
OB'bE,l:i;l1HEHHblti l1HCTl1TYT H~EPHblX l1CCJIE~OBAHl1ti 

flAEOPATOPHH TEOPETHYECKOH ¢H3HKH 

_(! ~ .2. I/ 

lJ- ~:fl,~ 
2 - 5451 

K.B. PepHx 

METO~ ~YHKIU10HAJlbHHX CBH3ER 

~JIH PEWEHHH YPABHEHHR 

I 
. CTATWIECKOR MO~EJIH 

CneUHBJlbHOCTb 041 - TeopeTHqecK8JI 

H M aTeMaTHqecK8JI ct,H3HKB 

ABTOpe¢epaT AHCCepTaUHH Ha COHCK8HHe yqeHoA 

CTerreHH K8HAHA8Ta ¢H3HKO-M8TeM8THqecKHX H8YK 

lly6Ha 1970 



', 

·1 

·-· :':'' 
/ 

Pa6oTa. Bb:UOnHeHL'i B. naoo~;aTOpllll TE'Ot'•'Tll'll~CKOii ,j,,1;11~11 

06ie;:rnHeHHoro HHCTHTyTa .n·nepHb!X 11cc~0:1~Dc;llilii. 

-· 
l:la,~Hblil. pyKoBo.:rnTenb: /. 

~. 

. .UOKTOp cpn'3i1.KO.:.MaTe'.'.J~TH'leCKHX. !WYK, CTdpl:Ulii. Hay'lHMii COTPYAHIIK 
'/,) B1A. · .. \l21ue'pHK~B· . ' 

"0¢11mia.1hHble onnoHeHTb1: 
. . . 

LlOK'I:Op. ¢n3HKO!..'.'.la"TE''.'.taTll_'leCK:IIX ·. HayK, 'CTa;,wnii. Hlly'lfil,(ll . C'L)TpynHllK 
' ' 

· i B~L Ka;:i.t.1~1PP.C'K1111 /• .• ,,. 
K8HLlllllclT ,;·113UKO-_:l.laTE':1.laTl!'leCKIIX H,l~"K, c-'rapWllll H,1y'lHNl1 C'OTpyn11111..: 

, '. I ~ ~ • 

B.n~ naa·noo. · 

Ben\~ee -Ha)~'lH0-11Cc.1e;ioeaTe.,b;KOe yqpel-KLIE'HHe: · ,\\:1Te:,.ia-
- ; ' ' ' ~ ' . ' 

TH~ecKHft. 1111c,:uTyT ?K~Lie~tiin"'icrnyK CCCP n:1.I. -B.A. CTeKnoBn, 

oTueri :-.taTe~taTl!'leCKofi 4'1i311K11.· 

'MaTeMaT.1iqe~K1Ifi ,-IIHCT~ITY;. C116npcKoro. OTL1ene~1rn' Ai<~nel\Hll; 
'_,;, , 

',H8YK CCCP~ 

AiTo~e¢epai pa3ocnaH ~ 
.. I L' 

· 1970 r. 
j ', • 

3a~HTa· u•c~epTau11i COCTOIITCH ~ 
. - ' - ~, ' '. , ' ... , ' ~ ' . , \ ' .. ' 

aaceuaHHH YqeHoro COBeTa fla6opaTOpH11 TeopeTH'!eCKOJ] <pll3HKII 
' ' ' . ,.·.\. ' .. ' -

1970 r. Ha 

'011HH. \ < 

1 
l 
l 

·1 

.! 
l 
' ; 
l. .. 
,; ,, 
\ 

I 
I 

·i 
j 
l 
l 

l 
l 
j 

·1 

',;i 
'i 

C ,nnccep1au11eii: MO)KHO. 63H~KpMHTbcn' B 6n5nnoTeKe 011H!'f. , .1 

\ 

~- . - . .I' . -. - - . 

'YtJ:eHbifi ceKpeTapb Col3eTa 

'\ 

I 
.j 

. P.A. Ac_?._Hoa -j 
,;j 

I 

l 
,_,...,,..,.;~. 

2 - 5451 

K.B. Pep11x 

METOA ~YHKUHOHAnbHYX CBH3EA 
AnH PEmEHHH YPABHEHHA 

CTATHqECKOA uo.nEnH 

CneQHBJlbH~CTb 041 - TeopeTMqecKBJI 

II M aTeMaTllq8CKBJI ct,H3HKa 

ABTOpe~epaT aHccepTaUHH Ha COIICK8HHe yq~HOii: 

CTeneHH K8HJWJl8Ta ~H3HKO-MaTeMaTnqecKHX HayK' 

~ e•~--:.%...t"::.V'..r.ar---:-.=11._,,__~-"':~, 

t;~;~•_:}t~f'!S:Ll::L::! t:\l:~'j/f7.e'~.._. L 

"1'i·½•,.,r.,•• r;,, ... ··r•1:1 c.''•,c· .. ·, \ 
._-, ••,,t., .. _..~~ -!·•:., ... i1<•·,•• L~' •AaJ>.,t, fi 

~~✓,]'.f;Jf~r:~-\---'.~r.:-~r,; 0 
_. -... ~·•,;.--...:;~,;-~ ·:..:c.-z_-;.~ ~.-:.~..-r,r-



.' t': 

~ 

... 
~';. .. 

~· ... 
•, -:~ 

' , 

., 

. :. .. ~ . 

:;· 

':.· 
··..:: 

·, 

>"" 

) : ~- . 

~· ·, {,•, 

' ~ .. 
. :.:,! 

. HacTOSlfflllSI llHCCepTaUHSI IlOCBSimeHa, TaK H83bIBaeM6u npo6~eM'.e' 
~ ' I • ! 
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~Hu t.Jy-noy 

'A I 
h(CiJ)=--+ 

I CiJ 
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1T 
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00 Imh1 ( Ci.l ? A 1jlm h 
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( ru ') 

Pf[ , + , 
1 (iJ - (iJ (iJ + (iJ 

]dCi.l',(l) 

·;"•, 
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rne 

1. · OilHCbIB810fflHX 
., ..... 

ht ( (iJ ) = 
.1 81 C ru > sin 8 1 ( ru ) C 

qa u2 (q,2) 
. - .. 

P - aonHoBoe paccesmne rr -MeaoHa na cTaTH'lec-

'r . 

KOM HyKnoHe B llBYX'l8CTH'IHOM npn6nH:>K8HHH B ycnoBHH yHHTapHO

CTH. 
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HeCMOTpSI na npHBneKaTenbHYIO B MaTeMaTH'l8CKOM OTHOllI8HHH 

.~. ··,. KpacoTy H o6Hane:>KHB8IOfflYIO npOCTOTy ypaBH8HHil lJy-noy B HX 

· ', 6onee sneraHTHoil <f,yHKUHOHanbHott ¢opMym1poBKe (S 
1 

( CiJ 

1 + 2 i q 3 u2 ( q 2 ) h 
1 

( ru ) ) ': 

'·''· 
1. s I ( w )- . CTon6en MepoMop<f,HbIX <f,yHKilHii KOMillI8KCHOI"O 

1 nepeMeHHOI"O w arc sin CiJ 
1T 

2. S"; (w) = SI Cw:*) ycnoBHe neiiCTBHTenbHOCTH llIBapna (2) 

3. S1 ( W ) S I {1- w ) = 1 ycnoane YHHTapHOCTH 

4. S 1 (-w) = A IJ S 
1 

( w ) - ycnoBHe. KpOCCHHI"-CHMMeTpHH, 

. /2-4/ 
paaauTott Hau6onee nocnenoaaTenbHO B pa6oTax MemepSIKOBa , 

/5/ /6/ 
( cM. TSK:>Ke Wanders , Rothclutner ) , u qacTH'IHbiil ycnex 

B HaXO)KJ:le}mH KSK o6mero peme}IHSI <f,yHKUHOHanbHbIX ypaBH8HH8 lJy-· 

3 

' 
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.noy C JlBY~PRllHOfi MaTpnuefi KpoccnHr-cnMMeTpnn I TaK ll HeKOTO-

poro Knacca pemeHnfi sTnx ypaBHeHnfi c MaTpnuaMn 3 n 4 rropgn-
/4 01 · · .. 

KOB ' . ~; ItMeroum:x MeTonn11ecKoe saa11eHne, paccMaTp1rnaeMaR 

npo6neM~· mingeTcg KaK BeCbMa TpynHofi, TaK n rny6oKofi, Tpe6yromefi 

nng ee.BcepTopoHHero nccnenoBaHHR o6pameHHR K pasHoo6pasHbIM 
. . IV 

ccpepaM MaTeMaTHKH ( CHHrynRpHbie HHTerpanbHbre ypaBHeHHR • He-
. . · . /8 12/ 

nnHefiHbt_fi ¢YHKllHOHanbHhlfi_ aHanns 1 
1 cpyHKUHOH8nbHhie ypaBHe-

Iing onHo_il:. nepeMeHHofi 
19

• 16/ 6npaunoHanbHhre npeo6pasoBaHnR, npe-

, · C /10,11/.) B 
o6pasoBaHHR remona • cenRrolliHMH yBepeHHOCTb B pas-

. , /12/ 
pemHMOCTb. STOil: npo6neMbI RBHnHCb nnoHepcKne pa60TbI Warnock a • 

B KOTOpb_~x · lia OCHOBe MeTOllOB
0 

HennHefiHoro cpyHKUllOHanbHOro aHa

nnsa 6b111· nony11eH pgn Ba)KHhrx pesynbTaToB, noKasbrnaromnx cymecT

BoBaHne j>eUleHllR ypaBHeHHil: ( 1) B npennono)KeHH
0

H ManocTH KOHCTaH-

Thi CBR3H. · 
0

A1 • .UoKasaHHag aHanHTH'lHOCTb pemeHnR B Manoil: 

oKpecTHOC'.J',H .Hyng no KOHCTaHTe CBRSll H ncnonb30B8Hlle 6onee TOH

KllX ME!TOllOB HennHefiHoro aHannsa, OCHOBaHHhIX Ha nOHRTHH npoll3B(lll

HOfi <l>pewe·, \Il03BOnHT1 no-Bll.llHMOMy, npO.llBHHyTbCR nyTeM aHanllTH-
• · -1 . 

'leCKOrQ ·npOJlOn)KeHllR no KOHCTaHTe TT N . -B38llMOllefiCTBHR B o6naCTb 

peanbHhxx· sa·aqeHntt A 1 • XoTR o6mensBecTHaR naTerpanbHaR cpoP,-

Mynnpoa_iui · _npo6neMb1 ( 1). no-BnnnMoMy, 6onee npnronaa nng no

KasaTeitb¢T._Ba TeopeMbl cymeCTBOBaHllR; cpyHKIIHOHanbHaR cpopMynnpoBKa 

nosBon~~-T_· ~cnonbSOBaTb HeCOMHeHHO 6onee MOlllHhlil: annapaT, no 

KpafiHefi_' Mepe, .nng Haxo)KJleHng TOttHhtX peweHnfi sTnx ypaBHeHHfi, 
. . · . /2,5/ 

.'ITO nponeMOHCTpHpoBaHo nonHOCTblO nnn noKa- 11aCTH'lHO B 
/4,6, 13~16/! . 

B . . . •· 

3ipcpeKTHBHOCTb cpyHKllllOHanbHOro nonxona K npo6neMe t.Jy-floy, 

paBHO KaK n "K ·nono6Hb1M ypaBHeHIIRM, HHTepeCHhIM C npaKTH'leCKOil: 

nnu. MeTO)lHtf8CKOfi CTOpOHbl,•' HeMenneHHO nonTBep)K)laeTcg nocne 6er

noro SHaKOMCTBa C cpyHKUHOHanbHblMH ypaBHeHHRMH ( 2.3) H ,( 2.4) I 

peWeHHR KOTOpblX HIUyTcg · B Knacce cpyHKUHfi, sanaHHOM ycnoBHRMH 

( 2.1) . II ( 2.2). lfa Hero aBTOMaTH'leCKH cnenyeT, 'ITO, ecmi s I ( w ) 

4 

~ . .: ' 
-.. -\ ,, ~ 

-·· .,, 

·;· 
, .. 

- pemeHne ( 2), TO S 1 ( w+ {H w) .) • D ( w) TaK)i{e RBnReTCR pe

meHneM ( 2), rne 

fJ*(w) ='fJ(w'"), fJ(-w)=-fJ(w), {J(w t-0=/J(w). 

(3) 

D*(w) = D(w*), D(-w) =D(w) D ( w) D {1-w )= 1 

• .141 
_YKaSaHHhIH HSBeCTHhIH npoHSBon, KaK BblRCHReTCR B naparpacpe .5 

nnccepTaunn, He RBnReTCR nc11epnb1B8l01llHM, a Bb1IlHC8HHble Bb!llie 

CBOHCTBa npOH3BOnbHblX cpyHKUHfi: 'leTHOCTb, MynbTHnnHKaTHBHOCTb, 

o6paTHag nepnonn11HOCTb ( D (w+ 1) =1/D(w) ) nng D ( w) 

H He'leTHOCTb, nepHOllH'lHOCTb, TpaHSHTHBHOCTb ( w ➔ w + fJ ( w) ) 

nng_ f3 ( w) RBnRIOTCR HarnR)lHblM cne)lCTBHeM ypaBHeHHH ( 2.3) 

H (2.4). 

ITpnBeneHHbJe MOTHBbI, IlORCHRroiime Hf{Tepec K STOfi nonysa-

6bJTOfi ·npo6neMe, ee aKTyanhHOCTb, n C)KaThril: o6sop Ha.n6onee cy

mecTBeHHhIX nng rrepBhIX JlBYX rnaB nnccepTaunn pa6oT KpaTKo 

OTpa)KalOT conep)K8HHe BBeneHHR H nepBoro naparpacpa; B KOTOpOM 

nsnaraeTcg He cTaBmag eme n·ocTaTO'lHO HSBecTHOfi cpyHKllHOHanbHasi 

cpopMynnpoBKa ypaBHeHHfi (1). 

Bo BTOpOM naparpacpe naeTcg KOCBeHHbIH, HO o6Ha)le)KHBaromnil: 

OTBeT Ha cnenyroIIIHfi Bonpoc, ecTeCTBeHHO BOSHHK8IOIIIHil: OT. co-
/4, 11 12/ /4/ . .. 

nocraBneHHR pesynbTaTOB pa6oT 1 
• PasBHTb!il: B 1MeTO)l 

HaXO)KJleHHR cyry6o (oTBneKaRCb OT npoHSBona (3)) paun:o.11anbHbIX 

( nng OTHomeHHil: S 1 ( w ) / S l ( w ) ) B nnocKOCTH w pemeHHfi 

( 2), rne TaK)Ke 6bmH HafineHhI Bee pemeHHR sToro Knacca, coBMecT-
. . / 11/ 

HO C saKnro11eHHeM Kaiser' a O HellOCTll)KHMOCTH npaBll:nbHoro 

6opHoBcKoro rroBeneHHR ( cM. yp. ( 1) ) B enHHCTBeHHOM pe·meHHH 
. /4 6/ . · . . 

Rothelutner' a -MemepRKOBa ns sToro Knacca ' n onTHMHCTH'leCKH-
/ 12/ 

MH :pesynbTaTaMH pa6oT Warnock ' a HaBollHT Ha anpnopHyro 

MbICnb O cymeCTBOBaHHH cymecTBeHHO TpaHCUeHneHTHhIX MepOMOpcp-

5 



Hbrx · pe111eHnii ypaBHeHnii · ( 2) "Boo6me n, · B tJacTHocTn, aTnx ypas-

' HeHnii C MaTpnueii Y'y-noy n norronHHTenb~blMI, BblIIHCaHHblMll 

HH*e (cM. (10)), ycnoBRHMn rrpaBnnbHoro 6opHOBCKoro n rropor~

Boro rroBenenng. 

Ha rrpnMepe ypaBHeHnii ( 2.3) n ( 2.4) c MaTpnueii 

1 
-1 

5 - -
3 3 

A p,l ' I _ _!_ 1 5 I (4) = 2 7· 3 

.l 1 1 
3 2 6 

nMeromnx MeTonnqecxoe 3HatJeHne, ciJiopMynnpoaaHHoe Bb1111e arrpn

opHoe yTBep*neHne noxaabrnaeTc51 B § 2, a HaiineHHb1e pe111eHnH 
/13/ 

HMeroT BHn : 

1). S (w) 
l 

1 ·¢J w) 

(

X (~) 
2). S (w) 

l 
(

X (w )) 

= ~l ¢+(w.). 

X ( W) = 

¢± ( w) 

-1 . 

C 3 
sh-(w--) C 3 

2 2 

C 1 
X ( W) 

+ 

ch 2 (w-~) 

ch .c£_ ( w + ..!.c.) sh-(w +-) 
2 2 

7T 
tg

2
w, 

,00 

'II [l +. 
k=l - ' 

,00 

II [l ± 
k=l 

6 

2 - 2 

C 1 k 
chy(2w-l'-2 (-1) 

ch~ ( 2kt - + ) 
C 1 k 

ch""'2'-(2w -1 + ""'2'(-1) ) 

ch _c..:.(2 k - _l_) 
2 2 

( 5) 

). 
] 

] 

; 

11s C::TpyKTypbl rrp1rneneHHblX' pe111eHnii BnnHo, 'ITO OTHOllleHll51 

, . S (w) . _ 
x ( W ) = . _ t f: . ) 51BnmoTC51 TpaHcueHneHTHblMll MepoMopiliHblMH 

± s2~ . 
iJiyHKUll51MH, ~omoca (Rynn) KOTOpblX pacrron?*eHbl Ha nnHll51X 

1 3 
Rew = - - (Rew = --. ) c TpaHcueHnefiTHblM rrepnonoM, paB-

2 2 
211 

HblM ----, 
C 

C 

rne 

= en _! ( 7 + 3 '1/5 ) 
2 

XoTH paccMOTpeHHi,Iii rrpnMep He 51BirneTC51 iJin3H'leCKH HHTe_-· 

'peCHbIM, 'ITO HeTpynno aaMeTRT_b H3 HeBblIIOnHeHH51 ycnoBll51 ( 10. 1)' 

HO B MeTonntJeCKOM OTHOllleHHll OH OKa3b!BaeTC51 BeCbMa rronea

Hb!M H CTHMynnpyromnM. nanblleiiume paCCM0TpeHH51. 

B rrpouecce rronytJeHn51 pe111ennii ( 5) MO*HO cnenaTb BbIBon 

o Ba)KHOii ponn reoMeTpnqecKoii HHTeprrpeTaunn ypaBHeHnii ( 2.3)· 

H ( 2.4) • neuCTBHTenbHO, ncxong H3 9THX. ypaBHeHHii, M0)KHO_ rrony

'IHTb nng OTHOllleHH51 X ( W) = S l / S 2 HennHeiiHoe' KOlle'IHO

pa3H0CTH0e ypaBHeHne 2 rrop51nxa, nMeromee Bnn: 

.F ( x ( w + 2 ) , x ( w + 1 ) , x ( w )) 0 ( 6) 

OTCYTCTBHe KaKHx-nn6o o6mnx MeTonoB pe111eHH51 rrono6Hb1X 

HennHettHbIX ypaBHeHnii rrpnBonnT K Heo6xonnMocTn rrocnenoBaTenb

llbIX rrpn6nn*eHnii. B xaqecTBe rrepBoro 111ara paccMaTpnBaIOTC51 

pe111eHH51 ( 6)' nng K0TOpblX 

x(w+l) = f(x(w)) ( 7) 

rne f i-MepoMop$Ha51 . iJiyHKUH51 X ( W ) 

7 

_,; ,, __ 
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Ha·naTeprrpeTaUHH ypaBHeHHR (7) KaK reoMeTpnqecKoro rrpe-

o6pa30B8IIHR rrnoCKOCTll X n aaanorHqaoro (2.3) ycnoBHR yHH-

TapHocTn lWR x ( w), cnenyeT, qTo oTo6pa)KeHne ( 7) non)KHD 6bITb 
. . . . /17/ 

B38llMH0...;0/lH03H8qHbIM, a 8TO 03HaqaeT ( CM. MapKyUJeBnq ) , qTo 

f ecTb./lp06Ho-nHHeuaaR ¢yHKUHR X 

X x(w +1) 
a x (w) - /3 

x(w) +a-y 
( 7a) 

. . . /18/ 
Haaec_THBR KnaccH¢llK8UllR THITOB npo6ao-nHHeHHOro rrpeo6-

p830B8Hirn. OK83b!B89TCR none3HOH, a COOTB9TCTBYIOIUlle KaHOHHqec-
. · /18/ . 

KHe ¢opMbl npeo6pa30B8HHR ( 7a) B9CbM8 YllD6Hbl JlnR peUJeHHR 

HennHeuiioro ypaaaeHHR ( 7a). TaM )Ke ( § 2) BhrnCHReTcR, qTo ace 
. /2-6/ 

H3B9CTHbie peUJeHHR rrpHHanne)KaT K napa6onnqecKoMy THITy. 

xapaKTepnayeMOMY TeM, qTo· (7a) HMeeT OllHY llByKpaTHYIO H9IlOllBH)K

HYIO ToqKy' Ha 6ecKoHeqHocTu, a peUJeHHR ( 5). - K rnrrep6onHqecKo

My THriy _c llBYMR HeITO/lBll)l{HbIMll ToqKaMH a ( 7a). 

Boire~. ;oro, OKa3blB89TCR, qTo npyrHX peUJeHnti ypaaaeHHH ( 2.3) 
. ·. . 1-1-n 

H ( 2.4) C MaTpHU8MH A (1,1) H A ( 1-ly-noy). JlnR KOTOpbIX 

XOTR 6bt QllHO OTHOIIJ9HHe XI ( w) 

(7a), He- cymecTByeT. 

SI / sk • i -/, k. rronqnHRnOCb 

Peay·nbTaTbI aToro rraparpaijia cTaBRT sorrpoc o B03MO)KHOM 

cymecTaciB~HHH peUJeHHH, nng KOTOPbIX OTHOIIJ9HHR. XI ( W ) = S I( w )/ S k ( w) 

( k -:¢nKcHpoaaaHoe) RBnRIOTCR. 6onee cnO)l{HbIMll, qeM npo6Ho

-nHHeilHiui (cM. (5.1) H (5.2)), paUHOHanbHbIMH ¢yHKUHRMH OT He-
\~- -•. 

KOTOpOti · TpaHCU9Hll9HTHOH ¢yHKUHH e ( w.) ( B ( 5.1) H ( 5.2) e ( w) =e 
0
''') 1 

8 HanHqHe npocToti ¢yHKUHOHanbHOil aaBHCllMOCTH S 2 = - S 3 B OT

HOCHTenbHO cnomHbIX peUJeHHRX ( 5) HaBOllHT Ha MbICnb O TaKOM Me

TOJle HaXO)KJleHHSI HCKOMb!X peUJeHHti', KaK npenBapnTenbHOe HayqeaHe 

¢yHKUHOHanbHblX CBRaeti, orrpenenR!OlllHX Te HnH HHbie H9H3B9CTHbie 

peUJeHHR ypaBHeHHH ( 2.3) H ( 2.4). 

8 

., ;"I /14-16/ . . B. §3-5· . . BTOpOti rnaBbl pa3BHB8IOTCR M9TO/lbl aaxom-· 

Jl9HllR ¢YHKllllOHanbHbIX_ CBR3eti. HcXOllR ll3 aanHqHR ll3B9CTHOro 

npOH3BOna (·3) 
1 

0Tp8)1{8!01Uero CBOlfCTBa HHB8pHaHTHOCTH ypaBH9Hllil 

(2.3) ll (2.4) OTHOCHTenbHO MynbTHITnnKaTHBHOrO rrpeo6pa30B8HHR 

¢yHKUllil a) SI ➔ S 
1 
0 H Tp8H3llTllBHOro rrpeo6pa30B8HllR apryMeH

Ta 6) w ~ w + /3 ( w ) , aeTpynao ·cnenaTb aaKn10qeane o CTPYKType 

¢yHKUHOHanbHOrO COOTHOIIJ9HHR Memny ¢yHKUllRMH SI ( W ) , 3aBHCR

mero OT rrocne/lHHX nonHHOMHanbHbIM o6paaoM. 

ileuCTBllT9nbHO, H3 8TllX llBYX HHBapHaHTHOCT9il cneayeT, qTO 

¢yHKUHOHanbH8R CBR3b nonmua HM9Tb ( a) Bllll 0/lHOpO/lHOrO rronH

HOMa OT s I ( w ) N cTerreHH ( 6) C ITOCTORHHb!MH Koa¢¢HUH9HT8MH, 

KOTOpbie non)K!Ibl 6b!Tb netiCTBHTenbHb!Mll Bcne/lCTBHe Tpe6oBaHHSI 

(2.2). TaKHM o6paaoM, ¢yHKUllOHanbH8R CBR3b aanaeTCR ypaBHeHH~ 
/14/ . . 

eM 

p (S , S 
2 

, ••• ,s ) = :£ c 
N 1 n ,.0 m 1 m,. •• m1 m2 ••• mn:, .ii:i 

m 
n 

ml m2 mn 

S
1

(w)S (w) ••• S (w)= 0 .(8) 
2 n 

:£m I = N 

Ha oqeaII/lHbIX CBOilCTB HHBapHaHTHOCTH ( 8) OTHOCHTenbHO 

aaMeH a) w ➔ 1- w ; /3) w ➔ - w , HHllYUHpy10umx B rrpocTpaHCTBe n 

ll3MepeHHil C KOOp/lHHaTaMH St , •.. , Sn r_pyrmy /lHCKpeTHblX npe

o6paaoBaHHH C 06paay101IJHMH 

1) s
1 

➔ 11s 1 
(9) 

A) S 1 ➔ AliSl 

g 



cnenyeT Tpe6oaa1me mrnapnaHTHOCTH ( 8) o!HocnTenbHO npeo6pa

soaaHHii I) H A), MaTeMaTH"'IeCKoe OTpa)KeHne KOTOporo npHBO/lHT 

K nepeonpeneneHHoii nnHeiiHoii onHoponHoii anre6panqecKoii ciicTeMe 

ypaBireHnii Ha K09<pqlHUHeHTbl C m m ••• m H3 ( 8). 
· 1 2 n 

. YKa3aHHblll anropHTM HaXOJK)leHHSI cpyHKUHOHanbHblX CBSI3eii 

rtpHMeHSieTCSI K ypaBHeHHSIM ( 2.3) n ( 2.4) c MaTpnueii A lf-n . 
Banny Toro, 'ITO npn KaJK)lOM N HYJKH0 npoaHanH3HpoBaTb 

Ha cymecTB0BaHHe HeTpHBHanbHoro ( HeHyneaoro) peIIJeHHSI [ 2 ( N+l) N ] 

CHCTeM ypaBHeHHll Ha K09cpcpHUHeHTbl c m m • Ka)K)laSI H3 K0T0-
m1 2 ••• n 

2 I . 
?bIX cocTOHT us ,,,(N +I) ypaBHeHHii Ha E[

6
(N,+3N+3)]:HeusaecTHhIX 

KOacpqlHUHeHTOB, "TaKofi aHanns 0KasancSI 6bI KpafiHe yT0MHTenbHbIM 

H sa'l'py/lHHTenbHbIM, ecmr 6b! He uenoqncneHH0CTb K09cpcpnuneHTOB 

a· 9T0_fi CHCTeMe, K_0TopaSI Bbl/lBHraeT 9BpHCTH'leCKYIO B03M0JKH0CTb 

· /14/ 
ncnonb30BaHHSI 8BM nnSI nono6HbIX Il0HCK0B • OnHaKo pesynbTaT 

TaKoro aHannsa Ha 8BM noKa3bIBaeT, 'ITO no N -~ IO Hei npyrnx 

cpyHKUHOHanbHb!X CBSI3efi, KpoMe H3BeCTHoro C00TH0IIJeHHSI S ;= S 1,. S 
3

, 

cooTBeTcTBy10mero peIIJeHHIO MemepSIKOBa- -Rothelutner' a , a 9T0T 

Bb!B0/l naeT CKopee 0TPHUaTenbHbIH 0TBeT Ha Bonpoc, llOCTaBneHHb!H 

a K0HUe § 2 ( CM •. BbIIIJe), qeM yBepeHHOCTb a cymecTB0BaHHH H0Bb!X 

pemeHnfi, paunoHanbHblM o6pa30M saBHCSIIUHX OT HeKoTopofi TpaHcueH

)leHTHOH cpyHKUHH. ITo9TOMy IlOSIBnSieTCSI He06XO/lHMOCTb B T8KOH MD-
I\ . 

/lHcpHK8UHH npennoJKeHHoro anropHTMa, K0T0paSI Obi Il03B0mrna aHa-

nHTH'leCKH paccMoTpeTb 9TOT aonpoc n naTb Ha Hero 6onee onpene

neHHhifi. OTBeT, 'ITO ll ocymecTBnSieTCSI B cneny10meM qeTBepTOM :rr~pa

rpacpe. 

PaccMaTpHBaSI ypaBHeHHSI /lnSI X ( W ) = S 1 / S 3 H y ( W >= S 2 / S 3 

cneay10mne H3 ypaBHeHHfi ( 2.3) H ( 2.4) C. MaTpHuefi A ( I ' I ) H npo-

B0/lSI paccy)K)leHHSI, nonH0CTb!O aHanorH'IHbie npHBe)leHHb!M Bblllle ( §3)' 

npHXO/lHM K peKyppeHTHOfi CHCTeMe anre6panqecKHX ypaBHeHHH Ha 

10 

' 

4{\ y~ 
,. 

I , 
f 
l 
11 

\i· 1,, 
,I/ 

! . 

I 
.I 

! 

! 
I. 

l 
(, 

j 

I 
' 

K09cpcpHuHeHTbl HCK0MbIX nonHH0MHanbHb!X cpyHKUHOHanbHb!X C00TH0llle

HHH MeJKllY x ( w ) n y( w ) , peIIJeHne K0Topofi Ha nepBoM JKe 9Ta

ne naeT Heo6:XO/lHMb!e C00TH0llleHHSI, CBSI3b1Ba10mne c,:eneHb nonHHO-

Ma N c m 1 H n l - MaKCHManbHb!MH CTeneHSIMH! X H y B 3TOM 

nonnHoMe, 'ITO nenaeT paccMoTpeHHe MeHee rpoM0.3/lKHM. -B pe3ynbTa

Te TaK0I'0 aHanHTH'leCK0I'0 nccnen·oeaHHSI llOKa;=iaHo B §4, .'ITO /lnSI 

ypaaHeHHfi c MaTpnuefi. A (1,1 ) He cymecTByeT npyrnx, KpoMe H.3-

/3/ §2 0 ·5 aecTH0I'0 H HafineHHOI'O B pemeHHH, 0 na)laIOIUHX nonHH0MHanb-

. /15/ 
Hb!MH cpyHKUHOHanbHblMH CBSI3SIMH • 

MeTO/lHtJeCKH 9T0T OTpHUaTenbHb!H pe3ynbTaT oKa3bIBaeTCSI , no

ne3HbIM, Il0CK0nbKY OH CTaBHT cneny10mnfi, rreCCHMHCTHqecKH 3By'la-

• !UHM Bonpoc: HMeIOTCSI nu eme H0BbJe tJaCTHbie pemeHHSI ypaBHeHHH 

(2.3) H (2.4), 3aBHCSIIUHe OT llBYX npoU3B0nbHblX cpyHKUHH D (w) 

H {3 ( w ) H npeTeHny10mne Ha ponb qJ~3H'leCKHX pemeHHfi' ypaBHeHHH 

) lf-n 
( 2 c MaTpHUefi A , YllDBneTB0pSI!OIUHX HHJKenpnaeneHHb!M noKanb-

HblM ycn0BHSIM, K0T0pbie B nepeMeHHOH cu Bb!I'nSI/lSIT cneityIOIUHM 

o6pa3oM: 

1. S 1 (cu) 
2f +1 

I + O(q ) - noporoaoe noaeneHHe, 
CU ➔ 1 ( 10) 

) .\1 
2. SI (cu "' -- - noaeneHne a 6opHOBCKOM 

cu ➔ o cu rron10ce. 

ilnSI 0TBeTa Ha 9T0T B0ilp0C B §5 Ha 0CH0Be paCCMOTpeHHH 

§§3,4 pa3BHBaeTCSI o6mnfi MeTO/l noKanbHOI'O Il0CTpoeHHSI HHBapnaHT

HbX:l!; nonrrpocTpaHCTB, onpenenSieMbIX HCKOMbIMH cpyHKUHOHanbHb!MH 

CBSI3SIMH, B npocTpaHCTEie pemeHHfi ypaBHeHHH THna ypaBHeHHH lfy-noy. 

ITycTb S eCTb n-MepHoe K0MnneKCHOe npocTpaHCTBO Mepo-

MOpcpHb!X nefiCTBHTenbHblX cpyHKUHH K0MnneKCH0I'0 nepeMeH_H0I'0 w • 

Tor'na n -MepHb!H BeKTOp S ( w ) B 9TOM npocTpaHCTBe Yll0BneTB0pSI

eT, KaK 9T0 cnenyeT H.3 ( 2), ypaBHeHHSIM: 

11 



; ;~: ~· = ~-1 
. ·rf •, 

' . 
';!' 

··~· 

I 
I 
! 

.;.,: 

·:·r. , . • 

-1. S U-w) =1S(w) 

( 11)_ 
2. S ( w + I- ) = IAS ( w ) 

Ami Toro, 11To6h1 y11eCTb Ham111ne D -nponaBona B peweHRHX ( 11) 

( CM. ( 3)). Yll06Ho nepeiiTll K npoeKTllBHbIM KOOPllllHaTaM 

x ( w) = S ( w) / S ( w) ; i = 1,2, ... , · n ; i,l k 
I· ·1 k 

rile k MO)KeM Bbi6paTb )lnH orrpe)leneHHOCTll k = n, XOTH, BO3MO)KHO, 

B KOH'.KpeTHhIX cny11aHX 6y)leT 6onee Yll06HbIM /lpyroii BbI6op • 

. nocKonbKY ypaBHeHne YHllTapHOCTli JinH XI ( w) ' llMe IOIUee Bllll 

( 11.1). HennHeHHO, coBepWllM B8)KHYIO )lnH )lanbHeiiwero 38MeHy 

x, ( w) 

1-a (w'-...!..) 
I 2 

1 
l+a

1
(w- 2 ) 

( 12) 

. TBK 'ITO ypaBHeHne yHHT8pHOCTll )lnH a I ( w.) O3H8'180T He'I~THOCTb 

9TllX . cpyHKllllH OT W 

a 
1 

(-w ) = -a 
1 

( w) ( 13) 

B nepeMeHHhIX a 
I 

ypaBHeHllH ( 11.2) npnMyT Bll)l: 

a 
1 

( w +. 1 ) = 'G 
1 

( a / w )) , ( 14) 

rile ·G 1 (al (_w)) aa)laeTCH cne1ly10meii cpopMynoii: 

n-1 n-1 

G 1 (a! ) 

-I 
q=l 

I~ _tk1 ak2 ••. akJ l~lk/A1j -Anj )] 

n-1 n- 1 

( 15) 

l+I ~ l ak 1ak 2 ... ak[ 1- II 
1

CAu+An}] 
qd {k q l= k q . q 

12 

n-1 
3)leCb CllMBOn I O3Ha11aeT cyMMllpOB8Hlle no ynopH/lO'IeH-

1 k l . 
HOH CllCTeMe aneMeHTOBq . a k C llH/l0KC8MH :k1 <k2< ••• <kq_ fk cf l:S:ke-S.n-1, 

a B KoacjJcpnuneaTax, CTOHlllllX nepe/l nponaBe)leHHHMll a k 
1 

a k
2 

•••• a k_<i 

c KOHKpeTHhIMH HHlleKcaMn k 1 , k2 ••• , kq, nHJleK'c cyMMnpoBaHirn 

npo6eraeT 3Ha11eHnH k -
1 

, k 
2 

, ••• , k q 

.: Ami cpnaH11ecKHX peweHHii ( 13-"15) 6y)leM npe)lrronaraTb Bhmon

HeHHhIMH noKanbHbJe ycnOBHH ( 10), KOTOpble B rrepeMeHHhIX a 
1 

( w ) 

oaHa11a10T cne1ly10mee: 

1. a I ( W) 
w➔ (J 

2 f+ 1 ) 

,,,o (w 1-,\'/,\n 

2, a I ( W ) q 1 = . 1 ,\ . f , 
w=--:r + I "n 

( 16) 

CBOHCTBa )leHCTBHTenbHOCTH cpyHKIIHH a, (w) (cM. (2.2) rr (12)) 

H onepaTopc>B 'GI H3 ( 15)', srnnHIOIIIliXCH onepaTopaMH e)lHHli'IHOro, , 

napannenbHoro lleHCTBHTenbHOH OCR W ; ctrnnra apryMeHTa, ·ITO3Bci.;. 

nHIOT paccMaTpllB8Tb <pyHKUHH a (w ) Ha )leHCTBHTenbHOH OCH, I . 

a ( n .-1 ) -MepHoe KOMrrneKc:Hoe npocTpaHCTBO a - KBK )leHCTBHTenb- . 

Hoe npocTpaHCTBO ( n-1 ) H3MepeHllH. 

AonyCTHM 1 'ITO li3B0CTHO peweHHe CllCTeMbl ( 13-15) Ha )leHCTBll

TenbHOH OCH. nocKOnbKy cp_yHKUHH a, ( w) MepOMOpqJHhI, TO Bcerlla MO)K

HO YK838Tb T8KOH KOH0'1Hblfi OTpe30K ll0HCTBllTenbHOH OCH w, Ha KO

TOpOM Bee a I ( w) aHanllTll~HhI. Torlla "'BHyTpeHHHH TeopeMa e)lllH-,. 
/ 17/ . . 

CTBeHHOCTH" ( CM. MapKyWeBH'I ) B npHM0H0HHH K aHanllTli'I0CKOMy 

ITpO/lOn)KeHHIO 9THX peweHHH B KOMrmeKCHy10' o6nacTb JlOITycKaeT B3a

llMHO-OllHO3H8'1Hh!H nepexoll H3 KOMITneKCHoro npocTpaHCTBa a B .. 

)l0HCTBHTenbHOe ITO/lITpOCTpaHCTBO a 

nanee npe/lnaraeTCH 38HllM8IOIII8H ueHTpanbHOe MeCTO BO BTO-

poii rnaBe reoMeTpll'leCKaSI HHTepnpeTa'unH cpyHKUllOHanbHhIX ypaBHemrii ( 14), 
• 
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(15). Q6Cy)K/la!OTCSI oco6bie TO'IKH npeo6paaoBaHHSI ( 14) H ero He

IlO/lBH)KHbie T0'IKH, MHO)KeCTB·o' KOTOpb!X BBHllY HetieTHOCTH a I ( w ) ' 

CHMMeTpH<i:HO OTHOCHTenbH0 HHBepcHH Bcex ocefi a • <f>HanqeCKH HH- ' 
• I . 

TepecHQH · ,( CM. ( 16.1)) HenollBH)KHOfi T0'IKOfi, KaK nerKo aaMeTHTb 

H3 (14); -(15), SIBnSieTCSI Hatiano KO0p/lHH8T Ba -npocTpaHCTBe, 

tiepea K0Topoe o6siaaTenbHO /lOn)KHO npOXO/lHTb cpH3HtieCKOe pemeHHe 

CHCTeMpl (14), (15). 

Ilpe,K/le tieM o6cy)KJlaTb BOilpoc 0 TOM, KaK 6ynyT Bb1rn.11neTb 

B a -npocTpaHCTBe pemeHHSI ( 13-15), npenBapHTenbHO nanHM onpe

neneHHe ~aKCHManbHO mHpoKoro.Knacca pemeHHfi ypaBHeHHfi (13-15), 

KOTOpbie. ne)K8T B HHBapHaHTHbIX nonnpocTpaHCTB8X a -npocTpaHCTBa. 

IlocKonbKy ( 13-15) eCTb CHCTeMa H3 (n-1) HenHHefiHb!X KO

HetIH0-p83HOCTHbIX ypaBHeHHfi, TO o6mee pemeHHe 8TOfi CHCTeM?I• 
'. /19/ 

Boo6me 'roBOp.11 ( CM., HanpHMep, ) • 38BHCHT OT ( n-1) npOH3BOnb-

HbIX cpyHK;UHfi, onHofi na KOT0phIX BcnencTBHe nocTOSIHCTBa Koacp<pHUH

eHT0B 'B (.15) SIBnSieTCSI cpyHKUHSI f3 (w) .H3 .(3). IloaToMy MaKCHManbHO 

lIIllpOKHfi icnacc pemeHHfi, ne)KaIIJllX B llHBapHaHTHblX nonnpocTpaHCTBaX 

B yKaaaHJiOM BbJlIIe CMbICne, MO)KHO onpenenHTb cnenyIOlUHM o6pa-

30M. 

OnpeneneHne Knacca oemeunfi cncTeMbI ( 13-15) 

CpeaH BCeX pemeHHfi CHCTeMW (13-15) C npOH3BOnbHOfi MaTpH-

uefi Kp0CCl!Hr-cnMMeTpHH nopSI/lKa. n paccMaTpHBaIOTCSI pemeHHSI, 

SIBnSII0IIJHe?.11 0JlH03HalIHb!MH cpyHKUHSIMH OT k -nepeMeHHbIX: 

a I ( W ) = a I ( W + f3 I ( W ) , ¢2 ( W) , ••• , rf,k (w ) ) 

nn.11 i ~ 1,2 , ... , n - 1 , rne 1 :::; k <_;_ n - 2 cf>yHKmrn ,B 1 ( w ) 

HMee'l' CBOl'iCTBa ("'3), a ( k - 1 ) - np0H3BOnbHbie cpyHKUHll ¢i ( W) • 

B 'IaCTHOCTH, MoryT HMe;b CTpyKTypy ¢i ( w) = w+ 13 i ( w),rne f3 j _( w) 

HMeIOT CBOHCTBa (3). 

14 

·I, 

l. 

'j 

. Torna paCCMOTpeHH8 (n-1) ypaBHeHHfi 

a I =. a I ( W + f3, ( W) , rp 2 ( W) , •••• , rp k ( W) ) 

KaK napaMeTpHtieCKHX ypaBHeHHfi' k -MepHofi· rnnepnoBepXHOCTH. cllk • 

BnO)KeHHOfi a (n -1 )-MepHoe np0CTpaHCTBO a , c ytieTOM HetieT-

HOCTH a 1 ( w) H Toro, 'ITO. onepaTop G 1. (al) nn.11 al ( w ), SIBnmo

mnxc.11 O/lHHM na pemeHnfi (13-15), ecTb onepaTop llBH)KeHn~ Ha 

k -MepHofi rnnepnoBepxHOCTH ·(JJ k' npHBOllHT Hae K cnenyIOIIJHM cpyHKUHO

H8JlbHbIM ypaBHeHHSIM HTepaTHBHoro Tlma Ha HHBapH8HTHbie rnnepnoBepx

HOCTH 

(JJ k: 

', 
a If ¢1f. 

, 
~JI 

, 
a12 '•••, a Sk ) ' 

a(0 = G10 (a 1 , rf, 1 (al ,di , ••• ,a 1 )), 
i. i. m q 12 k 

( 17) 
a .. G l '(al , <j, .. (a 

1 
, al , ••• , a 

1 
) ) , 

• .j p p m , lq I 2 k 

1 -~ f, q < n -1 - k 1 < p, m < k 

IloSIBHBlIIHeCSI Bb!lIIe cpyHKUHH ¢1 , ¢1 ••••• rf,l . aanaIOT 
I 2 n-1-k 

o6mee ypaBHeHne rnnepnoBepxHOCTH ({Jk B OKpecTHOCTH K8)KJl0fi He-

IlO/lBH)KHOfi TO'IKH ( 14) cnenyromHM o6paaoM: 

a 1 = cf, 1 ( a l , a l , ••• , al 
I I I 2 k 

............ •'• .......... . ( 18) 

a 1n-1-k =¢1n-l-k(alt ,aJ2•··•,alk). 
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... · Bcne]lCTBHe HHBapnaHTHOCTH rnnepnoaepXHOCTeii: ct> k . OTHOCH-

TenhHO nHaepcnn acex oceii: a 1 
8TH q>yHKUHH nomKHbl 0b!Tb He-

'leTHbl OTHOCHTenbHO OJlHOBpeMeHH0ro H3MeHeHHSI 3HaKa 

al . 
. 1 

¢if 

a , ••• ' 
.l 2 alk 

T.e. 

( - a l • -a l ,. •• • - a J ) = - ¢ lo ( a l • a l • • • • • 
1 2 k L 1 2 

alk 
) . ( 19) 

TaKHM o6pa3oM, HaXO)KJleHHe acex HHBapnaH'.J'HblX OTHOCHTenb

HO npeo6pasoaaHHSI ( 14) nonnpocTpaHcTB B a -npocTpaacTBe cao·

AHTCSI K pe111eHnio cncTeM q>yHKUHoHanhHbIX ypaBHeHHii: ( 17), ( 19) Ha 

( n -1 ~ k ) - HeH3BeCTHble q>yHKUHH ¢ I 1 • ¢1 2 , ... , ¢ 1 • .Me-
n-1-k 

TOA pe111eHHSI TaKHX q>yHKUHOHanhHblX ypaBHeHHH ecTh pasno)KeHHe 

q>yHKunii: ¢ 
1 

, G 
1 

, 'G l B pSIJlbI Teii:nopa B oKpecTHOCTH · 
f f p 

11enonsm1<HbIX TO'leK ( 14). 

Onpe]lenHB H3 CHCTeM ( 17). ( 19) K09<pq>HUHeHTbl pasno)KeHHSI ' 

B pSIJl Teii:nopa ]lnSI q>yHKUHH ¢ I ( a . • al , •••• a j ) • Mb! nony'IHM 
f 1 1 2 k 

npencTaBneHHe q>yHKUHH <p If B anne pSIJla B HeKOTOpOii: k -MepHOH 

oKpeCTH0CTH HeilOJlBH)KHOH TO'IKH (14), pa3Mep ,KOTOpoii: 6yneT 9npe

nenS1TbCSI pannycoM cXOJlHMOCTH nony'leHHoro pSina. Ecnn ynacTcSI 

npocyMMHposaTb 8TH pSIJlbI, TO nony'leHHbJe TaKHM nyTeM q>yHKUHH 

¢ 
1 
f 6ynyT aHannTH'leCKHM sanaHneM aceii: rnnepnosepxHoCTH ct> k 

Haii:neHHbie TaKHM o6pa30M HHBapnaHTHbie nonnpocTpaHCTBa 

Il03BOnSIIciT yMeHblIIHTb 'IHCno HeH3BeCTHbIX q>yHKUHH a I ( W) B CHCTe-

Me (13-15), 'ITO KpoMe cymecTaeHHoro ynpomeHHSI pe111eHHS1 nocnenHeii: 

]laeT B03MO)KH0CTb npoaepHTh, He nony'laSI SIBHOrO snna pellleHHii:, . 

BbIIlOnHH,MOCTb Ba)KHOrO JlnSI p -BOnH ycnoBHSI ( 16.2). 

11TaK, pesynbTaTOM §5 SIBnSieTCSI aq>q>eKTHBHblH MeTon, Ha OCHO

Be KOToporo B § 6 ]laeTCSI OKOH'laTenhHbIH OTpnuaTenbHbIH 0TBeT Ha 

16 

' . 
. ' 

.•1 

·, I 

. -~ I 

sonpoc, nocTaBneHHbiii: B KoHue §4. AHanns ypasHeHnii: ( 14), ( 15), 

C MaTpnuaMH KpOCCHHr-CHMMeTpHH lJy-noy TpeTbero H 'leTBepToro 

nopSIJlKOB C IlOMO!llhlO BbIIIIeH3n0)KeHHOro MeTO]la noKa3bIBaeT, 'IT0 

B onpeneneHHOM B §5 Knacce q>yHKunii: (pe111eHntt) rtMe10TcS1 TonhKO

cneny10mne HHBapnaHTHbie KpHBbJe n nosepxH0CTH (nnSI 'leTb1pexpS1n--. 
t.J-n 

HOH MaTpHUhl A ): 

] . al = ""'. aa 
t.J-n 

nnSI TpexpSiuHoii: A 

n. 
1) a 1 = 

a 8 - a 4 

l-a 8 a4 
.. 3) a 1 =. - a 4 , a 3 = 0 (20) 

4) · a 
1 = o_,. a3 = a 4 

5) a·4 = o: , a 3 = a 1 
2) a 3 '."' 0 JlnSI 'leTbI~eXpSIJlHOii: A t.J-n 

K0T0pbie COOTBeTCTBYIOT H3BeCTHbIM, HO HeCOBMeCTHMbIM C ycnosneM 
. . .· . ;· ·14 6/ 

( 16.2), pe111eHHSIM Rothelutner 'a -MemepSIKOBa ' • 

113 8Toro cnenyeT HeyTelIIHTenhHbIH, ·HO onpeneneHHbiil: BbIBOJl:_ .. 
. . . . 

HHTepecyIOIUHe Hae pellleHHSI couep:lKaTCSI. TOIJhKO B o6meM pe111eHHH .·· 

8THX ypaBH8HHii:, 3aBHCSIIU8M C y'leT0M D -np'onaaona ( 3) OT Tpex, 

COOTBeTCTBeHHO, '1eTb1pex,. npOH3BOnhHbIX nepnonn'leCKHX q>yHKUHH •.. 
. . /5/ 

t § 7,. Ha 0CH0Be pe111eHHSI BaH]lepca B rnaae III unSI 

s -aonH rr N -paccesrnnu 

rue 

S 1 (w(w)) 

S 1 ( W) 

S 
8 

( w ) 

B(w)(B(w)- 2) 

B2(w). -1 

B (w) 
D(w) 

B(w) - 1 

D (w) 

218 1 cw> B(w)=w+,B(w) e • a . 

17 

( 21) 

.(cM. (2) H (3j ).-: 
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IIOCTpqe·H~I · qJOpMynhI, OIIIICbiBaIOIIU!:e 9KCIIepH~eHTanbHyro:•llHqJOpMaIIHIO 
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