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"Hanjonanpnuit yuisepcurer ,,JIbBiBchKa mostiTexnika®,
2IHCTUTYT NPUKJIAQIHIX TPOOIEM MEeXaHiKM i MaTeMaTHKH
im. 9. C. Tlincrpuraua HAH Vkpainn,
3JIpBiBCHKUIL epKaBHHUIN YHIBEpCHTET BHYTPILIHIX CIpaB

HEJIOKAJIBHA 3AJAYA 3 BATATbMA ITAPAMETPAMN
AJId CUCTEMU PIBHAHDb 3 HACTUHHUMUN ITOXIIHVIMMUN
31 3CYBAMN

BceranoBieno ymMoBH iCHYBaHHSA Ta €IMHOCTI PO3B’sA3KY 33349l 3 JBOTOYKOBUMH HEJIOKATHHUMU
YMOBAMHU 33, JaCOBOIO 3MiHHOIO t 3 GararbMa mapaMeTpaMmu g OE3TUITHOl CUCTeMHU AudepeHIli-
aJbHUX PIBHSHB 3 YaCTUHHUMU MOXITHUMY, STKA MICTUTH 3HAUEHHS MTYKAHOTO PO3B’SI3KY ¥ TOYKAX,
3CYHYTHX Ha CTaNl BeJIMTHHY £ 33 IIPOCTOPOBOIO 3MIHHOI0 & = (&1, . .., Zp). PO3B’I30K MIYKAETLCT ¥
KA TiJIbOEPTOBUX TPOCTOPIB 27-TIePIOANYHUX 33 3MIHHOIO & BEKTOP-(DYHKITI 3 €KCIIOHEHITITHO0
noseainkoio koedinienris @yp’e. doseneno po3s’asuicTs 3ama4i Juist Maixke BCIX (38 BUHATKOM
MHOKWHHA K 33BTOJHO MaJol MipH) 3HAYEHB BEKTODA MApPAMeTpiB it = (U1, .., [lym) Y HEJTOKAIb-
HINX yMOBaX. BCTaHORJIEHO OIIHKM 3HM3Y MAajNX 3HAMEHHWKIB, IIT0 BUHWKAIOTh MPU JOCTiIKeHH]
IIAKOCTI PO3B’A3KY.

The existence and uniqueness conditions of solution for the problem of multiple parameter
nonlocal two points conditions by time variable ¢ for typeless system of differential equations,
which contains the value of original solution in the points shifted to the constant value §; for
the spacial variable z = (z1,...,x,) are established. The solution sought in the scale of Hilbert
spaces 2m-periodic for variable x vector functions with exponential behaviour of Fourier coefficients.
Solvability of the problem for almost all (except for sets of arbitrarily small measure) values of

vector of parameters p = (pg, ...

, bm) in nonlocal conditions are proved. Established lower bounds

of small denominators that arise in studying the smoothness of the solution.

1. IlocranoBka 3agadi. B nwiinapuaniii
obmacti DP = [0,T) x Q5 ne T > 0, QO _—

271

p-uMipHEil Top, To6TO 5 = (R/277Z)P, pos-
D/ISIAE€THCA 3a7a4a

Ou = A1(D)ug, + -+ -+ Ag(D)ug,, (1)

(2)
npuaomy M = diag (p1, - . ., flm), TUCTIO f1; HA-
nexuth kpyry S; = {z € C: [z — ;| < R,},
¢, € C, R; > 0, marpuuni audepeHniaab-
ui Bupasu A;(D) = A;(—i0x,...,—i0x,) ma-
I0Th cTaJii KomiuiekcHi Koedimientu. [lykae-
ThCsl PO3B’s130K u piBHsiHHs (1) 3 BeKTOpHH-
mMu 3cyBamu i, ...,EQ, IO 3aJ0BOJBHSE He-
JIOKAJIbHI JIBOTOYKOBI yMOBH (2) 3 mapamMerpa-
MH [U1, ... [, Jd€ Us — DYHKIIA 31 3cyBOM &,
a=col(p1,...,0m), 1€ Y1, ..., P, —3a0aHi
dbysKmii 3minnol = = (21,...,2,) € Q5.
Hudepennianbui piBasgans (1) Ta ymosu (2)
BusHaueni y npocropi (77)" ysarajabuennx 27-

MU’t:o - u‘t:T = .

nepioguunux QyHKIIH, mxe 7 — mpocrtip TpH-
FOHOMETPUYHUX 27-IEePIOJANIHINX MHOIOYJIEHIB
3MIHHOI Z.

Axmo BekTop-byHKIil ¢ = col (@1, ..., Om)
Ta 1) = col (¢q,. .., 1) HATEXKATD JO TPOCTO-
piB (77)™ ta T™ Biamosiguo, TO

0= 3 G m p= 3 Gt

kezp k

1 BUKOHYIOTBHCS PIBHOCTI

() =S 0l (,0) = S Il
k k

e koedimientn Dyp’e @) Ta {Z)\k HaJIEYXKaTh
no mupocropy C™, (p,¥)— nig ysarajbHe-
HOIL BeKTOp—(l/)\yHKHﬁ (© Ha OCHOBHY BeKTOD-
dbynxmio ¥, Y epmiToBo cupsukennii 3 BeKTO-
poM ¢y, BeKTOD, (k, z) = k1z1+. . .+kpxp, ||| —
eBkJitoBa Hopma B C™, )" — ckinvenna cyma,
B dKiit k € 7ZP.

Hayxoeuti sichurx Hepriseuyvkozo nay. yn-my. Mamemamuxa. 2012. — T. 2, N 2-3. 73



dxmo u = u(t, ) € po3s’s3kom 3amaui (1),
(2), To Bin € 27-nepioguunuM 3a 3MIHHO T 1
na Biapizky [0, 7] dynknis u(t, -) HamekuTh 10
npocropy (7)™, To6ro u = Y. uy(t)el?),

kezZr

Toni dyskmisa ug nag noBiibHOTO § € 9
Takoxk Hajexkuth (7)™ i hopmyia

(ug, ) = Y @EOpHuy(t) = (u, (- - €))

kezp

Bu3Ha4Yae Al ue na 1, je (k, &) — ckauspuuii
no0byTok B R™ BekTopiB k Ta £. 3ayBakumo,
wo ue = u st £ = 0, a ug(t,z) = u(t,z +§)
JIJIsE HerepepBHOT (PYHKITIT .

Iito oneparopa F(D) y npocropi (7)™ Bu-
snavae nocaigosnicrs F(k), k € ZP, kBajapa-
THUX MATPUIb HOPAIKY M, & came

F(D)p =Y F(k)@re'™.
k

€zr

Cxansprnil oneparop D Jiie 3riaH0 3 hbopMmy-

noo Do = 3 kre®® nek = /T + [k =

kezp

\/ 1+k3 4+ k2 — monaTHa MOC/TiTOBHICTS.

Bynemo BukopucroByBaTH Taki (yHKITIO-
nanbui npocropu: H, (5 ), Ep (Q5.) — rinb-
Geprosi npocropu dyukuiit ¢ € (7)™, nis
JKUX CKIHYEHHI Bi/IIOBITHI HOPMH

e (%) = (D0 F21z2)

1/2
)

keZp
P TN~ 112 1/2
o Bna( @) = (D exp(2nkIZl2)
kezp
3anpoBaauMo Ha MHOXKHHI S1 X --- X S,

BEKTOPIB (L = ({1, ..., [lyy) TEOMETPUIHY FIMO-

BIpHICTH
meas {2
PQ)= —————
me Q C Sy X --- xS, —Bumipna 3a Jleberom

MHOYKHHA, 3 Mipoio meas {) y mpocropi R*™,
Oznauvenns 1. 3adauy (1), (2) nasusae-
MO P036°a31010 Y wkaai npocmopie By, (QF ),
h € R, 3 tmosipricmio 1 — € Ha MHOMCUHT NA-
pamempie Sy X - -+ X Sy, AKULO ICHYE MAKA SU-
MIPHG NIOMHOMCUHA ) MHOodCUHY S1 X+ -+ X Sy,
wo P(Q) > 1 — e i das xoorcrnozo eexmopa

p € Q sadaua (1), (2) mae edunuti po3s’azox

u, moomo (Muli—o — ule=r, V) = (p, V) i
(Gtu — Al(D)u& — AQ(D)U§Q7w> =0

05 6Cix 8eKMop-muo2ouaenie ¥ € T™, 3i 3Ha-
wernnamu u(t, ) y npocmopaz By ($25).

2. HocaigKeHHd 3a1a4 AJis PiBHIHD 31
3cyBaMu apryMeHTiB. Teopii qudepeniiaib-
HUX PIBHSIHD 3 BLIXUJIEHHSIME apryMeHTiB (piB-
HHB 13 3aMi3HEHHSIM, PIBHIHD 3 BUIEPEI7KeH-
HSIM) CTAJOr0 Yd 3MIHHOTO BUTJISIY MPHUCE si-
4eHO YnMasIo myOstikariii, 30kpema [1-7]. 3a-
JTadi 3 TAKAMU PIBHAHHAMHU OMUCYIOTH BaKJIH-
Bl IIpOIlECH i3 YaCOBUMHU 3alli3HEHHIMHU YU 3a-
Hi3HEHHAMHE 1HIIIOrO TUIY. 30KpeMa, CepeJl Ta-
KUX 33/1a4 € 33/1a4l, SKUMU MOJIEJIIOETHCs POOO-
Ta gJIEPHUX PEAKTOPIB 1 cUCTEM aBTOMATUYHO-
0 KepyBaHHsI, SIBUIIA KUBOI IPUpPo/u (Mozesti
B IMMYHOJIOT, ermijiemMmosorii) Ta MaTemMaTuIHOl
€KOHOMIKHI TOIIIO.

Bagada (1), (2) BuBuanacs y npansx |8, 9|
JUIST 9aCTUHHOTO BUIAJKY [l = ... = [by = U,
TOOTO JIJIST BUTIQJIKY OHOTO apryMeHTa [ Y He-
JIOKaJIbHEX yMOBax (2). YV pobori [8] BcTanos-
JIeHO yMOBH po3B’sa3nocTi 3am1a4i (1), (2) cro-
COBHO mapamerpa f, a 'y podori [9] — crocoro
BEKTOpA MapaMeTpiB 3¢yBiB y piBugnHi (1). Pe-
3yJIBTATH OCTAHHBOI mpari mogano y [10].

Bagaqy Jj1si CHCTEeM PIBHSIHb 3 YACTHHHU-
MU TOXITHUMH 3 BIAXWJIEHHSIM apryMeHTIiB Ta
HEJTOKAJTbHUMHU 1HTeIpPaJbHUMH YMOBAMH pO3-
ragHyTO y poborti [11].

Hesiokayibui 3aa9i 3 BiIXWJIEHHSIM apry-
MEHTIB € HEKOpeKTHOMH 3a AjmamapoM, dK i
HEeJIOKAJIbHI 3aja4i 6e3 BiJIXHIeHb apryMeHTIB
[12, 13]. XapakTepHO0 OCOGJUBICTIO MUX 3a-
Jad € MaJi 3HAMeHHHUKH, IKi BUHHUKAIOTH IPH
1100y/10B1 pO3B’43KiB Yy IPOCTOPAX HEPIOJIMIHUX
dyukiiit 3a 3minHo0 x. s oninioBaHHg Ma-
JINX 3HAMEHHHUKIB BUKOPUCTOBYETHCS METPHU-
aruii miaxin [14-16].

BapianT Takoro mijiixojy 3acTOCOBAHO Ta-
KOZK y Ii#t poOOTI JIJIsT JIOCJI/IZKEHHST PO3B’sI3HO-
cri 3agadqi (1), (2) ma muaoxuni Sp X -+ X Sy,
napaMeTpiB i1, . . ., [by HEJOKAJIHHUX YMOB.

3. IlobynmoBa Ta omiHKa PO3B’A3KYy. Y
po3B’sa3Ky u 3a1a4i (1), (2) koedinienru Pyp’e
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uy, = ug(t) BUBSHAYAIOTHCS 3 BiNOBITHOT 331841

Z

cilkE)y,

Mug(0) — ug(T) = Py,

JIe BEKTOPH U, 1 P} MAIOTh BUIJISIL
up = col (Ug1, - .., Ukm ), Pk = col (Pg1, - ..
Brememo 3aminy 3MiHHTX
U = col (Zjdlul, cee 5dmum),

¢ = col (lN)dlgol, . lN)dmgom)

romi U = 3. Up(t)e'®®), & = S @pe’®®) 4

kezp R keZpr
Up(t) = Zyur(t), Oy = ZpPy, npudaomy
Z, = diag (Edl, e ,%dm).

Bekrop U(t) € po3s’si3K0M HEJIOKAJIBHOT 3314~
ai Ul = kNAK)Up, MUL(0) — U(T) = &,
i, 3a ymoBH icHyBaHHg maTpumi M — eENA(k)T,
300pazKyeThes (POPMYIOI0

Uk(t) _ eENA(k)t (M B e%NA(k)T)—l(I)k’ (5)

ne A(k) =k Z e B 7, A (k) Z

iiicHi qmma dl, ...,d,, Ta N BU3HAYAEMO
Tak [8], mob oOMeKHUTH eeMeHTH aqp(k) Ma-
tpuni A(k), Tobro max sup |aa.s(k)| < oco.
1<a,B<m gezp

BubGepemo uncia A ta A 3 Takux ymoB:

A > limsup A(k), A > limsup|A(k)|,
keZp

keZp

ne A(k) — maitbinbnra gificna 9acTUHA BIaCHUX
snavenb marpuri A(k), i nosnaunmo K wmHO-
JKUHY TuX qucesn k € ZP, 1 a9KUX BUKOHYE-
ThCd X04a O OfHA 3 YOTHPHOX HEPiBHOCTEN

[AR)] = A,

~ m— m 0. +R:\2
(TAk;N)Q( 1) <Z(|J|TJ> )

j=1

A(k) > A, WTARN < 1,

Muoxknna K — obmezkena i mozke Jjute 3011b-
nryBaTucd npu 3venmendi A, un A, uu T, um

s6iabmenni Y. (|6;] + Rj)z.
=1

I3 mepisuocti Tenndanga—Iuiosa |17,
c. 78| BurnmmBae orjinka

RN Zm: 2T Ak N
7=1

4™
Jdet A"
m — nopsok Marpuri A [18, c. 42|, — oninka
(2] + [l @R )™
| det (M — eTA(k)EN)|

N
H otAR)E

a i3 mepisnocti Karo ||A7]| <

| (M= AR <

3 orpumanux HepiBHOCTell Ta dopmymu (5)
npu h = (t + (m — 1)T)A orpumyemo oIiHKu

. - @
||6_hkNUk|| < 4m(2T.AkZ N)(m—l)m |||Ai||| : (6)
e U [l
0€ _ Zel < gmo AR ¥ym-bm kL 7

Ak N ( " |A] ")

e Ak:det(M—e
Jnga omiHoBaHHS 3HH3Y BHpa3iB Ay BH-
KOPUCTOBYEMO METPWIHUI IMiAXiT, TIpH IHOMY
BCTAHOBJIFOEMO OI[IHKY MIipP MHOYKHMH, JIJIST STKUX
BUKOHYETHCS ITPOTUJIEZKHA OIIHKA 3BEPXY.

4. Metrpuuni omiaku. Chopmysroemo i
JIOBEJIEMO TeOpeMy PO Mipy MHOXKHH (HMOBIp-
HOCTI), sIKi TTOB’si3aHi 31 CleniaJbHIMI MHOTO-
YJIeHAMHU Bijl 0araTboX 3MIHHUX [i1, . - - fhm-

Taky TeopeMmy y BUNAJKY MifiCHAX 3MIHHHUX
[y« -y [ JTOBEJIEHO Y pOGOTI [19], 3BiaKY B3s-
TO TMO3HAYEHHd i iled moBeldeHHs TeopeMu 1 i
JgieM 1 Ta 2 niei podoru.

Teopema 1. Hexat Yim) = V1.1, € > 01

A= Z Vet = Y(my1 -

qe{0,1}™

TA(k)EN)'

(1y -y o), Pyrryis
(0,1] nos’asana 3 poss’askom

MHO204AEH 3MIHHOT [ =

Fo:(0,00) —
fonlw) = wjzo<—

pienanma Elaepa

Inw)? /5! sadaui Kowsi das

(w(d/dw> - 1)mfm = 07
fu(1) =1, fr,(1) == fi" V(1) =0,
popmynoto Fp(w) = fr(w?) npu w € (0,1]

i Fp(w) =1 npu w > 1. Todi dmosipnicmo
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P(|A] <€) suxonanma nepisnocmi |A| < e na
noAtkpy3i S1 X - -+ X Sy, 0UIHIOEMbCA 36EPTY 34
00NOM02010 HEPLEHOCT

e/ |vm)| > ®)

PUA|<5)§ﬁ%(Rr'J{

JIOBEIEHHS. BuropucToByEMO MeTO Ma-
TeMaTHUYHOI IHAYKIII 32 KIJILKICTIO 3MIHHUX [4;.
BadikcyeMo TOBLIbHHIT BEKTOD

(f2y -y fln) € Sg X -+ X Sy,

i BBazkaemo A, .. dynkmoielo A 3MiHHOI
p1 € S, a came Auz,..-,um = Y)H1 + ’YEl), Je

2

(q27"'7qm)6{071}m_1

Ty = Z

(qz:--me)E{Oyl}m_l

’7(1) = fquz..%n:ugz s :u?gqv

q2 q
V0g2w.qm M2 -+ - Hoy -

OninnMo #MOBIpHICTD P(]Ammum\ < 5), e

P(|AM27"'7H’7” < 8) =
meas {y1 € Si: [y + vy < e}
nR? '

Hepisnicts |y + 7| < € npu vy # 0 Bu-
KOHYETLCA /I MHOXKHHU quces iy € Sy, gKi
HaJIeZKaTh BIAKPUTOMY Kpyry pajiyca /|y
3 MEHTPOM Y TOYITI fygl)/fy(l), dKa Ma€ Mipy He
6inbmy, Hix 7e?/|yn)|*, a npm yq) = 0 BE-
KOHyeThest 1 Beix w1 € Siompu |yl < €
1 He BUKOHYETHCH I YKOMHOTO [ € Sp 1pu
[7(1y| = €. Tomy B 0bOX BUIAIKAX Mipa MHO-
KUHE {1 € S1: |Ap,,. 4| < €} He mepeBumIye
MiniMambHOTO 3 wncen we? /|y |? 1 mRY.
OTKe, OTPUMYEMO HEPIBHICTH

mmin{e?/|yw|?, R}
P(|AM27---7ﬂm|<E) S ﬂ_RQ =
1

2 2
=min {g/k#, 1}: min{w?, 1}=F (w,),
1

e wi = wi(fa, - - ) = €/ [y | R

Teopemy mna m = 1 moBeneno.

JloBegemo Temnep KpoK iHIYKIIiT, 30LTBITYO-
Y1 KITbKICTh 3MIHHUX Ha OJUHUINO. 3adikcye-
MO 3MIHHY [l € S, 1 po3risineMo (hyHKIIO

A,,., 9K byHKIIO A 3MIHHEX fi1, ...
TOOTO

A

7,um71a

= (V(m)ﬂm + ’YEm))Ml e 1

Hm

A€ Y(m) = M..1, @ 'VEm) = 71..10- OnianMoO TITY-

Kany iimosipuicts P(|A| < €) 3a dopmyioro
P(Al <e) = (z™R?--- R%) 'x

x meas {j € S1X -+ XS, |A] <e} =

1 . o
ot [ ()
Xmeas{(,ul,...,um_l)ESlx-'-xSm_lz

1
: AZ - P Az d md m»
Al<e)) =g [ P8 I<2) doudy

€ Zm = Ty + 1WYm € Sy
OckinbKY 32 TPUIYIEHHAM 1HTYKITil

P(|Azm| < 5) < Fm—l(wm—l)a
5/R1...Rm_1

A€ Wyp—1 = , TO

P(|A| < &) < (nR%) ™' x
X/ Fm—].(g/Rl”.le

> Az, dyy,.  (9)

Jlist 1mo/1aJibIIoro OIHIOBAHHS 1HTerpaJja BH-
KOPHCTOBYEMO JIEMY.

Jlema 1. Qynxuyii F;, j = 1,...,m, mono-
mownno spocmatoms wa twmepsani (0,1) i no-
6’A30H1 CNIBBIOHOWEHHAM

1 1
7mgém \|4z,, + B[/ “m

< Fm(w%m) (10)

BacTtocyemo gemy 1 mpu

Ry Ro1Vm
A= 17()’ B—
€ €

I3 nepisuocreii (9), (10) maemo

€
P(I<) < Fu( rrrpr) = Fal).
Jie Wy, = M Teopemy jioBejieHO. "
R, R,,
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[3 TBepIKEHHS TEOPEeMH BHILUIHBAE, IO
limo F,.(w) = 0 (puc. 1). diiicuo, jjs 10BLIb-
w—>

Horo o > 0 icaye rpanunsg lim 77%In7 i mo-
T—00

PIBHIOE HYJTIO, OCKIIBbKE In 7 — 00 Ta 7% — 00,
TO 3a mpasuaoM JlomiTars

In 1 1
lim 27 lim /7'1 = lim =0.
T—00 T T—00 UTY™ T—00 (WTY
3BiJIcH OTPUMYEMO IIIYKAHY T'PAHUILIO
li = 1 -1y =
o235 Fmt) = Jig 70
m—1 ; ;
. (In72)7 27 InTyJ
=i Y —JZ 77l Z7) =0

Orxke, moxkemo nokjacru F,(0) = 0 i pos-
riaggatn Gyskiio F,, sa maoxuxi [0, +00).

Fm(w)

10 —

FeW) Fsw)

Puc. 1: Tpadikn dbyskniit F,(w) o
CrpapmxyoThest HepiBroCTI Fi (W)

Jlema 1 J0BOAMTBCS 32 JOMOMOIOI0 TAKOTO
TBEPJZKEHHsI PO 1HTerPaJIu.

Jlema 2. Hexat f: [0,00) — R —nespo-
CMalua Henepepena PynKyia,

S*={z€C:|z—60"] <R},
S ={ze€C:|z—-0"| <R} —

sidkpumi kpyeu padiyca R, uewmpu 0% i 6**
AKUT 6nopadkosani mak, wo |0*| < |0™*|, modi
CNPABINCYEMBCA HEPIGHICND

f(lz)dx dy.
o

[ A dy > (1)

JIOBEAEHHS. fxmo S* = S**, To Hepis-
HicThb (11) 0UeBHIHO BUKOHYETHCS SIK PIBHICTD,
y HPOTHJIE?KHOMY BUIAJKY, OCKLIbKH [ — cu-
METPHYHA MIOAO I0YaTKYy KOODJAMHAT KOM-
niekcuol mionman C, BBaxkaemo 0% i 0™ niii-
canMu gucaavu, a came 0 < 6% < 6%,

Y Bunaaky 0* = 0 aas To4oK 2 € S* BHKO-
HY€ThCS HEPIiBHICTH |2| < R i jwmme s HAX,
TOMY BHACJIIIOK HE3POCTAHHS [ OTPUMYEMO

f > 12
53{15*»«f(|z|) Sup, f(l=)- (12)
Y punagxy 6* > 01 S* N .S** = () maemo

inf
S**

z| =0" —R> 0"+ R =suplz|,
S*

TOOTO crpaBKyeThest (12), ocKiTbKH
inf = .
inf £(]2]) )

JloBeieMo 1110 2K HEPIBHICTD Y TPOTHIEKHO-

f(sup|z]), sup f(|z]) = f(S
. o

My Bunajaky S* M S** £ ().
Tenep maemo 0 — R < 0* + R, abo
0 — 0* < 2R (13)

i o6uaBi Toukn M ta My neperuny Kia
|z —0"|=R, |z—6"|=R

maoTh abuucy (0* + 6**)/2, a opamumarn +y
BU3HAYAIOTHCS 3 PIBHIAHHS

y2 — R2 o (0* o 9**)2/4

Otke, Bia i MUX TOYOK BiJ IMOYATKY KOOP-
JIMHAT OJHAKOBI 1 JOPIBHIOIOTL [, 1€

6*_‘9** 2 0*_&** 2
4 4
tobT0 R = VV R? + 0*0**.

Hexait z; = z1 +iy; € S1 \ Sa, Toxi

0 —R <z < (0°4+60)/2, 2 < R*—(2,—0%)?
i|z1]? < R*—(x,—0%)? —|—$1 R%*— 0*2+2x19*

SIKIIO K 29 = Ty +iy2 € 9\ S, 10
(0" +07)/2 < 25 < 0+ R, y2 > R*—(2,—0")?

i|22|2 > RZ—(xg—e*) +$2 R2 0*2+2JI29* >
R*+0°0 = R? upu (0°+0")/2 < x5 < 0"+ R,
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anpu 0*+R < 13 < 0"+ R maeMo |2]? > 23 =
R*+2R0*+ 6" > R*+ (6" —0%)0* +6** = R%.
151 mepiBuicTh BuminBae 3 dbopmyan (13).
Orxke, y BCiX BUMaKaX BUKOHYETHCS HEPiB-
HicTh (12), OCKINBbKE BHACTIIOK HE3POCTAHHS
dyukmii f, maemo

inf z sup |z|) =
> f( inf |z|) = su zZ|).
= (S**\S* |> S**\PS* f<| |)

Tenep nosegemo dopmyay (11). O6uucin-

MO y Hiil TOABIiiiHI iHTerpaIn:

f(lZl)d:rdy =

/ / f(z))dzdy >
* S** S*QS**

> * **
meas (5*\ S Sg{lsf**f(IZI)

[ lehdedy,
*ms**

[ e dy =

/ / f(zDhdzdy <
S**\S* S*QS**

< meas (5™ \ S*) sup f(|z|)+

+/ f(|z])dx dy.
S*ng=

Ockinbku meas (S*\ S**) = meas (S*\ S*), To

3 mepiBHocTi (12) BummBae HepiBHicTh (11) i

JIOBEJICHHST JIEMU. .
BceranoBumo Takox TBepipKeHHs Jiemu 1.
JIOBEJEHHA. /[ludepeniiitoemo piBHicTb

(—InT)!/1,

rori /(1) = (In(1/7)) /(G = 1)! > 0 s
€ (0,1), To6To dyHKIig f MOHOTOHHO 3pO-
crae pa3oM i3 dyukiieo F; na inrepsadi (0, 1).
I3 pisnocri Fj(w) = 1 npn w > 11 moma-
trocti Ha (0,1) Bemmamn w?(—2lnw)'/l! Bu-
wmsae, wo F(w) € (0, 1], axuwo w € (0, 400).

dxmo A =0, To

1 1
_— Foi|———= ) dvp, dyy, =
TR2, [Sm 1<\Azm—|—B\> Fm €Y

:Fm_1<|—;|) <1= Fm(+m):Fm(M%m>.

ko A # 0, 1o BBeIEMO 3amiHy

2= Az, + B, (z — B)/A,

Zm =

3 sikobGianom 1/|AJ?, saxa xpyr S, Bigobpazae
ykpyr S’ ={z € C: |z—(A40,,+B)| < |A|R.}
paziyca |A|R,, i 3anumemo

1 1
[ F_ <_
TR2, /Sm "4z, +

dmdm:
B|>x Y

1 1
- | (—)dedy<
T|APR2, /S 1(|zy> Tay =

1 1
< e (Yardy 4
—77|A|2R;zn/5 1<yz|> wdy, (14)

e S ={ze€C:|z| <|A|Rn}.

Ocranust HepiBHICTH y (OpMYyTi OTpuMaHa
Ha OCHOBI Jiemu 2, e S™ = 5" S* =5, f(t) =
Fo1(1/t).

Y nepmomy Bunaixy |A|R,, < 1, konu ¢yH-
kiis Fy,—1(1/]2]) y kpy3i S mopiBHIOE opuHuUII,
MaEMO

/ Fyy(1]2]) dedy = 7| APR2,
S

a 'y apyromy unajiky |A|R, > 1 mepeiizemo
JI0 TIOJIIPHAX KOOPJIUHAT (T, ), TOMY

|A|R m—2 1 2\J
—|—27r/ % (n7;>d7“:7r+
1 r =0 J:
m=2 (lnr2)ﬁr m] ln]A\2R2)

=)
Jj=0

I3 mepiBHOCTi (14) Ta 3 ocTaHHbOI (hOPMYIU BU-
IINBAE JIOBEJICHHA JIeMH. .

3 reopemu 11 dopmyan Ay = pig - -+ flp+- - -
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BUILTUBAE OI[IHKA

€
Pl <) < Fu( ) =

2 m—1 2 .
T o N S
_R%"‘R?anOJ'< lnR%‘__R?n), (15)

akio €, < Ry -+ R,,.
3HaiiieMo WMOBIPHICTH BHKOHAaHHS Xo4a 6
onmiel 3 HepiBHOCTEH |AYK| < €y k € ZP\ K, 1

er < Ry--- R,,, a came iMOBIPHICTD
PV e (1841 <)),
e \/keZp\K — omepariis qu3’toHknil Ha ZP \ K.

3 nonepe/aboi oninku (15) orpumyemo

P(\/kezp\K (lAk‘ < 5k)> <
= 2" ( Rm>: >

keZP\K keZP\K

Fo(Ck™)

akmo ¢, = CRy - --RmE‘T, ner>p/2,aC—
nesika crasa 3 inrepsaiy (0, 1).

eVt
1.0 ; *
I (&1

06
0.4

021

0_07“\““\““\““\““\“‘W

Puc. 2: T'padix qyuxiii we/e”
csraeTbest y Tourd (e, 1).

. €nuHH MaKCUMyM J10-

I3 mepisuocti 2¢/e” < 1, 9Kka BUKOHYETHCSI
Ha MuOXkuHI © > 0 (pmc. 2), BHIIHBaE, IO
w*lnw < 1/ea ans poparaux w i o, TOMy
g w > 01 6 >0 maemo

m—1 .
1 1\J
wg F(ln;) < mme' /Byt 8,
=0

Otxe, F,(w) < m™e/Bw?1=0) i mykama itnvo-
BIPHICTh Ma€ OIIHKY

P<\/kEZP\K (1Ak] < 5k)> < C20-8)

x mMel/P Z k(-0 < o, (16)
keZP\K

Bubepemo (ra 3adikcyemo) crajiay [ 3 ymoBu
0 < <1—=p/2r, acrary C 3a dopmynowo
C =208y, ne e € (0,1),

Ol _ (mmel/ﬂ Z E—QT(1—5)>1/2(6_1)‘

keZp
3Bijicu OTPpUMYyEMO

P<\/keZP\K (|Ak| < 5k:>> <e

i ans Beix k € ZP \ K 3 iimosipuicrio 1 — &
BUKOHYIOTHCS HEPIBHOCTI

Ay > PACIR - Rk~ (17)
5. Teopema icHyBaHHHA Ta €JIUHOCTI.
[Toznauumo HK—H/PoeKTop HA MHOXKUHY [,
10610 It = > e’ woni I — I € Ta-
kezZp
KOK TIPOEKTOPOM Ha MHOKuHY ZF \ K.

Hexait uncna di, . ..,d,,, N, A, A, r Ta mHO-
xuna K e dikcopannmyu, hy = (t+(m—1)T)A,

Xy =B, n(2), Yj = Hg i m-mn Q)

aete0,T7),j=1,....,m

Teopema 2. Ilpunycmumo, wo r > p/2,
©; € Y, i sukonyemoca ymosa Ay # 0 das
eciz k € ZP. Todi 3 tmosipricmio 0duruys
sadava (1), (2) poss’asna i Komnonenmu u;
i poss’asky u = col (uy, ..., Upy) SCLaOSO./LbHﬂ—
0Ms YMOBU {Dqﬂuj( ), DqJ_N AGD I Nap
Kpim mozo, , axwo eunonyembm YMOBa
min |Ag (k)| > 0, mo daa dosiavrozo € € (0,1)

keK
3 UMosipHicmio 1 —e na muoscuni SpX- - X Sy,
sadaya (1), (2) pose’asua i cnpagdocyromvces

OUIHKY

(=TT, ) Xl P<C5 Y oy Y17,
j=1

’ )7 Xt||2§

SACEY Nles Y17,

Jj=1

ID-N(I-TL) U (¢ (18)
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de Cy = 81/2('871)47”(QT.A)(mfl)mclRl R,
JIOBEAEHHA. dkmo A # 0 aas Beix
k € ZP, to nna dyukniit Up cnpaBaxKyto-
thes ominku (6), (7). I3 dbopmymu (16) i Jte-
mu Bopeng—Kanrenni [14, ¢. 13| Bumusae, 1mo
fIMOBIpHICTH HecKiHYeHHOCTI MHOXKUHEU {k €
ZP: |Ay(k)| < Ck ="} nopismioe myaesi. Orzxe,
3 #MOBIPHICTIO OJIUHUI BUKOHYIOTBHCS POTH-
nexui wepiBaocti |Ag(k)] > Ck™" pns Beix
Be KX K . ITizcraBasitoun ocTaHHi OMIHKHA Y
dbopmymu (6), (7), oTpUMYEMO BKIIOYEHHSI

{lN)qﬂ'uj(t, ), lN)‘Ij_Nu;-(t, )} C X,

3a YMOBH @; € Yj, 1e j = 1,...,m.

3 #MOBIpHICTIO 1 — € BUKOHYIOTHCS OIIHKH
3uu3y (17) ma muoxkuni ZP \ K, Tomy Ha nii
MHOKWHI 3 IMOBIpHICTIO 1 —€ 1 oTpuMy€eMO piB-
HOMipHY o1iHKY (18) Ha ocHOBI hopmy:t (6), (7)
Ta (17) [ ]

6. BucuoBku. OT1Ke, y poOOTi BCTaHOBJIE-
HO PO3B’SI3HICTD 3 IMOBIPHICTIO OAUHHIIS, III0/I0
mapaMerpiB y HeJOKaJbHil yMoBi (2), 3a1au4i 3
JIBOTOYKOBOIO HEJTOKATHLHOIO YMOBOIO JIJIST aHi-
30TPOIHOI CUCTEMU PIBHHb 3 YACTUHHUMHU 110-
xiganmu (1) 31 craaumu koedinienramu y mka-
JIi TLILOEPTOBUX MPOCTOPIB 27-1I€PIOJUIHUX 34
npocropoBuMu 3MiHHUME QyHKIH. OcobmmBi-
CTIO PIBHSAHD € IIyKaHa (PYHKINA 31 3MIIeHUMHE
SHAYEHHSIMU BEKTOPHOTO (IIPOCTOPOBOIO) ap-
TYMEHTY Z. 3ajlada IOB’sd3aHa 3 MpPOOIeMOIO
MaJIIX 3HAMEHHHKIB 1 € HEeKOPEKTHOIO II0JI0
mapaMeTpiB 3amadi. irg Manumx 3HaMeHHUKIB
BCTAHOBJIEHO OIIHKHU 3HU3Y 34 JIOIIOMOI'0I0 Me-
TPUYHOTO TiJIXO/LY.

CIINCOK JIITEPATYPH

1. Anmonesun A. b. Jluneiiubie GbyHKINOHATHHBIE
ypasaenus. OnepaTopHbrilt moaxoa. — Munck: YHuBEp-
cuterckoe, 1988. — 232 c.

2. Muwruc A. JI. Tuneiinse quddepeHnmanbHbIx
ypaBHEHHI ¢ 3ama3apiBaonmM aprymenTom. — M.: Ha-
yka, 1972. — 352 c.

3. Muwxuc A. JI. O HeROTOPBIX pobaeMax Teopun
ypaBHEHHH ¢ OTKJIOHIOIIMMCSI apryMeHToM // Ycmexu
mar. Hayk. — 1977. — T. 32, Bein. 2. — C. 173—202.

4. Xanranati A., Bexcaep /. Kagecrsennas reopus
nMmiysabcHbIX cucrem. — M.: Hayka, 1970. — 310 c.

5. Xetin . Teopus  yHKIIMOHATIHHO-
muddepentmanbabix  ypasaenuii. — M.:  Hayka,
1984. — 422 c.

6. JTumeunuyx I. C. Kpaesbie 3a/1a4u U CUHTYJIIP-
Hble WHTErpaJIbHbIE ypaBHEeHHA cO caBurom. — M.: Ha-
yka, 1977. — 448 c.

7.  Przeworska-Rolewicz D. Equations with
transformed argument an alebraic approach. -
Warszawa: PWN, 1973. — 354 c.

8. Invxie B. C. Po3p’a3HicTh HEJNOKANBHOI 33,1941
JJIsl CUCTEM PiBHSIHb 3 YaCTUHHUMHM MOXiTHUMU 31 3Cy-
Bamu aprymentis // Hayk. BicHMK Y3Kropom. yH-TY.
Cep. marem. i indopm. — 2010. — Bum. 21. — C. 72-85.

9. Invkie B. C. Po3B’s3HiCTh HEJOKAJBHOI 331241
AJid JTIHIRHUX HEOJHOPIAHUX PiBHAHb 3 YaCTUHHUMU
noxiguumu 31 3cyBamu aprymenTis // Bicuuk Har. yH-
Ty ,,JIbBiBCHKA TomiTexnika“. Cep. diz.-mar. HAyKM. —
2011. — Bum. 718. — C. 46-53.

10. Aavkue B. C. PazpemumocTb HEJIOKAIBHBIX 33~
Jad Ui yPABHEHWH C YACTHBIMH TTPOM3BOIHBIMU CO
CABUHYTBIMH apryMeHTamu. — MexayHap. Koud., mo-
csii,. 100-s1eruto co aus poxga. C. JI. Cobonesa. — Ho-
Bocubupck, 2008. — C. 142.

11. Medsidv O. M., Cumomiox M. M. 3anadga 3 in-
TerPATHLHAMU YMOBAMU JJIsI JIJIsT JIHIITHOI CHCTEeMT PiB-
HAHb 13 YAaCTUHHUMU TOXITHUMH 3 BIAXWUJIEHHM apry-
menry // Marem. sBicuuk HTIII. — 2007. — T. 4. — C.
414—427.

12. Iavxie B. C. HenokanbHa KpaiioBa 3a1ada, st
HOPMAJIBHUX AHI30TPOIMHUX CUCTEM i3 9aCTUHHUMH 10~
xiganmu 1 cramumu Koedinienramn // Bicuuk JIbBiB.
yu-1y. Cep. mex.-mar. — 1999. — Bun. 54. — C. 96-107.

13. Iavkie B. C. Hemokambhaa kpaiioBa 3amada
JJI CUCTeM i3 YaCTUHHUMU TOXiTHUMHU B aHI30TPO-
mHuX npocropax // HesnueiiHble TpaHUYIHBIE 33Ja4H.
—2001. — Bom. 11. — C. 57-64.

14. I'mowmnux B. H. HexoppeKTHbIE TpaHHIHDBIE
dagaan Aad auddepeHInaIbHbIX YPaBHEHWI € <a-
ctHBIMI Tpom3BomEBIME. — K.: Hayk.mymka, 1984. —
264 c.

15. Imawnux B. H., Invkie B. C., Kmimo I. 5.,
Ionuyx B. M. HemokanbHi Kpaiiosi 3amadi ay1a pis-
HeaHb i3 acTuHHuMu noximammu. — K.: Hayk. gywxka,
2002. — 416 c.

16. Iavxie B. C., II'mawmnux B. M. Banadi 3 meno-
KaJbHUMHU YMOBAMU JJIg PIBHAHD i3 YACTUHHUMU TTOXi-
gauMEA. Merpudnuit miaxia go mpobaeMu Maanx 3HA-
MeHHMKIB // YKp. mar. xkypu. — 2006. — 58, Ne 12, —
C. 1624-1650.

17. Teavgand H. M., Hlusos I. E. O60011eH-
wbie ¢yukiuu. HekoTopbre Bompock Teopun audde-
pennuanbubix ypasuenuit. — M.: @usmarrus, 1958. —
Boim. 3. — 274 c.

18. Kamo T. Teopusa Bo3MmylieHuil JnHEHHbBIX Olre-
paropos. — M.: Mup, 1972. — 740 c.

19. Baaciti O. JI., IImaewnux 5. 1. Henokambua
Kpa#ioBa 3aja4a JJjisi JiHIHHUX pPIBHAHb 3 YACTUHHHU-
MM TIOXiTHWMM, HEPO3B I3HUX BiIHOCHO CTAPIIOIl MOXi-
nHOI 3a gacoMm // Ykp. mMar. xkypH. — 2007. — 5, Ne 3. —
C. 370-381.

80 Hayxosuti sichurx Yepniseuvrozo nay. yn-my. Mamemamura. 2012. — T. 2, N 2-3.



