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MATHEMATICS

UDC 517. 984

THRESHOLD EFFECTS IN THE SPECTRUM OF A TWO-PARTICLE SCHRODINGER
OPERATOR ON A LATTICE

Akhmadova Mukhayyo Olimjon gizi,
PhD Teacher at Samarkand State University
1993 muxayyo@mail.ru

Azizova Mukammal Amridin gizi,

Doctoral student at Samarkand State University
amukammal@mail.ru

Abstract. We study the family Hy (K), K € T?, of discrete Schrodinger operators, associated to the
Hamiltonian of a system of two identical bosons on the two-dimensional lattice Z2, interacting through on
one site, nearest-neighbour sites and next-nearest-neighbour sites with interaction magnitudes y, 4 and p,
respectively. We prove there existence an invariant subspace of the operator H,,(0) that its restriction on

this subspace has only one simple eigenvalue, which lay below or above of its essential spectrum depending
on the interaction magnitude i € B. Moreover, we prove there existence of lower threshold eigenvalue of the
operator H,;,,(0).

Keywords: Two-particle system, discrete Schrodinger operator, essential spectrum, bound states, the
Lippmann-Schwinger operator, threshold eigenvalue.

PANJARADAGI IKKI ZARRACHALI SHREDINGER OPERATORI SPEKTRIDAGI
BO’SAG’A EFFEKTLARI

2

Annotatsiya. Biz ikkita bir xil bozonlar sistemasining Hamiltonianiga mos ikki o’lchamli T~
panjarada o’zaro nuqtada, birinchi, ikkinchi eng yaqgin qo’shni tugunlarda mos ravishda y e E,A E R va
i € Ro’zaro ta’sir sonlari orqali ta’sirlashuvchi H,;,(K), K € T* Shredinger operatorlar oilasini
o’rganamiz. H,,(0) operatorning muhim invariant gism fazosi mavjudligi va H,;,{0) operatorning ushbu
gism fazodagi qismi ko pi bilan bitta xos qiymatga ega bo’lishini i € R o’zaro ta’sir parametriga bog liq
ravishda isbotlaymiz. Shuningdek, H,3,(0) operatorning quyi bo’sag’a xos qiymati mavjudligini
isbotlaymiz.

Kalit so’zlar: ikki zarrachali sistema, diskret Shredinger operatori, muhim spektr, bog ‘langan
holatlar, Lippman-Shwinger operatori, bo’sag’a xos qiymati.

IOPOT'OBBIE D®®EKTHI B CIIEKTPE JIBYXUYACTHYHOI'O OITEPATOPA
IIPEJUHT'EPA HA PEIIETKE

Annomayuna. B cmamve uzyuaemcsa cemelcmeo H}ri#{:h’], K €T? Ouckpemuvix onepamopos
LlIpéouncepa, accoyuupo8anHvix ¢ 2aMUIbMOHUAHOM CUCTEMbl 08YX OOUHAKOBLIX DO30H08 HA 08YMEPHOI
pewémke T, e3aumodeticmeyiouux uepes o0un ysei, baudcaiiuezo coceda catimol U Catimol CleOVIOUUX
Onudcatiuux —coceodell ¢ GelUMUHAMU  @3aumoolelicmeus ¥,A u [, coomeemcmeenHo. Jlokaszamno
cywecmeosanue uneapuanmnozo noonpocmparcmea onepamopa Hy,,(0), umo ezo cyacenue na smo
HOONPOCPAHCMBO UMeem MOAbKO 00OHO NPOCcmoe coOCMBeHHOe 3HaueHue, Jexcawee Huxice Uil gbliie e2o0
CYWecmeeHHo20 CHeKmpa 6 3asUcCUMocmu om eenudunvl e3aumooeiicmeus i € R. Bonee moco, mul
00Ka3zbI6aEM CYWeCMBOBAHIE HUDICHE20 NOPO206020 COOCMEeHH020 3Hadenus onepamopa H, ;,,(0).

Knwouesvie cnosa:. osyxuacmuunasn cucmema, ouckpemuwiil onepamop Llpeduneepa, cyuecmeenmviii
cnekmp, céazanHvle cocmosanus, onepamop Jlunmana-Illsuncepa, nopocogoe cobcmeennoe 3navenue.

Introduction. Spectral properties of the discrete Schrodinger operators have attracted considerable
attention for both combinatorial Laplacians and quantum grahs (for recent summaries see [15], [2].[3].[5],
[6], [7], [8] and the references therein). Particularly, eigenvalue behavior of Schrédinger operators on the

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 3
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MATHEMATICS

lattice was considered in [9], [10], [11], [12], [17] and was briefly discussed in [13] and [14], provided the
potential is the Dirac delta function.

In [18], it was established a family of discrete Schrédinger operators H,;,, in the d,(d = 3)-
dimensional lattice with a wide class of dispersion relation and potential constructed by a combination of the
Kronicker delta function and shift operator,depending on two parameters. The existence of eignvalues,

threshold eigenvalues and threshold resonances and their dependence on the parameters of the operator and
dimension of the lattice are explicitly derived.

In this work, we study the fiber Hamiltonians H{K), K € T? acting in the Hilbert space L*>*(T?) and
having the form

Hy 2, (K):= Ho(K) + V, 5,
Where Hy (K} is the fiber kinetic-energy operator,

(Ho(K)f)(p) = Ex(p)E(p),
with

. - K;
Exlp)=2 Z (l —cos cnspi)
i=1

The interaction operator V., ;,, is given by the interaction potential v, 3, and does not depend on K at

all. The parametres ¥, 4 and pu, called coupling constants, describe interactions between the particles which

are located on one site, on nearest-neighboring-sites and on next-nearest-neighboring-sites of lattice,
respectivly.

The first purpose of this work it to find the exact number and location of the eigenvalue of the operator
H;'“{:ﬂ} lying outside the essential spectrum and to prove there existence of a lower threshold eigenvalue.

The paper is organized as follows. In Sec. 2 we introduce the discrete Schrodinger operators in
(quasi)momentum representations, Sec. 3 contains statements of our main results. The proofs are presented
in Sec. 4.

a. 2. The discrete Schrodinger operators and its essential spectrum
The self-adjoint operator H, 5, (K), K € TZ acts in L**(T?) as

H, 3, (K):= Hy(K) +V, 4,0,

where operator Hy (K} acts as the multiplication operator by the continuous even function
Ex(p):i=2%L, (l — cns% ccspi-)

and V,,, is the i(partial) ntegral operator

i . i : 4 ’
Veauf ) = o5 [z Fl@)dq +; cospy [z cosqi f(q)dq + cosp, [z cosqzflg)dg
+$c952m J7= cos2q, flg)dg +$ cos2p; [ cos2q.f(g)dg (2.3)
+ "i= cosp, cosps [ cosqycosq,f(q)dg + "i= sinp, sinp, [ sing, sing, f(q)dq.
The rank of V,;, varies depending on y, 4,4 € R, but never exceeds seven. Then the classical Weyl
theorem gives that the following relations hold:
Gese (Hy 1K) ) = 6(Ho(K)) = [€min(K), Emmax(K))
where
Y= mi ) — 2§52 — cocki (o) =
EminlK):= min Exlpl=2%~, (l cos- ) = Enin(0) =0,

. ) ” K )
E max(K): = max Exlp)=2%_, (l + cus?l) < Epmax(0) = 8.

b. 3 .The main results of the work.

Let we introduce the following subspaces of L>#(T=):

L22e=(T?) = {f € L**(T):f(py, p2) = f(p2,p1) = —f(—py,p;) forany py,p, €T}
L¥ee5(T2) = {f € L**(T%): f(py, p2) = f(p2,p) = f(—prp2), for any py, p, € T}
L**2(T?) = {f € L>*(T?): f(py,p2) = —f(po,py) for any py, p, € T}.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 4

https://buxdu.uz



MATHEMATICS

It is easy to show that L*°°=(T?), L*===(T2) and L>*2('T?) are invariant subspaces of the operator
H,;,(0) and L#=(T?) = L2°°5(T?) @ L>*==(T?) § L>*2(T?). It implies that
0 (Hy1u(0)) = 0 (Hy 1, (0| zoss(32) ) U 0 ( Hy, (0 zo0s(r) ) U & (Hy 2, (0)) 2ogr=) ).
Let 2°= resp. H°*(0) be the respective part of the operator V,,;, resp. H,(0) onto the subspace
L*===(T?). From the representation (2.3) of the ¥, ;,, we can easily find that

Veesfip) = % sinp, sinp, J; sing, sing, fg)dq

and Hf“{:ﬂ} = Hy + V7"
Remark 3.1 Recall that the main aim of this paper is to investigate the number and location of the
eigenvalues of the operator H2°°(0) lying outside the essential spectrum and to prove there existence of a

(lower) threshold eigenvalue.
Theorem 3.2 Letu € R.

i) If o < —_qi—:q then H,22=(0) has exactly one
eigenvalue in (—oo.0).

i) If —== < u= " then H2°%(0) has no
eigenvalues in R\[0,8].

iii) If u = % then H,2°(0) has exactly one eigenvalue
in (8, +w).

Definition 3.3 Let f be a solution of equation H2**{(0)f = &,,:,(0)f. If f € L2°2<(T?)
then &,,;,(0) is a (lower) threshold eigenvalue of H,?*<.

Let we define 14 by the number
3T

Hop=— .
3T —8
Theorem 3.4. &,,;,(0)is a lower threshold eigenvalue of Hffs{ﬂ] with the associated function

sinp sinp,
Eo(p)

Jﬁ,‘{plj P:} =

C.
d. 4 Proof of main results
i. 4.1.The Lipmann-Schwinger operator.
ii. Let
i, alp) = ZopaTn
iv. Then

v. Verf=(f (4.1)

vi.  where (-,-) is the inner product in L2°('T2 ), For each z € C\[0,8] the Lippmann-Schwinger
operator defines (see., e.g., [1]) as
B2°=(0,z) = V;2°*Ry(0, 2),
where the operator Ry (0,z): = [Hy(0) — zI]71,z € T\[0,8], is the resolvent operator for the operator
H,(0).
Lemma 4.1 Let i be an arbitrary real number. Then the number z € €\ [0, 8] is an eigenvalue of the
operator H,2°<(0) if and only if the number 1 is an eigenvalue for Lippmann-Schwinger operator 2> (0,z).

The proof of this Lemma is given in [1].
The representation (4.1) of the operator 1/7°# leads that the following Lippmann-Schwinger equation

B2°:(0,z)¢ = ¢, @ € L7°°*
is equivalent to the following equation in x: = (¢, r®°=):

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 5
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MATHEMATICS
(1+pa(2))x =0,

where
(@) = 1 (sinp, sinp,)* dp
R | Eolp)—z
Let _
A (2): = det[l — B2*(0,2)] = 1+ palz), z € C\[0,8]. (4.4)

Lemma 4.2 A number z € C\[0,8] is an eigenvalue of the operator H,2°<(0) if and only if A, (z) = 0.

The proof of this lemma is given in [16].
Proposition 4.3 The real valued analytic functions a(z) and Ag®=(z) (defined in R\[0,8] ) has the

following properties:
i)  The function a(z) in strictly increasing in &\[0, 8], negative in (8, +co) and positive in {(—oo, D).
ii) The function a{z) has the following asymptotics:
zgglma{:z} =0,

Im—8

_ — i (—z)In{—z) + o(—2z), as z 70,
alz) ={ “G._a”

(4.6)

- (z—8)In(z—8) +0(—2), as z8.
3m 8m

iii) The function A%®%(z) has the following asymptotics:
liljrn f_‘-.ﬁ“{:z} =1,
St

_ 1+ 8+ £ (D) In(-2) +o(-2), as z 70,
am@ =gt e -
-t (z-8In(z-8)+o0(-2), as z\8.
3 &

Proposition 4.3 can proven as Corollary 1 in [20].

Proof of Theorem 3.2. Recall that the map z = a(z) strictly increases in both connected components
of I\[0,8]. Hence, the equation A%°%(z) = 0 has at most one zero in R\[0,8]. Moreover,

lim AS®5(z) =1 (4.10)

E—++oo

and by Proposition 4.3

i oosr 3m—8 [T ) )

Ll}%ﬂ.# (z)=1+ 3 H + o (—z) In(—z) + o(—2),
limAge*(z) = 1 — 24 — £ (z — 8) In(z — 8) + o(—2). (4.11)
=8 3m 8w

Now the assertion of the lemma follow from the strict monotonicity and continuity of the function
z = A5°%(z), Lemma 4.2 and relations (4.10)-(4.11).

Proof of Theorem 3.4. We prove that, &,;,(0) is a lower threshold eigenvalue of H,22=(0). Let
v(py,p2) = sinp, sinp,

and
sinpy sinp-

Eolp)
Note that v(py,p,) behaves like /p; + ps and &,(p) = 2 — cosp, — cosp, behaves like (p” + p2)
near the origin, therefore

}i}'{pl.l P2 ] =

-

j |f. (p1, o)1 2dp = lim j i dp < +oo
] z—0 ) | Ep(p) —=
= =
and hence £, € L2(T?).
We observe that
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[(H, + I{;:I;ns}f]{ﬁlj p2) = Eg(p)f(p) + % sinp, sinp j sing, sing, f(q)dg

T2
sin’qysin’q, dg

. . Ho .
= sinp, sinp, + 53 singy sinp-

T Sl}{q}

. N Hosinpy sinps sinq,sin’q, dg
= sinp, sinp, + ————— - :
P1sip: 2m- z—+0 z ED{_Q} —LZ

By Proposition 4.3

e sin’qysin’q, dg

lim = . = -1
z—=0 | 2T T Sl}{q} —Z

It gives that

[(Ho + 2°%) f1(p1.p2) = O
l.e., the nonzero function

: singy sinpy singy sinp,
folpupa) = Eo(®)  2—-cosp — cosp;
solves the equation
H2o5(0)f = Emin (0)F.
Thus, £€min(0) is a lower threshold eigenvalue of H22=(0). [ ]
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UDC 517.9(021)
DIFFERENTIAL EQUATIONS AND THEIR APPLICATIONS

Mukhtorova Shohida Negmat gizi,
Teacher of Shahrisabz of branch Tashkent Institute of Chemistry and Technology, Uzbekistan
muxtorovashohidal1998@gmail.com

Abstract. Various processes occurring in nature (car movement, planetary flight, physical, chemical
and biological processes, etc.) have their own laws of motion. Some processes may occur according to the
same law, which makes it easier to study them. But it is not always possible to directly find the laws
describing these processes. It is naturally easy to find the relation between characteristic quantities and their
derivatives or differentials. In this case, a relation is formed in which the unknown function or vector-
function is taken under the sign of derivative or differential.

Keywords: differential equation, differential equations with eigenvalues, Laplace's equation, Poisson's
equation, function, theorem, variable, solution.

JUOPEPEHIIMAJIBHBIE YPABHEHUSA U UX TTPUJIOKEHUA

Annomauua. Paziuunvie npoyeccwl, npoucxooawjue 8 npupooe (Ogudicenue agmomoounetl, noiém
nianem, Qusuyeckue, xumudeckue u OUOIOcUYECKUEe NPOYEeCchl U M.0.), UMEOmM CEOU 3AKOHbL OBUNCEHUSI.
Hexomopuie npoyeccot mozym npoucxooums no 00HOMY U MOMY Jice 3aKOHY, Ymo oble2uaem ux uzyyeHue.
Ho ne secezda yoaémcesa nenocpedcmeenno natimu 3aKOHbul, OnuUcwlgaowue 3mu npoyeccol. Ecmecmeento,
JIe2KO  Haumu  C65A3b  MedCOy  XAPAKMEPUCTHUYECKUMU — BeIUYUHAMU U UX  NPOU3BOOHLIMU  UIU
ougppepenyuanamu. B amom cayyae co30aémcsi c6s3b, 8 KOMOPOU YUACMEYem Heu3secmuas QYHKYus um
8eKMOP-PYHKYUU NOO 3HAKOM NPOU3BOOHOU Ul Oughgeperyuana.

Knroueswle cnosa: ouppepenyuanvroe ypasnenue, ougp@epenyuaibHvle YPasHeHUs ¢ COOCMBEHHbIMU
3HayeHusMY, ypaenenue Jlannaca, ypasuenue [lyaccona, (hynkyus, meopema, nepemennas, peuenue.

DIFFERENSIAL TENGLAMALAR VA ULARNING TATBIQLARI

Annotatsiya. Tabiatda uchraydigan turli jarayonlar (avtomobil harakati, sayyoraning uchishi, fizik,
kimyoviy va biologik jarayonalar va h.k) o’z harakat qonunlariga ega. Ba’zi jarayonlar bir xil qonun
boyicha sodir bo’lishi mumkin, bu hol esa ularni o’rganish ishini osonlashtiradi. Ammo bu jarayonlarni
tavsiflaydigan qonunlarni to’g’ridan-to’g’ri topish har doim ham mumkin bo’lavermaydi. Xarakterli
miqdorlar va ularning hosilalari yoki differensiallari orasidagi munosabatni topish tabiatan oson bo’ladi.
Bunda noma’lum funksiya yoki vektor-funksiya hosila yoki differensial ishorasi ostida gathashgan
munosabat hosil bo’ladi.

Kalit so’zlar: differensial tenglama, xususiy hosilali differensial tenglamalar, Laplas tenglamasi,
Puasson tenglamasi, funksiya, teorema, o ’zgaruvchi, yechim.

Introduction. g_y: f(x,y) is called a first-order ordinary differential equation. F(x, y, y')=0- is
X

an unsolved ordinary differential equation with respect to the first-order derivative,
y" = f (x, AR ,y(”'l)) F(x, VoY y(”))=0— n—is called an ordinary differential equation of order.

y(”) =f (x, Yo Y y(”'l))—n— is called an ordinary differential equation solved with respect to a higher-

order derivative.
If f(x, VY, y("’”) or F(x, v, Y, ,y(“))s v, Vo, Y™ and y™ are linear functions with

respect to the arguments, the corresponding differential equation is said to be linear. In the above differential
equations, the unknown function is considered as one-argument. In fact, there are often cases where the
unknown function has many arguments. In this case, the differential equation is called a partial differential
equation. The following
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Fu,a—u,a—uzo
ox oy

equation from first-order partial differential equations,
q{u u o du a_uJ

and the equation consists of second-order differential equations with eigenvalues. The following

2
Z_u =a’ % (heat transfer equation)
X
2 2
Z—L; + % =0 (Laplace equation)
X
2 2
ZTL: + gy_l: =f(x,y) (Poisson's equation)

equations are important special cases of second-order partial differential equations in which the
unknown function has two arguments.

Main part.

1.First-order partial differential equations. Basic concepts and definitions

nta x,X,, ... ,x, This is the differential equation with independent variable
ou ou ou  du o"u

FIX0 Xy oo XUy — sy — vy | =0

0%, OX, OX~ OX,0X, OX

n

(1.1.1)

can be written as In this F —is a given function of its arguments. The highest order of the derivative of
the unknown function involved in the equation (1.1.1) is called the order of this equation. (1.1.1) as the
solution of the equation, x,,X,, ..., X, S entered into the equation in a field of change, determined by its

1%

derivatives and turning the equation into au =a(x,,,, ... ,X,) function is called.

This
Fl|X,%X,, .. ,xn,u,a—u, a_u =0
0%, X,

(1.1.2)

an equation of the form is called a first-order partial differential equation with n variables.
This is often abbreviated for first-order special derivatives

ou ou ou

&— Py gz— Pay - ,an— Pn
using notations, with the help of which the equation (1.2) is written as follows:

F (X0 X0 oo s %o Uy Pry e 1P, ) =0

(1.1.29
The number of free variables is twox and vy, the unknown function z, and derivatives
oz oz e . .
—=p, —=0q by specifying the equation
o p oy q by specifying q
F(x,y,z,p,q)=0
(1.1.3)

is written in the form
In a differential equation, the highest order of particular derivatives of an unknown function is called
the order of this equation.

If u=a(x,X, ...,X,) if the function is defined in a field D, is continuous and has continuous

1%
derivatives participating in the equation, and satisfies the equation in this field, i.e. turns it into reality, then
this function is called a solution of the equation. And D is the domain of equation (1.1.1).
It is known that n—an ordinary differential equation of order has infinitely many solutions. Since the
number of independent variables in differential equations with particular derivatives is more than one, it can
be seen that such equations also have infinitely many solutions.
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Examples.1.Unknown z(x,y) for the function

a
ox
of the equation z(x,y). x shows that it does not depend on . So,
z=9(y).
inthisp(y)-y is an arbitrary function of.

2. This
Azlxy)  d=lxy)
fx dy
The differential equation of the independent variables
X+y=¢&, X—-y=n
as a result of substitution using formulas
2 dulfm)
an
appears, in which.z(x,v) = v(& n)

From the last equation u(Z, i7)it follows that the function does not depend on that is whyn

v(&n)=p(¢)

can be written as ¢ (&) — ¢ is an arbitrary function of.
So,z(x,y)=¢(x+y). Similarly,  va § are fixed real numbers,

az
,3_ =
oy
for the solution of Eq z(x,y) = ¢(8x+ay), where is an arbitrary function.g(fx + ay) —

3.This
o°z(x,
T2Y) gy 222
OXoy ox\ oy
we see Eq. Him X by integrating over

%w(y)

we form the equation, where Y is an arbitrary function of o(y). Now y by integrating over
2(x,y)=[o(y)dy +p(x)
we form the equality, in which X is an arbitrary function of qol(X) .

[e(y)dy=0,(y)
as a result
[e(y)dy=0,(y)
we get the formula where p(y)as it is optional ¢, (y) too y is an arbitrary differentiable function of.

The examples given above are the formula of all solutions of the first-order partial differential
equation, that is, the general solution to one arbitrary function, the second-order one to two arbitrary
functions, m— general solution of the ordered equation m leads to the idea that ta must depend on an arbitrary
function. Although this idea is correct, we need to define it. For this purpose, we present CB Kovalevskaya's
theorem on the existence and uniqueness of solutions of partial differential equations. Private m—this is
solved with respect to one of the higher derivatives of order

Xy Uy = e ey — (1.1.4)
ox" 0%, OX,' ~ OX, OX.0X, OX,

we see Eqg. For equation (1.4), similar to ordinary differential equations, the problem of finding a
solution that satisfies certain conditions, for example, initial conditions, can be posed. The initial conditions

for equation (1.1.4) are as follows:

amu ou o™u ou 4 o™u
X1 %s,
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x =X at
U= (X, %, oo s Xy ),
ou
&:gol(xz, v Xy ) e
am—l
Wmtlzgoml(xz, %) (1.15)

in thisg,, @, ¢,, ... .@,, —given functions. Finding a solution of the equation (1.1.4) that satisfies the

conditions (1.1.5) is called the Cauchy problem.
Kovalevskaya theorem.If (1.1.5) is given in the initial condition ¢,,@,,, ...,¢@, , —functions are

initial (xg x;’) analytic function around a point, f and the function these initial values of its arguments

XX, e X

n

U=g, (X, ... X)), (2—2} =0 (X, o X))y s
0

ou) (e ||
o ) \ax )|

is analytic around, then equation (1.1.4) (xf, X5, .. ,xﬁ) has only one unique solution that is analytic

around a point.
Thus, according to Kovalevskaya's theorem
(1.1.4), (1.1.5) is the initial solution of the problem ¢, ¢, ... , ¢, , determined using functions.
The proof of the given theorem is based on the theory of analytic functionsbecause we do not bring it.

We note that the problem (1.1.4) , (1.15) is in the subdomain, i.e.(x’,x;, ... x) is placed in a

sufficiently small neighborhood of the point, and has a unique solution in this neighborhood.

Geometric interpretation of the Cauchy problem.The problem of integrating the differential
equation of the first order with two independent variables and the Cauchy problem have a very simple
geometric interpretation. This is solved with respect to the first-order equation (1.1.3) or one of the special
derivatives

p=f(xy.2,0q)
(1.1.3)

we check the equation.

Finding the solution of equation (1.1.3) or (1.1.3").

means finding a function.

(1.1.6) function(x, y, z) represents a surface in the space of variables, this surface is usually called
the integral surface of equation (1.1.3) or (1.1.3"). Therefore, the problem of finding the solutions of the
partial differential equation consists of the problem of finding integral surfaces.

If we consider (1.1.6) as an equation defining a surface, then to this surface(x, Y, z) test plane at
the point
oD oD
Z—-7=—(X=-X)+—(Y -
OX ( ) OX ( y)
or
Z-z=p(X-x)+q(Y-y)

It is expressed by the equation, where X, Y, Z variable coordinates, p va q are the angle
coefficients of the test plane.

Thus, the given special derivative equation (1.1.3) of the sought surface point(x, Y, z)The angular
coefficients of the trial plane at this point with the coordinates of this surface p va g represents the
relationship between The Cauchy problem for equation (1.1.3") also has a simple interpretation. The Cauchy
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problem for the equation (1.1.3") is set as follows: find a solution of the equation (1.1.3") such
that y solution x at a given initial value of the variable y be equal to the given function of the variable ie

X=X, z=¢(y)

(1.1.7)
Equation (1.1.7) represents a curve in space. So, the Cauchy problem consists in finding an integral
surface passing through the given curve (1.1.7). (1.1.7) curve has a special appearance: y YOZ parallel to

the plane x = x, consists of a flat curve lying in a plane. Such inequality of variables in equation (1.1.3). x It

appears that the variable is playing a special role. If the equation is given in the form (1.1.3), the Cauchy
problem can be put in such a way that none of the variables play a special role. Such a generalized problem
of Cauchy is put as follows: Given equation (1.1.3).

x=o(t), y=y(t), z=7(t)
find the integral surface passing through the curve. We remind you that the geometric terms used for
the two-variable differential equation can be used with a large number of variables. x,, x,, ... ,x,,u array of

numeric values of variables (n +1) point of dimensional space, in this space (1.1.2) this equation

U=® (%, X, -, X, )
and the solution in the form of N dimensional integral is called hypersurface or surface. Initial Cauchy
surfaces, e.g.(n—1) measured

(x=x) da) u=g(x,, ...x,)

consists of a hypersurface through which the integral hypersurface sought must pass.

Based on the above-mentioned Kovalevskaya theorem, if the functions involved in the initial
conditions in the equation are analytic, it is possible to create a set of analytical solutions of this equation
depending on arbitrary functions, that is, a general solution.

First-order equations with one unknown function with particular derivatives have two simple
properties. First, they have a general solution that depends on a single arbitrary function. Second, the private
derivative is of first orderThe problem of integrating an equation comes down to integrating a system of
ordinary differential equations.

Conclusion. Differential equations with particular derivatives, like ordinary differential equations,
have infinitely many particular solutions that satisfy the given equation in most cases. The sum of these
forms the general solution of the considered equation. There is a big difference between the general solution
of an ordinary differential equation and the general solution of a partial differential equation.

Due to the close connection between these equations, the theory of first-order differential equations is
presented in a course on the theory of ordinary differential equations.

REFERENCES:

1. Buxupoeg O.C. Xycycuii xocunanu ouggepenyuan menenramanap.

2. Jlanoau JLJ., Jlugpuuy E.M. Teopepemuueckas ¢uzuxa. T.VI.Iuopoounamura. M.: Hayxa,1988.

3. Ceoos JI. U Memoowr nodobus u pasmeprnocmu 6 mexanuxe. M.: Hayka,1977.

4. Canoxumounoe M.C., Hacpumounose @.H. Oo0ouii oughgpepenyuan menenamanap. Towxenm
"Vsbexucmon’’.1194. 374 c.

5. I'oounos C.K. Ypasuenus mamemamuyeckou ¢pusuxu. M.: Hayxa,1979.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 13

https://buxdu.uz



MATHEMATICS

V]IK 517.956

BHYTPEHHE-KPAEBAS 3AJAYA IUISA BUTAPMOHHMYECKOI'O YPABHEHU S B
HOJYOI'PAHUYEHHOM HUJINH/APE

Tonunoe Hooupacon Hceakosuu,
ookmopanm Dep2ancko2o 20cy0apCcmeenHo20 YHugepcumema
nodirjontolipov23098@gmail.com

Annomauusn. B oannoti cmamve ucciedyemces 6HympeHHsisi Kpaesas 3a0a4d 0s. OueapmMoHu1ecKo2o
VPABHEHUs. 8 NOLYOSPAHUYEHHOM YuiuHope. Paccmampusaemcs HeKoppekmHOCMb NOCMAGIEHHOU 3a0ayl,
APUBOOUMCS. AHANU3 YCIOUMUBOCTIU €€ PeUleHUll, U NPedaazaemcs Memoo pecyispu3ayuil, OCHOBAHHbII HA
UCNONb306AHUU  TUHEUHbIX — onepamopos.  [Ipumenenue no0xo008  QYHKYUOHATLHORO — aAHAIU3A U
CNEeKMPANbHOCO PA3NONCEHUS NO360NAEN NOLYUUMb NPUOTUNCEHHbIE DeueHuss 3a0ayu U OYEHUMb UX
noepewnocms. ITlokazano, 4mo npeoioNceHHas Memoouxka obecneuusaem YCMoOUUUBOe peuleHue Oiisl
HEKOPPEKMHO NOCMAGICHHbIX 3a0ay, 4Mo NOOMEEPHCOACMC MeOPEMUHeCKUMU O0OKA3ameibCmeamu u
661600aMUL.

Kniouesvie cnosa: nexoppekmmuas 3aoaua, OUCAQpMOHUYECKOE YPAGHEHUe, GHYMPEHHSS Kpaesdst
3a0aua, pe2ynapuzayusi, yCmMoudUueoCmy pewenull, PYHKYUOHALbHbIIL AHANU3, CNeKMPAIbHOE PA3NIONCEHUE,
NOJYOSPAHUYEHHBIU YUTUHOD.

INTERNAL BOUNDARY VALUE PROBLEM FOR A BIHARMONIC EQUATION IN A
SEMI-BOUNDED CYLINDER

Abstract. This paper studies an interior boundary value problem for a biharmonic equation in a semi-
bounded cylinder. The ill-posedness of the problem is considered, the stability of its solutions is analyzed,
and a regularization method based on the use of linear operators is proposed. The application of functional
analysis and spectral decomposition approaches allows us to obtain approximate solutions to the problem
and estimate their error. It is shown that the proposed technique provides a stable solution for ill-posed
problems, which is confirmed by theoretical proofs and conclusions.

Keywords: ill-posed problem, biharmonic equation, interior boundary value problem, regularization,
stability of solutions, functional analysis, spectral decomposition, semi-bounded cylinder.

YARIM CHEKLANGAN SILINDRDA BIGARMONIK TENGLAMA UCHUN ICHKI
CHEGARAVIY MASALA

Annotatsiya. Ushbu maqgolada yarim cheklangan silindr uchun bigarmonik tenglamaning ichki
chegaraviy masalasi o ‘rganiladi. Masalaning nokorrekt qo ‘yilganligi ko ‘rib chiqilib, uning yechimlarining
turg ‘unligi tahlil gilinadi va chizigli operatorlardan foydalanishga asoslangan regulyarizatsiya usuli taklif
etiladi. Funksional analiz va spektral ajratish usullarini qo ‘llash orqali masalaning taqribiy yechimlari
olinadi va ularning xatoliklari baholanadi. Taklif etilgan metodikaning nokorrekt qo ‘yilgan masalalar uchun
turg ‘un yechimni ta'minlashi nazariy dalillar va xulosalar bilan tasdiglangan.

Kalit so‘zlar: noto‘g'ri qo'yilgan masala, bigarmoniy tenglama, ichki chegara masalasi,
regulyarizatsiya, yechimlarning bargarorligi, funksional analiz, spektral ajratish, yarim cheklangan silindr.

BBenenne. HexkoppekTHble 3ajaun MaTeMaTu4eckoi (GU3NKH, 0COOEHHO, CBSI3aHHBIE C YPaBHEHHSIMU B
YaCTHBIX IPOW3BOJHBIX, IPUBJICKAIOT 3HAYUTEIBHOE BHUMAHHUE MCCIIEIOBATENICH, MOCKOJIIBKY OHU 4acTO
BO3HHMKAIOT B (U3WKe, MHXKCHEPHHM W JIPyruX oOJacTsAX Haykd. B jgaHHOH paboTe paccMmarpuBaercs
BHYTPEHHSSI KpaeBasl 3ajada JJisi OMrapMOHMYECKOTO YPaBHEHHUS B IMOJYOTPaHMYEHHOM LWIMHAPE, YTO
MIpeCTaBIsIeT cO00i THMUYHBIN IpUMEp HEKOPPEKTHO 3a7a4uH, pelieHne KOTOpor TpeOyeT HCITOIb30BaHus
CHEeNMaTbHBIX MeTOA0B. (OCHOBHOM IENBI0O CTAaTbU SABISETCS HUCCIEIOBAHUE YCIOBHHA YCTOWYHBOCTH
pemieHU W pa3paboTKa PeryIspU3UPYIOLIET0 IMOAX0Aa IJIsi AOCTHKEHUS KOPPEKTHOIO M CTaOMIIBHOTO
pemenus. IlpencraBieHHble pe3ysbTaThl MOATBEPHKIAIOTCS TEOPETUUECKMMH BBIBOJAMH, 4YTO JEJIAET
MPEUIOKEHHBIH MeTo/T 3P PEKTUBHBIM HHCTPYMEHTOM JUISI UCCIICIOBAHUSI HEKOPPEKTHBIX 33]1a4 3TOTO THIIA.

Mertoauka uccaex0BaHus.

IlocTanoBka 3agaun.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 14

https://buxdu.uz


mailto:nodirjontolipov23098@gmail.com

MATHEMATICS

Tpebyercs aiitn dpynxumo U(F,Z)s D= {(I’, 2);0<r<R,0<z< +OO} , Y/IOBIETBOPSIOILYIO

YCJIOBUSIM:
Atu(r,z)=0, (r,z)eD 1)
U(R,z)=Au(R,z)=0, 0<z <+o0 (2)
M: f(r), Au(r,0)=0, 0<r<R, ©)
fo/4
Zlirﬂow 0, ZILrEOAu(r 2)=0, 0<r<R, (4)

rie 0<b<+00, f(r) - 3amanmas dymxums, A - oneparop Jlamaca [1].

HexoppeKkTHOCTb 3a1a4H.
Cuauaa pacCMOTPUM HEKOPPKTHOCTH 3amaun (1)-(4).

2R 0)
O) ‘]o T |, Torma Gpykuus
Tyt R

Ecrn f (r) =

Uy (r,Z)=

_,Uﬁ(z_b) 0
f,ff)r R Jo(””’ rJ(z—b) ©)

seisieTcst penenueM (1)-(4). 3necs JO(X) - Qynkus beccena nynesas nopsiaka [15], ,u,ﬁ?) (m=1.2,.)-

xopnu ypasrennst J, () =0 .
U3 (5) cnenyer,uto mst m00bix koHeTaHT 0< £ <1, ¢ >0 u mobeix nepemennsix I e (0,R), Z € (0,b)
MOXHO 10/100paTh Takue, & UM, 4TOObI UMEIN MECTO HEPABEHCTBA:

cos Nm r-Z
O R 4

U (F,Z)[>C >0

Otcroaa 3aKirouaeM, 4yTo Ucciaeayemas 3a1ada ocTaBlIeHa HEKOPPEKTHO B KITACCHYECKOM CMBICIIE.
2.3 Ouenka ycToH4YuBOCTH.
[Tycth MHOeECTBO KOppekTHOCTH 3axa4u (1)-(4) onpe)lenﬂeTc;I HEPaBEHCTBOM!

Ju(r,0)

CripaBeiyTiBa CIIeAyIONIas TeopeMa, XapaKTepHu3yIoIas yCTONUnBOCTE pemrenus 3aaaun (1)-(4) Teopema.
Teopema: Ecin ¢pynxums U (T, Z) Y/IOBJIETBOPSIET COOTHOIICHHUSIM:

<e,

0

M‘ |f(r)|

L, (0, R)

u(r.0)], ., <M (6)
ou(rb)l  _. @)
or L(OR)
TO BBIIIOJIHACTCA HepaBeHCTBO:
MY
”U( LZ(OR _[Fj gb|z_b| (8)

Joxa3zatenbcrBo. [Ipeamonoxum, uto pemenue 3amadn (1) - (4) cymecTByeT W NPUHAIIEKHUT
MHOX€ECTBY KOPPEKTHOCTH.
Torna pemenue 3agaqu (1) - (4) meronom @ypbe MOXKHO 3amUcaTh B BUIE psja:

)
u( (z-b Za e n O(ﬂg r} (9)
U3 (9) cormacHO onpeneneHHI0 HOPMEI ITOTydaeM:

Ju(r.2)

(0)
Zm (2-b)

2 2 R &
LOR) R?J2 (/ur(nO)_) !Uz (r, z)rdl’ :(Z —b) ;aée 10)
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rae J, (1) - dynkuus Beccens 1-nopsizxa.
Otcrona u3 ycnous (6) nmeeM:

oo 2 M\
dale" < (—) (11)
m=1 b

U3 ycnosus (7) momyuyaem:

al<él (12)
m=1

Teneps uccnenyem ¢yunkimonan (10) Ha ycnoBHblidi MakcumyM nipu yenoBuu (11) u (12). s atoro
coctaBuM ¢GyHKIHIO Jlarpamka:

z}mO) z-b il ﬂb ©
L(a,, 4 u)=(z=b)Yaze " )+/{Za§eR _Mz}ﬂ{z%z_gz}
m=1

m=1 m=1

BhbIunciisis 4acTHbIC TPOM3BOHbIE OT dyHKimu Jlarpamkamo a,, A, ML TIoTydaeMm:

2480 (1-b) 2,489 )

s_Lzzam{(Z—b)ze et +ﬂJ:O’ m=12,...
am

0

2480 2
oL , M (M
—=>ale" -|—| =0,
oA b

m=1
a_ dal-g=
alu m=1

U3 mocnenHux paBeHCTB cieayeT, yTo (yHkuumoHan (10) mocTuraeT yClIOBHBIH MakCUMyM HpH
BBINOJIHEHUU TPEX YCIIOBHM:

1) a2 =0, k=pq (p<q),
2)a; =0, a; =0,
3)ai=0,a,=0.
2 2.
HYCTB BBITIOJIHACTCA HepBoe YCJ'IOBI/Ie. Tor,ua HOJ'IyLIaeM CI/ICTeMy OTHOCUTCIIBHO ap n aq .
2 2 2
ai+al=¢

2,00 2,0

2
, R, ot (M
ape +a.e =| —
b

(0)
2
o

2
2
— | —¢&‘e 24? 2
2 b R "R
a = >0,roe p<q, e —-e >0

q A

R R

€ —€
Orcromaus p<q u af) >0, aj >0 crenyer, uto

(0)

T (MY
&’ —(—j >0,

b
2 AN
(Mj ~&e " 20
b
W3 nocieHuX HEPaBEHCTB MOJIYYaeM:
2 240
e " M. e "
&b
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Termeps noicTaBmsAS HANCHHBIC BEIPAKCHUS af) u ag B (10) mpum

R M
© ©
wouy —>Ale)=—In| —
p q ( ) b &
UMEEM.
249 2,0
2 2 2 R (z-b) R (z-b)
||u(r,z) Lon) =(z-b)’| aZe +a’ <
24 240 2(179) 2
2 i - (z-b) (z-b) 2 M 7 £2
<(z-b)" lim ale " +ale =(z-b)"| — £b
4" g —(e) b

Otcroma mosydaeM HEpaBeHCTBO:

Jur.2)] <120

ITycTs BbIMOTHSCTCSA BTOPOE ycoBue d, # 0, a, = 0.

Ortcrona coriacHo (11) umeem:

o . 2
Orcrona HagéM ap

2

stece € >0

2
OTcro1a COrsIacHo ap >0 umeem:
29
&

M?>0, M2 —-¢% >0

Taxum 00pa3om, MoTy4aeM HEPaBEHCTBO:

e <—
&b

. 2
Orcrozia mozicTaBiiss HaiaenHoe Bupaxenne a, B (10), npu ,uéo) - /”L(e) MOJIy4aeM HEPaBEeHCTBO:

2 M jz(l_g) g%

Ju(r,z) LR S (z-b)’ (F

Orcrona ciemyer, 94To

Lz
b

M z
Jur)], o0 <le-5( ™| "o
L.(OR) b
ITpu BBINOJHEHUH TPETHErO YCIOBHUS CIPABEIIMBOCTh IOCICIHETO HEPABEHCTBA JOKA3bIBACTCSI
aHanoruyHo. Teopema JrokazaHa.
W3 31001 TeOpeMbl 0 MHOXKECTBE KOPPEKTHOCTH (6) crieyeT eIMHCTBEHHOCTD peteHus 3aaauu (1)-(4).
Pe3yabTaThl U UX 00CY:KIEHHE.
[MocTpoenne npuGINKEHHOTO pellIeHHS].
PaccmoTpuM ceMeHCTBO JMHEHHBIX onepaTopoB B, 3aBHCAIIMX OT LEJIOYHCIEHHOTO Hapamerpa,
OIPE/ICIAEMBIX CIEAYIOIIIM 00pa3oM:
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! ,t_léL e
B,f(N=(z-b)> ae (z- b) ( RO rJ (13)

a,, — koapdunuents! Pypre dynkuu f(r)
Herpynno ybeanTcsi, 4TO ceMeicTBO omepaTtopoB B, OyneT perymspusupyromuM CeMeHCTBOM IO

rae

%n = RJ(“’I(F)J(

0

OTHOIIICHUIO K Harei 3anaue (1)-(4), ecnu paccMaTpuBaTh TaHHBIC f (r) u pemerue U(r,Z) Kak JIEMEHTHI

runbOeproBbix npocrpancts L, (0,R) [11].
ITycTh MHOKECTBO KOppeKTHOCTH 3a1aur (1)-(4) omnpenensercss HEPaBEHCTBOM:

Ju(r. O], oy <M
[Tycts ¢pynkumst f(r) 3amasa ¢ To4HOCTBIO 10 O, T.c. M3BecTHA QyHKums fy(r):
[ = £, oy <& (14)

Bo3bMéM B kauecTBe npubmmkéHHOro perrenus 3anaud (1)-(4) dyskiuro:

MY (7 2-b) (4
ung(r,z)zang(r)z(z—b)Zame R [ Ig rJ (15)

Jo

30€Ch

R (u“” [, [

an - koo pumpenTs Dypbe Gynxiun f s(r).
OreHnM pasHocTh Mexay  U(r,z) u U (r,z):
Ju(r,z) —u,,(r, z)||L2(0’R) =|B, f,5(r) —u(r, z)||L2(OYR) =
=B, fs(r)—u(r,z) + B, f(r)-B, f ()|

B [T = O] )+

L, (0, R)
+||Bn f(r)—u(r, Z)||L2(O,R) < ”Bn ”LZ(O,R) o+ ”Bn f(r)—u(r, Z)”LZ(O,R) (16)
riae
© - (0)
u(r,z)=(z-b)> ae F ( m%(%rj (17)
m=1
To4yHOe pemenue 3aaaqn (1)-(4) .
U3 pasencrsa (13),(15) momydaem:
" B, ||L2(O,R) =€ |Z - b| (18)
2/(m°) 7-b
B, f@-u 2 =@-bF Y ate " (19)

m=n+1

Temeps uccienyem Gyukimonan (18) Ha yCIOBHBINH MaKCUMYM IIPH YCIIOBHH:
(0)

ia e (%)2 (20)

st 3TOr0 cCOCTaBUM (YHKIHUIO Harpacha.

.l ) 2 .
L(a, A u)=(z-b)*> a%e ( ﬂﬁ{Zaﬁne ) —(%) }ru[Zamz—gZ}
m=1 m=1 m=1
Beruuciisis yacTHbIe MPOU3BOIHBIE IO 4, A nonyuaem:
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1 2“’(“0)b _
L _ja (z-bye " =0, m=Ln
oa

m

m

- 29 29
- (2-b) b
aa—L:Zam[(z—b)ze o+ 2e J:o, m=n+1 00
a

29,

" 2
a—=Zan21e " —(Mj =0
oL & b

W3 mocnemHnx paBeHCTB cienyeT, 4Tto (QyHknuoHan (19) mocturaer yCIOBHOTO MaKCHMyMma IIpH
(0)

a,=0, m=#n+l a, = %eRZ
3HayuT ,
;1(0)1
M
IB, f (2) —u(p, z)||L2(0va) S|Z_b|Fe (21)
U3 coornomenwii (16), (18), (21) ciexyer, uto
[u(p.2) ~Uys (0. D).y < @(0M,5) (22)
31eCh
(0) 40
o(n,M,5)=|e 5+Fe |z—b] (23)

B kadectBe 3HaueHus mapaMmeTpa peryjspu3alud N MOXHO B3ATh n=[n(§)]+1, rae
n(s)=inf w(n,M,5)

Takum o6pasom, 3anada (1) - (4) uccrenosana s L, (O, R).

BriBoabl. B nanHoi# paboTte Obula nccieoBaHa BHYTPEHHSS KpaeBas 3a1a4a Ui OUrapMOHHYECKOTO
YpaBHEHHSI B MOJYOIPaHMUYEHHOM LWIMHAPE, KOTOpas SBIIETCS HEKOPPEKTHOW 3ajaueil, TpeOyromei
IPUMEHEHUST CIELUAIBHBIX METOJIOB JUIsl IIOJYYEHHs YCTOMYMBOrO pelleHHs. [IpenoxkeHHbl MeTox
perynsipu3anii, OCHOBaHHBIN Ha MCIOIb30BAHUH JIMHEHHBIX OMEPaTOPOB, TO3BOJISIET HAUTH MPUOIMKEHHBIE
pelIeHns 3a1a4d ¥ OLEHHUTh WX MOIPEIIHOCTh C MOMOILIBI0 (PYHKIIMOHAJIBHOTO aHajiu3a M CHEKTPAILHOTO
paznoxxeHust. IlomydeHHBIE pe3yNbTaThl MOATBEPXKIAIOT SPPEKTUBHOCTh MPEJIOKEHHOH METOAMKH B
o0ecreYeHnH yCTOWYMBBIX PEIICHUH /ISl HEKOPPEKTHBIX 3a1a4. TakuM 00pazoMm, MpencTaBIeHHbIH TOAX0]]
SIBJISIETCS TIOJIE3HBIM MHCTPYMEHTOM JIJIsl PEILICHHS 331a4 MaTeMaTHIeCKONW (PU3UKH U MOXKET ObITh IPUMEHEH
JUIs1 KICCIIEOBAHMS IPYTHX HEKOPPEKTHBIX 3a/1a4 B Oy IyIIeM.
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YVK 534.1

KYHJAJAHT KECUMHU Y3IrAPYBUAH DJACTHUK CTEPXKEHHUHI YUA3UKJIUMAC
TACOJIU®UN TEBPAHUIILIAPA

Jlycmamoe Onumocon Mycypmonosudu,

Camapxano oasnam yHugepcumemu

Hazapuii 6a amanuit mexanuxa xageopacu npogeccopu
Qusuxa — mamemamuxa Qauiapu 0OKmMopu
dusmatov62@bk.ru

Kacumosa @upy3za Ynyzoekosna,

Camapkano oasnam yHugepcumemu

Hazapuii 6a amanuii mexanuka xagedpacu 0okmoparnmu
fkasimova.samdu@mail.ru

Annomayusa. Ywoby uwioa KyHOGNAHE KeCUuMU Y32apy8YaH DIACTUK CMEPICeHHUHZ YUSUKIUMAC
macoouguii mebpanuwinapu macanacu ypeanunean. Cmepoicenb MamepuailuHune 2ucmepesuc munuoazu
INACMUK  OUCCUNAMUB  XOCCANAPUHU UPDOOAN08UU HUBUKAUMAC OUp Kuimamiu Oyimazan Qynkyus
CMamucmux IuHeapu3ayus ycyau eépoamuod YUUKIUIAUWMUPUWL HAMUNICAcuoa meHaiamaoa xucooded
onunean. Tacoouguii  dcapaénnrapnu  mypau  KypuHuUWOaSU — CReKmpan — 3UMIUKIApOd — CMepiCceHdb
OUHAMUKACUHU 8A YCMYBOPAUSUHU MEKUUPULL MAKCAOUOA CMepiiceHb abCconiom me3NaHuMuUHURe ypma
K8AOpamux KUMamiapu ugooacu aHuKIaneaH.

Kanum cysnap: snaCmux, KyHOaname Kecumu )32apy8uan cmepiceHnb, OUCCUNAMUS, UCTEpPe3UC,
macooughuii medparuul, ypma K8aopamux KUuMamn.

HEJIMHENHBIE CJTYYAHHBIE KOJIEBAHUSA YIIPYTOI'O CTEPKHS TEPEMEHHOI'O
HNONEPEYHOI'O CEYEHUSA

Annomayusa. B Oannoli pabome paccmompeHna 3a0ay¥a O HeNUHEUHbIX CAVHAUHBIX KOAeOAHUAX
YAPY2020 CMEPIICHA NEPEeMEHHO20 HNONEePeYHo20 cedenus. B ypasHenuu HeoOHO3HAUHAS HEeNUHEUHAs
Qynkyusa,  xapaxmepuzyiowas — YnpyeOOUCCUNAMUSHYIO — XAPAKMEPUCMUKY — MAMepuanla  CmepiiCHsl
2UCMEPE3UCHO20 MUNA, YHUMbBIBAEMCSL C NHOMOWBIO Memood CMAmMUCMU4ecKol TuHeapu3ayuy 8 JUHeluHou
dopme. C yenvio uccnedosanus OUHAMUKU U YCIMOUYUBOCTNU CINEPICHS NPU PAZTUYUHBIX GUOAX CHEKNPATLHOL
NIOMHOCIMU  CYHAUHBIX NPOYECCO8 ONPeOeNeHo GulpadceHue CpeoHo20 Keaopamuieckoeo 3HAYEHUs.
abconOmMHO20 YCKOPEHUSL CIMEPIICHS.

Knwouesvie cnoea: ynpyeuii, cmepiceHb HEPEeMEHHO20 NONEPEUHO20 CedeHUs, OUCCUNAMUBHDIL,
eucmepesuc, ciydaiinoe Konebauue, cpeonee Keaopamuieckoe 3Ha4eHue.

NONLINEAR RANDOM OSCILLATIONS OF AN ELASTIC STRING WITH CHANGING
CROSS SECTION

Abstract. In this paper, the problem of nonlinear random oscillations of an elastic rod of variable
cross-section is considered. In the equation, the ambiguous nonlinear function characterizing the elastic-
dissipative characteristic of the rod material of the hysteresis type is taken into account using the method of
statistical linearization in linear form. In order to study the dynamics and stability of the rod for various
types of spectral density of random processes, an expression for the root mean square value of the absolute
acceleration of the rod is determined.

Keywords: elastic, variable cross-section string, dissipative, hysteresis, random oscillation, root mean
square value.

Kupum. TexHrka Ba TEXHOJOTHUIAp Ba KypWJIHII COXalaphaa CTEp)KEHJIap Ba Oaikaiap TUMHIATH
KOHCTPYKUMSUIAPHHU JIOWMXaNalia 3JacTUKIMK Ba AUCCUIIATUBIMK XOCCATapUHU XUcOOra onnd MaTeMaTHK
MOJICTUIAIITUPUO, aHWK XUCOOJIANIap HATHXKACKAA KOHCTPYKTHB IapaMeTpIIApUHUA TYFPH TaHIAIl MyXAM
axamusatra sra. Typam skapa€Himapfa dJIaCTHK CTEPXKEHJIAPHUHT KYHIATaHT KEeCUMH Y3rapyB4aH XOJifa
TeOpaHMa XapakariapuHu 0axoJail, XyCyCHil 4acTOTaJapyHH, TUHAMHK XapaKTePUCTUKAIAPUHU aHWKJIAII,
YCTYBOPJIUTHHH TEKIIMPHII Macajajiapy 10a3ap0 xucoOaaHaau.
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Kynanmananr kecumu y3rapyB4daH CTepKEHJIAp Ba OankajmapHHHT Oyinama, KYHOaJIaHr, OypaiMma Ba
OommKa Typaard TeOpaHUIUIAPUHHU TYpJW TAIIKH TabCHUpIIap Ba YerapaBHil IIapTiapia YpraHWIl, XyCyCHi
YacTOTAJIAPUHU Ba JUHAMHK XapaKTEPUCTUKAIApUHHU aHUKJIAI Macajajlapu KYIuiad WiMHUi TaTKMKOTIApAa,
Kymnanas, [1-5] umulapaa kapajiraH, aHAJTMTUK Ba COHJIM YCyJUIap/a TEKUIMPUII METOIUKaIapH HILIad
YUKWITaH, TAXJIWIT KAJIMHTAH Ba TaBCUsIap OeprIITaH.

[6] wmpma KWHEMATWK KY3FaJMIUIAp TabCHPHAATH KYHAAJNaHT KEeCUMH Y3rapyBuYaH, THUCTEpPE3WC
TUTUAATH DJIACTUK JIUCCUTIATHB XapPaKTEPUCTUKAIM CTCPKCHHUHT KYHIAJaHT TeOpaHUILIapyu Macajacu
Kapanrad. ['apMoHUK IMHeapu3anus ycynuaaH ¢oiganannd, CTep)KeHb MaTepHAIMHUHT JHCCUTIATHBINK
xoccanmapuHu H(omamoBUM YM3MKIHMAC (YHKIUS YM3UKINA (QYHKIOUS OpKamu ndomamaHud, aHATUTHK
KYPUHUIIATH CYUMIIAPH OJIMHTAH XaMJla CTePKEHHUHT y3aTyBUM (DYHKITHACH aHUKJIaHTaH.

Yy wumpa MarepualapHUHT AWCCHMATHB Jemmdepiam Xoccalapd TUCTEPEe3HHC THIUAATH,
KYHIAJIaHT KeCHUMH Y3rapyBuaH CTEp)KEHHHHT Taconu(puii YWU3WKIUMac TeOpaHWIUTAPUHHN YpTraHWIITa
OaFuILIaHTaH.

Macananunar Kyinwoiamm., KyHmagaar kecuMu y3rapyBuaH THUCTEPE3MC THUIHAArd  3JIACTHK
TUCCHUIIATUB XapPaKTEPHUCTUKAIH CTEP)KEHHUHT TacoAu(uii KHHEMAaTHK Ky3FalWIUIapAard KyHJalaHT
TeOpaHunuiapuin Kapaitmus. CrepskeHHUHT y3ymiurd [, Kamummuru h 6ymuG, osum b(X) y3rapysuan

OyicuH.
g CTepkeH MaTepUaTMHUHT  JTUCCHUITATHBIMK XOCCATApUHH H(OAATOBUM OMp KUHMATiaH Oyimaran
5(50) ¢byHkuus [7] cTaTUCTHK JMHeapu3alus ycyiau €paaMuaa KyWuaard 4u3ukin udopa OwiaH
anMamtupuianu [8]:
H(So) = + 1m2)8, 1)
1y, 1, — ap CTAaTHCTHK JMHeapu3anus kodhdurmentiapy; &, —HUCOMit nedopmanys.

Tacomudwuii xapa€amap ydyH CTaTHCTHK JIMHeapu3anus KoddduumeHTIapu HUCOWN aedopmarius
¥pTa KBapaTUK KUMMaTIapu Aapaxanapu Oyiinda Kynxaap KYpUHUILAA OJHHAAN, STbHU

r r
i i
771 = lecio-éol ! 772 = Lzzcilo-got ' (2)
i=0 i=0
Oy epma L, L, =L,SQn®w- cTepkeH MAaTEPUAIMHUHT [HMCCUIIATHBIUK XOCCAIapUHH H(OIATOBIN

YM3UKINMAC QYHKIMOHAIAH aHUKIAHYBYH KOY(QQHUUHMCHTIAp; O -CTepiKeH HUCOMil JedopMalisCHHUHT
of

VpTa KBaJIpaTUK KUKMaTu;
CTepXKCHHUHT KHHEMAaTWK TacoAuduii Kysranunuiapjard KyHIaIaHr TeOpaHWIUIapyd XapakaT
mddepeHnman TeHrIaMacan Kyinaarinda €3aMus:

2 2
—aaxl\z/l +m, _aat\ZN = —m W, ; 3)
0y epaa M-sryBum moment; W- crepkeHHHHr oSruuun  GyHKUmscH; M, =m,(X)—crepxen

Y3YHJIMTHHUHT OUPJIMK y3rapyB4aH MaccacH; WO - ACOCHU TE3JIaHUIIU.

KyHnananr kecumu y3rapyBuaH CTEP>KEHHUHT 3TyBUM MOMEHTUHU Kyiiuaaruya €3amus [6]:
h/2

M = 2b(x) j o, 20z,
0

(4)
Oy epra O, — HOpMaJ Ky4WIaHHILI.

CreprkeH y4yH HOpMaJl KydIaHMII Ba HUCOMH nedopmarius ypracuaarid OOFIaHHUIIT

. o*w
On= E[l_ L+ L, (Co + f(aot ))]? Z, ©)
kypunnnina 6ynanu. Bynma epaa E - cTepiken MaTepuaIMHUHT 31aCTHKITMK MOTYJIN;
f (O'ot ) = Z Clo'igm , (6)
i-1

0y epma C,,C,,..C, —CTepKeH MaTepuaqMHHUHI Aemndepiam Xoccanapura OOFIMK Oyiras,

TakpubalaH aHWKJIaHAJIWTaH THCTEPE3UC KOHTYpHU KoddduieHTapu [7].
(5) Ba (6) udonanapuu (4) sryBun MOMEHT Hdoaacura Kyinod, Xocui KHIaMus3

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 22

https://buxdu.uz



MATHEMATICS

h/2
h® 6%w

M =2b(x) | o,zdz=2b(X)E — ——(1+Cy(- L, + jL,))+
! 24 ox?

2. hil2

2
+ 2b(X)E(-L, + jLz)Zx—\;v [tlo., )22dz= ElBX—‘Q’(u Col- Ly + L, ))} ¥ (7)
0

h/2

24 L 0%w
+ E{h—B(—L1 i) jf(aém )szz},

0
b(x)h® y y
Oyepna | =1 (x) = NTHE CTCPKCHHHUHI y3rapyByaH KyHJaJIaHI KECUM MHEPLMS MOMCHTH.

Oumu (7) ndonanu (3) crepkeHHUHT TUuddEepeHIInaN TeHrIaMacura Kyrcak, ara 0ynamus
Eli ow 1+Cy(-L +jL )+ﬁ(—L +jL )hjzf(a )2%dz |} +
ox? | ox? 0 1 2 h3 1 2 ) Sot

h/2

2
+2E ﬂi{a—w[]ﬁ‘co(_ L+ jl—z)*‘ﬁ_j(_ L+ jLz)J. f(o-cfm )szz]}+

0

(8)

d%1 o%w . 24 NG
+E&(—2@(—2{1+Co(—u+JL2)+h—3(—L1+JLZ)!’f(%)zzdz +

=-moWy;

Eunm meronukacu. Kentupunran (8) TeHrmaMaHUHT €4MMHUHU TOIMIN YUYH CTEPKEHHHUHT STHIIUII
($yHKIMSICHHA XyCycuit popmanapu Oyiinya Katopra EsMu3, SbHU

w(x,H) = U, 00T, (),
©

oy epma T, (t)- BakTHHHT GyHKIMACH; U, (X) -byHKIHMsANAp CTEPKEHb TEOPaHMLLIAPMHUHT XYCyCHH
(dbopmacu 0Y1u0, OPTOrOHALIMK MIAPTHHU KAHOATIAHTHUPAJIH.

Hatmwkana Oup Xa/umd anmpokiumalys OWiaH uerapajiaHu0, 0ab3u aJMallTHPHUIUIAPAAH KEeWWH
Kyiuaaru nuddepeHnnan TeHriamara ara 0yiaMus:

3EI . . h
(_ L+ L, )ZCiTkla

T, + {0+ Co (=L + JL, )Jw?Z + —_—
k {( o( 1 JZ))a)k Mod, . 2,(i+3)><

! 2 2
0°| 0
*f“kaxz[axz

0

%,
ox?

i E 0%l 0% .
]dx+moax2£Ukax2k[1+co(—Ll+jL2)+

+3(-L +jL )Zr:C-TiLaZUk | dx (T, =-dW, ;
1 2 i ka2i(i+3) o k kWo 5
(10)

)

2k
Kynnananr kecumu y3rapyBuaH 3JaCTHK CTEP)KEHHHMHT y3aTUIl GYHKUMACHHM Tonmui Makcaauaa (10)

| |
OyHza d, :gi- dy :_[dex? d,, ZJdeXQ U, =U, (X); ®, —CTCPKCHHUHT XyCyCHii 4aCTOTaNapHy.
0 0

muddepeHLnan TeHrIaMaHl § = di muddepeHnnan oneparop OpKajiu alredOpauk TEHIJaMara KeJlTHpaMu3,
t

SABbHHU
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{52 +{(1+C0(_ Ly + Ly )i + 3E -L + L, Z iTia

modzk i1 2' (' +3)

| 2 2 2 i 2y |
0° | 0% |0°U, E o°l 02 Uk . (1)
x|U, —| — dx+——|U 1+C,(-L, +jL, )+
-([ kaxz[ax2 ox? J m, ang o b+ Col-Lu L)
o%U

r i
+3(- L, + L, )ZCiTkia - h

i-1 2'(i+3)

ox?2

k }dx} T, =—dW,;

(11) tenrnamanu eunb, s=iw (i=.—1; @ —TeOpaHUILIAP YACTOTACH ) AIMAIITHPUIIHA KUPHTHO,

T, y3rapyBUMIapHUHT ¥pTa KBaAPATHK KHiMaTIapH ubogaiaprHu Kyinaarnya é3amms:

2 _ | dy
= ||——* |5 dao, 12
7= [l g S % (2
Oy epna
| 2 2 (a2 |
3EI o2 | o* 0%y, |
N, (0) =-0® + o} -CoLLo} ———L,G; |U Kl ldx+
1( ) k 0-1% m0d2k 1 I_([ kaxz 8X2| 6X2 |
2y | 2 2 2
o°U o°uU
E% U, Sk dx -Gl — ju S dx
My OX OX m, ox? ox?
o, |02,
—3L£aIIUk "G| 2|dx
m, ox? ox? | OX |
l 2 (A2 [A21) |
o0°uU
N2=COL2w§+£LZGijuka—2 O 105! i+
myd,, 5 OX“ | ox°| ox
2, ! 2 2| 2 i
o°uU o°uU R
+COL2£%jUk S dx+3L, — E o juk kG| - |dx.
My OX* 5 ox? m, o0 ox? |ax |
r hi
oyuna G, = Z:C,Tka i+ ) Sw, () — acoc Te3naHUILTAPMHUHT CHEKTPAb 3UWIUTH OYIH0, KYII
i1
XoJuiapa yMyMHUH KYpUHUIIIA KYinaarnya omvsau [7]:
Dy a @3
Su, (@) = o (13)

ﬂ(a)f —0’ + iaa)aa)Xa)f —w? i aa)sa))
Oy epna DW0 —acocC TE3JaHUIIMHUHT JJUCIIEPCHACH; (¥, — TeOpaHMILIAP CIIEKTPUIA SXTUMOJIU IOKOPH

4acToTa; o — TeOpPaHUIIIAP CIIEKTPH KCHIVIMTHHY XapaKTePJIOBUN apaMeTp.
DNacTHK CTEP)KCHUHT aOCONIOT TE3aHWIIM HHUCOMM TE3JIaHWIIM Ba acoC Te3JIaHUIUIAPHUHT
WUFMHIUCUIAH MOOpAT 3KaHJIUIMHUA Xucobra onuO, (13) udonanan doiiganaHud, CTEpKEHHUHT aOCOJIOT

Te3JaHUIIIapH YpTa KBagpaTHK KUHMaTIapUHUHT H(OJACHHHU OJIaMHU3
2

©
ol = J:Jl—Uk ® d—k Sy, (@)dw, (14)
o Ny (@) + N, ’

Xyaoca. YOy onunran (12 Ba (14) unrerpan ndonanap Kapaiaérrad KyHAaJaHT KECUMH y3rapyBuaH
CTEpP)KEHHHHT YU3UKJIMMAC JUCCHUIIATHB JeMIiepiam XOoCcCaTapiHH XHUCOOTa OJMHTaH XOJia Tacoauduii
*apa€Hiap/ia CreKTpal 3UWIMTHHUHT TYPIH KYPHHUIIUTAPH]IA KHHEMATHK TeOpaHUIIIIapH TUHAMHUKACHHHN Ba
YCTYBOPJIUTHHH TEKIIMPHII UMKOHUHH Oepau.
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NUMBER AND POSITION OF BOUND STATES OF A TWO-BOSON SYSTEM
HAMILTONIAN ON A LATTICE
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Akhmatova Shakhnoza Bakhtiyorovna,
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Abstract. We investigate the family HM{:H], K € T?, of Schridinger operators, associated to the

Hamiltonian of a two-body on the two-dimensional lattice T*, interacting through on the next-nearest-
neighbor sites with interaction magnitude i € B We identify the fundamental invariant subspace of the

operator H, (0), where the operators’s restriction to this subspace has at most two eigenvalues, depending

on the parameter u € . Furthermore, we prove that for any non-zero values of u € R and K € T?, the

operator H,(K) has an eigenvalue outside the essential spectrum.
Keywords: Schrédinger operator, essential spectrum, two-dimensional lattice.

PANJARADAGI IKKI BOZONLI SISTEMA GAMILTONIANINING BOG’LANGAN
HOLATLARI SONI VA O’RNI

Annotatsiya. Biz ikki o'lchamli T* panjarada keyingi eng yagin qo’shni tugunlarda pu € R o’zaro
ta’sir soni bilan ta’sirlashuvchi ikkita bir xil bozonlar sistemasining Gamiltonianiga mos H, (K),KeT?
diskret Shredinger operatorlar oilasini o ‘rganamiz. HH{:EI] operatorning muhim invariant qismfazosi
mavjudligi va H, (0) operatorning ushbu gismfazodagi gismi ko ‘pi bilan ikkita xos giymatga ega bo lishini
u € R o’zaro ta’sir parametriga bog’lig ravishda ko rsatamiz. Bundan tashqari, istalgan K € T2 uchun
H, (K) operatorining xos giymatlari mavjudligini isbotlaymiz.

Kalit so’zlar: Shredinger operatori, muhim spektr, ikki o’lchamli panjara.

YHUCJIO U MECTONOJIOKEHUE CBSI3AHHBIX COCTOSTHUA TAMUJIbTOHUAHA
PEINETOYHOM ABYBO30HHOW CUCTEMBI

Annomayusn. Hszyuaemca cemeticmeo H#{:h’], K € T?, ouckpemnwvix onepamopos Illpéounzepa,
ACCOYUUPOBAHHBIX C 2AMUTbIMOHUAHOM CUCHEMbL 08X 00UHAKOEbIX GO30HO6 Ha 06ymepHoll pewémke T2,
83AUMOOCUCMBYIOWUX 8 CALOVIOWUX COCEOHUX Y31aX C eeauyunamu e3aumooeticmeus [ € R. Jokazano
cywiecmeosanue 6axiCcHo20 unsapuanmuozo noonpocmpancmea onepamopa H,(0) marozo, umo cyscenue
onepamopa H, (0) ma smo noompocmpancmeo umeem me 6Gonee 06yx cobGCMEeHHbIX 3HAYEHUL, 6

3asucumocmu (moavko) om genudunsl 3aumodeticmeus it = R. Kpome moeo, ons mobozo K &€ T= dokasano
cywecmeosanue cobcmeennbix snadenui onepamopa H, (K.

Knioueevie cnosa: onepamop Lllpéouncepa, kpumuyeckuii cnekmp, 08yMepHas peuémxa.
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Introduction.

In the current paper, we investigate the spectral properties of the fiber Hamiltonians H{(K), K € T
acting in the Hilbert space L**{T?) as

H,(K) : = Ho(K) + ¥, (12)

where Hy(K) is the fiber kinetic-energy operator,

(Hy(EDf)(p) = Ex(p)f(p),

with

. - K; .
Ex(p):=2 Z{_ 1-— cos— cosp;) (1.3)

i=1

and

i i H ' H .

(V.fip) = FCC‘SEM j cos2q, f(g)dg + 52 cos2p, j cos2q.f(q)dg

T T

+%ccsplmsp: j cosg, cosq, f{g)dg +%si11plsi11pg j sing, sing- f{g)dg.
12 12

We note that, the operators Hy(K) and ¥, 4 € R are bounded and self-adjoint, moreover the operator

[

.. is of rank four and does not depend on K at all. Therefore,

Oezs {H,u “{}} = G{:HD {H}} = [E min {:H}J € max {:'h?}].l
where

. 3 K; . = K.
Emin(K):= ZZ{_l - cusE‘}J EmaxK):= ZZ{_l + cusE‘}.
i=1 i=1

The main purpose of this work is to find the conditions on the parameter for the operator to have at
least one or two eigenvalues outside the essential spectrum. By applying this fact, it is possible to obtain

sharp estimates for the number of eigenvalues of the operator H,,,, (K), for all K € T=.
In [7] and [8], it was established the discrete Schrodinger operators, related to two-boson system of

two bosons with the zero-range on one site interaction (4 £ &) and interaction on the nearest neighbouring
sites (u ER) .
In [7], the authors studied the number and location of the operator Hy,(0). It was proved the

restriction of the operator Hj, (0) onto the subspace L***#{T?) can have at most one eigenvalues, lying as
below the essential spectrum, as well as above it.

The paper is organized as follows. Sec. 1 is an Introduction. In Sec. 2 we describe the Hamiltonian of
the two-body system in the (quasi) momentum representation. The main results and their proofs are stated in
Sec.3 and Sec. 4, respectively.

1. The discret Schrodinger operator and its essential spectrum

The operator H,(K), K € T=, is a self-adjoint operator on L**(T*) of the form

H'u {'h?} = HD{'H} + I{,u
where the operator Hy(K') is the operator of multiplication by the continuos function

. — K.
Ex(p):=2) (1-cos= cosp)),
i=1

and the operator I, acts as
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M :
(Vf)p) = 572C052py j cos2q, fq)dg +5 5 72 COs2P: j cos2q,f(q)dg
T e
+i.cc:splcasp: J‘ cosgy cosqs f{gldg + a 5 sinp, sinp, J‘ singysing, f{g)dg. (1)
2
12 12

The representation (1) shows that, depending on p € R the rank of ¥, varies but never exceeds four.
The classical Weyl theorem implies that for any K € T=, the essential spectrum Ge.s(H,(K)) of H,(K)
coincides with the spectrum of Hy{(K):

f"'_ess{:H,l,z {H}} = G{HD{H]} = [Smin {H}J Smax{:h,}]i (2)

where

Smin{:ﬁ}: = pETE Smm{ﬂ} =0,

-

: : : K; :
Ema K)i=max Ex(p) =2 E (1+cos—)=E&,..(0)=8
peT® = 2
i=

Theorem 2.1 Let i £ IR. Then the following assertions hold:

i) If the operator H,(Q) has a eigenvalues lying below the essential spectrum then, for any K € T2,
the fiber Hamiltonian H,(K') has at least & eigenvalues lying below the essential spectrum .

ii) If the operator H,(0) has f eigenvalues lying above the essential spectrum then, for any K € T2,
the fiber Hamiltonian H,,(K) has at least § lying eigenvalues above the essential spectrum .

The above result shows that the number of discrete eigenvalues of the operatorH, (0) provides the
sharp lower bound (over all K € T?) for the number of discrete eigenvalues of the operator H, LK), K € T2.

Vii. 2.1 Reducing subspaces of the fiber Schrodinger operators

Let us introduce the following subspaces of L*#{T?):
L2 (T?) = {f € L*(T?): f(p1, p2) = f (P2, p1) = f(—pup2), Y01, p2 €T} 3
L¥o°5(T2) = {f € L**(T%): f(p.p2) = f(p2,p1) = —F(—pPrp2), VP, p2 € T}
L¥3(T?) = {f € L**(T?): f(pp, pz) = —f(P2.p1), Y01 P2 € T}
Note that, the subspaces L*#== (T*), L**°%(T*) and L**%(T?) mutually orthogonal and
125 {:']I'C} — J2ees {:']I'C} % Lf,uus{:'ﬂ'f} ,@ Lf,aﬂ{:']rf]; (4)
Moreover, the subspaces L*#={T?),L>*°*(T?) and L>**{T?) are invariant for self-adjoint operator
H, 3,/(0). Therefore, the subspaces L**%=(T=),L>?%%(T*) and L***(T?) are reducing for H,z,(0). It leads
that
5{:H}ul,u {ﬂ]} = UEE{EEB,nus,as} g{:H}ul,u {:ﬂ]li-“i(T:}}J (5)
where we denote by 4|5 the restriction of the operator 4 on its invariant subspace .
Let us denote by V== the restriction of the operator ¥, in the reducing subspace L**==(T=). The
representation (1) of I, implies that

(V£=f)(p) = . (cos2p; + cos2p,) [z (cos2qy + cos2q,)f(q) dg (6)
+%ccsmc05p3j cosq; cosqof(q) dg.

Analogously, we introduce the restriction of the operator 1, in the respective reducing subspaces
Lf,uus{:']rf} and LE,ER {:T:}I, '[{’!uus and Vea

(12°*f)(p) = 5z sinpisinp; L sing; sing,f(q) dq,

and
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(Ve = = (cos2py — cﬂszpﬂ) {c052ta'1 — cos2q2)f(q) dg.

We also introduce notations for the parts of H®**(0) in its reducing subspaces defined in Eq. (3),
H=2(0): = H,(0)| e (7%) = Hp(0) + 177, ()
H2o%(0): = H, (0} 70512 = Ho(0) + 775,

HZ#(0): = H,(0)| 272y = Hp(0) + V2.

viii. 2.2 The discrete spectrum of Hg=*
Let the operator H,* is given by (7), where the perturbation V7% is of the form (6)

Remark 2.3 Notice that, the main aim of this paper is to investigate the number and location of the
eigenvalues of the operator HZ**(0) lying outside the essential spectrum.

Theorem 2.4 Let i € ]E Then the following statements true:

i) ifue{—o,— Tie—om }} then the operator H,;%?(0) has exactly two eigenvalues in (—c=,0), and
it has no eigenvalues in (8, +co).

i) ifue[- = 1; —t 0) then the operator H;*{0} has exactly one eigenvalue in (—co, 0), and it has
no eigenvalues in (8, +m}

iii) ifp (0, T (le—on }} then the operator H,7#*(0) has no eigenvalues in (—ce,0), and it has exactly
one eigenvalue in (8, +m}

iv) ifuc [HI — }J+m} then the operator H,;;**(0) has no eigenvalues in {—co, 0), and it has

exactly two eigenvalues in (8, +oo).
Next theorem states a sharp estimates for the number of eigenvalues of the operator H,(K), over all

K € T? depending only parameter i € R,
Theorem 2.5 Let K € T? and u € R. Then the following statements hold:

(i) ifpu=-— a0 1:5 }then H, (K has at least two eigenvalues in (—oco,0).

(ii) if—; 1: —r _u < Othen H,(K) has at least one eigenvalue in (—oo, D).
(i) if0=p< e }then H, (K has at least one eigenvalue in (8, +co).
(iv) ifp= 31657 }then H, (K has at least two eigenvalues in (8, +co).

e. 3. Proof of main results
i. 3.1 The Lippmann—Schwinger operator

By using the following orthonormal vectors
fagee(p) = SoBtoomes ey _ Sommucomns) o

r
2m w

in L==== (T=) we rewite the operator V¢ as
Ve = wlf e™)as™ + plf, a2%)ar™ ©)
where (-,) is the inner product in L**#% (T?), For any z € C\[0, 8] we define the Lippmann-Schwinger
operator (see., e.g., [24]) as
B:EB{{]J Z} = _I{,!EEB Rl}{ﬂ.l Z}_.
where Ry (0,z): = [Hy(0) — zI]71,z € T\[0,8], is the resolvent operator of the operator Hy(0).
Lemma 3.1 Let u € R. Then the number z € C\[0, 8] is an eigenvalue of the operator H;==(0) if and
only if the number 1 is an eigenvalue for the Lippmann-Schwinger operator BZ*#(0,z).

The proof of this lemma is given in [25]. Therefore, we skip it.

We observe that, the representation (9) guarantees that, the Lippmann-Schwinger equation
Be=(0,z)¢ = @, @ € L*=(T7)

is equivalent to the following algebraic linear system:
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{[1 + pag(z)]xy +paga(z)x, =0,
paga(z)x; +[1 +pagy(z)]x, =0

where
: af* (pla®™ (pidp .
ﬂ'i}'{.z} = IT: WJ Lj=1,2 {lﬂ}
xp=(p af®), i=12:
Let

where z € T\ [0, 8].

The next lemma describes a one-to one relations between the operator H;**(0) and the function
As== ().

Lemma 3.2 Let u € R. Then the number z € RB\[0,8] is discrete eigenvalue of the operator HJ**(0)
if and only if it is a zero of AJ=(-) . Furthermore, the function A7=() has at most two zeros in R\[0,8].

The proof of this statement is rather standard (cf e.g. [22, 23]) and we skip it.

The properties of the functions defined in Eq. (10) and their asymptotics behaviour as z 7 0 or z "« 8
are described in the following Proposition.

Proposition 3.3 The functions a;;(z) (i, j = 1,2) are real-valued and strictly increasing in
z € R\[0,8]. Moreover, it is positive in (—wo, ) and negative in (8, +co). In addition, the following
asymptotics are valid:

Slnz—zom+=%
. ——111{—2}+—L+G'[l} as z.20
a11(2) =4 i Eln2 - 20m+2=
—111'[_2— 8) — —*—+a{l] as z\v8
m

Sln2+4m——
_ ——111{ z}+—*—+ﬂ{l} as z.” 0
ay2(2) = 1
) Sln2+d4r—— )
; 111{_2 —8)— —TE- +o(l),as z%8
T Sln2—2m+5 :
—= In{—z) + —Ta +o(l), as z. 70
az(z) =

Slnz—2m+2
~In(z - 8) - ;uam as z\8,

where In{—z) and In(z — &) stands for the branches of the corresponding analytic functions that are
real for —z = 0 and z = 8, respectively.

Proposition 3.3 can be proved as Proposition 4.2 in [23].
Lemma 3.4 The real valued function A%(z) is well-defined in B\[0,8]. Furthermore, it has the

following asymptotics:
(i), lim A5=(z) = 1,
(ii). 457°(2) = —= @ (WIn(—2) + Q5 () + 0(1),z 7 0;
(iil). 857%(2) = —= @ (W)In(z — 8) + Q5 (1) +0(1),z ¥ §,

where
& 16—5m) —

plu +

ROE ).

3{16—5m)

Proof. The Lebesgue dominated convergence theorem yields the first assertion. The two remaining
assertions can be proved using Proposition 3.3.

Proof of Theorem 2.4 (1). Assume that pt << —

<2 (1. Observe that the function
3(16—5m)
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§(z):= 1+ pay, (2),
with ay4{z) given in (10) and strictly decreasing in z € {—ea,0). From the explicit definition of the
function @44 (z) in (13) it follows that

limé&(z) = 1.
Therefore, the function 8(z) = 1 + uay,(z) has exactly one zero z;; in {(—eo,0).
Notice that the equality 1 + pay;(z4) = 0 implies that
AgER(zy4) = (1 +Hﬂ::{'zu}}{'l + pay(211)) — pP(ap(z11))* = —p*(ag2(211))* < 0 (11)

Meanwhile, for g < — {= 0) we have

3(16—5m)
&(1e—5m) T
Q"= 3(16—5.1?}] = (12)
The inequality (12) and Lemma 3.4 (||) yleld that
lll%ﬂm{_z} +oo. (13)
Lemma 3.4 (i) gives that
Jim AZF(z) =1 (14)

Then the relations (14), (11) and (13) imply that
lim AS**(z) = 1, AF(z,) <0 and 11111.&“3{2}

Z—es
It follows there existence of real numbers z5; and =55 such that
Z9) T E) S Eap =
and
ﬂﬁes'[:zzi} = AFE (z22) = 0.
Lemma 3.2 leads that, the operator H**(0) can have at most two eigenvalues in R\[0,8]. Therefore, it

has no eigenvalues in (8, +coo) when i < —

3(16—5m)
(ii). Assume that — repR—— = p < 0. Then
&il6— 51?} T
Q= H [_u + 3(15—5.11}] =0 (15)
and
&6(6—5m)
Ql { }_ [ - 3{16—5.'?}] (16)
The inequality (15) and Lemma 3.4 (11) yield that
lim ASF*{(z) = 1 and lllnﬂEEB{Z} a7
et
Similarly, the inequality (16) and Lemma 3.4 (iii) obey that
111_}1 AFE(z)=1 and linéﬂn.ﬁes{:z} = 4o, (18)
ST og o

The relation (17) guarantees that the continuous function A$F*(z) has at least one zeros in  (—co, 0).
The function Af*(z) has exactly one zero in  {—c2,0). To demonstrate this, let we assume that the equation
A%e2(z) = 0 has at least two zeros. Then this function A5*(z) should have at least three zeros since it has
different signs at the endpoints of (—c=,0) (see Eq. (17)). In other hand, Lemma 3.2. states that the function
ASF%(z) has at most two zeros. This contradiction shows that the function A5*(z) has exactly one zero below

the essential spectrum.
Analogously, the relations
lim A5*(z) =1 and 1111*1&*3{2}

E—+tm

in Egs.(18) leads that the function AZ**(z) has no zeros in (8, +2o). To prove this, we assume that this
function A5®(z) has at least one zero in (8, +oo). Since it has same signs at the endpoints of (8, +22) (see
Eq. (18)) the function Aff*(z) should have at least two zeros. In other hands, the function Af*(z) has
exactly one zero below the essential spectrum. Then, the function A5*(z) should have at least three zeros

outside the essential spectrum. This contradictions demonstrate that the function A$*(z) has no zeros in
(8, +oo).
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It is worth noting that the third and fourth items can be demonstrated similarly to the second and first
items, respectively. m
Theorem 2.5 can be proved using Theorem 2.1, Theorem 2.4 amd decomposition (5).
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UDC 517.984

ON THE EIGENVALUES OF DISCRETE SCHRODINGER OPERATORS WITH TWO
DELTA POTENTIALS

Madatova Fotima Abdiraximovna,
National University of Uzbekistan, Tashkent

Abstract. We consider Schrodinger operator defined on a one-dimensional lattice perturbed by two
delta interactions, of strength A, centered at the origin with distance k. We show that the Schridinger
operator may have two eigenvalues depending on the parameters of the model, that is to say both the
aforementioned strength A and the separation distance k. We investigate in detail the existence of these two

eigenvalues on the two parameters 4 and k.
Keywords: discrete Laplacian, discrete Schrodinger operator, eigenvalues, Fredholm determinant.

IKKI DELTA POTENSIALGA EGA DISKRET SHREDINGER OPERATORLARINING XOS
QIYMATLARI HAQIDA

Annotatsiya. Bir o ‘Ichamli panjarada A massali 0 ga nisbatab o ‘zora k masofada joylashgan ikkita
delta potensiallar yordamida qo ‘zg ‘atilgan Shredinger operatorini qaraymiz. Model parametriari A-massa
va k —masafolarning qiymatiga bog‘liq holda Shredinger operatori ikkita xos gqiymatga ega bo ‘lishi
mumkinligini ko ’rsatamiz. Ushbu ikkita xos qiymatning mavjud bo lishi holatlarini ikki A va k
parametrlarga bog ‘ligligini batafsil o ‘rganamiz.

Kalit so’zlar: diskret Laplasian, diskret Shredinger operator, xos giymatlar, Fredgolm determinanti.

Ob COBCTBEHHBIX 3HAUYEHUAX JIMCKPETHBIX OITEPATOPOB IIPEJJUHTEPA C
ABYMA JEJBTA-TIOTEHIIUAJTAMUA

Annomauus. Mwvr paccmampusaem onepamop Ilpéouneepa, onpedenéumviti Ha O0OHOMEPHOU
peuiémre, B03MYWEHHOU 08YMs OelbmMa-83aUMOOEUCMBUAMU C CUNOU A, COCPEOOMOYEHHbIMU 6 Hauale

KoopouHam c paccmoauuem K. Mvi noxaszvieaem, umo onepamop I[llpedunzepa mooxcem umems 08a

COOCMBEHHBIX 3HAUEHUs, 3A8UCAUUX OM NAPAMEMPO8 MOOeNU, MO eChib KAK OM 6bIUEYNOMAHYMOU CUbL,
max u om paccmosinus pazoeienus k. Mol nodpobHO ucciedyem cyujecmeosanue 3mux 08yx cOOCMEEHHbIX

BHAueHull npu 08yx napamempax A u k.

Kntouesvle cnosa: Ouckpemuwiil 1aniacuaH, ouckpemuwviti onepamop Lllpéouncepa, cobcmeernuvie
3Hauenus, onpedenumens Ppedzonvma.

Introduction. The family of continuous Schrédinger operators H{A) = —A + AV, 4 = 0, associated to
a system of two quantum mechanical particles on B%, d = 1 was considered in [1]. In this study, the
existence of a negative eigenvalue e(4) and its asymptotic behavior as 4 — 0 were studied.

The authors of the work [2] explored the family H; one- and two- dimentional discrete Schrodinger-
type operators, where u = 0 is a coupling constant. Using the methods from [3], the authors prove the
finiteness of the discrete spectrum of H;, establish sufficient conditions for the existence of eigenvalues,
analyze the existence or non-existence of eigenvalues for small i = 0, and find the expansions of the largest
and smallest eigenvalues of Hf# near i = 0.

In [4] an explicit example of a H’A# =—A- fﬁ#, on the three-dimensional lattice Z*, which possesses
both a threshold resonance and a threshold eigenvalue is considered, where —A stands for the standard
discrete Laplacian in £2(Z™) and V is a multiplication operator by the function

~ ) - a -
Vi,u{.x} = Ul t+ EE|3|=1 Oz A= ﬂ:f-" =0, (1)
where &, is the Kronecker delta.
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The authors of [6] considered the restriction of this operator to the Hilbert space of all even functions
in £2(Z%). In case A = 0, Hiroshima et.al. [5] studied an appearance of its eigenvalue depending on the

potential energy and the dimension of the lattice. Eigenvalue behaviors, lower threshold eigenvalue and
lower threshold resonance and lower super-threshold resonance of Schrédinger operator defined on n-

dimensional lattice with a potential of type (1) were studied in [7].
In this paper, we consider the spectrum of i, = A — f{”{ with the potential
Vie(x) = A8y + A6 ., xkELAER, (2)
where 4 and k& are parameters. We study the eigenvalues of the operator depending on the parameters
k € Zand
A € R and we investigate the eigenvalue behavior of this operator as & approaches infinity.

The paper is organized as follows. In Section 2 and Section 3, a discrete Schrodinger operator in the
coordinate and momentum representation is described. The essential spectrum of the operator is investigated
in Section 4. Section 5 is devoted to showing main results, Theorem 5.

The discrete Schrodinger operator in the position representation.

The standard discrete Laplacian A on the one dimensional lattice , is defined with the following self-

adjoint (bounded) Toeplitz-type operator on the Hilbert space #2(Z) ([8]) as

1 s i
A=3 ) (T@-TO),
xEL|x|=1
where T{y), v € E, is the shift operator
(TOI)x) = flx+y), fFELHD), x€L
Let the discrete Schrodinger operator be defined in the Hilbert space 1%(Z) as follows
hpe =—4 Vg
where the potential operator V3 ;. depending on the parameters A € R and k € N is defined by

P Af(x), if x=k
(VarF)(x) = { > . o

Af(x), if x=—k
o Af(x), if x=k
Ve f)x) =4af(x), if x=—k FEP(D)LxEL

0, if x=+k—k

The discrete Schrodinger operator in the momentum representation.
The standard Fourier transform

FT) = 6@, N0 == f@eat felXm, xe7
V2T
T

, FEFXT), x€L

with the inverse
FLE@ -, FHH0)=7=) fWe ™, fef®@, peT,
W

xEZ
provides the momentum representation of the Hamiltonian h;, = ;F‘lfimiF acting on L*(T) as
hie = ho— Vi
where the non-perturbed operator hy = —F ~LAF is defined on L*(T) as a multiplication operator by
the function
e(-):
(hof)(p) =e®)f(p), fELXT), peT, @)
where
e(p)=1—cosp, peT,
The perturbation ¥ ,. = F ‘1I?;Lk:F is the two-dimensional integral operator:

: : A o : A .y : .
(Vauf)P) = o f e T f(q)dq +-— f e"*P-Df(q)dg, fELX(T), peT.
T T

It isn’t difficult to se that h, is a self-joint operator.
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The essential spectrum. The perturbation V; ;. of iy is the operator of rank two and in accordance
with Weyl theorem on the stability of the essential spectrum the equality o...(hj;) = g.::(hg) holds the
essential spectrum of the operator h; ;. consists of the following segment on the real axis:

‘:"_ess{:h.l.k} = [Emlm Emax]:

where
€min = ﬂ: Cmax = 2.
Birman-Schwinger operator and fredholm determinant of the operator ;.
The Birman-Schwinger operator.
We introduce the Birman-Schwinger operator T{z), as a two-dimensional matrix operator, in the

following form
Aa(z) Ab(z)

T{Z] = .-“J{Z} Aﬂ{:z::l].l T{_Z}:'E' — 'E'_. ZE 'E\\[GJZ]J (4)
where
. L 1 1
a(z) = M{Ro(2)M, = o md%
= .
. o e 1 glika 1 [ cos2(k,q)
b{Z] = MlRD{_Z]M: = M:R,}{.Z]Ml = ﬂ E‘{q} _qu = ﬂ m
T ) T )

Fredholm determinant of the operator hy,.

For any A €T, we define Fredholm determinant associated with the matrix I —T{z) as a analytic
function in

ZE lEl"'l[emi.ﬂ-' Emax] as

D(A;z2) =1 —24a(z) + 1%(a?(z) — b*(2)), (5)

Lemma 1 (Birman-Schwinger principle for z € C\[€,511: €imax))

(1) The number z € C\[ey;n, Emax] IS an eigenvalue of k. if only if 1 € o(T(z)).

(2) The number z € C\[€in Emazx] IS an eigenvalue of hy, if only if det(T(z) —1I) = 0, that is

D(A;z) = 0.
Moreover, the vector w = (wy, w, )T € C? is an eigenvector of T{z) associated with eigenvalue 1 if
and only if
f=Rp(z)M,w, ie.
1 . .
=——(Awy e + Ja,eikP (6
f E‘{P] _ Z{ 1 2 } . }

is an eigenfunction of ;. associated eigenvalue z.
Proof. (1) It can be seen that

haef =2f, zZE C\[0,2]
if only if

f = Ro(2)M My f,
since V = M, My, where f is a corresponding eigenfunction.
Here vector valued linear operators M, and M,, are defined by
Mﬁ:'E: - L:{:T}J Mg = [My, M2],
M,:L3(T) — C2, M, = [AM;AM;]".
where
M;:C— L¥(T), (Mw)(p) =we;(p), wecL,
MDD —C M) =(fe;) fELXND, j=12,

where {-,-) is the scalar multiplication in the Hilbert space L*{T) and

: 1 . _ 1
e1(p) =——e P, @ (p)=——=e*? peT
V2 W2
We introduce the Birman-Schwinger operator
T(z) = MyRo(2)M,,
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where operator Ry(z) = {hy — z) "t is a resolvent of operator h,.

Due to the facts that o(Ry(z)M My )\{0} = a(MyRy(z)M)\{0} and T(z) = My Ry(z)M,, the
number z is an eigenvalue of k. if and only if 1 is an aigenvalue of T(z).

(2) Since the number z € C\[ey;n, emax] 1S an eigenvalue of hy, if only if 1 € a(T(z)), that is
z € ggz(hy,)ifand only if D(4;z) = 0. We can also see that T(z)w = w, i.e. My Rp(z)M w = wif and only
if f=Ry(z)M,w satisfies that f = Rp(z)M M,f, i.e. (hg—z)f = Vi, f. The last equality provides the
function f coincides with (6) and is eigenfunction of i ;. associated eigenvalue z € C\[&;n, Emax].

Properties of the Fredholm determinant.
In the following lemma we calculate the values of the coefficients a{z) and &(z).

Lemma 2 (a) The following equalities are valid for a{z) and b(z)

. 1 . .
a(z) = ———, ZE (—mw,0) U (2, +ow),
V—zW2—z
and
(1—z—+zF—2z)%

b(z) = — , 2 E(—oo,0)U (2,+c0).
J—zv2—z
(b) The following inequalities are satisfied for a(z) and b(z)
a(z) > b(z)
and
a'(z) = b'(z)

Proof. (a) In the canculation of the integrals a(z) and &{z), we use the special case of the formula of
the theory of residues

FQ . @)
=2

ey 90
where a function f{{) is the analytic in the set {z € C: |z| < 1}, and {; is a only zero of the function
g(O)in{{:]¢] <1}

(7)

1
2ik efl=n e ==
b{jz}:zij f;_ﬁ dq = "
Ty T2 ie9dg=dn, dg=—
i
1 J‘ 2%k dy i J‘ n*dn
B e (no D = 2 (2—22m+1
lml=1 [2 2z (J‘jl-l-n)] n |:'i'|:1n X }J’}
12 _ (1—z—+z"—2z)% (1—z—+z%—2z)%
= —2mi = ———
T 2(l—z—+=z—-2z)—-2+2z V—zv2—=z

In particular, the relation
1 dq 1

alz) = —j - =
2 EET elgl—z —zJ2-z
is derived from the equation a(z) = b(z), when k = 0.
(b) The proof of this statement follows from

d ™ a(z) _n! g
dz" = 2m) (e(q)—=z)™*!
T
and
d ™ b(z) _n! glikq

dzn = ﬂ qu fﬂ?‘ any neM
T

In order to discuss the zeros of the Fredholm determinant (5), we describe it as follows

D(4;z) = Dy(4;2)D7(4;2) (8)
where
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Dy(4;2) = 1—A(a(z) + b(2))

and
Dﬂ{:ﬁ;z} =1 —}{{:a{:z] - EJ{:Z}]J ZE lEl\[EmanEmax]

ey 1 _(1[1-cos(2kq)_ T
o= 1b- a(z) —b(z) \2m 1 — cosg ) T2

Lemma 3 a) For 4 = 0, the functions Dy (4; z) and D;(A4;z) are decreasing in the interval (—co,0).
b) For A = 0, function D (4; ) has an unique zero z;{4, k) in the interval {—ce,0).

c) If A = A, the function D, (4;z) has an unique zero z, (4, k) in the interval {—co,0).
Moreover z; (A, k) < z.(4, k) < 0.

d) If 0 < A = 4, the function D;(4;z) has no zero in the interval {—ce,0).

Proof. a) Itis clear that are a{z) = b(z) = 0, a'(z) = b'(z) = 0. Then

Let

a0, o _ A [ 1+ cos(2kq)

—— = —Ala + 5 = —— ——vddg < ﬂ_.
5 =M@Y @) =5 | 7T g

a0, o _ A [ 1—cos(2kq)

— == —Ala' — B = —— ——d '{ﬂ_.
5 = M@~V @) =5 | T g

that the functions Dy (4; z) and D (4;z) are decreasing in the interval {—c=,0) when A = 0.
b) For any fixed A = 0 and k € M, the function B4 (4;z) is continuous in the interval {—ce,0) and it

has the limits
lim Dy(4z) =1
E—F—oa

and
, . 1+ (1 —z—4z=—2z)%
lim Dy{4;z) =1— A4 lim = —ao,
2o 1Y 20~ JVZT— 2z

Intermediate value theorem and monotonicity imply that there exists a unique zero z,{4, k) € (—c=,0)
of the function Dy (4; 2, (4, k) that is
Dy(A;z;(4, k) = 0.
c) Let A = A4 Then
aD,

—, =M@ - b)) <0

that the function D-(4;z) is monotonically decreasing in the interval (—e2,0). For A = A, D-(4;2) is
continuous and it has the limits
lim D,(4;z) =1

z——om
and
lim D;{(4z)=1—Alim {a(z) —b(z)) =1— /4,
0 E—0—
If A = A, then lim._.p-D-(4;z) < 0, then the intermediate value theorem and monotony imply that
there exists a unique zero z,{4, k) € (—ce,0) of the function D, (4;z,(4, k) that is
Dy(4;22(4,k)) = 0.
The last equality gives A = (a{z,) — b(z,)) % and hence
Dy (A;z2(4, k) = —% <0
So the intermediate value theorem implies that z; (4, k lies in the interval {—eo,z, (4, k)).
d) Let 0 < A=A, Thenlim,_.p-D5(4;2) =1 —A4/4; = 0, and as D,(4;z) is monotonic increasing
on (—eo,0) we get
Dy(4;2) > EEE_E:{:AFZ} =1—-A/4 >0,
which proves that the function D, (4;z) has no zero in the interval (—ce, 0.
The equivalence relation
hie =2—UH_;, U*
where
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WA =flp—-mn), feL*),

and the lemma 5.3 provide a proof of the following lemma, which is an analog of the lemma 5.3 for
the operator h;, on the interval (2, co).

Lemma 4 a) For 4 = 0, the functions D, (4; z) and D'»(4;z) are increasing in the interval {2; 4+c2).

b) For 4 < 0, the function Dy (4; z) has a unique zero z, (4, k) in the interval (2; 4+c=).

c) If A < —A,, the function D5{A4;z) has a unique zero z-{4, k) in the interval (2; +c=). Moreover,

z (LK) > z,(A, k) > 2.

d) If —4; = A < 0, the function D-({4;z) has no zero in the interval (2; +c2).

Now we can state the main result.

Theorem 5 Assume A # 0.

a) If A< —A4, then the operator hz; has two eigenvalues z;(4, k) and z,(4, k), and so
Z (LK) > z,(4L k) > 2.

b) If —A, = A < 0, then the operator h;;, has a unique eigenvalue z; {4, k), = 2.

c) If 0 < A <0 Ay, then the operator i, has a unique eigenvalue z, (4, k) < 0.

d) If A< A, then the operator h;, has two eigenvalues z;(A, k) and z(4,k), and so
zy(A, k) < zo(4, k) < 0.

Proof. The proof of the theorem follows from Lemmas (5.1), (5.3) and (5.4).
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TENGLAMALARNING O‘RNI

Asrorova Charos Baxtiyor gizi,

“TIQXMMI” Milliy tadgigot universitetining

Qarshi Irrigatsiya va Agrotexnologiyalar instituti assistenti
asrorovacharos10@gmail.com

Muxtorova Shohida Negmat qizi,

Toshkent kimyo-texnologiya instituti Shahrisabz filiali assistenti
muxtorovashohidal998@gmail.com

Annotatsiya. Matematik modellashtirish sohasida chizigli algebraik tenglamalar insoniyatning
murakkab muammolarini ifodalash va yechish uchun muhim vazifani bajaradi. Ular o'zgaruvchilar
o'rtasidagi munosabatlarni modellashtirish uchun tizimli asosni tagdim etadi va optimal yechimlarni topish
imkonini beradi. Ushbu magolada chizigli algebraik tenglamalarning matematik modellashtirishdagi
ahamiyati, muhandislik, igtisodiyot va ma'lumotlar tahlili kabi sohalardagi turli dasturlar muhokama
gilinadi. Shuningdek, ushbu tenglamalarni samarali yechishning ahamiyati va hisoblash usullarining
modellashtirish anigrog bo'lishiga ta'siri ham yuritiladi.

Kalit so'zlar: matematik modellashtirish, chiziqli algebraik tenglamalar, matematik model,
modellashtirish jarayoni, chizigli tenglamalar, sistemalar nazariyasi, optimal yechimlar, algoritmlar, soniya
modellashtirish, chizigli bo'lmagan tenglamalar, nazorat va optimallashtirish, dasturlash usullari,
muhandislik modellar , hisoblash metodlari, statistik modellashtirish.

O POJIM JINMHEMHBIX AJITEBPATUYECKNX YPABHEHUI B OBJIACTH
MATEMATHYECKOI'O MOJAEJIUPOBAHUSA

Annomauusn. B obracmu mamemamuyecko2o MOOEIUPOBAHUsL TUHEUHbIE A2eOpauyecKue ypasHeHus.
uespaiom Kuio4esyio poib 6 NPeOCMAGIeHUul U PeueHUU CLONCHbIX peanvhblx 3aday. OHu obecneuugarom
CUCEMAMUYECKYI0 OCHO8Y Ol MOOETUPOBAHUSL B3AUMOCESA3EU MeNCOy NEPEMEHHbIMU U NO360JI0M
HAxXo0ums ONMUMAnbHble pewienus. B odaunoil cmamwve paccmampusaemcss 3HAYUMOCMb  JIUHEUHbIX
aneebpauiecKux ypasHeHull 6 MamemMamuieckom MOOeIUPoO8anuu, 00CyICOAOMCs PA3IUUHble NPULONCEHUSL
6 MAaKux OUCYUNIUHAX, KAK UHJICEHepUs, IKOHOMUKA U anaiu3 oaunvix. Taxoice Oyoem paccmompeHa
BANCHOCTIL IPPEKMUBHO20 peulerus SMUX YPAGHEHUN U GIUSHUE BbIYUCTUMENbHBIX MEMO0008 HA MOYHOCTb
MOOenUPOBaAHUsL.

Knwouesvie cnosa: mamemamuueckoe mooenupoganue, IuHeliHble aneedpaudeckue ypasHeHus,
Mamemamuieckas Mooeb, RPoYecc MoOOeIUPOSAnUs, TUHelHble YPAGHEHUS, Meopust CUCHeEM, ONMUMATbHbLE
Ppewienusl, aneopummbl, 6MOPULHOE MOOCTUPOBAHUE, HEUHEUHbLE YPAGHEHUS, YNPAGIEHUe U ORMUMUIAYUS,
MEMOObl  NPOSPAMMUPOBAHUSL, UHIICEHEePHble MOOENU, GbIYUCTUMENbHbIE MemOoObl, CMAMUCTHUYECKOe
Mooenuposanue.

ON THE ROLE OF LINEAR ALGEBRAIC EQUATIONS IN THE FIELD OF
MATHEMATICAL MODELING

Abstract. In the field of mathematical modeling, linear algebraic equations play a crucial role in
representing and solving complex real-world problems. They provide a systematic framework for modeling
relationships among variables and enable the derivation of optimal solutions. This article explores the
significance of linear algebraic equations in mathematical modeling, discussing various applications across
disciplines such as engineering, economics, and data analysis. The importance of solving these equations
efficiently and the impact of computational methods on modeling accuracy will also be addressed.

Keywords: mathematical modelling, linear algebraic equations, mathematical model, modelling
process, linear equations, systems theory, optimal solutions, algorithms, secondary modelling, nonlinear
equations, control and optimization, programming methods, engineering models, computational methods,
statistical modelling.
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Matematik modellashtirish — real hayotdagi muammolarni matematik ifodalash va yechish
jarayonidir. Bu jarayon ko'plab sohalarda, masalan, fizika, muhandislik, igtisodiyot va tabiiy fanlarda keng
go'llaniladi. Chizigli algebraik tenglamalar bu modellashtirish jarayonida muhim rol o'ynaydi, chunki ular
murakkab tizimlarni oddiy va aniq ko'rinishda ifodalash imkoniyatini beradi. Chizigli algebraik tenglamalar
matematik modellashtirish va hisoblash usullarining asosiy gismlaridan biridir. Ular ko'plab ilmiy sohalarda,
jumladan, igtisodiy modellar, fizika, muhandislik va statistika kabi sohalarda muhim rol o'ynaydi.

Chizigli algebraik tenglamalar.

Chizigli algebraik tenglamalar quyidagi umumiy ko'rinishda ifodalanadi:

Ax=Db

Bu yerda:

- A —nxm o'lchamdagi koeffitsientlar matritsasi,

- X — noma'lumlar vektori (x1, X2, ..., x,,),

- b — natijalar vektori (b1, b2, ...,b,,).

Chizigli tenglamalar tizimining umumiy ko'rinishi 4, x4+ A,x, + ... + A, x,, = b qilib ifodalanadi.

Matematik modellashtirishda chizigli algebraik tenglamalarning o‘rni

Matematik modellashtirishda chizigli algebraik tenglamalar quyidagi sohalarda go'llaniladi:

1. Muhandislik.

Muhandislikda chizigli tenglamalar ko'plab tizimlarni, masalan, elektr tarmoglarini, mexanik
tizimlarni va materiallar kuchlanishini modellashtirishda ishlatiladi.

2. lgtisodiyot.

Igtisodiy modellashtirishda chizigli tenglamalar talab va taklifni, resurslarni tagsimlash va igtisodiy
o'sishni tahlil gilish uchun go'llaniladi.

3. Fizika.

Fizikadagi ko'plab omillarning bir-biriga ta'siri chizigli algebraik tenglamalar yordamida
modellashtiriladi. Masalan, kuchlar muvozanati yoki elektr zanjirlaridagi ogim hisob-kitoblari.

4. Statistika va ma'lumotlarni tahlil gilish.

Statistika sohasida chizigli regressiya tahlilini o'tkazishda chizigli tenglamalar ishlatiladi. Bu
yordamida o'zgaruvchilar orasidagi bog'liglik aniglanadi.

Modellashda ahamiyati: Chizigli algebraik tenglamalar muammolarni model qilishda va ularni
yechishda qulaylik yaratadi. Bunday tenglamalar yordamida ko'p o'zgaruvchan tizimlar, resurslarni
tagsimlash va optimallashtirish masalalari yechiladi.

Chizigli algebraik tenglamalarni yechish usullari. Chizigli algebraik tenglamalarni yechish uchun bir
gancha usullar mavjud:

1. Gauss eliminatsiyasi.

Bu usul chizigli tenglamalar tizimini yechishning eng ommabop usullaridan biridir. U, koeffitsientlar
matritsasini bosgichma-bosgich pastga o'girish orgali yechim topishga yordam beradi.

2. Matrix inverteri.

Agar matritsa A ga teskari (invertible) matritsa mavjud bo'lsa, unda yechim quyidagi formula
yordamida topiladi:

x=A"1xb

3. Kran Methodi.

Bu usul tenglamalar tizimini yechishda fanning va vaqtning axborotimizdan foydalanishi orgali barcha
nomalar vektorlarining o'zaro ta'sirini inobatga oladi.

4. Numerik Metodlar.

Katta tizimlarni yechish uchun, ko'pincha, sonli metodlar (masalan, iteratsion metodlar) go'llaniladi,
bu esa kompyuter yordamida hisob-kitoblar orgali amalga oshiriladi.

Chizigli algebraik tenglamalar turli xil yechim turlariga ega bo'lib, bu yechimlar tenglama
tizimlarining koeffitsiyentlari va ularning bog'ligliklariga bog'lig. Quyida chizigli algebraik tenglamalar
uchun mavjud bo'lgan yechim turlarini bayon etamiz.

1. Yagona yechim:

Agar chizigli algebraik tenglama tizimida har bir o'zgaruvchi uchun noyob yechim mavjud bo'lsa, bu
tizim "yagona yechim"ga ega deb ataladi. Bu holatda, tenglama tizimlarining determinantining giymati nolga
teng emas.

Misol:

2x =5

x=2.5
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Bu tizimning yechimi yagona bo'ladi.

3. Yechim mavjud bo‘lmaslik:

Agar tenglama tizimida mantigiy garama-garshilik mavjud bo'lsa va yechim topish imkoni bo'lmasa,
bu tizim "yechnimas" deb ataladi. Bunday holat, masalan, sessiz parallellik yoki mantigiy garama-garshilik
bo'lganda yuz beradi.

Misol:

Ushbu tenglama tizimi yechimi mavjud emas, chunki bir xil o'zgaruvchilar uchun turli xil natijalar
mavjud.

Mexanik masalalar tahlili

Mexanik masalalarni yechishda quyidagi jarayonlarni amalga oshirish mumkin:

1.Masalani shakllantirish:

Qancha kuchlar yoki ta'sirlar mavjudligini aniglab, ularni kuchlar va tayanchlar (o'zgaruvchilar)
sifatida ifodalaymiz.

2.Tenglamalarni yozish:

Har bir kuch uchun Statik tenglamalar, masalan, bir xil kuchlar muvozanati yoki dinamik
tenglamalarni yozamiz. Ushbu tenglamalar chiziqli algebraik tenglamalar sistemasi sifatida ifodalanishi
mumkin.

3.Tenglamalarni yechish:

Yozilgan chizigli tenglamalarni yechish uchun Gauss usuli, Cramer qoidasi yoki matritsalar
yordamida yechish mumkin.

Chizigli algebraik tenglamalar mexanika sohasidagi muammolarni yechishda samarali vositadir. Ular
yordamida kuzatish va matematik modellashtirish jarayonida murakkab masalalarni oson, aniq va tez yechish
imkoniyatini beradi. Ushbu maqola orgali chizigli algebraik tenglamalarning mexanikada qanday ko‘p
qo‘llanilishi, tartiblash va yechish jarayonlari ko‘rsatildi.

Igtisodiyot sohasida chizigli tenglamalar ko'plab masalalarni yechishda go'llaniladi. Ushbu magolada
chizigli tenglamalarning asosiy konseptlarini va ularni igtisodiy masalalar, masalan, talab va taklifni
muvozanatlash va resurslar tagsimotidagi muammolarni hal gilishda ganday foydalanilishini ko'rib chigamiz.

1. Chizigli tenglamalar: asosiy tamoyillar.

Chizigli tenglama igtisodiy masalalarda ko'rinishi quyidagicha bo'ladi:

ax+hy=c

bu yerda:

- X vay -o0'zgaruvchilar,

- avab - koeffitsientlar,

- ¢ - erishilmoqchi bo'lgan natija.

2. Talab va taklif modeli.

Igtisodiyotda talab va taklif o'rtasidagi munosabat chizigli tenglamalar yordamida tasvirlanishi
mumkin. Misol uchun:

- Talab tenglamasi:

Qd=a-hP
- Taklif tenglamasi:
Qs=c+dP

Bu yerda P - narx, Qd - talab gilinayotgan migdor va Qs - taklif etilayotgan migdor hisoblanadi.

3. Muvozanatni topish

Talab va taklif tenglamalarini yechish orgali muvozanat narxini va muvozanat miqgdorini topish
mumkin. Buning uchun talab va taklif tenglamalarini tenglashtiramiz:

a-bP=c+dP

Bu tenglamani yechish orgali narx va migdorni aniglaymiz.

4. Resurslar tagsimoti

Chizigli tenglamalar, shuningdek, resurslarni tagsimlash masalalarida ham qo'llaniladi. Masalan,
ishlab chigarish uchun resurslarning optimal tagsimoti gachon amalga oshishini aniglash uchun quyidagi
tenglama yaratilishi mumkin:

x+x.=R

Bu yerda R - mavjud resurslar, x4 va x5 - resurslarning turli turlari.
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Chizigli tenglamalar igtisodiyot sohasida muhim rol o'ynaydi, chunki ular igtisodiy modellarda keng
go'llaniladi. Ular yordamida talab va taklifni muvozanatlash, resurslarni optimal tagsimlash kabi masalalarni
hal gilish mumkin. Ushbu yondoshuv iqgtisodiyotdagi kompleks masalalarni tushunishga yordam beradi.

Xulosa. Chizigli algebraik tenglamalar matematik modellashtirishda muhim rol o'ynaydi. Ular turli
sohalarda murakkab tizimlarni tushunish va tahlil gilishga yordam beradi. Ushbu tenglamalar yordamida biz
real muammolarni aniq va tushunarli ravishda ifodalash imkoniyatiga ega bo'lamiz. Ularni yechish uchun
turli xil usullar mavjud bo'lib, bu usullar matematik modellashtirish jarayonini yanada samarali va qulay
gilishga xizmat qgiladi.

Mexanika - jism va kuchlar, ularning harakati va muvozanati hagida ta'lim beruvchi fizik fan. Ushbu
sohada ko'plab masalalarni yechishda chizigli algebraik tenglamalar samarali vosita bo'lishi mumkin. Ular
yordamida jismning kuchlar ta'sirida muvozanat shartlari, deformatsiyalar va harakat dinamikasi bo'yicha
masalalar yechish mumkin.
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OB OJTHO¥ 3AJIAYE U151 HATPYKEHHOT'O ITAPABOJIO-TUNNEPBOJIUYECKOI'O
YPABHEHMUSA TPETBEI'O IIOPAJAKA C TPEMSA JTUHUAMUA N3MEHEHUSA TUITA

Xonoekos Kypvam Abounabuesuu,
Tawxenmckutl 20cyoapcmeennbill mexHuveckutl ynugepcumem um. M. Kapumosa
juratxolbekov@gmail.com

Annomayusa. Muocue 3a0auu mamemamudeckou OUOLO2UU, MEOUYUHb U SeHeMUKU CBOOSMCA K
Kpaesvim 3a0auam OJisi HASPYHCEHHbIX Ouppepenyuanvuvix u uHmezpo-ouphepenyuanvrvlx ypasHeHull ¢
YACMHBIMU NPOU3BOOHBIMU 6MOPO20 U MPEMbe20 NOPSOKA ¢ OOHOU TUHUCU USMEHEHUs MUNA.

3amemum, umo Kpaegvle 3a0auu ONsl HASPYHCEHHIX YPABHEHUL CMEUWAHHO20 MUNA MPembeco
nopsioKa ¢ mpemst TUHUAMU UBMEHEHUss MUna pamee He Obliu U3yieHvl. MO C8A3AHO, Npedlcoe 8ce20, C
omcymemeuem npedcmasieHus 0oue2o peuieHust 0Jisk MAKux ypasHeHuil, ¢ Opy2oli CmopoHbl, Makue 3a0aqu
CBOOAMCL K MATIOU3YUEHHBIM UHMESPATIbHbIM YPAGHEHUSM CO COBUSOM.

B Oannoii pabome uccnedyemcs kpaeeasi 3a0aua Ojisi HASPYNCEHHO2O YPAGHEHUs Napabono-
2UnepooIUYecKko20 muna mpemve20 NOpsSOKd ¢ Mpems JUHUAMU UBMEHEHUs MUund, KOmopoe MOICHO
NPUMEHSIMb OISl PEUUEHUSL MHOSUX 8ECbMA BANCHBIX 3A0aY MAMEMAMUYECKOU DU3UKU U OUOIO2UU, OCODEHHO
K 3a0a4am O00J20CPOUHO20 NPOSHOZUPOBAHUS U PecyIUPOSAHUs. ZPYHMOBLIX 600, MAKdce K 3a0aiam
MENIOMACCONEPEHOCA C KOHEYHOU CKOPOCHIbIO, OBUNCEHUS MANO-CHCUMAEMOU HCUOKOCIMU, OKPYHCEHHOT
nopucmoti cpedoil. JJokazano cywecmeosanue u eOUHCMEEeHHOCMb PeuleHist ROCMABIeHHOU 3a0aYuU.

Kniouesvie cnosea: nacpysicennoe ypasHeHue, ypagHeHue mpemveco HOPSOKA, JOKAIbHAS 3a0ayd,
unmezpanbHoe ypashenue Boavmeppa emopoco pooa, ¢yukyus [puna, epanuunas 3aoaua, ¢ mpemst
JIUHUAMU UBMEHEHUs. MUNQ, pe2ysipHoe peuleHue.

YUTA THUII V3T APHUII YU3UFUT'A OTA BYJITAH YYUHYHU TAPTUBH IOKJIAHT AH
HAPABOJIO-TUIIEPBOJIMK TEHI'JIAMA YUYH BUTTA MACAJIA XAKHUJA

Annotatsiya. Matematik biologiya, tibbiyot, sinergetika va genetikaning ko'plab masalalari bir tip
0'zgarish chizig'iga ega bo’lgan ikkinchi va uchinchi tartibli yuklangan differensial va integro-differensial
tenglamalar uchun chegaraviy masalalarga keltiriladi.

Shuni ta'kidlash lozimki, uchta tip o°zgarish chizig'iga ega bo’lgan yuklangan uchinchi tartibli
aralash tipdagi tenglamalar uchun chegaraviy masalalar oldin o'rganilmagan. Bu, birinchi navbatda,
bunday tenglamalar uchun umumiy yechim ko’rinishi yo'qgligi bilan bog'lig, boshga tomondan esa, bunday
masalalar kam o'rganilgan siljishli integral tenglamalarga keltirilishidir.

Ushbu magolada uchta tip o'zgarish chizig'iga ega bo’lgan yuklangan uchinchi tartibli parabolik-
giperbolik tipdagi tenglama uchun chegaraviy masala o'rganilgan, bu yechilgan masalani matematik fizika
va biologiyaning ko'plab masalalarini o’rganishda qo’lanishi muhimdir, jumladan, er osti suvlarini uzoq
muddatli prognozlash va tartibga solish hamda issiglik va massa almashinuvi cheklangan tezlikda, kam
sigiladigan suyuglik harakati, g'ovakli muhit bilan o'ralgan masalalarda qo’laniladi. Qo'yilgan masala
yechiminig mavjudligi va yagonaligi isbotlangan.

Kalit sozlar: yuklangan tenglama, lokal masala, ikkinchi tur Volterra integral tenglamasi, Grin
funksiyasi. chegaraviy masala, tip o'zgarishi chizig'i, regulyar yechim, Volterra integral tenglamasi,
energiya integrallari usuli.

ABOUT ONE PROBLEM FOR A LOADED THIRD ORDER PARABOLO-HYPERBOLIC
EQUATION WITH THREE LINES OF TYPE CHANGE

Abstract. Many problems of mathematical biology, medicine, synergetics and genetics are reduced to
boundary value problems for loaded differential and integro-differential partial differential equations of the
second and third order with one line of type change. It should be noted that boundary value problems for
loaded third-order mixed-type equations with three lines of type change have not been studied previously.
This is due, first of all, to the lack of representation of a general solution for such equations; on the other
hand, such problems are reduced to little-studied integral equations with a shift.

In this paper, we study a boundary value problem for a loaded third-order parabolic-hyperbolic
equation with three lines of change in type, which can be applied to solve many very important problems of
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mathematical physics and biology, especially to problems of long-term forecasting and regulation of
groundwater, also to problems of heat and mass transfer with finite speed of movement of a low-
compressible fluid surrounded by a porous medium. The existence and uniqueness of the solution to the
problem posed is proven.

Keywords: loaded equation, third-order equation, local problem, Volterra integral equation of the
second kind, Green's function, boundary value problem, with three lines of type change, regular solution.

BBenenue. B 1969 rogy A.M. Haxymes [1] npeamoxxun psii 3agad HOBOTO THIIA, BOMIEANINX B
MaTEeMaTHYECKYI0 JUTepaTypy IOJ Ha3BaHHEM KpaeBbIX 3aJad CO CMEIICHHEM, KOTOpbIe, KaK OKa3asloCh,
TECHO CBSI3aHbI C HArpy>KeHHBIMU AU (epeHIaIbHBIMU YPaBHEHHSMU.

BrisicHWIM, YTO MHOTME BechbMa BaKHBIE 33a4d MaTeMaTH4yecKoil (u3uku U OMonoruu, ocoOeHHO
3aJla4¥ JOJITOCPOYHOTO MTPOTHO3UPOBAHUS M PETYIUPOBAHUS TPYHTOBBIX BOJ, 3a/1a4M TEIIOMaccolepeHoca
C KOHEYHOU CKOPOCTBIO, IBUKEHUS MaJIO-COKMMAaeMOU JKUIKOCTH, OKPYKEHHON OPUCTON CPENIO, TPUBOIAT
K KpaeBbIM 3aj[a4aM JUlsl Harpy>KeHHbIX quddepeHnnanbHKx ypaBaeHuid [2-6].

Cnemyer OTMETHTH, YTO (DpaKTalbHBIE OOBEKTHI, OCHOBAaHHBIE HAa HEIOKAJHHBIX MaTEeMATHYECKUX
MozesaX (hM3MYECKUX W OHMONIOTHYECKHX MPOIECCOB, COAEpKAT HArpy)KEHHBIE YPaBHEHHS C IPOOHBIMHU
MPOM3BOJHBEIMU. B CBOIO ouepenb, KpaeBble 3a/1a4M CO CMeleHneM it AuddepeHanbHbIX YpaBHEHHH C
YaCTHBIMH TIPOU3BOJHBIMH CBOJATCS K HArpyXeHHBIM Tu(GEpeHIIMANBHEIM YPaBHEHUSIM C WHTETPO-
¢ hepeHInaATBHBIME OIIEPaTOpaMy ENOoTro Win ApoOHoro mopsaka. OtmeTuM padoTs [7-13]. B mporecce
WCCIIEIOBAHNS YpaBHEHUI CMEIIAaHHOIO TUIAa C HAarpy3KoW, CYIIECTBYIOUIME MPUHIMIBI 3KCTpEMyMa U
TEOpPEMBI CYIIECTBOBAHUS, @ TAKXKE METOJIbI KJIACCHUECKOW TEOPUH HE MOTYT OBITh MIPUMEHEHBI HAMPSIMYIO.
JlokanbHBIE W HEJOKAJNBHBIC 33a[[a4H ISl HATPYKEHHBIX ypaBHEHUI CMEMIaHHOTO THUIa BTOPOTO IMOPSAIKA C
TpeMsl JTMHUSMHU U3MCHEHHS TUIIA U3y4eHbI B padoTax [14-15].

Hacrosimass paGora mocBsilieHa TOCTAHOBKE M HW3YYCHHIO JIOKAJIBHOW KpaeBoO 3amaud JUist
Harpy>K€HHOTO MapadoIo-TUNIEPOOTUIECKOTO YPaBHEHHUSI TPETHETO MOPSIKA C TpeMs JTHUHHUSIMH H3MEHEHHS
THTIA, COAEPIKAIIETO B cede ciie NCKOMON (YHKIIHU.

ITocTanoBKa 3agaun AT#. PaccmoTpum ypaBHeHue

S (=0, @

rie
Uy—U (X,¥)eQo,
Lu= o . )
Uy —Ux—gSignyHj(x,y),  (x,y)eQj, (j=13),
37€Ch QO — obmacte, orpanuueHHas orpeskamu  AB, BC, CD, DA npsmeix Yy =0, x=1,
y=1 x=0 cooTBercTBeHHO; (2; —XapaKTEePUCTUUECKHII TPEYTOJIBHHUK, OTpPAHUYEHHBII oTpe3koMm AB ocu

Ox u nByms xapakrepuctukamu AN :X+Yy=0, BN :X—y=1 ypaBHenus (1), BBIXOISAIIUMH U3 TOUEK
A(0;0) u B(L0), nepecexaromumucs B Touke N(0,5;—-0,5); Q, — XapaKTepUCTHICCKHI TPEYTOTBHHK,
orpannueHHbIi oTpeskoM AD ocu Oy m nBymsa xapakrepuctukamu AK:x+y=0, DK: y-x=1
ypaBrenus (1), Berxomsmmmu w3 touek A(0;0) u D(0;1), mepecekarommmucs B touke K(-0,5;0,5);
Q3
CM:x+y=2, BM: x—-y=1 vypaBuenus (1), Beixogsamumu w3 Toyek B0 wu C(@D),
nepecekarmuMucs B Touke M (1,5; 0,5) ;e H (X, y)=u(x,0), H,(x,y)=u(0, &), Hy(x,y)=u(l, n),

— XapaKTEepPUCTUUECKUI TPEYroJNbHUK, OTpaHUYEeHHBIA oTpeskoM BC wu 1aByms XapakTepuCTHKaMHU

E=x+Yy, n=Xx-Yy, Q=0,0U0,UQ;UABUBCUDA B ypasuenuu (1) ,uj(jzl,_S)—

3aJ/aHHbIE AEHCTBUTEIIbHBIE YHUCIA, TPUUEM:

<0, 14 20, (k=2,3). 3)
Baeném oGosmavenus J; ={(x,y)0<x<l, y=0}, J, ={(xy): x=0, O<y<l},
Jy={(x,y): x=1, 0<y<1}, A =Q 0300, Ay =Q,0l,UQ,UIUQ,,
A3=QluQZUQ3, A4:Q0u91uQ2uQ3,QleuQZuquJlququ.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 44

https://buxdu.uz



MATHEMATICS

Onpenenenne 1. Yepes C ; (M) o0603HaunM kiacc (QYHKIUH, HEMIPEPBHIBHEIX BMECTE CO CBOUMH
YaCTHBIMH MTPOU3BOIHBIX IO € 10 K —T0 mopsiAKa BKIOYUTENHHO B 00mactu M .
Onpenenenne 2. Eciu pynxnust ueC 5(90 ) NC 3(A3), Uyyy € C (A 4) U YAOBJIETBOpsieT ypaBHEeHHIO (1)

B obnactsax Qju j (j =1,_3) , To GyHKIUs U(X, Y) Ha3bIBaCTCS PEryIsIpHBIM perieHueM ypaBHeHus (1).
3agaua AT . Haiitn dpynxumio u(x,y) takyio uro: 1) u(x,y) e c@ nclQUAN UBN UAK UBM);
2) u(Xx,y)sBasercs peryispHbIM pemieHueM ypasHenus (1) B obmactax Qp un Q i (j :1,_3) ;

3) u(X, Y) yIOBJIETBOPSIET yCIOBHUSIM:

1
00 Py =90 %€ 5] @
ou(x,y) 1 ou(x,y) 1‘
— - 3 6 _’1! = 3 6 O!_ 1 5
N o p,(X), X > Ton L ¢ 3(x), X 5 5)
ou(x, A
WP =g T ), ye 0,5], ©)
N lak
ou(x, 1
Wy =60 I gy, ye o;—], ™
N [gm 2
4) Ha IUHHUSIX U3MEHCHMS THUIIA Jj (] :l,_3) BBIMOJTHACTCS YCIOBHE CKIICHBAHUS
u (+0,y)=u,(-0,y), Oy)€J, u (@+0,y)=u (1-0,y), (0,y)€,, ©)
rae N—BHYTPEHHSST HOPMAITh, & i (x) (j =1,7) —3anaunsle GbyHKUMH, TPUIEM
1 1
90,2[5]:_90;3[5] P1=p 0 ,030=p0 ,0,1=¢,0, (10)
v, X €C %;1 mcz[%;l], py X €C 0;%%02[0;%], (11)
1 1 1 1
wl(X)eCl[?llﬂCZ[E;l], 0,(¥) .5 (y) €CH 0,51003[0,5], (12)
1 1
@5 Y. ¢ Y ECI02 mcz[o;i. (13)

HcciienoBanue 3a1a4um ATﬂ . JIroOb1e pemenus ypaBHerus (1) npeacraBuMel B Buje [16]:
ux,y) =o(x,y) +ao(x) , (14)

rae u(X,Yy)— perynspuoe pemenue ypapuenus Lo =0, B obnmactax Q; u Q i (j=1,3

;(X) (i= 1,3) - NPOM3BOJIbHBIE JABAaXIbl HENPEpBIBHO audepeHnmpyemble (QyHKIMH, NpuuéM 0e3
OrpaHUuYeHHS OOIIHOCTH MOKEM I10JIaraTh, 4To

0 (0)=0,1)=0, o,(0)= a)2' (0)=0, @,()=aw,(0)=0. (15)

Tenepb nepexoanuM K UCCJIEI0BAHUIO 32124 ATy . JIro6oe perynsproe pemienne ypasaenus (1) B

obact Ql UMEET BUIL.
X+Yy X=y +
u(x,y)=F(x+y)+ Fz(x—y)+%xjyd§ i 71[_5277)(1’”“)1()()’ (16)

rae 7, (X)=u(x,0), (x,0)eJ,, a F(x+y), F,(Xx=y) u  @/(X)~ npousBoibHBIE JIBAKIBI

HenpepsIBHO auddepeHnupyemMbie QyHKIUH,
[Toactarmsis (16) B ycioBus (4) u (5), HaxXoauM:

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 45

https://buxdu.uz



MATHEMATICS

Fz(x):(ol[gj—a)l(gJ+%gdggrl(gznjdn_Fl(o), (17)

o (X) =2 Z@(t) dt - ,ulz(x—t)rl(t) dt—c;x, OSxS%, (18)
1 1

() =V2 ] 3Ot - 14 [ (=X, (Odlt +c, (1) %s x<1, (19)

rae C i (J =1,2) — npou3BOIBLHEIE TIOCTOSHHEIE.
QyHKIHI (W) (X) JIOJDKHA OBITH IBaXKABI HeTIpepbIBHO Auddepentmpyemoii mpu 0 < X <1. Otum

Tpe60BaHI/IeM MOJIHOCTBIO OIIPEACITIAOTCA IMMOCTOAHHBIC C u C .

c1=%[¢2[;j+¢3( ﬂ+f {fcoz(t)dt—wg(t)dt} ﬂlf(l e, @t
1 1 1
CZZ_E ¢2(2)+¢3( j +/2 j(pz(t)dt jqos(t)dt ylg)trl(t)dt.
IMoacrasnss 3HaueHus C j (1=12) B (18) u (19) nonHocTsio OnpeenuM GyHKImIo @, (X)
_ ] o T ixe _ XL 1
o, () =2 IPACLEACOLICLE ﬁ{‘/’z[zjﬂ%[zﬂ*
+\/_X{I(02(t)dt [gos(t)dt} ylxj(l t)z, (t)dt, OSXS%, (20,)

0, () =2 (30t~ £ (t— ¥z, (D)t —%{@G}%[%ﬂ +.

12 0 1
+«E(1—x){jgo2(t)dt— j%(t)dt} (1 x)j(l e @d, ~<x<l. (20,)
0 12

Urak, pemenne ypaBHenus (1), yIOBIETBOPSIOIIEEe YCIOBUAM (4), HMMEET BUA:

u(x,y) = F(x+y)+¢1( 5 j M j dtxjy (szd -

X —
~F,(0) - a’l(Tyj + o, (%), (21)
31eck @, (X) —onpeaensiercs us (201) n (202).
B cunty ycmoBmst 1) 3amaumn AT/u u (8) m3 (21) HaxomuMm (YHKIIMOHAIBHOE COOTHOIICHUE MEXTY

Z'l(X) u v, (X)=u,(x,0), (x,0)eJ,, npunecénnoe u3 obnactu Q, Ha J, :

rl'(x)—vl(x)zgol( j+,u1 { 7, (t)dt - [2j+a) (x). (22)
X/2
[lpuanMas Bo BHUMaHHME yCIOBHS 1) 3amaunm ATﬂ m3 (14) u (1) c yu€rom (8), momydnm

’ .
(YHKIMOHAIBEHOE COOTHOIICHHE MEXIY 7q (X) m v; (X), npunecéunoe u3 obmactu Q Ha Jl:

7 (x) = 1(0)+IV(X)dt+ @y (X) -7 (0), (23)

rae @ (X)—onpenenserct u3 (201) u (202), a 7,(0) - Hem3BecTHas KOHCTaHTa, TOJJIEKAIIAS

OIIPEICIICHUIO.
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Uckmouns v, (X) w3 cooTHoweHnd (22) u (23), mocie HEKOTOPBIX BBIYUCICHHH IOIY4NM

MHTETPAJIbHOE YPABHEHUE OTHOCHTENIBHO 7; (X) :
X
7, (x) = K (x, 1)z (t)dt = (0)+ @, (x), 0<x<1, (24)
0
rae
X X , ,
K (x,1) =1—%(x ~1)2, @, (x)= 2‘“(5) + ZwI(Ej + @ (X) -0, (X)—2¢,(0) -0} (0).  (25)

Jlemma 1. Ecimm Bemonuenst ycmoBust (3), (10) u (12), To siapa w mpaByrO 4acThb WHTETPAJIbHOE
ypaBHeHUe (24) IPUHAIICKHUT KIaccy:

K, (x)eC([0,1]x[0.1]), @,(x)eC(T)NC?(I,) (26)
U JOITYCKA€eT OLIEHKY
K. (xD[<c,  [@,(0)|<c,, (27)
KpoMe TOro
Ki(xt)>0 mpn mobeix 0<x<1, 0<t<l (28)

JokazaTenscTBO JeMMEl 1 crienyet u3 (25).
B cuny (26) u (27) ypaBHeHue (24) siBisieTCs MHTETPAILHBIM ypaBHeHHEM BosbTeppa BTOporo poja.
CoriiacHO TeOpUM HHTETPAIbHBIX ypaBHeHU Bonbreppa [17] 3akimodaeM, YTO MHTETPAIbHOE ypaBHEHHE

(24) onno3HauHO pazpemumo B kiacce C (J_l) nc? (‘]1) U ero pemreHue Aaércst GopMysou:
X X -
rl’(x) = [1+ | Kl*(x,t)dt}l’(o) +@ (X)) + ] Kl*(x,t)cbl(t)dt, (x,0) e Jd,, (29)
0 0

e Kl* (X,t) — pesonbaenTa aapa K, (x,t).
Wnrerpupyst (29) ot 0 no x ¢ yuérom 7,(0) = ¢, (0), umeem:

7, (%) =[x+ zdti K/ (t, z)dz}l’(O)Jr

+}({}®1(z)dz+}dzf Kf(Z,S)q)l(S)dS:|dt+¢7l(O), (x,0) e J_l, (30)
oLo 0 0

B cuny nemmer 1 u3 (30) u (22) 3akimrogaem, 94To
7,(x)eC(3)NC?(3,), v (x)eC@)NCHQ,).

Teneps nonoxus B (30) x=1 ¢ yu€rom 7, (1) = ¢, (0) naxonum neuspectHyto koncranty 7;(0):

1 1 1z
?(0)—¢,(0) —(j)(l—t)q)l(t)dt —(j)d)l(t)dt{dz{ K/ (z,t)dz

7(0)=

1 (31)

1+ [dtf K/ (t,z)dz
0 t

B cumy (28) cmemyer, wuro pesonmbBenta sapa K (X,t)  Takke  MONOKHMTENbHA,

T.€. Kl*(x,t) >0, Vxte [0,1]. 3nauuT, 3HameHarenb Gopmynsl (31) mua mooerx 0<x<1, 0<t<1l =He

1 1
obpamaercs B Hyib, T.¢. 1+ [dt[ K/ (t,z)dz > 0.
0 t
AHaJIOrM4YHBIM 00pa3oM, HCIIONB3YA petienue 3agaun Komm [15] ¢ HauanbHBIMU TaHHBIMU

u(=0.y)=7,(¥): (0y)edy u (-0¥)=v;(¥), (0.y)€d,, (32)
(UA-0y)=75(y), (Ly)ed; u (1-0y)=v3(y), (Ly)eIs) (33)

mns ypaeHenus (1) B obmactn Q, (93) c yuétom (6) u (7), momyuaem (yHKIHMOHAIBHOE

COOTHOIIEHUE MEKTY 7, (Y) (13(y)) u v,(y) (v3 (y)) , IPUHECEHHOE U3 obmactu (93) Ha J, (J3) :
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& (v ()2, (1t=g;( £ ]+ 2059 (34)
(ré(y)+v§(y)+%zj;r3(t)dt =¢é(%)—2a)é(y+l)} (3)

[Ipurnmas Bo BHIMaHuHU BTOpoe ycioBue (6) u (7) c yu€rom (15) u3 pemenns 3amaun Kommm [15]
anst ypaBaeHus (1) B odmactax Q i+ (J=1,2), naxoaum HeW3BECTHbIC QYHKIHHA @ j 4N (1=12):

w,-+1(y+j—1)=(—1)"‘1[ﬁz¢2,-+3((—1)1t)dt—ﬁcoz,”(ow—%%z(owz]. (36)

B cumy (14), (15) w3 pemenus mepBoil KpaeBod 3amaunm c¢ ycioBusimu (32), (33) wu

u(x,+0)=7 (x), (x,0)€d; mma ypaeuenus (1) B obmacrnm €, nomydacm (yHKIMOHATBHOE

COOTHOUIEHHE MEKTY 7, (Y) (73(y)) u v,(y) (Vs (y)) , IpUHECEHHOE U3 obnactu (), Ha J, (J 3) [14], [16]:

1 Y17! n 1 YK, (Y, , ,
)=, L300 g e (), ()
moYy-1n o Y-7
1Yz (n) 1 YK (y.m)
va (y)= dn+— o (n)dn+ F (Y, 7). 7,0 ) |, (37)
(3<) =10 S () Ry (g )

rne K, (y.n), K;(y.n), F (y,ré,rl,a)l), F3(y,Té,Tl,a)l)—I/IZ’»BeCTHLIe GyHKINN.
Hckmrouns VJ-_(y) u v (y) u3 coortHomenuit (34), (35) u (36), (37) ¢ yuérom (9), nomyunm

CHCTEMbI HHTETPATbHBIX yPABHEHUH OTHOCHTENBHO 7y (y)(k=273):

7, (y)—zMz(y,t)Té (t)dt =(jy) N, (y,t)z5(t)dt+D,(y, 7, @), 0<y<l, (38)
o (y)- zj: M, (y,t)zy(t)dt =i N, (y,0)7) (1) dt +D,(y, 7, 0), 0<y<1, (39)

e M, (y,t), N (y,1), @ (y,7,@) (k=2,3) - mn3BecTHBIE DyHKLIN.

JlemMma 2. Ecnu BeimonHeHs! yenous (3), (10)- (13), (31), To siapa u mpaBas 4aCTh WHTETPAIBLHOTO
ypaBHeHus (38) u (39) mpuHaIeKaT KIaccy:

M (y,) eC(0<t<y<l), N;(y.t) eC([0.1]x[0,1]),
(40)
@, (y,7,,0) €C[0,]]nC?(0,1), (k=2,3)

M JOIYCKaCT OLICHKY:
1

M, (y.D)|<cy(y-1) 2, N (v 0)]<cy [0 (y.7@)|<c,. (41)
JleMMa 2 nmoxasblBaeTCA TOUHO TAKKE KakK JIEMMHBI 1.
Taxum obpasom, B cuiy (40) u (41) 3akmogaem, uto uHTErpansusie ypasaenus (38) u (39) susrorcs

WHTETpaIbHBIMH ypaBHEHUSIME BosbsTeppa BToporo poja co ciaboi 0co0eHHOCTH.
CormacHo TeopuM MHTErpalibHBIX ypaBHeHUH BonbTeppa BTOporo pona 3akiioyaeM, dTO

uHTErpanbHoe ypasHenue (38) u (39) ogHosHauno paspemmmo B kiacce C[0,1] NC? (0,1) u ero pemenue
naércst GopmyInoit:

t
7, (y)= i{dbz(t,rl,a)l) +£N2(t, 2)d(z,7,)dz +

+} M (t, z){cl)z(z,r @)+ } N, (z, s)(l)(s,rl)ds}dz}dt , (0,y)eJ,, (42)
0 0
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5(y)= i@(t,rl)dt, 0,y)eJ,, (43)

rae O(t, z’l) — u3BecTHas (QyHKITHSL.
[MocraBnsas (42), (43) B (36) wu (37), ompenenuMm QyHKIUIO VJ-_(y) u v}r(y) U3 Kiacca

v (), v (y)eC[0,2]NCt(0,1), (k=2,3).

Takum obpasom, pemenne 3agaqu AT, MOXHO BOCCTAHOBUTH B 001acTd (), KaK PEIICHHE MEPBOW
KpaeBol 3amaun Juis ypaBHenus (1) [16], a B obmacTsax Q i (i =1,_3) Kak pemieHue 3amaud Komm mist
ypasHenus (1). CnenoBatensHo, 3a1a4a ATﬂ OJIHO3HAYHO pa3peninma.

OTUM 3aBepIIaeTCs UCCICIOBAHUE 3a1a4U AT# .
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MATHEMATICS
V]IK 517.956.6

OB OJTHOM KPAEBOM 3ATAYUE JIJISI YPABHEHUS CMEIIIAHHOI'O THIIA C IBYMS
HNEPHNEHUKYJISAPHBIMUA JIMHUAMU BBIPOXKXIEHUA

bezumkynoe @o3un Xuouposuu,

npenooasamens Kagheopsl Yupposwvix MexHoI02Uil
Tashkent Perfect University, . Tawxenm, Ysbexucman
begimkulovfkh@gmail.com

Annomauusa. B nacmoswei cmamve UCCie008aHO CYUWecmeosanue U eOUHCMEeHHOCb peuleHusl
ananoea 3aoayu Dpaukis 018 BbIPOHCOEHHO20 YPABHEHUS IILIUNMUYECKO-SUNnepOoIuyecKkoeo mund.
Eouncmeennocmv  pewenus  ucciedyemoii  3a0auu  QOKA3blGAEMCS  NPUHYUNOM — IKCmpemymda, a
cywecmeosane peuleHus: - MemoooM UHMeSPAalIbHbIX YPAGHEHULL.

Kntouesvle cnoea: «xpaesas 3adaua, ypasHeHue cMewlaHHo2o0 mund, 3adava Dpanxis,
BHIPOIAHCOAIOWUIICS  YPABHEHUE, CUHZYISPHOe UHMeSPAIbHOe YpasHeHue, uHmezpo-oud@epeHyuanvhole
onepamopwl, NPUHYUN IKCIMPEMYMA.

IKKI PERPENDIKULYAR BUZULISH CHIZIG’IGA EGA ARALASH TIPDAGI
TENGLAMA UCHUN CHEGARAVIY MASALA HAQIDA

Annotatsiya. Ushbu magolada buzulgan elliptic-giperbolik tipdagi tenglama uchun, Frankl
masalasiga o ‘xshash masala yechimining mavjudligi va yagonaligi o ‘rganilgan. Qo ‘yilgan masala
yechimining yagonaligi ekstremum prinsipi yordamida, mavjudligi esa integral tenglamalar usuli bilan
isbotlangan.

Kalit so'zlar: chegarviy masala, aralash tenglama, buzulgan uchun Frankl masalasi, singulyar
integral tenglam, integral-differensial operator, ekstremum prinsipi.

ABOUT ONE BOUNDARY VALUE PROBLEM FOR AN EQUATION OF A MIXED TYPE
WITH TWO PERPENDICULAR LINES OF DEGENERATION

Abstract. The paper investigates the existence and unigueness of a solution to the analog of Frankl's
problem for the degenerated equation of the elliptic-hyperbolic type. The uniqueness of a solution to the
investigated problem is proved with an extremum principle and the existence of a solution with a method of
integral equations.

Keywords: boundary value problem, a mixed type equation, the Frankl problem, degenerating
equation, singular integral equation, integro-differential operators, an extremum principle.

BBenenue. Teopusi BBIPOXKIAIOMIMXCS JIDIUNTHYECKHNX W TUNEPOOIMYECKUX YpPaBHEHHN, a TaKKe
YpaBHEHUN CMEIIAHHOTO THIIA SIBISCTCA OJHUM M3 BAXHEHIIMX pa3IelioB COBPEMEHHOW Teopuu
nu(GepeHIMATBHBIX YPAaBHEHUM ¢ YaCTHBIMH IPOM3BOJIHBIMU. B MaTeMaTHuecKOW JUTEpaType MMEIOTCS
MHOTOYHMCIICHHBIE pabOThl aBTOPOB, B KOTOPBIX CTaBATCS M MCCIEAYIOTCS KpaeBble 3ajauu Ui YpaBHEHUH
CMEIIIaHHOT'O THUIIA.

BonemmHCTBO W3 ATHX padOT IMOCBANICHO HW3YYCHHUIO KPAaeBhIX 3aaad IS JIMHEWHBIX YpaBHEHUI
BTOPOTO TIOPSIIKA CMENIAHHOTO THIIA C OJHOW JMHHUEH Napa0OJMYecKOrO BBIPOXKACHUS, T.. HU3YyUCHUIO
KpaeBbIX 3aJ]ad B CMEIIAHHBIX 00JACTSX, COCTOSANIMX W3 JIBYX YacTel, B OJHOW M3 KOTOPBIX YpaBHCHHE
MPUHAUICKUT SIUTUITHUCCKOMY THITY, B JIPYrod TUIepOOJUYEeCKOMY THIY, a Ha OOIIeHd I'paHHIe 3THX
yacTed — mapa0oyindyeckuid BoIpokaaercs. OCHOBHBIMH 3aJayaM{ TaKMX YpPaBHCHHUI SBJISIOTCS 3ajaada
Tpuxomu, 3agaum ['ennepcrenra, odmas cmemanHas 3anada A. B. bunianse, 3anaya ®@pankis. M3noxenne
3THX PE3YJIbTATOB CO CCHUIKAMM Ha OPUTHHAIBHYIO JIMTEPATypy CoAepuTcs B MoHorpaduu A. B. bunanse
[2]. KpaeBble 3amaum ¢ ycnmoBueMm DpaHKIS A HEBBIPOXKAAIOMIETOCS YPAaBHEHHS CMEMIAHHOTO THIa
M3y4eHO B pabote [5], a [uid ypaBHEHUS AJLTUITHKO-THIIEPOOIMYECKOTO THIIA C OJTHOM JIMHUEH BBIPOXKICHUS
uccienoanbl pabdorax [2], [3]. B paborax [4] BmepBble HCCIEIOBaHBI KpaeBbIe 3a/aydl THIA 3a/Ja4d
Tpukomu s ypaBHEHHH CMEMIAHHOTO THIA C ABYMsI TMEPHEHAMKYISIPHBIMH JTHHUSMH BBIPOKICHUS

YUy, + XUy, =0 u u, +sgn(xy)u,, =0.
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YpaBHEHHE CMEIIAHHOTO THIA C HETJIAJAKOW JUHHEH, HO C OJMHAKOBBIM ITOPSIKOM BBIPOXKICHUS

|y[" Uy +sgn(xy)|x|"u,, =0,n>0 paccmotpeno B pabote [6], B KoTOpoii, Takke Kak u B pabotax [4],

J0Ka3aHa KOPPEKTHOCTh 3a/1a4M THIIA 3a1a4d TPUKOMH C HEMPEepPHIBHBIMHU YCIOBUSMH CKIIEMBaHUS. 3agauu
TpukoMy ¢ JOKaTbHBIMH M HEJIOKAIHFHBIMHA KPAaeBBIMU YCIOBHSIMH B KOHEYHOW 00JacTW UIs ypaBHEHUS
CMEIIaHHOTO THITA C PA3JIMYHBIM MOPSAKOM BBIPOKICHHS HcciaenaoBaHbl B [7, 8]. Haumnas ¢ pabotsr [9]
yu€HBIe CTajl YCUJIEHHO 3aHUMAThCS C MCCIeJOBaHUEM OOIIMX JTMHEHHBIX YPaBHEHH C ABYMsI JIMHUSIMH H
Pa3NUYHBIMU MOPSAKAMH BBIPOXKICHHUS, & IMEHHO HCCIIECIOBAaHUEM KPaeBbIX 3a/1ad C yCIOBUSMH CMELICHUS
u ycnosusimu trma brumanze-Camapckoro st ypaBHEHHH CMEIIaHHOTO JUTANITUKO-THIEPOOIHMIECKOTO THIIA
C ABYMS JIMHUSIMH M Pa3IMYHBIMH TOpSOKaMH BbIpokAcHUs. OTMeTHM Takxke pabotel [12]-[14], roe
UCCIIEAYIOTCA aHaJIOTHYHbIE 3a/1aud. JIoKambHBIE KpaeBble 3aJaud ¢ ycnoBueM DpaHKIA Uil ypaBHEHUH
napabosI0-rHIepOOTHYSCKOTO THITA C IBYMSI JTMHUSIMHU BBIPOXKICHNUS, UCCIeA0BanHbl B paborax [15]-[17].

Hacrosmas paborta mocBsieHa WCCIEAOBAaHWIO 3aJadd THITA 3a]add |pUKOMH ISl ypaBHEHHUS C
OJMHAKOBBIM TOPSIKOM BBIPOXKICHUS, HO C Pa3pbIBHBIMHU YCIOBHSIMU CKJeuBaHUs. [y JOKa3aTenbCTBa
€MHCTBEHHOCTH pEIIEHUSI pacCMaTpPUBA€MOH 3aqadd TNPUMEHSETCS TPUHINI OJKCTpeMyMa, a st
CYIIECTBOBaHUS — METOJIbI TEOPHH WHTETPAIHHBIX YPaBHEHUH.

1. ITocranoBka 3apauu FF. IIycts Q) - KOoHeuHass OHOCBA3HASA 00aCTh B MIIOCKOCTU NEPEMEHHBIX

X, Y, orpaHnueHHas npu X >0, y >0 HOpManbHO# kpuBoii o : X*? + y*P =1 ¢ KOHIAMH B TOUKAX A(L0) u
B(0,1), a ©(Q,)- obnacrs, orpanmueHnas orpeskoM X=0 (-1<y<0) [y=0(-1<x<0)] u
xapaktepuctiukamu AD:xP +(-y)P =1 [BC yP +(=x)° :1] mpu X>0,y<0 [(x<0,y>0)].
BBeném o0o3HaueHus:
J,={(xy):0<x<Ly=0},3,={(xy):0<y<Lx=0},Q=0,0J,UQ, U, UQ,,
Q=0 N{(xy): x+y>0},Q, = N{(x,y): Xx+y<0},Q, =Q, n{(X,y): x+y>0},
Q, =0, N{(x,y): x+y<0},Q =0 U0, U, Q" =QUQ, UJ, A=Q,UQ, UQ,
OD, :x? —(-y)* =0, OC,:y? —(-x)* =0, D,(2/?;=2"?), C,(-2;2"), C(-1,0), D(0,-1).
Paccmorpum ypaBHeHue:!

y'u, +x"u 8

o

yy!

M)

0=4(-»)"u,—x"u,, 6

D DD

YU, —=(=x)"u,, 6
rae n=const,n>0,3mece 2p=n+2.
3agava FF. Haiitu B o6actu Q dynxnuo U(X,Y) , co CleayromumMu CBONCTBAMU:

1) u(x,y) € C(Q)NC*(ALQ, UQ,);

2) u(x,y) ynosnerBopsier ypaHenuto (1) B obmactsix Q,, Q,;, Q, ,Q, u Q,,;

3)u, eC (Q*) uu eC (Q**) npudéM MOTyT o0pamaTbcsi B 0ECKOHEUHOCTh NOpsaKa MeHblie 1—243

B TOYKax B, A u OorpaHnvdcHa B TOYKE 0] , KpOME TOIro0 Ha HHTCPBAJIC OA BBIIOTHAIOTCS yCJ10BUs
CKJICUBAHUS:

limu, (x,y) = limu, (x,y), (x,0)eJ,, 2)
4) u(X,Y) yIOBIETBOPSET KPAEBBIM YCIOBUSIM:!
u(xy)|,=(xy), (xy)eo, 3)
U Y)| a0 =y (X), 277 <x<1, @)
UK Y)| e, =2 (¥), 2P <y <1, (5)
u(x,0) = p, (X)u(=x,0)+ p, (x), (x,0) € J;, (6)
U, (0,y) = o5 (Y)u, (0,=y) + o, (y), O y) €3, (7)

secn (0, 2,00, 0,00, 00 VW, (V). £o(y) 1 py(¥) - sanammsic  bymawm,  28=n/(2+n)
npuaém 0<2f <1
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2(10)=y1(1), 9(0.1) =y, (0), 8)

v (x)eC®[277,1], 9)

£ #=1(x,0)€ I, p1(X), p, () €C(I;) N C(Jy), (10)
w,(y)eC*[ 277 1], (12)

ps(¥) £L(0,¥) € 3,, py(¥), P (¥) €C(T,) NC?(J,), (12)
o(x,y) = () B(x,y), B(xy)eC(5), s>0. (13)

2. HeoOxogumble cBegeHusi. [wumepreomerpuyeckas ¢ynkuus [10].  HW3BectHo, dTO
rUnepreoMeTpuueckas GyHKIUS ONMpeaesseTcs Kak CyMMa THIIEPreoMEeTPHYECKOTo psija;

= (a) (b
, Fl(a,b,c,z)=2—( ) )”z” 1420, +—a(a+1)b(b+1) 7’ +
= nl(c), 1-c 1-2-c-(c+1)
rae | z[<l,a,beC,ceC,c#0,-1-2,..., (c)_ - cumBon ITokxammepa.
AHAJIITHYECKOE TIPOOIDKEHHE runepreomerpudeckoil gpynkunn F(a,b,c,z) MoxHO ocymectsuts ¢
[IOMOILBIO UHTETpalia Dilepa:
F(C) ¢ 1 c-a-1 -b
F(ab,cz)=————|t“ (1t 1-zt) dt,(0O<Rea<Rec, |arg(l-z
(@.6.2) =t s [ 10 L 2) d, (0<Rea< e ag(1-2) <)
Unmeepo-ougpgpepenyuanvuvie onepamopwvr Pumarna-JIuysunis 0pobrno2o nopsaoka.
Omnpenenenne. [Tycts f (X) - MPOM3BOJIbHAS PYHKIMS U3 Kiacca L(a, b), a<b <o . Onepatopsr

1 f f(t) 1 5
_ 1+a’a<0 _ I 1+0(’a<0
De £ (0 = r(n )3 (x—t) et a)x(n>+<l—t) (14)
— D" f(x),n-1<a<n (-1 d D "V f(x),n-1<a<n

dxn an+1
Ha3BIBAIOTCA OIEpaTopaMu JpoGHOro uHrerpo-muddepenuposanus Pumana-Jluyswniss, Ne N .
Otmetnm, ut0 10 onpeenenuto, DY f (x) = f (X).
[IpuBeném HekoTOpHIE CBOKCTBA 3TUX onepatopos [10]:
1°. Ecim f (X) IS L(a,b), TO MPH JIIO00M ¢¢ >0 mOYTH AJ1s BCeX X € (a,b)

D DL f(x)=f(x). (15)
2°. Iycts f (X) IS L(a,b).Tor;[a:
l)ecm f>2a >0, 10
DD;” f (x) =D, f (x), xe(a,b);
2) ecn > >0 u Gynkums f (X) umeer npoussogHyro D&/ f (x) To
DD,/ f(x)=D5 7 f(x), xe(a,b)
3% Ilycers 0< 2B<1l u (x—a)ﬂ_l f (X), (b— X)ﬂ_1 f (X) e L(a,b). Torga moyTtu BCrOAY Ha (a,b)
CIIpaBe THBbI TOK/IECTRA:

D/ (x-a) D/ (x—a) " f(x)=(x-a)" D5 f (x), (16)

D5 (b—x)" Dy (x—a)’™ f(x)=(b—x)” D5 (x). 17)
4°. VimeeT MecTO clieyIoNuii IPUHITATI SKCTpeMyMa Juist onepatopos D2 u DY (0 <a< 1) .
Ilycts monmokutenbhas HeyObBaiomas dynkuus o(t) u ysxums f(t) Henpepssubl Ha [a,b]

Torna, ecau Ha oTpeske [a,b] dynkums f(t) pocTHraer monOKMTENBEHOrO MakcnMyMma (OTPULATENBHOTO

MI/IHI/IMYMa) B TOYKC t=X,a<X<b U B CKOJIb YTOAHO Manou OKPECTHOCTH 9TOM TOYKHU MMPpOU3BCACHUC

o(t)- f (t) ynosnerBopser ycinosuio I'enbaepa ¢ mokasarenem y >, 10 Dyof > 0,(Df‘ba)f < 0) .
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3. Houy4enue GpyHKIHOHATLHBIX coOTHOMEHMIE Mexkay 7, (X),v; (X) 1 7, (), vo ().
Cnauaina nccnenyem ypasaenue (1) B symnrudeckoit yactu Q) obnactn Q. B obmactu Q, s

YpaBHEHUS
y'u, +x"u, =0,y>0,x>0 (18)

PacCMOTPHUM CIIEIYIOIIY0 BCIIOMOTaTeNbHYIO 3aauy:
3adaua N. Haiitu B obnactu ) peryispHoe pemienue ypasHeHus (18), HEIPephIBHOE B 3aMKHYTOMH

06JIB.CTI/I QO nu y,I[OBJ'IeTBOpH}OHIee KpaEBHM yCJ‘IOBI/IﬂMZ
u|0=go(s), 0<s<l1,
yanjouy(X' y)=v; (x), (x,0)ed;, X'Lnjo u (X, y)=v;(y), (0,y)eJ,. (19)

HsBecTHO, uTo pemenue 3aaa4u N i ypapaenus (18) B obnmactu Q) umeer sup [8]:
1 1
u(xy) ==[€"G(&,0,% Y (&)d& - [1'G (0. %, y 3 (m)dn +
0 0

+[o(&m(£G, (£mx.y)dE—n"G, (&,mxy)dn). (20)

3nech
-2 — -
G(&mxy)=a(&mxy)-(%) " a(&mx.y),
rae G (5 X, y) ¢Gynxuus 'puna 3agaun FF 14 ypasuenns (18) B odmactu Q)

P I W FLVE S PLCS RIS S )

_ 2p-1 241 16(xyén)P
X =x(r02) Y :y(roz) 1-0 =—( — )
nr
-8
o (&mxy)=r() " F(B.B.2B1-0,)

- ¢yHmamenTanbHOe perneHne ypasHenus (18) B obmactm Q, u v, (X) u v,(Yy)- 3amaHHBIC
HenpepbBHbIe QYHKIHH, mpuuéM V; (X) € C? (Jl) u vy (y)eC? (Jz) MOTYT o0paiaTbcsi B 06CKOHEYHOCTh
nopsinka menplie 1—24 B toukax B, A u orpanuuena B Touke O .

Teneps B obmactu ), paccCMOTPHM ypaBHEHHE:

(-y)'u, —x"u, =0, y<0, x>0, (21)

Kak wm3BectHo pemenne 3amaun Komm ana ypaBHeHus (21) B oGmactu (), yIOBIETBOpSIOILEE
YCIIOBHSIM:

7, (X)=u(x,-0), (x,0)e J;, v, (x)=u,(x,—0), (x,0)e ],

naérest hopmyoii [16]:
1 1
u(x, y) = yl.[rl’ (211’2” ) 71-2)tdz - yzxyj 2, "%, (211’2" ) z77(1-2)"dz, (22
0 0
rmue

[ep  _T@-28)
r’@’ t r‘a-p)

2, =X+ (-y)P +2X°(~y)* (22 1) , 7, =

B cuiy ycnosus (4), u3 pemenus (22) moaydum:
7T (B)(L-x)"" D (1-x)"" & (0= 7,47 T (1= B) DL (1-x) " x 77 (0 =9 (%), (23)

rac
128
* 1-4/X o B o i
¥, (X)_l/ﬁ[[ f] ], 7 (X)=T1 (XlIZp), v, (X):Vl (Xl/zp).
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[Mpumenss k odeum dactsam (23) auddepeHianbHblid onmepaTop Dizzﬁ , ¢ yuérom cBoiicTs (15)-(17)

oreparopa D;Xf(x), HOIy4YUM OCHOBHOE (DYHKIHOHAIBHOE COOTHOLICHHME Mexay 7; (X) u v, (X),

NpUHECEHHOE Ha J; M3 obmactu €Y, !

v, () =k XD E T (X) — i, (%), (24)
3geck K = % )
7, T (- p)4*
7y () =1L (B)kx” D (1-x)"" DL (1-x)" "y (%), (25)
B obnactu Q,, ypaBHenue (1) mpuHUMaeT BHI:
y"u, —(-x)"u, =0,x<0, y>0. (26)

AHaJ'IOFI/I‘lHO, I/ICHOHLSyH peHleHI/IC 3aa4yu KOHII/I C HA4YAaJIbHBIMHU I[aHHI)IMI/I:
7, (Y)=u(-0,y), (0,y)ed,, v, (¥)=u,(-0,y),(0,y)ed,,

i ypaBHeHus (26) B obmactu ), , yuuTeiBas (4), mMoydyuMm creayiomee (QyHKIHOHAIbHOE

21
cooTtHoweHue Mexay 7, (y) u v, (Y), npunecénnoe u3 obnmactu Q,, [17]:
l727(3/) = k1y1/2 ﬁDl Zﬂfz (y) ¥, (y) (27)
rae

1-28
5 W= (y""), % ) =v, ("), v, ) =v, (#J :
7, () =ky" 7D (1-y) " DY (L-y) "y (). (28)
4. O ennHcTBeHHOCTH pemeHust 3agaun FF. Fimeer mecTo crieayromuii MpUHIMIT SKCTpEMyMa:
Jdemma 1. Ilycts p,(X)=p, (V)= (X)=w,(y)=0 u dysxkmun p,(X) 1 p;(Y) YIOBIETBOPSIOT
yeaousiM (10) u (12). Toraa, ecnu pemenne U(X,y) 3agaum FF cymectByer, To OHa CBO# MOJOKHUTEIBHBIN
MAaKCHMyM ¥ OTPHUIATENbHBI MHUHMMYM B 3aMKHYTBI OOJACTM A JOCTMraeT JHMIIb HA MHOYXECTBE
ou A(O, O) .
Jlokazamenscmeo. 11ycTb BBITIONHSIOTCS YCIOBHS JIeMMBI. TOr/a, B CHITy TIPUHIIMIIA SKCTPEMyMa JUIs
SJUIMOTHYECKUX ypaBHeHui [18], pemenue U(X,Yy) ypaBHenus (18) BHyTpu obmactu €); HE MOXKeET

JOCTHTaTh CBOETO IMOJIOKHUTEIBHOTO MaKCHMyMa M OTPUIATEIIbHOTO MUHMMyMa. [lokaskem, 4To pelieHue
u(X,y) ypaBaenus (18) He mocTHraeT CBOEro MOJOKUTEIBHOIO MaKCHMyMa (OTPHUIATEILHOTO MHHUMYMa)

U Ha wuHTepBamax J;, u J,. Ilpexmonoxkum obpathHoe. Ilycts ¢yHkims U(X,Y) JIOCTHraer cBoMH

THOJIOKUTENbHBIH MAKCUMYM (OTpHUIIaTeIbHBIH MUHUMYM) B Touke E(X,,0) nHrepBana J,. Toraa yduTbiBas
w, (X)=0 u3 (24), umeem:

V(%)= klxollbﬁ D>1< 12/}%17()(0) . (29)

Otcroga, B CHITy NPUHLOMIA 3KCTpeMyMa Ajsl TUQQepeHInalbHBIX OepaTopoB APOOHOTO MOpsAKa

[10], B TOYKE TOJOKUTEIHLHOTO MaKCUMyMa (OTPHUIATEIIBHOTO MHUHUMYMA) D1 /] cTporo MONOKHUTETEHO

(otpunatensHo), T.e. Dy /77 (X)) >0 ( D’ (%) < O) CresloBaTenbHo, B cuity Toro, uto >0, k >0

u3 (29) nomyunm, 4ro B Touke E(X,,0) v, (X,)>0 (ﬁl_(XO) < O). Hanee, ucrons3ys ycioBus (4), umeem

v, (%) >0 (171+(X0)<0), a 3TO HEPaBEHCTBO MPOTHBOPEYUT W3BECTHOMY MNpHHIMIY 3apembOa-Kupo[2].
Takum oOpasom, pemenne U(X,Y) ypaBHenus (18) He JOoCTHraeT CBOEro MOJOXKUTEIBHOIO MaKCHMyMa
(OTpHLATETFHOTO MHHUMYyMa) Ha MHTEepBalie J,. AHAJIOIWYHO, MONYYUM, 4TO U(X,Y) HE JOCTHTraeT CBOEro
HOJIOKUTENPHOTO MaKCHMyMa (OTpUIIATEIbHOrO MUHHUMYMa) Ha uHTepBane J,. Takum obpazom, U(X,Y)
JOCTHTaeT CBOETO MOJOKHUTEIFHOIO MaKCUMyMa (OTpPHLATEILHOIO MHUHHMYMa) TOJBKO Ha 5UO(0,0).

JlemMma 1 noka3zana.
Teopema 1. Ilycms svinonnensvt yeaosus semmol 1. Toeoa, eciu pewenue 3a0auu FF cywecmayem, mo
OHO eOUHCMBEHHO.
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Joxazamenvcmeo. llycts pemenue 3amauu FF cymectByer. Ha ocHoBanmu memmbr 1, u3 (6),
YUUTBIBas HENPEPHIBHOCTh QyHKIMK U(X,Y) B 3aMKHYTOH 0o6nacTu ) MOJIyduM, 4yTo perieHue 3aaaum N

nnsa ypasHeHus (18) B obmactu ), ToxJecTBeHHO paBHO Hymo npu ¢(X,y)=0 1.e. u(x,y)=0 B 5_20 .
Orcrona, umeeM 7, (X)=0 u B cuy (24), v, (X)=0, (ananoruuno, 7, (y)=0 u B cuny (27), v, (y)=0).
Torna, u3 pemrenns 3anaun Koum nonyunm u(x,y)=0 B o6macta Q;, (ﬁﬂ).

Hanee, u3 (20) B obmactu Q,, ¢ yuérom (6) ((7)) mnomyuum u(X,O) —pl(X)u(—X,O) =0.
(ux (0, y) - P (y)ux (0, —y) = 0) . CnenoBarenbHo, perienue 3agauu Komm-I'ypca ans ypasaenus (21) u (26)

C HYJEBBIMH JIJaHHBIMH TOXXIECCTBEHHO pPaBHO HYIIO B 00JacTh le(sz) T.e. U(X,y)=0 B obmactu

Q, (sz)-

Takum 00pa3oM, U3 BBIIEU3IOKEHHBIX JaHHBIX MOMyduM, 4To U(X,y)=0 B obnactu. Tem cambim,

JIOKa3aHa eqUHCTBEHHOCTH permenus 3aaaun FF. Teopema 1 ooxazana.
5. CymecrBoBanue pemenust 3agaun FF.

Teopema 2. Ecnu evinonnenst yciosus (8)-(13), mo 6 obnacmu Q pewenue 3a0auu FF cywecmesyem.
Jlokaszamenscmeo. 1lonaras B ¢popmyne (20), y=0 a 3atem Xx=0, ¢ yuérom (24) u (27), 3ameHss

x*® ma X m y*® Ha Yy, Mcmonw3ys cBoiictBa muddepeHIUANBHBIX ONEPATOPOB, MONYYHM OCHOBHBIC
cooTHomeHus Mexay hyakumamu 7, (X), v, (X) u 7, (y),v, (y) [6,15]:

7 (X)— ﬁjt’“’z [|t X —(1-xt)” Ja; (t)dt = H,(x), (x.0)ed,

1
EW = [ A =) [ 0t = Ha (), (0y) <3,
0

rae

H,(x)=7[&" [(5“ x2) (14 xz"ng’)ﬂvg (&)dE+¢ (X)+7; (), (x0)ed,,

H,(Y) =7I77“[(772p +y??) 7 (14 yz"nzp)Zﬁ}VI(n)dm@z(y)w?Z(y), (0.y)ed,,

a0 =[pEn(£°6,|, e -6, dn), (30)
2.(0)=[oEm(£"6,|_ dE-n"G,|  dn), (31)
FO)=g (), 7 =v (X), E W)=z (y0) v () =v; (v'), (32)

5(x)=a(X*). 3 (¥) =0, (¥") 71 (0 =7, (X7 ), 75 (V) =17, (y**7),
a 7, (X) u y,(y) - onpenensorcs us (25) u (28).

Uckmrouns 7, (X) u 7, (Y) coorBercTBeHHO U3 cooTHomenui (19), (20) B cuiy (24) u (27) nomyuum
CIIETYIONIYIO CHCTEMY MHTETPAJIbHBIX YPaBHEHUI:

0 cos Br j(l—tjl'zﬁ( 1 1 jvj(t)dt—D;ZﬂHl(X)

+
t—x 1-xt

m(L+sin Br) 3\ 1-x  (L+sinBr)’
1 1-2p 1-2p8
- DL%H
7 (y) - cos_ﬂn J- 1-t 11 7 dt = D z(Y),
r(+sinpr) o\ 1-y t—y 1-wyt (@+sin Bx)
e -1
I’ =
(ﬂ " 2)
v () =X (0, 7 (y) =y (). (33)

HpI/IHI/IMaH BO BHUMAHHUC JICTKO IIPOBCPACMBIC TOXOCCTBA.
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(1—'[)(1_'_ 1}_1_t
1-x \t—x 1-xt) t—-x 1-xt

-ty 1 1)_ 1t
l1-y \t—-y 1-yt) t—y 1-yt

JAHHYIO CUCTEMY HETPYIHO CBECTH K BHUJLY:

. cosfr ¢ 1 t ), e h .
v (X)_;z(1+sinﬂﬂ)£[t—x_1—x jvl (t)ydt = Hl(x)+j|<1(x,t)v1 (t)dt

1 SNES
—+roy__ COSBm 1t B
% )~ rsin ) j (t_y = ] [(B)dt=H,(y)+ j K, (y, 07 ()t
rie
1-28 1-2p
A0 =20 00 g () O HO), (35)
(d+sin gBr) (d+sin gBr)
K. (t) = 057 (1—tj_2ﬂ -2 2a-v) [ 1-t
z@+sinar)|\1-x (t-x)(1-xt) 1-xt (t—x)(1—xt)
K, (y.1) = 20507 [1—tj2ﬂ( 1-t° _2(1—t)J_( 1-t? ] |
2 g@+sinar) | (1-y (t—y)1-yt) 1-yt (t-y)(1-yt)
Hccnenyem npaByto yactsb cucteMsl (34). s 3Toro BeaéM 0003HAUCHUS 171* x)= 12ﬂ 1/71 ( )
yunthiBas (25) mpeacraBuM e€ B BUIE!
_ 124 ~ _ i _ )21 -B * —
7, (x) = D522, (X) = r(zﬂ)r(l ) ox j X) dtjs (1-5)" "y, (t+s@-1))ds+
;il Y = B A e 3
+1“(2/3)1“(1—,B) dxx(t X)" (1 t)dt.([s (1-s)" "y, (t+s@-t))ds. (36)
Ha ocnoBannu 0< 24 <1 u (9), u3 (36) nonyuum, 4ro GpyHKIMS (/7: (X) momyckaeT OLEHKY:
|l,/71*(x)|gconst-(l—x)zﬂfl : (37)

npuuéM 7, (X) MOXKeT UMeTh O0COGEHHOCTb Mopsiika MeHbme 1—24 mpu X —1, a npy X —0

OrpaHHYCHA.
Taxk e 0003HaYUM:

?.(x) =D @ (%)
u uccnenyem @, (X) . B cuny (13), u3 (30) umeem:

—-p-1

7,(x)=D5 (1~ x)i(t(l—t))ﬁ”2*”((1—x)2—4sx) @ (s)ds .

nin yauTeiBas hopmyiy (14), mpencraBum e€ B BUJE!
7,09 = A, - D E(x),
rae

(1-p)I*(B+112+¢)
2p-T(1-2p)-sin’zB-I'(2p+2c+1)’

A, =

E(x)=(1+x)1-x) " F| B+L8+112+¢28+25+1; &1 (@
(1+x)

Bocmonb3oBaBimmcs U3BecTHOH (hopMysioit aBroTpanchopManuu
F(ab,c;z)=(1- z)c'a'b F(c-ac-b,c;z),
dynxuuro E(Xx) u3 (38) npeacrasum B Buze:
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E(X)=(L+x) 7 (1-x)""F| B+25,8+112+&28+25+1; ax - | (39)
(1+x)

u uccnenyem e€. B cumy cBoiicTB runepreomerpuiecknx ¢pynkmmii [20], u3 (39) cienyer, uTo
|E(x)| <const-(1- x)* (40)

Pacemotpum yrkumo E ()

E'(x)=—26(1- X (LX) “ P F| 26, fret1l2,20+26 45— |-
(1+x)

2(B+e)1-x)" (LX) TF| f2e, fre+1l2,28+26+1,; 4 = |-
(1+x)

2+ 26)(1-x) (LX) | pr2e fret3ia2fr2e 2|,
(1+x)

Orcrozma cnexyet, urto npu X —1 MoxeT oOpamarbcs B OECKOHEUHOCTh MOpsAAKAa MeHblle 1—2¢, a
npu X — 0 orpaHuueHa, T. e.

|@,(x)| < const - (1-x)* (41)
npuaém @, €C(5).

PaccmoTrpum unHTErpat:

—_ s L1+t Y1 1 ).
CDl(X)Z DilZﬂch(X): Dilzﬂ ( j ( - )Vz (t)dt =

o\ l=X t+x 1+xt
d 1-t? 42
=(1-x)" = [(1+t) ————7; (t)dt
A=) ) e = @
Yuauteisas, v, (t) € C*(J,), orcrona momyunm:
|, (x)| < const - (1 x)" (43)

CnenoBarensHo, B city 0< 243 <1, (8), (37), (40), (41) u (43) u3 (35) cienyer cieayromnias OlEHKA:
|Hl(x)| <const - (1- x)z/j_l ,
npuuém H,(X) € (0,1) MOKET UMETh OCOOCHHOCTh TOpsiaKa MeHblne 1—24 npu X —1, ampu X —0

OrpaHUYeHa.
CnenaB 3aMeHy MEepeMEHHBIX
2X 2t

:Z1 =
1+x? 1+t2 g

" YUYUTbIBass COOTHOLICHUC

2(t-x)(1-xt) 1 1+ xz)(1+t2)( 1 t j
77—2: , = _
(1+ xz)(1+t2) n—1 21-t3) (t—-x 1-xt

MepenuieM repBoe ypaBHeHue cucteMsl (34) B Buje:

a(@)u(2) + 22 [ 4D 4 - [, @y () + 1,(2), 0<2<1, (44)
mi o n-z °
rie
. _b(2) @+xA)(L+t) - _ icosprn
== 2(1-t%) falot). al2)=1b2)= (1+sinBr)
(@) =L+ X)W %), f(2)=A+x*)H, (%) .
Tak kak
1+ cos® Br 40
(L+sinpz)’
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TO CHHTYJSIPHOE WHTETpPAIbHOE YypaBHeHHE (44) sBISETCS ypaBHEHHEM HOPMAJILHOTO THITA
OTHOCHUTENBHO £4(17) .

Tenepb BBIYUCIINM UHIACKC Hy)KHOFO HaM KJiacca I10 (I)OpMyJ'IC:
. 1
a,+if = iTInG(cn) ,(n=0,1),
7T

rae
ING(z) =|InG(z)|+iargG(z) + 27i, k =0,1,2...,
G(z)= 1+s!nﬂﬂ+!cosﬂﬂ ,
1+sin Bz —icos fr
BepXHHUii 3HaK Oepércst mpu €, =0 , a HwKHUI - 1pu ¢, =1 [21]. Takum obpazom:
cos_;zﬂ ke 1-2p8 K,
1+sm f 4

+if, = —arct

rae

=(1-28)14-k, B,=0
a A, BeIOEpeM Tak, 4To0bl —1< &, + 4, <0, cnenoparensho, A4, =K.
AHAIOTHYHBIM 00Pa30M MOTYUHM:

1-28

o +if =— 2 +k,

rae
1-25
o == ( 4 ) +k, B =
a A, BblOepeM Tak, uto0sl (@, + 4 ) € J;, cnenoBarensto, 4 =K.
Takum 00pazom,

x=-A—A4=-k+k=0
T. € uHAeKC ypaBHeHus (44) pasHo 0.
CuHTYISIpHOE MHTETpaJIbHOE ypaBHEHHE (44) N3BECTHBIM METOI0M peryisipusanmu Kapnemana-Bekya
[1,8], cBenércs K SKBUBAJICHTHOMY MHTETPaJIbHOMY ypaBHEHHIO Dpearoabma BTOPOro poja:

1(2)+ [ Ky (2.0) () = T,(2), 0<z<1, (45)

rae

- a(z) - b
- rrre "V e -re
I/IS TeOpI/II/I I/IHTeraJ'ILHLIX ypaBHeHI/If/i queI[FOHLMa BTOpOFO po,ua U €AWHCTBCHHOCTHU peH.[CHI/IH
3apaun FF crnenyer onHO3HauHas pa3pelIMMOCTh MHTEIPAIBHOTO ypaBHEHHMs (45) OTHOCHTENBHO /4(77) .

Teneps pemieHue UHTETPAIIBHOIO YPaBHEHUS (45) HETPYJHO MPEICTABUTh B BUJIE!
1
7 () =F( jF (x7)dn - [K(x,5)7; (s)ds, (46)
0
rae F(X) - ussecrnas ynkums n R, (z, 77) - pesonbenta K, (2,77), a

K; (x,8) = Ky(x,8) + [ Ky(m,9)R, (x. 77 )7,

npu4EéM
K, (z.)| < const, |R, (z,7)|<const.
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Perast BTopoe ypaBHeHHe cucteMsl (34) aHaIOrHYHBIM 00pa30M OTHOCHTENBHO V, (Y) , HoIydaewm,
910

7y =F jF (. €)de - jK(yn oL (47)

rae F,(y)- usBectHas GyHKims, 1 Rz( ,&)- pesombaenta K, (t,£), a

—"

K (y,1) = K (1) + [ K, (G DR, (v, £)dE,

pUIEM
K, (t,&)| <const, |R, (t,&)| < const.

Hanee, noacrasisisi (47) B (46), umeeMm:

v, (X) = If(x)+.l[IZ(x,z)‘7l*(z)dz. (48)
rac i
K(x,2) =IKf(x,s)K;(s,z)ds, F(x)=F(x)- j L (X,8)F,(s)ds ,
R)=R()+[R@R(xm)dn,  F(¥)=F(y)+[R (SR (v.£)ds,
0 0
pU4EM

|[K(x,2)| < const, |F(x)|<const.

N3zBectHO [1], 4TO penieHne HHTErPaIbHOTO ypaBHeHmI (48), umeer Bux:

7 (¥) = F(x jF (x2)dz, (x,0)ed;, (49)

re F_Q(X,Z)- pe30mbBeHTa IZ(X,Z).
[Moacrasmnss (49) B (47), HaXOA¥M:

v, () =F (y)-

O

K;(y,t)dtj'lf(s)ﬁ(t,s)ds , (50)
rre 0
1
F (y)=F(y)- [ K (y.OF, (t)dt
0
Taxum 00pa3om, Mbl Hauww HeusBecTHbIe GyHkimu v, (X) u v, (y). U3 (32) u (33), yuntsiBas (49) u
(50) naxomum Qyuxuun v, (X) u v, (y). B cuny 3) us (49) u (50) cnenyer, uto v/ (t) eC?(0,1), i=12,
Gynxuun v (t), 1=12 moryr umers ocobeHHOCTH Topsiika Menbiie 1—24 mpu t—1, a nmpu t—0
orpannyeHsl. Orciona B cury 0< 24 <1, ¢ yuérom (19) Taxxe 3axmouaem, uto 7,(t) e C [O,l] NC? (0,1).
Teneps pemenue 3apaun FF B o6nactu € (Qn) MO>KHO BOCCTAHOBMTH Kak peleHue 3anauu Komm
(24) ((27)). Orcrona, B cuy (6) u (7) BoccTaHaBNIMBaeTCs pelieHue B obmactu €, (sz) KaK pemeHus
3aaun Komm-T'ypea, ynosnersopsromee ycnosusmu U, (0,y) =v; (y) u u(=y,y)=h(y) (u,(x,0)=v;(x)
u u(x,—x)=h,(x)) ree h(y) ( hz(x)) - Clle/l Ha XapaKTepUCTHKe Y =—X pemeHus 3ajaa4un Komm B obmactu

Q, (921). CnenoBarensHo, penienue 3aaaun FF B oOnactu Q) - BOCCTaHABIMBAETCS KaK PEIICHUE 3aa4H

FF c ycnoBusimu (19).
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Abstract. The focus of this paper is on exploring the multi-dimensional case of the results of
M.Feigenbaum. Specifically, we delve into the properties of Julia and Mandelbrot sets in the context of the
renowned mapping from the plane to itself in two dimensions. These sets play a crucial role in determining
the asymptotic behavior of trajectories for certain mappings. The primary outcomes of this investigation
include the analytical solutions derived for locating fixed and periodic points. Additionally, the paper
presents computational simulations aimed at describing Julia and Mandelbrot sets.

Keywords: Mandelbrot set, Julia set, bifurcation, fixed point, periodic point.

BA’ZI KVADRATIK AKSLANTIRISHLAR UCHUN DAVRIY NUQTALARNING
SONLI YAQINLASHUVI

Annotatsiya. Ushbu magqolada asosiy e'tibor M.Feygenbaum natijalarining ko'p o'lchovli holatini
o'rganishga garatilgan. Xususan, biz Julia va Mandelbrot to'plamlarining xususiyatlarini ikki o'lchovda
tekislikdan o'ziga gadar mashhur akslantirish kontekstida o'rganamiz. Ushbu to'plamlar ma'lum
akslantirishlar uchun traektoriyalarning asimptotik harakatini aniglashda hal giluvchi rol o'ynaydi. Ushbu
tadgigotning asosiy natijalari doimiy va davriy nugtalarni aniglash uchun olingan analitik yechimlarni o'z
ichiga oladi. Bundan tashqgari, magola Julia va Mandelbrot to'plamlarini tavsiflashga garatilgan hisoblash
simulyatsiyalarini tagdim etadi.

Kalit so’zlar: Mandelbrot to plami, Julia to 'plami, bifurkatsiya, qo’zg’almas nuqta, davriy nugta.

YNCJEHHASI AIMTPOKCUMALUA TEPUOJUYECKUX TOYEK HEKOTOPBIX
KBAJIPATUYHbBIX OTOBPA’KEHUU

Annomauyusa. Ocnognoe enumanue 6 OAHHOU CMAMbe YOEeNsAeMcs UCCAeO08AHUI0 MHO2OMEPHO20
cnyuas pezynomamos M.Deticenbayma. B uacmnocmu, mul yenybnaemcs 8 ceolicmea muoxcecms JKwoaua u
Manoenvbpoma 6 Kowmexcme uU36eCMHO20 OMOOPANCEHUS NIOCKOCMU & cebsl 8 08YX uzmepenusx. Omu
MHOJICECBa USpaiom peuarouyio poib 6 onpedeneHuy ACUMIMOMUIecKo20 nosedeHus mpaekmopuii 0Jis
Hekomopbix omoopadicenui. OCHOBHLIMU Pe3YTbMAMAMU IMO20 UCCIE008AHUS AGNAIOMCA AHATUMUYECKUe
pewlenus, NoayyeHHvle Oasl ONPeOeneHuUs MEeCMONOAONCEHUSI DUKCUPOBAHHBIX U NEPUOOUUECKUX MOUEK.
Kpome mozco, 6 cmamve npedcmasnenvl gbiuuciumensvusvie MOOeIU, HANPAGIEHHbIE HA ONUCAHUE MHOINCECTE
JKionua u Manoenvopoma.

Knwouesvie cnosa: mnoscecmseo Manoenvbpoma, muodicecmeo Kionua, bugyprayus, Henoo8uiICHAaA
MOYKa, NepuooUdecKas MmoiKd.

Introduction. The logistic map is
Xn+1 = Xy (1_ Xn)

where X, is a number between 0 and 1, the parameter I' are those in the interval [0,4] mean the
condition for living in the island. After linear transformations we can consider the following as logistic
mapping:

Xq.q = X2 +C (1)

but here, the parameter C changes between [—2;0.25] and the number of population | X, |. The

learning of the asymptotics of trajectories of the mapping (1) is called the problem of Von Neumann - Ulam.
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Two dimensional case of the mapping (1) is
F . X' = y2 + C_I_l
CC2 " |\ — 2
y =X +0C,.

(2)

where (X,Y) € R2 and (Cl,CZ) € RZ.
Our mathematical model of the population in the connected two islands is
— 2
F ) X1 = Yo T 6 (3)
cic2 - — 2
Yn+1 = Xy +Co.
where | Xo | is the initial number of the population of first island and | Yo | is the initial number of
the population of second island in millions. For example, | Xo |= 0.02 means the initial number of
population of first island is 20000. C; and C, are the living conditions in the islands respectively. | Xn | and

| ¥y, | are the numbers of N — th generation of populations first and second island.

To find the points where the period of mapping (2) is equal to four, it is necessary to solve the
following equations

2 2 ?
2 _
([x +c2) +c1j +c2 +c1—x_0,

2 2 ¥ ol
(y +c1j +Cy | +C | +Cy—y=0.

Among the solutions of this system of equations are also points whose periods are equal to two. To
separate them and leave only the equation of four points of period, we must divide the equations in the
system of equations into the following two equations accordingly

X' +2¢,x% —=x+C5+¢ Ba yt+ 20y  —y+ ¢t +c,.
In this case, the following system of equations is formed
X% +6C,x" + x? + (15¢5 + 3¢,)x® + 4c,x” + (20c; +12¢,c, +1)x° +
+(2¢, + 6¢3) x> + (3¢ + 4c, +18¢,c3 +15¢5)x* + (1+ 4c,c, +4c3)x3 +

+ (¢ + 6CPC, +5C2 +12¢,C5 + 6C3)X? + (G + 2C, + 2C,C5 + Cy)X +

+c{5 +3c:lc§+20§’+3012022+201C2+cf’+1=0,

vy +6c,y° + y° + (15¢2 +3c,)y® + 4c,y’ + (20¢? +12¢.c, +1)y® +
+(2¢c, +6¢2)y° + (3¢2 + 4¢, +18c,67 +15¢})y* + (1+ 4cc, + 46 y* +
+(C, +6C2C, +5¢ +12¢,C2 +6¢7)y? + (C3 + 2¢, + 2,62 + ¢ )y +

+ ¢S +3c,6 + 26 +3ccs +2¢,c, +C5 +1=0.

According to Abel’s theorem, these equations cannot be solved analytically in the general case.
Therefore, we solve it using approximate solution methods for certain values of the parameters.

For example ¢, =-0.98 and €2~ —0.02 let’s solve approximately.
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0.099144+0.919616 x -1.09315x2 +1.07837 x> + 2.79415x* -1.9576 x° +

+1.23504x°-0.08 x" -2.934 x% + x? -0.12x'% + x'? =0,

-0.0115392-1.07565y - 0.417991y? - 2.68637 y* + 9.57098 y* +5.7224 y° -

-17.5886y° -3.92y" +14.346y°® +y° -5.88y" + y* = 0.

The equations in this system of equations are not related to each other so we solve them separately.

a. First
0.099144+0.919616 x -1.09315x? +1.07837 x° + 2.79415x* -1.9576 X° +

+1.23504x°-0.08x" -2.934x° +x°-0.12x"° +x* =0
We solve numerical solutions of the equation using approximate methods. To do this, we find the gap

where all the solutions are located.
A =1+¥ _3.934,

A= max{|a1|,|a2|,...,|an|}: 2.934, R=1+ |a0|
—3.934,3.934)

This means that all solutions are in the interval (
f =0.099144+0.919616 X -1.09315x2 +1.07837 x° + 2.79415x* -1.9576 x° +

+1.23504x°%-0.08x" -2.934x® + x? -0.12 x1% + x*?,
f, =0.919616-2.18631x +3.2351x% +11.1766 x> -9.788 x* + 7.41024 x° -
-0.56x°-23.472x" +9x%-1.2x% +12x™,
f, = -0.099144-0.842981x +0.910962 x? - 0.808776 x> -1.86276 x* +1.14193 x" -

-0.61752x® +0.0333333x " +0.978x% -0.25x° +0.02 x*°,
744.5-6379.66 X +6323.19 X2 -5530.42 x> -14446.2 x* +7439.43 x> -

-3945.68x° -97.04 x” + 7346 x® -1287x°,
f, = 0.020562+0.181177 x - 0.144408 x* + 0.126777 x> +0.423907 x* - 0.132206 x° +
+0.085444 x° +0.01774x" -0.201121 x?,
f5 = 5.0731-4.04273x + 29.2359 x? + 47.3173 x> +13.3759 x* + 27.4597 x° + 27.031x° +5.8618 x’
fs = 0.79745-1.00711x + 4.99726 x? + 6.49981x° + 0.109407 x* + 4.10101x° +3.33102 x°,
0.329551-0.544621x -1.2825 x? + 0.140093x° -1.28697 x* - 2.87271x">

f3='

f7 =-
fg =-0.498182+1.88381x -3.20112 x* -5.13992 x* + 0.896849 x*,
fq = 10.1898-35.1446 X +58.6061x° +111.845x°,
f,, = -0.012912-0.0393259 x - 0.0202422 x?,
f,, =-111.409- 201.795x
f,, =-0.00262955
fo = f f1 fz f3 f4 fs f6 f? fs fg flO f11 f12
+ - + + - - + + + - - + - 7
-3.934
3.934 + + + + - + + - - + - - - 5
2

We can see that there are two real solutions to the equation.

Algorithm:
63
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1. We divide the interval (—3.934,3.934) into two equal parts and check which interval has a

solution using the Sturm theorem for each of these intervals. If there is only one solution in each interval, we
find approximate solutions using an arbitrary one of the methods of dividing the section into two equal parts,
watts, and attempts to find solutions for each interval.

2. If more than one solution is in the same interval, then we apply the Sturm theorem again by dividing
the interval into three equal parts. If several more solutions remain in the same interval, we will continue to
use Sturm’s theorem to divide the interval into four, five, six, and so on. We stop when there is only one
solution or no solution in each interval.

3. Then we find the approximate solutions using the arbitrary one of the methods of dividing the
section into two equal parts, watts and attempts, to separate the intervals in which there is a solution and find
the solutions in each interval.

For the second equation, we use the same algorithm.

b. The second

-0.0115392-1.07565Yy - 0.417991y? - 2.68637 y* +9.57098 y* +5.7224 y° -
-17.5886y° -3.92y" +14.346y® +y°® -5.88y'% + y'? =0

We solve numerical solutions of the equation using approximate methods. To do this, we find the gap
where all the solutions are located

A = max {a|[a,),...[a,[} =17.5886, R=1+ " =1+@ ~18.5886.

2|

—18.5886,18.5886)

This means that all solutions are in the interval ( .

g =-0.0115392-1.07565y - 0.417991y? - 2.68637 y* +9.57098 y* +5.7224 y° -
-17.5886y° -3.92y" +14.346y® +y°® -5.88 y'? + y'?,
g, = -1.07565-0.835981y -8.0591y? +38.2839y> + 28.612y* -105.532 y"° -
-27.44y% +114.768y" +9y® -58.8y9+12y*,
g, = 0.0115392+0.986011y +0.348326 y% +2.01478y" - 6.38065 y* - 3.33807 y° +
+8.79432y® +1.63333y’ -4.782y% -0.25y° +0.98y'°,
g; = 1.11169+4.05728y + 21.2208y? - 27.7251y" - 23.8725y* +16.9743y" +
+14.0365y° -1.98041y’ -3.93753y® - 0.536027 y°,
04 = 15.437+53.3631y + 287.127 y? - 426.092 y°* - 274.673y* + 282.865y> +
+155.229y° -54.8164y’ - 46.3148y°®,
gs = -0.0107472-0.0728328y - 0.125708 y2 + 0.659926 y* - 0.648162 y* + 0.0203181y" +
+0.307983y° -0.132465Yy
U = -28.6209-146.467 y - 466.802y? +1191.69y> - 289.711y" - 484.562y° + 229.686 y°,
g, =0.00719286+0.0711498y + 0.152208 y? - 0.242717 y* -0.0750924 y* + 0.0865886 y° ,
gg = 4.9153-68.943y +153.899y? +11.987 y* -106.64 y*,
gy = -0.00418028-0.117396y -0.00190424 y2 +0.125103y3,
U0 = -5.26161+62.781y-53.9861y?,
g,, = 0.0181738-0.037381y

gy, = -12.5005
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90=9 | 91 |92 |93 |94 |95 | 96 |97 | 9s | 99 | 910 | 911 | Y0
—18.5886 | + - + + - + + - - B - " ; 7
185886 | + + + - - - + + - ¥ _ - ; 5
2

We can see that there are two real solutions to the equation.
As aresult,

X, =-0.9798840171550919, x, =-0.09607531847629341
y; =-0.01076953317967882, y, =0.9401726870760027.

This means that the four periods of a given mapping have four equal points.

(x,y;)=(-0.9798840171550919, - 0.01076953317967882)
(x,,Y,)=(-0.9798840171550919, 0.9401726870760027),
(X,,y;)=(-0.09607531847629341, - 0.01076953317967882),
(X,,Y,)=(-0.09607531847629341,0.9401726870760027 ).

At these points, we examine the spectra of the mapping given. That is, we find the modulus of the
values of the equations in a given system of equations at points X and Yy, respectively. It follows that this

period is attractive because the absolute values of multiplier smaller then one.

For our mapping (2).
r— 2
F . {X - y + C’_]_l

cico - (4)
2y =x +c,

If C; = C, = —1 then all point of out site the rectangle | X |< %(1+ \/g) YIS %(l+ \/g) tend

to infinity. Some inside points tend to fixed points (—1,0) or (0,—1). And some inside points tend to
periodic points with period two (0,0) and (—1,—1) .
For example Xy = 0.776, y, = —0.36.

>

Xn Yn

n=1 -0,8704 -0,397824
n=2 -0,841736065024 -0,24240384
n=3 -0,941240378353254 -0,291480396837912
n=10 -0,099970282135738 -3,57147346333631E-6
n=11 -0,099999999987245 -5,94348453725036E-5
n=12 0,999999996467499 -2,551092670E-11
n=13 1 ~7,0650016823E-9
n=14 -1 0

For (32) when C; = C, = —1 then filled Julia set Fig. 2.3.1.
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Figure 1. For C; = C, = —1 the classification of Julia set

Let ¢; = —0.98, ¢, = —0.02 then all point in Julia set tend to the periodic points with period four.
For example X, = 0.06, y, = —0.36.

n Xn Yn
n=1 -0,97973104 0,70318016
n=16 0,0960753164810756 -0,0107895746542244
n=17 -0,979883585078781 -0,0107695335630612
n=18 -0,979884017146834 0,940171840306845
n=19 -0,0960769106940412 0,940172687059817
n=20 -0,0960753185067235 -0,0107692272314892

Let ¢; = —1.22, ¢, = —0.38 then all point in Julia set tend to the periodic points with period eight
but there are two cyclical points with period eight.
Classification all Cauchy problems for ¢; = =1.22, ¢, = —0.38 on the Figure 2.3.2.

Figure 2. For ¢; = —1.22, ¢, = —0.38 the classification of Julia set
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Classification all Cauchy problems for ¢, = —1.19, ¢, = —0.44. period 16, we get Fig. 2.3.3.

il g

Figur 3
=-1.19,c, = -0.44

=-1.19,c, = -0.44

Figure 4. For G the classification of Julia set.

Classification all Cauchy problems for C, = —1.31, C, = —0.8. strange attractor.
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I

Figure 5. For (= -1.31, C, = —0.8. the classification of Julia set
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LANGASIT KRISTALLARIDAGI AKUSTO-OPTIK O‘ZARO TA’SIR
ANIZOTROPIYASINI O‘RGANISH

Abdiraxmonov Ulug’bek Shavkat o’gli,

Navoiy davlat konchilik va texnologiyalari universiteti
Axmedjanov Farxod Rashidovich,

Arifov nomidagi lon-plazma va lazer texnologiyalari instituti
ulugbekabdiraxmonov@gmail.com

Annotatsiya. Langasit kristali (LasGasSiO.4) turli xil akustik va akusto-optik qurilmalarda keng
qo ‘llaniladi. Aynigsa, bu kristallarning diffraksiyalangan yorug ‘lik intensivligini boshqarish uchun faol
muhit sifatida qo ‘llanishi alohida qizigish uyg ‘otadi. Ushbu magqolada akustik to ‘lqinlarga Bragg yorug ‘lik
diffraksiyasi yordamida ushbu kristallarning elastik va fotoelastik konstantalari aniglangan. Olingan
giymatlar yordamida bo’ylama akustik to ‘lginlarning (100) kristallografik tekislikda tarqalish yo ‘nalishiga
bog‘liq bo - lgan akusto-optik sifat ko ‘rsatkichi (M>) aniglangan. Eksperiment va hisob-kitoblar natijalari
Bragg yorug'lik diffraksiyasining eng yuqori akusto-optik samaradorlikka ega geometrik tuzilmalari
aniglash imkonini berdi.

Kalit so’zlar: Langasit kristali, akusto-optik Xossalar, Bragg yorug lik diffraksiyasi, Dixon usuli,
anizotropiya, akusto-optik sifat ko ‘rsatkichi, akusto-optik konstanta.

N3YYEHUE AHU30TPOIIMU AKYCTOOIITUYECKOI'O B3BAUMOJIEMCTBHA B
KPUCTAJIVIAX IAHT'ACHUTA

Annomayusa. Kpucmann naneacuma (LasGasSiO.y)  wupoxo ucnonvsyemes 6 — pasiuiHvix
aKycmuyeckux u aKxycmoonmuieckux ycmpoticmgax. Ocobbiii unmepec npedCmasisaem Ucnoib308anue dmux
KpUCMaiiog @ Kauecmee aKkmugHol cpedvl 018 YNPAsleHus UHMEHCUBHOCIbIO OUPpazuposannoz2o ceéema. B
O0aHHOU cmamve ynpyeue u omoynpyaue KOHCMAHmMbl JMUX KPUCMALI08 Obliu onpeoeneHvl Memooom
bpaeceosckoll  ougppakyuu  axycmuueckux —6onH. Hcnoawv3ya  nonyuennvle  3HAueHUs,  ONpeoesnu
axkycmoonmuueckuii noxkasamenv kavecmea (Mz), komopulii 3a6ucum om HANPasieHus pacnpoCcmpaHeHusl
NPOOObHBIX — AKYCHMUYECKUX 607H 8  Kpucmamioepaguueckou naockocmu  (100).  Pesyromamol
9KCNEPUMEHMO8 U pACYEéMO8 NO360MUNU ONpedeNums 2eoMempuyeckue CmpyKmypovl OpI2206CKOll
oughpaxyuu ceema ¢ HaUOOILULET AKYCIMOONMUYECKOU 3P PHeKkmusHocmyio.

Knwouesvie cnosa: xpucmani naneacuma, aKyCmoonmudeckue Ceolcmea, Opiccosckas ougpaxyus
ceema, memoo JJuKcoHa, anuzomponus, aKyCmoonmuueckuti nokazameib Kauecmed, axKycmoOnmuiecKas
KOHCManma.

STUDY OF ANISOTROPY OF ACOUSTO-OPTICAL INTERACTION IN LANGASITE
CRYSTALS

Abstract. Langasite crystal (LasGasSiOus) is widely used in various acoustic and acousto-optic
devices. Of particular interest is the use of these crystals as an active medium for controlling the intensity of
diffracted light. In this article, the elastic and photoelastic constants of these crystals were determined by the
Bragg diffraction of acoustic waves. Using the obtained values, the acousto-optic figure of merit (M2) was
determined, which depends on the direction of propagation of longitudinal acoustic waves in the
crystallographic plane (100). The results of experiments and calculations made it possible to determine the
geometric structures of Bragg diffraction of light with the highest acousto-optic efficiency.

Keywords: langasite crystal, acousto-optic properties, Bragg diffraction of light, Dixon method,
anisotropy, acousto-optic figure of merit, acousto-optic constant.

Kirish. Langasit kristalining (La;GasSiO14) akusto-optik xossalarining anizotropiyasi — bu kristallning
turli yo'nalishlarda turlicha optik va akustik xususiyatlarga ega bo'lishi demakdir. Bu anizotropiya akusto-
optik qurilmalarda muhim ahamiyatga ega bo'lib, materialning o‘ziga xos xususiyatlarini hisobga olgan
holda, samarali ishlashini ta'minlash imkonini beradi.

Langasit kristalining (LasGasSiO1) turli akustik va akusto-optik qurilmalarda keng qo‘llaniladi.
Aynigsa, ushbu kristallar diffraksiyalangan yorug‘lik intensivligini boshgarish uchun faol muhit sifatida
foydalanish alohida qiziqish uyg‘otadi. Ushbu ishda Bragg yorug‘lik diffraksiyasi va akustik to‘lginlar
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yordamida ushbu kristallarning elastik va fotoelastik konstantalari aniglangan. Olingan giymatlar (001)
kristallografik tekislikda bo’ylama akustik to‘lginlarning tarqalish yo‘nalishiga bog‘liq holda akusto-optik
sifat ko‘rsatkichi (M2) ning bog‘ligligini aniqlash uchun ishlatilgan. Eksperimentlar va hisob-kitoblar
natijalari Bragg yorug‘lik diffraksiyasining eng yuqori akusto-optik samaradorlikka ega geometrik
tuzilmalarini aniglash imkonini berdi.

Dixon tomonidan ta’riflangan M akusto-optik sifat koeffitsiyenti materialdagi diffraksiyalangan
yorug‘likning intensivligini, piezoelektrik konvertor hajmiga va akustik to‘lqin kuchiga bog‘liq bo‘lmagan
holda belgilaydi. Bu quyidagi formula orgali ifodalanadi:

:zf:zip;ﬂ:
, = Sy &

Bu yerda:

¢ 1 Va n: — mos ravishda tushayotgan va diffraksiyalangan yorug‘likning sinish ko‘rsatkichlari;
o p — kristalning zichligi;

o V — akustik to‘lqin tezligi.

@ Formulada joylashgan pess (fotoelastik koeffitsiyent) fotoelastiklik tensorining komponentlari
giymatlarining yig‘indisidan iborat bo‘lib, quyidagicha ifodalanadi:
Pefr= pi}'k!giﬁ}'YkK! 2

Bu yerda o; va B; mos ravishda tushayotgan va diffraksiyalangan yorug‘likning polarizatsiya
yo‘nalishlarini ifodalaydi, yx va k esa akustik to‘lginlarning polarizatsiya va to‘lqin vektorining yo‘nalish
kosiinuslarini ko‘rsatadi. Shunday qilib, kristalning akusto-optik sifat ko‘rsatkichi anizotropiyasi fotoelastik
koeffitsiyentning yorug‘lik diffraksiyasi va akustik to‘lginlar o‘zaro ta’sirining geometrik holatiga bog‘liq
bo‘ladi. Akustik to‘lginning yo‘nalishi va polarizatsiyasi kristalning akusto-optik sifat ko‘rsatkichi
anizotropiyasida muhim rol o‘ynashi mumkin.

Namunalari va eksperimental usullar. Langasit namunalarining [100], [010], va [001]
kristallografik o‘qlar bo‘yicha orientatsiyaga ega bo‘lgan paralelepiped shaklida kesilgan va tayyorlangan.
Har bir orientatsiya bir daraja aniglikda o‘Ichangan. O‘lchovlar xona haroratida, 400 dan 1200 MHz gacha
bo‘lgan chastotali akustik to‘lqinlar bilan Bragg yorug‘lik diffraksiyasi usuli yordamida amalga oshirilgan.
Bo’ylama va ko‘ndalang akustik to‘lginlarni uyg‘otish uchun tegishli ravishda X-kesim yoki Y-kesimli
kvarts piezoelektrik datchiklari ishlatilgan, ularning rezonans chastotalari 30 yoki 40 MHz bo‘lgan yupqa
plastinkalar shaklida tayyorlangan.

Yorug'lik manbayi sifatida geliy-neon lazerni (Ao = 632,8 nm) ishlatildi. Namunaga tushayotgan
yorug‘lik nuri bilan akustik to‘lqinning to‘lqin vektori va polarizatsiya yo‘nalishi o‘rtasidagi bog‘liglik
polarizatsiya analizatori yordamida aniglangan.

Yuqori chastotali akustik to‘lginlar bilan tajriba qilishdagi asosiy qiyinchilik elektromagnit
tebranishlarni elastik tebranishlarga aylantirishdagi past samaradorlikdir. Aynigsa, rezonans chastotasi past
bo‘lgan piezoelektrik plastinkalar ishlatilganda, asosan asosiy chastotaning toq harmonikalari bilan ishlash
zarurati tug‘iladi. Bizning tajribalarimizda, 1200 MHz gacha bo‘lgan chastotalarda o‘lchovlar piezoelektrik
plastinkaning 31-garmonikasidan yuqori harmonikalarda akustik to‘lginlarni uyg‘otish orgali amalga
oshirildi. Buning uchun sozlanadigan chorak to‘lqinli koaksial rezonator ishlatildi, bu rezonator ichiga
o‘rganilayotgan namuna va piezoelektrik datchik joylashtirilgan edi.

30 ki kigd] 3

o

-
r
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|

4 4
Lix, Izx Lis, I2s
1-rasm. Dixon usuli yordamida fotoelastik konstantalarni aniglash sxemasi

Samarali fotoelastik konstantalar modifikatsiyalangan Dixon-Cohen usuli bilan aniglandi. Bu usulda
akustik to‘lginlar piezoelektrik datchiklar yordamida ham etalon namuna, ham o‘rganilayotgan namunadan
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uyg‘otildi. Avvaliga, akustik to‘lginlar etalon namunadan uyg‘otilib, diffraksiyalangan yorug‘lik intensivligi
ham etalon namunada (lis), ham o‘rganilayotgan namunada (Iix) o‘lchangan. Keyin akustik to‘lginlar
o‘rganilayotgan namunadan uyg‘otilib, yana diffraksiyalangan yorug‘lik intensivligi o‘rganilayotgan
namunada (l.x) va etalon namunada (l.s) o‘Ichangan.

Dixon usulida akustik to‘lginlarni uyg‘otish va diffraksiyalangan yorug‘likni kuzatish sxemasi 1-
rasmda ko‘rsatilgan. Ushbu rasmda quyidagi belgilanishlar ishlatilgan: 1 — etalon namuna, 2 -
o‘rganilayotgan namuna, 3 — piezoelektrik datchik, q — akustik to‘lqin vektori, ki va k. — mos ravishda
tushayotgan va diffraksiyalangan yorug‘lik to‘lgin vektorlari, lo — tushayotgan yorug‘lik intensivligi, 0s —
Braggning tashqi diffraksiya burchagi, u o‘rganilayotgan namuna va etalon namunasi uchun har xil bo‘ladi.
Ushbu burchak goniyometr yordamida o‘lchangan, bunda o‘rganilayotgan va etalon namunasi qo‘shilgan
murakkab namuna aylanadigan stolga joylashtirilgan.

Bragg yorug‘lik diffraksiyasining har bir geometriyasi uchun samarali fotoelastik konstantaning
giymati quyidagi tenglama orgali aniglangan:

ng_f”E n? ] _
aVE (n+ll = -

pIpm®  n2 ] {I-_tfx:]l"'r: 3)
aVE (n+l)* g “ishs
Bu tenglamada “S” va “X” belgilari mos ravishda etalon va o‘rganilayotgan namunalarning
xususiyatlarini ko‘rsatadi. Samarali fotoelastik konstantalarni aniqglash aniqligi taxminan 20 % bo‘lgan.
Akustik to‘lginlarning [100] va [001] kristallografik o‘qlari bo‘yicha tezligi Bragg yorug‘lik
diffraksiya burchagidan aniglangan:

Apv
V= 2zinfg (4)

Bu yerda v — akustik to‘lginning chiziqli chastotasi va 6g — Bragg diffraksiya burchagi. Akustik to‘lqin
tezligini aniglash anigligi taxminan 0,2 % ni tashkil gilgan.

O‘lchangan akustik to‘lqin tezliklari va turli yo‘nalishlar bo‘yicha (xususan, [100], [001] va [110]
yo‘nalishlarida) diffraksiyalangan yorug‘lik intensivliklariga asoslanib, 3-formuladan foydalanib, Langasit
kristallarida ushbu yo‘nalishlar uchun samarali fotoelastik konstantalar aniqlanadi. Keyin 1-formulaga va
akustik to‘lginlar tezligining eksperimental qiymatlari hamda zichlik va sinish ko‘rsatkichlari haqidagi
ma'lumotlardan foydalanib, o‘rganilgan Bragg diffraksiyasi geometriyalari uchun akusto-optik sifat
ko‘rsatkichi M? giymatlarini hisoblash mumkin.

Ba'zi oddiy Bragg yorug‘lik diffraksiyasi geometriyalari uchun samarali fotoelastik konstantalar
fotoelastiklik tensorining komponentlariga teng kelishini ta'kidlash kerak. Masalan, yorug‘likning bo’ylama
yoki ko‘ndalang akustik to‘lginlar tomonidan [100] yo‘nalishida tarqalishi orqali diffraksiyasini o‘rganish
orgali darhol fotoelastiklik tensorining p.., p.. yoki p.. komponentlarini aniglash mumekin.

Langasit kristallaridagi akusto-optik sifat ko‘rsatkichi M, ning anizotropiyasini aniglash uchun,
avvalo, umumiy holatda to‘lqin vektoridan og‘ishadigan bo’ylama akustik to‘lginlarning polarizatsiya
vektori komponentlarini topish kerak. Bu masalani hal gilish uchun (100) tekislikda targalayotgan akustik
to‘lginda energiyaning dissipasiyasini hisobga olmagan holda to‘lqin tenglamasidan foydalanish mumkin:

8%u; 8uy

Paz = Cukig (5)

daxjaxg

Bu tenglama akustik to‘lginlarning yo‘nalishi va polarizatsiyasini hisoblash uchun ishlatiladi.

Bu yerda, u; — zarrachalarning o'zgarish vektori komponentalari, 1, — deformatsiya tensorining
komponentalari x;— koordinatalar, cij_— elastik konstantalar tensorining komponentalari, va p — kristalning

zichligini ifodalaydi. Tenglama (5) odatda akustik to‘lginlar tarqalishining energiya yo‘qotilishsiz holatida
sodir bo‘lishini ko‘rsatadi. To‘Iginlar tenglamasi komponentlari quyidagi shaklda yozilishi mumkin

u; = ug; expli(wt — qux)] (6)

:Bu yerda uy; — to‘lqin amplitudasi, q; — to‘lqin vektori komponentalari, va ® — akustik to‘lqinning
aylana chastotasi.
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Natijada, Green—Christoffel tenglamalarining tizimi olinadi:

[ — 8aepV2ly =0 (7)

-

Bu yerda T;, — Green-Christoffel tensorining komponentalari, &;;, — Kronecker tensorining
komponentalari.

Green-Christoffel tensorining komponentalari, birlik to‘lqin normalining yo‘nalish kosinuslari
bo‘yicha material tensorining elastik konstantalarini konvolyutsiyalash orgali aniglanadi:

Lk = CijrakKg (8)

Tadgiqgot va natijalar tahlili. Kristallarning 32 sinf simmetriya guruhi elastik xossalarini tavsiflash
uchun vyetti elastik konstantalar giymatini bilish kifoya. Bu konstantalarni matritsa shaklida quyidagicha
yozish mumkin: C11,C12,C13,C16,C33,Ca4, VA Ces (001) tekisligida, to‘rtinchi daraja simmetriya o‘qi bo‘ylab,
akustik to‘lqin targalish yo‘nalishi bilan [100] o‘qi o‘rtasida burchak ¢ bo‘lganda, yo‘nalish kosinuslari
guyidagicha aniglanadi: k1=cos¢, k=sin¢, ks=0. Green-Christoffel tensorining komponentalari quyidagicha
ifodalanadi:[12]

Ty = CeeC052 @ + Cagsin@ + €1y 5in2 @ 9)

Tao = Cyy €052 @+ Caa SiN" @ — €pa Sin2 (10)

T35 = Cag 05 + c33 5in° (11)

P23 =Tz = (13 + Cag) cOS@SING —Cpa (12)

[ =Ty =T33 =053 =0 (13)

Langasit kristallaridagi bo’ylama akustik to‘lginlarning faza tezligi to‘lqin vektorining (100)
tekisligidagi yo‘nalishiga bog‘ligligini (9) va (7) tenglamalaridan foydalangan holda aniqlash mumkin..
Hisob-kitoblarda quyidagi elastik konstantalar giymatlari ishlatilgan: c1:=18,8*10%° N/m?, €33=26,2*10%
N/mz, C44=5,37*1010 N/mz, 06524,21*1010 N/m2, C13=9,69 1010 N/mz, C14=1,41*1010 N/m2. Ushbu
konstantalarni aniqlash uchun bo’ylama va ko‘ndalang to‘lginlarning turli yo‘nalishlardagi tezliklari va p
zichligi (6) dan foydalanilgan. Olingan barcha giymatlar adabiyotdagi qiymatlar bilan yaxshi mos keladi.

120 _—" T .60

150

180

1321011

210" /330

240 S 300

2-rasm. Teskari tezlik kubining (100) tekislikdagi ko’ndalang akustik to'lginlar vektorining
yo'nalishiga bog'ligligi
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Hisob-kitob natijalari 2-rasmda ko’ndalang to‘lginlar uchun faza tezligining kubning teskari
giymatining kesmasi sifatida ko‘rsatilgan. (1/V3) giymati 107''s®/m® ni birlik sifatida gabul gilingan.
Rasmdan ko‘rinib turibdiki, ushbu akustik xususiyatdagi o‘zgarish sezilarli (30% gacha) bo‘lib, shuning
uchun uning M koeffitsiyentining anizotropiyasiga qo‘shgan hissasi ham muhim.[13]

Olingan barcha ma'lumotlar asosida Langasit kristallari uchun quyidagi mustaqgil fotoelastik
konstantalar olingan: p11 = 0.014; p12 = 0.027; p13 = 0.071; p14 = 0.013; p31 = 0.078; p33 = -0.181; p4l =
0.033; p44 = 0.028 [3].

Ushbu fotoelastik konstantalar akusto-optik sifat ko‘rsatkichi M2 ning (100) tekisligida bo’ylama
akustik to‘lginlar yo‘nalishiga bog‘ligligini hisoblash uchun ishlatilgan. Hisob-kitoblar ikki holat uchun
bajarildi: birinchisida, kristalga tushayotgan yorug‘likning polarizatsiyasi akustik to‘lgin vektori bilan
parallel bo‘lsa, ikkinchisida esa perpendikulyar bo‘lgan.[14]

LasGasSiOis kristallarida (100) tekislikda tarqaluvchi bo’ylama akustik to‘lginlar orqali yorug‘lik
diffraksiyasi natijasida akusto-optik sifat ko‘rsatkichi M ning yo‘nalish bo‘yicha bog‘ligligi hisoblangan. 3-
rasmdan ko‘rinib turibdiki, eng katta anizotropiya yorug‘likning akustik to‘lqin vektoriga perpendikulyar
bo‘lgan holatda kuzatiladi. Ushbu holatda, eng katta va eng kichik M, koeffitsiyent qiymatlari sof bo’ylama
to‘lginlar yo‘nalishlari uchun kuzatiladi.
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Xususan, (100) tekislikda, M. koeffitsiyentining maksimal giymati 4.7 -10™" s3%/kg bo‘lib, bu [010]
0‘qiga nisbatan 45° va 225° burchaklar ostida joylashgan yo‘nalishlar uchun kuzatiladi. Bu giymat akusto-
optik qurilmalarda qo‘llaniladigan kristallardagi eng katta giymatlardan biridir va UV spektral mintaqgasi
uchun AO modulyatorlarida sezgir elementlar sifatida foydalanish mumkin, chunki M. ning bu giymatlari
akusto-optik qurilmalarda ishlatiladigan kvarts kristallari uchun M, giymatidan ikki baravar ko'p.

Xulosa. Bragg yorug‘lik diffraksiyasi va Dixon usuli yordamida Langasit kristallarida akusto-optik
o‘zaro ta'sir anizotropiyasi xona haroratida o‘rganildi. Turli yo‘nalishlarda akustik to‘lginlar va yorug‘lik
tarqalishining elastik va fotoelastik konstantalari o‘lchandi. Simmetriya tekisligida bo’ylama akustik
to‘lginlar uchun M koeffitsiyentining yo‘nalishga bog‘liq o‘zgarishi batafsil o‘rganildi. Sof bo’ylama
to‘lginlar holatida M, koeffitsiyentining eng katta va eng kichik giymatlari kuzatilishi ko‘rsatildi. Umuman
olganda, olingan natijalar Langasit kristallaridan akusto-optik qurilmalar uchun eng foydali geometriyalarda
foydalanish imkonini beradi.
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MEXATRONIK TIZIM YORDAMIDA BOSHQARILADIGAN KONVEYERLI
PILLA QURITISH USKUNASI
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Annotatsiya. Ushbu maqolada pilla va gishlog xo’jaligi mahsulotlariga dastlabki ishlov berish,
xususan, mahsulot quritish uskunalari va ularni mexatronik boshgarish borasida ilmiy ishlar natijalari
ko rsatilgan. Pilla quritish uchun qo’llaniladigan qurilmalarga mexatronik tizim qo’llash orqali energiya
samaradorlikga erishilgani va quritish vagtini birmuncha gqisqargani hamda ipak sifat ko’rsatkichlari
bo’yicha quritish parametrlari nazorat gilingani haqida ma’lumotlar keltirilgan. Ilmiy izlanishlar olib
borish magsadida quritish uskunasi yaratilgan va o ’xshash qurilmalar bilan solishtirish orqali afzalliklari
ko rsatilgan.

Kalit so’zlar: mexatronika, mexatronik tizim, quritish kamerasi, namlik, harorat, quritish vagti, pilla,
pilla quritish, ipak sifat ko’rsatkichlari, quritish, quyosh energiyasi, absolyut gora jism, energiya
samaradorlik, issiglik energiyasi, konveyer.

KOHBEMEPHOE OBOPYJIOBAHME U151 CYIIKH HIEJIKA, YIIPABJISIEMOE
MEXATPOHHOM CUCTEMOM

AnHomayua. B oannoll cmamve npeoCcmagienvl pe3yibmamol HAYYHbIX UCCIe008AHULL NO NEePEUUHOLL
00pabomke WENKA U CelbCKOXO3AUCMEEHHOU NPOOYKYUU, 8 YACMHOCHU, NO CYUUTbHBIM YCIMPOUCMEAM U UX
MexampouHomy ynpasienuro. Tlpumenenue mexamporuol cucmemul 015 CYUUTbHBIX YCMPOUCME 015 uénKa
NO360IUNO0 OOCMUYbL IHEP2OIPOEKMUBHOCIU U COKPAMUMb 8PeMS CYWKU, A MAKXHCe KOHMPOIUPO8Amb
napamempusl CyWKu 6 COOMEEMCMeUU ¢ NOKA3amensiMu Kauyecmea wiénkda. s npoeedeHuss Hay4HbiX
UBBICKAHUL OBLIO CO30aHO CYUUIbHOE 000PYOOBaHUE, U €20 NPeUMywecmaa DbLIU NPOOEMOHCIPUPOBAHYL NO
CPAaBHeHUIO ¢ AHAL02UYHBIMU YCIPOLICTNEAMU.

Kntouesvle cnosa: mexampounuxa, MexampoOHHAS CUCMEMA, CYWUIbHAS KaMmepd, GIAXiCHOCHb,
memnepamypa, 6pems CYWKU, WENK, CYWKA WENKA, NoKazamenu Kaiecmea WIENKd, CYWKd, CONHeuHas
9Hepausl, abCoTOMHBII YEPHBLI KOPNYC, IHEPLOIPDEKMUBHOCHb, MENL08As IHEPUs, KOHBelep.

CONVEYOR COCOON DRYING EQUIPMENT CONTROLLED BY
A MECHATRONIC SYSTEM

Abstract. This article presents the results of scientific research on the preliminary processing of silk
and agricultural products, specifically regarding drying equipment and their mechatronic control. The
application of a mechatronic system for silk drying devices has achieved energy efficiency and significantly
reduced drying times, as well as allowed for the control of drying parameters based on silk quality
indicators. A drying device was developed for scientific research, and its advantages were demonstrated
through comparison with similar devices.

Keywords: mechatronics, mechatronic system, drying chamber, humidity, temperature, drying time,
silk, silk drying, silk quality indicators, drying, solar energy, black body, energy efficiency, thermal energy,
conveyor.

Kirish. Bugungi kunda pilla mahsulotlarini quritish, ularning sifatini oshirish va energiya samarador
texnologiyalarni ipak sanoatiga tadbiq etish dolzarb masalalardandir. Ushbu jarayonni amalga oshirishda
gayta tiklanuvchi energiya manbalaridan foydalanish va mahsulotni to‘liq quritish masalasi o‘ta muhimdir.
Bu, o‘z navbatida, quritishga sarflanadigan vaqt va energiya miqdorini kamaytirishga olib keladi. Quritish
jarayonida har tomonlama issiglik ishlovi berish va quyosh energiyasi hamda gisman elektr energiyasidan
foydalanish ilmiy ishning asosiy mohiyati hisoblanadi [1].

Bundan tashgari bugungi kunda sanoat jarayonlarida avtomatlashtirish va boshgaruv tizimlarining
ahamiyati ortib bormoqda. Xususan, o0zig-ovgat sanoatida, masalan, konveyerli pilla quritish jarayonida,
yugori sifat va samaradorlikni ta'minlash muhim ahamiyatga ega. Mexatronik tizimlar esa mexanik, elektr va
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kompyuter tizimlarini birlashtirib, jarayonlarni avtomatlashtirishga yordam beradi. Ushbu magolada
mexatronik tizim yordamida boshgariladigan konveyerli pilla quritish uskunasi hagida batafsil ma'lumot
beriladi, uning ishlash printsipi, afzalliklari va sanoatdagi o'rni ko'rib chigiladi. Bu tizimlar nafagat jarayon
samaradorligini oshiradi, balki energiya tejash va resurslarni optimal ishlatishga ham imkon yaratadi [2].

Taklif etilgan qurilmaning vazifasi avvalgi qurilmalardan farqli o‘laroq, mahsulotni quritishda kam
vaqt va energiya sarflanadigan holda, butun hajmi bo‘yicha gisman mugqobil, qisman esa elektr energiyasi
hisobiga quritishdir. Ushbu jarayonda, quritilayotgan pilla mahsulotlarining sifat ko‘rsatkichlarini saqlash
masalasi ham muhim ahamiyatga ega. Bu magsadga erishish uchun, go‘llaniladigan konveyerlar soni birga
oshirilib, qguyosh-havo kollektoridan foydalanish orgali optimallashtirilgan.

Ipakning sifat ko‘rsatkichlari, qo‘llanilgan mexatronik tizimning quritish parametrlarini optimal
nazorat gilish orqali erishilgan. Konveyerlar va quyosh-havo kollektorining joylashishi chizmalarda batafsil
tavsiflanadi. Konveyerlar ketma-ket joylashtirilgan bo‘lib, undagi quritilayotgan mahsulot birinchi
konveyerdan ikkinchi konveyerga o‘tganda, to‘ntarilish jarayonida mahsulot ikki tomondan quyosh va elektr
energiyasi orqali issiqlik ishlov beriladi. Agar quyosh radiatsiyasi yetarli bo‘lsa, energiya tejash maqgsadida
elektr energiyasi avtomatik tarzda o‘chiriladi.

Shu bilan birga, ishlab chigilgan qurilmaning energiya samaradorligini oshirish va quritish jarayonini
soddalashtirish uchun ilg‘or texnologiyalarni joriy etish zarurligi ahamiyatli hisoblanadi. Bularning barchasi
pilla mahsulotlarining sifatini saglab golish va iste'molchilar uchun ragobatbardosh narxlarda yuqori sifatli
ipakni taqdim etish imkonini beradi. Shu sababli, ushbu ilmiy ish, pilla quritish jarayonini zamonaviy
texnologiyalar bilan boyitish va innovatsion yondashuvlarni qo‘llash orgali sog‘lom va barqaror ishlab
chiqarish tizimini yaratishga qgaratilgan [3].

Kelgusida, taklif etilayotgan texnologiyaning joriy etilishi, pilla ishlab chigarish jarayonida energiya
sarfini sezilarli darajada kamaytirish, ekologik toza mahsulotlarni ishlab chigarish imkonini beradi hamda
ipak sanoatining kelajagi uchun yangi imkoniyatlarni ochadi.

Adabiyotlar tahlili. Mexatronik tizimlar, mexanika, elektronika va dasturiy ta'minotning
integratsiyasi orgali murakkab jarayonlarni avtomatlashtirish imkonini beradigan texnologiyalar majmui
sifatida pilla ishlab chigarishda muhim ahamiyatga ega. Ushbu tizimlar pilla quritish jarayonini boshqarish
uchun zarur bo'lgan sensorlar, aktuatorlar va nazorat mexanizmlarini o'z ichiga oladi [4].

Energiya samaradorligi pilla quritish jarayonida muhim rol o'ynaydi. Adabiyotlarda quyosh energiyasi
va elektr energiyasining birgalikda ishlatilishi orgali energiya sarfini kamaytirishga qgaratilgan tadgiqotlar
mavjud. Quyosh Kkollektorlarining ishlashi va ularning pilla quritish jarayoniga integratsiyasi energiya
tejamkorligini oshirishga va xarajatlarni kamaytirishga yordam beradi.

Konveyerli pilla quritish uskunalarining ikki tomonlama quritish imkoniyati jarayonni tezlashtirish va
pilla sifatini sagqlashga yordam berishi mumkin. Ikkita konveyer yordamida mahsulotning ikki tomonini bir
vaqtda quritish jarayonining samaradorligini oshirish imkonini beradi.

Pilla sifatini nazorat gilishda harorat va namlik datchiklarining roli katta. Ushbu datchiklar pilla
quritish jarayonida optimal sharoitlarni ta'minlash uchun muhimdir va ularning yordamida uzluksiz
monitoring va nazorat gilish pilla sifatiga ta'sir ko'rsatadi. llg'or tadgiqotlar mexatronik tizimlar va yangi
texnologiyalarning jahon bozorida raqobatbardosh bo'lishdagi ahamiyatini ko'rsatadi. Olingan natijalar
samarali ishlab chigarish jarayonini ta'minlash uchun innovatsion yondashuvlarni rivojlantirish zarurligini
ko’rsatadi [5].

Mexatronik tizimlar yordamida pilla ishlab chigarish jarayonining ekologik jihatlari ham muhimdir.
Energiya sarfini kamaytirish va atrof-muhitga ta'sirni minimallashtirish bargaror rivojlanishni ta'minlash
uchun zaruriy shartdir. Ushbu tadgiqotlar ekologik toza texnologiyalarni qo'llash va ishlab chigarish
jarayonini yaxshilashni ta'minlaydi.

Umuman olganda adabiyotlar tahlili mexatronik tizimlar yordamida boshgariladigan konveyerli pilla
quritish uskunasi uskunaning samaradorligini, energiya tejamkorligini va mahsulot sifatini oshirishda muhim
rol o'ynayotganini ko'rsatadi. Bunday texnologiyalar ishlab chiqgarish jarayonini optimallashtirishga va sifatli,
ekologik toza mahsulotlar ishlab chigarishga xizmat giladi. Kelajakda bunday innovatsion yechimlar pilla
ishlab chigarish sohasida muhim o'rin tutishi [6], [7], [8] adabiyotlarida ko’rib chiqildi.

Uslub. Bajarilgan ilmiy ish va yaratilgan quritish uskunasining ilmiy yangiliklari va afzalliklarini
asoslash uchun o‘xshash qurilmalarga solishtirish uslubidan foydalanish, tushuntirish uslubining sodda va
tushunarli yoritilishiga asos bo‘ladi. Taklif etilayotgan qurilmaga o‘xshash qurilma sifatida, quritish
korxonalarida namlikni ajratib olishga mo‘ljallangan YCK — 7 markali konveyer tipidagi (transportyorli)
quritish moslamalarini misol gilib keltirish mumkin [2].
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UCK - 7 markali konveyer tipidagi quritish moslamalari, asosan, pilla, meva va sabzavotlarni quritish
uchun mo'ljallangan. Ushbu qurilmalar mahsulotlarni doimiy ravishda bir joydan ikkinchi joyga o'tkazib,
uzluksiz quritish jarayonini ta'minlaydi.

Uskuna elektr yoki gazdan foydalanadigan issiglik manbalaridan foydalanishi mumkin, bu esa
jarayonni tezlashtiradi. Havoni aylantirish mexanizmi, mahsulotlarning bir xilda guritilishiga yordam beradi
va namlikni tezda olib tashlaydi. Qurilma avtomatlashtirilgan boshgaruv tizimlari bilan jihozlangan bo'lib, bu
jarayonni nazorat gilish imkonini beradi. Energiya samaradorligi hisobiga esa xarajatlarni kamaytiradi va
ekoloji jihatdan foydali hisoblanadi. Ushbu qurilmalar ozig-ovgat sanoatida sifat va samaradorlikni
oshirishga xizmat giladi.

Ushbu qurilma quritish kamerasi, namlikni gochirish uchun issiglik manbayi, mahsulotlarni quritish
kamerasiga olib kirish va olib chigish uchun bitta konveyer (lenta) hamda konveyerni harakatga keltiruvchi
yuritmadan iborat [1]. Quritish jarayoni quyidagicha kechadi: quritishga tayyor mahsulot bo‘laklari
konveyerlarga joylab qo‘yiladi. Elektr dvigatel orqali konveyer harakatlantiriladi va u o‘z navbatida,
mahsulotlarni quritish kamerasiga olib kiradi. Quritish kamerasida konveyerdagi mahsulotlarga issiglik
ogimi beriladi. Issiglik ta'sirida mahsulotdan namlik ajrab chigadi va namsizlantirilgan (quritilgan)
mahsulotlar harakatlanayotgan konveyerlar orgali quritish kamerasidan chigib ketadi. Ushbu texnologik
jarayon takrorlanishi orgali mahsulotlarning quritilishi amalga oshiriladi.

Birog, ushbu qurilmaning asosiy kamchiligi shundaki, quritilayotgan mahsulot fagat bir tomonlama
quritiladi va namlikni qochirish uchun issiqlik energiyasi faqat global taqchillik bo‘lgan elektr energiyasi
yoki tabiiy gaz energiyasidan foydalaniladi [4]. Mahsulotlarning quritilganlik holatlari birxillashtirish yetarli
darajada tashkil etilmagan. Ya'ni mahsulotni butun hajmi bo‘yicha to‘la quritish masalasi to‘liq ko‘rib
chigilmagani holda, qayta tiklanuvchi muqobil energiya manbalaridan foydalanish ko‘zda tutilmagan.
Quritilganlik holati va sifat darajasida ish tashkil etish bunday qurilmalarda ko‘proq vaqt sarf etiladi, bu o‘z
navbatida ortigcha energiya talab etadi. Qayta tiklanmaydigan energiyalar hisobiga olingan issiglik ogimi,
guritilayotgan mahsulot hajmining ma'lum gismiga beriladi xolos.
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1-rasm. Qurilmaning old tomondan ko’rinishi

Ushbu muammolarni hal etish uchun taklif etilayotgan qurilmada vazifani bajarilishi shundayki, unda
qo‘llaniladigan konveyerlar ustma-ust va ketma-ket joylashtiriladi, yugori gismidan quyosh-havo kollektori,
ost gismidan esa elektr isitkichlar qo‘llaniladi [5]. Bunday konstruksiya qo‘llanilishi orgali mahsulotni ikki
tomonlama quyosh va elektr energiyalari orgali quritishga erishiladi. Birinchi konveyerga joylangan
mahsulotga yuqori gismidan quyosh, ost qismidan esa elektr energiyasi orqali issiqlik ta'siri o‘tkaziladi [6].
Ikkinchi konveyerga o‘tishida mahsulot to‘ntarilib, quyosh orqali gizigan tomoni elektr yordamida, elektr
orgali gizigan tomoniga esa quyosh orqali issiglik ishlovi beriladi. Ikkala tomonlama quritish jarayoni
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mahsulotning qurish tezligini ham gisqgartiradi. Bundan tashqari, quritish parametrlarini nazoratda ushlab
turuvchi mexatronik tizimning mavjudligi, quritish sifatiga ijobiy ta'sir etadi [7].

Ushbu yondashuvlar, nafagat energiya samaradorligini oshiradi, balki mahsulot sifatini ham
yaxshilaydi, shuningdek, gayta tiklanuvchi energiya manbalaridan foydalanish orgali ekologik toza ishlab
chiqarish jarayonini ta'minlaydi.

12

2-rasm. Qurilmaning yon tomondan ko’rinishi
Taklif etilayotgan konveyerli pilla gquritish qurilmasini tasvirlash uchun yon tomondan chizma-2 va
old tomonidan chizma-1 da ko’rinishi tasvirlangan bo’lib, u quyidagi ishchi organlardan iborat: 1-birinchi
konveyer (oralaridan issiqlik oqimi o’ta oladigan mayda sim setka), 2-ikkinchi konveyer (oralaridan issiglik
oqimi o’ta oladigan mayda sim setka), 3-yetaklovchi charx, 4-5-6-7-lar yo’naltiruvchi charx, 8-9
yo’naltiruvchi charxlarni birlashtiruvchi o’q (val), 10-yetaklovchi charxlarni birlashtiruvchi 0’q (yuritma

3-rasm. Taklif et\ilayotgan qurilma

Natija. Mexatronik tizim orgali boshqgariladigan quritish kamerasining asosiy natijalaridan biri, eng
yagin analog qurilmaga nisbatan konveyerlar sonining birga orttirilishi hisoblanadi. Ushbu o'zgarish, quritish
samaradorligini sezilarli darajada oshiradi. lIkkita konveyerning mavjudligi, ikki tomonlama quritish
imkonini beradi, bu esa quritish jarayonini tezlashtiradi va sifatini yaxshilaydi [10].
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Bundan tashgari, qurilmada qo’llanilgan quyosh kollektorining mavjudligi energiya samaradorligini
oshirishga yordam beradi. Quyosh energiyasi va elektr energiyasining birgalikda ishlatilishi, mahsulotni
ikkala tomonini samarali quritishga imkon beradi. Bu yondashuv, an’anaviy quritish usullariga garaganda
energiya xarajatlarini kamaytirish va ekologik toza yechimlar tagdim etadi.

Mahsulot birinchi konveyerda kerakli darajada quritilgandan so'ng, u konveyer harakati orgali ikkinchi
konveyerga o'tkaziladi. Ushbu o'tkazish jarayoni paytida, mahsulot to’ntarilib, ikkinchi tomoni ham issiglik
olish orgali quritiladi. Qurilmaning ish jarayoni boshlanishida fagat birinchi konveyerga mahsulot joylanadi.
Ma'lum muddatdan so'ng, quritilgan mahsulot ikkinchi konveyerga o'tkazilib, birinchi konveyerga yangi
mahsulot kiritilishi davom etadi. Bu jarayon, doimiy ravishda takrorlanib, ikkinchi konveyerdagi quritilgan
mahsulotning chigarib olinishi bilan yakunlanadi.

Bundan tashqari, ikkita konveyerni bitta yuritma mexanizmi orgali boshgarish qulayligi, tizimning
ishonchliligini va samaradorligini oshiradi. Bu xususiyat, operator uchun jarayonni boshgarishni
soddalashtiradi va energiya sarfini optimallashtiradi.

Tajriba sinovlari davomida 2,7 kg pilla materialining quritish jarayoni amalga oshirildi. Sinov
natijalari shuni ko'rsatdiki, mahsulot 3,5 soat ichida 1,1 kg gacha quritildi. Bu natijalar, quritish
kamerasining samaradorligini va qobiliyatini tasdiglaydi. Olingan natijalar, 1-rasmda ko'rsatilgan, bu esa
tadgiqot jarayonining muhim bosgichlarini vizual tarzda ifodalaydi.

Umuman olganda, mexatronik tizim orgali boshgariladigan quritish kamerasining innovatsion
xususiyatlari, energiya samaradorligini oshirishga, quritish jarayonini tezlashtirishga va ekologik jihatdan
toza yechimlarni tagdim etishga xizmat giladi. Bu natijalar, kelajakda boshga mahsulotlarni quritishda ham
qgo'llanilishi mumkin bo'lgan yangi texnologiyalarni rivojlantirishda muhim rol o'ynaydi. Olingan natijalar va
ilmiy ishning tajribalari 1-rasmda ifodalangan.

4-rasm. Quritilgan pillalar

Xulosa qilib aytganda, taklif etilgan “Konveyerli quritish uskunasi” innovatsion yechim sifatida bir
gator muhim xususiyatlarga ega. Ushbu qurilma, yo’naltiruvchi charxlar, yetaklovchi charxlar, konveyer ikki
chetidagi charxlarni birlashtiruvchi o’qlar, elektr isitgich va konveyer lentalaridan iborat bo'lib, uning asosiy
afzalliklaridan biri — ikki konveyer bilan jihozlanganligi. Bu xususiyat quritish jarayonini ikki tomonlama
amalga oshirish imkonini beradi, bu esa samaradorlikni sezilarli darajada oshiradi.

Qurilmada qo'llanilgan quyosh energiyasi, energiya samaradorligini yanada oshiradi. Quyosh
energiyasidan foydalanish, an'anaviy energiya manbalaridan fargli ravishda, xarajatlarni kamaytiradi va
ekologik jihatdan toza yechimlarni tagdim etadi. Buning natijasida, quritish vaqti gisqaradi, bu esa ishlab
chiqarish jarayonini tezlashtiradi va natijada umumiy samaradorlikni oshiradi.

Shuningdek, quritish kamerasida joylashtirilgan harorat va namlik datchiklari, mahsulotning sifatini
saglashga xizmat giladi. Ushbu datchiklar, ipakning sifat ko'rsatkichlarini muvozanatda ushlab turish uchun
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zaruriy shart-sharoitlarni ta'minlaydi. Bu jahon bozorida sifatli ipak yetkazib berishni kafolatlaydi,
shuningdek, ragobatbardoshlikni oshirish va bozor talablariga javob berish imkoniyatini yaratadi.

Bunday qurilmaning joriy etilishi, nafagat mahsulot sifatini oshirishga, balki ishlab chigarish
jarayonining samaradorligini ham oshirishga xizmat giladi. Ushbu yondashuv, igtisodiy jihatdan foydali
bo'lish bilan birga, ekologik bargarorlikni ta'minlashga ham yordam beradi. Umuman olganda, taklif etilgan
guritish uskunasi, ishlab chigarish jarayonini optimallashtirish va sifatli mahsulotlar ishlab chigarish uchun
muhim gadam hisoblanadi.
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Annotatsiya. Ushbu maqolada tikuv mashinalarining moki va moki g ‘altagiga kimyoviy-termik ishlov
berishda metall materiallarga ta'sir giluvchi issiglik kuchlanishlari va deformatsiyalarni nazariy tahlil
qilishning natijalari keltirilgan. Tadgiqot davomida harorat va ichki bosim ostida hosil bo ladigan
kuchlanishlar, shuningdek, turli yuklanish sharoitida moki devorining deformatsiyasi o ‘rganildi. Nazariy
tahlil va matematik modellash orqali hosil bo ‘Igan natijalar yuqori aniqlikdagi yechimlarni taqdim etishga
imkon berdi. Tadgigotning asosiy magsadi tikuv mashinalarining ish qobiliyatini oshirish, ularning
komponentlarini mustahkamlash va materiallarning ishlash muddatini uzaytirishdir. Natijalar tikuv
mashinalari ishlab chigarish texnologiyalarini takomillashtirish uchun muhim amaliy tavsiyalarni beradi.
Tadgigotning ilmiy yangiligi va amaliy ahamiyati uning sanoatdagi keng qgo ‘llanilishida namoyon bo ‘ladi.

Kalit so‘zlar: issiglik, termal kuchlanish, deformasiya, kengayish koeffitsiyenti, gizdirish, sovitish,
vaqt, xavfli zona, kiyoviy-termik ishlash, kuch, tenglama, bosim.

HCCJEJOBAHHUE TENJIOBOI'O HANIPSIXKEHMS ITPU XUMHUKO-TEPMHYECKOMN
OBPABOTKE JETAJIEN

Annomayua. B oannoti cmamee npedcmasiiensl pesyibmamsl meopemuyecko2o aHaIu3a menioebix
HanpsiceHuti u oeghopmayuii, OeUCMEYIOWUX HA MEMALIUYECKUe MAmepuasl npu XUMUKO-mepmuieckol
00pabomKe HeIHOKO8 U HeTHOYHLIX Kamywlek uwlgelnvlx mawiuH. B xode uccredosamus usyuanucey
Hanpsicenus, co3oasaemvle npu memMnepamype u 6HympeHHem OAleHuU, a maxaice 0epopmayus CmeHKu
Wammiua npu pasiudHblx YCIo8Uusax Hazpysku. Pe3ynemamoi, noiyyeHHvle ¢ HOMOWBIO MEOPEemuiecKo2o
aHanu3a U MAmemMamuyecko2o MoOeIUpOBaHUs, NO3GONUNU NPeOOCMAGUMb PEeuleHUss ¢  GblCOKUM
paspewtenuem. OCHOBHAA Yenb UCCIE008AHUA = NOBbLICUMb PADOMOCNOCOOHOCMb  WBEUHbIX MAUUH,
VKpenums ux y3ivl U HPOOIUMb CPOK CAYHCObl Mamepuanos. Pesynomamsi 0arom 6adicHvle npakmuyeckue
PeKOMeHOayuy No COBEPULEHCMBOBAHUIO MEXHON02UU NPOU3B00CMEa WeeliHbIX Mawun. Hayunaa nosusna u
NPaKmMu4ecKkas 3Ha4uMoCms UCCIe008AHUS NPOABIAENICA 8 €20 UWUPOKOM NPUMEHEHUU 8 NPOMbILULIEHHOCMU.

Knwouesvie cnoea: menno, mennogoe Hanpsdxicenue, oegopmayus, Kodppuyuenm pacuiupenus,
Hazpes, oXnadicoeHue, 8pems, ONACHAs 30Ha, USHOCOCMOUKOCMb, NPOYHOCb, YPAGHeHUe, OdsleHuUe.

INVESTIGATION OF THERMAL STRESS DURING CHEMICAL AND THERMAL
PROCESSING OF PARTS

Abstract. This article presents the results of a theoretical analysis of thermal stresses and
deformations acting on metal materials during the chemical and thermal treatment of shuttles and shuttle
coils of sewing machines. The study examined the stresses created at temperature and internal pressure, as
well as the deformation of the shuttle wall under various load conditions. The results obtained using
theoretical analysis and mathematical modeling allowed us to provide high-resolution solutions. The main
purpose of the study is to improve the performance of sewing machines, strengthen their nodes and extend
the service life of materials. The results provide important practical recommendations for improving sewing
machine manufacturing technologies. The scientific novelty and practical significance of the research is
manifested in its wide application in industry.

Keywords: heat, thermal voltage, deformation, expansion coefficient, heating, cooling, time, danger
zone, thermo-thermal performance, strength, equation, pressure.
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Kirish. Ma’lumki, agar materialning issiqlikdan kengayish erkinligi bilan ta'minlangan bo‘lsa, u holda
boshga element yoki materiallarga nisbatan termal kuchlanish ancha past bo‘ladi. Aynigsa, chizigli
kengayish koeffitsiyenti perlit po‘latlarga qaraganda oustenit po‘latlardan tayyorlangan mokini tez qizdirish
yoki sovutish paytida yuqori harorat kuchlanishlari kattaroq bo‘lishi mumkin.

Metallarni gizdirish vagtida silindrsimon idishlar devoridagi harorat kuchlanishlari silindrning ma'lum
o‘lchamlari, devordagi harorat farqi va materialning ba'zi fizik konstantalaridan hisoblanishi mumkin. Eng
xavfli zona - bu devorning ichki yuzasiga tutashgan qismi bo‘lib, u erda cho‘zuvchi aylanma va o‘q bo‘yicha
yo‘nalgan kuchlanishlar harakat qgiladi, ichki bosimdan kelib chigadigan aylanama o‘q bo‘yicha yo‘nalgan
kuchlanishlar bilan bir xil (+ yoki -) belgiga ega.

Moki ichkari tomonidan qizdirilganda, mokining tashqi yuzasida maksimal aylana harorat
kuchlanishlari paydo bo‘ladi va ichki bosimning kuchlanishi bilan turli (+ yoki -) belgilarga ega bo‘ladi,
buning natijasida moki devorining materiali tashqi gizdirish bilan yuklanganidan ko‘ra bir tekisda
yuklanishda bo‘ladi.

Buning sababi shundaki, moki ichki tomoni gizdirilganda ular ichki bosimdan maksimal
kuchlanishidan oshirmaydi. Tashqgi gizdirishga kelsak, asosan tikuv mashinalari shu sharoitda ishlaydi.
Haroratning o‘zgarishi bilan bog‘liq o‘zgaruvchan termik kuchlanishlar xavfli hisoblanadi [1].

Asosiy gism. Ayrim materiallar uchun & — & egri chizigli deformatsiya diagrammalarini darajali

bog‘lanishlar yordamida ifodalanishi mumkin [2]:
o K
g=g™ ﬁ) ) (1)

bunda - material deformasiyasi, mm; & ™ — proportsionallik chegarasi;
£™- qoyishqoq materialning eng katta nishiy deformasiyasi;
K — ideal plastiklikka ega bo‘lgan qayishqoq jism (Guk qonuni).
Materialning darajali puhtalanishi paytida deformatsiyaning xarakterini 1-rasmdagi deformatsiya
diagrammalaridan aniglash mumkin. Materialning deformatsiya diagrammasining egri chizigli kesimi
A= (g™ =5) kr/mm?; belgisi: A-moki materiali; B - moki g‘altagining materiali; E5 = 1 * 10%
kr/mm?; o, =5#107% K = 0,3) quyidagi bog'ligliklarni qanoatlantiradi:

0.3
G=5( _E_) bunda & = 5% 107*
SelQ—+

B material uchun:

KI
(o =20—3; Ez=2+10°
MM~ M

KI
7 op =10+x107%K=06)
.
=20(— )ﬁ’ﬁ bolganda & = 10 » 10™*
= oo o‘lganda = = :

Agar K=1 bo‘lsa, biz ideal elastik jism holatiga ega bo‘lamiz (Guk qonuni). K=0 bo‘lganda - ideal
plastiklik holati. Bunda #™=g; ni qabul gilamiz. Statik noaniq sterjen tizimini ko‘rib chigamiz (1-rasm).
Har ganday i sterjen uchun o; kuchlanish va &;, deformatsiya o‘rtasidagi bog‘liqlik ifodalansin [3]:

B
= o ()

1
Har ganday sterjen i kuchlanishini va tashqgi P kuch va issiglik ta'siridan AB brus harakatining A
kattaligini hisoblash uchun formulalarni yozish talab gilinadi [4]
Muvozanat holatidan ma’lumki:
C"_lFl + C-'_:F: + -t C-'_E'.F:.: + "'+G”.F;! = P,

yoki
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1-rasm. U8 markali po‘latning larajali puhtalanishi uchun & — & diagrammasi. 1- moki g‘altakning
materiali B ucun; 2-moki materiali A uchun;

£y = s £z = aeis £ . aeis En Fn aeis
(ﬁ) 51 FJ'+(£_:'I) CT: F:++($) CT:. F:++(E—‘rlu) @, .F;!=P,
yoki
n £Q i I
izi(ﬁ) o, E=P, (2
AB bruslarning harakati elastik-plastik deformatsiyalardan iborat bo‘lib ularda o‘ziga parallel ravishda
sodir bo‘ladi. Shuning uchun, xuddi elastik deformatsiyalarda bo‘lgani kabi, sterjenlar deformatsiyalarining
muvofigligi uchun quyidagi shartlarni tuzish mumkin:
Aly=Ala=Alg=--=AlL;=Al,=4, (3)
A= (g, +8)ly = (g2 + 82) 1AL = (g; + 8;)l; = - = (g, + 8,),,  (4)
(4) tenglamadan quyidagini yozish mumkin:
g = (& +8)y1 — 645
g2 = (g + 8 )ys— 8z
g = (&, +81)yy — 61;
() g = (er + &)y — 8 eni= (o + 80y — 8
Har ganday i gatlam uchun deformatsiya giymatlarini (5) dan (3) ga almashtirib, biz nisbiy
deformatsiyani aniglash uchun quyidagi tenglamani olamiz:

n |lestEdyn—8; f We _ p
i=1 T o, = ,(6)

(6) tenglamadagi, =; birinchi sterjendagi yuklanishdan nisbiy deformatsiyani (5) ifodalar yordamida
aniglab, golgan barcha gatlamlardagi deformatsiyalarni aniglaymiz mumkin.

U xolda &y,€4, ...,&.... &, larni (2) formula o‘rniga qo‘yib, biz tizimning har qanday sterjendagi
kuchlanishni aniglaymiz.

Bruslarning harakat miqdori A (4) shartdan topiladi [5]. Ishda mualliflar tomonodan uzluksiz
sistemalar uchun yy =y2=...=y,=1 va tekis qgirgimlar gipotezasi ham elastik, ham plastik
deformatsiyalar uchun amal gilishini isbotlashgan. Demak, (4)—(6) formulalar uzluksiz sistemalar uchun ham
amal giladi.

Umumiy holatda &, £™, ™, R, masalaning yechimlari material, harorat, sovutish (qgizdirish) vaqti
va yuklanish funksiyalaridir. Bu funksiyalarning analitik ifodalari ma’lum bo‘lgan hollarda (6) tenglamada
chekli sonli n qatlamlar yig‘indisidan integrallash mumkin, ya’ni dF gatlamning kesmasini kerakli darajada
kichik gilib olish mumkin.

u holda (6) tenglama quyidagi shakini oladi:
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Je [—"E”Jr::f}r_"]ﬁamdzr =P, (7)

bu yerda =, va &, u &,- chiziq yuzasida nisbiy yuklanish deformatsiyasi va termal kengayish.
Sug‘orish masalalarini hal qilishda chiziq deformatsiyasining ruxsat etilgan qiymati A odatda chiziq
yuklangandan keyin A, ma'lum vaqtdan keyin o‘rnatiladi [7].

Bunday masalalarni (6) tenglama yordamida yechish qiyinchilik tug‘dirmaydi. Buning uchun
muammoning shartlariga ko‘ra aniqlanishi kerak bo‘lgan, (6) tenglamada P kuchini yoki F qirgim
yuzasining tasavvurlar maydonini gabul gilish va aniglash kifoya. Agar hisob-kitoblar tenglama (7)
yordamida amalga oshirilsa,

(-‘31 +d, = E), (8)
u holda shubhasiz, quyidagilarni olishimiz kerak:
Ent Gu=1,  (9)

()" P
N7

fﬂﬂ

—
L—"
P

as
a4

43
g
G

£

i

i
2-rasm. Turli nisbatlar uchun (ﬁ) funksiyalarning giymatlari (ﬁ) va K; koeffitsiyentlari

L I

Xulosa. Ushbu tadqiqot natijalari tikuv mashinalarining moki va moki g‘altagiga kimyoviy-termik
ishlov berish jarayonida hosil bo‘ladigan issiglik kuchlanishlari va deformatsiyalarni chuqur tahlil gilish
imkonini berdi. Nazariy yondashuv va matematik modellashtirish orgali issiglik kuchlanishlari va
deformatsiyalarni konkret aniglash mumkinligi isbotlandi, bu esa tikuv mashinalarining ish qobiliyatini va
samaradorligini oshirishda muhim ahamiyat kasb etadi. Tadgigot davomida olingan natijalar tikuv
mashinalari komponentlarining sifatini oshirish va ularning ishlash muddatini uzaytirish bo‘yicha muhim
ilmiy asos va amaliy tavsiyalarni berdi.

Tadgiqotda aniglangan issiglik kuchlanishlari va deformatsiyalarni kamaytirish bo‘yicha ishlab
chigilgan tavsiyalar tikuv mashinalari ishlab chiqgarish texnologiyasida foydalanilishi mumkin. Shu bilan
birga, bu natijalar boshqga sanoat sohalarida ham materiallarning issiqlik ta'siriga chidamliligini oshirish
bo‘yicha qo‘llanishi mumkin. Tadqiqot yuqori aniqlikdagi nazariy modellar va eksperiment natijalariga
asoslanib, tikuv mashinalari komponentlari uchun optimal ishlov berish sharoitlarini aniglashda yordam
beradi.

Ushbu tadgigot natijalari nafagat tikuv mashinalari sanoatida, balki umuman metallurgiya va
mexanika sohalarida ham keng qo‘llanish imkoniyatiga ega bo‘lib, materiallarning sifatini oshirish va
ularning uzogq muddat xizmat gilishini ta'minlashga yordam beradi. Shu tariga, ushbu magola yuqori
imfaktorli jurnal o‘quvchilari uchun ilmiy va amaliy jihatdan qimmatli bilimlarni taqdim etadi va sohadagi
tadqiqotlarni rivojlantirishga sezilarli hissa qo‘shadi.
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YK 621.315.593

ONTUYECKHUE CBOMCTBA U YYBCTBUTEJBHOCTh KPUCTAJLJIOB HUOBATA
JIMTUA C NIPUMECBHIO KEJIE3A

Hynoouwee Mypooxcon Axbapanu yznu,
cmapwiuti npenooagamens Yrugepcumema 6usHeca u HayKu,
0okmop ¢hunocoguu no ¢uzuxe u mamemamuxe (PhD)

Annomayua. Jlannas cmamvs noceawjena OnmudecKumM CEOUCMBAM HOMUHANLHO YUCMBIX U
JIe2UPOBAHHBIX Jicene30M Kpucmannos Huobama aumus. Coomeemcmeento, Ovliu onpedeneHvl CHeKmpbl
nocnowleHus,  nokazamenu — NpPelOMAeHUs U 3anpewéHHble  30Hbl  Kpucmannos.  Ilonyuennvie
9KCNEpUMEHMATbHblE PEe3VAbManmbl CONOCMABLENbl C Pe3yaAbMamamil, pAcCYUMAHHLIMU N0 IMIUPUYECKUM
Gopmynam, a maxdce ycmanosieno, ymo mooenv lowa a61semes npeonoumumensHol npu onpeoeieHul
nokasameJis NPeioMAeHUs KPUCMALI08 HUOOAma Iumusl.

Kntouesvle cnoea. Huobam numus, @omopedpakyus, CcneKmpuvl NO2NOWeHUs, NOKA3ameb
npenoMaeHUs.

OPTICAL PROPERTIES AND SENSITIVITY OF IRON DOPED LITHIUM NIOBATE
CRYSTALS

Abstract. This paper is devoted to the optical properties of nominally pure and iron-doped lithium
niobate crystals. Accordingly, the absorption spectra, refractive indices, and band gaps of the crystals were
determined. The experimental results obtained were compared with the results calculated using empirical
formulas, and it was found that the Ghosh model is preferable for determining the refractive index of lithium
niobate crystals.

Keywords: lithium niobate, photorefraction, absorption spectra, refractive index.

TEMIR KIRISHMALI NIOBAT LITIY KRISTALLARINING OPTIK XUSUSIYATLARI
VA SEZGIRLIGI

Annotatsiya. Ushbu magola nominal sof va temir bilan legirlangan niobat litiy kristallarining optik
xususiyatlariga bag ‘ishlangan. Shunday qilib, kristallarning yutilish spektri, nur sindirish ko ‘rsatkichi va
tagiglangan soha kengliklari aniglangan. Olingan tajriba natijalari empirik formulalar yordamida
hisoblangan natijalar bilan tagqoslanadi, shuningdek, niobat litiy kristallarining nur sindirish ko ‘rsatkichini
aniqlashda Gosh modeli o ‘rinli ekanligi aniglandi.

Kalit so“zlar: niobat litiy, fotorefraksiya, yutilish spekeri, nur sindirish ko ‘rsatkichi.

BBenenue. Cpey epCreKTUBHBIX PETUCTPUPYIOMINX MATEPUANIOB UIS CO3JaHMS TOJIOTPAPUISCKAX
CHCTEM ONTHUYECKOH 00paboTku uHpOopMaImu, ocodoe MecTo 3aHMMaIOT (oTopedpakTUBHBIE KPUCTAIIIBI, K
grciay KOoTopbix oTHOcHTes — LiINDOs, ermpoBaHHbIM HOHAMH JKelle3a B Pas3iMYHBIX KOHIEHTparmsx [1].
3anuch HH)OPMAIIMY B CETHETORIEKTPHUECKUX KPHUCTAIIAX OCHOBaHA Ha A QEeKTe JIOKATHLHOTO 00paTHMOTO
W3MEHEHUS] TOKa3aTessl NPeJIOMJICHHs B 3TUX KpHUCTaUlaX IMPU OCBEIIEHUMU Ja3epHbIM JydoMm. Ha
(hOoTORNIEKTpHUECKHE CBOWCTBA HCCIIEMLyEeMBIX OOpa3IoB BIMSET CHOHTAaHHAS MOJSPH3AINA, C U3MEHEHHEM
KOTOpOi, TIOJ BO3JCHCTBUEM CBETa, TMOSBIAETCS BHYTPEHHEE IIOJIe, KOTOPOE CIIOCOOCTBYET
repepactpeielieHUI0 HOCUTeNled W 00pa30BaHHUIO MPOCTPAHCTBEHHOro 3apsnaa. [loie mpocTpaHCTBEHHOTO
3apsijia, BCIEICTBHE OJlIeKTpoonTHyeckoro 3ddekra, BBI3bIBAET HM3MEHEHHE MOKa3aTellel MperoMIIeHUs
BEIIECTBA.

DddexT poropedpakiuu, GoTto- u snmekTpornpoBoaAUMOCTh Kpructamia LiNbO3, B 3aBHCHMOCTH OT €ro
COCTaBa M COCTOSIHUS JE(PEKTHOCTH KPUCTAIUTMUECKOM PEIISTKH, H3MEHSIOTCS B OUYEHb IMHPOKUX Ipeesax.
[Ipu 3TOM TPOMCXOMWT W3MEHCHWE IMUPHUHBI 3aMperiéHHON 30HBI, KOTOpas [Ii HOMHHAIHHO YHCTOTO
KpucTaiuia, coctasiseT 3,4 3B, a g nmermpoBaHHOTO kene3oM — 3,2 3B, 4ro OMM3KO K 3HAYEHHIO,
XapaKTEPHOMY HJIsl IIMPOKO30HHBIX MOJYIPOBOAHUKOB. YMEHbBIIAs MIHUPUHY 3aNpPEIIEHHON 30HBI, MOXHO
npuOIM3uTh cBOMcTBa Kpuctaymia LiNbOz K MONyHNpOBOJHUKOBBIM, 4YTO, B MPHHIIMIE, IO3BOJISCT
paspabaTeiBaTh MaTepHaibl ¢ Kpocc-dpdekramu. JlernpoBaHue MepexoNHBIMH METallaMU, B YaCTHOCTH,
HMOHAMM JKeJle3a 3HAYUTENIFHO yBeIHMYUBAeT CBETOUyBcTBUTEN HOCTH LINDbO3 B 500 pa3 [2]. B pabore Taxxke
coo0maeTcst 0 TOM, YTO JIETUpPOBaHHWE Fe TPHBOOUT K BHICOKOW mH(PpakmMOHHON 3PHEKTHBHOCTH
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rojgorpaMMbel  Topsiaka — 90%. B cBs3M ¢ 3TUM WCCleAOBaHWS, TNPOBOAMMEIE [UISI ONTHMH3ALNU
(dhoTopedpakTUBHBIX CBOMCTB, TPHOOPETAIOT OOIBIIYIO aKTYaTbHOCTD.

UyBCTBUTEIILHOCTh K ONTHYECKUA WHAYIIMPOBAHHOMY M3MCHCHUIO TMOKa3aTelis MPEIOMIICHHUS MOXKET
OBITH BBIpaKEHA Yepe3 MapaMeTphl MaTepraa CIeAYIOIUM 00pa3oM.

dng {.:-13 rgg - of
d_.r - 2 Epfgg Frea
an
rac, d_; — DOHEpreTudeCkKasd 4YyBCTBUTCIIBbHOCTD, el — u3MeHeHUeE SJICKTPUYCCKOI'0 AOUIIOJBHOTO

MOMEHTa, MEXaHU3M KOTOPOTO MOXKET OBITh Pa3IMIHBIM IS PA3HBIX MaTEPHAJIOB U YCIOBUN 3KCIIEpUMEHTA.
Jliis HanbGonee pacnpocTpaHéHHOTO ciyyasi, npeida GpoToBo30YyKAEHHBIX AIEKTPOHOB BO BHYTPEHHEM
WM BHEITHEM DJICKTPHICCKOM TMoje napekdoBas mmHa dnekTtpoHa [ = utE,. Brelpakenme B ckoOKkax

00yCIIOBIIEHO dIeKTpoonTuaeckuM dpdexTom. Bripaxkenue aff/fiw naér uucno Bo30yKIEHHBIX LEHTPOB

WIN KOJIMYECTBO (POTORIIEKTPOHOB B 30HE MPOBOAMMOCTH. JlermpoBaHHe IEPEeXOIHBIMH METalUlaMHy,
HapyIIeHHEe CTEXHOMETPHH, OT)KUT B BOCCTAHOBHUTENILHOI aTtMocdepe, o0IydeHne y-IrydaMu U MPUIOKEeHUE
ANEKTPHUYECKOTO TI0JIS TO3BOJISIIOT 3HAUYUTEIBHO YBEIUUUTh HX CBETOUYBCTBUTEIBHOCTD.

H3roroBienne o6pa3moB M MeToabl HcciaeqoBaHuMsi. B paboTe NpOBelCHBI CPAaBHUTEIBHbBIC
HCCIIC/IOBAHUSI CIIEKTPaIbHBIX XapakTepucTuk KpuctawioB LiINDOs. VccenenoBanbl Kak HOMHHATIBHO YHCTHIE,
Tak W JIeTMpoBaHHbIC Fe, ¢ MmaccoBoil koHueHTparmii sxene3a — 0,03 %, kpucrayioB HUoOaTa JUTHA —
LiNbO; u LiNbOs:Fe. O6pasmpl ans HCciaeI0BaHHEM OBIIM HM3TOTOBICHBI W3 HOMHHAIBHO YHCTHIX
kpuctawioB LINDO3 u LiNbOs:Fe, B Buae mapamienenunesioB ¢ pazmepamu 2x3x10 mm, pédpa KOTOPBIX
OPHMEHTUPOBAHBI 110 HAIIPABJICHHUIO KpUCTAUIOrpaduueckux oceil. BeipamuBanue MoHokpuctawioB LiNbOs3
IPOBOIMIIOCE MeTooM Yoxpanbckoro B atMocdepe Bo3ayxa. [logpoOHO MeTomuka pocTa KPHCTAIOB H
NPUTOTOBJICHUS IHUXThI omucanbl B [3]. MccienoBaHusl CieKTPOB MOIVIOMICHHS MPOBEICHBI C TTOMOIIBIO
criektpomerpa “Shimadzu”. U3mepenus npoBoauiuck B quanasoHe 320-1100 M ¢ marom 1 Hm. O6paboTka
CIEKTPOB TMPOBOAMIACH C WCIONB30BaHWeM makeTa mporpamm Origin 8.1. [lupuHa 3ampeméHHoi 30HBI
orpeaensuiack o hopmye:

he
E=~ (1)

rae, A — JUIMHA BOJIHBI, COOTBETCTBYIOIAs Kpato noriomieHus, h — nmocrosiauast [lnanka, ¢ — CKOpOCTb
CBETa B BaKyyMe.

PesyabTaThl M o00cyxkaenue. lcrons30BaHWE TPUMECH TO3BOJSET 3HAYUTEIHLHO IOBBICHUTH
YyBCTBHTEIILHOCTH CPEJIbl, KOTOpast HeOOX0oAuMa JUIst OBICTPOH 3armucH (Hapsily ¢ MEIJICHHBIM CTHPaHUEM).
doropedpakTUBHBIN 3PPEKT TaKKe MOKHO YCHIHNTh, UCHOJB3ys nepexoanbie MeTauibl (Fe, Cu, Ce, Mn,
Ni) [3,4], a nerupoBanue Fe neMoHcTpupyeT Hamrydie GpoTopedpakTuBHEIE CBOHCTBA. VIOHBI IEpeXOIHBIX
MeTaJioB (+3) dYacTU4HO pa3MmemarTcs B y3iae Nb, MeHss MOJIOKCHUE PEIIETKH, 3TO NPUBOJIUT K
YMEHBIICHUIO CEUCHMsI 3aXBaTa JJIEKTPOHOB JTUMH IEHTpaMu. TakuM o0pa3oM, OHU TIEpecTaroT OBITh
3JIEKTPOHHBIMH JIOBymIKamMu. CJeloBaTeIbHO, IUIOTHOCTh NOTEHUMAIBHBIX JJIEKTPOHHBIX JIOBYLIEK B
KpHUCTaIUIaX, JISTUPOBAHHBIX MEPEXOJHBIMA METAJUIAMH, MEHBIIE, YeM B CTEXMOMETPHUYECKHUX KpHCTAIIax
LiNbOs, u3-3a u3MeHeHHs y3710B PEHUIETKH MOHAMHU MepexoHbIXx MeTaiuioB (+3). Xors nonsl Fe 00braHO
npUCYTCTBYIOT B KpucTaiuiax LiNbOs Ha ypoBHE HECKOJIBKHMX 4acTell Ha MWJIUIMOH, JUI MaKCUMH3aLHUU
rojorpaYecKoro XpaHeHUs: HeOOXOIUMO TIpeIHaMEpPEHHOEe BBeJeHHEe HOHOB Fe s CyIecTBOBaHUS
rITyOOKOH  JIOBYIIKH, TIOCKOJBbKY HMOHBI Fe 3axBarhlBalOTCsi € MEJNKHX ypOBHEH, yMeHbIas
(GoTonpoBOIMMOCTb. MHurpanus >IeKTpoHa U3 Manoro nonspora Nb* B Fe* yMmeHbInaer Bpems KU3HH
MPOMEKYTOYHOTO YpPOBHS, YBEJIMYUBAas CKOPOCTh Tosorpaduyeckoil 3amucu B Trosorpaduyeckue
3allOMUHAIOIIME YCTpoHCcTBa. B wacTtHOCTH, cTexuomerpuyeckue kpuctamwisl LiNbOs, neruposannsie Fe,
JEMOHCTPHPYIOT TPUMEPHO Ha TMOPSIOK 0ojee BBICOKYIO (OTOpEPPAKTUBHYIO YYBCTBHTEIHLHOCTD,
HEOOXOIUMYIO /IJIsl XpaHEeHus! rojorpadudeckoro oobéma [5].

B ciy4ae otHOCHTENBHO Manoi uHTeHcuBHOCTH cBeta (I < 1Wem™) hoToBo36YKIEHHBIN MEPEHOC
3apsiia OOBIYHO OMHUCHIBAIOT B PAMKax 30HHOW MOJIENH ¢ OJIHOIIEHTPOBOM MOJIENBIO ITepeHoca 3apsija (cxema
NpUBe/IcHa Ha pHUCYHKel), pa3paboTaHHOW MpU MEPBBIX McclienoBaHusX (horopedpaktuBHoro 3ddexra [6].
doToreHeprupoBaHHbIE 3JIEKTPOHBI CBOOOAHOM 30HBI MPOBOAMMOCTH M3 3alOJHEHHBIX JIOBYIIEK (JIOHOPHBIX
1eHTpoB), C°, MUTPUpYs B 30Hy MPOBOJANMOCTH, 3aXBaThIBAIOTCS ITyCTHIMU JIOBYIIKaMU C* 1 TIEPEBOJAT HX B
3anoHeHHbIE JoBYIIKK C°. MOTOMHIYIIMPOBAHHBIN TIEpeHoC 3apsaaa B kpuctamiax LiNbOs:Fe n LiNbOs:Cu
OIIMCBIBACTCS MOZEIIBIO IEPEHOCa C OJHUM LEHTPOM B AMAaNa3oHe HU3KUX MHTEHCUBHOCTEH [7].
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3oHa npoBoAMMOCTH

A
hv @
I— S, /S
c b

BaJjienTHast 30Ha

Pucynok 1. Moaesan nepenoca 3apsiia ¢ oqHuM uentpom. C° u C* 3ano/iHeHHbIE H MyCThIE
3JIEKTPOHHbBIE JIOBYIIKH, hV — 3Heprus poToHa

doropedpakiiys onpeaenseTcss IposBiIeHrneM (HOTOraTbBaHUIECKOTO dQdeKTa 3a CUET MPUCYTCTBHS
npUMeceil MepexXoHbIX METAUIOB, CO3JA0IINX MoJie (POTOUHIYIIMPOBAHHOTO MPOCTPAHCTBEHHOTO 3apsi/a.
brarogapst 0THOIIEHTPOBOMY MEXaHH3MY MEpeHOCA 3apsiia MPUMECH MEPEXOAHBIX METAUIOB HAXOMIATCS B
IBYX 3apsaaoBhIX cocTosHusx (Fe?* m Fe®*, Cut+ m Cu?, Mn* u Mn® wu 1. 1.), WUIIOCTPUPYEMBIX
CJEeNYIOLIEH CXeMOM:

Fe?*+ hves Fe¥'+ ¢

rae, Fe?* u Fe* (Cu’™ u Cu?) — 10oHOpBI U JIOBYIIKH 3JIEKTPOHOB COOTBETCTBEHHO. DoTopedpaKims
YBEJIMUMBAETCA ¢ yBenMueHreM otHotenus [Fe?*/[Fe®'] [8].

[TpHHIMIHATBHEIM BOIIPOCOM MPH aHAIN3€¢ MEXaHW3Ma 00pa30BaHMUs ONTHYECKOTO MOBPEKACHH An
(I/I3MeHeHI/Iﬂ IIoKasarteiist HpeHOMHeHI/Iﬂ) SABJIACTCA BOIIPOC O C€ro 3aBUCUMOCTH OT [JIMHBI BOJIHBI
00Jydaromero cBera A. OTa 3aBUCHMOCTh II03BOJISIET CYAMTh 00 OOMEHAX OJJIEKTPOHAMH MEK/Iy
BO30YKIEHHBIMH M HEBO30Y)KIEHHBIMU HOHAMH KEJIe3a, ¢ TIePEX0I0M dJIEKTPOHOB B 30HY MPOBOMMOCTH.

[lo HamieMy MHEHHIO, 3TO OOYCIIOBICHO CYIIECTBEHHBIM YBEIMUCHHEM HW3MEHEHUS IOKa3aTels
npenomiieHust LINDOs:Fe npu A<500 HM, KOTOpOE MPHUBEEHO HA PUCYHKE 2.

5

400 500 600 700 800
A, nm
PucyHok 2. 3aBHCHMOCTH H3MEHEHHUsI TIOKa3aTeis npejomiienns kpucrauioB LiNbOs:Fe
OT JUIMHBI BOJIHBI 3aMMCHIBAIONIET0 U3JIyYeHHs
Ucnonbzys popmyny (1), MOKHO HAWTH H3MEHEHHUE TTOKA3aTeNsl IPEIOMIICHHS KpHCTalIa:
B T
An=[A cos /mD]arc sin \/n 2

rzae, A — JUIMHA BOJHBI CUUTHIBAIOIIETO M3JIydeHHUs; 6 — yroa mMexay MHTep(epUpyIOIUMH JTyYaMH.
3nauenus AN BO BpeMs 3anmMcu MH(OPMAIMU MOTYT H3MeHsAThes oT 10° 10 5-10°5,

Ha pucynke 3 mnpuBeleHbl CHEKTPhI TOTJIONICHUS HOMHHAIBHO 4YHCTOTO HHOOATa JIUTHS U

JIETUPOBaHHOTO >Keye3oM Huobata nutus LiNbOsz:Fe, W3 koroporo BHIHO, 4TO J00aBIEHUE TPUMECH
3HAYUTENIFHO YBEIUYUBAET MOTJIOIICHHE.
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4 4 [
< 3 \ 1—m— LiNt.')O3 Fe 0.03%
2 —e— LiNbO,

04 i 2 .
0,24
0,0 v T v T b T v 1
300 350 400 450 500
A (nm)

PucyHnok 3. CiekTpsbl NOTJI0IIEeHHUsI JIETHPOBAHHOTO kKeyie30M LiNbO3:Fe n HomuHaabHO
YHCTOI0 HHO0ATA JINTHA
W3BecTHO, YTO HCIOIB30BAHUE MEPEXOAHBIX METAIIOB B KaueCTBE JICTHPYIONINX T00aBOK CBA3aHO C
UX CIIOCOOHOCTHIO 00pPaTUMO OTAABATh d-3JIEKTPOHEI B 30HY MPOBOJAUMOCTH MO ICHCTBUEM U3TYUYCHHUSI.
PaBunnpa u ap. [9] npemioXuIM pa3InIHble COOTHOMIEHUS MEXY IIMPUHON 3alpemEHHOW 30HBI U
BBICOKOYACTOTHBIM IOKa3aTeJeM MPETOMIICHHS U IPEICTaBUIN IHHEHHYI0 popMy N kak dyHkuuio Egy:
n=a+ BE,; 3)

rae, o=4,048 u $=-0,62 >B~.
Opee u Bammamm [10], yuuThiBasgs mTpocTOTy (HM3WKK TPEIOMICHHS M PACCEHBAHUSA CBETa,

NpeUI0KUIN SMITMPUIECKOE COOTHOLIEHHUE:
. A "
n= |1+ ) (4
\ Eg+B

rae, A=13,6 3B u B=3,4 3B.

PaccMoTpeB 30HHYIO CTPYKTYPY M KBaHTOBYHO opmynupoBky llerna u Ban Bextena [11], ['om u ap.
[12] mo-uHOMY mojouutM K mpobneme. OHH, MpHHSB A — Kak BKJIaJ BaJICHTHBIX AJIEKTPOHOB, B — kak
MOCTOSIHHYIO 100aBKY K HAMMEHbLIEH 3anpeéHHON 30He Eg, momy4yniu BeIpakeHUe Ui BBICOKOYaCTOTHOTO
MoKa3aTest MPeToMIICHHS:

nl-1=—2_ (5)
|~Eg+.5':l"

rne, A=25Ey + 212, B=0,21E; + 4,25 u (Ey + B) oTHOcsATCS K COOTBETCTBYIOLICH HIMPHHE
3ampenméHHON 30HBI Marepuana. TakuM o0pa3oM, WHIAUHCKUMH W JIPYTUMH HCCIICIOBATEIIAMH OBLTH
NPEUIOKEHbl TPH SMIMpHUYecKre (HOpMysbl MOKa3zaTeJed MPeJoMIIEHHS N B 3aBHCUMOCTH OT ILIMPUHBI
3arnpenEHHoN 30HbI — Eg.

Tab6anua 1.

Pe3ysibTaThl OnpeeieHHbIX reoMeTpuyecku — Eg, sMIupuyeckn — nokasareeii npejioMJjieHHs U

ONTHYeCKHe TNIeKTPHYeCKHe MPOHUIAeMOCTH (£.) HOMUHAJIBHO YHCTOT0 M JIETHPOBAHHOIO JKeJIe30M
KPHCTAJI0B HHO0ATA JUTHUSA

Obpasen Ey (3B) n, pacu N, aKcI €, PACY €m0, IKCII
LiNbOs 3,39 1,9462 2,2971 3,7877 5,2767
2,2387 5,0118
2,2922 5,2542
LiNbO3:Fe 3,17 2,0826 2,3285 4,3372 5,4219
2,2989 5,2849
2,3356 5,4550

Beutm paccuuTaHbl TP MOJIENHM MU3MEHEHUS N B 3aBUCHMOCTH OT JHEpreThyeckoi mienu. PacuérHpie
3HAYEHUsS] ONTHYECKON JMAIEKTPUYECKONW MPOHUIIAEMOCTH (€,) OBUIM TOMYYEHBI C HWCIOJIB30BAaHHEM
COOTHOIIEHMSI €,=N?> [13]. PacuéTHBIii MOKa3aTenb NPETOMIECHHS M ONTUYECKAs UDJIEKTPUYECKas
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MPOHHUIIAEMOCTh TIPUBEACHBI B TaONHIe. YBEIMYCHHWE TOJIIMHBI TPUBOJAUT K OOMEMY YBEITUYCHHIO
MoKazarest MPEeIOMIICHHs. JTO YBEIMICHUE CBA3aHO C OOIIMM CHIDKEHHEM IMPOIYCKaHHs o0pasia mo mepe
YBEIIMYCHHS €r0 TOJIIUHBL,

3akawuenune. llpu ronorpaduyeckoli 3amucu HHOOpPMAIMU B KpHCTaUlaX HUoOATa JIUTUS C
MPUMECBIO Kelle3a IMPHCXOJUT HOHM3AIUs HOHOB JKelie3a T.¢. MOMIONICHHE CBEeTa B HUX BBI3BAHO
noHm3anued. YyBCTBUTENBHOCTh K CBETY KpPUCTAJUIOB, JICTUPOBAaHHBIX IKEIE30M, OTMPENENseTCs
KOHIEHTpalMel HoHOB Fe?!, uMeromux B peméTke MUPOKYIO 110J10CY MOTIOMEHUS ¢ MAKCUMYMOM OKOJIO
400 am. [Ipu potoso36yxkaennn, Fe?" ortmaer GOTOINEKTPOH B 30HY IIPOBOIAMMOCTH, KOTOPBIA B IIPOIECCE
mudysun 3axsBateiBaeTcs MoHoM Fe¥* B meocBeménnoit obmacth. C pocToM KoHIEHTpauuu Fe?*
YBEIIMYMBACTCS TOTJIONICHIE Ha JJIMHE BOJIHBI, HA KOTOPOHM 3aluChIBaeTCs MH(OPMAIUS, YTO MPUBOIUT K
MOBBIIICHUIO YYBCTBUTEIILHOCTH KpHCTaIa K CBeTy. ONTHYECKHE CBOWCTBA NAIOT 3HAUCHUS IMOTJIONICHUS
okoji0 0,3-0,8, a n3MepeHHbIC 3HAYCHUS IIIUPHHBI 3alpPEIIEHHOM 30HbI cocTaBuiIn 3,17 u 3,39 3B.
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Annotatsiya. Maqgolada plazmali nitridlash (azotlash bilan po ‘latning yuza gqatlam o ‘zgarishi)
borasida tadqiqot olib borilganligi qayd etilgan. O ‘tkazilgan metallografik sinovlar natijasida, yupqa,
g'ovak va geterogen azotli qatlam mavjudligi yoki uning yo ‘qligi, yadrosi uning to ‘yinmagan holati va
termal parametrlari o ‘zgarganligi aniqlangan. Nitridlash parametrlarini o zgartirishda gazlar, vaqt va
nitridlashning harorati o ‘zgartirish bo ‘yvicha jarayon taklif qilindi. lon azotlash jarayonidan eng optimal
natija olish uchun gaz oqimi, vaqt, harorat parametrlarini rostlash zarur.

Kalit so“zlar: issiglik bilan ishlov berish, yadro, mikron, kimyoviy tozalash, plazma nitridlash, vaqt,
metal yuzasi, geterogen, metallografik sinov, harorat.

MOBBIMEHUE COMPOTUBJIEHUS TPEHUIO CTAJIBHOM IOBEPXHOCTH B
PE3YJIBTATE IINIA3BMEHHOI'O HUTPUJIHOI'O BO3JIEMICTBUS U
OIIPEAEJIEHUE EI'O ITAPAMETPOB

Annomauyusa. B cmamve paccmampuganocs niasmeHnoe HUmpogaHue (UsMeHeHue No8epXHOCHHO20
cnosi cmanu azomuposanuem). Ilposedéunvie memannocpaguueckue UCNLIMAHUS GbIAGUIU HATUYUE UTU
omcymemeue MmMoHKO020, NOPUCTO20 U HEOOHOPOOHO20 A30MUCMO20 CH0s, A0PA 6 €20 HEeHACLIUEHHOM
COCMOSIHUU U UBMEHeHUe Menjiogvlx napamempos. Ilpu uzmeHneHuu napamempos azomuposanus Ovll
NPeONodiceH NpoYecc UBMEHEHUsl 2a308, GPEMEHU U MeMnepamypbl a30muposanus. st noxyueHus
ONMUMATILHO20 PE3yIbMmama npoyecca UOHHO20 A30MUPOSAHUS. HeOOX0OUMO OMPe2yIUPOsams RAPAMENPbL
pacxooa 2aza, 6pemMenu, memnepamypel.

bazoevie cnosa: mepmuueckas o06pabomra, CcepOeuHUK, MUKPOH, Xumuyeckas obpabomka,
NAA3MEHHOEe HUMPOBAHUE, 6PEeMs, NOBEPXHOCMb MEMAld, 2eMmepO2eHHbI, MemaLlocpaguieckoe
ucnvlmanue, memnepamypa.

INCREASING THE FRICTION RESISTANCE OF STEEL SURFACE AS A RESULT OF
PLASMA NITRIDE IMPACT AND DETERMINING ITS PARAMETERS

Abstract. The article notes that research has been conducted on plasma nitriding (the transformation
of the surface layer of steel by nitriding). As a result of the metallographic tests, the presence or absence of a
thin, porous and heterogeneous nitrogen layer, the state of its core saturation and the change in thermal
parameters were revealed. A process was proposed to change the gases, time and temperature of nitriding
when changing the nitriding parameters. To obtain the most optimal results from the ion nitriding process, it
is necessary to adjust the gas flow, time, and temperature parameters.

Keywords: heat treatment, core, micron, chemical treatment, plasma nitration, time, metal surface,
heterogeneous, metallographic testing, temperature.

Kirish. Kundalik hayotda ham, sanoatda ham hayotimizni osonlashtiradigan, yaxshilaydigan
mahsulotlar va ularning xavfsizroglari juda muhim. Shuni hisobga olgan holda, doimiy ravishda
takomillashtirish zarurati mavjud bo‘lgan ishlab chiqarishga yondashuv zarur. Sirt xususiyatlarini yaxshilash
usullaridan biri mahsulotning ishlab chiqarilishidan keyin uning yuzasiga ishlov berish, odatda uning
qattiglashishiga garatilgan bo‘ladi. Materiallarning, aynigsa, metallarning sirtini mustahkamlash zarurati har
gqachongidan ham ko‘proq talabga ega bo‘lmoqda [1]. Bu metall materiallarga muntazam ravishda o‘sib
borayotgan talab tufaylidir, yuqori qattiqlik bilan, yuqori kuch, abraziv yeyilishga qarshilik ko‘rsatish va eng
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muhimi ishlab chiqarish xarajatlarini kamaytirish orqali olinadi. Ko‘pincha zamonaviy sirt qattigligini
oshirish usullarida kimyoviy qoplama va plazma nitridlanishidir [2].

Nitridlash zamonaviy sanoat uchun juda muhim bo‘lgan sirt qattigligini va Yyeilishga qarshilik
ko‘rsatishni oshirish usullaridan biridir. Bu ko‘plab sohalarda, jumladan, mashinasozlik, avtomobilsozlik va
asbobsozlik sanoatida qo‘llaniladi. Nitridlash jarayoni sirt xususiyatlarini, birinchi navbatda, qotishmani
yaxshilashni kafolatlaydi. Nitridlash uchun mo‘ljallangan po‘latlar, minimal o‘lchovli gqismining haqiqiy
o‘ziga xosligi, shakli yoki joylashuvi va parametrlarining o‘ziga nisbatan ruxsat berilgan farqni
ko‘rinishilarni hamda yuqori yuza qarshiliklarni saqlagan holda olib boriladigan jarayondir. Sirt qattigligini
oshirishdan tashqari, yuza qarshilik va korroziyaga chidamliligini ham o°z ichiga oladi.

Asosiy qgism. Bu jarayonda Temirning (Fe) turli allotropik shakl orqali uning fazasini yo‘qotishi, bu
fazalar esa belgilangan haroratlar oralig‘ida hosil bo‘ladi hamda tegishli qotishma qo‘shimchalari bilan
birgalikda fazalarning shakllanishiga yordam beradi. Temir (Fe) ma'lum bir haroratga yetganda turli kristall
panjara tuzilmalarida kristalllanadi, bu materialning mexanik va fizik xususiyatlariga ta'sir qiladi. Masalan:
912°C gacha bo‘lgan haroratda temir tanaga markazlashtirilgan krilstallografik parjara (Body-Centered
Cubic) hosil bo‘lsa, 912°C dan 1394°C gacha bo‘lgan harorat oralig‘ida temir yuzaga markazlashgan
krilstallografik parjara (Face-Centered Cubic) hosil giladi. 1394°C dan 1538°C gacha bo‘lgan haroratda
temirning yuqori haroratdagi fazasi kristallari (Fed+Body-Centered Cubic) hosil bo‘ladi. Bu fazalar
gismlarining o‘zgarishlar temir va qotishma issiqlikka etkazib berish jarayonida katta yuklanishga ega
bo‘ladi. Quyida temir-azot tizimida sodir bo‘lgan fazalar ko‘rsatilgan muvozanat holati keltirilgan.

3000
2500
2000
1500
1000
mEEE N
0
a+ty y y+y' y+e y+e+y' £

1-diagramma. Temir va azot (Fe—N) oralig‘idagi muvozanat fazasi diagrammasi
Diagrammadan ko‘rinib turibdiki, temir ferrit (Fex) fazasi tarkibidagi azotning eruvchanligi past va

590°C da maksimal darajaga etadi. Bu haroratda eruvchanlik 0,10% ni tashkil giladi va haroratning pasayishi
bilan tez kamayadi, shuning uchun 200°C da u faqat 0,004% ni tashkil giladi. Temirdagi azotning bu oraliq
eritmasi azotli ferrit deb ataladi. Fex panjarasida azotning joylashishi mumkin bo‘lgan ikkita interstitsial joy
mavjud. Oktaedr va tetraedr bo‘sh joylarning radiusi mos ravishda 0,019 nm va 0,052 nm ni tashkil
qilmoqda. Azot atomining radiusi 0,07 nm bo‘lsa ham, u Fea panjarasida kichikroq oktaedral bo‘shliqgda
ekanligi aniqlandi, bu esa Fea panjarasining kengayishiga, eritmaning mustahkamlanishining oshishiga olib
keladi. Harorat va azotning miqdori bo‘yicha turli fazalar ko‘rinishi. Masalan, 590°C da Fea+y fazalari
mavjud bo‘lib, bu temirning ferrit va austenit aralashishini anglatadi. Harorat va azot miqdori o‘zgargan sari
¥, e kabi yangi fazalar hosil bo‘ladi. Diagramma azotning turli fazalar bilan o‘zaro ta'siri va kristall panjara
tuzilmalarida qanday joyni oshirish uchun muhim ilmiy asosdir.

Ichki eruvchanligi va Feyda azotning eruvchanligi ancha yuqori va azot ostenit deb ataladigan bu
eritma faqat 590°C dan yuqori haroratlarda barqaror bo‘ladi. Fey da azotning eng katta eruvchanligi 650°C
da 2,80% ni tashkil giladi, keyin esa evtekoid haroratda 2,35% gacha kamayadi. Bunday tarkibga ega azotli
ostenit evtekoid tarzda Fea(N) azotli ferrit va ' faza aralashmasiga parchalanadi. Sekin sovutish paytida
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hosil bo‘lgan bu evtekoid braunit deb ataladi. Tez sovutish orqali azot ostenitini diffuziyasiz transformatsiya
natijasida azot martensiti hosil bo‘ladigan haroratga qadar sovutish mumkin.

Harorat Ms (martensit) bu holda po‘latlarga qaraganda pastroq va evtekoid tarkibiga ega qotishmada u
atigi 35°C ni tashkil qiladi.

¥' fazasi temir nitridi FeylV asosida tor bir jinsli diapazonli qattiq eritma hisoblanadi. Bu faza 680°C
gacha barqaror bo‘lib, keyin olti burchakli va fazaga o‘tadi, bu keng bir xillikka ega bo‘lgan qattiq eritma.
Azotli ostenit kabi £ fazasi 4,55% azotni o‘z ichiga oladi, 650°C da y va j' fazalarning evtekoid
aralashmasiga parchalanadi.

Hosil bo‘lgan diffuziya qatlamlarining tuzilishi, birinchi navbatda, nitridlanish haroratiga, nitridlanish
atmosferasining kimyoviy tarkibiga va nitridlangan obyektlar materialining kimyoviy tarkibiga bog‘liq.

Yugqorida aytib o‘tilganidek, nitridlangan namuna sirt qattiqligining oshishi, qarshilikka bardoshliligi,
yeyilishga chidamliligi, korroziyaga chidamliligi bilan tavsiflanadi. Bu mumkin, chunki po‘lat yuzasida
azotning yetarlicha yuqori konsentratsiyasi Fe-N fazalarining shakllanishini belgilaydi. Agar azot
kontsentratsiyasi yetarli darajada oshsa, sirtda bu birikmalarning qattigligi juda yuqori bo‘lgan qatlam hosil
bo‘ladi. Bu qatlam ostida qotishma nitridlarning mayda cho‘kmalari bilan oraliq qattiq eritmadagi azotdan
iborat diffuziya zonasi hosil bo‘ladi. Oddiy nitridlangan namunaning soddalashtirilgan tasvirlar diagrammasi
quyida ko‘rsatilgan. Diffuziya zonasi Fex panjarasida erigan interstitsial azot va Fe qotishma
karbonitridlaridan iborat. Azotlash natijasida olingan yuqori sirt qattiqligi mayda donador qotishma
karbonitridlarning cho‘kishidan kelib chiqishi ko‘rsatilgan. Ikkinchisi po‘lat substratda Al, Cr, Mo, Ti, Mn,
Si va V kabi kuchli nitrid hosil giluvchi elementlarning mavjudligi natijasidir. Diffuziya zonasidagi qattiqlik
po‘latdagi qotishma elementlarning turi va soniga bog‘liq. Bundan tashqari, yuqori qotishma po‘latlarda
qotishma nitridlarning cho‘kishi tufayli nitridlashdan keyin qattiglashuv chuqurligining pasayishi kuzatiladi,
bu esa azotning substratga tarqalishini qo‘shimcha ravishda cheklaydi. diagrammada namuna hajmi
(compound layer), diffuziya maydoni (diffusion region), kompozit qatlam (sample bulk) lar keltirilgan.

) P Y

Diffusion Region

Sample Bulk

2- diagramma. Nitridlangan komponentning tipik kesma Kko‘rinishining diagrammasi

Bu yerda diffuziya hududi bo‘lgan aralash qatlam(Diffusion Region), namuna hajmi (compound
layer), kompozit qatlam (sample bulk) lar keltirilgan.

Plazmani nitridlash termokimyoviy zamonaviy usullaridan biri bo‘lib, u odatda, asosan, azot va
boshqga ikkilamchi kimyoviy moddalardan foydalangan holda amalga oshiriladi. Jarayon kamaytirilgan
bosim ostida amalga oshiriladi, bu erda namunalar va pechning devorlari o‘rtasida kuchlanish holatida
qo‘llaniladi. Qism atrofida yuqori darajadagi ionlanish (plazma) bo‘lgan nurli razryad hosil bo‘ladi.
To‘g‘ridan-to‘g‘ri ionlar bilan bombardimon qilingan ish qismi yuzasida azotga boy nitridlar hosil bo‘ladi va
parchalanadi va faol azotni yuzaga chiqaradi. Katodik darajasini sozlash, tegishli oqim kuchlanish
xususiyatlarini tanlash va ish kamerasidagi bosimni oshirish yoki kamaytirish qobiliyati nitridlangan
qatlamlarning tuzilishini shakllantirish imkonini beradi. Plazmali nitridlash sirtni kerakli xususiyatlarga ko‘ra
o‘zgartirishga imkon beradi. Gaz aralashmasini (proporsiyalarini) sozlash orqali, past azotli birikmalar
gatlami bo‘lmagan va qalinligi 20 mikrongacha bo‘lgan sirtdan nitrid birikmalari va qattiq eritmani oz
ichiga olgan qatlamgacha moslashtirilgan qatlamlar va qattigliklshgan yuza natijaslarini olish mumkin.

An'anaviy nitridlash usullari ko‘pincha nugsonlarning paydo bo‘lishiga olib keladi, masalan, mo‘rt sirt
gatlamlari shakllanadi, metall yuzasida bir xil bo‘lmagan mikro qgirralar paydo bo‘ladi. Ushbu muammolarni
bartaraf etish uchun, aynigsa plazma nitridlashda, tegishli nitridlash usullari chiqilgan. Ushbu sohadagi
so‘nggi yangiliklardan biri Active Screen Plasma Nitriding (ASPN) innovatsion texnologiyasini joriy
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etishdir. ASPN nitridlash usuli ishlov beriladigan qismning shaklini aks ettiruvchi nitridlarning bir xil
shakllanishini ta'minlaydi. Bu effektga metal yuzasi kristallografik ko‘rinishi, shuningdek, nitridlangan
detalda bombardimon bo‘layotgan azotni faollashtiruvchi plazma orqali erishiladi, bu detalda katta o‘lchamli
plazma ajralishi natijasida kelib chiqadigan boshqa qatlam yuzalari shikastlanishi yoki metal yuzasida
kuyishlar bo‘lmasligini kafolatlaydi. Bu texnologiyada elektr yoyi bilan ishlov berilgan elementlarning
shikastlanish xavfini va turli o‘lchamdagi elementlarning yuzasiga ishlov berish vaqtida issiqlikning notekis
tarqalish xavfini kamaytiradi va an'anaviy plazma nitridlashdagai ishlov beriladigan elementlarga boshqa bir
qancha kuchlanishlarini yo‘q qilishga yoki kamaytirishga katta yordam beradi.

Tadqiqotning birinchi bosqichida plazma qo‘llanilishidan oldin va keyingi holatda bo‘lgan 38HMJ
po‘latdan olingan namunalar nitrlash jarayoni sinovdan o‘tkazildi. Korxona uchun xos bo‘lgan nitridlash
jarayonining parametrlaridan foydalanildi: gaz oqimining tezligi (1,3 litr haymda/min N; 0,7 litr hajmda/min
H; 0,2 litr haymda/min Ar); oqimlari (BIAS-420 V 5,0 A, SCREEN-320 V 3,0 A); vaqt (26 soat va 35
minut); va harorat (510°C).

Ion nitridlash usuli bilan issiqlik-kimyoviy ishlov berilgan namunalarni mikroskopik tekshirish
natijasida yuqorida qayd etilgan parametrlarga ko‘ra yupqa, g‘ovak va bir hil bo‘lmagan nitridlangan gatlam
mavjudligi va diffuziya mavjudligi aniglangan.

Olingan natijalarni tahlil gilgandan so‘ng, hozirda foydalanilayotgan po‘latga alternativ sifatida
zamonaviy po‘latdan foydalanish imkoniyati taklif qilindi, masalan, 33CrMoV12-9, 32CrAlMo7-10,
42CrMo4 markali po‘latlar.

Birog yuqorida keltirilgan harakatlar kerakli natijani bermadi. Shu sababli, nitrlash jarayonining
parametrlarini o‘zgartirish choralari ko‘rildi. Shunday qilib, to‘rtta sinov o‘tkazildi. Har safar boshga jarayon
parametrlari (gaz aralashmasi, oqimlar, vaqt va harorat) o‘zgartirildi, qolganlari esa dastlabki qiymatlariga
qaytdi.

Nitridlashdan so‘ng namunalarni mikroskopik tekshirishlar asosida yadroda issiq plastmassa bilan
ishlov berishdan keyingi xom holatga xos bo‘lgan ferrit-perlit tasmasimon strukturaning mavjudligi
aniglandi Bu nitrlash jarayonidan oldin talab qilinadigan issiqlik bilan ishlov berish qo‘llanilmaganligini
ko‘rsatadi. Nitrlashdan keyin namunalar yuzasida azot miqdori o‘rtacha 8,50% massani tashkil etdi.

Sirt zonasida umumiy metallografik qalinligi taxminan 0,2 mm bo‘lgan nitridlangan qatlam topildi.

Xulosa. Tadqiqot shuni ko‘rsatadiki, po‘latning turi va nitridlash parametrlarining to‘g‘ri tanlanishi
nitridlash gatlamining samaradorligiga katta ta'sir ko‘rsatadi, bu esa komponentlarning qattigligi, asinma
qarshiligi va ishlash xususiyatlariga ta'sir giladi. Xom holatda 38HMJ po‘lat foydalanish uchun mos plazmali
nitridlash orqali olinadi. Uning tuzilishida ko‘plab metall bo‘lmagan qo‘shimchalarning mavjudligi notekis
tagsimlanish va nozik dispersli ferritning bir Xil bo‘lmagan tarmoqli tuzilishi bilan perlit topilgan. Bu
materialning sifatini pastlatadi. Shu bilan birga, sirtdan azot miqdorini kamaytirish aniqlandi.
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Annotatsiya. Ushbu ishda qalinligi 0.6 mm bo’lgan kuchsiz magnetik namunaning domenli
strukturasining, magnitooptik qurilmada olingan tadgigot natijalari keltirilgan. Namunaning domenli
tuzilishini tadgiq etish jarayonida, unga o’zgarmas tashqi magnit maydoni ta'sir ettirildi va natijada
domenli tuzilishining o’lchamlari va ko'rinishining o°zgarishi kuzqatildi. Olingan tadgiqot natijalari va
kuzatilgan domenli tuzilmalari asosida ilmiy va amaliy ahamiyatga ega bo’lgan xulosalar chigarildi.

Kalit so’zlar: kuchsiz magnetik, magnitooptika, domenli tuzilma, almashinish energiyasi, anizotropiya,
optik qurilma.

O JOMEHHOWM CTPYKTYPE CJIABOI'O ®EPPOMATHETHKA

Annomauus. B smoil cmamve npuseoeHvl pesyibmamvl UCCLEO008AHUS OOMEHHOU CMpPYKmypbl
cnabozo geppomacHumuo2o oopasya moawunoll 0,6 Mm, nOIYYEHHbIE HA MACHUMOONMUYECKOU YCMAHOBKeE.
B npoyecce uccnedosanus domennoi cmpykmypol 06pasya Ha He2o ObLiU NPUTONCEHbI BHEUIHUE MACHUMHbIE
noas, 6 pe3yibmame KOMOpPO2o MNOJYYEeHbl UMEHEeHUsl 6Uod U300pajdceHust U pasmepbl OOMEHHOlU
cmpykmypbl. Tlo pe3yibmamam noOAYYEeHHbIX UCCICO08AHUN U NO HAOTIOOEHUAM OOMEHHLIX CMPYKMYp
cOenamvl 8b1800bL, UMeIOWUe NPUKIAOHBIE U HAYUHBIE 3HAYEHUS].

Knwuesvie crosa: craboe machumuoe noie, MAZHUMOONMUKA, OOMEHHAS CHMPYKMYpAd, 0OMeHHas
9HepaUsl, AHU30MPONUS, ONMULECKOe YCMPOUCIEBO.

ABOUT THE DOMAIN STRUCTURE OF THE WEAK FERROMAGNETIC

Abstract. This work presents the results of the study of the domain structure of a weakly magnetic
sample with a thickness of 0.6 mm, obtained using a magneto-optical device. In the process of studying the
domain structure of the sample, a constant external magnetic field was applied to it, and as a result, changes
in the dimensions and appearance of the domain structure were observed. Based on the obtained research
results and the observed domain structures, conclusions of scientific and practical importance were drawn.

Keywords: weak magnetic field, magneto-optics, domain structure, exchange energy, anisotropy,
optical device.

Kirish. O’zgaruvchan magnit maydonlarda (0,4-10 kHz chastotalarda) domen strukturasining
harakati, asosan, yumshog magnit materiallarning magnit xususiyatlarini belgilaydi [1]. Bunday
materiallarda magnit domenlarni kuzatish uchun tajribalar texnikasi va geometriyasi fagat sirt domenlarini
bevosita kuzatish imkonini beradi. Namuna ichidagi domenlarning shakli va o’lchami (domen
chegaralarining egilishi, o’tkazuvchi va o’tkazuvchi bo’lmagan domenlar va boshqalar) haqidagi
ma’lumotlar bilvosita usullar bilan baholanadi. Bundan tashqari, boshqarish mumkin bo’lgan domenlar
majmuyi odatda kichik bo’ladi. Shu bilan birga, magnitlanish va gayta magnitlanish jarayonlarida
namunaning umumiy domen tuzilishining xatti-harakati bilan bog’liq kooperativ effektlar bu materiallarning
texnik jihatdan muhim xususiyatlarini shakllantirishda muhim rol 0’ynashi mumkin [1].

Magnit tartiblangan materiallarning muhim xususiyatlaridan ulardagi domen strukturasining
mavjudligidir.
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Domen strukturasini shakllanishi ko’pincha namunani domenlarga ajratish uning magnitostatik
energiyasini, ya’ni sirtda hosil bo’lgan magnit qutblarning energiyasini kamaytirishi bilan bog’liq. Bundan
darhol kelib chigadiki, domen strukturasining tabiati namunaning geometrik shakliga kuchli bog’liqdir.

Domenlar birinchi marta 1930- yilda magnit suspenziya yordamida kashf etilgan. Magnit optik
effektlar domenlarni vizual kuzatish imkonini beradi. Domenlarning birinchi magnit-optik kuzatuvlari 50-
yillarning boshlariga to’g’ri keladi. Bugungi kunga kelib, domenlarning magnitoptikasi ko’plab amaliy
qo’llanmalarga ega bo’lgan keng qamrovli ilmiy sohaga aylandi. Domenlarni o’rganish turli nuqtayi
nazardan qiziqish uyg’otadi. Magnit hodisalar fizikasini tushunish uchun birinchi navbatda, domen
strukturasi va uning tashgi magnit maydonda gayta tuzilishi tabiati muhim ahamiyatga ega. Ular namunaning
magnitlanishining teskari jarayonlarini, sezuvchanligini, dinamik xususiyatlarini va boshqgalarni aniglaydi.

Muntazam domen tuzilmalari (panjaralar, silindrsimon, chizigli va halgali domenlar) optoelektronika
uchun qiziqish uyg’otadi. Ular yorug’likni boshqarish (modulyatsiya, burilish, yorug’lik nurlarining
kontsentratsiyasi), shuningdek, axborotni tagdim etish va gayta ishlash uchun ishlatilishi mumkin.

Kuzatilgan domen tuzilmalari juda xilma-xildir. Ular materialning magnit anizotropiyasi va
magnitlanishiga, namunaning shakliga, nugsonlar mavjudligiga, harorat va magnit maydonga, sirt ishlov
berish turiga va namunaning tarixiga bog’liq. Domen strukturasining bunday "yumshoqligi" yoki
"sezuvchanligi™ uning shakli nisbatan zaif magnit-dipol o’zaro ta’sirlari bilan belgilanadiganligining
natijasidir. Biz asosan magnit plyonkalar va bir 0’qli magnit anizotropiyaga ega bo’lgan plitalardagi domen
tuzilishini ko’rib chigqamiz, bu oson magnitlanish 0’qi plyonka tekisligiga perpendikulyar deb faraz qilamiz.

Asosan tabiatda 3 xil domenlar uchraydi [1], bular labirint (1-rasm), polosali (2-rasm) hamda nugtaviy
(3-rasm)

i & A
1-rasm. Labirint domen 2-rasm. Polosali domen 3-rasm. Nugtaviy domen
tuzilishi tuzilishi tuzilishi

Tajriba qurilmaning tavsifi. Tajriba uchun BioBlue mikroskopi olingan.

BioBlue mikroskoplari Euromex brendi tomonidan ishlab chiqarilgan va o’quv magsadlari,
laboratoriya tadqiqotlari hamda tibbiy diagnostikada foydalanish uchun mo’ljallangan mikroskoplardir. Bu
mikroskoplar o’zining yuqori sifatli optikasi, mustahkam konstruktsiyasi va arzonligi bilan mashhur.
BioBlue mikroskoplari ko’pincha boshlang’ich va o’rta darajadagi ilmiy-tadgigot ishlari uchun mos keladi.

BioBlue mikroskoplarining asosiy xususiyatlari:

1. Optik tizim: Bu mikroskoplarda keng ko’rish maydoniga ega achromatik yoki plan-achromatik
obyektivlar mavjud bo’lib, ular tasvirni aniq va ranglarni tabiiy ko’rsatadi.

2. Korpus materiali: BioBlue mikroskoplari mustahkam va bardoshli materiallardan tayyorlangan,
bu esa ularni uzog muddatli foydalanish uchun mos giladi.

3. Yoritish tizimi: Ko’pgina BioBlue mikroskoplari LED yoritish tizimi bilan jihozlangan bo’lib,
bu energiyani tejaydi va yorug’likning barqarorligini ta’minlaydi. LED yoritgichlar ham uzoq muddatli
foydalanish uchun mo’ljallangan.

4. Ko’zgu linzalari: 10x, 40x, va 100x kattalashtirish imkoniyatiga ega, ko’plab BioBlue
modellarida ko’zgu linzalari sifatli materiallardan tayyorlangan bo’lib, ular o’quvchilarga aniq tasvir beradi.

5. USB va kamera imkoniyatlari: Ba’zi modellarda USB yoki ragamli kamera birikmasi mavjud
bo’lib, bu yordamida olingan tasvirlarni kompyuterga ko’chirish yoki raqamli formatda saqlash mumkin.

BioBlue mikroskoplari ko’pincha biologiya, mikrobiologiya va boshqa ilmiy sohalarda keng
qo’llaniladi va ularning o’quv mikroskop sifatida foydalanilishi ham osondir.

1-jadval.
Tajriba qurilmasining texnik parametrlari
Kattalashtirish 40 - 1000x
Optik tizimning tubus bilan birgalikdagi | 160 mm
uzunligi
Obyektiv parametri DIN 4x, 10x, 40x (S), 100x (S, Oil)
Obyektiv tasnifi semiplanaxromat
Okulyarning kattalashtirishi WF10x
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Fokus qo’pol / aniq

Predmet stolchasi koordinatali

Kondensor Abbe, N.A.=1.25, balandlik sozlanadigan,
filtr ushlagichli.

Apertur diafragma Iris

Yoritish Past, svetodiod lampadan

Mikroskopiya usuli O’tayotgan nurdagi yorug’ maydon

4-rasm. Eksperimental qurilma ko’rinishi

Tajriba natijalari va muhokamalar. O’zaro ta’sir giluvchi ko’p sonli domenlar majmuyining
0’zgaruvchan magnit maydondagi harakat gonuniyatlarini o’rganish uchun tadgiqot obyektlari sifatida
magnit bir o’gli plyonkalarni tanlash magsadga muvofigdir. Bunday plyonkalarda asosiy magnitlanish o’qi
sirtga perpendikulyar bo’ladi. Bu turdagi plyonkalarda (nozik gatlamlarda) labirint domen strukturasi
(yuqoridagi 5-a rasm) mavjud bo’lib, u nazariy jihatdan yassi-parallel 0’tkazuvchi domenlar modeli — Kittel
modeli bilan tavsiflanadi. Biz tadgigot uchun perpendikulyar anizotropiyaga ega va boshlang’ich domen
tuzilishga ega yorug’likda anig ko’rinadigan yengil magnitlanish tekisligi (111) ferrit granat (FG)
plyonkalarni tanladik. Labirint strukturasidagi chizigli domenlarning kengligi (davri) — namunaning
o’Ichamidan kamida 2-3 daraja kichikdir.

Ferrit granat plyonkalarning domen tuzilishi 1970-80-yillarda ularning magnit silindrsimon domenlari
(SD) va domen chegaralari haqidagi ma’lumotlarni yozib olish uchun mikroelektron saqlash qurilmalarida,
shuningdek, magnit bilan boshqariladigan optik qurilmalarda qo’llash istigbollari bilan bog’liq holda faol
o’rganilgan [2, 3]. Statik magnit maydonlardagi domen tuzilmalari (DT) eksperimental va nazariy jihatdan
juda yaxshi o’rganilgan. Dinamika jihatidan asosiy e’tibor nanosekundli qayta magnitlanish jarayonlariga
(masalan, teskari magnit fazasi domenlarining hosil bo’lishiga) garatilgan bo’lib, alohida silindrsimon
domenlar va domen chegaralari (devorlar)ning ichki tuzilma elementlari bilan birga, o’zgaruvchan (impulsli,
lokal) magnit maydonlarda 10-100 MHz va undan yuqori chastotada o’rganilgan. Ushbu diapazon
yuqoridagi qurilmalarning yugqori ishlash talabi bilan bog’liq.

0,1-10 kHz chastota diapazoni deyarli o’zgarmagan. Aynan shu diapazonda biz [4-5] manbalarda
keltirilgan izlanishlarni FG plyonkalarda, ya’ni boshlang’ich tutashgan labirint tuzilmali plyonkalarda
o’tkazdik. Ular fazoda bir xil, past chastotali tebranuvchi magnit maydoniga joylashtirilib, natijada avval
ma’lum bo’lmagan maxsus qo’zg’algan holat — “anger holati” (AH) deb nomlangan yangi holat aniglandi
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[5]. Anger holatining eng xarakterli xususiyati 0’zaro ta’sir giluvchi domenlar majmuasining tartibsiz (xaotik
deb ataymiz) 0’z-0’zini tashkil etishi va turli xil tartiblangan, barqaror dinamik domen tuzilmalarini (DT)
shakllantirishidir. Ulardan eng keng targalgani halgali va spiral shakldagi dinamik domenlar (DD) bo’ldi.

BioBlue mikroskopi yordamida to’g’ridan-to’g’ri olingan namunani tasvirini olib bo’lmaydi.
Namunada domen tuzilmalarni ko’rish uchun biz namunani qutblangan yorug’lik bilan yoritishimiz zarur
bo’ladi. Shuning uchun BioBlue mikroskopi manbasidan chiqadigan yorug’lik hamda namuna orasiga
polyarizator joylashtiramiz. Shunda namunaga qutblangan yorug’lik oqimi tushadi.

Olingan namunaga qutblangan yorug’lik tushishi natijasida quyidagi tasvirlarni olishimiz mumkin
bo’ladi. Olingan tasvirlar 100 marotaba Kattalashtirilgan.

5-rasm. Perpendikulyar anizotropiyaga ega bo’lgan plyonkalarda magnit maydon yo’qgligida
labirint domen tuzilmasining tipik tasviri (5-a rasm) va magnit maydon bosgichma-bosgich ortib
borayotgandagi bir tomon (5-b, c, d rasmlar) holatlar ko’rsatilgan

Yugorida ta’kidlanganidek, dastlabki holatda (5-a rasm) namunalarning domen tuzilmasi tartibsiz
(labirintli) bo’ladi. Bunda tuzilma doimiy magnit maydonida magnitlantirilganda ham saqlanib goladi (5 a-d
rasmlar). Agar plyonkaning xususiyatlari tekislikda to’liq izotrop bo’lsa bir yo’nalishda (5-b rasm) yoki
garama-qarshi yo’nalishda (5-c,d rasmlar) kvazistatik magnitlanish jarayoni ko’p marta takrorlanganda ham
domen tuzilmasi tasvirlari qayta tiklanmaydi, domen chegaralari turli joylarda joylashadi va chizigli
domenlar turli yo’llar bilan egiladi. Bu shu bilan izohlanadiki, domen chagaralarining harakati
mikrodefektlar va boshqa domenlar bilan 0’zaro ta’siri tufayli sakrashlar orqali sodir bo’ladi va har bir kichik
domen chagarasi uchun bu harakat ehtimoliy xususiyatga ega. Ammo shu bilan birga, maydon bo’ylab
magnitlangan domenlarning o’rtacha kengligi di (asosiy magnit faza Js T1 H bilan) va maydonga garshi

magnitlangan domenlarning kengligi d. (teskari magnit faza Js T. H bilan), P = d1 + d» davrining o’rtacha

giymati bilan bir xil, juda aniq tarzda tashqi maydon kuchiga bog’liq. Namunaning kichik koersitiv kuchga
ega bo’lgan holatida bu bog’liglik nazariya orqali yaxshi tasvirlangan [6].

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 98

https://buxdu.uz



PHYSICS

Labirint domen strukturasi ferromagnit va ferrolektrik materiallarda uchraydigan maxsus domen
tuzilmasidir. Ushbu domenlar murakkab, labirintga o’xshash shaklda joylashib, materialning magnit yoki
elektr xususiyatlarini boshgaradi. Labirint domenlari yuqori zichlikka ega bo’lgan, asosan nano o’lchamli
hududlardan iborat bo’lib, ularning shakli va tuzilishi materialga xos mikrostrukturaviy kuchlar va energiya
minimallashuvi talablariga bog’liq.

Labirint domen strukturasi xususiyatlari

Murakkab geometriya: Labirint domenlar to’lqinsimon, chizigli yoki labirintga o’xshash shakllarda
joylashadi. Bu struktura magnit yoki elektr maydonlarni bir tekis tagsimlashga yordam beradi.

Energiya minimallashtirish: Domenlar labirint shaklda joylashganida, material ichidagi umumiy
energiya kamayadi. Bu struktura ichki demagnetizatsiya energiyasini minimallashtirish orqgali hosil bo’ladi,
ya’ni magnit yoki elektr qutblanishi beqarorlikni kamaytiradi.

Nano o’lchamlar: Labirint domenlarning o’lchamlari ko’pincha nano darajada bo’lib, ularning
kengligi bir necha nanometrdan bir necha mikrometrlargacha bo’lishi mumkin. Nano o’lchamlar, ayniqgsa,
zamonaviy magnit va elektr xotira qurilmalarida yuqori samaradorlikka erishish uchun foydali.

Ko’p fazali materiallarda uchraydi: Labirint domen strukturalari ko’p fazali, ya’ni bir vaqtning
o’zida ferromagnit va ferrolektrik xususiyatlarga ega bo’lgan materiallarda tez-tez uchraydi. Bu esa ularning
energiya tejash va saglash imkoniyatlarini oshiradi.

Asosiy foydalanish soha: Labirint domen strukturalari asosan yuqori zichlikdagi ma’lumotlarni
saqlash, magnit rezonansli qurilmalar, va boshqa nanoelektronika tizimlarida qo’llaniladi. Ularning magnit
maydonlar bilan boshqarish qobiliyati ma’lumotlarni aniq va samarali boshqarishni ta’minlaydi.

Agar namunaga tashqi magnit maydoni ta’sir qildirsak, domen chegaralar o’zgara boradi (5-rasm).
Tashqgi magnit maydonini oshib boorish toki domen struktura monodomenga aylangunga gadar davom etadi.

Tajriba natijalarni nazariy talgin gilish. Tajribada namunadagi domen devorlari o’rganilgan bo’lib,
d magnit domen devorining (yoki ferromagnit domenning) kengligini ifodalaydi. Domen devori kengligi
ferromagnit material ichida garama-qarshi yo’nalgan magnit domenlar orasidagi o’tish zonasini anglatadi.
Keling, bu formuladagi har bir parametrga to’xtalib o’tamiz:
| 27

d=2m | -
\Jh—h

Bu yerda

d — Domen devorining kengligi: Bu ikki garama-qarshi yo’nalgan domenlar orasidagi o’tish
zonasining kengligini anglatadi. Domen devorining kengligi materialning mikroskopik tuzilishi va energiya
parametrlari bilan belgilanadi.

J — Almashinish energiyasi: Almashinish energiyasi domen ichidagi atomlar magnit momentlari
orasidagi o’zaro ta’sir kuchini anglatadi. J qiymati qanchalik yuqori bo’lsa, atomlar o’zaro bir xil
yo’nalishga ega bo’lishga intiladi va bu domen devorining kengayishiga olib keladi.

h — Domen ichidagi ichki magnit maydon: Domenlar orasidagi ichki magnit maydon ham domen
devori kengligiga ta’sir giladi. h giymati yuqori bo’lsa, magnit momentlar kuchliroq bog’lanib, domen
devori torayishi mumkin.

K — Anizotropiya energiyasi: Bu energiya materialdagi magnit yo’ nalishining ma’lum kristallografik
yo’nalish bo’yicha o’zgarishini cheklaydi. K qanchalik yuqori bo’lsa, domen devori kichikroq bo’ladi,
chunki atomlar ma’lum yo’nalish bo’yicha magnitlanishga intiladi. Anizotropiya energiyasi domen devorini
toraytiradi va shu bilan o’tish zonasini qisqartiradi.

Radikal ifoda \,llg — bu ifoda ichidagi kattaliklar domen devorining kengligini aniglaydi. Agar
almashinish energiyasi J yuqori bo’lsa va h—K kichik bo’lsa, d giymati ortadi va domen devori kengroq
bo’ladi.

2n — bu koeffitsiyent domen devori kengligini ifodalash uchun empirik faktor sifatida ishlatiladi va
domen devorining umumiy geometrik tuzilishini hisobga oladi.

Bu formula domen devori kengligini almashinish energiyasi, ichki magnit maydon va anizotropiya
energiyasiga bog’ligligini ko’rsatadi. Odatda domen devorlari kengligi almashinish va anizotropiya kuchlari
orasidagi muvozanatga bog’liq bo’lib, materialning magnit o’zgarish xususiyatlariga ta’sir ko’rsatadi.

Xulosa.

Labirint domenlarning amaliy ahamiyati

Labirint domenlar kichik o’lchamdagi magnit yoki elektr maydonlarini boshqarish imkonini bergani
uchun quyidagi sohalarda foydalaniladi:
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o Xotira texnologiyalari: Yangi avlod xotira chiplarida yuqori zichlikdagi ma’lumotlarni saglash
imkonini beradi.

e Sensorlar: Kichik hajmdagi magnit maydonlar o’zgarishiga sezgir bo’lgan sensorlar ishlab
chiqarishda qo’llaniladi.

o Nanoelektronika va Spintronika: Ushbu domen strukturalari zamonaviy nanoelektronika va
spintronika gurilmalarida, aynigsa, energiyani tejashga asoslangan texnologiyalarda ishlatiladi.

Labirint domenlar magnit materiallar va zamonaviy nanoelektronika texnologiyalarida katta
ahamiyatga ega bo’lib, ularning energiyani minimallashtiruvchi va yuqori samaradorlikka ega xususiyatlari
ma’lumotlarni saqlash va uzatishda yangi imkoniyatlar yaratadi.

Ko’plab spintronik qurilmalar bir xil magnitlangan plyonkali magnit elementlardan foydalanadi.
Bunday holda, ushbu qurilmalarning normal ishlashi uchun magnit maydon ta’sirida ushbu plyonka
elementlari bir xilda gayta magnitlanganligi muhimdir. Ushbu ishda olib borilgan tadgiqotlar shuni
ko’rsatdiki, magnit maydon ta’sirida bir xil magnitlanish holati buziladigan rejimlar mavjud. Belgilangan
natijalar va nagshlar spintronika qurilmalarini ishlab chiquvchilarga plyonka elementlarining
magnitlanishining bu kiruvchi teskari rejimlaridan gochishga yordam beradi.
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Abstract. It is known that superconducting properties are observed in semiconductors under pressure,
and in this case a semiconductor-metal-superconductor phase transition is observed. Also, the critical
temperature varies depending on the pressure and the current carriers. We explain these relationships in this
article using the example of elementary semiconductors under pressure. Our study highlights the parabolic
dependence of the critical temperature of superconductivity under pressure on the external pressure and is
consistent with experimental results.

Keywords: carrier concentration, semiconductor-metal-superconductor phase transition, elementary
semiconductors, electron shells.

YUQORI YARIMOQCHILIKLARDAGI SUPER O ‘TKAZGICHLARNING KRITIK
HARORATI VA TASHQI BOSIM O'RTASIDAGI BOG‘LIQLIK

Annotatsiya. Ma’lumki, o’ta o ’tkazuvchanlik xususiyatlari yarim o’tkazgichlarda bosim ostida
kuzatiladi va bunda yarim o’tkazgich-metall-o’ta o’tkazgich fazaviy o’tish kuzatiladi. Shuningdek, kritik
harorat bosimga va tok tashuvchilarga bog’liq ravishda o’zgarib boradi. Biz bu bog’ligliklarni ushbu
magqolada bosim ostida elementar yarim o’tkazgichlar misolida tushuntiramiz. Bizning tadgigotimiz bosim
ostida o’'ta o 'tkazuvchanlik kritik haroratining tashqi bosimga parabolik bog lanishini ta’kidlaydi va tajriba
natijalariga mos keladi.

Kalit so’zlari: tok tashuvchilar kontsentratsiyasi, yarim o'tkazgich-metall-o'ta o'tkazgich fazaviy o'tish,
elementar yarim o'tkazgichlar, elektron qobiglar.

CBA3b KPUTUYECKOM TEMIIEPATYPBI CBEPXITPOBOJIUMOCTH U BHEIITHEI'O
JABJIEHUSA B DJIEMEHTAPHBIX ITIOJITYITIPOBOJHUKAX

Annomauusn. Hzeecmuo, 4mo c8epxnpogoosiyue ceoUCmMea HAOIOAOMC Y NOAYAPOBOOHUKOE HOO
odasieHuem, U 8 d3Mom ciyuae Habnodaemcs (azoswvlii nepexoo NoIYNpPo8OOHUK-MEMALl-C8EPXNPOBOOHUK.
Taxoce Kpumuyeckas memnepamypa MeHaemcs 6 3a6UCUMOCmu Om 0asleHs U Hocumenel moka. B oannoil
cmamue Mbl 00BbACHAEM MU 63AUMOCEA3U HA NpUMepe dJIeMeHMAPHbIX NOIYRPOBOOHUKOE NOO O0aBIeHUEeM.
Hawe uccnedosanue nooduépkusaem napaboiudeckyro 3asUCUMOCMb  KPUMUYECKOU — mMeMNnepamypbl
CBEPXNPOBOOUMOCIU NOO OdGleHUeM Om GHewlHe20 OAasNeHUs U CO2NACYemcs. C IKCNepUMeHmMAIbHbIMU
pe3yibmamamu.

Knwouesvie cnosa: xonyenmpayus Hocumeneu 3apaoa, azosviili nepexoo noaynpo8oOHUK-memai-
CBEPXNPOBOOHUK, DIIEMEHMAPHbIE NOTYNPOBOOHUKU, INEKMPOHHbBIE 0DO0IOUKU.

Introduction. In the initial studies on the discovery of superconductivity in semiconductors,
experiments conducted on germanium at temperatures as low as 0.05 K yielded negative results, i.e., no
superconductivity was observed. However, later studies revealed that under high pressure, the phenomenon
of superconductivity was observed in both germanium and silicon. Under normal conditions, these elements
do not exhibit superconductivity. The superconducting state in these materials can only be observed under
high pressures (~100 kBar). In such cases, structural transformations occur, and the semiconductors
transition to a metallic state [1].

Experiments showed a dependence of the critical temperature of the superconducting transition on the
concentration of charge carriers n. As the concentration of charge carriers increases, the critical temperature
initially rises, reaches a maximum value, and then starts to decline as the concentration continues to increase
[1,2]. This relationship can be expressed as follows:

T, ¥ T.p+ cyn+ con? (1)
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Here, c; and c- are constant coefficients determined experimentally.

The process of transforming semiconductors into superconductors is a fascinating and complex
phenomenon. For semiconductors to exhibit superconductivity, their crystal structure, electronic
configuration, and chemical composition must undergo significant changes, which typically occur under high
pressure. Several semiconductor materials transition into superconductors at elevated pressures.

In this article, we discuss how elementary semiconductors (B, Ge, Si, As, Te, Sh) transition into
superconducting states under pressure and present a theoretical explanation of the dependence of their
critical temperature on external pressure through their electronic structures. The article also includes a
comparison of this theory with experimental results, along with relevant discussions and conclusions.

Methods. Under pressure, atoms in a semiconductor move closer to each other, reducing their
vibrational amplitudes. The bandgap of the semiconductor narrows under pressure, leading to the emergence
of metallic properties. In metals, the upper electronic band is partially filled with electrons, which are
referred to as free electrons [3]. These free electrons act as charge carriers.

When a semiconductor transitions into a metallic state under pressure, an increase in the applied
pressure continues to transfer energy to the atoms. This energy causes a progressive increase in the
detachment of electrons from the outer shells, further enhancing the metallic characteristics of the material.

If the outer shell is sufficiently filled with electrons, they may leave the atom under the influence of
the energy provided by applied pressure and transform into free electrons, generating current and enabling
the transition into a superconducting phase. Let us denote the critical pressure for this transition as P; and

the corresponding critical temperature as T,.5 . The number of vacancies in the outer shell increases as the

pressure rises. With increasing pressure, electrons in the outer shell continue to leave their positions,
resulting in an increase in the number of charge carriers. Simultaneously, the reduction in volume leads to a
rise in the concentration of charge carriers, which contributes to the superconducting current. This indicates
that the critical temperature of superconductivity increases with rising pressure.

Since elementary semiconductors are composed of identical atoms, these changes occur uniformly
across the material. At a certain pressure P*, all outer shells become completely devoid of electrons. Under
high pressure, the atoms compress; not only do they come closer to one another, but the motion of free
electrons also slows down due to the shrinking voids created by the increased pressure. The positively
charged ions formed from the outer-shell electron detachment begin to attract free electrons, which start to
refill the outer shells, returning the atoms to their initial state. This implies that beyond the pressure P*, the
critical temperature begins to decrease.

We can thus conclude that the relationship between critical temperature and pressure is parabolic. The
maximum critical temperature, denoted as T .., IS achieved at the pressure P*. When the semiconductor

transitions into the superconducting state, the dependence of its critical temperature on pressure can be
expressed as follows [4]:

Tc R Tc,l} + ﬂ{:P - PD} - b{:P - PD}: (2)
Here, @ and b are constant coefficients. Additionally, & = 0 is required because positive values of &

correspond to a downward-facing parabola in equation (2). The physical interpretation of this is that the
critical temperature initially increases and then decreases as pressure increases.

Thus, the theory of the transition from a single-element semiconductor phase to a superconducting
phase can be summarized as follows:

1. Increasing external pressure narrows the bandgap in the semiconductor, causing it to transition into
a metallic state.

2. As pressure continues to increase, electrons in the outer shell leave their positions and move freely
throughout the material as free electrons. At certain pressures and below a critical temperature T, 5 these free

electrons generate a superconducting current.

3. With further increases in pressure, the critical temperature rises, reaching a maximum value T, ...
at a specific pressure P* > P,

4. For P > P* the increase in pressure brings atoms closer together, reduces their vibrational
amplitudes, and slows the movement of free electrons. This results in a gradual decrease in the critical
temperature from its maximum value T ;4.

Results. It is well-known that many non-superconducting materials achieve superconductivity under
pressure [5-7]. To compare the above theory with experimental results, let us consider Table 1. In the case of
boron, a transition from non-metallic to metallic behavior occurs under 160 GPa pressure. Superconductivity
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begins to emerge at 175 GPa, with a critical temperature increasing from 6 K at 175 GPa to 11.2 K at 250
GPa. The critical temperature of boron rises with increasing pressure, with a rate dT,. /d P = 0,05 K/GPa [8].

For germanium, at 9 GPa, a maximum critical temperature T ... = 6.3 Kis observed, and the T, — P

relationship exhibits a nearly parabolic dependence [9, 10]. In the case of silicon, with increasing pressure, it
transitions from a semiconductor to a metallic state, achieving superconductivity at 12 GPa with a critical
temperature of T. = 6.3 K. As pressure increases, the critical temperature of silicon initially rises and then

decreases, showing a parabolic relationship with pressure. The maximum critical temperature of silicon is 8.2
K, recorded at 15.2 GPa [11].

For arsenic, a parabolic relationship is also observed: superconductivity emerges at 30 GPa with
T. = 2.1 K and the maximum critical temperature of 2.4 K is achieved at 32 GPa. Experimental data confirm
a parabolic-like T. — P relationship [12, 13].

In tellurium, a parabolic relationship between critical temperature and external pressure, similar to
silicon and arsenic, is evident [14, 15]. The maximum critical temperature of 7.5 K is achieved at a pressure
of 35 GPa.

Finally, antimony exhibits superconductivity at 25 GPa with a maximum critical temperature of
T.= 3.9 K. T, — P relationship for antimony closely follows a parabolic trend [16, 17].

Elementary Critical pressure for | Maximum Dependence of critical temperature on
seminconductors | superconducting critical pressure
Transition, GPa temperature, K According to According to the
the theory experiment
B 250 11.2 parabolic parabolic-like
Ge 9 6.3 parabolic parabolic-like
Si 15.2 8.2 parabolic parabolic-like
As 150 4.2 parabolic parabolic-like
Te 35 7.5 parabolic parabolic-like
Sh 25 3.9 parabolic parabolic-like

Table 1. Physical parameters of elementary semiconductor-superconductor under pressure. The data
are sourced from references [5-17].

Discussion and conclusions. The results indicate that the phase transitions from semiconductor to
metal to superconductor, as well as the dependence of critical temperature on pressure in elementary
semiconductors, align with our theoretical approach. However, a linear increase in boron was observed. If
this relationship is considered as part of one branch of a parabola, it also conforms to our theory.

We explained the superconducting transition in semiconductors primarily through the departure of
electrons from the outer electronic shells. In semiconductors, in addition to electrons, holes can also act as
charge carriers. Furthermore, experimental results have shown that in superconductivity, holes can contribute
to the formation of the superconducting current. Therefore, the phase transitions from semiconductor to
metal to superconductor can also be explained through the behavior of holes. Hirsch’s theory of hole
superconductivity successfully describes pressure-induced superconductivity in our case by considering the
movement of holes instead of electrons [18].

It should be noted that processes under pressure are complex, involving changes in crystal lattice
dimensions, the Fermi surface, and Brillouin zones. In this article, we attempted to present a theory that
aligns with experimental results without taking these factors into account, focusing solely on elementary
semiconductors.

We can predict that the parabolic dependence of critical temperature on pressure will also hold for the
transition of compound semiconductors into superconductors.

In conclusion, the transformation of elementary semiconductors into superconductors is strongly
influenced by the electrons in the outer shells of their atoms. These electrons play a significant role in
generating the superconducting current, and their behavior helps explain the dependence of critical
temperature on external pressure.
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SAYYORAVIY MUDOFAA TAJRIBASI DOIRASIDAGI OPTIK KUZATUVLAR TAHLILI
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Annotatsiya. Ushbu ishda NASA ning DART kosmik missiyasi va (65803) Didimos asteroidining
yo ‘ldoshi Dimorfosning sayyoraviy mudofaa tajribasi magsadida to ‘qnashtirilishidan keyingi optik
kuzatuvlar tahlili keltirilgan. To ‘gnashuv natijasida Dimorfosning orbital davrini 33 dagiqaga gisqarib,
sayyoralarni himoya qilish uchun kinetik ta'sir vositalarining samarador ekanligini tasdigladi. Ammo
to ‘qnashuvdan keyingi optik kuzatuvlar natijalari modellar bilan to ‘lig mos kelmadi va modellarni gayta
ko ‘rib chigish lozimligi aniglandi.

Kalit so‘zlar: DART, qo ‘shaloq steroidlar, optik kuzatuv, dekompozitsiya, o ‘zaro hodisalar, tutulish,
to ‘silish.

AHAJIM3 OIITUYECKUX HABJIIOJEHUM B PAMKAX SKCIIEPUMEHTA IO
IJIAHETAPHOM 3AIIIUTE

Annomauyua. B OanHom ucciedosanuu npeocmasnen AHAaIu3 ONMUYEecKUxX HaOI00eHull nocie
cmonxnogerust kocmuueckou muccuu NASA DART co cnymuuxom Jumopgoc acmepouda (65803) Huoumoc
6 PAMKAX IKCNEPUMEHmA No NIaHemapHou 3awume. B pezyibmame cmoIKHOBeHUsT OPOUMATbHBLI NePUoo
Humopghoca cokpamunca Ha 33 munymol, n00meepous 3QpekmugHOCmMb KUHEMUYECKUX YOAPHBIX CPedCma
sawumul naavem. OOHAKO pe3yTbmamvl ONMUYECKUX HAOMIOO0eHUli nocie CMOIAKHOGEHUSI He NOIHOCHbIO
COOMBEMCMBOBANIU MOOCSIM, YMO YKA3bIEAEN HA HEOOX0OUMOCTb UX NepecMompd.

Kntroueswie cnosa: DART, 0gotinbie acmepoudsl, onmuueckue Habar00eHUs, 0eKOMRO3UYUSA, 83AUMHDBLE
cobbImuUsl, 3aMMeHUe, OKKYIbMAYUsL.

ANALYSIS OF OPTICAL OBSERVATIONS WITHIN THE PLANETARY DEFENSE
EXPERIMENT

Abstract. This study presents the analysis of optical observations following the impact of NASA's
DART space mission with the satellite Dimorphos of the asteroid (65803) Didymos as part of the planetary
defense experiment. The impact resulted in the reduction of Dimorphos's orbital period by 33 minutes,
confirming the effectiveness of kinetic impact tools for planetary protection. However, post-collision optical
observation results did not fully match the models, indicating the need for model revisions.

Keywords: DART, binary asteroids, optical observation, decomposition, mutual events, eclipse,
occultation.

Kirish. 2022-yil 26-sentyabrda DART (Double Asteroid Redirection Test) kosmik kemasi Yerga
yagin qo‘shaloq asteroid (65803) Didimosning yo‘ldoshi Dimorfos bilan ilmiy-tajriba magsadlarida
to‘gnashtirildi. Bu Dimorfosning orbital davrini 33 dagigaga qgisqartirib, sayyoralarni himoya qilish uchun
kinetik ta’sir vositalarining samaradorligini ko‘rsatdi [1]. Qo‘shalog tizimlar Yerga yaqin asteroidlar
populyatsiyasining taxminan 15 foizini tashkil giladi (Pravec va boshg. 2006). 2003- yil noyabr oyida
go‘shaloq sifatida kashf etilgan [2]. Yerga yaginlashuvchi asteroid (65803) Didimos ~760 m kattalikdagi
sferoid bo‘lib, u ~150 m Kkattalikdagi yo‘ldoshga ega va bu yo‘ldosh Dimorfos nomi bilan tanilgan [3,4].
Keng polosali ravshanlik egri chizig‘i [5] va radar [3] kuzatuvlariga asoslanib, ushbu tizimning go‘shaloglik
dinamikasi yaxshi aniglangan [5,6]. Didimosning aylanish davri 2,2600+0,0001 soat, Dimorfosning orbital
davri esa 11,921481+0,000016 soatga teng edi [6]. Didymos tizimining ma’lumotlari va 2020-yillardagi
qulay kuzatuvlarini hisobga olgan holda, ushbu tizim NASAning DART missiyasi uchun magsad sifatida
tanlangan [7,8]. Didimos tizimining dinamikasini modellashtirish va Dimorfosning orbital davri
o‘zgarishlarini takomillashtirish bo‘yicha ham boshqa tadqiqotlar mavjud (masalan [9,10]).

To‘gnashuvdan keyingi optik kuzatuvlar va ravshanlik egri chiziglari tahlili. Jami 28 ta teleskop
ravshanlik chizigi kuzatuv kampaniyasiga kerakli ma’lumotlarni taqdim etdi. Ushbu teleskoplarning
diametri 0,5 m dan 6,5 m gacha bo‘lgan va turli xil CCD kameralardan foydalanilgan. Bundan tashqari,
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fotometrik filtrlar va kuzatuv rejimlari o‘zgarib turgan. Fotometrik qisqartirishlarning ba’zi jihatlari
ko‘pchilik ma’lumotlar to‘plamlari uchun umumiy bo‘lgan. Ta’sirdan keyingi tasvirlarda diafragma
o‘lchamlari odatiy ko‘rinishdan sezilarli darajada kattaroq (oktabr oyida ko‘plab ma’lumotlar to‘plamlari
uchun 5-7 radius), va odatda tashlanmalar bulutining kengaytirilgan yorginligini hisobga olish uchun
ishlatilgan. Bu ta’sirdan keyingi tizimning murakkab tarqalishi funktsiyasi bilan bog‘liq markazlashtirish
xatolarini goplash uchun muhim edi.

Aniqlanishicha, kattaroq diafragma odatda alohida ma’lumotlar nuqtalarida yuqori shovqin darajasini
keltirib chiqaradi, lekin har bir ravshanlik egri chizig‘ida nuqtadan nuqtaga ancha yaxshi va kam sochilishni
ta‘minlaydi. Deyarli barcha hollarda dumaloq diafragma fotometriyasi qo‘llanilgan. Qisqartirishlar
individual o‘lchovlarning signal-shovqin nisbatini optimallashtirish, shuningdek, tun davomidagi
o‘lchovlarning izchilligini optimallashtirish uchun bir qator fotometrik diafragma o‘lchamlarini sinab
ko‘rishni o‘z ichiga oldi. Umuman olganda, har bir obyekt tomonidan berilgan har bir ravshanlik egri
chizig‘ining o‘rtacha qiymatini ayirish orqgali differentsial qiymatlarga aylantirildi.

Ba‘zi teleskoplarda asteroid tezligining yarmi asteroid harakatini neytallash uchun tanlangan. Ushbu
ma‘lumotlar uchun shovqin xarakteristikalari fon cheklovlaridan farqli o‘laroq, asteroiddan kelgan signal (va
uning morfologik jihatdan murakkab tashlanma buluti) ustunlik qildi. Shunday qilib, bu ma‘lumotlar uchun
dumaloq aperturalardan foydalanish, agar asteroid va yulduzlar biroz cho‘zilgan bo‘lsada, o‘lchovlarga
sezilarli fon shovgini keltirmadi.

Kuzatuvlarda Maydanak observatoriyasi teleskoplari ham gatnashdi. Diametri 1,5 m lik AZT-22
teleskopi O‘zbekiston janubidagi Maydanak tog‘ining g‘arbiy qismida 2593 m balandlikda joylashgan.
Didymos kuzatuvlari Fairchild Instruments tomonidan ishlab chigarilgan CCD 4096X 096 pikselli, 15
mikron/pikselga ega bo‘lgan CCD kamera (SNUCAM) yordamida [11] amalga oshirildi. Barcha tasvirlar
piksel maydoni 0,27 arkminut/piksel va ko‘rish maydoni 18,1 X 18,1 arkminut, R filtri orqali olingan.
Teleskop siderial tezlikda kuzatildi va expozitsiya vaqti 60 soniyaga teng.

Tasvirlarni birlamchi gayta ishlash standart usulda master-bias va master-flats yordamida amalga
oshirildi. Aperturali fotometriya MPO Canopus dasturi yordamida amalga oshirildi. ATLAS katalogi [12]
yulduzlarni Quyoshga yagin ranglar bilan taggoslash asosida asteroid uchun kalibrlangan R Kattaliklarini
olishda ishlatilgan. Har bir tasvirda referentlar sifatidan beshta Quyosh tipidagi yulduzlar ishlatilgan.
Referent yulduzlari uchun apertura diametri 11 piksel yoki taxminan 3 arksekund edi. Asteroidning tasvirlari
60 soniyali ekspozitsiyalar davomida biroz cho‘zilgan, shuning uchun asteroid aperturasi uchun 11 X 13
pikselli elliptik diafragma tanlangan.

Yorginlik egri chiziglari kampaniyasining asosiy magsadi Dimorfosning orbital davrini aniglash uchun
ishlatilishi mumkin bo‘lgan o‘zaro hodisalarni aniglash edi. Bu ravshanlik egri chiziqlarini 1 dan 14 tagacha
alohida ravshanlik egri chizig‘idan iborat dekompozitiyalanadigan to‘plamlarga guruhlashni talab qildi.
Bunda har bir to‘plam 1 dan bir necha kungacha bo‘lgan vaqt oralig‘ini o‘z ichiga olgan. Umumiy qoida
sifatida, har bir kuzatuv sessiyasi muvaffagiyatli dekompozitsiya uchun Didimosning kamida ikkita
aylanishini (4,5 soat) qamrab olish kerak edi. Dekompozitsiya to‘plamlari birlamchi ravshanlik egri
chizig‘ining morfologiyasi asosida aniqlandi. Birlamchi ravshanlik egri chizig‘idagi o‘zgarishlar
aniqlanganda, yangi dekompozitsiya to‘plamlari aniqlandi. 224 ta alohida ravshanlik egri chizig‘i bilan jami
43 ta dekompozitsiya amalga oshirildi.

Kuzatuv kompaniyasidagi kuzatuvchilar, odatda JD, magnituda va magnituda xatoligini o‘z ichiga
olgan oddiy ASCII fayllari sifatida dekompozitsiya uchun ravshanlik egri chiziglarini tagdim etdilar. Ushbu
ravshanlik egri chiziqlarini ularning tarkibiy qismlariga ajratish bo‘yicha bizning metodologiyamizni
quyidagi bosgichlar bilan umumlashtirish mumkin:

1. Kuzatilgan JD qiymatlariga asteroidning joylashuv geometriyasidan kelib chiqib, yorug‘lik-vaqt
korreksiyalari kiritilgan;

2. Har bir alohida ravshanlik egri chizig‘i uchun magnitudalar tun davomidagi geometriyadagi kichik
o‘zgarishlar (faza burchagi, geosentrik diapazon, geliotsentrik diapazon) uchun differentsial ravishda
korreksiyalangan;

3. Dimorfosning so‘nggi orbitali yechimiga asoslanib, o‘zaro hodisalar doirasida olingan ma’lumotlar
dekompozitsiya gilingan;

4. Ravshanlik egri chiziqlari o‘zaro hodisalar (eclipse, tranzit) dan tashqaridagi o‘rtacha kattalikni
ayirish orqali differentsial kattaliklarga aylantirildi. Ushbu nol nugtasi har bir alohida ravshanlik egri chizig‘i
uchun mos parametr sifatida kiritilgan;

5. Differensial, to‘g‘rilangan ravshanlik egri chizig‘idagi asosiy aylanish belgilari nugtaviy
ma‘lumotlarning Furye seriyasiga mos keldi;
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6. O‘zaro hodisalarni ajratish uchun Furye tashkil etuvchilari ravshanlik differensial egri chizig‘idan
chiqarildi;

7. Har bir dekompozitsiya sifatini baholash uchun o‘zaro hodisalardan tashqari qoldiqlarning ildiz
o‘rtacha kvadrati (RMS) hisoblab chiqilgan;

Dekompozitsiya jarayoni yorug‘lik-vaqti korreksiyasi bilan boshlandi, shunda barcha o‘lchovlar
yagona tizimiga bog‘langan. Biz Didimosning toposentrik masofasini JD kuzatuv vaqtlaridan yorug‘lik
tezligiga bo‘lingan holda ayirish orqali oddiy birinchi tartibli yorug‘lik vaqtini tuzatishni qabul qildik. Ushbu
yorug‘lik vaqt oralig‘ida Didimosning harakatini hisobga olgan iterativ tuzatishlar qo‘llanilmadi. Bu birinchi
tartib tuzatishlar oktyabr oyining boshlarida Yerga eng yagin yaginlashganda taxminan 4 dagigadan 30
soniyagacha bo‘lgan. Didimosning harakatiga asoslanib, keyingi iterativ tuzatishlar kamida uch daraja
kichikroq va shuning uchun yorug‘lik egri chizig‘idagi individual ta‘sir gilish vaqtlari va xususiyatlariga
nisbatan ahamiyatsiz bo‘lar edi.

Har bir kuzatuv sessiyasida Quyosh fazasi burchagi, geosentrik diapazon va geliotsentrik masofa bilan
tavsiflangan ko‘rish geometriyasi biroz o‘zgardi. Bu yorqinlikda kichik monotonik o‘zgarishlarga olib keldi.
Biz buni “Python astroquery” paketi yordamida “JPL Horizons” dan Didymos uchun efemeridalarni olish
orgali tuzatdik. “Horizons” HG Kkattalik tizimi [13] yordamida efemeridalarni hisoblab chigadi va Didymos
uchun G=0,15 va H=18,12 qiymatlarini ishlatadi. Biz bu efemeridalardan differentsial o°zgarishlarni
hisoblash uchun foydalandik. Ushbu differentsial o‘zgarishlar har bir o‘Ichangan ravshanlik egri chizig‘iga
mustagqil ravishda qo‘llanildi. Garchi biz HG modeli zarbadan keyingi fotometriyaga to‘liq mos kelmasligini
ko‘rgan bo‘lsak-da, bu geometriyaga bog‘liq kattalik tuzatishlari shunchalik kichik ediki (har bir yorug‘lik
egri chizig‘i uchun < 0,1 mag) uning ta‘siri fotometrik modellar yoki o‘ziga xos farqlarda ahamiyatsiz edi.

Didimosning aylanish belgilariga to‘g‘ri mos kelish uchun biz o‘zaro hodisalar paytida olingan har bir
ravshanlik egri chizig‘ining gismlarini aniqlashimiz kerak edi (1-rasm). Ushbu nigoblash Furye tahlilining
o‘zaro hodisalarga ta’sir qilmasligi uchun juda muhim edi. Niqoblarni ta‘sir gilishdan oldin aniqlash juda
oddiy, chunki Dimorfos orbitasi bunga yaxshi imkon beradi [5,6]. DART to‘qnashuvidan so‘ng birinchi 2
kun ichida yangi orbita yechimi topildi [1], bu yana o‘zaro hodisalarni aniqlash imkonini beradi. Biroq,
ta’sirdan keyingi orbital yechim butun jarayonlar davomida takomillashishda davom etdi. Shunday qilib,
bizning o‘zaro hodisa niqoblari vogealar prognozidagi noanigliklarni hisobga olish uchun har bir hodisaning
boshida va oxirida 0,025 kungacha (36 daqiqa) qo‘shimcha bufer bilan eng dolzarb orbital yechimni aks
ettirdi. Ushbu niqoblar aniqlanganda, biz ravshanlik egri chiziglarimizni o‘zaro hodisalardan tashqari
o‘rtacha kattaliklarni ayirib, differentsial kattaliklarga aylantirdik.
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1-rasm. 2023-yil 21-fevralda olingan ravshanlik egri chizig‘i (yuqori panel) va geometriyasi
dekompozitsiyalangan differensial ravshanlik egri chizig‘i (pastki panel)

Har bir ravshanlik egri chizig‘iga yakuniy tuzatish fotometrik diafragma ichidagi zarba natijasidagi
o‘zgaruvchan yorqinligini hisobga olish uchun qo‘llanildi. Dastlab bu tizimdan uloqtirilgan tashlanmalar
yo‘qolishini qoplash usuli sifatida foydalanilgan. Bu kichik tuzatishlar bo‘lib, tashlanmalar yorqinligi
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pasayish tezligi (0,1 mag/kun) ni hisobga olish uchun qo‘llaniladi (masalan [14]). Shunday qilib, odatiy
yorug‘lik egri chizig‘i uchun bu kuzatish sessiyasi bo‘ylab magnitudaning bir necha yuzdan bir gismidan
ko‘p bo‘lmagan chiziqli tuzatishni o‘z ichiga oladi. Bundan tashqari, tashlanmalarning monotonik tarzda
susaymasligi aniqlandi. Buning o‘rniga, tashlanmalar yorqinligida murakkab o‘zgaruvchanlikning aniq
dalillari mavjud. Masalan, ikkilamchi to‘gnashuvlar ta‘sir o‘tkazgandan keyin taxminan 8 kun o‘tgach,
tashlanmalarning ko‘payishiga olib kelishi mumkin [15]. Shunday qilib, biz barcha ma’lumotlar to‘plamlari
uchun qiyalikni to‘g‘rilashda -0,25 dan +0,25 mag/kun gacha o‘zgarishga ruxsat berdik. Qiyalik tuzatishlari
qo‘llanilganda, bu garor yakuniy dekompozitsiyalarda pastroq giymatlar bilan qo‘llab-quvvatlandi.

Differensial, to‘liq to‘g‘rilangan ravshanlik egri chiziglari bilan biz har bir dekompozitsiya uchun
ma’lumotlarni Furye qatori shakliga moslashtiramiz:

2mn 2

m(t) =%k_, A,!cﬂsT (t —tg)+ B”SIH% {t — tg.]] — [t —ty) +8m (€))

Bu yerda m(t) - t vaqtdagi differensial magnituda, u n dan ortiq yig‘indida Furye qatorining k tartibini
belgilaydi. 4,,va B,,- Furye koeffitsiyentlari, P - Didimosning aylanish davri (P=2,2600 soat, [2]). t - har bir
parchalanish to‘plamiga kiritilgan ravshanlik egri chizig‘ining boshlanish vaqti, f - tashlanmaning
monotonik o‘zgaruvchanligini to‘g‘irlaydigan -0,25 dan 0,25 mag / kun oralig‘idagi qiyalik parametri. &m
esa har bir ravshanlik egri chizig‘iga alohida qo‘llaniladigan kichik differentsial qo‘shimcha. Bu jarayon
avvalgi ishlarga o‘xshaydi (masalan [2,5,16]), lekin biroz ancha qiladi. Oddiylik uchun biz oqimning
konvertatsiya qilish va o‘ratish birliklaridan farqli o‘laroq, o‘lchangan magnitudalarni moslashtiramiz. Biz
Furye mosligining sifati (RMS) magnitudalarni o‘rnatishda bir xil ekanligini anigladik.

Optimal Furye tartibini aniqlash uchun “o‘sish egri chizig‘i” yondashuvi qo‘llanildi. Bunda 5 dan 15
gacha bo‘lgan k diapazoni skanerdan o‘tkazildi, optimal moslik k giymatiga to‘g‘ri keladi, buning uchun
alohida ravshanlik egri chizig‘idagi RMS < 0,001 mag ga o‘zgardi. Yakuniy qoldiglar va kvadratik qiymatlar
dekompozitsiya to‘plamidagi barcha ravshanlik egri chizig‘idan Furye mosligini ayirish yo‘li bilan aniqlandi.
O‘zaro hodisalardan tashqari qoldiglar bo‘yicha RMS hisoblab chigilgan (1-rasm). Rasmiy chi-kvadrat
statistikasini hisoblashga urinishlar o‘lchangan fotometriyadagi nomuvofiqlik tufayli RMS ga qaraganda
kamroq foydali bo‘ldi. Ba’zi ma‘lumotlar to‘plamlarida xatolar sezilarli darajada oshirilgan, boshqalari esa
sezilarli darajada kam baholangan. Xato gatorlarni bir-xillashtirish usuli yo‘qligi sababli, biz ularni o‘rnatish
jarayonida e‘tiborsiz qoldirdik va individual ravshanlik egri chiziglarining ma‘lumotlar sifatini baholash
uchun RMS qoldiglarini hisobladik.

Dekompozitsiyalangan ravshanlik egri chiziqlari to‘plamini yaratish jarayoniga yangi ma‘lumotlar
qo‘shilganda yoki gisqartirishlar yangilanganda muntazam tuzatishlarni o‘z ichiga olgan edi. Umumiy RMS
goldiqlari, shuningdek, alohida ravshanlik egri chiziglari bilan bog‘liq RMS qiymatlari ma‘lumotlarni rad
etish yoki gabul qgilish uchun ishlatilgan. Qabul qilish uchun o‘rtacha RMS qoldiglari < 0,015 mag bo‘lishi
talab qgilingan. Istisnolar, masalan, shovqinli ravshanlik egri chizig‘i boshqa ravshanlik egri chiziqglari bilan
ifodalanmagan asosiy aylanish fazalarini gamrab olganda amalga oshirilgan. Odatda, har bir dekompozitsiya
to‘plami uchun sanalar oralig‘i birlamchi ravshanlik egri chizig‘ining morfologiyasidagi o‘zgarishlar 0,015
mag dan oshganda aniglangan.

Ma’lumotlarni dekompozitsiyalash natijalari va modellar bilan solishtirish. 2022-2023 yillardagi
kuzatuv kompaniysianing dekompozitsiyalangan qoldiqlari Dimorfosning to‘qnashuvdan oldingi va keyingi
orbitasini aniqlash uchun asos bo‘ldi [1]. DART ta‘siridan so‘ng, tashlanmaning xiralashishi tufayli o‘zaro
hodisalarni ravshanlik egri chizig‘i bilan bir necha kun yoki hatto haftalar davomida aniqlab bo‘lmasligi
mumkin edi [17]. Yaxshi-ki, bu vaqtda davom etgan kuzatishlar ta’sirdan atigi 29 soat o‘tgach, birinchi
ta’sirdan keyingi o‘zaro hodisani aniqladi. Bir nechta taxminlar ushbu hodisani aniqlashga yordam berdi.

Birinchidan, kosmik kema zarbasining geometriyasi Dimorfos orbitasining davri to‘qnashuvdan
oldingi 11,92 soatlik qiymatidan qisqarishini ko‘rsatdi.

Ikkinchidan, modellar £ uchun mumkin bo‘lgan 1-5 [18] giymatlarni bashorat gilishdi, bu taxminan
10 dagigadan 1 soatgacha bo‘lgan davr o‘zgarishiga olib keladi [19].

Uchinchidan, tizimning ma’lum geometriyasi [6,20] sentabr oyi oxiridagi ikkilamchi tutilishlar
taxminan bir soat davom etishini ko‘rsatdi.

Ravshanlik egri chiziglarini tekshirish 28-sentabr kuni UT ma’lumotlarida ikkilamchi tutilishni
aniqladi, bu taxminan 11,4 soatlik yangi orbita davriga to‘g‘ri keladi. Ushbu o°‘zaro hodisaning chuqurligi
taxminan 0,03 mag yoki modellar tomonidan bashorat gilingani [20] dan 60% ni tashkil etdi. Bu tashlanma
chigarish ogimining kuchayishi ushbu o‘zaro hodisaning chuqurligi susaytirishini ko‘rsatdi.
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O‘tgan 2022-2023 yillar davomida Didimos tizimining ko‘rinish geometriyasi o‘zgarganligi sababli
turli xil o‘zaro hodisalar kuzatildi. Bu xilma-xillikka diskret (vaqt bo‘yicha ajratilgan) birlamchi va
ikkilamchi tutilishlar va okkultatsiyalar, shuningdek, vaqt o‘tishi bilan bir-biriga mos keladigan hodisalar
kiradi. Ba’zi hollarda o‘zaro hodisalar bir vaqtning o‘zida bir nechta observatoriyalar tomonidan kuzatilgan.
Ushbu bir vaqtda kuzatuvlar ob‘ektlar va ma‘lumotlarni qisqartirish usullari bo‘yicha muhim izchil
tekshiruvlarni ta‘minladi. Odatda, ma‘lumotlar 0,01 magnituda darajasida yaxshi edi.

Umuman olganda, bu dekompozitsiya qoldiglari alohida ravshanlik egri chiziglarini tasdiglash va
qabul qilish uchun eng yaxshi vositalarni taqdim etdi. To‘liq ravshanlik egri chizig‘i ma’lumotlar to‘plami 8
oylik kuzatuv davomida saqlanib qolgan yuqori ma‘lumotlar sifatini (masalan, aniqlik va aniqlik 0,01
magnitudali) namoyish etdi va ba’zi individual ravshanlik egri chiziglari bir kechada 8 soatdan ko‘proq vaqt
davomida ushbu standartlarga javob bergan.

To‘gnashuv natijalarini o‘z ichiga olgan qariyb 8 oylik ma’lumotlar bilan biz o‘zaro hodisalarning
modellarga nisbatan evolyutsiyasini baholaymiz. Bunday modellar [masalan 6,20], o‘zaro voqealar vaqtini
aniglash uchun yaxshi ishlab chigilgan. Bu yerda biz ma’lumotlarga nisbatan o‘zaro voqealarning bashorat
qilingan chuqurligiga e’tibor garatamiz. Biz ushbu taqqoslashga ehtiyotkorlik bilan yondashamiz, chunki bu
modellar o‘zaro hodisalarning batafsil shakllariga mos kelish uchun aniq ishlab chiqilmagan. Topografiya,
bir xil bo‘lmagan albedo yoki fotometrik tarqalish xususiyatlari kabi omillar ma’lumotlar va model
o‘rtasidagi tafovutlarga sababchi bo‘lishi mumkin.
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2-rasm. To‘qnashuvdan oldingi (chapda) va keyingi (o‘ngda) kuzatuv ma’lumotlarini modellar
bilan solishtirish

Ushbu tahlil uchun ishlatiladigan fotometrik modelning tafsilotlari adabiyotlarda keltirilgan [9]. Ushbu
model, birinchi navbatda, parchalangan ravshanlik egri chizig‘idan o‘zaro hodisa vaqtlarini yaxshilangan
o‘Ichashni osonlashtirish uchun ishlab chiqilgan edi. Model aniglangan hajmlar asosida [4] Dimorfos va
Didimos uchun aylanma simmetrik ellipsoid shakllaridan foydalangan, ammo Dimorfosning o‘lchamlari
ta’sirdan oldingi o‘zaro hodisalar ma’lumotlariga nisbatan kalibrlash uchun 10% ga oshirilgan. Fotometrik
model Dimorfos uchun eng yangi orbita yechimidan foydalangan [9] va soddalik uchun diffuz sochilishda
Lommel-Seeliger (LS) gonunini gabul gilgan holda tizimning aniq fotometrik imzosini ko‘rib chigadi [21].
LS parametrlari S tipidagi asteroidlarning vakili sifatida qabul qilingan [22]. Ushbu model o‘zaro
hodisalarning vaqti va morfologiyasi (shakli, chuqurligi) uchun real bashoratlarni ishlab chigadi. Quyidagi 2-
rasmda ushbu model ta’sirdan oldingi va keyingi ravshanlik egri chiziqlaridagi o‘zaro hodisalarni
solishtirilgani ko‘rsatilgan. Bunday hollarda hodisalarning vaqti va sifati modellar tomonidan yaxshi
ifodalanganligi aniq. Biroq, ta’sirdan keyingi ma’lumotlardagi voqealar chuqurligi ba’zan model
bashoratlariga qaraganda sayozroq bo‘ladi. Bu tizimdagi qoldiq tashlanmalarning ta’siri bilan bog‘liq
bo‘lishi mumkin.

O‘zaro hodisalar modellari [9] haddan tashqari chuqur. Ta‘sirdan keyingi ma‘lumotlarda modellar
o‘zaro hodisalarning chuqurligini ortiqcha bashorat qiladi, bu farq tizimdagi qoldiq tashlanmaning ta’siri
bilan bog‘liq bo‘lishi mumkin. Muayyan o‘zaro hodisalar konfiguratsiyalarida jismlarning vizualizatsiyasida
[9] keltirilgan. Tashlanmalar mavjud bo‘lganda, o‘zaro hodisalarning magnitudada kuzatilgan chuqurligini
guyidagicha ifodalash mumkin:

_ (fe +f.s—aﬂf:|9_r+fe)
Maps = ~2.5l0g ( (fo+fo)e™T+fe @
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bu erda f - yorug‘lik ogimi - birlamchi Didimos (F), ikkilamchi dimorfos (s), va tashlanmaniki (&),
o‘zaro hodisalar tufayli ravshanlikning o‘zgarishi 4, va atrofdagi tashlanmadan so‘nishning optik chuqurligi

T uchun ravshanlikning susayishi bilan tavsiflanadi. Modellashtirilgan o‘zaro hodisalar chuqurliklari
(Mamoger) 2-tenglamadagi so‘nish (e7F) yoki tashlanma (f;) kattaliklarini o‘z ichiga olmaydi. Shunday

qilib, tashlanma optik jihatdan qalin bo‘lsa yoki ravshanlikka sezilarli hissa qo‘shsa, model va ma’lumotlar
sezilarli farglarni ko‘rsatishini kutish mumkin.
Xulosa. Biz model va kuzatuvlar o‘rtasidagi magnitudalardagi farqni AM = mg,mo0e1 — Maobs

ma’lumotlar va modelning masshtabli versiyalari o‘rtasidagi RMSni minimallashtirish orgali baholadik. Bu
ma’lumotlar to‘plamidagi barcha o‘zaro hodisalar uchun amalga oshiriladi. Har bir hodisa uchun biz minimal
RMS ni topish uchun 0,01 bosqichda 0,01 dan 2,0 gacha bo‘lgan masshtablash omillaridan foydalanamiz.
Har bir o‘zaro hodisa uchun AM qiymati keyinchalik masshtabli modelga nisbatan nominal modelning

minimal yorqinligidagi farqi edi. Ushbu yondashuv bilan biz zarbadan keyingi birinchi o‘zaro hodisalar
modellar tomonidan bashorat gilinganidan 0,04 magnitudaga kichikrog ekanligini anigladik. Shunday qilib,
tashlanmalar zarbadan keyin birinchi kun yoki undan ko‘proq vaqt ichida optik jihatdan ingichka dum bo‘lib
golgani anig.

Kuzatilgan hodisalarning chuqurligi bo‘yicha solishtiruvchi model tashlanmalar tarqalishining vaqt
shkalasini xarakterlash uchun foydalanildi. AM dagi o‘zgarishlar modelning ma‘lumotlarni qanchalik yaxshi
ifodalashini miqdoriy baholaydi. To‘qnashuvdan so‘ng, AM ning giymatida ijobiy saldo bor edi va u
keyinchalik asta-sekin parchalandi. Biz birlamchi va ikkilamchi hodisalar uchun AM qiymatlarini alohida
ko‘rib chiqdik va ularni mustaqil ravishda eksponensial dekompozitsiya egri chiziqlari bilan moslashtirdik.
Ikkala dekompozitsiya egri chizig‘i 0,04 magnituda atrofida boshlang‘ich qiymatlarni ko‘rsatadi.

Ajablanarlisi shundaki, asosiy va ikkilamchi to‘silish-tutulish turli xil AM profillarini ko‘rsatdi.
Ikkilamchi to‘silish-tutulishlar uchun AM yarim davri 24,244,8 kun bo‘lganligini aniqladik, bu [14] da
tagdim etilgan 23,7 kun giymatidagi fotometrik pasayish bilan to‘liq mos keladi. Biroq asosiy to‘silish-
tutulishlar uchun mos keladigan vaqt shkalasi 48,6+12,2 kundan uzunroq edi. Birlamchi yemirilish egri
chizig’i ham kuzatuv oxirida nolga qaytmadi, aksincha, 0,01 magnitudaga biroz siljigancha qoldi.
To‘gnashuvdan ko‘p vaqt o‘tgach ham tashlanmalarning o‘zaro hodisalar chuqurligiga ta’sir gilishi davom
etmoqda.
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UO‘K 53

MAVJUD QUYOSH KONSENTRATORLARI TAHLILI VA ULARGA INNOVATSION
YECHIMLAR QO’LLASH

Sharibayev Nosir Yusupjanovich,

Namangan muhandislik-texnologiya instituti o ‘gituvchisi
Maxmudov Bekzod Mirzaaxmad o’°g’li.

Namangan muhandislik-texnologiya instituti o ‘gituvchisi
mbekzod592@gmail.com

Annotatsiya. Ushbu maqolada quyosh konsentratorlari texnologiyasi o'rganildi va ularning
samaradorligi, ishlash parametrlari, amaliy qo'llanilishi va innovatsion yechimlarni qo 'llash haqgida batafsil
tahliliy ma’lumotlar berildi. Maqgolada Parabolik trubkali konsentratorlar, Fresnel linzalari va Parabolik
botiq ko’zguli konsentratorlar kabi texnologiyalarni tahlil qildik, shuningdek, ularning har birining
samaradorligini aniq parametrlar bilan ko'rib chiqib qo’llanilishi afzal deyilgan konsentratorlar ko rsatib
o’tildi. Bundan tashqari ularni samaradorligini oshirish va innovatsiyalarni qo’llash bo’yicha tavsiyalar
berildi.

Kalit so'zlar: quyosh konsentratorlari, parabolik konsentratorlar, Fresnel linzalari, botiq ko’zguli
konsentratorlar, samaradorlik, quyosh energiyasi, energiya ishlab chigarish.

AHAJIM3 CYHIECTBYIOIUX COJTHEYHbIX KOHUEHTPATOPOB U IPUMEHEHHE
K HUM NTHHOBALIMOHHBIX PEHIEHUHU

Annomayusa. B oannoii cmamve paccmampugaemcsi mexHonio2Uusi COMHEYHbIX KOHYEHMPAmopos u
npedcmasiena noopodHas anarumudeckas ungopmayus o6 ux s¢gexkmuenocmu, pabouux napamempax,
NPaKmMu4eckoM NpUMeHeHuu U NPUMeHeHUuU UHHOBAYUOHHBIX peulenull. B cmamve mbl npoananu3uposanu
makue MexHONO2UU, KAaK KOHYEeHmpamopvl ¢ napaboaudeckumu mpyokamu, nuHzbl Ppenena u
KOHYEHMPAmopul ¢ NApadoIUyecKuUMu 60SHYMbIMU 3ePKALAMU, A MAKA#CE IPPEKMUBHOCTb KANCOOU U3 HUX
npU KOHKpemHwlX Napamempax u NOKa3auu npeonoymumenvhvle Konyenmpamopul. Kpome mozo, 6vinu danel
peKomenHOayuu no NOGbIUEHUIO UX IPHEKMUBHOCU U UCNONb308AHUIO UHHOBAYUIL.

Kniouesvie cnosa: conneunvie KOHYeHMpamopwvl, napadoIuyecKkue KOHYEHMPAmopsl, JUH3bL
DpeCHens, KOHYEHMPAMoOpvl ¢  BOCHYMbIMU  3epKalaMU, 3PheKmusHocms, CONHEUHAs IHepeus,
npouU3800CmMe0 IHePUU.

ANALYSIS OF EXISTING SOLAR CONCENTRATORS AND APPLICATION OF
INNOVATIVE SOLUTIONS TO THEM

Abstract. This article examines the technology of solar concentrators and provides detailed analytical
information about their efficiency, performance parameters, practical application, and application of
innovative solutions. In the article, we analyzed technologies such as concentrators with parabolic tubes,
Fresnel lenses and concentrators with parabolic concave mirrors, as well as the effectiveness of each of
them with specific parameters, and the concentrators that are preferred for use were shown. In addition,
recommendations were made to increase their efficiency and use innovations.

Keywords: solar concentrators, parabolic concentrators, Fresnel lenses, concave mirror
concentrators, efficiency, solar energy, energy production.

Kirish. Quyosh energiyasi — gayta tiklanuvchi energiya manbayi sifatida dunyo bo'ylab yirik energiya
tizimlarini rivojlantirishda muhim rol o'ynamogda. Quyosh konsentratorlari texnologiyasi quyosh
energiyasining samaradorligini oshirish uchun ishlatiladi, bu esa tizimlar samaradorligini sezilarli darajada
oshiradi. Quyosh konsentratorlari quyosh nurini bir nugtada to'plash va uni issiglikga aylantirish imkonini
beradi. Quyosh energiyasidan foydalanish tarixi uzoq vaqtga borib tagaladi, chunki insoniyat quyosh
nurlarining kuchini gadimdan bilgan. Quyosh energiyasidan foydalanishning rivojlanishi, asosan,
texnologiyalar va ilm-fan sohasidagi yutuglarga erishilgan. Qadimgi tsivilizatsiyalar quyosh nurlaridan turli
magsadlar uchun foydalangan. Misrliklar quyoshni madaniyatlarining markazi sifatida gadrlashgan va ular
guyosh nuridan gishloq xo'jaligi uchun foydalanishgan. Greklar esa quyosh nurlarini o'zlarining arxitektura
va yoritish tizimlarida (masalan, katta oynalar orgali) qo'llashgan. Rimliklar quyoshni issiglik manbayi
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sifatida ishlatishgan. O'rta asrlarda quyosh energiyasi hagida ko'p ma'lumotlar yo'q edi, ammo
tabiatshunoslar va mutaxassislar quyosh nurini ishlatishning asosiy prinsiplari hagida gizigish bildirganlar.
1824-yil Fransuz olimi Augustin-Jean Fresnel quyosh nurlarini to'plash uchun Fresnel linzasini ixtiro gildi.
Ushbu linza tizimi yoritish va quyosh energiyasini konsentratsiya gilishda ishlatiladi. Fresnel linzasi quyosh
energiyasini to'plash va uzatishda katta imkoniyatlarni ochdi. 1839-yil Fransuz olimi Alexandre Edmond
Becquerel quyosh energiyasining elektr energiyasiga aylanishi mumkinligini kashf etdi. U foto effect
xodisasini anigladi, bu quyosh energiyasini to'g'ridan-to'g'ri elektr energiyasiga aylantirish uchun asos bo'ldi.
1970-yillar: Neft narxlarining oshishi va energiya ta'minotidagi muammolar tufayli quyosh energiyasiga
bo'lgan gizigish ortdi. Bu davrda quyosh energiyasi texnologiyalarini rivojlantirishga katta mablag' ajratildi.
Shu vaqt ichida, quyosh issiglik energiyasidan foydalanuvchi qurilmalar va quyosh panellar kengroq
targaldi. Hozirgi kunda XXI asrda quyosh energiyasi global energiya manbayi sifatida katta ahamiyat kasb
etdi. Texnologiyalarning tez rivojlanishi, samaradorlikning oshishi va narxlarning pasayishi natijasida
guyosh energiyasi jahon miqyosida keng targalgan energiya manbayiga aylandi. Quyosh energiyasining
ishlatilishi yangi qurilmalarda, jumladan, quyosh panellari, quyosh issiglik tizimlari, quyosh konsentratorlari
va quyosh energiyasini saglash tizimlarida kengaymogda. Hozirgi kunda, ko'plab mamlakatlar, shu
jumladan, Xitoy, AQSh, Germaniya va Hindiston, quyosh energiyasini ishlab chigarishda yetakchi rol
o'ynamoqda. Quyosh energiyasidan foydalanish tarixi, insoniyatning gadim zamonlardan boshlab, quyosh
nurining energiya manbayi sifatida salohiyatini tushunishi va undan foydalanish imkoniyatlarini izlash orqali
rivojlanib kelgan. XX-XXI asrlarda esa, texnologik yutuglar va global energiya muammolari tufayli, quyosh
energiyasi igtisodiy jihatdan samarali va keng targalgan energiya manbayiga aylandi. Quyosh energiyasidan
keng ko’lamda foydalanish va uning rivojlanishini tagazo etayotgan omillar bular energetika bozorida
yoqilg’i narxining ortib borishi va energiya taqchilligidir. Shuning uchun xam quyosh energetika sohasining
asosiy rivojlanish bosgichi XX asrning ikkinchi yarmi va XXI asrga to’g’ri keladi.

Usullar. Parabolik quyosh konsentratorlari quyosh energiyasini to'playdi va gizdirish uchun
ishlatiladi. Ularning bir necha turlari mavjud bo’lib, ulardan keng tarqalgani va ko’p qo’llaniladiganlariga
guyidagilarni keltirish mumkin:

» Parabolik botiq ko’zguli konsentratorlar (Parabolic Dish Concentrators): Bu turdagi konsentratorlar
katta, giyshiq yuzaga ega va odatda chuqur tovoq shaklida bo'ladi. Quyosh nurlari, parabolik shakl orgali
markaziy nugtaga to'g'ri tushadi, bu nugtada issiglik to'planadi. Ular yuqori samaradorlikka ega bo'lib,
aynigsa, issiqlik energiyasini yugori darajada konsentratsiya gilish uchun ishlatiladi.

1-rasm. Parabolik botiq ko’zguli konsentrator
» Parabolik stirling konsentratorlari (Parabolic Dish-Stirling Systems): Bu turdagi tizimlarda
parabolik konsentrator quyosh nurlarini gattiq nugtaga to'playdi, va bu nuqgtada Stirling dvigatel ishlaydi.
Stirling dvigateli konsentratsiya gilingan issiglik energiyasidan elektr energiyasi ishlab chigaradi.
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2-rasm. Parabolik stirling konsentratorlari
» Parabolik suv isitgich konsentratorlari (Parabolic Trough Water Heating Systems): Ushbu
tizimlarda parabolik konsentratorlar suvni gizdirish uchun ishlatiladi. Qizdirilgan suvni to'plash va uni
issiglik manbayi sifatida ishlatish uchun turli sohalarda foydalaniladi.
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3 rasm. Parabollk suv ISIthCh konsentratorlarl
» Parabolik trubkali konsentratorlar (Parabolic Trough Concentrators): Ushbu konsentratorlar uzun,
past parabolik shaklda bo'lib, ular quyosh nurlarini to'plab, gizdirish uchun uzluksiz(uzun) truba orgali
o'tkazadi. Ular asosan issiglik energiyasini ishlab chigarishda, quyosh issiglik elektr stantsiyalarida va
ko’plab texnologik issiqlik jarayonlarida masalan, quritishda ishlatish mumkin.

4-rasm. Parabolik trubkali konsentratorlar
» Fresnel linzali quyosh konsentratorlari (Fresnel Solar Concentrators): bu quyosh nurini kichik bir
nugtaga yoki maydonga to'plab, uni energiyaga aylantirish uchun ishlatiladigan optik qurilmalardir. Bu
konsentratorlar, Fresnel linzalarining tamoyilidan foydalanib, quyosh nurlarini yuqori samarali tarzda
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yo'naltiradi va konsentratsiya giladi. Ular quyosh energiyasini yig'ish va uni issiglikka yoki elektr
energiyasiga aylantirishda qo'llaniladi.

5-rasm. Fresnel linzali quyosh konsentratorlari.

Har bir turdagi parabolik quyosh konsentratori 0'zining maxsus qo'llanilishi, samaradorligi va texnik
Xususiyatlariga ega.

Natijalar. Quyosh konsentratorlari texnologiyasining samaradorligini tahlil gilishda bir nechta muhim
omillarni inobatga olish kerak. Quyosh konsentratorlari quyosh energiyasini to'plash va konsentratsiya qilish
orgali yugori samaradorlikni ta'minlashni magsad gilgan bo'lsa-da, ularning samaradorligi bir gancha texnik
va omillarga bog'ligdir. Quyida bu omillarni ko'rib chigaylik:

1. Optik samaradorlik. Quyosh konsentratorining asosiy vazifasi — quyosh nurlarini Kichik bir
nuqgtaga yoki maydonga jamlashdir. Konsentratorning samaradorligi uning quyosh nurlarini ganday qilib
to'g'ri va samarali konsentratsiyalashiga bog'liq. Yuqori konsentratsiya darajasi quyosh energiyasining
ko'proq gismini olish imkonini beradi. Parabolik yuzalar yoki linzalarda nurning yo'golishi (masalan,
materialning shaffofligi yoki aynigsa burchaklarda yoritishning samarali bo'Imasligi) konsentrator
samaradorligiga ta'sir giladi.

2. Termal samaradorlik. Ko'pgina quyosh konsentratorlari issiglikni to'plash uchun ishlatiladi. Bu
tizimlar issiglikni ganday samarali to'play olishiga bog'liq. Agar issiglik tizimi yaxshi izolyatsiya gilinmagan
bo'lsa, u holda energiya yo'qoladi. Issiglikni saglash va uzatish uchun ishlatiladigan materiallar ham
samaradorlikka ta'sir qiladi. Fokus nuqtada konsentratorning maksimal harorati bo’ladi, sababi barcha
energiya shuqtada to’planadi. Fokus nuqtani to’g’ri tanlansa samaradorlik ortadi. Ammo juda yuqori
haroratlar tizimning materiallariga zarar yetkazishi mumkin.

3. Tizimning kinetik samaradorligi. Ko'pgina quyosh konsentratorlari quyoshni kuzatish
mexanizmlariga tayanadi, ya'ni konsentrator quyoshning harakatini kuzatib boradi va nurni optimal ravishda
yo'naltiradi. Kuzatuv tizimining to'g'ri ishlashi konsentrator samaradorligiga katta ta'sir ko'rsatadi. Samarali
kuzatish tizimi quyosh nurlarini maksimal darajada konsentratsiyalash imkonini beradi. Mexanik tizimlar
yoki ularga talab gilinadigan energiya ham tizimning umumiy samaradorligiga, albatta, ta'sir giladi.

4. Quyosh nuri intensivligi va ob-havo sharoitlari. Quyosh konsentratorining samaradorligi, albatta,
uning ishlash joyidagi quyosh nuri intensivligiga bog'lig. Quyosh nurining intensivligi o'zgarib turadi va bu
iglim sharoitlariga, kun vaqgtiga va faslga garab o'zgaradi. Quyoshning to'g'ridan-to'g'ri chigishi va
bulutlarning mavjudligi samaradorlikni sezilarli darajada kamaytirishi mumkin. Yomg'ir, bulutlar, chang va
boshqga atmosferadagi zarrachalar quyosh konsentratorlarining samaradorligini kamaytiradi.

5. Energiya uzatish samaradorligi. Agar konsentrator issiglik energiyasini ishlab chigarsa, bu
energiya ganday uzatilishi va ishlatilishiga garab samaradorlik o'zgaradi. Issiglikni elektr energiyasiga
aylantirishda ishlatiladigan tizimlar, masalan, termodinamik tsikllar, gayta ishlash samaradorligini
ta'minlashi kerak. Agar issiglik energiyasi saglanadigan bo'lsa, ularning samaradorligi va energiya
yo'gotishining minimal bo'lishi kerak.

6. Sistemani boshqarish va texnik xizmat ko'rsatish samaradorligi. Quyosh konsentratorlarining
samaradorligi, ularni o'rnatish va texnik xizmat ko'rsatishning samarali bo'lishiga bog'liq. Tizimlarning to'liq
ishlashini ta'minlash va optimal holatda saqlash zarur. Tizimni avtomatlashtirish va uning ishlashini doimiy
ravishda monitoring qilish, samaradorlikni yaxshilashda muhim ahamiyatga ega. Bundan tashqari
konsentratornik geometrik shakli va umumiy yuzasi xam samaradorlikga ta’sir etishi mumkin.

7. Qurilmaning iqgtisodiy samaradorligi. Quyosh konsentratorlarini ishlab chigish va o'rnatish
xarajatlari ham samaradorlikni baholashda inobatga olinishi kerak. Quyosh energiyasidan foydalanishning
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umumiy iqtisodiy samaradorligi qurilmaning narxi, o'rnatish va texnik Xizmat ko'rsatish xarajatlarini
kamaytirish bilan bog'lig.

Quyosh konsentratorlarining samaradorligini tahlil gilishda yuqoridagi barcha omillarni hisobga olish
zarur. Bular orasida optik samaradorlik, issiglikni to'plash va saglash, tizimning kuzatish mexanizmi,
energiya uzatish samaradorligi, iqtisodiy jihatlar kabi omillar muhim o'rin tutadi. Samarali quyosh
konsentratorlari energiyaning ko'prog gismini to'plash, uni uzoq muddat davomida saglash va minimal
energiya yo'qotish bilan ishlash imkonini beradi.

Muhokama. Ushbu tahlil shuni ko'rsatadiki, quyosh konsentratorlari turli ishlash parametrlariga ega
va ularni ishlab chigarish va go'llashda texnologiyaning turiga garab samaradorlik sezilarli darajada farg
giladi. Parabolik konsentratorlar yuqori haroratlarni yaratishda samarali bo'lsa, Fresnel linzalari arzon va
yengil bo'lib, nisbatan past haroratli xollarda samarali ishlaydi. Botiq ko’zguli quyosh konsentratorlari esa bir
nuqtaga yig’ish bo’yicha eng yuqori samaradorlikni ta'minlaydi. Trubkali quyosh konsentratorlari esa
yuzadan unumli foydalanish va suv yoki havo(issiqlik tashuvchi)ga issiqlikni to’liq yetkazish bo’yicha
samarali hisoblanadi. Bularning aniq qiymatlar bilan quyida keltirib o’tilgan.

Quyosh konsentratorlarining ishlash samaradorligi turli omillarga, jumladan, texnologiyaning turiga,
geometrik shaklga, foydalanilgan materiallarga va tizimning o'ziga xos xususiyatlariga bog'lig. Quyidagi
aniq parametrlar bilan misollar keltirilgan:

1. Parabolik konsentratorlarda: Parabolik konsentratorlar quyosh nurini 80-90% samaradorlik bilan
to'playdi. Bu, aynigsa, yugori harorat talab giladigan jarayonlarda samarali bo'ladi. Masalan, quyosh issiglik
energiyasi ishlab chigaruvchi stansiyalarda parabolik konsentratorlar o'rtacha 550-750°C haroratga erishish
imkoniyatiga ega. Masalan, 2009- yilda Solargenix Energy kompaniyasi tomonidan ishlab chigilgan
parabolik trassa tizimi (Parabolic Trough Collector) o'rtacha 30%-40% samaradorlik bilan energiya ishlab
chiqarishi aniglangan.

2. Fresnel linzalarida: Fresnel linzalari odatda 60-70% samaradorlikka ega bo'ladi. Bu tizimlar
ko'proq konsentratsiyalangan quyosh issigligi (CSP) tizimlarida, aynigsa, arzon va yengil materiallar
ishlatishda qo'llaniladi. Masalan, Solel kompaniyasi tomonidan ishlab chiqilgan Fresnel linzasi tizimi, 500m?
maydonda, 350°C ga gqadar issiqlik ishlab chiqaradi, bu esa kichik hajmdagi sanoat jarayonlarini
quvvatlantirish uchun yetarli bo'ladi.

3. Botiq ko’zguli konsentratorlarda: Botiq ko’zguli konsentratorlari eng yuqori samaradorlikka ega,
ular 90%-gacha quyosh nurini markazga yo'naltirishi mumkin. Bu tizimlar ko'pincha elektr ishlab
chigarishda ishlatiladi. Masalan, Stirling Energy Systems kompaniyasining Stirling Engine tizimi 1 kVt
hajmdagi elektr energiyasini ishlab chiqarishga mo'ljallangan Botiq ko’zguli konsentratorlari orgali 85%-ga
yaqin samaradorlikka erishdi.

Xulosa. Ushbu keltirilgan ma’lumotlar va o’rganilishlar natijasida xulosa qilib shuni aytish kerakki,
Quyosh konsentratorlari samaradorligini oshirish uchun bir gator strategiyalarni go'llash mumkin:

e Yangi materiallar va izolyatsion goplama texnologiyalari yordamida tizimlarning ishlash
samaradorligini oshirish mumkin.

o Gibrid tizimlarni ishlab chigish ham quyosh konsentratorlarining samaradorligini ortiradi, bu esa
quyosh energiyasining ko'proq gismi elektr energiyasiga aylanishini ta'minlaydi. Ya’ni belgilangan yuzada
ham elektr energiyasi, ham issiglik energiyasi ishlab chiqgariladi.

e Kuzatuv tizimlari (solar tracer)ni takomillashtirish: Quyosh konsentratorlari samaradorligini
oshirish uchun ularni doimiy ravishda quyoshga yo'naltirish tizimi kerak bo'ladi. Bu ularning samaradorligini
oshiradi. Ammo bular gqo'shimcha xarajatlarni talab giladi.

Quyosh konsentratorlari quyosh energiyasini samarali tarzda to'plash va energiya ishlab chigarishda
juda samarali texnologiyalardir. Parabolik trubkali konsentratorlar va Botiq ko’zguli konsentratorlari yuqori
haroratli hollar uchun, Fresnel linzalari esa o'rtacha va past haroratli hollar uchun samarali hisoblanadi.
Gibrid tizimlar quyosh konsentratorlari va fotoelementlar texnologiyalarini birlashtirish yanada yuqori
samaradorlikka erishish imkonini beradi.
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INVESTIGATION OF CATALYSTS ASSOCIATED WITH HIGH-TEMPERATURE SOLAR
SYSTEMS FOR HYDROGEN FUEL PRODUCTION

Temirov Ogabek Farkhod ugli,
Assistant of “Biomedical Engineering, Biophysics and Informatics ” Department
of the Bukhara State Medical Institute

Abstract. Currently, the economic and environmental prospects of hydrogen energy are widely
recognized by many scientists. Various developments, projects, and theoretical research are being conducted
to enhance the efficiency of hydrogen energy products. This scientific article focuses on the systematic
technical and technological aspects of hydrogen fuel production using high-temperature solar systems and
catalysts. It covers methods of hydrogen production, compares the properties of liquid and gaseous
hydrogen products with other fuels, and presents significant conclusions derived from the study.

Keywords: methods of hydrogen production, high-temperature solar devices, allotropes of
molybdenum disulfide, catalysts, green energy.

VODOROD YOQILG¢ISINI ISHLAB CHIQARISH UCHUN YUQORI HARORATLI
QUYOSH TIZIMLARI BILAN BOG‘LIQ KATALIZATORLARNI TEKSHIRISH

Annotatsiya. Ayni vaqtda iqtisodiy va ekologik jihatdan vodorod energetikasi istigbollari ko’plab
olimlar tomonidan e’tirof etilmogda. Vodorod energetikasi mahsulotlarini ishlab chigarishda
samaradorlikni oshirish uchun turli ishlanmalar, loyihalar va nazariy izlanish mavjud. Biz yuqori haroratli
quyish sistemalari va katalizatorlar asosida vodorod yoqilg isini ishlab chiqarishning tizimli texnikaviy va
texnologik jihatlari ushbu ilmiy maqolada yoritamiz. Bunda vodorod olish usullari, suyug va gazsimon
vodorod mahsulotlarining boshqa yoqilg’ilar bilan solishtirish natijalari va muhim xulosalar ham
ishimizdan o ’rin oladi.

Kalit so’zlar: vodorod olish usullari, yugori haroratli quyosh qurilmalari, allotropik shakllar
molibden disulfidi, katalizatorlar, yashil energiya.

HNCCIEAOBAHUE KATAJIN3ATOPOB, CBA3AHHBIX C
BBICOKOTEMIIEPATYPHBIMU COJTHEYHBIMU CUCTEMAMMU,
JJIs1 TPOU3BOACTBA BOJOPOJHOI'O TOIIVINBA

Annomauyua. B nacmosawee epems MHO2Ue Yu€Hble NPUSHAIOM DKOHOMUYECKUEe U IKOI02UYecKue
nepcnekmusbl 6000POOHOU dHepeemuKy. /[ nogviuieHus 3QheKkmueHocmu npou3800Ccmed npooyKmos
8000POOHOIL SHEPeeMUKU 6e0YMCs Pa3iuiHble paspabomKu, npoekmyl U meopemuieckue ucciedosanus. B
OaHHOU HAYYHOU CMamve pacCMAmpueaiomcs CUcmemHble MeXHUYecKue U MmexHoa02UecKue AacneKmol
npou3eo00cmea 6000pOOHO20 MONAUBA HA OCHOBE BbICOKOMEMNEPAMypPHLIX COJTHEYHBIX CUcmem U
Kamanuzamopos. B pabome npedcmagieHbl MemoObl HOAYYEHUS B8000p00d, pe3yibmamsl CPAGHEHUS
HCUOKUX U 2A3000PA3HBIX 6000POOHBIX NPOOYKIMOE ¢ OPYeUMU GUOAMU MONIUBA, A MAKNCE COCLAHbL BANCHbIE
6b16000L.

Knrwouesvie cnoea: memoovl nonyuenus 000pooa, 6blCOKOMEMNEPAMYPHbIE COTHEUHbIE YCMAHOBKU,
annomponuvie Qopmvl OUCYIbGUOA MOTUOOEHA, KAMATUZAMOPYL, 3eNEHASL IHEPIUS.

Introduction. H: is the most environmentally friendly type of motor fuel, making its prospects clear.
In Australia, technology is being developed to gasify brown coal in Victoria, followed by hydrogen
extraction, specifically removing sulfur, mercury, and carbon dioxide (CO:). In Norway, Nel Hydrogen is
developing technology that utilizes renewable energy sources for high-temperature electrolysis to split water
into hydrogen and oxygen. Kawasaki Heavy Industries is designing a marine hydrogen tanker for
transporting liquid hydrogen (LH>).

Hydrogen (H) is the most abundant element on Earth; however, under normal conditions, it does not
exist in the form of hydrogen atoms or hydrogen gas (Hz). Due to its properties, it readily reacts with other
organic compounds, such as water (H20). During the reaction between hydrogen and air to form water,
energy is released, which can be utilized as electricity. To make this reaction beneficial for industrial energy
production, hydrogen must be produced, for example, by separating atoms from water into oxygen and
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hydrogen through electrolysis. There are various methods of hydrogen production, differing significantly in
both environmental impact and cost. Environmental cleanliness is a crucial criterion in hydrogen production.
The more carbon monoxide released during the hydrogen production process, the less environmentally
friendly it is considered [5].

Materials and methods. For simplicity, various technologies classify each "grade™ of hydrogen by
color, which corresponds to its carbon footprint. The reaction between hydrogen and oxygen is exothermic,
releasing heat. Under standard conditions, reacting 1 mole of Hz (2 g) with 0.5 moles of O: (16 g) yields 1
mole of H20 (18 g) and releases 285.8 kJ/mol of energy, as shown in the equation:

H2 + 0,502 /ud03d H20 (1)

For comparison, the combustion enthalpy is 1300 kJ/mol for acetylene and 2200 kJ/mol for propane.
The mass of 1 m? of hydrogen is 89.8 g (44.9 mol), so producing 1 m?* of hydrogen requires 12,832.4 kJ of
energy. Since 1 kWh equals 3600 kJ, this equates to approximately 3.56 kWh of electrical energy. The
feasibility of transitioning to hydrogen fuel can be assessed by comparing the current tariff for 1 kWh of
electricity with the price of 1 m* of natural gas or other energy carriers.

Burning hydrogen produces pure water, meaning that, unlike gas or gasoline, hydrogen fuel is
produced without harming the environment. Chemical methods, including the electrolysis of water, are used
to produce hydrogen. The primary industrial method involves reacting methane, a component of natural gas,
with water at high temperatures:

CH4 + 2H20 = CO; + 4H; - 165 kJ (2

Electrolysis of salt solutions:
2NaCl + 2H,0 — H27 + 2NaOH + Cl, (3)

Passing steam over hot coke at approximately 1000°C:

H,0 +C 2 H, +CO 4)
Steam conversion of natural gas:
CHa + H,0 2 CO + 3H, (1000 °C) (5)
Catalytic oxidation with oxygen:
2CH4+ 0, 2 2CO + 4H;, (6)

Cracking and reforming of hydrocarbons during oil refining. Reaction of metals with acids,
commonly using zinc and hydrochloric acid:
Zn + 2HCl — ZnCl; + Hz?1 (7)

Interaction of calcium with water:

Ca + 2H.0 — Ca(OH), + H2? (8)
Hydrolysis of hydrides:

NaH + H,O — NaOH + H,1 )
Action of alkalis on zinc or aluminum:
2Al + 2NaOH + 6H;0 — 2Na[Al(OH)4] + 3H21 Zn + 2KOH + 2H,0 —  K2[Zn(OH)4] + H2?  (10)

Electrolysis of aqueous solutions of alkalis or acids, where hydrogen is released at the cathode:
2H30+ + 2e- — Ha1 + 2H20 (11)

Additionally, hydrogen can be produced using bioreactors.

Results. Gaseous hydrogen exists in two modifications: ortho-hydrogen and para-hydrogen. In ortho-
hydrogen molecules (melting point: —259.10 °C; boiling point: —252.56 °C), the nuclear spins are parallel,
whereas in para-hydrogen (melting point: —259.32 °C; boiling point: —252.89 °C), the spins are antiparallel.
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At very low temperatures, the equilibrium between ortho- and para-hydrogen shifts almost entirely towards
para-hydrogen. At 80 K, the ratio is approximately 1:1. Desorbed para-hydrogen converts to ortho-hydrogen
upon heating to room temperature until an equilibrium mixture is achieved. Without a catalyst, this
transformation occurs gradually, allowing for the study of the distinct properties of each allotrope.

In Russia, the primary organizations interested in hydrogen production are Rosatom and Gazprom.
Nuclear power plants aim to store excess energy in the form of hydrogen for later use, while gas companies
seek to process natural gas into hydrogen, utilizing appropriate equipment at points of use, such as fueling
stations.

To address hydrogen transportation challenges, it can be converted into alcohols—such as methanol or
dimethyl ether—which can later be reformed to produce hydrogen "on demand" for use in power plants. The

chemistry of obtaining hydrogen-containing components is well-established.

Table 1.
Comparing hydrogen with propane and gasoline in energy consumption in automobile
transportation

H; H, .
Parameter (029) (liquid) propane gasoline
Working pressure (MPa) 20 0.1 0.5 0.1
Necessary mass (kg) 40.000 30.000 40.000 40.000
Delivered weight (kg) 400 2.100 20.000 14.000
Minimum heating value
of the supplied fuel (MJ) 120 120 46.3 44.8
Minimum heating cost of 48 259 926 1,164.8
energy per truck ( GJ)
When diesel fuel is 79.6 579 60 54
consumed (kg)
Minimum heating value
of diesel (GJ) 3.38 2.46 2.55 2.30
Compared to gasoline 35.77 4.96 1.40 1.00

In general, the statements that hydrogen is an environmentally friendly fuel are not entirely fair. From
the school chemistry course, we remember that water is obtained after burning hydrogen. But it burns in air
with a high nitrogen content, and as a result of the reaction of oxygen and nitrogen at high temperatures, we
get toxic nitrogen oxides, just like when burning gasoline, only in smaller quantities. In fact, hydrogen has
nothing to do with it [8].

Discussion. Any high-temperature combustion causes a reaction of the interaction of oxygen and
nitrogen in the air with the formation of oxides. Therefore, generating electricity by burning any fuel is not
the most environmentally friendly method. And even more so, hydrocarbons burn with the release of carbon
dioxide emissions into the atmosphere. To solve the problem of emissions into the atmosphere, you need to
stop burning fuel and reduce its consumption to room temperature. Fuel cells help in this. The use of
hydrogen in fuel cells is considered the most environmentally friendly. Different fuel cells use hydrogen at
different temperatures and can be more or less selective about its purity. Low-temperature fuel cells operate
on pure hydrogen, while high-temperature ones are completely satisfied with synthesis gas. A fuel cell is an
electrochemical device that converts the chemical energy of hydrogen into electrical energy (the reverse
process of electrolysis) with very high efficiency.

Together with scientists from China and Germany, developers from Tomsk Polytechnic University
have created a cheap catalyst for hydrogen production. Now, expensive platinum is used in hydrogen
production. The new catalyst can be produced cheaply using inkjet printing, the press service of the Russian
university notes.

The new catalyst consists of molybdenum disulfide and reduced graphene oxide plates. This makes the
production of hydrogen, the fuel of the future, cheap and environmentally friendly. Russian scientists
working in the TERS-Team research group created a special ink containing molybdenum disulfide
nanoplatelets and reduced graphene oxide particles[3]. The ink was then applied to a copper plate electrode
using inkjet printing.

Catalyst for more efficient production of green hydrogen. The researchers have developed a new water
separation process and material that maximizes the efficiency of green hydrogen production, making it a
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cheap and convenient option for industrial partners looking to convert green hydrogen to renewable energy
storage instead of traditional, carbon-emitting hydrogen production from natural gas.

Hydrogen - especially carbon-free green hydrogen - has emerged as a promising clean energy carrier
and storage option for renewable energy sources such as solar and wind. It adds no carbon emissions to the
atmosphere, but it is currently expensive and complex to produce.

Conclusion. One way to produce green hydrogen is through electrochemical water splitting. This
process involves passing electricity through water in the presence of catalysts (reaction enhancers) to
produce hydrogen and oxygen[7]. The Georgia Tech research team hopes to make green hydrogen cheaper
and more sustainable by using hybrid materials for the electrocatalyst. Today, the process relies on expensive
precious metal components such as platinum and iridium, which are the preferred catalysts for producing
hydrogen through electrolysis at scale. These elements are expensive and rare, which has stalled the
movement to replace gas for hydrogen-based energy [4]. In fact, green hydrogen accounted for less than 1%
of annual hydrogen production in 2020, according to market research firm Wood Mackenzie, largely due to
these costs. Jinho Park, a GTRI researcher and lead researcher on the study, said the research could help
reduce the cost of equipment used to produce green hydrogen. In addition to developing hybrid catalysts, the
researchers also fine-tuned the shape of the catalysts and their ability to control the interaction of the metals.
The main priorities were to reduce the use of catalyst in the system while increasing its durability, since the
catalyst accounts for the bulk of the cost of the equipment.
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UO‘K 621.593

TURLI KONSENTRATSIYADA TEMIR IONLARI BILAN LEGIRLANGAN NIOBAT LITIY
KRISTALLARINING GOLOGRAFIK XUSUSIYATLARI

Yo‘ldoshev Murodjon Akbarali o‘g‘li,
“University of business and science ” universitetining katta o ‘gituvchisi,
fizika-matematika fanlari bo ‘yicha falsafa doktori (PhD)

Annotatsiya. Ushbu maqola turli konsetratsida temir ionlari bilan legirlangan niobat litiy
kristallarining golografik xususiyatlarini tadqiq qilishga bag‘ishlangan. Olingan natijalar shuni
ko ‘rsatadiki, temir ionlari konsentratsiyasining ortishi bilan kristallning fotosezgirligi sezilarli darajada
ortmoqda. Namunalarning difraksiya samaradorligining maksimal giymati n=31% tashkil etib, LiNbOs
0,020% Fe namunaning fotosezgirligi, LiNbO3z 0,003% Fe namunaning fotosezgirligiga garaganda deyarli 3
marta ortganligi kuzatildi.

Kalit so“zlar: segnetoelektrik kristallar, niobat litiy, fotorefraksiya, gologramma.

T'OJOTPA®UYECKHAE CBOMCTBA KPUCTAJLJIOB HUOBATA JINTHSI,
JIETUPOBAHHbBIX HOHAMM KEJIE3A B PA3JIMYHbBIX KOHIEHTPAIIUAX

Annomayua. /lannas cmamvs nocéaujena uUcciledo8anuio 20a02papuueckux colcme Kpucmaiios
HUObama aumus, 1e2UpOBAHHbIX UOHAMU Jicene3d 8 pa3IuuHbIX Konyenmpayusx. Ilonyuennsie pe3yibmamot
NOKA3b168al0M, 4MO GHOMOUYECMEUMENbHOCb KPUCMALIA CYWeCHEEHHO B803pacmaenm ¢ yeeludeHuem
KOHYeHmpayuu uoHoe dicenesa. Maxcumanvnoe 3nauenue Ou@pakyuoHHou s¢gexmusnocmu 06pazyos
cocmasuno n=31%, npu smom nabriooanocs, umo gomouyecmeumenvrocms oopasya LiNbO3 0,020% Fe 6
3 paza npesviuiana pomoyyscmeumensrocms oopasya LiNbOz 0,003% Fe.

Kniouesvie cnoea: cecnemosnekmpuueckue Kpucmauiiel, Huobam aumus, Gomopeppaxyus,
207102paAMMa.

HOLOGRAPHIC PROPERTIES OF LITHIUM NIOBATE CRYSTALS DOPED WITH IRON
IONS IN DIFFERENT CONCENTRATIONS

Abstract. This article is devoted to the study of the holographic properties of lithium niobate crystals
doped with iron ions in various concentrations. The results obtained show that with increasing iron ion
concentration, the photosensitivity of the crystal increases significantly. The maximum value of the
diffraction efficiency of the samples is n=31%, and the photosensitivity of the LINbO3 0.020% Fe sample is
observed to be 3 times higher than the photosensitivity of the LiNbO3 0.003% Fe sample.

Keywords: ferroelectric crystals, lithium niobate, photorefraction, hologram.

Kirish. Fotorefraktiv niobat litiy kristali hozirgi vagtda pyezotexnika, kvant elektronikasi,
optoelektronika va akustoelektronikada eng noyob va keng qo‘llanilayotgan segnetoelektrik materiallardan
biri hisoblanadi. Bu kabi materiallarning optik xossalari: chizigli optik koeffisiyentlari; golografik gayd
gilish sezgirligi; ikkinchi garmonika generatsiyasi kabi xossalari LiNbO3z Kkristalining nagadar noyob material
ekanligini bildiradi. Niobat litiy kristali universalligi sabablaridan biri esa uning tarkibini o‘zgartirish yo‘li
bilan fizikaviy xossalarini keng oraliglarda boshgarish imkoniyati bo‘lib, bu, aynigsa, integral optik
qurilmalarda keng go‘llaniladi [ 1-4]. Niobat litiy kristallarida fotorefraktiv effekt chegaraviy hodisa bo‘lib,
past intensivliklarda (I=10 mVt/sm?) yuzaga keladi. Fotorefraktiv effektning o‘ziga xos xususiyatlaridan
yana biri, kristallni lazer nurlari bilan nurlantirish to‘xtatilganidan keyin ham nur sindirish ko‘rsatkichining
o‘zgarishi (An) uzoq vaqtgacha saqlanib qolishidir. Segnetoelektrik kristallarda fotorefraksiya effekti
tuzilmada nisbatan kuchsiz bog‘langan elektronlarga qaraganda zaryadlangan zarralarning mavjudligiga
asoslangan. Fotorefraktiv kirishma atomlarining elektronlari va xususiy nugsonli tuzilmalari bilan
bog‘langan elektronlar lazer nurlari ta’siri ostida ta’qiqlangan sohadan o‘tkazuvchanlik sohasiga o‘tadi.
Bunda elektronlar lazer nuridan tashqaridagi sohaga dreyflanib, chuqur tutqichlarda tutiladi. Shundan so‘ng
kristallning nur sindirish ko‘rsatkichi o‘zgaradi va yetarlicha kuchli elektr maydon hosil bo‘ladi [5].
Sindirish ko‘rsatkichining o‘zgarish joyida va yaqin atrofda nur o‘tishiga lokal tarzda yuz beradi [6]. Lazer
nurlanishi ta’siri tugaganidan keyin kristallda nur o‘tgan joyida ko‘pincha o‘zgargan nur sindirish
ko‘rsatkichli soha (trek) qoladi va u uzoq vaqt mavjud bo‘lishi ham mumkin.
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Turli ilmiy va texnik magsadlarda keng qo‘llaniladigan segnetoelektrik kristallardan biri hisoblanuvchi
niobat litiy va o‘tuvchi metall kirishmalari bilan legirlangan kristallar to‘g‘risida [7-10] ishlarda batafsil
to‘xtalib o‘tilgan.

Segentoelektrik fazada niobat litiy optik bir o‘qli manfiy kristall bo‘lib, uning tuzilmasi inversiya
markazining mavjud emasligi bilan xarakterlanadi. Segnetofaza simmetriyasining fazaviy guruhi -S%, (R3c)
hisoblanadi. Simmetriya o‘qi uchta tekislikdan iborat bo‘lib, temperatura T~1485 K bo‘lganida simmetrik
paraelektrik fazaga segnetoelektrik o°tish kuzatiladi [11].

Quyida niobat litiy kristalining tuzilma ko‘rinishi keltirib o‘tilgan (1-rasm). Tuzilmaning asosini
kislorodli oktaedrlar Og tashkil etib, ular bir-biri bilan shunday boog‘langanki, umumiy qirra va tomonlarga
ega. Kislorodli panjara eng zich geksogonal qatlamda tuzilgan. Past haroratli segnetoelektrik fazada LiNbO3
kristalining panjara doimiylari quyidagicha (0=5.15 A, ¢c=13.86 A va a=55.53 A) sodda romboedrik
ko‘rinishga egadir [12].

Niobiy va Litiy atomlari kislorod oktaedrda Z o‘qida yotadi hamda kislorod atomlari Z o‘qiga
perpendikulyar bo‘lgan va bir-biridan panjara davrining 1/6 qismiga ortda qoluvchi qatlamlarda joylashadi.

1-rasm. Niobat litiy kristalining tuzilmasi

Stexiometrik kristallarda (R=Li/Nb=1) kislorod Os oktaedrning 2/3 qismigina litiy (Li*) va niobiy
(Nb®") kationlari bilan to‘ldirilishi mumkin. Legirlangan kristallarda esa bo‘sh oktaedrlar, legirlovchi
kirishma atomlari miqdoriga bog‘liq. Litiy (Li*) va niobiy (Nb°") ionlari bilan to‘ldirilgan oktaedr shaklidagi
kristallarda ikkita turli metall-kislorod holatlari mavjud bo‘lib, u qutb o‘qi bo‘ylab kristallning anizotrop
xususiyati yuqori bo‘lishini hamda segnetoelektrik xossalarining mavjud bo‘lishini bildiradi. Qolaversa, litiy
kationlari bilan to‘ldirilgan panjara tuzilmasi niobiy kationlari bilan to‘ldirilgan panjara tuzilmasidan katta
bo‘ladi. Bunda, Litiy (Li") kationi va kislorodning ionlari orasidagi masofa 206,8+223,8 pm ni tashkil etib,
niobiy (Nb*") va kislorod ioni orasidagi masofa esa mos holda 188,9+211,2 pm bo‘ladi [13].

Litly ioni o‘zining oktaedrida deyarli erkin joylashgan, bunda niobiy ioni kovalent bog‘ bilan
mustaxkam bog‘langanligini ko‘rish mumkin. Litiy oktaedr panjara o‘lchamining katta bo‘lishi, turli
kirishma ionlarining LiNbO3 kristaliga kirib borish xarakterini sifat jihatdan tushuntiradi.

Tajriba sxemasi. Tadqiqotlar uchun gologrammalarni qayd qilishda interferension stolldan
foydalanilgan. Gologrammalarning sifatini yuqoriligini ta’minlash magsadida, interferension stoll tirkamaga
tayangan og‘ir beton plita ko‘rinishida yasalgan. Beton plitaning ishchi yuzasida optik relslar tizimi mavjud
bo‘lib, uning ustiga tadgigotning optik elementlari bo‘lgan reytorlar joylashtiriladi va mustahkam qilib
o‘rnatiladi. Reytorlarning o‘z o‘rnini yengil o‘zgartirishi, optik sxemani plitaning ixtiyoriy nuqtasiga
o‘tkazish va o‘rnatish oson bo‘lishini ta’minlaydi. Optik sxema elementlarini turli tashqi ta’sirlardan himoya
qilish uchun kichik tebranishlarga qarshi bo‘lgan tayanchlar va qo‘sh havo yostiglaridan foydalanilgan.
Yostiglarni odatda qo‘l havo puflagich yordamida 0,2-0,4 atmosferagacha damlanadi. Tadgiqotlar
o‘tkazilmayotgan paytda esa yostiglardan havo chiqarib yuboriladi. Tebranishga qarshi tayanchlar tizimiga
ega interferension stollda tashqi ta’sirlar bo‘lmaganda oddiy laboratoriya xonalarida yuqori sifatli
gologrammalar olish mumkin.

Interferension stoll qurilmasi He-Ne, He-Cd gazli lazerlari, ko‘p sonli optik qismlar va sxemalardan
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tashkil topgan. Bundan tashqari, interferension stoll o‘tuvchi va qaytuvchi nurlarda gologrammalarni gayd
qilish hamda gayd qilingan ma’lumotlarni tiklashning turli xil sxemalarini yig‘ish imkonini beradi.
Qolaversa, ushbu interferension stolldan axborotlarga optik qayta ishlov berishda va golografik
interferometriya sohalaridagi istigbolli tadqiqolarni o‘tkazishda keng foydalanish mumkin.

Quyida temir ionlari bilan legirlangan LiNbOs kristallarida golografik gayd gilish tajriba qurilmasining
sxemasi keltirilgan (2-rasm).

1

He-Cd Lazer
440 nm

He-Ne Lazer
630 nm

3
1
31
1
T
3

2

2-rasm. Tajriba qurilmasining sxematik ko‘rinishi: 1-2-qayd qgiluvchi va axborotni o‘quvchi
lazerlar, 3-diafragma; 4-ko‘zgular; 5-neytral filtr; 6-Volloston prizmasi; 7-namuna LiNbOg3:Fe; 8-
fotogabulgilgich; 9-mikroampermetr

Natija va tahlil. Temir ionlarining turli konsentratsiyasi bilan legirlangan LiNbO3 Kristali, axborotni
optik gayta ishlash tizimini yaratish uchun foydali qayd qilish materiallari orasida alohida o‘rin tutadi va
golografik xotira tizimlarini yaratishda foydalaniladi. Golografik xotira elementlariga qo‘yiladigan talablar
esa quyidagilardan iboratdir:

- Yugqori ajrata olish qobilyati;

- Axborotlarni o‘qgish uchun yetarlicha yuqori diffraksiya samaradorligi;

- Yugqori sezgirlik;

- Axborotni o‘chirish vaqti;

- Yozib olingan axborotni o‘chirish va materialning asosiy xususiyatlarini o‘zgartirmasdan qayta
yozish imkoniyati;

- Axborotni maksimal darajada o‘qish qobiliyati,

- Axborotni maksimal saglash muddati;

- Chiziqgli gayd gilishning yuqori darajada bo‘lishi.

Kristallga ikki kogorent lazer nurlari interferension tasvirlari tushadi va gologramma sifatida yozib
olinadi (3-rasm). Zaryad tashuvchilar asosan yorqin polosalarda uyg‘onadi, so‘ngra dreyf va difuzion
tutgichlar bilan rekombinatsiya bo‘lguncha harakatlanishi mumkin. Shunday qilib, hajmiy zaryad kristall
ichida interferension tasvir bilan bir xil fazada yig‘iladi. Ushbu fazoviy zaryadning elektr maydoni chizigli
elektrooptik effekt orqali harakat giladi va hajmiy golografik panjara nur sindirish ko‘rsatkichi hosil giladi.
Bu jarayon birinchi va ikkinchi tartibli elektrooptik effektlarga bog‘liq bo‘lsada, amalda qayd qiluvchi nurlar
uchun uchinchi tartiblili nochiziqli effektlarning roli yuqori ekanligini ko‘rsatadi.

Axborotni qayd qilish geliy-neon (He-Ne, A=630 nm) lazerri yordamida amalga oshirildi. Ushbu
to‘lqin uzunligi uchun kristallning optik sezgirligi juda yuqori. Axborotni o‘qish esa intensivligi yuqori
bo‘lmagan He-Ne lazeri yordamida amalga oshirildi. Chunki yorug‘likning Kichik intensivligi uchun
kristallning optik sezgirligi juda past, shuning uchun axborotni o‘qish jarayonida gologrammalar o‘chib
ketmaydi. Kristallda ikki yassi to‘lginning superpozitsiyasi natijasida yorug® va qorong‘u chiziglar shaklida
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virtual interferension tasvir paydo bo‘ladi. Ya’ni kristallda davri L ga teng bo‘lgan sinusoidal difraksion
panjara qayd etiladi:

L = Aq[2sin(8,/2)] (1)
bu yerda, Aq-kristsll gayd giluvchi to‘gin uzunligi, 64-qayd qiluvchi nurlar orasidagi burchak.

To‘lgin uzunligi Ao bo‘lgan nurlanish orgali hajmiy gologrammalarini (h>>)\ bu yerda, h-gologramma
galinligi) o‘qiyotganda, tushayotgan va singan nurlar orasidagi burchak Vulf-Bragg formulasi bilan
aniglanadi:

2 5in(8,,/2) = Ao/ 2 (2)

bu yerda, 6,/2- tushayotgan nur va namunaga o‘tkazilgan normal orasidagi burchak, 64 va 6o
burchaklar quydagicha bog‘langan.

: : A
sin (8,/2)/sin(8,,/2) = q/l (3)
of
Sinusoidal panjaraning difraksiya samaradorligi Kogelnik formulasi bilan ifodalanadi [14]:
n = sin*{nDAn, /Acos(8/2)} 4)

bu yerda, Ane-g‘ayrioddiy nur sindirish ko‘rsatkichining amplitudasi, D-namuna qalinligi, 6=60q.
Tajribada, difraksion samaradorlik difraksiyaga uchragan nur intensivligining tushayotgan nur intensivligiga
nisbati bilan aniglanadi.

Quyidagi 3-rasmda LiNbO;z kristalining temir ionlarini turli xil konsentratsiyasi bilan legirlangan
hamda geliy-neon (A=630 nm) lazeri bilan qayd etilgan gologrammalarning difraksiya samaradorligining
vaqtga bog‘ligligi tadqiqod natijalari keltirilgan. Namunalar (1-namuna 0,003% Fe, 2-namuna 0,005% Fe,
3-namuna 0,020% Fe) ga gologramma sifatida yassi to‘lqin fronti qayd qilinadi. Qayd qilingan
gologrammani o‘chirish geliy-kadmiy lazeri (A=440 nm) bilan amalga oshirildi, chunki temir ionlari bilan
legirlangan niobat litiy kristallari bu diapazondagi to‘qin uzunligi uchun yuqori yutilishga ega. Rasmlarda
ko‘rishimiz mumkinki, temir ionlari konsentratsiyasining ortishi bilan kristallning fotosezgirligi sezilarli
darajada ortmoqda. Ya’ni 1-namunadagi fotosezgirlik 3-namunaga qaraganda deyarli 3 barobar oshganligi
kuzatildi. Difraksion samaradorlikning maksimal giymati esa har uchchala namuna uchun n=31% ga teng
ekanligini quyidagi jadvaldan ko‘rishimiz mumkin.

1-jadval.
Axborotni gayd qilish vaqtining difraksiya samaradorligiga bog‘ligligi
LiNbOs t| 41 | 80 | 120 | 140 | 158 | 175 | 205 | 222 | 243 | 278 | 390
0,003%Fe |1 2 4 6 10 | 16 | 22 | 31 | 26 | 17 | 10 5
LiNbOs t 20 70 | 80 90 105 | 112 | 132 | 145 | 160 | 180 | 250
0,005% Fe n 3 8 12 17 23 26 31 25 18 10 3
LiNbOs t 9 20 | 32 45 67 81 85 96 110 | 120 | 135
0,020% Fe n 2 6 13 24 31 27 24 12 5 4 2
E | . R
%] 30 30
25 25 25
X2 © 201 © 204
€15 <15 =15

0 25 50 75 100 125t sec 0 50 100 150 200 250 t.sec 0 50 100 150 200 250 300 350 (, sec

3-rasm. Difraksiya samaradorligining vaqtga bog‘liqligi

Xulosa. Turli konsentratsiyalarda temir ionlari bilan legirlangan niobat litiy kristallarida axborotlarni
golografik gayd etish mexanizmlarini tadgiq qilish katta gizigish uyg‘otadi. Tajribada o‘tuvchi metallar,
xususan, temir ionlari bilan legirlangan LiNbOs kristalining yorug‘likga sezgirligi 3 martagacha oshishi
mumkinligi, shuningdek, gologrammalarning difraksiya samaradorligi n=31 % ni tashkil gilganligini ko‘rish
mumkin. Fotorefraksiyaning yetarlicha yuqori sezgirligidan tashqari optik gayd qiluvchi materiallarga
boshga talablar ham mavjud. Masalan, yozilgan ma’lumotlarni saqlashga katta yoki aksincha kichik vaqt
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talab etilishi, yozishni yaxshi fiksatsiyalash va boshqalar. Bu talablar ma’lum darajada temir kirishmalari
konsentratsiyasining o‘zgarishi yordamida boshgarilishi mumkin va shu tarzda Fe ning optimal
konsentratsiyasi gologrammani qayd etishda har bir aniq holat uchun turlicha bo‘ladi. Shuning uchun ham,
fotorefraktiv xususiyatlarni optimallashtirish boyicha olib borilgan tadgigotlar muhim ahamiyatga egadir.
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meH30pes3ucmueHvle xapakmepucmuku monoxpucmannos T1INSey, ésoounucy npumecu Ge, Si u Sn 6 pacnnas
U3 pacuéma KOHYeHmpayuu 3amenjaroueco UHOUll d1eMeHma 6 MmeepooM pacniage no @opmyie
TliNogeBooiSe2.  YVemanosneno, umo ¢ nosviwenuem memnepamypol CyWecmeeHHO —VEeIUUUBACMCsl
KOI(hpuyuenm  mMeH304UYBCMEUMENbHOCIY, — YMO  NO360Jem  YGeIuuums  YyECMEUMeIbHOCHb
MEPMOOAMUUKO8 HA OCHOBE MEH30PE3UCOPOS.

Coenacno nonyueHHbiM pe3yibmamam, 0okazano, ymo & oopasyax TIINSey, necuposannvix npumecsimu
anemenmog N epynnvl, npu xommammuou memnepamype Kod@duyuenm meH304y8CmeUmenbHOCmU 600b
kpucmannoepaguuecxou ocu [001] yseruuusaemces xkax npu deghopmayuu cocamusi, max u npu oegpopmayuu
PACMAICEHUS.

Knwuesvie cnosa: snexmpoghusuueckue, men30pe3ucmuenble, NPUMeCU, KOHYeHmpayuu, meépowiil
PAcniag, men3ouyeCcmeumenrbHOCHb, MepMOOAMYUUKU.

THE EFFECT OF TEMPERATURE ON THE TENSORESISTIVE PROPERTIES OF TlInSe2
CRYSTALS ALLOYED WITH GROUP IV ELEMENTS

Abstract. The work investigates the influence of impurities of the IV group on electrical and
piezoresistive characteristics of TlInSe; crystals; was introduced impurity of Ge, Si and Sn in the melt from
the calculation of the concentration of the residual indium element in the solid melt according to the formula
TlIno.geBo.01Se2. It was found that with increasing temperature the coefficient of strain sensitivity increases
significantly which allows to increase the sensitivity of thermal sensors based on strain gauges.

According to the obtained results, it was proved that in TlInSe2 samples doped with Group IV
impurities, at room temperature, the strain sensitivity coefficient along the [001] crystallographic axis
increases both under compressive and tensile strains.

Keywords: electrophysical, strain resistance, impurities, concentration, solid melt, strain sensitivity,
temperature sensors.

IV GURUH DO‘LLANGAN ELEMENTLARNING TlInSe2 KRISTALLARINING
TENZORZISTIV XUSUSIYATLARIGA HARORATNING TA’SIRI

Annotatsiya. Ish IV guruh aralashmalarining TlinSe2 monokristallarining elektr va tensor-rezistent
xususiyatlariga ta'sirini o'rgandi; Ge, Si va Sn aralashmalari TlInggeBoo1Se, formulasi yordamida gattiq
eritmada indiy o ‘rnini bosuvchi element konsentratsiyasi asosida eritmaga kiritildi. Aniglanishicha, harorat
oshishi bilan deformatsiya sezuvchanlik koeffitsiyenti sezilarli darajada oshadi, bu esa deformatsiya
o'lchagichlar asosidagi harorat sensorlarining sezgirligini oshirish imkonini beradi.

Olingan natijalarga ko'ra, xona haroratida IV guruh elementlarining aralashmalari bilan go'shilgan
TlInSe; namunalarida [001] kristallografik 0'q bo'ylab deformatsiya sezuvchanlik koeffitsiyenti ham bosim,
ham cho'zilish deformatsiyasida ortishi isbotlangan.
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Kalit so'zlar: elektrofizik, deformatsiyaga chidamli, aralashmalar, konsentratsiya, qattiq eritma,
deformatsiya sezuvchanligi, harorat sensorlari.

BBenenne. B Hacrosiiiee BpeMsl B MHUpE HCCIIEOBAaTENN M MPAKTUKU YIENSIOT OONbIIOe BHUMaHUE
W3yYCHHIO PA3JIMYHBIX IIOJMyIPOBOJHHUKOBBIX IpeoOpa3oBaresiel, B TOM YHCIIE TEH30IpeoOpaszoBaTenei,
OCHOBHBIM IPEHMYILECTBOM KOTOPBIX SIBISCTCSA BBICOKAs UyBCTBUTEIBHOCTh U MajorabaputHocTs. OmHaKo
TpeOOBaHUs COBPEMEHHOM HAYKHW U TEXHUKH HEYKJIOHHO pacTyT, YTO OOYyCJOBIMBACT MOWCK MaTepHAIIOB,
00JaaronIiX pa3sHO0OPa3HBIMU CBOWCTBAMH, COOTBETCTBYIOIUMHE STUM TPeOOBaHMIM.

CrnenoBarenbHO, B HACTOSINEE BpPEMS HapsLy C YCOBEPILIEHCTBOBAHHMEM CBOMCTB HMEOLIMXCS
MaTEepHajoB MOUCK HOBBIX IMOJYMPOBOJHUKOBHIX MAaTEPUAJIOB, B TOM YHWCIE TPOWHBIX WU OoJiee CIOKHBIX
COeAMHEHHH M WX TBEPABIX PAcCTBOPOB, M HCCIEAOBAHME HMX PAa3HOOOPA3HBIX XaPAKTEPHCTHUK SIBISIOTCS
OJHMMH W3 BaXXHEHIINX 3a/a4 COBPEMEHHOM (M3MKH KOHICHCHUPOBAHHOIO cocTosAHUs. OcoOyr0 IEHHOCTh
MPEeACTaBsieT CO3[aHUue HOBBIX IONYNPOBOJHUKOBBIX MAaTEPUAIOB, €CIU yAAETCA MOJIYYUTh WX B BHUIE
COBEPILIEHHBIX KPYMHBIX MOHOKPUCTAIOB. Cpeli MHOTOKOMITOHEHTHBIX TOJTYIPOBOJAHUKOBBIX COCTUHEHUI
tima  A"B"C,Y!  ocoGmlii  MHTEpec NPENCTABIAIOT  MOJYNPOBOAHHMKOBHIE —coenaumHeHus  T1InSey,
3aKOHOMEPHOCTH MHOTHX (U3MYECKHX SIBICHUH B KOTOPBIX HE IOJIyYMJIM JOCTATOYHOTO OCBELICHUS B
cnenuansHol sutepatype. CorllacHO HW3JI0KEHHOMY BBIIIE MEJIbI0 HAIIEr0 HWCCIENOBAHUS SIBISIETCS
M3ydeHue TEH30PE3UCTUBHBIX XapaKTEePUCTUK MOHOKPHUCTAJUIOB TIInSe; u CO3/IaHHe
BBICOKOYYBCTBHUTEIbHBIM TEH304aTYUKOB JUISI SJIEKTPOHHOM TEXHUKH HA UX OCHOBE.

OO0pa3upl AJsl MCC/IeJ0BAHUS M METOIMKA JKCHePUMEHTA: Ui 3TOW meidu ObUIM HMCIOIb30BaHbBI
KpUCTaJUIbl, CHUHTE3UPOBAHHBIC CIUIABICHHEM KOMIIOHEHTa B COOTBETCTBUM CO CTEXHOMETpHEH B
3BaKyMpOBaHHBIX (~10™ mm rt.st) u 3anasHHBIX KBAPIEBLIX aMmIlyJax. B KauecTBe UCXOIHBIX KOMIIOHEHTOB
JUTS CHHTE3a MCIIONIBb30BAUCH 0000 urcThie dnmeMeHTsl Tayuus (T1 — 000), uagus (In — 000) u cenena (Se —
OCY-17-4). MoHOKpHCTAIBI BHIPAIIMBAINCH YCOBEPIICHCTBOBAHHBIM METOJOM bpumkMeHa, CKOpPOCTbH
(bpoHTa KpHUCTALIM3aIMK BapbrpoBaiack ot 0,5 1o 0,9 mm/chas.

Heobxonumble 11 MccnenoBaHUS HIEHTUYHbBIE KPHUCTAJUIBI U3 CIUTKA IOJIYYarOTCSl MPOCTEHIINM
BIIABJIMBAHUEM OCTPOTO HOXa, TommuHa 7ne3Bus < 0,01 MM, Ha HE3aKpeIUICHHBIH KOHEI TOHKOW, HO
IIMPOKOM ¥ JUIMHOM IJIAaCTUHKH MOHOKPHUCTAILIA O yriioM 45°,

[ony4yeHHbIe TAKUM 00Pa30M «UTOJILYATHICY», KPUCTAIIIBI - 3aTOTOBKH C 3epKAIBHBIMU TpaHsIMHU - 0e3
KaKHX-THOO JOTOJIHUTENBHBIX 00pad0TOK rOTOBBI JJIsl IPUBAPKH KOHTAaKTOB M YCTAHOBKH MX Ha OCHOBaHHUE
TIOJTOKKH.

[Ipu naiike «yCHKOBY, T.€. CO3JIAHMHM MEXaHWYECKU HAJEKHBIX OMUYECKAX KOHTAKTOB Ha YKa3aHHBIX
3aroTOBKAaXx, MCIOJIb30BAIMCH [iBa criocoda:

a) BrulaBnenue uHIMS B MOTOKE MHEPTHOIO ras3a ¢ MOCieqyoueld maikoi MeqHbIX (MJIM HUKEIEBbIX)
npoBoioB (¢ = 0,01 mm).

0) HenocpencTBeHHas TOUe€4Hasi CBapKa COOTBETCTBYIOIIMX ITPOBOJIOB KOHIEHCATOPHBIM Pa3psaoM Ha
TOpLBI HAIPETOM B MOTOKE MHEPTHOrO rasa 3aroToBKHU. Bropoii crocod okazaincsa Oonee 3¢pdekTuBHBIM U
HaAEKHBIM (0COOCHHO I YMEPEHHBIX TEMIIEPATYP).

TapupoBOYHBIMU OajKaMHM JJIsl HAKJIECHHBIX JATYMKOB CITY)KWJIM TIACTUHKU U3 cTand 45 TONIMHON
0,5-1,0 mm u mmaOo# or 20 MM g0 80 mm. [loBepXHOCTh MOUIOKKH TIO Kiaccy oOpabOTKu Oblia He
HUXe 7 Kiacca.

Pe3yabTaThl Hcciaeq0BaHMA M UX o0cy:kaeHue. [ ncciaenoBanus BIUsSHUS npuMecerd |V rpymmbt
Ha AEKTPO(U3NUECKUE U TEH30PE3UCTUBHBIC XapaKTepUCTUKH KprcTauioB T1InSe; BBogumcs npumecn Ge,
Si u Sn B pacmiaB U3 pacuéra KOHLECHTpPAIMU 3aMENIAlONIero MHAWM dJIeMEHTa B TBEPAOM pacIuIaBe II0
dopmyne TlinggeBoo1Se,, rme B - BBomumeie mpumecu |V rpymmel. HekoTopeie 31eKTpOhHU3UUECKUE
XapaKTePUCTUKU MCCIEA0BAaHHBIX 00pa3oB NpuBeAeHBI B Tadnuie 1.

Kak u B cnyuyae mpumeceiét | rpynmel, KO3(pQHUIMEHT TEH30YyBCTBUTEIHHOCTH JIETUPOBAHHBIX
anemeHTamu |V TPyIIBl KPUCTAUIOB 3aMETHO MEHSETCs OT oOpasna K oOpasily B 3aBUCHMOCTH OT BHJA
MpUMecel M 3aBUCHT OT M3MEPSIEMOTO TEMIIEpPaTypHOTO WHTepBaja. YcTaHOBiIeHO [l - 4], yTo BBeAeHHE
npumecei anemenToB |V rpymnmsl B MoHOKpucTainibl 11InSe; mpuBoauT k yBenuueHuio KodhguuueHTta
TEH304YYBCTBHUTEIBHOCTH BJIONIb KpucTayuiorpaduyeckoit ocu [001] kak mpu nedopMaiiiuu cxxatusi, Tak U Ipu
nehopmaly pacTsHKEHHs P KOMHATHOM Temriepatype (cMoTpute Tabuuily 2 U pucyHOK 1).
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Ta6auna 1. DaekTpodu3nyecKne napaMeTpbl HccaeToBaHHbIX 06pa3uoB T11Ngg9Bo.niSe:

(B = Si, Ge, Sn)
Cocras kpucramia Pa3smep oOpa3zuos, HomunanbHoe YaeanHoe
TeH30JaTYNKA mm? COMPOTHBJICHHE, CONPOTHBJICHHE,

Om Om-sm

p-TlInSe; 0.13x0.25x10.5 6x10%° 2.13x10’
p-T1INg.geSio.01Se2 0.10x0.18x7 2.2x107 0.4x10*
p-TlIng.geGeo.01Se2 0.12x0.22x10.5 1.4x10° 5.0x10°
N-T1INo.99SNo.01S€2 0.13x0.20x10.5 1.2x10° 4.8x10°

Ta6auua 2. Koddpdunuent tenzouyBcrButebHocTn K, ternposannpix kpucraaios TlnSe; mo
CPABHEHHUIO C HeJlernpoBaHHBIMH KpucTauiaMu TlInSe; Broas ocu [001] mpu oTHOCHTENBLHOIM

nedopmannu € = 0,57 10°%u pa3JIMYHbIX TEMIIEpaTypax

Koaddumment renzouyscrButenbHoCTH, K
T,K CocraB
TlInSe, TlInSe; <Ago,01> TlInSe, <Sio,01> TlInSe, <Geo,01> TlInSe, <Sno,01>
IIpu cxxarun
300 538 2082 627 1308 658
325 607 3473 1148 1878 802
350 766 4977 1781 2642 1554
375 997 6431 2812 4287 1977
402 1293 7879 3855 5592 2570
IIpu pactsxeHun
300 410 2073 1762 1073 537
325 512 3898 2724 1729 758
350 646 4726 4486 2473 1204
375 784 5551 6548 3354 1505
402 1045 7192 9776 4483 1941
500 ool * TlInSe, - Agygy -
_~TlnSe; = Agg gy BO0O - 4 S "
o SR 9 i
7
6000 /
‘, ' ¥ _TiInSer Gegar | N
K:'r "b /) / ~TlInSe;- Coggy I\ I *TlInSes- Sigy,
phiad I // e {/,,—Tn.s‘-; Shoor <o
I . / ¥+ THnSes Snom i | T

TlnSe,

STInSes

Pucynok 1. 3aBucumocts K03 (ppuIMeHTa TEH309YBCTBUTEIBHOCTH OT TeMIePaTypbl
HeJIEeTMPOBAHHBIX U JIETMPOBAHHBIX KpucTaaioB TlInSe; npu aedopmanusax c:katus (a) u
pactsixenus (D)

C MOBBIIEHUEM TEMIIEPATyphl CYIIECTBEHHO YBEITUUNBAECTCA KOAPPHUIMEHT TEH30UYBCTBUTEIBHOCTH,
YTO TO3BOJISIET YBEIMYWUTH YyBCTBHTEIHHOCTh TEPMOJATYMKOB Ha OCHOBE TeH30pe3ucTopoB. Hampumep,
3HAYEHUE 3TOro IMoKazaTesst Npu aedopMmanusx pactsbkeHus npu temmeparype 410 K B nernpoBaHHBIX
KpEMHHEM 00pa3lax OTHOCUTENILHO 3HAUEHUsI B HEJIETUPOBAHHBIX KPUCTAJUIaX P KOMHATHOM TeMIepartype

YBCINYNUBACTCA

B ~24 paza. Ha pucyHke 2 B IpHBEICHBI XapaKTEPHbIC 3aBHUCHMOCTH Ko3(h(HUIIMEHTa

TEH304yBCTBHTEIILHOCTH OT TEMIIepaTyphl B nHTepBaie Temmeparyp 250 — 370 K B kpucramiax TlInSe; ¢
HPUMECHIO KPEMHHSI IPH PA3IMIHBIX CTEHCHAX Ae(OopMaIiy, KOTOpPbIe NMEIOT JIMHEHHBIN XapaKTep.
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UyBCTBUTEIFHOCTh TEH30PE3UCTUBHOTO dPQeKkTa K TeMmIeparype oOKaszanach HEBBICOKOHW I10
CPaBHEHHIO C OCTAJIBHBIMH 00pasliaMu JJisi KPUCTAJUIOB, JIETHPOBAHHBIX MPUMECHIO 0JI0Ba. B 3aBHcHMocTH
OT paccMaTpHBAaeMOT0 HHTEpBaJla TEeMIIepaTyp, 3HakKa jeopMalMd W THIIA BBOJAMMBIX HpHUMeEcEH
TEMIIEPATypHBIH KOI(POUIMEHT TEH30YyBCTBUTENBHOCTH Gt HMEET pa3JIM4YHbIe 3HAYCHHS (CMOTPHUTE
tabmuity 3). Takum oOpasom, BBeneHHWE mpuMecei 37eMeHTOB |V Tpymmbl MPUBOIUT K YBEIWYCHHIO
TEH304yBCTBUTEILHOCTH KpUCTALIOB T1INSe;. B NerHpoBaHHBIX MPHUMECSIMH KPEMHHS KpHCTaulax C
MOBBIIIICHHEM TEMIIEPATyphl CYIIECTBEHHO YBEIUYMBACTCS KOI(PPUIMEHT TEH304yBCTBUTEIHLHOCTH
(cMOTpHUTE pPHCYHOK 2), 4YTO TIO3BOJISIET YBEJIHYHTh YYBCTBUTEIBHOCTH TEPMOJATYMKOB HA OCHOBE
TEH30pPE3UCTOPOB. B  JIpyrux JEerupoBaHHBIX KPUCTAIAX KOIPQHUIMEHT TEH30YYBCTBUTEILHOCTH B
3aBUCHMOCTH OT TEMIEpaTypbl HW3MEHSCTCS HE3HAYUTENIbHO, YTO BAXHO I CTaOWIBHONH pabOThI

TCH30AaTYHNKOB.
/y«""/.”
4

—

A

253 273 293 313 333 353 373
—_— T.K

Pucynok 2. 3aBucumocth K03(pPuIMEeHTa TEH309YBCTBUTEIbHOCTH OT TEMIEPATYPHI B
kpuctamiax TlINSe; ¢ npuMechbio KpeMHHsI TPH PA3TNYHOI cTeneHu AepopManmum:
1- e=1,1210"%; 2- e=1,6210%; 3- £=2,2°10*
2.
Tabauua 3. TemnepatypHbie K03 PULUNEHTHl TEH304YBCTBUTEJIbHOCTH HEJIETHPOBAHHBIX U
JIETHPOBAHHBIX MpuMecsiMu KpuctaioB TIINSe; npu oTHocuTE/ILHOIT 1edopmanuu € = 0,57-10_3 U B
uHTepBaie Temnepatyp ot 300 no 410 K

TemnepatypHblii K03pPHIHEHT TEH304YBCTBUTEIbHOCTH, G1 (%/rpan.)
Tep, K Cocrasn
p-TIInSez TlInSe, <Ago,01> ‘ TlInSe, <GEo,()1> ‘ TlInSe, <Si0101> | n-TlInSe; <Sno,01>
ITpu cxxatun (£<0)
312,5 0,513 2,672 1,743 3,323 0,875
325,0 0,847 2,781 2,040 3,681 2,732
337,5 1,137 2,785 3,037 4,646 2,672
351,0 1,376 2,730 3,211 5,047 2,849
ITpu pactsoxennu (€>0)
312,5 0,995 3,521 2,445 2,184 1,646
325,0 1,151 2,560 2,610 3,092 2,484
337,5 1,216 2,237 2,834 3,621 2,403
351,0 1,518 2,421 3,116 4,459 2,563
3aki0ueHne. YCTaHOBIEHO, 4TO B oOpasumax T1INSe;, nermpoBaHHBIX NpuMecsiMH d1eMeHTOB |V
IpyImsl,  [OpH  KOMHATHOW  TeMmeparype  KO3(QQHUIMEHT  TEH30YYBCTBHTEIBHOCTH  BJIOJb
kpucramorpaduueckoi ocu [001] yBennunBaeTcs kak npu aedGopMaly CKaTHs, Tak U TpHU JiehopManuu
pacTsHKeHusl.

[lokazaHo, 4TO C MOBBILICHHEM TEMIEPATyphl UyBCTBUTEIBHOCTh HEJIETMPOBAHHBIX KPUCTAJIOB K
nedopManyy 3HaYUTENTFHO YBEITMYMBACTCS M KOOQPHUIMEHT TeH309yBCTBUTEILHOCTH PACTET JIMHEHHO.

CyllecTBEHHOE yBeIrUeHHEe KOA(PGUIIMEHTa TEeH30YYBCTBUTEIILHOCTH C IMOBBIIICHUEM TEMIIEPATYPhI
oOHapyxeHO B oOpa3uax, JErHPOBAaHHBIX NPUMECSIMH KPEMHHSA, UTO II03BOJISIET  YBEJIMYHUTDH
YyBCTBUTEIILHOCTh TEPMOJATINKOB Ha OCHOBE TEH30PE3UCTOPOB.

TeH3z0pe3ncTUBHBIE CBOWCTBA 3THUX KPUCTAJIOB COXPAHSIOTCSA CTAOMJIBHBIMH TIPU THICSYEKPATHBIX
MOBTOPEHHAX AC(POPMAIIMOHHOTO M TEMIIEPATYPHOTO LIUKJIOB UCTBITAHUS MPH IIEpEMEHHON aedopmanun (p
= +1,4-10" Pa) ne npesbumaer 1 — 2,3 % u oHa Gosee CTaOMIBHBI TP KPUTHYECKMX TEMIIEPATypax M
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JUTATEBHBIX Harpy3kax MO CPaBHEHHIO M3BECTHBIX B JIMTEPAType TEH30JATYMKOB, YTO CBHJIETEILCTBYET O
TOM, YTO MOHOKpHCTAIIBI T1INSe; SBISAIOTCS ePCIEKTUBHBIME MaTepHaIaMH IS SIEKTPOHHON TEXHHUKH.
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DEVELOP METHODS FOR DIRECT AND INDIRECT EFFECTIVE UTILIZATION OF
HIGH-TEMPERATURE SOLAR SYSTEMS IN HYDROGEN FUEL PRODUCTION

Temirov Ogabek Farkhod ugli,
Assistant of the Department of “Biomedical Engineering, Biophysics and Informatics ”
of the Bukhara State Medical Institute

Abstract. This article presents the results of scientific research on effective methods of utilizing high-
temperature systems in hydrogen fuel production and related processes. According to the studies, an
increase in the equivalent acidity of water leads to the formation of more protons, but the absence of a
proportional relationship and the reason for such an effect were found to be linked to the physicochemical
properties of the catalysts or the water itself. Several experimental results are included in the article, which
were analyzed from a physicotechnical perspective.

Keywords: hydrogen fuel, solar systems, catalytic volume and surface, acidic catalysts, aluminobor
catalyst, Vin's law.

VODOROD YOQILG‘ISINI OLISHDA YUQORI TEMPERATURALI QUYOSH
TIZIMLARIDAN BEVOSITA VA BILVOSITA SAMARALI FOYDALANISH USULLARINI
ISHLAB CHIQISH

Annotatsiya. Ushbu magolada vodorod yogqilg’isi olish va unga bog’liq jarayonlarda yugqori
tempuraturali qurilmalardan samarali foydalanish usullari bo yicha olib borilgan ilmiy izlanishlar natijalari
bayon gilingan. O’rganishlarga ko ra suvda ekvivalent kislotalilikning oshishi bilan ko ‘proq protonlar hosil
bo ‘ladi, ammo proporsional bog liglik yo ‘qligi va bunday ta’sirning sababi, taxminan, katalizatorlarning
fizik-kimyoviy xususiyatlari yoki suvning o zi bilan bog‘ligligi aniglandi. Bir necha tajriba natijalari
magqoladan o’rin olgan bo’lib ular fizik-texnik jihatdan tahlil gilindi.

Kalit so’zlar: vodorod yogqilg’isi, quyosh qurilmalari, katalitik hajm va sirt, kislotali katalizatorlar,
aluminobor katalizatori, Vin gonuni.

PABPABOTKA METOJOB ITPSIMOI'O U KOCBEHHOTI'O D®®EKTHUBHOI'O
HNCITOJIB30OBAHUSA BBICOKOTEMIIEPATYPHbBIX COJTHEYHbBIX CUCTEM B
IMPOU3BOACTBE BOJOPOJHOT' O TOIIJIMBA

Aunomayusa. B smoii cmamebe npedcmagnenvl pe3yibmamvl  HAYYHLIX UCCAEO08AHUL  NO
I DeKmusHOMy UCNONB30BAHUIO  BbICOKOMEMNEPAMYPHLIX CUCMeM Ol  HPOU3BOOCHBA  8000POOHO20
Monauea u cea3anublx ¢ smum npoyeccos. Co2nacHo UCCIe008aHUAM, NOGbIULEHUE DKEUBANEHMHOU
KUCTOMHOCMU 800bl NPUBOOUM K 00pA308aHUI0 OONbUIE20 KOAUYeCmBad NPOMOHOS8, 00OHAKO OMCYMCMEue
NPONOPYUOHATILHOU 3A8UCUMOCTIY U HPUYUHA TAKO20 8030eUCmeuss ObLIU YCMAHOBIEHbl KAK CEA3AHHbIE C
QUUKO-XUMUYECKUMU CBOUCMBAMU KAMATUZAMOPOE UNU camol 800bl. Heckonbko sKcnepumeHmanbHbix
pe3yibmamos, npeocmagieHHvlx 6 cmambve, Obliu NPOAHATUSUPOBAHLL C YUIUKO-MEXHUYECKOU MOYKU
3peHus.

Knrouegvle cnosa: 6000poOHOe MONIUBO, COJNHEUHble CUCTEMbl, KAMAIUMUYEeCKUll 00béM U
NOBEPXHOCMb, KUCIOMHbIE KAMAIUZAMOPSI, ANIOMUHO-DOPOBOL KAMAIU3amop, 3akoH Buna.

Introduction. The role of catalysts in hydrogen production from water electrolysis is unparalleled.
Hydrogen has emerged as a promising substitute for fossil fuels, appearing as a clean and renewable energy
source. The main challenge is efficiently producing hydrogen to meet the commercial-scale demand. Water
splitting electrolysis is a promising method for achieving efficient hydrogen production in terms of energy
conversion and storage, with catalysis or electrocatalysis playing a crucial role. The development of active,
stable, and cost-effective catalysts or electrocatalysts is a key requirement to achieve the desired
electrocatalytic hydrogen production from water splitting for practical applications, forming the central focus
of this review [5]. It begins by introducing the evaluation of water splitting efficiency for various
electrocatalysts in terms of activity, stability, and efficiency. This is followed by presenting current
knowledge of the reaction mechanisms of two half-reactions, hydrogen evolution reaction (HER) and oxygen
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evolution reaction (OER), from the perspective of both alkaline and acidic environments. Recent
advancements in the design and preparation of nanostructured noble-metal and non-noble-metal
electrocatalysts are discussed. New strategies and concepts for enhancing electrocatalytic activity and
stability in HER and OER, focusing on the synergistic structure, morphology, composition, and active sites
of nanostructured electrocatalysts, are highlighted. Finally, future challenges and prospects for efficient
hydrogen production from water electrolysis in the design of active and robust electrocatalysts for HER and
OER are also presented [1].

Materials and methods. Energy and the environment are two major issues essential for the economic
and social sustainable development of the world in modern society. In 2018, 79.5% of the energy economy
relied on traditional energy sources such as coal, oil, and natural gas, which are non-renewable and
environmentally harmful. To address this issue, there is a global movement to find renewable and clean
alternatives to fossil fuels. Nature offers various renewable sources, such as solar energy, wind energy,
hydropower, biomass energy, and others. However, such energy sources are sometimes unavailable due to
regional or seasonal factors. As a result, alongside the exploration of renewable energy sources for large-
scale use, there is a need for efficient energy conversion and storage systems. This demand has become a key
driving force for many innovations in energy conversion and storage systems. [9]

In fact, hydrogen production from the electrolysis of water, hydrogen conversion to electricity using
fuel cells, and energy storage using lithium-ion or metal-air batteries have attracted significant attention in
recent decades. Storing excess electricity from large-scale production plants for battery-based energy storage
is becoming increasingly difficult, as it is very expensive and requires large plant areas. An alternative way
to store energy with excess electricity produced by solar or wind power is needed.

Producing hydrogen from water by electrolysis has become a promising strategy for converting large
amounts of electrical energy from renewable energy sources into clean fuel—hydrogen (H2).

The bond energy of hydrogen with oxygen is 495 kJ/mol, while the maximum energy of visible
ultraviolet radiation is 315 kJ, meaning that direct photolysis of water is not possible. In the presence of
catalysts, water molecules become activated, forming certain complexes where the bond energy of hydrogen
with oxygen is reduced, allowing photolysis to continue according to the equations above. The combination
of processes 2 and 3 has certain contradictions—photocatalysts used are typically metal oxides, which, on
one hand, can effectively adsorb water molecules with adsorption energy greater than 140 kJ/mol for the
reaction. On the other hand, the metal oxides used have little external photoelectric effect for carrying out the
reaction. The process can occur according to the flow of the process in accordance with the equation of
water’s direct ionization with an electric current under a voltage of 27 V/cm or by purifying water with
radioactive radiation. Neither of these two methods is practical. Therefore, it is customary to use a certain
class of catalysts capable of generating the required ions from water for research. Among the various
heterogeneous catalysts, we believe that acidic catalysts are the most suitable.

Results. In any water, except for ultra-pure water, hydrogen ions and hydroxyl groups are present. The
following process occurs in the presence of acidic catalysts [2]: 4 OH - - 2 H,O + O, (1)

With the decrease in the number of hydroxyl groups, the number of hydrogen ions increases. Acidic
catalysts obtained from kaolin, aluminum-boron, and sulfonated titanium dioxide were used as acidic
catalysts in our study.

Figure 1. Photographic image of the nickel-Raney catalyst in the test setup of the solar
concentrator located in the focal zone (a) and in the H-kaolinite ceramic catalyst (b)
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The preparation of kaolin acid catalyst was carried out using the method we developed from the AST-
30 grade of Angren kaolin. Kaolin is loaded into the anode compartment of the electrolytic cell. Compressed
air is used for mixing. A 24-volt voltage was applied for washing the kaolin. Under these conditions, K, Na,
Mg, and Ca mixed kaolinite were converted into H-kaolinit [7].

The process was carried out for 9 hours, with the pH in the cathode compartment reaching 11 and in
the anode compartment reaching pH 4. After washing, the product was squeezed out of the water using a
lavsan filter and then dried. The tablets were formed from the dried product and sintered at 700°C for 2
hours. The obtained catalyst was analyzed using X-ray diffraction, HET (catalytic volume and surface), and
chemical composition. According to X-ray diffraction analysis, the product obtained after electrochemical
washing takes the form of H-kaolinite. The surface and pore size of the obtained catalyst exceeds those of the
original product and the catalyst obtained from standard acid washing [7].
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Figure 2. X-ray diffraction analysis of the kaolin catalyst

Name Surface, m?/g Volume, ml/g
H-kaolinit 25 0,11

Standart 15 0,086
Original 15 0,081

Table 1. BET determination of specific surface area and pore volume

Discussion and conclusion. To obtain the aluminobor catalyst, alumina is mixed in an equimolar
amount with boric acid, thoroughly mixed, and then sintered at 400°C for 4 hours. To obtain sulfonated
titanium, titanium dioxide is dissolved in sulfuric acid. The mixture is then treated at 500°C for 2 hours to
obtain a solid, water-insoluble residue [3]. The obtained catalysts are thoroughly washed with distilled water
until neutral and the equivalent acidity in relation to sulfuric acid is determined using the method described
above. It was found that H-kaolinite is 70% stronger than sulfuric acid, the aluminobor catalyst is 90%, and
the sulfonated titanium is 1300 times stronger than sulfuric acid [8].

The acid catalysts are ground to a particle size of 5-10 mm and loaded into a flow reactor, while Raney
nickel is fixed in a two-nozzle quartz spherical flask. Rice binders are used to secure Raney nickel. During
the acid cleaning stage with acid catalysts, oxygen accumulates in the water due to contact with air and the
reaction. The solubility of oxygen in water is 30%. Additionally, H2, H30+, and H4++ ions were present in
the water. During the processing stage of the obtained system, the reaction continued in the photoreactor,
resulting in hydrogen production. The produced hydrogen is highly reactive and quickly reacts with oxygen,
forming hydrogen peroxide according to the reaction [4]:

Hz + O, = H20; 2
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Table 2. Effect of acid catalysts on the decomposition of carbonate ore

Versions Acidic catalysts
Acidic catalysts Al;03 — B20s Ti—S0;
Equivalent acidity to H,SO4 70% 90% 1300
marta
The amount of residue from the carbonate 52,0 33,0 12,0
ore
The mass number of protons 60 g 7949 85¢g

It is evident that as the equivalent acidity in water increases, more protons are generated, but there is
no proportional relationship. The cause of such an effect is likely related to the physicochemical properties of
the catalysts or the water itself.
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Abstract. In this paper, we have studied scalar perturbations caused by the geodesic motion of a
massive particle orbiting a black hole in Schwarzschild spacetime. For simplicity, we assumed that the
scalar field does not contribute to the geodesic motion. We briefly discussed particle motion in
Schwarzschild spacetime. We derived the equation for the scalar field using the Klein-Gordon equation with
an included source term. We obtained a fully analytical solution to the Klein-Gordon equation in
Schwarzschild spacetime. We demonstrated that the solution to the angular equation can be expressed in
terms of spherical harmonics, while the radial equation solution can be expressed in terms of the confluent
Heun function.

Keywords: scalar field, geodesic equation, confluent Heun function, Kerr spacetime, black hole.

SCHWARZSCHILD FAZOSIDAGI GEODEZIK HARAKAT TUFAYLI SKALYAR
BUZILISH

Annotatsiya. Ushbu magolada biz Schwarzschild fazosida qora tuynuk atrofida aylanayotgan katta
zarrachaning geodezik harakatidan kelib chiggan skalyar tebranishlarni o'rgandik. Oddiylik uchun biz
skalyar maydon geodezik harakatga ta’sir gilmaydi, deb taxmin qildik. Biz Schwarzschild fazosidagi
zarrachalarning harakatini  qisqacha o’rganib chiqdik. Biz manba atamasi bilan Klein-Gordon
tenglamasidan foydalanib, skalar maydon uchun tenglamani oldik. Biz burchakli tenglamaning yechimini
sferik harmonikalar bilan, radial tenglama yechimini esa birlashuvchi Heun funksiyasi bilan ifodalash
mumkinligini ko'rsatdik.

Kalit so'zlar: skalyar maydon, geodezik tenglama, qgo'shilish Heun funksiyasi, Kerr fazo vaqti, qora
tuynuk.

CKAJIAPHOE BOBMYUIEHHUE, BBI3BAHHOE 'EOJIE3MYECKHUM JIBUKEHUEM B
INPOCTPAHCTBE-BPEMEHMU HIBAPIHIINJIBJIA

Annomauus. B oannoil pabome mbl u3yUUIU CKATSAPHLIE 803MYUJEHUS], GbI3GAHHBIE 2€00e3UYeCKUM
O0BUDICEHUEM MACCUBHOU HaCMUYsl, SpaAWAOWElcs 60Kpye YEPHOU Oblpbl 6 HNPOCMPAHCHEE-8PEeMEHU
Hlsapywunvoa. /[[na ynpowenusi mvl NPeOnoONONCUIU, YO CKAIAPHOE NOe He GIUsen HA 2e00e3UiecKoe
odsuicenue. Mol Kpamxo 06cyounu OsudiceHue yacmuyvl 6 npocmpancmee-gpemenu Lllsapywunvoa. Mot
8bl6e/U YypasHeHue Ol CKAISPHO20 NOJisL, UCNOAb3ys ypasHenue Knetina—I opoona ¢ 6KIOUEHHBIM HIEHOM
ucmounuxa. Mbvi nonyuunu ROAHOCMbBIO aHaAIUMUYeckoe peuteHue ypaenenus Knetina—I'opoona 6
npocmpancmage-gpemenu  Lllsapywunvoa. Mol nokazanu, uwmo peutenue y2n08020 YPAGHEHUS MONCHO
8bIPA3UMb Yepe3 chepudeckue 2apMoHUKU, 6 MO 8PeMsl KAK peuieHue paoudibHO20 YPAGHEHUs MOJICHO
svipazums uepes ynkyuro Heun.

Knwouesvie cnosa: ckansproe noine, ceodesuteckoe ypasnenue, pynkyus Heun, npocmpancmeo-epemst
Keppa, uépnas ovipa.

Introduction and summary.

In the context of general relativity, a perturbation in the Schwarzschild spacetime refers to small
deviations or disturbances from the idealized Schwarzschild solution, which describes the spacetime
geometry around a non-rotating, spherically symmetric mass (such as a black hole or a massive object).
Perturbations in the Schwarzschild spacetime can arise due to the presence of additional masses,

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 136

https://buxdu.uz


mailto:shavkat.qarshiboyev.89@bk.ru
mailto:shuhrathayitov34@gmail.com

PHYSICS

gravitational waves, or other forms of energy-momentum that cause deviations from the ideal Schwarzschild
solution [1]. Using the Newman-Penrose formalism [2], the perturbation in Kerr spacetime has been studied
in [3-6]. These perturbations can be analyzed using techniques from perturbation theory in general relativity,
which involve linearizing the Einstein field equations around the Schwarzschild and Kerr metrics and
solving for the perturbed metric components. Perturbations in the Schwarzschild and Kerr spacetime can
have important physical implications, such as the generation and propagation of gravitational waves, the
dynamics of test particles and light rays, and the stability of black holes against perturbations. They are also
relevant for understanding the behavior of astrophysical systems containing compact objects like black holes
and neutron stars.

In the context of general relativity, the Schwarzschild spacetime describes the gravitational field
outside a spherically symmetric, non-rotating mass, such as a black hole or a star. Scalar perturbations in the
Schwarzschild spacetime can be analyzed to understand how small deviations from the background metric
behave. Scalar perturbations typically refer to small deviations from the background metric (in this case, the
Schwarzschild metric) that can be expressed as changes in a scalar field. These perturbations can be studied
by considering linearized equations around the Schwarzschild solution [7, 8].

Once the linearized perturbation equations are obtained, one can study the behavior of scalar
perturbations due to geodesic motion by solving these equations and analyzing the resulting solutions. This
analysis can provide insights into how small disturbances propagate in the Schwarzschild spacetime and how
they interact with the background gravitational field. The study of scalar perturbations in the Schwarzschild
spacetime due to geodesic motion is a topic of interest in theoretical physics and general relativity, and it has
applications in understanding gravitational waves, black hole physics, and cosmology. Detailed calculations
and analyses of such perturbations require a deep understanding of general relativity and mathematical
techniques for solving partial differential equations in curved spacetime [9-11].

The geodesic motion in the Schwarzschild spacetime refers to the motion of test particles (massive or
massless) moving under the influence of gravity alone, following the natural paths dictated by the curvature
of spacetime. To analyze scalar perturbations due to geodesic motion in the Schwarzschild spacetime, one
typically starts with the linearized perturbation equations, which are derived by decomposing the metric
tensor into a background Schwarzschild metric plus a small perturbation. These perturbation equations can
be obtained by considering small deviations in the metric tensor components and linearizing the Einstein
field equations [12-14].

I. Scalar perturbation due to geodesic motion.

The scalar perturbation due to the geodesic motion is quit common problem and considered by
numerous authors [9, 10]. The field equation for the scalar field € is given as

V,VHd = —4mg.T (1)
where V,, stands for covariant derivative from a scalar field, m, is the mass of particle, g. is the
coupling constant between massive field and scalar field and T = T,,,,g*" is a source term regarded the trace

of energy-momentum tensor that represents as follows [9]:

m ) _ .
T = % dté ¥ [x — z(r)hu,u, (2)
=
mg8(r—ry) :
T=TWg"' = ——5 35— 3
ud u%r?sin 8 3

Here g is the determinant of the metric tensor, T is a proper time, u* = dx*/dt is the four-velocity of
massive particle normalized as u,u* = —1, and satisfied a geodesic equation u*V,u*=10. In the
Schwarzschild spacetime, of the mass parameter M,

- 0 0 0

0 = 0 0 2M :
Suv = i Jf:l_TJ {4'::'

0 0 0

0 0 0 r2sin®@
geodesic equation can be easily integrated and the four velocity of test particle can be expressed as

- Ilezf_ (£+l) = ||:H‘— c - 5
U = f’\J f r? ’T:\J sin® #'rsin® @ )
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where £ and .L are constants of motion regarded to the specific energy, specific angular momentum of test
particle and X is the Carter constant. The angular velocity of particle measured by a distant observer yields

u? Lf .
T Ut Erlsin? 8 (6)
For simplicity, assuming particle moves in circular orbits with four-velocity of u, = {—£,0,0,L}. In the
Keplerian orbit measurable quantities, namely, the specific energy &, specific angular momentum £ and
angular frequency (1 of massive test particle in the Schwarzschild spacetime are found as

f VMT |M .
E=—=,L=——,0= |=. (7)
_aM [ 3M T |
W r W T

Using equations (2) together with (5) and (7), the trace of the energy-momentum tensor for test particle T
reduces to

| 3M
=_mf. 11— *1 5(r —1y)8(cos 6)6(¢p — Nt) ®)

=

Finally, taking into account all facts mentioned above, equation for the scalar field in the Schwarzschild
spacetime can be rewritten as

|
[ﬂf - ii(r:fi) - i,. T-":ﬂ] &(r,t) = —4mrlggsiﬂ [1— ES{}:‘ — 1p)d(cos B)6(¢ — Qt), (9)
i R =N -

rior dr

where V7 is the angular part of the Laplacian operator defined as

-

V= — a(, ea)+ S (10)
2 Sin 606 \"" "38/) " sin? 6 0¢2 :
The solution of equation (9) can expanded in terms of the spherical harmonics in the form:
. B (r , .
o) =2mg, Y 2 Dyni,¢—an) ()
m IV
where R (1) is an unknown radial function, ¥7" (&, ¢ is the spherical harmonics satisfied the
VAYF(6,¢) = —£(¢+ DY]'(6,9) (12)
and normalized as
. L .
j YPE,@)YE" (68,@)d = 8ep' G’ (13)
Now using the a property of the delta function:
1 o
S(eh — OF =_Z imig—1fit) 14
5(¢ )=o) ¢ (14)

™

the equation (9) can be rewritten in a form:

2w [ st
Z |:I!i'1": + ,},4}:‘2 R.me_f {3, ¢. —_ ﬂt} — \Ilf(l _ T)

where 0 is the angular frequency of Keplerian orbit. In order to rid off the angular dependence of the last
equation one can multiply complex conjugate of the spherical harmonics ¥;™ from both side of the equation
(15) and using normalization relation (13), one obtains

d?  M?+ (mQr?)?—£(£+ r? 5(r — 1) | M '
|: +1 mily } ( Ir f:| om = +m (IZ—E,G)M |f(l—;) {_15}

&(cos e)z gim(#-0c)(15)

d’.l“: ?,4}92
As one can see the above equation is independent of the angular coordinate but it depends on the radial
coordinate Let us introduce new function U{x) with new radial coordinate in the form:
Rem(x) = e=/2xB/2(x = )Y Upp(2), x = 1= o, (17)
Inserting it into equation (15), one can get a well-known Heun equation in the form:
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i) ¥ g A—0
U—E:n ( +—= +—1)U£m+(;+x_l)ﬂ-fm:ﬂ

and the solution can be expressed in term of the Heun function in the form:
Usm(x) = HeunC[wo, 4, 5.y, . x], where coefficients are
g=F+f—4imMQ, 1 = —4imMD, a = —4imMQ, § =1+ 4imMQ, y = 1,
g=F+Ff— 16m>M*0% 1 = 4mMQ(—4mMO+i), &« = 4imMQ, £ =1 + 4imMQ, y =1
g=48+F—16m*M?0%, A = —4mMQ4mMO+i), &« = —4imMQ, § =1 —4imMQ, y = 1,
g =4+ +4imMQ, A = 4imMQ, o = 4imMQ, f=1—-4imM0Q, y=1,
and as we can see here we have four different cases for the coefficients. Finally, radial function can be

M\L\ mlJ\fA I .\m )I\ w\!w

Ry (x) = e®/2(x — 1) (r¥1)/25(B+1)/2
b
v bk

w’

Figure 1. Time dependence of the scalar field 1 in the flat spacetime. Blue and red curves represent

real and imaginary parts of the scalar field, while black line is corresponds to absolute value of the scalar
field.

The total power output in mode of {#,m) can be determined as
1 " Cim
P-fm = a |c-fm |_ |R-fm {_Tb}l'-

For qualitative analyses it is also interesting to consider this problem in a flat space (i.e., f =1).
Hereafter introducing new wave equation &(r,t) = mgg.(r)e ™, equation (9) reduces to

0.2

0.

Wy

\yn 1\1(\“1 l A’l\y n,\ld‘ \y ml

|’ W I

0.

<

-0.

-0.2

a - 4 i )
(67 = V¥ = —7 8(r —1p)8(cos 6)a(¢ — 0t)
where V is the Laplacian in the spherical coordinates. Notice that the expression for Keplerian
—
frequency 1 = 1H|Ia"ri.',f:r[,,a is the same in the framework of Newtonian as well as in general relativity. It is well-

known that the Green's function for the Helmholtz operator is given as [15]
1 E—zﬂlr r |

G(r,
(rr') = C4m [r—1'|

and the solution for a scalar field yields

ifi| e— |:"5+:-'5'+2:":"|;.sln fcos ﬂr]
e v d

Wo(r,t) = — ———= : (27)
JT=+ 1y + 2rrpsin fcos

In Fig. 1 we showed time dependence of the scalar field in the Minkowski spacetime. Black line
represents absolute value of the scalar field.

Conclusion.

In this paper we have studied scalar perturbation due to geodesic motion of massive particle orbiting
around the black hole described by the Schwarzschild spacetime. For simplicity, we assumed that the scalar
field does not contributed in the geodesic motion. We briefly mentioned about particle motion in the
Schwarzschild spacetime. We derived equation for the scalar field using Klein-Gordon equation including
the source term. We have obtain fully analytical solution to Klein-Gordon equation in the Schwarzschild
spacetime. We have shown that solution to angular equation can expressed in terms of the spherical
harmonics while for the radial equation ti can be expressed in terms of the confluent Heun function.
Appendix A: Solution in weak field
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Here we focus on the wave-like equation in the weak field approach. So that the scalar field can be expanded
as

: : 2M e _

Y(r) = 'Pu(.")"‘?'%'-’l'{_r] +0(M?/r?) (A1)

where & is the solution in a flat spacetime, €, is the solution in the first leading order. Inserting expression
(Al) into the equation (9), one can obtain the following wave-like equation:

i:'-l‘]l n.ezu.lt

(VP +w —
T

&(r —ry)é{cos 8)8(gp — 0t) — 1 [l a,.(rd,.) + af] Py (42)

and solution is

fo|t— |I:l'=+:l'§'—2:":",;.sln froz l:q.’s-—ﬂnr}J

r e v

Yy = dr. (3 = , .
0/7%+ 15 — 2rrpsin Bcos (¢ — Nyt)]

Appendix B: The coordinate transformations

The Cartesian coordinates (x, v, z) are related to spherical coordinates (r, &, ) in the standard way:

j 8(t — lr—r'[)r'dr'dcos 8'dg’
r—r'l

[ a,.(rd,.) +a: ]apu{j.qa}

x = rcos ¢sin 8, (B1)
y =rsin ¢sin 6, z = rcos 8, (B2)
| I —— _ [x% + 97 4 ¥ '
r=+x*+y*+z% 8 =tan! (—"' 2 > )J ¢ = tan li: (B2)
where 0=r=cwml=8=nw and 0=¢ =2m.

The transformation of the volume element from Cartesian to spherical coordinates is given by the following
expression: dr = dxdydz = Jdrdfdg, where | is the Jacobian determined as
dx d.ov 8.z cos ¢sin @ sin ¢sin & cos &
J=|8x 8gy dgz|= |:’.I“CDS ¢cos & rsin ¢pcos § —rsin 5‘] = r2sin 8 (B3)
Bpx dpy Ogz —rsin ¢sin & rcos ¢gsin & 0
The transformation of the Green’s function from Cartesian to spherical coordinates can be done by using the
following calculations:

r—r'l =(x—x)2+(y—y)2+(z —2')° (B4)
= r2 + 72— 2rr'[cos Bcos B’ + sin Bsin 6'cos(p — ¢')] (B4)
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Abstract. This study investigates the interactions between charged particles in circular orbits and a
magnetic dipole field. By analyzing particle dynamics under the influence of a dipole's magnetic field, we
aim to understand the conditions that lead to particle collisions and potential energy transfer processes. The
research highlights how the Lorentz force and the dipole's magnetic configuration affect the stability and
trajectory of particles. Results show the critical parameters that lead to particle capture, deflection, or
collision with the dipole's field lines. These findings have significant implications for modeling space plasma
behavior, predicting radiation belt dynamics, and interpreting data from space missions focused on
planetary magnetospheres.

Keywords: magnetic dipole, charged particles, circular orbit, magnetic field, particle dynamics.

AYLANA ORBITALARI VA ZARRACHALARNING MAGNIT DIPOL BILAN
TO‘QNASHUVI

Annotatsiya. Ushbu tadgiqot aylana orbitadagi zaryadlangan zarralar va magnit dipol maydoni
o'rtasidagi o'zaro ta'sirlarni o'rganadi. Dipolning magnit maydoni ta'sirida zarrachalar dinamikasini tahlil
gilish orgali, zarrachalarning to'gnashuviga va energiya uzatish jarayonlariga olib keladigan sharoitlarni
tushunish magsad qilindi. Tadgiqotda Lorents kuchi va dipolning magnit konfiguratsiyasi zarrachalarning
bargarorligi va traektoriyasiga ganday ta'sir ko'rsatishi ko'rsatib beriladi. Natijalar zarrachalarning
ushlanishi, og'ish yoki dipol maydon chiziglari bilan to'gqnashuviga olib keladigan muhim parametrlarni
ochib beradi. Ushbu topilmalar kosmik plazma xatti-harakatini modellashtirish, radiatsiya kamarlarining
dinamikasini oldindan aytish va sayyora magnitosferalariga oid kosmik missiyalardan olingan
ma'lumotlarni talgin gilishda muhim ahamiyatga ega.

Kalit so'zlar: magnit dipol, zaryadlangan zarralar, aylana orbit, magnit maydon, zarracha
dinamikasi.

CTOJIKHOBEHHME KPYI'OBBIX OPBUT N YACTUI] C MAT'HUTHBIM JJUITIOJIEM

Annomayus. B oannom ucciedosanuu paccmampuaromest 63auMo0eticmeus 3apsadjceHHblx 4acmuy,
OBUIICYIYUXCSL NO KPY2OBLIM OPOUMAM, C MACHUMHbBIM NOJIeM OUNOs NYymMéEM aHanu3a OUHAMUKU Yacmuy noo
8030eticmeuem MAcHUMHO20 NOAs OUNOJs, Yelbld pabombl AGNAEHC PACKpbImMUe YCI08Ull, NPUBOOAUUX K
CMOJIKHOBCHUSIM HACMUY U npoyeccam nepedadu suepeuu. Mcciredosanue noouéprkusaem, kaxk cuia Jlopenya
U MAacHUMHAs. KOHuUeypayusi Ounojisi eIusiiom Ha CmMabuibHOCmb U mpaekmopuio wacmuy. Pezyromamul
NOKA3bI8AIOM KIOUEBble NAPAMEmMpPbl, KOMOpble NPUGOOSM K 3aX8amy, OMKIOHEHUI) UMU CMOJIKHOBEHUIO
yacmuy ¢ AUHUAMU NOJISL OUNOas. Dmu 8618006l UMelom 00bloe 3HaAUeHUe 0151 MOOeIUPOBAHUS NOBEOEHUs
KOCMUHECKOU NAA3Mbl, NPOSHOZUPOSAHUS OUHAMUKU DPAOUAYUOHHBIX NOSCO8 U UHMEPAPEMayuu OaHHbIX
KOCMUYECKUX MUCCUL, UCCTeOYIOWUX MASHUMOCEPbL NIAHEN.

Knrouegwle cnoea: MazHumuulil OUNOb, 3apajiceHHble YACmuybl, KPyeosas opouma, MasHumuoe noie,
OUHAMUKA YaACMUY.

Introduction. The study of particle dynamics in the presence of magnetic fields has broad
applications in fields such as astrophysics, plasma physics, and space science. One particularly interesting
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configuration involves the behavior of charged particles moving in circular orbits around a magnetic dipole.
This setup can mimic conditions observed in planetary magnetospheres, such as those of Earth or Jupiter,
and provide insight into particle interactions and energetic particle precipitation. When a charged particle
approaches a magnetic dipole, the complex interplay between the Lorentz force and the dipole's magnetic
field governs its trajectory. Understanding these interactions is essential for predicting particle collisions,
magnetic trapping, and radiation belt formation. The investigation of particle collisions in such fields helps in
elucidating the processes that lead to particle acceleration and loss, which have implications for space
weather phenomena and the stability of satellite orbits. In this paper, we explore the dynamics of circular
orbits of charged particles and their interactions with a magnetic dipole field. We analyze the conditions that
lead to collisions, examine the influence of magnetic field strength and orientation, and assess how these
interactions inform our understanding of particle behavior in magnetic environments. This study contributes
to the theoretical framework needed for modeling space plasma environments and informs observational data
interpretation from spacecraft missions.

Basic equations.

I. Lorentz force equation.

The motion of a charged particle in a magnetic field is governed by the Lorentz force. The Lorentz
force is given by:

F=g(E+vxB)

where g is the charge of the particle, E is the electric field, B is the magnetic field, and w is the
velocity of the particle.

I1. Magnetic field of a dipole.

The magnetic field around a magnetic dipole is expressed as:

g _ Ho (3{::11 -r)r — mr? m)

T 4m

5 3
where m is the magnetic dipole moment, and r is the position vector relative to the dipole.
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Figure 1. Magnetic field
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Figure 2. Radial dependence of the effective potential at various discrete values of the
parameters a and «.

I11. Motion of charged particles in circular orbits.
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A charged particle moving in a circular orbit around a magnetic dipole experiences a balance between
gravitational and electromagnetic forces. The effective potential V.g is given by:

. GMm g
VEFF{.T} =T

+ EV « B
where ¢ is the gravitational constant, M is the mass of the black hole, and m is the mass of the
particle. The equation of motion for the particle is:
dr
dt?
IV. Relativistic effects and spacetime curvature.

In the vicinity of a black hole, relativistic effects come into play, causing the curvature of spacetime.
The Schwarzschild metric is given by:

. 2GMY 26MY L .
ds? = — (l — )dt- + (l — ) dr?+r2(df? + sin® 8dg?)

= —VWege(r)

If the black hole is rotating, the Kerr metric is used, which is expressed as:

-1 0 1 2 B
(84
Figure 3. The condition for the existence of a black hole lies within the interval of variation for a and
.
- 2Mry . 4Marsin? @ gt .
ds= = — (l - — )dt- ————dtd¢ + —dr=+ p=df-
& p_ .|"_1|:
. . 2Ma’rsin® 6\ _ | .
+ (:r‘- +a-+ T)sm- Bdg-
where p* = r* + a*cos® fand A =r? + a® — 2Mr.
XI. Conservation of energy and angular momentum.
For a particle in a circular orbit, the conservation of energy and angular momentum is expressed as:
E = ymc*
L=mrig
where E is the total energy, L is the angular momentum, and y is the Lorentz factor.
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Figure 4. Graphical illustration of the center-of-mass energy resulting from the collision of
magnetized and neutral particles with identical initial energy.

Conclusion. The dynamics of charged particles and their interaction with a magnetic dipole are
governed by a combination of gravitational and electromagnetic forces, along with relativistic effects and the
curvature of spacetime.
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OKSIKISLOTALAR ASOSIDAGI BIODEGRADATSIYALANUVCHAN
MATERIALLARNING FIZIK-KIMYOVIY XUSUSIYATLARIGA KOMPATIBILIZATOR
TA’SIRINI BAHOLASH

Xudaynazarov Jaxongir Ortiq og“li,

Sharof Rashidov nomidagi Samargand davlat universiteti
Tillayev Sanjar Usmonovich,

Sharof Rashidov nomidagi Samargand davlat universiteti

Annotatsiya. Ushbu ishda poli (sut kislota) hamda modifikatsiyalangan sellulozaning asosida olingan
kompozit materiallarining fizik-kimyoviy xossalariga kompatibilizator sifatida qo’llanilgan poli(vinil spirti)
ing ta’sirini baholash bo’yicha tajribalar natijalari keltirilgan. Poli(vinil spirti) ning namuna massasiga
nisbatan 1% gacha miqdorda qo ‘shilishidan olingan kompozit materiallari yyetarli darajada gomogenlik,
mustahkamlikka ega bo‘lishi aniglandi. Olingan mahsulotlarning yonishda massa kamayishi 67-88%
diapazonda bo‘lib, talab etilgan darajadan (50%) ancha yuqori ekanligi aniglandi. Bioparchalanuvchan
materiallar namunalari tarkibida og‘ir, zaharli hamda boshqa xavfli elementlarning miqdori tegishli
me yorlardan past ekanligi aniglandi.

Kalit so’zlar: polilaktid, modifikatsiyalangan selluloza, kompatibilizator, kompozit materiallar, fizik-
kimoviy xossalar, massa kamayishi.

OLIEHKA BJINSHUSA KOMIIATUBUIIN3ATOPA HA ®PU3NKO-XUMHUNYECKHUE
CBOMCTBA BUOJIET'PAIMPYEMBIX MATEPUAJIOB HA OCHOBE OKCUKHUCJIOT

Annomauus. B pabome npedcmagienvl pe3ynpmamuvl IKCHEPUMEHMO8 NO OYEeHKe GIUSHUSL
NOMUBUHULOB020 CRUPMA, UCHOTIB3YEMO20 6 Kauyecmee KOMRAMUOUIU3amopa, Ha Qu3uUKO-XumMuyeckue
CBOUCMBA KOMNOZUYUOHHBIX MAMEPUANIO8 HA OCHOBE HOJUMOIOYHOU KUCIOMbL U MOOUDUYUPOBAHHOT
Yeanon03vl. YCmanosneHo, 4umo KOMNO3UYUOHHbIE MAMEPUAbl, NOIYYeHHble ¢ 000ABKOU NOTUBUHUTIOBO20
cnupma 6 Koauvecmee 00 I % no omuHoweHnuio K macce obpasya, o06aadarom O00CMAaAmouHoOl
O0OHOPOOHOCMbBIO U NPOYHOCHBIO. YCMAHOBIEHO, HMO CHUdCEHUEe MACCbl NOAYYEHHbIX HPOOYKMO8 Npu
eopenuu Haxooumcs 6 npedenax 67-88%, umo sHauumenvHo npegviuiaem mpebyemvii yposenv (50%).
Yemanoeneno, umo xonuuecmeo maANCENLIX, MOKCUUHBIX U OpyeUX ONACHLIX JNeMEHMO8 8 00pazyax
OUOPA3NA2AEMbIX MAMEPUATO8 HUNCE COOMBEMCMEYIOWUX HOPM.

Knwouesvie cnoea. nonunakmuod,  MOOUDPUUUPOBAHHASL — YEATION03d,  KOMAAMUOUIUIAMOP,
KOMNO3UYUOHHbIE MAMEPUATDL, (PUUKO-XUMUYECKUE CBOUCIEA, CHUNCEHUE MACCYL.

ASSESSMENT OF THE INFLUENCE OF A COMPATIBILIZER ON THE PHYSICAL AND
CHEMICAL PROPERTIES OF BIODEGRADABLE MATERIALS BASED ON OXYACIDS

Abstract. The paper presents the results of experiments to evaluate the effect of polyvinyl alcohol, used
as a compatibilizer, on the physicochemical properties of composite materials based on polylactic acid and
modified cellulose. It has been established that composite materials obtained with the addition of polyvinyl
alcohol in an amount of up to 1% relative to the sample weight have sufficient homogeneity and strength. It
has been established that the reduction in the mass of the resulting products during combustion is in the
range of 67-88%, which significantly exceeds the required level (50%). It has been established that the
amount of heavy, toxic and other hazardous elements in samples of biodegradable materials is below the
relevant standards.

Keywords: polylactide, modified cellulose, compatibilizer, composite materials, physicochemical
properties, weight reduction.

Kirish. Turli moddalar bilan to‘ldirilgan poli(sut kislota) asosidagi bioparchalanuvchan kompozit
materiallar so‘nggi yillarda keng tadqiq etilmoqda. Ularning asosiy kamchiliklaridan biri — Kristallik
darajasining pastligi bo‘lib, bu xususiyat ular asosida olingan mahsulotlarning fizik-kimyoviy xossalari,
mustahkamligiga katta ta’sir ko‘rsatadi. Sellyuloza asosida biodegradatsiyalanuvchan kompozit materiallar
olish nisbatan keng tadgiq etilgan [1, 2] va turli yo‘llar bilan ularning xossalarini yaxshilashga erishilgan
bo‘lishiga qaramasdan barcha holatlar uchun asosiy kamchilik sifatida materiallarning yetarli darajada
mexanik mustahkam emasligi, tannarxining nisbatan yuqori ekanligini ko‘rsatish mumkin. Polilaktidga
mikrokristallik sellyuloza (MKS) bilan to‘ldirish orqali olingan kompozitlarning xossalari keng tadqiq
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etilgan [3]. Biodegradatsiyalanuvchan kompozitlarning mexanik xossalarini yaxshilash uchun armirlovchi
modda sifatida bambukdan olingan mikrofibrillyar sellyuloza qo‘shish mumkinligi ko‘rsatilgan [4].
Shuningdek, bambukdan olingan lignotsellyulozani atsetillash orgali uning polilaktid makromolekulalari
bilan o‘zaro ta’sirlashishi uchun kimyoviy muvofiglik hosil gilingan [5]. Tarkibida massa jihatdan 20%
atsetillangan sellyuloza saqlagan kompozitlar eng yuqori mustahkamlikka ega bo‘lganligi (18.84 N/mm?)
aniglangan.

Oksikislota — polisut kislota asosida olingan materiallarning fizik-kimyoviy xususiyatlarini yaxshilash
uchun qo‘llaniladigan yo‘llardan biri — kompatibilizatorlar qo‘shishdir. Chunki, polilaktid cheklangan
qutblilikka ega makromolekula bo‘lib, uning to‘ldiruvchilari siftida qo‘llanildigan moddalar esa ko‘pchilik
hollarda qutbli tabiatga ega bo‘ladi. Masalan, sellyuloza makromolekulalari qutbli tabiati uning polilaktid
matritsaga to‘ldiruvchi sifatida qo‘llashga xalaqit qilishi mumkin. Olingan kompozit materiallarning fizik-
kimyoviy hamda mexanik xossalarini yaxshilash uchun sellyulozani modifikatsiyalash orgali qutbliligini
kamaytirish, Shu bilan birga, kompatibilizatorlardan foydalanish orqgali materiallarning xossalarini
yaxshilash muhim yo‘llardan biridir.

Yuqoridagilardan kelib chiqib, polilaktidga kiritilayotgan to‘ldiruvchining kimyoviy tabiatiga ko‘ra
olingan kompozitlarning fizik-kimyoviy hamda mexanik xossalarini yaxshilash uchun kimyoviy
modifikatsiyalash hamda kompatibilizatorlardan foydalanish borasida tadgiqotlar olib borish dolzarb
vazifalardan biri hisoblanadi.

Tajribaviy qgism. Samargand davlat universitetida oksikislotalar — poli(sut kislota) hamda
modifikatsiyalangan sellyuloza asosida bioparchalanuvchan kompozit materiallar olish borasida tadgigotlar
olib borilmoqda [6]. Kompozit materiallar olish uchun ikki xil turdagi polilaktid qo‘llanildi: biri “Jiaxing
Fulltrust Plastic Co., Ltd. (Xitoy)” firmasidan olingan, molekulyar massasi 60-70 kDa, suyuglanish
temperaturasi 170-190 °C bo‘lgan PLA; ikkinchisi laboratoriya sharoitida sintez qilingan, molekulyar
massasi 10-20 kDa, suyuglanish temperaturasi 140-180 °C bo‘lgan PLA [7]. Har ikkala olingan
polilaktidning ham 1Q-spektrlari o‘rganildi (Shimadzu, 1- A va B-rasmlar). Bunda, ularning o‘zaro bir-biriga
yaqin ekanligini ko‘rishimiz mumkin. Asosiy farq ularning molekulyar massalarida bo‘lib, laboratoriya
sharoitida sintez gilingan PLA ning molekulyar massasi kichik, binobarin fizik-kimyoviy xossalari,
mustahkamligi nishatan pastrog.
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Kompozit materiallar olish uchun PLA ga to‘ldiruvchilar, asosan turli o‘simliklar qoldiglaridan
olingan sellyulozadan foydalanildi. Buning uchun ma’lum usullar vositasida o‘simliklar chigindilaridan
sellyuloza ajratib olindi [8].

Sellyuloza makromolekulalari qutbli tabiatga ega bo‘lib, ikkilamchi strukturasida molekulalararo
kuchli vodorod bog‘lanishlari sababli suvda eruvchanligi mavjud emas. Polilaktid esa makromolekulalari
cheklangan qutblilikka ega, ya’'ni faqatgina karbonil guruhi saqlagan fragmentlar qutbli xossalarni namoyon
qgilib, makromolekulaning asosiy gismi metil-guruhlaridan iborat yon zanjir tashkil etadi. Shu sababli, bu ikki
tabiatan fargli makromolekulalardan kompozit materiallar olish o‘ziga yarasha murakkablik keltirib
chigaradi. Molekulyar darajada o‘zaro ta’sirlarning zaifligi sababli olingan kompozitlarning fizik-kimyoviy
xossalari talab darajasida bo‘lmaydi. Ushbu kamchiliklarni bartaraf etish uchun bir necha yo‘llar taklif
etilgan. Ulardan biri — kompozit tarkibiga kompatibilizatorlar qo‘shish hisoblanadi. Mazkur ishda
kompatibilizator sifatida polivinil spirti (“Liwei Chemical co. LTD” firmasi (Xitoy), gidroliz darajasi 98-
99.4%; polimerlanish darajasi 1700-2800) dan foydalanish imkoniyatlari o‘rganildi. Bunda,
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kompatibilizatorning namuna massasiga nisbatan miqdori 0,1% dan 1% gacha o‘zgartirildi. Buning uchun
quyidagi 1-jadvalda keltirilgan tarkibdagi kompozitlar olindi.

1-jadval.
Kompozit materiallar tarkibi
Ne | Komponentlar nisbati, massa % da Izoh
Polilaktid Sellyuloza | Polivinil spirti
(aralashmaga nishatan %)
1 30 70 1.0 Material gomogen emas,
mustahkamligi past
2 40 60 1.0 Materialning gomogenlik darajasi past
3 50 50 1.0 Gomogenlik darajasi yaxshi
4 60 40 1.0 Gomogen, mustahkamlik yaxshi
5 70 30 1.0 Gomogen, mustahkamlik yugori

Keyingi tajribalarda olingan kompozit materiallarda komponentlarning o‘zaro ta’sirini baholash
magsadida 1Q-spektrlari olindi.
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4-rasm. PLA/Cel/PVS=50/50/1% 5-rasm. PLA/Cel/PVS=60/40/1%

Keltirilgan 2-6-rasmlardagi 1Q-spektrlarning barchasida ~3000 sm™ sohada polilaktidga xos qo‘sh
polosani ko‘rish mumkin. Shu bilan birga, ~3300-3400 sm™ sohada gidroksil (-OH) guruhiga mos bo‘Igan,
valent tebranishlar kuzatiladi. Ushbu polosalarning keng-yoyiq shaklda ekanligi sellyulozaning ichki
molekulyar vodorod bog‘lari, yoki uning kompatibilizator sifatida qo‘llanilgan polivinilspirti bilan ta’siridan
yuz bergan vodorod bog‘lari hisobiga bo‘lishi mumkin. 1750 sm™ sohada polosa polilaktid tarkibidagi
karbonil guruhiga tegishli.
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6-rasm. PLA/Cel/PVS=70/30/1%

Kompatibilizator sifatida polivinil spirtidan foydalanilganda barcha holatlarda qo‘shilmagan
namunalarga garaganda komponentlar o‘zaro yaxshiroq aralashganligi kuzatildi. Quyidagi grafikda ushbu
ma’lumotlar keltirilgan (7-rasm).
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7-rasm. Kompatibilizator qo‘shilmagan (ko‘k ustunlar) va qo‘shilgan (qizil ustunlar)
namunalarning cho‘zilishga nisbatan chidamlilik modullari

Keyingi tadgigotlarda olingan kompozit materiallarning fizik-kimyoviy xossalarini o‘rganish bo‘yicha
tajribalar olib borildi. Buning uchun, materiallarning bir gator parametrlari tadqiq etildi. GOST EN 13432-
2015 xalgaro davlatlararo standartiga muvofigq, namunalarning yonishda massa kamayishi, suyuglanish
temperaturalari tekshirildi [9].

2-jadvalda.
Ne | Tarkibi, massa% da | YUmshash YOnishda massaning
PLA/Cel/PVS temperaturasi, °C kamayishi, %
1 30/70: 1% 79.7+0.3 67.4+0.2
2 40/60: 1% 76.4+0.3 71.2+0.2
3 50/50: 1% 73.5+0.3 76.5+0.2
4 60/40: 1% 70.6+0.3 83.7+0.2
5 70/30: 1% 68.3+0.3 88.6+0.2

Olingan tajribalar natijalaridan (2-jadval), tarkibi PLA/Cel/PVS bo‘lgan namunalarning barchasi fizik-
kimyoviy hamda mexanik xossalari ushbu tipdagi materiallarga qo‘yiladigan talablarga mos ekanligini
ko‘rishimiz mumkin.

Keyingi tajribalarda namunalarning tarkibidagi bo‘lishi mumkin bo‘lgan kimyoviy elementlarning
miqdorlarini tekshirish bo‘yicha tajribalar olib borildi. Tajribalar energodispersion rengten fluoressent
analizatorida (Rigaku, NexDE) olib borildi. Quyidagi jadvalda bioparchalanuvchan plastik materiallar
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tarkibida bo‘lishi mumkin bo‘lgan og‘ir, zaharli hamda boshqa xavfli elementlarning me’yoriy chegaralari
hamda tajribada olingan natijalar keltirilgan (3-jadval).

3-jadval.
Materiallar tarkibidagi og‘ir, zaharli hamda boshqa xavfli elementlarning me’yoriy chegaralari
hamda tajribada olingan natijalari

Ne | Element | Qattig material- Tajri-bada Ne | Element | Qattig material- | Tajribada
dagi ruxsat etilgan | topilgan dagi ruxsat topilgan
miqdori*, mg/kg miqdor, etilgan migdori*, | miqgdor,

ma/kg mo/kg mg/kg

1 |Zn 150 157+3 7 Cr 50 1342

2 Cu 50 312 8 Mo 1 -

3 |Ni 25 12+1 9 Se 0.75 -

4 | Cd 0.5 - 10 | As 5 -

5 |Pb 50 5+1 11 | F* 100 -

6 | Hg 0.5 -

*-rentgenfluoressent usuli bilan ftorni aniglashning imkoni yo ‘q.

Xulosalar. O‘tkazilgan tadqiqotlar natijasida cheklangan qutblilikka ega poli(sut kislota) hamda qutbli
makromolekula — sellyulozaning o‘zaro turli nisbatlardagi kompozit materiallarini olish uchun
kompatibilizator sifatida poli(vinil spirti) dan foydalanish imkoniyatlari o‘rganildi. Poli(vinil spirti) ning
namuna massasiga nisbatan 1% gacha miqdorda qo‘shilishidan olingan kompozit materiallari yetarli darajada
gomogenlik, mustahkamlikka ega bo‘lishi kuzatildi. Olingan mahsulotlarning yonishda massa kamayishi 67-
88% diapazonda bo‘lib, talab etilgan darajadan (50%) ancha yuqori ekanligi aniglandi. Bioparchalanuvchan
materiallar namunalari tarkibida og‘ir, zaharli hamda boshga xavfli elementlarning me’yoriy chegaralari
hamda tajribada olingan natijalaridan, ularning tegishli me’yorlardan past ekanligini ko‘rish mumkin.
Demak, poli(sut kislota) hamda sellyuloza asosidagi bioparchalanuvchan kompozit materiallar olishda
kompatibilizator sifatida poli(vinil spirti) dan foydalanish mumkin.
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GETEROSIKL BIRIKMALAR SINTEZI VA ULARNING NEFT VA GAZ SANOATIDA
INGIBITOR SIFATIDA QO’LLANILISHI
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Annotatsiya. Geterotsikl birikmalar molekulasida asos xususiyatga ega azot atomining mavjudligi bu
sinf birikmalarining spetsifik xususiyatlarini belgilab, ulardan keng sohalarda foydalanish imkoniyatini
beradi.

Kalit so’zlar: Geterotsikl birikmalar, xinolin birikmalari, alkilxinolinlar, geterotsikllash, katalizator,
kataliz, selektivlik, konversiya, kroton fraksiyasi, ammiak, korroziya ingibitori, himoyalash darajasi.

SYNTHESIS OF HETEROCYCLIC COMPOUNDS AND THEIR USE AS INHIBITORS IN
THE OIL AND GAS INDUSTRY

Abstract. The presence of a nitrogen atom with basic properties in the molecule of heterocyclic
compounds determines the specific characteristics of this class of compounds, enabling their use in a wide
range of fields.

Keywords: heterocyclic compounds, quinoline compounds, alkylquinolines, heterocyclization, catalyst,
catalysis, selectivity, conversion, croton fraction, ammonia, corrosion inhibitor, protection level.

CHUHTE3 'ETEPOLIMKJIMYECKHUX COEJJMHEHUI U X UCITIOJIb3OBAHUE B
KAUYECTBE UHTMBUTOPOB B HE®TET'A30BOM ITPOMBIIIJIEHHOCTH

Annomauus. Hanuyue amoma azoma ¢ OCHOBHbIMU CEOUCMEAMU 6 MOJIEKVIe 2emepOyYUKIUYecKux
coeduHenull onpedeisiem cneyuguuecKue Xapakmepucmury mo2o Kiacca coeOuHeHut, 4mo obecnedugaem
B03MONCHOCb UX WUPOKO20 NPUMEHEHUS 8 PA3IUYHBIX 0DACTSX.

Kntouegvle cnosa:. cemepoyukiudeckue COeOUHEHUS, XUHOIUHOBblE COCOUHEHUS, ANKUIXUHOIUHDI,
2emepoYUKIU3AYUS, KAMAaIu3amop, Kamaius, ceneKmusHOCmb, KOHBEPCUsl, KPOMOHO8AsL paKyus, aMMUAK,
UH2UOUMOP KOPPO3UU, YPOBEHb 3aUUMbl

Kirish. Xinolin birikmalari, alkilxinolinlar asosida korroziya ingibitorlaridan foydalanish ushbu
Geterotsikl birikmalar asoslari olishning arzon va qulay usullarini aniglash, samarali va selektiv
katalizatorlarni o’rganish bilan birga olingan mahsulotlarning metallarni korroziyadan himoyalash darajasini
aniglashdan iborat.

Dastlabki xom ashyo sifatida kroton fraksiyasi va ammiakdan foydalanib, azotli geterotsiklik
birikmalarni katalitik sintezlash reaksiyalari o’rganildi. Temir, rux, kadmiy, xrom oksidlari asosida yangi
polifunktsional katalizatorlar taklif etilib, xinolin mahsulotlari, alkilxinolinlar asoslari bo’yicha selektivligi
58,0 - 88,0 % chegarasida bo’lishligi aniglandi.

Olingan xinolin birikmalari, alkilxinolinlar aralashmalari metallarni korroziyadan himoyalash
ingibitori sifatida sinab ko’rildi va aralashma tarkibidagi metilpiridinlarning miqdori ortishi bilan himoyalash
darajasi ham ortishi aniglandi.

Neft va gaz sanoati, kimyo va texnologiyalarning birlashtirilgan sohalaridan biri bo‘lib, ko‘plab
murakkab jarayonlar va texnologiyalarni o‘z ichiga oladi. Ushbu jarayonlar davomida ishlab chiqarish va
transport tizimlarida turli muammolar yuzaga keladi, ular orasida korroziya, gemmaslash, parafin to‘planishi
va mikrobial faoliyat kabi masalalar mavjud. Shu sababli, neft va gaz sanoatida inhibitorlar keng qo‘llaniladi.
Inhibitorlar ushbu muammolarni hal gilish va tizimlarning samarali ishlashini ta'minlash uchun ishlatiladi.

Asosiy gism. Korroziya — bu materiallarning (asosan, metall va alyuminiy) gidrojen ionlari yoki
oksidlanish natijasida shikastlanishi jarayonidir. Neft va gaz sanoatida ko‘pincha metallar, aynigsa po‘lat,
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guvur va boshga turdagi uskunalar korroziyaga uchraydi. Korroziya, aynigsa, suvli yoki kislorodli
muhitlarda kuchayadi. Bunday muammolardan gochish uchun korroziyaga garshi inhibitorlar ishlatiladi.
Korroziv moddalarga garshi inhibitorlar metallarni himoya qilish va zararli reaksiyalarni oldini olish uchun
ishlatiladi. Tuzli suvlar, gazlar va neft aralashmalari korroziya jarayonini tezlashtirishi mumkin, shuning
uchun bu inhibitorlar to‘g‘ri miqdorda va joylarda qo‘llaniladi. Ular po‘lat va boshqa metall yuzalarini
himoya qilish uchun ishlatiladi, ko‘pincha aminalar, karboksilatlar yoki fosfatlar asosida bo‘ladi. Xinolin
mahsulotlari, alkilxinolinlar aralashmalari — bu xinolinga o'xshash organik birikmalar bo'lib, ular ba'zi sanoat
jarayonlarida, aynigsa, neft va gaz sanoatida, ingibitor sifatida ishlatiladi. Ularning ishlatilishi kimyoviy
xususiyatlariga va foydali ta'sirlariga asoslanadi. Xinolin va alkilxinolinlar — bu geterotsikl birikmalar bo'lib,
ular neft va gaz sanoatida, aynigsa, korroziya ingibitorlari sifatida samarali ishlatiladi. Xinolin va uning alkil
guruhlar bilan o'zgartirilgan hosilalari, Xususan,
4-metilxinolin, 2,3-dimetilxinolin va boshga alkillangan derivativlari, korroziyaga garshi ta'sir ko'rsatishda
juda samarali hisoblanadi. Bu birikmalar metall yuzalarida, masalan, temir, po'lat va boshga metallarda
korroziyani oldini olishda ishlatiladi.

Anilin, formal’degid va atsetal’degid asosida bug’ fazada xinolin va metilxinolinlar sintez qilishning
o0’ziga xos usuli olib borilib, anilin, formal’degid (36 %-li suvli eritmasi) va atsetal’degid ekvimolekulyar
miqdorlarda 380 - 440 °C xaroratlar chegarasida katalizator yuzasidan o’tkazilganda, yuqori unumlar bilan
xinolin hosilalari ajraladi. Reaksiya sxemasi:

KAT. N
+ CH;—CHO + CH,0 —— + H,0 + H,
NH, N7

3.2)
Dastlabki bosgichda formalrdegid sirka aledegidi bilan aledol kondensatlanish jarayoniga kirishadi:
CH;—CHO + CH,0 —» CH, - CH, - CHO
OH
So’ngra, hosil bo’lgan alpdol, kroton kondensatlanishi bilan akrolein hosil bo’ladi:

OH

Akrolein anilin bilan Skraupp qoidasi bo’yicha reaksiyaga kirishib, xinolin hosil bo’ladi:

OHC
e N
2
@ +CH,=CH-CHO —» Q y — + H0 + H,
P
NH, NH 7 N

Anilin, formal’degid va atsetal’degid aralashmasidan iborat xomashyolar reaktorga bir vaqtda
yuborilganda, atsetalbdegidning past xaroratlarda bug’lanishi (20-21 °C) hisobidan yo’qotilishi katta bo’ladi.
Shuning uchun dastlab,
3-oksipropanal sintez qilib olinib, so’ngra anilin bilan geterotsikllanish reaksiyasika Kiritildi. Bunda xinolin
hosil bo’lish unumi nazariyga nisbatan 64 % gacha yetishiga erishildi.

Bunda Katalizatorlar, faol komponentlarni tashuvchi o’zak bilan xo’1 aralashtirish usulida tayyorlanib,
so’ngra shakl beriladi, quritiladi va toblanadi. Tashuvchi sifatida tozalangan va amorf qismidan ajartilgan
Navoiy viloyati bentiniti va yoki alyuminiy oksididan (TU-6-03-7-14-78) foydalanildi.

Tayyorlangan Kkatalizatorlarning asosiy fizik-mexanik va ekspluatatsion xususiyatlari quyidagi
jadvalda keltirilgan.

Tarkibi, Mexanik Regeneratsiyagach Unumdorligi, Magsaddagimahs
Ne % mass. mustahkamligi | a faol ishlash vaqti, | r/kr-kar-coar ulot unumi
MIla soat %
Zn0 -10,0
1. | Cr,03-5,0 5,2 78,0 81,0 56,0
Al,O; - 85,0
CdO -10,0
2. | Cr,03-5,0 57 78,0 72,0 62,0
Al,O; - 85,0
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ZnF, -5,0
3. CdF,-5,0 54 96,0 90,0 65,0
Al,O3 - 90,0
ZnF,-50
CdF,-5,0
Cr203 - 3,0
Al,O; - 87,0
CdF; - 10,0
Cr203 - 5,0
FEQOg - 5,0
Al,O3 - 80,0

6,0 60,0 105,0 71,0

6,2 100,0 120,0 68,0

Tajribalar quyidagi tartibda amalga oshiriladi: atsetal’degid, metanol va anilin aralashmasi tomizgich
varonkadan reaktorning yuqori gismiga uzatiladi. Reaktorning yuqori 1/3 qismi inert bo’lgan forfor
bo’laklari bilan to’ldiriladi. Katalizator yuzasida ta’sirlashib chiquvchi, bug’-gaz aralashmasi yig’gich
sig’imida yig’iladi. Asosini vodorod tashkil etuvchi gazsimon mahsulotlar, atmosferaga chiqariladi.
Katalizatdan metanol, suv va kroton aledegidi 120 °C fraksion haydash usuli bilan ajratiladi. So’ngra
haydashni vakuumda davom etirilib, 8,0 - 10,0 mm.sim.ust. xinolin, 2-metil- va 4-metilxinolin ajratiladi.

Ushbu ishining adabiyotlar tahlilida kadmiy va rux birikmalari aminlarga aledegidlarning nukleofil
birikish reaksiyalari katalizatorlari ekanligi, rux, xrom va temir birikmalari tarkibiga ega katalizatorlar esa
degidrotatsiya, degidrirlash va degidrotsikllanish jarayonlarida faol ekanligi keltirib o’tilgan edi. Shularni
hisobga olib biz ham xinolin va xinolin hosilalari sintez gilish uchun polifunktsional katalizatorlarni quyidagi
tarkibini tanlab oldik, % mass: CdF2 — 5,0 - 10,0; ZnO - 5,0 - 10,0; Cr203 - 3,0 - 10,0; Fe203 - 3,0 - 5,0;
golgani - bentonit, olingan katalizatorlar tarkibi va xususiyatlari jadvalda keltirilib o’tilgan.

- 1300

Counts
- 1 w 4 A o 1 (] Y
g 8 ¢ 8 8 8§ 8 ¢ 8
\I\ll\l\llll\ll\l\llll\lHIKII\I\]\II\'HII'III"

<

Raman shift / cm-1

Visible Hit Quality Librarny Spectrum Info s
4| _ 1 0.422265 Inorgan.lib Lepidocrocite (Fe-hydroxide)

4| 2 0.416241 Inorgan.lib Pyrrhotite (sulphidel

2] = 3 0.402659 Inorgan.lib Lepidocrocite (Fe-hydroxide)

(4 4 0.381735 Inorgan.lib Hematite (Hematite group - trigonal oxides)

1§ e s 0.378481 Inorgan.lib Hematite (Hematite group - trigonal oxides)

1-pacm. Asosiy kombinatsiyalangan sochilish - spektrogramma
Qurilmalar va metallquvirlarning korroziyalanish vagtida anodda va katodda boruvchi jarayonlar
amalda davom etaveradi va agar eritmada (elektrolit muhitida) depolyarizatorlar mavjud bo’lsa ular H, va
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OH- larni hosil bo’lishini ta’minlovchi reaksiyalarni borishini ta’minlaydi. Demak, metall yuzasida gqarama-
qarshi yo’nalishda boruvchi reaksiyalarni biri erish jarayoni bo’lib boshqasi esa eritmadagi qaysidir
oksidlangan komponentni tiklanish reaksiyasi bo’lib (masalan, vodorod ionlarini) hisoblanadi, ya’ni
korroziyalanish jarayoni sodir bo’ladi. Shunga ko’ra, korroziyalanish metall yuzasida o’z-0’zicha boruvchi
jarayon bo’lib hisoblanadi va bu jarayon metall eritmaga tushirilganida hamda undan tashqi manbadan tok
o’tmayotgan sharoitda bo’lishi lozim. Korroziyalanish jarayonini tashqi manbadan metall orqali tok yuborib
(uni qutblab) qutblanish egrilarini aks ettirish orqali korroziyalanish tezligini o’zgarishi to’g’risida ma’lumot
olish mumkin. Agarda elektrod tok manbaini manfiy qutbiga ulangan bo’lsa, u holda elektrod potentsiali
manfiy giymat tomoniga siljiydi. Elektrodni musbat qutbga ulash potentsialni musbat giymati tomoniga
yo’naltirish imkonini beradi. Shu sababli bunda tok va potentsial qiymatini bir vaqtni o’zida aniglab olish
imkoni bo’lsa u holda katod va anoddagi qutblanish egrilarini olish imkoniyati mavjud bo’ladi. Quyidagi
rasmda katod va anodni qutblanish egrilari berilgan.

E
0,0
2
0,2
3
-0,4 -
4
-0,6 - .
2
1
-0,8
3
-1,0 .
]
4
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2-pacm. Po’lat metall na’munali sistemaning qutblanish egrilari (3-10”° mol/I H,S muhiti)

Mana shu natijalar asosida po’latdan tayyorlangan jihozlar va quvirli o’tkazgichlarni suvli va kislotali
muhitlarda korroziyalanishdan himoya gilish uchun xinolin hosilalaridan iborat ingibitoridan foydalanish
tavsiya etildi. Agar kislotali muhitga ushbu ingibitori kiritilsa korroziyalanish potentsiali -0.505 V gacha,
ortadi, ya’ni qutblanish egrilarini siljishi kuzatiladi. Mana shu ingibitor eritmaga Kkiritilganida elektrod
potentsialini giymatini musbat tomonga o’zgarib borishi anodli reaksiyalarni sekinlashuvchi vujudga
kelayotganini izohlaydi. Bunday holat, eritmaga Kkiritilayotgan ingibitorlar tarkibida azotsaglovchi
tarkibining metall yuzasida yupga himoya pardasi (plenkani) hosil gilishi bilan asoslanadi. Himoya pardalari
azot birikmalarining metall yuzasida adsborbtsiyalanishi natijasi bo’lib, metall yuzasini blokirovka qiladi va
metallning yemirilish tezligini pasaytiradi. Korroziya potentsialining o’zgarishi bilan bir vaqtda korroziya
toki giymati ham pasayati, ushbu holat ingibitor metallni zanglash jarayonida aralash mexanizm bo’yicha
ta’sir qilishini ko’rsatadi.

Xulosa. Neft va gaz sanoatida inhibitorlar ishlab chigarish va transport jarayonlarini samarali
boshgarishda muhim ahamiyatga ega. Ular nafagat tizimlarning ishonchli va xavfsiz ishlashini ta'minlaydi,
balki texnik va iqtisodiy xarajatlarni kamaytirishda ham yordam beradi. Korroziya, gidratlar, parafin, asfalt
to‘plamlar va mikrobial faoliyat kabi muammolarni nazorat qilish uchun inhibitorlarning samarali
qgo‘llanilishi neft va gaz sanoatining uzluksiz ishlashiga katta hissa qo‘shadi. Xinolin birikmalari va
alkilxinolinlar korroziya ingibitorlari sifatida neft va gaz sanoatida samarali ishlatiladi. Ular korroziya
jarayonlarini sekinlashtirishda, metall yuzalarini himoya gilishda, shuningdek, turli agressiv muhitlarda,
jumladan, kislotali va suvli tizimlarda samarali ishlaydi. Xinolin molekulasining o'ziga xos tuzilishi va alkil
guruhlarining mavjudligi bu birikmalarni korroziya va boshga salbiy kimyoviy reaksiyalarni oldini olish
uchun mukammal vositaga aylantiradi.
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Annotatsiya. Ushbu maqolada dorivor o ‘simliklarning ozig-ovqat sanoatida qo ‘llanilishi va ularning
sog ‘lig uchun foydali xususiyatlari o ‘rganilgan. Dorivor o ‘simliklar tarkibidagi flavonoidlar, polifenollar,
antioksidantlar va efir moylari ozig-ovgat mahsulotlarining nafaqat ta’mi va saqlanish muddatini
yaxshilash, balki ularning terapevtik xususiyatlarini oshirish imkonini beradi. Tadgiqot davomida zanjabil
qo ‘shilgan yogurt misolida antioksidant faollikni oshirish bo ‘yicha tajriba o ‘tkazildi. Tajriba natijalari shuni
ko ‘rsatdiki, zanjabil ekstrakti qo ‘shilgan yogurtlarda oksidlanishga qarshi faollik sezilarli darajada ortdi.
Tadgigot natijalari dorivor o ‘simliklarning ozig-ovgat mahsulotlarini funksional ozig-ovgatlarga
aylantirishdagi ahamiyatini tasdiglaydi va ularning ozig-ovgat sanoatida keng qo ‘llanilishi ekologik toza va
sog ‘lom ovqatlanishga qaratilgan yondashuv sifatida ko ‘rilishi mumkin.

Kalit so“zlar: dorivor o ‘simliklar, ozig-ovgat sanoati, zanjabil, antioksidant faollik, funksional ozig-
ovqatlar, biologik faol moddalar, o ‘simlik ekstraktlari, sog‘lom ovqatlanish, tabiiy qo ‘shimchalar, o0ziQ-
ovgat mahsulotlari.

HCIOJIb30OBAHUE JIEKAPCTBEHHBIX PACTEHUH B ITUIIIEBOM
INPOMBIIIVIEHHOCTH

Annomauyus. B Oannou cmamve paccmampueaemcs UCHONb306aHUe JeKAPCMEEHHbIX PACMEHUU @
NUWEBoll NPOMBIUICHHOCY U UX NOJe3Hble C8oucmea 011 300posebs. DragoHouodsl, NoaU@eHosl,
AHMUOKCUOAHMBL U IPUPHBIE MACIA, COOEPHCAWUECS 8 TEKAPCNEEHHBIX PACMEHUSX, He MOJbKO YIYYUAlom
6KYC U CPOK XPAHEHUs. NUWEBbIX NPOOYKMO8, HO U NO8bIUAIOM UX leyebnble ceolicmea. B xode uccredosanus
ObLl NPOBEOEH IKCHEPUMEHM NO NOGBIUEHUIO AHMUOKCUOGHMHOU AKMUGHOCMU HA npumepe Uo2ypma ¢
umbupém. Pe3zynomamovl dKCnepuMenma NOKA3aAU, YMO AHMUOKCUOAHMHAA AKMUBHOCMb UOSYPMOE C
IKCMPAKMOM UMOUPS 3HAYUMENbHO nosbiuaemcs. Pe3ynomamul ucciedosanus noomsepicoarom 3navenue
JIeKapCmBeHHbIX pacmeHull 8 npespaujenuu nUWesvix NPOOYKMos 8 QYHKYUOHANbHbIE NPOOYKMbL NUMAHU, A
UX WUPOKOe UCNONb308AHUE 8 NUWEBOU NPOMBIUIEHHOCIU MOJCHO DACCMAMPUBAmMb KAK HO0X00 K
9KONO2UYECKU YUCTOMY U 300DOGOMY HUMAHUIO.

Knwouesvie cnosa: nexapcmeenmvie  pacmenus, — NUWeBAs — NPOMBIUAEHHOCHb,  UMOUDD,
AHMUOKCUOAHMHASL  AKIMUBHOCY,  (QYHKYUOHATbHbIE NPOOYKMbl NUMAHUS, OUONO2UYECKU —AKMUGHbIE
gewecmed, pacmumenvhvle IKCMpaxKmol, 300p08oe NUmMaHue, HamypaibHvie 000a8KU, NPOOYKMbl NUMAHUSL.

USE OF MEDICINAL PLANTS IN THE FOOD INDUSTRY

Abstract. This article examines the use of medicinal plants in the food industry and their beneficial
properties for health. Flavonoids, polyphenols, antioxidants and essential oils contained in medicinal plants
not only improve the taste and shelf life of food products, but also increase their therapeutic properties. In
the course of the study, an experiment was conducted to increase antioxidant activity on the example of
yogurt with ginger. The results of the experiment showed that the anti-oxidation activity of yogurts with
ginger extract was significantly increased. The results of the study confirm the importance of medicinal
plants in the transformation of food products into functional foods, and their widespread use in the food
industry can be seen as an approach to environmentally friendly and healthy nutrition.

Keywords: medicinal plants, food industry, ginger, antioxidant activity, functional foods, biologically
active substances, plant extracts, healthy nutrition, natural supplements, food products.
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Kirish. Zamonaviy o0zig-ovgat sanoati inson salomatligini qgo‘llab-quvvatlovchi innovatsion
yondashuvlarni talab gilmogda. Shuningdek, tabiiy va ekologik toza mahsulotlarga bo‘lgan talab ham ortib
bormoqda. Shu sababli, dorivor o‘simliklardan oziq-ovqat mahsulotlarida foydalanish nafaqat an’anaviy
tibbiyot, balki sanoat darajasida ham dolzarb mavzulardan biriga aylangan.

Dorivor o‘simliklar gqadimdan inson salomatligini saqlashda muhim rol o‘ynab kelgan. Ularning
tarkibida organizm uchun foydali bo‘lgan ko‘plab biologik faol moddalar — vitaminlar, antioksidantlar,
minerallar va efir moylari mavjud. Ushbu moddalar nafagat davolovchi, balki profilaktik xususiyatlarga ham
ega bo‘lib, ovqatlanish orqali sog‘ligni mustahkamlash imkonini beradi. Ozig-ovgat sanoatida dorivor
o‘simliklarning qo‘llanilishi mahsulotlarning sifatini yaxshilash, ularning tabiiyligini saqlab qolish va sun’iy
konservantlardan gochishga imkon yaratmoqda.

Bugungi kunda dorivor o‘simliklar choy, yogurt, shirinliklar, non mahsulotlari va hatto, konserva
mahsulotlari kabi turli o0zig-ovgat mahsulotlarida ishlatilmoqda. Ularning o‘ziga xos aromati, lazzati va
sog‘lomlashtiruvchi xususiyatlari mahsulotlarga qiymat qo‘shib, iste’molchilarning sog‘lom turmush tarziga
bo‘lgan intilishini qo‘llab-quvvatlamoqda. Ushbu maqolada dorivor o‘simliklarning ozig-ovqgat sanoatida
ganday qo‘llanilishi va ularning inson organizmiga ta’siri ko‘rib chiqiladi.

Tadqiqot obyekti. Dorivor o‘simliklar va ularning ozig-ovqat sanoatida keng miqyosda qo‘llanilishi
ushbu tadqiqotning markaziy obyektidir. Tadqiqotda dorivor o‘simliklarning ozig-ovgat mahsulotlarida
ishlatilishi orgali hosil gilinadigan biokimyoviy, funksional va iqtisodiy foydalar ko‘rib chiqiladi. Tadgiqot
quyidagi asosiy yo‘nalishlarni o‘z ichiga oladi:

Dorivor o‘simliklarning biologik faol komponentlari

Tadgiqotning muhim jihatlaridan biri — dorivor o‘simliklarning tarkibini o‘rganish. Ularning
ko‘pchiligi organizm uchun foydali bo‘lgan antioksidantlar, flavonoidlar, polifenollar, vitaminlar, minerallar,
efir moylari va boshqa biologik faol birikmalarni o‘z ichiga oladi. Ushbu faol komponentlar mahsulotlarning
ozugaviy giymatini oshirib, iste’molchilarga qo‘shimcha sog‘lomlik ta’sirini taqdim etadi. Tadqiqotda
dorivor o‘simliklarning tarkibiy qismlarining ovqat hazm qilish, immunitetni mustahkamlash, yallig‘lanishga
qarshi ta’sirlar, qon aylanishini yaxshilash kabi xususiyatlari atroflicha o‘rganiladi.

Misol uchun:

Antioksidantlar — hujayralarni  oksidlanish jarayonlaridan himoya qiladi va ozig-ovgat
mahsulotlarining saglanish muddatini uzaytiradi.

Flavonoidlar va polifenollar — hujayralarni erkin radikallardan himoya qilish, yurak-gon tomir
kasalliklari va saraton xavfini kamaytirish kabi xususiyatlarga ega.

Efir moylari — bakteriyalarga qarshi va yallig‘lanishga qarshi ta’sir ko‘rsatadi, ovqatning hid va
ta’mini yaxshilaydi.

Dorivor o‘simliklarning 0ziq-ovgat mahsulotlaridagi funksiyalari

Dorivor o‘simliklarning ozig-ovgat mahsulotlarida foydalanilishi ularning funksional ozig-ovgatga
aylanishiga imkon yaratadi. Bu o‘simliklar tabiiy konservantlar, aromatizatorlar, stabilizatorlar va oziqaviy
qo‘shimchalar sifatida ishlatilishi mumkin. Tadqiqotda dorivor o‘simliklar quyidagi turdagi oziq-ovgat
mahsulotlarida qanday qo‘llanilishi ko‘rib chiqiladi:

Ichimliklar: Choy, sharbatlar, soda ichimliklariga dorivor o‘simliklar qo‘shilib, sog‘ligni
mustahkamlash uchun qo‘shimcha foyda beradi. Masalan, yashil choy tarkibidagi polifenollar metabolizmni
yaxshilaydi, romashka choyi esa tinchlantiruvchi ta’sirga ega.

Yog‘li va sut mahsulotlari: Zanjabil yoki dolchin qo‘shilgan yogurtlar antioksidant faolligini oshirib,
ovgat hazm qilishni yaxshilashi mumkin. Shuningdek, sariyog® va pishloqlar tarkibiga dorivor o‘simliklar
go‘shish mahsulotlarning ta’mi va saqlanish muddatini oshiradi.

Non va pishirilgan mahsulotlar: Dolchin, zarchava, kekik yoki yalpiz kabi o‘simliklar qo‘shilgan non
va shirinliklar sog‘liq uchun foydali bo‘lishi bilan birga, ularning lazzati va ifori ham oshadi.

0Ozig-ovqat mahsulotlarining saqglanish muddatini uzaytirish, Dorivor o‘simliklar o‘zining kuchli
antimikrobial va antioksidant xususiyatlari bilan ozig-ovgat mahsulotlarining buzilishiga olib keladigan
jarayonlarni sekinlashtiradi. Masalan, sarimsoq yoki zanjabil tarkibidagi tabiiy birikmalar bakteriyalar va
zamburug‘larning o‘sishini to‘xtatib, mahsulotlarning saqlanish muddatini uzaytiradi. Ushbu xususiyat oziq-
ovgat sanoatida sun’iy konservantlar o‘rniga tabiily dorivor o‘simliklarni ishlatishni rag‘batlantiradi.
Shuningdek, ozig-ovgat mahsulotlarining ekologik xavfsizligini saglashga yordam beradi, bu esa
iste’molchilarning ekologik toza mahsulotlarga bo‘lgan talabini qondiradi.

Dorivor o‘simliklar va sog‘lom ovqatlanish— dorivor o‘simliklar asosida ishlab chiqilgan
mahsulotlarning sog‘lom ovqatlanishga qo‘shadigan hissasini o‘rganishdir. O‘z tarkibida turli xil dorivor
o‘simliklarni 0z ichiga olgan ozig-ovgat mahsulotlari oddiy mahsulotlarga nisbatan inson sog‘ligiga ko‘proq
foyda keltiradi. Bu mahsulotlar surunkali kasalliklarni oldini olish, immun tizimini mustahkamlash va hazm
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qilishni yaxshilashda ijobiy ta’sir ko‘rsatadi. Masalan, dolchin qondagi gand miqdorini barqarorlashtirishda
yordam beradi, zarchava yallig‘lanishga qarshi xususiyatlari bilan ma’lum, yalpiz esa ovqat hazm qilishni
yaxshilaydi va gaz hosil bo‘lishini kamaytiradi.

Tadqiqot obyektining yana bir muhim jihati dorivor o‘simliklarning iqtisodiy va ekologik foydalari
bilan bog‘liq. Ular mahalliy o‘simlik manbalaridan foydalanish va oziq-ovgat sanoatiga bargarorlik
yondashuvini joriy etish imkonini beradi. Tabiiy ravishda o‘stirilgan dorivor o‘simliklar kam kimyoviy
moddalar talab qilishi va energiya resurslarini kamrog sarf gilishi sababli ekologik toza hisoblanadi.
Shuningdek, dorivor o‘simliklardan foydalangan holda ishlab chiqarilgan mahsulotlar ko‘pincha yuqori
go‘shimcha qiymatga ega bo‘lib, iste’molchilarda katta talabni uyg‘otadi. Bu ozig-ovgat sanoatining
bargaror rivojlanishiga hissa qo‘shishi mumkin.

Natija va muhokama. Dorivor o‘simliklarning oziq-ovqat mahsulotlaridagi ta’siri: O°‘tkazilgan
tadqgiqotlar dorivor o‘simliklarning ozig-ovgat mahsulotlariga Kiritilishi mahsulotning sifatini sezilarli
darajada yaxshilashini ko‘rsatmoqda. Misol uchun, antioksidant xususiyatlarga ega bo‘lgan o‘simliklar oziq-
ovqat mahsulotlarida oksidlanish jarayonini sekinlashtiradi va bu, aynigsa, yog*‘ tarkibli mahsulotlar uchun
muhimdir. Oksidlanish jarayoni yog‘larning buzilishiga olib keladi, bu esa mahsulotlarning ta’mi va
saglanish muddatiga salbiy ta’sir ko‘rsatadi. Zanjabil va dolchin kabi o‘simliklar qo‘shilgan yog‘li
mahsulotlar (masalan, sut mahsulotlari, shokolad) bu jarayonni kechiktiradi va mahsulotlarning uzog muddat
davomida sifatini saglab goladi.

Dorivor o‘simliklarning probiotik mahsulotlar tarkibidagi roli: Dorivor o‘simliklar probiotik oziq-
ovgat mahsulotlarining samaradorligini oshirishda ham muhim rol o‘ynashi aniqlangan. Tadqiqotlar shuni
ko‘rsatadiki, o‘simlik ekstraktlari bilan boyitilgan probiotik yogurtlar nafagat probiotik bakteriyalarning
faoliyatini yaxshilaydi, balki ularning ko‘payishini rag‘batlantiradi. Misol uchun, o‘simliklar tarkibidagi
polifenollar va flavonoidlar probiotiklarning organizmdagi kolonizatsiyasini yaxshilashda yordam beradi, bu
esa ichak mikroflorasining barqarorligini ta’minlaydi. Natijada, bunday mahsulotlarni iste’mol qilish orqali
sog‘lom hazm qilish tizimini qo‘llab-quvvatlash mumkin.

Dorivor o‘simliklarning lazzat va hid xususiyatlari: Dorivor o‘simliklarning ozig-ovgat mahsulotlariga
go‘shilishi nafagat ularning funksional xususiyatlarini oshiradi, balki mahsulotlarning lazzat va hid profilini
ham boyitadi. Masalan, yalpiz, dolchin, kekik kabi o‘simliklar oziq-ovgat mahsulotlariga o‘ziga xos hid va
lazzat beradi. Bu, aynigsa, iste’molchilarning e’tiborini tortadigan omil hisoblanadi. Tadqiqotlar shuni
ko‘rsatadiki, dorivor o‘simliklar qo‘shilgan mahsulotlar nafaqat sog‘liq uchun foydali, balki gastronomik
jihatdan ham jozibali bo‘lib, bu ularning bozordagi ragobatbardoshligini oshiradi.

Konservantlar o‘rniga tabiiy dorivor o‘simliklar: Oziq-ovgat mahsulotlarida tabiiy konservantlar
sifatida dorivor o‘simliklardan foydalanish imkoniyati ham o‘rganildi. Sun’iy konservantlarning uzoq
muddatli iste’moli ba’zi hollarda salomatlikka zarar yetkazishi mumkinligi sababli, dorivor o‘simliklarning
tabiiy konservant sifatida qo‘llanishi ijobiy natijalar bermoqda. Masalan, sarimsoq, timyan va oregano kabi
o‘simliklar o‘zining kuchli antimikrobial xususiyatlari bilan 0zig-ovgat mahsulotlarining buzilishiga sabab
bo‘luvchi bakteriyalar va mikroorganizmlarning o‘sishini to‘xtatishi aniqlangan. Shu tariqa, bu o‘simliklar
ozig-ovgat mahsulotlarining saglanish muddatini uzaytirib, ularning tabiiyligini saglab goladi.

Igtisodiy va ekologik afzalliklar: Dorivor o‘simliklarning ozig-ovqat sanoatida qo‘llanilishi nafaqat
sog‘lig uchun, balki iqtisodiy va ekologik jihatdan ham foydali bo‘lishi mumkin. Tabiiy dorivor o‘simliklar
keng tarqalgan bo‘lib, ularni ekish va yetishtirish jarayonlari ko‘p hollarda ekologik toza hisoblanadi.
Bundan tashqari, sun’iy konservantlar va aromatizatorlar o‘rniga dorivor o‘simliklarni ishlatish xarajatlarni
kamaytirishi va ozig-ovgat mahsulotlarining ekologik xavfsizligini ta’minlashi mumkin. Mahalliy dorivor
o‘simliklardan foydalanish esa ichki bozorni rivojlantirishga xizmat giladi va iqtisodiy foyda keltiradi.

Salomatlik uchun qo‘shimcha foydalar: Dorivor o‘simliklarning 0ziq-ovqat mahsulotlariga qo‘shilishi
ularda mavjud bo‘lgan antioksidant, yallig‘lanishga qarshi, antimikrobial va immunitetni kuchaytiruvchi
xususiyatlarni taqdim etadi. Masalan, zanjabil, zarchava va sarimsoq kabi o‘simliklar hazm qilishni
yaxshilaydi, qon aylanishini rag‘batlantiradi va immun tizimini qo‘llab-quvvatlaydi. Ushbu mahsulotlarni
muntazam iste’mol qilish orqali yurak-gon tomir kasalliklari, gandli diabet va boshga surunkali kasalliklar
xavfini kamaytirish mumkinligi aniglangan.

Ushbu tajriba zanjabil (ginger) qo‘shilgan yogurt mahsulotining antioksidant faolligini o‘rganish va
uning oksidlanishga qarshi xususiyatlarini aniqlash maqsadida o‘tkazildi.

Materiallar va usullar: Tajriba uchun 5 xil yogurt namunalari tayyorlandi:

Zanjabil qo‘shilmagan oddiy yogurt (nazorat guruhi).

Zanjabil ekstrakti (2%) qo‘shilgan yogurt.

Zanjabil ekstrakti (4%) qo‘shilgan yogurt.

Zanjabil ekstrakti (6%) qo‘shilgan yogurt.
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Zanjabil ekstrakti (8%) qo‘shilgan yogurt.

Har bir yogurt namunasidagi antioksidant faollik DPPH (1,1-diphenyl-2-picrylhydrazyl) testi orqali
baholandi. DPPH testi erkin radikallarni bog‘lash qobiliyatini aniqlash uchun ishlatiladi.

Natijalar: Nazorat guruhidagi (zanjabilsiz yogurt) antioksidant faollik ko‘rsatkichi 10% ni tashkil etdi.

Zanjabil ekstrakti qo‘shilgan yogurt namunalari orasida antioksidant faollik quyidagi ko‘rsatkichlarda
aniglandi:

2% zanjabil qo‘shilgan yogurt: 18% antioksidant faollik.

4% zanjabil qo‘shilgan yogurt: 24% antioksidant faollik.

6% zanjabil qo‘shilgan yogurt: 31% antioksidant faollik.

8% zanjabil qo‘shilgan yogurt: 35% antioksidant faollik.

Tahlil: Tajriba natijalari zanjabil qo‘shilgan yogurt namunalari antioksidant faollikni sezilarli darajada
oshirganini ko‘rsatdi. Zanjabil ekstrakti miqdori ortishi bilan yogurtning oksidlanishga qarshi xususiyatlari
kuchayib borgan. 8% zanjabil ekstrakti qo‘shilgan namuna eng yuqori antioksidant faollikni ko‘rsatdi.

Xulosa. Dorivor o‘simliklar ozig-ovqat sanoatida nafagat mahsulotlarning ta’mi va sifatini oshiradi,
balki sog‘lom ovqatlanishni rag‘batlantirishda muhim rol o‘ynaydi. Tadqiqot natijalariga ko‘ra, ozig-ovqgat
mahsulotlariga dorivor o‘simliklar qo‘shilishi inson salomatligini qo‘llab-quvvatlashda samarali bo‘lishi
mumkin. Shu bilan birga, ularning xavfsiz va magbul migdorda ishlatilishi, shuningdek, mahsulotlarning
ekologik jihatdan barqaror ishlab chiqarilishi bu jarayonning muvaffaqiyatli bo‘lishi uchun muhimdir.
Kelajakda dorivor o‘simliklar asosidagi yangi mahsulotlar ishlab chiqilishi va ularning oziq-ovqgat
sanoatidagi ahamiyati yanada ortishi kutilmogda.
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Annotatsiya. Ushbu tadgigotda jelatinning tuyalar terisidan olingan uch xil yoshdagi (2,5, 4,5 va 7
yosh) ishlab chiqarish jarayoni o ‘rganildi. Ekstraksiya jarayoni 1,3 M Kalsiy gidroksidida 25 °C da 48 soat
davomida namlash, suv bilan yuvish, 4% ammoniy sulfat bilan neytrallash va distillangan suvda 75 °C da 3
soat, 90 °C da 2 soat davomida ekstraksiya gilishni oz ichiga oldi. Olingan jelatin tulbent bilan filtrlanib,
15000 rpm va 30 °C da 5 daqiqa davomida sentrifugalanadi. Supernatant 60 °C da 24 soat davomida
quritilib, sarg'ish jelatin kukuni hosil bo ‘ladi. Natijalar shuni ko ‘rsatdiki, jelatin hosildorligi 36,8-42,4% ni
tashkil etadi. Gel gullashi 72,08-122,87 g, erish nuqtasi 18,4-21,6 °C va Jellanish nuqgtasi 15,2-11,1 °C
tuyalar yoshiga bog'liq. Jellanish vaqti 5 °C da 0,0 dan 23,19 s gacha, qovushqoqlik esa 2,5, 4,5 va 7 yoshli
tuyalar uchun 10,19 dan 15,86 mPa s gacha o ‘zgaradi. Qo ‘shimcha ravishda, ATR-FTIR va DSC tahlillari
o ‘tkazildi. Olingan natijalar, tuya terisi turli ozig-ovgat va farmatsevtika mahsulotlarida ishlatilishi mumkin
bo ‘Igan jelatinning istigbolli manbayi ekanligini ko ‘rsatadi.

Kalit so‘zlar: tuya terisi, jelatin ekstraksiyasi, ATR-FTIR, ammoniy sulfat, jelatin, kollagen,
biopolimer, termoreversiv, reologik xususiyatlar, ekstraksiya, teri.

W3BJEYEHUE U OIIMCAHUE KEJATHHA W3 BEPBJIIOKBEN KOXH

Annomauusn. B 0annom uccnedosanuu ObL1 U3V4eH Npoyecc Npou3so0Cmaea HCelamund, noay4eHHo20
U3 Kodicu 8epoIr0008 mpéx pasuvlx 603pacmos (2,5, 4,5 u 7 nem). Ilpoyecc sxcmpaxyuu 6xkmoual 8bl0epiCKy
6 1,3 M euopoxcuoe xanvyus npu memnepamype 25° C ¢ meuenue 48 4, npomviéKy 000U, HEUMPAIUAYUIO
4%-ubim CyIbAMoOM AMMOHUS U IKCMPAKYUIO OUCHMUITUPOBAHHOU 6000U npu memnepamype 75°C - 3 u,
90°C - 2 y. Ilonyyennulii scenamun unompyiom uepez mynvoenm u yenmpughyeupyrom npu 15000 oo/mun u
30°C 6 meuenue 5 munym. Cynepuamanm cywiunu npu 60° C 6 meuenue 24 uacoe c obdpasosanuem
JHCENMOBAMO20 JHCENAMUHOB020 NOpowKa. Peynbmamul nokazanu, ymo uixo0 dxceramuna cocmagisem 36,8-
42,4%. Boeixoo eenn 72,08-122,87 e, memnepamypa naaenenus 18,4-21,6 °C u memnepamypa
eeneobpazosanus 15,2-11,1 °C 6 3asucumocmu om e6o3pacma 6epOn0008. Bpems zeneobpasosanus
xonebanoco om 0,0 0o 23,19 ¢ npu 5 °C, a eésazxocmv — om 10,19 0o 15,86 mlla ¢ ons 2,5, 4,5 u 7-1emuux
6epbnio0os. Jononnumenvuo 6Oviiu nposeoenvi ananuzvl ATR-FTIR u DSC. Ilonyuennvie pesynomamol
NOKA3b18AI0M, 4MO BePONIINCHS KOJCA ABAAEMC NEPCREKMUBHbIM UCIOYHUKOM JCELAMUHA, KOMOPbLL
Modicem Oblmb UCTONBL30BAH 8 PAZTUUHBIX NUUESHIX U (APMAYEEMUYECKUX NPOOYKMAX.

Knrouesvie cnosa: eepbniodces kooica, sxempaxyus ocenamuna, ATR-FTIR, cyrvpam ammonus,
JHCeNAmuUH, KOlazeH, OUOnonuMep, mepmooopamuMblil, peoiocuyecKue cOUCMea, IKCMPAKYUs, KOJCA.

EXTRACTION AND DESCRIPTION OF GELATIN FROM CAMEL SKIN

Abstract. In this study, the production process of gelatin obtained from the skin of camels of three
different ages (2.5, 4.5 and 7 years) was studied. The extraction process included soaking in 1.3 M calcium
hydrohide at 25 °C for 48 h, washing with water, neutralizing with 4% ammonium sulfate, and extracting in
distilled water at 75 °C for 3 h, 90 °C for 2 h. The obtained gelatin is filtered with tulbent and centrifuged at
15000 rpm and 30 °C for 5 minutes. The supernatant was dried at 60 °C for 24 h to form a yellowish gelatin
powder. The results showed that the yield of gelatin is 36.8-42.4%. Gel yield 72.08-122.87 g, melting point
18.4-21.6 °C and gelation point 15.2-11.1 °C depending on age of camels. Gel time ranged from 0.0 to 23.19
s at 5 °C, and viscosity ranged from 10.19 to 15.86 mPa s for 2.5, 4.5, and 7-year-old camels. Additionally,
ATR-FTIR and DSC analyzes were performed. The obtained results show that camel skin is a promising
source of gelatin that can be used in various food and pharmaceutical products.

Keywords: camel skin, gelatin extraction, ATR-FTIR, ammonium sulfate, gelatin, collagen,
biopolymer, thermoreversible, rheological properties, extraction, leather.
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Kirish. Jelatin kollagenning qisman gidrolizlanishidan olingan biopolimer bo‘lib, bir zanjirli
molekulani beradi. Kollagenning gidrolizi molekulalarning polipeptid alogalarining yo‘q qilinishiga va biroz
uzilishiga olib keladi. Hayvonlarning yoshi, xom ashyo turlari va qo‘llaniladigan dastlabki ishlov berish kabi
omillar jelatinlarning hosildorligini va ularning funksional xususiyatlarini aniglaydi. Jelatinning ikki turi
mavjud; kislotali dastlabki ishlov berish A tipidagi jelatinni, ishqoriy dastlabki ishlov berish esa B tipidagi
jelatinni beradi. Noyob xususiyatlari tufayli jelatin tana haroratiga yaqin erish nuqtasiga ega bo‘lgan
termoreversiv jel hosil qilishi mumkin. Jelatinning reologik xususiyatlari uning potensial qo‘llanilishini
aniglaydi. Bu xususiyatlar jelatinni ozig-ovqat sanoatida qo‘llash imkoniyatini beradi. Jel kuchi jelatinning
yana bir muhim xususiyati bo‘lib, unda jelatin uglevod manbalariga qaraganda ancha yuqori. Jelatinning
suvli eritmalardagi fizik termoreversivligi past haroratlarda jellar hosil bo‘lishiga imkon beradi va molekula
zanjirlarining konformatsion molekulaning shaklidan spiralga o‘tishini ta'minlaydi. Bir qator parametrlar
jelatin jellarining erish harorati, shu jumladan qarish vaqti, jel hosil gilish harorati, pH giymati va jel
konsentratsiyasini. Bir nechta tadqiqotlar turli xil manbalardan jelatin olish jarayonini o‘rganmoqda. Ushbu
manbalar orasida sut emizuvchilar, baliglar va ba'zi vegan muqobil jelatinlar, masalan, agar, karragenan, guar
sagichlari, ksantan sagichlari va pektinlar mavjud. Oldingi tadqiqotlarda jelatin olish uchun cho‘chqa terilari,
sigir terilari, echki terilari va baliq terilari ishlatilgan. Butun dunyo bo‘ylab jelatin ishlab chigarishning
asosiy manbalari quyidagilardan iborat: cho‘chqa terisi (46%), qoramol terisi (29,4%), suyak (23,1%) va
balig (1,5%). Ushbu statistikalar jelatin ishlab chigarishining global tendensiyalarini va turli manbalarning
ahamiyatini ko‘rsatadi, shuningdek, vegan muqobil jelatinlarning o‘rnini oshirish imkoniyatlarini taqdim
etadi.

Jelatinning hosildorligi va sifati ko‘plab omillarga bog'liq bo‘lib, ularning asosiylari polipeptid
zanjirlarining uzunligi, ekstraksiya sharoitlari (oldindan ishlov berish, pH, harorat va vaqt), shuningdek,
kollagenning gidrolizi uchun ishlatiladigan kislota konsentratsiyasidir. Bu omillar jelatinning funksional
xususiyatlarini o‘zgartirishi mumkin. Aminokislotalar tarkibi va molekulyar og'irlik taqsimoti ham jelatin
xususiyatlarini belgilovchi muhim omillardir. So‘nggi yigirma yil ichida turli xil jelatin manbalari
o‘rganilgan, ulardan biri tuya terisidir. Butun dunyo bo‘ylab tuyalar soni 35 millionni tashkil etadi, ularning
ho‘l terisi esa 22,5-47 kg ni tashkil giladi. Bu teri tuya umumiy og'irligining 8,5-11,8% ni tashkil giladi.
Arab mamlakatlarida tirik tuyalarning taxminiy soni 10,64 million. Ushbu mamlakatlarda tuya terisi ishlab
chiqarish yillik 400 ming tonnani tashkil giladi. Saudiya Arabistonida so‘yilgan tuyalarning soni yiliga 197
000 boshni tashkil etadi. Tuya terisidan jelatin olish musulmonlar va boshga diniy yoki axlogiy sabablarga
ko‘ra boshga manbalardan (qora mol yoki cho‘chqa go‘shti) sagqlanuvchi guruhlar uchun muhim ahamiyatga
ega bo‘lishi mumkin.

Ushbu magolaning magsadi kalsiy gidroksid va ammoniy sulfat yordamida tuya terisidan jelatin olish
va uning reologik, issiglik va fizik-kimyoviy xususiyatlarini tavsiflashdir. Tuya terisi jelatinining tuzilmalari
Fourier transform infragizil (ATR-FTIR) spektroskopiyasi va natriy dodesil sulfat-poliakrilamid gel
elektroforezi (SDS-PAGE) yordamida tahlil gilinadi.

Adabiyotlar tahlili va metodlar. Yangi tuya terilari 2,5, 4,5 va 7 yoshli sog'lom so‘yilgan tuyalaridan
olingan. Barcha terilar O‘zbekistonning Qashgadaryo viloyatidagi so‘yish uyidan yig'ilgan. Ozig-ovqgat
toifasidagi sigir jelatini O‘zbekistondagi Abed Jelatin ishlab chiqarish korxonasi tomonidan taqdim etilgan.
Analitik darajadagi baliq jelatini esa O‘zbekistonning kimyo sanoati korxonalaridan olingan Kalsiy gidroksid
va ammoniy sulfat bilan birga ishlatilgan.

Jelatin ekstraksiyasi. Jelatin tuya terisidan Chjan, Li va Shi (2006) [1] tomonidan nashr etilgan
usullarga muvofiq, ba'zi o‘zgarishlar bilan olingan. Terilar sochdan tozalanib, xona haroratida (25 °C) 48
soat davomida 10% kalsiy gidroksid bilan ohaklandi. Keyin terilar suv bilan yuvilib, 4% ammoniy sulfat
bilan zararsizlantirildi va ekstraksiya jarayoni boshlandi. Ekstraksiya distillangan suv bilan 1:3 nisbatda
amalga oshirildi, avval 75 °C da 3 soat, keyin esa 90 °C da 2 soat davomida davom etdi. Ekstraksiya qilingan
jelatin tulbent yordamida filtrlandi (85 ml x 6 naycha) va O¢zbekistondagi Sigma 3-30 KS (Sigma
Laborzentrifugen, Germaniya) uskunasi yordamida 30 °C da 5 daqiqa davomida santrifuj qilindi (15,000
rpm). Supernatant 24 soat davomida 60 °C da ventilyatsiya qilingan pechda quritildi.

pH giymati: Jelatinning pH giymati Hack 2500 pH metr (Hack Instrument, Ispaniya) [2] yordamida
Britaniya Standartlar Instituti (BSI) tomonidan 1975 yilda nashr etilgan usullarga muvofiq aniglangan.

Protein tarkibi. Teri jelatin kukunidagi protein tarkibi Kjeldahl usuli (AOAC, 1999) [3] bilan tahlil
qilindi. Ishlatilgan jelatin uchun azot konversiya koeffitsienti 5,55 ga teng. Sinov uch nusxada o‘tkazildi.

Namlik va kul tarkibi. Teri jelatin kukunining namligi, pechda quritish tartibi orgali aniglangan. Teri
jelatin namunasi (5 g) 105 °C haroratda pechda bargaror vaznga yetguncha quritildi, namlik migdori esa
guritishdan oldin va keyin og'irlik fargi bilan hisoblandi. Quritilgan jelatin namunalarini (5 g) 20 soat
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davomida 550 °C da muffle pechida qo‘yish orqali kul miqdori aniglanib, so‘ngra namunalarning
sovutishidan so‘ng kul qoldiq foizi hisoblandi.

Rangni o‘lchash. Jelatin kukunining rangi Mulyani, Setyabudi, Pranoto va Santoso (2017) [4]
ma'lumotlariga ko‘ra, Minolta Color Reader CR-10 (Minolta Co. Ltd., Osaka, Yaponiya) qurilmasi
yordamida o‘lchandi. Rang CIE L* (oqlik yoki yorqinlik), a* (qizillik/yashillik) va b* (sariqlik/ko‘klik)
koordinatalari bilan ifodalandi.

Aminokislotalar tarkibi tahlili. Aminokislota tarkibi Uayt, Hart va Fry (1986) [5] tomonidan yugori
samarali suyuqglik xromatografiyasi (HPLC, Agilent HPLC1100 seriyasi, Agilent Technologies, AQSH)
yordamida tahlil gilindi. Tahlil Pico-Tag erituvchi A va B gradienti bilan 38 °C da va 254 nm aniqlash bilan 1
ml/min ogim tezligida amalga oshirildi. Jelatin tahlildan oldin 24 soat davomida 110 °C da 6 N HCI bilan
gidrolizlandi.

Protein namunalarini tahlil gilish. Jelatin namunalari Laemmli (1970) [6] bo‘yicha tahlil qilindi.
Namuna tayyorlash uchun jelatin kukuni (1 g) 10 ml 5% SDS eritmasida eritilib, 95 °C da 1 soat davomida
isitildi. Namuna Mini-PROTEAN® Tetra Cell qurilmasida (Bio-Rad Laboratories, Inc., CA) 2,5% stacking
gel va 10% resolution gel yordamida 80 V kuchlanishda ishlatilgan. Biosafe Coomassie G250 bo‘yoq
ishlatilgan. Barcha yo‘nalishlarda yuk hajmi 25 ml ni tashkil etdi. Protein fraksiyalarini aniqlash uchun keng
diapazonli (10-250 kDa) oldindan bo‘yalgan SDS-PAGE standartlari (katalog 161-0399) qo‘llanildi.

FTIR Spektroskopiyasi. Jelatin kukuni namunalarining infragizil spektrlari ATR-FTIR usuli
yordamida, Bruker Optics (Germaniya) tomonidan ishlab chigilgan Eco-ZnSe namuna olish moduli bilan
ALPHA-Eco FT-IR spektrometri orgali olingan. Spektral mintaganing diapazoni 4000 dan 600 sm<sup>-
1</sup> gacha. Natijalar tuya terisidan olingan jelatin kukunlari bilan gqoramol va baliglardan olingan jelatin
kukunlari spektrlari bilan taggoslandi.

Reologik O°‘lchovlar. Jelatin eritmalarining reologik xususiyatlarini o‘rganish uchun DHR-2 (TA
Instrument, AQSH) nazorati ostida kuchlanish reometri Discovery Hybrid Reometer ishlatilgan. Jel
namunalarining viskoelastik xususiyatlari (v/v 6,67%) 5-35 °C oralig'ida (isitish skaneri) va 35 dan 5 °C
gacha (sovutish skaneri) 1 °C/min isitish/sovutish tezligida sinovdan o‘tkazildi. Tebranish chastotasi 1 Gts
bo‘ldi va qo‘llaniladigan kuchlanish namunalarning chiziqli viskoelastik mintaqasi (LVR) asosida aniqglandi.
Elastik modul (G'<sub>0</sub>) va yopishqog modul (G"<sub>0</sub>) haroratga bog'liq holda chizildi.

Jel Kuchini Aniglash. Jelatin jeli (6,67%) Britaniya Standartlar Instituti (BSI) tomonidan 1975 yilda
belgilangan usullar asosida tahlil gilindi. Jelatin eritmasi distillangan suvda 60 °C da tayyorlandi. Eritilgan
namunalar 30 °C ga qadar sovutilib, gulli idishlarga o‘tkazildi. Gullash idishlari tahlil gilishdan oldin 16-18
soat davomida 5-7 °C haroratda sovutilgan. 5 kg yuk xujayrasi bo‘lgan tekstura analizatori (TA-XT-Plus,
Stable Microsystems, Buyuk Britaniya) ishlatilgan. Jelning gullashi (g) 4 mm lik plunger penetratsiyasi
yordamida aniqlandi. Har bir namuna uch nusxada sinovdan o‘tkazildi.

Statistik tahlillar. Bir tomonlama dispersiya tahlili (ANOVA) va Dunkan testi SPSS 18.0 dasturidan
foydalangan holda ma'lumotlar o‘rtasidagi farqlarni baholash uchun p < 0,05 ahamiyatlilik darajasida
o‘tkazildi.

Natijalar va muhokama. Jelatinning hosildorligi. Jadval 1 dan ko‘rinib turibdiki, turli yoshdagi tuya
terisidan olinadigan jelatinning chiqish koeffitsiyenti (2.5, 4.5 va 7 yosh) mos ravishda 36.8 + 3.1%, 37.4 +
4.02% va 42.4 + 2.7% ni tashkil etgan. Yuqori haroratlar va uzoq vaqt davomida ekstraksiya qilish,
shuningdek, qalin tuya terisi, jelatinning yuqori foizdagi chigishiga olib kelgan bo‘lishi mumkin.
Sinthusamran, Benjakul va Kishimura (2014) [7] ning ma'lumotlariga ko‘ra, ekstraksiya harorati va vaqtini
oshirish collagen bog'lanishini buzadi, bu esa teri kompleksidan ko‘proq erkin a- va B-zanjirlarni (o-
zanjirning dimerlari) chigarishni ta'minlaydi. Jelatinning chigishi va funksional xususiyatlari ekstraksiya
shartlariga (oldindan ishlov berish, pH, harorat va vaqt) bog'liq. Chen, Ma, Zhou, Liu va Zhang (2014) [8]
ning yozishicha, cho‘chqa terisidan kislota yordamida olinadigan jelatinning chigishi taxminan 70% ni
tashkil etadi. Turli kislotalar bilan bufalo terisini oldindan ishlov berish natijasida jelatin chigishi eng yuqori
29.17% ga yetgan (Mulyani va boshgalar, 2017) [9]. Dengiz manbalaridan olinadigan jelatin chigishi esa
xom ashyolarga va ekstraksiya shartlariga garab farg giladi. Misol uchun, dengiz bassi terisidan 38.22—
43.48% va turli balig turlaridan 6.5-8.3% jelatin olinishi haqida ma'lumotlar mavjud (Gémez-Guillén va
boshgalar, 2002) [10].

pH giymati. Jelatin pH giymatlari 2.5, 4.5 va 7 yoshli tuya terisidan olingan jelatinlar uchun mos
ravishda 7.06 £ 0.04, 7.45 = 0.02 va 7.60 £ 0.08 deb topildi. Bu giymatlar tijorat qoramol jelatini uchun 5.45
+ 0.01 va tijorat baliq jelatini uchun 5.87 + 0.11 bilan solishtirilganda ancha yuqori. Turli yoshdagi tuya
terisidan olingan jelatinlarning pH giymatlarining boshqga turdagi jelatinlarga nisbatan yuqoriligi, tuya
terisining o‘ziga xos xususiyatlari bilan bog'liq bo‘lishi mumkin. pH darajasi jelatinning funktsional
Xususiyatlariga ta'sir ko‘rsatishi taxmin qilinadi (Shyni va boshgq., 2014). Shunday qilib, jelatin pH darajalari

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 161

https://buxdu.uz



BIOLOGY

turlicha bo‘lishi mumkin. Bu ma'noda, cho‘chqa terisi jelatini pH qiymati 5.03 dan 5.41 gacha bo‘lganini
ta'kidlaganlar. Boshga tomondan, akula jelatini pH giymati 4.34 ga ega. Jamilah va Harvinder (2002) esa
gizil va qora tilapiya terisi jelatini uchun pH giymatlarini mos ravishda 3.05 va 3.91 deb belgilaganlar.

Ogsil migdori. CSG-2.5Y va CSG-4.5Y jelatin kukunlarining ogsil migdori mos ravishda 90.42% va
92.53% bo‘lib, CSG-7Y (88.21%) ga nisbatan sezilarli darajada yuqori (p <0.05) edi. Tijorat bovin va tijorat
baliq jelatin kukunlarining oqsil miqdori mos ravishda 93.13% +0.56 va 87.22% +0.67 tashkil etdi.
Ogsilning umumiy miqdori bovin, cho‘chqa va baliq terisi jelatinlari uchun keltirilgan diapazonda (89.8—
91.3%) bo‘lgan.

Namlik va kul miqgdori. Jelatinlarning namlik va kul miqdorlari 1-jadvalda keltirilgan. CSG-4.5Y
jelatini 1.75% namlik migdoriga ega bo‘lib, bu CSG-2.5Y, CSG-7Y, CBG va CFG uchun mos ravishda 4.1%,
4.25%, 2.61% va 3.18% dan pastdir. Jelatinning namligi ekstraksiya jarayoni va oldindan ishlov berishga
bog'liq bo‘lib, bu minerallar, protein miqdori va aminokislotalar tarkibiga ta'sir qilishi mumkin. Turli xil
kislotalar bilan amalga oshirilgan oldindan ishlov berish jarayonlari namlik migdorida (4.4-11%) farglanish
ko‘rsatdi. CSG-2.5Y (4.41%), CSG-4.5Y (4.53%) va CSG-7Y (6.12%) uchun kul migdori CBG (1.03%) va
CFG (2.03%) ga nisbhatan yuqori edi. Benjakul, Oungbho, Visessanguan, Thiansilakul va Roytrakul (2009)
[11] yuqori sifatli jelatin kul miqdori 0.5% dan kam bo‘lishi kerakligini ta'kidlashdi. Turli xil kislotali
oldindan ishlov berish jarayonlari jelatinni ekstraksiya gilish jarayonida kul migdorida (0.62—2.67%)
farglanishni keltirib chigardi. Boshga tomondan, Jongjareonrak va boshgalar (2010) [12] jelatin tayyorlashda
ishlatiladigan xom ashyo yugori sifatli jelatin olishda, jumladan, yuqori protein migdori va kam namlik, kul
va yog' miqdori bo‘yicha asosiy omil ekanligini taklif gildi. Xom ashyodagi ba'zi tarkibiy gismlar, masalan,
goldig kimyoviy moddalar yoki boshga ingredientlar bilan aralashish, jelatin ekstraktlarining tarkibiga ta'sir
gilishi mumkin. Odatda, suyaklardan olingan jelatin, teridan olingan jelatin bilan solishtirganda ko‘proq
kulga ega bo‘ladi. Yuqori kul miqdori jelatinning texnologik muammolarini keltirib chigarishi mumkin,
masalan, turbidlik va faza ajralishi, go‘sht ekstraktlari va sharbatlarda. Zilhadia, Yahdiana, Irwandi va
Effionora (2018) [13] qo‘y terisi jelatini va bovin terisi jelatini kul miqdorlarini mos ravishda 0.11 £+ 0.02%
va 0.39 £+ 0.16% deb qayd etdilar, namlik miqdori esa 9.58 + 1.11% va 8.12 + 0.58% bo‘ldi. Cobia
(Rachycentron canadum) terisidan olingan jelatinning kul migdori quruq asosda 1.0 + 0.2 g/100 g bo‘ldi.

Rangni o‘lchash. Ekstraksiya qilingan jelatin rangi 1-jadvalda engillik (L-giymati) sifatida
ko‘rsatilgan. Ekstraksiya gilingan jelatin rangida namunalar orasida sezilarli farq ko‘rsatilmagan (p<0,05);
ammo, jelatin kukuni oltin sarg'ish rangga ega edi. Barcha namunalar savdo sigir jelatiniga garaganda yugori
L-qgiymatiga ega bo‘lib, ular ko‘proq yorqinlik va kamroq sarg'ishlikni aks ettirdi, eng yuqori L-giymati esa
tijorat balig jelatini uchun gayd etilgan. Yuqori haroratlar va uzoqroq ekstraksiya vagtlari kabi jelatinni
ekstraksiya qilish shartlari, fermentativ bo‘lmagan qizarish reaktsiyasi tufayli, yorug'likni pasaytiradi va
natijada sariglikni oshiradi. Kittiphattanabawon, Benjakul, Sinthusamran va Kishimura (2016) [14] yuqori
haroratda va uzog vaqt davomida ekstraksiya gilingan jelatinda yengillik giymatining pasayishini
kuzatganliklarini bildirdilar. Shuningdek, yuqori haroratda olingan jelatin o‘rta va past haroratlarda olingan
jelatinga nisbatan ko‘proq sarg'ishlikka olib kelishi mumkinligi xulosasiga kelishdi.

1-jadval.
Tuyaning teridan olingan jelatinning (CSG) asosiy va boshga xossalari (pH, ogsil tarkibi, kul va
namlik)
Jelatin o "o o 0o Yorginlik
turi Chiqish, % pH Ogsil, % Kul, % Namlik, % (L-giymati)
CSG-2.5Y 36.8+3.1° | 7.06+0.04° | 90.42+0.4° | 4.42+0.1° 4.1+04% 98’2(2)ci
CSG-45Y | 37.4+4.02° | 7.45+0.0° | 92.53+0.7° | 452+0.5" | 1.75+0.05° 98'gibi
a a c a a 92.83 +
CSG-7Y 494 +2.7 7.60+0.09" | 88.21x1.1 6.17+0.4 42+0.2 071°
¢ 93.13+ q c 92.34 +
CBG - 5.45+0.01 0.56° 1.03+0.3 2.61+0.15 0.14°
b 87.22 + c b 93.72 +
CFG - 5.87+0.11 067 2.03+0.14" | 3.18+0.22 0 85°

Qiymatlar o‘rtacha + standart og'ish sifatida berilgan. Har bir ustunda turli harflar bilan belgilangan
giymatlar statistik jihatdan ahamiyatli darajada farq giladi (p<0,05).
Aminokislota tarkibi. Ekstraksiya gilingan jelatinning turli aminokislotalari tahlil gilindi va natijalar
2-jadvalda keltirilgan. Tarkibida 18 turdagi aminokislotalar mavjud bo‘lib, ularning eng ko‘p tarqalganlari
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glitsin, prolin va glutamik kislotalardir. Prolin va gidroksiprolin jami migdorning taxminan 19% ini tashkil
etdi, bu boshga sutemizuvchilardan olingan jelatinlar bilan sezilarli farq gilmaydi. Farris, Song va Huang
(2010) cho‘chqa terisi jelatini o‘rganishida prolin va gidroksiprolin jami miqdorini 23% deb ko‘rsatganlar.
Mulyani va boshqalar (2017) esa bu aminokislotalar qorako‘l terisidan olingan jelatinning umumiy
miqgdorining 15% ini tashkil gilganligini xabar gilgan. Muyonga va boshqalar (2004) Nil perch terisidan
olingan jelatin tarkibida prolin va gidroksiprolin aminokislotalarining taxminan 30% ni tashkil etishini
anigladilar.

Sigir terisi va qorako‘l terisidan olingan jelatinni turli xil kislotalar bilan oldindan gayta ishlash
natijasida fargli xususiyatlarga va aminokislotalar tarkibiga ega jelatinlar hosil bo‘ladi (Mulyani va boshq.,
2017). Shu bilan birga, tuya terisidan olingan barcha tahlil gilingan jelatin namunalarida glitsinning yuqori
miqdori (>20%) mavjud edi. Glitsin va iminokislotalar (prolin va gidroksiprolin) ko‘proq miqdorda bo‘lishi
jelatinning xususiyatlariga, jumladan, yopishqoglik va jelning mustahkamligiga ta'sir giladi, chunki jelatin
tarkibida uch spiral tuzilish hosil bo‘ladi.

2-jadval.
Tuyaning terisidan va suyagidan olingan jelatinning aminokislota tarkibi (%0), baliq terisidan
olingan jelatinga va qorako‘l terisidan olingan jelatinga nisbatan

Aminokislotalar | CSG-7Y | CSG-45Y | CSG-2.5Y | Baliq terisi® Qt"er::;‘lﬂ !
Glitsin 21.1 21.8 23.2 31.6 16.5
Prolin 11.9 11.6 10.7 12.0 8.4
Alanin 9.7 9.97 10.7 10.8 5.9

Gidroksiprolin 7.9 8.2 9.1 10.1 6.4
Glutamik kislota 11.9 10.95 10.1 7.8 7.7
Arginin 6.4 5.82 6.1 5.2 5.3
Aspartik kislota 5.6 571 5.2 4.5 3.9
Serin 1.1 1.9 1.4 3.8 2.7
Lizin 3.37 3.15 2.4 2.6 3.4
Leysin 2.14 2.2 2.1 2.5 2.1
Valin 2.32 2.1 2.2 2.3 1.4
Treonin 1.6 15 1.7 2.3 2.5
Fenilalanin 2.4 2.7 2.6 14 0.01
Izoleysin 1.1 13 0.95 1.0 1.03
Gistadin 2.4 2.3 2.2 0.6 0.55
Tirozin 0.7 0.5 0.78 0.4 0.51
Metionin 1.1 1.32 1.2 0.5 0.64
Sistin 0.64 0.83 0.8 - -

% Arnesen va Gildberg (2002) [15]
® SH Mulyani va boshqalar (2017) [16]

Xulosa. Ushbu tadgigotda tuya terisidan olingan jelatinning hosildorligi, pH giymati, ogsil migdori,
namlik va kul miqgdori, rangni o'lchash natijalari, shuningdek, aminokislota tarkibi tahlil gilindi. Natijalar
shuni ko'rsatdi ki, turli yoshdagi tuya terisidan olinadigan jelatinning chigish koeffitsiyenti 36.8% dan 42.4%
gacha farglanadi. Ushbu farq ekstraksiya jarayoni, harorati va davomiyligiga bog'liq bo'lib, yugori harorat va
uzoq vaqt davomida ekstraksiya qilish, jelatinning sifatini oshirib, erkin kollagen zanjirlarining ko'payishiga
olib keladi. Jelatinning pH giymatlari tijorat jelatinlariga nisbatan yuqori bo'lib, bu tuya terisining o'ziga xos
xususiyatlari bilan izohlanishi mumkin. Ogsil miqdori CSG-2.5Y va CSG-4.5Y jelatinlarida 90% dan yugori
va tijorat qorako‘l va baliq jelatinlariga nisbatan yuqoridir. Namlik va kul miqdori esa kislotalar bilan
oldindan ishlov berish jarayonlariga bog'liq holda o'zgaradi.

Aminokislota tarkibida glitsin, prolin va gidroksiprolin kabi asosiy aminokislotalar ko'p uchraydi.
Glitsin miqdori 20% dan yuqori bo'lib, bu jelatinning yopishqoglik va mustahkamligiga ijobiy ta'sir
ko'rsatadi. Prolin va gidroksiprolin miqgdori esa boshga sutemizuvchilardan olingan jelatinlar bilan
solishtirganda sezilarli farq gilmaydi. Umuman olganda, tuya terisidan olingan jelatinning yuqori sifatli
xususiyatlari, uning aminokislota tarkibi va ekstraksiya shartlariga bog'liq bo'lib, bu natijalar kelgusida
jelatin ishlab chigarish jarayonlarini optimallashtirish uchun muhim ahamiyatga ega.
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BEDANING XAVFLI ZARARKUNANDALARI BIOLOGIYASI HAMDA ULARGA QARSHI
KURASHISHDA AGROTEXNIK TADBIRLARNING AHAMIYATI

Sharipov San’at Sulaymonovich,

Don va dukkakli ekinlar ilmiy-tadgigot instituti Buxoro ilmiy tajriba stansiyasi
Agrotexnika va o ‘simliklarni himoya gilish bo ‘limi boshlig ‘i

Xayrullayev Muhriddin Faxriddin o‘g‘li,

Buxoro davlat universiteti o ‘qituvchisi

m.f.xayrullayev@buxdu.uz

Annotatsiya. Aniglanishicha, beda fitonomus dastidan 60% gacha ko ‘k poyasini yo ‘qotishi mumkin
ekan. Uzunburun sitonalar dastidan nihollar siyraklashib, ildiz tuganaklari keskin kamayib ketishi mumkin.
Beda urug* hosildorligi mirid gandalalar hamda urug ‘xo ‘r-bruxofagus dastidan 18-20% ga kamayishi
mumkin. Demak, mumkin qadar kamrog mablag * bilan eng ko ‘p va samarali foyda beradigan bedani ilmiy-
asoslangan himoya qilish tizimini yaratish lozim bo ‘ladi. Buni fagat o ‘simliklarni (bedani) uyg ‘unlashgan
himoya qilish tizimigina berishi mumkin. Bu masala bir dagiqali bo ‘Imay, vosita va usullarning yangilanib
borishi bilan birga doim o ‘zgartirib turishni taqozo etadi. Boshqa tomondan, bedani erta muddatlarda
(aprel-may) himoya qilish dala atroflaridagi tut daraxtlari bilan bog‘liq bo ‘lganligi uchun (ipak qurtini
zaharlab qo ‘yishi mumkinligi sababli) masala yanada murakkablashadi. Bu masalalarning hammasi bizning
ishimizning magsad va vazifalariga kirdi.

Kalit so“zlar: zararkunanda, fitonomus, beda qandalasi, o ‘simlik bitlari, mirid gandala, kimyoviy usul,
agrotexnik usul, insektisid, akarisid.

BUOJIOT sl ONACHBIX BPEJIUTEJIEN JIIOIEPHBI 1 3SHAYEHUE
ATPOTEXHUYECKHX MEPOITPUATHIA B BOPLEE C HUMHA

Annomauus. Ycmanogneno, umo nioyepHa u3-3a gumonomyca modxcem nomepsames 00 60% 3enénozo
cmebns, u3-3a  OAUHHOHOCHIX CUMOHOE POCMKU CHAHOBAMCS PEOKUMU, KOpHesble KayOHU Ppe3Ko
yMeHbuaromes. Ypooicaiunocms cemsn ioyepHul modicem chusumvcs na 18-20% u3z-3a MmupuoHvix K1onos u
cemaedog-opyxoghacycos. CnedogamenbHo, He0OXOOUMO CO30aMb HAYYHO 0OOCHOBAHHYIO CUCIEM) 3AUUNbl
JIOYepHbvl, KOMopas. 0acm Haubonbwyio u Ip@dexmusnyio npubvliv npu MUHUMATLHLIX CPeOCcmeax. Imo
Mooicem 0amb MONbKO UHMESPUPOGAHHAA CUCEMA 3aWumbl pacmenutl (1oyeprsl). Dmom 60npoc He
ABNAEMCS OOHOMUHYIMHBIM U mMpedyem NOCMOSHHO20 USMEHEHUs ¢ 0OHoslenuem cpeocms u memooos. C
Opyeol CMOpPOHbL, 3a0a4a OCNOJNCHAEMCS meM, Ymo 3aujuma JOYepHbl 68 pAaHHUe CPOKU (anpeib-matl)
CBA3AHA C MYMOBLIMU 0EPEBbAMU 6 OKPECHHOCMAX NOJell (HOCKONbKY OHU MO2YI OMPAsUums WeaKonpsio).
Bce smu eonpocwvl 6owinu 6 yens u 3a0ayu Hawel pabomsi.

Knwouesvie cnosa:. speoumens, GumoHomyc, T0oYepHOGbLl KION, MU, MUPUOHBIU KON, XUMUYECKUL
Memo0, azpOmexHUHeCKuli Memoo, UHCEKMUuyuo, akapuyuo.

THE BIOLOGY OF DANGEROUS PESTS OF ALFALFAAND THE IMPORTANCE OF
AGROTECHNICAL MEASURES IN COMBATING THEM

Abstract. It has been established that the lucerne loses up to 60% of its green stem due to phytonymus
due to long-nosed sitons, the sprouts become scarce, and the root tubers become sharply smaller. The yield of
lucerne seeds can decrease by 18-20% due to globeflies and bruhophagus seed-eaters. Therefore, it is
necessary to create a scientifically sound system for protecting lucerne, which will provide the largest and
most effective profit with minimal funds. This can only be done by an integrated plant protection system
(alfalfa). This question is not one-minute and requires constant change with updating of means and methods.
On the other hand, the problem is complicated by the fact that the protection of the early periods (April-May)
is related to the mulberry trees around the fields (because they can poison the silkworm). All these issues
were part of the purpose and objectives of our work.

Keywords: pest, phytonomus, lucerne mite, aphids, myriad mite, chemical method, agrotechnical
method, insecticide, acaricide.
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Kirish. Beda yetishtirishning o‘ziga xos xususiyatlaridan biri shundaki, uni o‘zining har qaysi
rivojlanish davrida juda ko‘p zararli va foydali hasharotlar zararlaydi. Boshqa so‘z bilan aytganda, beda
agrobiosenozida uning atrofida o‘stiriladigan har qanday ekinlarning entomosenozi shakllanadi. Shuning
uchun bu ekinni doim nazarda tutib, uni zararli organizmlar ko‘payadigan joy emas, balki foydalilari ko‘proq
yig‘iladigan joyga aylantirish lozim. Buning uchun bedada barcha imkoniyatlar mavjud. Shuning uchun ham
bu ishda ko‘p yillar mobaynida olimlar tomonidan bu borada yig‘ilgan natijalar mujassamlantirilib
bedazorlarning yo‘ldosh ekinlar bilan entomosenoz bo‘yicha bo‘g‘liqligi hamda bedazorning foydali
hashorotlarni yig‘ib - tarqatuvchi stansiya sifatida baholab ko‘rsatib berilgan.

Beda barg filchasi yoki Fitonomus-Phytonomus variabilis hbst.

Fitonomus - Markaziy Osiyoda bedaning jiddiy zararkunandalaridan biri bo‘lib, har yili eng qimmatli
birinchi o‘rim bedani juda qattiq zararlaydi. Bedaning har bir poyasida o‘rta hisobda faqat bitta lichinka
bo‘lganida gektardagi ot hosili 17,2 sentner (qurugq beda hisobida 4,56 sentner) kamayadi. Odatda esa
bedapoyalardagi zararkunanda ancha ko‘p bo‘ladi va u zo‘r berib urchiganida beda hosilining 65 % ga yaqin
gismi yo‘qoladi. Shimol mintaqalarida sovuq kunlari uzoq davom etsa, bedaning ikkinchi o‘rimi ham
birmuncha zararlanadi. Fitonomus urug‘lik bedaga ham zarar yetkazadi.

Qo‘ng‘izning uzunligi (xartumchasidan tashqari) 5-7 mm keladi, kallasi uzun naycha shaklida oldinga
cho‘zilib turadi. Yosh qong‘izlar sarg‘ish-kulrang tusda, tanasidagi tuklari va tangachalari ishgali yeyilgan,
keksa qo‘ng‘izlar esa qoramtir-kulrang tusda bo‘ladi. Orqasining old gismi o‘rtasi bo‘ylab och rangli kambar
chiziqgcha bilan ikkiga bo‘lingan to‘q jigarrang yoki deyarli qora rangli serbar qo‘shaloq chiziq o‘tadi.
Qanotustliklarining o‘rtasida, ularning tubiga yaqin qismida to‘q jigarrang yoki deyarli qora rangli serbar
dog‘ bor, uchi orqa tomonga yo‘nalgan bu dog‘ notog‘ri pona shaklida bo‘lib, qanotustliklaridagi chokning
taxminan uchdan ikki gismini goplab turadi [1,5].

Tuxumi ellipssimon bo‘lib, uzunligi 0,5-0,65 mm va eni 0,3-0,4 mm keladi. Yangi qo‘yilgan
tuxumlari och sariq rangli bo‘lib, rivojlangan sari qoraya boradi.

Lichinkasining uzunligi 10 mm gacha yetadi, oyoqlari bo‘lmaydi. Tanasining qorin qismidagi har
gaysi segmentida ikkita yirik bo‘rtma bor, lichinka ana shu bo‘rtmalar yordami bilan o‘rmalaydi. Lichinkalar
yashil rangli bo‘lib, ko‘pincha sarg‘ish tovlanib turadi, kallasining rangi to‘q qo‘ng‘ir yoki qora, kallasidan
tanasining oxirigacha och rangli kambar chiziq o‘tadi.

G‘umbagi tipik erkin, yetuk qo‘ng‘izga o‘xshaydi. Rangi dastlab sariq, keginchalik to‘q yashil tus
oladi. G‘umbagi keng hujayrali mayin to‘qimadan yasalgan dumaloq yoki kalta oval shakildagi oq pilla
ichiga joylashadi. G‘umbagining uzunligi 5,5-8 mm, eni 3,5-6 mm keladi. Fitonomus voyaga yetgan
go‘ng‘iz holatida sovugdan himoyalangan joylarga kirib gishlaydi. Bu zararkunandaning ko‘pchilik qismi
dalada tuprogning yuza qavatida qoladi. Qo‘ng‘izlar qisman dala atrofidagi begona o‘tlarda ham qishlaydi
[1,3].

Qo‘ng‘izlar gishlayotgan joyidagi harorat 12°C gacha ko‘tarilgan paytda uyg‘onadi. Fitonomus erta
ko‘klamdayoq serharakat bo‘lib qoladi. Beda o‘sa boshlashi bilanoq qo‘ng‘izlar poyalarda oziqlanadi va
poyalarni xartumchasi bilan teshib, ularning ichiga
tuxum qo‘yadi. Har bir urg‘ochi qo‘ng‘iz 2500
tagacha tuxum qo‘yadi. Bitta poyada ko‘pi bilan
20-30 ta tuxum bo‘ladi. Fotonomus tuxumlarining
ko‘pchiligi esa boshlagan bedaning poyasi 10-12
sm ga yetmasdan oldin goyadi.\Voyaga yetgan
qo‘ng‘izlarning beda bilan oziglanishi hosilga
unchalik Kkatta zarar yetkazmaydi. Tuxumdan
chiggan lichinkalar beda poyalarning uchlariga
ko‘tarilib, barg qo‘ltiglariga hamda poya
uchlaridagi kurtaklarga o‘tadi va bu kurtaklarni
kemirib shikastlaydi. Dalada lichinkalar ko‘payib
ketganida beda butunlay o‘smay qoladi.
Fitonomusning katta yoshlaridagi lichinkalari barg
go‘ltiglaridan va uchki kurtaklardan barglarga o‘tib,
barglar bilan oziglanadi, bargning deyarli fagat et
gismini kemiradi, tomirlariga tegmaydi. Lichinkalar
olmaning ertangi navlari gullay boshlaganda barg
qo‘ltiglaridan barglarga ko‘plab o‘tadi. Bu vaqtdan
keyin dalalardagi beda barglari

1-rasm. Fitonomus
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quriydi, yosh lichinkalar o‘sish nugqtalarini kemirishi sababli o‘sishdan to‘xtab, poyalari qisqarib
qolgan beda hosilini butunlay nobud bo‘ladi. Lichinkalar tezda beda barglarida pilla o‘rab g‘umbakka
aylanadi. Fitonomus lichinkalari faqat beda bilan oziqlanadi. Ular bedaning eron navlarini eng ko‘p,
yYevropa navlarini esa kamroq shikastlaydi.

Fitonomus haroratga juda sezgir bo‘ladi,qishki kunlar salgina ilib, tuproq 12°C va undan ko‘proq
isishi bilan qo‘ng‘izlar beda ang‘iziga tuxum qoya boshlaydi, bedapoyada ang‘iz bo‘lmasa, bu holda
go‘ng‘izlar boshga qulay joyga uchib ketadi. Kuzgi poyalardan tozalangan dalarga fitonomus ancha kam
zarar yetkazadi.

Fitonomus yiliga bir avlod beradi, fagat bahor faslida, lichinkalari paydo bo‘lgan vaqtda zarar
yetkazadi [1,2,3].

Beda gandalasi - Adelphosoris lineolatus

Bu gandala bedaga poyalarning uchlari, barg bandlari, aynigsa, gul va g‘unchalaridagi shirani so‘rish
yo‘li bilan zarar yetkazadi.

Qandala tushgan g‘uncha va gullarning anchasi to‘kilib ketadi, poyalarida gul yonlikli
gulbandlarigina qoladi. Beda gandalasi, asosan, urug‘lik bedaga zarar yetkazadi. Bu zararkunanda
shikastlagan o‘simliklarning soni va hatto, 90%gacha yetishi mumkin. Beda qandalasi sebarga, g 0°za,
lavlagi, mavrak va boshga ko‘pgina ekmlarga ham zarar yetkazishi
mumkin. Respublikada beda qandalasi g‘o‘za ko‘saklarining 20%dan '
ziyodrog qismini shikastlaydi, bunday ko‘saklardagi paxta tolalari
buziladi va bir-biriga yopishgan qo‘ng‘ir massaga aylanadi (ko‘sak
bakteriozi) [4,7].

Erkagining uzunligi 6,5-9,5 mm gacha, urg‘ochisiniki 6,5-8 mm
gacha bo‘ladi. Tanasi cho‘zinchoq shaklda, rangi qo‘ng‘ir yoki sarg‘ish
yashil, erkaklariniki urg‘ochilarinikidan qoraroq bo‘ladi. Orqasining old
gismida 2 ta qora nuqta bor, taxlangan qanotlari o‘rtasidagi
uchburchakli qalqoncha bo‘lib ikkita qoramtir chiziq o‘tadi, ustki
ganotlarining terisimon gismlarida bittadan cho‘ziqroq uchburchak
shaklidagi qoramtir dog‘ yoki bu dog‘lar o‘rnida qoramtir rangli
kambar chiziglar bor. Beda gandalalarining tanasidagi qoramtir nagsh :
ko‘pincha salgina ko‘rinadi yoki butunlay bo‘lmaydi, lekin orqasining 2-rasm. Beda gandalasi
old gismidagi ikkita goramtir nugta deyarli hamma vaqt ko‘zga tashlanib turadi, boldir va panjalarining
uchlari qora, sonining uchiga yaqin qismi qo‘ng‘ir dog‘lar bilan, boldirlari qora nuqtalar bilan qoplangan.

Tuxumi cho‘ziqroq shaklda. Tuxumining o‘rta qismi bukilib, pastki uchi salgina torayib va
dumologlanib turadi, yuqorigi uchi qopgoqcha bilan berkitilgan. Tuxumining uzunligi 1,5 mm gacha bo‘ladi.
Yangi qo‘yilgan tuxumlar rangi yaltiroq, sarg‘ish oq bo‘lib, keginchalik birmuncha gizaradi.

Lichinkalarining uzunligi yoshiga garab 1,25-15 mm dan (endigina tuxumdan chiggan
lichinkalariniki) 3,5-5 mm gacha bo‘ladi. Katta yoshdagi lichinkalarining qorni oxirgi uchigina qizg‘ishroq
bo‘ladi. To‘rtinchi yoshdagi lichinkalarining ko‘krak chekkalarida po‘stsimon ganot boshlang‘ichlari paydo
bo‘ladi. Oxirgi (beshinchi) yoshga yetgan lichinkalarning tanasi yaltiroq yashil tusga kiradi.

Beda gandalasi o‘zi oziglanayotgan o‘simliklarning poyalari (jumladan, beda ang‘izining va begona
o‘tlarning poyalari) ichida tuxumlik stadiyasida gishlaydi.

Beda gandalasi hammaxo‘r bo‘lib, dukkaklilar, sutlamagullilar, soyabongullilar, murakkabgullilar,
sho‘ragullilar va gulxayrigullilar oilasiga qarashli madaniy hamda yovvoyi o‘simliklarda oziglanadi, biroq
bu zararkunanda hamma o‘simliklarga qaraganda bedani yaxshi ko‘radi.

Bedazorlarda bu qandala butun yoz bo‘yi uchraydi. Odatda, uch bo‘g‘in, bazi joylarda esa to‘rt bo‘g‘in
beradi. Beda gandalasi juda serharakat bo‘ladi, voyaga yetganlari bir joydan ikkinchi joyga tez-tez uchib
o‘tadi, lichinkalari esa bir o‘simlikdan ikkinchi o‘simlikka o‘rmalab tarqaladi. Bu zararkunanda kunduzlari
harakatlanadi, issiq kunlarda ayniqsa serharakat bo‘ladi. Voyaga yetgan qandalalar va ularning lichinkalari
bargning va barg bandlarining, poya va g‘unchalarining shirasini so‘radi, poyalarning yangi o‘sayotgan yosh
gisimlarida turib oziglanishni yaxshi ko‘radi. Beda g‘unchalayotgan va gullayotgan davrda voyaga yetgan
gandalalar gul va g‘unchalarga to‘planadi, gul va g‘unchalar shirasini qandala so‘rgandan keyin to‘kiladi.
Urg‘ochi qandalalar tuxumlarini o‘simlik poyalari ichiga, ko‘pincha pastga, ayniqsa, oxirgi bo‘g‘in
qandalalar ildiz yonidagi qismlar ichiga qo‘yadi. Har bir urg‘ochi qandala 24 dan 37 gacha tuxum qoya oladi.
Urg‘ochi gandalalar bitta poyaga 20 tagacha va undan ham ko‘proq tuxum qo‘yadi, bu tuxumlar ustma-ust
bitta tik gatorga yoki noto‘gri uyumchalarga joylashadi. Lichinkalar tuxumdan chiqishi bilanoq oziglana
boshlaydi. Lichinkalar juda tez o‘sadi. Yoz o‘rtasida tuxum qo‘yilgan paytdan boshlab 20-27 kunga gandala
voyaga yetadi.
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G‘o‘zaga qandalalar odatda, bedaning ikkinchi o‘rimi davrida tushadi. Qandala so‘rgan ko‘sakda qora,
biroz botiq dog* paydo bo‘ladi. Chanogning ichki tomonida yoqishqoq modda bilan to‘lgan shish chigadi.
Qandala teshgan joyga bakteriyalardan tashqari aktinomisit zamburug‘lar ham tushadi. Bundan ko‘sak
aktinomikoz kasalligi bilan kasallanadi .Qandala so‘rgan g‘o‘za shonalari to‘kiladi.

Tadgigot usuli. Tadgiqotning asosiy magsadi bedazorlardan fitonomus va boshga ashaddiy
zarakunandalarning zararini oldini olish uchun tabiiy usullardan foydalanib ularni kamaytirish, ekologik toza
va mo‘l hosil yem-xashak hosilini yetishtirishdan iborat. Buning uchun quyidagilarni vazifa qilib qo‘ydik:

e Kuzda, qgishda, erta bahorda bedazorlarda fitonomus va boshqga zararkunandalarni gishlash,
targalishi, rivojlanishi va zarar yetkazish xususiyatlarini tadgiq etishi;

o Bedazorlarga kuzda yerga yuza ishlov berish (diskalash, boronalash) orqgali zichlovchi ekinlar
(bo‘g‘doy, arpa, suli, javdar, tariq, tritikale, ko‘k no‘xat yoki b.) ekib ularning fitonomus va boshqa
zararkunandalarga ta’sirini o‘rganish;

e Bedazorlardaa zichlovchi ekin innovatsion texnologiyasini qo‘llashning biologik va xo‘jalik hamda
igtisodiy samaradorligini aniglash;

e Bedazorlarda zichlovchi ekin ekishning entomofauna, entomofaglar va boshga hasharotlarga
ta’sirini o‘rganish;

e Bedazorlarda chorvachilik va parrandachilik solhasi uchun sifatli va to‘yimli yem-xashak hosili
olish.

Bedazorlarni kuzda 2 marta diskalash va baronalash orgali zichlovchi ekinlar (don ekin va b.) ekishda
birinchidan fitonomusni dastlabki rivojlanish bosqichida yo‘q qilinishiga erishilsa, ikkinchidan beda
bachkilab uning tup soni ko‘payishi va rivojlanishi jadallashadi. Beda hosilini zararkunandalar ta’siridan
yalpi yo‘qolishini oldi olinadi. Texnologiya oddiy resurstejamkor, organik dehqonchilik talablariga to‘liq
javob beradi.

Buxoro davlat unversiteti tajriba xo‘jaligi hamda Buxoro viloyati tumanlaridagi beda maydonlari
mavjud xo‘jaliklari bilan tadqiqotlar bo‘yicha kelishuvlar olib borilmoqda. Tadqiqot o‘tkaziladigan dalalar
tanlanib, kuzatuv nazorat va boshqa tayyorgarlik ishlari boshlab yuborilgan.

3-rasm. Buxoro viloyati Buxoro tuman Raboti Qalmoqg MFY

Ushbu texnologiya fitonomusdan tashgari boshga zararkunandalar (tugunak uzunburuni, bada
gandalasi, beda urug‘xo‘ri va b.) rivojlanishiga ham salbiy ta’sir ko‘rsatadi.

Kutilayotgan natijalar va ularning ahamiyati:

e Bedaning birinchi o‘rim hosilini zararkunandalar ta’siridan yalpi yo‘qolishini oldi olinadi;
zichlovchi ekin hisobiga qo‘shimcha yem-hashak hosili olinadi;

e texnologiya organik dehqonchilik talablariga to‘liq javob beradi;

e tuprogning unumdorligi yaxshilanadi;
ogsilga boy yem-hashak yetishtiriladi;
ozig-ovgat mahsulotlarini sifati yaxshilanadi;
Entomofaglarni hamda bioxilma-xillikka pestitsidlarni halokatli ta’siri kamayadi, atrof-muhit
zaharlanmaydi va biologik usul samaradorligi oshadi;

e G‘o‘zaning xavfli zararkunandasi bo‘lgan beda qandalasi soni sezilarli darajadakamayadi;

¢ Bu texnologiya resurstejamkor bo‘lib, uni barcha chorvachilik xo‘jaliklarida qo‘llash mumkin;

e Texnologiyani qo‘llash asnosida ortigcha harajat talab qilinmaydi, qilingan harajatlarni 4-8
martagacha goplaydi;

Agar urug‘ uchun qoldirilgan bedaga fitonomusga garshi ishlov berilmasa hosildorlik 65-76% ga
pasayadi. Urug® zararkunandalari (qandala, bruxofagus) beda urug‘ hosilini 23,4-34,8 % ga kamaytirishi
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mumkin. Bedani fitonomusga garshi himoya gilish hamda atrofidagi tut daraxtlarining novdalarini (bargini)
kesib olishga gadar xavfsiz muddat 40-45 kunni tashkil etadi.

Amaliy tavsiyalar.

1. Beda zararkunandalarining IZMM ko‘rsatgichlari sifatida quyidagilarni qabul qilish taklif etiladi.
Fitonomus-(pichan uchun) 100% zararlanganida har 1 poyada 2-3ta lichinka, (urug‘lik uchun)-har 1 poya 1
ta lichinka to‘g‘ri kelsa; beda gandalalari-80-100% o‘simliklar zararlanganida har 2 ta o‘simlikka o‘rtacha 1
ta qandala to‘g‘ri kelsa. Bu har 1m? da 15-20 ta zot borligini yoki sachokning 50 ta harakatida 40-50 dona
to‘gri kelishiga teng.

2. Eski bedazorlarga erta bahorda borona yoki diskli borona bilan ishlov berishni, albatta, nazarda
tutish kerak. Bahorda ko‘kara boshlagan bedaga mochevina eritmasi (3kg/ga) yoki simbush (0,12 1/ga), desis,
sumi-alfa (0,2 I/ga) insektisidlari bilan aralashmasini sepish.

3. Har bir alohida olingan yoki zararkunandalarga garshi 1l-jadvalda keltirilgan insektasidlarning
birortasini olib ishlatish mumkin. Yugori samara olishning asosiy sharti uni ilmiy asoslangan muddatlarda
ishlatish lozimligidan iborat.

1-jadval.
Qaysi zararkunandalarga Dori sepish bilan tut

Tr garshi, I(kg)/ga novdasini kesish

" | Insektisid va insekto- Shira | Eitonomus Beda uchun xavfsiz

akarisidlar gandalasi muddatlar, kun

1. Karate 5% e.k. 0.4 0.3 0.4 40-45

2. Desis 2.5% e.k. 0.4 0.6 40-45

3. Avaunt 15% k.s.

4. Konfidor 20% e/k. 0.2

5. Mospilan 10% n.kuk 0.5 0.2 0.2 40-45

4. Ipak qurtining (Bombux mori L.) xavfsizligini taminlash uchun o‘tkazilgan bedazorlarning
atrofidagi tutlarning bargini kesib olish bilan dori sepilish muddat oralig‘i kamida 40-45 kunni tashkil etishi
kerak. Shunda ham bargni taxminan sinab ko‘rish tavsiya etiladi.

Xulosalar. O°zbekiston sharoitida bedada hammasi bo‘lib 125 ta bo‘g‘imoyoqli zararkunanda turlari
aniglangan. Ulardan 66 tasi-fitofag, 39 tasi esa entomofag. Bedaga, asosan, 4 xil shira zarar yetkazishi
mumkin. Bular orasida fagat beda shirasi (Aphis craccivora Koch.)ning zararliligi - o‘simlikni egallagan
davriga bog‘liq bo‘ladi. Beda o‘sa boshlagan davrdan boshlab shiraga duchor bo‘lsa, u har gektardan 47,5 s
pichan yoki urug‘ining 42,6% ni yo‘qotishi mumkin.

Bedani shiralardan himoya qilish uchun quyidagi insektisidlar samarali bo‘lib chiqdi: karate-0,4 1/ga,
siperfos(nerell-D)-1,0 I/ga, konfidor-0,2 l/ga, mospilan-0,5kg/ga. Bular traktor purkagichlari yordamida
(200-300I/ga)ishlatilishi mumkin.

Pichan va urug‘lik uchun ekilgan bedaning asosiy zararkunandasi fitonomus daladagi o‘simliklarni
100% zararlangan bo‘lsa, o‘rtacha har 1 novdada 8 ta fitonomis lichinkasi mavjud bo‘ladi. Bunda pichan
hosili 50%ga, urug‘i esa 100%ga kamayishi mumkin. Bahorda o°sa boshlagan bedani mochevina o°g‘itining
suv eritmasi bilan (3kg/ga ) yoki uni birorta yuqoridagi insektisidlarning yarim meyoriga qo‘shib ishlatish,
desis-0,4 1/ga, mospilan-0,2 kg/ga hamda karate-0,3 l/ga zararkunandalarga garshi yugori samaraga ega
bo‘lib, beda mahsuldorligini oshirish imkonini beradi. Bunda dala atrofidagi tut daraxtlari zaharlanmaydi.

Beda gandalasidan himoya qilish uchun quidagi insektasidlardan yuqori samara ko‘rsatadi. Karate -0,4
I/ga va hamda mospilan 0,2 kg/ga.

Agar urug® uchun qoldirilgan bedaga fitonomusga qarshi ishlov berilmasa hosildorlik 65-76% ga
pasayadi. Urug‘ zararkunandalari (qandala,bruxofagus) beda urug‘ hosilini 23,4-34,8% ga kamaytirishi
mumkin. Bedani fitonomusga garshi himoya gilish hamda atrofidagi tut daraxtlarining novdalarini (bargini)
kesib olishga gadar xavsiz muddat 40-45 kunni tashkil etadi.
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UO*K 53

QATTIQ VAYUMSHOQ BUG‘DOY DONLARI SIFATI, ASOSIY KO’RSATKICHLARI VA
ULARNI ANIQLASH USULLARI

Ibragimov Anvar Kuchkorovich,

Toshkent kimyo-texnologiya instituti Shahrisabz filiali katta o ‘qituvchisi
Pardayev Zafar Temirovich,

Toshkent kimyo-texnologiya instituti Shahrisabz filiali assistenti
Bozorov Shomurod Iimurodvich,

Toshkent kimyo-texnologiya instituti Shahrisabz filiali assistenti

Annotatsiya. Ma’lumki, turli magsadlar uchun barcha turdagi unlar eng ko‘p qo‘llaniladi. Un
bug ‘doy donining maydalangan gismidan olinadi, bu endosperm deb ataladi. Barcha magsadli un gattiq va
yumshoq bug ‘doyning kombinatsiyasidan tayyorlanadi va turli xil pishirilgan mahsulotlar - xamirturushli
nonlar, pechene va kekslar uchun ishlatiladi. Non uni sanoatda non mahsulotlarini ishlab chigarish uchun
ishlatiladi.

Kalit so*zlar: zararlanmaganligi, don massalari, don sifatini, tashqi ko ‘rinishi va sifat ko ‘rsatkichlari,
don mag zining shishasimonligi, ogsil miqdori, kleykovina migdori.

KAYECTBO 3EPHA TBEPJOM M MATKOM IMIIEHUIbI, OCHOBHBIE IIOKA3ATEJIA
N METOJAbI UX OITPEJAEJIEHUSA

Aunomayuna. Yawe 6ceco ucnonb3yemcs YHUBEPCANbHAA MYKA. DMa MYKA NpoOu3BOOUmMcs U3
MOHKOUSMENbYEHHOU  HaCmU NUEHUYHO20 3epHA, HA3blBAeMOU IHOOCHepMOM. YHUBepCanbHas MyKd
npoU3800UMCca U3 Ccmecu MmMeEEPObIX U MASKUX COPMO8 NUEHUYbl U UCHOAb3YeMCA 6 PA3IUYHbIX
X1e000YIOUHBIX U30eNUAX, BKIIOUASL OPOACIHCEBOU XleD, neueHve U KeKcobl. Xiebnas MyKa UCnoiv3yemcs 6
NPOMBIULIEHHOCTMU 0151 RPOU3B0OCMBA XAeO0OYI0UHBIX UZ0EUL.

Kniouesvie cnoea: Oeszgpeonocmnv, macca 3epHd, KA4ecmeo 3epHd, GHEWHUl U0 U KA4eCmBeHHble
noxkaszamenu, CMmekI08UOHOCHb CepOYeBUHbL 3ePHA, COOepIHCanUe DeKad, COOepIHCaHUe KIEUKOBUHDL.

QUALITY OF DURUM AND SOFT WHEAT GRAINS, MAIN INDICATORS AND
METHODS OF THEIR DETERMINATION

Abstract. It is known that all types of flour are used most often for different purposes. Flour is
obtained from the crushed part of the wheat grain, which is called the endosperm. All-purpose flour is made
from a combination of hard and soft wheat and is used in a variety of baked goods, including yeast breads,
cookies, and muffins. Bread flour is used in the industry for the production of bread products.

Keywords: undamaged, grain mass, grain quality, appearance and quality indicators, grain kernel
vitreousness, protein content, gluten content.

Kirish. Donlarning asosiy sifat ko‘rsatkichlariga ularning yangiligi (rangi, ta’mi, hidi), namligi, katta-
kichikligi, ifloslanganlik darajasi, zararkunandalar bilan zararlanganligi yoki zararlanmaganligi, don
kesimining shishasimonligi, gul po‘stlog‘ining miqdori va boshgalar kiradi. Don, asosan, saglashga va gayta
ishlashga ma’lum hajmda keltiriladi. Don massalari tashqi ko‘rinishi va sifat ko‘rsatkichlari bo‘yicha bir xil
bo‘lishi talab etiladi. Don sifatini aniqlash, asosan, ikki guruhga bo’lib o’rganiladi. Organoleptik va
labaratoriya usullari orgali tekshiriladi. Laboratoriya usuli bilan donlarning namligi, begona aralashmalar
bilan ifloslanganlik darajasi, ombor zararkunandalari bilan zararlanganlik darajasi aniglanadi. Don
to‘g‘risida yanada kengroq ma’lumotga ega bo‘lishi uchun donning zichligi, 1000 donasining massasi, don
mag‘zining shishasimonligi, ogsil miqdori, kleykovina miqdori va sifati hamda donda kul miqdori kabi
ko‘rsatkichlari ham aniglanishi mumkin. Labaratoriya usulida asosan maxsus asboblar oragali tekshirish
ishlari olib boriladi.

Don sifatini aniglashning yana bir usuli organoleptik usul deyiladi, bu usulda don sifatini sezgi
organlari yordamida baholash kiradi. Bu usulda boshga usullar orqali aniglab bo’lmaydigan sifat
ko’rsatkichlarini (masalan donning rangi, hidi, ta’mi) anigqlash mumkin. Donning soflik ko’rsatkichlarini
aniglash deganda ( rangi, hidi, ta’mi ) uning asosiy soflik ko’rsatkichlari hisoblanadi. Har bir partiyada
keltirilgan don massasida asosiy dondan tashqari boshqa begona aralashmalar, (begona o‘tlar urug‘i, qum,
loy, poyalar, xaslar va hokazo) ham bo‘lishi mumkin. Shuning uchun ham don sifatini aniqlashda yoki soflik
darajasini aniqlashda shularga e’tibor berish kerak. Agar don tarkibida kamchiliklar yoki buzilishlar
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aniglansa, kamchilik kategoriyasi o’tqazilishi mumkin va donni gabul giluvchi tomonidan gqaytarilish
holatlari yuzaga kelishi mumkin. Bugungi kunda respublikamizda etishtirilib, tayyorlanadigan va yetkazib
beriladigan bug‘doy doniga yangi — O’zDSt 880:2004 davlat standarti ishlab chigilgan va tasdiglangan. Bu
standart davlat tizimida tayyorlanib oziqovqat va texnik maqgsadlarda foydalaniladigan bug‘doy donlari
uchun qo‘llaniladi. Mazkur standart talabi bo‘yicha bug‘doy doni namunasi 750 g/l ni tashkil etishi kerak.
Suv miqgdori esa 14 % dan, begona aralashmalar migdori 1 % dan, boshga donlar aralashmasi esa 3,0 % dan
ortiq bo‘lmasligi va boshga asosiy va muhim bo’lgan ko’rsatkichalari ko‘rsatib qo‘yilgan. Rossiya
Federatsiyasi va Qozog‘iston Respublikasi davlatlari standartlarida ko‘rsatib qo‘yilganidek donlarga
ishlangan bizdagi standartlarda ham donlarning ombor zararkunandalari bilan zararlanishiga yo‘l
go‘yilmaydi va bunga qarshi choralar muntazam ravishda ko’rib boriladi. Yuqgorida aytib 0’tganimizdek,
donning rangi, ta’mini va ini aniqlashda O’zDSt ga amal qilgan holda namunalarni tanlash va ajratish ishlari
bajariladi.

Asosiy qgism. Donning sifat ko’rsatgichlari: Don o‘lchamlarining bir xilligi ularning sifatini
baholashda qo‘llaniladigan asosiy ko‘rsatkichlardan biri hisoblanadi. Donlar o‘lchamlari bo‘yicha ganchalik
darajada bir xil bo‘lsa, ulardan tayyorlanadigan yorma, un mahsulotlarining sifati shuncha yuqori bo‘ladi va
qayta ishlash natijasida chiqadigan chigimlar ham kam bo‘ladi. Bu ko‘rsatkichni aniqlash uchun don ma’lum
o‘lchamlarga ega bo‘lgan elaklarda elanadi. Don rangi. Qishloq xo’jaligida donlarning rangi ularning asosiy
sifat ko’rsatkichlari hisoblanadi. Chunki ranga qarab juda ko’plab ma’lumotlar olish mumkin bo’ladi (
masalan: don tuplamining turi, navi, bir xillig ) kabi ko’rsatgichlar aniglanadi . Har bir donning rangi o’ziga
x0s bo’lgan rang qo’shimcha yaltiroqlik, chiziglar va boshqa ko’rsatkichlarni o’zida aks ettiradi. Don rangi
standartlarga mos kelishi kerak.

Don rangi standartlar yoki namunalarga solishtirish yo’li bilan aniglanadi. Zichlik (kg/m3) donning
asosiy ko‘rsatkichlaridan biri hisoblanadi va bu ko‘satkich donning strukturasi, to‘liqlig‘i, pishib etilganlik
darajasi va boshqa ko‘satkichlariga bog‘liq bo‘ladi. Puch donda endosperma miqdori kam bo‘lganligi uchun
ham ularning zichligi nisbatan kichik bo‘ladi. To‘liq pishib yetilgan donlarning zichligi pishib yetilmagan
donlarning zichligiga nisbatan birmuncha yuqoriroq hisoblanadi . Hidi. Don o’ziga xos hidga ega bo’ladi.
Agar donda o’zgacha hid bo’lsa u donning buzilganligi, yomonlashganligidan dalolat beradi. Donda begona
hidlarning yuzaga kelish sabablariga kelsak asosan tashqi muhitdagi xar hil moddalar ya’ni bug’ va gazlar
yutishi natijasida yoki don bilan aralashma holatda bo’lgan boshqga urug’lar, organik aralashmalar xar hil
zarakunandalar sababli yuzaga kelishi mumkin .

Don sifatiga go'yiladigan talablar - yuqori sifatli donalar yirik, bir xil rangda, bir xil shaklda va neytral
hidga ega bo'lishi kerak. Birinchi toifali bug'doy ogsil va kleykovinaning optimal migdorini o'z ichiga oladi,
begona aralashmalar va zararkunandalardan toza va teginish uchun juda nam emas. Ushbu mezonlar donning
yugori sifatli un tegirmoni va pishirish sanoati uchun mos bo'lishini ta'minlaydi.

Bug‘doy sinflari donni yumshoq va qattiq navlarga ajratadi. Yumshoq bug'doy 4 sinfni, qattiq bug‘doy
esa 5 sinfni 0'z ichiga oladi.

Barcha toifadagi qattiq va yumshoq bug‘doy donalari sog‘lom, zarar ko‘rmagan va kam miqdordagi
aralashmalarga ega bo'lishi kerak. Hidi muhim, chunki don yoqimli hidga ega bo'lishi kerak va rangi chuqur
sariqg bo'lib qolishi kerak. Sifatli donning muhim ko'rsatkichlari orasida glyuten migdori ham bor.
Zararkunandalar bilan kasallangan don tarkibida kleykovina ta'sir giladigan protein birikmalarining kam
miqdori mavjud. Yugqori sifatli don tarkibidagi ogsillar 14-14,5% darajasida mavjud. Rivojlanish fazalarida
va sarlavhaning boshlanishida azotli o'g'itlar don tarkibidagi ogsil va kleykovinaning yugori migdori uchun
javobgardir. Yana bir muhim sinf omili - bu ogsil-kraxmal jarayonlarining umumiyligiga ta'sir giluvchi
shishasimonlik yoki mustahkamlik. Shishasi ganchalik baland bo'lsa, mexanik kuch shunchalik yugori
bo'ladi. Qattiq bug'doyning konsistensiyasi shishasimon, yumshoq bug'doy esa har xil.

Tabiat donning to‘liqligini tavsiflaydi, bu uning tarkibiga kiradigan moddalarning sintez jarayonlari
tugaganligini ko'rsatadi. U mos ravishda ko'proq endospermni va kraxmal, shakar va ogsillarni o‘z ichiga
oladi.

Bug'doy sinf jadvali. Qattiq bug‘doy

1- Jadval.
Ko‘rsatkichlari 1-sinf 2-sinf 3-sinf 4-sinf 5-sinf

Natura,g / |, kam emas 750 750 730 710 Cheklovsiz
Namlik,% ,ortig emas 14,5 145 145 145 45
Begona-o‘tlar aralashmasi,% ko‘p emas 2,5 2,5 2,5 50 50
Qurug moddaga nisbatan ogsilning 14,0 13,0 12,0 11,0 Cheklovlarsiz
massa ulushi,% kamida.
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Yumshog bug‘doy

Qattiq bug‘doy (durum) yugori protein tarkibiga ega. Yuqori sifatli makaron va yuqori sifatli non
ishlab chigarish uchun juda mos keladi.

Yumshog bug‘doy yumshoq endospermga ega, kraxmal donalari maydalanganda yaxshi parchalanadi.
Non va gandolat sanoati uchun ko‘proq mos keladi.

2- Jadval.
Ko‘rsatkichlari 1-sinf 2-sinf 3-sinf 4-sinf
Natura,g /I , kam emas 775 750 730 Cheklovlarsiz
Namlik, % ,ortiq emas 14 14 14 14
Begona o‘tlar aralashmasi, % ko‘p emas 1,0 2,0 2,0 3,0
Xom kleykovina massa ulushi, % kam emas 28,0 23,0 18,0 Cheklovlarsiz

Bug'doy sifatining xalgaro tasnifi

Jahon tasnifi alohida davlatlarda gabul gilingan standartlardan sezilarli darajada farq gilishi mumkin,
ammo bu jahon standarti donni dunyoning istalgan mamlakatiga eksport gilish imkonini beruvchi
ko'rsatkichdir. Ushbu standart quyidagi guruhlarni o'z ichiga oladi.

"A" guruhi

"A" guruhi bug‘doy donasi yuqori proteinli, yaxshi rang chuqurligi va namligi past bo'lgan yuqori
sifatli bug'doy hisoblanadi. Undan yugori sifatli un va non, boshga ozig-ovgat mahsulotlari ishlab
chiqariladi.

"B" guruhi

"B" guruhidagi bug‘doy donasi eng yuqori guruh bug'doyiga nisbatan pastroq protein tarkibiga, rangi
kamroq chuqurlikka, namlik va nopoklik tarkibiga ega.

B sinfidagi bug'doydan har xil turdagi non, bulon, pirog va boshga non mahsulotlari ishlab chigarish
uchun ham foydalanish mumkin.

Bug‘doy sinfini tanlash mahsulotning ma'lum bir turi uchun sifat talablariga, bozor mavjudligiga va
joriy narxga bog'lig.

Qattiq bug‘doy uchun GOST bo‘yicha ko‘rsatkichlar:

naturasi- 710-750 g/ I;

namlik - 14,5% gacha;

ogsil ulushi - 11-14%;

tushish soni - 100-220 sek;

begona o'tlar - 2-5%;

shishasimonlik - 70%.

Yumshoq bug‘doy uchun GOST bo‘yicha ko'rsatkichlar:

naturasi - 690-760 g/ I;

namlik - 14%;

ogsil ulushi - 10,5-14%;

kleykovina migdori - 18-28%

tushush soni - 130-220 sek;

begona o'tlar - 1-2%;

shishasimonlik - 50%.

Ozuga bug'doyi uchun faqgat ikkita talab mavjud - namlik 14,5% gacha va aralashmalar 5% gacha.

Donning shishasimonlik darajasini aniglash. Agar donlar kesimining yuzasi butunlay shishasimon yoki
shishasimonligi kesimi yuzasining 1/4 qismidan kichik bo‘lsa bunday donlar shishasimon donlar deb
yuritiladi. Unsimon donlarda esa kesimi, batamom unsimon yoki kesimining 1/4 qismidan kami shishasimon
bo‘ladi. Bu ko‘rsatkich bug‘doy, arpa, makkajo‘xori va guruch donlarida aniglanadi. Standart talabi bo‘yicha
bug‘doy donlari shishasimonlik ko‘rsatkichi asosida kichik tiplarga bo‘linadi. Ta’m. Har tomonlama sog’lom
bo’lgan don o’ziga xos ta’mga ega bo’lib ko’pincha chuchuk yoki biroz shirin ta’mda bo’ladi. Ta’m
ko’rsatkichini aniglashda 100 g dondan foydalaniladi.

Don ta’mi toza va maydalangan donda aniqlanadi. 100g don Keltirilib tozalanadi va tegirmonda
maydalanadi, so’ng 2g dan chaynaladi. Har aniqlashdan oldin va keyin og’iz yaxshilab chayilishi kerak
bo’ladi. Don ta’mini aniglash boshqa organoleptik ko’rsatkichlar bo’yicha donning soflik darajasini aniq
belgilash imkoni bo’lmagan hollarda o’tkaziladi va o’rganiladi. Don massasini saqlashning va sifat
darajalarini tekshirishning usullari bilan tanishib chiqdik. Don massasi tang ya’ni kritik namlikdan past holda
saglanganda don tarkibidagi modda almashinuvi, nafas olish va boshqga barcha fiziologik jarayonlar keskin
pasayadi. Don massasi bunday usulda saqglanganda barcha xususiyatlari uzoq vaqt to‘liq saqlanadi. Don
massasi yaxshi tozalanib, tashqgi sharoit omillaridan yaxshi saglansa ularni omborlarda 4-5 vyilgacha,
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xirmonlarda 2-1 yilgacha hech ganday qo‘shimcha ishlov bermasdan saglash mumkin. Don uyumi quruq
holda saqlanganda doimo kuzatuv ishlarini olib borish lozim. Chunki qulay sharoit tug‘ilishi bilan
mikroorganizmlar va zararkunandalarning faoliyati kuchayishi hamda don o'z-o'zidan qizishi mumkin.
Bunda havoning nisbiy namligi ham muhim ahamiyatga ega. Don va dukkakli donlar namligi 12-14 %
bolganda omborlarda uzoq vaqgt saglanishi mumkin. Moyli ekinlar doni tarkibidagi moyning miqdoriga
namligi 6- 11 % bo‘lganda yaxshi aniqlanadi.

Ma’lumki har bir don yoki urug® gishlog xo‘jaligida e’tibor gilinadigan xususiyatlaridan tashqari
hosildorlik, vegetatsiya davri, kasallik va zararkunandalarga chidamliligi va turli iste’mol ko‘rsatkichlariga
ega bo‘ladi. Masalan bug‘doyning har xil navlari o‘ziga xos un chiqishi va nonvoylik sifat ko‘rsatkichlariga
ega. Makkajo‘xorining ko‘pgina navlari va duragaylari yaqqol ifodalanuvchi texnologik xususiyat ,
gqimmatiga ega. Zig‘ir urug‘ining tarkibida sifatli yog® mavjud bo‘ladi, kungabogar doni tarkibida yog*
miqdori naviga garab bir-biridan keskin farq giladi. Inson iste’mol qiladigan ozig-ovgat mahsulotlarining
taxminan 65-75% I dondan tayyorlanadi. Dondan sanoatda ko’plab un, yorma va omuxta-yem kabi birlamchi
mahsulotlar ishlab chiqariladi.

100 g bu g‘doy donida asosiy oziqa moddalarining miqdori, g

3-jadval.
Bug‘doy doni turlari suv oqgsi yog* kraxmal kletchatka Kul | k.kal
Yumshoq kuzgi bug‘doy | 14,0 11.6 1,6 68,7 2,4 1,7 318
Yumshoqg bahorgi 14,0 12.7 1,6 66,6 3,4 1,7 315
bug’doy
Qattiq bug‘doy 14,0 12.9 1,4 67,5 2,3 1,8 320

l-rasm Qattiq bug‘doy 2-rasm Yumshoq bug‘doy
Xulosa. Qattiq bug‘doy donidan olingan unda ogsil moddasi yumshoq bug‘doyga nisbattan ko‘p
bo‘lib, kleykovinasi esa qayishqoqdir. Bunday unlar makaron mahsulotlari uchun asosiy Xxomashyo
hisoblanadi. Bu donlardan manniy yormasi hamda kraxmal olinadi. Bug‘doy kepagidan turli dorivorlar
olinadi, shu bilan birgalikda, chorvachilikda omuxta-yem uchun xomashyo hisoblanadi. Bug‘doy donining
meva qobig‘i ostida urug® qobig‘i joylashgan. U yupga va mo‘rt bo‘lib, don massasini 2-2,5% ni tashkil
etadi. Meva va urug‘ qobiqlaming tarkibida oz miqdorda ogsil, qandlar va yog‘lar bo‘lib, asosiy qismini
mineral moddalar va inson organizmida kam hazm bo‘ladigan sellyuloza, gemittsellyuloza kabi moddalami
tashkil giladi.

ADABIYOTLAR:

1. Boywanc I «O¢gppexmusnocmv obpabomru u xpanenus sepuar M.: Konoc, 1983.

2. Tenemratop M .A. «Obpabomka u xpanenue 3epra» M.: Konoc, 1984.

3. Tpuceamxuii JI.A. « Xpanenue 3epuay M-1986 1.

4. Abdullaev M.., Zakladnoy G. «Don zaxiralari zararkunandalari va ularga karshi kurash profilaktik
choralari» T. «Shark» 200! y.

5. Eeopos I'A., Mapwnenxo A.®@., Texnonocus u 000pyoosanue MyKOMOIbHOU, KPYNSAHOU U
Komoéuxopmoso npomviutiennocmu. M. uz0.MIAIII, 1996.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 174

https://buxdu.uz



BIOLOGY

UDK 663.21
TOKNING QORASON KASALLIGIGA QARSHI KURASHISH CHORALARI
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Annotatsiya. Ushbu magqgolada tok o'simligi kasalliklaridan biri bo‘lgan qorason kasalligi
(Plasmopara viticola) keng gamrovda tahlil gilinadi. Maqola kasallikning kelib chigishi, biologik
xususiyatlari, targalish usullari, alomatlari va unga garshi kurashish choralarini gamrab oladi. Bundan
tashqari, zamonaviy usullar va o ‘zini oqlagan agrotexnik tadbirlar orqali bu kasallikka qarshi ganday
samarali kurash olib borish mumkinligi ko'rib chigiladi. Maqgola uzumchilik sohasi mutaxassislari va
fermerlarga amaliy yordam berish magsadida yozilgan.

Kalit so’zlar: tok, uzum, o Ssimliklar bakteriozlari, bakteriyalar, qorason kasalligi, piknidiyalar,
askosporalar, zamburug’lar, parazit zamburug’lar.

MEPBI BOPbEGI C BOJIE3HbBIO YEPHOM IMIATHUCTOCTH BUHOI'PAJTA

Annomayua. B OanHOU cmambe KOMNJIEKCHO AHATU3UPYEMCs OOHO U3 3a001e8aHutl 8UHO2paod —
yépnas namuucmocmo (Plasmopara viticola). B cmamve paccmompenvt npoucxodicoeHue 3a001esanus,
buonocuueckue 0cobeHnocmu, nymu pacnpocmpaneruss, CUMIMomMysl U mepbl 6opvobl ¢ Hum. Kpome moeo,
0yoym paccmompeHvl cnocobsl d¢hdexmusHol 6opvobl ¢ 3mum 3a001e8anueM ¢ NOMOWBIO COBPEMEHHBIX
Memooo8 U 0DOOCHOBAHHBIX acpomexHuyeckux meponpusmui. Cmamvs Hanucama ¢ yYeuvlo OKA3AHUsA
NPaKmMu4eckou NOMowU CReYUAIUCMam UHOZPA0apcmead U ghepmepam.

Knrouesvie cnosa: nosza, eunozpad, baxmepuo3 pacmeHuil, Oaxmepuu, Gumogdmopos, RUKHUOWL,
acKocnopul, 2pubbl, 2pudbI-napa3umal.

MEASURES OF FIGHT AGAINST VINE BLACK DISEASE

Abstract. In this article, one of the diseases of grapevines, black spot disease (Plasmopara viticola) is
analyzed in a comprehensive way. The article covers the origin of the disease, biological characteristics,
ways of spreading, symptoms and measures to combat it. In addition, it will be considered how to effectively
fight this disease through modern methods and justified agrotechnical measures. The article was written to
provide practical assistance to viticulture specialists and farmers.

Key words: vine, grape, bacteriosis of plants, bacteria, blight disease, pycnidia, ascospores, fungi,
parasitic fungi.

Kirish. Tok — uzumdoshlar oilasiga mansub ko‘p yillik daraxtsimon lianalar turkumi, rezavor meva
ekini. Uzum gadim zamonlarda etishtirilgan 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. Bu kasalliklarni
yugumli va yugqumli bo'Imaganlarga bo'lish mumkin, ular o'simlikning hayotini jiddiy ravishda buzadi va
hatto, uni yo'q gilishi mumkin. Yugumli bo'Imagan kasalliklar uzumzordagi boshga o'simliklarni yuqtira
olmaydi. Uzum do'l, qurg'oqchilik, haddan tashqari issiglik kabi nogulay ob-havo sharoitlari ta'sirida yoki
aksincha - yuqori namlik yoki zarur shart-sharoitlarning etishmasligi tufayli bunday kasalliklar bilan
kasallanishi mumkin.

Uzum juda ko'p miqdordagi viruslar, infektsiyalar va parazitar hasharotlarga juda zaifdir. O'simlik o'zi
uchun qulay bo'Imagan sharoitlarga tushishi bilanog, har ganday kasallik xavfi darhol oshadi. Agar biz 0'z
vaqgtida choralar ko'rmasak, bu gayg'uli ogibatlarga olib kelishi mumkin. Shuning uchun uzumdagi
kasalliklar nima ekanligini va ularni birinchi belgilar bilan ganday aniglashni bilish muhimdir. Qorason ham
uzumlarda tez-tez ta’sir qiladigan xavfli kasalliklardan biri hisoblanadi. Yuqumli kasalliklar kasal butalardan
sog'lomlarga o'tishi mumkin. Infektsiya patogenlar, bakteriyalar, viruslar yoki zamburug'lar ta'siri ostida
sodir bo'ladi. Bunday kasalliklar aynigsa xavflidir, chunki ularning targalishi uchun qulay sharoitlarda
kasallik gisga vaqt ichida uzumzorning katta qismiga ta'sir gilishi va hatto, uni butunlay yo'q gilishi mumkin.
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Bunday kasalliklarning uzatilishi tirik butalar orasida ham, yugtirilgan butalarning o'lik gismlaridan ham
sodir bo'ladi.

Ushbu kasalliklarga garshi barcha mavjud usullardan foydalangan holda kurashish kerak. Yuqumli
kasalliklarga garshi kurash usullari orasida:

Tadgigot magsadi va vazifalari. Tokning qorason kasalligiga garshi kurashishdan magsad o'simliklar
hosildorligini va sog'lom rivojlanishini ta'minlashdir. Tokning gorason kasalligi (Uncinula necator) — 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 qolish — Kasallik uzum hosilini sezilarli darajada kamaytiradi. Shu bois,
zararkunandalarga garshi kurash orgali hosildorlikni oshirish va uzumning sifatini yaxshilash muhimdir.

*Uzumzorlarni bargaror rivojlantirish — Oz vaqgtida kasallikni aniglash va davolash
uzumzorlarning uzoq muddatli barqaror rivojlanishiga ko‘mak beradi.

*Sog‘lom o‘sish muhitini yaratish — Qorason kasalligiga qarshi kurashish orqali tokning sog‘lom
o‘sish sharoitlarini yaratish, o‘simliklarning immunitetini mustahkamlash magsad gilinadi.

*Kimyoviy va ekologik nazorat — Tokning qorason kasalligiga garshi kurashish doirasida pestitsidlar
va biologik nazorat usullaridan foydalanish orqali o‘simliklarni himoya qilish va zararli ta'sirlarni
kamaytirish magsad gilinadi.

Kurash choralari: o‘simliklarga bordo suyuqligi purkash, zararlangan o‘simlik qoldiglarini
yo‘qotish; o‘simlik poyalarini ildizi bilan yig‘ib olish; yerni chuqur shudgorlash.

[ z : (RS T ALY

1-rasm.

Tadgigot predmeti va obyekti.

Tadgiqot obyekti sifatida turli xil tok navlaridan olingan galamchalardan: dan keltirilgan navlardan "
Cabernet Sauvignon™ navi, mahalliy navlaridan "Saperavi”, “Rkatsiteli”, “Senso" foydalanilgan. Shu bilan
birgalikda, boshqga navlar asosida tadgigot obyektlari sifatida olingan.

Tadqiqot predmeti bo‘lib fungidsidlar bilan ishlov berish, Mis kupyorasi Bordo suyugqligi
moddalarining ta’sir qilishi biologik faolligi, Saccharomyces cerevisiae; uglevodlardagi o'zgarishlar,
antibakterial xususiyatlar va vino ishlab chigarishning texnologik jarayonlariga ta'sir giluvchi boshga omillar.
Infektsiyalangan barglar yuqori barg yuzasida gizil-jigarrang, dumalog dog'lar (lezyonlar) paydo bo'ladi.
Shikastlanishlar yetilishi bilan markaz jigarrang rangga ega bo'lib, markazda mayda, gora, piknidiya deb
ataladigan pimple o'xshash meva tanachalari paydo bo'ladi. Ular odatda gorong'i chegara ichida bo'shashgan
halgada joylashgan. Infektsiyalangan rezavorlar to'q jigarrang bo'lib, yuzasida ko'plab qora piknidiyalar bilan
goplangan. Oxir-ogibat rezavorlar gattiq, gora mumiyalarga aylanadi. Eng jiddiy meva infektsiyalari uzum
no'xat yoki undan kattaroq bo'lganda sodir bo'ladi.

Barglari: bahor oxiridan boshlab barglarning yuqori yuzasida gizg'ish jigarrang va dumalogdan
burchakli dog'lar paydo bo'ladi. Dog'lar birlashganda, ular tartibsiz, gizil-jigarrang dog'lar hosil giladi. Har
bir bargdagi dog'lar yoki jarohatlar soni kasallikning og'irligiga garab 2 dan 100 tagacha o'zgaradi.
Barglarning o'rtasi jigarrang rangga aylanadi va qora chegara bilan o'ralgan. Qora, dog'li meva tanachalari
(piknidiyalar) jarohatning chetida aniq bir halgada joylashgan. Fagat yosh, tez o'sadigan barglar ta'sir giladi.

Qora ildiz chirishi - o‘simliklarning zamburug® kasalligi, o‘simlik to‘qimalarini yemiradi va
qoraytiradi. Madaniy va yovvoyi o‘simliklarning 100 ga yaqin turida uchraydi. Parazit zamburug‘lar va
tuproq bakteriyalari qo‘zg‘atadi. Kartoshka, pomidor, qulupnay, uzum, sabzini, tamaki ildizi, paxta tolasini
zararlaydi. Kartoshka tuganagi Qora ildiz chirishich.ni bakteriya qo‘zg‘atadi, tuganak o‘rtasi chiriydi, po‘sti
gorayadi, yoriglardan gora suyuqlik chigadi. Kasallik dalada boshlanib, yig‘ib-terib olinganidan keyin ham
davom etadi. Pomidor Qora ildiz chirishichda (zamburug® keltirib chiqaradi) ko‘k mevalarida qora dog‘lar
paydo bo‘ladi. Tuproqda, zararlangan mevalarda saqlanib qoladi. G‘0‘za zamburug® bilan zararlanadi.
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Zamburug‘ g‘o‘za qoldiglarida saprofit sifatida rivojlanadi. Iqlim sharoiti qulay bo‘lganda ildizning
zararlangan qismi orqali ichiga kiradi, parazitlik qilib, o‘simlik hisobiga oziqlanadi. 8—33° temperaturada
rivojlanadi.

Ishning ilmiy yangiligi

Mamlakatimizda yetishtirlayotgan
“Gamburgning Maskati”

ichimligini ishlab chigarish texnologiyasining nazariy asoslari yaratildi.
Kasallikning rivojlanish sikli.

2-rasm.

tokning yangicha navlaridan biri

“Rizamat” “Saperavi”

navidan olingan uzum hosildorligi, profilaktik xususiyatlari ega bo’lgan vino

Bordo Suyugligini tayyorlash

Yoz

1-jadval.
Ishlatiladigan gr. Suv Tayyor bo’lgan suyugqlik %

kimyoviy preparatlar litr Bordo suyugligi 1%
Mis(kupyorasi) sulfat 100 10 1%
Oxak suyultirilgani 100 10 1%

Tokda ishlatiladigan preparatlar ko’rsatgichlari
2-jadval.
Tir Ishlatlladlgaq Sarf miyori Mavsumda 40 llanishlar Bir gektardagi sarfi
preparat nomi soni

1 Bordo suyuqligi 1% 2 250 litr

2 Mis kupyurasi 1% 2 250 litr

3 Bordo suyugligi 3% 1 60 litr

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 177

https://buxdu.uz



BIOLOGY

Xulosa. Shunday qilib, tadgiqot ishlarimizdan ko’rinib turibdiki, qorason kasalligiga bergan fungisid,
pistisedlarimiz va bordo suyuqligimiz bilan ishlov berganimizga o’zgarishlar katta bo’ldi. Profilaktika
choralari yuqori gishlog xo'jaligi fonini saglab qolish uchun judda zarur.
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PUNKTUATSION XATOLARNING KOMPYUTER DASTURINI YARATISH
TEXNOLOGIYASI VA UNING O‘ZIGA XOSLIKLARI

Jumayeva Dilnoza Baxshulloyevna,

Navoiy davlat universiteti Maktabgacha va boshlang ‘ich ta’lim fakulteti,
Boshlang ‘ich ta’lim yo ‘nalishi katta o ‘qituvchisi f.f.f.d(PhD)
dilnoza.jumayevash@gmail.com

Annotatsiya. Ushbu maqolada punktuatsion xatolarni aniglovchi kompyuter dasturini yaratish
texnologiyasi haqida umumiy ma’lumot berilgan bo ‘lib, punktuatsion xatolarni aniglash va tuzatish tilning
nafaqat grammatik to ‘g ‘riligi, balki matnning tushunarliligi va kommunikativ samaradorligi uchun ham
muhim ekanligi ta kidlanadi. Shuningdek, punktuatsion xatolarni aniglovchi dasturiy ta'minot turli xil matn
tahlil qilish platformalari va ilovalarda muhim qo ‘shimcha vosita sifatida xizmat qilishi mumkinligi
izohlangan.

Kalit so‘zlar: tilshunoslik, axborot texnologiyalari, morfologik, sintaktik va semantik jihatlar,
punktuatsiya, punktuatsion xatolar, morfologik va sintaktik tahlil, til modellari va algoritmlar.

TEXHOJIOI'UsI CO3JAHUSI KOMIIbIOTEPHOM ITPOI'PAMMBI 1151 OGHAPY )KEHMSI
HNYHKTYAIIUOHHBIX OLINBOK

Annomauus. B Oanuoll cmamve npusooamcs obdwue CceedeHus O MeXHON02UU  CO30AHUsL
KOMNbIOMEPHOU NPOSPAMMbL,  OOHAPYICUBAIOUETl NYHKMYAYUOHHbLE OWUOKY, U NOOYEPKUBAEMCS, YMO
oOHapyJicenue U UCHpAasiieHue NYHKMYAyUOHHbIX OWUOOK 6ANCHO HE MONbKO OISl SPAMMAMUYECKOU
NPABUILHOCIU S3bIKA, HO U OISl pa300puue0Ccmu U KOMMYHUKAMUeHoU 3¢gexmusnocmu mexcma. Taxoce
NOSICHAeMCsl, 4MO NpoSpammuoe obecneyenue Oasi OOHAPYICeHUs. NYHKMYAYUOHHBIX OWUOOK MOodicem
CIYAHCUMb  BANHCHBIM OONOTHUMENbHBIM UHCIMPYMEHMOM 6 PA3IUYHbIX NIAM@GOPMAX U NPULONCEHUSX OIS
ananuza mekcma.

Kniouesvle  cnosa:  nunceucmuka, — UHQOPMAYUOHHBIE — MEXHONO2UU,  MOPPOIOSUYEeCKUe,
CUHMAKCUYeCcKue U CeMAHmuyecKue acnekmol, NYHKMyayust, NyHKmMyayuouHvle ouubKu, Moppoiocuveckutl u
CUHMAKCUYECKUTL AHANU3, SI3bIKOGbLE MOOCIU U ANI2OPUMMBL.

TECHNOLOGY FOR CREATING ACOMPUTER PROGRAM FOR DETECTING
PUNCTUATION ERRORS AND ITS CHARACTERISTICS

Abstract. This article provides general information about the technology of creating a computer
program that detects punctuation errors, and it is emphasized that the detection and correction of
punctuation errors is important not only for the grammatical correctness of the language, but also for the
intelligibility and communicative effectiveness of the text. It is also explained that punctuation error
detection software can serve as an important addition to various text analysis platforms and applications.

Keywords: linguistics, information technology, morphological, syntactic and semantic aspects,
punctuation, punctuation errors, morphological and syntactic analysis, language models and algorithms.

Kirish. Bugungi kynna tilshunoslik va axborot texnologiyalari sohasida tabiiy tilni gayta ishlash
(Natural Language Processing, NLP) masalalari jadal rivojlanmoqgda. Matnning morfologik, sintaktik va
semantik jihatlarini avtomatik tahlil gilish texnologiyalari inson va kompyuter o‘rtasidagi muloqot sifatini
oshirishda muhim ahamiyat kasb etadi. Shunday texnologiyalar orasida punktuatsion xatolarni aniglovchi
dasturlar ham o°zining dolzarbligi bilan ajralib turadi.

Tilning yozma shaklidagi ifodasi o‘quvchi tomonidan mazmunni to‘g‘ri tushunishda muhim
omillardan biridir. Ayniqgsa, punktuatsiya qoidalarining buzilishi, matnni noto‘g‘ri talqin qilishga yoki
tushunishda noqulayliklarga olib kelishi mumkin. Shu sababli, yozma nutqdagi punktuatsion xatolarni
aniqlash va ularni avtomatik tuzatish bo‘yicha dasturiy ta'minotni ishlab chiqish bugungi kunning dolzarb
ilmiy-amaliy muammolaridan biri hisoblanadi.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 179

https://buxdu.uz


mailto:dilnoza.jumayevash@gmail.com

INFORMATICS

Hozirgi davrda bunday dasturlar, nafagat tilning grammatik xususiyatlarini tahlil gilishda, balki turli
xil sohalarda, jumladan, ta'lim, tahririyat ishi, ilmiy tadgiqotlar va tijorat faoliyatida ham keng
qo‘llanilmoqda. Bu dasturlar tilning turli qatlamlariga moslashgan holda, punktuatsiya qoidalariga rioya
gilishda yordam beradi va yozma nutgning anigligini oshiradi.

Adabiyotlar tahlili va metod. Punktuatsiya xatolarini aniglash va tuzatish tilning nafagat grammatik
to‘g‘riligi, balki matnning tushunarliligi va kommunikativ samaradorligi uchun ham muhim hisoblanadi.
Adabiyot, jurnalistika, ilmiy maqolalar yozish va kundalik ish hujjatlari bilan ishlashda punktuatsiya
qoidalariga rioya qilish muhim bo‘lgan bir paytda, bu qoidalarga amal qilmaslik muloqot jarayonida
noto‘g‘ri talqinlarga olib kelishi mumkin. Aynigsa, tilni o‘rganuvchilar va turli sohalarda matn yaratadigan
mutaxassislar uchun bunday dasturlar yordamida xatolarni avtomatik tahlil gilish va tuzatish imkoniyati
sezilarli darajada mehnat unumdorligini oshiradi.

Shuningdek, punktuatsion xatolarni aniglovchi dasturiy ta'minot turli xil matn tahlil gilish
platformalari va ilovalarda muhim qo‘shimcha vosita sifatida xizmat qilishi mumkin. Zamonaviy axborot-
kommunikatsiya texnologiyalari sharoitida matnlarni katta hajmda gayta ishlash talab gilinayotgani sababli
bunday dastur algoritmlari til ishlov berishning eng zarur vositalaridan biri bo‘lib qolmoqda.

Punktuatsiya xatolarini aniglash va tuzatish masalalari zamonaviy lingvistika va axborot
texnologiyalari doirasida katta e’tibor garatilgan tadgiqotlardan biridir. Ilmiy adabiyotlarda tilni kompyuter
yordamida qayta ishlash bo‘yicha turli yondashuvlar, xususan, matnni morfologik va sintaktik tahlil gilish
usullari keng yoritilgan. Shu jumladan, punktuatsiya goidalariga amal gilinmasligi tufayli yuzaga keladigan
xatolarning tahlili va ularni avtomatik ravishda tuzatish imkoniyatlari tadqiqotlarda muhim o‘rin tutadi.

Yagqin yillarda punktuatsiya xatolarini aniqlash uchun sun’iy intellekt, mashinali o‘rganish (machine
learning) va NLP texnologiyalaridan foydalanish keng targaldi. Masalan, til korpuslari asosida punktuatsiya
qoidalarini o‘rganish va statistik yoki qoidalarga asoslangan algoritmlar orqali xatolarni aniqlash va tuzatish
bo‘yicha ishlar amalga oshirilgan. Shu bilan birga, zamonaviy modellar, jumladan, transformer asosida
ishlovchi til modellari (GPT, BERT va boshgalar) punktuatsiya tahlilida yuqori samaradorlikni
ko‘rsatmoqda.

Metodika. Mazkur tadgigotda punktuatsiya xatolarini aniglash va tuzatish algoritmi ishlab chigishda
guyidagi yondashuvlardan foydalanildi:

Korpus vyaratish: O'zbek tilidagi turli uslub va janrlarga oid matnlardan iborat korpus tuzildi.
Korpusdagi matnlar punktuatsiya qoidalariga ko‘ra to‘g‘ri va noto‘g‘ri shakllarda belgilandi.

Lingvistik qoidalarni ishlab chiqish: Punktuatsiya qoidalarining nazariy asoslari o‘rganildi va ushbu
goidalar algoritmga tatbiq etildi.

Mashinali o‘rganish modellarini o‘qitish: Korpusdan olingan ma’lumotlar asosida NLP
texnologiyalari, xususan, LSTM va Transformer arxitekturalariga asoslangan modellar o‘qitildi.

Xatolarni aniqlash algoritmi: Model tomonidan aniglangan xatolar bo‘yicha tahlil amalga oshirildi va
ularning noto‘g‘ri qo‘yilgan punktuatsiya belgilariga muvofigligini baholash uchun statistik yondoshuv
qo‘llanildi.

Bu usullar yordamida ishlab chigilgan dastur punktuatsiya xatolarini tezkor va samarali aniglash,
shuningdek, ularni avtomatik tuzatish imkoniyatini beradi. Bunda dasturning ishlash samaradorligi va
to‘g rilik ko‘rsatkichlari tajribaviy tarzda tekshirildi va baholandi.

Muhokama. Bu texnologiyani rivojlantirish, birinchidan, kompyuter yordamida tilning sintaktik va
semantik qoidalarini chuqurroq o‘rganish imkonini beradi; ikkinchidan, ilmiy-tadgiqot faoliyatida va ta'lim
jarayonida qo‘llash orqali yozma mulogot madaniyatini oshirishga xizmat giladi. Shuning uchun
punktuatsion xatolarni avtomatik aniglash texnologiyalarini ishlab chigish bugungi kunda nafaqat lingvistika,
balki dasturiy ta’minot sohasida ham dolzarb yo‘nalish sifatida ko‘rilmoqda.

Dasturiy ta’minot o°z ichiga turli xil algoritmlar, ma’lumotlar bazasi, modellash texnikalari va dasturiy
vositalarni oladi. Bu jarayon tabiiy tilni strukturalashtirilmagan holatdan strukturali ko‘rinishga olib keladi
va matnni ma’lumotga aylantirish imkonini beradi. Buning natijasida matnlar o‘rtasidagi semantik alogalarni
aniglash, jumlalardagi punktuatsiya goidalariga amal gilish yoki grammatik xatolarni topish kabi vazifalar
bajarilishi mumkin.

Natijalar. Til ishlov berish (NLP) asosan quyidagi bosgichlardan iborat:

Matnni oldindan gayta ishlash: Bu bosgichda matnlarni ragamli shaklda gabul gilish, tokenizatsiya
(matnni so‘z yoki jumlalarga ajratish), stop-so‘zlarni olib tashlash, lemmatizatsiya yoki stemming (so‘zlarni
asl shakliga keltirish) kabi jarayonlar amalga oshiriladi.

Morfologik va sintaktik tahlil: Matndagi har bir so‘zning rolini aniglash va ularning o‘zaro
bog‘ligligini tushunish. Bu yerda so‘zlarning qaysi turkumga kirishi va grammatik struktura tahlil gilinadi.
Bu jarayon punktuatsion va grammatik xatolarni aniglash uchun juda muhimdir.
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Semantik tahlil: Ushbu bosgichda jumla yoki matnning ma'nosini aniglashga e'tibor qaratiladi.
Semantik tahlil yordamida so‘zlar va iboralar orasidagi aloqalar tushuniladi, bu punktuatsion qoidalarni
to‘g‘ri aniglash uchun asosiy rol o‘ynaydi.

Til modellari va algoritmlar: Punktuatsion xatolarni aniqlashda, til modellari yordamida so‘zlar va
gaplarning grammatik tuzilishi, qoidalari nazorat qilinadi. Bu jarayonda mashinaviy o‘qitish texnologiyalari,
goidalarga asoslangan algoritmlar, statistika usullari kabi turli xil dasturiy modellar qo‘llanadi.

Umumiy ko‘rinishda, til ishlov berish texnologiyalari nafaqat punktuatsiya, balki boshqa grammatik
xatolarni aniqlashda, so‘zlarning ma'no bog‘lanishlarini tushunishda va avtomatik tarjima gilishda ham keng
go‘llaniladi. Shu sababli dasturiy ta’minot va til ishlov berishning kombinatsiyasi, matnlarni yanada samarali
va to‘g‘ri tahlil qilish imkoniyatini yaratib, inson va kompyuter o‘rtasidagi aloqani sezilarli darajada
osonlashtiradi.

Punktuatsiya goidalarini avtomatik tahlil gilish algoritmlari quyidagi asosiy tamoyillarga asoslanadi:

1. Qoidalarga asoslangan yondashuvlar (Rule-based Approach).

Bu yondashuv punktuatsiya qoidalarini oldindan belgilangan qoidalar to‘plami asosida tekshirishni
nazarda tutadi. Har bir til uchun punktuatsiya qoidalari anig belgilab olinadi va bu qoidalarga asoslanib tahlil
jarayoni amalga oshiriladi. Bunday algoritmlar quyidagilarni nazorat giladi:

Vergulning to‘g‘ri qo‘llanishi (qo‘shma gaplar, bog‘lovchilar bilan ishlatilishi).

Nugqtali vergul yoki ikki nuqta kabi murakkab punktuatsion belgilarni to‘g‘ri qo‘llash.

Nugqtaning gap oxirida qo‘llanishi va gisqartmalar bilan ishlatilishi.

Qavslar va tirnoglarning to‘g‘ri joylashishi.

Bu yondashuvning afzalligi uning anigligi va aniglangan punktuatsion qoidalar asosida ishlashidir.
Biroq, qoidalarga asoslangan yondashuv ko‘plab qoida istisnolarini qamrab olishda qiyinchiliklarga duch
kelishi mumkin.

2. Sintaktik tahlil (Syntactic Parsing).

Sintaktik tahlil matnning grammatik tuzilishini chuqur tahlil gilish imkonini beradi. Punktuatsion
belgilar matndagi so‘zlar va jumlalar o‘rtasidagi grammatik bog‘lanishlarga asoslanib qo‘llanadi. Algoritmlar
gap tarkibiy qismlarini aniqlab, ularning o‘zaro grammatik munosabatini tahlil giladi. Bu jarayon davomida
punktuatsiya goidalari buzilgan joylar aniglanadi:

Bog‘lovchi va ajratilgan qismlar orasidagi vergul talablari.

Ega va kesim orasidagi mos kelishuv.

Birinchi va ikkinchi darajali jumlalar orasidagi punktuatsiya.

Sintaktik tahlil matnning grammatik strukturasi asosida qoidalarni aniqlashda samarali bo‘lib, juda
murakkab gaplarda ham to‘g‘ri punktuatsiya tahlilini amalga oshiradi.

3. Mashinaviy o‘qitish algoritmlari (Machine Learning Approaches).

Mashinaviy o‘qitish texnologiyalarida, punktuatsiya xatolarini aniglash uchun algoritmlar Kkatta
miqdordagi matnlar asosida o‘qitiladi. Ushbu yondashuvda modellar ilgari o‘qitilgan ma’lumotlar
to‘plamlaridagi namunaviy punktuatsiya qo‘llanishini o‘rganadi va yangi matnlarda xatolarni topishga
harakat giladi. Buning uchun quyidagi texnologiyalar qo‘llaniladi:

Supervizion o‘qitish: Bu usulda tizimga noto‘g‘ri va to‘g‘ri punktuatsiya qilingan matnlar to‘plami
kiritiladi. Algoritm punktuatsiya qoidalarini ushbu o‘rganilgan ma’lumotlarga asoslanib tahlil giladi.

Rekursiv neyron tarmoglar (RNN) va Transformator modellar: Bu usullar ketma-ketliklardagi
bog‘lanishlarni tahlil qilishda juda samarali hisoblanadi. Neyron tarmogqlar til strukturalarini o‘rganib,
punktuatsiya goidalarini semantik bog‘lanishlar orqali aniqlashga yordam beradi.

Mashinaviy o‘qitish texnologiyalari aniq qoidalarga asoslangan algoritmlarga qaraganda ancha
moslashuvchan bo‘lib, matnning murakkabligini va turli kontekstlarni hisobga olish imkoniyatiga ega.

4. Statistik usullar.

Statistik usullarda katta hajmdagi ma'lumotlar to‘plami tahlil qilinib, punktuatsiya belgilari va matn
tuzilmalarining qo‘llanishi o‘rtasidagi bog‘lanishlar aniqlanadi. Algoritmlar punktuatsion belgilarni
joylashish ehtimolini hisoblab chigadi va ular matnning turli gismlarida ganday ishlatilishi kerakligini
aniglaydi. Bu usullar katta hajmdagi yozma matnlar va korpuslar yordamida amalga oshiriladi.

5. Gibrid yondashuvlar (Hybrid Approaches).

Punktuatsiya qoidalarini avtomatik tahlil gqilishda ko‘pincha bir nechta usul kombinatsiyasi
go‘llaniladi. Masalan, dastlab qoidalarga asoslangan yondashuvlar yordamida matnning oddiy punktuatsiya
qoidalari tekshiriladi, keyin esa murakkabroq holatlar uchun mashinaviy o‘qitish algoritmlaridan
foydalaniladi. Bu gibrid yondashuvlar aniglik va moslashuvchanlikni oshiradi.

Xulosa. Xulosa qilib shuni ta’kidlash mumkinki, punktuatsiya qoidalarini avtomatik tahlil qilish
algoritmlari lingvistik tahlil va axborot texnologiyalarining yangi bosqichlarini o‘zida mujassam etadi.
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Ushbu algoritmlar turli yondashuvlarni o‘z ichiga olgan bo‘lib, ularning har biri o‘zining o‘ziga x0s
afzalliklari va cheklovlariga ega.

Qoidalarga asoslangan tizimlar punktuatsiya qoidalarini katta aniglik bilan aniglashda samarali
hisoblanadi. Ularning ishlash prinsipi til qoidalarining aniq modellariga bog‘liq bo‘lgani uchun aniqlik
ko‘rsatkichi yuqori bo‘ladi. Ammo bu tizimlar istisnolarni yoki kontekstga bog‘liq murakkab holatlarni
to‘g‘ri qayta ishlashda giyinchilikka duch keladi. Masalan, punktuatsiya belgilari turli uslublar va janrlarda
fargli talgin gilinganda, ular universal yechim taklif gila olmaydi.

Mashinali o‘qitishga asoslangan yondashuvlar esa tubdan boshqacha prinsiplarga asoslangan. Ushbu
tizimlar matnlarning turli kontekstual xususiyatlarini hisobga olib, ko‘proq universal va moslashuvchan
bo‘lib, tilning istisnolari va uslubiy farqlarini tahlil qilishda ko‘proq samaradorlikni namoyon etadi. Xususan,
sun’ily neyron tarmogqlari va transformer texnologiyalari asosida ishlovchi modellar murakkab va semantik
jihatdan boy matnlarda punktuatsiya qoidalariga muvofiq xatolarni aniglashda yuqori natijalarga erishmoqda.

Punktuatsion xatolarni tahlil gilish texnologiyalari, nafagat matn sifati va tushunarliligini oshirishda,
balki avtomatik tahrir vositalarini yaratish va tilni o‘rganish jarayonlarini osonlashtirishda ham muhim o‘rin
tutadi. Bunday texnologiyalar turli sohalarda, jumladan, ta’lim, tadqiqot va yozuvchilik bilan bog‘liq
faoliyatlarda keng qo‘llanilishi mumkin. Shu sababli, punktuatsiya qoidalarini tahlil qilish bo‘yicha
tadqiqotlarni yanada rivojlantirish va bu sohada yangi algoritmlar yaratish dolzarb vazifa bo‘lib qoladi.

Shunday qilib, punktuatsiya qoidalarini avtomatik tahlil gilishda goidalarga asoslangan va mashinali
o‘qitish yondoshuvlarining integratsiyasi orqali samaraliroq va moslashuvchan yechimlar ishlab chiqish
imkoniyati mavjud. Bu esa zamonaviy tilshunoslik va axborot texnologiyalarini yanada boyitib, ularning
go‘llanish doirasini kengaytirishga xizmat qiladi.
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TECHNIQUE
YVK 004

JINTA YPYFUNIUK XV KAJTUKIAPAJIA YPYFJIMK MTAXTA ABJIONJIAPUHUA
ETUHITUPNINIAT' MYAMMOJIAP TAXJINJIN

Maopaxumoe Junuwoodek Ycynowconosuu,

Texnuka ¢annapu 6ytiuva garcagpa doxmopu

PhD, K.u.x,Ilaxmacanoam uimuti mapkazu AXK

Acanoe Anseap Axmamoeuu,

Texnuka ¢aunapu 6yiuva gpancagha doxmopu

PhD, "IMaxmacanoam uimui mapkazu” AXK

Aboyzannapoea Ilaxooamxon Hotiubsconosna,

Anoudicon 0asgnam yHugepcumemu Kamma yYKUmyeuuc, Cmaniceép maokuKkomyu

Annomayusa. Maxonada pecnyOorukamuzoaeu SiUma  YpySYUIUK XYHCATUKAAPUOA  emuumupud
KeIUHaémean ypyenuk naxma asuoonapu (PenpooykKyus) Hu YUeUmuHU aioxuod-aioxuoa axcpamud onumnu
MEXAHUZAYUANAUMUPUUL  MYAMMOIAPUHU  AHATUMUK  maxaunu  Kenmupuiead. Kenmupunean ananumuk
MAXAUILAP ACOCUOd MYAMMOHU XAl SMUll OVIUYA MEXHUK edum uwnad Yukuieaniuey 8a maokuKomiap
UYHATUWY ACOCIAHeAHAUSY OAEH SIMUN2AH.

Kanum cyznap: snuma, ypyenuk, naxma, aenoo, ound, appanu JHCUH, Uyu Kamepd, HA8 Mo3aiucu,
BANUKTIU HCUH.

AHAJIM3 TPOBJIEM BBIPAIIMBAHUS IIOTOMCTBA CEMSAH XJIOITYATHUKA
B 3JINTHOM CEMEHOBOJICTBE

Aunomayusa. B cmamve npusedén OemanvHulll aHAlu3 NpoodIeM MeXaHU3ayuu pazoeirbHO20
U361e4eHUs. CeMAH XAONYAMHUKA (PeNnPOOYKYULL), BbIPAUUBAEMBIX 68 DIUMHBIX CEMEHO0B00YECKUX XO3AUCMBAX
pecnybnuxu. Ha ocnoge npugedénnozo ananusa U3noiceHo, 4mo paspabomano mexuHuueckoe peuienue
npobremsl, U 0O0OCHOBAHO HANPABIEHUE UCCIe008AHUIL.

Knioueswie cnoea: snuma, cemena, X10nok, nokoieHue, cembvs, NUIbHGIL OXCUH, pabouas Kamepa,
COpMOBAs YUCMOMA, BATUKOBLIL OHCUH.

ANALYSIS OF THE PROBLEMS OF SEED-PRODUCING ELITE ECONOMIC COTTON
SEED-PRODUCERS

Abstract. The article presents an analytical analysis of the problems of mechanization of separately
separating cotton seed generations (reproduction) grown in elite seed farms of our republic. Based on the
presented analytical analysis, a technical solution to the problem has been developed and the direction of
research has been justified.

Keywords: elite, seed, cotton, generation, family, saw gin, working chamber, seed cleanliness, roller

gin.

Kupum. JXXaxon mMuxécuga axOJMHUHT O3MK-OBKAT XaB()CHU3IMTHHM TabMHUHJIALINA arpap COXaHUHT
VpHH Ba axaMuATH KyHAaH-KyHra ommO Gopmokna. XKymuagan, MamiakaTHMH3Aa XaM MaBXyd pecypc Ba
UMKOHHMATIApJaH OKWIOHAa (oimanaHn®d, axOoJMHU KUIUIOK XYXKaluK Maxcylomiapu OwiaH KadoiaTin
TabMHHJIALI, XOCHJIOPJIMK Ba MaH()aaTIOPIMKHM sIHaJa OLIMPHIL, coxara WiM-(QaH IOTYKIapH Xamzaa
3aMOHaBHI €HJANTyBIAPHA KOPHIA ATHII 10713apd Macamagup.

[Ipesunent IllaBkar Mmup3nuéeBuunr 2020 wnn 29 nexabpp kyHu Onmit Maxomcra Wymmaraxn
MyposkaaTHOMacuaa, Xap rekrap epJaH OJMHaIUraH JapoMaJIHi XO3UPry ypTaya 2 MUHT JOJUIapAaH KaMuaa
5 MUHT Jojutaprada eTKasuil YCTyBop Bazu(da KwiMO KYHWIAM Ba KUIUIOK XYKAJIWTHra DHT WIFOD
TEXHOJIOTHAJTIApP, CyBHH TeXKaluraH Ba OMOTEXHOJOTHSUIAPHH, YPYFUWIHMK, WIM-(baH Ba WHHOBAIHIIAP
COXacuaary I0TYKJIapHHU KeHT KOPHUI 3TUII JIO3UMIUTK Oenrunab Oepunan [1].

Mas3yra oua agaduérnap taxauiau. JKuH anmapatd Ba maxTa To3ajiall TEXHOJOTHsIapH Oyhuda
Typinu afgaOuériap Ba WIMHH TaIKMKOTIAP MaBKyn OVINO, yaap TEXHUK PUBOXKIAHMII TapUXH, 3aMOHABHI
WHHOBAITUSIAp Ba JKapa€HHU ONTHMAJIIAIITHPHUIN XaKuaa MabayMoT 6epaan.”Gotton Ginnin: Machinery and
Technical Considerations”-0y TeXHHMK acap >XWH aNlapaTIapuHUHT HIODIall MEXaHU3MH, TEXHOJOTHK
SHTHJIAHMILIAP B YIAPHHHT 1aXTa CAHOATHIa TAECHPUHH YpraHaIi. Y30eKICTOH/Ia KHH aIlapaTh Ba MaxTa
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TO3aJall TeXHOIOTHsUIapH Oyiinya M3JaHUIIIap onud OopraH oMMMIiIap Ba TEXHHUK MyTaxacCHCIap KHIIIOK
XYKaIATH Ba CaHOAT coXacuAa Karra IoTykjapra ospumrad.Kyinma Oy WyHanmumma wmmarad aipum
MyTaxaccHCIap Ba Myaccacanap KeNTHPWIAIH: Y30ekHcTOH KHMIIOK XYKalmuru HWIMHHA TaJKHKOT
uHCTUTYTH onuMmu Tipod.TypcyHoB TommyxaMmaa —maxTa To3ajlall TEXHOJOTHsUIapH Oylnva TaHUKIU
onuMIapAaH Oupu. Y >KMH almnapaty Ba IaxTa eTHIUITHPHUIIHMHI caMapaJOpJIMIMHHU OIIMPHUII HYHaNIUIIMaa
wniaras .Y36ekucton Pecry6mikacu maxrta CaHoatn BasupIury KONIMAATH WIMHH TaJKHKOT MapKaslapy
Oy epAa maxTaHW YUTUTHIAH aXKpaTHIN KapaCHUHH aBTOMATIAIITHPUIN Ba SIHTH TEXHOJOTHSUIAPHH >KOPHUH
aTHII OYHNYa TaAKUKOTIap onud Oopmnaan.by mapkasma wmmaran onuminapaad Mupizaes lllaBkar- maxra
TO3aJall TEXHOJIOTHUIApU Ba YKUH anmapariapuHu MOACPHHU3AaLUsA KWiIAI Oyiinya Oup KaTtop TaaKUKOTIap
omu6 Oopran. K.Cabupos, A.PacynoB Ba Oomkanap “ W yHyMIOpJIWTHHU OLIMPHUILI Ba YITaPHUHT Oup
Mebéplla  WIOUIAIMHKA  TabMUHJAIl  y4YyH  Fynajdd  >KMHHAHT  KHCM  Ba  OyIMMIIapUHU
TaKOMWUTAMTHPWITaHIMTHHA uiiad yukwm”. UTX. “Paxta tozalash IIChB” OAK, Tomkent, 2006 ., 21 6.
anabuéTaa KenTHPUIITaH.

Bynnan Tamkapu Oomka Oup HedTra onuMmiIap Wil onuO OopraH. YIapHHHT W3JIaHUIIIApH IaxTa
STULITHPHLI Ba TO3aJAIl >KapaéHIapUHU 3aMOHABUI TEXHOJIOTUSIApPra MOC PAaBHIA TAKOMHJUIAIITHPHUIITA
KapaTuIraH.

Taxauna Ba HaTmKajgap. YpYFIUK ONHMII MaKCaauAa JKWIUINK OeNTHIaHraH YWTHTIAD acocaH
TeHAepHaH yTrad (epMep XyXKaluKiapuaa Ba MaxCyC YPyFUMIMK KOPXOHaJapHla Xamaa WIMHH TaaKUKOT
WHCTUTYTHHUHT X¥>KaJIUKIapuaa SKWIaan. Yoy XyKaaukiaap I0KOpH Oania OOHUTETUra sra, CyB TAbMHHOTH
Ba HMKTUCOAMH KYpcaTKUWiIapu IOKOpH Oynumm OwraH Oup Karopaa ypyFUWIMK HyHaJIWIIMAArHd
MyTaxaccuciap OWiiaH TabMHUHJIAHTaH OYIMIIIHUTH 3apyp. Bereranus naBpuna xap OMp HaB Ba aBJIOATAa XOC
O0ynran Mopdomoruk Oenrmrap Oyiinda TaHIoB oiuO Oopriagu. ABTyCT OWMIa TAIIKIIOTIAPApO HIIIH
TYPYXH Ty3wiuO, fanaiapia anpoOanusi KUJIMHAIH.

VYpyFIMK TaxTa eTUIITUPYBYM YPYFUWIHK (epMep XyKaluKiapuga Maxcyc KOMHCCHS TOMOHHUAAH
anpoOanusl YTKa3WiIraHAaH CYHT, YPYFIHK IMaXTaHW TEPHO OJNUII TapTHOWra KATTHK PHOS KWJIHII Tanad
STUNAAN. YPYFIMK TaxTa Fy3a TYMHHUHT 3-7 XOCWJI MIOXHJArd OWPWHYM Kycakiap TaxTacHaaH Tepwo
onuHaaH. byHa ypyFUMIMK XY>KaIUTHHUHT HYHAIWIIMTa Kapad, ypyFIuK aBiojiiap (pernponykuus) Oyiinda
aloXyJla TEPWIMIIKM MIApT. YPYFIMK MaxTaHW TepuO onMiaa nanaiga kamuuga 65-70% kycakiap o4uiraH
OynuImM XamJa TepUMa UINTHPOK STaJuraH TepUMUMIAp YPYHIUK ITaxTaHU TepHO OMUII TapTUOW OuiaH
TaHUIITHPUIUINY IapT. MyTaxaccuciap TOMOHUAAAH YPYFIHMK YUyH SPOKJIH J1eO TOMMITaH Fy3a MailJoHIapu
OeroHa yTiap/aH Ba OOIIKa HaB apajaliMaiapuaaH To3ajdaHraH Oymuiim yno3uM. [Jamama 65-70% kycakiaap
OUYMJITAH/Ia YPYFJIMK NAXTaHW TEPHILUTa pyxcaT STHIAAW. YPYFUWIHMK XYXKaJIUTW YPYFUM arpoOHOMH, MaxTa
YpyFUWIMTH OHMpialiMackd MyTaxaccuciapu Ba «JlaBypyFHazopar» HWHCIEKTOpJIapd Ha30paTH OCTHIAA
YPYFIMK MMaxTa TEPUIUIIN TAIIKWAI STHIUIIN MIapT. YPYFIUK MMaxTaHd TepuOd OJHUILIA MacTAard Ba 8-XOCHI
LIOXMAAH IOKOpH LIOXJIapAard Ba FY3aHMHI acOCHH TyMHMIAaH Y30K >KOWIAIIraH, KacaJUlaHTaH, MaXOypaH
OYMJITaH, 3apapKyHaH/la Xaaponiap OujiaH 3apapiaHrad Kycakjiap HaXTaCHHH TEPHIL TaKUKJIaHa u [2].

OnuTa YpYFUWIMK XYXalWKiIapujaa ypyFIMK MaxXTaHH ETHUIITHPHUIIHUHT MaxcyC THU3UMH Hyira
Kyhunran Oynu0, Oy TH3UMHUHT acoCHii MakKCaJud YpYFIMK TMaxTa aBlIoJJIapUHU HaB TO3AJIUTHHU
Oenrmianrad MebEprapra ’kaBo0 OCpHIIMHM TabMUHJIAIITA XU3MAT KWIagu. YPYFIMK IaxTa acocaH dJIUTa
YPYFUMIMK XYXKaIMKIApUIa, XyCyCUd YPYFUMIIMK KOpXOHalIapuJa Ba WIMHU-TaJKMKOT MHCTUTYTJIAPUHUHT
(bnnplannapmla CTUINTUPWIIAIU XaMda sIKKa TaHJIOB, CHHOB HaMYHaCH, Ypy¥ KyHafITPIpHIH MakKcaauga dJaIuTa
ypyEIuKiIap Tepuiul, Maxcyc €mnuk omOopnapaa OenrwiaHraH TapTHOra Kypa KOIUlapAa YHWTHTHAAH
@KpaTWITYHHYa cakjiaHaau. MacanaH, dnuTa YypyFUWIMK XyKamukiapuaa kuauk Mmaigonna (1,1 rexrap)
OMpHHYM WWT Ky4ar3opuaa naxta 4urdThHUHr 1500 Tagan kaMm OYiMaraH OWJIacH SKWIJIMIIW TaIlKWI
sTUaau. Xap OUp OWJIAHMHT YPYFJIMK MaxTacH ajJoxujaa TepuO oJuHraH (MHIUBHIyal TAHJIOB) TaXMHHAH
60-85 rpam ra TeHr MuKaopaa 0ynanu. ByHua MUK#OpAari owsiara TErHIUIM YPYFIMK MaxTa HaMyHaJIapuHHU
YUTUTHHE KPaTUO ONHIN MaKCaAWa dIUTa YPYFUWINK XYKaJUKIAPUHHUHT JTa0OpaTopusIapuaa MaBxKyl
Oyaran 10 moHa appanuk KuHIapuaaH Gpoiganannd keauHMoKaa (1-pacm).
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1-pacm - JJI-10 1aGopaTopus >KHHH CXeMACH
1 - yurum kamepa; 2 - appaiu WWIMHAD; 3 - uyTKanu OapabaH; 4 - koHAeHCOp OapabaHy; 5 - YMKapUII
BaJINTH; 6 - 3UWIANl BAIUKIAPH; 7 - TOJNA YIyH OyHKep; 8 - KOJOCHUKIHN mamxapa; 9 - paptyk; 10 - maxra
Y4yH HOB; 11 - ocToB; 12 - uurut taporu; 13 — mwapuup; 14 - yurur Taporu nacracu; 16,17 -
JIEKTPOABUIATEIIAP;
18 - iiynantupruy; 19 - iyHantupum tekucaury; 20 - yimok Kytucy; 21 - yurut HoBu; 22, 23 -
TYCUKIap; 24 - yIroK Ko3epéru

ByHnan Tamkapu, 31uTa YpyFUMIHK XY KaTUKIAPUHUHT OUPUHYM WM KY4aT30pHIAH €THINTHPHITAH
oWJIaNap/ary naxra xocwi (Opak OynMaraH ownajapAaH) aloxXuja-aJoxuaa Tepud ONMHUO, WKKUHYU HHI
kydar3opura 250 TagaH kaMm OynmmaraH owjana dKuiaau. VIKKWHYHM WHJ KYdaT30pura SKWiIaurad xap oup
OWJIaJiard ypyFJIMK NaXTaCHHA MUKJIOPU XaM KaM MHKJop/a 0ynu0, 12-15 Kr HH TalIkuil 3TUIIH MyMKHH.

PecnyOnukaMu3HUHT Xap Oup Buwioatuzaa 4-7 TagaH KaM OyIMaraH 3/1MTa YPYFUMIHK XY >KaJIuKIapu
(daonuaT 1OpUTAETraHIMIMHU 3bTHOOpra onaxurad Oyncak, yaapHH OUPUHYM Ba MKKUHYM HHI
KyJar3opiapuia eTHINTHPWIAETIaH YPYFJIUK MaxTajJapuHu xap Oup owna Oyiinya YHTUTHHHU aloOXWAa-
ajoxujia Oup-Oupura apajamud KeTUIIMra Wyn KyWMacaaH axpaThO OJHII MyaMMOCH XO3UPIH KyHrada
eYMJIMaraH.

UyHKH 3HTa YPYFUWIMK XY KATUKIaApUHUHT Jaboparopusiiapuia Kyianmimo, kenuHaérrad 10 moHa
appajiuK KUHM KUYMK MUKJOpAArd MaxTa HaMyHaJapuHH KWHJIAIIra UMKOHUAT OepMaiinu. Appanu >KuH
KOHCTPYKUMSCUHUHT XyCYCHATHIa Kypa, axTa XOM allécy XKUHHUHT UITYM KaMepacura KUpUTHO OepHiIHILIH
Ba MIYM Kamepaa TaBCHsl STHITaH MaXTaHUHT 3UWINTH JOMMUN TabMHUHJIAHTaHUAArMHA KUHIIAI (TTaXxTagaH
YUTUTHHU XPATHII) )KapaéHu OakapriIuiyd MyMKdH [3].

Tyrpu, anuta ypyFIWINK XY KaTUKIAPUHUHT UKKMHYY HIIT KYy4aT30pHIaH OJIMHTaH OMJIaBUHM YypYFINK
naxTaJlapuHU appajy JJabopaTopusl )KUHUAA KUHIAHUIIA MyMKHH, JIGKHH Oy X0NaTaa XaMm >KUH Kamepacuja
XOM amié€ BaIUTHHY TAIIKWI 3TUIIHY y3ura 0,5-0,8 kr nan kaMm OyimaraH maxra Kepak OYNITaHINTH yYyH Xap
Oup ouJia MAXTAaCHHU aJIOXH/A KUHJIAI KUHAH MyaMMOJIHD.

IOxopuparn kenaTupwiIraHinapgaH Xyloca KWIMII MYMKHHKH, KaM MHUKIOpJAru YpyrJIMK IaxTa
HaMyHaJIApUHU appajiy KHUHJIap/a YUTUTHHU aXpaTull, KUAUH MyaMMo OVIMO, O3rMHA YBTHOOPCHU3IHK
Ty(aiinm omnaBuil maxra HAMyHaJIapH YUTUTIIAPHHA OMp-OMpHra apajamui Xonatiapu 0yaummy Tabunit Xomn
OYJIMIIIUTY SXTUMOJJIAH y30K AIMACIIUTH MabIyM.

Appanu KWHIApAaH TalIKapd WHTWYKa TOJIANM TaxTa HABIAPHHU >KUHIAIl Makcaauaa BaJlUKIN
KUHIIApD MIUIATWIAIIN XaM MabiiyM (2-pacMm). Xosupla caHoatda Ky/uraHmnmuO kenwHaérran /[IB-1M
PYCYMIM OKMHHHM MINYM TEXHOJOTHUK XOJNATHMHM TaxJIMIM UIYHH KYpCaTaauKd, XUHHWHT MacHopT
KypcaTkuwiapu Oyiuda winum OapabaHHUHT aimanuimn conu 250+270 aiin/mak Oynran xonnma, ypyBUH
OapabaHHUHT aigaHunuiap tesnurn 430 ain/mak OYyiraHuga HITYM 30Hara KejaraH IaxTaJaH TOJaHU
axparuauiy 45+50 ous 6Yau0, Uiy KECMIap Opacuaa MaxTaHUHT aijaHuil cOHn 14-16 maprara 6opub
eTaJy, HaTW)KaZa YMTHT Ba TOMAHUHT cu(aT KypcaTKu4Iapura calOuii TabCup Kypcartunaau [4].

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 185

https://buxdu.uz



TECHNIQUE

[lyHuHTIEK, TaXTa XOM aIIECHHN UIIYH 30Hara UrHajau OapabaH opKaiu Oepuirania xap Xui gousia
KUHIIAHTaH TOJNach OOp YWTHWTIAp SHTHM TabMWUHJIATMYAAH TYIMITaH NaxTa OWiaH apainamu0 >KHHHU HII
(haonUATHHY TTacaluIIUTa OJH0 Keau.

2-pacm. IB-1M pycymiin BaauKJIM SKHHHUHT KYHIAJIAHT KECHMHU CXeMacu
1-TapMUHIATHY BaJMKIIApH; 2- KO3UKYaIH OapadaH; 3- TYpiu 103a; 4- H(IOCTUKHN HYHAITHPYBYN TAPHOB,
5, 15—rapHoBnap; 6 - urHanu OapabaH; 7- KOJOCHUKIIU MMaHXkapa; 8 - TEKUCIOBYH BAIIWK; 9 -
Te3namTHpyBun Banwk; 10 - umran Gapaban; 11- ypyeun Oapaban; 12- T§pnu r03a; 13- Ky3ranmac
MUYOK Jiekacu OouiaH; 14 - oy ko3epék; 15- Tona TapHOBH;
16- snexrpoaBuraren; 17- axxpairad YUTUT TAPHOBH.

XyJaoca. FOxopua 0aéH 3Tuiran MyaMMOJIapHHU €4HII MaKCaaAu/a, dMUTa yPYFUMINK XY KaTUKIapUHH
OMpPHHYM Ba MKKMHYM WWIJI Ky4ar3opiiapuia eTUIITUPWITaH HUcOaTaH KaM MUKIOPIAru, JEKHH Xyaa Kyl
COHJIM OWJIaBMH MaxTa HaMyHAJapHHU HAaB TO3AJIMIMHU TabMHUHJIAraH XojJla, TOJa Ba YUTUTHHUHI cudar
KypcaTKuWwiapura cainOuil Tabcup KypcaTMaianraH BaJMKIH J1a00OpaTOpHs )KUHUHU UIIIA0 YUKW OYinua
TEXHHUK e4uM uiuiald unkunan. Nimmab dukwirad TeXHUK e4nMra Kypa, 1adbopatopust ’KUHU peciyOarKagaru
Oapua snuTa yPYFUMINK XYKIMKIApUHU JIabopaTopusuiapyuia X03Upru KyHrada ¢oiaananud KenuHaéTran
appaiy XUHJIAPUHU YpHUTA (HOWTATaHWINIIE MYMKUH OYIHO, YHUHT €paMuia JKyna KaM MHUKJIOp/Aard, Ba
YHJaH KYTPoK, SbHU 15-20 KT ravya O6ynraH ypyFiuK MaxTa HAMyHAJIAPHHA aJIOXUAA-aJ0XHUIa YNTHTIAPUHH
apajaliTHpMaraH XoJjifa >KUHJIAIl UMKOHMATHra sra OynuHanu. UyHku, Oy nuuia® 4MKuiIaguraH BaJHKIIH
JKUH/IA WITYM Kamepa OyiMmaiinu, Ba IaxTa HaMyHacd KaWTa-KalTa WIIYM 30HAara o0opwiMaian. AWHU
BaKT[a TEXHWK EYMMHH SHTHINTHHU XYXOKATIAIITHPUII MaKCaauaa WHTEIUIEKTyall MYNK areHTINrura
TajabHOMa TONMIIMPHUITaH Ba BAIMKIM JaO0OpaTopusl >KWHUHU WIIYH YU3MallapuHu Taiéprnanmokaa. Kenarycu
TaAKUKOT HaTWKalapuaa WOUad YMKUIAAWTaH BAIMKIM J1a0OpaTopusi >KHHUHU acoCHM MapaMeTpiapuHu
Ha3apuil Ba amaJivii acocJai Ba3udanapy Oeruiad oJIMHIaH.

AJTABHETIIAP:

1. Ilaxmanu oacmaabku uwnaw Oytuda Kyiiawma, “Vanaxmacanoam” AX, Towxenm, 2019 i,
4776.
2. K.Cabupos, A.Pacynoe ea 6owxanrap. Hw ynymoopaueunu owupuui 6a YiapHune Oup mevépod

UMNQUIUHY MABMUHIAW YYYH VIATU HCUHHUHS KUCM 64 OYIUMAAPUHU MAKOMUILAUMUPUILAHTUSUHY UULAO
yukuw. UTX. “Paxta tozalash 1IChB” OAJK, Towxenm, 2006 1., 21 6.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/12 (117) 186

https://buxdu.uz



I
2030 I UZBEKISTAN RESEARCH ONLINE

uzjournals.edu.uz

i,

1o digital object

~ identfifier
scholar 8
P
DIRECTORY
" sesources
e

ADVANCED SCIENCES INDEX

“SCIENTIFIC REPORTS Editorial address: Printing was permitted
Bukhara, 200117 27.12.2024 y. Paper format
OF BUKHARAS Bukhara State University, main 60x84,1/8. Printed in express
UNIVERSITY"” building, 2" floor, room 219. printing method. Conditional
The journal was composed Editorial and Publishing ) pr|nt|.ng plate - 35,30.
Department. Circulation 70. Order N2 30.
in the Editorial and https://buxdu.uz/32-buxoro- Price is negotiable.
Publishing Department of davlat-universiteti-ilmiy-
_ _ axboroti/131/131-buxoro-davlat- Published in the printing house
Bukhara State University. universiteti-ilmiy-axboroti/ “BUKHARAHAMD PRINT” LLC
e-mail: Address: Bukhara,

nashriyot_buxdu@buxdu.uz K.Murtazayev street, 344

https://buxdu.uz



	00. Ҳайъат аъзолари рўйхати № 12, 2024.docx
	BUXORO DAVLAT UNIVERSITETI ILMIY AXBOROTI
	SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY
	НАУЧНЫЙ ВЕСТНИК БУХАРСКОГО ГОСУДАРСТВЕННОГО УНИВЕРСИТЕТА
	Ilmiy-nazariy jurnal
	Jurnal 2000-yilda tashkil etilgan.                                    Jurnal 1 yilda 12 marta chiqadi.
	Muassis: Buxoro davlat universiteti
	TAHRIR HAY’ATI:
	Mas’ul kotib: Shirinova Mexrigiyo Shokirovna, filologiya fanlari bo‘yicha falsafa doktori (PhD), dotsent
	Kuzmichev Nikolay Dmitriyevich, fizika-matematika fanlari doktori (DSc), professor (N.P. Ogaryov nomidagi Mordova milliy tadqiqot davlat universiteti, Rossiya)
	Danova M., filologiya fanlari doktori, professor (Bolgariya)
	Margianti S.E., iqtisodiyot fanlari doktori, professor (Indoneziya)
	Minin V.V., kimyo fanlari doktori (Rossiya)
	Tashqarayev R.A., texnika fanlari doktori (Qozog'iston)
	Moʻminov M.E., fizika-matematika fanlari nomzodi (Malayziya)
	Mengliyev Baxtiyor Rajabovich, filologiya fanlari doktori, professor
	Adizov Baxtiyor Rahmonovich, pedagogika fanlari doktori, professor
	Abuzalova Mexriniso Kadirovna, filologiya fanlari doktori, professor
	Baqoyeva Muhabbat Qayumovna, filologiya fanlari doktori, professor
	Bo‘riyev Sulaymon Bo‘riyevich, biologiya fanlari doktori, professor
	Jumayev Rustam G‘aniyevich, siyosiy fanlar nomzodi, dotsent
	Djurayev Davron Raxmonovich, fizika-matematika fanlari doktori, professor
	Umarov Baqo Bafoyevich, kimyo fanlari doktori, professor
	Murodov G‘ayrat Nekovich, filologiya fanlari doktori, professor
	Oʻrayeva Darmonoy Saidjonovna, filologiya fanlari doktori, professor
	Hayitov Shodmon Ahmadovich, tarix fanlari doktori, professor
	To‘rayev Halim Hojiyevich, tarix fanlari doktori, professor
	Rasulov Baxtiyor Mamajonovich, tarix fanlari doktori, professor
	Eshtayev Alisher Abdug‘aniyevich, iqtisodiyot fanlari doktori, professor
	Quvvatova Dilrabo Habibovna, filologiya fanlari doktori, professor
	Axmedova Shoira Nematovna, filologiya fanlari doktori, professor
	Bekova Nazora Jo’rayevna, filologiya fanlari doktori (DSc), professor
	Amonova Zilola Qodirovna, filologiya fanlari doktori (DSc), dotsent
	Hamroyeva Shahlo Mirjonovna, filologiya fanlari doktori (DSc), dotsent
	Nigmatova Lola Xamidovna, filologiya fanlari doktori (DSc), dotsent
	Boboyev Feruz Sayfullayevich, tarix fanlari doktori
	Jo‘rayev Narzulla Qosimovich, siyosiy fanlar doktori, professor
	Xolliyev Askar Ergashovich, biologiya fanlari doktori, professor
	Artikova Hafiza To‘ymurodovna, biologiya fanlari doktori, professor
	Norboyeva Umida Toshtemirovna, biologiya fanlari doktori, professor
	Hayitov Shavkat Ahmadovich, filologiya fanlari doktori, professor
	Qurbonova Gulnoz Negmatovna, pedagogika fanlari doktori (DSc), professor
	Rasulov Zubaydullo Izomovich, filologiya fanlari doktori (DSc), dotsent
	Esanov Husniddin Qurbonovich, biologiya fanlari doktori, dotsent
	Raupov Soyib Saidovich, tarix fanlari nomzodi, professor
	Zaripov Gulmurot Toxirovich,  texnika fanlari nomzodi, professor

	3 kimyo B C .doc
	Anilin, formal’degid va atsetal’degid asosida bugʼ fazada xinolin va metilxinolinlar sintez qilishning oʼziga xos usuli olib borilib, anilin, formal’degid (36 %-li suvli eritmasi) va atsetal’degid ekvimolekulyar miqdorlarda 380 - 440 (С xaroratlar che...
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	Bunda Katalizatorlar, faol komponentlarni tashuvchi oʼzak bilan xoʼl aralashtirish usulida tayyorlanib, soʼngra shakl beriladi, quritiladi va toblanadi. Tashuvchi sifatida tozalangan va amorf qismidan ajartilgan Navoiy viloyati bentiniti va yoki alyum...
	Tayyorlangan katalizatorlarning asosiy fizik-mexanik va ekspluatatsion xususiyatlari quyidagi jadvalda keltirilgan.
	Tajribalar quyidagi tartibda amalga oshiriladi: atsetal’degid, metanol va anilin aralashmasi tomizgich varonkadan reaktorning yuqori qismiga uzatiladi. Reaktorning yuqori 1/3 qismi inert boʼlgan forfor boʼlaklari bilan toʼldiriladi. Katalizator yuzasi...
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	ИСПОЛЬЗОВАНИЕ ЛЕКАРСТВЕННЫХ РАСТЕНИЙ В ПИЩЕВОЙ ПРОМЫШЛЕННОСТИ
	Аннотация. В данной статье рассматривается использование лекарственных растений в пищевой промышленности и их полезные свойства для здоровья. Флавоноиды, полифенолы, антиоксиданты и эфирные масла, содержащиеся в лекарственных растениях, не только улуч...
	Ключевые слова: лекарственные растения, пищевая промышленность, имбирь, антиоксидантная активность, функциональные продукты питания, биологически активные вещества, растительные экстракты, здоровое питание, натуральные добавки, продукты питания.
	Kirish. Zamonaviy oziq-ovqat sanoati inson salomatligini qo‘llab-quvvatlovchi innovatsion yondashuvlarni talab qilmoqda. Shuningdek, tabiiy va ekologik toza mahsulotlarga bo‘lgan talab ham ortib bormoqda. Shu sababli, dorivor o‘simliklardan oziq-ovqat...
	ADABIYOTLAR:
	Adabiyotlar tahlili va metodlar. Yangi tuya terilari 2,5, 4,5 va 7 yoshli sog'lom soʻyilgan tuyalaridan olingan. Barcha terilar Oʻzbekistonning Qashqadaryo viloyatidagi soʻyish uyidan yig'ilgan. Oziq-ovqat toifasidagi sigir jelatini Oʻzbekistondagi Ab...
	Rangni oʻlchash. Jelatin kukunining rangi Mulyani, Setyabudi, Pranoto va Santoso (2017) [4] ma'lumotlariga koʻra, Minolta Color Reader CR-10 (Minolta Co. Ltd., Osaka, Yaponiya) qurilmasi yordamida oʻlchandi. Rang CIE L* (oqlik yoki yorqinlik), a* (qiz...
	Aminokislotalar tarkibi tahlili. Aminokislota tarkibi Uayt, Hart va Fry (1986) [5] tomonidan yuqori samarali suyuqlik xromatografiyasi (HPLC, Agilent HPLC1100 seriyasi, Agilent Technologies, AQSH) yordamida tahlil qilindi. Tahlil Pico-Tag erituvchi A ...
	Protein namunalarini tahlil qilish. Jelatin namunalari Laemmli (1970) [6] boʻyicha tahlil qilindi. Namuna tayyorlash uchun jelatin kukuni (1 g) 10 ml 5% SDS eritmasida eritilib, 95  C da 1 soat davomida isitildi. Namuna Mini-PROTEAN® Tetra Cell qurilm...
	FTIR Spektroskopiyasi. Jelatin kukuni namunalarining infraqizil spektrlari ATR-FTIR usuli yordamida, Bruker Optics (Germaniya) tomonidan ishlab chiqilgan Eco-ZnSe namuna olish moduli bilan ALPHA-Eco FT-IR spektrometri orqali olingan. Spektral mintaqan...
	Reologik Oʻlchovlar. Jelatin eritmalarining reologik xususiyatlarini oʻrganish uchun DHR-2 (TA Instrument, AQSH) nazorati ostida kuchlanish reometri Discovery Hybrid Reometer ishlatilgan. Jel namunalarining viskoelastik xususiyatlari (v/v 6,67%) 5–35 ...
	Jel Kuchini Aniqlash. Jelatin jeli (6,67%) Britaniya Standartlar Instituti (BSI) tomonidan 1975 yilda belgilangan usullar asosida tahlil qilindi. Jelatin eritmasi distillangan suvda 60  C da tayyorlandi. Eritilgan namunalar 30  C ga qadar sovutilib, g...
	Statistik tahlillar. Bir tomonlama dispersiya tahlili (ANOVA) va Dunkan testi SPSS 18.0 dasturidan foydalangan holda ma'lumotlar oʻrtasidagi farqlarni baholash uchun p < 0,05 ahamiyatlilik darajasida oʻtkazildi.
	Natijalar va muhokama. Jelatinning hosildorligi. Jadval 1 dan koʻrinib turibdiki, turli yoshdagi tuya terisidan olinadigan jelatinning chiqish koeffitsiyenti (2.5, 4.5 va 7 yosh) mos ravishda 36.8 ± 3.1%, 37.4 ± 4.02% va 42.4 ± 2.7% ni tashkil etgan. ...


