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ripenn.araercSI o6o6meHHbJH Meron BbiqucneHHB on.HoapeMeHHbiX H 
MHOI'OBp€M8HHb!X KOppeJIHlHIOHHbiX Cp8.0H(.{X 1 COCT8BJl8HHbJX H3 Of'p8HH48HHb!X 

OITep8TOpOB 1 B npe.D.CT8BJ18HHH l.JHC8Jl 38ITOJIH81HHI. noKa3blB88TCH 1 liTO rrpH 

H8KOTOpOM 06W8M YCJIOBfiH, Jl8f'KO ITpOBepSieMOM lWH KOHKpeTHb!X MOJJ,e.ribHbJX 

CHCT8M 1 CTip8B€Jl.'lH:B8 TeOpeMa, H3 KOTOpOi1: Cli8llY8T Bbi"-HtCJ18HH8 KOppellH-

UHOHHbiX Cpe,llHHX Cpa3y LlJHI ll8JlOf'O KJ18CC8 MOLl8JlbHblX CHCT8M. 

Pa6ora BbiiiOJIHeHa B Jla6oparop1111 reopeTu1.fecKoti ¢H3HKH O~HIH. 
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Generalized Theorems in Model System Theory I 

. . . I 
In th1s paper a general1zed method of calculat1on j 

of one-time and many-time correlation functions for a 
product of the bound operators in ~econd quantized repre 
sentatio~ is presented. 

An important theorem is proved from which follows l 
the possibility to calculate correlation averages for j 
a whole class of model systems. 

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

Communicahon of the Joint Institute for Nuclear Research. Oubna 1977 
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0 HeKOTOpHX o6o6meHBHX TeOpeMaX B TeopBB MOBenDHHX CHCTeM 

B DOC~e~ee BpeMH MOBenDHHe 38Ba~B, B ROTOpYX BsaHMOBelcT
BJie, RaR UpaBJI~O, oee'l' .ll8Jll>HOBeiCTBYJII[Id BQ, UOJJY"'BJIB ,WU:&Hel

mee pas:eane. Bo IIBoru c.JY'i811X ~ 'l'aRBX 88.1Ui~ c:eodo,JtHYII &Hep
r•m, O'l'Hece&Hym R e~e od~eMa, MOZHO TO~HO UOBC~HTaT~, B DpB 
8TOM ~axol U~C~eT dy~e'l' COBn~~ C odY~MB pesyR~'l'Q'l'aMB Mo
_.exy.upHol ~eopo cpe,1tBero no.m. 

B 8'l'ol CBH3B MOKHO J~OBHO pa36B~D '1'8RB8 ~~JI Ha Bl!8 RnaC
ca: 8TO R..acc~eCKBe 8~~· C Hecenapa6eRDHWK B38BMOBeiCTBBeM H 
MOBenDBWe ~~· C cenapa68RDHWK B3aBMOBeiCTBBeM. raMHnL'l'OHBaHY 
RO'l'OpYX YBo6Ho aanzcw:ea~~ • paccMaTp&BaT~ :e npeBc'l'aB~eHBa B'l'op•~ 
HOro RB8H'l'OB8HBR. 
~ ~ MOBe~' cHcTeM c ocodHM ~•noM &ecenapa6enDHOro 

B38BMO~eiC~BBR KaQa I, '1'0 eCTD ROr~ BsaBMO~eiCTBBe Me~~ 
1f8CUJlQIOI, nOMellleHBHIOl B 'l'O~Rax "{~ B ~ 1 y6BBae'l',npBMepHO, 
RaR - o d~p (-o/1;- f/) 

]UIII BOC'I'Q~O~O 60JILUX SHa~eHJII 
...... -; /'li-1,;· cL - pasuepaoc'l'~. 

Touoe BB~KC..8JIJie CBod0,1tBol &Repro Ha 01tfff ~aCTHey MOlle~ 
6&~ DOJJY'IeHO B npe,J;eJle TBIUl llaH-~ep-Ban.ca, ROrBa CHa'I8JIQ depyT 
~epMo,1lliJIQMFiecul npe,~;eJI, a sa'l'eM yc'l'peUJD)'l' napa~~e'l'p { _. 0 

3 



B o~oMepHOM K~acczqecxoM c~qae raxze ~aqB paccMarpBEa
~c:& KauoM, Y~eHCleHoM, XeMMepoM I. PacnpocrpaHeKHe CXOnHHX aa
~q Ha Clo~mee qHC~O HSMepeHHI E KEaHTOEOMexaH~eCROI TIOCTaHOEKe 
paccuarp~Banoc:& BaH-KaMneHoM 131, leClOBHnOM B ITeHpoaoM 14/, lB-
6oM 151. 

Mo~e~HHe CBCT8MH HSBHra CO CX~M THTIOM B3aBMO~eiCTBKR 
paccMaTpBBanBc:& 3HrepTOM B BeaeTTB 61. 

roBOPff 0 BTOpOM K~CCe MO~e~HHX ~q, OTM8THM, qro S~ec:& 
BaaHMO~eiCTBBe He o6aaaTe~:&HO BMeer ~bHO~eACTBY~ B~; cy
mecTBeHHO, qro noTeHnB~ BMeer cenapa6e~HHA B~. Mo~e~HHe ra
MH~:&TOHHaHH TaKHX ~q, RaK UpaB~O, saDBCHBamTCR B npe~CTaB~e

HBH BTOpHqHoro KBaHTOBaHBR. 3TO B nepEym oqep~b M~e~HHe ~
qB TeOpHB CBepxnpOBO~OCTH B CBepXTexyqeCTB -IO , ~ppOMarHe
TBS~, aHTH~ppOMarHeTBSMa, E3aBMO~eiCTBHR BemecTBa B BS~eHBa 
/23/ . 

3TOT ~CO BR~aeT TaK&e MO~~ C ESaBMO~eiCTBHeM TaR Ha-
3HB88MHX "ClJIBKBimBX COCe~el", B KOTOpOM cnapBBSHBe Me~ ~ 
qacTHnaMH He saBBCBT OT paCCTORHBR Me~ HHMH. MOAe~:&HHe 

~qu pemerqaroro rasa c no~o6HYM THnoM BsaBMo~elcTBHR BEO~
JIHC:& B BCC~e~OBaJIHCI> ~OM aBTOpOB /II,I2/. 

B c~ae HeKO~TB~x oneparopoB MO~e~LHYe ~qB cymecr
BeHHO yc~oZHHDTCR I I. 

flaqBHSR C TaR H83NB8eMoro npBBe~eHHOrO raMH~TOHHSHa TeOpBH 

cBeJlxnpoBo~ocru, H.H.IioroJimCloa, Jl.H.3yelapea, D.A.l{epKOBHHKOB 
/I4/ DOK8SaJIH B03MOZHOCTI> TOq&oro BHqHc~eHHR CBOClO~OI 8HeprBH 

Ha e~ey o6"LeMa. Hecxo~LKO nosae, Ha'IIIHSH c HSBecmoA reopBH 
EKm 151, ae~oruqeoe xcc~e~oBBHBe npoBo~oc:& ~pyrBMH aBropa
MB /!6/. 

B H8~Hee BpeMR ~ MO~e~HYX CHCTeM B Dpe~CTaB~8HHB BTO
pHqHoro KBaHTOBaHBa 6H~ paspaClOTaHa H ycnemHO npHMeHReTCR cne
nHaALHaH MaTeMarBqecKSR T8XHBKa, DOSBO~ HaiTH TOqHoe B Tep
MO~aMBqecKOi npe~e~e pemeHBe ~ ODpe~e~eHHHX K~CCOB M0~8~L
HHX s~q /I? • 

~eH MeTO~ COCTOBT B saMeHe BCXO~OrO MO~exLHOrO raMH~I>TD
HBSHa H, He no,lUlalllleroCR ToqHoMY pemeHBD, "annpoKCHMBpyllllBM" 
flo H noc~e~DmHM ~ORa3aTe~:&CTBOM BX TepMo~ecKol 8KBBBa
~8HTHOCTB, r.e. B ~OR83aTe~:&CTBe COB~eHKR B TepMo~qecKOM 
npe~e~e N, V ~ oo $ ~=cons£, TeJWO~~eCKBX DOT8Hlllii~OB B 
cpe.llJDIX, BwqBMeHHYX Ha ocaoBe H 11 Ho . 
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B xaqeCTBe npHMepOB MO~exLBHX ~q, ~ ROTOpHX Hame~ npB
MeHeHBe MeTO~ annpOKCHMBPYmmRX raMB~I>TOHB8HOB, MOERO npHBeCTH 

T~O~D MO~e~ EKill B ee o6o6meHII B TeOpBH CEepxn~OBO~OC
TB /IS,I9/, MO~e~:& ~ppOMarHeTBKOB C ~bHO~eiCTEBeM /GO/ MO~e~:& 
laKRe, OfiHCHBa~yD EsaBMO~eiCTBHR BemeCTBa C HsyqeHBeM /2~/, MD

~exb CEepxnpOBO~OCTH C yqeTOM 8~8RTpO,-fH;POqHoro cnapBBaHBR, 
140~~:& .ua IJ]eppoa~eRTpJD(OB TBna K P P 2 , RBasHCIIJIIHOBHe Mo~eJIH 
/22/ • ~p. 

B HaCTQRIDel paClOTe 6y~eM aaHHMaTLCR BOOpOCaMH BHqHC~eHBa 0~
HOBpeMeHHYX B MHOrOBpeMeHHYX KOppe~OHHHX ~ ~ HeKOTOpo
ro cne~~o He xoHRpeTBSBpOBaHHoro ~LTOHBaHa H . 

Cy"m8CTB8HHO JDIIIIL TO, qTO MO~eJil>Hiil raMB~I>TOHBB.H B Dpe~CTaB

~eHBH BTOpBqHoro KBaHTOBaHBa npe~CT8BBM B BB~e 

H=G+r (I) 

' r~e G - a,lUHTJIBHall CYlOla, 5 Gj = ~ 
On epa TOP" G.. ~eiCTB;J/J TMI>RO Ha DepeMeHHYe 7$: BOJIHOBOI 

WHRrtliB <P (. 'J. . 11.; . . . ) • (2) 
IlyC'l'L onepaTOp (I) ~ B r~ClepTOBOM ~CTpaHCTBe H, 

B8KTOpH KOTOporo, TO eCTL BOJIHOBHe <1Jy!muHH (/) ( ·. "!; • • .)/ MO
ryr 6HT:b SaHyMepOB8.Hil ~CRpeTHOI CBCTeMOI ~eRCOB 7§ , Kaa,u.Wt 
B8 ROTOpiX DpiiHDBeT 'l 3HaqeHBI, Z - !flBRCBpoBaHHOe quc~o, 
( j =I, 2, 3, • • • ) , N - lflucHpoBaHHOe 'IHC~o. 

B KaqecTBe npHMepa Taxoro npocTpa&cTBa BOJIHOBHX lflyHRn;lilll 

¢ ( · · n· · · '~ B CJIY"ae, ecu paCCMaTpBBaeTCR CDiiiHOBHI ra
M~TOHHaH / 24• 5/, 3a 11j MOmiO BH6paTL Z -yD ROUUOHeHry CDH-

H8 ltM SHaqeHJI.ff CDiiiHa 5 = -f , J1 z = 1 , --1 ; .llJUI CDHHa 

S== 1' nz =-1 '0 ,-1. B Myqae S=~ ,rz =}.. 1-1-llil T.~.(3). 
:Z. z2,2"2_,2 

B &TOM npocrpaacTBe 6y~eM paccMaTpBBaT:& pa~HHe onepaTopY. 
0co6oe BHJIM8JIJle 6y,neM y~eJIIIT:& ODepaTOpaM, KOTOpie ~eiCTBfmT H8 
"nepeMeHHYI KH,JleKC 'nJ ". 

IToJIHoe MaTpB'qHOe npe~CTaB~eKHe TaKBX oneparopoB nHmeTCR 
B B~e 

~-) n , = ((;J···k .. ; .. ?z.,. .. 
~· (?J;, f2;) n d(l/K - n: ). 

(K=Ij) 
(4) 
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TaRHM o6paaoM, 

(Gcp) . I =2__Gln;.n;J¢?(..~ ... ; ... n;.). 
"j 'J. .. n, ... , ... 11~: ... ('J2j) e! (K ""')) 

Ey~eM RaauBaTn c -MepHYD KBa~paTHYD MaTPHUY co6cTBeHHoA KOMno
HeRTOA ~ , liOJIHOe MaTplii'IHOe npe~CTB.BJieHHe 0 COCTOHT H3 Dp!Do!Q

ro npOH3Be~eHHR: C06CTBeHHOI KOMDOHeHTW ~ (~· 1 /1;} Iii e~H'IHOI 
.Ma'l'pHD:H, ~eAcT:eynneA Ha ocTa.m..HWe nepeMeHHWe. 3~ecn d' ~!Ul1i -
CHMBOJI KpoHHeKepa. 

Ilpe){DOJiarae:rcll, 'ITO B G H r (I) BXO,l{HT napa.Me:rp v ' 
KOTOpHl yCJIOBHO Ha30B8U OO~eMOU CHCTeMH, TaK, 'ITO B8JIH'IHHW 

-if. -~ 
Sp e & / Sp .e. B 

CymeCTBYDT B KOHe'IHW Dplil KOH8'1HOM 11 . Il08TOyY ~ Beer~ MOKeM 
onpe~eJIR:n cpe.D,Hee 3Ha'leHHe no raMHJinl'OHHaHaM fl H 6 ecTeCTBeH-
HWM o6paaOM. _ H - !i 

1r-- Sp2J. e 8 nr f;pPi. e 8 

< .<.L > = _ < v.. 2 = -$ <s> 
H Spe!J ~ 6 ~~G 

B ~nHeftmeM no~ onepaTopoM ~l 6y~eM DOHHMaTn UB9HSBe~eHHe 
HS KOHe'IHOrO 'IHCJia OrpaHH'I6HHWX DO HOpMe ODepaTOp01! .It • 

PaCCMOTpliiM ~HeHHe ,l{BHXeHHll 1! npe){CTB.BJieHHH reaseH6epra 

~ onepa'l'OpOB ~ C OrpaHH'IeHHWMB HOpMSMB. llplil &TOM npe~oJiara
eM, 'ITO KOr~ :ee~'IBHa ~KCHpOBaHa ~ OrpaHH'IeHa, OHa He SB.BH
CHT OT ~ H OCTaeTCR DOCTORHHOI 1! rrponecce npe~eJibHOrO rrepexo~ 
v- oo. 

HMeeM 

i d-1· (f):=. i-AJ) fl) (A) 
dl L ;; d ' C-J (6) 

i it+)== [/[(-r~ 1-!)c-) (B) 

DpH Ha"<!aJibHWX yCJIOBMX AJO) = /l..( 0) = ..7'fi 
A J :; Pt 

J!CHO, 'ITO .-:;· (t) = e illj; (o) l' {popMaJibRO y~OBJI6TBOpJI6T 
ypaBH6HHD 6-A, a J (7) 

- /Gt -irft 
If. (t-) = e A. foJ e - YPa.BHeHHD 6-B <a> 

J :; 
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3aMe'la.R:, 'ITO G no yc.noBHD 8lUOIITIIIBHa.R: cyY.Ma H "<!TO onepaTo
pw 1?1 {f) ~eiCTBYJlT TOJibKO Ha rrepeMeHHWe nJ , COOT1!6TCT!!YDilB6 
l!OXBOBOI ~KUHB, HMeeM: 

,.,.._ i(it -i frt tf·t - i6·t 
ft. (t) = e .ft. (D) e = e '.)A: (o) e_ .:; <9> 

J J ~ 

3~eCI> Y'ITeHO, '1'1'0 onepaTOJI>I 1- H q~ rrepeCTaHOBO'IHW, 6CJIIil OHH 
~e:ICTByJl'l' Ha pasHWe 'IHCJia flj II n,, ( j ~) ) • 

J '.J iHt -Lift. 
OOpaTJIM BHHlla.HHe Ha TO, 'ITO oneparop .fl.aJ:e Jt-(o)t He ,l{OnycKaeT 

J :; 
CXO,JlHOro npe~CTB.BJieHBII, KaK ;r; , ITOCKOJibKY ~eiCTByeT Ha pa3HW6 
'IBCna nj H,DO onpe~eneHHD (I),f/ CO~epZiiiT H68,IUOIITHBHYJl "<!aCT~. 

UeJII> axoA pa6oxw - noxasaTb, 'ITO cpe,JlHee OT npollaBe~e-
HHII oneparopo:e Tl!na (7), nocTpoeHHoe 1m ocso:ee H , acHUn
ToTIII'IecRB 6JIJISRO K cpe~el OT DpOH3Be~eHBR onepaTOpOB TilDa (9). 
~ &Toro 6y~eT paspa60TQH CII6nH8JJ1,HWI M6TO~ ll8ZOp~HOHHWX 

0~6HOK,B KOTOpOll C~eCTB6HHWll liBRli6TCll ITOCTp06HBe 0~8HKH ){Rll KOp-

penllnHOHHOA Cp6){H6A BJI~a < 1(_ .1<_ ), (IO) 

r~e 

7? = [ !21,, ... Plm j r]. 
HOpMW onepaTOPOB ~· (J= 1,2, ... m) orpaHH'IeHW B6Jllii'IHHOI .If . 

3a.6erM :enepe~. oTMeTHM, 'ITO ~ onemur (IO) nenecoo6pasHo 

oneHRB z 

< [PLrJ [J)l,rJ+> ~ ?v ·121.1---- o 
np• v~ oo 

BM6TI> 

(II) 

/[03, rr;2£JJ/ ~~lm!/&!~o (II -a) 

IIpB v- 00 

1 - OSHQ'IQ6T HOpMY COOTB6TCTByxmBX onepaTOp01!, a ~ 
JID00e KOH8llHOe ITpOH3B8~6HH6 onepaTOpOB 

211' .. J)jm.. . 
EcJIIil npa oneHRe KOppe.nm:ntOHHol cpe~el (IO) BY~HHe (II) 

MO:IHO C'IHTaTb yc.noBHeM, TO oneHRa (II-a) DO CY1Jl6CTBY 6CTI> c.ne.n
CTBHe oneHRH (II) B DpBBO~TCR Jlllml> ~ y~06CT1!Q Ma&OpaUHB DOJIY-

'laDiliiXCR 'IJI6HOB. 
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QpopuynHpyeM oeHOBHJD reopeuy. 
llpe~o~OBHM, 'ITO BHllonHR8TCH ye~OBHe (II). 
Tor~ MOZHO ~OKa3aT» enpaBe~~HBOCTL HepaBeHeTBa 

} ~ :{,(tJ ·- J~Jt,) 1;- <Jf(t,)- · · /[Jtn) '? / ~ 
n 

131
11 r r:::-' It t. '( .;;;:;-- h1 r /Y)-f! rL) + s vrr/ "{ ~=2 111- m-,: 117 v?v + 2 v ~V (I2) 

f s~n}{ v!Vl -f }( s It ( t + !; )I 71_ (ri,- + //_ ( 72 -1) r;;::-}} 
v 1 v 2 V L..v . 

B BTOM HepaBeHeTBe llpiBM qaeT» eTpeMHTCH K HYJlll npH V- 00 • 

3~eeL Beer~ MOZHO npRRRTL 

J( = t' (I3a) 

a B ~ae, eenH paSHOeTL Me~ 6~zalmHMH eo6eTBeHHHMH 'IRe~ 
eo6eTBeHHol MaTPHUH Gj 6MLme Hexoroporo nMODTem.Horo 'IHeM 

0 , H BTO enpaBe,JUIBBO ,IUlll Beex 'IBee~ j , }==./;, .. . Jn , MO
UM npBHHTL sa J{ ~PYI'Yll oneHRY. 

}{ = ( 2 j- .l.j._j_ 
3 e y. (I36) 

llpe~e '18M npBeTYnBTL K ~ORasare~eTBY BTOI TeopeMH, eRaKeM 
HeeRM»RO e~OB 0 ee SHa'leHBB. 3aMeTBM, 'ITO e ee llOMOmDD MO&eM 
llQnY'IHTL aeHMnTOTH'IeeRB TO'IHOe BHpazeHHe ~ ROppenRQHOHHOI ~HK
mm < J; (t,) · . · }[ (i,) ~G 

,/f - .;., 

9ro wpaaeHBe < .J;, (i,)· · · I{ (tJ';;; Mozer 6sn ueueHTap-
HO fiO~CqMTaH0 1 ~~a qero C~e~yer yMeTL ~OHanBSOBar» 
Ma'l'pBey S -oro nop~UtKa. 
. . B eauou ~e~e,:aos»MeM o6mal ~ai,Kor~a cpe~M M~eKCOB 

1,, ... 1.... :u:oryr dbiTh ae Bee pa3JIMqHble (cpe~H HHX Moryr- dbiTL H o~HHaKo
Bble).Pa3~e~H:u: ll03TOMY BCe H~eKCbl Ha rpynnbi 1 B KOTOpbiX p~ HH~eKCOB 
jy!'·· JePaBHaerca o~Ho:u:y qHc~y ie .KparHocu 3Toro qHcxa i.e 
Ha30Be:u: P , ( p • I, 2, 3, ••• ) • Kax yze orMeqa.nocL, one-

""' A( i6t -lGt parop Jl: · ( t) H:u:eer BH.D; /f · f) = e_ /l. e 
J .I J • 
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EcnH nepellrH K npe~eTaMeHHm, B KOTOpOM 0 ~rO~Ha, 
H 0603HaqHTL C06CTB8HHble qHC~a 3a ~· (~) , TOr~a HMeeM 

4 (t ~ ;IJ = e;f~M-l/0JA;. (Y;;;). 

Bbl~eJlllll "paSJIH'IHhle" HH~eKeH B npoHs:Be~HBH oneparopo:a;[ (t,( ~rtJ. 
MH MOlleM nepecraB~an Bee oneparopN fi; Mew- eo6ol TaRBM o6-
pasoM, 'IT06H erpynnHpOBaTL BX B eOBOxynHOCTB onepaTOpOB e B~eR
CaMB, pas~HHMH uew- eo6oA. TaxHM o6pasOM ITOJIY'IlfM 

RL. = n .~t rtQJ r. . 
{I( w j1 I' ?~ = 1,,) 

(~ eOBOJrYITHOeTL eOeTOHT 83 npOBSBe~eHBR onepaTOpOB C O~a
ROBHMB BH,YTpB COBOKYTIHOeTH ~eKcaMB). llpOK3Be~eHHe oneparopO:B 
ORaaHBaeTCH npOCTO npOHSBe~eHBeM epe~HBX, B ~qa eBO~TCR 
It BHqHCJI8HHD rrpOH3Be~eHHH Cpe~HHX 

<7ft,) ... ;: (t) '2 =: < ~j ... . ll > == <.i)J. ~ ... <Pi, >,. 
Jf Jn ., G It 1,., (; It lT <m lT 

TO eeT» 
<: n J{Jtf,) > = _ _ 

~ _ EX,J (~) (i~ =;it~) G / L ((IJ-4/v/}~" + [Ej~)-E{y[j~ 
2e~r,__, · --- e 

- (V) L-.,~•(J!,JI,) lf(Jf.,,Y) 
- -- "JJ,, v,.., 

~ -B .:::::::___ e s 
()I) 

(BepeM npe~eTaB~eHHe, B KOTOpOM MaTPHUH G; ~OHB.Jll>Hii). 
Bw~B~eHBe KOppe~OHHHX epe~X eBO~TCR 
roR~sanBJ'I MaTplilQti KoRel!Horo nop~~.~tKa 0 

It .ztaa-

Mozer BOSHBRHyTL Bonpoe: KOr.Da BHllOJIWimTCH ye~OBBII, KOTOpie 
MY Haao~ Ha raMBALTOHHaH? KaxoBH 6y~yr B03KOXHue npH~ozeHKa 
BTOI reop811W? 

06paTBM BHBMaHBe Ra TO, 'ITO BO MHOrBX pa<iorax /20,25,27-3I/ 
Bsy'lamTCH MO~e.m.JWe eBCTeMH BJI,lla 

H =T-r ~i l.:(~v, (I4) 
'~"'"e 

r.lle T a l- a,JUXBTIIl!HHe cyMII!i BJil'ltli J.. ...: o, 
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T= :ZT 
(jj J 

1 = _i_ 2_.L,; 
01 v (j} I 

(I5) 

npHqeK / J.; / !{ /'11 , T= T-~", /Tl-1 ;j,;/'1z., 
1 \ ;, v L-> I I) s; 11.J 

(jJ t 

r~e M, , M, , 113 - nocTOJDIHYe npB V ~ f>O (1 ~ « s-.sj 

(IS) 

~ee BBO,II;IIT TaR H&SH:eaeMSI annpOKCBMBpyJIIPII raMBJil>'l'OHBall 

flo/f -- T + v Zi rc..;:/ + c~2 J- v .2:: 1. c.: c· (I?) 
f.s'ots.e '"-< q 

B BO IIIIHOrJIX CJJY'faJIX MO.It9JIDHHX CBC'l'eM y~e'l'CSI .lt0K888'1'D, 'ITO 

< (.l- (.)(2.,.- [._) > 5 {v --o <rs> 
H 

np• v- D<.7, 

ilOK&KeY, 'ITO E 'l'aKOM ~'l!ae YCJIOBBe aamel 'l'eOpeMH (II), KO'l'Opoe 

MY a.HOHCBpoBMH, 6y,ne'l' l!HUOJIH9HO, '1'0 8C'l':D 

<[/;.rJIA.r)+:> ,;n ·/.:J./--0 
J' J H tv J 

B 

/ [ Bk, [ r: A)/ ~ C::v /(JJ" / /4/--~ 0 

np:a V-- =. 
ilOJIODM H= G+r 

G = V L ~ ((.2+-~c".z:) + T 
fS>ISf! 

r =-v Z.t ret+ v 2: :; .. r.z-cxx ~ c:J. 
1<0«(. 1.,: .. &( 

.KaR TOJIDKO Mil UOK&.all, "1'1'0 C.. , BXO~ee l! &nnpOKCBMBpy

DQBI raMBJI:DTOBIIaH Ujl • .n_r::M o6pasOM onpe.n8JieBHoe cor.mc&o 

asBec'l'Hol npoQe~ 1 • IS, y.nouenop~~e'l' ycJIOBD (I8), ro ecn 

(., 8CBMUTOTB"'9CKB npHOJIHS&IlTCII K onepa'l'OpaM J., , 161 Cel'f&C 

e MOKeM yTBeplQa'l':D 6JIB30CT:D KOppeJUIItBOHBol ~HkltDI :US: 'l'O'fHOrO 

10 

.... 

'· 

p 

I'8101Jil>!'OHJI8.Ha B annpoKCIDOI.PYDIIero. faMBJlJ>TOHHaH G OTJIB'I&e'!'c.a: 

0'1' annpOKCXMKpymmero ffjfr (I?) TOJILKO Ha ROHCTaH'!'Y, UOBTOY,Y: 

<' ' '> = <· " :> G HC1ff'. 

2. ilOR&KeM s~ec:&, '1'1'0 BS YCAOBBX (II) CJie~e~-yCJIOBHe (IS). 
PaccMo'!'pBM npBUep. llycT:& raMHJil>TOHllaH BMeeT BB.Il (I4), rlt8 

onepa'l'OPI T , 2 BBONI'l'CSI cooT,omeHBJ!MH (I5), npB"'eM BHDOJIHeHY 

YCJIOBBR (IS), TOr~ corJI&CHO /I? MOKHO yTBep~'l'h, 'ITO 

< (X-C){l/-t.,"J> ~ l - o H V 
~~M.~ ~v-~ 

1rrz+-c:)~ rz-cJJ/= /[1: J.J)-= 

=v1zLI!l/.XvJI~ v22L!2,;/~v·:3 ~ 
U) (J) 

HeTpy,nHO Bll.lt9T:L TaKKe 

< (l +:_ CJ(l-C.J::: s !v -f}J} 
Coc'l'&BBM KOMMJT&'l'Op 

[ r; It; J = V Z J.. (lJ../. -0-V(l-:_ c) -r 
" 1.c;ot.;;e 

+ vI .t (z -c)f1l+-~t~-1) = L 1 r_z; 0· -11yJf1+- t::J t 
1s:D/!(f (a'} / 

+ ~.t (J.,-GJf4;J.,,_7-J; !J)= L 1 f2+_c)f lJ/1J -r 
"' 

+ L!l (z-cJf.r)/~;J + v1 Zi.fllv/1)) 2:~+). 
~) ~ 

llpBHRMaR BO BHRM8HB8 He~BeBC'l'E& -t 

/<~{fJ>l~ <.p,;_.f+->< c?3 I{]> 

/< ~ #{;:;;/~ <~!Ji/> < !Jt~·#/> 
< (J:}L )( L-/JZ )> = L < JJ/ }/> ~ 

(~} "/ rl' I ,f,~ :J I ~ 

::; ~ (<~·&./><~ J~/>) 
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Hll66Jol 
<(2jj_)/Zii!J>~ 12 V<fJ! fJI.+>)\

2 

\ I 'J ,, J / \ f1 J 'J ' 

no.naraa: ~=l}'vf / 1\f/~w, 

3HatUfT, 
2 

< ( LU; ~ )( 2_ ~ ~)+ > ~ Jw/(I v<:u-u))cr9) 
n. !J// ' PP/ r 1 I J J • 

rro~oEHM ~ coxpameHHH aanHcH 
V - T ] y 1- A. - +) /', "') = ;_ v'o,J, ll; 

1 
~:) := L ) , J.,) 

z . = r! L_i , JJJ z + J 
01~/ L ./ _),J J}. 

Mcrro~LSYH HepaBeHcT:eo (!9), a Taxae oneHKH 

J_X,.,_) :::2] !l} /XJ/:::: 2 JA J / Z/ I sc(J
21J/ 

T ~--
..1.... . s .L -- eonu: 

/) 

Ha.lt,~~;e:u c-) r- -------
<'JS 72/> ~ (27-1~/JJV<(z,J:_()(.Z.-C):;; + 

+ 2Ir;J;!.il/<r.z-cJrz~--c:r;; + ~;~~~·~.
2 

TB.RHM o6pasoM, , 
2 

2 e 

+ ) ,--- 2]',4 .. f --1 'IZ/J J (Z_ji j) < rr, ll;]{(,~]? ~ (tiAV!v + v j ( L ~ "! 

3Ha~HT,MOKeM npHHHTI> E (I!) 

1'} = (lffl: + 2 A( -f /.;J /2]2 ~~ ~"~~~2 (20) 
tv v v ; . "' J. 

llaJiee HaXO.IIBM 

!Lr£k, {f)/1.]7/ s,~ L /J. {1., i/}[1Jk .l: J/+ 
1) ....J I / ( ol) :; ) I ) 

12 

"' 

"' 

,.. 

+ ~~I i [73,) I.;J £ ~·, J"J+ J / ~ ~ r/~li?Jt I-~ I !l /, 

r.ne B COOTHOIB6HHJII (II) (BTOpOe HepaBeHC'l'EO) 38 c:-V MOEHO npHHR:'l':L: 

<, = .f II/~ 1.9../. c2r> 

MTB.R ,Mil y6e.llHJIHCI> B cnpaBe.IJ;JIHBOC'l'B yc.11oBHH (II) H HaJIIJIM 

Bli~eHHH lUIII ~ V H c;V . 
3. llepexo~ K .IJ;OKasaTeX&CTBJ OCHOBHal TeopeMH, O'l'Me'l'BM, ~'1'0 

HaM noTpe6yerCH e•e HexoTopoe o6o6•eHHe HepaBeHCTB, no~eHHHx 
B 2. Ha:u ,~~;a.ue norpe6yeTCH oD;eHH'l'l> cpe.IJ;Hee or npoHs:ee.neHHH 
KOMM,Y'l'aTOpOB BB.IJ;a 

< 7( 12 -t-)>' 

r.ne _/)I (tJ ) ("') 
7{ = [ :u . .... -!!l ; r] 

It I~ ) 
~~ :::¥- ~ / ms JL 

:ece HOpMH onepaTopoB ~-
'· 

Orpa.HII~eHH, TO ecn 

I {JJ (!) 

'//{. ;~. ,, I tl r·; s JJ ·It-, .. 
llpe.ncraBHM Tenepl> 

1{ = [~(!) f] !( (2) - 1-t. (1>) + .jf lt) [ #i -_;.a;(~) . f!_ :") + 
It I I, 1, /1 11 'r_ 'J I,., 

n, {IJ fJJ r...,_,;lfl r'"; J - [fl;r'J -7 /);!?I . !J/"'l -+··· -+':J{· ... "f<-· . r- "'t· (;Vi· .. fl.t.· --;-;, I,.._, 1,..
1 

I_ t11 lz ,,.. 

r n1 (?! ] fJJ:I}()/J) .. fJJ (.,) _ {f!t (J.,! ] IJJf) /)( ("--!) 
+ . '(/.{I r !/{ J,Lf ~ . + + £(_ . r (!{. -.. • -+ 2J 

I- l! ,, /) ,,.. ,,.,, ,, l~.o.,_, ' 

r.ne 

/ 9J / ~ 2;v JJ/"+ 2(v .!J('+ · · · + (m-f)2;v /.;I/1J ~ 
!5 b?~, .:- I.;J/" ~ hr .. -1) ;:- (ffj"' 

2 L., v 2 '--, v (,.! • 
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YqMTUBaR HepaBeHcTBO (!9) 

+ c-- ;:- ) 2h? <1(12> :5- (1n·V~ + (m-f)'---->, /l 
H v v ' 

a TaRKe HepaBeHCTBa (20,2!),Haxo~ 

+ )z 2-t < 12-1( > s (1n- vln + rm-t)m~ /#I ::; 
II fv 2 V 
f'7 )2 2)J ::; (n fi" + n(h-t) .~ /..4/ 

· (v 2 Y C.......v " 
"'>"" 

<R_+R> 
H 

~ !11 f)+ J?(i?-1)1:1):::-) 2·/.h/2~ 
I (f/ 2 r L,V / 

/1}/$' /1) + -u[a + + 
'K = [ r: .rJ.,.(•J 1/) = - [/l .. f•J ,l ft} r] 

) Jn ./J .!Jt .J, / .J 

(22) 

(23) 

!4F:J 
4. 0CHOBHBaRCb Ha nonyqeHHHX HepaBeHCTBax, BBe,lleM eme pa,ll 

,llpyrHX TIO~eSHUX HepaBeHCTB. 

lJyCTb OTiepaTOp fJ3 JiBJllleTCH TipOHSBe,lleHHeM onepaTOpOB ~ , 
orpaHH'!eHHUX no HOIJMe 

(}3 = $; . .. 'JJ. 
Jl /"-

I / 2;/~ft. 
K.a.z,niDt OTiepaTOp ,lleiCTByeT Ha nepeMeHHYil 7?. E EHpaKeHBH cpyHIU~BH 

/ 

¢(. " ??_;· .. ). 

BBe,lleM EHpaKeHM xI 
- /Jif -/ Gt / ?f -th'-f :; 

lJ(O= e e tJ e . e 
- i)ll -/{t /U -iJ.It /llf -t'?r -i)lt /tf 

1J (f)= e . r? 1.1: e . f . e -e 1J. r? . e . . ~ -:;, /l 
(24) 

/Jii -/ N i it -//It 
~···e e f!..e e 

)"" ) 
TO eCTb 

J}(t) = '& (f). . if {t) 
)1 J"" 

x/ lilt -;G-t iHt-Nt 

e f -t-e 

14 

" 

"· 

1' 

.lUJM>epeHUHpyH (24), no~H.M 
· dff(tJ i/lt -iU (Ct -lilt 1Ht -iGt i&:t -iHt 

z dt == e e '?3 e (H-G-)e. - e (H-c.)e ~ e e 

i d~t) . d (if; (t). . . iJ. {t)} z'lft --tilt 
Cit = 1 ·' dt ,!!:?!--. = e tJ ft) e, 

-ifit i6t 
J (t)::: [e 13 .e , r] 

I 

r.lle 
H-fi =r 

B:ee,lleM onepaTOpi, ,llelcT:eyD!!He !'O.JI»RO Ha (Jl) 
~ . t 'f.t ;; I 1G· -z :/ 
~tf) =: e :t '/3_;· e J TOr ,.!\a 

-iGt t'?t -ifit z'frt _z'f?t iti-l 

-e ffJ e = e tJ: e . . . -e $_. e = 
-;It 7 .. 

,.-...- ("-' 

= ~- f-t) . . q;j. (-t) 
~. -;;, . 

PaccMoTpHM :eupaaeHHe 

L1 (t) ~ [if r-tJ • • • if. r-tJ r1 ;)I ",j.., ) J. 

HeCOMHeHHo, 'ITO Ra-.nml HS onepaTOpOB ~ .nelcTEyeT TO~bRO Ha 

nepeMeHHYil 12; H, RpoMe Toro, /fJ$f-t-J / s;, ,It=~ , cTa.no 
6HTb,MOBHO EOCTIO.JibSOBaTbCJi HepaBeHCTEaMH (22,23), TI08TOMY 

< Ll(tJ1ft-F> ~ (nyfv' + n(;-1) (E;)~ /..J/"' 
H 

-+ h /n~J. r;:::-)2 !"- (25) < !J(I.) .11(1-J) ~ (n(f; + ~vC:", /A . 
H 

llOCRO.nbRy 

Sp ( iH~ e-illte-1) = Sp{&f-~, 
H.MeeM - + 'lit "Ht < cLI/J(tJ. cllJ(t)> = < er L1 (tJ-fttJ e_, > ::::: 
~ dt H H 

:::: <J {t)·A~J~ ~ (nvfv + n(;-fj fCE: )ivt/2

)1. 

(26) 
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CocTaBRM pa3HOCTL 

1 < !fJ(t}·WiJ- <iJff(t'J w~ I:::: irt; t). 

3AeCL W - HeKOTOpia orprur~eHHUit onepaTOp. 

MMeeM ou;em<y e -t.' . ----

!f(t~ t'') ~ /j< c/1J(r) W > dr /~ jjv(iffi c!_i(!/) < ~tw>Jr 
dr f./ j' ,. dt d( H H 

tq t 

~ ;e -t'l r , W'· 111 . ~ ...... n/11_-:f}. IF" J ...Ll"' 
I I ' v '{v I 2 v c....., VI vr • 

CAe~oBaTeALHO, no~aeM: 
~ - - - I 

I< 13.. {t 1) • •• m. (t'J · W '>- ( £0; (·t'J · · · ?J. (t''J. W > , ~ ] 1-j,. I H _.1 ) ,.. J-1 

~ /t'- t''J. !Wl ( m vf; + m r;-1)fZ:) /.IJ/~ 
lf,nesr BBe~eHM on epa TOpOB if; CB O,IlHTCl! R TOMY, 'ITO OHl'l "aCRMll

TOTl'J'IeCRH MaHO l'J3M6HHDTCH E cpe~eM". 

B03LMSM pa3HOCTL 

<iJ:;~ (t,) ... fJ. (t,))- \?JJ·It,). · -lJ. -~.J)H-
f .1., H ' - -·~ 

= ( '4fttj.~(iz)• · · i;Jf.) ~ - < 1/;~ (fl}/j/4J. · · f(;.Jf .. J?; T 

< fJ {i.J fi 4lYif;_ ft]J. .. B;· ff-J:>- < jj. toJff. ft7)Bft) .. if. fl.))t 
f .Jl v:r " /-1 :J1 )I .lj ./~ Ji 

+ (11," -t- = ·-
==-L(<t3;ft"' ) ... [3. rt, ... ,) .1f rt, . .J. .. ii ~~~~;>-

ln=2 .d ., .;,.,.., ./lfr .J• J.l 

_ < Ill_ I.L I ... IJJ it' I 1]. l'.f l ... r>?, .0 } '> 1 f;J;1 (C;., 1). r ;.. ., (i;.._ fJ, 1·~ ~ ' 
./ .IJ<J-1 _,., , ,., f-/._ • 

Y'IIIITJiBSJI, 'ITO / 11.J (f J/ -5/ ;1 j, 3an111meM 

I< 111-ftJ ... 1J'j· !f.J > -< -z,. rt,J ... 11: !t") > / s: 
t ., H "' . ,/• H 

s /.!1/'n·Zitm-t~n_,l{lnv[ -f ln~~»-t)/!Cv). 
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• 
J 

t 

' 

3a.Me'!a.R:, 'ITO 
i fit,,.... -i )1!4 

11- (t1o 1 • • • 1J. !,L .. ) = e /)(. r-t,J ... !JJ. r-t,) e 
Jt J., '1t :;"' ' 

3alll'IW6M p8.3HOCTL _ / (;. t ·.-: 1 _ , r. _1 • / • .1 

I 
- _ :n • '~ 'tJ. 1 c;.· r4 1 '?• 4 / < 1JJI,J .. . 71'!· (l~J > - < e JS. e . . e · 1/,· e >. $ 
"' " J.f -:Jt _,4 HI 

.,_ 
17 \; -t /: .~ jn(W-j) v::::-j s /.Ill L -tm- ,,., ... J-(mv ?v + 2 Ji c....., v . 

?1'1=2. 

06osHa'IHM ,· €·~· -/~·t 
~~· = e .;~,. -e 

-/~.-t~ t'~i;, ;'~.1~--t;,}; -/6(0·-t.)_ J /1 -'_) e ·:f e == e v5· .e - ..y ()·-'" 
/]} ,~'15· -/6·~ i~-~- -i/1-t.. /!19 -i)/f: 
t?;·(~.J= e e j ~ e ~ c 1 t. ~ v)lj.J 

3Ha'IIIIT, 

1<A- (t,). · ·A (I,J> - < Atl;-t..) · · · ?J'7/o)) ~~ 
, ::t, J., II J }I 

?7 

~ IIJI~L /1-p.-i;.,_,J(/)nvf + ~~JH-/VE;). 
'Jn;t 

~o CHX nop MH no-Hacroa~exy He nonL30BanHCL rex, qro onepa-

ropa .f' , 13,' .neaCTBYDT Ha nepexeHHJie n '. Mli TIOnL30B8JUICb reJil'~ 
J _, J 

'ITO onepaTOpY 0 1 Gj rip¥. pa.3HiiX ( j) KOWJ'THPYDT ,Jtpyr C ,D:pyrOK H 

'ITO oneparopli iij KOKKYTRPYDT c oneparoprum Gt, npH cj ;.rc), TO ecn, 

DO CYJII6C'l'BY, CBoiCTBO, 'ITO onepaTOp ! ,IJ;eiCTEY6T TMLKO Ha ?l_;· , 
He 6Ji~O HCTIML30BaHO. 

Bee onepaTOJii .J/; ~elc'l'BYJJT 'l'O.nLRo Ha nepeMeHHiie j 
C ~rol CTOpOHii, HX HOpMY OrpaHH'IeHii. 

x/ Hanp~;p. -i6t- i~-f _/~-+ 
;r (fJ== e .;)· e = e v1: e ~ 
:; r ,;1;, cl<i).::: o rJ-=F kJ 
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Oc:raeTCH noxasa:rb ~ nD6sx orreparopoB ;?t.. 

/ < '4;, ... ~~ ~ -< ~~ ... ~. i /$. 1v /JJ J7 
rne . 

1 Pl;· /~ /)) (HopMa orpaHIPJeHa). 

To rna__, r-- ...... 

!<,A (t,-~, ). ··A;· /o)'\ < ..J.. (f,-t.,) · .. fi,~--:-- (/J) > I~ 
./' .. ;;;--- ./1 

. ~ dv /A/~ " c;. • 

TaR RaK 
,...__, 

< ./}. (1, -t,). 
jt 

,....., r'>-' ,...._ 

.J... (o} > = <: .#,~· (f, )- .. A.~· fl. J >- , :ro 
.~.. 6- 1 • c 

OKOHIJaT6JlbHO 

I < ~' (!,) . .. 4- (!,) -11 - <.:;;; (/,). . . ::;; (!_} 1 Is 
~ c( /)/'h r I./J!"':fllb?-f;.,.,/ fmr~v- -1 ~n/~-/)Y. C-) 

m-7 11 2 v/. 
-4 

B HaweM cnoco6e noKa~;e~bCTBa cymecrBeHHo 6y~e:r Hcrro~bso-
aa:rb TO,IJTO onepa:ropu ~- neAcTBymT TO~Ro aa nepeMeHHHe 

'Ji • 06paTHM BHHMaHHe Ha T({, \TO ~ llp6,llCTaBJIII6TCII B BH,ll6 
"' CBOc50,l(HOrO llpOH3B6,ll6HYlll COc5CTB6HHO~ KOWIOH6HTH Ha 6,I(HHHIJHJD 

MaipH~Y 

( GJ ... r;l( ... r .. n: ... = ~.J.f?J, !?.) 11 f/nlt - n: J. 
"' 1 rKrJJ 

HaM yno6HO 6yne:r npOB6CTH nHarOHanHSauHm, TO 6CTb pa60TaTb C HH

neKCB.MH Y , E ROTOJ>NX MaTpHrta G. !17, 11 'J ,IUfaroHMbHa 
,I 

G. (/f) JJ I)= E. (y) J/(JJ"-;J I (27) 
j I .J /. 

Ilp.M &TOM aaNeTHM, 'ITO ITOCRO~bey $ - 'IHC~O qlHRCHpOBaHO, HaiipHMep, 

S =2,3,4 ••• , TO nHarOHanH3auKff HHRaRHX Tpy~OCTeA He BW3WBaeT. 

HyMepauHm V npOHSB~bHHM o6pa30M YCTaHOBHM TaR: 

)) = 0, I, 2, 3 • • • 'Z • 

BH6epeM HYMepauHm TaR, 'IT06w BospacTaHHe Y corrpoBo~ocb Bos

pac:raH.eeM £. , TO eCTb, 6o~ee TO'IHO : 
:1 

E.(JI'} ~ E(~) ,1/ '-J/ .) , ecu v ~ · 

18 

BBe.IteM crreitH~HHe orreparops Q. (~r5 J , y KOTOPJiX co6c:r-

BeHRaH MaTpH'IHSR KOMITOHeHTa dy~e:r e~HiH~a, DOCTaBJI6HHal! B CTpO

Re 0 H CTOJI6~e (j • 
J 

0Q (MJ. = t(JJ..-;)a{v(-6) T( J'fv~-;(J. 
• l ·" J ./ /(.; ;f '''1/Jc .. ,YK··· :J 

YtJHTWBSH, 'ITO oneparop ~- neAcTByeT T~Ro ua nepeMeHHYm 

J'b , a .ItHarOHanH3auHH l!e,lleTCH ~ KaQOA nepeM6BBOI ( f ) OT-

Jt6~HO,BMeeu " 

(f2£.} .. ~ ... j .. )l; ... =::. --~· (~., ~~i[] £ ()JK_ ){), 
J 

a sHa'!HT,no~aeM TpHBHanbHOe pasnoaeBHe 

PJ 
~7 

= '>. !11.. (~ 6) Q. (f>6) 
G ::; :; 

(f,d} (f~(.=Of;2 ... 7..) 
PaaHOCTb MOKHO 38ITHCaTb / • 

(28) 

<~I ... ./Jt > - < f)).· ... ~ · ) = c2s') :;, :.;., H 'J, J., G 

= <:)"nl_IP6J nt / )'~Q(P,,(,) Q(f'.,'-J- <Qff,,t;J Qt/',,~JJ 
L_)IL.J,flt, , · · · fa;,r/11,6~ ('~ i . ·. . > ./ · ·. ; > 

I l, H I "h r;. • 
fft, ... ,,j,,._,4J n, 

IlOCROJlblcy' BC6 HOpMH onepaTopoB f/l.j OrpaHH'leHH, Me.nyeT YCTaHO

BHTb O~eaey "MaJIOCTB" BWpa&eHHR: 

(< Q (~,6.) {A,i.) Q {1;,1,) ~6.) j . . .. Q. /. - < . . .. ().. , \. 
.1, J, H .~, ;;.-.. ~ · 

3aMeTHM, 'ITO Q.(~t) 06JJa,ltaeT CJJ6.nyJIIIBM 8JII'e6paH'l6CRHM 

CBOACTBOM: ~ / 

Q(tUJ (}~(') r.t: / q ~I') . = ar6-P/ . (29) y j J ' 

TO 6CTb UpOB3B8,ll;eBHe H6CKOJn.KBX ~ C O,li;HHaROBWM ( ;/) paBHO 

Q. C JtPYrHMB, B03MO:IBO, HH.IteKcaMH BBep:xy, liD ayB. IlOBTOMY 

MO"M BCer,na C'lliiTaTD, 'ITO Bce(j1J.. •• .1~) paSJDJ'IHH. B Upo'l'HB

HOM CJJY'Iae MW paS6HJIIil 6W BX Ba rpyniUi O,llJIBaROBHX HBJteRCOE, a M6li

.11Y rpyrrnaMH CYDleCTBOBMO 6W U~Oe HepaBeBCTBO, BayTpH KaQol 

rpynmJ MW 06'1>WHHD 61i npOliSBe,lleBHe B O,I(HO Q , H B ll'l'Ore 

ITO~HD 6W C::iy· C paSJDJ11llWMH BB.lt6RcaMH (?,. 6) , npB'16M 'IHC~O 
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HX 6YJIO 6y 1rJ 511- , /}1- - npOBSBOJil>HO. {)QeBKa 6y,neT BCer,na B08-
pacTaTb c poeT OM 11HCJI8 11- • HTa.K, Ha11HBM c a or oro •oMeRTa, dy.neu 
rrpe.u;noJiaraTL, 11'!'0 Bee HRll8RCI:l j - paSJDii11RY. 

3aMeTHM eme, 11'1'0, B 11QC'l'ROC'l'H, HS (29) BYT8RQ8'1' 
/J(p,tt)/l(~.J'!_ Q(~,P) . /lfi/) (?,1)_ Q.(fid) 
"5· 'l.K_j - / <.-j• . q - j 

Q 
(~~) (fit) 

J .q =0/ (HAlt t::#f. 

Tenep:& BOSl>MeM . . 
/l (fUJ _ t"llf -t'~ f !P-ttJ 1 t;_,·t -/Ht 
<-7.- (tJ- e e Q e . e = 

/ / 

= e;IH n r~') -im -ilt;-rf>J-~a))t (!:#'}, -t'!{r}JJ-&f6'Jt . "'}' . e . e = Q rtJ.e 
:I 

H paCCMOTpHM npOH3Be,lleHH8 

Q~m-~t~ Q-(f...&..J (!',.&,; fl'm.t./ -itl/J,._J',..;t. ... .4Jt 
Jf / ... ';/._ (f; = (J. (f) ... (). {f) f 

~ :J,. ' 

r.ne 

E~ Eft,)+. · · - f{fhiJ-l{6',}- · .. _ E(C...). 

-t'Et p~meHBe (/',.., l~>o} .. , .. ., .. "" d r:l.,."(t;. . . q, r-& e = Z . 
;; dt 

Ha OCHOBaHHH HepaEeHCTB 

< zz-t? ~ (m·vfv -t- mr;-1/R: ) 2 

<Z+z~ ~(/lr)vfv + ~nr;_-,;(CJt 

MOKHO ,llORQ3aTl>, 11TO HMeeT •ec2?~e~eHCTBO! '< (lrrvJ QrP"'.i,.} >. e- -;e .... ;& .... ,,..} (!' .s:.; I · ~· .. · · B - <' l3Q(P~.:; r1 r..,, ... ,, C:::: =i :t, , H "' . . .. Ut'· /.. -

~: (tn(f + mtz-~J~) -'--. H (30) 
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HJDil 

.::; /2 +l..)L ,Jnv'h + !!J(rn-_tJ1 >- 1 
. 1 e E l lv 2 v ~ v / ~ 

E :>o , 
~~R qero y~oOHee Oy~er ~oKaaarb c~e~yD~YD neMKJ. 

-/!?t 
~. IlycTl> YpaBHeHHe llBHUHllli .IWI onepaTopa ./lti} t HMeeT 

BH,ll eX -/Et 
Cll- e .;J!f-) = z (t-J 

r.ne 

npB'IeM 

i#t _,fit 
A(fJ= e .-4 e 

<zz+>:::: t 
J../ ) 

E>o, 

<z+z> ~ t 
/-{ . 

UycTl> .naJiee /.5-npoHsBo~~>HYa onepaTop c orpaHH11eHHO~ HopMoa, 
Tor.na cnpa:eellJIHBH on:e~~ 

2 
ff 

/<A·1J>- e 9<7J.~>)5 7 J?J/ 
H H (3I) 

/<A· flJ 1t -- e-e~ ?J . .1} ~ / ~ {/ ,~-}) ~/{1/IF. (32) 

HcnoJll>SYR cneRTpaJil>HYe npe.ncTaB~eHHR ~ llBYXBPeMeHHYX cpe~RBX, 
sanHll!eM j+ 00 

"lw(t-7) 

r.ne 

< A(-1) IJ.Jfz) > = ~11 (w)t tit., 
H -"" 

r""' 4J • 

( F IW(t-T) < /)]/rJ. dfiJ> = ~/1(") t . e tk J.f J ,_, 

/Jit -/Jif 
.l}fiJ=~ .ft e , 

-<>"' 

i!lf -lilt 
11!-1)= e /l.1 e . 

3aMeTBM Ta.KU JA,,.4+ (w) '?;0, ) __ 

j j/t,tw)AJw}~8 (1.1)k / s; Vflh/"JlJjwJ 4 ·Y]i:;/Jjju)tk. 
(33) 
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3amlmeM -tEl + lE'C f(>O ;f&.;-E}ft-r) 
<Aft)t . .tJ(r)e > = j.l;A(ev)e o&,; 

-.a 
-fP"' 

-f /Ef -/ET ( .!::. ,(t.J-E)(,t-1') 
<vi (l)e .;f(l)f > = J ... (w)t~ e ~ . 

./ .!l/J 
-""' 

.IJ.Bqq,epeHin!pyJI 8TH COO'l'HomeHU no f H r H DOJml'8S!: .llaJiee f=l'=-0 , 
Ha~eK HepaBeHC'l'Ba 

-r.O 

f J;; ~'1.{ 41-E/k = <Z Z-f'> ~ l , 
-oo J- {t W 

.l.A,A"' 4!) e•f0-E)~ = < z+z> s E. 
-- -S 

PaccMO'l'pHM BHpa:&eHHe .2) = <..#·11> - e ~'11-.17> 
HMeeM +~ H f1 . 

I w-E 
2J = J;

4 
(w) /I- ! TJ ~ ~ 

-,o I 

!
+liD tv--E 

I:!J I~ IX fwJ/!1- e 'I~ 
~~ ~ 

- .>0 t.~-e t..-E !!::: tu 

B 
Ecmt C<J? E lf-e ej- e "-/ < ~":ff ~ ~ ~ T 

CJJY11ae, KOr,l(a ' t - - 0 <: fJ C. • 

w!![£ r 
!!J!.:;E - ~~ 

If- e ' I = I- e 9 ~ f ~w 
TO BCer,~~;a: / 

I 
~ /t..J e w 

t- e 81 ~ --:--/·(1-t- e /. 
C nOM~~ He~eHC~Ba (33) HaXo~ oneHKY: 

I~ I 5 f }'iJ11 fruJ!Jw-c! (t+e ~ck 5 

1 ( _,.. +~ ~ )J 
~if _ll,;..,;+ft.JJ(w-E/(1-t e ~~ :_f.J;,f'j~.~J 11-t e /Ju . 
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M~ax, DeeM 

-£. 2 Vl. /< A·11> - <7J·II > e "I :5 -8 /PJ 1 
H H 

B~opol Bapa.H~ onean 2J: 
I) ec.u (4);;?!. {; , TO ,_, -6 hi _ E 

I ~~ w-EeT 0 T< w-Ee' e.re t-e • s e ·~ - e · 
2) ec.u /£ !5 (..1 ~ E, TO tv_§.. 

I 
!!J::§ E -1.1 _J 

1-e g! s 7 ·e • 
3) ,JUUI w ;;t ~ E :r I E w 

/1-e ~-~ s ~~-E/ e-·.e 8 

,IWI ~ 
w ~~E ~ £ , It- e (J /< 1 ~ 

G'O G ~ 
/2 I...: }!4~!t.J}/Iw-e!e~tkfe-0+ jJ~11ft.,) tbv s 

.,.to ~ " _ G ~ _,_. 6V :l 

~jl~(t.J)/Iw-ejtT.-J-1i+ jlw-e//~(w)/~2E ~ 
_... -~ £. 

, l }i;M fr..c/ e '~,;, ~ /_A,!u) e 'I rk · ~., + -- _,. 
- _____, 

1 r·~ + .. 
f.2E jrtv-£/.l.tfv} ,u, .J~lil"'} 4 , 

_,.. - ;,o 

@ OIJ;eBKa BHTerpua. B o6JI8CTB W~ ff_ , fw-£/:E-14-f€ 
11 nonQMY: J 

3Ha-q•~ /w-Ell...~ I ·~ £1! J +.. J 
u _J_I;tu)Jel. :s }/w-E//.7/uti.J~ j;w-c//.J~Edu _.. ---
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5' 
CJie.I(OBaTeJibHO,' ( e-~ + _]_ )·W. /~ / 

[)/ ~ ( B 2E • 

ilOCKOJibicy' 

TO 

HTSR, 

-X xe <..!.. 
e, ) 

x>o 

c 

! 

7"P J . .!.. .1e ~e-e / 9 

llepeaneM R HepaBeHCTBY (30). 

c >o. 

I. B03LMeM He.ItHarOHSJII>HWit CJJY'!al:, KOr,Jta MHOlleCTEO 3Ha'!eHHI 
( f ) He paBHO MHOlleCTBy 3Ha'leHHA ( G ) , TO ecTb Bcer.na Ral:,lleTCfl 
}. )TJI 6bl O,llHO fi· , ROTOpoe H ~ paBHJieTCfl ({ • 

(ft, ... f,) =/:. (6,,6«, ... 6.,); lr"*G:· 
B TaROM c~qae noRaEeM cnpaae.I(JIHBOCII> HepaBeHCTEa 

I< Q_rPt.6,! .. Q.r!',~>_ Is .J( If 
~ h N v, 

r.ne 

B CJIY'Iae, ecJIH 

)WII 

MOllHO npHHJITD 

Jf=2 B . 

£ .(y') - E ( )J) ~ J > 0 , TO 
J ./ 

f=i,_, ... J, ' )J/>Y 

(
2 2_) I 

:f= y-+eJ1· 
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(34) 

~ano B TOM, 'ITO Bcer.na MOllHO C'IH~Tb 

.f~ >61<. 
.IWII Krutoro-To -f . 

VA; 

JlellCTBHTeJibHO, liOEeT CJIY'lHTbCH, •UO eCJIH jJ < 6 , TO 3TOT CJiyqall 
~ I( 

CBO.I(HTCH K npe~~eliY, BOO 

I< a «6,< .. Q.rfJJ.,ri,) l =: . '< Q.(;t~! .. Q_rP,,,.J>'* I== 
J, A, 1; , ;;, :;_, f/ 

== J<(j~;t._'. · 6:f,,(,'> I=/< Q_&~) · 
:1-t ;; 1 J.l J. -q~/. 

( onepauHR: COTiplllleHHJI MeHJier MeCTaMH 6 B _j> ) • .IJanee, TIOCROJil>Icy' 
l!Ce 1~ pa3JIH'IHH, Q. -ROMMyTaTHl!Hii, TO liOllHO nepecraBJIHTb HX 0e3 

\. ;/(' I 

OrpaHH'IeHHJI 06mHOCTH H DOCTaBHTb HH,n6KC 1K Bnepe.ItH B Ra'!eCTBe 
1 . Hrrut, MOEeM .no6HTI>Cfl, 'ITO ' 
of ?,>6,. 

Ha OCHOBaHHH anreOpbl (aareOpaH'leCKOrO CBOllCTBa) 
(29) san~meM ro~ecrl!a 

Q 6"t;~it) /)(6.,,) (f,,i,/ 
. . (:;{, = Q. 
~ ~ ~ ) 

/1 (~, "! Q ffl, ~ 
G{, • 0. 
:;, ;, 

(35) 

I!OJIOEBB 

11 = Q. r~~"! Q. (flJ ... ~ •. ar,o ... ,; 
Jf ;;r., ./+ ' 

HMeeM 

(}. r;:,~; Q. fl:,<! .. ~~ m,,.~ 
:;, 1J J, h, 

(JQ(P,~; f').f',,~)Q{P,,~J()fi;,,l,! .. )(,0",4~ 
z ~ · ~ &. -a 
1 I -? /1 ./'> 

/<Q (/',d,! Q(f'.,,ti.J I ""f/ :';] 
Ho,c ~yrol cropoHH, ·i ... · . >. ~ jt v {,fl 

... , :;. HI 
< Q.(P,,tf,~ . . Q. (.-1-~J ~ = 0 

:J, ::1,. '(; 

(cpe~aee 3Ha'!eHxe ecri> ro~ecraeHHHll HYJII>,r.e. cpe.I(Hee or He.I(Ha-

Hrrut, 

r6Haai>HYX 3XelleHTOB no .I(HarOHaJibHOlt llaTpHUe).TaKHK o0pa30li
1
00Ka-

3a.HO,'lTO /< Q~ft1~! .. ~f..li'> _ < Q.#i"! . . Q~'l.}j$ J(yf 
'J, L5: H :;, :;" .,. V 

" r.r (36) 
(~JIH He.I(BarOHaJibHHX 3HelleHTOB). 
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llepeA~eM R ~aroHanDHHM a~eMeHTBM 

fi:::: 6f J ft == ~2 ) • • • .f, = ~ .. 
3a.MeTBM 

Q.(f,f)!aro,f~ Qru·J ; Q_ro,;JQ_r~:~ _r~~; 
7 / J :; j q . 

llo~ollliM 

~ = Q.r~p . . . Q:0fi', 
7t /h 

ror,~~,a aB.MeTBM (o 

/<Q~P,,~). -Q~·o!Q.(~fi~ .. Q .;;.> _ 
;;, Jh 7, h 11 
-IE{f1, .. fi,)- E(ao .... o)J 

_ e 9 < qO,fi~ .. q!~/-! q/~- D! .. QJ::· o> / ~ 
~ ;f. ! 17· 0: + h ~~-f)~ 

r~e E(t,, ... f., }::: ((j,)t-· ... -f !if.,). 

lMOllliM ~JUI COKp8111eHHII, 
' E(0,0.-1?) (oo) (qoJ X=e (}<Q.' ... Q. > · 

.It - .1., fl 
Tor ,~~,a _ E (~ ... J:) 

I~ Q.(fifi~ .. Q~t.,;>. _ e ·X 1:5.7(/;-;.fi'+ nfh-d ~lc37) 
,~, _,, H -; I' fv z K-v); 

B SSMeTBM, 'ITO 

~ 0/) 
L (}. = J (e~HB'IJHM MB.TpBI.tB.) . 
(,P} l 

llpOBO,ltfl CYMMHpOBaHHe B HepaBeBCTBe (37) UO fi, ... . fi , BMeeM 

/ 

~ - Efi',, ... /'..}I ;--. ' ;>:} 
1- L-- e B X;~% s?'hvfv + n~-,; t/Cv <38> 

if,, ... ;,) 
( K~oe /.J npo6eraer S aHa'IJ eHHA, r. e. fi p_ npo6eraJl'l.' ., ./ , ... /, S aHa'leHHA). 
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KoM6JIHHpyJI HepapeHCTBa (37) H (38), UOJIY'!HM 

I<Q (.~J,AJ QrA.,;.J e-E(,.,j~Al / . ... >- < 
Jt )·. /-1 2: -~ -

(p. P)e. B -Ef,1, .• fi,) 
rv./, -~ ~.t>i-'('~ 11/, ·t;} h(JJ-tJ/j::'( e (J 

$<A('I1·vrv + 2 lft-,v) rJlS ;?i·?v -t- 2 ~~ e-e~e .. f'..J, 

raK KaK -/c{I>J-f .. ·+!l&J} (P,, ... t1J 

c g = < Q~,;;;_ . (2 fA,~). 
"'" - /f(fi)+·-+E{t.) :;1 ./ > 
~e @ ., r;.. 

(6,, ... ,.,) 
3HaqzT1~ ~arOH~bHHX a~eM8Hl'OB 

/<Q (f,"~) a{P.,,P.) </)0/',) /)r~,p .. J I < 
7r ... ./~ i_- ~ ... (~~ ? - (39) 

~:J((sn-r-1) /n·l/?v + nf;-f!K.J 
TaKHM o6pasoM, paa~e~(2b•) Ha ~~aroHanbHUe ~ He~~aroHanbHue 
sneueHrhi,M.MeeM 

I< fli .... PJ,. > - <&· , ... P/. :>-/::;; 
'J, • H .,, :;, G 

s Tl I l;!Pi;fPI/Jf!f ,.fl !:>;)~f;ll)j]( (Mi/IJfi+ W4 
{k=!,2~.n) (k:~ '2 ... /'1 f 

YqHThiBaH, qro ~ 

::i I~(!,~~~~ s/ 14/) Z ;~-!?~} ~ s 1 L / /)j.(;J t)/'~ = 
(/') (U) /, J 

~--~·-· (~~ 

== s-/?(;Lt;,~ s sj&;, · 
CfJ :~ Ytt 'l , 

Hlleell OROH'Ia'l'MbHO, /p.f a =Jl (i_j-fA) j ~-~~ ~ /.J/ 
I 

fl) (h) ;L.... :; ::r 
<A: ft,J. .. JJ {I,J > -< .1; a;· . ·1-. r-1" r~ I~ 

) }1 1_, H I tr 

~ j;Jj'!.})t~~~-tltH!(tnl£ + *JK,)r <40> 

-r!X/p; + fli.Ji1+s//77 rfv + nr;-tJfZ: J 
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