJIHOBOA
 
r
 

~ ltcnOJTh30BaT:D e-l'Mx <PPí/):
 
~ ( -,.,.,,)(.. )
 

Y'r e <j>(x~.r) =:-0. (19) 

'M' M~co 
HeTp~o yóe~:DCH, "tITO cOOTHomeHHe (I9) o~oBpeMeHHo HBJIffeTC.fl npe

•.n;eJThHolt q>oIJ'doft w.y. (4)	 IIpB M-+ pC C nOMOIIt:DI> (I8) HaXO,ItBM, 'qTO 

Ha1IaJillHble YCJIOBIDI (I2Ó,B) B MOCROM npenexe IIp:rmHM8IJT CJIe~ mr.n: 

tp (x, J(F)/= <p (xJ oJ ,	 (20a) 
,fr:,o 

F 
~ </>(K,-t

r
) / = "Mc/>r;,o). (20es) 

'C .{T ~J'":: o 

TaItEM OÓpa30M, xapaseepsoe ~ HOBOft. CXeMH y;D;BüeHHe 'tll'IeJIa nOJI9

Bwt creneaeã CBOÓO,1O:i acxeaaer nplil 11~ (>O. OTClUl:a, B 'tlaCTHOCTH (ca, 
(I5) ), 'ô c1>(x, .J 7 . 

te'h-t L [<1>(x,-o) I ~oJ =:: L [<14 0 1} . 
(2I)M-+~ 

6 

lIa ocaosaaaa (21) MH nnpase c.n;eJIaT:D Bl:1BO.n;, llTO npa KOHe'tlliOM M 
aHaJIOrOM OÓHl!HOH nOJIeBOH nepeMeHHoH CJIe.n;yeT CllRTaTll ~tK/~ • PasYMe

eTCH, eCJm Óli npa nOCTaHOBKe 3a,Ita't!H Konra (12) MH 3a,Ita.B8.JIH nasazsaae 
YCJIOBIDI npz 'npOH3BOJIbHOM <1>mtCRpOBaHHOM 3Hallemm xr= C<JIJJf, TO sce 
Ha.I1lR BHBO,IUi OCTa.n:KCll ÓH npeJItHID.m, a cIx>IHYJill nperepneza ÓH Tpmma..JThHHe 

n3MeHeHHH. HanpHMep, BMeCTO (15) nOHB~OC:D ÓH c~e~~ee B~eHRe ~ 

.n;eHcTBIDI: 

l~ = j ti). L[rf~xr), 'O?~:K1· (22) 

.xr.:::~t 

'1TOÓH nOKa3aT:D, KaK paõoraar pa3BHTllli WOIMa.Tm3M, paCCMOTpBM 

KOHKpeTHHe rrpHMepli. 

I. IIo~e, rrOCTOHHHoe BO BceM rrpocTpaHcTBe-BpeMeIDI: 

i>fx,xf") == </'a (x r) . 
M3 (4) c y-qeToM (18) HaxO~: 

{'.II?,x.rtio (X s:) = e 9i	 (23) 

lia llaJI:bHHe .u;amrne (I2ó , B)	 lIMeIDT BH,I(: 

c?o !-t,o) = 1JO) 
(24')

- i /() 1>6 ) :: J o ~ 
M 'dxr a. 

2. IIoJIe JO(x, x T
) HeHTpaJI:DHIDC CKa.IDlpHllX llaCTHU C HY~eBOH MaccoR. 

Cor.rracHo	 (18), B MOCROM npenene jvJ ~ oo
 

,'Mx r
 

'f(~,rf" ) s: e }p(x,o) .	 (25) 

rzte, B cwry (21), MH .n;OJOltHH c-cnrraTll, llTO 

D If()fIO) = O,	 (26) 

IIpnÓJIIDKeHHoe B1iprulteIme (25) .fIDJI.ffeTCR pemeHPIeM rrpenezsaoã WaIMH <1>. y. 
(I9). JIerno IDI.n;eT:D, l!TO TO'lHOe aspaaexae :~ 

c'MxT 

'flx,xr ) z: e )"(K10)) (27) 

aaazorzxaoe (25), y:I{OBJIeTBOpHeT CaMoKy' <I>.Y. (4), ecna TOJThKO BHIIOJI

MeTCR (26). TaRHM OÓpasOM, IlíITHMep.tIOe noxe (27) onacaaaer Y HaC 

c~HHe llaCTBnH c ny~eBoH Maccoít. Yc~oBHe HeHTPaJIbHOcTH 03Ha1IaeT 

7 
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'ir()(, D) =: 'f Ix, O) , 'tlTO ,lI,1IH lIOM (27) :3KBRBa.rreHTHO YCJIomno KOM6li!-

HHpOBaHHOH aPMHToBocTR: I 

1
'f/X,X$") = 'fJ6',-xrj. (28) 

B~60p pemeHIDI rjJ.y. B BR,IJ;e (27) OTBe'tlaeT cJIe,ItyI01I:UilM Ha'tl8JlliIlliM 

~UM (I26,B): 

'(J!K,Xr ) / .= 'fJ(xJ = P(~ o), (29) 
,(J:. D 

- i ~p (Xt)(s)/ := xt») = JOfx"o) ) (30) 
M 'P~r ..r': o /

r.n:e ,D;JIH ap.m:TOBHX nOJIeR, 3a;I(aHHJ:,QC aa IIJIOCKOCTH x$"= o ,M1l BBeJIH 

0603Ha'tleHHH P/x) W ~(~ • Cor~CHO CKa3aHH0MY BHille li! B CRJIY (29)-{30) 

ypa:BHeHIDI, KOTOpHM aTli! nOM lIO~TCR:, lIMeM BH,IJ;: 

O 'f(xJ o) = o, 
(3I) 

f(x) = 'P(x) .' 

!Ia OCHOBa.mm (3I) MOmIO c.n:eJIaT:b BImO.n:, 'tlTO H3 ,IJ;BYX nOJIeBHX <I>~ 
''ÕyJ(x) =vr», o) H ;;r fx):= "fi-w- 'P/x, o) , IIp:mneRaeMIa B 

HOBOM <I>oPMaJIH3Me ,IJ;JI.ff OITHCaHHJ! HeHTpaJI:bHoro CKaJIJIPHoro lIOJIH c MacCOH 

HYJTh, <l>RsH'tleCKo:tí .ffBJI.ffeTCR: JImI]]) nepsaa - f/)( ) , lIOCKOJThKY .D:Jlfl 

aee CYIIteCTByeT nozaoneaaoe ypaBHeHR8 ,IU3ID!teHHJI. IIoJIe J('fJt) -~ 

BcnOMoraTe~Hoe. Y Hero HeT CBoero ypaBHeHHJI ~eHRff, li! ero 3Ha'tle

HIDl D;e.7nmOM onpe.n:eJIRIOTCR: 3Ha'tleHIDlMH nOM \C fKj • 
• ECJm orpamrtmT:bCa KBa.IJ;paTH1ilillMlI no noJI.ffM JIa.I"palDltID8MH 

L ['flx), ;X(x) ) ,TO mITerpaJI .n:e:t1.cTBM (I5) .UJIJI paCCMaTpRBa8MOtí 

Cli!CTeMH HaxO~C.ff c TO~OCT:bD .n:o nOCTOHHHoro KO~KUHeHTa ot : 

t = fL[rfxJ,p,J],~ =1f~a~.;::;+ ti 1'/"(jrrJ -Y'(.;1/. (32) 

STOT Ko~eHT MOJKHO cIJHKCHpOBaT:b CJIe~ 06pa.sOM. 3ammIeM: .n:etícT

BHe B mute mITerpaJIa (22), r ,e, IIpEMemrreJ!I:lHO K CJIY'IaIO, zorna aasaas-
HHe 3Ha'tleHIDI l" (», J(T) 11 - i. ~) 3a,Ita.HbI aa Ilp01I3BOJ1:bHOfi

/It1 ~ x" 
IIJIOCKOCTH x>= ~ .( 

cI _ " (J" [~~/A-,~rJ'b Pfx,xrJ r J 1-/ 'ôY'f;,;xsJ crl rZ'l (33)_ MI/)/.
f -.t) ~ x ax'" 'dA + '" ?JKS" rOt,-r /1 J . 

x""=~ I" 

YpaBHeHRB: ,IJ;BDeHIDI .n;JI.ff pacCMaTpKBa8MHX Ha'tlaJI:bHHX ,ItaHHHX EMeiOT mm , 

D PÓ'I"'S) :::. o ) -,. ;::~J= ftt I"Axr ) • (34) 

8 

rne X"....= ~t. 3TH ypaBHeHIDI ae MeH.ffiOTCR: IIpU nepexozte K JlID60MY .D:PY

rOMY q>HKClq>OBaHH0MY 3Ha'tleHIDOt~ T. e. COxpaH.HIOT CBOID <I>oINY IIplI C,IJ;BlIT'ax 

r r r
X ~X + a . (35) 

06WIHO CliMMeTpHJI y:pa.BHeHIDI ,n,mmeHIDI JmJI.ffeTCíl O.n;HOBpeMeHHO R CEMMeT

pReft .n:eHCTBRJI. ECJIH CJIe.n:OBaT:b aTOn TpaJnIT~, TO OT .n:eftcTBHa (33) 

HyEHo rroTpe60BaT:b, ~T06H 

oS ::= o . (36)
't>X) 

IIoCKOJ!I:lKY nOJIe f!J!x,xs-) nO,IJ;'tIIDI.ffeTCR: cIJ.y. (4), TO paseacrao (36) 03

naxaer , 'tlTO .n:enCTBHe (33) .n:OJDICHO 6HT:b KHTerpaJIOM .n;BWlteHIDI cIJ.y. He

Tpy.nHO y6e~T:bCR:, 'tlTO .n;JI.ff BHllOJIHeHHH (36) He06xo~0 nOJIO~T:b B 

(33) á z: 1 . TaKEM 06pa30M, .n:etícTBHe .n;JI.ff nOM HeB3a.IDJ1o.n:etíCTByroIl4IDC 

HeftTpa.JI:bHHX CKaJmPHllX -qaCTHD; c HYJIeBotí MaCCOR kIMeeT B Ha1IleM lIo.n;xo.n:e 

CJIe,IJ;yIOIIO?rlí OKOH'tlaTeJThHHH BH,I(: 

cf= .!.frl~ [~pfxlJ(r) ~PIxIXsJ: j- / 'J'lJ4;rT)_ AA Jt'f TJ /<-7==
tJ J. X 'f))(1' (#f. ~x.r ,., IA;.K li J' 

~ (37) 

:= t JrJ~ [ ~~:xJ'JJ;fKJ -f- M~(;r(x)- 'I/X})). 

aTO Bupam8HHe Y.n:OBJIeTBopaeT IIpKHD;HIIy COOTBeTCTBKff c 06H'tlHOH 

reopaeã, T.K. IIplI M ~ , B cJlLJIY (25),PO 

~ "" 1... f..J to ~)Dtx) ~~r;) . (:38)
fl -.t X ax" ax;.40'1 

IIo.n:06Ho TOMY, KaK CTaH,D;apTHOe .n:e~cTBHe '(38) ,0CTaeTCR: mmapHaHTHhIM 

npa C,14Bm'ax noza aa nocToHHHyYO BeJIKtmHy ~fxJ~ )t'(x) + ~o ,T8lt II 

HOBoe .n:eHcTBHe (37) mmapHaHTHo OTHOCHTeJI:bHO rrpe06pasoBaHH.ff C,IJ;BHra 

'A1"rr p(k,X~) ~ 'f IX,)('T) r Yc e( I (39) 

c'NXr 
rne Pc e - "noCTO.ffHHOe" lIOJIe BH,II;a (23). Cy:n;a lIO aToMY IIpH3

HaKy, JIarpaHxeBY IIJIOTHOCT:b B .n:e~cTBHH (37) CJIe.n:yeT BOCIIpHHKMaT:b KaK 

0606meHHHH KKHeTH'tlecIílItt 'lJ.7IeH. 38MeTHM, 'tlTO aTO BHP8JlteHHe JIBJlfleTCR: ."> 

JIOK8JlliHHM !t 5-UPOCTpaHCTBe. 

IIepeibteM reneps B (37) K f -IIpe.n:CTaBJIeImIO, lICnOJI:b3YR: COOTI-IO

meHHH (lI), (I26,B) II (9). O'tle~o, 

~) t-/. ) I (-(~X J' . 
. P(J("x). x: r (X,-A'" =(ZIt}X j e ri/, P~.xT) = 

9 
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I {-CpX t / /1' r} VJ' .1 
~IK ) e cIp 7. ~(IX / r (P) + p."'t f,'h(.pr.x17/')J ) 

'f/í)= 'tff-I)=(2~~ /ef./J-k'(!xJ4Ix), 

f -I I (~X Í' o/.;XIP/ =)f (-p) = (Zn)J/L e I:(x jrl.x). 

BBe;n;eM ;n;a.n:ee aMIIJIKTY,D;H 

r;n;e 

(41) 

(40) 

r 

f/
1 

(48a)l M tí r- M) Pff; r".) ;: O , 

~ =' trMf{f [.tM (PS'_M)/ !'/~/r)/~.tMr,r-MjJP!ft-,~/J= 
. p~~o (47) 

:' .t,,-Mfá>; élir)C(pz-p/+)12.) 1 M(;~) /'fJ(,~pr) I~ 
r;n;e ~(pr) s: P:r,r J • IIo;n;tIepKHeM, "CITO zasaoe sspaaeaae .a:BJIJi8TCíl KBa;IJ.pa-

TnHofi ap.mTOBO.tt <Ix>IMOa no P(t,,"'lH Pfl'/-I''l • IIOSTOMY ero mmapH

aHTHOCT:& oeaoczreasao npeoõpaaosaazâ (44) O"CIeBJI!,IJ;Ha. 

Yp8.BHemm .n;mmeHWI ,IJ;JIH nozeã J"(J"/ :t:. fr) llMeTDT mm: 

JIeI'ItO BlUteTI>, "CITO BOJlliOBYJD WYmanm (40) MOJiUIO npe;n;CTamITI> RaK 

. r !J I 
f(" ~ f' )= bf-/', :t I'i = .t:r[P!íJ x ;: ;Xr,J}. t42) 

(486).fM (I'r-f /v1) p(~-;,r) zz: O " 

r;n;e r=+Yll·+M l 
• T.o., 'f'~/-1'1:::o, a Y;(~'prj OIIHClmaeT paCCMaTpH

naexoe nOJIe CKa.mIpHHX He:MT~HHX ,aCTliII:J; c HYJIeBoít MaCCoa. Kax aaon
HOKpaTHO YR83~OCI> paHee712-I3,3 • BO~OBRe onepaTopR B (48a,6) 

M r: -IÍ'X " I }i'JXT -(;,r;,.r .I 
Iffx,x') =(z'/~ je ;/;11 e P0/'l-{- e .PIP-f!J. (43) 

MOryT 6RTI> c TO~OCTI>ID 

MHOJmTeJIK cTa:EJ.Wl,pTHOrO 

,Il;HpaKoBCKoro IIpHeMa: 

;n;o KOHCTaHTH HaaneHH c nOMOmPID pa3JIOZeHHíl Ha 

BOJlliOBOrO oneparopa 1'.2. B lJYX.e aaaecraoro 

CJle;n;OBaTeJThHO, P(I'l f r ) H r/l'I /'1 npe06paSYJDTCíl HenpHB<>,IOlMHM 06

paSOM Iq>H cnaarax (35): 

.:t:('~J"Il.r 

P/f, ~/T)~ e Y'1Í~z~~. (44) 

H3 (37) H .(41) HaxO,1UIM: r ft'f;;; .r,r) == O . 

I t :::: Ú',..r:M2..= (j>.r.,. M)(pr-Mj 

B crory' (48)-(49a) nona JP{p,,:t:/'1 aBTOMaTR'tIeCKR 

HeIDnO "\ 

(49a) 

(496) 

y;n;OBJIeTBOpílIDT ypa.B

ss: ".J«~ [I' z /10 r,) / z. -; M Z /«/,J  )O~J 11. (45) IIoJIe3Ho HMeTb B BIUlY, "CITO ecza B JIeBOít 'tI8.CTR (49a) K BOJlliOBOMY one

paropy ;n;06a.BRTI>, lIO itteíllIMaHY .cecxoaesno MaJIYlO MHHMy1D "CIB.CTiJ LO , TO 

( 

ECJm m.mym,CHoe 4-rrpoCTpaHCTBO, no KOTOPOMY np0H3BO;n;:a:TCíl zarerpapoaa
aae B (45), pa.36HTI> aa ;n;Be 06JIaCTH (6) H (8), TO BHTerpa.7I no nep

BOi! H3 ImX 

:/"Í'Ú'/l'!í>;/'--f M"- /7fi- )-t'1Í"/ / J=,s; (46) 
,-;,.,~ o . 

pt+/0 = ( 11'12
-(- I' 2.r/ o i +M)(IM2.-f//I.-/.,.o '-M) ~ 

= (I'f" + M )(pr_M ) J 

STO COOTHOmeHHe MOXflO paCrrpoCTpaHMT1> Ha Bce HMTIYJIbCHOe 4-rrpoCTpaHCT~ 

BO: 

MODO OCMliCJmTI> KaK ~ B ;n;ettcTBHe OT IlOJIei!, 3~bIX aa ;n;e-CHTT8

poBCKOM rmrep60JIOH,D;8 (2). ,UettcTBHTeJThHO, nepexona B (46) K Ile~,eH

BHM" pf",r) li ~ (r,,-/T) COrJIaCHO (42), 6y;n;eM lIMeTI> (cp, 3 ): 
'iJ;/; 

r.n;e Be.J:rR'tmHa pr onpenezesa TaR ze, KaK B (9). 

P/3/ 6wr rrpmm.n;eH aJrI'OpHTM, n03BOJImOutIDi IlOJIY'ID.TI> ~OHaJI 
na (47) RS 06Irnioro BRpllllt8mm ,IT)IíI ;n;e:t1cTBllil J= Irfi~ 1'1: /1011')/.2.· 
c nOMOmbD Wo~HO:M nO;n;CTaHOBKK: 

TR
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'f/Í) ~ r(~/J'r),
 

dp -7 :(,tr~fÍ?") b Ú2.- /s-.t. +M2.) oi?} (50)
 

I'f.-~ 

AHaJIO~ aJlI'OpHTM, 

H BORROBblX OrrepaTOpoB, 

B c.JIY'lB.e Jn06blX nozeã, 
HaxO;n;HTCR rrOCpe~CTBOM 

.tM (jJS"_M) . 

c cooTBeTcTB~ Bbl6opoM ~CJIeHH1:lX MHODTeJIe:í1: 

y~06HO ITpHMeHffTb ~ rrOCTpOeHHH ~e:í1:cTBRff ~ 

COOTBeTcTBymmee nonaoe .u;eii:cTBHe ~ rrOTOM JIeI'KO 

npocroâ 3KCTparrOJImJ;m1l 1.7: B oõzacrs (8). 
PacCMOTpHM, B lIaCTHOCTH, cnzaopaoe noze 4/. IIpIDmMaR sa oopasen 

~oBcKoe paSJIOEeHKe 

;/'=(h, crJ4)<!-=(~)~ (51) 

rrpe~CTaBnM HOBbl:i1: BOJIHOBOí1 oneparop 2M(;>$'"-I'-1)= .lM(1PJ.rMí.-M)B nonoõ
HOR WaKTOpHSOBaHHo:í1: WOPMe: 

!l.M fpr_~}~ p2,_(pr_M)2..=/~ tPr-M) ~ 

(52) 
== V + I'$""-M) (,r_/r +M). 

Terrepb MH BIIpaBe npaaars Jn06YID HS 3TliIX cxooox, CRaJIteM BTOpY1O, B xaxe
CTBe aaaaora / H aanacars ypaaaeaze .llRpaRa ,lJ,7IH CImHOpHOí:i BOJIHOBOH 

Wyma.um Cf f!lf$") (cp, (42» B mme 

(;('"-fr+M)tÚ',;pr) =O. (53) 

COOTBeTCTBeHHO, ,IJ;JIH Wymw;mr cf(,/f) 6y:IteM IDAeTb 

(54)( 4" -f r' +M) rj !Í'I-/Y) ==- O > 

OTK~ CJIe.nyeT, lITO 'I(1', jP~.=: O • 
llpHMeHHH ~ee aJIrOpRTM THITa (50), B KOTOpoM rrOCJIe~ rrO~CTa

HOBm1 BHI'JI.lI,Il;KT KaR 
( 

/~/-/r+M~ (55) 

rr0JIY'!BM cJIe~ee BblpaEeHRe ~ .u;eítcTBRR .u;KpaKoBcKoro rrOJIR lia rBTIep

õozoane (2): 

I
 
: , 

: I 

I 

.: 

I: 

;I li

I
 
} 

. )
I 

i
 
\ 
I 

J
 
~
 

4 == YIrM jdjEr,1sq,~~>Z+M) tftÍ,j'rJ/r-Ir:rM)f~/)~56) 
üepexona B (56) K HOBHM rrOJIeBHM rrepeMellIlliM fPfi) H;rft) rro WalNYJI8M 

(cp. (42» 

p'~/r) == ;Y Itr) -I- M}ft'l) , 
,2/v'} (57) 

ttr;,/-r) ~ p.rtfif~ -: .Ml0') J 

HeTpy,IlHO YCTaHOmITb, '!TO 

tI = trf'~!iffJ.)I/+MJ,,XI;/ ~)t/+M) rlI'J- (58) 

I-t.,.M~o -M;f~)7'(,dJ-(M+i-J~Jtf/ÍJiI. 
Pacnpocrpanaa HHTerpHpOBaIme B (58) aa ace f -rrpoCTpaHCTBO, rrpRXO.n.;mJI 

K rrOJIHoMY .u;eí:icTBHD cBo6o~oro rrOJIH ~ B HameM rro~o~e: 

t = "fffdj [ifl;) V'-fJ1)/;;)+/1,)/Í'fM)1tÍ'J 
- M7IÍ')7~/-(M.f~L)fI/I f~d=
 (59)

=.?".jfj!n.J/J'?Í') -:(.Fr;j-l~M/)0'/PJ-,t.tT-r~Jyt,.i]' 
BTopae R3 8THX .u;Byx BRpaXeHEH rrOJIY'qaeTCR HS rrepBoro 6~o~aPR To~eCT

BY 

plr~J fl/) == f~J/.z Y'fÍl),1 

KOTopoe rrepeCTaeT BblIIOJIHffTbCR rrOCJIe BRJIID'!eHnR B3aHMO~e:í1:cTBRH c KaJ!R

6paBO'!HblMR rrOJIRMR. TaroIM 06paSOM, lIT06l:l Hs6eJKaTb HeO.IniOSHa'!HOCTH, HaM 

Ha,Il;O yTO'!ImTb, CJIe;rr,yeT JIH rrOlmMaTb Be.JmtOOiY p~ B (58 )- (59) KaK JIOpeH

D;eBcrom RBa;D;paT 4-BeKTopa f}4 HJIl1I RaK KBa.,IJ;P.aT MaTpmlll f 
B ROHTeKCTe CT~pTHO~ .u;DpaKOBCKOH TeoPRR CBO~O~ BORROBOn 

oneparop p2.lmTeprrpeTHI>yeTcR TOJIbKO KaK ;2 , O lIeM CmmeTeJIbCTByeT 

CaMO paBJIoxeHEe (51). BTeopKH cIIHHopHoro rroJIR, OCHOBaHflOR Ha ypaB~ 

HeIDm K.n6illia.-rop~oHa718/, nOCJIe,IOiee HyxHO SaImChIBaTb B mme f/:'/nj 't-o" 
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~T06u noc~e BKHID~eHHfl 3~eKTpoMarHRTHOrO no~ nO~OCD XapaKTepHOe 

A1Iff ,IUIpaKOBCKOH ~aCTIDJ;J:l BSaMMO,neHCTBRl:e .- e.~~ t F;'iv • CKasamwe 

B~aeT llpJiISHaTD, ~TO B HaIUeM sapaasre ,IUIPaROBCKOH TeOpIDI CK8JlfIPHIDi: 

BOJIHOBOiÍ oneparop iM(fr-h)= .fM(;'pa.+A1~ -,4.1) Heo6xo,J:J;l1M0 TO~OBaTD 

TO~RO KaK tlvt(y/z~M7. _ M) ~. Tor.na zerso BB.IleTD, ~TO r' B 
(58)-(59) IIpH06peTaeT CMllCJI .r.t.. 

Ms (59) c~e;rryroT ypaBHeHIDI ,IU3IDKeHIDI A1Iff IIo~eH rfli) II /C( ,b) 

/tf(f) =0 

/fí)=j(/+h) tf(p)= 

B][,n ROTOpHX rrOSBo~eT SaRJIIDqaTD, ~TO rro~e 

a fi/f} - BcnOMoraTMDHHM (cp, (31». 

,lleítcTBHe (59) iOjeT 6liTD aanacaao RI: 

cTpaHcTBe (cp. (37» 4 : 

(60) 
'f(,p), . 
~!,P) ~eTCH WlIS~eCKJiIM, 

B KOHWHrypaIJ,HOHHOM 5-npo

! == l-p'x{if(x,,,,r)(17-f-!'1) ( ;j-.fr l' fx,xr)) + 

y. (:!.'1 'f1.K,x rJ)0~-tM)lfPíxr)- /VI (-I' 'dY-6;x~ 1;(,; !!'f..x'l _ 
(61) 

M );(J" J/ / Iof 7Xr ~ (..;; o« ;) 

- VÓ-'K r [M + ~f )jtá,rT)} / ) 

r,ne cnzaopaoe none 'I(x,x T 
) y.nOMeTBOPHeT W.Y. (4). B COOTBeTCTIDrn: 

c Hameí-t 06rqett ROHUemmeH, tff,) R ;X/I'} CYTD ~De-06pa3u Ha~a..7ThHHX 

JJ;a.HHHX tffx/o):= f(x} I -.i 2 '16-l o) .E. 'Jf(x), ,nOCTaTO~O xopomo y6u• M Mr /'
 
BaIOmRe B 06JIaCTH (8) npa IpI ~ PC. . r
 

Ilpa C)J;B.RI'ax rt6-,.xr) -> IfAx r ) +- V;, e (,411)( , r,ne ~ - nOCTO.fIH-

HHH CITKHOp, ,nettcTBHe (61) He MeHHeTCH, T.e. nO~TerpaJIDHoe B~eHHe 

Be,neT ce6H RaK KKHeTKqeCKHH ~eH (cp. C~HHH c~). OTMeTRM TaK

xe , ~TO MS W.y. c~emreT o ,li no3TOMY B (61) MOi1tHO rrO~OJmTD::;r ==
 
xJ""=-o. Hazoaeu, ecza M -} 00 , TO B CHJfy .(25)
 

f ~ fd~ Vf1 o) ,J( ~f".cI·O) sz: JI>/1l4C , 
. 3,neCD YMeCTHO no~epKHYTD, ~TO B TOM BapHaHTe KTTI c WYH.naMeHTa..7ThHo.fi 

MaCCOH, B KOTOpoM "~Cc~eCIGlM npoTOTIDIOM" W.y. CJIY2lGIT ypa.BHemre (I) 

a, Me,n;OBaTe~HO, WIToe HSMepeHRe HBJI.fI8TCH BpeMeHIDIo,n;06HHM*1, 0606

lIteHHoe ,n;eHcTBH8 cnasopaoro noxa B IIJIOCKOM npeneze M~ (>C1 ne COBIIa,uaeT 

co CT8.'EfM.pTllliM BRP8JI.teHMeM 5b IUC ,a OKaSIIBaeTCH lICeB,IJ;OCIÇaJmpHoi! 

BeJIlil'lmHoit 

$ ~ fdYX ft{x,D) iJ'S";D l((xJ ,,) • 

Ms cooõpaaeaaâ, csasaaasx c npmrr:omOM COOTBeTCTBIDI, MR B aTOR P9-60Te 

npennosza EMeTD ,n;eJIO o ypaBHeIDIeM (2). O,ItHaKO ,n;eJIaTD oKoWIaTe~mm 

Bu60p M~ napHaHTaMR (I) II (2) HaM RaXeTCH npe~eBpeMeHHHM, nOCKOJID

KY 06a OHH eme MBJIO lIsyq:eHU. B ~aCTHOCTHt zarepecao 6HJIO 6u RCCJIe,n;o

BaTD, ae BOSIDIRaeT ,JIR B c.nyq:ae (I) llpl:lIlIl;IDJRaJIHoe paSJIKtme MS)t,nY 
~HI:JME: nOJ1JIMR ~L. li til (CM. B 3TOít cBHs:al19, CTp. 212/)' • 

TenepD .n;a.IÇHM co,ceM	 KrTRoe onacanae reopaa .a~eKTpoMaI'1:IHTHOrO 
7nOM B HOBllX TeIMIDIax 1, 4 

, • l1YCTD A,. (1'1,r) H -1. IP, -,r) - KOMIIOHeH-

TU BeKTOp-nOTeHD;HaJIa, onpeneaenaae, noztoõno 'fO(1'/ :J:.fr) B (47), lia 

ranepõozoane (2). O~emw;Ho, BMeCTO (496), ,D;lli! A,. (l'I :tpr) HMO BIDm,. caaars ypaBHe~ MlKcBeJIJIa 

pi AI' (!~ ~,r )= 'r (, v Av fí,/ :t·l'r)). (62) 

Ka.K HElltTlI asaaor 60~ee lIeTMDImX ypaBHeHl:tií: ,IU3IDKeHIDI (48a,6)? Jv.uI 
aToro ~TPpHsyeM BO~OBOi! onepaTOp B (62), ITp][MeHRH (49a). B c~e 

'/">0 6y,neM HMeTD: 

IVAy~I"-)}.=-o .(,r+ M) [ (fr_ M ) A). (,'1") -I':t 
pr"+M 

Bspaaeaae B KBa,Iij>aT1nlX CK06K8X, XOTH H rrOX02Ke aa (48a), ORaSImaeTCH 

HenpnO.InillM .u,mI ,IJ,aJIDHefunRx nocrpoeaaã aa-sa ~TOpa ~M • IIo3

TOMY BBe,n;eM B paCCMOTpeHHe BcnOMoraTe~Hoe rro~e 

IVAy(~/!r)Ar' 1" ,r") E	 (63),r + /l1 

ROTopoe nOr~OmaeT aTOT WaKTOP. B ][TOre' BOSHHRaeT CJIe~ CHCTeMa 

ypa.BHeHd ,IJ)IS{ aneKTpoMarHlITHOrO ~nOTeHImaJIa AI. ('p~ )'.1'") = 
= (A", (f,pr}) Ar(,~/T)): 

§/EBKJIB,ItOBa BepcIDI TaROtt Tebpmr ,n;eTaJIDHO HsyqaeTcH B/2 ,4/•2UKCTaTR CItaSaTD, B MOCKOM npeneae M~ p? 3TO BHpaJKeHHe cosnanaer 
c /2 
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1 M (p>-M) A~ (P,f~) - 2M tÃ As-{ftfS")== o 

{ 
(64) 

2M [pV Ay ("lJ] - '<M(prTM}A>{~fS):=o 

1UIaJIOrlNHHe ypa.BHeHIDI ~ AL. (fI-Ir) Il0JIY'IaIDTCH H3 (64) rrpJlJ.;~-f~. 
]erRO yóe~Tbca, ~TO MaKCBe~OBCKJlJ.e ypaBHeHHH (62) ~Tca
 

CJIe;n;CTBJlJ.eM (64). AIDI nonepexaoro }IOM Ajl..J.(P,,")= A~ !;I/Js) - ';o (f' 4)
 
113 (64) HaxO)UIM aaaaor ypaBHeHJIJ.H ,1T.a;raMóepa (cp, (48a»: p:l

..J..
1M (pF__fr'/) A

Â 
(Plf s ) =0. 

CTeneHJIJ. CBOÓO,IUl f v Av (PI/r) :a AS" (1'11 rJ - "tillCTO Ka7lJIJ.ÓpoBO~ble. B 
CHJIY (64) 0IU:l IlO)J;"lllIID!IOTCfl CHCTeMe ypa.BHeHffit 

[(/>-M) rt A ) - ,2. A) ::= o, 

lM(t>AJ - Mtfr+M)Af=O~ 
ROTOpaR HMeeT HeTpJlJ.BRaJIoHHe pemeHHH. T.R. 

p~-·M - Y 
'Z. )M 2.. Z. 2

dá I x: f - Ps- + M = O . 
M - (p>+M) 

.. r"A)
IIOCROJrhRY B TO JKe BpeMJI As-(fl " } '= --;r+M • TO MOJKHO 3aRJllOtrnTb, '1TO 

5- H ROMIlOHeHTa aJIeRTpOMarHHTHOrO IlOTe~ama ~eTCH BCrrOMOraTarrbHHM 

rrOJIeM illTIOReJrh6eprOBa THna. 

C:aCTeMa ypa.BHeHIDi (64) OCTaeTCH mmapnaBTHOH IlplI CJIe,IJ;y1{)1lU[X Ra

~6POBO~ rrpeOÓpa30BaHRHX 5-nOTe~ama: 

A)l (fI fr ) ~ A~ (f, fr) + l"f>. /\ (fI fIT) ) 
(65) 

Ar(PI,r- ) ~ A.> (/'Ir) + r' (Pr - /VI) /\(p,pS") .'. 

~ee JI8rKO YCTaHOBHTb, '1TO aHaJIOrOM ~OHaJIOB ;n;eHCTBHfl 

(47) 11 (56), onpenezeamrx aa ranepooaozne (2), B :3JIeKTpOMBrImTHoít
 

Teopo asnaeeca BupaxteHHe
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+ 
~ =.2JrMJoípltf') t(pt..frT.+~2)2.M (p~-M )~('l)-p"Ar(fil·1~fp.''")-n- ~~~~j 

I ,r_M ~ 
Ta Jle npone.n;ypa.. ncropaa IIpJlJ.MeIDIJIaCb HaMK B CRaJIH:pHOM 11 cnaaop-

HOM cJJY1lBJIX, 1IpID30,ItaT R CJIe,IJ;yKlIleMY HHT8rpaJIY nozaoro ,n:eitcTB:wI aJI8RT

pOMaI'HlITHOrO nOM B KTII c ~8HTaJThHOn Maccoí1:: 

(f::-l;· (d~ (h<L. 6,)(rlJ:J(~,-xrJ+ ZIroAI46Ixr~lMAr("r'J:VAs"6.~J)r f JI (I 'IX'" ~'I(r g~67) , 

r;n;e 

sI ô (, lfl1X ) I. -fll'uc$" ~FKL (X,x~J= K(e AL~/XS") -~ Le. AktX,X~) . 
~x ôX (68) 

]arpaHEeBa IIJIOTHOCTb B (67) - aTO He rrpoCTO JIORaJIbHOe BRpaJleHRe B 
ROH~OHHOM 5-npOCTpa.HCTBe. a BeJllfCmHa, mIBapHaHTHasI OTHOCHTeJIl>

HO JIOR8J1])ImX Ita.TJRÓpOBO'1HHX npeoõpasoaaazã 5-noTeHIJ;HaJIa (cp. (65» 

'u r . ,.$ • $" 
-WI)( -tM1\ '?> I. -tMx ) 
e AI< (x,)(s")~ e Ate: iX,x r ) -tõx" l e /\(,x,xS'J) (69) 

I< =O,I,2/J,>r 

r;n;e qJyHKU;W:I !\(x,xr ) • KaR~, AI(6(1~)' rrO;l:ttOOIJIeTCH qJ.y. (4). Pasy

Me8TCJi. no-npemeMy ~~ '=0 • 
'?>x " 

OÓpaTHM BBEMaHKe. ~TO "eCTeCTB8HHHMH nOJIeBHMR n8peMeBHHMJIJ. B 

(64) CJIe,n:yeT C'1RTaTb ae A", óe,xS"J. a e" fI1;cr AI( (X,x"). KOTOpl:le B 

WIOCROM rrpe,1leJI6 M~ pc ae Sa.BRCHT OT XS- (CM.. (I9». IIo;n;tI8pRHeM 

TaKJlte. ~TO K 'tlRCJ1Y BcnOMOraTeJI&HliX noaeã, Iq>DMe H3B8CTHllX RaJlH6poBO~

HHX creneaeã CBOÓO,IUl. CO;n;eP1Jt8lIO!XCfl B 'B8KTOp-nOTeHWIaJIe Aíl (x) o) 
S;n;8C:b ~eJKaT ROMIIOHeHTl:l 

AI'(x) == Ar(x,o) , 
• y /.,) =- -" 'õAr(XJo) (70)I /IrIA - - -- , 

. /VI 'õ )cr 

l 
} 

r: /. ) = '7))lJr~.J + l/l1 A 6 D) _ 'ô~À (JVo) 
r xs IX/ o ?X"" n.l --a X r 

npe,lJ;JIOJIBI'asI. lITO naaaae Konm JJ.,1ISl aapsseaaoro cnaaopaoro nOJIa 

aa npOHSBOJIllHOit WIOClCOCTH XS-=-~ rrpeoõpasynrca no npe,ltCTaBJIeBmIJ 

lt8.JIHÓPOBQlIHO! rpymm (69) 
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~--,

lf'rX/x J) -» ~Xt «te('MX~()(,-lJ)} tf(K,/fJ) , 
(71) 

'7J 't'(, .) C> [ {-t'M/(J } (Ú / 1)' 7'i:X f' X,,r / -, ox'j- ex;:> 't e /1 (Jr', x» I { X,/f IJ 
(t - 3~eKTp~ecRRfr sa~) 

R rrp~1aH B0 BHHMaHHe (61) H (67), MO~O o606maT:D KB~~OBJID 3~eKTpo

~aMKKY B ~e HailleH rHITOTeSH o ~aMeHTaRbHOfi Macce 1,3 • COOTBeT
CTByromee o606meHRe o6~e~eHHo~ s~eKTpoc~a6oH TeOpHR He BHSHBaeT oco
oax	 aaTpy.rr;s:eHIDi. B IIpHHIJ;IDIe, yz.e B:H,I(HO, KaK Ilpl:IMeHRT:D pa.aBHTID1 íIJop4a
~SM K OllnCaHHID rpaBHTauKoHHoro BSaEMO~eHCTBRff. 

B âTO~ paoore MIl, O.rr;HaRO, He CTamIJ.lll csoeã IJ;eJIóIO ~aT:D KOHKpeT

HHe ~nSHqeCKHe IIpRno~aHHa KTTI c '~~eHT~HoH MaCCOH, a cTpe~cb
 

RRmb K TOMY, ~To6H c~e~aTb 6o~ee flCHOH ~OrnqeCKyro CTPYKTypY HOBOM
 
Teope.
 

ABTOpH nCKPeHHe 6fl~O~pllli A.n.nOflKOBY, ,M.n.MaTeeBY H M.B.~OBY 

aa nno~OTBopHoe cOTpy~ecTBo R KOHCTpYKTEBHHe ~CKYCCHH, a T~e 

lli.A.AxKMoBy,A.K. ATaxo~eBY, H.H.Eoro~oBy,P.M.KaruaeBY, A.A.~ory


HOBY, li. A. CMOPO.IJ.IDICKOMY, n. B. ~ypcaeBY, M. TI. 1Ia.BJIefuIIBl2tJm sa rronesaae
 
o6c~eHRff H BHRMaHHe K pa60Te.
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HET JIH nPOBEJIOB B BAWEH BHBJIHOTEKE? 

Sbl MOlKeTe no.lly'll!Tb nO nO'ITe nepe'IIIC.IIeHHble HlllKe KHIIrH, 

eC.IIII OHM He 6bi.IIH 33K333Hbl paHee. 
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H3naTenbCKHH oTnen 06benHHe"Horo HHCTHTYTa RnepHbiX HccnenoaaHH~ 

H6aAoB P.M., KaAMWeBcKHA B.r. P2-86-830 
K TeopHH non.R c 4JyH,!J;aMeHTaJibHoil Maccofi 

Pa6oTa npo~o~aeT ~HKJI HCCJie~oBaHHil, nocB.R~eHH~ nocTpoeHH~ 
nocne~oBaTeJibHOH TeopHH non.R c 4JyH~aMeHTaJibHOil Maccoil M - rH
noTeTH'IeCKHM YHHBepCaJibHbiM MaCmTa6oM B 06JiaCTH CBepXBbiCOKHX 
3HeprHfi. PaHee B pasBHBaeMoM no~xo~e KJI~~eBa.R pOJib npHHaAJie~a

na ~e-cHTTepoBCKOMY HMnynbCHOMY npocTpaHCTBY pa~Hyca M. B Ha
CTO.R~efi CTaTbe paspa6aTb1BaeTC.fl KBaHTOBaH BepCH.R ~aHHOH H~eH: 
P-npocTpaHCTBO no-npe~HeMy npe~nonaraeTC.R ~e-CHTTepoBCKHM, 
O~HaKO HMUyJibC p npH 3TOM TpaKTyeTC.R TOJlbKO KaK KBaHTOBOMexa-

IJ. . 

HH~eCKHH onepaTop ifl ..1.._, 
axil 

Pa6oTa BbinOJIHeHa B fla6opaTOPHH TeopeTH~eCKOil lPH3HKH mum. 

npenpHHT 06'bCAHHCHHOrO HHCTHT)'Ta Jl,!lepHbiX HCCnCAOBaHHH . .lly6Ha 1986 

llepeBO~ f.f.CaH~YKOBCKOH 

Ibadov R.M., Kadyshevsky V.G. P2-86-830 
Towards a Field Theory with Fundamental Mass 

This paper is a continuation of our investigations along 
the lines of constructing a consistent field theory with fun
damental mass M - a hypothetical universal scale in the ultra
high energy region.Earlier, in the developed approach the key 
role was played by the de Sitter momentum space of radius M • 
In this paper a quantum version of this idea is worked out: 
p-space is assumed to be a de Sitter one like before; however, 
the four-momentump#l is treated as a quantum mechanical opera-

tor ifl-0- only. 
d2tll 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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