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Physical and mathematical sciences
Du3uKO-MaTeMATHYeCKUE HAYKH

YAK 517.95

KOPPEKTHAS PASPELIUMOCTH HEJTOKAJIBHOM KPAEBOM 3AJAYM JUISI OJJTHOT'O
KJIACCA YPABHEHUM

I'.A. AGaukanuKoBa, KaHIUAAT PU3UKO-MaTeMaTHUECKUX HAYK, TOICHT Kadempol
(dyHIaMEHTaIbHOM U MIPUKIATHON MaTeMaTHKH
AKTIOOMHCKH perHOHANBHBIN rocynapcTBeHHbIH yHuBepcuteT nM. K. JKybanoa, Kazaxcran

Annomayusn. Hccnedyemcs kpaegas 3a0aua ¢ HeIOKANbHbIMU YCIOGUAMYU OJisl CUCEMbl YPAGHEHUTI 8 YACHBIX
NPOU3BOOHBIX 8MOP0O20 Nopadka. Memoodom napamempuzayuy yCmMarHogienbl Kodgguyuenmusie docmamouHule ycio-
8UsL KOPPEKMHOU PA3peuumMocmi paccmampusaemol 3a0auu 8 mepmMuHax UcXoonvix oaunnvix. Ilpednodcen anzopumm
HAX0ICOEHUsL PeUteHUs.

Knioueguie cnosa: kpaesas 3a0aua, nenokanvHoe yciogue, Memoo napamempusayui, KOppeKmnHocmn, paspe-
WUMOCTb.

Ha Q= {(X,t) T<x<t+w0<t< T},T >0,® >0 paccMoTpuM HeloKabHYIO KpaeBylo 3a1ady Juis

CHCTCMBbI ypaBHeHI/Iﬁ B YaCTHBIX IPOU3BOAHBIX

D{%u} - A2 s+ £ (x) 0
ou ou
B(x)a—(x,0)+C(x)a—(x+T T)=d(x), xel0w)] @)
X X
ut,t)=,@t), telo,T], @3)
Du(t,t)=",(t), te[o,T]. (4)
n o 0
3niece UeR", D= a+a—, (I’]X n)-ManHuLI A(X,t), S(X,t) u N -pekTop-QyHKIMSA f(X,t) He-
X

npepsiBHbi 0 X 1 t Ha Q) (n X n)-ManI/IHBI B(X), C(X) u N -BekTOp-QYyHKIUS d(X) HEIIPEPBIBHBI Ha [0,0)];
dynxums P, (t) HenpepbiBHO M depenmmpyemas u ‘Y, (t) HernpepbIBHAs QYHKIHA Ha [O,T ]

O603Ha4NM yepe3 C(f_l, Rn) IpPOCTPAHCTBO HenpepblBHBIX 0 X u t dymkiuit U : Q—>R"c HOpMOW

Jull, = e utx, o).

A(x,t)| = max maxZ‘aij (x.t).

Xte(2|1n i1

XteQ

A=

XteQ

|d], =

mex, mex [d (x| [, =mex|¥, (t), i=12.

Ienpio paboOTHI ABISAETCS HAXOXKACHHE KOI(PPHUIIMEHTHBIX TOCTATOYHBIX YCIOBHA KOPPEKTHOW Pa3pelnIuMOCTH
3anauu (1)-(4).

B Teopun kpaeBbIx 3ama4 i quddepeHInaNbHbIX YPaBHEHUH B YaCTHBIX MPOU3BOIHBIX 3HAYUTEIBHBIA WH-
Tepec MPEICTABISIOT 3aa4l C HEIOKAbHBIMHU orpaHudeHusiMA. OTMeTuM padoTsl [3], [S], Tae MOXHO HAlTH OIPOO-
HBIA 0030p 1 OubIHOrpaduio mo 3TuUM 3aaa4am. J{J1s uccieToBaHMs KPAeBhIX 3a/1a4 CUCTEM THIIEpOOTUYECKUX YpaBHE-

© A6mukanukosa I'.A. / Abdikalikova G.A., 2014
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HHUH CO CMEIIAHHOW MPOM3BOAHOW B [2] MpeasokeH METOoJ BBeACHHs (PyHKIMOHAIBHBIX MapaMeTpOB, SIBIISIOLIEIOCS
00001IeHneM MeTo/1a TapaMeTpu3anuy [4], pa3paboTaHHOTO /I PELICHUs KPAaeBbIX 3a7ad OOBIKHOBEHHBIX TuddepeH-
LMAJIbHBIX YPaBHEHHH.

ou
Crientyst [1] BBeieM HOBbIE HEH3BECTHBIC (DYHKIMN V(X,t) = a—(X,t), W(X, t) = DU wu torma 3amauga (1)-(4)
X

CBOJUTCSA K DKBUBAJCHTHOMU 3aJa4e JJis1 CUCTEMBI rnnep6on1/1qec1<1/1x ypaBHeHI/Iﬁ TNEPBOTO MMOpAAKa

Dv = A(x,tlv+S(x,tlu+ f(xt), (xt)eQ, ()
B(x)V(x,0)+ C(xv(x+T,T)=d(x), xe[0,m], 6)
u(x,t)= Tl(t)+jv(n,t)dn, te[0,T], @
W)= w,0)+ [Dv(p.tdn,  te[oT] ®

t

Ecnu HenpepbiBHAsS GyHKIUSA U(X,t) M3BECTHA, TO pellasi IBYXTOUEUHYIO KpaeBylo 3anauy (5)-(6), Haxoaum

V(X,t). Ecmu HempepriBHAs (yHKIUSA V(X,t) SIBIISIETCST M3BecTHOU, To m3 (7)-(8) ompenenmum QyHKIUH U(X,t) u
w(x,t).

Ecmn  ¢dyaxmms U(X,t) sapisieTcs  pemieHueM 3amaun  (1)-(4), TO Tpoiika HENpPEepHIBHBIX (QYHKIUU
(V(X,t), U(X,t), W(X,'[)) - pemenue 3amaun (5)-(8), Tme V(X,t): Z—u , W(X,'[) = DU wu, maoGopor, eciu
X

(V(X, t), U(X, t), W(X, t)) - pemenne 3amaun (5)-(8), To u3 (7) cienyert, 9To GyHKIUSA U(X,t) YAOBJIETBOPSIET YCIOBHIO
ou ou [au

ou
(3) u uMeer HenpepbiBHbIE Npou3BoaHble — , — 1 D| — | . IloacraBus V(X,t) =— B (5)-(6) u yunrtsBas (7)-
ox ot OX OX

(8), W(X,t)= Du wumeem, uro ¢yukuus U(X,t) ynoBieTBopsieT ypaBHeHuio (1) m ycmoBuam (2)-(4) mpu Bcex
(X,t) €, xe [0, a)], te [O,T], TO €CTh QYHKIUS U(X,t) — pellieHre HeJIOKaIbHOM KpaeBol 3axauu (1)-(4).
Tpoiika HenpepbBHEIX Ha (2 dyHKIMit (V(X,t),U(X,t), W(X,t)) Ha3bIBAETCSl PELIEHUEM KpaeBOH 3ajadyu
Ut ypaBHeHHS (5) mpu ycnoBusx (6)-(8) B mupokoM cMmeicie mo Opunpuxcy [6], ecnu GyHKIUSA V(X,t) HETPEPLIBHO
nudpepennupyema 1o nepeMeHHoN { BIONL XapakTEPHCTUKU M YIOBJIETBOPSET CEMEHCTBY OOBLIKHOBEHHBIX au(pde-

PEHIHANBHBIX YpaBHEHUH, yCIIoBHIO (6), Tae QYHKITUSL V(X, t) ¢ GYHKIIUAMH U(X,t) " W(X, t) CBsI3aHA COOTHOIIIEHU-

smi (7)-(8).

HenokaneHyro kpaeByro 3agauy (5)-(8) mis cucteMbl ypaBHEHUH C 0JIMHAKOBOH TJIaBHOM YacThio o Kypanrty,
CBOIMM K CEMEICTBY OOBIKHOBEHHBIX Iu(depeHIManbHEIX ypaBHeHmii ma H = {(f, z’)i 0<&<w0<7<T }
T>0,w>0:

|2

RGN AS(E T (E )+ T(ED) celoT] ©

)

T

C 'paHUYHBIM YCIIOBUEM

B (£.0)+C(eN(£T)=d(&) &<0a), (10)

Q)yHKLII/IOHaJ'IBHBIMI/I COOTHOULICHUAMU
S+t

06 7)=¥0)+ [Verds,  reloT], 11
#ee) =) | Llehs,  reloT] @)

T

11
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e V(&,7)=v(é+1,7), ,&(f,r):A(§+r,r), S~(§,2'):S(§+r,z'), F(f,r): f(&+7,7),
(f T) (§+T T) ~(§ Z‘)— (§+Z' Z'); (nx n) — MaTpuIbl Zx(é,l’), §(§,T) u N — BexkTOp-QyHKIMSA
(f T) nenpepbiBEb 0 & u T Ha H; B(f) 6(5) - (n X n)— Marpuibl 1 N - BEKTOp - QyHKIUA 5(5) — He-

TIpepHIBHEI HA [0, a)] ; dynkuus W) (T) nenpepsiBHa u '\, (T) HenpepbIBHO MU pepeHupyema Ha [O,T ]

Yepes C(ﬁ Rn) 0603HAYMM POCTPAHCTBO HempepbiBHEX Mo & 1 7 ¢ynkunit V . H — R" ¢ nopmoit

mex (&7

HenpepeiBHas GpyHKIMS \7(5 ) z’) Ha3bIBACTCSI pelIeHneM KpaeBoii 3aaunt (9)-(12) npu n3BECTHBIX HENPEPHIB-

560(0 reOT

HBIX (YHKIHUIX G(é:,f) u V~V(§ ,Z'), ecnd  (yHKIUS \7(5,’[) S C(ﬁ, Rn) HUMEET HEMpPEPBIBHYIO MPOU3BOIHYIO IO
MEpEeMEHHO 7 W yIOBIETBOPSET CEMEHUCTBY OOBIKHOBEHHBIX Au(depeHnnanbHeIX ypaBHEHUH (9), KpaeBOMY YCIOBHIO
(10) mpu Bcex (éf,’[) eH, e [O, a)], rae QyHKiuu J(f,’[) u VT/(é:, Z') CBA3AHBI C (pyHKIMEH \7(5,2’) byuxmmo-
HaJIbHBIMU cooTHOmeHusmu (11)-(12).

HenpepsiBaas Ha Q byHKIHS U(X,t) = U(X - '[,t) HAa3bIBACTCS PEILCHHEM KpPAaeBOM 3a1a4u ISl CHCTEMBI

ypaBHeHUs (1) ¢ yenoBusimu (2)-(4) B IIIPOKOM CMEICTIE.
Jis HaxoxaeHus pemreHus 3anadn (9)-(12) mpemmoxkeH anropuTM.

ar 0: B (9) mpurnMas U(§ ,T)Z ‘Pl(T), peIMB IBYXTOYEUHYIO KpaeBylo 3amady (9)-(10), ompenemum

)
~ ~ Vv \'
HayaabHOE MPUOIMKEHHE V(O)(f,’[). Ucnonb3ys V(f,’[) (f T ) 6_ 66 u3 cootHomenuit (11)-(12)
T

HAXOJMM G(O)(f,f) u v~v(°)(§,r), COOTBETCTBEHHO.

Ilar 1: B3ss B mpasoii yactu (9) J(f, 2’) = G(O)(ﬁ, T), pelas KpaeByio 3a)1aqy (9)-(10), ompezenum mpu-

o7 —(&0r) o T(6,7)

OMKeHNe \7(1) (f , 2'). Honcrasnss B (11)-(12) HatineHHYI0 QYHKIHIO \7(1) (f , T)

(l)(f, Z'). U .n.

o (k (k
[Iponomxus 3TOT NIpoLece, Ha k -om mare HOIY4YHM (V( ) (5 ) T) (k) (f T) (5 T))
Ha xax7om mare mpeuio’KeHHOTO ajroOpuTMa MPHMEHsieM METOJ| MapaMeTpu3alii JUIsl HaXOXKACHUS pelle-
HUs ABYXTOUEYHOHN KpacBOU 3aau.
OfHUM W3 OCHOBHBIX YCIOBHI OJHO3HAYHOHN pa3pelIMMOCTH MOCTABICHHOW 3aJa4l SBISIETCS 0OpaTHUMOCTh

MaTpPHUIIBI QV (f , h), h>0:Nh=T, v,v=12,.., cocraneHnas u3 CyMM MOBTOPHBIX MHTEIPANIOB 11O HepeMEH-

Hoit 7 jumHbl N OT KOYDDUIHEHTHOM MATPHIBI CHCTEMBI M MATPHI] IPAHMYHOTO YCIOBHS

hB(&) 0 0 ..0 hC(E)1 + L, (&h))]
I+L,(&h) —I 0 .. 0 0

Qv(é'h): 0 I+Lv2(§’h) —1 .. 0 0 )

0 0 0 .. l+L,,(E&hn) -1

| — equnuunas matpuna pasmeproctu N,

rh - rh - g
J.A(g,rl)drlJr IA(é‘,rl) JA(§,TZ)drzdrl+..+
(r-1)h (r-1)h (r-1)h

rh

I Z\(f,rl)... TTIZ\(f,rv)jrv...dz'l.

(r-1)h (r-1)h

12
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Teopema 1. ITycmo npu nexomopoix h>0:Nh=T, v v,v =12,..., (nN X nN) — mampuya Qv(f,h)

06pamuma npu ecex é S [O, a)] U 8bINOJIHAIOMCA HepaeeHcmea.

o[ €= ()

6) q,(&,h)=7.(h max{thC A _1— g(Eh - __laleh) <o<l,

vl

20e 0((5)

Toe0a nocnedosamenvHvle NPUOTUIHCEHU (V (k) ( ) (k) (f T ) (f T)) PABHOMEPHO CXO0AMCA K
(\7* (gg, Z'), u” (5, T), w* (f, T)) € C(ﬁ, R" ) — eouncmeennomy pewieruto saoauu (9)-(12).

[pu moKa3aTeNbCTBE TEOPEMBI UCIIONB3YETCs CXeMa J0Ka3aTenbcTBa TeopeMsl [4, €.54], [1] u yka3aHHbI# ai-
TOPUTM HAaXOXKACHHUS pelIeHus KpaeBoit 3aaauu (9)-(12).
Teopema 2. Ilycmo gvinonnenst yciogusi meopemvl 1. Toeda nenokanvhas kpaeeas 3adaua (1)-(4) umeem
* 0O n
eduncmeennoe peuerue U (X,t)e C(Q, R )

W3 teopemsr 1 BeITekaeT, uto 3a1a4a (9)-(12) ogHosHauHo paspemmma. Tak kak 3amgava (9)-(12) sxBuBajzeHTHA
3amaue (5)-(8), a 3amaga (5)-(8) sxBuBanentHa 3amade (1)-(4), To momydmm, uro 3amada (1)-(4) mMeeT emUHCTBEHHOE

penenue U*(X,t) € C(f_l, R" )

OTMeTHM, 4TO NpU (PUKCUPOBAHHON (YHKIMU U(f T ) 3agaua (9)-(10) sBngeTcst ceMeHCTBOM JIByXTOYECUHBIX

HA ¢, r)ﬂ o =const.

TEOT]

KpaeBbIX 3aa4 Uil OOBIKHOBEHHBIX AN PEepeHIINATIBHBIX yPaBHEHHN

gi _ AN +6(E7) ce[oT] (13)
T

¢ TpaHUYHEIM ycioBueM (10).
K cemeiicTBy THHEHHBIX IBYXTOYCUHBIX KpaeBhIX 3anad (13), (10) mpuMeHsieTcss MeTo] ITapaMeTpH3alni.
Onpenenenne. J[ByxToueunas kpaepas 3agaua (13), (10) Ha3pIBaeTCSI KOPPEKTHO pa3pelinuMon, €ClIu sl JT0-

OBIX é(g, T) u a’(é) OHa UMCCT CAMHCTBCHHOC PCIICHUC \7(6, T) S C(ﬁ, Rn ) n 11 HETO UMECT MECTO OIICHKA
mex| (e, ) < ke Jmax( ], e )

rre K («f ) - HempepbIBHAS Ha [O, a)] (YHKIUS He 3aBUCIIAS OT é(f , T), a (f ) .

Onpenenenne. Kpaesas 3anaua (1)-(4) HaspIBaeTCA KOPPEKTHO PaspellUMON B MIMPOKOM CMBICTIE, €CId s
moosix | (X,t), d (X), Y, (t) u ‘Y, (t) OHa MMeeT eIMHCTBeHHOe pemenne U~ (X,t) eC f_l, Rn) U JUIS HETO crpa-
BEJINBA OLEHKA

ou
e o, 2

J < K max(| ] Ja], [, [ ],).

0

rne K = const we 3aBucwur ot f(X,t), d(X), ‘Pl(t) " ‘Pz(t).

Teopema 3. Ecin xpaeBas 3amaqa (1)-(4) mis 006X GyHKIUI f (X,t), d (X), ‘I’l (t) " ‘Pz (t) HMEET €IUH-
CTBCHHOC PCIIICHHE, TO OHA KOPPEKTHO paspelinma.
Eciii OCTpOeHHOE pelIeHUe B NIMPOKOM CMBICIE HempepbiBHO auddepenmupyemo mo X u t, o ¢pynkums

ou ou ou
U(X,t) 06naaarou1a51 HerepBIBHBIMI/I YJaCTHBIMH HpOI/I3BOI[HBIMI/I — Yy — |, y):[OBJ'IeTBOpHIOHIaSI ypaBHeHmo

ox' | ox

(1) mpu Beex (X,t) eQc ycinoBusiMU (2)-(4) sIBISIETCSI U KIIACCHYECKHM pPElIeHHEM KpaeBoii 3aiaun (1)-(4).
Pa6ora BermosaeHa o rpanty Ne 0113PK00686 MOH PK.
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PROPER RESOLVABILITY OF NONLOCAL BOUNDARY VALUE PROBLEM
FOR ONE CLASS OF EQUATIONS

G.A. Abdikalikova, Candidate of Physical and Mathematical Sciences, Associate Professor of Fundamental
and Applied Mathematics Department
K. Zhubanov Aktobe Regional State University, Kazakhstan

Abstract. The boundary value problem with nonlocal conditions for partial differential system of the second
order is investigated. Using the method of parameterization the coefficient sufficient conditions of proper resolvability
of a considered problem in terms of basic data were defined. The algorithm of determining solutions is offered.

Keywords: boundary value problem, nonlocal conditions, parameterization method, proper, resolvability.
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YK 519.6
PEI'YJAAPU3ALIA YPABHEHUS 'EJIb®AHJA-IEBUTAHA METOJIOM YCTAHOBJIEHUSA

A.A. AGeeBa, MarucTp MaTeMaTHKH, TpernoaBarelis kKaheapsl «MaTeMaTHKa U MPUKIAIHAS MEXaHUKa))
Ke3puiopaunckuii ['ocynapctBenssiil yHuBepcuteT uMeHu KopksiT Ata, Kazaxcran

Annomayusn. B Oannoli pabome paccmompeHvl Memoovl pezyniapuzayuu ypaeHenus I ervganoa—
Jlesumana:1.Memoo npocmoti umepayuii;2.Memoo ycmanogienus. Ilpueedenvl pe3ynbmamol YUCIEHHbIX PACYEMO8
0na uHmezpanvbHoeo ypasnenus I envgpanda-Jlesumana nepgozo pooa.

Knrwouegvie cnosa: pynxyuonan,onepamop, HeKOppeKmHublii, CXoOuMocms, oug@epenyuanvhole ypasHeHus.

JaHo ypaBHeHue

Ag=g, qEQ gEQG, 1)

rne A: @ = & — menpeprisHEIil onepatop; @. G — runE6epTOBB IPOCTPAHCTBA.
Bbynem paccMmaTtpuBath GyHKIHOHAI

Jl@)=<Ag—g Aq—g >
I'panuent]’ (g) dynxunonanaf(g) onpenensercs mo popmye:

J(q) = 24*(4q— g).

Tak kak HamMCcaHO BBIIE B YPaBHEHWM HEHM3BECTHAs (QYHKIHS gl(t). Jnst oripeznenenust 3Ty pyHKIHMIO MPH-

MernM Metox npoctoii urepammit: {0, 1,/|4/%)
Gn+1 = @n — aA*(Ag, — g) )

1 MCTOA YCTAHOBJICHHUA: 6€pCTCH HEKOTOPOC 3HAYCHUC PCUICHUA 3TOI'O ,Z[I/I(I)(bepeHL[I/IaJ'ILHOFO YpaBHCHUA

d?i—{:} = —A;(ﬂhﬁ'(t} - QE} = _Jir.q(t}

Kak n3BectHO

Aq i = [ F(t—s)a(s) ds.

Teneps naiinem A° (Ag — g} B cnemyrouem Buze:
(Ag—g) = 7 f(t—s)q(s)ds — g(1);

#a-9) = [ 19| [ £t - a(as— o) at

WtepanmonHas perynspu3aius 3aKkil049aeTcsl B TOM, YTOOBI 110 UMeronIeiics anpruopHoi nHdopMaIyy, B 4acT-
HOCTH O TIOTPEIIHOCTH MCXOJHBIX JaHHBIX &, BEIOPATh U3 BCEH MTOCIIEIOBATEIBHOCTH HEKOTOPOE MPHOIIKEHNE, T0CTa-
TOYHO OnmM3Koe K pemennto ypasHeHus (1). pyruMu ciaoBamu, A7l NPUHIMHAAIEHOW TPUMEHUMOCTH JII000TO HTepa-
IIMOHHOTO METOJ[a, B YaCTHOCTH I'PAJAMEHTHOTO, K PEIICHUIO HEKOPPEKTHBIX 3a/1a4 OH JOJDKEH IMOPOXKIATh PETYISPHU3H-
pyolee CeMENCTBO OIepaTopoB, B KOTOPOM ITapaMeTPOM PETyJIspU3aIliy ABISIETCS HOMep ureparui. Heo6xoqumeim
JUTSL 3TOTO YCIIOBHEM SIBIISETCS, OUEBHIHO, CXOIUMOCTH IIPH TOYHBIX NCXOIHBIX JTaHHBIX.

Cx0auMOCTh METO/Ia MPOCTONM HTePANMH NPH TOYHBIX HCXOJHBIX JAHHBIX

Ilycte A — nuHEHHBIH HENpephIBHBIA orepaTop M ypaBHeHHe (1) COBMECTHO, HO, BO3MOXKHO, HMEET

HeeMHCTBeHHOE pernierne. O003HAUYUM Uepe3 QgMHO)I(CCTBopeIHeHI/Iﬁ ypaBaeHus (1). Bymem Ha3piBaTh penieHue

E,‘D = Qg, UMerolee HaWMEHIIEe YKIIOHEHHE OT HEKOTOPOro dlieMeHTa g Qg, HOPMAJIBbHBIM (OTHOCHTEIBHO §p):

E,‘D = a?‘gminllq— ti‘[:.”@- Jliss KOppeKTHBIX 3aaad Jiro0as MOCIeNOBaTeIbHOCTh, MUHHUMU3HPYIOMIAss (YHKIIUOHAT

HEBS3KH, OyAeT CXOIUTBhCS K pemeHuio ypaBHeHUs (1). J[Is HEKOPpEeKTHBIX 3aJad 3TO HE TaK, W 3/1e€Ch HYXHO
JIONOJTHUTENBHOE HccnenoBanue. IlepeiiieM K J0Ka3aTeNbCTBY CXOAUMOCTH IPaJUEeHTHBIX METOJO0B, KOrja A He UMeeT

© AbGeesa A.A. [ Abeeva A.A., 2014
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OTPaHUYCHHOI'O 06paTHOFO, npyu TOYHOM 3aJlaHuHu OricpaTopa Anu HpaBOﬁ gactu g. Haunem ¢ METOoAa HpOCTOﬁ
uTcpalunu.

Jemmal. TlocnenoBaTenbHOCTb NPUOIIKEHUH (2) 00naaeT clieyonMMU CBOWCTBAMU:
L2 Co2

a) A, — Nna=2a|37q,| —a®|AJq,|",

O)llgn — gll* = llgnss — qllI* = 2a4; — a*

Ja.ll’,
B) w12 — lvpsalI* = 2a(llgn — gI* + (7 — .9 — q)) — 2?4
rae § € Q4 — moGoe pemenne ypasuenus (1). A*1y, = qn — qo.

/okazamenvcmeo.

a)
‘ﬂi - .::+1= ﬁ% - ”Aq:*: -4 I'-:!"'J"l.lillf'-'?l':*:”2 = ZQ(A'-??: — 4 A}"G‘H}_ I'-Iz||"J"!_|T|l':.l';~:”2 = 25[”}'.'??:”2 -
a4 g, 11

AHanorugno gokassisaercs 0). OTHOCUTENBHO B) 3aMETHM, 4TO A" ¥y, g =
AV, q, — QJFEQP‘!-' CIIEZIOBATCNIBHO, Uyt = Uy — J(AQH - Q} v, = 0.

Torna

”'E-'J:*z”2 - ||T-'J:~z+1||2 = ”'E:Jrz”2 - ”'E-'J:*z”2 + Zﬂ(ﬂ'mf:‘ _Q} - ﬁf:“-'flt?n _3”2 =
2a(A*v,,q — q) —a?Ai=2a(llg, — qlI* + (§ — g0, q — o)) — a?A]

Peryasipuzanusi MeToaa yCTAHOBJICHUS
Merto/ ycTaHOBICHHUS 3aKIIOYAETCS B TOM, YTO B Ka4EeCTBE MPHOJIMKEHHOTO penieHus ypasHeHus (1) Oepercs
HEKOTOPbIE 3HaYCHUE penieHus qud(HepeHINanTbHOTO YpaBHEHHS

d:—iﬂ= —A5(Anq(t) — gs) = —Jq(t), q(0) = qq, 3)

MeTton ycTaHOBIICHHUS CXOAMUTCS NP TOUHBIX UCXOAHBIX JAHHBIX K pelICHUSIM ypaBHeHus (1) u mopoxnaaer pe-
TyJISpU3UPYIOLIEE CEMENUCTBO ONEPATOPOB € IApaMETPOM peryispusanui t.

MGTOI[ YCTAaHOBJICHUS OYCHb OJIM30K K METOAY HpOCTOfI uTepanuu, KOTOpLIfI I10 CYHICCTBY ABJIACTCA JUCKPET-
HOH aHHpOKCPIMaI.[PIeﬁ METOAa YCTaHOBJICHUS.

[TosTomy ero mucciieoBaHre MOXXHO IIPOBOJUTE T10 TOH )K€ CXEME, UTO U JUISi METO/A IIPOCTOM HTepanny.
HWrax, Mel paccMoTpum ypaBHeHus [ enbdanma-Jlesurana 1-ro poxna:

Aq(t) =: . ft —s)q(s)ds = g(1).

rae q{t) — enssectHas ¢byHKIHA, flt—s)- SIPO UHTETPAIBHOTO YpPaBHEHUS,
g(t) — exoTopas u3BecTHas QYHKIMS, KOTOPAsk HA3BBIBACTCA NPABOLL YACIBIO YPAGHEHUS. .
Jlnist mpoBeieHne YHCIEHHBIX pacueTOB PELICHHs ypaBHEHHS

Aq(e) =: j fe—)a()ds =g, (0=x=m)

x V3
Ha OTpe3Ke (—x,%) BBOMMaCH paBHOMEpHasl CeTKa C LIaroM f1 = v WuTerpan B JIeBOW YacTH ypaBHEHUS MPHOIH-

i

xKaJcst mo popmyie Tpamenuii:

f(t)dt =

J‘““-”“ hf(ih} + fli + Dh
ih 2

Takum 06pa30M, peuieHue 3aaadu CBOAWJIOCH K PEHICHUIO CUCTEMbI JIMHEHHBIX anre6pa1/1qec1<nx ypaBHCHI/Iﬁ

Ay =brreA— (2N +1) x (2N +1) wmarpuma.
Pacuérsl npoBogunick uis spa f(E — 5) = sin(t —5) u npo6uas pemernns q{t) . 3arem myrem peuenus

IIPSIMOIA 331891 BBIYMCIISIIACH JaHHbIe oOpaTHOl 3anaun G{t) n gy = 0.
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1. Beibupanach npo6nas pynxuus ql(t) = £2

10p

qi=t~2 tfrom-stox £ Wolinm

[\

. Jst He€ cumranach npasast 9acTh g(t):

1of

giti=—4(zesin(ti+cosit))  (tfrom -2 to 2) & Wolfram

o ¢pynxumn git) crpomnacs Marpuna A\ crcrems: nmuueiinbIX ypaBHeHU Buja
Ag = g. 3arem nna QyHKUMI §BBHMUCIANACH NpaBas yacTh G. Takum o6pa3zoM, paccMaTpHBANOCh TOIBKO
pemeHue camoro ypasHeHus ['envdanna- Jlesurana.
3. 3atem 3a6biBas Tpo ((S), pemnaeTcs oGpaTHas 3a1a4a METONOM npocToii uteparmit: & € (0,1/]|4]1%)
Gn+1 = Gn — aA*(Ag, — g)
HavyallbHOE MPUOIKESHHE:
qo(s) =0 == 4q,=0,

1 METOAOM YCTaHOBJICHUA.

CIIMCOK JINTEPATYPbBI
1. Kabanuxun, C.1. O6patHbIe 1 HEKOppEKTHBIE 3a1a4uu. // — HoBocnbupcek: Cubupckoe HaydHOE U3AaTenbeTBO, 2008.
2. AmuganoB, O.M., Aptioxun, E.A., Pymsanes, C.B. DkcTpemanbHbIe METOABI pelleHHE HEKOPPEKTHBIX 3amad. —
Mockga: «Hayka», 1988.

Mamepuan nocmynun 8 pedaxyuio 27.03.14.

REGULARIZATION OF THE EQUATION OF GELFAND-LEVITAN
BY THE RELAXATION METHOD

A.A. Abeeva, Master of Mathematics, Teacher of Mathematics and Applied Mechanics Department
Korkyt Ata Kyzylorda State University, Kazakhstan

Abstract. The methods of regularization of the equation of Gelfand-Levitan: 1. Fixed point iteration method; 2.
Relaxation method are considered in the article. Results of numerical calculations for Gelfand-Levitan integrated equa-
tion of the first kind are given.

Keywords: functionality, operator, improper, convergence, differential equations.
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YK 548.52

MOJEJIb ONTHYECKUX JJOTHYECKHUX JIEMEHTOB HA OCHOBE PPLN-
MHPEOBPA3OBATEJIA U3 I'PAJJMEHTHOI'O HUOBATA JIMTUA*

B.B.I' aJIyIIKHﬁl, B.®. Ky30pa2, E.B. CTpOFaHOBag, C.A. H_[MaprmmB4, H.A. SIkoBenko®
L3 kauaumat GU3MKO-MaTEMATHUCCKHX HAYK, TOIEHT Kaeaphl ONTOEKTPOHHKH,
24 acrmpant Kad)e Pl ONTOIIEKTPOHUKH, > TOKTOP TEXHUUECKHX HayK, MPpoheccop Kadeaphl ONTOAIeKTPOHUKHI
Ky6anckuit rocynapctBenHslit yausepcureT (Kpacuonap), Poccus

Annomauyusn. B pabome nposedenvl uccied08anus GIUsHUs npoguiieli nokazamens NPelomMiIeHus Ha 3pgex-
MUBHOCMb Peanu3ayul 102udeckux snemenmos na epaouenmuvix PPLN-npeobpazosamensx uz nuobama aumus. Iono-
€a nponycKkamus 2paoueHmHulX npeodpasosamenell npu CHUNCEHUU 3PDEKMUSHOCU Peanu3ayuu 102U4ecKux QyHkyuil
NO CPABHEHUI0 C UOCANUUPOBAHHBIM HYJIEeBbIM PACCONACOBAHUEM SPYNNOBLIX CKOPOCMEN 6XOOHbIX KAHAL08 CMAHO-
sumcs wupe. Ilonyuenvt makemor PPLN-npeobpasosameneii uz epadueHmuuvix Kpucmanios Huobama aumus.

Knrwouesvie cnosa: nocuueckue snemenmol, ONMU4eCKull npeoopasosamens, HUOOAM IUmusi.

BBenenne. B Hacrosiee BpeMst MOMCK METOAOB IOCTPOCHUS CHCTEM 0OpabOTKH M mpeoOpa3oBaHUsT HHPOP-
Maly¥ BEJETCS 0 HECKOJIBKUM HAIPABIICHUSAM, CBA3aHHBIM C CO3JaHHEM ONTHYECKHUX JIOTHYECKHUX 3JIEMEHTOB U OITO-
JIEKTPOHHBIX TIPOIECCOPOB MACCUBHOTO WM AKTUBHOTO JEHCTBHS, CBA3aHHBIX C MHOTOYPOBHEBBIM IpeoOpa3oBaHUEM
nHpopManuu B JazepHbIX ycTpoiicTBax. OTHUM U3 MEPCIEKTUBHBIX YCTPOWCTB, MO3BOJISIOIIUM PEa30BaTh QYHKIIMU
HECKOJIbKUX THUIIOB ONTHYECKUX JIOTMUECKUX BEHTWJICH ABISAIOTCA Tak HaspiBaeMmble PPLN-cTpykTypsl, peanusytomime
(GYHKIMH Y4eThIPeXBOJIHOBOTO cMeneHust. PPLN-CTpyKTypbl — 3TO co3/laHHasi B HETMHEIHOM KpPHCTaJlle HU0OAaTa JTUTHUS
MIEPUOINYECKHU TTOJIIPU30BaHHAs CTPYKTYpPa, B KOTOPOI OCYIIECTBIIACTCS YepeloBaHUEe TOMEHOB, C OpUEHTAIel oceil
MOJISIPU3ALUH COCETHUX 00JIaCTel OTHOCUTENBHO APYT APYra MO yriioM 180°.

[MpuHIMN peanuzanuy ONTHYECKUX JIOTHYECKUX dJIEeMEHTOB ¢ oMonibio PPLN-npeobpasoBaTests ¢ BOJIHOBOA-
HBIM KaHAJIOM IpeAcTaBieH Ha puc.l. [IBa HE3aBUCHMBIX MOTOKA JAAHHBIX B BHAE aMIUIMTYAHO MOJYJINPOBAHHON WH-
TEHCHBHOCTHU CBETAa Ha JUIMHAX BOJH Aga M Agg IOCTYHAIOT Ha BXoAbl A 1 B cooTBercTBeHHO. [lanee oHM BMecTe ¢ He-
NpepHIBHON ONTHYECKONH HAKAYKON Ha JUIMHE BOJHBI A, BBOAATCA B PPLN-BOIHOBOJ, B KOTOPOM peanu3yroTCs HENH-
HEWHBIC ONTHYECKHE B3aUMOICHCTBHUS 10 TEHEPALMH CYMMAapHOH W pa3HOCTHON 9acTOT B YCJIOBUSIX KBa3HCHHXPOHH3-
Ma. Beixomst Y 1 Y, — 3T0 BeIxogHO# curHan u3 PPLN-mpeoOpa3oBartens Ha AMMHAX BOJH Aga U Asg, COOTBETCTBEHHO.
B mporieccax rerepanuu cymmapHoOd u pasHocTHO# yactoThl (SFG-DFG mponeccax, cootBeTcTBeHHO), SFG B3anmo-
JeficTBHE KOHBEPTUPYET OAMH (POTOH BXOJHOTO KaHaNa A Ha JJIMHE BOJHBI Agp M APYroi (POTOH BXOJHOTO KaHana B Ha
JUTUHE BOJIHBI Asg B (DOTOH CyMMapHOW Y4acTOTHI Ha JUIMHE BOJHBI Asy (Bbixos Y3). @oTOH cyMMapHOil 4acTOThI OHO-
BPEMEHHO Yepe3 Mpoliece renepaiuu pasHoctHoi yactotsl (DFG) npu B3aumoeiicTBUM ¢ (POTOHOM HAKAYKH HA JJTHHE
BOJIHBI A, IpeoOpa3syeTrcs B QOTOH XOJIOCTOM BOJIHBI HA JJIMHE BOJIHBI Aj, IOCTyNAIOUMI Ha BEIX0J Y4 (puc.1).

Opnnako, BenuuuHa paccoriacoBanus mpu SFG-DFG mporeccax siBIsIeTCS MOCTOSHHON TOJIBKO TOTZIA, KOT/Ia
COCTaB KpHCTAJUIA MOCTOSHEH BJIOJIb HAIPABJIICHHUS B3aHMMOJCHCTBHS. B mpeayioxkeHHOM HaMHU METOJIe BBIpAIlMBAHUS
TpaJIMeHTHBIX KPUCTA/UIOB [1], ¢ MOMOIIBIO HAMEHHBIX HA OCHOBE METOJUKH M3Y4YEHHs KOHIEHTPAIlMOHHOH pelakca-
IINM pacIljiaBa KPUTHIECKNX 3HAYCHUH MacCOBOM CKOPOCTH KPHUCTAIUIM3AIMH, COCTaB KPHCTa/lla MOKHO M3MEHATH I10
COJICP)KaHMIO OCHOBHBIX M NMPUMECHBIX KOMIIOHEHTOB MO JuinHe Oynu. Takoe n3MeHeHHe obOecreunBaeT Tpedyemylo
JUTMHY TIpeoOpa3oBatesnsi ¢ HEOOXOANMBIM TI'PaJMCHTOM. ['pasineHT copepX aHUs OCHOBHBIX KOMIIOHEHTOB IIO JUIMHE
npeoOpa3oBaTesst OyIeT BIMATH Ha 3aBUCHMOCTD 3HAYEHUH TPYIITOBBIX CKOPOCTEH CHTHAJIOB M MX JUCIIEPCHH OT JUTH-
HBI [TpeoOpa3oBaTesl, HapUMep, 10 JIMHEHHOMY WiIn napaboiandeckoMy 3akoHy. CyurTas U3BECTHOM 3aBUCHMOCTD KO-
s¢duimenToB mpenomieHus ot cocraBa kpucramia LiINbOs, onpenensiemoii ypasuenuem CesbMmeepa [2], mocTtaBum
1eJIb TEOPETHYECKU OLICHUTD BiIMsHUE TpaaueHTa cocraBa B PPLN-npeoOpa3oBatese Ha 3¢ (GeKTUBHOCTD peallu3aluy B
HEM JIOTHYECKUX 3JIEMEHTOB.

© Tanyuxuii B.B., Kysopa B.®., Crporanosa E.B., [lImaprusos C.A., SIkosenko H.A. / Galutskiy V.V., Kuzora V.F.,
Stroganova E.V., Shmargilov S.A., Yakovenko N.A., 2014
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Bxopg A

PPLN Bbixoa Y,

——>

OnTnyecKkas R —
Hakauka PPLN - > Bbixoa Y3

—>
Bbixoa Y,

—

Bxopg B

Pucynoxk 1. Cmpykmypnas cxema nocuueckux snemenmos Ha PPLN cmpyxkmype

MeTtoas! ucciienoBanus. B padore paccMOTpeHbl HECKOJIBKO TPAaJMEHTOB KOHIIEHTPALMH OCHOBHBIX KOMIIO-
HeHTOB (0e3 rpagueHTa, TMHEHHBIH 1 apadonyeckuil rpaaueHT). st MoeTMpoBaHus MPOX0XKICHUS! CUTHAJIOB Yepe3
PPLN cTpykTypy HCIIOJIB30BaNIK CHCTEMY ypaBHEHHUH [3], BRITEKAIONIYIO0 U3 ypaBHEHUH MakcBeinia:

% Ay 1 0° A

aT+ﬂlsA' . +§.525A. 8t2A — ik Ay Ay eXp(iAky ) )

82255 ‘B 5258 ; ; By .a;t’i%:ia)%ksm A As exp(idkee2) @

8’2;F + B .&:;‘:’\Jr iz.ﬂZSF .a;tA;F: [0 Korg Agy Asg EXP(—iAKgo Z)+ -
iy Koo A, A exp(= 1AKppe2)

GQZP B ,thp +i2.ﬂzp .a;t’}:iwkaFGAi*ASF exp(iAkpec 2) )

52 + B, ,a;t‘uriz.lgm 'aaztéi: i Koes A Ay eXp(iAkpes2) (®)

2u

Ksre = ar \ cnSAnSBr:SF A ©

Kore =gy - ()

Akgrg =Kge —Kgy —Kgg — N ®)

Ak =k —k, —k —‘fi’ ©

rae Asa, Asg, Ap, Ask 1 Aj — KOMIUIEKCHBIE AMIUTUTY/IbI HAPSDKEHHOCTH CBETOBOM BOJIHBI CHTHAJIOB HA JUTH-
Hax BOJIH Asa, Asg, Ap, Asp, A| MOCTymaromux Ha Bxoa A u B, Bxox ontudeckoit Hakauku PPLN, Beixomsr Y, Y5, Ys;

B1j — mepBas u BTOpask MPOM3BOJHBIE IIO YITIOBOI 4acTOTE (0] MOCTOSHHON PAacHPOCTPAHEHHs CBETOBBIX HM-
nynbcoB Kj; Kseg B Kprg — koaduumentsr csisu aist npoueccos SFG u DFG; Uetr — 9 dekTHBHBIN HeMHEHHDII KO-
sbdunment; Actr — sddexTuBHAs aneprypa B3anMoaeHcTBHs; Nj — KOI(QGUIMEHT NMPENOMIICHHs Ha 4acTOTe ®j; Tapa-
MeTp Lo — NPOHUIAEMOCTh U ¢ — CKOpOCTh cBera B BakyyMme; AKspg AKprg — BennumHa (a30Boro paccoriacoBaHus B
SFG u DFG mporneccax; A — nepuon yepenoanus fomeHoB B PPLN.

Jist pac4eToB HCIOIB30BANIM JJBE HE3aBHCHMBIE TICEBIOCTYYaiHbIE TOCIEeI0BATENLHOCTH OHUT, MOCTYNAOIIHe
Ha BXOzbl KaHaioB A 1 B. EquHNYHBIN OUT B 3TOM MOCIIEI0BATEILHOCTH COOTBETCTBOBAJ HATMYHIO UMITYJIbCA, JIOTHYe-
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CKHUi HOJIb — ero oTcyrcTBHI0. DopMa MITyIbcOB — THIIEPOOIMYECKUIl ceKaHe, IMPUHA UMITYIbcoB S 1ic. JInuna PPLN
— BapbHpOBANAch 10 4 cM, S peKTHBHAS anepTypa BOTHOBOAA 50 MKM’, IEPHOJ CICIOBAHMS TOMEHOB 18,8 MKM, 4TO
obecrieunBaeT yciaoBHs KBa3H-(ha30BOr0 CHHXPOHM3MA JUI JUIMHBI BOJIHBI TeHEpallu CyMMapHBIX 4acToT 772 M. He-
TMHEHHBIA K03 ¢unuenT deg = 17,2 nv/B. LlenTpansHble [MHBI BOJIH KaHaoB A u B 1550 u 1538 um. [Inuna BoHBI
Hakauk# 1555 HM (TpeTbe TeIeKOMMYHHUKALIMOHHOE OKHO IIPO3PavyHOCTH), AJHMHA XOJIOCTON BOJIHBI, KOTOpasi TeHepupy-
etcs mpoueccom DFG, cocraBnsna 1533,2 um. [IukoBble 3HaU€HUS MOIIHOCTH CUTHaIoOB A u B u curHana Hakadku
1000, 1000*Aga/Asg 1 100 MBT COOTBETCTBEHHO.

Pe3yabTaThl 1 00cy:xkaeHHe. Pe3ynbTaTel MOAEIMPOBAHUS MPOXOXKICHUS ONTHIECKUX HMITYJIECOB Yepe3 Tpa-
muentHble PPLN-cTpyKTypHI IpeacTaBieHsl Ha puc.2. BumHo, 9T0 yMEHBIIEHHE aMIUTHTYI6I KaHAIOB A 1 B Ha BeIXo1e
IIPU COBIMAJICHUE MMITYJILCOB Ha BXOJE MPeoOpa3oBaTels SBISETCS CYIIECTBEHHON BEIMYMHOW M ITO3BOJIIECT 3a/1aBaTh
JIOTHYECKUE YPOBHH CUTHAJIOB.

X 1 BxoJ A a
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Pucynoxk 2. Bpemenroti uo umnyiscog Ha 6xoo0e u 8bixooe npeodopasosameis

Ha ocHOBe MpoBeAEHHBIX PACYETOB MOKHO COCTABHUThH TAOJIUILy HCTUHHOCTH PaOOTHI JJOTHYECKUX IIEMEHTOB Ha
PPLN-ctpykType. Boixon Y1 — MOAyIMpOBaHHAs MHTEHCUBHOCTH CBETA Ha JJIMHE BOJHBI Aga (T.€. 4aCTOTAa ONTUYECKON
HeCyIIEH Msa), BIXOA Y, — MOJY/JIMPOBaHHAsS MHTEHCUBHOCTH CBETA Ha JJIMHE BOJHBI Agg (Ha 4acTOTE ONTUYECKON He-
Cymen Wsg), BEIX0A Y3 — MOJYyIMPOBAaHHAS MHTEHCHMBHOCTE CBETA Ha JJIMHE BOJHGI A (HA 4aCTOTE ONTHYECKON HECYMIEH
®y), BBIX0A Y 4 — MOAyTMPOBAHHAsl HHTEHCUBHOCTh CBETA HA JJIMHE BOJIHBI Agk (HA 9aCTOTE ONTHYECKON HECYILEH MsE).

Tabnuya 1
Ta0JMua HCTHHHOCTH JUISl CTPYKTYPHOI CXeMbI JIOTHYECKHX 3J1eMEHTOB
Bxox A Beixon Yy Bxon B Beixon Y, Beixon Y3 Beixon Y,
0 0 0 0 0 0
0 0 1 1 0 0
1 1 0 0 0 0
1 0 1 0 1 1
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U3 Ta6J'II/IHI)I BHUJIHO, YTO Ha BBIXOAC Y3 n Y4 OCYHICCTBIIACTCA JIOTUYCCKOC YMHOKCHUEC CUT'HAJIOB Ha BXO/C A
u B. Otianune BBIXO10B Y3 n Y4 COCTOUT B TOM, YTO 4aCTOTa OINTHYECKOM Hecymeﬁ BBEIXOJa Y4 — 9TO CyMMa HECYLIUX

gacToT BXon0B A 1 B. A Hecymias yactora Beixoaa Y3 — HAXOAUTCA U3 BBIPAKEHHS U1 TEHEPALMU PA3HOCTHBIX YaCTOT
(DFG-mporecc):

rae Wp — 9acToTa onTuueckoii Hakauku PPLN.

W3 TabauIpbl TAKKE CIEAYET, YTO Ha BhIXOAE Y peamusyercs joruueckas pyHkuus A- B, a Ha Bbixoze Y
peanusyeTcs joruueckas GyHkuus B- A .

Taroke i orleHKH 3(PGEKTUBHOCTH PabOThI ONTHYSCKOTO BEHTHIS HAa TPAJMCHTHBIX KPUCTAIAX HCIIOIh30Ba-
JU BBIpaxkeHue st Q-dakropa:

Q=20log,,| L2~ * |, )

+ O,

1 0

IZie [y ¥ [lo TOPOTOBBIE MOIIIHOCTH JIOTHYECKUX €AMHUIIBI U HYJIS, G — CPETHEKBAAPATUIHOE OTKIOHECHHUE.

[TpoBenena oueHka pexxuma padoTsl BeHTWss Ha PPLN-mpeoGpa3oBarene nmpu B3auMHOM H3MEHEHUH IJIMH
BOJIH BXOJI0B A U B mnpu coxpaHEHHH IMOCTOSHHBIM 3HA4YEHUS CyMMapHOil 4acToThl Wsg (puc.3). BuaHo, uTo npu cHU-
xernn Q-akropa Iy rpageHTHOTO KPHCTANIA IT0 CPABHEHHUIO C HICalIM3UPOBaHHON cutyanueit HyneBoro SFG-DFG
paccorinacoBaHHs 0J0ca MPOITyCKaHUSA CTAHOBUTCS mupe Ha 12% no yposHio 15 1b.

o [
> ¢
LR R X

—o— (e3 TpaiueHTa

5 - -o- - 1apabOJIMUYECKUI TPATUCHT

O | T T 1 1 T 1 T T 1 1 T T 1 1 T L

1450 1500 1550 1600 1650
JUIMHA BOJIHBI KaHaa A, HM

Pucynox 3. 3asucumocmo Q-ghaxmopa om onunwl 6o1Hbl Kanania A

[IpoBeneHHBIE MOIEBHBIEC HCCIEOBAHUS PAOOTHI JIOTHYECKOTO AIIEMEHTA MOCTYKIUTH OTIPAaBHOW TOYKOH pe-
aIM3aIlii MaKeTa U3 BBIPANICHHBIX KPUCTAJUIOB HHOOATA JIUTHS C TPaIHEeHTOM KOHIIEHTPAIIH OCHOBHBIX KOMIIOHCHTOB.
W3 kpucramma HHoOaTa MUTHA OBUIM BBIPE3aHBI IUIACTHHBI, OPHCHTHUPOBAHHBIC MEPICHIUKYIIPHO ONTHYECKON OCH.
[macTuHBI OBLTH OTIONHMPOBAHBI M IOATOTOBICHBI K HAHECEHHIO C0s (oTope3ucta yepe3 (oromadmoH. TommmHa
ciost hoTopesncTa omnpeensiack nareppepomerpoM JInaHMKa U coctaBmia 1,5 mxm. Ilocne Hanecenus poTtopesucra
(puc.4) K MPOTUBOMOJIOKHBIM CTOPOHAM TUTACTUHBI YEPE3 CJIOH AIEKTPOJIUTA MPUKIIAAbIBATIACH PA3HOCTh MOTEHIUAJIOB
ot 8 10 15 kB/mMm.

Jns BU3yanu3anuu MoJy4eHHbIX NMEePUOIUYECKUX MOJIIPU30BAHHBIX CTPYKTYP MCIOJIB30BAIM METOJ XUMUYe-
CKOT'0 TPaBJICHHs] B CMECH a30THOM U TUIABUKOBOW KHUCJIOT.
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Pucynox 4. Buo nepuoouyeckux cmpykmyp, HaHeCeHHbIX HaA KPUCTALIUYECKYIO NIACMUHKY ¢ UCROIb308aHUeM homopesucma

BoiBoabl. Pazpabotana MoJenb ONTHYESCKOTO JIOTHYECKOTO BEHTHIISI HA OCHOBE BOJHOBOJHOW MEPHOANYCCKU-
MOJISIPU30BAaHHOM CTPYKTYpHI B HHoOaTe nutus ¢ rpagreHToM coctaBa (PPLN-mpeobpasosarens). [IpomonennpoBaHbl
nmormdeckue 3nmeMeHTsl B PPLN-mpeoOpasoBatene, peanusyromue (yHKIMA JOTHYSCKOTO YMHOXKCHHUS CHTHAJIOB Ha
Bxomax A u B, ¢pyukumu A-Bu B- A . Paccunransl ko3(dPUIMEHTH 3aTyXaHus curHaia Ha Beixoxe Y1 u Y, (Q-
(akrop) mpu peanuszanuu Jorudeckux ¢yokumii A-Bwu B-A mnpu pasnuusbeix rpaguentax cocrtasa B PPLN-
npeoOpa3oBaTene U3 KpUCTaIa Huobarta JuTHA. [Ipy peanusanuu JIMHSHHOT0, NapaboIMYecKoro H SKCIIOHSHIHAIBHO-
TO TPAJUCHTOB JHUCIIEPCHH TPYIIIOBBIX CKOPOCTEH BIOJB IpeoOpazoBaTens MakcuMyM Q-(hakTopa B TpeTheM TEIEKOM-
MYHHKAIIHOHHOM OKHE HPO3payHOCTH MeHblIe Ha 10 nb, ueM Nmpu OTCYTCTBUH IpaJyeHTa, OQHAKO, I0JI0ca MPOIYyCKa-
HUSI JIOTHYECKHX JIEMEHTOB B 3TOM ciIydae 1o ypoBHIo 15 nb cranosurcs mupe Ha 12 % (puc.3).

Ha ocHOBe pe3ynbTaToB MOICTMPOBAHUS JOTMYECKUX BEHTHJICH C MOMOIUBIO cpelcTB (GOTOIUTOTpaduH H
BBICOKOBOJILTHOT'O TTOJUTMHTA OBUTH CO3JaHBI ONITHYECKUE MIPeoOpa3oBaTesl U3 HHoOaTa JIUTHS C IPaldeHTOM KOHLE H-
TpaLUK OCHOBHBIX KOMIIOHEHTOB.

*Paboma evinonnena npu noooepaicke Ipoepammor cmpameauueckozo pazeumusi Kyol'y
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J. Wang, J. Sun, Q. Sun // Optics express. —2007. — vol. 15. — Ne. 4. — p. 1690-1699.

Mamepuan nocmynun ¢ pedaxyuro 27.03.14.

MODEL OF THE OPTICAL LOGIC GATE ON THE BASIS OF PPLN FROM LITHIUM
NIOBATE WITH GRADIENT OF COMPOSITION

V.V. Galutskiy®, V.F. Kuzora?, E.V. Stroganova®, S.A. Shmargilov*, N.A. Yakovenko®
13 Candidate of Physical and Mathematical Sciences, Associate Professor of Optoelectronics Department,
24 postgraduate Student of Optoelectronics Department, 5 Doctor of Engineering, Professor of Optoelectronics
Department
Kuban State University (Krasnodar), Russia

Abstract. Modeling researches of influence of profiles of an indicator of refraction are carried out in work on
efficiency of realization of logic elements on PPLN from gradient lithium niobate. At decrease in efficiency of realiza-
tion of logic functions for PPLN from gradient crystal in comparison with an idealized situation of a zero mismatch of
group speeds of entrance channels the pass-band of such converter becomes wider. Markets of PPLN-converters from
gradient’s lithium niobate crystals are experimentally received.

Keywords: logic elements, optical convertor, lithium niobate.
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OBPATHASI 3AJIAYA TEILIOOPOBOJHOCTHU C OBPATHBIM BPEMEHEM
(PETPOCIIEKTUBHASI)

C.A. IzxapoBa, maructp-npernoaBareiis kaheapsl «MaTeMaTHka 1 IPUKJIAIHAS MEXaHUKa)
Ke3pmopanuckuit ['ocynapcTBennsiii YHuBepcuteT nMeHN KopkeiT Ata, Kasaxcran

Annomayusn. B npedcmasnennoii pabome paccmampusaemca 3aoaua Kowu 0na ypasuenus menionpogooHocmu
€ 0OpammuvIM 8peMeHeM U PaziudHble Memoobl pe2yiapu3ayuu Mo 3a0aqu, d UMeHHO — ceedeHue 3adauu Kowwu ona
YpasHenus. menaonpogoorocmu K oopamnuotl 3adaye u k onepamopruomy eudy AQ = T . [Jua pewenus npamoii 3adauu
PaccMampusancs KOHeuHO-pasHOCMHbIL Memoo, a 05 peuienus 06pamHoll 3adayu ObLl NPUMEHeH Memoo NPoCmoll ume-
payuu. B nposedenvl wuciennvie IKChepumMenmyl 0Jid NOCIMPOEHUs. peuleHUs PeyIAPU308AHHO20 YPAGHEHU.

Kniouesvie cnosa: 3adaua Kowu, pecynapusayus, obpamuas 3a0aud, KOHEUHO-PA3HOCMHbBLIL MEMOO.

Bo MHOTHX NMpakTHYECKHX 3a/adax TpeOyeTcs BOCCTAHOBUTH PACIpPE/ieICHHE TEMIIEPaTyphl Tela B HaYaIbHBINA
moment Bpemern { = 0 1o usmepennoit Temneparype npu t =T > 0 . Takue 3anaun HaspIBAIOTCS PETPOCICKTHBHBI-
MU WM HadaJbHO-KPaeBBIMU 3ajlauyaMU Ul YpaBHEHHUS TEIJIONPOBOJHOCTH ¢ OOpaTHBIM BpeMeHeM. Ecnu Hampumep,
paccMaTpuBaeTCsl CTEPXKEHb JUTHHOMN | ¢ (uKcHpoBaHHON Ha KOHIAX TeMmeparypoil (0e3 orpaHH4YeHHs] OOIIHOCTH
MOJKHO CUHTATh TEMIIEPATypy Ha KOHI[aX HYJEBOIl), TO MOIyYnM CIIEIYIONIYI0 PETPOCIEKTUBHYIO 3a/1ady:

o o
5267’ xe(0,1), 7 (0,T), (1.1.2)
v(0,7) =v(l,7) =0, r € (0, T), (1.1.2)
v(x,T) = f(x), xe (0,1), (1.1.3)

TpebyeTrcs HaWTH V(X,t) B 00611aCTH (0, I) X (O,T) .

Bamensis (1.1.1)-(1.1.3) nepemennyro T = T —1 u o603nauas U(X,t) = V(X,t) NPUXOJUM K IKBHBa-
JIEHTHOM 3ajJ1aue

ou o
E:—y,XE(O,'),tE(O,T), (1.14)
u,z)=u(l,z)=0,te(0,T), (1.1.5)
u(x,T) = f(x), xe(0,1), (1.1.6)

B KOTOpOIi Tpebyercs onpenemuts U (X, t) B o0acTi (0, |) X (O,T)
3ametnuM, uto 3amada (1.1.4)-(1.1.6) sBiseTcss HEKOPPEKTHOM, TTOCKOJIBKY CKOJIb YTOJHO MajbIM U3MEHEHHSIM
npaBoii yacth T MOTyT COOTBETCTBOBAaTH CKOJIb YroAHO GoJblive u3MeHeHHs pemeHus U . B camom gnene, npu

7t

7nX

. 7inX ;
f (X) = H SIn |_ peleHue U(Xa t) ==e ' sin T pacTeT HeorpaHu4deHHO ¢ poctoM N, B TO Bpems kak

naunele 3agaun T (X) crpemsites k HyJIHo.
PaccMoTpuM HECKOIBKO MPHMEPOB peryisipusanun 3amaqn (1.1.4)-(1.1.6).

1.1 cBegeHue 3212491 KOLIH /ISl yPABHEHHUS TEIJIONPOBOJHOCTH K 00pAaTHOIi 3aJa4e H K OIePATOPHOMY BHAY

HexoppexTthnast 3aiaua Komm s ypaBHeHus teruonpoBogHoctH (1.1.4)-(1.1.6) MoxeT ObITh chopMyarpoBa-
Ha B popMe 0OpaTHOH 3a7a4u K HEKOTOPOH MpsIMOi (KOPpEeKTHOM) 3aiade. JIelcTBUTENIFHO, pACCMOTPHUM 33/1a4y

u, +u, =0,xe(0,I),te(0,T) (1.2.1)

© Jlxapoa C.A. / Dzharova S.A., 2014
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u(x,T) =q(x), x e (0,1), (1.2.2)
u(0,t) =u(l,t)=0,t (0, T) (1.2.3)

B KOTOpOii 1o 3ananuoit Gpyskmmn ((X) Hy)HO onpenemuts ¢pyHkimio U (X, t) :

3amaua (1.2.1)-(1.2.3) sBasiercs koppektHoit. [Toatomy 3amaya (1.1.1)- (1.1.3) cBoautes k cnenyromieir oopat-
HOIt 3a/1a4e: MO TOMOIHUTEIBHOI HH(pOpMaLUK O pereHny npsamoi 3agaun (1.2.1)- (1.2.3)

u(x,0) = f(x),xe (0,1 (1.2.4)

Tpebyercs onpenenuts Gpyskumo g(X) .
Paccmotpum onepatop

A:q(x)=u(x,T) = f(x) =u(x,0),

re U(X,t) — pewenne 3agaun (1.2.1)-(1.2.3).

Torza B OIepaTOPHOM BHIE 0OPaTHYIO 3aa4y MOKHO 3alHCATh CIEAYIOLINM 00pa3oM:
Ag=f
rae T (X) —samannas dynkums, (X) -uckomast QyHKImsL.

1.2. MeTon npocToii urepanuu B 3agavye Komm 1151 TENJI0NPOBOTHOCTH
Paccmotpum obparayio 3amauy (1.2.1)-(1.2.4) B onepaTtopHOM BHIE

Ag=f

. 2
Byznem peruats 3Ty 3ajady, MUHUMH3HpYS LieeBoi Gynkuuonan J(q) = ”Aq - f”L (0 C TIOMOLILIO MeTO-
2 (U,

Jla HAUCKOPEHUIIIETro CIycKa. DTOT METOJI COCTOUT B MOCIIEIOBATEILHOM BBIYMCIICHUN TPUOIMKEHHN Qy TI0 CXeMe
1
qn+l - qn _an‘] (qn)! n= O’J'v

e gy — HeKoTopoe HauanbHoe npubmmkenue, J'(gy)-rpagment paccmarpuBaemoro dyHKIMOHANA, a MapaMerp Gy
OIIPEETISIETCS] U3 CIEAYIOIIETO YCIOBHS

an = arg min a0 (‘] (qn - '(qn)))

TTokaxxeM KaK BbIYMCISETCS IPAJMeHT QyHKIMOHANA B PaCCMaTpUBaeMoii 0GpaTHOM 3axade. Boraucium npu-
pamenne Gpynkunonana J(q) :

2

J(q+d9)-J(a) = ”A(q +&) - f|||_2(o,1) - 2<Aq -f, A5q> T ||A5q”i2(0,1) -
= 2[[u(x,0) - f () Jou(x,0)dx + j(5u(x,0))2 dx

rme U(X,t) — pemenne 3amaun npsimoit 3axad (1.2.1)-(1.2.3), a AU(X, 1) - peruenne 3anauu

u, =-u,,xe(0,),te(0,T) (1.3.2)
u(x,T) =a(x), x € (0,1) (1.3.2)
u(0,t) =u(l,t) =0, t e (0, T) (1.3.3)

O603Haunm uepes (X, 1) — pelenue conpskeHHOI 3a1a4n

oy _ov
ot ox°

: (1.3.6)
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v (%,0) = u(x), (1.3.7)
v (0,t) =w(l,t) =0, (1.3.8)

VYuuteiBas (1.3.1)- (1.3.8), moay4uM COOTHOIICHUS, CBA3bIBarONIUe perienus 3anauu (1.3.1)- (1.3.5) u (1.3.6)-
(1.3.8):

0= Hz//(xt)& (xt)+6uxx(xt)dxd :H (x,T)&Jt(x,t)dxdt+j]t//(x,t)&xx(x,t)dxdt:

—ij/(x,t)aj(x,t)dxu) —Hx//t(x,t)&(x,t)dxdt +}V/(x,t)wx(x,t)dt|j) —H.z//x(x,t)ajx(x,t)dxdt:

= [w(x,t)su(x,t)dx|] ”yxt(xt)&J(xt)dxdt—Iyx(xt)&J(xt)dt| Hy/xx(x,t)éu(x,t)dxdh

0

(v, (X, T) = QU(XT ) = p(x0)A(x0))dx j (W (X1) — w (X)) X, et =

ol—.—I

= [w(x,T)SU(x,T )dx — jw(xo)m(xo)dx

Il
o'—,— o'—,— o'—.—!

CrnenoBaTelbHO,
j w (X, T)&(X)dx — j w(x,0)8u(x,0)dx = 0

[Monoxum, w(X) = Z(U(X,O) —f (X)) B conpsukeHHoi 3axade (1.3.6)-(1.3.8). Toraa

3(@+89) - () = [w(x00au(x,0)dx + [ (8u(x,0))* dx =
= [y ()& ()dx + [ (8u(x,0)) dx =

|
= (w (- T), () + [ (u(x,0))*dx
CpaBHUB IIOJTYYEHHbBIEC BEIPAKCHHUE ISl IPHPALICHHS q)YHKL(iI/IOHaJIa C ONpeIeNIeHHeM rpaieHTa (yHKIMOHAIA
3(q+89) - 3(q) = (3'(a), &) + o))
saxmiouaem, uto J'(q) = 2A*(Aq— f)=w(x,T), e ¥ —ects pemenne conpskentoit sanaun (1.3.6)-(1.3.8), B

koTopoii kadecte £4(X) : B3sra pynkumst 2(Agq— f) = 2(U(X,O) —f (X))

1.3. KoHeuHO-pa3HOCTHBIN MeTO/ pellieHnsl MPSIMOii 3a1a4u
Mycte pynkums U(X,1) - pemenue npsmoii 3anaun Komu uist ypaBHEHHS TETIONPOBOJHOCTH

u, =-u,,xe(0,L),te(0,T)
., =a(x)

U| x=0 :u| v =0.

Crpouack pasHOMepHas cetka B poctpanctse (X, 1) X, =ih,t, =Kz, 2de 1 =0,Nx,k =0, Nt .

3areM 1o usBecTHOH GyHkuuu ((X) B MOMEHT BpeMEHH t=T crpowunacs Tabmuunas pynxims u(x
ITocne uero npoBoaMIaCh AUCKPETH3ALMS STUX COOTHOIIECHHHA:

1)
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k+1 k k+1 k+1 k+1
Ui —U; __Ui—1_2ui T Uiy 13.9
= 5 (1.3.9)
T h
. Nt
ul . =aq0):u" =q;. (1.3.10)
k k
Up =Up =0 (1.3.11)
Iycts NX — kommuecTBo y3m0B paBHOMEPHO# CeTKH Ha HHTEpBAIe (O,L).,a Nt — kommuecTBo y3m08B pas-
I 1
HomepHoii cetku Ha untepsane (0,T ). Torna onpenenum miar cetku: N = N—, T= m
X

U3 yenosus (1.3.11) 3amonusiem mynesoit 1 NX ciou mo mpoctpanctey X = 0, X = L: U(I)( =U I,flx =0n

y Nt
3atem u3 ycnosus (1.3.10) sanonnsem Nt croit o Bpemenn: U, = Q; . Torna

T
uk = F(ui"jll —2ut uik_*ll)+ ut (1.3.12)
T
TTpy 5TOM JIOJI’KHO BHIIOJNHATHLCS YCIOBHE h—2 <1
b f g(x) Y — y37bl KOTOPHIE ONPEAENIIOTCS M3 YCIOBUM
R (1.3.10), (1.3.11)
v —  y3JIBI KOTOPHIE ONPENENSIOTCA U3 YCIOBHUS
(1.3.12)
I_'_._‘ Pe3yIbTaThl YHCIEHHBIX PACYETOR.
————
B 4HMCIIEHHBIX pacueTax s ONpeENeHus pe-
U§—> - th& IIEHHS U(X, t) sanaun (1.3.9)-(1.3.11) Obuin B3ATHI B

0 Fix) X KauecTBe T =1 ¢(X) =sin (ij Nx =10, Nt =100.

Ha pucynke (1) mokasaHo noBeaeHHe pEICHNS MPSIMOH 3a/1a41 TEIIONPOBOIHOCTH

Pucynox 1. Pewenue U(X, t)

1.3. Yncnennoe peumienue o0paTHoii 3agauu Komm ypaBHeHHsl TeNJIONPOBOIHOCTH
Kax yxe Obu10 paccMoTpeHo B paszene (1.2) oOparHas 3axaya 3akiodaercst B Haxoxuenun pyHkuun (X)

1o gornonuurensHoi nadopmaunnu U(X,0) = f(X). dmst oToro cHadaa peraem npsimyro 3axady u, 3a6siBas o ((X)

nomKHbI Tokasath  cxommocts pemernst (), (X) , momyuensoro MeTooM mpocToi WTEpAIHH, K TOYHOMY PelICHHTO
g(X) wucxons uz pammeix f(X)

Jis penieHus cCOnpsKEHHOM 3a1aun
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l//tn = _lr//;x
p" = u(x) = 2u" (x,0) - £ (x)]
l//n x=0 :Wn x=I :O

CTPOMM PaBHOMEPHYIO CeTKy B npoctpanctse (X, 1) :

X; =ih, t, =Kz, 2de i =0,NX,k =0, Nt , rre NX - xomuectso y3108 paBHOMEpHOIT ceTkH Ha HHTED-

L 1

sare (0, L), Nt - xomuuecTso y3noB paBromepHoit cetkn Ha nutepsane (0,T) ,h=—, 7=-— - maru cern.

NXx Nt
3areM 10 M3BECTHOM (QYHKIMU ,u(X) B MOMEHT BPpEMEHH t=0 cTpouTcss TabmuyHas QyHKIUSA w(x,,0).

Oyuxuust Y (X, 1) - pewrenne conpspkeHHO#M 3amadn. JHUCKPETH3NPYeM CONPSDKCHHYIO 3a1auy:

k+1 k k k k
Vi VY, — Via— l//|2 TWia (1.3.13)
T h
v, =10 i = (1.3.14)
we=yl =0 (1.3.15)

U3 ycnosus (1.3.15) 3amonHsieM HyIIEeBOH 1 NX  croit mo npocrpanctBy X = 0, X = NX: l//g = l//,ﬁx =0n

3atem u3 yenosust (1.3.14) sanonasem Nt croit mo Bpemenn: /4 io = 1(X). Torma

ki T k k k k
vi —h_z(‘)”m -2y +Wi—l)+l//i (1.3.16)
\ g(x) () — y3JIbl KOTOPBIE OIPEAEISIOTCS U3 YCIOBUU
(1.3.14), (1.3.15)
ik — Y3JIbl KOTOPBIE OIPEIEIISIIOTCS U3 YCIOBUU
(1.3.16)

DyHKIMOHAT UMEET BU/T

s —

0 w(x,0)= u(x) o
I[am,me METOAOM HpOCTOﬁ urepannu

3(,) = [lu"(x.0) -~ ()] dx

1) 6epem npubmmxennoe (; =0

k+1 k k+1 k+1 k+1
Ug —Ugp  Ugi—2U5" +Ug

) T
2) peras = n naxoaum U gi = h_2 (U :itll -2U :,(iﬂ +U (I)(itrll )_ U tl)(iJrl
T

3) sanommsem coit W = 1(X): 44 = 2[U, (x,0) = f (i)]

4) Cawraen Y

5 ;' =3'(,)
6) Oy =y — "
a0 - ar )<

I[J'IH OTOTr0 CHa4dajla pPCHIWIN COHNPSKEHHYHO 3aaady U AJid HA4YaJIbHOT'O HpI/I6J'II/I)K€HI/I$I B3I qO :0, a

. (T
o = 0,01 u ncenenoBany cXoaUMOCTb MOCIENOBATENbHBIX pUOIKeHn (|, K TouHOMY q(x) =sin (E Xj
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YucneHHbIe PpacyeThI MOKAa3ajiu 4To, IIpu

& = 0,8 uncno nrepammn K = 9752 mpu £ =0,4 k =14671

1 T - T 1 . » .
q exact —— q exact —%—
an —8— qn —a—
08 1 08 |
086 1 06
04 1 04
02 1 02
0 . . 1 0 . . .
0 05 1 15 2 0 05 1 15 2

=01 k =24507

1 T e

q _exact —w—
qn —8—

08 r

06 r

04 |

02 -

Otcrofa BUAHO, YTO METOJA MPOCTONH HUTEpallMU CXOAWTCS. YCTOHYMBOCTH pEUIeHHs ObLIa IOKa3aHa C
ITOMOIIBIO 3aJ]aHUS B IPABON YaCTH OMIMOOK pa3IMYHON BEINYHHBL.

Tabnuya 1
o | |

! 0,01 08-107

2 0,02 14-10°

3 0,03 2.10°2

4 0,04 23.10°°

5 0,05 9,3.10°°

6 01 38-10°

! 0,2 51-10°

8 03 5,75-10°

o 0,4 6,3-10°

10 0,5 6,3-10°
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Kak BUAWM, IIPU PA3HBIX 3HAYCHUAX OIIHOOK B 3alaHuH HpaBOﬁ JacCTHu pCUICHUC 06paTHOﬁ 3aJa4u U3MCHACTCs
HC CHJIBHO.
Takum o6pa30M, peuieHue OGpaTHOfI 3aJauu JJId 3aJadu Kommm YpaBHCHUA TCIIJIONPOBOJAHOCTHU yCTOfI‘IPIBO

T
TP BBITIOJIHEHUH yCIIOBHSA (h—z) <1
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THE INVERSE PROBLEM OF THERMAL CONDUCTIVITY WITH REVERSE TIME
(RETROSPECTIVE)

S.A. Dzharova, Master-Teacher of Mathematics and Applied Mechanics Department
Korkyt Ata Kyzylorda State University, Kazakhstan

Abstract. The Cauchy problem for the thermal conductivity equation with the reverse time and various meth-
ods of regularization of this problem, namely — reduction of the Cauchy problem for the themal conductivity equation to
the reverse problem and to an operator type is considered in the article. For the solution of a direct problem it was
considered final difference method, and the fixed point iteration method was applied to the solution of the reverse prob-
lem. Numerical experiments for creation of the solution of the regularizable equation were made.

Keywords: Cauchy problem, regularization, reverse problem, final difference method.
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V]IK 517

CMEIIAHHBIE JPOBHBIE IU®PEPEHIIUAJIBHBIE OIIEPATOPBI
B ITIPOCTPAHCTBAX I'EJIBJIEPA

T.FO. MamaToB, acCHCTEHT, MEXaHIKO-MaTeMaTHIECKIi (PaKyIbTeT, Kadenpa « BEaucanTeIsHbIe METOIBI
CamapKaHICKHMI TOCYJapCTBEHHBIH YHHUBEPCUTET, Y30eKnuCTaH

Annomavusn. Mol uzyuaem cmeuwannvle OpodoHvle npou3gooHvie 6 popme Mapuio QyHKyuu 08yX nepemeHHbIX 6
npocmpancmee Ienvoepa. Hccrnedyem Oelicmeue onepamopog cmeulanHozo OpobHoeo OJugpepenyuposanus 8
npocmpancmeax I envoepa gynxyuii 08yx nepemeHHuIXx.

Knroueswte crosa: ¢hynxyuu 08yx nepemenHuvlx, OpooHas npoussoonas Mapuio, cmewtantvitl Opoodmwill Ougge-
penyuan, cmewannvie pasiocme, I enboepsckie npocmpancmaa.

1. Bmenenme
WsBecren knaccuueckuit pesynsbrat I Xapau u [, Jluttasyna (1928 r., e [3, §3]) o ToM, 9yTO ApOOHEIil HHTE-

rpan (| - f XX) =T (0[ )(tfl * f XX), O <a <1 orobpaxaer msomopduo mpocrpancreo H ; ([O, 1])
renbaAepoBCKIX GyHKIMiA mopsaka A € (O, 1) ¢ yenoeuem | (0) =0 na ananormunoe npocTpaHCTBO Gonee BHICO-

KOT'0 TIOpsiKa At+a IpU YCIOBUH, YTO A+a <1. B nanereiimnm stor pe3ynbTar 0000Imancs B pa3IMYHbIX
HAMpaBJeHUsX: MPOCTPAHCTBO CO CTEMEHHBIM BecoM [1], 06o6IeHHsle mpoctpancTBa [enpaepa [4]-[6], mpocTpancTBa
tuna Hukonbckoro [2] u ap. [ToapoOHbIit 0030p 3THX U HEKOTOPBIX APYIHX OJIM3KHX PE3yJIbTATOB MOXHO HaWTH B [3].
Bo MHoOTMX ciydasix, yTBep>KICHHE O CBOICTBaX OTOOpa)KeHUs B MPOCTpaHCTBax ['enbaepa sl CMELIaHHOTO
Jpo6Horo uaTerpana Pumana-JInysumns [7]-[8].
Cwmemannble JpoOHbBIE Tpon3BoaHbIE hopme Mapmio

. o(x.7)
D.S
(““““‘D)( —a)T(1- f)(x—a)*(y—c)

“ (’“ N0 gy
“Ta- a)r(l Pee(x =) (y-1)"7

XxX=a,y=ec,

@
He ObUTM M3y4eHbI B IpocTpaHcTBe [ enbepa. Mexay Tem, TaM BO3HHKAIOT "MHTEpECHBIE TOUKH'', OTHOCSIINECS K MCCIIeI0Ba-
HHIO CMEIIAaHHBIX pa3HOCTeH ApoOHBIX pon3BoaHbIX (1). dist oneparopa (1) B mpoctpaHcTBax I'enbiepa cMeaHHOTo TTopsiiKa
BO3HMKAIOT HEKOTOPHIE BOIIPOCHI B OTHOIIEHWH MCIIOJIB30BAHMS TEX WM MHBIX Pa3HOCTEH B ONpeieIeHNH [ ebIepBCKUX Ipo-
crpaHcTB. Takne cBoWicTBa 0TOOPaXKEHHS B POCTPAHCTBAX | erbaepa cCMEeNIaHHOTO Topsi/ika He ObUTH N3Y4YEHBL.
Paccmotpum oneparop (1) B IpsIMOYyToJIbHUKE

Q={(x,y):0<x<b,0<y<d}.
2. O603Hauenne. /11 HeMIPepHIBHON (HYHKIUH (D(X, y) w R? BBOJUM 00O3HAYCHUE

(31 o )(xy)= gl hy)-oliy) (&, ¢j<x, y)= (%, y+17)-p(x,y),

(XM ¢j<x, y)=p(x-+h,y+7)—p(x, y+7)-p(x+h,y)+ p(x,y),

a TaKxXKe

p(x+h,y+n)= (Xm (p)(x, y)+(Xh (p)(x, y)+(0A’1 ) q)j(x, y)+o(xy). ©

Bo Bcex pe3yibTaTax 4epe3 Cl’ C2 y C u T.O. 0003HAYKM TOJOKHTEILHEIC IMOCTOSAHHBIC, KOTOPBIEC MOTYT

HUMETH pa3IMYHbIC 3BHAYCHUE B PA3JIMYHBIX CIIydasdaXx.
B CICAYIOMINX OIMPEACIICHUAX BBOJAUM JIBA TUIIA CMCITAHHBIX IPOCTPAHCTB Fem)ﬂepa.

Omnpenenenue 1. |. [Tycts ﬂ, Y e (0,1] CkaxeMm, 9to P € H AJ/(Q), eclu

‘(D(Xliyl)_¢(xz1yzxsc1‘x1_xz‘l+C2‘y1_yz‘y ©))

© Mawmaros T.IO. / Mamatov T.Yu., 2014
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JUTSE BCEX (X1’ A ), (X2 v Y, ) € Q . Ycnosue (3) 9KBUBAJICHTHO [UTS TIAPHI MIPH OTACIBHBIX YCIOBHAX

1,0 1 0,1 v
(Bo)xy)zent, [Ao)xylzch 2

PaBHOMEPHO C OTHOLIEHHEM C APYTUMH EPEMEHHBIMHU.

Yepes H ; v (Q) OTIpEeNIeITMM TTOAMPOCTPAHCTBO (PYHKITHH feH ; 7 (Q) KOTOpast oGpariaercs B HyJb B
rpanmmax X = 0 u y=0 8 Q.
Onpenesenue 2. ['oBopuM, 4T0 QD(X, y) eH Z’V(Q), rze ﬂ,, Yy € (0,1], eciu

peH “(Q) U (Kh,,, goj(x, y)‘ < CB‘hmn‘y.
CkaxkeM, 9TO ¢(X, y) € Hg’y(Q), ecnu (D(X, y) eH ﬂ'y(Q) u (0(0, y) = @(X,O) =0.

JlaHHbBIE IPOCTpaHCTBA CTAaHOBATCA baHaxoBsIMU IIpocTpaHcTBaMu. Huske cTaHIapTHO ONpPENeIsoTCS HOPMBL

lol ., =lel.., + sup (ol ek )]
C(Q)

x,x+he[a,b] | h | y.y+nelc.d] | n |y
yelc,d] xe[a,b]

_ (& 0)x. )
o1z = ngHHM +x,x§r9e[pa,b], hlnl

y,y+nelc,d]

3ameTuM, 9TO

9/1‘ ‘(1—19);/

11
peH" = ‘(Ah,,, go)(x, yﬁ <C,h"|n 5)
IS HEKOTOPBIX Qe [0,1] , TIIe Cg = ZCfC;_g,

3. OanomepHbie yTBep:kaenus. Crnemyrolee yTBepkaeHUe ObLIO TOKa3aHO B [8], Takke J0OKa3aTeIbCTBO
npenacrasieHo B [4], ctp. 23 u 190. OnHako BCHOMHHUM CXeMy J0Ka3aTenbcTBa U3 [4] st yaA00CTBa COCTaBISHHUSI TI0Ka-
3aTeNbCTB VIS IByXMEPHOTO CITydasi.

PaccMoTpuM 1poOHYIO MPOU3BOAHYIO Mapiio Ha OTpe3Ke.

(D" f )(x):l“l(l—a)(f(x)(x—a)‘“ +ai[f(x)— FO)x—t)" dt} o

Jlemma 1. Ecin f(X)E H*([a,b]) n0<a<A,m

9(x)= M eH " ([ab]) n g

x~a

HA™ SCHfHH“ )

rie C ne sapucur or f (X)
Tokasareanerso. [Tyers N> 0, X, X+ h e [a, b] . imeem

]|x+h x]|

h)-
9lx+ (x+h-a)’

f (a)ﬂ(x ~a)“ —(x+h-a)"

To ycnoByio Teopembl (X) eH”’ ([a, b]) , CIIPaBE/LTHBO

[f(x+h)-f(x)<Ch* n |f(x)-f(a)<C(x-a)"
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I/ICHOHLSYH OTHU HEPABCHCTBA, MMOJIYYHUM

lg(x+h)— x){<C(h* x+h-a)* (x—a)l‘(x—a)‘“—(x+h—a)‘“)=A1+A2.

Orcro/1a ACHO: A1 <Ch*™“.

O6parumcs K A2 M PacCMOTPHM J[Ba BO3MOKHEIX clydas: X —a < hux—a>h.

u
B nepBom ciyuae, npuMeHssl OLIEHKY ‘(71” - (71”‘ < ‘(71 - 62‘ ,(01 * (72),HMeeM

A, <C(x-a) “(x+h-a)“ <Ch*“.
Bo BTOpOM Cilydae, IpUMeHsist HEpaBEHCTBA (1+ X)ﬂ -1< LXK, (0 Su< 1 x> O), MOJTyIUM

A, < C(x—a){(ﬁ%) _ }(H h—a)* <Ch(x+h—a) “* <Ch**,

Jlemma 2. Ecm T (X) e H *([a, b]), a<A<l 10
(D: £ Jx)=T"(1-a)f (@fx—a) “ +y(x)

e l//(X) eH"™ ([a, b])I/I l//(a)Z 0, npu stom Hl// i S CH H

Joxa3zareancTBo. Cornacuo (6) u (7), JOCTOYHO IMOKa3aTh, 4YTO

jt’l" (x—t)ldte H**.
Hmeem

¥, (x+h)— j[f )= f(x—t)][(t+h)" —t it +

+if (x+h)- f(x t)de f(x+h)—f(x)dt:|l+|2+|3_

% (t+h)™ o (t+h)™

3ameTuM, 9TO

o t—l—a

1)—1—a _ tflfa

\ll\scTtﬂ( dt=Ch**, e Clcht‘(
0 0

0 0
| <CJ(t+h)""dt=C,h*“ |I[<Ch*[(t+h)“ dt=C,h*"
—h 0

X—a
Ocraercs 3aMeTUTh, UTO ‘Pz (O) =0, nockonbky “Pz (XX <C J.t)rafldt. JlemMa noKa3aHa.

4. OcHOBHBIE Pe3yJIbTAThI.
Jlemma 3. Ilycts f (X, y) eH”* (Q), a<A<], ,B <y <1. Torma ans (1) mmeer wmecro

IpEACTABIICHUC

(D fYx,y)= 1 OOX"Y” +F>(/lﬁ_w;()>;)(;xﬁ“;//z(y)+ v(xy) ©

32
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‘l/ll(x)‘ < Clxma’ ‘l//z (y)‘ < Cz y7+ﬂ " ‘l/I(X, Y)‘ < Cx* y(lfg)V’ﬂ o

rac

w,(x) = x[f(x,0)— £(0,0)]+ aj[f (x,0)— f (t,0)[(x—t)"dt,
w,(y) = y”[(0,y)- f(0,0)] +/)’I - f(0,0)y-7)""dr,
w(x.y) = x-ay-ﬂ(l’lx,y f )(0,0) vay’| (A“,y fj(t,O)(x )i+

+ ﬁxaj(xx,yr f j(O, o)y-7)dr+ aﬁﬁ(zxtw f j(t, )(x—t)"(y—-7)""dtdz.

A,
Hoxa3zareancTBo. [Ipencrasnenue (8) camo mo cede moxydaercst w3 paBeHcTBa (2). Tak Kak feH"” (Q)

HepaBeHcTBa (9) oueBuaHbL. OligHKa IOTy4YaeTcs U3 HepaBeHCTB (4) u (5).
Teopema 1. Ilyctsb f(X, y) € H(;W(Q), a< A<l ﬂ <y< 1. Oneparop ngrﬁm OrpaHIYECHHO

neiicryer u3 H Oﬂ’y (Q) s H O/HZ'%ﬂ (Q)
Joxa3zaTeabcTBo. Tak xak fe H;'y u3 (8) nMeeM ( 0+ 04 f )(X y) l/I(X y)
Iyers h>0; X,X+he Ql = [0, b] . PaccmoTpum passHocTs

w(x+h,y)—p(x,y)= yﬁ[(x +h)” (Xh,y f )(0,0)+ (Xx,y f )(0,0)[(x +h)“ —x™ ]+

1,

X X+h
U (x+h—t 1a(Ahyfj(XOdt+I(Axmtyfj(tO)(X'i‘h t)"“dt +
0

+j(xxt,yfj(t,O)[(XJrh—t)l“—(x—t)“’]dtj}rﬂ (x+h)* fwdﬁ

0

Y

[(x+h - X l[(Ay fj(Or)(y T ﬂdr)+aﬂ':f

0

Ah,y—r f j(x, z')dtd T
+ h _ t)l+0{ (y _ T)l+ﬂ

+

O'—-<
>< I N

x+h 1,1
(B YN =) (=) e+

+EI[AH v j (y-7)" ﬁ[(x+h—t)‘1‘“—(x—t)‘l‘“]dtdrj. (10)

Taxkax T € H (;W uVeoe [0, 1] , TO TOTAAa PACCMOTPHUM Cllydait @ =1.Torxa

w(x+h,y)—p(xy)< C(y‘ﬂ + f(y - r)y'ﬂ'ldr)[h‘(x +h)“ +x*(x+h)”

+h‘j(x+h—t)'l’“dt+x_+[h(x+h—t)“’“dt+i(x—t [(X+h £~ (x— tlaht:|
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I/ICHOHLSY}I OLICHKH Al y AZ W3 TOKa3aTeIbCTBA JIEMMBI 1 1 OIICHKH Il’ |2, |3 H3 1oKa3aTCJIbCTBA JICMMBI 2

JICTKO MO>XHO y6e,I[I/ITBC}I B CIPABEJINBOCTH HEPABEHCTBA

w(x+h,y)—w(x,y)<Ch"

[TeperpynmnupoBaB cummeTpuuHble npeacrasaeHus (10), MoxxeM MogoOHBIM 00pa30M MOIYYUTh, YTO

(%, y+h)—w(x y)<Ch™.
KOTOPBIC 3aBEPIIAIOT JOKA3aTEIbCTBO TEOPEMEI.

Teopema 2. IlycTh f(X y)e H/W(Q) a<A<], f<y<1. Oneparop D

JIEHCTBYeT U3 H0 (Q) B H;_a 7 ﬂ(Q)
Joka3zareiabeTBo. IlycTh f(X, y) € ﬁg’y (Q) Torma ( 0+ 04 f )(X y) l/I(X y) OCHOBHBIM

MOMEHTOM B JaHHOM Ciyd4ae OyZeT HaXxOXKACHHE COOTBETCTBYIOIIECTO PA3JIOKEHHS, KOTOPOE IT03BOJUT IIONYYUTHh
Jy4dliie OUEHKH TMpPH KaXIBIX TMEePEMEHHBIX He Tepsis COOTBETCTBYIONIMX OIICHOK B JPYTUX TMEPEMEHHBIX.
[pennoxxeHHOE pa3oKeHHE MOCIIe HEKOTOPBIX HECIOKHBIX IPE00pa30oBaHUN HMEET BHU

(Xhﬂ l//)(X, y)= (Xh,,, f j(x, V(x+hY“(y+7)” + (Xh,y f j(x,o)[(y )’ -

0+,0+ OrpaHUYCHHO

—y P x+h)y+ (Xx,,, f j(O, y)(y+n)” [(x +h)“ —x™ ]+ (Xx,y f )(0,0)[X“ -

() Jy7 =(yen)” ]+ﬂ(x+h)_a(yr(zh,ymf)(x,r)(Y+77—r)+ﬂdr+

y

+I(Ahﬂ j(x y+n-1) ﬁdT+j(Ahyr j(x,r)[(y—r)_l‘ﬂ—(y+77—r)_l_ﬁ]dr]+

+ ,B[x (x+h)™ {yr (Xx,y+n_r f )(O, o)y+n-7)"dr+

y

+ J'(A f)(o, y)y+n—7)"dr+ I(Ay fj(o, Ny-2)* =(y+n- T)-l-ﬂ]dfj ;
aly + n)‘ﬁ[xf(xw,, fj(t, y)(x+h—t)“dt + !(A fj(x, y)(x+h—t)*“dt +
(B el =m0 ally ) -
_y (I(A fj(t O)x+h -t 1adt+j(Ahy f)(x O)x+h—t)*“dt +

X

(Ahq j X, y dtdr

+'I(1Aixt,yfj(t,0)[(x—t) —(x+h-t 1“]dtj+;[I(X+h T —
+ i yr(zh - j(x r)\x+h—t)“(y+n—7)"dtdr +

(1hyr j (x,7)(x+h— t)la[(y o) —(y+n-1) ]dtdr+

ﬂ

Al
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x+h'y

+II(XHMWfj@yxx+h_olqy+n_fyfdmf+

x+hy+n /11
4_1I(AMHWHfjajxx+h_ol%y+n_fyﬁdmf+

Xthy 711 t
R L A
+ﬁ(zxwfj(t,y)(y+n 7) lﬂ[ T (x+h-t) ]dtdz'+
00
+ﬁ” X“Wff)(LT)(YH?—T)_l_ﬂ[(x—t)_l‘ —(x+h—t)"" dtdz +
0y

+ﬁ(zxwf f)(taY)[(X—t)_l_a—(X+h—t)_l_a][(y—r) P (y+ny-1) ]dtdr

Ay
Ucnonw3ys fe Ho (Q), a TaKXe HCIOJb3ysd OLEHKU Al, A2 W3 JOKAa3aTeJIbCTBA JIEMMBI 1 M OIEHKH

LY |3 U3 JI0Ka3aTesbCTBA JIEMMBI 2, JIETKO MOKHO YOEUTHCS B CIIPaBENIMBOCTH HEPABEHCTBA

11
(Ah,n wj(x, y)<Ch*“n’”.
9t0 3aBCPHIACT AOKA3ATCIBbCTBO.
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THE MIXED FRACTIONAL DIFFERENTIAL OPERATORS IN HOLDER SPACES

T.Yu. Mamatov, Assistant, Mechanical and Mathematical Faculty, Department of Computational Methods
Samarkand State University, Uzbekistan

Abstract. We study mixed fractional differentiation operators in the form Marchaud of functions variables in
Holder spaces of different orders in each variables. We consider Héolder spaces defined both by first order differences
in each variable and also by the mixed second order difference, the main interest being in the evaluation of the latter
for the fractional differentiation operators in the form Marchaud in both the cases where the density of the integral
belongs to the Holder class defined by usual or mixed differences. The obtained results extend the well known theorem
of Hardy-Littlewood for one-dimensional fractional differentials to the case of mixed Holderness.

Keywords: Functions of two variables, the fractional derivative Marchaud, the mixed fractional differential,
mixed a difference, Hélder spaces.
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YK 537.9; 539.2

MOJIEKYJISAPHOE CTPOEHUE METAJIJIOB

A.A. IloTanoB, TOKTOp XUMHYECKUX HAYK, KaHIUIAT GU3UKO-MAaTEeMaTHYECKUX HayK, mpodeccop
(Upkytck), Poccus

Annomayun. Obcysxcoaemcs npodiema ONUCAHUA MEMATTUYECKUX KPUCIAILI08, UCXOO0s U3 HOBbIX NpedCmas-
JIeHUTl 0 MONEKYNAPHOM CIPOEHUU 6eujecmed, CO2IACHO KOMOPbIM CIMPYKMypooopasyiowumy 31eMeHmamu 6blChyna-
101 He UOHDBI, KAK 9MO NPUHAINO 8 U3BECTHHBIX MOOEAX, A 08YXATMOMHbIE MOIEKYIL 8 Y31aX KPUCMAIUYECKOU PeutenKuy.
Jlaemcs 0bocHo8aHUe MONEKVIAPHO2O CIMPOEHUS MEMAILI08 U 00bACHEHUe C80UCM8 U 3¢hghekmos, HabaoOaeMbix 6 IKC-
nepumenme.

Knrwouesvle cnoea. memannuyeckue KpUCmaiivl, MOJIEKYIAPHAS MOOENb, KOBANEHMHAS CE513b, MENCMONEKYIAD-
Hble 83aUMOOeliCIGUSL.

HaGmonaemble cBoiicTBa BelecTBa NP 33/laHHOM COCTaBE OMNPEACISIOTCS €ro HaJMOJEKYJSIPHOH CTPYKTY-
pOMi, KOTOpas B CBOIO OUYepelb OIMpENeNsieTCs JIEKTPOHHBIM CTPOCHHEM COCTABIISIOMIMX JAHHOE BEIIECTBO aTOMOB U
Mosiekyll. IIpu HOpManbHBIX yCIOBHUAX METaUIbl B OOJBIIMHCTBE CIydaeB KPUCTAIUIM3YIOTCS B IIOTHOYIIaKOBAaHHbBIE
KyOMYECKYIO W TeKCAarOHAIBHYIO CTPYKTYPHL.

B Hacrosmee BpeMs oNMcaHWE CBOHCTB METAJNIOB OCYIIECTBIICTCS B pamMKax Teopuil lpyne u 3ommepdens-
J1a, B OCHOBAaHHH KOTOPBIX JICKUT MOJEIb CBOOOMHBIX U HE3aBUCHUMBIX 3JICKTPOHOB. COTIACHO JAaHHOW MOMEIH, TIONY-
YUBIIEH Ha3BaHUE MOJENHU "Kene", MOHHBIM KapKac MeTajljia MOrpy>KeH B AJIEKTPOH-TAa30BYIO cpeny. B mocnenyromem
JaHHAs MOJIENb JIeTJia B OCHOBY M 30HHOW Teopuu. OHAa CMOTJa YIOBICTBOPUTEIHFHBIM 00pa3oM OIMICAaTh OCHOBHBIC
ANEKTPUYECKUE W TEIUIOBBIC CBOWMCTBA METAJUIOB, XOTSA HEHOCTATKH €€ XOpPOIIO M3BECTHHI M OTPAKAIOT BHYTPCHHIOKO
MIPOTUBOPEYHBOCTH MOJIEIH CBOOOIHBIX M HE3aBUCHMBIX DJIEKTPOHOB M (PM3MYECKYIO HECOCTOSATEIBHOCTh 30HHOW TEO-
pun Metayuos [1, 11].

Bo-nepBbix, B Mozienu "xene" npuHITH Hepu3ndeckue JOMyIIeH s, COTIACHO KOTOPBIM KPHCTAUIbl METAIIIIOB
MIPEJCTABICHbI B BU/IE J)KECTKOM PEIIeTKH, y371aMU KOTOPOH BBICTYHAIOT MOJIOXKHUTEIBHO 3apsKeHHbIE HOHBI M OTPHIA-
TeNbHBIE 3JIEKTPOHBI, CBOOOTHO MEepeMeIaloIuecss B MeKHOHHOM NpocTpaHcTBe. HO MPOTHUBOMOIOXKHO 3apsKEHHBIE
YacTUIBl B COOTBETCTBUH ¢ 3aKkoHOM KyioHa Bcerma cTpeMsTcs K MaKCHMaJbHO BO3MOXKHOMY cOmmkeHnto. FIMeHHO
STOT MPHUHIHUI 3aJI0KEH B OCHOBOMOJAraromeii reopeme MpHOIIOY, COTTaCHO KOTOPOW CHCTEMa CTATUYECKHX 3apsIoB
HE MOXET OBITh YCTOWYMBOU. JJaHHOE TOJI0KEHUE MTOITBEPKAACTCS TEM (PaKTOM, YTO BPEMsI )KU3HU aTOMOB METAJUIOB B
CcBOOOIHOM COCTOSIHUHM OUYeHb MaJIo M B ra30BOii (ha3e OHM 00pa3yIoT AByXaTOMHbIE MOJIEKYJIbL, TUMA Liy, Aly, Ag,, Fe, u
T.11. U3NYECKNX OCHOBAHHHN JJIS MX HOHHU3AINHU WU TUCCOIMANINY B TIpoliecce 00pa30BaHusl KOHACHCHPOBAHHON (Dasbl
BemiecTBa HeT. Hamo momarate, 9To B IpoIlecce KPUCTAIUTH3AWN METaNIOB MOJICKYJBI COXPAHSIOT CBOKO MHIUBUIY-
IBHOCTh. BO-BTOPBIX, KpHCTaIIHMUYECKast CTPYKTYpa METaJIJIOB MPeAIoiaraeT HaJliunue B CUCTEME HaNPaBJICHHBIX CHIL.
Ho cormacHo 3akoHy KynoHa CHIBI NpUTSDKEHUS, BO3HUKAIOIIHME MEXAY KaTHOHAMU M 3JEKTPOHAMH, HE SBISIOTCS
HAINpaBJICHHBIMU U HE OOBSCHSIOT MOJIMMOPYHU3M U MHOr000pa3ue KpUCTAIUIMYECKUX M aMOP(QHBIX CTPYKTYp MeTal-
noB[5]. B-TpeTbux, 0OBsICHEHHE IUIOTHOYMAKOBAHHON CTPYKTYpPhl METAJUIOB CTPOUTCS HA OCHOBE I€OMETPUYECKOTO
MIPUHIUITA 3AM0JHEHUS IPOCTPAHCTBa chepamu paBHOTO pasmepa (paBHOBenukuMmu niapamu) [5]. Ho pamuycer kaTuo-
HOB aTOMOB METQJIJIOB MHOTO MEHBIIIE TIOCTOSHHON KPUCTANIMUECKONW PEIIeTKH U IMPU TaKOM COOTHOLICHHH HUX pa3Me-
POB peaybHBIE KPHCTALIBI HE MOTYT paccMaTpUBaThcs KaK IUTOTHOYIAKOBaHHBIE CTPYKTYphl. Kpome 3toro, monens
IUTOTHEHIIIeH YIaKOBKH PABHOBEIUKUMHU IIapaMH JIOIYCKaeT (PU3NUECKHA HEBO3MOXKHBIN MEXaHUUECKUH KOHTAKT MEXK-
Iy OHOWMEHHBIMH 3apsIaMy KaTHOHOB. B-ueTBepThIX, B MojaenH "kene" MPUHATH NpUOIIDKEHHEe CBOOOJHBIX JIEK-
TPOHOB, KOTOPOE 3aKJI0YACTCA B NMPEHEOPE)KEHUH POIU MOHOB, W MPUOIIDKEHIE HE3aBUCHUMBIX AJIEKTPOHOB, KOTOPOE
3aKITF0YAeTCs B MPEIIIOI0KEHUH MaJIOCTH CHJI B3aUMOJICHCTBHS MEX Ty d1eKTpoHamMu. O0a 3TH IpuOIMKeHUs (pu3ude-
cKM He 00ocHOBaHBI. [Ipu XapakTepHbIX pa3Mepax JIEMEHTapHBIX SYeeK METaJUIOB SHEPIUs KyJOHOBCKMX B3aUMOAEH-
CTBUU MEXIY 3apsIaMu KaTHOHOB M DJIGKTPOHOB OIEHUBAETCS BeduMunHamu mopsaka (5+10) sB, uTo comzmepumo ¢
SHEepruell MOHM3AIMN MCXOJIHBIX aTOMOB METAJUIOB M SHEprueil CBA3M caMuX KpucTaiuioB. bornee Toro, mMEeHHO 3TH
B3aMMOJICHICTBHS MIPAIOT PEMIAIOIIYIO PONb B (POPMHUPOBAHUHU CTPYKTYPHI METAJUIOB. B-TIATHIX, CTPYKTYpa KPHUCTAIIOB
YCTaHABJIMBAETCS Ha OCHOBAaHHM JAaHHBIX PEHTICHOCTPYKTYpHOTro aHamm3a. Ilpm 3TOM cumraercs, 4To pedieKchl B
PEHTTeHOBCKUX CIIEKTPaX METAIJIOB 00S3aHbI YIPYTOMY PACCESHHIO PEHTTEHOBCKUX BOJH Ha 3JIEK