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ON OPTIMIZATION METHOD IN THE MIXED
CONDITIONS PROBLEM FOR WAVE EQUATION

'GULIYEV HAMLET FARMAN ©B<iP
’NASIBZADEH VUSALA NAZIM ©8€2

'Baku State University, Baku, Azerbaijan, PhD
“Sumgait State University, Sumqait, Azerbaijan, senior lecturer
hamletquliyev51l@gmail.com, vusala.nasibzada@sdu.edu.az

Keywords: inverse problem, existence of optimal control, optimality condition

In this paper the mixed conditions problem is considered for the wave equation in two-dimensional
case. Atheorem on uniqueness of the solution of the appropriate inverse problem is proved. In the optimal
control problem compared to the inverse problem, a theorem on the existence of an optimal control is
proved, sufficient and necessary condition of optimality is derived in the form of variational inequality.

1. Introduction

As is known, the Dirichlet and Neumann problems for hyperbolic equations are ill-posed
[1]. Such problems arise in different applied problems (see [1], [2] and references therein).
Therefore, study of Dirichlet and Neumann problems for hyperbolic equations is of interest both
from applied point of view and in connection with theoretical issues. In the paper [2] the mixed
conditions problem is studied for the wave equation in two-dimensional case. The inverse problem
is considered, ill-posedness of this problem is shown, it is reduced to the sequence of one
dimensional inverse problems and in the obtained problem, iterational solution methods are
suggested. The inverse problem is formulated and this problem is reduced to the sequence of one-
dimensional inverse problems. The uniqueness of the solution of one-dimensional inverse problems
is proved. Then an optimal control problem associated to the formulated inverse problem is studied,
differentiability of the functional is shown, necessary and sufficient condition of optimality is
derived in the form of integral inequality. Not that in [3]-[5] some related problems were
considered.

2. Problem Statement

Let us consider for the wave equation

TUCL T Q- 0(0T) @
u|t=0 = fl(x’ y)’u|t=T = fz(X’ y)’ (X1 y)EQ1 (2)
u|><:0 = u|x:/£ :O’ (y,t)e(O,E)x(O,T), (3)
D=5l =0, ()< (0.0<(0T), @

where Q = (0, £)x(0, £) , £ > 0, T > 0 are the given numbers, f; (X, y) , f2 (X, y) are the given
functions, moreover fi, f, eWzl(Q) . We formulate problem (1)-(4) as an inverse problem to the
following direct well-posed problem
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oo o IeQ ©)
o = 0¥ S a =0l y) (1Y) ®
u|x:0 :u|x:€ :O’ (y,t)e(O,K)x(O,T), (7)
%“\y_o :%“\H ~0, (xt)e(0,0)x(0,T). @®)

In the direct problem (5)-(8) for the given functions v (x, y) € L,(Q) and f; (x, y) € W;(Q)
it is required to determine the function u =u (x, y, t).

Let the function v (X, y) be unknown and about the solution of direct problem (5)-(8) the
following additional information is known

u|t=T = fz(X’ y)’ (X’ y)EQ- )

The inverse problem is in determining the pair of functionu =u (X, y, t), v = v (X, y) from

relations (5)-(9) for the given functions f; (x, y), f2 (X, y). Instead of this problem let us consider the
following problem: to find the function v (X, y) from the class

veV = {l)(X, y):u € LZ(Q)’”U”LZ(Q) <M } (10)

such that together with the solution u (X, y, t; v) of problem (5)-(8) it affords minimum to the
functional

J(v)= %I[u(x y,T;0)— f,(x,y)] dxdy — min (11)

Q
where u = u (X, Yy, t; v) is the solution of problem (5)-(8) for v =v (X, y), M > 0 is a given number.
We call the function v (X, y) a control, while the set V a class of admissible controls. We call this
problem (5)-(8), (10), (11). Note that there is a close relation between inverse problem (5)-(9) and

problem (5)-(8), (10), (11) .If in problem (5)-(8), (10), (11) there exists a control v. from Vv , such
that min J (v) =J (v«) =0, then in problem (5)-(9) the additional condition (9) is fulfilled.
From the results of the papers [6,7] it follows that for each fixed control
v (X, y), problem (5)-(8) has a unique solution from W21(Q) and this solution has the properties

ou
uecforhwi@) S ec(oTiL @)
and furthermore, the following estimation is valid
0
RS P R R TP oy @)

Here and in the sequel, different constants independent of the estimated quantities and
admissible controls will be denoted by c.

3.0n Uniqueness of the Solution of Inverse Problem

Let for simplicity £ = . In problem (5)-(8) we continue evenly all the functions with respect
to variable y to the interval (-, 0). Expand the function u (X, y, t) and all other functions in Fourier

series in the system of functions {coskx}; ,:

u(x, y,t) Zu x,t)cosky,v(x, y) = > v, (x)cosky,

k=1

£ (x)cosky.

1 T

(% y) =i (x)cosky, f,(x,y)=
5

=
Il

1
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Substituting these expressions in conditions (5)-(9), we get a sequence of one-dimensional
inverse problems

‘3;2 _ aax Ue _yy, xe(07)te(0T) (13)
0 (60)= 160 0D ) e 0.2) )
uk|><:0 = uk|X:7z' = O't € (O’T)’ (15)
and
u (xT)=f9x)k=12,.... (16)

Now we odd continue the functions u, (x,t), f,*)(x), f(x),0, (x) with respect to x to the
interval (-, 0) and expand them in Fourier series in the system of functions {cos kx};le:

u, (x,t)= iuk,n(t)sin nx, v, ()= iuk’n sinnx,
n=1

1
fK(x)= i fkVsinnx, £4(x)= i f %" sin nx.
As aresult, we get a sequencn:of inverse problems "

d;‘:k'“ +(k2+n2l,, =0, 17)
u,,(0)= &, d“kd“t ©_ Uy (18)
u,,(T)= £, (19)

It is clear that the solution of direct problem (17), (18) is obtained in the form
Uy, = 157 cos p, t+—sin p, ., (20)

k,n

where Pen =Vk?+n® .

From (20) we take the derivative with respect to t and instead of t substitute T and provided
(19). If +,.7™ oz thenwe get

Px.n

fln_fkneosp, T
Ukn — pk,n( 2 . 1 pk,n ). (21)
’ sinp, T
Thus, we can formulate the following theorem.
Theorem 1. Suppose that for all k, n € N and m € Z the parameter T
satisfies the condition | . #m If forany K € N the inverse problem (13)-(16) has the solution
pk,n
vk (X) in [0, ] then this solution is unique and its Fourier coefficients are given by formula
(22).
4. On Solvability of Problem (5)-(8), (10), (11)
Theorem 2. If the conditions posed in formulation of problem (5)- (8), (10), (11) are
fulfilled, then the set of optimal controls of problem (5)-(8), (10), (11)
V, =, eV:ii(,)=1. = inf I(v);
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is not empty, is weakly compact in L,(©) and any minimizing sequence {vm (X)} weakly in
L, (€2)converges to the set V..

Proof. If is easy to see that the set V determined by relation (10) is weakly compact in
L,(€) Show that functional (11) weakly in L,(Q)is continuous on the set V . Let v be some

element and {vm} < V be arbitrary sequence such that
vm — v weakly in L,(Q) as m —> oo, (22)
In virtue of unique solvability of boundary value problem (5)-(8) to each control vy, € V
there corresponds a unique solution un = u (X, vy, t; vy) of problem (5)-(8) and the estimation
lu, o) SC VM =1,2, ... is valid, i.e. the sequence {un} is uniformly bounded in the norm of

the space W, (Q).Then from imbedding theorem [8] it follows that
u, — ustrongly in L, (Q), (23)
ou _)a_u ou,, _)a_u ou, ou

. ) ) -, i
ot a kX dy weekly in L, (Q) (24)
and in particular,
u,, (X, ,0) > u(x, y,0),u, (X, y;T)—>u(x,y;T) strongly in L, (), (25)

where u = u (x, y, t) € W,(Q)is some element.
Show that u (x, y, t) = u (X, Y, t; v), i.e. the function u (X, y, t) is the solution of problem (5)-
(8) corresponding to the control v € V . Itis clear that the following relations are valid:

ou_dp ou, Op ou aq)j
o 28 T 28 2o 2 Hxdydt — [ o, (%, y )e(x, y,0)dxdy =0
i[ ot ot ox ox oy oy i

U, (%, ¥,0) == f,(x,y),

Vo eW;(Q),o(x y;T)=0,0(0,y,t)=0,¢(z,y,t)=0

Then passing to limit in these relations as m — oo, considering (22)-(25) and uniqueness of
the solution of problem (1)-(3), corresponding to the control v € V, we getu (x, y, t) = u (X, y, t; v).
Now, using second one of relations (25) we get J (vm) — J (v) as m — oo, i.e. J () L, (L) is weakly
in continuous on the set V . Then by Theorem 2 from [9, p.49] we get that all statements of
Theorem 2 are valid.

Thus Theorem 2 is proved.

5. Differentialbility of Functional (11) and Optimality Condition

Now let us study Frechet differentiability of functional (11) and get optimality condition in
problem (5)-(8), (10), (11).Let w = y (X, y, t; v) be the generalized solution from w}(Q) of the
adjoint problem

2 2 2
a l//_a l//+a V/,(X,y,t)EQ’

o> ox? oy? (26)
Vs =0 =uuyT)- £, (x,y)=0 @)
V)0 =¥]iee =0,(y,t)€(0,7)x(0,T), (28)
%‘/’\y_o %ﬂ . =0,(xt)e(0.7)x(0.T) (29)
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Under the generalized solution of boundary value problem (26)-(29) for the given v € V we
will understand the function v =y (X, y, t; v) froszl(Q) which equals to y(x,y, T)=0fort=T
and satisfies the integral identity

v an_avon_ovon s (uloey T o (30)
-,[[& ot ox ox oy ay}d’(dyd‘ S{“[(X-Y’T) f,(x, y)br(x, y; T Jdxdy =0

for all 7 =5(x,y,t) eW}(Q),7(x, y,0)=0.
As [u(x,y,T)- f,(x,y)|e L(©)from the results of the work [10] it follows that for each given

v eV problem (26)-(29) has a unique generalized solution from Wzl(Q) and this solution has the
properties

0
vecloTiw @) ¥ ec(oTiL, (@)
moreover, the following estimation is vaild:

0
id <clu(x,y, T)- f,(x, y)||L2(Q),Vt eloT]

by

i)t )

Considering here the estimation (12) and boundendness of the imbeddeing W,(Q)— L,(Q)
[7], we get vt <[0,T]:

0
T, <) 0l <l o #1001 Joecfor] (D)
L(Q

Theorem 3. Let the conditions in the statement of problem (5)-(8), (10), (11) be fulfilled.
Then the functional (11) is continuously Frechet differentiable on V and its differential at the point

veV atthe incrementdv € L,(Q)v+d eV is determined by the expression

HW w}(Q) +

(I'(v)ov)=- j w(x,y,0080(x, y)dxdy (32)
Proof. Let us consider the increment of fu(rzmtional (11):
AJ(v)=[[ulx v, )= f,(x, y)Bulx, y, T dxdy + % [ (u(x, y, 7)) dxdy, (33)

where & €L,(Q) is the increment of the control on the element v €V such that v+ €V, and by
éU(x, Y, t) we denote the difference u(x, y,t;v+dv)-u(x, y,t;0).

It is clear that function U= du(X,y,t) is the solution from W(Q) of the boundary value
problem

o*u o’ o

T =t v (x,y,t)eQ, (34)
8l o =0, 22| Ly =0, (x y) =2 (35)
Ao =, =0, (y,t)e(0,7)x(0,T), (36)
%\M :%\y_ﬂ -0, (xt)e(0,7)x(0.T) (37)

Then integral identity
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O O O Ou O du
Ji_ - EJF P &+ & E}dxdydt—iﬁ)(x,y)u(& y,O)dxdy+ )

+ff -85”(2;”—) a(x,yT )dxdy =0

hold for all z = u(x,y,t)eW,(Q).
If (30) we put 17 = &J(x, y,t), in(38) u= y/(x, y,t;u) and put together the obtained relations,
we have

~ [ u(x y.T)= (¢ y)Bulx, y, T ey - [w(x, y.0)v(x, ydy =0 (39)
from (39) and (33) we get " "
A(v)= —Iz,u(x, y,0;0)d0(x, y )dxdy +% _[ (8u(x, y, T ))?dxdy. (40)

The first addend in the right hand side of (40), i.e. expression (32) for the given v eV
determines linear bounded functional of v on LZ(Q)— Linearity of functional (32) with respect to
ov is obvious. Furthermore, using the Cuchy-Bunyakowskiy inequality, we get

I l//(X, y’O; U)&) (X7 y)dXdy‘ s ”'//(X’ y’OX| L(Q) " ”50” L(Q)
Q

Taking into account estimation (31), we get boundedness of functional (32) with respect to
& onL,(Q)

1
Now let us estimate the residual term RZEI(&J(X’ y,T))2dXdySC||5U||i2(Q) contained in
Q
(40). Under the above suppositions, for solution of problem (34)-(37) the following estimation is
valid [6,7]

oo

Sty * <cfov], ) vt €[0T} (41)

L(Q)

From (41) it follows that
1
R == [ (aulx y.T)) dxdy < v} .
Q

Then from (40) it follows that functional (11) is Frechet differentiable on V znd formula
(32) is valid.
At last we show that the mapping v — J'(v), determined by equality (32) continuously acts
from V to the space L,(Q).
Let sy (x, y,t)=w(x, y,t;0+ ) —w(x, y,t;0). From (26)-(29) it follows that sy (x, y,t) is
the generalized solution from Wzl(Q) of the boundary value problem
%oy B %oy N 0%y

P PV xy.t)eQ

OO
ol =02 sy T (xy)e
o]0 =000, ~0(y)(0.1)<(0T)
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| =S¥ —0,(x1)e(0.7)x(0T)
oy oy
It is clear that the following estimation is valid for the solution this problem

00
|ow YL < clou(x, y;T)||L2(Q),Vt c[o,T]
L ()
Hence and from estimation (41) it follows that

||5W(X’ y’0)||L2 (@) —0 ’||5U||L2 (@) —0. (42)

wi)

(32) yields that
||J ’(U + 51))— J '(u]|L2 @ = C||5l,y(x, y,O]|L2(Q)
By (42) the right hand side of this inequality tends to zero as ||5u||L2(Q) — 0.Hence it follows

that » — J'(v) is continuous mapping from V in L,(Q).

Theorem 3 is proved.
Theorem 4. Let the conditions of the theorem 3 be fulfilled. Then for the optimality of control
v, =v,(x,y)eV in problem (5)-(8), (10), (11) it necessary and sufficient the inequality

[w.(x,y.0{o(x, y)—v.(x, y))dxdy <0 (43)

be fulfilled for any v =uov(x,y)eV, where w,(x,y,t)=w(x,y,t;0,)—is the solution of problem
(19)-(22) for v =uv,.

Proof. The set V determined by relation (10) is convex in L (Q).Furthermore, according to
theorem 3, the functional (11) is continuously Fr’echet differentiable on V and its differential at the
point v eV is determined by equality (32).

Then by Theorem 5 from [9, p.28] on the element v, eV, the inequality(J’(u*), u—u*> >0
should be fulfilled for all v eV.

Hence and from (32) it follows validity of inequality (43) for all v eV. Show that
inequality (43) is also sufficient for optimality of the control v,(x,y)eV. Functional (11) under

conditions (5)-(8) is convex on L,(€2).Indeed, the solution of problem (5)-(8) has the property
u(x, y,t; 2o +(L-2w)= Au(x, y,t;0)+(L- 2u(x, y,t;w) (44)
forall v,we LZ(Q)and for all real . Further, the functional

0(z)=3 J[2(x y)~ 1, (x y)T ey

Q
is convex with respect to the variablez € LZ(Q) Therefore, hence and from (44) it follows the

convexity of the functional J (v) on LZ(Q) Then, again by theorem 5 [9, p.28] we get that the

proved necessary condition of optimality (43) is also a sufficient condition.
Theorem 4 is proved.
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XULASO
DALGA TONLIiYi UCUN QARISIQ SORTLi SORHOD MOSOLOSINDO
OPTIMAL IiDARDETM® USULU
Quliyev H.F., Nasibzada V..

Acar sozlar: tors masala, optimal idaraetmonin varligi, optimalliq sarti

Isdo ikidlciilii dalga tonliyi iigiin qarisiq serhod mosalosine baxilir. Tors mosalonin yeganoliyi
haqqinda teorem isbat olunmusdur. Optimal idroetmonin varlig1 haqqinda teorem isbat olunub, variasional
borabarsizlik tipli optimalliq iiglin zaruri vo kafi sort ¢ixarilir.

PE3IOME
O METOJE OITUMHU3AIUU B 3AJAYE O CMEIIAHHBIX YCJIOBUAX
JJI51 BOTHOBOI'O YPABHEHUA
Kynuee I.®@., Hacuozaoe B.H.

Knioueevie cnoga: obpammas 3adaua, cywjecmeosanue ONMUMATLHO20 YNPAGLEHUs, YCI08Ue
ONMUMATLHOCHIU.

B pabore paccmarpuBaercs mnpobjeMa CMELUIAaHHOW TpaHMLBl Ui JABYMEPHOIO BOJHOBOI'O
ypaBHeHus1. JlokazaHa TeopemMa 0 eIUHCTBEHHOCTH oOpaTHOM 3a1auu. JlokazaHa TeopemMa O CyIeCTBOBaHUU
ONITUMAJIBHOTO DPAaclpe/ieieHus, BBIBEICHO HEOOXOJAMMOE M JIOCTATOYHOE YCIOBHE ONTHMAIbHOCTH THUIIA
BapHaIMOHHOI'O HEPABEHCTBA.

Daxilolma tarixi: [lkin variant 27.12.2023
Son variant 06.03.2024
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MfJXTQLiF ATOM FAIZLI Eu LANTANOID ELEMENT ATOMU iLO
AKTIVLOSDIRILMIS TlInSe; (x; 0,01; 0,03; 0,05) BORK MOHLUL
KRISTALININ FOTOKECIRICILIYININ TODQIQi
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Agar sozlar: bark mohlul kristali, dar zolaqli, valent elektronlar, layli quruluglu, seqnoelektrik
xassali, zancirvart qurulug, radiasiya siialari, fotokegiricilik, yaddas elementi, struktur
defektlori

Halkogenid osasli TlInSe, kristalinda olan struktur defektlorin tobioti vo onlarin kristalinin
elektrik, optik vo fotoelektrik xassolorine xarici amillorin tosirinin miioyyanlogdirilmasi maqgsadils
nizamhi qurulusa malik monokristallarin  yetigdirilmasi, miixtolif soraitlordo onlarin fiziki
xassolorinin aragdirilmasi ohomiyyat Kasb edir. ©dobiyyatdan [1] malumdur ki, TIInSe, bark moahlul
kristalinda “C” kristallografik oxa nozoron miixtolif istigamotlordo defektlorin paylanma
konsentrasiyast (10°-10'" sm®) tortibinds olub kristalin kimyesvi vo fiziki xassolorin
anizotropluguna sabab olur. Bu tip kristallarda movcud defektlorin varlig: kristalin elektrik, optik vo
istilik xassolorino  giiclii tosir gostorir [1, 2]. THInSe; va TIInS; tipli bark mohlul kristallarinin
maqnit xassolorini giiclondirmok magsadilo 9sas matrisaya nadir torpaq element (lantanoid atomlari)
daxil edilir. Amma bu halda torkibds slavs olaraq struktur defektlori yaranir. Nadir torpaq element
atomlar1 daxil edilmis TlIn;4«LasSe, (La; Dy, Eu) bork mohlul kristallarinin elektrofiziki
xassoalorinds koskin doyismo yaranir. Birlosmonin elektrofiziki xassalorinin stabilliyini tomin etmok
mogsadilo yeni texnoloji proseslorin iglonmasi tolob olunur. Belos tisullardan biri do, bark mohlul
kristallarinin ionlagdirici stialar ilo siialandirilmasidir. Ona goroa do gostorilon bark mohlullarin fiziki
xassalorinin asqar atomlardan vo radiasiya siialarinin tosirindon asili olaraq idaro olunma
mexanizminin islonilmasi elmi vo praktik cohotdon shomiyyat kasb edir. Qadagan olunmus zonanin
eninin xotti doyismaosi, yiikdasiyicilarin konsentrasiyasinin idaro oluna bilmosi lazimi parametrli
cihazlarin hazirlanmasina imkan verir. Amma belo cihazlarin ¢atigmayan cohoti bu mogsadlo
istifads olunan bircinsli miikkommal kristallarin alinma texnologiyasinin miirokkobliyidir.

Isdo torkibe miixtolif (x; 0,01; 0,03; 0,05) atom faizli Eu nadir torpag elementi atomu daxil
edilmis TlIny4Eux Se; monokristallart alinmis, TlIng g7EUp03S€, monokristali figlin miixtalif elektrik
sahalorinde fotocorayanin temperatur asililigt vo fotocorayanin spektral paylanmasi 100-500 K
temperatur intervalinda todqiq olunmusdur. Belo kristallarin genis praktiki totbigino mane olan
mithiim amillordon biri onlar asasinda hazirlanmis yaddas vo gevirici elementlorin parametrlorinin
deqradasiyasi ilo baghdir [2].

Radiasiya stialarinin tosiri naticasinda yarimkegirici kristallarin strukturunda dayaz vo dorin
soviyyalor yaranir. Bu soviyyolor yiikdasiyicilar {i¢iin olave rekombinasiya morkozlori rolunu
oynayir vo noticado onlar osasinda yaradilan termo- va fotogeviricilorin effektivliyi vo islomo
qabiliyyati azalir [3].
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Bu baximdan radiasiya slialarinin tosiri noticesindoe yarimkegirici cihazlarda radiasiya
effektlorinin dyronilmasi elmi vo praktik ohomiyyot kasb edir. Qeyd olunan effektlorin dyronilmasi
yarimkecirici materiallarin, o climladon onlar asasinda yaradilan cihazlarin radiasiya davamliliginin
artirilmasi yollarinin miioyyanlosdirilmosindo miihiim rol oynaya bilar.

Tlini4Eu,Se; monokristallar1 siialanma monbalari Co® izotopundan ibarat y-25 radiasiya
todqiqatlar1 qurgusunda siialandirilmisdir. Tocriibalor zamani elektrik 6lgmolori {igiin eni ~4-5 mm,
uzunlugu ~10-15 mm va galinligr ~1-2 mm olan olan TlInSe,, va Tlin;<EuSe; layli monokristal
niimunolordan istifado olunmusdur.

Sokil 1-do otaq temperaturunda TlIngg7EUpp3Se, monokristali {iglin  miixtalif elektrik
sahosindo fotocorayanin spektral asililigr gostorilmisdir.

-1

-1
_Om sm

Inc

0 |

Sakil 1. TlInSe, monokristallarinda miixtalif elektrik sahalorinds fotocorayamn temperaturdan asililigi:
1-50, 2- 3 -10° u 3- 1,7 -10° VIsm

Sokildon goriiniir ki, TlIngg7EuUg03Se, kristalinin fotocarayanin spektri dalga uzunlugunun
0,4-1.6 mkm oblastin1 ohato edir vo asililigda dalga uzunlugunun A=1,1 mkm giymstinds corayan
maksimum qiymoto malik olur. Fotocarayanin maksimuma uygun amplitud qiymati is9, elektrik
sahasinin intensivliyinin artmasi ilo eksponensial qanunla artir. Spektrin uzun dalgali oblastinda
fotocoroyanin Ama=1,3 mkm uygun qiymati elektrik sahosinin intensivliyini artmasi ilo azalmasi
miisahido olunur. Spektrin Amax 1 hissoesindon hesablanmis qadagan olunmus zonanin eni 1,2 eV
tortibindo olmusdur. Alinan bu qiymot adobiyyatda [4,5,6,7] islordo alinmis qiymaetlorlo uygundur.
Fotocorayanin elektrik sahasindon asililiq qrafikindon goriiniir ki, elektrik sahasinin artmasi ilo
fotocoroyan eksponensial ganunla artir vo yiiksok saholordo doyma halina yaxinlagir. Miisahido
olunan bu asililiq TlIngg7EuUge3Se, kristalinin qadagan olunmus zonasinda lokal saviyyslorin
moveudlugunu bir daha tasdiq edir va saviyyalarin dolub-bosalma siiratinin va injeksiya corayaninin
is181n intensivliyindon asililifin1 gosteri [4].

Alinan naticalor Frenkel nozoriyyasing [6] uygundur va lokal saviyyslarin yiiksok elektrik
saholorindo ionlagsmasi naticasindo bas verir. Sokil 2-do (1-ayri) fotocorsyanin temperatur
asililigindan goriiniir ki, temperaturun artmasi ilo fotoaktivlosmo prosesi vo T= 320K fotocorayanin
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Miixtalif atom faizli Eu lantanoid element atomu ila aktivlasdirilmis TlInSe, (x; 0,01; 0,03; 0,05)
bark mahlul kristalimin fotokegiriciliyinin tadqiqi

termik sonmosi miisahido olunur. Fotokegiriciliyin temperatur asililigir If ~ f(1/T) eksponensial
xarakter dasiyir vo lokal soviyyonin aktivlosmo enerjisi 0,20 eV tortibindodir. Temperaturun
T=350+400 K intervalinda fotocorayanin koskin azalmasi vo sonradan yenidon artmasi miisahido
edilir. Yiiksok temperaturda termik sonmonin miisahido olunmasi iso, S—cold vo r—yavas
rekombinasiya morkozlorinin olmasimi tosdiq edir. Alinan noticolor [5] isdo TlInSe,
monokristallarinda lokal soviyyalor fotocorayanin kinetikasinin vo termostimullasdirilmis corayanin
todqiqi zamani toyin olunan parametrlors uygundur [6]. Isiglanmanin intensivliyinin artmasi ilo,
fotoaktivlogsmonin tortibinin azalmasi fakti kristalin VAX-na is1q siialarinin tosirini todqiqi zaman
miigahido edilmisdir. Lokal soviyyslorin dolub-bosalma siiratinin isiq dostasinin intensivliyi ilo
miitonasib oldugunu siibut edir. Sokil 1-don alinmis noticalordo, lokal saviyyalorin dolub-bosalma
stiratinin niimunays tadbiq olunan elektrik sahasinin intensivliyinin artmasi ils artdigini gosterir.

Fotoelektrik xassolorinin todqiqindon miisyyon olunmusdur ki, aktivlosma enerjisi 0,20 vo
0,50 eV lokal saviyyalarin dolub-bosalma siirstinin temperaturdan, elektrik sahasindon va isiqlanma
intensivliyindon asili olaraq doyismosi nadir torpaq element atomlari daxil edilmis TlInSe,
monokristallarinin fotoelektrik xassolorininin monoton doyismasing sobab olur.

Qeyd olunan xassoalorin doyismesindo ilkin defektlorin tosirini askar etmok mogsadi ilo
TlInSe; va Tlingg7EUp 03Se2; monokristallart y-kvantlarla stialandirilmis vo defektlorin kristallarin
fotokeciriciliyindoki rolu miisyyon edilmisdir.

Fotoelektrik xassalorinin todqiqi gostarir ki, aktivlogsmo enerjisi 0,20 vo 0,50 eV olan lokal
saviyyalorin  dolub-bosalma siirotinin temperaturdan, elektrik sahasindon vo isiglanma
intensivliyindon asili olaraq doyismosi TlInSe; monokristallarinin fotoelektrik xassolorininin
monoton doyismasing sabab olur.

Qeyd olunan xassolorin doyismesindo ilkin defektlorin tosirini askar etmok mogsadi ilo
TlInSe; monokristallar1 y-kvantlarla siialandirilmis vo defektlorin kristallarin fotokegiriciliyindoki
rolu miiayyon edilmisdir.

Sakil 2-da TlInSe; monokristallarin fotokegiriciliyinin temperatur asililigi miixtalif siialanma
dozalarinda verilmisdir.

]
=
T

ah 7.5
\ flﬂﬂ,f ] '

Sakil 2. TIInSe, kristallarinda fotocarayamn spektral paylanmasinin stialanma dozasindan asililigi:
1- stialanmadan avval, 2- 50 krad, 3-200 krad.

Sokildon goriliniir ki, stialanmadan ovval 120+160 K temperatur oblastinda fotocarayan
temperaturdan asilidir. Temperaturun sonraki artimi1 zamani fotocarayanin aktivlogmosi miisahids
14
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olunur vo 315 K-do fotokegiriciliyin azalmasi miisahids olunur (1-9y.). Stialanma dozasimin 50 krad
va 300 krad giymotlarinds fotokegiricilik (2 va 3 -9y.) silalanmadan ovvalki xarakterini saxlayir vo
yalniz fotokegiriciliyin s6nmo temperaturunda miioyyon siirigmolor miisahido olunur. Asagi
sialanma dozalarinda (®<50 krad) fotokeciriciliyin artmasit donor tipli soviyyonin
konsentrasiyasinin azalmasi ilo slagoadardir.

Odobiyyatda [5,7] islorindo gostorildiyi kimi, yarimkegirici materiallarda, xiisuson yiiksok
omlu materiallarda siialanma zamani yaranan Frenkel ciitiiniin azalmasinin sababi slialanma
naticasinda donor tipli atomlarin istraki ilo neytral komplekslorin yaranmasi ilo baghdir. TlInSe;
monokristallarin elektrik xassalarinin tadqiqi do, hamin faktin oldugunu tosdiq edir. @ > 50 krad
siialanma dozalarinda iso fotokeciriciliyin 100-350 K temperatur intervalinda azalmasi miisahido
olunur.

Miioyyon edilmisdir ki, radiasiya defektlorinin konsentrasiyasi siialanma dozasinin 10° rad
qiymotine qodor odenilir, yiiksok dozalarda iso kenaragixmalar miisahido olunur. A™B"(C,"*
birlogsmolorinin defektli qurulusa malik olmasina baxmayaraq, onlar goriinon, infraqirmizi, rentgen
vo qamma siialarina qarst yiiksok fotohossasliga malikdirlor. Kimyovi rabitolorin vo elektron
xassalorinin xiisusiyyatlori valent elektronlarinin ciit olmayan say1 noticosinds yaranir.
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PE3IOME
NCCIEIOBAHUE ®OTOIMPOBOANMOCTHU KPUCTAJIJIA TBEPJIOT'O PACTBOPA TlInSe;
(x3 0,015 0,035 0,05), AKTUBUPOBAHHOI'O ATOMOM Eu JAHTAHOUJHOT' O 9JIEMEHTA C
PA3JIMUHBIM ATOMHBIM INPOIIEHTOM
Capoaposa H.C., Hypynnaes FO.I., I'apaes 3.C.

Knrouesvle cnosa: kpucmann meepooco pacmeopd, Y3KOHONOCHbIU, GAIEHMHblE INeKMPOHDL,
COUCMAsL CMPYKMYPA, CESHOINEKMPUYECKUe CGOUCMEd, YEeNnHAas CMpPYKmypd,
PpaouayuoHHvle ayuu, omonposooUMOCmb, INEMEHM NAMAMU, CIMPYKMYPHbLE

Oepexmuol
B HacTosdIiiee BpeMsi 3HaYUTEIHHO BO3POC MHTEPEC K AMEKTPOPUIUIECKHM CBOMCTBAM COEIMHEHHI
TBEPJIOTO PACTBOPA PA3IMUYHOTO CTPOEHHS, TOIyueHHbIX Ha ocHoBe coenuuenuit Tima A"BY u A"BY' ¢
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Miixtalif atom faizli Eu lantanoid element atomu ila aktiviagdirilmis TlInSe;
(x; 0,01; 0,03; 0,05) bark mohlul kristalinin fotokegiriciliyinin tadqiqi

LIMPOKON 3alpenieHHON 30HOM. BO3HUKIIINI MHTEpPEC CBSI3aH C MPAKTUYECKUM MPUMEHEHUEM COCIMHEHUMN
sToro THmNa. HeoOBIUHBIC SJIEKTPOHHBIC CBOWCTBA, HAOMIOJaeMble B KpHCTAIax THIA A'”B'”CZV',
00yCIIOBJIGHBI CBOHCTBAMM XUMHYECKHX CBS3€d M HECIAPCHHBIX BAJICHTHBIX JJICKTPOHOB B KPHUCTAJLIC.
Coemunenns tma A"'B"'C,"! kpucrammmsyiores B pererke CI0MCTOrO M HEMOYEUHOr0 CTPOSHHS. JTOT THII
KPHCTAIIOB TBEPAOTO PACTBOPA C MATHUTOAIEKTPUIECKUMHU CBONCTBAMH TIPEICTABISET COOON KPUCTAIIIBI C
s (ekTaMu MaMATH U KOHBEPCHH. Takue KPUCTaUIbl C JE(PEKTHOW CTPYKTYPOH BBICOKOUYBCTBUTEIBHBI K
yIbTpa(HOIeTOBOMY, BUAUMOMY, HHPPAKPACHOMY, PEHTTCHOBCKOMY U Y-H3JIy4eHHt0. Kpucramn TBepaoro
pactBopa TlINSe, siBisieTcs OMHUM U3 MPAKTHYSCKH BAXKHBIX TBEPBIX PACTBOPOB 3TOTO THIIA, OTHOCUTCS K
kiaccy coeunennii Tuna A'"'B"'C,"' u o6manaer gynaaMeHTaIbHBIME CBOCTBAMH.

SUMMARY
INVESTIGATION OF THE PHOTOCONDUCTIVITY OF A CRYSTAL OF A SOLID SOLUTION
OF TlInSe2 (x; 0.01; 0.03; 0.05) ACTIVATED BY AN Eu ATOM OF A LANTHANIDE ELEMENT
WITH A DIFFERENT ATOMIC PERCENTAGE
Sardarova N.S., Nurullayev Yu.G., Garayev E.S.

Key words: solid solution crystal, narrow band, valence electrons, layered structure, electroelectric
property, chain structure, radiation rays, photoconductivity, memory element, structural
defects

In modern times, the interest in the electrophysical properties of solid solution compounds with

different structures obtained on the basis of A"BY and A"'B"' type compounds with a wide forbidden zone
has increased significantly. The resulting interest is related to the practical application of this type of
compounds. The unusual electronic properties observed in A"'B"'C,' type crystals are caused by the
properties of chemical bonds and unpaired valence electrons in the crystal. Compounds of type A"'B"'C,"'
crystallize in a lattice with a layered and chain structure. This type of solid solution crystals with
magnetoelectric properties are crystals with memory and conversion effects. Such crystals with a defective
structure are highly sensitive to ultraviolet, visible, infrared, X-ray and y-rays. TlIinSe, solid solution crystal
is one of the practically important solid solution compounds of this type, which belongs to the class of
A""B"'C,"" type compounds and has fundamental properties.

Daxilolma tarixi: [lkin variant 07.12.2023
Son variant 05.02.2024
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Torkibindo oksor hallarda bioloji aktiv olavolor vo ya birlosmoalor saxlayan vo zororli
mikroorqanizmlorlo miibarizo mogsadi ilo istifado edilon maddslor biosid maddoslor sayilirlar.
Xiisuson do ogor istifads edilon bioloji aktiv birlogsmalor (BAB) vo ya olavo polimer maddolor
olarsa, onda belo komplekslor biosid polimerlor kimi xarakterizo olunurlar [1]. Miioyyon dovrlordo
BAB kimi istifado edilon maddolor ucuz, asan deqradasiya vo hall oluna bilon qeyri-toksiki
reagentlor olurdu ki, noticado asas tosiredici maddenin effektivliyini artirmaq {i¢iin torkibds onun
dozasmi giiclondirmak tolob olunurdu ki, ,bu iso mohsulun maya doyorinin artmasina gatirib
cixarird1 [2].

Bu problemin halli ii¢lin son illords derman maddslorinin polimer makromolekullar1 ilo
birlikdo kompleks halinda istifado olunmasi hayata kecirilmisdir. Bels ki, kicik molekullu doerman
maddoasi yiiksokmolekullu polimer zoncirlorine kovalent kimyovi rabito yaxud zoif qiivvaler
hesabina immobilizo olunmagla onun polidromolori alinmisdir [3]. Belo polidormanlarin  qan
dovraninda uzun miiddast sirkulyasiya edilmasi baximindan vo deqradasiya olunmasi hesabina aktiv
tosiredici maddeni protekts etmoklo onun uzun miiddst dayaniqligini saxlamaq miimkiin olmugdur
[4,5].

Polimer osasli dorman depo sistemlori yaradilarkon son materialin totbiq formasindan vo
istifado yerindon asili olaraqg homin rezervuar o soraito uygun olaraq dizayn edilir. Miiasir dévrdo
torkibindo derman maddalari saxlayan polimer depo sistemlori asason 3 strukturda - inyeksiya oluna
bilon, implant vo hidrogel sistemlori soklindo formalasdirilir [6] vo bunu sxematik olaraq asagidaki
kimi gostormok olar:

Inyeksiya oluna bilon polimer-dorman sistemlori osason hidrofil makromolekullardan
formalagdirilir ki, qan dovran1 vo ya toxuma mayesi miihitinde ionlagsaraq axin boyu horakot edo
bilsin. Implant polimer sistemlordo nisbaton daha davamli vo pH, ferment tosirlorino gqars1 méhkom
olan zoncirlordon istifads edilir [7]. Hidrogellor iso hor {i¢ formada istifads oluna bilor ki, miioyyon
tosirlorin noticesi olaraq torkibindoki aktiv maddslori 6ziindon kenarlasdirmaq qabiliyyating
malikdirlor.

Hidrogellor xatti vo ya saxali qurulusa malik makromolekul zoncirlarinin kicik molekullu
bi-, tri- vo ya polifunksional maddoalorlo hom kovalent rabito, hom do hidrogen, elektrostatik yiik
cozb etmo qlivvalori hesabina bir-biri ilo baglanmis torlardir .

Hidrogellor hacmlarina polimerin tabiati va tikicinin miqdarindan, eloco do miihitin pH-1,
temperatur, ion giicli vo s. asili olaraq miioyyon miqdar suyu absorbsiya edorok saxlamaq vo
desorbsiya etmok xassosino malikdirlar.
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Sakil 1. Enricaya gora [8] polimer hidrogel sabakalarinin sintez sxemi va strukturu

Naticado gel torkibine immobilizs olunmus BAB-ni 6ziindon konarlagdirmaq horakotini icra
edir ki, bu da onun nazaratli ayrilmasini tomin edir [9]. Hidrogellorin sintezi toyinatdan asili olaraq
hom sintetik [8], hom do tobii polimerlorin [10] istiraki ilo aparila bilor. Baxmayaraq ki, tobii
polimerlordon hazirlanan hidrogellorin mexaniki davamlilig1 kifayat qodor olmur, biopar¢alanmaya-
fermentativ dagilma vo oksidlogsmoys meylli olurlar, ancaq onlarin biouygunlugu, hiiceyro mayesi
vo toxuma oxsarligi gostormasi kimi {istiin cohotlori var. Sintetik polimerlordon sintez olunan
hidrogellor iso belo bioiistiinliikloro malik olmamalarina baxmayaraq, suyun daha yaxsi udma
qabiliyyatino, termiki vo fermentativ parcalanma sabitliyino malikdirlor. Sintetik polimerlordon
hazirlanmis hidrogel sistemlori yaxsi nizamlanmis struktur torkibo malik oldugundan
maqsadouygun kimyavi modifikasiya olunmani tomin edo bilirlor [11].

Molumdur ki, hidrogellorin sintezi zamani amala golon globullar vo ya hidrogel yuvalarinin
oOlgiisti sonda mohsulun fiziki-kimyovi xassalorine tosir etmoklo onlarin totbiginds yeni imkanlar
yaradir. Nanogel sistemlori 6l¢iisti 10-200 nm strafinda olan hidrogel strukturlaridir [12].

Nanoogellor manbayine goro tobii vo sintetik, polimer torkibine gére homo-, birgs- vo
multipolimer hidrogellor, fiziki qurulusuna goro amorf, kristallik vo semi-kristallik, yiikiino gora
kationit, anionik, amfoter, yliksiiz, svitter hidrogellors, qiciglandiricilarin tobistino goro iso pH-a,
temperatura, ion Yylikiino, fiziki tosiro vo s. qiciglandiricilara qarst hossas hidrogellora tosnif
olunurlar. Bu tip hidrogellorin ds har birinin mogsaddon asili olaraq 6z totbiq sahasi var (Sakil 2)
[13].

Tobii ki, nanogellorin totbiq sahosi homds onlarin hazirlanmasindan sonra xassoalorinin
todigindon yaranan yeni parametrlors goro do miioyyon edilir. Dorman maddslorinin polimer
matrisalara, onlarin naogel strukturlarina immobilizo olunmasin1 nozors alsaq nanogellor iiglin
sismo doracasi, mexaniki vo biouygunluq xassolori daha 6nomlidir. Sigsmo derocaesi quru hidrogel
niimunasinin miioyyon miiddot su miihitindo saxladigdan sonra tarazliq prosesi yarandiqda kiitlo
artiminin faizlo ifadssidir. Sigsmo dorocosinin qiymsti dorman maddslorinin daginmasi vo nazaratli
ayrilmasinda nazors alinan vacib gostaricilordon biridir. Bels ki, bu qiymat gel-dorman sisteminin
istifado toyinatindan asili olaraq 50-400% araliginda ola bilir.

Umumiyyatlo dorman dasinmas1 magsadi ilo istifado olunan polimerlor osason 3 kateqoriya
tizro tosnif olunurlar: diffuziya ilo nozarotlonon (biodeqradasiya oluna bilmayon), kimyovi
nozarotlono bilon (biodeqradasiya oluna bilon) vo mihitin pH vo temperatur kimi
qiciglandiricilarina cavab veron smart polimerlor. Biodeqradasiya oluna bilmoyon polimerlordon
silikon, polivinilasetat vo s. polimerlor daha genis, osason implantlar hazirlanmasinda istifado
olunur.

Biodeqradasiya oluna bilon tobii polimerlor kimyavi nozarstlons bilon dorman dasinmasi
sistemlori iiglin miiasir tibbdo on genis istifado olunanlardandir [14].

18



Saoforaliyeva S.F., Tagiyev D.B., Zeynalov N. A.

..fﬁ.;‘

' k . Dori tétﬁ{.ﬂgﬁ” Darman dasmmasi
g g s 1 '\l||
|'-r“"e. A"!' | /i
e -— Hidrogellar
¢ = L) Kuntalrt lu:lzalar
1 .\\
Bagirsaq 1"‘} J N
problemlari 1
]
2
o
b )
' -
b el

g Siimiik toxuma ¥ . ) -
miialicasinda Hidrogellar qlglrdaq

barpasinda
Sakil 2. Nanogellorin tatbiq sahalari

Bu mogsadlo uzun miiddot istifado olunan tobii polimerlordon kollagen vo jelatini misal
gostormok olar. Qliikoprotein liflorindon ibarst kollagen indi do genis istifado olunan vo
hidrolizindon jelatin alinmasi miimkiin olan lif strukturlu iri molekullu birlosmadir [15].
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Sakil 3. Kollagen va ondan jelatinin alinmasi sxemi

Kollagenin biouygunlugu, geyri-toksikliyi boylik miqdarda oldo edilmasi vo asan ayrilmasi-
tomizlonmosi kimi tistiinliiklori var [15]. Bununla bels, kollagenin bozi insanlarda immunogen
reaksiyalar yaratmasi onun faydaliligini mohdudlasdirir. Bu moagsadls potensial immunogenliyi
azaltmaq tgciin telopeptid fragmentlorinin kollagendon c¢ixarilmasi ilo hazirlanan - atelokollagen
istifads edilir.

Bir sira tobii polimerlora vo onlarin sintetik polimerlorlo alinmis calaq birgs polimerlorino
BAB —1 immobilizs etmoklo, onlarin tasir miiddotino,nazarstli ayrilmasina vo tinvanl catdirilmasina
nail olmuslar [16-25].
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Molumdur ki, polisaxaridlor qliikkozid olagesi ilo qosulan monosaxarid galiglarindan
qurulmus polimer =zoncirloridir. Monosaxarid qaliqlart isa osason qliikoza, fruktoza vo
qliserilaldehid molekullar1 nazords tutulur [26]. Nisasta a-qosulmus qliikopiranoza vahidlorindon
qurulmus amiloza vo amilopektin qarisigindan ibaratdir. Yiiksok payda hidrpksil qruplarindan ibarat
nigasta dorman maddolorinin dasinmasinda daha ¢ox protektoedici Ortiik kimi istifado edilir [27].

Pektin, quar-qum, nigasta kimi tobii polimerlordon dormanlarin miixtolif dozali preparat
formalarinin hazirlanmasinda da istifado olunur. Mas. izoniazid, metronidazol vo diltiazemin
nozaratli ayrilmasi ii¢lin quar-qum osasli dasiyicilarin hazirda tibbdo genis totbigino rast golinir
[28]. Eyni ilo ksilogliikan vo boraks da qaur-qum spesifik dorman formullarinin hazirlanmasinda
genis istifado olunur [29].

Mikroblardan ayrilan xantan qum polisaxaridi yiiksok saxolonmo dorocosine malik
polisaxarid olmaqla genis pH intervalinda ionlasmaq qabiliyystino malikdir vo farmokologiya,
kosmetika eloco do gida sanayesindo totbiq olunur [30].

Digor tobii polisaxarid olan qummiarabik (QA) kimyavi torkib etibari ilo zongin vo
reaksiyaya qabil funksional qruplara malikdir vo sarbast formada, hom do kimyavi modifikasiyadan
sonra biotexnologiyada dorman maddslorinin immobilizo olunmasinda genis istifado olunur [31].

Qeyd edok ki, AQ perspektivli totbiq sahasino malik tobii polisaxarid olub suda yaxsi
hollolma qgabiliyyati va polifunksionalligi ila tibbds va biotexnologiyanin miixtalif sahoslorinds genis
totbiq olunur. AQ makromolekulu yiiksok doracads saxalonmis qurulusa malik olub, asas zonciri f3-
(1—3) qliikozid rabitasi ils birlogson qalaktoza zaoncirindon ibarotdir. Yan zoncir iso qalaktoza vo
arabinoza zvenolarina p-(1—6) rabitosi ilo birloson uron tursulari, asason do qliikouron
tursularindan toskil olunub (Sokil 4) [32].

= Hﬁ
Galaciopyral

Sakil 4. Arabinoqalaktan manbayi va kimyavi strukturu

AQ qastroprotektor, immunomodulyator aktivliyine malik bioloji aktiv polimer oldugundan
ondan dorman maddslarinin, fermentlorin vo insan orqanizmi iigiin lazim olan mikroelementlorin
dastyicist kimi genis istifado edirlor.

Polimer asasli nanogel sistemlorino dorman maddslorini immobilizo edorkon onlarin miihito
ayrilmasi prosesi kimyovi torkib, yaxud funksional qruplarin tobioti ilo birbasa baglidir. Torkibindo
-COOH kimi tursu qruplart saxlayan anionik hidrogellor pK,-nin gqiymatindon yiiksok olan pH-larda
funksional qruplarinin ionlagsmasi bas veracok ki, bu da polimer zoncirlorinin monfi yiiklonmasing
vo gel otrafinda mobil miisbot yiiklorin toplanmasina gotirib c¢ixarir. Noticodo hidrogelin
torkibindoki qeyri-miitohorrik monfi yiiklorin miqdar1 gelin sismosino sobob olan elektrostatik
itoloma qiivvalarini artirir. Digor torafaodon —NH; kimi asasi xassali qruplar saxlayan kationit gellor
iciin pH pKy-don az oldugda funksional qruplarin protonlagsmasi bas verir ki, bu da polimer
zancirinds geyri-miitsharrik miisbat yiiklorin artmasina gatirib ¢ixarir [33]. Hidrogel strukturlarinda
yaranan bu formali elektrostatik cozb etmo vo ya itolomo qiivvalori hesabina makromolekul
sabokolorinin sixilmasi-genigslonmosi,torkibs immobilizo olunan dorman maddslorinin ayrilmasini
tomin edir. Dorman maddolorinin hidrogel sistemlorindon ayrilmasinda miixtalif mexanizmlor
movcuddur vo bunlar tocriibi eksperimentlor zamani ayrilan dorman miqdarinin zamandan asilt
olaraq todqiqi zamani miioyyon edilir. Homin naticolorin miixtolif kinetik modellors totbiqi ilo
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dorman maddasinin stabil, nozarotli, sigrayish vo ya diffuziya mexanizmi ilo ayrilmasi barodo
molumat oldo etmok miimkiindiir. Aragdirmalara gore dorman maddoasinin yiiklonmo vo ayrilma
miqdari, ayrilmasi kinetikasi, homg¢inin hidrogelin miihitdo deqradsiyaya ugramasimin preparatin
ayrilma faizi ilo asililig1 sinxron toskil etmoli vo miialico effekti yaratmalidir. Burada polimerin,
tikicinin, dorman maddosinin kimyovi tobioti, funksional torkibi, miihitin xarakteri baglica olaraq
noazors alinan parametrlordondir.

Poliaminosaxarid olan xitozan (XZ) tobii polimerlor arasinda tobii ehtiyyatlari,
monbolorindon asan realizo olunmasi, geyri-toksikliyi, biodeqradasiya oluna bilmasi, biouygunlugu,
antibakterialliq vo polifunksionalligi ondan dorman maddslorinin {invanli dasinmasinda, hotta
bioaktiv olavelorin hazirlanmasinda, gen miihondisliyinds, derman maddslari {igiin protektoedici
mihafizo Ortiiklorinin hazirlanmasinda genis istifado imkanlar1 yaradir [34]. XZ xotti quruluslu
polikationit tip aminosaxarid olub xitinin golovi miihitds islonilmosindon alinir. Xitine isa tobiotds
molyuska, xarcongkimilor vo hagoratlarin bork xitin Ortiiklorindon ayrilir. XZ B-(1,4)-2-amino-2-
deoksi-D-qliikozamin vo 3-(1,4)-N-asetil D-qliikkozamin qaliglarindan qurulmus, torkibindos reaksiya
qabil vo kompleksamolo gotirmoyo meylli olan —NH>, I va II spirt qruplarindan ibarat [35].

XZ-nin yalniz turs miihitdo holl olmast onun bozi dorman maddslorinin noazaratli
ayrilmasinda dastyici kimi istifadosini mohdudlasdirir. Yeni xasalors malik XZ-nin téromolori calaq
birgopolimerlosmo, asillogsmo, karboksimetillosmoa, N-fosfonometillogmo, Siff reaksiyasi ilo
alkillosma vo kvaternizo etmaklo kimyavi reaksiyalar yolu aldo etmak olar [36]. Bels toromalor yeni
xassolor gostorir vo doyisilmis molekulyar struktur asagi molekul kiitloli dorman molekullart ilo
elektrostatik qarsiligh tasir vo hidrogen rabitasine daxil ola bilirlor. Torkibdoki amin qruplarinin N-
alkillosmasi yaxud O-metillosmasi yolu ilo bu tip kimyovi doyisikliklora vo xassollora nail olmaq
mimkiindir [37].

Qalxanabanzar vazi - (lat. glandula tyreoidea) boyunda nafas borusunun va qirtlagin 6niindo
yerlason, sarimtil-qirmizi, konsinstensiyasi yumsaq olan daxili sekresiya vazisidir (Sakil 5) [38].

— Qalxanabanzar
vazi

Sakil 5. Qalxanabanzor vazi

Qalxanabanzor vozin hormonlar: (tiroksin, triyodtironin, diyodtironin vo s.) badons daxil
olaraq maddslor miibadilasini siiratlondirir, oksidlosma prosesini artirir, yaglarin yanmasini ¢coxaldir
vo istiliyin omologalmasini artirir. Bunlardan basqa qalxanabonzor vezinin hormonu skeletin
inkisafina tosir edorok slimiiklori uzununa boyilidiir vo sinir sisteminin vozifasini tomin edir.
Qalxanabonzor vozinin yoxlugunda - lat. athyreosis congenita vo ya bozi patoloji proseslords
skeletds va azalalords distrofiya hallarina oxsar slamotlor meydana cixir - usaq boyatmadan qalir
(cirtdanboy olur), psixi inkisafi zoifloyir, dori xamir kimi sisir, stimiiklorin stimiiklosmosi gecikir,
cinsiyyot lizvlori atrofiya olur. Qalxanabonzor vozinin funksiyasinin pozulmasi vo ya tamamilo
cixarilarsa yaxud patoloji prosesin noticesi olaraq hormon azalarsa (zob xostoliyi) bdyiiklordo
miksedema vo kritinizm deyilon xastolik meydana ¢ixir. Bozon oksino olaraq maddolor miibadilasi
artir, nabz siiratlonir, sinir sistemi ¢ox hassas olur, gozlor pirtlayir (exophtalmus) vo s [38].

Levotiroksin — Na istor diinyada, istorso do Respublikamizda on ¢ox toyin olunan
dormanlardan biridir vo her il milyonlarla insan bu dermandan istifads edir. Hipotireozun miialicesi
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ticlin ovozedici terapiyanin istifadosi miasir tibbdon ovval yaranib. Bundan olava, insan istifadosi
iiciin sintetik levotiroksin 1954-cii ilo qodor movcud deyildi. 1997-ci ildo, toxminon 50 illik
todgiqatlardan sonra, ABS Federal Qida vo Dorman Adminstrasiyasi levotiroksini yeni bir dorman
kimi gobul etdi [39].

Levotiroksin-Na pentahidrat tiroid amoliyyatindan sonra uzun miiddat orqanizm torafindon
qabul edilmolidir. Bu preparati sorbast halda deyil miixtalif polimer vo qeyri-lizvi maddalor ilo
birlikdo totbiq edirlor. Mas. hazirda an ¢ox L-tiroksin adi ilo istifado olunan preparat torkibindo
aktiv tosiredici madds ilo birlikdo mikrokristallik selliiloza, povidon, Mg-stearat vo laktoza olan
komok¢i maddoslor qarisigindan ibarotdir [40]. Hans1 ki, bu maddolor aktiv preparati protekto
etmaoklo tolob olunan sovrulma yerino qodor ¢atdirilmasinda vo qan dévraninda dasinmasinda istirak
edirlor. Hormon ovazedicisi olan levotiroksin-Na torkibindo -NH,, -COOH vo -OH qrupu ilo yanasi
4 odod —J qrupu saxlayan kimyovi reaksiyaya qabil miirokkob quruluslu iizvi maddadir (Sokil 6)

[41].
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Sakil 6. L-tiroksinin kimyavi qurulusu

Levotiroksin-Na-nun ilkin minimal dozas1 25-50 mkq ilo baslayir 300 mkq-a gador artirila
bilir. Uzun miiddat gobulu da arzuolunmaz sayilir va sinir sisteminin pozulmasi, kokliik, asobililik,
yorgunluq vo hormonal pozgunluq kimi yan tasirlor ilo miisayst olunur. Odur ki, levotiroksin-Na-a
olan giindslik doza tolobatt minimum miqdar ilo tomin etmok iiclin onun tobii vo sintetik osaslh
polimer dasiyicilara immobilizo olunmasini hoayata kegirir vo nozaratli ayrilmasini todqiq etmislor.
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Saoforaliyeva S.F., Tagiyev D.B., Zeynalov N. A.

MOJIMMEPOB, TPUTOIHBIX JUIS WCIOJB30BAHUS B KA4eCTBE HOCHUTENCH JICKApCTBEHHBIX IIPEMapaToB.
[lepeuunciensl monucaxapuabl, TIPUMEHSIEMbIC B KAY€CTBE MATPHIL JIsl OMOJIOTMYECKH aKTUBHBIX BEIIECTB,
VX TIPEHMYINECTBA W HeNOoCTaTKh. Takke, B 0030pe OXapaKTepHU30BaHO JIEKaPCTBEHHOE BEIMIECTBO L-
Tupokcuna Na. [IpuBenena uHpopMmarys 0 pe3ybTarax UMMOOWIU3AIUN JICBOTUPOKCUHA B THUIPOTCIIH.
[lomyuenue TmMOMOOHBIX CHCTEM NPUBOAMT K COXPAaHEHHIO KOHIICHTPAIMM BEIISCTBA HA HYXHOM
TEpareBTHYECKOM YPOBHE B ONpEIEIIEHHBIA WHTEPBaJl BPEMEHH, YTO MPHUBOAHUT K Ooiee 3ddekTuBHOMY
JICYESHHUIO.

SUMMARY
BIOCIDE POLYMERS, GENERAL PROPERTIES, TRANSFORMATIONS AND APPLICATION
Safaraliyeva S.F., Taghwyev D.B., Zeynalov N.A.

Keywords: L-thyroxine, biocide hydrogels, immobilization, medicinal substances

Polymeric biocide hydrogels are very promising materials due to their unique three-dimensional
structure, which has the ability to host a variety of materials, including small molecules, polymers, and
particles. Incorporating a drug into a hydrogel can increase the drug's efficacy by allowing its controlled
release. This review provides a brief overview of natural polymers useful as drug carriers. Polysaccharides
used as matrices for biologically active substances, their advantages and disadvantages are listed. At the
same time, the medicinal substance is characterized in the review. The results of L-thyroxine immaobilization
in hydrogels are reported. The purchase of such systems allows maintaining the concentration of the
substance at the required therapeutic level in a certain time interval, which leads to more effective treatment.
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perxlorat tursusu, efir, dizel yanacagi, asqar, antioksidant, antidepressant

Giris. Moaqalado heterogen nano-TiO;, (PC-500) vo ion-mayesi katalizatorlarinin istiraki ilo
tobii neft tursulari vo benzil spirti osasinda  tursu:spirt — 1,0:1,2 nisbotindo, 110-120 °C
temperaturda, 15-16 saata nano-TiO, (PC-500) katalizatoru, 3-4 saat iso ion-mayesi ilo 80-90 °C-do
efir sintez edilmisdir. Gostorilmis optimal soraitdo efirlorin ¢iximi 85-90 % toskil etmisdir. Sintez
edilmis efirlorin fiziki-kimyovi gostaricilori analitik va spektral iisullarla toyin olunmusdur [1].

Mogalods ion mayesi katalizatoru (1,4-dimetilpiperazinhidrosulfat) vo nano-ZnO
katalizatorunun istiraki ilo tobii neft tursulariin (TNT) monoetilenglikol efiri vo benzoy tursusu
osasinda 1,2:1 nisbatinda, 140°C temperaturda, 5-6 saat miiddotinds etilenqlikolun benzoatnaftenat-,
sintetik neft tursular1 (SNT) vo a, B-naftollarin monoetilenqlikol efirlori osasinda 1:1,2 nisbatindo,
140°C temperaturda, 3-4 saat miiddotindo SNT-nin etilenqlikol efirlori sintez edilmisdir.
Gostorilmis soraitdo mogsodli efirlorin miivafiq olaraq 80-85% toskil etmisdir. Miisyyon
olunmusdur ki, bu efirlorin dizel yanacaginda antioksidant kimi totbiqi miimkiindiir [2].

Sulfat tursusu katalizatorunun istiraki ilo sintetik yag tursularinin (C7-Cg) fraksiyasinin
monoetilenglikol efirinin - ®-xlor valerian vo w-Xlor enant tursular1 asasinda 1,2:1 nisbatindo,
110°C temperaturda 3-4 saat miiddotindos, miivafiq olaraq 72-75 % ¢iximla efirlori sintez edilmisdir.
Sintez edilmis efirlorin dizel yanacaginda antioksidant vo antidepressant xassoalori sinaqdan
kecirilmisdir [3].

Miiolliflor torsfindon ZnO katalizatorunun istiraki ilo tobii neft- vo birosash alifatik yag
tursulart asasinda propilenglikolun qarisiq diefirlori otraf miihitin mithafizosini tomin edon - efirin
neytrallasmasi, yuyulmasi, qurudulmasi kimi morhalslori ixtisara salmaga imkan veron - iisulla
sintez olunmus, yiiksok ¢ixim miisahido olunan optimal sorait (temperatur -110-120°C,
katalizatorun miqdar1 - 1,5 % kiitlo (tursuya gors), komponentlorin molyar nisbati - tursu:spirt -
2:1,3 mol) secilmis, sintez olunmus efirlorin xassoalori dyronilmisdir. Bu efirlori 0,004% qatiligda
100 ml hidrotomizlonmis dizel yanacagina olavo etmoklo termooksidlogsmo stabilliyini xarakterizo
edon ¢okiintlinlin miqdarinin azaldigr miisahide olunmusdur. Aparilan todgiqatlarin neticalorinin
tohlili gostorir ki, sintez olunmus diefirlor polimer materiallarina somarali plastifikator vo dizel
yanacaqlarma keyfiyyatli antioksidant kimi toklif oluna bilor [4].

Sintetik neft tursular1 (SNT) vo yag tursular1 asasinda sintez olunmus ikiatomlu spirtlorin
garisiq diefirlorinin polimer materiallarina yiiksok elastiklik vermaosi, fiziki-mexaniki gostoricilorini
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yaxsilagdirmasi, onlarin yeni niimayondolorinin alinmasi isitigamoatinds islorin davamina imkanlar
acir. Yeni plastifikatorlara olan tolobati nozoro alaraq miolliflor tezisdo SNT, kapron tursusu vo
trietilenglikol (TEQ) asasinda ZnO katalizatorunun istiraki ilo yeni plastifikatorun sintezi vo todqiqi
haqqinda molumatlar vermislor. TEQ-in SNT vo kapron tursusu asasinda qarisiq diefirinin fiziki-
kimyovi gostaricilori etalon plastifikatorlara moxsus gostaricilora uygun goldiyi tiglin homin efirin
laboratoriya soraitinda polivinilxloride (PVX) garigmast 100 hissa PV X-ya 30-70 kiitlo pay1 qarisiq
diefir, 1 kiitlo pay1 stabilizator (kalsium stearat) olavo edib kompozisiyalar hazirlamagla
Oyronilmisdir. Analoji olaraq, sonaye plastifikatoru olan dioktilftalat (DOF) ilo do kompozisiyalar
hazirlanmis, 65°C, 75°C, 85°C-do temperaturdan asili olaraq 3-6 saat orzindo termostatda,
soyuduqgdan sonra iss 12 saat miiddoatinds filtr kagizinda 0.5 kq yiik altinda saxlanilmisdir. TEQ-In
qarisiq diefirinin vo DOF-un garigsma haddlori eyni oldugu ti¢iin sintez etdiyimiz yeni diefir polimer
materiallarina asas plastifikator kimi tovsiya oluna bilar [5].

Mogalodo o-naftil sirko tursusu vo etilenglikol osasinda n-metilpirralidonhidrosulfat
katalizatorunun istiraki ilo (3 % kiitlo a-naftil sirko tursusuna goro hesablanmis) 2:1 nisbatindo,
110-120 °C temperaturda, 4-5 saat miiddotinds, 80 % ¢iximla etilenqilokun-bis-a-dinaftildiasetat
efiri, p-aminobenzoy tursusu vo etilenqlikol asasinda iso nano-ZnO katalizatorunun istiraki ilo (7 %
kiitlo aminotursuya goro hesablanmis) 2:1-0 nisbotindo, 80-90 °C temperaturda, 5-6 saat
miiddatinda, 65 % c¢iximla etilenglikolun-bis-p-diaminodibenzoat efiri sintez edilmisdir. Sintez
edilmis efirlor dizel yanacaginda antioksidant kimi tatbiq oluna bilar [6].

Miiolliflor  torofindon moqalodo benzoy tursusu vo etilenglikol osasinda n-
metilpirralidonhidrosulfat katalizatorunun istiraki ilo (3 % kiitlo benzoy tursusuna goro
hesablanmig) 2:1 nisbotinds, 110-120 °C temperaturda, 5-6 saat miiddotinds, 92 % c¢iximla
etilenglikolun-bis-dibenzoat efiri sintez edilmisdir. Sintez edilmis efir dizel yanacaginda
termooksidlogmo xassosini yaxsilagdiran antioksidant kimi sinaqdan kegirilmisdir [7].

Mogqalado ZnO katalizatorunun istiraki ilo sintetik neft- vo (Cs-Cg) alifatik yag tursulari
osasinda propilenglikolun garisiq diefirlorinin: temperatur - 110-120°C, katalizatorun miqdar1 - 1,3
% kiitlo (tursuya gora), komponentlorin molyar nisboti - tursu:spirt - 2:1,3 optimal soraitdo
birmorhoalali iisulla sintezi gdstorilmisdir. Sintez olunmus qarisiq diefirlorin xassolori dyranilmis,
gostoricilori analitik vo spektral tsullarla toyin edilmisdir. Qarisiq diefirlorin plastifikasiya
xassolorinin dyronilmasi magsadi ilo laboratoriya goraitindo 100 hisss polivinilxloride (PVX) 30-70
hisso sintez olunmus qarisiq diefirlori olavo etmoklo kompozisiyalar hazirlanmis vo onlar sonaye
plastifikatoru olan dioktilftalatla miiqayiso edilmisdir. Homginin, bu diefirlor dizel yanacaginin
termooksidlosmo stabilliyini yaxsilasdiran antioksidant kimi do todqiq olunmuslar. Aparilan
todqiqatlarin naticolorinin tohlili gostorir ki, sintez olunmus diefirlor PVX-ya somorali plastifikator
va dizel yanacaqlarina keyfiyyatli antioksidant kimi toklif oluna bilar [8].

Miislliflor aktualligi nazers alaraq ZnO katalizatorunun istiraki ilo tobii neft tursulari vo
valerian tursusu osasinda dietilenglikolun (DEQ) qarisiq diefirini sintez etmis, diefirin plastifikator
vo antioksidant kimi totbiq olunma imkanlarin1 6yronmislor. DEQ-in qarisiq diefirinin fiziki-
kimyavi gostaricilori plastifikatorlara moxsus gostericilora uygun goldiyi iiclin homin efirin
laboratoriya soraitinda polivinilxloride (PVX) garigmasi 100 hissa PV X-ya 30-70 kiitls hisss sinaq
efiri, 1 kiitlo hisso stabilizator (kalsium stearat) olavo etmoklo Gyronilmis vo polivinilxlorid ilo
optimal qgarigmasi1 (30-40 kiitlo hisso) toyin olunmusdur. Sintez olunmus qarisiq diefir dizel
yanacaginin (D/Y) termooksidlogsma stabilliyini xarakterizo edon ¢okiintiiniin miqdarin1 azaltmaq
moqsadi ilo JICAPT laboratoriya aparatinda 120°C-do 4 saat miiddstindo 100 ml D/Y-ya 0,004%
qatiligda olave olunmaqla sinaqdan keg¢irilmis vo ¢okiintiiniin migdarinin “6,0 mq/100 sm°-don 0-
a” qodor azaldig1 miisahido olunmusdur [9].

Miislliflor plastifikatorlarin vo antioksidantlarin ¢esidlorinin artirilmasi maqsadi ilo ZnO
katalizatorunun istiraki ila neft vo yag tursular asasinda etilenqlikolun qarisiq diefirlorini tullantisiz
isulla sintez etmis, mogsadli mohsullarin alinmasmin optimal soraitinin sec¢ilmasi magsadi ilo
temperaturun, katalizatorun miqdarinin, reaksiyaya daxil olan komponentlorin molyar nisbatinin
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¢ixima tosirini Oyronmis vo qarisiq diefirlorin 89-93% c¢iximi1 miisahido olunan optimal goraitini
secmiglor. Neft tursularinin qarisiq diefirlorinin xassalori dyronilmis, fiziki-kimyavi gostoricilori
analitik vo spektral tsullarla toyin olunmusdur. Efirlorin polivinilxlorido qarisma haddi, dizel
yanacaginin istismar miiddetini artirmaq qabiliyyati Oyronilmis vo miioyyon olunmusdur ki, bu
efirlor polivinilxlorido somarali plastifikator, dizel yanacagina da antioksidant kimi tovsiya oluna
bilar [10].

Polivinilxlorid istehsalinin inkisafi ilo olagodar olaraq universal plastifikatorlarin
istehsalatda cesidlorinin artirilmasi moqsadi ila etilenqlikol, tobii neft tursulari vo kapron tursusu
xammal gotiiriilmoklo miisllif torafindon etilenglikolun qarisiq diefirinin miasir tolobloro cavab
veron tullantisiz alinma f{sulu islonib hazirlanmis vo sintez olunmus efirin polivinilxlorido
plastifikator kimi totbiqi arasdirilmisdir. Temperatur intervali — 80-140°C, katalizatorun miqdar1 —
0,6-1,6 % kiitls (tursuya nozeron), komponentlorin mol nisbati — 2:1,1-1,6 gdtiiriilmakls todqiqatlar
aparilmis vo optimal sorait (T,°C=110-120, tursu:spirt — 2:1,3-1,5 mol, ZnO - 0,8-1.5 % kiitlo
(tursuya nozoran)) sec¢ilmigdir. Novboti morholo do sintez olunmus efirin 100 hisso polivinilxlorido
todricon miqdart 30 kiitlo hissadon 70 kiitlo hissoyo qodor olavo edilib qarigdirilmagqla
kompozisiyalar1 hazirlanmig, bu kompozisiyalar 65°C, 75°C, 85°C-ds temperaturdan asil1 olaraq 3-
6 saat miiddotindo termostatda saxlanilmis, termostatdan ¢ixarildigdan sonra otaq temperaturuna
godor soyudulmus, 12 saat miiddetindo filtr kagiz1 vo 0,5 kq yiik altinda saxlanilmis vo filtr
kagizinda loko qoymayan kompozisiyalar optimal olaraq goétiiriilmiisdiir. Todqgiqatlarin sonunda
miioyyon edilmisdir ki, sinaq efirlorinin qarisma haddi 75°C-dos 6 saat olmusdur [11].

Miiasir dovriimiizds dizel yanacagina olan tolobati 6domok {i¢iin emal mohsullarindan
(katalitik krekingin vo kokslagmanin yiingiil qazoyl fraksiyalari) istifado olunur. Amma onlarin
olavasi ilo yanacagin bir sira keyfiyyot gostoricilori — aromatik karbohidrogenlorin vo faktiki
qatranin, Uimumi kiikiirdiin miqdar1 artmis olur. Bu ndqsanlart aradan qaldirmaq ig¢iin dizel
kompozisiyast hidrotomizloma prosesino ugradilir. Proses zamani yanacagin torkibindoki sathi aktiv
maddolor — tobii inhibitorlar da konarlagmis olur. Alinmis hidrotomizlonmis dizel yanacaginin
termooksidlogma stabilliyi azaldig: liclin antioksidant asqarlara ehtiyac hiss olunur [12].

Molum metodlardan istifads edorok yeni efirlorin mogsadyonlii sintezi aparilmis vo onlar
dizel yanacagina slavo komponent kimi sinaqdan kecirilmisdir. Sintez edilon efirlorin ekologiyaya
tasiri naticasinds nano-TiO,, nano-ZnO, n-metilpirralidonhidrosulfat vo perxlorat katalizatorlarinin
efirlosmo reaksiyalarinda aktivliyinin yoxlanilmasi, onlarin totbiq saholorinin arasdirilmasi
istigamatinds elmi-tadqiqat islori aparilmigdir.

Tadqgiqatlart aparmaq liglin lazim olan xammallar aldo edilmis vo onlarin fiziki-kimyavi
gostaricilori codval 1-do verilmisdir:

. Cadval 1.
1lkin xammallarin bazi fiziki-kimyavi gostaricilori
Sixliq Stiasindirma .
o : Qaynama o~ 20 Tursu odadi,
Ne Maddoloarin adlari temperaturu, °C/MPa k2(;)/ r§3 amsali, np mgKOH/q
- 0 10

1 | TNT-nin monoetilenglikol efiri 140 2491 ,\%325226 10 976,3 1,4740 1,20
2 | P-monoxlor benzoy tursusu - - - 361,0
3 | a-naftil sirks tursusu - - - 297,0

1. Perxlorat tursu katalizatorunun istiraki ilo etilenqlikolun-naftenat p-xlorbenzoat
efirinin sintezi
Reaksiya asagidaki tonlik iizro aparilmigdir:

HCIO
RCOO-CH;CH,0H + p-CICGH,-COOH ——=3= R-COO-CH,CH,0COCH,Cl-p
-2
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Ugbogazli 250 ml-lik reaksiya kolbasina 17,5 q (0,11 mol) p-xlorbenzoy tursusu, 26,0 q (0,1
mol) TNT-nin monoetilenglikol efiri — katalizator kimi 70 %-1i perxlorat tursusundan 2 kiit.%
(tursuya goro hesablanmig) vo 100 ml distillo olunmus toluol yerlosdirilorok reaksiya 110-120 °C
temperaturda, 5-6 saat miiddotindo qarisdirilaraq aparilir. Bu miiddst arzinds suayirict Din-Stark
aparatinda 2,0 qrama yaxin reaksiya suyu ayrilir.

Umumiyyatlo efirlosmo reaksiyalarmin sonlugu ayrilan reaksiya suyu vo qarisigi tursu
odadinin stabilliyi ilo toyin edilir. Reaksiya qarisigi otaq temperaturuna godor soyudularaq, ayirici
qifda neytrallagdirilaraq yuyulur. Distillo aparatinda holledici-toluol efirdon ayrilir. Susuz efir
filtrdon siiziilorok basga mexaniki hissaciklordon tomizlonir. Efirin ¢ixim1 nozori ¢ixima goro 85,5
% toskil edir. Sintez edilmis etilenqlikolun geyri-simmetrik-naftenat-p-xlorbenzoat efirinin bazi
fiziki-kimyovi gostaricilori cadvel 2-do verilmisdir. Efirin 1Q-spektrindo asagidaki udma zolaglari
miisahido olunmusdur (sok. 1):
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Sakil 1. Etilenglikolun naftenat p-xlorbenzoat efirinin IQ- spektri

Etilenglikolun bis-p-xlorbenzoat efirinin IQ-spektrindo asagidaki udma zolaglar1 miisahido

olunmusdur:

725, 1378, 1400, 1457 sm* — CH; vo CHj; qruplarinin C-H rabitosinin deformasiya
raqsi;

2869, 2925, 2954 sm™ — CHj3 vo CH; gruplarimin C-H rabitssinin valent ragsi;

964 sm™ — naftenlorin  CH; qrupunun C-H  rabitosinin
deformasiya rogslori;

1595 sm™ — benzol halgosinin C—C rabitasinin valent ragslori;

685, 849 sm™ — benzol hoalgosinin C-H rabitosinin  deformasiya
rogslori;

760 sm™ — C—Cl rabitasinin valent rogslori;

1727 sm™ — miirokkab efirin C=0O rabitossinin valent rogslori;

1170 sm™ — miirokkab efirin C—O rabitosinin valent rogslori.

Spektral analiz naticasinds alinan udulma zolaglar: sintez olunmus etilenglikolun-naftenat-
p-xlorbenzoat efirinin torkibinin dogruluguna tominat verir.

29



Perxlorat tursusunun katalitik istiraki ilo etilenglikolun-naftenat-p-xlorbenzoat-,
a-naftilasetat efirlorinin sintezi va tadqiqi

2. Etilenglikolun-naftenat-a-naftil sirks tursusunun efirinin sintezi

Reaksiya asagidaki tonlik osasinda aparilmisdir:

RCOO-CH,CH,OH + C,,H,-CH,- COOH%» R-COO-CH,CH,0COCH,C,,H;

Reaksiya kolbasina 20,5 q (0,11 mol) a-naftil sirka tursusu, 26,0 q (0,1 mol) TNT-nin
monoetilenglikol efiri-, 70 %-1li xlorat tursusundan katalizator kimi 3 kiit. % (a-naftil sirko
tursusuna goro hesablanmig) vo 100 ml tozo qovulmus toluol yerlosdirilorak, qarigsdirilmaqgla
reaksiya 110-120 °C temperaturda, 6-7 saat miiddstindo aparilmisdir. Efirlosmo reaksiyasinin
sonlugu - ayrilan reaksiya suyunun vo reaksiya qarigiginin tursu ododinin stabilliyi ilo toyin
olunmusdur. Bu miiddat orzindo Din-Stark aparatinda 2,0 g-dan bir godor ¢ox reaksiya suyu
ayrilmigdir. Reaksiya qarigigi otaq temperaturuna qoador soyudularaq — ayrici qifin komakliyi ilo
galavila (zaif 0,1 %-li su mohlulunda) neytrallasdirilaraq, iliq su ilo yuyulur. Efir qarisigindan adi
atmosfer tozyiq soraitindo holledici - toluol distillo olunaraq ayrildigdan sonra, susuz efir kiitlosi
kagiz filtrdon siiziilorok analiz olunur. Efirin bozi fiziki-kimyovi gostoricilori codval  2-do
verilmigdir. Efirin ¢iximi1 nozari ¢ixima goroa 80,5 % toskil edir.

g _
e S —————— . Ya"
. \ [‘ 1\ o |
.| | [edny o0 ruf
o E&1N :'v".gsél |
5% ] V ERHINEA R
5 | \:; ! g? \,";/ai 1|
= | & 9 ! 5
E_ | I & | 4l g B
g R | ' 8/ ~ & |
£ % | 1
o | 2
8' ¢ | a5 |
| | |
|
8 . i
8 l
\ |
| |
‘#1_7_1'“'_"1_’—7 el T T ™™ ) s T3 rrramalrmesmaeTrser Y_{

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber cm-1

Sakil 2. Etilenqglikolun naftenat a-naftilasetat efirinin IQ- spektri

Etilenglikolun-naftenat-o-naftil sirko tursusunun efirinin IQ-spektrindo asagidaki udma
zolaglar1 miisahide olunmusdur:

1378, 1457 sm™ — CH; vo CHj; qruplarinin C-H rabitssinin deformasiya roqsi;

2869, 2925, 2954 sm™ — CHj; va CH; gruplarinin C-H rabitssinin valent ragsi;

964 sm™ — naftenlorin CH, drupunun C-H rabitosinin deformasiya
rogsleri;

1597 sm™ — benzol halgasinin C—C rabitasinin valent ragslari;

737,761, 779 sm™ — benzol halgasinin C—H rabitasinin deformasiya ragslari;

1732 sm* — miirakkab efirin C=O0 rabitasinin valent rogslori;

1168 sm™ — miirokkab efirin C—O rabitasinin valent ragslari.

Spektral analiz naticosindo aromatik-niivads olan qruplarin vo basqa funksional qruplarin
udulma zolaglarinin miisahids edilmasi sintez olunmus etilenqlikolun-naftenat-a-naftilasetat efirinin
torkibinin dogruluguna tominat verir.
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Cadval 2.
Sintez edilmig efirlorin bazi fiziki-kimyavi gostoricilori
. . Siiasindirma p420, Tursu adadi, o
Ne Efirlorin adlar smsall, nDZO kq m? mgKOH/q Cixim, %
Etilenglikolun naftenat-p-
1 wlorbenzoat efiri 1,4870 102,50 1,50 85,50
Etilenglikolun naftenat-o-
2 naftil-asetat efiri 1,4758 987,10 1,00 80,50

Cadvoldon goriiniir ki, TNT-nin monoetilenglikol efiri vo heteroaromatik tursular osasinda
perxlorat tursusunun katalitik istirakinda yliksok ¢ixima malik olan soffaf efir toromolori sintez
edilmisdir. Belo miixtolif radikalli — ¢oxfunksiyali miirokkob efirlor kimya sonayesinin miixtalif
saholorinda: amorf polimerlor tigiin plastifikator, dizel yanacaqlari iiglin antioksidant, antidepressant
va s. saholordos totbiq edilos bilor.

Dizel yanacaglarinin bozi xassolorini yaxsilasdirmaq maqgsadi ilo yuxarida geyd olunan
miirokkob diefirlorin alavasilo uygun olaraq iki sinaq niimunasi (niim. 1 vo niim. 2) hazirlanmigdir.
Homin efirlor hidrotomizlonmis dizel yanacagina antioksidant kimi 0,004 %, antidepressant kimi is9
0,05 % miqdarinda olavo olunmusdur. Hazirlanmis niimunolorin siaqglart NKPi-nin “Reaktiv vo
dizel yanacaqlar1” laboratoriyasinda sinaqdan kegirilmisdir. Termooksidlogsma stabilliyi JICAPT
laboratoriya aparatinda 120 °C-do 4 saat miiddotindo mis 16vhonin istiraki ilo aparilmigdir. Eyni
zamanda hidrotomizlonmis dizel yanacaginin asagi temperatur xassolori — bulanma vo donma
temperaturlart TOCT-20287 {izro toyin olunmus vo alinan naticalor codval 3-do verilmisdir.

Cadval 3.
Hidrotomizlonmig dizel yanacaginda sinagdan kecirilmis miirakkab diefirlorin gostoricilori

Hidrotomizlon-mis
dizel yanacagi

Ne Gostaricilor Nimuna 1 Nimunas 2

Termooksidlogma stabilliyi,
1 | ¢Okiintiiniin migdari, mq/100 ml

yanacagda 1,9 0,6 4,1
Temperatur, °C

2 bulanma -31 —26 -26

donma —42 -39 -34

Cadval 3-don goriindiiyli kimi, sintez olunmus efirlorin hidrotomizlonmis dizel yanacagina
olavasi ilo, hom antioksidant, hom do depressator kimi yaxsi noticolor alinmisdir. Hor iki efirin:
etilenglikolun naftenat-p-xlorbenzoatin (niimuna 1) va etilenglikolun naftenat-a-naftilasetat efirini
(nlimuns 2) slavasi ilo hidrotomizlonmis dizel yanacaginin ¢okiintiisiiniin miqgdar1 uygun olaraq 4,1
mg-dan 1,9 vo 0,6 mg-a qodor (100 ml yanacaqda) azalmisdir. Homg¢inin yanacagin donma
temperaturu da uygun olaraq monfi 34-don monfi 42 vo manfi 39-a qodor asag1 diismiisdiir. Demali,
olave olunan efirlorin tasiri ilo yanacagin donma temperaturu 8 vo 5 vahid yaxsilagmisdir.

Noatica

1. Katalizator kimi perxlorat tursusunun istiraki ilo tobii neft tursusunun monoetilenglikol
efiri vo heteroaromatik tursular osasinda yeni efirlor sintez edilmis vo onlarin fiziki-kimyavi
gostaricilori analitik, quruluslart iso miiasir spektral tisullarla toyin edilmisdir. Miioyyon edilmisdir
ki, sintez edilmis etilenglikolun naftenat: p-xlorbenzoat- vo a-naftilasetat- efirlori dizel yanacagi
iiclin hom antioksidant, hom do antidepressant kimi totbiq oluna bilor.

2. Hidrotomizlonmis dizel yanacagma etilenglikolun naftenat-p-xlorbenzoat efirinin
olavasilo onun termooksidlogsmo stabilliyi yaxsilasmis, yoni analiz zamani alman c¢okiintliniin

31



Perxlorat tursusunun katalitik istiraki ilo etilenglikolun-naftenat-p-xlorbenzoat-,
a-naftilasetat efirlorinin sintezi va tadqiqi

miqdar1 4,1 mqg-dan 1,9 mg-a, etilenglikolun naftenat-a-naftil-asetat efirinin slavasils iso 0,6 mg-a
qodor azalmigdir.

3. Hidrotomizlonmis dizel yanacaginin donma temperaturu birinci efirin oalavasilo 8 vahid (-

34-don -42-ya gadar), ikinci efirin olavasils iso 5 vahid (-34-don -39-a qodor) yaxsilasmisdir.
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PE3IOME
CHUHTE3 U UCCIEJOBAHUE 3®NUPOB 3TUJIEHTJIUKOJb-HAD®TEHAT-II-
XJIOPBEH3O0ATA, 0-HA®THUJIAIIETATA B IIPUCYCTBUU KATAJIU3ATOPA -
MEPXJIOPATHOM KHUCJIOThI
Kepumoe II.M., Aneckeposa O.M., Anuesa C.I'., Axmeooexoea C.®., Mycaeea A.1I.

Knrouesvie cnosa: monosmunenenuxoneswiii s¢pup IIHK, n-monoxnopbensoiinas Kucioma, o-
HA@MUAYKCYCHASL  KUCTIOMA, NePXIOPAMHAsL KUCIOmMA, 3Qup, OuzervHoe
MONIUBO, NPUCAOKA, AHMUOKCUOAHM, AHMUOENPeCCaHm
B npencraBieHHON cTaThe paccledoBaH CHHTE3 2(PUPOB HA OCHOBE IM-XJIOPOCH30MHON KHUCIOTHI U
stunenrimkonesoro 3¢upa [THK (B nepecuere Ha 2% 1o macce XJIOpOCH30WHOW KHCIOTHI) TOJy4YeH 3dup
ATUJICHTIIUKOJIb-HA TeHAT-TI-XJIOpOeH30aTa ¢ BbIXogoM 85% mpu temmeparype 110-120°C B Teuenue 5-6
4acoB B MPUCYTCTBHH KaTaJn3aTopa - MEPXJIOPATHON KUCIOTH M Ha OCHOBE MOHOATHIICHTIIMKOJIEBOTO Aupa
I[MHK u oa-HadTHIyKCYyCcHOUM KUCIOTHI (2% OT Macchl 0-HA()TUIIYKCYCHOM KHCIIOTBI) CHHTE3UpPOBAH d(PUP
STUJICHTIINKONb-HApTeHAT-0-HadTHIaneraTa ¢ BoixomgoMm 80% mpu 110-120°C B Teuenue 6-7 4HacoB B
MPUCYTCTBUH KaTallU3aTOpa - MEePXIOPATHON KUCIOTHL. DUINKO-XUMIYECKHE TTOKAa3aTeNln CHHTE3NPOBAHHBIX
3(GUPOB ONpEIeNIeHB W HASHTU(PUIIMPOBAHEI CIEKTPaTbHBIMU MeTogamMu. CHHTE3UpPOBaHHbBIE YPUPHI ObLTH
MPOTECTUPOBAHBl HA MPEAMET YIYUIICHUS TEPMOOKHCIUTEIHHOM CTaOMIBHOCTH U aHTHUJCIPECCHUBHBIX
CBOWMCTB MU3EIHHOTO TOIUIMBA. Y CTAaHOBIEHO, YTO 3TH 3(PHUPHI MOTYT OBITh WCIIOJNIb30BaHBI B KadeCTBE
AHTHOKCHUJAHTOB ¥ aHTHJICTIPECCAHTOB B TU3EIHHOM TOTLINBE.

SUMMARY
SYNTHESIS AND STUDY OF ETHYLENE GLYCOL-NAPHTHENATE-P-CHLOROBENZOATE,
a-NAPHTHYL ACETATE ESTERS IN THE PRESENCE OF A CATALYST - PERCHLORATE
ACID
Karimov P.M., Alasgarova O.M., Aliyeva S.G., Akhmadbayova S.F., Musayeva A.P.

Key words: monoethylene glycol ether NPA, p-monochlorobenzoic acid, a-naphthylacetic acid,
perchloric acid, ester, diesel fuel, additive, antioxidant, antidepressant.

In this article, based on p-chlorobenzoic acid and ethylene glycol ester of NPA (in terms of 2% by
weight of chlorobenzoic acid), ethylene glycol naphthenate-p-chlorobenzoate ester was obtained with a yield
of 85% at a temperature of 110-120°C for 5-6 hours in the presence of a catalyst - perchlorate acid and on the
basis of monoethylene glycol ester of NPA and a-naphthylacetic acid (2% by weight of a-naphthylacetic
acid), ethylene glycol-naphthenate-a-naphthyl acetate ester was synthesized with a yield of 80% at 110-
120°C for 6- 7 hours in the presence of a catalyst - perchloric acid. The physicochemical parameters of the
synthesized esters were determined and identified by spectral methods. The synthesized esters were tested to
improve the thermal-oxidative stability and antidepressant properties of diesel fuel. It has been established
that these esters can be used as antioxidants and antidepressants in diesel fuel.
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Aromatik aminlor vo onlarin alkil téromalori tizvi maddslorin miihiim siniflorindon biridir vo
sonayenin miixtolif sahalorindo genis miqyasda totbiq sahslorine malikdir.

N-alkilovozli aminlor plastiklorin istehsalinda, partlayict maddoslorin, fotoreaktivlorin,
pestisidlorin, stabilzatorlarin, boyalarin, dorman preparatlarinin, polimerlarin, halledicilorin, reaktiv
vo raket yanacaglarinin alinmasinda ¢ox genis istifado olunur|[1; 2].

Mohz onlarin belo miihiim praktiki shomiyysto malik olmalarina géra, N-mono- vo N, N-
dialkilaminlorin yiiksok effektiv metodlarla, xiisusilo, miixtolif katalizatorlarin istirakinda sintezi
miiasir izvi kimyanin aktual masalalordon sayilir.

Odobiyyat molumatlarindan aydin olur ki, anilin vo alkilanilinlorin heterogen vo
metalkompleks katalizatorlarin istirak: ilo N-alkillogsmasi istiqgamati iizro goriilon islorin miqdari hor
il artir vo bu saho tizro todqiqgat islori ilo moasgul olan kimyagi1 alimlori yeni prespektivli metodlar vo
iisullarin axtarilmasina sévq edir. Metalkompleks katalizatorlarin vo onlarin modifikasiya olunmus
formalarindan istifads olunmasi ilo reaksiyan1 otaq temperaturunda belo aparmaq miimkiindiir.

Katalitik ndqteyi nozordon aromatik aminlorin N-alkillogsmasi miirokkab prosesdir, belo ki,
aromatik aminlorin alifatik aminloro nisboton N-alkillogsmosini  adoton, alkilhalogenidlarla,
spirtlorlo, dimetilkarbonatla, formaldehidin komoyi ilo COz/H;, heterogen vo homogen
metalkompleks katalizatorlarin istirakinda qeyri-adi alkillagdirilmo metodlari ilo hoyata kegirirlar.

Odobiyyat [3]-do alkilhalogenidlo (RX, R-radikallar, X=CI,Br, J) N-alkillosma reaksiyasinin
CsF istiraki ilo asetonitrildo X vo Y seolit katalizatorlari ilo, [4]-do alkillogsma reaksiyasinin normal
butilyodidlo KX vo Nal katalizatorlarmin istiraki ilo aparilmasi haqda molumat verilmisdir.
Katalizatorun tobiotindon asili olaraq mono- vo dibutilanilinlorin qarisigindan ibarot 58-67%
ciximla alkilat alimmisdir, reaksiya benzol mihitindo 14 saat miiddstindo gaynadilmagqla
aparilmigdir.

Anilinin N-alkillogsmo reaksiyasi benzil- vo allilbromidlo Al,03-K;0 (Al,03 vo KNO3—
garigigindan hazirlanir) Kkatalizatorun istirakinda asetonitrildo 30 °C temperaturda hoyata
kegirilmisdir, naticads dibenzilin ¢iximi1 72% (7 saat miiddatinds), N-N-diallilin ¢iximi isa 85% (1
saat miiddatindo) toskil etmisdir [5].

Aromatik aminlorin alkillosmasi ti¢lin alkilhalogenidlor o halda totbiq olunur ki, aromatik
aminlor spirtlorlo alkillogo bilmir, yaxud alkillosmo reaksiyasinin yerino yetirilmasi ii¢lin
alkilhalogenidlor spirtlordon daha effektlidir. Ayrilan hidrogen halogenidin slagslondirilmasi ii¢lin
aromatik amini artiq miqdarda gotiirmok, yaxud reaksiya kiitlosino osasi xarakterli maddolor
(natrium hidroksid, natrium yaxud kalsium karbonat, kalsium hidroksid va s.) slavo etmok lazim
golir.
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Kimyavi yolla anilin vo toromolorinin alkilhalogenidlorlo N-alkillosmosi ekoloji cohoatdon
sarfali sayilmir, bels ki, alkillosma prosesindo slavo mohsullar HCI, HBr, HJ amalo golir ki, onlarin
da titillosdirilmosi tolob olunur. Gostorilon ¢atismazliglarin aradan qaldirilmasi {igiin elektrokimyavi
iisul daha olverisli sayila bilor. Beloki, bu lisulda yuxarida geyd olunan araliq mshsullarin (HCI,
HBr, HJ) bilavasito elektrolizi naticosindo onlarin qatiliqlart kifayot qodor asagi diisiir, homsinin
elektroliz naticosindo omolo golon halogenlorlo anilini vo alkil- toromolorini  birbasa
halogenlosdirmok miimkiin olur, hatta elektroliz prosesinin miiddotindon vo bozi osas parametrlorin
doyisdirilmasi yolu ilo eyni bir prosesdo miixtolif masalolori hoyata ke¢irmok olar.

Oksor hallarda alkilhalogenidlor vo alkenlorlo alkillosmo reaksiyalarinda aprotonlu
tursulardan (Lyuis tursulari) daha ¢ox istifado edilir.

N-alkillosms reaksiyasina elektrofil hissaciklorin amin qrupundaki azot atomuna birlogsmasi
ilo amalo galon ammonium ionunun araliq moahsulu kimi, aminin hossasligi artdigda isa onun
alkillosmo reaksiyasina daha asan daxil olmasi sababindan, oksor vaxt N-alkillosmo reaksiyalarina
hom da nukleofil avazolunma reaksiyasi kimi do baxmaq olar.

Aminlorin alkilhalogenidlo alkillosmasi, adston: a) ammonium duzlar1 amolo galmasi vo
hidrogen-halogenid ayrilmas: ilo miisahido olunur, nsticodo reaksiyanin getmosi ¢otinlosir, bu
mogsadlo tursu ilo slagealondirici maddslor (natrium, kalium, kalsium karbonatlar vo ya golovi)
olava olunur; b) alkillosmo reaksiyainin siirati aminin niikleofillik qabiliyyati ilo tayin olunur, eyni
soraitds pkd-nin artmasi ilo aminlorin niikleofilliyi vo reaksiyanin siirati yiiksalir:

Odabiyyat tohlillarindon malum olur ki, anilinin alkillosma reaksiyasi1 Al,03, Al,03-Fe;0s3,
alimosilikat, Ru-duzlari, elocads alkilhalogenidlorlo maye fazada 180-250°C temperaturda, 4 MPa-
a godor tozyigdo do yerina yetirilmisdir. Bu halda reaksiya noticasinds alinan garisiq vakkumda
rektifikasiya ilo ayrilir.

N-alkillosmo heterogen-katalitik prosesds torkibino 54% CuO, 11,0 % MnO,, 14,0 %
Cr,03 va 19,5 % Al,O3 olan mistarkibli kationlarla da aparilmisdir.

Odobiyyat [6]-do aminlorin, oksor hallarda iso anilinin N-metillosmo prosesindo Al;Os-
mordenit katalizatorundan istifado olunmasi gostorilir. Proses reaktorda katalizatorun horokotsiz
tobagesi ilo 270°C temperaturda, 10 bar tozyiqds, metanolla aminin uygun olaraq 4:1 nisbatindo
hoyata ke¢irilmisdir. Bu soraitds anilinin 64% konversiyasi bas verir vo N-N-dimetilanilinin ¢ixim1
57% toskil edir.

[7]-do miialliflor torafindon anilinin metanolla 1:3 nisbatinda X-tipli seolit, (RHO-seolit) vo
L(Seolit S, K-LTL) istirakinda, 400°C temperaturda qarisiliqh tasirindon N-N-dimetilanilinin sintezi
hoyata kegirilmisdir vo naticada N-N-dimetilanilinin ¢ixim1 95 % toskil etmisdir.

Odobiyyat [8]-do anilinin metanolla N-alkillosmasi y -aliiminimum oksid katalizatorunun
istirakr ilo aparilmasi gostorilmisdir, molum olmusdur ki, reaksiyanin selektivliyi temperaturdan
asilidir, beloki, prosesdo temperaturu artirdigda N-N-dimetilanilinin omolo golmasi do artir.

Kecid metallar osasindaki katalizatorlarla anilinin spirtlorlo alkillosma reaksiyasi, tursu vo
seolit katalizatorlar1 ilo aparilan reaksiyalardan {i¢ miithiim istiinliiyii ilo forqlonir: reaksiyanin daha
asagl temperaturda aparilmasinin miimkiinliiyli; anilinlorin va spirtlorin funksional qruplarinda
selektivliyin vo davamliligin idaro olunmasi; reaksiyaya genis c¢esiddo substrantlarin miixtalif
quruluslarinin daxil edilmosine imkan verilmasi. N-metil vo N-N-dimetilanilinlorin alinmasi iigiin
prosesda sellektivliyin problemi xiisusils kaskindir, bels ki, onlarin yaxin qaynama temperaturlarina
(195,6 vo 194 0C) malik olmalart onlarin qarisigdan individual soklindo ayrilmasini ¢atinlosdirir.

N-metil vo N-N-dimetilovozli anilinlor, anilinin metanolla FeCls - 6H,O Kkatalizatoru
istirakinda CCl; miihitindo sintez edilmisdir, avvalco reaksiya mohsulu N-metil vo N-N-
dimetilanilin 140 °C temperaturda, 4 saat miiddstinds (CCl;:MeOH nisbati 1:2) ekvimolyar
miqdarda omolo golir, reaksiya vaxti artirildiqda iso (8 saat) reaksiya mohsulu N-N-dimetilanilin
olur.
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Elektrokimyavi metodla 2-metilanilinin n-alkillasmasi

Odobiyyat arasdirmalar1 gostorir ki, N-metil vo N-N-dimetilanilinlorin, anilin vo avozlonmis
anilinlorin birli- vo ikili- spirtlorlo CuCl,-2H,0 vo CuBr;, katalizatorlar1 ilo CCl, promotoru
istirakinda reaksiyalar1 da hoyata kegirilmisdir [9].

Miialliflarin fikirinco CCly-n hidrolizi naticasinds amala galon HCI civa iisulu ils titirloma
reaksiya kiitlosino asasliq verir, ehtimal olunur ki, HCIl-in mis duzlar1 ilo qarsiligl tesirindon
Qustavson tipli kompleks amaloa galir, vo naticads anilinin metanolla N-alkillosmasi uygun N-N-
dimetilanilin amalo gatirir.

Misferrit CuFe,O4- y - Al,O3 katalizatoru istirakinda 320-380°C 2-metil-anilinin etanolla
alkillosmasi reaksiyasi da todqiq edilmisdir, daha yiiksok ¢iximla N-etil-2-metilanilin alinmigdir
[10].

Kimyovi yolla anilin vo onun téramslorinin alkilhalogenidlorlo N-alkillogmasi ekoloji
cohotdon sorfali sayilmir, bels ki, alkillosmo prosesindo alavo mohsullar HCI, HBr, HJ omolo golir
ki, onlarin da titillosdirilmasi tolob olunur.

Togdim olunan isin moagsadi elektrokimyavi metodla 2-metilanilinin N-alkillogsmasi
prosesini yerino yetirmokdon, ononovi kimyovi iisullarda olan c¢atigmazliglarin aradan
qaldirilmasindan, alinan araliq mohsullarin (HCI1, HBr, HJ) bilavasito elektrolizi naticasinds onlarin
qatiliglarinin kifayst qoder asagi salinmasindan, elektroliz naticosindo omolo golon halogenlorlo
anilinin va alkil- toromolorinin birbasa halogenlosdirilmosini hoyata kegirmokdon vo bununla da
kimyovi tisullardaki bozi ekoloji problemlarin hall olunmasina nail olunmasindan ibaratdir.

[k dofs olaraq torafimizdon 2-metilanilinin allilbromidls elektrokimyavi iisulla alkillosmosi
aparilmigdir. Proses silindrik slisodon hazirlanmis 200 ml tutuma malik, termostat, mexaniki
qarisdirici, grafit katod vo ORTA anodla tochiz edilmis elektroliz qurgusunda yerino yetirilmigdir.

Elektroliz qurgusuna 10,1 ml (10,7q-0,1mol) 2-metilanilin, 86,5 ml (12,1 g-0,2 mol)
allilbromid, reaksiya kiitlosinin 2%-1 miqdarinda Al,03-K,0 katalizatoru yerlogdirilmis, sistemo 6 A
carayan verilmakla, proses CCly istirakinda, 70°C temperaturda, 2,5 saat miiddatinds aparilmisdir.
Qaris1q vakkumda rektifikasiya ilo ayrilir.

Yerina yetirilon tocriiba naticasinds 27,9 q (maddays gora ¢ixim 80%) vo Coroyana goro
¢ixim 57% olmagla 2-metil-N-N-2-brompropan alinmigdir. Prosesdo az migdarda 2-metil-N-2-
brompropan va 2-metil -6-brompropan da alinmigdir.

N(CH,-CH =CH,), II\’(CHz-CHBr-CHg)z
L A~ CH
P _
e e — O
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PE3IOME
N-AJIKMJIMPOBAHMUE 2-METUJIAHUJIMHA AJIVIMJIXJIOPUIOM
SJEKTPOXUMHWYECKUM METOAOM
Mypaooe M.M., Hazaposa M.K., 'amamoe M.M., Azae¢ A.A.

Knwuesvie cnosa:  apomamuueckue — amumuvl,  N-aakuiuposanue,  MemMAIIOKOMNIEKCHbIE
KAmanu3amopbwl, aIKUI2AN02eHUObl, 8AKYYMHAS peKMugukayus, ycmanosxka
INEKMPONU3A
Lenp mpencraBneHHONH pabOTHI 3aKiIOYaeTCs B MPOBEIACHUH N-aIKWIMPOBAHUS 2-METHJIAHMINHA
JNEKTPOXUMHUYECKUM METOJIOM, YCTPAHEHUH HEAOCTATKOB XHUMHUYECKHX METOJIOB, CHIDKEHUH KOHIIEHTpaIuu
MOJTyYeHHBIX MpoMexyTouHbIx npoaykroB (HCIL, HBr, HJ) B pe3ynbsTare npsiMoro aieKkTpoinsa, IpoBEJCHUN
NPSMOro TaJIOTEHUPOBAHUA aHWIMHA M aJKWIIPOM3BOAHBIX TaJOreHamH, OOpa3yloIIMMHCS B pe3yjbTaTe
AIIEKTPOJIN3a U JOCTIKEHUH PEIICHUI XUMHUUECKUMH METOIaMH HEKOTOPBIX SKOJIOTHUYECKHX MPOOIIEM.

SUMMARY
N-ALKYLATION OF 2-METHYLANILINE WITH ALLYL CHLORIDE BY THE
ELECTROCHEMICAL METHOD
Muradov M.M., Nazarova M.K., Hatamov M.M., Agayev A.A.

Keywords: aromatic amines, N-alkylation, metal complex catalysts, alkyl halides, vacuum
rectification, electrolysis unit
The purpose of this work is to carry out the N-alkylation of 2-methylaniline by the electrochemical
method, eliminate the shortcomings of chemical methods, reduce the concentration of the obtained
intermediate products (HCI, HBr, HJ) as a result of direct electrolysis, carry out direct halogenation of
aniline and alkyl derivatives with halogens formed as a result of electrolysis and achieving a solution of
chemical methods of some environmental problems.
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Knrouesvle cnosa: nponawmpuon, MoueGUHA, MPUSTUYUOHBLUL dup,  OUMemuIpopmamuo,
NOIUOKCUNPONUTEH3aAMeUujeH b 1, 3-0KCca30au0un-2-ona, enuyuOHblil Pup
nponanmpuona

Ilpeocmasnennas paboma nocesujena UCCIe008aHUIO PeaKyulu YUKIONPUCOEOUHEHUS MOYE8UHDbL C
MPUSTUYUOHBIM  SDUPOM  NPONAHMPUONA, UZVHEHUIO 6IUAHUS MOJILHBIX COOMHOUIEHUL pPeazeHmos,
memnepamypvl U 8pems peaxyuu npomeKaHuss npoyeccd, Ha bix00 NpOoOYKMos8, a maKdice Ha cocmas u
CMPYKMYPY CUHMEIUPOBAHHBIX A0OYKMO8.

B pesynbrare nOpoOBENEHHBIX CEpUHHBIX  OIBITOB  YCTAaHOBJIEHO, YTO  peaKIus
MOCJIEIOBATEIBHO COMPOBOXAAETCS 00pa3oBaHMEM MOHO-, M- U TPUMOYEBHHHBIX OJHTOMEPOB
nponantpuona. OpeneseHo, YTO IMOJMOKCUIIPONUIICH3AMEIIEHHBIH OKCa30JIMUH-2 T0JIy4atoT,
P HArPEBAHUIO OJIUTOMEPOB MOYEBHHBI MPOIIAHTPHOIIA TIPH BEICOKUX TEMIIEPATYP.

B HacTosimiee Bpems B MEIUIIMHE OKCA30JMIMH-2-OHBl HMMEIOT OONbLIOE 3HAaYeHUE |
MPEJCTABISAIOT COOON HOBBIM KIIACC CHHTETUYECKHX TPOTHBOMHKPOOHBIX CPEICTB, 00JIaTArOIINX
BBICOKOM aHTHMOAKTEpHaIbHOM aKTUBHOCTBHIO MPOTUB I'PAaMIIOJIOKHMTEIbHBIX a’pOOHBIX OaKTEepHH,
BKJIIOYass BAaHKOMUIIMHPE3UCTEHTHBIE M MYJIBTUPE3UCTEHTHBIE MHUKPOOPTaHU3MBI, B TOM YHCIIE
ycroiunBble k MeTHUMUIMHY Staphylococcus aureus (MRSA) u Bacillus anthracis, croiikue x
NEHUIMUIMHY CTPENTOKOKKH [ 1, 3].

Oxca30omuaAMHBl OTHOCSTCA K KIJAcCy TIeTepOLMKINYECKUX COEIMHEHUH OpraHu4ecKoil
XMMHUH, TIOJMMEpPHI cojepxaniie (parMeHThl OKCA30JIMAMHA-2 B MPOMBIILICHHOCTH IITHPOKOM
MaciTade UCMONb3YIOTCS NPU CHHTE3€ TEPMOCTOMKUX MOJUMEPOB, MOKPHITUN I TEINIOCTOMKHUX
AJIEKTPOIIPOBOJIOB, KJICIONIMNX MaTepHANIOB, TIEHBI, CHHTETUYECKHX BOJIOKOH C BBICOKMMHU (PH3HKO-
MEXaHUYECKUMHU CBOMCTBAMHU IIMPOKO MPUMEHSEMBbIE B Pa3IUYHBIX OTPACIAX MPOMBIIIIEHHOCTH
[2].

B nuteparype n3BeCTHO HECKOJIBKO CIIOCOOOB MOTYYEHUSI OKCA30JIUANHA-2, TOJIBKO U3 ITUX
METOZIOB OOJIBIIOE TMPOMBINUICHHOE 3HAYCHHE HMEET pPEaKIHs B3aUMOJICHCTBHE TIIMIUIOB C
M30IMaHaTaMU. AHAJIU3 JIUTEPATYPHBIX U MAaTEHTHBIX UCTOYHUKAX IMOKAa3bIBAIOT O TOM, YTO OYEHb
Maj0 Hay4HbIX pabOT MOCBAILIEHO CHHTE3y OKCAa30JUAMHA-2 B3aUMOJEHCTBHEM JIOKCHIIOB C
MOYEBHHOM [4-5].

Hcxons W3 BbIIE W3JOKEHHBIX Ha JTale Pa3BUTHS HCIIOJIB30BAHHE OKCA30JUINHOB-2
MOUCK HOBBIE METOJBl CHHTE3a STHX COEAMHEHHUH TMpeICTaBIAIOT MPAKTUUYECKUH M HaydHBIN
WHTEpEC, YYHUTHIBas HE3aMEHHMOE 3HA4YeHWE B MEAHWIIMHE M TPAKTUYECKOe 3HAYCHHE B
MPOMBIIIJICHHOCTH BCECTOPOHHEE U3yYEHHE UX CBOMCTBA aKTyaJIeH M CErO/IHs.
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Ilenpto mpencTaBiIeHHONW pabOTHI sABISETCS CUHTE3 1|,3-0KCa30JduIuH-2-OHA HA OCHOBE
B3aUMOJCUCTBUN TPUINIMLKAIHOIO OJMIOMEpa IIPONAHTPUONA C MOYEBUHOW, HAXOXKIACHUE
ONTUMAJIbHBIX YCIOBUI CHHTE3a M W3YYCHHE KWHETHUKH M MEXaHU3Mbl PEaKlUU, UCCIeI0BAaHUE
CBOWMCTBA CHHTE3UPOBAHHBIX 1,3- OKCA30JIMINH-2-0HOB B Ka4€CTBE MOAU(PHUKATOPA.

Hamu BnepBble mpoBeieHa peakiusi KOHACHCAIUU MOYEBUHBI C TPUTIIMIUAHBIMU dPUpaMu
MpomnaHTpuoia. Peaknuy B3amMOICHCTBHE MOYEBHUHBI C TPHUIIIHIHIHBIM 3PHUPOM MPOMAHTPHUOIA
MPOBOJIMIIM TIPH TEMIIEpaType IUIaBieHus Mo4yeBUHBI O0e3 pactBoputens (130-135°C) a takxke B
npucyrctBun auMmetmidopmamuna (IM®PA) B kadectBe pactBoputens mpu Temmeparype 100—
110°C. 3a x010M peakiuu CICIUIN C IMMOMOIIBI TOHKOCIOWHONW XpomaTtorpaduu. Ha ocHOBaHuH
MHOTOYHUCJICHHBIX HKCIIEPUMEHTOB OBLUIO OIpPEACNIEHO, YTO B 3aBUCUMOCTH OT MOJIBHOTO
COOTHOILEHHS TPUIIIAIIUAHOTO 3(hHpa IPOIaHTPHOJIA K MOUEBUHBI ToydatoTcs Mmono- (1), mu- (111)

u Tpu- (IV) 3amerieHHble TPOU3BOAHBIE MOYEBUHBI:
0}

Y OH
oj/\ /\K
o 11
N HN_  NH, an

HN_ NH, (D

O 1Y%

HN\ _NH, (V)
HZN\ _NH ﬁ
OH (o}

I
o
[TpoBoaMMBIE SKCIIEPUMEHTHI MOKA3alli, YTO MPU HATPEBAaHUH CUHTE3UPOBAHHBIX COETUHEHUN
(I1-TV) 10 160-180°C mosryuaeTcst MOJUOKCHUITPOITHIICH3aMEIIIEHHBINH OKCA30JIUNH-2;
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[MTonrokcumponuieH3aMeeHHbIH okca3zoauanH-2-oubl (V-VII) u3yuanuce otaensHo ot I1-
IV ¢ momomrsto Harpetoro nuatundopmamuze ( [JIMDA).
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MexaHu3M peakIluu CHHTE3a IOJUOKCHUIIPONIIICH3aMEIICHHBIM OKCa30IuanH-2-0HOB (V-
VII) MOXXHO MPEATIONIOKUTH CIAECTYIOLUTIM 00pa3oM:

R—(|JH—(|3H2 R—CH—(ljﬂ2

R—CH—CH, + H)N NH, NH| —— O NH
U A W,
" (] ;
o o

R = ocTaTtok moinMoKCUpoOnuIeHOBOro ()parMeHTa

Kak BuIHO M3 cxeM, CHayajlla METWJIEHOBas TIpyIIa B T[JIMIUIHOM KOJIbLE aTaKyercs
aMUHOTPYNIOW MOYEBUHBI, M KOJIbLIO pPACKPHIBAETCs. 3aTeM MOJIYYEHHBIH IMPOMEKYTOUHBIN
IIPOJYKT pa3jaraercs Ipy BHICOKMX TEMIIEpATypax U ¢ BbIIEICHUEM aMMHUAKa 3aMbIKAaeTCs KOJIbLIO.

Ctpoenune u coctaB cuHTe3upoBaHHBIX BemiecTB (II-VII) moarBepKaeHbI 3JI€MEHTHBIM
anan3oM u ¢ momompio VK- u 'H SIMP- cnekrpockonuei. PesynpraTel ananusos K- u 'H sIMP-
CHETPOB TOKa3alM, YTO ATH CIEKTPhl XapakTepHbI sl cuHTe3upoBaHHbIX BemecTB (II-VII) u
MOATBEPXKIAIOT UX CTPYKTYypy u cocraB. MK-cmekrp 3amucan Ha npubope Specord 75-IR B
CYCIIEH3MH, IPUTOTOBIECHHON B BazennHOBOM Mmacie. Cnektpsl AMP- peructpupoBanu B cucreme
AVANCE 300 MI'n. PacrBopurens-ZIMCO. ToHKOcHOWHYH0 Xpomarorpaguio IpOBOAMIM Ha
cuinydoine YD-254.

IMonocsl mornomenns B obmactn 1110-1120 cm™, nHaGmonaembie B CHUHTE3UPOBAHHBIX
coequnHeHusx (II-VII) otHocstcs x mpoctoir adupnoit (C-O-C) cBsi3u, MOJOCH MOTIIOIICHUS
HabroaemMbie B oGmactn 1730-1740 cM™ OTHOCSTCS K BAJCHTHBIM KOJNCOAHHMSM KapOOHHMIBHOM
rpynisl, a nonockl nornouieHus it O-H cocraustor 3496 emtu HaOmIrogaroTCs B o0nactu 724-
748 em™.

B cnektpe 'H amp CHHTE3UPOBAHHOT'O OJIATOMEPA IMOJHMOKCUITPOITMIIEHOBOTO KapOamuaa
(IV) B tpex ¢parmente —CH,N curHansl AByX MpOTOHOB HaOmonaercs B obnactu 3,48 m.u. 3,23
M.1, B Tpex (pparmentax —OCH; curnansl mpoToHoB HaOmoaaercs B obinactu 3,65 m.a. 3,40 m.a., B
rpynne O-CH curnan npotona Habioaercs B oosactu 4,17 m.a. Bo pparmeHTe

CH, CH,
S \$ﬁ/
CUTHaJIBI TPOTOHOB METUJICHOBBIX TPYII HaOmoaaoTesa B oonactu 3,50 m.a., B rpymnne —CH curnan
npotoHa HabmrogaeTcs B obmactu 3,49 m.n. Curnansl Bojgopoza B Tpex rpynnax -OH nabmomaercs
B CHHIUIETHOU (opme B obnactu 3,58 m.1., a B Tpex rpynnax NH u NH; Habmronaercs B obnactu
6,0 M.1.

B H amp CHEKTpax MOJMOKCHIIPOIMIIEH3aMeIIeHHbIN okcazonuauH-2-one (VII) curnamnsl
Bosopoaa B NH rpyrrie B Tpex OKCa30JuIUHOBBIX ()parMeHTOB Haboaaercs B oomactu 8,0 M., B
Tpex ¢pparmentax HoC-N curnansl mpoToHoB Habmogaercs B oonactu 3,33 m.a. u 3,08 m.1. B Tpex

(dbparmeHTax curHaja nmpoToHa
O

NN

CH

Habmoaercs B oonactu 4,90 M.71., a CUTHaJBI IPOTOHOB B Tpex (parmentax CH»-O Habmronaercs
B obmactu 3,73 m.n u 3,48 m.1., Bo ¢pparmente -CHp-CH-CHy- curnan npotona rpymmsl -CHp-
HaOmrogaeTcst B obmactu 3,50 m.na., a curnan nporoHa CH-rpynmer Habmomaercs B obmactu 3,49
M..

CHHTE3MpOBaHHBIN MOJIMOKCUIIPOITMIICH3aMEIIEHHBIN 1,3-0KCa30JIMINH-2-0H ObLT UCIIBITaH
B KayecTBe MoAMu(uKaTopa — aHTUIIUpeHa Juist cMoisl DJ1-20.

VYcTaHOBNIEHO, YTO JAHHBIM OJUrOMEp aKTUBHO YYacTBYeT NpH OOpa3oBaHUHM CETYATOU
CTPYKTYpPbI 3MOKCHIHBIX KOMIIO3MILIMH, YBEIMYMBAET HMX PEAKLMOHHOCIIOCOOHOCTh W HAMHOTO
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MOBBIIAET UX (U3MKO-MEXaHUYECKUX, aATre3MOHHBIX CBOMCTB a Takke MepefaloT UM
caM03aTyXarolIuX CBOUCTB [6].

JKCIepUMEHTAJIbHAA YACTh

B3aunmojeiicTBHe MOYeBUHBI ¢ TPUTTHIIUAHBIME 3QUPaAMU IPONAHTPHOJIA

B Tpexropnyio peaknuoHHyr K00y ¢ emkocThio 100 My, cHaOXeHHOW MEXaHWYECKOMH
MEIIAIKOH, TEPMOMETPOM, OOpATHBIM XOJOJWJIBHUKOM M KareJbHOH BOPOHKOH, 3arpyxamu 18r
(0,3Mo0715) MOYEBMHBI M HarpeBanM Ha neun c nepememienuem (133°C) mo pacniaBieHws.
Jo6asnsum 234t (0,9M071b) TPEXTAMIUIAHBIX F3(UPOB MPOMAHTPHOIIA [0 KAIJISIM Ha PACIUIaBICHHYIO
MOYEBMHY M mnepemelnuBanu cMech npu 135-140°C B Teuenue 3 uyacoB. PeakiuoHHy0 KoNOy
OXJIX/JIAIOT /10 KOMHATHOM TemmepaTrypbl U B CMeCh BbUIMBaIOT SOMII ropsyero xyopodopma,
NepeMennBalT U QUIbTPYIOT udepe3 (uiabTpoBaibHyl0 Oymary. [lo mepe oxmaxkiaeHus cMecu
BbImanaoT Oernble kpuctawibl. Ocamok GunbTpytoT u otaensior 40,5t (42,2%) omuromepa (II).
PactBopstor BemectBO B S0MIJI  CBEXENMEpPErHAHHOrO JIUMETHWI(GOpMaMHlia U HarpeBaloT B
peakuuonHoii kon6e mpu 110-115°C B Teuenwe 8 4yacoB. BbLIMBAIOT IIOJNYYEHHYIO CMECh B
XUMHUYECKUH CTakaH, OT(OUIBTPOBBIBAIOT KPUCTAIIBI, OTACTUBIINECS OT OXJIAKICHHOW CMeECH,
cHoBa rnepekpuctauin3oBbiBaloT MDA u nonydarot 30r (78,5%) BemectBa. [Ipu 3TOM BBIXON
npoaykra cocrasisieT 78,5%.

Pe3yabTaThl U HX 00CcyKIeHHe

[Tpu uccnemoBaHWM MEXaHM3Ma PEAKIMM CHHTE3a MpeArnojoraercs, yto cHavaina -CHa
rpynna B IIMIMJIHOM Kouiblie artakyercss -NHp rpynmoil MOYEBUHBI, TEM CaMbIM PacKpbIBaeTCs
KOJIBII0. 3aTeM MOJyUYEHHBIH MPOMEXKYTOUHBII MPOAYKT pas3iiaraeTcs Mpu BRICOKUX TeMIiepaTypax u
C BBIJICJICHHEM aMMHUaKa IPOUCXOIUT MPOLECC IeTePOLUKIN3ALUY.

B pesynbrare OCYIIECTBICHHBIX CEPUHHBIX ONBITOB YCTAHOBJIEHO, YTO pEaKIus
MOCJIEIOBATEIBHO COMPOBOXIAETCS 00pa3oBaHMEM MOHO-, M- U TPUMOYECBHHHBIX OJHTOMEPOB
npomnantpuona. OnpenesaeHo, 4To NOTUOKCUIIPONIIICH3aMEIIEHHBIA OKCA30IUINH-2 MOTYYatoT Ipu
HarpeBaHuIO OJINTOMEPOB MOYEBHHBI IIponanTpuoia 10 160-180°C.
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XULASO
POLiOKSiPROPiL‘ENBVBZLi QKSAZOLiDiNONLARIN SINTEZI VO XASSOLORI
Ismaytlova R.1., Sahgaldiyev F.X., Mustafayev A.M.

Acar sozlar: propantriol, karbamid, triglisidil efiri, dimetilformamid, polioksipropilenavazli 1,3-

oksazolidin-2-on, propantriolun glisidil efiri.

Toqdim olunan is propantriolun triglisid efiri ilo karbamidin tsiklobirlogsma reaksiyasinin
aparilmasina, reagentlorin mol nisbatlorinin, temperatur vo reaksiya vaxtinin reaksiyanin gedisine tosirinin,
elacads sintez edilmis reaksiya mohsullarinin ¢iximina, torkib vo quruluslarina tasirinin dyronilmesine hasr
edilmisdir.

Aparilan tocriibalor naticesinde miloyyon edilmisdir ki, reaksiya ardicil olaraq propantriolun mono-,
di- vo trikarbamid oligomerlorinin omoalo golmasi ilo miisayiot olunur. Aydinlagdirilmigdir ki,
polioksipropilenavazli oksazolidin-2-onu propantriolun karbamid oliqgomerlorini yiiksok temperatura qodor
qizdirmagla almaq miimkiindiir.

SUMMARY
SYNTHESIS AND PROPERTIES OF POLYOXYPROPYLENE SUBSTITUTED
OXAZOLIDINONES
Ismailova R.1., Shakhgeldiyev F.Kh., Mustafayev A.M.

Key words: propanetriol, urea, triglycidal ether, dimethylformamide, polyoxypropylene - substituted

1,3-oxazolidin-2-one, propanetriol glycidic ester.

The presented work is devoted to the study of the reaction of urea cycloaddition with propantriol
triglycidal ester, the study of the effect of molar ratios of reagents, temperature and reaction time on the
course of the process, on the yield of products, as well as on the composition and structure of synthesized
adducts.

As a result of the conducted serial experiments, it was found that the reaction is consistently
accompanied by the formation of mono-, di- and trimourea oligomers of propantriol. It was determined that
polyoxypropylene substituted oxazolidine-2 is obtained by heating propantriol urea oligomers at high
temperatures.
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It is known that hydrogen is the most promising fuel and will become one of the main
sources of energy in the future [1]. A promising method for hydrogen production is steam reforming
of ethanol [2-4]. It is known from periodical literature that catalysts based on cobalt oxide exhibit
high activity in the reaction of steam reforming of ethanol [5-7]. Therefore, this work is devoted to
studying the reaction of steam conversion of ethanol into hydrogen on binary iron-cobalt oxide
catalysts of various compositions.

Fe-Co-O catalysts of various compositions were prepared by coprecipitation from agqueous
solutions of iron nitrate and cobalt nitrate. The resulting mixture was evaporated and dried at 100-
120°C, decomposed until nitrogen oxides were completely released at 250°C, and then calcined at a
temperature of 550°C for 10 hours. Thus, 9 catalysts with atomic ratios of elements from Fe:Co0=9:1
to Fe:Co=1:9 were synthesized. The activity of the synthesized catalysts was studied in a flow-
through installation at a volumetric feed rate of 1800 h™* in the temperature range 250-600°C. 5 ml
of the studied catalyst with a grain size of 1.0-2.0 mm was loaded into a quartz reactor and its
activity in the reaction of steam reforming of ethanol was studied. The yields of hydrogen, methane
and CO were determined on a Gazochrome chromatograph with a 2 m long column filled with
activated carbon. The yields of ethylene, acetaldehyde and the amount of unreacted ethanol were
determined on an JIXM-8 chromatograph with a flame ionization detector on a 1 m long column
filled with Polysorb-1 sorbent.

The main reaction for producing hydrogen from ethyl alcohol corresponds to the formation
of 6 molecules of hydrogen per molecule of alcohol:

C,Hs0H + 3H,0 « 2CO, + 6H>»

In addition to this, the following reactions occur in the system:

CO + H,0O < CO,+ H>

C,Hs0OH = CoH4 + H,O

C,HsOH = CH4 +2H5, +CO

C,HsOH = CH3CHO + H,

CH3CHO + H,0 = 3H, + 2CO

CH4 + 2H,O0 = CO, + 4H,

Our previous thermodynamic calculations established that in order to increase the selectivity
of the process for hydrogen, the steam reformation reaction ethanol is preferably carried out at
temperatures above 500°C.

We also found that by selecting an active and selective catalyst and optimal process
conditions, we can almost completely eliminate the formation of acetaldehyde and ethylene, and
also achieve a methane concentration in dry synthesis gas of no higher than 1 vol.%.
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The reaction of steam conversion of ethanol into hydrogen on Fe-Co-O catalysts

A study of the reaction of steam reforming of ethanol on iron-cobalt oxide catalysts showed
that the main reaction products are hydrogen and carbon dioxide. Ethylene, acetaldehyde, carbon
monoxide and methane are also produced as by-products. Below, pic.l shows the results of
studying the reaction of steam reforming of ethanol on the Fe: Co=1:9 catalyst.

As can be seen from the figure, the steam conversion reaction of ethanol begins at a
temperature of 200°C. At this temperature, a small amount of hydrogen is formed (3.0%). A further
increase in temperature leads to the formation of other reaction products.

From pic.1 it is clear that with increasing temperature the yield of hydrogen increases and at
400C reaches 60% and with a further increase in temperature it changes slightly. Ethanol
conversion at temperatures above 400°C reaches 80%.

The activity of Fe:Co oxide catalysts in the steam conversion reaction of ethanol is also
influenced by the atomic ratio of iron and cobalt (pic.2). As can be seen from pic.2, with an increase
in the content of iron oxide in the catalyst, the hydrogen yield and ethanol conversion decrease.
Thus, at 350°C, the hydrogen yield and ethanol conversion respectively decrease from 50.9% and
66.6% (Fe:Co=1:9) to 1.8 and 6.9% (Fe:C0=9:1).
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Pic. 1. Effect of temperature on the reaction of steam conversion of ethanol
to hydrogen on a catalyst Fe:Co=1:9

Similar dependences are obtained at other temperatures up to 450°C. Only the higher the
temperature, the weaker the decrease in the rate of hydrogen formation with increasing iron content
in the catalyst.

At temperatures above 500°C, a different picture is observed. Thus, with an increase in iron
in the catalyst composition, the hydrogen yield increases slightly and on the Fe:Co=9:1 catalyst is
76.1% (pic.3). We have also established that at high temperatures on all studied catalysts, only
ethylene is observed as a side product. The remaining by-products are formed in small quantities
only on samples with a predominance of cobalt oxide. The maximum hydrogen yield on all studied
catalysts reaches about 80%. The yields of by-products vary within 10%.
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Pic. 2. Influence of the atomic ratio of iron to cobalt on the activity of catalysts
in the reaction of steam conversion of ethanol to hydrogen T=350 €
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Pic. 3. Influence of the atomic ratio of iron to cobalt on the activity of catalysts
in the reaction of steam conversion of ethanol to hydrogen T=550

Conclusion. Thus, we can say that binary Fe-Co-O catalysts exhibit fairly high activity in
the reaction of steam conversion of ethanol into hydrogen and can be the basis for their further
modification in order to obtain a highly active and selective catalyst for the reaction of steam
conversion of ethanol into hydrogen.
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XULASO
Fe-Co-O KATALIiZATORLARI UZORINDO ETANOLUN HiDROGENO BUXAR CEVRILMOSI
REAKSIYASI HAQQINDA

Moadatova F. Z., Zeynalova O. R., Ismayilova D. Q.

Acar sozlar: etanolun buxar konversiyasi, hidrogen, katalizator, kobalt oksidi, domir oksid.

Miixtolif torkibli binar domir-kobalt oksid katalizatorlar1 ilizorinde etanolun hidrogens buxar
cevrilmosi reaksiyasi todqiq olunub. Miioyyen edilmisdir ki, etanolun buxar ¢evrilmasi reaksiyas1 200°C-don
baslayir. Todqiq olunmus katalizatorlar {izorinda hidrogen asasan 400°C-don yiiksok temperaturda alinr.

Aparilmis aragdirmalar gostorib ki, Fe-Co oksid katalizatorlarin aktivliyi kobalt domir atom
nisbotindon asilidir. Toyin edilmisdir ki, 400°C-don asag1 temperaturlarda katalizatorun torkibindo domir
oksidin artmasi ilo hidrogenin c¢iximi vo etanolun konversiyas: koskin azalir, diger torofdon yiiksok
temperaturlarda katalizatorun aktivliyi onlarin torkibindon az asilidir.

PE3IOME
O PEAKIINH ITAPOBO KOHBEPCHUHU PTAHOJIA B BOJOPO/I
HA Fe-Co0-O KATAJIM3ATOPAX.
Maoamosa @. 3., 3eitnanosa A. P., Hcmaunosa JI. K.

Knwouesvie cnosa: napogas Koneepcus smanoid, 6000po0, Kamaiu3amop, oKcuo Kooaibma, oKcuo
Jncenesa.

Wzyuena peaknust napoBoro pudopMuHra »3TaHoNla B BOJOPOA Ha OWHAPHBIX IKeEJIe30-
KOOAJIbTOOKCHIHBIX ~KaTalW3aTopax pa3IMdHOTO COCTaBa. YCTAHOBJIEHO, YTO peaknus apoBOro
pudopmunra sraHona HauuHaetcs npu 200°C. Ha u3ydeHHBIX KaTaln3aToOpax BOAOPOJ B OCHOBHOM
oOpasyercs npu Temreparypax Baiiie 400 °C.

IIpoBeneHHBIE HCCIEIOBaHNS MTOKAa3aIM, YTO aKTHBHOCTh OKCHAHBIX KaTann3atopos Fe-Co 3aBucut
OT aTOMHOTO COOTHOIIECHHs Xejie3a M KoOanbTa. YCTAaHOBJIEHO, YTO NpH Temmeparypax no 400°C c
YBEIMYEHHEM COJIEp’KaHUsl OKCHZA JKelie3a B KaTajJu3aTopax BBIXOJ KOHBEPCHM BOJOpPOJa M 3TaHONIA
CHHDKAETCSI, B TO BpPEMsI Kak MpH 0oJiee BEICOKMX TEMIIEpaTypax aKTHBHOCTH 00pa3IOB JIHIIh HE3HAYHTEILHO
3aBHCHUT OT UX COCTaBa.
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UCCJIEJJOBAHUE 3ATPA3HSIONINX BEIIECTB B PEKE OXUYYAN

ICAMENOBA AUTEH A®TAHJIWI rpipr 28<2
‘FAIVKUEBA CEBUH/JK PA®UK reizpr X412
SMYCTA®AEB HCJIAM UCPA®UI oray 282
*ABJIYJIJIAEBA PAMUHA 3AKMP reiser 2262

baxunckuii 2ocyoapcmeennviii ynugepcumem, baxy, Azepbaiioscan, 1-0.¢p.x.H., 2-0.x.H., npogheccop
2Hhtcmumym paduayuonHvix npobnem, baxy, Azepbatioscan,3-0.x.1., npogeccop
SMunucmepcmeso sxono2uu u npupoOHbIx pecypcos, Baxy, Asepbaiioscan, pykogooumeisb npoekmos
aytan.samad@gmail.com

Knwuesvie cnosa: JKOJIocuA, 3acpA3Humelb, NOJIIONAHm, 9KOmMOKCUKanm, CnovHsle BOabl, gbuauko-
Xumudeckue nokazameiu, KamuoH, AHUOH, mMenaJiibl

C yenvio sKoN02UUeCKOl OYeHKU 3azpsazHenuss pexu Oxuyuail Obiau 635mbl nPodvl 00bL U3 YHACHKOG
peku, npoxodsuwux yepes cena [ocaxaneupbeiinu, lativighnel, Bropionnio. Onpedenenvt usuueckue u
Xumuueckue napamempsl npo6d 600bl. JKecmrkocmp, KOIUYECMBO UOHO8 AMMOHUSA, Jcelie3d U Mapeanya 60
MHO20 pa3 npesvlwanu Hopmy. Ilpesvlutenue smux napamempos s6IsAemcsi OOHUM U3 OCHOBHbIX
noxkazameretl, GIUSIOWUX HA OATAHC IKOCUCTEMDbL U RO DTOU NPUYUHE CHUMAETCs KPAliHe ONACHbIM.

BBenenue

W3ydeHne 3arpsA3HSIOMIMX BEUIECTB MMEET OOJbIIOE 3HAYEHHE B OLIEHKE OKpYKarolen
cpeabl. B 3ToM OTHOLIEHHH Ba)KHOE 3HAUEHHE B KaueCTBE 3arps3HSIOIIMX BEIIECTB NMPHOOpPETaroT
9KOTOKCHYHbIE cOelMHEHUs. VCTOUHMKHM 3arps3HeHHs] pa3HOOOpasHbl, BUIOB OTXOJOB MHOTO,
pa3HOOOpa3eH M XapakTep MX BO3ACHUCTBUS Ha KOMIIOHEHTHI Ouocdepbl. DTO Takke 3aBUCUT OT
XUMHUECKON Harpy3ku. XUMHUYEcCKas Harpy3ka — HCTOYHMK SJIOBUTHIX M TOKCHYHBIX BEILECTB,
MONAAI0IIMX B )KMBOH OPraHU3M B IIPOLIECCE €r0 XKU3ZHEAECATEIBHOCTH. B CBA3M ¢ 3TUM C LIENBIO
W3YYEHHUs 3arpsi3HSIONIMX BEUIECTB B OKpPY)KAIOIIEH cpele ObIM B3AThl MPOOBI U3 BEPXHETO,
CPEIHET0 U HWXXHEro TedeHui peku Oxuydail. Kak oTmeuaercss B nurepaType [7], COTHH ThICSAY
TOHH KOHUEHTPUPOBAHHBIX KHUCJIBIX BOJ, COJEH TSKENbIX METAJJIOB U JIPYIMX OTXOJOB
TOPHO/100bIBAOIIEH MPOMBIIIIEHHOCTH (METAII0000ralieHus) ype3MepHo 3arps3Hmwim Oxuyyail. B
pazIuyHOE BpeMs KOJIMYeCTBO Meau B Boje mpesbimaino [1/IK B 25-50 pas, a konudecTBo (heHOIOB
IIOCTOSIHHO INpeBbIIaeT HOpMy B 6-15 pa3. B pexke Oxuydail NOCTOSHHO BCTPEYArOTCs
3arps3HSIONINE 2JIEMEHTHI — AIFOMUHUHN, IIMHK, MapraHel, TuTad u BUcMyT [7]. Ilox Bo3aeiicTBueM
MOJUTIOTAHTOB B NPECHOBOJHBIX JKOCHUCTEMAaX NPOMCXOAWT CHMKEHUE HMX YCTOMYMBOCTH, M Kak
CJIEJICTBUE, HAPYILIEHUE MUIIEBON MUPAMUJIbI, HAPYIIEHUE CUTHAJIbHBIX MPU3HAKOB B OMOIEHO3aX,
MHUKPOOHOJIOTHYeCKOe 3arpsi3HeHNE U Ipyrue HeraTuBHbIe polecchl [8].

MeTtoauka npoBegeHHs IKCIIEPUMEHTOB

CHavana mpoObl BOJBI ObUIM B3AThI U3 BEPXHEr0, CPEJHETO0 M HMYKHETO TEUYEHUH peKu
Oxuyyaii, mpoxosauux uepes cena bropronmto, [aiibidaer u Jxaxanrupoeitnm. beimn onpeneneHs
ux (u3nYecKue, a 3aTeM XMMUYecKue nmapamerpsl. /i 3To# 1enu UCIoIb30BANINCH CIIEKTPOMETP,
okcumerp, pH-meTp u koHayKTOMETP. [2].

Pe3yabTaTsl M MX 00Cy:KICeHNE

Kak yxe ynommuHamoch, mpoObl Opanuch JBaXabl B T€UeHHE MapTa. BriepBbie oHM ObLIN
B3aThl 01.03.2023, pesynbTarhl npuBeneHbsl B Tabmune 1. 3Hauenus IlpenenbHo JlomycTHMBIX
Konuentpauuit (IIJIK) B3stel u3 nokymenta «lIpaBmia oxpaHbl TOBEPXHOCTHBIX BOJ OT
3arpsiI3HEHUs] CTOYHBIMU BOAAMM», YTBEP>KJIEHHOT0 1'0Cy1apCTBEHHBIM KOMUTETOM T10 KOHTPOJIIO 32
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Hccneoosanue 3azpasnaowux eeujecms 6 pexe Oxuyyaii

HKOJIOTHEH M TpHUpojoNosib3oBaHueM A3zepOaiikanckoil PecnyOnuku mpukazom Ne 01 ot 04
sHBapsa 1994 rona.

Tabnuya 1.
Pesynomamot puzuxo-xumuueckux aHaiuzo8, nposedeHHblX Ha NPooax 600bl,
e3amvix uz Oxuyuasn 01.03.2023 2
KonruecTBO KOMIOHEHTOB
Oxuyuail — 3aHTWJIaHCKUHN palioH IIpenensHO
Ne | Hasanue kommoHeHTa Enprrma ceno JOIyCTUMAs
U3MEPCHUS ceno celo
JlxaxaHrup . KOHLICHTPAITHS
. aiibipner | Bropronimio
Oeiinun

1| Bonoponusiii - 8.0 76 78 6.5-8.5

nokasareib, pH
5 PacTBOpenHbIi MrO,/1, 6.5 4.8 5.6 ~4.0

KHCI0OPOJ % 67.0 58.0 61.0 -
3 | DAeKTpOnpOBOAHOCTD puSm/cm 1386 1264 1268 —
4 | llpo3payHoCTh Sm 14 10 17 >30
5 | XectkocTph MI-9KB/1I 10.39 10.6 10.48 7.0
6 | Mon kampus, Ca”™* MT/IT 139.8 148.7 147.0 —
7 | Vion marnns, Mg”* Mr/n 41.5 38.7 38.2 —
8 | Xnopun nosn, CI MTI/1 23.7 19.99 20.66 350
9 | TunpoxapGoHat How, Mr/n 256.0 241.0 259.0 i

HCO;
10 | KapOonar noH, C032' MmrI/n 0 0 0 -
11 | Cynbdar nomn, SO,~ MT/IT 321.6 372.9 348.82 500
12 | Won ammonus, NH," MT/JT 1.02 1.49 1.58 0.5
13 | Hutput non, NO, MT/JT 0 0.43 0.44 3.3
14 | Hutpat non, NO3 MT/JT 5.2 4.4 3.9 45.0
15 | HuHk, Zn MKT/J1 1354 137 122 1000
16 | XKeneso, Fe MKT/JI 709 875 900 300
17 | Kob6ansTt, Co MKTI/JT 2.06 19 3.25 100
18 | Csunern, Pb MKT/JT 15 <LOD 3.76 30
19 | Hukenp, Ni MKT/JI 0.414 0.755 0.745 100
20 | Moaubaen, Mo MKT/JT 228 234 241 250
21 | Mapranemn, Mn MKT/1 398 427 439 100
22 | Menp, Cu MKT/JT 64.0 71.3 70.6 1000

Kak BuaHO u3 Tabnune! 1, no aHammzaM, IPOBEJCHHBIM Ha MPOOAaxX BOJbI, KECTKOCTh PEKe
Oxuyyaii B 1,5 pa3a Bbime [1JIK B cenax [[xaxanrupOeitnu, Hlaiibiiasl n broproHito, Konn4decTBo
HOHOB amMMoHHs - B 2,0 pa3a B cene [[xaxanrup6einu, B 3,0 paza B cene [laiibidmsl, B 3,2 pasza B
cene bropronito, xkene3o (Fe) - B 2,4 pasa B cene [xaxanrupOeitnu, B 2,9 pa3 B cene Laiibiiasl, B
3 pa3a B cene bropronmto, mapranen (Mn) — B 4,0 pasa B cene JI>xaxanrupbeitnu, B 4,3 pasza B cene
[aiibihsl, B 4,4 pa3 B cene bropronito.

[TpoOs1 3 pexn Oxuydaii ObUTH OBTOPHO B3ATHI 29.03.2023 1. BO Beex Tpex Toukax (Tadi. 2).

Kak BuaHO 13 Tabauubl 2, IO aHaIM3aM, IPOBEIEHHBIM Ha Mpo0ax BOJIbI )KECTKOCTh BBILIE
ITJK B 1,4 pa3a B cenax J[>xaxanrupOeiinu, [laiibidaer 1 broproHiio, KOIM4ecTBO HOHOB aMMOHUS
- B 1,4 pa3a B cene [[xaxanrupOeiinu, B 3,2 paza B cene laitbiunl, B 4 pasza B cene broproniio,
xene3o (Fe) - B 1,4 paza B cene [[»xaxanrupOeiinu, B 6,1 pa3 B cene lllaiibidsl, B 7,3 pa3a B cene
Bropronmo, maprasnen; (Mn) B 1,1 pa3a B cene [xaxanrup6eiinu, B 6,3 pa3a B cene Llaiibihmsl, B
6,7 paza B cene bropronro.
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Tabauya 2.

Peszynomamot ¢huzuko-xumuueckux ananuzos, npogedeHHbIX Ha Npobax 600bl,
e3amuix uz Oxuyuan 29.03.2023 2

KonnuecTBO KOMIIOHEHTOB

Ha3zBanue Ennnnna Ox4yyail — 3eHruIaHCKUM pailoH ,Zl[_f) Ifiifﬁ?;
Ne KOMIIOHEHTA HU3MEpCHUS cero cero cero Kon ZHT LS
JxaxaarupOetinmu | Illafieiduer | Broprommio Hertpal
1 | Bomopommmiii ) _ 78 77 7.8 65-85
nokasareis, pH
5 PactBopennsiii | MmrOy/i, 6.9 55 55 ~4.0
KHCJIOPO % 75.0 59.0 60.0 -
3 DIeKTpOnpo- uSm/cm 1998 1202 1207 _
BOJTHOCTh
4 IIpo3paynocTs Sm 23 20 22 >30
5 JKectkocTh MI-9KB/JT 10.1 9.94 9.97 7.0
6 | Mo xamewim, 141.7 139.4 139.9 .
Ca MI/JT
T e M/ 36.8 36.3 36.4 .
8 Xsopuza vos, Cl™ | mr/n 19.0 18.9 18.9 350
9 I'uapokapOoHar | Mr/n )
on, HCO; 299.0 267.0 261.0
Kapbonar woH, | Mr/mn )
10 COZ 6.4 0 0
11 gg“i‘i’“ MOH, | MI/1I 249.0 247.0 250.4 500
4
1p | Yon ammouis, | M/ 0.7 16 2.0 05
NH,
13 | Hurpur  won, | Mr/n 0.32 0.45 0.53 3.3
NO,
14 | Hurpar - wom, | mr/n 7.1 4.9 3.72 45.0
NO;
15 | Huuk, Zn MKT/JT 61.6 181 166 1000
16 | XKeneso, Fe MKT/J1 420 1830 2200 300
17 | Kobanst, Co MKT/J1 2.53 7.29 6.79 100
18 | Csunern, Pb MKT/IT 2.1 1.4 9.7 30
19 | Huxkens, Ni MKT/IT 1.47 0.147 5.22 100
20 | Momubaen, Mo | MKr/i 180.0 233 248 250
21 | Mapranen, Mn MKT/71 111.0 625 669 100
22 Mens, Cu MKT/71 36.5 143.0 147.0 1000

Kak BUIHO U3 npuBENEHHBIX BbllIe TaOaUI (Tabu. 1 U 2), )KeCTKOCTh, KOJIMUYECTBO HOHOB
xenesa (Fe), ammonns (NH?), mapraniia (Mn) BO MHOro pa3 Bblllle HOpMEI. I30bITOUHOE
KOJMYECTBO TaKHUX I1apaMeTpOB B HKOCHCTEME CO3/aeT BechbMa Cepbe3Hble Mpodiemsl [5, 6].
M36pITOYHOE KOJIMUYECTBO MapraHiia B OKpYKarollel cpeae BiuseT Ha OanaHc OuoneHosa [1, 3, 4].
DTO OueHb cepbe3Has HKOJIOTHYEecKas MpolsemMa, MOCKOJIbKY O3HAyaeT pas3pyllieHue OHOoleHO03a.
Taxum 00pa3oM, HEOOXOIMMO MTOCTOSHHO KOHTPOJIMPOBATH KOJMYECTBO ATUX 3arpsI3HUTENCH.
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XULASO
OXCUCAYDA CIRKLONDIRICILORIN TODQIQI
Somadova A.A., Haciyeva S.R., Mustafayev I.1., Abdullayeva R.Z.

Agar sozlor: ekologiya, c¢irklondirici, polyutant, ekotoksikant, tullanti suyu, fiziki-kimyavi
parametrlor, kation, anion, metallar
Oxgucayin c¢irklonmasinin ekoloji qiymatlondirilmasi magsadi ilo ¢aym Cahangirbayli, Sayifli,
Biiriinlii kondlorindon kegon hissolorindon su niimunoalori gotiiriilmiisdiir. Onlarin fiziki vo kimyovi
parametrlori toyin edilmisdir. Codlug, ammonium ionu, domir vo mangan ionlarmnin miqdari normadan
dofalarls artiq olmusdur. Bu parametrlorin artiq olmasi ekosistemin tarazligina tasir edon asas gostaricilorden
hesab edildiyi ti¢lin oldugca tohliikali giymatlondirilmigdir.

SUMMARY
INVESTIGATION OF POLLUTANTS IN THE OKHCHUCHAI RIVER
Samadova A.A., Hajiyeva S.R., Mustafayev I.1., Abdullayeva R.Z.

Keywords: ecology, pollutant, pollutant, ecotoxicant, waste water, physicochemical parameters,
cation, anion, metals
For the purpose of environmental assessment of the pollution of Okchuchay, water samples were
taken from the parts of the river passing through the villages of Jahangirbeyli, Shayifli, Biiriinli. Their were
determined physical and chemical parameters. The amount of iodine, ammonium ion, iron and manganese
ions was many times higher than the norm. The excess of these parameters is considered to be extremely
dangerous as it is considered one of the main indicators affecting the balance of the ecosystem.
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The article presents the results of a study of the state of air pollution in industrial cities of the
Absheron Peninsula under climate change. Climate change is caused by two factors: natural processes and
human activity. The article presents the results of a study of the state of air pollution in industrial cities of
the Absheron Peninsula under climate change. Climate change is caused by two factors: natural processes
and human activity. The meteorological conditions that determine the transfer and dispersion of impurities
in the atmosphere of cities are examined. The results obtained are useful for carrying out measures to
protect the air basin of cities from pollution by harmful impurities.

Introduction. Climate change and air pollution are very important environmental issues
facing countries and cities around the world, with widespread impacts on humans and natural
ecosystems around the world. Climate change means a change in the state of the climate, which can
be determined through statistical analysis by changes in the mean value or variability of its
properties, that persists over a long period, usually several decades, due to natural variability or as a
result of human activities. This changes the composition of the global atmosphere over comparable
periods of time [1,2]. Thus, climate change describes the current trend towards an increase in
average global temperature and associated environmental changes, such as sea level rise and more
severe storms, floods, droughts and heatwaves [1,3]. In fact, this phenomenon is a statistically
observed change in the climatic elements of a country or region over a certain period of time.
Climate change is caused by two factors: natural processes and human activities. Moreover, it is
believed that internal changes in the climate system, such as changes in ocean currents or
atmospheric circulation, can also lead to climate variability or change. Climate can be counteracted
by natural factors external to it, which may include volcanic activity, solar energy and earth
revolution [1-3].

It has been established that air pollution in large industrial cities plays a large role in global
climate change. Air pollution is the result of deterioration in air quality with a negative impact on
human health, the natural and built environment due to the release (as a result of natural processes
or human activities) of substances into the atmosphere in the form of gases and aerosols that have
direct primary pollutants or indirect secondary pollutants with resulting harmful effect [2,4].
Numerous epidemiological studies of cities confirm that even a short increase in average daily
temperature in combination with an increased level of atmospheric air pollution by chemicals such
as nitrogen and sulfur dioxides, finely dispersed suspended matter (PM10), ozone, can cause
significant damage to public health in the form of increased mortality. Hospitalization due to
exacerbation of diseases of the cardiovascular system, respiratory system (chronic bronchitis,
exacerbation of bronchial asthma), etc. Sensitive groups of the population are most susceptible to
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the influence of such effects: the elderly, children, as well as people suffering from chronic diseases
[5,6].

This article discusses the problems of climate change and air pollution in industrial cities of
the Absheron Peninsula (Baku and Sumgayit).

Materials and methods. The study used a statistical method for analyzing climatic
conditions and the distribution of pollutants in the air of industrial cities of the Absheron Peninsula.
The results of the author’s previous works, as well as studies of other authors, were taken into
account.

Practical part. The level of air pollution largely depends on the amount of emissions of
harmful substances and climatic conditions. In the cities of the Absheron Peninsula (Baku and
Sumgayit), the main sources of emissions into the atmosphere are motor vehicles, energy and
industrial facilities.

Impact of stationary sources on the environment. The basis of waste from stationary
sources in the city Baku and Sumgayit are mainly polluted by electricity, chemical and
petrochemical, engineering industrial enterprises, housing and communal services. It should be
noted that more than 80% of pollutants emitted into the air by industrial enterprises in the country
come from the city of Baku.

For example, in 2022, 158.4 thousand tons of harmful emissions were released into the
country’s atmosphere from all production areas (of which 3.9 thousand tons of solid, 154.5
thousand tons of gaseous and liquid substances) (www.azstat.org). At this time, 126.4 thousand tons
(79.8%) entered the air basin of the city of Baku, of which 4.27 thousand tons were solid and 123.9
thousand tons were gaseous and liquid substances (Table 1).

Table 1.
Harmful substances released into the atmosphere of Absheron cities from stationary sources
(thousand tons)

Years 1995 2000 2005 2015 2018 2019 2020 2021 2022
Baku 623,9 333,8 464,6 128,2 1449 130,3 124,0 130,3 126,4
Sumgayit 40,2 17,6 27,1 1,8 1,4 1,8 2,0 2,7 4,4

According to the country's State Statistics Committee, in recent years there has been a
noticeable decrease in industrial emissions into the atmosphere. Thus, compared to 2005, in 2022
the amount of pollutant emissions into the country’s airspace decreased by 399.5 thousand tons [7].
The main reason for this is the decline in industrial production and the implementation of many
measures aimed at protecting the atmosphere. However, in addition to this, the number of motor
vehicles (NV) in our republic is increasing every year.

Impact of motor vehicles on the environment. If we compare with 1995 (at that time the
number of NV exchanges was 392,165), we will see that in 2022 their number increased to
1,645,253[2,6,9]. Also, the number of passenger cars prevails over other moving vehicles, their
number has increased to 1,419,870, of which 562,514 are in the city of Baku, and 49,044 in the city
of Sumgayit. Due to the rapid development of the automobile industry in cities, air pollution from
waste from these vehicles exceeds the volume of hazardous industrial waste [8,9]. Thus, according
to the State Statistics Committee, in 2022, 930.0 thousand tons of harmful substances entered the air
basin of the republic, of which more than 83.0% accounted for the share of vehicles alone (Table 2).

Table 2.
Emissions of pollutants into the atmosphere (thousand tons)
Years 1995 | 2000 | 2005 | 2015 | 2018 | 2019 | 2020 | 2021 | 2022
across the republic 1326 | 908 1054 | 1156 | 1121 | 1122 841 880 930
stationary 879 515 558 178 171 177 147 157 158
motor vehicles 447 393 496 978 950 945 694 723 772
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Smoke gases from vehicles. Waste from internal combustion engines is flue gases. In the
overall balance of atmospheric air pollution by motor vehicles, the share of crankcase gases from
lightly used engines approaches 10%, and from intensively used engines increases to 40%, since the
concentration of hydrocarbons in these gases is 10-15%. times higher. The main harmful substances
in flue gases (there are more than 40 of them): carbon dioxide - CO (its share in the total mass is
70%), hydrocarbons - CnH2, (about 19%) and nitrogen oxides - NO and NO, (about 9%). Carbon
dioxide and nitrogen oxides enter the atmosphere with flue gases, unburned C,Hz, both with flue
gases (about 60%), and from the crankcase (about 20%), fuel tank (about 10%) and carburetor
(about 10%), and also solid mixtures. atmosphere mainly through flue gases (90%) and crankcase
gases (10%) [10,11].

Cars are particularly polluting when they are stopped frequently when travelling at low
speeds, and when they accelerate rapidly. The relative proportion of hydrocarbons and carbon
dioxide during braking is particularly high. The greatest amount of nitrogen oxides is observed
when the car accelerates. It is estimated that if each car travels an average of 15,000 km per year, it
accumulates on the Earth's surface and then disperses into the atmosphere.

The quality and quantity of spent mixtures is affected by the engine operating mode,
especially the ratio of fuel and air masses at the time the engine is started, as well as the quality of
the fuel. Increasing the fuel to air mass ratio entering the combustion chamber reduces carbon
dioxide and hydrocarbon emissions. But at this time, emissions of nitrogen oxides increase [10.11].

Table 3.
Specific gravity of harmful substances emitted by cars [10]
Toxic substances Gasoline engines Diesel engines
Carbon monoxide, g/kg fuel 250,0 13,6
Hydrocarbons, g/kg fuel 31,0 3,0
Nitrogen oxides, g/kg fuel 30,0 40,0
Sulfur dioxide, g/kg fuel 0,54 1,6
Methane, g/km on the road up to 0.18 0,005
Ammonia, g/km on the road 0,002 0,001

Although gasoline engines are more efficient than diesel engines and produce fewer
emissions such as CO, C,Hz,, NOy, diesel engines produce more flue gases (predominantly burnt
carbon) which have a very unpleasant odor (created by some unburned hydrocarbons). In addition,
the sound produced by diesel engines is not only highly polluting, but diesel engines also have a
greater impact on the human body than gasoline engines. Table 3 shows the approximate
composition of the main toxic substances in vehicle exhaust gases.

Climatic conditions that determine the transfer and dispersion of impurities in the
atmosphere of cities. All impurities entering the air basin are transported, dispersed and
concentrated in the atmosphere in one way or another depending on climatic conditions. The
atmospheric circulation of these impurities begins with release into the atmosphere, where transport
and dilution occur, and ends with their deposition on vegetation, soil, water surfaces and other
objects, washing out by precipitation or evaporation into outer space. Under the influence of strong
winds, they can return to the atmosphere again. Being in the air, some harmful impurities undergo
various physical and chemical changes [5,12].

Assessing the dispersion of harmful pollutants in urban air requires knowledge of the
distribution of wind speed and direction. However the wind has different effects on the dispersion
of impurities in the atmosphere. Depending on the speed and direction of the wind, accumulation or
clearing of urban airspace may occur. It has been established that northerly winds play a major role
in the dispersion and transfer of harmful emissions in the air basin of Absheron cities. During the
year, the frequency of these winds exceeds 50% and wind speed gradations of 2-5 m/s predominate.
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For example, in Baku, this gradation is 40.3%, and the gradations of 6-9 m/sec and 10-13 m/sec,
respectively, are 26.1% and 11.9%.

It has been established that average annual wind speeds at stations on the Absheron
Peninsula range from 5.8-8.0 m/sec. There is an increase in wind speed from east to west, i.e., from
the sea deep into the peninsula. In the annual course, the highest wind speeds are observed in
March, fluctuating between 6.6-7.7 m/s. (at Puta and Shubany stations in July, respectively - 7.7
and 8.9 m/s).

For industrial enterprises with high sources of emissions, the dangerous wind speed is 4-6
m/s. Such wind speeds in the city of Sumgait are observed in the spring-summer period, and in the
city of Baku - in the autumn-winter period of the year. During the day, the wind speed on the
Absheron Peninsula has a pronounced diurnal variation with a maximum in the daytime (13 hours),
a minimum at night (01 hours), and sometimes in the morning (07 hours).

The influence of meteorological conditions manifests itself differently for cold and heated
emissions from high and low pipes. The dispersive ability of the atmosphere depends on the vertical
distribution of air temperature and wind speed. When the temperature decreases with height,
conditions for intense turbulent exchange are created [3,4,6]. The presence of inversions weakens
the dispersion of impurities; wind speed promotes their transfer and distribution. The accumulation
of impurities in the atmosphere, caused by weak winds in a large thickness of the atmosphere and
inversions, increases in foggy conditions. The amount of precipitation leads to the leaching of
impurities from the atmosphere. Depending on the type of sources and the nature of their location in
the city, the concentration of impurities caused by meteorological conditions ranges from 20 to 77%
of the total variability of concentrations [5].

Altitudinal inversions on the western coast of the Caspian Sea are most often observed in the
winter-spring months (Table 4), and on the Absheron Peninsula they are also typical for the summer
months.

Tabauua. 4.
Ilosmopsiemocms npunoOnsamuIx uneepcuil Ha 3anadnom noovepesicve Kacnus (8 %)

. HT _ = _
Stations (B kM) _ - = 2 > S S S 5 >, ; ;

Mashtaga 011-0,25 |7 7 10 |16 |16 |17 |15 |11 |5 5 7 9
0,26-050 (11 |13 |15 |13 |12 |12 |17 |20 |15 |9 12 | 13

0,11-0,25 | 6 7 3 5 4 4 4 2 2 2 3 5

Makhachkala | —5 56050 [14 |10 |9 |8 |7 |8 |4 |5 |3 |5 [12 |10
0,51-100 |20 |26 |24 |12 |3 4 4 9 12 |18 |22 |2

Lenkoran 0,11-0,25 |5 5 5 6 10 |6 5 3 3 3 6 8
0,26-0,50 | 6 8 8 10 |11 |9 5 8 3 5 8 1
0,51-100 (14 |15 |16 |12 |10 |7 8 9 5 9 9 14

When the inversion is located above a source of pollution, dangerous conditions of
atmospheric pollution are observed due to the limitation of mixing and upward movement of
pollutants. Under such conditions, high concentrations of harmful impurities are observed in the
surface layer of air, which can exceed the maximum permissible concentration several times.

The degree of urban air pollution largely depends on the combination of inversions with
different wind speeds, in the case of reaching maximum values of the power of the inversion layer
at low wind speeds, as well as stagnation and air humidity. Stable stratification and weak winds (< 2
m/s) contribute to the accumulation of harmful impurities.

For the cities under consideration, inversions near the earth's surface in combination with
weak winds of 0-1 m/s (air stagnation) pose a great danger.When air stagnates in the cities under
consideration, an increase in the concentration of the main pollutants is observed several times
higher than the maximum permissible concentration, especially in terms of the concentration of
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dust, soot and nitrogen dioxide. This is due to weak vertical exchange in the absence of horizontal
removal of impurities.

Conclusion. According to the results of the study, in the context of modern climate change,
to reduce environmental risk and improve the urban environment in the cities of Absheron, it is
advisable to implement an environmental policy, the components of which may include: 1)
modernization of the transport network of the city and suburban area with an increase in their
capacity, quality of road surface, average speed of movement motor transport and the creation of
“transport corridors”; 2) a change in the heat balance due to the transition to gas as a fuel, with a
decrease in the share of liquid fuel in thermal power engineering; 3) Using the results of a study of
meteorological characteristics, it is possible to regulate the operation of industrial enterprises. Thus,
under unfavorable climatic conditions (inversions, low wind speeds, stagnation) by reducing, and
under favorable conditions (strong wind speeds, large mixing layer heights), on the contrary, by
increasing the power of industrial enterprises, the required level of air pollution can be achieved.
The results obtained are useful for carrying out measures to protect the air basin of cities from
pollution by harmful impurities.
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XULASO
IQLIM DOYISIKLIKLORI VO SONAYE SOHORLORININ HAVASININ
CIRKLONMOSININ VOZIYYOTI
Agayev T.D., Abdulov K.S$., Siileymanli D.Q.

Acar sozlor: iqlim, atraf miihit, atmosfer, meteoroloji sarait, kiilayin stirati va istigamati, havanin
¢irklonmasi, inversiya

Maqalads iqlim dayismolori ilo olagadar Abseron yarimadasinin senaye soharlorinde havanin
¢irklonmosinin voziyyatinin dyranilmesinin naticalori togdim olunur. Iglim doyisikliyine iki amil sebab olur:
tobii proseslor va insan foaliyyati. Miioyyan edilib ki, soharlords naqliyyat vasitalorinin sayinin artmasi ilo
ekoloji gorginlik qalmaqdadir. Soharlorin atmosferinds cirklondiricilorin noql edilmesini vo yayilmasini
miloyyon edon iqlim soraitlori nozerden kecirilib. Alinan naticalor sohorlorin hava hovzasinin zororli
maddalarls ¢irklonmadon miihafizs tadbirlorinin hoyata kegirilmosi {iglin faydalidir.

PE3IOME
KIMMATHYECKUE U3MEHEHMUSA U COCTOSAHUA 3ATPASHEHUS BO3YXA
NPOMBIILITEHHBIX TOPOI0B
Azaes T./I., Aooynoe K.I11., Cyneitmannwt /I K.

Knwouesvie cnosa: wnumam, oxpyscarowas cpeoa, ammocepa, Memeoposocuteckue Yciogus,
CKOPOCMb U HANpAasieHue 8empa, 3a2PA3HEeHUs 8030VXd, UHBEPCUS

B crathe maHbl pe3yabTaThl HMCCICAOBAHUS COCTOSHUSL 3arpsi3HEHHs] BO3AyXa MHPOMBIIIJICHHBIX
ropoJoB AMNIIEPOHCKOTO MOIYOCTPOBA NMPH KIMMATUYECKUX HU3MEHEHUsX. V3MeHeHHe KiMMaTa BbI3BAHO
IByMsi (haKTopamu: MPHUPOAHBIMU IPOLECCAMH M aHTPOIOTCHHBIMH JIEHCTBHUSAMH. YCTaHOBIIEHO, YTO C
YBEJIMYCHUEM KOJIMYECTBA ABTOTPAHCIOPTa B TOPOJAX COXPAHAETCS SKOJOTMYECKas HaNpsHKEHHOCTD.
PaccMoTpensl MeTeoposIOTHYECKHE YCIIOBHS, ONpEIENAIoNIMe IEepPeHOC W paccerBaHHMe IpuMeceil B
arMocdepe ropozoB. [lomyueHHbIE pe3yibTaThl MOJE3HBI AJS MPOBEACHUS MEPOIPHUATHHA [0 3alluTe
BO3IYITHOTO OacceifHa rOpoIOB OT 3arpsA3HEHUS BPETHBIMU IPUMECSIMHU.

Daxilolma tarixi: [lkin variant 08.02.2024
Son variant 29.02.2024
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Acar sozlar. neyron, vazi, avtonom, ganglion, inervasiya

Vegetativ sinir sistemi orqanizmdo vahid sinir sisteminin torkib hissosidir. Bu sistem daxili
tizvlori, vozilori, damarlar1 vo s. innervasiya edir. Vegetativ sinir sistemini somatik sinir sistemindon
forqlondiran asas morfoloji xiisusiyyatlors sinir liflorinin qanglionlarda qirilmasidir. Eyni zamanda
bu sistem simpatik vo parasimpatik hissalora boliiniir. Orqanizmds fizioloji funksiyalarin yerina
yetirilmosindo somatik komponentlor iradi, vegetativ komponentlor iso iradi deyildir. Onun
moarkozlori beyin siitununda vo onurga beynindo yerlogsmisdir. Onuda nozors almaq lazimdir
ki,vegetativ sinir sistemi foaliyyatinin osasinda sinergizm prinsipi durur.

Molumdur ki, canli orqanizmds vegetativ sinir sistemini vahid sinir sisteminin ayrilmaz
torkib hissosidir (vegetativus latin soziindon gotiiriiliib monas1 bitki demokdir). Bu sistem
organizmdo fizioloji funksiyalarin yerino yetirilmasindo 6ziinomoxsus inco xiisusiyyatlora malikdir
va sistemin asas fizioloji vazifosi bas beyin yarimkiiralori gabigina yardime1 olmaqla yanasi, daxili
orqanlarin faaliyyatinin nizama salinmasinda xilisusi shomiyyato malikdir. Vegetativ sinir sistemi
daxili tizvleri, damarlarin vo hamginin, dorinin saya azalslorini, liroyi vo vazilori innervasiya edir
[1]. Homginin, eninazolaqli ozalalora liflor verarok onlarin tonusunu tonzim etmok xiisusiyyotino
malikdir. Vegetativ sinir sistemini somatik sinir sistemindon hom morfoloji, hom do fizioloji
xtisusiyyatlori ilo forqlonir. Belo ki, VSS somatik sinir sistemindon forqlondiron asas morfoloji
xiisusiyyatlora bu sistemdo effektor olaraq gabul edilon neyronun cismi ucqar diiyiinlords yerlosir
vo efferent neyronlarin uzun ¢ixistilar: olan neyritlori skelet azalslorina ¢catmamais yolda diiytinlorde
qurilir, somatik sinir sistemindo iso merkozi sinir sistemindo yerlogmosi vo efferent neyronlarin
neyritlori qirilmadan birbasa skelet ozalolorino ¢atmasidir. Vegetativ sinir sistemi termini ilk dofo
irminci yiizilliyin avvelinds fransiz hokimi vo fizioloqu K.Bisa torofindon toklif edilmisdir.
Organizmdas fizioloji funksiyalarin yerina yetirilmasinde somatik komponentlar iradi olub longima
vo qlivvatlondirmo proseslorini idars edir. Vegetativ komponentlor iso geyri iradidir yoni iradi
deyildir. Buna osaslanan bozi todqiqatgilar vegetativ sinir sistemini farqli mosolom, C.Lengli
avtonom, Q.Qaskelli geyri-iradi $6bo adlandirmag: toklif etmislor. Ancaq aparilmis todqiqatlar
gostormisdir ki, vegetativ sinir sisteminin foaliyyoti beyin gabiginin nozarsti altinda olur vo
orqanizmin talabatina uygunlasir.

Nozaro almaq lazimdir ki, vegetativ sinir sisteminin markazi hissasi beyin siitununun orta
vo uzunsov beyin sobolorindo, homginin onurga beynindo yerloson niivo vo morkozlordon, onun
periferik hissosi iso sinir diiylinlori vo sinir liflorindon ibarotdir. Bu sistemin biitiin sébalori
hipotalamusda, zolagl cisimdo yerlogon ali vegetativ morkozlors tabe olmagqla faaliyystini yerino
yetirir. Nozordon kegirilon morkozlor orqanizmin bir ¢ox {izv vo eyni zamanda sistemlorinin
foaliyyatini uygun sokildo koordinasiya edir. Qeyd olunanlarla borabor beyin yarimkiirolorino tabe
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olmagqla, orqanizmin tamligint tomin edir [2]. Vegetativ sinir sistemi simpatik vo parasimpatik
olmagla sarti olaraq iki hissaya boliiniir. Simpatik hissonin morkozlori I dés seqmentindon II-111 bel
seqmentlarinin yan buynuzlarinda yerlogir. Ucqar hissasino preqanqlionar va postqanglionar sinir
liflori, onurgayani sinir diiyiinlori, homg¢inin, simpatik kotiik vo koloflor aiddir. Simpatik kotiik
dediyimiz onurganin har yan toraflorinds ¢ox sayli qanqlionlardan ibarat olmagqla, kollo xaric boyun,
dos, bel vo ¢anaq hissalorindon ibaratdir.

Boyiik bosluglardan biri olan qarin boslugunda 6ziino yer tutan daha bdyiik kolofi gqarin
yaxud giinos kolofidir (plexus celiacus s. solaris). Hansit ki, bu kolof garin aortasinin yuxari
hissasinin iizorinds, qarin vo yuxari ¢6z arteriyalarinin baslanan yerinin otrafinda yerlosir. Giinog
kolofindon siia kimi tok vo ciit koloflor ayrilaraq miivafiq damarlarin iizorindo 6ziino yer tutur vo
qarin iizvlorini innervasiya edir. Giinas kolofi oan bdyiik kolof olmaqla yanasi, ¢coxsaylt garin boslugu
lizvlorini innervasiya etdiyi ti¢iin tarixon godim anatomlar onu “qarin beyni” deyo adlandirmislar.
Bu kolof hor iki torofds, yuxarida dos aortasi kolofi, agsagida iso qarin aortasi kolofi ilo rabitodadir.
Parasimpatik hissonin morkozlori beyin kotliyiindo vo onurga beyninin oma sobasindo yerlosir.
Beyin kotiiylindo movcud olan morkozlor iso uzunsov vo orta beyindo yerlosir. Orta beyindo
parasimpatik neyronlar su komorinin dibinds yerlogon Yakubovi¢ niivasini amolo gatirir. Eyni
niivadon baslangic gotiiron parasimpatik sinir liflori III ciit kallo siniri olan goziin horaki sinirinin
torkibinds gedir. Uzunsov beyinds yerloson parasimpatik morkozlorden baglayan liflor VII ciit {iz (n.
facialis), IX ciit dil-udlaq (n. glossopharyngeus), X ciit azan (n. vagus) sinirlorinin torkibindo gedir.
Onurga beyninin agagida, oma sobasindo yerloson parasimpatik morkozlorden baslayan liflor 11, 111
vo IV oma sinirlorinin torkibindo onurga beynindon xaric oldugdan sonra c¢anaq tizvlorini
innervasiya edir.

Simpatik diiytinlor morkozi sinir sisteminin, parasimpatik diiyiinlor iso orqanlarin
yaxinliginda yerlosir. Diiylinlorin bu ciir yerlosmosi sobabindon parasimpatik hissads preqanqglionar
liflor postqanglionar liflordon uzun, simpatik hissads iso qisa olur. Qeyd etdiyimiz kimi vegetativ
sinir liflorinin bir sira morfoloji, eyni zamanda fizioloji xiisusiyyatlori vardir. Ucqar vegetativ
sinirlorin ikineyronlu qurulusa malik olmasini, yoni bu sinirlorin sinir diiyiinlorinde kesilmasini,
vegetativ sinirlorin morkazi sinir sisteminin ayri-ayr1 nahiyslorindon ¢ixmasini vo onlarin ucqarlarda
paylanmasinda seqmentar prinsipin olmamasini morfoloji xilisusiyyat olaraq gobul edilondir.
Vegetativ sinir liflorinin fizioloji xtlisusiyyastlori kimi onu gostormak olar ki, bu liflorin oyaniciligi
vo miitohorrikliyi somatik sinirlorin oyaniciligt vo miitoharrikliyina nisboton azdir. Somatik
sinirlorin xronaksiyasi 0,4-0,75 millisaniys oldugu halda, vegetativ sinirlorin xroniksiyast 3-8 milli
saniyadir. Digor bir xiisusiyyat olaraq vegetativ sinir liflorinin mdvcud refraktor dévrii somatik
sinirlordon forqli olaraq daha uzun miiddstlidir. Masalon: ali momalilarin orqanizmlorde diiylindnii
sinir liflorinin miitloq refraktor dovrii 2,2-4,5 sigmaya, dilylinsonrast sinir liflorinin refraktor dovrii
19 4-5 sigmaya borabordir. Ucqar vegetativ sinir liflorindo oyanmanin yayilma siirati, somatik
sinirlora nisbaton azdir. Buna misal olaraq onu gostormak olar ki, somatik sinir liflorinds bu siirat
bir saniyado 60-100 metr oldugu halda, diiyiindnii liflorde 3-20 metro, diiylinsonrasi liflords iso 1-5
metro uygundur. Vegetativ sinir liflorinin hiiceyro vo toxumalarda qurtaran uc cihazlar1 bozi
zohorlors, hormon vo ionlara qarst xlsusi reaksiyalarina diqqgeti colb edir. Bozi zohor vo
hormonlarin tizvlora gostordiklori tosir simpatik sinirlorin, bozilori iso parasimpatik sinirlorin
tosirino oxsayir. Birincilora simpatikomimetik, ikincilora iso parasimpatikomimetik maddoalor
deyilir. Simpatikomimetik maddsloro aid olan adrenalini gdstormok olar. Bu hormonun tor
vozlarindon bagqa gostordiyi tosir tamamilo simpatik sinirlorin iizvlora gostordiyi tesire oxsayir.
Parasimpatikomimetik maddslore aid olanlardan muskarini, pilokarpini, heyvan orqanizmlorinda
cox yayimis olan xolini, onun téromasi kimi gabul edilon asetilxolini vo histamini géstormok olar
ki, hans1 ki, bunlar parasimpatik sinirliflorinin gostordiyi tosir kimi foaliyyotds olur. Parasimpatik
sinir liflari qicigin tosirinden onlarin uc cihazlarinda yerlosmis olan sinapslarinda asetilxolin omalo
golir. Bu iso 6z ndvbasindo biitiin bu sinir liflorine xolinergik sinirlor demoyo osas verir.
Asetilxolinin qisa zaman orzinds tosir etmasinin sababi, onunla izah olunur ki, qanda vo
toxumalarda asetilxolini parcalayir xolinesteraza deyilon xiisusi fermentin olmasidir. Ona gora do

58



Baxsaliyev A.Y., Isayeva K K., Yuniszad> Z.Q., Azadaliyeva S.F.

qieigin tosiri kosilor kimi, asetilxolinin tosir etmasi do aradan qalxir. ©gor qiciglanma simpatik
sinirlords miisahido edilarss bu zaman sinirlarin uclarindan simpatin adlanan mediator ifraz olunur.
Hansi ki, bu mediator kimyovi torkib baximindan adrenalino oxsardir. Tor vozlori sinirlorini nozoro
almasaq biitiin diiyiin sonras1 sinir liflorinin uc qovucuqlarinda simpatin omolo galir. Uzvloro
simpatinin tosiri vo onun kimyovi torkib baximindan adrenalino yaxin oldugundan, diiyiinsonrasi
simpatik sinirlori vo onlarin uclarina adrenergik sinirlor adi verilir. Demok olar ki, biitiin daxili
organlar hom simpatik, hom do parasimpatik sinirlorlo sinirlonir, bu iso ikigat vegetativ
sinirlonmanin oldugunu sdylomoys asas verir. Ancaq, orqanizmds hans1 funksiyani yerino yetirmasi
baximindan simpatik vo parasimpatik sinir liflori bir-birine antoqonist yoni aks tosir gostorir. tirok
foaliyyatino simpatik sinir liflorinin qiciglanmasi onu siiratlondirir vo qiivvatlondirir. Parasimpatik
sinir liflarinin qiciglanmasi iso longidici vo zoifladici tosir gostorir. Simpatik sinirlorin oyanmasi
bobayi genoltdiyi halda, parasimpatik sinirlorin tosirindon babok daralir. Bronxun saya azoalolorido
simpatik sinirlorin tesirindon spazm aradan qalxir, parasimpatik sinirlorin tesirindon yigilir.
Simpatik sinirlorin oyanmasi hozm traktinda toqgolliisii longiyir, parasimpatik sinirlorin oyanmasi iso
qiivvorlonir.

Impulslarin tosirinden simpatik vo parasimpatik sinir liflorinds bas veran oyanma endokrin
vazlarinin faaliyyatinin artmasina tosir edir. Buna misal olaraq qeyd etmak olar ki, boyrakiistii vozin
beyin maddosi simpatik sinirls sinirlondiyindsn bu sinirin qiciglanmasi adrenalin ifrazinmi artirir, bu
iso hiperglikemiyaya yoni, gqanda sokorin miqdarinin artmasma sabob olur. Madoalti vozin
Langerhans adaciqlar1 azan sinirlo innervasiya olur. Onun foaliyyatinin artmasi insulin ifrazini
artirir, naticads hipoglikemiya yoni, qanda sokorin miqdar1 azalir. Simpatik vo parasimpatik sinir
liflorinin har ikisinin oyanmasi agiz suyu vozilorini foaliyyato gotirir. Ancaq, bu zaman ifraz olunan
agiz suyu hansi torkibdo olmasi ilo forqlonir. Parasimpatik sinirlorin qiciglanmasi daha g¢ox
miqdarda geyri-iizvi maddoalarla zongin, simpatik sinirlorin qiciglanmasi isa az miqdarda, qat1 vo
iizvi maddolorlo zongin agiz suyu omolo gotirir. Vegetativ sinir sistemi foaliyyotinin asasinda
sinergizm prinsipi durur. Miisahido olunan antoqonizm iss bu sinergizmin bir halidir vo nisbi
xiisusiyyat dasiyir. Tocriibolords ayri-ayri vegetativ reflekslordon istifads edilir. Masalon, goz-iirok,
tonoffiis-lirok vo s. reflekslori gqeyd etmok olar. G6z almalarina basdiqda tirok ddyiinmaeleri azalir,
naofosvermonin sonunda vo ndvboti nofosalmanin baglangicinda iirok ddyiinmolori zoaifloyir [3].
Vegetativ  funksiyalarin  tonzim olunmasinda hipotalamus orqanizmin biitlin  miirokkob
reaksiyalarinin vegetativ komponentlorini tomin edir. Homg¢inin, onuda nozoro almaq lazimdir ki,
vegetativ funksiyalarin tonziminds beyinciyin, retikulyar formasiyanin vo qabiqaltt niivalorin xiisusi
rolu vardir [4]. Diqqsts almaq lazimdir ki, beyincik horoki aktlarin koordinasiyasi ilo barabor
vegetativ funksiyalarin koordinasiyasina da tosir xiisusiyyetine malikdir. Orqganizimds vegetativ
funksiyalarin formalasmasini doguran qabiqaltt niivalorin oyanmasidir, hanst ki, bu oyanma
retikulyar formasiya ilo barabar hipotalamusla rabitali sokilds toranir.
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Organizmda vegetativ funksiyalarin sinir tanzimi

PE3IOME
HEPBHAS PETYJISIIUS BETETATUBHBIX ®YHKIIUI B OPTAHU3ME
baxwanviee A.E., Hcaeea K. K., IOnyc3aoe 3.I., A3aoanuesa C.@.

Knroueswie cnosa: Heﬁpon, JHcenesvl, eecemamueHad, caneiIuoOHaprHas, UHHepeauus

OcHoBHas LeJb CTAaTbU - U3YYUTh HCPBHYIO PCTYJIALIULO. Bererarupnas HEpBHAsA CUCTEMaA ABJIACTCA
4acCTbIO HepBHOﬁ CUCTCMbI OpraHu3Ma. OTa cucrema WHHEPBUPYCT BHYTPCHHHUC OpraHbl, JXCJIC3bl, BEHbBI U
Apyrue. OCHOBHBIMU MOp(I)OJIOFI/I‘{eCKI/IMI/I MpU3HaKaMU, OTJIMYAOIIMMU BEI€TAaTUBHYIO HEPBHYIO CUCTEMY
OT COMaTHYCCKOM HepBHOfI CUCTCMBI, SABJIAKOTCA paclial HCPBHBIX BOJIOKOH B TaHTJIMAX. B 10 )¢ BpeMs 3Ta
CUCTCMa OCJIIMTCA HAa CUMIIATUYCCKYIO U MApaCUMIIATUYCCKYIO YaCTH. HpI/I BBITIOJTHCHU N (1)I/I3I/IOJ'IOI‘I/I'-ICCKI/IX
q)YHKI_II/Iﬁ B OpramusmM€ COMAaTHYCCKHEC KOMIIOHCHTBI MABJIAKOTCA IIPOHU3BOJIBHBIMH, a BEICTAaTHBHBIC
KOMITOHCHTBI - HEIIPOMU3BOJBHBIMHU. Ero LIEHTPBI PacCHOJIOXKEHBI B I'OJIOBHOM M CIIMHHOM MO3I€. CJ'ICI[YCT
YUYHUTBIBATh, YTO B OCHOBC ACATCIIbBHOCTHU BereTaTUBHOM HepBHOI)'I CUCTCMBI JIC)KUT NPUHIUIT CUHEPTrrU3Ma..

SUMMARY
NERVOUS REGULATION OF VEGETATIVE FUNCTIONS IN THE BODY
Bakhshaliyev A.Y., Isayeva K.K., Yunuszadeh Z.G., Azadaliyeva S.F.

Key words: neuron, gland, autonomic, ganglion, innervation

The main aim of the article is to explore the nervous regulation. The autonomic nervous system is a
part of the nervous system of the body. This system innervates internal organs, glands, veins and others. The
main morphological features that distinguish the vegetative nervous system from the somatic nervous system
are the breakdown of nerve fibers in ganglia. At the same time, this system is divided into sympathetic and
parasympathetic parts. In the performance of physiological functions in the body, somatic components are
voluntary, and vegetative components are involuntary. Its centers are located in the brain column and spinal
cord. It should be taken into account that the principle of synergism is the basis of the activity of the
vegetative nervous system.

Daxilolma tarixi: [lkin variant 11.01.2024
Son variant 29.02.2024
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Robiniya luxurians (Dieck) C.K.Schneid. — moéhtasom robiniya 10 m hiindiirliiyli olan
agacdir. Cox vaxt kolgakilli bitir. Qabig1 aciq gohvoyi ronglidir, iizori ¢atlaqdir. Zoglar1 tikanla,
cavan vaxtlar tiikciiklorlo ortiiliidiir. Yarpaqlart 20 sm uzunlugunda olub, 15-21 yarpaqciqhdir.
Yarpaqciqlar uzunsov elliptik, topadon doyirmi, itiucludur. Onlar 2-3,5 sm uzunlugda olurlar.
Yarpaqciqlar istdon ¢ilpaq, alt torofdon ilk dovrde ipokvart gimist tlikclklidiir. Saplaglar
sallagdir. Cigoklori 2 sm uzunluqda olub, agimtil ¢ohrayi, six miirokkob salximlidir. Salximlar 15
sm uzunluqda olur. Kasaciq six tiikciiklii, tickiinc disciklidir. Paxlalar 6-10 sm uzunlugdadir,
tizarlori vozli-tikciikliidiir. May-iyun aylarinda ¢igoklayir. Cox zaman avqustda ikinci ¢igokloma
bas verir. Meyvolori iyun-sentyabr aylarinda formalasir [1, 2, 3, 4].

Robinia luxurians (Diesk) Schneid.-in reproduktiv orqanlarimin inkisaf xiisusiyyatlori
generativ tumurcuqlarin sismosi Vo agilmasit fazasindan baslayaraq meyvalorin tam yetismo
fazasinadok ardicil olaraq tadqiq edilmisdir [ 5, 6, 7, 8].

Apardigimiz  fenoloji miisahidolors goro Abseron soraitindo  R. luxurians (Dieck)
C.K.Schneid.-in generativ tumurcuglarin sismasi vo agilmasi fevral aymin ikinci ongiinlityiindon
baslayaraq may aymin ilk giinlorinodok davam edir. Qongolonmo may aymin birinci yarisina
tosadiif edir. Cigoklonmonin baslanmast, kiitlovi ¢igoklonma va ¢igoklonmonin sonu iso miifaviq olaraq
mayin ikinci yarisindan baslayaraq iyunun birinci ongiinliiyiinadok davam etmisdir (codval 1).

Cadval 1.
Robiniya luxurians (Dieck) C.K.Schneid. —in Abseron soraitinda ¢i¢oklonma fazalari
" Cigoklonma
1
Qongolonma baslanma kiitlovi Son miiddati, giinlo
11V 17.v 26.V 4.VI 18
8.V-15.V 16.V-19.V 24.\V-29.V 29.V-6.VI

Robiniya luxurians (Dieck) C.K.Schneid.-in Abseron soraitinds amala gatirdiklori meyvalarin
formalasma morhololorinin dyronilmasine aid apaqdigimiz todqiqatlarla miisyyon edilmisdir ki,
meyvalorin intensiv bdylimo morholosi may aymin sonlarindan baglayaraq iyunun birinci
onglinliiylinodok orta hesabla 15 giin davam etmisdir. Meyvalorin kiitlolorinin artmasi morhalosi
iyunun ikinci ongilinlilylindon iyulun birinci ongiinliiyliniin sonunadak toxminon 29 giin davam
etmigdir. Meyvalarin 6l¢ii vo kiitlolorinin sabitlogsmasi marhalasi iynun ikinci onglinliiyline tosadiif
etmoklo 9 giin davam etmisdir. Meyvo kiitlolorinin su itirmoklo azalma morhalosi iyulun ikinci
onglinliiylindon baglayaraq avqustun ilk giinlorinadek davam etmoklo orta hesabla 14 giin olmusdur.
Umumilikdo meyvolorin formalasma prosesi orta hesabla 67 giin davam etmisdir ( cadval 2).
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Robiniya luxurians (Dieck) C.K.Schneid.-in Abseron saraitinds bioekoloji xiisusiyyatlori

Cadval 2.
Robiniya luxurians (Dieck) C.K.Schneid.-in Abseron saraitinda meyvalarinin
formalasma marhalalori
Meyvalorin inkisaf moarhalolori Inkisaf miiddoti,
1" Il 11 v giinlo
15 29 9 14 67
26.V-10.V 11.VI-10.VII 11.VI1I-20.VII 21.VII-5.VIII
Qeyd:* - | — meyvalorin intensiv boyiima morhalosi, Il - meyvalorin kiitlalorinin artmasi moarhalasi, I —

meyvalarin él¢ii va kiitlalorinin sabitlogmasi marhalasi, IV — meyva kiitlalorinin azalma marhalasi (su itirmasi).

Apardigimiz todqiqatlara asason R. luxurians (Dieck) C.K.Schneid.-in Abseron soraitindo

meyvalorinin yetismasi toxminon 24 giin miiddotindo basa ¢atmisdir (cadval 3).

Cadval 3.
Robiniya luxurians (Dieck) C.K.Schneid.-in Abseron soraitinda meyvalorinin yetismo fazalar
Meyvalorin yetigsmasi
Baslanma kiitlovi Son miiddati, giinlo
7.V 22. Vil 31. VIl 24
5.VIII-10.VII 20.VII-25VII 25.VIII- 10.1X

R. luxurians (Diesk.) C.K.Schneid.-in meyva vo toxumlarinin biomorfoloji xiisusiyyatlori do
torofimizdon otrafli surotds todqiq edilmisdir. Apardigimiz todqgiqatlarla miioyyon olunmusdur ki,
bu noviin paxlalar1 xstvari, uzunsov formada, yasti, toxumlar yerloson hissads bir qodar gabariq,
topadon itiucludur. Onlarin ronglori gohvayi, sathi qisa tiikciikliidiir. Bu paxlalarin meyvayanligi
quru, nazik divarlidir. Onlarin uzunlugu 4-8 sm, eni isa 1-1,5 sm olur. Paxlalarda 2-8 toxum olur.
Toxumlar perikarpa birlogmir. Bu ndviin paxlalar iki tikis boyu acilir.

R. luxurians (Diesk.) C.K.Schneid. —in toxumlari boéyrakvari1 formada, uzunsov, yasti, qarin
torfdo ¢okak olur. Bu ndviin toxumlarinin ronglari gahvoyi olmaqla uzunluqlar1 4,1-6,6 mm, eni iso
2,5- 3,7 mm-o catir. Bu toxumlarin sothi hamar, tutqundur. Toxumlarda toxum gébakciyi doyirmi
formada olub, diametri 0,5-1 mm-dir. Bu toxumlarda endosperm zoif inkisaf edib. Kokciik
kicikdir, toxum ¢evrasindon konara ¢ixmir, uzunlugu (2,9 mm) lopanin uzunlugunun (6,8 mm) Y4-no
barabar va ya daha uzun ola bilir.

Abseron yarimadasina introduksiya olunmus R. luxurians (Diesk.) C.K. Schneid.-in quru
subtropik iglim soraitindo amoalo gotirdiklori meyva va toxumlarin bioekoloji vo morfometrik
olamotlorinin 6yronilmasine do galismisiq. Apardigimiz tadgigatlar gostormisdir ki, meyvalorin osas
gostaricilorindon olan 100 adod meyvanin kiitlosi orta hesabla 22,5 q olmusdur. Toxumlarin 2sas
keyfiyyat gostaricilorindan olan 1000 toxumun kiitlosi iso orta hesabla 20,4 q toskil edilmisdir.

Robinia luxurians (Diesk) C.K.Schneid.- in tobii areali ABS-da Kolorado, Nyu-Meksuka,
Arizona, Conubi-Yuta-dir. Bazi yerlordo doniz saviyyasindon 2134 m hiindiirliikkde do tesadiif
olunur. Ik dofo doktor Terber torofindon 1851-ci ildo kosf edilmisdir. 1887-ci ildo Kyuya
gotirilmisdir [1, 2, 3, 7].

Robinia luxurians (Diesk) C.K.Schneid robiniya cinsinin diger niimayondslori olan Robinia
pseudoacacia L.- dan tiikciiklii paxlalari, Robinia viscosa Vent.- don yapisqan olmayan cavan
budaqlari ilo segilir [6, 7].

R. luxurians (Diesk) C.K.Schneid.-i becormok ¢otin deyil. Bitki quraqliga vo duzluluga
davamlidir. Osas iki sort vacibdir: saho bol giinosli olmali vo orazido durgun qrunt sulari
olmamalidir. ©Orazi mesads Vo ya bataqliqda yerlosirsa bu bitkinin becarilmasi miimkiin olmayacaq.
R. pseudoacacia L. gadar olmasa da bu bitki do yaxsi1 balveran bitkilordon sayilir [1, 2, 3, 9].

R. luxurians (Diesk) C.K.Schneid.-in toxumlarinin qabigi sort oldugundan akilmadoan avval
toxumlar iglonmoalidir. R. luxurians (Diesk) C.K.Schneid. har hansi paxlali bitki kimi, azotfikso edon
bakteriyalarla simbiozdadir. Buna goro do olavo azot giibralorino ehtiyaclar1 yoxdur. Biitiin
paxlalilarin qgalovi torpagi sevdiklarini nazars alaraq ¢oxlu kompost hazirlayib vo daha ¢ox kiil
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olavo edarok bir yayda belo yaxsi fidanlar oldo etmok olar. Cavan bitkilori miitomadi olaraq
suvarmaq, kompleks giibra ilo gqidalandirmaq lazimdir. Yay kifayat qodor isti olarsa, sentyabr ayina
godor comi bir ne¢a ayliq olan bir ¢ox fidan bir metr hiindiirlitys ¢atacaq vo hotta yan budaglar
veracokdir. Belo bitkilor daimi bir yers skmak tigiin oldugca uygundur. Ancaq yaza qador gozlomoak
daha yaxsidir [1, 7].

R. luxurians (Dieck.) C.K. Schneid. — in bioekoloji xiisusiyyatlorinin 6yronilmasina dair
apardigimiz todgigatlart yekunlasdiraraq belo noticoya golo bilarik ki, Abseronun quru subtropik
iglimi soraitindo bitkinin reproduktiv organlarinin inkisaf fazalar1 generativ tumurcugqlarin sismasi
Vo agilmasi fazasindan baslayaraq meyvolorin tam yetismo fazasinadok ardicil olaraq bir-birinin
ovoz etmoklo bitkinin normal inkisafi bas tutur. Bitki ¢ox dekorativdir. Goriiniisco ¢ox gozaldir,
asason doa gigakloyanda. Cigoklomaya tez baslayir. Yaxsi balveran bitkilordon sayilir. Tez boyiiyan
Vo soyuga nisboton davamlidir. Torpaga ¢ox tolobkar deyil, quragliga davamli, duzluluga
doziimlidiir. Sohor soraitina davamli oldugundan yasillasdirmada genis istifado edilo bilor. Cox da
boyiik olmayan Olgiilori onlarin bag vo parklarda, homginin xiyaban vo kiigolords tok-tok vo ya
gruplarla istifadasina imkan verir.
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PE3IOME
BUOAKOJOI'MYECKHUE XAPAKTEPUCTUKHU ROBINIYA LUXURIANS (DIECK)
C.K.SCHNEID. B YCJIOBUSIX ABIIIEPOHA
Caowvizoea D.O.

Knrwouesvie cnosa: pobunus, yeemox, nioo, cems, 0eKopamusHoe pacmenue, 3acyxoycmonudusbli,
coneycmou4usblil,
B craTbe uccnenyercs KpacuBoe JnekopatuBHoe pactenue Robinia luxurians (Dieck) C.K.Schneid..
OHoO paHO 3alBeTaeT U JI0JIro IBeTeT. MIHOrIa BTOpUYHO IBETET U B aBrycre. beicTpopacryiee, ycToitunBoe
K xojiony. K mouse He TpeOoBaTe/IbHOE, 3aCyX0YCTOMYMBOE, YCTOWYHMBA 3acOIeHHI0. K TOPOJICKUM YCIIOBUAM
MPUBBIYHOE. MOXKET MIMPOKO MPUMEHSTLCS B O3€JeHEHUH. PacTeHrne mMeeT He OYeHb OOJIBINHE pPa3MeEpHI,

63


https://elibrary.ru/item.asp?id=46196412

Robiniya luxurians (Dieck) C.K.Schneid.-in Abseron saraitinds bioekoloji xiisusiyyatlori

MMO3TOMY MOJKET OBITh WCIIOIB30BAHO TPHU O3EJICHEHWH MAapKOB, CAIOB, AUICH, YNHIl MOOJUHOYKE WIIH
TpyMITaMU.

SUMMARY
BIOECOLOGICAL CHARACTERISTICS OF ROBINIYA LUXURIANS (DIECK) C.K.SCHNEID.
UNDER ABSHERON CONDITIONS
Sadigova D.O.

Key words: robinia, flower, fruit, seed, decorative plant, drought tolerant, salt tolerant

The article examines the beautiful ornamental plant Robinia luxurians (Dieck) C.K.Schneider.. It
blooms early and blooms for a long time. Sometimes it blooms a second time in August. Fast-growing,
resistant to cold. It is undemanding to the soil, drought-resistant, resistant to salinization. It is familiar to
urban conditions. It can be widely used in landscaping. The plant is not very large, so it can be used for
landscaping parks, gardens, alleys, streets singly or in groups.

Daxilolma tarixi: [lkin variant 28.12.2023
Son variant 30.01.2024
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VERILONLOR BAZASI CODVOLLORINDO iSLOMOK UCUN
XUSUSI ELEKTRON KALKULYATOR
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Azarbaycan Dillar Universiteti, Baki, Azarbaycan, 1,2 - dosent, f.r.e.n.
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Acar sozlar: elektron kalkulyator, hesab amallori, miivaqqati yaddas, alqoritm, amal diiymoalori.

Molumdur ki, miioyyan riyazi, iqtisadi vo sair masalalorin hallinds bir sira hesablamalarin
aparilmasi ligiin miixtalif kalkulyator proqramlar totbiq edilir. Yoni bu proqramlar vasitssils riyazi,
statistik vo sair hesablamalar aparmaq miimkiindyir.

Mogals Visual FoxPro 9-da tortib etdiyimiz kalkulyator proqraminin tamamilo yeni bir
funksiyasina hosr edilmisdir. Belo ki, bu kalkulyator proqrami verilonlor bazasi1 cadvalinin ragom
tipli istonilon sahoasindoki ododi verilonlori kalkulyatora yonsldir vo homin verilonlor iizorinds
miioyyon riyazi hesablamalardan sonra alinan naticolori verilonlor bazasi cadvelindo nozordo
tutulmus sahays yazir.

R U | — ” — ”-_I

KALKULYATOR

1460.00 || +

30000 | ¢ 580.00y2+300

Mc 7 8 9 \j_ A wp

MR )
4 5 6 : Yo
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c ¢ 000 0 , + =

S$akil 1. Baza cadvali sahasinin mazmunu (580) tizarinds aparilan amaliyyat

Yaradilan kalkulyator asason dord hissodon ibarstdir (sokil 1). Osas hisso daxil edilocok
odadlorin formalagmasi ti¢lin rogom diiymoalorindan, ikinci hissa adadlor tizorindo omallar (toplama,
¢ixma, vurma, bolmo, qiivvoto yliksoltmo, kokalma, ododin faizlo ifadesi vo noticoni gdstoron
barabarlik) ditlymoalorinden ibaratdir. Eyni zamanda buraya hesablama naticalorinin araliq yaddasa
olava edilmosi, araliq yaddasdan ¢ixmaq, yaddasdan oxumagq, araliq yaddasda olan molumati silmok
vo biitdv molumatt silmok diiymelori do daxildir. Homginin, kalkulyatorun sag yuxari torofinds
WD diiymosi yerlosdirilmisdir ki, bu da aparilan amoliyyat zaman1 alinan naticoni baza codvelinin
secilmis sahasine yazmaq iciindiir. ©Omoliyyatin aparilmasi iiglin daxil edilon sahonin qiymati
codvalin har hansi bir yazisindan gétiiriilo bilor. Bu halda alinan natico avvalcodon nozords tutulmus
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basqa bir yazinin miioyyan bir sahasing yazilaraq saxlanacaq. Daha dogrusu, bu kalkulyatorun
komoyi ilo baza codvalinin istonilon yazisindaki istonilon sahonin mozmunu (tobii ki, adadi gqiymaot)
iizorindo miioyyon hesablama omoliyyatt aparmaq vo alinan noticoni, homin codvalin digor
yazilarmin basga saholorindo saxlamaq olar.Dordiincii hisso (kalkulyatorun yuxari hissosi) iki
zolagdan (satirdon) ibarotdir. Belos ki, yuxaridan birinci satirde hesablama naticasinde alinan adad
(bizim misalda 1460.00), homin sotrin saginda iso amoliyyat (bizim misalda toplama +) isarosi,
digor sotirdo iso soldan cari anda daxil edilon odod (bizim misalda 300.00) vo onun saginda
omoliyyat ardicillig1 goriiniir.

Kalkulyator proqraminin tartib edilmasi asagidaki alqoritm asasinda aparilir:

1. Kalkulyatora daxil edilocok, homginin, omoliyyat noticosindo alinacaq vo araliq
yaddasda saxlanilacaq ododlor iigiin kalkulyator formasmin “Init” metodunun prosedurunda
miivafiq global simvol vo adodi doyisonlor gotiiriiliir vo onlara uygun olaraq “” vo “0” qiymoti
monimsadilir;

2. Kalkulyatorun osas diiymolori olan rogom diiymolorinin  “Click” metodunun
prosedurunda hamin ditymalards oks etdirilmis adodo uygun simvol dayiseni daxil edilir va simvol
tipli adadi doyisonlorin konkatenasiyasi yaradilir;

3. Kalkulyator formasinimn “Init” metodunun prosedurunda daxil edilon simvol tipli adedin
qiymati kalkulyator formasinin yuxari sol hissosinds yerlagdirilmis matn qutusuna monimsadilir;

4. Daxil edilon adad tlizoerinds hansi amaliyyat icra olunacagsa, ikinci diiymalor qrupundan
homin amsliyyata uygun diiymo sixilir;

4.1. Ogor secilon omal toplama (“+”) amalidirso ,

4.1.1. onda daxil edilon odadin simvol vo adadi qiymatlori ayri-ayr1 doyisonlords saxlanilir,
omoal isarasi toyin edilmoyibso, omal isarosi kimi “+” isarosi toyin edilir vo daxil edilon adodin
comlonmaosi aparilir.

4.1.2. Oks halda, yoni omol isaresi toyin edilibss, daxil edilon omal isarosi
mioyyanlogdirilir;

4.1.3. Tapilan amal iizro toplama omali aparilir vo amoliyyatlardan ibarot sotir doyisoni
formalasdirilir;

4.1.4. Tapilmis yekun ododi giymst birinci motn qutusuna, amal isarosi ikinci maotn
qutusuna, sonuncu daxil edilon odad (toplanan) {igiincli matn qutusuna, amoliyyatlar ardicillig
dordiincii matn qutusuna yonlondirilir.

4.2. Ogor secilon omal ¢ixma (“-”) omolidirss,

4.2.1. onda daxil edilon simvol vo adadi qiymotlor ayri-ayri doyisonlorde saxlanilir. ©gor
omal igarasi toyin edilmayibso, omal isarasi kimi “-” isarasi toyin edilir;

4.2.2. Oks halda, yoni omol isarasi toyin edilibso, daxil edilon omal isarosi
miioyyaonlosdirilir;

4.2.3. Tapilan omal iizro ¢ixma omoli aparilir vo omoliyyatlardan ibarst sotir doyisoni
formalasdirilir;

4.2.4. Tapilmis yekun ododin qiymsti birinci motn qutusuna, oamaol isarssi ikinci matn
qutusuna, sonuncu daxil edilon odad (toplanan) {igiincli matn qutusuna, amoliyyatlar ardicillig
dordiincii matn qutusuna yonlondirilir.

4.3. Ogor secilon omoal vurma (“*”) omolidirso,

4.3.1. onda daxil edilon simvol vo adadi giymatlor ayri-ayr1 doyisonlords saxlanilir. Ogor
omoal igarasi tayin edilmoyibso omal isarasi kimi “*” igarasi toyin edilir, omolin naticesi kimi toyin
edilocak dayisons “1” qiymati monimsadilir ;

4.3.2. 9ks halda, yoni omol isarosi toyin edilibso, daxil edilon omol isarosi
miloyyanlosdirilir;

4.3.3. Tapilan omal {lizro vurma omoali aparilir vo omoliyyatlardan ibarat satir doyigoni
formalasdirilir;

CCsfeoy
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4.3.4. Tapilmis yekun odadin qiymati birinci moatn qutusuna, amal isarasi ikinci maotn
qutusuna, sonuncu daxil edilon adod (toplanan) iiglincli motn qutusuna, omoliyyatlar ardicillig
dordiincii matn qutusuna yonlondirilir.

4.4, Ogor secilon omal bolma (/) omoalidirso ,

4.4.1. onda daxil edilon simvol vo adadi qiymotlori ayri-ayr1 doyisonlords saxlanilir. Ogor
omal isarasi toyin edilmoyibso omal igarasi kimi ““/” igarasi toyin edilir, omsolin naticosi kimi toyin
edilacok dayisona daxil edilon simvol tipli adedin qiymati monimsadilir;

4.4.2. Oks halda, yoni omol isarosi toyin edilibso, daxil edilon omol isarasi
mioyyanlosdirilir;

4.4.3. Tapilan omal iizro bolmo omoli aparilir vo omoliyyatlardan ibarat sotir doyisoni
formalagdirilir;

4,44, Tapilmis yekun ododin giymoti birinci motn qutusuna, omol isarosi ikinci motn
qutusuna, sonuncu daxil edilon odad (toplanan) iiciincii motn qutusuna, amoliyyatlar ardicillig
dordiincli matn qutusuna yonlondirilir.

4.5. Ogor secilon omal qilivvats yiikksoltmo (“**””) omolidirso ,

4.5.1. onda daxil edilon adadin simvol vo adadi qiymatlori ayri-ayr1 doyisonlords saxlanilir.
Ogor omal isarasi toyin edilmoyibso omal olaraq “**” isarasi toyin edilir, omolin noticosi kimi
toyin edilocok dayisons daxil edilon simvol tipli adadin qiymati monimsadilir;

45.2. Oks halda, yoni omol isarosi toyin edilibso, daxil edilon omol isarosi
miloyyanlogdirilir;

4.5.3. Tapilan omal {lizro bolmo omoli aparilir vo omoaliyyatlardan ibarat sotir doyigoni
formalasdirilir;

45.4. Tapilmis yekun odadin qiymsti birinci motn qutusuna, omal isarssi ikinci matn
qutusuna, sonuncu daxil edilon adad (toplanan) iiclincli matn qutusuna, omoliyyatlar ardicilligt
dordiincii matn qutusuna yonlondirilir.

4.6. Ogor secilon omal kdkalma (“\/_ ) omolidirsa ,

4.6.1. onda daxil edilon adadin simvol va adadi qiymatlori ayri-ayr1 doyisonlords saxlanilir.
Ogor omal isarasi toyin edilmayibse amol olaraq “sqr()” funksiyasit amal isarasi kimi toyin edilir,
daxil edilon adadin kokii tapilir vo omalin naticasi kimi tayin edilocok doyisono monimsadilir;

4.6.2. Oks halda, yoni omol isarosi toyin edilibso, daxil edilon omol isarosi
miayyanlosdirilir;

4.6.3. Tapilan omal iizro bolmo kdkalma omaliyyati aparilir vo amoliyyatlardan ibarat sotir
doyisoni formalasdirilir;

4.6.4. Tapilmis yekun odadin qiymati birinci matn qutusuna, amol isarasi ikinci matn
qutusuna, sonuncu daxil edilon odad Ticlincli motn qutusuna, amaliyyatlar ardicilliginin naticasi
dordiincii matn qutusuna yonlondirilir.

4.6.5. Ogor secilon dilymo adoadin faizinin  (“%”) tapilmasi omolidirss, onda daxil edilon
odadin adadi qiymati 100-o vurulur;

4.6.6. Tapilmis yekun ododin qiymoti birinci motn qutusuna, omal isarasi ikinci matn
qutusuna, sonuncu daxil edilon odod {glincli motn qutusuna, amoliyyatlar ardicilliginin naticasi
dordiincii matn qutusuna yonlondirilir.

5. Omoallor ardicil yerina yetirilib barabarlik isarasi basilan zaman:

5.1. sonuncu daxil edilon adadin simvol giymat bir doyisono, adadi giymaoti iso basqa bir
doyisona monimsadilir;

5.2. Sonra sonuncu se¢ilmis amal isarasinin névii yoxlanilir (toplama, ¢ixma, vurma va s.)
vo sonuncu daxil edilon adadlo ovvalki omaliyyatlarin naticasi olan doyigonin qiymeti arasinda
miivafig, yoni sonuncu se¢ilon omolo uygun olaraq omoliyyat aparilir vo alinan notico yeni doyisona
monimsadilir;

5.3. Ovvalki omoaliyyatlarin naticosinin saxlanildigi doyisonin qiymati sifirlanir;

5.4. Yekun noticado alinmig odadin qiymoti sonuncu anda daxil edilmis odad kimi yadda
saxlanilir;
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5.5. Aparillan omaliyyatlar ardicilliina uygun satir dayiseni sonuncu omoliyyata uygun
yenilonir;

5.6. Omoliyyatlarin son noticosi birinci motn qutusuna, sonuncu daxil edilmis ododin
giymati ti¢lincli motn qutusuna, amoliyyatlar ardicilliginmi 6ziindo saxlayan sotir doyisonin qiymaoti
dordiincii matn qutusun yonlondirilir.

Yuxarida gostorilon alqgoritmin bir sira bondlorine uygun proqram tominati asagida
gostorilmisdir:

/I Proqramda istifads edilacok qlobal dayisanlorin tasviri

PARAMETERS frm

kasx=_cliptext

PUBLIC eded,cameded,emel,yekemel,memplu,memmin
STORE " TO eded,emel,yekemel

cameded=0

STORE 0 TO memplu,memmnu

eded=kasx && cliptext
Thisform.Textl.Value=VVAL (eded)

// 9dadin ragomlorinin daxil edilmasi

sim="1"

eded=eded+sim
Thisform.Textl.Value=eded
Thisform.Text3.Visible=.T.
Thisform.Text4.Visible=.T.
Thisform.Text3.Value=eded
Thisform.Text4.Value=yekemel
sim="9'

eded=eded+sim
Thisform.Textl.Value=VVAL (eded)
Thisform.Text3.Visible=.T.
Thisform.Text4.Visible=.T.
Thisform.Text3.Value=eded
Thisform.Text4.Value=yekemel

/[ Sagdan silmd

eded=LEFT(ALLTRIM(eded),LEN(eded)-1)
ThisForm.Textl.Value=VAL (eded)

/I Toplama amali

ededl=eded

n=AT('.".eded)
ed=VAL(eded)

IF LEN(ALLTRIM(emel))=0
emel="+'
cameded=cameded+ed

else
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DO case

case emel="+'
cameded=cameded+ed

CASE emel="-'
cameded=cameded-ed

CASE emel="*'
cameded=cameded*ed

CASE emel=""
cameded=cameded/ed
ENDCASE

ENDIF

emel="+'
ThisForm.Textl.value=cameded
eded=STR(cameded,16,2)
yekemel=yekemel+ededl+emel
ThisForm.Text2.Value=emel
Thisform.Text3.Value=VAL (ededl)
Thisform.Text4.Value=yekemel
eded="

/I Barabarlik isarasi sixildiqda

ededl=eded
n=AT(".",eded)
ed=VAL(eded)

IF emel="+'
camed=cameded+ed
ENDIF

IF emel="-'
camed=cameded-ed
ENDIF

IF emel="*'
camed=cameded*ed
ENDIF

IF emel="/'
camed=cameded/ed
ENDIF

IF emel="**'
camed=cameded**ed
ENDIF

IF emel="sqr()’
camed=SQRT/(ed)
ENDIF

cameded=0
eded=STR(camed,16,2)
ThisForm.Textl.value=VAL (eded)&&cameded
yekemel=yekemel+ededl
emel="
Thisform.Text3.Value=ed
Thisform.Text4.Value=yekemel
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Odadlorin daxil edilmasi vo amollorin icrast diiymelor qrupunda aparilan omaliyyatlarin
naticalorinin miivoqqoti yaddasda saxlanilmasi {ligiin  iiglincii diiymolor qrupundan istifado edilir.
Bu diiymolor qrupuna asagidakilar daxildir:

1. M+ diiymasi aparilan amoliyyatlarin miivoqqoti yaddasda saxlanilmasi {i¢iindiir. Bu diiymo
sixilan zaman omoliyyatlarin naticasi olan adad sifirla miigayiso edilir, yoni hor hansi bir omaliyyat
yerino yetirilmisdirso, onda alinan naticonin yeni doyisondo toplanilmasi omoliyyati aparilir, daxil
edilmis sonuncu adadin vo omoliyyatin naticasi saxlanilan doyisonin qiymatlori sifirlanir. ©ks halda,
yoni heg bir omoliyyat aparilmamisdirsa, ancaq daxil edilmis odod yaddasda saxlanilirsa, onda daxil
edilmis adadin yeni dayisondo toplanilmasi omaliyyati aparilir. Qeyd edilon prosesin proqrami
asagida gostorilmisdir:

IF cameded<>0

memplu=memplu+cameded

cameded=0

eded="

ELSE

memplu=memplu+VAL (eded)

eded="

endif;

2. M- diiymosi miivoqqgoti yaddagda saxlanilan ododdon cari anda aparilmig omoliyyatin
naticasinin ¢ixilmast ticlindiir. Bu diiyme sixilan zaman aparilan amoliyyatlarin naticosi yaddasda
saxlanilan ododdon ¢ixilir. Ogor miivoqqoati yaddasda he¢ bir molumat yoxdursa, onda sifirdan
cixma omali yering yetirilir. Qeyd edilon prosesin proqrami asagida gostorilmisdir:

IF cameded<>0

memmnu=cameded

memplu=memplu-memmnu

cameded=0

eded="

ELSE

memmnu=VAL (eded)

memplu=memplu-memmnu

eded="

ENDIF,;

3. MR diiymosi miivoqqgati yaddasda saxlanilan odadin ekranda gdstorilmosi lgiindiir. Bu
dilyme sixilan zaman miivoqqgati yaddagda saxlanilan odad birinci matn qutusuna yonlondirlir vo o
sotir tipli daxil edilon adod kimi saxlanilir. Qeyd edilon prosesin proqrami asagida kimidir:

ThisForm.Text1.Value=memplu

eded=STR(memplu);

4. MC diiymesi iso miivoqqgeti yaddasda olan informasiyanin silinmosi ti¢lindiir. Bu diiymo
sixilan zaman miivoqgati yaddas tli¢lin nozords tutulan doyisonlorin qiymatlori sifirlanir. Yoni,

STORE 0 TO memplu,memmnu ;

5. C diiymosi. Aparilan biitiin amosliyyatlarin hamisinin silinmasi {igiindiir. Bu halda miivaqqati
yaddasda olan molumat silinmir. Bu diiyme sixilan zaman birinci vo {igilincii motn qutularina “0”
qiymati, ikinci vo dordiincii motn qutularina *“” bosluq qiymatlori yonlondirilir. Daxil edilon vo
omoliyyatlarin aparilmast ardicilligini 6ziinds saxlayan dayisenlora “” bosluq, omaliyyatlarin
noticosi  liglin nozordo tutulan doyisons “0” qiymotlori monimsadilir. Gostorilon amoliyyatlarin
programi asagidaki kimidir:

ThisForm.Text1.Value=0

eded="

eded1="

cameded=0

yekemel="
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Thisform.Text3.Visible=.F.

Thisform.Text4.Visible=.F.

emel="

Thisform.Text3.Value=0

Thisform.Text4.Value="

Thisform.Text2.Value="

_screen.ActiveForm.Refresh;

6. 00-0 diiymosi yanlis daxil edilmis ododin miioyyon rogomlorinin silinmasi {igiindiir. Bu
ditymas sixilan zaman daxil edilon satir tipli adedin sagdan bir simvolu atilmaqla galan hissasi yeni
daxil edilon odod doyisonine monimsadilir. Proses tokrarlanarsa bu hor dofo sonuncu qiymotdon
kosib gotiiriiliir. Yeni yaranmig sotir tipli adedin roqom tipli qiymeti birinci metn qutusuna
yonlondirilir. Qeyd edilon omoliyyatin proqrami asagidaki kimidir:

eded=LEFT(ALLTRIM(eded),LEN(eded)-1)

ThisForm.Textl.Value=VAL (eded).

Tortib edilmis kalkulyator proqgrami sorbast sokildo vo verilonlor bazasmnin codvalinin
yerlosdiyi formaya birlosdirilmis sokilds isloyir. ©gor verilonlor bazasinin codvalindo verilmis hor
hans1 bir yazisinin miioyyan bir roqom tipli sahasinin iizorindo amoliyyat aparib noticoni homin
cadvalin basqa bir yazisinin istonilon rogom tipli sahasine yazmaq istoyirikss, onda ovvelco
omoliyyat aparilacaq codval sahosinin qiymoti bufer yaddasa gondorilir. Bunun {igiin cadvelin
homin silitununun “text” elementinin “Click” hadisasinin proseduruna

_cliptext=STR(sumng,14,2)

omri yazilir. Alinan naticoni hansi sahoys yazmagq istoyirikss, qeyd edilon codvelin homin sahasino
uygun “Text” elementinin “Right-Click” hadisasinin proseduruna

pol=FIELD(8)

_screen.ActiveForm.Refresh()
omrlorini yaziriq. Burada konkret olaraq cadvalin 8-ci sahosi qeyd edilmisdir.
Cadvalin yerlosdiyi formanim “Init” hadisesinin prosedurunda istifads edilo “pol” dayisenini qlobal
doyison kimi elan edorok ona “”, yoni bosluq qiymeti monimsadirik. Basqa sozlos,

PUBLIC pol

pol="
omrlarini yaziriq.

Bufer yaddasdaki odod kalkulyator programinda yeni daxil edilon odod kimi nozordo

tutulmus doyisono monimsadilir:
kasx=_cliptext
eded=kasx
Thisform.Textl.Value=VVAL (eded).

Homin dayison iizorinde amaliyyatlar aparildigdan sonra alinan natica, avvalcadan verilonlor
bazas1 cadvalinin qlobal doyison kimi saxlanilan se¢ilmis sahosino yazilir. Masalon,

Sokil 2-don goriindiiyli kimi verilonlar bazasi codvalindan 580.0 adadi gotiirtilorak
kalkulyatorda onu 2-ys vurub iizorina 1200.0 olavs etdikdon sonra alinan 2360.0 adadi homin
cadvalin segilon sagdaki siitununa yazilmisdir.

Alman naticonin baza codvalinin segilon sahasing yazilmasi ticiin WD ditymosinin “Click”
hadisasinin prosedurana

IF frm="f2'

SELECT forma2ks

ENDIF

IF frm="f4i"

SELECT formadis

ENDIF

REPLACE &pol WITH Thisform.Textl.Value

_screen.ActiveForm.refresh()
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Verilanlor bazasi cadvallarinda islomak iiciin xiisusi elektron kalkulyator

omrlori yazilir.

=+ o D

i Form1 = | = N T
KALKULYATOR ey
236000 | + | EL13.32

50.00

120000 |(  5B80.00)2+1200 0.00

0.00

50.00

McC 7 8 9 d_ M WD 0.00
0.00

MR 4 5 6 : % 0.00
0.00

M+ X Fe3 32
1 2 3 - E55 00

M- 000
u — 0.00

1 C 00-0 0 ) + - 555 00
L5245

— — = 0.00
0.00 0.00 0.00 0.00
1000_00 730 .00 580.00 2796 69
100000 730.00 580.00 2360.00
0.00 0.00 0.00 J0SE0_00

0.00 0.00 0.00 0.00

Sakil 2. Miivaqqoati cadval ila kalkulyatorun birga islomasi

Bir daha qgeyd edirik ki, coxlu sayda miixtolif mozmunlu kalkulyator proqramlar1 vardir vo
bu programlarda miixtalif hesablamalar aparmaq miimkiindiir. Sadacs olaraq bizim toklif etdiyimiz
alqoritm osasinda tortib edilmis kalkulyatorda noticolorin verilonlor bazasi codvelinin istonilon
yazisinin, istonilon roqom tipli sahosino yazmaq imkami vardir ki, bu praktik ndqteyi nazorden
ohomiyyatlidir vo bu iisuldan istifado etmoklo daha tokmil islor yerino yetirmok olar.

ODOBIYYAT
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2. Owmenpuenko, JI.LH. Camoyuurens Visual FoxPro 9 / J.H.Omenbsuenko, —Cankr-Ilerepopr: BXB-
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PE3IOME
CHEIMAJIBHBIA JIEKTPOHHBIN KAJIBKYJISITOP JIJISI PABOTbDI
C TABJIMLIAMMU BA3bl JTAHHBIX
Taoorcuee A.A., Mameooe @.O.

Knrouesvle cnosa: snexmponnblil KaibKyIsamop, pacuenivl, BPeMeHHAs. NAMIMb, AN20PUMM, KHONKU
Oeticmauil.

B nanHO#M paboTe pacCMOTPEHBI BOIPOCHI CO3JaHHUS CICIHAIBHOTO JICKTPOHHOTO KaJIbKYJIATOPA,
KOTOPBIM MpH paboTe ¢ TabiuiamMu 0a3bl JAHHBIX BBIMOJHIET OMEpalyd HaJ 3HAYCHHEM JIFOOO0TrO MOJs
TaOJIUIBI U TO0ABICHMSI TIOJYYSHHOI'O pe3yJibTaTa B COOTBETCTBYIOIIYIO 3allUCh paHEe BBHIOPAHHOIO IMOJIS
TaOuuibl. V370KEHHBI CTPYKTYPBl KajbKyJsATOpa, (QYHKIMU 3THX YaCTei, MOKa3aHbl aJIrOPUTM H
MPOTPaMMHBIA KOJ CO3/IaHUsl KKIOW 4YacTH KabKynsaTopa. COCTaBJICGH ajrOpUTM CO3JaHUS BPEMEHHOH
MaMsTH U €ro IPOTPaAaMMHOTO KOJ1a, a TAKXKe MPUBEACHBI TPUMEPHI PA00ThI KATLKYIIATOPA.
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SUMMARY
SPECIAL ELECTRONIC CALCULATOR FOR WORKING
WITH DATABASE TABLES
Hajiyev A.A., Mammadov F.O.

Key words: electronic calculator, calculations, temporary memory, algorithm, action buttons.

When working in database tables, the issue of developing a special electronic calculator for carrying
out certain actions on the price of any field of the table, and adding the result to the corresponding entry of
the previously selected field of the table was considered. The structure of the calculator, each of its parts, the
functions of these parts are reported, the algorithm and program code for creating each part of the calculator
are shown. Algorithm of creation of temporary memory and its program code are drawn up, and examples of
how the calculator works are given.

Daxilolma tarixi: [lkin variant 12.01.2024
Son variant 05.02.2024
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BIOKiIMYOVI QAN TOHLILI GOSTORICILORI OSASINDA QARACIYOR
XOSTOLIKLORININ TOYINININ IDARODETMO ALQORITMININ
ISLONMOSI
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Sumgqayit Dovlat Universiteti, Sumqayit, Azarbaycan, dosent
gulnara.abbasova@sdu.edu.az

Acar sozlar: hepatoz, xroniki diffuz qaraciyar xastaliyi, serroz, bilirubin, hemoglobin.

Qaraciyor insan orqanizmi U¢lin xiisusi hoyati ohomiyyat kosb edon orqganlarindan biridir.
Hayati ohamiyyet koasb edon bu orqan orqanizmds olan zorarli-zoharli maddslori pargalayaraq xaric
edilmesi, toplanmis qliikogeni orqanzmin ehtiyaci oldugu halda qliikkozaya cevirorok enerji
ehtiyacinin 6donilmasi, ziilali sintez edorok qanin laxtalanmasi kimi xiisusi ohomiyyat kosb edon
funksiyalarin yerina yetirilmoasindas istirak edir.

Miiasir dovriimiizds tibbin qarsisinda duran an aktual problemlsrindon biri do xroniki diffuz
qaraciyor xostolikloridir. Bu patologiya xiisusilo omok qabiliyystino malik olan yasda insanlar
arasinda daha cox yayilmisdir. Istor Azorbaycanda, istorsa do diinyanin biitiin 6lkalorinin ohalisi
arasinda xroniki diffuz qaraciyar xostoliklorinin osas formalarina xroniki hepatit C vo B, alkoqollu
qaraciyor xostoliyi, alkoqolsuz yagli qaraciyor xostoliyi, otoimmiin vo xolestatik qaraciyor
xastoliklori vo dorman reaksiyalar1 daxildir. Onlarin hamisi qagilmaz olaraq ils iraliloys bilor.

Xroniki diffuz qaraciyor xastoliklorinin erkon agkarlanmasi vo diizglin miialico taktikasi
miimkiin geri donmoz naticolorin qarsisinin alinmasina komoklik edir. Biokimyovi todqiqatlar
saglamligin miiayinasi vo monitoringinds aparici yer tutur. Biokimyavi tisullar doqiq va etibarlidir,
bodonin funksional voziyystini qiymotlondirmok imkanlarin1 genislondirir, metabolik proseslorin
gedisatin1 obyektiv mithakima etmoyo vo saglamliq voziyyastindo miioyyon sapmalarin doracosini
diizgiin qiymatlondirmays imkan verir [6, 7] .

Sohv diagnoz qoyulma naticasinds toyin edilon geyri-diizgiin miialico xastaliyin gedigatinin
agirlasmasina sobab ola bilir. Eyni zamanda sohv miialicolors sorf edilon zaman slave xostaliklorin
yaranmasina vo xostonin itirilmosino gotirib ¢ixara bilir. Bu xostolikde xiisusi miiayinolorden
istifads edilir. Bu, hom diaqgnostik, hom do prognostik cohatdon xasto vo hokim ii¢iin ¢ox dnomlidir.

Aparilan todqiqatlar gdstormisdir ki, diinyada son on il orzindo qaraciyerin yaglanmasi
hallar1 say1 xeyli artmisdir. ©On ¢ox yayilan xroniki qaraciyar yaglanmasi olan hipatoz xastaliyin
ilkin morholosindo hiss olunmadigindan zororsiz goriiniir. Lakin, bu xostoliyo vaxtinda digqot
yetirmadikda vo ilkin marhalods qarsisi alinmadiqda bir sira xastaliklora, o ciimladan iirok-damar
xostoliklorinin risk faktorunun artmasina, hoyat foaliyyetinin agagi diismosino sobob olur [5, 6].
Mohz buna gors do diizgiin diagnozun vaxtinda qoyulmasi miihiim shamiyyate malikdir.

Qaraciyar piylonmasi alkogolun gobulundan asili olaraq iki qrupa boliiniir:

1. Alkoqoldan asili olan garaciyar piylonmasi

2. Alkoqoldan asil1 olmayan qaraciyar piylonmosi

Alkoqoldan asili olmayan garaciyar piylonmaesi miiasir dovriimiizds inkisaf etmis 6lkolorin
do sohiyya sisteminin aktual problemlorindon biri hesab olunur. Bu xastslik 6ziinds qaraciyorin sado
piylonmosindon baslayaraq, iltihabi steatohepatiti, qaraciyar fibrozu va sirrozu kimi agir xastaliklor
spektrini toskil edir [7].
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Qaraciyar xostoliklori zamani aparilan biokomyavi gan tohlillori zamani adston ALT>AST
normadan yiiksok olur. ALT, AST ilo yanasi GGT (Gamma Glutamil Transferaza) artmasi
xastaliyin fibroz marhalasine kegdiyinin gostaricilorindandir.

Qeyd edildiyi kimi ALT qaraciyar funksiyasini qiymotlondirmok ii¢lin istifado olunan bir
fermentdir. Qandaki miqdar1 28-178 ncat/l toskil edir, onun soviyyasinin artmasi qaraciyar
xostoliklorini gostarir [2, 6].

Qanda ALT-nin miqdarinin AST-don daha ¢ox artmasi qaraciyarin zadslonmasini gostorir;
AST indeksi ALT-don daha ¢ox yiiksalirsa, bu, bir qayda olaraq, miyokard hiiceyralori (iirok
ozolasi) ilo bagli problemlori gdstorir.

ALT vo ya AST aktivliyinin artmasina miioyyon dormanlarin gobulu (esason qaraciyoro
zohorli tosirlor sobabindon) tosir edo bilor.

Kisilorin ganinda ALT-nin normal faaliyyati 10-40 U/1, qadinlarda 12-32 U/1 toskil edir.

AST/ALT aktivliyinin nisbati de Ritis nisbati adlanir. De Ritis amsalinin normal qiymati
1,3-diir. Qaraciyarin zodslonmasi ilo de Ritis omsalinin doyori azalir. Hepatit vo siroz zamani bu
omsal bes dofs vo ya daha ¢ox artir [1, 4].

Qamma-qlutamil transpeptidaza, hepatosit membraninin sothinds yerlogon amin tursularinin
miibadilosindo istirak edon bir fermentdir vo buna goro do qaraciyor vo 0d yollarmin
patologiyalarinin on hassas gostoricisidir [5] .

Qanda az miqdarda GGTP-nin olmasi moagbuldur, ¢ilinki hiiceyronin yenilonmasi tabii
morfoloji prosesdir. Anormal sayda hiiceyro mohv edildikds, qaraciyarin va ya safra yollarinin
patologiyasini gostoran ¢ox miqdarda qgamma-glutamil transpeptidaz ifraz olunur.

Beloliklo, GGTP-nin artmasinin sobablori bunlardir: hepatositlorin 6liimii, garaciyorin
yaglanmasi, dorman intoksikasiyasi, alkoqol intoksikasiyasi vo qaraciyorin zadolonmasinin
olmamasi halinda alkoqol gobulu, sis boyiimasi.

Bu fermentin foaliyyotini artiran bir sira dormanlar: barbituratlar, aminoqlikozidloar,
glutetimid, fenitoin, metaqualon, asetaminofen.

Qan zordabinda gamma-qlutamil transpeptidazanin aktivliyinin doyismosi qaraciyor vo
hepatobiliar yollarin xastoliklorinds boylik diagnostik shomiyyats malikdir.

Qamma-glutamil transpeptidazin normasini agmasi qaraciyorin zadolonmasi, xiisuson do
obstruktiv sariliq ilo miisahids olunur.

Umumi bilirubin - hemoglobinin pargalanmasinin mohsuludur, ganda normal mozmun 8,5 -
20,55 pmol / 1 toskil edir. Bilirubinin soviyyesini bilmak vacibdir, ¢linki onun soviyyasinin 27
umol/l-don yuxari artmasi sariligin gorlinlisii ilo miisayiot olunur. Hiiceyro membranlarinin
lipidlorinds asanliqla hall olunan vo naticade mitoxondrilora niifuz edon hidrofobik, lipofilik
konyugasiya olunmamis bilirubin onlarda tonoffiis vo oksidlosdirici fosforlasmani ayirir, protein
sintezini, hiliceyro membran1 vo orqanlar vasitesilo kalium ionlarmmin axini pozur. Bu, sinir
sisteminin voziyyatino monfi tosir gostorir, xastolords bir sira xarakterik nevroloji simptomlara
sobab olur. Plazma konsentrasiyast albuminin yiliksok yaxinliqlt bolgalorinin doyma saviyyasinden
(20-25 mqg/100 ml) artiq oldugda, gan-beyin baryerina niifuz eds bilor.

Serumda timumi bilirubinin miqdar1 normal olaraq 6,8-20,5 pmol / 1, birbasa qan bilirubinin
normasi is3 4,3 pmol / 1-o godardir. Qan zardabinda bilirubinin saviyyasinin 20,5 pmol/l-don yuxari
saviyyays yiiksolmasing hiperbilirubinemiya deyilir [1, 3].

Qanin biokimyasi — orqanizmin sistem vo orqanlarinin funksiyasini qiymatlondirmak tigiin
aparilan laborator miiayinalordir. Yuxarida geyd olunanlardan da aydin goriiniir ki, biokimyavi
analizlorls ziilal, yag vo karbohidrat metabolizmi, hamg¢inin orqanizmin ehtiyact olan vitamin vo
mikroelementlor haqqinda molumat oldo etmok olar. Qaraciyarin patoloji voziyyeti qanin
biokimyavi analizlorinds 6ziinli miitloq gostorir.

Biitliin bu sadalananlardan aydin goriindiiyii kimi, qaraciyor kimyovi homeostazin markazi
organidir, biitiin metabolik proseslorlo six baglidir. Qaraciyor voziyyati ilo bagh ilkin naticonin aldo
edilmosi {i¢iin asagida qaraciyorin osas enzim faktorlar1 olan ALT, AST, GGT, Umumi Billirubinin
naticolorinin tohlili geyri-salis iisulla kompiiter modellasdirilmasi yolu ils toyin edilmigdir.
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Biokimyavi gan tahlili gostaricilori asasinda qaraciyar xastaliklorinin
tayininin idaraetma alqoritminin islonmasi

Alanine aminotransaminazaya (ALT) asason gobul edilmis linqvistik termlor:
Qait 1 —ALT-nin migdart uygun (5 15 125 32.7( U/L));
Qait 2 — ALT-nin migdar: bir az yuxaridwr (32.9 35 38 40( U/L));
Qait_3— ALT-nin migdar: yuxar: (40.2 44 48 52 (U/L));
Qait 4 — ALT-nin migdari cox yuxart (52.4 58 65 70 ( U/L));
Aspartate aminotransferazaya (AST) uygun olaraq gobul edilmis linqvistik termlor:
Qast 1 — AST-nin migdar: normaldwr (4 17 28 34.9 U/L);
Qast 2 — AST-nin migdar: az yiiksalib (35 40 45 51 U/L);
Qust 3 — AST-nin migdar: yiiksalib (52.4 58 66 70 U/L);
Qast 4 — AST-nin migdar: ¢ox yiiksalib (70.12 72.7 75 80 U/L);
Gamma Glutamil Transferazanin (GGT) miqdarina uygun olaraq qobul olunmus linqvistik
termlor:
Qqqt 1— GGT-nin migdar: normadadwr (3 18.27 26.4 39.14 (U/L));
Qqgt 2 — GGT-nin migdari bir az yiiksakdir (39.87 44 48.7 53.89 (U/L));
Quqt 3— GGT-nin migdar: yiiksakdir (54.3 58 67 77 (U/L));
Qqgt 24— GGT-nin migdari lap yiiksakdir (77.23 83 87 90 (U/L));
Bilirubinin (iimumi) miqdarina uygun olaraq qobul olunmus linqvistik termlor:
Qpii 1— Bilrubinin migdar: norma (8 12.35 16.97 20.55 (mg/dl));
Qpi 2— Bilrubinin migdar: bir az yuxar: (20.57 25.32 28.97 33.4 (mg/dl));
Qui 3 — Bilrubinin migdart yuxary (33.7 37.2 40.98 45 (mg/dl));
Qpi ¢ — Bilrubinin migdart ¢ox yuxart (45.12 48.4 53.7 60 (mg/dl));
Qui 5 — Bilrubinin migdar: haddan ¢ox yuxart (60.2 64.12 70 85 (mg/dl));
Qaraciyorin enzim faktorlar1 osasinda qaraciyordo bas veron struktur doyisiklyinin
olamatlorine uygun olaraq qabul olunmus lingvistik termlor:
Qs 1 —qaraciyor saglamdir (2 2.833 3.878 4.157 (%));
Qs 2 —qaraciyar statohepatit alamatini gostorir (4.7 6.73 8.424 11.21 (%)),
Qs 3 — qaraciyarda fibrozlasma alamatini gostorir (11.5 14.3 15.9 17.39 (%)),
Qs 4 — qaraciyarda serrotik dayisiklik slamatidir (17.8 19.1 20.1 21.43 (%)),
Qaraciyoarin enzim faktorlarin qeyri-salis linqvistik termloring osason qaraciyerin struktur
dayisikliyinin idareetma alqoritmi asagidaki kimi qurulur:
OGOR “qanda ALTmiqdar1 normaldir ”;
VO “AST miqdart normaya uygundur”
VO “QQT miqdar1 normadadir”;
VO “Bilirubin (imumi) miqdar1 normaya uygundur”
ONDA “qaraciyor saglamdir”;
OGOR “qanda ALT miqdari az yuxar: ”;
VO “AST miqdan az yiiksalib >
VO “QQT miqdar bir az yiiksak”;
VO “Bilirubin (imumi) miqdar az galxib”
ONDA “qaraciyaer steathepotit alamatini bildirir”;
OGOR “qanda ALT miqdar yuxaridr *;
VO “AST miqdart normadan yiiksakdir
VO “QQT miqdan yiiksakdir”,
VO “Bilirubin (iimumi) miqdar1 galxib”
ONDA “qaraciyor fibroz alamatini bildirir”’;
OGOR “qanda ALT miqdar1 ¢ox yuxaridr ”;
VO “AST miqdar1 normadan ¢ox yiiksalib >
VO “QQT miqdari lap yiiksakdir”;
VO “Bilirubin (iimumi) miqdar1 ¢ox qalxib”
ONDA “qaraciyor serroz alamatini bildirir .
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PE3IOME
PA3BPABOTKA AJITOPUTMA BEJEHUSA OIIPEAEJIEHUS 3ABOJIEBAHUM JIETKUX HA
OCHOBE BUOXUMHWYECKHUX MMOKA3ATEJIEN KPOBU
Ab6acoea I'.IO.

Knroueswle cnosa: c2unomos, xponuueckue ougpysuvie 3a001e8anus newenu, yuppos, OurupyoOuH,

2eMO2N00UH.

B npexacraBieHHON cTaThe UCCIeNOBaHbl (GaKTOPHI pUCKa 3a00JeBaHNM, KOTOPbIE MOTYT BO3HUKATh B
MEYeHH, KOTOpas MMEET OCO0YyIo poilb Mo cBoed (YHKIMH IJs opraHm3Ma demoBeka. C STOW ILEIhio
npoBoauuchk Omoxmummdeckne ananu3sl kposu AJIT, ACT, I'TT, ounupyoun (o6mwuit). [lo mokazaTtensm
OMOXMMHYECKOTO aHallM3a KPOBU YCTAHOBJICH ajrOPUTM YIPaBICHHsI NPOU3BOACTBEHHON MOZAETHIO Ha
OCHOBE JIMHTBUCTUYECKHX TEPMHUHOB.

SUMMARY
DEVELOPMENT OF MANAGEMENT ALGORITHM FOR THE DETERMINATION OF LUNG
DISEASES BASED ON BIOCHEMICAL BLOOD ANALYSIS INDICATORS
Abbasova G.Y.

Key words: hypostasis, chronic diffuse liver disease, cirrhosis, bilirubin, hemoglobin.

This article examines risk factors for diseases that can occur in the liver, which has a special role in its
function for the human body. For this purpose, biochemical blood tests were performed: ALT, AST, GGT,
bilirubin (total). Based on the indicators of biochemical blood analysis, an algorithm for managing the
production model based on linguistic terms was established.

Daxilolma tarixi: [lkin variant 14.12.2023
Son variant 29.01.2024
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Prof. R.Oliyev Z-adadlorin [1-3] xiisusi hali olan U-adadlar nozariyyasini irali stirmiisdiir.
U-odadlorin etibarliligr ifade edon hissasi “nadir hallarda™ (“rarely”), “tez-tez” (“often”), “adston”
(“usually”) termlori ilo ifado olunur. Insanlar osason giindolik miihakimolorinda U-adodlordon
istifado edirlor. Bunlar1 noazoro alaraq, mogqalodo U-adadlor nazoriyyesini zavod tikintisinin
planlagdirirlmast ils bagli gqorar gobuletmo masalasina tatbiq olunur.

1. Giris.

Tikintinin planlasdirilmasi miirokkob saholordon biridir [4]. Qorarlar on ¢ox tikinti
layihosinin planlagdirilmast vo hazirlanmasi morhoslosinds gabul edilir [5]. Bu mdvzuda odabiyyat,
tok vo coxmeyarli modellor, amoliyyat aragdirmasi vo qeyri-salis modellor daxil olmaqla qorar
qobulu tsullart vo modellorinin tosvirlorini oshats edir. Forqli voziyystlordo forgli modellordeon
istifado edilo bilor. [5]-do mihandislik praktikasinda qorar qobuletmo proseslori ilo olaqodar
odabiyyatlarda toklif olunan modellorin tohlili verilir. Todqiqat 34 tikinti layihosini vo tikinti
sonayesindo foaliyyot gostoran 15 sirkoti ohato edir. Bir ne¢o qorar gobuletmoa voziyysti nozordon
kecirilir. Tadqiqatin naticolori miislliflor torofindon toklif olunan, tikinti layihslorinin hoyata
kegirildiyi sortloro uygunlasdirilmis qorar dostoyi modelloridir. Toadqiqatdan oldo edilon miisahidalor
miiolliflors tikinti layihalorinin hayata kegirilmasinda faydali ola bilocok miihondislik tacriibaloring
yonalmis gorar dostoyi modellori hazirlamaga kémok etdi.

[6]-do tikinti layihslorinin idars edilmasinin miiddoti vo mozmunu tosvir edilmigdir. Eyni
zamanda, tikinti idarsgiliyinin osas problemlori miioyyon edilmis vo onlarin holli imkanlar
miizakiro edilmisdir. Coxmeyarli tisullardan istifado edorak tikinti idaragiliyinds gorar gobuletmo
modeli yaradilir vo real voziyyoto totbiq edilir. Hesablamalar ticlin AHP tisulu vo “Ekspert se¢imi”
kompiiter programu istifads edilmisdir.

[7]-do moanzil tikintisi ti¢lin planlasdlrma moarhalosinds Malayziya monzil insaatgilart
torofindon totbiq edilon gorar gobuletmo prosesini aragdirir. Nozari process model gorar gabuletma
movzusunda c¢oxsayli miiolliflor vo todqiqatcilar torofindon qurulmus prosesi birlosdirorok
hazirlanmisdir. Sorgu varagolori fordi monzil ingaatgilarina paylanir vo SPSS-don (Sosial Elmlor
icilin Statistika Paketi) istifado etmoklo tohlil edilir. Belslikls, bu todqiqat Malayziyada monzil
tikintisinin planlagsdirma morhalasinds gorar gobul etmak {i¢iin yeni process modelini toqdim edir va
insaat¢ilara vo hokumotlora tikinti marholasine kegmozdon avval daha yaxsi prognozlar vermoyo
komak edir.

Bu moqalods U-adadlor nozariyyassini zavod tikintisinin planlagdirilmasi ilo bagli qorar
qabuletma masalasing totbiq edirik. Tobiat vaziyyatlorinin ehtimallart vo alternativlorin naticalori U-
odadloarls tosvir olunur. Magalads istifads olunan toriflor [8,9]—da 6z oksini tapir.

2. Masalonin qoyulusu

Biznesdos tez-tez rast golinon qorar gobuletmo masolosini nazardon kecirok. Firma hoyatds
saxlama iiciin talvarlar istehsal edir. insaat firmasmin meneceri istehsali genislondirmoyin no
doracodo ohomiyyatli oldugunu Oyronmyo calisir. Secilo bilocok alternativ variantlar asagidaki
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kimidir: (1) talvar istehsali tiglin boyiik zavodun lazimlilig1 (a;), (2) talvar istehsal tigiin kigik
zavodun lazimlilig1 (a;). Menecerin gorarinin naticalori iki miihit voziyyotindon asilidir: olverisli
bazar (S;) vo alverigsiz bazar (S,). Tabiot voziyyatlorinin alternativlori vo ehtimallart U-adadlarlo

tosvir olunur (Cadval 1):

Cadval 1.
U-adad-giymatli hallor matrisi [8]
T,
. Olverisli bazar, s; Olverissiz bazar, s,
Alternativior P(s~(CO.A) P(s)~(C0O0.A)
a4 (CY,T) (CAaA)
az (YaT) (OaA)
Osas masala U-adad giymatli GF-a malik an yaxsi alternativin segilmasidir:
CF(a*) = max GF U(a;) malik a” tapmag.
i=1,..,4
3. Masalanin halli
Alternativlar vo ehtimallarin U-adadli giymatlori Cadval 2-4-ds verilib [8].
Cadval 2.
U-adad-giymatli alternativlarin A hisssasi ticiin lingvistik termlor
Lingvistik qiymatlor Qeyri-salis giymatlor
Cox asag1 (CA) (-267, -233, -167, -133)
Asagi (A) (-167, -133, -67, -33)
Orta (O) (-67, -33, 33, 67)
Yiiksok (Y) (33, 67, 133, 167)
Cox yiiksak (CY) (133, 167, 233, 267)
Cadval 3.
Ehtimallarin A hissasinin U-adadli linqvistik termlori [8]
Linqgvistik giymatlar Qeyri-salis giymatlor
Oxsar olmayan (OO) (0.15,0.15,0.15,0.25)
Cox oxsar olmayan (COO) (0.15,0.25,0.35,0.45)
Oxsar (0) (0.35,0.45,0.55,0.65)
Cox oxsar (CO) (0.55,0.65,0.75,0.85)
Hadsiz oxsar (HO) (0.75,0.85,1,,1)
Cadval 4.
U-adad-qiymoatli alternativlorin B hisssasi iigiin lingvistik termlar[8]
Lingvistik giymatlar Qeyri-salis giymatlar
Nadir halda (R) (0,0,0.1,0.5)
Hoardonbir (H) (0, 0,0.3, 0.9)
Tez-tez (T) (0.1,0.4,0.6,0.9)
Adoton (A) (0.1,07,1, 1)
Gozlonilon faydaliliq (GF) modelini baxilan masoloya totbiq edocoyik:
GF(a;) = xi1p(s1) + Xi2P(s2)
harada Ki, Xii= Xj; = aj(s1),Xiz = aj(s2),i = 1,2, a alternativlorin U-ododli qiymatloridir,

p(s1), p(sz) ehtimallar1 U-adadli qiymatloridir. U-adadlorin toplanmasi va vurulmasi qaydasi [8,9]-

da oks olunub.

Alternativlorin hecablanmis GF —qiymatlori asagidaki kimidir:
(1) aj alternativi ligiin GF-in U-adadli giymati:
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U-informasiya saraitinds tikintinin planlasdirilmasi masalasinin halli

GF(a1)=(VH,0)*(CO,U)+(CO,U)*([CO0,U)=
=((133,167,233,267)(0.1,0.4,0.6,0.9))*((0.55,0.65,0.75,0.85)(0.1,0.7,1,1))+
+((-267,-233,-167,-133)(0.1,0.7,1,1)*((0.15,0.25,0.35,0.45)(0.1,0.7,1,1))=
=(-47,27,133,207)(0.0004,0.995,0.995,0.995);

a; alternativi ti¢iin GF-1in U-adadli giymati:
GF(a2)=(H,0)*(CO,U)+(M,U)*(COO,U)=
=((33,67,133,167)(0.1,0.4,0.6,0.9))*((0.55,0.65,0.75,0.85)(0.1,0.7,1,1))+
+((-67,-33,33,67)(0.1,0.7,1,1)*((0.15,0.25,0.35,0.45)(0.1,0.7,1,1))=
=((-12,32,111,172.1)(0.0003,0.994,0.994,0.994));

GF-1n alinan naticalorinin miiqayisasi liglin QSPO prinsipine asaslanan yanasmadan istifado

edocoyik [10]. Miigayiso naticolori asagidaki kimidir:
do(a;)=0.016, do(az)=1,

Miiqayisonin naticalari az-nin an yaxsi alternativ oldugunun gostarir.

4. Natico

Moqalado U-adadli gézlonilon faydaliligin tikintinin planlasdirilmasi probleminin hollinds
totbiqini nozoradon kegiririk. Oldo edilon noticolor toklif olunan yanasmanin effektivliyini
tosdiqgloyir.

ODOBIYYAT
1. Zadeh, L.A. A note on Z-numbers / L.A.Zadeh, Information Sciences, —2011, 181, —pp.2923-2932
2. Zadeh, L.A. Generalized theory of uncertainty (GTU) — principal concepts and ideas /
L.A.Zadeh, Computational statistics & Data Analysis, —2006. 51, —pp. 15-46
3. Aliev, R.A. The arithmetic of discrete Z-numbers / R.A.Aliev, A.V.Alizadeh, O.H.Huseynov.
Information Sciences, —2015, 290, —pp.134-155
4. Kim, G.H. Editorial Journal of Building Construction and Planning Research: A New Platform
for Building Researchers // Journal of Building Construction and Planning Research, —2013, 1, —
pp. 25-26. 10.4236/jbcpr.2013.12004
5. Szafranko, E., Harasymiuk, J. Modelling of Decision Processes in Construction Activity. Appl.
Sci. —2022, 12(8), 3797; https://doi.org/10.3390/app12083797
6. Erdogan, S.A. Saparauskas, J., Turskis, Z. Decision Making in Construction Management: AHP
and Expert Choice Approach // Procedia Engineering 172:270-276 (2017).
DOI:10.1016/j.proeng.2017.02.111
7. Sofberi, N.A.M. Decision making process practised at planning phase in Malaysia /
N.A.M.Sofberi, R.Zainal // Malaysian Journal of Sustainable Environment. VVol.7. No.2 (2020) —
111-122. https://doi.org/10.24191/myse.v7i2.10267
8. Jabbarova, K.I. Decision making on planning construction of plants under u-number-valued
information // Tenth World Conference “Intelligent Systems for Industrial Automation”, WCIS-
2018, Tashkent, Uzbekistan. 159-162
9. Aliev, R.A. Approximate arithmetic operations of U-numbers // Procedia Computer Science 102,
378 — 384 (2016).
10. Aliev, R.A. Introduction To U-Number Calculus // Intelligent Automation and Soft
Computing , —2017
11. Aliev, R. A. Ranking of Z-Numbers and Its Application in Decision Making / R.A.Aliev,
O.H.Huseynov, R.Serdaroglu // International Journal of Information Technology & Decision
Making, . —2015, 15(6), —pp.1503-1519

80


http://dx.doi.org/10.4236/jbcpr.2013.12004
https://sciprofiles.com/profile/512333?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/787989?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.3390/app12083797
https://www.researchgate.net/scientific-contributions/Seyit-Ali-Erdogan-2123078138?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Jonas-Saparauskas-2101761092?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Zenonas-Turskis?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.1016/j.proeng.2017.02.111
https://doi.org/10.24191/myse.v7i2.10267

Cabbarova K.I.

PE3IOME
PEHIEHUE 3AJIAYU IINIAHUPOBAHUSA CTPOUTEJIBCTBA
HA OCHOBE U-UH®OPMAIIUN
Jncaboaposa K. U.

Knwueswvie cnosa: nianuposanue, U-uucia, HA0eiCHOCMb, 0A#CUOAEMASI NOIE3HOCTD

IMpod. R.AnueB BoiaBuHyn Teoputo U-umcen, SBIAIONUIYIOCS YacTHBIM ciydaem Z-uumcen [1-3]. Ta
gacte U-umcern, KOTopas BeIpaXkaeT JOCTOBEPHOCTH, 0003HadaeTcsl TepMuHaMu “peako” (“rarely"), “gacto”
(“often”), “o0brunO” (“often”). Jlromu B OCHOBHOM HCIONIB3YIOT U-umcia B CBOMX ITOBCEIHEBHBIX
CYXKIEHHMSX. YUHTBIBas 3TO, CTaTbsid MNpUMeHseT Teoputo U-umcen K BONPOCY MPHHATHS pEIICHHH O
TUIAHUPOBAHWUHN CTPOUTENHCTBA 3aBOJA.

SUMMARY
SOLVING U-INFORMATION BASED THE CONSTRUCTION PLANNING PRBLEM
Jabbarova K.I.

Keywords: planning, U-numbers, reliability, expected utility

R. Aliyev put forward the theory of U-numbers, which is a special case of Z-numbers [1-3]. The
reliable part of the U-number is expressed in terms of "rarely”, "often™, "usually”. People mostly use U-
numbers in their daily judgments. Taking this into account, the U-number theory is applied in the article to
the issue of decision-making related to planning the construction of power plants.

Daxilolma tarixi: [lkin variant 27.01.2024
Son variant 05.03.2024
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Bosariyyat yeni inkisaf morhalasina, yeni informasiya comiyyatini, yeni informasiya
etikasin1 vo madaniyyatini toqdim edan moarhoaloys godom qoymusdur. Bu giin global bir soboka ilo
birlogon kompiiterlor hom diinya informasiya bankinin, hom do mobil rabito vasitasinin
funksiyalarmi 6z {izorino gotiiriirlor. Informasiya inkisaf meyarlar1 arasinda, eloco do onu oldo
etmok, emal etmok va istifads etmok vasitalori olan kompiiter vo kompiiter texnologiyalari arasinda
prioritet yer tutmusdur, onun komoyi ilo insanin intellektual imkanlari vo gabiliyyatlori
giiclondirilir. Bu texnoloji doyisikliklor tokco insanin yasama miihitini ohomiyyatli doracads
doyisdirmir, ham da insanin 6ziina, onun faaliyyatinin biitiin névlarinin togkilina, xammal, omtas va
xidmatlor bazarinda insan comiyyatlori arasindaki miinasibatlora, tohsil sistemino vo nohayat,
ganunvericilik, mohkamos vo icra hakimiyysti organlari torofindon miioyyon edilmis vo inkisaf
etdirilon norma vo ganunlara tesir gostorir. Belaliklo, insan-kompiiter gqarsiligli olagasinin
xuisusiyyatlori miiasir comiyyatin on aktual problemlarindan birina ¢evrilir, insan-kompiiter
qarsiliglt olagesi problemi nisbaton yaxinlarda meydana ¢ixib vo halo do Syranilmoys ehtiyac
duyulur.

Son illords informasiya texnologiyalarinin siiratli inkisafi naticasinde biz yeni informasiya
diinyasina kecid dovriinii yasayiriq. Bu keciddo insanlart noalor gozlodiyini tam bilmosok do
bilmaliyik ki, kompiiter erasinda forqli olaraq informasiyalasmis comiyyet daha ¢ox insani ohato
edocok vo insani daha da inkisaf etdirocokdir. Ilk ndvbodo miinasibatlorin formasi vo mozmunu
doyisocok vo yeni iqtisadi saholor yaranacaq ki, bu doyisiklik fordi kompiiterin yaratdig:
imkanlardan daha moéhtosom olacaq. Belo ki, internet, elektron pogt, elektron ticarat, elektron bank,
multimedia mohsullari, iP-telefon, virtual oyunlar, intellektual sistemlor, obrazlarin vo nitqin
taninmasi — bunlar hamist ndvbati inqilab1 dayisikliyi saciyyslondiron asas amillor olacaqdir.

Yeni informasiya dovrii miasir comiyyatin Vo insanin inkisafini miioyyan edon global
uistiinliiklori niimayis etdirir:

Birincisi, bu, kompiiterlor vo insanlar arasinda yiiksok soviyyodo qarsiliqli olagodir.
Kompiiter, demak olar ki, insanin biitiin insani hisslorino cavab veran soxsi komokgisi kimi ¢ixi1s
edir. Kompiiterin miixtalif texniki vasitalorlo (telefon, radio, video vo fotografik vasitalor,
diagnostika avadanligi vo S.) nisboton problemsiz birlosdirilmosi kompiiterdo esitmo, gormo,
toxunma, nitqin imkanlarini toamin edir.

Tkinci istiinliik kompiiterlorin kitab vo musiqi alotlori do daxil olmagla, biitiin mévcud
medianin funksiyalarini bir anda 6z tizarine gotiirmasi ilo miiayyan edilir. Bu o demokdir ki, insan
ideyalar1 gobul etmok vo 6tiirmoak istadiyi media novlorini segmok imkani alds edir. Onoanovi
mediada demoak olar Ki, slgatmaz olan matnlar, sakillor, saslor va filmlar kimi konstruksiyalar va
hadisalor insanin 6zii torafindon asanligla idars olunur.
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Ugiinciisii, informasiya miixtalif yollarla taqdim oluna bildiyi iigiin insana ideyalara vo ya
problemloro miixtolif yollarla baxmaq vo miixtalif monbalordon alinmis informasiyalar1 bir araya
gatirmoak imkani verilir.

Doérdiinciisii, kompiiter hesablamalarinin mahiyyati sortlori imitasiya etmoklo ideyanin
dinamik modelini qurmaqdir. Kompiiterin komayi ilo sadacs statistik hesablamalar deyil, ziddiyyatli
nozariyyaloari tasvir edon va sinaqdan kegiran vizual modellar sldo etmok miimkiindiir.

Besinci  stiinlik ondan ibarotdir ki, kompiiterlor diisinmo gabiliyystino malikdir.
Kompiiterin model qurma qgabiliyyati ona insan agli ilo rogabst aparmaga imkan verir,

Bu bes tistiinliik giiclii informasiya miihitini toskil edir ki, onun morkazi aloti kompiiter,
morkazi faaliyyat subyekti iss insandir. Bu sistem ¢argivasinds mahiyystco, moévcudluq yolunda vo
mogsadlorine gora oks olan iki instansiyanin - insan vo kompiiterin qarsiliqli alagesi hoyata kegirilir.
Lakin son bir ne¢o onilliyin tocriibasinin gostordiyi kimi, bu garsihigh slage tobii, qarsiligh
zonginloson va inkisaf edon xarakter almigdir .

Insan potensial olaraq keyfiyyatCo yeni bir informasiya miihitinde yasamaga vo islomays,
onun realliglarin1 adekvat gabul etmays va iistolik ugurla inkisaf etdirmoys hazirdir. Belalikls, bu,
yalniz bir insanin hoyat soraitini deyil, hom do 6ziinii doyisdirir. ilk ndvbada nazars alinmali olan on
ciddi magamlardan biri do an son informasiya vasitalori vo texnologiyalarinin insanlarin, xiisuson
do usaq va yeniyetmalorin saglamligina miimkiin manfi tasirloridir [1].

Insan-kompiiter qarsiligh olagesi ¢oxistiqgamotli elmi istigamotlor (kompiiter qrafikast,
miithondis psixologiyasi, erqonomika, , informatika va s.) kontekstinds inkisaf etmisdir.

Kompiiterlor dovriiniin avvalindo hesablama sistemlori ilo yalniz mitoxassislor isloyirdi.
"[stifadoci" anlayis1 nisbaton gencdir, o, fardi kompiiterlorin meydana galmosi ilo eyni vaxtda ingilis
dilindan goldi. Torctimads “istifadag¢i” kompiiter sistemi va ya program alotindan istifads edon soxs
Vo ya hiiquqi soxsdir [2]. Yani istifadagi 6z magsadlorina ¢atmaq tigiin kompiiterdan istifado edan
istonilon saxsdir .

Bu giino godor istifadogilorin cevrasi ohomiyyatli dorocods genislonmisdir. Istifadogi
bilavasito kompiitero molumatlar1 daxil eds, onlarin qiymotini doyiso, kompiiters miioyyan
hesablamalarin aparilmasini tapsira bilor. Eyni zamanda o, hagigaton do kompiiterlo dialoq aparir,
onunla iinsiyyat qurur, ¢iinki o, nainki kompiiterdon bu vo ya diger molumati sorusur, ham do ona
oks suallar verir. Bundan slava, miiasir amaliyyat sistemlori miixtolif terminallardan isloyan bir nego
istifadagiyoa eyni vaxtda xidmat gostara bilar.

Insanin kompiiter sistemlori ilo qarsiligh olagosinin asagidaki osas problemlorini ayirmagq
olar:

1. Kompiiterin insan organizmina Vo Sinir sistemina zorarli tosiri ilo bagl gigiyenik, tibbi
problemlor. Bir torofdon, kompiiterlo uzun miiddat islomayin yolverilmazliyi haqqinda daima
xabardarliglar esidilir vo s. Digoar torofdon, kompiiter sistemlarinin tortibatgilari istifadoagilorin
orqanizminin qorunmasi vasitalorini daim tokmillosdirirlar.

2. Kompiiterlorin istismart zamani nasazliqlarin vo Xotalarin olmasi. Bu problem,
"haker"lorin toskilatlarin kompiiter sistemlorini (o cimlodon miidafio sistemlorini) siradan ¢ixara
bilon getdikca daha ¢ox "kompiiter viruslar1" hazirlamalarn ilo daha da siddotlonir.

3. Kompiiter nasillorinin siiratli doyismasi, daha da tokmillasmis kompiiter vo programlarin
daimi axtarigina ehtiyac yaradir.

4. Kompiiterlorin insanin $oXsi hoyatina tam niifuz etmosi. Istonilon “istifadog¢i” gec-tez
qlobal kompiiter sobokalarina qosulur. Bu problemo daha sakit vo hotta optimist baxmaga imkan
veran odur ki, “istifadac¢ilor”in ¢oxu sadaCo olaraq he¢ kasi maraqlandirmir (hor bir “istifadoc¢i”
ticiin tohliikasizlik orqanlarmin is¢isi tohkim etmok miimkiin deyil). Ancaq bir insan comiyyatdo
gorkomli yer tutmaga baslayan kimi, onun haqqinda kifayat godor molumatli olan bir dosye
toplamaq asandir.

5. Insan tofokkiiriiniin kompiiterlosdirilmasi, kompiiterin mahdudiyyatlori insan-istifadoginin
moahdudiyyatlarina gotirib ¢ixarir [3].
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Insan-kompiiter qarsiligl alagasinin asas problemlari va hall yollar

Insan va kompiiterin qarsiliqli olagesi sosial bir hadisoys cevrilir vo bir insanin texnika ila
sads tinsiyyati deyil, asrlor boyu toplanmis insan tacriibasinin informasiya zonginliyi ilo garsiligh
olagosinin aktiv bir prosesidir. Kompiiter yalniz diinyaya agilan pancara vo ya diinya kitabxanasi
deyil, hom da aktiv torafdas, raqib, kdmokei, miiallim, hakim vo vokildir. insan faaliyystinin biitiin
sahalarinds kompiiter tokca giiclii texnoloji vasito kimi deyil, hom do insanin 6ziinii dork etmosi
vasitosi Kimi do ¢ixis edir, insan1 6zlinii daha yaxs1 tanimaga, qgabiliyyatlorini daha dolgun kosf
etmaya Vo fardiliyini gostormaya stimullasdiran yaradiciliq vasitasi kimi ¢ixis edir.

Keyfiyyatli Insan-kompiiter interfeysinin yaradilmasi qoyulmus qaydalardan da yiiksok
olmalidir, yoni “Istifadoginin maraqlar1 har seydon vacib olmalidir”. ©vval verilonlorin tosvir
olunma qaydalari, sonra onlarla is tortib olunmalidir. Istifadoci hiss etmolidir ki, progqram1 o idaro
edir, oksina deyil.

Jacob Nielsen torofindon tovsiyo edilon istifadogi interfeysi dizayni li¢iin evristik tolimatlar
bu giin on moshurlardan biridir. Nielsen'in Istifadoyo yararliligin 10 evristikasi (Nielsen's Ten
Usability Heuristics) interfeys dizayninda asagidaki yanagmalar istifadoys yararliliq ¢orgivasindo
nazora alinmalidir[4].

1.Sistemin cari veziyyetinin gorlinlisii. Sistem miintozom olaraq istifadogilori slagenin
komoyi ilo bas veran yeniliklor barads molumatlandirmalidir.

2. Sistem tortibatgilarin dilindo deyil, istifadoe¢inin dilindo danmismalidir. Sohifodo
tortibat¢inin deyil, istifadagilorin istoklori 6n plana ¢ixmalidir.

3. Sistemin arzuolunmaz voziyyeatindon "tocili ¢ixis" 1 olmasi.Bu mogsadlo “Gerya”(Undo)
vo “Yenidon”( Redo) se¢imlori toklif olunmalidir.

4. Eyni sozlor vo simvollar homiso eyni mona dagimalidir.

5. Xaotalarin edils bilacayi sartlor minimuma endirilmalidir.

6. Sohifs istifadagi tigiin lazim olan biitiin malumatlar1 togdim etmoli vo onu yaddasini
garginlagdirmaye macbur etmomalidir.

7. Sohifa tocriibali istifadogilora uygunlasmalidir. Yoni axtarilan malumatlari tapmagq iigiin
istifadogi ¢atinlik cokmomalidir.

8.  Mbatnlar vo interfeys dizayni yalniz oan lazim olan moalumatlar1 6ziindo saxlamalidir.

9. Xotalar hagqinda mesajlar aydin dills yazilmis olmalidir, doqiq problem gostorilmalidir
va onun hollinin variantlar1 toklif edilmalidir.

10. Istinad materiallari (yardim va istifado qaydalar1) asanligla olds edilo bilon vo aydin
sokilds yazilmalidir.

Is miihitindo insanin kompiiterlo qarsiligli olagesinin  psixoloji  xiisusiyyatlorini
miioyyonlasdirmak tigiin istifadagilorin yagini miiayyan etmok lazimdir.

Bir ¢ox insanin yasina goro kompiiteri tam monimsamasi ¢atindir, kimss sadoco ondan az
istifado edir vo uzun miiddot kompiiterdo isloyarkon saglamlhiginda miixtolif voziyystlor (goz
yasarmasi, bas agrist va s.) yaranir ki, bu da onlarin kompiiters daha ¢ox vaxt sarf etmosine mane
olur, bir ¢ox istifadogido iso kompiiter hoyacani inkisaf edir. Kompiiter hoyacani birbasa istifado
zamani vo ya kompiiterdon istifado imkanini nozordon kegirorkon bas veron daha tosirli situasiya
hoyacanidir. Kompiiter hoyacan1 asason kompiiterds islomo tocriibasi az olan 40 yasdan yuxari
istifadagilords bas verir. Bu sohv bir sey etmok vo kompiiteri siradan ¢ixartmaq qorxusundan
ibarotdir. Bu da onun kompiiteri bilmomasindon ya zoif 6yrandiyindon vo ya kompiiterds islomoak
ticlin heg bir tolimda olmamasi naticasinds yaranir.

Osob gorginliyi kompiiterin istifadogiya monfi tosirinin basqa bir tozahiiriidiir. Cox vaxt
hazirhigsiz istifadagilor kompiiterds isloyarkon miioyyan programlardan necos istifado edacayini
bilmadiklori  iiciin  oSob  gorginliyi  yasayirlar, menyularda se¢im edorkon ¢asirlar,
molumatsizliglarindan narahat olurlar vo buna gors isini itirmok qorxusu yasayirlar.

Homginin istifadoginin idrak qabiliyyatlorini giymotlondirarkan onun tahsilini do nazars
almaq lazimdur. Intellektual sahoda galisan, yeni seylor dyrona bilon erudit insanlar {iciin hor yasda
innovasiyalara yiyolonmok daha asandir, ona goro do tohsil soviyyoasi kompiiter sistemlarinin
inkisafina boyiik tasir gostara bilar.
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Kompiiterdo igloyarkon kompiiter savadliligi vo psixoloji goarginlik problemindan slavs,
yasindan vo kompiiter texnologiyasi bilik saviyyasindon asili olmayaraq har kasin garsilasdigi basqa
bir ¢atinlik var — bu da saglamliq problemloaridir.

Kompiiter istifadagilorinin organizmina moanfi tosiri kompiiterds isloyarkon asagidaki bir
sira qaydalara amal etmayoanlords miisahids olunur:

1) Bir kompiiter istifadogisinin an az1 6 kv.m ofis sahasi olmalidir;

2) Kompiiterlorin yerlosdiyi otaqda giindalik nom tomizloms islori aparilmalidir;

3) Kompiiterlorin yerlosdiyi otaq har is saatindan sonra havalandirilmalidir;

4) Boyiiklor tiglin kompiiterds fasilosiz isin miiddati iki saatdan ¢ox olmamalidir;

5) Kompiiterdo isloyarkon vaxtasiri géz quirpmaq lazimdir. Diqqgatimizi comladiyimiz
zaman goz qirpma tezliyi azalir, bu da gozlords quruluga sobob olur.

6) "20/20" Qaydasi. Hor 20 dagigadon bir 20 saniys orzinds monitordan uzaqlasin, bu
gozlorin qiciglanmast riskini azaldir;

7) Miasir diinyada daha siiratli vo doqiq islomok {igiin kompiiter programlarini
monimsamak lazimdir, miixtalif firmalardaki kompiiterlogsdirma bir ¢ox ixtisas isgilorini bu va ya
digar sokildo kompiiterdon 6z pesokar sahalorinds istifads etmoays macbur edir;

8) Kompiiterdon istifado etmoklo molumatlarin axtarist minlorlo digor kompiiterlor
arasinda elmi, isgiizar, tohsil va aylonca molumatlarinin pulsuz gabulu vo yayilmasi ii¢iin an genis
imkanlar1 tomin edon {imumdiinya kompiiter sobokasi olan Internet vasitosilo hayata kegirilir ;

9) Kompiiter har kas ti¢lin ¢ox faydalidir, coxfunksiyaliligi vo inkisaf etmis programlari
sayasinds bir ¢ox ixtisaslarin, o climlodon sosial miitoxassislorin igini asanlasdirir;

10) Kompiiter asuds vaxtimzi ayloncalorlo kegirmays komok edir, Interneto ¢ix1s agir-boyiik
bir malumat bazasi, moaktablilora va talabalara darslorda komok edir;

11) Buna baxmayaraq, kompiiter tokco faydali deyil, bozi ehtiyat todbirlorino omoal
edilmadikda istifadoginin saglamligi bundan aziyyat ¢okoa bilar.

Natica. Indiki dovrde kompiiter insan foaliyyatinin demak olar ki, biitiin sahalorinds istirak
edir. Yalniz riyazi hesablamalar ii¢iin icad edilmis kompiiter, indi hesablamalara aid olmayan bir
¢ox isi yerina yetirir. Kompiiter bir ¢ox ixtisasin niimayandalari tarafindan istifads olunur, onsuz bir
¢ox qurumu tasovviir etmok miimkiin deyil.

Istonilon yasda olan insanlar torafinden monimsanils bilor vo universal kompiiterlosdirmo ilo
olagodar olaraq, ugurlu tahsil almaq va islomak {igiin lazimdir.

Istifadagilorin kompiiterds isloyarkon qarsilasdiglar: catinliklors baxmayarag, ondan istifads
etmoys davam edirlor, evdo istifado tigiin alirlar, usaqlar ti¢lin alirlar, ¢linki miasir diinyada
kompiiter vazkegilmozdir.
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PE3IOME
OCHOBHBIE TPOBJIEMbBI 1 PEHIEHUSA B3AUMOJIEHCTBHUSA YEJIOBEKA U
KOMIIBIOTEPA
Axmeooea C.M., /Incasaoosa C.P.

Knrouesvle cnosa: uenosex, komnviomep, noib308ameib, 3aKOHbL 103a0UIUMY , 83aUMOOeticmaue.

B crarbe paHa wuH(pOpManMs o0 TI00ATBHBIX MPEUMYIIECTBAX, OMPEICISIONUX Pa3BUTHC
COBpeMeHHOTO oO0miecTBa W denmoBeka. MccimemayloTcss OCHOBHBIE TPOOJIEMBI B3aMMOJEWCTBUS YellOBeKa U
KOMITBIOTEpA. BhUTH HCCIeOBaHbl 3BPUCTHUSCKAC PEKOMEH/IAIUU- 3aKOHBI F03a0MITUTH, PEKOMEHI0BaHHBIC
SAxobom HunbceHom. B mensx ycTpaHEHUs HETaTUBHOTO BO3JCHCTBHS Ha OPTraHM3M MOJb30BaTelNeH
KOMITBIOTEPOB JaeTcss WH(OpMamus O TOM, KaKWX MpaBHJ CIEAyeT MPHUACPKHUBATHCA TpU paboTe Ha
KOMITBIOTEPE, M OTMEUaeTCs, YTO, HECMOTPSl Ha BCE TPYAHOCTH, KOMIIBIOTEp HE3aMEHHM B COBPEMEHHOM
MHUpE.

SUMMARY
MAIN PROBLEMS AND SOLUTIONS OF HUMAN-COMPUTER INTERACTION
Akhmadova S.M., Cavadova S.R.

Keywords: human, computer, user, usability, interaction

The article provides information about the global advantages that determine the development of
modern society and people. The main problems of human-computer interaction are explored. Heuristic
recommendations - usability laws recommended by Jacob Nielsen - were investigated. In order to eliminate
the negative impact on the body of computer users, information is given on what rules should be followed
when working on a computer, and it is noted that, despite all the difficulties, a computer is indispensable in
the modern world.

Daxilolma tarixi: [lkin variant 24.10.2023
Son variant 08.01.2024
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BJIMSTHUE DJEKTPOXUMHUYECKOM KOPPO3UU HA
METAJUIMYECKHWE YACTHU KABEJIEN
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Knrouesvie cnoesa: Koppo3us, JJleKmpoxumudeckas, memail, noded, MUHEPAIbHbLIE COJU,
UHDICEHEPHOE CMPOUmMelbCmeo.

[Ipy M3ydeHUM KOPPO3MOHHBIX pPa3pyLICHUH Ha KaOeNbHBIX JIMHUAX, PAa3JIMYalOT TaKue
IIOHATHUSA, KaK Cpela, B KOTOPOM IPOMCXOAUT KOPPO3US METajlla, TUI KOPPO3UHU, KOPPO3HOHHBIN
IIPOLIECC, BUJI KOPPO3UHU.

ITo TMIaM KOPPO3HsI MOAPA3AEIETCS Ha IIEKTPOXUMUYECKYIO0 U XUMUYECKYIO.

Dnekmpoxumuieckas Koppo3us — B3aUMOJECHCTBHE MeTajlyla ¢ KOPPO3MOHHOW cpenou
(pacTBOpPOM 3JIEKTPOJUTA), NPU KOTOPOM MOHM3AaLMsA aTOMOB MeETallla U BOCCTaHOBJICHUE
OKHUCJIUTEIbHBIX KOMIIOHEHTOB KOPPO3MOHHON CPEbl IPOTEKAET HE B OJHOM aKT€ U UX CKOPOCTH
3aBHUCAT OT JICKTPOJHOrO OTCHIIHANA.

ITpy >71€KTPOXMMUYECKONH KOPPO3MM INPOMCXONAT [Ba IapajUIeIbHO HAYIIMX Ipolecca:
OKHCIUTENbHAs: M BOCCTAHOBUTENbHAsA. Takas KOppO3Us CONPOBOXKIACTCA IPOXOKICHHEM
EKTPUYECKOTO TOKA.

Xumuueckasn koppo3usi — B3aUMOJEHCTBUE METaIa C KOPPO3UOHHOU CPENOU, IIPU KOTOPOU
OKHCJICHUE METalllla U BOCCTAHOBJICHUE OKHUCIMTEIBHOIO KOMIIOHEHTa KOPPO3UOHHOW Cpenbl
MIPOTEKAIOT B OJTHOM aKTe.

[TouBeHHas Biara MpeJCTaBISET COOON AIEKTPONIUT Pa3IMYHOIO COCTaBa M KOHIIEHTpALUH,
IIPU XUMUYECKOW KOPPO3UN METaJUI B3aUMOJECHCTBYET CO CPENON, HE MPOBOJAIIEH JIIEKTPUYECKUI
TOK. MHOrME OTBETCTBEHHBIC JETAINM MHKEHEPHBIX KOHCTPYKLUN CHIBHO PAa3pyLIAlOTCs OT TaKOU
KOPPO3HHU.

B 3aBHCHMOCTH OT CTENIEHM KOPPO3UOHHOTO PAa3pyLICHUS MOT'YT UMETh MECTO CIIEAYIOLIUE
BHJIbI KOPPO3UU: CHIOUIHAS KOPPO3Usl, TIPOTEKAIOIIAs ¢ HEOJUHAKOBOM CKOPOCTBIO Ha Pa3IMYHBIX
ydacTKax IIOBEPXHOCTH MeETallla, MeCmHAs KOppo3us, OXBAaTbIBAIOIIAs OTIENIbHBIE YYACTKH
MIOBEPXHOCTU MeTaJla.

T'azo6as xoppo3us TO THUILY OTHOCUTCA K XHUMHUYECKOHM KOPPO3UU WU IPOUCXOIUT IIPU
OTCYTCTBMM KOHJIEHCAIIMU BJIard HA MOBEPXHOCTH. DTOT BHUJI KOPPO3UU BCTPEUAETCS Ha KaOEIbHBIX
JIMHUAX IIPU MOBBILIEHHBIX TEMIIEpaTypax B OKPYKAIOILIEH cpese.

Ammocgpepnasa  xopposus — HauOoiee  pPaCHpPOCTpaHEHHas, T.K. OOJIBLIIMHCTBO
METAJUIMYECKUX KOHCTPYKIUI SKCIUTyaTUPYIOTCsl B aTMOcdepe.

OTOT BHJ KOPpPO3MM IO MEXaHU3My CBOErO JIEWCTBHS MOXHO OTHECTH K
AJIEKTPOXUMUYECKOH. ATMOC(hEepHOI KOppo3uu 0cOOEHHO MOBEPKEHBI KabeIbHbIE KOHCTPYKIMH U
Ka0enu, SKCITyaTUpyeMble B KaOEIbHBIX COOPYKEHHUSX.

Iloozemnas kopposus BBI3BIBACTCA XUMHYECKUM WIH DJICKTPOXUMHUYECKUM JCHCTBUEM
OKpYy’Karollled cpelpl B MOYBAX M IPyHTaX, 3Ta KOPpPO3Us — OJHA U3 OMACHEHIIMX JJis KaOenew,
MMEIOIIMX CBHHILIOBYIO MJIM QJIOMUHUEBYIO OOOJIOYKY W CTaJbHYIO OpOHIO, a TaKxke JUIs
(GbyH1aMEHTOB ONOp JIMHUHU AJIEKTpONepeayu.
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Bnusanue 3Jl€Kmp0xuMu1t€CK0L7 Koppo3uu Ha memaniiudecKkue vacmu Kabenei

OnacHbIM B OTHOIIECHHHM KOPPO3UU OOOJIOYKM KaOelsi SBISIOTCS yYacTKH CKOIJICHHHS B
rpymIe pa3inyHOro Mycopa, U3BECTH, 1IIaKa, 30JIbl: MECTa CTOKa KUIKOCTEH oT (pabpuk, 3aBOJIOB;
TEPPUTOPUU KUBOTHOBOJUECKUX (epMm u T.n. M3BecreH ciydaii, Korga Kabeilb CO CBHHIIOBOU
000JIOUKOW, TPOJIOKEHHBI HAa Yy4YyaCcTKE B HECKOJBKO JECATKOB KHJIOMETPOB, HAXOIsCh B
MHTEPECHON KOPPO3MOHHOM cpejie, MpUILE] B HErOAHOE cocTosiHue B TeueHue 10 ser; B qpyrom
pailoHe cBHHIIOBasg 00oJjiouka Kadesns 3a 5-7 JeT sKCIUTyaTalu Oblia MOJBEPTrHYTa Pa3pyILICHUIO
13-3a [OA3EMHON KOPPO3UH.

KaGenu, npoxnaasiBaeMble 10 AHY BOJOEMOB, B TOW UM HHOM CTETEHH, MOJABEPTalOTCs TaK
Ha3bIBAEMOM MTOJBOJAHON KOPPO3HH.

IloosooHas koppo3us B MOPCKOI cpejie ONpeaessieTcsl 3HaUUTEIbHBIM COJICpKaHUEM B Hell
muHepasbhbix cojeir (0,2-3,5%). KaGenb, mposiokeHHBI B MOPCKOH BOJE M IO KaKOW-IHO0
MPUYMHE OKAa3aBIIMKCA HEIOCTATOYHO XOPOILO 3aKPHIT TPYHTOM, B MECTE BBIXOJa U3 BOJABI Ha
MOBEPXHOCTh 00pacTaeT JKHUBOTHBIMH M PACTUTEIbHBIMH oOpranm3mMamu. llox BiIusHHEM
KHU3HEICSATEIbHOCTH 3TUX OPraHU3MOB YCHIIMBAIOTCSI KOPPO3HOHHBIE MTPOLIECCHI.

B 5Tux ycioBusix CymiecTByeT ONMAcHOCTh BO3HHKHABEHHS KOPPO3UH Kadenei, T.K. KpoMme
pPacTBOPEHHOI'O0 KUCJIOPOJA 3/1eCh B OOJBIIOM KOJIWYECTBE MMEIOTCS IMy3bIPbKH BO3ayxa. Takas
BOJIa BBI3BIBACT pa3pylICHHE TMOKPOBAa M3 BOJOKHHUCTOIO MaTepualia U OTPULATEIHHOE BIUSHHE
COJIEBOTO PAacTBOpa U KUCIOPOJA MPOAOJDKAETCS, T.K. JBIDKYIIASACA BOJA CPHIBAET U YHOCHT C
Kabesnst MPOAYKTHl KOppo3uH. PaspylieHue CBHHIIA YCHIMBAETCS C YBEIHMUEHHEM KOHIICHTPALUU
XJOpHUCTHIX coiier oT 0,1 mo 1%.

buokopposuss TPOUCXOAMT TOJ BIMSAHUEM SKU3HEACATEIBHOCTH MHUKPOOPTaHU3MOB,
BCTpEUaeTcsl Ha MOBEPXHOCTH Kabenel, a Tak e Ha (pyHZaMeHTax OINop BO3IYIIHBIX IJUHHM,
TPacChl KOTOPBIE MPOXOAT MO OOJIOTaM U TPYHTaM , T€ 3aTPYAHEH JOCTYI BO3IyXa.

Koumaxmnas koppo3us — ABISETCS OJHOW W3 Pa3HOBUAHOCTEH SJIEKTPOXHUMHUYECKON
KOppO3WH. OTOT BHJ KOPPO3HH BBI3BIBACTCS KOHTAKTOM METAJUIOB, HMEIONIMX pa3HbIe
CTallMOHAPHBIE MOTEHIUABI B TAHHOM 3JIEKTPOJIHTE.

Meoickpucmannumuas Koppo3us — PACIHPOCTPAHSIONIAsACS MO TIpaHHULaM KpPUCTAJIOB
Metaia. [Ipy MeXKpUCTAJUIMTHONM KOpPPO3MM METall BHEIIHE OcTaeTcsi 0e3 W3MEHEHUH, HO
pasiaraercsi Ha MeJIKHe OTACIbHbIE KPUCTAIUITMKH NPU yaape 1mo Hemy. [Ipu HEKOTOPHIX YCIOBHSIX
BO3HUKAIOT KOPPO3HOHHBIE PACTPECKUBAHUS, PU KOTOPBIX CO3/AIOTCS KOPPO3HUOHHBIE TPELIMHBI,
HE TOJBKO pAclIpoCTpaHsSIOmMEcs [0 TpaHUIAM 3€peH KpUCTAUIOB MeTalla, HO U
MIPOPE3BIBAIOIIETO JaXKe CaMO TeJI0 KPUCTAIUINTA.

Hanpumep, mnpu pacTBopeHHWM CTalidi B KUCIOTax pazpymaercs ¢eppur, a Oosee
YCTOMYMBBIMU SIBIIIOTCS KapOuabl. DTO HaOII0JaeTCsl IPU KOPPO3UHU YYTYHOB.

Toueunas koppo3usi — MECTHAsI KOPPO3HS B BUJIE OTICIBHBIX TOUEUHBIX MTAPaKEHUH , HTHOTIa
eJie 3aMeTHa Ha IJa3, HO MPOHHUKAET IIy0oko B MeTaml. OObACHACTCS 3TO TE€M, YTO B OOJIBIIMX
ropofax B BO3IyX BBIOPACHIBAETCSI OOJBIIOE KOJHMYECTBO METBYANUIINX YACTHYEK HECTOPEBIIETO
yrig (caxa).

OTH YaCTHUYKHA OCEJAI0T Ha TOBEPXHOCTH METala, a Yrojlb, KaK H3BECTHO, XOPOIIO
NPUTATUBAET HEKOTOpPbIE Ta3bl, KOTOPbIE PaCTBOPSACH, CO3JAIOT 3HAUUTENBHOE KOJIMYECTBO
AIIEKTPOJIMTA, WHOTAA OYEHb OOJBIION KOHIEHTPALMH B BHJE KHCIOTHI WM COJEH. DTOT BHI
KOPpPO3MM TOpa)kaeT 4alle BCEro KaOelbHble KOHCTPYKLUH, HMEIOIIUE HEI0CTaTOYHYIO
MPOTHBOKOPPO3HOHHYIO 3aIIIUTY.

Tloonosepxnocmuas Koppo3us — MECTHasi KOpPpO3us, HAUMHAIOMIASICS HA MOBEPXHOCTH, HO
MPEUMYIIIECTBEHHO PACIPOCTPAHSIONIAsICS IO TIOBEPXHOCTHIO MeTajula TakKuM 00pa3oM, dYTo
MPOAYKTHl KOPPO3UU U pa3pylICHUs OKa3bIBAIOTCS COCPEAOTOYCHHBIMH B HEKOTOPBIX OO0JIACTSIX
BHYTpH MeTaJuta. [1oAmoBepXHOCTHAST KOPPO3HUs YaCTO BBI3BIBAET €O PACCIOCHHUE M BHITYYHBAHUE
MeTajuIa.

Kopposusa 6nyoscoarowum mokom — NpencTaBiIsieT co00M 3IEKTPOXUMHUYECKYI0 KOPPO3HUIO
MeTajula, BBI3BAHHYIO BO3JEHCTBHEM Ha Kabenb ONyXJIAIOMIMX TOKOB OT HEKOTOPHIX BHEIIHHX
AIIEKTPHUYECKUX YCTAHOBOK. VICTOUHMKOM ONY>KIAIOIIUX TOKOB W KOPPO3HUHU SIBISIETCS PEIThCOBAs
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CeTh 3JIEKTPO(PULIMPOBAHHOTO TPAHCIOPTAa WM paClpeleNUTeNbHas CeTh IOCTOSHHOIO TOKa C
YaCTUYHBIM WJIM IOJHBIM BO3BPAaTOM pabovero TOKa 4epes 3eMIIIO.

OnacHocTh s KaOeNbHBIX JIMHHWMA, TPOKIAABIBAEMBIX B 3€MJie, MPEJCTABISAIOT
pas3yoKEHHBIE PSIOM 3a3eMJICHHSI 3JIEKTPOCUIIOBbIE YCTaHOBKHU. MMeroTces ciydau, Korja kabenu
BBIXOJIIT U3 CTPOSl M3-32 KOPPO3UHM OOOJOYKH yxke uepe3 1-2 roma skcruryaTauuu. VcTouHMKaMu
TAKOr'0 3JIEKTPUYECKOTO BO3AECUCTBHUS MOTYT ObITh IpeoOpa3oBaTeIbHbIE CTAHLUHU U IOJICTAHLIUY,
CHJIOBBIE YYaCTKH 3JIEKTPOJIM3HBIX 1LIEXOB, MOIIHBIE BBIIIPIMUTENIbHBIE YCTAHOBKH U T.]I.
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XULASO
ELEKTROKIMYOVi KORROZiYANIN KABEL XOTLORININ METAL HiSSOLORINO TOSIRi
Mommadzads R.K., Samxalova S.A.

Acar sozlar: korroziya, elektrokimyavi, metal, torpaq, mineral duzlar, miihandis konstruksiyasi.

Kabel xotlorinin metal hissolorinin etibarli isi, onlarin korroziyaya dayaniqligindan asilidir.
Eksperimental todqiqat noticesindo miioyyon edilmisdir ki, kabellorin metal hissalori miixtalif név
korroziyalar naticasinda zadslonir. Kabellorin ¢okildiyi arazilorde korroziya genis hiidudlarda meyl edir. Bu
amil, kabel xatlorinin layihslonmasi zamani nazors alinmalidir.

SUMMARU
EFFECTS OF ELECTROCHEMICAL CORROSION ON METAL PARTS OF CABLE LINES
Mammadzadeh R.K., Shamkhalova S.A.

Keywords: corrosion, electrochemical, metal, soil, mineral salts, engineering construction.

The reliable operation of metal parts of cable lines depends on their resistance to corrosion. As a
result of experimental research, it was determined that metal parts of cables are damaged as a result of
various types of corrosion. Corrosion in the areas where cables are laid tends to be wide. This factor should
be taken into account when designing cable lines.
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Acar sozlar: Miigavimat vericisi, emitter taokrarlayicisi, elektrik kérpiisii, olgii dovrasi, generator

Giris. Miasir dovrde sonaye saholorinin istehsalatinin avtomatlagdirilmasi elmi-texniki
toraqqinin nazards tutulan asas masalalorindon biri olub, ayri-ayr1 qurgularin tokmillosdirilmosindon
sexlorin istehsal sahslorinds gedon proseslorin kompleks avtomatlagdirilmasina olan kegidi toyin
edir. Bununla olagodar olaraq miiasir dovriin toloblorine cavab veron ilk vericilorin yaradilmasi
qarsiya qoyulan asas masalolorden biri hesab olunur. [1]

Mogqaloado xalq tosorriifatinin bir ¢ox saholorindo boylik mexaniki yerdoyismolori 6lgon
miiqavimet vericisinin analitik todqiqine baxilir.  Kompleks avtomatlasdirilmaya kegmok
mogsadilo miigavimot vericisinin  emitter tokrarlayicist  vo  korpi  sxemi ilo elektriki
olagalondirilmasi magsadouygun hesab edilir.

Mosalonin  qoyulusu. Movceud monbalordon  goriindiiyti  kimi, ikigat  emitter
tokrarlayicisindan vo onun ¢ixisina qosulmus korpli sxemlorinin kdmakliyi ilo 6lgmo obyektindon
aliman molumat 6lctliir. [2] Alinan emitter tokrarlayicisinin ¢ixis1 korpiiniin bir qoluna qosulur vo
korpiiniin dévrasinde miiqayise edilorok, onun ¢ixisinda miigayiso signali almir. Olgii dévrasinin
prinsipial elektrik sxemi sakil 1-do gostorilmisdir.

Sokil 1-do 1- giiclondirici, 2- miihorrik, 3- vo 4 naqillor, 5- miiharrikin dostayi, 6 —siiriingac,
7-8 kontaktlar verilmisdir.

Elektrik korpiisiiniin ¢ixis1 4 naqillorinin komokliyi ilo elektron giiclondiricisinin  girigino
verilir, 1 giiclondiricisinin komakliyi ils giiclondirilorak 3 naqillorinin kodmakliyi ilo 2 miiharrikine
otirilir.

Miiharrikin 5 dostoyi vasitosilo 6 siirlingacinin 7-8 kontaktlarina otiirtiliir. Bu kontaktlarin
komokliyi ilo 6l¢li diapazonu boyu, homin kontaktlar 6z yerini doyisir. Sokil 1-don goriiniir ki,
emitter dovrasi miigavimat vericisini elektriki korpii ilo olagalondirir. Dovronin bu hissasinin
ekvivalent ovoz sxemi sokil 2-do gostorilib.

Moasalonin halli iisulu. Emitter tokrarlayicinin ¢ixigindan korpiiniin bir qoluna verilmis Uc
gorginliyinin riyaz1 ifadosini almaqdan otrii sokil 2-do gostorilmis sxemo kontur coroyanlar
metodunu totbiq edok. Bunun ligiin r, =1, =r,, €, =€, =€,

Kontur corayanlarim I, I,, I, qobul etsok, onlar {igiin yazilmis tonliklor asagidaki kimi
ifads olunur:
r, —T, tranzistorun kollektor miigavimati, I, — T, tranzistorun kollektor miiqavimotidir.

r. — T, tranzistorun emitter miiqavimotidir.

r,, — T, tranzistorun emitter miigavimatidir
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€, — I, tranzistorun emitter gorginliyidir

e, — I, tranzistorun emitter gorginliyidir

<&

Ry
U

|

Sakil 1. Olcii dovrasinin prinsipial elektrik sxemi
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Cie /7N
) S

rp

L,

Sakil 2. Ikigat emitter tokrarlayicisinin ekvivalent avaz sxemi

U, =Ry +2r, +1, +R) + I, (r, +1,) + [5(r, + R.)

!

e’ —e, =l (r, +r,)+1,2r +1, +r,)—1l.r, 1)
ey +E; = 1,(r, +R.) = I,r +15(r, +1, +1,, +R.)
I,,1,, I, coroyanlarmin  omsallarmin R, Ri,,Ri5, Ry, Ryyy Rog  Ryyy Ry Ry Vo
e, =dar(I,—1,), e, =ar, (I, —1,) miqavimatlori ilo ovoz etsok (1) sistemini asagidak1 kimi
yaza bilorik.
Ud = |'1R11 + |‘2R12 + |'3R13
€ —€ = |.1R21 + I‘2R22 - |‘3R33 (2)
—&y +Er = |.1R31 + |‘2R32 + |‘3R33
Burada R;; =2r,+R; +r;+R; R, =r.+r;, R;=r, +R., Ry, =(2—a)+r1, +71y;
R, =2-a)r,Ry;=r,—(1-a) r, +r, +R,; Burada « corayana gors giiclondirms omsalidir.
Bu ¢evirmolori (2) tonliklar sisteminds nazars alsaq
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Ud = |.1R11 + I.2R12 + |'3R13
0:|1R21+|2R£2_|3'R£3 (3)
E= |{R31 - |32R32 + |3Ré3

(3) sistemini hoall etmokls asagidaki boraborliyi alariq:
. . A . A
I, =—1; I, =—%; l,=—2 4
=2 = =5 @
Burada

R, Rp Ris

A =R, Rz — Ry ®)
R31 - Rsz Réa
Bu ifadoni bildiyimiz qayda ilo agmis olsaq
A= (Rll ) Réz ) Rés - R12 ’ R:;S ) R31 - R13 ’ R21 ) Réz -

! / ’ ! 6)
- R13 R 22'R31 - R12 ) R21 ) R33 - R11 ) R23 ) Rsz)
Qobul edok ki, asagidaki borabarsizlik dogrudur. Yoni :
Rn(Réz ’ Rés - R£3 ’ Réz) << _[ R12R£3R31 + R13R23R§2 + R13R£2R31 + R12R£1Ré2] = @)
- [R12(R31R£2 + R21R32) + RlS(RZJ.R:;Z + RéZRBl)]
Alinmis sonuncu barabarliyin sol torafi sifra barabor alinir, bu halda (6) boraborliyi:
A = _[RIZ(R£3R31 + RZlRéB) + R13(R21Ré2 + R;Z RSl)] (8)
kimi yazilir. Indi (4) ifadasins daxil olan A, asagidaki kimi yazilir.
U g Rll R13
A, =10 Rz — Rz ©)
ET - Réz Rés
Burada (8) ifadasinin agilisindan asagidaki baraborlik alinir:
Al =U g (Réz ’ Rés - RézRéa) - ET (Rn ’ R3'1 - R13R£2) (10)
Burada R;,R;; = R3,R); oldugu iigiin
A =-Er (R Ry + R3RY,) (11)
Kimi yazilir. (8) vo (11) ifadslorini (4) ifadssinin birincisinds nazars almis olsaq
E, [Rlz 1-a)+ RlS(r_a)] (12)

L +R[2r 1 (1) (r—a)]
Emitter tokrarlayicisinin ¢ixisi, R, miigavimotindon ibarat olub elektrik korpiisiiniin bir qoluna
qosulur vo burada alinan gorginlik
Ue = ILRe (13)
kimi yazilir. Burada (12) ifadasini nozere almis olsaq
E. -Re [Rlz 1-a)+Ry;(2- a)]

= 14
© TR n 41, + (0, 1) -] 9

oldugunu alariq. Burada R, = (r, +r5) vo R;; =(r, + R) olduguna goro alsaq
— ET ) RC [(re + r&)(l_ a) + (re + RC )(r - CZ)] (15)

© (re + RC)[zre +Is+ (re + rb)(2 _a)]
Burada r; baza kecid miigavimati I, -ke¢id miiqavimotdon ¢ox kicik oldugu iigiin (15) —ci
ifads asagidaki kimi yazilir.
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UC _ ET ) RC [re(l_a)+(re + RC)(r_a)] (16)
(r, + RN (4-0a)
Ekvivalent generator metodundan istifado edorok korpiliniin diagnalindan axan coroyani
asagidaki kimi toyin etmok olar [3].

U
o & . mn 17)
0 + R3
I, korpiiniin diagnalindan axan corayandir.
Burada U . -elektrik korpiisiiniin diagnalinin yiiksiiz islomasing uygun olan gorginliklor forglidir.

Yoni bu forq:
U, =R, E -Z, E (18)
Rc + R, R, + R,
kimi yazilir.
mn RZ R4 — RC R3 “Em (19)
(Re +R)(R, +R,)
m va n sixaclar arasinda dovra qiriq olarsa alinan miiqavimat
O R.R, N R,R, (20)

Re+R, R,+R;
olar.
(19) va (20) ifadslorini (17)-do nozars alsaq, korpiiniin diagnalindan axan corayan asagidaki
kimi toyin edilir:
I'o _ (R2R4 - Rc RS)EM
R.R,(R, +R)) + R,R;(R. +R,) + R, (Re + R)(R, +R;)
Yuxarida gostorilon analitik tadqiqi nozers alaraq miigavimst vericisinin i§ rejimini toyin
etmok miimkiindiir.
Naticalar:
1. Miigavimot c¢eviricisinin ¢ixis1 emitter tokrarlayicisinin girisino qosulduqda, onun
cixiginda girigo verilon Ug gorginliyi tamamilo R, miigavimotindos tokrar olunur.

(21)

2. Emitter tokrarlayicisinin ¢ixisinda alinan coroyan « komiyyati ilo xarakterizo olunur vo
burada istifado olunan ikiqat emitter tokrarlayicisinin giiclondirme omsali I, miigavimatindon asili

olmur.

3. Elektrik korpiistiniin diaqonalinda alinan gorginliklor forqi R¢ miigavimatinin signainda
alinan gorginliye miitonasib olur vo bu gorginlik zamandan asili oldugundan elektron giiclondirici
vasitasilo giliclondirir vo bu da elektrik intigalin1 harokato gotirir.

4. Elektrik intiqal ilo horaketa galon siirlingac dl¢ii diapazonu boyu horakat etdirilir vo onun
golunun harokoti zamani korpiiniin ¢ixisinda alinan potensiallar forqi miisbot vo ya monfi olmagla
miihorriki revers islomaya macbur edir.

5. Aparilan tadqiqatlar vericinin 1§ rejimini toyin etmoys imkan verir.
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PE3IOME
AHAJIUTUYECKOE UCCJIIEAOBAHUE JATUUKA COIIPOTUBJIEHUS C
PACHIPEJAEJEHHBIMU TAPAMETPAMUA
Jlaoawosa P.b., lllupunosa A.A., Ab6oynnaesa Y.P., I'acanosa I'.3.

Knrwouesvie cnosa: oamuux COnpomuejleHusl, SMMmmeprllZ nosmopumeilb, 3ﬂei<mpultec1<uli mocm,
usmepumelbhas cxema, cenepamop
B craTee IIpEACTaBICH AHAIMTUYSCKUM aHajn3 JaTdhKa COIIPOTHUBJICHUA C pPacnupeCacICHHbIMU
napamMeTpaM C 1LEJIbKO ONPEACICHUA TIepexoJa K KOMIIJICKCHOM aBTOMATH3allMHd TEXHOJOTHYECKUX
MMponIcCCOB C IPUMCHCHUECM SMUTTCPHOI'O TOBTOPUTCIIA.

SUMMARY
ANALYTICAL RESEARCH OF RESISTOR WITH DISTRIBUTED PARAMETER
Dadasova R.B., Shirinova A.Y., Abdullaeva U.R., Hasanova U.E.

Keywords: resistance sensor, emitter repeater, electric bridge, measuring circuit, generator

The article presents an analytical analysis of a resistance transmitter with distributed parameters in
order to determine the transition to complex automation of technological processes using an emitter repeater.
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