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OB ACUMIITOTUKE PEIIIEHUN OJHOTI'O KJIACCA
JIMHENHBIX TU®PEPEHIIMAJILHBIX YPABHEHUN

H.H. KOHEYHAZ, K.A. MUP30OEB

Awnnorarua. B pabore HaiigeH rIaBHBIN WIeH ACUMIITOTHKN HEKOTOPOH (DyHIaMeHTaTLHOM
CHCTEMBI PEIeHnl OJHOTO KJIaCCa JUHENHBIX TuddepeHnnanibHblX YPABHEHNUNH TPOU3BOIb-
HOTO TIOpgaaKa 7Yy = Ay Ha OeckoHedwHOCTH, Tae A — PUKCUPOBAHHOE KOMILIEKCHOE YHCTIO.
ITpu sTOM paccmarpuBaercs crenuaabHbIi Kygace marpur Tuna [luna — 3erTia, v 7y — KBa-
sunudepeHImaabHOe BhIPaXKeHne, IOPOXK IeHHOe MaTpurieil n3 3toro kiaacca. Hakmaabisa-
eMble Ha epBooOpazubie KO3 dunrenToB kBaszuadHepPeHIaILHOTO BBIPAKEHUT TY — T.€.
Ha, DJIEMEHTBI COOTBETCTBYIOIIEH MATPUITHI — YCJIOBUS HE CBA3AHbBI C UX [VIQIKOCTHIO, a JIUITh
06eCIIeunBAIOT OIIPE/IEIEHHBIN CTEIIeHHON POCT Ha HECKOHEIHOCTH ITUX MePBOOOPasHbIX. Ta-
KuM 00pazoM, KO PUIMEHTH BBIPAYKEHNsT TY MOTYT W OCHUINPOBATH. K paccMarpuBae-
MOMY KJACCy, B 9aCTHOCTH, OTHOCHTCS OOIMuUpHBIH Kace AudPepeHIua bHbIX YPaBHEHWH
NPOU3BOIBHOTO (YETHOrO MJIM HEYETHOrO) NOPsAAKa ¢ KO3(hMUIMeHTaM-PACIPeIeIeHIsAME
KOHEYIHOTO T0oPpsiKa. VICIo/ib3ysd n3BECTHOE OIIPEIEIEHNE IPOU3BeIeHNs IBYX KBasumudde-
PEHITHANBHBIX BRIPAKEHUI ¢ HENJIAAKNMU KO3 puiinenTaMu, B paboTe TakKe TMPeIaraeTcs
MeTO/I, TO3BOJISTIONTNN Oy IUTh ACUMIITOTHUIECKIE (POPMYJIBI 1T (byHIaMEeHTAIbHOI crucTe-
MBI PEIIEHUH PAaCCMATPUBAEMOr0 YPABHEHHUSI B CJIyUae, KOT/IA JeBas 9acThb 3TOT0 YPABHEHUS
[PEJICTABSIETCS KaK MPOU3BEIEHUE IBYX KBazuanddepeHmaibHbIX Boipakenuii. [loryaen-
HBIE PE3YJIbTATH TPUMEHSFOTCS K CIIEKTPATBHOMY aHAJIN3Y COOTBETCTBYIOMINX CUHTYJIAPHBIX
nnddepeHImaibHbIX 0nepaTopos. B dacTHOCTH, penoiaras CiMMETPUIHOCTb KBa3UIud-
bepeHInaIbHOTO BBIDAXKEHNs TY, 10 M3BECTHON CXeMe OIpejessercs MUHUMAJIBHBIA 3a-
MKHYTBI CUMMETPUYECKUI OMEPATOD, TOPOXKJIEHHBI 3TUM BBIPAYKEHUEM B [POCTPAHCTBE
HHTErPUPYEMBIX ¢ KBaJpaToM Momyis mo Jlebery dynkumit Ha [1,+00) (B ruasbeproBoM
npocrpancte L2[1,400)), I BEIMHCIAIOTCA HHICKCH ebeKTa 3TOr0 OIepaTopa.

Kimrouesbie cjioBa: KBa3sunpousBojHasi, KBa3uupdepeHinaabrHoe BrIpakKeHne, MIaBHbIil
“JIEH ACUMITOTUKY (DYHIAMEHTAJIBHON CUCTEMbl PElleHNil, MUHUMAJIbHBINM 3aMKHYTHII CUM-
MEeTPHUYECKHUIl o11epaTop, /teeKTHBIE YUCIA.

Mathematics Subject Classification: 34E05, 34105

1. BBEAEHUE

[Tycrs smementsr marpuist F' = (fj),) — kommaekcnosuagnsie Gyukunn fi, j,k=1,2...,m,
m > 1 — onpenesnenbl, H3MepUMbl Ha wHTepBaJie (a,b), —0o < a < b < +00, U yJAOBIETBOPSIIOT
CJIEJIYIOTIUM YCJIOBUSIM:

1) fj = 0 mouru Bcroxy Ha (a,b) mpu 2 < j+1 <k <mu f;+1 # 0 nmourn scroxy Ha (a,b)
mpu 1 <7< m—1;

2) (byHKLLI/H/I fjrx oKaIbHO MHTerpupyeMsl 110 Jlebery Ha (a,b) npu Bcex 1 < j, k < m, re. fj
wHTErpupyeMsl 110 JleGery Ha mobom orpeske [, 8] C (a,b) (fix € L], (a, b))
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Onpegennm xeazunpoussodnve y9 (0 < j < m — 1) 3azannoii GYHKIMK Y TOCPEACTBOM
marpuisl F, nonaras yl ==y n

J

y[j] = (fj,jJrl)il[(y[jil])/ - Z fjky[kiu]a j = 17 27 cee, MM — 17 (1)
k=1
npu yeaosun, uto y* U (K =1,2,...,j) ye onpeseneHb U ABIAIOTCA aOCOMIOTHO HEMPEPHIB-

nbivMu byHKIMAME Ha KaskioM kommakre [a, 8] C (a,b) ( y*~ 1 € ACj(a,b)). Oupenennm
TaKKe K6a3uduPPepentuaibroe 6upasicerue TY MO0CPeICTBOM MaTpulbl I, monarast

ry = () = S fag ), )
k=1

EcrecrBennast 06JaacTh onpejienerusi D(7T) BbIpaXKeHUsI T — 9TO MHOKECTBO BCEX KOMILIEKC-
HO3HAYHBIX (DYHKIMIA ¥, 1JI KOTOPBIX CYIIECTBYIOT JTOKAJIbHO abCOIIOTHO HElPEPhIBHBIE KBA3H-
npoussonbie YU 10 (m — 1)-ro mopaAIKa BKIOYHTENBHO, W OYeBUIHO, 9To Ty € L} (a,b) ats
moboro y € D(T).

Pacemorpum jiuddepeninaibioe ypaBHenue

TY = \y, (3)

e A € C — mapamerp. 910 ypaBHEHHE PABHOCHJIBLHO CHCTEME JTUHEHHBIX guddepeHnnaabHbIX
ypaBHeHU# HepBoro nopdaiaka

y' = (F+A)y, (4)
re y — sekrop-crosiben y = colon(yl%, ¢y, .. ym=1) a siementn xBagparmoii Marpuib
A = (\i;) pazmMepHOCTH M OIPEIEISIOTCS PABCHCTBAME Ay t= 4 A 1 A;j 1= 0 JIJIs1 BCEX OCTAD-
HbIX 3Ha4YeHUi ¢ 1 j. PABHOCMILHOCTH CKaIgpHOrO ypasHeHnd ([3) u cucrembr HOHUMAETCS B
TOM CMBICJIC, YTO €CIU Y SBJIAETCH PelleHneM yPABHeHUSI 7 10 y = colon(yl®, ylll, ... yim=1)
(y = yl%) aBngerca pemrenuem cucTembl , u Haobopor, ecan 'y = colon(yo, Y1, .- Ym—1) —
peleHre CuCTeMbl , 10 y = Yo — peurenne ypasuenus (3) u yr =y (k=0,1,...m —1).

OrmeruM, 9T0 yesaosue 1) mo3ossier mocpeacTBom Marpuiisl F dbopmynamu (1) n orpeje-
JUTH KBasunponsBogubie GyHKIMn y € D(7) u ckansgproe auHeiinoe kBazuuddepeHmaibHoe
BBIDayKeHne Ty (MOpsiKa m), a yeaosue 2) ob6ecrednBaeT ClpaBeJInBOCTh TEOPEMbI CYTIeCTBO-
BaHUS W eJUHCTBEHHOCTH perrenus 3agaun Komw mis cuctembl ypasuenuii (4]), mocrapienmnoi
B IPOU3BOJIbHON TOYKe TpoMekyTKa (a,b). Takum o6pa3oM, NpH BBINOJHEHAW YCJIOBHHA 1) u
2) Teopema CYNIECTBOBAHUS W €JIMHCTBEHHOCTH DeIleHUs 3ajadu Kolmu crupaseiuBa U st
ypasuenus (3)).

B cuenua/bHOl Jinreparype MaTPHIbl, YAOBJETBOPLAIOIIUE YCJOBUsIM 1) u 2), Ha3bIBAIOT
marpuramn tuna [Iluaa — Sermiia, n Kaace 3TUX MaTpuil 0003HAYAIT CHMBOJIOM Zp,(a,b)
(em., mamp., [I], Section I, p.8, unn [2]) wmm cumBoaom S,(a,b) (em. [3]). Onpenenenus ksa-
SUIIPOU3BOABIX 1 KBa3I/I,Z[I/ICbeepeHHI/IaJ[bHOFO BbIpa2KE€HH A, IIPUBEJCHHbIEC 3€Ch, B3ATHI U3 3THUX
pabor.

B naspneitmem npesmnosiaraercsd, uto a = 1 u b = +00. B naparpade 2 nacrosiieit paboTbt
OIpeJIeNIsIeTCsT TIOJKJIACC MATPUI] U3 Z,,[1, +00) 1 mopoxaeHHble nMH KBasuauddepeHmaib-
Hble ypasHenus Buja (3, nccaemyembie B ganuoit padore. B maparpade 3 mokasama TeopeMa
00 aCUMITOTUKE HEKOTOPOit (byHIaMeHTAIbHON! CHCTEMBI PellleHnil 3TOro Kaacca ypaBHeHM Ha
Geckoneunoctu. B naparpade 4, ciaenys padore [2] (em. rakxe [4]), onpegensercsa npoussenenne
JABYX KBasuaupdepeHmaabubiX BbIPAKEHUH U MPeIaraeTcss METO/, MO3BOJILIONIHI Oy YUTh
ACUMITOTHYECKHE (DOPMYJIbI [IjI PEIIeHUH ypaBHEHUN BUIA B C/Iy4ae, KOTJa JieBasd 4acTb
9TOTrO ypaBHEHUSI PEJACTABIACTCS KaK MPOU3BEJICHUE IBYX BHIPAKEHWH N3 KJIaCCa, ONPEIeeH-
noro B naparpade 2. B naparpade 5, Hamarag 10moJHATEIbHbIE OrPAHUYCeHAS Ha MaTpuy I
KOTOpBIe 06ECIeINBAIOT CHMMETPHIHOCTD ((hOPMATBHYIO CAMOCOMPSIZKEHHOCTD) BBIPDAYKEHUS TY
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(em. [I], Section I, p.10), onpesessieM MUHUMATBHBIH 3aMKHY T CHMMETPHYECKHH OMEPaTop,

NOPOXKJICHHBI 3TUM BBIPasKCHHEM B IIPOCTPAHCTBE MHTErpHpyeMBIX 1o JleGery ¢ KpajpaTom

Moty yukuuit na [1,+00) (B ruisGeprosom npocrpancrse L£2[1,+00)), u mojydeHubie B

naparpade 3 pe3yabTaThl IPUMEHsSeM s OlpeaeIeHus HHaeKkca AedeKTa 3TOro omeparopa.
YacTh pe3yabTaToB JaHHON cTaThu 06€3 J0KA3aTebCTB IIPUBEIEHb B padore [5.

2. ITOCTPOEHUE CHEIUAJBHON MATPUILHI F

2.1. Tlycte m = 2n. Onpenenum marpuiy Fo,(=: F'), nonoxus

0 1 0 .. 0 0 o . . 0

0 0 1 .. 0 0 o . . 0

0 0 0 .. 1 0 o . . 0

FQn = fn,l fn,2 fn,3 . fn,n fn,n+1 0 . .0
fov11 fat12 a3 - - fotinm fatiasr 1 0

fonm11 fon—12 fon-13 - - fen—inm foneiwr O . 1

fon,1 fon2 Jon3 - - founm fonmer O . . 0

[TpenosoKuM, 9T0 3AEMEHTH fj; MATPHIEL Fh, YIOBIETBODAIOT yCcaoBusM 1) u 2) m.1, T.e.

(A) fix € LiJl,+o0) mpun < j<2n,1<k<n+1,n f,,11 #0 mb. nHa [1,+00).

[TycTh, Kpome TOTO,

(B) cymecrBytor qnuciao v > 0, KOMILUIEKCHBIE YHCIIA (v, U KOMIUIEKCHO3HAIHBIE (DYHKIHN
Bjk(z) Takue, 9TO (v i1 # 0 ¥ IpH BeeX o > 1 97€MeHTH fjj, HMEIOT BUJL

fn,n—i—l(w) = CC_QH_V(O(n,n—i—l + 5n,n+1(x));
faj(@) = 27" gy + Bag(2)), j = 1,...m

n+knt+1\T) 1= x Qntkn+1 ntknt+1\L)), K = L,...1
f (z) “ +8 (z)), k=1

Jrtk,(x) = a:”+”_k+j_1(ozn+k7j + Bptij(2)), k=1,...n,5=1,...n.
O6o3naunm gepes D := dg(dy, ds, . . ., do,) THATOHATBHYIO MATPHILY-(DYHKIIHIO C SJIEMEHTAMA
dp(z) := s dgin(x) = "R =1, n.

CnenaB B cucteme (¢ F = Fy,) 3ameny y = DY, JIerkKo yCTAHOBUTH, YTO HOBAsl HEU3-
BeCTHAas BEKTOP-PYHKIUA Y Y/IOBJIETBOPSET CUCTEME YpaBHEHUT

Y= (D' FpD + DIAD - DD,
rie s saementos f;; Marpunsi D' Fy, D cupaseasmsbl GopMysist
fij = d;" figdy, i,j=1,2,...2n,

a BCe 3J1eMeHTH MaTpuibl D 'AD paBHBI HYII0, KpOMe 3JeMeHTa B JeBOM HHKHEM YIJIY, PaB-

noro z~1(—1)"\/x". Kpome Toro,

1 3 1 1 3 1

DD =27 Ydg(—=,—=,...,—n+=-n+v—=n+v——=,..., v+ =)
957 2 2 2 >

13 3TuX paccy:Kaenuii JerKo u3Bjaedb, 9TO HeM3BeCTHAA BeKTOP-PYHKIMA Y YIOBICTBOPAET

cucreMe ypaBHeHnuil

dY
t—— = (A+ B(2))Y, (5)
dx
rie A = A + Ay + A3z — mocrostHHAsE MaTpUIa, NpudeM Marpuna A; mMeer TOT XKe BUI, 9TO
u Fy,, c Toit aumib pasHureii, 9To fjk B Heil 3aMEeHeHbl HA Qjk, Ay — ImaroHaJibHas MaTPHUIIA,
orpejiesisieMasi PAaBEeHCTBOM

13 11 3 1
..,n——,——n—y,——n—u,...,—ﬁ—y),

Ay = dg(=,2,.
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a As — marpuna, papuaasg A (em. () mpu v = 0 u nysesoit Mmarpure npu v > 0. Kpome Toro,

B (5) memymessie smementst bjx(r) mMarpunbi-bynkimn B(r) Takue, 910 bijp(x) = Bii(r) upn
n<j<2n,1<k<n+1, kpome aaementa by, 1(z), a

o1 () = Pona(x), ecmm v =0;
e Bana(x) + (=1)"N/x¥, ecom v > 0.

2.2. [lycte teneps m = 2n + 1. Oupegenum matpuiy Fo, 1 (=: F'), mo10KuB

0 1 0 .. 0 0 0 o . . 0

0 0 1 .. 0 0 0 0 0

0 0 0 .. 1 0 0 0 0

F o 0 0 0 .o 0 frnt1 0 0 0
2l fn+1,l fn+l,2 fn+1,3 CE fn—i—l,n fn+1,n+1 fn+17n+2 0 0
Inv21 fnv22 foi23 - - fni2n fet2mtr 0 1 0

fon1  fon2  fon3z - - fonn  fonmil 0 0o . .1

Jont11 Sfont12 font13 - - fontim fontintt 0 0o . .0

B paccmarpusaemom caydae OyaeM IpeJioaraTh, 9TO 3JeMeHTH fj, MaTpuisl o, 1 ymo-
BJIETBOPSIIOT YCJIOBUSIM

(A) fontts fatimtas fik € L1, 400)mpun+1<j<2n+ 1,1 <k <n+1,u frn #0,
frt1nt2 # 0 mB. Ha [1, +00),

u

(B) cymectsytor qucio v > 0, KOMIIEKCHBIE YHCJIA (v U KOMILIEKCHO3HAUHBIE (DYHKIINH
Bjk(x) Takue, 9ro ;11 7# 0 mpu j =n,n + 1 u npu Beex x > 1 a1eMeHTHL fj; UMEIOT BHJ

—p—v_1
Jrnr1(@) == 27"7272 (g1 + Bums1(T));

—p—v_1

fovina(T) = 277272 (anyinte + Buring2());
frtnii(@) = x_l(an+1,n+1 + Bt 1n41(2));
v 3 .
For1j(@) = 2272 (g j + Bayr(2), G =1, .m

.1 .
fot14ins1 () = x%+n7ji§(05n+l+j,n+l + Botitjmi1(x)), 7 =1,...n;

A n—j+k-1 - .
fosrir(z) =a ! (nt1tjk + Brririk(2), G=1,...n,k=1,...n.
Kpome toro, tenepsb smementst d Marpunbl D := dg(dy,ds, ... ,dy,11) B 3amene y = DY
OIIpeIeTUM PABEHCTBAMUI
R — 5 o vtn—k+i g
dp(z) =272, dyyy(2) =22, dpyyak(z) =2 2, k=1,2,...,n.

C moMoIIbio TaKO# 3aMeHbBI CHCTEMA (c F' = Fy,41) cHOBa TIpeo0pasyercs K CUCTeMe BUIa

Y = (D 'Fy,,.D+ D 'AD - D'D"Y

JUIS Heu3BecTHOU BeKTop-pyHknuu Y. 3aMeTHM, U4TO B 3TOM CJIydae 3JeMEHTH f;; MaTpPHUIbI
D71 Fy, 1D MOXKHO HaiiTH, KaK U Opexie, 0 ¢hopMyIaM

r 1 ..

fU:dz fijdj7 Z,]:]_,Z,...Qn—f-]_,
a Bee smeMenTsl MaTpuibl D™ 'AD paBHBI HYJII0, KPOME SJEMEHTA B JIEBOM HUKHEM YTy, PAB-
noro z~1i(—=1)""'\/z”. Kpome Toro,

1 3 1 v 1 3 1

DD =2 dg(—=. —=. ... — — = —
x dg( 27 27 ) n+ 27 2
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Takum 00pa3oM, U B 3TOM CIydae HEH3BECTHAS BEKTOP-YHKIHUSA Y YIOBIETBOPSIET CHCTEME
ypasuenuii (b)), tme A = A; + Ay + Az, mpudem marpunst Ay u Az cOCTaBISIOTCS TaKkKe, KaK
u B ciydae m = 2n, ¢ 3amenoit Fy, na Fy, 1, a marpuna A, uMeer BHJL

13 1 v 3 1

Ay =dg(=,=,....,n—=,—=, = —n—V,=—n—1V,...,—— — V).

2 9(2727 T 27 979 y’2 n v, 9 V)

Kpowme roro, s (f) HeHyﬂeBbIe ssements! b, (z) B B(z) takue, 910 b;;r1(z) = 5;4+1(z) upn
jg=n,n+1 bjx(r) = Bjx(r) mpun+1<j <2n+1,1 <k <n+1, kpome saementa by, 411(x),
a

Bant11(z), ecm v =0

b n -
oni11(7) Bonrra(@) +i(=1)"A /2", ecm v > 0.

Yeaosue (C), copmyanpoBanHoe HUZKe, OAMHAKOBO U JUIA CJydast m = 2n, W JJisl Cayvas
m = 2n+1. Ilycts 7+ 1— 5T0 KpaTHOCTb XapaKTEePUCTUIECKOI0 KOpHs MAaTpuIilbl A Hanbobeit
KPaTHOCTH, U IYCTh

(C') marpunsr A u B(x) TakoBbI, 9TO

o

[ Un2)") B(a)da < oo, ©)

1

rie ||B(x)|| o3ragaer cymMmMy abCOTIOTHBIX BEJUYHH BCEX J€MEHTOB MaTpuilbl B(z).

Bameuanme 1. Mampuuw Fy, u Fyy, 1 nodobparv, mak, wmo aoboe duddepenyuarvhoe eoi-
PaARHceHue 8uda

/2] [(m=1)/2]
ry=> (™) +i > g™ ) + (@y®)*), (7)
k=0 k=0

ede a] — nauboavwee yesoe wucao, He npesocrodaulee YUCAO a, UM = 2n usu m = 2n + 1, ¢
docmamouno 2A00KUMU KOIPHUUUERMAMU NOPOHCOGEMCA MAMPUUGMU MAKO20 8UIA, NPUUEM
BCE INEMEHMBL FIMUL MAMPUY, KPOME 00A3AMEALHO HEHYAEEBLT INEMEHMOE (CM. 6Ud MAMPULY,
Fon, Fony1 u yeaosue (A)), pashot Hya10, 3a 603MOHCHBM UCKAOUEHUEM INEMEHMOE N0OOUHOU
duazonay, U 08Yxr duazoHasell CAE8A U CNPABA OM HeEEe, U HEHYAEEHLE INCMEHTIL ACAFIOMCA
enadkumu dynryuamu (nodpodree cm. (1|, Appendiz A, pp. 119-124). Boaee mozo, mampuis
MTuna-Bemmaa Fa, u Foyiq, nocmpoennwe 6 |1 (noposcdarowue supasicenue (7)), marosu,
YO €CAU 0MKA3AMBCA OM 2AG0KOCTIU IACMEHMOE ITMUT MAMPUY, U NPEINOAOAHCUMD MOADLKO
UL NOKAADHYIO UHMELDPUPYEMOCTNG, G 68 POPMYALT u (9) scr0dy npoussodnwie mpaxmosamo 6
CMBLCAE MEOPUY pacnpedesenud, mo 68 HUT MONHCHO PACKPHIMb 8Ce CKOOKU, U Mo20a Pe2ysaphas
o6o6uennan dynkyus Ty us (3) npuy € D(1) npedcmasumes 6 sude (1) 6 mepmunaz meopuu
obobuwennunr Gymnruyud. Ilpu smom 0cobo noduepknem, umo om kKodpPuyuenmos pp u qp 6
supasicenuy (1) mpebyemes auwo uz sokanvras unmezpupyemocmo (cam. [6], [7)).

B pabome [3| arnoncuposano, wmo wuporul xaace eupasicenuts suda (7) abozo nopadka c
K0IPPUUUEHMAMU-PACNPEIEAEHUAMU MAKIHCE GNUCHLEAEMCA 8 KAACC KB8a3UIUPPEPEHUUANDHBLT
soipasicernuti, noposcdennur mampuyamu Iuna-3emmaa 6uda Fo, uau Fo, .

Sameuanue 2. Onpedescnue K8a3UNPOUZBOIHBIL U KEA3UIUPHEPEHUUAADHOZ0 GOIPAHCEHUSA
no gopmyaam (1) u (4) nocpedemsom mampuy Fo, u Fopi1 noseoasem ymeepocdams, 4mo
YUl =y npu 0 < j < n—1, m.e. snemenmo, SMus MamMpuy, OMAUYHOLE 0M eOUHULLL, YHACTT-
BYNOM MOALKO 6 onpede,/zeﬁuu Y npun < j <m—1 uty. Henoavsya amo, moscno nokasams,
wmo 6 caysae, Koeda mampuusvt Fo, u Fo, 1 nopooscdarom dupdepenvyuarvroe supasrcerue (E]]),
daa y € D(1) svpasicenua pry® (0 <k < [m/2]) u quy®V (0 <k < [(m —1)/2]) asamomea
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pezyaaprvmu obobwennomu gyrnkyuamu. Taxum obpasom, npu y € D(T) caaeaemvie 6 6vipa-
AHceHuu @ ABAANOMCA 0000ULLHHBMU NPOU3BOOHVMU PERYAAPHBLL 0000ULEHHBIT PYHKUUT, O UT
CYMMQ TY — pe2yssproti 060bwennoti dyrruyuer.

3. IVIABHBIN 4YJIEH ACUMIITOTUKW PELIEHUN

3.1. B janbHeifiieM HaM TOHAJIOOMTHCS CIAEAVIONIEe YTBepXKeHue, jokasanuoe B [§]
(em. makzke [9); [10], ra. III, crp. 120, 3agaqa 35; [11], ch. IV, p. 95):

Jlemma 1. Paccmompum cucmemy duddeperiyuasvholt ypasHenut
VI(t) = (A+ R(1))V (1), (8)

2de mampuuya A — nOCMOAHHAA, NPUYEM KAHOHUYECKAS Gopma mampuuvs A umeem HcopdarHossl
kaemku Jg, k > 1, u maxcumaivroe wucao cmpok das ecexr kaemok Jy, pasno v+ 1 (r > 1).

IIpednonroocum danee, wmo
o

/mmmw<m. ()

1
Hycmo z — zapaxmepucmuueckul kopenv A u nycmov ypashenue

V'(t) = AV (t) (10)
umeem peuierue 8uda
2tk zt  k—1
et C + O(e*t" ),
2de C' — nocmoannwiti sexmop. Tozda ypasrnenue (@ uMeem peueHue p, maxoe, 4mo
o(t) = e tF(C +o(1)),  t— +oo.
3.2. JlokaxkeM, 9TO cIpaBeJInBa CJIeIyIONas TeopeMa:

Teopema 1. ITycmo anemenmo, mampuyws F ydosaemesoparom ycaosuam (A) - (C). Ilpedno-
NOHCUM, WIMO 21,22, . . ., Zqs Zqi1y - - - Zq4j — 6CE PABAUMHBIE TAPAKMEPUCTUMECKUE KOPHU M-
puyvl A, npuuém 2y, 2o, . .., 2y — 00noxpammsie Kopru, npu 1 < p < j Kpammocms KOPHA Zgyp
pasna 1. Tozda ypasnenue (J) umeem pyndamenmanvryro cucmemy pewenud y,(x) maxyro,
YMmo npu r — +00

yr(x) = ck:czk’%(l +o(1)), k=1,2,...,q, (11)
unpuk=q,q+r,...,q+r1+...+rj
Yrri(T) = ckaZq*V%(ln o) M 1+0(1), i=1,...,1p, ccruk=q+r+...+71, (12)
20€ C1,Cy, ..., Cp — NPOUSEONDHBLE HEHYACEBLE NOCTNOAHHDLE.

JlokazarTeasbcTso. Crpykrypa marpunbl A u ipu m = 2n, u upu m = 2n + 1
(cm. maparpad 2) takosa, 910 @41 #O0mpu 1 < j<m—1naj, =0mpu2 < j+1 <k <m.
[Toaromy cOOCTBEHHBIN BEKTOD, COOTBETCTBYIOIINNA KaAKOMY-THO0 COOBCTBEHHOMY 3HAYEHUIO, OJI-
HO3HAYHO ONPEJIENISeTCS 3aJaHueM CBOel MmepBoil KOOpAWHATHL. TakuMm 00pa3oM, reoMeTpude-
CKasi KpaTHOCTH JIF00OTO cOOCTBEHHOTO 3HAYeHUs MaTpHIbl A paBHa euHUIE. VIHBIME CJIOBaMH,
KazKJIOMY COOCTBEHHOMY 3HAYEHUIO MATPHIIBI A COOTBETCTBYET TOJIBKO OJIHA YKOPJIAHOBA KJIeTKA
B eé KaHoHm4eckKoit (popme. I1oaTomy pazMepHOCTD KOPJAHOBON KJIETKH B KAHOHHYECKOH (bop-
Me Marpuibl A Hanbosbeilt pasmepnoctu (ducyao r + 1 B emme 1) cOBIagaer ¢ KPaTHOCTHIO
coOcTBeHHOTO 3HadeHust Marpunbl A wHanbosbineit kparuoctu (ducao r + 1 B ycaosuu (C)).

[TpeoGpasyem remepn cucremy nuddepennuanbubix ypasuenuii (), mogoxus x = e'. Torma
sra cucrema npumer sug (8), rae V(t) = Y(e'), R(t) = B(e'). Kpome Toro, ecin Marpurp
A n B(z) ynosaersopstor yeaosuo (C), To marpuna R(t) yroenersopster ycnosuwo ([9) sem-
mbl 1. Ecoiu Teneps 21, 29, . . ., 2, — BCe PA3JIHUHBIE IPOCTHIE XapAKTEPUCTUIECKHE KODHU MaTPU-
bl A, To cucreMa ypasHeHuii ¢ nocrosHubMI Kodbdunuenramu (10) umeer pemenus e*'Cy,
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rae Cy — COOCTBEHHBIN BEKTOP, COOTBETCTBYIONMI cobeTBennomy 3nadenuio zx (1 < k < q).
[Ipumenus majee jeMMmy 1, HAXOIUM, ITO CHCTEMA UMeeT PeIlleHUsT BUIA

e (Cy + o(1)), t— +oo0.

Taxum obpasoM, cienas obpaTHYIO 3aMeHy t = [nx, U yuuTbiBas npeodpazoBanue y = DY,
HaxXo/|M, 9To cucTeMa (4] mMeer perenusi, IpeCTaBUMBbIE B BHJIE

z*D(Cy + 0(1)), = — +oo.

CrenoBaTesibHO, TIepBasi KOOPIHHATA STOTO PEIIeHus — pelenne vy, ypasaenus (3) — npeacras-
asiercst B Buge (L1), npuuem ¢, — mepsasg KoopauHaTa coOGCTBeHHOTO BeKTOpa C) — He paBHA
HYJIIO.

[TycTh Teneps zg4+, — XapaKTePUCTHIECKUH KOpeHb MaTpuipl A KpaTrHocTH 7, Kak HaM yixe
H3BECTHO, 9TOMY XaPAKTEPUCTHIECKOMY KOPHIO TAKZKe COOTBETCTBYET TOJBKO OIHA YKOPIAHOBA
KJIeTKA B KAHOHUIECKOM Pa3/JI0KeHUN MATPUIIBI A, U TTO3TOMY pa3MepHOCTh ITOH KJIETKH PaBHA
7, 1 He mpeBocxoauT dncaa r+1. Orciona ciaenyer, ato cucrema ypasuennii (10)) mmeer permenms,
HpeCTaBUMbIE B BHJIE

et Gy, m RO, + O(e i k=12, — 1,

rae Cyq, — COOCTBEHHBIN BEKTOD, COOTBETCTBYIONIHIT COOCTBEHHOMY 3HAYEHHIO 2, ,. Jlasree, mpn-
MeHdd elle pa3 JJeMMy 1 U paccyKias TaKyKe, KaK U B cJlydae IPOCTOr0 COOCTBEHHOTO 3HAYEHN I,
6e3 Tpy/la MOYKHO YCTAaHOBHTB, UTO YDABHEHHE UMeeT POBHO 7, PelleHui, Ipe/icTaBUMbIX B
BU/IE , COOTBETCTBYIOIIUX COOCTBEHHOMY 3HAUCHHIO Z4ip. OCTaeTcs paccMOTpPeTh COBOKYII-
HOCTH pelnenuii ypapaenust (3)), mpeIcTaBUMbIX B BHJIE u (12)), coorBercTByIOMUX BeeM cob-
CTBEHHBIM 3HAYEHHUSIM MaTpHIbl A. DTa COBOKYITHOCTH, 0YEBHIHO, 00pa3yer pyHIaMEeHTAIbHY O
CHUCTEMY pelleHuii 3roro ypasuenus. Teopema 1 jokasana.

O6o3naunm depes §(z, V) xapakTepucTuaeckuii MHOroueH MaTpurbl A. 113 Teopemsbr 1 ciie-
JIyeT, 9TO CHPABEIINBO CIEIYIONee YTBEPKICHHE:

Caencrsue 1. [Tycmo asemenmo, mampuywv, ' ydosaemsoparom ycaosuam (A) — (C).
Toeda makcumasvhoe “ucao Aunetino-resasucumur pewenud ypaswenud (3), npunadaesca-
wuz npocmpanemsy Lo]l, +00), pasro:

1) npu v > 0 wucay xoprel nosunoma §(z,v), aescawux 6 obracmu Rez < 0, u ne sasucum
om \;
2) npu v = 0 wucay xopred noaunoma F(z,0) — A, sescawur 6 obaacmu Rez < 0.

Bameuanue 3. [Tycmo y(x) — npouseoavroe pewenue ypasnenua (3), acumnmomuyecrkoe
nosedenue Komopozo onpedeasemcs meopemoti 1. Hzanoocennoe dokasamenvecmeo amoti meo-
PEMbBL TOZBOAAEM, NOAYUUMD 2AAEHBIT YAEH ACUMNMOMUKY HA OECKOHEUHOCU U HEKOMOPLLL
keasunpoussodnuir Yy (x) dynwyuu y(x). s smoeo xomnonenma c nomepom j +1 coomeem-
cmeyoue2o cobemeenozo 6exmopa JdoANCHa buims omausta om nyad. B uwacmmocmu, ecau
YUECTND 3AMEUAGHUE 2, NOAYUAEM, YMO GCUMNMOMUYECKUE GOPMYAbL U3 meopemv, 1 6 HeKOMo-
POLT CAYHAALT MOodHCHO duddepenyuposamsb do n — 1-20 nopadka 8KAOUUMEALHO.

Bameuanne 4. B acumnmomumeckux Gopmyaar us meopemvr 1 He yuacmseyem Mampua-
Pynryua B(x) aswo, docmamouno auwn, wmobu, ona ydosaemsopana ycaosuro (C). Ipedno-
A001CUM Menepb, wmo aaemernmol fi(z) mampuys F (pasrnot Fyy, uau Fo,iq) nodobpars, max,
wmo coomeemcemeyrouiee QuPHEPEHUUAADHOE BUPANHCEHUE TY NPEICTNABAAEMCA 68 BUIE (E]]), u
npu amom B(x) — nyaeeas mampuya (cm. samevarue 1). B smotd cumyayuu anaius uipa-
HCEHUA TY NOKAZBIBAEM, MO, OAL CAYuaA M = 2n, ecau kospduyuenmu, py, k = 0,1,..n, u
qk, k =0,1,..n— 1, ydosaemsoparom ycaosuro (B), mo cyusecmeyom KoMNACKCHE YUCAG Ay,
k=0,1,....n, ubg, k=0,1,...,n — 1, maxue, wmo xopnu muozousera §(z,v) coenadarom
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(npu v > 0) ¢ KOpHAMU MHO20UAEHG

Szn(z,y):ao—f—kz:akj:ul) <Z+g>2—<1/;1—|—j)2
. v o v\ 2 v+1  \°
+2z<z+§> {bo+;bkj1j[0[(z+§) —( 5 +]) }}

Ananrozuuroe ymeepscoenue cnpasedauso u npu m = 2n + 1, m.e. cywecmesyem MHo204A€H

Sont1(z,v) suda
(+2) - (2 45)
9 9 J )

makoti, wmo cobemeennvie snavernus mampuuvs A cosnadarom (npu v > 0) ¢ Kopramu 3mozo
MHOLOUACHA (0 MHOLOUACHAT Fon U Fons1 nodpobuee cm. [6], [7]).

+

n—1
Sont1(2,v) = Fon(z,v) + 21 <z + g) by, H
=0

4. TIPOUBBEJEHUE KBA3UJINOPEPEHITMAIBHBIX BBIPAYKEHUN

4.1. B wacrosmem naparpade kpaznmponssoaube yY), kpasmanddepennnainHoe BHpaKene
Ty, marpunel D, A, B(x) u MHorowtensl §(z, v) (cm. naparpadst 2 u 3) OyaeM cHAOKATb HUZK-
HUM WHJIEKCOM F| mojuepKuBasi 9TUM, 9TO OHU CTpositcs 1o Marpuie F. Cregys paboram [2]
u [4], cuagana omnpegesnM pousBeieHne ABYX KBasuauddepeHnnaibHbX Bbipaykenuii. Ilycrh
matpunet F € Z,,(a,b), G € Z(a,b), m,l > 1, u

(9 M
H'_(Omxl ‘F)’

rae M — marpuna pasMepHocTH [ X m, BCe 3JeMEHTbI KOTOPOH paBHbBI HYJII0, KPOME 3JIeMEHTA,
B JIEBOM HHKHEM yruly, paBaOro 1, a O,y — HyJeBasg Marpuna pasMeproctu m X [. OdgeBuano,
aro H € Zpyi(a,b), .e. marpuna H ynoeaerBopsier ycaosusm 1) u 2) maparpada 1. Mexoaa
U3 Olpeie/ieHus] KBA3UIIPOU3BOIHBIX U KBasuuddepeHmagbHoro Beipazkerus (M. hopMyJIbl

(1) n (2) maparpada 1), J1€erko ycTaHOBUTH, 9TO yﬁu =,

yil= gl =1, -1,

l

yh = (g ) - Zgzkyg‘:_”,
k=1

I+r l
yq[f]. (y[g})y, r=1,...,m—1,

™Y _Zm—H[ [l+m— 1] me [l+k— 1]

W3 stux popMyn BUIHO, ITO 001aCTH ONPEIETCHHS D(TH) BBIDAXKEHUS Ty 33/1aeTCS PABEH-
CTBOM

D(mu) = {yly € D(1g) u7gy € D(75)},
¥, KPOME TOTO,
™y =T7r(1gy) npu y € D(ry)(= D(7r7g))
(moapobuocru cm. [2], [4]).
B ciyuae xorga T = Ty, ypasuenue (3), kak 06bran0, pasrocmibHo cucreme (), Te.

= (H+ ANy, (13)
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r71e Telepb y yKe HeM3BECTHBI BEKTOP-CTOJI0EI ¢ 1M + [-KOMIIOHEHTaMHM, a 3JIEMEHTHI KBaIpaT-
HOI MaTpunpl A = (\;;) PasMepHOCTH M + | ONPENETAIOTC PABEHCTBAMA Apyipq = 0 " ‘A 1
Aij = 0 118 BCeX OCTAJIbHBIX 3HAYEHuil ¢ u j.

4.2. Ilycrs renepb marpuipl G € Z[1,400) u F € Zy,[1, +00) UMEIOT Takylo kKe CTPYKTYDY,
aro u Marpuna F' u3 naparpada 2, u, COOTBETCTBEHHO, y0BIeTBOpsOT yeaosuio (A). Iycrs
nagee vy, Vo > 0 — HEKOTOPBIE MOCTOAHHEIC, U 3JIEMEHTHI g U fj; MaTpun G u F onpeaeasioTes
paBeHCTBAMU, AHAJIOTMYHBIME paBeHCcTBaM u3 ycaobust (B) maparpada 2 ¢ napamerpamu vy u
V9 COOTBETCTBEHHO.

OnpeneanM TUArOHATBHYIO MATPHUILY

D, — [ Da Oixcm
= \Opxt 2 Dx )’
u cucremy (|13) npeoGpasyem K BuLy zamenoit y = DyY, rne Y — HensBecTHast BEKTOD-
dyukimg ¢ m + [ Komrnonentamu, T.e. Y YJIOBIETBOPSAET CHCTEME ypaBHEHUI

dY
—=(A B Y.
T (A + By(x))

3ech uncsoBast Mmarpuna Ay u Marpuna-byHKIEs By () onpeIensorcs paBeHCTBAME

(o, )-mwe= () 2)

e Marpuusl Ag, Ar u Marpunp-dbyukimn Bg, Br Onpenesiorcs IpoleLypoi, TpHMeHeHHOH
B naparpade 2 (cM. ypaBHeHue ), a S(r) — MaTpuna pasMepHOCTH m X [, BCEe JEMEHTHI
KOTOPOH TaK:Ke PaBHBI HYIIO, KPOMe dAeMeHTa 1™\ /x¥11V2 B JIeBOM HUIKHEM YTJIY.

Ouesuno, noapodbHOe onucanue marpul, Dy, Ay u By (x) 3aBucur OT 4€THOCTH WM HEYeT-
HOCTH YHCea l 1 m U 3afiMeT MHOT'O MeCTa. HOSTOMy 34€Chb MbI OT'PaHUYUMCA CKa3aHHBIM BbIIIEC.

[Iycts Teneph 7 + 1 — MakcuMaJbHas Pa3MEPHOCTH YKOPJAHOBOW KJIETKH B KaAHOHUYECKOM
dbopme marpuibl Az, w nycrh unciao r u Marpuna B(z)(= By(x)) yaoBaeTBOpAOT YCJIOBHIO
(C) (em. (6)). Torma, rakxke kak u B naparpade 3, MOXKHO IPHMEHHTD JeMMY 1 H JOKa3aTb
amaJoru teopeMmol 1 u ciaexcrBust 1 ys ypasmenus (3) B coaydae, Korjga T = Ty, T.e. JJIS
ypaBHEHHS

TETGY = AY.

Bameuanue 5. Moowcrno nokazamov, wmo zapaxmepucmuseckud muozouner Fy(z, v, Vo)
mampuyse Ay onpedessemes paseHcmeom

Sz, v1,12) = §g(2,11)TF(2 + v1, 1),

a wucao v+ 1 — amo Kpamrocms KOPHA HAUOOALWET KPAMHOCTU NPOU3BEJeHUs IMUTL MHO20-
waenos. B wacmuocmu, 6 cayuae, koeda G = F = F (onpedesernue mampuyo, F' cm. napaepagh
2) u, coomeememeenno, vy = Vy = V, TAPAKMEPUCTNUNECKUT MHO20UAEH 04 KEAOPAMG SbiPa-

HCEHUA TI% onpedeﬂﬂemc;z pPaseHCImMEeoM

Su(z,v) =38r(z,v)Fr(z +v,v),
2de, CO2AACHO 3ameuanuio 4, mrozouren Sr(z,v) maxot wmo
Sr(z,v) = Fonl(z,v) usru Fp(z,v) = Font1(z, v).

OrMmeruM, 9TO yCJOBHUSA Uq,lVs > ( OBLIM HY:KHBI 37€Ch JJIsT KPATKOCTH W3JI0KEHUST — HUX
MOZKHO 3aMEHUTH yCJaoBUAMU Vi, Ve > 0. Kpome Toro, Meros, npeiokeHHbIE B 3TOM Tapa-
rpade 18 ITpou3BeIeHUs JBYX BbIpakeHuil, 6e3 0coObIX 3aTpy/IHeHHI 00001IaeTcsd Ha CJIydaii
POU3BeIeHNsT KOHEYHOIO YnC/Ia KBa3suau(depeHIna IbHbIX BbIPaKeHHIA.
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5. VHJIEKC JE®EKTA MUHUMAJIBHOI'O OIIEPATOPA

5.1. B stom maparpade Gyaem mpeamoaarath, 4to, KpoMe ycaosuit 1) u 2) (cM. BBemenue),
MaTpuiia F' yj0BjaeTBOpseT TaKzKe YCJIOBUIO:
3)F = —J'F*J, rne F* — marpuna, conpszxennas K Marpuie F, n

J = ((—1>Z§Z’m+1,j) R ’l,j = 1, 2, ...,

0;; — cuMBoJ Kponekepa.

DTO0 ycJIoBHE 00eCIedruBaeT CIIPaBeIIUBOCTEL (popMynl Jlarpam:xka ans kBasuauddepeniu-
asbHoro Boipazkenus 7y (cMm. (2))), a mmenno, misg o6 GyHKIUit u,v € D(T) BBHIIOJHEHO
PaBEHCTBO

B B
/ETU - /uﬁ: [u, v](B) — [u, v](a), a, f € (a,b),

riue

—

e
[u, 0)(2) = ™ Y (=1 b @ )olm-1-d (),
5=0
a xpasunpoussoaubie Yyl (7 =0,1,... m — 1) onpexensiorcsa dopmynamu (1.

Creays xoporio usBecTHO mporenype (cm., mampumep, [I], Section I, pp.1-6), oupenennum
MUHUMAJIbHBIA 3aMKHYTHI CUMMETpPUYecKuii omeparop Lo, TOPOK/IEHHBIl BbIPAXKEHUEM TY B
rinabGeprosoM mpocrpanctie L2[1, +00). Obosnaunm depes Df) MHOKECTBO BCEX KOMILIEKCHO-
3HAYHBIX UAATHBIX Ha [1,+00) dbynkuuit us D(7) takux, uro 7y € L2[1,+00). B pabore
[1] (em. Appendix A, p. 133) ycranoBieno, 4To MHOXKeCTBO D{, sIBIsieTCsl BCIOAY IJIOTHBIM B
L2[1,4+00), a dbopmynoit Ljy = Ty Ha MHEOKecTBe D)) BRIDAXKEHAE TY ONPEIEIIET CAMMETPHIE-
ckmii (mesaMkHyTBIH) omeparop B L2[1,+00) ¢ obmacteio onpenenenus D). Cumponavu Ly u
Dy 0603HauMM 3aMbIKaHKUE TOr0 OEPATOpa U ero 00/acThb Olpejie/ieHIs COOTBETCTBEHHO.

Takum 00pa3zoM, B pacCMaTPUBAEMOM CJIyYae BBIPAKEHHE TY MOPOKIAeT MUHUMAJIbHBIN 3a-
MKHYTBI cuMMeTpuueckuil oneparop Lo B ruibbeprosom npocrpancrse L2[1, +00). Tlosromy
BBIDAZKEHNe TY HA3BIBAETCA CHUMMeTpHIecKnM ((bOPMAaTbHO CaMOCOIpPsIZKeHHBIM) KBa3uaudde-
PEeHIHATHHBIM BbIDazKeHHEM, TOPOKJICHHBIM MaTpureit F.

[IycTh A — KOMILIEKCHOE YHCJIO TAKOE, YTO €r0 MHUMAs 4acTh OTJandHa oT HyJs (ImA # 0).
Hepes Ry u Ry obo3HauuM objacTu 3na4deHuit oneparopos Lo — Al u Lo — M COOTBETCTBEHHO
(]2 — eJIMHAYHBL onepaTop), a depe3 Ny u Ny HX OPTOTOHAIBHBIE OMOJHEHHsI B IPOCTPAHCTBE
L?[1,4+00). Ipocrpancrsa Ny, u N5 nazwbiBaiorcs jgedeKTHBIME MOIIPOCTPAHCTBAME, COOTBET-
crByOmmMI ducaaM A u \. Vx pasmepuocru dim Ny u dim N5 0auHAKOBBI B BepXHEH n
HuzKHel nosymockocrsx. O6ozwaunm ny = dim Ny u n_ = dim N5 upu ImA > 0. Tapy
(ny,n_) Ha3BIBAIOT WHIEKCOM JedekTa onepatopa Lg. VI3BecTHO, 94TO Yncaa ny W n_ COBIaaa-
I0T ¢ MAKCUMAJIbHBIM YHCJIOM JIMHEHHO HEe3aBUCHMBIX DellieHuil ypasHeHus (3)), mprHaIexKa-
mux npocrpanctey L£2[1,+00), Korjga napaMerp A 6eperca u3 sepxueit (ImA > 0) uin HuzKHel
(ImA < 0) TOMYMIOCKOCTH COOTBETCTBEHHO. UHCJIa Ny W N_ yAOBIETBOPAIOT IpH m = 2n
HEPABEHCTBAM

n<ngn_ <m,
a mpu m = 2n + 1 — HepaBeHCTBaM

n<ny<m, n+l1<n_<m, uwm n+1<n.<m, n<n_<m.

5.2. Tlycth Temeph anementsl Marpunbl F (Fy, win Fy,. 1) yaoaerBopsior ycaopusm (A) —
(C') m nonosaurenbro yeaosuio 3). Torma, coracuo naparpady 3, st ypasaerns ([3) cnpa-
BeJIJINBBI TeopeMa 1 u ciiejcTBHE 1, W, KPOMe TOTO, COTJIACHO I11.5.1, BhIpaKeHue Ty MOPOXKIa-
eT MUHMMAJBHBIA 3aMKHYTBI CHMMeTpu4ecKuii oneparop Lo B rEabbepTOBOM IIPOCTPAHCTBE
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L2[1,+00). Takum 06pa3oM, CIEJCTBHE 1 — 3T0 yTBEpKACHHE 00 HHIEKCe nedeKTa omeparopa
Lg, T.e. cIpaBeINBa CJIeAYIOMAs TEOPeMa;

Teopema 2. ITycmo aaemernmor mampuuvs F (Fyy, usu Fonyq) ydosaemeopsarom ycaosuam
(A) — (C) uycaosuro 3). Toeda npu v > 0 deiexmmuvie wucra onepamopa Ly pasuve mescdy cobot
u pashv, wucay xopred noaunoma §(z,v) (em. 3amevwanue 4 ), aescawux 6 obaacmu Rez < 0.

Teopemy, aHAJIOTHIHYIO TeopeMe 2, MOKHO ¢c(POPMYIHPOBAThH U JIOKA3ATH JIJIA CJIydasl, KOraa
KBa3uIuMdepeHIuaIbHOe BEIpaXKeHHe TY SBJISeTCS NPOU3BeIeHIEM JIBYX KBazuauddepeHIu-
AJBHBIX BhIpaykeHuil (cM. maparpad 4, B 4aCTHOCTH, 3aMedanue 5).

10.

11.
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