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§ I. B B E A E H " E 

llpo6neua BYXOAS 88 paMKH M8TO,ll8 T80pHH BOSMy~eHHI HnH 

K8KOI-nH60 ee MOAHlf!KKSIUIB npH06peT88T BS:UOe 3H8'118UH8 npH HC

CJl8,llOB8HHH HepeuopMBpyeMYX TeOpal nona (~- TeOpHH). H CBRSH 

C STHM, B nepBym O'llepeA~, H806XOAHMO nOHHT~ OTJIH'IIH8 peuopMHpye

MYX TeopHI nona ( I( - TeOpKH), l'A8 M8TO,ll T80pHH BOSMy~eHHA, 

DOCXe BYDOJIH8HHR nepeHOpMHpOBOK 1 npHBO,llHT K XOpOWBM KOJIH'II8CT

B8HHYM pesyn~TSTSM,/1/, OT tv1 - T80pHI, l',ll8 M8TOA TeOpHH BOS

uy~eHHA OK838JICH HenpHM8HHMYM B, no Kp8~Hel uepe, Tpe6yeT 

K8KOI-TO MO,llHI{lHKSUHM. 38 DOCJl8,llH148 l'OAW 6b1Jl0 Hp8,llJIOJ18HO H8CKO~

KO TSKHX M8TO,ll0B BY'IIHCJ18HHH nonpaBOK OT BYCMHX npM6JlHZ8HHA B 

uepeuopuHpyeuux Teopaax nona/2- 5/. KcnonbSObSHHe aTHX ueTOAOB 

nosBonano noHaT~ npHpOAY oTnH'IIHH R -TeopHI oT AI -TeopHI. 

Kex B R - Teopaax, TeK H B N -Teopaax, 'llneuu PM& Teopal 

BOSMy~eHHI KSK ~YHKUHH KOHCTSHTY CBRSH ~ HM8~T OC068HHOCT~ 

npH ~ == 0 , O.llHSKo xepbKTep STOA ococ5euuocTH cyutecueuuo pas

nH'IIeu. B IV - Teop•ax aunMTJAY pacceauHa ((j}yuxu,HH I'pHua) ue

llT TO'IIKY BeTBneHHH no . 9o B TO'IIKe Jo == 0 , TO I' AS xax B R
-TeOpHHX OC068HHOCT~ B TO'IIK8 $, = 0 n03BOJIH8T p83JIOUU IIX B 

acaunTOTH'IIeCKHI pa.ll no cTeneuau ~0 . 

Haae5onee npocTo nouan OTnH'IIHe R -Teopal oT IV -TeopHI 

H oreu cauuu npocneAan npBHUHDHan~uye CTopouu npodneuu BYucne

HHH BYCWHX npHc5JlHJI8HHI B 1\f -T80pHHX 1 B p8UK8X UO,ll8JIH H8p8JlH

'fHBHCTCKOl'O p8CC8RHBH H8 CBHl'JllHpHOU nOT8HUH8Jl8. 

B p8c50'f8/G/ 6YJI npeAnoaeH H C(j}opuynHpOBSH M8TOA Bll'IIHCJI8HBH 

DODp8BOK OT BYCmHX npHc5JlHJI8HHA H8 npHUepe ypaBH8HHH Wpe,llBHrepa 

C CBHrynapHYM noT8HUB8JlOM 1 nOSBOXR~I HSXOAHTb BOJIHOBJD ~JHK-
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II J.i J(ll ~H~ H 8MllJIHTy~y p8CC8HHHH B BH~e PH~OB no CT8fi8HHU ~o~07o) , 
r..zte 11..v - ~enoe 11Hcno, a V , B o611l8M cnyqae, - ue~enoe 
qzcno (uo~HWM~HPOBBHHH~ pa~ reopHH BoauyllleHHM). B ~auuoa pa6ore 

UOCJie 060CHOB8HHH M8TO~a ~~peH~BJiiHOA HHTepnOJiflUHH (f1])t() 

H npxueaeaza ero K noreu~uny !o Vfz) =: ! 2 'i 6 npoBo~Hrca 
Cp8BH8KHe npH6JIHZ8HHM, nonyqaeUHX C UOUOIIli~ l.fJO){ C npHOJizze

HHHMH, UOJiyq&eUHUH C UOMOIIli~ "neparaaa~H" / 3/ H 06peaBHHfl HB 

YHHTBpHOM npe~ene/?/. 

§ 2. MeroA AHruwepeHuHaniuoU xarepnDJIHHHH 

HepeJIHTHBHCTCKOe ypaBH8HH8 mpe~KHrepa 

d'tt.M + fK·- er er f) z-·-,. VMjur•)"' 0 (2.I) 

c rpaazqawu ycnoBxeu '/1,(2)~0 
2.-<'0 SKBHB8JI8HTHO HHTe-

rpaniuouy yp&BHOHHD l 

U (K, 1) = l 'U';f (x;7) -j. fi}f (f(Z,f )V(p)U(K,p) .(2.2) 

0 
3,li8Ci l - HOpUHpOBO'IHH~ MHOZHT8Jii, B 

G( 'll .f)= [ u ~) r x; -z) IL ~.t>(t;;J- u~)f~pJ u~l'(", 2.) J 
U'tJ ( K, 7) = fc ( KZ)=: (il! l{.,.fl• ( K?.) ~ Z b· .I 

1" z~o. 

(J.) I~ A / { ) - ~ 
/).. 0 tK,Z) ::::.lte(K"l)::Evtn /Ve+"i.IK-z ~ "2. y, ., .... o 

4 

(2.3) 

(2.38) 

(2.36) 

, 

I 

(J.) I ) (tJr. ) q Uo rK,l, 11, tJ;l HBJIHIOTCH peweHHHMH ypaBHOHHH (2.I) npH do-:{)_ 

llpH /\2 
:= 0 yp8BH8HH8 (2.2) HM88T BH~ 

"' 
U!•) = l ·/·' + u:;-pp V(p)/{''ll_ /+f(j11fpi;·•l 

0 

MTepzpya ~8HHY8 HHTerpSJiiHHe ypaBH8HHH, MOEHO H8MTH peweHH8 

tlft) B BH,lle pH~8 no creneHHM KOHCTBHTY CBH8H dO· B CJiy

qae peryJIHpHYX fiOT8HUHBJIOB, y~OBJI8TBOpHWIIlHX YCJIOBH~ 

So 2'd~ -z_/Y{2.)/ C::.. 00, KUE~Ylt qneH pa~a BHP8li88TCH qepea CXO,liH

IIlHACR HHTerpaJI, peweHH8 RBJIHOTCR 8H8JIHTH'I8CKOU ~yHKUH8A OT~o 

B H8KOTOpOA 0Kp8CTHOCTH TO'IKH !o:: 0, H pR,ll T80pH111 BOSMYUie

HHM p8BHOMepHO CXO,liHTCH npf/1 ~OCT8TO'IHO M8JIYX 8HaqeHHHX Gro 
H Z /Bf. B CJiyqae ze CHHryJIRpHYX UOT8HUH8JIOB, y~OBJI8TBOpRD

IIl111X yCJIOBHil !oz. d l z/ V('z) { == oQ ' HeTpy,liHO yOe,llf/ITiCR (Ha

npHuep, H8 ypBBlleHHR (£..4) ), qro YJ:8 nepBBH HTepauHR npHBO~HT 

K p8CXO~H~MCH BYpazeHHRM, OTKy~a CJie~yeT, qro p~ T80pHH B08-

MYU18HHI nepecraeor cxo,~tiiT:&CH, H pemeHHe yze ile ecTi ronouopq,

H&H «>YHKUHR B TO'IKe 3o= 0 • llOSTOMY ~JIH np&BHJiiHOrO BYqHCJI8HHH 

nonp&BOK OT BYCWHX npH6JIHE6HHM He06XO,liHMO o6pe88Ti H,llpa yp8BH6-

HHlt (2.I) H (2.4) HB HHZHeM q,Pe~ene £:: D- 1 ~ 0 (qro, aa

npHuep, .z~ocrHraerca aaueHol Vfz) ___.. Vc. ('2.)= 9(?-~) V(2.)). 
Tor~a HHrerpaniHOe ypaBueHHe (2.2) c o6peaaHHYM RAPOM 

z 

1/. (f, K,>) = 'l{ f,(•'J- j. if ;p 6'(7, .f) V(f) /!.(f, K,f) 

c 

(2.5) 
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3KBHB8H6HTHO CH6AYm~ei rpaaHqao~ SSA&qe 

" c/U(£,~r,Z) {,; IJ ·l-.t 1/)7 
d 2 z -1 K - (,'(f+ 1/ Z - Jo v/2); U (t; 1(, z) = 0 

(2.6) 
7 dU(t,K. z) _ '7 .i_ t 

'U (E, K, [) := C £1/Kf.) 
1 

(j'l, 2-;[ CE rf£ dt (K£). 

llpH 1\'1.::0 ypaBaeaHe (2.5) npeoOpaayeTcn :a ypa:saeaHe 

z 
7 e.Tt /J, _ G ,T.e-tt e ~-1-1 -tZ (2.7) 

u r~ z) = ~r. 2 -r -;;;JJ"P V(pJL z f -f 2 J1<f~!>, 
e 

KOTOpoe SK:SKB81l6HTHO rp&HHtUiO~ 38A&qe 

c1). u rr. z) r >] 
de.-' -tL t(e+1)Z-1 +Jo Vfz) urr, ?.) =O 

e+t clurr, zJ 7 e. 
Uff,t)=rct ) (jrz_ z=[~,(t-fi)E. 

Ilia (2.6) C1l6.ll:Y6T, qTQ TOtUi08 peweHH6 1,.{_(~ li, 2.) 140JKHO npe,li;

CT8:SHT:& B BH,ll;8 

1t(Z,K,<)=:Z{t<W)1<,{t<,~)+ t<lz(()U,(K,>j, (2.8) 

r,ll;e 

w, I!) W [ud~<.t), u, !•,tiJ= j,c "') d ':;~1"0 - u, IK. f)~ {,c<t)<
2

• •J 

fl.!, (tJW [ 1l, {K,f ), 1/,(K, (~ ~ - j, (Kf} c/7i._; ~(, £1 t /1. t(~f)~ ~~If)~ 2 • I0) 

6 

1/lcnom.syn ,ll;B:nee B&paJteHHR (2.9) 111 (2.10), a TSKlKe U
1

(1(i)lll Ul.(~.~ 

KOTOphle IIB1lli10TCR .ll:BYMR 11HH6iiiO-H838BHCHMhii4H p8W8HHRI4H yp8BH6HI/IR 

IUpe,ll;HHrepa (2.1), ueTpy.ztuo noxaaaT:r., qTo WJ. (l) a W,t.,(E), 
a aaaqHT, H TOiffioe perueuHe U (l, K, 2.), Y.ll:OB:neT:sopRIIT cne,ltyiO

IIIBMY ypa:sueHHHl no napaueTpy oOpeaauHR E =: ])- 1 "? 0 

b:!.. _ fi f. r KO + v'r t) 1 c1 w _fl. WrJ wrQ=or,>.nJ 
rf[2. L I( It {Kf.) vre) J elf 0 

llpH ~=0 ,li;8HH06 yp8BH6HH6 HM86T BH,ll; 

d2.W -!!L trf -t- v'(c} l c/W - J; Vft:)td/f):: 0,(2.12) 
dE'- E vroJ ctr 0 

TaKHM oC5pasoM, A11R TOiffiOi :sonao:soi fi>YHK~HH U(t1 K, '2.) , 

npe,ll;CT8BHMOI B BH,ll;e p~~.zta T80pHH BOSMY~BHHK C KOHeqaH:M napaMeTpOM 

OC5p638HHH £ (npH HT8p8~HH yp8BH6HHi (2.5) H1IH (2.7)X) 
oQ 

Z ~ 011 (11) 
U{E,K,'l.)-= t L_, <{o U (t,k,z), (2.13) 

t!=O 

BC8rAa MO~HO 38TIHC8TL ~H~epeH~H811:&H08 HHTepnonHpyiD~ee ypa:SH6HHe 

no [ E ]f 1 
"?' 0 . Tor,ll;a,nepexo~n B npe,ll;CTa:sneaHH (2.8) K 

npe,ll;e:ny E - 0 H BBO.ll:R KbHCTBHTy peuopMHpOBKH 

'l =[2r ()}1 (£)], no:ny'IHM y0bi:S8IOIJIB8 Toqaoe pemeuHe 

x) llpa :nHJC5oM KoaeqaoM auaqeHHH E pR.zthl (~.13) H (2.I3a) ao
co:niOTHO CXO~RTCR H Ollp6,li;61IRIIT r0110MOp~HY!O fi>YHK~H!O ll8poM6Tp8 

3o · 
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U(K, z) = '2 If~ ( K,l) x). OKaa~>~BaeTcR, t~To .l!H~pe~mHan:&aoe 
HHT8pfi01IHPOBBHH08 yp8BH8HI46 no ~ UOXHO flOCTpOHTI> 1 3H8ll 

T01II>KO KOH6\IH08 QI4C1IO '1116HOB pery1IHPI430BBHHO~ T60pHH B03Uy~e

HI4~ N" 
"7 ~ 11 (n) 

1i(l, K,Z) = -'€ ~jo 1f (t; 1(, ~). 
h:O (2.!3a) 

~e~CTBHT81I:&Ho, Tor)la aHall T01I:&Ko (~.13a), ypaBH&HHe no t: 
B cauou o6~eu cxyqae, uoXHo aanxcaT:& B BH~e 

ft ( (,_) U. ( l.' K, ~) -f" {Jo l--} fJ. (£"c) U ( £, K, l) + 

L ttt, (2 .14) 

-t-{3of."M} f{{fc)'U.f[,K,l)+"· t-{!of-J R,(h}tlft,t;t)::~ 

r.21e P., { fr) - onepaoropHiie IIHOroqneaw ·oor ~ .= E tZ ' 
00 

HU610~8 BH)l R,(bt.)= ~p:'{tJ(/ 1 a(Jof-'1 
CIIHT86TCH 6eapaauepHO~ nepeU&HHO~. ll0)1CTBB1IHH (2,138) B (2.14) 

H npHpBBHHBBH '1118Hii npH O)IHHBKOBI>IX CT6fi6HHX KOHCTBHTI>i CBHSH 

J'0 , nony\IHM CHCTeMy YPBBH8HH~ A11H onepaTOPHI>IX ~YHK~H~ 

e rk) u(O)rr.r. ?) ~ o 
I 

Pi ( rr) u(f)r f, x. l) + r- iH e r it) u (t1)rr, K,l) ~ o 

x) llpx npeaen:&aou nepexoAe f......, 0 , npeAnonaraeTca, 

143 pemeHHl YPBBH8H!tlll (2,11) 141IH (2.12), HBnpHuep, 

WdC.) c .. o ~ oO, a BTopoe W.dO ~ 0 , 

'ITO O,llHO 

liTO, oqe-

BHAHO, BC8r.zta Blifi01IHH6TCH .li1IH UOT8H~H81IOB OTTB1IKHB8HHH, 

8 

~ ( 0t) U {l) ( f, K, z) -t 2 - M .e ( 0() U (f'( f, K, l) + 

r f -z-A (h) tl ''fr, 1(, l) -:::. 0 

. . . 
(2.15) ... 

n ( <:" ) W">[ ) ~""' n ( (' ) fN.,-.tJ .t'J Qt: U f, K. Z. + l ~ 0£.. lt- (f, K, 7..) + ,. · 

... -t f-ll..mJ?,fi;.) u.'or[,K,Z)-== 0.· 

PeWBll )18HHYil CHCTeMy yp8BH6HH~, HBXO,liHM onepaTOpHhl8 UHOrOII116Hhl 

p,., ( 6;:), H llO,IlCT8B1IHH 38T6M OOpBTHO JJ (2.14)1 nonyqaeu, TB

KHil o6paaou, HBHU.Il BH,!l .ztl4tWJ8p6Hl.IH81I:bl!OrO 14HTeJJll01IHpyto~ero 

ypaBHeHHH. llpe.ztCTBBHM .ztanee U ( E; K, 2) a BM.zte 

1'1r 

't{. ({', ,(, l):::: z z WI (C)<!;. ( K, 2), (2.16) 

)4= .f 

r ,ll8 . U}/' (f.} HB1IHIOTCR JIHH8MHO-H6 38BHCHMhiMH pe W6HHRM 

YPBBK8HHl· (2. 14). t1 r onpe.ztenHeT nopH.ztOK 3TOro ypaBH8HHR' 

8 ~r(K,2) Ollp6,1l61IR6TCH•Cp8BH6HH6U p831IOE6HHR HBllHCBHHO" CyM

Ilhl (2.16) no /Jo C pH,llOU peryJiflpi430BBHHOM T60!JHH ll03My~eHHii 

(2.13a). 

II yen 

Wr (f.J/ ~{C) (-:;-;; 0 /'~ 2, !J ... ~· (2.1?) 

Tor.zta ,nepexo.ztR K npe.zteny £ __, 0 14 BBOAH KOHCTBHTY peHopwt-
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POBKH 

B BH,ll.t!l 

z =[2f WJ (£) 1, noJiyQIUl HHTepnoJIHpOBBHHOe peiD8HH8 

"U (0, K, l.) ::" z ~ ( K, 2), 

KOTOpoe CO,ll.t!lpEHT QJII!lHH, H8BH8JIHTHQ8CKH 58BHCH~He OT ~ , H 

,li.86T KOH6QHOe QHCJIO QJI6HOB PR.ll.B MO,li.HWH~HpOBSHHO~ T60pHH ll05My

~eHH~. EcnH HHTepnonapoaaHHoe ypaBH8HH8 no,ll.o6paHo Y.li.B'lHO, TO 

HHTepnOJIHpOBBHHOe pemeHH6 'It ( tJ, K, Z..) 6y,li.8T ,li.OBOJI:&HO 

6naaKo K TO'lHoti BonHoBo~ WYHK~HH U {I(, z), a oco6He TO'lKH 

no KOHCT8HT8 CBH5H 07o . BC8r,ll.8 BHQHCJIHVTCH TOQHO, M8TO,ll. 

B TOM BH..;e, B KBKOM UH ero OnHC8JIH Blitae, npHrO,li.CH ,li.JIH UHOrHX 

58,li.8Q KBSHTOBOH TeOpHH nOJIH C HepeaopuHpyeMHM B38HMO,ll.t!l~CTBH6M 

/9/. 

B CJiyqae ~6 CHHryJIRpHHX noTCH~HBJIOB JI~6oro BH,li.S OK83HB88T

CH ,li.OCTBTOQHO 3H8T:& HBHH~ BH,ll. TOJI:&KO .li.BYX nepBHX QJI6HOB peryJIH

pH30ll8HHO~ T60PI4H B03My~eHHit (2.13), JleitCTBHT6Jl:&HO, HT8pHpys 

(2,5) H orp8HHQHB8HC:& qJ1CH81414 nepBOrO nopH,lJ.KB no KOHCTSHTC 

CBH3H J'() , noJiyqHK {' 

<f(f,K,l) =l:(! + Jojpv(f)/,rKffo•rKJ>J-r;?r~'lewi· 
z (2.18) 

l 
T- •• ·j - <.P('o) + q cP(fJ 

- 7 (Jo 1 ..,... '• • ' 

r,ll.e 
lf(f, K,l.) == !Iff, K. ~J/Je[K'l.) 

1 
cit (/(Z)= lfet~JI/et/01.). 

TOrAa AH~peH~I48JI:&HOe HHTepnOJIHpy~~ee ypaBH8HH8 (2.14) CBCAeT

CH K ypaBUI!lHHil 

B. ( fe) lf(f, K, z) +(!() e-~) .£!,.(;,_) f(f,K,l.) ==o. (2.19) 

10 

~~::~t~ 
',I': 

:' 

,j. 
t, 

I' 

I 
I 
·,. 

.; 

Ma (2.18) H (2.19) cne,ll.yeT, 'lTO 

R (SE:.) lf (O) ==-0 (2.20) 

B (b'r.) tfl1'(f,l{,l.)-~- [.-"" e rrr:J tt(O)-::: o. 

Ha nepBOrO yp8BH8HHH CHCTCMH (2.20) CJ16.li.Y8T, 'lTO 

ft (!e)== ~I ( h)t"c, 
tP (I) 

TOr,li.B ~cnon:&ayR HBHiiU BH,ll. 7 H npe,li.CTSBJIHH 
00 

D '!~) == ~ oMk> -1
11

- roJ rtJt. r 
.1. :1. I {}f. f';: 1 t rC/ 0[ - /; {f)-!- /j 1c) Of+· .. ' 

H8 BTOporo ypbBH8HHH CHCTI!lYH (2,20) nonyqau, QTO 

~rqrt:):;:- r; + L E cr; (KQ + [ _yfc! 7 oftJ/r) 
.t. {1. J. (K f.) y(£} j /.1 I ' 

ljt (2.21) 
o4 e. {G"c) == {;; {;(vJ( c)/,"':;; l;.ro{t):: [ ,.,,..2V/c)f.tftfc}. 

TIKHK 06p880M
1

yp8BHIHH8 (2.19) npHHHM8t!lT BH,ll. 

l r JiJ:!J vrr.l7 <" ? -L {r ,t[ t,(teO ..,. f Vfijj + o:J bc 'f{f, K, l-J- (2.22) 

~ - J() t.l. V/E.}Cf(f,K,t):::O • 

Hna,BcnoKHHBH, 'l!O <f'(f, 1(, ~):: 1(((,1(,Z}/{(KA-) , nonyqHu 

ypBBH8HH8 
t I d tl(E,K,?.) _ J: fe[K£2 + vr£Jlr/-tt(f,l(l} 
cJz:'- L t Je(l::f.) vtr.)j r/[ (ft,Vfc)'/J:o,(2.23) 

II 
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KOTOpoe ~0Bfl8~88T C ypaBH8HH8K {2.11). T8KHK 06p880K 1 B p8KK8X 

yp8BH8HHfi llipe,llHHl'epa C 1IIlClhiM CHHl'Y1lflpHhiM flOT8HUH81IOM npH OTI1141l

HhiX: OT HY1Ifi 3H8118HI4fiX e H K 8H8HHe TOX:&KO .llBYX nepllhiX 

1l118HOB perynflp!430B8HHO~ TeOpHH B03yY~8HI4H npHBO,llHT K TOIIHOKY 

yp8BH8HHIO no e ,ll1Ifi 'J{ (£:, k,Z.) • PeweHHe (2,23) MO:&HO 

npe,llCT8BHTi B BH~e,8H8110l'J41lHOK (2,8), {2.16) 

't{ ([, /1; l) "' 4 f t4ft) 'f. (K, Z) +4J,.{t) tfJ (K,l,}]. (2.24) 

~.tfK, ~) B oO~eu cnyqae onpe,llenHIOTCfl cpaBHt!HHeu pasnoaeHHfl 

(2.24) no ~~ C Pfl,llOM perynflpi480B8HHO~ TeOpHH B03Ky~eHHH 

(2.!38), Bhlp8~8HH8 (2.24) onp8,ll81Ifi8T l'01IOMO~HYil ~YHK~Hil KOH

CTSHThl CBfi314 ~0 , llepeXO,llfl B Bhlp8:&8HHfiX (2.24) 14 (2.8) K npe

,ll81IY [ ~ 0 , nonyqHu, qTo tl ( 0, K, 2.) B oOoHx cnyqafix 

npHHHK88T BH,ll 

ur IJ, J(, z.J = Z u~ {I(, 2.) 

41( (), K,l) == z $'; ( 1(, "l.). 

TBK KBK ~ (K, Z.) BhlqJ4C118H8 C T01lHOCTill ,llO 1l118HOB nopH,ll

K8 J:., t 143 Cp8BH8HHfl STHX .llBYX COOTHOWIIHHH C118,lly8T 1 liTO 

HHTepnonHpOB8HH8fl B01IHOB8fi WYHK~Hfi ~ ( 1(, Z? COBR8,ll8-

8T C TOIIHhiK y6hiB8KliJIHM pemel!H8M 1/,1 (Jr, Z.) C TQqHOCTI>II 

,llO qneHOB nopfi,llK8 dot(', , T.e, 

v ~ ( k, 7,) == ~ { 1(, "?.) -r 0 ( !,N{,+~). {2.25) 

12 
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I 

TBKHK 00p880M 1C flOMO~DIO M8TO,ll8 ,llH~epe~H81IiHOl HHT8pR01Ifi~HH 

TOqH8fi B01IHOB8fi ~YHK~Hfi BOCCT8H8B1IHB88TCfi C 111160~ TOIIHOCTill. B 

CXtl.llYIIUit!M nyHKTtl npoBO,llfiTCfi npfiMhlt! BhlqJ4C118H14fi ,ll1Ifl C14Hl'Y1lfiPHOl'O 

UOT8H~H8118 1 8CT8CTB8HHO B03HHK811UI8l'O B Tt!Op!4!4 no;ng, 

§ 3. rrooreHUHan J! V(z) == f r 2 - s 

B npocTelwHx cnyqaax peweHHe ypaBH8HHfl EeTe-connHTepa ,llnfi 

p8CC8fiHHfl nenTOHOB ,llpyr H8 ,llpyre B qeThlpex~epMHOHHOl TeOp1414 

CBO,llHTCfl K p8W8HIII yp8BH8HHfl llipe,llHHrepa C CHHrynflpHhiM ROT8H~H8-

1IOM ~ 2- 6 
/ 4/. Pfl.ll perynflpHSOB8HHOH TeopHH .soa.uy~eHHfl .ll1Ifl 

nooreH~Hana Jo V(z) = fYz~' HueeT BH.ll(tf{P,2.)3JI(q'1rJ 
•IJ( ) - 7 [1 f ~ {_t I( -1 -Jt-1 ~Jed 
1 D,2. - ,c~( + lf-~"1/ f' .D + Jt-J 2 j) - (3.1) 

- ~frl 2-f( 7-r ,..j:: Cf(O)+ _L ry ~~~'r:P. ~) +••, 
;tt'-3) ;- ,If<~-./ 7 , 

ECnH BBt!CTH onep8TOpHhl8 MHOroqn&Hhl 

ff[z,) H Q( DD) , r,lle 6:; = :D ~ , TO AH<W)epeH~H-
aniHOe HHTepnonHpy~ee ypaBHeHHe (2.14)no napaueTpy oOpesaHHH 

b IIO:&HO 88UHC8U B BHA8 • 

'! (_ y 
Pff,)'f(D,Z) + JN(fb) 0/tfb) 'f[P,Z):::O. (3.2) 

HcnonD3Yfl ,ll&nee (5.!), nonyqHu 

Pf ooJ[tf(O'+ .L f v ( /)(') ]_,. _L 1f b) y Q{ f. 'r f.P(()} f ~~(IJ 7:: 0 
Jt.,.l ; .,..... Jt.,.l P ~~L 1 _,.Jf.,.l 1 '1_3.3> 

' 
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oTKy~a cne~yeT cne~y~~aa cHCTeua ~na onepaTopaux WYHK~HI J'fOb) 
H Qfor>) 

p ( 6"f>) lf (Oh 0 

p ( Op) <f(1)( P, 'l.) +- ]) y Of h) Cf (O} == 0 . 
(3.4) 

~erKO UOK88BT~, qTO CHCT6YB (3,4) HY66T pemeHH6 B BHAI 

P( 6D) =[op 11 e-sJj o; ) Qf6;)= -(1 e-f-:t). (3.5) 

Tor~a ypaBHIHHe (3.2) npeoopaayeTCH B ypaBaeaae 

[6D-r(te-3J]~<f(r>,Z) -(f~)vtff42}==0. (3.6) 

Yp8BHeHH6 (3,6) COBU8~81T C TOqHHU yp&BHeHHIU (2.!2) no napa

UeTpy oOpea&HHH f • D--1. .ztna TO'IlHOl BonHoBoii cJ:lyHKJ.UIH (2.8), 

T8K K8K 88BHCHUOCU BOHHOBHX WYHKUHI 'f( J>, l.) H t( ( J>, ~) 
OT napaunpa o<5peaaHHH o.ztHHSKOBS 'tl (f), 2.) = t,P(~ z) 2 e~L • 
ToqHO T8K8H lite CHTY8~HH, KSK 8TO OTUeqanOC~ BHWI, HUeeT UICTO 

.ztnH nm<5oro CHHrynHpHOrO UOT6HUH8H8 OTT8HKHB8HHH BHA8 

9o Vft) ::::11. 2 -,t(H.,.I) (npH 11 = ' nonyqaeu noTeHUHan ,paccuaTpH

Baeuul H 3TOM UyHKTe), T8KHM 00p880M
1
8H8HHe HBHOrO BHA8 nepBOrO 

qneHS perynapH80B8HHOii TeOpHH B08MY~IHHI (5,l) npBBO,ztHT K TOQ

HOMY HHTepnonHpOBSHHOMy ~H~epeHJ.U18HLHOMY ypaBHIHHm (3,6), 

Il03TOMY B CHny COBU8A6HHH ypSBHIHHI (3.6) H (2,8} HHTepnonHpO

B8HH8H ~HHOB8H cJ:lYHKUHH 1BHQHCHIHH8H KITO,ztOK .ztH~epeHUH8n~HOI 

HHTepnonauax,coBna.naeT c roqxol c TOQHOCT~~ .zto qneaoB nepBoro 

nopH.ztK8 no KOHCT8HTI CBH8H, 
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!IOK8llt6:U 3TO HIUOCpl,llCTBeHHH:U BHqHCH6HI46M B CJiyqae S - BOHHH. 

~BYKH nHH6IHO He88BHCH:UHYH pemeHHHMH ypBBHeHHH (3.6) HBnHIDTCH 

(fJ>)'Yl L~rGfrt>l] H (fJ))~ Krr[fffi>Jj. cooTaowe-

HHe (2,24) TOr.zta :UOZeT 0HTL 88UHC8HO B cJ:>opue 

'((A z)= 4/ ~lix,[f(f P>'] 'f'.(z) 1f 1 l A;,HfFJ>)J<&&j :'· 'l 

MOZHO p83JIOlltHT~ 068 QJI6H8 B Up8BOB qaCTH COOTHOW6HHH (3,7) no 

uanuu f . Tor.zta c ToqaocT:&JO .no qneaoB nopR,liKa f" ~' nonytUJM 

'(( O,Z) = zbf r {fi>/ ... ··Jr '~'~"'+ f rt:·'.,. p ~~·~-I+ 
(3.8) 

+ [1- 6 (i ;/ + f {r ;./_,.-] fcr~o) t { y~ (1l~ Ji, 
r.zte 8 :=Vi! r.t(fr)/ttrr. 
PH.zt TeOpHH BOa:uy~eHHI (3,!) Y.ztOBneTBOpHeT COOTHOW6HHIO (3,8), 
ecna Ton:&KO 

tf;o)=' B 
I 

'( co; i U fi~ -..L 
l I 7J-1t J 

{/~(1!_ p {~(i}_ _{_ • 
TJ - 0 T.J, - IL 2 I' 

ll0,7J;CT8BHHH ~8HH!l6 COOTHOUISHHH o0p8THO B (3,8) H nepeXO,llH K 

npe,lle1ly j) _. C>O 10KOHq8'l'ln:&HO nonyqHII 

'ff-,7.)=7 /.t- :f'u~ + ~~.t;. --··j. (3.9) 
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r~e z =;; zp (f I)) h. 7;/r[tro; Jj 
~a fllopuym>~ (9.a) pa6oTul6/ npH ~ =I/2, l'f = 2 ( ).=t+~) 

CJI6AY8T, qTo y6UB8~~ee TOQHOe peweHH8 ypaBH6HHH 
(1<2 =0) 

-fJ. 1/ ( 1j ) 
lf[?.) = c z !) ljy fit 21. = 

= c /L- f' ~1'2 -t- Tyl.t;Y ~·}. 

(21) HMeeT BH,ll; 

(3.10) 

0TCI0~8 cne~eT' qTo c TOQHOCTLIO ~0 QJ16HOB nopH.n,Ka T r HHTep

nonHp0.68HHOe peweHHe 'f(Q4!11 '2.) , Halt.n,eHHOe M6TO~OY AHWfllepeH

UH8JI:bHOlt HHTe pnOJIHUHH, COBna.n,aeT C TOqHbiM peweHHeY 'f{?..) X) 

Eonee TOrO, ~JIR CHHrynRpHUX fiOT6HUH8JIOB HHTepnOJIHpOH8HH8H BOJI

HOB8R l{lyHKUHH '({~, "t.) C0Bfi8~88T C TOIIKOlt tf(Z) C Toqao-

CT:&IO JJ..O qneHoB f} fi'.,, r.zte ~ onpe,ZJ;enaer qHcno 

yqHTbiB88YbiX nonpaBOK B perynRpH30B8HHOlt TeOpHH B03My~eHHlt 

(2.I3a). 

§ 4. CpasueHHe HHTepnonHpOBSHHux peweHHH c npHonH*eHHHYH 

"nep8TH38UHH" H "odp638HHbiX H8 YHHT8pHOM npeAene" 

Ha npHYepax CHHryJ!HpHbiX fiOT6Hl.lH8JIOB, H~CJ16AOB8Hilb1X B npe,ZJ;U

.llY~HX nyHKTax, y,ZJ;oduo npoaHanHaHponaT:& .n.pyrHe npH6JJH<iteHHue MeTo

. .llbl p8CCYOTp8HHR HepeuopatHpyeatbiX TeOpHH fiOJIR 1 "nep8TH38UH~", 

x) Kax H B cnyqae noTeHuHana 

uoro B pa6ore16/, peweHHH 

do V(-z.} -:::3 1 2 -'1', 

If( rl, "'Z.) H <f{"l..) 

HOPYHPOB8T:b O~HH8KOBbiY o6p830M. 
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p8CCYOTpeH

HYEHO 

npe~no~eHHYIO B pa6oTe/3~ H o6peaaaHe ua yaurapaoy npe,ZJ;ene/7/. 

~na Haqana paccYoTpHY o6~y10 aa.ztaqy. MeTOA neparHaaUHH co

CTOHT B TOY, qTO B YP8BH8HHH 

l 

7 e+i lq_l. 11/.,l,.,e+t t et-.f -tl. !4.I) 
tl(f, 7.) = Cf 2 +It+./ )r.!prtf}'Z ~--.f Z }lll§ft 

( 

Y.zt8pXHB810T TOJI:&KO H8H6onee p8CXO,ZI;R~H8CR llpH HT6P8UHH qneHbl. 

Tor.zta nonyqeuuoe TSKHY o6paaou "neparHaoJJaHHoe" ypaBaeHHe 

HM8eT BH,ZI; 

ertj . #o_ ( ;.f 
U'(r, ?.) = 2 ( 0- -r te+J) 'f V/pJ f tl'/~f). (4.2) 

[ 

PeweaHe ypaBHeHHR (4.2)" npu n106ou noreauHane J?o yt/2) 
HO np~,ZJ;CT8BHTL B BH,ZJ;e 

e+t l [_ /o. f j 
1.1 '(r,z) == lr 2 e xp(ji:i) rlf.? VI p; .. 

( 

YOlK-

(4.3) 

EcnH BBecrH TenepL nepBoo6paaayiO f ( p) , onpe.ztenlleYyiO ycno

BHeY f'(p):;- pV(j>), TO 'peweHHe (4.3) npHMeT BH,ZI; 

v'/f. zJ = l, exf/ #; ffrjz --;~1'/-;e~ IN} C"-'J 

r,ZJ;e f{Y..) ~ oc 
1(~0 

llonaraa Aanee 

lr =Ze.,.P.r_ ~ffol 
'f. te+f ~, nonyiiHY xouequoe peweaHe 
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e+~ ! ~ ,? u. '(2.)=. z '2 exp - .!Rrf /(!J. (4.5) 

KOTOpoe CTpell!riTC!i K HYJIIO npH 2 ~0 , JierKO BH.zteT:&, qTo 8CHIIII-

TOTHK8 nep9TH30B8HHOrO pemeHH!i CHJI:&HO OTJIH1l98TCR Oi SCHIIDT0-
/6/ 

THKH roqaoro peweHHR (IO) paooTH H B ro ae speua OHO ronouopwHo 

DO ~O , TOr.zta KSK TO'lHOe H HHTepnOJIHpOB9HHOe peweHH!i Hlle~T 
OCOOeHHOCTH llpH /o=O . 06H1lHO npe.ztnOJI9r9~T, 'lTO HeCMOTp!i H8 

aro peweHHe, (4.5) .ztaer xopowee npH6JIH*eHHe K roqaoMy pemeHH~ 

npH .ztocraroqHo 6on:r.wHx 3HB1leHHHX Z . Ha npHMepax CHHryJIHPHHX 

noreH~HanoB 3o Vfz) :=::! 2- ~ ~~ 2 -~ f r 2- 6 

nerxo noxaaar:r., qro aro He raK. ~eMCTBHTen:r.Ho, 6on:r.wHe aHaqe-

) .22 -v HH!i 2 , aanpHuep, .ztJIR noreH~HaJia jo V/Z -=; 
onpe.zteJIH~TCH ycnoiiHeM $ 1/2 z ~.c 1. Tor.zta B cnyqae 

e x/ =(? neparHaOBBHHoe peweaHe (4.5) ecr:r. 

11
1Y, t) = 2(1- /;i. J 2

-r · · ·J. (<+.6) 

Cp8BHHII STO pemeHHe C HHTepnOJIHpOB8HHHM peme~eM 1 noJiyqeHHHU B 

pa6ore16/ 

tl (oil, 1.) = tlfz) =(L- c!z1. + .Lt It.,.. .. j 
' J2 . (4.7) 

X) HOpMHpOBK8 BN6HpaeTCR T8K 1 qro6N npH 2-- 8CHUllTOTHK8 

nep8TH30B8HHHX peweHH~ COBll8.zt8JI8 

H HHTepnOJIHpOBSHHNX peweHHI, 
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C 8CHMllTOTHKOH TOqHHX 

TBKHU 00p830U BH.ztHO, 'lTO nep8TH80B8HHOe pemeHHe He CO.ztepzHT 

qJieHB C TO'lKOit BeTBJieHHR KOpHeBoro THll9 ( qJieH "'cf ::' Yj'P ) 
1 

KOTOpHit HMeeTCR B HHTepnonHpOBSHHOU H TO'lHOII pemeHHHX, AH8JIO

rH1lH8R CHTYBUHH HM68T UeCTO H .ztJIR IIOTeHUHBJIOB 

/JoVf~) =jz..-~ f'f2-~ ... T,e, H .ztJIH HHX nepBNe HeTpHBHSJI:&

HHe nonp&BKH K HHrepnonHpOBBHHott H aepaTH30BBHHOtt WYHK~HH CHJI:&

HO OTJIHq8~TCR 1 llOSTOMy MOZHO C.zteJIST:& BNBO.zt 0 TOY, 'lTO UeTO.zt 

Oep8TH38UHH 1 B OTJIH'lHe OT 118TO.zt8 ,llH~epeHUH8JI:&HOit HHTepnOJIHUHH
1 

He .ztBeT XOpOWHX npH6JIHZSHHtt .ztaze B npOCTOH MO.zteJIH llOTeHUHBJI:&HO

ro paccef!HHR. 

llepett,lleu renep:r. K Kparxouy o6cya.zteHH~ uero.zta oopeaaHHR Ha 

YHBT8pHOII npe.ztene/9/, H.zteR KOTOporo OCHOB8H8 H8 COOOpazeHHfiX 

paauepHOCTH, B npHMeHeHHH K p8CCefiHH~ H8 CHHryJiflpHOII BepeHop

MHpyeuou noreHUHane oaa CBO.ztHTCR K rouy, qro BOJIHOBBR WYHKUHfl 

.ztOJIZH8 6HCTpO y6HB8T:& H8 p8CCTORHHRX 1 Onpe.zteJIReMNX e.ztHHCTBeHHNII 

napauerpou paauepHOCTH .ztJIHHH - KOHCTSHTOlt CBH3H, nettCTBHTSJI:&HO, 

.ztllfl CHHrynapHHX noreHuHanoB Jo Vtz) =12 2 -.Z(~t+~) 
KOHCT8HT8 CBII3K J HIISeT paauepHOCT:& [ J ] =:[ Z H J 
H ll08TOIIY H8 paCCTOSIHHSIX 2 ~ C,! r. .ztOJIEHO npOHCXO-

.ztHT:& raxoe o6peaaaHe. llapaMeTp o6peaaHHR ,! -a p-J. = ?.r-~ 
HaaHBaerca "YHHTapauu npe.zteJiou". Ha yHKTSpHoM npe.zteJie BKJIS.zt 

pSCCTOfiHHit 2 <= J f., .ztOJilleH j;)HT:& 1181INM H IIH IIOZeU llOJiy'lHT:& 

rpy6ym OUSHKY nonpaBOK OT BHCWHX npH6JIHZeHHH 1 BOCDOJ1:&30B8BIDHC:& 

reopBeit BoauyiJieHHit npH KoHe'lHOII o6peaaHHH /)J;;, .:=:f. , 

llpHMSHHII Tenep:& STOT USTO.zt K llOTeHUH8JI811 

/
,) -~ y _, !o v 7./ = /2 H /o Vfz) :;::. f 2 npH e;:: 0. 

JlJIR ll0!1'8HUH8J18 ""' 2- .J. JIOr8pH~H1lSCK8R npOH3BO.ztH8R BOJIHOBOit 
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~YHKUHH (6.37) pa60T~/6/ HM66T BH~) 

~fD/J:'= f/t+ ft.bz-t0ft'!h1 f/r-f~/dfl?}•.aJ 

WcnonDaya TO'IHoe peweaHe (43) pa6oTuf6/, aa«~eu 

_1- ciii_.Lf 1.. # 1. )7 
U(iJ dz -2 ( (- 2 ~l -I, If 2 -t- tJf/l}_j . (4.9) 

~0 ~ 
CpaBHHBaH (4.8) H (4.9),y6e~aeuca, 'ITO qneau ~ ~~ 2 
Haa~eHU 06pe38H.I46M H8 YHHT8pHOM npe~ene l:. 

np8BH1IDHO, 8 '1116HU ""2 
71 {v -6 H6Up8BH1IDHO. A1IH UOT6H1.1148118 "'" l_ C UOMO~DD (3.I) .14 

{3.IO) nonyqaeu 

-'- c~v- fvf_L r/ -L7- 1 ..t. £.,. 
llfl) til - 1 r I J z -J zYj JJ""::f + J 2 ·· · (4.10) 

I c/1/ - (_ I _£ J iiiJ r1z -L 1 -f" :rr z + · .. bl=.1. (4.II) 

Cp8BHHB8H (4.I0) .14 (3.II), MOZHO C~6118TD B'BO~, QTO M6TO~ o6-

pe38HHH H8 YHHT8pHOM npe~ene ~1111 ROT6Hl.IH8118 fy 2.- I ~SeT 1IHWD 

nopa~oK B61I.III'IHHU nonpaaot~Hux qneHoB. Ta ae cauaa CHTYBLIHH Ha-

X) M6TO~ o6pe38HHH H8 yHHT8pHOU np6A6116 HM66T CMUC11 np.14M6HHTD 

K B611H'IHH8M, KOTOpue He ~01I~HU nepeHOpMHPOB8TDCH - norapH~ 

MH'I6CKO« npOHSBO~HO« B01IHOBOI ~YHKUHH H T.~. 

20 

.t -.t/lf~U 
6nro~aeTca ~na Bcex CHHrynapH!>IX noTeHuManoB ~ VfzJ .::! 2 , 

-:J pacTy~HX 6!>1CTpee, '1614 2 ' T.e. H8'1HH8H c n > I/2. 

§ 5. 3 8 K 11 ~ 'I e H H 6 

Ha npHuepe ypaBHeHHB illpe~Harepa c CHHrynapa~u.noTeHuHanou 
~8HO fl01IH06 060CHOB8HH6 M6T0~8 ~H~6P6HUH81IDH0l 14HTepn01IHUHH 

H ])J..I ,noaBonstDJqero aaxo~xn qnea~ pa~a MOAH\llHLIHPOBBHHo« 

TeopHH B03MY~6HHI RO KOH6'1HOMY qJ4C1Iy '1116HOB PBAB o6uqaofi T60PH14 

B03MY~6HHA C KOH6Q~M napauerpou 06peS8HHH, TIOK838HO, 'ITO 

14HTepn011.14pOB8HH88 B01IHOB88 ~YliltliHH MOli6T 6~TD H8it,l(6H8 C 111060« 

TOQHOCTDIO, T. e. C TOQHOCTJ;~ ,l.lO Q116HOB cf IV._ OHB C0Bfl8~86T C 

roqxol, y6uBaro~el B01IHOBol WYHKliHe~, B To Bpeua KBK MeTo~ 
11

U6pal'H3aliHH
11 

/
3
/ He ,l.l86T npaBHnU~X BUp8li6HIIIit .l{118 nonpaBOQHbiX 

Q116HOB, 8 06peS8HH6 Ha 11 yHHT8pHOM npeP.ene 11 / 7/ ,l.l86T T01IDKO rpy-

6yl0 OU6HKY nonpaBOK. 

H8H60nee flpOCTO B03H.IIIKHOB6HH6 CHHrynapHHX ROT6HUH81IOB B 

KB8HTOBOA TeOpHH U01IH MOJIHO flOHHTD B P8MK8X KB8314flOT6Hl.IH81IDHOrO 

noAxo~a/IO, III. HaBecrao raxxe,qTo ypaBaeaHe £eTe-ConnHTepa 

B npOCTelmHX cnyqaax CBOII.HTCH K JP8BH6HHD THUS illpeP.HHrepa/4/. 

llOSTOMy cne~eT OUP.aTD, 'ITO lf.bl-# MOlleT 6HTD npHM6H6H .14 

B STHX cnyqaax. 

B SaK1ID'I6HH6 aBl'OpaM npHHTHO BUp8314TD CBOIO rny60KYIO 6naro-
11.8PHOCTD A.H. TaBxenH~se. 
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