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BBe8eHHe 

B C'l's~pTHoI ICBSHTOBOA TeOpHH nona [1-31 S -MllTpHQ8 np8,II,CT8BH

118 & Blf,ll,e PJIA8 T80pHH B03M;YD\eHIIAoQ, 
S = I + L. ~I ) S,,(Xl, ... , )(,,) d x, ... d x"' U) 

\'\=1 • 

r~e CIbDIB'l'PIIlIHH8 onepaeopa S,,(Xl, ... )x...) BIIJIJIIlTCH xpOHOJlOrHQeCICH ynopJl

A~HHWIiOI ICOHC'l'PYICqHJfMJI Jl8rpaJmHaH8 B3aHMOAeAcTBHB £(x). I1pK 8TOM 

II Jtatl80'l'Be onepaL\HH xpOHOJIOrlltlltCICoro yn0PJl,ll,olleHHB HCnOJlh3yeTCJI T-npo

H3BeAeHn. B 1t0'l'0POIl r;:t (x) ynoPJl,ll,otleHlll B nopaaxe y6NBaHHB BpeMllH

HIiIX ICOMflOHeHT CBOHX SpryIll!lH'l'OB. T. 8. 

(-:t51\ (J(\,. .• ,X ...)= T(rlex,), ..."ct(lC,,)) -c ,;t'(X LI) '" cit'ex;.,), (2) 

O. 0 
rAe )(") X I. '> •.• » x t ; 

':1-"TPKJ.lA (I),(2) YAoBJIfITIlOP8eT OOHOBHIlI.. npKHl\Mn&1I TfJOPKIl B3aK

1I0AflAo'l'~ nOJleA (peJlJlTKIlJlO'1'CIlOI 1t01l.pH.HTHOCTK. )'HHTaptooTH II 

npINHIOIOO'l'II),8CJlH oneparop (;t(ll) IIIIJllleTOII pflJlIITHBWJ'1'C1l1l1l OKLllJlPOIi. 

SPIIIH'l'OIl K JlOUJUoHO-K0MM,Y'l'aTHIMlH '1'.8.[1-4]. 

(A) ~'.I'(')l.') - (L( 'IC.) , (B) J '< ~) ... /-/'(1<.) 
r 

(e) [, '!<-),'!('d)L O. eoJlK (X ~p1 <' 0 
OAHAIlO a. A80IITHAflTHfI pa3BMTftJl •••HToaol ¢MaMIlM HfJOAHOKp.THO 

npflAJI.rUKO. M WJoneAoIILllKO. [~-HI] pa.1nHlfJtOrO poJl.. H80TaH,II,IlPTHJHl 

IlB.HTOBO-1I0JUI1l... MOAllnH. JI.r'p&ltIlllAH a"aMII0Jl.flAOTDMII II 1t0TOpwlt 110 Tell 

~IM KHNII lIpM4I1H." oUa....eTOII JlOllaJI.HO-HOK0MM,YT.TM.HWII. T.e. 

1 
I,f(l'.), .I(\P~ I 0 A." IIpM (JI ~I) /0. (3 ) 

Ho1I0JI~o.atl.. e ';', -MaTp.'"" (I). (2) All" ".IlMlt MOAe.ne. IIP••oAMT • oyU\ell 

TlleKH,,1I 'rl'YAHllOTftll. 'ra.HII ltalC H.py_IIMIt IIpM'IMtltlllU'r•• yl'.TapHUUTM, Ilft 
JI,,'rMaMIJTOICOA ICUlIlllIM.IITHOOTIl. "JlaAlltlH'!'I\O" 1t1l.aIlMall'rIllK1TK M IlnAY AlIY

I'MIl (1I0JUIOnUI'lU. 1111., IIIUIJIItMllJ"r IO-lil). 
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Tp8,IVIltHOHHYa nyTb npeOAOJIeHWI B03HHK8IJUlHX 38TpyAHeHiGl CooTOHT 

(5-121 B H8JlOll8HHH onpeAeJIeHHhlX OI'paHHlIElHHA H8 HcnOJIb3yelillle HeCTaH

A8pTH1i8 MOAeJlH. C TeM ll'l'06b1 S -MaTpHqa (I). (2) 0Ka3aJ18C b npHeMJIeMoa. 

IlpK STON HHOI'A8 OK83b1B8eTca. qTO H8PJ'iAY C OTK830M OT YCJlOBKII (C). 
npHXoAHTCII OTK83WB8TbC.il H OT yCJIOBK.il (B) l?] MH 4JoPt.\YJIKpOB8Tb 000

6b1e npaBM8 P.JUI BIiIlHCJIeHK.il MaTpHtlHhlX 3JIeMElHTOB [6.s1. 06JIIHM B T8KOM 

nOAXoAe K HeCTaHAapTHbiM MOAeJ18M IIBJ18eTCII cTpeMJIeHHe COxp8HHTb B He

npHKooHoBeHHooTH onepamm xpOHOJIOrHlleCKoro ynoPJIAo"tlElHHll (2). 

~ecTByeT H APYI'oA noAXOA [13-1?1. KOTOpbiA CBOp,HTCII lfBKTHllecKH 

K 38weHe HeKOBapHaHTHOI'O npa YCJlOBHH (3) xpOHOJIOI'H1l8CKOI'O npOH3BeAe

HHJI (2) H8 H8KOTOPYKl HOBYJI peJIHTHBHCTCKH 'KOB8pHaHTHYIl XPOHOJIOI'HllEICKH 

ynopRAoqeHHYJl KOHCTpyKQHIl Jl8I'paHlIKaHOB B3&HMOAeAcTBHJI ot • KOTOpyil 

B CHJIy CHMMeTpHH oneparopoa 3" MOlKHO 38nHC8Tb B BKAe CYMNbl no BCe

B03MomwM nepeCTaHOBK8M 8pryMBHTOB, T.e. 

(-i t Sn (xt> .•. , X.,,)= T(<c/(X1) .••/:>t'(X"V =L 1'L(X" ...,X,,)ci'(X,}.. cib(n)}. (4) 
fh ..... 

IlpH STOM MHOI'OTOqellHble qHCJIOBbie lWHKl.\IIII '(; (Xl, ... ) X1'\) 0AH03H81lH0 onpe
AeJIJIIlT npOCTpaHCTBeHHO-BpeMBHHyIl CTpyKTypy oneparopoa S n (4) H no

8TO~ MOryT paCCMaTpHB8TbCH B K8qecTBe OCHOBHbIX 06~KToB.onpeA8JIJIIl

IqHX RaK xpOHOJIOI'H"tIElCKoe ynopRAOtreHHe (4). T8K H MaTpHl.\Y pacoeJlHHJI (1). 
~HOBIIOA l\6JIbll H8CTOJDlleA CT8TbH HBueTCII YCT8HoBJIeHHe lWHKl\HA 

'2 ( X I .... , x ,,) I npHBOAJDllHX K peUTHIIHCTCKII ~OB8PH8HTHOA, yHHT8pHoA II 

npHqHHHOA S -MaTpKl\e (1) ,(4) ,II,JlII B3BIIMoAeaCTBHJI 61(x). HB KOTOpoe 

H8JlOll8Hb1 TOJIbKO ABB Tpe60B8HHJI: (A) - CK8JlIIPHOCTb K (B) - SpMHTOBOOTb. 

YOJl08H6 (C) (JlOK8JlbHBH KO~T8THBHOCTb) IlpK 3TOM MOUT He IIWnOJlHJlTb

Cft, T.e. IICKOMaH S -MBTplll\8 (1),(4) MOI'JlB Ow 6~Tb KOnOJlb3088H8 II 

Jl8IlHTOBO-1l0Jle8I>lX 1010.n.eJIIIX C JlOK8JlbHO-HeK0MM,YTIlTKDHWW D:lSKMOAeAoTBKew. 

1, l1alleoTIlbl6 XpOllOJI<H'II\l6CKHe ynOPMOqeHHiI 

PaocM01'ptlIlHtl H:1..ell'I·Il~X cnocodos XpOHOJIOI'HI/tlC KOI'O YliOIlll,ltOtl8HHJI 

IIOJlflooo(\paaHo H8'iIlTb 00 1}'rIlI\ABp'rHOI'O T -llP0H:lUl.l,/\1.lIIHH (2), 1l0TOpOO, (\y

)tYqH :IIIIIK,18110 1I cIK>p"i (J\). " IItll'lIhiX 'l'paX 1I0P~KUX '1'110(1101101 bOl'uylqllll1Ul 

xllpllll'rnpK:lyn'mft tW"IlIIH"WH: 

'i -t ~)!.) '- \. " '\ ~~, ~p- n()!." :('>. "'I'(\( ''<1 ' <') ()(-," :() ()(~.. /). (tl) 

,... ().',1\11 (, !( .. ) IIpK .J. () H /, ) ( 'J) I) II pH 

2 

Anll cp&BHeHHlI C APYI'KMIC XPOHOJIOI'lIlreCKKMH ynOPHAOllElHHJUOl YA06HO 

H306pa3KTb 3TH lWHKI..\KH HB npOOTp8HCTBeHHO-BpeYeHHHlC p,HBI'p8MM8X, nosa
31iB8DIIHX BKJl&A npOH3BeAeHHlI oneparopoa ,;;t C 3&A8HHoA 4HKcHpOB8HHoll 

nooJIeAOBBTeJIbHOCTIJIl 8pryteHTOB B lCpOHOJIOI'HlleCKoe npOH3BeAeHHe (4). 
Hae npKBeAeHbl p,H8I'p8M1i11110TBe~e3H8.tleHHlIM lWHKI..\KA lL'I"'(l()~) (pac i I) 

H '£:"'t'(x)~, r) (pRc.2 H 3): 
",0 e

XC o i 
l i! 'a 

oo'a o c'3 ooi' -+\------
FHc. I PHc. 2 PMc. 3 

BYAe.n9HK9 06JI8CTeA, OTBeq8DI\HX p83JIlltIHbIM 3H8.tl8HHJlM lWHKl\HA LT , 

npOH3BOAKTCII 3AeOl> peJIIITIIBHCTOKH H9HHBapK8HTHbiM cnocoeoa, n03To~ pe

JIlITII8KCTCJlllll KOBapll8HTHooTl> TaKOI'O ynOpRAOtl6HKJI MOlleT 6YTl> oeecneeeaa 
TOJIbKO CBOllCTBOM (C) JI8I'pelmHaHB B38I1MOA6AcTBHJI. ~MBHHO noaTo~ ,II,ll1l 

B3aIUoI0AeaCTBHA (3) XpOHOJIOI'lItI8CJloe ynoPIfA0tleHHe (2), Bo06l1\e I'OIl0Jl$l, 

HenpllI'oAHO. 

OTueTIIM ell\e, tlTO B XpOHOJIOI'HtleCKOM T -npOIl3BeAeHIOI, B TO Bp8Ml1 

KaK oneparopa &"(l'.) SaBKCJlT OT TOtleK 4-wePHOPO npOOTp8HCTB8~BpeueHII, 
ynOPJIAOtl6HHe npOIl3BOAKTCII JlKlllb II OAHON H3uepeHKK. HeKoTopitl aoneKTbI 

nepexone OT ynOPIIAOllElHHJI B OAHOM HSuepeHKH K ynOPJIAOtl8HJII) B qeTYp8X 

113M8p8HIUIX K OBII3b TaKOI'O nep8XQAa ° JIOK8JlbHOa KOyyYTaTKBHOOTbll CTIIH

,D,apTHOa TeopKII paoO"'TpllBaJlKCb B pa60Te [20]. 

r~-B~HMO~, OAHHM H3 nepBYX p6J1IlTHBKCTOJlH KOBSPKIIHTH08 XPOHOJlOPK

tl80Jl08 ynoPIIAOqeHH8 npHYeHHJI B 19t>0 I'. IlItSB8 (13], XOTOp.dl AJlII MOA8

JlK 0 t.'lIUlOllaJIbHYM .narp8H1lHIIHOM BaallMOA8aOTBHJI :1(x.,x",l) , aaBKCIIII\KM OT 

n8p810111Tpa l pa3YeptiooTH AJlKHW (lWHAaMllHTAJlbHM ,II,llKHa), npeAJIollHJI 38

nKCblB8Tb f.> -"'TpK4Y II BH,11,8 

~) .. 1 · Xl":PI ' (~) ~(Jt\ ,1\ ' (y~)~ 1.1\),'/0,,/l·· , (6) 

l'Ae BBeA8HW OJlIlA)'lllllHfI o008llaqeHU 

l
r,,~c\,) "\.Xt,l',v)~()I'1,,,,,)C\l\,,X.0{h,,, ,\X4,
 

l . <.X 'i)' '; 0, x"· 'II
 
('I)\ ). <. f •',\I ' \) I (x I~,l») ~ '6 • ()( ,;d~': 0 " " 

(), <.)( '.l) ,'(). " • '.1 

).\.IIJI y)\ol1nT•• )l,IUIWleAw8I'O Opa.IIIl1HHII U T00I'III1MH, ".1\0 Jla!'J>AH.HaH 

1I11IU(MO.l\oIlIlTItK" l\a.MUHT 0'1' 0AKoA TOtIJlK, PIIUUMO'I'lIHM UTp)'K1'Y1J,Y ;)-M8T

:1 
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PH1I;Y DK8BIlI B JlOK8JlbHOM npe,ll,eJle. Kor,ll,a }. ..... 0 (npH 3TOM o!(x, x'; 'x) -+ 

..et'(l\') 3 ex-i) ). 3anHCNBlUl S -M8TpHLJY llJtaBhI B BK,II,e U). (4), JlerKO yCle

,JI,HTbCH. tlTO ynop~otreHHe BO BTOpOM H TpeTbeM noJ»IAX8X xap8xTepH3yeTCl'l 

WHKI..\HIIMH 

r- -, t' 

(,,'1' ... (X,I(P:= e~'6 + "2 f)iI~ , (8) 

'Z Yu (X,l;j,"2) ~ 8x'dQ~~ ~ ~ (G"'a8:l1l- e"'a9d~) 't ~ ex~ 8~1l' (9) 

3D,ecb K ,ll,SJlee HCnOJlb3ytlTCl'l peJIIITKBHCTCKK HHBSpHaHTHJ,Ie cTYn6HtlSThie xa

paKTepHCTHQ6CKHe 4vHK~H 

8,,~ = Q((x-·<d) G('l-'l) , G)(~= 0 (- (X-'1;)2) • (10) 

J],HarpalOllll 3t1SQ6HItA ,II,JIR WH~ (8) H (9) npHB6,11,6HJ,1 HS pRc.4 (BTO

poa nopsnox) H 'hc. 5-7 (TpeTItA nopsnox), 
",°1 -, B OTJlHtlH6 OT ,JI,HsrpaMM ,IVIl'l 4vHK~ 

1 /	 't-r (5) (pac , 1-3). 3,11,eO b BbI,II,6J1eHHe 

06J1BCTea C p63J1HtlHNMH 3HSQ6HIUnOl 4vHIC
1 

~ T'lu npOH3BO,II,HTCR p8J1RTHBHCTCKH ~2 2 
HHBSPH&HTHIlIM cnocoooa, O,Jl,H8KO. KaK Cly

o	 ,ll,eT nOKa3&H0 H~. ynOpR,II,OQeHHe (4),-. )( 
onpe,ll,eJlReM06 <flyHKl.\HRMH (8) H (<). a-+	 --------... 

Pile. 4 CJle,ll,OBaTeJlbHO H ';"') -MBTpHI..\8 (6) 1'1 JlO.'1,0 

~	 
~ ~l' I 

2 

,_J 

o " 
" i...i ... 

Pac, 6 PlIo. ? 

K8JlhtlOM "11O.u.eJlO, HflllplieWleMhl, Tall KaK "PK80,II,H" K llapYlMmllll "PH'fKtlHO(l

'I'K yJIl(' 1\ TpeTMUI 1I01lfl.u.K8 TOOpKM HoaMYDlellKlt. 

U TOM 118 IlJhO I'. Kol'\11 I J4]. pAlloTIIII C MO,/\l'IJIHMH, 1\ II01'01101X /IJ10'\' 

110(\1' h 1'llMKJIh'I'OtllteHII P(,\II 1'1 Mo.u.e11o TDIlR 0 T&HOIl itT" " JIOKAJIbHO-MeIlOM"'YTaTHP

HoR Mia ntlOKOHIHlHO ..IIJIWX pliO 0 1'OllHIlR X • 1Ip6,1l,1\UaHJl .lUJyl'oll 0110000 XpOHOJIO

"M4tlOKUI'0 YIIOPII,I\040tIKII. Otl nclJoP"'YJlHpODAJI "1'0 II a11f,l\8 IIpllnKn Il00TP04HlMII 

XpotIOJIOI'H'160tlOI'O 1)~IIPOM[l_)\eHHII (Tl'I!NI'lIIO.nOl'HJt \ 14J). KOTOpOl'l II 'fRO" 

110M 'lll,V'lllft TJll'lX onellt1TopOII nplI,/\0T"nHIIO n "JUle 

PHc. 0 

P'I( A '0 C) = A\)( Xa '> XC!,> r: (II a) 
, "	 ) 

(II 6)P"(A,{)C) = ~(A~~-+AL&) 'Xo-)(Xgl'-Xc) 

(II a)P "'CA, ~,C)= ~ (A~C:+AC.&tCJ\~)J (Xo. '> XIi:) ..... Xc) 

(II r)P'\ A, ~, C) = ~ L (A \)C) ) «Q '" Xc) '" Xe • 
l'e.n"_ 

ECJm no.n oneparopaaa A, B, C nOHllMalllTCR oneparopu .;t B pas
HIiX TOqxBX npOcTPaHCTBB-BpeMeHH, TO ynop~o~eHHe (II) M~eT 6YTD ne
penacaso B qiopMe	 (4) C 'lliCJIOBIiMH WHKLtWlMH '(: K 

- , ..... 
(12)CCx. (x)~):= Qx~ +"2 0)(~ , 

-- ,-~ ~--

tt:l( (x) 'c}' '2) :00 8J{~ O~e -+ '2(Qx;/aal -+ 0K'i) 8'j'2) ell~ ... 

+ ~ (8~0~18)(i -+ 0x~0'<1l01<~ tG}\~e4~G"1)" ~ 8,,~e~J)x~. (13) 

~I<UHR T .. (12) oosnanaee c <lJyHKlUIeil 'Lv" (B), PElCaJlOTpeUHOil pa
Hoe, 1l0llTOMY ~HaI'paMMa ,!VIR <lJyHJU~ (12) y719 np1tlBo.n6HB na pJ4c.4. JlH
arpsMMIi J(JISl ilIYHKUIDI (I:3) npHBe~oHhl Jill pRO. U- (U. 

x.D 4 -. f'I / )('4 " '\. t / .; 

o 
~O'" 

o -,".. '" ..{ -	 ..• - -.--{
l'Ho. II Pile. 9	 l'Ho. III 

TUK au, KIm II 1111 puo.: l-'/ ,NUl I1lYIIKlUlB 'l ~" 1IH,lIOJ1ll1l110 oNIUO'l'ulI I1lHltOHpU'-

IUHltlUl'U :IIU"IUIIHJI "I( II(JOIl:J/lO,nWJ'nJl :IJlllOh POJlJI'[,HII~lI:'J'OKl1 HIIIIUpHl:lII'J'lIIlM 

ollocuduM, OJIIIIlKU 11lUI'IllllHH l1lyllKlUlII '(~" K 'I k II IItJKO'J'0PLlX ONlllO'l'JiX 

pU:JJUI'lIlW. CIJtllllltlllMtl Jll\Ul'lIUMN, IIpMIIOJllJlIlIIH llU pIIO,'/ 1\ VIIO. UI, 1I0K/.t 

lIL1I1HflT. 'ITO J~ItUI'l)UMNIl IIU Vltu. III UdJuU\Ull'l' rlo.nllll IIImUKdM ypOnlttlM 0""'-' 

MflTp..... :"['1,1 nl!MMlITv..n IIUO.. T 11lUlJfo\UJlhllljll XIlIlIlII'l'O l' , 1'tHt IU1K UIIUIt'IQ'rOJlI.-

IIUIl x POIlU.nOl 'l1'1l101WO 1I110.. lIDO,lltlIl111l (<1) II oooax (VIY '11111 X Ol'lMMlITlIl1'U1U Ill! 

llOOM IIIlPOO'l'/IIIOIIIUIM 1I11l'YMOIITOII. Kllit dY,JI,O'I' IIUI(lI:IIIIIO IIMl11l\, YIIUlll1,l\O'IUI1"O 

I(urla '1'11101111 IIIH1Pl1tlMJIIlMU IlJIJI lIun'l'llOOIlRll MIi't'P1'llI,U PUIIOIIJlIIRlI. IlUOKOJIhl{,)' 

YllU II 'l'IIO'I'I.oM 1I0pSUllttl 'l'lt0ll.. 11 nUllM,yIl\IlIlHIl ./I,JUI JIOIW.llI.IIIl--II11IUIMMYTIlT...mux 
11;1 1lI1MI lll,n II n'1'11l1 11 (:1) ""p.v III/I (l'1' I(/\I( Ilpll'IIlIIII()!"I'I., '1'llIt 11 .VlIl1'r"pIlIW'I'I,. 

,.. 
I 



B MeTO,ne ROHqnIrypaIJ;lfOHHHX CYMM, npe,1lJlOlteHHOM rOJI$H.nOM t211 ,D;JI.fI 
IIOCTPoeffilJI 5 ~aTpmw:, BBO.nJITC'.J! ,nBa pa3JIHll:HHX peJI.fITMBHCTCKH KOBapliaHT
HHX MeTo,na xpOHnrrorxqeCKoro yrrop~o~eHRff, COOTBeTCTByromHe ,D;ByM pas~
HHM cIIoc06aM pas,neJIeHRR rrpoli3BOJIbHol KOH~ypaUHH To~eK Ha enOM (KOH
~aIJ;lfM, co,nepMamne TOJIbRO rrpocTpaHcTBeHHo-IIo,n06Hue TO~KH). ITpM 
STOM BO BTOpOM IIO~Ke TeOpll:ll: B03MYmeHll:~ 06a cIIoco6a, SaIIMCaHHUe B 
sane (4), rrpHBO,nJIT K O,nHO:l! M TO:!! lite ~KIJ;lfM (8). B TPeTLeM nopsnxe 
IIo.nyq81OTCR nse paSJIHll:HUe qJyHKUIDI '2:'(;', I li ~c:;, ~, cOOTBeTcTBYKJUHe paSJIHll:
HHM cIIocoCaM B~eJIeffilJI enoeB: 

I"':- - - \ - I"".J f"'J - , ....... ,.., "'"
 

t.GJ'l (x'a,e) == ex'lled~ + 2'(0)l;~eoi! + G)('a0'il~) "" GE\(leo~G~i1, (14a) 

'C:"c;,i1 (X'\i,2)= 0K~0'ill + ~ (0)(~8~? + ellaQI\i1) + ~ 8~~G~~f\i!' (146) 

KOHrpnryp:m,lWHHuC ,nllarpllMMH ,1lJlJI cjJyHlaum ?:"c; T rrpencraanenu HB puc. II 
-13, a ,nJIfl @rHKIJ;1IJf LG,11 nil pnc. 14-16. , 

It! -, .... /-t X 
o 

-----, ;. ~ 

P!1C. l-r- -+ 
o
 

'A
 

o o 
!' t /.-.-----~....j ~. / ... ~. 

1'1'11:. I ~ 111(:. l~) 1'1-11:. II; 

0('\/1 1:111" :0(\/1 y 1111 1'11,1\11' 10111111 l'O.l]I,ll~lIl)lll [HUUl Tl-1lHlI "I'" 1m IWIlII 1'111111 '1'1111, 0('\ 

,111\l\ItMI'I' ('!II1IlI'.'1'1I0M ']'P'IIJ:lll'!'lIl1l1ll"1'11 11 ,1VI}! .II0 Ir/l.ll 1,110 ·!(llMMY'I'II'!'lIlIIIIIX n:1I111MO 

,1\ork'I'nllll :II01ll11lIJIOII'I'llIl C"I'liI\l\IIP'I'1I0MY l' 'lIp0I1:1I1n,IT,I:IIII1Il (:~). !l1T,lIl1leO ,I\.IUI 

1I:IIJIIMO,I\o£l"'I'lIl1ll (:1) 0(\1t 1'111)('.0(\/1 IIpIlIlO,I\Jl'I' Ie 11/1I'y Illn 11 11 Ml IUlle IIpll'llIlllllll:TII. 

'I'll Ie II yllll'l'lI\lJlUWI'11 ', "MII'I'\!L11\1l (llM. IUllitO). 

()oI'MllTllM tWld, 'I'I'U 1I'I',I\ll.Ill,llIl1l IWHOI{'I'II !HI.JIJI'I'll IHI I'.'1'" lUI I{Ollllplllllr'l'III1X 

Y11111 IIV\U'WIII1Il, II 'I'/IIU'OI II1111pOl'1l IIPI~MIlIIt1111'111 ITlYIIIU\1111 (H) \!f"'''MII'I'1'1I III IJlI'I Ia, 

II PIt(\01'I1X [lfl.I'I, ~:.r :.'.:1/. 

2. 06P11!e npllH11!l!1N nOCTpoeHM 5 -MaTpg 

AM nocTpoeHIIIl S-W8TpHQW B c.nytlae B3aHII0p,eAcTBIIIl (3) B paeorex 
[24,25J npe,ll,Jlo.eHo 0606.Hlle IieTOp,a BOI'0JIIl60Ba [41 • OCHOBaHHOI'O Ha 

BBep,eHHH IIHTeHCHBHOCTH B3aHlIOp,elcTBIIIl %(lC) € [0, iJ • B 3TOII MeTOp,e 

BYBCTO .;( pacclIIlTpHBaeTCII B38HMOp,eACTBHe tit'<o"" <ac..)cf(lt) • a COOTBeTcTBy

DIlM W8TpHQll paccesaaa S(<a) HJqeTCII B BH,lI,e clX>PlWlbHOI'O lflyHKI..\HOHBJIbHO

1'0 paa.HOll8HIIIl no CTenelUl1l IIHTeHCHBHOCTH B3aHllo,lJ,elcTBIIIl: 

S(~)=I~~t ~!SS..(Xl, ...,K")~~l)"'<J()'.\'»d)(L ...dx". (I5) 

OKOH'l8TeJlbHO HCKOMall S-MaTpHl.\a 3anHCIlIBaeTCft B BH,II,e pgp,a (I5) npa 
nOJlHOCTbIl BKJII)'leHHOIl BaaHMOp,elcTBHH ~(l(Y= 1 • r ,e, S ~'S(t). 'lTO 

npH80,ll,llT K sanHCH S B clX>pYB (I). 
1H3I1"eCKH6 YCJlOBII./I. KOTOp!llll p,OJlDi8 yp,OBJleTBOpslTb HCKOMBJI IoI8TpHI.\8 

S(~) (no,o,p06Hee CII. [I ,4.24J) 1I0ryT 6blTb CcIX>PMYJlHPOBaHhl B BH,lI,e cJle,o,y

DIlHX nIITH lIaTeIlATHIl8CJtHX Tpe60BaHHll. 

I. COOTpeTCTJII8 C !<BaHT0I!08 MElXaHHKOIl; 

(16)S(~)::= 1-+ l )~()l.)c;((x)ch) 

npa 'a (.>..) I OTJlHtDioA 0'1' HYJlft J1ltl11b B 6ec KOHetDiO loI8J1oA 06J18CTH G npoc

TpaHCTBa-Bpe_HH. 

II. f'eJlIlTK'HQ TO1M 10"0"8I1TU90Tb i 

(j'} )t.:') ( ~ ( V x)) <-> UI. ',~) ( ~ (lq)'U ~, 

f',IJ,U I. - npeO(\pa30IlaHIIO 113 H80p,HOPO,JJ,HoA f'pynrll>l JIOptlHl\ft, Ut • - COOT

118TO'I'lIyuqee npeoCSpaaOflaHIIO &MfIJlII"y,ll,W OOOTOR"ICJt. 

Ill, lUKT'PU9QTki 

\ uu),.;; ( <J) ~, '('d)." ':"" <~) .. ( ~l) 

An" "'TeIll.&TK'Ieo!loA llJopao'mtpO.. llll 1I0"JlTICJl npllllllHHOOTII paLlO1I01'pllW 

MHAIlAJle O(\lI\enpIIIlIITOO paocyll,lJ,O""e. IlOIlOJllonyOllOtl IIpll 1l00'1'pCMtIlIlIl ""'PII 

1I,1~ p"'llle""K" II JlOIl&JIIoIlO-.0""'\YTaTHaHIoIX 'I'00PIUlX. 

l~eT" ." (.~) .t,,,eOTII& II Y,D,OU8TIIOlllfeT YOJJOIIHJlM 1. 11 II 111. Uwlie

11011 lIH'rnIII1KIIIIOOTIo IIl1allll0AftlloTalCJl '~" ',\ I \ '3 'I OTJlIC"1t,Y1I 0,. IlYJlJl JlIIIDI, II 

nOn.,T.. d • IltkHIIl,I\....OIl 11& A8" "ltOD''''H''. lIo.l\ol1n...".'1I (.', II (~1J • 

TAll 'ITO 'Ji l~ d () JlMII" IIplC )Ii c ~i (J~1I. 1'1). IItXI'I'IIOIlW "'TpllllW ''',-')(~N 

h 1 



CBSl3H eCT6CTBeHHO JlKllb AJISI T0ll8K blJlK 06JI8CTeA). pa3AeJIeHHI>IX BpeMeHKXO K S~ = S(~..). COOTBeTCTBYJlIIIHe B3BKMO
-noA06HWM KHTepBaJIOM. nOA06Hoe nOHIITKe npKllKHHocTK. H83I>lBSeMoe B JlKAeAcTBKRM C KHTeHCKBHOCTSlMH CJL ('".) K 
TepaType npHMHTKBHYM. MLI K ~BKHeM B Ka~eCTBe cJIe,D,YDl\ero lIMSHlI8CKO~ z (x.). CQKT8SI. trrO S l K S 2. YAOBJl8T
ro Tpe60BaHKSI K NaTpHqE! ~ (~) •dliiifl G1 BOPSIIlT YCJlOBKSlM I. II H III. nOCTSBKM 

11. llpiCMHTilBHM npK'lHHHOCTb:X aa,qsqy nocrpoeaaa M8TP~ $(3)~~(~1"~'1)~ 
I • '" r(SIJSz)' cOOTBeTCTB)'IlIIIeA KHTeHCHB- ';! o 0
 

) SI'2>2,eCJlK (X l - )(O/) ~O K
HOCTK B3BKMoAeaCTBKSI ~ ()() H T8KlKe XI >)(z 'i \(,GG" x,2eGz '(21)cJ1liiJllllb G2 s===
YAOBJleTBOp~ea YCJlOBKSIM I. II HILI. t 5~ SI) eCJIK (><1- X2)' 't,0 K x; >)(~; Xll;G\ ) >;,E.G .... 

FHc. 17 no coo15pueHIUlM npH1OOIHocTK npa 

o6~enpKHSIToM p8Cc~eHHH aanKC~B8DT [1.4]: Ilocrpoeaae (21) IIBJISleTCSI ~8CTW nocrpoeaaa (9). K8CauqeRcSI JlHDlb 

o 0 BpeMeHH-nOA06HNX 06JI8CTeR. BHnOJIHeHHe yenoBKA COOTBeTCTBKSI. KOBapKaH
eCJlH '><1 ;> )(2, XL G (;t) )(2 G G 2 •I'2>1 ';)2 ) (9) 

,! 
THOCTH K YHKT8pHOCTH AJISI ~ (~) • onpe.o.eJIeHHoR KOHCTpyK~eR (21) ,s= s~ '31 ) eCJlK xt<x 2° , X l G G I > XZ G C 2 OllElBH,qHO. 

ilpOBOAR pacc~eHKSI.aHanOrKQHY6npHBeAeHHWM B [I.4].HeTPY~0 no

M8TPH~8 (19) YAOBJleTBOpSleT YCJlOBHm COOTBeTCTBIUl K YCJlOBHD YHKT8pHOCTH, nyqHTb 3KBKB8JI8HTHYD aanHCb npHMHTHBHOA npKqKHHOCTH (21) B TepMKHaX 

B qeM nerKO y6eAHTbCSI Henocpe~TBeHHoR nO~TaHOBKOR. 0~8KO nocTpoe BapHa~OHHYX npoKSBoAHWX: 

HKe (19) He YAOBJI6TBOp1leT ycnOBHm KOBapHaHTHOCTH. T8K. 6cnK G, H G 2 2L (~~C~) c;:/ :\-0 x0 c { (22)npocTpaHcTBeHHo-nOA06tw H B HeKoTopoA CHCTeMB OTcqeTa G 1 ?Gl , TO nOA eCJlK (x- ~) ) 0 K~ d(..) ~(~) C<a)) - ) 
XO,lVlll\KM npeocpaaonaaaea X"~ X" = L X MOlKHO nepeATH K HOBoA CHOTeMB OT


CqeT8. rAe OKaJteTCII G~ <. G~ • f/PK :lTOM nocrpoesae B nepaoa CKCTeMB PaCCMOTpHM Tenepb cJlyqaA. KorAa 06JIBCTH G, H G;? (pacH )
 
A8eT S =: SIS", ,8 T8Koe lite noc-rpoenae (19) BO BTOpoR - S '0: S; ':)'1' npOCTpaHOTB8HHO-nOA06Hl>1. CqKT8Il. \lT0 g (~) MOlleT 6b1Tb 311nKCaH8 B BK


H npa B03Bp8Te K nepaoa CHCTeMe cor-necao npeo6p830BaHHIl (I7) nOJlyq8 A8 1(0HCTpYK~H S '" r(~\,Sl)' YAOU8TIIOPIDJI1I8R YCJlOBIUIM npeeacTBeHHOCTH
 

elo4 ':) = (.:)')C)L. An1l BOCCTaHOBJleHH1I peJIIITHBKCTCKOA KOB8pHaHTHOCTH reneps CO CTaH,AIlpTHOA TeopHeA. JlHHeAHOCTH H CHMMBTpHtlHOCTH no K8lIAoA KS
 

IlOTpe60B8Tb p8BeHCTB8 <;'); c; ~~ (9)i) (nOAP06Hee cu, [24]). 0 0AH03H811HOCTbIl KMBeMHoo6xo.o.HMO 

2 
:) .'1 ~~.~) l ') 8CJIH (X,-ll:2)<O, XIGG

I 
,X}C(;;,. (20) r_l(r c C"') 80J01 (X\- )(,,)< 

, 
0, '1(1" G. , X,t:, (~:l' (23)~) ~'>I S] ,) ;} ,) I ;) 7 I .),). , 

1'81l6HCTIW (20) C Y'le'rOM YCJlOBHJI COOTBOTCTBIUl (16) IIpKBO)J,H'r K OI'paHH JJorKo "K,.qeTb, tlTO KOHOTpyKl\ItIl (23) y.o.0llneTBopJleT yOJlOIIKIIM OOOT


'IOIIHll (C) (JlOKIIJlbHlUl K0MtolYT8THBHOCTb) H8 Jl8rpllHJllK811 8:'1ftHMOAeRcTIlHIl, BeTOTIIKJI (6) H KOBllpKlllITHOOTH (17), 110 reueps OKa.'lhlIl88TCII Hel'lhillOJl


IIpoTKnope'IWI\8My yeJllJ'Hm (3) pemaeMoA 38A8tlH. HOHHhlM yonollHfl YHHTllpHOOTH (HI). nOO 1l0Jl bKy K3 (2:3) one.o,yClT
 

II11Tpy,IJ,l1O IIlf,/\tl'l'h, 'ITO Tpo6oB8HHe JlOK8J1bHOR KOMJ/W'I'U'rKftHOOTH (C) 110
( t I
 

ItOJlnll1'ell 1\ IlKJlY HllKOllSpKSH1'Horo nOCTpoeHIUl O'J) H 1I0lJlfl.o,yUl\oA JlHKI'lK ,,) '-) i1' ')t ')J.""J,() I' 'J ~\( >, ll' r'
 
)~IlI~KK :,'I'oR H6KODllPHllHTHOllTK Orp8HHtl6HHOM (20) 118 clloAc'rllll MllTpHI\W ")('A\
 
:lKhKhIlJlflll'l'tII.M IIpH yonlll1HK 1l00'rIl6TO'fBHJl (6) OJ'p811HtlellItll (C) HA JI.q>aJl O)l)IIIKO )V!JI n8<lKOIIG'1lI0 MIlJILIlI IIpOOTpaHl:'rneIlHO-1I0,l\o6HhlX 06J1IlOTl'llt (: \
 

(~ . \ ( .r ,~" '- , " , t , ' \ ) 'J 

,t

IIKBII MaHMO,l\ClA(I'I'BItIl. K (~.' II OKJlY yI1lIT....UIlITH ~'\ It ':)J K,,'OM 

1I0llhl1'IUlac,. IIpolloll'rK KOllapHatI'I'HOO Il00TPOOIIKO '.', (';,) 110 It:Ule(ITJI",M, 
,\ l> ,-, (" 

I .. \ Y,/\0I1J11}1'BOPIUl~HM yunollKJlIo4 I, II. Ill, Mll1'pltl~M -: ('1.) It ", (';1.) • ; '\ ., «1,): ,
" 

I, ... 't 
III ')1" .) ,-) 

On.'rHM, 11'1'0 II cIJopaqJlHPOhKO (1\1) IIpH4HHHlXl1'H HKUK He Y4ItT....UT

on KHTttpDllJI, 1l08,l\KIIIIIIll\Hlt nl1J180TM (;1 H (; ... GYll\e01'••1II10, IM'O ""  T .11. II rnOM II Jly'I.O IIWnOJlHII.,1'O /I K YOJlOIIHll yHH'I'llpIIOO 'rK. BLlIIOJlIlGJllle yu

Kon.pKllIITtlOO'l'" nOlIT(lOOtlKIl (1\1) I\OflllHKMe1' nNW" IIpK PIIOllMOT(llII1KM 11(100'1' nOIlKR 1, 11 H III )VIII 1l01l11Tpylll\llK (23) IIpH 1100110Itu,mo MllJILlJr otlnall'l'u 

lllllll\'J'f11l1ll1O-1I0)~llnIlI4X MII1'I;IPIIIUIOD. II TO •• IlptlMll 1'1I.0VMT" ° IIpKllKIlHOIT I :,' J'llti'.' 1I11)~O"'J,y II. ItOflMOJlJfOllTL IIPOI\")lflIlKII OIlIIlI,l\UJlflHHIWO Ol1ot1l11.,HIIII 

M IJ lIJ1y llll" 1""10.ntlol~ lIpO~l'rp.HOTI'l.IIHII-lIoAol1l"'XoI1JIRllTnM. 

II I' 



IlpOBeAeHHNe BIlIIIIe p8CCYlIAeHKtl MOryT 6WTb 0606111eHY H8 c.nyqaA orpex 
H 60Jlee HecBJl3HYX 06J18C'i'eR G i. npocTPaHCTB8-BpeueHH C OTJlHlUiYMIC OT 

Kj'JlII HHTeHCHBHOOTJlMH ~,(lL) • IJpH aTO" MaTpHq8 5 C~)= c,;(~l+'A&+"'+3'-) 
0Nt03H8tDW.. 06p83oM KOHCTpyHpyeTCJl H3 M8TPKL\ ~ (~.) H8 OOHOBe npHIIH

THBHOR npHtlHHHooTH (21) H COOTHODl8HHA THn8 (23). CJ1e.I\YeT 00060 nOA

trepKHyTb, qTO n0JIYll8eM1ie KOHCTpyKqKH 6Y.l\YT YAOBJleTBOpllTb YCJlOBHIl YHH
T8pHooTH B TOM, H TOJlbKO B TOM cnyq8e, eCJlH 06J18CTb G: ,CBJl38HH8.11 

npooTpaHCTBeHHO-nOA06HYM HHTepB8JIO" XOTJI 6w C ONtOR H3 06J18CTeA 6ec

KOHeQHO M8J18. 

KOHCTPYKqKH THn8 (23) nOaBOJlJD)T ceJloP~JlHpOB8Tb B AOnOJIHeHHe K 

1-1Y ellle ONtO yCJlOBKe, KOTOPoe MY B A8JIbHeAll1e.. 6YAeM H83bIB8Tb YCJlOBH

e .. 3BOJlll4HOHHOA CHMMeTpHH npocTpaHCTBeHHO-nOA06HYX TOqeK. 

Y, 3BOJllOUMOHH8.11 CHMMElTPHJli 

S(~l1" ... +~",) xr ~L!	 SCra.)· .. S(~n)J (24) 

PerM. 

eCJlK <J i (x.), i::: I, Y1 ,0TJlHtDW OT HyJlJl Jllllllb B 6ec KOHeQHO M8J1YX B38

HMHO npooTpllHcTBeHHo-nOA06HYX HeCBJl3HYX 06J1BCTJlX G.. • 
BYnOJlHeHKe YCJlOBKA cooTBeTCTBKtl, KOB8PHllHTHooTH H YHHT8pHooTH AJIR 

KOHCTPYKl.\IIK (24) OqeBH,lI,Ho. CJleA,YeT OTM9THTb, 'lTD YCJlOBHe (24) K8caeT

CJI J1H111b 6eCKOHElQHO MBJIbIX 06J1BOTeA npOOTpaHCTB8-BpeMElHK H no aToA nps
qHHe He ..o.eT 6liTb CeJloP~J1KPOBllHO B B\lAe YCJl08HJl TKn8 (22) H8 88pH8

4H0HHHe npOK3BOAH~O M8TPK~ ~)(~). 

3. 06!ll8Jl CTDYJl'ryp8 M8TpKW>! pacCOJIHHJI 

HOKueM Tellopb, '1'1'0 YCJ10UlUI COOTUC'J'CTBMIt (16), ptlJlltTHIlHCTCK014 

K,Oll8pKllHTHOCTH (I '7) , yHH'I'8pIlOCTH (W), npa .....TMBHOA npKl,\lUUlOOTH (22), 
:9DOJlIl4HOHHo14 CHMMeTpKH (24) 0AH03IUII,\HO (c TO'U1()(~TblO AO KDll::IKJlOIUUlbHblX 

l,IJIeHOB (1,4J) OllptlAflJ1AIIT HCKOM,YIJ MBTpl'll\Y '.-, (~)) • )J.JJR ATOI'O, HOIIOJlb

3YR pa3.ROJl8HKEl (Ib), lIepOlIKIUtlM KX B 'rElpMI4HllX CK_TpH"Hblll' 110 BppYMlItI-

TBM onepe-ropos ~)" (XI, .. , x .. ) (1I0APOOH88 CM. \.. r.~~4J): 

I. \l,(i\) i ,1'(,,) I	 (2f.l) 

II . ~ ... ( 1.)l1 ... ,l'-)(h)	 U,"""()(I" "JI .. ) u,' (2t',), 
'I I 

I 

III. /~ \lCd. ,,,,,) -: (XI, .k,) "'n v ('VII, I\, ,,) I 
)I:'-'ll ,'I(,tl \Ii 

.. -I 

III 

+ 
+ S,,(X1 , .•• ,X ...) + S",(Xlj .•. ,XW\)= 0,	 (27) 

II-I 

IY. L P( X L I •.-.XI< )r> ( x)S'" (x x". 
Xlr.+l,•••• X \0\ ~K+l~) Xl, .••,,, 'I.", 1<+.,... , "" 

\<.=0 

+ Sn.. l ('c1, Xl, ... , x"') = 0,	 (28) 

:? 0 0	 • 
eCJlH ('1\- x.) ~ 0 II ~ > X~ XOTJI 6w AJIJI onaoro H3 d= 1,11 

(29)Y.	 S" (Xl,. .•) Xl<\) '= :~ L {3 t (X t) , •• Sl(X....)\ '
 
I'e..""
 z	 

eCJlH ( x , - xJ) <. 0 AJIJI scex ~ )J € 1, n • 
COBOKYnHOCTb COOTHomeHIIA (25 )-(29) n03BOJlJmT BIip83HTb SnH qe

pea npe~He 'S K , Ie.. !,V) H B KOHElQHO.. HTore trepe3 oneparop S L , 

OllpeAeJleHHI>IA paBeHcTBo.. (25). TaK, AJI'" onpeAeJleHKtl S,,+.(lI)x., ... ) x..) 
zoo	 - (J 

nPH ('(\ - XdJ ~ 0 H ~",> x.J AJIJI onsor-o H3 j"" L n AooT8TOQHO BOCnOJlb

30BaTLCJI OOOTHODl8HKtlIlH (27) H (28), onpeA8J1J1ll1qHMH 3pMIITOBY H BHTH3P
~ (1 0 0 

MHTOBY qSCTH 2 ro + l OOOTBOTC~BeHHo. EOJlH ~. X.it~O , HO ~ < x ~ AJIJI 

0Nt0ro K3 j" {,n, IUIII (~-)(J) <0 AJI'" scex A'"l.h ,.HO CpeAH Xd CY-

IqOOTBYJlT ABO BpeIll8HH-nop,06Hh18 TOQJ(II, TaK qTO (X;-)(J)?-O' TO oneperop 
~)"'l ('ii'x,.,.X..) 0Ilpe,ll,8J1...0TCJI COOTH0ID8HKtlllH (27) 14 (28) nOCJlEl COOTBeTC TBY

III\HX n8pe0603HaQ8HIIA aprya.eHToB, B03..omthIX BBIfAY CI4JQIBTpHH ~ l'\ • 1'8
1 ... 

XH" 06prl30", JlHlDb B onyqae, KorAa (Xi - XJ) <OH (~ XJ) <0 AJI'" scex 
i. ,~ "e ~ , OOOTHOlUOHHJl (27) H (28) HO onpeA8J1J11lT S" + • Q8pe3 npe,l\Y

AYIIIH8 S l( • Ho B aTO" onyqae ~;"+I YJl8 onpoAOJleH pBBeHCTBoM (29), 
OOB..OTHooTb XOTOP0I'O a yono.1I8.. YHHTIlPHOOTI4 (27) AOk83WBa8TOR npoo

ToA nOAOT8H08xoA (00BIoI80THOOTL pAIl8HCTBa (29) C OOOTHOIIIeHH...MH (26) , 
(27) H (28) oqUlC,ll,lta). 

liOOJlOAOBaHII8 {24-27] p8KyppoHTHOA npOI\oAY~ Il00Tp08HHR ~1 W\ 0 110

"~LIl OOOTHOIII8HIIA (2b )-(2\1) 1I0XL"WIUlflT, IlTO J1I>Ooit oueparop c'" npen
OT.".... • BHA8 (4), l'A8 4lYttXl\HH '2 ()(", ,x..) IIWpIlllJWTOIt "POl' oTyneHI,\B

Thl8 4lYtt.4HII (10). aTO AaiT loa..omtOOTb pBlIOMaTpHllll'rb lIep8xoA or 

S -"aTpH4LI (1), (2) II ~I-"'TPHI" (1), (2fl )-(2'J) Ull nepexo,JI, OT HOI(OIlB

pMAHTHWX xpoHllnOI'....o.HII' T-lIp0llalleAeHI4A (2) Il penllTKBlIO'rollH KO"PII

BHTHN" 'i. -npOK:I"O)\OtllUl.. (4), OIlllttA"nllDqllM 4JaKTK'rt'lOJlII HOIlYI> onepB4JOJ 

XI10IWJlOI'II .....01l01·0 yll0Jlll,l\0tNH...... 

i. lIullJI lHJll4TlI1 XlIOIIO,/\0I'....olyJ·Y yn01llLll0'ilUM 

.IlJIII II00Tl)()OH"" III1HOf'O llltAf1 II'I)()HOJlOI'IC'rt'lUIlOl'o '( -IIIJOIIIlII.AItmln 0110
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p8TOpOB <:te....) , OTBetl8III\KX COBOKyIlHOCTH COOTHOaJeKHlt (25)-(29), noAC'1'8

BHW BlilPueKHe (4) B KUAoe H3 COOTHomeHHlt (25 )-(29). 
IlpH STOM H3 COOTKomeKHJI (25) no.nyqKM 

?:"(1'.) =1. (30 .) 

COOTKOIDeKHJI, no.nyq8llllqHeCli H3 (26). (27) H (29) C yqeToM K8JI&I'aeMWX Ha 

JIal'paHlKHaH ¢f Tpe60BaHHA (A) (CK8JlIlPKOCTb) H (B) (SPMH'!'OIlOCTb). MOIl

KO npe.qcTaSHTb S s~e CHMMeTpHtIHYX CYMM THJIa 

L 1 K (x 1 , "') x ...) ct'(l( 1) . .. of'(K ,,) 1= 0 , 
P4tr"'V\. 

06PBll\8IlII\MXCIi S H;YJIb npa K(J<L, ...• xh)=O. OTcIlAa C yqeToM (30 a) KM88M 

f(:(lXl, ..., Lx .. ) == 'C(Xt) ... ,X.,)., (30 1) 

OI-l
 
+ "'i'l ~ \(,H +
 

't(Xt, ...> x..) "" (-1) t(X, •...,X,,)+L..-. (-1) 'l(.xl, ... ,,,,,)'L(X~'II"',K ..), (30 a) 
1(:::1 

I ) ~ ( '[()(,.···.~ ..)-Vl! ~ 0 lJ= 0, (lJ)~{lJdli.tjjl.jf:l/n~. (30 r) 
l,~) 

Bup8M8HH8. nOJIyq~ecli H3 (2B),MO~0 38nHC8Tb B BMAe 

'HI • 

,2 L(') { K~(XII" -:» X"'+I) ~()(I).,_ ,;!ex.,q)\ = 0, 
t: l {''''M, 

1',lI,8 BHyTpeHIUUl oy_ OepeTOfl no BC8B03MO~h1M nepeCTAHOIIU" YI apry
Ml:lHTQB, HCIUllltlaJI TOtlKY x, • B 1l034+!l\H8HTHhie WJtKl\HH K i ,D,JIR npOH3

116A8HHA JlBrplUUlHaHOB C 8PIYIleHT8MM,06paaYIlIQHMM nOOJleAOIIBT8J1hHOOTh, B 

KOTOpOIt Hli i -M lleeTe C'rO"T apryMllHT,06J1l1,11,BIJID,IlA BhlAeJl8KHWM 01101101'

BO" '~,,",Xi' X,i' je f,n~l. T.e.,D,JIJt XI ..... )(,t.~')(i.II.. ,)(... IHM8Il1' liMA 

K,(x,. ,>;",,') , O'.t(tc"",i\."") 5;( I) 7()(\, .. )(>0.)'1', (x•.1,. ')("'~). 
&:CnK ,j' 06J1I1,11,/UI'r C/lOAllTIlO., (3). TO ece lIepeC'I'AHOIlKK ,/(~ I) .. ' /(~"'~' 

1100('\11\1'1 I'O"OP". IIKIIOIIIIO IIft:IBIIKeKMH. 1I0,,"'0"\Y ,ll,Jl1I IIWlOnlletlKII (JOOTtlOIIO

111111 (211) 1160610,l\K.,0 1I01'IIO('\OIlIl'I'''. '11'0('\101 llI)e K, 06P8I¥J1l1Ob II 'lYn .. , 1' ••• 

." 'I ti. ~ 

l'\I'j (x," ,JI.,,") n',l ) .1 I) '/ (XI,. ,X_)' ()(_" •. ,Xk .. ) , (.)0 A) 
-, 

,ll,.lIn JI.,OIllI ',~l I,"I\;r /J. IlpK "TO" !fon.. i "'1, "'0 oy......po.ett..... (:10 A) 

"lloll0,0,.'r II 'I P" ,~" II ) - () • MOJDlO II0 Kft:1aT .. (0... l2t"p, Irro II 011... 

'1IIY"lIn 

12 

0CJ '£:'(X1I'''' x&, .... x.~ ...»)(Y\) =0. (31) 

llOC1'poeKH8 IIBHOI'O B~a 4lYHKI.\HA ~C1Cl), .. ,X"') HCXO,ll,ft H3 COOTHomeKHA 

(30) npOH3BOAHTCJI CJIe,lJ3lll\\HM OOpasOM. 

,lI,1I11 4\YHKQKH -c:- B'l'OpOI'O nOPRAKa WOlKKO aanacar s TOlll,D,eCTBO 

7: (x,co) =. tz (x,~) (e)(~ G)(~),+ Gdll + 

,lJ,8JIee AlIIi nepaorc CJIaraeMOI'O CJIeAYeT HCnOJIb30BaTb COOTKomeKKe (30 A),
 
,D,JIII TpeTbel'O - (30 1'). trrO KSCaeTCJI BTOpOI'O CJIal'aeMOI'O, TO OHO B CKlIY
 

(31) HCtt8SaeT. OKOK'laTeJIbKO C yqeToM (30.a) BO BTOpOM nO~8 HMgeM 

- \,... 
t(:'" (x,~) ~ Q)<~ + 7i 0.~ (32) 

AHMOI'K1lHO B TpeTheM nOPRAJ«l: 

I( (x, ~.?) :: t"(x,~,?)( G)(~ t Glj" ~ QJ{~( 8J2t Q2(/ t G<F(G(~ ~ 0 i'.t t r;L)))= 

-:0 tQ)\~(-'t(~)t(i?~) it (x )d)'2(~))+ ~\(J8(1l ~cX,~) lCo» 8)\~8;jl)H (- 'lex). 

\<'l(i',~) te,:-(x,~)'t(~n ~ ~\~8~~(\, ~ ~ OJ{\l(l-'((i'IJ)).~Qx(l0~~+~o.i0~lC:\i' 
YtlKThl8llJ1, lITO cor-nacuo (32) l-'«(?~)/l(~J'i') , nOJlY"laew 

~ - ~,.....,,,...~ ~ , ~ ~ AJ 

';::-(X.~.2)·= 0x(1<.0~i' t 1(o)(~o,<p" O''lIG',pJ' GO~{)'J10~~. (33) 

IJpKMl:lHJtIl TY .8 CII.JqII npoL\6,l1,ypy. MOlIHO 1I0nYtf1lT" H tlO1'flflp'rOM 1I0pll,ll,Ke 

Ii (ll.'IJ.~,U) '~fJ)(~0~~()J" ,,\(6~:\t)dl()JU '0~l\o~i);,,' (-\'dO~jI()I<I) t 

I ' - ."" ," I" . .v. ,..,'/v " 

• '1 ~\a (0,~, t\/\jl)~u) 0,,, t I;; ()~~n.JJ\ ,0 .." ' O./):,/!,,, ()~,,) ·t 

c 

I, ,~(\'/"J/J, .. (0'/\1"('\" fl"/\,,, fl,,, (),d u )
 

I Jt\ 1!\,~(I\\J(I",~·J,t{):1,.r)x ..
 (34 ) 
O(lIl\KA YOTOA, 1I01JIlOnIlJllllIUt aallKeaT" '( -4\yIlKL\KK 0 1l'.:WKJr 1I0pl'l,ll,KBJr 

"'ftOpl411 no:,"\Yll\8J1Idl, 011110 /lH H ['26J• 
T/lK KAK WIIIlI\II .. (a2)-(34) OOOTBtJn61l1ol K:l pIMH'rI4I1K01'I~KK KIIJUIPKAt/T

HWX lkfHIlI\KA U 0), TO IIWllonHIIHKe OOO'fI\OlUOIlIUI <:~U (1) O'IOIlK,lI,H0. 

tylllll(HII (:ll). xapaKTllpK,"'YIIIl\BII YIIOPII)\o.,eIlKU )\IIYll OIl"I181'OJlOII. 008

"IIA/ltl,. Il PlllltlM01'POHHWMK IlAHUII «I\YIIKI\Kl'lMK (II) 14 (I,~) ()\"ftf'pft"Ma )\JIll 

11U~ )\81'11 1111 1'140.01). )I,.n" cWltlll\KK (:1;1) ,'\KIl"llII ..M1d Illlllllt'lIlKIt ,~Il\lU ItUfl: 

1:1 



o 
0	 X

'A 

I • - i' 
"" XPI .. c. 18 -, PRe. 19 '±'Rc. 

CymeCTBeHHO omOTRTI. WopMBJIbHYlO acm.weTpmo ,liItl8rp8MMH HB plilc.20,. 

06eCrreqJtlB8~ O,liHOBpeMeHHO rrpHqUHHOCTI. Itl YHHTapHOCTI. 5-MaTP~ B 

TPeTI.eM rrOJlR,IJ;RO TOOpIDl B03MYIlleHIDl. 3aMeTllM eme, 'ITO ,liHarpaMMH ,nJIJi xe
rseproro nopansa (CM. (34» 1'1 BWO CO,liOPJR8T o6JIaCTItl C OTpHIJ;aTeJIbHHMlf 

3HB'l:e1OOlMR c:--<pyH~. 
CooTHorueHIDI (30) n03BOJlRIOT CP8BHRTOJIbHO JIerRO rrpOBO,liRTI. 8HBJI1'I3 

peJIHTRBHCTCKH ROBBpHBHTHUX MOTO,liOB xpOHOJIOrH'l:OCROrO ynOJlR,IJ;oqeHHR. 

TaR, rrO,liCTaBJIWI B HRX <PYHKUHR KJRaBll (8) H (9), JIOrRO y6e,liIllTI.CSl, 

'{TO ,liJIH yn0JlR,IJ;o'{OHlUl KlRaBU n JIORaJIbHOM npO,liOJIO BIffiOJIHHOTCSl YCJlOBItlO 

yHItlTapHOCTM (30 B), HO HBpyw80TCSl Tpo60BBHIIle rrpllMRTHBHoA rrpK'OOiHocTItl 

(30 .n), H8rrpllMep, npa c =1 11 d' =3. HapyweHRo rrplNHHHocTItl npOROXQJlIllT 

II0 TOMY, '{TO oraouenae )( ~ ~ HO o6.1I.EmaeT CBoAoTBOM TP8H3I1lTHBHOOTItl, T. O. 

YCJlODIDl X ~ ~ III 'ci ~ ~ HO H8IUIa,n1lB81lT HRRaIaIX orpaHH'l:omrll H8 IIlIITOpBBJI 

Me:&.nY TO'{KLlMli x H ? , nonycxan, D '{/lCTHOCTH, X.(;' • 3TO OOCTOllTOJII. 

CTDO Illlopnue OWlO omo'IOIlO II PllOO'I'O (1'1] . 
llo,n;CTOIlOIJKOtl. WYll1u.(Ittj Koou (1:G), (1:3) H IfJyHKLI,lItj l'OJU4l£Ul,lill (1:G), 

(14 a) HJUl (12), (14 0) II COO'I'1I0WOllwt (3D B) H (3D ,n) JIOrKO yOe,JUITL

CSl, 'ITO ynopfUlolJOIlHO I{cOIl H yllOptl,liO'lOlIIDI l'OJIU,pmUJ;u IlUPYlllOllT 1WIt yc.1I0

uao YIlH'I'llpIIOGTH, 'I'llit 11 Y(',JIOIII10 lIPHMl1TMDllOR JlpWIl1:JlIIOC'I'l1 (liUlIPHMlJP, Jl,JU{ 

i ad III j :3). 
'l'mGIM oopaaoa, ()OO'1'1I0WlHnlJl (<1), (:311) JloR(~'I'JJH'I'OJlLIIO OIlP0,l.\OJUiIJ'I' no

lIutl cnoooo pOJIJI'rHIHlO'I'OIUl !tOIIUVI1UII'l'1I0I'O XPOIlOJlOl'l1'lOCltQl'O YlIOPllllo'WIIHfI, 

UP110MJ1OMUll (1\ O'I'JUl'l110 0'1' 1\{\IlX PUll!JolOTIJOllllUX ~JIlIIOO YIlOlll/,lloIWHHII) J(JUI 

lIoo'rpooJnlJl :J -MIlTpl1llU ItIIUII'I'onO-1I0JIOllllX MO'lOJIOR () JIOIUIJrhllO-lIfl1<l».!NY'r/l 

'l'vrlllllBvl DllllllMOJloRO'I'IIHOM (:1). 

!l.	 :ill!,;!!RPlI1 Tryl ),1 !!(O~.~~L'1!!' I f!IIIUI 

IlplJltll,I\llllllun II 1I111''l'OJlIlII1~ 11"1'10'1'0 l10C.lIo,llnIllJlIl1n 1I1l11ll:tllllllfl'l', 1('['0 I](H~T· 

pnrHll10 (~\Mll"PMI(1l .11)111 ,110Illl.nI,1I0 1I111lllMMY'l'llrnnJlllx lI:lIIl1MO,llOlllO'l'III1t1 IIpl1 

1111110.11110111111 (W/lOIlItIlX 'l'pnr1i1It1II1l111 'l'rHJI'I1l1 mlIlItMIVllllk'I'It,Yllll\IH IIll.lIntl (pn.lw· 

'1'l1I1I111'I'liltoll 1101111 pl11l1"I'II(1ll'l'l1, ,ylll1'I'IIIHIlIl11'\I \I "Pl1'Il1IlIlIIl I'I'\I) MOllWI' I1I1'J'I, '((III 

I ,I 

~rHyTO MeTO~OM BorOJIIDOOBa rrpn BBe~eHRR HOBO~ orrepa~ XpOHOJIOrnqeC

Roro ynOJlR,IJ;OqOHIDl. llpR 3TOM R JIarpaHmHaHy B3aMMO,lie~CTBRa rrpe~~HBJIHIOT

OR JIHlliI. Tpe60BaHRll CRaJlRpHOC~ n 3PMRTOBOC~, ~TO rr03BOJIHeT nCrrOJII.30

BaTI. rr~eHHYID MOTP~ paCCOSlHRH ~JIH WHpORorO RJIaCCa HeCTa~apTHHX 

RBOHTOBO-ITOJIeBllX MO~eJIO~ (rronpoonee CM. [I8, 19, 24]) C JIOROJII.HO-HeKOM

MYTa~BHHMH JIarpaHmHaHaMH B3aMMO,lie~CTBHH. 

llpe~JIO~eHHHe B HaCTORIllO~ paOOTe xpOHOJIOrKqeCKMC t"-rrpOH3Be~eHMH 

(RaR H XpOHOJIOrR'iecxne lr-rrpOR3Be~eHRH (2) CTa[~apTHO~ TeopHH) qaKTM

~eCKM He~OOrrpe,liOJIeHH rrpvr COErra~aIDIllMX aprYMeHTax, TaR RaK COOTHOrneHRH 

(30) orrpenemmr MX Jlll1III. C TO'IHOCTI.RJ no ltBa31'1JIORaJII.HHX 'lJIeHOE (nonpod
see OM. [I-4,24J). KpoMe roro, pe3YJII.TaTli I\OHRpeTHHx BWrnCJlelrn~ C 

paccaarpaaaeaoa S -MaTPlme:f.1 MOryT ORa3aTbCH pa3JIWIHillIrn npn pa3JI1'1'IHUX 

HHTerpaJIbHHX rrpe~CTaBJIeHHRX MHOrOTO~e'l:HHX CTYITeH'l:aTUX Z~HUH~,BXO

~RmnX B xpoHOJIOrnqecKMe rrpoM3Be~eHMn (OM., HarrpHMep, paOOTti [I6,I7,2~ 
o B03MOlltHllX zroorrpenexeaasx tWHKUIDI (e) na CBeTODOM Ronyce). 1103TOMY, 

XOTJI TTpe~JIillIteHHaJI name S-MaTpnr\O (I), (4) C '(--<IJyHromm.rn, onpenenen
IlHMH COT'JI8CnO (30), D CJIY'l:ae JIOltBJII,HO-KOMMYT8THEHllX MO~eJIct1 iIlorwrOJIL11O 

nopexonar (CM. [24]) D cTBn,napTHYJO S -MOTpnrry (I), (2), rrpn nponc;u;e

HHlI KOHKpflTHHX pllclJiiTOB pe3YJII,TIlTlI r:TllIVlRPTHOJ:l JIOKaJIbnO-KOMMYTBTIoIBno!J 

TOOpllll MOI'YT OUT], nOJIY'IOHlI JI1flllf. npH HIl~JIO~nIlIOM ~oonpC,liCJIOI!HH r:TYTTCI!

'JnTIlX 7:-f[JylflO\lf1l (fa cnorosux 1{QIlY(~[lX (3IlA'l8HlIC (flY!flO\HlI 't: HB CIJOTO

nOM lCOHYr,o ,nOJDKHO I~OIlJl[VVITJ, co ::Hlll'lOllHflM Il1I,Y'rpH ItoIlycn ) • 

I'll fGlM oopnaOM, I'JlIlDIlUM 1I0npoCOM, IW1'Opllll np0,/\CTOH'I' pflJlIHTl' IIfl nYTlf 

nplllcrn'IOCIWI'O npHMOllfllUlH nOI~'I'p()OIlIlOn mann S'-MIlTpm\U (I), ('1) , (:ll I) , 

HllJUIO'l'C.II paonpurao XpOIIOJlOPll'IOCIC\lX l-lIpOW1n0,1\OIlHt1, IllUllO'l[IIlllloO n r:n· 

chi .J(ooJrpO,1I0JlOllltH '£·-ffJYIIIOUiA IIIl (~nOT()mIX ICOIlYCIlX H pWlpncioT1lY I III II JIOI'll 

.J~llnJ'PIlMMIIOII '1'0XHl1lt11 ,nAt! IIU'II1C'JlomlJl MIl'l'[lWIIlIIX ',I.lIIlMlllI'l'O II. 
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30PH~ A.B!,KYPNmKHH B.B., 3HTpanbro 3.3. P4-88-587 
K noCTpoeHHm MaTp~ pacceHHHH AnH nOKanbHO
HeKoMMYTaTHBHNX B3aHMOAeAcTBHA penHTHBHcTCKHX 
noneA 

IToKa3aHo, tlTO KOBapHaHTHaH, yHHTapHaH H npHtlHHHaH MaT
pH~a pacceHHHH AnH penHTHBHCTCKHX KBaHTOBO-noneBWX MOAene~ 

C nOKanbHO-HeKOMMYTaTHBH~H narpaH~HaHaMH B3aHMOAeHCTBHH 
MO~eT 6MTb nOCTpoeHa MeTOAOM Boron~6oBa npH BBeAeHHH HOBO~ 

onepa~HH KOBapHaHTHoro XpOHOnOrHtleCKOrO ynopHgOtleHHH. 
YCTaHOBneH HBHMH BHA Tpe6yeMoro ynopHAOtleHHH, H3yqeHM ero 
OCHOBHMe CBOHCTBa, npoBeAeHO CpaBHeHHe co CTaHAapTHbW /He
KOBapHaHTHb~/ xpOHonOrHtleCKHM npOH3BeAeHHeM, a TaK~e 

C npeAnaraBmHMHCH paHee KOBapHaHTHMMH xpOHOnOrHtleCKHMH 
ynopHAOtleHHHMH IDKaBM, Ko6M H ronb~aHAa. 

Pa~OTa BMnonHeHa B na~opaTOPHH TeOpeTHtleCKO~ ~H3HKH 
Ollila. 

CooGaa- O61.ematelUlGro KHCTHTy.a uepHW:K Hecne.ao......A. .Ily6Ka1988 

ITepeBoA aBTOpos 

Zorin A.V. J Kuryshkin V.V., Entralgo E.E. P4-88-S87 
On the Construction of the Scattering Matrix 
for Locally-Noncommutative Interactions 
of Relativistic Fields 

It is shown that a covariant, unitary and causal scat
tering matrix for relativistic quantum-field models with 
locally-noncommutative interaction lagrangians can be 
constructed by the Bogolubov method when a new covariant 
chronological ordering operation is introduced. The expli~ 

cit form for the required ordering is obtained, its main 
properties are studied, the comparison with the standard 
(noncovariant) time-ordering, as well as with the covari
ant chronoloaical orderings proposed earlier by Yukawa, 
Kob. and Golfand is performed. 

The inv••ti ••tion has been performed at the Laboratory 
of T~.tic.l 'hydes J JINR. 
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