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B B E Jl E H Ul E 

B nOCJI6,l!HH6 · rO.lU>I CBHB& loi6Jl,JU' CTOX8CTHG:6CK14MH .AH<lJ<l>6ji6H~H8Jl&HI>MH 

yp8BH6HirlliloiH II 6BKJIH,l!OBOH KBBHTOBOH T60pl46i! nona npHBJI6K!,6T K ceCSe no
CTOaHH06 BHiriM8HH6/l-4/ • .B ti8CTHOCTH, lrl,l!6H CTOXBCTBqecKOl'O KBBHTOBB
HHa/5-Il/ np6,l!CT8BJlallTCH OCOdO HHT6p6CHbiJIH, TBK KBK HB l!X OCHOB6 MOJt

HO p88BHT& 8Jl&T6pH8TH11Hbli no,l!XO,l! K KB8HTOB8HHIO 6BK1!H,llO.BIIX nonei.i, HS
PH.l!Y C KBBOHHqecKHiol KB8HTOB8BH6lol H KB8HTOB8H.I46lol npH ilOioiO~H HHTerpanoB 

no nyTHM. Cp6,l!H p83Hb1X 4}0pMynHpOBOK CTOX8CTJ4qecKOrO KBBHTOBBHHH Bbi,0.6-
nallTCH T6 1 KOTOpble OCHOB8Hhl HB BB6,ll6H.14H B T60pHIO HOBbiX ll8p8M6TpOB, 

npel!CTBBIDJ~HX COCSOit ,l!On011HHT64&Hhl6 pa-aMepHOCTH HCXO,l!HOl'O npOCTp8HCT
B8/lZ-!G/. K nOC116,l!HHJI OTHOCHTCH TBKJK6 MeTOA CTOXBCTHqeeKOrO KBBHTO
BBHHH, npe,llJIOJt6HHbll llapHSH H By/1?/ (Ciol. T8Kllt6/18-!9/). 

llapHSH H .By nOCTpOHU CX6loly CTOXBCTIIIq6CKOrO KB8HT(U8HHH ,li,JlH K8-

11H6posoqHbiX T60pHA, KOTOPBH CB060,li,H8 OT BB6.ll6HHH B narp<lHlltHBH ,llOnOJI
HHT6Jl&HbiX qneaos, WHKCHPY~Hx KanH6poBKY. llpH nocTpoeaH:f KBBHTO.Boit 
T60PHH Hea6en6BI>IX noneii 116TOA CTOX8CTIIIG:6CKOro KBBHTOB8H fH -(MC!\) llapB-
314 lrl By ,ll86T B03110lltHOCT& H366ll8T& H60,li,H03H8qHOCTeit rpH6 1JBal20 ·~1 /. B 

T60PHirl BOSioly~eHirli MCK n~,llCTBB1!H6T 00601.\ CX6My KBBHTOBB.iHH, CB060.llHYIO 
OT .llYXOB ~8,llA66BB-fiOnOB8/22-25/. 

Enaro,Aapa 8THJI CBOACTBBiol M6TO,l! KBBHTOBBHIIH, npe,ll1l016HHbll llapH3lrl 
H By, nplriBJ16K K 0666 6on&moe BHHIIBHH6 npH HayqeHKII 6BKll4,llOBOH KBBHTO-
BOl T60pBB nom/ZG-34/. ·-

Ha cero,l!HamHHA ,AeB& B.ll6.14 MCK aawu c:soe npHMeaeaae TBKae npx xc
cneAOB8HHH K8nK6pOBOqHbiX TeopHl HB pem6TKBX/3S-43/, npH t{HCJl6HHOM MO
,l!61HpOB8HHH T60pHH nona HB SBM/44-46/ II B pemeHHH KOHKpeTHUX ~aaqe
CKHX npo6xeu147•48/. 

CyT~ U6TOA8 CTOXSCTHqeCKOrO KB8HTOBBHHH 38Knllq86TC~ BO B:S6A6HHH 
B T60pHV 6BKIHAOBI>IX nonel HOBOrO naororo napaueTpB t (G:BCTO H83biB86-
JIOrO ~HKTHBHbllol "Bp6M6H6118

) .14 nocTynlrlpOB8H.I4.14 H6KOTOpOrO CTOXBCTHG:6CKO
ro ,l!H<lJ<l>6p6H~H8n&HOrO ypSBH6HHa. 9TO yp8BH6HH6 On.I4Cb1B86T rlrlnOT6T.I4qe
CKHl npo~ecc BHHBpOBCKOrO THil8, npOT6K8KlUUIM B 4}HKTHBHOII Bp61o16HH t , 
KOppenH~HOHHbl6 ~yHK~HH KOTOporo B p8BHOB6CHOM COCTOaHHH 3KB.I4B8Jl6BTHbl 
~YHK~Halol fpHHSX) CT8H,l!8pTHOl 6BKA.I4AOBOI KBSHTOBOH TeOpHH llOnH. 

HaCTOa~Hl o6aop HBnaeTCa BB6A6HH6U B loi6TOA CTOX8C~Hti6CKOrO KB8H
TOBBHHa. 0H llOCBH~BH KBK OllHCBHHIO CBMOrO M6TOAB, TBK H ero np.14M6H6HHKl 

K KB8HTOB8HH~ 4}HaHG:6CKIIX none~. H G:BCTHOCTH, .B ~ l On.I4C8HU OCHOBHbl6 

X) EBKAHAOBbl ~YHKU.I4.14 fpHHS B AHTepaType H83UB810TCa ti8C~O ~YHK~HHMH 
WBHHl'6p8. 
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llOJIOlK6HHH I.!JiK 14 npMB6,ll6Hli ,llOK838T6lll>CTBa p8B6HCTB8 DPH t - oD KO~
peJIHUHOHHUX WYHKUHl H WYHKUH" rpHH8 6BKXHAOBO~ KTTI (cu.II?-!9•26- 2 /). 

§2 liOCB.Ilill9H OllRCa.HHXl CTOXaCTitl'i9CKOii ~paMMHOii T9XWIKitl(CM.fl7,26,49/). 

B § 3 H § 4 M9TO~ CTO~CTH'i9CKOro KBaHTOBaHitlH 060~9H Ha ~ 
K8JIHCipOJ.JO'lHllX (clt.fl?-l9 , 2l,Z3-2G,2B/) H ClliiHOpHUX (cM.f!?,2G,5l-54/) 

noneii. B § ~~ nocTpoeH npoHaBOAHliiHH !flYHKUHOHan .l(JIH CToxaCTHqecux ,l(Ha
l'paMM ( Clt_I:•O/ Til/SO/). 

§ :. TEOPllii TIOJIH H CTOXACTklqECKOE KBAHTOBAHHE 

!iyCT:& £ ( cp(,_)) - JI8rp8Hllt6B8 fiJIOTHOCT:&, OfiHCUB81llJI8H H6KOTOpyll 

c])H311l'l6CKy.IO C:HCT6My. r/. HBJIH6TCH 4/YHKUHeil H860p8 none.lt CJ>(x.) 14 HX 

nepBux npOH<•BO,llHhlx B 0 -uepHOM eBKlllrl.l(OBOM npocTpaHCTBe. S(~] ecn 

COOTB6TCTllYiiUUIH 4.JYHKUHOH811 .1(6.1tCTBHH. KaK H3B6CTHO, 4.JYHKUKH rpHH8 B 

KTTI npe.l(cTaJ.JIHilT co6o.lt :saxyyiiHhle OlltH.l(8HHH npoHaBe,l(eHH.It none.lt H onpe

A6llHilTCH CJIE.l(YilliiHM COOTHOW6HH6M: 

J -S(<P] 
pep e <p(~~.~)... <J>(xn) 

(<l'(r-,) ·· · <p(,.,.)'>c, ~ jDq>e -!)(cpJ (I. I) 

B CTOXc CTH'l6CKOM fi0,l(XO,l(6 .BBO}l;HTCH ,llOfi0llHHT61I:&H06 H31t6p6HH6 t 
( 4)HKTHBHoe :EpeMH) H npe,l(nonaraeTca, 'lTO none aa:sHCHT OT D + 1 nepe

ueHHhiX. a:so~DUHH no JJ;ononHHTen:&HOMY napaueTpy t on~~cw:saeTCfl Benax

cauHOHHhiM c!oxacTHqecxHu ypaBHeaHeu (ypa:sHeaxeu AaHze:seHa/S?,S 1: 

()<p(~~.,t~ = - b S(q>] ... ((x,t) (1.2) 

0 t . J <p(ll.,t) 
c HB'l&n:&HhiM ycJIOBHeM <\>(x ,0),. 0 . Ha cauou ,l(ene aTo aaqan:&aoe aaa

qeHHe IIOZ6T Clhl'l:& 38M6H6HO Cionee 06IIUUI q>(¥.,0) • ((x). , r,lle ((x.) -
npoHaBon:&H&H 4.JyHKUHH. Uouo noxaaaT:&/2S/, qTo B npe.l(ene t---9 00 pe-

WeHIIe ypaBH61Ulfl (1.2) q>t(~t,t) H6 88BIICIIT OT BW60p8 ((x) • Cny-

qa.ltH8H B6liH'liH8 2(x,t) HBJ1H6TCH rayCCOBhiM WYMOMX) CO CJ16.l(YilliiiiM 

pacnpeAeneHHgu: 

( g x..f.) 1 (X:,t:)) 't '" 2. o l>(x-~·) J (t -~) 

q ( ~4. ~.) •••• l {x.ll'\+ 1 ) t211+·,)') 'L,. 0 

~ n I \ (1.3) 
\ { (x,,t1) .•.• I (x 2n, t 2J) "" L '\ ~ <~~~.t.;) L(~.t);'l,· 

'1. · KoHO. n<Ap" 

X) .lriHOr,lJ;a H8:1YB861t06 11 6UhiM IIYIIOM". 
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Koppen~HOHHb16 ~YHKI.\.11.11 (q>t(Kt,t.4) ..•. ~-..,,t .. ))lf... MOEHO onpe-

~6JIIIT:& KBK cpe.zuuae no Clenouy liiYMY 'l.(J<.,t) : 

( -~~d~dt1_1(1(,t) 
{<f>'L(x •• t..) .... cpt (r.,.,t..f),_-= JD'l e ~~ •. t..) ... q~(K",lJ<r. 4 ) 

ECJ114 BB6CTI4 B paCCMOTpeH.Ke fP.YHKL\HOH811 fiJIOTHOCTH pacnp6,ll6Jl6H14H 

BepoHTHOCTH P(Q>,t] 
2 J Dl e Hd')l(dt 1 (x,t.) Q6 [<¥<~)-<p'l. (~ t>1 

p[q>,t]= •to ' ) (15) 
JDle-~Jd.<dt'l. (x,t · 

TO 0~0Bp6M6HHbl6 KOpp611Hl.\HOHHbl6 ~.}'HKL\14H MOryT ClUT:r. llp6AC!T8B116HU B BH

.zt8: 

{~'l{a.,t) ... <\\(x,.,t))'t.,. JD<p q>(x4) ••• <\)(lt~) P[~Jj . (1.6 ) 

BeJ114tl:f4HS Pt cp' t] , KOTopylll wo:~Ho paccwaTpH.saTJ> KaK tl!YHKI.\140-

Han nnGTHOCTII B8POHTHOCTH nepexo,~~;a .aa <\>(~t,O) B <l>(x t) , y.zto.sne-

TBOPH8T ypaBHeHHill ~OKKepa-nnaaKa: 

oP[<t>,t) ={d~ _L {.L ._ bS[q>]}p(<p,t.] 
"dt J ~<p(t_) $q>{ll) 6<\>{ll) (I.?) 

C H8~81l:&Hb1M YCJIOBH6M p(~Q] 
~6ACTBBT61l:&H0 1 TaK KBK ~JlH Hlll60ro ~YHKL\HOH8Jl8 BblfiO.lliH6TCH COOT-

HOU16JK8 J 
\f(q>'l.(x,t)])'L .. Dq> F[q>(,)] P[q>,t) 1 {I.s) 

TO HM68T M6CTO p8B6HCTBO: 

(F[tll,(a,f:+At.))'I.=JD<rF[<l><l()]PC~,o ;t•t..l.O). (1.9) 

B CHJIY CTOX:8CTHll8CKOll npHpO,llbl 6enoro UJYM8 ~YHKL\HOH8Jl pa,mpe,ll6116HI4H 

B8pOHTHOCTil nep8X:O,ll8 113 COCTOHHHH <\)( l(, ,0)-= 0 B MOJt6HT 11Bp6M6Hil11 

t ~0 B COCTOHHH6 <:p(ll.,t) B MOM6HT 11Bp6M6HII11 i Oll_)8,ll6liH6TCH C0-

0THOUJ6HH8M: 

p[<pO-ttAl o1"= tD<f> p[q>,(\)J·t•At,t] p[~,Ojt.,<•1. 
I J J J (I.IO) 

P8B6HCTBO (1.!0) Bb1P8li86T OCHOBH08 CBOACTBO ~YHKL\H)H8118 pacnpe

,ll8116HHH B6pOHTHOCT6~ M8pKOBCKOrO DPOL\6CC8/6?/ .II cnyxaT 4CX:O,llHbiM MO

MeHTOM AJlft BYBO,ll8 ypaBH6HHH ~OKKepa-lln8HK8 (!.?). llO,llCT9B11Hft (1.!0) 
B p8B8HCTBO (!.9), llOJl:fllHM ~pMyJly 

(f[<p'l. lY.,t+A.t)] )'I.=~\)<\) D~ P [ (\),$; t+-At, t] P[~, 0; t,o] F[ q>(x)] . (I. II) 
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nocne paanooteHHft !PYHKUHOBana F (<pc~t)] B 11 TOIIK6 11 <p(l() c <{) (K) 

F(<l>(ll.)l• F[cp(t.))+ Ji,t. Aq>(t.) £F(41) + 
S~(t.) I -

ql-a~ 

• i 1.!':c,.!•x,ll'l'(x,)ll.'l'(.,) O'F (~] •·. 
s~clt,)J<t><l(~) I (1.12) 

C YII6TOM TO:~o, liTO 

JD<p p l <l>, q> J t •At It 1 ,. ~ ' 

B3 (1.Il) ll'>nyquy COOTHOW6HHe: 

1 oq> F [ <p) ( p l cpl 0; t+At, o]- p (<l>,O it ,o)) ::: 

= )D<P P(tl>
1
0i t,()1 { J4Px ( A'P\ bF[<PJ + 

4.! Jd~,<i~2 (A q>(x.)A <\>{x,)_{£
2

f[q>J ...... ] 
z. ts~cx.)&~CI\1) 

ue 
8~ t (A<p): .a-- .A 

~ £Sq> 

(A<p(~~,,) Aq>(,_2))'1."' 2o"C>{"X,-A~)At + 0((6.t)~) 

<paq) 

(1.13) 

(1.14) 

(1.15) 

~YHKUHCH8l11>H06 iiHTerpHpO:B8HH6 00 118CTfiM B (1.14) C OOCl16A;vllUUIM 
npe~ent.H.blll ne pexoAOM At~ 0 ABeT HCKouoe ypa:aHeHHe ~OKKepa-nnaHKa 
(1.7). 

UeTOA CTOX8CTHII6CKOrO KB8HTO:B8HHft 1 npe~n0~6HH.bl" ll8pH3H it Hy, OC

HO:B8H HS cne~yv~eu c:ao"cr:ae KO~penRUHOHH.blx WYHKUH« (1.4): 

tit'tl \q~(,.,,\:) ... <\>.,(xn,t)) -s(q:>(~t,)...<?(x.,)) 1 
t-'>oO ~ ... ~ 0 

(1.16) 

HnH, liTO 3KlH:B8l16HTHO, 
- S(cpJ 

~ e -w.eim P(<P.t] .. P [<p] ~ (D<fe 
t;-? 00 

(1.17) 

STo oaHallae~, liTO npu 6onJ>wHx ":apelleHax" pacnpeAeneHHe :aepoRTHOCTd 
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AOCTHraeT paBHOBecHoro aHaqeaHa, onpeAexeaaoro WOPMYHO~ (I.I7), H 

KoppeiDI~OHHYe IPYHKUHH (<\\(r..,t) ... q>'l.(xn,t))'l, .a paBHO.aecaoM 
COCTOHHHH, T.e. npll t -> 00 , 5KBHB8ll8HTHY !J.>YHKUHHM rJIHHB 8BKHH}.IO-
BOI KB8BTOBOI T80pHH noaa, 

3aMetHM, qTo npe}.len no t B IPOPMY»e (I.I7) noHHMIISTCH .a caa6oM 
CMYCJI8, T8K K8K . p(q?1~) HBIDl8TCH ~YHKIJ;HOHSllOM. 

TaKHM o6paaow, B liCK KB8HTOBYe q>nyKTyBUHH aaMeHIWTOH rayccoBNM 
UlyMOM B KJI8CCHII8CKOI CHCT8M8, H BM8CTO KB8HTOB8HHH CHCTIIMY npH nOMOIJlH 
!J)yHK~DHBlll>HiliX cpe.llHIIX pemaetca KaaccHII8CKoe ypaBHeHHe ilSHlleBeHa c 

rayCCOBYM lliYIIIOM. 
]lOK8K8111 T8U8pl> OCHOBH08 pa:B8HCTBO (I.I6), ,llHH 5TOrll CiYA811 pac

CM8TpHB8Tl> HOK8lll>H08 C8MO}.Iei!CTBYIOIJI88 CKBXHpHoe nolle B ) -MepHOM eBK
llliAOBOM UpOCTp8HCTB8 (COOTHOili8HH8 (I.I6) }.lllH K8XH6pOBOIIflliX noae~ Ciy
}.IBT }.IOK838HO B § 3}. ]leltCTBH8 TBKOrO CKBXHpHoro nona Hll,leT .BH}.I 

~(If],. JJI>l( { lJ<t>) • J.r (<\>) J 
1 n 

£J<r)" ~ (at<\>Y· ~m~<\> j .£1:" ~ (q>) (LIB} 

~YHKUHH rpKHa B TeopaH .aoa11y~eHH~ npeACTBBXHJOTCH B BKAe pHJ.ta no 
KOHCT8HT8 CBH3H d • PaanOZHII UO CTeneHHM a tPYHKUHOHBll pacnpe,llene-
HHH :aepoHTHOCTH Pl<l>,t] : ... 

Pl<l>,t],. L ~K ~lt)l<(>,t) . 
11.20 

(1.19) 

TOr}.IB BKJIBA B n -ToqaqHyJO O}.IHO.speMeHHYIO KoppenHUEOHHYIO 4.>YHKUHIO 
B K -TOM UOPHAKB T80PHII B03MYIJI8HH~ MOJIHO npe,llCTBBHTl> B BH}.I8 

(~'I. (A,,~) ... <\>,_ {~t~,t) )~)" ~jp<f <p(x,)... <p(~<,.) l(K)[ q>1 tJ (I .20) 

H BlliiiHClliiTl> ero KSK CYMMY COOT1!8TCTBYIOIJII4X peryHHPH30jj8lHYX Al48rp8MM 
~elHMBHS. Jricnon:&ayH pa axolleaae (I. I 9) , y paBHeHHe ~OKKe Jla-n.naHKa (I. 7) 
IIIOJIBO 38UHC8Tl> B BH}.IB 

()t 
= (dDc.L J _£_ ? 

6 5~[<t>]} R [<p t1 + J JC\)(Ic,) l J<l>(7.) o~(ll.) (K) I 

-t-Jcl D L 1 cS SI: l ~ 1 D ( ~ t 1 ~ 
'/. ~q>('J.) l SC\>(K) ~K-1) I ) 

(L2I) 

Haqa.n:&HYe ycnoBHH npH aTOll HlleJOT BHA 

~)lC\',0): Q b ( <p(~)] 

~pP, 01 = 0 j " ~ 1 . (I.22) 
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AoKaaa1eHoCTBO paBeHCTBa (1.16) npo.Bep;ew no HHAYK~H. HenocpeA
CTBeHHhiM Bhl~ HCH6HH6lol IIOlKHO yCl6AHTDCll B TOM, liTO cpyHKUHOHBH Pco)(c:p,t 1 
AHH T80pHH fOHll C A8HCTBH8M (1.18) Hloi88T BHA 

-t { J I> ~~""1. } ~ [CV,t.) =No eLf -i a f( <\'(ft.) z • <{><-~> (!.23) 
to) 1- elft·lt(lti'WI)} 

H liTO npa I:-> oo paBeH 'Po •1- : 

w. et~ Pco)(q:,t1'" ~o~'\-,. N~ ~ t- ~jJ~>f(~(f<)(r/.~)q>(-fc)J. (1.24) 
t;--'>«> 

,/lJlll liJYHKUHOfl8llO.B l(e)(q:>, tj 1 e >..f BhlllOllH8HH8 (1.16) OCHOBBHO HB 

c ll6AYIOUleiii ne M.Ye: 

w. t;M ~ Pce.,l'i>,t] "'D; (1.25) 
t--> oo ot. 

ee AOK838T8~bCTBO Cll., H8llp~~2B/.3TO COOTHOW6HR6 KM66T upOCTOH @H3H-
118CKHiii ClolhiCJJ: llplrl: t -> ..0 p8Cllp8A8ll8HH8 B8pOHTHOCTH ( 60H66 TOIIHO -

K03WcpHUH8HTb p83HOJK8HHll ~yHK4HOH8Jl8 pacnpeA8Jl8HHll BepOHTHOCTH B PHA 
no T80pHH B0311YUl8HHA) CTBHOBHTCH CT8UKOH8pHhiM. 

EcnH ABllee npep;nollOliHTD, liTO cpyHKUI40H8llli 'ft,J q>, t 1; 1 d.~ ~-1 
p8BHO.Y8pHO orpaHHII8Hhl K YAOBJ18TBOpHIOT np8A8llLHOMY COOTHOID8HJ410 

w. fim ~!..1 [q:>,tJ.· ~e.~CCPl, (1.26) 
t-?OO 

TO \I)YHKUHOH8ll rK) [ ~1 t] AOCTHraeT Up8A8JJDHOrO pacnpep;8JI8HKll 

Po<.)l q>' (I()] t KOTOpOe YAOBll8TBOpH8T yp8BH8HIUl 

j _s_·{-~. <SS..[~JlR [~oo]dt>J< • 
SIP(~) ~:<t><~> Sq>(!l) J (vJ I 

(1.27) 
= ~-S- ~ 8 Sr l C\l) 'P. [ 1\l oo] \ dl>.( • 

D<i>(~) l 8<\>(k) {k·'l) I J 
. ~ 1 

Oao aKBUBane liTHO ypaBH8IUtto Wuarepa -.llaicoaa, ecllK PK l ~ ..o) = P 1t l cp 
K PcK·tpt>,oo] : ~IC~[q>] • .bJl8rOA8Pll HHAYKTHBHOMY llP8AUOllOJK8HHlO 
(1.26) BTOpoe H3 3TKX p8B8HCTB BhlfiOHHH8TCH, K UOCKOHLKY yp8BH8HH8 

lliBHHrepa-.llaAJOHB K.Y88T 8AHHCTB8HH08 p8W8HH8 Allft peryllllpK30B8HHhiX, HO 
H8 nep8HOPIUlpOB8HHhiX T80pH.tl, TO J?.c.)((\>,1110) IIA8HTHIIHO t(")'('f'] , 
liTO H TpeCl0~3HOCb AOK838Tb. B CHyll88 nepeHOpMHpOBBHHhiX T80prtA 8AHHCT
B8HHOCTb pem3HHH ypaBH8HHH (1.27) HM88T loi8CTO C TOIIHOCTLIO AO p8HOpM

rpynnOBhiX np3oClp830B8HHA. 

38118THII, liTO B AOK838T8llbCTB8 H8HBHO llp8AllOll8rBJIOCo cy~BCTBOB8-

HH8 p8BHOB8C ihiX pacnpeA8ll8HHil Pc.c.f' (q>] ,ll;llft BCBX K • }.\Jill KBJIHClpo

BOIIHhiX TBOpH~ ll0Cll8AH88 H8B8pHO (cw. § 3). 
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Ana nonHOTN OllHC8HHH OCHOBHNX \!6pT M6TO,ll8 CTOX8CTH\!6CKOrO KB8H

TOJJ8HHH npHB6,li6M 61Jl6 HenepTyp6BTHBH06 AOK838T61ll>CTBO Toro, \ITO 4:JYHK

UHOH811 p8Cllp6,!16JI6HHH p[.q>,t.) ,llOCTHrBeT npH t-'> DO CT8UHOH8pHO-

rO npe.z~ena (1.17) • .Una aroro aamunew f('P,t.) JJ cne,!IJiliJlew BH.z~e: 

- 1 $[~) 
P(~, q .. e 1. • '1' [q>, t) . (1.28) 

Tor,lla ypaBH6HHe 

- d 1£ t<P,t] 
d'l 

~OKK6p8-ITJI8HK8 npHHHil86T 4:Jopwy 

'"H"·'"·~[.<~\t1 
' 

(1.29) 

r.z~e H'"·r· H83NB86TC~ rBMI4JlbTOHH8HOM ~OKK6pa-llnBHK8 14 npe,!~CT8BJIH6T-

CH ilJOPilYJIOI.t 

F.t. f 1> "t" ( ) ( ) H "J'l~o~.t.o(l(., 

(. d t 8Sl~J) 
ol (x) .. - ~ \ SC\>(Jr.) • 2. $~~) (1.30) 

TaK KBK raMHJI:&TOHHBH H..... 4)opwan:&Ho aBnaeTca cawoconJIHlKeHHNM, TO 

pemeHHe yp8BH8HHH (1.29) MOEHO llp6,!1CT8BHT:b B BHA6 paa;nm;eHHH no non

HOlly HBCiopy COCiCTB6HHhiX 4JYHKUHI.t oneparopa t{~'"·'· 
~ -?.n"t-

~ (~\-1:.).,. L..J d.n e lj:l,J<{>] , (1.31) 
nao 

r.z~e COCiCTB6BHhl6 4}yHKUHH ':e ... [.<?) YAOBJISTBOPHIOT ypaBH61iHKl 

H F.f.~ ( <V] ... '}. ~ [q>} . (1.32) 
" n " FP 

Ids nonouren:&HOCTH oneparopa \-\ · · cJie.z~yeT, \ITO Bee coCicTJJeHHble 

3H8\!6HI4H '>-n ~0 • flCHO T8Kll6, \!TO \[lyHKUHOHBJI 

e-iSCq>] 
'to(<pj.,. N (1.33) 

HBJIH6TCII COCiCTB6HHOi 4:JYHKUH6i.t raM!4JI:&TOHH8H8 ~OKK6pa-llJI8JIK8, COOTB6TCT-

BYillll6i ayneBowy coCICTB6HHOMY sHa\!eHHJO '>-o ~o . EcJIH npe.ztnonoxHT:&, 

liTO COCICTB6HH08 3H8\!8HH6 '>-o OT.zteneHO KOHB\!HO.il lll61l:&Kl 'lT OCTBn:&-

HbiX COCiCTB6HHhiX 3H8\!6HI4it '). ~ onepaTopa ~-tF· P., T. 6. '\ :>0 npH '~ 1 , 
TO 11s ~pwyn (1.28) H (1.31) npH t-:> 00 cne.z~yeT: 

- ~ $(1P] - S(~) 
1/J. eAIM p[q>,q.,. e \tJ.eA~ 11! [Cf t] -= e. (1.34) 
t ~- t -") oo ' SJ>q> e S('PJ 

\ITO 14 YCT8H8BJIHB86T CBHS:& M6E.llY CTOX8CTH\!8CKHMH Cp6,llHHM4 H 6BK1li4AOBOl 

KBSHTOBOI.t T60pi46H nona. 3BM6THM, \ITO cnp8B8,liJIHBOCT:& COOrHOW6HHH 

(1.34) CYiliBCTBeHao aaBHCHT OT noJiolKHTeJI:&HocTz onepaTopa 14 CYIJlBCTBOBa

aza "saepreTH\!6CKol.t" lli6JIH B ero cneKTpe. ,UononHHTen:&Hoe TpeCioBBHHe 
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38KnmqaeTCH B TOM, qTo6~ aaqan&H06 ycnOBB6 AXIl ~YHK~BOH8X8 
H6 6~n0 OpTOrOH8X&H~M K BOXHOBO~ ~YHK~BB OCHOBHOrO COCTOHHBH onep8TO
pa H s:.P .• 

fipe~e qew OKOHqBT& HBCTOH~BM naparpa~, 06p8TBM BHHM8HB6 H8 38-
M6q8HB6 llapKSH B By/17/ 0 TOM, ~0 yp8BH6HH6 !8HJI:6B6H8 H6 HBXH6TCH 
6AHHCTB6HH~Y penaKCB~HOHH~M yp8BH6HH6M, npBBO~~BM K p8BHOB6CHOMY CO
CTOHHHID (1.16). Ha H3HK6 yp8BH6HHH ~OKKepa-lln8HK8 ABH ~YHK~BOH8B8 
pacnpe,li6X6Hi1H p (<f, ~ 1 aTO OSHaqaeT, qTO rBMHX&TOHHBH ~OKKepa
ilXBHKB MOEer npH06p6T8T& H APYrHe WOP~, KPOMe (1.30). 

PaccworpHM,lta.KBMl! Hweaao woryT 6HT& wopw~ onapaTopa 1-\F.P .• By

ABM npa.JtnonsraT&, qTo WYHKUHOHan pacnpe.z~eneHHH y.z~oBneTBOpHeT ypBBHa-
HHII 

C>PC•~\~1 ~ H"'·"·pc.~,t] 
-~-

H ,liOCTHr88T npH t~oo p8BHOB6CHOrO COCTOHHHH 

IICI.e..V\1\ "f'(<l>,t] ~ N-' etrtSC~)J J 

t-")DO 

npHqey nplrf .1116iix t 

(1.35) 

(1.36) 

Jt)<:l> >(4>,t] ="'. ~1.37) 
llocne .~Bifxll8p8HIUtPOBBHHH ycnOBHH HOpiiHPOBKB no "Bp6M8HH" nonyqau 

C yqeTOII (1.35) CX8)1yll~ee p8B6HCTBO: 

SJ><y I-\F.f.p(q>,t1~0. (1.-38) 

ITP8ACT8BX8HII6 B BIIA8 

L·R ~ \"lf.f. 
~tp 

onepSTopa H F .P. , r.~te K onpa.JtanHeTCll HHEa, liBXli6TCll AOCTaToqHHM 
yCXOBH8K .Jtml BliDODH6HHH p8B8HCTB8 (1.38). 

llpOACTIIBBII ABn66 p (((), t 1 B BHA8 paanoxeHHH no C06CTB8HH!iK 
fllYHKIUillll ont1 pno pa H s= ·' • 

p[~. ~ 1 s ~c ... e ?t.., t If~ (q>J. (1.39) 
1\ so 

leu onan I:punonoun, qTO ~~, 0 (~'>A) B ~0 •0 , TO 

IICI- tt..,. P(<~\t],. 'fo [(p) . 
t~GD 

(1.40) 

B cuy Tpe6CB8HIIll (1.36), ':eo (q>] npBBBII88T BII.Jt 

't! ( Cf) ,. N _, et.p t- S ( q>) l I (1.41) 
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npi!lleM 'f. (~1 , oqeBH.ztHo, YAOBHeTBopaeT paBeHCTBy 

( 
& .,. ,; s ( ~] ) '±!, ( C\>] ~ 0 . 
S~(x) J~(y.) 

1 Hf".f. c 
TaK K8K ':1:1 (~ RBIDI6TCR COClCT:B6HHOH tlJYHKUi16M onepBT( pa 
HyHe:BhiM co6cT:seHHhiM aHalleHHeM, TO HF.P. .n.oH~eH co.n.ei~BTb B npa:soM 

qacTH onepaTop ( §.. 1" 8 SC~J) • noaTouy H~"·'· W>l MollteAt npe.n.cTB:BHTb 
:s :BH,l.{e Set> o<P 

Hf.P: (d~d~ _§__ K(x, .<{>)/_§_ ,. 8$(<\l]) . 
J J s<P<~~.) a· \8~d) 6<\)';e 

lloTpeoyeM .ztiDI npocTOThl, q•ro6bl on epa Top K ( ~. d i ~) 
(1.43) 

~8H ~YHKUHOH8HbHbiX npOH3BO,liHbiX. 
,llanee, ,ll,11R Toro 'ITOClhl npi!,ll,BTL onepaTopy 

~OpMy, C,l.{6H86M C116,ll,YD~ee npeoopa30B8Hil6: 

\\F.P. 
HJIHO apMi!TOBy 

,...HF.P. \ ~(.<:p) HF.P. 1 Sl<l>1 
"e. e (1.44) 

3TO ,ll,86T 

HF.P.-= jdol(l~ u.\K) K(x,'3i<\>)o<<a) (1.45) 

r.z~e 

{_ 6 t JSCC\l)) 
!X(x) • ~i. \6~(K) ~ 2 6~(1.) . (1.46) 

ECHil onepaTop K( m) ~Hf.P. t.,d j 'Y - apMi!TOB, TO il RB lR6TCR 3PMiiTO-
BhiM onepaTopow. 

Bhlp8&6Hile (1.45) npe,ll,CT8BHR6T co6ow H8i!Cl01166 o6~yiD wopwy onepa
Topa ~OKK6pa-llH8HK8. HM6HHO B TBKOM ~opwe Mbl ero i!Cll01lbly6M npil CTO
X8CTilli6CKOM KB8HTOB8Hilil Cll~HOpHbiX ll0116H B § 4. 

§ 2. TEOPilli .d03/4Yil(t;Ho1ili ~ CTOXAC1'lfqECKJ.11!: J.llt1ArPAM.itbl 

B M6TO,ll6 CTOX8CTiiQ6CKOrO KB8HTO:B8Hi!R, TBK &6, KBK & B CT8H,ll,8pT
HOH KTll, MOllHO HCll011b30B8Tb TeOpiiiD JJ03MY~6Hidl i1 BB6CTil ~HarpaMMHYJO 

T6XHHKy. CTOX8CTiiQ6CKi16 ,ll,il8rp8MMbl Mbl p8CCMOTPi114 HB llpi1M3pe C8MO,ll,eacT
BYIOUI6rO 6BK11H,ll,OJJ8 CK811RpHOrO IIOHR C rJ!YHKUiiOHBnOM ,ll6MCTBdR: 

SCct>1·Jd~{i(oc'f)~ ... 1~l'f\ ~<alf 31" ~!'>-'fit} . c2.1) 

YpaBH6Hil6 ~8HK6B6H8 (1.2) ,111111 CK811RpHOH T60Pilil no11a C ,li6MCTBi16M 

(2.1) M0~6T CJbiTb llp6,liCT8B116HO B :Bi!,ll,6 i!HTerp81lbHOrO yp8B~6Hi!R B i!MilYlli>
CHOM npOCTp8HCT:B6 
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1; 

lf(~,t.), )ds 6-(~,t.-s){'H~,s)- (
2

•
2

) 
0 

Jd. "J I> c:lt> _.! ~. 'f(p,s)~(f<-p,$)- 1 de 1 'f(p,s)lf(tt.s)f(k-p-'\,s) > 
2~ (21~ "\) 3 • (2Jl)Z.J> I 

P.l\6 

Cr(~,t-s),. et.p{-(t-s)(~21'M~)} (2.3) 

C H8'18JlbHhUI {CJ!OBI16M <p(~ 1 0),Q 
Pewaa J)BBHeHrte (2.2) npH noMOtliH HTepauw~. nerKo aamwan Cf(~.~ 

B BH,l.le p83JIO;t6HHH UO KOHCT8HT6 B38HMO.l\6HCTBI4H. rpa<lJK'16CKH p6W6HH6 
yp8BH6HHH (2.2) llp6.l\CT8BJ!H6TCH TBK: 

P,l.l6 [r OTBt''I86T llpiiMBH JIHHHH, a rayCCOBy myMy 'l.- 3HB'IOK 0 • 
TBKBH ,llHarpB}lMHB.il 3BnHCb BKlli0'186T B C66ii HHTerpHpOBBH/46 no HMnyJibCBM 

H <lJHKTHBH~M lp6M6H8M BO B?6X 06~\IH~X BepmHHBX H KPYliLO'IKSX 0. 
PBCCMOTJ•HM Tenep:& ll -T0\16\IHYil KOppeJifiW!OHHYKl i{lyHKUHKl 

{'f'l. (x41t,) ... lf''l. J-.11,in)), H nO,l.ICTSBHM B H66 lf~t,( J: ,t) B BH,ll6 ,llHB-
rpaMMHOrO peo.BHHH (2.4). Il0Cll6 ycpeAHBHHH no rayCCOBy my My 3HB'IKH 0 

nonapHO COB.ll~HHIOTCH BCBMH B03MOliLHbiMH cnoco6BMH (B CHJiy CBO~CTB 6eno
ro WYMB (1.3)). llony'I6HHhl6 TBKHM o6p830M ,l.IHBrpBMMhl Oy,l.leM H83b1B8Tb 

CTOX8CTH'16CKiMH. KB&,l.ISH HS HHX HM66T ~PMY ,llHarpanhl !Pe~HM8H8 T60pi4H 
C ,ll6ACTBH6M ( 2, I) • ·P83JUI'IH6 38KJIKl'186TCH B TOM, 'ITO B CTOX8CTHli6CKHX 

,l.IHBrpal!MBX nCHBJIHKlTCH JIHHHH C KPY~OliKBMH, KOTOpble COOTBBTCTBYKlT 
CB6pTK6 ABYX t -<lJYHKUHA. TBKHM o0p830M, K8ll,l.l8H CTOX8CTH'I6CK8H ,l.IHar
p8MM8 HM66T qOpMy CTBH,ll8pTHOK <IJeAHMBHOBCKOA ,l.IHBrpBMMhl TBOpHH llOJIH C 
,ll6ACTBH6M (2.1). ~. HB060pOT, KB~,l.IO~ <lJ6AHM8HOBCKOA ,l.IHBrpBMM6 COOTB6T
CTBY6T HBKOTCpoe liHCJIO CTOX8CTH'I6CK/4X ,l.IH8rp8MM TOA liB TOfiOllOrHH. 
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B paclOTe/
49/ ,llOK838H0 1 'ITO CyMMB BC6X CTOX8CT1r11.16CK11X .ll,lr!BrpaMM 

O,llHHBKOBO.Ii TOnOJIOrlriH nplrl t ~DO SKBHB8Jl6H'l'H8 BKJIB,lly <:OOTB6TCTJ3Yl0-

~Jt6it ,llHarpawMhl ~eUHMBHa. HanpHMep, B TpeTbeM nopH,llKe no ~·eopHH BoaMy-

1!16Hirl.li 3-TO'I61.1Hyl0 KOppeJifll\HOHHyiD qJyHKl\HIO ( 'f't(l<,!=,)'ft(~ •. ~,.)'ft(f<1 ,t,))'l.. 
MOliHO npe.ll,CT8Blr1Tb CYMMOH CTOX8CTiri'16CKHX ,llHSrpBMM (Clot, puc. l), KOTO

p8fl npH ~ _.. oo SKBHB8Jl6 HTHB BKJIB;iiy COOT.ll6 TCT BYIOUI6it ,/.\lrl<lr paMMbl ~eitH-
148H8. B c1r1ny onpe.ll,eneHHH clenoro wywa, HHTerpHpoBaHHe no BHyTpeHHHM 

HMnyJI:&C814 T8K06 Ji6 t KSK B CTBH.ll,BpTHO.Ii ,llHSr p8MM6 ~ei1HM8Hll, 

CBoitCTBa Oenoro wyMa TSKliCe ;ztaJOT BoawollHOCT:& npoBec:·K HHTerpHpo

BSHHe no Bp6M6H8M no 066 CTOpOHbl K1JYlKO'IKOB B ,llKBrpaMMe. 1'8K06 HHT6-

rplrlpOB8HH6 npHBO.lllriT K CTOX8CTiri1.16CKOMy nponaraTopy: 

lftlV\ (t,t') 

D(i: t t.'), Z ~ ds Cr(~,t-s)&(R 1 t'-s) = 
I I , 

0 

- (l ~rw~~)(t-t') 
e =------------

t'l.-+~1. 
(2.5) 

t H 
J. t 
"t; CyTb Bp6M6H8 B6pWHH 1 C06,lllriH6HHbiX CTOX8CTiri1.16CJ:IriM· nponaraTO-

pOM, 1'8Kir!M 00p830M 1 B CTOX8CTH1.16CKHX .ll,lrl8rp8MM8X npOCTbl6 nHHHH OTB61.18-

IOT !lJYHKl\HfiM rplriHB U yp8BH6HHH J!8Hli6B6H8; nHHHirl C KPYHO\IKSMH COOT

B6TCTBYIOT cToxacTH'ISCKHM nponaraTopaw D (eM. p1r1c. 2). 
1iT00bl Bbl'llr!CJIHT:& BKl18,ll K8llt}l;Oit CTOX8CTH1.16CKO.Ii ,l\lr!BrpaiiMbl, KpOM8 HH

T6rpHpOB8HHH no BHyTp6HHiriM lr!MnyJibCSM H600X:O,l4HMO T8Kli6 IIPOB6CTirl lriHT6-

rpHpOB8Hirl6 no BHyTp6HHHII Bp6M6H8M, KOTOpb18 X8P8KT6pH3YlO~' B8pWir!Hbl ,/.\H8-

rpelll4, .l(nH STOfO BH81.18n8 H800XO.ll,HMO npOB8CTH ynopH,ll01.18Hil6 no BC6M 

Bp6118H811 1 B 38T6M npOH3B8CTirl HHT8rplrlpO.B8HH6 no BHYTP8HHllll Bp6M8H811, 

0KOH1.18T8n:&H08 Bblp8li6HK8 AJIH CTOX8CTiri1.16CKOi1 ,llKSrpaMMbl Dp!,liCT8BJlfi6TCfi 

CYMIIOU BKJIS,llOB HHT8rp8JIOB 1 
11 B KOTOp!iX Y1.1HT!iB8lOTCfl BCe B\o3110llHb18 noc;na

.ll,OB8T8n:&HOCTH Bp6116H 11 • 

§ 3. MCK M KAJJMEPOBOliH~E ilOJJH 

B TeopHax, o6na;ztaJ01!1HX noKan:DHoa ItBnHOpoB01.1HO.Ii lriHBtiJ!IriSHTHOCT:DJO, 

,llOK838TellbCTBO COOTHOWeHHfi ':'~~ 'P[~,t 1 .. -pe'\ [q>] B TOM Bll.ll,e t 

K8K OHO 6biJIO npHBe,lleHO ;ztnH CKSnHpH!iX none!!, nepeCTSeT J.UI8Tb Clr!JIY, STO 

npOHCXO.ll,iiiT nO TOllY t 1.1TO He CYUieCTByeT npe,lleJibHOfO npH t "> 00 pacnpe-

.D;aneHHfi ;zta:.:e ,llJIH P0 (~,t] , C ,llpyrol CTOPOHhl, llapHaH 1r1 By7I?/ no-

ItaaanH, 'ITO ;ztJlfl cpe;ztHiiiX 3H81.18HHU no t OT K8JIH0pOBO'IHO-HHB8plri8HTHbiX 

BeJIH1.!lriH npe;zten npH t~ 00 cyUieCTByeT. 

06~HCHHII nocne;ztHee Oonee no;ztpoOHo. ilycn F (A 1 aBnHeTcH q>yHK

l\HOHanoM OT KenHOpoaol.IHOro nonH. Ero cpe,llHee aHal.leHHe no OuoMy myMy 
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onpe~enH8TCf 1 KBK a paaee, WYHKUHOHBnbH~M HHTerpanou: 

(F [A'I.(t11\ ,_ St>AF[A1'P(A,I:}' (3.1) 

rAe WYHKUHOI: aJr pacnpMeneHHH BepoaTHocTeii I> (.A, t 1 y~oBneTBopaeT 
ypBBH8HHID ~CKKepa-nnBHKB, CTOXBCTHqeCKOe KBBHTOB8HHB KBnHCipO.BOqH~X 

none~ OCHOBcHO HB TOM, qTO JCOTH f>(A,t] H HB Hloi88T npeJ(ena npH 

\; -> 110 , C!8,ZIHee (3.1) ,ZinH K8nHCipOBOqHO-HHB8pH8HTH~X iJ!YHKUHOHBnOB 

Cy~eCTByeT ~ p8BHO OCi~KHOB8HHOioiY KBBHTO~OMY Cp8,ZIHBioly. 
nona A~(x) npH HHWHHHTeaH~o~anbH~x KBHHCipoBoqH~x npeoCipaao-

BBHHHlf. C ll8J'BM8Tp8LIH e"(l<.) npeoCipaaylOTCfl CJlB.liYIOU!H!ol OCip830U: 

t~<~ Alo lo ll\b b abc. b c 
oArV.) .. jr ec~~.):;: o ate <x)- ¥ e (t..)Ac<"'}. (3.~2) 

CooTBeTCT.BelHO aTouy, ~YHKUHOHan FCA1 HueeT npHpaU(eHHe 

J 
11 ~ ab S F[A] 

J F [ "1 " - d l< 6 (l'-) D · < 3 • 3) 
t J At(") 

no onpe,Z~enell/1.10 1 KBnHCipO.BOqHO-HHBBPHBHTH~K ~YHKUHOHan y~OBneTBOpHBT 

paBeHCTBy 

Dl)b 8F~A) ·0. (3.4) 

't 8 Ar:- (t.) 
CornaC!IO napH3>'1 By/l?/ H UBBHUHrep/18/, CyTb CTOXBCTHqeCKOrO 

KBBHTOBBHHH KBllHCipObOqH~X nonea COCTOHT B TOM, qTO npH B~qHCJlBHHH 
CpB,ZIHHX (3,J) OT KBnHCip0.130qHO-HHB8pH8HTH~X lj)yHKUHOHBnO.B H80CiJCO,ZIIH40 
BH,ZIOH3118H.HTl> j!JBBH8HI1e Jl8Hllt€B8H8 cne.zty.IOII(HII OCip830M: 

oAt(x,t) ~ _ SSC/\1 _ D."bVb[A],. f (t..,t) (3.5) 
~t, S A~(><.,t) t t ' 

r,Z~e v•[/\] HBnHeTCH npOH3BOllbH~II K8JlHCipO.BOqHO-HBHHB8pH8HTH~II ~YHK-
UHOHBJlOiol no.ra A"'f: • ~cnonbaya (3.5), w MOlK814 B~qHCnHTb "BpeueHHYIO" 
aaBHCHMOCTb KanMCipo.Boqao-HHBBpHBHTHoro WYHKUHOHana f(A] , y~oBneT
BopaiO~ero y1:noBHIO ( 3. 4): 

'df[l\l __ jc1~ dAC(~,t). 6FCA] 
- "\ '\"'f. ) . (3.6) 'bt ot oA

0 
v-,t 

no,llCTBBIIIIol (>.5) .B B~P8lKBHHe (3.6): 

()F(.A]_ ~JJt>l( f_dS[A] + t"'(~~.,~)} d'f(A] ., 

'dt. L ~A~ (,.,t) C' a Ar (t-,t) 

• r A I>)((- DIA" v .. ["']) sF:") (3. 7) 
J r; 8 Ar c,.,t) 

}4. 



liOCHe HHTerpKpOB8HKH 110 qaCTHM (3.7) UO~HO nepe11WC8Tb B BW~e 

~H/\1 ,. r.~~t j _ J S(Al • r (~t, t) \ d'fl:) to 

d"t J l ~A~<.,.,~) C J S Ar<"•"") 
r ~~ "' ... st:cA1 

+ JJ x V (A) !) c 6 A(-(.,.,") . 

(3.8) 

Tenepb BKAHO, qro qneH, nponopuKoHanbHW~ 

(3.4) He A86T EK118A8 B (3.6). 
t B Cilny 

BHAOK3K6H6HHOKY ypaBHeHK~ ~8H~6B6H8 KO~HO 110CT8BKT> B COOTB6TCT
BH6 cne,llylll!lee yp8BH6HH6 ~OKKepa-ll1!8HK8 A1Ifl WYHKUMOH8.1I8 )8Cil!Je,lle1!6HHH 

BepoHTHOCTH P., [A):.] : 

'd'P.,LA,t.} : (l~< .£..-- {-$- • JSC.A) + t>"'"v"[!l~~~[tt,t](3.9) 
'dt j i>Ac(") ~A-.t/t.) JA;.{-.) t J . 

E111e paa oTue·r11u, qTo K81!1116poBoqHo-HH.BapwaHTHwe Ben~qwuw f[ft) 
He aaBIICHT OT Bw6opa V~[~J. ApyrwuK cnoBauw, He wueeT 3HaqeHHH, wc-

no.nbayeu Jill Kbl !lJYHKUKOH8Jl pacnpe,lleneHKH f>(l\it1 UK MO.llkl\flHUHPO-
BBHHOe pacnpe,lleJieHNe P..,(A.1t) • KoHeqHo, T!lKoe noJiolK~Hirte ,!len He 

HueeT uecTa .ll.IIR KBnK6poBoqHo~Hei/IHBapHaHTHwx WYHKUIIIOHanoB. 

TIOCKOJibKY tlJYHKUI40H81I V (") 110 onpe,lleJI8Hid~ He HB1lfl6TCH K81llll6-
PO.Il0qfl0-HHB8pH8HTHYK, ypaBHeHHe ~OKKepa-llnaHKa npHBOAirtT K peweHlllll 

P.., [A,t) , KOTopoe ,l!OnycKaeT npe,llenLH~>M nepexo.ll t -> oo , no 
Kp8~H6K uepe, .ll T80plllH B03KYIII8HHK. B Clrtny llOC.li6AH6r~AOK838T8.1IbCTBO 

wopuy~ (1.17) uoxao pacnpocTpaHKTb 14 Ha cnyqaK Kanw6poaoqHYX none~. 
ilyCTb V"'lA) HK66T Bll.ll 

v~l"1,. ! (or"c (~t>) J (3.10) 

r,lle rl. - ll.lJOII3B01IbH8H KOHCT8HT8. P83.liOlillr114 ,!!81166 rpyHKUir10H8Jl ~ lA,~) 
110 KOHCT8HT6 CBR3H -

(3.II) 

B CH1IY TOrO, qTO tlJYHKUIIOHSJI ,ll6KCTBKR CO,ll6plliKT q,J6HI> 1 Ill OllOPUJr10H8JlbHW6 
KBK 8 , TBK II a 1. , TO yp8BH6HK6 ~OKKepa-ilH8HK8 Anf K031j}!lJHUK6HT-

HbiX WYHKUH~ lh> lAit] paano;;.eHWR IJ!YHKUKOHana l ,(A,t] (3.II) 
CBH3!>B86T K6liAY C060K F'(1q(A,t) 1 l>(K·i) (A,t) I. l(K-l) (ll,t) 
A11H K~ 3 • C,!!61188K TBK lie, K8K K B cnyqae CK8.1IHpH!>X 1101!8K 1 KHAYK

THBH06 npeP,IlO.liOJieHHe (I. 23), K OC060 paCCKOTpi4U f}0 ) ( A
1
t 1 3Haqe-

HH8 KOTOpOrO (CK./Zd/) 6CTb J 
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.1 ! • ~ • .. 1 { .. )~1 Pc.) [A,t 1'" ~. ~ {- .z d l Ar (A) '1-" A1 (-') , (3.12) 

r.zte ... J( 21;~t.) lc ._ ( _ uzt)} 
~"' .. a J (4 -~ 1 ~ e + d. ~ 1-e -;r- . 

~t:' ~I. t 't" t ~ II {3.13) 

BH.ztHO, QTO Dp4 0'. ~ 1 IIU DOJIYQ8811 C1'0X8CTHQeCKHI.t 114)eil:HII8HOBCKHI npo

nara1'0p npH K>HeiiHbiX apelleHax. J.ia 4/0PIIYIJ (3.12) H (3.13) Clle.ztye:r, uo 

HlleeT MeCTO U)e.ztelii>HOe paBeHCi'BO. 

. - e1-
W. e4M p(u) (.A,t] - f{o) (A) , 
t ~00 

(3.14} 

KOTOpOe .II ,itOKi13biB8eT cnpaBe,l(JIJIBOCU HH.ztYK1'1lB110ro npe.ztDOll0li6HHH ,ll1J.fi 

t•O • ).18JI:DHeJiUiee ,llOK8S81'eJI:DC!rBO COBepmeHHO 8H8liOriiQHO npHBe,ll8HHOMy 

HBIIJI B § 1. 
0TCil,ll8 C;Ie.ztYeT BbiBO,ll;, liTO npH t -i> DO Mhl DOJ!y118811 peryllHpiiSOB8H-

Hblit PH.lt ,llJIH q>;rHK!lHOHBJI&Horo pacnpe,JteJieHHH .llepoHTHOCTel. SaweTHM, 11TO 

KOppeJIHUHOHHblfl !lJYHKUHH, KOTOpble MODO BUIIHCJIHU np.II DOMOUUI WYHKUHOH8-

JI8 P ... t:A,t] t He COBD8,ll810T npH t -'>CO c WYHKI.lH.RIIH rpHH8 CT8H,ll;8pT-

HOil: TeOpHI4 C ~lHKCHpOB8HHOlit KBliHOpOBKOtt Bll,ll;8 (~Ar)" • llOCJie,l(He8 .RB

Jil!eTC.R CJie,llCTliHell TOrO, liTO B TOJI&KO 111'0 ODIIC8HHOII DO,itXO,it8 HBHblll Odpa-

3011 He npHCYTCTBYilT .llYXII ta,zu~eeBa-llonOB8, BK118,it KOTOpbiX S8MeH8H donee 

cnoaHol CTpynypol.t BepwHH. Kax no~eaaan l.lB&BUHrep (cw/18•191), 4/YHKUH

oaall V(A] •:ouo Billdpan TBKHll o6paaow, liTO UCK CSy.ztu nol!HOCT:Dil HliH-

1'HpoBar& BKJia~ . .ztYXOB taAAeeBa-nonoBa. 

HBMKK~ 14 ,llpyrae/24/ S8116TH1114, liTO IIO,itHWHKB!lHH ypaBH8HHH tOKKepa

lln8BK8 (3.7) •oaeT CJiyXHT:b BBe,lleBH8ll B TeopHil npol.le.ztYpu WHKCSilHH KaJIH

CSpoBKH. B K81i:ECTB8 8JII>T8pB8THBill OB.Il npe.ztJIOZHJIH paCCMOTpeT& KB8BTOB8-

HH8 H8 OCHOBe HCXO,itHOrO yp8BH6HH.R A8HZ8BeHa. 

PSCCIIOTpiM .11Kp8Tl.l8 np8.ztJIOli6HHUI 3THMH 8B1'0p8liH DO,itXO,lt. ~JIH 3TOrO 

BUdepeM ,Jteil:CTBH8 KBJIHCSpOBOIIHOrO B8KTOPHOrO DOIH B BH.zt8 

t>, [A] '"1 ~d~ Ali (t.) [- 0 eft'~ + ~f)IJ A-1 (w.) . (3.15) 

llocne m»a-npeoCSpaaoBaHH.R no:m Ar(t..) K HMnyni>CHOMY npe.ztCTB:BJieHHil 

ypaBHeHHe laaaeBeHa 11oaew aanacaTI> B BH.zte 

~Ar(t<,t) • -t'"(~t-r "rl~"JAt(tc,t) + t&(tc,t). (3.16} 

Ar(x,o) ·0 peraeaxe ypaBaeaH.R (3.II} •oz-llpa H8118Jll>HOII yCJIOBHH 

BO Dpe,ltCT8BHTi TBK: 
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(3.17) 

( Atl~,+-> Aitt\t') )'l = t)t<:> (t,t \ ec:t') = J'~crc~ ec·) De~, (t,t,t') I 
(3.18) 

r.l{e 

(3.19) 

(3.20) 

T 

~r~(t) HBnH6TCH CTSH.l{SpTH~U nponaraTOpOU B KSHK6pDBK6 ~SHAay. 
~S (3.19) BKAH0 1 qTO nonepeqHSH KOMUOH6HTS OAHOBpeueHHOW KOppeHHUKOH-
HOit WYHKLIKK (3.18) npK t +oO CTpeuHTCH K ATC•J • llpK STOIA 
npO,ltOJli>HBH qaCTI>, nponOpl.\HOH8Jli>H8H 2t '&-fct/p (;' , KCqesaeT AJIH 
KSJIH6pOBOqHO-HHBSpHSHTH~X B6HKqHH B a6eneB~X K8HH6pOBOgH~X T60pHHX, 

E~e pas noAqepKHeM, qTo B aTOM H saKnDqaeTCH ocHOBHaH KAeH MCK .~tnH 

KanK6poaoqH~x nonel. 
TaKHM o6paaou, MCK He ay~aeTCH B BHAOKaueaeHHK nsrpaHEHaHa c 

U6HI>D ~HKCSUHH K8nH6pOBKH. 
Eonee TOqHo, B M6TO,lt6 MCK HYXHO UOAXOAH~HM o6paao~ UOA6Hp8TI> HS

qaJII>H~e YCHOBHH ~r(~,0) t T8K KSK OHK T6CHO CBH38H~ C BB6A6HH6M B 

TeOpHD KBJIH6pOBOqaoro llapaM9~a.~T06H HC~e~OBaTL STY npo6JI9MY,y~o6-
HO paaHOZHTL ypaBH6HH6 ~8HE6B6HS H8 llPOAOJli>HYD H DOD6leqHyD qaCTH: 

()At.t(t,t.) L (3.21a) 
it = tr<t,t) 

'0 ~~ (~,t) :: -~'A/; (t.,t) + l/ (~,t) J 
(3.216) 

rAe 

~~(f<,t)s ~fc~ At(at,t) ) (3.22a) 
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A Tr<t,+->. (~.,- ~t:) A.,(t,+-). 
B o6~eu BHAe l 

(3.22CS) 

A;<t,+.)· AT;)(P<,t)+ A;(t.,o)e 9l~ (3.23) 

Ma (3.23) HCHC·, qTo npH t-> 00 BbiOop aaqaJI:&HbiX ycnonl ae 6yAeT 

BUlin H8 3H8t:6HH6 nOJlll At- (fc,oo) • T8K06 nOB6A6HH6 nonepe~oit qac-

TH npH t ~co liBJlli6TCll CJ16,1tCTBH6M A6itCTBHH 0 38TYX81llll61 CHJI!:i 0 
-

-lz.A;(t,t} B npanol qacTH ypanaeHHH (3.2Ia). HanpoTHB, B ypan

KeHHH (3.21~) ~Jill npoAoJI:&Hol qacTx nona A~<~.~) aeT "aaTyxam~ea 
CHJIH", H aaqaJ::&Hble ycnoBHll HrpallT CYIIIBCTBeHHYil pon:& ~a:ae npH t ~oo • 

Ecu Bb!Opan l aqanuoe aHaqeaHe ~ (~.o) s ~;,._~.. <p( l: ), rAe ~~) -

CK8JIHPH8H ~YHl:l{HH, TO AJIH ypaBH6HHH (3.21~) nonyqae¥ CJ16AY1111166 peme-

HHe: 

A "( Jt._ '- (o} 
tf(,t)s fc1.'f{fc)+At {t<,t), 

rAe t 

(3.24a) 

A(.(o)(t,t): }dt.'t(tc,t') • (3.240) 

Kopp8JIHI{HOHHaH ifJYHKUHH, cooTBeTCTBYiliiiSH TSKOKY Bb!Oopy aaqaJI:&Hblx ycno-

BHI, Hll66T Billl 1 

~,..~..., m( \ (o) I) 

(At' (f<,t )Ay (tc ~ t') ), ~ R T ~)tp(fc) ~ ~~ (t(,t,t?~ (~•Cc'). (3.25) 

3a¥eT~¥, qTo npocToe npoHaBeAeH.ile ABYX ·cKanllpHbiX ifJYHKUHA 

<p(l,) q>( rc') He llO:K6T UJllriB6CTH K MHO:KHT6Jlll 0 t(l1-tc') , Bblp8:K81llll61fY 

Tp8HCJIHI{HOHHYll ilHB8pH8HTHOCT:&o UOSTOMY A,JIB BOCCT8HOBJ16HHH Dp8BHJI:&HOit 

WOPillll npanoA '18CT.il (3.25) llO:aHO noJIOUT:& <p(fc) "'0 , T. e. BB6CTH 

d -oOpasuoe (lYHKUHOHSJIDHoe pacnpueneaHe ~Jlll aaqan:&Hblx ycnonA. Ho 

B T60pHH CTOXIICTH'I6CKHX npC1{6CCOB T8K06 pacnp6A6Jl6HH6 H800bi'IHO. Eo nee 

ecTeCTB6BHbl¥ J~JllleTCB onpe~eneaHe aaqaJI:&Horo ycnoBHH B n-.e cnyqaluo

ro UOJIH C HSKCITOpblll ~YBKI{lriOHSJIOil pacnpe.zteneHHH BepOliTHOCTH. TOrAS 

KoppenHI{IIOHHIIIII WYHKU.ilH nonyqamTCH B pe ayn:&taTe ycpe.ztHSHHH ue TOJI:&Ko 

no rayCCOBOMY myMy t , HO H no CJIY'ISAHOMY UOIIl H8'18Jl:&Hb1X yCJIOBHI: 

(A,.c~ t) A.,ll't')'~ .. tcrt<~ <p(ec '<') ~ J> '"] (t~>t/t') <3•26 > 
U l y I 't fc l. It ll ' t: I ' I 

r.zte q?(tc,~') HBJIB6TCH ~YHKI{HOH8Jl:&BHM Cp6,1tHHM DpOH3B6,1t8H.ilH no CJIY

qaftHOily H8'18JlhHO¥Y nOJIII. ECJIH UOAOC!pST:& DOAXO,ItHII!86 iflYHKI{.ilOH8Jl:&B08 

pacnp6A8Jl8BH8 AJIH CJIY'18ltBOrO nOJIH H8'18Jl:&Bb1X yCJIOBilA, TO ~(~.~') 
llO:aHO npe,l(CT8l1HT:& B BHA8 
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(3.27) 

r,11,e ot RBn&eorca OeapaauepHYM nonoxaTenbHNM napauetpou. TorAa AnH 
(Ar<t.~)A.,<tt',t')>~ ueeu 

f( to_, ("' ' D (o) ( ' . \Ar(,,t.)A.,(~~+.')):,. tJ. Too (t•fc) • 't:" t,t lt.c,t') t,t'-l-

.. cS~(l, t') [ ~~( dr"- (l-et) •rt':' j .. zt ~rrc~"]. (3.28) 

~a 'p8BH8HHR (3.28) cne~eT, qTO BNOOp pacnp8A8H8HHH aaqaJibHOrO COC
TORHHR COOTB8TCTBJ8T WHKCBUHK K8JIHClpOBOqHoro napaueTpa. )TCmA8 BH,li,HO, 
'ITO YCK ae aDnaeTCH coBepmeaao CBDODAHNU OT ~KCBUHH KanaOpoBKH. C 
,ll,pyrol CTOpOBW 1 MW ,li,OnKBW nO,ll,'l8pKHJTb, 'lTD B YCK UOXHO B~'lHCnHTb npo
naraorop K&IBOpoBouoro nona Oea acnonbaOB&BHH cTaUAaporaoH npoueAypw 
BW00pa K8nB0pOBKB, OCHOB8HHOI H8 BB8,11,8HHH B narpaH&KBH CD8UH8HbHOrO 

. .L ( )" ueaa. (Hanp., 1.., ~ '-r ) . . 
llpHuaa nocneAHero aaxnmqaeorca B cneuH~Hqecxou xapaxorepe onepa

oropa 

~c-~ :t ~ (rc"J"t., -lc t,) · (3.29) 

B OTXI'lB8 OT 06WUOI KBSHTOBOI T80pHK nona, B KOTOpOI BeT onepa'ropa 
Ee-1 lt_ ! 8 BpiiCJTCTBYIIT TOJlbKO Bp08KUHOBBWlt onepaorop ( l-tJ'("J- fc('f(.,. )1 

B YCK onepaorop (3.29} - aeCJIHI'1JUIPHJ:d a ,D;onycxaeor nocorpceBHe oCSpamolit 
no OTB01118HBII K B811J B8.JIJIUHW frb'"(&,t-tj. 

TaKBu.o6paaou, BBUeHBe \{lBKTirlliBOro 4BpeueaH'H npo,11,onaoro cnyqalt
aoro rayCCOB8 I3M8 1~ DOPOKA88T ,li,ODOJIBBT8JliHYII CT8DEHb CB060AW 
K&XB6poBoqaoro noa11. ]lelcnuenao, xopgeniiUBOHHBH WYHKI;Hil (3.28) co-
Aepuor aapw c nonepeuoa qacnm Ar/> (It) • npo,ll,o~rbaym. 

0nBC8HHWI TOJibKO 'ITO M8TO,ll, ,li,Jlll BWqBCJI8HIIII nponar&T<•p8 B HyneBOU 
nop!IAK8 no T80PilB B08MJU18HKi MO:UO o6oO.-n H8 c;nyqal Bli&OeneBWX K8-
UClpOBOqBWX nonel. llOCKOIItKY 00YUO KSU0pOBK8 B H8808JIIIBWX KSJIHClpo
BOUYX nonsx \{lBKCBPYeTCB BB8,11,81B8M B Teopxm .li.YXOB ~8,U81lB&-llonOB8 1 TO 
ecorecorBeHHO npe,11,nonaraorb, 'ITO Hea<leneBw xanHOpoBouwe nona B paccuaT
pBBaeuou \{lOpUSU8M8 UOryT ClWTi npOKBSHTOBSHW <lea TSKOrO BB8,li,8HHH·BO
n81 ,li,JXOB. 

Paccuo'rpu cnyqal aea<lueBwx xau6poBO'lHl>IX nonel O•>nee no,11,po<lao. 
Uycn B t> -uepuou eBKIUOBOM npocorp8Hcne onpe,11,eneao ae.lOeneBo xana<l
poBoqaoe noae c \llYBKUBOHaaou AeiCTBHB: 

f D ._ 4 ,_ ~ ~ p4b' .. C 

5• ~J" IC r(j,. Cll) F C-'(•) j t=6.,(x)- }A1 - d-1"( - ~1 At A., _. (3•30> 
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rAe ~,o H C OUHC~Ba~T UB6TOB~6 (BHYTP6HHH6) CT6U8HH CB060A~· 
COOTB6TCTBYIO ~ee yp8BH6H~I6 JlaHll6B6Ha HU:66T BHA 

"JAc<'<,'G) 0.. ft ~- (lt
1cSc...- ~t(,)/\,.(ec,t) T "c<",t). (3.3I) 

r.~te 

Q Dl i ( \) p 0 "''" Y t c~.t) =- tt (ec,t) • c211 >" Jd ~.J f 1~ <rc-•4-e.-J vt'l("' (e:,-tc.;rc;~.) jj 

b e ~1 J 0 ~ p ,P( ) *'Aw.\fc,t)A (~1 t)i"- Jtc,J~1dlc-.o t<-t<.-a.~,-tc3 11 
I '). ' (2J}l.J} .> 

Glb<.cA b c;. d 

* Wt"u A.,.(e-4,t)AI(.(B:1,t)A,_(f<'1,t), 
(3.32) 

,;\b (. ll,foc;ot 
a B6JIH'IIlr1Hbl V ('!('). ( fc ,-Cc,, -teL) H W ('~ ro, 0Up646Jl6H.bl B Ta6JI. l. 

TaK ll6 1 KaK Ir1 B Cny'l!ae CKanapHO~ T60plriH 1 U:OXHO BOCUOJib30BaToCH 

CTOXaCTir1'116CKO~ AH8rpaU:U:HO~ T6XH!riKO~ (CU. Ta6n. I) Irl pemHTb yp8BH6Hirl6 
JlaHllteBeHa c Ha'l!aJioH~ ycnoBH611 A't (tc, v) a 0 • llpirl 3TOU ypaBH8BH6 
JlaHll6B6Ha U~6.4CT8BJIH6TCH B HHTerpaJioHO~ ~Opue: 

t. 
~( ( ~ b A"" f<,t) s J &r" ( ec ,t-t.') Y.., (Bc,t')Jt', (3.33} 

IJ .,.... 0 u 
r.zte & t:' i~fc. t-~') iiBJlft6TCH HYJI6B.blll npH6JIHJI6HH6U ,llJIH WYHK~HH rpH

Ha (cu. Tad~. I), KOTOpoe ~ 06Cy,llHJIIrl paHoW6, Iri3Y'II8H a66JI6B.bl K8JIH6po
llO'IIH~6 llOJIH. 

YpaBH6r.He (3.33) U:OllHO pemHTb U:6TO,ll0U UOCJ16,llOB8T8JibH~X IriTepa~~~ 
Irl pemeHirl6 3fUiriC8Tb B BH,ll8 PHJ.l8 no Teoplrllrl B03U:Y~6HH~. rpa!PH'II6CKH OHO 
npeACTaBJIHe~ca cneAy~u oopaaou: 

A·~~·~·~· 
Cne,l.lyllU\6~ 3aA8'116H HBJIH6TCH B.bi'IIHCJ16HH8 2-T0'1!6'11HOit KOppena~HOHHOlt 

iflYHK~Hirl (At (tc,\) A~(l:\t') )'\,. KaK Yll6 O~JIO OTU6'116HO, T8KH6 KOpp8llH~
OHH.b16 ij)yHK~"Irl CO,llepJt8T IU16Hhl, paCXO,llHUIH6CH Uplrl t _, oo • T8KH6 'IIJ16-
Hhl HBJift~TCH X8P8KT6pHhiU:H ,llJIH K8JIH6pOBO'IIHO-H6IrlHB8pirl8HTHhiX B6JIIrl'I!IrlH 1 no

,llOOHhiX pacc•taTpHBaeuolt KoppeJia~HOHHOH !J!YHK~Hll (leA) .• Hanpona, B 
K8JIIrlOpOllO'IIHO-HHB8pirl8HTHhlX B6JIH'IIHH8X YK838HHI>I6 p8CXO;ItliMOCTll OTCYTCTBy

llT. nocJieAUtte .llOKaaaHo npaMYu B.bi'IIHCJieHBeu a1247 .ztnH ( F /j~ (f<,t)FK~ (tc;t.'>{ 
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J10S!OIIY A8188 IIOZHO YU!WBBTI> !Oil>KO 'lJI8Hli 1 KOH8'1Ulli8 npH t;--.oO 

Bo BtopoM nopll,ltKS no Teopall BOSIIY!lleHidt JJ;JlH KoppellliitHIIHHO~ !lJYHK
llBK <~;(t.,\) Al( .. ',t.'))t ueu 

llw 
<A~(t,t)A;<t<:t'))t so0

(tc .. tc')J>C~ (f<,t,t'), (3.34) 

rAe 

D;~ (tc,\;,t') .. a+ 26 -t 2.S • 2r .. ~ ~ • e, (3.35) 

npB'lell (a)-(e) npeJJ;CTBBJlftl)! C060A BKMJJ;ii 0! COO!BeTCTBYilliiU CTOXBCTH
qeCKKX ABBrpallll (pac. 3). 

KaK 6hiJIO aa11neuo "./24/, B JtHBrpa11118x ua pxc. 3 HlleHlO npo,ltOJII>
Hhle KOIIDOHBHThl BHYTPBHHirlX JIHHHii DOpO:i,lt8JI! 'lJI8Hhl B KOppeJifU,IIOHHhiX tPYHK
UirlHX <A 1\) t COO!BeTCTBYillfUie BKJI8JJ;811 AYXOB ~8.1U(eeBa-llor.OB8 CT8H
JJ;8pTHOI T80plrll4. 

a/24/ HBHO DOK888HO BO B!OPOII nOpll,ltK8 TeopHirl BOSIIY!116EHA, 'ITO UCK 
8BTOII8!1rl'l6CKB B6,lt6T K npBBHJil>HOIIY Bhlp8&6HHil JJ;nH nponarBTOf8 H6866JI8B8 
K8JIH6pOBO'lHOrO DOJIH, COJJ;6p&8!11611Y BKJIB,lthl AYXOB ~8.1Ut66B8-J10DOB8. 

§ 4. CTOXACTKtiECKOE KBAHTOBAHKE CllKHOPHta HOJIE~ 

CneitH!lJBKa ctoxacrH'l8CKoro KBBHTOBBHHH cnuuopHhiX noneU aaKJiil'lBeT
ca B TOM, 'ITO S!H DOJIR He llllell! KJI8CCH'l8CKOrO 8H8JIOra. Bwpaa8HCI> one
p8!0pHhlll HSYKOII, 'IHC!O KB8HTOB8H npHpOJJ;8 !lJepUHOHHYX DOJ16A OTP8&86TCH 
B DOHBJI8BHB onepB!OpOB, H6 HBJIH~XCR DOJIO&HT6Jil>HO onpeJJ;6JI6HHhllllrl. 

B/SI/ 6YJI p83BHT MCK JJ;JIH 118CCBBHhiX wepiiHOHHliX noJiel, B KO!OpOII 
HCll0Jll>3YilTCH JJ;H8rOH8Jil>Hhl6 no CDirlHOpHhlll H~6KC811 WYBKUHirl rpaua. 0K88H
B88TCH, !8K116 !llYHKUirlll CXOJJ;H!CH Dpll t -i> ..o • KB8H!OB8Hll6 :163118CCOBHX 
DOJ18A B p8MK8X T8KOrO DOAXOJJ;8 IIOZHO npOB6CTH TOJII>KO DOCJ16 BBS,lteHHH B 
teopllll WUKTBBHOA ~pKBoaaoA Macchi. Sto, OJtH&Ko, HBnHeTCH aeyJJ;o6aYII npH 
p8CCIIOTP6HBII noaeJ C KIIPBI!HOI CHIIII6!pHeA. 

llOS!OIIY JJ;8JI6e llH p8CCIIOTPKII C!OX8CTII'l8CKOe KB8HTOB8Hirl9 WBPIIBOHHHX 
noneA, ocaoBaauoe ua IIOABWHKBUBH HCXOABoro ypaBaeBHH Jlaaaeaeaa (!.2). 
llpB 8!011 yp8BH6Hll6 Jl8Ha6B6H8 6y,Jt8T BHJJ;OB8118H6HO T8K 1 'l!06Y 6YJI8 o6ec
nneua cxo,JtKJ~ocn !llYHXUHI rpua npa t ~ co 

B § I IIH yae OTJieqaaa, 'ITO ypaBaeuae JlauaeBeua a, ectsCTBeauo, 
yp&BHeHKe tOKK8p8-lli811X8 He SIBII.IIIl'rCJI 8,JtBHCTB6HHO BOSIIOZHYllB peJI8KC8-
UBOBB.IiiiB yp8BH8HIIlUOI 1 KOTOpHe npB t-. DD npBBO)tBT CBCTSIIY B "KBSH
!0808" COC!OSBB8. 

PaccMo!pKM o6o6~euuoe ypaBaeuae !aaaeBeua 

(4.!) 
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rAe KO~peHH~{OHH~e ~YHK~HH Ai!H Oenoro IDYMB ~(K,t) HM610T BHA 

('l..(x1,t4) l(xz,t,)>t: 2. V(x1/·z)a (t.-.~}. 
HApo 1/(X.J) Ailfl Ci!ytLBil ti>epMHOHH~X none£\ 'f'(l<,t) 

B~Op8Tb CHeAy~HM oOpaaow: 

vk1) ~ K(K,a 1: [.:~~~ •""']cS~<x-~ )~ Ulrc>c .. ~J~~tlC-a). 
B peaynbTaTe (4.1) npuweT BHA 

d't'(x,t) .,. (()l.+~l)''\'{x,t) + 9(J~ 1 -t) ot ' 
rAe cnHHOp 0(J~,t) onHc~naeT 6en~a wyw, npHqew 

(eh,~o>\e = \e<x,t))99 --o / 

< e t~~.,t.) e (r-1. t1. )) - "' 2 l ~ ~~~.·""] 6i>Cx~-)(t) d(\;,-tl.). 
99 

(4.2) 

MO:&HO 

(4.3) 

(4.4) 

(4.5) 

TBKHM c6paaow, BC!l HH~pMBUHH 0 ~BpMHOHHOM npHPOAe TBOPHH 38Kil»
qaeTCH TBll6Ib B CTOXBCTHt{eCKHX cpeAHHX Ai!H myMB e • nna npOH3BOilbHO
ro tlJYHKUI40HSnB F[e,e] Klf86M 

-l 

( [ _ 1 ~ -~j _ _ -ir.~Jte<x,t)[ia-t~]ec"t) (4.6) 
f ee _ '"N 1>900 F(.e,e) e .r · 

• ee 
ilOCKOilbKY lfb H31fBHHi!H ypBBHBHHB naH:&e~eH8 1 TO He00XOAI41fO AOK838Tb 1 
t{TO npll t~oO KOppenHli,HOHH~e ifJYHKli,HH, nOCTpOBHH~e 143 peiDBHHl\ (4.4) 
6YJI.YT COBUB;;BTb CO CTBH.llBPTH~MH BBKYYWH~MH O:&H.ll8HI4HMI4: 

"'"" \F[ 'r6 (~~.,t)~9 (,.,t)]\9 .. <F['f(,.)~(x)f\ . (4.7) 
t-:>00 
JlOK838~'6i!bCTBO llpOBB.ll61f HB OCHOBe 06061!16HHOrO ypBBHBHHH il>OKKepa

lli!8HK81 Ai!H B~BOAB KOTOpOrO BOCllOi!L3yeMCH peayi!LTBTBMH § I. 38MeTHif 1 

t{TO 06D6ul8HJI08 ypBBHBHHe JIBHEeB6H8 (4.1) npHBO,li,HT K H3W8116HI410 cpe,li,HHX 
3H8t{8HH~ npl~B-eHHU nona (cp. C (I.I5)): 

(b.<l>) ::.- ( Aplf V("'•'1)~ · ~t 
'l j <1 a ~ q>( l) 

(~<\>(.,_) L
1 
q>('a)\ ~ 2 V(x •J) ~t .. 0 ( (t.t)l) (

4
•
8

) 

0TKYAB Ci18.llf6T 1 t{TO 0006~eHHOe ypBBHeHHB il>OKKepa-lli!BHK8 HWB6T BHA 

.,. JDJ(d"l\f(x,t)- -- +-- 'f(q>,t]. (4.9) C>'P[<P,t1 1 D ~ ( o 8S ) 
at. 0 ~<\)(d) ~q>{x) ~C\>(t.) 
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B cnyqae W6PMHOHHHX none~ onpe~enuu ~YHKUHOHan pacnJ~~eneHHfl Be
POHTHOCTH C.ll6AYD~HM o6paaou: 

fl 't',-f .~ 1 = t·t ~ 1>el>e ~ [ 't'-'fe] ~ [ ~-~9] * 

,. ecr{-iJJ~ c:1~~~ e<l(,t) ~c'<~~,ct) a<d ,t)) ) (4.10) 

T8K qTO CTOXBCTHqeCKHe KOppe.llflUHOHH~e ~YHKUHH MOryT 6~Tb 38llHC8H~ B 

BH~e 

(Fl ~9 ,'f9J\9
: J D't'D'f F(. 'f,\f] f>(\f, if, t j . (4.II) 

nnH ~YHKUHOH8.ll8 pacnpe~eneHHH (4.10) 0606~eHHOe ypaBHeHH€ ~OKKepa

ilJI8HK8 HM66T l!H,J.t 

(}"P('t',-f,t] -= fc\0xJ'> K(x )f.d"_ {_!_ 1>(.'1',-f,t].) 
at j ~ •d- l&'t'(~)\6'f<~) 

__ 6_{ h"S ""f['t'8,tl) +2 cS'l>C~-f,t] t (4.12) 

6~(1() \<)\ti(~) 6't'(J.)<f't'CJ)J 
ilpH BNBO~e ypaBH6HHfl (4.12) He06XO,J.tHMO yqRTHBaTb 8HTHHOMiyT8THBH~H 

xapaKTep nonH 'f • 
nnH ~OK838T6.llbCTB8 TOrO, qTo ypaBHeHHe ~OKKepa-lln8HH8 (4.12) 

npHBO,J.tHT npK t~oO CHCT6My K "KB8HTOBOMy11 p8BHOB6CHOLIY COCTOHHI4D 1 

BOCfiO.llb3Y6MCH BOJIHOB~M ~YHKUHOH8.llOM ~ [. 't', 'f, t 1 
Pl'-t\~,t] = e~St:t',iJ~['1',if,t]. (4.13) 

ilO,J.tCTBB.llHH (4.13) B ypBBH6HH8 (4.12), ,J.t.llH ~YHKUHOHB.ll8 'i!_ [.'1',-f,t] 
nonyqHM ~YHKUHOH8JILH08 ypBBH8HHe 

"0~(\f,'~\t] ~ -t-{'"L:el'\',i,t.] 
ot 

C raMHJlbTOHHBHOM 

f".r. r I> II K ( ) { 1. 8 s d s 
H ,. Jc!xJJ x,d 2- d'-ti<"> o'f<l) o'f(x-)6-t<l) 

eSt \ 
-2, 6't'(JC.) d"i'tl) J . 

( 4.14) 

(4.15) 

n.na S.lleM8HTOll ~-\) H ~(2.} p8CWHp8HHOrO rHJIL6epTOB8 llpOCTp8HCTB8, 
Onpe,J.te.ll8HHOrO rBMHJILTOHHSHOK (4.15), BB8,J.t8M npOH8B8,J.t6HHe' 

<~(')IL:i!c'l))~Soro~ ~'1>lr8J 'f<~,1 ['1','i']. (4.16) 
C fiOMO~LD STOrO Onpe,J.te.neHHH MO&HO y6e,J.tHTLCH 1 qTQ np8BH.llbH) HOpMI4pOB8H-
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H8H C06CTBerH8ft ~YHK~Hft C HyneB~M 3HaqeHH8K rBKHHbTOHH8H8 (4.15) HMe-
8T BH,lt 

~ o ('t', f] .. t-/ ~ {-l_SC't','f]J. (4.17) 

EcnH T8K8H C06CTBeHH8H ~YHK~HH He B~pOEA8H8 H HBHHeTCH OCHOBH~M COC

TOHHHeM rBMV.HbTOHHBHB (4.15), TO, p83HOEH~ pemeHH8 ypaBH8HHH (4.14) 
DO C06CTBeHf.~M ~YHK~HHM raMHHbTOHHBHS (4.15), 

~ I.J.I [ -1 -?.,t 
':t'('f,~,t}-=LJoln-.1." 'l','t' e ' (4.18) 

"'"'0 
nonyqaeu, q'lo ':e[~'f,t]--';> If .. ('\','?] npH t-'> 00 • OTCIO.Jta 

l>[~'f 1'=]~ N-'~{-SLY.Y]) } 
-t"'"'>eo 

(4.19) 

qTO H T~e60ESHOCb ,lt0K838Tb. 
Ha 3TO~ M~ 38KOHqHM paCCMOTpeHHe CTOXSCTHqeCKOrO KBBHTOBSHHH 

CDHHOpH~X DOHeH. 0TM8THM TOHbKO, qTO TBK Ee, KBK H B cnyqae CKBHHPHOI 

TeOpHH, ~HH ~epMHOHH~X nonel MOEHO BB8CTH CTOXBCTHqecKyiO ,ltHBrpSMMHYIO 
T8XHHK/26/. 

B pa6oTax126 •52/ 6~no paccuoTpeao B3BHMOAeiCTBHe ~epwH-none.A c 

KSHH6pOBOqH~YH DOHHMH HB DpHuepe 6e3MSCCOBOI SH8KTPOAHHBMHKH. COOT-
BeTCTBYIO~He ypSBH8HHH ~8HE8B8H8 HMeiOT BHA 

o'V(Y.,t) 

ot 
l. "(" ) -= o't'(ll.,t)-ie.o A'f ... 6(x,t) 

do/(y.,b) : 

"!)~ 

T 

ol.\tic,.,t.) -ie~(A'Y) + e<~~,t). J 

oA;(,.,t.J = ?J•Ar(,.\t) -d{(;)A) ~ e'ftr~ + !r(,.,t) 
ot 

(4.20) 

D.biHO DOK838HD, qTO O,JtHOne'TneBOI BKHBA B DOHfipH38~0HH~.A onepaTOp B 

CTOXBCTHqeCK~M DO,JtXO,Jte 3KBHB8HeHT8H BKHBAY B CTBHAPTHO.A KTll. 
TBKHM 05paaou, B CTOXBCTHqeCKOM DOAXOAe p83BHT.bl Dpoue~p.bl KBBH

TOB8HHH KSK ~030HH.biX 1 TSK H ~epMHOHH~X none.A. STO ABeT BOSMOZHOCTb 
HayqaTb cynepcHuueTpHqH.ble TeopHH B pauKax MCK (cu./60-65/). 

§ 5. IIPOid3BO,lllillUiE ~YHKUidOHAJibl B MCK 

Uenbl!l H9CToa~ero naparpa~a RBnaeTca nocTpoeaxe npoHaBo~~ero 
!l>YHK~HOHSH8 ]:. ~.P. (J) (H83.biB88MOrO npOHSBO,ltH~HM !l>YHK~HOHBHOM ~OKKe
pa-!lnaHKS), lpH DOMO~H KOTOpOrO MOXHO B.blqHCXHTb KOppeHft~HOHH.ble ~YHK

~HH ( ({>'!. (r.~;t,) ... q>t (K 111t.,)) '1.. 
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(q>'l.(x.t4) ••• q:>t (l( 01,t")) -: 1 (5.1) c5" l F.P. [. :r) I 
t & rc,..,\") ... a r<" .. ,t .. ) j= o 

r,lle q>t(l'.,t) llBJIH6TCfl peW6HJII6M yp8BH6HHH Jl8HlK6B6H< (1.2) C 
Ha'laJI:&HhiM pacnpaAeneaHeu PC<\;o] 

BBe,lleu B paccuoTpeHHe 'ilYHK~Hoaan 
t. 

ltCJ] 

J,... -Sclt>xJt' j(~~.,t\)<{>(~t') 
l (J]· P<l>o [<{>(,.,\.)-q\<"",\:;)]e o .. 'P[<?,oJ (5.2) 

t "' J 

r,lle pep-= ~"' .n t><P(~ ,T~) a ~(~~o;ri.) ecT:& noreBaa KoH-nH-r...l)OO "•o ~ 

rypa~Hfl B MOM6HT ~6M6HH T; • ~E. ( E • ij) . ,UpynMH CJIOB8MH, 
HHTerpaJI:&HBfl Mapa 0t HBJ!li6TCH npOH3B6,ll6HH6M CT8H,ll8pTHhiX HlTerpaJI:&HhiX 
uep npa paaHhlx aaa'leHHHX BpeueHH T~: 

(5.3) 

(5.4) 

npHueu (5.4) aa onpe,lleneaHe npoHaBO.llli~ero ~YHK~Hoaana ~oK~epa-ITJiaaKa. 

llocne fiO,llCTBHOBKH (5.2) B (5.4) 6y,ll6M HU6T:& 

i('·lJ1 ~Joq>'Dte-~(t~<~t,t')ci~x.Jt' l>(q\o] .... 

. _ 5 i'ICJl1 J(x.,t')Cl>(x 
1
t 1) 

,.6[Cf-q>'L1eo . (5.5) 

llocne B3liTHH HHTerpana no 6enoMy myuy nonyqaeu 
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~ ) Fr r.... ll • ' ~ ss \ " . at 
l · l r1 = j 1><p ~ \. ~ol(Jl (- '1 ( ot"' gq>) + ](t-,tJ~<~ ,t) ~ \\~L5. 9) 

QqeJ!Iii.l{HO, 4.JSHKll,.I'IOH81l lt'.f.(J] HOPIAHpOBSH C1l6,1J;YIOUl.I'IM o6p830M: 

F.P l'.r. [ J] z · ·[r] .. l _ .. _ _ . (5.IO) 

Be1l.l'l'iHH8 11-i.H\ npe,n;CT8B1lli6T co6ott HK06HSH npeo6paaoBSHHH t-tcp. 
ldcnom,ayH YJ8BH6HH6 J18Hllt6B6H8, \ cl'l.\\ MOEHO npe,n;CTSBHTI> B BH,ZJ;6 

d 1.5 6tll 

l\ ~~ ~ =de t. t (ft.~ d~(t) d"<\>(t')) 6(t-t') J • (5.II) 

H11H 

II b'l II ( () 8l.S \ I 
$<p .. e.lf tr ~ :itT ~<1>(1l)c)<p(~)-) d"(t-t) =-

{. d ( '- IJ y1 d" l.s )~1 (5.12) 
: ':Yf t.r ta l'dt- 8(~-t') .. \at-:J d'q>C-t.)8q><t') J 

r,n;e IAbl BOCU01ll>30B8JIHCI> qppiASJibHbiM p8B6HCTBOM 
d ' -4 0: (~) . 8(t-t'). (5.13) 

CTOJib llt6 4.JO.JM8JlbHO 

( 
J ~ -· d.(-} ~ 9(t.-f). (5.14) 

lloaTOMy 41lH HK06HSH8 (5.11) noJiy'I86M Bblp8llt6HH6 

I\ ~! ~ ~ "'~' lr \ ~ ~t • ea l• (t-t') • on c') ;;~t) d't(t') J) , 
.. (~~-{~ ~ ~\. etotr-1 p,(A [6Ct-i.') + E>(t.-t') cSl.S 1~ (5.15) 

'b t. J ) . \ L-d o<\><i M~<~') ). 
1IJI6H ~p tr t ~ ';)\ J ot COKP8Ul86TCH C 8H8JIOrH'iHbiM BMY 'ill6HOM B 

HOpMHPOBKe ~ ~~~~~ npWHHMSBT Blii,IJ; 

l~t I ' d"LS 1) ([) ' ew tr l P.~:~ (8(t-t') + e(t-t.) -j ' (5.16) 
b, 1 L-a J~<t)o~(t') 

OTKy.n;a 

6t t. l. 

II II-= E1f i. (clt' ~ ' 
6<\> l d ~~l.(t') 

(5.17) 

r,n;e npHHHTC, liTO e(o)"" 'Y-2. /59/. 
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B peaynua:re npoKSBO,lt!IIIIHil !fJYHKIIHOHan ~ '·'· LrJ BilrJifl,lUilT 

TSK: t 

lF.rlJ) .. JD'P ex.p t-~ ~ (~~-. ~~rd~cl~'} ~ 

P..JD t ~ (:~J.t' ~~ 1" (~..tt' J(x.,t')<\>(x.,t')} (5.18) 
\'- -. z. J $~~(.\ t') J 

0 I 0 

~anee, DOCKOJI~KY (cu./59/) 
t 

- ~ ( Jt'JJ>l( ~~(/\, .. ') ~ • ~ \ d~ f S [ ~ (x)]- S [ <P(a,t))\cs.I9) 
~ ~ ~t' ~ct>c~~ .• ~·) z j l 'J 

TO t 

. l'=·\J). ~ t ~ $(~.,1} jw '4' {_-1 SC~]- ~J'I(Jt' ,f'·'·}~t (5.20) 

* elf { (.rcA..-t')<p(,,t')cit.Jt' j , 
r,11.e . 

S
t- 1 t

1
F.P. J t. p 1 {-! l ~)\ _i ~\'I. .4 ~l.$ } 

JtJt - d1<Jt l\ot' lt~E<t>)-lcf<l>.,_ (5.2I) 

0 • tl: 
llpOB3ll6,11.6M ll (5 .2I) 113M6H6HH6 IIIK81lli !fJHKTKBHOrO Bp6M6HI4 t-. 2. 

t t.r'z. dCP )l. "L z. J J~· f···J·j( ~ 1 1- ~ c,t. • i ( ~!)- ~ ~~~ 1 cl~Jt . (5.2I ) 
• 0 

lloay1111HH811 wopuyna npe,~tcT&llJliiU co6ol "ellKJIKAO.Bo" AdCTBIIIu ,l!JIH ra-
uanuoaBaaa toxxepa-nnaua H"·'· , BBe,lleaaoro B § I (I. 30). 

Ha Bwpazeau AJIII npoBaBOAllllt&rO lflYHKIUIOH&na {5.20) cnu.ll,YeT, liTO 
nocne BHTerpBpoB&BKH no 6UOMY IIIYMY pon~ ;uarpauHaaa B lflYIIKIUIOHa~
aou DOAXO,llll llrp88T BOBYI "afl}4leKTIIBHYI" narp8HZI48H tOKK6P8··Il:JI8BK8 
J..~··· 

Teopllll B03yYUliiBBI, DOCTP08HH811 C DOIIOUII DPOBSBOAIIIIIIIl'O iYHKIUlo-
88118 (5.20), DOpoZA811T np8llB&8 teiH118B8 AJIII narp8HKJI8H8 l~·. • 9T8 
HOB811 T80PBII BOSM;J.IIHBI 8H8&0rB11H8 TOI, KOTOPYII MOKHO p83l<BT~, KCXOAII 
B8DOCp8,11.CTB8HHO BS yp8BB8BBB l8BZ8B8H8 (eM. § 2). 0TJlB111118 COCTOKT ll 
TOII 1 11!0 B lflYBX~OHBI~HOM DOAXOAII Bll ByaBO ;JCp8AHII!~ DO 6EJIOMY myuy 

\ B8 ypOBB8 ,parp&IIIIY, !8K K&K 8!0 ycpUHIIUII yae 6YJlO I.pOB6,11.8HO H8 
JPOBH8 DpOBB:IO.U•ero tyBX~OBIU l.F.r. • 

Hyzao aa•etat•, 11to xo ... ectBo ,parpaMII 11 o6oxx cny11EBX 011ea~ 

6o1••oe. B paccMotpiBHOM ~oz.so •~o WJHX~oaaa.BOM no,li.XOAE 6o;u~moe 

qaCIO ,Pirp8M11 CB&SIBO C B8DUIII B Jl8l'p8BZB8H8 ,li.ODOUKTIUBYX BllplllBB, 
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Onpe;teneHHhiX Bhlp8lK6HH6M {+ ~&(6Sfo~)2 - 'l.<t .S"S/&ct"} 

~OpMyna (5.20) 38,lt86T UpOH3BO,ltfillld !f}yHK~HOHBJl t. M. 1 npH llOMO
lllH KOTOporo ~OXHO BhlqHCJIHTD n -TOQ6QHhl6 KOppena~HOHHhl6 !f!YHK~HH (5.1), 
Ho, KBK yze jhiJIO OTM6Q6H0 1 AHBrpaMMHBS T6XHHK8 1 nopOE,lt6HHBH !f!YHK~HOHB

JIOM C FP.( f] 1 He COBUBAB6T CO CTOX8CTHQ6CKOL! ;tHarpaMII.HOit T6XHH

KOit1 OUHCBHH~il B § 2. iloaTOMy HM66T CMhiCJl nOCTPOHTD npOH3BOAHlllKil WYHK
~HOHBJI lll] H6UOCpeACTB6HHO AJIH CTOX8CTHQ6CKHX AHarpaMM. PaCCMOT

pHM AJIH Onpe n;eJieHHOCTH CK81IHPHYKI Teo pHil C B38HMO;zt6itCTBH6M ~~\ 'f l 
~YHK~HOHBJI ;zt3itCTBHH HMeeT BH,lt 

s ~ !. (~~D 'f(fc)(fc\M"")'f(-t(.) + ~ ( cl'vc4clpi:~.Lofcl 4t 

2 J(,J) 3 · J ('2Jt)Z·P 

* 6(t(41'tcl. .. tl) 'f(~ )'f(f<). )'f(tcl) . 
(5.22) 

YpaBH6HH6 na~lK6B6H8 npeACT8BHM B HHTerpanDHOil WOPM6 

t p \ 

'f(t,t.). )Js CX(fc,t-s ){ 2(4-,s)- ~ ~*')" 'f(p,s)~(tc-p,s) J . (5.23) 

Ero peweHHe aanHW6M B BH,lt6 p83JI0lK6HHH no KOHCT8HTe CBH3H 

« ~ 

'jl II (II) l.p (o) "" ( } 

~'L (~.~) • ~J d 'f'l, (~,t) ,. \ t (t<,t) + L f 'ft II (tc,t) ; 
~-o 11=1 

(5.24) 

r;zte lftl(f(,t) HBJIH6TCH peweHH6M ypaBH6HIIlH naHX6B6H8 CO CB0-
60;ztHhiM ;zt6UCTBH6M: 

"t; 

{o) -(~\1\o\•)t ( 
ft(t,t)='r(•)(l)e • JCr(f<,t-s)t{t<,~)ds. (5.25) 

0 (111) 

0611l66 yp8BH6HH6 ,ltiDl K03!M!H~H6HTHhiX !f!YHK~Hil 'ft ( Cc,t) HM66T Bll,lt 

t ~p S L d p en c,i\ lft~\tc:t), - 2! J Js &(ec,-~o-s) ~~r 1Jt) 11 'f 
2 

(f.~) 'f ~ (((-p,~) . (5.26) 
t 0 • ., j" I. 

llo;ztcTaBnaa ~opwaJIDHOe peweaHe (5.24) ;tiDl lft(&,t) B BHAe pfiAa no 

KOHCT8HT6 CBH3H B npOH3BOAHlllHH !f}yHK~HOHBJI (5,5), 6y;zt6M lllM6TD 

l[J1"'J'5cro1 d['f-"tf'et'>-'ftw] fl'f'.oJ~ 

t t pt ~-t J'rc 0 (5.27) 
it PJID -1 (_c:l_ ch 11.(~ ~) T - c:ls !('<,s)'fHs) 

--r 4 ~ c2.~r)' • o (Z.Jt')D ' · ,... 
OTCIJAB nocne HHTerpHpOBSHHH noD~ nonyqHM 
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MOXHO BKHIDQHTb B HOpMHpOBKy. 

BB6~6M ABH66 llOHHTH6 KH8CCHQ6CKOrO TOK8 J(~t) ~Jlff 6enoro 

WYM8 H nepenHW614 npOH3BO~H~HW ~YHK~HOHBH (5.i8) Cne~yiD~HM o6paaoM: 

t(r] ,.SDt ~{- ~ f~;;) 0Js f(~.s) ~ ftz;>D ds lU<,~) j<-tt,s) J .t 
~. pet - I A-et.n~}(~x>DJ.> JCP<,>)['ft<•l(-~,l)1" ~r·~<"'>(-l<,s)1} _· (5.29) 

-r{o ""'~' t ~~o 
38M6HHM Tenepb B ~YHKUHHX ~~1 (tc,t) (11~'1) 6enhl~ WYM \PYHK-
UHOH8HbHOH npOH3BO~HO~ no ero KJIBCCHqeCKOMY TOKy H nocne HiT6rpHpO

B8HHH no 6enOMy WyMy nonyqaeM npOH3BO~H~H~ lPYHK~HOH8H L1:;J ~HH 
CTOXSCTHqecKHX ~Harp814M 

00 

l(r] .,. eu, I Ea~ J JD\ Js :Hf<,~) ~~~ (- '<,$) \ ~ 
r t ft~, o (zJf) ~~ J 

oD (~(s-t) C.(~,s-t))(J(~t)) 
• elf J d'~ ds :t ( !(~.s) J(~,s)) (5.30) 

o (2J) Ct(tc,t-s) i ~(fc,t. 1s) JC-tc,t) / J 

rAe D(l,s,t) onpeAenaeTCH TaK Ee, KBK H B § 2. J .. o 
ITo nocrpoeHHID BH~ao, qro npoBaBOAH~Hg WYHKUHOHan l(J) ropolii:~BeT 
BC6 B03140XHbl6 CTOX8CTHq6CKH6 ~Harp81414bl. 

KaK yze 6bl1l0 ynOMHHYTO B § 2, CYMM8pHbiW BKHBA CTCX8CTiq6CKHX 
~H8rp8MI4 O~HH8KOBOg TOllOHOrHH np.H t ~ 110 3KBHB8Jl6HT6H BKl a~y COOT

B6TCTBYID~eg ~Harp81414hl ~6gHI48H8. 8TO 03H8Q86T, 

fAm 
l/ l [J] ~"' l e<t[ J] 

-: 

t. -i>QO Jr<~,t) ... cS"rcl("•t) ~J(Y.) .... 6J(A") 
(5.31) 

1 

J =o J .. o 
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ABTOp r~y60KO npH3H8T6116H B.r.Ka~~6BCKOMY 38 DOMO~L, OK838HHYD 
DpH HBDHCBHHM pa60T~, DOCTOHHH06 BHHM8HH6 H DO~~epzxy, 

ABTOP TEK~e B~pBEBeT Onaro~apHOCTL ~E.P.Knay~epy B x.x~eny aa 
D01163H~6 AHC~YCCHH, 

t~·A ·A 
·tl ·A ·A 
·f( 

+ BP8lll6HHH = t....., 00 

PHC, I. HaOcp CTOXBCTHqeCKHX AH8rp8MM 1 A8D~X npK t-?oO CyMM8p

H~l BK118A 1 3KBHB8116HTH~l BK118AY COOTB6TCTBYDlll6~ AKBrpaMM~ 

~eltM8H8. 

Cx(~>-·1;1) __;_:_-; 

t 

,; .. 

""ta. 

Cr (t. -1,.1) 

. t ,;J 

PHC. 2. llpH.46p CTOXBCTHq6CKOA Alt!BrpBMMU, B \[lyHKI.\HHX U ( fc, t~·t1.) 
Bpe IIH t'l AOHJKHO O~TL 601ILW6 Bp6M6HH t 1 • C yii6TOM 3TO
ro p8KT8 He06XO~HMO npOBOAKTL ynopHAOqeHHe Bp6M6H npH HHTe
rpH~OB8HHH, 
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l(KarpaMKa OCSOSH8'118HJ48 ¢lOPIIYJl8 

f>J &, I •b ... t ( &: 1c .. ) - tc
1

lt-t'l ~~t .. } 
t.~t &t., (t,t-t'} ~ ab.,-~ e .. 
t 'I fcl. l-' 

<S''"t -1 (cr. _ fc(lt")( -c/·lt-t'\ 
a. b, tU. 

-p &'' rc~ e. -
t~t. or (tt,t.') 
t " ~ Q:t.(t+t'\) 1" 2Mil'\(t,t') ~~) 

- 1(1 

.. 
(-~)~tb~ [ (~-fc4\d~c t 

~: 
~ .. , . 

s vc~~ (t,t •• •~.) 
r ' c 

+(t<.-t1~61('). 1- (r<J.-fc)~~.d't) 1 
l, " 

L 4be '"~ ( ) 

.. -;~'" t ~ ot~d.,.'A- ~~~~.,. r ... l( ... 

~~ ~but au~t~e( ) 
~1\(Jt~"~ ... f dc""du.- ~,.~,~~. -+ It 

.. 
Me ,be( ) J ,. 

-+ f t ~C~~. 6v~ - f .. rK~ 

TaCSJI. I 
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