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CTOsA4I XBUI 3 NEPIOAWYHOKO AMMNITYAOIO B
ANCKPETHOMY HENIHINHOMY PIBHAHHI TUMY LUPEQIHIEPA
I3 HACUYYBAHOIO HENIHIAHICTIO HA ABOBUMIPHIW I'PATLI

CraTTs NpUCBSYCHA BHBUYCHHIO JMCKPETHOTO HEJHIHHOTO piB-
wsiHast Tuny peninrepa Ha JBOBHMIpHIH Ipatii. BuB4aroThest Takoro
THITy PIBHSHHS i3 HACHYYBAHOIO HeMiHiiHICTI0. CIIOYaTKy pO3IIISIHYTO
piBusHHS THmy Illpeninrepa 3 OiIbII 3arajibHOI0 HETIHIMHICTIO, sIKa
Mae TaKi 5K BIACTUBOCTI, SIK 1 HACHUyBaHa HeNMiHiIHICTb. [l Takux pi-
BHSHB OJIEPXKaHO Pe3yJIbTaT MPO iCHYBaHHS PO3B’S3KIB Y BHIJISIIL CTO-
SYUX XBWIb 3 TEPIOAWYHOI AMIUNTYIOK (3ayBaKMMO, IO TaKi
PO3B’I3KH 4acTO Ha3MBAIOTh Opm3epamu). JUIs 1bOTO JaHe PIBHSIHHS
MOJIaHO B OIEPaTOPHOMY BHUIVIAL B NMPOCTOPI JBOXCTOPOHHIX MOCIHI-
noHOCTel. [IpumnyiieHo, mo KoedillieHTH BiAMOBIAHOTO JiHIHHOTO
oreparopa yTBOPIOIOTh k-TiepioanyHi nociigosHocti. Lleit oneparop €
OOMEKEHHM 1 CaMOCIIPSDKEHHM Y MPOCTOPI BCIX A-TIEPIOJMYHHX MOC-
nigoBaocTei. [loTiM moOymoBaHO criemianbHUK (DYHKIIOHAN, KPUTHY-
Hi TOYKH SIKOTO B IOMY TIPOCTOPI € PO3B’I3KaMH BHX1THOTO PiBHSIHHS.
3Haiifneno moxigHy ['ato mporo ¢yHkmioHay. [lani po3riistHyTO MHO-
roBuy Hexapi m1s1 3a1aHoi BapiaiiitHoi 3a/1a4i, sSIKAil MPEICTaBIISE CO-
0010 MHOXXUHY HETPHBIAIBHUX KPUTUYHUX TOYOK MOOYHOBAHOTO (Y-
HKI[OHATy B INpOCTOpi k-niepioquuHux mociigoBHocTeil. [lokasaHo,
o 1eii Mmuoropua Hexapi HEMmOpoXHii 1 3aMKHEHHUIA ITiIMHOTOBHT
JtaHoro mpocropy. KpiM Toro, po3risHyTo BiANOBIAHY 3a1ady MiHIMi-
3allii 1 MoKa3aHo, 10 Ha po3MIIHyTOMY MHOroBuAl Hexapi 11 3agaua
3a MEBHHX YMOB Ma€ PO3B’S30K. A OTXKE, 38 IIMX YMOB BHXiJHE DiB-
HSHHS Ma€ HETPUBIAIBHI MEPiOJUYHI PO3B’s3KH. | 0cTaTOYHO, B CHITY
TOro, IO HACHYyBaHa HEJIHIWHICTH 3aJ0BOJBHSE BKa3aHi YMOBH, B
CTaTTi BCTAHOBJICHO iCHYBAHHS JJBOX HETPUBIAJIGHAX CTOSYUX XBUJIb 3
k-TIepioIMIHOI0 aMILTITY 10k TS IMCKPETHOTO HEMIHIMHOTO PiBHIHHS
tuny Ilpeninrepa i3 HacHYyBaHOI HEINIHIMHICTIO HA JBOBHUMIpHIi
rpari. OzpeprkaHi B CTaTTi Pe3yJsIbTaTé € MOMIMPEHHSAM BXKE BiOMHUX
Ppe3y bTaTiB Il JUCKPETHUX HEMHIMHUX piBHAHD TUIy llIpeninrepa
Ha OJIHOBHMIPHHX Ta IBOBUMIPHHX I'paTKaX.

Kawuosi cinoBa: ouckpemne neninitine pisusanns [lpedineepa,
08068UMIDHA TpamKa, CMOAYI X6U, KPUMUYHI MOUKU, MHO208UO
Hexapi, nacuuysana neninitinicme.
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MatematuyHe Ta KOMI'I'POTepHe MozentoBaHHA

Beryn. OcranHIM YacoM 3HAa49HYy yBary HpHAUIAIOTH MOJEISM, JHC-
KPETHHM 32 MPOCTOPOBOIO 3MiHHOIO. Cepell piBHSHb, SIKI ONMUCYIOTH TakKi
MoOJIeIi, HalO1IbII BiTOMUMU € PIBHSAHHS JIAHITIOTIB OCIIIUITOPIB, TUCKpPE-
THe piBHsAHHs sin-Topmona, cucrema ®epmi-IlacTi—Yiiama, OHCKpETHE
HemiHiitHe piBHsaHAA Upeninrepa.

Cepez po3B’sI3KIB TAKMX CHCTEM OCOOJIBOI YBaru 3aCiTyrOBYIOTh ODKyHi
xpuii. B crarmsx [1; 2; 7; 8; 14; 15; 18; 19] mocnimkeHOo NUTaHHS iCHYBaHHS
ODKy4YHMX XBHJIb B CHCTEMax OCIMJISITOPIB Ha ABOBUMIpHIH Iparii. B Toii xe
qac mst cucteM Depmi-IlacTu-Yiama Ha JBOBHMIpHIN IpaTIli BiTOMi AEKiTh-
Ka mpanp [3; 16], B IKMX OTPUMaHO YMOBH ICHYBaHHS IEPIOJUYHHX Ta BiJ0-
KpeMJICHHX ODKYYIHX XBHITh. B ctaTTsix [6; 9; 17] BUBYAIMCE ODXKYYi XBHITL TS
JUCKPETHOTO PiBHAHHSA sin-[opIoHa Ha JBOBHMIpHIH IPaTIIi.

[Ile oMM BaXXIIMBUM KJIACOM PO3B’SI3KIiB € CTOsMUI XBHII. B craTTsx
[4; 5; 13; 20; 21] gocmimKyBaNIOCh MATAHHS ICHYBAaHHS CTOSTYUX XBHIIb IS
JTUCKPETHHUX HENiHIMHUX piBHsAHb THITY Llpeminrepa.

Mertoro mi€i cTaTTi € 01epXKAHHS YMOB ICHYBaHHSI CTOSIYMX XBHJIb 3
MEepioMYHOI0 aMIUTITYAOI0 Ul JUCKPETHOTO HEIHIHHOTO PpiBHSIHHS
peniarepa i3 HaCHYYBaHOKO HENIHIHHICTIO HA TBOBIUMIPHIH IpaTIIi.

IMocranoBka 3agayi. Y 1iif cTaTTi BUBYAETHCS AUCKPETHE HENiHIIHE
piBHsHHS Tuny lllpeninrepa Ha MJIOCKIH IIIOYUCIIOBIH IpaTii i3 HAaCcCKH4Y-
BaHOIO HENIHIIHICTIO

il/./n,m (t) _an,my/nH,m (t) _an—l,my/n—l,m (t)_bn,mV/n,mH (t)_

a0 . O
_bn,mfl‘//n,mfl (t)_cn,ml//n,m (t)+—zl//n,m (t) = 0’ (n,m) €L 4
l+|l//n,m (t)|
e Y, (t) — xBunboBa QyHkuis (n, m) -i YacTHHKH, (amm ),

(bn’m)c R, ¢ # 0. 3ayBakumo, mo B crarti [10] BUBYaIUCh IBOBUMIpHI

COJIITOHHU B MOJIOHUX PIBHSIHHSIX.
Crostdi XBUIII B IbOMY BUIIaJIKy MalOTh BUTJIS

Vo (1) =u, , exp(—iar), ()
Je (un m) c R Ha3uBaeThCs aMILTITYHOO CTOSAYOI XBUII, 8 @ € R — wac-

ToTOI0. Taki po3B’sI3KM iHONI HA3WBAIOTHh Opm3epamMu abo JTaKyHApHUMH
COJITOHAMH.

Bynemo BuB4aTH crosdi XBWII 3 k -TIEpiOANYHOIO aMILIITY X010, TOO-
TO BIAIIOBITHO
=u

u n,m+k :un,m' (3)

[MincraBnstoun crosiay XBwiro (2) B piBHAHHA (1) 1 BpaxoByro4H, 110

n+k,m

|exp(—ia)l)| =1, oep>KUMO PiBHSIHHS
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amn,m _an,mun+l,m _an—l,mun—l,m _bn,mun,m-H -
3
5 Hitwm__ “4)
— n,m—lun,m—l _Cn,mun,m + 1 Y
+ Uy

IToznauumo yepes

(Lu)n’m = an m n+1 m +an l,munfl,m +bn m%n,m+1 +bn m— lun m—1 +cn m n m»

3
o)

+un’m

Topni piBHsiHHSA (4) HaOye BULISALY
Lun,m —oUy, :f(un,m)‘ (5)
Hapmani Gynemo po3rismaTy OibIn 3arajabHE PiBHAHHSA (5) 3 IESKOIO

HENiHIAHICTIO  f (unm) Hexait F (t) mepBicHa (QYHKIISA 11 QYHKIIT

f ( ) TOOTO F J f ds Toxi BCcrou fajti MPHUITyCTAMO, 10 BUKO-
0
HYIOThCSI HACTYIIHI YMOBH:

(i) mocinoBHOCTI (an’m) i (bn’m) NepioJiuyHi, TOOTO a

b =b =b

n+k,m n,m+k n,m > Cn+k,m = Cn,m+k = Cn,m

n+k,m —

= an,n1+k = an,m s

HWKHBOIO MCIKCIO CIICKTpa OIepaTopa L € gucio 0;

(iz) f() (t) t—>01 11mM:l<oo;

t—>to  f

(i5) feC' (R)if()e<f(), t=0;
(i) tim (% f(t)t—F(t)j e

t—o0
3ayBaskennsi 1. 3a Bukonanus ymosu (i) omeparop L € oOMexe-

HHM i CaMOCTIPSDKEHHM y TpocTopi /°, a 3a BHKOHaHHS yMoB (i, ), (iy)

/(1)

¢byHKIiSA |t| CTPOTrO 3pocTaroya, To/l K QyHKIis % f (t)t -F (t) cTpo-

ro 3pocrae npu ¢ >0 icrporo cnangae npu ¢ < 0.

Bapiauiiine ¢popmyaoBanns 3agaui. Hexail k£ >2 — uine yucno.
Toni uepes E, MO3HaYMMO MPOCTIP BCiX K -NMEpioAMYHUX MOCIiIOBHOCTEH

(un’m) , SIKi 3a0BONBHSIOTH YMOBY (3). Lle cKiHUeHHOBHMipHHN TPOCTIip
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MatematuyHe Ta KOMI'I'POTepHe MozentoBaHHA

31 CKasIpHUM  JT00YTKOM (”=")k = Z Uy V., T& HOPMOIO
(n,m)eQ,

1

, )2
[ =[ 2 umm|] , ne
(n, m)e0,

0, :{(n,m)eZz:—|:§:|<n,m<k—{§:|—l},

[x] — uina yactuHa x. IHomi Mu Oymemo posrisaaru /7 -Hopmy Ha E,
1

» P
”“l[: Z un’m| , 1< p<oo
(n, m)eQ,
Haragaemo, mo mpu 1< p<g <o

el <l - (6)

3ayBaXUMo, 10 orepaTop L —@ € OOMEKEHHM 1 CaMOCTIPSDKECHUM Y

npoctopi E; . Ha npoMy npocropi posrisiHeMo (pyHKIIOHAI
Jy (u):%(Lku—a)u, u)k - Z F(u,,,m), (7
(n, m)eQ,

ge L, — omepatop L, sxuil mie B mpoctopi E, . be3nocepenuim o6uuc-
JICHHSIM OJIEPKY€EMO:

Jlema 1. Iloxinua I'ato dyHKUioHaMy J, BHU3HAYacThCA 3a (HOPMYIIO0

<J,; (u), h> = (Lyu—ou, h)k - Z f(unm )hn’m su,heEg, (8)

(n, m)eQ,

a Horo KpUTHYHI TOYKH € PO3B’sI3KaMu piBHAHHSA (5) 3 mpocTopy E .

Jonomixui nemn. st Gyrknionany J, osnaumnMo MHorosux Hexapi
N, :={ueEk|<J,L(u),u>=0,u¢0}cEk. 9
Baezemo nosuavenns [ (u):= <J i (1), u> . e C'-¢pynkiionan, mo-

ximHa ["aTo sikoro BU3HAYAETHCS (HOPMYIIO0

<I,2 (u), h> =(Lyu—-au, h), - > (f(un,m)+f'(un’m)un,m)h”’m .(10)

n, m)eQ,
Jema 2. Hexaii Bukonytotsest ymoBH (i) —(iy), @+1>0, o <0.
Toxi MuOkMHA Ny € HETIOPOXKHIM 3aMKHEHUM C'-I1iIMHOTOBHIOM y TpOC-
Topi E,, Ha sikomy I;(u)#0. Kpim Toro, icmye [, >0 Take, mo

||u||k >2f, Taueh,.
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JoBenenns. Hexait o (—a), / ) 1 E5 — cnexTpaibHuil MiANpocTip
oneparopa L, —® B mpoctopi E; , mo Bianosinae Bigpizky [0, &]. Ocki-
mbkn —w € o (L, —®), 10 E5 # {0} . Hexaii ve E;\{0} . 3a ymoBoto (i)

(i) )= (Ly=0v.v), = 3 S ()7 =

nmer

p— 2 p— —
t (Lkv v, v)k o(t )> 0
JUTS TOCTaTHRO MaymX ¢ > 0. 3 iHmoro 60Ky,

<J,i (tv), tv> =7 (Lyv—ov, v)k - Z f(tvn,m )tV,,,m <

(n,m)eQ,
2
(op - 3, Ll
(n,m)eQA n,m

. . 2
3a ymoBow (i) cyma B xyxkax 30iraetecs mo [ ||v||k , a TOMYy
<J i (v), tv> <0 nnst mocratubo Bemukux ¢ > 0. Toxi icHye t* >0 Take,
1o <J,; (1*v), t*v> =01 t*ve N,.Otmxe, N, #J.

Hexait u € N, , Toai 3 piBHOCTei! (7) 1 (9) Maemo

! !/ 2
<Ik (u), u> :<Ik (u), u>—2]k (u)=" > (f(un’m)un’m —f'(un’m)un’m).
(n,m 0,

3a ymoBoto (i3 ) st cyma € Big'emuowo. Tomy I; (u)#0 i 3a Teopemoro
npo HesBHy QyHkuito N, € C ! _migMHOrOBHIOM B npoctopi Ej . 3aMKHe-
HicTb E, O4yeBUIHA.

t
[lepeitnemo tenep o apyroi yactunu gemu. Hexait go(r) =sup f( ) .
MSr t

Lle 3pocratoua ¢yrkuis mpu >0 i 3rigso (i) @(r)—>0 mpu r —>0.
Hexaif u € N, . 3a3HauumMo, 1o omeparop L, —@ HOATHO BU3HAYCHUM.
Toni 3 o3HaueHHst MHOTOBHIY Hexapi 1 HepiBHOCTI (6) MaeMo

e < (21— o, ) Z S (tnm Yt <

(n,m)eQ,

<o, )-uuuk <o (Jul,)- Il

A 11¢ 03Hauae, 110 go(||u||k)2|a)| Ockinbku (YHKINS @ 3pocTarda, TO

3Haligerses S, > 0 Take, o ||u||k 2 By, ueN,.



MatematuyHe Ta KOMI'I'POTepHe MozentoBaHHA

3ayBa:keHHs1 2. JIoBEJICHHS JIEMH TOKa3ye, IO AKIO J, (v) <0, 1o
icHye enuHe t*€ (O, 1] Take, WO ¢*veN,, a TakokK ICHye Take
ve E \{0}, mo J; (v)<O0.

3 piBHOCTI (7) BUILIMBAE, 10 HA N,

1 1
Jk (u):‘]k (u)__lk (u): Z (_f(un,m)un,m _F(un,m )] (11)
2 (n, m)eQ, 2

Jema 3. Icuye Take uncno oy =, (k) >0, mo J, (u)>a, s Beix
ueN,.

Josenenns. Hexait u € N, , Toxi

1 1
S )= (@)1 )= T (—f(u,,,m Yty F (1 )j.
2 (n, m)eQA 2
3a semoto 2, [uf, > B, > 0. Omxe, icayiors (ny, my)e O, (ne 3anexars

Bin u) i & =0,(k, f)>0 (TaKkok He 3ameXuTh Bifl u) Taki, 1O

. 1
u, | 26, Tomi, nmoxnasum «, = > 1(80)8 —F(8), 3a sayBaxenusm 1
maeMo, o Jy (u) > oy mnst u e Ny,

Jema 4. Slkwo u € Ny, 10 ynkuis ¢(¢)=J, (tu), t >0 Mmae equny
KPUTHYHY TOUKY TIpH ¢ =1 .

JoBeaenHs. 3HalIEMO TOXiTHY

(ﬂ’(t)z[%(Lk (tu)— otu, tu)k— Z F(’”n,m)J -

={%;,‘2(Lk(u)—a)u, u)k— Z vF(tun’m)] =

Ockinbku Ha N,

¢)’(1)=(Lkun,m —OUy s Uy )k - Z f(un,m)un,m =<Jl:r (Ll), u>=09
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10 =1 € KpuTHUHOW TOuKOW QyHKUii ¢@(¢). [i enumicts BuUIMBaE 3i

120)
t

CTPOTroi MOHOTOHHOCTI (DYHKIIIT

OcHoBHUIi pe3yJbTaT. 3a 1eMOI0 4 TOYKH MiHIMyMY (QYHKIIOHATY
J, Ha N, € po3p’si3kamu piBHAHHA (5). ToMy IpUpOIHO PO3MIIAHYTH Ha-
CTYITHY 3ajiady MiHiMi3arlil
my =inf {J; (u):ue N} (12)
Jema 5. Hexaii Buxonyiotsest ymosu (ij)—(iy), @+1>0, @ <0.
Toni 3amaua (12) Mae po3B’sI30K.

Hosenenns. Hexait (u’ ), u’ € N, — MiHIMi3yI04l HOCIIiJOBHICTb

s J, , To0to J), (u’) — my, . 3 piBHOCTI (11) Maemo
JW)- X (l f(u;;;m)u/,;m_F(u;,m)}
(n, m)eQ, 2

Toni ymoBa (i4) 03Hauae, 10 “u’”l obmexxeHa. OCKiIbKU IpocTip E)

CKIHYEHHOBUMIPHHUH, a [ -HOpMa eKBiBaJICHTHA eBKJII0BIi HOpMi Ha E| ,

TO TMOCIIIOBHICTB (u’ ) € obmexeHoro. [lepexosun 10 MiAImoCIiq0BHOC-

Ti, MH MOJKEMO BBAXKATH, 110 (u’) 36iraetbest 10 u € Ny i Jy (u)=my .0

OCHOBHHMMM pE3yJIbTaTaMH IIi€] CTATTi € HACTYIHI B TEOPEMH.
3 ieMu 5 BUILTUBAE TEOpEMa:

Teopema 1. Hexaii Buxonyiorscs ymosu (i)—(iy), @+1>0,
@< 0. Toxi nnst Oyap-sikoro k > 2 piBHAHHS (5) Mae HETpUBIANbHUIA k -
MepioMYHUN PO3B’SI30K ulh) E, . Kpim toro, sxmo ¢yHKIis f Hemap-
Ha, TO piBHAHHA (5) Ma€ JBa HETPUBIAJIBHI PO3B’SI3KH + ) ¢ E,.

3
MUy

= , H#0 3a-
1+u;, ,

OCKUIbKM HacH4yBaHa HENIHIMHICTE [ (un’m)

noBosibHsie yMmoBH (i, )—(iy ), To 3 Teopemu 1 BuIUIMBaE Teopema:

Teopema 2. Hexail BUKOHY€EThCS yMOBa (i] ) , 0+u>0, w<0. To-
Ji i Oyap-sikoro k > 2 piBHaHHS (4) Mae JBa HETPUBIAIbHI PO3B’SA3KU
+u() E,.

11



MatematuyHe Ta KOMI'I'POTepHe MozentoBaHHA

BucnoBku. TakuMm 4MHOM, y Wiil CTAaTTI OJEpKAHO pe3yibTaT PO

ICHYBaHHS CTOSIYMX XBHJIb 3 TIEPIOJMYHOI aMILTITYAOK VIS AUCKPETHOTO
HeniHiHOTrO piBHsAHHA Ty Illpeninrepa i3 HacHYyBaHOIO HEJIHIHHICTIO
Ha JIBOBUMIpHIH Iparii.

10.

11.

12
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STANDING WAVES WITH PERIODIC AMPLITUDE
IN THE DISCRETE NONLINEAR SCHRODINGER TYPE

EQUATION WITH SATURABLE NONLINEARITY ON 2D-LATTICE

This paper is devoted to the study of a discrete nonlinear Schrédinger equa-
tion on a two-dimensional lattice. This type of equations with saturable nonlin-
earity is studied. We first consider the Schrodinger type equation with a more
general nonlinearity, which has the same properties as saturable nonlinearity.
For such equations, we obtain the result of the existence of solutions in the
form of standing waves with periodic amplitude (note that such solutions are
often called breathers). To do this, the given equation is presented by operator
form in the space of two-sided sequences. It is assumed that the coefficients of
the corresponding linear operator form k-periodic sequences. This operator is
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bounded and self-adjoint in the space of all k-periodic sequences. Then a spe-
cial functional was constructed, the critical points of which in this space are so-
lutions of the original equation. A Gateaux derivative of this functional is
found. Next we consider the Nehari manifold for a given variational problem,
which is a set of nontrivial critical points of a constructed functional in the
space of k-periodic sequences. It is shown that this manifold is a non-empty
and closed subset of a given space. In addition, the corresponding minimization
problem is considered and it is shown that this problem has a solution in the
Nehari manifold. Consequently, under these conditions the original equation
has nontrivial periodic solutions. Finally, due to the fact that saturable nonline-
arity satisfies these conditions, the existence of two nontrivial standing waves
with k-periodic amplitude for a discrete nonlinear Schrodinger equation with
saturable nonlinearity on a two-dimensional lattice is established. The results of
this paper are the distribution of already known results for discrete nonlinear
Schrodinger equations on 1D and 2D-lattices.

Key words: discrete nonlinear Schrédinger equation, 2D-lattice,
standing waves, critical points, Nehari manifold, saturable nonlinearity.
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NUMERICAL COMPLEX ANALYSIS METHOD FOR
PARAMETERS IDENTIFICATION OF ANISOTROPIC MEDIA
USING APPLIED QUASIPOTENTIAL TOMOGRAPHIC DATA.

PART 1: PROBLEM STATEMENT AND ITS APPROXIMATION

The approach to the solving of gradient problems of parameters
identification of quasiideal fields with using applied quasipotential
tomographic data based on numerical complex analysis methods is
transferred to cases of anisotropic media. We, similar to the existing
works of world scientists, some additional information about the na-
ture of the distribution of conductivity inside the domain (research
object) is considered a priori known. However, in opposite to the tra-
ditional approaches to the statement and solving the problems of
electrical impedance tomography, we set the local velocities distribu-
tion of a substance (liquid, current) in addition to the averaged poten-
tial at the contact sections of plate and body and at other sections
(stream lines), we set the potential distribution (according to experi-
mental data, which we approximate using splines, Bezier curves,
etc.). Generation of initial data at the boundary of the investigated
object is carried out in accordance with the polar model of current in-
jection and a given sum of eigenvalues of the conductivity tensor of
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