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K 3AODAYE O IMNPPARIIVMV HA IIEJIN.
HEKOTOPBIE CBOMCTBA PSIA IIBAPIIIINIBIIA

BBEJEHUE

Sajgava AMGpakiuy Ha I0JI0Ce WM NIeNU [IPUBJIEKaeT BHUMAaHMUE
ucciaenoBaTeieil yke Gosee cra jer. C Toro MOMeHTa, KaK 30M-
MepdedabaoM ObliIa B 3aMKHYTOH dopMe pellleHa 3agava JA(paKINN
Ha MOJYMIPAMOW, TpeANTPUHUMAINCH HEOJHOKPATHBIE MOMBITKU TPHU-
MEHUTH MOXO0XKUe MeTOAbl K AUPPAKIMM Ha e 1K mojoce. K co-
KAJEHUIO, BTO OKa3alloCh He TAKOW MpOCToil 3amadeil, U B TeUyeHUE
HOJTOTO BPEMEHU €IMHCTBEHHBIM TOYHBIM DelleHMeM TaHHBIX 3a1ad
oCcTaBalioCh penienne B popme psana Pypbe B 2JAUITUIECKAX KOOP-
aunatax [1]. lanHoe perienue He MOKeT ObITh NPU3HAHO YI0BIETBO-
PUTEABHBIM BO MHOTMX CJYy4YadX; €ro MOXHO CPaBHUTBH C PeIeHrEM
3aJaun o AMPpaKIUKU HA TONYNPAMOA B Buie pasioxkenus Pyprbe B
mapaboMIecKuX KOOPAMHATAX: OHO M3BECTHO, OAHAKO MOYUTHA HUKTO
UM He T0sib3yeTcA. [lombITKN HaliTu Gojiee ymadHoe pelleHrne ObIIH,
B OCHOBHOM, HeyaaunbiMu. O630p Takux pabor MokHO Haiitu B [2].

Onua n3 maunboiee Apkux paboT, OTHOCANMUXCA K JAHHOW TpO-
Bieme, nosunack B 1982 roay [3]. B sroil pabore mHTErpaibHOE
ypaBHEHMe, K KOTOPOMY CBOJMTCA 3ajada JUPpPaKIMM, 3aMeHAeTCsA
mapoil oOBIKHOBEHHBIX AU QepeHNnaIbHEIX ypaBHeHN. Paree moxo-
*Ue uaen ObLIM MCIIOJb30BaHbl B pabote [4], oaHako He MOJYUMIM
TaM JOCTOMHOTO Pa3BUTHUA.

ABTOpOM MaHHON CTATHY HEIABHO OBII MPEAIOKEH APYTOii TT0aX01
K 3azade o audpakiuu Ha meau wim nosoce [5]. B pamkax sToro
1I0/1X0/1a paccMaTpuBaeTcsa QYHKIMOHAIbHAA 3a4ada TUlla BuHepa—
Xomnda, coneps;xammasa HeM3BeCcTHEIe Ieable QyHEIMU. DrIo mokasaHo,
YTO pelieHus Mo100HbIX 3a/4a4 YI0BIeTBOPAIOT AU epeHIMaIbHBIM
YPaBHEHMAM C pallMoHAJbHBIMU Koo durmenramu. Pemenns B [3] u
[5] BbIpaskaroTCA B TEpMUHAX CHENMPUUECKUX IDAHUYHBIX 3a4a49 I
mpdepeHManbEEIX ypaBHeHNiA. [Ipy aToM Koo PumeHTs ypaBHe-

Pa6ora moanepsxana rpantamu INTAS, POPPU u nporpammoit “YHusepcu-
TeTsl Poccun”.
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HUIA 3aBUCAT OT HECKOJBKMX MApaMeTpoB (UUcel), KOTOpEIe HEOBX0-
AVAMO MOoA0UpaTh TaK, YTOOEl 0JHOBDEMEHHO BBIIOJIHAINCE aCUMIITO-
THUYecKWe yciaoBuUA B 0cobbIxX Toukax. [lonbop rosddunmenTos npen-
CTaBJIAETCA HEIIPOCTOM BBIUMCIUTENbHON 3anadeil; HelocpeACTBEH-
HoOe OTBICKaHWE ACHUMITOTUK AJIA K0®(P(PUIMEHTOB BO3MOKHO, OJHAKO
TaKEe HeIIpoCTo.

Hwxe npennaraerca Opyras TeXHUKA JJIA pelleHUA 3aJa4d O JU-
GparIMy Ha IeJH ¢ WAcaJbHBIMUA I'DaHUYHBIMUA yCIOBUAMU. B pam-
KaX IIpe/jaraeMoro MoAxoJa pelleHHe 3aJa9l JUPpPaKIUl IpeacTa-
BIAETCA B BUAe T.H. Jufpaxyuonnozo pida, T.e. B BHLe CYMMBI pe-
IIeHW GeCcKOHeUHOH IocaenoBaTeIbHOCTU 3alad O JUPPAKIUU Ha
noaynpamoii. Ilpenamonaraercs, uTo mamaromad BoJHA AUGparupy-
eT cHavdaJia Ha ofHOM pebpe menad, 3aTeM IU(GparupoBaHHAA BOJHA
AOCTUraeT IpYyTroro Kpad U IU(GparupyeT Ha HeM H T.A. Takoe mpen-
cTaBJIeHHe pellleHnusA GbLIo Io-BMAMMOMY BlepBble BBedcHO lIBapi-
mmabaoM B 1902 1. [6]. JI:0GOUBITHYIO UHTEPIPETAIMIO AK( PAKI-
OHHOTO PAJla MOMKHO HaiiTh B kKHure [7]. TpammimoHHo AUQpaKIMOH-
HBI PAL UCHOIB3yeTcA [JA MOCTPOEHUA NpUOIIPKEHHBIX pelleHuit.
Ha sTux mzaeAx ocHoBaHEI FeoMeTpHUecKad U (QU3MUecKasd TeOPUA
IV P aKIAN.

B macrosameil paGoTe NpeaiokeHa TeXHIKA Ipeobpa3oBaHUa dile-
HOB NUQPaKIMOHHOTO PANA, C IOMOMIBIO KOTopoil ynaeTca MOy UUTh
DAL MOYHBE Pe3yabmamos OTHOCUTEJIBHO CYMMEI pAna. I'iaBHbIe U3
®TUX pe3yAbTaToB — BBLIBOJ NpelcTaBicHUA BuiabaMca, onKUCBEIBAO-
IIeTo 3aBUCHMOCTEL JMArpPaMMEBl pacCeAHUA OT yIja MaleHUA BOJI-
HBI, & TaK/Ke BBIBOJ] YIIPOIIEHHBIX 0GBIKHOBEHHBIX JU( P epeHInaIbHBIX
YPaBHEHUH NJIA HeM3BECTHBIX (DYHKIUMN.

WNcnonb3ysa npenioskeHHble MeTO OBl MEL IOIydaeM pe3yIbTaThl pa-
6ot [3] u [5], maBas TeM caMbIM He3aBHCHUMOE MOATBEPHKAECHIE Oy~
UeHHBIX TaM pe3yibTaToB. KpoMe Toro, moIydeHEl aCUMIITOTAYECKAE
PAOEl A HEW3BECTHBIX Koo(QPUINeHTOB AU(PepeHInalbHEIX ypaB-
HeHUl, NUCIIOIb30BaHHBIX B 06enX »TUX paboTax.

1. IIOCTAHOBKA 3AJIAUM U PEIIEHUE
B BUJE IU®PAKIMOHHOI'O PATA

1.1. IlocTtanoBKa 3amaym.
Paccemorpum 2-mepHyIo 3amady Iudpakiuy Ha sKpaHe co IelbIo.
Iycth Ha mitockocTH (&, y) BEIMOJIHAETCA ypaBHeHWe ['elbMIoibia

Au+kiu=0 (1.1)
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['paHUYHbIE yCIOBUA €CTh
uw(z,0) =0 mpwm |z| > a. (1.2)

[Mensb 3aHMMaeT oTpe3ok —a < ¢ < a (cm. Puc. 1).

S /é;v
g i:\i

Puc. 1. TeomeTpus szagauu.

g

[Ipenmonaraercsa, 4To 3aBUCUMOCTHL BCEX BEJWUYMH OT BpPEMEHU
umeeT BuI e~ rae w = kge, ¢ — pazoBas CKOPOCTh BOJIH.
Ha mens magaer niaockas BoHA U3 BepXHER moaymiaockoctu y > 0:

Uiy = e—ik*x—i\/kg—kfy’ (13)

rae k. = —kgcose, ¢ — yron nagerns (cm. Puc. 1). Tlone npeacra-
BJIieT co6oli CyMMy Magaronieil BOJHBI Uiy, OTPaKeHHON BOJHEBI

up = —e~iker VAR (1.4)

¥ pacCeAHHOTO II0JA Ug.. B HMKHE MONYIIOCKOCTH NPUCYTCTBYET
TOJBKO BRI Ugc.

O4veBnaHO, UTO TIOJE Uge CUMMETPUYHO IO OTHOMIEHWIO K OTPamKe-
HIIO OTHOCUTENBHO MpAMOit y = 0, T.e. use(2,y) = usc(x,—y). Ero
Npou3BoJHAA O Y AOJKHA MMeTh Ha miesu (T.e., mpu y = 0, |z| < a)

paspbiB, paBHBIA 2i\/kZ — ke~ thww,

1.2. Mu¢ppakumoHHLIA P,

IIpencraBisgerca ynobHbIM paccMaTprUBaTh B BEPXHEN MOJYIIIOC-
KOCTU KOMOWHAIUIO Uge + up. s Hee mpu y = 40 BbIMOMHAIOTCA
cile AyIOlre T'paHUYHbIE YCIJOBUA:

tse (2, +0) 4 ur(®, +0) = —e =+ npu |z| > a, (1.5)
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a[usc(lza +0) + Ur(l‘, +0)]
dy

KpOMe TOT'0, AOJIMKHBI BBIITOJHATLCA 0OLIUHbBIE YCJIOBUsI U3JIyUYECHUA

=0 npu |z| > a. (1.6)

Ha 6ECKOHEYHOCTU U MeﬁKCHepOBCKHe YCJIOBUsI Ha KpasaX IIEJN.
HpeﬂCTaBI/IM IIponecc ﬂI/I(i)paKL[I/II/I KaK II0CJIeA0BAaTEJIbHOCTE aKTOB
ﬂI/I(i)paKL[I/II/I Ha YacCTsX BKpaHa, T.€. IIpeJCTaBUM II0Ji€ B BUAE pslda

Uge + Uy = U1 + Uz + U2 + Uz + Uil + U212 + . .. (1.7)

rjle CUMBOJIAMU U] W Uz 0603HaUYeHB! AU} PAKIMOHHBIE UJIeHBI HY JIEBO-
ro mopsAmka (majgaolasd MIocKad BOJHA ANPparupyer Ha OJHOM W3
KpaeB IIesn); WHIeKC 1 cooTBeTCTByeT AU(PAKIMK Ha Kpaw & = a,
WHAEKC 2 — AU paknuy Ha kpao ¢ = —a. Judpaxkumorroe moe mep-
BOT'O MOpSAJKA, MOJy4YeHHOe B pe3yibraTe AUGPAKIUM CHadajga Ha
Kpawo 1, a 3aTeM Ha Kpalo 2 COOTBETCTBYeT 0003HAYEHUIO U1 U T..
Tak Mo:kHO BBeCTM QYHKIMU BUJA Ui212. 21. DYAeM CUMTATH WHIEK-
coM BCIO TociienoBaTenbHocTb 1212...21. B »Toit mocaenoBaTeiab-
HOCTH CTOAIIUE TOJAPAI CUMBOIEBI He TOBTOPAIOTCA. CaMblii JeBbIi
CUMBOJI COOTBETCTBYET CaMOMYy IIEPBOMY aKTy JAU(pPaKIMN.
CremayeTr OTMETUTh, YTO TaKafd CUCTEMA MHIEKCAIMHU TIPeICTaBIA-
eTcsa u3bbITouyHOW. BMmecTo Toro, 4To8BI B ABHOM BUIE BBITUCHIBATH
110CJI€e/10BATENBHOCTh AKTOB JUPPAKIMU B IENOYKe WHIEKCOB, MOMK-
HO ObLT0 6Bl 0603HAYMTH MEPBBIA (MM MTOCHENHWI) W HAa3BaTh WX
rosmyecTBo. Ham morpebyrorca um Takvme obo3HaueHWs, HIWKE OHU
GyayT BBenenbl. [lonHasa WHIeKkcalma (¢ COXpaHEHWEM BCell Iemod-
KW Aupakimii) morpebyercs A omMcaHuA JudpakIMu Ha Goilee
CJIOKHBIX CTPYKTYPaX, a UMEeHHO Ha CHCTEMAX ITOJ0C, YIOJIKaX W T..
Wrak, misa ymobcTBa BBEIEM Clenyolre 0603HAYEHNA:

Urll — IMoCJieJ0BaTEJbHOCTE CMMBOJIOB B MHACKCE MMeeT AJIMHY N + 1
1 HaUMHAETCs C 1,
Unl — IMoCJieJ0BaTEJbHOCTE CMMBOJIOB B MHACKCE MMeeT AJIMHY N + 1

1 KOHYAeTCA CUMBOJOM 1;
uf | — mociemoBaTeIbHOCTH CUMBOJIOB HAUMHAETCA C 1| W KOHJUAETCA
1 (mpwm eTOM, 0UEBHIHO, N TOIFKHO OBITH YETHO).
OueBUIHO, YTO MO JUIMHE IEMOYKA 110 TIEPBOMY WJIH MTOCIETHEMY CHAM-
BOJY MOKHO OJHO3HAYHO BOCCTAHOBUTH BCIO IETIOUKY.

na umeHoB HyJeBOT'O MOPAIKA 3aJaHBI TPAHWYHbLIE YCIOBHUA Ha
npamoit y = 0:

—ikex

Ju
3_1:0’ npu x < a, U} = —e , mpu x> a, (1.8)
Y
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Ju :
3_3/2 =0, mpu x> —a, us=—e T nmpu r<—a.  (1.9)
Jlns BCeX oCTANBbHBIX WIEHOB 3a/JaHBI TPAHWYHBIE YCITOBUA:
du”
6.“1 =0mpu z <a, u",=—u"3"npuz>a, (1.10)
)
du”
3.“2 =0mpu x> —a, u',=—u"7" npnz < —a. (1.11)
)

HpI/I 9TOM, pa3yMeeTcCsA, OJs1 BCEX YJEHOB psda AOJXKHO BBIITOJI-
HATHCsA ypaBHEHUE FeﬂbMFOJ’IbHa, a TaK¥Ke YCJOBHMsA B BepHIMHE U
YCJI0OBUs HA GECKOHEUYHOCTHU.

1.3. Pemenue mociieqoBaTeNbHOCTH JUPPAKONMOHHBIX 3a0a4 Me-
Tonom Buaepa—Xonda.

BBemem obosnauenusa ana Pypbe-ob6pa3oB UideHOB AUPPaKINOH-
HOTO pAAa

_ i [ our (e, 40)
", (k)= / T8k ey 1.12
.Hl( ) \/%g—:fzg ay ( )
_ i oun (e, 40)
U” (k) = / w20 T TR 1.13
.HZ( ) N/%g—:?z;g 31/ ( )
NHuTerpasibl ompeneiieHBl KOPPEKTHO MAAA BcexXx n, Kpome n = (.

YeHbI HYTEBOTO TOPAIKA COHAEPMKAT HeyOBIBAIONIMA BKIA T, OTHOCH-
muiicA K uy. B coorBeTcTBUM ¢ oTiM, Gopmyarr (1.12), (1.13) momx-
HBI OBITH MOAUQUIIUPOBAHEI CJIeAYIONIUM 06pa3oM:

__ . Z T 6U1(l‘,+0) . 2 2 —tk.x ikx

ikea

— k)

(1.14)

+i\/kg—k,% e

77 _ i N Qug(z, +0) . [ 9 —ikex| ike

: kz_kz —ikxa
VIR TR (1.15)
VkE — k2 k— k.




K 3AJAYE O IUPPAKIIMU HA IIIEJN 263

ITpurrMas Bo BHUMaHue rpaHnynble ycinobusa (1.8)—(1.11), momy-
unM QopMYJIH 1A o6paTHOTO Ipeobpa3oBaHNUA:
ut = _QL U " emthotivhi=k2y gp, (1.16)
o
vF

TJe KOHTYPHI ¥4+ Torazanbl Ha Puc. 2. KoaTyp v_ BubupaeTcda ais
4JIeHOB U |, KOHTYD 74 Aia u” ,. Takoit BbIGOp KOHTYDOB rapaHTU-
PyeT BBIMIOJNHEHWE YCIOBWA M3JIydeHUsA, a TaKkKe MPaBUIBLHBIA yder
MTOJTIOCA, COOTBETCTBYIONIETO A TAIONIEl BOJHE.

3aMeTuM, 4TO AJA olpeneieHus npeobpasoBanusa Pypbe u orre-
patopoB Fi mMcmoab3yloTci KOHTYpa, u3obpaskenHble Ha Puc. 2a, a
7151 BBITIOJIHEHUA ACUMIITOTUYECKUX OIEHOK — KOHTYPa, W300paskeH-
Hele Ha Puc. 26.

Im#k
Tk }?E . ko Rek
Imk
B T
i =4 e o s }QI o
~k, k fﬂ K, ~ Rek X

Puc. 2. KoHTypbl uHTerpupoBaHus.

Benmuuner U" MoryTt OblTE HaiiZeHbl MeTozoM Bunepa—Xomnda
[8]. BeimmineM oKOHYATENbHBIN BUI PEIIEHNid, OMyCcKaa AeTaMN.

®yHKEIMM epBOTO MOPAIKA ONPEAENAIOTCA C IOMOIIBIO QOPMYT

. ezka . e—zka

N e (S UL re T

Koo P PUIMeHTsl A1 » ompenendioTcs Kak

Ay =iemF 0\ Sky — ki, Ay = —ie* ko + k.. (1.18)

(1.17)
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Pyurrmu 6ojee BLICKOWX MOPAAKOB OTIPEAETAIOTCA PEKYPPCUBHO

ika
Un == Fy [l = KT 5 (1.19)
ko — k
—ika
Un, = _h F [e“”\/ko n kﬁﬁﬂ . (1.20)
—

Omnepatopsl Fy u F_ oCyMIECTBIAIOT PAa3osKeHNe HA claraeMble,
peryinsdpHble B BepXHel W HIWKHENW MOJIYMIOCKOCTH epeMeHHOU k.
Onm onpenensaioTcs GopMynamMu

Fi[V(k)]:iﬁ/%, (1.21)

CreayeT 3aMeTUTh, YTO CHeKTpafdbHble PyHKNUM U " 3aBUCAT He
TOJBKO OT k, HO M OT BEJMUMHEL k., CBA3AHHOI ¢ yrioMm mageaua. la-
Jee Mbl Oy/IeM ABHO YKa3blBaTh Ty 3aBUCUMOCThL. CymMMma Bcex die-
HoB U " (k, k.) mpoTiopronaibHa IMarpaMMe HaTlpaBIeHHOCTH TI0IIA
B nanbHeld 30He f(p, ), npudem kgcosy = —k,, kocosyp = —k

flhk k) ~\Jk2 — k2T (k§ — k°) =
=\/ké—kzi(ﬁ.’?.l(k,k*)+U.’?.2(k,k*))~ (1.22)

2. HEKOTOPHBIE TIPEIBAPUTEJIbHBIE PE3YJBTATBHI,
KACAIOINIMECA IN®PAKIMOHHOI'O PAIA

2.1. Bcoomorateasusie pyuarnmuu G.
WN3sBeras pekypcunt, MOKHO 3alMUCaTh

T Py (B (k ) [B- (k).
T (b k) = P [6_ ] H JJIA YEeTHBIX 7, 2.1)
A—F+ (B4 (k) F_ [B- (k) ..
o [6+ ] H JAJIA HEUETHBIX 7,
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A P [ (k) Fy [By (k) .
To (b b) = f:—a[ﬁ-l—(k)k_l—k*] H JJIA YeTHBIX 7, 2.)
e PG (k) Py [B4(K) ..

R [6_(/6) 1 ] H IJ1A He4eTHEBIX 7,

k—ky

Kaxgoe BeIpaskeHue comepsKUT N Iap KBaAPATHLIX CKOOOK.
Pynrimn [y (k) onpemensoTcA Kak

e—Zik‘a ko—k 6 (k) :eZik‘a vV k0+k
Vko+ &’ B Vko—k

¥ BO3HWKAIOT B pe3yibTaTe PaKTOPU3AINNN CUMBOJA 33Ul O MOy~
OpAMOIA.

Hwke OyayT monydeHbl BHIpasKeHUA A YIEHOB ANQPAKIMOHHO-
ro pAaa, B KOTODHIX 3aBUCUMOCTb OT k W k. B HEKOTOPOM CMBI-
cite pazgenserca. C »Toii 11enbIo BBEIEM BCIIOMOTATENbHBIE ()Y HKITAN
G" (k) m G™ 4(k), KOTODEIE TIO CBOMM CBOMCTBaM BIM3KU K (OyHKIAAM
U™ (k ko) m U™ ,(k, ki), paccMaTpuBaeMbIM Kak (yHKITAM TIepeMeH-
HOW k, oMHAKO He 3aBUCAT OT BTODOW mepeMeHHO ky. [Toske Gyner
MoJryueHo TIpejcTaBieHue Aid GpyHkrmii U " B Bude TUHEHHBIX KoM-
GuHanmii pyHEIME G" ¢ palMoHAJIbHBIMU K0®(PUIMEHTAMU.

Wrak, BBeaeM BCIIOMOTATENbHEIE (YHKIMNA € TOMOIIBIO COOTHOIITE-
HW

Gy (k) = (2.3)

Gi(k) = Go(k) = 1 (2.4)
G k) = Fr[B(k)GT 5 (k)] (2.5)
G"EH (k) = F_[B- (k)G (k). (2.6)

Nnnekcanmsa ¢yukimii G cTpoUTCA TaK sKe, KaK MHIeKcAIMA §yHKINNA
U, T.e. BHM3Y CTOWT IEMOUKA, COCTOAIAN U3 UePenyIOUIMXCA CUMBO-
JOoB 1 1 2, ompenessIomux I0Cie 0BaTENbLHOCTL M YUCIIO IpUMEHe-
HUl omepaTopoB Fli, a BBEpXy — MJIMHA LEIOYKM MUHYC 1.

CpaBHUM CTPYKTYPY $yHKIWA U (kak QYHKIWMIA TepeMeHHOH k) U
G. B ravecTBe mpuMepa Bo3bMeM U 1a121 1 Gio191:

. ika 1
U12121(kak*) :Al\/%fﬁ. |:6+F_ |:6—F+ |:6+F_ [ﬁ_k— :|:|:|:| )

2.7
Graia1(k) = FL[By F_[B- FL[By I [B-]]]]. (2.8)
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OueBMIHO, UTO [JIA TOrO, YTOGH BEIpasuTh Uis1s; depes G, Heobxo-
JMMO KaKMM-in6o o6paszoMm m3bapurhes ot apobu 1/(k—k.) mon sHa-
KaMu onepaTopa. Hmke Gymer mpemiioskeHa COOTBETCTBYIONMAA IPO-
Ieaypa, OnMparoladcsa Ha HEKOTOPhIE CBOMCTBA omepaTopoB Fi.

B konme maHHOrO pasiena 3aMeTHM, YTO B IIPearaeMoil crarbe
MBI He 6y/ieM KacaThCA BOMPOCOB CXOJAMMOCTH W ACUMIITOTHUYECKOMN
OTIEHKH YJIE€HOB psna. Takue OIeHKN AENAIOTCA DIIEMEHTAPHO C ITOMO-
b0 AeGopMalii KOHTYpPOB MHTErPUPOBAHUA U C MUCIIOJIb30BaHUEM
M3BECTHHIX TeopeM. ABTop mpoaenais Bcioo »Ty paboTy u pama co-
OBINTEL, YTO MOKHO BHIOpaTh kg C TaKoli MHUMOW YaCTBIO, UTO BCE
PANBI CXOAATCH, & Bce popMy bl cupaBeiusbl. [locie sToro cinenyer
NPUMEHNTH OOBIYHYIO B TeOpUM AU(PAKIANA HPOLELYPY AHAIUTAIE-
CKOT'0O TIPOMOIIKeHUA 10 k.

2.2. DaeMeHTapHBIE CBOMCTBA ONEPATOpPOB Fl.

B namnoM pasneiie 6yayT MccIef0BaHEl HEKOTOPBIE CBOMCTBA Olle-
paTopoB [y, MO3BOJIANNINAE NIPOU3BOAUTH HEOGXO0IUMbBIC MAHUILY JIA-
A ¢ AXQPAKITMOHHBIM PAJOM (MCKIIOUEHE 3aBUCUMOCTH OT yTJia
najgeHna u quddepeHnupoBaHue).

CpotictBa 1 1 2 04eBUAHBI ¥ NPUBOIATCA JUIIb IJIA TOr'O, YTOGH
n3bexaTh HEeIlOHUMaHWUA B AaJbHelimeM m3noxenuu. IlepBoe u3 HUX
BEIDaKaeT JUHeHHOCTb 0IIepaTopoB, BTOpoe MHBAPUAHTHOCTD 11O OT-
HOIIEHUIO K TPaHCJANUAM BIONb AeHCTBUTENBHOR OCH.

Tpetbe cBolicTBO MeHee odeBUAHO. Heobxonmmo cKaTh, 4TO uMeN-
HO MG HeM NOCMPoenst 6ce daabueliwue 8bKAaA0OKY.

1. OueBmano, urto Fi — suHeliHbIE ONIEPATOPHI, T.€. JJIA TPOU3BOJIb-
HOM KOHCTaHTHI ¢ M TPOoM3BoMbHEIX QyHkimi V(k), Vi(k), Va(k)

FeleV(k)] = cFe[V(R)],  Fe[Vi(k) + Va(k)] = Fe[Vi(k)] + Fe[Va(k)].

3/ech MbI He obcyskiaeM Kiacc (GYHKIUA, K KOTOPBIM IIPUMeEHMMbI
omeparopbl Fi. Oanarko, HET COMHEHWI B TOM, YTO B HAIllEM CIIy-
yae Bce QyHKIMU “Xopomme”. D1o obecriednBaeTCs MPUCYTCTBUEM
HKCITOHEHITNANBHBIX MHOKUTEIEH.

2. Ina mmpokoro knacca GyHKIMA V
(Fe[V]) = F[V'] (2.9)

IaHmoe cBOMCTBO MOKeT OBITH JAOKa3aHO C IMMOMOIINBIO MHTETpPUPOBA-
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HUs 110 YaCTsAM:

(Pelv ) = 2 [ 20—

RES

B 1 1 B 1 VI(r)dr

—jFﬁ/V(”d(—T_k) _iﬁ/ir—k :
RES RES

3. i npom3BONBHOTO k1, He JesRalero Ha kKoHTypax v n V = V (k)

Vo V] Fa(Vik)
Fi[k—kl]_k—kl—I_ F—k (2.10)
e 1 [ V(r)d
TIAT
k) = g [ DT 2.11
FalVik) T om T —ky ( )
RES

HocneﬂHee CBOMCTBO cJaeayeT n3 BJEMEHTAPHOI'O COOTHOIICHNM A

(r—kj(r—k):k—lkl (Tik_r—lkl)'

Samerum, yro Bennumnaa Fi(V, ki) He 3aBucur o1 k, T.e. ABIAeTCA
KOHCTAHTOM II0 TIepeMeHHO# k.

Ypasaenue (2.11) momyckaer mpocryio uHTepnpetaimo. Onepa-
Top Fy ocymecTBaseT pasioxkeHwe QyHKIMM V Ha ciaraeMele V =
Vi + V_, perynaApHBIe COOTBETCTBEHHO BHINIEe U HIMKE KOHTYpa Y4 .
TlomerTaeMcsa pasimoEUTh TakuM ke obpasom ¢yskImo V/(k — ki).
Paznoxkenve Buna

vV n V_
k—ki  k—k  k—k

MOYTH TI0JXO0JUT, OJHAKO OJHO M3 CjaraeMbIX UMeeT HeKeaaTelbHbIN
mojroc B Touke k = k1. B 3aBucuMocTé 0T TOrO, B KaKOW IOIYIIIIOC-
KOCTHU (BepXHE MM HIKHEN) OTHOCUTENBHO KOHTYDA Y4 JEKAT ki,
JIMITHUHN TOJTIOC MMeeT COOTBETCTBEHHO IIepBOe MJIM BTOpOe cJjarae-
Moe. OmHako maHHAA OMMUOKAa MOMKET OBITH JIETKO yCTpaHeHa C I0-
MOIIbIO BBLIYUTAHUA COOTBETCTBYIOINIEro moiioca. Mcexona u3 sToro,
cIpaBeAanBhl (OPMY LI

—Vi(ky) k1 JeRUT BBIIE KOHTYPa Y4

Fo(V, k1) =
+(Vo k) { Vik1) — Vi(k), ki meuT HUXKe KOHTypa Y4

(2.12)
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F_(V,ky) = { —V_(k1) k| MERUT BEIIE KOHTYDPa Y—
I Vik1) = Vo (k1), ki meUT HIKe KOHTYpa Y_.
(2.13)

SameruM, 4To 3HaueHnA F(...) KOHEUHBI, TIO9TOMY eciu k1 COBIa-
JaeT ¢ CUHI'yJAApHocThIo Vy mau V_, To B paBeHCTBAX, NPUBEACHHBIX
BHINIe, HEOO6X0AMMO 6paTh COOTBETCTBYIOINIUMA TIpeae.

3. IIPEOBPA3OBAHUWE AU®PAKIIMOHHOTO PAIA

3.1. IIpencraBiaenue WiIEHOB pAna B TepMuHax QpyHEmui G.

IIpeobpasyem BrIpaskeHne Braa (2.7) cienyromnM o6pasom. TTpu-
MeHUM cBoiicTBo (2.10) cHadasia K cCaMOMY BHYTDEHHEMY OIIE€paTO-
Py, 3aTeM K CIEeAYIONeMY W T.I., B Ka)KIOM ciydae Bbioupas k, B
ravectBe k1. [Ipeskne vem mepeiitu k Goiee obmemMy ciaydarw, pac-
cMoTpuM mpoctoii mpuMmep. C momornipio (2.10) mpeoGpasyem dieH
U21:

ika

U= Py [ VR = R (h)| ==t e 1y [ 200

_ ere [ Goi(k) | Fy(By, k)
_—Az\/ko—_k{k_k*-i- P } (3.1)

Samerum, uro Fy(f4, k.) €cTh KOHCTaHTa [0 OTHONIEHWIO K k, BeU-
YMHA KOTOPO# ompeneinsderca us (2.12):

Fi(By k) = ~Gar(ka). (3.2)

Mcnonbaysa (3.1), MoxHO MpeobpaszoBaTh CIEAYIONMIA YiIeH Usia:

— e~tka Gzl(k’) — Gzl(k’*)
=Ay——F_ |pB_(k =
Ve = Ao e |- =

e—zka

Ay =y (Gona(h) = Gk )G~

— Gara(ks) + Ga1 (ke )Gra(ke) ). (3.3)

AcHo, uTo ®TOT Tpollecc MokeT OBITH TPOHOJKEH, T.e. UJEHbI
Us121, Usgi212... MoryT OBITH Hpeobpa3oBaHBl TeEM iKe CIIOCOOOM.
Chopmynupyem obimumii pe3ynbTaT B BUE CIeyIONIEl TEOPEMBI:
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Teopema 1. Yuenwt dufpaxyuonnozo pida U mozym Goumbs npedcma-
BAEHBL CALOYIOULUM 0OPAIOM:

U" (kk) =(-1)"4, ——r——— HG™
ke (34)
_ e
U? Sk k) = (-1 "A,,— DG
20e¢ nependl undexc v = 1,2 6 yenouxe undexcoas aubo coenadaem c

nocaednum j (n wemmo), aubo ne cosnadaem (n wewemno). Beaunwuns
n

g" ne saeucam om k.

I/IHILeKcaL[MH BeJWYMH ¢” yCTpoeHa TakK sKe, KaK WMHIEKCAIU Be-
gvama U u (G, T.e. IeMoYKa COCTOUT W3 UePEAYIONUXCA CUMBOJIOB 1
u 2. BerHI/II/I WHIEKC eCTh JUIMHA IEMOYKM MUHYC OoQuH. B maHHOM
clydae TPYAHO HEMOCPEIACTBEHHO MHTEPIIPETUPOBATEH TAKYIO CHCTe-
MY WHIEKCOB 3TUX BEJWYUH B TEPMUHAX MMOCIENOBATENBLHOCTHA AKTOB
IV P aKIAN.

WNunekcer B popmyiie (3.4) crpodArca caeayrommm o6pasom. Iycts
B JIEBOM YACTM CTOWT BeimumHa Uisis). B 5TOM ciIydae B ImpaBoii
YacTW CTOAT OpousBedeHUA ¢1(Gi2121, g12Ga121, ¢121G121, g1212G21 U
g12121G1. Buamo, uto mcxoamas memoura 12121 paszbuBaerca Ha aBe
YacTU BCEMU BO3MOKHBIMU CIIOCOBAMU, IPU BTOM I0CAEeTHUN UHIEKC
Opyu g W HepBEIA MHAeKC npu (' JOJGKHBI COBIAJATH (CyMmMMma IJIMH
JacTell OKa3BIBAETCA Ha € IMHUILY GO JIbIIe AIMHBI UCXO THOM HETOYRMN ).
OTMeTUM XapaKTepHBI “CBEPTOYHEBIN BUI IMTOCTPOEHHONW CYMMEIL.

IIpuBeneMm pekyppeHTHBle (OPMYIBI AJdA KO PUIMEHTOB

g1(ks) = g2(ks) = 1, (3.5)
gtk Z gy (k)G (). (3.6)

IIpy ®ToM IpeanosaracTca, YTo MHAEKCH i,V = 1,2 CoBIamaioT IpH
HEUETHOM N U He COBINAJAal0T B IIPOTUBHOM Cillyyae.
HokaskeM 110 MHAYKIMN TeopeMmy 1 u popmynsr (3.5), (3.6). Baszo-
Boe yTBepskaeHue (n = 0) momyuaem, cpasrubas (3.4) ¢ (1.17).
Mpeamonoxmnm, 4To yTBepsRAeHNE (3.4) BBITOJIHEHO A KAKOTO-TO
n. Ucnombsys s1o, Boraucaam U "1

—n+1

7ok k) =
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Ay (=1)rtleita —2ika Vko — k -
= —F_|_ [ g Z(k) =
Vk— ko Vo + k(k — ki) k(k k) = :
AV(_l)n-I—leika . n—m 6+(k)Gm2(k)

Kaxxkaplii uimeH B cyMMe MOKeT OLIThL Npeofpas3oBaH C MOMOIILIO
(2.10), g0 maet

(3.7)

m=0

U”+1(k k ) Ay(_l)n-l-leika n gn_m(k )Gm+1(]€) Gmil—l(k’*)
Vk — ko m=0 k—F,
(3.8)
_n_l_

CooTBeTCTIBYIOIMINE BBIpAKEHUA MOMKHO MOJNYUUTH W Aaa U
HanHEle pOPMYNBI TOATBEPKAAIOT yTBepsRAeHNE (3.4) TeopeMbl 1 u
peryppenTHEIE popmyasl (3.5)—(3.6).

O6cynuMm pesynbraT Teopembl 1. Kamabiid uien audpakimMoHHOTO
pAna 3aBucuT oT k u k.. Popmyna (3.4) npencraBisfer YieHBl ps-
[a B BHUIe KOMOWHAIMM QYHKIWI oAHOM mepeMeHHoIl: ¢pyHkumm G"
3aBUCAT TOJBKO OT k, QYHKIMU ¢ 3aBUCAT TOJBKO OT K.

HekoTophle nHTepecHBIE cBoficTBa Koo durmentos ¢” (k.) 6ynyT
uccaenoBansl B [lpunosxenun.

3.2. Beipaskenue mis CyMMBI psOa.

Broimie 6piio mody4deHO TpencTaBiIeHWe AJA KaKIOTO U3 YIIEHOB
M paKIUoHHOTO pAna. B HacToAmeM pa3zmeile To IpeacTaBlleHUe
6y/deT WMCIOIb30BAaHO JJiA YOPOIIeHWA CTYKTYPHI Bcero psama. [lpwm
»TOM Oy IeT HEABHO UCIONb30BATHCA TOT (aKT, YTo BhIpaskenue (3.4)
UMeeT CTPYKTYPY AUCKPeTHOI CBEepPTKU IO WHIEKCY.

BrmmumemM audpaKIUoHHLINH pAn B dopMe

YeTH n HedeT n

+ Z U5 ok, k) + Z UT ok, k). (3.9)

€TH n HedeT n

Bce cymmbl GepyTcAa 10 HeOTpUIATENBLHBIM IedbIM 7. IIpuMensas
yTBepskIeHNe TeopeMbl 1 1 BBIHOCA 0OIMe MHOMKUTENU MPUA Pa3IImy-
HBIX (G, TTOJIy4YaeM TIpencTaBileHne

Tk, k) =



K 3AJAYE O IUPPAKIIMU HA IIIEJN 271

1 Gioi(k)e’re Gl_z(k)e—“”)
= Argi_1(k)—Asgo_q (ks _
P (Arg1-1(ks) = Azga-1(ks)) ( T oy 4+

(A1g1-a(ks) — Aaga_a(k.)) (Gz\;]io(k—_)e]; . Gz\_/zk(f%l a) ]a (3.10)

rjge MHAeKCOM iU — V obo3HavYEeHA CYMMa BCE€X COOTBETCTBYIOHIIUX BE-
JIMYWH C HOEeloYKaMW, HaYMHAIOMMWXCA ¢ (¢ 1 KOHYaIoInnXCca VvV, T.€.

Gio1 = Ghi+G121+Gra191+. .. Ga_a = Ga+Ga1a+Gararat. .. (3.11)

Gi_2 =G24+ G212+ Gi21212+ . ..

3.12
Go_1=Ga1 4+ G121 + Gara121+ - .. ( )
i1 =01+ 9101+ 912121+ ... ga—2= g2+ g212+ 921212+ ... (3.13)
gi—2 = g1a+gi212+ 9121212+ .. ga—1 = gaatgorotgoioiant. .. (3.14)

CpolicTBa TakMX CyMM olmcaHbl B Ilpunoxkenvm. [Ipusenem smech
HEKOTOpBle M3 STUX CBOWCTB, HEOGXO0AMMEBIE IJA JaJbHEHImMX mIpe-
o6pazoBaHWii AU PAKIMOHHOTO DPALIA.

Wa (11.23)—(11.26) caenyet, 410

gi—1(ks) = Ga_o(ks)/N (k.),
go—1(ks) = =Ga_1(ki)/N (ks),
ga—2(ki) = Gi_1(ks) /N (ks),
g1-2(ks) = =Groa(ke)/N (ki)
rae N(k.) npeacrabiser coboii onpenenuTeds

| Groa(ke)  Gaoq(ky)

3.15
3.16
3.17
3.18

AA/_\/_\
— e e e

N(ky) = 3.19
(k) Gi_o(ks)  Ga_a(k) ( )

Kpome Toro, B [1puioskennu moka3aHo, UTo
N(k) =1. (3.20)

SaMeTI/IM, 4UTO AvarpaMMa HallpaBJIECHHOCTHY IIOJIA B JnajibHell 30He

nponoprmonaibia \/ki — k2U. Ucnoanbsys onpeenenus Koo Quim-
enToB A; o, a Takxe cBoiicTBa (3.15)—(3.20), mpeobpasyeM BhIpake-
uie (3.10) & Bumy

— k2 — k2 /k2 — k2
b, k) ~ Jlg = 2Ty = O EVR R
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[(Gl_l(k*)eik*a B Gl_z(k*)e—ik*a) y
Vo — k. Vo + k.
y (Gz_l(k*)eik*a B Gz_z(k*)e_ik*a) B
Vo — k. Vo +k
B (Gz_l(k)eik*a B Gz_z(k)e—ik*a) y
Vo —k Vo +k

x (Gl;%*a - Gl‘;](fo)_j_kk)] (3.21)

III/IanaMMa HAIllpaBJEHHOCTHU OKa3aJacCh Bpra?KeHHOﬁ B BHUAE

V(YW (k) — W)V (k)
k— k., ’

flk, k) = (3.22)
roe V u W — Hekotopsle pyHrmmu. Ilono6Hoe mpencraBiaeHne 1A
UG PAKIMOHHON KapTUHBI OBLIO TIO-BUAMMOMY BIlepBbLIe BBeaeHo Bu-
abamMcoM [3]. BaMeTum, 4TO Takoe MIpelcTaBieHUue He MOMKET GBITh
enuHCcTBeHHBIM. JI1060€e TIpeobpaszoBaHue BUIA

VA (k) = e1 V(k) + esW(k), (3.23)
W*(k) = sV (k) + 1 W (k) (3.24)

JJIA TTPOU3BOTBHBIX KOHCTAHT ¢1 # ¢3 TPUBOANT K TIPEACTABIEHUIO TO-
ro ke Buaa. Kak OymeT moka3aHO HIKe, IIPW OMPeeieHHOM BEIGope
»THX KoHCTAHT popmyia (3.21) mepexommt B popmyny Bunbsmca.

4. JIN6SEPEHIIMPOBAHUE JTUGPAKIIMOHHOTO PAIA

Popmyna (3.21) BEINIAANT JOCTATOYHO IPUBJIEKATEIRHOMN, 0 THAKO
BBIUMCIICHNE BXOIANNX B Hee GpyHKIWM G _, TpeacTaBisAeTCcsa Helpo-
cTo#t 3amaveir. /lo HaCTOAIEr0 MOMEHTa MBI He TIPEIIIOKUIN HUUE-
ro, KpOMe PEKYPPCHUBHOTO BBIUMCJIEHUA CJATAEMBIX C MTOMOINBIO WH-
TerpasibHBIX Npeacrabieanii (2.4)—(2.6).

Hwmwke Mbl moraskeM, yto GyHrmmu G” (k), a Takke nx GeckoHeu-
HBle cyMMBI (,_, (k) ymoBIeTBOPAIOT 0GHIKHOBEHHBIM AU(deEpeHIU-
aJbHBIM Y PaBHEHUAM C PAlMOHANLHBIME 110 k Kosppunmentamu. [Ipu
®TOM HopAAKA U pepeHImManbHbIX ypaBHennii 1A G (k) pasHHI n,
a MOPALOK MU PepeHNINANbHEIX ypaBHenuit 11 (,_, (k) okaspBaeT-
cA paBeH 2.
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4.1. Nudppepenmuposanue pyaromur G” (k).
Bynem obo3nauarh mTpuxoM auddepeHImpoBaHusd 1o k.
ITpumenum cootHomenue (2.9) k onpenenennto Gpyurnmid G. Ilo-
JYYUM COOTHOIIEHNE

(GYFL) = Fy[BLGY o)+ FrlB4(G) )] (4.1)
[Moxoskee cooTHOIIEHNE MOMKHO TIOJTYYUNTh U JJIA (GZ+12)/

3aMeTUM, UTO JoraprpMUUecKre NpousBoaHble (GyHEIWMA [ (k)
palMoHaNbHbI 110 k, MHBIMU ciaoBaMM, qudPepeHimpoBanne GyHKINANA
Ba(k) npuBOANT K YMHOKEHHUIO WX HA PAIMOHAILHBIE ()yHKITAN:

Ga®) = (320t gt ¥ g ) a0 42)

Berrre 6511 onmcan crioco6 n36aBaeHNA OT palloHAJIbHON (QyHKINNT
o ormepatopoM Fy. B komGuHaImm ¢ cooTHoIeHeM (4.1) oT0 maer
BO3MOKHOCTH TipeacTaButh (G" (k)) B BuIe nuHeiiHOW KOMOUHAIN
¢yurmmit G™ (k) menbirero mopanka (m < n). CTpykTypa Qopmymn,
MOy YaOIMXCA B pe3yiibTaTe HECKOIBKO cilodkHee (3.4):

Teopema 2. ITpouzsodusie G" (k) no k ewpaxcaomes gopmyaaru

n /_ _ _ Pu _ my n
(Guu(k)) - (7“1, Tu b — kO e + kO) Gyu(k)+

n pn—m mn—m
v... v... m k . 4.
(B + ) amm. @

m=0
Koappuyuenmuvt p, m ne sasucam om k.

Nunekcaima BedWYUH p, m yCTPoeHa Tak ke, KAk WHAeKCAIIUA Be-
JINYMH (.
IIpuBeneM pexyppeHTHBIE COOTHOIIEHUA MJIA KOpPOUIMEHTOB

ri =ia, 79 = —ia, (4.4)
p1=—1/4, pa=1/4, (4.5)
mi=1/4, my=—1/4, (4.6)

et = o Fe(Be G ko) — puFa(BLGT ko), (4.7)
m=0
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my L= T FL (PG —ko) = muFe (B G , —ko).  (4.8)

m=0

3Hakyu + B ABYX IociegHUX POpMyJax 3aBUCAT OT y: 8To “47 1pum
p=2wu “=" npu pu = 1. CumBosoM I o6o3Hauensl 2 npu =1 u 1
mpu p = 2.

JlanHas Teopema JIE€MKO MOKA3bIBAETCA MO WHAYKIIUNA C KUCIIOIH30-
BaHuneM cooTHomennii (4.1) n (4.2).

Kos¢ddummenTsl p 1 m obnanaroT pAAoM MHTEPCHEIX ajirebpamnde-
CKMX CBOMCTB, KOTOPBIE M3ydaroTca B [lpunoskenun.

O6cymnM HEKOTOPBIE HEMOCPEACTBEHHBIE CleqcTBUA TeopeMbr 2.
IIpu n = 1 ypabuenue (4.3) npencraBusaer coboii HEOAHOPOIHOE TV~
HeliHoe mudpepennmanbroe ypasHerne aia Ga1(k) wnm Gha(k) ¢ pa-
HMOHAJBLHBIMU KO3 PUIIMEHTaMU M PAlMOHAJILHOW MPaBOil 4acCTbIO.
DT ypaBHEHUA OCTAIOTCA CIPABENJIUBLIMUA Ha BCell KOMINIEKCHOM
MIOCKOCTH (B OoT/MYMe OT mpeicTaBienuii (2.5), (2.6), cnpabennm-
BBIX JIWIINB BBHIMNIE Y4 WM HIKE Y_ COOTBETCTBEHHO).

Hamnee, nua omcanna G121 BosbMeM ypaBHeHnd (4.3) mag Ghag U
G21. Tem cambIM GyneT moyveHa 3aMKHYTasd CUCTeMa M3 JABYX aud-
depeHIMaIbHBIX ypaBHeHnit. Boobime, ans kaxaoro G" wmMeeMm cu-
CTEMY U3 N HEOJIHO PO AHBIX 0OLIKHOBEHHBIX AU(HepeHIMATbHBIX Y paB-
HeHUll. DTa cUcTeMa MOJBKHA OBITH AOIMOJHEHA COOTBETCTBYIONIMMUA
IPaHUYHBIMU YCIJIOBUAMU. JaHHBIE YCIIOBUA JOJZKHBI BKIAOYATh “TIpa-
BUJIbHOE” TOBe/eHNe HEUM3BECTHBIX (PYHKIMIA Ha OeCKOHEYHOCTH U B
ToukaXx =kg. 3mech MBI He CTaBUM Iepen coboii 3amauy MpoBecTH
Kakue-Tubo mpaKTUUeCKre BBIYUCIIEHUA, TIOBTOMY He Pa3BUBAEM Aa-
jlee 3Ty TeMy.

3aMeTuUM, 4TO C UCIOJb30BaHUeM TeopeMbl 1 auddepeHnmrasbHbIe
YDABHEHUA MOTYT GBITh HOJYUYeHbl U /Jld Beawdus U " .

4.2. NunddpepennupoBanue 6eCKOHEUHBIX CYMM.

Beime Goinu BBemeHsl psanet Buga Gh,_ (k) (cm. dopmyner (3.11),
(3.12)). Yepes ot pambl BeIpaskaeTcA AN PAKIMOHHAA KapTUHA 1A
mauHon 3aaun. [lonbiTaeMcsa BEIYMCIATD MPOW3BOIHBIE BTUX PAIOB.
llns sToro mcrmonb3yem pesyabraTr Teopembr 2:

;r _ I
(Goon®)) = (v =7y = 2 = 1 ) Gomnlb)t
v— my_ v— my, _
Pl ) G k) 4+ (2 ) Gk, (4.9)

k—ko k4+ko k—ko k4+ko
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rae BeJIMYUHbL Py W 1My BBOAATCA aHAJOIMYHO gy

P1-1 = p1+ P21+ pr2121+ - -

(4.10)
P2—2 = p2 + p212 + paiz12+ - - -
Pi—2 = P12 + p1212 + p121212+ - - (4.11)
P2—1 = P21 + p2121 + prizi2r + - -
mi_1 = my1 + mio1 + Miz121+ - ..
(4.12)
Mmo_2 = M2 + Ma12 + Ma212+ - ..
mi_2 = Mi2 + Mi212 + Mi21212+ - ..
(4.13)

Mma—1 = M21 + Ma121 + Ma12121 + - - -

B saBucumocty oT 3HadeHWid v u u, popmyna (4.9) mmeer de-
ThIpe “peanusarun’ . DTU YeThIpE ypaBHEHUA pa3buBaroTCA Ha JBe
napel (oaHa W3 HWUX — ypabHeHusa anA (Gh—1) w (Ga-1), RakAas
U3 ®TUX AP MpeAcTaBiigeT coB0M CUCTEMBI U3 JIBYX OOBIKHOBEHHBIX
P depeHITMaNbHBIX YpaBHEHNH ¢ paldoHAIbHBEIMU Ko QUIeHTa-
Mu. KoadpdunmenTsr ypaBHeHUA NAIOTCA ACUMRMOMULECKUMY DA~
mu (4.10)—(4.13), KaskIBIA YTeH B KOTOPBIX MOMKET OBITH BBIUMCIIEH
C TIOMOINBIO PEKYpPPeHTHLIX (OPMYJI, BKIIOYAIONIUX MHTErpaJibHbIE
npencrapienusa. B [Ipunoxkenun 6yayT npeaiiosKeHbl HECKOJIbKO 60-
jlee TIpoCTEIe GOPMYNEI A K02 ()PUIUEHTOB.

['panudnble ycioBUA AJA 9TUX yYPAaBHEHWN MPEACTABIAIOT coboit
oTpaHWYeHNA Ha NoBeleHWe QyHENMR G,_, Ha GeCKOHEYHOCTH M B
0CcobBIX Toukax +kg.

4.3. CBaA3b c pe3yJbTaTaMU, NOJyUYeHHBIMHI paHee.

Conep:xaHre HACTOAMEH cTaThbU TECHO CBA3aHO ¢ paboramMu Bu-
apaAMca [3] m IManmba [5], Takke MCCAEAYIOMMMA BO3MOMKHOCTH
IpelCTaBUTEL pellleHue AU(PAKIUOHHON 3a4aul Kak JIUHEHHYIO KOM-
OMHAIIMIO pelleHnii 06BIKHOBEHHBIX ANQdepeHNNalbHbIX ypaBHeHN .
B namxoM paszene 6yaeT Ipello:KeHa MHTEPIPETALNA 0Ty YeHHBIX
paHee pe3yJbTaTOB B TepMWHAX, MCIOJB3yeMBIX B JaHHOH cTaTbe.
Boiee Toro, AnA HEM3BECTHBIX KO3(Q(OUIMEHTOB, BXoAAMMX B [3] u
[5], 6yAyT MoJyYeHBbI BHIPAsKEHUA B BUAE aCUMITOTUYECKUX PATOB.

Haunewm ¢ pabotsl [3]. PaccMorpum $yHKIMN

V(k) = Gis(ko) (thklk - Gr(k_)k )
Gl_l(k)eika Gl_z(k‘)e_“m
Vko—k  Vkotk ) o (414

+ G121(ko) (
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W (k) = Gi-1(ko) (thklk - Gr(k_)k )

Gl_l(k)eika Gl_z(k‘)e_“m
*G“(’“O)( Tk R ik ) (#.15)

C TOYHOCTBIO JO MOCTOAHHOT'O KoadPuimenTa sT1 GyHKIMN COBIIA-
AT ¢ “QyHIaMeHTAaJbHLIMU pelleHusAMN , BBedeHHBIMU Buibam-
com. 3amerum, uro V(k) = W(—k), u noctpoum muddepeHnmaapHoe
ypaBaenue aina V u W. Vcnonwaysa (4.9), noaydaeMm B 0603HAYEHAAX
Buapamca

1TW -V

0 0
V’—iacosh§V—|—iasinh§W:§ ok

(4.16)

DTo B TouHOCTU ypaBHenue u3 [3]. KoHcTaHTHI ompeneiaioTcs Kak

cosh g = (G2-1(ko))* + (G1-1(ko))”
(Ga—1(k0))? = (G1-1(ko))?’

I'= —2(m1_2—|—m2_1). (418)

(4.17)

Paccmorpum ternepb pesyibrarhl paborsl [5]. KitoueBbiM yTBEp-
KAeHMEM 9TOW paboThl ABJIAETCA TO, YTO (PYHKIMMU

Up(k)=> U ((kk) m TU_(k)=> T ok, k)

IpelCcTaBIAIOT cobGoil Kak QYHKIMM k pellleHWsa OJHOI'0 M TOIO Ke
OIHOPOAHOTO NU(QepeHINalbHOI0 ypaBHEHNA MOpAAKa 2 ¢ palllo-
HaJIBHBEIMU K03 (QQUIIMeHTaAMH.

IIyctes 2TO ypaBHeHHe UMeeT BUL

U" = X()U' + Y (k)U, (4.19)

riae mrpux obosnavaer gupdepennmponanve o k. B sTom ciayuae
Koo PuIeHTHl ypabHeHsa X u Y BeIpaskatorca B Buie (cMm. [5]):

X=D'"/D, Y =E/D, (4.20)
rne D u E — onpenenurenn

_|Uyy U )
D—‘(Uf)/ 7 "

ar (4.21)

_ oy Uy
E“(U_y (-
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WNcnonb3ysa TeXHUKY CyMMUpOBaHUA TU(paknmoHHOTo pAna, Uy u
U_ cBogsarca K

o eika

Uylk k) = ——[C1G_ CyGa_q(k)], 4.22
+(k, k) T—k(/@—k*)[l 1-1 + CoGa1 (k)] (4.22)

o e—ika

U_(k k) = —————[C5G5_ C1G1_5(k)], 4.23
(k, k) ’—ko—l—k(k—k*)[z a9+ C1G1a(k)] ( )

riae
Cr=A1g1-1— Asga_1, Ca=A191_3— Asga_s. (4.24)

WUcnonbays Teopembl 1 1 2, MOXKHO TIOCTPOUTH omipenenutenu 1D u
E B obmem caydae, oqHAKO OHU TOJIYYAIOTCA JOCTATOYHO TPOMO3 /-
kuMu. PaccMoTpuM ciydaii HopMmadbHoro mamfenus k. = 0. B sTom
ciydJae BBIKJIAIKA HECKOJIBKO yIpolatoTcsa. PesyabraT ecTh

—2ia(k? — k3) + ko(1 + 4pa—2 + 2p1—_2 — 2p2_1)
(/Cg _ k2)3/2k2

Q9
4(163 _ k2)7/2k2 )

D= (4.25)

E= (4.26)

rue
Q = 8iad®(k* — k2)® — 4a’ko(k* — k3)*(3 4+ 2p1—2 + 12p3_2 — 2pa_1)—
2ia(k® — kg)(k3(9 — 4(p1-2)” + 48(p2-2)"+
pa—2(24 — 16pa_1) — 8pa—1 — 4(pa—1)* + 8p1_2(2pa_s + pa_1))+
k2 (=3 4+ 4(p1—2)” — 4pa—1 + 4(pa—1) + 4p1—2(—1+ 2pa_1)))+
ko(14+2p1—o+4p2—2—2pa—1) (k3 (15—4(p1—2)*+8p2—2+16(pa_2)*—4pa_1—
4(pa1)? 4+ 4p1_a(—1 +2pa_1)) + k3 (=15 4+ 4(p1_2)* + 4pa_1+
A(pa—1)” + 4p1—o(1 + 2ps_1)).

(Pasymeercs, mociejHee BbIpamkeHNE MOJYUYEHO C TMOMOIIBIO CHCTE-
MBI KOMITBIOTEePHOH anareGpel.) Bua onpenemureneii D u E 1ot e,
uro u B [5]. CpasuuBas (4.9) ¢ ypaBHeHUAMU, TOIyYeHHBEIMU B [5],
3aMevaeM, UTo pellleHre OCHOBHOTO ypaBHeHMs [b] mpencrabigercs
KaK JIMHelHad KOMOWHAIIMA DEIeHnid ypaBHEHUI TOTO e THUIla, HO
6oiiee mpocThix. Tak, HOBBIE ypaBHEHUA COMEP/KAT MEHBINE 0COOBIX
TO4YeK U Ha WX PeIleHnA HaKIaAbIBaeTCsa MeHbIe orpanndennii. /lan-
HBI (akT MoKeT ObITh MHTepPHpeTUpPOBaH B TepMuHax paborobl [9],
OJTHAKO 9Ta TeMa TpebyeT HalibHEUIero uccieqoBaHus.



278 A. B. IIAHWH

5. 3AKIIOUYEHUE

B macTosmei pabore mosydeHb! ciie IYIONIKE OCHOBHEBIE PE3YIhTa-
THI:

- C¢opmyamposano cpoiicteo (2.10). OHo wucmombsyerca s

yrporneHus 1 auppepeHImpoBatus JUPPaKIMOHHOIO PAAA. DTO

CBOMCTBO I03BOJIAET BBHIPA3UTh UileHBl AU PAKIMOHHOTO AT, &

TaKKe MX IPOU3BOAHBblE, Yepe3 BClloMorarTelbHble QyHKnn G, He

3aBUCAINME OT yTila MaleHus.

— ITokazano, uTo KO®(PPUIMEHTHI ¢, P U M YAOBJIETBOPAIOT HEOUe-

BUIHBIM ajirebpanmveckuM cooTHolmeHnAM. Haubosee BaskHBIE U3

Hux — (I1.23)—(T1.26), (T1.28)—(11.31), (11.32), (11.45).

— Honyueno npencrasienne (3.21) u muddepeHnnanbHble ypas-

Hennda (4.9).

— Ilposeneno cpasuenue ¢ pesyabratamu pabor [3] u [5]. Homxy-

YeHBl ACUMIITOTAYECKUE DALl JJIA HEUM3BECTHBIX KO®()PUIMEHTOB,

BCTPEYAIONUXCA B »TUX paborax.

[Tpurmiio BpeMs cKka3aTh HECKOIBKO CIIOB O MOTUBAIIMW AAHHOUW pa-
6oTel. [lepBble pe3yabTaThl OBIIM MOJIYYEHBI KAK PA3BUTHE WU U3
[5]. Heobxoaumo GBLIO MOJIYyYUTh Bhipamenus misas D u E, yao6-
HBble JUIA TIPOBEEHUA YMUCIEHHBIX pacueToB. C Apyroil CTOpPOHBI, W3
pesyabTaToB [5] He cienyer mpencrasiienne (3.21), koTopoe 3HAUM-
TENBHO YIPOIIAET BHIYMACIEHNA, a TakKKe MPENCTABIAETCA YaCTHBIM
cilydaeM BeChMa OOIIEr0 TEOPEeTUUECKOro (paKTa.

Heob6xoaumo mnpusHaThCsA, 4TO 3ajada 0 AUGpPaKIMU HA TOJOCE
WY e caMa 1o cebe He Tak y»k 1 nHTepecHa. [l puATHO MoayunTh
HOBBIE PE3YJIbTATHI, OTHOCAIMMUECA K 3aAade, N3Y4aeMOUN CTOJb MPO-
HOKATETbHOE BPEMA W CTOJIhL WHTEHCUBHO, OJHAKO eIle MPUATHEE
6b1710 OBl CO3AaTH TEXHUKY, MPUMEHUMYIO K 0o0Jjiee MIUPOKOMY KpPY-
ry s3azad. Mbr Haneemcsa 0606IIMTE TIpeAI0KEHHBIE 3/16Ch METO ABI HA
ciaydJail 3ama4, CBOJMANMXCA K PACIPOCTPAHEHNIO HA MHOTOJUCTHBIX
MOBEPXHOCTAX B CMbIcTIe 3oMMepdenbaa (OH paccMaTpuBai Andpak-
IO Ha MOJNYIPAMON Kak 3a/auy Ha ABYJIMCTHON MOBEPXHOCTH).

B kadecTBe pUMEpPOB TAKMX 3ajad IPUBENEM IABYMEDHYIO 3ala-
4y o audpaKimy Ha CUCTEME U3 HECKOJIbKUX OTPE3KOB C MlealbHBIMU
IPAHUYHBIMU YCIOBUAMMU, JTEKANNX HA OJHOW MPAMOL, a TakKe IU-
dpakumMio Ha yroljike, MpeaCcTaBIAIONEM cobOi JBa OTpe3Ka, COeau-
HAIOMAXCA MO TPAMBIM yTIIOM.

B npusnune, moaxon [5] roauTes s TaKUX 3ajad, OJHAKO [pak-
TUYECKME BBLIYMCIEHUA C MMOMOIIBIO DTON0 METOa 3aTPYAHEHBI Ha-
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JUMYUEM OTPOMHOTO KOJIMYECTBA HEM3BECTHBIX TAPMETPOB U COOTBET-
CTBYIONIMX OT'paHWYEHMI, HAKJAAbIBAEMbIX Ha penienus anddepen-
MUAIbHBIX ypaBHeHN. MBI HaleeMcs MONYyYNTh I 3aABJIEHHBIX 3a-
jmad npexacrabieHnd puna (3.21) u mudpepeHnmanbHEle ypaBHEHNA,
cxomuble ¢ (4.9).

ITPUNOKEHNE. HEKOTOPHLIE CBOMCTBA KO9$SUIMUEHTOB g, p, m

Kosdpummenter ¢” ,p” m m” Obliu 3a7aHbl C IOMOIIBIO DEKYD-
peHTHBIX popmya. B o1u popmynsl Bxommnn BeawuwHel Fy(SLG™,
k1), rme k1 Moriio GbITH paBHBEIM tky unn k.. CoiicTBa Koo Purm-
€HTOB, TAKMM 06pa3oM, IMOPOKIAIOTCA CBOMcTBaMu F-0mepaTopoB, a
TaKKe CTPYKTYPOH peKyppeHTHBIX GOpPMYyJ. 34eCh Mbl MU3YUYUM TOJIb-
KO CBOMCTBA, ClleAYIONIMe TOIBKO U3 CTPYKTY Dbl PEKYppeHTHBIX Gop-
myn. Ilpu srom Bemmumubl Fi(F1G™, k1) 6yneMm 3aMeHATH TIPOU3-
BOJILHBIM HAGOPOM UMCE.

a) IocaenoBaTeabHOCTH THHOA ¢ U TUHA h.

IMycts f° — npousBosbHBIA HaGop 4Ynces (MIW CHMBOJIOB) C Xa-
PaKTePHOH [ ANPPaKIMOHHOTO pAda WHAekcarmeid (fa1, faiz, [ u
7.1.). IIpu eToM He ByayT MCHONB30BATHCA CMMBOJIBL ¢ 1 = 0, T.e. fi
u fo. PaccMoTpuM pekyppeHTHBIE COOTHOIEHUA ABYX BuIoB. [locie-
JOBATEJIBHOCTD, YAOBIETBOPAIOIIYIO COOTHOIIEHUAM BUIA

¢ =q2=1, (T1.1)
o= T (I1.2)
m=0

Ha30BEM II0CJIEA0BATENLHOCTLIO ¢-TUIIA, ACCOLMUPOBAHHON ¢ Habo-
pom f".
Ionoxus, Hapumep,

[ =G0 (k) (I1.3)

ITOJIyUYM

gy, (k) =gy . (I1.4)

(eMm. (3.5)—(3.6)). TTommmo »TOTO TIpUMepa, HUKe GYIYT BBEJEHBI
BCIIOMOTATENbHEIE ¢-TI0CIeI0BATEIbHOCTH, HE0GX0AUMbIE AJIA BhIUM-
cnerna p u m. OHu ByAyT acCONMUMpPOBAHLI C APYrMMU Habopamu

I
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HOCJ’IeﬂOBaTeHbHOCTH Apyroro TuUiia (h—HOC.HeﬂOBaTe.HbHOCTI/I)
YAOBJIETBOPAKT PEKYPPEHTHBIM COOTHOMIECHUAM

hy=1/2, hy=—1/2, (IL.5)
Wyt = Y T = (I1.6)
m=0

Kos¢ddummenTsl p 1 m, oTHocAUecA K TeopeMe 2, NPelCTaBIAIOT
coboii ocaegoBaTe bHOCTH h-Tua. [leficTBUTENBHO,

‘1l

hn
Py = =5

2

(IL.7)

B TOM cJIydae, ecJIi IoCcIe[0BaTeIbHOCTb A" accoumupoBada c f]) =

Fi(B+GP71 ko);

hn
mp = e (11.8)
2
ecau h-mocienoBaTenbHOCTh accormupoBana ¢ [ = Fy(BeGUTL

—ko).
Pacemorpum mpuMep. BrrameanM koo QUIUAEHTH ¢12, ¢121, 1212,
q12121, caenysa coorHormenuam (I1.1)—(11.2):

q12 = fiz, (11.9)
q121 = frafo1 + fio1, (T1.10)
Q1212 = fizforfiz + fiznfiz + fizfor2 + fi2i2, (I1.11)

q12121 = f12f21f12f21 + f121f12f21 + f12f212f21 + f1212f21+

fiaforfior + fizifion + fizforo1 + fioi (TI1.12)

HekoTopkle U3 TUX BhIpaskeHUil MOLYT BbITh YIPOIILEHb, OIHAKO Mbl
CO3HATENLHO He JesIaeM 3TOro.

ObpatumMmca K sireMenTaM h-locaenoBaTenbHocTr. ClleayA IpaBU-
aam (T1.5)—(T1.6), BeITUIIEM BRIpasKeHUA ANA Ri2121 W hajare:

h12121 = f12f21f12f21 + f12f212f21 + f1212f21 + f12f21f121 + f12f2121

—(forfioforfiz + for fionfiz + foroifio + for fiaforo + for fioi2)
(T1.13)

h21212
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6) CpolicTBa GeCKOHEUHBIX CYMM YJICHOB ¢- U h-TocJenoBaTeL-
HOCTeH.
BBegeM BeTUUMHEL

Ji-1 = fior + fizion + froizn + - (I1.14)
Jfime = fio+ fi2ia+ fizio2+ o (I1.15)
oot = for+ faror + farzin + o (I1.16)

Jo—2 = for2 + for212 + for21212+ . .. (I1.17)

T.e. CyMMa f,_, COZEDP!UT Bce cllaraeMble C IeMoYKaMi, HaUMHAIO-
MAMUCA C ¥ ¥ KOHYAIOIMMUCA ji. 3aMeTuM, 4To B orTanyne ot (3.11),
cymmbl (I1.14) u (T1.17) He comepskat f1 n fa.

Kpome Toro, BBeeM CYMMSI ¢y —, U hy,_, Ho aHajgoruu ¢ (3.13) u
(3.14).

Wcrionb3ys pekyppeHTHBIE COOTHOIIEHUA, JETKO TOMYYUTh CIEqy-
IOIIE COOTHOTIEHUA

Gi-ifici+qi—afomr = o1 — 1, (11.18)
Gi-1fi—2+ qi-2fo-2 = q1-2, (T1.19)
q2—1f1-1+ q2—2f2-1 = q2-1, (T1.20)

q2-1f1—2+ q2-2fo—2=q2_2 — 1. (IL.21)

Ilocnennune cooTHOIMEHWA MOTYT OBITH TepelMCcaHbl B MaTpWYHOMR
dopme U paspelleHbl OTHOCUTEIBHO ¢!

gi-1 qi—2\ _(1—Fficn  —fioe -1
(‘12—1 fh-z)_( —faq 1_f2_2) ; (11.22)

NI 110 KOMIIOHEHTaM

qi-1= %, (T1.23)
o1 = % (I1.24)
Gs= % (IT.25)
g2a = 20121 (I1.26)
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rae N* — ompenenuTeib

I—fi-i —fi2
ne= |1 fioa ) (I1.27)
—fam1 1= fan
Paccmorpum mociieioBaTeibHOCTH ¢ U A, acCOIMUPOBAHHBIE C O~
HUM U TeM Ke HaGopoM f".
Jlerko mokasaTh, 4TO

ho_1 = —fo1q11, (H~28)
hi_o = fiagqa_s, (H~29)
hio1 = fi—agqa_1, (H~30)

)

ho—s = —fa_1q1-2, (T1.31
Ncnonbsysa (I1.28)—(11.31) u (I1.23)—(11.26), monyumm BasKHOE TO-

HKIACCTBO
hi_1 = —hy_o = % (I1.32)

MMpurnmasn so sauManwne (I1.7) u (T1.8), 3akimodaemM, 410
Pl-1 = —P2—2, MMi-1= —M3_3 (I1.33)

B) Boruucaenune onpenenuresneir N m N*.

Tokaskem, uro onpenennrend N(k), samanubii popmymoit (3.19),
ToskIecTBeHHo paBen 1. Ilpesne Bcero, mokaskem, UTO OH ABJIAETCA
KOHCTaHTO# (He 3aBucuT oT k).

Samerum, uro popmyrna (3.19) ompenensder N rak GyHEIMIO ki,
HO TIepeMeHHas k. B ONpeaesieHny MOMKeT OBITh 3aMeHeHa Ha Jio6oii
CMMBOJI, HAIIpUMep, Ha k.

Mpomnddepentmpyem N (k) mo k. ITpumensas cooTHomerna (4.3),
oJIyvaeM TIoCJye 3JeMeHTapHBIX MpeobpasoBaHuii

-1+ pa_ —1+ma_
(¥ = (B M) (GG - GG
(11.34)

Mpunnmas Bo BHuMaHue cooTHomieHna (I1.33), sarmouaem, gro N’
ToskecTBenHo pagHo 0, a N(k) — KoHCTaHTa.

Jlns ompeneseHnsA »TOW KOHCTAHTHI UCCIENYEM TIOBENEHUE OIpeE-
HenuTelid Ha GECKOHEYHOCTH. 3aMEeTUM, YTO MPU SOJbINMUX AeHCTBU-
TeNbHEIX k& Bce Qynrimn G (k) mpu n > 0 cTpeMATCA K HYJNIO Kak
~ |k|7L. CaenoBarenbho, crapmmii unen N(k) ectb G1Go u

Gl_l(k)Gz_z(k) — Gl_z(k’)Gz_l(k) =1. (H35)
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ITepefineM K BBIUMCIIEHUIO olpefeauTeiia N*, 3amaHHOro GpopMyIoi
(T1.27) u MCIOIb3yeMOTO JJIA BEIYMCIEHUA Koo pPuimenToB m. B Ka-
yectBe Habopa Beauuun [ BeiGepem [ = Fi(BeGT7L —ko).

B coorBeTcTBUM cO cBolicTBaMH onepaTopoB F,

[y = =G"y(—ko) = - TEI_nkD G™o(7), (11.36)
fm = Jim (8- (7G5 () = Gy (7). (11.37)

Orcrona

N* = lim [N*(T) + B_ (T)(GQ_Q(T)Gl_Q(T) - Gl_z(T)Gl_z(T))] =1.

T——ko
(T1.38)
MMpurumas Bo BHuManue (opmyasr (I1.23)—(11.26), sarmrouaem,
uTo
(1= fo_
ma_y = — L2zl = fo2) 5 fa-2), (11.39)
_o(1— f1_
my_y = =2l = 1m1) 5 fi-), (11.40)
my_y = % (I1.41)
e _f1—22f2—1. (I1.42)

CBoiicTBa KO®(PPUIMEHTOB P MOI'YT OBITH TOJYYeHBI U3 CBOWCTB
K0o»(QPUIMEHTOB M M3 COOTHONICHWH CUMMeTPUN:

Pu—v = My—_y. (H43)

r) JonosgHuTeabHbIE CBOMCTBA 9JIE€MEHTOB h-IMOCIeq0BATEILHOC-
Tell U KOHeuHble kKoMOuHanuu Gpynknui G.

Beime  6b1510 OKa3aHO, UTO A CYMM 9JIEMEHTOB J06oi h-
MTOCJIEIOBATEIBHOCTY BBITTONHAETCA TOXRIECTBO hi_1 = —hy_s. Ora-
3LIBaeTCA, CIpaBeiinBo W Gojlee CUIbHOEe YyTBepsKiIeHue. MMeHHO,
pu JIO60M YETHOM N

hrlll = _hg...z (H~44)

ABTOpy MN3BECTHO AOKa3aTeJbCTBO BTOI'O (baKTa, OHO 'POMO3 KO "N
31€Cb HE ITPUBOANTCS. O6CyﬂI/IM IIpPUMEHEHNE DTOT'O CBOMCTBA.
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Tosxkmectsa (I1.33), caenyromme n3z (11.32), ncrmonbzoBannck s
JnokaszarenbcTBa Toro, uyro N(k) = 1. Onpenenmnrens N(k) npencra-
BisAeT coBol GecKoOHEeUHYIO cyMMYy npousBegenuii Gyurimii G. Ora-
3bpBaeTcA, 4To ToskaecTBo (I1.35) Mosker 6BITH pazburo Ha GecKoHed-
HYTO MTOCIHIEeA0BATENBHOCTE TOMKAECTB, CO e PRAMMX KOHEUHBIE CyMMBIL:

Gi1(k)Ga(k) = 1,
i (F)Ga (k) — Giar (K)o (k) + G (k) Gara(k) = 0,
G12121(k)Ga(k) — Ga121(k)Gh2(k) + Gra1(k)Gar2(k)—
Ga1(k)Gra12(k) + G1(k)G21212(k) = 0,

T.e., AJs A1060ro yetHoro n # 0

n

> (=1)mGM T (k)G (k) = 0. (11.45)

m=0

Iloka3aTeqbCTBO 2ieMeHTapHO, OAHAKO J0CTATOYHO T'POMO3IKO.
Ono onmpaerca Ha Toskaectsa (11.44).

Tosxkmectsa Buaa (I1.45) Ha mepPBHIA B3MIAM KaKY TCA HEOKMAAHHEI-
MW, 0JHAKO CYIIECTBYET elle 0JHO JOKa3aTehCTBO STUX TOMKIAECTB C
MOMOIIBIO TeopeMbl JInyBuiaa (cm. [5]).
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