FIZIKA, MATEMATIKA VA
MEXANIKANING DOLZARB
MUAMMOLARI

5 gﬂ — -
'f‘T i

e B

Buxoro - 2023



O‘ZBEKISTON RESPUBLIKASI OLLY TA’LIM, FAN VA
INNOVATSIYALAR VAZIRLIGI
BUXORO DAVLAT UNIVERSITETI

FIZIKA, MATEMATIKA VA MEXANIKANING DOLZARB
MUAMMOLARI

xalgaro ilmiy-amaliy anjumani

MATERIALLARI

(1 gism)
Buxoro, O‘zbekiston, 24-25-may, 2023-yil

MHUHUCTEPCTBO BBICHIEI'O OBPA30OBAHUSA, HAYKHA U
WHHOBAIIUM PECIIYBJIMKHA Y3BEKUCTAH
BYXAPCKHWH I'OCYJAPCTBEHHBIA YHUBEPCUTET

TE3UCHI JOKJAJOB

(Yacrs 1)
MEXIYHApPOIHON HAyYHO-TIPAKTUYECKON KOH(DEPEHITUN

AKTYAJIBHBIE ITPOBJIEMbI ®U3UKU, MATEMATUKHA U
MEXAHUKH

byxapa, Y30ekucran, 24-25 mas, 2023 ron

MINISTRY OF HIGHER EDUCATION, SCIENCE AND INNOVATIONS
OF THE REPUBLIC OF UZBEKISTAN
BUKHARA STATE UNIVERSITY

ABSTRACTS

(Part 1)

of the international scientific and practical conference

ACTUAL PROBLEMS OF PHYSICS, MATHEMATICS AND
MECHANICS

Bukhara, Uzbekistan, May 24-25, 2023



Fizika, matematika va mexanikaning dolzarb muammolari (Xalgaro
iIlmiy-amaliy konfferensiya materiallari to‘plami, I qism) Buxoro-2023, 357 bet.

Mazkur to‘plam “Fizika, matematika va mexanikaning dolzarb muammolari”
Xalgaro ilmiy-amaliy konferensiyasi materiallari to‘plami asosida tayyorlangan
bo‘lib, matematik analiz, differensial tenglamalar va matematik fizika, algebra va
geometriya, hisoblash matematikasi va mexanika, geleofizika va gayta tiklanuvchi
energiya manbalari, kondensirlangan holatlar fizikasi, zamonaviy ta’limda raqamli
texnologiyalar, ehtimollar nazariyasi va matematik statistika yo‘nalishlaridagi

ilmiy ma’ruzalar o‘rin olgan.

To‘plamga kiritilgan maqola va tezislar mazmuni, ilmiyligi va dalillarining

hagqoniyligi uchun mualliflar ma’suldirlar

© Buxoro davlat universiteti, 2023 yil



Rais:
Xamidov O.X.

Rais o‘rinbosari:

Rasulov T.H.
Jurayev H.O.

TASHKILIY QO‘MITA

BuxDU rektori, professor

BuxDU prorektori, professor

BuxDU Fizika-matematika fakulteti dekani, professor

Tashkiliy qo‘mita a’zolari:

Teshayev M. X.

Djurayev D.R.
Mirzayev Sh.M.
Qahhorov S.Q
Boltayev Z.1.

Fayziyev Sh.Sh.

Dilmurodov E.B.

Durdiev U.D.
Mirzayev M.S.
Nuriddinov J.Z.

Turdiev H.H.

Bozorov Z.R.

V.I.Romanoviskiy nomidagi matematika instituti Buxoro
bo‘linmasi, professor

BuxDU, professor

BuxDU, professor

BuxDU, professor

V.I.Romanoviskiy nomidagi matematika instituti Buxoro
bo‘linmasi, professor

BuxDU kafedra mudiri, dotsent

BuxDU kafedra mudiri, PhD

BuxDU kafedra mudiri, dotsent

BuxDU kafedra mudiri, PhD

BuxDU Fizika-matematika fakulteti dekan o‘rinbosari,
PhD

BuxDU, PhD

V.1.Romanoviskiy nomidagi matematika instituti Buxoro
bo‘linmasi, PhD



DASTURIY QO‘MITA

Rais:
Durdiev D.K. V.I.Romanoviskiy nomidagi matematika instituti Buxoro
bo‘linmasi mudiri, professor

Members of the organizing committee

Lagayev S.N. SamDU kafedra mudiri, akademik

Mugimov K.M. O‘zR FA akademigi

G‘ulomov K.G. O‘zR FA akademigi

Karchevsky L.A. Sobolov nomidagi matematika instituti, professor
Mutti-Ur Rehman Sukkur IBA universiteti, professor

Xaxo‘jayev A.M. V.I.Romanoviskiy nomidagi matematika instituti

Samargand bo‘linmasi mudiri, professor
Ikromov |.A. V.I.Romanoviskiy nomidagi matematika instituti

Samargand bo‘linmasi mudiri, professor

Imomkulov S.A. Navoiy davlat pedagogika instituti, professor

Imomov A A. Qarshi davlat universiteti, professor

Rasulov X.R. Buxoro davlat universiteti, dotsent

Mamurov B.J. Buxoro davlat universiteti, dotsent

Merojova Sh.B. Buxoro davlat universiteti, PhD

Raxmonov A.A. V.I.Romanoviskiy nomidagi matematika instituti Buxoro

bo‘linmasi, PhD

Raxmatov .1 Buxoro davlat universiteti, dotsent
Saidov Q.S Buxoro davlat universiteti, dotsent
Niyazxonova B.E Buxoro davlat universiteti, dotsent
Kotibiat:

Xudayarov S.S., Turdiev H.H., Ochilov L.I, Qodirov J.R.

Konferensiya tashkilotchisi:

Buxoro davlat universiteti Fizika-matematika fakulteti



I SHO‘BA: MATEMATIK ANALIZ
CEKIIUS Nel: MATEMATHUYECKU AHAJINU3
SECTION No.1: MATHEMATICAL ANALYSIS

DISCRETE SPECTRUM OF THE SCHRODINGER OPERATOR TO A
SYSTEM OF THREE FERMIONS
Abdullaev J.I.}, Ergashova Sh.H.?
L2Samarkand state university, Samarkand, Uzbekistan;
In this work we consider a Hamiltonian for a system of three quantum particles,
three fermions with mass 1, with interacting neighboring nodes potentials © > 0 on a
lattice In the momentum representation the total three-body Hamiltonian appears to be

decomposable (see, e.g. [1],[2])
H, = f @ H,(K)dK.
T

The  fiber  Hamiltonian  H,(K) = Hy(K) —u(V; +V, +V3)  depends
parametrically on the total quasimomentum K € T = (—m, m]. The corresponding
three-particle Schrodinger operator

H,(K) = Hy(K) —u(Vy +V, + V3)
acts in Hilbert space
LF(T?) :={f € L,(T*): f(p.9) = —f(a.p) =—f(p.K —p—q),
where
(Ho(K)f)(p, @) = Ex(p, ) f (0, @),
Ex(p,q) = e(p) + €(q) + (K —p —q),e(p) = 1 — cosp,
N0, = [ cos(a = )f @ 52ds.

V2, @) = % f cos (p — s)f (s, q)ds,

T
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1
V), q) = Efcos (p—s)f(s,p+q—s)ds.
T

Two-particle Schrodinger operator h, (k) = ho(k) —pv corresponding two
fermions acts in L3(T) : = {f € L,(T): f(—p) = —f(p)} as follows [3]:

()@ = £ @f @ ~ & [ singsinsf (s)ds,
T
where g,(q) = ¢ (S + q) + ¢ (g — q) =2-— 2cos§cosq.

Theorem 1. Let u > 1. Then for all k € T the operator h,(k) has a unique

simple eigenvalue

k
2
cos® >

z,(k)=2—pu—

lying to the left of essential spectrum.

Here z, (k) is zero of Fredholm determinant

2u

A,(k,z) =1-

2—z+\/(2—z)2—4c052§

corresponding to the operator I — vry(k, z), where I is the identity operator, r,(k, z)
is the resolvent of the operator h, (k).

The essential spectrum of the operator H, (K) coincides [1] with the union of the
range of functions z, (K — p) + (p) and Ex (p, q).

Operator H,, (K) does not have eigenvalues on the right of

Emax (K) = maxy, qerEx (9, @).

The problem of studying the eigenvalues of the operator H,, (K) is reduced to the

problem of finding the fixed points of the compact self-adjoint operator T'(K, z).

The operator T(K, z) is compact, acts in the Hilbert space L, (T) as follows:



(T (K, 2)¥)(p)

—2u sin (K;p—s) sin (Kz_s—p)tp(s)ds
n\/A#(K —p,zZ— e(p)) T (Ex(p,s) — Z)\/A“(K —S5,zZ— e(s))

Lemma 1. A number

z<t(uK) = r;leiqrrl{ZM(K —p)+e()}

is an eigenvalue of the operator H,(K) if and only if 1 is eigenvalue of T(K, z).

Lemma 2. The number of eigenvalues of the operator H, (K) less than z is equal
to the number of eigenvalues of the operator T'(K, z) greater than 1.

Theorem 2. There exists u, such that for any u > u, the operator H, () has
unique simple eigenvalue below to the essential spectrum.
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IKKI ZARRACHALI DISKRET SHREDINGER OPERATORINING
SPEKTRAL XOSSALARI
Abduxakimov S.X., Muxammadiyev I.A., Vahobov M.A.
Samargand davlat universiteti,
Faraz qilaylik L*°(T?) —T? = (—m,m]? da aniglangan toq fuksiyalarning
Hilbert fazosi.
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Ushbu ishida ikki o’Ichamli torda bir qadamda ta’sirlashuvchi ikki fermionli
sistema gamiltonianiga mos H,(K),K € T? — ikki zarrachali diskret Shredinger
operatori uchun ko’paytirish funksiyasi ikkita nuqtada aynimagan minimumga ega
bo’lgan holda zarrachalar ta’sir energiyasi p >0 dan bog’liq holda H,(0)
operatorning muhim spektrdan chapda xos qiymatlar soni va va joylashish o’rni
topilgan.

Ikki zarrachali diskret Shredinger operatori H,(K),K € T?, L*°(T?) fazoda

H,(K) = Hy(K) =V, u>0.
ko’rinishda bo’ladi, bu yerda (qo’zg’almas) operator Hy(K), ex(p) funksiyaga

ko’payterish operatori

(Ho(K)) () = ex)f (), fel?°(T?),
2
K
ex() =2 ) (1 —cos—cos2p,),
’ Z -

va qo’zg’alish operatori I/,

U ) = gz D sinpy | sintf (e, fel?*(T2)

i=1 T2

Tekshirish osonki, Hy(K) va V, operatorlarning har biri chiziqli chegaralangan va 0’z-

o’ziga qo’shma operatorlar. Ravshanki , V]

. —integral operator bo‘lib, rangi ikkidan

oshmaydi. Muhim spektr turg‘unligi haqgidagi Veyl teoremasiga ko‘ra H,(K)
operatorning muhim spektri gss(H,(K)) berilgan u > 0 parametrdan bog‘liq emas
va H,(K) operatorning spektri bilan ustma-ust tushadi. Shunday qilib

Gess(Hu () = Gess(Ho(K)) = 0(Ho(K)) = [emin(K), Emax (O],
Faraz gilaylik

-1

(sint; +sint,)?dt
Ho = = 4.
T2

&o(t)

H,(0) operatorning spektrini pu  parametrga bog‘liq ravishda o‘rganish uchun

quyidagi to‘plamlarni kiritamiz:



Sc(W)={ueRrR: uy<u},

S—(W) ={u €R™: py=p},

Ss(W) ={u€R": puy>u}
Teorema. a) Agar u € S_(u) , yoki u € S, (u) bo‘lsa, H,(0) operatorning muhim
spektrdan chapda xos giymati mavjud emas.
b) n € S.(u) bo‘lganda H,(0) operator muhim spektrdan chapda ikki karrali z, (0)
x0s giymati mavjud va ushbu xos giymatga mos xos funksiyalar quyidagi ko‘rinishga
ega:

uC (sinq; £ sing,)
€0(q) — 2,(0)

va o‘z argumentining analitik funksiyasi bo‘ladi, bunda C # 0 — normallovchi

ful@) = € 1?9 (T?),0 € {os,0a}

ko‘paytuvchi.
Foydalanilgan adabiyotlar
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AN OPEN MAPPING THEOREM FOR ORDER - PRESERVING
OPERATORS
Aktamov Feruz Sanaqulovich
Chirchik state pedagogical university, Chirchik, Uzbekistan

We begin with definitions of notions that will be used in the sequel.
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An element 1. of an ordered real vector space E is said to be an order unit in
E if for each x < E there is a real number ¢ >0 such that ¢1. > x.

In this article “spac” means “ordered real vector space”.

Recall that a subset L of a space E with an order unit 1_ is said to be an A’ -
subspace of E if 0. eL, and xeE implies that x+c1. L for all ceR.

The order topology on an ordered real vector space E with an order unit 1_ is
the topology whose base is the collection of balls (with center x and radius ¢)

B(x,g):{yeE:||y—x||<g}, xeE, £>0,
where for xeE

IX|=inf{a>0: — A1 <x< AL}

Recall that a mapping f : X —Y between topological spaces X and Y is said to
be open at x, e X if for each open neighbourhood U of x, there exists an open
neighbourhood v of f(x,), which lies in f(U). A mapping f:X —Y is said to be
open if it is open at every point x < X, or, equivalently, if for any open set U in X its
image f(U) isanopensetiny.

Let E, F be spaces with order unit. An operator f :E — F is said to be:

(1) order-preserving if for any pair x,yeE the inequality x<.y implies
fx) < f(y);

(2) weakly additive if the equality f(x+41.)= f(x)+Af(@.) holds, for every
x € E and every 1eR;

(3) normed, if f@1.)=1,.

We begin this section with some auxiliary results and examples.

Lemma 1. Let E and F be spaces with order unit, f :E — F surjective, weakly
additive order-preserving operator. If f is open at o, then f is open over entire E.

Lemma 2. The metric generated by the order norm on a space with order unit is

invariant.
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Recall that the graph of a mapping f of a set X into a set Y is the set of all
pairs (x, f(x)) in the Cartesian product X xY . If X and Y are topological spaces, then

in their product we will consider the usual product topology.

Let E and F be spaces with order unit. The product ExF becomes a space
with order unit if one introduces on it coordinate-wise operations of addition and
multiplication by a number:

a(Xy, Y1) + B(Xz, Y2) = (% + Xy, 1 + BY,),
and coordinate - wise partial order:
(X Y1) Sk (%20 Y2) & (% <g %) &(Y; <¢ ¥,)).
Further in this article, we will use inequality signs without any indices and will imply
from the context in which set they are defined.

The order norm on E x F is defined by the rule
(%, v =inf{A> 01 — 20, 10) < (%, 2) < ACe 1, )

Here (1.,1.) is an order unit in ExF. So, instead of the couple (1.,1.) one can use
the symbol 1., .

Lemma 3. Let E and F be spaces with order unit, 1. an order unit in E,
f :E — F weakly additive, order-preserving operator. Then the graph G of operator
f isan A™'® -subspace in the space E x f(E) with the order unit 1., g, .

Corollary 1. Let E and F be spaces with order unit, 1. and 1., respectively,
f :E - F a weakly additive, order-preserving, normed operator. Then the graph G of
the operator f is A®'© - subspace of the space E xF with order unit 1_ ..

Remark 1. Note that in every topological vector space (in particular, in every

space with an order unit) the only open subspace is the space itself. Unlike subspaces,

A - subspaces of a space with an order unit can be open, closed, or everywhere dense.

11



Proposition 1. Let E and F Dbe spaces with order unit, and f:E—>F be a

weakly additive, order-preserving operator. Then the image f(E) is an A™='®-
subspace in F .

Proof. Since f(0.)=0., then o_ c f(E). Let ye f(E), 2AeR. Then there exists

a vector x e E, such that . We have

Y+ AL g = F(X)+ AL g = F(X+ L),
i.e., y+1, e f(E). Thus, f(E) is A"® - subspace in F.

Finally, we formulate a version of the open mapping theorem for order-
preserving operators.
Theorem 1. Let E be a complete space with an order unit, F be a space with

order unit and of the second category. If f:E — F is a surjective, weakly additive,

order-preserving operator, then:

(i) the mapping f is open;

(il) F is a complete space.
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REGULAR DYNAMICS OF SUPERPOSITION OF NON-VOLTERRA
QUADRATIC STOCHASTIC OPERATORS ON s?
Aralova K.A., Xoliqova F.Q.

Institute of Mathematics named after V.l.Romanovskiy, Tashkent, Uzbekistan

Let

™ ={X=(X,%,,....X,) €R™: foranyi, x, >0, and D> x =1}

i=1
be the (m-1)-dimensional simplex. A map Vv:s™*—s™ is called a quadratic

stochastic operator(QSO) if

(VX), = i Pij i XiX; (1)

i,j=1

forany xes™* and forall k=1,...,m, where

Pix 20, Py =P, foralli,jk; D Py =1 (2)

=
The trajectory {x”y-_ of an operator vV for an initial point x® e s™* is defined
by
XM =V (xX™) =v™(x?), n=0,12,...
Denote by o, (x) the set of limit points of the trajectory {x™}- .
A Volterra QSO (see [2]) is defined by (1), (2) and with the additional

assumption
pix =0 kefi, j}, forany i, j,keE (3)
Definition. A point xeS™" is called a periodic point of v if there exists an n so
that v"(x) =x. The smallest positive integer n satisfying the above is called the prime

period or least period of the point x. A period-one point is called a fixed point of V .

13
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Denote the set of all fixed points by Fix(v) and the set of all periodic points
of(not necessarily prime) period n by Per (V). Evidently that the set of all iterates of a

periodic point form a periodic trajectory (orbit).

Let
X, = X7+ 2X,Xs, X = L+ @)X, X,,
V, X, = X5 +2X%,X,, V, 4% = (L+ @)X,
X, = X2 +2X,X,, X, =X+ (X + %)+ L= a) X, (X +X,).

Consider the nonlinear operator w,:=V,.Vv, defined by superposition of the

operators and the operator has the form

X = (L+ ) X% + 21+ a)1— (L+ a) X, (L1— X)) X, X,,
W, 3%, = (L+ ) X2X2 + 21+ )L — (L+ @) X, (1= X)) X, X, ,
X, = (L— L+ )X, (1= X,))° + 2(L+ ) * X, X, X2

where o e[-11].
LetM, ={xeS?:x, =%}, M, ={xeS’:x, >x,} and M, ={xeS?:x <Xx,}.

Denote

{ = i/(1+a)((a—2)2 6o —32a+43),

< 10t a-3
X, ==| ——+—+1|.
3ll+a t

o

Theorem. For the operator w, the following statements are true:

I)the sets M,,M, and M, are invariant sets;

.. . ifa<-1/2, . (1-X 1-X .
II)Fix(\NO)z{ e} 1o where xa:(l Zxa,l X j;

{e,, X}, ifa>-1/2, 2

i) W,(x?) =e, for any x? eE, ={xeS?:x,=0}u{e,} ;
Con - if a<-1/2

iv) if x© eS?\E, then ©) = {ef}’ ! '

) €S*\E, thena,, (x?) {{xa}, if o >—1/2.

References
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GROUND STATES FOR THE POTTS MODEL WITH COMPETING
INTERACTIONS ON THE CAYLEY TREE
'Botirov G*.1., *“Mustafoyeva Z.E.
'University of Exact and Social Sciences, Tashkent, Uzbekistan
?Institute of Mathematics named after V.I.Romanovskiy, Tashkent, Uzbekistan
e-mail:

In this talk, we consider the Potts model with three spin values and with
competing interactions of radius r =2 on the Cayley tree of order two. It is
completely described the periodic ground states of this model.

The Cayley tree T* of order k > 1 is an infinite tree, i.e., a graph without
cycles, with exactly k + 1 edges issuing from each vertex. Let T* = (V, L) where V
is the set of vertices and L the of edges. Two vertices x and y are called nearest-
neighbors if there exists an edge [ € L connecting them and we denote [ =< x,y >.
A collection of nearest neighbor pairs < x,x; >,....< x4_1,Xx4 > is called a path
from x to y:

d(x,y) = min{d |3x = x¢, X1, ..., Xg_1,Xqg =y € V}.

For a fixed x° € V, we set

W,={x€eV|d(xx°) =n},V, ={x €V]|d(xx" <n},
L,={l=<x,y>€L|x,y €V}

15
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It is well known that there exists a one-to-one correspondence between the set IV
of vertices of the Cayley tree of order k > 1 and the group G, of free products of a
k + 1 cyclic group of order two with the generators a4, a,, ..., ax+1 (see [1], [3]).

For each x € Gy, let S;(x) denote the set of all neighbors of x, i.e., S;(x) = {y €
Gr:< x,y >€ L}. The set S; (x)\S(x) is a singleton.

We consider the models in which the spin takes values in the set ® = {1,2,3}. A
configuration o on the set V is then defined as a function x € V — a(x) € ®; the set
of all configurations coincides with 2 = ®".

Let G; be a subgroup of index r > 1. We consider the right coset G,\Gy =
{H,H,,...,H,}.

Definition 1. A configuration o(x) is said to be G-periodic if o(x) = o; for all
x € Gy with x € H;. A G,-periodic configuration is said to be translation invariant.

The Hamiltonian of the Potts model with competing interactions has the form

H(o) = J; X<xy> 6a(x)a(y) + 2 X xyev: 6a(x)a(y)
x,yEV d(x,y)=2

where J;,/, € Rand

1L,u=vw,
Ouy = {O,u * V.

For a pair of configurations o and ¢ coinciding almost everywhere, i.e.,
everywhere except at a finite number of points, we consider the relative Hamiltonian

H (o, ) of the difference between the energies of the configurations ¢ and ¢, i.e.,

H(o,¢) = ]1 Z<xy>Bosm)aty) ~ Sprpn)) T 122 xyev: (Goioty) — Sprnn)):
X,YEV d(x,y)=2

where ] = (J;,/,) € R? is an arbitrary fixed parameter (see [2]).
We suppose that M is the set of unit balls with vertices in V. The restriction of a
configuration o on a ball b € M is called a bounded configuration a;,. We define the

energy of the configuration o;, on the ball b as

1
U(O-b) = E]l Z<X,Y> 60’(.76)0’(_’)/) + /3 Z X,Y€b: 50(x)a(y)
X,YEDb d(x,y)=2

16



where | = (J;,/,) € R?,

Lemma 1. The relative Hamiltonian

H(o,¢) = ]1 X<xy>Bs)0) ~ Spmer) T 122 xyev: (Boyoty) — Spnn))
x,yev d(x,y)=2

has the form
H(o,¢) = Xpem(U(op) — U(@p)).
It is easy to see that U(ay,) € {Uy, ..., Ug} for any oy, where
U, = %]1 +3, U, =/1+)2Us =35, Uy = %]1, Us =2, Ug = %]1 + /5.
Definition 2. A configuration ¢ is called the ground state of a relative
Hamiltonian H if U(gp) = min{U,, U,,...,Us} for any be M. We set C; =
{o,:U(0p) = U;}and U;(J) = U(ay,)) if o, € C;,i = 1,2, ...,6.
If a ground state is a periodic configuration, then we call it a periodic ground
state [3].
Foranyi = 1,2,3,4,5,6 we put
A, () ={J € R2&:min{U,()), ..., Us())} = U, }.
Quite cumbersome but not difficult calculations show that
A, ={J]ER?* ], <0,]; +4J, <0},
A, ={] ER*: [, 20,—4], < ]; < —2],},
A; ={J €R%J, =0,], <0},
A, ={JER* ], 20,-2], <], <25},
As={J eR* ], >0,], — 2], =0},
Ag={] ER*]; =0,], =0},
and R? = US_, A;.
Theorem 1. For any class C;,i = 1,2,3,4,5,6 and any bounded configuration
o, € C;, there exists a periodic configuration ¢ (on the Cayley tree) with a period

p < 6 such that ¢,» € C; forany b’ € M and ¢, = gy,.
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Remark. There is a difference between Theorem 1 and Theorem 1 of [2], i.e.,
for any g, € Cs, there exists a configuration ¢ (generally not periodic) on the Cayley
tree such that ¢, € Cs forany b’ € M and ¢, = oy,.
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SOME PROPERTIES OF THE FIRST SCHUR COMPLEMENT
CORRESPONDING TO A LATTICE SPIN-BOSON MODEL WITH AT
MOST TWO PHOTONS
E.B. Dilmurodov
Bukhara State University, Bukhara, Uzbekistan
Bukhara branch of the Institute of Mathematics named after V.I.Romanovskiy,
Bukhara, Uzbekistan
E-mail: e.b.dilmurodov@buxdu.uz

The spin-boson model is a well-known quantum-mechanical model which
describes the interaction between a two-level atom and a photon field. We refer to [1]
and [2] for excellent reviews respectively from physical and mathematical
perspectives.

Let us introduce a lattice spin-boson model with at most two photons. Let T4

be the d—dimensional torus, L,((T%) be the Hilbert space of square integrable
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(complex) functions defined on T9, C? be the state of the two-level atom and
Fi (L, (TY) be the symmetric Fock space for bosons, that is,

Fo(Lo(T)):=CD L (T D LY (TH*) D ..
Here L™ ((T9)™) is the Hilbert space of symmetric functions of n > 2 variables. For

m = 1,2 we denote £,,: = C* ® Tb(m) (L,(TY)), where

R Lo(TD): = CO L(TY, R Lo(TD):= CO L(Th & L™ (T,
We write elements F of the space L, in the form

F={f, k), £,7 (ky, ky); s = +}. Then the norm in £, is given by

1
IF %= ) (|fo“)|2+ AR |13“)<k1,k2>|2dk1dk2). (1)
Td (Td)z

s=%
We recall that the lattice spin-boson model with at most two photons A, is
acting in £, as the 3 x 3 tridiagonal block operator matrix

Ao Ao1 0
Ayi= Ay Ay Agn |,
0 A, Ay

where matrix elements A;; are defined by

Aoofs? = sefi?, Anf® =a [ vOR D@t
T

A ) (ky) = (se + wk D) D (), (A ) = @ f v() Y ey, t)dt,

(Azafy ) ey Kg) = (s + wlky) + wiko))fy ™ Uy, ko),
f=U 10 s =t} e L,
Here A;; denotes the adjoint operator to A;; for i <j with i,j = 0,1,2; w(k) is the
dispersion of the free field, av(k) is the coupling between the atoms and the field
modes, a > 0 is a real number, so-called the coupling constant, real number. We

assume that v(-) and w(-) are the real-valued continuous functions on T¢. Under
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these assumptions the lattice spin-boson model with at most two photons A, is
bounded and self-adjoint in the complex Hilbert space £L,.

To study the spectral properties of A, we introduce the following two bounded
self-adjoint operators Ags), s = 4, which acts in Tbcz)(Lz(Td)) as
A Ay 0
(), _ | A A A
AZ T AOl Agsl) A12
0 A, AS)

with the entries

A9fo = sefo, Aorfs = a jT VOA®L
(Agsfl)fl)(kﬂ = (—se + w(k))fi(k1), (A12fa) (k) = ade v(t) f2(kq, t)dt,

A f) ey, ky) = (se + w(ky) + wko)) fo(ky k), (for fu f2) € P (Lop(TD)).
It is easy to check that

(Ay1fo) (k1) = av(ky) fo;
(A1 f) (ke ky) = a(ky) fi(ky) + v(k) fi (K1), (for f1) € FLP (Lo (TD).

In order to describe the essential spectrum of A, we define an analytic function

A®) () in C\[se + m; se + M] by

vi(t)dt
O (1) = —se — 1 — o2
AP@)=—se—d-a .[Tdss+w(t)—/1'

where the numbers m and M are defined by

m:= minw(p), M:= maxw(p).
perd perd

Let ¢ be the set of all complex numbers A € C such that the equality A®)(A —
w(k,)) = 0 holds for some k; € T9. Then for the essential spectrum of A§> we have

Oess(AS)) = 0 U [se + 2m; se + 2M].
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Next, we represent the space Tb(z)(Lz(Td)) as a direct sum of two Hilbert
spaces F V(Lo (TY) and LY™((TH?), that is, F P (L(TD)) = FV(L,(TY) @
LY™((T%)2). Then the first Schur complement of the operator A with respect to
this decomposition is defined as

S FD (L (TD) » RO (L (TD), 1€ p(AS);
A(S) ~
A A 0\ - _ .
sP@i= ("0 ) -a- (4 )dS -0 A,
Aor  Ajy 12
Define
Soo (D:= Ay =4, 57 ()= Aoy;
SOW):= Ay, SPW):= A — 21— 4,AS) — »)145,.
Then the operator Sl(s) (A1) has form
SO0 = (5 0@ Soy (/D)
1 — .
SEA) SEW
We study some important properties of the first Schur complement
$1(A): = diag{s{” (1), 5{” (D)}
for the lattice spin-boson model with at most two photons A,.

Proposition 1. The number A € C\o,,(4,) is an eigenvalue of the operator
A, if and only if the operator S; (1) has an eigenvalue equal to zero. Moreover, the
eigenvalues 4 and 0 have the same multiplicities.

Proposition 2. A € g,4,(4,)\0(A4,,) ifand only if 0 € g,4,(S;(1)).

From Propositions 1 and 2 we obtain the following two corollaries.

Corollary 1. Let 1 € C\o,.s(A,). Then 1 € p(4,) © 0 € p(S;(1)).

Corollary 2. Let 1y € R\0,ss(A45). If (A9; 10 + ) € p(A,) (resp. (A9 —
¥; Ag) € p(A,)) for some y > 0, then there exists a number § = §(y) > 0 such that
(0;6) € p(51(4p)) (resp. (=38;0) € p(S1(4o)))-
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We note that a lattice spin-boson model 4,,, with m = 1,2 is considered in [3,
4]. In particular, in [3] the location of the essential spectrum of A, is described; for
any coupling constant the finiteness of the number of eigenvalues below the bottom of
the essential spectrum of A, is established (with sketch of proof). The paper [4] is
devoted to the study of the geometrical structure of the branches of the essential
spectrum of A,.
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THE TWO ORTHOGONAL PROJECTORS IN SEPARABLE GILBERT
SPACE
M.S.Ergashova®, T.E.Azimova®, Kh.Kh.Boltaev®
@Tashkent State Pedagogical University named after Nizami,
Tashkent, Uzbekistan.
®Kokan state university, Kokan, Uzbekistan.

The theory of unitary representations of groups dates back to the 19-th century

and is associated with the names of G. Frobenius, I. Schur, W. Burnside, F.E. Molina
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and others. In connection with proposals to quantum physics, the theory of unitary
representations of topological groups, Lie groups, C*-algebras was developed by .M.
Gelfand, M.A. Naimark, I. Segal, J. Dixmier, A.A. Kirillov and others in the 70-80s
of the XX century [see. 1-3]. Later, the theory of representations of *-algebras given
by generators and relations was intensively developed. Let H be a Hilbert space and

L (H) be a set of continuous linear operators in H. Consider a A subset in L(H)

that is preserved under addition, multiplication, multiplication by scalars, and
conjugation. Then A is an operator *-algebra. Given an abstract *-algebra A, then
one of the main problems in the theory of linear representations (*-homomorphisms
A in L(H)) is to enumerate all its irreducible representations (up to equivalence)
[see. 4-6].

Theorem 1. There is only one invariant expansion of H with respect to

P, and P, in the form of an orthogonal sum of subspaces

H=H,,®H,, ®H,, ®H,, (C°®H,)),

here, let there be one ¢, € (0,%), o. 7@ (k=j),dmH_=n_(x=1...,m).

P, ;:H— H, ; operator and Pgp,:H—C*®H, (x=1,...,m) orthoprojector for

each H,. subspace. Then there is a unique spread of operators
| =Py ®Py, ®P, ®P; (D¢ P o),

o (10
Pl = Pl,O D P1,1 ® (®k:1((0 Oj@ Ik))’

cos’ @,  COosg, sing,

P, =P, ®P, ® (@rkn—l(( )@ 1)),

cosg, sing,  sin®g,
where I, — H, (x= 1,...,m) is the unary operator.

Let H be two orthoprojectors in separable Gilbert space. Then we know the

spectrum of each of them:
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10
P=P,®P,® (@]le((o Oj ®l,)) and

cos’,  COSg, Sing,

PZ :PO,l@Pl,l@(@f—l({ ]® Ik))

cosg sing,  sin‘g,
We can irreducible the spectrum of the sum P, + P, in the following

representations.

Theorem 2. A self-adjoint operator A can be expressed as the sum of two
orthoprojectors 4 = P, + P, |if G(A):[O, 2] and the space H is partitioned into

an orthogonal sum of invariant spaces A
o V4
H =H, ®H, ®H, ® (8[,(C* ®L,((0,5).dp))) (1)

and is invariant under a change of p_measures 1+x —>1-x.

Now let's look at the state of A=aP, +bP, (0<a<b).

Theorem 3. A self-adjoint operator A can be expressed as a linear combination
of two orthoprojectors A=aP, +bP, (0<a<b),if o(A)c [0, aJulb, a+b]
and H can be expressed as an orthogonal sum of the space A.

H=H,®H, ®H, ®H,,, © (®7,(C* ®L,([0,a]u[b,a+b],dp,))) (4)
and is invariant under a change of p_measures x >a+b.

Using the example of the sum of the spectrum of orthoprojectors arranged in the
case of unitary spaces, the sum of the spectrum of orthoprojectors is also found in
separable Gilbert spaces.

The authors express their deep gratitude to Professor Rakhimov Abgaffar
Abdumajidovich for helpful advice when working on the article.
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Cc" [m X m] FAZODAGI MATRITSAVIY SHAR UCHUN LORAN

QATORLARI
M.H. G’ayratov', N.A. Boboyarova?, D.S.Qutlimuratov®
L23Yrganch davlat universiteti,
Kompleks analizda golomorf funksiyani maxsusliklarini o’rganishda, bu
funksiyalarning Loran qatoriga yoyilmasi juda muhim ahamyatga ega bo’ladi. Loran

qatorining ko’p o’lchovli fazolarda bir gancha analoglari mavjud. Masalan, quyidagi
M"={z=(2,2,)eC":2eD,r(2) <[z, —a,|<R(2)} (1)
halgalar dekart ko’paytmasida yoki “polidoiraviy halga”da funksiyaning Loran gatori
uchun quyidagi teorama o’rinli bo’ladi (qarang [1-2]).
1-teorema. Agar f(z) e O(IT"YNC(I1) bo’lsa, u holda f(z) funksiyani IT"

polidoiraviy halgada quyidagi ko rinishdagi

o0

f(z)= Y c(z-a) (2)

‘k‘:—oo

Loran gatoriga yoyish mumkin, bu yerda |k| = & +k, + ... + k,, k = (kk,,....k,)-

1777297779

multiindeks (butun sonli vektor) va c, koeffitsiyentlar quyidagicha

f({)
=L -y 1< - )k“
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Fz{é’eC”:

—

=P, 7, <P, <va=l,2,...,n}
formula bilan aniglanadi.

Ma’lumki, C" [m X m] fazodagi matritsaviy sohalarda analogi keltiriladi. BY
, B va B mos ravishda birinchi, ikkinchi va uchinchi tip matritsaviy sharlar
mos ravishda quyidagi ko‘rinishda bo‘ladi (qarang [3-4])

BY, ={(Z,,...2,)=Z eC"[mxm]:1-(Z,Z) >0},

va
BY, ={(ZeC"[mxm]:1-(Z,2)>0,V Z, ==Z,, v=1...,n}
B matritsaviy sharning ostovi (Shilov chegarasi) XY, k=12,30rqali
belgilaymiz
X0 ={ZeC'[mxm]:(Z,Z)=1},
X® ={zeC'[mxm]:(Z,Z)=1, 2;=2,,v=12,..n},
XO ={zeC"[mxm]:1=(Z,2),vZ,=-Z,, v=12,.,n}
Shuni ta’kidlab o’tamizki yuqgoridagi sharlarda, agar n=1m>1 bo‘lsa, u holda

B, k =1,2,3-birinchi, ikkinchi va uchinchi tip klassik sohalar, X%, X

ml? mal?

va X® -
mos ravishda unitar, simmetrik unitar, kososimmetrik unitar matritsalardir (garang
[5]).

Birinchi tip matritsaviy sharni A.G.Sergeyev  va G.Xudayberganovlar
o‘rganishgan (qarang [3-4]). Bu sharlarda integral formulalar (Bergman, Koshi-Sege
va Puassson integral formulalar) va bu formulalarni golomorf davom gildirishlar
masalalarga tatbiglari [4-8] ishlarda ketirilgan. Ushbu ishda yuqoridagi birinchi tip

BY matritsaviy sharda Loran gqatorining analoglarini hosil qilishdan ya’ni 1-
teoremani analogini olishdaniborat. Buning uchun avval C'[mxm] fazoda

matritsaviy halga tushunchasini kiritiladi va bu matritsaviy halgada Loran gatorining
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analogini hosil gilish uchun Boxner Xua Lo-ken tipidagi integralning xossalaridan
foydalaniladi.
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GRADIENT GIBBS MEASURES OF SOS MODEL WITH ALTERNATING
MAGNETISM ON CAYLEY TREE: 3 — PERIODIC, MIRROR SYMMETRIC
BOUNDARY LAW
Haydarov F.H.}, llyasova R.A.2
L2National University of Uzbekistan, Tashkent, Uzbekistan

1haydarov_imc@mail.ru, 2iIyasova.risolat@maiI.ru

Definition 1. A family of vectors {lxy}<xy>EL with {L,} = (Ly(D:i € Z) €

(0,00)% is called a boundary law for the transfer operators {Q,},c, if for each
< x,y >€ L there exists a constant c,,, > 0 such that the consistency equation

by@=coy || D 0ul@lex)

yeox\{y} jez
holds for every i € Z. A boundary law is called g —periodic if 1,,(i + q) = l,,, (i)
for every edge < x,y >€ Landeachi € Z.
Definition 2. A boundary law [ is said to be normalisable if and only if

z 1_[ z Qux (i, N1z () < 00

i€Z z€dx jeZ
atany x € V.
SOS model with alternating magnetism. We will consider Hamiltonian of
SOS model, with alternating magnetism, i.e.,
H(0) = ] Baxysmyer 2(l0() — e DIo(x) — o(¥)], (1)
where ] ER,,0:x €V = d(x) € Z and

1,if m€ 2Z
a(jml) = {—1, if me2Z+1.

Let B > 0 be inverse temperature and 6 = exp(—/B) < 1. The transfer operator Q
then reads Q(i —j) = 0*Ui=iDIi=Jl for any i,j € Z, and translation invariant
boundary law, denoted by z, is any positive function on Z solving the consistency

equation, whose values we will denote by z;. By definition of boundary law it is only
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unique up to multiplication with any positive prefactor. Hence we may choose this
constant in a such way that we have z, = 1.
Set Z, = Z\{0}. Then boundary law equation (for translation-invariant case) of

SOS model with alternating magnetism on Cayley tree reads
z; = ( e (2)

where and k is the order of Cayley tree.

Q(,0)+Xjez, Q(1.))z;
Q(0,0)+Xjez, Q(0,))z;

This system (1) can be written as

paliDlilyy; , gali=iDli-jlz; ‘)
14, jez, 040Uz, '

Z; =

1

It is clear that C =
(Q(0,0)+Xjez, Q(0,)zk

IS a constant positive real number. Denoting

= /z; , the system of equations (3) will be in the following form:
u; = C(Zﬁ1 g2+t u?+2j—1 + Z;O=1 02 u§(+2j + u%‘ + Z(]il g2+t uzk—zj+1 +

iz 0wl ,;). (@)
Proposition 1. If z, = 1 (uy = 1) then the equation (3) is equivalent to the following

U_y+Uy+2—72 k
Uiy =2 B (ul +ufy — )+ (P - Du—w,, (9)

where 7 = 071 + 6.

In general, solutions of (5) are not known and (...,1,1,1,...) is a solution

independently of the parameters (z, k). But in class of periodic solutions some results

are obtained. The 3 — periodic, mirror symmetric sequence has the form:
.,1,a,a,1,a,a,1,a,a,1,a,a,1 ... (6)

where a is some positive real number.

Then from (5) for a we get the following equation:

212 =21 — 4" + (3 -2 -20)a*+ (=3 +31+2)a—-12+1t+2=0. (7)

The equation (7) has the solution a = 1 independently of the parameters (t,k).

Dividing both sides of (7) by (z + 1)(z — 2) we get

2"t + g — (+ 1Da-1=0. (8)
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It is well-known (see [5], p.28) that the number of positive roots of the polynomial (8)
does not exceed the number of sign changes of its coefficients. Therefore, there is no
positive solution of the polynomial (8).
Theorem 1. For SOS model (1) (zero external field) with alternating magnetism on
the Cayley tree of order k and for any value of parameter t there is exactly one 3-
height-periodic mirror symmetric GGM.
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ON THE ESTIMATES FOR FOURIER TRANSFORM OF SURFACE-
CARRIED MEASURE
Ikromova D.I.
Samarkand State University, Samarkand, Uzbekistan.
iIkromova-dildora@samdu.uz

Let S ¢ R3 be a smoothy surface given by the graph of a smooth function e.g.

S = {(x1,x2,x3): x3 = D(x1,x2)},
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where @ is a smooth function defined in a neighborhood U c R? of the origin and
also, we assume that ®(0,0) = 0 and V®(0,0) = 0.

Consider the integral

J©) = [ elmmmtiotamate, x,)dun dx,
R
where a € CZ°(U) is a smooth function supported in U. We consider the problem, to
find minimal p such that, the Fourier transform J € LP(R3).

We will assume that, the density a is supported in a sufficiently small
neighborhood of the origin R2?and also, it is supposed that, the surface S in a
sufficiently small neighborhood of the origin is given as the graph of a smooth
function x; = ®(xy,x,), satisfying the conditions: ®(0,0) = 0,V®(0,0) =0 and
also h(®) < 2, where h(®) is the height of the function & introduced by
A.N.Varchenko [4].

In this case the function is diffeomorphic equivalent to functions having simple
singularities of Arnolds type [1]. But in the problem under consideration, we need to
have the form of these functions with respect to a linear change of variables.

The main results of the work are contained in the following theorem:

Theorem. Let S c R3 be a smooth hypersurface given as the graph of a
function x3 = ® (x4, x,), where @ satisfying the following conditions:

(i) ®(0,0) = 0,V®(0,0) = 0;

(i) @ has a singularity of the type E.

Then there is a neighborhood U of the origin such that for all ¢ € C,°(U) the
inclusion du € L3*°(R®) holds true, where L3*0(R3) = M55 LP (R®).

Sharpness of the main theorem follows from the following proposition [2]:

Proposition 1. Let S c R3 be a €2 smooth hypersurface containing the origin,

let du be the measure defined by
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Tu() = j e du(y),

S
and let ¢ be a nonnegative continuous function concentrated in a sufficiently small
neighborhood of zero such that ¢(0) > 0. Then du ¢ LP(R3) forany 1 < p < 3.

The following statement is an analogy of proposition 211 of the book [3](p.46).
It will be used in the proof of the Main Theorem.

Proposition 2. Let ® be a smooth function satisfying the conditions: ®(0,0) =
0,V®(0,0) =0 and also h(®) < 2.In addition, the Taylor development of the
function @ has the form ® = (c;x; + c,x,)3 + --- where ¢;, ¢, € R with ¢Z + ¢ # 0
“...” means sum of monomials with degree bigger then 4. Then there is a linear
coordinate system in R? such that this function can be written in one of the following

forms:

D(x1,x3) = b(x1:x2)(x2 - 1/’(951))3 + x3b1 (x1) + bo(xy),
where b,b,, b, and iy are smooth functions, also ¥ (0) =¥’'(0) =0 as well as
b(0,0) =0 and by(x;) = xflﬁl(xl), by(x;) = xf"ﬁo(xl). Here B4,B, are smooth
functions. Moreover either:
(i) ko = 4,k; = 4 and also B,(0) # 0 (singularity of type E,); or
(i) ko = 5,k, = 3 and also £, (0) # 0 (singularity of type E); or
(iii) ko =5,k, = 5 andalso 8,(0) = 0 (singularity of type Ejy).
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LOCATION OF THE ESSENTIAL SPECTRUM OF THE CHANNEL
OPERATOR CORRESPONDING TO THE THIRD-ORDER OPERATOR
MATRIX IN THE FERMIONIC FOCK SPACE
Ismoilova Dildora Erkinovna
Bukhara State University, Bukhara, Uzbekistan
d.e.ismoilova@buxdu.uz

Denote by C the one-dimensional complex space, by L, (T%) the Hilbert space
of square integrable (complex) functions defined on T¢ and by L%°((T%)?) the
Hilbert space of antisymmetric square integrable (complex) functions defined on

(T9)? thatis, f(p,q) = —f(q,p) forall p,q € T*
For convenience, we introduce the following spaces:

Fi (Lo (T9): = COL,(TY;
Fo? (Lo(T9): = COL, (THBLE ((TH?);
Fa(Ly(TH): = COL,(THBLF ((TH)*) . .
Definition 1. F,(L,(T%)) is called a fermionic Fock space over L,(T%),

T(fm)(Lz(’]l‘d)),m = 1,2 is m+1 -particle cut subspace of fermionic Fock space ,

H,,n = 0,1,2 space is called the n-particle subspace of a fermionic Fock space.
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Let
.7'[0: = C, }[1: = Lz(']rd), }[2: = L%S((Td)z)
We consider the third-order operator matrix defined as

Ago  MAp1 0
Ay =\ HAor  An HA12 (1)

in the Hilbert space Tofz)(Lz('ﬂ‘d)). Here the matrix elements A;;: H; - 3, i,j =
0,1,2 are defined by:

Agofo = wofo, Aotfi = Jrav@®fi(B)dt,

(A11/1)(p) = w1 () f1(P), (A12f2)(P) = de v(D)f2(p, t)dt,
(A2:2)®0,9) = 0, (0. D f2(0, @), V:i=Vi + V3,
1£2)®.q) = 0(@) [ae®f2(p, )dt, (V2f2)(0,9) = ¢®) [ra 9 f2(t, @)dt.

Here u,A are real positive numbers, w, is a fixed real number, functions
w1 (), v(*) and ¢(+) are real-valued continuous functions on T4, and w,(-,") is a real-
valued symmetric continuous function on (T%)2.

Operator matrix A, ;, u,A >0 acting by formula (1) in the Hilbert space

7-"61(2)(L2 (T%)) is linear, bounded and self-adjoint operator.
We introduce the following designations:
7'/[\15 = Hi, /7'725 = Lz((Td)Z)» H:= 7'/[\1@}/[\2 .
We consider the second-order operator matrix defined as
ch,_ ( Agy (#/\/E)An)
T \wNDAL, AL -
in the Hilbert space € and called channel operator, which plays an important role in

the analysis of the spectrum of the operator matrix A, ;.
It can be easily verified that the channel operator Jlf}}l Is linear, bounded and

self-adjoint in the Hilbert space .
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We consider the generalized Friedrichs model [1]-[3] A, 1 (k). k € T acting in
the space H, @ H; as

~ (Ago(k) HAoq )
Aa®:= (i a0 20)

Here

Ao (Ofy = 0 (0fo, (AL UOIRI@) = @,k s (),
O%MD=M®L£mMﬁMt
For any k € T¢ we define an analytic function
P2(D)dt [ vEode

Bua(k;z) = 1_/1fa)2(k,t)—z w1.() = 2_7 | 0k t) — 2
Td

Au? v(t)p(t)dt
22 Tjd wo(k,t) — z
iNC\ Oess(Aya(k)). The function A, ;(k;z) usually called the Fredholm
determinant corresponding to the operator matrix A, ; (k).
Lemma 1. For any u,A > 0 and k € T the operator A, (k) has an eigenvalue
2,,2(k) € C\ Gegs (A, 1 (K)) ifand only if A, 5 (k,z) = 0.
From Lemma 1 it follows that for the discrete spectrum of A, (k) the
equality
Taisc(Aua(k)) = {2 € C\ Oess (A1 (k)): 80k, 2) = 0}, k € T
holds.
We introduce the following notations:

Otwo (dqﬁhl) = U Odisc (Au,l(k))r O-three(c’qf:h) =

keTd

where
m: = k,rﬁ,’ei%d wy(k,q), M= max, w, (k, @).
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Theorem 1. The spectrum o(AZ%) of the channel operator A< satisfies the

following equality

O-(C’qfkl) = Otwo (C’qf}h) U Othree (c/llikh .

Theorem 2. The essential spectrum oess(A,2) Of the operator matrix A, ;

ch
wA

coincides with the spectrum a(ﬂﬁf}l) of the channel operator matrix A .e.
Oess(Ay) = 0(AL).

Definition 2. The Sets aryo (ASH) aNd Temree (ASy) are called two- and three-
particle branches of the essential spectrum of the operator matrix A, ,, respectively.
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ON TRAJECTORIES OF A NON-VOLTERRA QUADRATIC
STOCHASTIC OPERATOR
U. U. Jamilov, Kh. O. Khudoyberdiev
V.1. Romanovskiy Institute of Mathematic, Tashkent, Uzbekistan
e-mail: , e-mail:
Let

Sm‘lz{x:(xl,x2 ..... X,)€R™:x >0, for any i and in :1}

i=1
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(m-1)— dimensional simplex. A map V of S™'into itself is called a quadratic

stochastic operator (QSO) if

(Vx), = i Pij i Xi X (1)

i,j=1

for any x e S™*and for all k =1,...,m where
Pik 20, Piix = Pjixs z Pk =1 (2)
k1

A quadratic stochastic operator is called a VVolterra operator if
P« =0, foranyk ¢{i, j}, i, j,k=1...,m.

The trajectory {x™}"= of an operator V for an initial point x € S™* is defined by
x™ =v (x™) for all n=0,1,2, .., with xX® =x. Denote by « (x®) the set of limit points
of the trajectory {x™3=. The asymptotic behaviour of trajectories Volterra QSOs was
analysed in [2]

Definition 1. A point xes™* is called a periodic point of Vv if there exists an n
so that v (x)=x The smallest positive integer n satisfying the above is called the

prime period or least period of the point X . A period-one point is called a fixed point
of V.
Denote the set of all fixed points by Fix(v) and the set of all periodic points of

(not necessarily prime) period n by per,(v). Let b (x7))=(ov, /o, kx)be a Jacobian of

V at the point X.

Definition 2. [1] A fixed point X" is called hyperbolic if its Jacobian b (x’)) has
no eigenvalues on the unit circle. A hyperbolic fixed point x" is called:

i) attracting, if all the eigenvalues of the Jacobian pw () are less than 1 in
absolute value;

i) repelling, if all the eigenvalues of the Jacobian pwx)) are greater than 1 in

absolute value;
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Iii) a saddle, otherwise.

We let intS™" denote the interior of S™* be the set ints™ ={xe S :xx, -+ x, >0}

Let us consider a non-Volterra QSO defined on the two-dimensional simplex

which has the form
Xi = X12 +(x, + X3)2 +(1-a)xX, + (1- )% X,
VX, = 1+ B)X X, (3)
Xé :(1+a)X1X2i

where «, g €[-11].

Proposition 1. For the QSO (3) the following statements are true:

i) Fix(V) :{{el} if a+p+af<0,

_ where e, =(1, 0, 0) and
{e,, &} if a+p+af>0.

i:[ 1 A+ a)(1+p) -1 A+ a)d+p) -1 J
Jra)t+ B Jira)ltra) + i+ ) Ja+plira) +Ja+p))

ii) The fixed point X is a non-hyperbolic and

attracting, if a+p+af<0,
e, hasthe type a (an) < non - hyperbolic, if a+8+af =0,
repelling, if a+pf+af>0.
Let, . 0 LR@ra)(A-2) 1 where a -1, f=-1,

oera)aepy 301 2

0:§/4ﬂ(l+a)(2ﬂ—5)—4(7a—20)+12\/3(4—aﬂ)(Z—a)(Z—ﬂ)JrQ(a—,8)2 :
Consider the functions
f,(X)=(1+a)x* —(1+a)x+1 f,(x)=(1+B)x* —(1+ B)x+1 x[0,1],
fs(X)=1f,(f,(X)=1+a)1+B)((1+B)x* =2(1+ B)x* +(2+ B)x* —x)+1, x<[0,1].

We define f;, = f, o---o f  to be the n-fold composition of f,, with itself.

ntimes

Proposition 2. For the function f_, (x) the following statements are true:
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1) if a+p+ap<0 then Fix(f,,) = {x=1} and if a+pB+aBf>0 then
Fix(f,,)={x=1 x"=x,};

i) if a+pB+ap <0 then x=1 is attracting; if a+p+af=0 then x=1 is non-
hyperbolic and if « +g+ap >0 then X =1 is repelling; the fixed point x"is attracting

when a+pB+af >0;

iii) for any value n>2 the function f_(x)has no n— periodic points, different

from fixed points;

V) if a+ B +ap <0then lim fo(x)=1forany o<x<1i;
V) if @+ g+apf>0then lim £ (x)=x" forany and f,,(0)=1f,,(1)=1.

Forany x©@ =(x©,x?,x®) e s?\{e,}we denote

@)+ (1 p)x? o W)@ B X) g (R R,,%), % = X,
= MOV 1 o= (1+a)x(°) +(1+ﬂ)x(°) v Aoy 1Az ) oy
2 3 2 3
X e X (1w )% =(%,%,%,), K =1-%, —%;, % =1+ B)XK
2_x§°)+x§°>( Xy ) X3_X§°)+x§°>( =% ) Xy 273 ) 2 T8 3

% =L+ @)% %, Vo5 = (X, 01=%,5 ) AN 2, =(F,(x,,). 1~ F,(x,).0)-

Theorem 1. For the v —QSO (3) the following statements are true:

{e.}, if X?eS? and a=-1or f=-1,
{e.}, if X% er,,u{e}and -1<a, <1,
a)(x(o) ) =:{e,}, if x©es? \(F{ZB} u{el}) and a+f+af <0,

Yop 25} 1 X0 € (F{l,Z} UF{l,B})\{el} and o+ p+af >0, a,pe(-11]
{&;, %5}, if X% eintS? and a+p+af<0,a, fe(-11].
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NON-ERGODICITY OF LOTKA-VOLTERRA OPERATORS
'Uygun Jamilov, > Ramazon Mukhitdinov
'V.1. Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan,
e-mail:
?Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan,
e-mail:

Let E=1..,m be a finite set and the set of all probability distributions on E

i=1

st :{x:(xl,x2 ..... X,)€R™:x >0, for any i and in :1}

(m-1)— dimensional simplex.

A map V of S™into itself is called a quadratic stochastic operator (QSO) if

(VX), = i Pij i Xi X (1)

yE!
for any x e S™*and for all k =1,...,m where
Pik 20, Pyx = Pjise ; Py =1 (2)
A quadratic stochastic operator is called a VVolterra operator if
P« =0, foranyk ¢{i, j}, 1, j,k=1...,m.

The trajectory {x}'== of an operator V for an initial point x € S™" is defined by
x™ =v (x™) forall n=0,1,2, .., with x® =x.

Denote by o, (x©) the set of limit points of the trajectory {x™3 .

A QSO V is called regular if there is the limit LiijV”(x) for any initial xesS™*.

n-1
A QSO V is said to be ergodic if the limit Iim%ZVk(x) exists for any xes™*.
n—oo k=1
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On the basis of numerical calculations Ulam, conjectured that the any QSO is
ergodic [3]. But in 1977 in [4], Zakharevich considered the following QSO on S?

X =X 42X XKy, Xo =X +2X, %y, Xy =X +2XX, (3)

and showed that it is a non-ergodic transformation, that is he proved that Ulam’s

conjecture is false in general. The Zakharevich’s QSO (3) is called the Stein Ulam

Spiral map in some references. Later in [1] established anecessary condition for a
QSO defined on S? to be a non-ergodic transformation, that is Zakharevich’s result
was generalized to a class of Volterra QSOs defined on S°.
A discrete-time Kolmogorov system ¥:R" — R is given by
P (X) = (%,0; (X), %95 (X), -+ X, G (X)), X €RT
where X, is a population density of the species i and the function g; is a growth rate

of the species i which depends on a population density vector X=(X1,X2,---,Xm)-

Depending on the properties of the functions g;, the discrete-time Kolmogorov
system represents different kinds of species interactions.

A mapping W :R"" — R is called stochastic if V(S™*)<S™*. In what follows, a
stochastic Kolmogorov system W:R" — R is called a Lotka-Volterra operator (in

short, an LV-operator). If ¥ is an LV-operator, then every face of the simplex is

invariant under ¥, i.e.,, ¥(I',)cTI,, forall acT.
A continuous function ¢:S™* — R is called a Lyapunov function for an operator

V if the limit !im(p(V”(x)) exists and finite for all xes™*.

Let f(x):S*—>[0,1] be a continuous function and let >0 be a real number.

Consider on s* the following operator
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X

X;Jrl
()
. X
v ( ( N5 x+||x||J”X)J’ K
X o= x | 14| 8% %" il
S— x+||x|| s—x2+||x||

where |-|anormin R® and s>3 is a natural number.

Let e, =(1,0,0), e,=(0,1,0),e,=(0,0,1) be the vertexes of the simplex S. It is easy

to verify that the faces 1,,.I',..I,, are invariant sets with respect to V. The

{42y~ s {23

vertexese,, e,,e,and the point c=(1/3,1/3,1/3)are the fixed points of the operator (4).

Theorem. For the operator V defined by (4) the following assertions true:

1) The function ¢(x) = x,x,x,1s a Lyapunov function for LV-operator (4);

i) a, (x)is an infinite subset of 4s? for any x® e S™*\{c};

iii) For any x® es™*\{c} and the LV-operator V the limit lim = ZV (x) does not

n—>oonkl

exists, that is the operator V is a non-ergodic transformation.
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ON DYNAMICS OF A NON-VOLTERRA QUDRATIC STOCHASTIC
OPERATOR
U. U. Jamilov, S. M. Rajabov
V.1. Romanovskiy Institute of Mathematics;
e-mail: , e-mail:

Let E= {1 m} be a finite set and the set of all probability distributions on E

sm™t :{x: (X4, Xg0ees X)) €R™ 2%, >0, for any i and > x :1}
i=1
be the (m-1)- dimensional simplex. A map V of S™'into itself is called a quadratic

stochastic operator (QSO) if
(Vx), = Z PijXi X (1)
i,j=1

for any x e S"*and for all k =1,...,m where
Piik 20, Pijk = Pjixs Z Pk =1 (2)
k=1

In [1] developed the theory of Volterra QSOs. A Volterra QSO is defined by (1),
(2) and with the additional assumption

Py =0, forany k ¢{i, j}, i, j,k=1,...,m.

The trajectory {x™} . of an operator V for a point xeS™" is defined by

>0
x" =v (x™) forall n=0,1,2, ...,
Denote by o, (x®) the set of limit points of the trajectory {x™} _,.
Definition 1. A point xes™* is called a periodic point of v if there exists an n
so that v"(x)=x.The smallest positive integer n satisfying the above is called the
prime period or least period of the point X . A period-one point is called a fixed point
of V. Denote the set of all fixed points by Fix(v) and the set of all periodic points of

(not necessarily prime) period N by per (v).
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Let D (x')) =(av; /ox, kx") be a Jacobian of V at the point x”.

Definition 2. A fixed point X is called hyperbolic if its Jacobian p(v(x)) has no
eigenvalues on the unit circle. A hyperbolic fixed point x™ is called:

1) attracting, if all the eigenvalues of the Jacobian pw(x7) are less than 1 in
absolute value;

2) repelling, if all the eigenvalues of the Jacobian p (x*)) are greater than 1 in
absolute value;

3) a saddle, otherwise.

Let us consider a non-Volterra QSO defined on the two-dimensional simplex
which has the form

X = (L= 0)X +0%; + X%, + X%
VX, = (L= 0)X + 0% + XX, + XX

X, = O%X2 + (L= 0)X + X X, + X,X,,
where 0<6<1.
Note that the operator (3) is a non-Volterra QSO.
Let ¢c=(1/3,1/3,1/3) be the center of the simplex S°.
Theorem 1. For the non-Volterra QSO (3) the following statements are true:

(i) If @=0 then the operator V is identity map;
(ii) If 0< @ <Lthen Fix(V)={c} and limV"(x)=c, vxe S \{c};

(iii) If @=1then Fix(V)={c} and Per,(V)={e, e,,&,}. LinOV”(x) =C.
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ON DYNAMICS OF P-ADIC POTTS-BETHE FUNCTION
Khakimov Otabek Norbuta ugli
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Models of interacting systems have been intensively studied in the last years
and new methodologies have been developed in the attempt to understanding their
intriguing features. One of the most promising directions is the combination of
statistical mechanics tools and methods adopted in dynamical systems. One of such
tools is the renormalization group (RG) which has had a profound impact on modern
statistical physics. In this work, we are interested in the following question: how is the
existence of the phase transition related to chaotic behavior of the associated p-adic
dynamical systems (this is one of the important question in physics [1])? It is known
that for this model there exists a phase transition if q is divisible by p. We will show
that, in the phase transition regime, the associated p-adic dynamical system is chaotic,
I.e. it is conjugate to the full shift.

We consider the p-adic Potts-Bethe function which for any periodic point of

that defines exactly one Gibbs measure on a Cayley tree of order k:

o) = (1Y

x+0+q—2

where |6 — 1], < 1 and g = 3 natural number. We recall that some basic properties
of p-adic Potts-Bethe function were considered in [2]. It is easy to check that if k = 2

then fp has three fixed points: x, = 1 and

-2(q-1)-(0-1)%+(0-1)/-4(q-1)+(6-1)2
xl’z == > .
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Theorem 1. For the fixed points x,, x4, x, of fy the following statements hold:
1) x IS an attracting fixed point;
1) x; and x, are repelling fixed points.
Now, we are going to describe basin of attraction A(x,) of the fixed point x, = 1.
Let us denote
Ky ={x € Qp: |x — x0lp < lqlp}-
Theorem2. Letk =2andp =3.1f 0 < [0 — 1|, <|q], then
A(x0) = Upso f (K1)
Theorem 3. Let |6 — 1|, <p~*""' , r = [p"(8 —1)|, for some n > 0. If
X = B(xy,7) U B(x3,7) then the dynamics (J¢,, fo, | - |, ) is isometrically conjugate
to the full shift dynamics of two symbols.
Here Jry = Nnzo fo " (X).
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SOME PROPERTIES OF INFINITE DIMENSIONAL QUADRATIC
STOCHASTIC OPERATORS
Khakimov Otabek Norbuta ugli
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It was known that orthogonality preserving property and surjectivity of nonlinear

Markov operators, acting on finite dimensional simplexes, are equivalent. It turns out

that these notions are no longer equivalent when such kind of operators are considered

over on infinite dimensional spaces. In this work, we find necessary and sufficient
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condition to be equivalent of these notions, for the second order nonlinear Markov
operators.
Let E be a subset of N. Denote

:{X: (Xi)ieE eR": X >0, in :1}'

In what follows, by e' we denote the standard basis in S%, i.e. € =(5,),.c.

where ¢, is the Kroneker delta. Let V be a mapping defined by
V(x), =D P xx keE, (1)

ij,k i
i,jeE

here, B;, are hereditary coefficients which satisfy

uk jlk’ Z Ijk: 1 VI’J’kEE (2)

keE

P, >0, P

One can see that V maps S© into itself and V is called Quadratic Stochastic
Operator (in short QSO) [2].

E

By support of x=(x),. €S we mean a set supp(x)={icE:x =0}. Recall
that two vectors x,yeS® are called orthogonal and denoted by xLy if
supp(x) Nsupp(y)=. If x,yeS*, then one can see that x_Ly if and only if
Xoy=0.Here, Xoy=>xy,.

Definition 1. A QSO V given by (1),(2) is called orthogonality preserving QSO
(in short OP QSO) if for any x,y e S® with x Ly one has V (x) LV (y).

Recall [3] that a QSO V is called Volterra if one has P, =0,if k ¢{i, j} for any
i, j,keE.

Remark 1. In [3] it was given an alternative definition VVolterra operator in terms
of extremal elements of S°©.

One can check [4] that a QSO V is Volterra if and only if one has
V(X), =x@1+>a,x), VkeE,

icE
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where a, =2P,, -1, a, =0 forall i,k € E. One can see that a, =-a, .

This representation leads us to the following definitions.
Definition 2. A QSO V s called 7 -Volterra if there is a permutation 7z of E
such that V has the following form
V(X), =X, 1+ ;aﬁ(k)ixi), vk e E,

where a_,,, =2P_,, . —L @, 4. =0 forany i,k cE.

In [1],[5] it has been proved the following result.
Theorem 1. Let E={1,2,...,n} and V be a QSO on SF. Then the following

statements are equivalent:
(1) V is orthogonality preserving;
(i)  V issurjective,;
(iii)  V is z-Volterra QSO.

We emphasize that there is a big difference between finite and infinite
dimensional settings. In the infinite dimensional setting, some implication of Theorem
1 fails. To show the differences let us consider the following example.

Example. Let is consider the following operator:

2(X X, + XX, +X,X,), If k=1,
X o X if k>2.

V (X), :{
i(k) 7 j(k)?

here k i (i(k), j(k)) is a bijection from {2,3,..} to N*\{(1,2),(1,3),(2,3)}. It is clear
that this is a quadratic stochastic operator which preserves disjointness but fails to be
7 -Volterra.

Theorem 2. Let V be infinite dimensional QSO such that V (e') =e™® for some
permutation 7 of N . Then the following statements are equivalent:

1) V is orthogonality preserving;

1) V is surjective;

1) V is z-Volterra QSO.
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Remark 2. We notice that if a QSO V acts on a finite dimensional simplex, then
the surjectivity is equivalent the orthogonality preserving property of V. The last
theorem shows that to get a similar kind of statement on infinite dimensional simplex

S®, we needed to impose an extra condition V(e')=e""” which is automatically

satisfied in the finite dimensional setting.
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In 1925 G.H.Hardy [1] derived the following inequality
p

f f f(Odt dx< f f(x)Pdx, (1)
0
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P

which is called the classical Hardy inequality in L,, with the exact value C = -

Later, it was proved "weighted" modification of (1) in weighted Lebesgue space L

namely the inequality
(0] X p (e 0]
1 a p P a
j - j Fode | x dxs(m) f FOPxdx 2)
0 0 0

with p > 1 and o« < p — 1 — for all measurable non-negative functions f (see [1]
p

Theorem 2), here the constant C = IS the best possible.

Together with the Hardy inequality (2), we can immediately define the conjugate
Hardy inequality:
jo ljof(t)clt x%dx < (L)pjofp(@x“dx (3)
X " \a+1-p ’
0 X 0

which holds for all measurable non-negative functions f with p > 1 and

a>p—landC = a+’1’ Is the best possible (see again [HLP], Theorem 330).

Such problems have also been studied for Hardy-type inequalities:
p

jo fx(x —O)*f()dt | x%dx < CJOO f(x)Px%dx, (4)

here n > —1 va C is a some constant. The problem of finding exact values of C can
be found in e.g. [1-2].

In this work we are involved in obtaining the explicit value of the constant for Hardy-
type inequality (3) with g € Z™.

Our main result of the work is

Theorem. Let p = 2 then the Hardy type inequality
2

jo jx(x — O f(t)dt | x*2""2dx <B (?,n + 1) ffz(x)x“dx (5)
0 \0 0
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holds for all non-negative measurable functions f, where B is the Beta function.
Remark. In particular, when n = 0, we have the inequality (2) with the known
constant

Cy =B(1_8,1>= 2 withe<l.
2 1-c¢
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iQn = (1+|qn|2)(qn+l +qn—l)_2qn (1)
diskret nochizigli Shredinger tenglamasi Ablovits-Ladik tenglamalar sistemasi uchun
sochilish nazariyasining teskari masalasida yechish mumkinligi ko‘rsatilgan.

Gerdjikov va lIvanov [4], [5] ishlarida n—+ da nolga intiluvchi g, matritsa

funksiya holida o‘rganilgan. Umumiy tenglamalar sistemasi uchun nazariya Ablovits,
Prinari va Trubchat [6] va Tsuchida, Ujino va Wadati [7] tomonidan ishlab chigilgan.
Aynan [7] ishda (3.12) tenglamaning N-soliton va brizer yechimlari NxN chizigli
tenglamalar sistemasining yechimi ko‘rinisha olingan. Matritsaviy diskret nochizigli
Shredinger tenglamasining tez kamayuvchi funksiyalar sinfidagi yechimi Demontis
va Van der Mee [8], [9], [10], [11] ishlarida o‘rganilgan.

Sochilish nazariyasining teskari masalasi usuli quyidagi 3 ta qadamlardan: 1)
Boshlang‘ich shartlar yordamida, sochilish nazariyasining berilganlarini aniqlash
magsadida, Zaxarov-Shabata tenglamalar sistemasi uchun sochilish nazariyasining
to‘g‘ri masalasini yechish; 2) Sochilish nazariyasi berilganlari evolyusiyalarini topish;
3) Tenglama yechimini olish uchun mos teskari masalani yechish.

Sochilish nazariyasining teskari masalasi usuli Gelfand-Levitan-Marchenko
integral tenglamalari sistemasi deb nomlanuvchi ikkita integral tenglamalar
sistemasini yechishga keltiriladi. Akslanuvchi potensiallar xolida bu sistemaning
yechimini topish murakkab bo‘ladi. Biror bir taqribiy yechimni topish uchun sonli
usullar go‘llaniladi.

Bu ishda biz diskret nochizigli Shredinger tenglamasining yechimini sochilish
nazariyasining teskari masalasi orqali sonli usulda topish usulini ko‘rsatamiz.

Ushbu

P =2 P TU0,P,0,
¢2,n+l = Zilwl,n - C_In¢2,n

(2)

tenglamalar sistemasini g_(t) potensiali
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S @+|n|g, ()] <0

shartni ganoatlantirsin.

(2) tenglamalar sistemasining potensiali (3) shartni ganoatlantirganda ushbu

0 1
" (—J 2 Vo™ [oj z

n— —o,
— [0,
25

— (1),
i[5

n—oo

asimptotikalarni ganoatlantiruvchi yechimlariga Yost yechimlari deyiladi.

yechimlar mavjud va yagona bo‘ladi.
2| =1 da {g,(z). 4, (2)} Va {v,(2).%,(2)} vektor funksiya jufti (2) tenglamalar
sistemasining chiziqli erkli yechimlar jufti bo‘ladi. Shunga ko‘ra ushbu
¢, =a, +by,, ¢, =-ay, +by,

munosabatlar o‘rinli bo‘ladi. Bu yerda a(z) =W{y ., 9.}, b(z) =W{4,,%.} .

©)

(4)

Bu

()

a(z) funksiya |z|<1 sohada cheklita nollarga ega bo‘ladi. a(z) funksiyaning

aniqlanishiga ko‘ra a(z,)=0 bo‘lsa ¢,(z)va vy, (z) yechimlar chizigli bog‘liq

bo‘lishi kelib chigadi, ya’ni
?.(2) =y, (2,)d,
z =z, sonlar (2) tenglamalar sistemasining xos qiymatlari bo‘ladi.
Quyidagi
{R(2),z.,d,,k=1,2,...,N}
naborga (2) tenglamalar sistemasining sochilish nazariyasi berilganlari deyiladi.

v, (z) funksiya uchun quyidagi [2]

v,(2)= Y K(nn)z"
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K (n,m)
K,(n,m)

_Ki(n,n+1)

j yadro g, (t) funksiya g (t)= (0

tasvir o‘rinli. Bu tasvirdagi K(n,m) :[

i=n

munosabat yordamida bog‘langan. Ushbu K(n’m)_ﬁ(lﬂlq |2}((n,m) belgilashni

Kiritamiz. «(n,m) yadro n>m da

n'=n

E(n,m)+i/c(n,n')F(m+n'):—G]F(m+n) (8)
tenglamani ganoatlantiradi, bunda

N
F(n)= [ﬁ Rz"'dz-Y cz"". 9)
k=1

41
Teorema. Agar q.(t) funksiya (1) tenglamaning (3) sinfga tegishli yechimi
bo‘lsa, u holda q,(t) potensialga mos keluvchi sochilish nazariyasining berilganlari t
bo‘yicha quyidagicha o‘zgaradi:
L=(2*-77)r,
d, =(z-z°)d,, 2,=0, k=1,2,.,N.
{R(2),7,,¢, .k =1,..., N} sochilish nazariyasining berilganlari bo‘lsin. (9) funksiyani

qurib olamiz. (8) tenglamani ushbu

N
i, (K, K+ p)+ZK1(k,k+j)F(k+j+ p) =0,

i1

ZN:K;(k,k+ DE K+ j+p)—r,(k,k+p)=—F(k+ p),

i1

(10)

algebraik tenglamalar sistemasi orgali ifodalaymiz. (10) chizigli algebraik tenglamalar

sistemasini D =diag{d }}.,, 1, =diag{B}),,

H={F(k+j+p¥ o fy ={FK+p)}L, (11)

matritsalar yordamida
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I, HD][k,] [ ©
o )5 @

ko‘rinishda ifodalaymiz. Bunda

k, ={rc, (k. k+ p)}5y, k, ={ig (k. k+p)}y, . (13)
vektor-ustunlar. (12) tenglamalar sistemasini

{(DH*DHD+ D)k, = Df,,
k, =—HDKk,.
ko‘rinishda ifodalash mumkin. Bundagi (DHDHD + D) matritsa simmetrik va musbat
aniglangan matritsa bo‘lib, gradiyentlar usulida yechish mumkin. 2N o‘lchamli
(H); =F(k+i+ j) matritsaga Gankel matritsasi deyiladi.
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COMPETING INTERACTIONS AND A PERIODIC EXTERNAL FIELD
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2 Institute of mathematics after named V. 1. Romanovsky, Tashkent, Uzbekistan
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e-mail: , ,

Let % =(v,L) be a Cayley tree of order k, i.e. an infinite tree such that exactly
k+1 edges are incident to each vertex. Here Vv is the set vertices and L is the set of
edges of z*. Let G, denote the free product of k+1 cyclic groups {e,a;} of order 2
with generatorsa,,a,,...,a, ;. There exists a one-to-one correspondence between the set
Vv of vertices of the Cayley tree of order k and the group G, (see [1], [2]).

Assume that spin takes its values in the set ® ={-1,+1}. By a configuration o
on V we mean a function taking o:xeVi>o(x)e®. The set of all configurations

coincides with the set Q=" .
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Consider the quotient group G, /G, ={H,,H,,..,H,}, where G, is a normal
subgroup of index r with r>1.

Definition 1. A configuration o is said to be G, -periodic, if o(x)=0; for all
xeG, with xe H;. A G, -periodic configuration is said to be translation-invariant.

Let M Dbe the set of all unit balls with vertices in v. By the restricted

configuration o, we mean the restriction of a configuration o to a ball beM . Let c,

denote the center of a unit ball b

The Ising model with the competing interactions and G'”-periodic external

field is defined according to the following Hamiltonian:

H(o)=J, XZEET(X)G(YHJ ;va(x)a(y)Jr;a o(x), 1)
d(xy)=2

where J,,J,, @, €R and

a, Iif xeG?,
o =

a, if xeG \G?,

where «a, # a, and G ={xe G, :|x is even}.
The energy of a configuration o, on b is defined by the formula:

U(o,) = 2J 2. 0(Xo(c,)+J, > o(Xa(y)+a,o(c,).

xeS;(¢y) § (>§( )}/sz

Lemma 1. We have
U(o,) efuQ,u%,u%,u%, ., U9, U9, us  un |

+,07

for all &, , where
U :(kzl_ijjl +(k(k2+1) +2i(i —k—l)j.]z ta,

i=0,1..,k+1 j=0,1.

Definition 2. A configuration ¢ is called a ground state of the Hamiltonian (1),
if
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U(p,)=min{U%, 0%, U5 U%, ..U U9, Ul u% |
forall beM .
Forafixed m=0,1,..,k+1 j=0,1, we set
A, =1{9,3,.a,,)eR*:U, =minUQ, UQ, UD U, U U UL UY I
Theorem. If (J,,J,,a,,a,) € A®) n A", | then G{?-periodic configuration

+1, if xeG?,
o(x)=1_. . @)
1, if xeG \G,

isa G?-ground state for the model (1).
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RELATIVE BOUNDS AND CLOSEDNESS OF AN UNBOUNDED
OPERATOR MATRICES
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Bukhara State University, Bukhara, Uzbekistan;
rth@mail.ru, t.h.rasulov@buxdu.uz

An operator matrix is a matrix the entries of which are linear operators [1].
Every bounded linear operator can be written as an operator matrix if the space in
which it acts is decomposed in two or more components. For an unbounded linear
operator A, its domain need not be decomposable as direct sum of subspaces and
hence it is an additional assumption that <4 has an operator matrix representation. If
the entries of an operator matrix are densely defined and closable, this need not be
true for the operator matrix. Moreover, if an operator matrix is closable, its closure

need not have an operator matrix representation anymore.
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Let n€eN, n>3, let (H;,Ill;), i =1,---,n, be Banach spaces, and let
(H, 1I-1l) be the Euclidean product of H, ..., H,,, that is,

Hi=H, D DH, Il fll:= \/" fi ”%'l' o fy ”% , =1 ""fn)t EH
In the Banach space H we consider linear operators A that admit an n X n operator

All Aln
A=+ (1)
Ap1 = App

in H, where the entries A;;:3; D D(A;;) » H, i,j = 1,...,n, are densely defined

matrix representation,

closable linear operators and for which the domain of A, given by

D(A) = j@l (Q D(Aij)>'

Is again dense in H.
For the reader’s convenience, we briefly recall the notion of relative
boundedness (see [2, subsection VI1.1]).
Let (E, lI-llg), (F, lI-llz), (G, 1I-llg) be Banach spaces, and let
T:-EoD(T)->F, S:tEoD(S)—-G
be linear operators. Then, S is called T-bounded (or relatively bounded with respect to
T) if D(T) c D(S), and there exist constants ag, bg = 0 with
I Sx llgS ag Il x llg+ bs | Tx Iz, x € D(T); (2)
the infimum & of all bg so that (2) holds for some ag = 0 is called T-bound of S (or
relative bound of S with respect to T).
Note that, if T is closed and S is closable with D(T) < D(S), then S is T-
bounded (see [2, subsection 1V.1.5]).
Definition. For a block operator matrix A as in (1) we define the diagonal part
T and the off-diagonal part S by
T:= diag (A1q, .., Apy), S:i=A—-T,
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and we call A diagonally dominant of order §; if § is 7'-bounded with 7"-bound &.
Note that for a diagonally dominant block operator matrix A the domain is
always given by the domains of the diagonal entries,
D(A) = D(A11) @ - D D(Ann).
If A is diagonally dominant of order 65 < 1, then § is A-bounded with A-
bound < 65/(1 — &5).

If the diagonal entries A;; of A are closed, then A is diagonally dominant if
and only if D(A4;;) € D(A;;) forall i,j =1,...,n,i <.

The diagonal part T of A is always closable since it is the direct sum of the
closable operators A,4,...,A,,. For the off-diagonal part § this is only true in the
2 X 2 case. If n = 3, then § need not to be closable even if A is tridiagonal and all
entries are closed.

We establish conditions for the closability and closedness of general n X n
operator matrices and for the more particular tridiagonal case. The first result is a
simple perturbation result.

Theorem 1. If the operator matrix A in (1) is diagonally dominant of order
ds < 1, then A is closable; if, in addition, the diagonal entries of A are closed, then
A is closed.

In the following, we derive another criterion for the closability and closedness,

respectively, of tridiagonal operator matrices which are characterized by A;; = 0 for

i —j| >1,1e,

(Au A, O Y 0 0 \
Ay1 Azp Az 0 0
0 Az, Azz 0

A =1": : ; (3)

O ", . An—Z,n—l 0

KO 0 An_in—2 Ancin—1 Ancan )
0 0 0 0 An,n—l ATLTL
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here, the relative bounds §;., ; and §; ;.1 of A;,,; and A; ;,; on the lower and upper
off-diagonal, respectively, may balance each other.

Theorem 2. Let A be defined as (3) and diagonally dominant such that, for
every k = 2,3, ...,n, either Ay ,_, has Ay_q,—1 bound 0 or Ay_4 has Ay, bound 0,
i.e.,

Okr-1=0 or O&x_1,=0 k=23, .., ,n
Then A is closable and closed if its diagonal elements are closed.

Sufficient conditions for relative bound O include boundedness, relative
compactness, and domain inclusions for some fractional power (see e.g., [1, Corollary
2.1.20], [3, Corollary I11.7.7]). Therefore, the next corollary is immediate from
Theorem 2.

Corollary. Let A be tridiagonal and diagonally dominant such that, for every
k = 2,3, ...,n, either one of

(i) Ay -1 is bounded;

(i) Ay g—1 1S Ag_1 g—1-compact and Hy_,, H, are reflexive;

(iil) Hy,_4, H,, are Hilbert spaces and D (|Ax—1x-1]") © D(Ag -1) for some
y € (0,1);

or one of

(i) Ag—1x is bounded;

(i1”) Ag—1 IS Ay -compact and Hy,_,, Hy, are reflexive;

(iii") Hy-q, Hy are Hilbert spaces and D(|A|") © D(Ak-1x) for some
v € (0,1) holds. Then, A is closable and closed if its diagonal elements are closed.

An example for the subtle difference between closed and closable operator
matrices was given in [4, Section 6] where accretive operator matrices were
considered. Operator matrices of this form also occur in stability problems in
hydrodynamics; there information about the closure is needed so that results for

contractive semigroups can be applied (see [5, Remark 3.12, Theorem 3.15]).
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CHEGARALANMAGAN SOHALARDA KARLEMAN INTEGRAL
FORMULASI
'Ruzmetov K.Sh., “Matyoqubov Z.Q., *Abdullayev J.Sh.
'Toshkent davlat agrar universiteti, Toshkent, O ‘zbekiston
’Xorazm Ma 'mun akademiyasi, Urganch, O ‘zbekiston
3Urganch davlat universiteti, Urganch, O ‘zbekiston
Ma’lumki Karleman tipidagi integral formulalar golomorf funksiyalarning soha
ichidagi giymati bilan soha chegarasining qismidagi qiymatlari orasidagi
bog‘ligligini va golomorf davom ettirish masalalarini o‘rganishda asos bo‘lib
xizmat qgiladi. Ushbu yo‘nalishdagi birinchi natija 1926 da T. Karleman tomonidan
olingan (garang [1]), shuning uchun ushbu turdagi barcha formulalar odatda
Karleman formulalari deb ataladi. Ko‘p o‘zgaruvchili kompleks analizda bu
nazariyaning keyingi rivojlanishini L.A. Ayzenberg (garang [2]) minografiyasida

ko‘rish mumkin. Bunda Karleman formulasi qavariq (yoki chiziqli qavariq) sohalar
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uchun Martinelli-Boxner integral formulasi asosida qurilgan. 0" fazodagi bir jinsli
sohalarda bunday formulalarni topish uchun avtomorfizmlar gruppasidan foydalanish
mumkin (garang [2]). Ushbu [3] maqolada Zigel sohalari, ya’ni bir jinsli
chegaralanmagan sohalarning realizatsiyalari holati ko‘rib chiqilgan va Zigel sohalari
ostovlaridagi golomorf funksiyalarning giymatlarini tiklovchi Karleman formulalari
topilgan.
Quyidagi ‘R matritsaviy soha berilgan bo’Isin (qarang [4-5])
R={Z [mxk]:22" <1},

bu yerda | matritsa [mxm] tartibli birlik matritsa, Z*~ esa Z matritsaning

qo’shmasining transponerlangani. S — bu sohaning ostov (SHilov chegarasi), M — S
to‘plam va ©M >0 bo‘lsin. Bu sohada Karleman formulasiniolish uchun dastlab, U
birlik doira bo‘lgan hol uchun qo‘llaymiz: oldin funksiyaning 0 nuqtadagi qiymati
uchun isbotlanadi, shundan keyin ® sohaning barcha avtomorfizmidan foydalaniladi.

Bunda R =R, va m=Kk bo‘lganda. S, ning parametrlari
E=e"u, 0<p<2x, ueSU(K), buerda SU (k) gruppaning maxsus unitar matritsasi,
u holda detu=1. Ravshanki, det& =e*’ detu =e™**,
(& &=2u, |A|=1}, ueSU(K)

to‘plamda SU (k) gruppaning elementlari k ga teng, bunda e*” =1.

1-lemma ([2,5]). Xaar o‘lchovi du ni S, ko 'pxillikdagi ko ‘rinishini
quyidagicha yozamiz:

d s =h(u)ded s, (u),

buerda dz, — SU (k)dagi Lebegning normalangan o ‘Ichovi, h— SU (k) dagi silliq

musbat funksiya.
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2-lemma ([2,5]). Bizga f eH'(R,) funksiva berilgan bo‘lsin. U holda

quyidagi formula o ‘rinli:

K, #(©) |
f(0)=——Iim f(f){ 0 du.. (2.1.2)
J da 1O 40 )
Mo
bo ‘ladi.
1-teorema ([2,5]). Bizga f e H'(R,), m=k funksiya berilgan bo ‘Isin, unda

ixtiyoriy AR, nugta uchun

K
jdﬂA

Ma

f(A)=

lim [ f (DA—@THA,_d. 2.1.3
im| (5){%(& (AS)dp (213

formula o ‘rinli.

Ushbu ishda $R matritsaviy soha bilan bigolomrorf ekvivalent bo’lgan

chegaralanmagan matritsaviy sohalar uchun yuqoridagi teoremani anoligi keltiriladi.
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BIRINCHI TARTIBLI KELI DARAXTIDA SANOQLI SPIN QIYMATLI HC
MODELI UCHUN UMUMLASHGAN p-ADIK GIBBS O‘LCHOVINING
MAVJUDLIGI.
|.A. Sattarov, Z. Darvishaliyeva
e-mail: ,
Keli daraxti. k >1 tartibli T =(V,L) Keli daraxti har bir uchidan k+1 ta

girra chiquvchi siklsiz cheksiz graf, bu yerda V wuchlar to‘plami, L esa qirralar

to‘plami. Agar X va y uchlarni birlashtirib turuvchi | €L girra mavjud bo‘lsa bu
uchlar yaqin qo‘shnilar deyiladi. Agar X va y yaqin qo‘shnilar bo‘lsa, | =(x,y) kabi
belgilaymiz. Ushbu (X, X;),{(X{,X5),....{Xq_1, Y) ko‘rinishdagi yaqin qo‘shnilar ketma-
ketligi x dan y gacha bo‘lgan yo‘l deb ataladi. x dan y ga olib boruvchi eng gisga
yo‘ldagi qirralar soniga X dan y gacha bo‘lgan masofa deyiladi va d(x,y) kabi
belgilanadi.

Biror x°eV uchni tayinlab, uni daraxtning ildizi deymiz. Quyidagi
to‘plamlarni kiritamiz:

W, ={X€V |d(x,x0):n}, Vv, :LnJWi, L, ={l=(x,y)eL|x,yeV,}.

i=1
Agar x° dan y ga boruvchi yo‘lga X uch orgali o‘tilsa u holda X va vy
orasidagi munosabatni x<y kabi belgilaymiz. x,y yaqin qo‘shnilar bo‘lib, y> X
bo‘lsa u holda y uchni X uchning to‘g‘ri avlodi deb ataymiz. X ning to‘g‘ri avlodlari
to‘plamini S(X), kabi belgilaymiz, ya’'ni: S(X) ={y eW,,;|d(X,y) =1, xeW,.

Keli daraxtida sanoqgli spin giymatli Hard Core (HC) modelini garaymiz. V
to‘plamni Z ga akslantirish sifatida berilgan {o(x)| x € V} to‘plam konfiguratsiya
deyiladi. Agar o(x) # 0 bo‘lsa, u holda bu x € V uchning band ekanligini, agar
o(x) = 0 bo‘lsa, u holda x € V uch bo‘sh (band emas) ekanligini bildiradi. }, va W,

to‘plamlardagi konfiguratsiyani ham shu usulda aniglashimiz mumkin.
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Agar V dagi eng yagin (x, y) qo‘shnilar uchun o(x)o(y) = 0 bo‘lsa, u holda ¢
konfiguratsiya joiz konfiguratsiya deyiladi [1], ya’ni V to‘plamdagi eng yaqin (x, y)
go‘shnilardan kamida bittasida konfiguratsiyaning qiymati nol bo‘lishi kerak. Keli
daraxtidagi (mos ravishda V;, dagi) barcha joiz konfiguratsiyalar to‘plamini Q% (Qy )
kabi belgilaymiz.

Tayinlangan A = (...A_4, 4,44, ...) € Q5 parametr uchun HC modelining p-
adik Hamiltonianini quyidagicha aniglaymiz:

Hy (o) = Z log, Apiy, X € Q.

xXEV

Umumlashgan p-adik Gibbs of‘lchovi. HC modeli uchun p-adik Gibbs

o‘Ichovini aniqlaymiz. o, € Qp uchun V;, shardagi a,, konfiguratsiya natijasida band

bo‘lgan uchlar soni #0,, quyidagicha aniglanadi:

Ho, = z 1(0,(x) # 0).

XEV,
Z: X > 2, = (---;1—1,xlzo,x: Z1 ) € Qy —V to‘plamdagi vektor-giymatli
akslantirish bo‘lsin. Qf to‘plamda 4; € Q, uchun quyidagicha aniglangan u™ p-

adik ehtimollik tagsimotini garaylik:

‘u(n) (Jn) = Zrzl/li#dn 1_[ Zan(x),x ’ neN, (1)

XEW,

bu yerda Z,, — normallovchi ko‘paytuvchi bo‘lib,

#0p
ZTL = z /11' a 1_[ Za’ﬁ(x),X'

W, Q‘c} XeEW,
n

kabi aniglanadi. Agar barcha n = 1va o,,_1) € Qp _ uchun

D ™ @ Vo) 1(on s Ve, € 08) =105, ) @)

Wn EQWn
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bo‘lsa, u holda u™ p-adik ehtimollik tagsimoti muvofiglashgan deyiladi. Bu holda
Kolmogorov teoremasiga ko‘ra Q% to‘plamda barcha n va o,, € Qf}nuchun

H(U|Vn = Un) = ,u(n) (On-1)
tenglikni ganoatlantiruvchi yagona u o‘lchov mavjud.

Ta’rif. [2] (1) ko‘rinishda aniglangan va (2) shartni ganoatlantiruvchi p®™
o‘lchov HC modeli uchun z: x - z,, x € V\{x°} akslantirishga mos keluvchi
umumlashgan p-adik Gibbs o‘lchovi deyiladi.

1-teorema. [3] (1) formula bilan aniglangan u™ ehtimollik o‘Ichovlari ketma-
ketligi (2) shartni ganoatlantirishi uchun ixtiyoriy x € V uchda quyidagi funksional

tenglamani ganoatlantirishi zarur va yetarli:

1
Z: ., = A; 1_[ , [ ELZ. 3
X L 1 + Zjezo Z]',y ( )

Endi (3) tenglamaning k = 1 hol uchun translyatsion-invariant yechimlarini

gidiramiz. Buning uchun quyidagi tenglamani yechish yetarli:
1+ ZjEZO Zj

Bu tenglamada Y. ez, Z; Va X jez, 4; qatorlar yaginlashuvchi bo‘Imasa, u holda

Z; , [ € ZO' (4‘)

(4) tenglama  ma’noga ega bo‘lmaydi. Shuning uchun bu ikkita gatorni
yaginlashuvchi deb faraz gilamiz. U holda
1 1
a—7= Z A, X=5= Z z;, va a=p’'PD(ay+ap+ap*+--)
JELg JEZy
kabi belgilashlar natijasida (4) sistemadan
x’=a (5)
Tenglamani hosil gilamiz. Ma’lumki, bu tenglama
A. y(a) — juft;
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B. p # 2 uchun x2 = ay,(mod p) taqgoslama yechimga ega, p = 2 uchun
a; = a, = 0 shartlar bajarilganda yechimga ega bo‘ladi. U holda quyidagicha
xulosaga ega bo‘lamiz:

2-teorema. Agar A va B shartlar bajarilsa, u holda birinchi tartibli Keli
daraxtida sanogli spin giymatli HC modeli uchun translyatsion-invariant
umumlashgan p-adik Gibbs o‘lchovi mavjud bo‘ladi.
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UCH O‘LCHAMLI QO‘ZG‘ALISHGA EGA UMUMLASHGAN
FRIDRIXS MODELINING XOS QIYMATLARI HAQIDA
Sayliyeva Gulrux Rustam gizi

Buxoro davlat universiteti, Buxoro, O zbekiston

C kompleks sonlar maydoni, L,(T) —bir o‘lchamli T = (—m; ] torda
aniglangan kvadrati bilan integrallanuvchi (kompleks gqiymatli) funksiyalarning
Hilbert fazosi bo‘lsin. H, := C va H; := L,(T) fazolarning to‘g‘ri yig‘indisidan
tashkil topgan H = H,@H; Hilbert fazosida quyidagi

L hoo phoy
Pyup: = (,uh}kn hd, — /117> M

operatorli matritsani garaymiz. Bu yerda p, A-nomanfiy haqigiy sonlar, h,, ; operatorli

matritsaning h;;: H; - H;, i < j, i = 0,1 vav elementlari quyidagicha aniglangan:
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hoofo = €fos ho1f1 = Jsin t f1(t)dt,

T

(hi1f)(x) = (a+ 1 = cos(2x))f; (x), (2)
(vfi)(x) = cosx f cost f;(t)dt.

T
Bunda ¢ va a fiksrlangan haqiqiy sonlar, f; € H;, i =0,1, hy,; operator hgy;

operatorga qo‘shma operator. Odatda (1) ko‘rinishdagi operatorli matritsaga

umumlashgan Fridrixs modeli deb ataladi [1,2]. Sodda hisoblashlar yordamida
(ho1fo) (x) = sinx - fo, fo € Hy

ekanligini hosil qilamiz. FHilbert fazosida (1) ko‘rinishda aniqlangan h,

umumlashgan Fridrixs modeli chiziqli, chegaralangan va o°‘z-o°ziga qo‘shma operator

bo‘ladi.

Chekli o‘lchamli qo‘zg‘alishlarda muhim spektrning o‘zgarmasligi haqidagi
mashhur Veyl teoremasiga asosan h,; umumlashgan Fridrixs modelining muhim
spektri hg o operatorli matritsaning muhim spektriga teng bo‘ladi, ya’ni g (h#' ,1) =
Oess(Ro0)- Aniglanishiga ko‘ra, hgo Operatorli matritsaning muhim spektri u(x) =
a + 1 — cos(2x) funksiyaning qiymatlar to‘plamidan iborat. Shu sababli
Oess(hoo) = [a, a + 2] bo‘ladi. Demak, gess(hy, 1) = [a, a + 2] tenglik o‘rinli ekan.
Endi h,; umumlashgan Fridrixs modelining diskret spektrini o‘rganish magsadida

mos ravishda H va H; Hilbert fazolarida

h h
W ._ (oo H 01) @ ._ po _
h,”’ : <Hh31 no, ) h; hi, — Av

operatorlarni garaymiz.

1-teorema. (a) z € C\ [a,a + 2] soni h, ; operatorning xos qiymati bo‘lishi

uchun uning hl(ll) va h/gz) operatorlardan kamida bittasining xos qiymati bo‘lishi zarur

va yetarlidir.
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(b) hy, , operator ko‘pi bilan uchta xos giymatlarga ega bo‘lib, ulardan ko‘pi

bilan ikkitasi a nuqtadan chapda, ko‘pi bilan bittasi a + z dan o‘ngda joylashgan
bo‘ladi.
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BRANCHES OF THE ESSENTIAL SPECTRUM OF THE OPERATOR
MATRIX OF ORDER THREE
Sharipova Mubina Shodmonovna
Bukhara State University, Bukhara, Uzbekistan
m.sh.sharipova@buxdu.uz
The essential spectrum of operator matrices is one of the topics that is deeply
studied in the theory of operators, and the description of the location of the essential
spectrum of this type of operators is studied among the important problems of spectral
analysis [1,2].
T! is a one-dimensional torus, #, := C is a space of complex numbers,
H, = L,(T1) is a Hilbert space of square integrable (complex variable) functions on
T! and H, := L5(T?) be a Hilbert space of square-integrable (complex variable)
symmetric functions on TZ2. Denote by H, the direct sum of the spaces H;, H, and
Hs, thatis, H:=H; G H, @ H;.
Let us consider a third-order operator matrix A, acting H as
Ago  UAp1 0

A, =|#rAor A pA | ,u>0 (D
0 HAi, A

with the entries:
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Agofo = €fo,  Aorfi = J sin(3t) f1(¢) dt;
’]I‘l

(Anf)0) = (e + 1= osEOAG, A = [ sinGE0) fox, O

']I‘l
(A22f2)(x,y) = (e + 2 — cos(3x) — cos(3Y)) fo(x,¥), f; € H;,i=0,1,2.
It should be noted that the operator matrix A, given by (1) is a linear, bounded

and self-adjoint operator in the Hilbert space # .
In order to study the essential and discrete spectra of the operator matrix A,
we introduce the operator matrix h,, u > 0 called the generalized Friedrichs model

acting in the space H, @ H; as

A KA1
h =( 00 ) > 0.
K UAy,  Agg #

One can see that the operator matrix h,, is a linear, bounded and self-adjoint in
H, D H,.

Let us consider the operator matrix h, in the Hilbert space H, @ H; as

=0 1)

The perturbation h, — h, of the operator matrix h, is a self-adjoint operator of

rank 2. According to the definition, for the spectrum of the operator h, the equality
a(hy) = (Ago)Ua(411)

holds, here

0(Aoo) = 0gisc(Aoo) = {e}; 0(A11) = Oess(A11) = g6 + 2].
Therefore, in accordance with the Weyl theorem about the invariance of the

essential spectrum under finite rank perturbations, the essential spectrum of the

operator matrix h,, coincides with the essential spectrum of h,. Therefore,

Jess(hu) = Oess(ho) = [g,6 + 2].
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For any fixed u > 0 we consider an analytic function in C\[g; € + 2] by

sin?(3t)dt
£+ 1—cos(3t)—z

A (2) =€~z —p? j
']I*l

Usually, the function A, (+) is called the Fredholm determinant corresponding to
the operator matrix h,. The following lemma expresses the connection between the
eigenvalues of the operator matrix h, and zeros of A, (*).

Lemma 1. For any u > 0 the operator h, has an eigenvalue z, € C\[&; € + 2]
if and only if A,(z,) = 0.

Now, by studying the zeros of the function A, (), we analyze the number and
position of the eigenvalues of the operator matrix h,,.

Lemma 2. The operator matrix h, has two simple eigenvalues, therefore one to
the left of € and the other to the right of £ + 2.

Let the numbers E; and E7 are the eigenvalues of the operator matrix h,,. For
clearity, we take E; € (—oo; ) and E; € (g + 2; +0).

The following theorem describes the essential spectrum of the operator matrix

Ay

Theorem 1. The following equality holds for the essential spectrum of the
operator matrix A,
Oess(Ay) = [E5 Ef + 2] U lg;e + 41U [EZ EZ +2].
Definition 1. The sets
[ELEL + 2| U [EZEZ + 2] and [e; € + 4]

are called two-particle and three-particle branches of the essential spectrum of the

operator matrix A,, respectively. We denote these branches as atwo(c/l”) and

Othree (c/q,‘u), l.e.

Otwo (Au)=|Ex; Ex + 2| U [EL EZ + 2],
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Othree (A ) = [6 € + 4].
Since E; < eand E; > ¢ + 2 for all 4 > 0, one can conclude that

min Gy (c/l#) < min O'three(cfl”) and max gy ree (cflu) < Max Oy (cflu)

forall u > 0.
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UCHNCHI TARTIBLI OPERATORLI MATRITSALAR OILASI
UCHUN BIRMAN-SHVINGER PRINSIPI
Tosheva Nargiza Ahmedovna
Buxoro davlat universiteti, Buxoro, O ‘zbekiston
nargiza_n@mail.ru
C orqali bir o‘lchamli kompleks fazoni, L,(T3) orgali T3 da aniglangan

kvadrati bilan integrallanuvchi (umuman olganda kompleks giymatlarni qabul
giluvchi) funksiyalarning Hilbert fazosini, L5((T3)?) orgali (T3)? da aniglangan
kvadrati bilan integrallanuvchi (umuman olganda kompleks gqiymatlarni gabul
giluvchi) simmetrik funksiyalarning Hilbert fazosini hamda H orgali H,:= C,
Hy:= L,(T?) va H,: = L5 ((T3)?) fazolarning to‘g‘ri yig‘indisini belgilaymiz, ya’ni
H:=H, D H, D H,. Bunda H, H, va H, fazolarga L,(T3) fazo yordamida
qurilgan F,(L,(T?)) bozonli Fok fazoning mos ravishda nol zarrachali, bir zarrachali
va ikki zarrachali gism fazolari deyiladi.

H Hilbert fazosida ta’sir qiluvchi quyidagi
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HOO(K) Hoq 0
H(K)1: H$1 H11(K) Hi,
0 Hfz sz(K)

uchinchi tartibli operatorli matritsalar oilasini garaymiz. Bu yerda matritsaviy

elementlar

Hoo(K) fo = wo(K)fo, Horfa =J Vo () f1(D)dt;

T3

(Hi1(K)f1) () = wi(K;p) fi(p), (Hizf2)(p) = J

T
(Hz2 () f2)(0, @) = w2 (K;p, ) f2(0,@), fi €Hy i=0,1,2
kabi aniqlangan bo‘lib, H;; (i <j) orqali H;; operatorga qo‘shma operator

RAGTACLLE

belgilangan. Bundan tashgari wy(-) va v;(+), i = 0,1 funksiyalar T3 da aniglangan
haqiqiy giymatli chegaralangan funksiyalar, w; (+;-) va w,(+;-,-) funksiyalar esa mos
ravishda
wi(K;p):= Lie(p) + Le(K—p) + 1,
w2 (K;p,q):= Lie(p) + L1e(q) + Le(K —p —q),
tengliklar yordamida aniglanib, ;,1, > 0 va

3
£(9):= ) (1-cos(ng®), q=(q®,9P,q?) €T, neN.

=1
Ta’kidlash joizki, Hy; va H;, operatorlarga yo‘qotish operatorlari, Hy, va Hy,
operatorlarga esa paydo qilish operatorlari deyiladi.
H, @ H, fazoda ta’sir giluvchi hamda o‘z-o‘ziga qo‘shma T(K,z), z <
Toss (K) kompakt ikkinchi tartibli operatorli matritsani quyidagicha aniglaymiz:
T(K,Z):=<TOO(K,Z) 7:101(K»Z)>_
To1(K,z) Ti1(K,2)
Uning matritsaviy elementlari quyidagicha aniglangan:
Vo () g1 ()dt _
5 JAK —t;2z — Le(t)

TOO(K: Z)go = (1 +2z— Wo(K)).go; T01(K; z)g, =
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v1(p) (w2 (K;p,t) — 2) My (£) g4 (t)dt
2JAK —p;z—Le@) e JAK-t;z-Le®)
Bunda g; € H;,i = 0,1 va

(7111(1(: z)g1)(p) =

vo(P) 9o
VAK —p;z = Lie(p))
H Gilbert fazosida ta’sir giluvchi A chizigli, chegaralangan, 0‘z-o0‘ziga

go EH.

(T51(K,2)90)(p) = —

go‘shma operator uchun n(y, A) sonini quyidagi goida yordamida aniglaymiz:
n(y,A) = sup{dimF: (Au,u) >y,u € F c H,||lu|| = 1}.

Agar y < max g.45(A) bo‘lsa, u holda n(y, A) soni cheksizga teng bo‘ladi,
agar n(y,A) soni chekli bo‘lsa, u holda bu son A operatorning y dan katta xos
qiymatlar soniga (karraliklari bilan qo‘shib hisoblaganda) teng bo‘ladi.

Tess(K) orgali H(K) kanal operatorli matritsa muhim spektrining quyi
chegarasini belgilaymiz, ya’'ni ya 'ni
Tess (K): = min g5 (H (K)).
N(K,z) orgali H(K) operatorli matritsaning z < t..(K) dan chapda
joylashgan xos giymatlari sonini belgilaymiz. U holda
N(K,z) =n(—z,—H(K)),—z > —Tass(K)
tenglik o‘rinlidir.
Quyidagi natija H(K) operatorli matritsa uchun mashhur Birman-Shvinger
prinsipini ifodalaydi.[1-3]
Teorema. Faraz qgilaylik, K € T2 bo ‘Isin.U holda T (K, z) operatorli matritsa
Z < To55(K) bo ‘Iganda kompakt va uzluksiz hamda
N(K,z) = n(1,T(K,2))
tenglik o ‘rinlidir.
Foydalanilgan adabiyotlar
1.S. Albeverio, S. N. Lakaev and Z. I. Muminov, Schrédinger operators on lattices.
The Efimov effect and discrete spectrum asymptotics. Ann. Henri Poincare. 5:743—
772 (2004).
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MATRITSAVIY MODEL OPERATOR XOS QIYMATLARIGA MOS
FADDEYEV TENGLAMASI
Xayitova Xilola G ‘afurovna
Buxoro davlat universiteti, Buxoro, O ‘zbekiston
e-mail: x.g.xayitova@buxdu.uz
T3 orqali uch o‘lchamli torni, C orqali bir o‘lchamli kompleks sonlar fazosini
belgilaymiz. L,(T3) orgali T3> da aniglangan kvadrati bilan integrallanuvchi
funksiyalarning Hilbert fazosini, L,**((T3)?) orqali (T2)? da aniglangan kvadrati
bilan integrallanuvchi antisimmetrik funksiyalarning Hilbert fazosini belgilaymiz.
Hi:=L,(T3) va H, =L,**((T?)?) fazolarning to‘g‘ri yig‘indisini H orqali

belgilaymiz, ya’ni

H:= :]'[1 @ }[2.
H Hilbert fazosida aniglangan
Hll AHlZ
wa () AHi, Hy,(y) —uv

uchta u, A,y spektral parametrlardan bog‘liq operatorli matritsani qaraymiz. Uning

matritsaviy elementlari quyidagicha aniglangan
(a6 = w0, (Hef)@) = [ v@fC0ds
']I'3

(ng(]’)fz)(x; y) = wy(xi Vf2(x, ), V="+1,,

Vif) (&, y) = f LG Odt,  Lf)Ey) = f £, y)t.
T3 T3
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Bu yerda u, A > 0; u(+) va v(-) funksiyalar T3 da aniglangan hagiqiy giymatli

uzluksiz funksiyalar, w, (*; -) esa

wy, (x; y) = (e(x) +e(y) +yelx + y)), e(x) = Z(l — COS X})
k=1

kabi aniqlangan funksiya bo‘lib, y —hagigiy son. Funksional analiz elementlaridan
foydalanib,

(Hiaf)(xy) = 3 (V)G ~ v @)
bo‘lishini ko‘rsatish mumkin. Yugqoridagi kabi aniglangan H, ;(y) operatorli
matritsa H Hilbert fazosida chiziqli, chegaralangan va o°z-o‘ziga qo‘shma operator
bo‘ladi. H, ;(y) operatorli matritsaning diskret xos giymatlariga mos xos vektor-

funksiyalari uchun Faddeyev tipdagi integral tenglamalar sistemasi va uning
ko‘rinishini keltirib chiqaramiz.

H, @ H; fazoda

A
hoo(x) —ho1 \‘
hy (v, x) = ( 1 vz

\ﬁ hy Oy (y,x) — uv /

kabi aniglanuvchi hamda umumlashgan Fridrixs modeli deb ataluvchi operatorli

matritsani garaymiz. Uning matritsaviy elementlari quyidagicha aniglangan:

hooCOfy = Uy, horfy = f sOf (Ddt,

T3

(horfo) ) = v fo, (M1 0)B) = w,(x; B,

WO = [ Ao
T3
Quyidagicha belgilash kiritamiz:
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Oess (Rua(r,2)) = [m, (x); M, ()],

O-,u,/l(Y): = U Odisc (hu,A(Y; X)),

x€T3

m, = %%}% w, (x; y), M, = géa[ré( w, (x; y), Zya:=[my; M,]U g, ,(y).

Quyidagi fazoni kiritamiz:
L (T%) = {p = (91, 92): 01 € Lo(TH,  i=12}
Har bir tayinlangan z € C\ X, ;(y) soni uchun ng)('JI‘?’) Hilbert fazosida
Tua(v; 2):= A, 5 (v 2) Ky a(v; 2)
kabi aniglangan ikkinchi tartibli operatorli matritsani qaraymiz. Bu yerda

All(#: A, Y; Z) A12(.ur /L Y; Z))
A21(H, /11 Y; Z) AZZ(M' A' Y; Z)

A, 2(y;z) operatorli matritsaning  A; j(u,A,y;z) matritsaviy elementlari

Aur0:2) =

a; j(u, A,v;+,2), i,j = 1,2 funksiyaga ko‘paytirish operatori bo‘lib,

al (L Ay;x,2) =u(x) —z — ﬁ v2(t)dt ,
2 Jppw,(x; t) —z
v(t)dt
Al Ay 2) = A -['Il"3 wy, (x; t) — 7z
A v(t)dt
taldyiznz) = EJT3 wy (x; t) — 2z’

dt
a AV x,z)=1— )
22(# Y ) H.sty(x; t)_Z

K, a(y; z) esa

K (’u, AY; Z) Klz(,u; AY; Z)
” ) = ( 11 )
M,A(Y ) KZl(nu’ /L Y, Z) KZZ(,ur Ar Y; Z)

ko‘rinishda bo‘lib, uning K;;(u,4,v;2), i,j =1,2 matritsaviy elementlari
quyidagicha aniglangan integral operatorlardan iborat:
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Pv(x) [ v(t)e,(t)dt
2 mw,(; t) =z

_ _ v(t),(t)dt
(Ki2(w, 4,75 2)92) (x) = Au o (6 D =7

Av(x) @, (t)dt
2 Jpow,(xt)—z

d
(Kzz(,u; /L Y’ Z)¢2)(x) = _HIE w (ﬁi(tt)) iZ.
3 14 )

(K11(w Ay 2) 1) (x) =

(K)1(w Ay 2) ) (x) = —

Bunda ¢ = (@1, ;) € LY (T?). Ta’kidlash joizki, har bir z € C\ %, ;(y) soni
uchun T, ,(v; z) kompakt operator bo‘ladi.

Quyidagi lemma H, ,(y) operatorli matritsa uchun mashhur Faddeyev
natijasining analogi bo‘lib, H,;(y) va T, ,(y;z) operatorli matritsalarning xos
qiymatlari orasidagi bog‘lanishni ifodalaydi.

Teorema. Har bir tayinlangan u,4,y sonlari uchun z € C\ Z,,(y) soni
H, ;(y) operatorli matritsaning xos giymati bo‘lishi uchun 1 soni T, ,;(y;z)

operatorli matritsaning xos giymati bo‘lishi zarur va yetarlidir. Bundan tashqari, z va
1 xos giymatlar bir xil karralikga egadir.

FOYDALANILGAN ADABIYOTLAR RO‘YXATI
1. Rasulov T.H., Dilmurodov E.B. Estimates for the bounds of the essential spectrum
of a 2 X 2 operator matrix. Contemporary Mathematics. 1:4 (2020), P. 170-182.

EXAMPLE OF TWO-DIMENSIONAL QnSO
S.S. Xudayarov
Bukhara State University, Bukhara, Uzbekistan

Bukhara branch of the Institute of Mathematics named after V.l.Romanovskiy,
Bukhara, Uzbekistan
E-mail:
Let 1 ={1,2,...,m}. A distribution (or state) of the set | is a probability measure

X =(X,...,X,), 1.e. an element of the simplex:
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Sm_l:{XE]RmIXiZO, Zm:xi :1}. (1)

The quadratic stochastic operator (QSO) is a mapping of the simplex s™* into

itself, of the form

Vixg =P xx, k=1,..,m (2)
where p,, are coefficients of heredity and
Pc20,P, =Py, DP =1, jk=1...,m, (3)

Thus, each quadratic stochastic operator V can be uniquely defined by a cubic

matrix P = (Pij‘k):’j _, with conditions (3).

For a given x® es™" the trajectory (orbit) {x™}of x® under the faction of QSO
(2) is defined by
X =V (x™),where n=0,1,2,....
In general, a quadratic operator V, V:xeR" —»x =V (x) e R™ corresponding to a

cubic matrix P is defined by (2). Without loss of generality we assume P

ij,

« = Py -
Indeed, if this equality is not satisfied then we can introduce P = %(Pij,k +Py )

Definition. A quadratic operator (2), preserving a simplex, is called non-
stochastic (QnSO) if at least one of its coefficients P, i = j is negative.
Now we study the following example of QnSO on the 2D-simplex S?:

X' =x*+y*+z7° —axy—axz+2yz

y'=(2+a)xy (4)
Z'=(2+a)xz,

where a €[0,2]. Note that B,, =P,, =-a/2.

The following points are fixed points of the operator (4):

1 1 1
=| ——,y,1-———y | , Where 0,1-——|.
Py (+ y YJ YE{ 2+a}
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On invariant sets. Recall that a set M is called invariant with respect to an operator
V ifV(M)cM .
It is easy to see that the following sets are invariant with respect to (4):
M, ={(x,y,2) €S*:y=0}, M, ={(x,y,2) eS*:z2=0},
M, ={(x,y,2) eS’:y=wz}, we[0,+x).

Remark. As we have seen, the operator (4) is chaotic for 1.56995 < a <2, but it
IS not chaos on the simplex in the sense of Devaney. Because, it is not topologically
transitive. It is splitted chaos meaning that the simplex is partitioned into uncountably
many invariant subsets and the restriction of the operator (4) on each invariant set is
chaos in the sense of Devaney.
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O YHUCJIE COBCTBEHHBIX 3HAYEHUHN MOJIEJIBHOI'O OITEPATOPA
TUIIA IPEJUHI'EPA HA PEHIETKE
! Xanxyxncaes A.M., 2 boiimypooos 7K. X.
! Hncmumym mamemamuxu um. B.U. Pomarnoeckozo, Camaprano, ¥Y36exucman
? Hagoutickuii 2ocyoapcmeennwiii nedazoeuyeckuii unemumym, Hasou, Ys6exucman
e-mail: ahmad_x@mail.ru, jurabek.boymurodov@mail.ru

B paGote [1] paccmarpuBaercs cuctema TpexX YacTHIl (JIB€ W3 HUX - OO30HEI, a
TPEThsl -MIPOU3BOJIbHAS), B3aUMOJICUCTBYIOIIMX C IMOMOIIBIO MapHBIX KOHTAKTHBIX
MOTEHIIUAJIOB NpUTsHKeHUs. ONUcaH CYIIECTBEHHbIA CIIEKTP aCCOIMUPOBAHHOIO ITOU

cucTeMe TpexvacTuuHoro oneparopa H, . (K). Jlokazano cymectBoBanue ddpexra

Epumosa mna H, ,.(0) B ciydasx, korma iubo jBe, MO0 TPU JBYXYaCTUYHbBIE
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NOJCHCTEMBI TPEX YacTHIl HMEIOT BEpTyallbHbIE YPOBHH Ha JIEBOM Kpae
TPEX4YaCTHYHOIO CYyIIECTBEHHOIO CHEKTpa (T.e. Koraa py = p° u uy € [0, 1,°) nmm
Ug = U’ , @ =1,3), a Takke NOKa3aHA KOHEYHOCTh YMCJIA CBA3AHHBIX COCTOSHUM
npu Malbix 3HaYeHUsX mapameTrpa K # 0, mis moboro ¢ukcupoBanHoro y > 0.
PaccmarpuBaemblii Hamu oneparopH, ;. (K), K € T3 coBmagaer ¢ omepaTopom
H,, ., (K), ecnyi yuuThiBaTh 0003HAYEHHS (L = [y, A = U3.

OjHa U3 «IBYXYaCTUYIHBIX BETBEH» [Trmin (U, V), Tmax (U, V)] CyliecTBEHHOTO
cnekTpa oneparopa H, 3, (0) caBuraercs Kk —o0 C NMOPAIKOM U NPH U — +00, B
pe3yabTare KOTOpOro  OECKOHEYHOE YHMCIIO COOCTBEHHBIX 3HAYCHH OmepaTopa
"mornomaroTcs"  CymeCTBEHHBIM CHEKTPOM. I103TOMy BO3HHMKAET €CTECTBEHHBIN
BOIIPOC: CYIIECTBYIOT JIM COOCTBEHHbBIE 3HaueHus omeparopa Hy, ;. (0), nexamue
JIeB€€ CYIICCTBEHHOTO CHEKTpa  MPH JOCTATOYHO OONBIIMUX U U (PUKCUPOBAHHOM
A > 0, 1 ecu CyIIECTBYIOT, TO CKOJBKO?

B nanHoil paboTe MOKa3bIBaeTCs, YTO CYHIECTBYIOT KPUTHYECKHE 3HAYCHHUS
OTHOILIIEHUN Macc Y; = 2,9417u y, = 5,3985 takue, uro mpu modom A >0 u
y € (0,y,) omepatop H,;,(0) wumeer mo KpaiiHeli Mepe OOHO COOCTBEHHOE
3HadeHue, a npu y € (y,,¥y,) omneparop H, ;,(0) umeer no kpaiineil Mepe n1Ba u
npu y € (,, +00) UMEeT He MEHEee YeThIPEX COOCTBCHHBIX 3HAYCHUH, JICKAIIHX JICBEC
CYIIECTBEHHOTO CIIEKTpa JIJIsl JOCTATOYHO OONbIINX 3HaUeHu# U > 0.

[ycts T3-tpexmepusiit Top, L,[(T3)4],d = 1,2-runs6epToBO HPOCTPAHCTBO
KBA/IPATUYHO- HHTErpUpyeMbIX GyHKimi, onpenenennsix Ha (T3)4 u L [(T?)?] ¢
L,[(T3)?]-moampocTpaHCTBO CUMMETPHUYHEIX (DYHKIHI OTHOCHTENBHO HEPECTAHOBKH
NIepEMEHHBIX.

Tpexdyactnuublii  auckpetHsid  omeparop lpemunrepa H, ;. (K), K € T,
ACCOIIMMPOBAHHBIN C CUCTEMOM Tpex JacTuil (IBe W3 HUX - 0030HBI ¢ Maccor 1 wu

OJIHA - TIPOU3BOJIbHAA C Maccoit m = 1/y < 1), B3auMOJECHCTBYIONIUX C MOMOIIBIO
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MApHBIX KOHTAKTHBIX MOTEHHMAIOB [ > 0u A > 0 Ha TpexmepHOil pemerke Z3,
JEWCTBYET B THJILOEPTOBOM MPOCTPAHCTBE L‘Zy " [(T3)?] no dopmyie (cM. Hamp. [1])
Hu,/l,y(K) = HO,y(K) —u(Vy + V) — AV,
riue
(Ho, (f) (@, @) = Ex, (P, ) f (P, D),

Ex,(,q) =c(p) +e(q@ +ye(K—p—q),
3

@ =3-¢p), <= z cosp;, P = (p1,p2p3) €T,

i=1
VAP =| fesds N =] feads

V:H)@.a)=| f(p+q-s5s)ds.
T3

Ha tope T3 BpiOpana equHuuHas Mepa dp, T.c.
p p pa ap

f dp = 1.
T3
BBoaum cienyromue o603HaYCHUS

W—j ds W _J cos?s,ds W _f COS S, COS S, ds
s e(s)’ UWos es) T P ) e(s) '

Nuterpan W wnaszpiBaercs uHTerpasiom Barcona, a unrerpanst W;; u Wi, -

uHTerpajgaMu Tumna Barcona (cM. Hammpumep [3]).

IlycTh

1
~ 2,9417, = ——— = 5,3985.
Y2 WL, —w,

Y A

OcHoBHBIE pe3ynTaTbl npuBoOAATCA 17 ciaydas K = 0 1 cocTosAT U3 clienyromen
TEOPEMBIL:

Teopema. Ilycte A > 0. Eciut y € (y4,¥2), T0 cymectByer u(y,A) > 0 takoe,
uyTo ana moboro u > u(y,A) omeparop H,,,(0) umeer He MeHee IBYyX

COOCTBECHHBIX 3H3.II€HPII>’I, JICKaAIUX JICBCC CYHICCTBCHHOI'O CIICKTpPA.
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ACUMIITOTUKA COGCTBEHHBIX 3HAUEHUH BUJIATIJIACUAHA
C BOSMYIIEHUEM PAHT' A OJJUH HA OJTHOMEPHOM PEHIETKE
1Xaﬂxy9fcaee A. M., “Maxcuoosa M.I"
lthcmumym mamemamuxu umenu B.U. Pomanosckoeo, Tawkenm, ¥Y36exucman
2Camapranockuii 2ocydapemeennoiti yrusepcumem, Camapkano, Y3bexucman
Romanovskiy nomidagi Matematika instituti Samarqand bo’linmasi,
Iycte ¢%(Z) -runs0epToBO MPOCTPAHCTBO — KBaAPAaTUYHO-CyMMHUPYEMBIX
byHKIMHA, onpenenéHHbIX Ha Z. Mbl u3ydaeM CHEKTpalbHbIE CBOWCTBA CEMENCTBA
CaMOCOIMPSIKEHHBIX JUCKPETHBIX OIEPaTOpPOB ﬁu B THUJIHLOEPTOBOM IPOCTPAHCTBE
¢2(Z):
ﬁﬂ:=ﬁ0—ul7, u>0,
T.€., TUna oneparopos Llpeaunrepa Ha OTHOMEPHOM PEIIETKE.
3neck H, - mUCKpeTHBIH OUnariacua, T.c.
A,:= A
rae

i) = foo -TETDTIEZD - fe p

JMCKPETHBIN Jlaracual, u V' - onepaTop paHra oJivH:
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1 . 1 .
TH@ ={a /@ Tz /(72 x=12
0, x #+ 2.
O603HauKnM uepes
F2D) > (D), (FHE)= @072 Y f@)*
X€EZ
npeodpozaBanue Oype ¢ 06paTHBIM OTOOpAKECHUEM

d .
FLIA - @), (FHE) = @72 fo(p)-“f'Pdp,

rnex €Z, p €T.

Iyctes L*(T) -runs6epToBO HPOCTPAHCTBO KBAJAPATUYHO-HHTETPHPYEMBIX
bynkmmii, onpenenéHapix Ha T = (—m, w]. B uMIyIsCHOM TpeICTaBICHUN OTIEPaTOP
Hw neiicteyer B mpoctpanctse L (T) no popmyie:

Hy:=Hy—uV, pu=0,
rne Hy: = FH,F~* - oneparop ymaoxenus B L2 (T) Ha GyHKIHIO
£(q):= (1 — cosq)?,
uV:=FVF~! - uuTerpanbHsIii olepaTOp PaHTa OJIUH

1
VH®) = 5 jT cos2pcos2q f(q)dq.

Tak kak
o(Hy) = 0.s5(Hp) = [0,4],
B CWJIy KOMITIAaKTHOCTH orieparopa V' u treopemsl Beiist 0 COXpaHEHNUH CyIIECTBEHHOIO
CIIEKTpa MPU KOMITAKTHBIX BO3MYILICHUSAX UMEEM
O-ess(Hu) = 05 (Hp) = [0,4]
1151 mroboro w > 0.

Teopema 1. Jlna moboco p >0 onepamop H, umeem eduncmeennoe

cobcmeeHnHoe 3HaueHue e(u) 6HE CYWeCnB8eHHoc0 cnekmpa, a coomeemcmeyruiad

cobcmeenHas YyHKyus umeem 6uo
cos2p
e(p)—e(n)

fu(p):=
Kpome moeo:
1. e(u) < 0 0ns aroboco u > 0;
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2. pynxyusa u € (0,+0) - e(u) sewecmeenHo-aHAIUMUYECKASL, CIPO2O

yowvisarowas, cmpoeo goenymas 6 (0, +00) ¢ acumnmomuxoii

lime() =0 u lim - _1 1)
uNo p—+oo U 2
3. 071 00CMamo4HO MAIbIX U NOJIONCUMENbHBIX L 8EDHO PABEHCMBO
(—e()* =) A, @)
n=1
eoe Ay, n = 1,2, ..., - Oelicmeumenvhvie KO3hpuyuenmoi ¢
A =25, 4y =0, Ay=t 4, =220
1 — ) 2 ) 3 - 24’ 4 — 3 .

GENERALIZATION OF THE CAUCHY INTEGRAL FORMULA FOR A
CLASS OF FUNCTIONS H;
1Zhabborov N. M., ?Husenov B.E.
'Joint Belarus-Uzbekistan Intersectoral Institute of Applied Technical Qualifications,
Tashkent, Uzbekistan

Bukhara State University, Bukhara, Uzbekistan

Let A(z) e C™(D) be an antianalytic function, i.e. %A‘ =0 in the domain D c C;
z

moreover, let |A(z) < ¢ <1 for all z e D, where ¢ =const. The function f (z) is said

to be A(z) —analytic in the domain D if for any z e D, the following equality holds:

of of
a7 A(Z)E @)
We denote by O,(D) the class of all A(z)—analytic functions defined in the
domain D.
Now we assume that the domain D < C is convex and ¢ € D its fixed point. We

consider the function
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K(z,0) =2 t 2)

where y({,z) is a smtooh curve which connects the points {,zeD. Since the
domain is simply connected and the function A(z) is a holomorphic, then the integral

1(2)= j A(r)dz does not depend on of integration; it coincides with a primitive,
7(¢.2)

ie. 1'(z) = A(2).
According to, the function

v(z,a)=z—a+ I mdr

7(a,z)

isan A(z) —analytic functions, where a,z € D.

The following set is an open subset of D :

z—a+ J mdz'

7(a,z)

L(a,r) = {I y(z,a)|= < r}
For sufficiently small r>0, this set compactly lies in D (we denote this fact by
L@ r)cc D) and contains the point a. This set L(a,r) is called the A(z)-
lemniscate centered at the point a. The lemniscate L(a,r) is a simply — connected set
(see [4]).

Initially, we introduce the Hardy class for A(z)-—analytic functions. Let the

convex domain D < C have a smooth boundary oD. Then the Hardy classes H" by

definition consist of A(z)—analytic functions f €O,(D), and V& >0, for which

lim [ (£ —ev,) Pld¢ + AQ)AS | <o0, ®3)

where v, is the vector (unit) of the external normal to oD at point ¢ and p>0. The

¢

Hardy class in the domain of D is A(z) —analytic functions is denoted as H}.
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Now, we introduce an angular limit for A(z) —analytic functions.

Designation 1. The A(z)—analytic function (&) is denoted the (angular or

non-tangential) boundary function for function f(z); we will often write

f*(g)ziii? f(z) a.e. £ eoL(a;r).

Here, if we fix £, edL(a;r), and insert y(z;a) = pe”, w({,;a)= re'”, substitutions,
then f(z) tends to f () with z tending to £, inside any sector of the form
0 — @y <c,(r— p), where ¢, =const, 0<&<2zand 0< ¢, <27.

We show that class H; coincides with the class of functions represented by their

angular boundary values in the convex domain D < C have a smooth boundary oD
by the Cauchy integral or, in short, by their Cauchy integral.

To do this, we give the following theorem:

Theorem 1. A(z) —analytic function f(z) belongs to class Hy, if and only if its

angular boundary values f (&) satisfy condition

[ £Ew G a)(d +A)dS) =0, k=012...

From this, for functions f of the Hardy class H; (D), the Cauchy formula
f(2)= [ F(OK(@)(dS +A)dS), 2D
oD

is valid.
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CBSA3AHHBIE COCTOSHUSA CUCTEMBbI JIBYX ®EPMUOHOB B
HOANMPOCTPAHCTBE
JK.H. A60yinaes™?, A.M. Towmypoues*

L Camaprandckuii 2ocydapcmesennviii ynusepcumem, Camapkano, Y36exucman
2H)Ltcmumym mamemamuxu umenu B. U. Pomanosckoeo Akademuu Hayx
V36exucmana, Camapranockuti punuan, Camapxano 140104, Y36exucmarn

e-mail: ,

CBsi3aHHBIC COCTOSHUS TaMUJIbTOHHAaHA H CHCTEMBI ABYX OJMHAKOBBIX YACTHII
Ha OJTHOMEPHOM pelieTKe HM3ydaluch B pabote [1], Ha IByMepHO perieTke B paboTe
[2-3]. HHBapuaHTHBIC MOANPOCTPAHCTBA M COOCTBEHHBIC 3HAUCHHUS OIepaToOpa
HIpenunrepa H(K) cucrembl 1ByX (EepMHOHOB Ha TPEXMEPHOH pelIeTKe
UCCIIeIOBANUCH B padoTte [4].

3mech MBI M3y4aeM CBS3aHHBIC COCTOSHUS TaMUJIbTOHMAaHAa H CUCTEMBI NBYX
GepMHOHOB Ha TpexMepHO# pereTke Z3. MHBIMU CI0BAMHU, MBI H3y4aeM JAUCKPETHEIH
cnektp  cemeiicta  omepatopoB  H(k), k = (ky, ky, k3) € T3 = (—m; )3,
coorBercTBytonue H. Onepatop H(k) nelicTByeT B T'MJbOEpPTOBOM MPOCTPAHCTBE
L3(T%) = {f € Lo(T®): f(—=p) = —f ()} no dopmymne

H(K) = Hy(k) = V.

HeBo3myrennsrii oneparop Hy(K) ects omeparop yMHOKEHUS Ha (DYHKIIHIO

_ kq 2 ks
e(p) =6 — 2cos7cosp1 — 2C057C05p2 — 2c057cosp3.

Oneparop Bo3MyILeHHs1 V ABIISeTCS HHTerpaabHbIM onepaTopoM B LS (T?) ¢ aapom
2m)—=72 v(q-s) = 2m)A(FD)(q - 9),
U IPUHAIJISKHUT Kiaccy onepatopoB ['misoepra-1Imuara ).,

OtHOCHUTENbHO (GYHKIIMKA D MPEIOIaraeTcs, 9To
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u(n), ecim |ng|+|ny| <1
0, eciu |ng|+ |ny| = 2

D) = (s, mz,m) = |
rae [n| = |ny| + |n,| + [n3|, u: N - R, aBasgercs yobiBaromiei GpyHKIHEH, KOTOpast
YIIOBJIETBOPSIET CICIYIOIIUM YCIOBUSIM

u()>u@)>-->0 u Y,un) < oo,

[ycte L§(T) = {f € L,(T): f(—p) = f(p)} — mOAIPOCTPAHCTBO, COCTOSIICE
u3 4eTHbIX pynkuuii Ha T = (—m, ).

3BeCTHO, YTO MPOCTPAaHCTBO HeueTHbIX (GyHKumit LS (T?) MoXkHO IpencTaBuTh
B BUJIE NPSIMOU CyMMBI

L5(T%) = L7 @ L; ® L3 @D Lips.

3mecy moampoctpancto Ly (a € {1,2,3}) cocrour u3 osnementoB f € LY(T3),
KOTOPBIC HEYECTHBI TI0 P, YSTHBI TIO APYTHM KOOPIHHATAM.
Hanpuwmep,

I3:= L5(T) @ L(T) @ I3(T), Ly, :=L3(T) ® L3(T) ® LY(T).

Jlemma 1. Iloonpocmpancmea Ly, L, L3 u Li,3 Aeraiomcsa uneapuanmHuimu
omuocumenvro onepamopa H(K).

JTa JjeMMa JoKa3bIBaeTcs aHaorudno Jlemme 2 u3 [4].

O6o3naunm uepe3 Hj (K) cyxenue omeparopa H(K) B HHBapHaHTHOM
noanpoctpanctse L3 T.e. H3 (K) = H(K)|;.

Cyxenue V3 omnepartopa I/ B MHBapUAHTHOM MOJIPOCTPAHCTBE L3 JEHUCTBYET

o gopmyiie:

1

V5 Hp) = P 3u(l)sinpgsinqg; + 2 Z u (n + 1)[sinnpssinngzcosp,cosq; +
T n=1

+sinn ps sinn q; cos p, cos q, + sin (n+ 1)ps sin (n+ 1)q3]} f(q)dq.
Eciu Tpethst koopauHaTa k4 MOIHOTO KBasuuMItyjabca K paBHa 77, TO omepaTop

H3 (kq, k,, ™) iMeeT OECKOHEYHO MHOT'O HHBAPHAHTHBIX TOAMPOCTPAHCTB

R;(m) =L5(T) ® L(T) Q L°(n) c L3, n €N,
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1.
rae L° (n), ogHOMEpHOE MOAIPOCTPAHCTBO, HATIHYTOE Ha BEKTOD W, (p) = Z=sinnp.

Jlemma 2. Ilycmo nomenyuan ¥ umeem 6uo (3). Tozoa ons mob6oeo n € N
noonpocmparncmeo R3 (n) seisemes uneapuanmuvim omuocumensro Hz (kq, ko, ).

Teneps MbI ¢ GOPMYITHpPYEM TEOPEMY, SBIISIOIICHCS OCHOBHBIM PE3yIbTaTOM
JTAaHHOU PaboTHI.

Teopema 1. /us mob6ozo ki € (—m, ], onepamop Hj (ki, w, ™) umeem
OeCKOHEeYHO MHO20 COOCMEEHHbIX 3HaYerHuu, Jeaxcawux Jjeeee CYuecmeeHHoco
cnekmpa.

MBI MOXXKEM 3aKiIHunTh, 4To onepatop Hi (kq, @, m) uMeeT OECKOHEUHO
MHOTO COOCTBEHHBIX (DYHKIMI, JeXalux B mnognpoctpaHcTBe L3. Ilpu kaxmom
n € N omepatop Hj3 (ky, m, m) umMeeT XoTs Obl OXHY COOCTBEHHYIO (YHKIIHIO,
nexariyio B Rz (n).
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Ob ABCOJIKOTHO HEITPEPBIBHBIX KBAJAPATHUYECKUX
CTOXACTHYECKHUX OITEPATOPAX
Anopos O.V., lllamcuoounos H.b.
Tawkenmckuu 20cy0apcmeenHvlti mpancnopmuulil yHueepcumem, Tawkenm,
V36exucman
Axaodemuueckuii nuyeu TI'TY umenu U.A. Kapumosa, Tawxenm, Y36exucman
E-mail: shamsiddinov1974nb@gmail.com
[Mycts (E, F) w3mepumoe mnpoctpanctBo u S(E,F)  MHOXecTBO Bcex
BeposiTHocTHBIX Mep Ha (E, F). Orob6paxenue V:S(E,F) — S(E, F) Ha3biBaercs
KBa/IpPATUYHBIM CTOXAaCTUYECKUM OIepaTopoM (K.C.0.), €clid HJisi J0o00H Mephl

M€ S(E,F), eé obpa3 VA onpenensercs paBeHCTBOM

VA = [, [, PCxoy, AdAG)A®D), (1)
rae A € F u cemeiictBo mepexonusix Bepostnocreii {P(x,y,A):x,y € E,A € F}
YIOBJIETBOPSIET YCIOBUSIM:

1) ns mo6wix X,y € E, P(x,y,") € S(E,F);

i) g1 moboro A €E€F ¢ynkuus P(x,y,A) wusMepumMa OTHOCHTEIHHO
NEePEMEHHBIX X, V;

i) s mo6six x,y € E,A € F,P(x,y,A) = P(y, x, A).

K.c.0. (1) Ha3pIBaeTCs MUCKPETHBIM, €CIIM MHOKECTBO E KOHEUHO WJIM CUETHO.
K.c.0. (1) Ha3pIBaeTCst aOCOMIOTHO HETIPEPHIBHBIM €ciin 1t 1000 mepsl A € S(E, F)
Mepa VA abGcontoTHO HempephiBHA OTHOCUTEIBHO MEPHI A.

Ecmu E xoneuHo, B [1] qokazano 4to k.c.0. V abCoOIIOTHO HEMPEPHIBHO TOTJa U
TOJIBKO TOT/1a Koraa V' BOJBTEPPOBCKUI OTIEPATOP.

B a10i1 paboTe Mbl paccMoTpuM ciiyyai korjaa E cueTHOe MHOXKECTBO.
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[Iycte E = N- MHOXECTBO IOJIOKUTENIbHBIX LIEeNbIX yucen. Ha sTom MHO)kecTBe
CEMENCTBO IMEPEXOIHBIX BEPOSTHOCTEU {P(i, j.{k}D) = P; kL, KEN } OIpeneIsieT

a0COJIFOTHO HerepLIBHLIﬁ K.C.0., €CJIn

0, ecnu k & {i,j}
Py = 1a, eCJII/.I].=l+1I/Ik=.l' )
> ecd|i—jl=2uk € {i,j}
Taxk xak Pij,i + Pl],] = 1, nu3 Pi(i+1),i = a CIcaycT Pi(i+1),i+1 =1—a.
Jlnst mpou3BONIBHOTO X = (X1,X3,...) € S(N,F) eciu a =1, cemeiictBo (2)

IMOpPOKIACT K.C.O.

_ x1(1+x,) npu k=1
V) = {xk(l — Xj—1 + Xpyp) Tpu k> 1 )
u ecin o =0, ceMeicTBO (2) MOPOKIAET KCO
_ x;(1—x,) npu k=1
V) = {xk(l + Xp_q — Xppp) TIpU k> 1 (4)

B »T0if paboTe MBI H3ydyuM TpENeTbHOE IMOBEACHUE TPACKTOPUN abCOIIOTHO
HEMpepbIBHBIX onepatopos (3) u (4).
[Iyct n = 3. Torna (3) cienyromum oOpa3oMm:

x'1 = x.(1+xy),
x'y = x3(1 = x1 + x3), (5)
x'3 = x3(1 = x3).

Tak Kak X1 +x,+x3=1, x3=1—2x; —x, Oynem UCCIIEIOBAThH

CJIEIYIOLIEE YPABHEHHE

x1 = x1(1 + x3), X1%; =0,
Xy =Xy (1 —x1 + X3), = X2X; = Xy X3, =x+x3=1, x, =0 wm
X3 = X3(1 - xz) X3Xy = 0

X, =x3 =0, x, =1 HenoABMXKHOM ToUKa I oneparopa (5).
Teopema 1. /[ KBagpaTHYHOTO CTOXACTHYECKOTO omepaTopa (6) cripaBeinBa
CJICNICIOIINE YCIIOBHUS:
1.(1;0;0), (0;1;0) u (0; 0; 1) TOukH ABISICTCS] HETIOIBHYKHOM.
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2. MHoxecTBa Si={xeSIN,F)ix; +x3=1,x, =0} SBJISICTCS
HEMOJBIKHBIX TOUEK orepaTtopa (6) U TpaeKTOpHs ¢ 000 Ha4YaabHOM TOYKOHM U3
S(N, F) cxoauTcst K TOYKE U3 MHOXKECTBA S .

Jloka3zaTeibCTBO.
1. Ecu x = (1; 0; 0), Toraa omnepatop (6)

x,1 =1- (1 + 0), x’]_ = 1,
x,2:0(1_1+0), x,2:0,
X’3 =0- (1 - O) X’3 = 0.

OcTanbHble aHAJIOTUYHO.
2. Ecou x €S, ={x€S(N,F):x; +x3=1,x, =0}, torma omeparop (5)

CIIEIYIOIINIT BU:

X’l == x1(1 + 0), x,1 = Xl,
x',=0-(1—x; +x3),=<{ x', =0,
x,3 == x3(1 - O) x,3 = X3.

Teopema 2. J[51s m100BIX N, CIEIYIONTUE TOYKH MHOYKECTBO

B, = {xl 252/12] X,i_1 =1, W BceocTasbHble Xy; = 0,0 = 1..[n/2]} 17001

B, = {xl 252/12] X,; =1, W BCe OCTaJIbHbIE X,;_1 = 0,0 = 1..[n/2]} SBIISICTCS

HETIOBMDKHOM TOYKa JijIs onepaTtopa (3).
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EMKOCTHBIA AHAJIOT TEOPEMBI JIY3UHA O C — CBOMCTBE
Jayocanos Aunazap Illeinnazaposuy
Kanouoam guszuxo-mamemamuueckux Hayxk, 0oyenm xapeopvl Mamemamuieckozo
ananuza Kapaxannakckoeo 2ocyoapcmeento2o yHusepcumema um.bepoaxa, . Hykyc
E-mail:aynazard@mail.ru
B nannoii pabotre gaHo o06oOmeHue TeopeMbl A. Kaprana o cBoiicTBax
HEIMPEPBIBHOCTU NOTeHIHana Pucca.
bubmuorp: 11 HauMeHOB.
N3 dbynnamenTansHoi Teopemsbl JIysuHa o C —CBOMCTBE CIIEAyET, YTO BCAKas

u3MepuMasi (DyHKIUSI SIBJISIETCSI HENPEPBIBHON BHE HEKOTOPOTO MHOMKECTBA MAaoi
Mmepel. Tounee, mnsa mo6oit msmepumoit Ha R" ¢Gyskuum U u moGoro &£>0
cymectBytor Takue ¢yskimusi Ve C(R") u otkpseiroe mHOxkectBo U, < R", ms
KOTOPBIX

u(x)=v(x), xeR"\U,_, mU,) <& (M- mepa Jlebeca na R").

OTH BONPOCHl HCCIIEOBAIA MHOTHUE aBTOPBI, CPEAU KOTOPBIX OTMETUM
cnenytomux:  X.Yutau,  A.J[.AnexcanmpoB, K. opdman, A.Il.Kanpaepon,
A.3eirmynn, X.®eaepep, E.2.Mosmosuu, ®@.JIny, III.A.Anumos, T.barou, B.3umep,
b.bospckuit, I1. Xainam, I1.Crpxenenkuit, x.Maiki.

A.CanynnaeB u P.MaapaxumoB (cM. [4]), uzydasi riIagkocTu 00Jiee BHICOKOTO
nopsiiKa JJisi CyOrapMOHMYECKUX (YHKIIMI BBEU MOHATHE Xayc1opdhoBbId OXBaT s
OIICHKHM OTOpachIBa€MbIX MHOXECTB. Takue 3amadyvl Jisg CyOrapMOHUYECKUX W

IUTIOpUCyOrapMoOHUYecKuX (DYHKIIMI ObUIH MCClIeI0BaHbl B cepuun padoT [4-9], [11].
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Teopema 1. (A. Kaptan [1-3]) ITycts U/ (X) — mpou3BOJIBHBII MOTEHIHA.
Torma aus smo6oro ¢ >0 cymectByer oTKpeiToe MHOXecTBO U, — R" ¢ éMKOCTBIO
Cap,_,(U,) < & Takoe, uto notenman U% (x) menpepsiser Ha R" \U,

Onpenenenne. Tosopar, uro ¢yukuus U(X), onpemenennas ma G,

npuHaexkut knaccy Lip,(G), #>0, ecnmu cymectByior ompeneneHnbie Ha G
byHKIHN u(j),‘ j‘ < f3, takue, ato U? (x) =u(x),
| u(x) A :
uP(x+hy- > Th <M )|, x,x+heG,|j|<p.
|j+l|<B .
3aeck J=(Jy,eens Jpo)l = (..., 1) —MyaBTUMHIEKCH,
l§[= Jy + ot Jp, =00 L R =he b
3ametnM, uto B caydae G=R" kmacc ¢ynxumu Lip ﬁ(R”) MMEIOT IMPOCTHIE

nuddepeHranbHble CBOMCTBA.

Teopema 2. ([5]) Ilycts B:0< B <. Torma aus modoro & > 0 cymectByer

N
oTkpeIToe MHOXecTBO G, = R" ¢ xaycnopdossim oxBatom Hn+5(G,) <& Taxkoe,

gro noteniman U/ (X) npunamiexut knaccy Jlummmma Lip, o Ha KOMIAKTHBIX

noamHoxkectBax pasHoctd R"\ G, . 3mecs Lip 50 = ﬂ Lip, . Cienyer oT™MeTHTB, YTO
p<p

N AN
npu o = 3 xaycaopdos oxsar Hnaip = H, coBmagaer ¢ mepoii Jle6era m ma R".

Teopema 1 mpencraBnsier coboi EMKOCTHBIN aHanoOr Teopembl Jly3uHa st

cyOrapMoHMYECKUX (QYHKIIHM.

MB&1 6yaeM paccMaTpuBaTh IIaAKOCTh MoTeHmana Pucca U’/ (X):

U;‘(x):f%, O<a<n.
Y
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Hameli menpto sBIAeTCS TONY4YCHHE AHAJOTUYHBIX  PE3YJIbTATOB O
HETIPEPHIBHOCTH MOTEHITMATIOB. BO MHOTUM MBI OyJeM CJeI0BaTh UACSIM U METOJIOM
paboThl [4].

Teopema 3. Ilycts pB:0<pfB<a,BeN. Torma mas moboro &>0

CyIIECTBYET OTKpbiToe MHOkectBo G, —cR" ¢  xaycmopdoBelM  OXBaTOM

N
Hn-o+5(G,) <& Ttakoe, uro morenuman Pucca UZ(X) NpUHALIEKHT KIaccy
JIunmmna Lip 5 Ha KOMITaKTHBIX IIO]MHOXXECTBAX Pa3HOCTH R"\G,.

Teopema 3 06001aer TeopeMy 2.

ABTOp  BBIpaXawT  Taybokyro  OmaromapHocts  A.CanymiaeBy
C.A.IMOMKyYJIOBY 3a MOMOIIb M MOCTOSIHHOE BHUMaHHE 3a paboTy, 4acTb KOTOPOH
Obly1a OCBEIIEHA B 3TOW CTaThe.
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O TOYHBIX OHEHKAX JISI MAKCUMAJIBHBIX OITIEPATOPOB
YWxkpomos U.A., 2Eapakaee AM
lthcmumym mamemamuxu um. B.U. Pomanosckoeo, Camapxano, Yzbexucman,
2Camapranockuii 2ocydapemeentviti Yuusepcumem, Camapkano, Y30exucman,
e-mail: ikromovl@rambler.ru, azamatl 9@mail.ru

[lycts S —rmamkas rumepnoBepxHocth B RM1

u dy=\ydo, tme do-
uHaynupoBanHas Jleberoa Mepa Ha S U P OECKOHEYHO-TJIAKass HEOTpHUIATEIbHAS
gynkuus ¢ kommakTHeM HocuTeneM B R™l(re. € CP(R™1)). Uepes &
0003HAaYMM OOBIYHYIO TOMOTETHIO 3a/JIaHHYIO dopmymoit  §:h(€) = h(td).
PaccmoTpum crnenyrommil MakCUMaIbHBIN ONIEPATOP

Mf(x) = sup

t>0

fs f(x — ty)(@)do®)|. )

Onpenenenue 1. ['oBOpsAT, YTO MaKCUMAaIIbHBIN omepaTtop M orpanuyeH B LP,
€CIIM  CYHIECTBYET MOJIOKUTENLHOE YHCIO C,Takoe, 4YTO Ui JI00OH (GyHKIMH
f € C°(R™1), BemonHseTCA HEPABEHCTBO:

IMflle < Cpllfllie, (2)

rae ||-||p -ecTBecTBeHHAs HOpMa pocTpaHcTBa LP.
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Onpenenenue 2. Oynxius @ (x) HazpiBaeTcsl QyHKIMEH KOHEYHOTO JIMHEHHOTO
TUMA IO HANPAaBJICHUIO EAMHUYHOTO BekTOpa {€R™ B Hayalle KOOPJUHAT, €CJIH
cymectByeT N = 2 Takoe, 4yTo Dév @(0) # 0, rne D¢ P —npounsBoanas pyHkuuu @ 1o
HaIpaBJICHUIO BeKkTopa ¢ B Hauaje koopauHaT. Eciu @ nmeer KOHEUHBIN JTMHEHHBIN
TUN JUIS KaXJIOTO eIWHUYHOTO EE€R™, TO TOBOPAT, YTO THIEPIOBEPXHOCTH S =
{x, ®(x)} nMeeT KOHEUHBII TUHEHHBIN TUII B TOUKE (O, ®(0)) (em.[1]).

B pabote [2] nokazaHO 4TO, €cid S BBIIYKJIAs TUIEPHOBEPXHOCTh KOHEYHOTO

JMHEWHOTO TUNA U P = 2, TO YCIOBUE

1
d(x,H) P € Lip(S) (3)
SBJISIETCSI HEOOXOJUMBIM M JIOCTATOYHOM JJIi OTPAHUYCHHOCTH MAaKCHUMAaIbHOTO
oneparopa B LP(R™1), t.e. ymosnerBopsior HepaseHCTBY (2), rme H -mroGas
THIIEPIIOBEPXHOCTh HE TMPOXOJsmiasics uepe3 Hauyano koopauHaT u  d(x, H)-
paccrosiuust oT x € S 1o H. B pabGore [3] mokazaHo, uTo eciu S C R3 rmanxas
THIEPIIOBEPXHOCTh, TO Tipu p > h(S) = 2 (rme h(S) BBICOTa THUIMEPIOBEPXHOCTH,
BBeJIcHUA B Kjaccuuyeckoi pabore A.H. Bapuenko[4]) To MakCUMaJIbHBIA OMEpaTop
orpanndeH. M3 pesynpratoB C.JI. Corru [5] cheayer, 4TO €CIM B KaXKJIOW TOUYKE
TUMEPIIOBEPXHOCTH S XOTS Obl OJIHA W3 TJIABHBIX KPUBHU3HBI OTIUYHO OT HYJIS, TO
MaKCUMAaIIbHBIA omepaTop orpanudeH B LP mpu p > 2. Onnako, Bompoc 00
OTPaHUYECHHOCTH MaKCUMAaJILHOTO OomepaTopa Mpu p = 2 0CTAeTCs OTKPBITHIM.
[Ipenmnonoxxum, 4T0 B HEKOTOPOW OKPECTHOCTH Haydajla KOOPJWHAT BBIMYKJIAs
MOBEPXHOCTH S 3a/aHa clieayromieit GopmyIiou:
z=Fxy)=x*1+Ax)+B) + () +C, 4)
rne C # 0 HexoTopast KoHCTaHTa M @ (V) €CTh BhIMYKIas (QYHKIHS, W MPOU3BOTHBIC
BCEX TOPSIKOB oOpainatorcss B Hyidb B Touke 0, To ecth0 = @(0) = ¢'(0) = -+ =

@™ (0) = ---. Hamee o6osnaunm uepe3 d(Y,H)— paccTosHue OT TOYKH Y =
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(x,y,z(x,y)) TOBEpXHOCTH 10 €€ KacaredbHOH IIockocTr H. IlomydeHHBIH
pe3yabTaT Mbl CHOPMYIIMPYEM B BUJE CIAEAYIOLIEH TEOPEMBI.

Teopema. Eciiu S — Beimykiasi MOBEPXHOCTh, 3aJaHHOU C (opmynon (4) u
GbyHKIHUS @ TUIOCKasl B Hayajda KOOPJAMUHAT, TO cyliecTByeT okpecTHOcTh U Touku (0;
0; C) Takasi, 4TO CJIEIyIOUIUE YCIOBUE IKBUBAJICHTHBI:

1. MakcumanbHBIA OIepaTop omnpeaeneHHbii ¢ Gopmynoi (1) orpanwdeH B
npoctpanctse L2 (R3);

2. CripaBesiBO CleNyIolee BKIIOYCHHUE

d(x, H) 2 € Lo (S).
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HCCJIEJOBAHUE CYIIECTBEHHOI'O CIIEKTPA OJTHOM
OIMEPATOPHOM MATPUIIbI YETBEPTOI'O NOPSIKA
X.M. Jlamunos
Byxapcxuii 2cocyoapcmeennviii ynueepcumem, byxapa, Y3bexucmarn
h.m.latipov@buxdu.uz

MHorue Hay4yHO-NPUKJIAJHBIE MPOOJEMbl  MPUBOAATCS K  HU3YUYCHUIO
CHEKTpPaJIbHBIX CBOMCTB OJIOYHO-ONEPATOPHBIX MATPHI], 3JIEMEHTbl KOTOPBIX
ABJIIIOTCA  JIMHEWHBIMM ~ OIEpaTopaMu, JEHCTBYIOIIMMU B OaHaxOBBIX WM
ruIL0epTOBBIX MpocTpaHcTBax [1]. B Hacrosiiei 3aMeTKu paccMaTpUBaETCs
OllEpaTOpHas MaTpulla 4YeTBEpPTOro mnopsaka Az, KoTopas COOTBETCTBYET
raMUJIbTOHUAHY CUCTEMY C HECOXPAHSIOLIMMCS YUCIOM U He 0oJiee YeThIpeX YacTHUIL
Ha pemieTrke. OHa CBsI3aHA C MOJENbIO CIMH-0030H € HE OoJiee YeM TpeMsi JOTOHAMU B
eBKIHI0BOM mpocTpancTBe RY, T.e. B 6030HHOM (DOKOBCKOM IIPOCTPAHCTBE HAaJ
L,(RY,C?), n3yuennoit B pabore [2]. ONMCAHO MECTOIONOXKEHHE CYIIECTBEHHOTO
cnekrpa omneparopa Az, T.e. BBLACIECHBl JABYXYacTUYHAs, TPEX4YacCTHYHAs U
YETHIPEXYACTUYHAsI BETBU CYIIECTBEHHOI'O CIIEKTpa orneparopa A;. YCTaHAJIEHO, YTO
CYLIECTBEHHBIN CHEKTp ONepaTOpHOW MaTpullbl Az COCTOUT U3 OOBEAUHEHUS
OTPE3KOB, YUCIIO KOTOPHIX HE OosbIie 14.

Iycte dEN u TY = (—mmn]? - d-mepHBIii Ky6 C COOTBETCTBYIOIIMM
OTOXIECTBICHAEM HPOTUBOMONOXKHBIX  Tpameit, L,((TH™), m=123 -
TMJIOEPTOBO MPOCTPAHCTBO KBAAPATUYHO-UHTETPUPYEMBIX (KOMILIEKCHO3HAYHBIX )
dynximii, onpenenernbx Ha (TH™ n

F(Ly(TD):=CB Ly(TH D Lo(TH) D ...
FO(L,(TY)):=CD Ly(THD L,(TH D ... D L,(TH™), m =1,2,3;
HM:. =2 QF™M(L,(TY), m=1,2,3.
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I'mns6eproBo mpoctpanctBo F(L,(TY)) nassiBaercs mpoctpanctom PDoxa, a
FM(L,(TY))- m + 1-uactmurOe 06pE3aHHOE IOANPOCTPAHCTBO IIPOCTPAHCTBA
doka.

B runsbeproBom mpoctpaHcTBe H () pacCMOTPUM  TPUAUATOHAJIBHYIO
OTIepaTOPHYIO MaTPHILY

Ago Ao 0 0
01 A1 Az O
0 A;, A Axi/
0 0 23 Ass

A3:=

C MaTpUIHBIMHU 3JICMCHTaMU

Aoofo(S) =S¢ 0(5), A01f1(5) - aj
T

vV ()t

(A1 f, ) (hy) = (se + wlk))A (), (Arafy ™) hy) = jT vOf kDt

(Ao i) (ky, kep) = (se + wlky) + w(k )£ (ky, k2), (As 20 (K, k)
= j v(t) 0 (ky, ko, ) dt,
Td

(Assfy ) (ke Ky, k) = (s& + wke) + ko) + w(k))fy ™ (ky, ko, k).
3nech {fo(s), 1(5), 2(5), 2(5), s=+4}eHO); Aj; conpsokeHHBIH oneparop K A;j, i < J,
dyrknmm v(+), w(-) SBIIOTCA BEIIECTBECHHO3HAYHBIMM M HempephlBHBIMK Ha T9,

npu4eM miréw(k) =0, a>0 - '"napamerp B3aumozeiicTBusa". B 3TuHX
KET

NPEANOJIOKEHNUAX OlepaTopHas Marpuua Az  sBIIETCS  OIPaHUYEHHOM H
i 6 H®
CaMOCOIIPSYKEHHOU B THIILOEPTOBOM ITPOCTPAHCTBE :

C menpro HMCCIEIOBAaHUS CIEKTPAIBHBIX CBOWCTB OINEPAaTOPHON MaTpuibl Az,

ONPENEIIMM JIBa OrPaHUYEHHBIX CAMOCONPAXKEHHBIX omneparopa A,,, m = 1,2,

neiicteyromux B ™ B Bune (m + 1) X (m + 1) onepaTopHEIX MaTpHI
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A A 0
A A 80 01
A11=< SO A01>’ Ay = o1 A1 Aq
o1 H 0 Aiz Ay,

PaccMmoTpum ermie ciieqyrone TpU OrPaHHYEHHBIX CAMOCONPSDKEHHBIX OIEpaTopa

AE,SL), m = 1,2,3, s = +, xotopsie gaeiictByior B F ™ (L,(TY)) B Bugme (m + 1) X

(m + 1) omepaTOpHBIX MaTPHIL
A(s) A Agsg AOl 0
(). — [ “fo0 01 ). — | s+ A A (s).
A= ( e A(s))’Az =1 Aoy Agsf Ay, | A3
11 0 s A(S)
12 22

C MAaTPpUYHBIMH 3JICMCHTaMH

Agso)fo = sefo, Aorfi = 0‘]

T

OIAOL

A ) (ky) = (=se + wle)fi(ky), (Aiof)(ky) = @ f

T

(A5 f) (k1 k) = (s& + w(ky) + w(ko)) fo (ke kz), (Asfs)(er kz)

—a f (©fs (s, ey D),
(T9)2

v()f2(ky, t)dt,

(AS) f3) (e, kp, kes) = (—se + wlky) + wlky) + w(ks)) fs (ky, ko, k),
(for f1) € FO(Ly(TY), (fo fu f2) € FAULy(TY), (fo fur f2r f2)
€ FO(Ly(TH).
VY cTaHOBUM CBSI3b MEXAY CIIEKTPAMHU ONEPATOPHBIX MaTpull A,, u Ag,sl), s = +.

Jlemma 1. Ilycmoe m = 1,2,3. Meowcdy cnekmpamu onepamopuvlx mampuy A,

u A, s = + cnpaseonuso pasencmeo o(Ay) = a(AS) U 0(A%?). Kpome mozo,
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Oess(Am) = O-ess(A‘Er-:)) U O-ess(Agrz))' O-p(Am) = O-p(Ag::)) U O-p(AEr:))-

[Ipu m = 1,2,3. 4acTh JUCKPETHOTO CIEKTPA Ogjqc (A,(:L)) OIEePaTOPHON MATPUIIBI A,(qi)

S o —=S
MOJKET JIekKaTh B CYIIECTBEHHOM CHEKTPE Oggg (Agn )) ONEepaTOPHON MATPHUIIBI A,(n ),

HOBTOMy HMCHKOT MCCTO COOTHOIIICHUA
Taise(Am) € Taisc(A) U 0aisc(A5)),
Odisc(Am) = {Taisc(AS) U 0isc (AS ) N\ Tess (Am).
Touiee, Ogisc(Am) = Us=s (Taisc(As ) \Tess (A5 )}
O6ostatnm 0, = Uy, era (W(ky) + 0gisc (A5 )],
ol = Uy, erd {w(kl) + Ogisc (Ag_s))} U Up,erd {W(kl) + 01(5)},

2= 6 U [se, se + 3M].
MecTonosioKeHe CyleCTBEHHOTO CIIEKTpa orepaTopa A3 ONUCHIBAETCS CIEAYIOIECH
TEOPEMOM.
Teopema 1. Cywecmsennwiii cnekmp onepamopa Az cosnadaem ¢

+ - + -
MHOHCECBOM Zg )y Zg ), m.e. Opss(Az) = Zg )y Zg ). Bonee mMo2o, MHOHMCECMBO
Ooss(A3) mpeocmasnsiem coboti 006veOunenue He 00ee UeM UemblpHAOYAMuU
Ompe3Kos.

Bsenem nogMHO)keCTBa
Oowo(A3):= Uyera (Wlkn) + Gaisc (A5 )} U Upera W (ke + Gaise (457));
Othree (A3): = Uy, era {(w(ky) + Ul(_s)} U Uy, era {w(ky) + 01(5)}}
Otour (A3): = [—¢,—€ + 3M] U [g,& + 3M]
CYILIECTBEHHOT'O CIIEKTPA ONEPATOPHOU MaTpHULbI Aj.

MHOXECTBE Oty (A3), Tihree(A3) U Ofour(A3) Ha3BIBAIOTCS JABYXYAaCTUYHOM,
TPEXHYACTUYHON M YETHIPEXYACTUYHON BETBAMM CYIIECTBEHHOTO CIEKTpa omeparopa
A3, COOTBETCTBEHHO.

Jlureparypa

1. C.Tretter. Spectral Theory of Block Operator Matrices and Applications.
Imperial College Press, 2008.

2. 10.B.KXyxkoB, P.A.Munnoc. CriekTp u paccesstHue B MOJEIu ""ClIUH-0030H" C
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YTOUHEHUME JJEMMBbI JIEJIOHA O INIIOPUTAPMOHUNYECKHUX
O YHKIUAX
Maopaxumos P.M., Omonos O.U.
Tawkenmckuil 2ocyoapcmeennslil nedazo2uieckull yuusepcumem, Tawkenm,
V36exucman
E-mail:

[Iycte C" - KOMIUIEKCHOE IIPOCTPAHCTBO (n > 1), B= {Z eC": ‘Z‘ <1} -OTKPBITBIN

eanHNYHbI map B C" ¢ HeHTpOM B Hayaje KOOPAWHAT, TPAaHHIA KOTOPOTO SBIISIETCS
chepa
S={zeC":|z|=1}.
[Tycts Takke D —dukcupoBannas obmacts B C". Xopomo u3BecTHO dTO,

dyrkums  f(z)eC?(D) HaseiBaercs mumopurapMoHndeckodi B D, ecinu oHa

2
YAOBJIETBOPSET ciaeAyronmuM N° - nuddepeHinaibHbIM ypaBHEHUSIM
0*f (z) .
g (i, j=1...n).
0Z,0Z;

["apTorca u JlenoHa yTBep:KIaeT, UTO CenapaTHO-rOJOMOP(HbBIE WIH CeapaTHO-
rapMOHUYECKHE (DYHKIMU  SIBISIOTCS, COOTBETCTBEHHO, TOJOMOP(HBIMU WM
FapMOHUYECKUMH (PYHKUMSAMH MO COBOKYITHOCTH NEPEMEHHBIX. PaguanbHblid aHAIOr
OCHOBHOW  Teopembl [aprorca Obin  gokazan @D.Dopemmm  (1978) w

P.M.MaapaxumoBbiM (1986).

B pabote ®@.Doperu [2] nokazana cieayromias Teopema:

Teopema. Ilycte B-oTkpeiThiil equamunbii map B C" u ¢pynkuus f(z):B —>R

( f(z): B— C)ymoBierBopsieT ClIeoyrOLIM YCIOBHSM:

ecmn f en{C(0):k=12,..};
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2) mist kaxaoro pukcupoBanHoro Z € B ¢ynkius f (/12) rapmonnyHa ( f(12)
ronomopdHa) B kpyre {4 € C, 1z € B}.
Torga dynkuus f(z) mmopurapmonnysa ( f (z) ronomopdaa) B B.

Kak u3BecTHO, rapMOHHYECKas M IUTFOPUCYOrapMOHUYECKass (QYHKIUS SIBIISICTCSI
TTIoOpUurapMoHuyeckoi (em.[1]).

Pe3yabTaThl 3TOM CTATHHU CJIEAYIOLIHUE.
Teopema: Ilycts B-eauuununbiii wap 8 C" u gpynkuus f(z):B—>R
YIOBJIETBOPSIET CIIEAYIOIIMM yCIOBHSAM:

a) ynknus f (Z) R -aHanmuTHYHA;

b) cyxxenne f (Z)| . CyOTapMOHHYHO JJIsI BCEX KOMIUIEKCHBIX MpsiMbIX O el .

Torna pyuknus f (Z) SBJISIETCS TUTFOPUCYOTapMOHUYCKON B B.
CaencrBue: Eciu B -enuanunbiii map B C" u pyukms f (Z): B—->R

rapMoOHHYHA B B, a ee cyxxeHue f (Z)‘I . CyOrapMOHHMYHO Ha BCEX KOMIUIEKCHBIX
M

npssmMbix 0el, To pynkuus f (Z) SIBJISIETCS TLTFOPUTAPMOHUYCKOM B B.

Jlureparypa.
1. Poukun JI. M. BBenenue B T€OpHIO LENbIX (DYHKIMII MHOTHUX MEPEMEHHBIX. — M.
Hayka, 1971. - 432 c.
2. Forelli F. Pluriharmonicity in terme of harmonic slices // Math.Scand. — 1977. V.
41. P. 358—-364.

3. [lTabar b.B. «Brenenue B komriekcHoiit ananmms3» Y. 2. M. Hayka. 1976

4 Pymun Y. Teopust pyHKIui B equHnaHOM mape u3 C". // M. Mup. 1984,
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TPAHCJISAAIIMOHHO-UHBAPUAHTHOMN MEPBI TUBBCA IS
OJTHOM NOJOPOJHBIX HC MOJEJIEN
Ymupsaxosa Kamona Opunocanogna
Hamaneanckuii 2cocyoapcmeennwiii ynueepcumem, Hamanean, Y36exucmarn
e-mail:

B stom pabore usyuaercs oguna u3 Hard-Core (HC) mopeneit ¢ Tpems
COCTOSIHUSIMU. M3BECTHO, UTO CYIIECTBYET YETHUPE TUIMA TAKUX MOJAEJIEH: B OJTHOU U3
HUX TOYHOE YHCJIO TPAHCISALIMOHHO-UHBApUAHTHBIX Mep ['1OOca, HaliIeHHBIX Ha
nepese Komm nmopsnka k =5.

Iycts 7 =(V,L) ecth aepeBo Koam mopsiaka k >1. Paccrosaue d(x,y), X, yeV
Ha gepeBe Kamu 3To KonuecTBO pedep KpaTdaiiieil myTu, COeAUHSIONIEH BEPIIUHBI

x, y. g dukcupoBaHHOTro X° €V 0003HAUUM

W ={xeV |d(x,x°)=n}, V, = OWJ. , L={l=(x,y)eL|xyeV}.

j=0

s xeW, 0003HauYUM S(X)={yeW,,,: d(x,y)=1}. MHOXeCTBO S(x)
HAa3bIBAETCA MHOKECTBOM IPSAMBIX MOTOMKOB BEPILUHBI X .

Paccmorpum HC-Mopenb Omkaliux cocefieil ¢ Tpemsi COCTOSTHUAMH. B 3Toi
MOJICSIA KAXJOW BEpPIIMHE X CTAaBUTCA B COOTBETCTBUE OJHO U3 3HAYCHUU
o(x) €{0,1,2}. 3HauyeHusi o(x)=0 O3HAYAIOT, YTO BEPIIMHA X «3aHATA», a 3HAYCHUE
o(x) =0 o3HAYaeT, 4TO BepiinHa X «BakaHTHa». Koundurypamus o ={cs(x),xeV} Ha
nepeBe Komu 3amaercs kak ¢Qynkmus w3 V. B ®={0,1,2}. MHOXECTBO BCEX
KoH(purypauumiit Ha V o0o3HavaeTcs yepes Q.

PaccmoTpuM MHOXECTBO @ Kak MHOXXECTBO BEpILIHMH HEKOTOporo rpada G.
Kondurypanus o nHazsiBaeTcsi G -momycTuMoi kKoHuryparueit Ha nepeBe Kamum (B
V., ), eciu {o(x),c(y)}—pedpo rpada G nus 000K Oavxkailiieil mapel coceae X, Yy
3 V. (u3 V,). O0o3HauuM MHOXeCTBO G -IIONYyCTUMBIX KOH(UTYypanui uepes
Q" ().
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MmuosxectBo aktuBHOCTH [1] myist tpada G ecth PpyHKIUA A:G — R, . 3HaUCHHE
A Qynkuuu A B BepuuHe i€ {0,1,2} Ha3bpIBaeTCs €€ “aKTUBHOCTHIO .

Jlnst manabIX G B A ompenenuM ramuwibToHnaH G -HC-momenu kak

HE(0)= X InA, . com oeQ?.

xeV
[Tonsitue mepsl ['n66ca BBOOUTCS cTaHAapTHRIM 00pa3zoMm (cM, Hampumep, [1]-
[3]). TycTs L(G)-MmHuOxecTBO pebep rpada G, o603HauMM depes A=A° = (3;); o1,
MaTpuly cMexxHoctu G, T.e.

8, =a° = {1’ e {i, j}< L(G),
0, eciu {i, j}¢ L(G).

N3BectHo [3], uro kaxmoit mepe I'mbb6ca mmst HC-monenu Ha nepeBe Koanu
MOHO COIIOCTaBSIThb COBOKYITHOCTh BETUYHUH Z ={z ,X € G,}, yIOBIECTBOPSIOIINX

’ !
A +ayZ  +ay7,,

/ ’
Z’ :i H a10+a1121,y+a1222,y Z' _ﬂ H
1,X r r ! 2x ' r !
yeS(x) Ay + amzl,y + aozzz,y yeS(x) Ay a0121,y + aozzz,y

Z, : :
rae z,, =4 % ,i=1,2. MbI monaraem, uro z,, =1 u z, =z >0, i=12
0,x

Torma pmna  moObix  GyHKIMH XxeV 2z, =(2,,2,,), YAOBIECTBOPSIOIINX

paBEHCTBY
aiO + ailzl,y + ai222,y

,i=12 (1)
yeS(x) aoo + a0121,y + aOZZZ,y

CYIIIECTBYET eAMHCTBEeHHAs G —HC —Mepa ['m00ca 1 1 Ha0OOpOT.

PaccMoTpuM  TpaHCHALIMOHHO-WHBApHAHTHBIE  pEIICHUS, B  KOTOPBIX
z,=2eR?, x#X%,. Mepa 'nb66ca, COOTBETCTBYIOIIAsS TaKUM DEIICHHUAM, Ha3bIBACTCS
TpaHCISIIMOH-UHBapuaHnTHOM Mepoi ['n6oca (TUMI).

Omnpenenenue 1. [1] I'pad Ha3piBaeTcs TIOMOPOAHBIM, €CIU CYIIECTBYET
HA0Op aKTUBHOCTU A TaKOM, 4YTO COOTBETCTBYIOLIMN raMUJIbTOHUAH UMEET HE MEHEe

JIBYX TPaHCISIIMOHHO-UHBapUaHTHBIX Mep [ 'nobca.
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B paGote [1] BbIfeneHBI YETHIpE THUIIA TUIOAOPOIHBIX TpadoB C BEPIIMHAMHU
0,1,2. Paccmorpum omuH u3 Hux G=nemua: {0,0{0,1},{0,2},{1,1},{2,2}. B nsrou

paboTe MbI paccMOTpuM ciay4dal A, =1,4=4,=41 U HU3YYUM COOTBETCTBYIOIIUE

stomy ciydaro TUMI'.
B paGote [4] u3BecTHHI CIEAYIOIIME TEOpEMa.
1 (k+1)
Teopema 1. Ilycte k>2u 4, :k_l ) Toraa nna HC-monenu B ciydae

G=nemrn Tpu A <], CymecTByroT poBHO onHa TUMI', npu A > A, CylIeCTBYeT HE

MeHee Tpex TUMI'.
JlokazaHa cieqyroas Teopema.
7776
Teopema 2. [Iycts k=5 u 4,(5) =100 Torma nns HC-monenu B ciydae

G =nemua NpHu A< A, CymecTByrOT poBHO ogHa TUMI 4, a mpu 4> A, cymecTByer
poBHO Tpu TUMI' 4, 14, .
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3. Rozikov U. A. Gibbs measures on Cayley trees. World Scientific. — 2013.
4. Rozikov U.A., Khakimov R.M. Gibbs measures for the fertile three-state hard core
models on a Cayley tree, Queueing Systems. 81(1),2015,p.49-69.
5. XakumoB P.M. TpaHcasuuoHHO-UHBapUaHTHBIE Mepbl ['MOOca A MI0A0OPOAHBIX
mogeneir “hard-core” ¢ Tpems cocrostHusMu Ha nepeBe Komm. TM®, 2015, tom
183(3), ctp. 441-449.
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YCJIOBHUE CYHIECTBOBAHUSA COBCTBEHHOI'O 3HAYEHUSA
TPEXYACTUYHOI'O OIIEPATOPA HIPE/IMHI'EPA HA PEHIETKE
Xanxyorcaes. A.M.*, H.A. Xyocamuepos H.A?
1PIHcmumym mamemamuxu umenu B.U. Pomanosckoeo, Camapkano, Yzbexucman
2Camapranockuii 2ocydapcmeentviti yrusepcumem, 2. Camapkano, Y3oekucman
e-mail: ahmad_x@mail.ru', xujamiyorov1990@mail.ru’

B pa6ore [1] usyden mMozenbHbli onepartop Hy*' cBA3aHHBIN ¢ TpeX4aCTHYHBIM
TUCKpeTHhIM orepaTtopoMm [Ipénunrepa Ha TpexMepHON KyOMUECKOW pEIIeTKE C
NapHBIMA KOHTAKTHBIMH TPUTATHBAIOMIMMHA TOTCHIIMAIIAMH, TJ€ B KadeCTBE
JIBYyXYaCTUYHOTO AUCKpeTHOro omepartopa lllpenunrepa B3ATO ceMeWCcTBO MOJenei
®punpuxca ¢ mapamerpamu  h,(K), a = 1,2,KeT3. JlokazaHo CyIIECTBOBAHME
KPUTUYECKOTO 3HAYCHUS Y * mapamMeTpa ), 4TO €CIIH JBYXYACTUYHBIC ITOJCUCTEMBI
MMEIOT PE30HAHC C HYJEBOM DJHEPrUEd W HE HMEIOT CBI3aHHBIX COCTOSIHUWA C
OTpULIATENLHON dHepruei, To  Hy® wnMeer OeCKOHEYHOE YHCIO COOCTBEHHBIX
3HAUCHWH, JICKAINIUX JIEBEE CYIIECTBEHHOTO CcrekTpa mnpu y > y* = 13.607, wu
otrcyrcTByeT 3hdexT Edumona nipu y < y*. AHANIOTUYHBIA PE3yJIbTaT COXPAHIETCS U

*
Il paccMaTpUBaeMOro HaMH omeparopa H,,(m), Te. mpu y>y" u

d -1
“=”°=(1+V)(L3$>

oneparop Hy,, (1) umeeT GeckOHEUHOE YMCIO COOCTBEHHBIX 3HAYEHHMM, JEKAIIMX

(bUKCUPOBaHHOM

IpaBee CYIIECTBEHHOTO CIIEKTpa. ‘J[ByX4aCTHYHAs BETBB» CYIIECTBEHHOIO CIIEKTpPa
oneparopa Hy, ,(Tt) caBuraercs x +0o ¢ MOPAAKOM [ IpU U —> +00 B PE3ylbTaTe

KOTOpPOro OECKOHEYHOE 4YMCIO COOCTBEHHBIX 3HAYEHHI omeparopa '"moriomaroTcs”
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CYILIECTBEHHBIM CIEKTPOM. [103TOMY BO3HMKAET €CTECTBEHHBIM BOIIPOC: CYLIECTBYIOT
M cOOCTBEHHBIE 3HaueHMsi omeparopa H, . (T), nexamue mpaBee CyIIECTBEHHOIO
CHEKTpa MpH JIOCTATOYHO OOJBIIMX [, U €CIU CYHIECTBYIOT, TO CKOJBKO?
Jloka3pIBaeTcsl, YTO CYHIECTBYET KPUTHUECKOE 3HAUYECHUE () TAKOE, YTO MPU Y > Yy U
noctaTodHo Gonbmmx y > 0 oneparop Hy,, (Tr) MMeeT eIMHCTBEHHOE TPEXKPATHOE
COOCTBEHHOE 3HAUCHHUE, JIeKalllee MTpaBee CYIIEeCTBEHHOTO CIIEKTpa.
IMycte T3 Ttpexmepusiii Top, L2°[(T3)?] c L,[(T?)?]-runs6eproBo mpocTpaHcTBO
KBaJpaTUYHO-UHTETPUPYEMBIX byHKINH, OMpPEICIICHHBIX na (T3)? U
AHTUCHUMMETPUYHBIX OTHOCUTEIBHO MEPECTAHOBKU NEpEeMEHHBIX. COOTBETCTBYIOIINI
TPEXYacTHUHbI aUCKpeTHbId omeparop Ilpénunrepa H,,(K)  neiicteyer B
LF°[(T®)?] mo dopmyne
H, (K) = Hy (K) — (V1 + V1),
rae
(Hoy (K)F)(P, @) = Ex, (0, ) f (0. @),
Exy(0 @) = e(p) + (@) +ye(K—p — q),

Vi H(p.@) = T3f(19, s)ds, V2 )(p.q) = T3f(S, q)ds,

3nech u > 0 —3Heprus B3aMMOACHCTBUS IBYX OTTAJIKMBAIOLIMXCs yacTull (pepmMuona
U APYTOW YacCTHIBI).

Ilycth

B f sin? s, ds\ " L7655
Vo= T3 S(S) - '

OCHOBHBIE PE3YNILTAThl CTaThU MPHUBOAATCS i ciydas K= u cocroutr u3
CIIEYIOIINX TEOPEM:

Teopema 1. ITycts ye(1,y,).Torna cymecrsyer p, > 0 Takoe, 4to 15 11000ro
p > p, omeparop H,, () He nMeeT COOCTBEHHBIX 3HAYEHMH, JEXKAIIMX HpaBee

CymECTBCHHOI'O CIICKTPA.
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Teopema 2. Ilycts y >y, Torma cymectsyer u, > 0 Takoe, 4to ajis jir000ro
p >, oneparop H,,(T) uMeeT eIMHCTBEHHOE TPEXKPATHOE COOCTBEHHOE
3HAYCHHUC, JIeKauiee IIpaBcC CYIICCTBCHHOTO CIICKTpA. KpOMe TOTIO,
COOTBCTCTBYIOIIIHC COOCTBEHHEIE q)YHKI_[I/II/I IMPpUHALJICKAT IMOAIIPOCTPAHCTBY

LESO [(T3)? |: = {f: L& [(T*)2): f (. @) = —F (—p, —@)}.
Jlurepartypa

1. Dell'Antonio G. F., Muminov Z. I. and Shermatova Y. M On the number of
eigenvalues of a model operator relate to a system of three particles on lattice J.
Phys. A: Math. Theor. 2011. 44 p. 315302-27.
2. AbnymmaeB. X.M., XanxyxaeB. A.M. XywxamuepoB W.A. VYciosue
CyIICCTBOBAHUA COOCTBEHHOIr'0 3HAYEHUS TPCXYACTUIHOI'O OIICpaTropa IHpezLHHrepa

Ha pemreTke M3B.By30B.MaTtem.,2023.Ne2, 3-25,

O IMHAMMUKE OJHOI'O HEBOJIbTEPPOBCKOI'O KBAAPATUYHOI'O
CTOXACTHYECKOI'O OIIEPATOPA
Mamypos Boboxon Kypaesuu,
byxapckuii cocyoapcmeennuiii ynusepcumem, byxapa, Y30exucman,
bmamurov.51@mail.ru

AnHoTaums. M3ydyeHa AuHaMHUKa OJHOTO HEBOJIBTEPPOBCKOTO KBAJIPaATUYHOTO
CTOXaCTUYECKOT0 OMepaTopa.

KurwudeBble c10Ba: CHUMIUIEKC, KBaJIpaTUYHBIE CTOXACTUYECKHE OMNEPATOPHI,
HETIOBI)KHBIC TOYKU, PETYIISIPHOCTb.

DBOJIIOIUIO NOMYJSLIUU MOKHO M3y4aTh C MOMOILIBIO TUHAMUYECKOW CHUCTEMBI
KBaJIpaTUYHOTO CTOXAaCTHYECKOTo omneparopa (cMm. Harpumep [1],[2]) .

ITyctes E={1,2,.. .,n}. MHoXecTBO
n
sn-1 — {x = (x1,%2, .. ,xn} € R™ x; > O,Z x; =1
i=1
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HaspiBaerca (N-1)-mepHbIM cummiekcoM. Kaxnmelii smement X€ S™°1 gpnserca
BEPOSTHOCTHOM Mepod Ha E, M ero MOXXHO HMHTEPHpPETHUPOBATh KaK COCTOSIHHE
Oononornyeckoi (pu3nIecKon 1 T.I.) CUCTEMBI, COCTOSIIICH 13 N 3JIEMEHTOB.

Onpenenenue 1. Oro6paxenne V: S* 1 — g1

n
V:x],( = z . pij,k' X x] (1)
[,j=1
rac
n
Dijk = 0;2 Pijk =1 (2)
k=1

Ha3bIBAETCS KBAJIPATUYHBIM OTIEPATOPOM.
Onpenenenue 2. Ksampatuussiii omeparop (1), (2) Ha3zoBeM cTpoOro
HEBOJBTEPPOBCKUM, ey p; ;=0 npu KE {i, j}, i,j,k=1,2,...,n.
B S?paccMOTpMM  ClEAyIOIIMii  HEBOJNBTEPPOBCKMH  KBaJpaTUYHBIIA
CTOXACTUYECKHUN OIEepaTop, KOTOPbIA UMEET BUJL:
1 1 1 1
Xy = (— + oc) Xf +=%x5 +=x5 +=x1x,,
3 3 3 3
_ 1 1 1
Vi {x, = (3——(1)X%+§X§+§X§, (3)
1 5.1 5 1 5 2
X3 = —X{ +7X; +-X3+-XX
3 T3 X1 TTXp T TX3 T XX,
1 1
rie a € [-—,—].
it - 7]
JlokazaHa cnefyrolasi Teopema.
Teopema. a) Onepatop (3) UMEET €AMHCTBEHHYIO HETOJBHKHYIO TOUKY
x*=(x; , x5, X3)€ S?,

rac

*

e «_3aV17+y216a-78-72aV17 +34V17 —V17 -3a—5 _,_5-V17 |
x1=1-x5 — x5, x5= X3=

4(3a-2) P30

0) Onepatop (3) HEe UMeeT MEPUOTUIECKUX TOUEK, KpOME HETOABMKHOM;
B) JIto0ast TpaekTopHs oneparopa CXOAUTCS K €IUHCTBEHHON (DMKCHUPOBAHHOM;

r) Onepatop (3) ABJIsIETCS PErYISAPHBIM IPEOOPA30BAHUEM.
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IT SHO‘BA: DIFFERENSIAL TENGLAMALAR VA MATEMATIK FIZIKA

CEKLUSA Ne 2: TUOPEPEHIIUAJIBHBIE YPABHEHUA U
MATEMATHUYECKASA ®U3UKA

SECTION No. 2: DIFFERENTIAL EQUATIONS AND MATHEMATICAL
PHYSICS

DETERMINATION OF THE KERNEL FOR A TIME FRACTIONAL
DIFFUSION EQUATION WITH INTEGRAL TYPE OVER-DETERMINING
CONDITIONS
Amrilloyeva K.S.

Master student of Bukhara State University, Bukhara, Uzbekistan

Let T > 0 be fixed numberand D; = {(x,t):0<x < [,0 <t < T}
Consider the inverse problem of determining of functions u(x,t), K(t) such that it

satisfies the equation

0fu(x, t) = Uy (x, ) + Uppr (x, ) + fOtK(t —Du(x, 7)dt + f(x,t), (1)
(x,t) € Dy
with initial and nonlocal boundary conditions
u(x,0) =), xe(0,]) (2)
u(0,t) =u(l,t) =0, te[0,T] (3)

and the additional condition
[, w()u(x, t)dx = h(t). (4)
Where df is the Caputo fractional derivative [1]-[3] of order ae(1,2) in the time
variable, difined by
L v

1
ofv(t) = rZ—), t=s)? ds.
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and f(x, t), h(t), p(x), w(x) are given functions of xe(0,[) and te[0, T1.
Theorem. Let (@(x),f(x,t) € C3[0,1]), w(x) € C%(0,1), h(t) € C?[0,T],
p(0) =9 =¢"(0)=¢"(D=0, fO,O=FfLO=F"0=f"(t)=0
and hy, = h(0) # 0 be satisfied. Then the inverse problem has a unique solution
{fu(x,t),K(t)} for some small T*€[0, T]. Then there exists sufficiently small number
T*€[0, T] that the solution to the problem (1) — (4) in the class of functions u(x, t) €
C%>*(Dr+), K(t) € C*[0,T*] exsist and unique , where D+ = {(x,t):xe(0,0), t €
[0, T*]}.
REFERENCES
1. Z. S. Aliev, Y. T. Mehraliev, An inverse boundary value problem for a second-order
hyperbolic equation with nonclassical boundary conditions, Dokl. Math. 90(2014), No.
1, p. 513-517
2. E. I. Azizbayov , Y. T. Mehraliyev, Solvability of nonlocal inverse boundary value
problem for a second-order parabolic equation with integral conditions, Electron. J.
Differential Equations 2017, No. 125, pp. 1-14.
3. D. G. Gordeziani, G. A. Avalishvili, On the constructing of solutions of the nonlocal
initial boundary value problems for one-dimensional medium oscillation equations (in
Russian), Mat. Model. 12(2000), No. 1, 94 -103.

ARALASH TIPDAGI TENGLAMA UCHUN
NOLOKAL MASALA HAQIDA
Aslonov U.Sh.

Buxoro viloyat pedagoglarni yangi metodikalarga o'rgatish milliy markazi Aniq va
tabiiy fanlar metodikasi kafedrasi katta o ‘qituvchisi, Buxoro, O ‘zbekiston
Ushbu magolada € sohasida ikkita buzilish chizig‘iga ega bo‘lgan

sgny|y|™Uyy + sgnx|x|™U,,, + c(x,y)U = 0,m = const >0 (1)
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tenglama uchun nolokal masala o‘rganilgan. Q = Q; U Q, U Q3, Q, sohasix > 0,y >
0 chorakda joylashgan bo‘lib, uchlari B(0,1) va A(1,0) nuqtalarda bo‘lgan silliq G
chizig, Oy o‘qining OB va Ox o‘qining OA kesmasi, Q, sohasi x >0,y <0
chorakda joylashgan bo‘lib, OA kesmasi, x +y =0 (OC ning tenglamasi) va
xP + (=y)P =1 (CA ning tenglamasi), Q5 sohasi x < 0,y > 0 chorakda joylashgan
bo‘lib, OB kesmasi, x + y = 0 (OD ning tenglamasi) va (—x)? + y? =1 (DB ning
tenglamasi) bilan chegaralangan, bunda 2p = m + 2.

Ta’rif: (1) tenglamani ganoatlantiruvchi U(x,y) € C[2] N C?[2, U N, U ;]
funksiya tenglamaning regulyar yechimi deyiladi.

Chegaraviy masala: (1) tenglamani quyidagi shartlarni ganoatlantiruvchi

regulyar yechimini toping:

Ulg=¢(x,y), (2)
DJt,p (x*P)%2U[6, (x)] = 7,(x),0 < x < p*/?, (3)
Dyyan (v?P) 92U [0, ()] = 12(3),0 < y < p'/P, (4)

bunda —Dgizp[-] kasr tartibli differensial operator, ©,(x) va 0,(y) — C va D

nuqgtalarning koordinatalari.

Berilgan funksiyalar ¢(x,y), t,(x), 7,(y) hamda g, va g,larga aniq shartlar
qo‘yilib, nolokal masalani yagona yechimga ega bo‘lishi isbotlangan.

Avytish joizki, [1-3] magolalarda
sgnyly|™Uyy + x"U,,, = 0, m,n = const >0

tenglama uchun (2) — (4) masalaga o‘xshash nolokal masala yechilgan. Unda masala
qo‘yilish sohasi boshga bo‘lib, noma’lumga nisbatan singulyar integral tenglama
olinadi. Bundan tashqari, uni yechish usulida m va n ko‘rsatkichlar bir-biriga teng
bo‘la olmaydi. Ushbu maqolada esa boshqga usul (Grin va Riman funksiyalari va soha
boshqacha) qo‘llaniladi. Noma’lum funksiyalarga nisbatan singulyar integral
tenglamalar sistemasi olinadi.
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INVERSE PROBLEM FOR INTEGRO-DIFFERENTIAL EQUATION
OF PARABOLIC TYPE WITH NONLOCAL INITIAL-BOUNDARY
CONDITION
D.D. Atoev
Bukhara state university, Bukhara, Uzbekistan
e-mail: dilshod_atoyev@mail.ru

Let T > 0 be fixed number and D; = {(x,t):0 < x < [,0 < t < T}. Consider

the inverse problem of determining of functions u(x, t), k(t) such that it satisfies the

equation
t
Up — Uy = j k (Du(x,t —t)dt, (x,t) € Dy,
0

with the nonlocal initial condition
u(x,0) + éu(x,T) = ¢(x), x €[0,1],6 = const,

the boundary conditions
l
u(0,t) = u(l,v), f u(x,t)dx=0, te[0,T],
0

and the additional condition
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u(xo, t) = h(t),
Here § = 0 is given number, ¢(x),h(t) are given functions of x € [0,[] and t €
[0,T].

Definition 1. The pair u(x,t),k(t) from the class C%*(D;)NC*°(Dr) X
C[0,T] is said to be a classical solution of problem (1)-(4), if the functions u(x, t) and
k(t) satisfy the following conditions:

(1) The function u(x,t) and its derivatives u,(x, t), u,,(x,t) are continuous in the
domain Dy ;

(2) the function k(t) is continuous on the interval [0, T];

(3) equation (1) and conditions (2)-(4) are satisfied in the classical (usual) sense.

In this work, the solvability of a nonlinear inverse problem for integro-
differential heat equation with nonlocal conditions was studied. The inverse problem
was considered for determining the kernel k(t) included in the equation (1.1) with
integral observation (1.4) of the solution of this system with the initial and boundary
conditions (1.2), (1.3). Conditions for given functions are obtained, under which the
inverse problem have unique solutions for a sufficiently small time interval.
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ON THE INTEGRATION OF THE PERIODIC HUNTER-SAXTON
EQUATION WITH A SELF-CONSISTENT SOURCE
B.A.Babajanov'?, D.O.Atajonov!

! Urgench State University, Urgench, Uzbekistan
2 Khorezm branch of Institute of Mathematics named after V.I.Romanovskiy, Urgench,
Uzbekistan

e-mail: ,
The Hunter-Saxton (HS) equation

l"IXXt + quXX + 2uXuXX = O
where u(X,t) is the function of spatial variable x and time variable t. It arises in two

different physical contexts in two nonequivalent variational forms [1], [2]. The first is
shown to describe the propagation of weakly nonlinear orientation waves in a massive
nematic liquid crystal director field [1]-[3].

In this paper, we consider the periodic HS equation with a self-consistent

source
=, =200, 3, (055, 8 ()02 (02,0 2000 (v (02,0)) | (D)

in the class of real-valued = -periodic on the spatial variable x function u=u(x,t)
which satisfy the regularity of assumption

ueC®(t>0)NC(t=0) (2)
with the initial condition

u(x,0)=u,(x), xeR, (3)
where q(xt)=u,(x,t)is the given real-valued = -periodic function and y(x, 4,,t) are
the Floquet solution (normalized by the condition (0, 4,,t)=1) of the weighted Sturm

- Liouville equation

y'=2q(xt)y, xeR. 4)
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Here 2, is zeros of the function A?(1)-4, where A(1)=c(z,4,t)+s'(7,4,t). We denote
by c(x,4,t) and s(x,4,t) the solutions of equation (4) satisfying the initial conditions
c(0,4,t)=1 c'(0,4t)=0 and s(0,4,t)=0, s'(0,4,t)=1 respectively. In system (1), the

functions «, (t), k ez, can be chosen freely within the class of real-valued continuous
functions having uniform asymptotic decay o, = o(%), k — -+, thus providing

uniform convergence of the series in equation (1).
The aim of this work is to provide a procedure for constructing the solution

u(x.t), w(x4,,t) of problem (1)-(3) using the inverse spectral theory for the weighted

Sturm-Liouville equation (4).

For the sake of completeness, in this section, we summarize some facts from the
inverse spectral theory of the weighted Sturm-Liouville equation (4). (see [4], [5],
[6]).

The spectrum of the weighted Sturm-Liouville operator (4) is absolutely

continuous and coincides with the set
E={2eRi=2<A(4)<2} =4, 4]V 4, A ]V U g ]
The intervals (-c, 4,), (41,4, ), N1 are called the gaps or lacunas.
The numbers &, n>1 with the signs o, =sign{s'(z,&)-c(r, &)}, n>1 are called

the spectral parameters of the weighted Sturm--Liouville equation (4).
The main result of the paper is stated in the theorem below.

Theorem 1. Let u(x,t)and y(x,4,,t) be solution of the problem (1)-(3). Then the

spectrum of the problem (4) does not depend on t, and the spectral parameters
&, =&,(t), g, =0,(t), n=>1 satisfy the analogue of the system of Dubrovin

equations

05, |1 131 131 Géa(t)s(mAd)
at‘{2§n+2k_1§k DIy Ty e U
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where

ey

h,(£)=- ﬁ[l_;]

j=1,j#n égj

The signo, (t)=+1 changes at each collision of the point ¢ (t) with the boundaries of

its gap [4,,4. 4, |- Moreover, the following initial conditions are fulfilled:

& (1) =& on(t),_, =0on n=1
where &°, 0°, n>1 are the spectral parameters of the weighted Sturm--Liouville
equations (4) corresponding to the coefficients g, (x)=u, (x,0).
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0O‘ZGARUVCHAN KOEFFITSIYENTLI YUKLANGAN ISSIQLIK
TARQALISH INTEGRO-DIFFERENSIAL TENGLAMASI UCHUN
QO‘YILGAN TO‘G‘RI MASALA YECHIMINING MAVJUDLIGI VA
YAGONALIGI
U.l.Baltayeva'?, B.M.Xasanov*
'Khorazm Mamun akademiyasi, Urganch, O ‘zbekiston
Urganch davlat universiteti, Urganch, O ‘zbekiston

umida_baltayeva@mail.ru,

Koshi masalasi: (X,Y,t) € R? sohada quyidagi

u, —a(t)(u, +uw):/ID(;f’u(O,y,t)+ik(x,0,r)u(x, yt—7)dz ,(x,y,t)eR?, (1)

0

yuklangan integro-differensial tenglamani va
u(x,y.t)|_ =e(xy), (xy)eR? (2)
boshlang‘ich shartni qanoatlantiruvchi u(x, y,t) funksiyani aniglang,
bunda
p(X,y)e H'+2(R2),go(x, y)<g¢,=const>0,1€(01), 1R, (3)
a(t)eE:={a(t)eC'[0,T],0<a, <a(t)<a <o}, (4)
berilgan funksiyalar bo'lib , D, kasr tartibli integral operator bo'lib, « >0 da

quydagi ko'rinishda ifodalanadi

D.“u (0, y,t):%{)z{(t o) u(o,y,r)de,

bu yerda I' () -Gamma funksiya.

(1) va (2) Koshi masalasini yechish uchun, dastlab uch o’Ichovli fazoda bir jinsli
bo’lmagan issiqlik tarqalish tenglamasi uchun Koshi masalasi yechimidan

foydalanamiz.
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Ya’ni, [1] ishdagi (1.1) formuladan foydalanib, (1), (2) Koshi masalasini quyidagi
ikkinchi tur yuklangan Volterra tipidagi integral tenglamasi ko‘rinishida ifodalaymiz:

u(x,y,t)=T;]:Ogo(f,n)e(x—f,y—n,e(t))dgdn+?%x

6’71 r

T I k(&, a)u &n07 (7)) - )G(x—g,y—n,e(t)—r)dadgdn+ (5)

X

8'—:8

o) % o 07(r)

ﬂ dz— 1 a-1
T a4 ) e A1 ay et ejipasr

Xosil bo’lgan (5) integral tenglamaning yechimining mavjudliligini va yagonaligini

ketma-ket yaginlashi usulidan foydalanib isbotlaymiz.
Natijada quydagi teorema o’rinli bo’ladi.
Teorema. Agar (3) va (4) shartlar bajarilsa, u holda (5) yuklangan integral

tenglamaning H ' e(RTZ) sinfga tegishli yagona u(x, y,t) yechimi mavjud.

Adabiyotlar
1.Durdiev.D. K, Nuriddinov J. Z,0On investigation of the inverse problem for a
parabolic integro-differential equation with a variable coefficient of thermal
conductivity, Becmn. Yomypmcek. yn-ma. Mamem. Mex. Komnviom. nayxu, 2020, Tom
30, Beimyck 4, 572-584.
2.Baltaeva U.l, Xasanov B,M., The direct problem for the loaded heat dissipation

equation with a variable coefficient, Journal of “Mnm apuammanapu”, Ned. 2022,p.3-7

KO*‘P O‘LCHAMLI KASR TO’LQIN TENGLASINING FUNDAMENTAL
YECHIMINI FOKS FUNKSIYASI ORQALI YOZISH
S.B. Baxromova
Jizzax davlat pedagogika universiteti, Jizzax, O ‘zbekiston
Ushbu ishda biz kasr tartibli diffuziya-to’lqin tenglamasi [1]
ofu—Au=f(x,t), t>0,x€R" (1)
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uchun
u(x,0) = @), u(x,0) =v(x), limy,ow Vu)(x,t) =0, t > 0,x € R", (2)
Koshi masalasini garaymiz, bu yerda 1 < a < 2, 9 — Kaputo ma’nosidagi kasr
hosila va u quyidagi tenglik yordamida aniglanadi:
1 t
ofu(x,t) = mjo (t — )1 %ug(x, s)ds.

(1), (2) masalaning yechimi

u(x, t) = f Z,(x — &, D) p(E)dE + f Z, (e — &, OP(E)dé +
Rn RTL

+ [y dt [ Y(x— &t —Df (€, 1)dE, 3)
Ko'rinishida bo’lib, bu yerda
ZGet) = w2 [2L L]
RO Va2 47 |(3,1), )]
[ |x|? (2,a)

1
Z,(x,t) = ——H?>) 1 :
2(% 1) Vr|x| VP |4t3e (5,1),(1,1)

1 2,0 - | x| (@ a)
Y(x,t) = ——H? 1
Co8) = Jrp 12 4t972 (5,1),(1,1)_

va Hz’,’fgl” (z)-Foks funksiyasi. (3) yechimni olishda biz integral almashtirishlar va Rayt
funksiyasining H —funksiyasi orqali yozilishidan foydalandik.

Foydalanilgan adabiyotlar
1. A. A. Kilbas, H. M. Srivastava, and J. J. Trujillo. Theory and Application of
Fractional = Differetial  Equations, = North-Holland  Mathematical  Studies
(Elsevier,Amsterdam, 2006).
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NUMERICAL RESOLUTION OF UNSTEADY FOKKER-PLANCK
TYPE KINETIC EQUATION

Boltayeva G-l, Kurbonova K-Z, Kodirova D"’

Urgench State University, Urgench, Uzbekistan

The Fokker-Planck equation is often used to approximate the description of
particle transport processes with highly forward-peaked scattering. Pomraning has
shown that if the physical scattering kernel is sufficiently dominated by small-angle
scattering,then the Fokker-Planck equation is an asymptotic approximation to the
linear Boltzmann transport equation (BTE).

From practical point of view, it is important to consider a problem for the time
dependent FPE whose solution is used to compute the absorbed dose of radiation. The

problem is given as follows:

Vir,y =¥ (L 44,2), (2)
vt Zy)=f(ut), for 1e(0,1] 3)
(taZ,) = 0(ut), for we[-10), “)

where Q=[T,,. Ty, [x[-11]x[Z,;.Z

fin |*

For solving the problem (1)-(4), first of all, we rewrite it in the following form:

%_l/t/(t,ﬂ,z):d)(t,y,z,l//) )
Wity = v (12), (6)

where CI)(t,y,z,z//):cW—c;za—w—cou//JrCcyi (1—y2)a—l// . Since the problem
0z ou ou

above is an initial value problem, one can employ explicit or implicit Euler method in
126


mailto:boltayevagozal334@gmail.com

order to get a discretization with respect to time variable. The solution allows to
compute the angular flux density of particles for each time fixed. We can easily

compute (t,x,z) for fixed value of t since we have already computed the solution

of steady FPE when angular flux density of particles depends on only u, z with a
direct and iterative methods in [1, 2].Numerical solution of similar problem can be
seen in [3]

Reference
1. L opez Pouso, Oscar and Jumaniyazov, Nizomjon. Numerical experiments with the
Fokker-Planck equation in 1D slab geometry//Journal of Computational and
Theoretical Transport. 2016. 45, Ne 3 pp. 184-201.
2. L'opez Pouso, Oscar and Jumaniyazov, Nizomjon. Direct versus iterative methods
for forward - backward diffusion equations. Numerical comparisons on a particular
transport kinetic model//SeMA Journal. 2021. 78, pp. 271-286.
3. L'opez Pouso, Oscar and Jumaniyazov, Nizomjon. Numerical solution of the
azimuth-dependent Fokker-Planck equation in 1D slab geometry//Journal of

Computational and Theoretical Transport. 2021. pp. 102-133.

IKKINCHI TARTIBLI INTEGRO-DIFFERENSIAL TENGLAMA UCHUN
BIR TESKARI MASALA HAQIDA
Bozorova M.M., Omonova D.D.

Farg’ona davlat universiteti, Farg 'ona, O zbekiston

So‘nggi vaqgtlarda noma’lum manbali differensial tengalamalar bilan
shug‘illanishga bo‘lgan qiziqish ortib bormoqda. Bunga sabab ko‘plab issiglik
taqalish va diffuziya jarayonlarini matematik modelini tuzish noma’lum manbali

differensial tenglama uchun qo‘yiladigan masalalarga keltiriladi. Shu sababdan biz
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ushbu ishda ikkinchi tartibli integro-differensial tenglama uchun bir teskari masalani
tadgiq etamiz.
(0, 1) oraligda ushbu
y"(x)—Al5y(x)=kf (x) (1)
ikkinchi tartibli integro-differensial tenglamani garaylik, bu yerda y(x)-noma’lum
funksiya, 1,y -o‘zgarmas haqiqiy sonlar, f(x)-berilgan funksiya, k -noma’lum sonlar
bo‘lib, I5,y(x)- Riman-Liuvill ma’nosida kasr tartibli integral [1]
ngy(x):ﬁi(x—t)”y(t)dt.
T, masala Shunday y(x)-funksiya va k sonni topilsinki u quyidagi xossalarga
ega bo‘lsin:
1) (0, 1) oraliqda (1) tenglamani ganoatlantirsin;
2) ¢*[0,1]NC*(0,1) sinfga tegishli bo‘lsin;
3) x=0 nuqgtada esa

y(0)=A, y'(0)=A, (2)
B:_l[y(x)dx 3)

shartlarni ganoatlantirsin, bu yerda A, A,,B-berilgan o‘zgarmas haqiqiy sonlar.

(1) tenglamani (2) shartlarni ganoatlantiruvchi yechimini

X

y(X)=AE,, (Ax")+ AXE,, (}Lxﬂ)+kj(x—z)Eﬁ,4 [ﬂ,(x—z)qf (z)dz (4)

0

+o0 n

yozib olamiz [2], bu yerda E, (z)=2

————— - Mittag —Leffler funksiyasi [1],
ST (en+ ) : yast [1]

p=yr+1.
(4) ni (3) shartga qo'yib, ba’zi hisoblashlarni amalga oshirib k sonini
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B-AE,,(4)-AEs;(4) (5)
!(1_2)2 Eya| 2(1-2) | (2)2

k:

ko‘rinishda topamiz.

(5) formulani (4) formulga go’yib (1), (2) masalaning yechimini

Y(X)= A, (Ax" )+ AXE,, (X )+
ﬂu_zf Eﬂ,s[m-z)’f}f(z)d{ (B-AE, (1)~ AE,(1)]x

X

(x=2)Ez [ 2(x=2)"| T (2)dz (6)

O Sy <
>

ko rinishda topamiz.

1
1-teorema. Agar [(1-2)°E,,| 2(1-2)"|f(2)dz#0 bo‘lsa, u holda T, masala

0
yagona yechimga ega bo‘ladi va u (5), (6) formulalar bilan aniglanadi.

Foydalanilgan adabiyotlar.
1. Kilbas A.A., Srivastava H.M., Trujillo J.J. Theory and applications of fractional
differential equations (North-Holland Mathematics Studies, 204). Amsterdam:
Elsevier, 2006. - 523 p.
2. Bozorova M.M. IKkkinchi tartibli integro-differensial tenglama uchun to‘g‘ri va
teskart masalalar // “O°zbekiston fanlararo innovatsiyalar va ilmiy tadqiqotlar”
respublika ilmiy jurnali. 2023. 18 - son. 355-360 betlar.

KERNEL DETERMINATION INVERSE PROBLEM IN THE MOORE-
GIBSON-THOMPSON EQUATION
D.K. Durdiev'?, A.A. Boltaev*®
Y Institute of Mathematics named after VV.I. Romanovskiy at the Academy of sciences
of the Republic of Uzbekistan, Bukhara, Uzbekistan,
?d.durdiev@mathinst.uz, ”

We consider the one-dimensional Moore-Gibson-Thompson equation [1]:
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t
Upte T Upe — Ugyt — Uxx T f gt — su,y(x,s)ds =0, (x,t) €Dy, (1)
0

with initial
u(x, 0) = (P1(x); ut(x: 0) =@ (X), utt(xi O) = ¢2(x)r x € [011]1 (2)
and boundary conditions

u(0,t) =u(1,t) =0, te€]0,T], (3)
where, T is arbitrary positive number and Dy : = {(x,t):0 < x < 1,0 <t < T}).

The problem of determining a function u(x; t) € C27 (Dy) that satisfies (1)-(3)

with known functions ¢;(x),i = 1,3 and g(t) will be called the direct problem [2].

In the inverse problem [3], it is required to determine the function g(t) using
overdetermination conditions about the solution of the direct problem (1)-(3):

u(xq, t) = h(t), X0 € (0,1), t € [0,T]. (4)

In this work, inverse problem was considered for determining the kernel g(t)
included in the equation (1) with by using additional condition (4) of the solution of
problem with the initial and boundary conditions (2), (3). Sufficient conditions for
given functions are obtained, under which the inverse problem has unique solutions
for a sufficiently small interval.

REFERENCES

1. B. Kaltenbacher, I. Lasiecka, R. Marchand, Well-posedness and exponential decay
rates for the Moore-Gibson-Thompson equation arising in high intensity ultrasound,
Control and Cybernetics, (2011), V. 40, pp. 971988.
2. V.G. Romanov, Inverse problems of mathematical physics, Utrecht, The
Netherlands, (1987).
3. S. Liu, and R. Triggiani, An inverse problem for a third order PDE arising in high-
intensity ultrasound: Global uniqueness and stability by one boundary measurement,
Journal of Inverse and Ill-Posed Problems, (2013), V.21, pp. 825869.
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GLOBAL SOLVABILITY OF INVERSE COEFFICIENT PROBLEM FOR
ONE FRACTIONAL DIFFUSION EQUATION WITH INITIAL NON-LOCAL
AND INTEGRAL OVERDETERMINATION CONDITIONS
D.K. Durdiev, A.A. Rahmonov

In this work, we consider an inverse problem of determining the coefficient at
the lower term of a fractional diffusion equation. The direct problem is the initial-
boundary problem for this equation with non-local initial and homogeneous Dirichlet
conditions. To determine the unknown coefficient, an overdetermination condition of
the integral form is specified for the solution of the direct problem. Using the Green’s
function for an ordinary fractional differential equation with a non-local boundary
condition and the Fourier method, the inverse problem is reduced to an equivalent
problem. Further by using the fixed point argument in suitable Sobolev spaces, the
global theorems of existence and uniqueness for the solution of the inverse problem
are obtained.

INVERSE COEFFICIENT PROBLEM FOR FRACTIONAL WAVE

EQUATION WITH RIEMANN LIOUVILLE DERIVATIVE
Durdiyev Durdimurod Qalandarovich®, Turdiyev Halim Hamroyevich?
1Bukhara branch of the institute of Mathematics named after V.I. Romanovskiy,
Bukhara, Uzbekistan
Bukhara State University, Bukhara, Uzbekistan

In the domain Q;:={(x,t):0<x <[, 0<t<T} consider the time-

fractional diffusion wave equation
(D) (6, 1) = Uy + q(Oulx, 1) = f(x,8), () €N ()
with initial and boundary conditions

(D&tu),_,, = 0@, (D&u),_,, =00, x€[0,1,  (2)
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u(0,t) =u(l,t) =0, O0<t<T, (3)
where D¢, . is the Riemann-Liouville fractional derivative of order 1 < a < 2 in the
time variable (see definition 1, 2 in [1]-[6]) and @(x), ¥(x), f(x,t) are given
smooth functions.

We pose the inverse problem as follows: find the function g(t),t > 0 in (1), if

the solution of the initial-boundary problem (1)-(3) satisfies condition:
l

jw(x)u(x, t)dx=g(t), 0 t<T, (4)
0
g(t) is a given function.

The functions ¢ (x), ¢(x), f(x,t) satisfy the following assumptions

Al {p.y}e 01, {p@, p@P}e L0l ¢(0) =D =0, ¥(0)=
Y1) =0,¢"(0) =" () =0, p"(0) =¢"() =0;

A2) f(x,) € C[0,T] and for € [0,T], f(-¢t) € C3[0,1], f#®(.,¢t) € L,[0,1],
fQ0,0) = f(1,t) = 0, fix(0,8) = firx (1, 1) = O;

A3) w(x) € C2[0,T] and w(0) = w(l) = 0 and w"(0) = w"(l) = 0;

A4) D¢, .g(t) € C[0,T] and |g(t)|=go >0, go is a given number,

[,w @e()dx = (D&1g(®),_ . fy w w(x)dx = (D& 29 (D), _, .

We obtain the following assertion.

Theorem. Let Al)-A4) are satisfied. Then there exists a number T* € (0,T),
such that there exists a unique solution q(t) € C[0, T*] of the inverse problem (1)-(4).

REFERENCES
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AN INVERSE PROBLEM OF 1D PSEUDOPARABOLIC INTEGRO-
DIFFERENTIAL EQUATION
Elmuradova H.B.
Bukhara State University, Bukhara, Uzbekistan

In this thesis, we consider a well-posed problem for a pseudoparabolic equation.
It is proved that there is a unique global solution to the direct problem and estimates
of its stability are obtained [1].

Let T ={(x,t)] 0<x<!l, 0<t<T} be a rectangle domain. In this
present paper, we consider the following inverse problems of determining a pair
of functions {u(x,t), k(t)}, which satisfy the non-linear 1D pseudoparabolic
equation

U (1) = U (4, 8) = U (1, 8) = [k (E = Dther + Une 10, DT in My, (1)
the initial condition

u(x,0) =¢(x), 0<x<|, (2)

the Dirichlet boundary condition
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u(0,t) =0, u(l,t) =0, O0<t<T (3)
and the overdetermination condition
u(xg,t) =f(t), 0<t<T. (4)
The problem of determining
u(x, t) € Cyf (M) N C(Myyr) (A)
from (1)-(3) with given k(t) and ¢@(x) is called the direct problem for a 1D
pseudoparabolic integro differential equation, where
My = {[0,1] < [0, T ]3}.
Definition. The pair of the functions {u(x,t), k(t)} is called a classical
solution to the inverse problem, if
u(x,t) € C2L (M), and k(t) € C1[0,T]
and satisfying the every relation of the system (1)-(4) at every point of the
corresponding their domain.
Everywhere in this paper, we require the following conditions for known
functions:
Al) 9" € C?[0,1], ¢"" € L,(0,1): 9(0) = () =" (0) =" () =0
Theorem 1. Let that the conditions Al) and k € C*[0,T] hold. Then the
direct problem has a unique classical solution.
Lemma 1. Let the condition Al) be holds. Then the following

representations are valid:

on=-() o ©)

mn

here <p,(13) are coefficients of the expansion of function ¢'"'(x) in series with respect

to the function system {% cos%x} such that

n=1

3210012 < [ (9" () dx. (6)
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Theorem 2. Assume that conditions of Theorem 1 hold. Then problem (1)-(3)

solution (9) can be estimated with
1w Ol < C2[l0CI g )

e Olleau < cslle’ (I 2,y (8)

for all t € [0, T], where c¢; do not depend on the function ¢ (x).

= __tn A t __n _
u(x, t) = z (e 1A, (HEODE T+ +nA J e Te AL HO)E T)k(r) dT) ©On
n Jo

n=1

.
. SII’ITX

3y (ft e_h%_ﬁn(“rk(o))(t_r)dr fOT(k’(T —s)+ k(t - s))un(s)ds) : sin?x. (9)

0
Theorem 3. Let T > 0 be an arbitrary fixed number and the conditions A1) —
A3) hold. Then, there exists a unique solution of inverse problem (1) to (4) in the
class k(t) € C*[0,T] and u(x, t) € Yy
Literature:

1.AGnabexoB b. O6parnbie 3amaun g auddepeHIMaTbHbIX YPaBHEHUNH TPETHEro

nopsiaka. Saarbrucken 2013. 10.D

ON THE INVERSE PROBLEM FOR A BOUSSINESQ TYPE TIME-
FRACTIONAL SUBDIFFUSION EQUATIONS
'Fayziev Yu. E., *Dekhqgonov Kh. T., *Nosirova D.E., *“Makhmudova D.G".
L34National University of Uzbekistan, Tashkent, Uzbekistan

2 Namangan State University, Namangan, Uzbekistan

Let H be a separable Hilbert space with the scalar product (-,-) and the norm

||| and A:H — H be an arbitrary unbounded positive selfadjoint operator in H .
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Suppose that A has a complete in H system of orthonormal eigenfunctions {v, } and
a countable set of positive eigenvalues A, . It is convenient to assume that the
eigenvalues do not decrease as their number increases, i.e. 0 < A4, <A, --- — 4o0. Let

C((a,b); H) stand for a set of continuous functions u(t) of t € (a,b) with values in

H.
Let 1< p < 2. Consider the following problem

{Dfu(t)+ D’ (Au(t))+Aut)=f, O0<t<T; "

u(+0) = o,
where @, f e H, D/ - the Gerasimov-Caputo derivative of order p [1]. These

problems are also called the direct problems.

In this paper, we study the inverse problem of determining the right-hand side
of the equation. For this we need an additional condition. As an additional condition,
we use the following condition:

u(z) =¥, O0<z<T, (2)
where W € H is given element and 7 — fixed point.
Definition. A pair {u(t), f} of functions u(t) e C((0,T];H) and f eH

with the properties D/u(t), D/ (Au(t)), Au(t) e C((0,T];H) and satisfying

conditions (1), (2) is called the solution of the inverse problem (1), (2).

In this paper, we prove the existence and uniqueness of a solution to the inverse
problem (1), (2).

Note, if in case 0 < p <1 equation of the problem (1) is called the equation of
the Barenblatt-Zheltov-Kachino type [2], in case 1< p <2 the equation of the
Boussinesq type.
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INVERSE PROBLEM FOR WHITHAM TYPE MULTI-DIMENSIONAL
DIFFERENTIAL EQUATION WITH IMPULSE EFFECTS
Fayziyev Aziz Kudratillayevich

Tashkent State University of Economics, Tashkent, Uzbekistan

In the article the questions of unique solvability and determination of the
redefinition coefficient function in the inverse problem for multi-dimensional
Whitham-type partial differential equation with impulse effects are studied. The
modified method of characteristics allows partial differential equations of the first
order to be represented as ordinary differential equations that describe the change of
an unknown function along the line of characteristics. The unique solvability of the
multi-dimensional inverse problem is proved by the method of successive
approximations and contraction mappings. The definition of the unknown coefficient
is reduced to solving the Volterra integral equation of the first kind.

In this paper we consider the questions of unique solvability and determination
of the redefinition coefficient function in the inverse problem for multi-dimensional

Whitham-type partial differential equation with nonlinear initial value and nonlinear
impulse conditions. So, in the domain Q=[0;T]xR" for t=t, i=12,...,p we study

the following multi-dimensional quasilinear equation
0 Lo,
_+Ut’ y X s"-;Xn - ut,X,X,...,Xn =
[at (%, %, );axj( 1 X100 %)

= () BOG, Xy X)) + F (6, X0 Xg oo, X U (E, X, X0, X)) (1)

with nonlinear initial value condition
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u(t,xl,xz,...,xn)‘tzozap xl,x2,...,xn,fK(g)u(g,xl,xz,...,xn)dg (2)

and nonlinear impulsive condition
u(t Xy Xoreney ) (t xl,xz,...,xn):Gi(u(ti,xl,xz,...,xn)), i=12,..p, (3

where u(t,x,,X,,...,X,) is desired function, x,,X,,...,X, € R, a(t) unknown

coefficient function, t=t;, i=12,...,p, 0=t, <t <..<t <t ;=T <o,

= (—00,0), B(X,Xyres X ) €CHHR™), F(t, X, X,,e0, X ,U) € COMH 0 (QAXR),

JIK@[de <00, €0, X; 0%, u) ECHR™),

(,,x1 Xy, oo, )—ILmu(t+vx1,x2, %o )
u(t X Xoyenn )_VI'T_U( —V, Xy, Xg s Xy )

are right-hand side and left-hand side limits of function u(t,x;,X,,...,X,) at the point
t =t;, respectively.

We use some Banach spaces: the space C(€2,R) consists continuous function
u(t, X, X,,...,X,) with the norm

Julo=" sup Jult X, X X,);

(t, X, X 10y Xy )EQ

we also need in using the linear space
PC(Q,R):{U Q>R U X, X, %) €C(Q 1,0, R), 1 =1,0o, p}
with the following norm
[l =max{uleg ) i=12. )
where O, =(t;,t,.]xR", u(ti+,x1,x2,...,xn) and u(ti‘,xi,xz,...,xn) (i=01...,p)

exist and are bounded; u(t, %, Xy, X, ) =U (4, X, Xm0 X, ).
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To determine the redefinition coefficient function o(t) in the initial value
problem (1)-(3), we use the following condition

ut,x’,xa,...x°) = y(t), (4)
where x!,xJ,..,x° eR, y(t)eC'[0;T], (p[xf,xg,...,xfj,jK(i)\y(&)dalzw(W).

Multi-dimensional direct problem (1)-(3). Find a unknown function
u(t, X, X,,...,X,) € PC(C4R), that the function u(t,x,%,..,x,) for all
(X, %000 X,) €Q, t#t, 1=12,...,p satisfies the differential equation (1), initial
value condition (2) and for (t,x,X,,..,X,)€Q, t=t, i=12,..,p satisfies the
nonlinear limit condition (3).

Multi-dimensional inverse problem (1)-(4). Find a pair of unknown functions
u(t, X, X,,...,X,) € PC(Q,R) and a(t) e C([0,T],R), that the function u(t, x;, X,,..., X,)
for all (t,x,%,,..,x,)€Q, t=t, i=12,...,p satisfies the differential equation (1),
initial value condition (2), for (t,X,X,,...,X,)eQ, t=t, i=12,...,p satisfies the
nonlinear limit condition (3) and additional condition (4).
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BESSEL FUNKSIYASINING INTEGRAL KO'RINISHI
F.A. Guliyeva
Jizzax davlat pedagogika universiteti, Jizzax, O ‘zbekiston
Ushbu
J.(2) = %fon cos(nf — zsin9)do,n =0,+1,+2, ..., (1)
integral butun n va kompleks z lar uchun Bessel integral deyiladi. (1) integralni
Jn(2) = - [ exp{—in6 + izsind} df ()
ko'rinishida tasvirlash mumkin [1]. Ishning asosiy magsadi (2) integral
z2y" +zy' + (z2—n?)y =0
Bessel tenglamasini qanoatlantirishini ko’rsatish.
Adabiyotlar

1. ®.OnBep. AcuMnTOTHKA M crieruaiabHble GyHKIMu. MockBa, Hayka, 1990.

A LINEAR EVASION DIFFERENTIAL GAME OF ONE EVADER AND ONE
PURSUER
'Ibragimov G.I., *Tursunaliyev T.G.
'V.1.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan

2V.1.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan

In the paper, we consider a linear evasion differential game problem of one
pursuer and one evader in R?. The dynamics of the pursuer X and evader Yy are

described by the equations
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X =-AX+U, X(0)=X,,
y=-Ay+v, ¥(0)=¥,

where X,%,Y,V,u,veR? 2>0; X(0)=%, and ¥(0)=Y, are the initial states of the

1)

players at t=0 and suppose X,#Y,; vectors u,v are control parameters of the
pursuer and evader, respectively,
u(t)|<1 and |v(t)|<o, t=0. (2)

The solutions of equations (1) are

X(t) = X, + j'e“u(s)ds, x(t) = e™X(t),

3)
t
y(t) =y, + [e*v(s)ds, y(t)=e"y(t).
0
We fix the numbers « and a
0<a<%(a—1), 0<a<|X — Yol. (4)

The pursuer X applies an arbitrary control u(t) =(u,(t),u,(t)), t=0, and let
X(t) = (X, (t), X, (t)) be the corresponding trajectory of the pursuer.

|

z(t) ®y(1)

(")

yir)

xy(7) mnir)

Fig. 1 Trajectory of the evader when x,(z) <y, (v)
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We now construct a strategy for the evader. First, the evader starting from the
initial time t =0 moves with the velocity

V,=(0,0), te[0,7), (5)

that is, v,(t) =0, v, (t) = o, parallel to the Oy - axis, where 7 is the first time when

|x(t)—y(t)|:a. We call 7 the a-approach time of pursuer to the evader. The

segment between the points y, and Y(z) in Fig. 1 is the trajectory of the evader
corresponding to (5).

Note that time = may not occur. In this case, we have |x(t)— y(t)|> a for all
t>0 and, clearly, x(t)=y(t) for all t>0 . Therefore, we assume that the time =

Ooccurs.

Aa

. 2 1 AT
Also, we define 7' ==In(e”" + —).
A a+o+1

The evader applies V (t) = (V,(t),V, (t)) , where

[ u®e %@ <y S
vl(t)—{_<|u1(t)|+a) o O=E VO, ©)

1
Clearly, |V1(t)|£|u1(t)|+§(a—1)£a, and so V,(t)is defined. The evader applies

the following strategy on [7,7'):
V(t) =V, (t),V, (1), te[r,7). (7)
We call V (t) defined by (7) a maneuver of the evader y against the pursuer x. For
the final part of evader's strategy, we let
V,=(0,0), t=>7. (8)
Theorem. Let the evader use the strategy (5), (7) and (8), where 7 is the a-
approach time of the pursuer to the evader Y. Then,
x(t)-y(t)|>a, 0<t<r, (9)
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X(t) - y(t) >%, r<t<r, (10)

Y,(t)—x(t)>a, t>7. (11)
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BIR JINSLI BO’LMAGAN POLIANALITIK TENGLAMA
YECHIMINI DAVOM ETTIRISH
'T. Ishankulov, M. Mannonov,

Z,2Samargand davlat universiteti, Samarqand, O zbekiston

Kompleks o’zgaruvchining z=Xx+1y tekisligida L oddiy yopiq egri chiziq

bilan chegaralangan sohani D; orgali, L ning tashqarisini D, orgali belgilaymiz.
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70(5 ),.., j/n_l(é’ )— L da berilgan jamlanuvchi funksiyalar bo’lsin. Polianalitik

funksiyalar nazariyasida muhim rol o’ynaydigan Koshi tipidagi integral [2]

1

(-8 e
0@+ (- D@+ @) | @

(n-1)! -
n ta regulyar polianalitik funksiyani tasvirlaydi. Ulardan n-1tasi D; sohada, n-chisi

esa D, sohada aniglangan. (1) Koshi tipidagi integral Koshi integraliga aylanishi

uchun

+ 4 + +( <)
{ 700 +(7-C)n(O) +.. 1)

shartlarning bajarilishi zarur va yetarli [2]. Boshgacha aytganda, (2) shartlar (1)

7na(€) |€7dS, (n1=0,1,2..)  (2)

integralning va hosilasining L ning deyarli hamma yerida mos ravishda
70(&),71(&),- 71(<£) bilan ustma-ust tushishi uchun zarur va yetarlidir. Bu holda
D, sohada (1) integral aynan nolga teng bo’ladi.

Masala: Bir jinsli bo’lmagan polianalitik tenglama uchun quyidagi masalasini

garaymiz:
"W (z) _ 1({o .o
o = f(z), EDi,af_Z(aX-H@}/j’ (3)
"y
W(2) = 7,(2), aw(z)m(z),---,aaz—n_(lz),zet- )

n=2 bo’lganida (3), (4) masala [1] ni umumlashtiradi.
Bu masala bir jinsli polianalitik tenglamadagi kabi ortig’i bilan aniglangan
bo’lib, nokorrekt masala hisoblanadi.
(3)-(4) berilgan masalasining yechimi mavjudligi kriteriyasini o’rnatamiz.
Teorema. f eL,(D;,C), (p>2), y€C"*(L,O),..., 742 €C(L,C) uchun (3),

(4) berilgan masalasi yechimga ega bo’ladi fagat va fagat

144



= 70(C)+(7—§_)71(§)+---+< ) 70a(&) |¢"dC -
L

27
- ()
LD i =0gevin, (1=01.,.)
Ty (n-1)!
shartlar bajarilsa. Bu shartlar bajarilganda yagona yechim
—\n-1
1 . 7 7-¢ d
W(Z)zz_;ﬂjL 7’0(5)*‘(2—4)71(4)"' +((n_1)! 71a(6) 4——(2_ ©

formula bilan beriladi.

Izoh. Bir jinsli bo’lmagan polianalitik tenglama uchun Dirixle masalasi [2], [3]
da ko’rib chiqilgan.
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KASR TARTIBLI ARALASH TIPDAGI TENGLAMALARDA MANBAA
FUNKSIYASINI TOPISH BO’YICHA TESKARI MASALANI YECHISH
L.Jovliyeva',
'0'zbekiston Milliy Universiteti magistranti, Toshkent, O zbekiston
layloj03@gmail.com
Differensial tenglamalar nazariyasida (butun yoki kasr tartibli) ikki xil
masalalar mavjud: to’g’ri va teskari masalalar. Quyidagi keltirilgan na’munada

boshlang’ich-chegaraviy masalani gqaraymiz:

u,(x,t) —a(x,t)Au(x,t) = f(x,t), xeQcR"Y, t>0, (1)

uxt)=w(xt), xeaQ,t>0, (2)
u(x,0)=p(x),xeQ, 3)
2
bu yerda Au(x,t) = Zs_l%u(x,t) — Laplas operatori.
%

Matematik fizika tenglamalari uchun teskari masalalarni o’rganishga bo’lgan
qiziqish ularning zamonaviy fanning ko’plab sohalarida, jumladan, mexanikam
seysmologiya, tibbiy tomografiya, epidemoya va geofizikada qo’llanishining
muhimligi bilan bog’liq. Ko’pgina tadqiqotlar subdiffuziya tenglamalarining o’ng
tomonini aniqlashning teskari muammolariga bag’ishlangan.

Foydalanilgan adabiyotlar ro ‘yxati .
1. Kilbas A.A., Srivastava H.M., Trujillo J.J. Theory and applications of fractional
differential equations, Elsevier, North-Holland, Mathematics studies. 2006.
2. S.R. Umarov, K.M. Shinaliyev, Botirxon X. Turmetov. “A fractional operator
algorithm metod for construction of solutions of fractional order differential

equantions” — 2012.
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SOLVABILITY OF INVERSE PROBLEM FOR INTEGRO-DIFFERENTIAL
HEAT EQUATION WITH PERIODIC AND INTEGRAL CONDITIONS
J.J. Jumaev
Bukhara branch of the institute of Mathematics named after V.l. Romanovskiy at the
Academy of sciences of the Republic of Uzbekistan, Bukhara, Uzbekistan,

We consider the initial-periodic boundary problem for the heat equation with a
convolution-type integral term on the right-hand side
0fu — Uy, + a(Ou = f()g(t), (x,t) € Dr, (1)
u(x,0) = (x), (2)
u(0,8) = u(L,t), ue(0,8) = uy(1,0),9(0) = (1), 9" =9'®@,  (3)
T is arbitrary positive number and Dy : = {(x,t):0 < x < 1,0< t < T}).
The problem of determining a function u(x,t), (x,t) € D, that satisfies (1)-
(3) with known functions k(t) and ¢ (x) will be called the direct problem.
In the inverse problem, it is required to determine the kernel k(t),t > 0, of the
integral in (1) using overdetermination condition about the solution of the direct
problem (1)-(3):

jlwi (x)u(x,t)dx = h;(t), x € (0,1), (4)

where w(x), h(t) are given functions.

Definition. The pair {u(x,t),k(t)} from the class C%%(D;)n C*°(Dy) X
C[0,T] is said to be a classical solution of problem (1)-(4), if the functions u(x,t)
and k(t) satisfy the following conditions:

(1) The function u(x, t) and its derivatives afu(x, t), u,, (x, t) are continuous in the
domain Dy ;
(2) the function k(t) is continuous on the interval [0, T];
(3) equation and conditions [2]-[4] are satisfied in the classical (usual) sense.
In this work, we consider inverse problem of determining u(x,t) and k(t)

functions in the one-dimensional integro-differential diffusion equation with the
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initial- periodic boundary and overdetermination conditions. The unique solvability of
the direct problem are proved. To investigate the solvability of the inverse problem,
we first consider an auxiliary inverse boundary value problem, which is equivalent to
the original one. Existence and uniqueness of the solution of the equivalent problem is
proved using a contraction mapping. Finally, using the equivalency, the existence and
uniqueness of classical solution is obtained.
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A GENERALIZED (G'/G) - EXPANSION METHOD FOR THE

LOADED NONLINEAR DEGASPERIS-PROCESI EQUATION
M.M.Khasanov', O.Y.Ganjaev', U.J.Shermetova®
'Urgench state university, Urgench, Uzbekistan,

?Academic lyceum of Urgench state university, Urgench, Uzbekistan

This paper is dedicated to find the solutions of the equation of the loaded

nonlinear Degasperis-Procesi equation. It is shown that (G'/G) - expansion method is

one of the most effective way of finding the solutions.
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Consider the following loaded nonlinear Degasperis-Procesi equation
u, —u,, +4uu, =3uu, +uu  +yt)u(0,t)(4uu, —cu,), (1)
where u(x,t) is an unknown function, xeR, t>0,y(t) - is the given real continuous
function.
Description of the generalized (G'/G)-expansion method
Let us given a nonlinear partial differential equation in the following form
F(u,u,u,u,u_,u.,.)=0 (2)
with two independent variables x and t. Besides, u=u(x,t) is a unknown function, F
is a polynomial in u and its partial derivatives in which the highest order derivatives
and nonlinear terms are involved. Now we give the main steps of the(G'/G)-

expansion method [3]:
Step 1. We find the solution u in the following form:
u(x,t)=u(g), £=x-Qf(), 3)
where is parameter and Q(t) is a continuous function dependent on t. We reduce
equation (2) to the following nonlinear ordinary differential equation:
P(u,u’,u”,u",..)=0, 4)
where P is a polynomial of u(¢) and its all derivatives u’'=du(¢&)/dé, u”=d?u(&)/dé?,

Step 2. We assume that the solution of equation (4) has the form:

m GI j
u() => a, [—J : (5)
o \G
where G =G(¢) satisfies the following second order ordinary differential equation
G"+AG +uG =0, (6)

where G'=dG(£)/d&, G"=d’G(¢)/de? and A, u, a;(j=12,..,m) are constants that
can be determined later, provided a, = 0.

Step 3. We determine the integer number m by balancing the nonlinear terms of the
highest order and the partial product of the highest order of (4).
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Step 4. Substitute (5) along with (6) into (4) and collect all terms with the same order

of (wj the left-hand side of (4) is converted into a polynomial in [wj Then,
G(¢S) G(¢S)

equaling each coefficient of this polynomial to zero we derive a set of over-

determined partial differential equations for a; (j=12,..,m) and¢.
Step 5. Substituting the values a; (j=12,..,m) and & as well as the solutions of

equation (6) into (5), we have the exact solutions of equation (2).
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UMUMLASHGAN ROSENAU-BURGER TENGLAMASI UCHUN
CHEGARAVIY MASALA YECHIMINING MAVJUDLIGI HAQIDA
Mamanazarov Azizbek Otajon o ‘g ‘li, Muxtorov Diyorbek Qudratillo o ‘g ‘li

Farg ‘ona davlat universiteti, Farg 'ona, o ’zbekiston

R?* dagi to‘g‘ri to‘rtburchakli sohani Q bilan belgilaylik:
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Q:{(t,x)eR2:0<t<T,a<x<b}.

Q2 sohada ushbu umumlashgan Rosenau-Burger tenglamasi
Dg‘;fu(t,x)+utxxxx(t,x)+ux(t,x)+%D;uz(t,x):vuxx(t,x) (1)
va quyidagi boshlang‘ich shart berilgan bo‘lIsin:
1573u(0,X) =, (X), x e[a,b], (2)
bu yerda D?” — O<a <1 tartibli va 0< S<1 tipli Hilfer hosilasi, D/, — Riman-
Liuvillning chap tomonli 0<y <1 kasr tartibli hosilasi , |gjt — Riman-Liuvillning
chap tomonli 0< y <1 tartibli kasr integrali va u,(x) berilgan funksiya.
(1) - (2) masala yechimining mavjudligi masalasini garaylik. Buning uchun
nochizigli tenglamalar yechimlarining buzilishini tahlil gilish uchun Poxojayev
tomonidan taklif etilgan usuldan foydalanamiz [1].

T>0, abeR ixtiyoriy parametrlar bilan Q sohada aniglangan ¢(t,x)
funksiyalarning quyidagi xossalarga ega @ (<) sinfini qaraylik:
(I) th’¢XX’¢XXX’¢XXXX’¢XXXXt EC(Q)’ Q da I;:,7X¢X 20’

(i) xe(a,b) vat=T da 1% p(x,t)+@u=0

(i) ¢(Q)= j dtdx<+oo;
o P
bu yerda L Q= I (1 ﬂ)(l “) D'iﬁ(l_a)w T Proxt — VP — Py

Faraz qilaylik, (1) - (2) masalaning ixtiyoriy ¢(x,t)e@(€) uchun
Uyeer Ds iU € C([a,b] x[0,t]) shartni ganoatlantiradigan sust yechimi va T>0 son
mavjud bo‘lsin.

Endi (1) tenglamani ¢ € @(Q) funksiyaga ko‘paytirib, Q bo‘yicha integrallab,

quyidagiga ega bo‘lamiz:
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”(o(t,x)Dgﬁfu (t,x)dtdx+g¢(t,x)u(t,x)dtdx—_ggo(t,x o (£, X ) ditdX +

Q

+= ”gptx )D7u?(t,x)dtdx = v”gotx o (1, %) dtdx. (3)

Bo‘laklab integrallab, (2) va (ii) dan quyidagi tenglikka ega bo‘lamiz:

T

%‘QUZ(LX)% (t,X)dth :gu(t,x)(L*¢)(t,X)dth+.'B(u (t,x),(p(t,X)) :

0

b -

[ ()15 (1) + 1 (x) Jox 2

2 -

bu yerda

B(u(t,x),(p(t,x)):%(p(t,x)I}juz(t,x)+gp(t,x)utxxx(t,x)—(px(t,x) e (£ X) =
—Po (L X)U, (1, X) —vu, (1, X) (1, X) +vu(t,X) @, (t,X) + @(t,x)u(t,x).
Gyolder va Yung tengsizliklaridan foydalansak, quyidagi tengsizlik kelib
chigadi:

o)(tx))

dtdx.
7o, (1,X)

Hu (t.x)(L'p)(t, x)dtdx

<= ”u (t,x) 1,70, (t, x)dtdx + = g(ll

Bu tengsizlik va (ii) xossadan (4) quyidagicha ko‘rinish oladi:
T

03%5(9)+ [B(u(tx).0(tx))[: f[uo(x)lffj>¢(x,t)+ f(X) [lot. (5)

0 a

Quyidagi teorema o‘rinli:

Teorema. Faraz qilaylik, chegaraviy shartlar va boshlang‘ich funksiya
U,(x)eL[a,b] ushbu shartlarni ganoatlantirsin: shunday ¢(x,t)e®(Q) mavjudki,
bo‘lib, quyidagi tengsizlik o‘rinli bo‘lsin:

%{(Q)+.T([B(u(t,x),q)(t,x))ﬁdt - T[uo(x) 74 p(x )+ £ (X) [|iotx <O0.

a

U holda (1) - (2) masala Q da yechimga ega bo‘Imaydi.
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ON THE FOCUSING NONLINEAR SCHRODINGER EQUATION WITH NON-
ZERO BOUNDARY CONDITIONS AND DOUBLE POLES
N.A. Matchonov
Urgench state university, Urgench, Uzbekistan
numonjon.matchonov.97@mail.ru

The inverse scattering transforms for the focusing non-linear Schrodinger
(NLS) equation with non-zero boundary conditions at infinity and double zeros of the
analytic scattering coefficients is presented. The general solution of the NLS equation
in the case of an arbitrary finite number of double zeros is given and an explicit
formula for soliton solutions arising in the case of a single quartet of purely imaginary
double zeroes are shown.

The inverse scattering transform (IST) for the scalar NLS equation and coupled
NLS systems with zero boundary conditions (ZBC) is well known [1-4]. The IST for
the scalar defocusing NLS equation with (non-zero boundary conditions) NZBC was
also done a long time ago in [5],[6], but the IST for two-component NLS systems
with NZBC remained open for a long time, and was only recently done in [7] for the
defocusing case [8]. The IST for the focusing two-component case with NZBC was
also done in [9], building on the results of [10], where the IST for the scalar focusing
NLS equation with NZBC was formulated.

Specifically, we study the focusing NLS equation

6+ 0, +2(Ja" = 6Z )a =0, (1)

with non-zero boundary conditions as X — o
Amatat)=q. (2)
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Here, |0.|=q, #0. The term —2q,q in (1) is due to a rescaling chosen to make the

boundary conditions independent of time for convenience. Namely, if g(x,t) is a
solution to (1) and (2), then q(x,t):e”qgtq(x,t) solves the classical NLS equation
i, + 0, + Z\G\ZG:O, with boundary conditions lim g(x,t) =e?%'q, The structure of

this work is the following: we give an outline of the direct scattering.

We analyze the discrete spectrum and derive the residue conditions in the
presence of double poles. We set up the inverse problem and give a formula for the
solution of the focusing NLS equation as well as derive a trace formula for the
analytic scattering coefficients and a “theta condition” for the phase difference
between the boundary values of the potential. Finally, we give an explicit formula for
a soliton solution corresponding to a quartet of purely imaginary discrete eigenvalues
and describe the asymptotic behavior of such solutions.
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BIR O‘LCHOVLI MODEL INTEGRO-DIFFERENSIAL ISSIQLIK
O‘TKAZUVCHANLIK TENGLAMASI UCHUN TESKARI MASALANI
YECHISH
Merajova Sh.B., Bekjonov M.M., Zoirov A.O.

Buxoro davlat universiteti, Buxoro, O zbekiston

Teskari va nokorrekt masalalar nazariyasi fanning deyarli barcha sohalarida,
xususan, quyidagi kabi amaliy masalalarni hal gilishda keng qo'llaniladi:
» fizika (kvant mexanikasi, akustika, elektrodinamika va boshqalar);
« geofizika (seysmik razvedka, elektr gidiruvi, tortishish kuchi, magnit razvedka va
boshqgalar);
» tibbiyot (rentgen-tomografiya, NMR-tomografiya, ultratovush va boshqalar);
* ekologiya (havo, suv holatini diagnostikasi, kosmik monitoring va boshqgalar);

« igtisodiyot (optimal boshgaruv nazariyasi, moliyaviy matematika va boshqalar)
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Hozirgi kunda teskari masalarni o‘rganish dolzarb hisoblanadi [1,2,3].
Magolada bir o‘lchovli model integro-differensial issiqlik o‘tkazuvchanlik
tenglamasi uchun issiglik manbalarini aniglash hagida teskari masala garalib, yechish
usuli berildi.

Quyidagi masalani garaylik:

Up — Uyy = fOtK(T)u(x, (t—1))dr+f(x) te(0,T] (1)
Ult=o = @(x) (2)
Ulx=g = Ulx=; =0 3)

Masalani yechish uchun Furye usulidan foydalanamiz [4], bu uhcun

u(x,t), o(x), f(x) funksiyalarni xos funksiyalar bo‘yicha gatorga yoyamiz:

0

u(x,t) = Z u, (t) sinnTnx, 4)
n=1

P = ) ppsin—x (5)
n=1

)= ) fusin—x. (6)
n=1

(4), (6) ni (1) ga qo‘yib quyidagi tenglamani hosil qilamiz:
2
W)+ (T) un(®) = [{ K@ (t = D)d1 + f.
Quyidagi belgilashlarni kiritamiz:

F(t) = [, K(T)u, (¢ —1)dT + fp. (7)

Natijada issiqlik o‘tkazuvchalik tenglamasiga qo‘yilagan Koshi masalasini hosil

gilamiz:
{u,n(t) + (Anz)un(t) = F(t) (8)
un(0) = @ (9)
(8),(9) masalaning yechimini quyidagi ko‘rinishda olamiz:
U, (8) = [ F(0) - e MEDdr + @, e 740, (10)
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(7) belgilashni (10) keltirib qo‘yamiz, bu yerda A, = % Hosil bo‘lgan integral
tenglamaning yechimi dastlabki tenglamaning yechimi bo‘ladi
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INTEGRO-DIFFERENSIAL MODEL TENGLAMADA YADRONI
ANIQLASH UCHUN TESKARI MASALA
Merajova Sh.B.

Buxoro davlat universiteti, Buxoro, O zbekiston

Ushbu ishda integro-differensial model parabolik tipdagi tenglamada yadroni
aniglash uchun teskari masala keltirilgan. Teskari masala no‘malum funksiyani
saglovchi yordamchi masala yordamida o‘rganilgan.

Hozirgi kunda teskari masalalarni o‘rganish muhim ahamiyatga ega, chunki
bunday masalalar hayotda o‘zining amaliy tadbig‘ini topayapti [1]. Ushbu maqolada
biz integro-differensial model parabolik tipdagi tenglamada yadroni aniglash uchun
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teskari masalani keltirib, teskari masalani no‘malum funksiyani saqlovchi yordamchi
masala yordamida o‘rgandik.

Ham amaliy, ham nazariy jihatdan parabolik integro-differensial tenglamalar
uchun teskari masalalarni o‘rganish katta qiziqish uyg‘otadi. Qo‘shimcha ma’lumotlar
bilan tenglamaning o‘ng tomoni yoki parabolik tipdagi tenglamaning
koeffisiyentlaridan birini aniglashga doir bir gator ishlar mavjud, masalan [2,3].

Quyidagi tenglamani garaylik:

Uy — Lu = fOtK(x’,T)u(x, t —1)dr, (x,t) € RY, (1)
bu yerda, L — differensial operator bo‘lib, quyidagi ko‘rinishga ega:

n

2 < 9
L = Z a;j(x,t) ox.0%, +Zl b;(x, t)a_xi+ c(x,t).
i=

i,j=1

Ushbu tenglama uchun quyidagi masalani qo‘yish mumkin:

Teskari masala. (1) tenglamanig quyidagi shartlarni ganoatlantiruvchi :

Ule=o = @ (x) (2)
u(x',0,t) = g(x',t); x' €ER"L0<t<T, (3)
gx',0) = (x',0) (4)

buyerda R} ={(x,t)|x = (x",x,) ER",0<t<T,T > 0},
u(x,t) funksiya va K(x',t) tenglamaning yadrosi, ya’ni {u(x,t), K(x',t)}
funksiyalar jufti aniglansin.

Ushbu masalani yechish uchun dastlab uning yordamchi masalalarga
ekvivalentligi ko‘rsatilib, integral tenglamaga keltrib yechiladi.
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BIR O'LCHAMLI KASR TARTIBLI DIFFUZIYA TENGLAMASIDAN
MANBA FUNKSIYASINI ANIQLASH
B.R. Mirzayev
Jizzax davlat pedagogika universiteti, Jizzax, O zbekiston
Quyidagi bir o‘lchovli kasr diffuziya tenglamasini ko‘rib chigaylik:
Lu = 0fu(x,t) — uy, (x,t) = h(x)f(x,t), (x,t) €Q, (1)
Tenglama quyidagi to‘rtburchak sohada berilgan bo‘lsin:
Q={(xt)0<x<[0<t<T}
(1) tenglamani ganoatlantiruvchi u(x, t) funksiya (2) sinfga tegishli bo‘lsin.

u(x,t) € C(Q) N C*(Q); (2)
Lu=h(x)f(x,t), (x1t)€EQ; (3)
u(x,0) =¢pkx), 0<x<|; (4)
u(0,t) =u(l,t) =0, 0<t<T; (5)

Bu yerda ¢, f berilgan funksiyalar va df — Kaputo ma’nosidagi kasr hosila [1],
0 < a < 1 —tayinlangan son.
f,h,@ va a berilganda (2)-(5) masaladan u(x,t) funksiyani topish masalasi
to’g’ri masala deb yuritiladi.
Teskari masala. Ishning asosiy magsadi (2)-(5) masala va
ulx,T) = g(x) (6)
go'shimcha shartdan u(x, t) va h(x) funksiyani topishdan iborat.

Adabiyotlar
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ELLIPTIKO - GIPERBOLIK TIPDAGI TENGLAMALAR UCHUN BIR
NOLOKAL MASALA HAQIDA
Nishonova Sh.T, Mo ‘ydinjonova B.A
Farg ‘ona davlat universiteti, Farg ona, O zbekiston

shahnozanishonova910@gmail.com
xOy tekislikda Q- bir bog‘lamli soha, o :{(x, y):x2+y?=1, 0< y<x}
chegaralangan egri chiziq va OB,0D,DA y=x, y=—X, y=Xx—-1 to‘g‘ri chiziglar
bilan chegaralangan soha berilgan bo‘lsin, bu yerda O(0,0), A(1,0), B(l/ J2,1/42 ) ,
D(1/2,-1/2). Q sohani y>0, y<0, y=0, Q,, Q,, OA gismlarga ajratamiz. Q,-

elliptik soha, Q, - giperbolik soha, OA - tip o‘zgarish chizig‘i deyiladi.

N - masala. QQ sohada

26 2P
u,+u, +—u +—u, =0, (x, Q,,
xx+ yy+ X x+ y y ( y)E 0 (1)
u,—u, =0, (x,¥) e
tenglamani shunday u(x,y)eC(Q) regulyar yechimi topilsinki, quyidagi ulash,
tim uy (x ) = lim y*u, (x,y), 0<x<1; @
chegaraviy
u(xy)=e(xy),  (xy)eoo; (3)
u(x,y)los =¥ (y), 0<y<1/42; (4)
va
X X Xx+1 x-1
U(E’_EJZ_U(T’T)+f1(X)’ 0<x<1 (5)



nolokal shartlarni ganoatlantirsin. Bu yerda ¢(x,y),w(y), f,(x) - berilgan
funksiyalar, f=consteR, 0< f<1/2;
Q, sohada  quyidagi  u(x,-0)=7(x), (x)eC[0,]]nC?*(0,1)

Iimouy(x, y)=v(x), v(x)eC?(0,1) belgilashlarga asosan bir jinsli tor tebranish
y—>-

tenglamasi uchun Koshi masalasining yechimini ushbu

X+y

u(x,y) :%[r(x+ y)+7(X— y)]+% I v(z)dz (6)

y
Dalamber formulasi yordamida yozib olamiz.
(6) tenglikni (5) nolokal shartga bo‘ysundirib,

1

700 = 1,00~ 7(0)+e(1)]+ [v ()2 (7

0

munosabatni olamiz. Bu munosabat €, sohada olingan z(x) va v(x) funksiyalar

o‘rtasidagi funksional munosabat deyiladi.
Teorema. Agar N masalaning yechimi mavjud bo‘lsa, u yagonadir.

Isbot. Faraz qilaylik, masala yechimi ikkita bo‘lsin va ular ayirmasini
u(x,y)=u,(x,y)—u,(x,y) bilan belgilaylik, u holda ¢(x,y)=w(y)=f,(x)=0

bo’ladi. Q, sohada u(x,y) funksiya tenglamaning yechimi ekanligidan foydalanib,

(Xy)zﬁ u(x,y) funksiyani (1) tenglamaga ko‘paytirib, divergent holatga keltirib

olamiz.
jj(xy)zﬂ(u§+u§)dxdy:jj {[(xy)zﬂuu)(} +[(xy)2ﬂuuy} }dxdy.
Q Qq X y
Grin-Ostragradiskiy formulasiga va u\;o(x,y):u\@(x,y):o tengliklarga asosan
2B ( 2 2 t 28
[[(xy) (ux+uy)dxdy+jx r(x)v(x)dx =0, (8)
Q 0

tenglikni hosil gilamiz. f (x)=0 va 7(0) =0,7(1) =0 ekanligidan (7) tenglikka ko‘ra
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r(X)z%j.v(z)dz

tenglik o‘rinli bo‘ladi. Bundan 7(x) =const ekanligi kelib chigadi. 7(0)=0, (1) =0

ekanligidan z(x) =0 tenglikni olamiz. Bundan (8) tenglikni
U(xy)zﬂ(uf + uj)dxdy -0
Qo

ko‘rinishda yozib olamiz. Oxirgi tenklikdan Q, sohada u(x,y)=const ekanligi
kelib chigadi. Qo sohada u(x,y)\gozo va u(x,y)eC(ﬁo) shartlarga asosan

u(x,y) =0 bo‘ladi, bundan esa masala yechimi yagona ekanligi kelib chigadi.
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GIPERBOLIK TIPDAGI TENGLAMALAR UCHUN VAQT BO‘YICHA
NOLOKAL SHARTLI MASALA
Nuraliyeva N.Sh
O zbekiston Respublikasi Fanlar Akademiyasi Matematika Instituti, Toshkent,
O ’zbekiston
n.navbahor2197@gmail.com
Quyidagi masalani garaylik,
Ug —Uy = F(X,t), 0<x<1 0<t<T
u(0,t)=u(1t)=0,0<t<T
u(x,&)=au(x,0)+¢(x), 0<x<1, 0<ELT
U (X,&) = Buy (x,0)+w(x)
bu yerda f (x,t)eC([0,1]x(0,T]), @(x),w(x) eC[01] a, B lar || +|S|= Oshartni

(1)

qanoatlantiruvchi o‘zgarmas sonlar, &-tayinlangan nuqta.

Ta’rif. Agar (1) masalaning barcha shartlarini qanoatlantiruvchi uzluksiz u(x,t)
funksiya uchun ug,u,, € C([O,l]x (O,T]) shartlar bajarilsa, unga (1) nolokal

masalaning yechimi deyiladi.

Masalani yechish uchun ikkita yordamchi masalalarni tuzib olamiz:
Vig —Voe = F(X,1),0<x<1, 0<t<T
v(0,t)=v(Lt)=0, 0<t<T

(2)
v(x,0)=0, 0<x<1,
Vi (x,0)=0
va
Wy =W, =0,0<x<1 0<t<T
w(0,t)=w(1t)=0,0<t<T
3)

w(x,&)=aw(x,0)+¢"(x), 0<x<1, 0<E<T
W, (X,&) = Bw (x,0)+y " (x)
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Bu yerda, ¢*(x),y"(x) € C[0,1] berilgan funksiyalar.

(3) masala (1) masalaning bir jinsli bo‘lgan holi va (2) masalaning yechimini ham
Ta’rif 1 kabi yozish mumkin.

Agar ¢*(X) =@(X) —V(X,&), ¥ (X) =w(X) -V (x,&) hamda v(x,t), w(x,t)
funksiyalar mos ravishda (2) va (3) masalalarning yechimi bo‘lsa, u holda (1)
masalaning yechimini u(x,t)=v(x,t)+w(x,t) ko‘rinishida aniglashimiz mumkin.
Shuning uchun (1) masalaning yechimini topish uchun yordamchi masalalarni
yechishimiz yetarli.

Teorema. Aytaylik, o(x),y(x) e C[0,1] va f(x,t)eC([0,1]x(0,T])
Sfunksiyalar uchun quyidagi shartlar o ‘rinli bo ‘Isin:
a) ¢ (x),y" (x) funksiyalar [0,1]da uzluksiz, " (x) funksiya uch marta, y*(x)
funksiya ikki marta uzluksiz differensiallanuvchi bo ‘lib, ¢*(0)=¢ (1) =0,
9" (0)=¢" ) =0, y"(0)=y" (1) =0 bo Isin;
b) f(xt) funksiya G =[0,1]x(0,T |da uzlusiz, X o ‘zgaruvchi bo ‘yicha ikki
marta uzluksiz differensialanuvchi bo ‘lib, butun [O,T]segmentda

f (0,t) = f (1t)=0shartni ganoatlantirsin. U holda,

+af +apf

a+ [ o+

Agar >1 yoki <1 bo lib, lekin barcha k >1 lar uchun

k& #= A&+ 2rm, m e Z bo ‘Isa, u holda (1) masala yagona yechimga ega va

bu yechim

u(xt)= é{ii fi (n)sinzk (t —n)dn +w, (t) |sin zkx (4)

ko ‘rinishga ega.
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1+
b <lva 7k& = A&+ 2m, m e Z mavjud bo ‘Isa, hamda

Agar
J a+

tegishli ortogonallik shartlari bajarilgan bo ‘Isa, u holda (1) masala yechimi

ox (cos k(& —t)—ﬂcos;zkt)—y/lflk(sin k(£ -t)+asinzkt)
_ T H
wixt)=2, 1+ af—(a+ B)costké sin ks

+ (ak cos zkt + b, isin ﬂktjsin KX
keK 7k

gator hamda uning X va t o ‘zgaruvchilar bo ‘yicha ikkinchi tartibli
hosilalarining uzluksizligini ta 'minlaydigan ixtiyoriy a,, b, k € K koeffitsiyentlar

bilan (17) ko ‘rinishga ega.

{ jfk )sinzk (t—17)dn + w, (t):|Siﬂ7Z'|(X+

kegK

()

+> [ak cos zkt + —bk sin ﬂkt}sin 7Tkx
keK K

bu yerda,

o (cosmk (& —t)— Beosmkt) - y/klk(smyzk(cf t)+asinkt)
(1) = 1+ af —(a + f)coské
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O‘ZGARUVCHAN KOEFFITSIYENTLI PARABOLIK TIPDAGI
INTEGRO-DIFFERENSIAL TENGLAMA YADROSINING YAGONALIGI
TO‘G‘RISIDA
Nuriddinov Javlon Zafarovich

Buxoro davlat universiteti, Buxoro, O zbekiston

Ushbu ishda ko‘p oflchamli issiglik o‘tkazuvchanlik integro-differensial

tenglamasi uchun Koshi masalasi garalgan.
t

u, —a(t)Au = j k (x,t — t)ulx,y,)dr,t € (0,T], (1)
0
Ule=o = @(x, ), x € R™ (2)
2 07

Bu yerda A, = — Laplas operatori, y € R™ parametr, T-tayinlangan musbat

i=n g2
o‘zgarmas son va a(t) > 0 yetarlicha sillig funksiya. (1), (2) masalaning yechimi
x = y da ma’lum bo‘lib,

Ulx=y = f(, 1), (3)
bo‘lsa, (1) tenglamaning integral hadidagi k(x,t) (yadro)ni topish masalasini
garaymiz. Bu yerda barchay € R" vat € [0,T] larda f (y, t)— berilgan funksiya.

Birinchi integral tenglamaning yadrosi k(x, t) quyidagi ko‘rinishga ega bo‘lsin:
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N

k(x,t) = z ¢ (O)b; (D).

i=0
Faraz qilaylik k(x,t) va uning k.., k., i = 1,2 hosilalari ixtiyoriy T > 0 da B(Dr),
[Dr:= {(x,t):x € R% 0 < t < T}] sinfga qarashli, ¢(x;y) € B*(R? x R?),

Olib borilayotgan ko‘plab ilmiy va amaliy tadqiqotlar xususiy hosilali
differensial va integro—differensial tenglamalar, ular uchun qo‘yilgan to‘g‘ri va
teskari masalalarni  o‘rganishga olib kelinadi [1]-[6]. Teskari ~masalalar
astronomiyaga, kvantlarning tarqgalishi nazariyasiga, geofizikaga, issiglik fizikasiga
hamda tibbiyotga kirib bordi. Matematik fizikada to‘g‘ri masalalarning yechimini
topish uchun tenglamaning koeffitsiyentlarini, soha chegarasini, boshlang‘ich va
chegaraviy shartlarni berish lozim [7]. Ammo amaliyotda tenglama koeffitsiyentlarini
har doim ham berib bo‘lmaydi. Har doim ham tadbiqiy masalalarda boshlang‘ich va
chegaraviy shartlarni, shuningdek, soha chegarasini aniglab bo‘lmaydi. Bunday
hollarda, to‘g‘ri masala yechimiga nisbatan qo‘shimcha ma’lumot kiritib, teskari
masala yechimini izlash, ya’ni koeffitsiyentlar, integro—differensial tenglama holida
integral had yadrosini topish zarurati paydo bo‘ladi [1], [6], [7]. Bu kabi masalalarni
yechish usullarining to‘la shakllanmaganligi bois integro—differensial issiqlik
o‘tkazuvchanlik tenglamasidan yadroni aniqlash teskari masalalarini yechish muhim
vazifalardan biri bo‘lib qolmoqda. Ushbu magolada integro—differensial issiglik
o‘tkazuvchanlik tenglamasidan yadroni aniqlash teskari masalalarini yechimini
yagonaligini ko’rsatsik.

(1) va (2) Koshi masalasining yechimi Volterra tipidagi integral tenglamaga
ekvivalent bo‘ladi. Buning uchun quyidagi formuladan foydalanamiz [6]:

w0 = [0 ©66-§0@dE +

RTL
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o(t)

dt
o -1 _ =z _ 4
+ Oj a(g_l(r))ﬂl F(§071 (D)6 - §6(8) — 1)dE. @

Bu yerda 6(t) = fot a (t)dt va 071(t) funksiya 6(t) funksiyaning teskari funksiyasi.

|x=¢§|?
- d
e “60-D esa — — a(t)A o‘zgaruvchan

1
Cx=80(t) —1) = mrs—rm

koeffitsiyentli differensial operatorining fundamental yechimi bo‘lib, bu yerda

§=CGprén)§ =G $no1),d§ =dé . dy, x| = x+ . +xf

Ushbu magolaning asosiy natijasi quyidagi yagonalik teoremasi isbotlangan.
Teorema. Faraz gilaylik (t) € C1[0,T], ¢(x,y) € B*(R"™ x R"), f(y,t) €

B**(Dr), T >0 bo'lib, p(y,y) = f(1,0), a(0)Adivy¢(y,y) = divyf;(y,0)

kelishuvchanlik shartlari hamda

. >
L Anf 19y 2 Bo >0,

shart vajarilsin, bu yerda 8, —ma’lum son. U holda, (1)-(3) teskari masalaning

N

KD =) (b, ) €BARY, b(t) € C1([0,T])

i=0

ko ‘rinishdagi yadrosi D sohada bir giymatli aniglangan.
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KAPUTO MA’NOSIDAGI HOSILA VA RIMAN-LIUVILL MA’NOSIDAGI
INTEGRALNI O¢‘Z ICHIGA OLUVCHI YUKLANGAN ODDIY
DIFFERENSIAL TENGLAMA UCHUN BIR MASALA HAQIDA
Omonova D.D., Bozorova M.M.

Farg’ona daviat universiteti, Farg 'ona, O zbekiston

So‘ngi vaqtlarda noma'lum funksiyani biror qiymati qatnashgan differensial
tengalamalar bilan shug‘ullanishga bo'lgan qiziqish ortib bormogda. Bunga sabab
ko'plab issiglik targalish va diffuziya jarayonlarini matematik modelini tuzish
funksiyani biror qiymati qatnashgan differensial tenglama uchun qo‘yiladigan
masalalarga keltiriladi. Odatda, bunday turdagi tenglamalar yuklangan differensial
tenglama deb yuritiladi. Shu sababdan biz ushbu ishda Kaputo ma’nosidagi hosila va
Riman-Liuvill ma’nosidagi integralni o‘z ichiga oluvchi yuklangan oddiy differensial

tenglama uchun bir masalani tadqiq etamiz.
(0,1) oraligda ushbu
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Doy (x) =1Ly (x) =15, y(%,) (1)
kasr tartibli yuklangan oddiy differensial tenglamani qaraylik, bu yerda y(x)-
noma’lum funksiya, @, 4,0,X,-0‘zgarmas haqiqiy sonlar bo‘lib, 0<a<1y>0,
0<x, <1, . Dy y(x)-Kaputo ma’nosidagi kasr tartibli hosilasi [1]
Doy (X)=157y'(x),

I y(x) - Riman-Liuvill ma’nosida kasr tartibli integral [1]

1 7 1
|§1Y(X)=m_[(x_t) y(t)dt.
Masala. (1) tenglamani va
y(0)=A (2

boshlang’ich shartni ganoatlantiruvchi y(x) funksiya topilsin, bu yerda, A - berilgan

o‘zgarmas haqiqiy son.
Ma’lumki [2],
Dy (X) = 215,y(x) = f(x)
tenglamaning (2) shartni ganoatlantiruvchi yechimi

y(x) = AEa+y1[Ax“+7] + j(x ~7)" E... [/I(x — z)“”] f(z)dz (3)
’ 0
k
ko‘rinishda bo‘ladi, bu yerda E, (z)= +ZOO SR Mittag-Leffler funksiyasi [1].
' k=0 F(;/k + O')

3

Bizning masalada f (x) =15, y(x,) bo‘lgani uchun (1) tenglamaning (2) shartni

ganoatlantiruvchi yechimi

Y(X)=AE, . [ A |+ X7E, o[ A 15y (%) @
ko‘rinishda bo‘ladi.
(4) ni har ikkala tarafini 17, ni ta’sir ettirib yuboramiz va ba’zi hisoblashlarni
amalga oshirib,

ngy(X) = AX§ Ea+y,5+l I:ix‘”}/] + Xb;lEa+y,($+l I:ZXOH}/] I(jx0 y(XO) (5)
tenglikni hosil gilamiz.

(5) tenglikda x = x, deb, 17 y(x,) ni
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5 _ AX05Ea+y,§+l[iX0a+§:'
e ] ©

ko‘rinishda topamiz.
(6) ni (4) ga qo‘yib, masalaning yechimini

AX0§Ea+y,5+l I:A’XOOH(S:' a-1 a+
1- XO(S_lEa+y,5+1 I:/lxoaﬁ] ' EM%Ml I:/IX 7] (7)

y(x) = AEa+;/,1 [ixaﬂ/] +

ko‘rinishda topamiz.

Teorema. Agar x,’'E [Axo‘“q #1 bo‘lsa,u holda masala yagona yechimga

aty 541
ega bo‘lib, u (7) formula bilan aniqlanadi.
Foydalanilgan adabiyotlar:

1. Kilbas A.A., Srivastava H.M., Trujillo J.J. Theory and applications of fractional
differential equations (North-Holland Mathematics Studies, 204). Amsterdam:
Elsevier, 2006.-523p.

2. Omonova D. D. Umumlashgan Hilfer ma’nosidagi hosila va Riman-Liuvill
ma’nosidagi integralni oz ichiga oluvchi oddiy differensial tenglama uchun Koshi
masalasi. O‘zbekistonda fanlararo innovatsiyalar va ilmiy tadqiqotlar jurnali. 18 - son.
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KVAZICHIZIQLI ARALASH TIPDAGI TENGLAMA UCHUN
CHEGARAVIY MASALA
Raupova M.H.
Chirchiq davlat pedagogika universiteti, Chirchig, O zbekiston
e-mail:
Xususiy hosilali differensial tenglamalar nazariyasining muhim va jadal
rivojlanib borayotgan yo‘nalishlaridan biri ikkita buzilish chizig‘iga ega bo‘lgan

aralash tipdagi tenglamalar sohasi hisoblanadi. Ikkinchi tomondan bu tenglamalarning
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yechimlari mexanika, fizika va texnika masalalarida keng ko‘lamli tarzda tatbiq
etilishi amaliyotda katta qiziqish uyg‘otadi.

Bitta va ikkita buzilish chizig‘iga ega bo‘lgan aralash tipdagi tenglamalar uchun
chegaraviy masalalar A.S.Chapligin, K.l.Babenko, M.S.Saloxitdinov, T.D.Djuraev,
T.Sh.Kalmenov, M.M.Smirnov va ularning o‘quvchilari tomonidan chuqur
o‘rganilgan.

Ushbu maqolada Q sohasida ikkita buzilish chizig‘iga ega bo‘lgan

[xy|™ (Uxx + signyUyy) + 2pyUy + 2pxUy, = f(x,y,U), (1)

2|lp| £ 1,m = const =0

kvazichiziqli tenglama uchun quyidagi chegaraviy masala o‘rganilgan: Q = Q, U
Q, UQ;, bunda Q;sohasiy >0 joylashgan bo‘lib, uchlari 0(0,0) va A(1,0)
nugqtalarda bo‘lgan silliq G chizig va Ox o‘qining OA kesmasi, ), sohasi y < 0 da
joylashgan bo‘lib, OA kesmasi, x + y =0 (OD ning tenglamasi), 0 < x < 0,5 va
x —y = 1 ( DA ning tenglamasi) 0,5 < x < 1, Q5 sohasi y < 0 da joylashgan bo‘lib,
OD,x—y =1 (CD ning tenglamasi) 0 < x < 0,5 chizig‘i va Oy o‘qidagi OC
kesmasi —1 < y < 0 bilan chegaralangan.

Ta’rif: (1) tenglamani ganoatlantiruvchi U(x,y) € C[2] N C?[2; U 2, U 5]
funksiyaga tenglamaning regulyar yechimi deb ataladi.

Chegaraviy masala: (1) tenglamani quyidagi shartlarni ganoatlantiruvchi
regulyar yechimini toping: 1) U|;=¢(s), 0 <s <L; 2) L: — G egri chizig‘ining A
nuqtadan boshlab o‘lchangan wuzunligi, U(0,y) = 1(y), —1 <y < 0; birikish
shartlari:

U(x,+0) =U(x,—0),0 <x < 1,ylirfoy2p U, = ﬁylirzlo (=y)?PU,, 0 <x < 1,

§
0
Jim UG, n) = A0 Jim UG, lim = [ 6 =0 Ut myde =
-n
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§
d
= B Jim 5 [ G- U,
-n

bundaé =x+y, n=x—-y, 0<n<1, B,A€ER, 0<A<1

Masala singulyar integral tenglamaga keltirilib, keyin Karleman usulini
qo‘llaniladi va Fredgolm integral tenglamasiga olib kelinadi. Berilgan @(s), t(y),
A(m), B(n), f(x,y,U) funksiyalarga aniq shartlar qo‘yilib, chegaraviy masalani
yagona yechimga ega bo‘lishi isbotlangan.
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INTEGRATION OF THE LOADED NONLINEAR SCHRODINGER
EQUATION VIA INVERSE SCATTERING METHOD
A.A. Reyimberganov, N.A. Matchonov
Urgench State University, Urgench, Uzbekistan

Nonlinear Schrodinger equation has an important physical applications.
Therefore, it is always interesting to find the solutions of the nonlinear Schrodinger
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equation. There are several methods to find solutions to nonlinear equations: Hirota
direct method [1],[2], the binary Darboux transformations [3], (G/G) - expansion
method [4], [5], inverse scattering method [6]-[9]. In 1972, the inverse scattering
transform method was first proposed by Zakharov and Shabat [10] for solving the
Cauchy problem for the nonlinear Schrodinger equation.

We consider the loaded nonlinear Schrodinger equation of the following

problem
iu, +2Ju|" u+u, —iy()u,t) +u’(0,t))u, =0, (1)
u(x,0) = UO(X), (2)
where y(t) is bounded continuous non-zero real function, the real function u,(x)

satisfy the following properties:
L[ @] XDuy (0] dx <0

2. The equation

d
o —UO(X)
LO)p=i| % (%]:g[%j, xeR
—US(X) _i ?, ®,

dx

can have N number of simple eigenvalues and does not have spectral singularities.
Here, the function u(X) is a complex conjugation of u,(x).

We deal with finding concerning solution of the loaded nonlinear Schrodinger
equation in the following class

3

jj[(1+|x|)\uo(x)\+2

olu(x,t)

ox!

i=L

j)dx<oo,t20, (3)

via inverse scattering problem.

The function u(x,t) be the solution of the problem (1) - (3). Consider operator

L(t) with potentials u(x,t)
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d
— —u(x,t)
Lt)p=i (‘”

ax ; 1}=§¢. ()
W) —— |\?
dx

If the potential u(x,t) in the system of equations (4) depends on t, then its solution ¢

must also depend on t.

Theorem. If the function u(x,t) is a solution the problem (1) - (3), then the scattering

data of the system (4) with the function u(x,t) depend on t as follows:

d(;; =(4i&* - 25y ®UO,) +u"(O,))r" , Im&=0,
an -2 . *
2= (457 + 212 7O +u O.))C,,
A% o no
ot =0,n=123,...,N.

The obtained relations determine completely the evolution of the scattering data
for the system (4), which allows us to find the solution of the problem (1)-(3) by using
the inverse scattering problem method.
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PSEVDOGIPERBOLIK TENGLAMALAR UCHUN CHIZIQLI TESKARI
MASALALAR.
Saidova N.M
Buxoro davlat universiteti
nilufarsaidova93@gmail.com
Quyidagi (1) tenglamani ganoatlantiruvchi{u(x,t),f(t)} funksiyalar juftligini garaymiz
Lu = Up — Upyr — U = () g(x) +7(x,8), (x,1) € Qp (1)
boshlang’ich shartlar

u(x,0) =¢x), ux0) =9y(x), x€R, (2)

BuyerdaQ; ={(x,t)|[x R, 0<t <T}, f,7r,g,¢,¢¥ berilgan funksiyalar.

Ta’rif. Agar quyidagi:
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1. u(x,t) funksiya berilgan sohada ikkinchi tartibli hosilalari bilan uzluksiz,
2. u(x,t) funksiya (1) tenglamani ganoatlantirsin,

3.u(x,t) (2) va (3) boshlang’ich shartlarni qanoatlantirsa,

u(x, t) funksiyaga (1)-(3) masalaning klassik yechimi deyiladi.

Teorema. g€ H**%(Q;), r € H“'%(S_IT) va @, € H***(R), v €
H?*%([0,T]) bo’lib, ¢(0)=v(0), ¥(0) = v'(0) kelishuvchanlik shartlari bajarilsin, u
holda (1) - (3) masalaning yagona yechimi mavjud bo’ladi.
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DIFFERENTIAL GAME IN THE CASE OF I-CATCH UNDER NON-
STATIONARY GEOMETRIC CONSTRAINTS ON CONTROLS.
Samatov Bahrom Tadjiahmatovich
Dr Sc, professor, V.I. Romanovsky Institute of Mathematics, Tashkent, Uzbekistan
samatovs7@gmail.com
Turgunboeva Mohisanam Akhmadullo kizi
student of PhD, Namangan State University,Namangan, Uzbekistan
turgunboyevamohisanam95@gmail.com
We investigate a differential game with two controllable objects, namely the

Pursuer (in brief P) and the Evader (in brief E) , in the finite dimensional Euclidean

space R". Assume that the vectors xand y functions as Pursuer’s and Evader’s
location, by the same taken, vectors are u and v acts as Pursuer’s and Evader’s
control parameters respectively in that space. Let, in this consideration, the motion
dynamics of P and E be described by the differential equations
P: x=u, X(0)=x,, (1)
E: y=u y0O0)=Yo ()
correspondingly, where X, y,u,veR", n>2; X, Yo are players’ initial locations
which are reckoned \xo - y0\> I, 1 >0 of the players for which it is presumed that
X — Yo|>1, for some 1>0 at the time t=0. The controls u and vconsidered as
players’ velocity vectors which are required to become measurable functions
u():[0,+0)—R" and v(-):[0,+w)—R" obeying to the geometric constraints (for
brevity, G-constraints)
u(t)|< pit + pocht for almost every t >0, (3)

|v(t)| < o1t + o,sht for almost every t>0, (4)
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where p,, p,,01,0, are the given positive parametric numbers. It is worth noting that

as the norms of u(-) and v(-) in (3) and (4) we refer to the Euclidean norms in the

pol=, S0, O|=, SV

Let U, , stand for the family of all measurable functions corresponding to (3).

form

Similarly, let the family of all measurable functions satisfying (4) be represented by
If u¢)eu,, ,, and v(-)eVv,,,,, then the solutions to Cauchy’s problems (1) and
(2) are

X(t) =X, + ju(s)ds : y(t) =y, + jv(s)ds

and the pairs (%o,u(-)) and (yo,v(-)) generate the motion trajectories of the player P

and E appropriately.
The main target of the player P is to gain ground the player E at the distance

| >0 (l-catch problem), i.e., to achieve the relation

x(6) - y(9)|<I (5)
at some finite time &>0. Whereas the objective of the player E is to avoid the
occurrence of (5), i.e., to keep the inequality |x(t)— y(t)|>1 for all t=0 or, if it is
impossible, to put off the time of the occurred of (5).

We will introduce the following denotations for the sake of convenience:
ZO=X=Y, Z,=%—Yo

And we come to the unique Cauchy problem z=u-v, 2z(0)=2z,. (6)

Now we define a strategy for P on the basis of the works [1, p-31-38; 2;].
Definition 1. [4, p-907-921] For p, >0y, p, > o, we call the function
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U(z0,t,v) =V +A(20,t,v)(M(20,t,V) - 2o) (7)
the Pursuer’s strategy or 11, -strategy in the differential game (1)-

(4), where

AWV z)=—2 [(v, 2,)+ p(t)] + \/(<v, 2,)+ o)) + (\zof - |2)(¢2(t) - Mz)},

o -

V—2(zy,t,v)z, |

A VS TERRIP
0rYs 0

Here (v,z,) is scalar product of the vectors v and z, in R". Moreover, the function

A(z,,t,V) is usually called the resolving function.

Theorem. If one of the following conditions holds in differential game (1) — (4), that
is, 1. p=0, p,>0, O 2. p>0,, p,=0, OF 3. p >0, p,>0,, then II-
strategy (7) guarantees to occur I-catch in (1)-(4) differential game.
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BOSHQARUVLARI NOSTATSIONAR GEOMETRIK
CHEGARALANISHLI HOL UCHUN QUVISH-QOCHISH MASALASI
'Samatov B.T., *Xolmirzayeva G.l.
'Namangan davlat universiteti, Namangan, O ’zbekiston

2Anah'jon davlat universiteti, Andijon, O zbekiston

R" fazoda garama-garshi magsadli ob’ektlar P - quvlovchi va E - gochuvchi
harakatlanayotgan bo‘lishsin. Quvlovchi va gochuvchining fazodagi holatlarini mos
ravishda X va y orgali belgilaymiz. Ularning harakatlari quyidagi boshqariluvchi
differensial tenglamalar bilan berilgan bo‘lsin:

P: x=u, x(0)=x,, (1)

E: y=v, y(0)=Y,, )

bu yerda X, y,u,Vv, X,, ¥, €R", n>2; X,,Y, nuqgtalar mos ravishda quvlovchi va

gochuvchining t=0 vaqtdagi boshlang’ich vaziyatlari, X, #Y, deb qaraymiz.
Shuningdek, U va V parametrlar ob’ektlarning boshqaruv parametrlari hisoblanadi.

Quvlovchining U boshgaruv parametri  u(-):[0;+w) - R" akslantirishni

bajaruvchi t bo‘yicha o°Ichovli funksiya sifatida tanlanadi va quyidagi
chegaralanishni ganoatlantirishi talab etiladi

lu(t)| < ast + ayet, deyarli barchat>0, (3)
bu yerda a; =0, a, > 0. Bu yerda (3) chegaralanishni ganoatlantiruvchi barcha

U() o‘lchovli funksiyalar sinfini U, bilan belgilaymiz.

Qochuvchining VvV boshgaruv parametri  v(-):[0;+00) — R" akslantirishni

bajaruvchi t bo‘yicha o‘lchovli funksiya sifatida tanlanadi va quyidagi
chegaralanishni ganoatlantirishi talab etiladi:
lv(t)| < Byt + Bre~t, deyarli barcha t>0, (4)
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bu yerda g, =0, §, > 0. Bunda (4) chegaralanishni ganoatlantiruvchi barcha v(-)

o‘Ichovli funksiyalar sinfini V; bilan belgilaymiz.
Ta’rif 1. Tanlangan u(-) € U; va v(-) € V; boshgaruv funksiyalar uchun (1)
va (2) tenglamalardan hosil bo‘lgan quyidagi ifodalar mos ravishda quvlovchi va

gochuvchining harakat trayektoriyasi deyiladi:

X(t) =x, + ju(s)ds, (5)

y(t) =y, + [v(s)ds. (6)

(1)-(4) differensial o‘yinda quvuvchining ob’ekt P maqgsadi biror chekli vaqgtda
x(t)=y(t) tenglikka erishish bo‘lsa (tutish masalasi), qochuvchi ob’ekt E ning
magsadi x(t) #y(t) tengsizlikni ixtiyoriy t>0 uchun o‘rinli bo‘lishini ta’minlash
(gochish masalasi).

Ta’rif 2. (1)-(4) differensial o‘yin uchun quyidagi
ug(t,v) = v — (¢, v)$o (7)
funksiyaga P quvlovchining parallel quvish strategiyasi (I1-strategiya) deb ataymiz,

bu yerda A5(t,v) = (1,&) + (1, &)% + (art + aze 52 — [v]? £y = =

Izl
Zy = Xo — Yo » (V, &) - v va &, vektorlarning R" fazodagi skalyar ko‘paytmasi.

Teorema 1. Agar quyidagi shartlardan biri o‘rinli bo‘lsa, ya’ni
a)a; =Py, az > Py 0)az =P a3 > i)y > Py, ay > o,
u holda (7) strategiya yordamida tutish masalasi [0, T.] vaqt oralig‘ida yechimga ega
bo‘ladi, bu yerda T, vaqt F(t) = 0 tenglamaning birinchi musbat ildizi va
F(£) = (a; — B)(e " — 1) = LFe2 4 |z,
Ta’rif 3. (1)(4) differensial o‘ynida

V() =—(Bit + et ) t=0 (8)
funksiyaga qochuvchining strategiyasi deb ataymiz.
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Teorema 2. Agar a; < f;, a, < B, shartlar bajarilsa, u holda (1)—(4)
differensial o‘yinida (8) strategiya yordamida qochish masalasi yechimga ega bo‘ladi.
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NOKLASSIK CHEGARAVIY MASALA UCHUN BIORTOGONAL SISTEMA
D.Sh. Toshmatov
Jizzax davlat pedagogika universiteti, Jizzax, O zbekiston
Kasr tartibli diffuziya-to‘lqin tenglamasi berilgan bo‘lsin:
ofu(x,t) = Uy (x,t) + q()f(x, t), xe(0,1),te(0,T] (1)
boshlang'ich va nolokal chegaraviy shartlar bilan

u(x,T) = ¢(x), (2)
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u(0,t) =u(l,t) =0. (3)
Buyerda 0 < a < 1, ¢ — «a tartibli Gerasimov-Kaputo ma’nosidagi kasr hosila,va u
v(t) € AC[0,T] lar uchun quyidagicha aniglangan
tv'(b)

1
WO =ra-w ), oo ®

va f (x, t) berilgan manba hadi, ¢ (x) boshlang’ich harorat.
folw(x)u(x, t)dx =g(t), t>0, (4)
Berilgan qo’shimcha shart bo’lib, bu yerda g(t) berilgan berilgan issqilik energiyasi,
w(x) berilgan funksiya. Ishning asosiy magsadi (1)-(4) masaldan q(x) funksiyani
topishdan iborat.
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DIRECT PROBLEM FOR FRACTIONAL WAVE EQUATION WITH
RIEMANN LIOUVILLE DERIVATIVE
Turdiyev Halim Hamroyevich®, Xoligov Suyunjon Xamroqul og'li®
'Bukhara State University, Department of "Differential Equations"
*Navoi State Pedagogical Institute, Department of Mathematics
E-mail:
In the domain Q;:={(x,t):0<x <[, 0<t<T} consider the time-
fractional diffusion wave equation
(D, u)(x,8) — Uy + q(Dux,t) = f(x,0), (,©) €Qr (1)
with initial and boundary conditions
(DGrew) g, = (), (DEEY),_,, = ¥(x), x€[0,1] 2)
u(0,t) =u(l,t) =0, O0<t<T, (3)
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where Dg, . is the Riemann-Liouville fractional derivative of order 1 < a < 2 in the
time variable (see definition 1, 2 in [1]-[6]) and ¢(x), ¥(x), f(x,t) are given
smooth functions.

The functions ¢ (x), ¢(x), f(x,t) satisfy the following assumptions

AL) {p, ¥} € C*[0,1], {p™, W} € L,[0,1], 9(0) = ¢(1) =0, Y(0) =
Y1) =0,¢"(0) =" () =0, p"(0) =y"()) =0;

A2) f(x,”) € C[0,T] and for € [0,T], f£(-,t) € C3[0,1], F™®(,t) € L,[0,1],
fQO,0) =ft) =0, fix(0,t) = fir (1, £) = 0;

We obtain the following assertion.

Theorem. Let gq(t) € C[0,T], Al), A2) are satisfied, then there exists a unique
solution of the direct problem (1)-(3) u(x, t) € C;%(Q),
where

Cr* () = {u(x, 0): u(-,t) € C%(0,1); t €[0,T] and
Doy ulx,) € C,(0,T]; x€[0,1], 1<a <2}
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A GENERALIZED (G'/G)- EXPANSION METHOD FOR THE
LOADED SHALLOW WATER WAVE EQUATION
G.U.Urazboev'?, M. M. Khasanov',0.Y.Ganjaev’

'Urgench state university, Urgench, Uzbekistan,
?Institute of Mathematics named after V.. Romanovski Uzbekistan Academy of

Science

This paper is dedicated to find the solutions of the equation of the loaded
shallow water wave equation. It is shown that (G'/G) - expansion method is one of
the most effective way of finding the solutions.

Consider the following loaded shallow water wave equation

u +auxuxt +ﬂutuxx _uxt _7uxx + f (t)U(O,t)UXX =0 ' (1)

where u(x,t) is an unknown function, xeR, t>0, f(t) - is the given real continuous
function.
Description of the generalized (G'/G)-expansion method
Let us given a nonlinear partial differential equation in the following form

F(u,u,u,u,,u ,u,.,..)=0 (2)

with two independent variables x and t. Besides, u=u(x,t) is a unknown function, Fis

a polynomial in u and its partial derivatives in which the highest order derivatives and

nonlinear terms are involved. Now we give the main steps of the (G'/G) -expansion

method [3]:

Step 1. We find the solution u in the following form:

U(Xrt) =U(§) y &= X_Q(t) ) (3)
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where is parameter and Q(t) is a continuous function dependent on t. We reduce
equation (2) to the following nonlinear ordinary differential equation:
P(u,u’,u”,u",..)=0, 4)

where P is a polynomial of u(¢) and its all derivatives v’ =du(&)/dé&, u”=d’u(&)/dé&?,

Step 2. We assume that the solution of equation (4) has the form:
0@=3a, &), (5)
where G =G(¢) satisfies the following second order ordinary differential equation
G"+AG +uG=0, (6)
where G'=dG(¢)/dé, G"=d’G(¢£)/de? and A, u, a;(j=12..,m) are constants that

can be determined later, provided a_=0.

Step 3. We determine the integer number m by balancing the nonlinear terms of the
highest order and the partial product of the highest order of (4).
Step 4. Substitute (5) along with (6) into (4) and collect all terms with the same order

of [G'@)J, the left-hand side of (4) is converted into a polynomial in {wj Then,
G(&) G(S)

equaling each coefficient of this polynomial to zero we derive a set of over-

determined partial differential equations for a; (j=12,..,m) and¢.
Step 5. Substituting the values a; (j=12,..m) and & as well as the solutions of

equation (6) into (5), we have the exact solutions of equation (2).
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BIR INTEGRO-DIFFERENSIAL TENGLAMA UCHUN CHEGARAVIY
MASALA
Yusubjonova.G.
Namangan davlat universiteti, Namangan, O ‘zbekiston
E-mail: prettychiroy@gmail.com
Quyidagi
o Do u(t,X) + 1o Dgu(t,x) —u,, (t,x) = f (t,) (1)

integro-differensial tenglamani Q={(t,x):0<x<1,0<t <1} sohada garaymiz. Bu yerda

., )
D YO = [y ™ 0<a<l 2)
0

Kaputo-Fabritsiyo operatori va bu operator uchun
or Do "Y(t) = ¢ Do " (o Dot Y (1)), n €N
tenglik o’rinli [1], x-berilgan hagiqiy son, f(x,t) esa berilgan yetarlicha silliq
funksiya.
Masala. (1) tenglamaning Q sohadagi
u(0,x)=u(1,x)=0, 0<x<1 (3)
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u(t,0)=u(t,1)=0, 0<t<1 4)
shartlarni ganoatlantiruvchi regulyar yechimi topilsin.
Ushbu masalani o’zgaruvchilarni ajratish usuli bilan tatqiq etamiz [2].
Buning uchun f(t,x)=0 holatda (1) tenglamaning trivial bo’lmagan yechimini

U (t,x) = X (X)T (t) ko’rinishida izlaymiz. U holda
or Do U (6, %) + 22+ o Dy ®U (£,X) —U  (t,X) =0

tenglamadan
X (X) CF DOta+lT (t) +u- X (X) CF DOtaT (t) - X ”(X)T (t) =0
ni hosil gilamiz. Bu tenglikni X (x)T (t) = 0 ga bo’lib
ce Do T+ Dy T(M) _ X"(¥) _

T(t) X (x) (5)
ni hosil gilamiz. Bundan kelib chigadigan X"(x)+AX(x)=0 tenglama va (4)

shartdan kelib chigadigan X(0)=X(1)=0 shartlar birgalikda Shgurm-Liuvill spektral

masalasini tashkil etadi. Bu masala A, = (nz)?,neZ giymatlarda X_(x)=sinnzxxos
funksiyalarga ega bo’ladi [2]. Bu xos funksiyalar sistemasi L,fazoda to’la ortonormal

sistema tashkil etadi. Shu sababdan, (1),(3),(4) masalaning yechimini
U (t,x)=> U, (t)sinnzx (6)
n=1
ko’rinishida izlaymiz.

Berilgan funksiya f(t,x) ni ham (6) kabi gatorga yoyib olamiz:

f(t,x) :i f (t)sinnzx, (7)

1
bu yerda f_(t,x)= ZJ f (t,x)sinnzxdx. (6) va (7) ni (1) ga qo’ysak,
0
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ZCF D,““U, (t)sinnzx+ p- ZCF D,.“U,(t)sinnzXx +

n=1 n=1
+Z(n7r)2Un(t)sin X = Z f (t)sinnzx
n=1 n=1

ni olamiz. Bu yerdan esa,

or Do U, () + 1 Dy "V, (1) + (n)°U, (1) = £,(1) (8)
tenglamani olamiz. (3) shartdan esa U_(0)=U, (1) =0shartlar kelib chigadi. (8)
tenglamaning bu shartlarni ganoatlantiruvchi yechimi A*(a) = 4B(«) holda quyidagi

ko’rinishida yoziladi [3]:

U, =e 5 [, (5)5(9)ds ©

Bu yerda

A(a)(t_s)

e 2 t(s-1),0<t<s,

Al 1)

o 1/\
U,()=e > [f (5)G(t.S)=
0 e 2 s(t-1),s<t<1,

A@) =25k s () (- ), B(@) =1 [ )

f(0 = 1- e [H0 +—2 1 O]
l-o

Qayd etish kerakki, (8) integro-differensial tenglama avval koeffitsiyentlari «
tartibga bog’liq tenglamaga keltiriladi. So’ngra bu tenglama tegishi chegaraviy shartlr
asosida Grin funksiyasi yordamida (9) formula beriladi. (9) ni hisobga olsak, (6) ni

U, (t)= Ze e If (s)G(t,s)dssin zx (10)

1
ko’rinishida yozish mumkin. (10) va U, (t,x),. D&™U (t,x) funksiyalarga mos
keluvchi chekli gatorlarning tekis yaginlashishini isbotlash uchun berilgan funksiya
f(t,X) kerakli shartlar qo’yiladi. Xususan, (10) gatorning tekis yaqinlashishi uchun
0% f (t,x)

f(t,x)e C(Q) e C(€2) ekanligi yetarlidir.
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Demak, quyidagi tasdiq o’rinli:

- 3
Teorema. Agar A’*(a)=4B(a) va f(t’X)EC(Q)’(? f(t,zx)
X

eC(Q)bo’lsa, u

holda (1),(3),(4) masalaning yechimi mavjud, yagona va (10) ko’rinishidan
ifodalanadi.
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HILFER MA’NOSIDAGI KASR TARTIBLI DIFFRENSIAL TENGLAMANI
DUYAMEL PRINSIPI YORDAMIDA YECHISH
Xusainov X.Y.
Mirzo Ulug’bek nomidagi O ’zbekiston Milliy Universiteti, Toshkent, O zbekiston
hikmathusainov93@gmail.com
[1]da Riman-Liuvil va Kaputo ma’nosidagi kasr hosilalarining umumlashmasi
bo’lgan Hilfer ma’nosidagi kasr hosilali diffrensial tenglama uchun Koshi masalasi
yechimini tartibi 0<a<1,0<p<1  bo’lgan holat uchun Duyamel prinsipi[2]
yordamida topish usuli berilgan edi.
Mazkur tezisda biz Hilfer kasr hosilasining 1<a <2 va 0< <1 bo’lgan holi
uchun tenglama yechimini Duhamel prinsipi yordamida topamiz.
Duhamel prinsipidan foydalanishning qulaylik tomoni shundan iboratki,u bir
jinsli bo’lmagan tenglamani yangi o’zgaruvchi kiritish yordamida bir jinsli bo’lgan

tenglamaga keltiradi va yechim Duhamel integrali ko’rinishida topiladi.
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Ta’rif: (Hilfer hosilasi). n-1<a<n,0<B<1,n>1 sonlari berilgan bo’lsin.U

holda Hilfer hosilasi [3] quyidagicha aniglanadi:

"D (t)= 17D A (1), (1)

buyerda D= %&t)

Teorema: Faraz gilaylik V (t,7,x),0<z<t,xel", ae(L2) Kasrtartibli g<[0;1]

parametr bilan aniglangan bir jinsli bo’lgan quyidagi tenglama uchun Koshi
masalasining yechimi bo’lsin:

"DV (t,7,X)+ A(x, D)V (t,7,x) =0, t>7, xel' 1l<a<2,0<p<1  (2)

"DV (t,7, x)t:r =0, xeO! (3)
(AN (t,7,X),_, = F (7, %), (4)
U holda
U(t,X):jV (t,z,x)dzr (5)

0

quyidagi bir jinsli bo’lmagan tenglama uchun Koshi masalasi yechimi bo’ladi

"D*U (t,x)+ A(x, DU (t,x) = f (t,x), t>0, xel* (6)
("D MU, X)), =0, xel*. @)
(1794 (t, x)),, =0, xel® (8)

Bu yerda (5) ko’rinishidagi integral Duhamel integrali hisoblanadi.
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prinsipida yechish”. Matematika,Mehanika va Intellektual tehnologiyalar respublika
ilmiy konferensiya.Toshkent,2023. 264-bet.
2. S.Umarov “Introduction to fractional and Pseudo-Differential Equations with

Singular Symbols™ Springer,2015

192



3. R.Garra, R.Gorenflo, F.Polito, Z.Tomovski “Hilfer - Prabhakar derivatives and
some applications” Journal: Applied Mathematics and Computation ,2015. 578-579-
bet.

OBPATHASA KOOOPUIIUMEHTHASA 3ATAYA JISI JTPOBHO-
ANO®D®Y3INOHHOI'O YPABHEHUA C OIIEPATOPOM
.U AKpaMoeal, ®.E. Tazoes’
1nyap01<u12 2ocyoapcmeennslil yHugepcumem, byxapa, Yzoexucman
2Hasoutickuii 20cydapcmeenubiti 20pHo-mexnonoeuueckuil ynusepcumem, Hasau,

V3bexucman

Uccnenyercsa BTopasi Ha4aJIbHO-KpaeBasl 3a7a4a B OrpaHUYEHHOMN 001acT st
npoOHOro-nu(pHy3MoOHHOTO ypaBHEHHS ¢ omneparopoMm beccenss U mpou3BOgHOM
I'epacumoBa-KanyTto. I[lomydeHbl TeOpeMBbl CYIIECTBOBAHUS W €IWHCTBEHHOCTH
perieHus: 00paTHOM 3aauu onpeaeeHusT Maaamero Ko3gpGuiMeHTa B 0JTHOMEPHOM
IpoOHO - nuddy3MOHHOM YpaBHEHUU TPHU YCIOBUM HHTEIPAILHOTO HAOJIIOJACHUSI.
Jlj1s noka3aTenbCTBO CYIIECTBOBAHMS PEIICHUs ncnoib3oBajcs npuHuun laynepa.

B obnactu Q={xt):0<x<1,0<t< T} paccMOTpUM
muddepeHnranbHoe ypaBHEHHE

08 u(x,t) = U (3, 1) + 1, (3, 1) — u(x,8) + q(Oux, 1) + £ (x,1), (1)

[lycts q(t) u f(x,t) —3amannbie Qynkuuu. [loctaBuM crienyromyro 3aaady:
HaiiTi B obnactu () ¢pyHkuuio u(x, t), yaoBieTBopsrolyto ypaBaenuto (1) u
C HAYaJIbHBIM yCIIOBUEM

u(x,0) =ax), 0< x< 1, (2)
Y TPAaHUYHBIMH YCJIOBHSIMU

lim,_xu,(x,t) =0, u(l,t) =0, 3)
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rae 0 < @ < 1 —3amanHoe yucio, d5; —npousBoaHas I epacumoBa-Kamyto 1po6HOTO

nopsiJika , ¢ HayajaoM B Touke 0, KoTopasi onpenensercs CiaeayomuM o0pa3oM (CM.

[1], ctp. 90):

1 t
o v(t) = mj; (t —1)~"*v'(1)dr.

CootHomienus (1)-(3) sBAAOTCA NpsAMOM 3amadveid, T.e. €CJIM H3BECTHBI
byukuuu q(t), f(x,t) wu a(x) u mocrosuuble @, TO pemenne U(x,t) MOXeT ObITH
HaiieHo u3 ypaBHeHwuit (1)-(3).

OOpatHas 3amada. HeoOxommmo ompeneiuth (YHKIUIO €CITH O pPEIIeHUU

npsiMoit 3aiauu (1)-(3) u3BecTHa cieayroias 10MoTHUTEIbHAS UH(POpMAITUS:
[ uCx,)dx =b(t), 0<t<T, (4)
rae b(t) —3amaHHas JOCTATOYHO IIIaAKas PyHKIIUS.
Jlumepamypa
1. Kilbas A.A., Srivastava H.M., Trujillo J.J. Theory and applications of fractional

differential equations. Elsevier, Amsterdam, 2006.

O PEIIEHUE KPAEBOM 3AJIAUM JIJII HEOJJTHOPOJHOI'O
YPABHEHUSA YETBEPTOI'O ITOPAIKA C KPATHBIMHU
XAPAKTEPUCTUKAMU
Ydnaxos 10.11., ’Mamaxconoe C.M.

Y2 uemumym Mamemamuka um. B.H. Pomanosckozo AH PY3, Tawkenm,
V3bexucman,

'Hamanzanckuii unoicenepro-cmpoumenvibiii uncmumym, Hamanean, Y36exucman

B nannoit padote B oomactu Q={(X,y):0<x< p,0<y<q} paccMarpuBaercs
ypaBHEHHE Y€TBEPTOro MOPSIKA BHA
Uy —U,, + AU+ AU + AU +AU + AU =F(Xy),
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rie p,g,AeR, i=15 u F(X,y) — 3aJjaHHasl JOCTaTOYHO TIiaaKas (yHKITHUS.

3ameHol
U(x,y)= exp[—%x + %y}u(x, y),

9TO ypaBHeHI/ISI HpI/IBO,[IHTCH K BHI[y
L{u]= Uy (X, ¥) + U (X, y) +a,u, (X, y) +au(x,y)—u, (xy)=f(x,y), 1)

rac

WA AR 3 AA AA A
8 2 256 16 4 4°

8
f(xy)= exp[%x—%y}F(x,y).

st ypaBuenus (1) B o6mactu Q u3ydum cleayroNIyto 3a1a4y.

a,= A, -

3amaya A. Haiitu Qynkumo  u(Xx,y) u3 xiacca C“(Q)me"i(f_l),

YAOBJIECTBOPSAIONIYIO ypaBHeHHMIO (1) B obmactm () W CIEAyIOIMHMM KpaeBbIM

YCIIOBUSIM:

u(x,0)=u(x,q)=0,0<x<p,
u(0,y)=w1(¥) u(p,y) =2 (¥):uu(0,¥)=w5(Y) uu (P.y)=v.(y). 0y <q,

rae y;(y), i=14, f(X,y) 3anaHHble JOCTATOYHO IIIALKHE (YHKIIHH.
OtmeTnM, uTo B pabore [1] paccmoTpen cnydait &, =a, =0, a, # 0, a B paboTtax

[2-5] nccnemoBanbl KpaeBbie 3a1a4M IS MOJCIIBHBIX YPAaBHEHUI Y€TBEPTOrO MOPSIIKA
CHEKTpalbHOM MeTojoM. B pabore [6], paccmoTpeHa KpaeBas 3ajada st
onHopoaHoro ypaBHeHus (1), a B pabote [7], u3ydeHa TpeThsi KpaeBas 3ajada Jyis
ypaBuenus (1). B pabortax [8], [9] uccnemoBanbl apyrue KpaeBble 3aaaud Jjis
ypaBHeHwus (1), korna Bce Ko3PPUIMEHTH TIEPEMEHHBIE.

Teopema 1. Ecnu 3agaua A uMeer peuieHUe, TO MPU BBIMOJHEHUU YCIOBHM

a, <0, a, >0 oHO €IMHCTBEHHO.
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Teopema 2. Eciiy BBITONHSIOTCS CAEAYIOIINUE YCIOBHS:
e

p(1+ 1+ e‘4“1p)+2yf)’

2) v, (O)ZV/i (Q) :V/i,’(o):Wiﬂ(Q):O’ ¥i (Y)€C3 [O’Q]’ i=14;

3) f(x,0)=f(x4q)=0, fXW(x,y)eC(ﬁ), 0<x<p,

1) D<

TO pelIeHME 3a1a9n A CylecTByeT. 31ech,
D:max{|a1|,i :1,_3}, = |—.

EAVMHCTBEHHOCTh pPEIICHMsS IIOCTABJICHHOW 33Ja4d  JIOKa3aHa METOIOM

WHTErpajioB S3HEpruu. Perienne BeIMUCAHO Yepe3 NOCTPOCHHYIO PyHKIuIo ['prHa.
Jlureparypa

1. AmanoB /I., Myp3zamberoBa M.b. KpaeBas 3amaua juisi ypaBHEHUSI YETBEPTOIO
nopsjka ¢ miuaamum wieHoM // BectH. Yamyprck. yH-Ta. Marem. Mex. KoMImbioT.
Haykw, 2013, Beimyck 1, c. 3-10.
2. CabutoB K. b., ®aneeBa O. B. HauanpHo-rpanuyHas 3amaya sl ypaBHEHHS
BBIHYKJCHHBIX KoJieOaHUuil KoHcoJibHOU Oanku // BectH. CaM. roc. TexH. yH-Ta. Cep.
®wu3z.-mat. Hayku, 25:1 (2021), c. 51-66.
3. Urinov A.K., Azizov M.S. Boundary Value Problems for a Fourth Order partial
Equation with an Unknown Right — hand Part // Lobachevskii Journal of
Mathematics, 2021, Vol. 42, Ne3, pp. 632-640.
4. AmanoB /I., bexue A.b., Orapoa X.A. O6 omgHOl KpaeBoW 3amade IS
ypaBHeHUs yeTBepToro nopsiaka // Y3MIK, 2015, Ne4, c. 11-18.
5. CaburoB K. Bb. OOparHbie 3amaun sl ypaBHEHHUs KojeOaHM Oanku 10
OMpENEICHUI0 MpPaBOd YacTU M HavyalbHbIX ycioBud // JuddepeHunansubie

ypaBHenus, 2020, Tom 56, Neb, c. 761-774.
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6. Y.P.Apakov and S.M.Mamajonov: A boundary-value problem for the fourthorder
equation with multiple characteristics in a rectangular domain // Nonlinear
Oscillations. Published in vol. 24 (2021), No. 3, pp. 291-305.

7. Mamajonov S.M. The third boundary problem for a fourth-order non-homogeneous
equation with constant coefficients // Bull. Inst. Math., 2022, Vol. 5, No. 6, pp. 100-
1009.

8. H0.I1.AnakoB, C.M.MamaxxonoB. KpaeBas 3agaua Jyisi HEOJHOPOIHOTO YPABHEHUS
YETBEPTOIO MOPSIKA C IepeMEeHHbIMU Koddurmentamu // Jloknaasl AkageMun HayK
PecryOommukum V36ekucran, 2022, Ne4, ¢. 7-13.

9. I0.11.AnmakoB, C.M.MamaxonoB. KpaeBas 3agaua s HEOZTHOPOAHOTO YPaBHEHUS
4eTBEPTOro Mopsiaka ¢ Miaammmu uieHamu // JuddepeHimanbabie ypaBHEHUS,

2023, Tom 59, Ne 2, c. 183-192.

O PASPEIIMMOCTHY TPETBEN KPAEBOM 3AJTAYM JJISI YPABHEHUS
TPETBEI'O NIOPAAKA C KPATHBIMU XAPAKTEPUCTUKAMMU B
TPEXMEPHOM ITPOCTPAHCTBE B TIOJTYOI' PAHUYEHHOM OBJIACTH
YUnaxos IO.I1 o 2Xamumos A.A.

Y nemumym mamemamuxu um. B.M.Pomanosckozo AH PY3,

12 o o
Hamaneanckuu UHIICEHEPHO-CMPOUMENIbHbIU UHCMUmM)n

B o6mactu D+={(x,y,z): 0< X<+, 0<y<q, O<z<r} PaccMOTpUM

YpaBHEHUSA
3 2 2
L] =S5~ 05 -2
ox> oy® oz

0, (1)

rac q>0, r>0 — moCTOSHHBIE BCHICCTBCHHBIC YHCIIA, U JII HETO HCCICAYCM

CJIEIYIOLIYIO 3a]a4y.
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3agaua B. Haiitu pemienue ypasuenus (1) B oOmactu D™ w3 xmacca

XY,z X,y,Z

Cc322 ( D" ) NC2H (D+ UF), MMEIOIINE OTpaHUYCHHbIC TIEPBbIE TPOU3BOIHBIE 110 Y ,

no . W BTOPOH MPOM3BOAHONM MO X mpu X—>+00, H uy,uZeLz(D+),

YAOBJICTBOPAIOIICTO CICAYIOIMMHU KpaCBbIMHU YCIIOBUAMU
au(x,0,z)+ Bu,(x,0,2)=0,
yu(x,0,2)+du,(x,q,2)=0, 2)
u(x,y,0)=u(x,y,r)=0,

u(0,y,2)=w(v.2),
limu(x,y,z)=limu,x,y,z)=0, 0<y<gq, 0<z<r,

X—>+00 X—>+00

(3)

rae I'=0D"— rpanuna odnactu D", a, B, y U O - 33J]aHHbBIC TOCTOSHHBIC, PUIEM

&’ + 3 #0, y¥*+6°#0, a l//l(y, Z) — 3aaHHas JOCTATOYHO TUIajmKas (QyHKITHSA,

puU4eM
i i+1 i i+1
aa%(?’z)+ﬁ6 Wli(f'z)zo, 7/81//1 i’z)+5a Wli(f'z):o,
% % v % i=0,2. (4)
841//1(y,0):64l//1(y,l’)20 %y, y,O):861//1(y,r):0
oy’ oy* ’ oy‘oz? oy*oz? '

OTMeTHM, YTO B TUIOCKOCTH TOJYOTPAaHUYCHHBIX 00JacTsaxX B paborax [1-3]
UCCIIeIOBaHbl HEKOTOPhIE KOPPEKTHBIE KpaeBble 3ajadyM, a Takke B padotax [4-5] B
KOHEUHBIE 00JIACTH U3Yy4YE€HBI KPaeBbhIe 3a/1a4l B TPEXMEPHOM MPOCTPAHCTBE.

Teopema 1. Ecnu 3amaua B umeer pemieHue, TO MPU BBHIMOJIHEHUU YCIOBUI
a3 <0, 6 >0 0HO eIUHCTBEHHO.

Teopema 1 €OWHCTBEHHOCTHM pEIICHUE JOKa3aHa C METOAOM HHTErpajioB

SHEPIUH.
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o'y, (y.2)

Teopema 2. Eciiu pyHKIMN 157 el, [0 <y<(q,0<z< r] U BBITIOJTHSIOTCS

yCIIOBHS coryiacoBanus (4), To penieHue 3ajaul B cymiecTByeT U npeacTaBiseTcs B
BUJIE

1

M

u(x,y,z)=

2

- kox . Mmrz
Zl/lln,me knmen(y)Sln r ' (5)

n,m=1

Trac
Y,(9) =(asin v,y = Bv, cosJv, y) A,
2 2
||Vn,m||2 =N %(azq + v, —aﬁ)+{ﬁ Z/Z - 4%)% 2.Jv.q+
+%coszﬂq}g,

aV¥,n —kodpduuuent Oypre GyHKIMN w,(Y,2), re.

qr

Mz
”z,//l(y, z)Y,(y)sin Tdydz.

00

o 1
Inm — ) 2
Mool

Jloxazan, 4yto psin (5) u ero mpou3BOAHBIC BXOJAIILYIO B ypaBHEHHUIO (1) cxoasarcs

abCOJIIOTHO M paBHOMEpHO B objactu D" UT .
Jlureparypsl

1. AmakoB IO.I1. Pemienne kpaeBbIX 3a4a4 [Jisl YpaBHEHUS] TPETHETO MOPSAJIKA C
KpPaTHBIMHU XapaKTEPUCTHUKAMU B HEOTpaHWYeHHBIX obnactsx// N3Bectus KabapauHo-
bankapckoro nHayunoro nentpa PAH. —Hanpuuk, 2008. -Ne2(22). —C. 147-151.

2. AnaxoB IO.II. K Tteopuum ypaBHEHUH TpEeThEro MOpPsAKAa C KPATHBIMU
xapaktepuctrkamu. — T.: «Fan va texnologiya», 2019, 156 ctp.

3. AnakoB FO.I1. Pemenne kpaeBbIX 3a7au JUisl YpaBHEHHs TPETHETO MOPSIIKA C
KpaTHbIMU XapakTepucTUKamMu MerogoM Dypre B 00J1aCTAX C HEKOMIIAKTHBIMU

rpanunamu// Y30ekckuiit MaTemaTiuueckuii xypHai. —TamkeHT, 2008. -Nel. —C. 14-22
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4. CaburoB K. b. HawanpHo-rpaHuyHble 3a1a4ydl A ypaBHEHUS KojieOaHUI
npsIMOYTOJIbHOM macTuHbl// U3BecTust By3oB. Matemaruka 2021, Ne 10, - C. 60-70.

5. AmakoB IO.I1.,, XamutoB A.A. O pemieHuss OJHOW KpaeBOW 3agayu IS
YPaBHEHUSI TPETHErO IMOPSAKA C KPATHBIMU XapaKTEPUCTHKAMU B TPEXMEPHOM
npoctpaHcTBe//  Hayunslii  BecTHMK ~ HamaHranckoro - rocyJaapCTBEHHOTO

yHuBepcuteTa. — Hamanran, 2020. - Ne 4. — C. 21-31

HEJIOKAJIBHASA 3AJTAYA J1JISI YPABHEHUS TAPABOJIO-
I'NMIIEPBOJIMYECKOTI'O TUIIA C OHEPATOPOM KAITYTO B
NPSAMOYI'OJIbHOM OBJIACTH
Awypos P.P" Ilycanosa V.X°
HUnemumym mamemamuru umenu B.U. Pomarnoeckoeo, Tawxenm, Y306exucman 1.2
ashurovr@gmail.com * , umidakhon8996@gmail.com?

CrnenyeT OTMETUTh, UTO HEJIOKAJIIBHOE ycloBUE TUNA (6) BIEpBbIE MOSABUIOCH B
[1] nOpu  wccrenqoBaHWM — 3aJadyd  JO3BYKOBOTO  OOTekaHus — Tpoduiie,
3aKAHYMBAIOIICICS MPABUIIBHON MJIOTHOCTHIO CKAYKOB I ypaBHeHUs1 Hambirnaa.B
[2] Tako#t Tum 3amad ObUT MPEJIOKEH ISl ypaBHEHUH AJUMNTAYECKOro Tuma. B [3]
BMecTO ycioBus (6) mist ypaBHeHus (1) B mpsamoyronbsHoi obmactu D wu3yuanoch
HavalbHO-KpaeBoe ycioBue U(X,—a)=w(X), 0<x<1, a B pabore [4] u3yuanaoch
3a/laya C TaKUM K€ HEJIOKAJIbHBIM ycioBueM (6) HO 0e3 IpoOHOTrO MOPSIIKOBOTO
npousBoaHON KamyTo. 31eck B OCHOBY paOOThI TIOJIOKEH KPUTEPHUI €TUHCTBEHHOCTH
peleHust HelokaiabHOM 3amaun (2)-(6). B aTom ciywae pereHue CTpouTCs B BUJIE
CYMMHUPOBAHHS PSJIOB COOCTBEHHBIX (DYHKIIMA COOTBETCTBYIOIIEH OJHOMEPHOU

3agaun Lltypma-JInyBunns. Ilo ananoruu ¢ pabotoi [5] ycTaHOBIIEHA YCTOMYUBOCTh
pelleHus 0 HeJIOKAJIbHOMY YCIoBHIO (6) B HOpMax MpoCTpaHCTB L, [0,1] u C(D).

1. PaccMoTpuM ypaBHEHHE CMEIIAaHHOTO Mapadoio-TUNEepOOIMYECKOro THIIa
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D’u-u, =0, t>0,
Lu—{ t X (6)

u, —u, =0, t<O0.

B npsiMoyroibHON obmactt D ={(x,t)|0<x<l, —a<t<f}, tne a>0 u f>0-

3agaHHble  gedicTBuTensHble  uucna.  Ilyete O<p<lum D, =Du{t>0},
D_=Dnn{t<0}.

Omnpenesienue. PerymssupoBanHas ApoOHasi mpousBojaHas (mpou3BogHas KamyTo)

OTIPEIENISIETCS C MOMOIIBIO (POPMYITOiA:

t

T ! (t—2) " h (z)dz.

3agava. Haiitu B oOmactu D dyHkiuio u(x, t), YAOBICTBOPSIOIIYIO CIICAYIOIIHM

Dgih(2) =

YCIIOBUSM:
u(x,t)eC*(D_)nCZ(D,), (7)
Lu(x,t)=0, (x,t)eD, uD_, (8)
u(0,t)=u(l,t)=0, —a<t<pg, (9)
u,(0+0)=u,(0-0), D/u(0+0)=u,(0-0), (10)
u(x,—a) —u( x,—f) =p(x), 0<x<1. (11)

rne ¢(X) —3amaHHasi JOCTATOYHO TUIafKas QyHKIUS, TPUIeM

9(0) = (1) =0.

2. Iyctb u(x, t) — pemenue 3anaun (2)—(6). Paccmorpum yHKIMM
1
uk(t)zx/i_[u(x,t)sinkxdx, k=12,... (12)
0

W3 BbIIIEYKAa30HHUX YPaBHEHUH , NPUPABHSASA K HYJIIO BHYTPEHHYIO YaCTh, MbI

OKaH4aTCJIIbHO UMCCM

Dfu, + A%, () =0, t>0, (13)
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u, +Au, (t)=0, t<0, A4 =zk. (14)

Huddepennuanbupie ypaBaeHus (8) u (9) uMeroT 00IIKe pelIeHHs

¢.E ,(-A%"), t>0
uk(t): k p,l( ﬂk ) .
a, cosAt+b sinAt, t<O,

(15)

roe a,,b, ¥ C, — mpou3BOJIbHBIE MOCTOsSHHBIE. Mcmonb3ys yciaoBueM (5)-(6) Mbl

Dy _
5aﬁ (k)

rae g Bcex Ke N 5aﬂ (k) mmeer cienyromuii BUI:

8,5(k)=cosAa+ A sinda—E ,(-45°)#0 (16)

OKOHYATEJIbHO MOIy4uM @, =C, u b, =—-C 4, C, =

Takum 00pa3oM, HAMH YCTAaHOBJICH CIICTYIOIINN KPUTSPUA S TUHCTBECHHOCTH.

Teopema 1. Eciiu cymectByet penierue 3aaauu (2)—(6), To OHO €IMHCTBEHHO
TOJIKO TOT/Ia, KOT1a BhImoaHeHo yciaoBue (11) mpu Bcex Ke N .
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PEHIEHUE 3AJIAYN TUITA KOHIU-T'YPCA AJISA BOJTHOBOI'O
YPABHEHUA
Ilypoues /K. L2 Towes JT.AM
1HHcmumym mamemamuxu umernu B.U. Pomanoeckoco, Tawkenum, Y30ekucman.

2 . .
byxapckuii 2cocyoapcmeennviii ynueepcumem, byxapa, ¥36exucman
2

B obnactu D := {(x,y) € R?| 0 <y < x < T — y} (puc. 1) paccmorpum
cienymoinee ypasuenue [1]-[4]:
Uyx — Uyy — p(ulx,y) = f(x,y), (x,y) €D (1)

(1) sBnsiercs mudepeHnnanbHbBIM YpaBHEHUEM TUTIEPOOIMYECKOro THIIA.

&
v
4 v

X
—

Pucynok 1. Xapaktepuueckast 00J1acTh.

Ipsimass 3agava. [lpum 3amanseix  Gymkuuun  f(x,y), p(x) Tpedyercs
onpenenuTh B obnactu D ¢pynkuuo u(x,y), yIoBIETBOPSIONYIO ypaBHeHUto (1) pu
CIICAYIONIMX HadalbHbIX [5]-[8] v rpaHMYHBIX YCITOBHSIX:

ulap = P(x), ulgc = @), (2)
riae Y(x) u @ (x) 3amanubie GyHKINN.

Teopema. Ilycts @(x) € C?[0,T], Y(x) € C? [O,g], f(x,y) € CL(D), p(x) €

C1[0,T] n Bemmonueno ycnosue cornacosannoctd Y(0) = ¢(0). Torga B o6nactu D
CYIIECTBYET €IMHCTBEHHOE Kiaccuuyeckoe perrenue 3amaund (1)-(2) m u(x,t) €
C%(D).
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NCCIEJOBAHUE IBYMEPHOI'O BOJTHOBOI'O YPABHEHMUA C
HAYAJIBHBIMHA U HEJIOKAJIBHBIMU KPAEBBIMHA YCJIOBUAMU
Typoues JI.K*, Typoues X.X.*, Cyspos T.P.2
11/IHcmumym mamemamuxu umenu B.U. Pomanoseckoeo, Tawkenm ¥Y36exucman
23 Byxapckuii 2ocydapemeennviii yuusepcumem, Byxapa, Y36exucman
ddurdiev@mathinst.uz, hturdiev@mail.ru, tsuyarovO07@gmail.com.

PaGoTta mocBsmieHa WCCIEIOBAHUIO 3a7a4d I JBYMEPHOTO BOJIHOBOTO
YpaBHEHHS C HaYaJlbHBIMHU M HEJIOKAJIbHBIMU KpPAaeBBIMU YCIOBUSAMH. MeTosioM
pa3lesieHus TEPEMEHHBIX HAWJEHO KJIACCUYECKOE PEIIEHUE paccMaTpuBaeMoi
3a/1auu, J1I0Ka3aHa ero eJMHCTBEHHOCTh U YCTOMYMBOCTD 110 HAYAJIbHBIM JJAHHBIM.

IlocTanoBKa 3a1a4u.
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B obmactu Q = D X (0,T); D = {(x,y)|0 < x,y < 1} paccMoTpum
JIBYMEPHOTO BOJIHOBOTO YPaBHEHHUS
U (X, y, ) —Au+ q(Hu(x,y, t) = f(x,y, 1), (1.1)
C HAYaJIbHBIMHU YCIIOBHSIMU
U, Y, o = 91(x,y),0<x <1, 0<y<1, (1.2)
u(x,y, ele=o = 02(x,¥),0<x<1, 0<y<1, (1.3)
Y HEJIOKAIIbHBIM-TPaHHYHBIM YCIOBHAM
u,(0,y,t) = u,(1,y,t),u(0,y,t) =0, 0<y<1, 0<t<T, (14)
u(x,0,t) =u(x1,t), uy(x, 1,t)=0,0<x<1 0<t<T (1.5)
rae @,(x,v),p,(x,y) u f(x,y,t) — 3anannbie QyHKIHH.

Omnpenesienne. B npsmoii 3agaue TpeOyroTcsd ONpPEAeNuTh  (DYHKIHIO

u(x,y,t) € C,i’,z,t (Q) ynosnerBopstontyio paserctsaM (1.1)-(1.5), mpu 3amaHHBIX
noctatouHo rmaakux Gyakmmii q(t), f(x,y, t).
[Tpeamnonoxum, 4TO B 3TOW CcTaThe 3amaHHble GyHKIUU @1(x,y), P,(x,y) n

f(x,y,t) yIOBIECTBOPSIOT CIACIYIOIINAM IPEAMOI0KEHUIM:

(A1) @1 (x,y) € C® (D), 9, (x,y) € C(D):
9(0,y) = ¢(L,y) = 0,0x(0,y) = ¢x(1,y) = 0, 92(0,y) = ¢ (1,y) = 0,
¢(x,0) = @(x,1) = 0,90, (x,0) = ¢, (x, 1) = 0, @), (x,0) = @y, (x,1) = 0.
(A2) f(x,y,) €C[0,T]umna t € [0,T], f(-,r,t) € C3[0,1], f (-, )™ € L,[0,1]:
fQOy.,0)=f1,y0=£0y0 =011 =fix(0,yt) = fix(Lyt) =0,
f(x,0,t) =f(x,1,t) = f,(x,0,t) = f,(x,1,t) = f,,,(x,0,t) = f,,,(x,1,t) = 0.
B pe3ysbrare vMeeM CIIEIYIOIIYIO TEOPEMY.
Teopema. Ilycte q(t) € C[0,T] u ecimu dyakmuu @1(x,y), P,(x,y) u
f(x,y,t) ymoBmetBopsitoT yciaoBusM Al), A2), TO CyImECTBYET €IUHCTBEHHOE
pewenne 3agaun (1.1)-(1.5) u(x,y, t) € Czy, (Q).

Cnucok aumepamypbi
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OINNPEAEJIEHUE HEU3BECTHOI'O KOO®PUIIUEHTA B YPABHEHUU
KOJIEBAHUS BAJIKHU
V.. Iypoues™?, 3.P. Boszopos"?
1Byxapc7<m7 20CY0apCcmeenHblil YHUBepCUmen
2/E?yxapcxoe omoeneHue uHcmumyma mamemamuxu umenu B.U. Pomanosckozco

B nanHOM cTathe paccMOTpeHa npsiMasi 3a7a4a ¢ HEJTOKAIbHBIMUA TIO BPEMEHH U
oOpaTHas 3ajladya ¢ UHTErPAIbHBIMU YCIOBUSIMU TIEPEONPEACIICHUS IO ONPEIETICHUIO
koddduienTa, 3aBUCAIIETO OT BPEMEHU TMPU MIAJMIEH MPOU3BOJHOM Jis
ypaBHEHUS KOJIeOaHUs OAJIKH.

Paccmorpum Ganky jmmHOW [, ommparomryrocs Ha KoHIbL. Ilox aeiicTBueM
BHemHeH cuibl G (x,t), BRIHYXICHHBIC M3THOHBIC TOTEPEYHBbIC KOJICOAHUS OalKu
OTUCBIBAIOTCS YPAaBHEHHEM YETBEPTOTO MOPSIAKA

pSuse + EJtyyyy + Q(Du = G(x, 1),
rje p - IJIOTHOCTh OayKu, S - TJIONIA/b MOMEPEYHOro ceueHus Oanku, E - momysb
yOpyrocTd wmatepuana Oankw, J — MOMEHT HWHEPIMU TOIMEePEYHOr0 CEUYCHUS
OTHOCUTEIBHO TOPU30HTAILHOW OCHM M MO BCEH JJIMHE MOJJIEPKUBACTCS YIPYTHUM
OCHOBaHUeEM ¢ K03 puimenTom xxectkoct Q (t).

PaznenuB Ha p S 3anumiemM 3To ypaBHEHHUE B CIAEAYIOUIUM B BUJIE:

U + Uy + q(Ou = f(x,t), (x,t) €D, 1)
rae a® = EJ/pS,q(t) = Q(t)/pSu f(x,t) = G(x,t)/pS.

YpaBuenue (1) paccMOTpUM B MPSIMOYTOJIBHOM 00J1aCTH
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D = {(x,t), 0<x<l, 0<t< T} D;:=D,

rac [ - JJINHAa 6aJIKI/I, T - BpCMCHHOﬁ HHTCPBAJI, C HCJIOKAJIbHBIMHU Ha4YaJIbHBIMH

u(x,0) + 6,u(x,T) = o(x), u_t(x,0) + 6,u(x,T) = P(x), (2)
IPAaHUYHBIMU YCIIOBUSIMU
u(0,t) = Uy (0,t) = u(l,t) = u,, ([,t) =0, 0< t<T. (3)

U YCJIOBHUSIMH COTJIACOBAHMS
¢(0) =¥ (0) = 0,9() =) = 0.
B npsimoii 3aaye TpeOyeTcs OnpeneanThb
u(x,t) € C(D) N CZ(D)
yaoBIeTBOpsitollyto paBeHcTBaM (1)-(3), mpu mosiokKUTENbHBIX uucen &y, 0, U
3agaHHbIX uncen a, [, T u noctatouno riaakux yHkuit q(t), f(x,t), p(x), P (x).
B nmanHolt pabGore wu3ydaercs clenyomas oOparTHas 3ajada:  HaWTu

koadumuent q(t), t € [0, T] ecnu u3BeCTHO yCIOBHE MEepeoNpeieTICHUE B!
l
j h(x)u(x, t)dx = H(t), 0<t<T, (4)
0

rne h(x),H(t) - 3amaHHBIC JOCTATOYHO TJiaAKue (QYHKIUM € YIOBICTBOPST

CIcAyromuM yCJIOBHAM COI'TIACOBAHHA!

l
j hx)@()dx = H(0) + 8 H(T),

l
j h(x)W(x)dx = H'(0) + 8, H'(T),  H(t) # 0. (5)
0

B nannoit pabore uccieayercs ogHO3HAYHAS PA3PEIIMMOCTh HEJIOKAIBHOU 10
BpeMEHH OOpaTHOW KpaeBOW 3adgaud JyUIsl ypaBHEHUS KoJjeOaHus Oalku ¢
MHTETPAIBHBIM ~ yCJIOBUEM  mepeonpeneneHus. PaccmarpuBaemas 3agada B
ONPENIECIICHHOM CMBICJIE CBEJIEHA K BCIIOMOTAaTENbHOM 3a/1ady€ W C HCIOJIb30BAaHUEM
MPUHINANA CXKUMAIOUIUX OTOOpPaXCHUN YCTAHOBJICHBI E€IUHCTBEHHBIE YCIIOBHUS
CYLIECTBOBAaHMS  PEIICHUS  OJKBUBAJCHTHOW  3amauu. Jlasee Ha  OCHOBe
DKBUBAJICHTHOCTH A3THUX 3aJay JIOKa3bIBAETCS TEOpPEMa CYIIECTBOBAaHUSA U

CAMHCTBCHHOCTH PCUICHUS.
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OBPATHAS 3AJTAYA 11O OITPEJAEJEHWIO HEN3BECTHOI'O
KO2SOPUIHUEHTA ITPU MJIAALIUEM YIEHE JIUIs1 YPABHEHUSA
KOJIEBAHUA BAJIKH B BECKOHEUHOM OBJIACTHU
Ilypoues V. J.*, XKymaesa M.P.?

Byxapckuii 2ocyoapcmeentbiil yHusepcumem™?,
umidjan93@mail.ru”

PaccmoTpum Geckoneunyro Oanky, moj AelicTBUeM BHemHed cuibl G (x,t).
By eHHbIE U3THOHBIC TIOTIEpeuHble KoeOaHusi 0ajJKu OMUCHIBACTCS yPAaBHEHUEM
4yeTBepTOro nopsaka [1, 2]

pS Uee + EJUyyrx + Q()u = G(x, 1),
r7e p - IWIOTHOCTh OajKu, S - TUIOIIAJb MONEPEYHOro cedeHus Oanku, E - Moayinb
yIOpyrocTH MaTtepuaiga Oanku, | - MOMEHT HWHEPUHUU TOMEPEUYHOTO CEUCHHS
OTHOCHUTEIILHO TOPU30HTAJIBLHOM OCH W IO BCEH JJIMHE TMOAJNCPKUBACTCA YINPYTUM
OCHOBaHueM ¢ ko3 duurenTom xectkoctu Q(t).

Pa3znenus Ha pS 3amuiieM 3TO ypaBHEHHUE B CICAYIONINM B BUJIE:

Upe + @ Uy + q(Oux, 1) = f(x, ), 1)
rae a® = EJ/pS, q(t) = Q(t)/pSu f(x,t) = G(x,t)/pS.

VYpaBuenue (1) paccMOTpUM B MOTYIIIIOCKOCTH

D={(xt): —o0<x<+o00, t >0},
C HAYaJIbHBIMU yCIIOBUSIMU
u(x,0) =), u(x,0) =9x), x€R. (2)
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B npsimoii 3apaue umercs Qyakuus u(x,t), yIOBICTBOPSIONIAsS YPAaBHEHHSIM
(1), (2) m ycnoBuro
u(x,t) € Cof(D)N C(Dut=0)n C(D). (3)
[Ipu srtom ¢ynxkuuu q(t), f(x,t), @(x), Y(x) cuurtaroTcs 3aAaHHBIMH H
JIOCTaTOYHO T IKUMH.
OoOpaTHasi 3agaya: Haiitu Ko3pduruert q(t), ecnu pemeHue 3agaun Komm
(1)-(3) ynoBieTBOpsIeT YCIOBUIO
u(0,t) = g(t), (4)
rae g(t) - 3amaHHas J0CTaTOYHO Iiaakas GyHKnus, kpome toro |g(t)| = g, > 0.
B macTosmieit paboTe ycTaHaBIMBAECTCS JOCTATOYHOE YCIOBUE, MPU KOTOPOM
petienue ooparHoit 3agaun (1) — (4) cylecTByeT U € JUHCTBEHHO.
Jlureparypa
1. TuxonoB A.H., Camapkuii A.A. YpaBHeHus: MaTeMatuyeckor ¢u3uku, Mocksa:
Hayka, 1966.
2. KpouioB A.H. Bubpauus cyno, M3a. Axagemun Hayk CCCP, Mocksa-
Jlenunrpan, 1948.

YUCJEHHOE PEHIEHUE YPABHEHUS ITPSIMOM 1 OBPATHOM
ANOD®Y3UNU C HIEPEMEHHBIMU KOO®OPUIINEHTAMU YEPE3 CXEMA
THUITA KPAHKA-HUKOJIbCOHA
1)KymaHu}1306 H, ’Boimaesa I.
lYpeeH%Kuﬁ Gunuan Tawkenmcxozo Yuusepcumema Ungopmayuonmnvix

Texnonoeuti, Ypeenu, Y3oexucman

2 . .
Vpeenuckuii 2cocyoapcmeennulil ynugepcumem, Ypeenu, Yzoexucman

I{eqp MaHHOW CTATBU - NPEACTABUTH KOHEYHO-PA3HOCTHYIO cxeMy Turna Kpanka-
Hukoncona uucieHHass cxema 2-TO MOpsSAKa Ui pElIeHUs CTAllMOHApPHOIO

ypaBHeHUs: Pokkepa-Ilnanka B OTHOMEPHOM CII0€.
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B macrosimieit paboTe MBI paccMaTpuBaeM KpaeBYIO 3a7ady ISl BHIPOKIECHHOTO

napaboIMdecKoe  ypaBHEHHME B YaCTHBIX  IPOM3BOJHBIX B MHOXECTBE

Q=[-L1x[z, 7] z,<z:

0 0 NG
,Ua—‘z//JFOW—O'@ (1-p )% =W, nna (u,2)eQ (1)
w(u, 2,) = f(u) mus ue[-10) (2)
v 2,)=9(u) amsa pe[-10) (3)

rne a=a(u, 7), o=o(u, z), W=W(y, z). O6o3naunm Q u Q, uepes
Q =[-10)x[z, z] u Q, =(0;1]x[z,, z,]cooTBeTcTBEHHO.

[TogpoOnas unpopmanus o BeiBoae ypaBHeHUs: Dokkepa-Ilnanka (1) u3 obmero
ypaBHeHus: @okkepa-Ilnanka moxkHo Haiitm B [1]. DTO mpobiema co CTpyKTypa
HAYaJIbHOTO-KOHEUHOTO 3HAYCHUS, HESBHBIC YHCIIOBBIC CXEMBI JIOJDKHBI OBITh B
COCTOSTHUM PEIINTh ee OOoJbllle HaJeKHee, 4eM sBHbIE. JIerko BHIETh, YTO TO, YTO

HanrcaHo HessBHO Ha [IK3 (mpoOnema KOHEYHOro 3HAveHus) mojoBuHa Q. sBHO

Ha nosioBuHe [TH3(npobnema HawanbHOTO 3HaveHus) Q,, ¥ Ha0OOPOT, MBI MOYKEM

cKazaTh, uTo cxeMa Tuna Kpanka-Hukosncona, koropas o0iiagaeT HesiBHAs W SIBHAS
YaCTH C OJWHAKOBBIM BECOM - HWJCalbHBIA KaHIWIAT Ha TO, YTOOBI OBITH
UCIIOJIB3YETCSl Ha BCEM CeTKe 03 M3MEHEHMs BHEINIHETO BUJA CXeM. MBI BBIBOJIUM
yuciaeHHyro cxeMmy tuna Kpanka-Hukosncona u mpumensiem ee k 3amgaue (1) - (3) mus
MOJIYYCHHUS] YHCIICHHOTO perieHus. YucaeHHas cxema, COCTOAIasi W3 HEYETHBIX H
YETHBIX CXEM, IEMOHCTPUPYET CXOAUMOCTh MOPsAKA 2 IO 00EHM MEPEMEHHBIM Z U U
JUTSL PETYJSIPHBIX pelreHuid. HeueTHas cxeMa MpeAnouTUTEIbHEE C TOYKH 3PCHHUS
BBIYHCIIUTEIILHOTO BPEMEHHU.

Uucnennsle pe3ysbTaThl npenacTaBieHsl B [1]. Banaxa B [2] pemaet 3amauy (1) -
(3) 1t =W =0 1 o MOCTOSIHHOM TTO KOHEYHO-PA3HOCTHOU CXE€ME MEPBOIo MOPSJIKa,
u Kum u Tpankunum B [2] UCHONB3YIOT pa3fel€HUE IMEPEMEHHBIX U BapHUaIUIO
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napamMcTpoOB. I[J'I?I pPCUICHNUA yKaBaHHOﬁ BBIIIIC HpOGJ’IeMH, KOraa ¢ M o 3aBUCIT OT Z
u (Ho He oT ) u W =0.

Uucnennoe u rpaduueckoe CpaBHEHHUE C pe3yibTaTaMM, MOJTYYEHHBIMUA B [2] U
[3], saBasroTcs moka3aHo B [1].

Jlurepartypa

1. Lopez Pouso, Oscar and Jumaniyazov, Nizomjon., "Numerical experiments with
the Fokker-Planck equation in 1D slab geometry," Journal of Computational and
Theoretical Transport, 45, No. 3, 184-201 (2016).
2. Kim, Arnold D. and Tranquilli, Paul., "Numerical solution of the Fokker-Planck
equation with variable coefficients,"” Journal of Quantitative Spectroscopy and
Radiative Transfer, 109, No. 5, 724-740 (2008).
3. Vanaja, Venkataraman., "Numerical solution of a simple Fokker-Planck equation,"
Applied Numerical Mathematics 9, No. 6, 533-540 (1992).

MPSIMOM U UTEPATUBHBIN METOJ 1JIs1 YPABHEHMSI IPSIMOM U
OBPATHOM JU®DY3UU C NEPEMEHHOHN KO®PUIIUEHTHI
1}I{yMaHuﬂ308 H., 2Rodupoea .
1Yp2€m¢cxuﬁ Gunuan Tawkenmcxozo Yuusepcumema HUngopmayuonmvix

Texnonoeuti, Ypeenuy, Y3bexucman

2 . .
Vpeenuckuii 2cocyoapcmeerntulil ynugepcumem, Ypeenu, Yzoexucman

CraThsl MOCBSIIEHA YUCIICHHBIE PE3YJbTAThl, MOJyYeHHbIC Mg 3amad [1], [3],
[4] uTepallMOHHBIMU U TIPSIMBIMH METOJIJAMH Ha OCHOBE KOHEYHO-PA3HOCTHOW CXEMBI,
AKCIEPUMEHTAIbHO  JIOKa3aTh, 4YTO TMPSAMOM METOJ MPEBOCXOAUT  OOBIYHO
UCIIOJIb3YeMbIi MTEPAIIMOHHBIN OJWH, €ClIM He TpeldyeTrcss Menkas ceTka (CM.
[2]). JIyumie mpuaymMaTh YMHBIH CIIOCOO BBIOOP HAYAILHOTO YHCJA JJIS TOTO, YTOOBI

UTEPAIIMOHHBIN aIrOpUTM paboTa XOPOLIO.
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Kak 00bI4HO, MBI M3ydaeM KpaeBylO 3aJauy Ui BBIPOXKACHHOTO MapabOIMuecKoro

YpaBHEHHS B 4aCTHBIX MPOM3BOHBIX B MHOkecTBe Q =[-11|x[z,, 7], 7, <7;:

0 0 2\ O
,ué—lé/+aw—a&{(1—,u )%}:W, mns (u,2)eQ (1)
v, 7)) = f(u) s pe[-10) )
w(u, 2)=9(u) nma ue(-10) (3)

rne a=a(u,2), c=o(u, 2), W=W(y, z).
Ipexse Bcero, Q pasbusaeTcs Ha ciemyromme noamuoxkectsa: Q =[-1 0)x[z,, 7],

Q, =(0;1]x[z,, z,]u Q, ={0}x[z,, z,].

OcHOBHas MJesl UTEPAIMOHHOTO METO/A - BBIYMCIHUTH perieHue 3amaun (1) - (3) B
nogMHokectBax Q , Q,, MCHONB3ys MapIIEeBYIO CTPAaTErHIO IO TMEPEMEHHOH 7,
paboTast OTICIBHO Ha KaXKJIOM M3 3THX Cy0a0MeHOB. OUeBHIHO, YTO MIPH PEIICHUN Ha
Q. , HO BO3BpaAIIllaeTCs MPH pereHun Ha Q_.

Jly1st Toro, yToOBI HAYATh ATY MPOIIEYPY, TEPBOHAUATEHOE TIPEIITOIOKEHNE PEIIICHUS

B TOUKax Tpedyercs ceTka, npuHapiexamas Q, . Habop 3Tux 3HaYeHUH 0OHOBIISETCS

TI0CJIC BBITIOJHEHHE OJHOTO Mapmia Breped Ha Q, m omgHOro Maprma Hazang Ha Q_ 110

CXOXKJICHHMSI WJIM BBINOJHEHO 3aJaHHOE€ KoJnuyecTBO utTepauuid. [lockonbKy Bpems
BBIYHCIICHUM Ba)XXHO, JI00asi TOMBITKA YHCJICHHOTO pEIIeHHus oOpaTHas 3ajada,
nogoOHass (1) - (3), mOo/DKHA YYUTHIBaTh JaHHBIE HJTOr0 HccieaoBaHus. B
pEeKOMEHIyeMasi CTpaTerus - monpoOoBaTh MCHOIB30BaTh MpsIMOi moaxon (cm. [1]),
€CIIM TOJIbKO HE O4YeHb ceTKa oOs3aTenbHa. [logpoOHble YMCIIEHHBIE TECThl U
pe3yJbTaThl pUBEACHBI B [2].

JINTEPATYPA
1. Lopez Pouso, Oscar and Jumaniyazov, Nizomjon., "Numerical experiments with
the Fokker-Planck equation in 1D slab geometry,” Journal of Computational and
Theoretical Transport, 45, No. 3, 184-201 (2016).
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Equation with variable coefficients,” Journal of Quantitative Spectroscopy and
Radiative Transfer, 109, No. 5, 724-740 (2008).
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UTEPATUBHBIA METOJ 1151 YPABHEHMS IPSIMO 1 OBPATHOM
JUPDY3UU C HIEPEMEHHOHN KOR®OUIIUEHTHI
1)1{yManz306 H., lep60H08a K.
1Ypequc;<uL7 Gunuan Tawkenmckozo Yuueepcumema Ungpopmayuonrvix

Texnonoeuti, Ypeenuy, Y3bexucman

2 o o
Vpeenuckuii 2cocyoapcmeernnulil ynugepcumem, Ypeenu, Yzoexucman

besycnioBHO, cTaHaapTHasi peaiu3alus KOHEYHO-PA3HOCTHBIX CXEM Jjis
YpaBHEHUI B YACTHBIX MPOU3BOJAHBIX MPSIMOTO U OOpPaTHOTO HAINpPaBJIECHUM COCTOUT B
WCMOJIb30BaHUHA  WTEPAlMOHHOTO  MeToja. B 3ToM  craTtke  mpepyaraercs
WUTEPAIMOHHBIA METO, KOTOPBIN, KaK yTBEPK/Ial0T HECKOJIBKO aBTOPOB, JACT JIyUIIIue
pe3yabTaThl ISl BBIIEYNOMSIHYTHIX mpooOsiem. IlpenacraBien 3dpdhekTuBHBIN cIOCOO
BBIOOPA HAYAJIBHOTO TIPHOJIMKSHUS TSI HTEPAITAOHHOTO METO/IA.

B nacTosimeli pabote Mbl paccMaTpruBaeM KpaeByIo 3a/1auy JJisi BBIPOKIEHHOTO

napaboJIMuecKoe  ypaBHEHHME B YAaCTHBIX  IPOU3BOJHBIX B  MHOXKECTBE

Q=[-L1x[z, 7] z,<z:

0 NG
,Ua—‘z//JraW_O'—ﬂ{(l—ﬂ )%}—W, JUIST (u, Z)eQ (1)
w(u, 2,) = f(u) nna pe[-10) (2)
w(u, 2)=9(u) nas ue[-10) 3)
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rae a=a(u, 7), o=o(u, z), W=W(y, z). O6o3naunm Q u Q, uepes
Q =[-1%0)x[z, z]u Q. =(0;1]%[z,, z]coorBercTBEHHO.

ITongpoOnass wHbopManms o BeIBojAe ypaBHeHuUs Dokkepa-Ilmanka (1) wu3
obmero ypaBHeHus @Dokkepa-Ilnanka moxxHo Haiith B [1]. OTo mpobiema co
CTPYKTypa HayaJIbHOTO-KOHEYHOTO 3HAUCHUS, HESIBHBIC UUCIIOBBIC CXEMBI JOJIKHBI
OBITh B COCTOSIHMH PEIINTH €€ OOJIbIIIe Ha/le)KHEe, YeM sBHbBIC. JIETKO BHIETh, 4TO TO,

4T0 HanucaHo HesBHO Ha [1K3 (mpobiieMa KOHEYHOTO 3HAYCHMs) MOJOBHHA Q  SIBHO

Ha nojioBuHe [TH3 (mpoGiiema HawampHOro 3HaveHus) Q,, U HA0OOPOT, MBI MOXKEM

cKazaTh, uTo cxeMa Tuna Kpanka-Hukoscona, kotopas o0ianaer HesiBHasl U SIBHas
YacTH C OJMHAKOBBIM BECOM - WJICAIbHBIM KaHIUJAT Ha TO, 4YTOOBI OBIThH
UCITIOJIB3YETCSl Ha BCEil ceTke 0e3 M3MEHEHHs BHelHero Buaa cxem. Hy, Ha sTom
CTaThe MBI BBIBOJMM YHCIICHHYIO CXEMY MTEPAIlMOHHOTO MeToza s 3amada (1) - (3)
JUTSl IOJTYYEHHUSI YUCIIEHHOTO PELIEHUS.

Llenp UTEpaTUBHOTO aNrOpUTMa COCTOMT B TOM, YTOOBI BBIYMCIUTH PELICHUE
BBIIIEU3JI0)KEHHOTO, 3aMETHB, YTO MOKHO MCIOJIb30BaTh MapIUEBYIO CTPATETHIO B

IIEPEMEHHOM z, paboTast OTACIbHO HaJ Kakaon u3 nojgodnacrerdr Q, m Q . ScHo, uTto
IpH pelieHuH 3a1aun B Q, Hy»XHO JBHUTaThCS BIIEPE], a MPHU PeIIeHUH 3a1aun B Q —
BO3Bpamatecsa Hazan (cMm. [1]). s 3amycka 3Toi mpoueaypbl TpeOdyeTcs HadaibHOe
NPENOI0KEHNE PEIICHWsT Ha TOYKax CeTkH, npuHamnexammx Q,. Habop stux
3HAYCHUH OOHOBJIIETCS TOCJIE BBIOJHEHUS OJHOTO MPSMOTro Mapiia mo Q, u oHOro
obparHoro Mapmia 1o Q_ 10 Tex mop, moka He OyJeT JOCTUTHYTA CXOAMMOCTD WM HE

OyJieT BBIMOJHEHO 33/ITaHHOE KOJIMYECTBO UTEpAIUH.
Uucnennslie pe3yabTaThl NpeacTaBieHbl B [1]. Banaxa B [2] pemaet 3agauy
(1) - B) s a=W=0 u o MOCTOSHHOH MO KOHEYHO-PA3HOCTHOW CXEME TEPBOTO

nopsaka, 1 Kum u TpaHkunu B [2] HCHONB3YIOT pa3AeiiCHUE IEPEMEHHBIX U
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Bapualnuro 1mapameTpoB. I[JI?I peuICHUA YKaBaHHOﬁ BBIIIIC HpO6J’IeMbI, Korga ¢ U o
3aBUCAT OT Z ¥ (HO He oT u ) u W =0,
UucnenHnoe u rpaguyeckoe CpaBHEHHE C pe3ysibTaTaMu, MOJy4eHHbIMU B [2] u [3],
SIBJISIFOTCS IOKa3aHo B [1].

Jlurepartypa
1. Lopez Pouso, Oscar and Jumaniyazov, Nizomjon., "Numerical experiments with
the Fokker-Planck equation in 1D slab geometry," Journal of Computational and
Theoretical Transport, 45, No. 3, 184-201 (2016).
2. Kim, Arnold D. and Tranquilli, Paul., "Numerical solution of the Fokker-Planck
equation with variable coefficients,"” Journal of Quantitative Spectroscopy and
Radiative Transfer, 109, No. 5, 724-740 (2008).
3. Vanaja, Venkataraman., "Numerical solution of a simple Fokker-Planck equation,"
Applied Numerical Mathematics 9, No. 6, 533-540 (1992).

9KBUBAJIEHTHOCTb IYTEX OTHOCHUTEJILHO IENCTBUS
I'PYIIbI Sp(4n).

C. C. JKypaboes, P. A. I'agpgpopos
Depeanckuil 2ocyoapcmeennsiii ynugepcumem, Pepeana, ¥Y36exucman

IIycte H" — N-MepHOE BEKTOPHOE MPOCTPAHCTBO HAJ TEIOM KBATEPHHOHOB

H. Ussectno, uto H" moxHO paccMarpuBarh Kak 4N —MEpPHOE BEIIECTBEHHOE
BEKTOpPHOE NpocTpaHcTBO. O003HAUMM 3TO BEIIECTBEHHOE BEKTOPHOE MPOCTPAHCTBO

gyepe3 V .

[lycts G :6p(4n) IPYNI BEHICCTBEHHBIC TpeAcTaBlieHne rpymma Sp(n)

noarpymnmna B GL(4n,R), T.e

6p(4n):{g eGL(4n,R):g9" =E,glg" =1,9Jg" =J,gKg" =K,detg :1},
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rne E— 4n-mepnoe enunmuHas matpuiia, a matpunbl $I, J, K§ coorBercTBeHHO

HUMCIOT B BUJIC:

, 6 0 J, 6 0 K, 0 0
IZH I, Q,JZH J.l H’KZH K, (91
9 0 .. |l 0 0 .. J 0 0 ... K]
B stom cnyuan, matpuusl 60—, |, J; u K; COOTBETCTBEHHO 4-MEpHOE HYJIEBas

Marpuna u 4- MCPHOC CUMIIJICKTUYCCKAsA MaTPHILIbI, T.C

01 0 0 0 0 -1 0] 0 0 01
10 0 0 0 0 0 1 0 0 10
l, = JJ, = K, =

0 0 0 1 10 0 0 0 -1 00
0 010/ |0-10 0 -1 0 0 0

Takxe, §' -TpaHCIOHMPOBAHHAS MATPUILIA { .

~

B nanpHelimuMm uepe3 I o0o3Hauath wHTEpBai (a,0) m3 R (Bo3mMoxHEI

cllydau, Korga a=-o0 Wikl D=+400). I—mnyre B V Ha3bIBaeTCsd BEKTOP-(QYHKIIHS

4n
1=1°

Xt):3->V, X(t):{X, (t)} y KOTOpOH BCE KOOPIWHATHBIC OTOOPAKCHHS

X : 3 = R aBnsrorcs 6eckoHeuHo auddepeHunpyemMbiMu GyHKIUSAMU, [2].

J—nyth X(t) HA3BIBACTCS pecynsiphbim, eCiu X (t) =X()#0 mmaBcex teJ

. Jlna xaxmoro I— TyTH )_(’(t):{x|(t)}|4:n1 gepes M (X)(t) ob6ozHaumm 4nx4n—

marpury (X (t) ﬁ?n:l, rne | —blii  cTpokel MMeEeT KOOpAUHATEI X,(m_l) (t),
X2 (t)=x(t),l,m=14n. Yepes M'(X)(t) o6o3nauaercs matpuma (X™ (t))/n_. I-
nyts X(t) HaspBaeTCs cunbHO pecynapubim, ecau ompenenutenab detM (X)(t) ne

paBHO HyIO 1pH Beex t € T, [2].
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[Tyctp G —moarpynma rpynmel GL(4n,R). JBa J—myrm X(t) wm  Y(t)
Ha3eiBatOTC G —9K6UBANeHm, €CIH CYIIECTBYeT Takol »dnemMeHT (geG, uro
Y(t) =X(t)g msgBcex te 3.

Iycts rpynma G =Gp(4n). Crexyroliasi TeopeMa OIpPEEIseT HeOOX0IMMbIe
U JIOCTaTOYHbIC YCIOBUS G —3KBHUBAJICHTHOCTH CHJIBHO PEryssipHbIX J—myten X(t)
u Y(t) ¢ momomisio matpury M (X)(t) u M (Y)(1).

Teopema. /[sa cunvno peeynapuvix I—nymei X(t) u y(t) G —oakseusanenmmwi

M020a 1 MOTKO M020d, K020 GbINOTHEHbI CledYIoujUe PAGeHcmEa O 6cex t e J:
i) M'G)OMEE) =M TOMEO)
i,) MRO(ME®) =MEOMEO);
i) M) (MF)®) =M @O (MF)D):
i,) M(X)(®)JI (MF)1) =M (H)E)I (MDD)';
i) M(R)OK(MX)(1) =M @HOK(M@)D));
ig) detM (X)(t) = detM (y)(t)

rae (M ()*()(t))t — TpaHCIOHMPOBaHHas Matpuia K Matpuie M (X)(t).

Cnmcok qureparypbl
1. Kypaboes C. C. DKBUBAJIEHTHOCTh MYyT€H OTHOCHUTENBHO MACHCTBUS TpPYIIII
BEIIIECTBEHHBIX MpenacTaBieHuid Sp(n) // Knaccuueckas U COBpeMEHHasi TeOMETpHs,
2021, c. 70-72.
2. Khodyrovich M. K., Solyjonovich J. S. Equivalence of Paths under the Action of
the Real Representation of Sp (n)//Journal of Applied Mathematics and Physics. 10,

2022. c. 1837-1858.
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3.MymunoB K. K., TabdopoB P. A Cucrembr marpuusbix AudepeHnnarbHbIX
ypaBHeHU#N s moBepxHocTeil // CoBpemeHHass maTemaTuka. DyHIaMEHTaIbHBIC

HamnpasyieHus. T. 68, Ne 1, 2022, c. 70-79.

KPAEBASA 3AJAYA JUIAA YPABHEHUSA CMEITAHHOI'O ITAPABOJIO-
IJJIMIITUKO-TUHITEPBOJINYECKOI'O THUIIA IPOBHOI'O ITOPSAIKA B
PSIMOYT' OJIbHOM OBJIACTH
b.U. Hcnomos
Hayuonanvnoii Ynusepcumem ¥Y3o6exucmana, Tawxenm, Y3bexucman
islomovbozor@yandex.ru.

B nocnenHue roibl BO3HUK MHTEPEC UCCIECIOBAHUIO METOJOM CIIEKTPAIb-HOTO
aHanu3a[l| OJHO3HAUYHOW pa3pEIIMMOCTH W YCTOWYHMBOCTH PEUICHUS MPSAMBIX H
oOpaTHBIX 33724 JIJIsi MOJICJILHOTO YpaBHEHUS CMEIIAHHOTO THUIMa BTOPOTO MOPSIKA B
npsiMoyroJyibHOM obnactu. OtMetuM padotel M.M. Xauena [2], H.FO. Kamyctuna u
E.N. Mouceesa[3], K.b. CaburoBal4].

3aMeTuM, 4TO KpaeBble 3aJaud JUIsl YpaBHEHHUS Mapado0-TUrepOoOInYecKoro
TUMa, Korja  mapa0ojvyeckas  4acTh  COJACPXKUT  omepaTop  APOOHOTO
nuddepenuupoBanusi B cMmbicie Pumana-JInyBunmns win KamyTto B chenuaibHBIX
o0nacTax mayo uydena. OTMeruM paboThI [5-6].

B HacTosimieit pabote u3ydaeTcst KpaeBasi 3ajadya HOBOTO THUIIA JJIsl YPaBHEHUS
1apadoI0-3JUIUIITUKO - TUIIEPOOIMYECKOT0 THUIIA C ONEPaTOPOM JPOOHOTO MOpsAJIKa B
cmbicne KanyTo B mpsiMOYrosibHOM 00J1aCTH.

B npamoyronbHOl  obmactn  Q={(x,y): 0<x<l, —p<y<r }paccMoTpum
YPaBHEHHE CMEIIAHHOTO THUIIA
Uy — DU, X>0, y>q,
O=Lu=< uy+u,, x>0, y>0, (1)

Uy = Uyy s x>0, y<0,

) (04
rae P>0, r>0, 0<q<r - 3amaHHbIe AeiicTBUTENbHBIC Yncha. (D

q — OTeparop
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apoouoro auddepenupposanus mo Yy B cmbeicae Kanyro mopsaka « € (0,1],

ompenensiemMsiii mo dhopmyre [6]:

1 f _
Joy-vtmd, o<a<i
a 1-
chyf(y): F( a)q d (2)
_f(y)! a=1.
dy

Beeniem o6o3nauenns: J, ={(x,y):0<x<1 y=0}, J,={(x,y):0<x<L y=q},
Q=QN {(x,y): x>0, y<0}, QZ:Qﬂ {(xy): x>0, y>0}, QB:Qﬂ {(x,y): x>0, y>q},

Q:§21UQZUQ3U J,UJ,, A =QlUQ2 UJd,, A, :Qz Uqu‘]z'
B o6mactu {2 wmccnmemyeM cremyromyo 3aaagy.
3agaua A. TpeGyercs Haiiti dyrkmun U(X, Y) ¢ caexyromumu

ceoifctamu: 1) u(x,y)eC(QQ), ueC*(Q), ue Ci(ﬁl uQ,), . Dg’yu eC(Q,)u

YIOBJIETBOPAET ypaBHenuto (1) B obmactsaxQ;(j=13); 2)(y—q)1‘“uy(x, y)eC(Q,UJ,),

u, (X,y)eC(A,UQ,UJ,) ¥ HA TMHUK ], BBINOJIHAIOTCS YCIOBHUS CKICHBAHUS

u(x,q+) =u(x,q-), (x.q)ed,, Iim(y—q)l‘“uy(x,y)=y|L”J_Uy(X,y), (x0ed,; ()

Y-+
3) U(X, Y) ynoBIeTBOpSIET IPAHMYHBIM YCIOBHAM

u@y)=0, u@y)=0 —p<ys<r, u/(x,—p)=y(x), 0<x<Il, (4)

rae ¥ ( X) —3aJIaHHBIC J10CTATOYHO TJIaKue QYHKIUH.

3amMeTuM, YTO TpsSIMbIE 3aadydl IS YpaBHEHUS MapoOOJI0-TUIEPOOTUIECKOTO
TUTIA 1ENoTo Topsaka uccienoBano B pabore K.b.CabutoBa [4], a ypaBHEHHS
napabos10-runepOoTMIeCcKOro THIa IPOOHOTO TOpsIKa U3y4eHo B [7].

Teopema 1. Ecau B o0nact  Q  cymectByet perienne U(X,Y) 3agadu A, To
OHO €IMHCTBEHHO TOJILKO TOT/Ia, KOT1a BHIMIOJIHEHO YCIOBHE
0pq(N) = (I'(a)shznq + znchzng)sinznp — (I'(e)chzng + znshzng)cosznp = 0

()

npu ecex neN.
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Teopema 2. Ecim BemonHens ycnosus (5), 5,,(n)>Ce™ wu w(x)eC’[0,1],

l//(i)(O):y/(i)(l):O, i=0,2, TO CylecTByeT eOWHCTBeHHOe pemenue  U(X,Y)

+00
3a/1aya A ¥ OHO OIpeAessieTcs psaaom U(X,Y) = J2 Z u.(y)sinznx, rue

n=1

ﬂnEl/a(_ﬂ-znz(y_q)avl)a q<y<r1
u,(y) = a chzny +b shzny, 0<y<aq,
c,coszny +d sinzny, —p<y<Q0,

n N
a =C. =—| ——shzng+chzn ., b =d =-| ——chznqg+shzn ,
n = Cp (F(a) 7zng +chz Q)ﬂn h =0, [F(a) 7ng +snz Cljﬂn

1
B = L)y, . W, =Iw(x)sinﬁnxdx, E,.(z ¢ yusBectHas ¢ynkums — Mutrar-
Q) 5
) Zi
Jledpdnaepa, koropas nmeer Buxn [8]: E,, (z,u)= Yy ——, > 0.
bep P 1 (8] By, (z,u) g;r(awy) Iz
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8.Ilcxy A.B. Kpaesble 3amaun mig nud@epeHIralIbHbIX YPaBHEHU C YaCTHBIMHU

IPOU3BOJAHBIMU JPOOHOr0 U KOHTUHYaJIbHOTO nopsaka. Hanpuuk, 2005. 186

CHEKTPAJIBHBIE CBOMCTBA 3AJIAUU C YCJIOBUEM ®PAHKJIS ]I
YPABHEHUSA CMEHIAHHOI'O HAPABOJIO-TUIIEPBOJIUMYECKOI'O
THUITA C APOBHBIM OIIEPATOPOM I'EPACUMOBA-KAIIYTO
B.U. Henomos', H.A. Axmados®
1’2Hauuonaﬂbnbzﬁ Ynusepcumem Yzoexucmana, Tawxenm, Y30ekucmarn

islomovbozor@vandex.rul,

AnHOTaumMs. B pganHO#il paboTe wucciemyercs 3agada €  OTXOJAOM OT
XapaKTepUCTUKU i1  1apabosio-TUIepOOoIMUEeCKOr0 ypaBHEHUS C OINEepaToOpoM
I'epacumoBa — Kamyrto. Jloka3zaHa TeopeMa CYIIECTBOBAHUS WU €IMHCTBEHHOCTH
pelieHusl MocTaBlIeHHOW 3amauu. M3ydaroTcsi crekTpalibHble CBOWCTBA aHajiora
3amauu TpUKOMH NIl ypaBHEHHS] CMEIIAHHOTO TUTIA C JPOOHOM MPOU3BOTHOM.

B mnocnenHue ronpl BO3pOC HMHTEpEC K HUCIEAOBAHMIO JU(PEepeHIInanbHbIX
ypaBHeHU# apoOHoro mopsiaka. OcHOBHas Oubmuorpaduss mo STHUM BOIPOCAM
cozepxkuTcs B Kaurax[1-4].

B paborax [5-6] noka3zaHbl cuJbHAs pa3pelIMMOCTb U BOJBTEPPOBOCTH

KpacBbIX 3aJ1a4 AJIA YPABHCHHA CMCUIAHHOI'O THUIIA LICJIOIr0 IIOpsAJaKa.
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3aMeTuM, YTO KpaeBble 3a7auu JJIsl ypaBHEHUs MapaboInyecKoro u napaboo-
TUIepO0IMIECKOTO TUITOB IPOOHOTO MOpsIKa Masio n3ydeHbsl. OTMeTuM padboTsi[7-9].
B Hactosimield pabore m3yuyaeTrcs HeJNOKajbHas KpaeBas 3ajaya C yCIOBHEM
@Opankis AJi1 ypaBHEHHS CMEHIAHHOTO Mapalosio-TUIepOOIMYecKOro THMa, KOT/Aa
napaboiuyeckasi 4acThb COJCPXKHUT  ONEpaTop MAPOOHOrO TMOpsAAKAa B CMBICIE

I'epacumoBa-KamyTo.
ITycts Qe R*- KoHeyHas o6macTh, orpaHMdeHHas mpu y >0  oTpesKamm
AA,, A,B,, BB mnpambix X=0, y=1, x=1 coorBerceenno, a mnpu Yy<0

xapaktepuctukaMu AC:x+y=0u BC:X—-y=1 yBaBHEeHUs

D u—u ., y=0
LU:{ 0 yy }:f(x;y), (1)
Ugx —Uyy s y<0
rac
X
Dy, 9= [(x=2)“g'(z)dz, 0<Rear<l, x>0 (2)

o T a-a)y
- MHTETPAIBHBIA orlepaTtop JpoOHOTro mopsiaka « B cMbicie [ epacumona-Kamyro[3],
f (X; y) —u3BecTHast PyHKIUS.

Yepes W, (Q) = H'(Q) o603raunm npoctparctso C.JI. Cobonesa ¢ HOpMOi
|| : ||I . WX(Q) =L,(Q), L(Q)—upoctpancTso KBaJIPaTUYHO CYMMHUPYEMBIX
dymkmuii B obmactm Q, J={(X,y):0<x<1 y=0}, Q=QN {(x,y): x>0,y>0},
Q =0 {(xy): x>0, y<0}, (L:QOUEQUJ.

3apauya CF . Haiitu pemenue ypaBHeHust (1), yZoBieTBOpsitolIee KpaeBbIM

YCIOBUSIM

ul, =0, 0<y<1, -0, 0<x<1, (3)

Adg uy‘AoBo

M HCJIOKAJIbHOMY KpacBOMY YCJIOBHSIM.

au(6,(t) =au(@w), 0<t<l, (4)
222



Y Ha JIMHUUA J YJIOBJIETBOPSIOT YCIOBUS CONPSKEHUS
limu(x,y) = limu(x,y), (x,00eJ, lim u,(x,y)=limu (x,y), (x,0)ed. (5)
y—>+0 y—>-0 y—>+0 y—-0

rae O(t) = (t,1),6,(t) =(£,—%j, Q, W a,- 3aJ]aHHbIC YHCIIA.

Omnpenenenune 1. Knaccuueckum pemienuem 3aaaun CF Ha30BeM QyHKITUIO
U3 Kjacca Plz{u(x, y): u(x, y)eCl(ﬁ)ij(QO)ﬁCf";(Ql)}, YIOBJIETBOPSIOLIYIO
kpacBbiM yciioBusM  (3) u (4) 3amaun CF wu oOpamarornyto ypaBHenue (1) B
TOKJIECTBO.

3ametuM, uto u3 kmacca U(X,y)eC'(Q) c¢ yuerom (3) cruemyer
< Doy (x,y) € C(Y,).

Omnpenenenne 2. Oynkumoz(X,y) €L, () HazoBeM cutbHbiM pewienuem
3a0auu CF, eciM CyIECcTBYeT MOCIEI0BATEIbHOCTh (YHKIUN z,(x,y)ehR,

YIOBIETBOPSIONIYI0 KpaeBbiM ycnoBusM (3), (4), (5) 3amaum CF, Ttakas, 4ro

nocnenoBarenbHocT Z (X, y)u Lz (X,y)cxomarcs B L,(Q) x dyukmuam Z(X,Y)wu

g(X,y) COOTBETCTBEHHO, T.€.

2,(x,y)-2(x, )|, =0, Lz, (x, y) - g(x, y)|,»0,  mpun—co

2n-1

Teopema 1. Ilycte gt N, me N cymiecTByer Takoe o = , 4TO IIPU

r € (0,1] BeImonHSETCS HEPABECHCTBO <a<1.Torna nus o060k GyHKIUN

2r+1
fo,y)=y™“f(xy), f(xy)elL(Q), f(0,0)=0, ,u>%+6’, 0<(0,1],

CYIIICCTBYET SAMHCTBEHHOE cHibHOE pemenue U(X, Y)3agaun CF . Dto pemenne
IMPHUHAOJICI)KUT KIACCY

P, ={u(x,y): u(x, y) eW,"(Q) "W, () nC(Q)},
YOOBJIIETBOPSICT HCPABCHCTBY
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Jueyl<c| ooy o (6)
H OHO IIPCACTaBUMO B BUIC

u(x,y) = [ KOG Y%, ¥) £, y)dxdy, = L (x,y), (7)

rae KX yix,¥) €L (QxQ).

Teopema 2. OGpatHsIii omepartop 3amaun L onpenensemsiit gpopmymoii (7)

ABIgeTCs] BobTeppOBBIM (T.€. BIIOJHE HEMPEPHIBHBIM U KBA3UHUJIBIIOTEHTHBIM).
Jlureparypa

1.Jxypaes T. /1., ConyeB A., MamaxanoB A. KpaeBble 3amaun Uil ypaBHEHUI
napaboso-runepOonnueckoro tumna. TamkeHT. 1986.
2.HaxymeB A. M. 3agaun co CMEIIECHUEM Il YPABHEHUI B YaCTHBIX IPOU3BOIHBIX.
Mockaa. 2006.
3.Ilcxy A.B. YpaBHEeHHS B YacCTHBIX IMPOM3BOJHBIX IPOOHOTO TMOpska. Mockaa.
2005. 199 c.
4.Camko C.I'., Kunbac A.A., Mapuues O.M. MHTerpansl U Npou3BOAHBIE POOHOTO
MOpsiAKAa U HEKOTOphIE uX npuiioxenus. MuHck: Hayka u Texnuka. 1987. 688 c.
S.bepapimieB A.C. KpaeBble 3aa4M M HUX CIEKTpaJbHbIE CBOMCTBA ISl YPABHEHUS
CMEIIAHHOTO MapadoI0-TUNEPOOINYECKOIrO M CMELIAHHOI0-COCTABHOI'O — THUIIOB.
Anmmarsl. 2015. 224 c.
6.CanbioexoB M. A. CrekTpanbHble CBOMCTBA 3a1aun OpaHKIIs TUIA JUIsl TapaboJio-
runepOoIMYecKuX ypaBHEHUU. // ODIEKTpOHHBIA KypHal auddepeHnanbHbIX
ypaBHenui. 2018, No. pp. 1-11.
7.KapumoB O.T. KpaeBple 3aauvi ¢ MHTErpaJIbHBIMH YCJIOBUSMHU CONPSDKEHUS M
obpatHpie 3amaun s AuQdepeHITMaTbHBIX YPaBHEHUN TIIEJIOT0 W JIPOOHOTO

nopsakoB. [ucc. Tamkent. 2020.
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8. Ucnomos b. U., Yoaitnynmaes V. IlI. KpaeBast 3amaga st ypaBHEHHS mapadoJio -
runepOOIMIecKOro TUIA C ONEPaTopoM APOOHOTO mopsiaka B cMmbiciae Kamyto B
npsMoyroJibHOM obOnactu. // Hayunsrit BectHuk. Marematuka. 2017. Ne5. C. 25-30.
9.B. I. Islomov and I. A. Akhmadov. A Nonlocal Boundary Value Problem with the
Frankl Condition for an Equation of Mixed Parabolic-Hyperbolic Type with the
Fractional Gerasimov—Caputo Operator. // Lobachevskii Journal of Mathematics,
2022, Vol. 43, No. 3, pp. 1508-1514.

3AJJAYA C HEITIOJIHBIMU T'PAHUYHBIMU JTAHHBIMU JIJIAA
YPABHEHUSA C TPEMS CUHT'YJIAPHBIMU KOY®PUIIMEHTAMU B
IAPAJUIEJIEITUIIEIE
Kapumoes Kamonuooun Tytiuuboesuu

Depeanckuil 2ocyoapcmeennsiii ynugepcumem, Pepeana, Y3oexucman

Paccmotpum ypaBHeHue

2B 2y

2a
Laﬂ}/u EUXX +Uyy +uZZ +7UX +7Uy +7Uz =0 (1)

B oOnacTH Q:{(X,y,z):Xe(O,a),ye(O,b),Ze(O,C)}, rie ab,ceR’. B
3aBUCHMOCTH OT MECTa HAXOKJEHHUs MapaMeTpoB «, 3, ¥ Ha 4YUCIOBOH OCH, AJs

ypaBHeHus (1) B obmactu QQ GhopMyIupyroTCs pa3Hble KpaeBble 3a/1a4uu.

[Tyctb a, B,y €[1/2,+0) . Torga oqHO3HAYHO peIaeTcs

3apaua E. Hailitu orpanunuennyto npu X—>0, y—0, z—>0 ¢ysxkuuro
u(x,y,2) €C(Q\ Ay, ) nCE233(Q), yrosretsopsiomyto yenosmsm
Lsu=0, (x,y,2)eQ; u(xb,z)=y,(x2), xe[0,a], ze[0,c];
Uy,U, €C(Q\A,, ), orpunmueno npu X —0, z—0;

u(a,y,z)=0,ye[0,b], ze[0,c], u(x,y,c)=0,xe[0,a],y[0,b],
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e Ay, = {(X, Y, Z) IXyZ = 0}, A, = {(X, Z) XZ = 0}, v, (X,2) —3ananHas QyHKIHSL
B pabote q0ka3aHa cieyrolas Teopema.
Teopema. Ilycts «a,y e[k -1/2,k+1/2), ke N, pe[l/2,+0) u PyHkuus

Wy (X, Z) YAOBIETBOPSICT CIICAYIOLIIM yCIOBHSIM:

| w,(%,2) e CRA P24 (), rme TT={(x,2):0<x<a, O<z<c};

o o) o
. yl/lz(X,Z)L(:O:O, EWZ(X,Z)L(:a:O, EI/IZ(X,ZMZ:O:O,
o .
El//z(x,z)k:c:o, j=0,2k +2.
Torna, pemenue 3agaun E cymectByet u onpeaensercs GopMmysoi
u(x, Y’Z)=ZZ Xn(X)Zn (2) 8 (¥),
n=lm=1
rae G (y)=(y/b)" >’ |ﬁ—1/2(\/ﬂnm Y)'//znm / Iﬁ—l/Z( ﬂnmb)’
Xn(X)=x"27%3,, 4,2 (Spnxl@), NN, 2)
Zn(2)=2"273, 4;5(8,mz/c), meN, 3)

Jy(x) u 1;(x)- dynkuus Beccens nopsinka | nepsoro poxa u ¢ynkuus beccens

MHUMOTO aprymeHra [l] cOOTBETCTBeHHO, O,, H OJ,;— COOTBETCTBCHHO HYIH

dymewnn J_y(X) 13115 (X)s Ao =(0an/a) + (S,
ca
Wonm =snm”gyz(x,z)xzaxn(x)227Zm(z)dxdz ,
00

2
Spm = [2/(acJa+1/2(5an)~]7+1/2(5ym))} '

226



OtmeTuM, uTo coriacHo pabote [1], cuctema cobcTBeHHBIX PyHKIMI (2) 1 (3)

OpTOroHalJibHa M IIOJJHA COOTBCTCTBCHHO B ITPOCTPAHCTBC LZ (O,a) C BCCOM X2a U B

npocTtpaHcTse L, (O,C) ¢ Becom 27 .
EnuHCcTBEHHOCTHh pemieHust 3amadud E TOKa3bIBae€TCS C MOMOIIBIO TIOJHOTEHI

CUCTEeMBbl COOCTBEHHBIX (PYHKIMK (2) B MPOCTpPaHCTBE LZ(O,a) ¢ BecoM X2 wu

cucTeMBI cobcTBeHnbIX ByHKImii (3) B mpoctpanctee L, (0,¢) ¢ Becom 277 .

AHaoTHYHBIC PE3YNbTATHl B ABYMEPHBIX 00JACTIX I YPaBHEHUS C OJHOU U
JIBYMSI CUHTYJISIPHBIMH KO3 dUIIMEHTaMHU MOTy4YeHbI B padortax [2], [3].
Jlureparypa
1. Barcon I'. H. Teopus 6ecceneBbix pynkuuii. —M.: T.1.1U3x. NJI., 1949. -798 c.
2. [ynbkun C.I1. O eAMHCTBEHHOCTH PEIICHUs] CUHTYJIApHOM 3afaun ['ennepcrena //
N3B.By30B. Cep.: Matematuka. 1960. Ne 6(19). C. 214-225.
3. CaburoB K.b. K Teopun ypaBHenuii cmemannoro tumna. M.: ®usmariut, -2014. -

304 c.

MMPOTHO3 'A3OCOAEP/KAHUSA YT'OJIBHOI'O IIVIACTA B ITPOLECCE
JAET'ASALINHN
Kapuescxuii A.JL

Hnemumym mamemamuru um. C.JI. Cobonesa CO PAH, Hosocubupck, Poccus

B pabote npeacTaBieH crnocol onpeeneHus ra3o0coAep>KaHus yroJbHOTO IJ1acTa
B [IPOLIECCE €r0 JAeTa3allui.

[IpennoxxeHHbld CIMOCOO OCHOBaH Ha peEIICGHUH OOpaTHOW 3agadyu  JJis
napaboIMYecKoro ypaBHEHHUs C LETbI0 onpeneneHus kodpduuenta nuddysuu.

Onna W3 TPYyAHOCTEN pElIeHUsT 3TOW 3aJayd COCTOMT B TOM, YTO JIMHEHHBIE
pa3Mmepbl 00J1acTH, B KOTOPOM OINpPEEIeHO ypaBHEHHUE MPSMOM 3aauM, 3HAUUTEIbHO

NpCBbIMIACT AWMAMETP CKBAXXHWHbBI JCTra3aliun (HaHpI/IMep, IJIMHA W IIJMpUHA
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IPSIMOYTOJIBHOM 00JIaCTH MOXKET COCTaBJsATh 7-10 MeTpoB, quamMeTp CKBaKMHBI 5-10
cantumetpoB). [lo cytu, mpsmas 3amada pemraercs B mep(opuUpoOBaHHON 0OO0JIACTH.
[TpennoxeH MeToq peleHus npsMol 3anauu B Takod oOnacTu. CyThk NMpeasioKEeHUs
COCTOMT B TOM, YTO MCXOJHAas HpsMas 3aJada 3aMEHSIETCS B HEKOTOPOM CMBICIIE
HKBUBAJICHTHOW MpsIMOW 3aiayeil, KoTopas MOXKET ObIThb pelieHa ObIcTpee, 4YeM
UCXOJHas npsAMas 3anada. g onpenesieHHusl OCTAHOBKU SKBUBAJICHTHOW NPAMOU
3aJaud HEOOXOAMMO pEIIUTh OOpaTHYIO0 3a/Jauy MO OMNPEICICHUI0 MPAaBON YacTH
I epeHIMaIbHOTO  YpPaBHEHMsI CIIELMAlIbHOIO BHJA. JTa oOpaTHas 3ajgada
CBOJUTCS K YHCICHHOMY PELICHHI0 MHTErPAJIBHOIO YpaBHEHHUS BoipTeppa mepBoro
pona Tuma CBEPTKU. TOYHOCTH pELICHMS NMPEIJIOKEHHBIM METOJIOM CPABHUBAJIOCH C
pELIEHUEM HCXOIHOM MPSAMOM 3a/1auy, OJIy4YEHHOTO KOHEYHO-PAa3HOCTHBIM METO/IO0M.
ByayTt npuBeeHbl MpUMeEphl pacyeToB.

PabGoTa BbINOJIHEHA B pamMKax roc3aganus (cornamrenue Ne FWNF-2022-0009).

HEJOKAJIBHBIE KPAEBBIE 3AJIAYM JIJISI YPABHEHUHA TPETBEI'O
MOPSJIKA.
Mawmanazapos JI.C.
Hoeocubupckuii cocyoapcmeennwiii ynueepcumem. Hoeocubupck, Poccust
d.mamanazarov@g.nsu.ru
[Tycte Q ects mpsimoyronbuuk (0,1) X (0,T) mepemennsix x U t, C(x,t),
f(x,t) u y(t) ects 3amannbie GyHKIUH, onpeaeacHusie ipu  x € [0,1],t € [0,T].
B npsimoyronsHuke Q paccCMOTpUM ypaBHEHUE
Ut — Ugxx + C(x, DU = f(x, 0) (1)
HenokanbHas 3anaua I. Haiitu dynkimio u(x, t) sSBISIONIYIOCS B IPSIMOYTOJIBHHUKE
Q pemenuem ypaBHeHUs (1) U Takyro, 4TO JIJIsl HEE BBITIOTHSIOTCS YCIOBHS
u(x,0) =u(x,T) =0, x € (0,1). (2)
u(l,t) =u, (1,t) =0, u,,(0,t) — y(u,(1,t) =0, t €(0,T). (3)
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Henoxkanbnas 3amaua |1, Haiitu pyakmmio u(x, t) sSBISIONYIOCS B IPSIMOYTOJIBHHUKE
Q pemiennem ypaBaenust (1) u Takyro, 4TO s HEE BBITOIHSIOTCS yCIoBHS (2), a
TaK)Xe YCIOBHUS
u,(1,t) = u,,(1,t) =0, u(0,t) —y(®u(1,t)=0, te(0,7T). (4)
Henokanbueie 3anaun | u Il B cmyyae y(t) = 0 (T.e. KOr/1a OHU SBJISIOTCS
OOBIYHBIMH JIOKAIBLHBIMU 3a1a4aMHK) XOPOILIO U3YYEHBI, eClii ke Y (t) ecTh HeHyIeBas
TUPEKITHS, TO HA00OPOT - MPAKTUYECKH HE N3YUCHBI.
[enpro UCcae0BaHUM SIBISETCS 1I0KA3aTEIbCTBO PA3PEMIMMOCTH HEJIOKAJIbHBIX
3anayd | u |l B aHM30TpONIHOM IPOCTpaHCTBE M/23’2(Q).
Cumcok iureparypbl
1.Jxypae T. [. "KpaeBble 3amaum 11 ypaBHEHUN CMEIIAHHOTO M CMEIIAHHO-
coctaBHoro tumnoB". Tamkent: ®AH, 1986.
2.KoxanoB A. M., Hwoxkea A. B., “HenoxkanbHble 3amaun C HHTErpajbHbIM
ycioBueM st AuddepeHImanbHbIX ypaBHEHHH TpeTbero nopsaka”’, Bectn. Cam. roc.
TexH. yH-Ta. Cep. ®us.-mar. Hayku, 24:4 (2020), 607-620.
3.A. JI. Cxy6aueBckuii, “Hekiaccuueckue kpaesbie 3amaun. 17, CM®H, 26 (2007),
3-132.

OB O/THO3HAYHOM PA3SPEHIMMOCTH OBPATHOM HAYAJIBHO-
KPAEBOM 3AJTAYM JJISI YPABHEHUS CYBIN®®Y3UN C IPOBHOM
IMPOM3BOJHOM KAITYTO
Mepascos H.U., Auiypos P.P.

bByxapcxuii 2cocyoapcmeennviii ynueepcumem, byxapa, ¥Y36exucman

B »aT0ii pabore paccmarpuBaeM HadalbHO-KpPAeBYIO 3agady Ijsl YpPaBHEHUS
cyomuddysun ¢ mpobdHOI mpousBoaHOM KarryTo.
Bobmactu G = {(x,y,t): 0<x<1,0<y<1 —p<t<q}paccMoTpum

cIeayromee ypaBHCHUC CMCIIAHHOT'O THUIIA B JIBYMCPHOM CJIy4dac:
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{cDS‘tu =Au+ f(x,y,t),t =0, 1)

Uy =Au+ f(x,y,t),t <0,
rae A -omeparop Jlammaca mo mepemeHHsiM x u Yy, p > 0,9 > 0— 3ama"HbIe

BEIIICCTBCHHBIE TIOCTOSIHHBIE, a f (X, y, t) — 3amaHHas HempepbIBHAS (QYHKIINA,

! t “af'(1)d 1
m!(t—’[) f(T)T, O<a<,

cDgf (t) = 2)

d =1
af(t)i a =

- 1nuddepenumanbubiii onepatop Kamyto npoOnoro mopsaka o [1]. OOpartute

o 0
BHUMaHHe, 4To auddepeHmanpapiii onepatop Kamyro cDgt(u(x, Y, t)) = Ig‘ta—?

BBIpAXKaeTCs ¢ MOMOIILI0 HHTerpasia Pumana-JInyBusis apoOHoro nopsiaka [1].

t
Ig:g(®) - L (t — 1) 1g(r)dr,
I'(a) Of

rne I'(a) - ramma-Qynkums Ownepa, (0 < a < ). Bpemem cnemyromnme
0003HaYEHUS:
J ={(xyt):0<x<1,0<y< 1,t = 0},
G, ={x>0,y>0,t >0},
G,={x>0,y>0,t <0},
G=G;NG,N]J.
B obnactu G m3y4yaem CIIeIyIOIIYIO 3a1a4y.
3apaua. Haiitu ¢pyskmumto u(x, y,t) co ClemnyronMl CBOHCTBAMH:

1) u(x,y,t) € C(G) N CYH(G, U )), tT%u,(x,y,t), t> %u(x,y,t) € CH(G,U));

2) uy(x,y,t) € C(G, U)), uxx(x,y,t) € C(Gy NGy NJ),uyy(x,y,t) €
C(GiNnGy,N]J),cDffue C(GyU]) wu wuckomas (QyHKIHUS  yIOBICTBOPSET
ypasuenuto (1) B obnactu G; (j = 1,2);

3) Ha IJIOCKOCTH | UMEIOT MECTO CIIEAYIONINE YCIOBHS CKICHKU:

u(x,y,+0) =uxy,-0), (xy)€J (3)
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lirnt—>+0 tl_aut(xJ Y, t) = limt—)—o U (X, Y, t)! (4)

tl—iHlo t2 % Uy (x, y,t) = tl_i,rPO ue(x,,t), (%) € J; (5)

4) u(x,y,t) Takxke yIOBICTBOPSIECT TPAHUYHBIM YCIOBUSM:
u(0,y,t) = u(l,y,t) = u(x,0,t) = u(x,1,t) = 0; (6)
5) Ilycth 3a1aHO | CEAYIONICe YCIOBHUE:
ulx,y,—p)= ox,y), 0 <x<1,0<y<1. (7)
HOCTpOI/IM PCUICHUA IIOCTaBJICHHOHU 3aladn € IIOMOIIBIO CIHCKTPAJIBHOI'O
METO/Ia U Jajiee T0Ka3bIBaeM OJIHO3HAYHYIO pa3pemMocThb (eM.[2], [3]).
Jlureparypa
1. Ilexy A. B. Kpaesas 3agaua nns auddepeHunanbHOr0 ypaBHEHUS ¢ YaCTHBIMH
MIPOU3BOIHBIMU IPOOHOTO TIopsAIKa. B )kypHaue // 3Bectust Kabapauno-baikapckoro
HayuyHoro nentpa PAH.2002 I'ox. Ne 1(8) : 9 C. 76-78.
2. Durdiyev D. K. Merajova Sh. B. Inverse problem for an equation of mixed
parabolic—hyperbolic type with a Bessel operator. B sxypuane // Journal of Applied
and Industrial Mathematics. 2022 T'ox. Ne 16: 3 C. 394-402.
3. Islomov B. I. Ubaydullayev U. Sh. ICOn a Boundary-value Problem for a
Parabolic-Hyperbolic Equation with Fractional Order Caputo Operator in Rectangular
Domain. B xxypnane // Lobachevskii Journal of Mathematics. 2020 T'ox. Ne 41: 9 C.
1801-1810.

O KAUECTBEHHOM AHAJIN3E OJHOTI'O KJIACCA BKCOII
C HEIIPEPBIBHBIM BPEMEHEM
Pacynos Xauoap Paynosuu,
byxapckuii 2cocyoapcmeennuiil ynusepcumem, byxapa, ¥Y36exucman,
xrasulov71@mail.ru
Teopuss kBagpatuuHo-ctoxactuueckux omnepatopoB (KCO) ¢ auckpeTHbIM
BpeMeHeM Obuta ocHoBaHa bepamreitnom C.H. [1]. [lo3gHee »T0 HampaBlieHHE

MMOJYUYHJIO PA3BHUTHUC U IIOHATHUC TCOPHUU I[BynOHOﬁ KBaJIpaTUIHO-CTOXACTHUICCKUX
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omneparopoB Obl10 BBeneHo Jlrobmuem FHO.U. [2]. B ero monorpaduu moapoOHO
OTMICaHbl MMOCTAHOBKA MPOOJIEMBbl U 00Ime MeTonbl pemeHus. B [3] uccnemoBanbl
nsynosibie  KCO, mnpunagnexamue K noakinaccy KCO [2], u  nonydeHsl
dbyHIaMEHTAIbHBIE pE3yJabTaThl C HOBBIM TIOAXOMOM. Takke TPEACTaBICH U
MIPOAHAM3UPOBAH YacTHBIN cirydaid Bynosbix KCO - mecTHannaTh Tak Ha3bIBa€MbIX
KpallHUX ONepaTopoB (pa3MepHOCTh MOMYJISAIIMU PABHO YETHIPE).

OnHako, HENPEPHIBHBIN aHATIOT TAKMX KPAalHUX OMEPAaTOPOB HE UCCIIEIOBAH.

B [2] BBemeHbl M HU3ydeHbl OOIIME SBOIIOIMOHHBIE YPaBHEHUS BYIOJION

nonyJyanuu. Ilycte

n
St =14x = (%1, ., Xy) ER™x; 20,0 = 1,Tl,2xi =1,
i=1

m
HaspBacTcss (n— 1) —  CHUMILIEKCOM; pl(,{)] u pl.(k j) — KO3 PUIIUCHTHI

HACJIe/ICTBEHHOCTH. BennunHa pl(,f )] OTIpENeNAeTCS KaK BEPOSTHOCTh POXKICHUS

MoTOMKa jKkeHcKoro tuna F; (1 < j <n) y marepu tvna F; (1 <i < n) u orua tuna
(m) ;

My (1 <k <v). Ananormano ompepemsiercss p,, (1<i<nl<kl<v). U3

onpeaeseHus Kod(OPHUIIUEHTOB SICHO, YTO
f n
D) ) _
Pixj = 0, zpik,j =1
j=1

v
(m) (m) _
Pirx; = 0, zpik,l =
\ im1

CocTossHMEM TOMYJISIUMKA HA3bIBAETCS Iapa PACIpPENEICHUNM BEPOATHOCTEHN

(1)

X = (X1, ... Xp) 0y = (yq, ..., ¥,) Ha MHOXECTBAaX F — MHOXECTBO JKCHCKUX THIIOB H

M — MHOXECTBO MYXKCKHX:

n v
xiZO,zxi=1;)’k20,Z)’k=1' i=1n
i=1 k=1

k=1,v.

~-
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[Tycts (X,y) — COCTOSIHHE B MOKOJEHHU G M B CIEAYIOLIEM IOKOJEHUH G' B
MOMEHT €r0 3apO’KJICHHSI BEPOSTHOCTU THUIIOB HAXOMASTCSA MO MOJHON BEPOSATHOCTH

(YpaBHEHHUS SBOJIOLUU JBYIOJION MOMYJISIUN):

( n,v
X' = z pl(zf)] XYk, 1<j<n
w=14 5 @)
= Z pa ) xy,  1<l<w.
\ k=1

B paGore [3] BBOguTCS oOIpejelieHHe BOJIBTEPOBCKUN KBaJApPATUYHO-
CTOXaCTUYECKUU ONEepaTop [BYIOJOW omepauud (Jajee B H3JI0KEHUE CTaThbU
OMMpaeMcs Ha 3TO ONpeeNieHue):

Onpenenenne. OBOJIOIUOHHBIN omneparop (2) Ha30BEM BOJBTEPOBCKUM
KBaJIpPaTUYHBIM CTOXAaCTHYECKUM oriepaTtopoMm nBynosion nomyssiiuu (BKCO/IT),

ecii K03 HUIMEHTHI HAacIeACTBeHHOCTH (1) yIOBIETBOPSET YCIOBUIO

p{) =0ecmje(lk} 1<i, j<n 1<k<n,

pi(,?fl)ZO,ecnnleé{l,k} 1<i<n, 1<kl< v

B nannoili pabote npoBeAeH Ka4eCTBEHHbIN aHaIN3 HENPEPhIBHBIM aHAJIOT 3THX
kpaitnux omneparopoB (BKCOJ/II) u HalineHbl 4YHCICHHbIE U aHAIUTUYECKHE
pemeHnsa. Takke, B KAaueCTBE YaCTHOTO Ciydas NPUBEACHO PEIIEHUE OCHOBHOM
3a/layd. AHAINTUYECKOE PEIIEHUE CPABHEHO C YHMCIECHHBIM PELIEHUEM C MOMOUIBIO
rpa¢ukoB. JlokazaHo, UYTO TpaeKTOpUs OIepaTopa CTPEMUTCA K MOJIOKEHUIO
paBHOBecus. MccnenoBanbl HEMOABMKHBIE TOUKH €III€ YETHIPHAALATH ONEPATOPOB U
pe3yJbTaThl COCTABIICHBI B BUJIE€ TAOIHUIIBI.

3aMeTHM, YTO YKUCIECHHBIE METOJIbI OOBIYHO HE JAI0T XOPOUIEr0 KaueCTBEHHOTO
TIOHUMAHUS TMOBEACHUS CUCTEMBI. [loaTOMy, MO KpallHe Mepe Kak 4acTh aHaJIU3a
JUHAMHYECKUX MOJeNed, HCIoNib3yeM rpaduueckue MeToAsl. M3-3a mpocTOTHI
rpaduueckux METOJIOB, HAPSAY C UX TEOMETPUUECKON MPUPOJIOH, rpaduKu AatOT HaM

BO3MOXXHOCTh ~ MPEACTaBUTh (PyHIAMEHTANbHbIE KOHUEMIMH  MOJCIUPOBAHMUS,
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UCIIOJIb3yeMble JUIsl JHHAaMH4YecKuX cucreM. Ho 31ece B OCHOBHOM Tpedyercs
rPpaMOTHO COCTaBUTh KOMIBIOTEPHbIC MPOrpaMMbl, HE 3aTparuBarolIMe MHOTO
YHUCJICHHBIX BBIYUCICHUHN, OTHUMAIOIINX BPEMSI.

Hpyrue KCO ¢ HenpepbIBHBIM BpeMEHEM HCCIIeI0BaHbI B paboTax [4-5].

CIIMCOK MCITIOJIb30BAHHOM JIMTEPATYPBI

1. bepumreitn C. H. Pemenue omgHOMl mMaTeMaTHdecKod MpoOJieMbl, CBSI3aHHOM C
Teopueit HacneaoBanus // Yu. 3an. Hayuno-Hccnen. kad. Ykp. ora. Mar. — 1924, — 1.
—C.83-115.
2. Lyubich Yu. I. Mathematical structures in population genetics // Biomathematics. —
1992. — 22.
3. PosukoB Y.A., Kamunos Y.Y. BonbreppoBckue KBaJpaTUYHBIE CTOXACTUYECKHE
orepaTopsl ABYMookN nomyisiaun // Ykp. mat. xkypH., 2011, T. 63, Ne 7, ctp. 985-988.
4. Rasulov X.R. Qualitative analysis of strictly non-Volterra quadratic dynamical
systems with continuous time // Communications in Mathematics 30 (2022), no. 1,
pp. 239-250 DOI: https://doi.org/10.46298/cm.10528.
5. Rasulov Kh. R.: On a continuous time F - quadratic dynamical system. Uzbek
mathematical journal (4) (2018) pp. 126-130. DOI:10.29229/uzmj.2018-4-12.

Ob AHAJIN3E OJHOI'O KJIACCA HEBOJIBTEPPOBCKHX
JANHAMMNYECKUX CUCTEM C HEHPEPBIBHBIM BPEMEHEM
Pacynos Xauioap Paynosuu, baxooyposa Moxunyp bBaxpomosHa,
Byxapckuui ecocyoapcmeennoiii ynusepcumem, byxapa, ¥Y36exucman,
xrasulov71@mail.ru’

KBagpatuuno croxactuueckue oreparopsl (KCO) HEBOIBTEPPOBCKOro THIIA
4acTO BO3HMKAET BO MHOTHX MOAEIsAX Maremarudeckor renetuku [1]-[2]. KCO
orobpaxkarommii  cumruieke S™ ={x = (xq, .., X))} ER™: x; = 0, X, x; = 1B
cebs, mmeer Bux V:x'j = Z’Z}zl DijxXixj, k =1,..,m, rne p;j — Koobduuuent
HACMEACTBEHHOCTH U Djj, =0, Xpiipijpr =1, Lj,k=1,..,m. 3amerum, ugro
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KaXIblii aeMeHT x € S™71 gpngerca pacnpeneneHmeM BeposTHOCTH Ha E =
{1, ...,m}.

B crartbe [2] nns veBonbTeppoBckoro KCO (B cratbe [2] 3t KCO Ha3biBaeTCs
F KCO. 3amerum, uyto mobOoit F KCO sBasercs HEBOJIbTEPpPOBCKOW) V:x =
(X1, 0, X)) ES™ L V() =x" = (x"(, ., x') ES™ 1 naerca  caenyromas
obmas popmyna: x' = x,(1+ X%, agix; ), TAe A = 2Py — 1 ana i #k m
Qe = 0, ay; = —ay m |ag| < 1.

Paccmotpum ciydaii m = 2, t.e. E, = {0,1,2}. Bosemém M = {1} u F = {2}.
Tornma HenpepbIBHBIN aHATIOT HEBONIBTEPPOBCKH KCO nmeer Bua:

Xo=1—2(1—a)2x;x, — xy,
561 == 2bx1x2 — X1, (1)
562 == 2CX1x2 — Xo.

CnemyeT OTMETUTH, 4YTO B cTarhe [3] maHHas aumHaMuueckas cucrema (1)
nopoOHO aHATM3UPOBAH, TO €CTh, HAWIEHBI HETIOJBM)KHBIE TOYKH, YCTAHOBJICHBI UX
THUIIBI, YKa3aHo uTo, Tpaekropus (xq(t),x;(t),x,(t)) cTpeMUTbCS K HEMOIBHKHOM
TOYKE OKCIIOHCHIUATBHO ObicTpo. Takke, HaWIeHb aAHATUTHYECKHE PEIICHUS
cuctemsl (1).

B nanHoi#t paboTte ¢ momoinpo Matemarndeckoro pemaktopa MathCAD npu
pPa3TUYHBIX 3HAYCHUSX 4, b, ¢ HaliJIeHBI YnCclieHHbIe pemeHus cucteMsl (1). [Ipoenen
CPaBHUTEIIbHBINA aHAJN3 C AaHAJTUTHICCKUMU PEIICHUSIMU CUCTCMBI.

OTMeTuM, 4TO BO3MOXHOCTH TMOJIy4aTh YHCIICHHBIE PEIICHHUS HAa KOMIIBIOTEPE
MOBJIEKJIA 32 CO0OM pa3BUTHE MHOTHX aHATMTUUECKUX MoAXoa0B. [Ipu 3TomM ocoboe
3HAYCHUE MMEIOT KaueCTBEHHBIC HMCCIICIOBAHMS, TTO3BOJISIONINE ONUCATh B Haubosee
MPOCTOM MaTEMaTUIECKOM BUJIE OCOOCHHOCTH IMOBE/ICHUS CUCTEMBI.

Taxk, Harmpumep rpadMKi YUCICHHBIX U aHATUTHICCKUX PEIICHUH CUCTEMBI TIPH
sayenusx a = 0.2, b = 0.5, ¢ = 0.3 u 0pu HaYaIbHBIX 3HAUYEeHUAX X,(0) = 0.25,

x1(0) = 0.34, x,(0) = 0.41 BBITISAAUT TaK:
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CpaBHHTeﬁLHLII?I AHATIH3 pesYﬁLTaTOB, ﬁonyquHI:iX B [2] u B HacTosuen
paboTe, MOKa3bIBAET, UTO MOJIOKEHHSI paBHOBecHs] cUCTeMbl (1) yepe3 HekoTopoe
BpEeMsI COBIIAAIOT C HEMOJABMKHOM TOUKO# omepaTtopa [2], Tonbko Koraa xo(t) = 0,
x1(t) =20, x,(t) = 0w xy(t) + x1(t) + x,(t) = 1 1 006€ 3TH TPACKTOPHU CTPEMSATCS
K MTOJIO)KEHUIO PAaBHOBECHSI 3KCIIOHEHIIUAIBHO OBICTPO.

Ipumeuanue. I'paduk yucneHHsix pemieHnii cucremsl (1) (3HaueHue x4 (t))
U300pAKEH CUHUM, a aHATUTHYECKUX PEIICHUI KPaCHBIM LIBETOM.

JlaHHas paboTa SIBISETCS MPOODKEHUEM paboTh [3].

JIMTEPATYPA
1. Jlrobuu IO.M. Maremarnueckue CTPYKTYpbl B TOMYJISIUMOHHOM TE€HETHKE,
HaykoBonymka, Kues, 1983.
2. Po3ukoB VY.A., XKamuno V.Y. F-kBagpaTHuHbIE CTOXaCTUYECKHE OIEPATOPHI
[/Matemaruueckue 3ametku, 83:4 (2008).
3. Rasulov Kh.R. On a continuous time F — quadratic dynamical system, Uzbek
mathematical journal, Ne4 (2018), pp.126-130.

O KAYECTBEHHOM AHAJIM3E OJHOW TUHAMMNYECKOMW CUCTEMBI
C HEITPEPBIBHBIM BPEMEHEM
Pacynoe X.P., My3zagpgaposa M.V .
Byxapcxuii cocyoapcmeennviii ynugepcumem, byxapa, Y30exucmarn,
xrasulov71@mail.ru’
[IpencraBieHre MaTeMaTHYECKOH MOJCIH psiga OHOJOTHYECKUX, (HU3UKO-

XUMHNYCCKUX 141 O9KOHOMHNYCCKHUX MpoLeccoB C ITIOMOIIIBIO KBaApaTU4IHO-
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croxactuueckux omneparopoB (KCO) B3bpIBaeT MHTEpEC y MATEMaTUKOB B 3TOMU
obnactu. B HacTosimee BpeMs omyOJMKOBAaHO MHOXKECTBO HAYYHBIX paOOT MO ATOMY
HanpasieHuio [1-3].

HexoTtoprie nunamuyeckue cuctembl, nopoxaeHHble KCO ¢ IUCKpEeTHBIM
BpEMEHEM, BO3HUKAIOT CIEAYIOMIMM 00pa3oM. PaccMOTpUM MOMYJIAIHIO, COCTOSIILYIO
u3 paszHoBuaHoctel. Ilycth pacnpeneneHue BEpOATHOCTH PpPa3HOBUIHOCTEH B
HayaJbHBIX TIOKOJIGHUSIX W BEPOSTHOCTh TOTO, YTO HWHIUBHIBI C TOW U TOU
Pa3HOBHUJIHOCTSIMU  CKPEIIMBAIOTCS, YTOObI  MPOW3BECTH  WHIMBHI. Toraa
pacripe/ieJieHue BEPOATHOCTH (COCTOSIHME) Pa3HOBUJIHOCTEM B IMEPBOM MOKOJICHUHU
MOXET OBITh HAWJIEHO C MOJHOM BEPOATHOCTHIO. DTO O3HAYAET, YTO COOTBETCTBUE
OTIpeJIeNIsIET OTOOpaKEHHEe, HA3BAHHOE HBOJIIOIMOHHBIM omnepartopoM. [lomymsiius
pPa3BUBACTCs, HAUYMHASICh C MPOU3BOJIBHOTO COCTOSIHUSI, U TIEPEX0/isl K COCTOSAHUIO (B
CJIETYIONIEM TTOKOJICHUH) U K COCTOSTHUIO, U TaK Jajee.

Paccmotpenue aBomonuu TpedyeT npuBiedeHUs] BpeMeHu. B 3aBUCUMOCTH OT
3alaud MOXET paccMaTpPUBAThCS WM HENPEpPhIBHOE BpeMsi (KOT/Ja HHTEPECYIOT
COCTOSIHUS CHCTEMBl B Ka)XIbli MOMEHT), WIM JHUCKpETHOE (KOTJa HHTEPECYIOT
COCTOSIHUSI CHUCTE€Mbl B OTJEJbHbIE H30JMPOBAHHBIE MOMEHTBHI BpEMEHM). Pemuthb
3a/1a4y YHCJIEHHO JUIsi BCEX BO3MOJKHBIX 3HAYEHUW MMAapaMEeTPOB MPUHLHUIHAIBHO
HEBO3MOXKHO. [109TOMYy HEOOXOUMBI METO/TbI, KOTOPBIE IMO3BOJISAT MIPOAHAIU3UPOBATH
MOBEJICHHUE PEIICHUM TMHAMUYECKOM CUCTEMBI O€3 MPUMEHEHHUs KOMIBIOTEpA.

B [3] uccnenosansl asynossie KCO, npunagnexaiue k nogkiaccy KCO [2], u
noTyueHbl (yHIaMEHTAJIbHBIE PE3YJIbTAaThl C HOBBIM MOJXO0JA0M. Takke MpeIcTaBiIcH
U TpOoaHAIM3UpPOBaH dYacTHbIM ciyuyaid jaBynonbix KCO — mecTtHaanars Tak
Ha3bIBAEMbIX KPAaHHUX ONEPATOPOB (Pa3MEPHOCTH MOMYJISALIMU PABHO YETHIPE).

B naHHOW cTaTbe M3y4yaeTcss HENPEPBIBHBIM aHAJIOr OJHOIO KBAaJIpaTU4HO-
CTOXaCTHYECKOTo omepatopa BBeacHHOro B [3] (em. W, (x4, X5; V1,Y5)), KOTOPBIi

HCHpCpLIBHBIfI aHaJIoIr UMECT BHU!:
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X1 = X2)1,

Xy = X3Yp — X, (1)
}’1 =X1 =Y
Y2 =X — Yo

IIpoBenen kauecTBeHHBIN aHanu3 cuctembl (1), McclieIoBaHbl HEMOABUXKHBIC
TOYKA W OIpeIeNeHbl uX Tulbl. HalaeHbl YHCIEHHBIE PEUIEHUS C MOMOILIBIO
Matemarudeckoro penakropa MathCAD.

Haiitn aHanuTudeckue pemeHus cucteMsl (1) ¢ TeopeTHUeCKOW TOUYKH 3pEHUS
HE yJ1aJI0Ch.

JlarHast paboTa sIBJISIETCS IPOJODKEHHEM padoThI [4].

JIMTEPATYPA
1. bepumreitn C. H. Pemenue ogHOil mMateMaTH4eCcKOW MpoOJIEMbI, CBS3aHHOU ¢
Teopuei HaciemoBanus // Ydu. 3am. Hayuno-Hccnen. kad. Ykp. ota. Mart., 1924, c.
83-115.
2. Lyubich Yu. I. Mathematical structures in population genetics // Biomathematics. —
1992. — 22.
3. PosuxoB Y.A., Kamunos Y.Y. BonbreppoBckue KBaJpaTUYHBIE CTOXACTHUECKHE
orepaTopsl ABYIOJION nomyssinuu // Ykp. mar. xkypH., 2011, 1. 63, Ne7, ¢. 985-988.
4. Rasulov X.R. Qualitative analysis of strictly non-Volterra quadratic dynamical
systems with continuous time // Communications in Mathematics, 30 (2022), no. 1,
pp. 239-250.

O MPOJOJI’KEHUM PEITEHUH 3AJAYHM KOIIA 1JISI OBOBIIEHHOM
CUCTEMbI KOHIN-PUMAHA C KBATEPHUOHHBIM TIAPAMETPOM
Cammopos 3.H. *, Pycmamog C.V. **

* V36excro-Durnckuii nedazoeuieckuti UHCMumym ,

** HagouHnckutl 20Cy0apcmeenHtblil nedazo2udeckull UHCImumym

R® -BCIICCTBCHHOC TPEXMEPHOC CBKIIMAOBO IIPOCTPAHCTBO,
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!

X:(le X5, Xs)’ y=(y1, Yo, y3)ER3,X :(Xla Xy, 0)1 y':(yﬂ Yo, 0)6 Rz’

2, Q- OrpaHWYCHHAsA OAHOCBA3HAA

S=(Y: = %)+ (Y, = %)%, P =[y=X=5+(y; —X)
obmactb B R® C rpaHMmIed oOQ COCTOSIIEH W3 KOMITAKTHOW CBSI3HOH dacTu T
IUIOCKOCTH Y, =0 W TJIaJKOro Kycka moBepxHocTtd S JldmyHoBa, Jiexaied B
OJTyIPOCTPaHCTBE Y, >0, Q=QUaoQ, aQ=SUT.
Paccmotpum cucremy ypaBHeHuii [1]
a,f, —divi—< f,a>=0, grad f, +rotf +[f xa]+ fya+a,f =0 (1)
e o=(a,a,a), o <C, k=0123; f=(f,f,f), f,- BEeKTOpHas u

ckassipHasi GyHKIIUU COOTBETCTBEHHO.

3
Ha kBarepHHOHHO3HAUYHBIX (QYHKIUAX BUOAA F(x)= Z f.(X)i,, xeQcR?®,
k=0

3
f.(x) eC*(Q), k=0,1,23 omnpenenaum omneparop D, F:=(D+M%)F, rae D:=Zikai-
k=L OXy

oreparop, 0bo0maronuii ABymMepHbii oneparop Komm-Pumana (cm. Hanpumep [2]);
M“F:=Fa. Torna ypaBHenue D, F =0 SBISIETCS SKBUBAJCHTHOM 3alUCHIO CHCTEMBbI
(1).

3apaua. TpeOyeTcs ompenenuTh peryispHoe pemieHue F(y)cucremsl (2.2) B
ob0nacTu Q, ucxoAs u3 ee JaHHbIX KoIm, 3a1aHHbIX Ha IOBEPXHOCTHU S !

F(y)s=a(y), yeS, ()

3
roe 9(Y) = Z 9 (Viy - samannas HEIpEephIBHASI KBATEPHUOHHO-3HAYHAS] (PYHKITHS.

k=0
Korma aeC, T.e. a=q,, QyHmameHtanbHoe peiieHue G, omeparopa D,
MOXeT OBITh HalifieHo 1o gopmyre (cp. [2] c. 76)
G,(x)=-ID_ h J(x)=h, (@—xx " +iaxx"), 3)
rae  h,(x):=—(4zx)"e "~ dynmamentansHoe pemenue omepatopa ['embMronbia
A+a’l (cM. HanpuMmep, [3]).
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O603HauuM P*F:=(27) F(y +a), P F:=(27)'F(y-a) .
Toraa crpaBemIMBoO CIEAYIONIEE HEMOCPEACTBEHHO IPOBEPSEMOE PABEHCTBO:

D,F=D,P"F+D.PF (4)
rne E=a,+y,c=a,-y,yeC, y’=a’.

3amMeTuM, 4YTO OmepaTopbl P*U P~ SBISIOTCS B3aUMHO JOMOJBbHUTEIbHBIMU

IIPOEKTOpaMH, KOMMHUTHPYIOIIUMH ¢ oneparopamu D, u D_.

Onpenenenune 1. OyHKUIMA

P'G.+P G, ag¢Ru (;2;&0,
8 A A
G + G Jla,a¢Ru a=0,
G, =18+ gy O] 5)
PG, +P G,y aeRua, =0,
G, +hye, aeRua,=0.

ABJIAETCS (PyHIaMEHTAJIbHBIM pellieHueM oneparopa D, .

Paccmotpum
K, =P'K,+PK __rra) [D—g@g](x)—(y_a) [D_@_|x) (6)
c 2, 2y i
o0 H 2 -
@, =L fim| KT +s9) oz -au g, 7)
2775 |iWuP+s+y,—X, | VuZ+s

0D,
OXy

D_.®.(X) = (DD, + D, - &) :Zik +®, - &, (8)

Teopema 1 (unterpanshas Gopmyna Komm) . Ilycts f ekerD, NC(Q), @ Q. Toraa
(K,F)X)=F(), xeQ, 9)
Omnpenenenune 2. Oynkuueit Kapnemana 3anauu (1), (2) Ha3biBaeTcst QyHKIUSA

M 7, yIOBIETBOPSIOMIAs CICAYIOIAM JIBYM YCIOBHUSIM:

1) KZ(x,¥) =G, (X, y) + N7 (X, ),
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Il 0 — MOJOKUTENbHBIN YnCciI0BOM mapameTp, GyHkus N7 (X, y) Mo mepeMeHHOU y

yIOBIIETBOPsIET cucteMe (2.2) Bcroxy B obmactu Q, G, (X,y) — QyHIaMEeHTAIBHBIX

periennii oneparopa D, ;

2) |
:

nanee |K 7| 03HaYaeT EBKIMI0BY HOPMY, T/I€

Ka

dS, <&(o) mpu (ukcupoBaHHOM X e, TH€ &(c) — 0 MPU T —>©; 3/1eCh H

P'K,F+PK.F, agRu a0,
o Y
KaF: KaoF+6 O[KaoF]’ a¢gRua :01 (10)
P*K,,F+P K,F, ae®R u a,#0,
KoF -V Fa, aeR u a,=0.
(K F)() == [K, (x=y)n(y)F(y)dS,, xeR*\éQ, (11)
oQ
V,F)(¥):= [h, (x=y)n(Y)F(y)dS,, ueC, xeR’, (12)

o0

n(y) - BHELIHSISI HOPMab K Q2 B TOUKE Y.

[Honoxum

F, () = (IZF)() = = KZ (x=y)n(y)g(y)ds, , xeq. (13)

Teopema 2. ITycts F ekerD, NC(Q), acQ. Ha wactn T rpanuimsl oQ

YIOBJIETBOPSIET YCIOBUIO

IF(y)|<B, (14)

rne B — 3amaHHOE MOJIOKUTEIBHOE YUCIO. lorma s Jro00oro xeQ U o >0

CIIpaBEJINBO HEPABEHCTBO
IF(x)—F,(x)| <BC(c,a)e™™. (15)
Jluteparypa

1. KpaBuenko B.B., [lanmupo M.B. O6 o0oOmenHoi cucreme ypaBHeHuit Kormm-

Pumana c kBatepHnoHHbIM napamerpom // JIPAH, 1993, 1. 329, No5. C.
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2. Klaus Gurlebeck, Wolfgang Sprobig Quaternionic analysis and elliptic boundary
value problems — Basel; Boston; Berlin : Birkhauser, 1990.

3. B.C.BnagumupoB YpaBHenust matematuaeckoit puszuku.M.:Hayka, 1988. 512 c.

PEI'YJIAPU3ALUSA PEHIEHUS 3ATAUYN KON JJIs1
JAIITACOBA TOJISI B OTPAHUYEHHOM OBJIACTH
'Cammopos D.H., °T. emuposa /1.

! Vsbexcro-@unckuii nedazoeuyeckuti uncmumym, Camapkano, Ys6exucman

2 . .
Camapkanockuti cocyoapcmeeHnblil yrugepcumem, Camapkano, ¥Y30exucman

ITycte R® (n>3) — BemecTBEHHOE €BKIMIOBO IIPOCTPAHCTBO,
X= (X%, %), Y = (Y1, Yo, ¥3) €R%, X'=(%,%,), ¥'=(¥1,¥,) €R%,
s=a’=(y, — %)+ (¥, = %)% P =ly—x =a’ +(y, - %)
Q orpanuyenHas obsacte B R® ¢ KycouHo-riaaKkoii rpanuneii 0Q. B obmactu

Q 3a/1aHO HEIPEPHIBHO muddepenuupyemas BEKTOP-(QyHKIIHS
F (%) = (R0, F,(x), F(x))-
PaccmoTrpum cucteme nuddepeHImanbHbIX YPaBHEHHUH MIEPBOTO MTOPSIIKA
divF(x)=0, rotF(x)=0, xeQ. (1)
rae F(x)= (R (x), F,(x),F, (X)), Bcromy B ) ynoBieTBOpsieT BEKTOPHOMY YPaBHEHHIO

Jlarutaca AF =0.
3anaua. N3BectHsl nannbie Ko pemenus cucteMsl (1) Ha

MOBEPXHOCTH S :
F|s=T(), yes, (6)

f(y)=(f,(y), f,(y), f.(y), f,(Y)) — 3amaHHas HenpepblBHAs BEKTOP-QYHKIHSI.

TpeGyercst BOCCTAHOBUTD BeKTOp—(pyHKImH F(X) B Q, HCXOs U3 3amaHHON (y),
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T. €. PEUIUTh — 3aJady aHAJUTUYECKOTO MPOJOJKEHHUS pelieHus cucteMsl (1) B

IPOCTPAHCTBEHHOM 00JIACTH MO €€ 3HAYEHUAM Ha IIaJIKOM KyCKE S TpaHULbI.
[Tycte F(X) B () HempephiBHA BMECTE€ CO CBOCH MPOM3BOIHON BIUIOTH JIO

1

———— — (¢yHIaMEHTalIbHOE pEIICHUE YpPaBHEHUS
47z|y— x|

rpanuiel 0Q u Dy(y,x)=

Jlarmaca. Torma cripaBeIMB mpexmepHblll anaioe urmezpaivhou gopmynst Kowu
[1],
F(x), xeQ,

[ My, 0F(y)ds, ={ — 0
o0 0, Xeg Q.

34€Ch

a(y, = %)+ B, = %), B —X)—a(y,—=%), 7Y —X)—a(Y;—X)
M (Y, X) =@, (y,x)|a(y, —x,) =B —x), a(y—x)+ B, —x,), 7y, —x)—B(y;—x,)
a(Ys=X%) =7V =%),  B(Ys—%)—7(Y, —%,),  a(y,—X)+B(Y,—X,)

7(Ys —X%s), 0, 0
+ 0’ 7/(y3 - Xs)* 0 J (3)
0, 0, 7(Ys—X3)

rac

271_2 eo-x§+o-a270'y§ A CDO_ (y’ X) — u, (4)

sinzyu? + a?
Jui+a?

Teopema. ITycts Bektop-pyHkims F(y) kmacca H(Q) ynomerBopser

@, (y.xu)=costyu’ +a® —(y, —x;)

t=20y,. (5

ycioBuio (6). Torma nist mro6oro X € () cripaBeIMBO HEPABEHCTBO

2
X2 X
‘—» —_— —

F (%)~ Fo (X)| <y (0)B #5°, (7)

rac
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_E T i o o
wl(a)—”{Zb\/_(\/£+\/_J+2+a(l+3b)\/_] (8)

Caeacrsue. [y moboro X € Q) crnpaBeyIMBO PaBEHCTBO

lim Fo(X) = F(x), 9)

IIPUYEM IIPEEN JOCTUTaeTCs PABHOMEPHO HA KOMITAKTax U3 ().
Jlurepartypa
1. bunanze A.B. IlpocTpaHCcTBEHHBIM aHanor MHTerpaiga tuna Komwu v HEeKOTopbie

ero npunoxenus // U3s. AH CCCP. Cep. matem. 1953. -17:6. — C.525-538.

O MPOJOJI’KEHUU PEILIEHUH 3AJTAYU KOIIIU JIJIS1 YPABHEHUS
ITYACCOHA B OTPAHUYEHHOM JIBYMEPHOM OBJIACTH
'Cammopoe D.H., *Ipmamamosa 3.3., *Paguxos H. B.

! Vsbexcro-@unckuii nedazoeuueckuti uncmumym, Camapkano, Y36exucman

2 .
Camapxanockutl gunuan TawkeHmcko2o 20cy0apcmeeHH020 IKOHOMULECKO20
yuugepcumema, CamapkaHo, Y3oexucman

3 < o o
Haesounckui eocydapcmeeHHbzu neoa2o2uyecKull uHcmumym, Haeau, V3bexucman

XOopo1I0 U3BECTHO, MHOTHE (PU3UYECKHE 33]1a4l MPUBOAATCS K CTALlHOHAPHOMY
ypaBHEHHIO MaTemaTuueckod ¢usuku. C TOUYKM 3pEHHs] aHalIM3a, YTO OCHOBHBIE
CBOMCTBO TapMOHHMYECKUX, CYOrapMOHUYECKHUX U CYNEeprapMOHMYECKUX (YHKIIH
WCIIOJB3YIOTCS NPU U3YYEHUU Pa3peIIMMOCTH KJIAaCCUYECKOM 3amaun [upuxine mis
ypaBHeHus Jlamnaca. YpaBuenus Jlamnaca u ero HeogHopoaHas ¢popMa — ypaBHEHUE
IlyaccoHa sBJISIFOTCS OCHOBHOM MOJEJIBIO JIUHEUHBIX JJUIUNTHYECKUX YPABHEHUH.

[Iycte R? BelIeCTBEHHOE JABYMEPHOE €BKJIMAOBO IPOCTPAHCTBO M X =

(x1,x2), y=0O1y2) € R% a* = v, — xz)z» r = 1 — x1)2 + (v, — xz)z
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() - orpaHMYeHHas OJHOCBS3HAas obnacTh B R? ¢ rpanumei 0 cocTosieidl wu3
oTpeska a; <Yy, <b; w Timagkoh nayru KpuBou S JlamyHoBa, nexamieid B
MOJTYTUIOCKOCTH Y, = 0.
B pabote paccmaTpuBaeTcs 3aaua BOCCTAHOBIICHUS PEIICHUS YPaBHEHUS
ITyaccona [3], [4]
2 02U

—AU(X) = -5~z = f(), 1)
B 00JIaCTH MO €€ U3BECTHBIM 3HAUYCHUSIM U 3HAYEHUSIM €€ HOPMAJIbHOM MPOU3BOIHOM
Ha YaCTU IPAHUIBI

U(x) = fi(x), x €S,
UG) _ f2(x), x €S,

v

()

T.€. AaeTcs ABHas (popMyra IpoIoHKeHuUs pereHus 3aaaun Koy,

Pemenne 3agaun Komm (1)-(2) Oynem ctpouth B obnactu {1, Korjaa JaHHBIE
Komm 3aganbl Ha yactu S rpanunbl. 3agaya Komm gist ypaBHenus Ilyaccona
OTHOCHUTCS K YACTY HEKOPPEKTHO MOCTaBJICHHbIX 3a7ad [1], [2].

bynem mnpenmonarate, 4YTO pelieHWE 3a7adyd CyIIECTBYeT (Torjga OHO
eANHCTBEHHO) 1 mpuHaanexuT kiaaccy H(Q) N C(Q) u gannsie Komm 3a7aubl TOYHO.
B 9TuX ycnoBusx ycTaHaBiIMBaeTCs siBHAs (PopMyIia MPOJIOKEHUsI, KOTOpasi SBIIsETCS
aHajoroMm kinaccuueckoi (opmynel b. Pumana, B. Boasrepa u XK. Apamapa,
MOCTPOSCHHOW WMHM JyUIsl pemieHus 3amadun Komm B Teopun TUNEpOOTHYECKUX
ypaBHeHuil. Ecnyu mpu yka3zaHHBIX YCIOBUSIX BMeCTO JaHHbIX Komm 3amaHbl ux
HEeTMpPEephIBHbIE TPHUOIMKEHUSI C 3aJlaHHBIM YKJIOHCHHEM B PaBHOMEPHOW METPUKE,
IIPU 3TOM €CJIM PEIICHUE U €ro HOpMaJibHasi MPOU3BOJAHAS OTpaHUYEHBbI HA yacTu T
TPaHUIlBl 3aJIaHHBIM TIOJOKUTEJIBHBIM YHUCJIOM, TO Mpejjiaraercs siBHas (opmyiia
perysipu3aluu.

Mertoa nonydeHusl YKa3aHHBIX Pe3yJIbTaTOB OCHOBAH Ha KOHCTPYKIIMU B SIBHOM

BUJe (yHIAMEHTaIbHOrO pelleHus ypaBHeHus Jlamnaca, 3aBHUCSIIEro  OT

MOJIOKUTEIBHOIO IMapaMeTpa, UCUE3aI0IEro BMECTE CO CBOMMHU MPOU3BOAHBIMH MpU
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CTPEeMJICHHH TapaMeTpa K OeckoHeyHocTu Ha T, Korja mojoc (GyHAaMEeHTaIbHOTOo
pELICHUs JIEKUT B TOJYIPOCTPAHCTBE Yy, > 0 (m = 2,3). Caenys M. M.
JlaBpeHTheBY, (GyHIAMEHTAJIbHOE pEIICHHE C YKa3aHHbBIM CBOHCTBOM HAa30BEM
dbynaknuerr Kapnemana mis momynpoctpanctBa [1]. Ilocne mocTpoenus ¢yHKIuu
Kapnemana B ssBHOM BuJie (hopMysia IPOJOJKEHHUS, a TAKXKE PEryJisipu3aliusl peiieHus
3amaun  Komu, BBINUCHIBAIOTCS B BHUAE Pa3HOCTU OOOOIIEHHBIX IOTEHIIMAJIOB
npocToro W JABoWHOro cioeB. [lomyuenHas ¢opMyna TpPOAOHKEHUS MO3BOJISET
chopmynupoBaTh KpUTEpUid pazpermumoctu 3aaauu Koru.

Knaccuueckas unrerpansHas popmyna ['puHa mokasbiBaeT, 4To Jir00ast GyHKIIHS
3 C2(Q) B obnactu [5, C. 26] ¢ MOCTaTOUHO IMIaAKOM rpanuieil 9 MokeT ObITh
MpeCTaBJICHA B BUJIC CYMMbI TapMOHUYECKOW (PYHKIIMHM U HBIOTOHOBA MOTEHIIMANA OT
ee nariacuaHa. [losTomy HEynMBHUTENBbHO, UYTO H3ydeHHE ypaBHeHHs [lyaccona B
3HAUUTENLHON CTENEHU MOXKET OBITh OCYIIECTBICHAa C TIOMOIIBI0 H3yUYCHHUS
HBIOTOHOBA TNoTeHIMana f. Ecnu, yHkiuio f mpenmnosnarath TOJIbKO HEMPEPHIBHOM,

TO HBIOTOHOB ITOTCHIIMAJI

W) = [, h(ky —x)f()dy, (3)
rne h(y —x) = ilnly — x| ¢yHaameHTanbHOE peinieHue ypaBHeHwus Jlamaca,

MOXXET He ObITh ABaXnbl nuddepennupyembiM. Kimaccom GyHKIMI TOJME3HBIM |
yIOOHBIM TP W3YyYEeHHWW HBIOTOHOBA TOTEHIIMANa, SBISETCS KJIacC HEMpPEPBIBHBIX
bynaknuii o I'énpaepy.

JINTEPATYPA
1. Anpamap K. 3agaua Komu a1 TMHEHHBIX YpaBHEHHUN ¢ YaCTHBIMU MPOU3BOHBIMU
runepOonmueckoro tTuma M.: Hayka, 1978. - 352 c.
2. Aizenbepr JLLA. ®opmynsl Kaprnemana B koMmiiekcHOM aHanuze. llepBbie
npunoxxenus. -HoBocubupck : Hayka. Cu0. ota-uue, 1990. - 248 c.
3. Co6ones C.JI. YpaBHeHus matematuueckoit ¢puzuku. M.1989. -424 c.

4. Yapmep [x. Teopus norenunana M.: Mup., 1980. - 136 c.
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5. Tun6ap M., Tpyaunrep H. Dmnuntuueckue auddepeHunraibHble ypaBHEHUS C

YaCTHBIMM POU3BOJHBIMHU BTOpOTro nopsaaka M. Hayka, 1989. — 464 c.

PEHIEHUE 3AJJAYH KON JIA YPABHEHUSA MKI® C
JAOIOJIHUTEJBHBIM YJIEHOM U UHTEI'PAJIBHBIM HCTOYHUKOM

Cobupos ILLK"., JKymanazaposa III.O°., Mamsxy6os JK.ILI.

1,23 . .
Ypeenuckuii 2ocyoapcmeennulil yHugepcumem,

B nannoit pabote paccMmatpuBaeTcs CiaeAyomlas cuctemMa ypaBHEHUN

U+ PO (68U, +u, )+ au, =i [ (4 - ¢2) dr,

Lt)g=ns, xeR,

rae p(t) m q(t) 3amaHHbBIC HEepepbIBHO AUdGepeHInpyeMble QyHKIMNA. YpaBHEHHE

1)

(1) paccmaTpuBaeTcs Npyu HaYaIbHOM YCJIOBHU

u(x,0)=u,(x), xeR, (2)
rae ¢ = (¢1(X, n,1),é,(X,n,t) )T o0J1ajaer cjaeaymomeii aCHMITOTHKOM

¢_)(h(77,t)e"7x

h(n,t)e™ ] R &

3neck h(7,t) =h(—n,t) HenpepbiBHAS (DYHKIHSA, YIOBICTBOPSIOINIAs YCIOBUIO:
[ InG7.b"dn <o npu t>0. (4)

B paccmatpuBaemoii 3aaue HayanbHas GyHKIus Uy(X) (—oo < X <oo) obnamaer

CHEAYIOIINMYU CBOMCTBAMM:

1) [ @+ Plug ()] < co. (5)
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d
— — Uy (X
o U

2) Omeparop L(0)=i B BEpPXHEU TOIYIUIOCKOCTH KOMIUIEKCHOM

—Up (X) - &

wiockoctu umeer poBHO N coOctBennbix 3Hauenuit £ (0),<,(0),...,5,(0) c
kpatHocTsamu M, (0), m,(0),...,m, (0) u HE MMeeT CIeKTPaIbHBIX OCOOCHHOCTEM.
[Mpeamonoxum, uto QyHKms U(X,t) obmamaer TpeOyemoil TIAIKOCTHIO H

JIOCTAaTOYHO OBICTPO CTPEMUTCS K CBOMM TIpeiesiaM pu X —» +00, T.€.

}dX<oo, k=12,3. (6)

OcHoBHas 1enb JaHHOM padOThl — MOJYYHUTh MPEACTABICHHS [JISl pELICHUMN

310 u(x,t)
k

H(1+\x\)\u(x,t)\+z

u(x,t),a (x,m,t),4,(x,7,t) 3amaun (1)—(6) B pamkax wmeroma oOpaTHOH 3amauu
paccestHus 115 onieparopa L(t).

OCHOBHBIM pe3yJIbTATOM JJAHHOW PabOTHI SIBJISIETCS CIEIYIONIAs TeopeMa.

Teopema. Ecmum ¢ynkmun  u(x,t), ¢ (x,7,t),4,(X,77,t) sBigercs penieHrneM
sagaun (1)-(6), To maHHBIE paccesHUs HecamocomnpsbkeHHoro omeparopa L(t) c

noreHmaaoM U(X,t) ymosiersopsitor nuddepeHnnaibHbIM ypaBHEHUSIM

iz 2110 n
t (8'5 PO= 2140+ I(n+é)(1+r(n)r(n))”' }"
20 1,0 n
i (8'5 P0-2600+ | o j’“
o 202 (1,1) :
{24'5” 0200~ j"
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{8@5 p(t)-2i& q(t) + j ZIMUAY jlé‘ +

N @ (e )
+[24ic§§p(t)—2iq(t)—j(mf) (21h+(:7(t;)r ) Jzﬁ
[24'5 b0+ e )(i:n(fty))r " j"

« (8'65 pO-2500+ | s jl; )
+[24i§”2p(t)_2iqm_1 (1+&) (21h+(r77 T )Z%
[24'5 p(t)+_[o(77+§) (21h+(r77 e n))d”]"ln+
+[8ip(t)_ [ oey (21h+(rn T )"
dd_}f:[&"g: p0-2540+ [ ATy )(ﬂ e j" !
o stn0 -2~ [l s jz+
20500+ [t e Jl+
{80 | ey (21h+(r77(2)r ) j" !

Zf,[f 1+, ;(Sﬂlzllihr (Zy;)r - n))d”}‘n =N, 1=dm, -t

HOHY‘ICHHBIG PAaBCHCTBA IIO3BOJIACT IIPHUMCHHUTb MCETOA 06paTHOI>’I 3aJaun

paccestaust 1yt perenns 3anaqu (1)-(5).

Jluteparypa
249
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HNHTEI'PAJIBHOE ITPEOBPA3OBAHUE MEJIVIMHA UISA OIIEPATOPA
HUHTEI'POANPDPEPEHIIMPOBAHUSA APOBHOI'O ITOPAIKA.

T'.I". Cronosa, K.I11. Mamarocynos
Depeanckuil nonumexruyeckut uncmumym, Qepeana, ¥Y30exucman

Iycr a,b; (i=12) neiicrBurentoe uncna, npudeM —o<a <b <o (i=1,2)
Q={(x.%):a<x<b, a,<x <b,}.
Kak B paGore [L2] B Begem omepatopa ApoGHOrO — MHTErpo-

muddepenumposanus nopsiaka (o, a, )

172 dt dt,
Lo, <0, a,<0
;[0_!‘2 a1+1(x —t2 )a2+1 1 2
o X ), 0, a, =0,
Dallyngxlyxz (X1’X2) = n (D(Xl 2) 2 (1)
9 DI (X, X, ) o, >0,a, >0,

X X
P
1 2

(o, 20,0, <0 &ku ¢, < 0,2, 2 0).
I'ne I'(z)- ramma dynkuus Ditnepa [1], n=n, +n,,

[, ]+1, arap o, >0
n =
0, arap o; <0

,1=12.
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NurerpansHoe npeodpazoBanue MenHa GyHKIUN go(xl, Xz) X >0,%x,>0

omnpezenaercs GopMysion

j j 't o (t,t, ) didt, (2)

a O6paTHOG HHTCI'PAJIBHOC npeo6pa30BaHHe MemnunHa OCYHmCCTBJICTCA C ITOMOIIIO

pPaBEHCTBO

Y1+i00 yp +ico

j(p*(sl,sz)xﬁx 2dsds,, 7,=Res,i=12 (3)

Y1~ y,—ioo

¢(X1’X2):2_7z_i

Ecnu 3HakoM <> 0003Ha4YUTh COOTBETCBHE MEXIy QYHKIUA HU ee

WHTErpajibHOE Mpeodpa3oBaHre MeIinHa, TO JIETKO YCTaHOBUTH (POPMYJIBI:

¢(k1x1’kzxz)<_>k1731k2732§0*(3115 ) X11X §D(X1 X )<_>§0 (51+k1’32+k2);

S S, 1 -
(lel x"2)<—>|p1| b, o ( 0. p j, p,#0, p,#0 (o(xll,x21)<—>(o*(—sl,—s2).
1 2
Nwmeet mecra
Teopema 1. Iycts o <0, @, <0 X" o(x,X%,)e L (Q), Torna
crpaBeiiBa Gpopmyiia
I(1+a-5)M(1+a,-5,)

I'(1-s)C(1-s,)

S, +a, <1ls,+a,<1.

o,0,

Dal,;iz;xl,xz¢(xl’ X2 ) <

Teopema 2. Ilycts O<¢; <1 (i=12) X% 9(x,X,) e L (Q). Torma

dopmyna (4) cpaBeayuBa npu S, <l—ay, S, <1l—a, u ycmoBusix
0.0; xlx2

N (D“l"‘z ):o mpu %, =0, x =00 ; i=12.
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3.Kosimov K., Mamayusupov J. Transitions melline integral of fractional
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4 MamarocynoB K. III. MHTerpansHoe mpeoOpazoBanue MesumHa 111 orieparopa
uHTerpoauddepenumpoBanus ApodHoro nopsanka //Periodica Journal of Modern

Philosophy, Social Sciences and Humanities. — 2022. — T. 11. — C. 186-188..

O EJMHCTBEHHOCTHU PEHIEHUS TPETHEH KPAEBOMU 3AJIAUH
JJISI YPABHEHUSA TPETBEI'O TIOPSAJIKA C HEPEMEHHBIMH
KOO OUIINMEHTAMU
Ymapoe Paxmamunna Axkpamosuu
Hamaneanckuti unoicenepro-cmpoumensusii uncmumym, Hamanean, Y36exucman,

r.umarovl975@mail.ru
B ob6mactu D= {(X, y): 0<x<p,0<y< q} PacCMOTPUM  CIIEJyIOIIEe
ypaBHEHHE TPETHETO MOPSIKA B BU/IA
L) =U,, —U,, + A (XU + A (XU, + A (XU + AU, =g, (xy), (1)
roe p, q,A €R,, A (X) i=13, 0,(X, y) 3amaHHas1, JOCTATOYHO TIAAKAsT QYHKIIHS.

3ameHoi
U(x,y)= exp(—%jﬁ(§)d§+%y}u(x, y),

ypaBHeHHe (1) MOKHO MPUBECTH K BUITY
Ugy — Uy, +8, (X)U, +a, (X)u=g(x,y), (2)

rIe
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2, ()= A (x) = A% ()+ A, (x),

()= A" (04 2 A ()~ S A (A () + A () + 2,

1X
g(x,y)=exp(§j/ﬂ(§)d§—%ngl(x,y)-
0
3amaya B, Haiitu ¢yskumo Uu(X,y) u3 Kiacca Cfi(D)ﬁCfi(B),

YAOBJIETBOPSIOIIYIO YPABHEHUIO (2) U CIEAYIOIINM KPACBbIM YCIOBHSIM:

au(x,0)+ Bu,(x,0)=0,
{7/U(X’Q)+5uy(x’q):0’ 0<x<p, 3)

u(0,y)=w.(y), u(p.y)=w,(y), u,(p.y)=ws(y), 0<y<qg, (4

rze y, (y), 1=13, ¢ (X, y) 3a/laHHbIC QYHKIIUH.

B pabotax [1-3] pemieHue mNOCTaBIEHHOW 3aJaud Uil YPaBHEHUS TPETHErO
MopsiJiIKa C MOCTOSSHHBIMU KO3 dUIlMeHTaMu ObUIO HAWIEHO C JAPYTMMHU KpPaeBbIMU
YCIIOBUSIMH.

Teopema. Ecin 3amaua B, mmeer pelmieHue, TO IPU BBIINOJHEHUU YCJIOBHU

al(x) >0, a, (X) —%ai' (X) >0,aB<0, 75 >0 0HO eMHCTBEHHO.

Jlureparypa
1. Apakov Y. P., Umarov R. A. Solution of the Boundary Value Problem for a Third
Order Equation with Little Terms. Construction of the Green’s Function,
Lobachevskii Journal of Mathematics, 43:3 (2022), 738—748.
2. Apakov Y.P., Umarov R.A. Construction of a solution of the boundary-value

problem for the third-order equation with lower terms by using Green’s function //
Nonlinear Oscillations. 25 (2022), No. 2, pp. 161-173.
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HEJIOKAJIBHAS 3AJTAYA JJISA BBIPOXIAIOINETI'OCSA YPABHEHUSA
BTOPOI'O MOPAAKA, COAEPKALIETI'O UHTEI'PO-
JINOOEPEHIIMAJIBHBINA OITEPATOP JPOBHOI'O MTOPSIJIKA C
®YHKIMEHN BECCEJIS B SI/IPE
Ypunos A.K., Yecmonos J[.A.

Depeanckuil 2ocyoapcmeennsiii ynugepcumem, Pepeana, Y36exucman

B nannoii paGore B oOmactu Q= {(X,t) 0<x<10<t< T} paccMOTpUM
CJICYIONIEE BBIPOXKIAIOIIEECS YPAaBHEHUE BTOPOTO MOPSIKA

Dy u(xt) +bu(x,t) = x (1-x)"u, (xt) | +f (xt), (1)

rae D;7u(X,t) - npo6Hslil quddepeHmanbHbi oneparop Trna oneparopa Karmyro

¢ ¢pynkuumeii beccens B siape [1] ot Gpyrkuun U(X,t) mo aprymenty t:
t

<Dyu(x,t) :ﬁg(t ~2)" 3, [r(t- z)](aa—;wzju(x, z)dz ;  (2)

J,(2) - dynkuust Beccens - Knuddopaa, onpenensiemas paBeHCTBaMH

3v(z):1“(v+1)(z/2)VJV(Z):Zw:(_l)k(Z/Z)Zk ,

k=0 k!(v +:|.)k
(z), - cumBon IToxrammepa, I'(X)- ramma-Qyskmms Dittepa [2], J (X) - GyHKms
Beccens nepsoro poga nopsiaka v [3]; f(xt) - sanannas ¢pynxums, a «, f3, 7,9,

beR -3amannsie uncna, mpuuem O0<a <1, 0< <1, 1<o<2, b>0.

OueBugHO, uTo ypaBHeHue (1) Baoms muaNit X =0 1 X =1 BeIpOXKTaCTCS.
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Bamawa A, . Haiitu ¢ysxkmmo U(X,t), obnagaoNmylo CiieaylOUHMy

coiictBamm: 1) u(xt), X“(l—X)ﬂuX, uteC(ﬁ), <Dy7u(x,t)eC(Q),
[x“(l—x)ﬁux] eC(Q); 2) B obmactu Q ynosiueTBopsieT ypaBHeHuio (1); 3)

BBITIOJTHAIOTCA CIICAYIOINC HAYAJIIBHBIC U I'PAHUYHBIC YCIIOBUA!
u(x,0)=g,(x), u(x,0)=g,(x), xe[0,1]; (3)

pu(0,t)=qu(Lt), qx“(l—x)ﬂux(x,t) = px“(l—x)ﬁux(x,t)

: te[O,T], 4)

X=| x=1

rae (pl(x) u ¢2(X) — 3a7aHHble QyHKUMHU, a P, € R - 3agaHHBIC YKCa, IPUYEM

p’+09°#0 wu  Bomommstorcs  ycnosus  ckieusanus P, (0)=0qe (1),

a[ x*(@=x)"gl(x)] =p[x(1=x) ()] . Pe.(0)=0p.(2).
Ilpn mpumenenun meroga Dypbe K IMOCTABICHHOW 3amaye A BO3HHUKAET

clenyrouas CreKTpajabHas 3ajJada: HAWTH T€ 3HAYEHUs mapameTpa A, Mpu KOTOPBIX

CymeCTBYIOT HCTPHUBUAJIBHBIC PCIHICHUA YPAaBHCHU A

MVE—[X“(l—X)ﬁV'(X)]I=/1V(X), 0<x<1, (5)
YIOBJIETBOPAIOLINE CIEAYIOLNM YCIOBHSM:
v(x)eC[0,1], (6)
x“(1-x)"v'(x)eC[0,1], 7)
pv(0) =qv(2), (8)

q[x“ (1—x)ﬁv'(x)] = p[x“ (1—x)ﬁv'(x)] 9)

IIpu p #q, mokazaHo, 4to 3amaya (6)-(9) UMeeT cueTHOE YMCI0 COOCTBEHHBIX

x=0 x=1

sHaueHnii  0<A <A <A <..<A4 <.., A —+40, a cooTBETCTByIOLHE UM
COOCTBEHHBIE byHkmm Vo (X),V, (), (X) eV (X).0 00pasyroT
OPTOHOPMHUPOBAHHYIO cucTeMy B mpoctpanctse L,(0,1).
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CrpaBelIMBBI CIIETYIOIINE TEOPEMBI:

Teopema 1. [TycTh P # ( ¥ BBIIOJHEHBI CIEAYIONINE YCIOBUS:
a) GyHKIUU (pl(x), (pz(x) YAOBIETBOPAIOT ycioBusiM (6)-(9), a dyHKIuu

Mg, (x), Mg,(x) ynosaersopsitotr ycinosusm (6), (8) u

x(1-x)"*[Mg,(x)] eC(01)NL,(02), j=12, (10)
6) dynxums f(X,t) ymosnersopsier yciosusim (6)-(9), a dynkums Mf (1)

YAOBJIETBOPSET ycioBusaM (6), (8), (10) mo aprymeHTy X paBHOMEpHO 1o {.

Torna peUICHUC 3agadu qu CymcCTBYCT, CAHMHCTBCHHO H OIIPCACILACTCA

dbopmyroit

+00

u(X’t):;{%k 5,1,( 1/2|: ﬂktb ]+¢2ktE5,2,uz [—ﬂkt(s;}/t:l}vk(X)-i-

+2’°H(t 2, A7) (- 2)] (z)dz}vk (x),

k=1

rae 4 # V,(X), keN - coOCTBeHHBIE 3HAUCHHS U COOCTBEHHbIE QYHKIMH 3a1a4u (4)-

), o @, fi (1) - koaddumentsr Oypoe dynxumit ¢, (x), @,(x), f(xt) mo

n

X —
—J
r(an-'-ﬂ) an/2+6(

~+00

cucTeMe {Vk (x)}k:l, all [xy]=> y).

Teopema 2. Ilycth BbINOJHEHBI ycioBua TeopeMbl 1. Torma ans pemieHus

3aJa4u qu CIIpaBCJIMBa CJICAYOIIAs OICHKA:

(%) 2t (xt)

OX

LZ‘r(Q)

Jut)q, <

: (X)HLZI,(O,l) + C9

L2 (01)

:Hr(x)[f (x)]2 dxr, r(x)=x“(1- x)ﬂ.

Cnucok Jureparypsbl

rie ||u(x,t)||c(ﬁ) = sgp|u (xt)[, | f(x)

1. YpunoB A., YcmonoB JI. O 3amaue Komm nmns omHOTO OOBIKHOBEHHOTO

nuddepeHanbHOr0 ypaBHEHHUS, cojaep)Kaliero uHTerpo — auddepeHmanbHbIi
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onepatop ¢ pyukuueir beccens B siape // bronnemens Hucmumyma mamemamuxu.
2023, T. 6. N 1. cTp. 138-153.

2. beurmen I., DOpueitm A. Briciime  TpaHcueHJIeHTHBIE — (YHKIIUH.
['unepreometpuyeckas ¢pynkius. Oynkius Jlexanapa. -Mocksa: Hayka, 1965.

3. betitmen I'., Opneiiu A. Breicime TpancieHaeHTHBIE GyHKIMU. OyHKIMH beccens.
OyHkiuu napaboynnyeckoro uianHApa. OpToroHajgbHble MHOTOWIEHBL 1966.

Mockga, Hayka, 1966.

HAYAJIBHO-KPAEBAA 3AJTAYA JUISA AABEKIITUH-
JAUCIHHEPCHUOHHOI'O YPABHEHUSA JPOBHOTI'O ITOPAJIKA
Xacanos Hopoxum Hxmueposuu

Hnemumym mamemamuxu umenu B.U. Pomanosckoeco, Tawkenm, Y30exucman

3HAUUTENBHBIN UHTEPEC MPEICTaBIgeT pa3paboTka Gpuznyecku 000CHOBAHHBIX
MaTEeMaTUYECKUX MOJENICH, YIUTHIBAIOIINX BIMSHUE (PAKTATBLHON CTPYKTYPHI MTOYBBI
Ha MX BOJHBIA U COJEBOM peKMMbl. BIa)KHOCTh MOYBHI SBISETCS OJHUM W3 Haubosiee
OBICTPO U3MEHSIIONIMXCS BO BpeMEHHW t CBOWMCTB TOouBbl. Ha BaxkHOCTH
MaTeMaTUYECKOT0 MOJICTUPOBAHUS MPOIECCOB MOCTYIUICHUS BJIard U PacTBOPUMBIX
COJIE B MOYBY, UX NEpepacrpeicieHue, pacXoJOBaHHE M COBMECTHOE IBUKCHHE
oOpaTuan BHUMaHKE MHOTHE uccieqosarenu [1-3].

B nHacTosimiee BpeMs Bce OOJBIINNM UHTEPEC BBI3BIBAECT TEOPHST MacCOIepeHoca
BO (ppakTalbHBIX Cpelax, KOTOopas pacCMaTpUBAETCS B paMKaX (PU3UKU OTKPBITHIX
cucteM [4-6].

Paccmorpum HauanbHo-kpaeBas 3amauy st apoOHoro auddepeHImaibHoro

ypaBHeHus mopsakoB 0 < B, a < 1:

U + DET%u — Dy gy = f(x, 1), x €(0,D), t >0, (1)

0+,t
C Ha4aJIbHBIM YCJIOBUCM

u(x,0) =), x€ (0,0 (2)
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Y TPAaHUYHUMU YCIIOBHSIMH
u(0,t) =u(l,t) =0, t>0. (3)

rae f(x,t) u @(x) — 3amaHHbIe QYHKIIUN U (DO +¢9)(t) —ApoGHas Npou3BOJHAS B

cMbiciie Pumana-JInyBuiuis mo mepeMeHHOH t, ompenenseMas paBeHCTBOM ([6] cTp.

69):

. 1 d rt g(r)
(D319 () = mdtfo o dh 0<v<L

Dl g®=g'@®), y=1

Teopema 1. Ilyems 0 < a,B <1, @(x) € C3([0,1]), 9" (x) € L,([0,1]) u
f(x,t) € C3°(0), frxx € Ly (5) Tozcoa cywecmsyem eOUHCMBEHHOE pe2yNsipHOoe
pewenue ypaswenus (1) 6 xnacce u(x,t) € C2 1(.(2) nc@nc ,(o,T])
y0osiemeopaouee HAUYaAiIbHOMY YCI08uto (2) u epanuunam yciosuim (3), u OHO

umeem 8uo

() = Tio (onha(t) + J; In(t = DA(D)dT) Xa (), (4)

rae

(D) = T2 (CDMERT A (AP, X0 = [Bsn™E (9

y =max{l—a,1 -}
Cumcok ureparypbl

1. Beoanoxosa C.HO. MaTeMatnueckoe MOJEIUPOBAHUE BOJHOTO U COJICBOTO
PEXUMOB B TIOUBax ¢ (pakTaabHON opranmu3aiueii: ABroped. aucc. KaHa. (Gus.-Mar.
Hayk: 05.13.18. — Taranpor: FOx. ¢pen. yu-t, 2007. — 16 c.

2. Meiinanos P. I1., Illabanosa M. P. YpaBHEeHUE TEIUIOMPOBOIHOCTH JIJISI CPEJT
¢ (ppakranbHOM cTpyKTypOoi. CoBpeMeHHbIe HayKoéMKkHe TexHomorun, 2007. — Ne 8.
— C. 84-85.

3. Cepbuna JI. M. HenokanbHble MaTeMaTHYECKWE MOJEIH TIEpeHOca B

BOJIOHOCHBIX cuctemax. — M.: Hayka, 2006. — 167 c.
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4. P. U. Ilaposuk. 3agaua Komm 1yt HenokaabHOro ypaBHEHUS Tudy3uu-
aJIBeKIIUM pajioHa Bo PpakranpHOM cpene. Bectn. Cam. roc. texH. yu-ta. Cep. ®us.-
Mmart. HaykH, 1 (20), (2010), ¢. 127-132.

5. JI U Cepbuna HenoxanbHble MaTeMaTUYECKHME MOJECIM TIEPEeHOCca B
BOJIOHOCHBIX cuctemax. Hayka, (2007) 167 p.

6. A.A. Kilbas, H.M. Srivastava, J.J. Trujillo. Theory and Applications of
Fractional Differential Equations. Amsterdam: Elsevier, (2006) 523 p

NHTETPUPOBAHUE YPABHEHUSA KOPTEBEI'A-JIE ®PU3A C
JOIMOJHUTEJIBHBIMUA YIEHAMHU U C UCTOYHUKOM B KJTACCE
BbICCTPOYBBIBAIOIIUX ®YHKIIUH
Xacanos 1.1,
Vpanvckuu cocyoapcmeennwiii ynusepcumem, Examepunbype, Poccus
temur.xasanov.2018@mail.ru
B nanHoil paboTe paccmaTpuBaeTCsi CHCTEMa HEITWHEHWHBIX Harpy>XKeHHBIX

YpaBHEHUM BUJA:
U, + P(U(X5,1)) (U — UL, ) + QU(x, 1)U, = 2f (0% [ (.00 —n.t)dn, (1)

Lo =7’ (2)

rne

2

u=u(xt), L()= —%—FU(X,t)

u PU(x,t) u Q((x,t)) - uekoropbie muorownennt or U(X,,t) u u(X,t)
COOTBETCTBEHHO, a X, X, €R, f(t)-3amannas uenpepwiBHas ¢ynkuus. Cucrema

HEJMHEWHBbIX ypaBHeHul (1)-(2) paccMaTpuBaeTcsi Ipu HAYaIbHOM YCIIOBHM.
u(x,0)=uy(x), xR 3)

r/ie HadaJibHas (PyHKIUS uo(x) 00J1a1al0T CJIETYIOIINM CBOMCTBaAMU:
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1) T(1+\x\)\uo(x)\dx<oo; (4)

2
2) omeparop L(0) ::_FHJO(X)’ XeR wumeer poBHo N  oTpHIATEIbHBIX
X

cobcerBennsix 3Hauenuii A,(0),4,(0),...,4,(0).
B paccmarpuBaemoii 3amaue ¢yukuus  @(X,7,t) - pemenne ypaBHenus (2),
ONpEIENAEMOE aCUMITTOTUKOM

p(x,n,t)=h(n,t)e™™, mpn  X—>co, (5)
rne h(7,t)- u3HauanbHO 3amaHHas HempepbiBHAs (YHKIMSA, YAOBIETBOPSIOIIAS

YCIIOBHIO

0

[ h(z.0)h(=,t)dn <o (6)

—00
IIpHU BCCX HCOTPULIATCIIbHBIX 3HAYCHUA t.

[Iycte ¢yukmuu  U(X,t) u  @(X,7,1) oOmagaer mOCTATOYHOM INIAAKOCTBIO |

JIOCTATOYHO OBICTPO CTPEMUTCS K CBOMMHU MpeieaMu Ipu X — 100, TakK YTo

T{(u\x\)\u(x,tmj

j=1

ou(x,t)

X3

}dx<oo, (>0, 0

—00

o0

j {|€0(X,77,t)|2 +lp(x—n,0)f +

—00

op(x,n,t) i ", 8
et ‘ Jdn< @)

OcHOBHast IleJb JaHHOW pabOTBl TOJYYHUTH MPEACTABIACHUS JUIS  PEIICHUSA
u(x,t), @(x,n,t) samaun (1)-(8) B pamkax MeToma oOpaTHOM 3a4au pacCestHUS s
oneparopa L(t). OcHOBHBIM pe3yapTaToM paboTHI IBJISETCS CIIEAYIOIIas TEOpEMa.

Teopema 1: Ecniu @ynkuuu u(Xx,t), o(x,n,t), m=1LN, XeR, t>0 sBisercs

pemennem 3amaun (1)-(8), TO gaHHBIE pacCesHUs {I‘+(k,t),ﬂ,n (t),B,(t),n =1N }
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oneparopa L(t) ¢ norenumazom u(x,t), yIOBJIETBOPUTH  CIIEIYIOIIUM

muddepeHInaTbHbIM ypaBHEHUSAM
d4,(t) o
dt

dr(k,t) = (8ik*P(u(Xy,1)) — 2ikQ(u(x,,1)) -

_2f (t)iV.p.T ‘hn(%)idn - 2ﬂ\h(k)‘2}r+(k,t)

%{sﬁwu(xo,t» 27,00t~ 210 | L dn]Bn(t), n=iN
S+ X

3ameuanne. I[loaydyeHHBIE COOTHONIEHUS TMOJHOCTBIO OIPEIEISIOT 3BOIIOLHIO
JNaHHBIX paccesuus i omepatopa L(f) um TeM cambIM  JalOT BO3MOXKHOCTB
NPUMEHHUTH METOJT OOPAaTHOM 3a1auu paccesHus 1 pemenus 3aaaun (1)-(8).
[Tycth 3amana GyHKIUS uO(X)(1+|X|)e L'(R). Torna pemrenne 3amaun (1)-(8)
HaXOJUTCS C TOMOIIIBIO CIAEAYIONIET0 AITOPUTMA.
e Pemaem npsaMyro 3amady paccesHHsl ¢ HadanabHOM QyHKumei Uy(X) momyuaem

JaHHBIC PACCESIHUS {r+(k), = :1,_N } mus onepatopa L(0).

e lcnons3ys TeopeMy 1, HaxoauM JaHHbIe paccesHus 11 t >0
{r(k,t), 2, (), B,®),n =1,N}.

e lcnons3ys MeTOH, ONMMUpAIOIIMICA HAa UHTErpajJbHOTO ypaBHeHus ['enbdania-
JleButana-MapueHko, pemiaeM OOpaTHYIO 3ajadyy pacCesiHHs, T.e. HaXOIuM

u(x,t) u3 mansbIx paccesHus g t >0, MONyYEHHBIX Ha NPEALIAYINEM IIAre.

[Tocne  osroro  nerko  Haiitu  pemenue  @(X,7,t) ypaBHEHUS

L()g, (x77,1) = =g, (X 7. ) + U (X, D), (6 77,8) = Ay, (X 77,8), m=1.2,..,N.
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Cnucok Jlurepatypsl
1.XacanoB A.b., Xacanos T.I'. 3agaua Komu nns ypaBuenus Kopresera-ne ®@pusa B
KJIacCe MEPUOINYECKUX OECKOHEUHO30HHBIX (PYHKIMHI. 3aIMCKH HAyYHBIX CEMUHApPOB

TIOMI. 1. 506, cTp. 258-278 (2021).

2.XacanoB A.b., XacanoB T.I'. HHTrerpupoBaHue HEJIMHEHHOTO YpaBHECHUS
Koptesera-ne ®pusa ¢ Harpy>K€HHBIM WIEHOM U UCTOYHUKOM. Cub. J#cypH. uHOycmp.

mamenm., 2022, 25:2, 127-142.

Ob UHTETPUPOBAHUU MOANPUIINPOBAHHOI'O YPABHEHUSA
KOPTEBEI'A-AE ®PU3A C JOINOJHUTEJBHBIM YIEHOM
V.A. Xoummemoe
Ypeenuckuii cocyoapcmeentulil ynugepcumem, Ypeenu, Y3oexucman
X_umid@mail.ru
B nannoit pabore uzydaercss moaudunupoBaHHoro ypaBHenus Kopresera-ze
@pusza C JONOJHUTENBHBIM YJIEHOM, a WMEHHO, pPAaCCMAaTPUBAETCS CIEIYIOLIEE
ypaBHEHUE
u, +6uu +u_ +y(t)u, =0, (1)
rne y(t) — 3amannas HenpepbiBHO muddepeHimpyemas ¢yukius. YpaaeHue (1)
paccMaTpuBaeTcs MpU HAa4aJIbHOM YCIIOBUU
u(x,0) = uy(x) (2)

rae HauanbHas Gpynkuus U, (X) (—oo <x< oo) o0Iasaer CaeayoIUMH CBOMCTBAMU:

1) T (24 |x])u, ()] dx < oo; (3)
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d

— —Uy(X)
2) HecamMOCONpPSHKEHHBIA OIepaTop L(0) =i dx 7 umeer poBHO 2N
d
—UO(X) _&
COOCTBEHHBIX 3HaYEeHUHN £(0),,(0),..., &, (0) c KPAaTHOCTSAMM

m,(0), m, (0),...,m,, (0) .
[Mycte ¢yukmus U(X,t) obOmagaet TpeOyeMO# TINAAKOCThIO M JOCTATOYHO

OBICTPO CTPEMUTCS K CBOMM IIpeesiaM Py X —> 300 T.4.

0

J

—00

aju(x,t)

~ e*Mdx <o, j=0,1,2,3. (4)

OcHoBHas OcJb HaHHOﬁ pa6OTBI — IIOJIYUYHUTH IIPCACTABJICHHUA I PCHICHUHA

u(x,t) samaum (1)-(4) B pamMkKax MeToda OOpaTHOM 3aga4yM pacCesTHUSA JUIS

d
— —u(x,t)
HECaMOCOTPSUKEHHHOTO omepatopa | (t) =j| %%
d
—u(x,t) ——
(x,t) i

OCHOBHBIM pe3yJbTaTOM JaHHOM paOOTHI ABIIAETCS CIELYIOIAs TEOpEMA.

Teopema. Ecmu ¢dyakmus U(X,t) sBisercs pemenueM 3anmaun (1)-(4), To
JaHHBIC pacCestHHs HecamoconpspkeHHoro omepatopa L(t) ¢ morenmmamom u(X,t)

YIOBIETBOPSIOT CAEAYIOMUM T PepeHIINaTbHBIM YPAaBHEHHSIM

%:(8i§3_2i§7(t))r+’ (||m(§|<6‘); mk(t):mk(O)’ gk(t):gk(o)’ k:l,_N,

n n

%=(8iéf—2i§n7(t))z8; d;il = (8i&s - 2i&,y (1)) 1 +(24i& - 2ix (1)) x5

d f = (8i& —2i&,p (1)) v + (24182 - 2iy (1)) 17" + 24iE, 15,

dgf = (8igy — 2ig, 7 (1) x5 + (24i&; —2iy (1)) x5 + 2418, 1] +8iys,
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A o122 -2 0) 1+ (28162 2i6,0) s+

+24iE 4, +8iy",, n=1N, 1=4,5..,m —1.
[TosyueHHbIC paBEHCTBA IOJHOCTBIO ONPEACISAIOT SBOJIONHIO  JTaHHBIX
paccesiHUsl, YTO TO3BOJIACT HMPUMEHUTH METOJ OOpaTHOW 3aJaud pacCesHHs JUIs
perrenus 3agaun (1)-(4).

Ipumep. PaccmoTpum ciienyronryro 3agaqy

u, +6u’u +u, +ytu, =0, (5)
2

u(x,0) =- , 6

(x.0) ch2x (©)

1+44Jt% + 2

N2 +2

Jauubie paccesiaus oneparopa L(0) umeer Bua: r*(0) =0, &(0) =1, y,(0) = 2i.

rae y(t) = -

B cuiy Teopemsl 1, nmeem

SO =0 rr({)=0, x(t)=2ie™*",

t
rae B(t) = j7 (r)dr. Crneposarensho, F(x,t)=2e"®?%")  Penag unrerpanshoe
0

ypaBHEHHE
K.(X,y)—F(x+Yy) +”Kl(x, z)F(z+s)F(s+y)dsdz =0,

2exp{—x—y+8t+24(t)}
1+exp{—4x+16t+45(t)}

NOJIy4YrUM Kl(x,y): OTKy,ua HaXoJuM pCEHICHUEC 3aJa4u

Ko (5)-(6)
2

oY
ch2| x+arcsh—
( Jij

u(x,t)=-
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Cnmcok HCIo0JIb30BAHHOM JTUTEPATYPBI
1. Hogm P., Ditmbex Jxk., [m660on )., Moppuc X. ComuTOHBI M HEITHMHECHHBIC
BOJIHOBBIE ypaBHeHUs1. M.: Mup, 1988, 694 c.
2. ®ponos U.C. Obpartnas 3amaya paccesHus nis cuctemsl /{upaka Ha Bceit ocu //
JAH CCCP, 1972, T. 207, Ne 1, C.44-47.
3. XacanoB A.b. O0 oOparHOW 3amauud TEOPUM PACCESHUS [JISI CUCTEMBI JABYX
HECaMOCOMPSKEHHBIX Au(depeHnraIbHbIX ypaBHeHui mnepBoro mopsiaka // JJAH
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4. Wadati M. The exact solution of the modified Korteweg-de Vries equation //
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NHTETPUPOBAHUE YPABHEHUA MKI®-CUHYC-IT'OPJAOHA C
JOHNOJIHUTEJBHBIMUA YWIEHAMUA
V.A. Xoummemos
Ypeenuckuii cocyoapcmeennwiii ynueepcumem, Ypeenuy, Y3bexucman
X_umid@mail.ru
B nanHo# paboTe MBI paCCMOTPUM CIIEAYIOINIYIO CUCTEMY YPAaBHEHHIA

3 . NS g m-1-j j £ M-1-j
u,+ p(t)(—ufuXX +uXXXXj = q(t)sinu + a(t)u, +2> ZCr#k_l( fofa = f T l)’ 1)

2 k=1 j=0

L) fi =& f+If)" Im& >0, k=1,N, 1=01,...m -1, (2)

! 2
rae Cfl] = i ! L(t) = O-li_&o-z +&631 ux = aU(X’t), uxt = o U(X’t)
(n—-D dx 2 2 X oxot
2 4
= 0 ;()2(’0’ u,, = 0 Lé():’t), a p(t),q(t), ot) — wu3HaYanTBbHO 3aJAHHBIE
X X

HernpepbeIBHO AuddepeHimpyembie GyHKIUH. 371€Ch U J1ajee
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I 0 0 —i 0 0
Gl:[o —ij’ 72 :[o oj’ GS:(i o)
Cucrema ypaBHenuit (1)-(2) paccmaTtpuBaetcsi Ipu Ha4aIbHOM YCJIOBHH
u(x,0)=u,(x), xeR, (3)
rae HadanbHas GyHknus Uy(X) (—oo < X < o0) 006magaeTr caemyromuMy CBOHCTBAMM:

U,(x)=0(mod 27) mnpu |X|—> oo;

1) * 4 " " " (4)
Lm((1+|><|)Iuo(><)|+|u0 (X) |+ U () [+ ul"(x) ) dx < .

2) Omeparop L(0)=o d _MG + u,(x,0)

1 5 03, HC HUMCCT CHGKTpaJII)HI)IX
dx 2 2

ocobennocreit 1 umeer poBHo N cobcersennbix 3uauennii & (0),4,(0),...,4,(0) ¢
kparnoctsimu M (0),m,(0),...,m (0) B BepxHeil MOMYWIOCKOCTH KOMILIEKCHON

TUIOCKOCTH.
Ipennomnaraercs, qTO BEKTOP-(QYHKIIUH ( flxt), fL(x, t))

HOPMHUPOBAHLI YCIIOBUAMU

1 ® m, -1 ¢ m, -1-s my, -1 ¢ m —1-s
m_{_w(fklk LA PP P )dx:phqu_l_s(t)’ ()
rae A';k_l_s(t) — 3HaYaJbHO 3aJaHHbIe HempepbiBHBIE (yHknuu ot t (t>0),

k:1,2,...,N, S:O,l,...,mk_l.
[Tycts dyHkius U(X,t) ©MeeT HOCTATOYHYIO TJIaKOCTh M JTOCTATOYHO OBICTPO

CTPEMUTCS K CBOUM IIpeJiesIaM IIPU X —> 300, T.€.

u(x,t) =0(mod 2r) mpu | X | oo; J ( UE(X 1)

Jd X < o0, (6)

OcHOBHasl 1eJib HacTOsIIEed padOThl — MOJYYUTh NPEACTABICHUE PEIIEHUs

u(x,t), fkj(x,t),k:L_N,j=0,1,...,mk—1 3amaun  (1)-(6) B pamkax wmeToza
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oOpatHO# 3amaum st oreparopa L(t). OOpartnas 3amava mius omepatopa L(t) Ha
BCEM OCh M3y4anach B paboTax [2, 3].

Teopema 1. Ecmu ¢ysxkmmm u(x,t), f)(xt), k=1,2,...,N, j=01,..,m -1
SBISIOTCA  pemieHueM 3amadn (1)-(6), To maHHBIC paccesHus ormepaTopa L(t)

MEHSIOTCS o t cieayromumM 00pa3om:

dr” [8 f (t) —Lé)-i- 2|§(0(t)} (lmé‘ = 0)’ m, (t) =m, (0)’ ddétn =0,

dt
dy,
d

di( £ p(t) - 299

Q()

'% (t)j

—Ab(t)jxl (24@ D)+ 50+ 2i0(0)- Af(t)]xg

n

dt

d}(; — r 23 _m H _1 n n
T_(8I§np(t) 2 +2i8 0(t) 2'%(t)jlz+

n

n

+[24i§§ (1) + “;gf +2i0() -2 A (t)jzl“ +[24i§n p(t) - 'gg(f) A )J

n

%—[.5 o) 50+ 2500 - ;Ao(o]z; 24ic2p(t) + jg)+zlw() ;A;(t)jw

n

+£24i5np<t) - 1A2(t)j +|8in() + 550 - 1A3(>j

d ann —1-v
dt

VAIE, PO 70 5, + QAP + 2 (V) 17, , + 240, P10 5, +8IPO 0, 4

= (Bi&; p(t) +2i&,0(1)) 1y, 1 + (24187 P() + 2ieo(t) 2, o, +

m_-1 m_-1-s
- (D) Iq(t) 1 N
- t : =1,N, =m -1m -2,...0.
ZL YiE oA O 2z 1 v=m,-1m,

S=v
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[TomyueHHble paBEHCTBAa MOJHOCTHIO OMPENESIOT SBOJIIOLMIO  JaHHBIX
paccesiHMsI, 4TO TO3BOJSIET MPUMEHUTb METOJ OOpaTHOW 3aJauy paccessHUs is
perrenus 3agaun (1)-(6).

Cnucok MCIO0JIb30BAHHOI JTUTEPATYPhI
1. Jdonn P., DitnGex [x., ['m66on k., Moppuc X. CoJMTOHBI M HEJIUHEHHBIC
BOJIHOBBIE ypaBHeHUs1. M.: Mup, 1988, 694 c.
2. ®ponos U.C. Obpatnas 3amava paccesHus s cuctemsl [lupaka Ha Bcelt ocu //
JAH CCCP, 1972, T. 207, Ne 1, C.44-47.
3. XacanoB A.b. O6 oOparHO#l 3amauu TEOPHUH paACCESTHUS NS CHUCTEMBI JABYX
HECaMOCOMPSKEHHBIX Au(depeHuuanbHbIX ypaBHeHUN nepBoro nopsaka // JJAH
CCCP, 1984, T. 277, Ne 3, C.559-562.
4. Wazwaz A.M. N-soliton solutions for the integrable modified KdV-sine-Gordon
equation, Phys. Scr., 89 (2014), 065805.
5. Hoitmetov U.A. On the Cauchy problem for the mKdV-sine-Gordon equation with
an additional term // Acta Applicandae Mathematicae, 2023, 184, 7.
doi:10.1007/s10440-023-00561-X.

HEPUIUHAMUYECKAA MOAEJb JIJ THITEPIJIACTUYHbBIX
MATEPHUAJIOB
FOnoawesa A.B.

Gunuan Mocxosckozo I'ocyoapcmeennoeo Yrnusepcumema umenu M. B. Jlomonocosa
6 eopooe Tawkenm, Tawkenm, Y30exucman
a_v_yuldasheva@mail.ru

[Tepyaunamuyeckas MOAEIb B Cpelle C HEJIUHEHHBIMU W HEJIOKAJIbHBIMU
CBOMCTBaMH YIIPYTOCTH MPUBOAUT K 3an1ade Kommmw s maTErpo-auddhepeHmaib»HOro

YpaBHEHHMS BHJIA

2%u(x,t)
at?

+fQF(u(x,t) —u(y,t),x —y)dy = f(x,t),x €EQ,t >0, (1)

u(x, 0) = @(x), ue(x,0) = p(x), x € 0, (2)
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rae 2 € R™— 001acTh ¢ KyCOYHO-TJIaAKON IPAaHUIICH.

3mech mpeanoaraeTcs, 4ro HeusBectHas (GyHkmusa u: 2 X [0,T] » R™, sapo

F:(2x[0,T)*xN—->R"* wu Buemnias cuia f:0X][0,T]—->R"

BEKTOPHBIMHU (PYHKITHSIMH.

SABJIAIOTCA

Mp1 npeanoniaraeM, 4To BeKTOp-GyHKUIUS F JUIs1 ©30TPOMHBIX MUKPOYHIPYTHX

NEepUIMHAMUYECKUX MaTepuanos [1], umeer Bua:

|[u+x|P~2

F(u,x) =

(u + x),

rie 0 < a < 1,p = 2 — HEKOTOPBIE TOCTOSIHHBIE.

IHomoxum

Blul(x) = [,F(u(x,t) —u(,t),x—y)dy.

[IpounTerpupyeM ypasaenue (1) aBaxapl 1o t, moayuum
u(x,t) = fot(t — s)Blu(x, s)]ds + ®(x,t),
e
O(x, t) = p(x) + tp(x) + [ (t — $)f (x,5)ds.
Bgenem oneparop

Alul(x,t) = fot(t — $)B[u(x,s)]ds + ®(x, t)

3)

(4)

()

(6)

(7)

B pazpemmmoctu 3agaun (1) - (2) BaxHyro posib urparoT oneparopsl A u B,

MOATOMY J1aJiee UCCIIETyEM UX CBOWCTBA.
Jlemma 1. BepHo HEpaBEHCTBO

I B[u] = Blv] I, < Cllu—vl,, .

Jlemma 2. Jlns mob6oro m € N cymectsyer T > 0 Ttakoe, uto A™: C ([0, T] -

L, (]Rn)) - C ([O, T] - L, (]R")) SIBIIIETCS CKMMAFOIIUM OTOOPaKCHUEM.

Cornacho (5), (7) 3amaua (1)-(2) sxBUBaJIeHTHA YPABHEHUIO U

Teopema 1. Ilycmv 3adannvr  ¢gynxyuu ¢(x),P(x) € L,(2), f(x,t) €

L,(2 x [0,T]). Toeoa cywecmeyem nexomopoe T > 0 maxoe, umo 3aoaua (1)-(2)

paspewma edurncmeennvim oopazom 6 knacce C*([0,T] = L, (12)).
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OCHOBHBIE Pe3yJIbTaThI JIOKA3bIBAIOTCS METOIAMH, pa3paboTaHHBIMU B [2].
Jlumepamypa
1.Silling, S.A.: Reformulation of elasticity theory for discontinuities and long-range
forces. J. Mech. Phys. Solids 48(1), 175-209 (2000).
2.YOnpamea A.B. JlokanpHasg  pa3pelIUMOCTh  HEJIMHEHHOTO  YpaBHEHHS

nepuauHamuku. JJAH PY3, Ne2, C. 7-11 (2022).

270



IITI SHO‘BA: ALGEBRA VA GEOMETRIYA
CEKLUSA Ne 3: AITEBPA U TEOMETPUSA
SECTION No. 3: ALGEBRA AND GEOMETRY

SIMPLEKTIK KO‘PXILLIKLAR GEOMETRIYASI
Abdusalomova N.M
Namangan muhandislik-texnologiya instituti, Namangan, O zbekiston

nmannobova@mail.ru

Differensial formalar yordamida hosil gilingan simplekzik ko ‘pxilliklar:

Bizga M — juft o‘lchamli silliq ko‘pxillik va unda aniglangan
o = w;dx; Adx; (i, j =1,...,n) 2-darajali differensial forma berilgan bo‘lsin.

Ta’rif-1. M " — silliq ko*pxillik va @ 2-darajali forma birgalikda simplektik
ko ‘pxillik deyiladi, agar 2-darajali forma quyidagi shartlarni ganoatlantirsa:

a) @ forma xosmas bo‘lsa, ya’niko‘pxillikning ixtiyoriy nuqtasida
(a)ij (X)) — matrisa xosmas matrisa bo‘lsa.

Ma’lumki, — w=wm;dx Adx; forma koeffisientlari (e;)-kososimmetrik
matrisani hosil giladi.

b) @ forma yopiq bo‘lsa, ya’ni dw=0.

Simplektik ko‘pxilliklar quyidagicha (M*",®) belgilanadi[1-4].

Misol-1. R®"—Yevklid fazosi va xosmas, yopiq 2-darajali forma

Q)Zdei Adg, bilan birgalikda simplektik ko‘pxillik bo‘ladi. Bu yerda
i=1

(p.@) €R*", (P,a) = (Pyr-ss Py Oysees ).
Puasson strukturasi yordamida hosil gilingan simplektik ko ‘pxilliklar:

M sohada H — haqgiqiy giymatli funksiya berilgan va X nugtani lokal

koordinatalari X= (Xa:-+%n) bocIsin. U holda vektor maydoni quyidagicha yozish

mumkin:
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Vi =360~

Bu vektor maydonni ixtiyoriy F — silliq funksiyaga ta’sirini esa quyidagicha
yozish mumkin.

Vu(F)= 3600 2 = (F.H) ®

Bundan

(FH =S (xox ) E M (@

- OX; OX;

(4) tenglikdan { " } 3 (X )_matrisa hosil bo'ladi. Bu matrisa ko’rib

mxm

turganimizdek bazislardan qurilgan o Ichamli kososimmetrik matrisa

bo‘ladi. Bu puasson ko'pxilligining strukturali matrisasi deyiladi. Strukturali
matrisa bir giymatli Puasson strukturasini anigleydi.

(4) tenglikni F wva H funksiyalar gradienti orgali tasvirlasak,

{F/H}=VF-JVH (o 0lik hosil bo'ladi. Shuningdek, (4) tenglikdan foydalanib

H_funksiyaga mos keluvchi Gamilton vektor maydonning ko rinishini

quyidagicha yozish mumkin:

Vi i(i{ X 1}875—)()

i=1 j=1

yoki matrisali ko rinishi

=(JVH)-0, 5)
02
Bu yerda 0%
(5) tenglikka ko ra gamilton sistemasining umumiy ko rinishi
I (0VH(x) 6)

bo ladi.
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Bu yerda H (x)-gamiltonian, J(x)—Puasson strukturasi hosil gilgan matrisa,

VH -H funksiyaning gradiyenti.
(6) sistemaning gavsli ko rinishini quyidagicha % = {x, H} yozish mumekin.

Yugoridagi tushunchalardan quyidagi natija kelib chigadi.
Natija-1. Bizga M —puasson ko pxilligi berilgan va x € M bo’lsa, u holda
B(x):T,M ->TM (9)
yagona chizigli akslantirish mavjud bolib, ixtiyoriy H — haqigiy giymatli sillig
funksiya uchun quyidagi tenglik bajariladi: B(dH (x)) :\7H ‘X

Bu yerda dH — H funksiyaning differensiali (ma’lumki bu differensial 1-
darajali formani hosil giladi).

Bizga M —puasson ko pxilligi berilgan va xe M bo’lsin.
Ta'rif-2. M~ ko‘pxillikning * nuqtadagi rangi deb B(x):T M —>TM

chizigli akslantirishning shu nugtadagi rangiga aytiladi.

Lemma-1. M ~ko*pxillikning X

nugtadagi rangi uning strukturali
matrisasining shu nugtadagi rangiga teng bo"ladi.
Lemma-2. Puasson ko‘pxilligi rangi maksimal rangli bo‘lsa, u holda u juft

o‘lchamli bo‘ladi, ya’ni M= 2"

Ta’rif-3. ™ o‘lchamli ™M ~ Puasson ko‘pxilligi simplektik deyiladi, agar
Puasson strukturasi rangi maksimal (m ga teng) bo‘lsa[5].
Teorema. Puasson strukturasi yordamida hosil gilingan simplektik ko pxillik

differensial 2-forma yordamida hosil qilingan simplektik ko pxillikka

ekvivalentdir.
Adabiyotlar:
1. Ongep II. Ilpunoxenus rpynn Jlu k auddepeHuunaibHbiM ypaBHEHUSIM. M.:

Hayxka, 1989r.
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2. ®omenko A.T, Cummiernueckass reoMeTpusi. MeToabl M MOPUIOKEHUS.
N31aTenbCTBO MOCKOBCKOTO YHUBEpCcUTETA. 1988T.

3. Yurrekep E.T. AHanutnueckas nuHamuka. M-JI, I'maBHast pegakiusi T€XHUKO-
TEOPETUYECKOU JuTepaTypsl. 1937T.

4. B.MN. Apuonn, A.b. T'uenran, Cummieruyeckas reomeTpus. HxeBck:

N3narensckuil 1oM «Y aMypTCKuil yHHBecuTeT», 2000r.

LOCAL AUTOMORPHISMS OF JORDAN ALGEBRAS OF LOW
DIMENSION
F.N.Arzikulov and F.B.Nabijonova
Institute of Mathematics Uzbekistan Academy of Sciences, 4, Universitety street,
Olmazor, Tashkent, 100174, Uzbekistan. Departament of Mathematics, Fergana
State University, 19, Murabbiylar Street, Fergana, 150100, Uzbekistan

Email address: arcikulovin@rambler.ru and Nabijonovaferuza@mail.ru

Present work is devoted to the study of local automorphisms of Jordan
algebras. In 1990, Kadison [2] and Larson and Sourour [3] independently
introduced the concept of a local derivation.

In [2] R.Kadison proves that each continuous local derivation from a von
Neumann algebra into its dual Banach bimodule is a derivation. B.Jonson [1]
extends the above result by proving that every local derivations from a C -algebra
into its Banach bimodule is a derivation. In particular, Johnson gives an automatic
continuity result by proving that local derivations of a C -algebra A into a Banach
A-bimodule X are continuous even if not assumed a priori to be so (cf.[1, Theorem
7.5]). Based on these results, many authors have studied local derivations on
operator algebras.

The first results concerning local derivations and automorphisms on finite-
dimensional Lie algebras were obtained by Sh.Ayupov and K.Kudaybergenov.
They proved that every local derivation on semi-simple Lie algebras is a

derivation and gave examples of nilpotent finite-dimensional Lie algebras with
274


mailto:arcikulovfn@rambler.ru

local derivations which are not derivations. Sh.A.Ayupov, K.K.Kudayberganov,
B,A.Omirov proved similar results concerning local derivations and
automorphisms on simple Leibniz algebras.

F.N.Arzikulov, I.A.Karimjanov and S.M.Umrzaqov established that every
local and 2-local automorphisms on the solvable Leibniz algebras with null-
filiform and naturally graded non-Lie filiform nilradicals, whose dimension of
complementary space is maximal, is an automorphism.

Later, [I.A.Karimjanov, S.M.Umrzagov and B,Yusupov describe
automorphisms, local and 2-local automorphisms of solvable Leibniz algebras with
a model or abelian null-radicals. They show that any local automorphism on
solvable Leibniz algebras with a model nilradical, the dimension of the
complementary space of which is maximal, is an automorphism. But solvable
Leibniz algebras with an abelian nilradical with a 1-dimensional complementary
space admit local automorphisms which are not automorphisms.

In the present paper automorphisms, local automorphisms of Jordan algebras
of dimension 2 and 3 are studied. Namely, a common form of the matrix of
automorphisms and local automorphisms of these algebras is clarified. It turns out
that the common form of the matrix of an automorphism on some Jordan algebras
of dimension 3 does not coincide with the local automorphism’s matrix’s common
form on these Jordan algebras. Therefore, there exists a Jordan algebra of
dimension 3 no each local automorphism of which is an automorphism.

Let J be a Jordan algebra of dimension n with a basis {f,, f,, f,,..., f }. Let X
be an element in J. Then we can write
X=XF+Xf, +Xf,+...+Xx,f7?
for some elements X, X,,..., X, in F. Throughout of the paper let X = (X, X,,...,X,)"

Let T:J — J be alinear operator. Then

T(x)=i[ibi’jxjj f,xed
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for the matrix B=(b,)!,, of the linear operator T, where

X=Xf+Xf,+...+xf .

In the following tables a necessary and sufficient condition for a linear
operator to be an automorphism on a number of Jordan algebras of low dimension
iIs listed. Also, it is indicated that, welter each local automorphism of these Jordan
algebras is an automorphism or not. Examples of local automorphisms, which are
not an automorphism, are not an automorphism, are also provided in these tables.

The third column of the tables indicates whether each local automorphism of
the corresponding Jordan algebra is an automorphism or not, i.e., if yes, then sign
“+” is put in the appropriate place of the column, if not, then a counterexample is
given. All notations of tables 1 and 2 are taken from [4].

Table 1

Local automorphisms of two-dimensional Jordan algebras.

J Multiplication Common form of Is each local
table automorphism automorphism
B el2 =e,en =n X € + X,an +
B 1 X8 + X,an +
’ elz_el’elnl:_nl e
2 2
Bs n/=n, xae +Xa’n +x An +
Table 2
Local automorphisms of two-dimensional Jordan algebras.
J Multiplication table Common form of Is each local
automorphism automorphism
7, e’=e,en’=n, X.& + (Xa+X6)n X8 + X,n, +4x,n,

en =n,en,=n, (%0 + X7 + X 57)m,

2 f— — —_—
T, el =e,en =n, gn,=n, X,€ + X,an +

+X 5N,
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73 n,=n,, nn,=n, xae + (X B+ Xa’)n, | X& +(4X, +8x;)n,

+(X + 2%,af3 + X,a’)n,

Now we give a description of local automorphisms of the Jordan algebras
from the Tables 1 and 2.

Definition. Let A be an algebra. A linear map ®:A— A is called a local
automorphisms, if for any element x € A there exists an automorphism ¢, : A— A
such that ®(X) =g, (X).

Theorem 0.1. Each local automorphism if the algebras B,,B,,B; and 7, is an

automorphism. z, if and only if the map ¢ has the following form:

p(e)=¢€ +an +a’n,,

(0(n1) = :Bnl + 7n2’(0(n 1)V2n2 .
We can similarly prove the following theorems using Tables 1 and 2.

Theorem 0.3. A linear map ¢ is a local automorphism of the algebra z, if
and only if the map ¢ has the following form:

p(e) =ae + pn +yn,,
p(n)=v’n +2vun,, ¢(n)=A%n,.

Note that the common form of the matrix of a local automorphism on an
algebra includes the common form of the matrix of and automorphism on this
algebra. The coincidence of these common forms denotes that every local
automorphism of the considering algebra is an automorphism. But the common
form of the matrix of an automorphism on the Jordan algebras 7, and r, does not
coincide with the common form of the matrix of a local automorphism on these
algebras by the appropriate Table 2 and theorems 0.2, 0.3. Therefore, the Jordan

algebras 7, and z, have local automorphism that are not automorphism.
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Jordan algebras are classical algebras widely studied by specialists. Jordan
algebras turned out to be related to other classical algebras such as associative
algebras and Lie algebras. The classification of finite-dimensional Jordan algebras
Is one of the primary areas of modern algebra and, as is known, was first studied
by P. Jordan, J. von Neumann and E. Wigner [3]. Classifications of 3- and 4-
dimensional Jordan algebras were constructed by I. Kashuba and M.E. Martin in
[5], M.E. Martin in [9], I. Kashuba and I. Shestakov in [6], respectively. Moreover,
the case of nilpotent Jordan algebras of dimension 5 was classified by Hegazy and
Abdlwahab [1]. Most classification problems for finite-dimensional Jordan
algebras have been studied in order to establish certain properties of Jordan

algebras, while the complete classification of Jordan algebras in general is still an
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open problem. There are many theoretical works on derivation and inner derivation
of associative and Lie algebras. However, in the case of Jordan algebras, there are
few of them. For this reason, our interest in this article lies in the study and
description of inner derivations of four-dimensional Jordan algebras.

In this paper, we study local derivations of four-dimensional Jordan
algebras. The concept of local derivations was introduced by R. Kadison [4] and D.
Larson, A. Sourour [8] independently in 1990. A linear mapping V of an algebra A
into itself is a local derivation if for each a in A there exists a derivation D, on A
such that D, (a) = V(a).

R. Kadison proves that every continuous local derivation of a von Neumann
algebra into its dual Banach the bimodule is a derivation. B. Johnson [2]
generalizes the above result by proving that each a local derivation of a C *-algebra
into its Banach bimodule is a derivation. Based on these results, many authors have
studied local derivations on operator algebras.

Definition. A Jordan algebra J is a vector space over a field F equipped
with a bilinear operator -: 7 X J — J, satisfying the following identities:

x-y=y-x, (x*-y)-x=x*(y-x)
forany x, y € J.

An important special case of mapping derivation is the so-called “inner
derivation”. In this section, we introduce the notion of inner derivations of Jordan
algebras and give their properties.

Let J be a Jordan algebra. Recall that a linear map D:J — J is called a
derivation if D(xy) = D(x)y + xD(y) for any two elements x, y € J.

Given subsets B and C of the Lie algebra with bracket [-,-], denote by [B, C]
the set of all finite sums of elements [b, c], where b € Band c € C.

Consider the Jordan algebra J and let m = {xM: x € J}, where xM denotes
the multiplication operator defined by (xM)y: = x - y forall x, y € J. Let aut(J)
denote the Lie ring of all derivations of R. The elements of the ideal int(J): =

[m, m] of the algebra aut(*R) are called inner derivations of J. In other words,
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derivation of D by J is called inner derivation if there exist elements a4, a,, ...,
A, b1y by, ..., by, iNt0 J such that D(x) = Y75, [ar(brx) — b (axx)], x € J.

A linear mapping V:J — J is called a inner local derivation if for every
x € J there exists a derivation D: J — J such that V(x) = D(x).

Let D:J — J be a linear operator. Then D(x) = Ax,x € g, for the matrix
A= (ai,j)fjjzl of the linear operator D, where x = x;e; + x,e, + X365 + x4€4.
For example, if 7 = J, (see table 2) and D is a inner derivation on J, then D has
the following form D(x) = (—Bx3 — ax,)e; + (—fx3 — axy)e, + (ax; + ax, +
yx3)es + (Bx; + fx, — vx4)e, With respect to the basis {e;, e,, e5, e, }, for some
a, 3,y in F. This form of a inner derivation can be directly calculated, and we will
omit the calculations of the forms of inner derivations on the Jordan algebras.
Throughout this paper, let E; ; be a linear mapping of the algebra J with basis
{e1, ..., 4}, which maps the basis element e; to e; and the rest basis elements to
zero. Then, for example, the vector space of inner derivations of the algebra J,
admits a basis of the following form: {E3; + E3, —E1 4 —Ep4,Eq1 + Esp —
Ei3—Ey3,E33 —Eg4}.

Theorem 1. [7] Let A be a four-dimensional Jordan algebra. Then it is
isomorphic to one of the following pairwise non-isomorphic Jordan algebras:

Table 1

Four-dimensional Jordan algebras.

J Multiplication table J Multiplication table
— 1 —
€164 = 5(31 +e;), eje3 = )
1 1 1 €1y =Ny, €Nz =
J2 5 63,6164 = T €4, €283 = 7€3, €264 = Js2 "
1 le, Tl1 = n3
-e
> €4
2 _ + _1 _ 1
€3 = €1 T €3, 6163 = 263,663 = eny ==-nq, €Ny =
2
Jo 1 1 1 Js3 )
263, 61M =Ny, €Ny =My n,, Ny =n, +ns
1 1 1 _ _
Jie | €1N2 = Enz; eny = Enp eng = 5”1 Jss einy =nq,eqny = Ny,
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ena = snan=n
1M3 = ZN3g, N3 =My

ey =n,eqny, =n,y,

1 1
Ji7 | €Mz =M, My =My, €M =Ny | Js6 1 5
ejng = 5"3:"1 =n,
1 1 1Ny = Ny, 61Ny = Ny,
ey = -Ny, 6Ny = -Ny, €Ny =
2 2 1 2 2
J1s 1 1 Jds7 | eng = S M3y = Mo, N3 =
N, en, =-n
>, €21 = SNy
n,
> _ 1
ny =ny,eN; =Ny, €Ny = €My =Ny, 64Nz = 2Ny,
SN, ey =My eing = -N3, N3 =10y
_ 1
elnl _— nl, 81n2 _— Enz,
1 — — 1 2
J31 | €Nz =Nz, My =Ny, eNy =Ny | Js9 | ey = SN, N3 = Ny, NpNg =
ny
_ 1
1 1 ey =Nq,eq Ny = 5”2’
J3z | e1ny = 5711, en,; = Enz; einz =Nz | Jeo )
einz = 5"3'7’11"2 =nNng
2 _ 2 _ _
1 1 1 ny =Nz, Ny =Ny, N3 =
J33z | e1ny = SNy, 81Ny =213, €Mz = — N3 Je1
Ny, NNy = N3
2 _ 2 _ _
ng =n,,ng =Ny, NN, =
J36 1Ny =Ny, €Ny =Ny, e1N3 = N3 Je2
ns
2 _ _ _ 2 _ 2 _
ny =n;,nn,; =ns, enq = ny =Ny, Ny = —Ny — Ng,
J39 Je3
nqi, €Ny = Ny, €61N3 = N3 nin,; = N3, NN, = N3
2 _ _ _ 2 _ 2 _
ny =n;,eny =nq, €Ny = ny =Ny, Ny = —Ny,
Jaz Jea
n;, e1N3z = nNj nin,; = N3, NN, = N3
2 _ _ _ 2 _ _ _
ny =Ny, nng = ny, ey = ny =Ny, Ny = N3, NNy =
Jas Jes
Ny, €Ny = Ny, €4N3 = N3 ns
2 _ 2 _ _
1 2 2 ny =Ny, Ny =Nz, NN, =
Jas €i1ny =Ny, Np =N, N3 =Ny Jee
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_1 _1 2 _ 2
Jdag | €13 = SNz, €My =My, N3 =1y Jeo ny =Ny, Nz =Ny
_1 _1 2 _
en,; = 5”2»31713 = 5”3’ nz = )
Ja9 J70 ny =Ny, N3Ny =Ny
ng, NNz =nyg
_ 1 1
Jso | muny =ng, en, = SN2, €13 = 7 N3

Further we apply our algorithm to describe inner derivations of four-

dimensional Jordan algebras. Let J be a four-dimensional Jordan algebra. Then the

following theorem takes place.

Theorem 2. Inner derivations and local inner derivations of four-

dimensional Jordan algebras are given as follows:
Table 2

Inner derivations and local inner derivations on

four-dimensional Jordan algebras.

Is each
_ inner local
Common form of a inner Common form of a local o
J o ] o derivation
derivation inner derivation )
a inner
derivation?
{E3,1 + E3,2 - E1,4 - E2,4' {E3,1 + E3,2 - E1,4 -
(72 E4-,1 + E4-,2 - E1,3 - E2,31 E3,3 - E2,4» E4-,1 + E4-,2 - E1,3 - +
E4,4} E2,3' E3,3 - E4,4}
p {E3q + E3, — 2E, 3 — 2E; 3, {E3q + E3p; — 2E; 3 — s
9
E4,1 + E4,2i E4,3} 2E2,3' E4,1 + E4,27 E4,3}
(716 {E3,1 + E3,2i E4,1} {E3,1 + E3,27 E4,1} +
J17 {E31 +E32,E4q} {E31 +E32,E4q} +
Jis {Es1 +E32,Eqq + Eyr} {Es1 +E3z,Eyq + Eyr} +
{E3,1 + E3,2 + 2E4,3J {E3,1 +
J2s {E31,E32,Eq1,Es3} -
E3,2 - 2E4,3J E4,1}
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J31 {E21,E31,Eq1} {E21,E31,Eq41}
J32 {E21,E31,Eq1} {E21,E31,Eq1}
J33 {E21,E31,Eqn} {E21, E31,Eqn}
J3e {E21,E31,Eqn} {E21, E31,Eqn}
J39 {E21,E31,Eqn} {E21, E31,Eqn}
Jaz {E21,E31,Eq1} {E21,E31,Eq1}
Ja3 {E21,E31,Eq1} {E21,E31,Eq1}
Jas {E21 — 2E3,} {E21 — 2E3,}
Jag {E31,Eq1 — 2E; 4} {E31,Eq1 — 2E3 4}

{E31 — 2E54, Eyq — 2E53 — {E31 — 2E54, By —
e 2B3,4} 2By 3 = 2E; 4}
Jso {E31+2Ey;,Eq} {E31,Es1, Eqp}
Jsz2 {Es1 — 2E42,E31} {E21 — 2E42,E31}

{Ezq + 2E3, —
Js3 | {E21+ 2E3; —2E45,E34}
2E45,E31}
Jss {E21,E31,Eqn + 2E3 4} {E21,E31,Eq1, B3}
Jse {E21,E31,Eqn} {E21, E31,Eqn}
Js7 {E21,E31,Eqn + 2E3 4} {E21,E31,Eqn, E3 4}
Jss {E21,E31,Eqn + 2E5 43 {E21,E31,Eqn, Ep 4}
{Es1,E3q +2E34, Eqq +
Js9 {E21,E31,Eq1,Ez3, Eo 4}
2E;3 + 2E; 4}

Jeo {E21,E31 — 2E45,E41} {E21,E31,Enn, Eq 2}
Je1 0 0
Jez {E34} {E34}
Je3 {Es1 + E34} {E31 + E34}
Jea {Es1+ E34} {E31 + E34}
Jes {E31} {E31}
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Jes 0 0 +

Je9 0 0 +

J70 0 0 +
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Theorem 1. If L={f,,f,,; A} is a system of consistent continuous maps on X

then exp(L) ={expf,.expf,,;A} is a family of consistent continuous maps on exp X

Proof. Since exp is a covariant functor, then the maps

expf, :expX —>expf, (X),
expfﬁa:Eprﬂ(X)—)epra(X), a,ﬂEA, 0{<IB.

are defined as well. We establish that

(i) the diagonal product A expf,:expX — TI (expf,)(expX) Is embedding;

(ii) expf, =(expf,,)o(expf,), a, Be A a<p.

But, equality (ii) immediately follows from that the functor exp is covariant
and the equality f,=f, o f, holds forall o, B A a<p.

Since all the maps f, are continuous, then expf, is also a continuous map.
Hence, the diagonal product A (expf,) Is continuous. Besides, because f,
surjective, since  the functor  exp IS normal, we have
(expf, )(expX))=expf (X), ac A Now it is enough to show that the diagonal product
A (expf,):expX — T (exp f,)(expX). is injective. Let F,F,eexp X, F#F,. Then there
exists xe((F, \F)uU(F,\\F,)) . Definitely, suppose xeF,\ F, . Since the diagonal

product A f, is embedding, then A f,(0# A f,(y) for all yeF, . It follows that
Af,()e AT (F) being A f,(0e A T.(F). S0, (A (expf,)(R)=( A (expf,))(F,)

Theorem 1 is proved.
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Corollary 1. If a consistent system L ={f,, f,,;A} of continuous maps on X is
weakly multiplicative, then the consistent system exp(L)={expf, expf,,;A} Of

continuous maps on expX also is weakly multiplicative.

It is easy to observe, that Preposition 6 and Theorem 1 imply an important
property of the system exp(L) ={expf,.expf,,;A}.

Corollary 2. If a consistent system L ={f,, f,,;A} of continuous maps on X is

open (d-open), then the consistent system exp(L) of continuous maps on expX is
also open (d -open).
From the results of the work we get the following statement.

Lemma 4. If a consisted system L={f,,f,, ;A} continuous maps on X be
equivariant, then the a consisted system exp(L) continuous maps on exp(X) is also
equivariant.

Now we will prove the following statement.

Lemma 5. If a consisted system L={f,,f, ;A} continuous mapson X be u-
system, then the a consisted system exp(L) continuous maps on expX s also -
system.

Proof. It is known, that for the metrizable space Y , the space expY is also
metrizable. In addition, if f:X —Y is continuous one-to-one mapping " to", then
exp f :expX — expY IS also continuous one-to-one mapping " to". It follows that if
X 1S submetrizable, then expXx is also submetrizable. Now from the theorem
\ref{theol} follows that if the family A{f, eL:f (X)submetrizable} is . -system,
then A{expf, eexp(L):(exp f,)(exp X)submetrizable} forms . -system.

Summarizing all results obtained, now we can formulate the following

statement.

Theorem 2. If a space X be od-space (d -space), then the hyperspace expX
Is also od -space (d -space).

To state the further result, we need the following two propositions.
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Proposition 8. Let an action on X be weakly d -open, the family O < N (e)
such that:

(i) for any O,U € © there exist V e © suchthatV cOnU;

(ii) for each OcO thereis U €O suchthat U0 and U ™" cO.

If the family © in additional the conditions (i) and (ii) satisfies following
condition:

(iii) for every Oe® and geG exist V e® such that gvg™ <O, then X in
topology 7, is G -space (not necessarily Tychonoff).

Let F be a family of equivariant factor maps of G-space x . We put

f >h,f,heF, if there exists p, : f(X) —h(X) such that p, - f=h . Note that in this
case the map p=p, IS equivariant. Indeed, let y=f(x)e f(X) and geG.To prove

the equality p(gy)=gp(y) is enough to show that h™(p(gy))=h"(gp(y)). The last

equality follows from the following:

h™(p(gy)) =h~(p(a(f (¥)) =h™(p(f (gx))) =h™(h(gx)) =h~(gh(x)) =h~(g(p(f (x)))) =h~(a(P(¥)))-
After identifying the map f,heF such that f >h and h> f (equivalence relation

on F), family of equivalence classes (we will denote it by F) becomes a partially
ordered set.

Proposition 9. Let X be a G-space with weakly d-open action, satisfying
the following property:

(s) for every points x and their neighborhoods w there exist such
(countable) family ©,, = NV, (e), satisfying the conditions (i) - (iii) of proposition 8,
for which there is 0 €O, and St(x,y,) N(X\W)=J.

Then for the family F an equivariant factor map of X the family
L={f eF;p,.f.heF f>hF} is consistent weakly multiplicative equivariant
system (correspondingly, x-system) of mapson X .

Classes of compact od-and d-spaces coincide with the class of Dugundiji

compacta (see., Preposition 2), and the Stone-C ech compactification gXx space of
X is Dugundji compacta if and only if, X is a pseudo-compact d -space.
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We consider the property (s) with a counting condition.
Theorem 3. Let X be a G-space with open action, satisfying property (s).

Then the hyperspace expX S od- space with a consistent weakly multiplicative
equivariant open . -system of maps. If X is compact, then exp, X is a Dugundiji

compacta.
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UCH O’LCHAMLI NILPOTENT ALGEBRALARIDA IKKI LOKAL
DIFFERENSIALLASH
Boydadayev Islomjon
Namangan davlatuniversiteti, Namangan, O zbekiston,
boydadayevislomjon06@gmail.com
Bu ishda bazi uch o’Ichovli ilpotent algebralarda ikki local differensiallashi
differensiallash bo’ladigan algebralar ko’rsatilgan.
1-Ta’rif.Agar d: L— L chizigli akslantirish F maydonda berilgan L
algebaradan olingan ixtiyoriy x,y elementlar uchun quyidagi shartni
ganoatlantirsa
d(xy) =d(x)y+xd(y)
U holda, akslantirish L algebrada differensiallash deb ataladi.
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d(x) = Ax chiziqli akslantirish nigaraylik, buyerda A—nxno’lchamli
kvadrat matritsa.
Ravshanki , agar L algebradan olingan ixtiyoriy X,y elemenlar uchun
A(xy) = (AX)y +x(Ay) 1)
tenglik  bajarilsa  d(x)= Ax  akslantirish  garalayotgan L  algebrada
differensiallashdan iborat bo’ladi.
1-teorema . Ixtiyoriy uch o’lchamli nilpotent algebra bazislari {e;, e,, es}

bo’lgan N; va N, algebralarning differensiallshlari mos ravishda
a 0 O 0 0 O
(0 2 0 ) va (0 0 0)
B 0 2«a g 0 0

2-ta’rif . Akslantirish (chizigli bo;lishi shart shart bo’lmagan) V:4A - A 2-

ko rinishda bo ladi.

lokal differensiallshlari deyiladi , agar har ganday x,y € A elementlar uchun
shunday Viy:A— A differensiallshlari mavjud bo’lsaki ,
V(x) = Ay y (0), V() = Axy ().
Teorema[4].N; algebraning har bir 2-lokal differensiallshi differensiallshdir.
Isbot. Aytaylik V—bu N; ning ixtiyoriy 2-lokal differensiallshlari bo’lsin .
U holda , tarifga ko’ra har bir x € N; element uchun,
X = x.€1 +xe, + x3€3,
Uy e,r Pre, Shunday elelemtlar mavjudki

Oy, 0 0
Ao =| 0 2ap, O
BX,el 0 4ax,e1

V(x) = Ay, %, buyerda X = (x5, x,,x3)"—x ga mos vektor va

v(el) = Ax,ele_l = (ax,elr 0, Bx,el)T-

Tengliklar V(e;) = @y, (e1) =V, ¢ (e1) o’rinli bo’lgani uchun

)

v(el) = (ax,elror Bx,el)T =
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= (Qy,e,, 0, Bye,)"
N, dagi elementlarning har bir x, y juftligi uchun .
SHunday kilib ,
Axe, = AyeirPre; = Bye,-
Shuning uchun
V(ix) = Ay e X

Har ganday x € N; uchun va V(x) matritsasi x ga bog’liq emas.
SHunday kilib, 1-teoremaga ko’ra , V differensiallshdir.
Teorema[4].N, algebraning har bir 2-lokal differensiallshi differensiallshdir.
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UCH O’LCHAMLI BA'ZI NILPOTENT ALGEBRALARDA IKKI LOKAL
AVTOMORFIZMLAR
Jo 'rayev Avazbek
Namangan davlat universiteti magistranti

jorayevavazbek96@gmail.com

1-ta’rif. Agar d: L— L chizigli akslantirish F maydonda berilgan L
algebaradan olingan ixtiyoriy x,y elementlar uchun quyidagi shartni
ganoatlantirsa

d(xy) =d(x)y+xd(y)

U holda, akslantirish L algebrada avtomorfizmlash deb ataladi.
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d(x) = Axchizigli akslantirishni garaylik, bu yerda A—nxno’lchamli
kvadrat matritsa. Ravshanki, agar L algebradan olingan ixtiyoriy x, y elemenlar
uchun

A(xy) = (AX)y +x(Ay) (1)
tenglik bajarilsa d(x) = Ax akslantirish garalayotgan L algebrada avtomorfizmlash

dan iborat bo’ladi.
1-teorema . Ixtiyoriy uch o’lchamli nilpotent algebra bazislari {e;, e,, es}

bo’lgan N; va N, algebralarning avtomorfizmlari mos ravishda
a 0 O 0 0 O
(0 2 0 ) va (0 0 0)
B 0 2«a g 0 0

2-ta’rif. Akslantirish (chiziqli bo’lishi shart bo’lmagan) ¢:4 — A 2-lokal

ko rinishda bo ladi.

avtomorfizm deyiladi, agar har ganday x, y € A element uchun shunday
¢xy: A = A avtomorfizm mavjud bo’lsaki, ¢p(x) = Ay, (x), p(¥) = Ay, (V).
2 -teorema. N; algebraning har bir 2-lokal avtomorfizmi avtomorfizmdir.
Isbot. Aytaylik ¢— bu N; ning ixtiyoriy 2-lokal avtomorfizmi bo’lsin. U holda,
ta’rifga ko’ra, har bir x € N; element uchun,
X = X,€1 + Xy, + X363,
Uy e,r Bxe, Shunday elementlar mavjudki,
Oy e, 0 0
Ave,=| 0 @i, O
Bxe, 0 Oxe,
$(x) = Ay X, buyerda X = (xq,x,,x3)"—x ga mos vektor va
Pe1) = Axe,er = (Oxe,r 0,Bxe,)-
Tengliklar ¢(e;) = @y e, (€1) = @y, (€1) 0’rinli bo’lgani uchun
Pe1) = (0xe,r 0,Bxe,) =

= (ay,elr 0’ By,el)T
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N; dagi elelmentlarning har bir x,y juftligi uchun. Shunday qilib, a,. =
Ay e Brxe, = By, - Shuning uchun
P(x) = Ay X

Har ganday x € N; uchun va ¢ (x) matritsani x ga bog’liq emas. Shunday qilib, 1-
teoremaga ko’ra ¢ avtomorfizmdir.
3-teorema.N, algebraning har bir 2-lokal avtomorfizmi avtomorfizmdir.
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UCH O‘LCHAMLI LI ALGEBRALARINING LOKAL ICHKI
DIFFERENSIALLASHLARI
Jumayeva Charos Ilhomjon gizi,
Buxoro davlat universiteti,

charosjumayeva2801@qgmail.com

Ushbu tezisda wuch o‘lchovli Li algebralarining lokal ichki
differensiallashlari o‘rganiladi. Li algebrasining ta’rifini keltiramiz.

Ta’rif 1. F maydon ustidagi L algebrada ixtiyoriy x,y,z € L elementlar
uchun quyidagi ayniyatlar bajarilsa:

1. [x,y]=—[y.x] — antikommutativlik ayniyati,

2. [x[y.z]]+| v.[z.x]]+] z[x.y]]=0 — Yakobi ayniyati,

u holda L algebraga Li algebrasi deyiladi, bu yerda [x, y] — L dagi ko’paytma.

292


https://www.worldscientific.com/worldscinet/ijac
mailto:charosjumayeva2801@gmail.com

L cheklangan o‘lchovli Li algebra bo‘lsin. L Li algebra uchun quyidagi

markaziy va hosilaviy qatorlarni ko‘rib chigamiz:
U=L, U=[L"L] izt
=L, LM :[L[H] L[k‘l]} k>1.

Ta’rif 2. Aytaylik, d:L — L chiziqli akslantirish bo’lsin. Agar ixtiyoriy

X, ¥ € L elementlar uchun quyidagi tenglik bajarilsa:

D([xy])=[P(x).y]+[xD(y)]

u holda d chizigli akslantirish L algebrada differensiallash deyiladi. Barcha ichki
differensiallashlar to’plami Der(L) kabi belgilanadi.[1]

Ta’rif 3. Ixtiyoriy x e L uchun ad,(x)=[x,a] kabi aniglangan ad,:L —> L
akslantirish ~ differensiallash bo’ladi va bunday differensiallashlar ichki
differensiallashlar deb ataladi. Barcha ichki differensiallashlar to’plami InDer(L)
kabi belgilanadi.[2]

Ta’rif 4. Chizigli operator A: L — L lokal ichki differensiallash deyiladi,
agar barcha x e L uchun, ad :L — L ichki differensiallash (x ga bog’liq bo’lgan)
mavjud bo’lib A(X) =ad, (x) tengligi bajarilsa.[3]

Teorema 1. Ixtiyoriy uch o‘lchamli Li algebrasi quyidagi algebralardan
biriga izomorf bo‘ladi:

Lo:abel, L,:[ej,e;] =e3, Ly:[e,e;] =eq, Ly:e;, e;] = ey [e1,e5] =e, +e3
Ly:[ey,e,] =e, e, e3] =Aes,A€CH A <1,
Ls:[e1, e;] = e3,[e1, e3] = —2ey, [e3, €3] = 2e,

Teorema 2. Uch o‘lchovli Li algebralaridagi har ganday lokal ichki
differensiallash ichki differensiallashdir.[4]

4-ta’rifga ko‘ra ushbu olti algebradagi har ganday lokal ichki differensiallash
ichki differensiallash ekanligi isbotlandi.
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KELI DARAXTI GRUPPAVIY TASVIRINING QO‘SHNI
SINFLARDA BERILGAN SONLARGA KO‘RA RADIUSI 2 GA TENG
BO‘LGAN SHARLARDA INDEKSI 4 BO‘LGAN NORMAL QISM
GRUPPASINI QURISH.

Kamoldinov Sardorbek Maxammadsobir o ‘g ‘li
O ZMU magistranti

kamoldinovs03@gmail.com

Har bir uchidan k +1 ta girra chiquvchi, siklga ega bo‘lmagan cheksiz graf-
k -tartibli Keli daraxti deyiladi va T*=(V,L) kabi belgilandi. Bu yerda: V —
daraxtning uchlari toplami, L — daraxtning qirralari to‘plami.[3]

G, tashkil etuvchilari a,a,,...,a, bo‘lgan ikkinchi tartibli siklik
gruppalarning erkin ko‘paytmasidan iborat gruppa. [3]
[1] maqolada T daraxt uchlari to‘plami V va G, gruppa orasida o‘zaro bir

giymatli moslik o‘rnatilgan.

[8]maqolada bo‘sh bo‘lmagan ABcN, ={1,2,,...k+1} to‘plamlar uchun

Ho=H,NH; ={xeG, | > w(a)- juft, > w(a)-juft} to‘plam, G, gruppaning

indeksi 4 ga teng normal qism gruppasi ekanligi ko‘rsatilgan.
Bu yerda H, (1 H; gisqgarmaydigan kesishma w, (a,) —x € G, elementdagi a,
tashkil etuvchilar soni.
H, -G, gruppaning indeksi r bo‘lgan normal qism gruppasi bo‘lsin (r >1).

Quyidagi belgilashlarni kiritamiz:
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1.d(X, y)=min{d | IX = X,, X;,--...., X441, X4 3 X Va yuchlar orasidagi masofa, bu
yerda <Xy, X >,<X,X, >,......,< Xy 4, X4 >—eng yaqin qo‘shnilar.

2.V,(x)={y eV |d(x,y) <2} markazi x nuqgtada radiusi 2 ga teng bo‘lgan shar.
IV, (X)|= (k +1)* +1

3.0,,(0) =V,() NH,|, i=0r—1,

4.Q,(0) =(0,, 09,0, 00,0, 5, ().

Teorema.[3] VxeG, uchun 37z, ofrinlashtirish mavjudki,Q,(e) vektor
koordinatalari uchun 7z, Q,(e)=Q,(x)tenglik o‘rinli bo‘ladi, bu yerda e G,
gruppaning birlik elementi.

Quyidagi masalani garaymiz:

Ko K, K, ks e NU{O}  sonlari  uchun  JA BN, larni  topingki,
H,=H, N Hg; normal gism gruppa G, uchun g;, =(X)=k; tenglik o‘rinli bolsin.
Teorema 1 ga ko‘ra bu masalani Xx=e€ uchun ko‘rishimiz yetarli. Qulaylik uchun
buishda A(1B=Y va AUB=N, bo‘lgan holni qaraymiz.

Teorema. A BN, uchun ANB=Y, AUB=N, va |Al=m bo‘lganda
ko +k +k, +k,=(k+1)>+1 shartni ganoatlantiruvchi kg, kk, k, € N U{O}lar
mavjud bo‘lib, ular uchun k; =q,(e), i:O,_3 bo‘ladigan H,=H,MNH; G,
normal gism gruppa mavjud bo‘ladi.
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W*- REPRESENTATIONS IN REAL W*- ALGEBRAS
Z.X.Khusanboeva, N.J.Shodiyonov, Kh.Kh.Boltaev
Tashkent State Pedagogical University named after Nizami,
Tashkent, Uzbekistan.
Zulfizarxon2809@gmail.com, bkhabibzhan2020@mail.ru

In 1930's von Neumann and Murray introduced the notion of the coupling

constant for finite factors (see [4-6]). In 1983, V. Jones suggested a new approach to
this notion, defined the notion of the index for type II, factors, and proved a
surprising theorem on values of the index for subfactors (see [2]).

Let B(H) be the algebra of all bounded linear operators on a complex Hilbert
space H. A weakly closed -subalgebra 2 containing the identity operator Il B(H) is
called a W*-algebra. A real *-subalgebra R c B(H) is called a real W*-algebra if it
is closed in the weak operator topology and R n iR = {0}. A real W-algebra R is
called a real factor if its center Z(R) consists of the elements {11,141 € R}. We say
that a real W*-algebra R is of the type I, I, I3, Ie, OF I}, (0 < A < 1) if the
enveloping W~-algebra 2(R) has the corresponding type in the ordinary
classification of W *-algebras. A linear mapping a of an algebra into itself with
a(x*) = a(x)* is called an *-automorphism if a(xy) = a(x)a(y); it is called an
involutive *-antiautomorphism if a(xy) = a(y)a(x) and a?(x) =x. If a is an
involutive *-antiautomorphism of a W*-algebra M, we denote by (M, a) the real
W*-algebra generated by «, i.e. (M,a) = {x € M: a(x) = x*}. Conversely, every
real W*-algebra R is of the form (M, a), where M is the complex envelope of R and
a is an involutive *-antiautomorphism of M (see [1,3,7] ). Therefore we shall
identify from now on the real von Neumann algebra R with the pair (M, a)

Let M(c B(H)) be a finite factor and let = be the unique faithful normal
tracial state of M. If « is an involutive *-antiautomorphism of M, then it is clear that
7 is automatically a-invariant. Denote by L?(M) the completion of M with respect to

the norm || x ll,= t(x*x)/2. Similarly by L?(M, a) we denote the completion of the
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real factor (M, a). Then it is obvious that the Hilbert space L>(M) and the algebra
B(L?(M)) of all bounded linear operators on it are the complexifications of the real
Hilbert space L?(M, a) and of B,.(L*>(M, «)), respectively, where B, (L*(M, a)) is the
algebra of all bounded linear operators on the real Hilbert space L?(M, a). Moreover,
it is easy to show that the Hilbert spaces L?>(M, a) and L?(M) are separable.

For each x € M, set A(x)y = xy, for all y € M. Clearly, | A(x)y l,<Il x I
y lI,. Thus 4 can be uniquely extended to a bounded linear operator on L?(M), still
denoted by A(x). Then we obtain a faithful W*-representation (4, L2(M)) of M. In a
similar way, taking the map A, defined as A,.(x)y = xy (for all ,y € (M,a) ) we
obtain a faithful real *-representation (4., L*(M, a)) of (M, ).

Theorem 1. The map B:A(M) — A(M) defined as B(Ay) = Agr) is an
involutive *-antiautomorphism of A(M). Moreover,  and « are also related in the
following way: (M, a)g = A,.(M, a), where (M, a)g = {1, € A(M): B(A,) = AL} is
the real W™-algebra, generated by g, i.e. (M, a)g = (A(M), B).

Corollary 1. 1,(M, @) is a real W-algebra, and A(M) is the complexification
of ,(M,a), ie. A.(M,a)+ir.(M,a) =A(M). Moreover, {1, L*(M,a)} is a
faithful real W *-representation of (M, a).

This representation will be called the canonical W*-representation of (M, ).

Since |l x ll,= llx*ll, for all x € M, the map J:x — x* can be uniquely
extended to a conjugate linear isometry on L?(M), still denoted by J. From the theory
of W* algebras it is well-known that A(M)' = JA(M)] and A(M) = JA(M)'].
Similarly, to Theorem 1 and Corollary 1 we have the following assertion.

Theorem 2. The map B": A(M)" = A(M)" defined as 5'(-) =JB({ - ])], is an
involutive *-antiautomorphism of A(M)'. The set A,.(M,a)" ={1, € A(M)":
B'(A,) = AL+} is areal W*-algebra, and A(M)’ is the complexification of 4,.(M, @)’,
ie. A, (M, ) +il.(M,a)’ = A(M)'".

We have the following connection between A,.(M, @) and 4,.(M, a)’.

Theorem 3. 1,(M,a)' =JA,.(M,a)].
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Theorem 4. The real W*-algebra A,.(M, )’ is the commutant of A,.(M, @) in
the algebra B, (L?(M, )), i.e. 1,(M, @)’ = {1, € B,(L*(M, a)): Aedy = A2y, VA, €
Ar(M, )},

The authors express their deep gratitude to Professor Rakhimov Abgaffar
Abdumajidovich for helpful advice when working on the article.
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CONTINUITY OF THE FUNCTOR OF HYPERSPACES WITH
FINITELY MANY COMPONENTS
Mamadaliev N.K.", Eshtemirova Sh.”
'Institute of Mathematics named after V.I.Romanovsky,
*Tashkent State Pedagogical University named after Nizami
Emails: nodir_88@bk.ru, ms.eshtemirova@mail.ru
In the paper we investigate continuity property of hyperspaces of closed sets
consisting of finitely many of components. It is proved that the functor

C, :Comp — Comp preserves inverse limits.
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In recent times in the investigations [1] and [2] the concept of hyperspace of
nonempty closed sets consisting of finitely many of components is introduced. For

the space X by C,(X) denote the set of all closed subsets consisting of no more
than n components. This space is good that it contains the hyperspace exp,(X) of

closed sets consisting of no more than n elements and hyperspace of closed

connected sets exp °(X).
Let X be a topological T,-space. The set of all non-empty closed subsets of a

topological space X is denoted by exp X . The family of all sets of the form

oW, ... Un>={F: Feexp(X),F cU U, FNU, =2, i:1,2,...,n}.

i-1
where U,,..,U, are open subsets of X, generates a base of the topology on the set
exp(X). This topology is called the Vietoris topology. The set exp(X) with the
Vietoris topology is called exponential space or the hyperspace of a space X [3].
Put exp, (X )={F eexp(X):|F|<n}, exp,(X)=U{exp,(X):n=12,.},
exp’(X)={F eexp(X):F is connected in X }.

It is clear that exp(X)cC (X )cexp(X) and exp,(X)<=C,(X)for any topological
space X. On C (X) the topology induced from the hyperspace exp(X) is
considered.

Note thatexp,(X)=C,(X) for a discrete space X . When n=1 we have
exp’(X)=C, (X).

Remark. Let us consider the set F =[0,1][2,3] in the real line R with the
natural topology. Then FeC (R) for n>2, but Feexp, (R) when n>2 as
IF|=c>n.

Let X,Y eComp and let f:X —Y be a continuous map between compacts

X and Y. Foranyset FeC (X) put

C,(f)(F)=f(F).
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Then C_ (f):C (X)—>C.(Y) is a continuous map. Thus, the structure C,

forms a covariant functor in the category Comp of compacta.
Let S={X, : 7%} be a continuous spectrum. Then C (S)={C,(X,):C, (z%)}

is also an inverse system. Denote its bonding maps by 7.
A functor F is said to be continuous [3], if F(limS)=IlimF(S) for each

inverse system S. Furthermore, this means that there exists a homeomorphism
f:F(imS) — limF(S), for which

F(r,)=n’of.
Theorem. The functor C_:Comp — Comp is continuous.
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ON LOCAL DENSITY AND LOCAL WEAK DENSITY OF
STRATIFIABLE SPACES
Mamadaliev N.K.*, Ibragimova U.B.”
'Institute of Mathematics named after V.I.Romanovsky,
“National University of Uzbekistan named after Mirzo Ulugbek
e-mail: nodir_88@bk.ru

In the paper the local density and the local weak density of stratifiable spaces

are investigated.
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Recall some necessary definitions.
Definition 1.[1] The weak density of a topological space X is the smallest

cardinal number >, such that there is a z-base in X coinciding with 7
centered systems of open sets, i.e. there is a z-base 8=U{B,:a<c A}, where B,
is a centered system of open sets for each o A and |A|=7.

The weak density of a topological space x is denoted by wd(X). If
wd (X )=, then we say that a topological space X is weakly separable.

Definition 2.[2] We say that a topological space X is locally separable at a
point x e X if x has a separable neighborhood.

A topological space is locally separable if it is locally separable at each point
XxeX.

Definition 3. We say that a topological space X is locally r -dense at a point
xe X if ¢ is the smallest cardinal number such that x has a - —dense
neighborhood in X .

The local density at a point x is denoted by 1d(x).

The local density of a space X is defined as the supremum of all numbers
Id(x) for xe X ; this cardinal number is denoted by Id(X).

A topological space is locally weakly r dense at a point xe X if ¢ is the
smallest cardinal number such that x has a neighborhood of weak density  in X .

The local weak density at a point x is denoted by Iwd (x).

The local weak density of a topological space X is defined with following
way:

lwd (X ) =sup{ Iwd(x) :xeX }.
Definition 4.[4] We say that T,-topological space is stratifiable provided that

to each open set U one can assign a sequence {U,:ne N} of open subsets of X

such that
a) [u,]cu,

b) u{U,:neN}=U,
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C) U, cV. whenever U cV .

The construction in the definition is called the stratification.

It is obvious that every metrizable space is stratifiable.

Theorem 1. For every stratifiable space X we have 1d(X) =Iwd(X).

Corollary 1. A stratifiable space is locally separable if and only if it is locally
weakly separable.
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PARALLELEPIPEDDA BERILGAN PARAMETRGA BOG*‘LIQ
BO‘LGAN CHIZIQLI TENGLAMALAR SISTEMASINING
PARAMETRNING BARCHA QIYMATLARIDA YECHIMI MAVJUD
YOKI MAVJUD EMASLIGINI ANIQLASHNING SODDA ALGORITMI
Mamatov A.R, To ‘gsonova L.

Sharof Rashidov nomidagi Samargand davlat universiteti
akmm21964@rambler.ru

X={x| fx<x<fFva YX)={y|g-<y<g , Ax+By=Db}
to‘plamlar berilgan bo‘lsin.

Bu yerda x=x(J), fx = f+(J), " = *(J) —n-vektorlar;
y=VY(K),g«=0+(K),g" =g (K)—¢ -vektorlar; b =b(l)—m -vektor;
A=A(1J),B=B(l,K) -mos ravishda mxn va mx| matritsalar; rankB=m< ¢,

| ={1,2,..m}J ={L,2,...n} K ={L,2,.... 7}
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X top‘lamdan olingan ixtiyoriy Xxuchun unga mos Kkeluvchi Y (x)
to‘plamninng bo‘sh yoki bo‘sh emasligini aniqlash masalasini qaraymiz.
Qaralayotgan masalaning birma-bir ko‘rib chiqish usuliga asoslangan
algoritm keltiriladi. Birma-bir ko‘rib chiqish ob’ekti sifatida B matritsaning barcha
mxm o‘lchamli qism osti matritsalari hamva X to‘plamning uchlari olinadi hamda
chizigli programmalashning ikkalanma nazariyasiga [1] asoslanadi.

Algoritm garalayotgan masalaning parametrlari
f.=(-5-30,0), " =(3,2540),

g«=(-109,-6 ,-101,-10,-3), g =(44,6,298.,10 ,15)

10-1 6 3234 o
A_(o 1 1}’ B_[4 21 2 3}’ b'=(4:9)

bo‘lganda illyustratsiya qilinadi.
Adabiyot

1.I'abacoB P., Kupwinoa ®.M. u ap. Metoasl ontumusanuu.— MUHCK:

«Yetnipe yeTBepTI», 2011. 472 c.

CLASSIFICATION IN ONE OF THE CHAINS OF THREE-
DIMENSIONAL REAL EVOLUTION ALGEBRAS
Narkuziyev Bobomurad Abduvakilovich
Samarkand branch of Kimyo International University in Tashkent and

Samarkand State University. bnarkuziev@yandex.ru

Following [1] we consider a family {EFY:s,teR, 0<s<t} of n-

dimensional evolution algebras over the field R, with the basis e ,e,,...,e, and the

table of multiplication
[s,t] H— . - : H
ee—za e, i=1...,n; ee;=0,i=],

here the parameters s, t are considered as time.

Denote by M"7=(al}") . the matrix of structure constants of E*.
i,j=1,...n
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Definition. A family {E®Y:s,teR, 0<s<t} of n-dimensional evolution
algebras over the field R, is called a chain of evolution algebras (CEA) if the
matrix M™" of structure constants satisfies the Chapman-Kolmogorov equation

MET = MEIMEI] forany s<r<t.

We consider the following known CEA (constructed in [3]):

ESY, which correspond to the M [sit] defined as:
([ 1+ Y(s) 1+Y(s) 1+ Y(s)
1—o@(s) 1—9(s) 1—p(s) , If s<t<a,
alstl = 2]\@() = () @) —P(s) 9(s) —P(s)
2 00 0
(O 0 0) , if t=a,
\

0 0 O
where a>0 and ¢, v are arbitrary functions.

Theorem 1. [2] Any three-dimensional real evolution algebra E with

dim(E?) =1 is isomorphic to one of the following pairwise non-isomorphic

1 1 0 1 1 0 1 1 0 1 00
algebras: E;:|-1 -1 O0|,E,:;|-1 -1 O|,E,:|-1 -1 O|,E,:|0 O O
0 0 O 1 1 0 -1 -1 0 0 0O
1 00 1 00 0 0 1 00
,E.:;l0 0 O|,E,:]0 O O|,E,:|1 O O|,E,;:|]1 O Of,
1 00 -1 00 00 -1 00
1 00 0 00 00 0 00
E,;]-1 0 Of,E,:{0 O O}, E, 0 O|,E,:l1 0 O}
-1 00 1 00 00 -1 00

Theorem 2. For given values (s,t) e{(s,t):0<s<t<a} of time the algebra
E" s isomorphic to
(a) E, if one of the following conditions holds:
*w(s)=op(s)=1;
*y(s)=o(s) =-1;

*w(s)=-1,0(s)=1;
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(b) E. if one of the following conditions holds:

*w(s)=-1,|p(s)|<1;
* o(s)=1,|w(s)|<1;
* w(s)=o(s), |w(s)|<1;

(c) E, if one of the following conditions holds:

*w(s)=-1]¢(s)>1;
* o(s)=1,|w(s)>1;
* w(s)=o(s), |w(s)>1;

(d) E, if the following condition holds:

L+ ()AL= 0(s))(p(s) —w(s)) # 0,
"Ly (E)A- @)@+ (S) - 9(5) > 0, (0(8) ~ W (N2 +y(s)~9(s)) >0’

(e) E, if one of the following conditions holds:

(f)

A+ ()(A-(s))(@(s) -y (s)) # 0,

* A+ (E)A-9(s))2+w(s)-9(s))>0,;

(@(8) —w ()2 +w(s) —9(s)) <0
A+ ()1 -9(s))(e(s) —w(s)) 0,

* L+ ()A-e(s)(2+w(s) - 9(s)) <0, ;

(@(8) —w(s))(2+w(s)—9(s)) >0

* A+y(8)(-0(8))((s) —w(s)) #0,2+y(s) —(s) = 0;

E, if the following condition holds:

A+ (s)(A-0(s))(e(s) —w(s)) 0,

* A+ (s)(A-0(s)(2+w(s) —9(s)) <O,

(@(8) —y ($))(2+w(s) —9(s)) <0.

For all (s,t) e{(s,t):t>a} the algebra Els't] Is isomorphic to E,.
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GAMILTON SISTEMALARINING GAMILTON SIMMETRIYALARI
Parmonov Hamid Faxriddin o’g’li
Buxoro davlat universiteti o qituvchisi
hparmonov93@mail.ru
Bizga H funksiyaga mos keluvchi Gamilton sistemasining ko rinishi
berilgan bo'lsin
dt
Ta'rif.1. Berilgan P(x,t) funksiya yugqoridagi (1) gamilton sistemaning

J(X)VH(x). (1)

birinchi integrali deyiladi, agar bu sistemasining ixtiyoriy x(t) yechimi uchun
P(x(t),t) =const tenglik o'rinli bo’lsa.

Ta'rif.2. Agar gruppaning yasovchisi Gamilton vektor maydon bo'lsa, u
holda bu vektor maydon gamilton sistemasining Gamilton simmetriyasi bo"ladi.

Teorema.l. Berilgan W vektor maydon gamilton sistemasining gamilton
simmetriya gruppasini hosil giladi, fagat va fagat P(x,t) funksiya mavjud bolib, u
uning birinchi integral bo’lsa.

Bu yerda W =v,, vektor maydon P funksiyaga mos keluvchi gamilton vektor

maydon.
Ushbu teoremadan foydalanib biz quyidagi teoremani isbotlaymiz.

Teorema.2. Bizga vaqtga bog'lig bo’lmagan (1) sistema va V  —gamilton

simmetriyasi berilgan bo’lsin (P —funksiya vaqtga bog'liq emas), u holda (1)
sistemaning har bir x(t) yechimi uchun P(x(t)) =at+b tenglik o'rinli bo’ladi.

Bu yerda a,b-o0"zgarmas sonlar.
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Isbot.Agar P funksiya birinchi integral funksiya bo'lsa u holda (1)

sistemaning har bir x(t) yechimi uchun P(x(t))=b=const tenglik barcha t

uchun o’rinli bo’ladi.

Boshga tarafdan V, vektor maydoni gamilton simmetriyasi hisoblanadi fagat

va fagat agar
oP
— +{P,H}=C(t
a+{ }=C(1)

kommutator uchun “nol” funksiya bo'lsa.
P funksiya t ga bog’liq bo’lmaganligidan biz {P,H}=C(t)=a o’zgarmas
funksiya bo’lishiga ega bo’lamiz.
Biz

G:}{P,H}dt:aub
0

belgilash Kkiritib , d—G—{G,H}:a tenglikni hosil gilamiz. Endi biz B,=P-G

dt
funksiya birinchi integral bo’lishini tekshiramiz:
oP, oG
— +{P,,H}=——+{P,H{=0.
a e = ()

Shunday qilib, (1) sistemasining har bir x(t) yechimi uchun barcha t larda
P(x(t))=at+b=const o’rinli bo’ladi.
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O TEOMETPUH CUHTYJSIPHBIX PUMAHOBBIX CJIOEHHM B R’
‘0. 0. Kacumos, *Cammopos H. U

L, 2Jlenayckuti uHcmumym npeonpuHUMamensCcmed U neoa2ocuxu, Yzoexucmat.
E-mail: odilbek.qosimov84@mail.ru

[Tycts M — rnagkoe mHOroo0pasue pasmeproctd N, D — cemelicTBo rian-

KHNX BCKTOPHBIX HOJIGI?I, 3aJaHHBIX Ha MHOI‘OO6paSI/II/I M. CemeilicTBO D MOXKET
COACPIKATb KOHCYHOC U OECKOHEUYHOE YHCIIO TJIIaAKUX BEKTOPHBIX MOJICH.

Onpenenenue 1.]2] OpOuta L(x) cemeiicTBa D BEKTOPHBIX IIOJICH,
mpoxosias yepe3 Touky x u3 M, omnpenensercss Kak MHOKECTBO TaKHX TOUYEK Y
u3 M, sl KOTOPBIX CYIIECTBYIOT JEUCTBUTEIbHbBIEC YUCaA t,t,,....,t. ¥ BEKTOPHBIC
noss X, X,,..., X, u3 D (rae k mpou3BoJIbHOE HATYypaJbHOE YMCIIO) TAKHE, YTO

Y = X (X2 (o (XE ().0)
Ipuwmep 1. Iycts cemeiictBo D ={X,Y} rnaaxux BexTopHBIX Toneii B R®,

rae

X = yg+xi, Y :xi+ yi+222.
ox Oy OX oy 0z

IToToxu BeKTOpHBIX Mmojiei X,Y COCTOMT U3 CISAYIONTUX IIpeoOpa3oBaHUMN:
X":(x,y,2) = {xcht + ysht, xsht + ycht, z},t € R,
Yo :(x,y,2) > {xe’, ye*, ze*},seR.
J171st 5THX BEKTOPHBIX TOJIeH ckoOka JIn umeet cneayrommii Bua: [X,Y]=0.

OpOuTa ceMelcTBO BEKTOPHBIX mojied D cocrouT m3 dacTeil rumepOoIndecKux

napaboJionIoB. ODTH 4YacTU THUIMEPOOJUUECKUX MapaboJouJa0B B MeCTe C

KOOPJMHATHOH mockocTr Z =0 n ¢ ockio OZ MOKPHIBAIOT Bce MPocTpaHcTBO R,
IIycte M —rnaakoe MHOroo0Opasue pasmepHocTH N, A —MaKCUMaJIbHBIN

atnac, onpeaesnstonmii Ha M cTpykTypy riagkoro MHorooopaswus kinacca C', e

r>0. MuorooOpazue M sBnsieTcss Takke MHoroooOpasuem kiacca C°, ecnu

0<s<r. Cucremy JOKaJIbHBIX KPUBOJIMHEHHBIX KoopArHAT Ha C° MHOTr00Opa3un
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M o6o3naunm yepe3 A’. Ilycte Temeps 1enoe K ymoBieTBOpsieT HEpaBEeHCTBAM
O<k<n.

Omnpenesienue 2. Paz0uenue F MHOrooOpasuss M Ha OJAMHOTIo00pas3usi L,

Ha3bIBACTCA CHUHI'YJIIPHBIM CJIOCHUCEM, CCJIM BBITIOJIHCHBI CIICAYIOMINC YCIIOBUA!

1) UL, =M;

aeB

2) Jlns Beex a, B € B nmeer mecto obsszarensio L, ML, = & npu a # f;
3) Kanonuueckas uabekuus i:L, - M sBiseTcs norpyxeHuem;
4) Inst kaxxoit Toukn X € M cymectByer C' — kapra (¢,U), coneprkarias TOUKY
X Takag, uro @U)=V,xV,, rme V,— oxpectHOoCT, Hauago B R, V,-—
OKPECTHOCTh Hadano B R" , K —ecTb pasMepHOCTb CJI0s, IPOXOMAILErO UYepe3
TOUKY X;
5) ¢(x)=(0,0);
6) Jna xaxmoro moamHoroobpasust L, Takoro, uro L, NU #J, nmeer mecro
pasenctBo L NU = (V, xI), tne | ={veV, ¢ (0,v) e L }.

ITonmHOrOOOpa3um L, Ha3bIBAIOTCSA CIOSIMM CHHTYJISIPHOTO cioeHus F .

Ecnmu pa3MepHOCTh CJIO€B CHHTYJSPHOTO CJIOCHHS OJWHAKOBBI, TO CIIOCHUE
Ha3bIBaETCA peEryjsipHbiM cioeHueMm. Cnoii L crnoenus F  HaszwiBaeTcs
pPEeryJIIpHBIM, €ClIu pa3MepHOCTh ciosg L makcumanen. Cmoit L cmoenus F
HA3BIBACTCSI CHHTYJISIPHBIM, €CJIM OH HE SIBJISICTCS PETYJISIPHBIM.

Onpenenenue 3.[4] CunrynsapHoe cioeHue F Ha3bIBaeTCS pPUMAaHOBBIM,
CCIIM KaXKaasl Teoe3nduecKasi, OpTOrOHAIbHAS B HEKOTOPOH TOYKE CIIOIO, CJIOCHHUS
F ocraercs opToronaibHa Bcem cliosiM F BO BCeX TOUYKH.

ITycts D ={X,Y} cemelicTBO rmagkux BEKTOPHBIX Tonel B R®, rme

X ={z;0;-x},Y ={-y;x;0}.

[Torok BektopHOTrO MOt X,Y MOPOXKAAET CIECAYIONIYIO OJHOMApaMeTPHUECKYIO
rpynmmy npeodpa3oBaHuit

X 1(X,Y,2) =>{xcosé — zsiné, y, xsiné + zcoséd, & e R.
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Y< 1 (x,Y,2) >{xcos¢ — ysing, xsind + ycoss, 2}, & e R.
Jnst  stux cemeiictB  BekTopHbix moneit D ={X,Y} cnpaBemmsa

CJIeTyIoIIast TeoOpeMa.

Teopema 1. OpOutbl cemeiicTBO BekTopHbix mosed D ={X,Y} mnopoxnaror

CHHTYJIIpHOE puMaHoBa cioenue F, mpocrpanctBa R°, perynspHbIMU closmu

KOTOPOTO SIBJISIFOTCSI KOHLIEHTpUUeckue ceppl. CUHTYISPHBIMU CIIOEM ciioeHus F
SBIISIFOTCA OJIHA TOYKA T. €. HA4aJl0 KOOPAUHAT.
Jlureparypsbi:
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Springer 1993.

3. Tondeur Ph. Geometry of foliations. Monographs in Mathematics, Vol. 90,
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VALUATION OF THE CONDITIONAL FULL ANGLE OF N
HEDRAL ANGLE.
Topvoldiyev F.F.
Fergana state university, Fergana, Uzbekistan

ftopvoldiev87@mail.ru

In classical differential geometry, two directions are distinguished. One of
them, called local geometry, studies the local properties of geometric objects, and
the second one examines geometric objects throughout their entire length and is
called global geometry.

In many problems of global geometry, related to the multidimensional case,
a certain approach is distinguished, which turns out to be fruitful in solving such
problems [1],[2].
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Now let's estimate the conditional total angle n of the facet angle for the
case when one of its edges is perpendicular to the vector e (OX ) :
Consider a n facet angle S, whose vertex is at the origin of coordinates and

with edges a,, &, a,,...,a,,, C, which are uniquely projected onto the plane

XOY , without edges and the supporting planes are perpendicular to vector ¢ .

Let plane x=-1 intersect edges a, at points A’, plane x =1 intersect edges
a,a,...,a _,,catpoints A, A,..., A_,, C, correspondently. We will mapping
point A" symmetrically with respect to the origin of coordinates and denote the
resulting point by A. This leads to non-convex figure AAA,,... A ,C,.

The defect of this polygon with respect to the angle A is found by the

following formula [3]:

Opppy.. 1y e (A)=AA+AC =Py 4 o (1)
Where P, , . c isthe perimeter of the breaken AA,... A ,C,.
The value w,,, . . (A) is called the conditional total angle S, [3].

On the plane x =1 we will introduce a rectangular coordinate system (u;v)

so that the point A coincides with the origin, let the axis Av intersect the broken

AA, ... A ,C, atthe point A, .

By shifting the vertice n of the facet angle S, along the axis OX to such a

point that one of the edges S, is perpendicular to vector E(OX). In this case, the

coordinate system and the planes x=-1 and x =1 are parallel shifted. But at the

same time, while maintaining a uniquely projected of S, onto the plane XOY .

Without loss of generality, we can assume that the edge a, is perpendicular to

vector e. Upon transition to this state, point C, draws a curve on the plane x =1,

let's denote this curve by y,. And when the edge a, becomes perpendicular to

vector e, the line passing through the point and parallel to the edge a, becomes an
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asymptote of this curve. Let us denote this asymptote by |. Let line | intersect
AA at O’ and AA at O".

Let point C be the point of approximation of curve y, to the asymptote. If
edge a, intersects planes x =—1, then points C are transformed into points C". In

this case point C” is a point of approximation asymptote of curve y, starting from
point A .. Theline | is also an asymptote of the curve y, .

Curve y, and broken CO'AA,... A ... A_C, and curve y, and broken
AO'C" form figures O'AA,... A _,CC and O'AC" with a common vertex,

correspondently. The defects of these figures are calculated relative to the angle

O". When edge ¢ is perpendicular to vector e at the same time C and C* tent to

the limit +oo0 and —oo correspondently.
Denote by S, n the facet angle with the edge ¢ perpendicular to vector e.
Let its conditional total angle be w, .

Then

O, =0+ o,. (2)
When o, and «, are equal to the defects of the figures O"AA,... A _,C,C and

O"AC” when C — o and C* — —oo correspondently, i.e.

Theorem. Expression the conditional full angle n of the facet angle S, is

limited when one of its edge is perpendicular to vector e (OX )

Literature
1. Alexandrov A. D. Intrinsic geometry of convex surfaces. M-L. OGIZ,
1948.
2. Artykbaev A., Sokolov D. D. Geometry as a whole in flat space-time.
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3. Sharipov A. S., Topvoldiyev F. F. On invariants of surfaces with
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BIR DINAMIK SISTEMANING GEOMETRIYASI HAQIDA
Tursunov B.A., Bozorov M.A.
Qarshi daviat universiteti, Qarshi, O ‘zbekiston

bakbarovich@gmail.com, bozorovmurodulla2z@gmail.com

Differensiallanuvchi  akslantirish  f:U - R™ ning rangi hamma
nuqtalarda maksimal bo‘lib, n>m bo‘lsa f akslantirishga submersiya deyiladi,
bunda U — R" dagi ochig soha. Agar f submersiya bo‘lsa, u holda har peR"
nuqtaning to‘la proobrazi R" da k=n-m o‘lchamli ko‘pxillikni (qatlamni)
hosil giladi.

Masalan, f:R*—>R':(x,y)—>x*—y submersiyada har bir (c)eR’
nuqtaning to‘la proobrazi R* da y = x*+c tenglama bilan berilgan bir o‘lchamli
ko‘pxillik - paraboladan iborat.

Bizga S sirtda yoki R® fazoda X sillig vektor maydon (dinamik
sistema):

X=X,(X,Y,2),

y = XZ(X’ y’ Z)’
2= X4(XY,2)

berilgan bo‘lsin. Agar ¢:(a,b) > R® (yoki ¢:(a,b)—S) silliq egri chiziq
uchun

¢'(t) = X (o(1))
munosabat har bir t e (a,b) uchun o‘rinli bo‘lsa, ya’ni ¢ chizigning har bir t
nuqtasidagi ¢'(t) urinma vektori vektor maydon X ning shu p =¢(t) nuqtadagi
vektori X (p) ga teng bo‘lsa, u holda ¢ egri chizig X vektor maydon uchun
integral chizigq, yoki X vektor maydonning p nuqtadan o‘tuvchi ortasi

deyiladi.
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Misol uchun, R?(x,y) fazoda X, ={1, 2x} vektor maydonning p=(0, y,)

nuqtadan o‘tuvchi orbitasi ¢ ={(X,y):y=x*+Y,}, teR nuqtalar to‘plamidan,

ya’ni paraboladan iborat. Bu vektor maydon maxsus nuqtaga ega emas.
Ushbu ishda vektor maydon hosil gilgan bir dinamik sistemaning
geometriyasini o‘rganamiz.

Bizga x,y,z dekart koordinatalar sistemasi Kiritilgan R® fazoda

. XZ
X=-ay - ———,
b++1-2°
. yz
y=aX—-——F——, (1)
b++1-2°
7 =+1-72°

dinamik sistema berilgan bo‘lsin, bunda a>0, b >0 — berilgan o‘zgarmas sonlar.
{(X, Y, Z) c X(t) =y(t) =0, z(t) :l} to‘plam muvozanat nuqtalardan iborat bo‘lishini
tekshirish giyin emas.

Teorema. (1) dinamik sistemaning p(X,,Y,,Z,) € R® nuqtadan o‘tuvchi
integral chizig‘i a€Q bo‘lsa, aylanaga gomeomorf chizigdan, ael=R\Q
bo‘lsa, to‘g‘ri chizigqa gomeomorf silliq chizigdan iborat bo‘ladi.

Agar (1) dinamik sistemada 2=0, ya’ni z =z, =const, z,<(0,1) bo‘lsa, u
holda integral chiziq z—z, =0 tekislikda yotuvchi spiraldan iborat.

Agar f(p)=2b bo‘lsa, u holda p nuqtadan o‘tuvchi orbita

>+ Y2+ +b* -1
\/x2+y2

f:R*>R:(x,y,2) >

submersiya hosil gilgan gatlamda (torda) yotadi.
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LOCAL DERIVATIONS OF FILIFORM ZINBIEL ALGEBRAS
Umrzagov Sardorbek Muhammedovich
Andijan State University, Andijon, Uzbekistan
sardor.umrzagov1986@gmail.com

In the present work derivations, local derivations of n-dimensional filiform
Zinbiel algebras are studied. Namely, a common form of the matrix of derivations
and local derivations of these algebras is clarified. It turns out that the common
form of the matrix of a derivation on these algebras does not coincide with the
local derivation’s matrices common form on these algebras. Therefore, these
Zinbiel algebras have local derivations that are not derivations.

Theorem[2]. An arbitary n — dimensional n > 5 filiform Zinbiel algebra is

isomorphic to one of the following pairwise non - isomorphic algebras:

Fnll eiej=Cij+j_1ei+j,2Si+an—1,

2, —rJ C oy —
Er: eieg=Ci i ej2<it+jsn—1leye; =e,,,

E}: e = Ci];rj_leiJ,j,Z <i+j<n-1,ee, =e¢e, .
Proposition. A linear map A: E}! — E} is a derivation if and only if A is of the
following form:
A (er) = Xi-1 aje;,

A(e) = 2}:1'1 Cji_laj—i+1ej; 2<i<n-—1.

A (ey) = by_1€q_1 + byey,.
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Proposition. A linear map A: E? — E? is a derivation if and only if A is of the
following form:
A (e) = Xioy aje;,
A(ey) = Zn 3 Cla]—1ej + anen—1,
A(e) =Y ¢ a6, 3<i<n-—1
A (en) = byqepq1 + (n—2)ase,.
Proposition. A linear map A: E3 — E3 is a derivation if and only if A is of the
following form:
A (e1) = Xj-q ajej,
A(e)=Y1 € aj_iq1e, 2<i<n-—1
A (en) = —apen_ + by_sep_q +— alen
Theorem. A linear map V on E! and E? are a local derivation if and only if the

matrix of V is of the following form

by 4 0 0 .. 0 0
b2,1 bz’z 0 O O \
b3’1 b3’2 b3’3 ann O O
bp-11 bn 12 bn-13 o bncine1 bpoan

Kbn L 0 w0 b n )

Theorem. A linear map V on E2 is a local derivation if and only if the matrix of V

is of the following form

b; 4 0 0 0 0

b2 1 b2’2 0 O O \

b3 1 b3 2 b3,3 O O

bn—z 1 bn 2,2 bn—z 3 O bn—2 n

bn—l,l bn—1,2 bn—1,3 bn—l,n—l bn—l,n

b, 1 0 0 0 by n )
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MAXIMAL SOLVABLE EXTENSIONS OF LOW DIMENSIONAL
HEISENBERG LIE ALGEBRAS
Urazmatov Gulmurod Khasanboy o ‘g ‘li
National Unversity of Uzbekistan, Tashkent, Uzbekistan

e-mail: gulmurodurazmatov040599@gmail.com

In this thesis we consider maximal solvable extensions of low dimensional
Heisenberg Lie algebras.

Definition 1. A vector space with a bilinear bracket (L,[-,—]) over a field F

is called a Lie algebra if for any X,Y,z L the following identities hold:
[x,yl=-1y.x],
[x.[y, zI1+[y.[z, x]]+[z.[x y]] =0

For a given Lie algebra (L,[-,—]) the lower central and the derived series

are defined recursively as follows
=L, L =[L*, L], k>1, LM =L, L =L L], s > 1.

Definition 2. An algebra L is said to be solvable (respectively, nilpotent) if
there exists s e N (respectively, me N) such that L* =0 (L™ =0).

Definition 3. A linear map d:L— L of a Lie algebra (L,[—,—]) is said to

be a derivation if for all X,y e L the following condition holds:

d([x, yD) =[d(x), y]+[x,d(y)]
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The set of all derivations of L is denoted by Der(G). The set Der(G) is a

Lie algebra with respect to the commutator.

Let us consider (2k +1)—dimensional Heisenberg Lie algebra L on the

basis elements {x,, X,,..., X, Y1, Ya,-- - ¥, + With the multiplication:
[%.y;]=2, 1<i<k.

In this work we consider k=1 and k =2 case,

then we have 3-and 5- dimensional Heisenberg algebras with the following
multiplications :

H;:[e.e,]=6,, Hs:[e.e]=6, [e,.6,]=¢
Proposition 1. Any derivations of the algebra H, and H, have the

following matrix form respectively:

Bu  Po Pas Pu DBs
o O 13 B Bo P Pu B
Der(H,):| 0« a3 , Der(Hy):| =By Bu P Bu P
0 0 ay+ay Bz Pz Pz Pu Pus
0 0 O 0 d

here d = 5, + S, = Laz + P

Suppose, R(H;)=H,®Q, and R(H;)=H,®Q, be solvable Lie algebras
with H, and H, as nilradical. Here, Q, and Q, are the complementary subspaces
H,of and H.. By using nil-independent derivations of H, and H., we get the

following lemma:

Lemma 2. CodimH, <2 and codimH, <3.

Obviously, it’s easy to derive R(H,) by nil-independent derivations, but for
R(H;) this method is not effective. Let | ={e,}, because of | is an ideal of Hy,
we can consider the factor algebra {H;/1}. We have 4-dimensional abelian
algebra {H. / 1} as nilradical and 3-dimensional it’s complementary subspace Q,.
Then we come to an algebra L,(5) which is mentioned in [1]. After some

computations, we get the following result:
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Theorem 1. Any maximal solvable extensions of the algebras H, and H.

have the following multiplication tables respectively:

[el’ez]:es

[e3,e4]=e5

[el’xl]:el

el o],

[e. x]=¢6, e ] =e
R(H,):4[e %] =6, R(HS):4[65 ) ]::
[ez’xz]:ez’ [ezvxz]:ez
[63,X2]=e3, 4172 4
[e5,x2]:e5

[e3,x3]:e3
[e4'X3]:_e4

and the remaining products of the basis elements are zero.
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DERIVATIONS OF SEMISIMPLE LEIBNIZ ALGEBRAS
1.G’ Yuldashev
Departament of Mathematics Nukus state pedagogical institute
i.yuldashev1990@mail.ru
The study of local derivations started with Kadison’s article [9]. After this
work, appear numerous new results related to the description of numerous local
mappings (such that local derivations, 2-local derivations, bilocal derivations,
bilocal Lie derivations, weak-2-local derivations, local automorphisms, 2-local
Lie *-automorphisms, 2-local *-Lie isomorphisms and so on) of associative
algebras. The study of local and 2-local derivations of non-associative algebras

was initiated in some papers of Ayupov and Kudaybergenov (for the case of Lie

319



algebras, see [2,3]). In particular, they proved that there are no non-trivial local and
2 -local derivations on complex semisimple finite-dimensional Lie algebras. In [4]
it is also given examples of 2-local derivations on nilpotent Lie algebras which are
not derivations. After the cited works, the study of local and 2-local derivations
was continued for many types of algebras, such that Leibniz algebras [6], algebras
Cayley algebras[1], n-ary algebras [8] and so on.

Let A be an algebra. A linear map A: A— A is called a local derivation, if

for any element x € A there exists a derivation ©,_ : A— A such that A(x) =D, (X)

An algebra (Z,[,-]) over a field F is called a (right) Leibniz algebra if it
satisfies the property

[x.[y, zI1=Ix yI.z1-[[x, 2], yI

which is called Leibniz identity. For a Leibniz algebra £, a subspace
generated by its squares Z :span{[x, X]:Xe[,} due to Leibniz identity becomes
an ideal, and the quotient G.=L/Z is a Lie algebra called liezation of L.
Moreover, [£,Z7]=0. A Leibniz algebra £ is called simple if its liezation is a
simple Lie algebra and the ideal Z is a simple ideal. Equivalently, £ is simple iff
7 is the only non-trivial ideal of £. A Leibniz algebra £ is called semisimple if
its liezation G, is a semisimple Lie algebra. Simple and semisimple Leibniz
algebras are under certain interest now [6,7,10,11].

Let G be a Lie algebra and V a (right) G-module. Endow on vector space
L=G®YV the bracket product as follows:

[(9::v1):(92.V2)1:= ([91: 9.1V - G,),
where v-g (sometimes denoted as [v,g]) is an action of an element g of G on
ve). Then L is a Leibniz algebra, denoted as Gx V.
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R" FAZODA SHUNDAY IKKITA X VA'Y KILLING VEKTOR
MAYDAONLARDAN TUZILGAN D={X,Y} OILANING ORBITASI
Yusufjonov N. E., ?Mirzaraximov M. M.

'Namangan Muhandislik-Qurilish Instituti o ‘qituvchisi
’Namangan Muhandislik-Qurilish Instituti talabasi

Ynuriddinyusufjonov1995@mail.ru

“boburrahimov0818@gmail.com
Tarif 1. Berilgan M silliq ko‘pxillikning A qism to‘plamida X vektor

maydon berilgan deyiladi, agar har bir xe A nugtaga biror X, €T M vektor mos
go‘yilgan bo‘lsa, ya’ni vektor maydonni X : A—TM akslantirish sifatida garash

mumkin bo‘lsa.
Endi G M sohada aniglangan ixtiyoriy ikkita X,Y wvektor maydon va

xeG nugtaga quyidagi [X,Y] f =X (Yf)-Y,(Xf) goida bilan aniglanuvchi
[ X,Y], funksionalni mos qo‘yamiz, bu erda f silliq funksiya va Yf,Xf lar f

funksiyadan yo‘nalish bo‘yicha hosilalar.

Faraz qgilaylik X,Y vektor maydonlarning &,,...,0, bazisdagi yoyilmalari

X =2 X'0,, Y =3 Y3, bo'lsin.
[ j
Uholda [X,Y] f=X,(2Y'0,f)-Y,Q_ X'3,f)=
=Y XJ©@,Y"o f +> X001 —vai(ajxi)aif =Y Y)X0,0,f =
i i j i
=2 (X10Y' =Y19,X"),0,f

tenglikka ega bo‘lamiz. Bu tenglikdan [X,Y] vektorning x',..,x" lokal

koordinatalardagi va &,,...,0, bazisdagi koordinatalarini yozamiz:

[X,Y] _(Zx‘aY' ZY‘@X) _(ZX‘ Z Jaxl (6)

]
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Shunday qilib M ko‘pxillikdagi har bir X,Y sillig vektor maydonlar juftligiga

yangi [X,Y] vektor maydon mos keladi va X,Y vektor maydonlarning Li

kommutatori (gavsi) deyiladi.
X vaY - M dagi vektor maydonlar bo‘lsa, u holda ularning Li gavsi

Z =[X,Y] quyidagi shartlarni ganoatlantiruvchi birorta Z vektor maydon bo‘ladi

bu yerda f —ixtiyoriy silliq funksiyadir. f :M — R*

Lokal koordinatalarda X,Y sillig vektor maydonlarning ko‘rinishi
quyidagicha X => X'e , Y =>'Y'e, bo‘lsa, u holda quyidagi tengliklar o‘rinli
i j
bo‘ladi. Z(f)=[X,Y]f =X (f))-Y(X(f))

ﬁ_w%)

Z :[x,Y]:wa‘)—Y(x‘)Ej_ZZ(xJ

Z(XJ@L_YJ%)
, OX;
Ta’rif 2. Berilgan X vektor maydon va y egri chizig uchun har bir

nuqtada

tengliklar o‘rinli bo‘lsa, y chiziq X vektor maydonning integral chizig‘i deyiladi

Bu yerda ¢ (x.x,....x,) lar X vektor maydonning koordinata funksiyalari deyiladi.

Bu tengliklarni
7' (1)=X(r(t))

Bu yerda »'(t) bilan y

umumiy holda quyidagicha ham yozish mumkin:

(t) chizigning t nuqtadagi urinma vektori.
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Ta’rif 3. Berilgan X vektor maydonning t=0 da p=(x°x°,..x°) nugtadan
o‘tuvchi integral chiziqni y(t, p) bilan belgilasak p — X'(p) akslantirish X vektor
maydonning ogimi deyiladi

Ta’rif 4. Agar har bir t nugta uchun x— y(t,x) akslantirish izometrik
akslantirish bo‘lsa, X vektor maydon Killing vektor maydoni deb ataladi.

D -vektor maydonlar oilasi va M n o‘lchamli silliq ko‘pxillik berilgan
bo‘lsin.

Ta’rif 5. D vektor maydonlar oilasining x nuqtadan o‘tuvchi orbitasi L(x)

shunday y € M nugqtalar to‘plamiki, u D oilaning X, X,,..., X, vektor maydonlari
va t,,t,,...,t,__hagigiy sonlar uchun y= X (xl}ll(...(xltl(x))...)) kabi aniglanadi.

Teorema 1. R" fazoda shunday ikkita X va Y Killing vektor maydonlar
topiladiki, ulardan tuzilgan D:{X,Y} oilaning orbitasi uchun quyidagi tenglik
o‘rinli bo‘ladi

L, =R".

Bu teorema har bir n wuchun masalan n=2 bo‘lganda quyidagi

X = —yi + Xi hamda Y = 9 vektor maydonlarni o‘z ichiga olgan D ={X ,Y}
ox oy oy

oilaning bazis vektorlarini X va Y vektor maydonlarning Li gavsini Z :[X ,Y]va

bular ortgali hosil gilinadigan Li gavslari hisoblashlar bilan topiladi.

ABOUT A PROBLEM ON -BOUNDED SPACES
Zaitov Adilbek Atakhanovich, Karimov Sardor Yashinovich
Tashkent University of Architecture and Civil Engineering, Tashkent, Uzbekistan
Institute of Mathematics named after V. I. Romanovsky, Tashkent, Uzbekistan
e-mail: sunnattagir@gmail.com, mr_man89@mail.ru
In this paper we investigate some properties of t-bounded spaces and get a
negative decision for a well-known problem about local density and density of z-

bounded spaces. Throughout the paper t is an infinite cardinal number.
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Definition 1[1]. A space X is called 7-bounded, if the closure in X of every
subset of cardinality at most 7 is compact.

It is well known that every closed subset of a T-bounded space is T-bounded.
We obtained that any subset of a 7-bounded space is also t-bounded. Clearly, the
last result improves the front one. Let us formulate this statement.

Theorem 1. Any subset of a T-bounded space is 7-bounded.

Definition 2[2]. We say that a topological space X is locally t-dense at a
point x € X if 7 is the smallest cardinal number such that x has a t-dense
neighborhood in X.

The local density at a point x is denoted by Id(x). The local density of a
space X is defined as the supremum of all numbers ld(x), x € X; this cardinal
number is denoted by ld (X).

If ld(X) < X, for aspace X, we say that X is locally separable.

Definition 3[2]. A subset M of a topological space X is (everywhere) dense
in Xif [M] = X.

The density of a topological space is defined with following way:

d(X) = min{|M|: M is a dense subset of X}.

If d(X) < R,foraspace X we say that X is separable.

The following problem was still open:

Problem 1. Do t-boundedness of X and equality ld(X) < T provide
equality (X) <t ?

We achieve a negative answer, building a counterexample.

Example 1. In the plane R? consider two concentric circles

C; = {(x,y)eR?: x? + y% =i}, i=1,2,
and their union X = C; U C,; the projection of C; onto C, from the point (0,0) will
be denoted by p. On the set X we will generate a topology by defining a
neighborhood system {B(z)},cx; namely let B(z) = {{z}} for z € C, and for
z € (C; let
B(z) = {Uf(z)};:f
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Here U; = V; Up(V;\{z}) and V; is the arc of C; with the center at z and of the
length 1/j. One easily verifies that the collection {B(z)},cx has properties
(BP;) — (BP,) [2], so that, by Proposition 1.5.2[2] the set X with the topology
generated by the neighborhood system {B(z)},cx is a Hausdorff space.

The space X is called the Alexandroff double circle. It is a compact space
[2]. For each cardinal number 7 every compact space is t-bounded as well.

Obviously, Id(X) < w. On the other side X is w-bounded. Unfortunately,
we have d(X) = w4, which implies d(X) > w.

Thus, Problem 1 has a negative inference.
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SKBUBAJEHTHOCTD NIYTEM OTHOCHUTEJIBHO JJEMCTBUA
I'PYIIIbI Gp(4n)
C. C. XKypaboes, P. A. I'agpgpopos

DepeaHnckuil 20Cy0apCcmeenHblil YHUBEPCUMen

saidaxbor.juraboyev@mail.ru, gafforov.rahmatjon@mail.ru

ITycts H" — n-MepHOE BEKTOPHOE IPOCTPAHCTBO HAJL TEJIOM KBATEPHHOHOB

H . Mseectno, uto H" MoxHO paccMaTpuBarh Kak 4N —MepHOE BEILECTBEHHOE
BEKTOPHOE  TpOCTpaHcTBO. (003HAaUMM ATO  BEIISCTBEHHOE  BEKTOPHOE
MIPOCTPAHCTBO Yepe3 V .

[Tycts G :Gp(4n) TPyl BEMICCTBCHHBIE MpeacTaBicHue Tpymma SP(Nn)
noarpynmna B GL(4n,R), T.e
6p(4n):{g eGL(4n,R):g9" =E,glg" =1,9J9" =J,gKg" =K, detg =1},

rne E— 4n-mephoe enunanunas Marpuina, a matpuiel $1, J, K$ coorBercTBeHHO

HNMCHOT B BUJIC:
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', 6 .. 0] (J, 0 .. 6] K, 0 .. 0]
R S L
g 0 .. |l 0 0 .. J] 0 0 .. K_

B srom ciywau, matpuusl 6 —, |, J; u K; COOTBETCTBEHHO 4-MEpHOE HyJeBas

Marpuna u 4- MCPHOC CUMIIJICKTUYCCKAsA MaTPHIIbI, T.C

[0 1 0 0] [0 0 -10 0 0 01

10 0 O 0 0 0 1 0 0 10
I, = ), = K, =

0 0 0 1 1 0 0 0 0 -1 00

0 010 [0-10 0 -1 0 0 0

Takxe, §' -TpaHCIOHMpPOBAHHAS MATPUIIA (.
B nmampHeimuM yepe3 I o06o3HauaTh mHTepBan (a,0) m3 R (BOo3MOXKHBI

clly4ad, Korja a=-oo0 wikd b=+w). I—nyts B V Ha3bIBacTCs BEKTOP-PYHKIUS

S .~ " 4 .

Xt):I->V, X(t)= {XI (t)}|:nl’ y KOTOpOW Bce KOOPAMHATHBIE OTOOpPaKCHUSI

X 13 = R aBnstorcs 6eckoneyHo auddepeHunpyemMbiMu QyHKIUSAMU, [2].
J—nyte X(t) Ha3wbIBaeTCs pecyaspubiM, €CIU X (t):=x(t)#0 mus Bcex

:1:1 gepes M (X)(t) ob6o3naumm

te3. Jna kaxmoro JI— myTH )‘(’(t)z{xI (t)}

4nx4n— wmarprry (X" (t))iny, TAe |—bll cTpokeif MMeeT KOOpAMHATHI

x"P(t), xO(t)=x(t),I,m =1,4n. Yepes M'(X)(t) obGo3Hauaercs MarpHIa
(x™ (t)roy. S—myTh X(t) HA3BIBAETCS CUIBHO peyApHbIM, €CTH OTIPEIETHTEND
detM (X)(t) He paBHO Hyit0 TIpH Beex t € T, [2].

[Tycte G —moarpymma rpymmel GL(4n,R). JBa JI—nyru X(t) u y(t)

Ha3bIBalOTC G —okeueanenm, €civ CyllecTByeT Takol snemMeHT g e€G, 4rto

y(t)=X(t)g mwsBcex teJ.
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[lycts rpymma G= 6p(4n). Cnenyromiasi  TeopeMa  OIpeaesieT
HCOOXOMMMBbICE W JIOCTaTOYHbIe yciaoBHS G —dKBHUBAJICHTHOCTH  CHIIBHO
peryisipabix 3 —myteid X(t) m Y(t) ¢ momombro matpur; M (X)(t) u M (Y)(t).

Teopema.l Jlsa cunvno peeyrispuvix I—nymeu X(t) u yit) G-
IKBUBATIEHMHBI MO20d U MOLKO M020d, KO20d GbINOJHEHbL CIeVIOUUEe PABEHCEA

ons ecex te3J:
) M'@QOME®) =M GHOMEO)
L) ME)O(ME)) =MEGOMEO);
i) MO (ME)®) =M GO (ME))';
i) ME)®)I (ME)D) =M H1I(MG)WD)';

i) M(R)OK(ME)1) =MFOK (M)
ig) detM (X)(t) =detM (y)(t)
rae (M ()*()(t))t — TpaHCIIOHMPOBaHHAsg MaTpuua k Matpune M (X)(t).
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BOCCTAHOBJIEHMUE TOBEPXHOCTH B OCOBOM CJIYYAE ITIO
MOJHOM KPUBU3HE B MHOI'OMEPHOM HU30TPOITHOM
HNPOCTPAHCTBE

HUemounos Lllepzoobex™, Typoues LLloomon®
'Tawkenmexuii I ocyoapcmeennwil Tpancnopmuulii Yuusepcumem,
Tawkenm, Yz0exucman,
Tawkenmexuii Gunancoswiit uncmumym, Tawxenm, Y30exucman.
e-mail: sh.ismoilov@nuu.uz
B pabote [2] paccMoTpeHa 3ajada CYIIECTBOBAaHHUS IMOBEPXHOCTH, KOTJa
nosiHasg K W cpefHsiss H KpUBHU3HBI MOBEPXHOCTHU MOCTOSIHHBI, & B 3TOU padoTe [5]
npobiieMa pelaeTcsi CyLEeCTBOBaHUS MOBEPXHOCTH, , KOT/IA MOJHOM U CpeaHel
KpUMBHM3HAMU TIOBEPXHOCTU SIBJISIETCS IPOM3BOJIbHA 3aJlaHHasg (PYyHKUUS B
TPEXMEPHOM IPOCTPAHCTBE.. DTy 3a7ady Mbl pacCMOTPUM 0co00il cilydae, Kornaa
MOJIHOM M CpEeIHEN KPUBU3HAMU IMOBEPXHOCTH SIBJISIETCS MPOM3BOJIbHA 3aJIaHHAS
(GyHKUHSI B MHOTOMEPHOM M30TPOIHOM MPOCTpaHCTBE. B 4acTHOCTH, paccMOTpUM

3Ty 3aJladyy B Kjacce MOBEpXHOCTEN mnepeHoca. PaccmMarpuBaemas 3agaya B R!

n+l
CYCCTBCHHO 3a4aBHUCHUT OT TOI'O, KaKHUM 06pa30M OIIPCACIICHBI ITOBCPXHOCTD

niepeHoca.

[Tycts Ox (i=1,(n+1)) - cuctema KoopauHaT B apPUHHOM MPOCTPAHCTBE A ;.

CkansipHoe TPOU3BEACHUE BEKTOPOB X (X, Xy,-;X,.1) U Y(VY;, Ypsee Vo) ONPEIETUM
o gpopmyiie
D XY, ecu Y XY, #0,

(X,Y)=1" 1)
Xn+1yn+1’ eciu inyi =0'

i=1l
Onpenenenue 1. AdbdurHoe mpocTpaHCTBO A, ,, B KOTOPOM CKAISPHOE
MIPOU3BEJCHUE BEKTOPOB BhIYHCIsICTCs 10 GopMmysie (1), Ha3bIBae€TCsS M30TPOITHBIM

npoctpanctBoM R", [1].

n+1
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YrBep:xknenue 2.  M3oTponmHOE — IPOCTPAHCTBO R?

n+1

SIBIISICTCS
HOJIPOCTPAHCTBOM (N + 2) -MEPHOT'O IPOCTPaHCTBA MHUHKOBCKOTO 'R, ., [6].

[ToBEPXHOCTh IEPEHOCA B3aUMHO OJHO3HAYHO IIPOEKTUPYETCS Ha  i-I0
KOOPAUHATY THIIEPIUIOCKOCTU. HamoMHMM, 9TO 3Ta THUIEPILIOCKOCTH SBJISETCS
M30TPOIHBIM IPOCTPAHCTBOM. TOrjga BEKTOPHOE yPAaBHEHHE ITOBEPXHOCTH
TIEPEHOCA UMEET BUJI:

k1 n _. n _
F Uyl = DU, € +[Z fj(uj)J-ek + ) U
i1 =1 =k

BBIYKCIIUM TOJHYIO ¥ CPEAHION KPUBM3HBI 3TOW IOBEPXHOCTH. s 3TOrO
BBIYHCIIUM 3HAYeHUS KO>(QPHULUEHTOB NIEPBOM U BTOPOM KBaAPaTUUHON (HOPMEL, a

TAKIKC ITOJTYYCHHBIC UCPC3 HUX OIMPCACIIUTCIIN.

Teopema 1. Eciu nana ¢ynxums K=]]e@(x) ana ocoboii ciydae, TO

i=1

CYIIECTBYET ITIOBEPXHOCTh

E(ul,---,un)=§ui-€+ 23w [[ 2.0 + 24— [, 06)dx, +
i=1 i=1 D Ly D

k=1

-1

+21§(C1‘xi +Cl)+ I(—(n +1)_|._(pn/(£(n_d) X, jmdxn Ok Zn: U-e,

i=k+1

Il KOTOPOM OHa SBJISETCS IOJHOW KPUBU3HOM, Iie C,— IOCTOSIHHBIE YHCIIA U
¢,(u;)e C*(D).
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O HEKOTOPBIX CBOMCTBAX 'TEOMETPUYECKOM PABHOCTHU
MHWHKOBCKOI'O B CJIOEHUSAX
Mamamos Mawpaborcon Lllaxabymounosuy
Hayuonanvnoiii ynusepcumem Yzoexucmana umenu M. Ynyebexa
mamatovmsh@mail.ru
Hypumounoe Kanoaxon Typcynboii yenu
Kokanockuui Ileoacocuueckuti uncmumym
nuritdinovjt@gmail.com
I[Tycte B R" 3amano M Bemmykinoe KOMIMakTHOe M N KOMIIAKTHOE

mHoxecTBo. Crieays, M. Tamypa [1] npeamonoxum, uro Ha M onpezeneHo Takoe

cinoenue F ={La; ae A} , 9TO JUIsl HEKOTOPOTO CJI0SI OYJIET BHITIOJIHEHO YCIIOBHE
o, €A L, =0M, =0M . MuoxectBo orpannuenHoe cmoeM L, o0GosHaumm

M_,oM_ =L ,aecA. Ilpennonaraerca, uro M _, €A Takke BbImyKIBIE
KOMIIAKTHBIC MHOYKECTBA M 3aMKHYTO OTHOCHTENLHO OINEPAIUM I€OMETPHUECKOM

pasHoct, T.e. ecmu M *M ,# O, cymecTByer Takoe y e A, YTO UMEET MECTO

M, M, =M [2-3]
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Ilyctb ™M, N JBa MOJMHOECTBO MPOCTPAHCTBA R", TOrJa MHOXECTBO
E=aM+8N, TI€ o HW pB- (QUKCHPOBaHHBIC [IEHCTBUTEIBHBIC YHCIA,
ONPENETAECTCA KaK COBOKYIHOCTb BCEX z=ax+py, TI€ XeM, yeN. fcHO, 4TO
€CIM M, N BBINYKJIbIE MHOXECTBA, TO E BhIMyki0, eciu 0o6a MHOKkecTBa M 1
N KOMMAaKTHBI, TO MHOKECTBO E Takke KOMIakTHO[2].

Omnpenenenue 1. Ilycte ™M, N 1Ba NOOAMHOXECTBO IPOCTPAaHCTBA R,

*
TOraa reoMETpHdYCCKas pPasHOCTL 3TUX MHOXXCCTB OIPCACIACTCA D =M —N KakK

COBOKYIIHOCTb BCCX TAKHX TOYCK zeR", A KOTOPBIX Z+NcM. HCHO, qTo

D+NcM, npuueM D ecTb MakCUMaJIbHOE MHOXECTBO, YAOBIECTBOPSIOLICE dTOMY

o 3k
YCIIOBHIO. I/I3B6CTHO, 4yto eciu M BBIITYKJIBIM KOMIIAKT U N KOMIIAKT TO D=M —N

BBITYKIbIH KOMITAKT.
Jemma. Eciu 11 muoxkects M, M, N Bemonneno ycnosue N <M,
TO [/ HUX UMEET MECTO PaBEHCTBO
M =N =(M=M,)+(M,=N). @)
*
Jokazateabcro. Ilycte Z€ M =N, mokaxem, 4To cymecTByroT Takue

* * f—
z,eM*M un z,e M=N, ana xoropbix BbImONHsSETCS paBeHcTBA Z=1Z +1Z,.
Hcnone3yss ompezeieHue TEeOMETPUYECKOM pa3sHOCTH  MUHKOBCKOro, s
zeM*N wmoxem namucare Bkmouenue z+N M . 3Hauut ais moboro ¢ € N

CYIIIECTBYET Takoe a € M , 4To JUIsi HUX UMEET MeCTO paBeHCTBO Z +C=a. Orcrona

TOTy49HM COOTHOIIIEHHE
c=a-z€N. (2)
Mo ycnoeun N c M, spaunr M =N =, lyers 2, M _ =N | orcrona
crenyert, uto Z,+*N €M _. Dro cooTHOmEHNE MMeeT MECTO IS BCEX DIEMEHTOB
MHOXkeCTBO N . 3HauuT B cuity (2) UMEET MECTO BKIIOUYEHHE
Z,+a—-2eM.,. (3)

o ycnosun MM _#O, nycrs Z, € MM . 3Haunt umeer MecTo BKIIOUEHHUE
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Z,+M_ <M . 3ro cooTHOmIEHNE NMEET MECTO IS BCEX DIIEMEHTOB MHOKECTBO
M, Tornma B cuny (3) mns snementa Z, + 8 — Z Toxke UMEET MECTO
Z,+z,+a-2eM, (4)

Tak kak a€ M , Torna Z, + Z, —Z =0 u 3HaunT, umeeT Mecto Z, + Z, = Z paBEHCTBO.

[Tycts Temepp Ze€ (I\/I M, ) + ( M, =N ), TOTJIa CYIIECTBYIOT TaKHe
zeM*M sa z,eM_ =N, uro Z,+2,=7. U3 cootnomenns Z €M*M_ &
CHJIy OTpEeNeHus] TeoMeTpuueckoli pasHoctd nonyunm Z+M_cM . Touno
Taxxke u3 cootnomenns Z, € M_*N nonyunm sxmouenne 2, +NcM .

U3 mocnennmx aByx BkmoueHnit (3),(4) momyunm Z,+Z,+NcM, a

OTCrOJla uMeemM Z; + 7, C M =N | Jlemma noxazana.
Onpenenenue 2.byemM roBOpuTh, 4TO KOMIAKTHOE MHOKECTBO N MOKHO

BIOKHNT crioeHnst F ecnm cymecTBytot Takoii cnoit L, € F u Bextop zen ", uro

1S HUX BhimonHeHo cootHomenne Z+N c M,

Onpenenenue 3.byaeM roBopuTh, YTO KOMIAKTHOE MHOKECTBO N IIOTHO
BIOXeHO cinoenue F ecim u3 toro wro z+NcM, , z+NcM,, M, M,
cnenyer pasencteo M, =M .

N3 sToro ompeaeneHus JErKO MOXKHO MOHSTb, YTO €CJIH KOMIIAKTHOE
MHOeCTBO N IJIOTHO BJIOXEHO cioeHue F , Torma pazmMepHOCTh reOMEeTpUYEeCKOn
passoctn M _*N Gyner menpime uem N,

Omnpenenenue 4.bynemM roBopuTh, YTO KOMIIAKTHOE MHOXECTBO N BIOJIHE
MIOTHO BJOKEHO cloeHMe F ecnm cmectsyer Takoit cmoit L, € F pus
COOTBETCTBYIOILIETO M_,a€A  reomerpuueckas  pasHOoCTb  sBJseTCS

enuHcTBenHoi Toukn: M, =N ={a}.
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Teopema. Ecmu xomMnaktHoe MHOXECTBO N BIIOJIHE IUIOTHO BJIOXKEHO

cioeHue F Ttornma sl reoMeTpUYECKO pa3HOCTH MHOXKECTB M, N HMEET MECTO
PaBEHCTB

MiN:(MiMa)+a. (5)

Jloka3zareabcTBO Teopembl. B cuiny (1) TeopeMbl 11 reoMeTpUyYecKOn

pa3HOCTH MHOXecTB M, N umeeM M =N = ( M=M_)+(M,=N). Uz ycnosus

Teopembl (5) MHOkecTBO N BIOJIHE IUIOTHO BIJIOXEHO cioeHue F Ttorma

M, =N = {a} , omnpeneneane 4. W3 3TMX ABYX PAaBHCTB  MOJIYYUM
M=N = ( M =M, )+a. Teopema sokasana.

CIIMCOK UCITOJIb30BAHHBIX JIUTEPATYP:
1. Tamura I., Topology of foliations. Moscow, Mir, 1979, 317p (Russian).
2. Hontpsarun JI.C. Jluneitnsie nuddepeHImanbHbie UTphl peciieoBanus // Mar.

coopuuk. — Mocksa. 1980. — T. 112. — Ne 3. — C. 307-330.

O MPOEKTUBHOM JIOKAJILHOM IVIOTHOCTH
IMMPOCTPAHCTBA X"
Mamnacwvinosa Pe3uoda 3amup kuzu, Ucmounos Jlasponbex HUnxomoicon yenu
Hayuonanvnoiii ynusepcumem Yzoexucmana umenu Mupszo Ynyeoexa

rezidabadrutdinova@gmail.com, davronbekismoilov343@gmail.com

[Iycts @ - HekoToOpas kapauHaibHas (PyHKUHSA, ompeAes€éHHAas Ha Kiacce
Tonosiornyeckux npoctpanctB C. OnpenenuMm Ha C NPOEKTUBHBIA BApUAHT P
s pyukiun @ . J{nst Besikoro X € C pomyctum, uto pe(X) ecTh TOYHAS BEPXHSS
rpanb 3HadeHHd @(Y), rme Y € C MeHsAeTCS Ha MHOXKECTBE BCEX HETPEPHIBHBIX
obpazoB X [1]. B uacTHOCTH, MBI paccMOTpHM ciydaii, B kotopom ¢@=Id,
JOKanbHas IMJIOTHOCTh, OMpEAeNiEHHAas Ha KJAcCe TOIMOJIOTMYECKUX MPOCTPAHCTB
C.

Omnpenenenue. [2] [lommaOKecTBO M TOmOIOTHYECKOTO MPOCTpAaHCTBA X

wiotHo B X , eciiu [M] = X.
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[110THOCTh ~ TONOJIOTHYECKOTO  MPOCTPAHCTBA  OMPEACIACTCS  CIICTYIOIINM
CIIOCOOOM:
d(X)= min{\M ‘: M —mnotHo B X }.
Ecmm d(X)<w, T0o X Ha3pIBaeTcs cemapadeIbHBIM MPOCTPAHCTBOM.

Teopema.[2]. [lycts Y - HempepbIBHBIH 00pa3 mpocTpaHcTBa X ; TOTaa
d(Y)<d(X).
[110THOCTH MPOCTPAHCTBA HE MPEBBIIIACT €r0 MOIIHOCTH.
Onpenenenne.[3] Tomonorudeckoe npocTpaHcTBO X Ha3bIBAaeTCs
JIOKAJIbHO 7 -TUIOTHBIM B TOYKE X € X , €CIIM 7 - HAUMCHBIIUN KapIuHAJI TaKoH,
YTO X MMEET 7 -TUIOTHYIO OKPECTHOCTH B X.

JlokanpHast TUIOTHOCTH B TOUKe X oOo3Hauaercs yepes ld ().

JlokanpHas MIOTHOCTh IIPpOCTPAHCTBA X OIIPCACIIACTCA KaK TOYHAA BCPXHAA

rpanb Bcex umnceln ld(X) ams X e X . OroT kapauHan o6o3nagaetcs uyepes 1d (X).

MoO>KHO BBIBECTH CJICAYIOIIEE
Onpenenenue. [IpoeKTUBHONW JTOKAJIBHON IIJIOTHOCTBHEO TOIMOJIOTHYECKOTO

npocTpaHcTBa X Has3bIBaeTCs TOYHAs BepxHss TpaHb 3HadeHwit ld(Y), rme

TOTIOJIOTUYECKOE MPOCTPAHCTBO Y MEHSETCS Ha MHOXECTBE BCEX HEMPEPBIBHBIX
obpazoB X, T.€.,
pld (X) =sup{ld(Y)|Y —HenpepsiBHbIit 00pa3 X }.
Teopema. IlpoekTuBHas JOKajgbHAs IJIOTHOCTH TMPOCTpaHCTBA X HE

IMPCBLIMIACT INPOCKTUBHYIO JIOKAJIBHYTO IINIOTHOCTH ITPOCTPAHCTBA X n.
Jlureparypa:

1. I. Juhasz and Z. Szentmikloéssy, The projective 7z -character bounds the order of
a m-base. Proceedings of The American Mathematical Society Vol. 136, N. 8,
August 2008, pp 2979-2984 S 0002-9939(08)09315-5

2. P. Ourenskunr, Oowas mononozcus, M.: Mup, 1986.

3. R. B. Beshimov, F. G. Mukhamadiev and N. K. Mamadaliev, The Local Density
and The Local Weak Density of Hyperspaces, International Journal of Geometry

Vol. 4 (2015), No. 1, 42 — 49
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ACCOIIMATUBHOCTD AJITEBP ITOPOKJIEHHBIX KOCBIMbI
NNPOU3SBEAEHUAMMU KBAJIPATUYHBIX CTOXACTHYECKHUX
OINIEPATOPOB
Mupxoooicaesa Haoxcuba
Tawkenmckuil 20Cy0apcmeenHblil SKOHOMUYECKUL YHUBEPCUNEM
najibaxon_7@mail.ru

IMycte  V: S 181y psm 1 gm-d - KBaJpaTH4HbIE
CTOXAaCTHYECKHE OonepaTopskl, rae S 1 = {x = (xl, vy X ): X+ -+x,=1}mu
ST ={y =01, ym) v+t ym =13
Ha cummnnexce
STl = (X1, s Xy Vs o V)i X1 + o+ Xy + Y1 + o+ Y = 13

onpenenuMm oneparop V = V; X V, monaras

(V(x,y))i = (Vl(x))i +g9i(x,y) nna i =1,..,n

V&),

n+m —_
e Qp—1 gk = 2(x1 + -+ x,)(y1 + -+ Y).
Tak onpeieJIeHHbIH orepaTop Ha3bIBAETCs KOCHIM IIPOU3BEIEHUEM OINEPAaTOPOB

Vi n V,[1].

= (Vz(y))j +gj4n(e,y) ma j=1,..,m

Iycte Vi: S{ - S u V,: S; - S} xBagparmunsie cToxacTuueckue oneparopsl
Ha ST = {x = (x,%3), X1, %, =0, x; +x, =1}

S;==0uY2) Y1.Y220, ity =1}
eV, { (V1(x1, %2))1 = a1x{ + 2byx x5 + €157

(V1(x1, %2))2 = (1 — ap)xf + 2(1 = b)xyxp + (1 — ¢ )xp?

: { Va1, ¥2))1 = @7 + 2b1y, + €2¥3
’ Va1, ¥2))2 = (1 = a)yf + 2(1 = bp)y1y, + (1 = ¢)y3
rme 0<ayby,c,a3by,c0 < 1.

[Tomaras y; = X3,Y, = X4, PACCMOTPHM CJIEAYIOIIEE KOCOE IPOMU3BEICHHE

V == V1®V2
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( X] = X% + 2byx1X, + €1 %% + 200 % X5 + 2B X1 Xy
xy = (1—a)x?+2(1 —b)xyxy + (1 — ¢y )xp2 + 2a,x,%5 + 2B2%,%,4
{ X5 = Ayx% + 2byx3x, + Cx2 + 2(1 — ay)xx5 + 2(1 — ay)x3x, (2)
kxé = (1 —ax)xg +2(1 = B)xyxs + 2(1 — Bp)xxs + 2(1 — by)x3x, + (1 — ) x5
Anrebpa nopoxaeHHas kco V- 310 anreOpa A Haja moJieM JEHUCTBUTEIIBHBIX

gmcel ¢ 0a3UCoM {a,,a,,...,a, } U C TAOIHUILEH YMHOKEHUS

a;a; = Yi=1PijkUc- (1)

B o0mem, anreOpbl, BO3HUKAIOIIUE B  TEHETHUKE,  SIBIAIOTCA

KOMMYTaTUBHBIMHA, HO HE  AaCCONMATHBHBIMH. HwWke MBI  paccMOTpUM

acCOIlMaTUBHBIC alreOpbl C T'€HETHYECKOW peanusarued. Jlerko BuUaeTh, 4TO n-
MepHas anredpa ¢ TeHETHISCKOMN pean3aireil acColMaTiBHA, €CITU JIIS

L, k,s=1,.,n

[Ipu BbIMONMHEHWM HWKE § ycIoOBUU omepatop (2) MOpoXmaeT acCOMATUBHYIO

anreopy (cm.[2]).
1 by(by—1) =ci(a; — 1) 2.p1(B1—1) =0

3. (B2—PF)(1—a) =0 4.b1(By — B2) = B1(1 — B2)

B.(fi—a)(A—az) =0 6.0 (B —a1) =B (1—ay)

T.a,(a, —1) =0 8.c,(1—a,) =b,(1—-0b,)
Jlureparypa:

1. T.Bier, Z.Dollah, N. Ganikhodjaev. Construction of non ergodic quadratic
stochastic operators. Nonlinear Analysis and Phenomena 11 (2005), No.1, 1-14.
2. Nasir Ganikhodjaev and Gavhar Dustmuradova, On classification of
associative non-division genetic algebras. AIP Conf. Proc. 1557, 26 (2013); doi:
10.1063/1.4823868
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BBIYETHBI U CUCTEMA BBIYETOB
Typaesa Habus A60ynnaesna-ooyenm kageopul «/ughgepenyuanvroe

ypasnenuey BI'Y ~ nabiyaturaeva48@agmail.com

Typaes Kaxoneup @epyzuioxosuu- cmyoeHm u3uKo-mamemamuyeckozo

gaxyromema BI'Y  Jaxaraev99@gmail.com

BbIueTbl M CHCTEMBI BBIYETOB HMMEIOT HE MANyl0 3HAYHMMOCTh B Kypce
anreOpsl U Teopuu uncelsl, COBOKYIHOCTh IEJbIX YKCEN, JAIONUX TPH JCICHUHN Ha
HaTypaJlbHOE YKMCI0 M (MOMAYIb) OJIMH M TOT )K€ OCTATOK I, 00pa3yeT kiacc uucen
10 ATOMY MOAYJII0 M. Bce uncina JaHHoTo Kitacca B OOIIEM BHUC 3aITHCHIBAIOTCS
tak: MK + r, rae K — mo6oe menoe uncino. Yncio Bcex KIaccoB paBHO M.

JIroboe Yucno Kilacca Ha3bIBACTCS @blUemoM TIO0 JTAHHOMY MOJIYJII0 M (1o
OTHOIIICHHUIO KO BCEM YHCIIaM TOTO JKe KJiacca).

COBOKYIMHOCTh JIFOOBIX YHCEN, B3ATBIX M3 KaXIOro Kiacca IO OJHOMY,
Ha3bIBACTCS HOIHOU CUCMEMOIL 6b14en 06 TIO TaHHOMY MOJYIIIO0 M.

OOBbIYHO B Ka4yeCTBE IMOJIHOW CHUCTEMbI BBIYCTOB YIOTPEOJSCTCS MOJHAS
cucmema HAUMEHbUIUX HEeOMPUUAMEIbHBIX 6bI4en 06 TI0 TaHHOMY MOIYJI0 M,
T. €. cucrema yucen. 0,1,2, ..., m-1.

WHorna ynoTpednsieTcs U noinas cucmema HAUMeHbuux no adconomHuoi
8e/IUYUHE HENOJI0MHCUMEIbHBIX 8bl4en 06 TI0 JTAHHOMY MOIYJIO M, T. €. Yucia: -
(m-1),-(m-2),...,-2,-1,0.

YacTto ynoTpeOsieTcst TakKe HOIHAA CUCHeMa aOCOTIOMHO HAUMEHbUIUX
ébluenmoe 110 MotyJito M. Hampumep, it m = 5 atoii cuctemoit OyyTt uucna: -2, -
1,0,1,2; mmam =6 —uucna: -2,-1,0, 1,2, 3, wmm -3, -2, -1, 0, 1, 2.

COBOKYIMHOCTh YHCEJ, B3STHIX W3 TOJHOW CHCTEMbI BBIYETOB U B3aWMHO
IPOCTBIX C MOJIYJIEM M, HA3bIBACTCS HPUBEOCHHOU CUCHEMOIL 8bIYEM 08 TIO PTOMY
MOyIE0 M. Urcio dyrcet, COCTaBISIONINX TPUBEICHHYIO CUCTEMY BBIYETOB PABHO
o(m).

YHoTpeOsFoTesl Te K€ TPH BUAA TPUBEIECHHON CHUCTEMBI BBIYETOB, YTO U
NOJTHOM CHCTEMBbI, HO TEeNeph OHU HOCST HAa3BaHUS: NPUBCOCHHAs CUCmeMd

HAUMEHbUIUX NOJIOHCUMETIbHBIX 6blYEN 08, npu@edeHHaﬂ cucmema HaumMernbux no
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abcontomuoll  8euyUHe ompuyameslbHblx 6bl4emos U npueedeﬂﬂaﬂ cucmema
abCcoNOMHO HAUMEHLUIUX BbIYENOE.
Ilo npocmomy M00ymo P mpuBeaCHHAass CHCTEMAa HAUMMCHBINMX BBIYCTOB

OTJIMYACTCS OT ITOJJHOM CHUCTEMBI TOJIBKO OTCYTCTBUCM BbIUCTA HOJIb 1 COCTOUT U3

uyucen: 1,2, 3, ..., p— 1 - npuBeaeHHast CHCTEMa HAUMEHBIINX MTOJIOKUTEIBHBIX
BbIueToB; -(p—1),-(p—2),...,-2,-1

p-1 y
+1, 42, ..., & == — IpUBE/ICHHAs CHCTEMA HAMMEHBILNX 110 A0COIIOTHOM

BEJIMYMHE OTPHUIIATEIHLHBIX BBIUETOB.
- PUBEICHHAS CHUCTeMa a0COIFOTHO HAUMEHBIIIUX BHIYETOB.

OO01ee cBOICTBO MOJIHON M MIPUBEIEHHON CHCTEMbI BIY€TOB.

Ecnu uucna x4, x5, . . ., Xg IPEACTABISAIOT COO0M MONHYIO (S = @(M)) unu
IpUBEICHHYIO (S = @(M)) cHCTeMy BBIUETOB IO MOAYJIIO M, TO U YUCJIa aXq, aXs, .
.., axg, rae (&, M) = 1, Takke MPeACTaBIIAIOT COO0H COOTBETCTBEHHO IMOJIHYIO WITH
MPUBEACHHYIO CUCTEMY BBIYETOB TI0 MOAYJIIO M.

IIpumep: Ilokazate, uro umcma 25, -20, 16, 46, -21, 18, 37, -17 cocraBnsioT
MIOJIHYIO CHCTEMY BBIYETOB 10 MOIYII0 M = 8.

Pemenue: I1o O6H16My BHUAY BCCX YHUCCI AAHHOI'O KJIaCCa HAXOJAHUM:

25=8*%3+1; 20=8%*(-3) + 4; 16=8*2+0;
46 =8*5 + 6; 21=8%*(-3) +3; 18=8*2+2;
37=8%4+5; 17=8*(-3) +7.

ITony4yeHHBIE OCTATKH BCE PA3JIMYHBI U COCTABJISIIOT MTOJIHYIO CHCTEMY
HAaMMEHBIINX HEOTpULIATENbHBIX BhIueTOB 0, 1, 2, 3,4, 5, 6, 7, ciienoBaresibHO, U
JaHHbBIE YHCTIa MPEACTABISAIOT CO00I MOTHYIO CUCTEMY BbIUETOB (TOJIBKO HE
HAaUMEHBIITUX).

Mo>xHO ObLTO ObI HANTH HEMOJOKUTEIbHBIE OCTATKH, HAUMEHBILINE 110
aOCOJIIOTHOM BEIMYMHE WK a0COJIOTHO HAMMEHbIINe.

Jlureparypsbi:
1. JL.A.KynexoB. AnreOpa u Teopust uncen. Mocksa «Bsicmas mkona» 1979r.

2. A.A.byxmrta0. Teopus yucen Mocksa. 1966r.
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IF'EOMETPHUYECKOE MECTO TOYEK B IPOCTPAHCTBE
Typaesa Habus Aboynnaesna-ooyenm kagheopwi «/{ughgepenyuanvroe

ypasnenuey BI'Y ~ nabiyaturaeva48@agmail.com

Typaes Kaxoneup Depyzuioxosuu- cmyoeHm Qu3uKo-mamemamuyecrozo

gaxyromema BI'Y  Jaxaraev99@gmail.com

TI'eomempuueckum mecmom 6 npocmpancmee HazbBaeTcs Qurypa,
KOTOpasi COCTOMT M3 BCEX TOYEK MPOCTPAHCTBA, OO0JIANIAIONIUX OMpPEAeIEHHBIM
CBOWCTBOM.

IlepeuynciuM HECKOJbKO reOMeTPUYECKHX MECT TOYEK B IMPOCTPAHCTBE.
1. 'eoMeTprUECKUM MECTOM TOYEK, PABHOYJAIEHHBIX OT JIBYX JIaHHBIX TOYEK A U
B, sBiseTCcs mIOCKOCTh (L, NEPIEHAUKYJISIpHAs psMol AB u mpoxonsmas yepes
cepenuHy otrpe3ka AB.

2. T'eoMeTpuyeckuM MECTOM TOYEK, OTCTOSIIIMX OT AAHHOM IUIOCKOCTH 0 Ha
pacctossHun d, SBISIOTCS JBE IUIOCKOCTH, IMapayiejbHBbIA JaHHOW IUIOCKOCTH H
HaxoJsIIMecs oT He€ Ha paccTosiHuH d.

3. I'eoMeTpUYECKUM MECTOM TOYCK, yIaACHHBIX HAa JaHHOM paccTosHuu d ot
nanHo# Touku O, siBisieTcst cepa ¢ eHTpoM B Touke O u paanycom d.

IIpumep 1. HailTu B nOpoCTpaHCTBE TIE€OMETPUUYECKOE MECTO TOYEK,
PaBHOYAAIEHHBIX OT TPEX JAHHBIX TOYEK, HE JISKAIIUX HA OJHOM MPAMOIA.
Pemrenne. 1-crmoco6 (puc. 1).

" ' Tpu nannble Touku A, B u C onpenenstor
IJIOCKOCTh 0, B KOTOpoil Jiexxkut AABC. Mel

3HAaCM, 4YTO TCOMCTPHYCCKOC MCCTO TOUYCK,

B S AU paBHOYNAIEHHBIX OT TOYeK A u B, ecTb

; J* 10ckocTh P, nepnenaukysipHas otpe3ky AB

=

u npoxoxsmas yepe3 cepeauny D ctoponsl AB; ananormuno jist touek B u C

TaKMM TCOMETPHUYCCKMM  MCECTOM  TOYCK 6y,Z[€T IINIOCKOCTD Q TO‘IKI/I,

npuHaiexanue juann nepecedeHuss MN mockocredt P m Q, HaxomsTcs Ha
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onuHakoBoM pacctosiHun oT Touek A, B u C. IIpasmas MN — wuckomoe
F€OMETPUYECKOE MECTO TOYEK.

Touka O mnepeceyenust npsmoir MN c TJIOCKOCTBIO O MPUHAIICKUT
F€OMETPUYECKOMY MECTY, CJIEA0BATEIbHO, OHA HAXOAMTCS Ha PABHOM PACCTOSHUU
ot Touek A. B. u C u sABISIETCA NEHTPOM OKpPYKHOCTH, onrucaHHoi okono AABC.
Janee, Tak kak npsimast AB_| P, To npsimast AB_| MN, orkyna MN_| a.

BBIBOJ: HCKOMOE T€OMETPUYECKOE MECTO TOUEK — MpsiMas,
MEPIEHINKYJIAPHAs TUIOCKOCTH, ONpenensieMon nanubiMu Toukamu A, B u C, u
MIPOXOIAIIAs YEPE3 LEHTP OKPYKHOCTH, omucaHHOM 0Koj0 AABC.

2-crioco0 (puc. 2).

[Iycte M — o1Ha U3 TOYEK KCKOMOTO

l
r€OMETPUYECKOT0 MeCTa TOUeK, T. €. MA = MB =
MC, MO _ a. Hakmounsie MA, MB u MC paBHbl,
f CJIeIOBATEIbHO, PABHBI U X MPOEKIINHU Ha
E miockocTh a, T. €. OA = OB = OC.

Orcrona cnenyet: 1) O — neHTp OKpY)KHOCTH, onrcaHHoU okojio AABC; 2)
TOYKUA F€OMETPUYECKOTO MECTa MPOSKTUPYIOTCS B OJHY U TY K€ TOUKY Ha
IJIOCKOCTH 0, CJIEA0BATENBHO, BCE OHU JIEKAT HA MEPHEHANKYISIPE K INIOCKOCTH 0,
npoxosmieM yepe3 Touky O.

[Ipumep 2. HaliTu B IpOCTPaHCTBE TEOMETPUUECKOE MECTO TOUEK,

PAaBHOYAAJICHHBIX OT JIBYX JAHHBIX IICPCCCKAOINXCSA IMPAMBbIX.

Pemenue. [Tycts AC u BD — nannbie npsimeie (puc. 3)

P — mnockocte, mmm omnpenensemasd. Ilycte M -
[ : 1 MPOM3BOJIbHAS TOYKAa MCKOMOTO T€OMETPUUYECKOIO0 MECTa,
! T. e« MFLAC, MEIBD u MF.LME. Onycrum

neprenaukyisgsp MN Ha mnockocts P; Torma NF = NE kak
npoekunu paBHbIX HakJIOHHbIX MF u ME na mnockocts P. Ilpsamsie AC u BD
COOTBETCTBEHHO  MEPNEHAUKYJISIPHbBl  HAKJIOHHBIM,  CIEJOBATEIbHO,  OHH
nepreHaukysapasl ux mnpoekiusaM, T. €. AC_|NF u BD_| NE. Mb1 BuauMm, 4dro
MPOEKIIHS MTPOU3BOJBHOW TOUKU F€OMETPUUYECKOr0 MECTa TOYEK Ha IJIOCKOCTh P,
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ONpEEIsIEMYIO JAHHBIMUA NPSIMBIMH, HaXOJUTCS HAa OJIMHAKOBOM PACCTOSIHHUM OT
AC u BD. Kak u3BecTHO, TEOMETPUYECKUM MECTOM TOYEK, PaBHOYJIAJECHHBIX OT
JIBYX TEPECEKAIOIUXCS MPSIMBIX Ha MJIOCKOCTH, ABIsAIOTCA ABe mpsimbie KO u HL,
KOTOpBIE JENAT yIiibl, 0Opa3oBaHHble AaHHBIMU NpsMbiIMH AC u BD, monosam.
Bce Touku mnepnenaukyisgpa MN, oudeBumHO, NMpuHAAJIEKAT TEOMETPUUECKOMY
Mmecty Touek. [Toctpoum mnockocts Q yepes npsimbie MN u KO. DTa mockocthb
o T. 2.9 nepnenaukysipaa iockoctu P. Bee Toukn mutockoct Q mpuHaiexar
HMCKOMOMY I'€OMETPUUECKOMY MECTY TOYEK.

AHaIOrNYHO JTOKa3bIBAETCS, YTO TOYKH HCKOMOI'O F€OMETPUYECKOIO MECTA
JeKaT Takke U Ha IUIOCKOCTH R, nepneHaukynsipaoil mnockoctu P. [lnockoctu Q
u R, meprieHanKynsIpHBI MEXTy cOO0H, Tak Kak JuHeiHble yriasl ZKOL u 2KOH
psIMBIE.

WTak, HICKOMBIM I€OMETPHUYECKMM MECTOM TOYEK SIBIISIOTCS JBE IJIOCKOCTH
Q u R, mnepnenaukyispuble IMiaockoctu P, mpuuem mockoctu Q u R
NEPICHINKYIAPHBI MEXAY COOOW W JAENSAT YIJbIl MEXAY JAHHBIMU TMPSIMBIMH
MOMOJIaM.

Jlureparypsbi:
1. AnekcanapoB b.W. u np. IlocoOue mo mMarematuke AJjis MOCTYyHAOUIUX B BY3bl
M.: U3n-8o MI'Y, 1972, 608c
2. BepecoBa E.E., Jlenucoa H.C., Ilomakosa T.H. IlpakTnkym mno peueHuto
MareMatndeckux 3aaad. M.: IIpocsemienue, 1979, 239¢
3. T'epacumoBa U.C., I'yce B.A., Macnosa I'.I'., u ap. COopHuK 3amad O
reometrpun. M.: [Ipoceemienue 1977, 190 c.

SUPERDERIVATION SPACES OF ZERO-FILIFORM LEIBNIZ
SUPERALGEBRAS WITH NILINDEX m + 2
Muhammadova Sh.S".

'National University of Uzbekiston, Tashkent, Uzbekistan

muhammadavo.sh@mail.ru

This thesis is devoted to determine all even superderivation spaces of zero-

filiform Leibniz superalgebras with nilindex m + 2.
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Definition 1. [1]. A Z,-graded vector space L = L @ Lzis called a Leibniz
superalgebra if it is equipped with a product [-,-] which satisfies the following
conditions:
1. [£4,Lg] € Lorp, o Bely;
2. [x [y, 21 = [[x v], 2 - (=D ™IBI[[x, 2], y] for any xeL ,yeL,, z e Lg (Leibniz
superidentity).
Let consider the following sequences
Lr=r, £t =[ckc]. =g, cf =M Mk >1.
Definition 2. A Lie superalgebra L is called nilpotent if there exists
s e Nsuch that £° = 0 and the minimal natural number of s is called nilindex of £ .
Theorem 1. [2]. Let £ m> 3 with nilindex m+2. Then m is odd and £ is

isomorphic to the following superalgebra:

[X1’X1]:X2,

- [YVi % ]= Vi 1<i<m-1,
[X, Yil=—Yi 1<i<m-1,
ViVl = (D™ '%,, 1<i<m-1.

Theorem 2. Any even superderivations of the algebra L has the following

matrix form:
a, o, 0 0 o .. 0 0
0 2a 0 0 0
3—m
0 0 — % 182 ﬂs ﬂ. ﬂm
5-m
0 0 0 Tal 5, B B
Der(L),:| ... :
0 0 0 0 0 2 +;_ M &, B ..
0 o0 0 0 0 0 m+t
2

Now, let consider the following solvable Lie superalgebra:
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vy, va2l = x1, |y1,21] = M,
RN xy, 25| = x1, |y2, 25| = Va2,

|y1, 22| = x4,

Theorem 3. Any even superderivations of the algebra RN™?) has the following
0
0 ¢ O
0

0 O
(Foas)
D(RN@2 H),:] 0 0 6, 0 0 |
P 0 0 B O /
B 0 0 O 3
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Problems of physics, mechanics of theoretical and practical importance are
solved by the method of integral equations. Mathematical physics uses integral
equations to solve problems. Therefore, it is important to find solutions to integral
equations. But it is not always possible to find analytical solutions of integral
equations. Thus, we study the numerical methods of integral equations, this paper
shows how to find numerical solution to Volterra equation of the second kind
using the MATLAB program. The results are compared with the exact solution by

using computer simulations.
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The linear Volterra equation of the second kind has the following form:

X

u(x)—J'K(x,s)u(s)ds=f(x), (1)

a

Where u(x) is an unknown function, f(x) is a known function, and K(x,s) is

another known function of two variables, often called the kernel of the integral
equation. The homogeneous equation (for f =0 ) has only a trivial solution, and
the conditions for the existence of a solution of an inhomogeneous equation (1) are

related to various restrictions on the kernel K(x,s)and f(x) ([1],[2]). In particular

([3]), a solution exists and is unique in the class of functions continuous on the
interval [a,b] if the kernel is x=s and the function f (x) is continuous on [a,b].

Equation (1) conteins the integral operator

X

A(p(X)ZIK(X,S)(p(S)dS (2)

a

It is clear that the values of the function w(x)= Ap(x) for any x are determined by
the values of function ¢(x) only for s <v. The integral operators characterized by

this property are called Volterra operators and are widely used in the description of
processes with aftereffect and feedback [1].
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