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MATHEMATICS
uUbDC 517.91

REPRESENTATION OF THE SOLUTION OF ONE DYNAMIC SYSTEM ON
THE PLANE

G‘anijonova Gulshoda Abdurahim qizi,
Andijan State University
gulshodaxonganijonova@gmail.com

Abstract. In this paper, we consider a system of second-order nonlinear differential equations with a
special right-hand side, exactly, the linear part and a third-order polynomial of a special form. It is shown
that for some relations between the parameters there is a second-order curve which trajectories leaving the
points of this curve remain in the same place. Thus, the curve is invariant respect to the given system.
Moreover, this system is invariant under a non-degenerate linear transformation of variables. We prove that
the form of this curve depends on the relations between the parameters and the eigenvalues of the matrix. All
solutions of this system of differential equations are shown analytically.

Keywords: dynamic system, ellipse, hyperbola, Hess system, polar coordinate system.

MNPEJICTABJIEHUE PEIIEHUS OJJHON JINHAMMWYECKOMN CUCTEMBI HA
INJMIOCKOCTH

Aunnomauusn. B dannoti pabome paccmampugaemes Cucmema HeluHeuHvlx ougpepenyuanbHblx ypasHeHull
8MOPO20 NOPAOKA CO CHEYUATbHOU NPAGOU YACMbIO, d UMEHHO JUHENHAS YAChb U NOJUHOM MPEenbe2o NopsioKd,
ocoboeo euda. Iloxazano, umo npu HEKOMOPHIX COOMHOULEHUAX MeXCOYy NApamempami Cywjecmeyem Kpugas
8MOPO20 NOPSIOKA, MPAEKMOPULU, BbIX00AWUE U3 MOYEK MOl Kpueoli ocmatomces mam dice. Omcrooa ciedyem,
UMo OaHHAS KPUBAsl AGISAMCS UHBAPUAHMHOU OMHOCUMENbHO OanHoU cucmemvl. Kpome smozo, dannas
cucmema UHEAPUAHMHA OMHOCUMETbHO HeBbIPONCOCHHO20 TUHEH020 npeobpazosanus nepemennblx. [lokazano,
YUMo U0 IMOU KPUSOU 3A6UCUN O COOMHOUEHUL MeHCOY NAPAMEMPAMU U COOCMBEHHBIX 3HAYCHUL MAMPUYDL.
B s6nom suode yxazanvi 6ce peutenus oannoll cucmemvl Ougpepenyuanvuvix ypagHenuil.

Knrouesvle cnosa: ounamuueckas cucmema, d7aunc, 2unepboia, uneapuanmuvii, cucmema I'ecca, nonsipras
cucmema KOOPOUHAM.

TEKISLIKDA BIR DINAMIK SISTEMANING YECHIMINI TASVIRLASH

Annotatsiya. Ushbu magolada o ‘ng tomoni chizigli va maxsus ko ‘rinishdagi uchinchi tartibli ko ‘phaddan
iborat bo ‘Igan ikkinchi tartibli chizigli bo ‘Imagan differensial tenglamalar sistemasi ko ‘rib chiqilgan. Parametrlar
orasidagi ba'zi bir munosabatlar uchun ikkinchi tartibli egri chiziq mavjudligi ko ‘rsatilgan bo‘lib, bu egri
chizigdan chiquvchi nugtalarning trayektoriyalari o‘sha joyda qoladi. Bundan kelib chigadiki, berilgan egri
chiziqg berilgan sistemaga nishatan invariantdir. Bundan tashqari berilgan sistema o zgaruvchilarining aynimagan
chizigli almashtirishiga nisbatan invariantdir.Ushbu egri chizigning ko ‘rinishi parametrlar va matritsalarning xos
giymatlari orasidagi munosabatlarga bog‘liq ekanligi ko ‘rsatilgan. Berilgan differensial tenglamalar
sistemalarining barcha yechimlari analitik ko ‘rsatilgan.

Kalit so‘zlar: dinamik sistema, ellips, giperbola, invariant, Gess sistemasi, polyar koordinatalar
sistemasi.

Introductuon. Let the dynamic system have the form
¥=Ax+ (a-x)x+ (x"Bx)x, x=(xy,..,x,)7 € R", (@))
x(0) = x°, @)
where A, B —are constant matrices of order

nxn
The family of systems (1) is invariant with respect to linear transformations of the form

x=1Ly

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 3
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where L — is a nonsingular matrix of dimension n xn —.
Indeed,

Ly = ALy + (a-Ly)Ly + (Ly)"BLyLy,
y=L"tALy+ (LTa-y)L"*Ly+ L *(Ly)"BLy- Ly,

y=L"ALy+ (L"a-y)y + (Ly)"BLy- L™'Ly,
and finally we get

y=L"*ALy+ (L"a-y)y + y"L"BLy -y
Main part. It should be noted that the class of systems (1) hasanother property of invariance: if ¥ —is

a singular point, then when transferring x = = y + ¥ of the origin to the point ¥, we again obtain a
system of the form (1). Namely,
y=Ay+(@y+@"By)y, y=0.y) €R?
where
A=A+i®a+ (e, 1)E+¥"BXE+i QX' B+ 1 ®x"BT,
(@y) = (ay) + "By + X" BTy + T @ BTy.
In the work [1] the solution to problem (1), (2), is clearly indicated, which is used further. Note that

when B = 0 — system (1) is called the Hess system, which is fully investigated in [2].
In this paper, we consider a problem of the following type
Xy = QX + Q0% + Xg(ax? + ayx x5 + a,x3)
X, = ‘1211'1""12212"‘xz(aoxf"'aﬁﬁz"'azx%) 3)
I(U) = (x1o:x20)T;

where a;;, @y, @;,a,,%;9,X, — are real numbers.

Since the picture of the trajectories of the system (3) depends significantly on the value of the eigenvalues
of matrix A, we distinguish the following cases

1. The eigenvalues are real and distinct ;

2. The eigenvalues is twofold;

3. The eigenvalues are complex with non-zero real parts;

4. The eigenvalues are purely imaginary complex.

Let us proceed to the study of the above cases.

1. Itis known [3], that there exists a non-singular matrix such that

A 0
-1_ (M
PAP —(0 ;{2).

First, let us consider the case A, -4, = 0, 4, = A,. Let us perform the following transformation of
system (3)

y = Px
Then we obtain the canonical form (3)

nh=An+n [:bo.".‘"f +biyiy, + b2y22)
Vo =AY + 12 (bo}’i? + by, + bz}’z‘?) 4)

y(0) = (310, ¥20)-
Obviously, the fundamental matrix of the linear part of system (4) has the form

etC — (E“ht 0 )
0 E}‘lzt )
Using the results of work [1], after simple calculations we obtain the solution of problem (4) in the

following form

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 4
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Ayt
Vige™
n ()= D 20 D
=0 .,2 =M1 [ S
J1+~‘11ym+'11+~‘12ymy20+~12y20 B
At
¥ (t) =

b Zb b
J1+,:|,_01V2 +mV10V20 +.5[2V20 B

b
where B = ( 0"2 Ezﬂlt-i_)[ ey VioYzge P12 ]t+ v emt).

Consider the followmg equation

be 2b,
1+_V1 +

b,
vi=10 6
LT (6)

A,7°

In the polar coordinate system (p, ¢) equation (6) is written as

| -2
™ ™)

b,
N + E_ Rcos(2¢ + rpo)

p:

\
2 2
where R:J(j—i—j—i) +(Ailﬂz).

()

By direct substitution we can verify that if the initial point (y,,,1,,) satisfies equation (6), then the
corresponding solution (5) also satisfies equation (6). Therefore, based on the form of equations (6), (7) the following

statements can be derived:

| < R, then equation (6) represents a hyperbola;

b) If, % | then (6) represents an ellipse;

c) If,b—°+£’—2< Dand R =
Aq Aa

Po 4 j—2| then (6) represents two parallel lines ;
2

e) If, R =<3 ] + then (6) has no solution.

2. Now let 4 = A; = A,. There exists a non-singular matrix P such that either

pap-i= (4 9)

0 2
or
PAP*:@ %),

Let’s consider the first case. Then by the following transformation

vy =Px
from system (3) we have

Vi=4y+n (bo.ﬂz + by, + bz.".l’zz)

Vo = Ay + ¥ (bo¥i + by ¥, + byy3) (8)
y(0) = (310, ¥20)-
If A =0, then the solution to problem (8) is
SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 5
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Yio
yl (t) = f 7 2
V1 —2(byyio + b1VioY20 + D2 Vst
9)
V.
¥, () = Y20

\fﬁl = 2(bo¥yp + byYioVao + Dayip)t
From this representation of the solution (9),it is easy to see that if

bo¥io + b1YioYao + byYip # 0

for y; - v, = 0, then (9) are straight lines passing through the origin. In this case, the origin of coordinates will be
astable or unstable node depending on the sign of the number by vZ, + by ¥y0Vag + ba V.

If byyi+byv,v, +b,yi=0 for y -y, =0, then each point of the line (or lines)
bovi + byv, v, + b, v3 = 0is arest point of the system (8). And the origin is a semi-stable node.

Now let’s consider the case A = 0. It is easy to see that if A + byyZ + by v, v, + b,vs = 0, for all
(v, v») € R?, then from (8) we have ay, + By, = 0 for solutions of system (8), a,f — constants.

Depending on the sign of the A+ byy{ + byy,y, + b,y3 expression, we obtain either a stable or an
unstable node.
Now let us assume that equation

A+ boyf + byy,ys + byyi =0 (10)
has a solution.
Note that problem (8) has a solution of the form

At
Vip€
AGE : —— - (11)
bo¥io + b1Yi0V20 + badsp . boyio + B1Viodeo + P2¥ig 0ae
1+ 1 1 e
At
Yap€
v, (t) =

Jl n bo.".‘"fo + biVioYeo + b2}7§0 . bo.‘.*’lzo + by YioVao + bzyzzo o2t
A A
By direct substitution one can verify that solution (11) satisfies equation (10). Moreover, each solution

point of equation (10) is a rest point of system (8).
Now let’s consider the second case, i.e.

=4 +n [:bo.".‘"f + by, + b2y22)
Vo=wn +4y + 1 (boyf + by, + b2y22) (12)

y(0) = (310, ¥20)-
The fundamental matrix of the linear part of system (12) is

Etcz(e’“ 0 )
telt gt

Thus, the solution to problem (12) is

_ J’me'{t _ ':.'!’J.ot"'.'.l’zoje'“
y(0) == 3o () = =5 2t 20, (13)
where @(t) = VA — et M,
A=1+ boYio + b1Y10¥20 + D2Yio B boYio + 2b2 V1020 n bz.".‘"fop
A 242 223
SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 6
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boYio + b1 (V1ot + ¥20)€10 + Ba (Y10t + ¥20)? B boYio + 2b5(¥10t + Y20)¥10 | BaVio
A 242 243

It is easy to show that if the initial point (v,,, v,,) satisfies the equality

bovZ+ byvy Vs + bovE  byvZ+ 2b,y, v, by yE
0.1 1.¥1.¥2 2.¥2 _ 1.1 2.¥1.¥2 + 2.1 _ O [:14)
A 242 243

then for any ¢ = 0 the solution (13) also satisfies the equality (14).
By means of the transition to the polar coordinate system it is easy to prove the following.
Lemma. If the conditions are met

bo by b, b, (bz b1)2 4b, (bo b, b, )
—— =+ -+ =<0, —— ) <—\=—==+=).
_ A 22 21 2B YR ANl 222 288
then equation (11) represents an ellipse in other cases of a hypberbola (non-degenerate, degenerate).
3. Let
M=a+if, 1, =a—if.

Then, using the non-singular matrix P, the matrix 4 can be reduced to the following form

pAP~! = (g _f), @ = 0.

By transforming y = Px we move to a new coordinate system v, , ¥, . Then system (3) takes the form
Vi = ay, — By, + ¥ (boyi + byyyys + byy3)
Yo = Byy +ay, + yo(boyi + byyyy, + byyi) (15)

y(0) = (310, ¥20)-
The fundamental matrix of the linear part of system (15) will be

ptC — (e‘” cosft —e®* sinﬁr)
e“ sinft e cosft
Thus, the solution to problem (15) is [1]

Y10 COSBt — yyosinft .

n(t) = )
: o(0)
sin At + cos 5t
v, (f) = Y10 B Y20 B et t=0, (16)
@(t)
where

ot

2
@(t) = (,q — ﬂ:ziﬂgz]((bo}’i?o + 2by¥10¥20 + bay3g — bo¥ie — —byyio) (@ cos 2Bt + +f sin2pt) +

(bl (vfo — ¥Z0) — 2(by — b;)y10 Y20 (@sin 28t — B cos Zﬁt)))) |

2t

A=1+

(vfo + ¥2o) +
o ((bo = by)(yio — ¥io) + 2513’103’20)
2(a? + B?)

_B(bl(}’fo_}’220)_Z(bo_bz)}’m}’zo_bo_bz)( 2 4 y2Y
2(a? + B2) 2 Yio T Vao

_|,_
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Theorem. A trajectory (yy(t), ¥2(t)), t = 0 is closed if and only if the following conditions are
satisfied

a

<0, (17)

a?b? < B2(by + b,)? + 4a’byb,. (18)
5. Let 4, =iB, 4, = —if, B > 0. Then after the appropriate transformations we have a system of
differential equations of the form
V1 =—By2 + y1(boy{ + byy1y, + b2y7)
V2 = By1 +¥2 (bo¥i + b1y1ys + by¥3) (21)

¥(0) = (310, ¥20)-
Here it is convenient to represent the solution of system (21) in a polar coordinate system. For this purpose,

we introduce the following notations

| . Y
p=vyi+y; ¢ = arctg >

From (24) we have

dp* . .
T 2y1 Yy +2y5), = 2y (_ Bys + yi(boyf + biyiy, + bz}'zz)) +
+2y, (IQJ":L + Y2 (18 i+ y2(boyi + biyry, + bz}’z)))
= 2p*(bycos®@+b, sin ¢ cos @ + b, sin’ @).
Then

d_(P =Jf'1}"2 a0 _
at oy +yi
hn ((ﬁ vi+ 2 (boyi + byyiys + bz}'zz)))

yitys
V2 (_ﬁyz +y1(boyi +byyiys + bz}’zz)) B(vi +v$) g
yi +y; yi+y3

From here we have
dp*> 2
% = Ep*(bucoszga + b, sin ¢ cos ¢ + b, sin’ @)

Integrating the last differential equation with the initial condition p(0) = p, = v/ ¥i, + ¥, We obtain

1

(22)

i ﬂ_ﬁ_?(bo + by ) — Zﬁ (by — by)sin2¢ + 7% ﬁ L cos2¢p

Let by + b, =0. Therefore, for initial conditions (y,,, v24 ), satisfying the inequality

l(b+ 4b2+b2)<1
2B\ N ) g

equation (22) describes closed trajectories.

It is easy to see that in the case of b, + b, # 0 equation (22) describes astable or unstable node depending on

the sign of the sum by + b,.
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APPLICATION OF MATRIX EXPONENTIAL IN ONE CONTROL PROBLEM

Maxammadzokirov Shoxrux Shuxratbek ugli,
Lecturer at Andijan State University
matematikshohrux@gmail.com

Abstract. To learn how to find a solution x(t) to a system of differential equations ¥ = Ax + u(t),
you need to be able to handle matrices A of size n x n quite freely. From the algebra course we know that
such matrices can be added, subtracted, multiplied by a number and multiplied among themselves. We will
use all these operations. Moreover, if a matrix variable A(t), is given, i.e. matrix, each element of which is

a function of the variable t, then this matrix can be differentiated or integrated, and these operations are
carried out element by element.
Keywords: control problem, exponential matrix, norm of the matrix, Lebesgue integrable.

INPUMEHEHUE MATPUYHOM SKCIIOHEHTHI B OJTHOM 3AJIAYE YIIPABJIEHUSA

Annomayusa. Ymobur nayuumscs naxooums pewienue x(t) cucmemvl Oughgepenyuanshvix ypagrHeHu
X = Ax + u(t), Hyscno ymems docmamoyno c60000HO obpawamvcs ¢ mampuyamu A pasmepa n X n. Uz
Kypca anzeOpvl Ml 3HAEM, YMO MaKue MAmpuybl MONICHO CKIAObIBAMb, GLIYUMAMb, YMHONCAMb HA YUCILO U
YMHOMCAmMb Mexcdy cobou. Muvl 6ydem ucnonvzosame 6ce smu onepayuu. bonee moeo, ecnu 3adana
mampuunas nepemennas A(t), m.e. mampuya, Kadxcowlll 31eMeHm KOMOpOou AGusiemcs @QyHKyueu
nepemennou t, mo amy mampuyy MmodcHo Ouphepenyuposams unU UHMESPUPOBAMDb, U IMU ONEPAYUU
BbINOTHSIOMCSL ROITIEMEHMHO.

Knwuesvie cnoea: 3adaua ynpasenenus, 9KCHOHEHYUATbHAS MAMpuyd, HOpMa Mampuybl,
unmezpupyemast no Jleoezy.

EKSPONENSIAL MATRITSANING BIR BOSHQARUV MASALASIDA QO‘LLANISHI

Annotatsiya. Ushbu % = Ax + u(t) ko rinishdagi differensial tenglamalar sistemasining x(t)
yechimini topishni o ‘rganish uchun n x n o‘lchamdagi 4 matritsalarini juda erkin ishlata olish kerak.
Algebra kursidan bilamizki, bunday matritsalarni go'shish, ayirish, songa ko'paytirish va o'zaro ko'paytirish
mumkin. Biz ushbu amallarning barchasidan foydalanamiz. Bundan tashgari, agar A(t) matritsa
o ‘zgaruvchisi, ya'ni har bir elementi t o‘zgaruvchining funksiyasi bo ‘lgan matritsa berilgan bo ‘lsa, bu
matritsani differensiallash yoki integrallash mumkin va bu amallar hadma-had bajariladi.

Kalit so'zlar: boshqgarish masalasi, eksponensial matritsa, matritsaning normasi, Lebeg integrali.

Introduction. Let A be an n-by-n matrix, the exponential of 4 is defined as follows
£2 a £k = Ax

e =FE+tA+ —A*+ A+ -+ =4+ = ) — (1)

2! 3! k! P k!

The matrix exponential plays an important role in linear control systems and ordinary differential
equations, see [1, 2, 7, 8, 10, 12] and the references therein. However, the theoretical analysis as well as the
numerical computation of e 4 are still under investigations, see [1, 2, 4, 9]. In [1, 2], Bernstein proposed
many open problems arising from linear control systems, which include some matrix exponential problems.

Let's consider another operation on the n x n matrix 4, some variable matrix depending on the real
parameter t. This matrix is called the exponential of matrix A, denoted by e*4 and defined by the power
matrix series (1), where E is an n x n identity matrix. The matrix series (1) is also summed element by
element.

Statement of the problem. Let us show that this series converges absolutely for any fixed t € E*. If
a;; is an arbitrary element of the matrix 4, then the estimate |a!-j-| < ||A4]| is valid, where the norm || 4| of the
matrix A is determined by the relation
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l4]| = max ||Ax] .
xeS, (0)

An arbitrary element p of the matrix series (1) is itself given by a certain series
P="DPo+pr+ptotpt o 2

where p;, is the corresponding element of the matrix %Ak. Thus, it is fair to estimate
t* t|*
s < o

and therefore series (2) is absolutely convergent.

Let us derive several useful properties of the exponential of the matrix e®:. For any numbers
t,s € E*the formulais valid

=

| =

ptd . psA — plt+s)a (3)
Indeed, since series (1) and series
52 53 sk
et =FE+sA+ —A2+ — A3+ - + —4F + -
2! 3! k!

converges absolutély, and they can be multiplied. As a result, we obtain the equality

t? 52
et - e = (E+EA+§A2+---)(E+SA +§A2+---)

1 1
=E+(t+s5)4A+ §(t2+2ts+32 ) A2 +§(r3 +3t?s+ 3ts? + 5% )43+ -
= plt+sla ' '

From formula (3) it immediately follows that the matrix e*4 is non-singular, and its inverse matrix

has the form
(et4) 1= ¢ t4

Taking the conjugate matrix of the left and right sides of equality (1), we obtain the formula

t* t3
(e*)" =E* +tA" +§(A")2 +§(A")3 + = et
Applying the triangle inéquality for the matrix norm to equality (1), we obtain the estimate
t* t3
el < IIEN +1el - 14l +% lal? +% Al + - = elet1al.

Finally, since series (1) converges absolutely, we can differentiate it term by term with respect to the
parameter t and obtain the relation

t t2 gt
— e =FE+ —A2+ A+ o+ —— 4+ =
dt 1! 2! (k —1)!
EZ fk—l
=A|E+tA+ —A%+ -+ ——AF + - | = Ae™ (4)
2! (k —1)!

The exponential of the matrix can be easily calculated if it is possible to sum the series (1).
Example 1. If matrix A is zero, then formula is obviously valid

tz
etA —_EFE+t-0+ 5.04_ e = F

Example 2. Let n = 2. Let's find the exponential e for the matrix

a=(5 o)

To do this, we calculate the sum of series (1). It is directly verified that
N o s (0 -1 4 _ s _ 4
= J) e=(0 ) 4=E £=4-
Substituting these matrices into series (1), we have

2 3 4
(3 el De5(d S0 DG e
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I TR i T _(cost sty
3 s t2 t* —sint cost/
TR TR

Let's give another way to calculate the exponential. Let us denote the columns of the matrix e®*4 by
e, (t),-,e,(t). Then, according to formula (4), the matrix equality is true

(€,(0). 11, €, () = Aley (8), ] | e ().

This means that each vector e,(t) is a solution to a linear homogeneous system of differential
equations

i = Ax. 5)
The initial conditions are determined by the relation
e, _,=E,iee(0)=e,i=1,--,n,
where e,,---, e,, are the basis vectors of the space E™.

Example 3. Let n = 2. Let us calculate the exponential of the matrix A = (g 3) solving the system

of differential equations (5). In this case it has the form
]:_'l — x?
The general solution of this system is expressed by the formula
x(t) = (ept + ¢4,¢5).
Choosing the basis vectors e; = (1,0) and e, = (0,1) as initial conditions, we obtain two solutions
e, (t) = (1,0) and e, (t) = (1,1), which are columns of the matrix e*4. Hence,

o (L 1),

Let u(t) be some admissible control of the object, specified on the time interval t € [¢t,,t,]. Consider
the differential equation

»

X = Ax + u(t). (6)
The right side of this equation is defined for all valuesof t e f and all x € E™ .
If the function u(t) in this equation is continuous on the time interval t € [¢,, t, ], then from the course
of ordinary differential equations it is known that for any initial condition x(t,) = x, a solution to equation
(6) exists , is unique and for any t € [t,,t,] is given by the Cauchy formula

x(t) = ettty + j: e't=9)4y(5)ds. (7)
a

Moreover, in this formula the integral is understood in the Riemannian sense, and the solution x(t)

itself is a continuously differentiable function.
We call a function x(t) absolutely continuous on the time interval I = [t,,t,] if its derivative x(t)

exists for almost all t € I, is Lebesgue integrable, and for all t € I the condition is satisfied
it

x(6) = x(ty) + fx(s)ds.

ty

Those, the function x(t) can be uniquely reconstructed from its derivative x(t). Any piecewise
smooth function x(t) is absolutely continuous.

It turns out that for any admissible control u(t), i.e. Lebesgue integrable function u(t), and any initial
state x(t,) = x,, we can also determine the solution x(t) of the differential equation (6). But in this case, the
solution x(t) will no longer be a continuously differentiable function, but will only be an absolutely
continuous function.

The main result. One can imagine that the number of jumps in the function w(t) increases and even

becomes countable. In this case, the solution x(t) will have many kinks, i.e. jumps in the derivative x(t),
although the solution x(t) itself remains absolutely continuous.

Theorem 1. Let the function u(t) in equation (6) be Lebesgue integrable on the interval I = [t,,t,].
Then for any initial value x(t,) = x, an absolutely continuous solution x(t) of equation (6) exists, is unique,
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and for any t €I is given by the Cauchy formula (7), and the integral in this formula is understood in
Lebesgue's sense.

Proof. It is directly verified that the function x(t) given by formula (7) is a solution to the differential
equation (6). Indeed, at t = t, the initial condition x(t,) = x, is obviously satisfied. Next, using the
properties of the exponential, we find the derivative of the function x(t)

t
%(t) = Ae Ty +u(t) + J-Ae(t‘ﬂ"lu(s)ds =

o

t
= Alelttddy, + J-e(t“]“‘u[s) ds, |+ u(t) = Ax(t) + ult).
t
It can be seen that itocoincides with the right side of equation (6). Thus, when substituting the function
x(t) into equation (6), we obtain the equality
x(t) = Ax(t) + u(t) . (8)
Note that the resulting equality is satisfied only for almost all ¢t € [t,,t, ], since the derivative x(t) of
an absolutely continuous function x(t) exists only almost everywhere. The classical continuously
differentiable solution x(t) turns the equation into an identity for all . However, an absolutely continuous

function a: (2) is called a solution to the differential equation (6) if equality (8) is satisfied for almost all
t € [t,.t, ] If we change the control u(t) at individual points or even on a set of measure zero, then equality

(8) will remain and the function x(t) will remain a solution. It will not change at all, since the function wu(t)

in formula (7) is under the integral sign, and the Lebesgue integral does not change if the integrand is
changed on a set of measure zero.
It remains to prove the uniqueness of the solution x(t). Let's assume the opposite, i.e. there are two

different absolutely continuous solutions x(t) and y(t) with the same initial condition x(t,) = y(t,) = x,.
Let 7 be the first such moment of time after which the solutions x(t) and y(t) diverge

Let's choose a small number ¢ > 0, such that £||4|| < 1, and on the time interval [t, 7 + €] consider
the function z(t) = x(t) — v(t). Since x(t) and y(t) satisfy inequality (8), for the function z(t) we obtain
the relation

(1) = 1(6) = y(0) = Ax(1) + Ay(t) = A(x(0) —y(1)) = A 2()

for almost all t € [r,T + £]. Integrating it on the interval [z, t], we obtain the equality

z(t) = _[:Az (s)ds,
since z(t) = 0. Thus, forall T = t = 1 + ¢ the relation is valid
t t t
lz(©)l = fAZ(s)ds < fIIAZ(s)IIds < fIIAII llz(s)llds = e-[|All max [[z(t)|] < max [[z(e)].
TELET+E TELET+E
T T T

Since the function z(t) is continuous on the interval [t, T + £], it reaches its maximum at some point

t* € [t, 7 + £]. Substituting the point t = t* into the resulting relation, we obtain a contradictory inequality
lz(e) Il < [lz(e)].

Thus, the uniqueness of the solution x(t) is established. The theorem has been proven.
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ON SOME PROBLEMS OF THE THEORY OF ONE-DIMENSIONAL BIFURCATION

Ortigova Rayxona Baxodirovna,

Student of Andijan State University

under the review of Sh.Kh. Koshakov, Ph.D. in Physics and Mathematics
rayhona22082020@gmail.com

Abstract. In the article we consider the systems of differential equations ¥ = f(x; i), that depend on

a set of parameters u. For example, the vector field for the pendulum nominally depends upon two
parameters: its length and the strength of gravity. Our goal is to investigate what happens to the flow of the
system when parameters vary slightly. Do the properties of the orbits just change slightly, or can orbits be
destroyed, created, or otherwise changed dramatically? A bifurcation occurs when there is a dramatic
change in the dynamics.

Keywords: bifurcation, saddle-node bifurcation, Hopf bifurcation, nondegeneracy, transversality,
stability, instability, equilibrium bifurcation, implicit function.

O HEKOTOPBIX 3AJTAYAX TEOPUM OJJTHOMEPHOI BU®YPKAILIUA

Annomauyusa. B cmamve paccmompum cucmemy ougpgepenyuanvnvix ypaswenui X = f(x; ),

Komopule 3asucam om nabopa napamempos u. Hanpumep, éekmoproe none 01 MAsIMHUKA HOMUHATLHO
3asucum om 08yxX napamempog: Onunsl U cuivl msaxcecmu. Hawa yens - ucciedosamos, umo npoucxooum c
NOMOKOM CUCMEMbl, K020a Napamempbl ClecKa USMEHAIOMCA. SHAUUMENbHO I MEHAIOMCS CEOUCMEa opoum,
unu opoumsl Mo2ym Oblms paspyulersvl, co30amubl UL UHLIM 00pazom usmenenvl? bugyprayus eoznuxaem
npU pe3Kom usmMeHeHuu OUHAMUKU.

Kntouesvle cnosa: ougyprayus, oOugypkayul  cednogozo  y3ia, oupypkayuu  Xonga,
HeBbIPOHCOEHHOCb, MPAHCEEPCATbHOCHb, YCMOUYUBOCMb, HEYCMOUYUBOCMb, OUPYpKayuu pasHogecus,
HeA6HAs QYHKYUSL.

BUP YJIUOBJIU BU®YPKAIUSITIAP HABAPUSICUHUHI BAB3U MACAJIAJIAPA

Annomauyus. Maxonaoa [ napamempaap myniamuea Ooznux 6ynean % = f(x; ) ougpepenyuan

menenamanap cucmemacunu Kypub uuxamus. Macanan, Maamuuknune 6eKmop MamuooOHu HOMUHAN PABULLOA
UKKUMA napamepaa — YHUHe Y3YHauU 64 mopmuwiuwl Kyvuea 6oenux. busnune maxcaoumus napamempaap
OUpo3 yseapeanuoa cucmemaoa HUMAlap cooup Oyauwuuu ypeanuwioup. bowkaua atimeanoa, xapaxam
MpAeKmMopUANAPUHUHE XOCCANapU KaHOAll Y32apaou, XapaKam mpaekmopusiapuHy XoCUl KUnuwd, UyxK Kuiuu
éxu myboan yzeapmupuus mMymkunmu?  Bugypkayus xapaxamoa KecKun yzeapuuiiap OVI2aHuoa cooup
oynaou.

Kanum cysnap: oOughyprayus, seap-myeyn ougyprayusacu, Xong Ougyprayusacu, HOAHUKIUK,
Mpanceepcaliux, 6apKapopIux, My8o3anamHuure Ou@yprayuacu, OKopmac QyHKyus.

Introduction. Bifurcation is a qualitative change in dynamics that occurs with a slight change in
parameters. One of the simplest bifurcations corresponds to the creation or destruction of equilibrium. A
typical case is called a saddle-node bifurcation [1]; we will first study this. Another bifurcation corresponds
to a change in the stability of an orbit, which is often accompanied by the creation or destruction of other
nearby orbits. Such bifurcations are called "local” because they can be studied by expanding the vector field
in a Taylor series around the reference orbit in phase space. There are also "global bifurcations,” such as a
homoclinic bifurcation, which corresponds to the creation or destruction of a homoclinic orbit. These
bifurcations are much harder to study because they are inherently non-local.

Our approach begins with the local case and the types of bifurcations that typically occur when a
single parameter changes; such bifurcations are called codimension-one bifurcations. One of the triumphs of
bifurcation theory is the classification of bifurcations with low codimension. We will find that there are only
two local codimension-one bifurcations for flows: the saddle-node bifurcation and the Hopf bifurcation.

Let us consider the one-dimensional case.
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Equilibrium bifurcations. The logistic model
x=rx(1—x)
is perhaps the simplest nonlinear model of population dynamics. Suppose x represents the fish
population under harvesting, and it is being harvested at a constant rate h. Then the logistic model becomes:

t=rx(1l—x)—nh (1)

X? IA

" L l :
AN l

0,5m T l l ’
! l
L l - < T _% )

0 1 v
Figure 1. Figure 2.

The vector field f of this model depends not only on the dynamic variable x € R*, but also on two

parameters u = (r, h) € R*; Thus, it can be written more generally as % = f(x; i), where the semicolon
separates the dynamic variables from the parameters. The simplest bifurcations correspond to qualitative
changes in equilibria, namely, their number and type of stability. For (1) equilibrium

xr = %[1 +/1—4h/r)

Note that there are two equilibria when 4h < r, one equilibrium when 4k = r, and none when
4h > r. Thus, on the line 4h = r in the parameter space, a bifurcation occurs—a change in the number of
equilibria; this is a set of bifurcations. The existence of equilibria depends only on a single combination of
the two parameters: v = 4h/r; Consequently, this bifurcation is determined by one effective parameter v.
We can conveniently summarize information about the equilibria in a bifurcation diagram, which shows the
two functions x%(v) as a function of the single parameter v; see Fig. 1.

The bifurcation diagram shows the qualitative behavior of our system. Traditionally, the abscissa
corresponds to the parameters, and the ordinate corresponds to the phase space. Thus, each vertical slice
represents the vector field for fixed parameters, and the vector fields with changing parameters are combined
to form the complete diagram. A dashed curve is traditionally used to represent an unstable orbit, while a
solid curve represents a stable one. When 4h < r B (1), x is stable, and xZ is unstable, as the function f

changes sign at x + 3

The dynamics on the bifurcation diagram occur along vertical lines for fixed values of the effective
parameter vinuv; we will draw two characteristic vector fields in Fig. 1. Note that when the harvest rate is too
strong, i.e., when 4h > r, we have x < 0 for all xxx, and the population declines, reaching extinction in a
finite time. At this point, the model ceases to be valid: the assumption that harvesting occurs at a constant
rate should fail long before this moment.

A bifurcation occurs at the point (x, v) = (3, 1), where the two equilibria collide. To describe this, we

define a new variable
v—l—x _hr_1
4T =Ty

and a new time t = rt. In these new variables, the ordinary differential equation (ODE) takes the
form:
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dy 1dx 1 1 1 . 2
—g—rdt—(g—y)(;r}’)—;—#—’ y=pty )
We call (2) the normal form for the bifurcation. It has a bifurcation point at (0,0)(0, 0)(0,0), where the
stable and unstable equilibria collide and annihilate each other. The resulting bifurcation is called a "saddle-
node bifurcation™ [2]. As we will see, the normal form describes the local behavior near any saddle-node
bifurcation.

Example 1. Let

¥x=p+x—In(l+x) 3

The equation for the equilibria is transcendental and, therefore, cannot be solved analytically for x(u).
However, an understanding of its solutions can be obtained by plotting the two functions g(x) = In (1 + x)
and h(x) == u+ x for different values of p; the intersections of the two graphs correspond to the
equilibria. As p changes, the graph of hhh shifts vertically, and the intersections move. For u = 0 there are
no equilibria, while for p < 0 there are two; we will call them xZ% , before. Even if the equilibria cannot be

obtained explicitly, it is often possible to find the bifurcation point. To do this, note that at the point where
the equilibria are created or destroyed, the two curves g and h must touch, so that

d d 1
a(er;t):a{In(lJr;t)} - 1= T

Combining this with the equilibrium equation
£+ x =In(1+x")
we obtain two equations for the two unknowns (x*,u*). Since x* = 0, from the equilibrium equation
it follows that p* = 0. Thus, the bifurcation occurs at the point (0,0)(0, 0)(0,0). To get a qualitative picture of
what happens for other values of p, note that from the graph and the equation f{x;u) == 0 it follows that
as u— —oo, x~ —» —1 and x; — —pu, since Inx <« x. Of course, it is also easy to construct a numerical

solution (see Appendix), as shown in Figure 2. Expanding the ODE around the bifurcation point (0,0), we
obtain a description of the dynamics near the bifurcation:

- x =0

1
I=p+x—(x—£x2)+0(x3).

Note that this can be transformed into the "normal form" (2) through scaling.

Next, we will show that there is a conjugacy between the normal form (2) and the original vector field
in the vicinity (both in x and p) of the saddle-node bifurcation point, provided that some "non-degeneracy"
and "transversality" conditions are satisfied. The non-degeneracy condition states that the coefficient of the
quadratic term x2 is non-zero in the Taylor expansion around the bifurcation point.

The transversality conditions ensure that the parameters in f appear in a sufficiently general way to be
able to cause a bifurcation. Roughly speaking, each parameter is a control that gives some leverage over the
dynamics. For a saddle-node, if the controls are transverse, equilibria can be created or destroyed, as seen in
(2). This means that we need to move the minimum of the function f(x;0) up or down, or equivalently
D, f(0;0) = 0. If this is not the case, the bifurcation may have a different character.

Example 2. For instance, consider the ODE
X = px + x? (4)

Here, there are two equilibria: x; = 0 u x; = —pu, and the corresponding bifurcation diagram is shown
in Figure 3. Note that the equilibria merge at u = 0, but they do not annihilate. However, something happens
at the point of collision: since

D, f(xi;p) =puD, fxi;pu) =—p

the two fixed points have opposite types of stability, and they switch types at g = 0. This is a
"qualitative” change in the dynamics, which is classified as a bifurcation. This is called a supercritical
bifurcation or a transcritical bifurcation [1].

Our goal is to show that when the vector field satisfies the corresponding non-degeneracy and
transversality conditions, a saddle-node bifurcation will necessarily occur. Moreover, we will classify the
various "conjugacy classes" of systems near bifurcation points, identifying these conditions.

2. Preservation of Equilibrium. To understand when bifurcations occur, it is important to first
understand when they do not occur. As we will soon see, nothing happens to non-degenerate equilibria when
the parameter is slightly changed. An equilibrium is called degenerate if at least one of the eigenvalues of its
linearization is equal to zero. Thus, we will see that an equilibrium, all of whose eigenvalues are non-zero, is
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"structurally stable™ — it cannot be eliminated by small changes in the equations. Generally, a flow ¢ is
structurally stable if every flow in the neighborhood of ¢ is topologically equivalent. Here, the neighborhood
corresponds to a set of vector fields in some functional space, such as €™ for some r, near the vector field o.

In practice, it is also often necessary to consider a neighborhood in the phase space relative to some specific
orbit. Here, we will consider the simplest orbit, the equilibrium.

‘.
X A

(x; pu)=c

v
=
=]

— —> | — ) —>
— f —> —

v

Ho H

Figure 3. Figure 4.

An important tool that demonstrates this, as well as many other results in bifurcation theory, is the
implicit function theorem. As the name suggests, this theorem deals with "implicitly" defined functions. For
example, we might expect that the equation f(x;u) =0 can "generally" be solved for x to define the
"function” x(u). However, as we have seen, such a function is not necessarily unique (in this case, we
obtained two, x, (), and it is also easy to construct examples where such a function does not exist explicitly,
for instance, f(x;pu) = sechx + u?. The implicit function theorem provides sufficient conditions on f for
the implicitly defined function to exist and be unique [2]

Theorem (Implicit Function Theorem). Let I/ - be an open set in R™ x R* and FeC™(U,R™) cr>1.
Suppose there exists a point (x,,p,)eU such that F(x,,p,) = ¢ and the matrix D, F(x,,p,) IS @ non-
singular n x n matrix. Then there exist open sets V¥V cR" and W < R* and a unique function
E(p):w — vofclass ", suchthat x, = &(ug) and F(E(u);p) = ¢, peWw. [1].

This theorem and its generalization to functions on Banach spaces can be derived from the contraction
mapping theorem [3]. It is proved in any reputable course on advanced calculus or analysis (Markley 2004;
Taylor and Mann 1983).

The implicit function theorem states that if we know the solution for a specific value of the parameter
g, there exists a unique solution surface passing through this special solution, provided that the Jacobian is

non-singular. It's easy to get a rough understanding of why the condition on the Jacobian, D, F. is necessary.
Let's expand F = ¢ around (x,,,) and ignore terms of higher order than the first derivatives:

¢ = F(xg +06x, g + 6pt) = ¢ + D, F(xq,10)0x + D, F(xg, o) + 0(2).

If we could ignore higher-order terms, we could solve for dx:

6x ~ —(D,F)™'D,Féu;

This approximation can be made for arbitrary &u only if D,.F is non-singular. This calculation gives
the lower-order approximation to the function &(u)== x,+ éx(u). The theorem asserts that this
approximation can be extended to a smooth function that is an exact solution to F = ¢ in a neighborhood of
(Xo,lto)-

The geometric understanding of this result is easy to obtain in two dimensions; see Fig. 4. If
(x,p)eR* x R, the contour F(x,u) = c is typically a curve. The gradient vector VF(D,F,D,F) is
perpendicular to the contour. In any point where VF is not aligned with the p, direction, the contour locally
represents a graph over p and uniquely defines the function x = &(u). When D,.F = 0, a local graph &(u)
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does not exist. Note that in this case, the implicit function theorem can be applied to treat p as a function of x
to receive u(x) provided that D, F = 0.

From the implicit function theorem, it immediately follows that non-degenerate equilibria are
structurally stable.

REFERENCES:

1. Anoponos A.A., Jleonmosuu E.A., I'opoon U.U., Maiiep A.I", Teopus 6ugyprayuti oOunamuueckux
cucmem Ha naockocmu, «Hayrxa», Mocksa. 1967.

2. Anoponoe A.A, Jleonmosuu E.A, T'opoon U.U, Maiiep A.I. Kauecmeennas meopusi OuHAMU4eCKUx
cucmem. M.: Hayxa. 1966. 568 c.

3. boumunnaes /. A. O oupyprayuu ceono-yzia 6 cucmeme Ilecce. Tez. Ook. medxnco. KOHG.
Ynpasnenue u onmumuszayus ounamunecxux cucmem-CODS-2009. Tawwxenm. 2009. C.31,32.

4. boumunnaes J[.A. O bugyprayuu ceono-ysna 6 cucmeme lecce // Y3bexckuii mamemamuyecKuti
arcypran. — Tawxenm, 2010. —No 1. — C. 41-45.

5. I'anmmaxep @.P. Teopus mampuy. — M.:Hayxa. 1988. 552 c.

6. Egumos H.B. Kpamkuii xypc ananumuueckotl ceomempuu. «Haykay, Mockea. 1967. 82¢

7. Cmenanos B.B. Kypc ougpgepenyuanvuvix ypasnenuti. — M: @uzmameus, 1959, 355 c.; 9-u3zo.
M:Kom Kuuea/ URSS, 2006. 472 c.

8. Tyxmacunos M, Hypmamos /[. Ilpeocmagienue pewserus cucmem oughgpeperyuanibHuix ypasHerui muna
bepuynnu u Pukkamu. Becmuux HY'Y3. Tawxenm. 2009. C. 71-74.

9. Tillavov A.M. On Hyperbolicity of Extension of a Model Nonlinear Dynamical System // The
Second USA-Uzbekistan Conference on Analysis and Mathematical Fhysics/ August 08-12,2017 y., Urganch,
Uzbekistan. pp. 43-44.

10.Perko L., Differential equations and dynamical sistems, Springer 2000

11.Koamoeopos A.H., ®omun C.b., Dnemenmovr meopuu @yHKkyuti u @YHKYUOHATLHO20 AHAIU3A,
Mockesa, «Hayxay. 1989.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 19

https://buxdu.uz



MATHEMATICS

YK 517.516.87

O HAXOKJAEHUU 2JIEMEHTA PUCCA U HOPMbI ®YHKIIMOHAJIA IIOT'PEHHIHOCTH
KBAJIPATYPHOM ®OPMY.JIbl TUIIA SPMUTA B IPOCTPAHCTBE COBOJIEBA W,"(R)

Kanonoe 0300xcon Hcomuounosuu,

3aeedyrowuti Kaghedpoil

Tpuxnaonou mamemamuxu u MexHoOI02UL NPOSPAMMUPOBAHUSL

byxapckoeo eocyoapcmeennozo ynueepcumema, ooyenm

o_jalolov@mail.ru, o.i.jalolov@buxdu.uz

Maxmyooe Mupocanon Maxkcyo yanu,

Hesasucumblil ucciedosamens byxapckoeo 2ocydoapcmeennozo ynusepcumema

Annomayusa. Kax uzeecmno, npubrudicénnoe  GoluUCICHUE ONPEOeNEHHbIX — UHMEZPAlos ¢
MAKCUMANLHOU  MOYHOCMbIO  AGIACMCA  OOHOU U3  HAubolee aKmyaibHblX 3a0a4  6bIYUCTUMENbHOU
mamemamuru. Imo Ce:13aH0 ¢ mem, Ymo OONbUUHCIEO 3a0ad HAYKU U MEXHUKU CE00AMCS K UHME2PALbHbIM
U OupghepeHyuanbHbIM YPASHEHUSIM, A UX PEUleHUs. BLIPANCAIOMCSL C NOMOWBIO ONPEOCIEHHBIX UHMEZPANLO8,
KOMOpble 60 MHOUX CAYHASX He MO2Ym Oblmb MOYHO GbluucieHbl. Muozue mamemamuxu uzyuanu smu
npobnemvl. Cywecmayem HeCKOIbKO MEmMo008 NOCMPOCHUsL ONMUMATbHBIX KEAOPAMYPHBIX (OPMYIL.

B nacmosuyeir pabome paccmampusaiomcs K6aopamyphvle (Gopmyivl muna IpmMuma u HaxoHcoeHue
IKCMPeMAbHOU pyHKYUU, Mm.e. dnemenmol Pucca u Hopmuvl (hyHKYuoHana noepewnocmu 8 HenepuoOUHeckom
npocmpancmee Coboresa W," (R).

Kniouesvie cnosa: xeaopamypnas ¢opmyna, QYHKYUOHATbHAS NOSPEUWHOCMb, NPOCMPAHCIEO
Cobonesa, 0600wénnas pyukyus, GYHKYUOHATbHASL RPOCPAHCIMEO, HOPMA, FIKCMPEMATILHASL (DYHKYUSL.

ON FINDING THE RIESSE ELEMENT AND THE NORM OF THE ERROR FUNCTIONAL
OF A HERMITE-TYPE QUADRATURE FORMULA IN SOBOLEV SPACE W,"(R)

Abstract. It is known that the high-precision approximation of definite integrals is one of the most
pressing problems in mathematics. This is because most problems in science and technology are reduced to
integral and differential equations, and their solutions are expressed using definite integrals, which in most
cases cannot be calculated exactly. Many mathematicians have studied these problems. There are several
ways to construct optimal quadrature formulas. In this article, we consider quadrature formulas of the
Hermitian type and find the extremal function, i.e. the Riesz element, and the norm of the error functional in
a non-periodic Sobolev space.

Keywords: quadrature formula, error functional, Sobolev space, generalized function, functional
space, norm, extremal function.

W,"(R) SOBOLEV FAZOSIDA ERMIT TIPIDAGI KVADRATUR FORMULANING RISS
ELEMENTINI VA XATOLIK FUNKSIONALI NORMASINI TOPISH

Annotatsiya. Ma'lumki, aniq integrallarni yugori aniglikda taqribiy hisoblash, matematikaning eng
dolzarb muammolaridan biridir. Buning sababi shundaki, fan va texnikadagi aksariyat masalalar integral va
differensial tenglamalarga keltiriladi va ularning yechimlari aniq integrallar yordamida ifodalanadi, ko ‘p
hollarda ularni anig hisoblab bo ‘Imaydi. Ko'pgina matematiklar bu muammolarni o'rganishgan. Optimal
kvadratura formulalarini qurishning bir necha usullari mavjud.

Ushbu magolada biz Ermit tipidagi kvadratura formulalarini ko'rib chigamiz va davriy bo'lmagan
W,"(R) Sobolev fazosida ekstremal funktsiyani, ya'ni Riss elementini va xatolik funksionali normasini
topamiz.

Kalit so'zlar: kvadratur formula, xatolik funksionali, Sobolev fazosi, umumlashgan funksiya,
funksional fazo, norma, ekstremal funktsiya.

BBenenne. Pa0oThl MHOTMX aBTOPOB MOCBSIICHBI ITOCTPOCHUIO ONTHUMAIBHBIX KBaJIPAaTypHBIX H
KyOaTypHBIX bopmy METOJIaMH, TPe/II0KEHHBIMU C.JI.CoboneBbiM (cMmoTpurTe:
[4],[5].[6].[12],[13],[14],[15]). Ha ocHOBe 3TOTO MeTOna B padorax (Cmotpure: [16], [17], [18]) pa3paboran
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QITOPUTM  JIISI  HAXOXJIECHHUS ONTUMAIBHBIX KOI(P(HUIMEHTOB BECOBBIX KBQJAPATypHBIX (QOpMyln B

npoctpanctee C.JI. Cobonena Wz(m) (R) , 1 JIOKa3aHO CYIIECTBOBAHKE U CIMHCTBEHHOCTH 3TUX (hOPMYIL.

B pabote [18] BbumMcneHbl KOA(GUIMEHTH ONTHUMATBHBIX PEHIETYATHIX BECOBBIX KBaJPaTyPHBIX
dopmyn B npoctpanctse C.JI. Cobonea W," (R) . Ecii Ham u3BecTHBI He TOJIbKO 3Ha4eHus GyHkiun f (X)
B TOYKAX X,,X,...,Xy Ha OTpe3Ke [0,1], HO W 3HA4YCHHs €€ MPOM3BOAHBIX TOTO WJIM HWHOTO TMOPSIKA, TO,

€CTEeCTBEHHO, YTO TPH MPABUIBHOM HCITOJB30BAHUHU BCEX 3THUX JAHHBIX, MBI MOYKEM OXKHIATh 00JICe TOUHBIH
pe3yNbTaT, YeM B CIIy4ae UCIOJIb30BaHMS TOJHKO 3HAUCHUH (PyHKIWU, T.e. Takue (OpMYJIbl Ha3bIBAIOTCS
KBajpatypHbiMU hopmynamu tunia Ipmuta (cmotpure [7], [8], [9], [10], [11]).

B mactosmieit pabore paccMaTpWBAaIOTCS WMEHHO KBaJIpaTrypHble (OpMyIBIl THIa JDpMHUTa U
HaX0XJICHUE 3KCTpEeMallbHOW (DYHKIIUH, T.€. 3JEMEHThl Pucca u HOpMBI (DYHKIIMOHAIa TMOTPEIIHOCTH B

Heneproanyeckom npocrpanctse C.JI. Codonesa W," (R).

Omnpenenenne 1. TlpoctpanctBo W,"(R)  ompexensiercs Kak — 3aMblkaHHe  OECKOHEYHO

muddepeHnupyeMbIx (GYHKIHA, 3amaHHBIX B R m yObBaomux Ha OECKOHEYHOCTh OBICTpee I00OoH
OTpHIaTeNbHOM cTenenu B Hopme ([1], [19])

| f oW (R)| = {T [F{@+y)™ F[f (x)](y)]r dx} .
3neck F u F' npsamoe u o6patHoe npeodpazopanus dypee:
FIEOOJy) = [F00e™dx u FH[F(0](y) = [ f (e ™dx.

[Ipy BBHINOMHEHUH YCHOBUA  V,,,(X) = F‘l[(1+ y) ™ 2](X) eL,(R) mpocrpancteo W,"(R)

BKJIaJIBIBACTCS B MPOCTpaHCTBO HenpepbiBHbIX GyHKunn C(R). Ycnosue Bnoxenus npoctpanctea W, (R)
B TPOCTPAHCTBO HempepbiBHbIX QyHkuuit C(R) sBuseTcs HEOOXOTUMBIM YCIOBHEM B (DYHKIIMOHAIBHOM
MOAXO0/e K TEOPHUHU KBAJPATypPHBIX U KyOAaTypHBIX (POPMYII.

Cransiproe npoussenerne B W," (R) ompenernsiercst kak:

< (%), p(x) >= TF*[(H Y™ Fp00](y) |- F [ (1+ )™ - F[w (9] (y) Jdx.

2. HocranoBka 3amaum. B Hacrosmieli pabore paccMarpuBaeTcsi CIeIyIOIIas KBaJpaTypHas
dhopmyna:

jf(x)dx~ZZc £ (x,), ©)
B=00a=0

Ia1€ COOTBETCTBECHHO C(a) H X, Ha3bIBAIOT KO3 HUIUCHTAMU U Y3JIaMH KBaJpaT HOM (hOPMYIIBI.
) B

HOI‘peIHHOCTI)IO KBaJpaTypHOH (bopMynLI HAa3bIBACTCsl Pa3HOCTH!

jf(x)dx ZZ Cl ) (x,) = jf(x)dx ZZ 1)Ck) <5 (x—x,), T (x)>=

B=0a=0 B=0a=0
1 1 N m1
=J.f(x)dx Iz (—1)(“)C(ﬂ"’)5("’)(x—xﬁ)f (x)dx =
0 0 f=0a=0 @)
« N m-1 (a) ®© ( )
= f{g[o,u(X)—ZZ “x=x,) | F(x)dx= [ 6§ ()F (x)dx = ().
—0 0« —0
3nech é(,ff ) (X) - byHKIMOHAT NOTPENTHOCTH KBaApaTypHoi popmyisl (1), T.e.
N m-1
000 =60 (00— 2 3 (1) T8 (x—x,), ®3)

£=0a=0
e &y,(X) - mnamkarop otpeska [0,1], O(X)- nmenbra Qymkums Jlupaka m f(X) sBnsercs
aeMeHTOM THiIbbepToBa mpoctpancTa CoboseBa W, (R) [1], HasoBem e€ kBaapaTypHOIi hopMyIioi Thma
Opmura.
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[lorpemHocts KBampaTypHOil ¢Gopmynsl OydeT JWHEHHBIM W HENPEPHIBHBIM (PYHKIIMOHAJIOM W3

npoctpancrea W,™ (R), conpsxéunoro k mpocrpanctey W,"(R), T.e. /7 (x) eW,™ (R).
KauecTBo KBaApaTypHOit (pOPMYJIbl OLIEHUBAETCS TIPU TIOMOIIM HOPMBI (DYHKIIMOHAJIA OTPEIIHOCTH:

40(1)

£ (W, (R)| = sup r————r. (4)
‘ {09 H pivso | £ ()W, (R)|
Hopwma ¢dyHKIIFIOHAaIA TOTPENTHOCTH K(N“ )(x) 3aBHCHUT OT K03 duumentos C, u y3nos X, . Ecnu
o(@)
fn WS (R = inf 47 GO (RY], 5)
Cﬁ’xﬁ
o(e)

TO FOBOPSIT, YTO (PYHKIHOHAT /N COOTBETCTBYET ONTUMATIbHOMN KBaapaTypHOil hopmyie B W," (R) .
Takum 06pazom, 3a/1a4a IOCTPOEHHs ONTUMATBLHBIX KBaApaTypHbIX popmyi B ipoctpanctee W," (R),

- 3TO BBIYUCIICHHUA CHCI[YIOHICﬁ BCJIMYUHBI.

o(@) )
fn W (R)

\< 19 (x), f(x) >\
= inf sup

| 6
Sonieo || (X)W, (R)| ’

rae W," (R) - conpsikénnoe npoctpancTso k npoctpanctsy W," (R) .

DTa 3a71a4a COCTOMT W3 JBYX YacTE: CHavaja MbI IOJUKHBI BBIYHUCIHTH HOPMY ‘E(ﬁ )(X)|W2m*(R)H

(yHKIMOHANA TOTPEIIHOCTH ﬂ(ﬁ )(X) B mpocrpanctee W," (R), a mMOTOM MHHHMH3HPOBATH €ro IO

KoaddumenTam Cé") v y3nam X, . [lomnas 6ubanorpadust npuseneHa B [18]. B Hacrosmen pabore Mbl

3aHUMACMCs PCHICHUCM HepBOf/'I 4aCTH 3a/la4u, T.C. BbIYUCICHHUEM HOPMbI

14 (ﬁ (%) |W2m*(R)H (yHKIMOHANA

norpemmoctn (¢ (%) .

JJ1st 3TOro MBI UCHOJB3YEeM MOHATHE 3KCTPEMalbHOW (YHKUMH (DYHKIHOHATIA TOTPEIIHOCTH E(N“ )(X) ,
BBeniénnoe C.JI. Cobonebim [1].
Onpenenenns 2. Dynknys y,(X) , 11 KOTOPOI BBITIOJIHSAETCS PABEHCTBO:

<4000, 00>= |4 00 WS (R -, 00 W (R (7)

Ha3bIBAaETCsI HKCTPEMaIbHOM (QyHKUMEH QyHKIMOHAIA HOTPEIIHOCTH é(,ff )(X) .

Tax xak npocrparcteo W," (R), siBisietcss TiibOepToBbIM, TO 10 Teopeme Pucca 06 obuiem Buje

JMHEHHOTO HenpepbiBHOTO (yHkimonana (cM[1]) cymectByer eamncrBenHas dyukuumst w,(X) eW," (R),
JUISL KOTOpOH
< (x), T (x) >=<w,(x), f(X) > (8)

,rae <y, (x), f(X)> - ckanspHoe npousBeieHUe ABYX QYHKIUI

4000 W (R)] =, () IW," (R)

w,(x) u f(x) wu3 mpocrpancrea W," (R). Hamomuum, 4to ckamspHoe npomssenenue </, (x), f(x)>

|

OTIPEIENSIETCS CIIELYIONMM 00pa3oM:
<y, (), () >= j F (&) Fly, (0)&)]x F (&) - FIT(01(&)]
B gactHoCTH, 13 (4;) npu f(X)=w,(X) nmeem:
<A (x), £ () >=<y,(x), £ (x) >=[w, (O IW"R)| =

=w. (0 W R

Orcrona BUIHO, 4TO pemieHus ,(X) ypaBHeHus (8) ymoBieTBopsieT ypaBHeHHIO (7) M SBISIOTCS

: (9)
4000 W (R)|

4000 W (R |

SKCTpeMaIbHON PyHKIHEH.
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Takum o0Opa3om, Al TOTO YTOOBI BBIYMCIUTH HOPMY (YHKIHOHANIA MOTPELIHOCTU f(ﬁ )(x) , CIIepBa

HAJIO PEeIIUTh ypaBHEeHUe (8) T.e. HAWTH 3KCTpeManbHy0 (QYHKIUIO 1, (X) a TOTOM BBIYHCIUTH CKAJSIPHOE
" 2
A0 W R

Hmxe Mbl HaiinéMm SKcTpeMaibHYIO0 (QYHKOUIO OPYTHM ITyTEM, T.€. C MOMOINBIO IPEeoOpa3oBaHUI
®Oypbe 0000mEHHBIX QPYHKIMNA MOKHO HAUTH 3KCTpeManbHyto (GyHknuio [19].
Hanee, u3 Teopun npeodpazoBanusi Dypre 00001IEHHBIX QYHKINH HMEeM:

<900, 100 >=(FIAY 001E), FLE 001(E) ) = (4 ©F LA 001(E), 1 @FLf (01()) =
=(FH{# @FLA I | FH{u@FLT (1)} ) (10)

Ecmm B aToM paBencTse (10) monarats:

Hu OFv, 019} = FH{u (©FLA) (&) ee. ecn nonarars
F00 =y, () =F £ QFIA 0019} (9,

riae u(f) - HUTJIe He oOpamaromasics B HyJlb AeHCTBUTENbHA 3HaYHas Gpyuknus, T.e. 1 (£)>0 .

npou3Be/icHHe < Z(,;’ J(x), f(X) >=

To 6ynem nMeTs:
2
A0 W R)| (11)

<), w, (%) >=<w, (), v, (X) >=
Orcroaa cieyer, BO-IEPBBIX, YTO

v, (0= F {1 ©FI N} 00 = F [ (&) ]« F {F[ 40 (9 ()} (x) =

=v, (x)* £ (x) = v, (X {5[01](@ imi(—l)(a)cg")é(“)(x-hﬁ)}: (12)
B=0a=0
=600 ]#va 00— 2 T CEVO X =1B) = [ a0 (YW (X =)y =D S CEM (x— )
p=0a=0 s B=0a=0

ene vi, () = F L (€10, 3meen p () =(1+y?), morma v,, () = F~ [( 1 ”(X)

Kak u3BecTHO, 4T0 v, (X) - sBIsieTcs: QyHIaMEHTAIBHBIM pelieHneM Au(depeHIHaIBHOTO OIepaTopa,
2 m
d
1- 2.5 | (13)
(272) dx

@ Y )
{LWJ v (X)=6(X), (14)

YAOBJIETBOPAKOIIAM PAaBEHCTBO:

2r)
rae [20]
e o (2m—k-2)!(4x)
Vo () = S5 Z ( ) |X|k (15)
2" (M-l kl(m—-k-1)!
1, 5 =0,
u  o[f]= {0 520, T... O [ £ ] -IMCKpeTHas AeibTa QyHKuus upaka.
, B#0.
TakuMm 00pa3om dKcTpeMaibHas QyHKIUS UMeeT cne;[yfoumﬁ BUJL
v, ()= I fon (WX =Nty -3 5 CEIx-hp) (16)

B=0a=0
Tak kak y,(X) sBIsieTCs 3KCTpeMabHON QyHKIMeH GyHKIOoHana norpemHocTH (3);
BO-BTOPBIX, HOPMBI q)yHKuHOHana MOTPEITHOCTH UMEIOT CICYFOIIUN BU:

W R = | 8[01](y>v (=YY -3 SC I (x- )| o (17)
a=0 =0
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rae
B ﬂ_'e—Zﬂ‘X‘ m—1(2m_k_2)!(27z')k K
V”‘(X)__zzm’z(m—l)!z kI(m—k -1)! |X|

k=0

DTHUM J10Ka3aHa ClieTyIomas Teopema.

Teopema. DkctpemanbHas GyHKUUS (QYHKIHOHaNA morpemHocty (3) kBaxparypHoit ¢gopmynst (1)
umeet Bua (16), kBagpaT HOpMbI (yHKIMOHANA TMOrpemHocTH Haa npoctpanctBoM W, (R) umeer Buj
7).

3akiaoueHne. bBombIIMHCTBO 3amad  HAayKM W TEXHUKH CBOAATCS K  HHTETPAIBHBIM |
nuddepeHInaTbHBIM YPAaBHEHUSIM, a UX PEIICHHs BBIPAXKAIOTCS C TMOMOLIBIO ONMpeeNEHHBIX HHTErPajoB,
KOTOpbIE BO MHOTHX CJIy4YasX HE MOTYT OBbITh TOYHO BBIYMCICHBL. MHOTME MaTeMaTUKW HU3ydald 3TH
npo6siembl. CyIIecTByeT HECKOIBKO METOIOB IOCTPOCHUS ONITHMAIIBHBIX KBaIPATYPHBIX (OPMYIL.

CJL CoboneB paccMoTpen mpobieMy MOCTPOCHUS ONTUMANbHBIX peméT4aThiX (OpMyN HaJ

(m

opocTpaHcTBoM L, )(R”) 1 HAXOXIIEHUE ONTUMAIBHBIX KOA(P(OHUIIMEHTOB CBEN K PEIICHUIO TUCKPETHOU

3amaun Tuna Bunepa — Xomnda (cmorpure [1]).
B onHomepHOM ciiyyae, T.€. B IPOCTPAHCTBE I_(zm) (R), HenpepbIBHAs 3anada Burepa — Xormda pemena

3.2K. XKamonosemM (cm[2]). C.JI. Cobomnes, uccneayst TUCKPETHYIO 3a1ady Tuna BuHepa — Xonda, mokazan
Cy€CTBOBAaHUC U €AMHCTBCHHOCTb PCIICHUA 3TOM 3aga4u U JaJl aJilrOPUTM IJId HAXOXKACHHUA ONITUMAJIbHBIX
KO3 UIUEHTOB KyOaTypHBIX (opmyn. B omHOMEpHOM ciydae OH CBEN HaXOXKIEHHE ONTHMAIbHBIX

KO3 PHUIIMEHTOB KBaAPaTypHBIX (OPMYI MPH P(X)zl B TMPOCTPaAHCTBE L(zm) (R)K PEIIEHUI0 CUCTEMBI M3

2m—2 ypaBHEHHIA.

B pabore paccMaTpuBaroTcs KBaipaTypHbIe (OPMYIBI, KOTOpbIe y4acTBYIOT 3HAa4eHUS (QYHKIHH U
3HaYeHUs1 €€ TPOM3BOAHBIX HEKOTOPOTOo TMOpsIKa, Takue KBaapaTypHble (OpMyJbl  SIBISIOTCS
KBaJpaTypHbIMU (GOPMYJIaMH TUIIA DPMHUTA.

B mnacrosmielr pabore paccMaTpuBAaKOTCS HMMEHHO KBaJpaTypHble (GOpPMyINbl THNa JpMHTa U
HaXOXXICHUE SKCTpEeMalbHOM (YHKIMH, T.€. 3yIeMeHThl Pucca M HOpMBI (yHKIMOHajla MOTPELIHOCTH B

HenepuoanueckoM mpoctpanctee Cobonera W," (R).
2
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UDC 51

ON A LINEAR DIFFERENTIAL EVASION GAME WITH MANY PURSUERS AND ONE
EVADER IN THE HILBERT SPACE |,

Abduraxmonova Robiyaxon Anvarjon Kizi,
Researcher of Andijan State University
robiyaxonabduraxmonoval3ll@gmail.com

Abstract. In the this article, we study a differential game of evasion described by infinite systems of
differential equations in the Hilbert space |, . This game involves many pursuers and one evader, where the
control functions of players are subject to integral constraints. We say that evasion is possible in the game if
the states of all systems do not coincide with the origin of the space |, . The main goal of the study is to

develop a strategy for the evader to avoid capture by pursuers. We derive a sufficient condition for evasion
from any initial state and construct an evasion strategy for the evader.
Keywords: differential game, infinite system, integral constraint, evasion problem, Hilbert space.

O JMHEHHOW TN ®PEPEHIIUAJIBHON UTPE YKJIOHEHUA C HECKOJBKUMHU
HNPECJIEJOBATEJISIMUA U OJHUM YBET'AIOIIMM B I'MNJIBBEPTOBOM ITPOCTPAHCTBE

1,

Annomayusn. B nacmosweu cmamve Mmul  uzyyaem OupghepeHyuanibHyio  uepy  YKIOHEeHUs,
ONUCHIBAEMYIO OECKOHEUHOU CUCmeMoli OupghepeHyuarbHbIX ypasHeHuil 8 2uibOepmogomM HPOCMpaHcmee

|, . B omoii uepe yuacmeyiom mnoocecmeo npecnedosameneti u 0dun ybeaaiouuii, 6 Komopoti Ha GyHKyuu
VIPAGAEHUs USPOKOE HANONCEHbl UHMeZPanbHble ozpanuueHus. bydem eosopumv, umo 6 uzpe 603MOICHO
YKIOHeHUe, eclu COCMOSHUA 6CeX CUCMeM He coenadarom ¢ naanrom npocmpancmea |, . Ocnoenas yenw

uccnedosanus — paspabomams cmpame2uio YKIOHSIOWE20Cs 0m NOUMKU npeciedosamensmu. Boisedeno
00Cmamounoe yciosue YKIOHeHUs. Om 100020 HAYAIbHO20 COCMOSAHUL U ROCMPOCHA CIpame2ust YKIOHeHUs.
ybeeaowezo.

Kniouesvie cnosa: oupghepenyuanvnas uepa, 6eckoneunas cucmema, UHMe2PaibHoe O2paHudeHue,
3a0aua ykionenust, I unbb6epmoso npocmpancmao.

|, GILBERT FAZOSIDA KO'P QUVLOVCHI VA BIR QOCHUVCHI ISHTIROKIDA
QOCHIB KETISH CHIZIQLI DIFFERENSIAL O’YINI

Annotatsiya. Ushbu magolada biz 1, Hilbert fazosida differensial tenglamalarning cheksiz sistemalari
tomonidan tasvirlangan gochishning differentsial o'yinini o'rganamiz. Ushbu o'yinda ko'plab quvlovchilar va
bitta gochuvchi ishtirok etadi, bu yerda o'yinchilarning boshgaruv funksiyalari ajralmas cheklovlarga
bog'lig. Biz agar barcha tizimlarning holatlari I, fazoning kelib chigishi bilan mos kelmasa, o'yinda gochish
mumkin deb aytamiz. Tadgigotning asosiy magsadi quvlovchilar tomonidan go'lga tushmaslik uchun gochish
strategiyasini ishlab chigishdir. Biz har ganday dastlabki holatdan qochish uchun yetarli shartni olamiz va
gochish strategiyasini tuzamiz.

Kalit so‘zlar: differensial o’yin, cheksiz Sistema, integral chegaralanish, qochish masalasi, Gilbert
fazosi.

Introduction. The study of differential games began with the pioneering work of lIsaacs and
Pontryagin. Since then, this area has been the subject of extensive scientific research. Numerous monographs
and collections, such as [1,2,3,4,5,6,7,8] , have compiled results in this area. In recent years, interest in
differential games has been growing, although most research has focused on games in finite-dimensional
spaces. Fundamental results for differential games in finite-dimensional spaces were obtained in the works of
Friedman [9], Gayek [10], Pontryagin [11], Petrosyan [12], Pshenichny [13], Subbotin [14], Satimov [15],
Azamov [16] and others. Problems with integral restrictions on control functions are quite complex. In [17]
the authors examined such a problem and proved the possibility of evading several pursuers for any initial
positions of the players, when the evader had an energy advantage over the pursuers. These works naturally
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raised the question of studying evasion problems in infinite-dimensional spaces. However, a differential
game with a simple movement in |, with a number of pursuers, when the players have the same capabilities,

has not been studied, and at least one initial position has not been found from which the pursuit can be
completed. The differential pursuit game of one pursuer and one evader was studied in [18] for an infinite

system of binary differential equations in the Hilbert space system |, . The general case of this problem was

studied in [19]. Moreover, work [6] refers to differential games with an infinite system.
Our research focuses on the analysis of a differential evasion game involving multiple pursuers and

one evader in infinite systems of differential equations in |, . The players' control functions are subject to
integral constraints. In this evasion game, the pursuers strive to bring the state of at least one of the
controlled systems to the origin |, . On the other hand, the goal of the runner is to prevent this. We define a

condition that ensures that the evader evades any initial state. In addition, we will build a strategy for the
evader to effectively avoid pursuers throughout the game.
Recall that the vector space of all sequences of real numbers

={é=(51.62,---,4,---)@55<ooj

is a Hilbert space with the scalar product and norm defined by the formulas

=25 k=)

Problem formulation. We are considering a differential game described by an infinite system of
differential equations
% =AX U +V, % (0)=x, 1)
-1, 1
in the Hilbert space |,, here A:diag(Ai,AZ,...)Elz, where 4; = [ I l 4; s a positive

number, X; 0 =R? U ER?, j=12,... are the control parameters of the ith pursuer, i=12,...,.m, and ,

v, ER?, J=12,...are the control parameters of the evader. It is assumed that, 0 <t <T , where T is a
. i 2
given sufficiently large number and Xi(j’ = (Xiol,xio2 ,) #0 forall i=12,...m,, Z‘xﬂ <o,
i=1

The pursuers try to bring the state of the system to the origin of the space |, , and the evader tries to
avoid this. We provide a solution to the evasion problem for the differential game (1).
Definition. A function u; (t) ( Il(t) u,z(t) u,3(t) ) t E[O,T), with measurable components

uij(t)—(ul(t) ()) J=12,..., for which

]ﬂi( ﬁds—Zﬂu,] “ds <p?i=12,.

=
(2)

is called the admissible control of the i th pursuer.

Definition. Function  v(t)=(v,(t),v,(t),v,(t)....), tE[O,T), with measurable coordinates

v,(t)=(V(t)Vv2(t), j=12,..., for which

J
T

_[ s) flds= Z_Hv ds < ©)

=
is called adm|SS|bIe evader control.
Definition 3. We call the continuous function(t,ul,uz,...)—>V(t,ul,u2,...),where

V:Rxl,xl,x..—1,, the evader strategy if the initial conditions (1) have unique solutions,
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X ()%, (), %, ()0 <t <T, at v=V(u,U,,..,u,), and for any admissible controls
=u, (t) of the pursuers and satisfies the following integral constraint:

TV 0u,),.) ot =

Using valid controls, the pursuers try to catch the evader while the evader tries to avoid it. The
following definition formalizes the concept of evasion.

Definition 4. If there is an evader strategy V such that for all admissible controls ui(t), i=1..m,
pursuers, solutions (1) satisfy the x° €L,,i=12,...,m, condition for all initial positions x(t) #0 for all
i=1,...,m ,andall 0 <t <T , then we will say that evasion is possible in game (1).

The main goal of this work is to find a strategy for the evader that allows evasion in game (1).
Main part. In this section we will prove the following theorem.

Theorem 3.1. If p? + p2 +...+ p2 <¢, then in the game (1)-(3) evasion is possible.

Proof. Obviously, each subsystem of infinite systems (1) has a unique solution
% (t)= (%, (t). %, (t)....) where
t
x,(t)= eAitx§+jeAi(t S)(\/J.(s) u, (s)ds,i =12,...m; j=12,..... (4)
0
Please note that
e“‘l’t=e‘ﬁité i],}'=1,2,..., X = 1-.!'_:} 0, i=12..,m

Then solution (4) will take the form:
t t
%=y, 0y, 0=+ [e v (s)s e W (s)as ©)
0 0

Solutions X; (t) 0 <t =T, infinite system of differential equations (1), are considered in the space of
continuous functions h(t)= (h,(t),h,(t),...) €I, with absolutely continuous coordinates h; (t), defined in the
interval 0 <t <T . We can establish x,(t)=(x,(t),x,(t),..)El,, 0 <t <T, that for an arbitrary fixed

positive T . Therefore, integration in (2)-(3) is carried out over [O,T]. From the fact that the matrices eAjt
are nonsingular, we conclude that x, (t)=0 if and only if y, (t)=0for all i=12,...m and j=12,....
Thus, to prove the theorem, it is enough to show that for some evader strategy Y, (t)= (Y, (t), i, (t)....) #0
forall 0 <t <Tand i=12,....m.

The X/ :(xfl,xfz,...)io condition means that at least one of the components x’, €R?where
j=12,... the vector Xf is not zero, which means that there is a positive integer n, such that . Similarly,

from the condition xO

1, 70 it follows that x; = (xgl,xgz,...) #0 for some positive integer n, , and so on.

Ultimately, the condition x° = (x0 x° )750 implies that x0 #0 for some positive integer n_, .
m

ml?m2 1" mn
Let n= ma n. . Then obviously X? :(xﬁ,xf’z,...,xion)io for all i=12,..,m . Note that the
i=1,...m

vector X° consists of the first n components of x° . We can assume, increasing n if necessary, that
2n>m . Thus we get:

X2 = (xi"l,xio2 x,?q) #0,X? €R*,i=12,...,m. (6)
Let
Y ()= (v ), yio(0).-oe yin ()i =12,...m
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where
t
y; ()= + e -Ajs(uij (s) v,(s)dsi=12,..,m,j=12,..,n.
0

Obviously, Y, (t) consists of the first n components of y, (t) .

To prove the theorem, it suffices to establish that Y; (t) #0,i=12,...,m for the evader strategy, since
these inequalities imply that

(Y (), Yip (), i (t)) #0, i=12,...m O <t <T

and, therefore, X; (t) #0,1=12,...,m. Thus, we have reduced the game in the Hilbert space I2 to the
game in the finite-dimensional Euclidean space R*" .

Since the number m of points X ° €R?" does not exceed the dimension 2n of the space R*" , that is
m =2n, we conclude that there exists a unit vector:

p=(py, Py P, ) ER?|p)=1,p; ER?, such that the scalar product

n

Z(xiﬂ.’,pj)zo,izl,z,...,m, )

=

forall i=1,....,m , where

1/2
|p|=(2‘pﬂ , ‘pj‘:(pi"’pi)uz
= :

As a vector p ER?" we can choose an orthogonal vector to the hyperplane passing through the points
X0,i=12,..,m .
We offer the following control to the evader:
-at 8)

v,[t)=0,j=n+1n+2,..

where A is the conjugate of the matrix A .
Let's check the admissibility of strategy (8):
T T T

Tt _3 R
[0 pau= [ S 00 1= S w0 1S <ot

0 i=1 ¢
Let us prove that if the evader uses strategy (8), then Y; (t) #0 forall t =0 and i=1.2,....m .
Assume the contrary: Let

Y, (6)=0 9)
for some @ =0and r &{1,2,...,m} . Then, according to (7), for i=r we have:
> (5.p;) 0, (10)
i=L
and therefore,
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n

0).p) = _Zn:(yrj 0)p,)= Z(X?j’ P;) +Zn:,(f(e -Ajsuj(s)’ P )ds (11)

j=1 j=1
aa -A-S
=[5 0 6o s [ “Fueho bs
0 j=1 0 Jj=1
Considering (8), the second integral in (11) can be transformed as follows:
n S 2

s D e
RO S YRR R B S
0 j=1 0 j=L

>l “n
k=1

(12)

Using the Cauchy-Bunyakovsky inequality (x,y) <|x|y| for the integrand of the first integral in (10),
we obtain the following:

I3 uehn s Jz( jd

0 =1 0=

; - (13)
s =-[ 1, ( //]/Z

where the equal sign in the first inequality holds when

urj(s): -e , j=1.2,...,n, 0 <s <0,
for some real number x>0, and the equal sign in the second inequality holds when

s) # /Zu,j(s)‘z, u,(s)=0, j=n+Ln+2,. 0=s<=.
=1

Thus, the equal signs in the inequalities in (13) hold when

urj (S): WS

u,(s)=0, j=n+Ln+2,., 0=<s =6

-AJ-S
P;

—AJ-S .
pJ 1 J:1|21--'1n1

for some real number x> 0. From (14) we obtain that

n 2 n AS
Ylug(s) =u*Yle 0 <s <6,
=1 j=1
therefore,
ererore i ( 2
u.ls

1 A;S ? Ul -A;S ?

e el 2k T

=1 =1
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Therefore, the equal sign in (13) is satisfied if u in (14) is defined as follows:

u,(s) A

(16)

Thus, the equal sign in (13) is satisfied if

uy(s)=-

- _ 0, (5) =123

—AJ-S
P
r 1 Rt A R
-A S
e X p,
J:l A r

u,(s)=0, j=n+Ln+2,.., 0=<s =<6
Combining (8), (11), (12) and (13), we get:

e) 2-} U (s) //}Zi;e'Ajspj 2ds+j‘ /kzr:; U (s) }Zi;e 'Aispj 2ds
:j[/zu $) - I, (s )az 2

ds.
It's obvious that

/Z,a F=u(s)) 0<s<o, (@1<r=m) (19)

Then from (18) |t foIIows that
(v.(0).e) >0. (20)

>

-AjS
e pj

Let us now find the conditions under which the equality sign holds in (20). From (9) we get that

(Yp(ﬁ), p)= 0 . Therefore, the equal sign in (11) is satisfied. This means that Z(ij P )= 0 in (10), and

=

also for the U, control defined in (17) /Zﬂ .(s) #0in (18). Therefore u,(s)=0 for

0=s=6 k&{12,..,m}r}. Then,

> (s) F=1u,(s)/
k=1
and therefore (8) takes the form
e Ax jt p
Vj(t):_ - J ; ()//J
kZ:;‘e - Axkt pk‘

91\

v,(t)=0, j=n+1n+2.., 0=t=<h.
Comparing (17) and (21), we come to the conclusion that
v(t)=u, (), 0<t <. (22)
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Substituting (22) into (5) for iI=r we get

6
y5(0)=S+ [e Py, ()-v, (s =2, j=12...n.
0

Based on the assumption Y, (0): 0 (see equation (9)), we have Yii (9): xfj =0, j=12,.,n, and
therefore

X?= (xf’l,xf2 e X0 )= 0,

m

which contradicts the condition (6).
Hence Y, (t) #0, and thus y, (t) #0 forall t >0 and i=1,2,...,m . Theorem 3.1 is proven.
Conclusion. Our research focuses on the analysis of a differential evasion game involving multiple

pursuers and one evader in infinite systems of differential equations in 2 . The players' control functions are
subject to integral constraints. In this evasion game, the pursuers strive to bring the state of at least one of the

controlled systems to the origin 2. On the other hand, the goal of the runner is to prevent this. We have
defined a condition that ensures that the evader successfully escapes from any initial state. In addition, we
have built a strategy for the evader to avoid pursuers throughout the game.
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TIME-OPTIMAL CONTROL PROBLEM FOR AN INFINITE SYSTEM OF BINARY
DIFFERENTIAL EQUATIONS

Vasiyeva Gulsanam Abdulxay Kizi,
The junior of Andijan State University
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Abstract. In this article, we study the optimal control problem, which includes a system of infinite
differential equations. The problem is considered in the Gilbert space [, . Then we find the optimal time to

bring the state of the system in question from the initial state to the origin of the Gilbert space [, and build
an optimal strategy.
Keywords: infinite system of differential equations, optimal control, optimal strategy.

3AJAYA BbICTPOJEMCTBUA JJIsI BECKOHEYHOM CUCTEMbBI BUHAPHBIX
JNOPEPEHIIMAJIBHBIX YPABHEHUU

Annomayua. B Oannoui pabome usyuaemcs 3a0a4a ONMUMANLHO2O YNPAGIEHUA, GKIIOUAIOWAs
cucmemy 0OeckoHeuHblX Oughghepenyuanvhvlx ypagueHul. 3adaua paccmampueaemcs 6 I unbepmosom

npocmpancmae l,. 3amem naxooum onmumanvHoe @pems 015l NPUBEOEHUsT COCMOSHUSL PACCMAMPUBAEMOL

cucmemvl U3 HAYATBLHOLO COCMOAHUA 8 Hauano Koopouwam [ unbepmoea npocmpancmea l, u cmpoum
ONMUMATIHYIO CIPAMESUIO.

Knwouesvie cnosa: oOeckoneunas cucmema Oup@DepeHyuarvbHbiX  YpaeHenull, ONMmuMAaibHOe
ynpasnenue, ONMUMAIbHASL CIPAme2usl.

IKKILIK DIFFERENSIAL SISTEMALARNING CHEKSIZ SISTEMASI UCHUN OPTIMAL
VAQT BOSHQARUV MASALASI

Annotatsiya. Ushbu maqolada biz cheksiz ikkitalik differensial tenglamalar sistemasi bilan bog ‘liq
bo ‘Igan optimal boshqaruv masalasini o ‘rganamiz. Masala 1, Gilbert fazosida garaladi. Unda garalayotgan

sistemaning holatini boshlang ‘ich holatdan 1, Gilbert fazosining koordinatalari boshiga olib kelish uchun
optimal vaqt topamiz va optimal strategiya quramiz.
Kalit so“zlar: differensial tenglamalarning cheksiz sistemasi, optimal boshgaruv, optimal strategiya.

Introduction. A huge number of works are devoted to the control problems described by partial
differential equations such as [1, 5, 8, 9, 16]. One of the first works devoted to the time-optimal control
problem for partial differential equations of parabolic type was [11]. More detailed information on the
optimal control problems for the systems with distributed parameters is given in [9].

One of the main methods of studying the control problem for partial differential equations is the
reduction them to an infinite system of ODEs (see, for example, [2, 4, 6]).

Therefore, the control problems described by infinite systems of differential equations is of
independent interest in studying control problems. For example, the works [3, 10, 11, 17] study control
and/or differential game problems for infinite systems of differential equations.

The differential games with integral constraints on controls of players is one of the important classes
of differential games (see, for example, [10, 11]). In differential games, where the control parameters of
players are subjected to integral constraints, players need to optimize the expenditure of their control
resources as well.

The paper [10] are devoted to optimal pursuit differential games for the infinite system of differential
equations [18].
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Statement of the problem. In the present paper, we study the following controlled system of infinite
2-systems of differential equations in the Hilbert space [,:

Ii’ = _Ai'xi' + ¥+ Wiy, 11(0) = X0,

Vi = _';La'ya' + Wia, V;(O) = Vio»

(2.1)

on a given time interval [0,T], where T is sufficiently large number, A;, i = 1,2,..., are given non
negative real numbers, , 7y = (710,120, ) = (X109, Vios X20.Vag: - ) With 17;0 = (x;0,¥;0)" 1S the initial state,

where * is the transposition operation. It is assumed that n, = 0.
For the time-optimal control problem, we find optimal time to steer the state of the system from a

given initial state to the origin of the space [,. Also, we construct corresponding optimal strategy [3].
Let i, p, and a, be positive numbers, where p, > a,.

We will use the symbol w(-) to denote the function w(t), 0 <t < T.
Definition 2.1. We call the function

W() = (Wll(')!wlz[:')!WZJ.[:')!W22[:')!---): w: [0, T] - IZ:
an admissible control if its coordinates wy,, (t), w;,(t), 0 <t < T, k = 1,2, ..., are measurable and

satisfy the following constraint
T2 [T WA (s) + w(s))ds < p?,

We let §(2) denote the set of all admissible controls.

Definition 2.2. We call the functions u(-) € §(p,) and v(-) € §(g,) admissible controls of pursuer
and evader, respectively.
Definition 2.3. A function

U(t,v) = (Uy(t,v),U,(£,0),...), Up(t,v) = (Ups (£,1), Upa (£, ),
U:[0,T] x 1, = L,,

with the components Uy, of the form U, (t,v) = v, (t) + w;, (£) with v, (t) = (v, (£),v,,(t)) and

wy (t) = {wkl (t), W, [t)) that satisfy, for any v(-) € S(g,), the condition
Oy fgrlUk (f, v(t))lzdt <03, |UI: [t, v(f))lz = UE1{L v[f)) + Ug {t' v(t)),

is called a strategy of the pursuer, where w(-) = (w;(-),w, (-),...) € S(py, — d,).
To define strategy of evader, we let

p(®) = (2 — f; 1 u(s) 1? ds)i, o(t) = (02 - f;v(s)zds)i,
where

u(s)? = X2, [u ()17 = £2, (13, () + 13 (s)).

Note that p?(t) and ¢2(t) express the quantities of pursuer’s and evader’s control resources,

respectively, remained at the time t.
Definition 2.4. We call the function
(tn.p,0,8) »V(tnp 08, V[0, TI X1, x [0,p,]%[0,0,] % 1 = L5,
the evader’s strategy, if it satisfies the following conditions

0] V = V,(t) whenever p > a, where V, (t) is an admissible control of evader,
(i) VV = 0 whenever p < o and (t, n) € G;, where G, is asubset of [0, T] x I,,
(iii) v =V(t,n(t), p,a,u(t — )) whenever p = ¢ and (t, n) € G,, where  is a positive

number, u(-) is an admissible control of pursuer, G, is a subset of [0, T] x I,,
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(iv) V(- np,a,n())is ameasurable function.
1. The main result. In this section we consider a time optimal control problem.

Note that if w(-)eS(u) and A, =0, i=12, .. then there exists a unique solution

n(t) = (g (t),n,(t),...), 0=t =T, of the infinite system of differential equations (2.1) in the space
C(0,T;1,), of course, fori = 1,2, ...,
1 [:f) = E'Aft’?:'o + fgtEAi(t_S] Wi'(s)ds-

Problem 3.1. Find the optimal time to steer the state n(t) of system (2.1) from the initial state

Mo = (X410, V10 X290, Vo0, - ) € 1, to the origin of 1,, and find an optimal control w(-) € §(u).
Let, fori = 1,2,...,

g8 8
N A _ A= Az
w;(6) = J- e Aife~4isds = J- [E E EA_; S] [ E;_S Es] ds =
0 o L O et —e’ifg et

_ [#11(8) 4,(6)

f e?ts(1+ s¥)ds — jf e?tigds
B B tlbzl(ﬂ) IIDQQ(S) '

8 245 8 245
i i
»[0 e sds fo e ds

where 4* is the transpose of the matrix 4, and
Y;1(6) = ffeufs(l + s%)ds, P, (6) = — _[09 e2Aigds
6 o24; 8 21
,1(8) = — [ e**sds, Yoo (6) = [ e2isds.

Lemma 3.1. For the matrix W, (t) and n;, = (x;0. V;o ), the following relation holds

¥ 2
na'ﬂm':' (f)r?m = fotle_ﬂisniﬂl ds.
Proof.

H i —Ajsy= —Ais z
T]':oW: (t)r?:o = fgt I?i'OE_AESE_AESH;OdS = fot W:‘oe_ﬂis(mof‘ A ) ds = fotle 4 T]'ml ds.
Thus, the matrix W, (t) is positive defined. Thereby, its determinant is positive

t
Moo Wi (D750 = f le=4in| ds > 0, >0, (3.1)
0

where 1,5 = (X;0. Vo) # 0. Therefore the matrix W, (t) is positive definite for all i = 1,2,.... Next,

we estimate |W; (t)|. Using the Cauchy-Schwartz inequality
t t t 2
J-e”fsszdsf e?tisds = (J- e”fssds)
0 0 0
yields

2
[W, (0] = @11 (D) @22 (1) — 02, (0) = ([[e2Pods + [fe2Pi5s2ds) [T e*hisds — ([ e*hissds) =
1] 1] 1] 1]

t 2 t t t 2
= (J- e”fsds) +J- e“fsszdsf e2tisds — (J- e“fssds) >
4] 0 4] 0

2
2 ([fe**eds) = p3,(D) > 0, > 0. (3.2)

For the inverse of the matrix W, (t), we have
_ t) @(1)
wWi(p) = —* @22 ( 12 )
(@0 w1 Loy (£) ¢y, (L)

and so
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_ dpenas Pz (x5 + 2015 (DXi0Vi0 + 11 (DY

The following equation
D oW Oy = 42 (3.4)
i=1

plays important role in solution of Problem 3.1.
To poof the main result of this chapter, we need the following statement:

Lemma 3.2. Let B(t), 0 = t = 1, be a continuous matrix-function of the order n, and its determinant

be not identically 0 on [0,7]. Then among the measurable functions w(-), w: [0, 7] = R™, satisfying
the condition

f B(S)w(s)ds = 2 (3.5)

the control defined at almost everywhere on [0, 1] by the formula
wy(s) =B*(s)F (1)z, 0=s=<1 F(1) = f;B(s)B*(s)ds,
gives the minimum to the functional
Jy la(s)|?ds
Proof. If z =0, we are done. Let z = 0 and w(s) be any function that satisfy (3.5). Since B(t),
0 =t < 1, is continuous and its determinant is not identically 0 on [0,1], therefore F(7) is nonsingular.

Indeed, if detF (t) = 0, then F(t)p = 0 for some non zero vector p € R", and so
pF(r)p = j;p"B(s)B*(s)pds = fOTIB*(s)plzds =0.

Hence, B*(s) p = 0forall 0 < s < 7, and so p = 0, a contradiction.

Next, multiplying both sides of (3.5) to the vector using [ = F~(7)zyields
(z,]) = fOT(B(s)w(s),E)ds = fOT(B*(s)I,w(s))ds.

Then, we apply the Cauchy-Schwartz inequality to the right-hand side to obtain
1/2

(z,0) < (1B ()1I2ds)™* (S |w(s)[2ds) .
From this using I = F~(1)z and
f|3*(s)z|2ds=f (B*(s)L, B*(s)1)ds =

= [J(B(s)B*(s),1)ds = (F(DL1) = z’F*(1)z

we obtain
(z’FY(Dz)2 <z’ F 1 (D)z- f;lw(s)lzds,

and, hence,
' F 1z = f;lw(s) |*ds.

If wy(s) = B*(s)l = B*(s)F~*(1)z, then
f;lwo(s)lzds = _[;IB*(S)Ilzds =IFYDl=zFnz= _[;lw(s)lzds.
which proves the lemma. O

Theorem 3.1. Equation (3.4) has a unique root t = & and the number & is the optimal time to transfer

the state i of system (3.1) from 1, to the origin of the space .
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Proof. First, we prove that equation (3.4) has a unique root t = 8. We shall have established this
statement if we prove the following: the series in (3.4) (A) approaches +o as t — 0%, (B) is strictly

decreasing on the interval (0, e), (C) approaches 0 as t — eo.
A. First, we prove that lim f; (t) = +oo if 1), # 0. Indeed, by the L’Hopital’s rule we obtain
t—0

from equation (3.3) that
Ilm f;(t)=lim P2z (t)xizo + 2@, (1) XigYio + @11 (1) Yio —
t—0™" ’\/V (t)‘
= lim 2tXOyl +(1+t )yIO B
t~>0+ (1+ t )(022 (t) + @ (t) 2t (t)

= lim XIO + le = lim XIO + le >
t—>0" @55 (t) + ¢11(t) t—0" J.tGZAS (2 + (t — S) )
> lim- XotYio (3.2.7)
ot (2 +t )J' e?%sds
since [ e*%°ds —» Oast - 0*.
B. We next prove that the series in the left hand side of (3.4) decreases strictly on the interval

t=0.

For this purpose, we show that the function f;(t), t > 0, where 1,, # 0, is strictly decreasing. Indeed,

£ = (@22 (0 42012 Ox10310+ 021035 (012 D22 (-2, ®)
1AGIE

£ = (@22 (0 42012 Ox10310+ 021035 (012 D22 (-2, ®)
1AGIE

B (@11(3)@22 (0) — o1z (t)) "(@22(OxF, + 201, (Oxy + 01, (DY) B
W, (0)17 B

_ [(f‘ruzz (t) — @12 (f))xio + (tﬁﬂu (1) — ‘F'n[:f))}’m]zeu i
[w; ()12

_ (P22 (Dxio+9,5 ) yi0) 261"

|wi(e) |2

=0 (3.7)

To establish that f(t) is strictly decreasing, we show that f'(t) = 0 in (3.7) for all t > 0. To obtain a

contradiction, suppose that f'(t") = 0 at some time t" > 0. Then, (3.2.8) implies that
©22 (t")x;0+ @12(t)yi0 =0,
o 22 (N )-@ 12 (M) x 10+{tN @ 12 (tM )-¢ 11 (1)) y_10=0. (3.9)

Since ;o # 0, (3.8) implies that x,, = 0 and v,, = 0. We find from (3.2.9) that
oo ltr)
Pz (tr) 10

Yio = —

and substitute it into {3.8) to obtain

’ ' Y- 22(tr) Y-
(022 (t) — @12 (t))x;0— 2 (;]( 012 (t) — @13 (t))x;0=0
or, equivalently,
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-1, () + @y, (t) e, () =0,
which contradicts to positivity of |W(t)| (3.2). Thus, f'(t) < 0, for all t > 0, and so the function

f:(t) strictly decreases on (0, +20). Consequently, the series in the left hand side of (3.4) decreases strictly
on (0, +o).

C. Next, we show that the series in the left hand side of (3.4) converges for any t = 0. Since this
series is decreasing, therefore it is sufficient to establish that the series is convergent on the interval

0=<<t<1.

First, we estimate the i -th term of the series. Using obvious inequalities

2X;0Vi0 = Xjp + Vi, 012(8) < @5, (1), and @, (1) < ¢4, (1),

we have
1 @22 (x5 + 2012 (OX50Y10 + 9’311&)"":0
I}!UW (t) ;o IW(f)I
- (x4 + 93 )e (0 + (x5 + 93 ) 012 (0) _
B [w; ()]
Z‘F‘u(f)"'(ﬂu(f)l 2 < ?“F‘u(f)l N
[w; () flio ARG
Thus,
1 2¢,, (1) , _ 205,(8) 5
Wi (D15, < |W;-(f)|| Miol® < 7@ M50

Due tothe factthat 0 < s < t < 1 we obtain

i t
@,,(t) = J- e2%i5(1+4 s¥)ds < J- 2etisds = 2¢,, (1),
0 4]

and so by using the inequalities 4; = 0,i = 1,2, ..., we have

_ 204, (t) 4, (1) 4
i M’: l(t) : = | i I2 = | i I2 = | i I2 =
flio Mo @gz (t) flio (sz(t) flio @2, (1) o

quw—l(t)nm Z Hol” _ il 0l = —r}o,
il’?:‘olz =1o°.
i=1

Therefore, the series is convergent for any t > 0. In other words, the sequence
n

Z Mo W, H (01},
i=1

where

uniformly converges to

Z Mo W, H (01},
i=1
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asn — oo, Hence

lun Z Mo W, (), = 11111 11111 Z oW, (O, = = lim lim Z Do WO,

n—oo f—oo

Therefore, to establlsh that _
fim > noW (O =
it suffices to prove that ] - ]
fim > 0o (0o = ) lim o W (O =
i=1 i=1

To find the limit
szz (x5 + 2055 (Dx;0Vi0 + 011 (V5

1G] ’ (&2)

].1111 T]’: 0 -t [:f) na 0=

we apply the L’Hopital’s rule twice. This is possible since @;;(t) — oo, [,j = 1,2, as t — o and by

(3.2)
[W,(t)| = o ast — oo,
Thus,
X (@22 [:f)xa?o + 2015 (DX;0)i0 + ‘P:L:L[:f)}’fo}’ _
W (0)|'
i ez‘” 2+ 2eMittx, ;0 + €M (1 + t2) Y3
tgmeﬂ 1+ fz)(ﬂzz (t) + ety () — 2¢y, ()24t a
B !0+2umvm+(1+ t3)v5 B
2X;0Vip T ZIV;-O
= lim .
t—e 205, (1) + 2824 — 20, (1)

Lim meo W71 (0 = s

(3.10)

Due to the conditions 4; = 0,1 = 1,2, ..., we obtain
t t

2605, () + 2624 — 29, (£) > 2604, (£) — 204, () = 2 f (t — s)e?hisds — 2 f (¢t — s)ds — ¢2.
1] 1]

Thus, by (3.2.11)

2%;0Vi0 + 2t¥2

. -1 : i0Xi0 SI0
Hp oW T
Since W,~*(t) is positive definite, therefore

MW, (E)n;, = 0.
Consequently,

Lim 130 W (017 = 0

and so

Z MW, 1 (D), = 0, as t — oo, (3.11)

This allows us to conclude that equation (3.4) has a unique root t = 4.
To prove the second part of the theorem, that is, to prove that the number & is the optimal time to

transfer the state i of system (3.1) from 7, to the origin of the space [,, we construct the control as follows:
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w,(t) = —e W, 1 (8)n,p, i=1,2,.., 0S L <6, (3.12)

We proceed to show that 1(8) = 0. Indeed, since
¥i (9) = Mo + fge E_Aiswa' (S)ds = Tio — f: E_AESE_Agst':'_l(ﬂ)nmds =
= Nip — M";(ﬂ)m’:_l(ﬂ)fho =N — N = 0, i=12..
Therefore

n;(8) =e4®y,(6)=0,i=12,..

The task is now to show the admissibility of control (3.2.13). We have
= 8 = -8
> [ noras =Y [ lewt ol 'as -
i=1 0 i=1 0

= 8
- Z J- [E_AESE_Agzsm':'_l(ﬂ)nio’m’;_l(ﬂ)nm)d‘g =
=1 0

= > oW () = 1 (3.13)
i=1

Consequently, control (3.11) is admissible.

We only need to show that, for any control w(t) = (w, (t),w,(t),...), 0 =t = &, we have n(t) = 0,
0 =t <@, for the solution n(t) of system (3.1). Suppose, contrary to our claim, that there exists an
admissible control w(t) = (W, (t), W, (t),...), 0 =t < 1, such that n(t) = 0 at some 7, 0 < T < 6. Hence,

y(1) = (nn (1), »(1),...) =0,ie,
o [[eN-A_is)w i(s)ds] = i0,i=1,2,...." "(3.14)

Observe the control w?(t) = (w} (£),w2(t),...), 0 = t < 7, with
W_in0 (H)=-eN(-A_i™ 1) W_iN(-1) (1) 1_i0, W_i (1)=] 0°tii [eN(-A_is) eN-A_ir*s)ds] ,i=1,2,...."
" (3.15)

Satisfies (3.14). Then, by Lemma 1 it gives the minimum to the functional
1wO) = [ w@Pa
i=1 0

Substituting (3.14) into the functional I and using the fact that the series in (3.4) strictly decreases on

the interval (0, =), gives
1(171?[:)) = "(WO(')) = Z r]r;.'OWI._l(r)r]r!-D > Z f?:om’;_l(ﬂ)f?z'o = p.

This means the control w(t) = (W, (t),w, (t),...), 0 = t < 1, is not admissible, a contradiction.O

Conclusions. In this paper, we have studied optimal control and differential game problems described
by an infinite system of 2 block differential equations.

Our contributions are as follows. We have obtained an equation for the optimal time to transfer the

state of the system from the given initial state to the origin of the space [, and constructed the optimal
control.
It should be noted that we have used the coefficient matrices

o ]
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Infinite system of equations (1) corresponds to the coefficient matrices
B' — [ 1 !]
! ﬁa’ —

where a;, B; are some real numbers. Clearly, the matrices 4; and B; are the Jordan matrices.
Therefore, the present research fills the gap in the 2 x 2 Jordan matrices. For the future research, we

recommend to consider any 2 x 2 real matrix instead of the matrices A4;.
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VJIK 517.946

®OPMYJIA KAPJIEMAHA JJISI IBYMEPHOI'O TPABUTALIMOHHOI'O OJISI B
OIPAHUYEHHOM OBJIACTH

Cammopoeé Ipmamam Hopkynoeuu,
V36excko-Punckuii nedazo2uieckutl UHCIMUMym
Ilynamoes Oiibex Ynauwoguu,
V36excko-D@unckuii nedazoeuyecKuti UHCIMUMym
Sattorov-e@rambler.ru

Annomayusa. B pabome paccmampusaemcsi 3a0a¥a NPOOONNCEHUS 2PABUMAYUOHHO20 HONS 8
02paHudenHol 001acmu, 0CHOBAHHAs Ha Memooe Gynxyuu Kapremana-Apmyxamedosa.
Knrwouesvie cnosa: unmezpanvras popmyna Kowu, popmyna Kapnemana, epagumayuonnoe none.

CARLEMAN'S FORMULA FOR A TWO-DIMENSIONAL GRAVITATIONAL FIELD IN
BOUNDED DOMAIN

Abstract. The paper considers the problem of continuation of the gravitational field in a bounded
domain, based on the Carleman-Yarmukhamedov function method.
Key words: Cauchy integral formula, Carleman formula, gravitational fields.

CHEGARALANGAN SOHADA IKKI O‘LCHOVLI GRAVITATSION MAYDON UCHUN
KARLEMAN FORMULASI

Annotatsiya. Karleman-Yarmuhamedov metodiga asoslangan holda chegaralangan sohada
gravitatsion maydonni davom ettirish masalasi gqaraladi.
Kalit so“zlar: Koshining integral formulasi, Karleman formulasi, gravitatsion maydon.

BBenenne. Xopomio W3BECTHO, YTO B TEOPHU (PYHKIHMH KOMIUIEKCHOTO TIEPEMEHHOTO BaXKHYIO POJIb
urpaet uxnmezpanvras meopema u gopmyia Koww. Ilycts L — HexorTopas riiajakas 3aMKHyTash KpuBas
(koHTYp), (T.e. O6e3 Touek camomepeceuenus). Ecimm f({)— ¢ynknus, anammtuueckas B obmactu €2,
OrpaHUYEHHOM KOHTYpoM L, M HempepbIBHAs Ha caMOM KOHTYpe (T. €. HelpepbIBHAsI B 3aMKHYTO# 00J1acTH

Q=0UL ), TO UMeeT MecTo cieayrommas popmyna Komrm:

1 f(g)dgz{f(Z), zeQ,

27i| £ -1 0, z¢Q,

(0.1)

rne C\Q — nononnenue 3amkHyTOM 061acTH () 110 BCel KOMILIEKCHOM MIIOCKOCTH (31€Ch U HIKE
MPEJIONIAaraeTcs, YTO KOHTYP OOXOJUTCS B TIOJOXHUTEILHOM HAIPaBJICHUH, TIPH KOTOPOM O0JIACTh OCTAa&TCs
cleBa).

Takxum o6pazom, popmyina Komn no3sosser o 3Hauenusm ¢pyukimu f () Ha rpanune L ob6nactu

() BOCCTAaHOBHTH €€ 3Ha4YCHHS BCIOAY BHYTpH 001acT. KOPOTKO 3TO 0OCTOSATENBCTBO BHIPAXKAIOT CJIOBAMHU:
gopmyna Kowu pewraem Kpaegyio 3adauy 01s anarumudeckux @ynxyuti. IHTErpat, CTosIui B 1eBoi yacTu

tdopmynsr Komrn, HaswiBaercs unmeepaiom Koww. J{ns Todek Z, mexammmx BO BHeMmHeH obmactn
uHTerpan Komm obpamaercs B HyIb.
B pabore [1] B.A.®oxk u ®.M.Kynu nokazanu cneayromuil BaxHbli pesynbrar. IlycTs rpanmna

OJIHOCBSI3HOW OTpaHMYeHHO# 00macTi () COCTOUT M3 OTpe3Ka [a,b] JIEHCTBUTEIBHON OCH KOMIUIEKCHOM
IJIOCKOCTH ¢ M IJIAJKOW Ayrd S  KpuBOH, hekauieil B monymiockoctd 1Mz >0, u f(z) - dynkums,

ananuTHueckas B () kmacca C (§_2) . O603naunm [2]

C-2)D_(¢-72) =2i7[iexp[—ia(§—z)], c>0,
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0.2 = = [ HO 2= -c

Torma
1) CIIPaBEJIMBHI CIEAYIOMINE SKBUBAJICHTHBIE (DOPMYITBI IPOTOIKECHHS

f(2)=lim [ (D, (& -2)d¢, e
S (0.2)
f(2)=[3(, z)o|a+2iﬁij(g—z)1 f(£)d¢

2) 3ananHas Ha S HenpepeiBHas Gyukuus f (£) ronmomopduo npomomkaercs B (2, Toraa u ToIsKo
TOTJa, KOT/1a:

<o

TJ (o,2)do

na kaxaom kommnakre K, ze K, nexamem B momymiockoctd 1Mz >0. Ecmu sto ycnosue
BBINOJIHEHO, TO MPOIODKEHUE OCYILECTBISIETCS 3KBUBaTICHTHBIME (hopmymnamu (0.2).

Oyukuust D obnamaer cpoiictBamu: a) D _({—12)= %% +0(<,2), rne g(<{)- uenas
7wl ¢ —1Z

dysxms, 6) ©_(S—2)=0 mpu § € [a,b] u pasaomepno nmoZ, ImMz>5>0. Teneps 1) cnenyer us

¢dhopmyer Kommm, a 2) cnemyet u3 hopMyIiel ckadka 11 mHTerpana tuna Komrm.
Cornmacio M.M.JlaBpentbeBy [3], @ (S —2z) waswBaercst Qynkumeil Kapiemana-SIpmyxamenosa

i obmact QQ wyactu S rpanuns O0C) .
DKBUBAJICHTHOCTB BYX (DOPMYJI CIIEAYET U3 BBIPAYKCHUSL:

J.a\P—@-)dowr‘P(O):Iim ¥ (o). (0.3)
5 oo o—>®

®opmyna Boccranosienus suaa (0.2) Buepsoie Oblna monydeHa T.Kapmemanom [4]. OmHOMEPHBEIM U
MHOTOMEpHBIM 00001IeHusiM ¢Gopmynbl Kapnemana mnocesmieHa moHorpadus [5]. Tam ke mpuBeneHa
oOmmpHass nurepatypa. MBI JOKaKeM aHAJIOTHYHbIE (OPMYJBl  TMPOJNODKEHUS Ul IIOCKOTO
I'PaBHTAIIMOHHOTO TOJIS.

1. Ilaockue MOTeHIHATbHBIE MOJISI U UX YPaBHEHUS
Paccmotpum nBymMepHBbIe (MI0CKHE) TPaBUTALIMOHHBIE 1O [6, cTp. 32]:

div, F(p) =d(p), rot,F(p)=0, (1.1)
F(p) = grad,U(p). (12)
AU (p)=a(p) - (1.3)
JlBymepHbie oneparopsl auddepentmposanus grad s din, rot,. onpenenstoTcs B BUE:
grad U (p) = 227+ Y5 = tim —L [uvdl, (14)
OX 8y AQ-0 AQY 5

diVQI_f(p)=ﬁ+£= lim — [E.vdl, (1.5)

OX 0y A0AQY
rot, F(p) = oK oK j=nlim L (Eqa (1.6)

ay OX AQ—0 AQ) 1

PaccMoTpiM BekTopHoe none F(p) = (R(x,y), F,(X,Y), ynosnersopstromee cornacuo (1.1), (1.5) u
(1.6) ypaBHEHUSM:

%+%:q(x,y), %_%:0 (1_7)
oX oy oy OX
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Ha miockoctt  XOY  komiuiekcHyo mepeMeHHyto Z=X+1y u o00o3Haunm uepes F(2)

CIIETYTOIYI0 KOMITIEKCHYIO (DYHKITHIO KOMIUIEKCHOTO apTyMeHTa!
F(2)=—R (X y)+iF,(xy). (1.8)

Onpenenenne 1. Oyukiuo F(Z) OymeM Ha3bBaTh KOMIUIEKCHON HANPSHKEHHOCTBIO MIIOCKOTO TOJIS

F.

Hamo otMeTuth, 4TO 6HE UCMOUHUKOS KOMNAEKCHAS HANPANCEHHOCMb HIAOCKO20 N0  eChb
aHanumuyeckas QyHKyus, ucyesaiowas Ha Oeckoneunocmu. B caMoM jerne, BHE UCTOYHUKOB ypaBHEHUS
(1.7) mpuHUMAIOT BUI.

FLF_, F_F_,
ox oy oy OX

ReF(J)=-FR(xy), ImF()=F,(xy) (1.9)

noxcrasisist (1.9) B (1.8), Buamm, dTO BemlecTBeHHbIe M MHHMBIC dYacth Gyukuun F (&)

(1.8)

ITockonbky

yIOBIETBOPSIOT ycinoBusM Ko — Pumana:

OReF oImF  OReF  aImF

oX oy oy oX

I'paButanyonHoe moje (§ IBYMEPHOI'O paclpelesieHHs MacC, COCPEAOTOYEHHBIX C IUIOTHOCTBIO

(1.10)

p(X,y) Bo6mactu Q muockoctu XOY , kak M3BECTHO, YIOBJIETBOPSET YPABHEHHSAM:
div,g =—4myp, rot,g =0, (1.11)
IJI€ ¥ - YHUBEPCAIbHAS TPABMTAMOHHAS TIOCTOSHHAS.

OnpeenuM KOMIUIEKCHYIO HAPSHKEHHOCT TPaBUTAMOHHOTO Touist §(Z) crenyromueii Gpopmynoi:
9(2) = g (x, y) +ig,(x, y), (112)

rae 0,0, — CKaIs[pHbIC KOMIIOHEHTbI IPaBUTAHOHHOrO moyist § . Pynkuust §(Z) yaosmetBopsieT

YpaBHEHUIO:

o9(z
BE _omp(2), (113)
0z
rne p(z) = p(x+iy) = p(X,y), penienne KoToporo Haércsi HOPMyIIOii, BHITEKAOIINNA U3 (OPMYIIbI
[Tommes:

9(z)= —%ﬂ%ds. (1.14)

1 BOCIOJIB30BaThCS CIEACTBHEM TeopeMbl Octporpanckoro—I'aycca, BmepBele monyd4eHHbIM A. B.
Hupynsckum [7] npedcmasnenue epagumayuonio2o noas ue macc unmezpaiom muna Kowu:

g(z)=—i_ Zﬂy—‘)ﬁzdg, z2¢Q). (1.15)
2my (-2
Takum ob6paszom, ¢opmymna (1.14) nma€r mnpeacraBneHHEe KOMITIEKCHOW  HANpPSKEHHOCTH
TPaBUTAIMOHHOTO TTOJISI B BHJIE HHTeTpaia ¢ sapoM Koy mo obnacty, 3aHATONH MaccaMu.
AHanuTHYeCcKOe BBIPAKEHUE AJIS1 KOMIUIEKCHBIX HANPsLKEHHOCTEH TPaBUTALIMOHHBIX MOJIEH BHYTPH U
BHE Macc ompeaensercs o nHrerpanbHoi ¢popmyie Komm:

_ 1 2mp,(S-7)
9(z) = Zﬂi-[ 2 d¢e, (1.16)

rae Z - mo0as TouKa KOMIUIEKCHOM MIockocTH (B ToM uuciie Z € L, B cuity Henpepsisaoctd — §(2)).

2. IlpencrapieHue rpaBUTAHOHHOTO Nnojs Gopmyoii Kapiemana

2
Mycts R - 2-meproe BemecTBenHOE CBKITHIOBO POCTPAHCTRO,
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2

X=X, %),y =0 yZ)GRZ’X':(Xz)’ y'=(y,)eR, a2:|yz_xz|2’ a =S,
rP=ly—x*=at+ (v, %), r=tg - n=sin p>1
P 2p

0G, ={y:|y,|=7y,, >0}, G=G,UéG,,
& — JOCTaTOYHO MAajo€ IIOCTOSHHOE IIOJIOKUTENBHOE YUCIIO, GZ = {y . |y2| <7 (y1 - 8)} ,
aGZ = {y . |y2| = ”L’(y1 - 8)}, G_; = G; U aG;, C - xoMmIekcHas IUIOCKOCTH, c=y,+ iyz,
@, = 27T - JIMHA EMHITHOTO OKPYKHOCTH B R? , Q = OTPaHHYCHHAs OJTHOCBA3HAA OTPE3KOM 00IACT B

2 . N N
R® ¢ rpannmeit 0Q p» COCTOSIIICH U3 OTPE3KH JIyueH C o6umm navanom | = 0G p W TJANKOTO Kycka
TIOBEPXHOCTHU S, nexautero B yria G o Cnyuait O =1 npeaenbHeiili. B aTom ciyuae aGl- OTpE30K

asy,< b u rnankoit ayru kpuBoii TexXAaIIE TOTYILIIOCKOCTS y, >0.
B o6nactu €2 , CHPaBEIHBA 0000ménnas unrerpansHas ¢popmyna Komm (1.16) ecnu B kauecTse

1 N
aapa B3ATh menylo (yHkuuio Muttar-Jlepdaepa E o (G W) — , W=I u’+s+ Y — X,

K(0) = Ep (0)=1, 3necs E » (w) = Zw—n—uenaﬂ dynkums  Murrar—Jleddrepa, 0 >0,
=0 I"(1+—)
0

WEC, El(W):eW, rne 1 -ramma- ¢dbyukius Dinepa. B nmanbHedieM OyaeM mpearnosaraTh, 4TO

P >1. mas xoropoit mpuBoauM mHTerpanbHoe npencrasienne ([8] ri. 3, § 2). Ywucio ﬂ BBIOEpEM C

T T
YCIIOBHEM 2— < IB <—, p>1 0603nauum uepes Ve (ﬂ) KOHTYD B KOMIUIEKCHOM miockoctu W,
P P

npoberaeMslil B HarpasiieHun He yobiBanusa Al W u cocTosmuii U3 clieayromnmx yacTei:
1) mya argw=—/,3,
2) nyra — 3 <argw < [ oxpyxuoct |W| =¢,0<e<l,3)nys argw= /.
Konryp . ( ,B) pa30uBaeT KOMIUIEKCHYIO IuIockocTh W Ha JiBe HEOTrpaHHYECHHBIE OIHOCBSI3HBIC

- +
o6mactu (2 p M Q p » IOKAIME COOTBETCTBEHHO CIICBA U CIIPaBa OT V. ( ﬂ) . ITomoxum

P [ exps” ' p expg ”
v (W)=—— de, v (W)=—— de. (1
P( ) J‘ Cj—W ,0( ) 27Z'| yg_!.ﬁ)(g_W)Z

Torpga

exp(w’ )+ w), weQ *,
Ep(W)= P p( ) l//p( ) €25 2.2)
w, (W), weQ -,

E,(W=y, W), weQ .

Tax kax E 5 (W) BEILIECTBEHHO MpH BelecTBeHHOM W, nMeeM:
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y,(W)+y, (W) p exp(¢c”)(c — Rew)
R _rp P d )
o)== | e e (23’
y, W -y, (W)  Imw exp(s”)
Imy, (W) = 2i 27 Jﬁ) (g—w)(g—W)dg’ 24
mz//p(w): P 2exp(gp)(g_ReW)dg. 9

Imw 27 (g_w)z(g_v—v)z

T &
Bceroay B nanbHeieM B ONpeaeneHuy KOHTypa (1, ﬂ ) Oyznem Opatb ,3 = 2— + ?2, P> 1.
Yo,

SIcHo, 9TO ecan
T
—+¢, <|argw| <7, (2.6)
2p

TO Wer u Ep(W)Zl//p(W).
Teopema. IlycTh KOMIUIEKCHAS HANPSHKEHHOCTH IpaBUTAalMOHHBIX noneit §(Z) = 27yp,Z dynkuws,

rosiomopdHast B obnactu 2 , KOMILIEKCHOH miockoctn & =Y, + Iy, npunanexur knaccy C(€,). Torna

Tt 000 TOUKH Z = X, +1X, € Q , cpaseunBa popmya Kapremana:

0= lim [€, [o(¢ -] 9252 @)

CXOIUMOCTh paBHOMEpPHA Ha KAXXJI0OM KOMITAKTC U3 Qp .

HoxazareabcTBo. [Ipu ycinoBuu TeopeMsl st x06oit Z € , crpasenusa opmyia Komm (1.16)
1 d
9(z2)=— I Ep[ Z)]g(g) ;, c20,E (0)=1. (2.8)
27 o

[TokaxxeM, uto pu
CeClG(C:ly,|zt1), 2eKaGi(x|<7(x —€),6>X,),
rne K npownsBosnbubiil koMmakT B (2 s IS E » (W) cripaBeuBEI HepaBeHCTBA:
M M
) e AL Byt
1+ |W| 1+ |W|

B KoTOphIXx W= 0(4 —2), |W| = O‘|§ - Z| > 0 &7, (paccrosnue kommakta o 0G,, He MeHbIIe £7,),

(2.9)

\E

rae
M 1 M , - TIOCTOSIHHBIE, HE 3aBucsmue oT W. C 9T0H 11ebio npeodpasyem pasHoCTh

)
¢ —12=0Y, —tX +70(Y, = X,) :|y2 _X2|(ilr+ﬁ) Y, =%
2 =%

Tak kak

T1y1_5X1 < |y2|_|X2|_5g Sl—gl

|y2 _Xz| |y2_X2|
Hu

argltio) =arg(l+itg —) =—, larg(a+itg —) > E
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pu
a<luarg({—z)=argz({—12),(6>0) 1o ‘arga(g—z)‘22£+gz,o->0.
Yo,
e
20 1

Crenosarensho, npu § €0Q \S, ze K< Qs E (W) mmeer mecto Hepasenctso (2.9), rae

B stux ycnosusx u3 (2.1) umeem E (W) =y (W), w=0(¢ —2), 8=

|W| >or,E ecma Y, =X,, TO Re(é’ - Z) < 0 u nepasenctsa (2.3) umerot mecto. Teneps B popmyste Kot

(2.8) yctpemuM & GECKOHEYHOCTH, TOTJa MHTErpal Mo 4yactd O » \'S rpanuus 0Q , HcUe3aeT u

nomrydaeM gopmyay (2.7). Teopema nokazaHa.
Caencrue. [Ipu ycinoBun TeopeMsl cripaBeiiuBo hopmya:

1 1 p9(9)de
g(z) = = !J(Z1O-)da+27z'iv! c s (2.10)
rae

3(z,0)=[E, [o(¢-2)]9(¢)d¢ (211)

I[OKa?:aTCHBCTBO CICAyeT U3 paBCHCTBA.

dy(o) 4

do

limy (o) -y (0) = | (2.12)

rae
_1 8¢ _
v(o) = j E (o(¢-2)= 275 E,0)=1

U CYIECTBOBaHHE Mpezeia cieBa B (2.12) SKBUBaJIEHTa CYIIECTBOBAHUIO HECOOCTBEHHOI'O HHTETpaja
crpasa. ®opmyia Kapremana B popmyite (2.10) Bnepssie mosBriack B pabote 'omysuna u Kpsiiosa [9].
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UO‘K 517.946
FUNKSIONAL TENGLAMAGA KELTIRILADIGAN SPEKTRAL MASALALAR

Husenova Jasmina To‘lginovna,
Buxoro davlat universiteti talabasi

Magolada keltirilgan tadgigot ishi Buxoro davlat universiteti
Matematik analiz kafedrasi mudiri, f.-m.f.f.d. (PhD),
dotsent E.B.Dilmurodov rahbarligida bajarilgan va nashrga tavsiya gilingan.

Annotatsiya. Ushbu magqola uchta bo’limdan, xulosa va adabiyotlar ro ‘yxatidan iborat. Birinchi
bo ‘lim maqolaning kirish qismi hisoblanadi. Ikkinchi bo ‘limda funksional tenglamalar va ularni yechish
usullari hagida ayrim mulohazalar bayon gilingan. Uchinchi bo ‘lim — maqolaning asosiy gismi bo ‘lib, unda
Sfunksional fazoda ta’sir qiluvchi chiziqli operatorning spektrini va rezolventa operatorini aniglash masalasi
funksional tenglamani yechish masalasi keltirilgan.

Kalit so“zlar: funksional fazo, chizigli operator, spektr, rezolventa operatori, xos giymat, xos funksiya,
karralik.

CIHHEKTPAJIBHBIE 3AJIAYH, TIPUBOJIUMBIE B ®YHKIIMOHAJIBHOE YPABHEHME

Annomayusa. Cmamvs cocmoum u3 mpéx pasoenos, 3aKmO4eHusi U CHUCKA UCHONb308AHHOI
numepamypul. Ilepeas uacmv — 66edenue k cmamove. Bo 6mopoil yacmu u3nodicensvi HeKOmopble Ce0eHUsl O
DYHKYUOHANLHBIX YPAGHEHUSAX U Memodax ux pewenus. Tpemui paszoen npedcmaegnsiem coO0l OCHOSHYIO
uacme cmamvi, 8 KOMOPOU 3a0aid OnpeoeieHus CHeKmpa U pe30Nb6EHMHO20 ONepamopa JUHEeUHO020
onepamopa, oelicmeyloujeco 6 QYHKYUOHANbHOM NpOCMpancmee, npugeoeHa K 3a0aue peuleHus
@yHKYUOHANLHO20 YPABHEHUA.

Knwouesvie cnoea: QynkyuonanvHoe npocmpancmeo, TUHeHbIl onepamop, CHeKmp, pe3oib8eHmublil
onepamop, cobcmeennoe 3HaueHue, cCo6CMeenHas QYHKYUs, KpamHoCmb.

SPECTRAL PROBLEMS INVOLVED IN THE FUNCTIONAL EQUATION

Abstract. This article consists of three sections, a conclusion and a list of references. The first part is
the introduction of the article. In the second part, some information about functional equations and their
solution methods are presented. The third section is the main part of the article, in which the problem of
determining the spectrum and the resolvent operator of the linear operator acting in the functional space is
reduced to the problem of solving the functional equation.

Keywords: functional space, linear operator, spectrum, resolvent operator, eigenvalue, eigenfunction,
multiplicity.

Kirish. Operatorlar nazariyasida chizigli operatorning spektri tushunchasi eng muhim tushunchalardan
biridir [1]. Chizigli operator spektrini o‘rganish matematik fizika uchun muhimdir. Masalan, kvant
mexanikasida sistema Hamiltoniani — bu Hilbert fazosidagi o‘z-o‘ziga qo‘shma operatordir, uning spektrini
o‘rganish uchun muhimdir. Funksional analiz kursida chizigli operatorning spektri tushunchasi dastlab chekli
o‘lchamli fazoda, keyin esa cheksiz o‘Ichamli chiziqli fazoda ta’sir qiluvchi chiziqli operator uchun kiritiladi.
Chekli o‘Ichamli fazolarda chizigli operatorning xos giymatlari to‘plamiga operatorning spektri deyiladi.
Umuman olganda, chekli o‘lchamli fazolarda spektr termini kam ishlatiladi.

Cheksiz o‘lchamli Hilbert fazosidagi chiziqli, chegaralangan va o‘z-o‘ziga qo‘shma operatorlar uchun
muhim spektr va diskret spektr tushunchalari ko‘p tadqiq gilinadigan obyektlardan biri hisoblanadi. Chizigli
operatorning nuqtali va qoldiq spektrlari o‘zaro kesishmaydi. Nugqtali va muhim spektrlar o‘zaro kesishishi
mumkin. Muhim spektrni o‘rganishda kompakt qo‘zg‘alishlarda muhim spektrning o‘zgarmasligi haqidagi
Veyl teoremasi, ortonormal elementlar qurish bilan bog‘liq Veyl mezoni, xos vektorlar uchun Faddeyev
tipidagi tenglama va Fredgolm analitik teoremasidan foydalanish qulay hisoblanadi [2].

Qattiq jismlar fizikasi [3], statistik fizika [4], shuningdek, panjaraviy maydon nazariyasida [5] soni
saglanadigan va soni saglanmaydigan zarrachalar sistemasiga mos model operatorlarning muhim va diskret
spektrlarini hisoblash bilan bo‘liq masalalar ko‘p uchraydi. Soni saqlanadigan zarrachalar sistemasiga mos
energiya operatorlari bu standart yoki diskret Shryodinger operatorlari [6,7] hamda ular tipidagi model
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operatorlaridir [8,9]. Soni saglanmaydigan chekli sondagi zarrachalar sistemasiga mos energiya operatori esa
bu chekli tartibli blok operatori matrisa ko‘rinishidagi operatorlardir [10,11]. Bunday turdagi operatorlar xos
funksiyalari uchun Faddeyev va Vaynberg tenglamalarini hamda ularning simmetrik variantlarni qurishda
[12] ko‘p hollarda funksional tenglamalarni tahlil gilishga to‘g‘ri keladi. Shu nuqtayi nazardan magolada
garalayotgan masala dolzarb hisoblanadi.

Funksional fazolar va funksional tenglamalar. Funksiyalardan tashkil topgan to‘plamga funksional
to‘plam deyiladi. Bunday fazolarga misollar keltiramiz: C[a; b] - [a; b] kesmada aniglangan barcha uzluksiz
funksiyalar to‘plami, L,[a;b] - [a;b] kesmada aniglangan kvadrati bilan integrallanuvchi funksiyalar
to‘plami, M[a;b] - [a;b] kesmada aniqlangan barcha chegaralangan funksiyalr to‘plami funksional
to‘plamlardir. Agar funksional to‘plamda berilgan tenglamada izlanayotgan noma’lum funksiyadan iborat
bo‘lsa bu tenglamaga funksional tenglama deyiladi.

Quyidagi tenglamalar funksional tenglamalarga eng sodda misollar bo‘la oladi: juftlik tenglamasi;
davriylik tenglamasi; additivlik tenglamasi va boshqalar. Ba’zi “mashhur” funksional tenglamalarga misol
sifatida Koshi tenglamasini, kvadratik tenglama yoki parallelogramm qoidasini, Yensen tenglamasini,
Lobachevskiy tenglamasini, Dalamber tenglamasini aytish mumkin.

Funksional tenglamalarning muhim turlaridan biri bu chizigli integral tenglamalar hisoblanadi.
Bunday tenglamalarda odatda noma’lum funksiya integral belgisi ostida qatnashadi. Chekli o‘lchamli
qo‘zg‘alishga ega Fridrixs modelining spektri va rezolventasini aniqlashda hamda Fredgolm determinantini
gurishda, panjaradagi uch zarrachali sistema Hamiltoniani va unga mos model operatorlarni xos funksiyalari
uchun Faddeyev tipidagi va Vaynberg tipidagi integral tenglamalar sistemasini qurishda chizigli integral
tenglamalar nazariyasi usullaridan foydalanish juda qulaydir.

Chizigli operatorlar nazariyasining funksional tenglamaga keltiriladigan ayrim masalalari.
Ushbu bo’limda oliy ta’lim muassasalarida Funksional analiz kursini o‘gitishda uchraydigan ayrim
masalalarga to‘xtalamiz.

1-masala. L, [a; b] funksional fazoda (Hilbert fazosida)

b
(TN =1, ) [ v @OF ©ae

integral operatorni garaymiz. Bu yerda v, (-) - [a; b] kesmada aniglangan hagiqgiy giymatli uzluksiz
funksiya. Berilgan T, operator L,[a;b] Hilbert fazosida chiziqli, chegaralangan va o°z-o‘ziga qo‘shma

operator ekanligi tegishli ta’riflardan foydalanib tekshiriladi.
T, operatorning spektrini topish masalasi T, f = zf funksional tenglamani yechish orqali hal gilinadi.

T, f = 0 funksional tenglama cheksiz sondagi chiziqli bog‘lanmagan yechimlarga ega. Shu sababli z = 0
soni T, operator uchun cheksiz karrali xos giymat bo‘ladi. Masalan, a = —m, b = m va v, (x) = x bo‘lgan
holda f,(x)=x?", n= 1,2, .. funksiyalar T,f =0 funksional tenglamaning chiziqli bog‘lanmagan

yechimlari bo‘ladi.
T, operatorning nolmas xos giymatlarini topish uchun T, f = zf funksional tenglama yechiladi hamda

z = ||v,||? ekanligi aniglanadi.
2-masala. L,[a; b] funksional fazoda

b b
(TN = 1,00 [ v OF @t +va) [ va@F )

integral operatorni garaymiz. Bu yerda v, (-), k = 1,2 - [a; b] kesmada aniglangan haqiqiy giymatli
uzluksiz funksiyalar.

T, f = 0 funksional tenglamani yechish orgali z = 0 soni T, operator uchun cheksiz karrali xos giymat
ekanligi ko‘rsatiladi. Masalan, a = —m, b=m va v,(x)=x, v,(x) = x* bo‘lgan holda f,(x)= x?",
n = 1,2, ... funksiyalar T, f = 0 funksional tenglamaning chiziqli bog‘lanmagan yechimlari bo‘ladi.

T, operatorning nolmas xos giymatlarini topish uchun T, f = zf funksional tenglama yechiladi. Oxirgi
tenglama kvadrat tenglamaga keltiriladi hamda uni yechish orgali 7, operatorning ikkita nolmas xos

giymatlari aniglanadi.
3-masala. L,[a; b] funksional fazoda
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b b b
()0 = 0,00 [ 2, OF Ot + 0,0 [ 02 OF Ot + -+ 2,00 [ vl (D)

integral operatorni garaymiz. Bu yerda v, (-), k = 1,2,...,m - [a; b] kesmada aniglangan haqiqgiy
giymatli uzluksiz funksiyalar. Odatda T,, operatorga m o‘lchamli Fredgolm integral operatori deyiladi.

T..f = 0 funksional tenglamani yechish orgali z = 0 soni T,, operator uchun cheksiz karrali xos
giymat ekanligi ko‘rsatiladi. Masalan, a = —mw, b=m va v,(x)=x, v,(x) =x3,..., v, (x) = x?™*1
bo‘lgan holda f, (x) = x?™, n = 1,2, ... funksiyalar T,,, f = 0 funksional tenglamaning chizigli bog‘lanmagan
yechimlari bo‘ladi. T,,, operatorning nolmas xos giymatlarini topish uchun T,,,f = zf funksional tenglama
yechiladi. Oxirgi tenglama m-darajali algebraik tenglamaga keltiriladi hamda uni yechish orgali T,
Fredgolm integral operatorining m ta nolmas xos giymatlari aniglanadi. T,, o‘z-o‘ziga qo‘shma ekanligidan
bu xos giymatlarning hagiqiy son ekanligi kelib chigadi.

4-masala. L,[0; ] Hilbert fazosida

T

(N0 = [ K of @0t
4]
integral operatorni gqaraymiz. Bu yerda K(-,-) funksiya
K(x,y) = {sinx cosy, agar0=x=y=nmw
sinycosx, agar0=y=x=m7
tenglik yordamida aniglangan. Bunday aniglangan T, operator L,[0;m] Hilbert fazosida chizigli,
chegaralangan va 0‘z-0°ziga qo‘shma operator bo‘ladi.
[13] adabiyotda funksional tenglama, yanada anigrog gilib aytganda integral tenglamani yechish
usullaridan foydalanib
2
C(1+2k)2-2
sonlari T, operatorning xos giymatlari,

fi(t) = J%SHIGJF k)r

normasi 1 ga teng xos funksiyalar bo‘lishi isbotlangan.
5-masala. Quyidagi

Zk k == 1,2,...

A C[-1;1] = C[—1;1],
(4, F)(x) = xf(x) + F(0)x?

operatorning spektri va rezolventasini toping.

Ko‘rinib turibdiki 4, operatorning uzluksiz spektri [—1; 1] kesmadan iborat. Uning [—1; 1] kesmadan
tashqarida yotuvchi xos qiymatlarini topish masalasini o‘rganamiz. Buning uchun 4, f = zf funksional
tenglamani garaymiz hamda uni

xf(x) + f(0)x* = zf(x)
yoki
(x—2)f(x)+ f(0)x*=0 1)

ko‘rinishda yozib olamiz. z & [—1;1] bo‘lgani bois barcha x € [—-1;1] nugtalarda x —z = 0

munosabat bajariladi hamda oxirgi (1) tenglikdan f(x) funksiya

(0)x?
reo=-L22 @)

shaklda topiladi. f(x) funksiya uchun topilgan (2) ifodada x = 0 deb olamiz hamda

(0)0?
fo =1

Z
yoki

f(0)=0

ekanligini hosil gilamiz. Demak, (2) tenglikga ko‘ra f(x) = 0 ekan. Bundan esa A4, operator [—1; 1]
kesmadan tashgarida yotuvchi xos giymatlarga ega emasligini hosil gilamiz.
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Endi A, operatorga mos rezolventa operatorini qurish masalasini garaymiz. Buning uchun har bir
g € C[—1; 1] element uchun

(x—2)f(x) + f(0)x? = g(x) (3)

funksional tenglamani f(x) funksiyaga nisbatan yechamiz. Yuqoridagi kabi z & [—1; 1] bo‘lgani bois
barcha x € [—1; 1] nugtalarda x — z = 0 munosabat bajariladi hamda oxirgi (3) tenglikdan f(x) funksiya

) - 90— £ “

X—Z
kabi aniglanadi. f(x) funksiya uchun topilgan (4) ifodada x = 0 deb olamiz hamda

(0) — f(0)0?
Foy = SO SOT
yoki

0
OEEA
ekanligini hosil gilamiz. f(0) uchun topilgan oxirgi ifodani (4) tenglikga qo‘yib
L zg(x) + g(0)x?

flx)= P

tenglikga ega bo‘lamiz. Shunday qilib, A; operatorga mos R_(A,) rezolventa operatori C[—1;1]

fazoda
- 0 A2
R4 ) = LTI

tenglik yordamida aniglanar ekan.
6-masala. Quyidagi

Ay:Cl-mm] = C[—mm],
(A, f)(x) = sinxf(x) + f(0)cosx
operatorning spektri va rezolventasini toping.
5-masaladagi kabi A4, operatorning uzluksiz spektri sinus funksiyaning giymatlari sohasi sifatida

[-1; 1] kesmadan iborat bo‘ladi. Bu operatorning [—1; 1] kesmadan tashgarida yotuvchi chekli karrali
yakkalangan xos qiymatlarini topish masalasini o‘rganamiz. Shu maqgsadda A, f = zf funksional tenglamani
garaymiz hamda uni
sinxf(x) + f(0)cosx = zf(x)
yoki
(sinx — z)f(x) + f(0O)cosx =0 (5)

ko‘rinishda yozib olamiz. z € [—1;1] bo‘lgani bois barcha x € [-1;1] nuqtalarda x —z = 0

munosabat bajariladi hamda oxirgi (5) tenglikdan f(x) funksiya

o f(0)cosx
Fo= siny — z ©)
shaklda topiladi. f(x) funksiya uchun topilgan (2) ifodada x = 0 deb olamiz hamda
_fO
F0) ==
yoki
(z=1f(0)=0

ekanligini hosil gilamiz. Demak, (6) tenglikga ko‘ra f(x) = 0 ekan. Bundan esa A4, operator [—1; 1]
kesmadan tashqgarida yotuvchi chekli karrali yakkalangan xos giymatlarga ega emasligini hosil gilamiz.
Endi 4, operatorga mos rezolventa operatorini qurish masalasini garaymiz. Buning uchun har bir

g € C[—m; m] element uchun

(sinx — z)f(x) + f(0)cosx = g(x) (7)

funksional tenglamani f(x) funksiyaga nisbatan yechamiz. Yuqoridagi kabi z & [—1; 1] bo‘lgani bois
barcha x € [—m; ] nugtalarda sinx —z += 0 munosabat bajariladi hamda oxirgi (7) tenglikdan f(x)
funksiya
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g(x) — f(0)cosx

fe)= sinx — z (8)
kabi aniglanadi. f (x) funksiya uchun topilgan (4) ifodada x = 0 deb olamiz hamda
(0) — f(0)
ROPES
—Z
yoki
~g(0)
f0)=7—

ekanligini hosil gilamiz. f(0) uchun topilgan oxirgi ifodani (8) tenglikga qo‘yib
(1—2z)g(x)+ g(0)cosx
flx)= —
(1—z)(sinx —z)
tenglikga ega bo‘lamiz. Shunday qilib, 4, operatorga mos R.(4,) rezolventa operatori C[—m; ]

fazoda
. (1—2)gx) + g(0)cosx
(R.(4;) g)(x) = (- 2)(sinx — )

tenglik yordamida aniglanar ekan.

Xulosa. Ushbu maqola uchta bo’limdan iborat bo‘lib, birinchi bo‘limda maqolaning kirish qismi
yoritilgan. Ikkinchi bo‘limda esa, asosan, funksional fazo tushunchasi, funksional tenglamalar va ularni
yechish usullari hagida ayrim mulohazalar bayon gilingan. Uchinchi bo‘lim — magolaning asosiy gismi
bo‘lib, unda funksional fazoda ta’sir qiluvchi chiziqli operator spektrini va mos rezolventa operatorini
aniglash masalasi funksional tenglamalarni yechish usullaridan foydalanib tadgiq gilingan. Ikki turdagi jami
oltita masala tahlil gilingan.
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Annotation. This article shows that H;* forms a Banach space and proves the Corona theorem for
A(z)analytic functions using the Bezout formula in the case n=2. In addition, a lemma on the corona
theorem for A(z)-analytic functions is presented. Riemann surface crown theorem fails. Cole's
counterexample is constructed using the following connections.

Keywords: Bezout's formula, A(z)—lemniscate, Corona theorem, H;* algebra, Subalgebras,
Subalgebras of H=, Ideals, Blaschke products.

A(z)-ANALYTIK FUNKSIYALAR UCHUN KORONA TEOREMASINI n=2 HOLDA
BEZOUT FORMULASI YORDAMIDA ISBOTLASH

Annotatsiya. Ushbu maqolada H;* ning Banax fazosini tashkil etishi va A(z) —analitik funksiyalar
uchun Korona teoremasini n = 2 holida Bezu formulasi yordamida isbotlash ko rsatilgan. Bundan tashgari
A(z) —analitik funksiyalar uchun corona teoremasiga doir lemma ko ’rsatilgan. Riemann sirtining toj
teoremasi ishlamaydi. Koulning garshi misoli quyidagi alogalar yordamida qurilgan.

Kalit so’zlar: Bezout formulasi, 4(z) —lemniskata,Corona teoremasi. H;* —algebra, Subalgebralar,
H*subalgebralari,ldeals, Blaschke mahsulotlari.

JIOKA3ATEJILCTBO TEOPEMBI KOPOHBI JIJISI A(z)-AHAJITUTUYECKUX ®YHKIUI C
HNCHIOJBb30BAHUEM ®OPMYJIbl BE3Y B CJIYUAE n=2

Annomayua. B smoii cmamve nokaszano, umo H;° obpasyem 0anaxoéo npocmpancmeo, u
ookazvieaemcs meopema Koponwt ons A(Z)-anarumuueckux ynkyuii ¢ ucnoavzoganuem gopmynvt bBesy 6
cyyae N=2. Kpome moeo, noxazama iemma o meopeme o KOpoue 01 A(zZ)-anarumuyeckux @QyHKyuil.
Teopema o Kopone pumanosoli nosepxnocmu ne pabomaem. Koumpnpumep Koyra nocmpoen c
UCNOTL308AHUEM CIEOVIOWUX C8A3ell.

Knrwueegvie cnoséa. Popmyna besy,A(zremnuckamunas, H;" —aneebpa, cybanzebpovi, cybanreebpvr 6
H™, uoeanvi, npodyxmot bnsuixe.

Introduction. In mathematics, the crown theorem is a result about the spectrum S of a bounded holo.
The morphic functions on the disk D were conjectured by Kakutani (1941) and proved by Lennart. Carlson
(1962) in his article [3]. The Corona issue prompted the question the density of the open unit disc is bounded
in the maximal ideal space H**(D) of the algebra D. Holomorphic functions in D have attracted many
mathematicians to solve this problem in different ways and in different contexts. In the mid-1960s, Edgar
Lee Stout [4] and Norman Alling [4] proved the crown theorem to be true on finitely connected Riemann
surfaces. By in contrast, Brain Cole [4] provided an example of an infinitely connected Riemann surface
crown theorem fails.

Cole's counterexample is constructed using the following connections. Measures and intervals
representing the same algebras. Kenneth Hoffman around the same time [4] showed that there is a significant
analytic structure in the fiber of the maximal ideal space H**(D). In this article, the properties of the ideals of
the algebra of bounded analytic functions are studied. The first part is devoted to the problems of real
interpolation of spaces formed as a result of the intersection of ideals, and in a more general situation ,
modules over closed subalgebras of the algebra L*(u)in the w* topology. As an example of spaces for

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 53

https://buxdu.uz


mailto:boboxonovsharofiddin@1993gmail.com

MATHEMATICS
which the methods of this work give interpolation results (partly new, partly known), we can cite spaces that
are co- invariant with respect to the action of the shift operator, and Hardy spaces on a two-dimensional
torus. In the course of the research, the possibilities of using modifications of two methods that have become
standard in the theory of real interpolation are being studied.

These methods are Calderon—Sigmund decomposition and analytical slicing functions. The second
chapter also explores the real interpolation of weight spaces that are coinvariant with respect to the shift
operator. The third chapter is devoted to solving the ideal problem (or the Bezout equation) for bounded
analytic functions taking values in a Banach lattice. sequences satisfying some additional constraints. An
example of such a lattice is the space [P at p € [1,0).In [4], Lars Hormander presented a new method for

— of (z of (z
DAf(z):—( )—A(z)—( )_
oz 0z

In general, with respect to function A(Z), it is assumed that it is measurable and |A(z)|<c <1
almost everywhere in the field under consideration.

studying the corona problem. He is the first Solutions to the Beltrami equation:
0 ()
is directly related to quasi-conformal mappings.

Then function l//(z,f) =7—-¢+ J. A(r)dr € OA(D) performs an internal mapping where
7($.2)

7(5, z)— is a smooth curve connecting the points &,Zze€D. In particular, the set

L(a,r)={z eD: ‘l//(a, Z)‘ < I’} is an open set in D.For sufficiently small r >0 it compactly

belongs to D and contains a point &. This set is called a A(Z) —lemniscate, centered at point @ and
denoted as L(a,r) (see [7]).

Let us denote by H 'y the class of A(Z) —functions, analytical and bounded in L(&,r) lemniscate

feH ;o. For the norm condition, it is expressed as follows:

1l = sup |10 <o .
A .
b (z;@)|<r
Therefore, 1< (< p<oo, with HY c H? c HY < HY. The space Ha is a Banach algebra
over ( because if f,geH;" then f.geH7, [If. gl = If |-l 9l -

Proof. a) If the functions f va g are A(z)-analytic in the field D, their product is also 4(z)-analytic.
Based on the property of the analytic function.

f-geHy, (3)
b) ||f||,11-5>10 = SUP|p(za)l<r [ (2)] < °°1||9||H5>f = SUP|y (za)l<r|9(2)| < oo,
19l = suPigez.ayl<r I (2)9(2)| < SUPIoi,a)I<r IF (2]~ SUP o) <r |92 == lIf Il o - I gl g0
originates. From this
£l o < NIF Lo - gl (4)

the inequality is proved. Now we will show the corona theorem for A(Z), -analytic functions in case

n=2.
If fl, fz is a function of H: such that

[ ], <1, (5)

max

1<j<2l

f;(2)26>0, zel(ar) g

Then i, f, does not lie in any maximal ideal of algebra H: .
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This means that the ideal generated by functions f,, f, containsa constant, 1 so that in H;O there
are functions 91, 9, for which
fg,+f,0,=1 (7
In fact, the formally stronger statement is true.
In fact, a formally stronger statement is true. Functions 9;, 9 allow an estimate that depends only

on the number of functions N = 2 and the value O of (7). However, this statement is stronger only in
appearance, it is equivalent to the corona theorem:

Theorem.1 There is a constant C (&) such that for any functions f,, f, € HY satisfying inequalities

(5) and (6), there will be functions 9,, 9, € H, satisfying condition (7) and such that
la)]... <C.(8).  ®
A

where 1< J <2
We will call fl, fz data 9;» 9, solutions of the corona problem. Due to the theory of normal

families, it is sufficient to find solutions with estimate (8) for T, f, A(Z) -analytic functions in the

vicinity of the set L(a, r) .

Theorem 2. If f; f ... foeH” let's doit||f. || < 1 va k = 1, .....n is positive for the number @ found
sup, |fi.(z)] = 0 forall z' z € L(a,r). Then there is a number M (4, n) that depends only on d , n
fig1 + LG+ g, =1 )
in lemniscata L(a, ).
Here gy, g, ... g,€eH;" satisfies the following condition || g, || .. = M(d,n).
We prove and analyze in case n = 2.

Before proving the main theorem in this section, Walter Rudin's Real and Complex Analysis We
include the following lim from the third edition.
Lemma 1. If f,(z),f>(z) .... f,(z) are complex functions of one variable in the field D, then the sum

S isempty for {1,2,3, ..., N} will not be. the following is valid for all zeD
|Zkes fie @) = ZZ¥_, Ifi (@) (10)

Theorem 3. Let the functions f; (z), f>(z) .... f,(z) be given in H;* and the following conditions are
fulfilled theorem 1 we

1Al + L1+ Il >8>0
D. in the field. In the field D, such a sum § is for all z, zeD in {1,2,3, ..., N}
2kes [x(2) 0. (11)
Theorem 3. Let the functions f; (z), f,(z) .... f,(z) be given in H;* and let the corona theorem satisfy
Bezout's formula. In that case, g,,g, ... g,€H;" are found, and we prove that for
fi91 + g, + -+ fugn = 1. (12)
We prove forthe casen = 2 g,,g, eH;” iseasy to find if for all zeD
G(z) = fi(2) + f(2z) = 0.
Then for every k
1
=—, k=12
x(2) G(2)
therefore, g, (z), is analytic in D - domain and
fig: + 9. = 1. (13)
Otherwise, according to Theorem 1, there exists a subset of § of {1,2}.
Then for every k. Every for zeD

G(2) = Xyesfr(2) # 0.
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In this case, we perform the following action and replace it

1
=—, k=12
9 (2) =

For each keS and g, (z) = 0, the g, (z) analytic functions k€S in k&S are bounded in the domain D
corresponding to {ke1,2}}.

In‘ addition,
D A@0@ =) i@ @+ Y fi(2)gi(2) =
k=1 kes kEes

= Lkes [ (@)gr(2) = 1. (14)

The theorem is proved.

The corona problem is an important part of classical function theory. Current paper provides the first
positive result with a simple proof without using any of the developed methods creating solutions to the
corona problem. It also provides information on how to extend the result complex from one variable to
multiple variables.
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VJIK 517.946

O MPOJOJI’KEHUU MATHUTHOI'O IOTEHLUAJIA B IBYMEPHOM
OI'PAHUYEHHOM OBJIACTH

Cammopoeé Ipmamam Hopkynoeuu,
V36excko-Dunckuii hedazo2uuecKull UHCMumym
Axmamoe Xycan Canakynoeuu,
V36excko-D@unckuii nedazoeuyecKuti UHCIMUMym
Sattorov-e@rambler.ru

Annomauus. B pabome paccmampusaemcsi 3a0aya NPOOOINCEHUS MACHUMHO20 NOMEHYUALd 6
08YMEPHOU 02PAHUYEHHOU 0bIacmu.
Knioueswie cnosa: unmeepanvras ghopmyna Kowwu, hopmyna Kapnemana, macnummnoe noiue.

ON THE CONTINUATION OF MAGNETIC POTENTIAL IN A TWO-DIMENSIONAL
BOUNDED DOMAIN

Abstract. The paper considers the problem of continuation of the magnetic potential in a two-
dimensional bounded domain, based on the Carleman-Yarmukhamedov function method.
Key words: Cauchy integral formula, Carleman formula, magnetic field.

IKKI O'LCHOVLI CHEGARALANGAN SOHADA MAGNIT POTENTSIALNI DAVOM
ETTIRISH TO'G'RISIDA

Annotatsiya. Maqgolada Karleman-Yarmuxamedov funksiya usuliga asoslangan ikki o'lchovli
chegaralangan sohada magnit potentsialni davom ettirish masalasi garaladi.
Kalit so“zlar: Koshining integral formulasi, Karleman formulasi, magnit maydon.

Hurerpanbnast ¢opmyaa Komm [ MarHudTHOro mnOTeHIHAAA. 3aMedaTelbHBIC YCIIEXH B
TEOPETHUECCKOM aHAIN3e TUIOCKHUX 3a7a4 MarHUTOMETPUHU JOCTUTHYTHI 32 CUET MPE/ICTABICHUS MAarHUTHOTO
OJIsl B BUJI€ KOHTYPHOI'O MHTErpajla B KOMIUIEKCHOU IIIOCKOCTH — uHTerpanoB tumna Komu [1]. C nomonisio
ATOTO TPEJICTABICHUS YAIOCh TIOCTPOUTH YAOOHBIE YHUCICHHBIE ajJrOPUTMBI PEIICHUs MPSAMOW JByMEpPHON
3aj1auM [2], TOJHOCTBIO WU3YyYUTh BOMPOC 00 aHAIMTUYCCKOM IMPOJO/DKCHUM BHEIIHUX IOJIH B 00JIACTH,
3aHATOM MaccaMH, W PACHOJIOXKEHHH OCOOBIX TOuYeK moist [3-5], mcciieoBaTh YCIOBUS €AMHCTBEHHOCTH
pelIeHus TII0CKON 00paTHO 3amaun [6], a TakKe pelIuTh ps APYTUX MPUHIUIHAIBEHBIX BOIPOCOB TEOPUH
IUIOCKOI'0 T'€ONOTEHIMAILHOIO IOJIS.

[Mycts o6macts () 3amonHeHa HAMATHUYEHHBIMH MACCAMH C HHTEHCHBHOCTBIO HAMATHMYEHHUS
L%, y)=(1,(xY), 1,(X,y)). TLIOTHOCT JWMNONBHBIX MOMEHTOB COOTBETCTBYIONIETO JIBYMEPHOTO
HOJISPU30BAHHOTO UCTOUYHMKA IIPH 3TOM, H3BECTHO, PABHA:

m(x, y) =4zl (x,y).

COOTBCTCTBeHHO. KOMIUJICKCHAA HOHSIpI/ISaHI/ISI HWCTOYHHKA 3aIIMCHIBACTCA B BUJIC.
w(@)=4rl (x,y)+4xil (x,y)=4x1(<), (1.1)
rac | (g) — KOMIIJICKCHAsA MHTCHCUBHOCTh HAMAarHM4CHUs MAarHUTHBIX MAcCC, 3aIlIOJIHAOIINX 06J'IaCTI>

Q. Kommnekcuyro HaAIPSKEHHOCTD H(<) IIJIOCKOTO MarHuTHOTO TOJIS

Fi(X, y) =(H,(X,y), Hy(X, Y)) : norenuman

HE)=H, () +iH, (0)=2]] Fo ao

Komrutekcupiii  mMaruutHbiii  notentman W (Z) a8 OJHOpOAHON HAMArHUYEHHOCTH —Tela
3amMHCHIBACTCS CIAEAYIOMUM obpazoMm [7, ¢. 61]:
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_i_ Mdé” ¢ 5,
2riy ¢ -1
27z|02—— 2rlg 2% 4g,ze
L (-1
rae |, =const. ®opmymsr (1.3) MoxHO 06’[;6I[I/IHI/ITI> B €JIMHOE BBIPAKEHHE:
W (z) = —il j d; =il j exp(—2iarg(¢& —z))d¢ . (1.4)
(')Q oQ

®opmy.aa Kapiaemana 111 MArHUTHOTO IOTEHIIMAIA B OAHOPOIHOI 00J1acTH.

X= (X1, XZ), y= (yl, yz) - TOYKH JBYMEPHOTO BEIIECTBEHHO EBKJIHI0BA MpocTpancTsa R 2 ,

X'=(%), Y =(Y,)eR, a®=|y,—%|?, a’=s, (y,—x) +a’=|y—x?=r’
T T _ —
r:tgz,q:smz,p>1, 0G, ={y:|y,|=7y,, ¥, >0}, G=G,UaG,,

& — JOCTaTOYHO MaJIo€ IIOCTOSIHHOE IIOJIOAKHUTENBHOE 4YHCIIO, G; = {y . |y2| <T (y1 - 8)} ,

8GZ = {y . |y2| = ”L’(y1 — 8)}, G; = G; U aG;, C - xommuekchas miOCKOCTh, & = vy, + iy2,
. 2

@, = 27T - JUIMHA eIMHAMHON OKPY)KHOCTH B R Q p~ OTPaHMYCHHAs OJIHOCBS3HAA OTPE3KOM 001aCTh B

2 . N o
R ¢ rpaHuLen o0Q > COCTOAIIEH U3 OTPE3KHU JyHeH ¢ o6umm navanom | = 0G , W TJIAJIKOTO KycKa
TIOBEPXHOCTHU S , JIe)AIlero B yria G o Cnyuwait O =1 npeaenbHeiii. B aTom cioyuae aGl- OTpE30K

asy,< b u rnazxoit Jlyr' KpUBO# JIEXKAIIEH MOMYIIOCKOCTH Y, > 0.
B o6mactu €2 , CHpaBe/uInBa 0000ménnas nnTerpanbHas ¢popmyna Komu (1.4) ecnu B kadecTBe

1 .
aapa B3ATh menylo (yHkumio Muttar-Jlebduaepa E o (G W) — , W= I\/U2 +S+Y, —X,

K(0) = Ep (0)=1, 3necs E » (w) = Zw—n—uenaﬂ dyskums  Murrar—Jlebdnepa, 0 >0,
=0 I"(1+—)
0

weC , El(W) = eW, rae I -ramma- ¢dyukius Ditiepa. Berony B najbHelneM OyneM npe/nosarath, 4To

P >1. na KOTOpOW MPUBOIUM HWHTErpaibHOe mpexacraBienue ([8] rm. 3, § 2). Umcno ﬂ BEIOEpEM C
T T

ycinoBueM —— < ,B <—, p>1 0603maunm uepes V. (ﬂ) KOHTYD B KOMIUIEKCHOM miockoctu W,

2p p

npoOeraeMslil B HarpaBiieHuu He yObiBanus Al W u cocTosmuii U3 cieayronux yacTei:

1) nys argwW=—,3,
2) myra —f3 <argw < [ oxpysxHocTu |W| =¢,0<e<l, 3)nys ArgW= f. Konryp y,(5)

- +
pasbHBaeT KOMIUIEKCHYIO MIockocTh W Ha JBE HEOrpaHMYCHHBIE OXHOCBs3HbIE oOmacti (2 p U Q P

Jie)Kalue COOTBETCTBECHHO CJICBA U CIIpaBa OT ]/g (ﬁ) . Ionoxum

expc” ' ex
v, (w)=- PE_de,y, (W)= 2 P 4o,
o, S W 7,1 (6 —W)°
Torma
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exp(w’ )+ w), weQ *,
w,(w), weQ ",

E,(W)=y, (W), weQ "

Tax xax E 5 (W) BEIIECTBEHHO IIPH BemecTBeHHOM W, nmeeM:

v,W)+y,(W) _ p exp(¢c”)(c — Rew)
R — P P d , .
e L e e m “
y,(W)-y, (W) _Imw exp(s”)
Imy (W) = 2i 2 L) PR YR 2.4)
Imz//p(w): P 2exp(gp)(g—ReW)d 25

. 2 N2
Imw  27i5 (¢-w) (¢c-W)
To&
Bcrony B manbHeimeM B OIIpeecHAN KOHTYpa (l, ﬂ ) Oyznem Opathb ,B = 2— + E, P> 1.
Yo

SIcHo, 9TO ecan

£+gz <largw|< 7, (2.6)
2p

o WeQ uE (W)Z (W)
P P l//p

Teopema. Ilycts obmacts €2 , ONHOPOJHOW HAMarHWYEHHOCTH, T.C. KOMILICKCHAs HHTCHCHBHOCTDH
HaMarHU4eHust MarHuTHeIX Macc |, =CONst. KommiekcHbIif MarHUTHBI HOTEHIIHAI W(Z) byHKIH,
ronomopdHast B obmactu €2 p B KOMIUICKCHOH ILIOCKOCTH ¢ =Y, +1y, npUHALIEKHUT Kiaccy C(Qy).

Torza jutst m060ii Toukn Z = X, +1X, € Q , clpaseumBa popmyina Kaprnemana:

W(z):iloli_r)rgo.[Ep[a(g—z)]i:ZZ de, @.7)

CXOIUMOCTh paBHOMEpPHA Ha KAXXJI0OM KOMITAKTC U3 Qp .

JokasareabcrBo. [Ipy ycnosun TeopeMsl s iroboi Z € (O , cnpaseusa opmyia Ko (1.4)

W) =i, | Ep[a(é’—z)]éé::_

mﬂ

d¢, 0>0,E (0)=1. (2.8)

[Tokaxewm, uro npu
CeClG(Cly,|2t1), 2eKaGi(x|<7(X —€),6>X)
rae K npownsBosnbubii koMmakr B (2 s IS E » (W) cripaBe BBl HEpaBEHCTBA:

W] [Er(w]s

2 (2.9)
1+|w’ 1+

B KoTophix W= 0({ —2), |W| = O'|é’ — Z| > 0 & 7 (paccrosnue kommnakta 10 0G,, He MeHbIle £7, ),

rue
M., M, - nocrosmnsie, He 3aBucsmue or W. C 9T0i Lembio npeoGpa3yeM pasHOCTh
o
Té’—TZ=5y1—TX1+T5(y2—X2)=|y2 2|(+|7+ |y |2) Y =%
2 7%,
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Tak kax
- - 1
|y2_X2| |y2_X2|
u
arg(l+io) =arg(l+itg 1) zl, arg(a+itg i) >
200 2p 2p 2
pu

a<luarg({—z)=argz({—12),(6>0) o ‘arga(g—z)‘22£+gz,o->0.
Yo,

T&
—+—=.
2p

Crenosarensho, npu § €0Q \S, ze K< Qs E (W) mmeer mecto Hepasenctso (2.9), rae

B stux ycnosusx u3 (2.1) umeem E (W) =y (W), w=0(¢ —2), 8=

|W| >o0r,E ecmn Y, = X,, TO Re(g“ - Z) <0 u HepaBenctBa (2.3) umeer mecro. Teneps B popmyne Koru

(2.8) yctpeMuM O GECKOHEYHOCTH, TOrJa HMHTErpan 1o dactu OC) » | S rpanums 6Q , HcUe3aeT H

nosrydaeM gopmyiy (2.7). Teopema nokasaHa.
CaenctBue. [Ipu ycaoBuM TeopeMbl ClipaBeABo GpopMya;

W(z):iIOIJ(z,a)da+iI0£%d§, (2.10)
rae
J(z,0) =i|0jEp'[a(g-z)](E—z)dg. (2.12)
I[OKaSaTCJ'IBCTBO CJICOYCT U3 paBeHCTBa:
lim y/(a)—w(O):jMda (2.12)
o0 , do
rae B
w(@)=il,[E, [o(¢ -] d¢
OS 2] é/_z

U CYIECTBOBaHHE Mpejeia cieBa B (2.12) SKBUBaJIEHTa CYIIECTBOBAHUIO HECOOCTBEHHOI'O MHTETpaja
crpasa. ®opmyia Kapremana B popmyite (2.10) Bnepssie mosBuiack B pabore I'omysuna u Kpsinosa [9] .
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TOBJIAHT'AH a-Si:H HUHI' XAPAKATYAHJIUK TUPKUIIUHUHI TEMIIEPATYPAT'A
BOT'JTAHUIIIN

Hrkpamoe Pycmamoicon Iynomaconosuu,

Hamanean myxanouciuk-mexuonozus uncmumymu npogheccopu
Mymunoe Xypuiuoodex Aoxamircon yanu,

Hamanean myxanouciuk-mexnono2usi UHCMumymu 0oyenmu
xamuminov@mail.ru

Aunomamuyua. Ywoby wwoa mobranean amopgh eudpoceHzayusnanean xKpemHuu (a-Si:H) Hune
30Hanapapo Onmux IOmMuIUW Kodpduyuenmunune memnepamypaza OONAHUWUHY MAXCpUbaAnapoan
AHUKIaHZAH KutimMamiapuoan @otidaranubd uazaputi ycyroa a-Si:H HU Xxapakamuauiux mMupKUmUHUHS
9Hepeemux KeHenueu xapopamea boznuxiueu bose-Duunwmetin 6a Bapuwinu gpopmynanrapudar ypeanuieax.

Kalit so‘zlar: amopg) cudpoecenszayusinanean KpemHull, ONMUK FOMUIUUL  KO3pduyuenmu,
memnepamypa, XapaKamuauiux mupKUWUHURe sHepeemux Kenenueu, bose-Ounwmetin popmynacu, Bapunu
dopmynacu.

TEMIIEPATYPHAS 3ABUCUMOCTD IIEJHU MOABUKHOCTH 3AKAJIEHHOI'O a-Si:H

Annomauyusa. B oOaunoii pabome, UCNONb3YA IKCNEPUMEHMANLHO —ONpedeniénHble  3HAUeHUs.
memnepamypHou 3a8UCUMOCMU  KOIPDuUyUeHma MeHC30HHO020 ONMUYECKO20 NO2NOWJeHUs 3aKANEHHO2O0
amopgnozo eudpozenuzuposannozo kpemnus (a-Si:H), meopemuuecku Ovina usyuena 3a8UCUMOCMb
IHepeemu4ecKoul WupuHsl weau noosudxcnocmu a-Si:H om memnepamypul no gpopmynam boze-Oiinwimeiina
u Bapwnu.

Knwuesvie cnosa: amopuviii 2uOpoeHU3UpOBAHHBIN KPEeMHUU, KOIDduyuenm onmuyeckozo
no2NoWenUs, meMnepamypa, dHepeemuyeckds WUpuna weiu noosudxchocmu, gopmynra boze-Dinwmerina,
¢opmyna Bapwnu.

TEMPERATURE DEPENDENCE OF THE BAND GAP OF ANNEALED a-Si:H

Abstract. In this work, the dependence of the interband optical absorption coefficient of annealed
amorphous hydrogenated silicon (a-Si:H) on temperature was studied theoretically using the experimentally
determined values, and the dependence of the energy width of the mobility gap of a-Si:H on temperature was
studied using the Bose-Einstein and Warshni formulas.

Keywords: amorphous hydrogenated silicon, optical absorption coefficient, temperature, energy band
gap, Bose-Einstein's formula, formula Y.P. Varshni.

Kupnm. Mabinymky, SpUMYTKa3THUJapHUHT TAKUKJIaHTaH 30HA SHEPrUsACH oOJaTia XapOpaTHHHT
OIIWINY OWJIaH KaMasiu. YOy Tabcupra KYITHA aTOMIQPHUHT 3JICKTPOH TYJIKUH QYHKIUSUIAPH YpTacuaaru
¥3apo OOFNUKJIMKHU KaMalTUpaJWraH KPUCTAUl MaHXKapaHUHT TepMal KeHrawummra kenaan. Ky
APUMYTKa3THWiapAa TaKUKJIAHraH 30HAacHHUHT y3rapumu 2 gaH 20% rava Oymamu. AcocaH, Xapopar
apdexTr 31eKTpoH-POHOH ¥3apo Tabcupura OOFMMK. KpucTainm KaTTHK >KUCMHUHT 3JIEKTPOH DHEPrust
30HACHHHUHT OHMp SJIEKTPOHJIM Ha3apusCH KPUCTAJUI TMaHXapa JaBpHi TakpopiaHummra acociaHagu. Ilact
Xapopatiap/ia 3JIeKTPOHIap Ba (POHOHIAPHUHT ¥3ap0 TABCUPH IEKTPOH YHEPIHACHHUHT Y3TrapHUIIura oo
Kenaau. by TakuKIaHraH 30HaCUHUHT XapopaT OmilaH y3rapuiiura oyind Kenaiu.

Acocuii Kucm. AMopd SpUMYTKasTHWIap CTPYKTYPACHHHHT Xapoparra OOFIMKINTH Y4yH Oab3u
Hazapuslap TakiuQ KWIMHTaH, aMMO yJIap aH4a Mypakkal. DKCIepUMEeHTall HaTWXKaJapHU aHUK Hazapui
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dopmyna OwiaH TYFPUAAH-TYFPU CONUINTHPUII MYMKHH SMaciird ca®aOiii, TaKWKJIAHTaH 30HAHHHT

xapopatra 6ornukian y3rapummaid (Eq(7)) sMmupuk Bapuran TeHrnamacu

AEG(T) = al?/(B+ 1)

By epna o noumwuii,  aca Jlebait xapopaTu OminaH OOFITHK.

Bapriau TeHrnamacu KpucCTaiul SPUMYTKa3rHWwiap YYyH TaKWUKJIAHTaH 30Ha KEHIJIMTUHU Ba amopd
SPUMYTKA3TUWIAPHUT XapaKaTYaHIUK TUPKHUIIMHAHT OSHEPTeTHK KEHIJIMTH Xapopatra OOFIWKIWTHHA
ndonanaiinu. By TeHrmamMaHuHr Hazapuili acocnmapuuaru 0abn3u MapaMaTepiIapHHU aHWKJIANIa HOMAabiIyM
napamerpiap Mapxkyn. Jlebaii xapopatu OwinaH OOFIWK Je0 TaXMHH KWIMHTAH MapaMeTp MabiyM
XoNamiap/ia aHWKIaHraH. AMopd SpUMYTKa3rudiapAa TepMall XONlaTla XapaKaTYaHIUK THPKUIIMHUHT
SHEPreTHK KCHIVIMTH YyYyH ()EHOMEHOJIOTMK udoja Takiud KwiMHAW. YmOy Moaen yprada (HOHOH
yactoTacura 93ra OyiraH (QOHOHJAPHUHT V3apo TabCcUpW Tydaiin 3JIEKTPOH  XOJATIAPHUHT
Mophommzanmsacu 6unan kuputwirad. lyanait kumm6, 0y ndona bo3e-DUHIITEHH CTATHCTUK OMIUTHHH V3
W4Mra ojaju.

AE (T) = 2a, I(exp(®./T) -1)

Ymly Tenrnama yprada (OHOH "acToTacu OWiaH OOFIIMK Ba ¥3apo TabCHp Ky4WHH TaBcHU(DIainnd Ba
APUMYTKAa3TUwiap y4yH MOC Mapamerpiap Kypcarwiagud. by Tenriama amopd spUMYTKa3rHWIapHA
SKCHEPUMEHTANl XApPaKaTYaHIMK THPKUIUMHUHT DSHEPreTUK KEHIJIUTW TeMmIlepaTypara OOFIMKIUTU
ndonanapu mocnamrupuirad. [llyaunrnek, boze-DitHmTeliH TeHraaMacy sca Bapiau TeHrnamacugan Kypa
TAaKUKJIAHT'aH 30Ha KEHITIUTHHYU XapopaTra OOFJIMKIMIMHN Y3rapUIIuHA KYTIPOK MOC KEeNaaH.

Pyxcar sTuiarad 30HalapHUHT 3JEKTPOH XONATJIAPUHUHT 3UWIMTHHUHI KUHMAaTH Y3TapulId IOKOpU
TeMIiepaTypa UHTEpBAIM Ce3WIapiu Japaxkana y3rapaau. byHu xucobra oscak, Kyiuaaru udopaana daxar
ouTTa Temmneparypara OOFIHMK OYJraH mapameTp XapakaTyaHIHK THPKUIIHHUHT 3HepreTuk keHriuru (Eg)
Kosaan. MabiiyMKkH, Oy KaTTATUKHU TeMIlepaTypara OOFJIaHUIITN

E.T)=E. (0)-

KYpUHULIA €3WIIAIN.

AmMopd sipUMyTKa3rnd napjanapuaa Ypoax 3HEprusCHHH Temrieparypara OOFIaHUIIUHA aHUKJIOBYH
TaXpnOa HaTWKaIapu agaduéTiapAa KeNTHUpHiITaH. YiapaaH Oy OOFJaHUIUIAP YM3UKIN DKAHIUTUHH Ba
ynapHu Oypuak Kod(OUIMEHTH XapaKaTYaHIWK THPKUIIWHUHT SHEPreTHK KEHTJWTHHH TeMIlepaTypara
OornaHumHN Oypyak Kod(uIMeHTHra SKUH OYIHMIIN KypcatwiaraH. AMopd SpUMyTKasrHdjaap Y4yH
XapaKaTYaHIMK THPKMIIMHUHT SHEPreTHK KEHTIIMIUHHM TemrepaTypa koddduuuentu y»(4x10°-10* 5B K1)
IKAHJIMIMHU XMCOOTa OJMHTaH. XHcoOJalnuiapHu TUaporeHu3anusiianrad amop¢d kpemuuit (a-Si:H) yuyn
Oaxxapuiau. YpOax SHEpTUsACHHUHT TeMIlepaTypara OOFJIaHHUIIN YM3HKIIM OYnub TeMnepaTypa opTud OGopran
capu optubO Oopap 3kaH. By kuiimMarimap amopd SPUMYTKA3THWIAPHW XapaKaTYaHJIMK THPKUIIMHUHT
TemIiepatypara OOFJIaHUIIHN Oypuak KodpduimenTn (y) KuiMaTiapura sKMH SKaHJIMTHHE KypcaTaiu.

[1] wmpma amopd ruaporensaumsuiaHran kpemHuid (8-Si:H) HUHr 30HIapapo ONTHK FOTHIIHIN
KO3 PHUIMEHTUHHUHT TeMIlepaTypara OOFIaHUIINHEA TaXpuOanap/iaH aHUKJIAaHTaH KUHMaTIIapd KeNTHPHITaH
(1-pacm). By namynamap 400 °C Ba 600 °C opammkna 30 MuHYT naBomuia ToOyaHrad. [2] umpma sca
30HaIapapo OTUIIKII CIIEKTPH YUYH Hazapuit ycyiana Jasuc-MooT skuiamuin ycyaura kypa é3umiran Ky6o-
I'punByx hopmynacuaan Kyinaara udojia oJMHraH:

fw
_ _ 2 g
as(hw) = e [Z(f?co Ey)\Eghw — (E; — hw)“arctg (2 EEHM)} (1)
by epna B - 1otunran @OTOHnapHH SHEpruscura OOFNMHK OYyIMaraH IPOITOPIIMAHATITHK

k03¢ ¢unmentH, Eq - a-Si:H Hu XapakaT4aHINK TUPKAIIMHUHT SHEPTETHK KECHIJIUTH.
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(1) udomaman 30HaMapapo FOTWIKIN CICKTPHHU XucoOmam yuyH, Oy dopmynamard B, Ba Eg HH

aHUKJIaIl Kepak. ByHunr yuyH 1 - pacmma kentupuirad Taxpuba Hatwkanapura (1) popmynanaru B Ba Eq
JIAPHU MOCIAIITUPYBYM napamerp cudaruaa kapad, Oy ¢dopMylagaH OJWHTAH XMCOOJAIl HATIKATApUHU
MocnamrTapamMu3. Taxxkpuba Ba xucoOnam HaTikajgapu Oup-Ompura moc kenwmu yayH B Ba Eg map yuyn

OJIMHTaH HaTwkanap 1- pacm (uusukiap) Ba 1 xxaaBania KEITUPUIITAH.

a, cm?
4 .
2 - gv,o'gﬁ’.c:’ . AT=293K
5 o 6w K
ﬁv /66 /'./ R
'ﬂ o m “ o)
104 —6»?7 £ i N 2T=500 °C
& /7 0
Ao gl K
7 A T=525°C
5 I [m]
°r=550°C
\V4
2 | | |
1.8 pA hw' eV

1 — pacm. [1] mmparu Ta:kpu6a Ba (1) popmyaagaH oTMHraH XHCOOJIAII HATHKATAPH

1- sxagBaJ.

Ne T Eq eV B, cm?!

1 293 K 1.8 2.126+10°

2 500 °C 1.726 1.426-10°

3 525 °C 1.71 1.675+10°

4 550 °C 1.667 1.3-10°

5 575 °C 1.658 1.576-10°

6 600°C 1.647 1.713-10°

7 625 °C 1.639 1.84-10°

[3] wmyia SpUMyTKa3THYIApHU TaKWK 30HACH JHEPreTHK KEHTJMTHHH TeMIilepaTypara OOFJIaHWIIN

aHUKJIOBYM Hdoa:
— T2
E,=E,-af T+ 5 @
kypunnmaa (Bapmau ¢opmynacu) Oynumum kentupunrad. by epma Eg —T=0 K Temmneparypanaru
TAaKWK 30HAHWHT KEHIJIMTH, 00 — TaKWK 30HAHUHT Terepatypa koadduimentu, f — y3rapmac karramuk. 1
JKaJBaJIZIark XapaKkaTyaauK TUPKUIIMHU KuiMaTiapuau (2) ¢opMmysara KyiHuo Oaxapuirad xucodJamuiap o
=2.94*10* eV/K, =239 K ra Tenr 6ynranga Oy kuiimatiap (2) popMynara Moc KeJIMIIMHK Kypcatau. By
HaTIwXanap 2 - pacMaa KeITUPUITaH.
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Eg, eV
o .- - Xucobnauw
‘o )
1.8 - e Taxpuba
\0
— \ .
N, .
| S °
1.7 N
\ .
Q‘“
1.6 | | | | | | |
0 500 T, K

2- pacM. AMop¢d SPpUMYTKA3THWIAPHU XapPaKATYAHINK TUPKUIINHH TeMIepaTypara
Oorsannmm yuyn a =2.94%10* eV/K, =239 K ra tenr 6yaranaa (2) ¢popmyaanu xucodanuiapaad Ba
TA:KPUOAIaH OJIMHIAH HATHIKAJIAP

[4] vmga SIPUMYTKA3TMYIAPHA TAKUK 30HACH DHEPIeTHK KEHIJIMTHHHU TeMIIepaTypara OOFIaHUIIN
aHUKJIOBYM Hoa:

AE(T) = 2a, I(exp(©./T) -1) @3)

Kypunumaa 6ynumm xentupwirad. by epaa (bBoze- DinimireiiH tenrnamacu). By epna AEy - Takuk
30Ha KCHIVIUTU TeMIlepaTypara OOFJIHMK paBHUILAA, 0 — TAKUK 30HAHMHT TeMmIeparypa koddduuneHtu, © —
y3rapMac KarTanuk. | jKamBajjard XapakaT4aHIWK THPKUAIIMHA KuiiMmatiaapuau (3) dopmyrnara Kyinuod
Oaskapuiran xucoonanuap ag =7.37*10* eV, ©=512 K ra Tenr 6yaranma Oy kuiimataap (3) gopmynara
MOC KETHUIIWHU Kypcartau. by HaTmkamap (2) ¢opMmyrnanaH ONMHTaH HaTiKanap OwiaH Oup Xwu Oyiuvmm
aHukIaHau (3 — pacm).

Eg, eV

o . - —- Xucobnauw
18 ~ ‘- o Taxkpunba

N
- \.
~
‘o .
1.7 — 'S °
N
- ~
%}.0

1.6 | | L~

0 500 T, K

3 - pacMm. XapakaT4aHJIUK THPKUIIHHIHT YHEPreTHK KeHIJINTHHN TeMIepaTypara 0ofJIaHuIIm
as=7.37*102%eV, 6=512 K kuiimatiap yuyH (3) ¢popMy/aanu Xxuco01alIaH Ba TAKPHUOALAH OJTMHIAH
HATHIKAJIap

Xynaoca. Ymby wnmga tobmanran a-Si:H HUHT XapakaTyaHJIMK TUPKUIIWHU FOKOpW TeMIlepaTypara
6ornanumm xapopataur 20 °C gan 625 °C ravya 6yiran kuiiMatiapa TaxpuOagad OJIMHIaH KWAMAaTIapaH
Ha3upuil XucoOyiaHraH amopd SPUMYTKa3TU4iIap 30HajJapapo IOTWIMII CIEKTPUHU XapakaTyaHJIHK
TUPKUIIUHUHT SHEPIeTUK KEHIJINTUTa OOFIaHUIIN H(POJACHIAH aHUKJIAHIM. XapaKaTYaHINK TUPKAIIUHIHT
SHEPTeTHK KEHIJIMTUHHU TeMIleparypara OOFJIaHUIIMAAH TYpJIM TeMIepaTypaiapla OJMHTaH KUMaTIapHU
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Hazapuil xucobnanrad. by aHWKiIaHraH KUAMAaTIapHHA TaKKOCHAIl YYyH yd9 MapaMeTpin Mojeirap (SpHA

Bapmaun popmynacu Ba boce-DiiHinTeiHn Gumad OOFIMK Mozen) Owiaan 6u3 kypubd unkumaérran a-Si:H
MaTepHaulap y4yH MOC KeJlauTaH MyKoOWI Mociukinapau Oaxkapunan. CypoB Oyitnya Oapya matepuaiap
YUYH 9HT SXIIH MOC KeJaau. DKCIepUMEHTal paBHIIa TaHIaHraH a-Si:H HUHT 10KOpH Xapopatiapuia TypT
napameTpin mMozaen Oyiuua (U3MK KMXATOaH Hazapuil xpcoOjamuiap HaTHXAacH KeJNTHpWIraH. Baprinu
¢dopMymnacu uerapaitaHraH KuiMatiapia TamlKapu omupuO OaxonamHu Y3 wuura onagu. Jemak, Oy
dhopmynagan oiiganaHUITaHaa, OJaTaa, TETUILIN HaTmXaIapHu Oepa onMaiinu. Bapmau ¢hopMymacuHIHT
aCOCHH aHAINTHK KaMYWIUKIAPH YHUHT YMYMHH KOOMIMATCHU3IMTHIAH HOOpaT. Xap XWil KeHI dHEPreTHK
KEHIJIMKIIAp YIyH MOC KelaAuraH OypWIIMIN XapOopaTHHH 0axoJyaml YIapHUHT Xapopar IMIKalacHaaH aHda
IOKOPHUPOK KOiIa >KOMNaIraHnuruiy Kypcataad. Ogarna aHbaHaBUM SApUMYTKa3Tdwiap y4yH TOMMIIaId
(Tapmoxnu yTrazruwiap <2eB). By y3ura xoc xycycusrt [ebaii TemmnepaTypaCHUHT IOKOPH KaTTaJIMKIApH
omnan xkomOuHarmsicu (T>600K), Bapurau ¢opMynacHHUHT aHUK IMapaMeTpliapHd aHATUTHK KHHMaTIapu Ba
ojatia TakpuOa iynu OwiaH TaHIaHraH KMAMaTIapuaa XapoOpaTHHUHT Kyaa nacT KUAMATh (Tyax.=300K).
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Annotatsiya. Ushbu magola ferrit granatlarning fizik xususiyatlarini, jumladan, issiglikka chidamlilik,
optik shaffoflik, past elektr o ‘tkazuvchanlik va magnit samaradorlik kabi parametrlarni tahlil gilishga
bag ‘ishlangan. Ferrit granatlar o zining noyob kristall tuzilishi tufayli yugori magnit moment va past issiglik
kengayish koeffitsiyentiga ega bo ‘lib, bu ulardan yuqori haroratli sharoitlarda ham samarali foydalanishga
imkon beradi. Ushbu maqola ferrit granatlarning fizik xususiyatlarini texnologik go ‘llanilishi bilan bog ‘liq
holda yoritadi va ularni sanoat va ilmiy tadgiqotlarda keng go ‘llash imkoniyatlarini o ‘rganadi.

Kalit sezlar: Ferrit granatlar, fizik xususiyatlar, kristall tuzilishi, termal xususiyatlar, optik shaffoflik,
elektr o ‘tkazuvchanlik, magnit moment, mikrostruktura, issiglikka chidamlilik, yugori haroratli materiallar,
noyob oksid materiallar.

®U3NYECKHUE CBOMCTBA ®EPPUT-TPAHATOB

Annomauusn. /lannas cmamess NOCEAUleHA AHATU3ZY (PUBUYECKUX CEOUCME (heppum-2panamos,
BKAIOUASL MEPMOCMOUKOCHb, ONMUYECKVIO HPO3PAYHOCHb, HU3KVIO 3JIeKMPONPOEOOHOCb U MACHUMHYIO
aghgpexmuenocmo.  Deppum-epanamsl, 61a200apsi C60eU VHUKAILHOU KPUCALIUYECKOU CMPYKmype,
0671a0aom 6biCOKUM MASHUMHBIM MOMEHMOM U HUKUM KOIDOUYUESHMOM MENL08020 PACULUPEHUSL, Y4MO
nozeonsiem 3QP@OEKMUHO UCHOIL308AMb UX 6 YCI08UAX GblcoKUX memnepamyp. Cmamws oceewaem
Qusuueckue ceoticmea Geppum-epanamos 6 C6i3U C UX MEXHOIOSUUeCKUM NPUMEHEHUEM, d MAK»ce
paccmampugaem  O3MONCHOCMU — UX  WUPOKO20 UCHONb308AHUSL 8 NPOMBIUIECHHOCIU U HAYYHBIX
UCCe0068aHUsIX.

Knrouesvle cnosa: ¢eppum-epanamol, husuneckue ceoucmed, KpUCMALIUYECKAs. CMPYKMypd,
mepmMuiecKue COUCMEa, ONMUHECKas: NPO3PAYHOCHb, IAEKMPONPOBOOHOCHb, MASHUMHBLL MOMEHM,
MUKDOCIMPYKMYPA, MEPMOCMOUKOCMb, MAMePUaIbl Olsl 8bICOKUX MeMnepamyp, YHUKAIbHbIE OKCUOHbLe
Mamepuanl.

PHYSICAL PROPERTIES OF FERRITE GARNETS

Abstract. This article is dedicated to analyzing the physical properties of ferrite garnets, including
thermal resistance, optical transparency, low electrical conductivity, and magnetic efficiency. Due to their
unique crystalline structure, ferrite garnets exhibit high magnetic moments and low thermal expansion
coefficients, enabling their effective use in high-temperature conditions. The article highlights the physical
properties of ferrite garnets in relation to their technological applications and explores their potential for
widespread use in industry and scientific research.

Keywords: ferrite garnets, physical properties, crystalline structure, thermal properties, optical
transparency, electrical conductivity, magnetic moment, microstructure, thermal resistance, high-
temperature materials, unique oxide materials.

Kirish. Ferrit granatlar — bu noyob fizik va kimyoviy xususiyatlarga ega bo‘lgan materiallar bo‘lib,
ular yugori samaradorligi va chidamliligi tufayli turli sohalarda keng go‘llaniladi. Ushbu materiallarning
fizik xususiyatlari, jumladan, yuqori issiglikka chidamlilik, yugori magnit moment va past elektr
o‘tkazuvchanlik kabi xususiyatlari, ulardan mikroto‘lginli tizimlar, optik qurilmalar va yadro texnologiyalari
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kabi yugori texnologik ilovalarda foydalanishga imkon beradi. Ferrit granatlarning fizik Xususiyatlari
ularning kristall tuzilishi va mikrostrukturasiga bevosita bog‘lig bo‘lib, bu xususiyatlar ularning ilmiy va
texnologik ahamiyatini oshiradi. Ushbu maqgolada ferrit granatlarning asosiy fizik xususiyatlari, jumladan,
termal, optik va elektr xususiyatlari tahlil gilinadi.

Asosiy gism. Ferrit granatlarning fizik xususiyatlari quyidagicha ko‘rib chigamiz:

1. Kiristall tuzilishi: Ferrit granatlar kubik yoki dodekagonal kristall tuzilishga ega bo‘lishi mumkin.
Ularning tuzilishi yirik kristallar shaklida bo‘lib, odatda yengil yoki qgora rangda bo‘lishi mumkin.

2. Magnit xususiyatlar: Ferrit granatlar magnit xususiyatlarga ega, ya’ni ular magnit maydonlarda
javob berishadi. Ularning magnit xususiyatlari ular tarkibidagi temir oksidlaridan kelib chigadi, shuning
uchun ular magnit materiallar sifatida ishlatiladi.

3. Yugqori haroratga chidamlilik: Ferrit granatlar yuqori haroratlarda bargaror bo‘lib, ular ko‘pincha
yugori haroratli muhitlarda ishlatiladi. Ularning ko‘p turi 600-1000°C oralig‘ida bargaror bo‘ladi.

4. lzoelektrik xususiyatlar: Ferrit granatlar, odatda, izoelektrik nugtaga ega, bu ularning elektr
o‘tkazuvchanligi va izolyatsiya xususiyatlariga ta’sir qiladi.

5. Optik xususiyatlar: Ferrit granatlar odatda shaffof emas, balki opaqlik xususiyatiga ega, bu
ularning ko‘prog magnit yoki mexanik xususiyatlar bilan ishlatilishini anglatadi.

6. Mexanik xususiyatlar: Ferrit granatlar mustahkam va qattiq materiallar bo‘lib, ular boshga
materiallarga nisbatan yuqori bosim va kesish kuchlariga chidamli bo‘ladi.

Ferrit granatlarning kristall tuzilishi haqida kengroq ma’lumot berish uchun, avvalo ularning
kimyoviy tarkibi va strukturasiga e’tibor qaratish kerak. Ferrit granatlar — bu asosan temir (Fe) oksidlaridan
tashkil topgan minerallar guruhiga kiradi. Ularning kristall tuzilishi, asosan, kubik (oksidlar) yoki
dodekagonal (granatlarni tashkil etuvchi xususiyat) simmetriya bo‘yicha tartiblangan. Quyida ferrit
granatlarning kristall tuzilishiga oid ba’zi asosiy jihatlar:

Ferrit granatlar odatda kubik simmetriyaga ega, bu ularning shaklini kub shaklida tashkil giladi. Kubik
tuzilishga ega bo‘lishi, materiallarning juda bargaror va simmetrik strukturasini anglatadi, bu esa ular magnit
va mexanik xususiyatlarini ta’minlaydi.

Granat mineralining kristall tuzilishi asosan silisiy oksidlar yoki oksid mineral tuzilmalari bilan
bog‘liqdir. Granatlarda, masalan, almandin (Fe:Al.Siz012) yoki spessartin (MnsAlSi3012) kabi turli mineral
aralashmalar mavjud. Ferrit granatlar, odatda, Fe** ionlari va boshga ko‘plab metall ionlari (masalan, Mn,
Zn, Cu) bilan birgalikda kristall tuzilishini tashkil etadi.

Ferrit granatlar o‘zlarining mikrostrukturasida kuchli bog‘langan temir oksidlarini, shuningdek,
boshga metall oksidlarini tashkil etuvchi xususiyatlarga ega. Kristall tuzilishi asosan temir oksidlarining
yadro vazifasini bajaradigan Fe** ionlari bilan bog‘langan, bu esa materialga magnit xususiyatlarni beradi.
Kristallar orasidagi metall ionlari (masalan, Fe, Mn, Al) aniq ravishda joylashgan va bu struktura tizimiga
aniq tartib kiritadi.

Granatlarning kristall tuzilishi kubik simmetriya bilan ifodalangan bo‘lib, ular o‘rtacha 8 ta burchakni
tashkil giladi. Bu holatda temir oksid kristallari geometriyasida yaxshi tashkil etilgan tagsimlanishga ega
bo‘lishi kerak. Ko‘plab granatlar yuqori kristallanish darajasiga ega bo‘lib, kristallar bir-biriga to‘g‘ri
keladigan simmetriya shakllari bilan joylashadi.

Ferrit granatlarda ikkita asosiy faza mavjud: granat fazasi va ferrit fazasi. Granat fazasi aniq simmetrik
shakllarda joylashgan bo‘lib, materiallarning mexanik xususiyatlarini kuchaytiradi. Ferrit fazasi esa
magnetik xususiyatlarga ta’sir qiladi. Bu ikki fazaning o‘zaro ta’siri materialning umumiy xususiyatlariga,
masalan, magnitlanishiga yoki issiqlikka chidamliligiga ta’sir qiladi.

Ferrit granatlar o‘zlarining kristall tuzilishida temir oksidlarining yuqori konsentratsiyasini tashkil
giladi, bu ularning magnit xususiyatlarini kuchaytiradi. Bundan tashqari, temir oksidlarining tartiblanishi
magnit maydonlarda ishlov berish uchun muhim ahamiyatga ega bo‘ladi, chunki ular elektronlarning
harakatini boshqgaradi.

Ferrit granatlarning magnit xususiyatlari juda muhim va ular ko‘plab ilmiy va sanoat ilovalarida,
xususan, magnit materiallar sifatida ishlatiladigan komponentlar sifatida foydalanilishini ta’minlaydi. Quyida
ferrit granatlarning magnit xususiyatlarini batafsil tushuntirib beraman:

Ferrit granatlar magnit materiallar sifatida tanilgan, chunki ular paramagnit yoki ferromagnit
xususiyatlarga ega bo‘lishi mumkin. Ferrit materiallari, odatda, ferromagnit xususiyatlarga ega bo‘lib, bu
ularning tashgi magnit maydonlarga garshi sezgirligini va o‘ziga xos magnitlanish xususiyatlarini anglatadi.
Ularning magnitlanish darajasi anigq, va ular tashgi magnit maydonda o‘zlari birikib, mustahkam
magnitlanish hosil giladi.

Ferrit granatlarning magnit momenti materialning magnit xususiyatlarini belgilovchi asosiy
parametrdir. Magnit moment — bu materialdagi har bir magnit dipolning yo‘nalishi va kuchini ifodalaydi.
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Ferrit granatlar o‘zining magnit momenti tufayli magnit maydonni kuchaytiradi va ushbu xususiyatlar ularni
magnit goplamalar yoki magnit materiallar sifatida ishlatishda juda foydali giladi.

Ferrit materiallarining magnit o‘tkazuvchanligi ham muhimdir. Ferritlar yuqgori magnit
o‘tkazuvchanlikka ega bo‘lishi mumkin, ya’ni ular magnit maydonlarni yaxshi o‘tkazadi, bu esa ularni
magnitli boshgaruv tizimlari va qurilmalarda foydalidir.

Ferrit granatlar yumshog magnit materiallar yoki gattiq magnit materiallar sifatida ishlatilishi mumkin.

Yumshoq magnit materiallar ferrit granatlar yugori magnit induksiyasiga ega bo‘lishi va tashqi magnit
maydon olib kelganda tezda magnitlanishlarini o‘zgartira olishadi. Bunday materiallar asosan
transformatorlar, magnit yadro materiallari va chizigli magnit vositalar uchun ishlatiladi.

Qattig magnit materiallar esa, tashqi magnit maydoni olib tashlanganidan keyin ham, o‘z magnit
xususiyatlarini saglab goladi. Bunday ferrit materiallar doimiy magnitlar yoki magnit disklar kabi ilovalarda
ishlatiladi.

Ferrit granatlarning magnit xususiyatlari Kyuri nuqgtasi bilan boglig. Kyuri nugtasi — bu harorat
nugtasi bo‘lib, undan yuqori haroratlarda materialning magnit xususiyatlari yo‘qoladi, ya’ni ferromagnit
materiallari paramagnit holatga o‘tadi. Ferrit granatlar uchun Kyuri nugtasi turlicha bo‘lishi mumkin va
odatda 500-700°C oralig‘ida bo‘ladi. Bu haroratdan yuqori bo‘lganda, ferrit granatlarning magnit
xususiyatlari sezilarli darajada kamayadi.

Ferrit granatlar magnit rezonans effektiga ham ega bo‘lishi mumkin. Bu, aynigsa, magnit rezonans
tasvirlash (MRI) tizimlarida yoki magnitli boshgaruv tizimlarida go‘llaniladi. Magnit rezonansda ferrit
granatlar magnit maydonlar bilan o‘zaro ta’sir giladi va bu xususiyatlar ularning sezuvchanligini va magnit
maydonlarni aniglashdagi samaradorligini oshiradi.

Ferrit granatlar, o‘zining magnit xususiyatlari tufayli, ko‘plab yangi texnologiyalarda ishlatiladi. Ular
magnitli boshgaruv tizimlari, magnit kuchlanish uskunalari, magnit yadro materiallari va elektronika
sohalarida keng go‘llaniladi. Bunday materiallar, odatda, texnik qurilmalarda, masalan, transformatorlar,
induktorlar, magnitli sensorlar, sharflar va doimiy magnitlarda ishlatiladi.

Ferrit granatlarning magnit xususiyatlari ularning tarkibidagi elementlar, masalan, temir (Fe) va
marganets (Mn) kabi metal ionlarining nisbati va kristall tuzilishiga garab o‘zgaradi. Ferrit granatlar
tarkibidagi metall ionlarining o‘zgarishi materialning magnitlanish darajasini yoki magnit xarakteristikasini
sezilarli darajada o‘zgartirishi mumekin.

Ferrit granatlarning yuqori haroratga chidamliligi ularning fizik va kimyoviy xususiyatlaridan biri
bo‘lib, materiallarni yuqori haroratli muhitlarda ishlatishda, aynigsa, sanoat va ilmiy sohalarda muhim
ahamiyatga ega. Ferrit granatlar o‘zining yugori haroratga chidamliligi tufayli ko‘plab texnologik jarayonlar
va qurilmalarda ishlatiladi. Quyida ferrit granatlarning yuqori haroratga chidamliligi hagida batafsil
ma’lumot beraman:

Ferrit granatlar yuqori haroratlarda o‘zining kristall tuzilishini saglab goladi. Ular temir oksidlarining
turli turlarini o‘z ichiga oladi, bu esa ularning yuqori haroratli muhitlarga chidamliligini ta’minlaydi. Ferrit
granatlar o‘zgarmas kristall tuzilishga ega bo‘lib, 600-1000°C oralig‘ida yuqori haroratlarda bargarorligini
saglaydi. Bu xususiyat ularni yuqori haroratli sanoat jarayonlari va maxsus ilovalarda foydali giladi.

Ferrit granatlar o‘z tarkibida temir oksidlarining yugori konsentratsiyasini saglaydi, bu esa ularni
oksidlanishga garshi chidamli giladi. Yuqori haroratlar ostida, ferrit materiallarida oksidlanish yoki
shikastlanish xavfi kam bo‘ladi. Bu, aynigsa, yuqori haroratlarda ishlaydigan elektron komponentlar, yadro
materiallari yoki issiglik izolyatorlarida foydali.

Ferrit granatlar yugori haroratda o‘zining mexanik kuchini va bardoshliligini saglab goladi. Ularning
gattigligi va mustahkamligi ularni yugqori issiglik sharoitida ishlashga moslashtiradi. Bu materiallar juda
gattiq bo‘lib, yuqgori haroratli muhitlarda mexanik kuchlarni yaxshi o‘zlashtiradi va deformatsiyaga garshi
turadi.

Ferrit granatlar o°zining termal kengayish koeffitsienti bilan ajralib turadi. Ularning termal kengayish
koeffitsienti past bo‘lganligi sababli, ular tez-tez o‘zgarib turadigan harorat sharoitlariga chidamli bo‘ladi.
Bu xususiyat ular uchun mexanik shikastlanishni oldini olishda muhimdir, chunki materiallarning haddan
tashqari kengayishi yoki sigilishi materialning strukturaviy o‘zgarishiga olib kelishi mumkin.

Ferrit granatlar yuqori haroratga chidamliligini, shuningdek, issiglik zarbasiga garshi chidamliligini
ham ko‘rsatadi. Termal zarba, ya’ni bir xil materialning juda tez qizishi yoki sovishi, ko‘plab materiallar
uchun muammo tug‘diradi. Biroq, ferrit granatlar odatda issiglik zarbalariga garshi yugori chidamlilikka ega.
Bu ularning yuqori haroratlar va sovuq sharoitlarda o‘zgaruvchan issiglikka moslashish qobiliyatini
ta’minlaydi.

Ferrit granatlar o‘zlarining magnit xususiyatlari bilan tanilgan bo‘lsa-da, yuqori haroratlarda
magnitlanish xususiyatlari o‘zgarishi mumkin. Kyuri nuqgtasi — bu harorat nugtasi bo‘lib, undan yuqori
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haroratlarda ferromagnit materiallar magnit xususiyatlarini yo‘qotadi. Ferrit granatlarning Kyuri nugtasi
odatda 500-700°C oralig‘ida bo‘ladi, shuning uchun bu haroratdan yugori sharoitlarda ularning magnitlanishi
kamayishi mumkin. Biroq, ferrit granatlar yuqori haroratda ham o‘zlarining strukturaviy bargarorligini
saglab qoladilar.

Ferrit granatlar, yuqori haroratda ishlash uchun ishlab chigilgan bo‘lsa ham, ba’zi sharoitlarda
materiallarning o‘zgarishi va deyarli hech ganday shikastlanmasdan uzoq vagt davomida ishlashini
ta’minlaydi. Ular yuqori haroratli qismlarda, masalan, elektron komponentlarda, magnit tizimlarida, issiq
tizimlarda va boshga yuqori haroratli muhitlarda ishlatiladi.

Ferrit granatlarning yugori haroratga chidamliligi ularni bir gator sanoat ilovalarida ishlatishga imkon
beradi. Quyidagi sohalarda ular keng qo‘llaniladi:

Elektronika: Elektron komponentlar, transformatorlar va induktorlar ishlab chigarishda ferrit granatlar
yugori haroratga chidamliligidan foydalidir.

Magnit tizimlar: Yuqori haroratli magnitli materiallar uchun ferrit granatlar ishlatiladi, masalan,
doimiy magnitlar, magnit yadro materiallari.

Issiglik izolyatsiyasi: Ferrit granatlar yuqori haroratli muhitlarda izolyator sifatida ishlatiladi.

Sanoat texnologiyalari: Yuqori haroratli tizimlarda ishlatiladigan materiallar, masalan, pechlar,
gozonlar va issiglik almashinuvchilar.

Izoelektrik xususiyatlar — bu material yoki molekula uchun, ularning umumiy elektr yukining nolga
teng bo‘lgan yoki uning elektr xususiyatlarining balansli holati, ya’ni kation va anionlar (yoki elektronlar va
protonlar) orasidagi muvozanat holati. Izoelektrik nugta (pH nugtasi) ko‘pincha kimyo, biologiya va
materialshunoslikda muhim ahamiyatga ega. Ferrit granatlar kabi materiallar uchun, izoelektrik xususiyatlar
ularning elektrik yuki, sirt xususiyatlari va sirt faoliyati kabi xususiyatlar bilan bog‘lig.

Izoelektrik nugta (pi) — bu material yoki zarraning net elektr zaryadi nolga teng bo‘ladigan pH
giymati. Boshgacha qilib aytganda, izoelektrik nugtada, materialda yoki molekulada kationlar va anionlar
soni teng bo‘ladi. Ferrit granatlar uchun izoelektrik nuqta odatda pH giymatiga garab o‘zgaradi va
materialning kimyoviy tarkibi, aynigsa uning metall ionlarining nisbati, sharoitga garab, izoelektrik nugta
aniq belgilanadi.

Ferritlar, masalan, FesO4 yoki Fe:Os kabi oksidlar, odatda o°zlarining elektron va ion xususiyatlariga
asoslangan izoelektrik nugtaga ega. Bu nugtada, materialning umumiy zaryadi nolga teng bo‘ladi.

Izoelektrik nuqta materialning sirt xususiyatlariga ta’sir qiladi. Ferrit granatlar kabi materiallar,
izoelektrik nugtada, sirtida elektrik zaryadlari nolga teng bo‘ladi. Bu, materialning elektrostatik o‘zaro
ta’sirlarini, shu jumladan uning boshqga zarrachalar yoki molekulalar bilan ganday o‘zaro ta’sir gilishini
aniglaydi. Masalan, izoelektrik nugtadan yuqori yoki past pH darajasida, ferrit granatlar sirtida musbat yoki
manfiy zaryadlar hosil bo‘lishi mumkin, bu ularning boshqa zarrachalar bilan birikish qobiliyatini ta’sir
giladi.

Ferrit granatlarning izoelektrik nugtasi ularning kimyoviy reaktsiyalarida ham muhim rol o‘ynaydi.
Izoelektrik nugtadan yugori yoki past pH sharoitlarda ferritlar turli kationlar yoki anionlar bilan o‘zaro ta’sir
gilishi mumkin. Bu, masalan, ferrit granatlarning adsorbsiya va yutilish xususiyatlarini o‘zgartiradi.

Past pHda (kislotali sharoitda), ferrit granatlarning sirtida manfiy zaryadlar hosil bo‘lishi mumkin, bu
esa ular kislotali muhitda boshqga kationlar bilan osonroq o‘zaro ta’sir giladi.

Yuoqori pHda (sirkali sharoitda), ferrit granatlar manfiy zaryadlanadi va bu holatda ular anionlar bilan
yaxshiroq birikishi mumkin.

Bu izoelektrik xususiyatlar, aynigsa, suv filtrlash, kataleptik jarayonlar va elektron mikroelektronikada
go‘llaniladigan ferrit materiallarining ishlashiga ta’sir giladi.

Ferrit granatlar uchun izoelektrik xususiyatlar magnit xususiyatlariga ham ta’sir qilishi mumkin. Bu
materiallar magnitlanish xususiyatlarini o‘zgartirishda va magnit maydonlar bilan o‘zaro ta’sirlashishda
muhim rol o‘ynaydi. lzoelektrik nuqtadagi zaryadlar, ferrit granatlarining magnetizmi bilan bog‘liq
elektronlarning harakatini boshqarish imkonini beradi. Bu jarayon, ularning tashgi magnit maydonlarda
ganday javob berishini ta’sir giladi.

Ferrit granatlarning izoelektrik xususiyatlari ularning elektron tizimlarida ishlatilishini ham
ta’minlaydi. Izoelektrik nuqtada materialda zarur muvozanat mavjud bo‘lib, bu ularning elektron va ion
harakatini boshgarishda muhim rol o‘ynaydi. Bu xususiyatlar, aynigsa, elektronika va energiya saglash
tizimlarida materiallarning samaradorligini oshiradi. Ferrit materiallar yuqori izoelektrik nugtaga ega bo‘lib,
yugori pH giymatlarida energiya uzatish va magnitlanish imkoniyatlarini kuchaytirishi mumkin.

Ferrit granatlar kolloid tizimlarda ham qo‘llaniladi. 1zoelektrik nugta, materiallarning kolloid
zarralari bilan o‘zaro ta’sirini boshqarishda muhimdir. Izoelektrik nuqtadagi zarracha o‘zgarishi, kolloid
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zarralarining bir-biriga yaginlashishi yoki ajralib chigishi bilan bog‘lig bo‘lishi mumkin. Bu xususiyat ferrit
granatlarining biyoaktiv yoki kataleptik tizimlarda ishlashini ta’minlaydi.

Ferrit granatlarning izoelektrik xususiyatlari quyidagi sohalarda go‘llaniladi:

Suv tozalash va filtrlash: Izoelektrik nugtaning o‘zgarishi orqgali ferrit materiallarining zarrachalar
bilan o‘zaro ta’siri kuchaytiriladi, bu esa toksinlarni va boshqa ifloslantiruvchi moddalarni ushlab turish
imkonini beradi.

Biyoaktiv tizimlar: lzoelektrik xususiyatlar, ferrit granatlarning biokompatibilite va biyoaktivligini
oshiradi, bu esa ularni tibbiyotda go‘llash imkoniyatini yaratadi.

Elektronika va magnit materiallar: Ferrit granatlar elektron tizimlarda va magnit materiallarda
izoelektrik nugtalarning o‘zgarishi orgali yanada samarali ishlatiladi.

Ferrit granatlarning optik xususiyatlari materialning yorug‘lik va elektromagnit nurlanishiga
ganday ta’sir qilishini aniglovchi xususiyatlardir. Ferrit granatlar, odatda, magnit materiallar bo‘lib, ularning
optik xususiyatlari, masalan, yorug‘likni so‘ndirish, yutish, yansitma va permeabilite kabi xususiyatlar,
o‘zaro bog‘liq bo‘lib, ular materialni turli sohalarda qo‘llashda sezilarli rol o‘ynaydi.

Ferrit granatlar optik to‘lginlarni yutish qobiliyatiga ega, bu ularning absorbsiya spektri bilan bog‘lig.
Ferrit materiallarining optik yutish xususiyatlari asosan ularning metall ionlarining tarkibiga va kristall
strukturasiga bog‘lig. Ferrit granatlarning yutish spektri, masalan, ultrabinafsha (UV) yoki ko‘k yorug‘lik
kabi gisga to‘lginli nurlanishni ko‘proq yutishi mumkin.

Ferrit granatlar, asosan, katta elektromagnit nurlanish diapazonida (masalan, IR yoki UV) o‘zining
optik yutish xususiyatlarini ko‘rsatadi. Ularning yutish xususiyatlari materialning elektro-optik va optik
sensorlar sifatida ishlatilishida ahamiyatli bo‘ladi. Ferrit granatlar yuqori frekansli elektromagnit to‘lginlarga
nisbatan yaxshi yutuvchi materiallar sifatida ishlatiladi, bu esa ularni mikroto‘lginli tizimlar, optik tolali
kommunikatsiyalar va sensorlar kabi texnologik ilovalarda foydalidir.

Ferrit granatlar, shuningdek, sinusoidal yoki optik indeksga ham ega bo‘lishi mumkin. Optik indeks
materialning yorug‘lik tezligini ganday o‘zgartirishi yoki uni gaytarishi bilan bog*ligdir. Ferrit granatlarning
optik indeksi materialning to‘lgin uzunligiga va uning kimyoviy tarkibiga bog‘liq bo‘lib, ularni optik
to‘lginlarning tarqalishiga ta’sir giladi. Yani, ferrit granatlarning optik indeksi, yorug‘likning materialdan
o‘tish tezligini, yoritilgan yo‘nalishda ganchalik giyinlik bilan o‘tishini belgilaydi.

Ferrit granatlar yorug‘lik to‘lginlari bilan o‘zaro ta’sirlashganida, ular optik refraksiya effektini
ko‘rsatishi mumkin. Refraksiya — bu yorug‘lik to‘lginlarining material ichiga kirib, tezligining o‘zgarishi
yoki yo‘nalishining o‘zgarishidir. Ferrit granatlar optik refraksiyani kuchaytirishi yoki sekinlashtirishi
mumkin, bu ular bilan bog‘liq bo‘lgan optik materiallarni ishlab chigishda muhim rol o‘ynaydi.

Ferrit granatlarning optik xususiyatlaridan yana biri — bu ularning yansitma (refleksiya) xususiyatlari.
Ferrit materiallari, aynigsa, govak yoki porozli struktura bilan ajralib turadi, bu ularning yorug‘likni gisman
aks ettirishiga imkon beradi. Ferrit granatlar, masalan, magnitli optik qurilmalarda ishlatilganida, ularning
yoritish va aks ettirish xususiyatlari elektromagnit tizimlarda foydalidir. Ular magnitli optik tizimlar va
modulyatsiya qurilmalarida o‘zgaruvchi optik xususiyatlar sifatida ishlatiladi.

Ferrit granatlarning optik xususiyatlari, shuningdek, ular optik balandlikni ta’minlaydi. Optik
balandlik — bu materialda optik to‘lginlarning targalishining yo‘nalishini anglatadi. Ferrit granatlar, optik
balandlikda o‘zgarishlar yaratish orgali polaroid filtrlari, optik fokalizatorlar va boshga optik tizimlarda
ishlatilishi mumkin. Materialning optik balandligi uning optik tizimlar uchun samaradorligini oshiradi,
masalan, ko‘rish, yoritish yoki optik signal uzatish tizimlarida.

Ferrit granatlar ba’zi hollarda optik aktiv materiallar sifatida ham ishlatilishi mumkin. Ularning optik
aktivligi — bu materialning yotgizilgan yoki gilingan nurlanishga javoban polarizatsiyalashish gobiliyatidir.
Ferrit granatlar optik aktivlikka ega bo‘lib, ular ba’zan optik ekranlarda yoki polarizatsion materiallarda
ishlatiladi. Optik aktivlik ferrit materiallariga nurlanishni boshqarish va signal uzatish imkonini beradi, bu
esa ularni telekommunikatsiya va yuqori texnologik ilovalarda samarali giladi.

Ferrit granatlarning optik ta’sirlari ularning kristall tuzilishiga garab o‘zgaradi. Ferrit granatlarning
kristall tuzilishi va unga xos bo‘lgan ionlar va ularning joylashuvi yorug‘likning ular orgali o‘tishini va ta’sir
gilishini belgilaydi. Ferritlar, masalan, spinal va garnet kristall tuzilmalari bilan bog‘liq bo‘lgan
xususiyatlaridan foydalangan holda, yorug‘likning polarizatsiyalanishi yoki kengayishi kabi ta’sirlarni
yaratishi mumkin.

Ferrit granatlar, odatda, optik to‘lginlarni mikroto‘lginli yoki infraqgizil diapazonlarda ishlatishda
go‘llaniladi. Ular, shuningdek, mikroto‘lginli optik tizimlar, optik tolalar yoki sensorlarda ham foydalaniladi.
Ferrit granatlar optik xususiyatlari orgali elektromagnit to‘lginlarni ko‘p diapazonlarda so‘ndirish va uzatish
gobiliyatiga ega.

Ferrit granatlarning optik xususiyatlari quyidagi sohalarda go‘llaniladi:
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e Optik to‘lginlarni uzatish: Ferrit granatlar optik tizimlar va mikroto‘lginli uskunalarda keng
go‘llaniladi.

o Magnitli optik tizimlar: Ferrit granatlar, aynigsa magnitli optik modulyatorlar va optik yoritish
tizimlarida ishlatiladi.

o Sensorlar va detektorlar: Ferrit materiallar optik va elektromagnit to‘lginlarni sezuvchi sensorlarda
ishlatiladi.

o Telekommunikatsiya: Ferrit granatlar, optik tarmoglarda signalni uzatish va polarizatsiyalashda
foydalaniladi.

Ferrit granatlarning mexanik xususiyatlari materialning tashqi kuchlarga, deformatsiyaga,
cho‘zilish va siqilish ta’sirlariga qarshi turish qobiliyatini belgilaydi. Ferrit granatlar o‘zining mexanik
mustahkamligi, elastiklik, gaytuvchanlik va mustahkamlik xususiyatlari bilan ajralib turadi. Ular asosan
gattig, kreslo, va silliq xususiyatlarga ega bo‘lib, bu ularning ko‘plab sanoat va texnologik sohalarda
foydalanilishiga imkon beradi.

Ferrit granatlar, umuman olganda, yuqori gattiglikka ega bo‘ladi, chunki ular oksid asosidagi
materiallardir. Ularning gattiglik xususiyatlari, materialning mexanik kuchlarga nisbatan gqarshiligini
ko‘rsatadi, bu esa ular uchun uzoq muddatli ishlash imkonini beradi. Ferrit granatlar, aynigsa vibratsiya va
zarbaga chidamli bo‘lib, og‘ir sharoitlarda ham yaxshi natijalar ko‘rsatadi.

Ferrit granatlarning gattigligi ularning to‘lig mineral tuzilmasi va metall oksidlarining mavjudligi bilan
bog‘lig. Ularning mexanik gattigligi odatda Mohs gattiglik shkalasi bo‘yicha o‘Ichanadi va ko‘pincha 7 dan
8 gacha bo‘ladi.

Ferrit granatlar elastik materiallar sifatida xususiyatlarga ega. Elastik xususiyatlar, materialning tashqi
kuchlar ta’sirida qaytuvchan deformatsiyani ko‘rsatishi mumkin. Ularning elastiklik moduli (Young‘s
modulus) nisbatan yuqori bo‘lib, ular kuchlar ta’sirida shaklini o‘zgartirishi, lekin kuchlar olib tashlangandan
so‘ng dastlabki holatiga gaytishi mumkin.

Ferrit granatlar elastik xususiyatlarining darajasi ularning kimyoviy tarkibiga va tuzilishiga bog‘lig.
Misol uchun, spinal ferritlar o‘zining elastik va mexanik gobiliyatlari bilan yuqori kuchlar va gisgarishlarga
garshi chidamlidir.

Ferrit granatlar sigilish kuchlariga nisbatan garshilik ko‘rsatadi. Bu xususiyatlar, materialning sigilish
bosimiga ta’sir qgilganda ularning deformatsiya qilishini oldini olishda yordam beradi. Ferrit materiallar
yuqori sigilish kuchlariga garamay, buzilish yoki yorilishdan saglanib golish imkoniyatiga ega. Ularning
kompressiv kuchga nisbatan chidamliligi yuqori, bu ularni sanoat va mexanik qurilmalarda go‘llash uchun
ideal giladi.

Ferrit granatlar, odatda, yuqori sigilish moduliga ega bo‘lib, ularni ko“plab yuqori bosimli texnologik
jarayonlarda ishlatish mumkin. Ular noyob yadro materiallari, magnitli materiallar va sirt goplamalari
sifatida ishlatiladi.

Ferrit granatlar zarba ta’siriga nisbatan chidamlilik ko‘rsatadi. Ularning zarba mustahkamligi ularning
silligligi va tuzilishi bilan bog‘lig. Ferrit granatlar zarbaga chidamli bo‘lib, nozik ishlov berish va yugori
tezlikdagi jarayonlarda o‘zining mexanik bardoshliligini namoyon giladi.

Ular vibratsion shovginlarni kamaytirish va avtomobil sanoati, texnologik tizimlar, yadro sanoati kabi
sohalarda zarbaga chidamli materiallar sifatida ishlatiladi. Ferrit granatlar o‘zining kuchli zarba kuchiga
chidamliligi bilan og‘ir sharoitlarda ham mukammal natijalar beradi.

Ferrit granatlarning cho‘zilish kuchi yoki tensile strength — materialning tashgi kuchga garshi o‘zini
ganday ushlab turishini bildiradi. Ferrit materiallar, odatda, o‘rtacha cho‘zilish kuchiga ega bo‘lib, ular
ko‘proq gattiglikka va sigilish kuchiga moslashadi, lekin cho‘zilish xususiyatlari nisbatan past bo‘lishi
mumekin.

Ferrit granatlar cho‘zish va uzunlikni o‘zgartirishda deformatsiyaga nisbatan past darajada reaksiya
beradi. Shuning uchun, ular elastik materiallar sifatida ishlatilib, kuchli va bargaror materiallar sifatida o‘z
o‘rnini topadi.

Ferrit granatlarning mexanik xususiyatlari ularning mikrostrukturasi bilan to‘liq bog‘ligdir. Ferritlar
poroz yoki g‘ovak tuzilishga ega bo‘lishi mumkin, bu ularning mexanik bardoshliligini yanada kuchaytiradi.
Granullar shaklidagi tuzilish mexanik mustahkamlikni oshiradi, chunki bu tuzilma kichik va o‘rnatilgan
birikmalar orgali kuchni o‘zaro tagsimlaydi.

Ferrit granatlar odatda yuqgori kompressiv va sigilish kuchlariga ega bo‘lishi mumkin, ammo ularning
yuqori tensil va cho‘zilish kuchlari nisbatan pastrog bo‘lishi mumkin.

Ferrit granatlar plastik deformatsiya va gaytuvchanlik xususiyatlariga ega bo‘lishi mumkin. Ular
mexanik kuchlarga duchor bo‘lganida o‘z holatini saglash yoki gayta tiklanish imkoniyatiga ega. Boshga
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materiallarga nisbatan ularning deformatsiya xususiyatlari boshgariladigan va bargaror bo‘ladi. Bu
xususiyatlar ferrit granatlarining uzun muddat davomida ishlashini ta’minlaydi.

Ferrit granatlar, shuningdek, issiq va sovuq haroratlarda o‘z mexanik xususiyatlarini saglaydi. Ular,
aynigsa, yuk tashish, himoya qoplamalari va yadro texnologiyasi kabi sohalarda ishlatiladi, chunki ular
yugori haroratlarda ham mexanik gobiliyatlarini yo‘gotmaydi. Ferrit granatlarning haroratga chidamliligi,
ularni yugori haroratli muhitu qurilmalarda ishlatish imkoniyatini beradi.

Ferrit granatlar turli sohalarda mexanik xususiyatlari tufayli qo‘llaniladi:

o Elektromagnit materiallar: Ferrit granatlar elektromagnit tizimlarda ishlatiladi.

e Sanoat va konstruksiya: Yugori mexanik mustahkamlik va zarba chidamliligi tufayli sanoat
uskunalarida go‘llaniladi.

o Mikroelektronika: Ferrit materiallar yugori mexanik bardoshlilikka ega bo‘lishi, mikrosxemalarda
ishlatilishiga imkon beradi.

o Avtomobil sanoati: Zarba va sigilishga chidamli xususiyatlari tufayli avtomobil tizimlarida
go‘llanadi.

Xulosa. Ferrit granatlarning kristall tuzilishi ularning fizik xususiyatlariga (magnit va issiglik
xususiyatlari, mexanik chidamlilik va boshgqalar) ta’sir giladi. Ularning kubik va dodekagonal simmetriya
strukturalari materiallarning yuqori barqarorligini ta’minlab, ularni ko‘plab sanoat sohalarida, jumladan
elektronika, magnit materiallar va boshga yuqori haroratli tizimlar uchun foydalidir.

Ferrit granatlarning magnit xususiyatlari ularning yugori magnit o‘tkazuvchanligi, magnit momenti,
yumshoq va gattiq magnit materiallarga bo‘linishi, Kyuri nugtasi va magnit rezonans effektlari kabi ko‘plab
parametrlarga asoslanadi. Bu xususiyatlar ferrit granatlarni magnitli tizimlar va elektron qurilmalarda muhim
materiallarga aylantiradi.

Ferrit granatlarning yuqori haroratga chidamliligi ularning keng sanoat va ilmiy ilovalarda
ishlatilishini ta’minlaydi. Ularning termik barqarorlik, mexanik chidamlilik, oksidlanishga qarshi
chidamlilik, issiglik zarbalariga garshi chidamlilik kabi xususiyatlari ularni yuqori haroratli sharoitlarda
ishlatishga juda moslashtiradi.

Ferrit granatlarning izoelektrik xususiyatlari ularning elektrik zaryadi, kimyoviy reaktsiyalar,
magnitlanish xususiyatlari, adsorbsiya jarayonlari va elektron tizimlaridagi ishlash samaradorligiga ta’sir
giladi. Ularning izoelektrik nugtasi, materialning sirt faoliyatini, kimyoviy muvozanatini va texnologik
jarayonlar samaradorligini oshiradi.

Ferrit granatlarning optik xususiyatlari ularning optik yoritish, yutish, aks ettirish, polarizatsiyalashish
va refraksiyalash kabi xususiyatlari bilan bog‘liq. Bu xususiyatlar ferrit materiallarini mikroto‘lginli tizimlar,
optik tolali alogalar, magnitli optik tizimlar va sensorlar kabi sohalarda ishlatish uchun moslashtiradi.

Ferrit granatlarning mexanik xususiyatlari ularning qattiglik, elastiklik, siqgilish kuchi, zarba
chidamliligi va deformatsiya qobiliyatlarini o‘z ichiga oladi. Ularning yugori mexanik mustahkamligi,
zarbaga chidamliligi va elastik xususiyatlari, ularni sanoat, mexanik tizimlar va yugori texnologik ilovalarda
ishlatish uchun ideal materialga aylantiradi.
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Annotatsiya. Ushbu ishda qattiq agregat holatdagi litiy ftor (LiF) qotishmasi sirtiga to ‘Igin uzunligi
1064 nm, impuls davomiyligi 20 ns bo‘lgan Nd: YAG lazer nurlanishi ta’sirida hosil bo‘lgan plazma
spektroskopik usul yordamida o ‘rganildi. Plazma emissiya spektrlari 10 torr bosimli vakuum sharoitida
gayd qgilindi. Litiy ftor qotishmasi sirtida hosil gilingan plazmaning asosiy parametrlari elektronlar zichligi
va ularning temperaturalari aniglandi. Elektronlar zichligi va temperaturasining o ‘lchangan giymatlari
boshga muhim plazma parametrlarini hisoblash imkoniyatini berdi.

Kalit so‘zlar: LIBS, spektroskopiya, lazer plazmasi, elektron zichlik, elektron temperaturasi.

HCCJIEJOBAHHUE ITAPAMETPOB I1JIA3MBbI, OBPA3YIONIENCS HA TOBEPXHOCTH
ABYXQJIEMEHTHOI'O JIMTUU-®TOPUCTOI'O CIIVIABA

Annomauyusa. B oannoii pabome nogepxnocms cnnasa omopuda numus (LiF) 6 meépoom azpecammom
COCMOAHUY UCCTIe008ANACy CHEKMPOCKONUYECKUM MEMOo0OM NIA3Mbl, 00pazyiowelcs nod osodelcmsuem
usnyuenusi Nd:YAG-nazepa ¢ Onunoti eoanvl 1064 wm u Onumenvrocmvio umnyivca 20 nc. Cnexmpol
IMUCCUU  NIA3MbL  PeUCPUPOBATUCy 6 ycrosusx eaxyyma npu Oasnenuu 107 Topp. Ochosnvimu
napamempamu niazmvl, 00pasylowelicss Ha NOGEPXHOCU TUMUL-(PMOPUCMO20 CRIA8d, ObLIU NIOMHOCHb
2NEKMPOHO8 U ux memnepamypa. Hzmepennvle 3HAYEHUs NIOMHOCMU IAEKMPOHOE U MeMNepamypul
NO360UNU PACCYUMATND OpYeUe BAIICHbIE NAPAMEMPYL NAAIMbL.

Knrwuesvie cnosa: LIBS, cnexmpockonus, nazepuas niazma, s1eKmpoHHAs RAIOMHOCMb, JJIeKMPOHHAS
memnepamypa.

INVESTIGATION OF THE PARAMETERS OF PLASMA GENERATED ON THE SURFACE
OF A TWO-ELEMENT LITHIUM FLUORINE ALLOY

Abstract. In this study, the surface of lithium fluoride alloy (LiF) in its solid aggregate state was
examined using spectroscopic analysis of plasma generated by Nd:YAG laser radiation. The laser operated
at a wavelength of 1064 nm with a pulse duration of 20 ns. Plasma emission spectra were recorded under
vacuum conditions at a pressure of 102 Torr. Key plasma parameters, including electron density and
temperature, were determined. These measured values provided a basis for calculating additional critical
plasma properties.

Keywords: LIBS, spectroscopy, laser plasma, electron density, electron temperature.

Kirish. Bugungi kunda ikki va ko‘p elementli gotishmalarni elementar spektrokimyoviy tahlil usuli
sifatida, lazer spektroskopiyasi (LIBS- laser-induced breakdown spectroscopy) keng go‘llanilmoqda. LIBS
usuli yordamida moddani har ganday agregat holatida, ya’ni gaz, suyuq yoki gattiq holatida bo‘lishidan
gat’iy nazar tahlil qgilish imkoniyati mavjud [1-3] . Lazer impulslari mikroplazma hosil bo‘lishiga olib
keladigan, oz migdordagi materialni atomizatsiya qilish uchun namunaga yo‘naltiriladi. Lazer
nurlanishlarining atomlar va elektronlar bilan o‘zaro ta’sirlashuvi natijasida yuqori temperaturada plazma
hosil bo‘ladi va plazma turli spektrlarda o‘zidan yorug‘lik chigaradi. Plazma yorug‘ligi spektral ravishda
aniglanadi va har bir elementning noyob emissiya spektri asosida namunaning elementar tarkibini aniglash
imkonini beradi. Litiy elementini izotopik kontsentratsiyalarni migdoriy aniglash uchun LIBS qulay usul
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hisoblanadi [4-10]. Zamonaviy yuqori samarali zaryad to‘plovchi batareyalarda litiy asosidagi gotishmalar
yugori energiya zichligi va elektrokimyoviy xususiyatlari tufayli muhim ahamiyatga ega [11]. Batareya
ishlab chigarish sanoatining rivojlanishi bilan batareya materiallari ishlab chigarishda yuqori texnologiyali
materiallarga talab tobora ortib bormoqgda. Litiy aralashmalari ilg‘or yadroviy reaktorlarda sovutish suvi va
yoqilg‘i tashuvchisi sifatida ishlatiladigan erigan tuz aralashmalarining asosiy komponentidir [12]. Litiy past
neytron yutilishi va mukammal termal xususiyatlari tufayli radiatsiyadan himoya giluvchi material sifatida
ishlatiladi [13].

Hozirgi kunda litiy qotishmalari yadro energetikasi, optika, materialshunoslik va radiatsiyani aniglash
kabi sohalarda turli magsadlarda qo‘llanilib, ushbu metallarni gayta ishlash va gayta tiklashga ehtiyoj juda
katta.

Tadgiqgot metodologiyasi. Ushbu ish LIBS usulida ikki elementli litiy ftor qotishmasini tahlil
gilish va plazma tarkibiy tuzilishini hamda plazma parametrlarini tadgiq gilishni o‘z ichiga oladi. Bunda 10
torr bosimli vakuum sharoitida qgattiq agregat holatidagi Li F gotishmasini to‘lgin uzunligi 1064 nm va
impuls davomiyligi 20 ns bo‘lgan Nd:YAG lazeri bilan nurlantirildi. Lazer nurlanishining energiyasi 100 mJ
bo‘lib, lazer nuri fokus masofasi 25 cm ga teng bo‘lgan yig‘uvchi linza yordamida vakuum kamera ichida
joylashtirilgan namunaga yo‘naltirildi. Hosil bo‘lgan plazmaning emission parametrlarini nur tolali optik
spektrometr (Ocean Optics HR-4000) yordamida tahlil gilindi. Spektral qurilma plazma spektrini to‘lgin
uzunligi 200 nm dan 1100 nm oraliglarida tahlil gilish imkonini beradi. Namuna sifatida litiy ftor gotishmasi
olindi.Tajriba sxemasi 1-rasmda keltrilgan.

Window

Target
Lens Plasma
- g plume
. " | =
Nd:YAG laser 5_? |]__j E.]_ ‘ ’E
(1064 nm) ) [ 5

‘ m Vacuum pump

| Lol | — ——
| " i Spectrometr E"" ,L,,.("!,l :><
A(/"' : . =

1-rasm. Tajriba sxemasi

Tahlil va natijalar. Olingan plazma emissiya spektr tarkibida Li va F elementlarini (I) bir zaryadli
ionlardan hosil bo‘ladigan ion o‘tishlari mavjudligini ko‘rsatdi (2-rasm). Plazma spektrlariga mos litiy va
ftor ionlari uchun to‘lgin uzunliklar va mazkur o‘tish liniyalarining kengliklari aniglanib bu kattaliklar Shtark
kengayish usuli yordamida plazma sohasidagi erkin elektronlar konsentrasiyalarini aniglash imkonini berdi.

Shtark effekti bu tashgi maydonning mavjudligi sababli atomlar va molekulalar spektral chiziglarining
siljishi va bo‘linishidir. Shtark effektini emissiya va yutulish liniyalari uchun ham kuzatish mumkin.
Spektrning keskin kengayishi plazma spektridagi chiziglar zaryadlangan zarralarni to‘gnashuvidan kelib
chigadi. Elektron zichligi va FWHM (full widths at half maximum) spektr yarim kengligi orasidagi farqi
ko‘rsatilganidek, Shtark kengaytirilgan chizigi quyidagicha bo‘ladi:

1
n, n, )4 3. n, )¢
AL, = 2\N(1016j+3,5A(1016j -(1—ZND3JW(1016J A (1)

2

bu yerda Np - Debay sferasidagi zarralar soni, A-ionlarni o‘zaro ta’sir parametri, W - elektron ta’sir
parametri. Tenglama o‘ng tomonidagi birinchi had elektronlarni o‘zaro ta’siridan kengayishni va ikkinchi
had elektron va ionlarni o‘zaro ta’sir parametri koeffitsiyenti.
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2-rasm. LiF gotishmasining plazma emissiya spektri
Vodorodsimon bo‘lmagan ionlar uchun Shtark kengayishi elektron ta’siri, ionlarni o‘zaro ta’siridan
ustunlik giladi va ionlarni o‘zaro ta’sir koeffitsiyenti ahamiyatsiz [14]. Natijada Shtark kengayishi

guyidagicha bo‘ladi.
n, 0
M;ZZ\N(NEJA. )
AA, =FWHM (full width half maximum) spektr chizigini maksimal yarim kengligi, ne-elektron
2

zichligi. Shtark kengayish usulidan foydalanib LiF gotishmasini (I) zaryadli ion o‘tishlaridan hosil bo‘lgan
spektr chiziglarining giymatlariga mos keluvchi shkalasidan elektron zichliklari aniglandi (1-jadval). Bunda
spektr chizigini maksimal yarim kengligi (FWHM) har bir spektr chizigini Gauss impulsi bilan moslashtirish
orgali aniglandi (3-rasm). Moslashtirish har bir spektr chiziglari uchun alohida amalga oshirildi.
Elektronlarning o‘zaro ta’sir parametri W ni son giymati adabiyot [15] dan olindi.
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3-rasm. Lazer nurlanishi ta’sirida LiF gotishmasi sirtida hosil bo‘lgan plazma a) Li(I) A=460,28 nm
b) F(I) A=496,06 nm, c) Li(I) A~=610,35nm d) Li (I) A=670,77 nm €) Li(I) A=812,62 nm spektr chiziglarini
Gauss impulsi bilan moslashtirish.

1-jadval.
Atom/ion To‘lgin uzunligi Konfiguratsiyasi Elektron ta’sir Elektrolar zicr:Iigi
iz, (NmM) parametri w (A) Ne , (107)em?®
Li () 460,28 2p2P-4d2D 1,57 0.4076
F®) 496,06 3p4P-5d4D 0,482 2.033
Li (1) 610,35 2p2P-3d2D 0,359 1.239
Li () 670,77 252S-2p2P 0,0378 17.328
Li () 812,62 2p2P-3s2S 0,329 1.306

Har bir spektr chiziglari uchun plazma sohasidagi elektronlar zichligi aniglandi(1-jadval).

Agarda plazma sohasida termodinamik muvozanat mavjud bo‘lsa, u holda energiya darajasining
nisbiy sathlari va zarrachalarning tezligini tagsimlash kabi plazma xususiyatlarini temperatura tushunchasi
orgali tasvirlash mumkin. Aslida, termodinamik muvozanat kamdan-kam hollarda to‘lig bajariladi, shuning
uchun foydali yaginlashuv, lokal termodinamik muvozanat(LTE) sharti gabul gilindi. Odatda og‘ir zarralar
(atomlar va ionlar) va yengil zarralar (elektronlar) alohida, tezroq, keyin esa bir-biri bilan vaqgt o‘tishi bilan
muvozanatlashadi. To‘qnashayotgan zarrachalarning massalari ganchalik yagin bo‘lsa zarralar o‘rtasidagi
energiya teng ravishda tagsimlanadi.

Lokal termodinamik muvozanatdagi plazma uchun zarrachalar guruhining (uyg‘ongan holatlar)
energetik sathi Bolsmanning tagsimot qonuni bilan ifodalanadi [16] :

)
exp| - ©)
n, P, KgT

Bu yerda Z ionlanish bosqgichidagi zarrachalar soni (zaryad karraligi) (Z = 0 va 1 mos ravishda neytral
va yakka ionlangan atomlarga mos keladi), ks - Bolsman doimiysi, T - plazma temperaturai, nx, z, Ex zva gkz
- mos ravishda zarrachalarning soni, Energiya va bir xil yuqori energiyali sathning darajasi k, nz - elektron
zichligi va Pz - Z ionlanish bosgichidagi zarrachaning termodinamik funktsiyasi. Optik jihatdan yupga
plazma, ya’ni juda kam nurlanish yutiladigan plazmadagi ionlanish darajasi Z bo‘lgan zarrachalarning yuqori
energetik va quyi energetik sathlari orasida hosil bo‘lgan spektral chizigning to‘la intensivligi I, quyidagicha
ifodalanadi.

r]k,Z — gk,Z

hc n E
I, = _L-2q,,exp|l ——Z 4
. Aiz P Oy 2 p[ kBTj (4)

Bu yerda h - Plank doimiysi, ¢ — yorug ‘lik tezligi, L - plazmaning xarakteristik uzunligi, Awiz —
o‘tish ehtimoli va Az — o‘tish chizig‘i to‘lgin uzunligi. (4) tenglamadan natural logorifim olsak quyidagi

ko‘rinishda ifodalanadi.
In MeAiz :_iEkszm(hCan] 5)
Oz Az KeT 4zP,
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k,Z" Xi,Z

Agar bu chizigli tenglamaning chap tomoni In[ J yugori sathda bir necha gayta o‘tishlar

uchun Z ionlanish bosgichidagi zarrachalarning energiyasini ifodalasa u holda o‘rnatilgan giyalik T ga
B

teng bo‘ladi, bu esa temperaturani aniglaydi. T ning giymati Bolsman tenglamasining darajalovchisi

o‘zgaruvchisi deb xulosa gilinadi. Termodinamik muvozanat holatida va plazma optik jihatdan yupga deb

faraz gilinganda (5)-tenglamaga ega bo‘linadi

2-jadval.
To‘lgin Yugori sath Quyi sath Yugori sath O‘tish
Atom/ion uzunligi energiyasi energiyasi energiya ehtimoligi Axi,
Jxiz, (nm) Ek,(sm™) Ei,(sm™) darajasi gk (s
Lil 460,28 36623,38 14903,66 4 1.93x 107
Lil 610,35 31283,12 14904,00 4 5.71x 107
Lil 670,77 14904,00 0 4 3.68x 107

LiF plazmasining bir nechta emissiya spektr chiziglarini hisobga olgan holda Bolsman tagsimot
usulidan foydalanish plazma sohasidagi elektronlar temperaturasini, anigroq o‘lchash imkoniyatini berdi. Bir
xil ion o‘tishli emissiya liniyalari gancha ko‘p bo‘lsa elektron temperaturasini o‘lchash aniqligi ortadi. Bunda
LiF plazma sohasidagi elektronlar temperaturasini anigroq o‘Ichash uchun (5) tenglamadan foydalanildi. Bir
xil ion o‘tishli Li (I) uchun 3ta ion o‘tish emissiya chiziglari (Li (I) [460,28], [610,35], [670,77] ) uchun
Bolsman chizigli grafigi hosil gilindi (4-rasm). Bunda giyalik plazma sohasidagi elektronlar temperaturasini
bildirib giymati Li(l) ion o‘tishlar uchun T=2,25 eV ga teng ekanligi aniglandi. Plazma sohasidagi
elektronlar temperaturasini aniglashda 2-jadvaldagi optik kattaliklardan foydalanildi.

-24,2

. Li () T=2,25 eV

24,4 1

-24,6

N}

»

©
1

In(l A/gA)

-25,0

-25,2

-25,4

-25,6

T
1,5 2,0 25 3,0 35 4,0 45
E (eV)

4-rasm. Li (1) ion o‘tish emissiya spektr chiziglari uchun Bolsman tagsimot grafigi

Aniglangan plazmaning asosiy parametrlari elektronlar zichligi va temperaturasining o‘lchangan
giymatlari (Ne va Te) boshga muhim plazma parametrlarini hisoblash uchun foydalanish mumkin. Elektr
maydonining ta’sirini kamaytirish va plazma ichidagi kvazi-neytrallik xususiyatlarini saglab golish uchun
zaryadlangan zarralar Debay uzunligi deb nomlangan ekranni beradi [17]. Debay uzunligi Ap plazma
sohasidagi elektronlar zichligi va temperaturasiga bog‘lig ravishda quydagicha aniglanadi:

dp = [EOI‘_BTG] S 743 x c—i)i (em)  (6)

Nge?
Debay uzunligi (Ap), Debay radiusi deb ham ataladi , shuningdek Debay radiusiga teng bo‘lgan
hajmga Debay sferasi deyiladi. Debay sferasi ichidagi zarralar sonini Np (7) tenglama orgali aniglash
mumekin.

Ny =N, % (7
SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 77

https://buxdu.uz



PHYSICS

Plazma sohasidagi aniglangan elektronlar zichligidan foydalanib Debay sferasi ichidagi zarralarning

tebranish chastotasini ya’ni plazma chastotasini aniglash mumkin.
1/2

w, = (“‘—m) (8)

Bu yerda e-elektron zaryadi, m-elektron massasi, go-elektr doimiysi. Berilgan o‘zgarmas doimiylarni
xisoblasak plazma chastotasini fagat elektronlar zichligiga bog‘ligligi kelib chigadi. Plazma sohasidagi
elektronlar zichligini ortishi plazma chastotasini ortishiga olib keladi.

f, = ‘:" ~898 /N, (9)

T

Elektronlarning termal ta’siri natijasida plazma yuqori chastotalarda tebranadi. Kattaroq f, (haddan
tashqari elektronlari zich plazma) da elektromagnit to‘lginlar plazmadan gaytadi va kichik f, (past elktron
zichlikdagi plazma)da, plazma orqali sinadi. Ma’lum laboratoriya sharoitlarida lazer nurlanishi ta’sirida hosil
gilingan plazma uchun elektromagnit nurlanishning kirib borishi mumkin bo‘lgan chuqurlik plazma skin
chuqurligi (PSD- plasma skin depth) deb ataladi va (10) tenglama bilan aniglanadi.

PSD == ~531x 10°N, %, (cm)  (10)
v

Debay uzunligi Ap va plazma skin chuqurligi (PSD) solishtirish plazmaning relativistik xususiyatlari
haqida malumotlar beradi. Bunda Debay uzunligi Ap plazma skin chuqurligi (PSD) dan kichik Ap<PSD bo‘lsa
plazma termal relativistik emasligini (kTe << mec?= 0.5 MeV) bildiradi[18]. Agar Ao>PSD bo‘Isa plazma
termal relativistik xususiyatiga ega bo‘ladi. Plazmaning relativistik tabiatini bilish ionlarni harakatga
keltirish, proton terapiyasi, astrofizika, vaqt bilan aniglangan radio-biologik tadgigotlar va radiokimyoviy
tajribalarda juda muhimdir [19].

3-jadval.
Atom/ion FWHM (A) Ap (10 sm) Np (109 fp(GH2) PSD(sm)
Li () 12.8 5.949 35.928 1.81 0.165
F() 19.6 2.662 16.06 4.04 0.074
Li () 8.9 3.409 20.57 3.16 0.094
Li (1) 13.1 0.911 5.485 118 0.253
Li (I 8.6 3.321 20.027 3.24 0.092

Elektronlar zichligi va temperaturasining o‘lchangan giymatlari (N. va T¢) dan foydalanib Debay
uzunligi va soni, plazma chastotasi hamda plazma skin kengliklari LiF plazma spektrini har bir liniya
chiziglari uchun hisoblandi (3-jadval). Zaryadlangan zarracha, odatda elektron, ion yoki neytral atom bilan
o‘zaro ta’sirlashganda elektromagnit maydondan energiya olish jarayonida invers bremsstrahlung (IB)
hodisasi yuz beradi. Plazma sohasida lazer nurlanishini yutilishi natijasida, lazer nurlanishini elektr maydoni
erkin elektronlar va ionlar bilan o‘zaro ta’sirlashadi, natijada elektronlar energiya yutadi [20]. Ushbu
tadgiqotda lazer nurlanishini plazma sohasida invers bremsstrahlung yutilishini asosiy mexanizmi bo‘lgani
uchun, yutilish koeffitsiyentini quydagicha aniglashimiz mumkin:

@ = 1,37 x 10726 BN2T 2, (11)

bu yerda A tajribada qo‘llanilgan lazer nurlanishining to‘lgin uzunligi. Ushbu ishda lazer
nurlanishining to‘lgin uzunligi 1064 nm ga teng. Plazma sohasidagi elektronlarning tezligi juda katta
diapazonda o‘zgarishi mumkin, chunki bu tezlik ularning energiyasiga, temperaturasiga va plazma turiga
bog‘liq. Lazer nurlanishi ta’sirida hosil gilingan plazma sohasidagi elektronlar yuqori temperaturasi tufayli
termal tezlikga ega bo‘ladi va quydagicha aniglanadi.

1
kgT, 2
v, = [EEN 419X 07T, (em/s)  (12)

Plazma sohasidagi Ve -elektronlar va ionlarning to‘qnashuv tezligi elektronlar zichligi va
temperaturasiga bog‘liq ravishda quydagicha aniqglanadi.

Ve = 29X 10N, T, 2, () (18)

&

bu yerda Irm=In% — Kulon logarifmi, Z- ionlarning zaryad karraligi. Muayyan haroratda

elektronning o‘rtacha de Broyl to‘lgin uzunligi elektron termal de Broyl to‘lqin uzunligi deb ataladi va (14)
tenglama orgali aniglanadi.
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Ao = Jﬁ ~ 6,919 X 10-9:2 . (14)
) 4-jadval.
Atom/ion | vy, (10°cm/s) | e (10%2cm™?) | Ve (10°s™h) | A e (1070

cm)
Li (1) 0.2 5.49
F ) 423 25.85
Li (1) 6.77 1.567 15.7 4.28
Li (1) 306 211
Li (1) 1.74 17.06

LiF plazmasi hagida anigroq ma’lumotlarga ega bo‘lish uchun plazma sohasida lazer nurlanishini
yutilish koeffitsiyent, elektronlarning termal tezligi, elektronlar va ionlarning to‘gqnashuv tezligi hamda de
Broyl to‘lgin uzunliklari aniqlandi (4-jadval). Lazer nurlanishi bilan ta’sir qilish orqali ikki elementli LiF
gotishmasi sirtida hosil gilingan plazma parametrlarini o‘rganish bugungi kunda zaryad to‘plovchi
batariyalarda qo‘llanilayotgan Li elementining yangi xususiyatlarini o‘rganishga keng imkoniyatlar ochadi.

Xulosa. Xulosa gilib aytadigan bo‘lsak, ushbu ishda gattigq agregat holatdagi litiy ftor LiF gotishmasi
sirtiga vakuum 1072 torr bosimda to‘Igin uzunligi 1064 nm, impuls davomiyligi 20 ns bo‘lgan Nd: YAG lazer
nurlanishi ta’sirida hosil bo‘lgan plazma spektroskopik usul yordamida o‘rganildi. Litiy ftor gotishmasi hosil
gilingan plazmaning asosiy parametrlari elektronlar zichligi va ularning temperaturalari aniglandi.
Aniglangan plazmaning asosiy parametrlari elektronlar zichligi va temperaturasining o‘lchangan giymatlari
(Ne va Te) boshga muhim plazma parametrlarini hisoblash imkoniyatini berdi. Ikki elementli LiF gotishmasi
sirtida hosil gilingan plazma parametrlarini aniglash orgali gattiq agregat holatdagi aralashmalarni sifat va
migdor jihatdan tahlil gilishga hamda plazma sohasida sodir bo‘ladigan fizik jarayonlarni tushinishga keng
imkoniyatlar yaratiladi.
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Annotatsiya. Ushbu tadgigot Chaplygin gazi bilan o ‘ralgan zaryadlangan qora tuynuklar tizimining
fizikaviy xususiyatlarini o ‘rganadi. Qora tuynuklar koinotdagi eng sirli obyektlar bo lib, ularning juda
kuchli tortishish kuchi natijasida yoruglik va boshga moddalar hatto tuynukning ichiga Kkirib, u yerda
to ‘planib qoladi. So ‘nggi yillarda gora tuynuklar va atrofidagi moddalar o ‘rtasidagi o zaro ta'sirlar hagida
yangi nazariyalar va modellarning ishlab chiqilishi, koinot fizikasi va astrofizikasini yanada chuqurroq
tushunishga imkon bermogda. Chaplygin gazi esa o zining o ‘ziga xos termodinamik xususiyatlari bilan
diggatga sazovor materiya turi bo ‘lib, uning qora tuynuklar tizimlarida ganday rol o ‘ynashi hagida ko ‘plab
tadgigotlar mavjud. Ushbu ilmiy ishda, Chaplygin gazi bilan o ralgan zaryadlangan gora tuynuklarning
termodinamik xususiyatlari, bargarorligi va tizimdagi energiya almashinuvi tahlil gilinadi. Shuningdek, gora
tuynukning zaryadi va Chaplygin gazining xususiyatlari, qora tuynuklarning hodisalari, singularliklar va
hodisalar tuzilmasiga ganday ta'sir ko ‘rsatishini o ‘rganish magsad gilingan. Tadgiqot qora tuynuklar va
Chaplygin gazining o zaro ta'siri, gqora tuynukning atrofidagi fazoviy struktura va uning kengayishi hagida
yangi fikrlar taklif gilishni magsad gilgan.

Kalit so“zlar: Chaplygin gazi, fizikaviy xususiyatlar, Event horizon (horizont hodisasi).

3APSI)KEHHASI UEPHAS IBIPA, OKPYKEHHASI N3BMEHEHHBIM I'A30M
YAILJIBITUHA

Annomauus. Hacmosiwee ucciedo8anue nocesujeno u3yuenuio Quuueckux ceoucms peuteHutl OJis
3APSIICEHHBIX UEPHBIX ObIP, OKPYICEHHBIX 2azom Yanavieuna, uHmepecHoOU KOHYenyuu 8 COBPEeMEHHOU
acmpocghuzuxe u kocmonoeuu. Yépuvie Ovipwvl, obradarowue MOWHBIM 2PABUMAYUOHHBIM NOJEM, AGNAIOMC
OOHUMU U3 CAMBIX MAUHCMBEHHBIX 00beKmMo8 60 Bcenennotl, CHOCOOHbIX 3aX6amMvleamv He MOJbKO
mameputo, Ho u ceem. Ilocneonue uccnedoganus NOKaswvlearOm, UMO UépHble ObIPLL MOV
83AUMOO0CUCBO8AMb  C  OKPYICAIOWUMY  BEUYECTNBAMU  CILOJCHLIM  00pA30M, 6IUAS  HA  CHMPYKMYpY
NpoOCMpaHcmea-epemery u 0omen suepeueti 6 cucmeme. I az Yannvieuna, A610uuics IK30MUUECKUM GUOOM
Mamepuu ¢ YHUKATbHLIMU MEPMOOUHAMUYECKUMU CEOUCMBAMY, ObLL NPEONoNCEH KAK B8O3MOICHbLIL
KaHouoam 0Jisi MOOeIUpOBaAHUS CPeObl BOKPYE YEPHBIX Oblp.

B oannom uccnedosanuu mul ananusupyem enusnue 2aza Yannvieuna na cmpykmypy npocmpancmed-
BpeMeHU, OKPYICAOWYIo 3apsidiceltble YépHule Obipvl. Paccmampusaiomes: mepmoounamuieckue ceolucmed
U cmaduIbHOCMb peueHull 0 YEPHLIX Oblp 8 NPUCYMCMBUU D020 2d3d, a makce poiwb 2asa Yanuvieuna 6
obmene dHepeueli mexcoy YEPHOU ObIPOoll U OKpydcaioujell cpedol. Paboma maxkoice ghoxycupyemes Ha mom,
Kax 3aps0 4épHoll Ovlpbl U Xapakmepucmuku eaza Yanavieuna moeym emusmv Ha Gopmuposanue
20PU3OHMOB COOBIMUIL, CUHSYAAPHOCMEN U 00Well CMPYKMypsl NPOCMPAHCMBA-8PEMEHU YEPHOU ObIPbL.

Knrwouesvie cnosa: 2az Yannvieuna, usuueckue ceolicmea, 20pu30Hm cooblmuil.

A CHARGED BLACK HOLE SURROUNDED BY A CHANGED CHAPLYGIN GAS

Abstract. This research explores the physical properties of charged black hole solutions surrounded
by Chaplygin gas, an intriguing concept in modern astrophysics and cosmology. Black holes, characterized
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by their immense gravitational pull, remain one of the most mysterious objects in the universe, with their
ability to trap not only matter but also light. Recent studies have indicated that black holes may interact with
surrounding materials in complex ways, influencing the spacetime fabric and energy dynamics of the system.
Chaplygin gas, a form of exotic matter with unique thermodynamic and equation-of-state characteristics, has
been proposed as a potential candidate to model the environments around black holes. In this study, we
investigate the impact of Chaplygin gas on the surrounding space-time structure of charged black holes. We
analyze the thermodynamic properties and stability of black hole solutions in the presence of this gas, and
examine the role of Chaplygin gas in the energy exchange between the black hole and its environment. The
research also focuses on how the charge of the black hole and the properties of Chaplygin gas may influence
the formation of event horizons, singularities, and the overall structure of the black hole's spacetime.
Keywords: Chaplygin gas, physical properties, event horizon.

Kirish. Chaplygin gazi, o‘ziga xos fizik xususiyatlarga ega bo‘lgan materiya turi bo‘lib, zamonaviy
kosmologiya va astrofizika sohalarida diggatga sazovor tadgigot obyekti bo‘lib golmogda. Ushbu gazning
0‘ziga xos fazoviy xususiyatlari, ularning qora tuynuklarning erkinlik sharoitidagi davrda ganday ta'sir
ko‘rsatishi, mavjud fizik gonunlar asosida tahlil gilinadi. Chaplygin gazining qora tuynuklar tizimlarida
ganday integratsiya qgilish imkoniyatlari, uning zaryadlangan qora tuynuklar bilan o‘zaro ta'siri va energiya
almashinuvi masalalari ilmiy gizigishlarni yanada oshirmoqgda. Bu ilmiy ishda, Chaplygin gazi bilan o‘ralgan
zaryadlangan qora tuynuk eritmasining fizikaviy xususiyatlari va uning koinotdagi rolini tahlil gilishga
intilamiz. Shuningdek, gora tuynuklar tizimlarining xususiyatlari va Chaplygin gazining qora tuynuklar bilan
o‘zaro alogalari orgali yangi fizik gonuniyatlarini aniglash, astrofizik tadgigotlar sohasida yangi istigbollarni
ochishga yordam beradi.

Asosiy tenglamalar. Ushbu bo‘lim GR nazariyasi doirasida MCG tuzilishini tekshirishni tagdim
etadi. Shunday qilib, diggat bilan ta'kidlanganidek, sof Chaplygin gazi salbiy bosim holatining ekzotik
tenglamasiga ega.

B
p=—5,3>0. (1)

Bundan tashgari, ushbu gazning kengaytirilgan versiyasi umumlashtirilgan Chaplygin gazi (GCG)
bo‘lib, u umumiy holat tenglamasi bilan tavsiflanadi.
p=-B/pf (2)
bilan 0 = g < 1 universal konstanta hisoblanadi. Amaliy nuqgtai nazardan, MCG Chaplygin gazining
asosiy kengaytmasi bo‘lib, u mukammal deb hisoblangan ekzotik suyuqglik bo‘lib, kaloriyali EoS ga
bo‘ysunadi. p = Ap —B/pf bu yerda 4 = 0,8 =0 va juftlik 4 va B adiabatik jarayon orgali doimiy
hisoblanadi. Parametrik jihatdan aytganda, shartlar g =1 va A = 0 aerodinamik jarayonda samolyot
ganotidagi ko‘tarish kuchlarining xarakteristikasiga olib keladi. Boshqa tomondan, cheklash f# > 0va 4 = 0
GCG ni aniglang. Buning ustiga, MCG yordamida qayta tiklanishi mumkinligi haqida ko‘plab dalillar
mavjud k-kvintessensiya (kinetik Kkvintessensiya) va f-kvintessensiya (fermionik kvintessensiya).
Termodinamik bosim sifatida salbiy kosmologik konstantani gabul gilish orgali MCG-ga xos BH kimyo
usulining hayajonli natijalaridan ilhomlanib, MCG fonidan kritik xattiharakatlarni ochib berish kerak. Shu
munosabat bilan Ubbanah Chaplyginning BH deb nomlanuvchi o‘ziga xos BH dan foydalangan va
termodinamik bosim sifatida salbiy kosmologik doimiylikni gabul gilgan. Shunday qilib, ish qo‘shimcha
hissa qo‘shishga loyiqdir va tizim issiqlik dvigateli hisoblanadi. Xuddi shunday, modifikatsiyalangan
kosmik Chaplygin gazi BH kimyo formulasini hisobga olgan holda AdS xususiyati kontekstida tekshiriladi.
Bu ish bir nechta termodinamik jihatlarni, jumladan issiglik dvigatelini va Joule-Tomson kengayishini
ta'kidlaydi.
Quyida biz quyidagi harakat bilan tavsiflangan GR kontekstida MCG tuzilishiga ega zaryadlangan
manba tizimini ko‘rib chigamiz.:
1 Lol
I=1er d‘“x\,’?g[ﬂ—l—fsf Q—ZFMFP + 9y (3)
Bu yerda R Ricci skalyardir, g = det(gw) metrik tensorning determinantidir g,,,,, £AdS uzunligi, 7,
MCG fonidan kelib chigadigan materiya hissasidir va F,, = 9,4, — d,4, bilan elektromagnit maydonning
maydon kuchidir A, o‘lchov potentsiali hisoblanadi. Bundan tashqari, x = 8nG, bu yerda G Nyuton
tortishish doimiysi. Bundan buyon biz ko‘rib chigamiz G = ¢ = 1. Harakatni o‘zgartirish (3) quyidagi
maydon tenglamalariga olib keladi:
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3
Gpv - f_gg;w

3,(y—gF) =0 (5)
Bu yerda G, Eynshteyn tensoridir, T,°°MCG uchun energiya-momentum tensoridir va T;M
tomonidan aniq berilgan elektromagnit maydon uchun energiya-momentum tensoridir

1
T2 = 2 (Bl = L0 PPy ©)

Biz statik, sferik simmetrik ko‘rib chigamiz, D-tomonidan berilgan o‘lchovli fazo-vaqt
2

ds? = — ()t + o 112 da? 7)
f(r)
ushbu ko‘rsatkichda, f(r) ga bog‘lig bo‘lgan metrik funksiyadir r va dQ? = d8? + sin® 8d¢*.
Elektromagnit maydonning tuzilishini, xususan, elektr zaryadlangan BH eritmasini ochish usuli radial elektr
maydonini gabul gilishdir. Shunday gilib, bu tanlovda o‘Ichov potentsiali quyidagicha ifodalanadi
A, = h(r)é] (8)
Fazoviy vagt ko‘rsatkichini hisobga olgan holda (7) maydon tenglamalari bilan birga (4), tu Eynshteyn
tensor komponentlari tomonidan berilishi mumkin

= 7EM 4 pice (4)

G =Gr
1 3 1 3
=—(f+rf - D+—== Z2f +1f") +— —
2+ -0+ 5 - f '+ + 7 -2 (10)
G =6

bunda oldingi to‘plamni tenglamalar bilan birlashtiradi va differensial tenglamalar juftligini hosil
giladi:

1 ) 3 q°

2+ -D+gz=-p-3 (11)
L, ,+‘”)+3_(1+3A 3B)+q2 b
2r rerf 2o\ 2 2pE/ 1t (12)

Energiya zichligi ifodasini to‘g‘ri izlash uchun tenglamalar yordamida yugorida tavsiflangan
to‘plamni ko‘rib chiging va ma'lum ma'noda energiya-momentum tensoriga saglanish shartini go‘yish
orgali. Ushbu ko‘rib chigish bosgichi sifatida gizigarli natija beradi

1 (1+4)(1+5) ﬁ
p(r) = [m (B +(5) )] (13)

bu erda integratsiya konstantasi, ¥ > 0, ishlatiladi. Energiya zichligi cheklanganligini yodda tutish

1
kerak ~ (ﬁ)“ﬁ uchun asimptotik chegarada r. Natijada, MCG o‘zini BH dan uzoqda kosmologik
konstanta sifatida tutadi va u BH ga yaqinlashganda, u gravitatsiyaviy ravishda zichroq o‘sadi.
Tenglamani almashtirish. (13) tenglamaga. (11), uchun analitik yechimni olish mumkin f(r) quyidagi
ixcham shaklda
1
N1 2M+Q2+r2 ?-2( B )m v 4
FO =145t m-= () oRlviad
Bu yerda M BH ning massasini ifodalovchi fizik parametrdir. Holbuki, integratsiya konstantasi g
asosan jismoniy parametr zaryadiga bog‘liq @ kabi saqlanish qonuniga ko‘ra cheksiz radiusli ikki shar ustida
1 1
= — +r F = — F“Ug‘_—'
¢ 41 J-Sz 8 52, i
1

-—| we)/—gded
rd RGNS LT

Bu yerda e, = n.0, = 1 bilan statik sferik fazoviy vagt uchun n, birlik normal va a,, cheksiz radiusli

ikki sharli birlikning normal birligi. Bu jismoniy elektr zaryadini isbotlaydi @ zaryadlangan BH eritmamizda
Maksvell tenglamasi bilan bir xil. Shuningdek, kuzatuvchi tomonidan hodisa ufgiga nisbatan cheksizda
baholangan elektr potentsiali r, sifatida berilishi mumkin
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Q
60 = At 4] = (15)
+
Bu yerda y = €d, hodisa gorizontining nol generatori, C esa sobit konstanta vazifasini bajaradi. Bu
erda gipergeometrik funksiya ,F, [a,v; 4; £] gipergeometrik differensial tenglamaning muntazam yechimini

ifodalovchi, uchun aniglanadi |&| < 1 shaklning kuch qgatori bilan

2Filav; 48] = Z [(@)s (V)i /(D)i JE* /! (16)
k=0

bilan (n), (ko‘tarilgan) Pochhammer belgisidir. Bundan tashqari, o‘rnatilgan parametrlar (a,v, A, £)
tomonidan mos ravishda beriladi

1 1
N T U1+ A+RA+D)
1 ¥ (A+1)(f+1)
A =1+, g = —E (?—3)
Metrik funksiyaning asimptotik harakatini o‘rganish f(r), chegara r — <o hisobga olinadi
1
f) =142 - () a7)
N=1+r*{—=—-(——
£? 1+ A4

Bu asimptotik chegarada yechimning harakati AdS uzunligi yordamida boshqarilishini anglatadi €

1
B \1+g8 .
—)“’3. Yana shuni
1+4

ta'kidlash mumkinki, metrik funksiya RN-AdS BH larga bir marta yaqin bo‘lishi mumkin g = 0,y = 0, va
A = 0 limiti olingandan keyin belgilanadi B — 0.

(kosmologik doimiy ) va MCG parametrlari foni. Natijada, cheklash mumkin j—z < (

M=1,Q=0.1, y=1,A=10, §=0.1 M=1,Q=01,y=1,B=01, =01
1.5 1.5
1.0 —~ B=02 1.0 — A=15
0.5 e — B=04 0.5 — A=25

fly © flry 0
-0.5 -0.5
-1.0 -1.0
-1.5 -1. -
0 5 10 15 20 25 5 10 20 30
o r
- M=1,Q=01,y=1,B=01A=10 M=1,8=01, y=1, B=0.1, A=10
— B=01 0.5
1.0 — =02
— B=03
0.5 — - B=0;
" B=04 2
iy o N f(r)
-05 -05
-1.0
-1.5 -1.0
0 5 10 15 0 2 4 6 8 10
r r

1-rasm. BH metrik funksiyasining o‘zgarishi (14) ga kelsak r bilan parametr fazosining turli
giymatlari uchun £ = 40.
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Bizning BH yechimimiz uchun metrik funksiyaning harakatini o‘rganish uchun, rasm. 1 bu xatti-
harakatni tasvirlaydi. Parametrlar maydonida ma'lum bir tanlov uchun metrik funksiya sxematik tarzda
ko‘rib chigilmoqda. Xususan, parametr fazosining barcha to‘plamlari uchun ning ildizi f(r) ikki sinfga
bo‘linadi: eng kichik ildiz ikkita BH gorizontiga to‘g‘ri keladi va eng katta ildiz kosmologik ufq bilan
bog‘liq. Ikki BH gorizonti, hodisa yoki ichki bo‘lsin, parametrlar to‘plamining o‘zgarishi uchun bir xil ufq
radiusida yaqin joylashgan ko‘rinadi. (4, B, ). Boshga tomondan, zaryad parametrini metrik funksiya
darajasida o‘zgartirish bir nechta hodisa gorizontlarining ko‘rinishini keltirib chiqaradi. Yaqinroq kuzatish
shuni ko‘rsatadiki, metrik funksiyaning harakati juftlarga nisbatan nomutanosibdir (4,Q) va (B,p).
Keyinchalik, bizning BH yechimimiz gisman uning yagona xatti-harakatini o‘rganish va ikkinchidan,
energiya shartlarining cheklovlariga nisbatan uning buzilishi yoki qonigishini tahlil gilish orqali ko‘rib
chigiladi. (EC).

Xulosa. Ushbu ilmiy ishda Chaplygin gazi bilan o‘ralgan zaryadlangan qora tuynuklar tizimining
fizikaviy xususiyatlari tahlil gilindi. Tadgigot orgali qora tuynuklarning atrofidagi materiya bilan o‘zaro
ta'siri, shuningdek, Chaplygin gazining gora tuynuklar tizimidagi roli, termodinamik barqarorlik va energiya
almashinuvi o‘rganildi. Chaplygin gazi, uning ekzotik xususiyatlari va qora tuynuklar bilan o‘zaro aloqalari,
gora tuynuklarning fazoviy tuzilmasiga va uning kengayishiga qanday ta'sir ko‘rsatishi haqida yangi
tushunchalar yaratdi. Olingan natijalar, gora tuynuklar va ularning atrofidagi moddalar hagida ilgari mavjud
bo‘lgan nazariyalarni yanada rivojlantirishga imkon beradi va koinot fizikasi sohasida yangi yondashuvlarni
taklif etadi. Ushbu ish qora tuynuklarning koinotdagi o‘rni va ular bilan bog‘liq hodisalarni yanada
chuqurrog tushunishga yordam berishi mumkin. Shuningdek, Chaplygin gazining gora tuynuklar tizimlarida
ganday ro‘l o‘ynashi va uning koinotning kengayishi bilan bog‘liq jarayonlarga qanday ta'sir ko‘rsatishi
hagida yangi ilmiy garashlarni shakllantirishga asos yaratdi.
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YARIM SHAFFOF ORGANIK QUYOSH ELEMENTLARIDA D18 ASOSIDAGI DONOR
POLIMERLARNING OPTIK VA FOTOVOLTAIK PARAMETRLARI

Ro‘ziyev Farid Murtoza o‘g“li,
lon-plazma va lazer texnologiyalari instituti kichik ilmiy xodimi
roziyevf@list.ru

Annotatsiya. Yarim shaffof organik quyosh elementlari (YSH-OQE) spektral sozlanishi va shaffoflik
funksionalligi kabi noyob xususiyatlarga ega. Biroq yetarli darajada o ‘rtacha ko ‘rinadigan o ‘tkazuvchanlik
AVT (%) va energiya o ‘zgartirish samaradorligi (EOS) ekologik toza qurilmalar ishlab chigarish bilan
birlashtirish har doim asosiy masala bo ‘lib kelgan. Shunday qilib, hosil bo ‘Igan toluol bilan ishlov berilgan
OQElar 22 % (AVT) bilan 14,6 % EO'S ko ‘rsatadi, bu galogen bo ‘Imagan erituvchilardan tayyorlangan
YSH-OQE uchun eng yuqori giymatlardan biridir. Bundan tashgari, YSH-OQE orgali o ‘tgan filtrlangan
yorug ‘lik ostida o ‘simliklarning o ‘sishi tabiiy yorug‘lik ostida o ‘simliklarning o ‘sishi bilan solishtirish
mumkinligi ko ‘rsatdi.

Kalit so‘zlar: YSH-OQE, EO S, D18, AVT, EQE, samaradorlik, bargarorlik.

OIITUYECKHUE U ®OTOBOJIbTAUMYECKHUE TAPAMETPBI JOHOPHBIX
MHOJIMMEPOB HA OCHOBE D18 B 1IOJYIIPO3PAYHBIX OPTAHUYECKHUX COJIHEYHBIX
IJIEMEHTAX

Annomauus. Illonynpospaunvie opeanuneckue coaneynvle anemenmsl (I1-OCD)  obradarom
VHUKAIbHbIMU CEOLICTNBAMU, MAKUMU KAK CNeKMPATIbHAS HACMPOUKA U (OYHKYUOHATILHOCHb NPO3PAYHOCHIU.
Oodnaxo coyemaHue OOCMAMOYHO BLICOKOU cpedHel SuouMol nponyckuou cnocoonocmu (ABT, %) u
aghgpexmuenocmu npeobpazosanus suepeuu (I113) ¢ nPouszsOOCmMEoOM IKOIOZUYECKU HYUCTHBIX YCIMPOUCTHE
6ce20a ocmaesanoce Kuovesol npobnemou. Tax, OCI, obpabomanmuvie moayoiom, demoncmpupyiom 14,6%
OIID npu 22% ABT, umo aeiaemcsa 00HUM U3 camvix ebicokux nokasameneu oas [1-OCD, uzeomognenuwix ¢
UCNOTb306AHUEM HE2AN02eHUPOBAHHbIX pacmeopumenell. Kpome moeo, 0Ovlio nokasamo, umo pocm
pacmenuil noo GuUILMPOBAHHLIM C8emoM, npowedwum yepesz 11-OCI, conocmasum ¢ pocmom pacmeHull
no0 ecmecmeeHHbIM CEeMOM.

Knroueswie cnosa: 110CI, D113, D18, AVT, BKO, s¢hghekmuernocmo, cmadbunbrocmo.

OPTICAL AND PHOTOVOLTAIC PARAMETERS OF D18-BASED DONOR POLYMERS
IN SEMI-TRANSPARENT ORGANIC SOLAR ELEMENTS

Abstract. Semi-transparent organic solar cells (ST-OSCs) have unique properties such as spectral
tunability and transparency functionality. However, combining sufficiently high average visible
transmittance (AVT) and power conversion efficiency (PCE) with the production of environmentally friendly
devices has always been a major challenge. Thus, the resulting toluene-treated OSCs show 22% (AVT) with
14.6% EQE, which is one of the highest values for ST-OSCs prepared from non-halogenated solvents. In
addition, plant growth under filtered ST-OSC light was shown to be comparable to growth under natural
light.

Keywords: ST-OSCs, PCE, D18, AVT, EQE spectra, efficiency, stability.

Kirish. So‘nggi yillarda YSH-OQE energiya o‘zgartirish samaradorligi oshirishda ko‘pgina izlanishlar
ortidan muhim yutuglarga erishildi. Hozirgi paytda YSH-OQElarning samaradorligi 15% ga yetdi, ammo
bunday yutuglarga garamay, dunyo olimlari tomonidan YSH-OQElarning bargarorligi va samaradorligini
oshirish uchun yangi strategiyalar va materiallar izlanmogda. Xususan, yugori samarali YSH-OQElari
samarali perovskit quyosh elementlariga nisbatan qo‘rg‘oshin kabi zaharli elementlarni o‘z ichiga olmaydi
va aynan bu ularning muhim afzalliklaridan biri hisoblanadi. YSH-OQElarning yana bir afzalligi shundaki,
elektr energiyasini ishlab chiqarish bilan bir qatorda issiqlik nazoratini ta’minlashi va atrof-muhitni
obodonlashtirishi mumkin. Ularning optik xususiyatlari keng ko‘lamli agrovoltaika uchun imkoniyatlar
yaratadi[1]. Misol tarigasida aytish mumkinki, mahsulot va bino bilan integratsiyalashgan fotovoltaik
tizimlarda YSH-OQElar energiya o‘zgarish samaradorligini oshirish magsadida bir nechta strategiyalarni
go‘llaydi. Misol uchun, energiya o°zgarish samaradorligini oshirish uchun bir birini to‘ldiruvchi spektrga ega
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materiallar ishlatilmogda, shuningdek, yagin infragizil faol gatlamlar va optik modulyatsiya vositalari
ko‘rinadigan o‘tkazuvchanlik darajasini optimallashtirishga garatilgan harakatlar amalga oshirilmoqda.
Ushbu tadgigotlarda YSH-OQElar yuqori samaradorlik va ko‘rinadigan o‘tkazuvchanlikni bir vagtda
yaxshilash uchun strategiyalarni aniqlashga juda katta e’tibor qaratilgan. Bunga misol sifatida, Hanisch va
boshqalarning tadgiqotlari shaffof yuqgori elektrod sifatida sprey usulida yotgizilgan ZnO:Al plyonkasidan
foydalanish orgali shaffof YSH-OQElarning samaradorligini oshirishga erishganligini ko‘rsatadi[2].
Keyinchalik, Yang va uning hamkasblari tomonidan shaffof Indiy galay oksidi elektrodini faol gatlam
sifatida ishlatish orgali shaffof OQElarning samaradorligini yaxshilashga imkon yaratdi. Bundan tashqari,
shaffof YSH-OQElarning ixcham dizaynini optimallashtirish, foton yigish va zaryad tashish samaradorligini
oshirish uchun muhim ahamiyatga ega[3]. YSH-OQElar, masalan, rangli filtrlar yordamida dekorativ
magsadlarda ishlatilishi mumkin, bu esa ularning estetik jihatlarini yanada rivojlanishiga olib keladi.
Oc‘simliklarning fotosintezi jarayonida zarur bo‘lgan to‘lgin uzunliklariga mos keladigan yorug‘likni
ta’minlash orqali fotovoltaik issigxonalar yaratish mumkin, bu esa o‘simliklarning o‘sishini go‘llab-
guvvatlaydi va elektr energiyasini ishlab chigaradi. Shu sababli, organik yarimo‘tkazgich materiallarining,
shaffof elektrodlarning va qurilma dizaynining muvofiq birlashishi orgali YSH-OQEIlarning samaradorligi va
bargarorlinini oshirish uchun ko‘plab tadgiqgotlar olib borilmogda[4]. O‘simliklar uchun foydali bo‘lgan
to‘lgin uzunliklarida yorug‘likni yetkazib berish va energiya ishlab chigarish uchun gishlog xo‘jaligida
fotovoltaik tizimlarni go‘llash, shu jumladan, agrovoltaik texnologiyalarni rivojlantirish, kelajakda YSH-
YSH-OQElarining keng go‘llanilishiga yo‘l ochishi mumkin. D18 polimerning juda ko‘p afzalliklari bor
shulardan biri, uning ko‘p girrali foydalanish imkoniyatidir. Ushbu ish o‘simliklar o‘sishi uchun mos
ko‘rinadigan o‘tkazuvchanlik spektrlari va yetarli AVT va yuqori EO‘S kombinatsiyasi bilan yugori samarali
faol gatlamlarni ishlab chigish uchun yashil va ekologik toza ishlab chiqarish jarayonlari orgali YSH-OQE ni
ishlab chigishga qaratilgan[5]. D18 polimeri yugori samarali polimer quyosh elementlari uchun
ishlatiladigan materiallardan biri bo‘lib, bu turdagi polimerlar YSH-OQElarda donor vazifasini bajaradi,
ya’ni ular yorug‘likni yutib, elektronlarni uyg‘otadi va o‘z navbatida energiya hosil giladi. D18 yuqori
darajada to‘g‘ri chizigli va konjugatsiyalangan zanjirga ega bo‘lib, bu uning elektron tashish va yorug‘likni
yutish xususiyatlarini yaxshilaydi. D18 polimeri bilan yasalgan OQElar boshga polimerlaridan ishlangan
YSH-OQElIarga nisbatan ko‘proq samaradorlikka ega[6]. D18 donor polimeriga DEH-3, DEH-10 va DEH-
20 polimerni YSH-OQE tayyorlanib ularning yutilish spektiri, volt amper xarakteristikasi, YSH-OQE
qurilmalarining termik barqarorligi, Toluoldan tayyorlangan YSH-OQElarining AVT va tashqi kvant
smaradorligi (TKS) (%), Toluol yordamida ishlab chigarilgan optimallashtirilgan YSH-OQE larning mos
keladigan TKS egri chiziglari ham tadqgiq gilindi. Shu bilan birga DEH-3, masalan, o‘zining yugqori
samaradorligi bilan ajralib turadi va ko‘plab energiya ishlab chiqarish tizimlarida qo‘llaniladi[7]. DEH-10 va
DEH-20 esa o‘z navbatida energiya ta’minotini yanada barqarorligini oshirishga kelajakda katta hissasini
go‘shadi.

Tadgigot usullari. Ushbu magolada D18 polimer va D18 polimeri asosida turli strukturada
modifikatsiya qilingan, ya’ni o‘zaro bog‘lanish polimerizatsiyasi yo‘li bilan tayyorlangan DEH-X seriyali
DEH-3, DEH-10 va DEH-20 nomli olingan polimerlarning optik va fotovoltaik parametrlari tadgiq gilindi.
D18 va DEH-3, DEH-10 va DEH-20 polimerlarni L8-Bo akseptor bilan aralashtirgan holda YSH-OQElar
uchun faol gatlamlar tayyorlandi. Faol gatlamlar tayyorlash uchun D18, DEH-3, DEH-10 va DEH-20 hamda
L8-Bo polimerlari har biri 10 mg migdorida olinib, donor va akseptor massa nisbati 1:1 nisbatda olingan
holda 0,5 ml toluol erituvchisida eritiladi. Aralashma xona temperaturasida magnitli aralashtirgich
yordamida aralashma hajm bo‘ylab bir tekis konsentratsiyali eritma tayyor bo‘lishigacha 5 soat davomida
aralashtirildi. Tayyor bo‘lgan aralashmani “spin coating” usulida shisha/ITO ustiga yotqiziladi. Buning
uchun shisha/ITO tagliklari ultratovushli vannada ketma-ket uchta bosgichda tozalanadi. 1zopropil spirtida
tozalab bo‘lgandan so‘ng tagliklar yuzasini yuqori tozalikdagi argon gazi yordamida purkash usuli bilan ITO
shisha quritiladi. Tozalangan shisha/ITO tagliklar ustiga PEDOT:PSSni “spin coating” usuli yordamida 4000
ayl/dag. tezlikda 15 sekund davomida aylantirib galinligi 40 nm atrofida bo‘lgan PEDOT:PSS gatlam hosil
gilindi. Tayyor bo‘lgan shisha/ITO/PEDOT:PSS tagliklar argon gazi bilan to‘ldirilgan go‘lqopli maxsus
gutiga joylashtiriladi. Shisha/ITO/PEDOT:PSS ustiga D18:L8-Bo, DEH-3:L8-Bo, DEH-10:L8-Bo, DEH-
20:L8-Bo yupga gatlamlar ustiga yotgiziladi va tayyor bo‘lgan yupga gatlamlarning optik xossalari tadqiq
gilindi. Tayyor bo‘lgan shisha/ITO/PEDOT:PSS/faol gatlam/PDINO fotoelementi ustiga esa yupga metall
elektrod alyuminiy (Al) kontakti vakuumli kamerada bug‘lantirish yordamida yotgizish orgali tayyorlandi.

Tadgiqot materiallarining yutilish spektrlari UV-1280 (Shimadzu, Yaponiya) spektrofotometri
yordamida 300-1100 nm spektral sohada o‘lchangan. YSH-OQElarning fotovoltaik parametrlari quyosh
spektri nurlanishiga yagin bo‘lgan ksenon lampa asosidagi Keithley 2601B (AQSh) voltamometri yordamida
o‘Ichandi.
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Tadgigot natijalari va muhokama.
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1-rasm. D18, DEH-3, DEH-10 va DEH-20 donor polimerlarining yutilish spektrlari

1-rasmda D18, DEH-3, DEH-10 va DEH-20 donor polimerlarining yutilish spektrlari berilgan bo‘lib,
yutilish spektri 400-800 nm diapazonda keng yutilish polasasini ko‘rsatdi, bu yutilish spektrlari YSH-
OQElarida samaradorlikka ta’sir giluvchi xususiyatlarni ifodalaydi[8]. Asosiy yutilish piki 500-600 nm
to‘lgin uzunligiga to‘g‘ri keladi. Qo‘shimcha ma’lumot sifatida D18 polimerining yutilish cho‘qqisi ~590 nm
atrofida kuzatilganini bu esa o‘z o‘rnida ushbu polimerning yorug‘likni yutish xususiyati yaxshi ekanini
bildiradi. DEH-3, DEH-10, va DEH-20 polimerining yutilish spektrlarida sezilarli o°zgarishlar kuzatilmaydi.

Toluol yordamida tayyorlangan D18, DEH-3, DEH-10 va DEH-20 polimer eritmalarining 700 nm dan
keyin yutilishining sezilarli darajada kamayishini ko‘rsatadi, bu ularning uzun to‘lgin uzunliklarida (qizil
spektr sohasida) yutilish chegarasiga ega ekanligini bildiradi. Yutilish spektri natijalari, D18 polimer va turli
modifikatsiyadagi D18 polimeri asosida yangi sintez qilib olingan DEH-3, DEH-10, DEH-20 donor
polimerlarning yutilish spektrlari D18 polimerning asosiy yutilish xususiyatlariga o‘xshashligini ko‘rsatadi
[9]. Ushbu natijalar D18 polimer asosidagi DEH-X seriyali modifikatsiyalangan donor polimerlarning
struktura o‘zgarishi ularning optik xususiyatlari sezilarli darajada ta’sir gqilmagani bilan tushuntirish mumkin.
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2-rasm. Donor va akseptor polimerlar uchun energiya darajasi diagrammasi

2-rasmda Diagrammada D18 va D18 donor polimeridan yangi sintez gilib olingan donorlarning
energetik sathlariga bo‘lgan ta’siri keltirilgan bo‘lib, diagrammada L8-Bo materiali bilan solishtirma
natijalar ham Kkeltirilganligini ko‘rishimiz mumkin. Diagrammaning vertikal o‘qi energetik sathlarni (eV)
ifodalaydi, yuqori giymatlar LUMO (pastki bo‘sh molekulyar orbital) sathiga, pastki giymatlar esa HOMO
(yugori to‘lgan molekulyar orbital) sathiga mos keladi. HOMO va LUMO giymatlar orasidagi farq asosan
energetik bo‘shligni bildirgan bo‘lsa D18 materiali uchun esa LUMO giymati -2.77 eV va HOMO giymati -
5.51 eV ga teng ekanligini ko‘rishimiz mumkin. DEH tarkibli donorlarining go‘shilishi quyidagicha tahlil
gilishimiz mumkin: DEH-3%, DEH-10%, va DEH-20% konsentratsiyalari qo°shilganda, LUMO giymatlari
biroz pasaygan (-2.85 va -2.86 eV oralig‘ida), bu esa elektron akseptor material sifatida LUMO darajasida
kichik o‘zgarishlarni ko‘rsatadi[10].
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HOMO giymatlarida esa sezilarli o‘zgarish kuzatilmagan, ular deyarli bir xil (-5.53 va -5.54 eV). L8-
Bo bilan solishtirganimizda quyidagicha fikr aytaolishimiz mumkin: L8-Bo materialining LUMO giymati
ancha past (-3.90 eV), bu esa uning elektron akseptor sifatida yuqori samaradorlikka ega ekanligini
ko‘rsatadi. HOMO darajasi ham D18 va DEH materiallariga nisbatan pastroq (-5.68 eV) ekanligini
ko‘rishimiz mumkin.

Xulosa sifatida aytishimiz mumkinki, D18 va D18 polimeridan yangi sintez qgilib olingan DEH-X
polimerlari LUMO va HOMO darajalariga biroz ta’sir ko‘rsatadi, lekin sezilarli o‘zgarish kuzatilmaydi[11].
L8-Bo esa nisbatan chuqurroq energetik sathlar ko‘rsatadi, bu uni samarali akseptor sifatida ajratib turadi.
Ushbu natijalar quyosh elementlaridagi samaradorlikni oshirish magsadida turli donor va akseptor
materiallar o‘rtasidagi energetik moslikni o‘rganish uchun muhim ma’lumot sifatida qoladi.

25
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3-rasm. YSH-OQE ning volt-amper xarakteristika grafiklari

3-rasmda Turli D18 va DEH modifikatsiyalari (D18:L8-Bo, DEH-3:L8-Bo, DEH-10:L8-Bo, DEH-
20:L8-Bo) volt-amper xarakteristika grafiklari solishtirilgan. Barcha DEH-X seriyali OQElar D18:L8-Bo
(0,90 V) bilan solishtirganda 0,94 V ga samarali Vo osishiga ega ekanligini ko‘rsatdi. Bu grafik quyosh
elementlarining samaradorlik va optoelektrik xususiyatlarini baholash uchun muhim ahamiyatga ega
ekanligini ko‘rish mumkin. Volt-amper xarakteristika grafiklari tahlil gilgan holda tok zichligi (mA/sm?)
o‘rnatilgan kuchlanishga bog‘liq ravishda dastlab yuqori bo‘lib, keyin noldan maksimal kuchlanishgacha
sekin-asta kamayganini ko‘rishimiz mumkin. Nol kuchlanishda (gisqa tutashuv toki, Js maksimal tok
zichligi kuzatiladi. Bu fototok hosil bo‘lish samaradorligini ko‘rsatadi. Ochiq zanjir kuchlanishi V. hududida
tok zichligi nolga tenglashadi. DEH-20:L8-Bo donor polimeri eng yugori gisga tutashuv tokini (taxminan 24
mA/sm?) ko‘rsatmoqda[12]. Bu DEH-20 go‘shilgan struktura yorug‘likni yaxshiroq yutishini va fototok hosil
gilishda samaraliroq ekanligini bildiradi. DEH-10:L8-Bo va DEH-3:L8-Bo materiallari ham yugori Jsc
giymatlarini ko‘rsatgan bo‘lsa-da, D18:L8-Bo materialidan sezilarli yaxshilanish kuzatilmoqda. Barcha
modifikatsiyalar uchun V. giymati taxminan 0.94 V ga teng. Bu LUMO va HOMO darajalari o‘rtasidagi
fargdan kelib chigadi va materiallar o‘rtasida deyarli bir xil ekanligini ko‘rsatadi. To‘ldirish faktoriga
keladigan bo‘lsak (FF), J-V egri chiziglari ostidagi maydonni baholash orgali to‘ldirish faktori o‘lchanadi.
DEH-20 go‘shilgan strukturada eng yaxshi FF kuzatilgan, bu esa yuqori samaradorlikni ta’minlaydi. DEH-3
va DEH-10 materiallari FF bo‘yicha ham yagin ko‘rsatkichlarni taqdim etadi. D18 hamda D18 donor
polimeridan yangi sintez qilib olingan DEH-3, DEH-10 va DEH-20 polimerlari D18:L8-Bo strukturasiga
nisbatan samaradorlikni yaxshilaydi, bu esa yangi sintez gilib olingan polimerlarining yorug*lik yutilishini va
fototok hosil bo‘lish jarayonini yaxshilashda yordam berishini anglatadi[13]. Alohida ta’kidlash joizki, DEH-
20 eng samarali modifikatsiya ekanligi kuzatishimiz mumkin.

Volt-amper xarakteristika grafiklaridan umumiy xulosa gilsak, D18 hamda D18 donor polimeridan
yangi sintez qilib olingan DEH-3, DEH-10 va DEH-20 donor polimerlari YSH-OQElarining optoelektrik
xususiyatlarini yaxshilanishiga olib kelar ekan. DEH-20:L8-Bo strukturasi yuqori Jsc va samaradorlikka ega
bo‘lib, yorug‘likni samarali yutadi va fototok hosil gilinishiga olib kelar ekan. Ushbu natijalar DEH-X
seriyasi donor modifikatsiyalari va materiallarning xususiyatlariga ta’sirini tushunishga yordam beradi. Bu
OQElarini yanada samarali gilishda muhim gadam hisoblanadi.
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4-rasm. YSH-OQE larning AVT ko‘rsatgichi

4-rasmda YSH-OQE larning AVT ko‘rsatgichi keltirilgan. Asosiy yorug‘lik yutlish piklarga e’tibor
beradigan bo‘lsak, 415 nm da maksimum pikga ega ekanligini va 619 nm hamda 886 nm to‘lqin uzunliklarda
piklar hosil bo‘lganligini ko‘rishimiz mumkin. Bunga sabab shu maksimum pik nuqtalarda ko‘rsatilgan
to‘lgin uzunliklarda yorug‘likni yaxshi o‘tqazayotganligini bildiradi. Yuqori o‘tkazuvchanlik shuni
ko‘rsatadiki, materiallar nisbatan yaxshi optik xususiyatlarga ham ega. Ushbu 3 ta pikning turli materiallar
ya’ni (DEH-20:L8-Bo, DEH-10:L8-Bo, D18:L8-Bo, va DEH-3:L8-Bo) uchun farg gilishi materiallarning
turli xil optik va strukturaviy xususiyatlari bilan izohlanadi. Bu farglar materiallarning tarkibi, galinligi yoki
tarkibidagi go‘shimcha komponentlarga bog‘liq bo‘lishi mumkin[14]. Aytishimiz mumkinki, 300-500 nm
oralig‘ida yangi o‘tqazar ekan.

1-jadval.
YSH-OQElarning fotovoltaik parametrlari.
Faol gatlam e Voo | EEo6) | EO'S (%) | AVT (%)
(MA/sm2) V)

D18:L8-Bo 20,6 0,90 70,7 13,1 18
DEH-3:L8-Bo 21,1 0,91 74,6 14,3 18
DEH-10:L8-Bo 219 0,91 72,5 144 20
DEH-20:L8-Bo 22,5 0,91 71,5 14,6 22

1-Jadval. YSH-OQE larning fotovoltaik parametrlari keltirilgan bo‘lib, faol gatlam D18:L8-Bo va
DEH-3:L8-Bo, DEH-10:L8-Bo, DEH-20:L8-Bo polimer materiallarning quyosh elementlar ishlatilganligi
keltirilgan. D18:L8-Bo polimer uchun gisqa tutashuv toki zichligi Jsc 20,6 mA/sm? bo‘lib, Jic quyosh
elementlarining yorug‘likni elektr energiyasiga aylantirish gobiliyatining muhim ko‘rsatkichidir. D18:L8-Bo
uchun esa 20,6 mA/sm? dan boshlab, DEH-20:L8-Bo uchun 22,5 mA/sm? gacha oshlanligini ko rishimiz
mumkin. Bu o‘sish materiallar tarkibidagi o‘zgarishlar tufayli yorug‘likni yaxshi yutish va ko‘prog
fotogenerator hosil gilish bilan bog‘lig. Ochik zanjir kuchlanishi V.. giymatlari 0,90 V dan 0,91 V gacha
o‘zgaradi. Bu giymatlar pastdan o‘rtacha diapazongacha bo‘lib, shaffof materiallar uchun tipik hisoblanadi.
Vo ning bargarorligi, materiallar orasidagi energetik moslik yaxshi ekanligini ko‘rsatdi. To‘ldirish faktori FF
esa maksimal quvvat nugtasining samaradorligini aks ettiradi. U D18:L8-Bo uchun 70,7% bo‘lsa, DEH-
3:L8-Bo uchun 71,5% ga ko‘tarilganini ko‘rishimiz mumkin. Biroq, keyingi materiallarda bu biroz
ko“tarilganini ham Ko‘rishimiz mumkin ya’ni (74,6% va 72,5%). Bu materiallarda elektr yurituvchi kuch va
zanjir ichidagi garshilik o‘zgarishlaridan dalolat beradi[15]. Samaradorlik D18:L8-Bo uchun 13.1% bo‘lgan
bo‘lsa, DEH-20:L8-Bo uchun 14.6 % ga yetdi. Yorug‘likni o‘rtacha o‘tkazuvchanlik koeffitsiyenti (AVT)
qurilmaning shaffoflik darajasini bildiradi va uning shaffof displaylar yoki oynalar uchun mosligini
baholaydi. DEH-20:L8-Bo eng yugori AVT o‘tkazuvchanlikka ega (22%), bu esa yorug‘likning o‘tish
darajasi yuqori ekanligini ko‘rsatadi. Shu bilan birga, yugori EO‘S va Js bilan bu materiallar shaffoflik va
samaradorlikni muvozanatda ushlab turadi. Shuningdek, shaffoflik saglanib qolgan, bu esa ushbu
materiallarning ekologik shaffof quyosh batareyalari uchun potensial mosligini ko‘rsatadi. D18 va D18
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donor polimeri asosida yangi sintez qilib olingan DEH donor polimerlarini D18 asosida ishlangan
materialning yorug‘lik yutishini va samaradorligini yaxshilashda muhim rol o‘ynaydi. DEH-20:L8-Bo eng
yaxshi natijani ko‘rsatib, yuqgori Js., EOS va AVT giymatlariga ega bo‘lib, shaffof fotovoltaik qurilmalarda
istigbolli material ekanligini tasdiglaydi. DEH-3:L8-Bo FF bo‘yicha eng yaxshi natijaga ega, bu uning elektr
xarakteristikalarida yuqori sifatga ega ekanligini anglatadi[16]. Olingan ma’lumotlar OQElari dizaynida faol
gatlamlarni tanlash va ularning optik va elektr xususiyatlarini yaxshilashda foydali ekanligini ko‘rsatdi. Bu
natijalar YSH-OQElari uchun yangi polimer materiallarni sintez qilib olishning amaliy ahamiyatini
ko‘rsatadi.

80 -
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5-rasm. YSH-OQE larning TKS spektrlari

5-rasmda YSH-OQElari uchun TKS ning to‘lqin uzunligiga bog‘liq ravishda ko‘rsatilgan. Asosan
to‘lgin uzunligi diapazoni (300-1000 nm) gacha ekanligini ko‘rinib turibdi. Grafikda ultrabinafsha,
ko‘rinadigan yorug‘lik va yaqin infraqizil diapazonlar qamrab olingan. Bu diapazon YSH-OQE
qurilmalarining yorug‘likni qanday uzatishini va yutishini baholash uchun muhim hisoblanadi. Tashqi kvant
samaradorligiga keladigan bo‘lsak, ko‘rsatgichlari quyidagicha: D18:L8-Bo materialida (yashil chizig) 400—
700 nm diapazonda TKS ko‘rsatkichlari boshqa materiallar bilan solishtirganda pastroq. Bu uning ko‘proq
ya’ni keng diapazonda yorug‘likni yutayotganini ko‘rsatib turibdi. DEH-3, DEH-10, DEH-20
modifikatsiyalari bilan tayyorlangan materiallar yuqori o‘tkazuvchanlikga ega. Bu D18 hamda D18 donor
polimeri asosida yangi sinsez qgilib olingan DEH-X seriyasini materialning optik shaffofligini oshirganini
ko‘rsatadi. Ko‘rinadigan yorug‘lik diapazoni esa 400—700 nmgacha ekanligini ko‘rsatdi. DEH-20:L8-Bo eng
yugori TKS qiymatlarini ko‘rsatadi, bu esa uning ko‘rinadigan yorug‘likni nisbatan ko‘proq uzatishini
bildiradi. Infragizil diapazon esa 700-1000 nm gacha ekanligini ko‘rishimiz mumkin, ya’ni barcha
materiallar yuqori TKS ko‘rsatkichlarini saqlab qoladi, bu esa infraqizil diapazonda yorug‘likning yaxshi
uzatilishini bildiradi. Bu issiglikning qurilmalar orqali yaxshi o‘tishiga ta’sir qiladi, bu esa quyosh
elementlarining issiqlik boshqaruviga ijobiy hissa qo‘shadi deyishimiz mumkin, Spektral taqsimotdagi
farglar: DEH-3, DEH-10 va DEH-20 modifikatsiyalari materialning yorug‘lik uzatish xususiyatlarini
yaxshilab, aynigsa 400-700 nm diapazonida yuqori o‘tkazuvchanlikni ko‘rsatadi. DEH-20 modifikatsiyasi
eng samarali deb ko‘rinadi, chunki u optik shaffoflikni oshirishga yordam beradi, ayniqsa shaffoflik talab
etiladigan qurilmalar uchun muhim hisoblanadi. YSH-OQE uchun optik xususiyatlar qurilmalar
samaradorligiga va amaliy qo‘llanilishiga to‘g‘ridan-to‘g‘ri ta’sir ko‘rsatadi. Masalan: Yuqori TKS:
Yorug‘likning yuqori foizi o‘tadi, bu shaffof qurilmalar uchun yaxshi hisoblanadi[17]. Past TKS esa
yorug‘likni yutiladi, bu esa fotoelektrik konversiya samaradorligini yanada oshirilishiga olib keladi.

Xulosa o‘mmida D18 hamda D18 donor polimeridan yangi sintez qilib olingan DEH-3, DEH-10 va
DEH-20 modifikatsiyalari bilan ishlangan donor polimerlari optik shaffoflikni oshirishda samarali ko‘rindi
aynigsa DEH-20:L8-Bo eng yuqori TKS ko‘rsatkichlarini tagdim etdi. Bu qurilmalar nafagat quyosh
energiyasini samarali o‘zlashtirishi, balki shaffoflikni talab qiladigan binolar yoki shisha panellarga
qo‘llanilishi mumkinligini ko‘rsatadi. DEH-20 modifikatsiyasi eng istigbolli bo‘lib, yuqori optik shaffoflik
va samaradorlikni ta’minlaydi. Bu esa uni ekologik toza va estetik jihatdan optimal variant bo‘lishiga katta
hissani qo‘shadi.
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6-rasm. YSH-OQE larning termik barqarorlik ko‘rsatkichi

6-rasmda YSH-OQE qurilmalarining termik barqarorligi ko‘rsatilgan. Bunda vaqt o‘tishi bilan
energiya o‘zgartirish samaradorligi (EO‘S) qanday darajada o‘zgarishi tasvirlangan. Grafikdan kelib chiqib
tahlil giladigan bo‘lsak, dastlab boshlang‘ich EO‘S giymati barcha qurilmalar boshlang‘ich EO‘S qiymatini
100% deb boshlab, dastlabki ish sharoitida maksimal samaradorlikka ega [18]. Bu qurilmalar boshida
optimal fotovoltaik ishlashga ega ekanligini ko‘rsatadi. Termik barqarorlikka ta’sir esa 50 sutka davomida
barcha materiallar EOS qiymatining pasayishini ko‘rsatadi, bu materiallarning termik barqarorlik vaqt
o‘tishi bilan pasayishini bildiradi. EO‘S pasayish sura’ti quyidagini namoyish etdi: D18:L8-Bo:
Samaradorlik 53% gacha pasayganini hamda DEH-3: L8-Bo: Samaradorlik 58% darajasida saglanganini
ko‘rishimiz mumkin. DEH-10: L8-Bo: EO‘S qiymati 61% gacha pasaygan. DEH-20: L8-Bo: Eng yaxshi
natija, samaradorlik 64% darajasida saglangan.

D18 polimer va modifikatsiya gilingan D18 polimer asosida yangi sintez qilib olingan DEH-X seriyasi
polimerlari qurilmalar (aynigsa, DEH-20: L8-Bo) yuqori termik barqarorlikni ta’minlaydi. Bu D18 donor
polimeridan sintez gilib olingan polimerlarining material strukturasini mustahkamlagani va yuqori harorat
sharoitida yorug‘likka chidamliligini oshirganini ko‘rsatgan bo‘lsa pasayish bosqichlari quyidagicha:
grafikning dastlabki 10 sutkasida EO‘S keskin pasayadi (taxminan 20-30%), bu dastlabki degradatsiya
jarayonining tezligini ko‘rsatadi. Bu odatda kislorod, namlik yoki issiglikning materialga ta’siridan kelib
chigadi[19]. 10-50 sutka oralig‘ida pasayish sekinlashadi, bu uzoq muddatli barqarorlikka bog‘liqligini
bildiradi. DEH-20:L8-Bo nafagat boshlang‘ich EO‘S qiymatida yuqori ko‘rsatkichlarga ega, balki 50 sutka
davomida eng yuqori ya’ni 64% EO‘S saqglanib qoldi[20]. Bu uni termik barqarorlik bo‘yicha eng istigbolli
material ekanligini ko‘rsatadi.

Xulosa o‘rnida D18 donor polimeri asosida yangi sintez qilib olingan DEH-3, DEH-10 va DEH-20
polimerlari, aynigsa DEH-20, YSH-OQE qurilmalarining termik bargarorligini sezilarli darajada oshiradi va
D18:L.8-Bo agrovoltaik esa boshga DEH-X seriyasi modifikatsiyalarga nisbatan eng past bargarorlikka ega
hamda bu grafik DEH modifikatsiyalarining fotovoltaik materiallar bargarorligini oshirishdagi ahamiyatini
ko‘rsatib, uzoq muddatli foydalanishga mos keladigan samarador qurilmalarni loyihalashda yordam beradi.
Bundan kelib chigib, DEH-20 donor polimeri yanada takomillashtirish istigbolli hisoblanadi deyshimiz
mumkin ekan.

Xulosa. D18 polimerining yutilish cho‘qqgisi ~590 nm atrofida kuzatilishi polimerning fotonlarni
yutish xususiyati yaxshi ekani aniglandi. DEH-3, DEH-10, va DEH-20 polimerlarning yutilish spektrlarida
sezilarli o‘zgarishlar bo‘lmasligi orgali bu polimerlarning strukturalarida optik xossalariga ta’sir qiluvchi
o‘zgarishlar bo‘lmaganligi xulosa qilindi, chunki piklar joylashuvi va shakli deyarli bir xil ekanligi ko‘rinib
turibdi. D18 polimer, D18 polimeri asosida yangi sintez gilib olingan polmerlarning LUMO va HOMO
darajalariga biroz ta’sir ko‘rsatadi, lekin sezilarli o‘zgarish kuzatilmaganligi sababli ularning yutilish optik
xossalariga ham sezilarli ta’sir ko‘rsatmaganini ko‘rishimiz mumkin. Ushbu natijalar quyosh elementlaridagi
samaradorlikni oshirish magsadida turli donor va akseptor materiallar o‘rtasidagi energetik moslikni
o‘rganish uchun muhim ma’lumot sifatida, yangi sintez qilib olingan DEH-X seriyasi donor
modifikatsiyalari OQElarining optoelektrik xususiyatlarini yaxshilanishiga olib kelar ekan. DEH-20:L8-Bo
strukturasi yugori Jsc va samaradorlikka ega bo‘lib, yorug‘likni samarali yutadi va fototok hosil gilinishiga
olib keladi.

D18 va D18 donor polimeri asosida yangi sintez gilib olingan DEH-X seriyasi bilan ishlangan donor
polimerlari optik shaffoflikni oshirishda samarali, aynigsa DEH-20:L8-Bo eng yuqori TKS ko‘rsatkichlarini
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tagdim etdi. Bu qurilmalar nafagat quyosh energiyasini samarali o‘zlashtirishi, balki shaffoflikni talab
giladigan binolar yoki shisha panellar kabi ilovalarda ham qo‘llanilishi mumkinligini ko‘rsatadi. D18
polimeridan sintez gilib olingan DEH donor polimeri, aynigsa DEH-20, YSH-OQE qurilmalarining termik
bargarorligini sezilarli darajada oshiradi. Olingan natijalardan kelib chigib DEH-20 o‘xshash polimerlarni
kelajakda yanada takomillashtirish istigbolli hisoblanadi.

Minnatdorchilik. Ushbu maqoladagi olingan natijalar O‘zZRFA U. Arifov nomidagi Ion-plazma va
lazer texnologiyalari instituti bazaviy moliyalashtirish mablag‘lari ko‘magida va Oliy ta‘lim, fan va
innovatsiyalar vazirligi tomonidan moliyalashtirilgan FZ-20200929177-ragamli “Istigbolli perovskitli
quyosh elementlarida energiya almashinishi va zaryadlarning fotomajburiy migratsiyasi jarayonlari” mavzusi
bo‘yicha loyiha doirasida bajarilgan.
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QORAMOL VA CHO*‘CHQADAN OLINGAN JELATINNI UPLC-QTOF VA ATR-FTIR
SPEKTROSKOPIYASI YORDAMIDA FARQLASH VA MIQDORINI ANIQLASH

Zokirov Begzod Ulashovich,

Toshkent kimyo-texnologiya instituti Shahrisabz filiali

“Kimyoviy texnologiya va sifat menejmenti” kafedrasi mudiri
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Ashurov Mirshod Muysin o°‘g’li,

Toshkent kimyo-texnologiya instituti Shahrisabz filiali o ‘gituvchisi
mirshodbekkimtex@gmail.com

Annotatsiya. Aminokislotalar ketma-ketligi ogsillarning gatlamlanishi va fazoviy tuzilishini belgilaydi,
bu esa ularning xatti-harakatlarini tushunish uchun muhimdir. Sanoat va biomeditsinada muhim ahamiyatga
ega bo‘lgan jelatin, axloqiy va parhez nugtayi nazaridan manbaning anig autentifikatsiyasini talab giladi.
Ushbu tadgigot UPLC-QTOF va ATR-FTIR spektroskopiyasi yordamida qoramol va cho‘chga go shti
Jjelatinini farglash va miqdorini aniqlashni o ‘rganadi. UPLC-QTOF sof sigir jelatini (m/z + 962.1471,
NRLHFFK) va cho ‘chqa jelatini (m/z + 653.0289, YNEVK) uchun alohida ionlarni anigladi. Biroq peptid
ionlari profillarini o ‘zgartiradigan ogqsil-ogsil o‘zaro ta'siri tufayli aralash jelatinlar bilan bog ‘liq
muammolarni hal gilishda giyinchiliklarga duch keldi. ATR-FTIR esa sigir jelatini cho ‘chqa go ‘shti jelatini
ifloslanishini aniglashda etanolning jelatinning amid bantlariga ta'siridan foydalanish imkoniyatlarini
ko ‘rsatdi. Ushbu usul 0,85 mg/100 mg dan 2,85 mg/100 mg gacha aniglash va migdoriy chegaralari bilan
ifloslanish darajalarini aniglashda kuchli chizigli korrelyatsiyani (R? = 0,9994) ko ‘rsatdi. Shuningdek, u
halol konfetlarda cho ‘chqa go ‘shti jelatinini samarali aniqladi, tiklanish darajasi 50,05% dan 103,69%
gacha bo ‘lib, bu ATR-FTIR usulining jelatinni aniq tahlil gilish imkoniyatlarini ta ‘kidlaydi.

Kalit so‘zlar: jelatin autentifikatsiyasi, etanol va jelatinning o ‘zaro ta‘siri, ATR-FTIR
spektroskopiyasi, amid guruhlari, protein tuzilishi, UPLC-Q-tof, proteomik.

PA3JIMYEHUE U KOJIMYECTBEHHAS OLEHKA KEJIATUHA KPYIIHOI'O
POT'ATOI'O CKOTA M CBUHEH C UCITIOJIb30BAHUEM UPLC-QTOF U ATR-FTIR-
CIHHEKTPOCKOIITMA

Annomauyus. Iocrnedosamenvrhocmo AMUHOKUCTIOM onpedensiem CKA04amocma u
NPOCMPAHCMBEHHYIO CIMPYKIYPY 0elK08, YMO 8AJCHO O/ NOHUMAHUs ux nogedenus. Kenamuw, komopulii
BAJICEH 8 NPOMBLIUIEHHOCMU U OuoMeduyure, mpebdyem Yeémrol UOeHMUPUKAYUYU UCOYHUKA C IMUYECKOU U
OJuemuueckoli mouxku 3spenusi. B smom uccredosanuu uzyuaromes ougpghepenyuayus u KOIUYECMBEHHA.
oyenka Oviube2o u ceunozo oicenamuna ¢ ucnoavsosaruem UPLC-QTOF u ATR-FTIR-cnexmpockonuu.
UPLC-QTOF uoenmuguyuposanra omoenvhbie UOHbL Ol HUCMO20 Obiube2o dcenamuna (m/z + 962,1471,
NRLHFFK) u ceunoeo owcenamuna (m/z + 653,0289, YNEVK). Oouaxo e6oswuxarom npodiemvl co
CMEWAHHBIMU  JCEIAMUHAMU  U3-3A  OEOK-0eIKOBbIX 83aAUMOO0eCNEULl, KOMOopble UMEHAIom Npoguiu
nenmuonvlx uonos. A ATR-FTIR noxazan 603MONCHOCHb UCNONb308AHUS BO30€UCMBU IMAHONA HA
AMUOHbBLE NOAOCHL HCENAMUHA NPU ONPeOeNeHUl 3a2PA3HEeHUs 20852iCbe20 U CEUHO020 Jicelamund. Dmom
Memoo NoKa3an CUibHyio aunelnyo Koppenayuio (R? = 0,9994) npu onpedenenuu yposHeti 3a2psa3Henuss ¢
npeoenamu 0OHapydceHus U Koauuecmeennoz2o onpedenerusi om 0,85 me/100 me oo 2,85 me/100 me. On
maxoice IPPeKmuUeHo OOHAPYICUNL CBUHOU IICETAMUH 8 XATAIbHbIX KOH(pemax ¢ Kodgh@uyuenmom
useneuenus om 50,05% oo 103,69%, umo noouépxusaem gozmoxcrocmu memooa ATR-FTIR ons mounozo
aHanu3a JHcenamuna.

Knwouesvie cnosa: aymenmugpuxayus sxsceramuna, 3aumooeticmeue smanoaa u dceramuna, ATR-
FTIR-cnexmpockonus, amuouvie epynnvi, cmpykmypa 6eaxa, UPLC-Q-tof, npomeomuxa.

DISTINCTION AND QUANTIFICATION OF CATTLE AND PIG GELATIN USING UPLC-
QTOF AND ATR-FTIR SPECTROSCOPY

Abstract. The sequence of amino acids determines the folding and spatial structure of proteins, which
is important for understanding their behavior. Gelatin, which is important in industry and biomedicine,
requires clear authentication of the source from an ethical and dietary point of view. This study investigates
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the differentiation and quantification of bovine and porcine gelatin using UPLC-QTOF and ATR-FTIR
spectroscopy. UPLC-QTOF identified separate ions for pure bovine gelatin (m/z + 962.1471, NRLHFFK)
and porcine gelatin (m/z + 653.0289, YNEVK). However, problems with mixed gelatins have been
encountered due to protein—protein interactions that alter peptide ion profiles. And ATR-FTIR showed the
possibility of using the effect of ethanol on the amide bands of gelatin in determining the contamination of
beef gelatin and pork gelatin. This method showed a strong linear correlation (R?> = 0.9994) in determining
contamination levels with limits of detection and quantification from 0.85 mg/100 mg to 2.85 mg/100 mg. It
also effectively detected pork gelatin in halal candies, with recoveries ranging from 50.05% to 103.69%,
which highlights the capabilities of the ATR-FTIR method for accurate gelatin analysis.

Keywords: gelatin authentication, ethanol-gelatin interaction, ATR-FTIR spectroscopy, amide groups,
protein structure, UPLC-Q-tof, proteomics.

Kirish. Global jelatin bozori 2023-yilda 4,92 milliard USD atrofida baholangan va 2024-2030-yillarda
yillik o‘sish sur‘ati 6,5% ga yetishi kutilmoqda. Bu o‘sish jelatinning funksional oziq-ovqatlardagi turli
go‘llanmalari bilan bog‘liq bo‘lib, u oziqg-ovqgat sifatini, oziglantiruvchi giymatini oshiradi va salomatlik
uchun potentsial foydalar taqdim etadi. Jelatin asosan gqassobxonalardan olinadi, cho‘chqa terisi, qoramol
terilari va suyaklaridan foydalaniladi. An’anaviy jelatin mahsulotlari ko‘pincha cho‘chqa jelatinidan
foydalanadi, bu esa axlogiy va parhez muammolarini keltirib chigaradi. Jelatin autentifikatsiyasi parhez
cheklovlari sababli muhimdir: vegetarianlar barcha hayvonlardan olingan jelatindan qochishadi,
musulmonlar va yahudiylar halol yoki kosher usulida tayyorlanmagan jelatindan saglanishadi, hindular esa
goramoldan olingan jelatindan gochishadi. Yevropada bovin spongiform ensefalopatiya (BSE) tarqgalishi
goramol jelatini bo‘yicha qattiq tartib-qoidalarning kuchayishiga olib keldi. Shuningdek, jelatin allergiyasi
bo‘lgan shaxslar qoramol yoki cho‘chqa jelatinini iste‘mol qilishda ehtiyot bo‘lishlari kerak. Oziq-ovqgat
sohasida ko‘pincha noto‘g‘ri belgilashlar mavjudligi sababli, cho‘chqa yoki qoramol jelatini haqiqiyligini
tasdiglash juda muhimdir.

Shu sababli, hayvonlardan olingan ozig-ovgat mahsulotlarini aniglash uchun ishonchli usullar zarur.
Bu ozig-ovqat komponentlarining haqiqiyligini ta‘minlaydi va ifloslanishlarni aniglashni osonlashtiradi. Bir
qator tadqiqotlar qoramol va cho‘chqa jelatinlarini farqlashga qaratilgan. Ushbu tadqiqotlar, FTIR
spektroskopiyasidan foydalanish kabi analitik usullarni tavsiya etadi. Bu usul, xom qoramol va cho‘chqa
jelatinlari o°rtasida tez tahlil va samarali farglash imkonini beradi, lekin yugori namuna tozaligini talab giladi
va aralash jelatin namunalari orasida farq gilolmadi. Boshqga bir usul, kimyoviy cho‘kma yordamida bo‘lib,
bu usul 0.5 mg/mL da goramol suyak jelatinini va 4.0 mg/mL da cho‘chqa terisi jelatinini farglay oladi, bu
gidroksiapatit transformatsiyasini stimulyatsiya qilish orgali amalga oshiriladi, ammo ozig-ovgat
mahsulotlaridagi jelatin manbalarini aniglay olmaydi.

Suyuqg xromatografiya ham jelatin manbalarini farglashda qo‘llaniladi, lekin bu usullar aralash
jelatinlarni farglay olmaydi, chunki kimyoviy xususiyatlari va aminokislotalar migdori o‘xshash. Prolin va
lizinning gidroksilatsiyasi marker peptidlar farglanishini murakkablashtiradi, chunki marker peptidlar
namuna tayyorlash jarayonida yo‘q qilinishi mumkin. Indirekt raqobatli ELISA usuli jelatin manbalarini
farglash uchun sezgir usuldir. Birog, bu usul hayvon kollageni ketma-ketliklarining yugori homologiyasi
tufayli turli xil turlarga xos farglarga kam sezgirlik ko‘rsatadi. Qoramol tyrosilatlangan jelatiniga qarshi
ishlab chiqgilgan antitelar, alkali jarayon bilan tayyorlangan cho‘chqa suyak jelatinidan uni farqlay olmaydi
[1]. Sendvich ELISA usuli yaxshi aniqlikni ta‘minlaydi, ammo jelatinlangan qizdirilgan go‘shtlarda noto‘g‘ri
jjobiy natijalar bilan bog‘liq muammolarga duch keladi. Sigir va cho‘chqa jelatin namunalari, avval
ortoftaldialdegid (ODA) va 4-xloro-7-nitrobenzofurazan yordamida derivatizatsiya qilinganidan so‘ng,
teskari fazali HPLC usuli yordamida tahlil qilindi. Asosiy komponentlar tahlili (PCA) — bu ma‘lumotlar
matritsasining o‘lchamini pasaytirishga yordam beradigan va eng muhim ma‘lumotlarni saqlovchi
proyeksion usuldir.

Ushbu usul, suyug xromatografiya/mass-spektrometriya (HPLC/MS) yordamida goramol suyak
jelatinini goramol terisidan olingan jelatindan ajratishda qo‘llanildi. Triptik hazm gilingan jelatinlar
HPLC/MS yordamida o‘lchandi. Keyinchalik, bu namunalar teri yoki suyak jelatinlari sifatida tasniflash
uchun ikkita kuchli kimyometrik usul (PCA va PLS-DA) dan foydalanildi. Ushbu jarayon yordamida turli
sinov namunalaridagi qoramol jelatinlarining kelib chiqishini aniq aniglash mumkin bo‘ldi. Biroq, jelatinni
triptik hazm qilish jarayonida prolin va lizinning notekis va fargli gidroksilatsiyasi, jelatin namunalari uchun
marker peptidlarni aniglashni giyinlashtiradi. Nano UPLC-ESI-g-TOF-MS kabi ilg‘or usullar, aralash
namunalarda ham jelatinni turli manbalardan farqlashda umid va‘da qilmoqda, lekin ular aralashish
nisbatlarini aniglashda giyinchiliklarga duch keladi. Jelatin manbalarini farqlash uchun ko‘plab usullar
mavjud, ammo sintetik va qayta ishlash jarayonida turli xil jelatinlarning o‘zaro ifloslanishini aniglash va

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 95

https://buxdu.uz



CHEMISTRY

miqdorini belgilash uchun oddiy, to‘g‘ri va muntazam texnikaga hali ham ehtiyoj bor. FTIR-ATR usuli bu
sohada keng qo‘llanilmoqda. Sigir, cho‘chqa go‘shti va baliq jelatinlarini farqlashda 100% aniqlik bilan
ozig-ovgat mahsulotlaridagi jelatin manbalarini tasniflash va autentifikatsiya gilish uchun ATR-FTIR,
shuningdek, HCA va PCA kabi kimyometrik usullarni birlashtirgan yangi usullar ishlab chiqildi. Ushbu
usullar real vaqt rejimida PCR yordamida qo‘shimcha tasdiglandi, bu esa ATR-FTIR spektroskopiyasining
tijorat shakarlamalarida jelatin kelib chigishini aniglashdagi samaradorligini tasdigladi.

Shuningdek, ATR-FTIR spektroskopiyasi stomatologik mahsulotlarda jelatin manbasini aniglash
uchun ham qo‘llanildi [2]. Ushbu tadqiqotda turli ta‘sir ko‘rsatishi mumkin bo‘lgan ogsil ichidagi
aminokislotalar bilan etanolning o‘zaro ta‘siriga asoslangan yangi texnika qo‘llanildi. Etanol, gidrofobik
o‘zaro ta‘sir tufayli, intraprotein vodorod aloqalarini buzish orqali globulyar ogsillarni denaturatsiyalashi
mumkin. Biroq, ko‘p miqdordagi a-spiralli ogsillarga ega eritmalarga qo‘shilganda, etanol ogsil tuzilishini
bargarorlashtirib, agregatsiyani oldini olishi mumkin. Etanol molekulalari bevosita aminokislotalar bilan
o‘zaro ta‘sir qilishi mumkin. Masalan, etanolning gidroksil guruhi NH;*CHCOO™ ning zwitterion qismiga va
aminokislotalarning qutbli yoki ionli tomonlariga o‘zaro ta‘sir ko‘rsatishi mumkin. Ushbu o‘zaro ta‘sirlar
aminokislotalar atrofidagi hidratsiya qatlamidan suv molekulalarini olib tashlashni 0z ichiga olishi mumkin.
Etanolning ogsil tuzilishi va funktsiyasiga ta‘siri, ogsil tarkibiga va atrof-muhitga garab farg gilishi mumkin
[3].

Adabiyotlar tahlili va metodlar. Materiallar: Chumoli kislotasi LC-MS darajasi 405,823 (Karlo
Erba, Milano, Italiya), tripsin T-4799, sigir jelatini 68,391, akrilamid A-3553, etanol 24,103 (Sigma-Aldrich
Corp., Sent-Luis, Mo., AQSh) ko‘rsatkichlarga ega. Cho‘chga go‘shti jelatini (BDH 1-rasm) esa bilvosita
yoki OH guruhi orqali erituvchi ta‘sir ko‘rsatadi. Bu ta‘sir ikki omilga bog‘liq: birinchidan, suv molekulasi
W (nugtali o‘q) tufayli to‘g‘ridan-to‘g‘ri kuch, ikkinchidan, suv molekulalarining mahalliy zichligi, bu esa
yaqin atrofdagi boshqa hidrofil guruhlarga bog‘liq (chizigli o‘qlar). Kimyoviy moddalar, mahsulot kodi
44045, DL-Dithiothreitol (DTT) 43,819 (Fluka AG, Buchs, Shveytsariya), leytsin enkefalin 186,006,013
(Waters, Manchester, Buyuk Britaniya), giperatsetrili 1.00029.2500 (Sigma-Aldrich) bo‘yicha LC-MS va
LC-MS sinfidagi suv Milli-Q SQ 2Series suvni tozalash tizimlari (Merck, Darmstadt, Germaniya) yordamida
tozalandi.

UPLC-Q-tof namunasini tayyorlash, asbob-uskunalar va analitik shartlar: Sof cho‘chqa jelatini,
sigir jelatini va cho‘chqa jelatinining aralash namunalari turli konsentratsiyalarda (0,1%, 1%, 5%, 10% va
50% og‘irlik/og‘irlik) Hassan va boshqalarning tavsiflangan usuli asosida tahlil qilindi [4]. Hazm qilingan
namunalar HDMSE musbat ion rejimida VION IMS Q-TOF (Waters, Milford, AQSh) yordamida nazorat
qilingan teskari fazali xromatografiya orqali tahlil qilindi. Juda murakkab massa spektrlari ko‘pincha
peptidlarning massa spektrometriyasini tasvirlash va molekulalarni kosmosda profillash orgali olinadi. Bir
nechta izobarik yoki yaqgin izobara turlarining mavjudligi, yomon ajralish va bir-birining ustiga chigadigan
turlar spektrlarni izohlashni qiyinlashtirishi mumkin. Ion harakatchanligi to‘rtinchi o‘lchov bo‘lib, 4D
proteomikasi ushbu muammolarni bartaraf etish uchun 3D proteomikaga qo‘shiladi. Bu usul, asosan, ionlarni
kesma maydoni va shakliga ko‘ra ajratishga imkon beradi, bu esa past darajadagi protein signallarini
aniglashni va zich tashkil etilgan peptidlarni ajratishni osonlashtiradi. Bunday usullardan foydalangan holda,
jelatin fraksiyalash bosqichlarida birga mavjud bo‘lishi mumkin bo‘lgan ifloslantiruvchi moddalardan
ajratilishi va uning manbaini aniglash uchun tahlil gilinishi mumkin.

ATR-FTIR namunasini tayyorlash, asboblar va analitik shartlar: 250 mg jelatin namunalari 30 ml
ilig Milli-Q suvda eritilib, 20 dagiga davomida gidroliz uchun qgoldirildi. Xona haroratiga sovutilgandan
so‘ng, 100 pul va 400 pl etanol bo‘lgan alohida Eppendorf naychalariga 100 pl namunalar qo‘shildi. Har bir
namuna uchun blankalar tayyorlandi. Olingan namunalar tahlil gilishdan oldin 20 dagiga kutishga goldirildi.
Namuna tahlili Lityum Tantalat (LiTaO3) detektori bilan jihozlangan Spectrum Two UATR-FTIR
spektrometriga (PerkinElmer, Inc., Buyuk Britaniya) o‘tkazildi. Spektrlarni tahlil qilish uchun 10 pl jelatin
namunalari kristall hujayraga joylashtirildi. Avtomatik signal kuchaytirish yordamida 400-4000 sm™
diapazonidagi spektrlar 4 sm o‘Ichamdagi 16 ta skanerda to‘plandi va 25 °C da toza bo‘sh hujayradan yozib
olingan fon spektriga nisbatan tahlil gilindi.

Ma’lumotlarni tahlil qilish va vizualizatsiya qilish: Jelatin-etanol kompleksidagi o‘zaro ta‘sirlar
BIOVIA Discovery Studio Visualizer 2021 dasturi (Biovia, San-Diego, CA, AQSh) yordamida tahlil gilindi.
sigir va cho‘chqa go‘shti jelatinining aminokislotalar ketma-ketligi onlayn qidiruv UniProt ma‘lumotlar
bazasidan olingan bo‘lib, sigir va cho‘chqa jelatinining birlamchi kirish ragami mos ravishda P52176 va
AO0A4X1U8BT dir.

Natijalar va muhokama. UPLC-Q-tof. Vakillik peptidlarining ekstraksiya gilingan ion
xromatogrammalari quyida ko‘rsatilgan. 2, sof qoramol, sof cho‘chqa go‘shti va cho‘chqa go‘shtining turli
konsentratsiyalari (0,01%, 0,1%, 1,0%, 10% va 20%) uchun ion intensivligi ko‘rsatilgan. Ketma-ketliklar
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UNIFI dasturi orgali tripsin-hazm gilingan peptidlar (500-2500 Da) silika prognozi yordamida tahlil gilindi
va maxsus ionlar aniglanadi. Xromatogramma sigir jelatini uchun m/z + 962.1471 da NRLHFFK
(pozitsiyalar 534-540, UniProt ID P52176) ga mos keladigan maxsus ionlarni ko‘rsatadi, saglash vaqti 18.41
minut. Cho‘chga jelatini uchun esa m/z + 653K ga to‘g‘ri keladi (Y280K, pozitsiyalar 541-545, UniProt 1D
A0A4X1U8B7), saqglash vaqti 17.69 minut. Natijalar shuni ko‘rsatadiki, UPLC-QTOF sof sigir va cho‘chqa
go‘shti jelatinini samarali ajratadi, ammo aralash turlarni ajrata olmaydi. Proteolitik hazm qilish jarayonida
parchalanish joylariga kirish imkoniyatini o‘zgartiradigan ogsil-ogsil o‘zaro ta‘siri tufayli xarakterli ionlar
yo‘qoladi va yangi ionlar hosil bo‘ladi. Bu to‘liq hazm bo‘lmasligiga yoki kutilmagan peptidlarning paydo
bo‘lishiga olib kelishi mumkin, chunki bog‘lanish o‘zaro ta‘sirida ishtirok etadigan hududlar fermentativ
bo‘linishdan himoyalangan bo‘lishi mumkin, bu esa kamroq aniglanadigan peptidlarga olib keladi [5].
Bundan tashqari, ogsil komplekslari birgalikda elyusiya tufayli ma‘lum peptidlar uchun signallarni bostirish
yoki kuchaytirishi, ionlanish jarayoniga xalaqit berishi va mass-spektrometriya (MS) signaliga ta‘sir qilishi
mumkin. Bu, ba‘zi peptidlarning o‘zaro ta‘sir qiluvchi sheriklarining mavjudligiga qarab paydo bo‘lishi yoki
yo‘qolishiga olib keladi. Xuddi shu tartibni tijorat bozoridagi namunalarga qo‘llaganda, biz bir xil natijalarga
erishdik.

ATR-FTIR: Namuna olish texnikasi. Biomolekulyar tizimlarni samarali o‘rganish uchun suv
muhitida tajriba o‘tkazish ideal hisoblanadi. Biroq suvning mavjudligi infraqizil (IR) spektroskopiya uchun
qiyinchiliklar tug‘diradi, chunki suv kuchli yutilish xususiyatlariga ega. Xususan, suvning asosiy o‘tishlari
biomolekulalarning yutilish zonalari, masalan, N-H va C-O cho‘zilgan tebranishlari bilan sezilarli darajada
mos keladi. Bu o‘zaro bog‘liglik signal-shovgin nisbati (S/N) pasayishiga olib kelishi mumkin, bu esa tahlil
jarayonini murakkablashtiradi. Ushbu shovginlarni yumshatish uchun asboblarni ehtiyotkorlik bilan tekislash
zarur, shunda ma‘lumotlarda muhim artefaktlar yo‘qligini ta‘minlash mumkin. Tahlil protokoli namunani
kiritishdan oldin hal giluvchi asosiy skanerlashni oz ichiga oladi. Keyinchalik, erituvchi bilan birgalikda
namuna tahlil qilinadi. Yakuniy uzatish (TR) egri chiziqlari, biomolekulyar signallarni to‘g‘ri baholash
imkonini beruvchi asosiy spektrni namuna spektridan ajratish orgali hosil gilinadi.

ATR-FTIR tomonidan tahlil gilingan jelatin amid bantlariga etanolning ta’siri. Etanolning amid
tasmasi tuzilishiga ta‘sirini o‘rganish uchun alohida Eppendorf naychalarida 100 pl jelatin eritmasiga (10
mg/ml) turli hajmdagi etanol (100, 200, 300 va 400 pul) qo‘shildi. Namunalar ATR-FTIR spektroskopiyasi
yordamida tahlil gilishdan oldin xona haroratida 15 daqiqa davomida inkubatsiya qilindi. Sigir va cho‘chqa
go‘shti jelatini uchun olingan spektrlar 1-rasmda keltirilgan. ATR-FTIR spektrlari etanolning cho‘chga
go‘shti jelatinining amid tasmasi singishiga sezilarli darajada ta‘sir qilishini ko‘rsatadi, ammo sigir jelatiniga
ozgina ta‘sir qiladi. Ushbu farq etanol va ogsil tuzilmalari o‘rtasidagi o‘ziga xos o‘zaro ta‘sirga bog‘liq
bo‘lib, bu o‘zaro ta‘sir aminokislotalar ketma-ketligi va ogsillarning atrof-muhit sharoitlariga garab
o‘zgaradi [6]. Bu topilmalar shuni ko‘rsatadiki, etanolning cho‘chqa jelatinining ikkilamchi tuzilishiga o‘ziga
X0s ta‘siri uning aminokislotalar bilan o‘zaro ta‘siriga bog‘liq. Etanolning jelatin tuzilmalariga
barqarorlashtiruvchi yoki beqarorlashtiruvchi ta‘siri cho‘chqa go‘shtini sigir jelatinidan ajratishda uning
potentsial foydaliligini ta‘kidlaydi.

so'rlish darajasi
&

so'rilish darajasi

b) sigir jelatini

100uL  Etanol
2004t Etanol
3004 Etanol
400l Etanol

to'lqin uzunligi fem?)

1-rasm. Etanolning amid tasmalarining singishiga ta’siri: (a) cho‘chqa go‘shti jelatini va (b)
sigir jelatini

Cho‘chqa jelatin konsentratsiyasining ATR-FTIR o‘lchoviga ta‘siri: Aniglik. Cho‘chqa jelatini
kontsentratsiyasining o‘lchov aniqligiga ta‘sirini o‘rganish maqgsadida turli konsentratsiyalarda (0,1, 0,5, 1,0,
2,5, 5,0 va 10,0 mg/ml) 100 ml cho‘chga jelatin namunalariga 400 ul etanol qo‘shildi. Namunalar ATR-
FTIR spektroskopiyasi yordamida tahlil gilindi va olingan spektrlar 2-rasmda ko‘rsatilgan. Natijalar shuni
ko‘rsatadiki, cho‘chqa go‘shti jelatini konsentratsiyasi ortishi bilan etanolning amid tasmasi so‘rilishiga
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ta‘siri yanada aniqroq bo‘ladi. Ushbu kuzatuv etanol bilan o‘zaro ta‘sir qiluvchi protein tarkibining
yugqoriligi bilan bog‘liq bo‘lib, bu ATR-FTIR orqali aniglanishi mumkin bo‘lgan protein strukturasida
sezilarli o‘zgarishlarga olib keladi. Biroq, jelatin kontsentratsiyasini 10 mg/ml dan ortiq oshirish jellesme
effekti tufayli amaliy qiyinchiliklarni keltirib chigaradi, bu esa ishlov berish wva tahlil qilishni
murakkablashtiradi. Jellanish effekti namunaning yaxlitligi va o‘lchov anigligini buzmasdan samarali
o‘rganish mumkin bo‘lgan kontsentratsiya oralig‘ini cheklaydi.

to'lqin ragami (em™ )

400 200 1400 1500 2400 2200 3400 3900

< L
—5.0mg/mL Iekatin

4-rasm. Namuna Konsentratsiyasining amid tasmasi uzatilishiga ta’siri

Sigir jelatinining cho‘chqa go‘shti jelatini bilan ifloslanishining miqdoriy tahlili. Cho‘chqa
jelatinining sigir jelatini bilan ifloslanish darajasini baholash magsadida 10 mg/ml sigir jelatini eritmasiga
turli foizlarda cho‘chqga jelatini qo‘shib kalibrlash standartlari tayyorlandi. Baholangan ifloslanish darajalari
0,0%, 3,125%, 6,25%, 12,5%, 25,0%, 50,0% va 100,0% edi. Har bir ifloslanish darajasi uchun 100 pl
namunaga 400 pl etanol qo‘shildi. Har bir namuna uchun 1654 sm™ da transmissiya diapazoni qayd etildi,
bo‘sh namuna esa asosiy tuzatish uchun tayyorlandi. Etanol bilan ishlov berilgan namunalar va blanka
o‘rtasidagi so‘rilishdagi farq 3-rasmda ko‘rsatilganidek, ifloslanish foiziga qarshi chizilgan. Grafik cho‘chqa
jelatin kontsentratsiyasi (kontaminatsiya foizida) va amid tasmasini uzatish o‘rtasida aniq chiziqli
munosabatni ko‘rsatadi. Quyidagi tenglama eng yaxshi moslik chizig‘ini tavsiflaydi: y = 0,195 + 0,9212. R?
giymati 0,9994 bo‘lib, jelatin kontsentratsiyasi va so‘rilish o‘rtasidagi kuchli korrelyatsiyani ko‘rsatadi, bu
so‘rilish o‘tishlaridagi o‘zgaruvchanlikning taxminan 99,94% ni tushuntiradi. Ba‘zi o‘zgaruvchanlik mavjud
bo‘lsa-da, umumiy tendentsiya chiziqli modelga mos keladi. Umuman olganda, grafik cho‘chqa jelatin
kontsentratsiyasi va so‘rilish o‘rtasida mustahkam ijobiy chiziqli korrelyatsiyani ko‘rsatadi, bu esa
assimilyatsiya o‘lchovlari sinovdan o‘tgan diapazonda cho‘chqga jelatin kontsentratsiyasini aniglash uchun
ishonchli ishlatilishi mumkinligini ko‘rsatadi. Ushbu grafikdan hisoblangan aniqlash chegarasi (LOD) va
migdor chegarasi (LOQ) mos ravishda 0,85 va 2,85 mg/100 mg ifloslanishdir.

25

y=0.195x+0.9212
)
2 R?=0.9994 .

20 40 60 20 100 120
cho'chqa jelatini konsentratsiyasi %

3-rasm. Amid diapazoni o‘tkazuvchanligiga nisbatan foizli ifloslanishlarni kalibrlash
egri chizig‘i

Qo‘llanilishi va selektivligi. Ushbu tadqiqotda belgilangan usulning qo‘llanilishini tekshirish uchun
Birlashgan Arab Amirliklarining mahalliy bozorlaridan halol deb belgilangan yumshoq konfet mahsulotlari
olingan. Tijorat jelatin namunalari odatda 80 °C dan past haroratlarda issiglik bilan ishlov beriladi. Bu
haroratda jelatinning sezilarli agregatsiyasi sodir bo‘lmaydi, bu esa ogsilning eruvchanligini va tahlil gilish
uchun zarur bo‘lgan xususiyatlarini ta‘minlaydi. Ushbu boshqariladigan issiqlik bilan ishlov berish,
namunalardagi jelatin miqdorini aniqlash va tavsiflashga ta‘sir qilishi mumkin bo‘lgan agregatlarning
shakllanishiga yo‘l qo‘ymaslik uchun zarurdir [7]. Namunalar tasodifiy cho‘chqa jelatini 0% dan 100%
gacha bo‘lgan konsentratsiyalarda (w/w) qo‘shish orqali tayyorlandi. Nagshli va tiklanmagan namunalar
tadqiqotning noto‘g‘riligiga yo‘l qo‘ymaslik uchun ehtiyotkorlik bilan tahlil qilindi. Barcha namunalar 40 °C
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da 20 mg/ml konsentratsiyaga qadar iliq suvda eritildi va 15 daqiqa davomida o‘tirishga ruxsat berildi.
Keyinchalik, 100 ml eritilgan namunaga 400 pl etanol qo‘shildi. Shuningdek, 100 ul suv va 400 ul etanoldan
iborat bo‘sh namuna ham tahlil qilindi. Namunalarning olingan spektrlari bo‘sh ATR-FTIR spektridan
chiqarildi. Bizning o‘lchash texnikamizning to‘g‘riligini baholash uchun turli xil tikilgan va qo‘shilmagan
konfet namunalarining, shuningdek, sof jelatin namunalarining tiklanish tezligi aniglanadi. Har bir namuna
uchun o‘lchangan foizlar va tiklanish stavkalari umumlashtiriladi. 1-jadval.

1-jadval.
Cho‘chqa go‘shti jelatinining turli konsentratsiyasi bilan to‘ldirilgan yumshoq sigir jelatinli
konfet namunalarining miqdoriy natijalari

Namuna turi Jelatinning O‘lchangan % | Haqiqiy % | Tiklanish %
miqgdori

Qo‘shilmagan konfet namuna 1 0.71 -1.14 0 -
Qo‘shilmagan konfet namuna 2 0.11 —4.25 0 -
Qo‘shilmagan konfet namuna 3 0.26 —3.45 0 -
Qo‘shilmagan konfet namuna 4 0.5 -2.16 0 -
Qo‘shilmagan konfet namuna 5 1.22 1.54 0 -
Qo‘shilgan konfet namuna 1 16.72 80.96 80 101.22
Qo‘shilgan konfet namuna 2 0.97 0.26 0.5 50.04
Qo‘shilgan konfet namuna 3 1.67 3.85 4 96.61
Qo‘shilgan konfet namuna 4 3.83 14.82 15 98.72
Qo‘shilgan konfet namuna 5 2.89 10.12 10 100.86
Qo‘shilmagan konfet namuna 6 0.66 -1.36 0 -
Qo‘shilgan konfet namuna 6 1.705 4.02 4 100.28
Sof goramol jelatini 0.98 0.32 0 60.33
Qo‘shilgan konfet namuna 7 1.73 4.14 4 103.65
Qo‘shilgan konfet namuna 8 151 3.01 3 100.63
Qo‘shilmagan konfet namuna 7 0.37 —2.84 0 -
Qo‘shilgan konfet namuna 8 19 5.05 5 100.4
Sof qoramol jelatini 0.99 0.36 0 -
Qo‘shilgan konfet namuna 9 1.09 0.87 1 86.55
Sof cho‘chqga jelatini 20.02 97.9 100 97.88

Barcha to‘qilgan konfet namunalari salbiy o‘lchangan foizlarni ko‘rsatdi, bu usul bu namunalarda
hech ganday tahliliy moddani aniglamaganligini tasdigladi. Bu natijalar aniglanmagan namunalar 0% ga
yaqin ko‘rsatkichlarni berishi kerakligi haqidagi taxminlarga mos keladi, bu esa asosiy o‘lchovning to‘g‘ri
ishlayotganini ko‘rsatadi. Tiklangan namunalar uchun tiklanish stavkalari 50,05% dan 103,69% gacha bo‘lib,
bu usul qo‘shilgan analitni aniqlashda yaxshi natijalar berishini ko‘rsatadi. Shunisi e‘tiborga loyigki,
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konsentratsiyasi 3% dan yuqori bo‘lgan namunalar uchun 100% dan yugqori tiklanish tezligi o‘lchashning
aniqligini ko‘rsatadi. Aksincha, konsentratsiyasi 1% dan past bo‘lgan tiklangan namuna uchun 50,05% past
tiklanish darajasi usul sezgirligi yoki matritsa effektlari bilan bog‘liq potentsial muammolarni ko‘rsatadi.
Ushbu nomuvofiglik aniqlashning pastki chegarasiga yaqinlashadigan namunalar uchun qo‘shimcha
optimallashtirish zarurligini ta‘kidlaydi. Bundan tashqari, o‘lchangan foiz 97,89% va sof cho‘chga jelatini
uchun mos ravishda 97,89% tiklanish ushbu matritsada usulning ajoyib ishlashini ko‘rsatadi. Biroq, bu usul
qoramol jelatinining tozaligini baholash uchun qo‘llanilishi mumkin bo‘lsa-da, sigir jelatinining migdorini
aniq aniglash uchun mos emas.

Xulosa. Ushbu tadgigotda UPLC-QTOF va ATR-FTIR spekroskopiyasi yordamida goramol va
cho‘chqa go‘shti jelatinini farqlash va miqdorini aniglash o‘rganildi. Jelatin manbalarining autentifikatsiyasi
parhez va axlogiy jihatlardan ahamiyatga ega. UPLC-QTOF usuli sof qoramol va cho‘chqa jelatinlari uchun
alohida ionlarni aniqladi, ammo aralash jelatinlar bilan bog‘liq muammolar mavjud edi. ATR-FTIR usuli esa
etanolning amid bantlariga ta’sirini o‘rganish orqali jelatin ifloslanishini aniglashda yuqori aniqlik ko‘rsatdi,
bu usul 0,85 mg/100 mg dan 2,85 mg/100 mg gacha aniglash chegaralari bilan kuchli chizigli korrelyatsiyani
ta’minladi. Natijalar, shuningdek, cho‘chqa go‘shti jelatinini halal konfetlarda muvaffaqiyatli aniqlash
imkoniyatlarini ko‘rsatdi. Ushbu tadqiqot, jelatin manbalarini aniglash uchun yangi va samarali usullarni
tagdim etadi, bu esa 0zig-ovqat xavfsizligini ta’minlashda muhimdir.
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TARKIBIDA KISLOTA BO‘YOQLARI MAVJUD TO‘QIMACHILIK OQAVA
SUVLARINI TOZALASHDA ELEKTROKOAGULYATSIYA JARAYONLARINING
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Annotatsiya. Ushbu tadgiqot elektrokoagulyatsiya jarayonidan foydalangan holda sintetik rangli
ogava suvdan namunaviy bo’yoq bo’lgan Qizil kislota 73 ni olib tashlashni o’rganadi. Asosiy operatsion
parametrlarning, masalan, ogim zichligi, reaksiya vaqti, dastlabki bo’yoq konsentratsiyasi, elektrolitlar
konsentratsiyasi, pH va koagulant sifatida polialyuminiy xlorid (PAX) qo’shilishi - bo’yogni olib tashlash
samaradorligiga ta’siri o’rganildi. Optimal sharoitlarda davolanish narxi ham baholandi. Natijalar shuni
ko rsatdiki, elektrokoagulyatsiya boyoqning 99% ni samarali ravishda olib tashladi va kimyoviy kislorodga
bo’lgan talabni (KKBT) 88% ga kamaytirdi. PAX dan foydalanish jarayon samaradorligini sezilarli
darajada oshirdi, davolash vagqtini qisqartirdi va xarajatlarni kamaytirdi. Umuman olganda,
elektrokoagulyatsiya rangli ogava suvdan kislotali bo’yoqlarni olib tashlashning samarali, tez va tejamkor
usuli bo’lib chiqdi.

Kalit so’zlar: elektrokoagulyatsiya, qizil kislota 73, bo’yoglarni olib tashlash, oqava suviarni
tozalash, polialyuminiy xlorid (PAX), , kimyoviy kislorodga bo’lgan talab (KKBT), operatsion parametrlar,
ogava suvlarni tozalash texnologiyalari, tezkor tozalash, koagulyant samaradorligi.

3HAYEHHME ITPOLHECCOB 3JIEKTPOKOATI'YJIAIIUU ITPU OYUCTKE TEKCTHJIBHBIX
CTOYHBIX BOJl, COAEP KAIINX KUCJIOTHBIE KPACUTEJIN

Annomauvusa. /[launoe uccneooganue uzyuaem yoaienue KpAacHou KUCIomul 73, munogo2o Kpacumess,
U3 CUHMeEMU4ecKU OKPAULEHHbIX CMOYHLIX 800 C UCNOAb308AHUEM HNpoyecca saekmpokoazynayuu. buiio
U3VUEHO BNUAHUE OCHOBHLIX ONEPAYUOHHBIX NAPAMEmpos, MAKUX KaK NJIOMHOCMb MOKA, 8PeMs peakyuu,
UCXOOHAsl KOHYEHMpPayus Kpacumens, KOHYeHmpayus snekmpoaumos, pH u Oobasenenue noauaniomunus
xnopuoa (I14X) 6 kauecmee Koazynauma Ha 3¢ekmuenocms yoanenus kpacumens. Taxoce Oviia oyenena
cmoumocms  00pabomKu 6 ONMUMANLHBIX YCo8usax. Pesynomamul noxasanu, umo snekmpokoazynayust
aghgpexmueno yoansem 99% xpacumens u chudxcaem xumuueckoe nompednenue kuciopooa (XIIK) na 88%.
Hcnonvzosanue I1AX 3nauumensro nogeicuno s@gexmuenocmes npoyecca, COKpamuio epems oopadbomxu u
CHU3UNO 3ampamul. B yenom snexmpokoacynsiyua okazanace s¢hgpexmusnvim, ObicmpbiM U IKOHOMUUHBIM
€nocoboM yOaneHus: KUCIOMHbIX Kpacumeinell U3 Y8emuvlx CIo4HbIX 800.

Knioueswvie cnoea: snexmpokoazynayus, Kpacmas kucioma 73, yoanenue Kpacumens, OYUCMKA
cmounvlx 600, noauamomunuiixaopuo  (IIAX), xumuueckoe nompebaenue  kuciopooa (XIIK),
IKCNIYAMAYUOHHBIE — NAPAMEMPbL,  MEXHOA02UU — OYUCIKU — CMOYHbIX 800,  ObICMpas — O4uUCmKa,
aghghexmuernocmo Koa2yisiHma.

THE IMPORTANCE OF ELECTROCOAGULATION PROCESSES IN THE TREATMENT
OF TEXTILE WASTEWATER CONTAINING ACID DYES

Abstract. This study explores the removal of Acid Red 73, a model dye, from synthetic colored
wastewater using the electrocoagulation process. The effects of key operational parameters—such as current
density, reaction time, initial dye concentration, electrolyte concentration, pH, and the addition of
polyaluminum chloride (PAC) as a coagulant—on dye removal efficiency were investigated. The treatment
cost at optimal conditions was also assessed. Results demonstrated that electrocoagulation effectively
removed 99% of the dye and reduced chemical oxygen demand (COD) by 88%. The use of PAC significantly
enhanced process efficiency, reduced treatment time, and lowered costs. Overall, electrocoagulation proved
to be an efficient, rapid, and cost-effective method for removing acid dyes from colored wastewater.
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Keywords: electrocoagulation, acid red 73, dye removal, wastewater treatment, polyaluminum
chloride (PAC), chemical oxygen demand (COD), operational parameters, wastewater treatment
technologies, rapid treatment, coagulant efficiency.

Kirish. Ba’zi sanoat tarmoqlari, shu jumladan, to’gimachilik, qog’oz va ba’zi plastmassalar, bo’yoqlar
va suvdan sezilarli darajada foydalanish tufayli katta hajmdagi rangli ogava suvlarning shakllanishiga
sezilarli hissa qo’shadi. Bo’yoqglar ko’pincha chigindi suvda birinchi ko’rinadigan ifloslantiruvchi
hisoblanadi va suvda bo’yoqlarning targalishi ham sezilarli darajada yugori. Ushbu rangli ifloslantiruvchi
moddalarni olib tashlash atrof-muhitni muhofaza qgilish va ularning atrof-muhitga ta’sirini kamaytirish uchun
katta ahamiyatga ega. Bo’yoqlar va rang beruvchi moddalar natijasida hosil bo’lgan ogava suvlarning tabiiy
suv havzalari va kanalizatsiya tizimlariga, ba’zi hollarda ochiq suv havzalariga ogizilishi atrof-muhitga katta
zarar etkazadi. Xususan, bu ko’plab bo’yoglar va ularning go’shimcha mahsulotlarining toksikligi,
mutagenligi va bioakkumulyatsiya salohiyati bilan bog’lig. Ular tirik organizmlar uchun katta xavf
tug’diradi. Oldingi tadgigotlar shuni ko’rsatdiki, fuchsine yoki rosanilin gidroxloridi deb nomlanuvchi,
shuningdek, auramin va uning hosilalari kabi ba’zi bo’yoqglar odamlar va boshga tirik organizmlar, masalan,
siydik pufagi saratoni va xromosoma anomaliyalari kabi jiddiy sog’lig muammolariga olib keladi. Misol
uchun, Red 73 kislotasi gondagi ogsillarning yarmidan ko’pini tashkil etuvchi, fiziologik funktsiyalarni
buzadigan va toksik va allergik ta’sirlarni keltirib chigaradigan sarum albumin kabi ogsillarga bog’lanishi
aniglandi. Ushbu muammolarni bartaraf etish uchun ogava suvlarni elektrokimyoviy tozalashning turli
usullari foydalanish qulayligi, suvdan bo’yoglarni olib tashlash jarayonida yuqori samaradorlik va Katta
kimyoviy qo’shimchalarga minimal ehtiyoj kabi ko’plab afzalliklari tufayli e’tiborni tortdi. Ular,
shuningdek, davolash jarayonida past loy hosil bo’lishiga olib keladi. Elektrokimyoviy jarayonlar ogava
suvlardan turli xil ifloslantiruvchi moddalarni, masalan, yog’lar, KKBT, og’ir metallar va boshqgalarni olib
tashlash uchun samarali go’llanilgan. Bularga simob, nitratlar, fosfatlar, mishyak, tabiiy organik moddalar va
bo’yoqglar kiradi. Ular orasida elektrokoagulyatsiya keng o’rganilgan usul bo’lib, elektrodlar jarayon
davomida eriydi, eritma ichiga temir yoki alyuminiy kabi metall ionlarini chigaradi. Bu ionlar eriydigan
ifloslantiruvchi moddalarning zaryadini neytrallaydi, metall gidroksid koagulantlarini hosil giladi, ular
cho’kma hosil gilib, ifloslantiruvchi moddalarni adsorbsiyalaydi va ularning ajralishini osonlashtiradi.

Shu munosabat bilan, an’anaviy elektrokoagulyatsiya jarayonlari yordamida rangli ogava suvlardan
keng targalgan sintetik bo’yoq bo’lgan qizil kislota 73 ni olib tashlash giyin bo’lib golmoqgda. Xususan,
ushbu tadgigot sintetik bo’yoqli ogava suvdan qizil kislota 73 ni olib tashlash uchun elektrokoagulyatsiya
samaradorligini o’rganadi va tozalash samaradorligini oshirish uchun asosiy ish parametrlarini
umumiylashtirishga qaratilgan. Joriy usul zichlik, reaksiya vaqti, dastlabki bo’yoq konsentratsiyasi,
elektrolitlar konsentratsiyasi, pH va koagulyant sifatida polialyuminiy xlorid (PAX) dan foydalanishning

umumiy bo’yoglarni olib tashlash
0 H samaradorligi va  jarayon

samaradorligiga ta’sirini baholash
N=N N=N O uchun tizimli ravishda baholandi.
Kirish gismidagi asosiy

. tushunchalarni o’z ichiga olgan
NaO,8 Q ushbu gayta Ko’rib chigilgan

versiya bo’yoqglarni olib

SO,Na tashlashning dolzarbligini,

elektrokimyoviy tozalash

usullarining afzalliklarini va Red

1- Rasm. Qizil Red 73 kislotaning kimyoviy tuzilishi 73 qizil kislotani olib tashlash

uchun elektrokoagulyatsiyadan

foydalanishning alohida dolzarbligini ta’kidlaydi. Ushbu yondashuv mavjud magolani boyitadi. Tadgigot

metodologiyasi va magsadlari uchun asos yaratish bilan birga kengroq atrof-muhit va sog’lig muammolarini
hal giladi.

Eksperimental gism. Materiallar. Tajriba gizil kislota 73 bo’yoq moddasidan foydalanilgan. Qizil
kislota 73 ning kimyoviy tuzilishi 1-rasmda keltirilgan. Xlorid kislotasi, sulfat kislota, natriy gidroksid,
natriy xlorid va boshqga zarur kimyoviy reagentlar turli kimyoviy reagentlar sotuvchi kompaniyalardan sotib
olingan. Amaldagi polialyuminiy xlorid(PAX), Al.Os va [Al.(OH)nCls-n-YH20]z kimyoviy formulasiga ega
bo’lib, tozaligi 35 + 0.5% bo’lgan yorgin sariq kukun shaklida mavjud. Bo’yoq konsentratsiyasi
spektrofotometrik usul yordamida 515 nm dalgada o’lchangan va "Suv va ogava suvlarni tekshirish uchun
standartlar usullari" kitobidagi metodga asosanlanib aniglanganligini ta’kidlashimiz mumkin [21]. PH
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darajasini sozlash uchun Ca(OH). va H.SO. ishlatilgan. Tajriba uchun 16 x 12 x 16 sm o’Ichamdagi kubik
shakliga ega idish tanlangan. Reaktorli jihozda anod sifatida ikki alyuminiy elektrod, katod sifatida esa ikKki
zanglamaydigan po’lat elektrod ishlatilgan. Har bir elektrodning o’lchamlari 12,2 sm (uzunligi), 11,8 sm
(kengligi) va 0,3 sm (qalinligi) bo’lgan.

Tajribalar. Tajriba boshlanishidan oldin, har bir elektrod orasidagi masofa 1,1 sm qilib belgilangan.
To’g’ri aralashtirish uchun elektrodlarning pastki gismi va reaktorning pastki gismi orasidagi masofa 2,1 sm
tashkil etgan. Elektrodlar monopolar ulanish rejimida sim orqali to’g’ridan to’g’ri ogim manbaiga ulangan.
Keyin reaktorga 2,5 litr sintetik ogava suv guyilgan, u bo’yoq bilan ranglangan. Tajribada ogim zichligi 3, 9,
13, 17 yoki 21 mA/cm? bo’yicha belgilangan va tajriba davomida kuchlanish o’zgarishlari muntazam
ravishda nazorat gilingan. Namunalardan 0, 5, 10, 20, 30, 40, 50 va 60 dagiga o’tgach olinib, santrifij gilindi
(4000-4100 rpm, 5 min) va tahlil gilindi. Elektrodlarning massasini aniglash uchun jarayondan oldin va
keyin elektrodlar ragamli tarozida o’lchandi. Har bir tajriba yakunida elektrodlar 30 dagiga davomida 1,5 ml
xlorid kislotasiga botirilib, plastik yuvish vositasi yordamida yuvildi, distillangan suv bilan yuvilib, quritildi.
Barcha tajribalar 27°C haroratda amalga oshirildi.

Natijalar va muhokamalar.  Alyuminiy elektrodlari  yordamida amalga  oshirilgan
elektrokoagulyatsiya jarayonida asosiy kimyoviy reaksiyalar anod va katod reaksiyalaridan iboratdir.

Anod reaksiyasi: Al - AP+ 3e”

Katod reaksiyasi: 2H.O +2¢~ — H> + 20H"

Elektrolytik anodning erishi natijasida hosil bo’ladigan uch valentli alyuminiy ionlari gidroliz
reaksiyalari orgali turli monomerik va polimerik tuzilmalarni hosil giladi. Ushbu reaksiyalar quyidagi tarzda
rivojlanadi:

o AI** + H:0 — AI(OH).* + H*
e AI(OH):* + H:0 — AI(OH):2* + H*
e Al(OH)%* + H:0 — AI(OH); + H*

Yugoridagi reaksiyalar mahsulotlari bilan birga, alyuminiyning trimerik va ko’p yadroli gidroliz
mahsulotlari, masalan, Alz(OH)z‘H, A|3(OH)45+, Als(OH)153+, A|7(OH)174+, Va A|1304(OH)247+ ham hosil
bo’lishi mumkin. Ushbu katyonik gidroliz mahsulotlari gidroksil ionlari bilan reaksiyaga kirishib, amorf va
erimaydigan Al(OH)s; ga aylanadi. Bu gidroksid moddalar ifloslantiruvchi moddalarni cho’kib olib, ular
eritmadan samarali ravishda olib tashlanishini ko’rsatadi.

Elektrokoagulyatsiya jarayonida ifloslantiruvchi moddalar ikki asosiy mexanizm orgali olib tashlanadi
[22]:

1. Eruvchan ifleslantiruvchi moddalarni neytrallash: Manfiy zaryadga ega bo’lgan Kolloidlar,
gidroliz mahsulotlarining katyonlari bilan neytrallashadi.

2. Che’kindi gidroksidida kolleidlarning tutilishi (supurib flokulyatsiya): Kolloidlar gidroksidlar
yordamida tutiladi va cho’kib chigadi, bu esa ular bartaraf etilishini ta’minlaydi.

100 4
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2-rasm. Oqova suv zichligining ta’siri (mA/sm?) bo’yoqni olib tashlashda samaradorlik (bo’yoq
konsentratsiyasi: 100 mg, pH: 7, elektrolitlar konsentratsiyasi: 1000 mg/l).
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OQova suvning zichligining be’yoqni yo’gqotish samaradorligiga ta’siri. Ogova suvning zichligi
elektrokoagulyatsiya jarayonining samaradorligiga sezilarli darajada ta’sir qiladi, chunki u koagulyant
dozasini belgilaydi. Tajriba natijalari (2-rasm) shuni ko’rsatdiki, ogim zichligini 2 dan 20 mA/cm? gacha
oshirish bo’yoqni olib tashlash samaradorligini 74,26% dan 99,8% gacha oshiradi, 60-65 dagiga davomida.
Ogim zichligi va jarayon vaqtini oshirish orqgali anod reaksiyasi tezlashadi, eritma tarkibidagi koagulyantlar
ko’payadi, natijada gidroksid mahsulotlari ham ko’payadi.

Energiyani sarflash jihatidan, 60 dagiga davomida turli ogim zichliklarida (2, 8, 12, 16, 20 mA/cm?)
energiya iste’moli 0,35, 3,5, 7,27, 12,05 va 18,02 kWh/m? tozalangan ogava suv uchun gayd etilgan. Boshga
tomondan, ogim zichligining oshishi vodorod pufakchalarining ishlab chiqarilishini ko’paytiradi, ammo
ularning hajmi kamayadi, bu esa flotatsiya orqali ifloslantiruvchi moddalarni olib tashlash samaradorligini
oshiradi [23, 24].

Awvalgi tadgiqotlar ko’rsatishicha, elektrokoagulyatsiya jarayonida ogim zichligini 25-35 mA/cm?
gacha oshirish, 90 dagiqgalik davrda (KKBT) (kimyoviy kislorod talabi) ni olib tashlash samaradorligini 70%
dan 94,5% gacha oshirish mumkin [23].

Boshlang’ich pH ning jarayonning berishiga ta’siri. Boshlang’ich pH ning bo’yoglarni olib tashlash
samaradorligiga ta’siri 3-rasmda ko’rsatilgan. Elektrokoagulyatsiya jarayonida, pH giymatiga qarab,
Al(OH)s birikmalarining turli xillari shakllanadi, bu esa jarayonning samaradorligini belgilaydi. pH darajasi
asosan quyidagi bosgichlarda o’zgaradi:

100 4
> Hozirgi
- 801 (mAcm?)
8
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2 —— 4
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3-rasm. Boshlang’ich pH ning bo’yoqlarni olib tashlash samaradorligiga ta’siri (Oqim zichligi:
16.05 mA/sm?bo’yoq konsentratsiyasi: 55 mg/L, elektrolitlar konsentratsiyasi: 1000 mg/l)

e pH < 4.1: Alyuminiyning katyonik monomerik shakllari, masalan, AI(H.0)s**, dominant bo’ladi.

e pH 5.3 - 8.7: Polimerik shakllar va erimaydigan AI(OH)s dominant bo’ladi.

e pH > 9.1: AI(OH)4~ dominant tur bo’lib, pH > 10.1 bo’lganda fagat AI(OH)a~ shakli mavjud bo’ladi
[23].

Sedimentatsiya va adsorbsiya pH giymatiga bog’liq holda ifloslantiruvchi moddalarni olib
tashlashning asosiy mexanizmlari sifatida o’rganilgan. Sedimentatsiya past pH giymatlarida dominant
meXanizm bo’lsa, adsorbtsiya pH > 6.7 da asosiy jarayon sifatida ishlaydi [25].

Sedimentatsiya: pH 4.2 - 5.2 oralig’ida ifloslantiruvchi moddalar zaryadlari neytrallanishi va cho’kish
jarayoniga asoslanadi. Bo’yogning alyuminiy monomerik turlari bilan reaksiyasi, masalan, AI(OH)." yoki
Al(OH)s**, bo’yoqni to’plab, cho’kindi moddalarni hosil giladi:

Bo’yoq + monomeric Al —= {Bo’yoq + monomeric Al}s

Adsorbtsiya: pH 6 dan yuqori bo’lsa, bo’yoq molekulalari AI(OH)s flokulyantlarida adsorbsiya
gilinadi va suyuqlikdagi zarralar bilan birga hosil bo’ladi:

zarralar: Bo'yoq + Al(OH)s¢) — [zarrachal
[Bo'yog + polimer All 5+ AI(OH)3s) — [zarrachal

Al(OH)s flokulyantlarining yuzasi erigan moddalarni, organik birikmalarni yoki kolloid zarralarni
o’ziga tortishi mumkin. Bu zarralar cho’kindi hosil gilib, ular flotatsiya yoki elektrokoagulyatsiya jarayoni
orgali eritmadan ajratiladi va olib tashlanadi.

Elektrolitlar konsentratsiyasining ranglarni olib tashlash samaradorligiga ta’siri.
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Namunaning elektr o’tkazuvchanligiga elektrolitning gandayligiga va konsentratsiyasiga ham ta’sir
giladi. Elektrokimyoviy jarayonlarda natriy xlorid (NaCl) yuqori o’tkazuvchanligi, yaxshi eritma muhitini
hosil giluvchanligi, tannarx jihatdan arzonligi va past zaharliligi tufayli elektrolit sifatida keng go’llaniladi.
Bundan tashqari, jarayon davomida hosil bo’lgan CI oksidlovchi bo’lib, atrof-muhitning pH giymatiga
sezilarli ta’sir gilmasdan olib tashlashga yordam beradi [14,26].

Natriy xlorid eriganda, Xxlorid ionlari eritmaga chigariladi. Ushbu xlorid ionlari gipoxlorit ionlari kabi
faol xlor turlarini hosil gilish uchun anodda oksidlanishi mumkin. Cl ning bu faol shakllari rang
molekulalarini oksidlashi mumkin, bu esa ranglarni olib tashlashning umumiy samaradorligini oshiradi.

Elektrolitlar konsentratsiyasi elektrokoagulyatsiya jarayonining samaradorligiga ganday ta’sir gilishini
o’rganish uchun ushbu tadgiqotda natriy xlorid ishlatilgan. “4-rasmda Kko’rsatilganidek.”, elektrolitlar
konsentratsiyasi 500-550 mg/L dan 1500 -1550 mg/L gacha ko’tarilishi bilan ranglarni olib tashlash jadalligi
bir muncha pasaydi.

100 A
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4-rasm. Elektrolitlar konsentratsiyasining (mg/L) bo’yoqga ta’siri, olib tashlash samaradorligi
(joriy zichlik: 16 mA / sm?, bo’yogkoensentratsiyasi: 50 mg/L, pH: 7).

Buni doimiy oqim zichligi bilan elektrolitlar konsentratsiyasining oshishi eritmaning elektr
o’tkazuvchanligini oshirishi bilan maqullanandi, bu esa o’z navbatida eritmaning garshiligini kamaytiradi.
Natijada elektrokimyoviy hujayradagi kuchlanish pasayadi [26]. Bu kuchlanishning pasayishi energiya
sarfini kamaytiradi va flokulyant ishlab chigarishni kamaytiradi, natijada ranglarni olib tashlash jadalligini
pasaytiradi.

Natijalar shuni ko’rsatdiki, tozalashning 55-60 dagiqgasi davomida turli elektrolitlar konsentratsiyasida
energiya iste’moli quyidagicha bo’lgan: 500-550 mg/l tozalangan rangli ogava suvning bir kubometri uchun
19,7-19.8 kVt/soat, 1000-1100 mg/l da 12,1 kVt/soat va 9.5 kVt/soat. h 1550 mg/l bo’ladi. Elektrolitlarning
yugori konsentratsiyasi elektrodlarning me’yoridan tashgari iste’mol qgilinishiga olib kelishi mumkin va bu
elektrodlarning yuzasiga zarar etkazishi mumkin [26].

Igtisediy tahlil. Turli ishlab chigarish sanoatlarida yani to’qimachilik sanoatidagi rangli ogova
suvlardagi chigindilarni (bo’yoglarni) tozalash usulini tanlashda jarayon xarajatlari hal giluvchi omil
hisoblanadi. Elektrokoagulyatsiya jarayonida operatsion xarajatlarga ta’sir qiluvchi ikkita asosiy omil - bu
elektr energiyasini iste’mol qilish va ishlatiladigan metall miqdori. Ushbu tadgigotda biz fagat
elektrokoagulyatsiya uchun va 98.9 % bo’yoqglarni olib tashlash samaradorligiga erishish uchun
elektrokoagulyatsiya bilan bir gatorda polialyuminiy xlorid (qo’shimcha koagulyant) ishlatilganda ushbu ikki
parametrning Xarajatlarini ko’rib chiqdik.

Xarajatlarni hisoblash bir gancha chet davlatlardagi ximikatlar bilan shug’ullanuvchi fermalar
narxlariga asoslangan:

- Poli-alyuminiy xlorid: 0,60-0.65 AQSH dollor/kg

- Alyuminiy varaq: 3-3.1 AQSH dollor/kg

- Elektr energiyasi: 0,0773-0.0783 AQSh dollar/kVt/soat

Fagat elektrokoagulyatsiyadan foydalanganda, bo’yoqglarni 98.9% olib tashlash uchun zarur bo’lgan
energiya va metall iste’moli tozalangan ogava suvning har bir kubometri uchun mos ravishda 12,5-12.6 kVt
soat va 0,709-0.710 kg ni tashkil etdi. Biroq, har bir kubometr ogava suvga 0,1-0.12 kg dozada
polialyuminiy xlorid qo’shilganda, energiya sarfi 3,03-3.05 kVt / soatgacha, metall iste’moli esa 0,18-0.19
kg ga kamaydi.
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Bu shuni ko’rsatadiki, elektrokoagulyatsiya bilan birga yordamchi koagulantdan foydalanish chigindi
suvning har bir kubometri uchun tozalash xarajatlarini sezilarli darajada kamaytiradi.

Joriy samaradorlik. Hozirgi samaradorlik elektrokoagulyatsiya jarayonida elektrodlarning ishlash
muddatiga ta’sir qiluvchi asosiy omil hisoblanadi. Bu go’llaniladigan elektr toki asosida hisoblangan nazariy
migdorga nisbatan elektroddan gancha alyuminiy erishligini bilib olamiz.

Joriy samaradorlik quyidagi formula bo’yicha aniglanadi(16):

AMprp
¥
AMyhen

x 100

Bu yerda:

AM,,, - erigan alyuminiyning hagiqiy migdori (tajriba dozasi).

AM,;,, - erishi kerak bo’lgan alyuminiyning nazariy miqgdori.

Alyuminiyning nazariy erishini hisoblash uchun biz Faraday gonunidan foydalanamiz, bu tenglama
bilan ifodalanadi:

AP* nazariy =222

Bu yerda:

M- alyuminiyning molekulyar massasi (26,98 g/mol),

I- elektr toki (amperda),

t- reaksiya vaqti (sekundlarda),

Z- reaksiyada gatnashgan elektronlar soni (alyuminiy uchun 3 ta),

F- Faraday doimiysi (96 487 kulon/mol).

Ushbu tadgigotda alyuminiyning vazn yo’qotishini hisoblash uchun har bir tajribadan oldin va keyin
elektrodlarni tortish orqgali eksperimental alyuminiy dozasi aniglandi.

Natijalar shuni ko’rsatdiki, optimal ish sharoitida 15-17 dagigalik elektrokoagulyatsiyadan so’ng
haqgiqiy alyuminiy sarfii 2-2.5 litr ogava suv uchun 0,39 grammni tashkil etdi, nazariy giymat esa 0,339
grammni tashkil etdi. Bu 108% joriy samaradorlikni beradi. Nazariy jihatdan garaganda bir oz yuqori
alyuminiy iste’moli jarayon davomida anodning kimyoviy gidrolizlanishi bilan bog’liq bo’lishi mumkKin.

Elektrokoagulyatsiya paytida katodda hosil bo’lgan gidroksid ionlari anod va katodga ta’sir giladi, bu
esa go’shimcha alyuminiyning erishiga olib kelishi mumkin.

241 + 6H,0 + OH™ — 24I(0H)] + 3H,

Xulosa. Elektrokoagulyatsiya (EK) rangli oqava suvdan kislotali bo’yoqlarni olib tashlashning yuqori
samarali va tezkor usuli ekanligi isbotlangan. Bu jarayonga oqim zichligi, dastlabki pH, elektrolitlar
konsentratsiyasi, dastlabki bo’yoq konsentratsiyasi va qo’shimcha koagulyantdan foydalanish kabi bir
gancha asosiy omillar ta’sir ko’rsatdi. Ushbu omillar orasida polialuminiy xlorid kabi yordamchi
koagulyantdan foydalanish elektrokoagulyatsiya jarayonining samaradorligini sezilarli darajada
yaxshilaganligini ko’rsatdi.

Elektrokoagulyatsiyaning yordamchi koagulant bilan kombinatsiyasi nafaqat bo’yoqlarni olib tashlash
samaradorligini oshiribgina qolmay, balki energiya sarfini ham, ishlov berish uchun zarur bo’lgan metall
miqdorini ham kamaytirishga olib keldi. Resurs iste’molining bu kamayishi oxir-oqibat ogava suvlarni
tozalashning umumiy narxini pasaytiradi, bu usulni keng ko’lamli ilovalar uchun iqtisodiy jihatdan yanada
foydali giladi.

Oqim zichligi 16.1 mA/sm? elektrolitlar konsentratsiyasi 1000-1100 mg/L, boshlang’ich pH 6-7,
polialyuminiy xloridning dozasi 100 mg/l va davolash vaqti 15-16 daqiqani o’z ichiga olgan optimal ish
sharoitlarida, jarayon 99% bo’yoqlarni olib tashlashning ta’sirchan samaradorligiga va kimyoviy kislorodni
88% ga kamaytirishga erishdi. Talab (KKBT). Ushbu natijalar, aynigsa, kislotali bo’yoqlarni o’z ichiga
olgan rangli ogava suvlarni tozalash muammolarini samarali hal qilishda, aynigsa yordamchi koagulyantlar
bilan birlashganda, elektrokoagulyatsiyaning yuqori salohiyatini ta’kidlaydi.

Bundan tashqari, jarayon samaradorlik va barqarorlik o’rtasidagi muvozanatni ko’rsatdi. Energiyadan
foydalanish va metall iste’molining kamayishi elektrokoagulyatsiyani ko’pincha ko’p miqdorda kimyoviy
moddalarni talab qgiladigan va ko’proq chiqindilarni ishlab chiqaradigan an’anaviy oqava suvlarni tozalash
usullariga nisbatan ekologik jihatdan qulayroq mugqobil qiladi.

Xulosa qilib aytganda, elektrokoagulyatsiya, aynigsa yordamchi koagulyantlar bilan kuchaytirilganda,
kislotali bo’yoqlarni 0’z ichiga olgan oqava suvlarni tozalash uchun istigbolli va samarali yechimdir. Resurs
sarfini minimallashtirish bilan birga ifloslantiruvchi moddalarni yuqori darajada olib tashlash qobiliyati
ushbu usulni sanoat va shahar ogava suvlarini tozalash dasturlari uchun raqobatbardosh variantga aylantiradi.
Kelajakdagi tadqiqotlar jarayon parametrlarini yanada optimallashtirish va ifloslantiruvchi moddalar
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konsentratsiyasi har xil bo’lgan har xil turdagi oqava suvlar uchun miqyoslanishini o’rganishga qaratilgan
bo’lishi mumkin.
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NIKEL NANOKATALIZATORLARINING NOTEKIS PERILEN MOLEKULALARI
KLASTERLANISHIGA TA’SIRI

Xusanova Dilfuza Xushbakovna,

O zbekiston Respublikasi Fanlar Akademiyasi,
lon-Plazma va lazer texnologiyalari Instituti tadgigotchisi
dilfuzahusanova75@gmail.com

Annotatsiya. Perilen asosidagi organik nanokristallarni sintez gilishda, molekulalarning o ‘z-o ‘zidan
yig ‘ilishi va klasterlanishi kabi dastlabki bosqichlar muhim ahamiyatga ega. Ushbu jarayonlarni chuqurrog
tushunish uchun molekulyar dinamika modellashtirishlari yordamida DEZJUN va RAHSAU perilen
molekulalarining klasterlanishiga Ni katalizatorining ta’siri o ‘rganildi. Natijalar shuni ko ‘rsatdiki,
katalizator molekulalararo o ‘zaro ta’sirlarga (m-m o ‘zaro ta’sirlar, vodorod bog ‘lari va boshqalar) ta’sir
qilib, klasterlanish tezligini o‘zgartiradi. DEZJUN molekulalari RAHSAU molekulalariga nisbatan tezroq
klasterlansa ham, katalizator sirtidagi nikel atomlari bilan molekulalardagi kislorod atomlari orasidagi d-z
o ‘zaro ta’sirlar tufayli katalizator ikkala holatda ham klasterlanish tezligini pasaytiradi. Undan tashqari,
RAHSAU dimerlari DEZJUN dimerlariga nisbatan bargarorroq ekanligi aniglandi. Ushbu natijalar organik
elektronika, sensorlar va quyosh batareyalari kabi sohalarda qgo ‘llaniladigan perilen asosidagi materiallarni
ishlab chigishda muhim ahamiyatga ega.

Kalit so‘zlar: perilen, nukleatsiya, kataliz, molekulyar dinamika, klasterlanish, z-z o zaro ta’sir,
vodorod bog ‘lari, d-r o ‘zaro ta sir.

BJIMAHUE HUKEJEBBIX HAHOKATAJIM3ATOPOB HA KIIACTEPU3AIIMIO
HEIIVIOCKHUX MOJIEKYJI IIEPUJIEHA

Annomauusa. B cunmese opeanuueckux HAHOKPUCMALIO8 HA OCHOGe NEPUNEeHA HAYATbHble CAOUU,
maxue KaxK MOAeKYIAPHAS camMocOopKa U Kiacmepusayus, uspaom Kuouesyro poib. [lus boaee 21y00Kkozo
NOHUMAHUSL IIMUX NPOYECCO8 ObLIO UCHOTL30BAHO MOOEIUPOBAHUE MEMOOOM MONEKVIAPHOU OUHAMUKY O
U3YYeHU GAUAHUA HUKELEe8blX KAmaiu3amopos8 Ha Kiacmepuzayuio nepunenosvix monexkyir DEZJUN u
RAHSAU. Pesynvmamul noKazamu, 4mo KAMAIu3amop GIusiem Had MeICMONEKVISAPHbIE 83aUMO0eliCTNEUs
(Hanpumep, T 3AUMOOEUCMBUS, B8000POOHbIe C8a3U U Op.), U3MEHSA CKOPOCMb KIACMeEPU3ayuil.
Hecmompss na mo, umo monexynot DEZJUN xnacmepusyromes oOvicmpee, uem monexyivl RAHSAU,
Kamanuzamop CHudcAem CKOpOCMb KIACMepu3ayuu 8 000ux Cayuasx us-3d d-w 83aumooeticmeuil Mexicoy
amomamu KUCIopood 8 MOAEKYLax U amomMamu HUKels Ha nosepxHocmu kamaausamopa. Kpome moeo, 6vino
yemanoéneno, umo oumepvl RAHSAU obaadaiom bonvuel cmaduibHOCHblo N0 CPAGHEHUI0 ¢ OUMEPAMU
DEZJUN. Dmu pe3yromamvl umerom 60avuioe sHavenue 05t pa3pabomky Mamepuaios Ha OCHO8e Nepuiend,
NPUMEHACMBIX 8 OP2AHUYECKOU 9NeKMPOHUKE, CEHCOPAX U CONHEYHbIX bamapesix.

Knrouegvle cnosa: nepunen, HyKieayus, Kamanius, MONEKYJIAPHAS OUHAMUKA, KIACMepu3ayus, T-T
83aUMO0eCMEUst, 6000POOHbBIE C83U, d-TL 63aUMOOCUCMBUS.

THE EFFECT OF NICKEL NANOCATALYSTS ON THE CLUSTERING OF NON-FLAT
PERYLENE MOLECULES

Abstract. In the synthesis of perylene-based organic nanocrystals, initial stages such as molecular
self-assembly and clustering play a crucial role. To gain deeper insights into these processes, molecular
dynamics simulations were used to study the effect of Ni catalysts on the clustering of DEZJUN and
RAHSAU perylene molecules. The results showed that the catalyst influences intermolecular interactions
(e.g., =-7 interactions, hydrogen bonds, etc.), altering the clustering rate. Although DEZJUN molecules
cluster faster than RAHSAU molecules, the catalyst reduces the clustering rate in both cases due to d-z
interactions between oxygen atoms in the molecules and nickel atoms on the catalyst surface. Additionally,
RAHSAU dimers were found to be more stable compared to DEZJUN dimers. These findings are significant
for the development of perylene-based materials used in fields such as organic electronics, sensors, and
solar cells.

Keywords: perylene, nucleation, catalysis, molecular dynamics, clustering, z-z interactions, hydrogen
bonds, d-z interactions.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 108

https://buxdu.uz


mailto:dilfuzahusanova75@gmail.com

CHEMISTRY

Kirish. Zamonaviy texnologiyalar rivojlanishi bilan nanomateriallarning ahamiyati sezilarli darajada
ortmoqda. Aynigsa, organik uglerod nanokristallari yuqori darajadagi funktsional materiallar sifatida ilmiy
hamjamiyatning diggat markazida turibdi [1]. Ushbu materiallarning organik elektronika, biologik tasvirlash,
dori tashish va energetika kabi sohalardagi keng qo‘llanilishi ularning o‘sish mexanizmlarini aniqlashni
muhim ilmiy vazifa sifatida belgilaydi [2-4]. Perilen molekulasi va uning hosilalari zamonaviy
texnologiyalarda, xususan, fotonika [1, 5], organik yarim o‘tkazuvchilar [6] va quyosh batareyalari [7, 8]
uchun asosiy qurilish bloklari sifatida muhim ahamiyatga ega. Ushbu molekulalarning samaradorligini
oshirish magsadida geometrik moslashuvchanlik va elektrofizikaviy xususiyatlarni yaxshilashga garatilgan
strukturaviy modifikatsiyalar o‘rganilmoqda. Shu nuqtai nazardan, notekis perilen oilasiga mansub
molekulalar, xususan, Cx2Hss (anti-bishomoperylen) va C22H1.0; (syn-3a(12c), 9a(9b)-dihomoperylene-3,10-
dione), uglerod nanostrukturalarining sintezida istigbolli nomzodlar sifatida qiziqish uyg‘otmoqda [9, 10].
Shuning uchun, ulardan iborat organik nanokristallar sintezini boshgarish dolzarb mavzulardan biriga
aylanmoqda [11]. Shunga qaramay, sintezni boshqarish ushbu jarayonlarni to‘liq tushunish va bu esa o‘z
navbatida nukleatsiya bosqgichini o‘rganishn taqozo etmoqda [12]. Oxirgi olib borilgan tadgigotlar esa ushbu
jarayon nuleatsiyaoldi jarayonlarni tushunishni talab etsada [13], bu mavzuda o‘rganishlar hali yetarli emas.
Mazkur tadgiqotda reaktiv molekulyar dinamikadan foydalanilib, notekis perilen molekulalari - Cx2His va
C2H140 ning katalitik klaster hosil bo‘lish (nukeatsiyaoldi) jarayonlari hamda ushbu molekulalarning
klasterlanishida nikel katalizator nanozarrasining roli o‘rganiladi.

Modellashtirish usuli va tafsilotlari. Ushbu tadgigotda, organik nanokristallar (ONK) o°‘sishini
o‘rganish uchun ikkita notekis perilen molekulasi - C22H16 (anti-bishomoperylen) va C22H1:0, (syn-3a(12c),
9a(9b)-dihomoperylene-3,10-dione) tanlab olindi (1-rasm). Ularning molekulyar strukturalari Cambridge
Structural Database (CSD) ma’lumotlar bazasida tegishli kodlar orgali aniqlangan Soddalashtirish
magsadida, DEZJUN va RAHSAU nomlari mos ravishda C2,His va C22H1402 molekulalarini ifodalash uchun
ishlatilgan bo‘lib, ularning shakllari mos ravishda la va 1b-rasmlarda keltirilgan. DEZJUN molekulasi
o‘zining “anti-“ konfiguratsiyasi bilan boshqa perilen hosilalaridan farq qilib, yig‘ilish kinetikasi va
energetik xususiyatlarni o‘rganish uchun ideal model hisoblanadi (1a-rasm) [9]. DEZJUN molekulasi
o‘zining markaziy oltita a’zoli halqasi bilan tekis “kreslo” shaklidagi konformatsiyaga ega bo‘lib, kristall
ichida molekulalarning yaqin joylashishiga imkon beradi. Ushbu yaqin joylashuv molekulalararo o‘zaro
ta’sirlarni, masalan, zaryad o‘tishi yoki m-elektron o‘zaro ta’sirlarini kuchaytiradi. Bunday xususiyatlar
organik gattig moddalarning makroskopik fizikaviy va kimyoviy xususiyatlari uchun muhim ahamiyat kasb
etadi. RAHSAU molekulasi “syn-" konfiguratsiyaga ega bo‘lib, uning strukturaviy bargarorligi va o‘zaro
ta’sir energiyalari batafsil tahlilni talab giladi (1b-rasm) [10]. RAHSAU molekulasining aromatik yadrosiga
ikkita kislorod atomining kiritilishi uning elektron taqsimoti va reaktivligini sezilarli darajada o‘zgartiradi.
Bu kislorod atomlari aromatik tizim bilan konjugatsiyaga ega bo‘lib, m-elektron tizimiga ta’sir
ko‘rsatadi.Modellashtirish jarayonlarida katalizator sifatida 1c-rasmda tasvirlangan Niss katalizator
nanozarrasi tanlandi. Niss nanozarrasi diameter taxminan 1 nm atrofida bo’lib, struktura amorf hisoblanadi.

C22H140;

1-rasm. Notekis perilen molekulalari, ya’ni (a) DEZJUN (CxH16) va (b) RAHSAU (C22H1407)
hamda (c) Niss katalizator nanozarrasi. Molekulalarda C, H, O va Niss atomlari mos ravishda kulrang,
ko‘k, qizil va yashil ranglarda tasvirlangan

Tizimdagi atomlar orasidagi o‘zaro ta’sirlar katalizatorsiz holatda Zhang va boshgalarning [15],
katalizatorli holatda esa Zou va boshqalarning [14] parametrlar to‘plamidan foydalangan holda ReaxFF
potentsiali [16] qo‘llanilib, LAMMPS dasturiy paketi [17] yordamida amalga oshirildi. Notekis perilen
molekulalarining klasterlash jarayonini NVT ansambli yordamida amalga oshirilgan bo‘lib, bu yerda N
tizimdagi atomlar soni, V modellashtirish fazosining hajmi va T tizimning doimiy haroratini bildiradi.
Katalizatorsiz holatda DEZJUN va RAHSAU uchun modellashtirish fazosi 2432 atomdan iborat bo‘lib, 64 ta
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notekis perilen molekulasini o‘z ichiga oladi. Katalizatorli holatda esa, modellashtirish fazosi 24387 atomdan
iborat bo‘lib, 64 ta perilen molekulasini o‘z ichiga oladi. Modellashtirish fazosining o°‘lchamlari
katalizatorsiz holat uchun 63,33 x 48,27 x 77,50 A3, katalizatorli holat uchun esa 71,66 x 75,50 x 66,75 A3
sifatida belgilandi. Davriy chegara sharoitlari molekulalarning erkin harakati va bir-biri bilan o‘zaro ta’sirini
ta’minlab, natijalarning ishonchliligini oshiradi. Davriy chegara shartlari molekulalarning erkin
harakatlanishi va davriy tasvirlari bilan o‘zaro ta’sir qilishiga imkon beradi, modellashtirish natijalarining
ishonchliligini oshiradi. 300 K haroratni ushlab turish uchun Nose-Hoover termostati [18] ishlatilgan bo‘lib,
har 100 fs oraligda tizim harorati nazorat qilinadi. Modellashtirish umumiy davomiyligi 2,0 ns bo‘lib,
atomlar traektoriyasi 1 ps oraligda gayd etilib saglanadi. Har bir holat uchun modellashtirish besh marta
takrorlanib, olingan natijalarning o‘rtacha qiymatlari hisoblanadi. Nukleatsiyaoldi bosqichi turli o‘lchamdagi
klasterlarning shakllanishi bilan tavsiflanib, klasterlar molekulalarning targalgan holatdan tartibli,
agregatlangan holatga o‘tishini tushunishda muhim rol o‘ynaydi.

Natijalar va ularning muhokamalari. Vakuum muhitida notekis perilen molekulalari muhit
molekulalar ta’siridan holi bo‘lib, to‘sigsiz harakatlanish va bevosita o‘zaro ta’sir gilish imkoniyatiga ega
bo‘ladi [19]. Modellashtirishlar natijalari shuni ko‘rsatdiki, katalizatorsiz holatda, molekulalar asosan m-n
o‘zaro ta’sirlar orqali kichik klasterlar hosil qilishi tufayli nisbatan kamroq tartiblangan tuzilmalarning
shakllanishiga olib keladi. Ushbu molekulyar klasterlarning o‘lchami va bargarorligi molekulalarning
boshlang‘ich tagsimlanishi va ularning harakat kinetikasi bilan bog‘liq. Xususan, DEZJUN molekulalari
o‘zining “anti-“ konfiguratsiyasi sababli energetik jihatdan nisbatan barqarorroq klasterlar hosil qilsa-da,
RAHSAU molekulalarida “syn-* konfiguratsiya sababli molekulalararo o‘zaro ta’sir energiyasi nisbatan
kuchsizroq bo‘ladi.

e g
*‘{L,\

r‘%@ f

2-rasm. DEZJUN molekulalarining a) molekulalararo va b) Niss katalizatori ta’sirida
klasterlanish jarayoni

Natijalar Ni katalizatori perilen klasterlarining shakli va kinetikasiga sezilarli ta’sir ko‘rsatdi. 2-
rasmda, vakuum sharoitida DEZJUIN molekulalarining molekulalararo va Niss katalizator nanozarralari
ishtirokida klasterlanish evolyutsiyasi ko‘rsatilgan. Molekulalararo o’zaro ta’sirda - o‘zaro ta’sir, van der
Vaals kuchlari va elektrostatik ozaro ta’sirlar orqali boshqarilishini ko’rsatadi. Niss katalizatori ta’sirida esa
jarayon, m-m o‘zaro ta’sir, van der Vaals kuchlari va elektrostatik o‘zaro ta’sirlardan tashqari metal-organik
molekula orasidagi o‘zaro ta’sirlar [20, 21] klasterlarning shakllanishida sezilarli rol o‘ynaydi. Katalizator
orgali klasterlanish jarayoni ham dimerlarning shakllanishi bilan boshlanib, keyinchalik trimerlar, tetramerlar
va oxir-ogibat kattaroq nukleatsiyaoldi klasterlariga aylanishidan iborat bo‘ladi. Katalizator nanozarralari
kiritilganda zichroq, ammo kamroq tartiblangan klasterlarni hosil bo‘lib, molekulalar va katalizator
o‘rtasidagi kuchli o‘zaro ta’sirlar molekulyar harakat va qayta oriyentatsiyani cheklaydi (2b-rasm).

Umumiy natijalar katalizatorlar molekulyar klasterlarini tartiblanishiga hissa qo‘shsa-da, lekin ular
klasterlarning hosil bo‘lish tezligiga sezilarli salbiy ta’sir ko‘rsatdi. 3-rasm molekulalarning katalizatorsiz va
katalizator ishtirokida ganday tezlikda birlashishini baholash imkonini berib, klasterlanish jarayonidagi
kinetik o‘zgarishlarni aniqlashga yordam beradi.
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3-rasm. Notekis perilen molekulalarining Niss katalizatori va katalizatorsiz shakllanish tezligi.

Dastlabki bosgichlarda DEZJUN va RAHSAU molekulalari Niss katalizatori ta’sirida kichik
klasterlarni shakllantirishda o‘xshash kinetik ustunlikka ega (och ko‘k va och gizil ranglarga garang).
Xususan, 2, 4, 8, 16, 32, 64 ta molekuladan iborat klasterlarni shakllanishi uchun DEZJUN va RAHSAU
holatlari uchun mos ravishda 2,25 ps va 4,5 ps, 3,5 ps va 11 ps, 14,25 ps va 20,25 ps, 23,75 ps va 30 ps,
34,25 ps va 146 ps, 191,25 ps va 276,25 ps talab gilinsa, bu klasterlarning shakllanish vagtlari Ni &
DEZJUN va Ni & RAHSAU holatlari uchun mos ravishda 1,67 ps va 4,25 ps, 3 ps va 7,75 ps, 13,67 ps va
20,25 ps, 20 ps va 55 ps, 83,33 ps va 141,25 ps, 509 ps va 907 ps ni tashkil giladi. Ushbu natijalardan
ko‘rinib turibdiki, DEZJUN molekulalari katalizatorsiz holatda RAHSAU molekulalariga nisbatan tezroq
klasterlanadi. Biroq, Ni katalizatori qo‘shilganda, klasterlanish jarayoni ikkala molekula uchun ham
sekinlashadi. Buning sababi, katalizator molekulalararo o°zaro ta’sirlarga ta’sir qilishi va ularning
klasterlanish dinamikasini o‘zgartirishi mumkin. DEZJUN molekulalari bir-biri bilan kamroq cheklov bilan
bog‘lanadi. Ni katalizatori qo‘shilganda, DEZJUN molekulalari nikel yuzasida ma’lum vaqt ushlanib qolishi
mumkin. Bu esa ularning Klasterlanishini kechiktiradi. Niss ning d-orbitallari bilan DEZJUN ning =-
elektronlari orasida d-m o‘zaro ta'sirlar hosil bo‘ladi. Bu o‘zaro ta’sirlar molekulalar orasidagi n-m o‘zaro
ta’sirlarni kuchaytirishi mumkin, ammo ayni paytda ularning klasterlanish dinamikasiga ham ta’sir qiladi.
Natijada, katalizatorsiz sharoitda klasterlanish tezligi Ni katalizatori ishtirokidagi holatga nisbatan yugoriroq
bo‘lishi mumkin. Modellashtirish davomida kattaroq klasterlar (pentamer va undan yuqori) hosil bo‘lish
jarayoni katalizator ta’sirida sekinlashgani kuzatildi. RAHSAU molekulalarida esa vaziyat boshgacha.
Ulardagi kislorod atomlari Ni sirti bilan kuchli d-m o‘zaro ta'sir ga kirishadi. Metallning d orbitallari organik
molekulaning bo‘sh ©* orbitallari bilan o‘zaro ta’sirlashib, bog‘lanish hosil qgiladi. Bu bog‘lanish metalldan
organik molekulaga elektron zichligini o‘tkazishga olib keladi. Bu d-m o‘zaro ta’sirlar kuchli bo‘lib,
RAHSAU molekulalari Ni yuzasiga kuchliroq bog‘lanishini ta’minlaydi. Natijada, bu molekulalar Ni sirtida
“mahkam yopishib qoladi” va boshqa molekulalar bilan klaster hosil gilish jarayoni sekinlashadi. Bu kinetik
kechikish kuchli d-m o‘zaro ta’sirlaridan tashqari vodorod bog‘larining molekulyar harakat erkinligini
cheklashi bilan ham izohlanadi. DEZJUN holatida esa molekulalarda elektronegativ atomlar (masalan,
kislorod) yo‘qligi bu o‘zaro ta'sirlarning kuchini kamaytiradi va RAHSAU molekulalariga nisbatan tezroq
yig‘ilishiga sabab bo‘ladi.

Umumiy natijalar shunga dalolat giladiki, klasterlanishdagi asosiy kechikishlar ulardagi dimer hosil
bo‘lish tezligiga bog‘liq. Dimer hosil bo‘lish, ya’ni, klasterlashning ilk qadamini to‘liq tushunish uchun
dimer molekulalar o‘rtasidagi o‘zaro ta’sir energiyalari hamda hosil bo‘lgan dimerning barqarorligi tahlil
gilindi. 4- rasmda DEZJUN va RAHSAU molekulalarining bog‘lanish va molar-Gibbs erkin energiyalari
katalizatorsiz va katalizatorli holatlar uchun tasvirlangan.Molekulaning boshga molekula yoki klaster bilan
0‘zaro ta’sir energiyasi

E = Egimer = 2Emor 1)

bilan ifodalanib, bu yerda Egimer - dimerning potensial energiyasi, Emo- bitta molekulaning potensial
energiyasi. Hisoblash natijalari DEZJUN molekulasi uchun -1,98 eV va RAHSAU molekulasi uchun -2,38
eV ekanligi, DEZJUN holatida molekula-molekula o‘zaro ta’sir energiyasi RAHSAU holatiga nisbatan
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zaifroq ekanligini ko‘rsatadi. RAHSAU molekulalarining o‘zaro ta’sir energiyasi kattaroq bo‘lishi
molekulalar orasidagi kuchliroq bog‘lanishlar, ya’ni, qo‘shimcha kuchlar — vodorod bog‘lari mavjudligini
anglatadi. Ammo kuchli bog‘lanishlar, yuqorida ta’kidlaganimizdek, molekulalar orasidagi moslashuvni
qiyinlashtirib, klasterlanishning ilk qadamini nisbatan sekinroq kechishiga sabab bo‘ladi (3-rasmga
qarang).Katalizator ishtirokida esa ushbu o‘zaro ta’sirlar yanada kamayadi. Katalizator ishtirokida
klasterlanishda molekulalar orasidagi o°zaro ta’sir quyidagicha aniqlanadi:
E = Eyigaimer — (Enigmot T Emot) (2)

bu yerda E nizdimer —Ni Vva dimer tizimining potensial energiyasi, Ey;amo:- Nikel va molekula
tizimining potensial energiyasi, Emo — molekulaning potensial energiyasi. Hisoblash natijalari Ni
katalizatoriga ega DEZJUN va RAHSAU dimerlaridagi molekulalar orasidagi o‘zaro ta’sir energiyalari mos
ravishda -1,25 eV va -2,32 eV ga tengligini ko‘rsatdi. Ushbu natijalar DEZJUN molekulalari orasidagi
o‘zaro ta’sir Ni katalizator bo‘lmagan holatga nisbatan 37% ga kichikroq ekanligini ko‘rsatadi. Buning
sababi shundaki, DEZJUN molekulalaridagi atomlarning p-orbitallari Ni atomining d-orbitallari bilan o‘zaro
ta’sirlashib, dimerdagi molekulalar orasidagi tortishish kuchini pasaytiradi. RAHSAU molekulalarida esa
kislorod atomlari Ni sirti bilan kuchli o‘zaro ta’sirni yuzaga keltiradi. Bu holatda, kislorodning yuqori
elektronegativligi hamda yolg‘iz electron juftliklari Ni atomlarining d-orbitalari bilan koordinatsion bog‘lar
hosil qilib, kuchli d-z o‘zaro ta’sirlarni vujudga keltiradi. Bu esa o‘z navbatida, yaqinlashuvchi perilen
molekulalari orasida sterik va elektron cheklovlarni yuzaga kelishiga sabab bo‘ladi. Ushbu kuchli o‘zaro
ta’sirlar RAHSAU molekulasini Ni yuzasiga mahkam yopishtirib qo‘yib, molekulaning boshqa molekulalar
bilan birikishini sezilarli qiyinlashtiradi. Ni va RAHSAU orasidagi kuchli o‘zaro ta’sir RAHSAU
molekulalarining kinetik harakatini cheklab, klasterlanish jarayoniga to‘sqinlik qgiladi.
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4-rasm. Dimer molekulalar orasidagi o‘zaro ta’sir energiyasi, ularning molyar Gibbs
erkin energiyasi

Dimerlarning o°zaro ta’sir energiyasidan tashqari, hosil bo‘lgan dimerlarning nisbiy barqarorligi
baholash ham muhimdir. Buning uchun molyar Gibbs erkin energiyasi o‘zgarishi (AGm) quyidagi formula
orgali hisoblanadi:

ﬁGm = Ecoh - EX:’.I“:’ (3)

bu yerda Econ Klasterning koheziv energiyasi, y va w esa i turidagi atomning (C, H yoki O) mos
ravishda nisbiy konsentratsiyasi va uning kimyoviy potentsiali. Bizning holatimizda, tegishli holatdagi
atomlarning nisbiy kontsentratsiyalari DEZJUN uchun yc = 0,579, yu = 0,421 va y0 = 0, RAHSAU uchun esa
xc = 0,579, yn = 0,3684 va yo = 0,0263 ni tashkil etadi. C, H va O atomlarining kimyoviy potentsiallari
cheksiz grafitning koheziv energiyasiga (uc = -7,64 eV/atom), H, molekulasining har bir atomi uchun
bog‘lanish energiyasiga (un = -2,36 eV/atom) va O, molekulasiga (uo = -2,30 eV/atom) mos keladi.
DEZJUN molekulasida pozitiv Gibbs energiyasi (0,15 e¢V) bu molekulaning o‘z holatida nisbatan kam
bargaror ekanligini ko‘rsatadi. Bu energiya qiymati DEZJUN molekulasining termodinamik barqarorlikka
erishish uchun boshqa molekulalar bilan birikishga moyilligini ko‘rsatib, klasterlanish tezligini oshirishiga
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sabab bo‘ladi. RAHSAU molekulasida esa negativ Gibbs energiyasi (-0,01eV) bu molekulaning o°z holatida
nisbatan ko‘proq barqaror ekanligini ko‘rsatadi. Termodinamik jihatdan barqaror bo‘lgani uchun, RAHSAU
molekulalari klaster hosil qilishda kamroq faollik ko‘rsatadi. Niss katalizatori kiritilganda Ni bilan o‘zaro
ta’sir natijasida DEZJUN molekulasining Gibbs energiyasi 0,3 eV ga oshadi, ya’ni, klasterning barqarorligi
kamayadi. Bu shuni anglatadiki, DEZJUN molekulasi Ni katalizatori sirtiga kuchliroq bog‘lanishi,
klasterlanish jarayonini davom ettirish imkoniyatini pasaytiradi. Termodinamik jihatdan Ni bilan kuchli
bog‘lanish DEZJUN molekulalarining bir-biri bilan nisbatan sekinroq birikishiga olib keladi. RAHSAU
holatida esa molekulaning Ni katalizatori bilan DEZJUN holatiga nisbatan kuchliroq o‘zaro ta’sir natijasida
Gibbs energiyasi ancha oshgan (0,37 eV). Kuchli d-z o‘zaro ta’sirlar natijasida RAHSAU molekulalari Ni
yuzasida "mahkam yopishib qoladi” va termodinamik jihatdan boshga molekulalar bilan birikishga DEZJUN
holatiga garaganda kamroq imkon beradi.

Xulosa. Molekulyar dinamika modellashtirishlari yordamida DEZJUN va RAHSAU perilen
molekulalarining klasterlanishiga Ni katalizatorining ta’siri o‘rganildi. Natijalar shuni ko‘rsatdiki, m-n o‘zaro
ta’sir, van der Vaals kuchlari va elektrostatik o‘zaro ta’sirlardan tashgari, Ni katalizatori va molekulalar
orasidagi d-m o‘zaro ta‘sirlar ham klasterlanish jarayonida muhim rol o‘ynaydi. RAHSAU molekulalarida
kislorod atomlari mavjudligi sababli ularda d-m o‘zaro ta’siri kuchliroq bo‘ladi va bu ularning Ni yuzasida
kuchliroq adsorbsiyalanishiga olib keladi. Natijada, DEZJUN molekulalari RAHSAU molekulalariga
nisbatan tezroq klasterlanadi. Shunga garamay, d-m o‘zaro ta’sirlar tufayli katalizator ikkala holatda ham
klasterlanish tezligini pasaytiradi. Bundan tashgari, RAHSAU dimerlari DEZJUN dimerlariga nisbatan
bargarorrog ekanligi aniglandi. Ushbu natijalar organik molekulalarning klasterlanishi uchun katalizatorlarni
tanlashda muhim ahamiyatga ega bo‘lib, notekis perilen asosidagi kristallarning nukleatsiyaoldi bosgichini
yaxshiroq tushunishga yordam beradi.

Tashakkurnoma. Tadgiqot O‘zbekiston Respublikasi Fanlar akademiyasi Arifov nomidagi Ion-
plazma va lazer texnologiyalari instituti tomonidan ajratilgan grant hisobidan amalga oshirildi.
Modellashtirish ishlari institutning superkompyuterlar klasteri yordamida amalga oshirildi. Magolani
tayyorlashda gimmatli maslahatlari uchun f.-m.f.d., k.i.x. U. B. Xalilovga minnatdorchilik bildiraman.
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UO‘K 663.21
TOKNING XIMERA KASALLIGIGA QARSHI KURASHISH CHORALARI

Evatov G‘iyosjon Xamzayevich,
Toshkent kimyo-texnologiya instituti
Shahrisabz filiali assistent o ‘gituvchisi
giyosjonevatov@gmail.com
To‘libayeva Xolida Ergash qizi,
Toshkent kimyo-texnologiya instituti
Shahrisabz filiali talabasi

Annotatsiya. Ushbu magqolada tok o ‘simligi kasalliklaridan biri bo‘lgan ximera kasalligi keng
gamrovda tahlil gilinadi. Maqgola kasallikning kelib chigishi, biologik xususiyatlari, targalish usullari,
alomatlari va unga garshi kurashish choralarini qamrab oladi. Ximeralar genetik kasallikliar bo ‘lib barcha
tok o ‘stiriladigan mintaqalarida uchraydi va toklarda to ‘satdan paydo bo ‘ladi. Bundan tashqari, zamonaviy
usullar va o‘zini oqlagan agrotexnik tadbirlar orqali bu kasallikka garshi ganday samarali kurash olib
borish mumkinligi ko ‘rib chigiladi. Maqola uzumchilik sohasi mutaxassislari va fermerlarga amaliy yordam
berish magsadida yozilgan.

Kalit so‘zlar: tok, uzum, o '‘simliklar bakteriozlari, bakteriyalar, ximera kasalligi, olachipor va
mozaika, fasiatsiya, viruslar askosporalar, zamburug ‘lar, parazit zamburug ‘lar.

MEPBI BOPbEbI C XUMEPHOMI BOJIE3HBIO BUHOI'PAJIA

Abcmpakm. B cmamve ananusupyemcsi 601e3Hb Xumepd, KOmopas A61aemcsi 00HOU u3 OonesHell
sunocpada. B cmamve paccmompenvl npoucxodxcoenue 3abonesanus, ouonocudeckue 0cobeHHocmu, nymu
pacnpocmpanenus, CUMRMOMbL U Mepbl 00pbObl ¢ HUM. Xumepvl — 2eHemuuecKue 3a0071e6aHUs,
ecmpeyaiowuecs 60 6cex pecUoHax BUHOSPAOApCmMea U 603HUKalowue Ha 103ax enesanto. Kpome moeo,
0yoym paccmompeHvl cnocoovl d¢hGhexmusHol 60pvobl ¢ dmum 3a001e8aHUeM ¢ NOMOWDBI) COBPEMEHHBIX
Memoo08 u 00O0CHOBAHHBIX azpomexHuueckux meponpusmui. Cmamvs Hanucana ¢ yYeuvlo OKA3AHUA
NPaKmMu4eckou NOMowU CReYUAIUCMam UHOZPa0apcmed U hepmepam.

Knioueswvie cnosa: nosa sunocpaod, baxmepuosvl pacmenuil, baxmepuu, Xumepd, o1a4unop u Ma3auxd,
Gacyuu, supycul, ackocnopwl, epubsl, napazumuyeckue cpuosl.

MEASURES TO COMBAT CHIMERA DISEASE OF VINE

Abstract. This article provides a comprehensive analysis of chimera disease, one of the diseases of
vines. The article covers the origin of the disease, biological characteristics, methods of spread, symptoms
and measures to combat it. Chimeras are genetic diseases that occur in all wine-growing regions and appear
suddenly on vines. In addition, it considers how to effectively combat this disease using modern methods and
proven agrotechnical measures. The article is written to provide practical assistance to viticulture specialists
and farmers.

Keywords: vine, grape, plant bacteriosis, bacteria, chimera disease, piebald and mosaic, fasciation,
viruses, ascospores, fungi, parasitic fungi.

Kirish. Tok — uzumdoshlar oilasiga mansub ko‘p yillik daraxtsimon lianalar turkumi, rezavor meva
ekini. Uzum gadim zamonlarda yetishtirilgan va, albatta, bugungi kunga kelib, bu o‘simlik shunchaki
kurashish uchun zarur bo‘lgan juda ko‘p turli xil kasalliklarni to‘plagan, aks holda siz hosilni olmaysiz.
Uzumda, har qanday vegetativ tarzda ko‘paytiriladigan ekinlarda bo‘lgani kabi, ximeralar, ehtimol, keng
targalgan hodisadir. Ximeralar apikal meristema hujayrasida mutatsiyalar (keng ma’noda: genetik,
xromosoma, somatik rekombinatsiyalar va boshqgalar) natijasida paydo bo‘ladi. Dermen nazariyasiga ko‘ra
o‘zgartirilgan zona hujayralarning ikkita ontogenetik qatlamidan birining fagat bir gismini gamrab oladi,
ularing uzumda mavjudligi Tompson va Olmo tomonidan ko‘rsatilgan. Bunday holda, meriklinal ximera
deb ataladigan narsa hosil bo‘ladi. Mutatsiya fagat undan hosil bo‘lgan hujayra chizig‘i atrofdagi (normal)
hujayra chiziglari bilan muvaffagiyatli raqobatlasha olsagina omon qolishi mumkin. Mutatsiyaga uchragan
hujayra chizig‘i oxir-oqibat o‘zi rivojlanadigan butun qatlamni egallaydi, agar apikal meristema mutatsiyaga
uchragan sektor ichida to‘liq farglangan bo‘lsa: bu meristemadan rivojlanayotgan kurtak va undan

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 114

https://buxdu.uz



BIOLOGY

chigadigan har ganday novda, bu holda ikkita bir hil, lekin undan iborat. genetik jihatdan har xil ontogenetik
gatlamlar hosil bo‘ladi.

Ximeralar apikal meristema hujayrasida mutatsiyalar (keng ma’noda: genetik, xromosoma, somatik
rekombinatsiyalar va boshqalar) natijasida paydo bo‘ladi.

Ushbu kasalliklarga garshi barcha mavjud usullardan foydalangan holda kurashish kerak. Yuqumli
kasalliklarga garshi kurash usullari orasida:

Tadqgigot magsadi va vazifalari. Tokning ximera kasalligiga qarshi kurashishdan magsad o‘simliklar
hosildorligini va sog‘lom rivojlanishini ta’minlashdir. Tokning ximera kasalligi Ximeralar apikal meristema
hujayrasida mutatsiyalar — asosan tok uzumzorlari uchun xavfli bo‘lgan zamburug‘li kasallik bo‘lib, uzum
barglari, novdalari va mevalariga zarar yetkazadi. Kasallikka garshi kurashish orgali quyidagi magsadlarga
erishiladi:

*Uzum hosilini saglab golish — Kasallik uzum hosilini sezilarli darajada kamaytiradi. Shu bois,
zararkunandalarga garshi kurash orgali hosildorlikni oshirish va uzumning sifatini yaxshilash muhimdir.

*Uzumzorlarni barqgaror rivojlantirish — O‘z vaqtida kasallikni anigqlash va davolash
uzumzorlarning uzoq muddatli barqaror rivojlanishiga ko‘mak beradi.

*Sog‘lom o‘sish muhitini yaratish — Ximera kasalligiga qarshi kurashish orqali tokning sog‘lom
o°sish sharoitlarini yaratish, o‘simliklarning immunitetini mustahkamlash magsad qilinadi.

*Kimyoviy va ekologik nazorat — Tokning ximera kasalligiga garshi kurashish doirasida kimyoviy
usullar bilan ishlov berish va biologik nazorat usullaridan foydalanish orqali o‘simliklarni himoya qilish va
zararli ta’sirlarni kamaytirish maqsad qilinadi.

Kurash choralari: Ximera kasalligini eng qulay yo‘qotish bu bahor faslida o‘simliklarga oltingugurt
kukunini suspenziya qilib sepish va bordo suyuqligi purkash, zararlangan o‘simlik qoldiglarini yo‘qotish;
o‘simlik poyalarini ildizi bilan yig‘ib olish; yerni chuqur shudgorlash.Agro texnik choralarni kuchli qo‘llash

1-rasm. Toklarda olachipor va mozaika kasalliklari

Tadgigot predmeti va obyekti. Fiziologik ortiqcha ta’sirlar Biolletti tomonidan gayd etilgan. Uning
tajribasiga ko‘ra, ona uzumlarining kuch-quvvatining ta’siri ularning avlodlariga o‘tgan, biroq bir necha
yildan keyin yo‘qolgan. Bu ta’sir Vudxem va Aleksandr o‘zlarining Sultana uzumlarining naslida topilgan
ba’zi farglarni tushuntirishi mumkin. 1-rasm.

Tadgigot obyekti sifatida turli xil tok navlaridan olingan galamchalardan : Yevropadan keltirilgan
navlardan " Cabernet Sauvignon" navi, mahalliy navlaridan "Saperavi”, “Rkatsiteli”, “Senso" foydalanilgan.
Shu bilan birgalikda boshqa navlar asosida tadqiqot ob’ektlari sifatida olingan.

Tadqiqot predmeti bo‘lib Deyarli 100 yil davomida to‘plangan keng qamrovli adabiyotlar va
ko‘pchilik tavsiflarda etarli darajada aniqlik yo‘qligi sababli ma’lum bo‘lgan ximeralarning to‘liq ro‘yxatini
tuzish mumkin emas. Shuning uchun biz o‘zimizni ximerlarning kuzatilgan turlarini (ximeralar holatlari)
tasniflash bilan cheklaymiz. "Abadiy mutatsiyaga uchragan" ximeralar. Bunga barqgaror sektoral ximeralar
kiradi, ularning kimerik tuzilishi ko‘pincha barglarning kuzgi qorayishi bilan bog‘liq bo‘lgan rezavorlar
rangida namoyon bo‘ladi. Periklinal ximeralarni aniglash usullari. Gametalar fagat ichki gavatdan hosil
bo‘ladi. Shunday qilib, agar ximeralarning ichki gatlami genetik jihatdan oddiy xususiyat uchun mutatsiyaga
uchragan bo‘lsa, o‘z-o‘zini tutish paytida ajratish kutilganidan butunlay boshqacha bo‘lishi mumkin;
masalan, oq rezavorlar beradigan, lekin qizil ichki qatlamga ega bo‘lgan o‘simlikning naslida qizil va oq
rezavorlar nisbati 3:1 bo‘ladi. Ehtimol, bu testdan Vagner tomonidan taklif gilingan usulda ularning nasllarini
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farglash uchun differensial tahlil yordamida bir xil navning klonlari orasidagi genetik xilma-xillikni
namoyish gilish uchun ham foydalanish mumkin.

2-rasm. Ximera kasalligini belgilari yovvoyi gulda va uzum hosilida

Barglari: bahor oxiridan boshlab barglarning yuqori yuzasida gizg‘ish jigarrang va dumalogdan
burchakli dog‘lar paydo bo‘ladi. Dog‘lar birlashganda, ular tartibsiz, sariq dog‘lar hosil qgiladi. Har bir
bargdagi dog‘lar yoki jarohatlar soni kasallikning og‘irligiga qarab 2 dan 100 tagacha o‘zgaradi.

Ximeralarning ushbu ikki turini darhol aniglash mumkin, agar: 1) o‘zgarish yetarlicha aniq ko‘rinsa
(yoki o‘rganish yetarlicha puxta o‘tkazilgan bo‘lsa) va 2) bu tashqi qatlam o‘zgaradi, chunki fagat bu
fenotipni aniqlaydi o‘simlik. Agar ichki gatlam mutatsiyaga uchragan bo‘lsa, ximera reversiya jarayoni
(qatlamlarning boshqga joylashuvi bilan osish nuqtasini qayta tiklash natijasida qatlamlarni qayta tagsimlash)
tufayli aniqlanadi. Qaytarilishlar tabiiy ravishda sodir bo‘ladi, lekin nurlanish yoki qattiq Azizillo sabab
bo‘lishi mumkin. Turli joylarda ekilgan bir xil klonning uzumzorlarining avlodlarini tagqoslash bo‘yicha
tajribamizning birinchi natijalari yig‘imning birinchi yilida "kelib chiqishi" ning rezavor hosildorligiga juda
kuchli ta’sirini ko‘rsatdi

Tokdagi ximera fenomeni va uning ilmiy ahamiyati:

1. Ximera va hujayra ko‘chirish:

o Ximera fenomeni hayvonlar (shu jumladan, tok)da genetik jihatdan birlashtirilgan hujayralar
natijasida yuzaga keladi. Bu holatning ko‘plab biologik tadqiqotlar uchun ahamiyati bor, chunki bu hujayra
ko‘chirish va organizmning genetik diversifikatsiyasini o‘rganish imkonini beradi.

2. Hujayra tashish va genetik tadqiqotlar:

o Tadgiqotchilar ximera fenomenini ko‘p hollarda ilmiy tadqiqotlarda, masalan, to‘qimalarning yoki
organlarning rivojlanishini o‘rganishda qo‘llaydilar. Toklarda bunday tadqiqotlar ko‘pincha genetik
modifikatsiya yoki hujayra ko‘chirish jarayonlari orqali amalga oshiriladi.

3. Embriologiyada ximera kasalligi:

o Embriologiyada tok va boshqa hayvonlarda ximera fenomeni yosh embrionlar o‘rtasida hujayra
ko‘chirish jarayonlarini o‘rganish uchun qo‘llaniladi. Ba’zan, bir organizmda ikki xil embrion materialining
birlashishi tabiiy ravishda yuz beradi, va bu holat ko‘p hujayralarni birlashtirishga olib keladi.

Tokning ximera kasalligining nomlari

1-jadval.
Ne Kasallik nomlari Kasalliklariga ta’rif
1 | Olachipor mozaika Eng keng tarqalgan ximera barg to‘qimasida nuqta shaklda paydo
bo‘ladi
2 | Fasiyatsiya Ko‘p uchraydi tokni har qanday joyiga paydo bo‘ladi tok poyasida
yapaloq shaklda bo‘lib goladi
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3 | Jovdigar supurgusi Judda kam uchraydigan kasallik hisoblanadi
4 | Nom berilmagan Kasallik kam uchraydi barglarni o‘smay qolishi rangi o‘zgarishiga
ximera olib keladi

Tokda ishlatiladigan preparatlar ko‘rsatgichlari

2-jadval.
T Ishlatlladlgan Sarf me’yori Mavsumda qo llanishlar Bir gektardagi sarfi
preparat nomi soni
1 Bordo suyugligi 1% 2 250 litr
2 Mis kupyurasi 1% 2 250 litr
3 Bordo suyuqligi 3% 1 60 litr
Oltingugurt 0 .
4 dioksidi 2% 1 100 litr

Xulosa. Xulosa qilib shuni ta’kidlash kerakki, vegetativ ko‘payish klonal navlarda har qanday turdagi
o‘zgarishlarni to‘plash uchun barcha imkoniyatlarni yaratadi. Seleksioner birinchi navbatda eng yaxshi
klonlarni tanlash uchun mutatsiyalar tomonidan yaratilgan irsiy o‘zgaruvchanlikdan foydalanishga
qiziqqanligi sababli, u fiziologik ortigchalikning barcha ta’sirini digqat bilan nazorat qilishi va ularni viruslar
bilan aralashtirib yubormasligi kerak deb xulosa gilamiz
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YPOXKAMHOCTD Y KAUECTBO ILJIOAOB SIBJIOHU B 3ABUCUMOCTH OT CHOCOBA
N CTEIIEHU OBPE3KH

HOnycoe Pycmam,

npogeccop kaghedpvl AepoHomuu u NO48068eOeHUs.
Byxapcroeo cocyoapcmeennozo ynueepcumema, K.C.X.H.
Llloouesa Cypaiie Huézoena,

mereddicep u.n. Mopoxum bapaka 2. Byxapa
$9979139@gmail.com

Annomayusa. B nacmoswel cmamve npusoosmcs OaHHule O MOM, YMO 6 3ACONEeHHbIX U CpeoHe-
3aconennvix nousax byxapckoii obracmu Pecnyonuxu Y30exucman usyuanucs mpu pauoHupo8aHHbX copma
A0NI0Hb, NPUBUMBIX HA cpednepociom noodsoe MM-106, cnocobvl cmenenu omonasxcusaroujen u
Hopmupyioweil obpesku 0epesveg ¢ 3-4 1emHum YUKIOM 3amMeujenus OmnioO0OHOCUBLUUX 6em8ell, U3VUEeHO
6UAHUE Cnocoba U cmeneHu o06pesKU oOepesbes AONOHU HA OCEEUEHHOCMb JTUCMOBOU NOBEPXHOCMU,
NPOOYKMUBHOCHb U KAYECMB0 NL0008.

Kntouesvie cnosa: cpeone- 3aconenuvie nougsl, UHMEHCUBHbBIE AONOHEBbIE CAObl, OMONANCUBAIOWAS U
HOPMUPYIOWas 00pe3Ku 0epesbes, YPOXUCAUHOCHb U Ka1ecmeo nilo008.

OLMA DARAXTI MEVALARINING HOSILI VA SIFATI KESISH USULLARI VA
DARAJASIGA BOG‘LIQLIGI

Annotatsiya. Mazkur magolada O ‘zbekiston Respublikasi, Buxoro viloyatini o ‘rta kuchli sho ‘rlangan
tuproglar, intensiv olma bog ‘larining 3 rayonlashtirilgan navlaridan, payvantagi o ‘suvchi MM-106 bo ‘lib,
mazkur bog ‘da olma daraxtlarni 3-4 yillik hosil bergan shoxlarni yoshartirish tartiblari o ‘rganilgan. Shu
bilan birgalikda olma daraxtlarini kesish usul va darajalarini tana yorug‘ligi, barg sathini hajmi,
mahsuldorlik va hosil sifati o ‘rganilgan.

Kalit se‘zlar: o‘rta sho‘rlangan tuproglar, intensiv sermahsul olma bog ‘lari, yoshartiruvchi va
me yorlashtiruvchi kesish usul va darajalari, hosildorlik va uning sifati.

THE YIELD AND QUALITY OF APPLE FRUIT DEPENDS ON THE METHOD AND
DEGREE OF PRUNING

Abstract. This article studies the methods of rejuvenation of 3-4-year-old fruiting branches of apple
trees in Bukhara region, Republic of Uzbekistan, with moderately saline soils, intensive apple orchards of 3
zoned varieties, MM-106, growing on the graft. At the same time, the methods and levels of pruning of apple
trees, body light, leaf surface size, productivity and crop quality were studied.

Keywords: moderately saline soils, intensively productive apple orchards, rejuvenating and
normalizing pruning methods and levels, yield and its quality.

BBenenue. [11010B0ACTBO SABISIETCS OMHOM M3 BAXKHBIX OTPACICl CEINBCKOTO XO3SMCTBA PECITyOIHKH
Y36ekucraHa, TJil¢ B OCHOBHOM BO3JICIBIBAIOTCS CaJbl MHTCHCHBHOTO THIIA HA pa3HBIX MOABOsiX. C IeNbI0
NANBHEHIIIETO YBEIIMYCHHS YPaKaWHOCTH CEIIbCKOXO3SHUCTBEHHBIX KYIBTYpP, B TOM YHCIE ILIOAOBBIX
JIepeBbEB, HEOOXOAMMO PACIIUPUTH IUIOMIAIN CaJ0B MHTEHCHBHOTO THITA, KOTOphIe MpuHOCIT B 1,5-2 paza
Ooutblie ypoXkast ¥ pUObLIH.

B mocnennue roapl B pecyOJnKe B OCHOBHOM PACITUPSIIOTCS Cajlbl MHTEHCUBHOTO THIA SOJOHW Ha
CIabopOCIIOM U CPEIHEPOCIOM TMOABOsIX. HeoOXomuMo yCKOpUTh H3YYeHHE | BHEIPEHUE CalloB
WHTEHCHUBHOTO THIIA, TAC €XKETOMHO IOJYIAIOTCS BBICOKHE YPOXKaW C XOPOIIMMH BKYCOBBIMH Ka9eCTBAMHU.
Ho, x coxaieHnt0, B MHTEHCHUBHBIX SOJIOHEBBIX CaaX Majo W3YYCHBI BRICOKOYPOXKAMHBIE COPTa INIOTHOCTH
MOCAJIKN JCPEBHEB, BHICOKOMPOAYKTUBHBIC TIOABOW, KOTOPBIC CIIOCOOCTBYET YBEIMYCHHUIO YPOXKAWHOCTH 32
CU€T TNPUMEHEHHUS TPOTPECCHBHBIX CIOCOOOB O OMOJAXKHUBAIOIICH W HOpMHUpYROIIeH oOpe3ku. B
MHTCHCHBHBIX CaZaXx HEOOXOIMMO IOJydaTh BBICOKHH ypOXKal IUIONOB s0JI0Hb. B HMHTEHCHBHBIX cajax
Y30ekucTaHa Ha4ajgoCh YCICITHOE BHEAPCHHE ITMKIMYECKOTO CrIocoda ®  CTENeHHM  O0Ope3KHu
OTILJIOMOHOCHUBIIHNX BETBEN SIOJIOHH C 3-4 JIETHUM IIMKJIOM 3aMEIIEHHUs U C OTBeTBIeHHEM 12-16 mIogoB Ha
00pacTaromux BeTBSIX.
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MetonamMu TpoBeNEHUSI HCCIENOBAaHHS IEJb IaHHOTO OIbITa SBISETCS OOECI€YeHHe BBICOKOTO U
MOCJIEZIOBATENIFHOTO TIOBBINICHUST YPO)KAWHOCTH W KadecTBa IUIOOB B HMHTEHCHBHBIX CafaxX 3a CYET
npUMeHeHus Hanbonee >PQPEKTHBHO HOPMHPYIOIIEH W OMOJAaKUBAIOLIEH OOpEe3KH OTIUIOJOHOCHBIIMX
BeTBe ¢ 3-4 JeTHMM [MKIOM 3aMeUIeHWs, a TaKKe W3YyYeHHs YPOBHEH MPOXyKTUBHOCTH
OTIUIOIOHOCHBIITX BETBEH C MEIBIO JATFHEHIEro MOTy9IeHUsI BRBICOKOTO U CTA0MIIBHOTO YPOXKasi JePEBHEB C
XOPOIIMMHU BKYCOBBIMH Ka4€CTBaMU TLIOJIOB SIOIOHM.

O0bekT wucciaenoBanus. UccnemnoBanus mnposereHsl B 2020-2023 T B MHTEHCHBHBIX Cajax
(dbepmepckoro xo3siicTBa «AMuH Xa€t 6orm» byxapckoit obmactu byxapckoro paiioHa Ha TpE€X BeAyIIHX
paliOHMPOBAaHHBIX COpTax sOJOHM, IPUBUTHE HA cpemHepociioM noasoe MM-106, Tomaen [emumec, Pener
Cumupenko u I[lepeenen Camapkanga ¢ pa3HbIMH OMONOTHUECKMMH Hpu3Hakamu. Cxema mocaiuku: S5-4w,
KpPOHBI C()OPMUPOBAHEI 1O PYCHOH cHUCTeMe. 3acolieHHbIE BOABI HAXOAATCS Ha mIyouHe 2,5-2,7 merpos. B
IIEPHO BETETALHH IPOBONHINCH 4-5 TOIHBOB ¢ HOpMoit 3200-3500M° Ha rexrap.

B Tedenue psina neT u3ydadu oIpelelieHHe YPOBHEH OMOJIQKHMBAIOIIEH W HOPMHpYIOLIeH 0Ope3KH,
OTIUIOJIOHOCHBIIMX BETBeH ¢ 3-4 JIETHUM IMKJIOM. 3aMe4aHUsi B KOHTPOJBHOM BapHaHTe OOpe3KH B
CaJIOBOTYECKUX XO35HCTBaX byxapckoil 00macT B OCHOBHOM IPOBOJSTCS CAHHWTAapHBIE OOpPE3KH, IIe B
OCHOBHOM YHAJISIOTCS Cyxue, OONbHBIE W 3aryCTeBINHE KPOHBI BeTBU. Ha (oHE KOHTPOIBHOTO BapHaHTa,
MPUMEHSIEMOTO B MPOU3BOJCTBEHHBIX YCIOBUSX, MPOBOAMIN CIOCOOBI U CTENEHU 00pe3ku ¢ 3-4 neTHUM
IUKIIOM 3aMeIIeHUus] W HOPMUPYIOIINX OTIUIONOHOCHBINIMX BEeTBe. B mpomecce OMONaXHBaHUS
OTIUIOIOHOCHUBIIINX BETBEH S0JOHM, HEOOXOMUMO OCTABUTHh HY)KHOE KOJIMYECTBO TUIOJOBBIX IIOYEK Ha
IUIOAOHOCIIUX BeTBAX 4-8, 8-12, 12-16 mionoBBIX IOYEK, B KOHTPOJILHOM BapHaHTE BETBH HE
yKOopaunBaroTcsi. Bo Bcex m3ydaeMbIx BapHaHTaX OMbITa OOpEe3KH BETBEH, OHU YKOPAYHWBAIOTCS IO BBICOTHI
3,0-3,3M. DTOT moKkazaTenb COXpaHsUIICS Ha TOH e BRICOTE TajbHEeHIIei 0Ope3KO.

Metoauka npoBeaeHus onbiTa. DoToMeTpruveckre OKa3aTeI 1ePEeBbEB SOIOHH, CBETOBOW PEKHUM,
MPOAYKTUBHOCTh (HOTOCHHTE3a, YpOXKallih W KaueCTBEHHBIC IIOKAa3aTelid HW3y4yaluch TI0 METONIUKE,
paspaborantoii B Bececoroznom HUM canosoncta. (1976).

Pacnpenenenue coaHEUHOro CBETa MO YaCTsAIM KPOHBI BETBEH n3Mepsiu rokcMerpoM HO-16 B uroHe ¢
8:00 mo 18:00. IpomyktuBHOCTH (oTOocHHTe3a ompeaensuiin 1o Meroauke A.C.OscsuHukoBa (1965).
JuHaMUKy GOpPMHUPOBAHUS YpOoKas H3ydasd 1o Mmetoanke coprousydenus (BHUMC1976)

PesyabTarsl ucciaenoBanusa. OQHUM U3 YCIOBUI MOBBIIIECHHS TPOXYKTUBHOCTH TIOAOBEIX JIEPEBHEB
SIBTISICTCS] MHTEHCUBHOE UCIIONIb30BAaHKME CONHEYHOW pajMalliy ¥ yBEIWYCHUE JTMCTOBOM MOBEpXHOCTH. PocT
W pa3BUTHE PACTUTEIHLHOTO OpraHMW3Ma, B TOM YHMCIIE TIOJIE3HOH X03IHCTBEHHON OMOMAcChl yposKasi, SBIsIeTCS
MpoayKkToM (oTocuHTe3a. Bee MucThs paboTaloT ¢ pa3HOW MPOU3BOIUTENEHOCTBIO, M 3TO 3aBUCUT OT TOTO,
KaK OHH pAaCIJIOKeHbl Ha BETKE CTBOJA JIepeBa M KaK OOECIeueHbl COJTHEYHBIM CBETOM, a, 3HAYUT,
COOTBETCTBEHHO Oy[EeT MEHATHCS U MPOAYKTUBHOCTH PpoTocHHTEe3a. DPPEKTUBHOCTD JIEATETLHOCTH JIUCTA H
MPOAYKTUBHOCTH (DOTOCHHTE3a 3aBUCAT OT PACIIONIOKECHHSI BETBEH, BEJMYMHBI JIUCTOBOW IOBEPXHOCTH,
crpoenus, Bo3pacra (3,4,8).

[IpoBenénnbie MccneOBaHKs MOKA3alk, YTO WHTEHCHBHOCTH (DOTOCHHTE3a TaKXKe OIpeAeisieTcs
BIIMSIHUEM OKpYKarolled cpefpl  BHEIIHUX (akTopoB. OHM 3aBHCAT OT OCBEIIEHHOCTH, TEMIIEpaTyphl,
KOHIICGHTPAIUN BO3/yXa, BIAXXHOCTH W KOJIMYECTBA JIEMEHTOB MUHEPAIHHOTO MUTAHHUS M 3aCOJNEHHOCTH
MoYBbI. Bce IMCThSt MOTYT OBITH TUIOAOPOTHBIMHU B 3aBUCHMOCTH OT TOTO, TJIe OHH PACIIOJIOKEHBI Ha BETKE U
B KaKOM CTENEeHH OCBEIIeHBl W KaK paclpelleNieHbl MUTaTeNIbHbIE BeliecTBa. [IpakTHYecKue pa3iinyus
MPOM3BOANUTENHFHOCTH PabOThI Ha TMCTOBOW MOBEPXHOCTH OYCHD BEITUKH.

[IpoBenénnple ucciaenoBaHMs IOKA3alid, YTO B TIEPHOI pOCTa M Pa3BUTHA ISTHAALATHIETHHX
JIepEeBLEB SOJTOHM TUIONIAJb JTUCTOBOW TOBEPXHOCTH JIOCTUTANa TPUEMIIEMOTO YPOBHSI, M 3TOT MOKAa3aTellb
coctassn ot 20,0M%/ra 10 24m°/ra B BapuanTax onbita. OIHHM U3 OCHOBHBIX TOKa3aTeieil POIyKTHBHOCTH
SIOJIOHU SIBISIETCSL paclpelesieHHne W OCBEIEHHOCTh COJIHEYHOIO M3IYYEHHUS IO Bceil KpoHe aepeBbeB. OT
TOTO, HACKOJIBKO JIEPEBO OCBEIEHO COJHEYHBIMU JIydaMH, 3aBUCHUT MPHOAaBKa TUIONOB SOJOHU, YIYYIICHHE
KauecTBa ypoxKasi, a TaKKe ONpeIessieTcs aKTHBHOCTh (POTOCHHTE3A.

B pesynbraTte nccnenoHaBuil yCTaHOBIECHO, YTO 3a 3-4 roga M3ydeHus y 3-X paHHUX COPTOB sIOJIOHU
KOJJMYECTBO I[BETKOB B BAPHAHTAX, OCTABJICHHBIX JUIS IJIOJOHONICHUS 0€3 YKOpauWBaHHsSI BETBEH, COCTABUIIO
y copra lonmmen Jlemumec-12,3% y copra Pener Cumepenko-11,8%, a y copra Ilepenerny Camapkanma
coctraBmwio 13,0%. Ha BeTBsIX, yKOpOUEHHBIX C OcTaBieHueM 4-8-mu, 8-12-tm, 12-16-TH MI0A0BBIX MOYEK,
YPOXKaHOCTh 1O COpTaM sI0J0HU cocTaBmia: Ha 11,5-12,8% Oomnbilie KOHTpOIBHOTO BapuaHTa. Heobxonumo
OTMETUTh, YTO YPOXKAHHOCTH TUIOJIOBBIX JIEPEBBEB B CajJly 3aBUCUT OT crocoba W CTENEeHU OOpe3Kd H
pacroioKeHUs] KPOHBI BETBEH Ha CTBOJIC JIEPEBBEB. Y TUIOJJOHOCSAIINX JIEPEBHEB SOJOHU B 3aBUCUMOCTH OT
cnoco0a M CTENEHH OMOJIAKMBAIOIIEH OOpE3KH YIydIlaeTcs COCTOSHUE JEPEBbEB M YMEHBIIACTCS
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YIy4IIaloTCs U BKyCOBBIE KauecTBa IuIonoB (5, 6, 7,).

Bausinue cnocoda u cTeneHn OMOJIAsKMBAIOLIEl 1 HOPMUPYIOLIEH 00pe3KU HA YPOKAHHOCTD
aepeBbeB s10a0Hm(2018-2021)

Crioco6 KommaectBo YpoxkaitHOCTB, 1/Ta
OMOJIAKUBAIOIIEH ILUIOHOBBIX
o6pe3kn Ha | 0GpazoBanmii Ha 2018 2019 2020 2021 B cpemnem
OCTaBJICHHOM IIOAOHOCSIIEH
IJIOOHOCSIIEH BETKE
BETBH
Copt lI'onnen enumec
KonTtpons 3-x | be3 ykopauuBanus | 13,0 14,5 15,0 16,7 15,2
JICTHEH
. 4-8 15,9 17,5 19,3 20,5 18,3
LIUKJINYECKOH
00pesKu 8-12 16,8 18,7 20,1 21,2 19,1
12-16 14,7 15,9 16,4 17,5 17,4
Kontpons 4=x | be3 ykopauuBanus | 14,6 15,4 17,0 18,2 16,4
IUKIAYECKOM
N 4-8 15,0 15,9 18,5 19,2 17,1
JIeTHEH 00pe3kn
8-12 15,4 16,7 19,2 20,5 18,0
12-16 13,9 14,2 15,8 16,8 15,2
Copt Pener CumupeHko
Kontpomnn 3-x | bBe3 ykopauuBanus | 12,0 3,2 14,0 5,0 8,3
JIeTHEN
. 4-8 14,9 6,0 17,8 8,5 11,8
LIUKJINYECKOH
00pe3Ku 8-12 15,3 7,2 18,5 9,0 11,7
12-16 13,0 4,8 15,2 7,0 10,0
KonTtpons 4=x | be3 ykopauuanus | 13,1 4,6 16,2 7,4 10,2
JIeTHEN
o 4-8 14,0 53 16,6 8,0 11,0
LUKJINYECKOH
00pe3Ku 8-12 14,6 6,5 17,2 8,6 11,7
12-16 12,8 4,0 15,0 6,2 9,5
Coprt llepBenen Camapkaniga
KonTtponb 3-x | be3 ykopauuBanus | 12,7 14,0 14,6 15,7 14,2
JIETHEN
. 4-8 15,0 15,5 17,8 18,5 16,7
LUKJINYECKOH
00pe3Ku 8-12 15,6 16,0 18,3 19,0 17,6
12-16 13,5 15,0 15,8 16,6 15,2
Kontpomns 4=x | be3 ykopauuBanus | 14,2 15,0 16,2 17,2 15,6
HITIHCCron 4-8 148 | 152 17,0 18,0 16,2
JeTHel 00pe3Kn
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8-12 13,4 16,0 18,1 18,7 16,8

12-16 13,2 14,8 15,8 16,2 15,0
HCP 095 1,5 1,7 1,9 2,0 1,8
P, % 3,0 3,2 3,6 4,0 4,2

B pesynmprare mpumeHeHHs CIIOCOOOB W CTENEHEW OMOJAXHMBAIOMIEH W HOPMHUPYIOMIEH OOpe3KH y
TUTOJIOBBIX JIEPEBHEB SIOJOHH, TIONOKUTEIBHO BIHSIONIMX HAa MX POCT U pa3BUTHE, YCIICLIHO OCYIIECTBISIOTCS
BCE (PM3HMOIIOTHYECKUE TPOIecChl: OOMEH BEIIeCTB, WHTEHCHUBHOCTb W TPOAYKTHBHOCTH ()OTOCHHTE3A,
IIPOLIECChl TPAHCIMPALMU, B PE3yJAbTaTe Yero MOSBISAETCS BO3MOXKHOCTH IIOBBICUTH YPOXKAHHOCTH U €€
KaueCTBoO.

Ecnu numrame BeTKH II0I0BBIX I€PEBbEB 00pe3aTh B IEPUOA MOJIONOCTH, OHM HAYHYT AaBaTh YPOXKai.
[InonmoBele nepeBbsi OyAyT MIOAOHOCUTH JI0 ONPEACICHHOrO NEepHonia, a 3areM, KOrla OHU JOCTHTHYT
OIpeneNnEHHON CTaluu pocTa U Pa3BUTHS, OHU OyIyT HENPEPBHIBHO IUIOJOHOCHUTH, MOPSAAOK IUIOAOHOIICHUS
Hapymaercs. B mepuox co3peBaHMs BMecTe ¢ 00pa30BaHMEM IIOYEK, IUIONOHOCAIIUMX B 3TOT TOf,
oOecrieunBaeTcsl 00pa3oBaHME HAa BETBH IIBETOYHBIX IOYEK Ha cienymomuid roxa. I[lepuomuvyHOCTh
IUTOJOHOLICHNUS HAaYMHACTCA y COPTOB S0JOHU NpH OONBILONW HArpy3ke, OCTaBILEICS HAa UX BETBSX, NPHU
CHIDKEHHH pOCTa M pa3BUTHA. B pesynprare OHM MeENbYarOT, yXyALIAeTCs BHELIHMNA BUI M CHHDKAETCS
KaueCTBO TIOAOB SIOJIOHH.

3axiouenne. B MpoBenEHHBIX OMBITaX YCTAaHOBJICHO, YTO NPUMEHEHHE CIOco0a M CTENEeHU
OMOJIQXXHMBAMOIIEH W HOPMHpPYIOHIEH oOpe3ku BeTBeW ¢ 3-4 JETHUM ITUKIOM OKa3ajlo MOJOKHTEIThbHOE
BJIMAHUC Ha ITOKA3aTCJ/IM IUIOAOHOIICHUS ACPCBLCB. Taxkum 06pa30M, B Ioabl HpOBe)Z[éHHLIX I/ICCJICI[OBEIHI/Iﬁ
CpeHsisl ypoKaHOCTh TUIOJIOHOCAIINX BeTBel y copra lonaen Jlenuiec npu oMonaXxuBaHUH BeTBei 1o3-4
JIETHEMY LUKy C OCTaBlieHHeM 4-16-Tu mouek, moirydeHa JOoMoNHuTeNbHas ypoxaiHocts 0,1-4,0 mwra, y
copra Pener Cumupenko 0,9-3,51/ra, a y copra I[lepeenenr Camapkanga 0,6-3,1 1/ra mo cpaBHEHHIO C
KOHTpPOJILHBIM BapUaHTOM. B 1ienom, Hammydmme pes3yibTaThl MOMyYeHbl Ha BapuaHTaxX, OCTaBUBIINX 8-16
MOYEK Ha MJIOAOHOCSIINX BETBAX Ha (oHe 3-4 JIeTHEro OMOJIOKEHHS IUTOIOHOCSIINX BETBEH.
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UO‘K 664.811
MEVA VA SABZAVOTLAR ISTE°MOLINING SALOMATLIKKA TA’SIRI TADQIQI

Egamberdiyeva Marjona Xusniddin gizi,
Toshkent kimyo-texnologiya institutining
Shahrisabz filiali katta o ‘qituvchisi

Annotatsiya. Jahon sog ‘ligni saqlash tashkiloti (JSST) ma’lumotlariga ko ‘ra, sog ‘lom turmush tarzini
yaxshilash va kardiometabolik kasalliklar xavfini kamaytirish uchun kuniga to ‘rt yuz grammdan ortiq (meva
va sabzavot) iste ' mol qilish tavsiya etiladi. Ularning past glikemik indeksi (GI) qondagi shakar migdorining
keskin ko ‘tarilishini oldini olishga va ochlikni nazorat qilishga yordam beradi. Bizning tadgiqotimiz meva va
sabzavotlarni iste’'mol gilishning inson organizmiga ta sirini o ‘rganishga yordam beradi.

Kalit so zlar: semizlik, yurak-qon kasalliklar, tana massasi indeksi (bmi), metabolik sindrom, glyukoza
darajasi, gondagi shakar darajasi, meva, sabzavot, parhez.

WCCJIEJOBAHUE BJIUSIHUSA IUTAHUS ®PYKTOB U OBOIIEN HA 3JOPOBbE

Annomayua. Ilo Oannvim Bcemupmuoti opeanuzayuu 30pasooxparenus (BO3), ona yayuwenus
300p06020 00PA3A JHCUSHU U CHUIICEHUS DPUCKA KAPOUOMEMAOOIUYECKUX 3a001e6aHUll PeKoMeHOYemcs
ynompeonsims Ooliee HemvlpExcom epammos (Ppykmos u osouyeit) 8 Oerb. Mx Hu3Kull nuKeMuiecKuil UHOeKc
(I't) nomocaem npedomepamums pe3xoe ROGblULEHUE YPOBHSI Caxapa 8 KpoGu u KOHMPOIUPOBAMb 207100.
Hawe uccnedosanue nomocaem uzyuumsv eiusHue ynompeOnenus @QpyKkmos u 08owjel Ha OpeaHusm
yenosexa.

Kntoueevle cnosa: ooicuperue, cepoeuno-cocyoucmule 3abonesanus, unoexc maccel mena (MMT),
MemaborusecKuii CUHOPOM, YPOBEHb 2TI0KO3bL, YDOBEHb Caxapa 6 Kpogu, (hpyKmul, 080U, Ouema

STUDY OF THE INFLUENCE OF FRUIT AND VEGETABLE CONSUMPTION ON HEALTH

Abstract. According to the World Health Organization (WHO), it is recommended to consume more
than four hundred grams (fruits and vegetables) per day to improve a healthy lifestyle and reduce the risk of
cardiometabolic diseases. Their low glycemic index (GI) helps prevent a sharp increase in blood sugar and
control hunger. Our research focused on studying the impact of fruit and vegetable consumption on the
human body.

Keywords: obesity, cardiovascular disease, body mass index (BMI), metabolic syndrome, glucose
level, blood sugar level, fruits, vegetables, diet.

Kirish. So‘nggi o‘n yilliklarda jahonda semizlik ko‘rsatkichlarining sezilarli darajada o‘sishi kuzatildi,
bu esa gandli diabet va yurak xuruji va insult kabi yurak-gon tomir kasalliklarining ortishiga olib keldi. Tana
massasining yuqori indeksi kardioga xavf soladigan bir gator metabolik buzilishlarni keltirib chigaradi. Bu
xavflar orasida och qoringa glyukozaning buzilishi, dislipidemiya, gipertenziya, qorin bo‘shlig‘ida yog*
bosishi kabilar ham mavjud. Bugungi kunda dunyoda yurak-qon tomir kasalliklari yetakchi o‘rinni
egallamoqgda. Hayot tarzi omillari, shu jumladan, ovgatlanish kardiometabolik salomatlikka sezilarli ta’sir
ko‘rsatadi. Bunda salomatlikni saqlash uchun sog‘lom ovqatlanish, sabzavotlar va mevalarni ko‘p iste’mol
gilishni talab gilinadi. Bu katta yoshlilarda yurak va metabolik buzilishlar iste’mol midqgdorini pasaytirishi
isbotlangan. Boshqa tomondan, pediatriyada ko‘plab tadqiqotlar natijasida nomuvofiglik va munozarali
ma’lumotlar olingan. Shuning uchun parhezning afzalliklari hozirgacha bolalikda munozarali bo‘lib
golmogda. Ko‘p olib borilgan tadqiqotlar natijasida meva va sabzavotlarning nonushta qgilish istagi, tetiklik,
aqliy salohiyat rivojlanishidagi profilaktik roli muhimdir. Sabzavotlarni iste’mol qilish yurak-gon tomir
tizimini yaxshilashning asosiy elementi sifatida tavsiya etamiz. Tadgiqotchilarning izlanishlarini o‘rganish
natijasida shuni aytishimiz zarurki, sabzavotlarni ko‘p iste’mol qilish yuqoridagi kasalliklardan himoya
giladi.

Mevalarni iste’'mol qilish ko‘plab surunkali kasalliklar xavfini kamaytirishda ham foydali ta’sir
ko‘rsatadi. Biroq uning metabolik sindromga ta’siri sabzavotlarga nisbatan kam bo‘lib gqolmoqgda. Ayrim
mevalarning glikemik yuklamasi yugori va shuning uchun semirishning rivojlanishida himoya bo‘la
olmaydi, balki yuqori ko‘rsatkichda yordam beradi deb hisoblangan.
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Usullar. Ishtirokchilar OTM ko‘ngilli talabalari va Qashqadaryo viloyati davolanish maskanlarida
ko‘ngillilardan tanlab olinib, ilmiy-tadqiqotlar davolanish maskanlarining ovgatlanish bo‘limlarida olib
borildi. Jami 9 nafar katta bemorlar va bolalar ishtirok etdilar. Tana vazni indeksi kilogrammdagi vaznni
kvadratga bo‘lish orqali hisoblandi. Meva va sabzavotlarni parhez bilan iste’mol qilish to‘g‘risida. Iste’mol
gilish iste’mol midqdori kunlik, haftalik iste’mol qilishi nazorat gilindi.

Barcha ishtirokchilar sabzavotlarni iste’mol qilish iste’mol midqdorini aniqlash uchun so‘rovnomalar
to‘plamiga javob berishdi. Boshqa tomondan shu bilan birga, semiz insonlarda sabzavotlarni haftalik
iste’mol qilish odatdagidan ko‘ra ko‘proq uchragan

Mevalarga kelsak, kunlik iste’mol qilish semiz odamlarda ko‘proq kuzatilgan 25 (58,1%) (27,9%
kuniga bir marta, 30,2% kuniga 2-3 marta iste’mol qilingan) va nazorat guruhida kamroq uchragan 20
(43,5%) (23,9% bir marta) 19,6% kuniga (2-3 marta). Nazorat guruhidagi 20 nafar bola meva iste’mol gilgan
haftada bir marta, 13 nafar semiz bolalar esa haftada bir marta meva iste’mol qilishgan.

Mevalarni iste’mol qilish holatlari nazoratga nisbatan Meva-sabzavotlarni iste’mol qilish iste’mol
midqdoriga ko‘ra, holatlar va nazoratlar bo‘lindi.

Bundan tashqari, 2 ta asosiy guruhga bo‘lindi: har kuni meva va sabzavot iste’mol qiladigan guruh va
boshga guruh vagti-vaqti bilan iste’mol gilingan meva va sabzavotlar iste’mol giladigan guruhlarga.

Semizlikda meva va sabzavotlarni iste’mol qilish iste’mol midqdori o‘rtasida sezilarli farq yo‘q edi va
nazorat guruhi. Sabzavot iste’mol qilish iste’mol migdoriga kelsak, nazorat guruhi orasida kunlik sabzavot
iste’mol qilish foizi yuqori (71,7%), (43,5% kuniga bir marta iste’mol qilingan, 28,3% 2-3 marta) semizlik
guruhiga nishatan (61,4%), (36,4% kuniga bir marta va 25% 2-3 marta iste’mol qilgan kuniga). Aksincha,
mevalarni iste’mol qilish iste’mol midqdoriga kelsak, bizning tadqiqotimiz shuni ko‘rsatdiki, mevalarni
iste’mol qilish foizi semizlik guruhida esa, kuniga ko‘proq meva iste’mol gilganlar 58,1% (27,9% kuniga bir
marta 2-3 marta iste’mol qilganlar kuniga bir marta) nazorat guruhiga nisbatan 43,5% (23,9% kuniga bir
marta va 19,6% kuniga 2-3 marta) yuqori bo‘ldi. Shuningdek, sezilarli fargsiz sabzavot va mevalarni
iste’mol qilish iste’mol midqdori bo‘yicha holatlar va nazorat o‘rtasidagi taqqoslash quyida keltirilgan.

Sabzavot iste’mol qilish iste’mol midqdorining ta’siriga kelsak, sezilarli farqlar kuzatilmadi ikkala
guruh o‘rtasida, garchi har kuni sabzavot iste’mol qgilganlar och qoringa qondagi gand miqdori past bo‘lsa-
da, umumiy xolesterin nisbati va triglitseridlar nisbati vaqti-vaqti bilan iste’mol gilinganlarga qaraganda
yaxshilanib bordi. Har kuni sabzavot iste’mol qilgan guruhda och qoringa qondagi o‘rtacha gand miqdori
85,59+12,62 ni tashkil etdi

Sabzavotlarni vagti-vaqti bilan iste’mol qiladigan guruhga nisbatan 87,00+8,00 o‘rtacha umumiy
xolesterin darajasi aniqlandi. Har kuni sabzavot iste’mol qiladigan guruhda 161,74 + 34,52 darajasi
aniglandi. Vaqti-vaqti bilan undan yuqori bo‘lgan 168 darajasi aniglandi. 59+31,09 ni, triglitseridlarning
o‘rtacha miqdori esa 81,56+42,20 ni tashkil etdi. Har kuni sabzavot iste’mol gilgan guruhda esa vaqti-vaqti
bilan sabzavot iste’mol qilgan guruhda 74,00+£30,24 ni tashkil etgan bo‘lsa, kuniga sabzavot iste’mol qgilgan
guruhda o‘rtacha 38,5948,20 ni tashkil etdi sabzavotlarni vaqti-vaqti bilan iste’mol qilish 40,24+10,08 ni,
o‘rtacha 107,07+10,08 ni tashkil etdi.

Bizning tadgigotimizda mevalarni iste’mol gilish iste’mol midqdori bo‘yicha ikkala guruh o‘rtasida
sezilarli farqlar aniqlanmadi va sabzavotlarni iste’mol qilish foydali deb topildi. Meva va sabzavotlarni
iste’mol qilish va tana vazni indeksi o‘rtasidagi muhim bog‘liglik, ortiqcha ovqatlanish yoki jismoniy faollik
kabi boshga sog‘lom xatti-harakatlar tufayli uchraydigan kasalliklarni oldini olish mumkindir deb topildi.

Shuni takidlaymizki kuniga 3 porsiyadan ortiq meva va sabzavotlarni iste’'mol qilish markaziy
semirishni kamaytiradi.

Sabzavotlar ortigcha vazn yoki semizlik, giperglikemiya, xolesterin xavfini sezilarli darajada
kamaytirdi.

Jismoniy mashqlar kabi turmush tarzi omillari kardiometabolik xavf omillariga ko‘proq ta’sir
ko‘rsatadi. Kardiometabolik xavf omillariga turli sabzavot va meva turlarining ta’sirini o‘rganish tavsiya
etiladi.

Ushbu tadqgiqot shuni ko‘rsatdiki, mevalar iste’moli miqdori va ular o‘rtasida sezilarli bog‘liglik yo‘q
edi. Sabzavot iste’moli va semirish, giperglikemiya yoki giperlipidemiya, parhezli sabzavot va mevalar
semirishda asosiy emas, balki tavsiya etiladi.

So‘nggi o‘n yilliklarda semizlik darajasini oshirishning global sog‘ligida muhim muammo bo‘lib,
gandli diabet, yurak-qon tomir kasalliklari va insult kabi og‘ir kasalliklarni orttirmoqda. Bu o‘zgarishlar tana
massasi indeksi orgali gayta tiklanish jarayonlari bilan bog‘liq bo‘lib, och qoringa glyukozaning jarayoni,
dislipidemiya, gipertenziya va qorin bo‘shlig‘ida yog‘ to‘planishi kabilar tadqiqot sohasi ko‘rsatkichlari
bo‘ldi. Kundalik qo‘shimcha yordam iste'moli qondagi qand va lipid ko‘rsatkichlarini yaxshilash orqali
yurak-qon tomir tizimini qo‘llab-quvvatlashi aniglandi. Meva iste'moli esa metabolik sindromga garshi
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himoya kuchiga ega bo‘lsada, nisbatan ta'siri pastroq. Shu bilan birga, jismoniy faollik kardiometabolik
kasalliklarni minimallashtirishda muhim o‘rin tutadi. Laboratoriya yurak-qon tomir va metabolik hosil gilish
profilaktikasida meva va sabzavotlar yordamni iste'mol gilishni tasdiglaydi.

Mevalar va sabzavotlarni saglash — ho‘l va sersuv mahsulotlarni iste’mol etish yoki gayta ishlashga
gadar saglanishiga yordam beradigan tadbirlar majmuyi. Yetishtirilgan mahsulotni nest-nobud gilmasdan va
sifatini pasaytirmasdan saqlash va undan foydalanish qadimdan inson ehtiyojlaridan biri bo‘lgan. Saqlashni
to‘g‘ri tashkil etish mahsulot sifatining uzoq, vaqt buzilmasligini va nobudgarchilikning oldini olishni
ta’minlaydi. O‘zbekistonda meva va sabzavotlarni saglashning eng qadimgi usullari ko‘mib yoki ilib
saglash, qoqi qilib quritish kabilar keng qo‘llangan. Mevalar va sabzavotlarni saglashdagi asosiy vazifa
ularning fizik va kimyoviy tarkibini, rangi, ta’mi, oziqlik qiymati va boshqa xususiyatlarini saqlab qolishdan
iborat. Mevalar va sabzavotlarni saglashni sakutshdagi asosiy giyinchilik bu mahsulotlar tarkibida erkin
holatdagi suvning ko‘pligi bilan bog‘liq. Harorat yuqori bo‘lgan sharoitlarda bu narsa hujayra va
to‘gqimalarning nafas olish, pishib yetilish va qarish jarayonlarini faollashtiradi, bug‘lanishni va patogen
mikroflora rivojlanishini kuchaytiradi. Meva va sabzavot omborlari, sovugxonalar yangi hosil joylashidan
oldin formalin yoki oltingugurt gazi bilan yuqumsizlantiriladi, yangi so‘ndirilgan ohak bilan oqlanadi,
quritiladi, mahsulotlar saglanadigan haroratga gadar sovitiladi. Olma, nok, asosan, ostiga qog‘oz yozib
(noklarni qog‘ozga o‘rab) joylangan yashiklarda —0,5, —0 °C da va nisbiy namligi 90—95% da saglanadi.
Kartoshka xonalarda yerga qazilgan o‘ralarda, faol shamollatiladigan omborlarda devorli xirmonlarda 3,5-5
m balandlikda, karam uyumlarda, xandaglarda va turli doimiy omborlarda, yashiklarda saqlanadi. Harorat
—3 °C; havo namligi 70—75% dan oshmasligi kerak. Qovun-tarvuzlarni xashakka joylab yoki osib +3 °C da
4 oyga yagin saglash mumkin.

Ba’zida sog‘ligdagi muammolarni bartaraf etish uchun ko‘proq yangi sabzavot va mevalarni iste’mol
gilish kerak. Ularni kuniga, taxminan, besh dona gabul gilish tavsiya etiladi. Ammo oz miqdordagi
odamlargina bunga rioya qiladi. Ko‘pchilik esa kuniga bir-ikki dona bilan cheklanadi. Demak, salomatlik
uchun ratsionni gaytadan ko‘rib chiqish zarur. Shuningdek, meva-sabzavotli ratsionda rux moddasi, yod,
kalsiy, fosfor, magniy singari muhim mikroelementlar yetishmaydi.

Bunday taomnomadagi tangislikda C-reaktiv ogsili, shuningdek, omega-3 va omega-6
aminokislotalari va boshga bir gator moddalar gabul gilish buyuriladi.Temir moddasining yetishmasligi
vegetarianlar ratsionidagi eng katta muammolardan hisoblanadi. Bu hujayralarning kislorod bilan
ta’minlanishi yomonlashishiga olib keladi, oqibatda immunitet susayib, infeksion kasalliklarni rivojlanish
xavfi ortadi. O‘tkir respirator va oshqozon kasalliklari ehtimoli 1,5-2 karra ortadi. Teri va shillig gavatlari
bilan bog‘lig muammo yuzaga kelib, energiya yetishmasligi va kuchsizlanish kuzatiladi.

Meva va sabzavotlarda hech qanday xolesterin, hatto foydalisi ham mujassam bo‘lmaydi. Xolesterin
gormonlar va o‘t suyuqligining ishlab chiqarilishida, moddalar almashinuvi, D vitamini sintezida ishtirok
etadi. Foydali yog‘lar bo‘lmasa, teri ham, soch va tirnoglar ham sog‘lom bo‘Imaydi. Qolaversa, miyadagi
jarayonlar yomonlashib, metabolizm sekinlashadi.
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Xulosa. Bunday parhezga amal gilganda eng avvalo foydali moddalar bilan bog‘liq muammo keyin
esa gormonlar va qalqonsimon bez faoliyatida o‘zgarish, anemiya kuzatiladi. Bundan tashqgari meva va
sabzavotlarning o‘zidan iborat parhez oshqozon-ichak kasalliklaridan aziyat chekadiganlarga tavsiya
qilinmaydi. Oshqozon bilan muammo bo‘lmagan taqdirda ham kutilgandek tez vazn tashlanmaydi. Negaki
bunday ratsiondagi mahsulotlar gorinni uzoq vaqt to‘q tutmaydi va ochlik hissi bezovta gilaveradi. Bu
doimiy ravishda tamaddi qilishni istashga olib kelishi mumkin. Qolaversa, odatiy ratsionga o‘tilganidan
keyin organizm ancha vaqt mahrum bo‘lgan ogsil va yog‘larni zaxira qilishi hisobiga ozish kuzatilmaydi.
Shu sabab ham eng asosiysi balansli ovqatlanish va sog‘lom bo‘lish kerak.
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ABTOMATHU3ALIUA JUCIIETYEPCKOI'O YITPABJIEHUSA HA
BOJOPACHIPEAEJIUTEJBHBIX COOPYXKEHUAX

Ycemonoe @aznuoounxon Canoxon yenu,

accucmenm Lllaxpucabsckoeo uruana

TawikeHMCcKO20 XUMUKO-MEXHON02ULECKO20 UHCMUNYma
2. lllaxpuca6s, Kawxkaoapvunckas obracme
usmonov9524@gmail.com

Annomauyusa. B oaunoii cmame  paccmMompeHvl  60NPOCHL  AGMOMAMU3AYUU  YNPAGLEHUS.
so0opacnpeoenumentbiMy 00beKMamil, CO8ePUIeHCIMBOBAHU pAbOMbl OUCNEMYEPCKO20 YEeHmpa 6 HUX,
asmomamuzayuu u 8l60pa npocpammublx cpeocms. Takoice ynomanymsl npoyeoypel U 3mansi OnpeoeseHus.
ONMUMATILHLIX PENCUMO8 U NAPAMEMPO8 VNPAGLEHUS 6 2UOPOMEXHUUECKUX COOPYICEHUSX, peanu3ayuu
npoekma asmomamusayuu Ha npaxmuxe. [100pobHO onucana mexHuko-dIKOHOMUUECKAA IPHeKmusHoOCms
asmomamu3ayuu OUCHem4epcKo20 YNpaeileHUs.

Knwuesvie cnosa: oucnemuepckuil yeHmp, ynpagieHue 3ameopos, yuém 6o0bl, dHepeocoepedicerue,
IKOHOMUYECKAsL IPPEKMUBHOCMb, NPOEKM  ABMOMAMU3AYUY, OAMUUKU  pPACxood, OAmuyuKu YpoeHs,
VIPAGAAIOWUL KOMNbIOMED, RPOZPAMMUPYeMble T02UHecKue KOHMPOILEepsl, AHANU3 U MOHUMOPUHE.

SUV TAQSIMLASH INSHOOTLARIDA DISPETCHERLIK BOSHQARUVINI
AVTOMATLASHTIRISH

Annotatsiya. Ushbu magolada suv tagsimlash inshootlarini boshgarishni avtomatlashtirish, ulardagi
dispetcherlik punkti ishini takomillashtirish, avtomatlashtirish va dasturiy ta’minotni tanlash masalalari
muhokama gilinadi. Gidrotexnika inshootlarida optimal boshqarish rejimlari va parametrlarini aniglash va
avtomatlashtirish loyihasini amaliyotda amalga oshirish tartibi va bosgichlari ham aytib o'tilgan.
Dispetcherlik boshgaruvini avtomatlashtirishning texnik va igtisodiy samaradorligi batafsil tavsiflangan.

Kalit so‘zlar: dispetcherlik markazi, zatvorlar boshqgaruvi, suvni o'lchash, energiya tejash, igtisodiy
samaradorlik, avtomatlashtirish loyihasi, ogim sensorlari, darajadagi sensorlar, boshgaruv kompyuteri,
dasturlashtiriladigan mantigiy kontrollerlar, tahlil va monitoring.

AUTOMATION OF DISPATCH CONTROL AT WATER DISTRIBUTION STRUCTURES

Abstract. This article discusses the issues of automating the management of water distribution
facilities, improving the work of the dispatching point in them, automation and software selection. The
procedure and stages of determining the optimal control modes and parameters in hydraulic structures and
implementing the automation project in practice are also described. The technical and economic efficiency of
dispatching control automation is described in detail.

Keywords: control center, valve control, water metering, energy saving, economic efficiency,
automation project, flow sensors, level sensors, control computer, programmable logic controllers, analysis
and monitoring.

Beenenne. Asmomamusayus oucnemuepckoeo YnpagieHus 6000KAHAN08 NMIPEATNOoaracT BHEAPEHHE
CHCTEMBI, KOTOpas IMO3BOJISIET aBTOMATH3UPOBATh MPOLECCHI YIIPABICHUSI U KOHTPOJIST HajJ paboTOM CHCTEMBI
BojloCHAOXKeHNsT U KaHanmu3anuu. CrucreMa aBTOMAaTH3allMK W JWCIETYEPHU3AINK BOJOKaHAIA TPEACTaBISET
co00# yCTpOIiCTBA MOHHUTOPHWHTA W YIPaBIEHUS, KOTOPHIE OOECHEYMBAIOT HAONIOACHHWE 32 COCTOSHUEM
arperara B peXHMeE PeajbHOTO BPEMEHU U MPHHSATHE ONEPAaTHBHBIX Mep MPHU BO3HUKHOBEHHU aBapUHHBIX
cutyarmid. OmnepaTopsl AMCIIETYEPCKONH MOTYT OTCJIEKMBATh BBIOJHEHHE 33/ad W TMapaMeTpoB paboThl
HACOCHOW CTaHIMM M TPHOOPOB, YpOBEHb HAlopa M pacxoll Bojbl aOOHEHTa, COCTaB M JPyrHe Ba)KHbBIC
MoKa3aTesy. DTO MO3BOJISAET ONEPAaTHBHO pearupoBaTh Ha BOSHUKAIOIINE MPOOIEMBI, MPEJOTBPAIIaTh aBapUU
u obecrieunBaTh CTaOMILHOE BOIOCHAOKCHUE.

OcHoBHas yacThb. Bee nanHble XpaHsTcs Ha cepsepe U 0a3e JaHHBIX.

Cucrema nMeeT TPEXYPOBHEBYIO apXUTEKTYPY:

1. CynepBu3opHblii (BepxHHii) ypoBeHb — LEHTpanbHbIN nucneruepckuid myHkT (LIAIT). Ha stom
YpOBHE OCYIIIECTBISIETCSl HAOIIOMeHNE 32 000pyIOBaHHEM BceX OOBEKTOB BOJIOKaHANA M MOKA3aTEsIMHU UX
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(YHKIIMOHMPOBAHUS, apXUBaLlUsl U JOKyMEHTalus HH(popMauu, KOOpJUHALM IeHCTBUIL 110 COTNIAaCOBaHHOM
paboTe moacucTeM U YIET 00IIIero MoTpeOIeHNs MIEKTPOIHEPTHH TI0 BCEM KOHTPOIUPYEMBIM 00BEKTaM.

2. JlucneTyepcKuil ypoBeHb NOACUCTEM BOAOKaHaia. Ha sTomM ypoBHe Beaércsi HaOmogeHHE 32
obopynoBanueM JokanbHbIX ACY TII KOHKpeTHOH MOICHUCTEMBl U MOKa3aTeNsiMi UX (YHKIUOHUPOBAHUS,
apxuBalUsl W NOKyMeHTauus uH(opMmauuu i ynpasneHus jokanbHeiMu ACY TII B 3aBucumoctd OT
TEKYILUX YCJIOBUH U 3aJaHHBIX IapaMeTPOB, yUET NOTPEOICHNUS MEKTPOIHEPTUH 110 KAXKIOMY OOBEKTY.

3. HukHuii ypoBenb. Ha 5ToM ypoBHE mpoucxoauT cOop U nepenaya AaHHBIX O COCTOSHUM U padoTe
o0opynoBaHMsl Ha OObEKTaX BOJOKAaHAjIa Ha AMCIETYEPCKUI ypOBEHb, a TAKXKeE JIOKAJbHOE YIPAaBJICHHUE
o0opynoBaHMEM Ha 00bEKTaxX BOIOKAaHAIa B COOTBETCTBUH C IIPOTPaMMaMM UM aJrOPUTMaMHU, 3a1aHHBIMU Ha
JUCTIETYEPCKOM YPOBHE WIIM B PyUYHOM PEKUME.

Ha3nayenne. Cucrtema mpeqHa3HaueHa MAJIs aBTOMATH3alMK TPOLECCOB cOopa W 00paboTKu
nHpopMaIm O paboTe OOBEKTOB BOJOKAaHAJa, MPOTPAMMHO-JIOTHYECKOTO YIIPABIECHUS OOBEKTaMH,
JUCTIETYEPCKOTO KOHTPOJISI ¥ IEHTPATM30BaHHOTO YIPABIEHNUS, a TAKKE AJIS PELIeHHs 3a/1ad TEXHUYECKOro U
KOMMEPUYECKOTo yuéTa rHIpOpeCcypcoB, MOTPEOICHHS TEIlIa U SINEKTPOIHEPTUH.

Henu u 3apaun. llosermenue 3hhekTHBHOCTH pabOTH BOZOKAHAIOB 3a CUET:

e YMEHBIIIEHHE KOJMUECTBA MepedoeB ¢ rmojadeii BOIbl

e [JoBBIIIIEHNE KaueCTBA MUTHEBOM BOIBI

e OOccrieueHNEe BBICOKOTO YPOBHSI BiaAeHUS HH(OpMaLUed O TMOJOKEHUM JieJl Ha MecTax H
MOCTOSIHHOTO KOHTPOJISL TEPPUTOPUAIIBHO YIATIEHHBIX 00bEKTOB

o OOccreueHne ONEepaTUBHOCTH B OIICHKE COCTOSHHSL 000PYAOBaHHS U TEKYIIHX PEKUMOB €ro padoThI

e [IporHo3upoBanme BOCCTAHOBUTEILHBIX Pa0OT

o CHIKCHUE KOJIMYECTBA PEMOHTOB M YBEIMUCHHS CPOKOB CIIY>KOBI TEXHOJIOTHUECKOTO0 000PYIOBaHM.

Oo0bekT nucnerdyepmsamuu. Cucrema BOAOCHAaOKEHHsT W BOJOOTBEICHMS TOpOAAa — CIIOXKHBIN
MHOTO(YHKITMOHAIBHBIN KOMILICKC, padoTaromuii 24 yaca B CyTkH, 365 mHeil B romy. MOXXHO BBIJICIIUTH
MOACHUCTEMbI BOH03a00pa, BOAOMOATOTOBKH, paclpenesieHHs BOLOCHAOKEHMS, BOJOOTBEACHUS M OUYHCTKH
CTOKOB.

ApXHUTeKTypa M BbINOJHAeMble (pyHKIMHU. CrcTeMa CTPOUTCS C HCIOIB30BAaHHUEM IMPOrpPaMMHO-
JIOTHYECKUX KOHTPOJLIEPOB U B 00IIEM Cllydae UMeeT TPEXYPOBHEBYIO CTPYKTYPY:

Ha cynepsu3opHOM ypoBHE peain3yroTcsi:

e KOHTPOJIb 32 000PY/I0BaHNEM BCeX 00OBEKTOB BOJOKAHANA U TIOKA3aTEIsIMU X pabOThI

® APXMBUPOBAHHUE U JIOKYMEHTUPOBAaHUE Bcel HeoOXoaumMon nHdopManum

e KOOpAHMHAIUS JIEHCTBUN IO COBMECTHOHN paboTe MOJCUCTEM U BEJCHHE ONTHMAaIIbHON Oe3aBapHiHOM
paboThI BCEil CUCTEMBI TOPOICKOTO BOJIOXO3SIICTBA

e yu&T cyMMapHOU OTPeOIsIeMOid JICKTPOIHEPTHUH 110 BCEM KOHTPOIHPYEMBIM 00BEKTaM.

Ha nucneruepckoM ypoBHE pean3yroTCs:

e KOHTPOJIb HaJl 00opynoBaHueM JokaidbHbIX ACY TII KOHKpETHOW MOACHUCTEMBI M MTOKa3aTEeNIIMU UX
paboThl

e APXMBUPOBAHUE U JIOKYMEHTUPOBAaHUE Bcel HeoOXoanMon nHGopManum

e KOOpAMHAIUS JIEUCTBUH 1O cliaxkeHHOU pabote nokanbHBIX ACY TII KOHKpPETHOH MOICHUCTEMBI H
BeJICHUE WX ONTUMAIILHOM Oe3aBapHitHON pabOTHI

e y4ET CyMMapHOl ~ TOTPeOIsIeMOi 2IIEKTPOIHEPTUU IO BCEM  KOHTPOJIUPYEMBIM  OOBEKTam
MTOJICUCTEMBI

e pacyéT CTaTUCTUYECKH OOOOIIEHHBIX TaHHBIX 10 BCEM KOHTPOJIMPYEMBIM 00bEKTaM MOJCHCTEMBI

e IMCTAHIIMOHHOE yIPaBICHNE 000PYIOBAaHUEM.

Ha yposne nokansusix ACY TII peanusyrores:

e [IPOrPaMMHO-JIOTHYECKOE YIIPABIEHHE HACOCHBIMU arperaraMu U 3allOpHON apMaTypoii, B TOM YHCIIE
YaCTOTHBIMH ITPUBOAAMHU

o OJIOKHPOBKH M MTPOTHUBOABAPUIHBIE 3AITUTHI

o yuéT noTpedIIsieMOi MEKTPOIHEPTUH

® AITOPUTMBI PABHOMEPHOTO MCIIOIB30BAHNS arPEraToB 10 33JaHHON HapaOOTKe

® KOHTPOJIb KaueCTBa BOBI

e yu&T BOJIBI, OTIYCKACMOM MOTPEOUTEIISM.
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HACOCHBIE CTAHUWW  OYUCTHBLIE COOPY)XEHUSI  PAMOHHbIE HACOCHbIE KAHANU3AUMOHHBIE ~ OYMCTHLIE COOPYXEHWA

BOAO3ABOPA BOAONOArOTOBKK CTAHUMK HACOCHbIE CTAHUWM BOOOOTBEAEHWUA
(NOBLICUTENBHBIE CTAHLIWK)

Pucynok 1. Cucrema qucnerdyepu3alii BOAOKAHAIA

Jlokaneubie ACY TII Moryt paboTtaTh B JIByX PEKHMax:. aBTOMATHUECKOM U JUCTAHIIMOHHOM. B
ABTOMAaTHYECKOM PEKHMME MOICPKUBAIOTCS 3a/laHHbIe BEJIMYMHBI TapaMeTpoB. B JUCTaHIIMOHHOM peXkrnMe
yIpaBlieHHE HCIIOJHUTEIbHBIMU MeXaHU3MaMH (HacocaMmu, 3aJBH)KKaMH) OCYLIECTBISIETCS ONEpaTopoM
JUCIIETUEPCKOro YpoBHs. [Ipr OTCYyTCTBHU CBA3M C JUCIIETYEPCKUM YPOBHEM KOHTPOJUIEP MEPEKIIOYACTCS B
ABTOMATHYECKHIA PEXHM PadOThl M padOTaeT Kak JIOKallbHas CTaHIUsS yrpasieHus. [Ipy BO3SHMKHOBEHUH
HEIITAaTHOW CHUTyallud KOHTPOJUIED HIKHEr0 YPOBHSI OCYIIECTBISIET IOCBUIKY JAHHBIX aBTOMATHUYECKH,
HE3aBHCHMO OT YCTAaHOBJIEHHOTO MIEPHUOJIA CBSI3H.

Berpoennbie  QyHKIIMM  KOHTPOJUIEPOB, TpuUMeHseMblx B JokanbHbIX ACYTII, mno3Bossitor
BECTH apXWBBl BHYTPH KOHTPOJUIEpA U TIEpEeaBaTh WX HA «BEPXHHE» YPOBHU CHCTEMBI JAHMCIIETYECPU3AINH.
OO6men nHpopMaeld MOKET IPOUCXOIUTh KaK 10 MHUILIUATUBE «CBEPXY» U «CHHU3Y», TaK H [0 PACITUCAHUIO.
KoHnTposiepsl MoryT mepenaBath MHGOpMAIMIO Ha «BEPXHHI» YPOBEHb C HCIIOIH30BAHHUEM IPOTOKOJIOB
OPC DA u HDA. Ilpu pabore B komruiekce co SCADA oOMeH uHpopMarmed OCyIecTBIsETCS 10
«3aKPBITOMY» BHYTPHU(PHUPMEHHOMY MPOTOKOIY, TO3BOJISIOIIEMY paboTaTh MO MEUIEHHBIM U HEYCTOHYUBBIM
KaHasaM cBs3d. [lpu BoccTaHOBIIEHMM CBS3M ToOcie e€ mpomnajaHus Besi MH(opMmanus, BKIIOYAs apXHUBbBI
napamMeTpoB U MPOTOKOJI COOBITHH, «rtonHIUMaeTcs» B SCADA-cuctemy.

OOmeH wuH(popMalell ¢ KOHTpOJUIEpaMH MOXET OCYIIECTBIAThCS Kak 1o Ethernet, mo muamsM
TeneOHHON MoeMHOH cBs3H, Tak U o GSM-kananam. J{ist 3TOro ONMIMOHAIBFHO B COCTaBe KOHTPOJUIEPOB
MpeIyCMOTPeHbl BCTpoeHHbIe Momynmun GSM ¢ momaepikkoit niByx SIM-kapt. KaHaibl CBS3M MOryT
OBITh 3ape3epBUpOBaHEL. [lognepknBaeTcst paboTa Kak ¢ «OesbIMUY», Tak | ¢ «cepbMn» IP-anpecamu. O6men
JAHHBIMH C JUCIIETUYEPCKUMH ITyHKTAaMH MOXET OBbITh pealn30BaH U C UCIOIb30BaHUEM paauokaHana. [Ipu
padoTe B OTKPBITHIX CETSX NMPUMEHSIOTCS MEXaHHU3MBI 3aIlIUThI OT «BHELIHEr0» BO3JCHCTBUS U IepexBara
nHpOopMarum.
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Pucynok 2.BusyanbHbplii BUA AUCHETYEPCKOT0 YIPABJIEHHS BOOKAHAJIA

Jisi 3amyThl OT BMEIIATeNbCTBA W3BHE MpU paboTe B «OTKPBITHIX» CETAX B KOHTpOJUIEpe
npeaycmoTped nporpamMubiii firewall. [Ipu mepenaue wHbopmanmu Mexnay koHtpomiepom n SCADA
KPVYT'-2000 npuMeHsOTCS: MEXaHU3MbI IM()POBAHHUS.

CuctemMa ynpapieHHsl BKJIIOYAET B ceOs J1Ba MEPApPXUUECKU CBSA3aHHBIX YPOBHs, BEPXHUH YpPOBEH —
onepaTUBHO-TIpon3BoAcTBeHHON ciryk0bl (OIIC), n HIWKHUI — crucTeMa aBTOMATHYECKOTO YIPaBICHUS
(CAY).

HexoTtopble npenmyiiecTBa aBTOMAaTH3ALMH JUCIIETYEPCKOI0 YIIPAaBJIeHHsI BOJOKAHAJIOB!

e COKpallleHHe KOJINYeCcTBa COOEB C TO1a4eli BOJIbI;

e MOBBIIICHUE KaueCTBa MUTHEBOW BOJIBI,

e oOecrieyeHre MOJTHOTO JI0CTyIa K MH(QOpMALMK O CUTyallud HAa MECTaX M MOCTOSHHOTO KOHTPOJIS 3a
TEPPUTOPUAITLHO OTHATEHHBIME 00bEKTAMH;

e OIICPATUBHOCTh B OIEHKE TEXHHUYECKOTO COCTOSHUSI OOOpPYIOBAaHUS M TEKYIIMX PEKHUMOB €ro
(YHKIMOHUPOBAHMUS;

e IPOrHO3UPOBAHUE PEMOHTHBIX PadoT;

e CHIDKEHHE KOJTMYECTBA TIOJIOMOK U YBEITMYEHHE CPOKOB CITY>KOBI TEXHOIOTHYECKOTO 000PY/I0BAHHS.

IxkoHoMHUYecKas IPPeKTUBHOCTH KOMILIEKCHOM aBTOMATHU3AllUN BOJAOKAHAJIA

o DKOHOMHS AIIEKTPOIHEPTHHU 32 cUeT paboThl 000PYIOBaHUS B ONTUMAIBHOM PEXUME (HEIIPEPHIBHBIN
KOHTpOJIB) — 110 15-20%

e DxoHOMHUS THApPOpecypcoB — 10 10% 3a cuer:

o CBeeHHEe K MUHUMYMY He0allaHCOB

o Coxparenre aBapuiHbIX CUTyallli 3a CUET KOHTPOJIA HaJ TEXHUYECKUM COCTOSHUEM O00OPYIOBAHUS
H, KaK CJIEJICTBUE, — YBEIMUCHHUE HAJIS)KHOCTH pabOThl 00BEKTOB

o YBeJIMUEHUE MEXPEMOHTHBIX CPOKOB 3@ CUET 3KCIUTyaTalld BCETo OOOpYIOBaHHS B ONTHMAIbHBIX
pexuMax

e YMEHBIICHUE OKCIUIyaTallMOHHbIX 3aTpaT (YMEHBLIEHHE KOJIMYECTBA  SKCIUIyaTallMOHHOIO
HepcoHaj a, MUHUMH3ALHUs 3aTpaT Ha COOCTBEHHBIE HYKIbI)

Cumxenue 3arpat Ha DOT (ponnx ommarer Tpyaa).

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 129

https://buxdu.uz



INFORMATICS

— e e R

Es “a N E .- - . -~
e L II!II oo
- ‘:-“. i B )
.- oy SRAL G B e S
5 e L]
A AL B e
A . o
PAaN - S
. -
sy 41
-
A et
A" A R
wex .
A -'
LA - LA -
A 3 | “
“a L'_.\

. .;:{:“c:a::m‘:'::_;:r:;mm

Pucynox 3. O6mmii Bua ruapocoopy:kenus B IBM nucneryepckoro ynpapjieHUs

BeiBoabl. Cuctema mpenocTaBisieT pyKOBOACTBY M CHELMAIUCTaM €IMHYI0 KapTHHY JAeATeIbHOCTH
BOJOKaHaJla, 4YTO OCOOCHHO AaKTyaJHO [UIi OKCIUIyaTaTCMM TEPPUTOPHAIHO  pacrpelenéHHbIX
TEXHOJIOTMYECKUX MPOLECCOB U 000pyroBaHUsl. MOHHUTOPHHI M YNpPaBJICHHE TEXHOJIOTHYECKUMHU
rapaMeTpamy, COCTOSHUSMH HACOCHBIX arperaroB W €MKOCTeHl B aBTOMAaTHYECKOM peXHMME IMO03BOJISIET
CHHU3UTH PACXO]] ANIEKTPOIHEPTHH, a TAK)KE PACcXOJl BOJIBI 32 CUET CTAaOMIIN3aLMH JaBJI€HUS B BOIOIPOBOAHOM
CEeTH, COKpAILECHHUS YTCUKH M HEITPOU3BOAUTEIIHOTO UCIIOJIb30BAHMUS BOJBI; OOCCIEUNTD, B LIEJIOM, HAIEKHYIO
paboTy TeXHOIOTHYeCcKoro o0opynoBaHus. KOHTposb TeMIiepaTypbl, YPOBHS KOHIICHTpAallMM aMMHaka U
merana B nomenieHnrn KHC ¢ aBromaTnueckoii BblJjadell curHaia Ha BKITIOYEHHE BEHTWISIIMOHHBIX HACOCOB
MOAJIEPXKHUBAaET CcTaOWIbHYI0 W Oe3omacHylo pabOTy HACOCHBIX CTaHUUM. BeneHue >kypHasia TpeBor,
WCTIOJIb30BAHNE OXPAaHHON CHUTHAIM3AaLMU 00ECHEeYMBACT JOKAIMU3ALHUI0O U ObICTPOE YCTPaHEHUE HEIUITATHBIX
CUTyallMii, COKpAaIlleHHE KOJIMYEeCTBA aBaphil Ha BOAOMPOBOJHBIX CeTAX. JlOCTYymHOCTh M COXpaHEHHe
MHOKECTBA BAaXKHBIX IIOKa3aTeJed IO3BOJISET CHENaThb PETPOCIEKTUBHBIN aHaln3 pabOThl CUCTEMBI U
MOBBICUTB 3a CUET 3TOT0 €€ 3P (PEKTUBHOCTb.
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VIIK 62
IMMPUMEHEHHWE HACOCOB B MUAIIEBO¥ IMTPOMBIIITEHHOCTH

Tyiiuuee Axpop Koenu yznu,

accucmenm Lllaxpucabsckoeo uruana

Tawkenmcko2o XUMUKO-MEXHON02UHeCKO20 UHCIMUMYmd,
Kawxaoapvunckas obnacme, e. Lllaxpucabs
tuychiyevahrorl@gmail.com

Cynmonoe 3aéxkudoun Hunazoeuu,

cmyoenm Lllaxpucab3zcrkoeo uruana

TawkeHMCKO20 XUMUKO-MEXHONI0SUYECKO20 UHCMUMYMA,
Kawrxaoapvunckas obnacme, 2. Lllaxpucads
zavgidinsultonov1995@gmail.com

Annomauyua. B Oaunoii cmamve paccmampusaemcsi NOPAOOK, BAXHCHOCHL U NPEUMYUecmea
UCNONL30BAHUA HACOCO8 6 NUWEBOU NPOMBIUIEHHOCMU O NEPeKayu8anus, 8CACbIBAHUA U PACNbLICHUS
acuokocmel  u  cmece. OmOeNbHO — pACCMAMPUBAIOMCA  HACOCHI,  UCNONb3YeMble 8  HUWeGol
NPOMBIWIEHHOCIU, UX MUNbl, KOHCMPYKMuUGHvle peutenus u oonacmu npumenenus. Kpome moeo, kpamxo
npedcmasnensl npoyeoypul U UObL PA3MEWeHUs HACOCO8 NPU NEPEKAUKe CbIPbs U 20MOBOU NPOOYKYUU.

Knwouesvie cnosa: nepexauxa sHcuokocmeu, nunjeas npOMuluLIeHHOCMb, HACOCHI, NUUeEble HACOChI,
nuwegvle YeHmpobexcHvle HACOChbl, MeMOpanHble NHeBMamuyecKue nuujesble Hacocsl, UHMOB0E HACOCHOE
0bopyoosanue, GuHmMOBble DOUKOBblE HACOCHL, UMNELIEPHbIE HACOCHLIE dazpecamvl, CMPYKMYypPHAs cXeMd
HACcoco8, MOHMAIIC HACOCOB.

OZ1Q-OVQAT SANOATIDA NASOSLARNING QO‘LLANILISHI

Annotatsiya. Ushbu magolada ozig-ovgat sanoatida suyuqglik va aralashmalarni nasos, assimilyatsiya
gilish va purkash uchun nasoslardan foydalanish tartibi, ahamiyati va afzalliklari muhokama gilinadi. Ozig-
ovqgat sanoatida qo ‘llaniladigan nasoslar, ularning turlari, konstruktiv yechimlari va qo‘llash sohalari
alohida ko'rib chigiladi. Bundan tashqari, xomashyo va tayyor mahsulotlarni quyish uchun nasoslarni
Jjoylashtirish tartibi va turlari gisqacha ko ‘rsatilgan.

Kalit so’zlar: suquliklarni uzatish, ozig-ovgat sanoati, nasoslar, sanoat markazdan gochma sanoat
nasoslari, membranali pnevmatik sanoat nasoslari, vintli nasos qurilmalari, vintli sig ‘imli nasoslar, pervanel
nasos agregatlari.

APPLICATION OF PUMPS IN THE FOOD INDUSTRY

Abstract. This article discusses the order, importance and advantages of using pumps in the food
industry for pumping, suction and spraying liquids and mixtures. Pumps used in the food industry, their
types, design solutions and areas of application are considered separately. In addition, the procedures and
types of pump placement when pumping raw materials and finished products are briefly presented.

Keywords: liquid transfer, food industry, pumps, food pumps, food centrifugal pumps, diaphragm
pneumatic food pumps, screw pumping equipment, screw barrel pumps, impeller pump units, structural
diagram of pumps, installation of pumps.

BBenenue. Hacocel — BaXHEHmIMH BHJ TEXHOJOTHYECKOTO OOOpPYAOBAaHUS Ha MPEANPHATHAX,
MNPOU3BOISAIIMX IHIIEBBIE IMPOAYKTHL. PacuniMpeHne acCOpTUMEHTa BBIINYCKAEMONW NPOAYKLMH BbI3BIBACT
HEOOXOMMOCTh COBEPIICHCTBOBAHUS KOHCTPYKIHMH HAcocoB. OT pabOTBI HACOCHOTO OOOpYIOBaHHS B

3HAYUTENBHON CTENEHW 3aBHCHT XOJ] TEXHOJIOTMYECKOTO IIpPOLEcca, a caMO€ INaBHOE — B YCIIOBHUSX
OOJIBIION KOHKYPEHIMH CPEAM MPEANPHATHH, MPOU3BOAALINX HPOAYKTHl MUTAHUS, — KaueCTBO KOHEYHOTO
MIPOAYKTA.
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TECHNIQUE

Jns nepekaduBaHUs IHINEBBIX IPOAYKTOB TpeOyroTcsi oIpelenéHHble Hacochl. MX omiudaror
MaTepuabl, KOHCTPYKLUS, COeTUHEHUS, Pa3peIlInuTeIbHas JOKYMCHTALHSL.

OcHoBHast yacTb. Hacocsl i NMUIIEBON MPOMBIIUIEHHOCTH NpeIHAa3HAYEHB! Ui INePeKauynBaHUS
HMEIOIUX PAa3JIMYHYI0 IUIOTHOCTh M KOHCHUCTEHLMIO IHUINEBBIX IPOAYKTOB, ChIpbA. B 3aBucumocTH OT
MOZIETI, OHM MOIYT paboTaTh C TOPSYMMH M XOJONHBIMH, >KHUAKUMH, NacTOOOPa3HBIMH, BS3KHMHU
BEIIECTBAMH, a TaK)Ke CPEeAaMU UyBCTBUTEIBHBIMH K MEPEMEIINBAHUIO U TIeHOOOpa3zoBaHuio. Hacochl ams
MUILEBON TPOMBILIICHHOCTH Pa3paboTaHbl ¢ Y4ETOM TOTO, YTO OPraHUYECKUE MPOAYKTHI OBICTPO MOPTATCS U
WX HaKalIMBaHUE Ha CTeHKaxX 00opyaoBaHMs He momycThMo. Kopryc MpOTOYHOH YacTH MMeeT TIaAKyIo
MTOBEPXHOCTh, HA KOTOPOU HE 3aJIepKUBAIOTCS NTepeKadrBaeMble BEIIECTBA U €€ JIerKo OuuIlaTh. BHyTpeHHss
CTPYKTYpa NPOTOYHOW YacTU MPOEKTHPYETCS TAaKUM 0O0pa3oM, YTOOBI MCKIFOUMTH WM MHHUMH3HPOBAThH
MeCTa, e MPOLYKTbl MOTYT 3aCTauBaTbCi M NPHUBOAUTH K Pa3MHOKEHHIO BPEIHBIX MUKPOOPTaHU3MOB.
Bonpmoil pagumyc KpuBH3HBI BHYTPEHHHMX IOBEPXHOCTEH M HCIIOJIB30BAHME B KOHCTPYKIIMU MOIOIIMXCS
YIUIOTHEHUH MO3BOJISIIOT IPOMBIBATh M Ae3MH(UIMpoBaTh 00OpynoBaHME, He pa3bupas ero. Bo MHorux
MOICIAX NPEeAYCMOTPEHA BOSMOXKXHOCTD IMMOAKIIOUCHNA aBTOMATHYCCKUX JIMHUM OYUCTKU U ITPOMBIBKH.

[TumieBble HACOCHI HAJAGKHBI: YCTOWYUBBI K BO3JCHCTBHIO MOIOIIMX BEIICCTB, O0JIQAAal0T BBICOKOH
MPOM3BOAUTENFHOCTBIO M JKOJOTHYECKOW Oe30macHOCThIO. [IWIIeBble HAcOChl CHPOCKTHPOBAHBI B
COOTBETCTBUM C KECTKHMMH CaHUTApPHO-IINACMHUOJIOTUYCCKUMHU U TUTHCHUYCCKUMU HOpPMaMMH. HI/IHICBLIC
HACOCHl UMEIOT MPOCTYI0 KOHCTPYKUMIO. OHM JIETKO M ObICTPO pa3OuparoTcsi, MPEeJOCTaBIsAs BO3MOKHOCTh
0e3 nmpobieM OTPeMOHTHPOBATh 000OPYIOBaHHE, 3AMEHUTH ETalld, IPOBECTH TEXHUUECKUI OCMOTp, OUUCTKY
BHYTPEHHHUX IOBEPXHOCTEH U B KpaT4yanIllke CPOKH BEPHYTh arperar B padoTy.

B 3aBucrMOCTH OT IpUMEHSIEMBIX Ha IPOMU3BOICTBE TUIIOB ITOIKJIIOYEHHUS BCACHIBAIOILEH 1 HAIOPHOM
HI/IHHI;'I, HACOCBI MOT'YT 6I)ITL BBITIOJIHCHEI B CIICAYIOIINUX BapHaHTaXx:

¢ pe3b00BOE COEAMHEHHE C UCTIONIL30BAHUEM “MOJIOUHON My(PThI”;

e OBICTPOpPa3bEMHOE coeMHeHke Tuma tri-clamp.

O06e BepcHuH MO3BOJSIOT OBICTPO COEAWHATH OOOPYIOBAHHUE C DIEMEHTAMH CHCTEMBI TPyOOIPOBOJIOB,
obecrieurBasi TEPMETHYHOCTh M 3alIUTy MEPEKaYMBAEMOr0 NPOAYKTa OT KOHTAaKTa C BHELIHEW Cpemoil,
TUTHEHUYHOCTH CAMOTO COETMHEHMS.

BrimyckaroT paznudHbIe TUITBI HACOCHI JUIS MHIEBONW MPOMBIIIJIEHHOCTH, KOTOPBIE pa3inyaroTcs Mo
KOHCTPYKIIMH, TEXHHYECKHM XapaKTepUCTUKAM W Ha3HAuYCHHI0. DTO CBS3aHO C TeM, 4TO pabodas cpena
OTJIMYAETCsI 10 BSA3KOCTH, TEMIIeparype, HATHYMIO TBEPIBIX BKIIOYCHUH, B HEKOTOPBIX CIydasx TpeOyeTcs
COXPaHUTh KOHCHUCTEHIHIO INEPEKaunBacMOro MPOAYKTa, LEIOCTHOCTh BKIOUeHHH. [loaToMy B Kaxaom
KOHKPETHOM Clly4ae, B 3aBUCHMOCTH OT YCJIOBHH, BEIOMpAETCs ONpeAenEHHbI BUA NHieBoro Hacoca. [lpu
3TOM YUYHUTBIBAETCS] HEOOXOIUMBII HANIOP, IPOU3BOAUTEIBHOCTD U IPyTUe apaMeTphl.

Cy1liecTBYIOT CIeyIOIIHe THITBI HACOCOB IS IUIIEBOH MPOMBIIIUIEHHOCTH:

o [TumieBoii eHTPOOEKHBIIA

e MeMOpaHHbIE THEBMaTUYECKHE;

® BUHTOBBIC (TOPU30HTAJIbHEIE);

¢ OOYKOBBIC BUHTOBBIE U ITHEKOBBIE (BEPTHKAJIbHBIC);

e IIMITEJUIEPHBIE.

IInimeBoii HeHTPOOEKHBIH HACOC — JAWHAMUYECKHHA HAacoc, pa3paOOTaHHBIA AJS NPUMEHEHHS B
MUILEBON MPOMBINIIEHHOCTH. Hacockl, ucnoiabp3yeMble A1l MPOM3BOACTBA MPOLYKTOB MUTAHHUSA M HAIIMTKOB,
HE JJOJDKHBI CIIOCOOCTBOBaTh pa3MHOKEHHIO OakTepuil. B 3aBHCMMOCTH OT mepeKkaunBaeMOM KMAKOCTH, K
LEHTPOOEKHBIM MUIIEBBIM HACOCAM MPEABSIBIAIOTCS pa3IniyHble TPeOOBaHMS, KOTOPBIE KacaloTCsl KauecTBa
00pabOTKKM TOBEPXHOCTH (IIOJUPOBKHU), KOHCTPYKIMM O€3 3aCTOMHBIX 30H, MAaKCUMAaJIbHOM TeMIieparyphl,
nE€rkocT pa3dopku U cOOPKH, CIOCOOHOCTH TepeKaYMBaTh NPOJYKTHI, CKJIOHHBIE K KPHCTAIUTH3ALUH W
npyrue ocoOble TpebGoBaHus. Hamr accOpTMMEHT IIEHTPOOEKHBIX HACOCOB COAEPXKHUT JOCTATOYHOE
KOJTMYECTBO TOBAPOB JIJIsl PEIIEHHUS BCEX M3BECTHBIX 33/1a4 B MTUIIIEBOI OTPaCIIH.
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Pucynok 1. CTpykTypa ycTpoiicTBO eHTPOOEKHOT0 Hacoca
1- HanopHbIi NaTPYOOK, 2-yIJIOTHEHHE BaJia, 3-BcackbiBaWIIMii NaTpydoK, 4-ummnesiep, 5-
KopIyc Hacoca, 6-3aJHssl cTeHKa, 6-BaJl MOTOpPa, 7-MOTOP, 8-K0:KyX MOTOpA.

[Ipu packpyunBarnu pabodero Kojeca KHIKOCTb B3aMMOJAEWCTBYET C €ro JIONarkaMd W HadnHAeT
KpyroBoe [BIDKEHHE. B pesynprare B Kamepe HAacoca BO3HHKAIOT IIEHTPOOEXKHBIE CHIBI, U
TpaHCTIOPTUPYEMbIE MaTepHalbl OTOpachBalOTCA K Tmepudepuu. Yepes OTBepCTHE OHA IOMANaeT B
HArHETAaIOINI KOJUIEKTOP, TIe cOo3MaETcs H30BITOUHOE aBICHNUE.

VY ocu BpaieHust 00pa3yeTcs 30Ha pa3psuKEHHs, B KOTOPYIO MOJ ACWCTBHEM BHEIIHUX CHII MIOCTYIAET
JKUJIKOCTh M3 BCcachlBarollero komiektopa. B pesynerare Hacoc LIHIT ocTtaércs mocTOssSHHO HaOJHEHHBIM U
COXpaHAETCsl LEIOCTHOCTh IOTOKA 3a CUET IOJAYM HEIPEPHIBHOM IOJAaYu TPAHCIOPTUPYEMON KUAKOCTH.
[lpu monamanum B pabouyro Kamepy BO3AyXa IepeKkadyka cpenbl npekpamiaercs. s BO300OHOBIEHUS
porecca HeoOX0IMMO ITPOU3BECTH 3aNOTHEHHE KOPITYCa JKHIKOCTHIO.

MemOpaHHbIe THeBMATHYECKHE MUIIEBbIe HACOCHI. J[aHHOE 000pyIOBaHNE MOXKET UCIIOIB30BATHCS
JUTSI TIEpeKauYMBAHMS JIETKOTEKYUHX HEBA3KUX KHUJIKOCTEH (HAIIpUMep, BOJIa, COKU, BUHO), & TaKXKe BSI3KUX HITH
C cofiepKaHHeM TBEPBIX YACTHII IPOAYKTOB (Maciia, HOTYpThI ¢ Kycoukamu (hpyKTOB, coychl). OTaenbHbIe
MTPOM3BOJIUTEININ TMPEAJIaraloT HacoC B OOYKOBOM HCIOJHEHHMU C KECTKOWM BcachiBaromiei ymHuei. Takue
MOJIeNTd MOOWJIBHBI M TIO3BOJIAIOT pacTapuBaTh M IEepeKaunBaTh MPOAYKTHI U3 EMKOCTEH, B KOTOPHIX OHH
IIOCTABIISIFOTCS HA ITPOU3BOJICTBO.
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Pucynok 2. CTpykTypa ycTpoiicTBa MeMOPaHHOI0 Hacoca
B KOHCTPYKIIUIO MeM6paHHOF 0 MNHCBMATHUYCCKOI'O IMUIIECBOIO HACOCa BXOAAT CJICAYIOHNIUC OCHOBHBIC

AIICMEHTHI:
* KOPITYC;

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2025/1 (118) 133

https://buxdu.uz


https://ytspumps.ru/product/membrannye-pnevmaticheskie-nasosy/mpn-pishchevye/

TECHNIQUE

® DJIACTUIHBIC MEMOPAHEI;

® BXOZHOW M BBIXOIHOW NaTpyOKH C MIapUKOBBIMHU OOPaTHBIMHU KJIallaHAMU;

e pacmpeenuTeIbHbIN MTHEBMAaTHUECKUI MEXaHN3M, IPOXOAsl Yepe3 KOTOPBIH BO3MyX OT KOMIIpeccopa
MomnaaaeT B KaMephl Hacoca.

BHyTpeHHee HmpOCTpaHCTBO arperara pas3ieleHo Ha ABe 4dacTH. Kaxnmas M3 HUX OENUTCS JKECTKO
CKpETIEHHOW ¢ KOpPIycOM MeMOpaHO#W Ha pa0odyro W BO3AYIIHYIO Kamepy. MemOpaHbl MeEXTy co00i
COEAMHEHBI IITOKOM, II09TOMY UX JBI)KEHHE B TOPU30HTAILHOM HAIPaBICHUH COINIACOBAHO.

Hacoc gannoro tuma paboTaeT cienyromuM o0pa3oM: CKaThlii BO3AYX MOCTYNAeT B OJHY BO3AYIIHYIO
KaMepy, MeMOpaHa u3rubaeTcs W MPOTAIKHUBAET MPOAYKT K BbIxony. OJHOBPEMEHHO C 3THM BTOpas
MeMOpaHa nporudaeTcs B MPOTHUBOMOIOKHOM HalPaBICHUH, CO31aBasi 00JacTh MOHMKEHHOTO IABJICHUS, YTO
o0ecreurBaeT MPUTOK MEPEeKaunBaeMOi Cpelbl B STy 30HY. 3aTeM C)KaTblii BO3IYX IMOCTYMAET BO BTOPYIO
KaMepy, ¥ LUKJI IOBTOPSETCSL.

[Ipon3BOANTENBPHOCTS TAKUX HACOCOB 3aBUCUT OT 00BbEMA KaMephl U MOIIHOCTU ITHEBMAaTH4ECKOI'O
MIPUBOJA.

BuntoBoe HacocHoe o00opyloBaHue. BUHTOBBIE THINEBBIE HACOCH - 3TO OOBEMHBIE HACOCHI,
Npe€aAHa3sSHA4YCHHBIC JIA pa6OTI)I C BA3BKMMHU IPOAYKTaMH, HAIIPpUMEpP, TECTOM, KpPEMOM, [HKEMOM,
PacTUTCIbHBIMU  MacCJaMU. I[aHHLIC arperatbel MOT'YT HCIIOJIB30BAaTLCA JIA IIOJA4U KpaCHTeJ’Ieﬁ,
apoMaTHU3aTOPOB, Macia JUisl KOHCEpBAllMM M IPYruX MpoaykToB. OJHAKO MX OCHOBHOE TpelHa3Ha4YeHUE -
3TO TEpeKauyMBaHUE BSI3KUX M BBHICOKOBA3KHX IMPOIYKTOB, B TOM YHWCIIe TBOpora, (apima, rycroro Mména,
pasnu4HOro BUAa macT. Jnsa ci1aboTeKydux >KUAKOCTEH HMpeayCMOTPEHbl BUHTOBBIE HACOCHI C 3arpy304HON
BOPOHKOH M JJONOJIHUTENBHBIM MUTATEIbHBIM IITHEKOM.

CTraToD — / ~
Hacocos = B
: s POTOR
— HEaBCOCas

/ ' CER T VK
|

557 [ C i Anurarons.
>—-f x e

PoOToR

MAaCcoOoOcHs
craTop
racoca

IO ILAETI 8K

= — .
—— é —
L B e ro

Pucynok 3. CTpykTypa ycTpoiicTBa BHHTOBOI0 HacOca

OcHoBHast paboyasi 4acThb BHHTOBOTO MUILNEBOrO HAacoca — 3TO BHUHTOBas (repoTopHas) mapa. OHa
COCTOUT M3 IUTACTHYHOTO cTaropa (000WMBI) M PACTIONOKEHHOTO BHYTPU HETO CTAbHOTO YEPBSIYHOTO POTOPA
(BuHTa). BHYTpEeHHSS MOJIOCTH MEPBOTO TAKXKE UMEET BUHTOBYIO (JOPMY, HO C YHCIIOM 3aX0/10B Ha | GoJblie,
yeM y mnocienHero. HamOonblnee pacnpocTpaHeHHe MONYyYWJIM arperatsl € JIBYX3aXOIHBIM CTaTOpOM H
OZHO3aXOAHBIM POTOPOM. DJTa CXEMa CUHTAETCS KIACCHUYECKOW M MPUCYTCTBYET B JIMHEHKE MPOMYKIHMH
MPAaKTUUECKU Y BCEX MPOU3BOAUTENEH HACOCHOTO 000PYAOBaHHSI.

[lepexaunBanue pabodeil cpeabl OCYIIECTBISIETCS 3a CUET 00OPa3yIOMINXCS MEKAY BUHTOM M 000HMOM
3aMKHYTHIX “KaMep’, KOTOpbIe MPH BPAIICHUU POTOPA TPOXOJIST B CTOPOHY BHIITYCKHOTO MaTpyOKa.

OCHOBHBIE TIApaMeTpbl, Ha KOTOpble HEOOXOAMMO OPHEHTHPOBAThCS IPH BHIOOpE TAKOTO THIIA
o0opyJoBaHMs, — 3TO ToJa4a W Hamnop. HemanoBaKHBIM SBISIETCS KOJTHMYECTBO OOOpPOTOB TPUBOAA U
HapaMeTpsl TepOTOPHOI Mapsl — IMAMETP U Iar BUHTA, HAYAJIbHBIA HATAT y3J71a «POTOP-CTaToOp».

BunToBbie 00ukoBble HAacochbl. bBOukoBbIE HAcOCHI BHHTOBOTO THMA TpeIHa3HAYEHBI IS
nepeKkayuBaHusl NpoAykTa u3 Oouek, (QIsar u APYrux MoJOOHBIX EMKOCTEH uepe3 y3KYIO0 TOpJIOBHHY HIIU
oTBepcTHe B Kpblmke. CHocoOHBI IMOAaBaTh BelIeCTBA BA3KOM KoHcHcTeHHuH. Ilpm sToM momava
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BBITIOJTHSIETCA TIABHO, 0e3 Mynbcaliii 1 U3MEHEHUS CTPYKTYPHI MIEPeKadMBa€MOro MPOAYKTa. DTH HACOCHI
MTOIXOIAT JIst paboThI, KaK B MOOMIIBHBIX, TaK U CTAIIHOHAPHBIX YCIOBUSX.

Janroe obopynoBaHHEe COCTOMT W3 JIBHTATels W HAacocHOW yacth. [locmemuss mpenacraBiseT coboit
KOJIOHHY M3 HEprKaBeIOIIel cTalii, Ha KOHIIE KOTOPOW pacronaraeTcsi TepoTopHast mapa. OHa morpyaeTcs B
€MKOCTh C TiepekaunBaeMoinl cpefoi. C nBurareneM TpyOa COETUHSETCS MPH MOMOIMU Pa3bEMHONW MY(THI
WJIH, B OTACIBHBIX MOJCIAX, )KECTKOTO (MIAHIIEBOIO COCAMHCHUSI.

= —
- == .

Pucynok 3. CTpykTypa ycTpoiicTBa BUHTOBOI0 00YKOBOI0 Hacoca

Hacocel MOryT OBITH ¢ THEBMAaTHYECKUM M 3JICKTPUUECKUM NMpUBOAOM. Kak mpaBuiio, B KOHCTPYKIIUH
WCTIONIb3YeTCsl MPSMOM MPHBOJ HAa BaJ, HO BCTPEYAIOTCS HACOCHI C HEOONBIINM PEILyKTOPOM, KOTOPBIH
MO3BOJIICT BHIOMPATH Pa3IMUHbIE CKOPOCTHBIE PEKHUMBI.

BonpmmHCTBO Mozienielt TakuX HAacOCOB MO3BOJISIOT BBIKAYMBATH COAEPKUMOE EMKOCTH MPAKTHUYECKU
0e3 ocrarka. boukoBble Hacocbl MPOCTHI B JKCIUTyaTallMH, JIErKO pa3Ouparorcsi 0e3 NpUMEHEHHs
CIEIUAJIBHBIX NHCTPYMEHTOB.

HNmnennepHble HacocHble arperarsl. VimnesiepHsie (JJaMUHApHbIE) HACOCHI C THOKOM KPBUIKYaTKON
MpeIHa3HauYeHBbI )1 IepeKaunBaHUs YyBCTBUTEIBHBIX M CPETHEBAZKHX )KUIKOCTEH C collep>KaHUEeM TBEPbIX
B3BEIICHHBIX YacTUIl. X KOHCTPYKIUS UCKITF0YaeT 00pa3oBaHKe NEHbBI U Pa3pyIlIeHHe CTPYKTYPhI IPOAYKTA.

WmneniepHblid MUIIEBOH HACOC COCTOMT W3 KOpIyca C JBYMsI MaTpyOKamMH W 3JICKTPOABHIATEIS.
Kopmyc npoTouHOi yacTy BBHINOJIHEH B BUJAE LWIMHApA HENPaBHIbHOHN, NpUILTIOCHYTOH (opmel. Ha Bamy
KECTKO 3auMKCHpOBaHa KpbUIbHaTKa C THOKMMHU JsomacTsiMu. Hacoc mnpuBomutcs B JeiicTBUe
9NIEKTPONIPUBOAOM. B TpOTOUYHOM 4YacTH €O CTOPOHBI AIEKTPOABUIraTelsl YCTAaHABIMBAETCS TOPLIEBOE
YIUIOTHEHHE.

PucyHnok 4. CTpykTypa ycTpoiicTBa HMIIE/JIEPHOT0 HAcOCa
1-canbHuKoOBasi TPyOKaod 2-kopmyc, 3-BaJi, 4-BTyJIKa Bajia, S-KpbLIbYATKA, 6-KOKYX, 7-
NPOyIIMHA KPbLIBYATKH, 8-uMnesiep, 9-noqmmnuuk, 10-umnesiep, 11-narnerareJbHuii naTpyoox
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[MpuHImn paGoTHI 3aKIT0YaeTCs B CICAYIONIEM: TIOCKOJIBKY padodas Kamepa UMeeT HECHMMETPHYHOE
CEYeHHe, TO B 30HE BCACHIBAaHMUS OOBEM MEXIy JIONMACTAMH KPBUIBYATKH yBeIWduBaeTcs. B pesymbrare
co3maércsl pa3pexeHne, U pabodas cpela MomagaeT B KOPIyC, B MPOMEXKYTKH MEXIy JomnacTsmu. Pabouee
KOJIECO TiepeMemaeT e€ K HarHeTaTelbHOMY OTBepCcTHIO. B 007acTy BBITYCKHOTO KIalaHa JIOHMAacTH
MOTaIAI0T Ha YTOJmeHue u crubdatorcs. [IpocTpaHcTBO MEXIy HUMHU OBICTPO YMEHBIIAETCSs, B PE3yJbTare
4ero pabouasi cpeia BEITAJKHUBACTCS MO JaBICHUEM.

B Tabnuie mokazaHbl BapuaHThl MOHTa)Ka JJIs MAIIEBOTO HACOCA.

Camopcacwmipanme

MorpyxXHoe ucnonHenne Ycranoska noa 3anuBom

3akumouenne. B kayecTBe WTOra BCEMy BBIIIECKa3aHHOMY MEPEUUCIUM OCHOBHBIC MPEUMYIIECTBA
HACOCOB JJIsl TIMIIEBOH MPOMBIIUIEHHOCTH:

® BO3MOJKHOCTb Pa0OThI C HU3KMMH M BHICOKUMH TeMIIEpaTypaMu;

® COBMECTHMOCTH C MOIOIIIMMH BEIIECTBAMH;

® HETOBEP)KEHHOCTH MOPAKEHUIO MUKPOOPTraHU3MaMHU;

® CTOMKOCTB K KOPPO3HH;

e IaJIKasi MOBEPXHOCTh CONPHUKACAIOIIMXCS C TEepeKauyMBaeMbIMU IPOAYKTaMHU JeTaneil, KoTtopas
MPETSTCTBYET OTIOKEHHIO MUKPOYACTHI] U CIIOCOOCTBYET UX OUYHCTKE;

® IPOCTOM JOCTYH K OJJIEMEHTaM KOHCTPYKIMH TIPU TPOBEJACHUM TEXHHUYECKUX OCMOTPOB U
00CTyKBaHHUS;

 HKOJIOTHUECKAs U TUTHEHNYeCKasi 0€3011acHOCTb.

JIUTEPATYPA:

Jumumpues E.A., Mopeynosa E.11., Kounsawes b. — Hacocel xumuueckoii mexnonoeuu —M: 2013
Kacamxu A.I'" — Ocnoenvie npoyeccol u annapamol xumuieckou mexnonozuu — M: 2004
Csewnuxos B.K. — Hacocwi u eudpoosucamenu — C: 2001.

Jumnepcruii FO.U. — Ilpoyeccol u annapamul xumuieckoi mexronocuu —M: 1992

Henamosuy 3. — Xumuueckaa mexnuxa — M: 2007.

Aumunoe C.T., Kpemos H.T, Ocmpuxos A.H., Iangunoe B.A., VYpaxos O.A — Mawunwvr u
annapamul nuuesvlx npouzeoocme — M: 2019.
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