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Jocimkeno HeJIOKAJIbHY KpPaoBy 3a7ady [JIs CHCTeMH AudepeHIiaJbHO-0IepATOPHUAX PiB-

HeAHDb 3 oneparopoM judepenniosannua B = (B, ..., Bp), ne Bj = ng, j=1,...,p, y upo-
J

cropax QYHKIH 6araThoX KOMILJIEKCHAX 3MIHHUX, 1m0 € psamamu lipixme-Teitnopa 3 dhikcoBannm
cuekTpoM. 3a/ada € HEKOPEKTHOIO 3a Aamapom, a 11 po3B’ga3HicTh 0B d3aHa 3 1pobIeMOI0 Ma-
JINX 3HAMEHHWKIB, II0 BHHUKAIOTH MiJ Uac moOymoBu po3B’s3Kky. [l0BeIeHO METpHIHI TeopeMu
PO OIIHKY 3HU3Y MAJINX 3HAMEHHUKIB, Kl 3a/1e2KaTh Bi/l aCHMIITOTUKY CIleKTpa psami ipixiie-
Teitopa, a TAKOK yCTAHOBJIEHO YMOBU ICHYBAaHHS Ta €IMHOCTI PO3B 43Ky Ii€] HEJIOKAJIHHOI 3312491
y mKayi TpocTopiB (yHKIiH 6AraThOX KOMIIEKCHUX 3MIHHUX.

Kuro4uoBi ciioBa: piBHSIHHS 3 YaCTMHHUMUW MOXIAHWMMW, HENOKAJIbHA 33afa4va, Masi 3HaMEHHUKM,

meTpuyHa ouinka, psga Hipixne-Teiinopa.
2000 MSC: 35E20
YOK: 517.946+511.37

Beryn

Y cyuacuiit Teopii audepentiaabEnX PIBHAHD 13 Ja-
CTUHHHUMHU IMOXITHUMH BasKJIUBE MICIIE IIOCLTAI0TH 34,194l
3 HEJIOKaJIbHUMHE Kpaiiopnmu ymMmosamu [1, 2]. B ocHoBHO-
My T 337349l MOB’st3aHi 3 MPOOJIEMOI0 MATUX 3HAMEHHU-
KiB i € YMOBHO KOPEKTHUMH IIOJ0 CBOIX TapamerpiB; 1X
KOPEKTHICTh 3abe31mevayeThcsi BUOOpoM 06/1acTi po3risi-
JIy Ta HAKJIAJIAHHSM [IOIATKOBUX YMOB Ha KoedinieHTn
DIBHSIHB Ta NMapaMeTpy HeJOKaJbHUX YMOB [3, 4, 5].

Y it mpari JOCHiIKYEThbCd HEJIOKAJbHA 331393
JJIs CUCTeMHU JU(EPEeHITiaTbHO-0IIEPATOPHUX PIBHIHD 3
oneparopom audepentiosanust B = (By,...,B,), e

B; = ng’ 7 =1,...,p, sikmit mie Ha GyHKINT TPO-
J

CTOPOBHUX 3MIHHUX (21,...,%p), WO MPUAMAIOTH KOMII-
JIEKCHI 3HadeHHd. BCTaHOBIEHO YMOBH OIHO3HAYHOI PO3-
B’a3HOCTi 1iel 33madi y Kiaaci QpyHKINH, 110 € pagamu
Hipixme-Teitnopa 3 dhikcopannum AiicHIM CTIEKTPOM, M1JTsT
MajiizKe BCIX BeKTOPIB CKAAICHUX 3 KOS(IIIEHTIB PiBHSIH-
He Ta MapaMeTpa KpaoBux yMoB. [Lj1g mboro moBe1eHo
METPHUYHI TEOPEMHU PO OIIHKYU 3HU3Y MAJNX 3HAMEHHU-
KiB, 10 BUHUKJIHU I 9ac MODYIOBU PO3B’SI3KY IIi€l 3a-
Jgadi. AHasIorivHy 33349y Ui OHOro audepeHiiaibHO-
OTEepPATOPHOrO PIBHSHHS y MPOCTOpaxX (DYHKIHH 3 1i0-
YHUCJIOBUM CIIEKTPOM Ta y Tpoctopax paxis [lipixie-
Teitnopa pocrinzkeHo y mpansx BimmosinHo [6] 1 [7].

I. TIIpocropm paais ipixmae-Teitnopa
Hexait S — omH03B’ s130a 061aCTH TPOKOIOTOT § HY-

ai kommiekcrol miomuan, Tobro S C C\ {0}, a DP —
maniaapuara obracts [0,7] X 8P, ne T > 0, p > 2.

MATEMATHUKA

Bsenemo ta 3adikcyemMo MHOXKUHY JifiCHUX BEKTOPIB

N ={vg = (Vk1,.- - Vkp) ERP: k € ZP},

AKY BUKOPHUCTOBYBATUMEMO TIPU O3HAUEHHI MPOCTOPIB i
HA3WBATHMEMO CIIEKTPOM (DYHKIIIHN, SKIMO BOHA IIiAMO-
PAOKOBAHA TAKUM JBOM YMOBAM:

1) piBHiCTb Vi = VU, CHPABIXKYETbCH Jwmile Ipu k = T,
T06TO BigoOpaxkeHHs k <> vy € OieKTUBHUM Bimo6-
pazkenHsaM ZP na MHOKHHY N

2) ﬂk%oonpnkﬁoo,ﬂeﬁk:\/1+1/,§1+...+1/,%p.

Hexait WA — ninifinmii npocTip KpaTHHX CKiHYEHHHX
cyM (OCHOBHUX (DYHKINIH) BUTIISILY

o v Vi
P(Z) = Z PkZVk = E "’Z‘Pkl""’kpzlkl ... 2Zp p’
kp

kezZr k1

ae z = (z1,...,2p) € 8P, P, — kommnexcHi koedinienTn,
k= (ki,...,kp) €ZP, 2% = 2" ... 2",
[Ipoctip WN’ — e npocrip yzaranbnenux QpyHKI,

aki € dopmanbauMu paganvu Q(z) = Y. Qgz¥F, mo
kezp
mirorh Ha ocHOBHY dyEkmin P € WA 3a npasm-

aom (Q, P)=>"QrPy. Y BUNAIKY Bif €eMHUX KOODIH-
k

HAT BCIX BEKTOPIB vk psaau Q(2) € craHmapTHUMU Psija-
vu ipixse-Teitmopa.
[osnaanmo HN, (S?), ¢ € R, —rinsbepris (cobones-

CBKOTO THMy) TpocTip qymKmid ¥(z) = . 2"t 3i
kezZr
cnexrpoMm N i3 TAKMM CKalTApHUM JT0OYTKOM:

(¥, 0) N, (sr) = Z U B

kezp

© Inwkis B. C., Crpan H. 1., 2014



HenokanbHa 3agaya gnsa cuctemu gudpbepeHuianbHO-ONepaTOpPHUX PiBHSHL Yy NpocTopax pagis Hipixne-Teinopa

ra wsazpazon nopuit 2 s = (), csn;
HN(DP), q€R, n€Z,,—Ganaxis upocrip byskuiii
0 u(t, z

R (T

ezr

mrs r = 0,1,...,n i xoxuoro t € [0,T] mamexars 10
npocropis HV,_,.(S?) Biamosinno Ta nenepepsHi 3a ¢ y
nux mpocropax. Ksaapar mopmu y mpocropi H/\fq”(Dp)
BuU3HAIaE HOpMyIIa

u=u(t, z) Takmx, MmO MOXimH

- O u(t, ) H2

mas .
— [0.7] otr v, _.(s»)

[ullFos (pr) =
Beememo npi mkamm mpocropis  {HN ;(SP)}4er
i {I-I/\fqn(Dp)}qGR rak. Hexait HN,(SP)— npocrip
BekTOp-dyHkmifi  v=v(z)=col (v1(2),...,vm(2)), me

v;=v;(2) €eHN,(S?), j=1,...,m, 3 KBaAPATOM HOPMHI
m
2 2
M\mq(gp) = Z ”vj”H/\fq(SP)?
j=1
a H/\/Z(Dp) — mpocTip  TaKMX BeKTOp-YHKIiH

u = u(t,z) = col (u1(t,2),...,un(t, 2)) 3 KOMOOHEHTA-
mu uj = ui(t,z) € AN?(DP), j = 1,...,m, xBaapar
HOPMU SKWX 3a7a€ (hopmysia

m

2
=> [l enn (pr)-
=1

Iosuauunmo obmacts Or — Kpyr pagiyca R i3 neHTpoM
y modarky KoopAauHaT KoMiuiekcHol myonmau C.

2
||U|‘m:(pp)

II. TIlocranoska 3amaui. ITo3HauenHs

Posrisaemo cucremy nudepeHiiaabHUX PIBHSHB i3
JACTUHHUMH TTOXITHUMH 1 cTaauMu KoedilienTaMmm

> A,.B atso 2=,

sot+|s|<n

n €N, (1)

sp) €ZE, |s| = s1+...45p, Agy,s — KBa-
apartHi Marpuri posmipy m, Apo...0 = I —onnHUT-
Ha Marpuns; u = u(t, z) = col (uy(t,2),...,un(t,z)) —
mykana Bektop-gyukuia. Oneparop B = (Bi,...,B))
CKJIQJIEHO 3 OMEPATOPIB y3araJbHEHOTO AU(DEPEHITIFOBAH-

k. Cre-

e s = (s1,...,

. = R LoVl — e
ng B; = z; 55, AVIA AKIX 30KpeMa Bz =vz
J

MEHSIMY TIUX OTIEPATOPIB € BJQu =u, levu = Bj(Bj-flu),
mej=1,...,p,l=1,...,n,i BS=Bj'...B)*.
) m ¥4
Iyxaemo poss’szok 3 mpocropy HN , (DP) cucremu
(1), mo mae crekrp N, aKuii 33/10B0JIbHAE HEJIOKAIbHI
YMOBHI

& D

h—— - = pj, i=0,1,....n—1, (2)
M |,y O |_p

Je [t — HEHyJIbOBHM KOMIIEKCHUNA  IIapaMerTp,

v = @;(z) = col (j1(2),...,¢jm(2)) —3anani Gpynx-

il 3i mkamn npocropis {HNV ;(SP)},er.

Hexaii na koxxHOrO BeKTOpa vV = (11, ...,1p) € RP
YUCTI0 U BU3HAYAE HOPMYJIa U = \/1 +vi4 .+ 1/}2,, a
dyukuio (v (z) : R = R— dopmyna (v(z) = > 0%

veN

x

Ouernmmo, o ansa * < 0 pag >, 7% € po3biKHuM.

veN
Mpunyctumo, mo (a(f) < oo mna meaxoro 6 > 0, Tomi

Cv(x) < Cv(0) < oo mna Beix @ > 6, Tobro (N icHye HA
[0, 00). Tucio 6 3anae acumnroruky ciuekrpa N, a came
MIBUIKICTH 3POCTAHHS TOCIIOBHOCTI vy, ipu k — 00.

Osuauvenns 1. Ilid posze’asxom 3sadawi (1), (2)
bydemo posymimu maxy exmop-PyHKYi0:

s (t, 2))

31 ananennamu u;(t,-) y npocmopi WN' daa t € (0,7,
i=1,...,m, axa sadososvnac cucmemy (1) i ymosu (2)
Ma HAAEHCUMB J0 NPOCTOPY Wz (DP).

Beenemo mnceBmomudepenmianbai omeparopu. Jmsa
IIHOTO PO3MJIAHEMO JIOBLJIBHY MOCJIIOBHICTD KOMILIEKC-
Hux Marpunb F(v), v € N. Bona mopomKye ICepmonu-
depeHIiaTbHAI OTIEPATOP-MATPUITIO

u=u(t,z) =col (ui(t, z),...

F(B) = F(B,,...,B,) = F(zli,... P i),

021 "z,
mo i€ Ha BeKTOP-PYHKIII ¢(2)= > ¥ (v)z¥ 3a dop-
MYJIOH0 veN
=Y F)w()z"

veN
KoediuienTn ¢ (v) possunenns ¢(z) B pag @yp’e mo-
pomKyioTh oneparop ¥ (B). A Tomy KOoxHII (yHKUIT 3
HN,(S8P) simmosinae ncesmomndepentianbuuii BeKTop-
oneparop ¥(B). Mpu upomy ¢(z) = Y(B)on(2), ne
In(z)= > 2",
veN

Amnagoriuro mocninosnicre F(t,v), t€[0,T], nopoa-

xKye oneparop F(t, B), bynakuig v(t, z)= Y, V(t,v)z" 3
veN

TPOCTOPY WZ('DP ) — oneparop-dyukuio V (¢, B). Ilpu

mpomy v(t, z) = V(t, B)dn(2).

Bamaga (1), (2) exksiBameHTHA 337341 3 HEOKATHHH-
MW yMOBAMY JIJTsl CUCTEMH qUdEPEHIIANbHAX PIBHAHD 3
YACTHHHUMM NOXITHUMU HEPLIOrO IOPSIKY 33 9aCOBOKO
3MIHHOIO

t
% = L(B)v(t, 2), (3)
1 v(0,2) = (T, 2) = ¢(2), (4)
ze BekTop-gyukiisa v = v(t, z) Mae po3mip mn X 1,
ou ol
v = col (u, T RRR v ) = col (vg,V1,...,Vn-1),

marpung L = L(B) mae TaKy CIpYKTypY:
0 n—1l)mxm In 1)m
L(B):<< ymoxm | (n-1) )
—L.(B) ‘—Ln_l(B)| | = Lu(B)

oneparopu L,.(B), r =1,...,n, € MATPULIAMHU TIOPSAIKY
m 3 eremenTavu LY (B) 30KpeMa

(B)= > AnrsB°,

[s|<r
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npaBa 9acTuHa @ = ¢(2) — BekTOp-byHKIIig PO3MIpy mn
BUTJIALY

(Z>7901(Z)v .- .,<,0n_1(2)).

Ockinpku y TepMinax mceBIoaudepeHIiaIbHuX Ome-
PaTopiB CIIPABIRKYIOTHCH TOTOXKHOCT1

v(t,z) =V (t, B)in(z) =
= col (Vo(t, B),VA(t, B), ...,

p(2) = col (po

anl(t> B))(SN(Z)7 (5)

p(2) =9(B)in(z) =
= col (¢o(B),¥1(B),...,Yn-1(B))on(2), (6)

10 3a7a4a (3), (4) eKBiBAJTEHTHA MHOKUHI HEJIOKAJIHHUX
kpaifopux 3a1ad Ha npoMixkky [0,7] ajsd cucreM 3BHU-
JaiHnx qudEpenIiagbHIX PIBHAHD MEPIIOTrO MOPAIKY

% = L(v)V(t,v), veN, (7
uV(0,v) = V(t,v) =) (8)
Hexait Z = diag(0" L, ..., 721, 7)1 Zp(v) = )7
ZV (t,v)=V(t,v). Hepenumenmo 3azaay (7), (8)
MO3HAMEHHAX
avit,v) = -
—5 = vL()V (t,v), venN, (9)
/”7(07V) - V(t7 v) = {A(V)’ (10)
ze
4 V)= ~0 " I(n—l)m "
L) (—Ln(y) —Lp_1(v) —Ll(u)) ’
B0 =710 = 3 A (2) 55

[s|<j

Axmo uncna A\;(v), ze j =1,...,
XapaKTepUCTHIHOTO PIBHSHHS

nm, € KOpeHsIMH

fOuv) = det (A — L(v)) =
= det (\"" Ly + > _ A" L;(v)) =0,
j=1

TO BeJIHIHHH 7; (V) = UAj(V) € KOpeHsMu piBHAHHS

L(v)) = 0.

@yukiio f(A, v) 3anumnemMo y BAMIS I MHOTOYIEHA

Zfa

—Sp L(y)x'm—l o1

det (’yI . —

)\mn J—

=\ )™ det L(v) = 0,
se Sp L(v) — caig marpuni L(v). Beaxkarumemo Takox,
mo f;(v) =0, axmo j < 0, abo j > mn.

3 ominku Ko [8, ¢.10] qyist KOpeHiB MHOTOUJIEHA

A (W) < T+ max{[fi ()], [fmn ()]}

BUILJIMBAE, 1[0 BOHU € PIBHOMIDHO OOMEXKEHUMU 3a V
paszom i3 koedirienramu f1(v),. .., fmn (V) MHOTOUIEHA

f\v).

III. IcuyBaHHs# Ta €OUHICTH PO3B’A3KY

BaranpHui po3B’sI30K cucTeMu (9) 3amuINeMo y BH-
TJISA 11

V(t,v) = "1 w), (11)
e C(v)
xernnsa C(v) miacrasumo V(¢,v) B ymosu (10) i orpn-
MaeMo JiHiiHY aarebpuyHy cUcTeMy

— JIOBL/IbHUI BEKTOP 3 KOHCTAHT. Iyt 3HAXO-

(,UInm —e¥
ko marpuus (pul,, — YT mepuposkena, To He-
Bigomi C(v) 3Haxoaumo 3a GOPMYIION0

_ eDZ(y)T)—

().
Toui pose’si30k 3anad4i (9), (10) wabyne Burismy

‘7(25, v) = eﬂL(V)t(PJInm —e” V)T) 7/)( )- (12)
OcCKiJIbKM BU3HAYHUK MATPHUIN JOPIBHIOE J00YyTKY i
BIACHUX 3HAYCHb, & BJACHUMH 3HAUEHHAME MAaTPUIT
(I, — €"FTY ¢ umema p — "W
(12) icHye aurue Jjisl HEHYJIBOBOIO YUCJIA

TO PO3B’SI30K

det(ulnm — eli(”)T) =

Baspmu 10 yBaru pisuicts (13), ccopmysoemo i nose-
JIeMO TeopeMy €IMHOCTI po3B’s3Ky 3amaqi (1), (2).

Teopema 1. Llas edunocmi pos3e’asky 3sadawi
(1), (2) neobzidno i docmammnvo, wob arzefpuyne dio-
danmose pisnanna

dot (lnu 12mmy

A e L — Z(u)) =0 (14)

v

He mMaao pose’askie (mi,v) na muoscumni Z X N .

O Jlosenenns. Heobxionicme. Hexait po3p’a30k 3a-
madi (1), (2) emunmii. Toni 3ama4a (9), (10) mae Takox
€IUHMI PO3B’A30K, M0 300parxKyeThes y Burasai (12).
Omxe, marpuris (pl,,, —e”“M7T) ¢ meBupomxeHo0, TOG-
TO i1 BU3HAYHUK HE JOPIBHIOE HyJeBi. Y Takwii crnocid,
spaxosyioun (13), u # " T Jlorapudmyrouan mo me-
piBHiCTh, OTpUMaEMO, IO piBHaHHg (14) HE Mae po3B’a3-
ki (m,v) na muoxuni Z x N.

JLlocmammnicms. /loBeneMo MeTOIOM BiJ CympOTHB-
noro. Hexaii napa (mf,vg) € Z X N € po3s’a3koMm pis-
Inp — i27m73
—————— € BJIACHUM 3Ha-

usinag (14). Toai uucio

T
genuam MaTpuili L(vgs ), dke mosuaaumo A1 (Vg- ), 1 omHO-
pinna 3amaqa (9), (10) mae Gesnia poss’askie V (¢, vg«),

40
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III0 YTBOPIOIOTH MiAMPOCTIP Ta BU3HAYAIOTHCA (POPMY-
qowo (11), y akiii Bekrop C(V) € 3arambHAM PO3B T3KOM
BUPOJIZKEHOI OTHOPIIHOT CUCTeMU JHHIHHUX PiBHSIHD
(L — eI C(v) = 0.

Tomy 3amaga (1), (2) Takoxk Mae 6e371iu po3B’s3KiB, gKi
YTBOPIOIOTH M IMTPOCTIP ¥ TPOCTOPI Wz (DP). Teopemy
noseneno. W

BcranoBumo ymoBu icuyBanns po3s’a3ky 3agadi (1),
(2) y mpocropi WZ(DP). s Beix BekTOpiB v € RP,
ang aKkux Kopeni A1(v), ..., Ay (V) maOrowena f(-,v)
€ PI3HUMMU, BBEJIEMO TaKi MO3HAUYEHHS:

R(v) = (¥(v), Lw)b(v), ..., L™ ()o(v)),

1 1 1
A1(v) A2(v) cer Aum (V)
W) =| X0 B ... 2.0 |
X)) L)

Q(t,v) = col (pu(t,\1(¥)), -, pu(t, Aam (1)),

ne W (v)—wmarpung Bangepmonpga, mo nobymoBaHa
3a kopersMu A1(V), ..., Aam(V), a Q(t,v) —BexTOp
_ pay;
sHadenb GyHKIin p,(t,A) = LT
M), oo A (V).
Tomi posw’sizok (12) 3amadi (9), (10) sammcyerbes y
BurIsizi [9)

Ha KOpPEeHAX

V(t,v) = RW)WT()Q(t,v), (15)
ne W= T(v) = (W’l(u))T = (VVT(V)Y1 — obepHena,
1o TpaHcnonoBanol matpuri Bannepmonna. s obuanc-
nenns marpumi W T (v) Bukopuctosyemo dbopumyty [10]

W_T(V) = (fmn+17ifj(’/)>zljn:1w(y)x
x (diag(f'(\ (), 1)), (16)
ne f'(\v) = w Bupasu (f'(\;(v),v)) ~ nepe-

TBOPUMO 0 ApOOIB

1
W 1<a£é[<mn()\a(y) - Aﬁ(y))27
T a,pE]

ae Res (f, f') = Hf’( i(v),v)

rounenis [ ta f’ i Reb (f,f) = Disc f = det S(f), npu-
gomy Disc f — muckpuminant, a S(f) — marpung Cumn-
Becrpa Muorodsiena f = f(\, V), aka € 6109HOI0 MaTPH-
IIeI0 i CKIIaJIa€ThCs 3 IBOX TEILIIEBUX MATPHIIb 13 mn— 1
Ta Mn pPAAKAMU BIIIIOBIIHO,

(fj_i(y))mlzl, 2mn—1 )
S = o 2mn—1
W Qmmj+n@q@w@;

i,j=1

— pesyabranT [8] MHO-

BeranoBumo ymoBu icuyBanus po3s’s3ky 3azxadi (1), (2)
- T A .
y mpocropi HV  (DP). Ockinbku

0"u ou oty
=—-L,(Bu— L,_1(B — L{(B)———
atn n( )’U/ ( )8t 1( )atn,17
H o0 e, sm = (”“HHM (59T
an 1
R = W)}
ae Cpy = Ci(n,p) > 0.

Orxke, OTPUMYEMO OIHKY

du
[o T] H ot “Wq,j(s:>)

(C1+1

HUHH/\/ (Dr) =

=(C1+1) E%T[g%( lvillerr, sy =
P

n—1
=1+ ax |97 Wit )P =
]:01/ [ ’
:(01+1) max |79V, (t,v)[2. (17)
- [0,77]
j=0 veN

3 dopmynu (15) oxepKuMO TaKky OIIHKY:
Vit )P <

< Goll2(t, v) 7|V

n—1 "
TP 17 ()

7=0

n—1

= G|t ) IPIW T W) 1P Y 797y (n) P, (18)
=0

jge Cy > 0— BennumHa, KA 3aJ€XKUTh BiL m, n, p Ta
koedinienris cucremu (1).

Cdopmymoemo Ta J0BEJEMO TeOpeMy iCHYBaHHH
poss’asky 3agadi (1), (2).

Teopema 2.  Hezxaii sexmop Q(0,-) susnavernud
na N ma daa deaxux diticnux wucea 11, 12 0AA 6CIT
(kpim crinuwennozo wucaa) eexmopic v € N ma eciz
t € [0,T] sukonyromvea nepieHOC

[det S(f)] = 7™, (19)

o (£, A (v l=1,...,mn. (20)

gm@" (pJeH/V.Q_]'H/J( )7 06¢2U1+U2;j2071a-~-7n—1,
mo icnye edunuli pose’asox sadawi (1), (2) 3 npocmo-
(4 )

py BN (DP), anuii nenepepeno sanrescums 6id npasus
wacmun ymos (2).

O Jlosenenns. Bpaxosyioun oninkn (18)—(20), a Ta-
koK opmyny (16) aas obuamcrenns marpurmi W T (v),
HepiBHicTh (17) Habyme BUTIS LY

)| < P2,

n—1

2 2
||u||mg’(pp) <Cs Z H‘PjHHNw_J(sp)a
=0
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e peamumnna C3 > 0 3a1€kuTh Bij napamerpip 3aaad4i
(1), (2). Teopemy moseneno. B

Posrnsimemo yMoBH, 33 SIKHX BUKOHYETHCS HEPIBHICTD
(19). Hust orpumanns 10TpibHUX OUIHOK CHOPMY/IIOEMO
HACTYIIHI JIEMH.

JIema 1. Hezati g = g(\) — MmHoz2ousen euzaady
n .
g(A) = > g; A", modi Gozo duckpuminanm cmocosHo
j:
CMAPULT CTNENEHIB G MAE MAKY CMPYKIMYDY:

n—1
Discg = » (=1)*""a%(n — )" gign " 'gh + &,

a=0

de mnozouaen & = 6(go, g1, ---,9n) HE MICTRUMD N-T

CMENneHis KoePIuieHmie gq,.
JloBenenHs 1€l eMu HaBeneHo y podori [11].

Jlema 2. Sxwo f = h + ag, de a € C —napa-
memp, f=f(N), h=h(X), g=g(\) — mnozourenu i

FO) = fod + AN+ + £y
R(X) = ho At + M AT+ 4 by,

g(\) = goA* + i N+ L+ g,

npuvomy 0 < s < t, mo duckpuminanm Disc f e mmo-
2040EHOM 3G 3MINHOI0 a4 cmenenA He euue t + s — 1,
30Kpema

Disc f = ((s — t)hogo)tfsa”S*lDiscg + ...+ Disch.

O JloBerenss. 3a ymoBow jemu f; = h; + ags—iyq
g i € {t —s,t—s+1,...,t} i fi = h; nna xkoxuHOrO
i€{0,1,...,t—s—1}. Ockinbku marpuns CunbeecTpa
S(f) muorounena f(\) mae GmounHwMit BATISAT

(el )
S — t—1 i ,
(f) (((w +t— S)fjfi)f !

zie i — HoMep psijika, j — crosmug, ()9 — remrinesa mar-
pHUIls po3Mipy rXq, w =S — j + 1, OTPUMAEMO

B (hj—i)fi_ll
S(f) = <((w +t— S)hj_i)Qt_1> +
. (0)::‘; (gjfi)ii_l >
+ ( A A

peh; =0maj<0raj>tig;=0mmaj <0raj>s.
Moxamo S(f) gax m0OYTOK NPAMOKYTHUX MATPUIIb:

_ (hy-i)ry (5-a)p s
S(f) = (((w i s)hj,i)ft_l (ng7i>t+s—1 X

t

FEi_g 0
X 0 Eiysa
0  aFBiys—1

Bukopucrosyoun dhopmyny Bine-Korri, gas obuncien-
usa det S(f) = Disc f orpaMaeMO MHOTOYIEH 32 3MIHHOIO
a, TobTO

Disc f = Disch+ ...+

(hj*i)::i (gj*i)?_riil > atrs=1
’ <(< |

w—i—t—s)hj,i)i_s (ng,i)?_s_l

Iepenumtemo xoedinient upu a'T*~! y takuil croci6:
S3 Sy X
2s—1
det 0 0 (gj_i)5*1 =
S1 Sy X
2s—1
0 O (ng_i)s_l
S1 S X
1) det Sz Sy X22 .
= (— e S— =
( 0 (gj—i)52_1
0 0 (ng,i)s_l

S S (g /4)25—1
= det (Sl 52> - det < I 82511) s
3 4 (ij—i)s_l
Je Marpuni 51 = (w—&-t—s)hj_i, S3 = hj_i, Sy = WYj—i,
S4 = gj—i MaOTh MOPAIOK t — 5, A Ta Xy MO3HAYAIOTE

MaTPWII, BIJ SKUX HE 3aJ1€3KaTh BiIOBIHI BU3HAYHUKMU.
[lincraBusimm 10 dopmysy i piBHICTH

t—s
S1 S2\ tho  sgo _ t=s
det(s3 S4>—<det<h0 go>> —<hogo(t—s))

y dopmyny s Disc f, orpumyemo

Disc f = (—1)t_“‘((t — s)hogo)t_SatJ”;_1 X

(g _)2571
x det (( I )82_511> +...+Disch =
Waj—i)

= ((s — t)hogo)t_sat“*lDiscg + ...+ Disch.

Jlemy noeeneno. B

ITozraxmmo gepes by, . . ., b, KoedirienTn Ipn Moxi-
nux BY, ..., By oneparopa E,}} (B), uepes bpt1, - .., bap
Bianosiani KoedilienTu omeparopa E?f (B) i T.1., uepes
bm—1)p+1s - - -5 Dmp BiANOBiAHI KoedinienTn oneparopa
L7™(B), i nexait b= (b, ..., bmp).

Muorounen f(\, V) MOXKHa 3alUCaTH Y BUATJIsI]

Vi\" .
FOv) =b(2) @) + Av), =1.p,

Jie MHorouwtenu g1 (A, v) ta hq (A, v) 3anexars Bif j, ane
He 3aj1e2kaTh Bix bj. Muorowren g; (A, V) TakoK MOXKHA
PO3MHCATH y BUTIISI CyMHA
vi\" .

gl()\v V) = bp+j (?) 92()‘7 V) + h2()‘7 V)7 J= 17 By 2
jae MHOrowneHn gs(A,v) ta ho(A, V) He 3a7exkarb Bix
bp+;. Koxen muorowren g;(A,v), ¢ =1,...,m—2, MOX-
Ha 3allHCaTH aHAJIOTI9HO

Vi ]
gi(A\v) = bipyj (;j) gir1 (A v)+hip (N v), j=1,...,p,

1€ gi+1(A,v) ra hip1(X, v) He 3amexkarh Big bipt ;.
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3acToCyBaBIIA JJIsT KOXKHOTO 3 MHOTOWIEHIB f (A, V)

X . Vi n

igi(\v),i=1,2,...,m—2 nemy 2 npu a = bj(fj) y
Vj n v

posknazi Muorounena f(X\, v)1ia = bipy; (T) V PO3K-
7

na7ax MHOTOWIEHIB g; (A, V) Ta npu g0 = hip = 1, me gio

ihg,l=1,2,...,m—1, ¢ koedinieHramu HaACTAPILIAX

ysenis muorouwteHis g;(A, v) i hy(\, V), orpumaemo

v\ n(2mn—n—1)
%) X

D' . — —1 "
isc f(-,v) = (=1)"n (V
™ b?m”_”_lDiscgl(~,V) +3, (21)

-\ n(2mn—(2i+1)n—1)
Discgi(-,v) = (~1)"n" (%) x
v

oo U Dise gy (L v) + B4, (22)

ge § 1 ®; He MicTATh JTONAHKHU 31 cTelneHaMu b?mn*n*l i

2mn—(2i+1)n—1 . .
bip 4 BiamosinHO.

Jna suaxomkenns Disc g, —1 (-, V) BUKOPHCTAEMO Jie-
My lumpua=01gn_10=1

) n (Vi n(n—1) 1
Disc gn-1(-,v) =n (g) O -1yptj + Om—1,
(23)
me j=1,...,p, a &,,_1 He MICTITh TOJAHKH 3i CTEre-
HAMU bg;il) .
p+i

Teopema 3. Hezxatt 0 < 0 < 1, xoediuien-
mu cucmemu (1) dircosani (3a sumamxom by, ...,
bmp). Todi icnye mmoocuna WN5 C OR” maka, wo
meas WN5 < § meas OR?, i dan eciz b € ORP\WNs
ma v € N npun = m(mn — 1)0/2 cnpasdocyemvcs
oUIHKA

|Disc f(-,v)| > ommn=D/20yp=m (24)

meas OP m(mn—1)/2

de Cy = pn i .
cta=n (m(N(G)(p+1)"7rmPR2mP*2)

O Jlosegenns. Bukopucrosywouun pisuocri (22) i
(23), dopmyay (21) uepenuiiemo rak:

.\ mn(mn—1)
Disc f(,v) = (~1)"0m Dy (12 X
14
2mn—n—112mn—3n—1 3n—1 n—1 _
X by byt .. 'b(m—2)p+jb(m—1)p+j +...=

— (_1>n(m—1)nmn( %
1%

X BJ(V)Bp+j(V) e B(mil)pJ’,j(V)’

ne Bipij(v),i=0,1,...,m — 1, — ynitanbuuii crenens
2(m —i)n —n — 1 mEOrOUIEH 3MIHHOT b;py j, KOCDINiEH-
TH SIKOT'O HE 3aJIeKaTh Bif b1, ..., biptj—p, 7 =1,...,D.
BuaiimemMo MoOLyIh qUCKpUMiHaHTa MHOTOYIEHA f (-, 1):

v )mmmnfl)

|\ mn(mn—1)
Dise 7)) = (141) .
v

X BB ()] - [ Bam—1)p45 (V)] (25)

V¥ pierocri (25) Tak (ogHO3HAYHO) BubepeMo iHIEKC
J=jWw),mev = (11,...,vp), mo6 v; = max{vi,...,Vp}.

Hexait WN;"~!(v) — muoxuna sextopis b € ORY,
A7 aKuX 171 (PiKCOBAHOTO V BUKOHYETHCA OIIHKA

d meas OR* 7l

mCN (G)ﬂ-mpRQ'rnp—Q

)(71—1)/2

[Bon-1ps )] < ( . (26)

j=1,...,p. Ouiaumo Mipy uiel mHoxkuHu. ITozHaYUMO
-
gepes WN5  (v) C OF muOKHHY BEKTOPIB b(my—1)p41,
——m—1 ~

< by, agepes WNs (U, D(m—1)ptj) — MHOKHHY THX
BHAYEHB 3MIHHOT b(;, _1)p4; A1 (BIKCOBAHOTO b(yy—1)p4 5>
A€ b(m—1)p+j — BEKTOD 3 KOMHOHEHTAMH D(yp_1)p41, - - -
binp 6€3 KOMIOHEHTH b(py—1)p45, A/ AKAX BUKOHYETHCA
(v) € me-

(m—1)p o ml .

kaproBuM 100yrkoM Op x WNs  (v), To ii mipa
BU3HAYAETHCS TAK:

HepiBricTh (26). Ockimpkn Mmoxma WA~

meas WA (v) = (7R?)(™~DPmeas WX/;’H (v),

—— m—1

meas W5 (v) =

——m—1 - ~

= /Op_1 meas WN§ (V, b(mfl)p+j> db(mfl)p+j.
R

Buxopucrosywun nemy Kapranma [12, c. 267], ana mipn
MHOXXHHH W./v:;n_ (v, l;(m—l)p-l—j) OJIEPYKUMO OIIHKY

—0

—~—m—1

d meas O
meas WN5 R

mlu(0)(rR2)mp—1"

(v, B(mfl)p+j) <

. . . -1
[Ticns imTerpyBanns mo 001acTi (91;{ OTPHUMAEMO, IO

—0

—~—m—1

LOMP 5
meas WN5  (v) < 0 measOp_ v

m (0)(rR2) =17

Toni st mipu muoxunn W™ (1) Bukonyerncs aka
HEPiBHICTH:

_ § meas QP ¢
meas WA} Yoy« ————B& _—

mCu ()
Hexait WA %(v) — muoxuna sextopis b € ORY,
711 aKuX 77151 (PIKCOBAHOTO V TIPH KOXKHOMY J = 1,...,D

BUKOHYETBCS OIIHKA,

mp 5—6 3n—1)/2
B3 ()] < ( 0 meas Op" v )( )/ .
pTJ mCN(Q)ﬂmpR2mp—2
(27)
Sualimemo oriHKy g Mipu i€l mHONKuHU. [lo3Ha-
—— m—2
2 .
anmo uepes WNs  (v) C OF MHOXKHHY BEKTOpIB
—~—m—2 ~
bm—2)p+15 -+ -5 bmp, & gepes WNz (1, bim_2yp+s) —
MHOKHHY 3Ha9eHb 3MiHHOI b(y,_2)p4; A7 bikcoBaHOTO
bim—2)p+; 13 OCTaHHiMI/i P CKJIQJIOBUMHU 3 KOMITOHEHTA-
o
vu 3 maokuHEE WN5 (), 115 IKUX BUKOHYETBCS He-
piBHicTE (27), g€ b(1m—2)p+; — BEKTOP 3 KOMIIOHEHTAMH
b(m—2)p+1s - - - » Dmp 6€3 KOMIOHEHTH (1, —2)p 5. OCKimb-
_ -2 ———m—2 . o ae
xkn WN"2(v) = Ogn P % WN;s  (v), To mipa miei
MHOKHAHH OOYHCTIOETHCA 3a (POPMYJIOI0

meas WA ~2(v) = (1R?)(™~?Pmeas WK/;VL_Q(V).
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— m—2 -
Hns mipn vuokuan WN 5 (v, bm—2)p+;) 32 1€MOI0
Kaprana cripaBiKyeThest OIiHKA

d meas OR” Y

S Tl (0) (7 RB) 1

—— m—2 ~
meas WN5 (v, bim—2)p+5)

—m—1
IIpoinTerpypasmm no obmacti 07 x (O%\WN 5 V),
OTPUMAEMO, IO

—6

—— m—2

5 ™
meas WN5  (v) < meas O

i (B)(rR2) =D

Toni s mipu muoxmEn WA ™2 (1) BUKOHYEThCA Taka
OITIHKA.:
_ § meas OpP 79
meas WNV;" ?(v) < ————— L& ———
my(0)
Anasoriuno, wepes WN{(v), i =0,1,...,m—1, nos-

. mp
HAYUMO MHOXKHHY THX BeKTOpiB b € OF", auid sAKUX 1A
(hiKCOBAHOTO V MPH KOKHOMY j = 1,...,p BUKOHYETHCS
HEpiBHICTH

§ meas OFP =0\ (2mn—(2i+1)n—1)/2
| Bipt5(v)] < (mCN(Q)meRMP*?) :
(28)

Buaiinemo ominkn wmip vuokmH WANE(v). Hexait

— 1 —i .

WNs(v) C Ogn P _ \moxmHA BeKTOpIB bipt1s -5
i

binp, @ WN(;(J/, bip+j) —MHOXKHUHA 3MIHHOL Djpq; ISt

dikcoBanoro bjpy; i3 ocranuivu (m — i — 1)p Kommo-

— i+ ~

nenramu 3 MHOKuHu WN5  (v), nme bt —BekTOp 3
KOMTIOHEHTaM" bjpy1, ..., byyp 6e3 KOMIOHEHTH bjp i j,
IIS SIKUX BHUKOHYEThCa HepiBhicTb (28). Ockiabku
WN}(v) = OF x WN5(v), To nist mipu miel MHOXKUHE
MaeMo

meas WA (v) = (7 R?)Pmeas m;(y)

P -
Jns mipn muoxuan WN (v, bipy ;) 3a aemoro Kaprana
CITPAB/IXKYETHCSA OIIHKA

d meas OR* Y

mCx (0)(x B2

meas m; (1, bipsj) <

i s 1)py it
Tarerpyrotn mo obmacti OF ' x (Og%m SO\ W (),
OTPUMAEMO, IO

d meas OR" al

.y
meas WN5(v) < ———+——.
o) < ) (R
Orxe, nia mipn muoxunu WA (V) BukoHyeThcs Taka
HEPIBHICTH:

§ meas OR” =

meas WN} (v) < e (@)

Ouinky ays mipu muoxuan WN;(v) = | WML (v) sa-
i=0
MATIIEMO Y BUTTIAIL

m—1 ~
] § mp ~—@
meas WA (1)< Z meas W./\/g(z/)<nm<50@1/
i=0 N

O6’einaemo muoxuan WN3(v) B oy MHOXKHUHY

WN; = mL_J WNE (v) (29)

i=0
i OIIHUMO Mipy ITi€l MHOKWHU
meas WN; < Z meas WNs(v) < § meas OR".  (30)
veN

Bekrop b BBa)KaTMMEMO  €JIEMEHTOM  MHOMKUHH
ORP\WNj;. Bpaxosywoun dopmyny (30), orpumaemo
TaKy HEepiBHICTH Mg OIHKM i1 MipH:

meas (OR" \ WN5) > (1 — 6)meas OR”. (31)

Ha muoxuni O5” \ WA i3 pisrocti (25) Ta nepisaocreii
(26)—(28) BunmamBae, 1O
)Disc e V)) >

d meas OR” =Y

N e O
— 67n(mn—1)/204ﬂ—n1

>m(mn—1)/2

s dikcoBanoro BekrTopa v € N.

Orxe, mo3za maOKuHOKW WN; HepiBHiCTD (24) BUKO-
uyeThest s Beix v € M. Teopemy moseneno. B

PosrisiHemo yMOBH, 3a $KAX BHKOHYIOTHCHA He-
pierocri (20). IlocmizoericTh 3HaMeHHWKIB yHKII
pr(Ni(v),t) moxke maru 30LKHI 10 HyJIs HLANOCHLIOB-
HOCTi, TOOTO MiCTUTH MaJi 3HAMEHHHUKH. /171 OIiHIOBaH-
Ha Beamunnu p, (N (v),t), ax GyHKUIT v, no6yayemMo Bu-
HATKOBI MHOXKWHU MaJIOl Mipu Ha KOMILJIEKCHI# TIIOITH-
Hi JJIs TApaMeTpa (i, BAKOPUCTAHHS SIKUX € BApIaHTOM
METPUYHOIO MIXOLY 0 OIHIOBAHHA MAJIUX 3HAMEHHU-
ki [1, 3].

Bubepemo momarHe 9muCIO XA 3 YMOBH

Xar32nT?*Cn(0) = .

Hexaii ¢ < 11/ <In2/(2xnT), sikmo n = 1; Tomi agst
n > 1 BUKOHy€TbCS HEPIBHICTH

In2/(2xxT) = In2v/8nlpr(0) /7 > \/2n/m > 1,

T06TO TakoxK /€ < In2/(2xnT).
Hosmaunmo 1w = exanv 2 ra py, = e?MWT,
py(\) = €T Bpaxopyioun 11i To3HaMeHHSA, OTpHMae-

Y
MO, O Py (A, 1) = ————.
P = )
BuGepemo muoxkuan VN (V) mns tux = 1,...,n Ta

v € N, 1o 3a/10BOJIbHAIOTH YMOBY |p,| < 2M 3a makoro
dopmMyIoIO:

VNG (1) = {A €C:[Re(A— N)| < XTW

[lm (A = M) < X2
Koxna muoxuna VN, (v) — e ksagpar (puc. 1) si cro-
POHOIO X1, HerTpoM A (v) i Bepmmmamum M~—, M~T,
M+t M+~ y xommnuexcHiit momuHi 3minnoi A. Tou-
ku M~, M~", M++, M*~ 306paaioTh KOMILJIEKCHI
qncna A(v) — (L4 O)xw/2, M) — (1 —)xwv/2,
M)+ A +9)xwv/2, N(v)+ (1 —14i)xw/2 Bigmosinmo.
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Puc. 1. Konuenmpuuni x6adpamu 3 ueHmpom
y mowyi A (v): xeadpam VNI (V) 31 cmoponoro Xiv
ma keadpam i3 cmoponoro 2x v . Budisreno mmoorcuny,
AKG € PIBHUYEI YUT K6adpamie

Hexait Mmuoxuna

VMQ(V) = {/L e C: 67XWT/2 < ‘L < 6XWT/27
Hiv
I
arg — | < xw1'/2
Hiy
e obpazoMm Ksagpata VN (v) mpu BizoGpaskenti

A—e" T a vmoxuna VA 1(v) € 06pazom KOHIEHTPHY-
noro j1o VN;(v) kBajpara 3i croponowo 2xin (puc. 2),
TOOTO 11 MOXKHA 33aTH 33, JTOTIOMOTOI0 (hOpMYIH

Wia(v) = {p € C: e < || < T,
My
‘ arg £ < XwT}.
124%

Puc. 2. Obpasu xeadpamie 3 puc. 1 npu 6idobpastcermi

A — T minimanvha sidemans |2122] miore numu

[Inoma (mipa) muOXKIHE VN 1(V), Ky Ha3BEMO BH-
HATKOBOIO MHOMKHMHOIO JJIsl 33JaHOIO Y, O0YUCIIOETHCA
3a GOPMYJIION

2xwT
meas VN 1(v) = XQ]J;_/

— W\uzu\2€_2XWT)=XWT|Mlu|2(62XWT _ e—2wa).

(7-‘-|Mlu|262XWT_

Ockimbku eXWT < 24

ev2xwT _ gyixwwT ) T T
— XWTeysxw S XWTeyzxw ,

Y2 — Y1
Ie y3 € (y1;92), TO

2xvT _ 672)(]_,\/T
<
1 <
2
<A(xwT|uw|) e < 32(xiwT M)

(&
meas VN1 (v) = AT | |?

O6’enmaemo BuaATKOBL MHOXKWHE VN 1(V) B OnHY BH-
HATKOBY MHOKUHY

VW= | W) (32)
veN; =1
| <2M

i 3HaliAeMO OIiHKY i1 Mipu:

meas VN, = Z ZmeasVJ\/u(V)g

veN; =1
[Hi|<2M

<32(TM)* > Xy
veN

BpaxoByIoun IO3HAYEHHS X1\ Ta XA, OTPEMYEMO, IO
meas VN, <32nT? (v (0) x3re M?=em M?*=¢ meas Oy.
(33)
[lapamerp p BBaKaTHMEMO €JIEMEHTOM MHOKIHI

Oy \ VNL. Bpaxosytouu dopmyiy (33), ijis Mipu MHO-
sxman Oy \ VAL sanmmeMo Taky OHiHKY:

meas (Opr \ VNZ) > (1 — €)meas Oy (34)

Teopema 4.  Hrxwo 1y = 0/2, mo daa eciz sex-
mopie n € Opn \ VN dynwuyia p,(\t) 6 obaacmi
VN (v) x [0, T] mae ouyinky scepzy

s\ 1)] < 7 (35)

de 7 = 8max{2,1/|ul}/2mnlv(0) €R, 7> 0.

O Jlopemenns. CnodaTky pO3IISHEMO BHUIAJIOK
lpuw| > 2M. Y koxuomy Takomy kBampari VN;(v) Bu-
KOHYIOTHCS HEPIBHOCTL

€N T2 < (1, (V)] < | T2,
ge eXWT = 2VexnTo™"2 o o072 In2 _ 907" <9 qopy

3M/2<23 A M <274 gy, | <[ (V)| <2V 4 11 |
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Jami orpumyemo, 1o

AP Ciad L
o =N = ()]
‘:U'V()‘”% |,uv()‘)|%71

T /) =1 (/e () = 1] =

< 3max{1, m} < maX{S, %}7

12
a TaKOXK, BPAXOBYIO4H, IO iﬁ >1,
12 2
e (A 1)) < ”%max{:s, =1 (36)
Posrasinemo Bumagok |y, | < 2M, tomi masa pu,(N)
MaeMo TpU MOKJIABOCTI: |y, (A)| < M s L (N)] > 2]
o 1
< (M) < 2[pl-
Axmo |, (N)] < “;—‘ To | — py(N)| > @ i
()= eIl WIF_ 2 (NIF
=N /2 |l

2 2 2
<— max{1,|u, (A |}<—max{1 IM'}:max{l,—},
|1l |l 2 |

a TaKOXK

oo < max {1, 2 (37)
Py max< 1, — .

Ve |l
Ao [p, (A)| = 2|pl, 1o

qu( )|

= (M) = [ ()] in

1 BUKOHY€EThCA HEPIBHICTH

|NV( )|% |ﬂu( )|%_ =T
(G O]l )\/2*2'““(”' )
1
§2max{1, (8 }S { 3 |}:max{2,m},
(0 8)] < L;;max{l‘—;}. (38)

|1l

PosrisiHeMO BUMAIOK < g (V)| < 2|p]. Bramen-

HUK |p — pp(A)| He MeHmmit, HiXK min |z; — 22|, 1€ 21
i 29 mamexarp rpamunam obnacreit VN 1(v) 1 VN 2(v)
Bigmosigno. Ileit MiHiMyM JOCATAETHCsI, KIIO

29 = eV(AL(V)—(l-H)XW/?)T’

a 21 — IPOEKWida 2o Ha mpoMiub 2z = arg \j(v)—x w7 i
nopisaioe |y, e XWT/2 sin(y T /2). OckinbKu cupas/i-
KYIOThCS OIHKU

xwT/2<In2/4<1/4<7/4
isine > 2v2x/7 ana x € [0,7/4], To

sinxwT/2 > 2vV2xwT/21 = V2x T/

3 nepisrocti |, >, (N) e XWT/2 orpumaemo

= 1 (A)| > e XN T2 sin(x ' T/2) >
> [ (M]e XNV T /7 > [l x T /2,

3BIIKM BUILIUBAE

LT 1,2
()] = [ (N)|T max{1,2[p}
=N (= (V)]
2w max{1, 2|u|} 2m 1
- max {2, — » <
luxwT 7 Vexwr T { |u\}

SL;S QnWCN(H)max{Z,ﬁ}. (39)

[Ipasi wactunu y dopmynax (36)—(39) ouintoorses
T2

Ve
ne = 60/2 ana scix p € Op \ VM. Teopemy jobe-
neno. A

Ocximbkm A (v)EVN(v) i

YUCJIOM

. Orxe, vepiBuicrb (35) BUKOHYETHCH 1PH

617)\1 (l/)t

N GT =lpv i (v), 1),
To ominka (20) BukoHyeThes auia Beix i € Opr \ VL.

CdopmymoemMo Ta J0BEIEMO TEOPEMY ICHYBAHHS Ta
enuuocTi po3s’a3ky 3azadi (1), (2) y npocropi WZ (DP)
3 ypaxyBaHHAM MeTPUIHHUX TeopeM J Ta 4.

Teopema 5. Hezxai wucao 0 3adac acumnmomu-
xy cnexmpa N, mnoorcunu WN5 @ VN; sadano dopmy-
aamu (29) i (32), a oyinku mip muoocun ORY\ WN;5 ma
On \ VAL susnauaroms pienocmi (31) ma (34) eidnosio-
no, ¥ = (m*n—m+1)0/2. Todi y pasi po € BN 14.4(SP),
p1 € HNV g 145(SP), -, o1 € HN g pni144(SP) daa
sciz (b, ) 8 muoorcunu (OFT\WN5) x (Opr \VNL) icnye
edunuti pose’azox 3adani (1), (2) 3 npocmopy WZ(DT’),
AKUT  HENEPEPBHO  3aAedCuUmMmb 610 NPAsULT  “acmun
ymos (2).

O JloBemennsi. 3a TeopeMoio 3 [JisI BCIX BEKTODIB
b e ORP \ WN; Bukonyerbcs oninka (19) 3i cra-
aor0 11 = m(mn — 1)0/2. 3rigao 3 Teopemow 4 mus
posinpaoro uncaa i € Oy \ VN BuKOHyeTbCs OLiHKA
(20) 3i cramoio gy = /2. Orxe, 1A KBagpaTa HOPMH
po3B’a3Ky 3a1a4i (1), (2) y mpocTopi WZ (DP) BukoHY-
€THCST HePIBHICTD

2
||UHW’;(DP = E(;m ~sm(mn—1) Z ||SO7HHN(1 i+ (SP)’

ge Cs5 > 0— BennunHa, 9Ka 3a7€XKUTh Bl M, N, p Ta
koedinienris cucremu (1). Toxui 3 Teopemu 2 BuiMBae
sIK icHyBaHHST po3B’si3ky 3amaqi (1), (2) 3 mnpocropy
WZ (DP), mak 1 ioro HenepepBHA 3aJEXKHICTH Bl
(byHKHiM) € I_I/\/q+w(8p)7 p1 € I_I/\/q71+1/)(8p)’ HRR)
Pn—1 € BN g_ny144(SP).

Ockinbxu 10 MEOXKAHE VN, HamexaTh BCi PO3B’d3-
ku piBHsnHg (14), ro 3 ymosu pu € Opr\ VAL i Teopemu 1
BHUIIJIMBAE €IMHICTH PO3B’si3Ky 3a1a4i (1), (2) y npocropi
WZ(DP). Tomy ms Beix p € Opr \ VAL 3 icnyBanng
poss’asky 3azadi (1), (2) y upocropi HN, (DP) pumm-
Bag fioro eaunicts Ha Muoxkuni Oy \ VAL, Teopemy so-
seneno. W
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HenokanbHa 3agaya gnsa cuctemu gudpbepeHuianbHO-ONepaTOpPHUX PiBHSHL Yy NpocTopax pagis Hipixne-Teinopa

Bucuosknu

Y 1mpari JOCTiZKEHO YMOBUW PO3B’S3HOCTI HEJTOKAJb-
HOI KpaiioBol 3amadi IJIsi CHCTeMH Jau(epeHInaaIbHO-
OIEPATOPHUX PIBHAHD 3 OMEPATOPOM JAU(EPEHIT FOBAHHS

B = (B1,...,Bp), ne B = zja,j: 1,...,p, akuii
J

nie Ha QYHKIIT KOMTJIEKCHAX 3MIiHHUX 21,. .., Zp. BeTa-

HOBJIEHO YMOBH ICHYBaHHSI Ta €IMHOCTI PO3B’SI3KY 3aa-
. . . e I

ai y mxami mpocropis {HN, (DP)}ser dynxmii, mo €

pagamu Hipixme-Teitnopa 3i 3amanum cnekrpom N Ta
38/IAHOK ACAMITOTHKOK 1 koedimientamu i3 C"[0,T].
Buauenna na npomizkky [0, 7] dbyHkIiii 3 miel mkamu Ta
X TOXITHUX IO MOPSAKY 1 BKIIOYHO HAJIEXKATH JI0 MPO-
cropiB i3 rinbbeprosoi (tumy Cobonesa) mkanu. s
BUpimIeHHd nMpobIeMr MaJUnX 3HAMEHHUKIB, 1110 BUHUK-
Ju Mg gac mobyIoBH PO3BA3KY 33/3di, BUKOPHCTAHO
METPUYHUI NiJXiJl, KUl JJaB 3MOI'Y OTPUMATU OIIHKU
3HU3Y JJIsT MaiizKe BCiX BEKTOPIB, CKIAJEHUX 3 Koedilri-
€HTIB PIBHAHHS Ta MapaMeTpa KpafiOBUX YMOB.
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Inekie B. C., Ctpan H. I.

HEJIOKAJIBHAYA KPAEBAYA 3AJAYA 1JI4 CUCTEMBI
ANPOPEPEHIINTAJIBHO-OIIEPATOPHBIX YPABHEHNN
B ITPOCTPAHCTBAX PAJI0B ANPUXJIE-TENJIOPA

Nnskus B. C., Crpan H. 1.

Hayuonarvnuid yrusepcumem “JIvsuscvra nosumaxrruxa”
ya. C. Bandepw, 12, 79018, JIveos, Yrpauna

UccnenoBana Henoka/ibHas KpaeBas 3a/ad4a JJid cucrembl auddepeHnmalibHO-0IepaToOPHbIX
ypaBreHwii ¢ oneparopom muddepennuposarma B = (By, ..., Bp), tne Bj = z; Y i=1,...,p,
"
J
B TIPOCTPAHCTBAX (DYHKIMN MHOTUX KOMIIIEKCHBIX TTEPEMEHHBIX, KOTODBIE SIBJISIOTCS DPsIaMU
Jupuxie-Teitnopa ¢ GUKCHPOBAHHBIM CIEKTPOM. 3a/1a4a sBJISETCS HEKOPPEKTHOM 110 A mamapy,
a ee pa3penmMoCTh CBA3aHa C MPOOIEMON MaJIbIX 3HAMEHATEsel, KOTOPble BOZHUKAIOT IIPH I10-
cTpoeHnn perrenns. /Joka3aHbl METPUYECKHE TEOPEMBI 00 OIIEHKAaX CHU3Y MAJIbIX 3HAMEHATE I,
KOTODBIE 3aBHCAT OT aCHMITOTUKHU CIeKTpa paAmoB [lupumxie-Teilopa, a TakXKe yCTaHOBJIEHBI
ycCi10Bud CymeCTBOBaHUA U €JUHCTBEHHOCTU DEIIEeHUA 9TOI HEeJIOKaJIbHOI 3a/1a91 B IIKaJIe IIPO-
CTPaHCTB (byHKL[I/Iﬁ MHOTUX KOMIIJIEKCHBIX MEPEMEHHBIX.
KimroueBble cjioBa: ypaBHEHMS] C HYAaCTHbIMW MPOU3BOAHBLIMY, HEIOKAaNbHAS 334243, Masble 3Ha-
MEeHaTenn, METPMYECKasi oueHka, psg dupuxne-Teiinopa
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NONLOCAL BOUNDARY VALUE PROBLEM FOR A SYSTEM

OF DIFFERENTIAL-OPERATOR EQUATIONS
IN THE SPACES OF DIRICHLET-TAYLOR SERIES

I’kiv V. S., Strap N. I.

Lviv Polytechnic National University
12, S. Bandery Str., Lviv, 79013, Ukraine

The paper is devoted to investigation of nonlocal boundary value problem for a system of
partial differential-operator equations with differentiation operator B = (Bhu,..., By), where

Bj=z; o 7 =1,...,p, in the spaces of several complex variables functions, which are Dirichlet-
J

Taylor series with fixed spectrum. This problem is incorrect in the Hadamard sense and its
solvability related to the small denominators, which arising in the construction of the solution.
By using of metric approach, theorems about lower estimations of small denominators, that
depends on the asymptotic of Dirichlet-Taylor series spectrum, was proved. Also existence and
uniqueness conditions of the solution of this nonlocal problem in the scale of spaces of several
complex variables functions are establish.

Key words: partial differential equation, nonlocal problem, small denominators, metric estimation,
Dirichlet-Taylor series.
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