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AN INITIAL-BOUNDARY VALUE PROBLEM
FOR A HIGHER-ORDER PARTIAL DIFFERENTIAL EQUATION

Abstract. The initial-boundary value problem for higher-order partial differential equations is considered. We
study the existence of its classical solutions, and also propose a method for finding approximate solutions. Paper
establishes sufficient conditions for the existence and uniqueness of the classical solution of the problem under
consideration. Introducing a new unknown function, we reduce the considered problem to an equivalent problem
consisting of a nonlocal problem for second-order hyperbolic equations with functional parameters and integral
relations. An algorithm for finding an approximate solution to the problem under study is proposed and its
convergence is proved. Sufficient conditions for the existence of a unique solution to an equivalent problem with
parameters are established. The conditions for the unique solvability of the initial-boundary value problem for
higher-order partial differential equations are obtained in terms of the initial data. Solvability of the initial-boundary
value problem for higher-order partial differential equations is connected with solvability of the nonlocal problem for
second-order hyperbolic equations.

Keywords: the higher order partial differential equations, initial-boundary value problem, nonlocal problem,
hyperbolic equations of second order, solvability, algorithm.

Introduction. It is well known that initial-boundary value problems for higher-order partial differential
equations belong to one of the most important classes of problems in mathematical physics. To study
various boundary value problems for higher-order partial differential equations, along with classical
methods of mathematical physics, such as the Fourier method, the Green's function method, the Poincare
metric concept, the method of differential inequalities, and other methods of the qualitative theory of
ordinary differential equations are also often applied. Based on these methods, the solvability conditions
of the considered boundary value problems were obtained and ways to solve them were proposed in [1-
14]. However, the search for effective signs of the unique solvability of initial-boundary value problems,
an analogue of multipoint boundary value problems for higher-order partial differential equations, still
remains relevant. The article by T. I. Kiguradze and T. Kusano is one of the first works to fill this gap [4].
This paper establishes an equivalence between the well-posedness of the initial-boundary value problem
for a higher-order hyperbolic equation and the existence of only trivial solutions of the corresponding
family of homogeneous boundary value problems for ordinary differential equations. Based on it, a
criterion is established for the well-posedness of initial-boundary value problems for one class of partial
differential equations of higher-order hyperbolic type. It is known that by means of substitution, an
ordinary differential equation of higher order can be reduced to a system of ordinary differential equations
of the first order. Using the methods of the qualitative theory of differential equations, the solvability
conditions for the resulting system can be formulated in terms of the fundamental matrix of the differential
part or the right side of the system. A similar approach can be applied to higher-order hyperbolic equations
with two independent variables, and by replacement, the equations can be reduced to a system of second
order hyperbolic equations with mixed derivatives. Then, using well-known methods for solving boundary
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value problems for systems of hyperbolic equations with mixed derivatives, the solvability conditions can
be established in different terms.

Mathematical modeling of many problems of physics, mechanics, chemistry, biology, and other
sciences has resulted into the necessity of studying multipoint and nonlocal boundary value problems for
higher-order partial differential equations of hyperbolic type. Applying the methods of the qualitative
theory of differential equations directly to these problems, we can establish the conditions for their
solvability [4, 8, 14]. Multipoint and nonlocal boundary value problems for high-order partial differential
equations of hyperbolic type by replacement are reduced to nonlocal boundary value problems for systems
of second-order hyperbolic equations. The theory of nonlocal boundary value problems for systems of
second-order hyperbolic equations has been developed in many papers. To date, various solvability
conditions for nonlocal boundary value problems for hyperbolic equations have been obtained.

The criteria for the unique solvability of some classes of linear boundary value problems for
hyperbolic equations with variable coefficients were obtained relatively recently [15-21]. In [15], a
nonlocal boundary value problem with an integral condition for systems of hyperbolic equations by
introducing new unknown functions is reduced to a problem consisting of a family of boundary value
problems with an integral condition for systems of ordinary differential equations and functional relations.
It is established that the well-posedness of a nonlocal boundary value problem with an integral condition
for systems of hyperbolic equations is equivalent to the well-posedness of a family of two-point boundary
value problems for a system of ordinary differential equations. In terms of the initial data, a criterion is
obtained for the well-posedness of a nonlocal boundary value problem with an integral condition for
systems of hyperbolic equations.

In present paper, we consider a higher-order partial differential equation defined in a rectangular
domain. The boundary conditions for the time variable are specified as a combination of values from the
partial derivatives of the desired solution in rows t =t;, j=11. We also study the existence and uniqueness

of the classical solution to the initial-boundary value problem for a higher-order partial differential
equation and its applications.

1. Methods. To solve the problem under consideration, we use the method of introducing additional
functional parameters [15-33] and reduce the original problem to an equivalent problem consisting of a
nonlocal problem for a second-order hyperbolic equation with functional parameters and integral relations.
We establish sufficient conditions for the unique solvability of the problem under study in terms of the
initial data. Algorithms for finding a solution to an equivalent problem are constructed. The conditions for
the unique solvability of the initial-boundary-value problem for a system of fourth-order partial
differential equations are established in terms of the coefficients of the system and the boundary matrices.
Separately, the result is given for an initial periodic-time boundary value problem. Note that in [34-36] a
similar approach was applied to the initial-boundary value problem and the nonlocal problem for a system
of partial differential equations of the third and fourth orders.

2. Statement of problem. At the domain Q =[0,T]x[0,®], we consider the initial-boundary value

problem for the higher-order partial differential equation of the following form:

am+1u m aiu aiu
= —_— X —_— , t, EQ, (1)
otox™ ;{A,(t,x) 5 T B 6tax'l}+c(t’x)u+ f(t,x), (%)
Ay d'u(t, x) Ju(t, X)
P. : S. (x)—=22 - xe[0, o], @
D3 s T =ot0. o
— out,x), ™ u(t, x)
u(t,O)—l/lO(t), ax ‘x:o _l//l(t)y . W‘X:O =l//m—1(t)! te[0,T], (3)

where u(t,x) is an unknown function, the functions A;(¢t,x), B;(t,x), i = 1,m, C(t,x), and f(¢t, x)
are continuous on £2, the functions P;;(x), S;;(x), i = 1,m, j = 1,1, and ¢(x) are continuous on [0, w],

0<t; <ty <...<tj_q <t; <T, the functions ,(t), s = 0,m — 1, are continuously differentiable on
[0, T]. The initial data satisfy the matching condition.
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. . . — p+r — .
A function u(t, x) € C(22, R) having partial derivatives W ECLR),p=1m,r=01,1s

called a classical solution to problem (1) - (3) if it satisfies equation (1) for all (t, X) € Q, and the initial-
boundary conditions (2), (3).

We will investigate the questions of the existence and uniqueness of classical solutions to the initial-
boundary value problem for a higher-order partial differential equation (1) - (3) and the construction of its
approximate solutions. For these purposes, we apply the method of introducing additional functional
parameters proposed in [15-33] for solving various nonlocal problems for systems of hyperbolic equations
with mixed derivatives. The considered problem is reduced to a nonlocal problem for second-order
hyperbolic equations, including additional functions, and integral relations. An algorithm for finding an
approximate solution to the problem under study is proposed and its convergence is proved. Sufficient
conditions for the existence of a unique classical solution to problem (1) - (3) are obtained in terms of the
initial data.

3. Scheme of the method and reduction to equivalent problem. We introduce new unknown functions

m-1 m-2
v(t, X) :88:(]—”&1’)(), v, (t, x) =u(t, x), v,(t, x) :%, aa Vo (tX) = 8axu—(tx) 4
and re-write problem (1)--(3) in the following form:
82 ov
—=A,(t, x) + Bm(t,x)—+ A LX) v+ f(tx)+
v (t X) 5
+ZA(t XV, ., (t, x)+ZB (t, X) ——"=2+ C(t, X)V, (t,x) & x) e, (®)
' ov(t, ov(t,
Z{ 028 s 002 e oov, x)} oy =000 -
j=1
| m-2
+Z{Z (vt x)+ZSSJ(x)aV (& X)}t_tj » X€[0, ], (6)
j=1 r=1
v(t,0) =y, (1), te[0,T], (7
(x ‘f)mls 1,m-1, (t Q. 8
v, (t,x) = Zwka) j V(66 s=TmL (e ®)
Here the conditions (3) are taken into account in (9).
Differentiating (8) by t, we obtain
v, (LX) _ N7, [(x=9)™ ov(t, &)
= t d 1, ) eQ. )
ot ;Wk()p! (m-1-s)! ot §rs=hm-d (toea
A system of functions (v(t x),v1(t, %), v,(t,x),..., vm_1(t,x)), where the function v(t,x) €
C(2,R) has partial derivatives (tx) € C(2,R), av(tx) €C(,R), and & ”(tx) € C(2,R™), functions
vs(tx)

ve(t,x) € C(£2,R) have partial derlvatlves € C(!) R), s=1,m-1 1, is called a solution to
problem (5)--(8) if it satisfies the second-order hyperbollc equation of (5) for all (¢t,x) € 2, boundary
conditions (6) and (7) and integral relations (8).

For fixed vy(¢t,x), s = 1,m — 1, problem (5)--(7) is a nonlocal problem for the hyperbolic equation
with respect to v(t, x) on £2. Integral relations (8) allow us to determine unknown functions v (t, x), s =
1,m—1forall (t,x) € .
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4. Algorithm. We determine the unknown function v(t, x) from the nonlocal problem for hyperbolic
equations (5)--(7). Unknown functions vg(t, x), s = 1,m — 1, will be found from integral relations (8).

If we know the functions v(t, x), s = 1,m — 1, then from the nonlocal problem (5)--(7) we find the
function v(t, x). And, conversely, if we know the function v(t, x), then from the integral conditions (8)
we find the functions vg(t,x), s = 1,m — 1. Since both functions v(t,x), vs(t,x), s=1,m—1, are
unknown, then to find a solution to problem (5)--(8) we use an iterative method. The solution to problem
(5)--(8) is the system of functions (v*(t,x), v;(t,x),v5(t,x),..., vm_1(t,x)), which we defined as the
limit of the sequence of systems (v (¢, x), v\ (¢, x), VI (£, %), ..., v, (£, %)), k = 0,1,2,..., according
to the following algorithm:

Step 0. 1) Suppose in the right-hand side of equation (5) we have vy J(t,x) = Zl//k (t)_ and
p!

p=0
oV (t,X) ~ —
sl z k('[)_, s=1,m—1. From nonlocal problem (5)--(7) we find the initial
ot p=0
0 ©)
approximation v(®) (t, x) and its partial derivatives 6\/6(tx) and L(tx) for all (t,x) € 0;
X ot
O]
2) From integral relations (8) and (9) under wv(t,x)=v®(t,x) and v(t,x) _ v (t’X),
ot ot

v (t, )
ot
Step 1. 1) Suppose in the right-hand side of equation (5) we have v.(t,x) :vs(o)(t,x) and

oV (t,x) v (t, )
ot ot

respectively, we find the functions vs(o)(t, x) and ,s=1,m—1,forall (t,x) € Q.

s =1,m — 1. From nonlocal problem (5)--(7) we find the first approximation

v (tx) o V)
ot

v (t, x) and its partial derivatives
OX

forall (t,x) € Q.

ov(t,x) ov?(t,x)
ot ot

2) From integral relations (8) and (9) under v(t,x)=v®(t,x) and

,s=1,m—1,forall (t,x) € 0.

®
respectively, we find the functions vs(l)(t, x) and M
ot

And so on.
Step k. 1) Suppose in the right-hand side of equation (5) we have vg(t,x) = vs(k_l)(t, x) and
ov,(t,x) v (t,x)

s = 1,m — 1. From nonlocal problem (6)--(7) we find the K -th approximation

ot
*)
v (¢, x) and its partial derivatives VWX ang VWX for ay (t,x) € N:
OX ot
2y,(k) (k) (k)
aat\:a = A (t, x)a" B 0D AL (VY + (1) +
m—2 (k-1)
£ ALV x>+zs e R S NGO RCY
r=1
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Z{ 0200 g (2D, Pm_l,,-<x)v<k>(t,x>}t:t — (9~
=
*2{2 P OOV X)+ZSS (G X)}t_tj  xelo,al, (12)
v (t,0)=y, (1), te[0,T]. (12)
2) From integral relations (8) and (9) under w(t,x) = v®(t,x) and W(att,x)zav(k)ait,X)'

(k) -
respectively, we find the functions vs(k)(t, x) and M s=1m—1,forall (t,x) € 12:
ot

vi(t, x) = Zl//k(t)— j( "g) (k)(t £de, s=1m-1, t,xeQ. (13)

VOt X) L X X — &) av(t, —
#:Zwk(t)—ﬁ- (x=)" ( éz)dg,8=1,m—1, txeq. (14
ot pt o (m-1-s)! ot
Here k =1,2,3,....
5. The main results. The following theorem provides conditions for the feasibility and convergence of
the constructed algorithm, as well as conditions for the existence of a unique solution to problem (5)--(8).

The functions A;(t, x), B;(t,x), i = 1,m, C(t,x), and f(t,x) are continuous on £2, the functions P;;(x) ,
Sij(x), i=1m, j= 1,1, and @(x) are continuous on [0, w], the functions y,(t), s =0,m — 1, are
continuously differentiable on [0, T].

p=0

Theorem 1. Let

i) the functions 4;(t, x), B;(t,x), i = 1,m, C(t,x), and (¢, x) be continuous on (2;
i) the functions P;;(x), S;;(x), i = 1,m, j = 1,1, and ¢(x) be continuous on [0, w];
iii) the functions 1 (t), s = 0,m — 1, be contlnuously differentiable on [0, TT;

iv) the function Q(X):me’j(x)exp IAm(r,X)dr 40 forallx € [0, w].
= 0

Then the nonlocal problem for the hyperbolic equation with parameters and integral conditions (5)--
(8) has a unique solution (v*(t,x),v{(t,x),v5(t,x),...,vm_1(t,x)) as a limit of sequences
w®t,x), v (£, %), vI(t, %), ..., v (t,x)) determined by the algorithm proposed above for
k=012,...

The proof of Theorem 1 is similar to the proof of Theorem 1 in [36].

The equivalence of problems (5)—(8) and (1)—(3) implies

Theorem 2. Let conditions i) - iv) of Theorem 1 be fulfilled.

Then the initial-periodic boundary value problem for the higher-order partial differential equation
(1)--(3) has a unique classical solution u*(t, x) .

Funding. These results are partially supported by the grant of the Ministry of Education and Science
of the Republic Kazakhstan No. AP 05131220 for 2018-2020.
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KOFAPIBI PETTI JEPBEC TYBIH/IbLJIbI JU®O®EPEHITUAJIIBIK
TEHAEY YIITH BACTAIIKbI- HIETTIK ECEII TYPAJIbI

AnHoTanmsi. JKoraprbl peTTi nepOec TYBIHABUIBI AU(PGEPCHIHAIIBIK TCHACYJIep YIIH OacTamKbI-IIETTIK
ecenTep MaTeMaTHKaJIble (U3MKa MocelelepiHiH OapbIHIIa MaHBI3Ibl KJACTapblHA JKATaTBIHBI YKAKCHI OCITilIi.
JKoraprel peTTi aepOec TYBIHABUIBI AWQPQGEPEHINANABIK TEHIACYJICp VIIIH opallyaH ecenTepiai 3eppTey VIIiH,
MaTEMAaTHKAJIBIK M3UKAHBIH KJITACCHKAIIBIK dicTepiMeH, Mbicanra Pypbe omici, ['puH GyHKIUAIAPBI 9IICI CHUSKTHI,
Karap, ke »armaiaa [lyaHkapeHiH METPHKAIBIK KOHLIEIIHMICHI, TuhdepeHIMaIIbIK TCHCI3MIKTEP d/IiCi xKoHe OacKa
Ia kol nuddepeHIHanabK TeHACYICPIiH camaiblK TEOPHSCHIHBIH dmicTepi KoAmaHblIasl. OChl omicTep HEriziHme
KapacThIPbUIBIN OTHIPFaH MIETTIK €CENTepIiH INeIUIIMALTIK apTTapbl aJbIHABI JKOHE OJapibl LIEUly Tociiaepi
yebibuibl.  OchlFaH KapamacTaH, JKOFapFbl peTTi JepOec TYBIHABUIBL Au(pGdepeHIraNIblK TeHIeYJep YIIiH
OacTankpI-IIETTIK ecenTepAiH OIpMoH/I IEMUIIMALTITIHIH THIMAL OeNriIepiH i371ey Maceseci alli Jie albIK opi ©3eKTi
00JbII OTEIP. BYpHIHBIpAK JKOFApFBI PETTI TUIEPOONTANBIK TEHACY YIIIH OACTANKBI-IIETTIK SCENTiH KHCHIHIBUIBIFEI
MEH JKOFaprbl PerTi XoH andQepeHInanIblK TeHIEY YIIIH coikec OIpTEeKTI HIETTIK ecenTep oyJETiHIH TeK
TPUBHAIIBI IIENTiMAepiHiH 0ap OOJMYBIHBIH apachIHJAFbl Iapa-MapiiblK OpHAThUIFaH OoyaThiH. COFaH Heri3fernne
OTHIPHIIL, JKOFAPFBI PETTi THIEepOONaNbIK TeKTeC aepOec TYBHIBUIB MG GepeHIHaIAbK TeHACYIepaiH O0ip Kiackl
YVIIiH ~ 0acTanmKpl-IIETTIK  €CEeNTEePAiH KUCBIHIABUIBIK KPUTEpUHi  TaradblHAauael. JKOFaprbel  peTTi KoM
nubdepeHIMaIablK TCHACYAl aaMacThIpyaap KeMeriMeH OipiHmn perTi xoil auddepeHIHanapK TeHISYyIep
KyleciHe kentipyre OosateiHbl Oapriara Oenrim. JuddepeHnnanaslk TEHACYJICPAiH CamajiblK TEOPHICHIHBIH
omiCTepiH mMaiijagaHa OTHIPBIN, ajbIHFAH JKYHCHIH MMICIIUTIMIUTIK IIapTTapbl OCHI JKYHEHIH audQepeHIInaIIbIK
OeuiriHiH (yHZaMEHTAJIBIK MaTpULAChl TEPMUHIHIE TYXKBIPBIMIATybl MYMKiH. OCBIFaH yKcac TocUImi eKi
alHBIMAITBLIBI KOFAPFBI PETTI TUIEPOOJIANBIK TEHICYJIEPre KOJAaHyFa 00JIaIbl )KOHE 0J1ap apayiac TYBIHABUIbI CKIHIII
perTi runepOoNaibIK TeHASYIep Kylecine kenTipinyi MymkiH. CoHJia, apanac TybIHIbUIBI THIIEPOOIANIBIK TEHIIEYIED
JKyHenepl YIIIH HIETTIK ecenTepil MemymiH Oenrim omicTepiH maiiiasaHa OTBHIPHII, MISMIUTIMIUIK MIapTTapbl
OPTYpIIi TEPMHUHACPAE TaFaHbIHIATYBI MYMKIH.

JKaparbuiblcTaHyIBIH KOINTETEH €CENTEPiH MAaTeMaTHKAJIBIK MOJEINICY KOFapFbl PETTI TMIIEpOOIIANBIK TEKTEC
nepbec TYBIHABUIBI TCHJIESYJIEP YIIH KOIHYKTENI XoHe OSHIOKall IIeTTIK eCenTeplli 3epTTey KaXKETTUTIIriHE ajIbIIl
kennai. JuddepeHnmanaplk TeHICYISpIiH CcamaiblK TEOPUSCHIHBIH OIMICTEpiH OCHI ecemnTepre TiKeJel KONHaHy
apKBUTBI OJIApJBIH MENIUTIMIUIITIH opHaTyFa Oomnaabl. JKoraprel peTTi rumepOoIaIblK TEKTeC IepOec TYBIHIBLIBI
TEHJEYJIEp VINIH KOMHYKTE/I )KoHEe OCHIOKa  MIETTIK eCenTep aIMAacThIPy *KOJBIMEH EKIiHII PEeTTi THImepOoIaibiK
TEHJACYJIep JKyhenepi yimiH Oeilokan IIeTTIK ecemrepre Kenripimemi. EKiHIN peTTi rumepOosianblK TeHIACYJIEP
JKyHenepi yiriH OeHIoKai MIETTIK eCenTep TEOPHSICH KOITEreH KYMBICTapAa IaMBIThIIFAH. BYTiHI1 Ke3eHae eKiHIi
perti rumnepOoONaNbIK TEHJAEYyJep JKydenepi yIIiH Oeiiyiokan HIeTTIK ecenTepiiH IMIeMUTIMAUITIHIE opanyaH
mapTTapbl ajblHFaH. AWHbIMaibl KoadduinmeHtrepi Oap rumnepOoOiaiblK TEHJEYIEp YUIH CHI3BIKTH IMIETTIK
ecenTepaAiH OIpMoHAI IEMUTIMIUIITIHIH KPUTEpUiiIepl calbICTRIPMaibl TYpPAE >KaKbIHIA aJIBIHABL. ABTOpPJIapAbIH
OipeyiHiH >KYMBICBIH/IA THIIEPOOJIANIBIK TEHACYJIEp JKYHenepi YIiH UHTerpalblK apThl 0ap OeioKal mMeTTiK ecer
»kaHa Oenriciz (YHKOMSATIAp €Hri3y apKbUIbl kol A depeHnnanaplK TeHIAEYJIep >KyHenepi YLIH HHTETpPalbIK
mapTel Oap IIETTIK ecenTep oyjieTi MeH (YHKIMOHANABIK KaThIHACTApAAaH TYPATBIH eCelKe KeNTipiiemi.
lumepOonabIK TeHASYJep JKykHeci YIIH OCWIOKaJ €CEeNTiH KUCBIHABI MISIUTIMAUIT kol AudQepeHInaIIbK
TEeHICYJIep JKYHWecl YINIH IIeTTIK eCenTep OyJETiHIH KUCBIHILI MICIIIIIMAUITIHE IMapa-map eKeHi OpHATBUIIBIL.
I'umepOonanblK TEHACYJICP JKyienepl VIIH HHTETPaIblK IIapThl Oap OCHIOKaa MISTTIK ©CEeNTiH KHCBHIHIBI
HISIIUTIMIUTICT KpUTEPHiil OacTanKel OepimiMaep TEPMHUHIHIC aTBIHIBL.

JKoraprer perti gepOec TYbIHABUIBI AuddepeHIHANIBIK TEHACYJIEP VINH OacTamKbI-IIETTIK — ecelmn
KapacThIpbuIazbl. OHBIH KJIACCHKAIBIK IISHIIMIEPiHiH 0ap 00JIybl Macenenepi MeH XKybIK LieniMepid Taby aaicrepi
3eprreinreH. XKaHa Oenrici3 GyHKUMsUIAp €HTi3y JKOJIBIMEH 3ePTTEJNII OThIPFaH €Cell TUNepOoIaiblK TeHACYIep YIIiH
napamerpiiepi 6ap Oeilyiokan ecenTeH XKoOHE MHTETPANbIK KaTblHACTapJaH TYPAThIH Mapa-map ecernke KeJTIpiuIreH.
3epTTenin OTHIPFaH €CENTiH JKYBIK IIEeHIiMiH Ta0y alrOpUTMIEPi YCHIHBUIFAH JXOHE ONAPABIH JKUHAKTHUIBIFBI
nmonenpaeHred. Ilapamerpiiepi 6ap mapa-map ecenTiH JKajfbl3 IIEIIIMiHIH Oap OOJIYBIHBIH JKETKUIKTI HIapTTapbl
TaraiibiHanFad. JKoraprbl peTTi aepoec TybIHABLIB quddepeHnnanabpK TeHaeyep xKykeci yiiH 6acTanKpl-IIeTTiK
ecenTiH OipMoHI MENIIIMILTITHIH IIapTTaphl 0aCTanKbl OepiTiMIep TEPMHUHIH/IE aJTBIHFAH.

Tyiiin ce3mep: Xoraprel peTTi aepOec TyBIHIBUIBI TUBdEpSHIMAIIABIK TeHISYep, OacTaNnKbI-IIETTIK €Cell,
Oeiiokan ecerm, eKiHII PeTTi THIepOOTaIBIK TeHALYIIep, MEeMILTIMILTIK, allTOPHTM.
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O HAYAJIBHO-KPAEBOW 3AJIAYE JUISI JU®OEPEHIIAAJILHOTO YPABHEHMS
B YACTHBIX MNPOU3BOJHBIX BBICOKOI'O IIOPAJIKA

AHHOTanmsi. XOpOIIO H3BECTHO, YTO HAYaIbHO-KpaeBble 3amaud il auddepeHnnabHbpIX ypaBHEHUH B
YAaCTHBIX HPOU3BOJHBIX BBICOKOTO TOpSAKA OTHOCATCS K HamOoJjiee BaXKHBIM KJlaccaM 3a/lad MaTeMaTHYecKOH
¢usukn. Jng wccnemoBaHMs pasMUHBIX 3a1ad A1 AM((GEepeHINaTbHBIX YPAaBHEHHH B YacTHBIX IPOW3BOJHBIX
BBICOKOTO TOPSI/IKa, HAPSALY C KJIACCHYECKUMH METOJlaMH MaTeMaTHuecKoil Gpu3nku, Takux kak mMeron dypwe, MmeTon
¢yakumii ['puHa, Takke yacTo NPUMEHSUIMCh MeTpudeckas koHuenuwms Ilyankape, merox aud¢depeHnnambHbIX
HEpaBEeHCTB U JPyTHe METOJbl Ka4YeCTBEHHON TEOpHH OOBIKHOBEHHBIX IU(QepeHHanbHbIX ypaBHeHnid. Ha ocHoBe
3THX METOJIOB OBUIH MOJIyYEHBI YCIOBHS Pa3pelIMMOCTH PACCMaTPUBAEMBIX KPaeBbIX 3a/a4 M MPEAI0KEHbI CIIOCOOBI
nx pemenusi. HecMoTpst Ha 310, HOMCK 3QEKTUBHBIX MMPU3HAKOB OJAHO3HAYHOW Pa3pelIMMOCTH HadyallbHO-KPaeBhIX
3agad s audepeHnnanbHbIX YpaBHEHHH B YaCTHBIX MPOM3BOAHBIX BBICOKOTO IOpS/IKA BCE €IIE OCTAeTCs
OTKpHITHIM. Panee ObUla yCTaHOBJIEHA AKBHBAJIEHTHOCTh MEXIy KOPPEKTHOCTHIO HA4YaJIbHO-KPAEBOW 3ajadd JUIst
TUIEpOOIMYECKOTO ypPaBHEHMS BBICOKOTO TIOpSAKA W CYLIECTBOBAaHMEM TOJBKO TPUBHAIBHBIX —pEIICHUN
COOTBETCTBYIOIIEr0 CEMEHCTBA OJHOPOAHBIX KPAaeBbIX 3a/1ad AJIsl OOBIKHOBEHHBIX AU (depeHnnanbHbIX ypaBHEHUH
BBICOKOr0 nopsaka. OCHOBBIBAasCb Ha 3TOM, YCTaHOBJIEH KPUTEPUN KOPPEKTHOCTM HAa4yallbHO-KPAEBBIX 3ahad st
onHoro kiacca an(¢epeHINaIbHBIX YPaBHEHUI B YacCTHBIX MPOM3BOJIHBIX T'MIIEPOOJIMYECKOrO THIA BBICOKOTO
nopsiaka. M3BecTHO, YTO C MOMOIIBbIO 3aMEHBI OOBIKHOBEHHOE IHddepeHnnanbHoe ypaBHEHHE BBICOKOTO MOPSIKA
MOXeET OBITh CBEJICHO K CHCTeMe OOBIKHOBEHHBIX MuddepeHInaIbHbIX YpaBHEHUI nepBoro mnopsiaka. Mcmonb3ys
METOJIbl Ka4eCTBEHHOH Teopun andepeHnaIbHbIX YPaBHEHUH, YCIOBHS Pa3pelIMMOCTH IOJYYEHHOH CHCTEMBI
MOTYT OBITH cOpMyIHMpOBaHBl B TEpPMHHAX (YHIAMEHTAJIbHOW MaTpuibl JuddepeHnnanbHoil 4acTH CHCTEMBI.
AHaJOTMYHBIA TTOIXO0JX MOXET OBITh NMPHUMEHEH K TUIepOOIMYECKUM ypaBHEHHSM BBICOKOTO IOPSIKA C JIBYMS
HE3aBHCUMBIMU TI€PEMEHHBIMH M OHU MOTYT OBITh CBEIEHBI K CHCTEME T'MIIEpOOJIMUECKHX ypaBHEHHH BTOPOTO
Hopsiika CO CMEIIaHHBIMU NMPOU3BOAHBIMH. Torna, UCHOIb3ys U3BECTHBIE METOJbl PELICHMS KPaeBbIX 3ajad AJs
CHCTEM THIIEpOOIIMYECKUX YPaBHEHHH CO CMEIIaHHBIMH IPOM3BOAHBIMH, YCIOBHS Pa3peIlMMOCTH MOTYT OBITh
YCTaHOBJICHBI B PA3JIMYHBIX TEPMHUHAX.

Maremarnueckoe MOJEIMPOBAHNE MHOTHX 33]ad €CTECTBO3HAHMUS NPHUBEIIO K HEOOXOIMMOCTH U3yUEHUS! MHO-
TOTOYEYHBIX W HEJIOKAJIBHBIX KPAeBbIX 33/1a4 JUIsl YPaBHEHUH B YAaCTHBIX MTPOM3BOIHBIX BEICOKOT'O ITOPs/IKA THIIepOo-
nryeckoro tumna. [IpuMeHsst METObl KauyecTBEHHON TeopuH aAn(depeHINaIbHbIX YPaBHEHUH HENOCPEICTBEHHO K
9TUM 3ajjadyaM, MOXKHO YCTaHOBUTH YCJIOBHS UX Pa3peIlIMMOCTH. MHOroTO4YeuHbIE U HEJOKAIbHBIE KPaeBble 3a0aul
JUIsl YpaBHEHUH ¢ YaCTHBIMH ITPOM3BOAHBIMH BBICOKOT'O ITOPSI/IKA TUIIEPOOIMYECKOr0 THIIA ITyTEM 3aMEHbI CBOJSTCS K
HEJIOKAJIbHBIM KPaeBbIM 3a/1a4aM Ul CHUCTEM TUIepOOJIMYEeCKMX ypaBHEHHH BTOpOTO mopsiika. Teopus Helo-
KaJIbHBIX KPaeBbIX 3a7ay ISl CUCTEM THIIEpOOINYECKUX YPaBHEHHH BTOPOTO MOpPSIKa Pa3BUTa BO MHOTHX padoTax.
K HacTosmeMmy BpeMeHH IOIyYeHBbl pa3IMYHbIE YCIOBHUS Pa3pelIMMOCTH HEIOKAJIbHBIX KpaeBBIX 3a4ad st
TUNEpOONINYEcKUX ypaBHeHUH. KpuTepun omHO3HA4YHOW pa3peliMMOCTH HEKOTOPBIX KJIACCOB JIMHEHHBIX KpPaeBBIX
3a7a4 Uil THIEpOOJIMYECKUX YpaBHEHHH C IepeMeHHBIMH KoddduimeHTamy OBUTM NOIYyYEHB CPaBHHUTEIHHO
HelaBHO. B paboTe onHOTrO M3 aBTOPOB HEJNOKaJbHAs KpaeBas 3ajada C MHTETPAIBHBIM YCIOBHEM JUIS CHUCTEM
TUNEpOOINYECKUX YPaBHEHHH IyTeM BBE/ICHMS HOBBIX HEM3BECTHBIX (pyHKUMII cBOIMTCS K 3ajade, COCTOSIIECH n3
ceMeHCTBa KPaeBbIX 33/1a4 C MHTETPAIbHBIM YCIIOBHEM JUISl CHCTEM OOBIKHOBEHHBIX ] depeHInanbHbIX ypaBHEHHH
1 (QYHKIMOHAIBHBIX OTHOLIEHHH. Y CTaHOBJIEHO, YTO KOPPEKTHASI Pa3pelIMMOCTb HEJIOKAJIBHON 33124 ISl CUCTEMBI
TUNEpOOINYECKUX YPaBHEHNI SKBUBAJICHTHA KOPPEKTHOM pa3pemrMocTH ceMelCTBa KpaeBbIX 3a1ad ISl CUCTEMBI
0OBIKHOBEHHBIX An(PepeHINaNbHBIX ypaBHeHNH. [lomydeH KpuTepHii KOPPEKTHON pa3pelnMOCTH HeJOKaIbHOU
KpaeBoW 3aJaydl ¢ WHTErPaJIbHBIM YCJIOBHEM JUIS CHCTEM THIEPOOIMYECKUX ypaBHEHMH B TEPMHHAX HCXOJHBIX
JTAaHHBIX.

PaccmatpuBaeTcs HawanbpHO-KpaeBas 3aj1ada Juisl ITUQQepeHHanbHbIX YPaBHEHNH B YaCTHBIX MPOW3BOIHBIX
BBICOKOTrO nopsiaka. Mccnenyrorcss BOIpOChl CYLIECTBOBAHUSA €€ KIACCUYECKUX PEIIeHHH U MPeJIaratoTcsi METOMAbI
HaXOX/ICHHsI NPUOIMKEHHBIX PELICHUH. YCTaHOBIICHBI TOCTATOYHBIE YCIIOBUS CYIIECTBOBAHUS M €JMHCTBEHHOCTH
KJIaCCMYECKOTO pPELIEHHs] paccMaTpuBaeMoOl 3alaud. BBens HOBble HeM3BecTHbIE (YHKIMHM MBI CBOJIUM HCCIE-
JyeMylo 33/1auy K SKBHBAJICHTHOHM 3a/1aue, COCTOSIIEH M3 HEJIOKaJbHOW 3a7a4M ISl TUIEepOOIMIECKNX ypaBHEHHH
BTOPOTO TOpsAKa C (QYHKIMOHAIGHBIMH IapaMeTpaMy M MHTETPAIBbHBIX COOTHOIIEHUH. [Ipe/uioskeHbl anropuTMsl
HaXOX/ICHHSI MPHOJIMIKEHHOTO PEIIeHMs] MCCIeyeMOr 3aJadll M JJOKa3aHa MX CXOAWMOCTb. YCTaHOBJIEHBI JIOCTa-
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TOYHBIE YCJIOBUS CYIIECTBOBAHNS €AMHCTBEHHOTO PEIICHNS SKBHBAJICHTHOM 3a/1a4 C TIapaMeTpaMu. Y CJIOBUS OJTHO-
3HAYHOH pa3peuIMMOCTH HadalbHO-KpaeBoi 3amaun Uit auddepeHnnanbHbIX YpaBHEHHH B YaCTHBIX MPOU3BOIHBIX
BBICOKOTO MOPS/IKA MOYyYESHBI B TEPMUHAX UCXOTHBIX JaHHBIX.

Karouessle ciioBa: nuddepeHnnanbHble ypaBHEHHS B YACTHBIX [TPOM3BOAHBIX BBICOKOTO MOPS/IKA, HAYAIbHO-
KpaeBas 3a[1a4a, HeJIOKaJIbHas 3a7a4a, THIIEepOOIIMUECKUe YPpaBHEHHUS BTOPOTO NOPSIIKA, Pa3pEeIIMMOCTh, aITOPHTM.
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