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The article presents the review of authors’ resultén the field of non-classical
equations of mathematical physics. The theory of ®olev-type equations of
higher order is introduced. The idea is based on geralization of degenerate op-
erator semigroups theory in case of the following quations: decomposition of
spaces, splitting of operators' actions, the consiction of propagators and phase
spaces for a homogeneous equation, as well as teeaf valid initial values for the
inhomogeneous equation. The author uses a proven @e space technology for
solving Sobolev type equations consisting of reduoh of a singular equation to a
regular one defined on some subspace of initial spa. However, unlike the first
order equations, there is an extra condition that garantees the existence of the
phase space. There are some examples where theiatitonditions should match
together if the extra condition can't be fulfilled to solve the Cauchy problem. The
reduction of nonclassical equations of mathematicgbhysics to the initial prob-
lems for abstract Sobolev type equations of high der is conducted and justified.
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Introduction

To the linear Sobolev type equations of high onderconsider those non-classical equations of
mathematical physics, which in suitable functiosyadices can be reduced to the abstract operater-diff
ential equation of the form

AU =g "+ .+ Bu 1)
wherenO N\{1} , operatorsA B, _,...,B, are linear and the operatdr might not have an inverse, in
particulass when ker A# {0} . Usually equation (1) is considered along with @euchy initial condi-
tions

u™©)=u,,m=0,..,n- 1 2)
However it was shown [1] that the Showalter-Sidaromditions
A@U™©)-y,)=0,m=0,...,n ! (3)

are more natural for the Sobolev type equationsblEms (1), (2) and (1), (3) depending on the gohls
investigation can be understood in different serfskessical, B 3aBiucuMocT oT e HCCIETOBAHMS
MOTYT ITOHUMAThLCSA B pa3IndHbIX cMbiciax (classical, generalized, weak, strong, etc.), hewé is ob-
vious that (3) is more general in comparison to [{2h trivial case (when the inverse foexists) both
problems coincide, therefore their solutions caleciln this paper the Showalter—Sidorov conditiares
considered in more general statement

PU™(0)-u,)=0,m=0,...,n- 1 (4)
where P is a relative spectral projector. For conductibrcamputational experiments the Showalter —
Sidorov conditions are more suitable than the Caeomditions because there is no need to chetieif t
initial data belongs to a phase space of the emuafipparently A. Poincare [2] was the first todstu
equations of mathematical physics nonsolvable vétpect to the highest derivative in time. However
their systematic study was initiated by S.L. SobgB] (see the historical review in [4]). By nowetfe
are a lot of methods and results of study of suplations. Their diversity is reflected the termomy:
degenerate equations [5], pseudo parabolic equat[6h and even equations “of not Cauchy—
Kovalevskaya type” (cited by [4]). We use the tetBpbolev type equations” introduced by R.
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Showalter [7]. Firstly, we want to support the ¢atsling role of our great compatriot in a discovery
a new scientific direction. And the second reasaat this term is becoming more common [7-13].

Even a cursory glance at the vast area of nonclssfuations of mathematical physics [7, 14-16]
can detect the variety of aspects in which theyirarestigated. Our approach is based on a phase spa
concept, the essence of which lies in a reductiingular equation (1) to a regular one

uW =g U+ + gu g (5)
defined, however, not on a whole space but on ssubset of initial space, containing all initial wes
(2). In our case the phase space is a subspangialff $pace (we show this below) or (in the warase)
an affine manifold (see examples in [8]). In thendmear case, the phase space is much more itteres
ing, even ifn=1 (see the review [17]).

To describe the morphology of the phase space)pft(hay seem that it is sufficient to reduce this
equation using the standard procedure to a lingaaten of the first order, the phase spaces othvhi
are well studied [8]. However, on that way therseaunexpected difficulties: it turns out that onwe
cases [18, 19] for the solvability of problem (@) the conditions of the Cauchy problem (2) neetdd
confirmed. For the relief of these difficulties thewas proposed [20] a condition (see paragraph 1 o
this article). The discussion of the role of thimdition in the description of the phase spacegofadon
(1) is the main content of the article. We shouttpbasize that there is no such a phenomena inethe d
scription of phase spaces of Sobolev type equatbti®e first order [8] and classical equations (5)

The article besides an introduction and referenueades four paragraphs. The first one is devoted
to the abstract Cauchy problem and propagatorshfohigher order Sobolev type equation with rela-
tively p-bounded operator pencil [10]. These results aexl ue study the solvability of the initial-

boundary problem for the equation describing acowsdves in a smectic [21] in the second paragraph,
the Boussinesg—Love equation on a finite connectahted graph [22] in the third paragraph, equa-
tions describing ion-acoustic waves in plasma [23he fourth.

Finally note that all considerations are held ial lanach spaces, but when studying spectral prob-
lems we introduce their natural complexificatiorl @ontours are oriented counterclockwise and bound
the domain that lies to the left in this movement.

Propagators

Let U,F be Banach spaces, operatéd®,,...,B,_; 0 L(U;F). Denote byl§ a pencil of operators
B,1,---,Bp-

Definition 1. The sets p*(B)={u0C:(4"A-u"*B_-..-uB-B)*0IEU} and
o”(B) =(_:\pA(B) are called amA -resolvent set and aA -spectrum of the operator penéil.

Definition 2. The operator-function of a complex variable
RI(B) = (u"A-u" B4 -..-u B~ B)™ with the domainp”(B) is called anA-resolvent of the
pencil B.

Lemma 1[24]. Let the operatorA, B,_;,...,B 0 L(U;F).Then the A-resolvent sep”(B) of the
operator penciB is opened, theA-spectrum of the pencl is always closed.

Theorem 1[24]. Rﬁ(é) is analytical in its domain.

Definition 3. The operator penciBis called polynomially bounded with respect to gemtor A
(or simply polynomially A-bounded), if

(ROR OwOC (ul>a= (R (BO LE ).
Let the operatoB be polynomially A-bounded. Introduce the following condition:
[HRABdu=Q k=0.1,...,n- 2 (A)
y

where the contouy ={u0C:| y|=r>a}.

Lemma 2 [24]. Let the operator penciB be polynomially A-bounded and conditiofA) be ful-
filled. Then the operators
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== JRA " A - Jum B g ©)

are projectors in the spacé$ and F respectively.

PutUu®=kerP, F®=kerQ, U'=imP, F*=imQ. By A (B¥) denote a restriction of the opera-
tor A (B) ontoUX, k=0,1;l =0,1,..n— 1

Theorem 2[24]. Let the operator penciB be polynomiallyA-bounded and conditioA) be ful-
filled. Then the operators actions split:

() AKOLWUXF", k=01

(i) B*OLWUFY,k=01,1=01,.n- ;

(iii) there exists an operatofAh) 10 L(FLUY .

(iv) there exists an operato(B)) >0 L(F%U %).

DenoteH, = (B) " A% H, = (B) *B%, , k=1,-1,% =(A) ' B, k=0, r .

Corollary 1 [24]. Let the operator penciB be polynomiallyA-bounded and conditiogA) be ful-
filled. Then there exists a constahfl R, (b= § OuOC (|u|>b)=

RH(B) = —kzo(y” Ho ==t H )M (B) (1= Q)w‘”kzo(ﬂ‘l%_ﬁ AN
Definition 1. Let kerA# {0}, the vectorg [lker A\{0} is called an eigenvector of an operator
An ordered set of vectofsg, ¢,...} is called a chain oB -joined vectors of an eigenvectgy, if
A =0;
AgQ = B, 1t
Ap =B @t B Ao

A% = Bn—1¢n—l+ Bn—2¢n—2+"'+ B¢1+ B(¢O’
Aqu = Bn—l(”mq—l"' B2 g2t t Bﬁ”ql"' B(f”ci
9=1,2.., ¢} kerA \{0},1 =1,2,.. (8)
For the B-joined vectorg, define its height equal to its index in the chdihe linear hull of all eigen-

vectors andB -joined vectors of the operatoh is called aB-root lineal. A closedB-root lineal is

called aB-root space of an operatdx. The chain ofB -joined vectors can be infinite. In particular it
can be filled in with zeros if
@ UkerAn kerB,_; n kerB,_,n ..n keB n ked,.

But it is finite in the case of existence of such é-joined vector @, that
By + Bro@1+...+ By n1ll iIMA. The heightq of the last B -joined vector in a finite chain
{@ @ ....q} is called a length of this chain.

Definition 5. Define the family of operator‘p*Ké, Ké,...Kg} as follows:

Ks=0,szn K} =0
Ki=Hg KZ=-H, 1,..KS ==H 1 c,... K] =H .
Kg=KaaHo KG =Ke =KEH 11 KE=KTI-K L H 1 goon
Kg=Kgi-KgH.0=1,2,.. (9)
Definition 6. The pointe is called

1
o
Lalen
1}
@)

() a removable singular point of thA-resolvent of the pencl% , if Kll = Kf— =...
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(i) a pole of orderp0 N of the A-resolvent of the penciB, if Kf, # 0O for somes but Kf,ﬂ =0

for arbitrary s;
(iii) essentially singular point of theA-pesonseenmsr of the pencil B, if KB £0 for arbitrary

pON.

Theorem 4[24]. Let the pencilB be polynomiallyA-bounded ando be

(i) a removable singular point of the functid®),(B) . Then the operatoA does not haveB -joined
vectors,kerA=U°,imA =F'.

(i) a pole of ordemp [ N of the functionRﬁ(B) . Then the length of every chainBtjoined vectors
of the operatoAis bounded by number (the chains of lengttp do exist), and thé& -root lineal of the

operator A coincides with the subspatk®.
Theorem 3[24]. Let the operatorsA, B, ;,...,B, 0 L(U,F), operator A be a Fregholm operator.

Then the following statements are equivalent.
(i) The lengths of all chains d& -joined vectors of an operatoA are bounded bpJ{0} O N.

(i) The operator pencilB is polynomially A-bounded ande is a pole of order not greater
thenp of the A-resolvent of an operator penéil.

Definition 7. The vector-functionv1C"(R U), satisfying (1), is called a solution of this etiom.
If the solutionv = \(t) satisfies (2), then it is called a solution of, (B).

Definition 8. The operator-functioi(JJC” (R L(U)) is called a propagator of (1), if for any
vOU the vector-functiorv t( ) ¥'v is a solution of this equation.

Let the pencil B be polinomially A-bounded and(A) be fulfilled. Fix the contour
y={u0OC:| u|=r>a} and consider the family of operators

V;:%J}:a’j(é)(,u”_k_lA—y”k_z By-.m By &', kO1,..;r LE F (10)

Lemma 3[24]. (i) For any k =0,1,...n— 1the operator-functiorv, is a propagator of (1).
(i) For anyk =0,1,...n— Jlthe operator-functiorV;} is n entire function.

Lod
(i) — Vi
ar .

P, I =k;
= forallk=0,1,...n— 1] =0,1,...
o O, £Kk;

Definition 9. The setP [JU is called a phase space of (1), if

(i) any solutionv =v(t) of (1) liesinP,i.e.v(t)OP OtOR

(i) for all v, 0P, k=0, n there exists a unique solution of (1), (2).

Theorem 5[24]. Let the pencilB be polinomially A-bounded,(A) be fulfilled, andeo — be pole
of order p[J{0} 0 N or its A-resolvent. Then the phase space of (1) coincidésthe image of the
projectorP.

The De Gennes equation of the acoustic waves inraectic
The equation of linear acoustic waves in a smg28§; firstly obtained by P.G. de Gennes, has the
firm
0? 02
—Au=a;—Au,a,>0, 11
atz 3 1622 2 1 ( )
where A; = A, +02%/0z2%,0, =32%/9x2+3%/ax2. The initial model has sense in a cylindrical damiai
variables{z x, %} [ a bxQ. In the case of stabilized acoustic waves in actime
U4, %, 2 9=\ X %, 3expt @ )
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the initial equation takes the form
0° _
F(sz+a2v)+a2A2v= 0.a,=cfai’. (12)

Supply this equation with the initial and boundaoynditions
V(x0)=% (¥, v (x0)=y(X, x=(x xHQ
V(x,2=0, (x200Qx R (13)

The initial-boundary value problem for (12) candescribed in terms of problem (2) for equation
(1). For the reduction of (12), (13) to (1), (2utp

U={vOW,"(Q): ¢ ¥=0, xJ0Q}, F= WD,
whereWC'I (Q) are the Sobolev spac@x q <« . Put for the convenienee= -a,, A =A,. Define op-

erators A B and B, by formulas A ?A-a, B, =0,B =aA. For any |0 {O}ON opera-
torsA B, B O L(U; F).

Define by{A} the set of eigenvalues of the homogeneous Ditighteblem in a domaif2 for the
Laplace operatod, numbered in nonincreasing order taking into antaheir multiplicities, and by
{@} denote the family of the corresponding eigenfamdiorthonormal with respect, to the inner prod-

uct <[ in L*(Q). Since{g} OCY Q , then

[PA=By =Y [(@+ AP +aA]< g, B @
k=1

Lemma 4 [22, 24]Let a OR. Then the penciB is polynomially A-bounded ando is nonessen-
tial singular point of theA-resolvent of pencl .
Remark 1.In the case (i) TheA-spectrum of penciB o”(B) ={x*: kON , where /4* are the
roots of equation
A —a)u? —al, =0. (14)
In the case (ii)o™(B) ={£{%: KON , where/4;Z are the roots of equation (14) farz 4 .

Now check(A) . In the case (i) there exists an oper&drl] L(F;U), therefore(A) is fulfilled. In
the case (ii)

IZ <q.gdy _ IZ<¢4< gdu _ -0.
703G (A — ) (P = aky 27 e ak
Construct the projectors. In the caseRi¥ | andQ= 1, in the case (ii)
P=1-> <q.>q,
a=A
and the projectoQ has the same form but is defined on the sgac& herefore, due to theorem 5, the

following theorem is true.
Theorem 6[24] (i) Let a [l og(4) . Then the phase space of the equation is theeespiacel , that

is for all vy,vyJU there exists a unique solution of (12), (13), gitg

V(=D <, @ >gc.ch | Aaz+ > < gqq(>gq<cosfam/] Z
a<Mg k a>A k

+3 <v,q >¢4(\/A';;ash\/)la/1" z+ Y <v,q >qq(\/ — A sin\/a!a'/l'/‘1 z. (15)
k k

a>h ak ~

(i) Let @ Oo(A) . Then the phase space of the equation is the aoBdp, that is for all
Vo, OUt ={vOU:< vg >= 0,4 = A}
there exists a unique solution of (12), (13), giter(15).
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Remark 2. The results if theorem 6can be easily transcribetthe terms of the initial equation2
(11), if we take into account the connection betwée functionsu andv.

The Boussinesg—Love equation on a geometrical graph
Let G=G(V; E) be a finite connected oriented graph, wheére{Vj} ., is the set of vertices, and

E={E} ?:1 is the set of edges. We suppose that each edgaééangthl; >0 and the cross section
aread; > 0. On the graptG consider the Boussinesg—-Love equations [26]

AU = Ujurr = (U = A" U ) + B(Uy =47 Y), X3(0, | ), U R j=1,n (16)
At each vertex/, i :Fn set the boundary conditions
> du 0= > dug(l.D=0, (17)
£ E7 (V) kB IE“(Y)
Us(0,) =U; (0,t) =y (e 1) =Up (1 ), (18)

forall Eg, E; 0 E7(V), &, E,0 E’(Y). Here by g (V) we denote the set of edges starting (ending)
in the vertexXV; . If we add the initial conditions
U;(%0) = ty; (¥, 4 (x0)=y (¥, forall X (O41), j=1n (19)

then we get a problem describing the vibration esses in a construction made of thin elastic rods.
functions u; (x t) determine the longitudinal displacement in thenpoi at the moment on thej -th

element of the construction. The parametérd’, A" ,a and B characterize the material if rods.
Reduce problem (17)—(19) for equations (16) toGhachy problem

u0) =y, U(O) =y (20)
for the linear Sobolev type equation of the secanatr
Au'=BU+ Bu (21)

By L,(G) denote a set
L(G)={9=(% % G.--): g0 O] )}

The setL,(G) is a Hilbert space with an inner product

|.
i
<g,h>= Y d[g(Qh(y dx
By U denote a seU ={u=(u, W,...,4,..):y 0 V\%(O,jl ) and (18) holds}. The sdt) is a Banach
space with a norm

!j
U2 = 3 o [(B )+ ¢ dx
EJ-DE 0

Due to the Sobolev embedding theorems the s\z)éo{é, [;) consists of absolutely continuous func-

tions, thereforaJ is correctly defined, densely and compactly embedddL,(G) . Identify L,(G) with
its dual space and bl define a dual space td with respect to the duality[I3>. Obviously, F is a

Banach space and the embeddin@ahto F is compact.
By formula

|.
i
<Duv>= Y d [ (U (A (3+ ay( XM ¥ o
wherea >0u vy U, set an operator defined on the splkceFix a,8>0, A,A',A"0OR and construct

operators
A=(1-a)l+D,B =a((a-A')1+ D), B, =B((a-A") 1+ D).

Bulletin of the South Ural State University
Ser. Mathematics. Mechanics. Physics, 2016, vol. 8,n 0. 4, pp. 5-16

10



Zamyshlyaeva A.A., Nonclassical equations of mathematical physics.
Sviridyuk G.A. Linear Sobolev type equations of higher order

Theorem 7[23] Operators A B, B, L(U; F), moreover the spectrur(A) of an operatoA is

discrete, real tends only téoeo .
So, the reduction of (16)—(19) to (20)—(21) is pteted. By theorem 7, the operatéris a Fred-
holm operator ankler A ={0}, if Ollg(A).

Lemma 5[23] Let a,4,4",A"0R\{0}, then the operator penciB is polynomiallyA-bounded,

and « is nonessential singular point of the-resolvent of the penciB .
Remark 3[23] It is easily seen that in the caB&lg(A) andA =A' =A" the operator penciB is

not polynomiallyA-bounded.
Remark 4.[23] nthe casedflo(A)or (00o(A))O(A =A"#A") condition

[(?A-pB - B)  du=0, (A)
y
where y={| y|=r >a}, a is a constant from the definition of the polynoimi-boundedness, holds.

In the casq00o(A) DA #A")
[P A-uB - B) ™ du#0,
y
therefore we exclude it from our future considenasiwhen searching the phase space of the equation.

Let {A} be a set of eigenvalues of the operdlor numbered in nondecreasing order taking into
account their multiplicities, anflg} be a set of corresponding orthonormal in sensk,¢G) eigen-
functions. Construct the projectors

I,00c(A); I,0lo(A);
P=11- > <[g>@.,000A) Q=11- > <L >¢,000A),
A=A-a A=A-a

defined on spacdd and F respectively, and the propagators of equation (21)

Ve =$£(uZA—yBl— B) (A B) ¢ =

-y MA =@+ A +a(d —(a+A) it , Hi(A-(a+A)) +a(h' = (a+rAY) 4@t
(A= (@+A)) (i = 15) (A= (a+ A = 140)

S L P o Kol
Vl(t)—ﬁ.[(uA HB - B) A di=) m“ﬂﬂ%

<Lg >4

where o”(B) ={44% kO N , and 442 are the roots of equation
(A =@+ AN +a(N = (a+ A+ BA" - (a+A,)) = 0.

Here the prime at the sum means the absence of andshwith indicesk such thad =a+ A, .
Hence the following theorem is true.

Theorem 8[23, 24]Let a,A,A",A"OR\{0} and

(i) 0lpo(A).Then the phase space of (16) coincides with theesp, i.e. for all uy,u,JU there
exists a unique solutionJ C?(R U) of (16)—(19), given bu(t) = Vi, + ¥ u.

(i) 00o(A) andA=A" ,but A#A". Then the phase space of equation (16) coincidbsthe sub-
spaceU’ ={u0U:< ug >=0 for A, =A-a}, i.e. for all uy,u, JU* there exists a unique solution
udC?(R UY of (16)—(19),given by(t) =Viu, + \f u.

Remark 5. In the caseD0o(A) and A # A" the phase space, in sense of definition 9, doesxio
ist, since the condition of coordination of initfahctions

U <Uy, @ >=<u,@ > ford, =A-a.
is necessary for the existence of solution of tlebdlem [18, 19].
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Equation of ion-acoustic waves in plasma in exterrianagnetic field
Equation

FRCE 2
firstly obtained by Yu.D. Pletner [27], describég ion-acoustic waves in plasma in external magneti

2 2 2 2
9 (a—+w§](A3¢ -Lo)+af L +w§w,§a—q; -0, 22)
s ot OX3

field. The function® presents a generalized potential of the eledteld,fconstantesoé , wf,l , and r§

characterize the ionic gyrofrequency, Langmuir fieicy and the Debye radius, respectively. We trans-
form equation (22) and consider the more genercdilpm.

Let Q =(0,a)x (0,b)x (0,c)J R. In a cylinderQ xR consider the Cauhy-Dirichlet problem
V(x0)=% (0, Y(x0)=y(X,
Wi (%0)=% (X, ¥ (x0)=y (X, XQ (23)
v(x,t) =0, (x,)00Qx R
for the equation
, 0
(B =MV +(A=A) +a— =0, (24)
0X3
describing the ion-acoustic waves in plasma inreglemagnetic field. The initial-boundary value Ipro
lem for (24) can be described in terms of probl@nfér equation (1), and negative values of the pa-
rameterA do not contradict the physical meaning of the f@ob Reducing (23), (24) to (1), (2), set
U={vOW'((Q): ¢ =0, xJ0Q}, F= W(OQ),

whereW, (Q) are the Sobolev spaces. OperatarsB,, B,, B, and B, define by formulasA A -A,

B,=(1"-4), Bozaazg, B; =B, =0.ForalllO{0}ON operatorsA B, B0 L(U; F).

g
For proof of the relative boundedness of the peBkcitonsider the eigenfunctions of the Laplace
operator A, defined in a domai2, satisfying the boundary conditions from (23). D&nthese ei-
genfnctions by qqqnn:{sir*.mo(l % gin™%s
a b c
Arn = —(k? + m? + %) . Obviously, the spectruro(A) is negative, discrete, with finite multiplicities

and tends only te-o . Since{g} OCT Q , then

sin

}, where k, m, nON, thus the eigenvalues

HA- 1By - i?B - uB - By= Y [(Akmn—A)ﬂ“+(Akmn—A')u2—a(?>2]<wkmnwkmn

k,m, =1
where< [[3 is an inner product in?(Q) .
Lemma 6 [21]. (i) Let Alo(A). Then the penciB is polynomially A-bounded and» is a re-

movable singular point of thé -resolvent of penciB .

(i) (A0o(A) O(A#A"). Then the penciB is polynomially A-bounded andw is a pole of order
1 of the A -resolvent of penciB.

(i) (A00(A))O(A=A1"). Then the penciB is polynomially A-bounded ando is a pole of order
3 of the A -resolvent of penciB.

Remark 6 [21] In case () of lemma 6 the A-spectrum of pencil B
o®B)={u),;:,mnON j=1,...,4}, where ) are the roots of equation

inn =D+ Ay =1 )1a? - a(")? =0, (25)

12 Bulletin of the South Ural State University
Ser. Mathematics. Mechanics. Physics, 2016, vol. 8,n 0. 4, pp. 5-16



Zamyshlyaeva A.A., Nonclassical equations of mathematical physics.
Sviridyuk G.A. Linear Sobolev type equations of higher order

and condition(A) holds. In case (ii) of lemma 6 th&-spectrum of penciB o (B) :{,u,j,k: kON ,
where ,uljk are the roots of equation (25) with= 4, , and condition(A) does not hold. Therefore this

case is excluded from the further considerationsase (iii) of lemma 6 thé\-spectrum of penciB
o”(B) :{,u,{k: kO N k# } , and condition(A) holds.

Construct the projectors. In case (i) of lemna61 andQ =1, in case (ii) of lemma 6
P=1- Z <¢f<mn’|j>¢kmn’
A=Amn

and the projectof has the same form but is defined on the spada case (ii) construct the set

Ut=imP={vOU: > <@mun V> @m=0}
A=XAmn
So, due to theorem 5 the following theorem is true.
Theorem 9[21] (i) Let A[lo(A). Then the phase space of (24) coincides withpgheed , i.e. for

all vy, v, v, 0 U there exists a unique solutiars] C%(R U) of (23), (24).
(i) Let A0o(A) and A=A". Then the phase space of equation (24) coincidésthe sub-

spaceU?, i.e. for all vy, v, V, V5 such that
> <@mV;>=0,j=0,.,3

Amn=
there exists a unique solutiar] C2(R UY) of (23), (24).
Remark 7. In case(A0o(A)) O(A #A") the phase space in sense of definition 9, doegxist,
since the condition of coordination of initial furans [19]:

2
m
(/]kmn -A)< Vo, Gin == a(?j < Vo @ kmn~ TIPH A ki A.
is necessary for the existence of solution of tteblem.
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HEKNNACCUYECKWE YPABHEHUA MATEMATUYECKON ®U3NKMW.
JINHEUHbLIE YPABHEHUA COBOJIEBCKOIO TUMA BbICOKOIO NMOPAAKA

A.A. 3amblunsiesa, I''A. Ceupudiok
FOxHO-Yparnbckuli 2ocydapcmeeHHbIlU yHUgsepcumem, 2. YensbuHck, Poccutickasi ®edepauyusi
E-mail: zamyshliaevaaa@susu.ru

Cratpst cofep uT 0030p pe3yabTaTOB aBTOPOB B 00JIACTH HEKJIACCUYECKUX YPABHEHWH MaTeMaTH-
yeckoii ¢usuku. [IpeacraBieHa Teopus TMHEHHBIX YpaBHEHUI COOOJIEBCKOTO THIIA BHICOKOTO TOPS/IKA.
Wnes 6a3upyercst Ha 0000IIEHUH TEOPHH BBIPOXKICHHBIX (ITOJIY)rPyII OMEPAaTOPOB HA CIy4ail yKa3aH-
HBIX YPaBHEHHH: PACIIEIUIEHUH MMPOCTPAHCTB, NEHCTBUI BCEX OMEPAaTOPOB, TIOCTPOCHUH MPOIMAaraTopoB
1 (Ha3oBOro MpoCTPaHCTBA OJHOPOJHOTO ypPaBHEHUS, a TaKKE MHOXKECTBA JIONMYCTHUMBIX HaudalbHBIX
3HAYEHUH 111 HEOIHOPOAHOTO ypaBHEHUs. VICIonb30BaH yKe XOpOIIO 3apEKOMEHJ0BAaBLIMN ce0s pH
pelIeHnn ypaBHEHUI COOOJIEBCKOTO THUMa MeToA (ha30BOT0 MPOCTPAHCTBA, 3AKIIOYAIONINICS B PEIyK-
LUK CUHTYJISIPHOTO YPaBHEHUS K PETYJISIPHOMY, OIpelelIeHHOMY Ha HEKOTOPOM MOJIPOCTPAHCTBE MC-
XOJIHOTO mpocTpancTBa. OAHAKO, B OTIMYUE OT YPaBHEHUH MEPBOTO MOPSAIKA, B JAHHOM ClIy4ac BO3HU-
KaeT IOTOJHHUTEIhHOE YCIOBHE, TapaHTHUPYIOIIEe CYyIeCTBOBaHNE (pa30BOT0 MPOCTPAHCTBA, U UMEIOTCA
MPUMEPHI, KOT/Ia U pa3pemnMocTy 3agaun Kom HagambHbIE YCIOBUS HEOOXOIMMO COTJIACOBHIBATH
MeXIy co0O0i MpH HEBBHIMOJHEHWH ATOTO YCIOBHUS. B paboTe mpoBoAWTCS peayKUHs HEKIACCUYECKUX
ypaBHEHHI MaTeMaTHUYeCKON (DU3MKM K HAYaNbHBIM (HAYaJIbHO-KOHEYHBIM) 3a/auaM il aOCTPaKTHOTO
ypaBHEHHS COOOJIEBCKOTO THIIA BBICOKOTO MTOPSAIKA.

Knioueswie cnosa. nexnaccuueckue ypasHeHuss Mamemamuyeckou Qusuxu; ypagrenus coooiescko-
20 MUna 8blCOK020 NOPAOKA; Pazoeoe NPOCMpancmeo; NPOnA2amopbl.
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