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MORRI TiPLi FOZALARDA LAPLAS-BESSEL DIFERENSIAL
OPERATORU ILO ASSOSIRO OLUNMUS SINQULYAR INTEQRAL
OPERATORLARIN MOHDUDLUGU

'ABDULLAYEV SADIQ KORIM oglu
AGARZAYEV BOHRUZ KORIMBALA oglu
SABDULLAYEVA AYNUR RAMIZ qizi

Baki Dévlat Universiteti, Baki, Azarbaycan, 1-professor
Azarbaycan Dévlat Daniz Akademiyasi, Baki, Azarbaycan, 2-dosent, 3-bas miiallim
Atletiko76@mail.ru

Acar sozlar: sinqulyar inteqral operatorlar, maksimal funksiyalar ,Laplas-Bessel operatoru,
subadditiv

Giris. o tipli xarakteristikalar terminlorinds inteqral operatorlarin dyronilmesi [1],[2]

islorinds baslanilmisdir. Bu todqgiqatlarda miioyyon sinifdon olan operatorlarin proobrazlari ii¢iin

qiymatlondirmolor almaqdan ibaratdir. Artiq bu noticolor tamamilo yeni teoremlori isbat etmaya
imkan yaradir.

Toqdim olunan isdo Furye-Bessel harmonik analizindo mdvcud strukturlar {igiin analoji
arasdirmalar aparilir.

Burada osas giiclii is¢i aparatlar tobii ki, SIO-lar, maksimal funksiyalar, Riss potensiali vo
digorloridir. Maqgalods xiisusi T;n'k stirismoys baxilir [3].

Ay, U(x) = f(x) tonliyinin holli Ty (f) -in giymatlodirilmosino gatirilir [4], bununla
olagadar L, fozalar daxil edilir.
Tlkin aﬁlaylslar va bir sira isaralomolor
Forz edok ki, R'- 1 ol¢iilii Evklid fazasidir vo m,k >0, tam ododlordir. n=m+k >1,
Rk —{(X1 o X ) €R™ X >0, :1,...,k}, Rooo =R™.

T T m+k

- Ty:k (u(x)) :CVJA"'J-L{(X'—)/’, ’(xm+l’ym+1)0[1 m+k’ym+k ):lil:SIr{erI b ai ai

0 0
Laplas-Bessel operatorunun dogurdugu timumilosmis siirlisma olur.

ABm+kk(X)= > 6_22+ mzm [8_22+ﬁij’ XER;m,k 7m+1>0""’7/m+k >O X’!y'ERm '
' T O] Sl OX] X OX

ml,...., m+k )1 y = (y’ ym+1’ T ym+k ) J (Xm+i’ Y+ )ai = \/ Xinsi 2Xm-H Ymsi cos o + yri+i

.-, K, ¢, - normallasdirici vuruqdur.

Golacakds gobul edacayik ki, agar Y € R,  olarsa, onda:

k
= Zymn )
i=1

Yok = (0,...,0, 7m+1’---v7m+k)e Rr;+k,k v Vo
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m+k
yr =1yl =yisyie  da (y)=y" dy .
i1
7 nx Simvolunda N odadi vektorn daracasini, K iso miisbot koordinatlarin saymni ifads edir. Belo ki,

ogor k=0 iso, onda y,, =(0,..,0eR" , T’ f(x)=f (y—x)— adi siriismodir vo

d/un,k (y) = dy .
G c R}, élgiilon goxlug vo P = 1 5dondikds

. . p VP
Lp,m (G) - { F—usm.: HK (f) L (G)H = (IG ‘f (y)‘ dﬂynvk (y)) < +00} -

verilon sinifdo P tortibdon comlonon funksiyalar fazasi olur.

Golacokds asan ishat edilo bilocok T =T xassasindon istifads edacayik.

Tﬂyn‘k 0z-0zilino qosmadir

I v(s)T; u(xMdu, (s)= I u(s)T; v(xdy, (s),
Rk k Rikk
9sas hissa. A-nin toyin oblastindan gétiiriilmiis f vo O funksiyalari, homginin
vV A, >0 ododlori iiglin

(AT + ) () < A{A(F)(X)|+ |A(9) (x)
borabarsizliyi 6donarss, ona subbadditiv operator deyilir.
Torif 1. Tutaq ki, 1< p <+400. Ogor A: Lot (Rnfk)—> Lo, (Rnfk) mohduddursa vo ixtiyari

ue LW“’k (Rn+ k) kompakt dastyicisi tiglin
Au(x)<e | [y"T)

+
Rm+k,k

u(x)e e, (¥), xesuppu, T,

dogru olarsa, harda ki, f=m+Kk+ vo C U -dan asili deyil, onda deyirlor ki, A aperatoru

yn,k
K sinfino aiddir. Asagidaki hallara baxaq:

P7n k
1.USO T -dogurdugu sinqulyar inteqral
SU(X): I|m J' f (0) I:TSU(X)].S}’mA _.SVerde ’

&0 m+k+‘7n,k‘ m+1 " Um+k
{seR%%k:\ng |

beloki, O=s/|s|, £>0,[¥,|=Vmu +++ Vmu vo T(6) mohduddur.
2. B}’n,k - Puasson inteqrali:
df
(U,,, F)(x)=sup(u,  f)(x1),
t>0
, 7m+k+l+‘7n‘k‘
(Umf)(x,t)zaV j t(t2+|y| ) 2 f(y)duy, (s);

Rk k
3. B, - maksimal funksiyadir:

M F)=sup[BO.N)[ [ T2 [f(0da,, (v) .

nk
r>0 * B(or)



Morri tipli fozalarda Laplas-Bessel diferensial overatoru ilo assosira olunmusg
sinqulyar inteqral operatorlarin mahdudlugu

B(0,r)={yeR:..:lyl<e}, [B(O.r)

= I de, (Y);

nk B(O,I’)

Asanligla isbat olunur ki, bu niimunslorin hamist K sinfine daxildir [5].

Bundan sonra C -ni miixtolif borabarsizliklorda forqli miisbot odod kimi gotiirocoyik.
istonilon &> 0 iigiin L, ({Xxe R, :|X|> &})-o daxil olan R;

m+k k

-da ol¢iilon funksiyalar
kiillistinii A, ils isars edacayik.
)/ p', p'=p/(p-1).

apv}’n,k = (n + ynvk

ue Awn,k ticlin asagidaki xarakteristikani

vaﬂn‘k (U, g) - {J-{xeRﬁwkvk:xzf}

u(x)" d,um(x)} L E>0,

\'

£
o = {U €A, " jtap""’“_lQMk (ut)dt <400, V&> O}.
0

coxlugunu daxil edok. Torifo goro kafi qodar kicik & > 0 vo sanki biitiin t € (O,g)-ler icin monfi
olmayan ¢(t), 0<t<oo funksiyast N sinfino daxildir.

Forz edok ki, 1< p<oo @ e N-ogoro B - fozalarini toyin edok.

1. (¢)= {u —U3M. Hu 1, (¢) Hdzfsgg)gpm (u,&)g(&) < oo},

oo (9) = et (9): 9, (WE)A(E) 0],

-0
Isin osas noticolori asagidaki teoremlordo 6z oksini tapmusdir.
Teorem 1. Tutag ki, p>1,Ae K,, Vo UEe J o, - Onda, demok olar ki, oksor X € R

m-+k ,k

-lar tigiin v(x) = A(u)(x) var va belo bir giymatlondirms dogrudur:

¢
Q,, (v,&)<cg ™ [tmTq,  (ut)t, £>0,(Q)
0
harda ki, C sabiti U, elocodo & -don asil1 deyil.
Isbati. & >0 olsun. Hesab edok ki,
U (Y) = Xz (|y|)‘u(y)‘ . YeRy,

I, (u,f)(x):(|x|+§)_ﬁ f u(y)du, (y) ,xeR:, .
{R$+k,k1‘)"$§}

Ixtiyari qeyd olunmus & e(O, oo) gotiirok vo u(y) funksiyasin1 com soklindo gostorok,
U= (Y)+T (), T (y)=u(y)-u(y). Aydmdr ki, U (y=z;., (| [y (u). Onda
0. (y)elL,, (R;k’k), AU, (x) s.b. x €Ry,y i -lor iigiin mdveuddur. Indi iso siibut edok ki, Au, ()

biitiin X € {Rnlkyk : |X| > f} qiymatlorinds y1gilandir.
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Qeyd edok ki, £>0, iso, onda T y([x|_ﬂ)£ cjx —y|™” vo bundan olave X € {R@kvk x| > f},
ly|< g , bu zaman c(|x|+ 5)_ﬁ <|x-y[” <¢ (]x+ §)_ﬂ denilir.

T Y operatorunun 6z-6ziino qosmaligini, birdo A e Ko, sortini nozars alsaq
o,

A< ] T (Ol 0= [ s (T2 (o, 0

‘u7n,k
'm-+k ,k 'm-+k ,k

<c j lu. (y)[jx- y|7ﬁd,um (y) <cly, (u,€)(x) < +oo

I
m-+k Kk

oldugunu gorarik.
Indi iso (Q) qiymetlondirmosini isbat edok. &> 0 goro

va#n,k (U, é:) < {J.{XGR$+k,kZX2§} A(u‘f/z (X))‘p d'uynvk (X)} +

Up
+{J‘{XGR,;+M:X2§} A(U‘§/2 (X))‘p d’u}’n,k (X)} = il + i2

AeK miinasibatindon tapiriq ki,

pvyn‘k
i, =1 |
{X€R$+k,k:‘x‘2§}
<cif
{X€R$+k’ki‘x‘25}

3
< g jt“”*ﬂ* ‘bwn* (u,t)dt.
0

A () 4, 9} =

Up
U‘flz (X)‘p d‘u}’n,k (X)} : CQp-l’n,k (U, é: / 2) =

‘Aug,2 (X)‘ < CIﬂ (u, &l 2)(X) barabarsizliyindon

il ) {JA{XERRk.k:Pf} A(U'f/z (X))‘p d'u}’n,k (X)} <

Up
p
SC{I{XeRm,k:xz:} 1y (u.&/2)(x)| dﬂyn,k(x)} < CAB,

A= Ju(y)du(y),

{Rr+n+k,k:‘ )’\55}

o= {j{XER;+k,k:xz:}(|x| +&) Mdu,, (X)} .

AvoB {iglin uygun miinasibatlori yazag.
Tutaqg ki, S;, = {X eRY x| = 1} R -da vahid kiiro sothidir. Sferik koordinatlara kegsok

y—>(r,0), 8eS;,, r=0, alariq ki

burada

n .k

d st (Y) =y dy = (ﬁ] dy = 0™ r"ldrd o (0),



Morri tipli fozalarda Laplas-Bessel diferensial operatoru ila assosira olunmus
sinqulyar inteqral operatorlarin mahdudlugu

do(0) elementi S;, -nin sahasidir.

J. ‘U(y)}dﬂn,k (y) = J. 9yn‘kd6(¢9)ﬁu(r9)‘rm+k+yn,k—1dr _

{RieclyI=E] Sty 0

= CI desymju (rg)rm*imd (r““”’jt“dt}dr =
0

Q, 0

¢ ¢
o 7nk (m+k+y, k-1 dr
- cjt [J 0 da(@){[u(ra)r ni-)/p =T Ddt <

0 Sn+,k t

i l/p, ¢ s 1/p
e (m+k+7, «|[-1)
et [ sl b

0

1/p 1/p'
» dt ik © (merk] D) ik
g:! e [Sj 9 da(@)h u® (rg)r™ gy J 0" do(0)| di<

t

< Yo
< CJ't(m+k+‘7n,k‘) p—IQpJ/nk (U,t)dt .
0
Analoji mithakimalarlo

g g
dun ) (X) ik £ rm+k+‘7"‘“‘7ldr
Bee| [ 2L | [ 9" do(0)[ | <
[R;\-!‘kk (|X| + g)ﬁq S‘n!.,k '('). (r + é)ﬂq

© m+k+‘7n,k‘_ld Vg
<c r—ﬂqr < cEM AV _ e
o (r+¢)

gostaririk:

&
i, <cg j t%”y"'k_lgp,yn,k (u,t)dt

0
Bununla isbat tamamlandi.

- %o -1
Natica. Teorem 2. Forz edok ki, 1< p<oo, AeK, , @eN vo J'¢ 1('[)'[ ponk Tt
0

inteqrali yigilandir. Bu zaman A operatoru |, ((p) , Igyw ((p) fozalarindan uygun olaraq
| (Z’l ((p)) 1. (Z’l ((0)) -lara mohdud tosir edir.

5
7 ((0) — (g_ap,yn,k I¢—1 (t)tapxi/n‘k _1dt
0

£
Lemma 1.Tutalim ¢ € N, V & > 0 elacads _[gp‘l ()t dt <o

Demali, I, (¢)<J o, U, (@) qobul edok.

20, (ut)p(t)tm
i o )s;()

dt <
p(t)-t

4
[, (uttemdt=
0

0
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t“wn,k

<[u: 1,. (o) !w(t)'t

Indi iso teoremi isbat edok. Yuxarida geyd olunanlara goro (Q) giymatlondirmasi

dt < .

dogrudur. Bunlari1 nozors alaraq omin oluruq ki,

&
Q,,  (Au&)<cs v J’ t““*"*‘bp%vk (u,t)dt <

0

¢ 1%k
< cHu . ((p)H g J; (;(t) y dt = cHu o (go)HZ (@)(&).

Buradan

Q,,, (Au8)Z*(p)(§)<clu: 1,. (o).
Teorem 2-nin birinci hissasi isbat olundu. ikinci hisso da analoji qayda ils isbat olunur.
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SUMMARY
ON THE LIMITATION OF SINGULAR INTEGRAL OPERATORS ASSOCIATED
BY THE DIFFERENTIAL LAPLACE-BESSEL OPERATOR IN MORRY-TYPE SPACES
Abdullaev S.K., Agarzaev B.K., Abdullaeva A.R.

Key words: singular integral operators, maximal functions, Laplace-Bessel operator, subadditive
In this work, the issue of the limitless of subadditive operators taken from a rather extensive class
including the Poisson integral affiliated with the Laplace-Bessel operator defined in the new proportion of

spaces defined by the terms SIO, highest valuable functions, Q, type delineations, is considered in this

work. Thus, in the article relevant theorems about the limitless of SIO associated with given DO in Morrie-
type spaces are proved.



Morri tipli fozalarda Laplas-Bessel diferensial overatoru ilo assosira olunmusg
sinqulyar inteqral operatorlarin mahdudlugu
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NMPOCTPAHCTBAX TUIIA MOPPH
Ab6dynnaee C.K., Azapzaee b.K., A6oynnaesa A.P.
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STARK OPERATORUNUN HOYOCANLANMASI UCUN MOXSUSI
FUNKSIYALAR UZRO AYRILIS DUSTURU
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Agar sozlar: Stark tonliyi, hayacanlanms operator, Eyri tonliyi, delta funksiya, moxsusi funksiya.

Giris.

Stark effekti xarici elektrik sahasinin olmasi sobobindon atomlarin vo molekullarin spektral
xatlorinin yerdoyismasi va par¢alanmasindan ibaratdir. Bu effekt 1913-cii ildo onu kasf edon Starkin
ad1 ilo baghdir. Stark effektinin atomlarin spektrlorinin tadgiginds o0 godar shomiyyatli olmasa da
molekulyar firlanma spektrlori {i¢lin osas vasito olmusdur. Stark effekti ii¢iin hayacanlanma
nozariyyasinin dyranilmasi xiisusi shamiyyat kasb edir (bax [1]-[11]).

Asagidaki diferensial tonliyo baxaq:

_y”_,_xy+p(x)yziy,—oo<x<oo, AeC. 1)
burada p(x) amsali
a, ,Xx=0
= *’ ’ 2
p(x) {a_,x <0, )

diisturu ils toyin olunur. Qeyd edok ki, (1) tanliyi Stark tonliyinin hoyscanlanmasidir.
Aydindir ki, (1) diferensial tonliyinin sol torofi iki dofs kosilmoez diferensiallanan finit

funksiyalar iizerindo L, simmetrik operatoru toyin edir. Bu operatorun L =L_0 gapanmast
L, (— oo,+oo) fozasinda tosir edon 6z-6ziino qosma operator olur, yoni L, operatoru ciddi 6z-6ziino
qosma operatordur. Dogrudan da Q(X)=|X| funksiyasi X >0 olduqda miisbot qiymatlor alir,

(— 00, oo) araliginda kosilmoz vo ciit funksiyadir. Bundan basqa

T x _
<.7JQ(2x)
sortini 6dayir. Onda Sirs teoremino [3] géro L operatoru 6z-6ziine qosmadir.
Toqdim olunan isde L operatorunun kasilmaz spektrinin maxsusi funksiyalari tizro ayrilis
diisturu alinmisgdir.
Moxsusi funksiyalar iizra ayrilis diisturu.
Asagidaki Eyri tonliyine baxaq:
—-y"+zy=0. 3
Molumdur ki, (bax [12]) (3) tonliyinin xotti asili olmayan vo asagidaki baslangic sortlori
ddayon Ai(z) va Bi(z) hollori var:
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Sark operatorunun hayacanlanmast ti¢iin maxsusi funksiyalar tizra ayrilis diisturu

Y SR |
Au(o)gzr(gj,A (0) 3%r (;j
| 3

= %—2 =
or{3) 3)
Bu hallorin {Ai (Z) Bi(z)} Vronskiani {i¢tin
{Ai(z),Bi(z)} = Ai(z)Bi'(z)- Ai"(z)Bi(z)= 7"

diisturu dogrudur. Hor iki funksiya g tortibli vo % tipli tam funksiyalardir. Molumdur ki,

Ai(x—1) vo Ai(x—A)-iBi(x—A4) funksiyalari ImA>0 oldugda Ai(x—A)eL,(0,+x) ,
Ai(x—2)—iBi(x— 1) € L, (—0,0) miinasibatlorini 6dayir (bax [9]).
Indi iso
—y"+xy+p(x)y = Ay, —o<x<ow, AeC. (4)
hayacanlandirilmis tonliyins baxaq. Asagidaki lemma dogrudur (bax [11]).
Lemma 1. Kompleks miistovidon gotiiriilmiis hor bir A {igiin (1) tonliyinin asagidaki
gostorilisloro malik olan y, (x, A)halleri var:
Ai(x+a, —1),x>0,
v, (x 1) =17[Ai(a, —2)Bi'(a_ - 1)- Ai'(a, - A)Bi(a. - A)|Ai(x+a_ - 1)+ (5)
+ z[Ai(a_ — A)Ai"(a, — A)— Ai(a, — A)Ai'(a_ — A)Bi(x+a_ —2),x<0,
7{Bi'(a. - ) Aile - 2)-iBi(a - 1)]-
Bi(a, — A)Ai" (. —2)-iBi'(a. - A)[JAi(x +a, — )+
v (%2)=17{Ai(a, - AfAi(a_ - 1)-iBi(a - 1)]- (6)

v -sfle3;ot Mg -abe

Qeyd edok ki, 4 € (— oo,+oo) olduqda (5) diisturu ils toyin olunan y, (X, ﬂ) funksiyas1 haqiqi
qiymatlor alir. Digor torofdon iso /Ie(—oo,+oo) oldugda (6) diisturu ilo toyin olunan Wﬁ(x,l)
funksiyasinin 1//7iX,M kompleks qosmasi da (1) tonliyinin halli olur. y_ (X,ﬂ,) Vo l//fiX,ﬂ’
hallarinin Vronskianini hesablayaq. Vronskian X -don asili olmadigina goroe aliriq:

Wiy (x )y (x A=y (0,4 0,4y (0.2 (x,A)=27" . (7)

Buradan aliir ki, A € (—o0,+o0) oldugda y_(x,1) vo w_(x, 1) funksiyalari (4) tenliyinin
Xatti asili olmayan hallori olur. Demali, bu tanliyin hor bir halli va o ciimlodan (4) diisturu ils toyin
olunan holli y_(x,4) vo y_(x,4) hallorinin xotti kombinasiyasi soklindo géstarile bilar.

v (x4)

(5) barabarliyins asason A e (— oo,+oo) oldugda halli haqiqi giymatlor alir. Naticads aliriq:

v.(x2)
v, (x,2)=a,(Ay_(x,1)+a,(2)y_(x, 1), 4 € (= o0,+). (8)
(8) borabarliyinin kémoyi ilo a,(4) emsalmi tayin etmok olar. Dogrudan da, bu baraborlikdon vo
(7) diisturundan aliriq:

12
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Wl (x 2, (6,2} =W (% 2)3, (A0 (% D)+ 3 D (1,2)) =

= a, (AW (% ) (6, 2)f+ 3 AWy (%, A (x, 2)} = 2iza, (2)

(7) diisturundan vo axirinci barabarlikdon istifado etsok alariq:
1

a(1)=7 (9)
Teorem 1. Asagidaki ayrilis diisturu dogrudur:
2 [y, (x A, (y,2)d2 = S(x~-y), (10)

burada & (X) ilo Dirakin delta funksiyasi isars olunur.
Isbat1. Asagidaki tonliys baxaq:
—y"+xy + p(x)y =y = f(x),
burada f(x) ilo f(x)eL,(~oo,+0) sortini 6doyon hor hansi finit funksiya isaro olunur.
Mogsadimiz f(X) funksiyas1 {i¢iin ayrilis diisturu almaqdir. Titgmarsin uygun miithakimslorini (bax
[13], III fasil §1]) tokrar etsok alariq ki, G(X, Y, /"t) Qrin funksiyasi asagidaki sokildadir:

f.(xA)f (v, )

— ;
Sy A)=1 ¢ (51 (y.4)
iz
Axiriner boraborlik gostorir ki, G(X, y,/I) funksiyas1 biitiin kompleks miistovido analitik
funksiyadir, yoni tam funksiyadir.

y <X,

Y > X

= [6(x v, 4)f (y)y

funksiyasini daxil edok:
Moalumdur (bax [13], III fasil §1) ki,

f(x):_%f@(x,mo)dz,

f(x)= = [@(x, 4-i0)d2
iz
baorabarliklori dogrudur. Buradan asagldakl baorabarliyin dogrulugu alinir:
=——j X, A +i0)— @(x, 2 —i0)[dA.
Buradan iso alirq:
f(x)=—+ [Ima(x, 2)d4 = L [Refid(x, 4)jdA.
V4 V4

Ogor (8), (9) disturlarindan vo
Re{[w (y,A)+w_(y, ﬂ,)ﬁy (x, /1)}:
= Rejly_ w_(x, )+ ( xl}// (y, )+l _(y, 2w
= Reily_(x,2)+y_( xﬂ}// y,/i)}
boraborliyindon istifado etsok

= T T f(y)Refly_(x, A)+w_ (x,/l)ll/_ (y,i)}dydl

—00—00

b 0 A (6 2) - (A (v, )] -
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Sark operatorunun hayacanlanmast iigiin maxsusi funksiyalar iizra ayrilis diisturu

olar. Sonuncu boraborliyi agagidak: sokilds yazagq:

J‘Re{[z//fix,/l )+ (X, ;t)}//f(y, A)}d/l =5(x-y), (11)
Digor toradon iso (8), (9) b_so;abarliklsrins osason aliriq:

v (% A)+y_(x,2)=2p.(x 2)

Rey_(y,4)=y.(y.2)

Axirinet barabarliklordon vo (11) miinasibatindon (10) ayrilis diisturunun dogrulugu alinir.
Teorem isbat olundu.
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SUMMARY
FORMULA FOR EXPANSION IN EIGENFUNCTIONS FOR PERTURBATION
OF THE STARK OPERATOR
Rzayeva G.F.

Key words: Stark equation, perturbed operator, Airy equation, delta function, eigenfunction

A step-like perturbation of the Stark operator is considered. Expressions for the eigenfunctions
of the continuous spectrum of the perturbed operator are found. A formula for expansion in terms of
eigenfunctions is obtained.

PE3IOME
O®OPMVYJIA PA3JIOXKEHUSA ITIO COBCTBEHHBIM @ YHKIIUAM JI51 BOSMYIIEHU S
OIIEPATOPA HITAPKA
P3zaesa I'. @.

Knrouesvle cnosa: ypasuenue I[llmapra, eozmywennvlii onepamop, ypasHenue Oupu, Oeibma-
@yHxyus, coocmeennasn QyHKyus.

Paccmorpeno crynenuaroe Bo3myuieHue omnepartopa Illtapka. Haiinensl BblpakeHus I
COOCTBEHHBIX (DYHKIMI HENpPEephIBHOI'O CIIEKTpa BO3MYILIEHHOTo omneparopa. [lonyuena ¢opmyna
IUTSL PA3NIOKEHHS IO COOCTBEHHBIM (DYHKITHSIM.
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Acar sozlar: monokristal, akustik va optik fonon, bark moahlullar, dar zolaqli yarimkecirici,
termoelement, istilikkegiriciliyi.

Isdo TlInTe, — TIGdTe, sistem orintilorinin termoeffekttivliyinin todgigine baxilmisdir.
Askar olunmusdur ki, TlnTe, — TlGdTe, sistem orintilorin bork mohlullarinda gadoliniumun
miqdart artdiqda, elektrik kegiriciliyi ~ o™ (n = 2) iki tortibo kimi artir, istilikkegirmo isa alavo
sopilma mexanizmlorinin meydana ¢ixmasi hesabina koskin azalir. Todqgig olunan temperatur
oblastinda TlIn,_,Gd,Te, bork mahlullarin biitiin niimunalari {i¢iin E; > kT sorti 6donir. Bu iso
T~700K temperaturuna kimi termoelektrik horokat qlivvesi omsalinin artmasi ilo naticalonir.
Almmmis bu natico do gostorir Ki, TlIng 9oGdg o1 Te, torkibli niimunadan (500 + 900)K temperatur
intervalinda termoelektrik generatorlarinda is¢i material kimi istifado oluna bilar.

[1 — 4] islorindo TlInS,(Se,, Te,) — TILnS,(Se,, Te,)sistem orintilarinin fiziki — kimyaovi,
elektrik va istilik — fiziki xassalori tadqiq edilmisdir. Gostarilmisdir ki, {igqat birlogsmalorin asasinda
alinmis tigqat halkolantonoidlarin bark mohlullar1 (500 + 900)K temperatur intervalinda yiiksok
termoeffektivliya malik olmagla bismut vo surma misalinda termoelektrik generatorlarinda
termociit kimi istifado oluna bilar [5]. Bu baximdan tellur bismuta yaxin olan TlIn,_,Gd,Te, (0 <
x < 0.10) bark mohlullarin todqiqi x{isusi maraq dogurur.

Toqdim olunan mogalods TlIn,_,Gd,Te, bark mohlullarin genis temperatur intervalinda
elektrikkegiriciliying, termo-e.h.q.-no, istilikkegiriciliyino vo termoeffektivliyin konsentrasiyadan
asililigina baxilmisdir.

Tacriibonin aparilmasi. Todgigat obyekti olaraq Tlin,_,Gd,Te, (0 < x < 0.09) bork
mohlullarin monokristallar1 se¢ilmisdir. [5] isindo TlInTe, — TIGdTe, sistemi todqiq edilmisdir.
Bu sistemin RFA — nin naticalori DTA — nin naticalorini tamamilo tosdig edir. Yoni miioyyan
edilmisdir ki, hollolma oblastinda qofos sabitinin torkibdon asili olaraq doysmasindo Veqard
ganunundan konara ¢ixmalar miisahido edilmir. Holl vo termo — e.h.q. omsallarinin temperatur
asililiglarinin todqiqi gostormisdir ki, TlInTe, — do In atomlar1 todricon Gd atomlar1 ilo ovoz
olunduqda asqarlarin aktivlosma enerjisi azalir, dielektrik niifuzlugunun elektron hissasi iso artir.
Orintilorin sintezi ilkin TlInTe, va TIGdTe, komponentlorin yiiksok temperaturda aridilmasi yolu
ilo yerino yetirilmisdir. Sintez 0.01 Pa tozyiqdo kvars ampulalarda aparilmisdir. Igorisinds maddo
olan ampula tamamilo sobaya daxil edilmoaklo temperatur 130 K/saat siiratlo (1050 + 1270)K -2
godor qaldirtlmigdir. Torkibindon asili olaraq bu temperaturda ampula 3-9 saat middotindo
saxlanilmigdir. Sonra ~(70 + 115)K /saat siiratlo otaq temperaturuna godor soyudulmusdur.
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Tlin,_,Gd,Te, bork mohlullarin monokristallar1 Bricmen tsulu ilo alinmigdir. Alinan
torkiblorin monokristalliligini yoxlamaq moagsadi ils laueqrammalar ¢okilmisdir.

Rentgenoqramlarin todqiqi gostordi ki, TlIn,_,Gd,Te, bork mohlullar ilkin TlInTe, ligqat
birlosmasi kimi tetraqonal sinqoniyada kristallagirlar vo TIGdTe, ligqat birlosmasi TlinTe,
birlosmoasinds (0 — 10)mol % oblastini ohato edir.

Elektrik kegiriciliyi vo termoelektrik harokat qiivvasinin olgiilmosi 0.01 Pa tozyiqds
vakuumda sabit coroyanda kompensasiya tisulu ilo aparilmigdir [6] . Coroyanin, niimunonin
galmhigmnin (3 X 4 X 12) - 10~2m3, habelo gorginliyin 6l¢iilmasi zamani1 nisbi xota ~5% olmusdur.

Sakil 1 (a, b) — do Tlin,_,Gd,Te, bark mohlullar1 {i¢iin o Vo @ — nin temperatur asililiglar
gostarilmisdir. Biitiin temperatur intervallarinda TlIn,_,Gd,Te, bark mohlullar1 p-tip kegiriciliya
malikdir.

Sokil 1 (a)-dan goriindiiyti kimi TlIn,_,Gd,Te, bark mohlullarinda ~ 500 K temperatura
kimi elektrik kegiriciliyi ¢ox ki¢ik meyl ilo artmaqda davam edir. Bu asililiq asqar zona iizro
keciriciliklo olagadar olub, kvazimetallik gedis adlanir. Sonra o—nin nisboton kaskin azalmasi
goriiniir vo bu azalma torkibdo Gd—un artmasi ilo daha da ¢ox nozars garpir. Fikrimizco markazlorin
tiikonmasi  sababindon yiikdasiyicilarin  konsentrasiyasinin sabit qalmasi ilo onlarin gafasdon
sopilmoalari naticasinds yiirtiklitylin mahdudlasmasi ilo alagoadardir ki, bu da temperaturun artmasi
ilo elektrik kegiriciliyinin azalmasina gatirib ¢ixarir.

Sokil 1 (b)-don goriindiiyii kimi asagi temperatur oblastinda temperaturun artmasi ilo
yiikdastyicilarin kimyavi potensiallar1 azalir vo bununla miitanasib olaraq termo — e.h.q. — do artr.
Temperaturun yuxari qiymatlori iso yiikdasiyicilarin konsentrasiyasinin koskin artimina vo termo —
e.h.q. — nin azalmasina sobob olur.

Tlin,_,Gd,Te, bark mahlullari tadqiq olunan temperatur intervalinda (80 < 1000)K giiclii
cirlasmis desik kegiriciliya malikdir. T > 650K temperaturlarda moxsusi kegiricilik miisahida
olunur, 0 vo @ — nin temperatur asililiginin xarakteri todqiq olunan materialda iki noév
yiikdastyicilarin méveud olmasi ilo izah olunur, x=0.05 — don baslayaraq TlInTe,- don onun
osasinda almman bork mohlullara kec¢dikco o(T) — nin temperatur asililiginin giiclic doyismasi
yarimkegiricilorin darzolaql yarimkegiriciya kegidlo alagodar olmasi gonaitina gatirir.

lgoCmim a-10% BIK
a i b

3 | |

3’ | -
is 1
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Sakil 1. Tlin,_,Gd,Te, bark mahlullarin elektrik kegiriciliyi (a) vo termo —e.h.q. —
nin (b) temperatur asililigi. Oyrilor 1-x=0.01; 2-x=0.04 va 3-x=0.9

Sokil 2-don goriindiiyii kimi TlIn,_,Gd,Te, bark mohlullarinda qofas istilikkegirmoasinda

anizotropluq miisahido olunur. Masalon, 100 K temperaturda TlIn,_,Gd,Te, bark mohlullarinin
monokristallarinda temperatur qradiyentinin (001) miistavisino paralel istigamotinds istilikkegirmo
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omsali y! = 6.75% , temperatur qradiyenti (001) miistovisino perpendikulyar istgamotdo
yonaldiyi halda istilikkegirmo omsali y = 3.42% olmusdur.

Ambegaokor vo Klemmeks [6] nozoriyyasi Vo uygun olaraq aparilan hesabatlar
Tl [InTe,],_,[GdTe], radikal avozlomslorin dogrulugunu bir daha siibut etdi ki, todqiq etdiyimiz
sistemdo TlIn,_,Gd,Te, — Tl[InTe,],_,[GdTe,], = [TUnTe,],_,[TIGdTe,],
oldugundan TlIn,_,Gd,Te, bark mohlullar ti¢iin

ﬂ _ MTlGdTez - MTlInTez
M 1- x)MTlInTeZ + XMrigare,

kimi hesablana bilir.

M . Bm/(m-K)

TlInTe, 5 mol 10 TIYbTe,

Sokil 2. Tlin,_,.Gd, Te, bark mohlullarin monokristallarinda temperatur qradientinin (001)
miistavisina paralel (1,3,5) va perpendikulyar istigamatlorda (2,4,6) gafas istilikkegiriciliyinin
100 (1,2), 200 (3,4) va 300 K (5,6) temperaturlarda konsentrasiyadan astlilig

TlinTe, — TlGdTe, sistem arintilorinin bork mohlullarinda elektrik vo istilik xassolorinin
todqiqi gostorir Ki, bark mohlullarin torkibinds gadoliniumun miqdart artdiqda elektrik kegiriciliyi
iki tortibs kimi artir, istilikkeg¢irma iSo oalave sopilma mexanizmlorin meydana ¢ixmasi hesabina
azalir. Ona goro do gozlomok olar ki, Tlin,_,Gd,Te, bark mahlullarinda torkibin doyismasi ilo elo
Tling g1Gdg o9Te, mohlulu alds olunur ki, onda termoelektrik effektliyinin giymati praktik maraq
kosb edon hala cata bilor. Aparilan hesablamalar gostorir ki, (500 <+ 900)K temperaturda
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TlIngooGdgo1Te, bork mohlullarinda termoelektrik  effektliyi ~2.95-103K™1 -o catir.
Termoelektrik effektivliyinin artmasi torkibdo Gd — un miqdarimin artimi ilo elektrik Kegiriciliyinin
kaskin artmasi, istilikkeg¢irmanin iSo azalmasi hesabina bas verir.

TlIn,_,Gd,Te, bark mahlullarin tacriibi naticalori asasinda alinmis enerji spektri codvalda
gostarilmigdir. Coadvaldon goriindiiyti kimi TlIng ¢ Gdg g9 Te, torkibli bark mohlul 900K
temperaturda on boyiik termoeffektivliyo malik olur ki, bu da onun orta temperaturlarda isloyan
termoelektrik enerji ¢eviricilorinds perspektivli material kimi tatbigins imkan verir.

Cadval.
Tlin,_,Gd,Te, bark mohlullarin termoelektrik effektiviiyi
Torkib 500 K 900 K
a,107° o X Z a,107° o X z
B/K Cv/M | Bm/(M-K) | 1073K™! B/K Cuw/™m | Bm/(M-K) | 1073k~ T
x=0.01 680 540 0.91 0.3 590 1500 0.71 1.1
x=0.05 670 1210 0.48 1.13 560 930 0.42 0.69
x=0.07 660 1400 0.46 1.32 550 910 0.40 0.69
x=0.09 650 1700 0.38 1.80 540 2850 0.34 244
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pacTBOpOB

SUMMARY
TlIn,_,Gd,Te, SOLID SOLUTIONS AS PROSPECTIVE MATERIALS IN
THERMOELECTRIC ENERGY CONVERTERS.
Bayramov Dj.Dj., Ismayilov R.M., Orujov S.K., ismayilova Kh.I., Sadiq X.

Key words: single crystal, acoustic and optical phonon, solid solutions, narrow band semiconductor,
thermocouple, thermal conductivity.

The study of the thermal efficiency of TIlInTe, — TIGdTe, system alloys was considered. It was
found that when the amount of gadolinium in the solid solutions of the TlInTe, — TIGdTe, system alloys
increases, the electrical conductivity ~ o™ (n = 2) increases up to two orders of magnitude, while
the thermal conductivity decreases sharply due to the appearance of additional scattering mechanisms. In the
studied temperature range, TlIn;_,Gd,Te, solid solutions the condition E; > kT is satisfied for all samples,
and this results in an increase in the thermoelectric driving force coefficient up to the temperature T~700K,
so that the sample containing Tllng¢oGdy g, Te, can be used as a working material in thermoelectric
generators in the temperature range of (500 +~ 900)K.
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PE3IOME
TBEPJBIE PACTBOPBLI Tlin,_,Gd,Te, KAK IIEPCIIEKTUBHBIE MATEPUAJIbI B
TEPMOJ2JIEKTPUUECKUX IPEOBPA3OBATEJISIX DHEPI'MN.
baapamoe /Dc./rc., Hcmaiinoe P.M., Opyoicoe C.K., Hemaiinosa X U., Caduk X.

Knwouesvie cnosa: MoHokpucmann, akyCmudeckuti U ONMUYECKUl (POHOH, meepovle PAcmeopul,
V3KO30HHUbII NOIYNPOBOOHUK, MEPMONApa, menionpo8oOHOCb.

PaccmoTpeHo uccnenoBanue TepMudeckoi ¢ dexkruBHocty ciuiaBoB cucrembl TlinTe, — TIGdTe,.
VYCcTaHOBNIEHO, YTO MNpPHU YBEIMUYCHMU KOJIMYECTBA TaJ0JMHHUA B TBEPIBIX PAcTBOpax CIUIABOB CHCTEMBI
TlInTe, — TIGdTe, »snekTpompoBomHOCTH ~ o" (n = 2) BoO3pacTaeT [0 JABYX MOPSIKOB, a
TEIUIONPOBOTHOCTh PE3KO CHIDKAECTCS 3a CYET MOsIBICHHE JIOTIOJHUTENBHBIX MEXaHH3MOB PACCESHHUS.
Ycnosue Eg > KT Boimosnnsiercest uist Bcex 00pa3uos TBepabix pactBopos Tllng_,Gd,Te, B uccnenoBannom
TEMIIEpaTypHOM JAxama3oHe. OJTO MPHUBOAUT K YBEIWYCHUIO KO3(D(HUIIMEHTa TEepPMO3IEKTPHUUCCKON
JBIKYIIEH cuibl BIUIOTh A0 TeMmiepaTypel T~700K. IlomydeHHBI pe3yiapTaT Takke MOKAa3bIBAET, YTO
oopazerr TlInggoGdgg;Te, MoxkeT OBbITH HWCHOAB30BAaH B  KadecTBE paboyero marepuaia B
TEPMODJIEKTPHYECKUX TeHEepaTopax B auanasone temmneparyp (500 + 900)K.

Daxilolma tarixi: [lkin variant 08.08.2024
Son variant 20.09.2024

20



Sumgayit Dévlot Universiteti — “ELMI XOBORLOR”— Tobiot vo texniki elmlor bolmosi
Cild 24 Ne 3 2024

UOT 544.6 DOI 10.54758/16801245_2024 24 3 21

CATHODE POLARIZATION DURING RHENIUM AND MOLYBDENUM
ELECTRODEPOSITION FROM SULFATE ELECTROLYTE

ISALAKHOVA ELZA ABDULAZ|Z ©RCID
TAGHIYEV DILGAM BABIR 9&cID
SALIZADEH YILMAZ ELSHAN 2R
*HAJIYEVA KAMALA ISMAY|L 9ReID

*KHANKISHIEVA NIGAR NIZAM]| 28clD

SHEYBATOVA AFSANA FAZIL 2REIR

"KALANTAROVA PARVANA EYUB 9RcID
8JABBAROVA IRANA ILGAR 9RcB
*IBRAHIMOVA KAMALA FACHRAD 2R¢IR

Institute of Catalysis and Inorganic Chemistry named after academician Murtuza Naghiyev Baku,
Azerbaijan, 1-Dr. of Chemical sciences, 2-Academician, 3,9-doctoral student,
4,7-PhD, 5,6,8-senior lab. ass.,
elza_salahova@mail.ru

Keywords: rhenium, molybdenum, thin coatings, electrochemical deposition, alloys, current density

Based on the study of current-voltage dependencies during cathodic electroreduction of rhenium and
molybdenum ions from sulfate electrolytes, the conditions for deposition of rhenium and molybdenum were
established. The effect of various factors such as the content of components in the electrolyte, current
density, temperature, acidity of solutions on the composition and quality of the coatings was studied. When
studying the influence of the potential sweep rate on the process of rhenium deposition from a sulfate
electrolyte, it was found that the limiting current has a diffusion nature. It was found that the process of
molybdenum electrodeposition from a sulfate electrolyte is accompanied mainly by chemical polarization.
The effect of the potential sweep rate on the cathodic process of Mo was studied. When studying the
influence of the potential sweep rate on the polarization nature, it is clear that an increase in the potential
sweep rate accelerates the molybdenum deposition process to varying degrees. Based on experimental data,
the optimal mode and electrolyte composition for obtaining thin rhenium and molybdenum coatings were
determined.

INTRODUCTION

In recent years, nanotechnology, which is considered one of the main areas of world science,
has been developing rapidly. The rapid development of this area poses the task of conducting
fundamental research, involving the production, study and application of new nanostructured
materials. Due to the high level of development of science and technology, the production of highly
effective materials is one of the main tasks of the world today. In recent years, obtaining of
nanoparticles of a number of substances and studying their physical and chemical properties allow
to use them as promising materials in various fields of modern technology. Therefore, the need to
obtain nanocoatings by the electrochemical method has become widespread. The development of
new methods for obtaining inorganic substances with unique properties underlies modern materials
science. Semiconductor layers containing rhenium are widely used in semiconductor technology.
Depending on the chemical and stoichiometric composition, rhenium alloys exhibit very interesting
properties  (photoconductivity, optoelectronic, semiconductor). However, chemical and
electrochemical methods are used to obtain these semiconductor coatings. The advantage of both
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Cathode polarization during rhenium and molybdenum electrodeposition from sulfate electrolyte

chemical and electrochemical methods is that, in both cases the process is carried out at a low
temperature and there is no evaporation at high temperatures. The electrochemical method has its
positive features. Thus, it is possible to accurately carry out the electrolysis process by the
electrochemical method and regulate the thickness of the resulting coating. There is a wide range of
methods for producing rhenium alloys, among which one of the main places is the electrochemical
method. It is known that rhenium alloys have a number of valuable properties: corrosion resistance,
special magnetic and mechanical properties, and also act as catalysts, etc. On the other hand, the
production of alloys obtained by the electrochemical method from various electrolytes has many
specific features that affect the properties of the resulting substances. First of all, this is due to the
fact that the amount of non-metallic compounds (oxygen, hydrogen, carbon, etc.) in the alloys
obtained in the electrolysis process is very small. Therefore, the production of thin films with
semiconductor properties of the required composition from solutions of two or more metals is of
great scientific and practical importance. There are alloys of various metals with semiconductor
properties that can be obtained by electrolysis using solutions of rhenium and the corresponding
metal cations. Rhenium and its alloys have unique properties and are widely used in almost all areas
of modern science and technology [1-5.] The main areas of application of rhenium are electrical
engineering, radio electronics, aerospace engineering, chemical industry, medicine, oil refining
industry and military industry. Rhenium has a high melting point, mechanical strength, hardness
and high resistance. Very high corrosion resistance, as well as good thermoelectric properties offer
the prospects for its wide application in electrical and radio engineering.

Recently, rhenium alloys which are used in aviation and space technology have shown great
interest [6-8].The prospects of rhenium electrodeposition from sulfate electrolyte are described in
[6-10]. Acidic and moderately acidic electrolytes are the most stable and the solubility of perrhenate
in them is the highest, which allows electrolysis at high current densities. In addition, rhenium is
allocated from sulfate electrolytes with relatively high chemical purity and a high current efficiency.

The electrochemistry of molybdenum compounds is still a quite relevant area for scientific
research [9-12]. The complexity of electrochemical processes involving molybdenum compounds is
manifested in the existence of a large number of intermediate oxidation states, as well as the
significant adsorption of molybdenum compounds on electrodes. Despite the significant volume of
experimental material, there is still no certain clarity on the issue of the kinetics of electrode
reactions in the presence of molybdenum compounds [16-17]. Adsorption of these compounds is
possible in a wide range of potentials, which certainly affects the kinetics of reactions occurring at
the electrodes. Due to adsorption, molybdenum compounds may be included in composition of
electrode deposits, which certainly affects the properties of the resulting materials. The practical
application of the materials obtained in this way can be very multifaceted. This work is devoted to
the study of the kinetic patterns of the processes of cathodic reduction of molybdenum and rhenium
ions from sulfuric acid electrolytes depending on the composition of the electrolyte, cathodic
current density and temperature. For this purpose, a study of cathodic processes during the
reduction of rhenium and molybdenum in the sulfate electrolyte on a Pt electrode was carried out.
The studies were carried out in solutions of the following composition (mol / I):

1. Electrolyte composition for rhenium (mol / 1): 3.5 10 KReO, + 2.0 H,SO4; pH = 0.4; V =
0.005V S'l; t =75 °C; electrode - Pt.

2. Electrolyte composition for molybdenum (mol/l): 1.5 10° Na,MoO,; + 2.0 H,SOy;
pH=0.4; V=0.005 Vs™; t=75°C; electrode — Pt.

Experimental technique

Platinum electrodes with a visible surface of 0.07 cm? were used as the working electrode.
The three-electrode cell contained the electrode under study, platinum auxiliary electrode with an
area of 4 cm?, and a silver chloride reference electrode (Ag/AgCl). Film deposition for studying
structure and composition was performed on Pt and Ni substrates with an area of 2.0 cm® The
operating temperature during electrodeposition was 75°C, and the deposition time was 60 min. The
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kinetics of the processes was monitored using cyclic voltammetry measurements on IVIUMSTAT.
X-ray diffraction analysis of the obtained films was performed on a DRON-5 with Cu Ka-radiation.
The films were obtained in galvanostatic mode without electrolyte stirring. For analysis, the cathode
deposit was dissolved by heating in concentrated nitric acid. The amount of molybdenum was also
determined separately by thiocyanate complex using colorimetric method on SPECORD 50 PLUS.

Experimental part

It is known that the nature of polarization during the discharge of any metal does not change
under the same conditions of its discharge together with cations of another metal. In this work, the
nature of polarization is determined for both rhenium and molybdenum separately. It was shown
that in order to determine the type of cathodic polarization and study the mechanism of the
electrode process, it is necessary to study the dependence of the current on temperature.

1. Cathodic polarization during electrodeposition of rhenium from sulfate electrolyte.

In order to study the effect of the temperature on the rate of the electrode process and the
electrodeposition of rhenium from a sulfate electrolyte, polarization curves were recorded in the
temperature range of 20-90° C. As can be seen from Fig. 1, with an increase in the temperature, the
curve of rhenium reduction shifts to the region of more positive potentials. In the studied
temperature range, the polarization curves have limiting currents. With an increase in the
temperature, the rate of the electroreduction reaction increases, which is accompanied by increase in
limiting currents. Consequently, with an increase in the temperature, the region of the permissible
value of current density, at which high quality deposits are obtained, increases.

Current, mA

I M 1

" T T T T
0.0 0.2 0.4 0.6 0.8

Potential, V vs. Ag/AgCl
Fig. 1. Polarization curves of rhenium obtained from sulfuric acid electrolytes at different temperatures 1-25
°C, 2 - 45 °C, 3-75 °C, 4-90 °C. Electrolyte composition (mol/l): 3.5 103 KReO, +2.0 H,S04;
pH=0.4; V=0.005 Vs™

However, an increase in the electrolyte temperature accelerates the electrodeposition of
rhenium to varying degrees depending on the value of the cathode potential. Thus, if the limiting
current at a temperature of 25°C appears at a potential of + 0.20 V, then at 90°C it reaches its
maximum value. When studying the effect of the potential sweep rate on the process of rhenium
deposition from a sulfate electrolyte, it was found that the limiting current is of a diffusion nature.
To confirm these results, as well as to more accurately determine the value of the potentials
corresponding to different stages of the electrode process, the nature of polarization in individual
sections of the polarization curves was determined using the temperature-kinetic method. To
determine the type of polarization, i.e. the nature of the slow stage that determines the rate of the
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electrode process, the Igik—}./l. dependence was plotted based on the data in Fig. 1 (Fig. 2). As can

be seen, in the Igik—% coordinates (Fig. 2) a linear dependence is observed and the slopes is not
the same. Then the effective activation energy was calculated, which changes similarly. According

A
to the equation lgik = const-———** _ and by the slope of straight lines Igik - , the Aeff value
f 9 2,303RT y P g g %

was determined graphically. The dependence of the Aeff values calculated by this method on the
electrode potential is shown in Fig. 3.
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Fig. 2. The dependence of current density on temperature for rhenium at different potentials 1-0.02;
2-0.05;3-01;4-0.15;5-0.2; 6 -0.25V. Electrolyte composition (mol/l): 3.5 10
KReO4 +2.0 H,SO4; pH=0.4
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Fig.3.The dependence of effective activation energy (Aeff) on E

The data shown in Fig. 3 show that with a change in the cathode potential, the effective

activation energy first increases, then decreases sharply, and then increases again. At low
polarization values, the sharp acceleration of the electroreduction process is mainly associated with
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an increase in the activity of the reducing metal ions in the solution, i.e., the usual acceleration of
the chemical reaction with an increase in temperature takes place.

The established pattern allows us to conclude that at cathode potentials up to 0.05 V, the
process of rhenium electrodeposition from sulfate electrolyte is accompanied mainly by chemical
polarization, and then at 0.05 — 0.15 V, the process is controlled by mixed kinetics. The small value
of the effective activation energy in cathode potentials and its insignificant independence from the
potential show that in this case the rate of the cathode process is limited only by the diffusion of the
discharging ions to the cathode surface, i.e. by a decrease in the concentration of the discharging
ions at the electrode surface. The results obtained allow us to believe that the rate of the cathode
process at the initial stages is limited by chemical difficulties and is determined by diffusion only in
the limiting current zone. Also, to identify the reasons that complicate the electrode process of
rhenium deposition in the studied electrolytes, the effect of the potential sweep rate on the nature of
polarization was studied, which is shown in Fig. 4. As can be seen from the figure, an increase in
the potential sweep rate accelerates the rhenium deposition process to varying degrees. At a
potential sweep rate above 2 mV/sec, the deposition process rate increases, and at sweep rates
below 2 mV/sec, an insignificant increase in the previous current is observed. At high potential
sweep rates, the process is limited by diffusion polarization, since the dependence is linear (Fig. 5).
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-400_} ;//
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-600_]
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Potential, V vs. Ag/AgCl
Fig.4. Polarization curves of rhenium from sulfuric acid electrolytes at different potential sweep rates 1-
0.005, 2 - 0.04, 3— 0.08, 4—0.1. Electrolyte composition (mol/l): 3.5 10-*KReO, +2.0 H,S04;
pH=0.4; t=75°C
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Fig. 5. Dependence of peak current on square root of potential sweep rate
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Thus, based on the experimental data, the optimal mode was found, the kinetics and
mechanism of rhenium electrodeposition from a sulfate electrolyte were studied, and the following
electrolyte composition (mol/l) is recommended: Electrolyte composition (mol/l) 3.5 10 KReO,
+2.0 H,S04; pH=0.4 ; V=0.005 Vs t=75°C.

2. Cathodic polarization during electrodeposition of molybdenum from a sulfate
electrolyte.

There are very few works dedicated to the molybdenum electrodeposition. The authors of
[10-15] conducted experiments on molybdenum electrodeposition from a sulfite electrolyte. It was
established that the most favorable environment was sulfuric acid. The electrolyte has the following
composition (mol/l): 1.5 10° Na,MoO, + 1.23 10 H,S0,. The present work was carried out in
order to clarify the possibility of obtaining Mo nanocoatings from a sulfate electrolyte. Cyclic
polarization curves of molybdenum from a sulfate electrolyte were recorded at different
temperatures (Fig. 6). Electrolysis was carried out at a temperature range of 25-90°C. It was found
that with an increase in temperature, the reduction of molybdenum accelerates. To determine the

polarization nature, the dependence between Igix - }./rwas studied. As can be seen from Fig. 7, a

linear dependence is observed between Igik— % and the slopes are not the same. Then, the

effective activation energy was calculated, the data for which are presented in Fig. 8. As can be seen
from the figure, in the potential range from +0.02 to —0.12 V the value of Aeff decreases slightly
and is 30-20 kJ/mol and depends little on the polarization potential, which corresponds to the
chemical nature of polarization. Thus, rhenium and molybdenum are deposited from the specified
electrolyte by different polarization natures and the most favorable electrolyte for the
electrodeposition of both components is sulfuric acid.
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Fig.6. Polarization curves of molybdenum from sulfuric acid electrolytes at different temperatures 1-
25 €, 2-45 €, 3-75 €, 4-90 €. Electrolyte composition (mol/l): 3.5 10° KReO, +2.0
H,SO4; pH=0.4; V=0.005 Vs
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Fig.7. Current density as a function of temperature at different potentials: 1- (=0.02); 2- (—0.05); 3- (=0.1);
4- (—0.15); 5- (—0.18) V. Electrolyte composition (mol/l) 1.5 107 Na,MoO, + 2.0 H,SO,; pH=0.4
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Fig.7. Dependence of current density on temperature at different potentials: 1- (=0.02), 2- (—0.05); 3-

(—0.1); 4- (—0.15); 5- (—0.18) V. Electrolyte composition (mol/l) 1.5 10 Na;MoO4 + 2.0 H,SO4;
pH=0.4
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Fig.9. Polarization curves of molybdenum from sulfuric acid electrolytes at different potential sweep rates.
Electrolyte composition (mol/l): 1.5 10 Na,MoO, +2.0 H,SO,; pH=0.4; 1 — 0.005Vs™, 2 — 0.02 Vs'
1,3-0.06Vs'4-0.1Vs'=75°C.
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Fig.10. Dependence of peak current on square root of potential sweep rate. Electrolyte composition (mol/l):
1.5 10°° NayMoO, + 2.0 H,S0,

Conclusion

1. As shown by the experiments, temperature has a significant effect on the rate of the
studied process . As temperature increases, the rate of rhenium electroreduction increases, which is
accompanied by an increasing wave height.

2. Based on the results, it can be concluded that rhenium electrodeposition from a sulfate
electrolyte is accompanied mainly by chemical polarization.

3. The effect of the potential sweep rate on the cathode process was studied. The effect of
the potential sweep rate on the nature of polarization shows that an increase in the potential sweep
rate accelerates the molybdenum deposition process to varying degrees.

4. Thus, based on the experimental data, the following electrolyte composition is
recommended for obtaining thin rhenium and molybdenum coatings (mol / I):

a) Electrolyte composition for rhenium (mol / 1): 3.5 10 KReO, + 2.0 H,SO4; pH = 0.4; V
=0.005V st =175 °C., electrode - Pt.

b) Electrolyte composition for molybdenum (mol/l): 1.5 10° Na;MoO, +2.0 H,SOy;
pH=0.4; V=0.005Bc™ t=75°C electrode — Pt.
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XULASO
SULFAT ELEKTROLITINDON RENiUM VO MOLIBDENIN ELEKTROSALINMASINDA
KATOTUN QUTBLOSMOSI
Salahova E.A., Tagiyev D.B., Kalantarova P.E., Ibrahimova K.F., Olizads Y .E.,
Cabbarova I.I., Hactyeva K.I., Heybatova O.F., Xankisiyeva N.N.

Acar sozlar: renium, molibden, nazik értiiklar, elektrokimyavi ¢cokmoa, arintilor, corayan sixlig

Renium va molibden ionlarmin sulfat elektrolitlorindon katodik elektrovossant zamani corayanin
gorginlikden asililiginin dyronilmasi asasinda renium vo Molibdenin ¢6kma sortlori miloyyon edilmisdir.
Elektrolitdeki komponentlarin torkibi, corayan sixligi, temperatur, mohlullarm tursulugu, ortiiklorin torkibi va
keyfiyyoti kimi miixtolif amillorin tosiri Oyronilmigdir. Potensial tarama siiratinin sulfat elektrolitindon
renium ¢okma prosesina tasirini dyroanarken, mohdudlasdirict corayanin diffuziya xarakteri dasidigi askar
edilmisdir. Siilfat elektrolitindon Molibdenin elektroteziyasi prosesinin osason kimyovi qiitblosmo ilo
miisayiot olundugu miioyyan edilmisdir. Potensial tarama siiratinin molibden istehsalinin katod prosesina
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Cathode polarization during rhenium and molybdenum electrodeposition from sulfate electrolyte

tasiri Oyronilmigdir. Potensial tarama siiratinin qiitblogsmonin tabistine tasirini dyronarken, potensial tarama
siiratinin milayyan doracade artmasi Molibdenin ¢okmo prosesini siirotlondirdiyi aydin olur. Eksperimental
molumatlar asasinda renium vo molibdendon nazik ortiiklor olde etmak {igiin elektrolitin optimal rejimi vo
torkibi miioyyon edilmisdir

PE3IOME
NOJAPU3BALINSA KATOIA MPU DJIEKTPOOCAXKIAEHUU PEHUSA U MOJIMBJIEHA
U3 CYJb®ATHOI'O 2JIEKTPOJIUTA
Canaxosa 3.A., Tazues /I.b., Kanaumapoea I1.3., Hopacumosa K. ®., Anuzaoe Hha.,
/icaboaposa H.U., I'aoncuesa K. U., I'eiibamosa A.D., Xankumuesa H.H.

Knrwouesvie cnosa: penuti, Moauboen, monKue noKpblmus, 21eKmMpOXUMULECcKoe 0caxrcoeHue, cniagyl,
NJIOMHOCMb MOKA

Ha ocHoBe u3yueHus 3aBUCUMOCTH TOKa OT HAIIPsDKEHUS NPH KATOIHOM 3JIEKTPOBOCCTAHOBIEHUU
HOHOB PEHUS U MOJIMOIeHA U3 CYIb(ATHBIX 3IEKTPOIUTOB ObUIN YCTAHOBIICHBI YCIOBUS OCaXKACHUS PEHUS U
MonuOaeHa. Bpulo n3ydyeHO BIMSHHME pa3IMYHBIX (PAKTOPOB, TAKMX KaK COJEpKaHUE KOMIIOHEHTOB B
3JIEKTPOJIUTE, TUIOTHOCTh TOKa, TEMIlepaTypa, KUCIOTHOCTh PacTBOPOB, HA COCTaB M KAa4EeCTBO MOKPHITHI.
[Ipy u3yyeHrnn BIUSHUS CKOPOCTH Pa3BEPTKU MOTEHLMAIA HA MPOLECC OCAKICHUS PEHHS U3 Cylb(aTHOro
3JIEKTPOJINTA OBIJIO YCTAHOBJIEHO, UTO MPEENIbHBIN TOK UMeeT An((Py3HOHHYIO IPUPOAY. Y CTAHOBJICHO, YTO
MPOIECC DJCKTPOOCAXKICHHS MOJHOACHA M3 CYIb(PAaTHOTO DIIEKTPOIUTA CONPOBOXKIACTCS B OCHOBHOM
XUMHUYECKON monsgpuzanueil. V3ydeHo BIMsSHUE CKOPOCTH Pa3BEPTKM MOTEHLMAa Ha KAaTOTHBIA Ipoliecc
noimydeHus: MoiubaeHa. [lpu wn3yueHMM BAMSHUS CKOPOCTH pa3BepTKH MOTCHHUATIA Ha XapakTep
MOJIIPU3AIIH CTAHOBUTCS SICHO, YTO YBEIMUEHHE CKOPOCTH pa3BepTKU MOTEHIMANa B TONW WX WHOW CTENeHU
YCKOpPSIET TPOLIECC OCaKAEeHUs MonnOneHa. Ha ocHOBe 3KCIepHMEHTaNbHBIX JAHHBIX OBUIM OIpeaesieHBI
ONTUMAJIBHBIM PEKUM U COCTAB 3JIEKTPOIUTA AT [TOIYYEHHUsS] TOHKUX MOKPBITUH U3 PEHUS U MOJIHOAeHA
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The article presents the creation of a new generation of high-performance composite materials using
high-density polyethylene (HDPE) as a matrix and natural local mineral rocks as a filler. The goal is to
obtain new generation composite materials with high physical and mechanical properties. Thus, carrying out
research work towards the production of new generation composites with simple technology and low cost
due to processing is considered relevant, economically and environmentally beneficial.

To ensure conditions for the fusion of the polymer matrix and mineral rock with each other and
achieve parameters characteristic of high performance indicators, a sizing agent synthesized in the
laboratory is included in the composition of the filled system.

Introduction

One of the advanced directions of modern science and technology is to obtain polymer
composites with complex properties by mixing two or more polymers. The application of fillers to
the acquired system and, as a result, the acquisition of a newer type of material is considered
progressive. Currently, there is increasing interest in composite materials based on polymer matrix
and small particles. Thus, they have the possibility of wide application in various fields, from
catalysis to modern information technology, as well as chemistry, physics and material science.

The development of scientific research on the study of particles with different natural
mineral composition as a filler has led to the achievement of polymer composites with many
characteristic physical-mechanical and operating properties. Such materials have properties such as
high thermal and electrical conductivity, magnetization, shielding of ionizing rays.

Currently, a number of scientific research works are on the agenda with relevance. One of
such researches is the researches observed with the formation of a synergistic effect by combining
them with each other for the purpose of saving the amount of raw materials with the polymer
mixtures used, increasing the properties of a number of the polymers used. In this way, the purchase
of quality material is achieved. One way to create polymer composites with high physical and
mechanical indicators is the formation of a synergistic effect with the integration of the participating
polymer mixtures, in other words, complete packing. The nature, structure, origin and similarity of
the polymers participating in the system are important factors for their compatibility with each
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Production of new generation composite materials based on high- density polyethylene
and “artesian clay” and the effect of appret

other. The study of a number of physical-mechanical properties of the composites (PE-PP),
(PE:PVX) and (PE-PS) obtained on the basis of the systems selected by the annealing of polymers
and obtaining a homogeneous mass is of theoretical and experimental scientific interest. [1-3].

An appret is added to the composite in order to increase the cohesiveness of the matrix and
the filler and also to improve the properties of the composite. It was determined that when an appret
is added to the system, depending on its composition and properties, a synergistic effect is observed
in the composite.

The nature of the filler is the main factor for the formation of polymer-filler adhesion. Thus,
as a result of scientific research on the study of dispersed particles as a filler, it was found that
precisely as a result of adding a filler to the composite, it was possible to obtain polymer composites
with many specific operating properties and high parameters. Such materials have properties such
as high thermal and electrical conductivity, magnetization, shielding of ionizing rays.

Purpose of work:

In every scientific research, there is a certain essence to achieve the set goal. The purpose of
conducting the research is to obtain polymer composites with high properties and to achieve a wide
range of practical use of the obtained products. In this regard, high pressure polyethylene was taken
as a polymer matrix and filled with selected natural rock. Samples of different proportions of the
mixture of two components were taken and their physical and mechanical indicators were
determined. In order to achieve higher results, an appret synthesized in the laboratory was added to
the composite.

Setting the issue:

The properties of polymer composites filled with dispersed fillers depend on various factors
- the dispersion property of the filler, different mass % ratios of the components that make up the
composite, the adhesion force between the polymer matrix and the filler, as well as the degree of
distribution of the filler in the polymer. The research was carried out according to the mentioned
indicators.

It is known from various literature sources that in order to achieve the obtained results with
high indicators, it is necessary to add appropriate components to the system. In this regard, epoxy
resin and a number of appropriate polymer-containing matrices are available [1].

Filled systems are characterized by a number of superior features. It is practical to obtain a
competitive material with ecologically clean, high physical-mechanical strength properties [2].

Problem solution:

Taking into account the above, positive results were obtained in the research work.

High-pressure polyethylene (HDPE) was used as the matrix, and "Artesian clay" of the
Southern region was used as the filler. A copolymer of maleic anhydride synthesized in the
laboratory with acrylic acid was used as an appret.

HDPE is distinguished by a number of properties, such as low average molecular weight,
relatively low crystallinity and density. It is used for the purpose of stabilization of nanoparticles,
which are active particles, in the preparation of polymer composites with different composition and
inclusion of metal oxide nanoparticles as a filler. In general, polyolefins have a number of
advantages, such as being able to work in a wide range of temperatures, easily obtained,
environmentally friendly and safe, cheap, etc. characteristics expand their fields of use [3].

Appret is used in order to facilitate the bonding between the polymer and the filler and also
to obtain a composite with high physical and mechanical indicators.

Practical part:

For hundreds of years, by the employees of the "Recycling and Ecology of Polymer
Materials" laboratory No. 2.11 of the Institute of Polymer Materials of the Ministry of Science and
Education, compositions based on polyolefins and mineral fillers were prepared, and copolymers
synthesized in the laboratory were included in the system in order to improve the properties by
taking composites in various proportions [5] .
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"Artesian clay": both the mineralogical and chemical composition of the mineral are
presented in the following tables.

Table 1.
Mineralogical composition of samples, -%
SiO, Feldspar CaCO;, Illite | Caolinite Mont Fe,O4 volcanic ash
quartz (carbit) morillonite
30 15 8 6 6 20 5 10
Table 2 .
Chemical composition of samples, -%
Na,O MgO A|203 SIOZ P,Og | SO3 K>,O | CaO TIOZ MnO | Fe;,O3 | CT YTI
1.3 28 | 1539 | 57.05| 001 | 0.01 | 24 | 6.27 | 0.69 | 0.01 | 583 | 0.1 8.2

*Note: YTI - 950"C indicates the amount of volatile components.

Judging by the composition of the mineral, in addition to SiO2, Al203, Ca0, Fe203, MgO,
K20 are the majority.

The demand for fillers is related to their dispersion, resistance to the external environment,
compatibility with the polymer matrix, low cost, environmental friendliness and safety.

Preparation of composite samples:

After choosing the direction of scientific research, work was carried out to determine the
various properties of polymer composite samples.

The polymer- is high-density polyethylene (HDPE) grade 17803-015.

Filler - “Artesian clay” from the southern region.

Physical and mechanical characteristics of the obtained samples:

Table 3.
Ne Components, Tensile force Relative extension,
c% 6, MPa €, %
1. HDPE-100 10.7 44
2. HDPE-70 7.6 20
Filler-30
3. HDPE -60 7.7 22.5
Filler -40
4. HDPE -50 10.6 22.0
Filler -50
5. HDPE -40 10.0 17.0
Filler -60
6. HDPE-30 11.0 4.0
Filler -70

Experimental part:

Natural rock brought in solid state in the form of a large mass is crushed. It is ground in a
laboratory mill, then dried in a drying oven at a temperature of 350-4500C. After drying, it is passed
through a 106 pm sieve. The sifted dispersed sample is mixed in a roller for 20-25 minutes and the
homogeneous mass is kept under the press for 10-15 minutes. The obtained sample is shaped into a
shovel with a special knife according to the standard.

The physical and mechanical parameters of the obtained composite samples are presented in
table-3 above. Looking at Table 3, the ratio of the components that make up the sample composite
with the value of the tensile strength limit of the sample is relatively high is HDPE-30 and filler-70
mass %. Thus, when the ratio of components is 30/70 wt.%, the limit of tensile strength is 11.0.
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(6=11.0 MPa). Therefore, the sample with a small amount of polymer (30 wt. %) and a large
amount of filler (70 wt. %) has a higher strength.

This means that a synergistic effect occurs when the polymer-filler cohesion is higher. The
value of the relative elongation at break is also similar with the same ratio of components.

Polymer — high-density polyethylene (HDPE) - grade 178030-015

Filler - “Artesian clay” from the southern region.

Apprete -is a copolymer of maleine anhydride with acrylic acid.

Physical and mechanical characteristics of the obtained samples:

Table 4
Tensile force, Relative extension,
Ne Components, % o, MPa & %
1. HDPE -70
Filler -30 11.0 65
Apprete-3
2. HDPE -60
Filler -40 115 47
Apprete -3
3. HDPE-50
Filler -50 13.4 24
Apprete -3
4, HDPE-40
Filler -60 145 21
Apprete -3
5. HDPE-30
Filler -70 15.9 18
Apprete -3

An appret is added to the composite both to improve the adhesion between the filler and the
matrix, and to achieve high physical and mechanical properties. The resulting appret is a copolymer
of maleic anhydride with acrylic acid. When appret is introduced into the system, a rise in a number
of properties is observed.

As can be seen from Table 4, the value of the tensile strength limit of the composite sample
gets the highest value - 15.9 MPa (6=15.9 MPa) when the ratio of components is HDPE-30 and
filler-70 mass %. Apprentice is up to 3 mass % in any ratio of composite samples. The value of the
relative elongation at break also varies according to the values of the ratio of components. So, as
can be seen from both tables, as the amount of filler increases and appret is added to the system, the
value of this indicator decreases. This is explained by the fact that the filler and appret increase the
strength of the composite.

Conclusion

Composites based on high pressure polyethylene (HDPE) and mineral filler in different
mass % ratios were obtained. Samples were taken in different proportions of the components that
make up the composite and their physical and mechanical indicators were determined.

As a result of the research, we can say that the proportion of components of composites with
more profitable and higher properties is HDPE-30 blunt. % and filler-70 cu. % are composites
corresponding to the amount. The high result is also relevant for composite samples with appret.
Regardless of the ratio of components, the appret was taken in the amount of 3-5% by mass.

Based on the comparative analysis of the conducted researches, it is possible to come to the
conclusion that the new system of polyolefins filled with natural minerals can be used to obtain
high-quality composite materials due to the nature of the components included in the composition,
their physical and mechanical properties. One of the main factors in achieving the set goal is to
obtain a higher quality target product with high physical and mechanical indicators as a result of
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obtaining a homogeneous mass by creating favorable conditions for complete fusion with the
presence of appret in the composite.

Since the physical and mechanical indicators of the composites obtained with the
participation of appret have a higher value, it is recommended to use them in the relevant fields of
industry and technology, in the preparation of construction materials [8].

The presented scientific research work is considered economically and ecologically
favorable.
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XULASO
YUKSOK TOZYIiQ POLIETILENI VO “ARTEZIAN GILi” 9SASINDA YENI NOSiL KOMPOZIT
MATERIALLARIN ALINMASI VO APPRETIN TOSiRi
Cofarov V.C., Olimirzayeva N.O., Musayeva G.H.,
Moanafov M.O., Xalilova S.M., Racabova M.C.

Acar sozlar: yiiksak tozyiq polietileni, tabii mineral siixur, appret, polimer kompozit, dartilmada
mohkamlik haddi (o), qurilma zamani nisbi uzanma (g)

Moqalads moatris kimi yiiksok tazyiq polietilenindon (YTPE) va doldurucu kimi tobii yerli mineral
stixurlardan istifads edilmoklo yiiksak istismar gostaricilorina malik yeni nasil kompozit materiallarinin
yaradilmasi toqdim edilir. Magsad yiiksak fiziki-mexaniki xassolora malik yeni nasil kompozit materiallarin
alinmasindan ibaratdir. Belo ki, sado texnologiyaya moxsus, eloco do asagi maya doyorli yeni nosil
kompozitlerin tokrar emal yolu ilo alinmast istigamstinds todqiqat islerinin yerins yetirilmasi aktual sayilir,
iqtisadi vo ekoloji cohatdon slverisli hesab edilir.

Polimer motrisin vo mineral siixurun biri-biri ilo uyusmasi soraitinin tomin edilmosi vo yiiksok
istismar gostoricilorino xas olan parametrlorin alinmasina nail olunmast magsadi ilo laboratoriya soraitindo
sintez olunan appret doldurulmus sistems daxil edilir.
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PE3IOME
MNOJYYEHUE KOMITIO3UIIUMOHHBIX MATEPUAJIOB HOBOT'O NIOKOJEHUS HA OCHOBE
MOJINAITUJIEHA BBICOKOI'O JIABJIEHUSA U «APTESUMAHCKOM I''TUHbI» U BIUSTHUE
AIIMTPETA
Jorcaghapos B./[nc., Anumup3zoeséa H.A., Mycaesa I'.X.,
Managpoe M.A., Xanunoea C.M., Paorcabosa M./ ]c.

Knrouesvie cnoesa: nonusmunen evicokoeo oaesnenus (II9BI]), npupoounas munepanrvhas nopood,
annpem, NOIUMEPHbIL KOMNO3um, npeden NpoyHoCmu (G), OMHOCUMENbHOe
VOIUHEHUe npu paspulee (€)

B crarbe npezcTaBieHo co3gaHME HOBOTO MOKOJICHUS! KOMIO3HLIMOHHBIX MAaTEpPHaOB C BBICOKMMHU
IKCIUTYyaTAIIHOHHBIMU XapaKTEPUCTHUKAMHU C WCIOJIh30BAaHMEM MOJIMATHIICHA Bhicokoro nasienus (UTIID) B
KayecTBE MaTpHLbl W TPUPOJIHBIX MECTHBIX MHHEpPAIbHBIX IMOPOJA B KadecTBe HamojHuTens. lLlenbro
SBISIETCS.  TOJIyYeHHE KOMIIO3WIMOHHBIX MAaTepUalloB HOBOTO TOKOJICHHSI C BBICOKUMH (DH3HKO-
MEXaHWUUECKUMH cBoiicTBamMu. TakuMm 00pa3oM, BBINIOJHEHUE HAyYHO-HUCCIIECIOBATEILCKAX padboT B
HATpaBJICHUM TIOJYYCHHS KOMIIO3MTOB HOBOTO TIOKOJICHHMS C TIPOCTOW TEXHOJOTMEeW W HU3KOH
ce0eCTOMMOCTBIO 32 CUET MepepabOTKH CYUTACTCS aKTyalTbHBIM, SKOHOMUYECKH U SKOJIOTHUECKH BBITOTHBIM.

Jnst obecriedeHns yCIIOBUH CIUIABICHHS TTOJHMEPHON MaTpPHUII U MUHEPAJbHON TOPOIBI MEXKIY
cO0OM M JIOCTHIKCHUS MMapaMeTPOB, XapaKTEPHBIX JJIs1 BBICOKHUX DKCILTYyaTAIIMOHHBIX MOKa3aTeNei, B COCTaB
3aIOJTHIEMOM CUCTEMbI BKITIOYAIOT CHHTE3WPOBAHHBIN B TAOOPATOPHBIX YCIOBHAX aIllpeT.

Daxilolma tarixi: [lkin variant 25.06.2024
Son variant 05.08.2024
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Anilin vo onun homologlarinin spirtlor vo olefinlorls alkillosms reaksiyasii iki moagsodls
hayata kecirmislor. Birinci mogsad aromatik aminlorin N- vo N, N- alkil toromslarini, ikinci halda
is9 anilin niivesinds avazetma yolu ilo onun karbona gore alkil téromalorini almaq ti¢lin. Hor iki
sinif birlosmoalor qiymatli yarimmohsullar oldugundan, onlarin hor birini ayrica vo ya hor ikisini
eyni vaxtda sintez etmok iiglin ¢oxsayli cohdlor olmusdur. Onu da geyd edok ki, bu todqiqatlarda
istiinliik spirtlora verilmis vo katalizator kimi miixtolif birlosmolordon istifado edilmisdir. N-
etilanilin qiymatli boyag, N, N-dietilanilin iso polimerlogsmo reaksiyalarinda birgs katalizator rolunu
oynayir [1]. 2.6-dietilamin butaxlor herbisidinin sintezinds araliq madde kimi gotiiriiliir.

Zorif lizvi sintezdo katalizin istifado edilmosi qiymatli lizvi birlosmalorin, prinsipco yeni
texnologiyalarin yaradilmasina imkan verir. Bu baximdan 2.6-dimetilanilinin yiliksok selektivliys
malik olan sintez metodunun yaradilmasi genis cesidli bioloji aktiv birlosmolorin, o ciimlodon
dorman preparati, analgetik vo kardioaktiv vasits kimi istifads olunan “Lidokain”in va sistemli tosiri
olan yiiksok effektli “Ridomil” fungisidinin alinmas: ii¢lin boyiik shomiyyat kasb edir. Bu sahada
dorc olunmus islor [2, 3] do dediklorimizi oyani gostorir.

2.6-dimetilanilinin alinmasinda yarana bilocok ekoloji vo texnoloji problemlori hall etmok
iiciin Boldireva M.E. [4] miivafiq fenolun ammonyakla reaksiyasini toklif etmis vo miisbat natico
oldo etmisdir. Bu zaman niivadoki digor ovazloyicilor qalmaq sorti ilo hidroksil qrupu amin qrupu
ilo ovoz olunur. ik &ncs o, karbon dasiyicisi iizorine hopdurulmus palladium katalizatorunun alinma
tsulunu isloyib hazirlamig, daha sonra elektron mikroskopiya, elektron zond, cive parometriya,
adsorbsion metodlar totbiq etmoklo katalizatorun qurulus gostericiloring, aktivlik va selektivliyina
tosirini Oyronmisdir. Katalizatorun optimal torkibinin 0.5% Pd/C oldugunu miiayyan edon miisllif
karbon dastyicisinin “sibunit”, palladiumun aktiv laymin iso 150 mkm qalinliginda mévcudlugunu
da vurgulayir. Hidrogen istiraki ilo 2.6-dimetilfenolun 2.6-dimetiltsikloheksanona vo 2.6-
dimetiltsikloheksanola ¢evrilmo reaksiyalarimin qanunauygunluglarini todqiq etdikdon sonra
Boldireva prosesin donon oldugunu da qeyd edir. Hidrogen vo Pd/C istiraki ilo 2.6-
dimetiltsikloheksanonun ~ ammonyakla qarsiligli  tesirindon  2.6-dimetilanilin =~ vo  2.6-
dimetiltsikloheksilamin iki paralel marsrut tizro alinir. Onlarin omologolmo siiratlorinin nisboti
prosesin temperaturundan, hidrogen vo ammonyakin parsial tozyiqlorindon asilidir. Reaksiya
zamanit omolo golon 2.6-dimetiltsikloheksenamin dehidrogenlosmo naticosindo  dimetilamino
cevrilir.
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Tarkibinda 0.5% Pd olan y-Al,O3 katalizatoru istiraki ilo 3.5-dimetilfenolun gaz fazada
aminlosmo reaksiyasi ilo 3.5-dimetilanilinin alinmasina nail olan Cin alimlori [5] optimal texnoloji
rejimi do agiglamislar (T-250°C, 3.5-dimetilfenol: Ha:NHs=1:10:10mol/mol/mol). Miisyysn edilmis
soraitdo 3.5-dimetilfenolun konversiyasi 90%, alinan mogsadli mahsulun ¢iximi iso 75% toskil edir.

Cin alimlori [6] anilinin metil va etil téromalari ils yanasi, izopropil homologlarini da almagi
qarsilarina mogsad qoymus vo ona nail olmuslar. Molekulyar sloklor (HWC-3) istiraki ilo 615-640
K temperaturda, 0,1-0,5 MPa tozyiqde vo verilon xammalin 1,0-1,5 st hocmi siirstindo anilini
izopropanolla alkillosdirdikds onun birdsfalik konversiyast 19% va izopropilanilino gors selektivlik
94% toskil edir. Alinan magsadli mohsulun doqiq fraksiyalasma vo azeotrop distillo tisullar ilo
tomizlonmaosi prosesin digor iisullardan forqli olaraq daha effektiv vo ekoloji tomiz olmasina gotirib
clxarir.

Anilinin propanolla alkillosmo reaksiyasi atmosfer tozyiqinds ionu ovoz edilmis osasi (Li,
Na, K, Ca, Sr vo Ba) seolitlor istiraki ilo dyronilmis vo reaksiyanin karbon vo azota goro paralel
alkillosmo mexanizmi iizro getdiyi miioyyon edilmisdir. Todqgiqatcilarin [7] fikrinco osas mohsul o-
izomerdir, lakin seolitin osasiliyi artdiqca N-alkillosmonin selektivliyi artmaga baslayir. Digor isdo
2-metilanilinin metanolla alkillosma reaksiyasindan bir sira maddslorin alindig: bildirilir. Onlara N-
metiltoluidini, 2.6-dimetilanilini, N.N-dimetiltoluidini, 2.4.N.N-tetrametilanilini va 2.4.6-
trimetilanilini misal gostormok olar. Bu todqiqatgilarin fikrinco 2-metilanilindon alinan 2-, N-
dimetilanilin sonra molekuldaxili izomerlogorak 2.6-dimetilanilino ¢evrilir. N-metilanilini anilin vo
metanol asasinda almaq ti¢iin digor tadqiqatgilar [3] katalizator kimi Mg,P,07 toklif etmislor. 350°C
temperaturda anilinin konversiyast 45%, alinan moqgsodli mohsulun selektivliyi comi 68% vo
katalizatorun sabit is miiddati ¢ox olmur (50 saat).

Cin alimlari [8] CuO-ZnO-Al,03 katalizatoru istiraki ilo anilinin izopropanolla alkillogsmo
reaksiyasi ilo N-izopropilanilinin selektiv sintezino nail olmuslar. Digor alimlor [9] bu reaksiyada
Zn1 xNixFe,O4 katalizatorunun selektiv xassalarini miioyyan etmis, mono N-alkillosmanin x-in asagi
qiymatlorindo daha aktiv vo selektiv hoyata kegmosini gostormislor. Katalizatorun qurulusu ilo
katalitik xassolori arasindaki slagoni miioyyon etmays cohd gostoran bu alimlor kationlarin spinel
qofosdo paylanmasini asas gostarirlor.

Anilinin izopropanolla alkillosma reaksiyast HZSM-5 seolit istiraki ilo tofsilati ilo tadqiq
edilmigdir. Katalizatorun alinma tisulunun onun kézordilmo vo hidrotermal emali temperaturunun
(823-1123 K va 573-823 K), qurulusunun vo mosamolorin dl¢iilorinin anilinin konversiyasina vo
alinan mogsadli mohsulun (n-izopropilanilinin) selektivliyino tosiri Oyronilmisdir [10]. Bu
todqgiqatcilarin  dediyino goro katalizatorun Luis moarkozlori kdmokgi rolunu oynayir, anilin
niivasinds alkillogsma iso 9sason Brenstedin giiclii tursu morkozlorinds bas verir.

Aromatik aminlarin spirtlorls alkillogsma reaksiyasinda alkillogdirici kimi daha ¢ox metanola
miiraciat olunsa da, diger homologlarin (etil, propil, izopropil) alinmasinda etil, propil ve izopropil
spirtlori, hocminin propilendo gotiriilmiis, lakin effektiv katalitik sistemlorin iglonib
hazirlanmamasina goro vo miirokkeb texnologiyanin totbiqinin ¢atinliklori iiziinden bu istigamot
genis tadqiq olunmamisdir.

Ona goro do aromatik aminlorin Cy-Cs alkil téromolorinin effektiv alinma iisulunun
yaradilmast vo miikommal texnologiyanin islonib hazirlanmasi aktual olub, bu sahado c¢alisan
alimlorin vo todqiqat¢ilarin maraq dairesindadir.

2-metilanilinin 1-propanolla alkillosma reaksiyasinin todgiqatlarinda ilk mogsad daha
somarali katalizatorun secilmasi olmus vo bu istigamoatdo yering yetirilon tocriibolordo bork halda
olan bir sira katalizatorlar sinaqdan kegirilmisdir.

Tacriibalor torponmoz layli katalizatorlarla tochiz olunmus axan rejimdo isloyon reaktoru
olan laboratoriya qurgusunda aparilib. Katalizatorun hacmi 20 sm?, reaksiyanin miiddoti 1 saatdur.
Maye vo qaz halinda olan reaksiya mohsullarinin analizi xromatoqrafik yolla Xrom-5 vo Xromatek-
Kristal-5000 cihazlarinda hoyata kegirilib.
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Xromatoqrafik analiz zamani istifado olunan bork dasiyicilarin kimyovi, katalitik adsorbsiya
aktivliklorinin niimunodoki komponentlorin gostoricilorine monfi tosiri ehtimalin1 ovvolcodon
bildiyimizo goro inert dastyicilar (xromosorb W, xromoton v s.) secilmisdir. Alkilatlarin analizi
xromaton N-AW (Fr. 0.16-0.20 mm) tizorino 6.0% SE-30 (silikon elastomeri) hopdurulmus vo
Olgiilori 3,6 mmx4.0 mm olan xromatoqrafik kalona doldurulmus faza istiraki ilo aparilmisgdir.
Alovlu-ionlagdiriimis detektor olan halda analiz 80-180 °C temperatur hiidudlarinda temperaturun
8.0 °C/doq siirotlo artirilmast yolu ilo ovvelcodon programlasdirilmis rejime osason hoyata
kecirilmisdir.

Bork katalizatorlar kimi oksid vo seolit sistemlori gotiiriilmiis vo onlarin torkibi asagida

gostorilmisdir.
Misferrit katalizatorunda aktiv kiitlonin (CuFe;O4) payr 25.0 kiitlo%, vanadium-xrom-
aliminium katalizatorunun toarkibi kitlo % ilo V,05 - 3.0, Cr,03 - 7.0, Al,O3 - 93.0 olmusdur.

H-mordenitdo modul 22, pentasilds iso 40 toskil etmis, palladiumun hor iki seolitdoki qatiligr 1.0%
kiitla olmusdur.

2-metilanilinin 1-propanolla alkillosmo reaksiyasinda miixtolif katalizatorlarin aktivliyi
cadvalda verilir.

Alman naticalorin tohlilindon  goriintir ki, 2-metilanilinin  1-propanolla alkillosma
reaksiyasindan alinan osas mohsullara N-propil-2-metilanilin, 2-propil-6-metilanilin, 3- va 4-propil-
2-metilanilinlor, dipropil-2-metilanilin izomerlori aiddir. Katalitik alkillogsmo prosesinds bas veran
cevrilmoalori agsagidaki sxem il ifads eds bilorik.
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Temperatur vo reaksiyada istifado olunan ktalizatorun torkibindon asili olaraq 2-
metilanilinin 1-propanolla garsiligli tosiri amindoki azot (N-) atomuna vo niivadoki karbon (C-)
atomlarma goro bas verir. Temperaturun asagi qiymatindo (300°C) biitiin hallarda N-alkillosmo
istiinliik toskil edir. Asag selektivlik (53.0%) misferrit katalizatoru istirakinda yuxar1 selektivlik
(92.0%) iso vanadium-xrom-aliiminium oksid katalizatoru goétiirtildiikds sldo olunur.
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Cadval
Bozi katalizatorlar istirak: ilo 2-metilanilinin 1-propanolla alkillosmo reaksiyasinin
tadgiqinin naticalori. Reaksiya soraiti: 9= 1.0 st* = 1:3 mol/mol
Adi Katalizatorun adi
CuFe,0,- V,05-Cr,05- | H-mordenit Pd, H- H-pentasil | Pd-HSVM
Y-Al,O; Y-Al,O; mordenit

Temperatur, °C 300 300 300 300 300 300

370 370 370 370 370 370
2-metilanilinin 84.0 70.0 63.5 67.0 66.0 74.5
konversiyasi 100 98.5 98 100 100 100
Cevrilmis 2-
metilanilinogéra
hesablanmig
reaksiya
mohsullarinin
¢1ximi,
o climladon
N-propil-2- 92.0 53.0 80.0 85.0 78.0 80.0
metilanilin 30.0 7.0 3.0 2.0 2.5 -
2-propil-6- 55 40.0 10.0 9.5 12.0 10.0
metilanilin 56.5 80.0 76.0 65.5 56.0 42.0
4-propil-2- 8.0 4.0 15 2.0 4.0 3.0
metilanilin - 8.5 11.0 23.5 33.0 43.0
3-,  5-propil-2- - - - - 1.0 1.0
metilanilin - - 1.0 2.0 2.0 4.5
Dipropil-2- - 1.0 2.0 15 2.0 3.0
metilanilinlor 15 15 3.0 3.5 3.0 5.0
Digor mohsullar 1.5 1.5 3.0 1.0 2.0 2.0

2.5 2.5 4.0 1.5 2.5 3.0

Temperaturun artmasi N-propil-2-metilanilino goéro selektivliyi asagi salir. Pd-HSVM
istirakinda bu birlogsmo praktiki olaraq alinmir, CuFe;O4- YV-Al,O3 katalizatoru olan halda iso N-
propillosmonin payr 30%-0 qodor toskil edir. Misferrit katalizatorundan basqa digor katalitik
sistemlorin N-alkillogsmoys meyli 370 °C-do cox deyil. Cevrilmis 2-metilanilino géro hesablanmaosg
bu maddonin ¢iximi 2.0-7.0% olur. Temperaturun artmasi N-propillogsmonin siiratini azaltsa da, C-
alkillogmonin siirati kifayot qodor olur. Misferrit vanadium-xrom-aliiminium oksid sistemi vo H-
mordenit istirakinda ustiinliiyli orto-propillosma togkil edir vo bu maddoyo goéro reaksiyanin
selektivliyi miivafiq olaraq 56.5, 80.0 vo 76.0% olur. Pd, H-mordenit, H-pentasil vo Pd-HSVM
seolitlori istirakinda orto-propillogsma ilo yanasi, p-propillosmonin do pay artir. Belo ki, ¢evrilmis 2-
metilanilino gora hesablanmis 4-propil-2-metilanilinin ¢ixim1 Pd, H-mordenitds 23.5%, Pd-HSVM
oldugda 1so 43.0% toskil edir. Orto- vo para- izomerlorin imumi selektivliyino goldikds iso bu
gostarici 85.0-89.0% olur. Katalizatorlarda 3-propil-2-metilanilinin selektivliyi 1.0-4.5%toskil edir
ki, daha yiiksok notico Pd-HSVM seoliti gotiiriildiikdo oldo olunur. Katalitik prosesdo 2-
metilanilinin 1-propanolla ardicil alkillosmasina do rast golinir. Omala golon dipropil-2-metilaniling
gora selektivlik 1.5-5.0% haddinds olub, daha ¢ox palladium pentasil istiraki oldugda oldo olunur.
2-metilanilinin-1-propanolla alkillosma prosesinds o-toluidinin digar alkil homoloqlart da (masalon,
etiltoluidinlor) alinir vo onlarin ¢ixim1 temperaturun artmasi ilo yiiksolir.

Temperaturun artmasi digor mithiim gostoricini do yani 2-metilanilinin konversiyasini da
coxaldir vo bazi katalizatorlar (Pd-HSVM, H-pentasil, Pd, H-mordenit) istirakinda 100% edir.

Umumiyyatla, alman noticalor gdstorir ki, elektrofil ovozetma reaksiyalarmin, o ciimlodon,
alkillosmo proseslorinin asas qanunauygunluglart heterogen bork katalizatorlar sathinde do 6ziinii
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dogruldur. Protonlagsmig 2-metilanilin praktiki olaraq aromatik niivoys goro propillosmir,
metilaminin molekulyar formasi iso ¢ox giiman ki, sothdoki propilamid qruplarla qarsiligli tesirdo
olarag 2-metilanilinin o- vo p-propil izomerlorini omoalo gotirir. Katalizatorlar kimi seolitlori
saciyyalondiron cohot tursu morkozlorin kristallitin kanallarinda, hom do sothindo paylanmasidir.
Alman naticalarin tohlili gostarir ki, bu vo ya digar izomerlors vo izomer qarisiqlarina gora selektiv
alkillagsmonin tanzimloanmo qaydalarindan asili olub, orto-izomeri V,0s5-Cr,03- Y-Al,O3 katalizatoru
istirakinda 80.0%, para-izomeri Pd-HSVM Kkatalizatoru gotiiriildiikde 43.0% selektivliklo alinmaga
imkan verir.
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SUMMARY
STUDY OF THE CATALYTIC ALKYLATION OF 2-METHYLANILINE WITH 1-PROPANOL
Agaev A A., Alieva N.A., Shakhtakhtinskaya P.T., Turabkhanly S.E.

Key words: 2-methylaniline, 1-propanol, solid catalyst, alkylation, 2-propyl-6-methylaniline, N-

propyl-2-methylaniline.

The results of a study of the alkylation reaction of 2-methylaniline with 1-propanol in the
presence of solid catalysts, in particular CuFe,04Y-Al,O3, V,05:-Cr,0s: Y-Al,Os, H-mordenite, Pd-H-
mordenite, H-pentacyl, Pd-HCV M, are presented. It was shown that the alkylation of 2-methylaniline with 1-
propanol occurs at the nitrogen (N-) and carbon atoms of o-toluidine. At low temperatures (300 0C) N-
alkylation of the amine occurs. With increasing temperature, depending on the composition of the zeolite
catalyst, o- and p-alkylation increases with the formation of propyl homologues of 2-methylaniline.
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2-metilanilinin 1-propanolla katalitik alkillasmasinin tadgiqi

PE3IOME
HNCCIEAOBAHUE KATAJIUTUYECKOT'O AJIKWJINPOBAHUS
2-METHNJAHUWJINHA 1-TPOITAHOJIOM
Azaee A.A., Anuesa H.A., Illaxmaxmunckasn IL.T., Typadxanavt C.3.

Knrouesvle cnosa: 2-memunanunun, I-nponanon, meepovili Kamaiusamop, aIKUIUposanue,  2-
nponun-6-memunanunun, N-nponun-2-memunanunun.

IIpuBoasATCS pe3ynbTaThl UCCIEAOBAHNS PEAKIINH ANKIINPOBAaHUS 2-METHIAHWINHA |-TIpOTIaHOIOM
B PUCYTCTBHUHU TBEP/BIX KaTanu3atopoB B yacTHOCTH CUFe;04-Y-Al;,03,V,05-Cr,,03- Y-AlLO3, H-Mopaenur,
Pd-H-mopaenur, H-nenrarun, Pd-HIIBM. IToka3aHo, 4TO alKHJIHPOBAaHHE 2-METHIIAHIINHA |-ITPOMaHOIOM
npoucxonuT no asotHomy (N-) H yriaepoaHoMy atoma O-TonyuauHa. IIpu Huskux Temmeparypax (300 °C)
npuobnagaer N-ankunmnpoBanus amrHa. C pOCTOM TEMIIEpPAaTyphl B 3aBUCHMOCTH OT COCTaBa LEOIUTHOTO
Karajau3aTopa YCWIMBAaeTCS O- U M-aJKWIUPOBAaHUS C OOpa3OoBaHHWEM IMMPOMWIBHBIX T'OMOJIOTOB 2-
METHIAHUIHHA.

Daxilolma tarixi: [lkin variant 30.04.2024
Son variant 03.06.2024
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Cmamps nocéawjena memooy cunme3a YUKSeKCUNOBbIX IPUPOE HA OCHOBE CMECU JICUPHBIX U
CUHMEMUYeCKUX HeDMAHbIX KUCIOM 8 NPUcymcmeuu cemepo2enno2o kamanuzamopa T10,. Onmumanshule
YCNI08UA CUHME3A YUKIO2EKCUTIO8bIX IPUPOE U3YYEeHbl GIUAHUEM KOIUYeCm8d KAMAauuzamopda, MOAbHO20
COOMHOWEHUS UCXOOHO20 Cbipbsi U memnepamypul. B OanbHerwux ucciedosaunusx Ovliu onpeoeneHsl
noxasamenu CUHMe3UPOBAHHBIX YUKILIO2EKCUTIOBbIX IPUPOE AHATUMUYECKUMU U CHEKMPATbHbIMU MEMOOamU,
cocmaegnen MamepuanbHulil 6anianc npoyecca NONYYeHUs YUKIO02EKCUN08020 dQupa HA OCHO8e Cmecu
HCUPHBIX U CUuHmemudeckux Hegmauvix kuciom. llonyuennvie 3¢pupvl ObLIU UCHLIMAHBL @ Kayecmee
AACMUPUKAMOopa u H08020 AHMUOKCUOAHMA.

Beenenne. B nureparype npuBOANUTCS MHOXECTBO CIIOCOOOB MOJYyYEHHsI CIOXKHBIX 3(UpOB
OpPraHUYECKUX KHUCIIOT, TJIaBHBIM O0pa3oM >XUPHOro, Ha()TEHOBOTO M apOMAaTUYECKOIO psIOB,
KOTOpblE€ TPUMEHSIOT B KauecTBE pPACTBOPUTENEH, IIACTU(PUKATOPOB, AHTUOKCUIAHTOB,
nernpeccantos [1-3].

HccnenoBana KataauTH4ecKas akTUBHOCTb KUCIOT bpeHcTena B OTHOLICHUH STepUpHUKALIN
xupHbIX kucnor (OKK) mpu xomHatHOM Temmeparype. [IpumeudarenbHO, 4TO TeTepONOIUKHUCIOTA
H 3sPW1,04 (HPW) moka3ana o4eHb BBICOKYIO aKTHBHOCTH, O CPaBHEHUIO C KIACCHYCCKUMHU
KaTaJln3aropamMH, T.e. I -TOJYOJCYIb(OHOBas KHCIOTAa M CEpHas KUCIOTAa. BbIcOKkne BBIXOJbI
3TUIOBBIX 3(hupoB (okosno 90%) ObUIM JOCTUTHYTHI mocie 4-dacoBod peakuuu mpu 25°C B
peakuusix, katanusupyemblx HPW. Takke Ob110 HccnenoBano BiausiHue cnivpta U npupoasl JKK Ha
peakiuuio Bbixoa [4].

B nanHO# cTaThe uccieayeTcs noiaydeHne 3pupa STUICHTIMKOIb-Had TeHAT-TI-XJI0pOeH30aTa
Ha OCHOBE N-XJIOPOEH30MHOM KUCIOTHI U 3THieHrMkoneBoro 3¢upa [THK (B nmepecuere Ha 2% no
Macce XJIOpOEH30MHON KHUCIIOTHI) ¢ BbIXoZoM 85% mpu temnepatype 110-120°C B Teuenue 5-6
YacoB B TMPUCYTCTBHM KaTaiau3aropa — IEpXJIOpaTHOW KHUCIOTHl M CHHTE3UpoBaHue 3(pupa
ATWJIEHIIMKOJIb-Ha(TeHaT-a-Ha TUIIaIleTaTa Ha OCHOBE MOHOATHIeHIIHKoJieBoro 3¢upa [THK u a-
HaTUIYKCYCHOU KUCIOTHI (2% OT Macchl a-HaTUIYKCYCHOU KUCIOTHI) ¢ BbixoaoM 80% mpu 110-
120°C B TeueHue 6-7 yacoB B NPUCYTCTBUM KaTaau3aTopa — MEPXJOPAaTHOM KHUCIOTHL. Dusnko-
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Hccneoosanue YUKTIOCEKCUIOBbIX 34)14}906 HA OCHOBE CMeCU HCUPHbLX
U CuHmemu4ecKux Hegbm}ZHblx Kucaom

XMMHAYECKHE TI0KA3aTeld CHHTE3WPOBAHHBIX J(PHUPOB OMNpEACTICHbBl W HICHTH()UIUPOBAHBI
CHEeKTpalbHBIMU MeToAaMu. CHHTe3upoBaHHbIE AGUPHl ObUIM MPOTECTUPOBAHBI HAa MPEIMET
YIY4YIICHUS. TEPMOOKHCIUTEIbHON CTAOMIBHOCTH M AHTHJICHPECCHBHBIX CBOWCTB JH3EILHOTO
TOIUTMBA. Y CTAHOBJICHO, YTO 3TH 3()UPHI MOT'YT OBITh HCIIOJIb30BaHbI B KAYECTBE AHTHOKCHAAHTOB U
AHTUJICTIPECCAHTOB B IN3EJILHOM TOILIUBE [5].

ABTOpaMu ObLIT IPOU3BEICH CUHTE3 CMEIIAHHBIX MPOMUICHIIMKOJIEBBIX JUI(PHUPOB HA OCHOBE
I[THK u XK B mpucyrctBum katanmszaropa ZnO M OCYyIIECTBIEHA INpeABapUTEIbHAsl OLEHKa
BO3MOXXHOCTH TPUMEHEHUS CHHTE3UPOBAHHBIX JUA(GUPOB B KauecTBe IUacTUUKATOpa
MOJINBUHUJIXJIOPUAA M aHTHOKCHUJIAHTA JJIsl TU3eJIbHOro TOIuiMBa. Haii/leHbl OonTUMalbHbIE YCIOBUS
MPOBEICHUS dTepU(PUKALMU: COOTHOLICHHE KUCIOT U ciupTa — 2,0:1,3, KomudecTBa Kataiu3aropa —
1,2-1,6 mac. %, remnepatypa — 110-120 °C, npoaomkuTenbHOCTh peakuuu 3,5-4 4. B 3aBucuMocTH
OT B3STOH JKMPHOH KHCJIOTHI BBIXOABI CMEIIAHHBIX AMIPHUPOB Kojebanmch B mpeaenax 88-90 %.
CTpyKTYypHO-TPYNIIOBOIl ~ COCTaB  IOJIyYCHHBIX CMEIIAHHBIX JUA(PHUPOB OBLI  OIpenesieH
cnekrpaibHbiMu MeTosiamu UK- u IMP-cniektpockomnueit [6].

CraTbs TOCBsIlIEHA TIOAYYEHUI0O U HcciaenoBaHuio 1,4-0yTaHIMOJIOBBIX CMEIIaHHBIX
(HECUMMETPHYHBIX) TUIPHUPOB CUHTETHUECKUX HE(DTAHBIX U anupaTUIECKUX KUPHBIX KUCIOT (Ce—
Cg). VYcraHoBIIEHO, 4YTO BBICOKHMH BbIXOA ueneBoro npoaykra (90,3%) nabOmomaercst mpu
clenymux ycnousax: Temneparypa — 110-120°C, konuuectBo katanuzaropa — 1,3% macc. (1o
KHCIIOTE), MOJIbHOE COOTHOIIIEHHE KOMIIOHEHTOB — KHCIIOTa: ciupT - 2:1,4. Onpenenensl pusuko-
XMMHAYECKHE IIOKa3aTeNd M CTPYKTYphl CHHTE3UPOBAHHBIX MpoaykToB. Ilokazano, uro 1,4-
OyTaHIMOJIOBbIE CMEIIAHHBIE TUA(PUPHI UMEIOT XOPOIITYI0 COBMECTUMOCTD C MOJUBUHHUIXIIOPHIOM,
o0Opa3yst OeclBeTHbIE 3JaCTHUHbIEC MIACTUKAThl. CHHTE3MpPOBAaHHBIE d(DUPHI UCIIBITAHBI B KaueCTBE
AHTHOKCHJIAaHTa, YJyYIIAlOIIEro TEPMOOKHUCIUTENbHYIO CTa0MIBHOCTh JU3EJIBbHOTO TOILIUBA.
OmpezeneHo, 4YTO OCalOK, OOpa3yIOUIMUCS B PE3yJbTaTe OKHUCIUTEIBHOW MOJMMEPU3AIUN U
MOJIMKOHJCHCAIIUA U3€JIbHOTO0 TOIUIMBA H3-3a HAIU4Ms B €ro COCTaBe TIeTepOaTOMHBIX
coeuHeHmH, ymenbaeTcs npu nobdasnenuu 0,004 macc. % cuHTe3upoBaHHBIX AuddUpoB ¢ 4,6
Mmr/100 v 1o 1,0 mr/100 mit qu3enbHOrO TOorumBa [7].

3HAYUTENBHO MEHbIIEE KOJIMYECTBO padoT [8, 9] mo cuHTe3y HMUKIOreKCHUIOBbIX 3pupoB KK
U HEePTAHBIX KUCIOT M JIeUUUT B IUIACTU(UKATOPAX, AaHTUOKCUAAHTAX, JEMPECcCaHTaX CTaBUT
nepeJl HaMH 11eJib pa3padoTaTh METOJI UX MOIy4eHus U uccienoBanusi. C 3ToH 1€TIbI0 B HACTOSIIEH
CTaTbe OBLIM MPOBEACHBI MCCIEI0BaHUs, HalpaBleHHbIE Ha pa3paboTKy Oosee 3p(HEeKTUBHOIO U
JOCTYITHOT'O cIoco0a CUHTE3a HUKJIOT€KCUIIOBBIX A3(UPOB CMECH >KUPHBIX KMCIOT U CHHTETUYECKHX
He(TsaHbIX kucioT (CHK).

JKCnepuMeHTAIbHAA YacTh

Jlis monmydeHUs LMKIOTeKCHIIOBBIX 3(HpPOB B KAueCTBE CHIPbS OBLIM HCIOJIB30BAHbI
anudaTtuyeckue >KUpHBIE KUCIOTHI: MENaproHOBas, KalpHUHOBAas U JaypHHOBas KHUCIOTHI, TiOj,
TOJyOJI, CHHTETHYECKHE HEQPTSIHBIE KHUCIIOTHI, TIOJyYeHHbIE B JaOOpAaTOPHBIX YCIOBHSIX
XKUAKO(Pa3HBIM OKHCIEHHEM HadTeH-TapaUHOBBIX YTIIEBOJAOPOJOB BBIIECNEHHBIX U3 MACISIHOTO
muctwata Hedptu T-1500 B mpucyTcTBUM KaTanuzaTopa IuOpoMOeH3oaT Mn, B 6apOoTakHOM
peaktope npu Temneparype 140 °C u umeromue cienyronme (HU3NKo-XUMAYECKHE TOKA3aTelu:
Ty, — 195-205 °C/6,65-10 * MIla; xucnorroe uncno (K.u.) = 140 MrKOH/r; monekynsipaast macca,
paccurTaHHas 1o K.4. r/moib — 400; p420 - 0,9945; np?°- 1,5140[10].

CuHTe3 HMKIOreKCUIoBbIX 3(hupoB B nmpucyrcTBuu TiO; mpoTekaer mo cueayroliei cxeme:

_OH T°C, kat _OCOR
+ RCOOH ~ ———»
- H,0

rae R — pagukan cMecu sxxupHbIX Kuciot (psaaa Co-Ci1) u CHK.
C 1enpio omnpeneneHusl ONTUMAalIbHBIX YCIOBUH CHHTE3a IMKIOTreKCHIIOBBIX 3¢upoB KK u
CHK ccpimasice Ha paHee MpoOBeAeHHBIE paboThl [7] OBUIO HW3Yy4EHO BIWSHHE MOJISIPHOTO
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COOTHOILICHHUSI CIUpTAa M KHUCJIOT, KoiuuectBa - 110, W TeMmepaTypsl Ha XOJ PEaKIIHU.
[IpoBenénHbie peakuu Aajau HaM BO3MOKHOCTbh HAWTH ONTUMAJIBHBIN pexum (Temmeparypa — 110-
120°C, xonmuectBo katanmzatopa — 1,8 mac. % (mo kucnote), coorHomenue HICHK: KK —
1,5:0,5:0,5 Monp) mna cuHTe3a 1ukiorekcmioBoro 3¢upa CHK. B HaiiieHHOM oONTHUMajlbHOM
peXuMe ObLI CHHTE3MPOBAH IMKJIOTEKCHIIOBBIM (UP HA OCHOBE CMECH KAIPUHOBOW KHCIOTHI H
CHK, npencraBieHHbINA HUXKE:
- st cuHTe3a cnoxkHoro 3dupa LI u cmecun CoHi19COOH u CHK B3sito 100 r (0,25 mons) CHK, 43
r (0,25 monb) CgH19COOH, 75 r (0,75 monb) mukiorekcanona, 2,6 r (0,03 mons) TiO, u 155 1 (1,7
MOJIb) Tostyosa (B3sitoro B konmuectBe 70 % oT oOmiedt cmMecu KommoHeHTOB). [To oxoHuaHMM
peaKuuu COAEpKUMOE KOJObI OXJIaXKAAeTcs 1O KOMHATHOM TeMIeparypbl, IOClie Yero
GUIBTPOBAHUEM TIPOBOJIUTCS OTIEICHHE CMECH OT KaTaim3aropa. Hamo OTMETHTh, 4TO mpH
UCIIOJIb30BAaHUN Te€TePOreHHOro Karaimu3zaropa oOpaboTka celporo 3¢dupa npoxoautr 0e3
HEUTpanu3aluu, NPOMBIBKH, CyMmKU. [lociie OTrOHKM pacTBOpHUTENsT — TONyona, 3(Up-CchIper
nmojaBepraercs  BakyyMHON — meperonke.  OmpeneneHbl  (U3HKO-XMMHUYECKHE  IOKa3aTeNu
MoJTy4eHHOT0 3¢upa (Tabi.2) U cocTaBIeH MaTepralbHbIi Oananc (Tadm.1).
Tabnuya 1.
MamepuanvHulii bananc npoyecca noayyeHus: YuK102eKCUuio8020 sgupa cmecu
KanpuHo8oli- U CUHMeMmu4ecKUx He@maHbIX KUCIOM

Cripbe IIporykThl
HaumenoBanue KOJIMYECTBO, HaumenoBanue KOJIMYECTRBO,
I/MOJIb % I/MOJIb %
CHK 100 26,62 | Boaa 8,6 2,29
KampunoBas kuciora 43 11,45
ar 75.0 19,97 | LI 23 6,12
TiO, 2,6 0,69 | TiO, 2,4 0,64
Tomyon 155 41,27 | Tomyon 150 39,94
Hroro 375,6 100 IMKITIOTeKCHITOBEII 184 48,99
a¢up
IToTtepu 7,6 2,07
Hroro 375,6 100

O0cy:xaeHne pe3y1bTaToOB
NK-cnexktp numkiorekcunoBoro 3¢upa cmecu karnpuHoBod kuciotel u CHK cHsAT Ha

«Alphay» UK-Dypre-criekrpomerpe mpousBojactsa Hemenkoi ¢pupmbsl BRUKER u npencrasien Ha

pucyske 1. ,s
* 3
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Puc.1. UK- cnexmp yuknoeexcunosozo s3¢upa cmecu kanpurosot kuciomol u CHK.
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B crniekTpe mpencTaBieHsl MOJIO0CH MOTJIOMICHUST KapOOHUIBHBIX TPyl B obnactax 1732 em™,
a taxxe dpupnpix rpynmn — 1040, 1124, 1168, 1250 em, C-H cBs3b nukimaeckoro xoisia — 967,
1017 em™ (puc. 1).

AHaJIOTHYHBIM CHOCOOOM OBUIM TPOBEACHBI dTEPUPHUKALUU C APYTUMHU IPEACTaBUTEISIMU
anmn(paTHUECKUX  JKUPHBIX  KHCJIOT, omnpeneNneHbl  (PU3UKO-XMMUYECKHE  [OKa3aTelln
CUHTE3UPOBAHHBIX 3(PUPOB U MPEACTABICHBI B Ta0IuLE 2.

Tabauya 2.
Hexomopuie puzuxo-xumuueckue noxazamenu Yukio2eKCUL08bIX 3Pupos
Kucnoraoe
Ne Pagukan gf g T.kwui, °C / p420 Np2° 9HCIIO, Jleryuects, %
E = 10*Mlla mrKOH/r
m X
1. | CgHyy | 47,4 122-124 0,9153 1,4552 0,3 0,6
1 45,4 180-190 0,9566 1,4735 0,5 0,8
2. | CoHyg I 47,0 133-135 0,9004 1,4564 0,4 0,6
1 42,7 180-190 0,9520 1,4800 0,7 0,9
3. | CigHpy | | 42,0 165-167 0,8998 1,4570 0,4 0,7
| 46,6 180-190 0,9505 1,4862 0,6 0,8

CunresupoBansble nukiorekcunonsie 3¢gupsl CHK u cootBercrByromux XK npencrasmustor
cO00i CBETIIO-KENTHIC MACISTHUCTBIC KHJIKOCTH CO CIeNU(DUUSCKUM 3amaxoM, HepacTBOPUMBIC B
BOJI€, HO XOPOIIIO PACTBOPUMBIE B OPraHUYECKHX PACTBOPUTEIISAX.

B xauectBe miacTuQUKATOPOB B OCHOBHOM NPHMEHSIOT BBICOKOKHIISIINAE CIOXKHBIC d(PUPHI
Pa3IMYHBIX KJIACCOB. YUHUTHIBasi, 4TO 3(UPHI HUKIOTEeKCaHOJIa KapOOHOBBIX, 0COOEHHO HE(TIHBIX
KHCIIOT MPUOOPETAIOT BAXKHOE MPAKTHUYECKOES M TEOPETUICCKOE 3HAUYCHUE KaK TUIACTU(UKATOPHI U
anTuokcugantel [3, 11]. Llens panpHelmiero HcCCIeqOBaHUS 3aKIOYAeTCs B HU3YyYCHUHU
TUTACTU(HUIHUPYIONIMX CBOMCTB HUKJIOreKcwioBbiXx »¢upoB Ha ocHoBe KK wum CHK mnpm
M3TOTOBJICHUH KOMMO3HUIMK Ha ocHOBe nonuBuHIIXIOpUaa (IIBX). OTu cocTaBsl BBIIEPKUBATUCH
B TEPMOCTATE OMpEIEICHHOE BpeMs B 3aBUCUMOCTH OT Temmeparypel (65, 75, 85°C). 3arem
OXJIQXK/ICHHbIE KOMITO3ULIUU BBIICPKUBAIUCH TOJI HArpy3Kol 0 KOMHATHOM TeMIiepaTypbl Ha
(UIBTpOBANIBHONM OyMare /10 OTCYTCTBHS KUPHOTO TSITHA U OMPEEICHBl ONTHUMAIbHBIC TPEIEIbI
coBmectumoctu (30-40 mac.4.) cuHTe3upoBaHHbIX 3¢upos ¢ [IBX [12].

Tabauya 3.
Pezynomamor cunme3zuposanuvix Yyuki02eKCUL08bix 3PUpos Kax
AHMUOKCUOAHMOB U OeNnPecCcanmos
I'mppoounien- = Huxnorekcuno- = [uknorekcuno- — Luknorexcuso-
HaumenoBanue HOE€ TU3eIbHOE BBIN 3up BB 2up BB 3up
TOIUIUBO MeIaproHOBOU KalpUHOBOMI YHACKaHOBOM
kucaotrel ¥ CHK | xucimorel 1 CHK = kuciorsr 1 CHK

Omnpenenenue
TEPMOOKHCIIATETHHON
CTaOMIBLHOCTH, TIPH 1,7 0,3 0.32 0,35
120°C, komu4uecTBO
ocanka (0,004 %) B

mr/100 mut TornBa

Temmneparypa, °C (0,05

%) OMyTHEHHE- -28 -31 -31 -30
3aCTBIBAaHHE -38 -38 -37 -37

Pe3ynpTaThl MCHBITATENBHBIX Pa0OT MOKa3ajiHM, YTO LMKIOTEKCHIIOBBIE 3(HUpPBI HA OCHOBE
cmecu KK um CHK o6Gmagator Oosiee 3pPexkTUBHBIMH IUTACTU(DUUIMPYIOIIUMU CBOMCTBAMU I10
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cpaBHeHHIO ¢ 3¢upamu Ha ocHoBe mHAMBHIyanbHbIX CHK, a takke JKK. CuHTesupoBaHHBIE
3¢upsl  MOryT OBITh PEKOMEHJOBAaHbI B KayeCTBE IJIACTU(PUKATOPOB B  IPOU3BOJICTBE
MOJIMBUHUJIXJIOPUIHBIX U3CIIHM.

TepMOOKHCIUTENIPHBIE W HU3KOTEMIIEPAaTYpHBIE CBOMCTBA SIBJISIIOTCA OJHMM M3 OCHOBHBIX
MPU3HAKOB, HAa OCHOBE KOTOPBIX KIACCH(DUIMPYIOT COBPEMEHHBIC JU3CIbHBIC TOIUIMBA IS
BBICOKOOOOPOTHBIX JBurareneil. s ymydiieHuss TEepPMOOKHUCIUTENbHBIX W HHU3KOTEMIIEpaTypHBIX
CBOICTB TU3EHHBIX TOIUTUB CHHTE3UPOBAHHBIC d(HPHI ObLTH BBEICHBI B TU3EIILHOE TOILUTUBO B KAUECTBE
AQHTUOKCUJAHTHBIX U JETIPECCOPHBIX MTPUCAIOK U MOIYYEHBI [TOJIOKUTENbHBIE pe3yibTaThl [ 13].

[lonyyeHHble HaMHM TOJIOXKHUTEIbHBIE PE3YJIbTaThl JAIOT BO3MOXXHOCTb  YBEJIHMYUTH
ACCOPTHMEHT CJIOKHBIX 3(UPOB KapOOHOBBIX KHUCJIOT M PEKOMEHJ0BAaTh MX B KayeCTBE HOBBIX
1acTU(PUKATOPOB, AaHTHOKCHIAHTOB M JIETPECCOPHBIX MPHUCATIOK.

3akir0ueHue

bbut  CHHTE3MPOBAaHBI IMKJIOTCKCWIOBBIE AS(UPBI HAa OCHOBE CMECH CHHTETHYECKHUX
He(TAHBIX U )KUPHBIX KUCIOT C Hcnoib3oBanueM 110, B kauecTBe KatanuzaTopa. M3ydeHo BIusHue
MOJISIPHOTO COOTHOIICHHS CIIMPTa M CMECH KHCIIOT, KonndectBa - 110, U Temmeparypsl Ha XOJ
peaKkiuu U HalJIeH ONTUMaJIbHBINA pexuM (TemnepaTtypa — 110-120°C, konuuecTBO Karaiau3aTopa —
1,8 mac.%, coornomenue I 2KK:CHK — 1,5:0,5:0,5 mMonb) crHTE3a IIUKIOTEKCUIIOBBIX d(HUPOB.
CunresupoBaHHble 3(uUpsl MOryT OBITh pPEKOMEHJOBAaHBI B  KauecTBe A(H(PEKTUBHBIX
mwiactudukaropoB [I1BX, aHTHOKCHIAHTOB ¥ IEIPECCOPHBIX MTPHUCAIOK.
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XULASO
SINTETIK NEFT VO YAG TURSULARI QARISIGI 9SASINDA
TSIKLOHEKSIL EFIiRLORININ TOoDQIQi
Sadiyeva N.F., Nasibova G.Q., Bfandiyeva L.M., Isgandarova S.9.,
Oliyeva S.Q., Cerepnova Y.P., Mustafayeva I.A.

Agar sozlar: tsikloheksanol, yag tursulari, sintetik neft tursulari, eterifikasiya, efir,

katalizator, plastifikator, antioksidant.

Mogalo TiO; heterogen katalizatorunun istiraki ilo yag vo sintetik neft tursular1 qarigigi
osasinda tsikloheksil efirlorinin sintezino hasr olunmusdur. Tsikloheksil efirlorinin sintezinin
optimal goraiti katalizatorun miqdarinin, xammalin molyar nisbatinin vo temperaturun moagsadli
mohsulun ¢iximima tosiri ilo Oyronilmisdir. Novbati todqiqatlarda sintez olunmus tsikloheksil
efirlorinin gostoricilori analitik vo spektral tisullarla toyin olunmus, yag vo sintetik neft tursulari
osasinda sintez olunmus tsikloheksil efirlarinin material balansi tortib olunmusdur. Alinms efirlor
miivafiq olaraq plastifikator, yeni antioksidant kimi sinaqdan kegirilmisdir.

SUMMARY
STUDY OF CYCLOHEXYL ESTERS BASED ON A MIXTURE OF FATTY
AND SYNTHETIC PETROLEUM ACIDS
Sadiyeva N.F., Nasibova G.G., Afandiyeva L.M., Isgenderova S.A.,
Aliyeva S.G., Cherepnova Y.P., Mustafayeva I.A.

Keywords: cyclohexanol, fatty acids, synthetic petroleum acids, esterification, ester, catalyst,

plasticizer, antioxidant.

The article is devoted to the method of synthesis of cyclohexyl esters based on a mixture of
fatty and synthetic petroleum acids in the presence of a heterogeneous TiO, catalyst. The optimal
conditions for the synthesis of cyclohexyl esters were studied by the influence of the amount of
catalyst, the molar ratio of the feedstock and temperature. In further studies, the parameters of the
synthesized cyclohexyl esters were determined by analytical and spectral methods, and a material
balance was compiled for the process of obtaining cyclohexyl ester based on a mixture of fatty and
synthetic petroleum acids. The resulting esters were tested as a plasticizer and a novel antioxidant.

Daxilolma tarixi: [lkin variant 30.05.2024
Son variant 27.06.2024
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This article analyzes the activity of trypsin released into solutions with different pH values and
immobilized on composite materials containing magnetite nanoparticles (Fes0,), obtained in the presence of
several synthetic and natural polymers. While release in polymer-based gels is observed in neutral and near-
neutral media, in polymer-Fe;O4-nanoparticle composites, on the contrary, release occurs with a greater
magnitude in acidic media. Considering that the experiments were carried out at room temperature and the
final amount of release was recorded after 24 hours, subsequent studies were carried out under conditions
close to the human's body temperature. It has been determined that increasing the temperature to 36-37°C
accelerates the release of trypsin both from composites without FesO, nanoparticles obtained based on Poly-
n-vinylpyrrolidone (PVPr), and gel samples with Fe;O, nanoparticles, characterized by a significant degree
of release. In addition, at pH values of 5-8, the release in composites containing magnetite nanoparticles
shows a certain linear behavior, which along with controlled release indicates the efficiency of enzyme
transport in these media.

Introduction

Recently, natural and synthetic polymer-based gels created to enhance the therapeutic
efficacy of physiologically active drugs in pharmacology, along with carriers, coatings, thin ultra-
films, and other gel-forming nanobiomaterials prepared through their combination with metal
nanoparticles, have become among the most current fields of study [1-3]. By adjusting the chemical
composition of the polymer matrix, its average molecular weight, the nature and amount of
functional groups it contains, as well as the specific size and concentration of the metal
nanoparticles, it is possible to regulate the pre-determined purpose, duration of the pharmacological
effect, electrical, and optical properties of the bionanocomposite [4]. For example, the efficient
delivery of active drugs immobilized on a matrix structured with metal nanoparticles to the required
area and their controlled release to maintain therapeutic levels are achieved [5]. At this point, how
the nanocomposite containing metal nanoparticles behaves in response to the irritating factors of the
environment is crucial. Among the metal nanoparticles used in this direction, Fes0, composites
form the basis of highly effective antibacterial drugs [6]. The prepared metal nanoparticle
composite is pre-designed considering the characteristics of the working environment and classified
as nanomaterials sensitive to pH, temperature, ionic strength, and physical impacts [7].
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Recently, loading drug preparations and enzymes onto nanogels and their combinations with
metal nanoparticles to achieve a more synergistic effect has led to the emergence of a new field in
biotechnology [8,9]. Immobilizing enzymes on polymer carriers with metal nanoparticles expands
their use in medicine and other fields of microbiology. In this case, the presence of gels observed in
supramolecular form and metal nanoparticles results in excellent and improved antibacterial and
biological advantages in the material. Especially, the antibacterial nanoparticle complex of nanogels
is formed first, and then the drug substance is immobilized. The obtained nanogel-nanometal-drug
triple combination has significantly more positive indicators in terms of its effect, long-term
controlled release, and antibacterial properties compared to its predecessors [10].

Experimental Section

Poly-n-vinylpyrrolidone (PVPr) - Average molecular weight 360,000. Obtained from Fluka.

Polyacrylic acid (PAA) - Average molecular weight 230 kDa. Chemical purity is 97-98%,
obtained from Merck.

Gum-arabic (GA) - Chemical purity is sufficient for biological research (98%) and used in
synthesis processes without purification. CAS number 9000-01-5, obtained from Sigma Aldrich.

Arabinogalactan (AG) - Chemical purity sufficient for biological research, containing less
than 15% moisture, and used in synthesis processes without purification (CAS 9036-66-2).

Trypsin, used as a biologically active compound, is from Biofarma (Ukraine). Its molar
mass is 21,000 g/mol.

N,N-Methylene-bis-acrylamide (MBAA), used as a reagent for the crosslinking of natural
and synthetic polymers, is chemically pure and obtained from Merck Fluka.

The preparation of magnetite nanoparticles was carried out according to the methodology
described in [11], using FeCl, and FeCl; salts as sources of iron oxide.

The preparation of magnetite nanoparticle carriers was performed according to the scheme
presented in [12,13].

To determine the concentration of trypsin in solution, a standard concentration curve was
first established based on the optical densities of standard trypsin solutions (Table 1) at 280 nm
using a Specord UV-VIS device (trypsin's molar extinction coefficient E1%1lcm = 14). The
concentration of the enzyme in the cuvette was C = 1.1x 10° M.

Table 1.
The dependency values of the optical densities of standard concentration trypsin
solutions on their concentration.

Crypsin,ma/I A, Optic density
40 0.870
32 0.780
24 0.587
18 0.440
8 0.220
4 0.090
2 0.041
1 0.020

By measuring the optical density of the trypsin solution with an unknown concentration and
using the calibration graph, its concentration in the solution was determined. The immobilization of
trypsin on the synthesized metal gel complexes was carried out according to the appropriate
methodology [14-15]. Samples of PVPr-based hydrogels with a mean molecular weight of 40 kDa,
crosslinked with 10% (by weight) MBAA, were formed with the corresponding metal ions, dried,
ground, and sieved through a 0.02 mm sieve to achieve a constant weight. 100 mg of the sample
was placed in a 25 ml volumetric flask, and 5 ml of a trypsin solution with a concentration of 40
mg/l was added and left stationary for 24 hours. The solution was then filtered, and the optical
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density of the filtrate was measured to determine the concentration of trypsin using the calibration
graph.

To determine the optimal conditions for the desorption of trypsin immobilized on the carrier,
the desorption of the enzyme was investigated in the pH range of 1-10. After determining the
optimal pH, the time dependency of the release of the enzyme into the solution at room temperature
under stationary conditions was studied. The enzyme-gel complex was kept in the optimal pH
environment until the amount of released enzyme stabilized. The degree of desorption (D%) of the
immobilized trypsin into the solution, depending on the pH of the environment, was determined
using the following expression:

_ CxV,
10xM .,

Where, Mmax represents the maximum amount of immobilized enzyme on the carrier (in
mg), Vi denotes the volume of the solution (in ml), and Ct signifies the concentration of the enzyme
in the solution (in mg/l).

Results and Discussion

As noted, the use of drug substances mixed into polymer matrices for achieving long-term
effects is well-known. One of the key parameters influencing this is the pH of the medium. For
example, the stomach environment is acidic (pH 1.4), whereas the medium in the duodenum is near
neutral (pH 6.7—-7.4). If we aim for the drug substance to be effective in the duodenum, then the
synthesized hydrogel should contain fragments that maintain weak acidic groups [16-17].

It is well-known that each enzyme exhibits biological activity at specific pH values in the
environment. An enzyme active in an acidic environment may be inactive in an alkaline
environment or may undergo chemical degradation. Therefore, the kinetics of transporting or
releasing immobilized biological active compounds in specific environments is crucial. During the
research, initial investigations focused on the study of trypsin immobilized on natural and synthetic
matrices composed of magnetite FesO4 nanoparticles at various pH levels.

The study of trypsin desorption from polymer gel and magnetite Fe3;O4 nanoparticle
composites under static conditions in the pH range of 3 to 11 showed that desorption into the
environment occurred during 24 hours relatively closely depending on the nature of the polymer
and the degree of ionization of its functional groups, but varied significantly at different pH values
(Figure 1).
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Figure 1. pH dependence of trypsin releasing in synthetic polymer-based gels PVPr, PAA,
and natural gel complexes with Fe;O, magnetite nanoparticles.
m-PVPr, @-PAA, X-GA-Fe30,, 4-AG-Fe;0,, T=20 °C, t=24 hours

Desorption from magnetite Fe3O, nanoparticle composites, however, exhibited high
desorption rates in completely different environments. While desorption was observed in neutral or
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near-neutral environments in gels based on free polymers, desorption in acidic environments was
significantly higher in magnetite Fe3O4 nanoparticle composites.

As seen figure 1, the desorption of immobilized trypsin from synthetic polymer-based PVPr
and PAA gel samples starts minimally at pH 1 and reaches its maximum at pH 6 and pH 8. As the
environment becomes more alkaline, i.e., at pH=9 and above, the separation of trypsin into the
solution decreases sharply. This can be explained by the fact that as the concentration of hydroxyl
ions in the medium increases, the degree of swelling of the hydrogel gradually decreases. In
addition, above pH=9, both the decomposition of the enzyme macromolecule and the decrease in
the degree of swelling of the hydrogels occur. Initiation of the collapse formation process in the
hydrogel prevents trypsin from separating from the carrier. Desorption of trypsin from natural
polymer-based matrices with magnetite nanoparticles is characterized by high rates in acidic
environments. This is explained by the consistent presence of metal oxide nanoparticles in acidic
environments and the high degree of protonation of functional groups in such environments, leading
to the enzyme's desorption from the structure. Considering that the experiments were conducted at
room temperature and the final amount of desorption was recorded after 24 hours, subsequent
studies were carried out under conditions closer to body temperature.

For this purpose, synthetic polymer-based gels and Fes;O, magnetite nanoparticle gel
complexes retaining an optimal amount of trypsin were maintained at suitable pH levels between
36-37°C for 1-24 hours, and the desorption of the enzyme was studied. It was determined that
increasing the temperature to 36-37°C accelerates the desorption of trypsin from both Fe;O,4-free
PVPr-based composites and Fe3O4 nanoparticle gel samples, characterized by significant desorption
rates. Fes04 magnetite nanoparticle composites demonstrate controlled desorption at pH values of
5-8 and prove the efficiency of enzyme transport in these environments. Increasing the temperature
enhances the mobility and agility of macromolecules, causing the opening of coiled
macromolecules. As a result, the trypsin molecule is released both on the surface and internally.
Furthermore, increasing the temperature affects the electrostatic attraction that binds the enzyme to
the polymer chain more strongly, leading to the breaking or weakening of bonds, thereby resulting
in enzyme desorption. For each gel sample, observing the time dependence of desorption at pH
values suitable for optimal swelling at 36°C showed that the majority of enzyme desorption
occurred within the initial 3 hours of the 24-hour period.
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Figure 2. The kinetics of trypsin release into the solution at 36.5°C from synthetic
and naturally-containing nanocomposites based on PVPr and Fe;O, magnetite nanoparticles.

As seen in the figures, stabilization in the amount of released trypsin is observed in all gel
samples after reaching a maximum swelling capacity of the carrier. The reason for the incomplete
separation of the enzyme content lies in the establishment of a certain equilibrium process between
the immobilized and released amounts. In the case of the free polymer-based gel sample, a sudden
increase is observed in the amount of trypsin released within 2 hours, with the majority of the
immobilized protein being released into the environment within a short period. Conversely, trypsin
release from magnetite Fe;O4 nanoparticle-containing synthetic and natural nanocomposites occurs
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in smaller portions. This can be attributed to the nature of the polymer, the presence of amino
groups in its composition, and the presence of functional groups susceptible to hydrolysis. Most
importantly, the presence of stable nano iron oxides in the structure stabilizes the system and
regulates the enzyme's release into the environment.

Due to the rapid attainment of maximum swelling capacity in synthetic polymer-based gels,
the enzyme content readily separates into the environment. The mechanism of trypsin release from
natural polymer-based gels with magnetite nanoparticles differs somewhat. Initially, a minor
increase in trypsin release is observed within 5-6 hours, followed by a significant difference in
release within the next 10-14 hours. This is due to the enzyme losing its biological activity after 10-
12 hours, leading to hydrolysis of peptide molecules and necessitating the re-release of a certain
portion of trypsin for the formation of a new equilibrium state.

The increase in average molecular mass of the polymer and the incorporation of magnetite
metal nanoparticles into the natural polymer-based or composite composition contribute to both an
increase in the immobilized trypsin quantity and an extension of its release duration. This positively
impacts the duration of action of trypsin on damaged organs, especially as it exhibits activity at pH
7.8 and 8.0 as an enzyme of the gastric gland.

The release of immobilized trypsin from polymer gel complexes synthesized under optimal
pH conditions and containing nano iron oxide in physiological conditions has also been
investigated. Five samples, each weighing 100 mg, were taken, with each sample (Mmax) retaining
0.05 mg of trypsin. Additionally, 4 ml of buffer systems were used, to which 1 ml of 4.3% (0.154
mol/l) NaCl solution was added, resulting in a final NaCl concentration of 0.9% in the solution.
Each sample received 100 mg of PVPr-trypsin and polymer-Fe304 nanoparticle-containing trypsin-
retaining gel, and was kept for 24 hours at 293 K. The solution was then filtered, and the optical
density of the filtrate was measured at 280 nm. The results are presented in Figure 3.
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Figure 3. Kinetics of the release of trypsin from PVPr-based gel and Fe;O, nanoparticle
composites of natural and synthetic polymers in the presence of 0.9% NaCl, T=36.5°C.

It can be seen from the figure 3 that under physiological saline conditions at the optimal pH
value, the rate of trypsin release decreases with small portions compared to conditions without
NaCl. Despite the fact that trypsin released from PVPr-based gel initially occurs sharply and in
bursts, after 10 hours, the release becomes gradual. As noted above, the presence of Na* and CI
ions in the physiological saline can be attributed to the ion strength factor. The formation of ion
strength in the visible environment limits trypsin release and affects the direction of equilibrium
processes between the gel and the environment where trypsin is present. In contrast, in magnetite
FesO,4 nanoparticle gel complexes, trypsin release under physiological saline participation is
observed in a completely different manner. Generally, the presence of NaCl in the environment
reduces the amount of trypsin released into the environment and occurs in small amounts.
Controlled and equal dosing occurs after 20 hours. Similarly, here, the amount of initial release
increases proportionally, and later remains at the same level. Compared to conditions without NaCl,
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there is a 35-45% reduction in the amount of release. However, the residual amount of trypsin in the
composition is separated in the same way

Conclusion

Thus, the investigation of immobilized trypsin in composites containing magnetite Fe3O4
nanoparticles with participation of synthetic and natural polymers at various pH levels has been
conducted. It has been shown that compared to synthetic polymers, natural polymers immobilize a
higher amount of trypsin in magnetite iron oxide nanoparticle composites. This is associated with
the abundance of functional groups in natural polymer compositions. The time for immobilized
trypsin to be released from the carrier under the influence of pH shows that the use of natural
polysaccharide-based Fe3O4 magnetite nanoparticles results in a wider time interval for its release.
Similarly, analogous studies conducted with natural polymers have determined that the presence of
sodium and chloride ions in the environment affects the amount of trypsin released in all cases and
slows down the process. Likewise, trypsin release is regulated after 10 hours and characterized by a
consistent amount each time.

The results obtained from using trypsin as a model enzyme in gels stabilized with magnetite
Fe3O,4 nanoparticles in both natural and synthetic-based structures for protein immobilization,
environmental release under specific conditions, and biological activity investigations suggest that
gel nanocomposites can be used for enzyme transport in neutral and near-neutral pH media. The
amount of enzyme they release into the environment stabilizes over 24 hours, which is essential for
controlled release and long-term effectiveness. The inclusion of micro amounts of Fe3O, particles in
gel matrices affects the kinetics of enzyme release and enhances its specific activity, thereby
enhancing its retention for enzymes.
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XULASO
SINTETIK VO TOBii POLIMERLOR MUHITINDO ALINAN Fe;0, NANOKOMPOZITLORIN
TRIPSIN iLO KOMPLEKSLORININ BIOLOJi AKTIVLiYININ TODQIQi
Hiimbatova S.F., Zeynalov N.A., Siileymanova R.H., Quliyeva A.R., Qulubayova L.N.

Agar sozlar: magnetit nano hissacik, tabii va sintetik polimer, tripsin, immobilizo, ferment

Toqdim olunan moqalado bozi sintetik vo tobii polimerlor istirakinda alinmis maqnetit (Fe3Og)
nanohissaciklori olan kompozitlors immobilize olunmus tripsinin miixtolif pH-larda mohlula ayrilaraq
aktivliyinin todqiqgi hoyata kegirilmisdir. Yalmz polimerlor asasinda alinmis gellords ayrilma neytral vo ona yaxin
miihitlords miisahids olunursa, polimer-Fe;O, nanohissacikli kompozitlords isa aksine turs miihitdo ayrilma daha
boylik giymatlo bas verir. Eksperimentlorin otaq temperaturunda aparildigini vo ayrilmanin yekun migdarinin 24
saatin sonunda geyd edildiyini nozore alaraq sonraki tadgigatlar organizmin badan temperaturuna yaximn soraitdo
todqiq edilmisdir. Miisyyan edilmisdir ki, temperaturun 36-37°C-ys artirtlmasi Fe;O4 nanohissaciksiz poli-N-vinil
pirrolidon (PVPr), asasli kompozitdon, eloco do Fe;O, nanohissacikli gel niimunslorindon tripsinin mohlula
ayrilmasinin siiratlondirir vo bu boyiik ayrilma doracasi ilo xarakterizs olunur. Homginin pH-in 5-8 giymatlorindo,
magnetit nanohissacikli kompozitlords ayrilma miisyyan dorocads Xatti Xarakter dasiyir, bu isa nozarotli ayrilma
ilo yanas1 homin miihitlords fermentin dasinmasinin effektivliyini gostorir.

PE3IOME
UCCJIEJJOBAHUE BUOJOI MYECKONH AKTUBHOCTH Fe;0,-HAHOKOMITO3UTHBIX
KOMIIVIEKCOB C TPUIICUHOM, IOJYYEHHBIX B CPEJE CUHTETUYECKHUX U
HNPUPOJHBIX ITIOJIUMEPOB
T'ymoamosa C.@., 3einanoe H.A., Cyneitmanoea P.I'., Kynuesa A.P., Kynyoexoea JI.H.

Knwouesvie cnosa. uamouacmuysvl MacHemuma, HAMYPALbHble U CUHMEMUYECKUEe MNOAUMEPDL,
MPUNCUH, UMMOOUTU3AYUSL, pepMeHm.

B mpencraBieHHOW cTaThe MpOAaHATW3WPOBAaHA AKTHBHOCTH TPHUIICHHA, BBHICBOOOXKIEHHOTO B
pacTBOpHl € Pa3IMYHBIMH 3Ha4YeHUSAMH pH, M MMMOOMIM30BAaHHOTO Ha KOMIIO3UTHBIX MaTepUayiax ¢
cogepxanueM HaHowactul MarHetuta (Fe;O4), modydeHHBIX B MPUCYTCTBHM Psila CHHTETHYECKHX H
MIPUPOHBIX MOMUMEPOB. ECIM B Tenfx, W3rOTOBIEHHBIX TOJBKO Ha OCHOBE TOJHMEPOB, BBHICBOOOXKICHHE
HaO0JaeTCs B HEUTPAIBHBIX U OJIM3KUX K HEUTPATBHBIM CPEIax, TO B KOMIIO3UTAX MOJUMeEP-HAHOYACTHIIBI
Fe;0,4, Ha060pOT, BEICBOOOXKAEHNE MPOUCXOAUT C OOJNBIIEH BETMUYMHON B KHCIBIX Cpelax. Y UHUTHIBas, 4TO
AKCTIEPUMEHTHI ITPOBOJIVITUCH MPY KOMHATHOW TEMIIepaType U OKOHYATENIFHOE KOJIMYECTBO BHICBOOOXKIICHHUS
ObUIO 3aUKCUPOBAaHO ToOcjie 24 YacoB, IOCICAYIOIIME HCCIACIOBAHUS OBLIM IPOBEIACHBI B YCIOBHSX,
ONMM3KUX K TEeMIepaType Teja OpraHu3Ma. bbulo yCTaHOBIEHO, YTO MOBBILICHHE TeMIIepaTypsl A0 36-37°C
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YCKOpSIET BBHICBOOOKICHUE TPHUIICUHA KAaK M3 KOMIO3UTOB 0e3 HaHoudacTul| Fe;O4, TONydeHHBIX HA OCHOBE
nonu-N-Bununnupponuaona (PVPr), Tak u w3 o0pasumoB rens ¢ HaHoyacTHiamMu — FesOy,
XapaKTePU3YIONUXCS 3HAYUTEILHOW CTENCHBbIO BHICBOOOXACHUsA. Kpome Toro, mpu 3HaueHusx pH=5-8
BBICBOOOKJICHHE B KOMIIO3UTaX C COJCPIKAHMEM HAHOYACTHUI[ MAarHeTUTAa JEMOHCTPHUPYET ONpEeIICHHBIN
JUHEWHBIA XapakTep, 4TO yKasbiBaeT Ha 3(P(EeKTHBHOCTH TPAHCIOPTHPOBKU (EepMEHTAa B 3THUX Ccpelax
HapsIy C KOHTPOJIUPYEMBIM BBICBOOOKICHHEM.

Daxilolma tarixi: [lkin variant 30.08.2024
Son variant 20.09.2024
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With an emphasis on the relationship between water chemistry and ecological health, this study
examines the chemical-ecological condition of the Araz River. International standards, scientific research,
and regulatory frameworks are the sources of the acceptable limits for radionuclides. In order to verify
compliance with national and international regulations and to obtain data that can serve as a baseline for
determining potential changes in environmental radioactivity due to nuclear, industrial, and other human
activities, the activity concentrations of Cs-137, Pb-210, Ra-226, Ra-228, Th-234, Th-232, K-40, U-235, and
U-238 were measured in the Araz river water and bottom sediment samples collected from the Sabirabad
area (Sugovushan). The obtained results indicate that the activity concentrations of the radionuclides
measured in the study area are below the guidance levels that the IAEA, EPA, and WHO recommend. The
negative exception is U-238 and U-235 having higher levels suggest anthropogenic influences and
contamination. To reduce pollution and restore ecological integrity, the results highlight the necessity of
focused environmental management techniques.

Introduction

The Araz River, which flows through Azerbaijan and forms part of its southern border with
Iran, is an important water resource that crosses the South Caucasus at a length of around 1,072
kilometers. This river is vital to the region's economy, agriculture, and biodiversity, serving as a
habitat for a wide range of aquatic and terrestrial species. The Araz River is an important waterway,
but it also has many environmental problems, especially with regard to its ecological health and
chemical purity. River contamination has increased as a result of recent industrial activity,
agricultural runoff, and inadequate wastewater treatment. Rivers in Azerbaijan's territory have been
significantly contaminated with a variety of pollutants over the years due to years of occupation and
exploitation, according to numerous studies conducted in the past several years. The Aras River,
into which these rivers eventually flow, has been contaminated chemically and radioactively as a
result of this. As is well known, water sources such as lakes, reservoirs, rivers, springs, and canals
that are both inside and outside of the occupied territories are vital to maintaining both the natural
environment inside these areas and the surrounding areas. We regretfully indicate that rivers that
flow through our occupied territories have been tainted by wastewater and other pollutants from
Armenia. The ecosystems along the river may be significantly impacted by these alterations in
water chemistry, which may also have an impact on biodiversity, nutrient dynamics, and the
equilibrium of aquatic life. Comprehending the Araz River's chemical-ecological condition is
essential for evaluating the key waterway's present condition and developing successful
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conservation plans. Proactively addressing radionuclide contamination can guarantee safe and
sustainable resource use while also maintaining the ecosystem's health of the river.

The radioactivity of a river like the Araz can be influenced by natural sources as well as
anthropogenic activities. Naturally occurring radioactive materials (NORM) are present in the
Earth's crust and can enter waterways through erosion, runoff, and geological processes. Human
activities, such as mining and industrial processes, can also introduce radioactive substances into
the environment. It is crucial to comprehend the importance of radioactive elements and isotopes in
environmental research in order to provide specifics on the radioactivity background and the
chemical elements of the Araz River.

Other than their chemical functions, main radioactive isotopes and chemical elements
environmentally can be classified according to their source and impact:

1. Cesium-137 is a byproduct of nuclear fission, primarily from nuclear reactors and fallout
from nuclear weapons testing. In aquatic systems, Cs-137 can accumulate in sediments
and biota, potentially affecting ecosystem health and human safety if concentrations are
high.

2. Lead-210 is a decay product of radon-222 and is found in the environment due to natural
processes and anthropogenic pollution. Pb-210 can be absorbed by aquatic organisms and
accumulate in sediments. Its presence can indicate historical pollution and sedimentation
rates.

3. Radium-226 is a decay product of uranium-238 and is commonly found in soil and rocks.
High concentrations of Ra-226 in water can be harmful to aquatic life and may pose
health risks to humans through water consumption.

4. Radium-228 is a decay product of thorium-232 and is often found in natural waters. Like
Ra-226, Ra-228 can be toxic to aquatic organisms and can indicate the presence of other
radioactive materials.

5. Thorium-232 (Th-232) is a naturally occurring isotope found in soil and rocks. It decays
into a series of other radioactive isotopes, and high levels in water can affect the
ecosystem.

6. Potassium-40 (K-40) is a naturally occurring isotope of potassium, found in soil, rocks,
and water. It contributes to natural background radiation but is generally less harmful
compared to other isotopes.

7. Beryllium-7 (Be-7) is produced in the atmosphere through cosmic ray interactions and
can be deposited into water bodies through precipitation. Its presence can be used to trace
recent atmospheric deposition and hydrological processes.

8. Thorium-234 (Th-234) is a decay product of uranium-238. It can provide insights into
sedimentation rates and the movement of particles in the water.

9. Uranium-235 (U-235) is a naturally occurring isotope of uranium but is less common
than U-238.

It is used in nuclear reactors and can be a source of environmental contamination if
concentrations are elevated.

10. Uranium-238 is the most common isotope of uranium and is found naturally in soil and

rocks.
U-238 can decay into various radioactive products and its presence in water can be an
indicator of uranium mining or natural uranium deposits.

Radionuclides can linger in the environment for extended periods of time, and they are
stored in bottom sediments found in rivers. Because radioactive sediments can deteriorate the
quality of habitats for benthic organisms, such as insects and crustaceans, and interfere with their
life cycles and ecological functions, elevated concentrations of radionuclides in sediments
contaminate habitat. Further contamination of the water can also result from physical disturbances
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or changes in the conditions of the sediment that release radionuclides that have been trapped in it
back into the water column.

Long-term exposure to these radioactive substances may cause bioaccumulation and
toxicity: As radionuclides proceed up the food chain, their concentrations will rise due to their
accumulation in the tissues of fish and other aquatic organisms. The rates of growth, reproduction,
and survival may be impacted by this accumulation. Additionally physiological and biochemical
disturbances can result from exposure to elevated radionuclide concentrations in aquatic organisms.
Lead-210 (Pb-210) and Ra-228, for instance, can obstruct vital biological functions and cause organ
damage or higher death rates. Elevated radionuclide levels are a serious health risk for communities
that depend on the Araz River for drinking water. Radiation sickness and an elevated risk of cancer
can result from prolonged exposure to radiation-rich water. For instance, it is well known that
radionuclides like U-238 and Ra-226 raise the risk of cancer, especially cancers of the kidneys and
bones. Though this is more common in cases of extreme exposure, high concentrations of
radionuclides in drinking water can cause acute radiation sickness, which is characterized by
symptoms like nausea, vomiting, and fatigue. Eating contaminated fish and other aquatic products
can expose humans to radionuclides that build up in aquatic organisms and enter the food chain.

Implementing strict regulations and monitoring programs is crucial to reducing the harmful
effects of radionuclide contamination. One such measure is routine testing, which involves routinely
collecting samples of water and sediment to measure radionuclide levels and analyze trends over
time. Hence, maintaining radionuclide concentrations within regulatory bounds set by health and
environmental authorities. The purpose of the permitted radionuclide concentrations in sediment
samples and river water is to safeguard both the environment and human health. While guidelines
for sediments may be less precise, they are still influenced by background levels and possible
ecological effects. For water, these levels are typically described in terms of dose limits or
maximum contaminant levels. Following these recommendations helps guarantee that radioactive
contamination stays below safe thresholds, reducing risks to aquatic ecosystems and public health.

Results and Discussions

The primary goal of the study is to measure the radionuclide content of natural water and
bottom sediment samples collected from the Sabirabad region, in the section of the Araz River just
prior to its confluence with the Kura, and to perform a comparison between the results of the
analysis and the lowest amount that is allowed. Pre-sterilized containers were used for sampling,
transportation, and storage, and all processes adhered to standard protocols. In order to accurately
determine radioactive elements and evaluate their concentrations, a number of established
methodologies are used when measuring radionuclides in water and sediment samples: ICP-MS
ionizes samples and measures the mass-to-charge ratio of ions to determine trace levels of
radionuclides. To prepare samples, sediment samples are dissolved and water samples are filtered to
produce a transparent solution. After that, the sample was put into the plasma source, where ions
were produced and their mass-to-charge ratios examined. From there, radionuclides were measured
according to their concentrations and isotopic signatures.

Table 1.
Results of analysis in the water and sediment samles
Parameter Unit MDA in water MDA in sediment

Cs-137 Ba/kg 0.2 0.2
Pb-210 Ba/kg 2.3 19.5
Ra-226 Bq/kg 0.4 23
Ra-228 Ba/kg 0.3 0.2
Th-232 Ba/kg - -
Th-234 Ba/kg 2.13 39.5

K-40 Bo/kg 4.3 452.9

Be-7 Ba/kg - -
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U-238 Ba/kg 0.24 32.4
U-235 Ba/kg 0.8 1.6
*MDA stands for — Minimum Detectable Activity

National and international regulations set the permissible limits of radionuclides in river
water and sediment samples to protect the environment and public health. Although these
restrictions can differ from country to country, they often adhere to standards established by
regulatory agencies, the World Health Organization (WHO), and the International Atomic Energy
Agency (IAEA). Quality indicators of drinking water provided to consumers in the Republic of
Azerbaijan "Drinking water. "Hygienic requirements and quality control” was set according to the
state standard AZS 929:2023. The new standard, approved in April 2023, was developed based on
the Water and Health Protocol of the UN Convention on the Protection and Use of Transboundary
Watercourses and International Lakes. This standard is the recommendations of the working
document presented by the European office of the World Health Organization, Directive 2020/2184
of the European Parliament and of the Council of Europe of 16 December 2020 on the quality of
water intended for human consumption, 'OCT 2874-82, Caullun 2.1.4.1074- 02, designed with
USEPA standards in mind. According to this standard, microbiological (8 indicators), organoleptic,
physical-chemical (100 indicators) and radiological (2 indicators) indicators of drinking water are
measured. Radiological parameters mentioned are Total [and [ radioactivity.

In accordance with the WHO Drinking Water Quality Guidelines, Cs-137 ought to be as low
as practically possible. Generally speaking, acceptable water levels are included in general safety
recommendations rather than being specified in Bg/L. It is common practice to measure
concentrations in the range of a few Bg/L. Permissible levels for sediments are typically more
precisely defined, while background levels for Cesium-137 are normally required by general
environmental guidelines to be less than 10 Bg/kg. A level more than 50 Bg/kg could be a sign of
contamination.

The maximum contaminant level for Radium-226 in water is 0.185 Bqg/L, while background
levels in sediments can vary from 10 to 50 Bg/kg. A level of elevation more than 100 Bg/kg might
be reason for alarm. Also, general environmental guidelines for Radium-228 background levels
range from 5 to 20 Bg/kg.

Typical levels for Lead-210 are around 10 to 100 Bg/kg, with higher levels indicating
potential anthropogenic influences and the same range and concern applies to Thorium-232 and
Thorium-234. Potassium-40 (K-40) natural background levels generally monitored but not subject
to specific limits as natural background levels are around 1,000 to 10,000 Bg/kg. Beryllium-7 as
well, is naturally occurring and levels in sediments are generally low, usually below 5 Bg/kg.

When it comes to Uranium-238 based on IAEA Guidelines and EPA (Environmental
Protection Agency) limits in the water samples maximum contaminant level of 0.0015 Bq/L (30
pg/L) and in the sediments background levels are usually around 10 to 30 Bq/kg. Concentrations
above 50 Bg/kg indicate contamination. Uranium-235 background levels are usually low, around 1
to 10 Bg/kg.

Hence, by comparing regulations and results of our sample analysis we see that levels for
Uranium radionuclides are higher than permissible limit for the drinking water:

The presence of Uranium-238 (U-238) at levels of 0.24 Bg/L in river water and 32.4 Bg/kg
in sediment samples can have various potential impacts on both human health and the environment.
Due to its chemical toxicity, drinking water containing uranium over an extended period of time can
cause kidney damage. Excessive levels may cause nephrotoxicity, which adversely impacts the
functioning of the kidneys. It is well known that uranium causes cancer development. Due to
uranium's long-term presence in the body, chronic exposure can raise the risk of developing
cancers, especially lung cancer if uranium dust is inhaled. Long-term uranium exposure from
drinking water can raise the risk of cancer by adding to the total radiation dose. There is no specific
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international standard for U-238 levels in sediments; however, background levels are typically
much lower than 32.4 Bg/kg. For aquatic organisms, uranium can be toxic, which can have an
impact on survival, growth, and reproduction. Aquatic ecosystems may be disrupted by elevated
levels that cause bioaccumulation in fish and other organisms. If accumulated sediments are
disturbed, uranium may enter the food chain and affect aquatic organisms, which may in turn affect
humans who consume these organisms.

Uranium-235 alone is not subject to any particular drinking water standards; however, the
total amount of uranium in drinking water is usually subject to widespread regulations. U-235 is
present at concentrations that are significantly higher than the usual allowable limits for total
uranium in drinking water (1.6 Bg/kg for sediments and 0.8 Bg/L for river water samples),
indicating a serious contamination problem. Elevated levels of radionuclides affect the ecological
balance of the river and our findings is important for the evaluation of quality of the water.

Conclusion

In the South Caucasus, the Araz River is an important waterway that passes through
Azerbaijan and is essential to regional ecosystems, communities, and agriculture. Serious risks to
human health and ecological systems are posed by inappropriate radionuclide levels in the water
and sediments of the Araz River. The Araz river water and bottom sediment samples collected from
the Sabirabad area (Sugovushan) were tested for Cs-137, Pb-210, Ra-226, Ra-228, Th-234, Th-232,
K-40, U-235, and U-238 activity concentrations. The purpose of the measurements was to verify
compliance with national and international regulations and to obtain data that can be used as a
baseline for determining potential changes in environmental radioactivity caused by nuclear,
industrial, and other human activities.

The concentrations of Uranium-238 in sediments (32.4 Bg/kg) and river water (0.24 Bg/L)
point to a possible risk to the environment and human health. Since the concentration for water is
higher than the allowable limit for drinking water, prompt action is required to minimize health
risks and prevent exposure. Significant contamination that may impact aquatic life and possibly
make its way into the food chain is also indicated by the sediment levels. The levels of Uranium-
235 in river water (0.8 Bg/L) and sediments (1.6 Bg/kg) indicate potential risks to both human
health and the environment. While the sediment levels are higher than natural background levels,
they are less concerning compared to water but still warrant attention due to potential environmental
and ecological impacts.In order to address these issues and safeguard both human health and
environmental quality, it is imperative to put monitoring, treatment, and remediation measures into
place. There are several filtration techniques, such as reverse osmosis and ion exchange. Dredging
and stabilization are two methods that can be used to manage contaminated sediments and stop
radioactive waste from seeping back into the water. To stop additional contamination, sources of
radionuclide pollution, such as mining operations or industrial discharges, must be detected,
relocated and addressed.
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XULASO
ARAZ CAYININ SABIRABAD ORAZISINDON GOTURULMUS SU VO COKUNTU
NUMUNOLORINDO RADIONUKLIDLORIN OYRONILMOSi
Nabiyeva M.A., Haciyeva S.R., Samilov N.T., Oliyeva T.1.

Acar sozlar: radioaktiviik, izotoplar, ¢irklonma, akkumulyasiya, qaydalar

Su kimyasi ila ekoloji saglamliq arasindaki slagoys digget yetirmoklo bu tadgiqat Araz ¢ayinin
ekoloji-kimyavi voziyyatini arasdirir. Beynolxalq standartlar, elmi todqgiqatlar vo normativ bazalar
radionuklidlor ii¢lin magbul hadlorin menbayidir. Milli va beynslxalq qaydalara uygunlugu yoxlamaq veo
niiva, senaye vo digor insan foaliyyati naticasinds otraf miihitin radioaktivliyinda potensial doayisikliklori
miloyyon etmak liglin baza rolunu oynaya bilacok molumatlar1 olds etmok ii¢iin Sabirabad orazisinden
(Sugovusan) gotiiriilmiis Araz ¢ayinin suyu va dib ¢okiintiisii nimunalarinds Cs-137, Pb-210, Ra-226, Ra-
228, Th-234, Th-232, K-40, U-235 vo U-238 ol¢iilmiisdiir. Oldo edilon naticalor gostorir ki, tadqgiqat
sahosindo 6lgiilon radionuklidlorin aktivlik konsentrasiyassi BAEA, ®©MMA vo UST-nin tdvsiyo etdiyi
saviyyolordon asagidir. Manfi istisna U-238 vo U-235-dir, daha yiiksok saviyyslor antropogen tosirlori vo
cirklonmoni gostarir. Cirklonmonin azaldilmasi va ekoloji biitovliiyiin barpasi ii¢iin noticalor atraf miihitin
idars edilmasi iisullarinin diqqgsts ¢atdirilmasinin zoruriliyini vurgulayir.

PE3IOME
HNCCIEIOBAHUME PAJIMOHYKJ/INAOB B OBMPA3IIAX BOJAbI U OCAJIKOB, B3sIThIX B
CABUPABAJICKOM PAUOHE U3 PEKH APA3
Haouesa M. A., I'aoscueea C.P., Illamunoe H.T., Anuesa T.U.

Kniouesvie cnosa: paduoakmusnocmo, U30mMonbvl, 3aepa3HeHue, akKymMyaayus, npasud
C aKUEHTOM Ha B3aMMOCBSI3b MEXKy XUMHEH BOJIbI U 3KOJIOTUYECKUM 310POBbEM, 3TO UCCIIEIOBAHNE
M3y4aeT XHUMHUKO-DKOJIOTMYECKOe COCTOSHHE peku Apa3. MexayHapoaHble CTaHIapThl, Hay4dHbIE
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WCCIIEIOBAaHWA W HOPMATHUBHBICE pAMKH SBISIOTCS HWCTOYHMKAMH TPUEMIIEMBIX MPEIENOB s
paaroHyKINUA0B. YTOOBI IPOBEPUTH COOTBETCTBHE HAIIMOHATHHBIM M MEXKIYHAPOIHBIM HOPMaM H TIOTYYHTh
JAHHBIC, KOTOPHIE MOTYT CIYXXUTh MCXOJHBIMU JaHHBIMH JUISI ONPECIICHUS TOTCHIIMAIBHBIX H3MCHEHUN
PaJMOAKTUBHOCTH OKPYKAKOIIEH CPe/Ibl H3-3a SIEPHOM, TPOMBIIIUICHHOW U IPYTOH JACSITeIbHOCTH YeJIOBEKa,
KoHIeHTparmu aktuBHoctd Cs-137, Pb-210, Ra-226, Ra-228, Th-234, Th-232, K-40, U-235 u U-238 6bum
M3MEpPEHBl B TpoOax BOALI M JOHHBIX OTJOKEHHUU pekm Apa3, oToOpaHHBIX B paiione Cabupabama
(Cyrosymian). [losydeHHbIe pe3ynbTaThl MOKA3bIBAKOT, YTO KOHIICHTPAIMM AKTUBHOCTH PaJUOHYKIIUJIOB,
M3MEpPEHHBIE B HCCIEAyeMOW 00JlacTH, HIKe ypoBHEH, pekoMeHayembix MAIATD, AOOC u BO3.
OTpunarenbHBIM HekioueHneM sBistrotest U-238 n U-235, nmeromue 6oiiee BRICOKHE YPOBHH, UTO TOBOPUT
00 aHTPOIIOTEHHOM BJIUSHUU W 3arpsi3HeHUM. [l CHMKEHHS 3arps3HEHUS M BOCCTAHOBJIICHUS
AKOJIOTHYECKON IEIOCTHOCTH PE3YJIbTAThl MOJIYSPKUBAIOT HEOOXOJIUMOCTh IEJICHANPABICHHBIX METO0B
YIIPaBJICHUS OKPYKArOLIE cpesoi.

Daxilolma tarixi: [lkin variant 18.08.2024
Son variant 17.09.2024
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PAXLALILAR AILOSI (FABACEAE LINDL.) BITKILORININ
MIKROMISET KOMPLEKSLORININ EKOLOJIi XUSUSIYYOTLORI
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Acar sozlor: mikromisetlor, ekosistem, mikoflora, fitopatogen, aqresenoz, rizosfer, filoplan,
mikotoksinlar, pleomorfizm

Isin aktualh@l. Mikroskopik goboloklor - mikromisetlor - yeriistii ekosistemlordo digor
orqanizmlorlo six slago vo qarsiligh olagads olurlar. Siini vo tobii ekosistemlords, xiisuson do
“torpag-mikoflora-fitoflora” sisteminde modvcud olan ganunauygunluglarin vo olagalorin
Oyronilmosi miihiim ekoloji problemdir. Bu aspektds mikromisetlorin digor torpaq
mikroorqanizmlaring tosiri yaxsi Oyronilmisdir, lakin odobiyyatda xiisusilo iqtisadi qiymotli paxlali
bitkilorin torpaq gobaloklorinin icmasina tasiri haqqinda kifayot godor molumat yoxdur.

Toxminon 25 min ndvii molum olan fitopatogen mikromisetlor becorilon mohsullarin
mohsuldarligim1  azaltmaqla yanasi, keyfiyyotini do xeyli pislosdiro bilor. Fitopatogen
mikromisetlorin bir ¢ox ndvlori toksiki, fiirsotci vo allergendir, yoni immuniteti asagi olan insanlar
ticiin ciddi tohliiko yarada bilor.

Paxlal1 bitkilori ugurla becormok ii¢lin bir sira amillori, o climlodon bioloji amillori nozora
almaq lazimdir, bunlarin arasinda mikroskopik goboloklor xiisusi yer tutur vo bu, biitiin bitki
xastaliklorinin 90% -5 gadarina sabob ola bilor.

Molumdur ki, bitkilorin, xiisuson do paxlali bitkilorin intravital kok eksudasiyasi prosesi
torpaq mikromisetlorinin say1 va torkibinde doyisikliklors, torpagin bioloji aktivliyino vo toksigen
gobolok ndvlorinin toplanmasina komok edir. Lakin bu masals ilo bagli molumatlar son doraco azdir
vo bazon ziddiyyatlidir.

Beloliklo, paxlali  bitkilorlo  biosenozlarin  ayri-ayr1  komponentlorinin  ekoloji
xiisusiyyatlorinin dyranilmasi miihiim, lakin holo do kifayat qodor dyronilmomis problemdir. [3]

Isin moagsadi. Bu isin mogsodi miixtolif ekosistemlordo paxlallar ailosinin (Fabaceae
Lindl.) ot bitkilorinin rizosferinin vo filoplaninin mikromiset komplekslorinin ekoloji
xiisusiyyatlorini miioyyon etmokdir.

Bu mogsado nail olmagq tigiin garsiya asagidaki vozifalor qoyulmusdur:

1. Yabani vo madoni paxlali bitkilorin rizosferinde mikromitset komplekslorinin yayilma
ganunauygunluglarin1 vo tobii soraitdo vo aqrosenozlarda onlarda bitki vo insanlar {igiin tohliikoli
ndvlerin méveudlugunu miisyyon etmak;

2. Miixtolif texnogen yiikloro malik biotoplarda mikromisetlor kompleksinin omala
golmasinin xiisusiyyatlorini miiosyyon etmok;

3. Agrosenozlarda paxlali bitkilorin filosferindo mikromiset kompleksinin struktur
xiisusiyyatlorini qiymatlondirmak;

4. Agqrosenozlarda paxlali bitkilorin rizosfer vo filoplan mikromisetlorinin ekoloji
xiisusiyyatlorini miiayyonlogdirmak.

Elmi yenilik. Tk dofs olaraq miixtolif otlu yabani vo madoni paxlali bitkilorin rizosferinin
mikromitset komplekslorinin strukturunun tam ekoloji tasviri verilmis va onlarin miixtalifliyi askar
edilmisdir.
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[lk dofo olaraq todqiq olunan paxlali bitkilorin rizosferinin vo filoplaninin
mikokompleksindo toksigen, flirsotgi vo allergen gobolok novlorinin torkibi miioyyen edilmisdir.
Paxlali bitkilor altinda mikromitsetlorin rizosfer komplekslorinin ndv torkibinin doyigmasi,
bollugunun artmasi vo biomiixtolifliyinin azalmasi tosadiifi novlorin aradan galdirilmas1 vo
aqrosenozlarda ayri-ayr1 goboloklorin dominanthiginin artmasi hesabina miioyyon edilmisdir.
Torpaq mikromisetlori arasinda paxlali bitkilorin becorilmoasi zamani intravital kok ekssudatlarina
hassas, davamli va indikator ndvler do miioyyan edilmisdir.

[lk dofs olaraq paxlali bitkilor altinda Fusarium cinsinin fitopatogen ndvlorinin
(F.oxysporum, F.proliferatum, F.solani) rast golms tezliyinin azalmasi, eloco do Aspergillus niger
fitopatogen novlorinin vo Trichoderma cinsinin antaqonist goboloklorinin bas verma tezliyinin
artmasi askar edilmisdir.

Ik dofo olaraq miixtolif torpaq vo iglim soraitinde tobii yoluxucu fonda paxlali bitkilorin
mikozlariin vo onlarin patogenlarinin yayilmasi va inkisafi miioyyan edilmisdir. [1,2]

Praktik shamiyyati. Miixtalif paxlali bitkilor altinda mikromitset komplekslorinin yayilma
ganunauygunluqglarini bilmok mikromisetlorin név torkibindo doyisikliklor, fitopatogen, antaqonist
va insanlar ii¢lin tohliikoli mikroorqanizmlarin toplanmasi haqqinda molumat almaga imkan verir.
Bunun sayasinds kond tesorriifati texnologiyasinin xiisusiyyatlorino goro mikofloranin mikrobioloji
pozulma doracosini giymotlondirmok vo mikofloranin optimal balansini yaratmaq li¢iin todbirlor
gormok miimkiin olur. Toadqiq olunan paxlali bitkilorin rizosferinds vo filoplaninda mikromisetlorin
yayilmasina dair oldo edilmis molumatlar onlarin becarilmasi texnologiyalarinin tonzimlonmasinda
istifado edilo bilor. Paxlal bitkilor becorildikdon sonra torpaqda digor kond tosarriifati bitkiloring
zoror verd bilon fitopatogen novler (Alternaria alternata, F.chlamydosporium, F.gibbosum va
Ulocladium botrytis) qaldigindan, paxlalilardan sonra bu mikofloraya okin dévriyyesinin
strukturunda on az hassas olan bitkilori segmok lazimdir. [6]

Toqdim edilon osas miiddoalar:

1. Rizosfer mikromisetlorinin komplekslorinin torkibi vo qurulusu tobii ekosistemlordo
Elaborum fasilosinin miixtalif bitki ndvlori {igiin sociyyavidir. Antropogen yiiklii soraitdo rizosfer
mikromisetlorinin saytr vo onlarin biomiixtslifliyinin gostoricilori artir, lakin paxlali bitki ndvlori
ticiin mikromitset komplekslorinds forq azalir;

2. Paxlali bitkilorin mikokomplekslorindo aqro- vo texnogen yiikiin yiliksok soviyyads
oldugu ekosistemlordo fitopatogen vo insan saglamligi {¢iin tohliikali (allergen, toksikogen)
goboalok novlorinin xiisusi ¢akisi artir;

3. Agrosenozlarda paxlal bitkilorin filoplan kompleksinds shamiyyatli nisbati genis spektrli
fitomikozlar téradon fitopatogen mikromisetlor tutur;

4. Aqrosenozlarda paxlali bitkilorin mikokomplekslori gdbaloklorin indikator ndvlori vo
bitkiloro miinasibatdo tocrid olunmus mikromisetlorin patogen aktivliyinin forqli spektri ilo
xarakterizo olunur.

Bitkilorin mikromisetlori - parazitlori mohsul itkisino vo mikotoksinlorlo — diger
orqanizmlorin bdylimaesini vo inkisafini manes tdorodon bioloji aktiv ikincil metabolitlorlo
cirklonmaya sabab olur, bu da bdyiik iqtisadi ziyana sobab olur. [5]

Qeyd etmak lazimdir ki, son 40 ildo gobalaklarin ekologiyasinda biitiin név miiasir imumi
ekoloji metod vo yanagmalardan istifado edilmisdir ki, bunun sayosindo goboloklorin suda vo
torpaqda biokiitlesini, onun morfobiologiyasini, tobii ekosistemlorde vo antropogen amillorin tasiri
altinda maddanin ehtiyatlarina ¢evrilmasini, canliligini va téhfosini qiymatlondirmok miimkiindiir.

Torpaq biotas1 torpagin sonaye emissiyalar1 ilo ¢irklonmosinin dyronilmesi ii¢lin gdstarici
obyekt oldugundan onun mikobiotasi da ekologlarin vo hakimlorin yaxindan digqqst markezindadir.
Buna goro do mikromisetlorin 6yronilmasindo miivafiq miiasir istiqgamatlordon biri texnogen tozyiqo
moruz qalan yeriistli ekosistemlordo mikroskopik gobalaklorin icmalarmin hartorsfli dyronilmasidir.

Mikobiotalara antropogen tasir proseslori iizvi maddolorin biotransformasiyasi proseslorinda
balanssizliga sabab olur vo buna gora do mikromisetlarin ugotunun rolu ohomiyyatli deracads artir. [4]
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Paxlalilar ailasi (Fabaceae lindl.) bitkilorinin mikromiset komplekslorinin ekoloji xiisusiyyatlori

Otraf miihiti vo qidan1 ¢irklondiron mikotoksinlorin manbayi kimi fitopatogen mikroskopik
goboloklorin  todgigatlarimi  qeyd etmok lazimdir. Todgiqatlar fitopatogen mikromisetlorin
kolleksiyalarinin hortorofli 6yronilmosino hosr edilmisdir.

Miioyyon edilmisdir ki, torpaq mikoflorast son doroco miirokkob, miixtolif vo boldur,
mikroorqanizmlorin kiitlesi 7-8 t/ha-a qodor vo ya toxminon 1-2 t/ha quru maddadir. Tadgiqatlar
torpaq omolo gotiron proseslordon asili olaraq torpaq mikoflorasinda doyisikliklori askar etmisdir.
Bundan olavo, torpagda mikromisetlorin komiyyoat vo ndv torkibi oksor hallarda tokco torpagin
ndviindon deyil, hom do ali bitkilorin torkibindon asilidir.

O da malumdur ki, mikrofloranin mozmunu va faaliyyeti, hidrotermal rejimin doyismasi vao
mikroorqanizmlorin ¢oxlu tokrarlanan nasillori sobobindon torpaq omolo golmosinin illik tsiklindo
miloyyon dinamika ilo xarakterizo olunur.

Bununla belo, mikromisetlorin dyronilmasinda on boyiik cotinliklor onlarin genis yayilma
sahasi vo novlarin boyilik miixtalifliyidir, buna gore do mikroskopik gobaloklar indiys qader kifayat
qodoar dyranilmomisdir. [7]

Paxlalilar ailosi vo ya Giivo ailosi (Fabaceae Lindl. vo ya Leguminosae Lindl.)
taksonomiyada on genis yayilmis novlordon biridir vo miixtalif hoyat formalari ilo tomsil olunur.
Paxlal1 bitkilsrin 700-2 yaxin cinsi v on azi 17000 ndvii molumdur.

Modoni paxlali bitkilorin  koklorinde Rhizobium cinsino aid azot fiksasiya edon
bakteriyalarin introduksiyasindan vo endogen maskunlasmasindan sonra kok parenxima
toxumasinin boyiimasi noticosindo yaranan diiylinlor olur. Atmosferdon udduglart azot bitkilorin
0zlari torafindon bdyiimak iiciin istifado olunur vo onlar torpaga sumlandiqdan sonra orada qalir vo
sonraki mohsullar {igiin ol¢atan olur. Buna uygun olaraq, paxlali bitkilor torpagi havadan baglamaq
qabiliyyatino gors azotla zonginlosdirilmasindo boylik rol oynayir.

Molumdur ki, hor hans1 kond tasarriifati mohsulunun mohsuldarligi ilk névbado mineral qida
elementlori ilo, xtisusilo torpaqda bitkilor {igiin mdvcud olan azot birlosmoalorindon asilidir. Son
onilliklords gilibralorin istifadssi bahalagib. Bundan olave, mineral giibralorin istifadosi metabolik
pozgunluqlar naticesinds zarorli qida maddslorinin vo zoharli birlosmalorin sorbast buraxilmasina
sabab olur. Kond tosarriifatinin intensivlosdirilmasine kegid zamani ehtiyatlara qonast vo tabiotin
miihafizasi toloblori nozars alinmalidir.

Coxillik paxlalt otlar terofindon monimsonilon havadan azotun asas komponenti onlarin
yeriistii orqanlarinda, daha kicik hissasi (azotun 1/3 hissasina qador) koklords olur va torpaqda qalir.
Qurmiz1 yoncanin bitki vo kdk qaliglarinda bitkilorin yeriistii hissolorinde mdévcud olan azotun
imumi miqdarmin 45%, c¢ohrayr vo ag yonca 20-30%, yonca 20%, lupin 8% toskil edir. 1 ha
torpaga yonca becarildikdo yeriistii kiitlods va bitki qaliglarinda azotun miqdar1 ilde 300 kq, lupin -
150-200 kg, qirmiz1 yonca - 180 kq, sirin yonca - 150 kq, donli paxlalilar - 50-60 kq azot toskil edir.

Coxillik otlar okin dovriyyasinds istifads edildikds, fosfor vo kalium azotla birlikds, daha az
miqdarda olsa da, verilir. Fosforun torpaqdan asagi - 7% -o qodor istifado doracasi var. Miioyyan
edilmisdir ki, har bir ton coxillik paxlali otlarin vo samanin quru maddadaki bitki qaliglart 0,5%-2
qader (qaliglarin miitlaq quru kiitlasino) bioloji azot, 30%-o qador fosfor, 72%-o qodor kalium vo
75%-5 qodor kalsium qaytarir. Tocriibado paxlali ¢oxillik otlarin qarisigindan on ucuz lizvi giibro
kimi birinci kasimdo yem kimi, ikinci kasimdas iso yasil peyin giibrasi kimi istifado olunur. [8]

Paxlali otlar kond tosorriifati bitkilorindo yasil peyin kimi istifado olunur ki, bu da
zararvericiloro, xostoliklore vo alaq otlarina garst ugurla miibarizo aparmaga imkan verir. Onlar
spesifik artimi togviq edirlar.

ODOBIYYAT
1. Agayev, C.T. Abseron iqtisadi bolgosi soraitinds ortiilii sahado becorilon bitkilorin xastolik vo
zorarvericilori, onlardan baglica ziyanli ndvlora qarst yeni miibarizo todbirlorinin islonib
hazirlanmasi va totbiqi // C.T.Agayev. ETI-nin yekun hesabati, -Bak1, —2012, —112 .
2. Cofarov, 1.H. Fitopatologiya / I.H.Caforov, —Baki: Serq-Qorb, —2012, -568 s.

66



Oliyeva G.R.

3. AunekcanzgpoBa, [.A. Muxkpomunersl B OJKWIBIX MOMEHICHUsX ropoma Ilepmu /
I'.A.AnekcannpoBa, W.H.KupssinoBa, A.ILbpeccen, [u ap.] // Tlpobnembl MeqUIMHCKON
mukoiaorun, —2012, .14, Ne 2, -54-57 c.

4. AnTtoHoB, B.b. MUKO3bl M1 MUKOT€HHAsI aJUIEPTUsl KaK aHTPOIIOI€HHO-0YaroBbie 3a0ojeBanus //
Ycnexu MEAMIMHCKOW MHKOJOTHH. MaTrepualibl TPeThero BCEPOCCHIMCKOTO KOHTpecca 110
MeaunMHCKoN Mukojiorun, —M.: Hanmonanenas Akagemusa Mukonorun, —2005, 1. 5, —54-56 c.

5. AxaroB, A.K. 3ammra pacrenuii ot 6onesneir B terummax // A.K.Axaros, ®.C.J[xanuios,
0O.0.Benomrankuna, [u ap.] —M.: ToBapumectBo Hayunbix nzganuiit KMK, —2002, —194 c.

6. bepecreukuii, A.O. Bbigenenue, wuAeHTU(UKAIUS W XapaKTEPUCTHKA (DUTOTOKCHHA,
obpaszyemoro rpudom Alternaria cirsinoxia / A.O.bepecrenkwmii, O.C.}O3uxun, A.C.Karkosa, [et
al.] // Tlpuks. 6uoxumus u mukpoouonorus, -2010, -T. 46, -Ne 1, -84-88 c.

7. boromomnosa, E.B. HcciemoBanue B3aUMOCBS3M MHKOOHMOTHI KaMEHHMCTOrO cCyOcTpara c
cooOmiecTBaMi  MHKPOMMLIETOB M3 Jpyrux skonorudyeckux rpynn // E.B.Boromonosa,
W.1O.Kupunnenu, A.E.Kopanenko // WUmmynonaronorus, Aiepronorus, WHdekromorus, —
2010, -Ne 1, -56 c.

8. Tang, K.W. Microbial abundance, composition and enzymatic activity during decomposition of
copepod carcasses // K.W.Tang, K.M.L.Hutalle, H.P.Grossart // -Aquat Microb Ecol, -2006, -
Vol. 45, -219-227 p.

SUMMARY
ECOLOGICAL CHARACTERISTICS OF MICROMYCETE COMPLEXES
OF PLANTS OF LEGUME FAMILY (FABACEAE LINDL.)
Aliyeva G.R.

Key words: micromycetes, ecosystem, mycoflora, phytopathogen, aggresenosis, rhizosphere,
phylloplane, mycotoxins, pleomorphism
Microscopic fungi - micromycetes - are in close contact and interaction with other organisms in
terrestrial ecosystems. The study of existing laws and relationships in artificial and natural ecosystems,
especially in the "soil-mycoflora-phytoflora” system, is an important ecological problem. In this aspect, the
effect of micromycetes on other soil microorganisms is well studied, but there is not enough information in
the literature, especially on the effect of economically valuable legumes on the community of soil fungi.

PE3IOME
IKOJIOI'MYECKAS )SAPAKTE‘JJPI/ICTI/IKA MHUKPOMMUKETHBIX _KOMHJIEKCOB
PACTEHUU CEMENUCTBA BOBOBBIX (FABACEAE LINDL.)
Anueea I'.P.

Knwuesvie cnoea: muxpomuyemsl, IKocucmema, Mukogaopa, dumonamozeH, azepeceHos,
pusocgepa, uinoniana, MUKOMOKCUHbL, N1EOMOPPUIM

MukpocKkonuueckue Tpuobl — MUKPOMHLIETHl — HAXOIATCA B TECHOM KOHTAKTE M B3aMMOJICHCTBUU C
JPYTUMH OpraHU3MaMH HA3eMHBIX DKOCHUCTEM. VM3ydeHue CyIecTBYIOIIMX 3aKOHOMEPHOCTEH W CBsi3eil B
HCKYCCTBEHHBIX W TPHUPOJHBIX 3KOCHCTEMax, OCOOCHHO B CHCTeME «o4Ba-MUKodIopa-purodopay,
SIBJSIETCST BaXKHOM DKOJIOTUYECKOW TMpoOiemoil. B 3ToM acriekTe BIHMSIHHE MHUKPOMHIICTOB Ha JpyTHe
MOYBEHHbIE MUKPOOPTaHNU3MBI XOPOLIO W3YyYEHO, OJTHAKO B JIUTEPATYpe HEJOCTATOYHO CBEICHUH, 0COOCHHO
0 BJIMSIHUM XO3AHCTBEHHO LIEHHBIX 000O0BBIX KYJIbTYp Ha COOOIIECTBO MOYBEHHBIX IPUOOB.

Daxilolma tarixi: [lkin variant 08.08.2024
Son variant 18.09.2024
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NCCIEAOBAHUE CUCTEMbI YIIPABJIEHUS PPb
B PEAJIBHOM MACIHITABE BPEMEHH
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Knwouesvie  cnosa:  peakmopHo-peceHepamopHulii  OI0OK,  Kamauumudeckusi — npoyecc,
3AKOKCOBAHHOCHb, CUMYIAYUS, KOHMPOILED, CUCEMA ABMOMAMUYECKO20
YAPaGIeHUs, peanbHblll MACuimad pemeHil, KOCGeHHOe OYeHUBaHue

Paspabomano npoepammmuoe obecneuenue 6 cpede TIA ona uccredosanus cucmem YnpaeieHus
peakmopHo-pezenepamopHo20 O10Ka nymem CUMYIAYUU 6 peanvHom macwmabe epemenu. C nomouvio
pazpabomannoll npocpamMmuvl YCMAaHo8leHa NPaGOMePHOCHb Memood KOCGEHHO20 OYEHUBAHUS CMeneHu
3AKOKCOBAHHOCMU KAMANU3AMOPA HA BbIX00AX Peakmopa U peceHepamopd, d maKdice 03MONCHOCHD
VApagneHus 6cex OCHOBHBIX NAPAMEMPOS8 ON0KA OOHUM YRPAGIAIOWUM B030€lCMBUeM — CKOPOCMbIO
YUPKYIUPYIOWe20 Kamanusamopa.

BBenenue

PeaktopHo-perenepatophsblii 010k (PPB) siBisieTcss OCHOBHBIM TEXHOJIOTMYECKUM Y3JI0M
IIPOLIECCOB XMMHUYECKOI TEXHOJIOI'MH, IPOBOJUMBIX B NMPUCYTCTBUU IMBUICBUIHBIX KaTaJlW3aTOPOB.
Croa OTHOCHUTCA TaKXe U IPOLECChl AETUAPUPOBAHMS PA3NUUYHBIX (Ppakuuil YriieBOAOPOJOB.
Bosbiiee pacnpocTpaHeHHe MONYyYMJI TMPOLECC AETHIPUPOBAaHUSA H300yTaHa B H300YTHIIEH C
MIPUMEHEHUEM aJTIOMOCHIIMKATHBIX Karainu3aTopoB. B [1] mpuBeneHa maremaTudeckass MOJElNb,
TEIUIOBON JIMHAMMKH PEAKTOPHO-PEreHepaTOpPHOro 0JI0Ka, HA OCHOBE KOTOPOIro pa3paboTaH METO.
KOCBEHHOTO M3MepeHMs (PU3MUECKH HE M3MEPHUMBIX KOOPAMHAT 3TOM cucTeMbl. J[aHHOE pelieHue
MOJKET MOCIYXXHUTh PEIICHUIO0 HE MEHee BaKHOW MPOoOJIeMbl, KaK CTaOMIN3aIUs U aBTOMaTHYECKOe
perynupoBaHue HauOosiee BaKHBIX MEPEMEHHBIX COCTOSHHUS 3TOr0 y3ja. DTUMH KOOpAUHATaAMU
SABJIIOTCSL:

- TEMIIEpATypa B PEaKTOpeE;

- TEMIIEPATYpPa B PETEHEPATOPE;

- CTENEHb 3aKOKCOBAaHHOCTHU KaTalu3aTopa Ha BBIXOJE PEaKTopa;

- CTENEHb OCTATOYHOI'0 KOKCA Ha KaTalu3aTOpE Ha BBIXOJE pEreHeparopa.

PPB npencrasinsier co6oii CI0XKHBIA O0BEKT yIPaBICHUS O IBYM NPUUMHAM:

- TEXHOJOTMYECKHE DPEKUMBI IBYX OCHOBHBIX allllapaTOB — pEaKToOpa M pereHeparopa
o0ecrneunBaeTcss OTHUM YTIPaBISIEMbIM TOTOKOM — CKOPOCTBIO LIUPKYJIUPYIOLIEro KaTalnu3aTopa;

- OTCYTCTBYIOT TEXHHYECKHE BO3MOXXHOCTH HENOCPEACTBEHHOIO M3MEPEHUsl CTENEHU
3aKOKCOBAHHOCTH KaTallu3aTopa Ha BBIXOJIE pEaKTOpa W CTENEeHM OCTaTOYHOIo KOKca Ha
KaTaJIn3aTope Ha BBIXOJIE pereHepaTopa B pealbHOM MacIiTabe BpeMEHHU.

ITocranoBka 3axauu

[TepeuncienHble 0OCOOEHHOCTH PEAKTOPHO-PETEHEPATOPHBIX OJIOKOB TPEOYIOT pa3paboTKy
MPOrpaMMHOTO  O0ECHEYEHHUs], PEAIN3YIOLIEr0 METOJl KOCBEHHOTO OILICHMBAHMSI CTENEHU
3aKOKCOBAHHOCTH KaTajlu3aTopa Ha BBIXOJE pEaKTopa U CTENEHM OCTaTOYHOIO KOKca Ha
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KaTaJIn3aTOpE Ha BBIXOJE PEreHEPAaTOPa U MO3BOJIIIOLIETO UCCIEIOBAHUS CUCTEMBI PETYIMPOBAHUS
BBILICIPUBEAECHHBIX TAPAMETPOB IIyTEM CUMYJISILIMY B PEAIbHOM MaciTade BpeMeHH.

IHonyyeHnne u peajmzanus nepeaaToyHbIX GpyHKIMIA

g pemieHMsi MOCTaBICHHOM 3aJa4d C IOMOIUBIO CIEHHUAIBHBIX INPOrPaMM HAa OCHOBE
KHHETUYCCKUX MOJIeNIel TMOJNy4eHbl Tepenatoynble (yHkuumu mo kaHamam [1]. ITlpuBenem
nepeaaTouHble GYHKINHU 10 Ha3BaHHBIM KaHaJIaM:

- «CKOPOCTbH KaTaJIn3aTopa — CTEIEHb 3aKOKCOBAHHOCTH Ha BBIXOJE PEAKTOpay;

W (s) —0.0048
1\S) ===
¢ 129s + 1
-«CKOPOCTh KaTajlu3aropa — CTEMEeHb OCTATOYHOW 3aKOKCOBAHHOCTH Ha BBIXOJIC
pereHneparopa;
0.061
We(s) = ———
¢ 126s + 1
- «CKOPOCTh KaTalln3aTopa — TEMIIepaTypa peaKkTopa;
Wiy (s) = —
t 89s + 1
- «CKOPOCTb KaTajam3aTropa — TeMIlepaTrypa pereHeparopa
0.541
W, (s) =
r2(5) 1255+1

CcymecTBYIOT — pas3iuuHble IPOrpaMMHBIE  CpeICTBa  JUIsL  MCCIENOBAHUS  CUCTEM
aBTOMAaTHYeCKOro perynupoBanus. Cpean HHX 0coboe Mecto 3anmmaeT Simulink mpunoxenwue
Matlab, xoTopoe mo3Bossier CUMYISLHIO B TEYCHHUE 3a/JIaHHOTO BPEMEHH, T.e. HE B PEaJbHOM
BpeMmeHu. Hacrosimee BpeMs  OCHOBHBIM  TEXHHYECKHM  CpPEACTBOM  aBTOMATHYECKOTO
pEeryaupoBaHUs  SIBIAIOTCA  pPa3iMyYHble I[POrpaMMHUpPyEeMble KOHTPOJUIEPbl, B  YacCTHOCTHU
KOHTpOJUIephl THma Simatic ¢upmer Siemens. B OubanoTeke MNpPOrpaMMHBIX CPEACTB ITHX
KOHTPOJUIEPOB OTCYTCTBYET OJIOK pealu3aluu INepelaTOYHbIX (QYHKIMHA, HEOOXOIUMBIX IpU
CUMYJISIIUM U IOCTPOECHUHU CUCTEM PETyJIUPOBaHHUS, OTIMYHBIX OT OJHOKOHTYPHOH cxembl. B [2,3]
IIPEUIOKEHBI CIIOCOOBI pean3aluy MepeaaTouHblX (PyHKIMM, OCHOBAaHHBIX Ha METOJbl PEIEHUs
Qg QepeHInanbHbIX YpaBHEHUH Ha aHAJIOTOBBIX BBIYHMCIUTENBHBIX MallMHAX [2,4] M pa3sHOCTHBIX
ypaBHeHUH [2,5]. 31eck MpUMEHEH Ccroco0, MpeUI0KeHHBIN B [3], KOTOPBIN MO3BOJISET PeaIn30BaTh
nepeaarouHsie (QYHKIMKA TPOM3BOJIBHOTO TIOPSIKA C  3ama3/iblBaHUEM. TEeKCT YIpPOIIEHHON
nporpammbl, ohopmieHHoit kak Gpynkuust (FC1) na s3pike SCL cnenyrommii:

[l Peanusyet nepenarounyto Gy W(s)=b0*#tau/(al*s+1)

#T:="Data_block 2".T;

#kz:=REAL_TO_INT (#tau/#T+0.5);

#boz:=#bos*#T,;

#alz[0]:=#als+#T;

#alz[1]:=-#als;

#yz[0]:=(#boz*#xz[#kz]-#alz[1]*#yz[1])/#alz[O];

#yz[1]:=#yz[C];

FOR#i:=0TO9 DO;

#xz[10-#i]:=#xz[9-#i];

END_FOR;

Onucanue NporpaMMHBIX MOAYJIeH CUMYJISIIMU cUcTeMbl ynpasiaeHusi PPb

[IporpaMmmubie Moxynu paspabotansl B cpene TIA (Totally Integrated Automation —
KOMIIJIEKCHAsI aBTOMATU3AIUS ) M COCTOSIT U3 OJIOKOB:

by _zs.
a;s+1 !

- FC2 —¢pynxuuu 11 peanusanuu neperaToyHbix GyHkuui no kananam PPB;

- OB35- opranu3anuoHHBIN OJOK, TS IUKJIAYECKOTO BBI30BA PETYISITOpa B LENIX paboThHl B
peasbHOM MaclITabe BpEMEHH;

- FC1 —pyukumu peanusanuu nepeaatodnsix Gyukimii Buga W(s) =
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Hccneoosanue cucmemsi ynpasnenus PPE 6 peanbrnom macuumabe epemenu

- DB1- 650k maHHBIX IS TJI00ATBHBIX TIEPEMEHHBIX U MACCHUBOB.

Texct mporpammsbl FC1 npuBezeH Boiiie, GopMaabHBIMU TapaMeTpaMH KOTOPOIl SIBISIFOTCSI:

- tau — Bpems 3ama3fpIBaHUS B CEKyHJaXx B (opmare ACHCTBUTEIHHONH KOHCTAHTHI WU
nepemennoii (Real);

- bos - mapamerp wumcnMTeNns HeENpepHIBHOW TepenarouHod QyHkimu B (opmare
JEMCTBUTEIILHON KOHCTAHTHI Mtk repeMenHoi (Real);
- als - mapamerp 3HaMeHaTeNsl HENPEPBIBHOM mepenarouHoil ¢yHknuu B ¢dopmare

JeMCTBUTEIILHON KOHCTAHTHI MK repeMenHoi (Real);

- XZ — MaccuB B JneiictButenbHoM (opmare (Real), st pa3merneHus: TeKymero 1 mpoIibix
3HaueHU# BXoja. Pa3MepHOCTh MaccHBa 3aBUCUT OT MOPSAKA YUCIUTENS MMEPEAaTOUHON PYHKINHU,
3amas3/blBaHusl U MHTEpBaja JUCKPETHOCTU. B naHHOM cilyyae He uMeeT 3HadeHus. Tekyiee
3HAYCHHME BXOJHOTO BO3aelcTBHs moaaetcs Ha X[0];

- Yz — maccuB B JeiictButenbHOM (opmare (Real), i pasMerieHust TeKyIero u mpouuibix
3HaYeHU BbIXOZa. Pa3MepHOCTh MaccuBa 3aBUCUT OT IMOpsAIKAa 3HAMEHATENsl IepeAaTOvYHOMN
¢bynkun. Texyiiee 3HaueHUE BRIXOIHOTO HaxonuTcs Ha Y[0].

- Network 1:
ADD
g “Bleck_1 e
N ENC EN M N NE —
at_Block 2w 4 CUT =il tau DBl ot
(] T — 2" TR
as N2
=
= i
- Network 2:
AT
v “Blegk_1" !
N N NT L —
Dau_Blesk_"u u am —ra=id tau Tats_black Duta_blax
b : H1 aur — 27 TH
{2 L P
o =
YDy
- Network 3:
ADO
Ve “Black_1" |
™ E ™ e T —
Tau_Blesk_i"w N aum1 1] taw Cata_block Cat_ ok
bt 2wk Wt aur — Ioekae
3 N2
=
¥
- Network 4:
ADD
oV “Black_1 L]
L1 Li N = BN [T —
“Daw_blork_2"u N o — 3 cdd wu_bhagk_ D _b ek _
— 2 - - T o e
3 zy=d E
LE -
3 T
b Metwork 5: ...
MCVE MOVE MOVE
EM ENC EM ENC EN ENC m—
#ya30d iy "Data_block_  #¥ZA — N "Data_block_ #yzld — N "Data_block_
T 2" oreakot QT " Traskot QT 2" Tregot

Puc.1

[Tporpamma 6s0ka OB35 cocrasiena Ha si3bike U coctouT u3 1-ro Network (Puc.2):

Programma ¢ynkmun FC2 cocranena Ha si3pike LAD u cocrout u3 5-u Network (Puc.1):

Network 1 <+ Network 4 — ompenensror TeKymlue 3HAYEHHsS TEMIIEpaTyphbl peakTopa,
TEMIIEpaTypbl pEereHepaTopa, CTENEHW 3aKOKCOBAHHOCTH Ha BBIXOJE pEaKTOpa M CTENeHH
OCTaTOYHOM 3aKOKCOBAaHHOCTH Ha BBIXOJIE pereHeparopa no nepeaaroyubiM ¢pyHkiusm PPb.
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Ha Network 1 + Network 4:

- omoku Move momaror Ha Bxoabl Xz1[0] + Xz4[0] Tekyiiee 3HaueHHE PErYIHPYIOMIETO
BO3JICHCTBUS, MOJTYYEHHOTO Ha BBIXOJIE PETrYJsTOpa;

- Onoku FC1 BBIMHCHSIOT OTHOCUTENbHBIE 3HaueHHs napameTpoB PPB  cooTBeTcTBEHHO 1O
neperaTouyHbiM  (DYHKUMAM KaHAJOB «CKOPOCTh KaTallM3atopa — TeMIleparypa peakTopay,
«CKOpOCTh KaTajlu3aropa — TEMIepaTypa peakTopa», «CKOpOCTb KaTalu3aTopa — CTEHeHU
3aKOKCOBAHHOCTH Ha BBIXOJIE€ PEAKTOpPa» M «CTEMEHU OCTATOYHON 3aKOKCOBAaHHOCTHU HA BBIXOJIE
pereHeparopay;

- 6110kxu ADD BBIYHMCIISIFOT TEKYIIHE a0COMIOTHBIE 3HaueHus rapametpos PPb.

Ha Network 5 610xu Move Tekyiine oTHOCHTENbHbIC 3HaUeHus napamerpoB PPb nepenaror
Ha COOTBETCTBYIOIIUE MIEPEMEHHbBIC B LEJIAX BU3YaIU3AIHH.
bnok SUB mno B a0COMIOTHOMY 3HAU€HHIO 3a/laHUs, BBOAMMOTO C JKpaHa BU3yaJIH3alMH U IO
HOMHHAJILHOMY 3HAUEHHUIO PEryJIHpPyeMOro mapaMerpa BBIUMCIISIET OTHOCUTENIbHOE 3HAYEeHHE
3aJJaHus Ha PETYIATOP.
A Network 1:

CONT_C_D8
CONT_C —~ "
Biock_2*

N

Dats_block
N

— COM_BST

— AN ON
— PVPER_ON

ENO

(L

LMN_PER
QUMN_HLA w—

QUMN LM —

Data_Block 2"

ENO

— P SEL LMN_P

LN )

LMN_D

-—_ITL_ON L

— D_SEL ER
OQE

—INT_HOLD

SPNT

™_LAG
DEADS W
LMN_HLM
LMN_LLM
PV_FAC
PV_CFF
LMN_FAC
LMN_OF F
LITLVAL

oV

Puc. 2

brok CONT_C snserca [IMJ[ perynsTopoM, KOTOpbIM NpH HEOOXOAMMOCTH MOMKET
paborats kak II, Y, IT1 niu [N perynsrop. IlonHoe onucanue mapameTpoB MpuUBOAMUTCA B [6].
311ech MPUBOJUM JIMILB CaMble HEOOXOIUMBIE:

- MAN_ON = 0/1- aBromatuueckuii pexxum/pyqHoit pesxxum. CtannaptHoe 3HadeHue (C3)=1;

- P_SEL=0/1 — nmponopiroHaNbHbIN COCTABIAIONINN OTKIIOYEeH/BKIFoueH. C3=1;

- |_SEL=0/1 —uHTerpupyOIIUii COCTABISAIONINI OTKIFOUeH/BKItOYeH. C3=1;

-D_SEL=0/1 —muddepentmpyrommuii cocTaBisOMUi OTKII0YeH/BKItoueH. C3=0;

- SP_INT — Bxox s 3aganust B popmare REAL;

- PV_IN — BXoz U1 TeKyIero 3Ha4eHus peryjiupyemoro napamerpa B popmare REAL;
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Hccneoosanue cucmemst ynpasnenus PPB 6 peanbrnom macumabe epemenu

- GAIN — Bxon mis kosddunmenta npomnopunonaibHocT B ¢dopmare REAL,C3=2.0.
Peanpnoe 35auenne=200.0;

- Tl — Bxon s Bpemenu uHTerpupoBanus B Qopmare TIME, C3=T#20s. Peanbnoe
sHauenne= #10s;

- TD — Bxon ans Bpemenu quddepennuponanus B popmare TIME, C3=T#10s;

- LMN_HLM — Bxoj a5 MakcCuMaabHOTO 3HaueHus peryaupyromero Beixoaa. C3=100.0;

- LMN_LLM - Bxona ajis MUHUMaJIBHOTO 3HAYEHUS perynupytomiero Boeixoaa. C3=0.0;

- LMN — BeIXOp mi1s perynupytomiero Bo3aeicTeus B popmare REAL.

PeanpHble 3HaUEHMS TApaMETPOB HACTPOMKH peryJsisiTopa Mmojy4eHsl ¢ momomsio Matlab.

Block 2 BembiBacT ¢Gynkuuio FC2 s BBIUUCICHHS TEKYIIUX 3HAYCHHH HM3MEPSCMBIX U
peryaupyeMbIX HapaMeTpoOB IO MEPEJaTOYHBIM (DYHKIIHSM.

OTmeTMM 4TO, B HACTOSIIEH MporpamMme NpPEeIyCMOTPEHO PEryJlupOBaHUE CTENEHU
3aKOKCOBAaHHOCTHM  Karajim3aropa Ha  BbIxone  peakropa.  Koaddumment  ycuieHus
COOTBETCTBYIOIIETO KaHaia uMeeT oTpuiatenbHbiid 3HaK (-0.0048). B atoit csa3u Ha Bxog SP_INT
MOJIaHO TEKyllee 3HadeHue perynupyemoro napamerpa (Creakot), a ma Bxox PV_IN — 3amanue
(Tapot).

[lepemennsie 6oka nanasix DB1 npencraBnensr Ha Tabmuie.
Tabauua.

Mame Offset Start value Retain Visiblein .. Setpoint Comment
w Static

= Treakot 0.0

= TreakO 713.0
= Treakab 0.0

L Tregot 0.0

L Treq0 923.0
= Tregab 0.0

L Creakot

TeKylLee OTH SHAYEHME TEMNEPATYPEI PEKTOPE
HOMUHANEHOE SHAUEHME TEMNEPATYPEI PEAK.
Texywee abc.anauenve TEMNEPaTypEl pEaKTOpa
Teryllee 0TH.3HaYEHWE TEMMNERATYPEl PErEHE. .
HoMMKHANEHOE 3HaYEHHE TEMMERATYPEl PEreH.
Terywee abic sHaYeHWE TEMNEPATYPEl PEreH.
TeKyLLEs OTH SHAYEHME SAKOKCOBEHHOCTH NO...
L Creakotl 0.0
= TapCreak 0.25
= Creako 025
= Creakab 0.0

BonomoraTensHas NepemMeHHan

3apaHWe Ha per.TeMnepaTypel peakTopa
HOMMUHANBHOR 3HAYEHHME 3AKOKCOBIHHOCTH M.
Teryuee afic. 33HaYEHWE AKOKCOBAHHOCTH MO
= Cregot Terylee OTH SHAYEHKME 3AKOKCOBAHHOCTH No...
= Creegotl 0.0
= Creg0 0.05
= Cregab 0.0
L u 0.0
= bip0 false
= bip1 true
= T 1.0

BcnomorateneHas nepemMerHHan
HomMMHANEHOE SHAYEHWE 3AKOKCOBEAHHOCTH M....
Texywee abc.3vayere 3aKOKCOBaHHOCTH NO...
YNpaensaowee BO3GEACTEHE

bHHApHER HYNEBAR BEMNMYKHA

bMIIEpIIEF EQMHKWYHAR EENMYKHE

HMHTepsan guckpeTnIaumm

= yalanci

- Topor ).

BcnomorarensHas nepemMeHHan

fhbdbplppabtbLtbblaatbble
NN NNNNEXEE
IO NEENEENEAEE
0000000O0O0OOOOO0000O0OOO

OTHOCHTENEHOE 33gaHHe

Cumyasinus cucrems! ynpasiaenusi PPb

JIis  HarIsAHOCTH CHUMYJISIMM CHCTeMbl yrpaBienuss PPB cozman oskpan (Screen)
Buszyanu3auu (Puc.3), KoTopelii MO3BOJSET B pEAJIbHOM MacIITabe BpPEMEHM BBIIOJIHEHUS
cenyromux GyHKIAN:

- KOHTPOJIb 32 U3MEPSEMbIM NapaMeTpaM, Kak B IU(PPOBOM, Tak U TrpapuueckoM BUJE;

- U3MEHEHHE 33/IaHHs PETYJIATOpa BBIOPAHHOTO MapaMeTpa PEerylupyeMoro napamerpa u
CJIEIUT 3a U3MEHEHHUEM BCEX I1apaMeTPOB 110 BPEMEHH.
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M Cme TR Twi i
a3

Peaxiop

Temn. peaxKTopa

ABIT HE
sspauwmss SAKOKC. NOCAE peakK.

-

3aKOKCOBAHHOCTb NOCAE per. J/ vinescaceon
. . Texywee JagadHwe

0.4 ro.4
N, S
I]
-8 -8 0 0

T 1 T
F:Ie:22 AM 9:38:02 AM 9:36:2Z AM 9:36:0Z AM

[ P T ——
EBTANEIGTOR

12/28/2022 12/28/2022 12/28/2022 12/28/2022
Trend |Tag c:unnec:tiun|\falue Trend |Tag connection |Yalue
Tem.. Data_hlock_2 ... -5,268858 1... | |Kokc... Data_block_2_,.. 0.288649 1
Tem... |Data_block 2 ... -4.48131 1. | [Howo.., Data_block_2 ... 0.0424327 |1
- - - |
Puc.3

B Hacrosimieit mporpamMmmMe B KadecTBEe pEryjIHpyeMoro mnapaMerpa BbIOpaHa CTEleHb
3aKOKCOBAaHHOCTHU KaTaJM3aTOpa Ha BBIXOZE PEaKTOpa.

Ha3nauenust Bcex 1mupoBbIX BHUPTYaJbHBIX MOKA3bIBAIOIIUX MPUOOPOB U MpubOOpa BBOAA
3aJjaHusd yKazaHbel Ha dKkpane. [y rpadudeckoro HaOMIOACHUS 32 M3MEHEHHEM I1apaMeTpoOB BO
BPEMEHH, HUCIT0Ib30BaHbI Ba deMenTa TREND:

- JIeBbI — As1  HaOMIOJEHUs 3a TeMIlepaTypamMH B peakTope U pereHeparope. Tak Kak
peieibl K3MEHEHHs UX a0CONIOTHBIX 3HAUEHUH oTinyatoTes npumepHo Ha 200 °K, oHM 3a1aHbl B
MPUPALIEHHSIX, T.€. PA3HOCTH MEXY TeKYIIUMH 1 HOMUHAJILHBIMU 3HAUYCHUSIMH;

- IpaBblif — JUIg HAOJMIOAEHUS 3a CTENEHSIMM 3aKOKCOBAHHOCTEH Ha BBIXOJAaX peakTopa U
pereHepatopa. OHH 3amaHbl B aOCONIOTHBIX 3HAYEHHUSX, MOCKOJIBKY, MPEAETbl M3MEHEHUS HX
COU3MEPHMBI.

Ha pucynke n300pakeHbI MepexoIHbIe TMPOIECChl TP U3MEHEHUH 33/IaHUs PETYISATOpa OT
0.22 na 0.27. BpeMms peryaupoBaHHs CTENEHM 3aKOKCOBAHHOCTH KaTalu3aTopa Ha BBIXOJE
peaktopa coctasisieT 40 cek., a mepexo/ibl U3 OJJHOI0 YPaBHOBELICHHOTO COCTOSIHUS B JIpyroe uis
CTENEHN OCTATOYHOI 3aKOKCOBAHHOCTH Ha KaTalau3aTope, Ha BBIXOJIE pereHeparopa cocrapisieT 46
CeK., JIsl TEMIIEPATyp B pEeaKTope U pereneparope 45 cex.

3akaouenue.  PaszpaboraHo nmporpammHoe obOecrieueHue B cpeae T1A mis uccnenoBanus
CHICTEM YIPaBIICHHs pEaKTOPHO-PETeHEPATOPHOTO OJIOKA TyTEM CHMYIISIIMU B PEaJbHOM MaciTade
BpemeHu. C mOMOIIBIO pa3pabOTaHHOM NPOrpaMMbl YCTAaHOBJIEHA IPAaBOMEPHOCTh METOJa
KOCBEHHOTO OIICHMBAHHS CTEMEHH 3aKOKCOBAHHOCTH KaTalW3aTopa Ha BBIXOJAX peakTopa M
pereHepaTopa, a Tak)Ke BO3MOXKHOCTb YIIPAaBJIEHUS BCEX OCHOBHBIX IapamMeTpoB OJIOKa OJHUM
VIIPaBJISIONINAM BO3JIEHCTBHEM — CKOPOCTHIO IIUPKYIUPYIOIIET0 KaTaIu3aTopa.

JUTEPATYPA
1. HarueB, I'.A. KocBeHHas oOlleHKa NEPEMEHHBIX COCTOSHHS PEaKIIMOHHO-PEreHEepaIllHOHHBIX
CHCTeM Ha OCHOBe KoMmmbioTepHoi cumyisiiuu / I.A.Harues, H.A.I'ynuesa // V3amepurenbHast
texuuka Ne 8, —2021, —c.41-49,
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XULASO
REAKTOR-REGENERATOR BLOKUNUN iDAROETM®O SISTEMININ
REAL ZAMAN MIQYASINDA TODQIQi
Olakbarli F.H., Quliyeva N.O.

Acar sozlar: reaktor-regenerator bloku, katalitik proses, kokslagma, simulyasiya, kontroller,
avtomatik idaraetma sistemi, real zaman, dolayr giymatlondirmoa
Moagalads bork katalizatorlu katalitik proseslorin asas qovsagi olan reaktor-regenerator blokunun osas
parametrlorinin — reaktor vo regeneratorun ¢ixislarinda Kkatalizatorun kokslasma doracasinin dolay1
giymatlondirilmosi, bu komiyyatlorin vo homin aparatlarda temperaturlarin tonzimlonmasinin real zaman
miqyasinda todgigine baxilir. Bu mogsadlo TIA miihitinde program tominati tortib edilmis vo onun vasitosilo
simulyasiya yolu ila goyulan masalalor tadgiq edilir

SUMMARY
RESEARCH OF REACTOR-REGENERATOR UNIT CONTROL SYSTEM
IN REAL TIME SCALE
Alekperli F.H., Guliyeva N.A.

Keywords: reactor-regenerator unit, catalytic process, coking, simulation, controller, automatic

control system, real time, indirect assessment.

In the article, the main parametrs of the reactor-regenerator unit, which is the main node of catalytic
processes-the indirect assessment of the degree of coking of the catalyst at the outlets of the reactor and
regenerator, the real-time study of these quantities and the regulation of temperatures in these devices are
considered.

For this purpose, the software is designed in the TIA environment and the issues posed through
simulation are studied through it.

Daxilolma tarixi: [lkin variant 03.04.2024
Son variant 15.05.2024
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U-ODODLOR NOZORIYYOSININ BiZNES QORAR QOBULETMO
MOSOLOSINO TOTBIQI
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Acar sozlar: U-adadlar, gozlanilon faydaliliq, etibarliliq, tabiat vaziyyatlori

U-odadlor nozoriyyesinin vacibliyi onun bilikloro asaslanan qorar gobuletms masalslorin
hallinds verdiyi adekvat naticadir. Qorarlar informasiyanin keyfiyystindon ¢ox asilidir, buna goérs
informasiya etibarli olmalidir. Bu mogsadls, moqalads bu tip gorar gobuletmo mosalasi U-adodlor
nazoriyyasinin totbiqi ilo hall edilmisdir. Tabiot voziyystlori U-adolorlo tosvir olunur. Miixtalif
saholori ohato edon gorar gobuletmo masalolorindo oldugu kimi, baxilan mosslode do Gozlonilon
Faydaliliq nazariyyasinin totbiqi ilo alinan naticalar irali siiriilon yanagsmanin somaraliliyini bir daha
siibut edir.

Giris. Gozlonilon faydaliliq (GF) miixtalif gorar gobuletmo masalslorinin hallinds genis
istifado olunur. [1] —ds tam bazar mokaninda klassik portfelin se¢ilmosi masolasi ii¢lin gézlonilon
faydaliligin (GF) paradigmasinin simaqdan kegcirilmasi nozorden kegirilir .Miislliflor tolobin tobiot
vaziyyatinin ehtimallarindan, eloco do giymaotlordon vo golirlordon asili olduguna inanirlar. [2]-do
marketinq riskinin qisa tosviri vo osas idaroetma konsepsiyasi osasinda faydaliliq, faydaliliq
funksiyas1 vo faydaliliq nazariyyasi tohlil edilir, hom¢inin niimuns kimi marketing risklorinin idaroa
edilmosi ilo bagli gorarlarin qabul edilmasinds faydaliliq nozoriyyasinin konkret totbiqi verilir vo
praktiki totbiq zamani yarana bilocok bozi miimkiin problemlor izah edilir. Noticado faydaliliq
nazariyyasinin marketing risklorinin idara edilmasi ila bagli qorar gqobul edorkon nozori dayari vo
ustiinliiklori oldugu siibut olunur, lakin praktik totbiqgde holo do daha inkisaf etdirilmoli vo
tokmillosdirilmalidir [2] .

Bu moqalods U-informasiya soraitindo qorar gabuletmo masalasino Gozlonilon Faydaliligin
totbigine baxilir. Magalods U-adadlors asaslanan hesabi omoallordon istifads olunur [3].

Masalanin qoyulusu.

Bir il orzinds bir istehsal firmasi ii¢lin biznes gorarlarmin gabul edilmasi prosesi nazardon
kegirilir [4]. Giiman edok Ki, istehsal templori cari tolobatdan xeyli asagidir. Rohborlik asagidaki
Qorarlar1 nozardan kegirir:

- Istehsal giiciiniin asag1 artim;

- Yeni zavodun qurasdirilmasi ilo istehsal giiclorinin orta artimu;

- Yeni mohsul xattinin qurasdirilmasi hesabina istehsal giiclorinin yiiksok artimi;

- He¢ no etmomok;

- Tobiotin asagidaki vaziyyatlorina (bazar sortlori) baxilir: asagi talab -, orta talab -, yiiksok
tolob -, cox yiiksok talab -. Goalacak tolobatin geyri-miiayyanliyi sababindon alternativlorin miimkiin
monfooti barado molumatlar geyri-dagiglik vo qismon etibarliliq ilo xarakterizo olunur. Bu
baximdan, qarar gobuletma masalasi asagidaki U-odoadli matris soklinds tosvir olunmusdur [4]:
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Cadval 1.
U-adad giymatli hallor matrisi.
5, S, S, S,
2 (0,A) (YO,A) (YuO,A) (OO,H)
a, (AA) (0,7 (0O, T) (CY,T)
a, (OZ,H) (AO,A) (YO,A) (OY,A)
a, (0.A) (0.A) (0.A) (0.A)

Qarsiya qoyulan masala, U(a;) alternativlorinin U-adad giymatli gozlonilon faydaliliglarini
(GF) hesablamaq vo maksimal U giymatino malik alternativi an yaxsi alternativ kimi segmokdan

ibaratdir [4].

do(GF(a*)) = max d o(GF(a;)) seortini 6dayan a*-n1 tapmaq lazimdir.
i=

1.4
Masalanin holli.

U-odod giymatli infrormasiyalar Codvol 1-da verilir [4]. Istifade olunan U-adadlor Cadval

2,3 —do verilir.
Cadval 2.
U-adadli meyarlarin A hissasi tigiin linqvistik termlor
Linqvistik qiymat Qeyri-salis qiymat
Oldugca asagi (OA) (-92,-83,-67,-58)
Cox asag1 (CA) (-67,-58,-42,-33)
Asagi (A) (-42,-33,-17,-8)
Zoif Orta (ZO) (-17,-8,8,17)
Asag1 Orta (AO) (8,17,33,42)
Orta (O) (33,42,58,67)
Yuxari Orta (YO) (58,67,83,92)
Yiiksok Orta (YiiO) (83,92,108,117)
Oldugca Orta (O0) (108,117,133,142)
Yiiksok (Y) (133,142,158,167)
Cox Yiiksok (CY) (158,167,183,192)
Oldugca Yiiksok (OY) (183,192,200)
Cadval 3.
U-adadli meyarlarin B hissasi iiciin lingvistik termlor
Linqvistik qiymat Qeyri-salis qiymat

Nadir halda (N)
Hardonbir (H)
Tez-tez (T)
Adaton (A)

(0,0,0.1,0.5)
(0,0,0.3,0.9)
(0.1,0.4,0.6,0.9)
(0.1,0.7,1,1)

76



Cabbarova K 1., Hiiseynov O.H.

Tabiot vaziyyatlorinin ehtimallar1 hagqinda melumat da geyri-doqiqlikls xarakterizs olunur.
Lakin, hesablamalarin sadoliyi iigiin tobiot voziyyotinin odadi ehtimallar hallarini tohlil edocoyik.

Ehtimallarin asagidaki ododi qiymsotlorini nazordon kegirok: P(S1)=0.3, P(S;)=0.25,
P(S3)=0.35, P(S4)=0.1 [4]. Bu halda, alternativlorin U- giymatli gozlonilon faydaliliglar1 (GF)
asagidaki kimi tapilir:

GF(a,)=P(S1)- (O,A)*+P(S2) - (YO,A)+P(Ss) - (YUO,A)+P(Ss) - (OO,H)=
=((62.4,69.6,82.9,90.1)(0,0.0007,0.299,0.897));

GF(a,)=P(S1)- (AA)*+P(S2)- (O, T)+P(S5) - (OO, T)+P(S4)- (CY,T)=
=((48.95,57.55,72.95,81.55)(0.0004,0.089,0.286,0.74));

GF(a, )=P(S1)- (OA,H)+P(S2) - (AO,A)+P(Ss)- (YO,A)+P(Ss)- (OY,A)=
=((12.25,20.25,33.95,41.05)(0.0002,0.226,0.599,0.897));
GF(a,)=P(S1)- (O,A)*+P(S2) - (O,A)+P(S3)- (O,A)+P(S4) - (O,A)=
=((33,42,58,67)(0.0004,0.994,0.994,0.994)).

On yaxst alternativi miioyyan etmok tgiin, Qeyri-salis Optimalliq Prinsipina (FPO)
asaslanaraq Z-adadlori miiqayiso edacayik [5]. Alinan naticalor asagidakilardir:

do(GF(a;)) = 1,do(GF(ay)) = 0.59, do(GF(a,)) = 1, do(GF(a3)) =0,

do(GF(ay,)) = 1,do(GF(a3)) = 0.49, do(GF(a,)) = 1, do(GF(ay)) = 0.67,

do(GF(a;)) = 0.9,do(GF(a,)) = 1, do(GF(a,)) = 1, do(GF(a3)) = 0.5.

Gordiiyliniiz kimi, a, on yaxs1 alternativdir .

Notico. Mogalodo geyri-miioyyonlik vo qismon etibarliligla xarakterizo olunan biznes
masalasinin U-adad nozariyyasinin tatbiqi ilo halline baxilir. Arasdirmanin naticosi olaraq an yaxst
alternativ kimi maksimal U giymatino malik alternativ segilir.
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SUMMARY
APPLICATION OF U-NUMBERS THEORY TO THE BUSINESS DECISION
MAKING PROBLEM
Jabbarova K.1., Huseynov O. H.

Keywords: U-numbers, expected utility, reliability, state of nature

The importance of U-number theory is its adequate result in solving knowledge-based decision-
making problems. Decisions are highly dependent on the quality of information, so information must be
reliable. For this purpose, this type of decision-making problem is solved in the article by applying the theory
of U-numbers. State of nature is described by U-numbers. As in decision-making issues covering various
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fields, the results obtained by applying the theory of Expected Utility in the considered issue once again
demonstrate the effectiveness of the proposed approach.

PE3IOME
INPUMEHEHUE TEOPUM U-YHUCEJI K 3AJTAYE IPUHATUSA BU3HEC-PEIIEHUAN
Jorcavbaposa K.U., I'yceiinos O.1.

Knroueswie cnosa: U-uucia, oxcudaemas none3Hocms, HA0EHCHOCMb, COCHOANUSL NPUPOObL

Baxnocte Teopun U-uncen 3akirodaeTcs B aJ€KBAaTHOM pe3yJbTaTe, KOTOPbIM OHAa JAeT NpuU
pelIeHU 3a7ad TPUHITUS pEHIeHU Ha OCHOBE 3HaHMM. PelieHus BO MHOTOM 3aBHUCST OT KadecTBa
nH(pOpMAaIUH, TTO3TOMY WH(pOpMAIMs JA0DKHA OBITh TOCTOBEpHOH. C 3TOM IIENbI0 B CTaThe ObLIA pellieHa
mpoOiieMa TPUHATHS pEIIeHHil Takoro tuma c npuMeHeHueM Teopuu U-umcen. COCTOSHUS TPHUPOIBI
onuckiBatoTcst ¢ U-uncnamu. Kak u B Bompocax MPUHSATHS PENICHHI, OXBATHIBAIONINX Pa3JIMYHbIC 00JacTH,
pe3yabTaThl, MOJYYCHHbIE C TPUMEHEHUEM TECOPUHU OKUJAEMOM MOJIE3HOCTH B pacCcMaTpUBAEMOM BOIIPOCE,
eIre pas MOKa3bIBAOT 3D PEKTUBHOCTE MPEIIOKEHHOTO TOIX0Ia.

Daxilolma tarixi: [lkin variant 16.07.2024
Son variant 09.08.2024
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AVTOMATIK iDAROETMO SISTEMININ STRUKTUR SXEMININ
HAZIRLANMASI VO SIMULYASIYASI

ABDULOVA NAFiS9 ABDULFOS qiz1 %<2

Sumgqayit Doviat Universiteti, Sumqayit, Azarbaycan, t.f.d., dosent
nafisa.abdulova@sdu.edu.az

Acar sozlar: elektrik otiiriiciisii, nasos qurgusu, tezlik tonzimlayicisi, proporsional inteqral
tonzimlayici, tazyiq tonzimlayicisi.

Tozyiq tonzimloyicisinin I-inteqral vo P-proporsional hissalorinin inteqrasiya vaxt
sabitlorinin doyerini vo omsallarin1 oldo etmok, nasosun elektrik intigalinin is xiisusiyyastlorini
oyronmok tiiglin Matlab proqram paketinin miihitindo hoyata kegirilon riyazi modeldon istifado
edarok onun isini simulyasiya edacayik [3].

Riyazi modeli qurmagq {igiin struktur sxemlar iiclin lazim olan biitiin név elementlori ehtiva
edon lazimi sayda kitabxana tomin edir. Bunlar vizual tasvirin elementloridir, masslon, osillograf,
XY qrafiki; miixtolif nov baglantilar: proporsional, aperiodik, inteqrasiya edici; miixtolif
mohdudlagdiricilar, toplayicilar; biitlin név monbalar: sabitlor, generatorlar vo s. Miivafiq olaraq,
layiholondirma tapsirigi nozordon kegirilon avtomatlagdirilmis elektrik intiqalinin riyazi modelinin
totbiqi ilo avtomatik idaroetmo sisteminin (AIS) strukturunu yenidon yaratmaqdan ibarotdir.
Tapsirigin moagsadindon vo ohato dairasindon asili olaraq, strukturun hor bir elementinin nisbi
vahidlordo hesablanmis molumatlar1 modelo daxil edilir. Hesablama prosesi zamani sistema lazimi
tosirlori totbiq etmok miimkiindiir, bunun naticosindo miixtalif proseslorin oscilloqramlart alinir [1].

Nasosun elektrik intigalt modelinin qurulmasi elo aparilmalidir ki, ventilyator vo nasos
mithorriki modellari imumi doyardon - rotorun firlanma siiratindon istifado etsin. Bu halda elektrik
bucaq stiratindon istifads olunacagq.

Nasos torofindon yaradilan tozyiqin miqdari1 asagidak: ifado ilo tosvir edilir: yaranan H, m.
tozyiqinin Q, m3/saat tachizat hacmindon asililig:

2
H= (wi) —CQ? @)
burada H - giiclondirici nasosun yaratdig1 tozyiqdir;

w - elektrik valinin firlanma stirati, dov/daq;

 p - valin firlanmasinin nominal mexaniki siirati, dov/doq;

C — layihslondirma amsalidir, onu C=/ olaraq qobul edirik.

Nasosun islodiyi magistral xott, P nasosu isloyorkon verilon hocmi ilo istilik sisteminin
optimal islomasi {igiin talab olunan H tozyiqi arasindaki oalaqe kimi tasvir edilir:

H=H+ Q%R (2)
burada Hs - istilik stansiyasinin vo istehlak¢inin hiindiirliiklorinin farqindon yaranan
tozyiqdir;

R - sistem miigavimatinin doyismasini tosvir edon omsaldir

Q - istehlak¢iya verilmali olan suyun hocmidir - 3/ saat.

Magistral modelini hoyata kecirmok ii¢lin biz osas xottin xarakteristikasini elo ¢eviririk ki,
¢ix1§ parametri qaytarma hacminin doyeri olsun:

Q = (H-HsR ©)
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Avtomatik idaraetmoa sisteminin struktur sxeminin hazirlanmasi va simulyasiyasi

1 vo 3 diisturlarina osason, Simulink-don istifado edorok, biz nasos-magistral sisteminin
modelini quraq. (sokil 1).

Pecxknm
paborst
cetn - R

Aasnerine
H
Sapanne
w
OGuem

norpebnaemMmon
sons: - Q

oscC

Sakil 1. Nasos-magistral sisteminin modeli

R=I amsalinin qiymati sistemin nominal (maksimum miimkiin) rejimds, maksimum tozyiqdo
islomosino borabordir; minimum performansda R doyari sifira yaxindir, lakin istilik sistemi
isloyarkon 0 doyori gobul edils bilmoaz.

Yaradilan model tonzimlona vo idars oluna bilan real obyekti oks etdirir. Hs, R, C doyarlorini
doyisdirarak, model miiayyan bir sistemda bas veran har hansi bir prosesi tohlil etmoya imkan verir.
Models elektrik intigalmnin avtomatik idaraetma sistemini (AIS) alava edaroak, nasosun cari modelini
layiholondiririk.

Bizim mogsodimiz tozyiqi avtomatik olaraq saxlaya bilmok iiclin miisyyon bir yolu
tapmaqdan ibaratdir, basqa sozlo desok, elementlori tonzimlayici, filtr vo obyekt baglantis1 olan,
miivafiq olaraq Wy, Ws, W, otiirmo funksiyalar1 ilo sapmaya goro tabeli tonzimlomonin qapali
sistemi yaratmaq lazimdir.

Obyekt baglantisinin otaloti asinxron miihorrikin elektrik intiqali, tezlik ¢eviricisi va
tonzimlonon dayarlarin sensorlari torafindon yaradilir. Sensorlarin stalsti intigalin stalstindon qat-
qgat azdir, sistem otalotsiz vahid oks olaqoyo malik hesab edils bilar [2].
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Sakil 2. Nasosun avtomatlagdirilmis elektrik intiqalinin idaraetma sisteminin riyazi modeli
Vo oscillogramimin gostorisi

Tezlik geviricisi iki daxili dovroya (kontura) malikdir - cari dovra va siirat dovrasi, eloco do
tozyiqo nazarat dovrasi - texnoloji dovrs isa ticlincii kontur hesab edils bilor.

Beloliklo, biz tezlik geviricisi alagosinin, obyektin va filtrin otiiriilmo funksiyalarim ikinci
doracali aperiodik kecid soklinds toqdim edirik, ikinci qapali dovra sisteminin standart Otiirmo
funksiyas1 agagidaki formaya malikdir:

O,(p) =

TT — tozyiq tenzimloayici
R — sobokann is rejimi
T —tozyiq tapsirigi

1
8T p3 +8T7p2 +4T,p +1

W — kvadrat
C — nasosun struktur amsali
H — tozyiq

Q —istehlak edilon suyun hocmi

01 — tonzimlayicinin proporsional slagasi

1/08 - tonzimlayicinin inteqral olagosi

Elektrik otiirticiisii (miiharrik, ¢evirici, carayan konturu va siirat)

Modul optimala konfiqurasiya edilmis sistemin tok bir tosira verdiyi cavabdan bir qodor
boylik hoddi asirma xottin miigavimotinin artan tosirindon qaynaqlanir. Bundan sonra, tozyiqin
dayarini sabit saxlamaq {iglin sistemin hoyata ke¢irdiyi isi aydin sokilde gdriiniir - qrafik Sokil 3-do
gostorilmisdir.

Istehlak azaldiqda asagidaki proseslor bas verir: todariik azaldig1 anda tozyiq koskin sokildo
doyisir (belo ki, nasos eyni siirotlo islomoyo davam edir), tozyiqi saxlamaq ii¢lin idaroetmo sistemi
nasosun firlanma tezliyini zsiflodir (azaldir) vo bununla da onun mohsuldarligini asag1 salmaqla
natico etibarilo tozyiqin barpasini tomin edir.

Nozarat sistemlorini qurarkon, asagidaki imumilosdirmalar qobul edilir:
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Avtomatik idaraetmo sisteminin struktur sxeminin hazirlanmasi va simulyasiyasi

- idareetma sisteminin hor bir sonraki dovrasi (konturu) avvalkinden toxminon iki dofo az
siirato malikdir;

- biitiin konturlar nisbaton asag1 hadd tonzimloma ils kegici proseslori tomin edir;

- coxdovrali (¢oxkonturlu) sistemin dinamik xassolori vo hor seydon ovval onun siirati
dovralorin say1r vo kompensasiya olunmamig zaman sabiti T, -nin doyari ilo tamamilo miioyyon
edilir;

- hor hans1 bir kontur {i¢lin tonzimloyici eyni standart dizayna uygun olaraq hazirlanmisdir.

0.5 1 1.5

Sakil 3. Tozyiqi sabit saxlamagq iigiin avtomatik idaraetmo sisteminin oscillograminin géstorisi

Umumiyyatlo iso i némrali kontur {i¢iin kegirici funksiya asagidaki diisturla miioyyon edilir:
Ri(p) =Ky + ﬁ '

burada K; - tonzimlayicinin gliclondirmo amsalidir;

T; - tonzimloyicinin vaxt sabitidir.

Tonzimlayicinin xilisusi novii kompensasiya olunan slagonin strukturu ilo miioyyan edilir.

Natica.

Nasos qurgusunun avtomatlagdirilmis elektrik intigalinin layihslondirilmasi naticasindo
elektrik enerjisi sorfiyyatt azaldilmig, nasosun maksimal texniki xiisusiyyotlorindon istifado
edilmisdir. Tonzimlonon elektrik intigalinin totbiqi ilo nasos avadanliglarinin, eloca do slagoali
avadanliglarin xidmot miiddstini artirmaq, elektrik avadanliglarinin asasli tomir intervalini artirmagq,

hoamginin su tochizati sobokesino qulluq xorclorini azaltmaq va eloco do su itkilorini azaltmaq
mimkiin olmusdur.
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In the article, the calculation and selection of energy equipment was carried out, the calculation and
selection of electric transmission was carried out, the calculation and selection of the frequency converter
was carried out, the power supply system of the pumping station was calculated, the block diagram of the
control system was prepared, and the parameters of the dynamic nodes were determined. A PI (proportional
integral) regulator of pressure has been synthesized, the compliance of the simulation with the requirements
has been evaluated.
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HOBBIN MOJXOJ K PASPABOTKE JATUUKA U3MEPEHUSI
INIOTHOCTHU OAHOTPYBHBIM TPYBYATBIM PE3OHATOPOM C
QJIEKTPOMAT'HUTHOU KOMIIEHCAIIMEN

AMMPACJIAHOB BAXPY3 KYPBAH oray 28<2
Cymeaumcxuti 2ocyoapcmeennwiii ynugepcumem, Cymeaum, Azepoatiodcan, 0.¢h.m.
bahruz.amiraslanov@sdu.edu.az

Knwuesvle cnosa: niomuocmo, 6UOPAYUOHHBINL MemOO, MEXAHUYECKULl pPe30HaAmop,
BUOPAYUOHHDBLU nIOmMHOMED, 006pomHOCMb, 4acmMomHuwll
npeobpazosameinn, usmepenue

B cmamve paccmampusaromcs  cnocobvl  nogviuenus MOYHOCMU — USMEPEHUS  PA3IUYHBIX
napamempos Hpu usMepeHuu HIOMHOCMU dcuokocmeu. Ilpednoswcenvt cpasHumenvbHble OCHOBHbIE
npeumywecmea U He0oCMamKy NJIOMHOMEPO8, d MAKH#Ce 0OHOMPYOHO20 Pe30HAMOPA C INEKMPOMASHUMHOU
KoMneHcayuel Konebanull ¢ Mecmax coeOuHeHusi KOHYo8 mpyoxu pesonamopa ¢ onopou.. Ilpedcmasnena
Gopmyna, 0bo3navaiowas HACMPOUKY GUOPONIOMHOMEMPOS C MPYOUAMbIM PE30OHAMOPOM.

Beenenne. [lpunuun neiictBusi BHOPALMOHHBIX IJIOTHOMEPOB OCHOBAaH Ha HM3MEHEHUU
PE30HAaHCHOM 4acTOThI TPyOUaTOro KaMEepTOHA B 3aBUCHUMOCTHU OT IUIOTHOCTH M3MEPSIEMON CPEJbl,
npoTekaromei yepe3 Hero. OCHOBHBIE JOCTOMHCTBA IIOTHOMEPOB, IMOCTPOEHHBIX HA YKa3aHHOM
MIPUHLIMIIE CIIEYIOIINE:

1. 3mepsiemas cpefa HEMOCPEICTBEHHO HPOTEKAeT Yepe3 KaMepTOH, M3rOTOBJICHHBIN B
Buge U-oOpasnoii, npsmonuHerHOW U Ap. Gopmbel TpyOku. JKHIKOCTh B TpyOKe IMpH MOMOIIU
3JIEKTPOMArHUTHBIX CHJI IPUBOAUTCS B rapMOHMYeckue konebanus. [lepuon konedanuii 3aBUcUT OT
BA3KOCTH >KUJKOCTH, Haxojsuieiicss B TpyOke. Ilpomecc u3MepeHHs >KUIKOCTH JIOCTATOYHO
JUINTEIbHBIN U 3aHUMAET HECKOJIBKO MUHYT. OTHOBPEMEHHO KaMEPTOH SIBJISIETCSI YyBCTBUTEIbHBIM
AJIEMEHTOM, YTO 00eCreurBaeT JOBOJIbHO HIMPOKOM Tnana3oH U3MEPEHUs IJIOTHOCTH.

2. He3aBHMCHMOCTh  PE30HAHCHOM 4YacTOTBI OT BHEUIHMX DJEKTPUYECKUX  IOJIEH.
Pe3onaHcHas yacToTa onpeensercs TOIbKO COOCTBEHHBIMU TapaMeTPaMH KOHCTPYKLIUH.

3. OTHOCHTEbHAS HECIOKHOCTh U3MEHEHUE YacTOThI (Iepro/ia) KoneOaHui.

4. Xopomiasg npopabOTaHHOCTb AJITOPUTMOB M HPUHLMIIHAIBHBIX CXE€M BO30YKIEHUS U
NOJIIep>KaHUsl COOCTBEHHBIX KOJIEOaHUH.

5. OTHOcuTeNbHAS POCTOTA METOAUKH KaTUOPOBKH.

K HegocraTkaM ciieryeT OTHECTH:

1. 3aBUCHMOCTh pE30HAHCHOW YacTOTHl OT TEMIepaTypbl U JIaBJICHHUS BEILECTBa,
MPOTEKAIOILEro Yyepe3 KaMepTOH, YTO TpeOyeT KOPPEKIMIO MOKa3aHUH MpU U3MEHEHUH YKa3aHHBIX
napaMmeTpoB. Takxe, Ha MOKa3aHUs BIMAIOT BI3KOCTh U MaccoBbIi pacxoa. [loaromy Heo6xoaumo
yKa3blBaTh BEpPXHUH IMIpeled H3TUX IOKa3aTeslel, HpH KOTOPOM IOTPEIIHOCTh OCTaeTcs B
JOMYCTUMBIX Npeesnax.

2. BnusHue »SJEeKTpUYECKUX TOJie Ha TMoKa3aHMs NpUOOpa, IOCKOJIbKY B CHUCTEME
HCIOJIb3YIOTCS OIS PU30BAHHbBIE JIEKTPOMArHUTHI.

3. HenomyctumocTh nepenaun kojeOaHU B KOPIyC IpuOOpa M TEXHOJIOTMYECKYIO JIMHUIO,
4yTO TpeOyeT pa3paboTKH CHEeIHaTbHBIX CIIOCOOOB TamieHusl KojaeOaHui Ha KOHIIaX KaMepTOHHBIX
TpyOOK.
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AKTyaTHOCTh Npo0JeMbl. OCHOBHBIM 3JIEMEHTOM YaCTOTHBIX IpeoOpa3oBareneit
ABISICTCA  KoyleOaTenbHbII  KOHTYp WM  4YacTOTHO-3aBMCHMMas LE€Nb C  [apaMeTpami,
OIIpeAEIiEMbIMU KOHTPOJIUPYEMOM BennuuHOW. CylIeCTBYET U3MEPUTENN C 3JIEKTPOMAarHUTHBIMU
U MEXaHHYECKUMHU pEe30HaTopaMu, I[pUYeM HocieqHue Oojiee MEePCHEKTHBHBI IS TOYHOI'O
M3MEPEHUsl Pa3IMYHBIX IMapaMeTpoOB. DTO OOBACHSAETCA TEM, YTO JOOPOTHOCTh MEXAHUYECKHX
KoJIe0aTeNbHbIX CHCTEM 3HAUUTENIBHO MPEBOCXOAST AHAJIOTMYHBIM MapaMeTp 3JeKTPOMAarHUTHBIX
KOHTYpoB. [IpHMHIMI TOCTPOEHHUS YACTOTHOrO mpeoOpa3zoBarenss Ha 0a3e MEXaHHYECKOTO
pe30oHaTOpa 3aKI0YacTCs B TOM, YTO KOHTPOJIMPYEMBI ITapaMeTp, BO3JAECUCTBYS Ha KECTKOCTh WU
Maccy CHUCTEMBI, U3MEHSET 4YacTOTy €€ KojebaHuil. B kauecTBe NpHUEMHMKOB M BO30ynuTenen
KoJIeOaHUH MCIIONIB3YIOT pa3IMyHbIe 3JEKTPUUECKUE WM THEBMAaTHUECKUE IPeoOpa3oBaTey.

M3 ducina 31eKTpUyYecKuX npeoOpazoBaresiell, MOoIy4YrBIIMX HauOOJIbIlEe PACIPOCTPAHEHNUE,
MOXKHO  HAa3BaTb  DJEKTPOCTATUYECKHE,  IbE30ICKTPUYECKHE,  MAarHMTOCTPUKLMOHHEIC,
TEH30METPUUYECKHUE, TEKTPOMEXAHUUECKUE U MarHUTO3JIEKTPUUECKHUE.

Pemiennss npo0sembl. B Hacrosiee BpeMs BHOpallMOHHO-4aCTOTHBIE IpeoOpa3oBaTenu ¢
MEXaHUUYECKUMHU PE30HATOpaMU IMOJIYYHUJIM pACIHPOCTPAHEHHUE [UIsI M3MEPEHUS MEXaHMYECKHUX
BEJIMYMH IIapaMETPOB YINPYIHX DJJIEMEHTOB, JABJICHHUA U PA3HOCTH, TEMIIEPATypbl, BSI3KOCTU
KUIKOCTEN.

Marepuan TpyOOK KaMmepTOHa JOJDKEH UMETh OOJbIION MOIYyib YNPYrocTH M 001ajnaTh
MaJibIM BHYTPEHHUM 3aTyXaHHEM (CTajlb, TUTAaH, KBapLiEBOE CTEKJIO U T.1I.). 3BecTHO, 4TO yacTtoTa
MONEPEYHbIX KOJeOaHUN TpyOKM, HENOJABM)KHO 3aKpEIUICHHOHM Ha KOHLAX, OIMCHIBAeTCS
BBIPAKEHUEM

X [EI
27 \'ml®
rne A =CONSt -mocrosHHas, 3aBUCAIIAs OT YCIOBHH 3aKPEIUIEHUS TPYOKH;
E =const - moxens ynpyroctu marepuan tpyoku;

| — moment useprK nonepeunoro ceyenus TPYOKH;
M u |- o6mas macca n 1mHA TPYOKH.

1)

a

YuureiBas

l=p,S,, m=m +m, m =V,P, m=Vp,6 V,=Sl1,

T T
V. =Sl S ==(D*-d?), S =-d?
X X T 4( ) X 4

e P.,p, - mnotHocts Martepmana TpyOKM M HM3MEpPSIEMOro BEIECTBA; O ,S. - IUIOMIAb

IIPOXOHOTO OTBEPCTHS M KombleBoro ceuenus tpyokw; D,d - mapyxselit u BHyTpeHHHit
MaMeTphl TPYOKH.

22
T an?

(4]

Bripaxkenue (1) MoXHO niepenucaTth B BUE

()

rae @ -4acrtora COOCTBEHHBIX KOJICOaHUI IIyCTOI'0 p€30HaTopa,

K =p.(D?/d* —1) -nocrosunas pesonaropa.
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Hosviii n00xo0 k paszpabomixe oamyuxa usmepenust nI0OMHOCMU 0OHOMPYOHLIM MPYOUamoim
PE30HAMOPOM € INEKMPOMASHUMHOU KOMNeHcayueu

Kax BMIHO U3 BbIpaKeHUS (2) A7 ONpPENEIEeHHs INIOTHOCTH O, 0 U3MEPIEMOM YacTOTE
@ nocTatoyHo paccumtarh @, ¥ K 110 M3BECTHBIM Mapamerpam A4,1,D,d, o E u

nozcraButh B (2). OmHAKO Ha MNPakTUKe STHUM crocobom He nombsyores - @, u K
OIpeeNsAoTCa AKclepuMeHTanpHo. [lpouenypa omnpeneneHuss napaMeTpoB o, n K

Ha3bIBAETCS KATMOPOBKOIi pubopa, a @, u K sBistiorcs kanubpoBouHbIME KO3 YHULHEHTAMH.

OtMmeruM, uTo hopmyiy (2) MOKHO MOJTYYUTh MCXOJS M3 MHBIX cooOpakeHui. JIMHEHYIO
MOJIEeTTh KOJICOATETbHOW CUCTEMBI MOKHO OMUCATh KaK

mX + K, X =0 (3)

I'me X —cmemnienue TpyOKH OTHOCUTEIBHO TIOJIOKEHUSI PABHOBECHST;
K, —31ech KO3 QULUEHT YyIPYTOCTH.
Pe3onaHcHas yacToTa onpenesnsieTcs: BRIPaKEHHUEM:

w=,— (4)

T 7T
[MoctaBmas M=m, +m, = " (D —d?)lp; + " d’lp, u yanrsisas K, =const mpuxomum K

BhIpakeHHIO Bua (2). OgHaKo B 3TOM ciiydae

K, c
AD?-d%) ©)

[Mockoneky K u @, ONpenensrorcs >KCIEPUMEHTAILHO, TO HaJIM4YM€ HEU3BECTHOIO

napamerpa Ky B (5) He BBI3bIBaeT Kakux-HHOYIb 3aTpyaHeHHH. OJHAKO HEOOXOAUMO COOMI0AATH
Temnepatypy KanuOpoBku t=20°C , KOTOpoil COOTBETCTBYET HEKOTOpPOE (PHUKCHPOBAHHOE
3Havyenue K.

HmeroTcs paznuyuHble TUIIBI KaMEPTOHHBIX TPyOuaThIX pe3oHaTopoB. C IeNbl0 raiieHus
KOJIeOaHUN Ha KOHIAX TPYOOK B HACTOSIIEE BpeMs MCIOJIB3YIOT CleAyromuil crocod. bepyr nBe
KaMepTOHHbIE TPYOKH, KOTOpbIE B KOHIAX COCTUHSIOTCS CIELHaTbHBIMU THOKUMH CTsDKKamHu |, a
BO30YXK/ICHHE ITUX TPYOOK OCYIIECTBIISIETCS MPOTHBO(A3HO MyTeM pa3MelleHus katymiek By u By
BO30YXKJIEHHsI cllequalbHbIM cnocoOoM. CHumaromue KojebaHusi KaTyIIKM  (aAanTepbl)
PasMENIaroTCs HANPOTHB COOTBETCTBYIOIMX Bo30ymuteneil. Ilpu sTom mo mmockoctn A— A
MIPOUCXOJUT KOMITEHCAUS YCUIIHM, T.€. IPOUCXOJUT B3aUMHOE YHUUTOKEHUE KOJIeOaHM.

OTmeTruM, 4TO yCTpaHeHHE Nepeaun KojeOaHui B KOHCTPYKIMIO IpUOopa B OJHOTPYOHBIX
KaMEpTOHaX SIBJISIETCS OTHOCUTENIBHO CJIOKHOW 3aadeid, MOCKOJIbKY B OJIHOM TpyOKe HEBO3MOXKHO
MOJYYUTh MPOTUBO(pA3HOE KOJIeOaHNUS.

OpHo U3 pemeHui 3Toi 3a7jaun COCTOUT B 3aKPEINIEHUU TPYOKH HEMOCPEICTBEHHO B KOPITYC
npubopa, mpuyeM Macca Kopryca Oepercss ropasfo Oosblieil yemM Macca camoil TpyOku. Uem
0oJIbIlle pa3HHIIA Macc, TEM MEHBIIE aMIUIUTY/la OCTaTOYHBIX KosiebaHui. SICHO, 4TO MpU TakoM
MOJIX0/I€ YBEIMUUBACTCS METAJUIOEMKOCTh pa3pabOTKH, MOBBIIIAIOTCS BEC U TabapUThI proopa.

Jpyras KOHCTpYKLHS OJHOTPYOHOTO KaMEpTOHHOTO pe30HaTopa ¢ KHHEMaTHYEeCKUM
KOMIIEHCATOpOM KosiebaHui B TOYkax 3akpervieHus paspaborana B HIIL[ CHUPAT. Ha puc.1
MOKa3aHa CXeMa AITOro pe3oHaropa. 31ech TpyOka pa3Meliaercs MO LEHTPY HATSHYTOM pambl.
HeoOxonuMoe ycunue HaTsXKEHHMsS JOCTHraeTcs OOJTaMU C OBaJbHBIMH TOJIOBKaMH. bBoONThI
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¢bukcupyroTcs kKoHTpraikamu. CTpyHBI UTPAIOT POJIb MAHHMBEIUIB, HA KOHIIAX KOTOPOTO TacsTCs
KoJieOaHUsI TPYOKH.
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Puc.1. OonompybHbiii mpybuamolii pe30HAMOPOM ¢ KUHEMAMUYeCKOU KoOMneHcayuel
KoeOaHUll Ha KOHYAX mpyoKu.

[TpuHIMI IEUCTBUS MPEII0KEHHON CXEMBbI 3aKIIFOYAECTCS B CICIYIOIIEM: IyTEM BBEACHUSA
JONOJTHUTEIBHBIX 3JIEKTPOMArHUTOB 1, MapauielbHO MOAKIIOYEHHBIX Yepe3 IepeMEeHHOe
compoTuBiieHHe 2 K Bo30ymutenmto B co3marorcst mpoTuBO(dazHbie KoieOaHUS K KOJIeOaHHSIM,
co3aBaeMbIM Bo3Oyautenem B (Puc 2).

@opmyna (2) SBISETCS TPAIUPOBOYHON XapaKTEPUCTHKON BHOPAIIMOHHBIX TUIOTHOMEPOB C
TpyOuaTbIMM pe3oHaTopamMu. Jlo HegaBHero BpeMEHM, Kak IpPaBWIO, TIPATUPOBOYHYIO
XapaKTePUCTHUKY JINHEAPU30BAIA B U3MEPSIEMOM HMHTEpBaJIe IUIOTHOCTH. [Ipu 3TOM morpemHocTsb
JMHEapU3alluy ONpenesserTcss IIMPUHOM IIKajabl M crnocoOoM ammpokcumanuu. OnHako ¢
MOSIBJIEHUEM OJHOKPUCTAIbHBIX MUKPOIPOIIECCOPOB pealn3alluy BbIpaskeHus (2) B HCXOJHOM BHJIE
HE COCTaBUJIa OCOOBIX TPYIHOCTEH.

. L)
T rew w w|
A

O~ JO

Puc.2. OonompybHulii mpyouamulii pe30HAmoOpOM ¢ dNEKMPOMASHUMHOLU
KoMneHcayuell Koiebanull Ha KoHyax mpyoxu.

BriBoabI.

1. Hcnonb3oBaHue BBIIIEYKa3aHHBIX cI0coO00B B mpombiinuieHHoctn ACY TII B
n3MmeputenbHbIX TpakTax UUC, B yacTHOCTH B cucTEMax KOMMEPUYECKOI0 yueTa KOJIHuecTBa HepTH
1 He(TEenpOAYKTOB MpU TPAHCIOPTUPOBKE MO TPYOONPOBOJAM, MO3BOJIMT MOBBIINIEHHE TOYHOCTH
U3MEpEHUs] JKUJIKOCTeH IJIOTHOCTH, a Takke TPaKTOB IMpeoOpa3oBaHuss U  00pabOTKU
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Hogvlii n00xo0 x paszpabomke oamuuxa usmeperus nI0MHOCMU 0OHOMPYOHbIM MpPYOYaAmuvim
PE30HAMOpOM C INeKMPOMALHUMHOU KOMReHcayuell

TEXHOJIOTHYECKOM I/IH(i)OpMaI_[I/II/I 3a CUCT MMOAaBJICHUA CHUCTEMaTHYECCKON MOorpCrHOCT MUHUMYM Ha
OJIH MOPAIOK, @ U3MEPUTEbHBIX IIIYMOB Ha TPH U 00Jsiee MOPSIIKOB.

2. IlpeanokeHHBIH CIOCOO CHI)KAET METAIUIOEMKOCTb HW3JeNus, 00JerdaeT HacTpOiKy
KaMepTOHA, CIIOCOOCTBYET CO3/1aHUI0 aBTOKOJIE0ATEIbHON CUCTEMBI C O0JIBIIONH JOOPOTHOCTHIO.

3. Marepuan cratbd MOXKET OBITH II0JIE3EH WMH)KEHEPHO-TEXHUYECKUM U HayYHBIM
paOOTHHKAM, 3aHATHIX Pa3pabOTKOM, BHEIPEHHWEM WU SKCIUTyaTaluedl BUOPAlMOHHBIX HpPHUOOPOB,
HCIOJIb3YEMBIX IPU U3MEPEHUHU IIJIOTHOCTH, BA3KOCTU U MAaCCOBOI'0 PAcXo/a.
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XULASO
ELEKTROMAQNIT KOMPENSASIYASI iLO BiR BORULU BORU REZONATORU iLO SIXLIQ
OLCM®O SENSORUNUN INKISAFINA YENI BIR YANASMA
Omiraslanov B.Q.

Acar sozlar: sixlig, vibrasiya iisulu, mexaniki rezonator, vibrasiya sixlhqol¢on cihaz, keyfiyyat

faktoru, tezlik ceviricisi, 6l¢mo.

Magqalado mayelorin sixliginin 6lgiilmasi zamani miixtslif parametrlorin 6l¢iilmasinin daqigliyini
artirmaq yollar1 aragdirilir. Sixligolganlorin miiqayisali asas {istiinliiklori va ¢atigmazliglari, hamginin
rezonator borusunun uclarinin dayaga birlogsma yerlorinds titromalorin elektromaqnit kompensasiyasi ils bir
borulu rezonatoru toklif olunur. Borusokilli rezonatorlu vibrasiya sixligdlgenlorinin sazlanmasini ifade edon
formula toqdim olunur.

SUMMARY
A NEW APPROACH TO THE DEVELOPMENT OF A DENSITY MEASURING SENSOR WITH A
SINGLE-PIPE TUBULAR RESONATOR WITH ELECTROMAGNETIC COMPENSATION
Amiraslanov B.K.

Key words: density, vibration method, mechanical resonator, vibration density meter, quality factor,
frequency converter, measurement
The article examines ways to increase the accuracy of measuring various parameters when
measuring the density of liquids. The comparative main advantages and disadvantages of density gauges, as
well as a single-tube resonator with electromagnetic compensation of vibrations in the places of connection
of the ends of the resonator tube to the support, are proposed. The formula expressing the tuning of vibration
density meters with a tubular resonator is presented..

Daxilolma tarixi: [lkin variant 16.07.2024
Son variant 09.08.2024
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METAL KONSTRUKSIYALARIN KORROZiYADAN
MUHAFIZOSINDO ELEKTRQKIMYaVi KATOD MUHAFiZoO
QURGULARI

SIRINOVA AYNUR YASAR quz1 &B<IB

Sumgqayit Doviat Universiteti, Sumqayit, Azarbaycan, tex.f.d., bas miiallim
aynur.shirinova@sdu.edu.az

Acar sézlar. metal, konstruksiya, korroziya, katod miihafiza, iisul, qurgu

Giris. Metal materiallara sado metallar (orintilori), metal momulatlar1 vo konstruksiyalar aid
edilir. Onlarin otraf miihitlo kimyoavi vo ya elektrokimyovi qarsiliqh tosiri noticesinda kortabii
mohvolma bag verir vo bu proses korroziya adlanir. Korroziyaya ugrama adoton miixtolif maye vo
qaz miihitlorinds bas verir vo metallarin 6z-6zlino mahv olmasi, dagilmasi ilo naticalonir, onlarin
kimyavi mohlullarda hall olmasindan forglidir [1].

Doniz sularinda istismar edilon metal konstruksiyalarin korroziyadan miihafizosi
probleminin aktuallig1 asagidaki dord asas aspektlo miioyyan edilir [2]:

1) insan tolofat1 ilo miisayiot olunan gozalarin vo ya folakotlorin garsisinin alinmasi
maogsadils istismar olunan obyektlorin etibarliliginin artirilmast;

2) otraf miihitin ¢irklonmosinin qarsisinin  alinmast  moagsadile miixtalif obyektlorin
etibarliliginin artirilmast,

3) metal ehtiyatlarinin mohdud olmas1 va tilkkonmasi ilo alagadar problemlor;

4) mixtolif toyinatli sonaye masin vo mexanizmlorin, metal konstruksiyali tikinti
obyektlorinin, magistral boru komarlorinin, korpiilorin vo s.-nin korroziyast naticosindo maddi
itkilorin azaldilmas: - iqtisadi problemlor.

Birinci aspektdo — insan tolofat1 ilo miisayist olundugu {i¢iin vacib hesab olunur va bdyiik
mosuliyyat tolob edir. Donizdo neft vo qaz terminallarinin tikintisi vo istismari zamani insanlarin
tohliikasizliyinin qorunmasi, metal konstruksiyalarin qurasdirilmasi proseslorinde tohliikasizlik
mosaloalori, qoyulmus toloblor, istifado edilon metal materiallarin markalarimin diizgiin secilmosi,
qaynaq vo barkitmo islorinde miiasir texnologiyalardan istifads vo s. aktual mosololordir vo ciddi
diqgot tolab edir.

Ikinci — istismarda olan metal konstruksiyalarin korroziyasi noticosindo otraf miihitin
cirklonmasi bag verir vo bunun garsisinin alinmasi aktual masslo hesab edilir.

Ugiincii — metallarin bahali olmasi, metal ehtiyatlarmin mohdudlugu vo tiikkonmolori ilo
olagadar problemlor aktual mosaladir.

Dordiincli — miixtolif ndv metal konstruksiyalarin korroziya noticosinde mohv olmasi,
itkilorin artmasi iqtisadi problemdir vo onun halli, garsisinin alinmasi aktual masaladir.

Yuxarida qeyd olunanlart nozoro almaqla kompleks holl {isulu bu moqalonin asas
istigamatini miioyyan edir vo marhaloalor lizro hoyata kegirilir.

Metallar1 korroziyadan miihafizo etmok ii¢lin ¢oxsayl lisul vo vasitolor islonmisdir. Lakin,
aparilan todqiqatlar gostorir ki, bunlar yuxarida sadalanan biitiin aspektlori ohato etmirlor vo kifayot
qadar tasirli olmadiqlari ii¢iin natica etibariile korroziyanin faizi yiiksalir.

Mosalonin qoyulusu. Yuxarida sadalanan ndqsanlarin qismen aradan qaldirilmasi {igiin
kompleks miihafizo iisulunun iglonmasi vo real obyektlordo totbiqi mosolosi qoyularaq
elektrokimyovi katod miihafizo qurgular analiz edilmoali, onlarin ¢atismazliqlar1 agkar edilmalidir.
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Metal konstruksiyalarin korroziyadan miihafizasinda elektrokimyavi katod miihafizo qurgular

Odur ki, moqals katod miihafizo qurgularmin toadqiqine hosr edilmis, genis analiz aparilmis vo
korroziyanin faizinin azaldilmasi yollar1 arasdirilmisdir.

Elektrokimyavi katod miihafizo qurgularmmin analizi. Metal konstruksiyalarin (MK)
istismar1 zamani, onlarin siradan ¢ixmasinin asas sobablorindon biri istismar1 dovriindo bas veran
korroziyanin omolo golmasidir. Molumdur ki, doniz soraitindo metal tikililorin (konstruksiyalarin)
¢ox hissasi suyun igarisindo yerlosdirilir. Onlarin belo bir istismar soraitinds fasilosiz korroziyaya
ugramalarina sobab suyun torkibi, miihitin nomliyi, axan corayanlar vo miixtalif xarici tosirlordir.
Bu ciir korroziyalasmanin voziyyoti sabit qalmir, dayaqglar {izorindo vaxtdan asili olaraq
korroziyalasmanin miqdar artir, dayaqlarin xiisusi miiqavimati azalir vo dayaqlarin tez-tez siradan
¢ixmasina sabab olur [1, 3].

Bu moqalade doniz neft-moadon qurgularinin elektrokimyovi katod miihafizo (EKM) va
avtomatlas-dirilmanin miiasir problemlori todqigata colb edilmis, odobiyyat monbolorine vo
tacriibays istinad etmoklo mdvcud iisul vo vasitalor analiz edilmis, EKM qurgularimin miiqayisoli
tohlili aparilmigdir. Osas diqqgoat katod miihafizosinin potensialina (KMP) nazarat qurgularinin (NQ)
miiasir voziyyatino, katod miihafizo stansiyasinin (KMS) parametrlorinin se¢ilmosi metodikasina,
elektrokimyavi KMS-nin struktur saviyyalorine vo digar xiisusiyyatlorine ayrilmisdir.

Molum olmusdur ki, MK-nin dayaqlarinda yaranan elektrik potensiali fasilosiz doyisir vo
onun qiymatino gora korroziyanin dorocesi toyin edilir. Miioyyoan edilmisdir ki, elektrokimyavi
yolla polad dayaqlarda potensialin qiymatini 0,8 V-dan 1,0 V-a dok araliqda saxlamaqla onlarin
korroziyaya ugramasinin qarsisint almaq miimkiindiir. Bu zaman dayaqlara yaxin anodlarin
yerlogdirilmosi maslohat goriiliir.

Elektrokimyavi iisulla korroziyanin miihafizosi prosesi - katodla miihafizo olunan metal
dayagqlar arasinda polyarizasiya prosesi gedir vo bunun naticosindo dayaqlar {izorino xarici elektrik
corayaninin tosirindon doniz suyunda olan duzlar y18ilir vo bu da korroziyadan miihafize tobagasini
yaradir. Gorlindiiyli kimi elektrokimyavi miihafizonin asas parametri MK-nin elektrod potensialt vo
tosirlonma coroyanidir.

Korroziyanin potensialt vo miihafizo potensiali poladin ndviinden asili olaraq codval 1-do
verilir.

Cadval 1
Poladin elektrod potensiali
Doniz suyu
Gostariciler Miiqayiso elektroduna nazoran potensialin qiymsti, V
NHE MSE XGE

1. Stasionar potensial, V -035 -065 -059
2. Minimal miihafizs potensiali -055 -085 -079
3. Potensiallar forqi 02 02 02
4. Maksimal miihafizo potensiali -25 -28 -274

(ronglonmomis sathlor {igiin)
5. Potensiallar forqi 215 215 215
6. Ronglonan sathlar {igiin maksimal

miihafizo potensial -12 -15 -144
7. Potensiallar forqi 085 065 071

Cadval 1-do NHE —normal hidrogen elektrodu, MSE —missulfat elektrod, XGE —xlor giimiis
elektrod adini dasiyirlar. Elektrokimyovi mithafizonin tipi texniki-igtisadi ndqteyi-nozordon segilir. Bu
halda protektor miihafizosinin istifadesi zamani suyun kegiriciliyi 2 Om/m-don az olmamalidir [4].

Metal tikintilorinin miihafizosinin toplusu katod stansiyasi torofindon birlosdirici xotlorin,
anodlarin va elektrik coroyani kegiron miihitin birlogmosi sistemi katod miihafizosi hesab olunur.
Katod miihafizosindo katod stansiyalarindan istifado edilir. Burada diizlondiricilorin ¢ixisinda
gorginlik 6;12; 24; 48 V corayan1 400 A va giic iso 5 kVt-a kimi gotiiriiliir.
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Katod miihafizs stansiyasinin qida monbalori cadval 2-do verilir.

Cadval 2.
Katod miihafizo stansiyasinin qida manbalori
Katod o " . .
stansiyalarmnin Isci corayanlar, Duzl'en'dmlmls Cixis giicii, Vt . Stansg.lamr}
RO A gorginliklor, V qida gorginliyi, V
tiplori
KS -150 125/625 12/24 150 220
KS - 300 255/125 12/24 300 -Il-
KS - 600 50/25 12/24 600 -Il-
KS -1200 100/50 12/24 1200 -1l-

Elektrokimyovi miihafizonin asas hesabati polyarizasiya rejiminin gorarlasmasi halinda aparilir.
Avtomatik tonzimlonon katod stansiyalar1 miixtolif sonaye saholorindo buraxilir ki,

bunlarinda tipi codval 3-do gostorilir.

Cadval 3.
Avtomatik tonzimlonan katod stansiyalarin miixtalif névlori
KatOd [sci coroyanlar, | Diizlondirilmis - s
stans%yala.rlnln A gorginliklor, V Cixis giicti, Vt Sobaks gorginliyi, V
tiplari
PAKS -2 42/21 48/96 150 220
PAKS -5 104/52 48/96 5000 -11-
PAKS-1200 100/50/25 48/96 1200 -11-
PAKS -3 100/50 48/96 3000 -11-

Doniz metal konstruksiyalarin hidrotexniki tikililorinin katod miihafizesinds tok vo ya qrup
anodlardan istifado olunur (Sakil 1. a,b). Anodlar toklikds va ya qrup formasinda suyun darinliyindo
bir-birindon 10 vo 100 m masafodo miihafizo olunan dayaqlardan arali yerlosdirilir. Biitiin miihafizo
olunan elementlor bir-biri ilo en kosiyi 3 sm? olan polad sinlorlo birlosdirilir. Katod stansiyast
miihafizo olunan tikililorlo bir ne¢s noqtads kabel xotti ilo slagalondirilir vo birlosma noqtolari
arasinda mosafo 20 m gobul edilir.

Hesablama aparmagq ticiin asagidaki ilkin qiymatlor verilmoalidir:

Su altinda miihafizo olunan saho 5 m? anod torofindo yerloson tikilinin uzanmasi; poladin
xlisusi polyarizasiya sahasi Omxm?; suyun duzluluq faizi; xiisusi elektrik kegiriciliyi; r — anod
materialinin elektrokimyavi ekvivalenti q(kq/A); anodun uzunlugu; anodun kiitlosi; anodun radiusu;
anodun tikilidon olan masafasi h; anodun isloma miiddati il; corayan dasiyicilarin verilonlari.

Anodlar aras1 masafs 10 m-don az olmamalidir. Burada effektiv tosir zonasi 2h qabul edilir [1,4].

1 @ —
[ 0 | n®
| b) |
: 2 I .
a) e T/
l__l—l—f_—rTT'_‘l——l_'—‘ l__!_l_f__l"'l'"l-_T-_l'_“
6/ T TN 14 6 r———i———L——r—r—14
: | 3 " 5 3l Vs
|

Sakil 1. Anodlarin doniz metal konstruksiyalarina qosulma sxemlori:
a) qrup formasinda; b) tak-tok.
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Metal konstruksiyalarin korroziyadan miihafizasinda elektrokimyavi katod miihafizo qurgular

KM-ds asagidaki parametrlar toyin edilir:

— anodun vo ya anod qruplarinin yerlosma noqtolarinin sayzi,

— miihafizs {i¢iin minimal carayan sixligi,

— istismar miiddotindo iimumi miihafiza carayant,

— anodun nominal corayant,

— anodlarin say1,

— anodlarin qrupda sayi,

— miihafizo coroyanimin sixligi,

— istismar miiddotindo katod stansiyasinin ¢ixisinda alinan gorginlik,

— katod stansiyasinin coroyant,

— katod stansiyasinin giicti.

Hesablanmis anodun diametri 114 mm, divarmin galinlig iso 12 mm olmalidir, uzunlugu
2,9-10° m-o kimi, kiitlolori iss 6,7+19,31 kq-a kimi olur [1].

Torpaqlanmis anod katod miihafizosinin asas elementi hesab olunur. Torpaglanmis anodun
miihafizo olunan obyekto nozoron yerlosdirilmasi vo diizgiin se¢ilmosi katod miihafizosinin etibarlt
va effektiv olmasindan asilidir.

Katod miihafizosindoki anodun uzun miiddatli islomasi tiglin onu istismara davamli materialdan
secmoak lazim galir.

Tacriiba gostorir ki, poladdan olan anodlar tez dagilir vo bu, onlarin ¢atismayan cohatidir.
Onlarin istismar miiddetini artirmaq ii¢iin anodlardan axan corayanin sixligini azaltmaq lazim galir.
Molumdur ki, aliiminium anod materiali kimi istifads olunur. Bunun buraxila bilon corayan sixlig1
basqa nov anodlarin corayan sixligindan ¢ox yiiksokdir. Aliiminium anodun kimyoavi ekvivalenti
kicik oldugu ti¢iin ondan hazirlanan anodun kiitlosi do kigik olur.

Qrafito vo gatrana hopdurulmus sokildo hazirlanan aliiminium anodu ucuz basa golir, lakin
onun mexaniki méhkomliyi kigik olur. Qurgusun orintilorindon hazirlanmis anoddan da praktikada
istifado olunur. Belo anodlar kifayat qodor elektrokimyavi vo texnoloji xassoalors malik olurlar.
Bunlarin anod polyarizasiyasi coroyan sixligir 200500 A/m? gobul edilir va istifads olunmamisdan
gabaq onlarmn sathlori emal edilir. Anod materiali kimi platindon vo ya titandan da istifado edilir.
Belo materiallar yiiksok keyfiyyoto malikdir. Bu anodlar elektroliz prosesindo praktiki olaraq holl
olunmur. Oziiniin ¢oxillik istismar1 zamani1 miiqavimatlorini va is¢i coroyanim sabit saxlayir. Belo
anodlardan istonilon miihitdo istifado etmok olar. Gostorilon materialdan hazirlanan anodlar
istonilon formada olub kigik gabarito malik olur. Titan elektrokimyovi baximdan platindon daha
ucuz basa golir.

Indiki zamanda domir kremli anodlardan ¢ox istifado olunur ki, bunlar da yiiksok kremli
cuqundan hazirlanir vo istonilon miihitdo istismar oluna bilir. Belo anodlarin torkibindo kremin
qarisi8i ¢cox oldugda onun elektrokimyavi xassasi yaxsi olur.

Anodun xassosini xarakterizo edon osas amillorindon biri, onun korroziyalagsma siirati va
buraxila bilon coroyan sixlhigidir. Biitiin hallarda osas tolob ondan ibarastdir ki, miihafizo olunan
sothdo corayanin vo potensialin optimal paylanmasi tomin olunsun.

Torpagin elektrik keciriciliyini artirmaq li¢lin, anod caroyan kegiron xiisusi Ortiik igorisinda
yerlosdirilir. Anod torpaqlanmasi ¢ox vaxt elektrodlarin paralel birlosmasi formasinda yerina yetirlir
va 5+8 m darinlikds saquli va ya iifliqi formada yerlosdirilir (sakil 2).
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Sakil 2. Anodun horizontal vaziyyatda yerlasdirilmasi sxemi.
1 — katod stansiyasi; 2 — anod; 3 — nagqillarin birlogmosi,
4 — KS-min anodla alagalondirma nagillori, 5 — dayaglar.

KM -nin tatqiqinds polad dayaqlar iizerindo duz qatinin yigilmasi prosesi zamani ovvalca
dayaq iizorinds ayri-ayr kristallar yigilir vo zaman kecdikco onlarin miqdart artir, todricon biitiin
soth duz qati ilo Ortiiliir. Duz qatinin yigilmas1 miihafizo coroyanimin sixhiginin doyismasindon
asilidir. Miihafizo coroyaninin boyiik qiymotlorindo duz qatinin qalinligi artir. Boyiik coroyan
sixliginda kristallarin 6lgtisii boyiik, kigik coroyan sixliginda iso kigik olur.

Ogor poladin sathi korroziyaya qarst miihafizo qati ilo ortiiliidiirse, onda kristal ¢okiintiilor
aciq sahado buxar yaradir. Miioyyon edilmisdir ki, ¢okiintii yaxs1 miihafizo xassosino malik olarsa,
onda ikimartabali polyarizasiya rejimi yaranir. Bu da avvalco boylik, sonra iso miihafizo potensialini
tomin edon corayan da olur. Bu halda ki¢ik kristall1 sixlagdirilmis ¢okiintii yaranir.

Yaranmig anod corayaninin bir hissasi konstruksiyanin miihafizo olunmayan hissesinden
axir vo onu todricon tork edorok, miihafizo olunan hissodon ayrilir. Bu hissolordo todricon
korroziyadan dagilma daha ¢ox miisahido olunur. Po tensial miisbat istiqgamotdo olduqda anodda
ionlagma prosesi gedir vo bu da katod miihafizasinin qonsu konstruksiyalara tosir doracasini artirir.

Miihafizo potensialinin miisbat isarali olmasi halinda qonsu konstruksiyalara tosiri artir vo
bu da tohliikkali hal kimi nozods tutulur. Belo tasirlori tam aradan qaldirmaq iiclin qonsu
konstruksiyalarda anod torpaglanmasi omaliyyatin1 aparmaq, onlar arasindaki mosafoni artirmagq,
gonsu konstruksiyanin miihafizo qurgusunu tokmillogsdirmok, verilmis konstruksiyalari iimumi
katod miihafizesine qosmagq lazim golir [1].

Tutaq ki, stansiyanin verdiyi corayan ¢ox yavas doyisir vo bununla slagadar olaraq onu
sistematik olaraq tonzimlomok lazim golir. Bu zaman katod stansiyasinin carayani tayin edilmaolidir.
Bunun iigiin miixtolif tisullar mévcuddur. Katod miihafizo qurgusunun coroyanini ovvalcodon
verilmis proqrama uygun tonzim etmak tolob olunur. Belo tonzimlomads fasillarin talobatina uygun
programdan istifads edilir. Buna gora do proqramla elektrokimyovi miihafiza qurgusunun (EKQ)
coroyaninin avtomatik tonzimlonmosi mohdudlasdirilir. Bir ¢ox hallarda elektrokimyovi katod
miihafizo qurgusunun coroyant katod stansiyasinin tikililorine birlogdiyr yerlordo elektrod
potensialini sabit saxlamaqla aparilir.

Son illordo EKKMQ-nin cerayanini hesablayarkon katod polyarizasiya metodundan genis

93



Metal konstruksiyalarin korroziyadan miihafizasindas elektrokimyavi katod miihafizo qurgular

istifado edilorok onun giymaotinin toyin edilmosi miihafizo potensialinin artirilmasi vo azaldilmasi
hesabina aparilir.

Bu iisul impuls tezliyino vo ya stansiyanin ¢ixis dovrasinin baglanmasina uygun golon
potensialin verilmis maksimal vo ya minimal giymotds saxlanilmasina osaslanir. Yuxarida adlar
cokilon tisullarin har biri texniki cohatdon miixtslif formada hayata kegirilir.

Notica. Metallar konstruksiyalarin korroziyadan miihafizonin yiliksok soviyyado tomin
edilmasi liglin onlarin fiziki vo kimyavi xassoalori derindon todqiq edilmis, dyronilmis, tosnifati
verilmisdir. Korroziyanin qarsisinin alinmasi {igiin elektrokimyovi katod miihafizo iisulu vo
qurgusunun totbiqinin dahs somorali oldugu ssaslandirilmisdir.
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SUMMARY
ELECTROCHEMICAL CATHODE PROTECTION DEVICES FOR
CORROSION PROTECTION OF METAL STRUCTURES
Shirinova A. Y.

Key words: metal, construction, corrosion, cathodic protection, method, device

In the article, the issue of corrosion protection of metal structures during their operation in the
marine environment was considered, existing methods and tools were analyzed, shortcomings were revealed,
and the need to develop a more efficient electrochemical cathodic protection method and device for their
elimination was justified. The issues of design, basic principles, function, technical parameters, automated
adjustment of parameters of the corrosion protection device are presented.

PE3IOME
YCTPOUCTBA JIEKTPOXUMUYECKOM KATOJHOM 3AIIIUTHI
JIJISI BAIUTHI METAJJIMUECKUX KOHCTPYKIMH OT KOPPO3UH
HIupunosa A.A.

Knwouesvie cnosa: memain, KOHCMPYKYUsl, KOppo3us, KAmMooHas 3auuma, Memoo, ycmpoucmeo

B crarbe OBUT paccMOTpEH BOIPOC 3AIIUTHl METANTHYECKHX KOHCTPYKIMH OT KOPPO3UH TPU UX
JKCIUTyaTalluM B MOPCKOM Cpelle, IPOaHAJIM3UPOBAHBI CYIIECTBYIOIIME METOABl U CPEACTBA, BBISIBICHBI
HEIOCTAaTKH U 000CHOBaHa HEOOXOAUMOCTH pa3paboTku Oosee F3PPEKTUBHOIO METOA HIIEKTPOXUMHUYECKON
KaTOJHOM 3allUTBl U YCTPOMCTB JUIsI MX YCTpaHEHHUs. PacCMOTpEHBl BONPOCH! KOHCTPYKLIMH, OCHOBHBIE
MPUHIMIEL, QYHKIUHA, TEXHUYECKHE ITapaMeTphl, aBTOMAaTH3MPOBaHHAs HACTPOHKA MMapaMeTpOB YCTPOWMCTBA
3alIHUTHI OT KOPPO3HH.
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METROLOGICAL MODELING METHOD FOR CALIBRATION OF
AIRCRAFT WEIGHING AND CENTERING SYSTEMS
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The article discusses the concept of metrological modeling of the similarity of the model and the
object under study established by metrological criteria. The application of the method of metrological
modeling in the calibration of weighing and centering systems of aircraft is justified. A realistic experimental
model of an aircraft for calibration of weighing and centering systems has been developed.

Introduction. When operating aircraft, it is necessary to weigh them and determine the
position of the center of gravity (CG) to ensure the necessary level of reliability and flight safety
[1]. All converted and modified aircraft, as well as aircraft before and after repairs, are subject to
mass determination and centering. Weighing and centering of the aircraft must be performed to
confirm that the weight is within acceptable limits and the coordinates of the center of gravity are in
the acceptable range.

To do this, the aircraft weighing and centering systems are used. During metrological tests
of such systems, their accuracy is evaluated only in the mode of measuring the channel weight, and
in the mode of determining the position of the CG of the aircraft, the accuracy is not evaluated. [2].

Problem statement. In existing systems, it is necessary to have a reference object (aircraft)
with an accurately known position of the center of gravity, but it is almost impossible to reproduce
such an object on a real scale. Based on this, it is advisable to apply the method of metrological
modeling with the replacement of the object under study with a simplified reduced model. The
purpose of the article is to substantiate the application of the method of metrological modeling in
metrological tests of aircraft weighing and centering systems and to assess the accuracy of
measuring the position of the center of gravity of aircraft and helicopters.

Research results of the metrological modeling method for metrological testing of
aircraft weighing and centering systems

Aircraft weighing and centering systems are calibrated with the determination of
metrological characteristics only for weight measurement channels, while the accuracy of
determining the position of the center of gravity of aircraft and helicopters has not yet been
evaluated [3]. For a complete study of such systems, it is necessary to have a reference object
(aircraft) with an accurately known position of the center of gravity, but reproducing such an object
on a real scale is almost impossible. Based on this, it is proposed to apply the method of
metrological modeling with the replacement of the studied object with a simplified reduced model.
Metrological modeling is a method of experimental or analytical study of various phenomena,
processes and products based on their similarity [4]. Similarity criteria can be divided into essential
and non-essential, depending on the impact they have on the parameters of the object and model.
Based on this, the metrological similarity is obtained complete and partial. Full metrological
similarity is achieved if all similarity criteria, both essential and non-essential, are taken into
account. However, it will be partial if only essential similarity criteria are met at this stage of the
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study. In practice, it is extremely difficult to ensure complete equality of similarity criteria in an
object and its model, unless you make the model identical to the modeling object. Therefore,
approximate modeling is used, in which the secondary processes occurring in the object are either
not modeled at all, or are modeled approximately. Hence, when applying the method of
metrological modeling, it is more often advisable to use partial similarity. The method comes down
to the construction and study of metrological models of the object of study. Metrological models for
their intended purpose can be divided into conceptual and realistic [5]. Realistic models, in turn, are
divided into analytical and experimental.

The method of metrological modeling, based on the construction of a realistic experimental
model, is advisable to use when calibrating aircraft weighing and centering systems, since it is
practically impossible to reproduce the object under study on a real scale. At the same time, it is
necessary and sufficient to comply with the conformity of the metrological similarity criteria of the
defining parameters of the object and the realistic experimental model. A physical model of the
aircraft was developed, which is shown in Fig. 1.

5

Fig. Physical model of the aircraft

Description physical model of the aircraft:
longitudinal beam

transverse beam

transverse beam

ruler-scale

ends of the beams

arONE

The physical model consists of a longitudinal beam 1 with a ruler-scale 4 applied to it and a
transverse beam 2, which moves freely along beam 1 and can be precisely fixed on it in a given
position. There are 5 places at the ends of the beams for loading the model with exemplary loads.
Thus, it is possible to adjust the position of the center of gravity of the physical model of the
measuring object by moving the transverse beam simulating the wings of the aircraft along the
longitudinal beam simulating the fuselage of the aircraft and loading the beams at fixed points with
exemplary loads. The ends of the transverse beam (at the points of application of additional load)
and the beginning of the longitudinal beam are mounted on strain gage force sensors.

The strain-resistant sensors of the model have the same accuracy characteristics as the
sensors of the weighing and centering system, which is calibrated, but the measuring range is
smaller by a certain number of times compared with them and replace them [6]. Thus, the model
has three supports, like most aircraft, corresponding to the nose landing gear and the left and right
rear landing gear. If it is necessary to calibrate systems with a large number of supports, another
transverse beam 3 can be added to the structure with the same design and accuracy parameters as
the first beam. The accuracy of the characteristics of the proposed model is determined by
geometric and weight parameters and depends on the accuracy of setting the weight and geometric
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dimensions of its design. During the calibration of the weighing and centering system of the
aircraft, its normalizing converters are disconnected from the sensor outputs of its weighing
platforms or racks and connected to the strain gauge sensors of the model. The tests are carried out
at several positions of the crossbeam, controlled by a ruler scale, and several weight values set by
sample loads. The CG positions obtained from the readings of the system are compared with the
sample values found by calculation. The calculation is carried out according to fairly simple and
accurate mathematical relations corresponding to the design scheme of the model [7]. The
comparison of the measured values of the CG position with the model values allows us to evaluate
the static characteristics of the transformation and the accuracy of the system under study. The
resulting error is calculated taking into account the error of the physical model and the error of
replacing the real object with the model. Due to the simplicity of the model and the ability to
accurately determine its parameters, high accuracy of calibration of weighing and centering systems
of aircraft is ensured [8].

Conclusions. The use of the metrological modeling method in calibrating aircraft weighing
and alignment systems is justified.

When operating aircraft, it is necessary to weigh them and determine the position of the center of
gravity to ensure the required level of reliability and flight safety.

Weighing and centering of the aircraft must be done to confirm that the weight is within
acceptable limits and the coordinates of the center of gravity are within the acceptable range. A
realistic experimental aircraft model has been developed to calibrate weighing and alignment
systems.
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XULASO
TOYYAROLORIN COKI VO MORKOZLISDIRMO SISTEMLORININ
KALIBRLONMOSI UCUN METROLOJI MODELLOSDIRMO USULU
Isgandarova S.0.

Acgar sozlor: metroloji modellosdirma, agirliq morkazinin kalibrlonmasi, ¢oki vo moarkazlasdirma

sistemi.

Mogqalado metroloji meyarlarla miioyyon edilmis modelin va tadqiq olunan obyektin oxsarliginin
metroloji modellosdirilmasi konsepsiyast miizakirs olunur. Toyyaralorin ¢oki vo maorkazlosdirmo
sistemlarinin kalibrlonmasi zamani metroloji modellagdirmo metodunun totbiqi asaslandirilmisdir. Coki vo
markazlosdirms sistemlarinin kalibrlonmasi ii¢lin toyyaranin real eksperimental modeli hazirlanmgdir.
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PE3IOME
METOA METPOJOT'MYECKOT'O MOAEJIUPOBAHUS ITPU KAJINBPOBKE
CUCTEM B3BEHINBAHUSA U HEHTPOBKU JIETATEJIBHBIX AIIIIAPATOB
Hckenoeposa C.A.

Knwuesvie cnosa. memponocuueckoe MOOeIUpPoOsanue, YeHmp msadjicecmu KamubposKka, cucmemd

836CUUUBAHUS U YEHTNPOBKU.

B cratke paccMaTpuBaeTCsi TMOHATHE METPOJOTHYECKOTO MOJICIHPOBAHHS — YCTAHOBJICHHBIX
METPOJIOTHYECKUMH KPHUTEPHSIMH TTOA00MS MOJENN W HCCIeqyeMoro oobekTa. OOOCHOBAaHO NMPHUMEHEHHE
METOJIa METPOJIOTUYECKOTO MOJCIUPOBAHMS TIpU KaaUOpPOBKE CHCTEM B3BCIIMBAHUS W IEHTPOBKHU
JISTaTeNbHBIX anmapatoB. Pa3paboraHa pealuMcTHUECKas 3KCICPUMEHTAIbHAS MOJCHb JIETATSIBHOTO
ammapara JuIs KaTHOPOBKH CUCTEM B3BEIUBAHHS U IIECHTPOBKH.
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