252 Visnik Zaporiz'kogo nacional'nogo universitetu. Fiziko-matemati¢ni nauki

VIIK 539.3

IMNOCTPOEHUE MATPULIBI ®YHIAMEHTAJIBHBIX PEIIEHUM
CUCTEMBI YPABHEHUMU, OIINCBIBAIOIIINX OBOBIIEHHOE
IIVIOCKOE 2JIEKTPOYIIPYI'OE COCTOSHHUE
MNbE303JIEKTPUUECKOM MJIACTUHBI

JleBaga B. C., k. 1. H., noueHr, JleBunkas T. W., k. T. H., JOIICHT,
[Toxyesa U. C., k. T. H., nouent, XwkHsk B. K., k. ¢.-M. H., mo1ieHT

3anoposrccKuii HAaYUOHAILHYBIL MEXHUYECKU YHUBepCcUumen,
yn. JKykoeckoeo, 64, m. 3anopooicve, 69063, Vrpauna

tigr_lev@ukr.net

C mnpumeHeHHeM mpeoOpa3oBanus Dypbe 000OIICHHBIX (YHKIUH MEIJICHHOTO pOCTa, IOJIydYeHa
Marpula (yHIaMEHTAIBHBIX PEIICHUH CHUCTEMBbl YpaBHEHHH, OIMCBHIBAIOIIMX OO0OOIIEHHOE IUIOCKOE
HAaIPsHKCHHOE COCTOSHUE IMbE303JCKTPHYCSCKON IUIACTUHBL. DJIEMEHTHI MaTpPHLBI, IPEICTaBICHHBIC B
3aMKHYTOM BHJI€, BEIp)KEHBI Yepe3 dJIeMeHTapHbIe ()yHKIIHH.
Kniouesvie cnosa: naacmuna, mampuya @yHOAMEHMATbHLIX — peuwieHuti, 0000weHHble  DYHKYUU,
IeKMPOYNPY20Cb, Nbe302NeKmpuiecKoe Hanpsaxcetue, npeobpasosanue Pypue.

MOBYJOBA MATPULI ®YHIAMEHTAJIbHUX PO3B’S3KIB CUCTEMU PIBHSHD,
IO ONMUCYIOTDb Y3ATAJIbHEHUU IVIOCKUHU EJIEKTPOIIPYKHUU CTAH
IPE3OEJEKTPUYHOI IIVTACTUHHU

Jlesaga B. C., k. T. H., goueHT, JleBumpka T. 1., k. T. H., TOIIEHT,
[Toxyesa I. C., k. 1. H., mouent, XmwkHsk B. K., k. ¢.-M. H., go1IeHT

3anopizbkuii HayYiOHAILHUL MEXHIYHUL YHIgepcumem,
syn. ’Kykoscvkoeo, 64, m. 3anopixcocs, 69063, Vrpaina

tigr_lev@ukr.net

I3 3acTocyBanHsAM niepeTBOpeHHs Pyp’e y3aranbHEeHUX (YHKIIH MOBITFHOTO POCTY, OTpUMaHa MaTPHIIA
(yHIaMEHTaIbHAX PO3B’SI3KIB CHCTEMH PIBHSHbB, 10 ONHUCYIOTH y3arajJbHEHUH IUIOCKHN Harpy>KeHHH
CTaH 11’€30€JIEKTPUYHOT IIaCTUHU. EneMeHTH MaTpui, pe/icTaBieH] B 3aMKHYTOMY BUTJIS/II, BUpaXKeHi
4yepes3 eNeMeHTapHi (PYHKIIII.
Kmouogi  cnosa:  nnacmumna, mampuys — QYHOAMEHMANbHUX — PO36 A3KI6,  y3a2anbHeHi  QYHKYil,
eNIeKMpPONPYIICHICIb, ' €30eIeKmpUudHa Hanpyaa, nepemeopenns Dyp’e.
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In constructing the matrix of fundamental solutions, the Fourier transform of the generalized slow
growth functions is applied for both variables. Solving the obtained system of linear algebraic equations,
we arrive at the need to solve an algebraic equation of sixth degree with real coefficients. This equation
can have three variants of roots. Assuming that this solution is found, we obtain a solution of the
original problem in Fourier images. When finding the inverse transformation with respect to one of the
variables, the usual inverse Fourier transform is used. In order to obtain an inverse transformation with
respect to another variable, it was necessary to regularize the resulting generalized functions. An exact
solution of the problem is obtained. This solution is expressed in a closed form through elementary
functions, which makes it possible to use it effectively.
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BBEJIEHUE

[Ipe3030€eKTpUYECKHE MaTepuaisbl, Oiarogaps cBouM (U3MKO-MEXaHWYECKMM CBOMCTBaM, HallUIX
IIMPOKOE MPUMEHEHHE B PA3IMYHBIX OOJIACTSX HAyKM M TeXHHKH. B pabortax [1, 2] u3noxeHbl
OCHOBBI 3JIEKTPOYNPYrocTU. PaccMOTpeHbl METOJbl pelleHHs OTIEeNbHBIX 3ajnad. B mrockux
3a/1ayax dJIEKTPOYNPYroCTH dalie Bcero ucnoiyib3yrorcss meroasl TOKII. 3nanue MaTpuilsl
(GyHIaMEHTAJIbHBIX PEIIEHUI COOTBETCTBYIOIIUX YPAaBHEHUH MO3BOJISIET CBECTU KPAEBbIe 3aJauu K
I'MY, c¢ mnocnenyroumum npumenenueM MID. IlocTpoeHuto 3Toil MaTpulbl C MOMOLIBIO
MHTETPAIBHOTO NpeodpazoBanus Oypbe NOCBALICHA JaHHAs padoTa.

ITIOCTAHOBKA 3AJIAYA

PaccmaTpuBaercs GeckoHEUHasi THE30JIEKTPUIECKasl TIACTHHA CO CpeauHHOM iockocThio XOY,
KOTOpasi SBJISIETCS IUIOCKOCTBIO YIPYrodjeKTpuueckod cummerpuu. [lnactuHa Haxogutcs B
0000IIEHHOM TIOCKOM 3JIEKTPOYIPYTOM COCTOSIHHH.

3aBUCHUMOCTh MEXJy KOMIIOHEHTAaMH TEH30pa HampshKeHUil, TeHzopa nedopmainuii, BEKTOpa
HAMpPsDKEHHOCTH  DJIEKTPUUYECKOTO TOJIE M BEKTOpa DIEKTPUYECKOW WHAYKIIMHU BBIPAXKAETCs
CJIEIYIOIIUM PABEHCTBOM:

Ox _Cll Cpp Gy — b11 o b12 | Ex

Oy Cip Cp Cy — b21 - bzz y

Tyy | = Cis Co6 Cos — by, =By, || 7 xy | (1)
D, b11 b21 b31 a; E,
_Dy_ _b12 bzz b32 dp 8y | _Ey_

rie (E,, E,) — mampsukenHocth snmektpudeckoro nons; (D,, D,) — Bekrop smekTpuyeckoii
MHIYKIHKA; C; — KO3((HUUMEHTBI ynpyrocT; by — KO3((HUIMEHTBI MbE302IEKTPHYHOCTH; 8; —

KOA(DPUITUEHTHI TUATEKTPUIECKOIN TPOHUIIAEMOCTH.

ou ou ou ov 0 0
gX:_; gy:—, 7/xy:_+_; EX:__¢1 Ey:__¢,
OX oy oy OX OX oy
rZie @ — MOTEHIMAN IIEKTPHYECKOTo oS, U, V — mepemenienns B HanpasieHusix 0x u QY .
[IpuxonnMm K crienyromen 3ajadye: HalTH peleHne MaTPUYHOTO YPaBHEHUS

A-G =E-5(x)-5(y), 0)

rae
R Ay A, A
A(&'aj: A21 Azz Aza ;
A Ay Ay
0° 0° 0° 0? 0° 0°
Ay :Clly+zclsax—8y+066 y; A=Ay ZCleny(Clz +Cee)@+cze yi
0° 0° 0? 0? 0° 0°
A13:A31:b11y+(b12+b31)@+b3zﬁ; Azzzceey"'zczeax_ay*'czzy; (3)
0? 0? 0? 0? 0? 0?
As=A, :bSly-i_(bSZ +b21)%+b22y; 3 :—any—zau ax—ay—azzyi
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G, G, G, 100
G(x,y)=|G,, G, G, | —marpuua gyHmamenTanbHbIX pemenuii; E={0 1 0 ;5(X), 5(y)
G, G, Gy 0 01
— nenbra-¢yHkuun J{upaka.
PEHIEHUE 3ATAYA
Ha nepBom stame OyzieM HCKaTh pelieHne claeayromeil 3a1auu:
u F
A2 )] R ]sta) @
oX oy F,

DTO ypaBHEHHE OIMCHIBACT 3JIEKTPOYIPYroe coctosiHue ruiactuhbl, ecnd B Touke (0,0) 3amaHbl
COCpeoTOYCHHAsE 00BEMHAsI CHJIA B COCPEIOTOUCHHBINA CBOOOTHBIN SJICKTPUICCKUN 3apsil.

Cucremy (4) GymeM paccMaTpuBaTh B HPOCTPAHCTBE S (0GOGLICHHBIX (YHKIHII MEIICHHOTO

pocTa), cuuTas ornepaTop A(—, —j samnuntuaeckuM. [Ipumennm k (4) npeobpazoBanue Oyphbe:
u (/1, ,u) K
A(=iA,—ip)| V(A p) |=| F, |, ®)
= F
o(Au)| L
rae
(4(20).¥(2, ). (2. 1)) = (F[u(x.9) ] F [v(x.9)] F[0(x¥)]);
A=det A(—iA,—ig) = Nyu® + NAe® + N A i + N A 18 + N A 1 + N A 1+ N, A,
Nl =CesC8p + C66b222 +Cy b322 - Cgeazz - 2C26b32 b22-
Beipaxkenns aist octanbHbIX K03 ¢unueHToB N, HE MPUBOIUM H3-3a TPOMO3AKOCTH.
Jlanee HaXoAUM OTPEIEIUTENH
Fl A12 A13 All Fl A13 Ail AiZ Fl
Al(ﬂ” ﬂ): Fo An Ayl A2(% ,u): Ay B Ayl As(l’ ,u)z An Ap By
F3 A32 ASS A31 F3 ASS A31 A32 F3
Ay =My u® + M + Mls/lzluz + M, A+ Mis;
Ay =My pt + Mo Ap® + Mo A2 1 + Moy 2+ Mo
Ay =My pu® + My du® + Mg A2 p® + My, 2P i+ My, (6)

rac

My =F (_ €08z — b3, )+ F (Czeazz + by, )+ Fy(Casb, = Coabs;);

Mlz = Fl (_2C26 a, — 2C22a12 - 2b21b22 - 2b32b22 ) +
+ Fz (2C26 Ay, +Cpp8y, +Cgedy + b12b22 + b31b22 + b32b21 + b322 )+

+ F3 (_ C26b32 +Cy bZl +Cyp bzz + C66b22 - C22b12 —Cy b31) '
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2 2
M 13 = Fl (_ CesQ2 — 4C26a12 —Cpdy; — 2b31b22 - 2b21b32 - 2b21b32 - b21 - b32 )"‘
+F2 (Czeau + 2012a12 + 2Ceea12 Gy + bubzz + b12b21 + b12b32 + b31b21 + 2b31b32 ) +

+ F,(=Cyby, +Cpby, +Cuby, +Ceb,, +C5h,, — 20,0, —C0by,);
M,, = F, (—2Csa,, —2C,a, —2by b, —2b,b, )+
+Fy (Cipyy + ooy + 26,68y, + by, +I0y sy +by, +07 )+
+F, (Cpby, +Cighy, +Cibyy —Coeb, — 2,0, )
My = F (—Casts =5 )+ F, (Cuoyy b1,y ) + F (Cighiy — Coghyy )
M, = Fy (CosBpDihy ) + Fy (—Cosy, — 05, )+ Fy (—Cogbiy +Coglyy )
M, = (€, +Copyy + 2,58y, + 105, + by, +b5 +bby, )+
+F, (—2¢,58,, — 2Cga,, — 2b,b,, — 20,0, )+ F, (—20,4D,, —Cieh, +Cubs, +C5hy, +C56by, )
M,; = F (C,s8,, +2C,,8,, + 2Csay, +Cpedyy +by,b,, +2b, by, +by b, +b,by, +bb,, )+
+Fy (—Cyyy, — 40,8y, — Copdy, —b —b3 — 20 by, — 20 by ) +
+F; (b, —Cibs, —2¢,b,, +C by, + by +Cighy, + by ) s
M, = F; (26,68, + oy +Cygdyy + Dy, +byyby, +b3 +by by, )+
+F, (—20y,8,, — 20,68, — 20,0, — 20y, by ) +
+F (—Cubi — Gy — Gyl +Cighyy +Ciolyy +Cogb )
M s = F (Cioyy + 1,05, ) + F, (—Cya, —b7% )+ F, (—Cyby +Ciby, )
My, = Fy (Coobpy = Cooby )+ Fy (—Coglyy + ooy ) + Fy (CoeCor —Cho )
M, = F(Cpuby, +Cagby, +Cpehyy —Creby, —Cooby —Cohy, ) +
+F, (—Cghoy — 20,505, + oy, +Ciobs, +Cychy, )+ F (20,4C,, —2C1,C6 ) ;
Mg, = F (Cgh,, +C,b, +Cby, +Cgb,, —Cosby —Co0b, —2¢,hy, )+
+F, (—2¢,6h,, —Cigby, —Cub,, +C,05 +C by, + by, +Co6by )+
+ 3 (CiCop +2C15C05 — 2C,,Co —C )
M,, = F (Cgh,, +Ciehy, +C,b,, —2¢,b, —c by, )+
+F (s =iy — by +Cighiy + by +Cogldy )+ F (201G —2646C,, )
Mg = F (Cigls; — oy )+ (—Cuibosy + el ) + (Cncee —Cjg ) : (7

Pemenue ypaBHeHus (5) npeacTaBiIseTcs B BUJE:
A, = A,
A

EM#)Z%’ V(2 u)="E, p(4u)=

= (8)
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Brimonasiem o0bpr4HOE 00paTHOE TTpeoOpa3zoBanne Oypbe Mo i :

(u(2.y).v(4y), )= j( U2 0), V(2 12), (A1) |- €.

IIpu 3TOM, eciaun

400 ,__

(6.(2:9). 92 (1 ¥). 05 (2Y) == [ (8(240).¥(2 1), p( 2 1)) - €. ©)

—00

TO

(u(2y).v(4Y).0(2,y)

S~—"

= (9,(~2signy, y), 9, (~Asigny, y), g5 (—Asigny, y)).
WuTerpan ZL I (G(ﬂ,,u),\zl(ﬂ, ,u) : gzo(ﬂ, ,u))-ei”ydy BBIUHCIISICTCS C TIOMOIIBIO BBIUETOB.
7 —0

ypaBHeHI/IC A =0 OTHOCUTEIBHO H MOXKCET UMCThH CJICAYIOIIUEC BbIPAKCHUSA KOpHCfIZ

Lo, = HiA B, . =Aa, 2l B, s =, *i|| B, A€R, B.B,S>0.

2. g, = +iA B, . =ra—iAB, s =, il B, AR, B.B,>0.

3. phrs=Aa+i|A|B, 55 =Aa—i|A|B. AeR, B>0. (10)

Jl11s mepBoro BapuaHTa KOpHEH Moaydaem:

1 3 e—iiyak e—MHy\ﬁk

)= g 2 Ml -6+ A)Qur4(ed - )R )

My, (@ ~3, ) Qoo+ (32 B~ 1) R )+ Mg (0 = 2) Q20 AR )+ My (6Q, + AR ) + MisQ, |+

3, g g A (_iz)sign(y)

2.

2|/1| N, = ATy
+My, ((3ak:8k2 _aS) Pk+(3ak2ﬁk _ﬂlf)Qk)_'_ My, ((ﬁkz _akz) Pk+2akﬁka)+

+My, (ﬁka_akPk)_Mlspk:I’ (11)

| My (et + 60252 = i) P 4 (2B~ ) Q) +

rie
P, a5, B, B, By) = 2(205 B, — 3, + i B, — 20, 5 + a0 B, B —3aia, B, +
0,05, — o0+ i — BB + v B+ au By — 0,05 B+ oo —at, B3 ) :
Q (al’ 0 P B, 183) = 2000, + ol —6a; i + o B — 205 a, + Aoy o — 2040,00 +
"'66110‘21812 - 26{10‘21832 + 63120522 - 20{10(220(3 + a22a§ - azzﬂlz + azzﬁe,z + 60‘10‘3ﬁ12 - as,zﬁlz +
+B = Bl + i By —20anau5; + i By — Bl + Br B —daan i

H:P(allazvasvﬂl’ﬁziﬁs); Pzzp(az’avaa’ﬂz'ﬂl’ﬂs); P3:P(a3’a2'a11ﬂ3’/821:81);
P.=P(a,, a0, 8, 8,8), Q=Q(a.a,05,8.5.6), Q=Q(aa. %, B b b);
QSZQ(a3ia27al’ﬂ3’ﬂ2!ﬂ1); Q4:Q(a21a1va1iﬂzvﬁ1’ﬂ1);

T, =P?+Q2%
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Jly1st BTOpOTO BapuaHTa KOpHEN:
_ =i AlIA
u(4,y)= W[Mu(fﬁ + 1,8)+My, (f,R+ £,5)+ M, (fsR + f;S)+ My, (f,R+ f,S)+

e ue A (i 2)sign

4|2 BPHN,

#My (f,R+f,,8)]- ) [M, (< £S+ £,R)+ My, (—£,S + f,R)+

g ivagAvA |y|

+My, (— S + fR)+ My, (- f,S + fR)+ My (- f,S + me)]— TN
1 1

[My, (f,R+f,8)+

+My, (figR+ £,S)+ My (R + £5S )+ My, (f,R+ S )+ Mg (fR+ fzos)]—

e’my"ﬁe“lHy‘ﬂl —iA y
_ 4|ﬂ|,6’f|—|(Nl ) [ My, (=S + f,R)+ My, (— ;S + f,R)+ My, (— S + fgR) +

+My, (= ;S + figR)+ My (- feS + fzoR)]+

efiﬂ'yaZe_‘lHy‘ﬁZ

+—

2|/1| 5T,
+Mlz ((a23 —30{2 ﬂzz)Q4 +(3a22/32 _:B23) P4)+ M13 ((azz _ﬂzz)Q4 +2a2ﬂ2 P4)+
+My, (@, Q + 5, Py)+ M5 Q]+

. e veg M (_i2)sign(y)
202 BTN,

+M,, ((3a2ﬂ22 _azg) P, +(3a22:82 _ﬂS)Q4)+ My, ((1822 _aéz)P4 +2a, 3, Q4)+

+M14(—a2P4+ﬂ2 QA)—M15 PA] (12)
31ech BBEJIEHBI CIeYIOIIEe 0003HAUCHUS:
R=a +6alal +a, + B + B, —bda’a, —6al ff + 2af B; —da, o +12a,a, B — b, o, B —
—6a; B +2a; 57 =2 By s
S = 4B, —3ala, B +3a,al B, —alf—a i+ o, +a, BE —af BE);
H =R?*+S?;
f, =5a; B +5a B +4aia, ff —14a, a, B — 6alai Bl +3al Bl — B —6al B L +3B. BE —

[ My ((cf 622 + ) Q +4(c3, — B2 Py) +

[Mn((_a; +60, 5, _ﬁ;)PA +4(“§ﬁ2 _azﬁza)Qzl)"'

—af +20515052 —afazz —afﬂzz;
f, =—4a’p, +4aa,B, +16ala, B’ —8a, a’pl +
2 1Py 10 1% P 185 Py
4 33 3 2 5 3 2.
+ha, B +4a; B, —8a, BB, —4a, B —da) B B,
fy= 60‘131812 -3 azzﬁlz -0 ﬂ14 -3, ﬂlzﬁzz _2052:314 - 0515 +20‘140‘2 _alsazz _afﬂzz;
4 2 23 3 3 2 23 352.
f, =—4a, B, +4a; p] +dasa,p) +4o,a, By — 205 ) =28 B
2 2 2 2 p2 4 2 p2 4 .
fs =6a, ) — 20,0, B —a, By =By =B P, —ay + 20(130(2 _alzazz _afﬂzzi
3 2 3. 2 2 3 2 2 2.
fo =—4a, B, +4a;a, B, +4a, By, f,=5a B —20,3 —a; +2a;a,-a,a; —a, 5
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fy = —40612181 +4a,a,p, + 2,313 ;g = _0512 +20, @, - azz + 31312 _ﬂzz; fo =—4a, B +4a,p, ;
f, =-a’ +16a, B} —15a] B +2a,a, —20aa, B} +10a, o, B — el +
+6ala; B —a; B+ Bl — o B + 60l BB — BB
f, =—6a’ B’ +20a; B} +10a o, B, — 20al ax, BE — dalal B, +4daal B — 60, By — 4ol B, B7 +
+4a, BEB; + 20,3
fia = —0!15 +10afﬁ12 + 205140‘2 —12a12052ﬂ12 - afa22 +
+3a, a5 B} —5a, B —a; B +3a, B 5 +2a,p;
fu = _5a14ﬁ1 + alzﬁls + 805130‘2/31 —8a, a, 1813 -
—3aia; B, +a; Bl +9al Bl - B =3l B B + BB
fis = —0!14 + 6(112,812 + Zafaz -6, 0‘2,312 - alzazz + azzﬁlz - ﬂlA —0(12,322 +:312:322 :
fie =40, f, +6ala,f, —2a,a; f, +4a, ;) — 20, B, 7 =205 3
f, =—a’ +2a’a, —a,a’ +3a, f} —a, i —2a, B ;
flg = —0(12,31 +2a,a,p, — 0522131 + 1813 - B 1322 + Zalﬁlz - 20‘21312 ;
fo=—al+2a,a,—a; + BB fo=2(-af+a,p).
JIJ1sl TPETHETO BAPUAHTA KOPHEH MOTydaeM:

e-myae—\lHy\ﬁ | y|
163°N,
+ My, (15282 —a®)+M (587 —a?)+M,a — Mg ]+

u(4,y)= [M11(30a2ﬂ2—9ﬁ4—a4)+

efmyae—MHy\ﬂy (—i /’L)

[Mll(—12a3 +28af)+ M, (-9a% +75%)+6M,a —3M,, ]+

16|4| B°N,
—izya o-|A|Y|B 2
° 1i3ﬁ3N |/1|y [Mll(a4 —6a’p? +ﬂ4)+ Mlz(oz3 —3aﬂ2)+Ml3(a2 —ﬂ2)+Ml4a+ M |+

1
e’i/lyae_‘luy‘ﬁ _|/1
A (10 -4 M3 ) 2V M
1
e—ilyaef\ﬂHy‘ﬂ ) \ .
TOTIAN [Mﬂ(sm B35 3 )+

+ My, (2128% —30°)+M 4 (782 —3a:?)-3M,,a —3M |+

X g itvag s (_i,l)sign()’)
8|ﬂ~|2 B N,

[MMlZ(aﬁz —®)+ 3M,, (5 -3a)-6M,a-3M,,].  (13)
Jlnst HaxoxaeHus U (x, y) WCIIOJIb3YEM PE3yNbTaThI [3]:

—al| 1 -aj|
F‘l[e } =—ZInJa®+x*; F‘l{e }:—laln\/aﬁxz—E—EarCtgzi
T
0

W b |,1|2 T 7 a
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-al4| -al|
Filoial 5 :—larctgi; Fl iz s =— 2X ~
4] P a 1] r(a+x*)

a7 a R V] _ a’-x*
i [e }_n(a%xz)’ " [e M” n(a2+x2)2’
E1 i1 a7 2ax . 14
[ e ] 7z(az+x2)2 (4

Hcnons3ys (14), moayyaem:

—  IIepBBIM BapuaHT KOPHEN

In(yzﬂi2 +(x+aiy)2)
= BT

(0l —a )R+ My, (@ = 30, B2)Q +(3a7 5~ 1) R ) +

+My, ((O‘i2 _ﬂiz)Qi +2aiﬂipi)+ My, (aiQi +:Bipi)+ MysQ, }_

|:M11 ((al4 - 6ai2ﬂi2 +:Bi4)Qi +

LN o arctgx+aiy[Mn((—ai“+ 6022 )P +4(af — i f°)Q ) +

2zN, 5 BT piy
My, (32 B —a?) R+ (3078, )Q)+ My (387 ~o*) R +200 5 Q ) +
+M14(_aipi+ﬂiQi)_M15Pi ]; (15)
—  BTOpOW BapHaHT KOpHEU
In(y28% +(x+a,y)’
U(X, y)=_ ( 47Z'N(,BT ) )[Mll((a; —6a, 3, + ﬂ;)Q4 +4(“§ﬂ2 _azﬂ;)P4)+
+ Mlz((ag - 3052 :B;)Q4 +(30522ﬂ2 _ﬂ;) P4)+ M13 ((0{23 _ﬂzz)Q4 +
+20, 3, P, )+ My, (a,Q, + B,P,) + M, sQ, ] -
X+a,y 4 2p2  pa 3 3
- 2INBT, rctg ﬂj; [Mn((_az +6a, 5, - 5, )P4 + 4(0‘2:82 —o,p, )Q4)+

+M,, ((30‘2ﬁ22 —Otg) P+ (36!22,32 _ﬂZB)Q4)+ M ((ﬂzz _azz) P "'20‘2ﬂ2Q4)+
+My, (=o,P, + £,Q, )~ M,sP, :""

In(yzﬁl2 +(x+a1y)2)
87N, AH

[My, (f,R+ £,8)+ My, (f,R+,S)+ M, (fR+f.S)+
+My, (F,R+ £,8)+ My (f,R+ f,,8) |+

X+
+47zN1ﬂ13H arcty ﬁlo;ly[Mll (_ f.S+f,R)+ My, (—f,S+ f,R)+M;; (- .S+ f,R)+
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+My, (= f,S + f,R)+ My (— ;S + me)]—

2

_ y
47N, B H (BLY +(x+ay)?)

[Mn( f R+ f,8)+ My, (f,R+ f,S)+ M, (fR+ fcS)+

y(X+ay)
47N, B7H ( y? +(X+ay)

+M,, (F,R+ f,58)+ Mg (fgR+ F,8) ]+ )[Mn(—fns +f,R)+
+My, (— 58 + F,R) + My (— FisS + TR) + My, (= ;S + £,R)+ My (=S + fR) |, (16)

—  TpeTui BapUaHT KOpHEU

2

_ y
O e [y =Gy

—9p* -a')+ My, (15a8" -’ )+ M, (5 8° —a* )~ M,z — M. |-

M,, (30 5% —

y(x+ay)
_16;Z-N1,33 (ﬁzyz +(X+ay)2)|:Mll (‘12(13 +280{ﬁ2)+ M,, (—9052 +7ﬂ2)_ 6|\/|13a—3Ml4]+

V(B ~(x+ay))
167N,5°(y" +(x+ay)’ )2

+M,, (a3 —3aﬁ2)+ Mls(a2 —ﬂ2)+ Mo+ M15]—

+

[Mll(a4—6a2,82 +44)+

~ y’ (x+ay)
87N, (ﬂ2y2 +(x+ay)2)

| My, (40° ~4a B7)+ My, (307 - B7)+ 2Myar + My, ] -

In(yzﬂ2 +(x+ay)2)
32N

| My, (372757 38 ~3a) +

+M,, (2128’ —3a3)+2M13(7ﬂ2 -3a%)-3M,a —3M,, |-

1 X+ay
TN arctg 4 [Man(a,Bz—a3)+3M12(/32—3a2)—6Ml3a—3M14]. (17)

Bripaxxenne mis V(X, y) nonydaercs us (15-17) samenonn M,;, M,,, M,,, M, Ha M,

<

221
M,, M,,, M, , cooTBeTCTBEHHO. A BBIpa)KEHUE gD(X, y) nonyyaercs us (15-17) samenoir M, ,
M;,, M;,, M, Ha M,,;, M,,, M, M,,, M, COOTBETCTBEHHO.

Tenepp MOKHO MONY4YUTH perieHue (2):

Gll_u(x y)| Fi1F,=0,Fy=0 ’ 621:V(X,y)
G, =u(xYy)

Gy =u(x,y) 0 Fs 0 Gy, =V(X,Y)
pu stoM Gy, =Gy, Gyy =Gy, Gy =Gy,

F=1,F,=0,F,=0 "’ G31 - (p(X, Y)

F=1,F,=0,F,=0 "

F=0,F,=1,F,=0" Gy = V(X’ y) F=0,F,=1,F,=0" Gy, = gp(X, y)

F=0,F,=1,F=0"

F,=0,F,=0,F;=1’ G33 - gD(X’ y)

F,=0,F,=0,F=1"
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BbIBO/IbI

IIpy HaxoxneHMH MaTpulibl (PyHIAMEHTAJIbHBIX PpEIHIEHUH OBbLIO IPUMEHEHO Ipeodpa3zoBaHUE
@ypbe 0000meHHBIX (YHKIMA MEIJIEHHOTO pocTa o o0erM MepeMeHHbIM. B  mporecce
MCCIIEIOBAaHMs BO3HUKJIA HEOOXOIUMOCTh PEIIeHHs alredpanyecKoro ypaBHEHHUs IECTON CTEIeHU
C JlefcTBUTENBbHBIMU KO3 uuMeHTaMU. DTO ypaBHEHHE MOXKET MMETb TpU BapuaHTa KOpPHEH.
[Ipennonaras, 4ro €ro pemieHue HaiAeHo, ObUIO IOJIyYEHO peIIeHHWe MCXOIHOM 3ajaud B
nzoopaxenusx Oypwe. [Ipr HaAXOXKIEHUN OOPATHOTO MPEOOPA30OBaHUS MO OJHOW M3 TIEPEMEHHBIX
NPUMEHSUIOCh 00bIYHOE oOpatHoe mpeoOpasoBanue Dypwre. s modydeHuss 0OpaTHOTrO
npeoOpa3oBaHuss MO Jpyroil mepeMeHHOM moTpeboBanach peryjspusanus MOJyYeHHBIX
0000mmeHHbIX (QyHKIMA. IlodydyeHo TOuYHOE pelleHne IOCTAaBICHHOM 3ajaun. OTO pelieHue
BBIPQ)KEHO B 3aMKHYTOM BHJE Yepe3 3JeMEHTapHble (DYHKIMH, YTO MO3BOJSET 3()(HEKTUBHO €ro
UCIIOJIb30BATh.
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IHPOI'PAMMHOE YIIPABJIEHUE JIBUKEHUEM OTAEJIBHOI'O
KJIACCA CJIOKHbIX THHAMUYECKHX CUCTEM.
HEIIPEPBIBHBIU CJIYUYAU

JleontseBa B. B., k. ¢.-M. H., nouent, Konnparsea H. A., k. ¢.-M. H., T1o1IeHT

3anoposrcckuil HayuoHanbLHLILL YHUEEPCUMEN,
ya. ZKykoeckozo, 66, 2. 3anopoocve, 69600, Ykpauna

vleonteval5@gmail.com, n-kondr@mail.ru

B paboTe ocyIecTBIIICTCS aHAIHU3 B OTPEICICHUE MPOTPAMMHBIX YIIPABICHUN ABIDKCHHEM OTICIIEHOTO
Kjacca CJIOXHBIX OUHAMHYCCKHUX CHUCTEM, TIOBCIACHHUE KOTOPBIX OIMMCBIBACTCA Pa3OMKHYTBIMH
HETPEPHIBHEIMH MaTEMAaTUYCCKHMU MOJCIIMU C OTPaHHYCHHSMH, OOCCIICYHBAIOIIMMHU IOIyYCHHE
HEOTPHIIATEILHBIX PEIICHUI Ha OSCKOHEYHOM HMHTEpBasic BpeMeHH. [ CCieyeMbIX CHCTEM PelicHa
oOpaTHas 3ajadya JWHAMHKH ¥ TOJYYCHBl MPOTPAMMHBIC YIPABICHHUS JIBHXKCHHAEM CHCTEM,
ONpEeISIIONIME  IKeNaeMble COcTosiHMS o0bekra. [lo  pe3ynbTatam HCCleOBaHHS IPOBEJCH
BBIYUCITUTENBHBINA SKCICPUMEHT, PE3yJIbTaThl KOTOPOTO COOTBETCTBYIOT pPe3ylbTaTaM IMPOBEICHHBIX B
paboTe TEOPEeTHYECKUX UCCIIeTOBAHU.

Knrouesvie cnosa: npoecpammroe ynpaeienue, no3umueHdasl ()MHGMM%@CK(J}Z cucmema 661.7ZCZH6'06020 muna,

NO3UMUGHbIE NEPEMEHHbLe, DAZOMKHYMAST HENpepbl6Hds OUHAMUYECKAs. MOOelb, BGEeKMOPHO-MAMPUUHOE

ougppepenyuanvroe ypasnenue, npoOYKMUBHOCHb MAMPUYbL, ACUMAMOMUYECKAs YCIMOUYUBOCHIb PEULEHUI .

IIPOI'PAMHE KEPYBAHHA PYXOM OKPEMOI'O KJIACY CKJIIA/THUX
JUHAMIYHUX CUCTEM. HEIIEPEPBHUH BUITAJIOK
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