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MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Baxilan moqalada silindrik miihitdo termodinamik dalgalarm yayilmasi
Daxilolma tarixi: 16.07.2025 prosesi aragdwimisdir, belo ki, dalgalarin davranisini tosvir edon asas
Diizalis tarixi: 17.10.2025 tonliklor  silindrik  koordinatlarda qurulmus vo analitik disulla  hall
Qoabulolunma tarixi: 14.11.2025 gastorilmisdir. Dalgalarin surati, amplitudasi va enerji yayimasi kimi fiziki
parametrlor miixtalif baslangic va sarhad sortlori iiciin giymatlondirilmisdir.
Acar sozlar Olde olunan noaticalar, silindrik sistemlorda termodinamik proseslorin daha
silindr, termodinamika, dalga, daqiq modellasdirilmasina va miihandislik tatbiglorinda optimallasdirmaya
amplituda, baslangic sort, imkan yaratmigdur

modellasdirma, miihit, parametr

Giris

Termodinamik dalgalar miixtolif fiziki sistemlords istilik vo mexaniki enerjinin yayilma
proseslarini tosvir edon asas hadisalordondir. Bu dalgalar elastiklik nozariyyasi, istilik dtiiriilmasi vo
akustik proseslorlo six baglhidir. Xiisusils, silindrik miihitlorde dalgalarin yayilmasi mosalslori boru
formali sistemlords, plazma kanallarinda, elastik silindrlordo vo istilik borularinda genis totbiq
olunur.

Belo miihitlordo dalgalarin tonliklori silindrik koordinat sisteminds ifads edilir vo adoton
istilik keciriciliyi, elastiklik modulu, sixlig kimi parametrlordon asili olur. Termoelastiklik
nozoriyyosindo bu ciir proseslor hom temperatur sahosinin doyismosi, hom do deformasiya
dalgalarinin qarsiligh tosiri ilo xarakterizo olunur.

Maqalanin magsadi — silindrik miihitds termodinamik dalgalarin yayilma masalasini riyazi
baximdan todqiq etmok, bu proses lgiin diferensial tonliklor sistemini qurmaq vo togribi hall
tisullarini tatbiq etmoklo dalga xarakteristikalarint miioyyanlosdirmokdir.

1. Riyazi modelin qurulmasi

Silindrik koordinat sisteminda (r, @, z) doyisonlari tizrs istilik vo deformasiya proseslori
asagidaki barabarliklorlo ifads olunur:

ou _ 2<62_u+10_u>_ or
ot? ot? radrT ot
oT 0°T 10T ou
o~ (m*m)”a

Burada u(r, t) — radiyal istigamotdo deformasiya, T(r,t) — temperaturun doyismasi, ¢
elastik dalganin yayilma siirati, k — istilik kegiricilik amsali, § vo y — termoelastik qarsiliqlt tosir
sabitloridir.

2. Sarhad va baslangic sartlor

Silindrik mihit Gg¢lin sarhad sortlori u(0,t) miintozomdir, T(R,t) = 0 soklindo verilir.
Burada R — silindrin xarici radiusudur.

Baslangic sortlor iso asagidaki kimidir:

u(r,0) = (), 3:(r,0) = g(r), T(r, 0) = h(r)
4
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Bu sortlor miihitin ilkin temperatur paylanmasini vo baslangic deformasiya voziyyatini ifado
edir.

3. Toqribi hall tisulu

Bu ciir birlogsmis sistemlor adston ayrilma tisulu, yaxud sonlu farglor tisulu ilo tagribi hall
olunur.

Masalon, u(r,t) = R(r)T(t) soklinds ayrilma aparilsa, radiyal hisss ti¢iin Bessel tipli tonlik
alinir:

r?R'(r) + R (r) + (A*r®)R(@) =0

onun halli isa R(r) = J,(Ar) formasindadir, burada ], — sifir doracali Bessel funksiyasidir. Bu tisul
vasitasilo temperatur vo deformasiya sahaloari ticlin ayriligli hall formalar1 tapilir, noticodo miihitde
dalgalarin yayilma siirati vo sénmo omsallar1 miioyyon edilir.

4. Noticalor vo fiziki tohlil

Aparilan analiz gostorir ki:

- Termodinamik dalgalarin siirati miihitin istilik keciriciliyinden va elastiklik modulundan
asilidir.

- Yiiksok istilik kegiricilikli miihitlordo dalgalar daha siiratlo soniir.

- Termoelastik sabitlor artdiqca mexaniki va istilik dalgalarinin qarsiligh tesiri giiclonir.

- Silindrik miihitin radiusu artdiqca dalganin amplitudast morkozdon periferiyaya dogru
azalir.

Natico

Silindrik miihitde termodinamik dalgalarin yayilmasi mosalosi riyazi fizikanin miihiim
problemlorindon biridir. Bu moqalads verilon model termoelastiklik nozoriyyesine osaslanir vo
mexaniki deformasiya ilo istilik sahosi arasinda qarsiliqli olagoni oks etdirir. Toqribi {isullarla
aparilan analizlor gostorir ki, dalga proseslorinin xarakteri mihitin fiziki parametrlori vo sorhad
soraitindon asili olaraq doyisir. ©ldo olunan naticalor boru sistemlorinin istilik rejimlorinin
hesablanmasinda, enerji Otlirmo kanallarinin modellogdirilmosindo vo material elminin termo-
mexaniki analizlorinds totbiq oluna bilor.

Asagidaki bazi niimunalors baxaq:

1. Baslangic temperatur paylanmasina aid niimuna:

h(r) =T, <1 — ﬁ)

R2
r(m) T(r,0) ( OC)
0 100
0.02 96
0.05 75
0.08 36
0.1 0

Bu niimuns silindrin markazinds maksimum temperatur, periferiyada (yoni r = R) iso sifira

yaxin oldugunu gostarir.

2. Radial deformasiya paylanmas1 Bessel funksiyast ila:

u(r,T) = AJo(2.4048 7/p)e 01t

r(m) T(r,0) ( OC)
0 1.0
0.02 0.95
0.05 0.77
0.08 0.35
0.1 0.0
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3. Dalganin zamanla sénma niimunasi:
w; (r,T) = A1Jo(2.4048 7 /p)e 01

t(s) u4(0,t)(nisbi)
0 1.0
1 0.905
2 0.819
5 0.606
10 0.368

4. Termodinamik qarsiligh tosir nimunasi:
Istilik vo deformasiya forqli sonma omsallar1 ilo verilir, bels ki,

2
T(r,T) =T, (1 - %) e 005 wu(r,t) = AJo(2.4048 T/p)e 01
Burada u(r, t) deformasiya daha siiratlo soniir, T(r, t) temperaturu daha yavas azalir
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Summary
Investigation of thermodynamic wave propagation in a cylindrical medium
Babajanova V.H.

Keywoods: cylinder, thermodynamics, wave, amplitude, initial condition, modeling.

This paper investigates the propagation of thermodynamic waves in a cylindrical medium. The governing
equations describing wave behavior were formulated in cylindrical coordinates and solved using analytical or numerical
methods. Physical parameters such as wave speed, amplitude, and energy propagation were evaluated under various
initial and boundary conditions. The obtained results enable more accurate modeling of thermodynamic processes in
cylindrical systems and facilitate optimization in engineering applications.

Pe3ome
HccnenoBanue pacnpocTpaHeHHs TEPMOIMHAMHYECKUX BOJIH B MIVINHAPUYIECKOIi cpene
Bbabaoscanosa B.I.

Knrouegvie cnosa: yununop, mepmoOuHamuKa, 60IHA, AMIIAUMYOA, HAYATLHOE YCI08Ue, MOOETUPOBAHUE.

B nanHOW craTthe mccienoBaH NPOLECC PACHpPOCTPAHEHUs] TEPMOAMHAMHYECKMX BOJH B ILIMIMHIPHUYECKOH
cpene. OCHOBHbIE YpaBHEHUsI, OIMCHIBAIOLIME [IOBEJCHHUE BOJIH, ObUIM CQOPMYJIMPOBAHBI B IHJIMHAPHYECKHUX
KOOPJMHATAX U PEIIeHBI C UCIOJIb30BAaHNEM aHAJMTHYECKHUX MIIM YUCICHHBIX MeTOJI0B. Du3nueckue mapaMeTphl, TaKue
KaK CKOPOCTb BOJIH, aMIUIUTY/Ia U PACIPOCTPAHEHHE SHEPTUH, OLICHUBAINCH JIJIsl PA3JIMYHBIX HAYaIbHBIX M IPAaHUYHBIX
ycnoBuii. [lonyueHHble pe3ynabTaThl MO3BOJISIOT 00Jiee TOYHO MOJEIHUPOBATh TEPMOJMHAMUYECKHE IPOLECCHl B
LIJTMHIPUYECKUX CUCTEMAX U CIIOCOOCTBYIOT ONITHMHU3AINHU HHXEHEPHBIX MTPUIIOKEHNUN
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1. Problem statement

Let us consider a problem of finding of the pair (u (X,t), U(t)) from the following relations:

2 2
%ﬁ:%‘jw(t), (x,t)eQ=(0,)x(0,T), 1)
u(x,0) = u,(x), %X’O)zu (x), 0<x</, @)
u(O,t)=u(s,t)=0, 0<t<T, 3)
u(x,,t)=p(t),  0<t<T (4)
here uo(x), ul(x), p(t)—are the given functions, 0 < X, < /.
Let us reduce this inverse problem to the following optimal control problem:
Find the minimum of the functions
l T T
3,0)= [[u(x, i)~ P ot +2 [lofe) - ot ®
0 0
at within the constraints (1)-( 3) and for
.
olt) eV :{U(t)/ fo? )t < rz} 6)

0
where a)(t) —is a given function,  >0-is a given number.
It is assumed that all the data of the problem are rather regular.

For numerical solution at this problem we can use various minimization methods, for example,

the method of gradient projection, the method of conditional gradient.

In brief, we stop on the gradient projection method. For the problem (1)-(3),(5),(6) the gradient

projection method is reduced to constructing the minimization sequence {Uk ('[)} by the rule
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Uk(t)_ak‘]}i(uk)’

[Uk (t)—akJ’ﬂ(uk )]2 dt<r? for,
r(v, (t)- e 50, )
[l sy

O ey —

Uk+1(t) =

[Uk(t)—ak\]}j,(uk )]Zdt >r? for,

ot— T\

where ¢, >0 is chosen by one of the rules described in [1] §4, p.2 ‘JZ’(U)_ is the gradient of the

functional (5) and determines
3, 0) =y t0)+ Aolt) - oft)]
l//(X, t; U) — is determines as the solution of the problems (1)-( 3), (5), (6)

éat ov _5 Y 1 (u(xt;0) - pt)5(x— o )(x.t) < (0,)x (0,T), @)
W(x,T):o,(a"”g’T)zo,osxsf, 8
w(01)=0,p(Lt)=0, O0<t<T 9)

being the adjoint of (1)-( 3), (5), (6).

2. Numerical solution of the problem
For numerical solution of boundary value problems (1)-( 3) in the set [0,1]x[0,T] we

introduce the network domain
o={(X,t;):x =iht; =z, |—O,nX,J—O n}
n,=[l/h],n =[T /7]
where h, 7 — are the given numbers are the steps of the network, [a]-is an entire part of the number a.
Let us denote the network functions as  Y;; = =u(x;,t i ).

Let us approximate the differential equations, initial and boundary conditions as follows [79]:
j+1 j+1 j+l j+1

(10)

Yi _zyij + yij y|+1 2y| *Yia +l)j,
r? h? (11)
I=1..n, -1 j=1..n,
Vi =Ugi,Yi =Ug +aly,i =0,...,n,, (12)
Yo=Y+ Yo =Ya1 (13)

where Ug; =Ug(X;), Uy =Uy(X;) .0} =o(t?),i=0,n,, j=0,n, arenetwork functions.
After simple calculations, instead of (11), we obtain the following system of three-diagonal algebraic
equations:

AI y|J+:L - C y|J+1 + B y|J+1 I:ij' (14)
Here we accepted the following denotations:
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2 2 2
T T

= h_z’
It is clear that (12)-( 14) is a system of three-diagonal equations, for its numerically, we will use
the sweep method suggested in [2].

Similar to the direct problem, the adjoint problem is approximated as follows:
'j+1 j+l j+l j+l

Vi —Zl//ij +V/ij_l _Via =2y il +
r? h?
0.5(xi—><0)2 (15)
byl -p)——e
' o217
p =0,y =0,i=0,..n, (16)
ve =i, ¥o =V, 1 (17)

After simple transformations, instead of (15), we obtain a system of three-diagonal algebraic equations

of the form (14), but in this case the constants are determined as follows:
2 2 2
A =;—2 B, =;—2c:i —1+ 2;—2,

~0.5(x—-x0)°

Fl=2y) -yt +(y) - pl)—=e <
Vi —y P o2n

To approximate a certain integral, we useca rectangular method with the step h=0.01.

3. The results of numerical experiments
To solve the boundary value problem numerically in the set [0,1] x[0,1] are introduce the

regular network (1)-( 3) domain we the step h=0.01, 7 =0.01.

In order to set the inverse problem, we assume that X, =0.7,0(t)=2t,®" =2t. Assume that,
u(Xx,t) = —tx(x — 1) is the exact solution of the following boundary value problem
2 2
OU_SU (1) (1) Q=(02)x(02),

ot
au(x,0) X
ot

u(x,0)=0, = —x(x-1),0<x<1,

ou
=0,—
o OX

ou

5 |1 =0,0<t<1
X

and
J,)= %}[u(o.zt;u) —0.21t]2dx+§}[u(t) — o' ()P dx. (18)
0 0

We use the gradient projection method for solving the optimal control problem. In table 1, for

£ =0.0001, o =5 the results obtained from the minimization of the functional (18) was given.

Exact and obtained graphs of optimal controls for various initial approximations are given in
figure 1.
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Table 1.
Results ofm minimization of the functional (18).
Ne v, J, Jin Number of iterations
-8
1 5 0,1465 28010 6
- -8
2. 5 0,2577 4,61-10 2
3. 2 0,0024 246-10° 2
7y 2 45 0,1579 1p-10° 4
. — 1 -8
5 t-6 0,3193 & 06310 3
6. 10 0,6845 6.79-107 4
25 %
2
v_opt
1,5 1
P —_—
1 —)
—4
5
0,5
> 4 6
0] 1/ >
0,2 0,6 0,8 | 1,2
-0,5

Fig. 1. The graps of the exact and obtained optimal controls

Table 2.

Results of minimization of the functional (18) under the constraints on the controls

Ne U, J, Jo Number of iteration
L 5 0,1465 2.80-10° 2
2. 5 0,2577 551-10° 3
3. 2 0,0024 59107 2
4. | 245 0,1579 3,62:10° 2
5. t-6 0,3193 £ g3:10° 3
6. 10 0,6845 2210° 2
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Table 2 gives the results obtained from the minimization of the functional (18) for r =1.34
allowing for a constraints. Exact and obtained graphs of the optimal controls for various initial
approximations are given in figure 2.

— oW 1
— OW 2

e FOW 3

' — [OW 4

7 —row 5
7 row 6

/ row 7

Fig. 2. Exact and obtained graphs of optimal controls
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Xiilaso
Simin ragslari tanliyi iiciin sag tarafin tayin olunmasi masalasinin adadi halli
Nasibzada V.N.

Acar sozlar: tors moasala, ragslor tonliyi, funksionalin minimallagdiriimasi, optimalliq sorti, qradiyentin
proyeksiya disulu
Isdo simin rogslori tonliyinin sag torafinin tapilmasinin tors mosalosine baxilir. Bu masals alava informasiyanin
komoyilo qurulmus funksionalin minimallasdirilmasina gotirilir. Qradiyentin proyeksiya iisulundan istifado edilorok
masalo adadi hall olunur.

Pesrome
YuciieHHoe pelieHUe 3a/1a4M Onpe/e/ieHus NPaBoil CTOPOHBI YPABHEHMSI K0JIe0aHUsI CTPYHBI
Hacué3aoe B.H.

Knwouesvie cnosa: obpammuas 3adaua, ypasueuue KoaeOAHUU, MUHUMUZAYUA DYHKYUOHANA, YCAOBUE
ONMUMATLHOCIU, MEMOO SPAOUEHMHOU NPOEKYUU
B pabote paccmarpuBaetcst oOpaTHas 3a/1a4a onpeaeneHus IpaBoi 4YacT ypaBHEHUs KoJjeOaHui CTPpyHBI. JTa
3ajia4a CBOJMTCS K 3ajiade MHHUMH3aLUH (QYHKIHOHAJTA, TIOCTPOSCHHOTO C MOMOUIBIO JOMOJIHHUTENLHON HHPOpMAIKK.
3ajaya peneHa YMCIEHHO ¢ MCIO0Ib30BaHUEM METO0/Ia MPOCKILIUH I'PaIUeHTA.
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HHO®OPMALMUA O CTATBE PE3IOME

Hcemopus cmamou Paspabomana  npoOykyuonnass —MoOeib — YAPAGIEHUs — MeXampOHHbIMU

Honyueno: 07.07.2025 yempoucmeamy  (PYHKYUOHUPYIOWUMY 6  YCIIOBUAX — HeonpedesleHHOCMU.

Ucnpasneno: 16.09.2025 Cozoana 6aza npasun u peamuzosana npoyedypa aszsugurxayuu 6cex noo

Hpunsmo: 22.10.2025 VC08USL 6XOOHBIX U BLIXOOHBIX TUHSBUCMUYECKUX NepeMeHHbIX. Peanuzosanul
npoyeoypyl  azpecayuy, AKKyMAUSYUY, AKMUGU3AYUU U 6 pe3yivbmame

Kniouesvie cnosa Oepassudurayuu  onpedeneHvi  KOIUHECIBEHHbIE — 3HAYCHUS  BLIXOOHBIX

npasuna npooyKkyuil, 6aza npasgul, JIUHSBUCUYECKUX NEPEMEHHDBIX.

Heuemkoe MHOJCecmeo, PyHKyuu
NPUHAONEHCHOCIU, MEXAMPOHHbLE
ycmpoticmea

Beenenue

OOpa3oBaHue KaHajlla QJIOMUHHMEBBIX HCHApUTENed sABISETCS OJHHUM M3  CaMbIX
OTBETCTBEHHBIX U TPYAOEMKUX MPOLECCOB HA JIMHUM U3TOTOBJIECHUS UCIIAPUTENIEH, UYTO OOBSCHAETCS
cienytomuMu  ¢akropamu.  OOcnyxuBatonmii  nepcoHan [1,2]  BBINOJHAET MOHOTOHHO
ITOBTOPSIFOLIMECS OIIEpPAl[Mi B arpe€CCUBHBIX YCIOBUAX IOJ NOCTOSHHBIM HEPBHBIM HAINPSKEHHUEM,
YTO YacTO MPUBOJUT K HECUACTHBIM CIy4asiM. YYacTOK OTJIMYAETCsl OOIBIINM KOJIMYECTBOM Opaka
10 BHHE OOCTy>XKMBAIOIIEro mepcoHana. Pabora mpeccoBmiuka sBIsSeTCsl Hanboliee TPYIOEMKOM.
VY4auThIBas M3JI0KEHHOE, a TaKXe OTCYTCTBME THOKOCTH TpU IEpexoie Ha BBIMTYCK JAPYIHX
TUIIOPAa3MEPOB HUCIIAPUTENICH U BCceBO3pacTarole TpeOoBaHUs K KyJIbType MPOU3BOJICTBA BbI3BAIN
HE00X0AUMOCTh poboTH3anuu JAHHOTO TEXHOJIOTUYECKOTO mpolecca. Coznanue
aBTOMATHU3HPOBAHHOTO OOpa30BaHMsI KaHaJa aJFOMUHUEBBIX MCIIapUTeNel MO3BOJIUT: 3HAYUTEIBHO
YMEHBIIUTh Opak TNPOU3BOACTBA U CJENOBATEIbHO, CIKOHOMHUTH LBETHOM METAll; YJIYy4YLIUTh
KauecTBO  BBINYCKAaEMOM  NPOAYKLUHH;  BbICBOOOJUTH  paboyux  OT  MOHOTOHHOIO,
MaJIOKBATU(ULIUPOBAHHOTO TpyJa BO BPEAHBIX JUISL 370pPOBbs MPOU3BOJCTBEHHBIX YCIOBMSX;
ITOBBICUTh IIPOU3BOJUTEIBHOCTh TPyAa IIyTEM ONEPATHBHOIO IPOTrPAMMHOIO NEPEHAAKUBAHUS
y4acTKa Ha BBIITYCK APYTUX TUIIOPAa3MEPOB UCTIAPUTEIIEH.

B neiictByromeM mNpou3BOACTBE OOpa3oBaHME KaHajla aQJIIOMHHHMEBBIX HCIapUTeNel
BBIMOJIHAIOT 10 CJIEAYIOIIEH TEXHOJOTUU: TMony(padpukar aJlOMUHHEBOIO MCIApUTENs U3
MpebIayIIel Mo3UIUK aBToMaTH4eckol TpancnopTHoi cucrteMoit (ATC) nepeMeraroT K MO3UIMH
M0IbEeMHO-TIO3UIMOHMpYIoniero Manumynstopa (ITIIM) nmpombinuienHoro pob6ota (ITP); mocne
MO3UIIMOHUPOBaHUs monydadbpukara ero ¢ momompbio [IP mepememaror k mosumuu [11IM
yCcTpoiicTBa BCKpBITUS uiuHIApudeckoro otBepetus (YBIO); Brxmrowaror YBIO u Ha
CHEIHaIbHOM MPUCIIOCOOJIEHUN BBIMOJIHSIIOT ONEpalMy BCKPBITUS IMJIMHIPUYECKOTO OTBEPCTHS;
[0 OKOHYaHHUHM onepaiuu ¢ nomouibio I1P 3axBareiBaioT nonydadpukar 1 nepeMeriaoT K No3ULUU
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ATC nns mocnenyromed JOCTaBKM K TO3WIMH THAPONPECcCa, CHA0KEHHOTO CIIeIHaIbHBIMU
HITaMIaMH, TJIe BBIIOJIHIIOT ONepaluio o0pa3oBaHus KaHaia. [Ipomecc HOBTOPSIOT B LIUKINYECKOM
PEeXUMeE 10 Mepe NMOCTYIICHU oy(hadbpuKaTa U3 MpeablIyIiel TO3HINH.

B HeompenenéHHOM cpene  MOAEIMPOBAHWE  JIMHAMUYECKH  B3aHMOJECHCTBYIOIIUX
MEXAaTPOHHBIX YCTPONCTB NMPUMEHSIOTCS Pa3InYHbIe MaTEMAaTUUYECKUE U IBPUCTUUECKUE METO/IbI, B
YaCTHOCTH: TEOpUs KOHEUHBbIX AaBTOMAaTOB, MOJAEIM MapajuledbHO  (YHKIMOHUPYIOLIMX
ACUHXPOHHBIX TIPOLIECCOB, CETEBbIE M MPOAYKUMOHHbIE Mojenu. [lpum Oonee CIOXKHBIX
B3aMMOJCHCTBUAX AKTUBHBIX JJIEMEHTOB IIPUMEHEHHE IIEPEUUCICHHBIX IOAXOJOB HE Oa€T
xemaemoro 3¢ddexra. CucteMbl OCHOBAaHHBIE HAa MPUMEHEHHE HOBBIX HPUHIMIIOB 00PabOTKU
nHGOpMALUU C UCIIOJIb30BAaHUEM METO/I0B MCKYCCTBEHHOTO MHTEIIEKTa [3], KOTOpBIE ONEPUPYIOT
CO 3HAHMSMH, BOCHPHUHATHIX OT 4YeNOBEKa-dKCIIEpTa B OMNPEACICHHON MpeIMEeTHON o0aacTu
MO3BOJISIOT pelaTh 0100HBIE 337aYl B peaJbHOM Maciitabe BpemeHu. OcHOBHas mpobiaema npu
STOM 3aKJIF0YAeTCs B CO3JaHUM 0a3bl 3HAHUH U pa3padoTke (P (HEKTUBHBIX METOIOB MPEICTABICHUS
3HAHUU U CHCTEM JIOTHYECKOIO BBIBOJA.

B cBs3u ¢ 3TMM B mpexacTaBieHHOW paboTe paccMarpuBaeTcs pa3paboTKa MOJeNn
yIIpaBJIEHUs] MEXaTPOHHBIMU YCTPOMCTBaMU (PYHKIIMOHUPIOIIMMU B YCIIOBUSX HEOIPEIEIEHHOCTH B
aBTOMATHU3HPOBAHHOM IIPOU3BOJICTBE AIFOMUHUEBBIX HCIIAPUTEIEH.

Mopenb NpUHATHS pPellIeHUI yIIPAB/JIeHHA MEXaTPOHHBIMH yYCTPOCTBAMH

Hns  papmupoBanus 0a3pl MpaBWJI HEYETKOTO BBIBOJIA OMPEIEINSIOTCS — CIIEIYIOIINE
JUHTBUCTUECKUE IIEPEMEHHBIC: BXOAHAs JIMHIBUCTHYECKas IiepeMeHHas A — “BblcoTa
LHWIMHJIPUYECKOTO OTBEpCTUs” U B KayecTBE TEPM MHOXKECTBA JJIsl OITOW IEPEMEHHOMN
HCIIOJIb30BaHbl MHOXKECTBbI T,={HYJIb, OJM3KO K HYJI}0; HUYKE JOMYCTUMbBIX 3HAUECHUMN; UyTh HUXKE
JONYCTUMBIX 3HAYEHUI; COOTBETCTBYET IOIYCKAaM; 4UyThb BBIIIE IOIYCTUMBIX 3HAYCHWH; BBILIE
JIONYCTUMBIX 3HAYEHHH; CYLIECTBEHHO BBIILIE JOIMYCTUMbIX 3HaUeHU }. BXoaHas IMHrBUCTHYECKAS
nepeMeHHas B — “amamerp momepeyHoro cedeHus IWIMHIPUYECKOTO OTBEPCTHUS® U B KadeCTBE
TepPM MHOXKECTBA JJISI 3TOM MEPEMEHHON HCIOJIb30BaHO Ty =={Hy/ib, OJW3KO K HYIIO; HUXKE
JOIYCTUMBIX 3HAYEHMI; UyTh HM)KE IOIIYCTUMBIX 3HAYEHUH; COOTBETCTBYET JOIYCKaM; UyTh BBIILIE
JONYCTUMBIX 3HAUEHW; BBILIE JONYCTUMBIX 3HAUEHUH; CYLIECTBEHHO BBILIE JOMYCTUMBIX
3Ha4yeHui }. BrixogHas nuHreuctuyeckas nepemenHas C — “nomy¢dabpukar” U B KauecTBe TEpM
MHOKECTBA JUIsl 3TOM NEepeMEHHOM HcCmonb3yercs MHokecTBa C={OpakoBaHHBII; HOPMAaJIbHOM,
OJIM3K0 K HOPbMaJIbHOMY; HOPMaJIbHOM; MonygaOpuKaT MIpUHUMAIOT B CUCTEMY KOHTPOJIS |

baza HeueTKMX NOPOAYKUMN I YIPaBICHUS  MEXaTPOHHBIMH  YCTPOMCTBaMU
(GYHKIHOHUPYIOIIMMHU B YCIOBHUSIX HEONPEISICHHOCTH TpecTaBisiercs B Buze [4]

IIPABUIIO «#»: ECJIH Aecmv o U B ecmv B TO C ecmv Y,

20e A, B, C — Ha3BaHWE TUHTBUCTUYECKON MMEpEMEHHON; &, B, Y— UX 3HAUCHUE.
[Tpu da33udukanuyu BXOJHBIX MEPEMEHHBIX «BBICOTA IUIHIPHUECKOTO OTBEPCTUSY, «IHAMETP
MOTIEPEYHOT0 CEUCHUSI IIUITMHAPUUYECKOTO OTBEPCTHUS» M BBIXOJTHBIX MEPEMEHHBIX «10JyhadpHuKaT»

UCIIOJIb30BaHa TparenueBuIHas QYHKIUSA PHUHAIISKHOCTH [5]:
( 0, eciux < a;

X—a
b ,ecan b < x < a;
—-a
fr(a,b,c,d)=<{ 1l,eciub<x<c
d—x
] ,ecnuc < x <d;
-

\ 0, ecau d<x;

riae a, b, ¢, d — MoanpHBIC YKCia YAOBIETBOPSIONINE yCIoBHIO a< b< ¢ < d

Hwxke cozmaéres 6a3a HEUETKUX MPOIYKIIMOHHBIX MMPABWII JJIS YIIPABICHUS MOJYJIEM BCKPBITHS
[WINHAPUYECKOTO OTBEPCTHUSI aBTOMATU3UPOBAHHOTO yUacTKa 00pa30BaHuUs KaHaIa aTFOMHUHHEBBIX
HCIIapuTeNei.
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[lo TexHosoruM, M3BECTHO, YTO BBICOTA LMJIMHAPUYECKOIO OTBEPCTHUS JIOJKHA OBITH B
npeaenax (10+£2) mm, a mguamerp ero mnomepedyHoro cedeHus (4+0.5) mm. Co3maHa HedeTKas
MPOAYKIIMOHHAS CHUCTEMa KOHTPOJS BCKPBITUS LMIMHIPUYECKOTO OTBEPCTHS B moiyhabpukare
QAIIIOMUHHEBBIX HCTIApUTEICH.

ba3a mnponyKIMOHHBIX IpaBUJI CHUCTEMBl HEYETKOI'O BbIBOJA BBIMJISAUT CIEAYIOIIUM
obOpazoM:

IIpaBuiao 1: Eciau BbicOTa IWIMHIPUYECKOIO OTBEPCTHUS COOTBETCTBYET JAOIyCKam, U
IUaMeTp IIONEPEYHOI0 CEeUeHHUs LWIMHIPUYECKOTO OTBEPCTHS COOTBETCTBYET JOMYyCKam, TO
nosryabpuKaT CYMTAIOT HOPMATHHBIM.

IpaBuiao 2: Eciau BbICOTa UWIMHIPUYECKOTO OTBEPCTHS YYTh HUKE JIOMYCTUMBIX
3HaUEHUH, M JAMAMETpP IONEPEYHOI0 CEYEHMsI IWIMHIPUYECKOTO OTBEPCTUS 4YYThb HUXKE
JOMYCTUMBIX 3HaU€HUH, TO MOoay(hadpuKaT CYUTAIOT HOPMAJIbHBIM, OJIM3KO K HOPMAJIbHOMY.

IpaBuiao 3: Eciu BeicOTa LMIMHIPUYECKOIO OTBEPCTHUSI YYTh BBILIE JOMYCTHMBIX
3HAYEHUH, M JMaMeTp T[ONEPEeYHOro CEYEHHUS IMWIMHIPUYECKOTO OTBEPCTHS UYYTh BBIIIE
JOMYCTUMBIX 3HAYCHHH, TO MOIy(PadpHUKaT CUNTAIOT HOPMAIBHBIM, OJIM3KO K HOPMAJIBHOMY.

IIpaBujo 4: Ecnau BeIcOTa IWIMHAPUYECKOTO OTBEPCTHUS BBIIIE JTONYCTUMBIX 3HAYCHUH, U
JaMEeTp TOINEPEUYHOr0 CEUEHUs IMIMHIPUYECKOTO OTBEPCTHS BBILIE JOMYCTUMBIX 3HAYEHUH, TO
nonygabpukar IPUHUMAIOT B CUCTEMY KOHTPOJISL.

IIpaBuao 5: Ecin BbICOTa MWIMHAPUYECKOTO OTBEPCTUS HMIKE JOIYCTUMBIX 3HAYCHUH, U
JUaMeTp MOMEPEYHOr0 CEYEHHUs LUIMHAPUYECKOrO0 OTBEPCTUS HUKE JOMYCTUMBIX 3HAU€HUH, TO
noiry(habpuKaT MPUHUMAIOT B CHCTEMY KOHTPOJISL.

IIpaBuio 6: Eciu BeicOTa MUIMHAPUYECKOTO OTBEPCTHUS CYIIECTBEHHO BBIIIE AOMYCTUMBIX
3HAYEHUH, U JUAMETP MOINEPEYHOro0 CEUYEHUs LMIMHIPUYECKOIO OTBEPCTHUS CYLIECTBEHHO BBIILIE
JOMYCTUMBIX 3HaUY€HUH, TO Moay(hadpuKkaT CYUTAIOT OpaKOBAHHBIM.

IIpaBuio 7: Eciau BbicOTa HUIMHIPUYECKOTO OTBEPCTUS HYJIb, OJIM3KO K HYIIIO, U TUAMETP
MOTIEPEYHOT0 CEUYECHUS LMIUHAPUYIECKOTO OTBEPCTHSI HYINb, OJIM3KO K HYIIO, TO moiydaldpukar
CUMTAIOT OpPaKOBAaHHBIM.

Jna ¢da3zzudukanud TepMOB JTUHTBUCTHUECKON mepeMeHHO# [6] A BbIOpaHbl (QyHKIHMU

npuHamiexkaoctd (puc.l) B yHuBepcyme X, =[0,20] u ompenesneHsl CIEAyIOIIHE HEYETKUE
muoxectsa: A =[0,0,1,3] — nyns, 6musko k myaw; A, =[0,1,2,4] — HIKe TOMYCTUMBIX 3HAYEHHUIA;
A,=[2.5,3.5,6,7] - uyTh HWKe nomycTUMBIX 3Hauenuit; A,=[7,8,11,12] — cOOTBETCTBYET AOITyCKaM;
A, = [11,13, 14,15.5] — uyrp BBIE JOMycTUMBIX 3HaueHmil; Ag = [14.5,16,17,18] — BeImEe

nomyctiuMbIX 3HaueHuit; A, =[17.5,19, 20 20] — cymiecTBEeHHO BBIIIE JOMYCTUMBIX 3HAUCHHUIL.

plot paints: 181
Membership function plots
T

zero  down p.down

ALY Y

T T
=) 1= T

T T T T
suilable p.up up sup
=
T T I T T 1
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input variable “input1”™

Pucynoxl. I'paguxu ¢pynxyuti npunaoneircnocmu mepmos IUHeGUCMUYECKOU NePeMeHHOt
“svicoma yuauHoOpuveckozo omeepcmusn’

Jnsa  ¢daz3uduxanum TepMOB JUHTBUCTHYECKOW mepeMeHHOW B BbiOpaHbl ¢yHKIUU
npuHaiexkHoctd (puc.2) B ynusepcyme X, =[0,20] u ompejeneHbl ClEAYIONIME HEYETKUE
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muoxectsa: B, =[0,0,1,2] — uysb, 61usko k Hymwo; B,=[0,0.5, 2,3] — Huke 10ONyCTHMBIX 3HAYCHWI;
B,=[2,3,5,7] — uyTth Hmxe nomyctumbix 3Ha4yeHuit; B,=[6,8,10,12] — coorBercTByet momyckam; B
= [11,12, 14, 15] — uyTh BbIIE AOMYyCTHMBIX 3HaYeHui; B,=[14.5,16,17,18] — BbIIE NOMYyCTUMBIX

3nauenuit; B,=[17,19,20,20] — cymecTBeHHO BBIIIE JOIYCTUMBIX 3HAUCHHUI.

T
zern  down
Pucynox2. I'paguxu ¢pynxyuii npunadnexrchocmu mepmos IuHeBUCMUYECKOU NePeMeHHOl
“Ouamemp nonepeunozo ceueHus YUIUHOPpUYecKozo omeepcmusn’”

plot points: 181
Membership function plots
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input variable “input2®

st daz3udukanum TepMOB JTMHTBUCTHYECKON BBIXOIUT repeMeHHoi C BEIOpaHbl GyHKIINN
npuHauiexHoct (puc.3) B yHuBepcyme X, =[0,20] m ompeneneHs! cieayromue HEUETKHE

muoxkectBa: C; = [0,0,2,3] — 6pakosannwiii; C, =[2, 5,6,7] — Omusko k HopmanbHOi; C,
=[6,8,10,12] — mopmansusiii; C, = [10,11, 13,15] — 6nusko k HopmanbHoOl; C,=[14,15,17,18] —

nonyhadpukaT npuHAMaIOT B cuctemy koHtpousi; C, = [17,19,20,20] — OpakoBaHHBIIA.
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1
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Pucynox 3. I pagpuru ¢hynxyuii npunadnesicHocmu mepmos IUH28UCTNUYECKOlU NepeMeHHOU —
“nonygaopuxam”

Heuerkne MHOXECTBA, COOTBETCTBYIOIIME JJIEMEHTAM MHOXECTBA TEPMOB BXOJHOU
JIMHTBUCTUYECKON EPEMEHHON A MOKHO MPEJICTABUT B BUJIE:
%1(’() ={(1/0),(1/0.5),(1/1),(0.75/1.5),(0.5/2),(0.25/2.5),(0/3)};
/}Z(x) = {(0/0),(0.5),(1/1),(1/1.5),(1/2),(0.75/2.5),(0.5/3),(0.25/3.5)(0/4)};
A;(x) ={(0/2.5),(0.5/3),(1/3.5),(1/4)(1/4.5),(1/5),(1/5.5),(1/6),(0.5/6.5), (0/7)};
Ay(x) =
{v(0/7), (0.5/7.5),(1/8),(1/8.5),(1/9),(1/9.5),(1/10),(1/8.5),(1/11),(0.5/11.5),(0/12)};
As(x) ={(0/11),(0.25/11.5),(0.5/12),(0.75/12.5),(1/13),(1/13.5),(1/14),(0.67/14.5),

/15.5)};
Ag(x) = {(0/14.5), (0.33/15), (0.67/15.5), (1/16), (1/16.5), (1/17), (0.5/17.5), (0/18)};
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A,(x) = {(0/17.5), (0.33/18), (0.67/18.5), (1/19), (1/19.5), (0/20)};

HeueTkne MHOXeECTBa, COOTBETCTBYIOIIME 3JCMEHTAM MHOMECTBA TEPMOB BBIXOIHOM

JINHTBUCTUYECKON EPEMEHHON B MOXHO IPEACTaBUTh B BUE:

B, (x) = {(1/0), (1/1D), (0/2)};

B,(x) = {(0/0),(1/1),(1/2),(0/3)};

B3(x) = {(0/2),(1/3),(1/4),(1/5)(0.5/6), (0/7)};

B, (x) = {(0/6),(0.5/7),(1/8),(1/9),(1/10),(0.5/11), (0/12)};
Bs(x) = {(0/11),(1/12),(1/113),(1/14),(0/15)}

Be(x) = {(0/14),(0.5/15),(1/16),(1/17),(0/18)};

B;(x) = {(1/17),(0/18),(0/19), (0/20)};

HeueTkne MHOXeECTBa, COOTBETCTBYIOIIME 3JCMEHTAM MHOMECTBA TEPMOB BBIXOIHOM

JMHTBUCTHYECKOM nepeMenHoi C MOKHO TPEICTaBUTH B BUJIE:

G () = {(1/0),(1/1),(1/2),(0/3),};

C,(x) ={(0/2),(0.33/3),(0.67/4),(1/5),(1/6),(0/7)};

C3(x) = {(0/6),(0.5/7),(1/8),(1/9)(1/10),(0.5/11), (0/12)};
C4(x) ={(0/10),(1/11),(1/12),(1/13),(0.5/14),(0/15)};
Cs(x) = {(0/14),(1/15),(1/16),(1/17),(1/17)(0/18)};
Ce(x) ={(0/17),(0.5/18),(1/19),(0/20)};

Oran (dasz3udukanmu — ABISIETCS YCTAHOBJICHHE COOTBETCTBHUS KOHKPETHBIM YHCIICHHBIM
3HAYEHHEM OT/ICILHON BXOIHOW IEPEMEHHOM CHCTEMBI HEYETKOTO BBIBOJA M 3HAUYECHHEM (DYHKIIMH
MPUHAUIC)KHOCTH COOTBETCTBYIOIIETO €il TepMa BXOIHOM JIMHIBUCTUYECKOW mepemenHoi. [Tocie
3aBepiIeHus dTana (ha3suduKaMy Ui BCEX BXOIHBIX IEPEMEHHBIX ONPEICIIAIOTCS KOHKPETHBIE
3HAYCHHUS (QYHKIHMHA MPUHAUICKHOCTH MO KAKIOMY M3 JHMHIBHCTHYCCKHX TEPMOB, BXOJIAIINE B
MOYCIIOBHs 0a3bl PABHUIT CHCTEMBI HEYETKOTO BBIBOJIA.

[TprMeHss B KaueCTBE alrOPUTMa HEYETKOTO BBEIBOJa MaMIaHu OIPEACIIAIOTCS KOHKPETHBIC
3HAYEHWs (PYHKIMH MPUHAUIEKHOCTH 10 KaXXIOMy M3 BXOJIHBIX JIMHTBUCTUYECKUX IEPEMECHHBIX.
Borucnsiorcs  Bee  3Hauenus  QyHkuuit  npunaaiexsoctd  pz (x) uug(y)  Tepmos
JMHTBUCTHYECKUX TIEPEMEHHON B MOYCIIOBHUSAX 0a3bl MPABHJI C y4ETOM 3HAYEHUST X=6.6 U y=6.3 u
MPUBOJINT K CIIEIYIONINM 3HAYCHUSAM:

pa; (x) = 0.07; uz; (%) = 0.4; pg; () = 0; ug, (x)=0;
pa(x) = 0; uz.(¥) = 0; uz (x)=0; ug; (y) = 0.15; ug;(y)=0.35; ug; (y)=0.

ATperupoBaHHe yCIOBHH 10 KaXJIOMYy |3 TIPaBHJI CHCTEMBI HEUYETKOrO BBIBOJA
BBITTOJIHSIETCSI C MPUMEHEHHEM HeYeTKOW wuMIunKaiuu. CTENeHW HWCTHHHOCTH YCIOBHH IS
Ka)kJI0T0 TpaBHJjIa MPOIYKIIMK OTpaskeHa B Tabuma 1.

Tabnuya 1.
Pesynmamot omana acpecuposanusi
CreneHb MCTUHHOCTH CreneHb MCTUHHOCTH CreneHb HCTUHHOCTH
ponyxuuu 1o yCJI0BUS noj ycJIOBUS YCJIOBHIi N0 KAKIOMY U3
nepeMeHHO| A nepemMeHHoii B npaBuJj
[Tpasuio 1 0.070 0.150 0.070
[Tpasuiio 2 0.400 0.350 0.350
[TpaBuio 3 0.000 0.000 0.000
ITpaBumo 4 0.000 0.000 0.000
[TpaBuiio 5 0.000 0.000 0.000
[Tpasuiio 6 0.000 0.000 0.000
[TpaBumo 7 0.000 0.000 0.000

[porerypa akTUBAIIUU TPEICTABIISET MPOIIECC HAXOKACHUS CTerieH! ucTuHHOCTH q; (1=1,7)
KaXJIOr0 M3 TMOA3AKIIOUYEHUM MpaBWJI HEUYETKUX NpoaykKuui. Jlns 3Toro BBINOJHAETCA
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anreOpandyeckoe MPOM3BEICHUE CTETIEHH UCTUHHOCTH TOJ3AKIIOUEHUI Ha BECOBON KOA((UIHEHT
COOTBETCTBYIOIIErO mpaBwia. BecoBble kod¢p¢uuments F; mis kaXaoro mpaBuia CYHTAIOTCS
paBHBIMH eMHMLE. Pe3ynbpTaThl akTHBaMK 0TOOpaXkeHa B Tabnuue 2.

Tabauuya?2.
Cmenenu ucmunnocmu no03axku0YeHUull NpoOYKYUll
ponyxkuunu CreneHb HCTUHHOCTH MOA3AKII0OYEHUH
[IpaBuno 1 0.070
[IpaBuno 2 0.350
[paeuio 3 0.000
[IpaBuno 4 0.000
[Ipaeuio 5 0.000
[Ipaeuio 6 0.000
[IpaBuno 7 0.000

[ocne HaxoxjaeHus MHoxkecTBa q; (i = 1,7), QYyHKIMH NPUHAIIEKHOCTH KAKIOTO M3
MO/3aKIIOYEHUH MPOJAYKIIMOHHBIX NPaBWJ p; HAXOIATCS C METOJAOM HEUYETKOM KOMIIO3UIMU
u(py) = min{q;, uz (x)3}, i = 1,7, tme uz (x;) 1 q; — COOTBEHCTBEHHO (YHKIIHS MPUHAIIEKHOCTHU
TEPMOB BBIXOJHBIX JIMHTBUCTUYECKUX TEPEMEHHBIX M CTENEHb HCTHHHOCTHU MOA3AKIIOUCHHM
MpaBujIa HEYETKON MPOAYKIUU P;:

u(p1) = min{qy, ug; (6.4)} = min{0.07; 0.6} = 0.07;
u(p,) = min{qz,,ugz(ll.S)} = min{0.35; 1} = 0.35.

Hedazzudukanus — 3TO mHpolecc nepexoaa oT (GYHKIUU MPUHAIICHKHOCTH BBIXOTHOM
JMHTBUCTHYECKONW TEPEMEHHON K €€ KOoJM4YecTBeHHOMY 3HaueHuio. Jledas3szubukaims BHIXOIHOM
JIMHTBUCTUYECKOM NEpEeMEHHOU “mojrydadpukar” ¢ NpUMEHEHHMEM METO/a LEHTpa TAKECTU
IIPUBOJUT K CIIEAYIOLIEMY 3HAUEHUIO:

x=(64-0.07+115-1)/(0.07 +1) = 11.166

Jns obmero ananmmsa pa3pabOTaHHOTO HEYETKOTO BBIBOAA “moJiy(adpukat” BbIIOTHEHA
BHU3yaIM3alusl IOBEPXHOCTH HEUETKOTO BbIBOJIA (pUc. 4) U 3TO MO3BOJISIET YCTAHOBUTH 3aBUCUMOCTD
MEXy BXOAHBIMH U BBIXOJHBIMU IIE€PEMEHHBIMU HEYETKOTO BBIBOJA.

4. Surface Viewer matiab ] - D

File Ed?  View Optons

Pucynok 4. Buzyanuszayus nogepxnocmu Heuémrozo 6vi600a “ noypadpuxam ”

3akiroueHue

Pazpabotana Mozens NpUHATHA  pEUICHWH  YOpaBiIeHHS  yCTPOMCTBA  BCKPBITHS
MUJIMHAPHUYICCKOro OTBEPCTHA B aBTOMATU3UPOBAHHOM IIPU3BOACTBA AJIFOMHUHHUEBBIX chapHTeneﬁ.
Co3nana 06a3a HEYETKUX MPOJYKLUMOHHBIX MPABWJI Ui KOHTPOJS BCKPBITHS LMJIMHAPUYECKOTO
oTBepcTHs B nonydadbpukare. PeanuzoBana npoueaypa ¢pa3z3zupukanuy Bcex M0IyCIOBUI BXOTHBIX
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U BBIXOJHBIX JIMHTBUCTHUYECKMX IepeMeHHBIX. OCyIlecTBIEHbl IpOLEIyphl arperamum,
aKKyMYJSILIMM, AaKTUBHU3allMM M B pe3yibraTe Aeda33upukanuu OnpesieieHbl KOJINYeCTBEHHbIE
3HAQYECHMsI BBIXOJHBIX JIMHTBUCTMYECKUX II€PEMEHHBIX. [ICnoib30BaHME aBTOMATHYECKOIO
HEYETKOIr'0 YIPaBJIICHHUs NO3BOJIAECT C IIOMOIII0 3HAYEHUH JJIEMEHTOB TEPM MHOXKECTB OIHCHIBATh
MOBEJICHHE CHUCTEMBI, C(OPMYIMPOBATh B JIMHTBHCTHYECKOW ¢opMe MpaBuiia yIpaBICHUS
IIPUBOALINE K IPEMIIEMOMY PE3YJIBTATY.
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Xiilasa
Mexatron qurgularin geyri salis produksiya modelinin islonmasi
Oliyeva K.R., Rufullayeva R.A., Qurbanova S.1.

Agar sozlar: istehsal qaydalari, qaydalar bazasi, qeyri-salis ¢oxlugq, iizvliik funksiyalari, mexatronik cihazlar

Qeyri-miioyyanlik goraitinds igloyon mexatronik cihazlar1 idaro etmok tigiin istehsal modeli hazirlanmigdir.
Qayda bazas1 yaradilmis vo sortlor altinda biitiin giris vo ¢ixis linqvistik doyisonlari {igiin geyri-solislogsdirma proseduru
hoyata kegirilmisdir. Aqreqasiya, akkumulyasiya vo aktivlesdirmo prosedurlari hoyata kegirilmis, defazzifikasiya
naticasinds ¢ixis lingvistik doyisenlorinin kemiyyat qiymatlori miiayysn edilmisdir.

Summary
Production model of control of mechatronic devices functioning under uncertainty
Aliyeva K.R., Rufullaeva R.A., Gurbanova S.1.

Keywords: production rules, rule base, fuzzy set, MEMBERSHIP functions, mechatronic devices

A production model for controlling mechatronic devices operating under uncertainty has been developed. A
rule base has been created and a fuzzification procedure for all input and output linguistic variables under conditions
has been implemented. Aggregation, accumulation, and activation procedures have been implemented, and as a result of
defuzzification, quantitative values of output linguistic variables have been determined.
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ARTICLE INFO ABSTRACT
Article history: In this paper we consider a spectral problem for ordinary differential
Received: 14.08.2025 equations of fourth order with a spectral parameter in one of the boundary
Received in revised form: 28.09.2025 conditions. This problem arises when describing small bending vibrations of
Accepted 03.11.2025 a homogeneous elastic cantilever beam in cross-sections of which
longitudinal force acts, the left end of which is fixed and to the right end is
Keywords attached a load with a weightless rod and held in equilibrium by an elastic
spectral problem, eigenvalue, spring. The structures of root subspaces, the general characteristic of the
eigenvector, oscillatory property of location of eigenvalues on the real axis and the oscillatory properties of
eigenfunctions eigenfunctions of the considered problem are studied...

1. Introduction
We consider the following spectral problem

2(y)(x) = Y900 - (@(X)y'(x))" = Ay(x), x € (0, 1), 1)
y(0)=y'(0) =y(@) =0, (2)
y'(D) =aty'(), 3)

where 4 €C is a spectral parameter, Ty =y" —qy’, q is a positive absolutely continuous function
on [0,1], a is anegative constant.

Problem (1)-(3) arises when describing small bending vibrations of a homogeneous elastic
cantilever beam in cross-sections of which longitudinal force acts, the left end of which is fixed and
to the right end is attached a load with a weightless rod and held in equilibrium by an elastic spring
(see, e.g., [1, p. 152-154] and [2, p. 1153]).

Problem (1)-(3) under more general boundary conditions was considered in [2] (see also [3])
where this problem is reduced to a self-adjoint operator in the Hilbert space H =L, (0, 1) ©C with
corresponding scalar product. There it was proved that the eigenvalues of considered problem are
real and simple and forms an infinitely increasing sequence. Moreover, the oscillatory properties of
eigenfunctions and the location of eigenvalues on the real axis are investigated, the basis property
in the space L, (0, 1), 1< p <oo, of the system of eigenfunctions after removing of one arbitrary

function is proved, and sufficient conditions for the uniform convergence of spectral expansions in
these systems are established.

Since a < 0 the operator corresponding to problem (3) is not self-adjoint in the Hilbert space
H, but is J -self-adjoint in the Pontryagin space 77, = L,(0, 1) ©C with the corresponding inner
product. Therefore, problem (1)-(3) can have a real multiple or non-real eigenvalues.

In this paper it is shown that all eigenvalues of this problem are real and simple. Moreover,
we study the oscillation properties of eigenfunctions and the location of eigenvalues on the real
axis.
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2. Operator formulation of problem (1)-(3)
Let H =L,(0,1)®C be the Hilbert space with the following scalar product

(9. Dy = €y, m}{9, 8}, = I y (X) 9(x) dx+| a|™* ms. (4)
We define the operator L: D(L) = H — H as follows
Ly = L{y. m}={¢(y), y'(D}, (5)

where D(L) ={§ ={y,m}e H : y eW2(0, 1), £(y) € L,(0, 1), y(0)=Yy'(0)=y(®)=0,
m = ay’(1)} which is dense everywhere in H [2, 3]. It is obvious that the operator L is well
defined in H. Then problem (1)-(3) is reduced the following spectral problem
Ly=29, yeD(L), (6)

i.e., the eigenvalues 4, ,k € N, of problem (1)-(3) and problem (6) coincide taking into account
their multiplicities, and there is a one-to-one correspondence between the root functions
Yo © % =V, m}. m, =ay, @),k eN.

Since a<0 the operator L is not self-adjoint in H. Hence we consider the operator
J:H — H given by J{y,m} —>{y,—m}, which generates the Pontryagin space /7, =L,(0,1)®C
with the following inner product

(99, = €y mp{8 8H 5, = [y () 9(x) cx +ams. W)

By [4, Theorem 2.2] the operator JL is self-adjoint, bounded below and has
compact resolvent in H. Therefore, L isa J-self-adjoint operator in 77,.
We consider the following boundary condition
y'Q)cosy+y"@)siny =0, y €[0,7/2]. (8)
Theorem 1 [5, Theorems 5.4 and 5.5]. The eigenvalues of problem (1), (2), (8) are positive
and simple and form an infinitely increasing sequence {4, (»)}.,. The corresponding
eigenfunction y, (x), k e N, has exactly k —1 simple zeros in 0,1).
By [5, Propostion 1] we have the following relation:
0<A(7/2) < 4(0) <A, (7/2) <, (0) < ... . 9)
Lemma 1. For each 4 €C there exists a unique nontrivial solution y(x, 4) of problem (1),

(2) up to a constant factor.
The proof of this theorem is similar to that of [6, Lemma 2].
Remark 1. Without loss of generality, we can suppose that the function y(x, ) for each

x €[0, 1] is an entire function of A.
We consider the meromorphic function F(1)=y"(L, 1)/y'(L, ) which defined in the set

B=(C\ R)U[OJ(ZH(O),}Lk (0)), where 4,(0) = —oo. It is obvious that 4, (z/2) and 4, (0), kK € N,

are the zeros and poles of this function, respectively.
By [2, Lemma 2 and Lemma 3] and [7, Propostion 4] we can show that
F(A)=—— ,2(1 3l J’y (x,A)dx, 2€B, and lim F(2)=+c.  (10)
AC,
F(4)=F(0)+ (12)
Z ? 24 (0)(A—4(0)

where ¢, = lrg%o) F(1) >0,k eN. From (12) we get the following relation
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" N Cy
P A= G
Then it follows from (12) that F"(1) <0 for A e(—x,4,(0)), i.e., the function F(A1)is concave in
the interval A € (-, 4,(0)).
Lemma2. Let 1>0. If y(Xx,24)=0 or y”(X,1) =0 for some X (0, 1), then
y' (X, )Ty (X, 1) <0 inaneighborhood of X. If y'(X,4)=0 or Ty(X,A)=0 for some
X € (0, 1), then y(X, 1) y” (X, 4) <0 in a neighborhood of X.
The proof of this lemma is similar to that of [5, Lemma 2.2].
Lemma 3. The zeros of the function y (x, A) contained in the interval (0, 1) are simple and

continuously differentiable functions of A.
Proof. The simplicity of the zeros contained in (0, 1) of the functions y (x, 2)and Y’ (X, 1)

for A > 0O follows directly from Lemma 2.
Let y(X,,4,) =Y (X5, 4,) =0 for some x, €(0,1) and A, <0. Then 4, is an eigenvalue of

the problem generated by equation (1) in (0,X,) and boundary conditions
y(0)=y'(0) =y(x,) =Y (X,) =0, the eigenvalues of which are positive (see [5, Theorem 5.4]), in

(12)

contradiction with the condition 4, <O0.

Let ' (X, 4) = Y (X, 4) =0 for some x,e(0,1) and A, <0. Following the above
argument we can show that Ty(X,,4,) #0. Now we can assume that y'(x,4)>0 in some
punctured neighborhood of X,. By y'(0,4,) =0 there exists x, € (0, x,) such that y"(x,, 4,) =0,
y' (X, 4) >0 for xe[x, X,) and y"(x,4,)<0 for xe(x, X,). Then we have Ty(x;,4,) <0
and Ty (x,, 4,) > 0. Hence there exists x, € (X;, X,) such that Ty(x,,4,)=0. Therefore, 4, is an
eigenvalue of the problem generated by equation (1) in (0, X,) and boundary conditions
y(0)=Y'(0) = y' (%) 08 3, +y"(X,)sin y, = Ty (x,) =0, where Yo =—tan™
Y (X5, 4,)/Y" (X,, 4) € (0, 7/2), the eigenvalues of which by [4, Theorem 5.4] are positive, in
contradiction with the condition A4, <0.

Next, the smoothness of zeros of functions y(x,A)and y'(x, A1) follows from the implicit

function theorem. The proof of this lemma is complete.
Corollary 1. As 1 >0 (4<0) varies, the function y(x,4) and y'(x,4)can lose or gain

zeros only due to these zeros leaving the interval [0, 1] or entering it
through its endpoint x =1 (x=0).

Let (1) and y(A) are the number of zeros contained in (0, 1) of functions y(x,4) and
y'(x, 1), respectively.

Remark 2. By [5, transformation (1.4), Theorem 3.3, Theorem 3.4, Theorem
6.1, Theorem 6.3 and Lemma 6.1], Lemma 3, Remark 2 and Corollary 1 we have 7(1) = (1) =0
for 1€[0,4(0)], (1) = y(1) =k -1 for A € (4,(0), 4, (0)], k>2.

For A <0 we consider the following eigenvalue problem

{ﬁ(y)(X) =y(x), x€(0, 1),
y(0)=y'(0) =y"(0)=y(@®=0.

By [5, Lemma 2.1] the eigenvalues of problem (13) are negative. The oscillation index of

the eigenvalue g of problem (13) is defined as the difference between the number of zeros of the

(13)
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function y(x,4) at A= —0 contained in the interval (0, 1) and the number of the same zeros at
A=u+0 [7].

Lemma 4. There exists o <0 such that all the eigenvalues 7,k =12, ..., of problem
(13) lie on the ray (-0, p) are simple, form an infinitely decreasing sequence and have
oscillation index 1.

The proof of this lemma is similar to that of [7, Theorem 4.1].

Let i(7),keN, be the oscillation index of the eigenvalue 7, of problem (13). Then,
according to the above reasoning, by Remark 2 and Lemma 4, we get

r(A)= Yli(y) and ()= D i(n,) for A (~,0). (14)

nce(4,0) me(4,0)
3. Properties of eigenvalues and eigenfunctions to problem (1)-(3)
Lemma 5. The eigenvalues of the eigenvalue problem (1)-(3) are real and
form at most a countable set without a finite limit point.
Proof. If AeC and A¢R is an eigenvalue of the operator L, with eigenvektor

¥ ={y,ay’()} Since q(x) is a real function, and the number a is also real, it follows from (5)-(7)
that A e C \ Ris also eigenvalue of the operator L, with

A

eigenvector ¥ ={y, ay'(1)}. Then by (7) we have
Ly=49, LYy=17. (15)
Multiplying the first equation by )7/ in 7, with respect to inner product (7), the second by ¥ and

subtracting the second from the first and taking into account the J -self-adjointness of the operator
Lin 71, we obtain (4 -2) (9,9),, =0, whence, by

condition 4 # A, weget (Y, ¥), =0. Then it follows from (15) that

(LY. 9)p, =0. (16)
In view of (7), by (16) we get

(L9, 9) 5, = [ Y (A P +0) [ Y'(x,4) PRex = 0. (17)

Then it follows from relation (17) that y'(x,4)=0. Hence by condition y(0,1)=0 we have
y (x,4) =0, which contradicts the fact that y(x, A) is a nontrivial solution to problem (1)-(3). The
proof of this lemma is complete.

Remark 3. If A is an eigenvalue of problem (1)-(3), then y'(1,A)=0. Indeed, if
y'(1, A) =0, then we have y"(1, ) =0, which contradicts relation (9).

Lemma 6. The eigenvalues of problem (1)-(3) are simple and form at most a
countable set without a finite limit point.

Proof. It is obvious that the eigenvalues of problem (1)-(3) are the roots, taking into
account their multiplicities, of the following equation

y'(,2)—aly'(t, A) =0. (18)
The entire function y”(1, 1) —aly’(4, A) does not vanish for A € C\R in view of Lemma 6.

Then it does not vanish identically. Therefore, the zeros of equation (18) form at most a countable
set without a finite limit point.
Let A is a double eigenvalue of problem (1)-(3). Then we have

Ly=1y, L&=139+Y, (19)

where 4 is the vector associated with the eigenvector Y.
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By the above arguments from (19) we get [y, ¥] =0, and consequently, we
obtain (LY, V), =0, whence, according to (19), implies that

(L9, 9) 5, = [€y"2 (6 A) +a()y"* (x, A)}dx =0. (20)

It follows from (20) that y'(x,A)=0. Then by condition y(0,4)=0 we have y(x,4)=0. We
obtain a contradiction, which completes the proof of the lemma.
By Remark 3 we can rewrite equation (19) in the following form
F(1) =al. (21)
Remark 4. By relations (9) and (10) and relation we have F(0)>0. Then A =0 is not zero

an eigenvalue of problem (1)-(3).
Lemma 7. The following relations hold:
lim F(1)=-w, Ilim F(1)=+oo. (22)

A— 2 (0)-0 A—2, (0)+0
The proof of this lemma follows from (11) in view of Theorem 1 and (10).
If A is an eigenvalue of p (1)-(3), then by (7) and (20) it follows from (19) that

[Ly7? (6 ) +a0)y? (x, 2) Fdx = 2{[ y* (x, Ddx+ay? (LA} (23)
Since j.{y”z(x, A)+q(x)y"?(x,4) [}dx > 0,by Remark 4, from (23) we obtain

ﬂ{j yZ (x,A)dx+ay’*(1, A)}>0. (24)

By Remark 3 and first relation of (10), it follows from (24) that
A{F'(1)—-a}>0. (25)
Lemma 8. Equation (21) can has exactly one root in each of intervals
(~0,0), (0,4(0)) and (4;(0), 4 (0)), k>2.
The proof of this lemma follows from relation (25) using (22).
Main result of this paper is the following theorem.

Theorem 2. There exists an unboundedly increasing sequence {4, },, of eigenvalues of
problem (1)-(3) such that
A e(=0,0), 4 (4(7/2),4(0) and 4 € (4 4(7/2), 4 (0)) for k=3,
Moreover , the corresponding eigenfunctions Y, (X), k=12,..., and its derivatives y, (X),
k=12,..., have the following oscillation properties: (i) the function Y,(X) has
()= X )i (17,) simple zeros, the function y,(x), k=2, 3,..., has exactlyk—2 simple

k(4,0

zeros in (0,1); (i) the function y;(x) has x(4)= >.i(r) simplezeros and Y, (X),
7c€(41,0)
k=2,3,..., hasexactly k—2 simple zeros in the interval (0, 1).

Proof. It is obvious that F(4,(7/2))=0, k € N, and by Remark 4 we have F(0) >0. In
view of relations (10)-(12) and (22) the function F(1) in the interval (—oo, 4,(0)) is concave and
decreasing takes values from +oo0 to —oo. Since a <0 the function @(1) =al is decreasing in
(—oo,+00) and the following relations hold:

lim @(4) =+ o, llLrpch(ﬁ) = —o0. (26)

A—>—0
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Then by Lemma 8 equation (22) has two simple roots A, and A, in (-, 4(0)) such that

A €(=,0) and 7, € (4,(7/2), 4(0)).
Next, by relations (10), (22), (26) and Lemma 8 equation (21) in each of intervals

(A4.4(0), 4, (0)), k > 2, has unique simple root 4,,, suchthat 4, , € (4, (7/2), 4, (0)).

The oscillation properties of eigenfunctions of (1)-(3) and their derivatives follows from
Remark 2 and relations (14). The proof of the theorem is complete.
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Xiilasa
Sarhad sarti spektral parametrdan asili olan bir maxsusi giymat masalasinin moxsusi
funksiyalarimin osillyasiyas1 hagqqinda
Abdullayeva K.F.

Acgar sozlar: spektral masala, maxsusi adad, maxsusi vector, maxsusi funksiyalarin osillyasiay xassalori.

Mogqalada sorhad sortlorindon birino spektral parameter daxil olan doérdiincii doracali adi diferensial tonliklor
iclin spektral mosoloya baxilir. Bu mosalo en kosiklorindo uzununa qiivva tasir edon, sol ucu barkidilmis, sag ucunda
iso ¢okisiz gubuq vasitosilo yiikk baglanmig, elastik yay vasitasilo tarazligda saxlanilan elastik konsol bircins ¢ubugun
kigik ayilmo rogslorini tosvir edorkon yaranir. Baxilan masolonin kok alt fozalarinin strukturlari, moxsusi adadlorinin
haqiqi oxda yerlomasinin imumi xarakteristikas1 vo moaxsusi funksiyalarinin osillyasiya xassalori dyranilir.

Pesrome
00 ocuuIAMN cOOCTBEHHBIX (PYHKUMIT HEKOTOPO# 3a1a4M Ha
co0CTBeHHbIE 3HAYEHHSI C TPAHMYHBIM YCJI0BHEM, 3aBHCSIIMM OT CHIEKTPAJIBLHOI0 MapamMeTpa
Aboynnaesa K.@.

Knioueevie cnosa: cnexmpanvnas 3adaua, cobcmeennoe 3Havenue, cOOCMEEHHbI GeKMOp, OCYULIAYUOHHbLE
C80UCMBA COOCMBEHHBIX IYHKYULL.

B pabote paccmaTpmBaeTcs CHEKTpayibHas 3ajgada il OOBIKHOBEHHBIX AM(D()EpPEHINAIBHBIX YpaBHEHHH
YEeTBEPTOTO IMOPSAKA CO CIEKTPAIBHBIM ITapaMeTPOM B OJHOM M3 I'DAaHMYHBIX YCJIOBHH. DJTa 3a/7a4a BO3HHMKAET NPHU
OTHCAHNH MAaJIBIX W3THOHBIX KOJNEeOaHNWH yHpyrol KOHCOJIHHON OJHOPOTHON OaJIKW, B IONIEPEUHBIX CEUCHUAX KOTOPOil
JIeficTByeT NMpOAONIbHAs CHUJIa, JIEBBIA KOHELl KOTOPOH 3a/ieaH, a K IpaBOMY KOHIly OCPEICTBOM HEBECOMOT'O CTEPIKHS
MPUKPEILIEH TPY3, YASPKHUBAIOIUIICA B pABHOBECUH TIPU OMOILH YIPYTroil Npy>KUHbL. 3ydeHbl CTpyKTypbl KOPHEBBIX
MOJNPOCTPAHCTB, OOMIas XapaKTePHCTHKA pACIIOJNOXEHUSI COOCTBEHHBIX 3HAUCHMH Ha BELIECTBEHHOH OCH H
OCLMUIIOHHBIE CBOMCTBA COOCTBEHHBIX (DYHKIMI paccMaTpUBAaeMOH 3aauH.
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HUHO®OPMALMUA O CTATBE PE3IOME

Hcemopus cmamobu C yenvio co30anusi HO8bIX MEPMOCMOUKUX NOTUMEPOS, CUHMEIUPOBAH NOTIU-
Honyueno: 16.10.2025 N-a-kapbokcumemurumuo  caxapun-6-xapbornosoti  kuciomel.  Ilpoyecc
Hcnpasneno: 14.11.2025 NOIYYeHUs Yene8020 NPOOYKMa NPo8oOULCs 8 HecKoavko smanos. Ha nepeom
Hpunsmo: 02.12.2025 omane, 6vlL1 paspaboman Memoo CUHmMe3ad HOBOU CAXAPUHOUKAPOOHOBOU

kucnomwl - N-a-kapbookcumemunumuoa caxapur-6-kapbornogoui kuciomsi. Ha
Kniouesvie cnosa O0CHOBe OQUATKUI08020 IPUPA NOTYYEHHO2O COCOUHEHUSI CUHMESUPOBAH HOBbIIL
N-a-xapboxcumemurumud caxapun-6-  2udpoxcuncoodepiicawuil noausupcyb@oumuo - noau-N-a-
KapOOHOB0IU KUCIOMbL, kapboxkcumemunumuo  caxapun-6-xkapoonosou  xkuciomsi. Cocmas  u
noausupcyrbGoumMuo, cunmes CIPYKMYpa CUHME3UPOBAHHBIX COCOUHEHULl NOOMBEPIUCOeHbl  OAHHBIMU

INeMEHMHO20 AHAIU3A U UH@PaAKpacHol cnekmpockonuu. Memodamu
oughpepenyuanbHoO-mepMuULecKko2o0  aHalu3a  OnpeodeseHsl  mepmudecKkue
ceoticmea noayyenHozo noausgupcyivpoumuoa. Iloxasano, umo noau-N-a-
KapOOKCUMemunumuo caxapur-6-kapOoonogoli Kuciomvl Xapaxkmepu3yemcs
00CMAMOYHO BbICOKUMU MEPMUYECKUMU NOKA3AMENIMU NO CPAGHEHUIO C
npomviutiennvim noausgupom Zellamid 1000.

Beenenne

N3BectHo, uto mnommddupumuasl ([I1OU) mpencraBiasior co0oil BBICOKOTEPMOCTONKHE
amMop(QHbIe MOJIMMEpPHI, O0JIAJAIONMEe YHUKAIbHBIM COYETAaHUEM MEXaHMUYECKUX, TEPMUYECKUX U
ANEKTPUYECKUX CBOMCTB. DTH MaTepHUasbl HAXOJAT IIMPOKOE MPUMEHEHHE B PA3IMYHbIX OTPaCIAX
MPOMBIIIJICHHOCTH, BKJIIOYasi IEKTPOHUKY, aBHALIMIO, MEUIIMHY U MalIMHOCTpoeHue. Pa3zpaboTka
U COBEPILIEHCTBOBAaHME METOJ/IOB MX CHHTE3a U MepepadOTKH OTKPHIBAIOT HOBBIE BOSMOXHOCTHU JIJIS
UX IPUMEHEHUS B PA3JIUYHBIX 00JIACTSX MPOMBIIIIIEHHOCTH.

IO oTHOCcATCA K TpyIIe MOJUKOHACHCALMOHHBIX IOJIMMEPOB C TE€TEPOLUKINYECKON
CTPYKTYpPOH, XapaKTepH3yIOLIeics pPErysipHbIM YepeJOBAHUEM MOBTOPSIOMUXCA 3(PUPHBIX U
UMUJHBIX IUKJIOB. OTO TNPUAAET UM BBICOKYI0 TEPMOCTOMKOCTb, XUMHYECKYIO CTOHKOCTb U
OTJIIMYHBIE 3JIeKTpUUeckue cBoiicTBa. OmHOMl M3 ocobGeHHoctel [IDU sBnsercs MX CIOCOOHOCTD
COXPAaHSTh CTAOMIBLHOCTh PA3MEPOB MPH BBICOKHX TEMIIEpaTypax, YTo JeiaeT UX UAeaabHbIMU JJIs
HCIOJIb30BaHUs B YCIOBHAX SKCTPEMAIIBHBIX TEMIIEPATYPHBIX peXUMOB [1,2].

[To cpaBHeHuto c apomatuueckumu I[IOU, apomatudeckue moaMIPUPCYIbHOUMUIBI
(IT5CH) obnamaroT ymaydIIeHHOW pacTBOPHUMOCTHIO, OTHE-, TEPMO- U PATUAIMOHHOCTOHKOCTHIO
[3,4]. TIDCU mnpexacraBisioT co00Ml NEepCHEKTUBHBIN Kjacc TMOJMMEPHBIX MaTepuaioB C
YHUKQJIBHBIM COYETAaHUEM CBOMICTB, UTO J€JIAET X HE3aMEHUMBIMH B PSAJIE BBICOKOTEXHOIOTMUHBIX
oTpaciieil. Pa3BuTue MeTo/10B UX CHHTE3a U MepepadOTKH OTKPHIBAET HOBBIE BOZMOXKHOCTH JI MX
MPUMEHEHHS B PA3TUYHBIX 00JIACTSIX MPOMBIIIIEHHOCTH.
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B mocnennue pecstunetusi paspaboTaHbl MeTONBI, To3BoJLoume mnoiydare [I9CHU ¢
YIYYIIEHHBIMA TEXHOJIOTMYECKUMH CBOWCTBAMHU, TaKUMH KaK CIOCOOHOCTh K IepepadoTKe W3
paciiaBa M pacTBOpoB B opranuueckux pactBopuressix [5]. Taxke [IDCU cunresupyrorcs myrem
MOJMKOHJAEHCAMK €  anu(aTUuYecKUMU M apOMaTU4YeCKUMHM  aMHUHAMM, JUOJIAaMH |
TMXJIOPOPTaHUYECKIMHU COCMHEHUSIMUA. B KauecTBE MOHOMEpPOB HCIOJB3YIOTCS XJIOPAHTHIPHIBI
JMCaxapuHAUKApOOHOBOM  KHCIOTBL,  aumddupocyabGouMuIbl,  IualkuioBble  3¢upbl  N-
KapOOKCUMETHIICaXapuH-6-KapOOHOBOM KUCIIOTHI U IMMMU/IBI IUCAXAPUHANKApOOHOBOM KUCIIOTHI [6].

B cBs3u C BBIIEU3IIOKEHHBIM, LIETBI0 PAaOOTHl SBIIAETCS CHHTE3 HOBBIX TEPMOCTOMKHX
MOJIMMEPOB Ha OCHOBE CYJIb(OUMHUICOAEPIKAIINX MOHOMEPOB.

IKCIepUMEHTAJIbHAA YACTh

Cunrte3 N-0 -kapOoKcMMeTHIMMHMIA caxapuH-6-kap0oHOBoOIl kuciaoTbl. K pactBopy
11,36 r (0,05 moup) caxapun-6-kapoonoBoi kucioTsl (7) B 130 mn JIMAA no6asisuia 7 t (~0,05
MOJIb) KapOoHaTa Kaius B mopomkooOpasHom Buue, 4,75 r (~0,05 Mo0iib) MOHOXJIOPYKCYCHOM
kucioTel ¥ 50 r Hoauaa kanusa. CMech KUIATUIM B TedyeHue 8 4. [lo OKOHYaHMM peakuuu CMech
OXJIAXJAIH /0 KOMHATHOW TEMIIEPaTyphl, BBIMABIINE KPUCTALIBI OT(QHIBTPOBBIBAIH, JIBAXIbI
npoMbiBasid JIMAA. @unbTpaT BeIIapUBaliU OCYXa, a 3aTE€M CYIIUIU B BaKyyMe /10 MOCTOSHHOTO
Beca.

Cunre3 auMeTwsioBoro 3¢upa N-o-kapOOKCHMETWIMMHAA CaXapuH-6-KapOOHOBOM
kuciaotbl. K pactBopy 10 M konuenTpupoanaoit H,SO4 B 250 Mt meranoina nodasnsmu 14,25 v
(0,05 ™omp) N-o-kapOOKCHMETHIMMHIA CaXapuH-6-KapOOHOBOM KHCIOTHI M KUIATUIH JI0
IIOJIyYE€HHUs TOMOTE€HHOIO pacTBOpa. 3aTeM pEakLMOHHYI0 Maccy BbUIMBaiIu B 500 mul XxojoaHOM
JUCTUJUTMPOBAHHON BOJIBI U 0OPa30BABILIUIACS JKEITOBATHIN 0Ca0K OT(PHUILTPOBBIBAIH Ha (QUIBTpPE
[ITorra. IlomydeHHBIH TPOAYKT NMPOMBIBAIA JUCTUUIMPOBAHHOM BOJOM, CYIIMJIM HAa BO3AYXE U B
BaKyyMe JI0 IOCTOSTHHON MacChl.

Cunrte3 mnoau- N-0-KapOOKCHMETHIMMHIA CaXapUH-6-kKap0OHOBOW KHCJI0OTHL. B
CTCKJISIHHBIA PEaKTop, CHAOKEHHBI MEXaHWYECKOW MEIIaaKoi, TEepMOMETPOM, KalWwisIpoM U
TpyOKo#i mnsi BBoma aszora, 3arpyxaimu 6,26 r (0,02 monp) nmumermioBoro sdupa N-o-
KapOOKCHMETHIMMUIA caxapuH-6-kapoonosoii, 0,1 r PbO, npeasapurensno pactBopenHoro B 1,84
r (0,02 Monb) TUIMIEPHHA M B MOTOKE a30Ta PEaKLHOHHYI Maccy Harpesamn go 175-183 °C. B
pe3ysibTaTe mepesTepudUKALNH BhICseTCs MeTano. Jlanee, Temmeparypy mogauman go 220 °C
M TO0J BAaKyyMOM BBIIEISUTM OCTaBIIMKCA MeTaHON. [losydeHHOE TPOIYKT TPOMBIBACTCS
JUCTUUTMPOBAHHOM BOMOM, CyHmIMTCS CHayala Ha BO3IyXe, 3aTeM I0JI BaKyyMOM JO IOJY4EHHUs
CTaOUIIbHOW MacCHl.

Marepuajibl H MeTOABI HCCIe0BAHUA

WNudpakpacabie crnektpsl cHuManun Ha WMK-®ypwe-criektpomerpe LUMOS  (dpupma
BRUKER, T'epmanus) B nuanma3oHe BOJHOBBIX dYacToT 600-4000 CM'l, C HCIIOJIb30BaHUEM
npuctaBku HIIBO c¢ kpucramiom ZnSe. lnamerp kpuctamia — 1 cm. Yncno ckaHoB mpoObr — 24,
JUIUTENIbHOCTh n3Mepenus — 30 c.

DOJeMEHTHBIH aHanu3 ObUT MPOW3BEACH 1o Meroguke [8,9], ocHoBaHHONI Ha
MUPOJIMTHUECKOM COKUTAHUU OPTraHMYECKOro BeIleCTBa B IOTOKE KHUCIOPOAa C MPUMEHEHHEM
annapara [Iperus.

[Tporiecc oTBepkJeHUS HU3ydald MeTOJIOM UG (depeHINaTbHO-TEPMUYECKOTO aHalu3a
(ATA) na nepuBarorpade «Ilaymuk-ITaymuk-Opneit» Q-1500 D (Benrepckmii Onrrndeckuii 3aBo,
Bynanemr, Bearpus). HaBecka o6pasia 200 mr, uyBcTBUTENbHOCTD KaHanoB T1-200, ITA-250 pv,
JTI-1 mv, ckopocTh noasema Temmeparypst 5° C/MuH B Toke Bo3ayxa [10,11].

OU3NKO-XMMUYECKHE CBOWCTBA PacTBOPUTENIEH COOTBETCTBOBAIU JINTEPATYPHBIM JTAHHBIM
[12,13].

Jis u3MepeHust XapaKTepUCTUYECKON BSI3KOCTH HPUMEHSUIM CTEKJISIHHbIE BHUCKO3UMETPHI
OcBanpna. Bpems Teuenus pactBoputens coctaBimsuio or 46 go 120 cex. Crpown
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KOHIIGHTPAIlMOHHBIC 3aBHCHMOCTHU MIPUBEICHHON BA3KOCTHU Msp/C = (t/to — 1)/c ms psima oOpasios.
[To HaKJIOHY IKCTIEPUMEHTAIBHBIX TPSMBIX ONPEICIISUIA 3HAYCHUSI KOHCTAHTHI XarTuHCa:
M/ =[] +k m]° c,

rne k' — koHcranTa XarrmHca, KOTOpas XapaKTepH3yeT TEPMOJIMHAMUYECKOE B3aUMOICHCTBUE
pacTBOpHTEINT M TOJIMMEpa, a TaKkKe THAPOJMHAMHYECKOE IOBEICHHE pacTBopa. IlorpemHoctsb
ONpe/CICHUs 3HAaYEHUsI [1] HE MPEBBIIIAET S MPOLIEHTOB.

Pe3yabTaThl 1 UX 00CY:KIeHNE

[Tpomomkast uccnenoBanus B 001aCTH CUHTE3a MOHOMEPOB JUIS TTOJIYYEHHS apOMAaTHYCCKUX
TeTePOLMKIIONCITHBIX IIOJIMMEPOB, HAaMH pa3padOTaH METOJ CHHTE3a CaXapuHIUKapOOHOBOU
KHUCJIOTBl JUISI €€ WCIIOJNIb30BaHUSl TPH TOJXy4YeHUH moauMmepoB. CHHTE3 MPOU3BOAMICS IO
HIDKEYKa3aHHO# cxeme [7]:

CcO Hal — CH,COOH CcO
—=NH + —— —=N-CH,COOH
HOOC SO, HOOC SO,

1
rae Hal = Cl, Br
[Ipn wcmonb3oBaHWKM B JaHHOW pEaKIUHM anpoToHHoro pactBoputens (JIMAA) Obur
nosydeH N-o-KapOOKCUMETHIMMU CaXaphH-6-KapOOHOBOM KUCIOTHI (1) ¢ BBICOKMM BBIXOJOM
(70%). CocraB ¥ CTPYKTypa MOJYYEHHOTO COCIAMHCHHUS MOATBEPXKACHBI JaHHBIMH 3JIEMEHTHOTO
ananu3a u UK-cnexrpockonueii [8,9,14].
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Puc. 1. UK-cnexmp N-a-kapboxcumemuaumuoa caxapun-6-kapborosoti Kuciomel

B HK-cnektpax (puc.l) ykazaHHOTO COEIMHEHHS MPUCYTCTBYIOT MOJOCHI MOTJIOIICHUS B
oGmactn 1418 cm™ nedopmarmonsbix 1 B 2905 cM BaneHTHBIX Konebauuii C—H cBs3H rpymmb
CHy; Banentnbie koneOanusi C=O-cBS3U KUCIOTHBIX Tpymm B obnactu 1703 cM’; BaleHTHBIE
kosnebanus C=0O-cBs3u caxapuHOBOro IMKkiIa B oOmactu 1730 CM'l; BaJICHTHBIE KOJIEOAaHUSI B
o6mactu 1285 cm C-N-cBs3u; BaneutHele kojebanusg SO,-cBasu B obmactu 1232, 1257 CM'l;
BajieHTHBIe KoyieOaHus C-C-cBsa3u OEH30JILHOrO Koablla B obiractu 1599 CM'l; nedopMaImoHHbIC
konebanus C-H- cBs3u (621, 639, 732, 754 CM'l) 3aMEIIEHHOr0 OEH30IbHOr0 KOJIbIIA.

[Tyrem sTepuduxanuy cCUHTE3UPOBAaHHONW TUKUCIOTH (1) momyuen aumetunoBsiid 3¢up N-
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0-KapOOKCUUMH 1A caxapuH-6-KapOOHOBON KUCIIOTHI (2) IO cXeMme:

= —CO = S—CO
| _=N-CH,COOH + CH;0H—» || =n~cn,cooch,
HOOC—x_+—S0; H,COOC— % _J—S0,
(1 @)

Crnenyer OTMETUTh, YTO IO NPHUBEICHHOW BBINIE CXEME MOXHO MOJIYYUTh DPa3IHYHbBIC
IHATIKUIOBBIE 3Puphl N-0-KapOOKCUMETHIIMMUIA CaxapuH-6-KapOOHOBOW KUCIIOTHI.
CuHTe3upOBaHHOE COeAMHEHUE (2) MpeAcTaBIsIeT cO00 KPUCTANTNYECKOE BEEeCTBO € Ty,

184 °C), pPacTBOPUMOE B aliPOTOHHBIX PACTBOPUTEIIAX.
p P
Xapaxrepucrtuka (1 u 2) npusenena B Tadbaune 1.

Taonuua 1.
Xapaxmepucmuka N-a-xapookcuumuoa caxapun-6-ouxapoornosoii kuciomsl (1), ee ousghupa (2)
DNeMeHTHEIN aHanus3, %
Coex. Bbf)zoﬂ’ ;[g” dopmyna BBIYHUCIICHO / HAallIEHO M.M.
C H N S Cl
1 70 330 | CjoH;06NS 4210 2,46 451 1123 285
1 41,75 2,50 4,98 1113 N
2 80 184 | C;,H;,O.NS 46,00 351 a47 10.22 313
T 46,85 3,43 4,57 11,03 N
8 — f—«\ -
2 _ﬂ\\ //_ = "
=
"V ~ »J/
2 LN
E
g9
: -
]
Rhse:
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Wavenumber cm-1

Puc. 2. UK-cnexmp oumemunosozo agpupa N-a-xapboxcuumuoa caxapun-6-xapbonosoii

Kucaomol

B UK-cnekrpax (puc.2)

CUHTC3UPOBAHHOTO

COCOAUHCHUA

IIPUCYTCTBYIOT  IOJIOCHI

rnoriomeHus B oonacru 1382, 1477 emt nedopMaImoHHbIX 1 B 2887 cM BayeHTHBIX KoyeOaHuil
C—H cBs3u rpynnel CHy u CHs; BanenTHble konebanusi C=0-CBsI3U KUCIOTHBIX T'PYIMI B 001aCTH
1700 cm*; BamentHbie Komebarms B 1134, 1165 cm™ C-O-csis 1 C=0-CBSI3U CI0KHOIPUPHOI
rpymisl B obact 1726 cm™; BanenTHbIe Konebanus B oomactu 1283 cm™ C-N-cBsisu u B oGmactu

1134, 1165 cm™

C-O-cBsa3u; BanentHele koyieOanus SO,-cBsi3m B oOmactu 1230 CM'l;

nedopmarnonnsie kosebanus C-H-cBszu (634, 682, 728 cM'!) 3aMeleHHOr0 GEeH30IBHOTO KOJIBIIA.

28




Acnanosa 2.T., Pawuoosa M.H., l'apaesa A.A. va b. / Scientific News 25 Issue 4 (2025)

Kaxk 6BIJIO OTMCUYCHO BBIIIC, LCJIBIO HAIIUX I/ICCJICIIOBEIHI/II\/’I ABJICTCA IMOJIYYCHHUEC HOBBIX
TEPMOCTOMKHUX MoIMMepoB. Ha 0CHOBe 3TOro Ha cieayromeM JTare, B pe3yibTaTe B3auMOICHCTBHUS
MOJIYYEHHOTO TUMETHUIIOBOTO dupa N-0-KapOOKCUMETIIINMHUIA CaXapHH-6-KapOOHOBOH KHUCIOTHI €
TJMIEPUHOM  CHHTE3MPOBAaH  HOBBI  THAPOKCHIICOACPKAIIMA  MOIUIPHUPCYIbHOuMUI
(momuruapoKCcuIUP) MO CICAYIOMICH CXeMe:

| N—CH2—COOCH3 + HO—CHy—CH—CH,—OH ————»

2H3COOC— " sof’ L
N—
| \N—CHz—ﬁ—O—CHz—CH—CHz—O H +2CH,0H
— H,C oc— —so2 5 (I)H

n

Brxon - 82%

%Transmittance

©
0
@
<
o
©

55

1132.106
- 1086.571

T T T T T T T T T T
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Wawenumhar.

Puc. 3. UK-cnexmp noau-N-a-xkapboxcumemuaiumuoa caxapuu-6-kapOoHo8ot Kuciomol

B UK-cnektpax (puc.3) yka3aHHOTO COCIMHECHHUS MPUCYTCTBYIOT MOJIOCHI MOTJIOIICHUS B
oGmactu 1382, 1451 cm™ nedopmarmoHHsix 1 B 2851, 2921 cm ! BanenTHbIX Kone6annit C—H csi3u
rpymmsr CHy; BanenTrbie komeGammst B 1132 e C-O-cssu u C=O-CBSI3M CIOKHOIDUPHOI
rpynnsl B obnactu 1711 cM; BameHTHBIe Konmebammss C=O-cBsi3n amuma B obnacti 1621 cm™;
BaJICHTHBIE KoNebauust B obmactu 1086 cM™> C-O-cBszsu u B 3251 cmM™® O-H-cessu CIupTa,
BasleHTHbIe KonebGanus SOy-cBsi3u B o6nactn 1232 em™; nedopmarmonneie koiebanus C-H- cszm
(715, 811 CM'l) 3aMeIEeHHOr0 OEH30IbHOTO KOJbIIA.

B pesynbTare uccnenoBaHmii BESICHEHO, YTO BA3KOCTH MOIMAPHUPCYyIbponmuaa - moiau-N-o-
KapOOKCUMETWIMMUAA  caXapHuH-6-KapOOHOBOMA KHCIIOTHI (monmu-N-o-KMU C-6-KK),
CHUHTE3UPOBAHHOTO JaHHBIM MeTosioM: [N]=0,66 ni/r.

TepmorpaBumerpuueckuMm ananu3zoM (TI'A) ycraHOBIEHO, YTO MOJYYEHHOE BEILIECTBO
YCTOMUYMBO 110 242 oc, TEeMIIepaTypa Hadaja TEPMHUYECKOIO PA3JI0KEHUs COCTaBisAeT 295 °C, a
TaKXe OH XOPOIIO PACTBOPSIETCS B MOJSIPHBIX allPOTOHHBIX PACTBOPUTEIISAX.

Jst cpaBHUTENBFHOW OIIEHKH TepMUYecKHX XapakrepucTuk moimu-N-a-KMU C-6-KK B Ta6m.
2 TakXke MPHUBEIEHbl COOTBETCTBYIOIIUE XapaKTEPUCTUKU MPOMBIIIJICHHOTO MOJU3(PUPUMHIA
Zellamid 1000.

HexkoTtopsle cBoiicTBa MOTYYEHHBIX COEIMHEHUN TIPUBEACHBI B TaOIuIE 2.
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Taonuua 2.
Hexomopuie ceoticmea noau-N-a-kapboxcumemuiumuoa caxapur-6-kapboHo80U Kuciomol
[Tonumep Brixon, % [n]*, ma/r Tpas °C Tpasn °C
[Tonmu-N-a- KMU C-6-KK 82 0,66 242 295
Zellamid1000 — 0,20 170 197

*0,5 e nonumepa 6 100 mn MDA npu 40 C

Takum o00pa3oMm, Kak BHAHO W3 TaOJHIBl, CHHTE3UPOBAHHBIA NONUIOUPUMHI TIO
TepMHUYeCKUM ToKa3aTessiM npeBocxoauT Zellamid 1000 u MokeT 3aMeHUTH ee B TeX 00JIaCTsX, Te
HEOOXOIMMBI TEPMOCTOMKHE ITOJTMMEPHI.

CUHTE3MpOBaHHBIA  IMOJMMEP TIPEACTABISIET HMHTEPEC MPH  IPOU3BOJCTBE  KIICEB,
TEPMOCTONKHUX IMOKPBITHH, a TAKKE MOJTUMEPHBIX KOMIIO3UIIMOHHBIX MAaTEPHAIIOB.
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Xiilasa
Yeni termiki davamh poliefirsulfoimidin sintezi
Aslanova E.T., Ragidova M.N., Garayeva A.A., Atakisiyeva V.O.

Acgar sozlar: saxarin-6-karbon tursusunun N-o-karboksimetilimidi,poliefirsulfoimid, sintez

Yeni termiki davamli polimerlarin yaradilmasi magsadile saxarin-6-karbon tursusunun N-o-karboksimetilimidi
sintez edilmisdir. Hodof mohsulun alinma prosesi bir ne¢o morholo {izro aparilmisdir. Birinci merhoslodo yeni
saxarindikarbon tursusu - saxarin-6-karbon tursusunun N-a-karboksimetilimidinin sintez tisulu islonib hazirlanmisdir.
Alinmig birlosmoanin dialkil efiri asasinda yeni, hidroksil torkibli poliefirsulfoimid - saxarin-6-karbon tursusunun poli-
N-o-kxarboksimetilimidi sintez edilmigdir. Sintez edilmis birlogsmolorin torkib vo qurulusu element analizi vo
infraqirmizi spektroskopiya molumatlart ilo tosdiq edilmisdir. Alinmig poliefirsulfoimidin termiki xassolori differensial-
termiki analiz tisullart ilo toyin edilmigdir. Gostorilmisdir ki, saxarin-6-karbon tursusunun poli-N-a-karboksimetilimidi
sonaye poliefirimidi olan Zellamid 1000 ilo miiqayisodo kifayot qodor daha yiiksok termiki gostaricilorlo xarakterizo
olunur.

Summary
Synthesis of a new heat-resistant polyestersulphoimide
Aslanova E.T., Rashidova M.N., Garayeva A.A., Atakishiyeva V.O.

Key words: N-a-carboxymethylimide of saccharin-6-carboxylic acid, polyestersulfonimide, synthesis

In order to create new heat-resistant polymers, poly-N-a-carboxymethylimide of saccharin-6-carboxylic acid
have been synthesized. The process of obtaining the target product was carried out in several stages. At the first stage, a
method for synthesizing a new saccharin dicarboxylic acid - N-a- carboxymethylimide of saccharin-6-carboxylic acid
was developed. Based on the dialkyl ester of the obtained compound, a new hydroxyl-containing polyestersulfonimide -
poly-N-a-carboxymethylimide of saccharin-6-carboxylic acid - was synthesized. The composition and structure of the
synthesized compound have been confirmed by data elemental analysis and IR- spectroscopy.The thermal properties of
the obtained polyethersulfonimide were determined by differential thermal analysis methods. It was shown that poly-N-
a-carboxymethylimide of saccharin-6-carboxylic acid is characterized by sufficiently high thermal indices in
comparison with the industrial polyester Zellamid 1000.
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Oksid katalizatoru istirakinda 2-propil-4-metilfenolun katalitik
dehidrogenlasmasi va alinan allilkrezolun xassalarinin éyranilmasi
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MOQALD HAQQINDA

MOLUMAT XULASO

Magalanin tarixgasi Secilmis oksid katalizatorlart ilo metilfenollarin dehidrogenlasma reaksiyalar
Daxilolma tarixi: 29.09.2024 atrafli tadqiq edilmisdir vo noaticalor miizakira olunmusdur. Allilkrezolun
Diizalig tarixi: 02.11.2025 sintezi zamani xammal kimi 2-propil-4-metilfenoldan istifads edilmisdir.
Qabulolunma tarixi: 20.11.2025 Miiayyan edilmisdir ki, dehidrogenlagsma prosesinda ikili sistemlorda CoO-

Cr,03, diclii sistemlords iso NiO-Cr,05-Al,03 katalizatoru daha aktivdir va bu
Acar sozlor zaman magqsadli mahsulun ¢iximi daha ¢ox artir. Se¢ilmis oksid katalizatoru
allilkrezol, dimer,trimer, alkenilfenol, va onun kalium karbonatla modifikasiyasinin niimunasi istirakinda ¢evrilmis
katalizator, metilfenol. propilkrezola gora 2-allil-4-metilfenolun hesablanmis ¢iximlart miivafig

olaraq 87.8 va 30.6 % taskil edir.

Uzvi sintez sonayesindo qiymotli yarlmmohsullardan sayilan metilfenollar genis totbiq
sahosino malikdir. Tobii mansoli fenol téromolori igorisindo daha genis totbiq olunani 2-allil-4-
metilfenoldur. Oziinomoxsus adviyyat qoxulu, agiq sarimtil vo ya rongsiz olan bu maye tibb vo
farmokologiyada miixtolif infeksion xostoliklora qarst miibarizods, qida sonayesindo dad vo
aromatlasdiric1  kimi, kosmetika vo otriyyat istehsalinda, kond tosorriiffati vo baytarliqgda
ziyanvericiloro garst miibarizodo, osason do nanotexnologiyada karvakrol osasli antibakterial
nanomateriallar hazirlanmasinda genis istifads olunur.

Bu qiymatli mohsulun alinmasi iigiin asas xammal 2-propil-4-metilfenoldur ki, asason das
komiir qatranindan vo neft mohsullarindan alinir. Propen iso Azarbaycanda neft-kimya sonayesinda
istehsal olunur va kifayat qgodor mévcuddur.

Allilfenollarin sintezinde xammal kimi istifade olunan propilfenollarin dehidrogenlogmaosi
secilmis soraitdo [1] allilkrezolun alinmasinda istifads edilmomisdir. Bu haqda elmi arasdirmalara
az rast golinir.

Dehidrogenlosmo reaksiyasinin todqiqi zamani oldo olunan naticolor moqalodo 6z oksini
tapmigdir.

Dehidrogenlogsmo mohsullari i¢arisinda 2-allil-4-metilfenolun migdar1 daha ¢oxdur. Bu halda
selektivlik 87.8%, ¢ixim iso 26.9% toskil edir. 2-propil-4-metilfenolun dehidrogenlosmo reaksiyasi
axin novli reaktordan ibarst laboratoriya qurgusunda yerino yetirilmisdir. Reaksiya zaman
qarisiqda olavo yan mohsullarin amolo golmomasi ii¢iin qurguya stabillosdirici kimi az miqdarda
mononitroarenlor alava edilmisdir. 2-propil-4-metilfenolun dehidrogenlosmasi reaksiyasi ikili vo
iicli oksid katalizatorlarinin istiraki ilo arasdirilmisdir. ©lds olunan noticolor 1 sayli codveoldo
verilmisdir. Noticolorin miiqayisesindon goriiniir ki, gotiiriilmiis katalizatorlardan asili olmayaraq
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alinan katalizatlarin kimyavi torkibi oxsardir. Katalizatorun torkibindon asili olmayaraq omolo golon

karbohidrogenlorinin miqdar1 eyndir.

Cadval 1.

2-propil-4-metilfenolun miixtalif katalizatorlar istirakinda dehidrogenlasmasindan
alda olunan naticalarin tahlili
Reaksiyanin soraiti: T-540°C, 9-1,0 st™, 2-propil-4-metilfenolun suya olan mol nisbati=1:8

Katalizatorun kimyavi tarkibi, kiitlo% ilo
Gostaricinin adi NIO-110
C00-27.5 Co0-27,5 NiO-11,0 Cr,05-29.0
Cr,05-72.5 Cr,03-72,5 Cr,03-29,0 ALO,-59.8
K,0-0,2 Al,03-60,0 K,0-0,2
Alinmusdir kiitlo % ils,0 ciimlodan
Fenol 0,9 - 0,7 0,3
Krezollar 0,8 11 0,9 0,8
Ksilenollar - - 0,5 -
2-propil-4-metilfenol 69,1 70,6 64.6 68,6
2-allil-4-metilfenol 24,4 25,2 28,8 26,6
Dimer 11 0,61 1,22 1,11
Trimer 0,42 0,42 0,21 -
identifikasiya olunmamis maddalor 1,23 1,11 1,2 0,9
gaz+itki 1,62 1,23 1,72 1,22
2-propil-4-metilfenolun konversiyasi,% 30,1 28,6 34,6 30,6
2-allil-4-metilfenola goro reaksiyanin 81.6 86.6 85.1 87,8
selektivliyi

NiO-Cr,03-Al,03 katalizatoru istirakinda 2-propil-4-metilfenolun konversiyast CoO-Cr,O3
katalizatoru ilo miiqayisods 4.4% yliksokdir vo 28.8% toskil edir. Mogsadli reaksiya mohsulu olan
2-allil-4-metilfenolun ¢evrilmis xammala gora hesablanmis ¢iximi 85,1% olur. Bu natica ti¢lii oksid
katalizatoru gotiiriildiikds alinir va ikili sistem katalizatoru istirakinda olds olunan magsadli mohsul
ilo miiqayisade 3.5% c¢oxdur. Cadvaldon goriindiiyii kimi ikili oksid katalizatoru istirakinda
dehidrogenlosmo prosesindo reaksiya mohsullar i¢orisinds ksilenollara rast golinmir.

Katalizatorlarin katalitik vo istismar xassolorinin effektivliyini artirmaq mogsadi ilo onlar
modifikasiya edilmisdir. Modifikatorun katalitik sistemlora qismon olavo olunmasi, onlarin
qurulusunun ciizi doyigsmosina gotirib ¢ixarir. Noticodo katalizatorlarin xassolori tonzimlonir.
Modifikasiya zamani kalium birlogsmalorindon istifado edilir. Homg¢inin xromitlorin alkanlarin vo
arenlorin dehidrogenlogsmo reaksiyasit zamani aktivliyinin xiisuson do selektivliyinin artdigi
misahids olunur.

Ikili vo {iclii oksid sistemlorin modifikasiyasi zaman1 modifikator kimi kalium karbonat
gotiirlilmiis vo onun katalitik sistemdoki qatiliginin proseso tosiri dyronilmisdir. Modifikatorun
katalizatordaki qatiligr 0,3-0,34 kiitlo % araliginda doyisdirilmisdir. Miloyyon edilmisdir ki, 2-
propil-4-metilfenolun dehidrogenlosma reaksiyasina hor iki katalizatorda promotorun tosiri
oxsardir. Yoni CoO-Cr,03 katalizatoru istirakinda amoalo golon mogsadli mohsula goro selektivlik
81,6%-dir. Qeyd olunan gostarici promotorlu katalizatorlarlarin istirakinda 85,1% (0,1% K,O) olur.
Sonra bu gostarici artaraq 86,6% (0,2% K;0)-a ¢atir. Onu da qeyd etmok olar ki, qatiligin sonraki
artmasi (0,3-0,35% K;0) moagsadli mohsulun selektivliyina tasir gdstormir.

Promotorun CoO-Cr,03 katalizatoruna daxil edilmoesi ilo xammalin konversiyast avvalco
1,5%-0 qgodor azalir (0,2% K0), sonra iso kalium oksidin katalizatordaki qatiligmin 0,35%-9
qaldirilmasi konversiyani daha 2.2 % asag1 salir.

Notico etibari ilo ticlii katalitik sistemdo promotorun istiraki onun xassolorino 6z tosirini
gostorir. Uclii katalitik sistemo promotor daxil etmodikdo prosesin mogsodli mohsula goro
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selektivliyi 85,1%, qatiligin kiitlo faizi 0,2 olduqda iso selektivlik 87,8%-o qodor artmis olur.
Promotorun gatiligini 0,3-0,35 kiitlo %-o qodor artirdiqda iso 2-allil-4-metilfenola gora selektivliyin
comi 1,2 % artimi1 miigahido olunur. Son olaraq 2-propil-4-metilfenolun kon-versiyasi 30,6 % -2
borabor olur. Promotorun qatiliginin kiitlo faizi 0,2 olduqda iso bu gostarici 2 %-o qodor asag: diisiir.
Promotorun gatiliginin 0,2%-don 0,3+ 0,35 % -2 galdirilmasi tglii oksid sisteminda selektivliyi
gismon artsa da, notico etibarilo ¢iximin azaldigin1 miisahido etmis oluruq. ©ldo olunan noaticolor
digor sistemin istirak ilo aparilmis dehidrogenlosma prosesinds miisahids olunur. Todqiqatin diger
morhoaloasindos torkibinds 0,2 kiitlo% modifikator olan ti¢lii oksid katalizatoru istirakinda gotiirtilmiis
xammalin dehidrogenlogsmo reaksiyasina tosir edon amillorin tosiri Oyronilmis vo oldo olunan
naticalor 2 sayli cadvoldo gostorimisdir.
Naticalorin tahlilindon goriiniir ki, bu amillorin prosesa tasiri forqli olsa da, bir sira timumi
ganunauygunluqlara da tabe olurlar.
Cadval 2.
Modifikasiya olunmus NiO-Cr,03-Al,03 istirakinda ilkin xammala gora miixtalif baslangic
parametrlarinin tasirinin tohlili
Cevrilmis 2-propil-4-metilfenola gora

Reaksiyanin soraiti hesablanmis reaksiya moahsullarinin
2-propil-4- grximi
Allilfenolun E:ﬁ:iir;io I:Sr: Fenol+
T°C 9,st | suya olan mol y 2AAMF Dimer .
cr Metilfenollar
nisbati

500 1,0 1:8 18,1 90,6 51 2,6
540 1,0 1:8 30,6 88,2 6,6 3,1
580 1,0 1:8 44,1 78,5 5,6 13,6
540 0,5 1:8 36,1 81,1 11,1 5,4
540 2,0 1:8 24,4 90,4 4,6 2,2
540 1,0 1:6 34,6 81,6 8,1 6,1
540 1,0 1:10 28,6 89,1 6,1 2,1

Masalon, temperaturun artmasi ilo komponentlorin hocmi surotinin azalmasi1 vo gétiiriilon
xammalda suyun qatihiginin asagi diismosi miisahido edilir ki, bu zaman 2-propil-4-metilfenolun
konversiyast da azalir. Belo ki, temperaturun 500 OC-don 540 0C-ya qaldirilmas: zamani sintez
olunan mohsulun selektivliyinin 90,6%- don 88,2%- o diismasi miisahida edilir.

Temperaturu 580 0C-yg gador qaldirdiqda iso selektivlik daha 12.1 %-o azalir. Temperaturun
belo artim1 mogsadli mahsul olan allilkrezolun dimerinin alinmasina gotirib ¢ixarir ki, naticado
propilkrezolun dealkillogmosinin do artmasi1 miisahide olunur. Aydin olur ki, 500 °C-do reaksiyanin
selektivliyi alinan fenol vo krezollara goro 2,6 % oldugu halda, 580 °C-do bu géstorici 13,6 %- o
godor artir.

Umumiyyatlo dehidrogenlosmo reaksiyasi 540 C temperatur, 1,0 st-! hocmi surst vo
xammaldaki 2-propil-4-metilfenolun suya olan mol nisboti 1:8 oldugu halda yerino yetirildikdo
daha yaxs1 naticalor aldo olunur. Todqgiqat modifikasiya olunmus NiO-Cr,O3-Al,03 Katalitik sistemi
istirakinda yerina yetirilib. Cevrilmis va ilkin gotiiriilmiis 2-propil-4-metilfenola goro hesablanmig
2-allil-4-metilfenolun ¢iximlar1 miivafiq olaraq 87,8 va 30.6 % toskil edir.
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Summary
Catalytic dehydrogenation of 2-propil-4-myetilfyenola in the action of oxide catalyst
and study of properties of obtained allylcresol
Qarayeva |.E., Muradov M.M., Nazarova M.K., Suleymanova P.V., Arixov E.N.

Key words: cresol, dimer, trimer, alkenylphenol, catalyst, methylphenol

The dehydrogenation reactions of methylphenols with selected oxide catalysts were studied in detail and the
results were discussed. It was found that 2-propyl-4-methylphenol was used as a raw material during the synthesis of
allylcresol. The presence of CoO-Cr,O; in binary systems and NiO-Cr,03-Al,0; in ternary systems in the
dehydrogenation process increases the calculated yields of the target product more.

The calculated yields of 2-allyl-4-methylphenol based on the converted propylcresol in the presence of the
selected oxide catalyst and an example of its modification with potassium carbonate are 87.8% and 30.6%

Pesrome
Karanuruyeckoe gernapupoBanue 2-nponui-4-MeTuwigeHo1a B JeficTBHH OKCHIHOT0 KaTaau3aTopa
U U3y4eHHe CBOICTB IOIyYeHHOro aJNIMJIKpe30.1a
T'apaeea U.3., Mypaooe M.M., Hazapoea M.K., Cyneiimanosa P.B., Apuxoe 3.H.

Knioueguie cnosa: xpeson, dumep, mpumep, ankeHuigenon, Kamaiuzamop, Mmemui-QeHon

[ToapoOHO M3y4YeHBI peakiMu JIETUAPUPOBaHUS METHI(GEHOIOB ¢ BHIOPAHHBIMH OKCH/IHBIMH KaTalH3aTOPaMHU
n 0OCYXICHBI IOJyYECHHBIE PE3yJbTaThl. YCTAHOBICHO, YTO 2-MPONMI-4-METHI(QEHON HCIOJb3yeTcs B KauecTBe
HCXOJIHOTO CHIPbsI TIpH cuHTe3e ayutmikpesoia. [Ipucyrcreue CoO-Cr,Oz B GunapHbix cucremax U NiO-Cr,03-Al,O3 B
TPOMHBIX CHCTEMaXx B MPOLECCE NETUAPUPOBAHUS eI OOJbIIe YBETUUMBACT PACUETHBIC BHIXObI LIEJIEBOTO MPOIYKTA.
PacuérHele BBIXOABI 2-ayTHiI-4-MeTII(EHONA B IIepecyéTe Ha KOHBEPCHIO NMPOMUIIKPE30I1a B IPHCYTCTBUU BEIOPAHHOTO
OKCHIHOTO KaTaln3aTopa M Ha MpuUMepe ero Moaupukanuy kapooHaToM Kanus coctaBisitoT 87,8% u 30,6%.
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2-metilfenolun metanolla alkillasmo prosesinds modifikasiya olunmus
katalizatorun stabil is rejiminin 6yronilmosi
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MOQALD HAQQINDA MOLUMAT XULASO

Magalanin tarix¢asi Tagdim olunan elmi arasdirma, 2-metilfenolun metanolla alkillogmasi

Daxilolma tarixi: 30.10.2025 prosesinin  yerina yetirilmasinda istifads edilon modifikasiya olunmusg

Diizalis tarixi: 19.11.2025 MMOKF katalizatorunun is rejiminin tadqiq edilmasina hasr olunmusdur.

Qoabulolunma tarixi: 15.12.2025 Tocriibalorin naticalorine asaslanaraq miiayyan edilmisdir ki, alkilloasmo
reaksiyasinda MMOKF katalizatoru an azi 1200 saat va daha artiq fasilasiz

Acar sozlar rejim iizra islaya bilor. Prosesin optimal rejimi 370 °C, xiisusi yiikloma 0.8 st*,

alkillagma, 2-metilfenol, metanol, reagentlorin mol nisbati isa uygun olaraq 1:0.75 taskil edir.

MMOKF katalizatoru, 2.6-
dimetilfenol, kokslagma mahsullari

Miiasir dovrde tullantisiz, xiisuson do fasilosiz kimyoavi prosesin vo texnologiyanin
yaradilmasi, “yasil kimya’nin prinsiplorino omal olunmasi s6zsiiz ki, prosesin daha somorsli hoyata
kecirilmosino bilavasito tosir edir. Xiisuson do, heterogen katalitik kimyovi proseslordo belo
texnologiyalarin 0z totbiqini tapmasi osas amillordon sayilir. Molumdur ki, katalitik kimyovi
prosesdo asas texnoloji omoliyyat reaktorda aparilan kimyovi ¢evrilmadir, yoni katalitik kimyovi
prosesin effektivliyi reaktorda aparilan katalitik c¢evrilmonin texnoloji gostoricilorindon, alinan
katalizatin torkibindon, katalizatorun sabit is rejimindon, regenerasiyalararasi vaxtin sabit
qalmasindan, regenerasiya soraiti, onun katalitik sistemin torkibi vo fiziki-kimyavi xassslorino
tosirindon vo istifado edilon katalitik sistemin sabit is miiddotindon asilidir [1]. Mohz yuxarida
diqqato catdirilan amillorin aragdirilmas: baximindan, fasilesiz vo tullantisiz texnologiyalarin
yaradilmasi, heterogen katalitik sistemlordo istifado olunan katalizatorlarin islomo miiddstinin
artirilmasi yollarinin axtarilmasi istigamotindo atilan addimlar vo onun 6z hallini tapmasi bu giin
do aktual masoalolordon hesab olunur.

Taklif edilon isin moagsadi, 2-metilfenolun metanolla alkillosmo reaksiyasinda istifado
olunan MMOKEF (manganla modifikasiya olunmus kobalt ferrit) katalizatorunun uzunmiiddatli is
rejiminin tadqiq edilmasindon ibaratdir.

Tacriibalorin  aparilmasi: Ilkin olaraq yerino yetirilon bu tocriibo, miixtolif
durulagdiricilarin istirakinda aparilmisdir. Reaksiya miihitindo durulasdirici kimi miixtslif parsial
tozyiqo malik azot qazindan, azot vo su buxar1 qarisigindan, su buxarindan va hidrogendan istifads
edilmisdir. Tacriibalor 370 °C-da, xiisusi yiikklomonin 0.8 st gqiymotindo aparilmig vo 2-
metilfenolun metanola olan mol nisbati uygun olaraq 1:0.75 gotiirtilmisdiir.

Allman naticalorin miizakirasi: Noticolorin tohlili gosterir ki, azotun asagi parsial
tozyiqinds 2-metilfenol vo metanolun konversiyast MMOKEF katalizatoru istirakinda daha dorin bas
verir vo ilkin olaraq amolo golon 2.6-dimetilfenola goro selektivlik 78.5%, ¢cixim isa 33.1% toskil
edir (sokilo bax), 5 saatdan sonra selektivlik vo c¢iximin qismon azaldigi miisahido olunur.
Katalizatorun isladiyi 6 saat arzindo uygun olaraq bu gostaricilorin 74.0, 26.4%-3 ¢atmasi miigahida
edilir.

Katalizatorun stasionar rejimdo 6 saat istifado olunmasi onun sothindo yaranmis koksun
kiitlosini 3.5%-2 catdirir. 8 saatliq is miiddatinds 2.6-dimetilfenolun selektivliyi 65.5%-o, 10 saatliq
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is miiddotinda iso 35.5%-0 qodor asag diisiir. Bu zaman 2.6-dimetilfenolun ¢iximi1 avvalco 17.0% (8
saat) daha sonra iso 7.5% (10 saat) olur. Tobii ki, bu gostaricilorin azalmasi 2-metilfenolun
konversiyasinin azalmasi ilo miisayiot olunur. Uzunmiiddotli is rejimindo (10 saat) MMOKF
katalizatorunun sothindo 8.0%-o qodor koks omolo golir ki, bu da katalitik sistemin aktiv
markazlarinin foaliyyastini azaltmaqla onun katalitik xassalorini zaiflodir.

Alkillogsmo reaksiyasinda MMOKEF katalizatorunun azotun asagi miqdarindaki istifadosi vo 5
saatdan sonra dezaktivasiyaya moruz qalmasi nozors alinarag, onun barpast yerind yetirilmisdir.
Katalizatorun regenerasiyasi 450 °c temperaturda, 1 litr katalizatora goro verilon havanin 550 litr
sarfiyyatinda vo 3 saat miiddstindo hoyata kegirilmisdir. Regenerasiya olunmus ferrit katalizatoru
torkibini doyismoyarak 6z aktivliyini vo selektivliyini yenidon barpa edir. Dafoslorlo barpa edilon bu
katalizator nainki xassalorini doyismir, elocads texniki davamliligini qoruyub saxlayir.

B, Qo
B0~ !
G
2
A
3
ZEA\
_ -1

Sakil. MMOKF katalizatorunun is miiddatinin 2-metilfenolun metanolla alkillogma reaksiyasinin
gostaricilaring tasiri. : T-370°C, ¥=1:0.75mol/mol, v-0.8st™
1.Cevrilmis 2-metilfenola gora hesablanmis 2.6-dimetilfenolun ¢iximi,% 2. 2-metilfenolun konversiyasi, %
3. Baslangic 2-metilfenola géra hesablanmis 2.6-dimetilfenolun ¢iximi,% 4. Koksun miqdari, kiitlo %.

2-metilfenol vo metanol osasinda 2.6-dimetilfenolun selektiv alinma prosesindo MMOKF
katalizatorunun sabit is rejimini 300 saata qador artiran osas amil azot miihitinds inert qazin parsial
tozyiqinin artirtlmasidir. Onun hocmini 600 litro qodar artirdigda xammal komponentlarinin parsial
tozyiqinin gozo c¢arpacaq dorocado azaldilmasi, kontakt vaxtinin vo katalitik prosesds bas veron
diffuziyan1 vo kinetik morholalorin tonzimlonmasi, koksun amolo golmasinin mohdudlasdirilmasi
bas verir. 300 saat fasilosiz olaraq aparilan prosesdo omolo golon 2.6-dimetilfenola goro selektivlik
(92.0-91.0%). ¢ixim iso (32.8- 32.0%) qiymatlori alir. 2.6-dimetilfenolun alinmasi1 prosesinin belo
saraitds aparilmast vo MMOKEF katalizatoru istiraki ilo davam etdirilmasi magsadouygun sayilmur.
Odur ki, mahz miisyyan edilmis bu soraitds katalizatorun regenerasiyasi yerinag yetirilir [2].

Prosesdo regenerasiya miiddoti 5 saat orzindo aparilir vo katalizatorun aktivliyi vo
selektivliyi tam barpa olunur, bu isa, masamoli —quruluslu sothdo adsorbsiya olunmus yiiksok
molekullu, asason do karbon torkibli birlogsmoalorin mévcudlugu ils sortlondirilir.

Azot vo su buxari durulagdiricilar istirakinda aparilan alkillosmo prosesinds istifado olunan
MMOKEF katalizatorunun xassolori nozoro c¢arpacaq doracado pislosir. Bu ferrit katalizatoru
istirakinda 2-metilfenolun konversiyasinin 24.5% togkil etmosi ilo 6ziinii biiruzo verir. Giiman
edilir ki, katalizator sothindo adsorbsiya olunan su onun omolo golmaosi ilo bas veron alkillosmo
prosesinin siiratini azaldir vo tarazligin sola yonolmasino sabab olur. Orta siiratlo bas veron
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alkillosmo prosesindo sintez edilon 2.6-dimetilfenol vo 2.6-, 2.4-dimetilfenollar qarisigina goro
selektivlik uygun olaraq 81.0 vo 85.7% toskil edir. Digor torofdon su buxarmin katalizator
sothindoki qatiliginin  bir godor ¢ox olmasi kokslasma mohsullarinin omolo golmosini qismon
yavasidir. Noticodo MMOKF katalizatorunun sabit i3 miiddotini 50 saata qodor artirmaq
miimkiindiir. [3]

MMOKEF katalizatoru istirakinda 2-metilfenol vo 4- metilfenolun metanolla alkillosma
reaksiyasinda alinan alkilat mohsullarinda ciizi ds olsa 2.5-dimetilfenol da alinir. Qeyd edak ki, bu
izomer daha yliksok ¢ixim va selektivliklo 3-metilfenolun metanolla qarsiligli tosirindon do alina
bilir vo 2.3-dimetilfenolla birlikdo 2.3.6-trimetilfenolun sintezi prosesinds istifadesi miimkiindiir.
Lakin az miqdarda amolo golon 2.5- dimetilfenolun digor istifads sahasi onun 3.5-dimetilfenola
izomerlogmasidir.

Naticalor. Yerino yetirilon elmi arasdirmalar osasinda miioyyon edilmisdir ki, prosesin
gedisindo MMOKEF katalizatoru daha yiiksok selektivlik vo aktivlik niimayis etdirir. Fenol vo
krezollarin C;-Cj3 spirtlorlo selektiv orto- alkillogdirilmasi {i¢lin hazirlanmis MMOKEF katalizatoru
fenolun metanol, etanol, propanol va izopropanolla alkillosmasini, krezollarin metanol va etanolla
qarsiligh tesirini, 2.5- vo 2.3- dimetilfenollarin metanolla reaksiyasindan 2.3.6-trimetilfenollara
cevrilmoalarini hoyata kegirmoys imkan verir [4].

Alman alkilatdan ¢evrilmayan 2-metilfenolun vo mogsadli mahsul olan 2.6-dimetilfenolun
ayrilmast hoyata kegirilir vo bu proses rektifikasiya kalonunda bas verir. Onu da geyd etmok
lazzimdir ki, 2-metilfenolun vo 2.6-dimetilfenolun izomerlosmo vo disproporsionlasma kimi
cevrilmaloro moruz galmamasi sayasindo alinan alkilatlarin torkibinin sadologmosino gotirir. Oks
halda alinan alkilatlarda m- vo p-krezollara va ksilenollarin digor izomerlorina rast golinordi. 3- vo
4-metilfenollarin qaynama temperaturlarinin cuzi forqlonmasi, 2.6-dimetilfenol ilo p-krezolun da
yaxin temperaturlarda qaynamasi alkilatin sonraki emalin1 xeyli ¢otinlosdiro bilordi. Belo ki,
sonuncu halda dietilenglikol totbiq etmoklo ekstraktiv rektifikasiya vasitasi ilo 4-metilfenolu 2.6-
dimetilfenoldan ayirir, m- va p-krezollarin donma temperaturlar1 arasindaki forqden, yaxud diger
iisullardan istifads edilir [2,5].

Belalikls, aparilmis todqiqatlarin naticalorinin tohlili gdstorir ki, rektifikasiya, kristallasma
vo digor fiziki proseslorin birgo istifado olunmasi noticosindo fenol vo onun miixtolif metil
homologqlarini fordi izomerlor soklindos yiiksok tomizliklo almaq miimkiindiir.
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Summary
Study of the stable operation of a modified catalyst in the alkylation process of 2-methylphenol with methanol
Murshudlu N.A.

Keywords: alkylation, 2-methylphenol, methanol, MMOKF catalyst, 2,6-dimethylphenol, coking products.

The presented scientific research is devoted to the study of the operating mode of the modified MMOKF
catalyst and PdCaY zeolite used in the alkylation process of 2-methylphenol with methanol. Based on the results of the
experiments, it was determined that the MMOKEF catalyst and PdCaY zeolite in the alkylation reaction can operate

continuously for at least 1200 and 750 hours, respectively, and more. The optimal mode of the process is 3700C,
specific loading is 0.8 st-1, and the molar ratio of the reagents is 1:0.75, respectively.

Pesiome
H3ydenue cTaduIbHOI padoThl MOAN(PUIITPOBAHHOIO KAaTAJIM3aTOPa B Mpolecce ATKUIUPOBAHUSA
2-MeTuJ(eHo1a METAHOJIOM
Mypwyony H.A.

Knroueevie cnosa: arxunuposauue, 2-memuagenon, memaron, kamanuzamop MM®PK, 2,6-oumemungeron,
NPOOYKMbI KOKCOBAHUS

[IpencraBneHHOE HAYYHOE HCCICAOBAHHME IOCBSIICHO H3YYCHHIO pPEXHMa padOThl MOAUDHUIIPOBAHHOTO
karanu3zatopa MMOK, wucmons3yeMoro B IpoOIecCe alKWIMPOBaHUs 2-MeTHI(eHola MeTaHoioM. Ha ocHoBaHuH
pPe3yNbTaTOB MPOBOJMMBIX OINBITOB YCTaHOBIEHO, 4TO Karanm3atop MM®K B peakuuy anKWIAPOBaHUS MOXKET

N 0
paboratk HerpepbiBHO He MeHee 1200 yacoB u Oosnee. OnTuMaNbHBIH pexxuM npouecca — 3707 C, yaenbHas 3arpyska —
-1 .

0,8 ¢, MosbHOE cooTHOIIeHHE peareHToB — 1:0,75 COOTBETCTBEHHO.
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Meteoroloji stansiyalarin va marsrut qarol¢gmanin malumatlarina asason
qar ortiiyiiniin parametrlorinin qiymatlondirilmasi

ORCID

Musayeva Matanat Agayar qizi

Sumqgayit Doviat Universiteti, Sumqayit, Azarbaycan, dosent
matanat.musaeva@sdu.edu.az

MOQALY HAQQINDA MOLUMAT XULASO
Maqalanin tarix¢asi Tohlillor gostarir Ki, arazido garin hiindiirliiyiiniin artim tendensiyasi
Daxilolma tarixi: 14.09.2025 miisahida edilir, onun maksimal qalmligmin orta tendensiyasi iso 10 il
Diizalis tarixi: 20.10.2025 arzinda 0.8 sm toskil edir. Qar qalinliginin artim tendensiyasi fonunda gar
Qabulolunma tarixi: 17.11.2025 ortiiyiintin yaranma miiddati, sixhigi, sululugu va qar ortiytiniin tutdugu
arazi ardicil olaraq azalir. Qlobal iqlim dayismasi fonunda havanin
Acar sozlor temperaturunun artmasi naticasinda orta hesabla, qar ortiiyii olan giinlarin
meteoroloji stansiyalar, qar ortiiyiiniin sayinda (-1,02 giin/10 il), hamginin mesa arazisi margrutlarinda da qar
hiindiirliiyii, global istilosma, Qusarcay ehtiyatlarimin davamly olaraq (-1,17 mm/10 il) azalmasimin bas vermasi
hévzasi, iqlim xiisusiyyatlori, margrut miiayYyan edilmisdir.

qarélgmoa Malumatlari

Giris

Son onilliklordo miisahido olunan global istilosmo fonunda biitiin iqlim x{isusiyyatlorindo
doyisikliklor bas verir. Qlobal istilosmoa dovriindo havanin temperaturu artdiqca hava kiitlalorinin
rlitubatinin nisboton ¢oxalmasi ilo olagodar olaraq bazi soyuq orazilordo qarin miqdar artir. Bu, qar
Ortliyliniin  atmosferin torkibindo vo onun sirkulyasiyasinda hor hansi doyisikliys yiiksok
hassasligindan xabar verir. Qar ortiiyii qis dovriiniin tobii miihitinin miihiim torkib hissosidir.

Daglarda qar ortiiyli dag caylarinda su aximi, homg¢inin xizok kurortlarinin inkisafi ti¢lin
mithiim resursdur. Dag buzlaqlarina, dagostoyi orazilorin iqlimino vo frontal proseslorin harokot
xlisusiyyotlorino ohomiyyotli tosir gostorir. Qlobal vo regional iqlim doyisikliklori hazirda
imumiyyetlo gobul edilir. Bu dayisikliklorin naticasi orta illik temperaturun artmasidir ki, bu da
qarin yigilma rejimino manfi tosir gostorir [2,3].

Hazirda Sahdag bolgosi rekreasiya mogsadlori {igiin intensiv sokildo inkisaf etdirilir. Bu
orazido bir ne¢o kanat yolu va xizok yolu var. Onlarin somarali istifadosi li¢lin 9sas amil qar ortiiyii
vo onun bagvermo miiddatidir. Son onilliklordo miisahide olunan, daglarda qarin yigilma rejimino
tosir edon iqlim xtisusiyyatlorindoki nazaracarpacaq dayisikliklor bu bdlgonin rekreasiya inkisafina
osas maneadir. Havanin orta illik temperaturu artdiqca daglarda (doniz saviyyasinden 3600-3700 m
yiiksaklikdo) sifir izotermdan yuxar orta illik gar yigilmas: azalir ki, bu da daglarin buzlanmasina
manfi tosir gostarir.

Azarbaycan orazisindo “Iglimin Xiisusiyyatlori Haqqinda Hesabatlar”da iglim doyisikliyi vo
qarin y1gilma rejiminin realligini tosdiqloyon kifayot qodor uzun miiddet orzinds instrumental
misahidoloro (soth havasinin temperaturu, yagintinin miqdari, qar Ortiiyiiniin hiindirliyl vo s.)
osaslanan tadqiqatlarin naticalari toqdim olunur.

Materiallar vo tadqiqat metodlari. Moqalodo, todqiqat orazisindo olan vo doniz
soviyyasindon miixtolif yiiksokliklorde yerloson 6 meteoroloji stansiyalarin melumatlar1 (1961-
2018-ci illor) osasinda qar Ortiiyii hiindiirliiylindoeki uzunmiiddotli doyisikliklorin dinamikasini
Oyranmak iiclin meteoroloji stansiyalarda olde edilmis qar Ortiiyiliniin xiisusiyyatlarinden, ilin soyuq
dovriinds yagintinin miqdarindan vo marsrut qarélgmo molumatlarindan istifado edilmisdir.
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Orazido bork yaginti asason noyabrdan aprel ayma godor olan miiddotds diisiir ki, bu da
bozon ugqun tohliikesinin miimkiin vaxtini miioyyon edir. May ayindan oktyabra godor iso yagintilar
maye halinda diisiir. Bununla bels, 3000 m yiiksoklikda sentyabrin sonundan etibaron yagint1 adoton
qar kimi diisir.

Istonilon orazido gar ortilyiiniin formalasmasi, davamiyyeti, orimo siddotliyi, paylanma
xlisusiyyati vo iimumiyyatlo ¢aylarin qidalanmasinda rolu kompleks fiziki-cografi amillordon, o
climlodon orazinin oroqrafik xiisusiyyatinden ¢ox asilidir. Bunu nozare alaraq tadqiq olunan orazide
gar Ortiiylinlin saquli zonalligdan asili olaraq onun ayri-ayri yliksokliklor {izro formalasma
xilisusiyyati Oyronilmis, stasionar vo xiisusi marsurut gardlgmo molumatlarinin statistik tohlillori
aparilmisdir.

Osas hissa. Dag yamaclarinin somtindon, hiindiirliiylindon asili olaraq qar Ortiiyiiniin
yaranma tarixi forglonir. Simal-sorq yamacda (2000 m) gar Ortiiyli Qirizda 1990-c1 ilo godorki
dovrds oktyabrin 15-don, 1991-2009-cu illords ise Qirizda qar Ortiiyli oktyabrin 20-don sonra
yaranir. Buna miivafiq olaraq conubda (9liboaydo) eyni hiindiirliikdo 1990-c1 ilo qodorki dovrdo
oktyabrin 21-do, 1991-2009-cu illordo iso Oliboydo oktyabrin 27-da yaranir. ©.9yyubovun,
S.Agayevin, M.Musayevanin todqiqatlarina géra qar Ortliyliniin davamiyyati do somtdon asili olaraq
doyisir [1,4]. Simal-gorq yamacinda qar Ortiiyiiniin davamiyyati 1000 m hiindiirliikkds - 70, 1600 m -
95, 2000 m - 110, 2600 m - 150, 3200 m - 230 giin oldugu halda, conub yamacda buna uygun
olarag 60, 112, 140, 190, 240 giino catir. Lakin iqlim doyismolori ilo bagli qar Ortiiyiiniin
davamiyystindo do doyiskenlik yaranir. Qar Ortiiyliniin davamiyyatinds do hiindiirliik vo somtdon
asililiq 0ziini gostorir. Qarin orimasi orazinin hiindirliiylindon asili olaraq longiyir, yiiksok dagliq
hissado iso on gec qar orimo prosesi bas verir. Yiiksok sutoplayici ¢aylardan olan Qusarcay,
Qudyalcay hovzoalorinds bazi illords qar tam oriyib qurtarmir vo ndvbati ilo qalir.

Miiasir iqlim doyisikliyi soraitindo mdovsiimi qar Ortliyliniin xiisusiyyatlori ohomiyyatli
doracado dayisir. Son onilliklords kegid movsiimlorinds Azorbaycanda da qar Ortiiyiiniin sahalori vo
onun yaranma dovrlori azalmaqdadir. Bununla bels, miisahido olunan tendensiyalar ¢ox vaxt
coxistigamatli vo orazi baximindan bircinsli olur. Bundan olava, son todqiqatlara osason hom
zaman, hom do mokan bircinsliliyi Oyronilorkon gar Ortiiyii molumatlarinin 9sas monbolori
arasindaki uygunsuzluglar yiiksok olaraq qalir. Apardigimiz todqiqatlar gostorir ki, srazids qarin
hiindiirliiylinlin artim tendensiyas1 miisahids edilir, onun maksimal qalinli§inin orta tendensiyasi iso
10 il orzindos 0.8 sm toskil edir. Qar gqalinliginin artim tendensiyasi fonunda qar ortiiyiiniin yaranma
miiddoti, sixlig1, sululugu vo qar ortiiyiiniin tutdugu orazi ardicil olaraq azalir. Orta hesabla, gar
ortiiyii olan giinlorin sayinda azalma -1,02 giin/10 ildir.

Trendlorin istiqgamotinde on ohamiyyatli forqlor meteoroloji stansiyalarin yaxinliginda, agiq
vo mesalik orazilordo gardélgmo marsrutlar iizro 6lgmalor arasinda miisahido olunur. Meso orazisi
marsrutlarinda da qar ehtiyatlar1 davamli olaraq azalir (-1,17 mm/10 il). Qar y18ilma omsallar1 da
azalir, beloki, mesolik vo agiq orazilordo qar ehtiyatlar1 arasindaki nisbat, qismen “qar
stiriismosinin” (kiilok sovrulmasi hesabina) miqdarinin azalmasi ilo izah olunur.

HMS-in marsrut iizro qardlgmo molumatlari, qar unsiirlorinin uzun dovr orzindoki
doyismolorini dyronmok vo qar Ortilyli melumatlarinin diger monbolorini (model, maosafodon
zondlama) yoxlamaq ii¢lin on vacib molumat monboyidir. Miixtalif manbalordon istifads ¢ox vaxt
uzunmiiddatli melumatlarin tohlilinin tamamils forqli noticalorini gosterir. HMS-da qar ortiiyliniin
misahidoalori yalniz miioyyon bir orazini tomsil edon vo bilinmoayon hansisa bir néqtods aparilan
Olegmolordir. Miioyyon bir ndqtods aparilan miisahidolor hotta kicik cay hovzolorindo 6l¢iilon orta
qiymatlordon shamiyyatli doracads farqlons bilar.

Qar Ortiiyiiniin osas parametrloring tosir edon amillor miixtolif mokan vo zaman miqyasinda
doyisir. Relyef vo bitki Ortiiyiinlin xiisusiyyatlorinin birlosmasi qar Ortiiyliniin parametrlorinin
onlarla metrdon bir ne¢o on kilometrs qodor miqyasda foza forqini miioyyonlosdirir. Yagintilarin,
temperaturun vo kiilok soraitindoki illorarasi forqlari, spesifik qis faslinn meteoroloji soraitindon
asil1 olaraq, qar Ortiiyiiniin xiisusiyystlorinin miivaqqati doyiskenliyini miioyyan edir [2]. Qeyd edok
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ki, bu proseslor lst-listo diisiir vo masolon, ayri-ayr1 sinoptik dovrlorin vo giinlorin meteoroloji
soraitinin spesifikliyi, hotta nisboton ki¢ik mokan miqyasinda da oshomiyyatli bircinsliliyi miioyyon
edo biler.

Aparilan tohlillorin mogsodi miioyyon foza miihitindo marsrut qarélgmo molumatlar ilo
miiqayisodo HMS-do qar Ortiiyiiniin miisahidoslorinin diizgiinliiyiinii vo iglim doyismolori fonunda
bu iinsiirlordoki doyiskonliyi qiymetlondirmokdir. Qar oOrtiiyli molumatlarinin bu iki monboyi
arasindaki nisbotin doyismesinin aragdirilmasina asason, qisda qar Ortiiyiiniin illorarasi doyigkonliyi,
qis dovrlorinin meteoroloji soraitdoki forglori giymotlondirilmisdir. Miigayisoli tohlil {i¢lin orazi
vahidlori HMS-in yerlosdiyi ¢ay hovzolori olub vo qar 6lgmo miisahidalori aparilib. Todqiqat
zamani miigahidslorin diizgiinliiyiiniin qiymotlondirilmosinin aparilmasi, tokco HMS-don alinan
molumatlarla cay hovzolorindoki marsrut qarélgmo miisahidolorinin naticalorinin miiqayisosi kimi
deyil, homginin bu iki malumat monbayi arasindaki nisbatlorin miioyyan fiziki asasliligi kimi qobul
edilir. Beloliklo, “agiq saholords” (mesosiz arazilordo, HMS-in molumatlarina osason) 6l¢iilmiis qar
ehtiyatlarinin qiymotlori potensial olaraq ¢ay hovzosindoki agiq orazilordo (marsrut iizro) qar
ehtiyatlarinin orta qiymatlorino yaxindir vo onlarin orta qiymaotlorin nisbi xotalart 10%-don az
olmagla reprezentativ hesab edilmisdir.

Cay hovzolorin orazi yerlosmoasi — Qusarcay, Babacay, Derkcay vo s. monbolorini ohato
etmisdir. Toadqiqgat sahasi 1500-don 2900 m-o godor olan miitloq yiiksokliklor diapazonunu shato
edir ki, bu da qar ortliyl hiindiirlilyliniin 22 sm-don 42 sm-o qodor doyismesins uygundur.

Orta dagliq qursaqda 1000-1200 m yiiksoklikde yerlogon meteoroloji stansiyada biitiin qis
zamant 10-12 sm hiindiirlikdo olan qar Ortiiyli tstiinliik toskil edir. 1900-2000 m yiiksoklikdo
coxillik dovrda gar ortliyiiniin hiindiirliiyli ¢ox az artmagqla 15-20sm arasinda dayisir [1].

Simal-gorq yamacda qar ortiiyii hiindiirlilyiiniin az olmasina baxmayaraq, ayri-ayri ekstremal
illords onun hiindiirliiyli shomiyyatli doracods arta bilor. Simal-sorq yamacda qarin maksimal
hiindiirliiyli dekabrin axir1 yanvarin avvallorinds qeyd edilir. Orazido gar Ortiiyiiniin orta onglinliik
maksimal hiindiirliiyli conub yamaca nisboton toxminon 2 ay tez amolo golir. Bunu simal-sorq
yamacin simaldan galon soyuq hava kiitlasinin tasirine daha ¢ox moruz qalmasi ils izah etmak olar.

Qar Ortiiylinlin amalo golmo vo arimo vaxti yiliksoklikdon asili olaraq doyisir. 3600-4000 m
yiiksoklikdo dayaniqli gar ortiiyli sentyabrin ortalarinda, 1900-2500 m yiiksoklikdo oktyabrin axiri,
1500-1600 m-do noyabrin ortalarinda miisahido edilir. Gostarilon yiliksokliklordo dayaniqli qar
Ortiiyilinlin oarimosi iyunun axiri, iyulun avvali vo fevral-mart aylarinda bas verir.

Tadqiqat orazisinde qar Ortiiyli linsiirlorinin doyiskenliyi fiziki-cografi, esason meteoroloji
amillorin doyismosi ilo izah edilir. Atmosfer elementlorinin, xlisuson do havanin temperaturu vo
yagintinin xarakterinin doyismosi noticesinde qar Ortiiyli xiisusiyyatlori ildon-ilo miixtolif
doyiskonliyo moruz qalir. Bu doyiskonliyin komiyyat ifadosini vermok ii¢iin hom marsurut iizro,
hom do stasionar qar 6l¢ii islorinin melumatlarindan istifads edorak, baxilan orazi iizro qar Ortiiyii
xlisusiyyatlorinin statistik parametrlori hesablanmigdir.

Orazido qar Ortliylinlin variasiya omsali (0.40-0.73) arasinda doyisir. Yiiksoklikdon asili
olaraq C,-nin doyismo xarakterini miioyyon etmok vo onun komiyyot ifadosini vermok tiglin
C=f(H) slagasi qurulmusdur (Sakil).

C=f(H) slagosindon goriindiiyii kimi yiiksokliyin artmasi ilo C, qanunauygun surotdo azalir.
Nisboton al¢aq saholordo Cy-nin doyismasi intensiv, yliksok saholords iso todricon gedir. Dagatoyi
zonaya qodor sahodo variasiya omsalinin qiymoti 0.57-0.71 arasinda doyisirso, davamli qar Ortiiyl
zonasinda 0.47-0.41 godor azalir. Cy-nin belo azalmasina sobab - yliksokliyin artmasi ilo qar ortiiyii
hiindiirliiylinlin  omals  golmasi zamam1 homin istigamotds miisbot temperaturun tasirinin
zoiflomasindon irali golir vo buna gora do az yiiksokliys malik olan saholorde variasiya omsalinin
qiymati boytik intervalda doyisir.

Marsrut qardlgmo molumatlar1 ssasinda qurulmus olaqe oyrilori do homin xiisusiyyoti tam
sokildo oks etdirir. Marsrut qardlgmo molumatlart osasinda olan gar Ortiiyliniin sululugunun
variasiya omsal1 (Cvy) hesablanmisdir. Qar ortiiyli sululugunun variasiya omsali yiiksoklikdon asili
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olaraq eyni qayda ils doyisir. Lakin oksor hallarda (Cvy) qiymati qar ortiiyli hiindiirliiyiiniin Cy-don
ki¢ik olur [1].
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Sakil. Qar ortiiyiiniin variasiya amsalinin yiiksaklikdon asililigi

Qar Ortiiyli sululugunun variasiya omsalinin ekstremal qiymati iso hiindiirlilylin variasiya
omsalindan ¢oxdur. Bels ki, qarmn sululugu Cy-si 0.34-0.92 arasinda doyisir. Qar sixligmin C,-Si
hiindiirlitylin vo sululugun Cy-don kicik qiymats malikdir vo 0.27-0.57 arasinda doyisir.

Natica. Todqigatda, meteoroloji stansiyalarda gardlgmo miisahidalorinin doqiqliyi orazidoki
marsrut qardlgmo molumatlari ilo miiqayisads tohlil edilir. Miigayiso, ii¢ foza-zaman doyiskonliyi:
illoraras1 (yagintilarin illoraras1 doyiskenliyinin tosiri), hovzodaxili (relyefin vo bitki Ortiiyiiniin
tosiri), illik (miioyyon bir qis dovriiniin meteoroloji soraitinin tasiri) saviyyasinda aparilmisdir.
Olgma xotalarmin doyismasi do qar ortiiyiiniin illoraras1 doyiskonliyi vo ¢ay hdvzolorinin landsaft
bircinsliliyi nozors alinmaqla qiymotlondirilir. Noticalor gostordi ki, meteoroloji stansiyalarda qarin
oOl¢iilmasinin doaqiqliyi diizenliklors nisbaton algaq dagliq su hdvzalorindo daha yiiksokdir. Kiilok
sovrulmasi ilo birlikde yagintilarin miqdarinin illik forqlori Qusar¢ay hdvzoesine on ¢ox tosir
gostormisdir (qardlgon cihazda qarin qalinliginin miisyyan edilmasinds nisbi sshv 31,1%, daimi ¢ay
yatagi boyunca conub-qorbo dogru ise 19,6%-dir). Kig¢ik ¢ay hdvzesinde qardlgma cihazi ilo garin
galinliginin 6l¢lilmasinin nisbi xotast 6,8% togkil edib. Daimi qar 6lgmo marsrutlarindan alinan
molumatlar qar Ortliyliniin parametrlorinin doyiskenliyini daha yaxs1 tosvir edir, hom do marsrutun
xiisusiyyatlorindon shamiyyatli deracads asilidir.
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Summary
Assessment of snow cover parameters based on data from meteorological stations and route snow surveys
Musayeva M.A.

Key words: meteorological stations, snow depth, global warming, Gusarchay river basin, climate

characteristics, route snow survey data.

The analysis shows that the region is experiencing a trend towards increasing snow cover depth, with the
average trend of its maximum thickness being 0.8 cm per 10 years. Against the background of the tendency to increase
the thickness of the snow cover, the duration of the formation of the snow cover, its density, water content and the area
occupied by the snow cover are consistently decreasing. As a result of rising air temperatures against the backdrop of
global climate change, it has been established that there is a continuous decrease in the average number of days with
snow cover (-1.02 days/10 years), as well as snow reserves on forest routes (-1.17 mm/10 years).

AHHOTAUMSHA
O1eHKa MapaMeTPOB CHEKHOT0 MOKPOBA MO JAHHBIM METEOPOTOrHYeCKHX CTAHIUI U MapIIPYTHBIX
CHEroChbeMOK
Mycaeea M.A.

Knruesvie cnosa: memeoponocuueckue CmManyuu, 6blCOMA CHEICHO2O0 NOKPO6A, 2100albHOe nomenjeHue,
bacceun  Tycapuas, Kiumamuyeckue  Xapakmepucmuku,  OAHHbIE — MAPULDYMHBIX
CHE20CbEMOK.

AHaJu3 MOKa3bIBaeT, YTO B PETHOHE HAONIOMACTCS TCHICHIUSA K YBEIMUYCHHIO BBICOTHI CHEXKHOI'O MOKPOBA, a
CpeaHsisl TSHICHIUs ero MakCHUMallbHO# TonmuHbl cocraBisier 0,8 cM 3a 10 ner. Ha ¢oHe TeHIeHIUM K yBEINUYEHHIO
TONIMHBI CHEKHOTO TIIOKPOBA TOCIIENOBATEIIFHO YMEHBIIACTCS MPONOIDKUTENFHOCTh (OPMHUPOBAHUS CHEKHOTO
MMOKPOBA, €ro IUIOTHOCTh, BOJHOCTh W IUIOIIAAh 3aHWMaeMas CHE)KHBIM IOKPOBOM. B pesynbTaTte MOBHIIICHUS
TeMIepaTypbl Bo3ayxXa Ha (oHe TI00ambHOrO W3MEHCHHS KIMMaTa YCTAaHOBJICHO, YTO HAOIOIAeTCs HEIpepBIBHOE
CHIDKEHHE CPEIHEr0 YhClia THEeW co CHEeXHBIM MOKpoBoM (-1,02 mus/10 mer), a Takke 3amacoB CHEra Ha JICCHBIX
Mapmpytax (-1,17 mm/10 meT).
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Azarbaycan Respublikasinin Kicik Qafqaza aid meso, alp, subalp va subnival
landsaftlarinin fitomiixtalifliyi vo miihitdo uygunlasmasi

Yusifova Sabina Nizami quz1 282

Sumgqayit Dévlat Universiteti, Sumqayit, Azarbaycan, c.f.d., bas miiallim
sabina.yusifova@sdu.edu.az

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Tadqgiqat zamani Azorbaycan Respublikasimnin Kigik Qafqaza aid arazilarinda
Daxilolma tarixi: 14.09.2025 yayilmis bitki noviarinin zaif antropogen tasirlora maruz qalmis mesa, alp,
Diizalis tarixi: 05.11.2025 subalp va subnival landsaftlarvin  fitomiixtalifliyinin - taksonomik analizi
Qoabulolunma tarixi: 10.12.2025 aparilaraq 1021 ali bitki novii miiayyan edilmisdir. Onlardan da 841 néviin
nisbaton genis arealli, qalan 180 néviin iso endemik novior olmugdur.
Agar sdzlar Bunlardan 7-nin mahz Azorbaycan endemi oldugu miiayyon olunmusdur.
landsaft, biomiixtaliflik, ekosistem, Eyni zamanda arazinin tadqiq olunan hor bir landsaftimin torpaq ortiiyii vo
ekoton, endemizm, antropogen onlarin spesifik parametrlori, bu landsaftlarda bitan aparici fasilalorin
faktorlar, hipsometrik taksonomik tahlili va hayati formalari aparimigdir.

Olds edilmis naticalor Azarbaycan Respublikasimin Kicik Qafqaza aid
arazilarinin  florasimin  inventarizasiyasi, buradaki bitki ehtiyatlarinin
qiymatlandirilmasinda, areallarinin, endemizminin, kateqoriya va statusunun,
miiayyan edilmasinda vacib ahamiyyat dasiywr

Mévzunun aktualligr. Umumiyystlo, Bdyiik vo Kigik Qafqaz kimi yiiksok dagliq orazilorin
landsaftlarinin biomiixtslifliyi istor bioloji, istorso do ekoloji vo fizioloji baximdan homiso xiisusi
maraq kosb etmisdir. Cilinki buradaki biomiixtolifliyi tomin edon ndvlorin fordlori sortiqlimli
orazilordoe hoyat siirdiiklorindon, onlarin areallar1 nisbaton dar, populyasiyalarimin dlgtilori kigik
olur.

Biomiixtoliflik hadisasi ekosistemlorin struktur-funksional togkilinds vacib rol oynayan, tizvi
alomin unikal tozahiir formasidir. Hans1 ki, biomiixtoliflikdon ifrat istifads, tobii vo antropogen
faktorlarin tosirlorindon torayon doyisikliklor vo s. bu ciir ekosistemlorin stabilliyino vo
davamliligina neqativ tosir edir. Ona gore do, har hansi bir orazide biomiixtalifliyin normal inkisafi
ticlin onu togkil edon canli névlorinin yasayis yerlori vo ya biotasi olan tobii arazi komplekslori vo
ya landsaftlar da elmi sokildo miihafizo olunmalidir. Hor bir landsaftin baslica komponentlorindon
olan orazinin torpaq Ortiiyliniin fiziki-kimyavi xiisusiyyatlori, onun deqradasiyas1 vo sohralagsmaya
ugramast, eloco do buradaki otlaglardan tonzimlonmoyon otarmalar vo bigenaklor kimi istifade do
biomiixtalifliys tosir edon asas risklordondir [1, 2, 5].

Toassiif ki, qlobal iqlim dayisikliyi soraitinde Azerbaycan Respublikasinin Kicik Qafqaza
aid meso, alp, subalp vo subnival landsaftlarinin biomiixtoalifliyi, xiisuson do soyuq miihito
uygunlagmis vo qisa vegetasiya dovriine malik flora alomi do hololik lazimi soviyyoada
oyronilmomisdir. Indiya qador aparilmis elmi todqigatlar iso asason hipsometrik parametrlors uygun
olaraq qursaq vo konkret ekosistemin arasdirilmasindan ibarat ekosistem xarakterli olmusdur [6, 7].
Tobiidir ki, Kicik Qafgazin eyni hiindiirliiyo malik simal yamac1 ilo conub yamacinin iglim soraiti
eyni ola bilmoz. Ciinki, bu yamaclarin temperatur rejimi, torpaginin riitubatliliyi, onlarin moruz
qaldig1 giinos radiasiyasi, buradaki kiiloyin siiroti he¢ do hor torofdo eyni olmur. Bu da homin
orazilordo forqli xarakterli bitki formasiyalarimin formalagsmasina gotirib ¢ixarir. Ekosistem
yanagmasinda iso orazinin konkret ekosistemi todqiqi olundugundan ekosistemlorin kosisdiyi
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ekotonlar da ¢ox vaxt diggotdon konarda galir. Elo torofimizdon hoyata kegirilmis todqiqat isinin
bizo godorki islordon baglica forqi do o olmusdur ki, burada biomiixtolifliyin biocografiyasi vo
dinamikasi, eloca do endemizm va onu téraden sabablor yiiksoklik faktoruna uygun olaraq iglim
doyigmolari ilo barabar, hom do ekotonlar kontekstindo arasdirilmisdir [3, 4].

Tadgiqatin obyekti, predmeti va magsadi. Todqiqat obyekti kimi Azorbaycan
Respublikasinin Kicik Qafqaza aid, nisboton zoif antropogen tosirloro moruz qalmis meso, alp,
subalp va subnival landsaftlarinin flora névleri gotiiriilmiigdiir. Tadgiqatin predmeti iss bu arazilorin
flora alominin névmiixtalifliyinin global iqlim doyigsmoalori kontekstinds ekoloji qiymotlondirilmasi
vo endemizmin genezisinin dyranilmosindan ibaratdir. Odur ki, elo tadqiqatimizin baglica magsadi
do, Azorbaycan Respublikasinin Kicik Qafqaza aid orazilorinin florasinin iglim doyismolori
kontekstindo landsaftlar iizro biocografiyasini 6yronmok vo ekoloji skriningini aparamaq olmusdur.
Bunun t¢iin do, miivafiq olaraq geyd olunan orazilorin yiiksokdagliq landsaftlarinin flora alominin
ndvmiixtolifliyinin taksonomik strukturu iqlim doyismalori kontekstindo analiz edilmis vo torpaq
amilindon asili olaraq ekoloji giymotlondirilmasi hoyata kegirilmisdir. Noticodo bu orazinin flora
ndvmiixtalifliyinin davamli inkisafi {i¢iin bazi tokliflor hazirlanmigdir.

Metod va materiallar. Todqgigat Uiglin segilon material niimunolori 2024-2025-ci illords
Azorbaycan Respublikasinin Kigik Qafqaza aid orazilorino toskil olunmus ekspedisiyalar zamani
planli marsurut vo stasionar sahslorin se¢ilmosi ekoloji metodlar1 osasinda toplanmis vo tohlil
edilmisdir. Qeyd edilon orazilorin landsaftlarin fitomiixtslifliyinin qiymatlondirilmasi zamani bir
sira statistik molumatlardan, bu sahado olan bir sira elmi moqalslor vo monoqrafiya naticolorindon
do istifads edilmisdir.

Tadqiqatin elmi yeniliyi, nazori vo praktik ahamiyyati. Todqiqat zamani Azorbaycan
Respublikasinin Kicik Qafqaza aid orazilorindo yayilmis bitki ndvlorinin zaif antropogen tosirlora
moruz qalmis meso, alp, subalp vo subnival landsaftlarinin fitomiixtalifliyinin taksonomik analizi
aparilaraq 1021 ali bitki névii miioyyon edilmisdir ki, onlardan da 841 noviin nisboton genis arealls,
qalan 180 noviin iso endemik novlor oldugu tasbit edilmisdir. Bu endemik ndvlordon 7-nin mohz
Azorbaycan endemi oldugu da miioyyon olunmusdur.

Eyni zamanda orazinin toadqiq olunan hor bir landsaftinin torpaq ortiiyii vo onlarin spesifik
parametrlori, bu landsaftlarda biton aparici fasilolorin taksonomik tohlili vo hoyati formalarn
arasdirilmisdir.

Oldos edilmis naticolor Azarbaycan Respublikasinin Kigik Qafqaza aid orazilorinin florasinin
inventarizasiyasi, buradaki bitki ehtiyatlarinin qiymotlondirilmosi, areallarinin, endemizminin,
kateqoriya vo statusunun, miioyyon edilmosindo vacib shomiyyot dasiyir ki, bu da Azorbaycanin
Respublikasinin ”Qirmizi Kitab1”nin golocak cildinin hazirlanmasinda shomiyyatli malumat bazasi
ola bilor. Homginin, orazinin tadqiq olunan landsaftlar1 iizro bitki taksonlariin hassas, stabil vo
inkisafda olan kateqoriyalar lizro stabillik doracasi toyin edilmisdir.

Naticalar. 1. Kigik Qafqazin Azaorbaycan hiidudlarindaki Murovdag orazisinin Kigik Qafqaz
ekoregionu {izro ndvyaranma morkozi oldugu siibut edilmisdir. Burada endemizma tosir edon relyef
vo ona uygun mikroiglim, litologiya, torpaq, qrunt vo soth sular1 kimi osas faktorlar oldugu
miioyyaon edilmisdir.

2. Taodqiqat orazilorindo yayilmis bitkilorinin botaniki-cografi rayonlar lizro ilk Qirmizi
Siyahisi tortib edilmisdir. Belos ki, orazido rast golinon vo yasi yiizdon yuxari olan “veteran agac”
bitkilorinin siyahisi, bitdiyi arazi vo dendroxronoloji parametrlori verilmisdir.

Tovsiyalar. 1. Kigik Qafqazin Azorbaycan hiidudlarindaki botaniki-cografi orazilorinin
regional qirmizi siyahilariin tortib edilorok yayilmasi ekoloji maariflondirmo isi ilo yanasi, bitki
ndvlarinin davamli inkisafina da shomiyyatli kdmak ola bilar.

2. Buradaki yags1 yiiz illorls 6l¢iilon qocaman agaclarin qiymatli genofondunu va ekoturizm
ohomiyyatini nazars alaraq onlarin tabiat abidoalori kimi taninmasi vo miihafizasi ii¢lin kataloqunun
hazirlanmasi yaxs1 olardi.
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Summary
Phytoridiversity and ecological adaptation of forest, alpine, subalpine and submivial landscapes related to the
Lesser Caucasus of the Republic of Azerbaijan
Yusiphova S.N.

Key words: landscape, biodiversity, ecosystem, ecotone, endemism, anthropogenic factors, hypsometry.

During the study, a taxonomic analysis of the phytodiversity of forest, alpine, subalpine and subnival
landscapes of the Lesser Caucasus regions of the Republic of Azerbaijan was carried out and 1021 species of higher
plants were identified. Of these, 841 species have a relatively wide range, and the remaining 180 species are endemic.
Of these, 7 species are identified as endemic to Azerbaijan.

In this case, the soil cover of each landscape of the studied territory and their specific parameters and their
specific parameters, taxonomic analysis of the leading genera growing in these landscapes and life forms were explored.

The results obtained included an inventory of the flora of the Lesser Caucasus territories of the Republic of
Azerbaijan, when assessing plant resources, 1t is of great importance for determining the range, endemism, category and
status of a species.

Pesome
duTopazHoodpa3ue M IKOJIOrHYecKas aJanTauus JeCHbIX, AIbNUIACKUX, Cy0aabNUiicKUX U CyOHMBUATBHBIX
JanamadToB oTHocsAmMecs: k Manomy KaBka3sy PecnyOosmku Azepoaiigxan
HOcugoesa C.H.

Knrouesvle cnosa: nanowagpm, 6uopasnoobpasue, 3xocucmema, IKOMOH, IHOEMU3M, AHMPONOSEHHLLE

gaxmopul, cuncomempusi

B xoxe uccnenoBaHus OBUT MPOBEIEH TaKCOHOMHYECKHH aHAN3 (UTOPA3HOOOpAa3Us JIECHBIX, abIHHCKAX,
cyOaNbUiicKNX M CyOHUBANBHBIX JaHMmadToB pernoHoB Manoro Kaekaza AsepOaitmxanckoit PecryOmmkn u ObII
unerTudunuposad 1021 Bux Beiciux pacteHuit. 13 Hux 841 BUI MMeeT OTHOCUTEIBHO MIMPOKUH apeai, a OCTaJbHEIC
180 BHIOB ABISAFOTCS YHASMHUKAMH. V3 HUX 7 BHIOB OTIpeieIeHbl KaK YHIEMUYHBIC I A3epOalikana.

[Ipu 5TOM TOYBEHHBIH MOKPOB KaXKIOTO JaHAMadTa HCCIeayeMOi TEPPUTOPHUN U X KOHKPETHBIE TTapaMeTpEI,
TaKCOHOMHYECKUI aHaIW3 BEIyNINX POIOB, IPOHM3PACTAIONIMX B JTHX JaHAmMAadTrax u (QOpPMBI JKU3HU OBLIH
HCCIICTOBAHEI.

TTonydyennble  pe3ynabTaThl  BKJIIOYAIM  WHBEHTapu3amuio  Quiopsl  Tepputopuii  Manoro  KaBkasza
AzepOaitxanckoii PecrryOnmkm, pu OILEHKE PAaCTHTENBHBIX PECYpPCOB, UMEIOT OONBIIOE 3HAUYEHHUE IS ONpeeIeHUs]
apeaya, HIeMHU3Ma, KaTeTOPHH U cTaTyca BHJA.
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Sabran rayonunda heksaploid sintetik bugda hibridlarinin (AABBDD)
bioloji giymatlondirilmasi

dhmoadova Aynur Barat qizi ORcID

Sumgqayit Dovlat Universiteti, Sumqayit, Azarbaycan, b.ii.f.d., miiallim
aynur.ahmedova@sdu.edu.az

MOQALD HAQQINDA MOLUMAT XULASO
Magalanin tarixgasi Todgiqatin magsadi sintetik bugda xatlarini (aabbdd genomu) va an yaxsi taxil
Daxilolma tarixi: 14.09.2025 niimunalarini  seleksiya ii¢iin  baglangic  material,  bioloji  keyfiyyat
Diizalis tarixi: 05.11.2025 qiymoatlondirmasi kimi miiayyon etmakdir. Miiayyan edilmis birlogmalor
Qoabulolunma tarixi: 10.12.2025 Sabran rayonunda seleksiya iiciin taxil parametrlori va 1000 taxil kiitlosi
tictin cavabdeh olan qiymatli manbalor kimi xidmoat eds bilor. Azarbaycan
Acar sozlar Respublikasinda kand tasarriifatimin inkisafi iigiin asas qida moanbayi olan
sintetik bugda, taxil, morfogenetik taxil bitkilorinin keyfiyyatinin innovativ iisullarla artirilmast ¢ox vacib
xassalor, toxum, SNP masaladir

Toadqgiqatin maqsadi sintetik bugda xstlorinin (AABBDD genomu) vo seleksiya {igiin
baslangic material kimi on yaxs1 taxil niimunslorinin miioyyon edilmasi, fenotipik vo genotipik
qiymatlondirmadir. Miisyyan edilmis kombinasiyalar Sabran rayonunda yetisdirilmo {iigiin taxil
Olglisti vo 1000 odad taxil deninin ¢okisi iicin cavabdeh olan gen kombinasiyalarinin qiymaotli
monbolori kimi xidmat edo bilor. Bugda Azorbaycan Respublikasinda asas orzaq mohsulu vo
iqtisadi ohomiyyatli bitkidir. Yeni genlor vo allellor dasiyan yabani bugda sortlarindan istifado
yiiksok vo sabit mohsul oldo etmok ii¢lin sortlarin genetik miixtalifliyini geniglondirir. Todqiqat
isinds taxil donasinin morfometrik parametrlori vo 47 SNP (tok nukleotid polimorfizmlari), o
ciimlodon taxil Olgiisiine vo ¢okisine nozarot edon genlorlo olagoli 13 marker iliciin
genotiplogsdirmonin §yronilmasinin naticolori toqdim edilir. Bu molumatlar Sabran rayonunda ilk
dofo sintetik hexaploid bugda genotiplori toplusu (AABBDD genomu) ii¢iin slds edilir ki, burada D
genomu bu noviin genetik miixtalifliyi an yiiksok olan orazilordon yaranan Aegilops tauschii
birlogmolorindon kogitiriiliir. 2022-2024-cii illordo 47 sintetik hexaploid bugda xottinin todqiqi
aparilacaq. CIMMYT sintetik seleksiya xotlori Seleksiya vo Genetika Institutunda yetisdirilmis bark
bugda sortlar1 ilo Pandur sortunun Triticum durum Desf., AB genomu Aegilops tauschii Coss., sin.
ilo c¢arpazlagdirilmasi yolu ilo yaradilmisdir. Germaplazma Bankindan (CIMMYT) Aegilops
squarrosa, D genomu birlosmalori. Lengdon bork bugda sortunun miixtslif ekoloji mangali Aegilops
tauschii birlosmolori ilo hibridlogdirilmasi yolu ilo sintetik xatlori alinmigdir. Mahsul yi1gildiqdan
sonra laboratoriyada bitki mohsuldarliginin komponentlorinin struktur tohlili aparilmisdir: hor
bitkido mohsuldar govdolorin say1, hor siinbiildo mohsuldar siinbiilciiklorin say1, asas siinbiildoki
donlorin sayi, siinbiilciiklordoki donlorin sayi, bitki bagina taxillarin sayi, osas siinbiil bagina
taxillarin ¢okisi, bitkilorin ¢okisi 10 vo donin ¢okisi. Sintetik xotlorin genotiplonmosi 47 SNP
markerindon istifado etmoklo aparilmisdir (Sok. 1). Sintetik xotlor denin parametrlorinin asagi
doyiskenliyi (Cv = 3.3-6.5%) vo daha yiiksok orta uzunluq (7.58 mm), sahosi (21.1 mm?), perimetri
(19.7 mm) vo standartdan 1000 dona (34.9-46.7 q) ¢okisi ilo xarakterizo olunur.

1000 odad lopanin ¢akisi bugda moahsuldarliginin an sabit komponentlorindan biridir, onun
yaxsilagdirilmasi bitkigilikdo osas mogsadlordon hesab olunur. Taxil 6l¢iisii vo formast mohsuldarliq
vo 0giitmo xtlisusiyyatlori ilo six baglidir [1]. Miiasir bugda sortlar1 yabani fomalarina nisbaton daha
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boylik en vo daha qisa uzunluga malikdir, bu da taxil 6l¢iisii vo formasinin daha ¢ox doyiskonliyi ilo
xarakterizo olunur.
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Sakil 1. Tadgigat sahasi (Sabran rayonu) ve mahsul yigumindan sonra bugda sortlar tizarinda tadqgiqatlar

Bu onunla izah olunur ki, bugdanin modonilosdirilmasi vo seleksiyasi zamani lopanin
formas1 daha yuvarlaqlasmis, noticodo un mohsuldarligi yiiksok olmusdur [2]. Boyiik lopslor do
daha ¢ox ciicormo enerjisino malikdir, bu da mohsuldarligin artmasina miisbot tosir gostorir. Adi
bugda (Triticum aestivum L.) A, B vo D altgenomlar1 olan tabii alloheksaploiddir, sonuncusu
Aegilops tauschii Coss. toqdim edilmisdir. Cox giiman ki, yalniz ayri-ayri Ae tauschii niimunslori
tetraploid bugda (Triticum turgidum L, AABB) ilo ¢arpazlagdirilib, bu da becorilon bugdada
movcud olan D genomunun mohdud polimorfizmi ilo naticolonib. Bugda seleksiyasinda D
subgenomunun genetik potensialindan istifads sintetik hexaploidlorin yaradilmasi vo ya Ae tauschii
vo kommersiya sortlar1 arasinda birbasa hibridlosma yolu ilo miimkiindiir. Bir ¢ox miialliflor
becarilon bugdanin yiiksok taxil ¢okisi, siinbiil mohsuldarligt vo vahid sahoys diigon mohsuldar
bitkilorin say1 kimi qiymatli selektiv xiisusiyyatlori ilo zonginlogdirilmasi ii¢iin sintetik hexaploid
bugdani perspektivli manbs kimi gobul etmislor.

1000 don ¢okisinin poligenik nozarst altinda oldugu gostorilmisdir: bu olamatin ifadasino
cavabdeh olan QTL-lor (Quantitative Trait Loci) faktiki olaraq biitiin bugda xromosomlarina
uygunlagdirilmigdir. 1000 don ¢okisi yliksok irsiyyot amsalina malikdir vo taxilin uzunlugu, eni,
sahasi vo perimetri ilo six baglidir. Bugda mohsuldarligin1 artirmaq {i¢iin genetik yanasmalara
bugda donlorinin (lopa) Slgiisiinii vo ¢okisini idars edon genlori miioyyon etmok {i¢iin molekulyar
iisullardan istifads edilir. Onlarin identifikasiyas1 iimumi bugda genomunun miirokkeb qurulusu vo
boylik Olciisii ila ¢otinlogir. Niiva dlgiisiine, formasina vo ¢okisino nazarat edon bir ¢ox genlor, artiq
digor taxil bitkilorinde - diiyli, arpa vo sorqoda miioyyon edilmis gen seriyasina ortolojidir [3,4].
Bugdada belo genlorin miiqayisali axtarist mohsuldarliq olamatlori tiglin polimorfizmlorin
genislonmasini asanlagdirir. Masolon, bugdanin lops Olciistinii vo 1000 lopa ¢okisini toyin edon
TaGW2, TaCwi-Al, TaGaSR7-Al vo TaTGW6 genlori ilk dofo diiyli genomunda miioyyan
edilmisdir. Adi bugda ilo Ae tauschii niimunslorinin miiqayisasi zamani taxil 6l¢iisii vo ¢okisinda
ohomiyyatli genetik vo fenotipik dayiskonlik niimayis etdirilmisdir [5,6]. Taxil dl¢iisiine, formasina
va ¢okisino nazarat edon lokuslarda daha genis polimorfizm miixtalif Ae tauschii niimunslorinds D
genomuna malik sintetik hexaploid bugdada da miisahids olunur. Sintetik bugda heksaploidlorinds
QTL-lor 2DL va 7DS xromosomlar1 niivonin uzunluguna, enino, sahasine vo perimetrino pleiotrop
tosir gostorir. Sintetik bugda xotlorinin ITMI kolleksiyas1 Sabran rayonunun miixtalif ekoloji
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aqrosenozlarinda tadqiq olunur. Azarbaycan Respublikasinin miixtalif iqtisadi rayonlarinda todqiq
edilon sintetik bugda xotlorinin ITMI kolleksiyasinda 1000 don ¢okisi olamati iigiin QTL-lor
miioyyon edilmis vo 4A, 1B, 3B, 1D vo 2D xromosomlarinda lokallagdirilmisdir. Bu kolleksiyanin
todqiqi zamani1 1000 don ¢okisino noazarat edon QTL 6A xromosomuna uygunlasdirilib. Son illordo
bugda mohsuldarligina tohfo veron genlor iiglin funksional markerlor islonib hazirlanmisdir:
TaSus2-2B, TaCwi-Al, TaGW2, TaGW2-6B, TaCKX6-D1, TaGS-Al, TaSAP1-Al, TaGASR7-Al,
TaGSD1 vo TaTGW6. Taxil oOlglisiine vo ¢okisino nozarot edon genlorin monbalorinin, eloco do
yaxindan olagoli DNT markerlorinin miioyyon edilmosi, Azorbaycan Respublikasinin iglim
soraitindo mohsuldarligin artmasina kdmok edacok, genetik cohatdon miioyyon edilmis slamatlora
malik kommersiya sortlarinin inkisafina imkan veracokdir. Togdim olunan elmi todqigat isindo
Quba-Xagmaz iqtisadi rayonunun iqlim soraitindo (Sabran rayonu timsalinda) ilk dofs olaraq
sintetik hexaploid bugda xotlorini todqiq etdik vo taxilin morfometriyasi vo mohsulun struktur
elementlorinin tohlili osasinda, homginin 47 SNP (tok nukleotid polimorfizmlori) tigiin
genotiplosdirmo, miixtolif 6l¢iilii vo yumsaq ¢oki liclin qiymatli monbalori miioyyon edilmisdir.

Tadqigatin metodikasi. 2022-2022-cii illords Sabran rayonu eksperimental sahasindo 47
sintetik hexaploid bugda xattinin todqiqi aparilmigdir. Sintetik CIMMYT xatlori Triticum durum,
AB genomu vyetisdirdiyi bork bugda sortlarinin Aegilops tauschii (Aegilops squarrosa, D
genomundan D genomu) ilo ¢arpazlasdirilmast yolu ilo yaradilmisdir. F1 hibridlorinin
kolxikizasiyasindan sonra sitoloji nozarotin olmamast sobobindon F4 hibrid populyasiyalarinda
yaxs1 aqrotexniki olamotlors malik mohsuldar bitkilorin fordi seleksiyasi aparilib, sonra iss onlarin
F7-yo godor yayilmasi aparilib. Yetisdirilmis sintetik bork bugda sortunun miixtalif ekoloji mangali
Aegilops tauschii niimunalori ilo hibridlesdirilmasi yolu ilo alds edilmisdir. 2022-ci ildo har bir xatt
1 metr uzunlugunda bir sira okilmisdir, orta erkon vo orta gec standartlart novba ilo har 5 corgodo
yerlogdirilmisdir. Toxum normasi xatti metra 25-30 dons idi. 2022-ci ildon 2024-cii ilo gqadar har bir
xott 1.4 m? sahado sopilmis, hor bir sahoys 25 q taxil toxumu sopilmisdir. Standartlar nvbe ilo hor
10 corgodo yerlosdirildi. Siralar arast mesafo 15 sm olub, sinaq dord dofs tokrarlandi, sijjet
yerlosdirilmasi randomizas edildi. Moahsul y1gimindan sonra bitki mohsuldarliginin komponentlorinin
struktur tohlili aparilmisdir (bir bitkido mohsuldar govdslorin sayi, hor siinbiildo mohsuldar
siinbiilciiklorin say1, asas slinbiildo olan taxillarin say1, bir siinbiilds olan donlorin say1, bir bitkido
taxil sayi, osas siinbiildo taxil c¢okisi, taxil ¢okisi 1.00). 1000 donin ¢okisi hesablama yolu ilo
mioyyon edilib: bir bitkido olan taxillarin say1 hesablanir, ¢okilir vo 1000 taxil donino gevrilir.
2022-ci ildos har bir xott va standart tizro 20 bitki, 2022-2024-cii illords iso hor sahadon 10 adad orta
cargo bitkisi dord tokrarla tohlil edilib (Cad. 1). Taxil doninin morfometrik xarakteristikalart (sahs,
uzunlug, en, perimetr, sirkulyasiya) Smart Grain v. 1.2 program tominati ilo dyronilmisdir. 2022-Ci
ildo hor xottin 40 donasi, 2022-2024-cii illords iso 400 odoad taxil ¢oyirdoyi analiz edilib. 47 SNP
markerindon, o climlodon taxil 6l¢iisiine vo ¢okisino nazarat edon genlorlo olagoli 13 markerdon
istifado edorok sintetik xotlorin genotiplonmasi KASP™ texnologiyasindan istifado edilmakls
hoyata kegirilib. Eksperimental moalumatlarin statistik emalina vasitalorin miioyyan edilmosi (M),
vasitolorin standart sohvlori (=SEM) vo dispersiya tohlili daxildir. Forglorin ohomiyyati Microsoft
Excel statistik program paketindon istifado etmoklo 5% LSD (Least Significant Difference)
ohomiyyatlilik soviyyesinde on az ohomiyyatli forq ilo giymotlondirilmisdir. Iki torofli dispersiya
tohlili STATISTICA v. 6.0 (StatSoft, Inc., ABS) istifado edorok iki illik tadgiqat (2017-2018)
orzinds aparilmisdir. Artan movsiim soraitindon va genotipdan asili olaraq slamatlorin dayiskanliyi
Fisher F-testindon istifads etmoaklo qiymaotlondirilmigdir. Osas komponent tohlili (PCA) Microsoft R
Open 3.3.3 (https://mran.microsoft.com/download) istifads edorok hoyata kegirilib (Cad. 2).

Tadqgigatin naticalorinin miizakirasi. Todqiqatda istifads olunan yazliq sintetik bugda
xotlorinin siyahisi Cadval 1-do, SNP markerlorinin tosviri codvaldo verilmisgdir.
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Cadval 1.

Istifada olunan hexaploid sintetik bugda xatlorinin (AABBDD) tadqiqi

Hibrid kombinasiyalari

Xaotlorin adadlo migdari

Aegilops tauschii

yltip
Aisberg/Ae. squarrosa (369) tauschii
Aisberg/Ae. squarrosa (511) molum deyil
Leuc. 84693/Ae. squarrosa (409) tauschii
Ukr.-0d.952.92/Ae. squarrosa (1031) tauschii

Ukr.-0d.1530.94/Ae. squarrosa (310)

strangulata

Az.-Sm.1530.94/Ae. squarrosa (392)

molum deyil

Ukr.-0d.1530.94/Ae. squarrosa (458)

moalum deyil

Az.-Sm.1530.94/Ae. squarrosa (629)

strangulata

Ukr.-0d.1530.94/Ae. squarrosa (1027) tauschii
Pandur/Ae. squarrosa (223) tauschii
Pandur/Ae. squarrosa (409) tauschii

Langdon/Ku-20-9

strangulata

Langdon/Ku-2075

strangulata

Langdon/Ku-2088

strangulata

Langdon/Ku-2092

strangulata

Langdon/Ku-2093

strangulata

Langdon/Ku-2097

typica

Langdon/Ku-2105

typica

Langdon/IG 48042

molum deyil

Langdon/IG 126387

e i i Gl G e e L e = L P DS P EN T G 1

molum deyil

Qeyd: KU - Plant Germ-Plasm Institute, Faculty of Agriculture, IG - International Center for
Agricultural Research in the Dry Areas (ICARDA)

2022-c1 ilin vegetasiya movsiimiindo hava soraiti may ayimnda yiiksok temperatur vo
yagintilarin olmamasi ilo saciyyslonir vo bu, erkon yaz quragligina sobob olur. Mdvsiimiin ikinci
yarisinda hava miilayim isti olub, bol yagintilar (hidrotermal amsali (HTO) = 1,8) olub, noticads
yarpaq vo govdo pasinin yiiksok yoluxmasi siirotli bas verib, noticodo taxil daha kigik, biiziilmiis
yetisib. 2023-cii ildo bitki vegetasiya movsiimiiniin birinci yarisinda simal meso-¢6] tigiin xarakterik
olan erkon yay quragligi miisahids olunub (HTO = 0,5). Vegetasiya dovriindo taxilin doldurulmasi
vo yetismosi liglin olverigli riitubot soraiti yaranmugdir. 2024-cii ildo generativ organlarin
formalagmas1 (HTO = 1.2) zamani bol yagintili sorin hava iri, tam govdeali taxillarin amalo

golmasino miisbat tasir gdstormisdir.

Cadval 2.
Taxilin asas morfometrik xiisusiyyatlori vo miixtalif illorda hexaploid bugdanin (AABBDD)

sintetik xattinin 1000 adad donin ¢akisi (Sabran rayonu 41°12'02" 48°59'00")

Fiest (Fiser
o . M+SEM | Cv, est
Olamot Tadqiqat ili MESEM Min-max (standart) % krl_terlyas1_)
genotip il
o 2022 7.07£0.07 | 5.66-8.50 | 6.45+0.04 | 7.4 | 4.29** (203.30**
Taxil doninin 2023 731x0.06 | 6.48-8.59 | 6.48+0.03 | 6.5
hiindiirliiyii,
mm 2024 8.37+0.07 | 7.43-9.44 | 7.68+0.02 | 5.7
2022-2024 7.58+0.06 | 6.74-8.51 | 6.87+0.03 | 54
2022 2.93+0.03 | 2.10-3.30 | 3.29+0.03 | 8.1 1.47 |264.90**
Taxil doninin 2023 3.42+0.02 | 3.10-3.66 | 3.29+0.02 | 3.8
eni, mm 2024 3.79£0.02 | 3.48-4.05 | 3.83+0.01 | 3.1
2022-2024 3.38+0.02 | 3.04-3.60 | 3.47+0.02 | 3.3
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2022 18.80+0.35 1252%% 15.940.17 | 7.8 | 2.35%* [142.80**
14.20-
Taxal doninin 2023 20508021 | oo | 15.90£0.14 | 121
.2
sahasi, m 2024 23.90+021 | 2L00- 155100014 | 6.0
28,20
17.90-
20222024 | 21.10+0.19 | 2" | 18.00+0.15 | 65
2022 18.60+0.15 1261’%1%' 16.60+0.17 | 35 | 5.87** |53.10%*
18,20-
Taxal doninin 2023 1920£0.15 |, | 16.80+0.13 | 56
perimetri, mm | 5554 20904013 | 200 1 19 5040.16 | 4.4
22,90
2022-2024 | 19.7020.14 | 820 | 17704015 | 4.9
21,80
2022 0.680+0.004 | 0,63-0,69 |0.730+£0.005| 2.7 | 027 | 056
Danin 2023 0,690+0,003 | 0,63-0,75 |0.720£0.003 | 4.1
sirkulyasiyasi 2024 0.690+0.003 | 0,60-0,75 |0.730+0.001| 3.8
2022-2024 | 0.690+0.004 | 0.63-0.75 |0.730+0.003| 3.8
2022 34.90+2.10 iﬁ%‘ 33.20+0.59 | 145 | 1.68* |146.50**
33.00-
1000 sdadin 2023 45702237 | L7 ,0 | 42.10:091 | 116
gokisi, gr. 2024 46.70+1.66 | 790 | 4470+0.66 | 8.4
53.70
2022-2024 | 42.40+1.39 3;512% 39.40+0.72 | 7.7

Qeyd: * ** Variasiya, miivafiq olaraq, p < 0.05-da statistik ahamiyyatlidir; p <0.01

Alt1 odod bork bugda sortunun vo miixtalif Ae. tauschii kombinasiyalarinin kosismosi
noticosindo oldo edilon sintetik selektiv xotlori taxilin Slgiisii vo ¢okisi baximindan ohomiyyatli
polimorfizmloe saciyyalonir ki, bu da yiiksok mohsuldarliq iigilin seleksiya ti¢lin shomiyyatli doracoda
istifado olunmamis potensiali tomsil edir. Vegetasiya dovriindo meteoroloji sorait taxilin
morfometrik parametrlorinin inkisafina shoamiyyatli doracads tosir etmisdir. 2022-2024-cii illords
sintetik xotlor asagi pas xastoliyinin inkisafi ilo standartla miigayisa edils bilon niive enino malik idi.
Osas komponent tohlili (PCA) sintetik xotlorin mohsuldarligi ilo niivonin morfometrik parametrlori
arasindaki slagoni korrelyasiya matrisindon istifads edoarak qiymotlondirmays imkan verdi (Sak. 1).

Sintetik xotlorin mohsuldarlig: ilo tadqiq edilmis don (lopa) parametrlori arasinda miioyyon
edilmis miisbat korrelyasiya daha genis, yuvarlaq lopolori daha bdyiik endosperm hacmino va
naticads daha boyiik ¢okiys malik niimunslorin secilmasi potensialin1 gostorir ki, bu da diger
todqiqatlarin moalumatlar il tosdiqlonir. Kommersiya sortlart ils hibridlogsmoe zamani sintetik bugda
sortlarindan qiymotli introgresiyanin miivoffoqiyyatlo totbiqi tigilin seleksiya Oncosi todqiqatlar
vacibdir. 1000 denin ¢akisi ilo bitki basina mohsuldar siinbiillorin say1 vo har qulaqdaki lopslorin
say1 arasindaki monfi korrelyasiya sintetik heksaploidlordon hom don 6l¢iisiino nozarst edon
lokuslar, hom do miixtolif imumi bugda genotiplorindo mohsul vo onun komponentlorino tasiri
baximindan qiymatli introgqresiyanin dyranilmasinin zaruriliyini gostarir.
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Qeyd: 1 - sirkulyasiyalilig, 2 - mahsuldariq, q/mz, 3 - donin eni, mm, 4 - donin iimumi sahasi, mm®, 5 - donin
perimetri, mm, 6 - donin uzunlugu, mm, 7 - donin uzunlugu ilo eninin nisbati, 8 - yapisgan madda
miqdar, %, 9 - ziilal torkibi, %, cos2 - miisahidalar iiciin asas komponentin ahamiyyatini géstaron
ilkin dayisanlorin vektoru (Sabran rayonu)

Sakil 2. Mahsuldarlq, taxilda ziilal va qliiten tarkibi arasindaki alagani gostoran 47 sintetik hexaploid bugda
xattinin (AABBDD) asas komponent analizinin (PCA) naticalari; (a) 2022, (b) 2024.

Kok sisteminin osas parametrlorindo ohomiyyatli polimorfizm miixtalif Ae. tauschii istifado
etmaklo alds edilmis xatlords geyd edilmisdir (Sak. 3).

50- 50+ 60+
40- 40- 50+
40

304 304
304

204 201
204
]0‘ I ]0' 10_
0- i 04 0

<0,5 ha-1.0  1,1-1,5 =18 <25 26-30 5175 Te-100 =100 <50 51-100 101-150 151-200  >200

Qeyd: Soldan saga: kék biokiitlosi, iimumi kék uzunlugu, kok uclarimin sayt tizra paylanmaswn faizlo pay
gastoricilorindan asililig (vagsil rong orta gostaricinin standart xatasini gostorir).

Sakil 3. 47 sintetik bugda xattinin bioloji parametriari

Natica. Belo ki, heksaploid sintetik bugda xatlorinin karyopsis parametrlorina gora fenotipik
va genotipik qiymatlondirilmasi asasinda onlarin damazliq shamiyyati karopsisin 6l¢iisiine vo 1000
don ¢okisino cavabdeh olan genlorin birlogmasinin monbayi kimi, yiiksok vo sabit mohsuldarligi
tomin edon kommersiya sortlarinin inkisafinda niimayis etdirilmisdir. Sintetik xotlords karyopsisin
osas morfometrik parametrlorinin ifado dorocosi, xarici miihitin tosiri altinda onlarin doyismo
soviyyosi, olamotlorin mohsuldarhigla olaqesi Oyronilmisdir. Standartla miiqayisado kariopsis
parametrlorinin asag1 doyiskonliyi (Cv = 3.3-6.5%) vo uzunlugunun (7.58 mm), sahasinin (21.1
mm?), perimetrinin (19.7 mm) vo 1000 donin ¢okisinin (34.9-46.7 q) daha yiiksok orta qiymatlori
askar edilmisdir. Sintetik xatlords niiva dl¢iisiine va 1000 don ¢okisine nazarat edon doqquz lokus
miioyyon edilmisdir: TaTTP6A, TaTGW2-6A, TaGASR-Al, TaGS5-3A, TaTGW6, TaTGW-7A,
TaCwi-Al, TaGS-D1 vo TaCKX-D1. Azarbaycan Respublikasinda kond tasarriifatinin inkisafi tigiin
osas qida moenvayi olan taxil bitkisinin innovativ metodlarla keyfiyyastinin artirilmasi olduqgca vacib
masaladir.
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Summary
Biological evaluation of hexaploid synthetic wheat hybrids (AABBDD) in the shabran region
Akhmedova A.B.

Keywords: synthetic wheat, grain, morphogenetic properties, seeds, single-nucleotide polymorphism (SNP)

The aim of this study is to identify synthetic wheat lines (AABBDD genome) and the best grain samples as
source material for breeding and biological quality assessment. The identified combinations can serve as valuable
sources for breeding in the Shabran region, responsible for grain parameters and 1.000-kernel weight. Improving the
quality of grain crops, which are the main food source for agricultural development in the Republic of Azerbaijan,
through innovative methods is a highly important issue.

Pe3rome
Buojiornyeckast oOeHKa reKCamIOWIHbIX CHHTETHYECKUX THOPUIOB M €HHIII
(AABBDD) B maépaHckoM paiione
Axmeoosa A.b.

Knroueevie cnoea: cummemuueckas nuleHuyd, 3epHO, MoOp@oceHemuyecKue — Ce0UCmed,  CeMeHd,

o0Honykreomuonvlil nonumopgusm (SNP)

Lenpro rccimenoBaHusl SIBISICTCS BBISBICHUEC CHHTETHYCCKUX JMHHHUN mineHUnsl (reHom AABBDD) n mywmmmx
00pa3IoB 3epHa B Ka4ecTBE MCXOIHOTO MaTepHalla JUIS CEJNIEKIUH, OMOIIOTHYECKON OIIEHKH KadecTBa. BHIABICHHEIC
KOMOWHAIINA MOTYT CIYXXHTh [IEHHBIMH HCTOYHHKAMH, OTBEUYAIOIIMX 3a MapameTpsl 3epHa u Maccy 1000 3epeH, mms
cenexkuuu B IllaGpanckoM paiioHe. IloBBIIIIEHHE KadecTBa 3€pHOBBIX KYJIBTYp, SBJSIOIIUXCS OCHOBHBIM HCTOYHHKOM
MPOJIOBOJILCTBUSL  JUIsl  Pa3BUTHSL  CEIBCKOTO XO3fHWCTBA B  AsepOaifkaHckoi PecmyOimke, MOCpenCcTBOM
WHHOBAIIMOHHBIX METOJIOB SIBJISIETCSI BEChbMa BaXKHBIM BOTIPOCOM.
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NH®OPMALIUSA O CTATBE PE3IOME

Hcemopun cmamou Cubupckas  A36a-ocmpoe  uH@exyuonnoe  3aboneéanue,  Gbl3bIEAEMOE
Tonyueno: 01.05.2025 cnopoobpasyioweil 6axmepueil Bacillus anthracis. Bonesns nopasicaem rax
Ucnpasneno: 16.07.2025 Jo0etll, max u HCUBOMHbLX, 0cobenHo mpasosonvix. Ilepedaua 603modcHa npu
Hpunsmo: 22.10.2025 KOHmMaxkme ¢  UHQUYUDOBAHHBIMU  JCUBOMHLIMU,  NPOOYKMAMU — UX

JHCUBHEOCSIMENLHOCIU UIU CHOPAMU  bakmepuil u3 OKpyscaiouei cpeobi.
Knrouesvie cnoea Cubupckas A36a Modcem NPOAGIAMbC 8 KONHCHOU, 1e204HOU UMY KUUEUYHOU
cubupckas 1364, KOJiCHas opma opmax, Kaxicoas uz KOMOPLIX UMeenm pasuble CUMIMOMbL U OCTONCHEHUSL.
CUbUPCKOIL 53661, KAPOYHKYIL, Ilpu omcymemeuu ceoespemenno2o neueHus 601e3Hb Modcem Npugecmu K
HEeKpOmuYecKue ouazu. 1e2ounas nemanbHoMy ucxody. brazooaps pazsumuio eemepunapno-caHumapHvix mep
dopma, arnumenmaprasn ungexyus 8 HacmosAujee 8pems 3apadicenue npoucxooum peoko, Ho Ooe3Hb COXpaHsem

cB0e INUOeMUOJI02UYECKOe U OUOSI02UYEeCKOe 3HAYCHUE

Beenenue

Cubupckas s36a — 300HO3HOE MH(EKIMOHHOE 3a00JieBaHME, MPOSBISAIOIIECECS TXKEION
MHTOKCHKAIIUEH, CEPO3HO-TEMOPPArnIeCKHM M HEKPOTHUECKUM BOCTIAJICHUEM KOXKH M BHYTPEHHUX
opraHoB. B Tpymax I'mnmokpara, I'omepa u I'anena cuOupckas s3Ba Oblla oOmHcaHa IOA
HA3BaHUSIMH «CBSIICHHBIA OTOHBY (ignis sacer), «mepcUACKHN OTOHB» (ignis persicus), U OBLIO
M0Ka3aHo, 4To oHa mnepenaercs osuamu. Mapat (1732) u Typube (1769) coobumau o Pustula
maligna y yenoBeka. [Tommennep (1849) oOnapyxun Bo3Oyautens 3adboneBanus, a [1. Kox (1876)
MOJYyYHJT YUCTYIO0 KynbTypy mukpoOa. JI. ITactep (1881) momyumn cuOupes3BeHHYIO BakIUHY,
OTKPBIJI €€ CIIOCOOHOCTh OOpa3OBBIBATH CHOPBHI W BIIEPBBIE MPEUIOKWIT JKUBYIO BaKIUHY JUIS
cnennpuyeckoit npouIakTUKU cHOUpesI3BEHHON MH(EKINN.

Cubupckas si3Ba

Ituosorus. Bo3doyaurens 3adoneBanuss — Bacillus anthracis, kpymHbIii, HEMOABMKHBIH,
MAIOYKOBUIHBIHN, TPaMIIOIOKHUTENBHBIA MUKPOO, BBIICISIET OSTKOBBIA AK30TOKCHUH, YyBCTBUTEIICH
K aHWJIMHOBBIM KpacUTENsM, 3aKphIT. [lanouku cuOupckoit s3Bbl — (hakyabTaTUBHbBIE OAKTEPHH.
Bacillus Anthracis moru6aer B Teuenne 30 MunyT npu HarpeBanuu 10 50°C, gepe3 60 cexyHa npu
75-80-C, yepe3 HECKOIbKO MUHYT. BereratuBHble (OpMBI BCTPEUAIOTCS B OpraHU3Me YelloBeKa UiTH
KUBOTHBIX, B HCKYCCTBEHHBIX NHINEBHIX cpenax. Bo BHEMIHMX YCIIOBHSX, B TIOYBE U B
KHUCJIOPOAOCOJepXKAINX MecTaX, npu Temneparype 15-40°C mepexogur B CIOpOBYI (GopMmy.
MukpoOsl  OBICTPO pa3MHOXAIOTCI B OETKOBOM cpene, O0Opa3ylOT Ha arape KOJOHHH,
HAMIOMHMHAOIIME “THBUHBIC TOJIOBBI”, M B BUJE XJIONMbEB B OynboHe. Criopsl paspymatores npu 120-
140-C B Teuenune 2-3 yacos, a npu KunsiueHu B TeueHue 10-60 muHyT. Upe3BbI4aiiHO yCTOWYNBHI K
HU3KUM TemiepatypaM. COXpaHSIOT KU3HECTIOCOOHOCTh B BOJIE HECKOJIBKO JIeT, B rouBe - 10 mnerT.
Crnopbl yCTOWYHBBI K JIe3MHOUIMPYIOIIUM cpezcTBaMm [ 1, 5.43].

Onuaemuosiorus. OmnpeneneHsl CeNbCKOXO03IUCTBEHHbIE, MPOMBIIIJICHHbIE U OBITOBBIC
ouaru 3aboneBanus. CHOUPCKON S3BOM 3apa)KarOTCs Pa3IUYHBIC CEIbCKOXO3SIMCTBEHHBIE U JTUKHE
KHUBOTHBIE. YeIOBEK Tak)Ke BOCHPUUMYMB K 3TOMY 3aboneBaHuio. [lockoibKy cmopoBas ¢opma
MHUKpOOa coxpaHsercs B mo4Be B TeueHue 10 jer, 00Je3Hb MOKET TUTEIHHO YKOPEHSTHCS B
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OIlpesieNIeHHBbIX MecTaX. B Takux oyarax >KMBOTHBIE JIETKO 3apakatoTcsl. MICTOUHMKOM 3apakeHus
ABJISIIOTCS: JIOIIAAM, OCHbI, OBIBI, KO3bl, BEpOJIIOJbI, OJEHM, CBUHBbU. YeloBeK 3apaxkaercs
KOHTaKTHBIM, MHOI'ZIa aJMMEHTApHBIM, BO3AYIIHO-IBUIEBBIM M TPAHCMUCCUBHBIM IyTaMu. Yaiue
3200J1€BalOT KOXKEBHUKH, paOOTHUKH CKOTOOOEH M MSICOKOMOMHATOB, PACUECHIBAIOIIME LIEPCTh, A
TaKXKe Te, KTO YXaXHBaeT 3a OOJBbHBIMH >KMBOTHBIMU. bBOJBIIYIO pOJIb B paclpoCTpaHECHHU
MHPEKIUH UTrpatoT yOOil U CHATHE LIKYp ¢ OOJIbHBIX )KUBOTHBIX. B cenbCcKOX034HCTBEHHBIX OYarax
3a0oJeBaHME BCTPEYAETCS B JIETHHE W OCEHHHE Mecslbl. MMHKpOO TpPOHHMKAaeT depes
MHUKpPOIIOBPEXJICHHS U ccaiuHbl Ha Koxe. [loaromy y 99% OonpHbIX HabmonaeTcs KoxHas Gopma.
WuHorna cubupckas s3Ba IepefaeTcss TPAaHCMHUCCHUBHBIM IYTEM KPOBOCOCYIIMMH HACEKOMBIMHU.
EcrecTBeHHas BOCIPUUMYNBOCTD JIIOACH K 3apaKeHUIO CUOMPCKOM 53BOM CPAaBHUTEIBHO BBICOKA.
Cubupckas si3Ba HCIOJIB3YETCs Kak OakTepuojoruyeckoe opyxue. S0 Kr crop, paclbUICHHBIX C
caMmoJieTa, CHOCOOHBI BbI3BaTh 3a00J€BAaHHME Y BCEX JKUTENEH permoHa, MPOXKHUBAIOLIETO Ha
wiomany 20 km2. B CILA ucnosnb3yroTcs HOBbIE, 00Jiee TaTOreHHBIC MTaMMBbl |2, S.32]

IlaTorenes um mnaroJjormvyeckass aHaromusi. Ilamouka cuOUpPCKON sI3BBI NONAAAET B
OpraHu3M yepe3 HeOosbllIMe paHKU Ha Koke. B penkux ciyyasx najodka IomnajaeT B OPraHu3M
yepe3 CIU3UCTYI0 OO0OJOYKY OpPraHOB JbIXaHMsS M JKEJIyJ0YHO-KHIIEYHOro Tpakra. Ha mecrte
MPOHUKHOBEHUSI MHKpoOa B OpraHm3M oOpasyeTcss 4epHbI paHeBOW KapOyHKy’d. BosHukaer
CEPO3HO-TEMOPPArNYECKOE, a 3aTEM HEKPOTUYECKOE BOCHAJIIEHUE KO>KHM, BO3HUKAET OCTPBIA OTEK
OKPYKAIOIIUX TKAaHEH, YBEIIMYMBAIOTCS PETHOHAPHBIC JIMM(pATHUECKUE Y3IIbl, TO €CTh 00pa3yercs
yepHbIi paHeBoi OyOoH. [loka3aHHBbIE M3MEHEHMs 3aBHCAT OT MECTHOIO JEHCTBHS 3K30TOKCHHA.
TokcuH Oka3bpIBaeT W 00IIee ACUCTBHE HA OpraHu3M. BBICOKOBHPYIEHTHBIM MHKPOO OeccieaHo
NEpeXOAUT B KpOBb, BbI3bIBAas IEPBUUHBIA cerncuc. B OoJbIIMHCTBE Cily4yaeB NPUUUHON
TCHEPAJIM30BAHHOTO TIpolecca sBIseTcS JMM(POTEHHOE IIOMaJaHue TIajJoYKd B KpPOBb IO
auM@aTuyeckuM cocynaM B obsacti kapOyHkyina. Ilpu 3ToM MHKpOO OBICTPO pa3MHOXaeTcs B
TuMQaTHYECKOM Yy3J€, BBI3bIBasl €ro CHenu(uueckoe BocmaieHue. B 3aBHCHMOCTH OT TOTO, B
KakOM OpraHe MHKpoO cKaruiMBaeTcsi OoJibllleé BCEro IpU CelCcuce, HMHOTJa ONpPEeIesioT
ICTOYHYIO» WJIH «KUIICYHYI0» (opMmbl. Cemncuc pa3BUBaeTCs NpU TONAJAaHUM MHUKpoOa B
OpPraHu3M uepe3 CIU3UCTYI0 OO0OJOYKY JAbIXaTEeNIbHBIX IyTed — Tpaxeu, OpOHXOB, IVIOTKH U
numieBoga. K 3aboneBaHuio BOCHPUMMYHUBBI JIIOJU Bcex Bo3pacToB. [locie mnepeHeceHHOro
3a0oneBaHus (GOPMHUPYETCS CTOMKMM HMMYHUTET, HO BO3MOXHBI M CIy4al peLuaMBA.
Nmvmynuzarus mrogeit mpoBoautcss BakiuuHod ST1 cubupckort si3Bel. I[lpu Tspkenoit dopme
cHOUPCKOM 53BbI, Y HepeHecmux 3a0osieBaHue oAeld (GopMupyercs CTOMKMM MMMYHHUTET, MPH
JIETKOM TEYEHUHU YEJIOBEK MOXET 3apa3uTbcs MOBTOpHO. IIpu KoxHOW (opMe JieTalbHOCTh HE
npesbimaet 2—3%, a npu reHepanuzoBaHHol Gopme nocturaer 100%. Ce30HHOCTD 3a00€BaHUS Y
MOl B KAaKOW-TO CTENEHW TOBTOPSIET JIETHE-OCEHHIOK 3a00JIeBaeMOCTh JKUBOTHBIX. Bo
BHYTPEHHUX OpraHax Tpyla OTMEeYaeTcs 3aCTOM KpOBH, I'MIEPEMUs, KPOBb CTAHOBUTCS TEMHO-
KpacHOU U npo3payHoi. [IedyeHp U cesle3eHKa yBEJIMYEHbl, B MUOKAPJE W JIUKapJe, B CIU3UCTOU
000JI0YKE  JKEITYAOYHO-KHIIEYHOTO  TpakTa  ONPEAENSIOTCS ~ MHOTOYMCIIEHHBIE  OYaru
KpoBOM3IUAHUNA. OOHApYKUBAIOTCSI MOPAXEHMsI TOJIOBHOTO MoO3ra M O4Yard KpOBOM3JIMSIHHM
[5, s. 46].

Kannuka. VHKyOalimoHHBIN MEPHOJ MOXKET IJIUTHCS BCEIO HECKOJIBKO YacoOB, MHOI/IA OH
yssercst 1o 8-10 nHell, 0OblyHO OH cocTaBisieT 2-3 aHA. [IpUHATO BBLAETATH JIBE OCHOBHBIE
KJIMHUYecKre (OpMbl CHOMPCKON SA3BBI: KOXXKHYIO M JMCCEMUHHUPOBAHHYIO, MU CENTHYECKYIO.
Koxxnast ¢opma cubupckoil si3Bel Betpedaercss B 98-99% ciywaeB. Yarie Bcero BCTpedaeTcs ee
kapOyHkyne3Has gopma. [lo crernenn TspkecTn KoxkHas popma ObIBAET JIETKOM, CpeHEN TSHKECTH U
Tsoxenoi. Koxnas Gpopma — kapOyHKyIe3, OTeUHbIH, OYyJIJIe3HBIH U POKUCTBIN BapHaHThI, CXOAHbIE
C KpacHyXOW CBHMHEW, cpeiau KOTOpbIX Hauboyiee pacnpocTpaHEH KapOYHKYJIE3HBIH BapUaHT.
[TopakaroTcsi IPEUMYIIECTBEHHO OTKPBITHIE YYacTKH Teja, MpHueM OOJIe3Hb NMPOTEKaeT TsDKEee,
KorJla KapOYHKYJbl pacrojiaraiTcs Ha rojoBe, LIee, CIU3UCThIX 000s0oukax pra U Hoca. OOBIYHO
oOpa3zyercs OIMH KapOYHKYI, HO MHOT1a X MOoxeT ObITh 10-20 u Gonee [4, S.27]. UepHblii paHeBoOi
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KapOyHKYJ pa3BHBAETCS IOCTENEHHO, Ha MECT€ 3apakeHUs BO3HUKACT 3yJ, 3aTBEpICHHE H
yTOJIEHHE KOXM (Mamyna), a Ha 3TOM MecTe oOpas3yeTcs THOH (3/10KaueCTBEHHas IycTylla),
3allOJIHEHHBIA  CEPO3HO-TEMOPPArMYeCKO, a 3aTeéM TIeMOpPParuyecKorm KUAKOCThrO. ['HOM B
pe3yibTare 3yJa MNpOpbIBAETCS U MpeBpalaeTcs B A3BY. J(HO S3Bbl CTAHOBUTCS TBEPIbIM, €€ Kpas
YTOJILAIOTCS, OHA MOKPBIBAa€TCS TEMHO-KOPHUYHEBOM Kopkoil. ITo Mepe mporpeccupoBaHus Kopka
yepHeeT. MArkue TKaHH, OKpy’Karoliue KapOyHKYJI, CTAHOBSITCSI 3HAYMTEIbHO OT€4HbIMU. MHOrna
OTEK JOCTHraeT OONBIIMX Pa3MEpoB, U MPU MOCTYKMBAHHH MOJOTOYKOM 00JacTb BUOpHUpPYET —
cumnroM 3udena. [Ipu pacnonoxeHnn kapOyHKy/Ia Ha JIUIE, HOCY, I'yOe MJIM IIEKEe OTEK MOXKET
pacrpoCTpaHUTHCS HAa BEpXHUE JbIXaTelbHbIC IMyTH M BbI3BaTh adukcanuio U cMepth. Ilo mepe
HapacTaHUs OTEeKa HM3MEHSEeTCS BHEIIHUM BUJ OOJIBHOTO, 3aKpbIBAIOTCA IJ1a3a, 3aTpyAHSETCS
KeBaHue. B mepudepuueckoil KpoBHM BO3HHUKAET HEUTPOPMIBHBIA JIEHKOIMTO3, YBEINYMBAETCS
COD. Kopouka, nokpeiBaromas kKapOyHKyJI, TECHO COYETAeTCs ¢ BOCHAIUTENbHBIM UH(DUIBTPATOM
noj Hed. Hepenko BOKpPYr KOpouku 0Opa3ylOTCsi BTOPUYHBIC, AOYEPHHE HHUSABKU (KEMUYKHBIC
3epHa). OHU MOBTOPAIOT CTAAMM OCHOBHBIX NMHUABOK M B KOHEYHOM HMTOI€ KOPYATCs, yBEIMYUBAs
pa3Mmepsl kKapOyHkyna. O6macts kapOyHkysa 6e30one3nenHa. [locne oOpazoBanusi kapOyHKyJa OH
MMeeT TPU LIBETOBBIX IIPU3HAKA: YEPHYIO KOPKY B IIEHTpPE, >KE€ITOBATO-OENbI y4acTOK >KUPOBOU
TKaHU BOKPYI' HEro M, HAKOHEll, KPAaCHOE KOJbIO, 00pa30BaHHOE YyTOJIEHUEM KOXH. OOBIYHO
YepHbIN S3BEHHbIN OyOOH 0e300i1€3HEH, MEJICHHO paccachlBaeTcsi U He HarHaupaercs. Ilo mepe
pa3BUTHSA KapOYHKYJIa COCTOSIHUE OOJIBHOIO yXyJUIAeTCs: IMOBBIIIAETCS TEMIIEpaTypa, BO3ZHHUKAET
rojioBHas 00ib, 00mIas €1aboCTh, HEOMOIraHUE, MHOIJA PBOTA, HOTEps ammeTura. B Tsokenbix
CllydasX BO3HUKAIOT HapyUIEHUS CO CTOPOHBI CEpPAEUYHO-COCYIUCTOW CHUCTEMBI U CYIOPOTH.
Xapakrep nepudeprueckoil KpoBU He W3MEHsETCs. 3aXHBIIeHHEe KapOyHKYIa HAaUMHAETCS C KpaeB
a3Bbl. 110 Mepe ycuineHust pereHepaluu K LEHTPY THOMHMK MMOAHUMAETCS BBILIE, yepe3 2-4 Helenu
OTpbIBAeTCSA, OCTABJssl Ha cBoeM MecTe pyoben [2, S.17]. 30J0TUCTOrpUBBIN - POXKUCTBHIA BapHaHT
IposiBIIsieTCS OelechIMU, TOHKOCTEHHBIMU MUSBKaMU Ha JIMLe U pykax. Koxka cTaHOBUTCS KpacHOMN
U YTOJILICHHOM, HO Oe300sie3HeHHON. Uepe3 HECKOIbKO JHEH MUSABKU JIONAKTCS, MPEBPaIlasicCh B
S3Bbl C TEMHBIM JHOM. I[lOBEpXHOCTb €€ NOKpBIBAETCSI KOPKOM, BBITEKAET MHOIO CEpPO3HOM
KHUJIKOCTU. SI3Ba HeriayOokas, M Iociie OTpbiBa KOpKU pyOer He oOpasyercs. MHorma B ocTpom
nepuozie 3a00JIeBaHNs HEKPO3y MOJBEPraloTCs TKAHHU, JajeKkue oT kapOyHkyna. Takue BTOpUUHBIE
oyard HeKpo3a OOHapyXMBAlOTCS B MecTaX, OOTaThIX MOAKOXKHOM KJIETYAaTKOM, — Ha BEKax, Ha
nepenHeld M OOKOBBIX IMOBEPXHOCTSAX IIE€M M Tpydu, Ha suukax. [lepen Hekpo3zom oOpasyercs
3all0JIHEHHAss THOEM TIeMopparuyeckasl XKHJIKOCTb, KOTOpas OBICTpO pa3pacraercs, CIMBAeTCs
MeXay co0ol WM TMpopeiBaeTcs, NpeBpamiasch B HeOonblive s3BbL. [Iporecc Hekposa
3aKaHYMBAETCA B TeUeHUe 5-7 NHEH, OMEPTBEBLIME YYaCTKHM KOXHU U JPYTMX TKAHEH TEMHEIOT.
Takas s13Ba MMeeT 4eTKyro rpanuily. MHorna oGnacTe Hekpo3a oxBaTbiBaeT U KapOyHky:n. Ilocie
OTpbIBa KOPKH, MOKpBIBAIOLIEH KapOyHKyJ, WM OOJAacTH BTOPUYHOTO HEKPO3a, Ha KOXKe
MOSIBJISIETCS IIUPOKUI M riiyOookuil nedext. B pesynbrare pyOueBaHus s3Bbl JHUIO OOJBHOTO
00e300pakuBaeTCs, BEKH 3aBOPAYMBAIOTCS, B CyCTaBax pPa3BUBAKOTCS KOHTpakTypel [1, S.37].
WNuorna koxkHast gopma raHrpeHbl CTAaHOBUTCS Oosiee TSKENIOH M NEpPeXOJUT BO BTOPUUHYIO
TaHIPEHO3HYI0 CeNTHLEMHUI0. B penkux ciydasx BCTpedaeTcss M NepBUYHO-CeNTHYeckas (popma
3a0oneBaHus. B oTnMume OT HayalbHOIO MEpPUOJA, KOTOPBIM MpH pacnpocTpaHEHHOH ¢opme
TaHIPEHO3HON MH(EKUMU TMPOSBISAETCS MHOroo0pa3ueM KIMHUYECKHX IPU3HAKOB, KIMHUKA
3a0oyieBaHUs B TEPMHUHAJIbHOM craguu 3abojeBaHus oaHOTUNMHA. OHa COMPOBOXKAAETCS
MIPOHUKHOBEHUEM B MEepU(PEPUUECKYIO KPOB MUKPOOOB, KOTMYECTBO KOTOPHIX cocTaiser 100 000
u 1 000 000 6akTepuadbHBIX KJIETOK B 1 MM KPOBH, YTO CUUTAETCS] TAHTPEHO3HBIM CEIICUCOM U
paccMaTpuBaeTCs Kak KIMHHKA MH()EKIIMOHHO-TOKCHYECKOTo IIOoKa. 3a00jeBaHHE HAuYMHAETCs C
pe3Koro 03HOO0a W JPOXKH, MOBBIMIEHUS Temmneparypsl Tema a0 39-40°C. HabmromaroTcst octpas
TaXUKap/Aus, OJbIIIKA, OOJM B TPYAM U Kalleldb C MEHUCTOH KPOBaBOM MOKpOTOH. OnpeaenstoTcs
MPU3HAKY THEBMOHUU U IUIEBPUTA. Y HEKOTOPBIX OOIBHBIX MOSIBISIOTCS O0JIM B )KMBOTE, TOLIHOTA,
KpOBaBbli IMOHOC. B nmanpHeieM pa3BHUBaeTCA Nape3 KHUIIEYHUKA, IOSBISETCS IEPUTOHMT.
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BrIsSBASIOTCS cUMITOMBI MEHHHTO3HIIe(amuTa. TOKCHYECKMII MIOK, OTEK MO3Tra, KeIyJO04YHO-
KHIIEYHOE KPOBOTEYEHHE MOI'YT ObITh NPUYMHOM JIETAJBHOIO MCXOAa B ImepBble IHU. llpum
3apaKeHUH aJMMEHTapHBIM IYTEM BO3HUKAET KHUIE4Has (opma CHOMPCKOH s3BBL. 3aboseBaHue
HAuMHaeTcs ¢ O3HO00a, JIMXOPAJKHU, MOSABISIIOTCA TaKMe CUMIITOMBI, KaK KpOBaBbIi IOHOC, Mape3
KMILIEYHHKA.

JunarHocTuka. JlparHo3 cuOMpPCKOM 53BbI  CTaBUTCS HAa OCHOBAHUM  KIMHHMKO-
SMHUIEMHOJIOTUYECKHX M J1aboparopHblx naHHBIX. C 3-ro mo 4-ii aeHp OOJIe3HM NPOBOIUTCS
BHYTPHMKOXHasl ajuieprudeckas npoba. B nepenHioro nmosepxHocts ek BBoIAT 0,1 M1 cuOupcekoit
SI3BBI - aHTUTEHA, MmoyryaeHHoro u3 Bacillus anthracis. Jlmarao3 moareepknaercss o0pa3oBaHueM Ha
MecTe 3apakeHus yepe3 24-48 yacoB runepeMuu u HHGUIbTpaTa pazmepom 8-10 mm [3, s.28]. s
71a00paTOPHOI TUATHOCTHUKU HCCIEAYIOT COAEPKUMOE BE3UKYIIbI, KapOyHKYJa U S3BBI, MOKPOTY,
KaJ, KpPOBb, COCKOOBI C BHYTPEHHUX OpraHoB. VX uccienyrT Kak MHUKPOCKOIMYECKH, TaK M
BBICEBAIOT Ha MCKYCCTBEHHYIO NMHTATENbHYIO cpeny. MHOTIa mpoBOIAT OMOJIIOTHYECKYIO MPOOy.
bonesnp wacto HocuT npodeccruonanbupiii xapaktep. . [1. Pyanes Beigenser 3 tuna 3a0oneBaHus:
poheCCHOHATBHO-CETbCKOX035IICTBEHHBIH, MPO(hecCHOHAIBHO-TIPON3BOACTBEHHBIH M CIy4aiiHO-
ObITOBOM. Bose3Hp MokeT mopaxarb oA BceX BO3pacTHBIX Ipynn. OgHako 3a0071€BaeMOCTb
HauOoJIee BRICOKA B Bo3pacTHOM rpynme oT 20 1o 50 ner.

Juddepenunanbuaa guarioctuka. CuOupckyro s3By cienyer audgdepeHuupoBaTh OT
MHOTHX 3200J1€BaHUi. DTO OOBIKHOBEHHBIH CTPENTOKOKK, CTAQHIOKOKKOBOE BOCTIAJICHHE, I3BEHHO-
OyOoHHas (opma uyMmbl, TyaspeMus. B ominmumne oT 4yepHOro paHeBoro KapOyHKyja OObIYHOE
CTpenTO-cTaMIOKOKKOBOE BOCIAJIECHUE KOXKHU JIOBOJILHO OOJIE3HEHHO, THOW BBICTYNAET HaBEPXY,
KO’Ka BOKPYI' HETO KpacHeeT, OTeK MeHee 3ameTeH. Ecnu Ha kapOyHKyse oOpasyercs KOpodka, OHa
OypeeT, JIETKO CAMpaeTcsi M3-3a MOBEPXHOCTHOTO PACHOJOXKEHHA. Y OOJNIBHOTO C TMEpBBIX JHEH
MOBBIINIAETCS TEMIlepaTypa, YXyALlaeTcs o0llee COCTOSHHE, pPa3BUBAETCS HEHUTPO(QUIbHBIN
neiikouuTo3. [lpu s3BeHHO-OyOOHHOW (hopMe YyMmMBI COCTOSHHE OOJIBHOTO TOpa3[o TsIKelee,
OOJIbHOM NPUHMMAET BBIHYKICHHOE IOJIOKEHUE, Tak Kak OyOOH oueHb OOJIE3HEH, a JABMXKEHHS
KOHEYHOCTEeH orpaHuveHbl. [Ipu s3BeHHO-OyOOHHOU (opMe TYISIpEMHH OCHOBHBIM CHMIITOMOM
Takxke siBisercs 0osb. Kopouka Ha si3Be TOHKas, 0yOOH yacTo HarHauBaercs. MHorga npuxoaurcs
g depeHIUpoBaTh 3JI0KaYECTBEHHBIM OTEK CHOMPCKOW S3BBI OT 30JI0TUCTOTO CTPENTOKOKKA U
OTOSICHIBAIOIIIETO JIMIIAst. DTUOTPOIHAS Tepanus CUOUPCKON 3Bl MPOBOJUTCS aHTHOMOTUKAMU U
uMMyHorsIo0ynuHoMm. Ilpu nerkoil ¢opme cuUOMpPCKON $3BBI, CONPOBOMKIAIOIICHCS CIA0BIMU
OOIIMMHU CHMIITOMaMH, Ha3HAYalOT TOJBKO aHTHOMOTHKH. Hanbosnee 3¢ ¢hexkTUBHBIM mpenapaTom
SBJIAETCS MEHULWIUIMH, KOTOPbIA BBOAST BHYTpHUMBIIIEUHO 6-8 pa3 mo 0,5-1,0 r B Teuenue 5-7
nHed. TeTpalMKINH, OKCUTETPALMKINH, O0OJaJalolMid CpPaBHUTENBHO cla0bIM 3¢ (deKToM,
npuaumaoT no 0,3 r 4 pasa B JgeHb wid BBoAAT 2-3 pa3a B aeHb B jgo3e 0,05 - 0,1 1.
Crpentomurmaa BeoaAat 0,5 r 2 pasa B neHb, neBomunietnsa 0,5 r 4 pasa B 1eHb, ueppuona-L 1,0 2
paza B jneHb. [lpu cpenHerskenbix ¢opMax BHYTPUBEHHO BBOJAT TPHUCOJb, MOJUIIIIOKHH,
PenoNUIIIIOKUH UK remojie3. K atum pactBopam nodasistor 60-90 mr npennuzonona u 1 muin EJI
neHunwmnHa. Octanbhbie 7-12 muH EJ] neHumuimHa BBOAST BHYTPUMBIIIIEYHO HECKOIBKO pa3 B
nesb. [lpu cpenneTsokensix GopMax yepHbIX 3B BBOJAT 40-50 Mi rinoOynuHa.

XUpypruyeckoe BMEIIATEIbCTBO HEJOMYCTUMO MPHU KOKHOM Gopme 3aboieBaHMs], TaK Kak
MOJKET MPHUBECTU K PacIpOCTpaHEHUIO MH(MEKIUH. [[11 maToreHeTH4ecKoro JIeYeHUs! UCIOJIb3YIOT
KOJUTOMTHBIC U KPUCTAJUIOUIHBIC PACTBOPBI, I1a3My aip0ymuna [5; $.33].

IIpopunakruka. IlpodunakTruueckue MepONpUATHS MPH CUOMPCKOW 53BE JAEIATCA Ha
BETEPUHAPHBIE U MEIUKO-CaHUTapHbIE. BOMbHOTr0 0053aTeIbHO TOCTIUTAIU3UPYIOT, MOMENIAIOT B
OTAENbHYIO Majary, OTAENSIOT €ro IMOCyay, OASKIYy MU T. M., AC3UHPUUUPYIOT BbIJIEIEHUS,
MEepeBsI30UHbIl  MaTepuan o0s3arenbHO cxkuraror. llociae oTnazeHuss Kopodek OOJIBHOTO
BBIMKUCHIBAIOT JOMOW. BerepuHapHble cayXObl OCYIIECTBIAIOT: BBISBIEHUE, PETHCTPALHUIO,
MaCHOPTU3ALUI0 HEOIAroNnoNTyYHbIX MYHKTOB, IUIAHOBYI0 MMMYHM3AIUIO CEIbCKOXO035HCTBEHHBIX
KHUBOTHBIX, CKOTOMOTWJIbHUKOB, JOPOT, 10 KOTOPBIM MEpPeBO3SAT KUBOTHBIX, MAcTOMII,

58



Mancyposa /].A. | Scientific News 25 Issue 4 (2025)

KUBOTHOBOJUYECKUX ITOMEIIEHUH U T. JA. KOHTPOJb 3a COCTOSHHUEM 30pPOBbsi, KOHTPOJIb 3a
COOJIIOICHUEM BETEpUHAPHO-CAHUTAPHBIX MPABHWII MPU 3arOTOBKE, XPAHEHUHU, TPAHCIIOPTUPOBKE U
nepepadboTKe ChIPhs KUBOTHOTO TIPOUCXOXKICHHUS, CBOCBPEMEHHYIO IMATHOCTUKY Y KUBOTHBIX, UX
M3OJSILUIO U JICUEHHUE, SMH300TOJIOTHYECKOe o0cieoBaHue, 00E3BpPEeKUBAHUE TYII IABIIUX
KUBOTHBIX, TEKYIIYIO ¥ 3aKIIOYUTEIBHYIO IE3UH(EKIUIO B X0O3SIMCTBE, CAHUTAPHO-BETEPUHAPHYIO
nponaraijly cpenu HaceneHus [4, S.36]. Tyilu KMBOTHBIX U HEHUCIOJIB30BAHHOE MSICO COKUTAlOT.
[llepcth, MeX © KOXY IMOABEPralOT KaMEpHOW Jae3umH(eKkinu mnapamu ¢dopManuHa. Jluima,
KOHTaKTUPOBABIIME C OOJIbHBIMH >KMBOTHBIMU U HUX CBIPbEM, HAXOASTCA IMOJ HaOJIoeHHuEM B
TeueHue 2 Henenb. llocrne ycTaHOBiIEHUS AuMarHo3a OOJNBHOMY OOBSBISETCS KapaHTHH H
MIPOBOASTCS MEPONPUATHS B COOTBETCTBHHM C JCUCTBYIOUIMMH BETEPUHAPHBIMU IPaBUIAMHU.
BaknuHanuu mpoTUB CHOMPCKOW SI3BBI TOJUICKAT: JIMIA, pabOTaroNMe C >KUBBIMH KYyIbTypaMu
BO30OynuTesned CHOMPCKOM  s3Bbl, HMH(PUIMPOBAHHBIMU JAOOPATOPHBIMU  KUBOTHBIMU  WITU
MaTepUaIoM JJisi MCCIEAOBAHUS, WHPHUIMPOBAHHBIM BO3OYAMTENSIMU, — BETEPUHAPHI WM JIHIIA,
OCYILIECTBISIOLINE YXOJl 3a >KMBOTHBIMU Iepel HUX yboeM, a TakKe JIMIA, 3aHSThle MO CBOEH
npodeccun ux yboem, oOpaOOTKOW Tyl M CHSATHEM INKYp, JHUIA, 3aHITHIE COOpPOM, XpaHCHHEM,
TPAHCIIOPTUPOBKOM U MEPBUYHOMN MepepabOTKOM ChIPhs KUBOTHOTO MPOUCXOKAEHUS. Bakiunamnus
MIPOTHB CHOMPCKOI SI3BBI MMPOBOAUTCS JABYKpaTHO cuOmpeszBeHHoW BakumHoW CT1 ¢ mHTepBaniom
21 nenp. PeBaknuHamus MpPOBOIUTCS €XKErogHO ¢ uHTepBasom 1 roa. HaumbGonee mmpoko
MPUMEHAEMBIMUA BaKIMHAMU TPOTHB CHOMPCKOM S3BBI SIBIIAIOTCS: BaKI[MHA aMEPUKAHCKOTO
NpOM3BOJCTBA AaTTEHyWpOBaHHAs, OecKalcyibHas, Ha OCHOBe Immramma B. anthracis,
WHAaKTUBUpOBaHHAs, abcopOupoBaHHasA, coOJep)Kamias MPOTEKTUBHBIM AaHTUIEH 93K30TOKCHUHA
cUOUpEes3BEHHOr0 MHUKpoOa W OuulIeHHass OT OakTepuid. BakmunHa poccHHCKOro MmpoM3BOACTBA
KWBasi, TIPUTOTOBJICHHAS M3 CIIOP HAa OCHOBE aTTeHYMPOBaHHBIX KynbTyp Oamwmn (CTU-1). C
Hayana sHBaps 2018 roga B COOTBETCTBUM C ILIAHOM SIHU300TUYECKUX MEPONPHUITHH,
YTBEPKICHHBIM MMHHUCTEPCTBOM CEIBCKOTO XO3SIIICTBA, HA TeppuTOpuH A3sepOailyKaHCKOM
PecriyOnuky HayaThl MEPOMPHUATHSI MO BAKIIMHAIIMKU MPOTUB CHOUPCKON SI3BBI KPYITHOTO POraToro
CKOTa | OBEIl, MTAPHOKOIBITHBIX )KUBOTHBIX, CBUHEH U BepOIIt0I0B. BaknHaIMs TPOTUB CUOMPCKOI
SI3BbI IPOBOAMTCS BaKLMHOM, MpUroToBieHHON Ha ocHoBe «lllTamma 55». KopoBbl, OBIIBI, KO3BI,
JOMIad M BEpONIOABI BAKIMHUPYIOTCS OJUH pa3 B TOJ, MPU YXYANIEHUH SMU300THUYECKOU
CUTYyallMM BaKUMHALMS JOJKHA MPOBOJUTHCA BCEM KIMHHUYECKH 3JI0POBBIM KHUBOTHBIM COIJIACHO
UHCTpYKUMHU. JKUBOTHBIX, MOJ03pEBAEMbIX Ha 3a00JieBaHUE, CIEAYET JIEYUTh CBhIBOPOTKOMN
«enpuMyH» HIM HMMYHOTJIOOYIWHOM, HapAay C AaHTUOMOTUKAMU M CHUMITOMATUYECKUM
nedeHueM. B ciydae s3BBI CHIBOPOTKY TakKe CJIEAyeT BBOAUTH BOKPYr Hee. ['MmepuMMyHHYIO
CBIBOPOTKY 1 UMMYHOTJIOOYJIMH CIIEAYET UCIOIb30BaTh COrNIACHO WHCTPYKIIUU.

3akio4eHue

VIcTOYHUKOM 300HO3HBIX 3a00J€BaHUM SBISIOTCS JKUBOTHBIE. B yacTHOCTH, 3apakeHue
JIOJEN yallle BCTpeyaeTcsl Cpelu JIML, paboTaloUMX B CEJIbCKOM XO34HCTBE M MUIIEBOU
MPOMBILIIEHHOCTH. XOTA B PEAKUX CIIy4asX BCTPEYAETCS M CPEAM JAPYTUX TPYIIl HACEIEHUS.
[TockoabKy MPUYUHON SBISETCS MPABUIBLHOE BBHITOJHEHUE TUTHEHUYECKUX U TMPOPHIAKTHIECKUX
Mep, 0co00e BHUMaHUE CIeyeT YAENIATh dTOMY HampaBieHH0. CIeuanucTsl CYUTAIOT a0COMOTHO
BQ)KHBIM BBITIOJIHEHHE CIEAYIOIINX MEp:

- Oka3aHue BETEpUHAPHBIX YCIYT )KUBOTHBIM (ITyTeM BaKI[MHALINH).

- Bakmunanus il paboTaronMX B MUAIIEBON MPOMBIIIJICHHOCTH U CETbCKOM XO035HCTBE, OT
3TUX 3a00JIeBaHUM.

- HeoOxonuMo oCyIIECTBISITh CTPOTHI KOHTPOJb 3a MPOU3BOJCTBOM MSICHOM MPOAYKIUU
KUBOTHBIX U APYTUX MPOJYKTOB >KUBOTHOTO MPOUCXOKICHHS (MEXOBBIX, KOXKAHBIX, MIEPCTIHBIX
W3/IeTNi).

C oroii nensto B 2018 roxy ykasom Ilpesunenta AsepOaiixanckoit PecnyOmuku Obu10
CO3/1aHO ATEHTCTBO MO 0O€30MacHOCTH MHUIIEBBIX MPOIYKTOB. OJTO areHTCTBO OCYILECTBISET
CTPOTHUI KOHTPOJIb 32 MMPOU3BOJICTBOM H MOTPEOIICHUEM.
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Xiilasa
Zoonoz infeksiyalar (Sibir xorasi)
Mansurova C.A.

Acar sozlar: sibir xorasi, sibir xorasinin doari formasi, karbunkul, nekroz ocaqlari, agciyar formasi, alimentar

yoluxma.

Sibir xoras1 spor yaradan bakteriya Bacillus anthracis torafindon toradilon kaskin yoluxucu xastalikdir. Xastalik
hom insanlara, hom do heyvanlara, xiisuson do ot yeyan canlilara tosir gostorir. Yoluxmus heyvanlar, onlarin tullanti
mohsullar1 vo ya otraf miihitdon bakteriya sporlar1 ilo tomasda olarken yoluxma miimkiindiir. Sibir xoras1 dori, agciyar
V5 ya bagirsaq formalarinda bag vers bilor, hor birinin forqli simptomlar1 vo agirlagmalart mévcuddur. Vaxtinda miialico
olmadiqda xastalik 6liimciil ola bilar. Baytarliq vo sanitariya tadbirlorinin inkisafi sayasinds hal-hazirda yoluxma nadir
hallarda bas verir, lakin xastalik epidemioloji vo bioloji ohomiyyatini saxlayir.

Summary
Zoonotic infections (Black sore)
Mansurova J.A.

Key words: Anthrax, skin anthrax, carbuncle, necrotic foci. pulmonary form, alimentary infection.

Anthrax is an acute infectious disease caused by the spore-forming bacterium Bacillus anthracis. The disease
affects both humans and animals, especially herbivores. Infection is possible when coming into contact with bacterial
spores from infected animals, their waste products, or the environment. Anthrax can occur in cutaneous, pulmonary, or
intestinal forms, each with different symptoms and severity. If not treated promptly, the disease can be fatal. Thanks to
the development of veterinary and sanitary measures, cases of infection are now rare, but the disease retains
epidemiological and bioterrorism significance.
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Mexaniki emal istehsal markazinin ragamsal prototipinin islonmasi
va tahlilinin yerind yetirilmasi

ORCID

Hiiseynzadds Sohla Surxay qiz1

Sumgqayit Dovlat Universiteti, Sumgqayit, Azorbaycan, professor
shahla.huseynzada@sdu.edu.az

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarixgasi Magalada dinamik alagali va paralel faaliyyatli emaledici ¢evik istehsal
Daxilolma tarixi: 08.07.2025 (CIM) obyektinim ragmsal prototipinin yaradilmasi masalasina baxiimusdar.
Diizoliy tarixi: 20.09.2025 Ragmsal prototip — miirakkab istehsalat prosesinin strukturunu va idaraetma
Qobulolunma tarixi: 12.11.2025 prinsiplorini Gzunds oks etdirir. Idarsetma  prinsiplori CIM-in diskret-
Malumat dévriyyasi tizorinda miiayyan edilmis produksiyalarla  ifada
Agar sozlar ediilmigdir. Paralel faaliyyatli emaledici istehsalin fiziki strukturu vizual qraf
ragmsal prototip, produksiya model saklinda tasvir edilmis, qurgularn idara edilmasi isa kompiiter
qaydalari, kompiiter simulyasiyasi, simulyasiyast soklindo islonmisdir. Prototip iizarinda simulyativ kompiiter
matrislar nazariyyasi, ¢evik istehsal eksperimentlori aparilmis, naticolor vizual izlonmis va tohlil edilmigdir.
modulu Simulyasiya prosesinin riyazi interpretasiyasii matrislor nazariyyasine asasan
verilmisdir

Roagomsal prototiplogsdirms naticods gozlonilon mohsulun vo ya sistemin otrafli vo real vizual
tosviri olan mohsul vo ya sistemin baslangic formasinin virtual modelinin yaradilmasi prosesidir. Bu
proses miiossisoloro vo miihondisloro mohsulu real istehsalata baglamazdan ovval onu
qiymatlondirmoys komoak edir [1].

Miiasir dovrdo texniki proseslorin idaro olunmasi vo tohlili {igiin rogmsal prototipin
islonmosi on somorali iisullar hesab olunur. ragmsal kompiiter prototip vasitolori idaroetmo
obyektinin modelin grafik formasindan istifado etmoys, aparilan tocriibalori vizual sokildo gérmoyo
Vo naticalori izlomoya imkan verir. Bunun iigiin qrafik sistemlordon vo ikidl¢iilii animasiyadan
istifado olunur. Bu iso 6z ndvbasinds layiholondirilon sistemin strukturu vo dinamikasi haqqinda
vacib molumatlar almaga komok edir. Rogmsal prototip modellogdirmo vasitolorinin komayilo
idaroetma obyektinin parametrlorini toyin etmok vo modellosdirma prosesini programlagsdirmaq
vazifolorini yerina yetirir.

CPN Tools idarsetmo obyektinin imitasiyasini yerino yetirmok imkanina malik program-
instrumental sistemdir. Burada biitiin modellosdirma prosesi vo xarakteristikalarin toyini Rong
anlayis1 ilo birlikdo aparilir. Bu anlayis miixtolif struktur elementlorine miioyyon atributlarin
monimsonilmasini ifado edir. Bu kompiiter modellogdirilmosi sisteminin ilkin sistemotexniki
layihalondirma prosesinds istifadasi magsadouygun hesab olunur [2]. CPN Tools dinamik slagali va
paralel foaliyyotli CIM-in modellosdirilmasi iigiin istifado olunan, Petri sobokosinin (PS) osasinda
qurulmus, onun terminlarindan va tisullarindan istifado edon biri kompiiter sistemidir [3].

PS riyazi olaraqg N = (P,T,F,H,4°%, toplusu soklindo tayin olunur [4]. Burada P={p; , p>
,...pn}, >0 —bos olmayan sonlu movgelar coxlugu ; T={t; .tz ,...,ztm}, m>0 —bos olmayan sonlu
kecidlor coxlugu; F:PxT—{0,1,2,...} vo H:Tx P— {0,1,2,...} — uygyn olarag movgelor Vo
kecidlor coxlugunun insidentlik funksiyalari; g :P— {0,1,2,...} - sobokonin baslangic
markerlosmasidir.
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PS-nin graf sokilli vizual tosviri miimkiindiir. Bu tosvir Mdvqelari oks etdiran daira sokilli
topalardon, kecidlari oks etdiron diizbucaqli sokilli tapaladan va onlar1 birlogdiran tillorden ibaratdir.

Baxilan idarsetmo ogyekti bir sonaye robotundan (SR), bir fordi giris saxlayicisindan (GS),
mixtolif eynitipli detal pastahlar1 tizorinds eyni omaliyyati yerina yetiron eynitipli iki qurgudan (Q1
va Q2) va bir fordi ¢ixis saxlayicisindan (CS) ibarat olan tipik mexaniki emal morkozidir.

Xam mohsul fordi giris saxlayicisina daxil olur vo emali gozloyir. ©gor, birinci qurgu
omoliyyatin yerina yetirilmasi ii¢iin sarbastdirss vo saxlayiciya detal tiglin xam mohsul daxil olursa,
onda sonaye robotu torofindon xam mohsul {izorindo amoliyyat yerino yetirilmasi iigiin sorbast olan
1-ci, yaxud 2-ci qurgunun girisino yerlosdirilir vo amoaliyyat bitdikdon sonra o detali qurgunun
cixisindan gotiirarak, ¢ixis saxlayicisina yerlosdirir. ©gor hor iki qurgu mosguldursa robot gézlomo
rejimina kegir. ©gor hor iki qurgu sorbostdirso onda onlar arasinda konflikt situasiya yaranir.
Qurgulardan birinin miivafiq parametrlor osasinda secilmosi vo qismon paralellosdirilorok
novbologdirilmasi  ilo konflikt hoall olunur. ©maliyyat bitdikdon sonra SR detali qurgunun
cixisindan gotiirarak, ¢ixis saxlayicisina yerloasdirir [5].

Toqdim olunan CiM-in isini miimkiin vaziyyatlor vo hadisolorin toyin edilmosi osasinda
asagidaki produksiya qaydalari ilo tasvir eds bilorik:

Ogor SR sorbostdirsa vo GS-da detal pastahlari movcuddursa, onda SR pastah1 GS-dan
goturur;

Ogor SR detal postahini gotiirmiisdiirso vo Q1 sorbostdirso, onda SR pastahi QIl-9
yerlosdirir;

Ogor SR detal poastahini gotiirmiisdiirso vo Q2 sorbostdirso, onda SR pastahi Q2-ya
yerlosdirir;

Ogor detal pastah1 Q1-nun is¢i zonasindadirsa, onda Q1-da pastahin emali baglayir;

Ogor detal pastah1 Q2-nin is¢i zonasindadirsa, onda Q2-do pastahin emali baslayir;

Ogor Q1 poastahi emal edirss, onda Q1-do pastahin emali sona yetir;

Ogor Q2 poastahi emal edirss, onda Q2-ds pastahin emali sona yetir;

Ogor Ql-do postah emal edilmisdirso vo SR sorbostdirse, onda SR Q1-don hazir detali
goturur;

Ogor SR Q1-don hazir detali gotiiriirso, onda Q1 sarbostdir;

Ogor Q2da postah emal edilmisdirso vo SR sorbostdirso, onda SR Q2dan hazir detali
goturtr;

Ogor SR Q2-don hazir detali gotiiriirsa, onda Q2 sarbostdir;

Ogor SR detal1 gotiirmiisdiirss, onda SR detali CS-1na yerlosdirir;

Ogor SR detali CS-na yerlosdirirss, onda detal CS-ndadir vo SR sorbostdir.

Vaziyyatlori PS-nin mdvgelori, miimkiin hadisalori isa PS$S-nin kegidlori kimi tosvir edo
bilorilk. Rongli PS- nin komoyi ilo qurulmus imitasiya modelinds (sokil 1.) emal morkozi
modulunun vaziyyatlori asagidaki movgelorls tosvir edilir:

P1 — SR sarbastdir (RS); P, —GS-da pastahlar mévcuddur; P3 — SR pastahi gbtiirmiisdiir; P4 —
Q1 sarbastdir; Ps — Q2 sorbastdir; Pg — pastah Q1-nun is¢i zonasindadir; P; — pastah g2-nun isgi
zonasindadir; Pg — Q1 postahi emal edir; P — Q2 postahi emal edir; P1g — Q1-da postah emal
edilmigdir; P11 — Q2-do pastah emal edilmisdir; P1, — SR detali gotiirmiisdiir; P13 —detal CS-ndadir.

Emal morkozi modulunda miimkiin hadisslor asagidaki kecidlorls tosvir edilir:

t1 — SR pastah1 GS-ndan gotiiriir; t, — SR pastah1 Q1-0 yerlosdirir; t3 — SR pastah1 Q2-yo
yerlosdirir; t4 —Q1-do pastahin emal1 baglayir; ts — Q2-do pastahin emali baslayir; ts —Q1-ds pastahin
emal1 sona yetir; t; — Q2-do pastahin emali sona yetir; tgs — SR Q1-don hazir detali gotiiriir; ty — SR
Q2-don hazir detali gotiiriir; t;o — SR detali CS-na yerlosdirir.

Yuxarida verilmis produksiya qaydalar1 asasinda kecidlorin giris vo ¢ixis movgelarini tayin
edo bilorik (cadval 1).
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Cadval 1.
Giris va ¢ixis alagalorilori
Kecidlar Giris movqelari Cixis movgelari
ty P1, P2 Ps
t Pz, P4 P1, Ps
t3 Ps, Ps P, P7
ty Ps Ps
ts pr Py
ts Ps Pa, P1o
t; Ps Ps, P11
tg P1, P1o P12
tg P1, Pu P12
tio P12 P1, P13

CPN Tools-da CPN ML unifikasiya olunmus proqramlasdirma dili vasitasi ilo prototipin
elementlorinin atributlari tosvir edilir. Bu dil ronglor ¢oxlugunun, doyisonlorin, sabitlorin, funksiya
vo prosedurlarin tosvir edilmosini tomin edir. Toqdim edilon imitasiya modelindo ranglor
coxluglarinin vo doyisonlorin asagidaki tosvirlori istifads olunur:

Declarations

Standart priorities
Standart Declarations
colset wl=unit with r;
colset w2=unit with ul;
colset w3=unit with u2;
colset w4=unit with z;
colset w5=unit with d;
var x1: wi,
var X2: w2,;
var x3: w3;
var x4: w4;
var x5: wb;
colset INT
colset INTINF=intinf;

Modelin vizuallagdirilmast CPN Tools sisteminds reallagdirilmisdir (Sakil 1.), bu CPN
alotlorinin politrast vo markerlosmo menyusu kimi qarsiliqlt slage metodlar: vasitosi ilo yerino
yetirilmisdir [6].

Rangli PS ilo programlasdirma dilinin birlosmasindan diskret hadisalorin interpretasiyasi
tgiin xdsusilasdirilmis dil almis oluruq [7].

Islonmis modelds bes ranglor coxlugu vardr: r (robot) adlh markerlarlo wi, ul (qurgul) adh
markerlorlo w2, u2 (qurgu2) adli markerloarlo w3, z (pastah) adli markerlorlo w4 vo d (detal) adlh
markerlarlo w5.

Baslangic markerlosmados yalniz bir t; (robot postahi giris saxlayicisindan gatiiriir) kegcidi
icazalidir vo bu kegid isaralonmisdir. Ikinci addimda t, vo t3 kegidlori arasinda konflikt mévcuddur.
to vo ya ts kegidlorindan birinin toesadiifi se¢ilmasi va ndvbaloasdirilmasi ila konflikt hall olunur. 1-ci
va 2-ci qurgularin isi paralel hadisalordir, onlar istonilon ardicilligla bas vers bilar.
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Sakil 1. Cevik istehsal sisteminda mexaniki emal moarkazi modulunun graf-modeli.

Movagelor vo kegidlor ¢oxlugunun giris insidentlik funksiyalart F(13,10) wu FH(10,13)
matrislori ilo taqdim olunur:

F(1310) =

OO0 OOOOOOOOrE
OO0 O0OOOCOOO0OrKkFrOOo
OO0 O0OO0OOCOOrOrOOo
OO0 O0OO0OOOFrRrOO0OOOO
[eleoleoleoleoleol Jolelelelo)e)
[eleoleleoleo] Jololelelele)e)
[eleoleleo] Jolololelelele)e)
[eleoleo] JeololeololeleleNo) )
[elel JeleoleleoleleleleNe)
ORrRPOO0OO0OCOOO0OOOOO

H(10,13) =

QO OO0 OOOOO
OO0 OOO0OOOr
QOO OCOOOOOO
OO OOOOOOOO
OO OO0OOOOOOrO
[eleololeo] Jololelole)
[eleoleo] Jololelelele)
OFRPFRPOO0OO0O0O0OOO
RPOOOOOOOOOo

RPOOOOOORrEFrOoO
OO OCOCOOOrOO
QOO OOOFrOOO
OO OOORrOOOO

Marker ronglorinin kecidlorin  giris vo ¢ixis movqelori ilizro paylanmasi asagidaki
matrislorlo togdim olunur:
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¢(10,5) = ,  w(05)=

OO OOO0COOOO
OO OCOOOOOrO
OO OCOO0OOOrOO
OOOFrRFFP,FRPFRPEFPEF
PRPRPOOOOO0OO0OO

PRPRRPPRPPRPOOOOO

POOOOOOr O
OO OCOOOOOOO
OOOCOOOOOOO
OO OCOOrRFRRFRRF,EF

Ronglorin mévqelar tizra paylanmast A(13,5) matrisi ila, baslangic markerlogsmo iso p(13,5)
matrisi ilo toqdim olunur:

A(135) = ,  u(135)=

oY= l=l=l=l=l= 1=l
lofololololololfolel YooY o)
ofololololololol N olof oY)
OO0OCORRRRPROORRO
PRPRRPRPOO0O0O0O00O0O0O
el l=l=l=l=l= ==l
ofolololololelolel S Yo oY)
ofololololololol N olef oY)
OCOO0O0O0COOCOOCOONO
ofolololololololelolofol)

Yuxarida oldo olunan verilonlor osasinda kompiiter simulyasiya eksperimentlori
apartlmigdir. Hor bir simulyasiyadan sonra qrafin markerlosmasi doyisilir. Markerlosmonin
doyismasi modulun cari vaziyyatini toyin edir. Eksperiment naticolori olarag matrislor
ardicilligindan ibarat vaziyyatlor fozasi alinmigdir:

00000 10000 00000
00010[ Jo0010| 00000
00010[ |o0000| 00010
01000[ |00000[ [00000
00100[ |00100[ [00100
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Gortiniir ki, bas veron hadisolor (kegidlor) ardicilligi o

soklindadir.

CIS-do paralel faaliyyot gostaron emal qurgularina xidmat edon sonaye robotunun miimkiin
trayektoriyalar1 toyin edilmisdir. Simulyasiya zamani tosadiifi gecikmolori aradan gétiiron optimal

trayektoriya secilmigdir.

Sobokonin simulyasiyasi zamani alinan yetorli markerlosmoalor agaci sistemin analizi

imkanin1 yaradir. Noticolor osasinda layiholondirmo prosesindo yol verilon sohvlori askarlamaq

maoqsadi ilo model PS-nin xassaloring asason todqiq edilir [8].
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Toklif olunan RPS-da yetorlilik vo yasarliliq masalalari hall olunmusdur, bels ki, 12 addim
daxilinds biitiin kegidlor aktiv olur, sonuncu addima qodor detalin emali prosesi yerino yetirilir vo
soboko Oncoki voziyyoto golir. Buradan alinir ki, soboko yasarlidir, periodikdir vo axtarilan
markerlogsmolor yetorlidirlor.

Markerlosmo matrislorinin ardicilligr soklinde yetorlilik agacinda bas veran doyisikliklor
asagidaki kimi tosvir edilmisdir.:

K=(5,4,4,3,3,3,3,4,6,4,5,4,5).

Bu mohdudluq vektorunun on boyiik elementi k = 6 — dir. Simulyasiyanin 8-ci addiminda t;

kecidinin yerino yetirilmosindo mohdudluq vektorunun maksimum qiymati goriiniir:
u(1,1) + u3,4) + u4,2) + u(5,3) + u(10,5) + u(11,5)=1+1+1+1+1+1=6

Buna goro do PS — mohduddur. Uygun olaraq, baxilan soboko saxlaniglidir, bu da modelin
tohliikosizliyini tomin edir.

Notico olaraq demok olar ki, CPN Tools-da yaradilmis rogomsal prototip idarsetmo
obyektinin davranislarinin hoartorofli dyronilmasine imkan veron doqiq roqomsal 2D prototiplorini
tomsil edir. Layiholondirmonin ilkin maorhalslorindo sohvlori miioyyon etmok imkani mohsulun
istehsala faktiki buraxilmasindan avval xeyli vaxta va xarclors qonast etmoayo imkan verir.

I9dabiyyat

[1]. IpotoTunupoBanue. HMurtepaktuBHbie —digital-mpotoTumnsl.  https://vk.com/@midisdesign-
prototipirovanie-interaktivnye-digital-prototipy

[2]. Jensen K., L. M. Kristensen.  Coloured Petri Nets: Modelling and Validation of Concurrent
Systems // 1% Springer Publishing Company, Incorporated ©2009, —p.384.

[3]. KapnoB, IO.I' Model Cheking. Bepudukanus napawieabHbBIX U  paclpeaesiCHHBIX
nporpammusix cucteM / F0.I'.Kapmos. —CI16.: BXB-Ilerepoypr, —2010. —560 c.

[4]. TTutepcon, Ix. Teopus cereit [letpu u moaenuposanue cucrem / Jlx.[lutepcon, —M.: Mup. —
1984, 264 c.

[5]. T'yceiinzane, 11.C. MoaenupoBanue MOAYJIS MEXaHOOOPAOOTKH B THOKOW MPOM3BOICTBCHHOM
CHCTEME C IMPHMEHEHHEM OOOOIIEHHBIX packpameHHbIX ceteit Iletpu // Matepuansr XIV
MexnyHaponHON  KOH(pEpeHLUH, MpUuypOUEHHOU K  90-netmro  JlarecraHckoro
rOCyJapCTBEHHOTO  yHHBepcuTeTa «DyHJaMeHTalbHblE M  NPUKIAJHBIE  MPOOJIEMBI
MaTeMaTHKu U MHMOpMaTHKN», —Maxaukana, —16—-19 centsops 2021, Ne3(165), —.100-102.
https://elibrary.ru/item.asp?id=47154305

[6]. Beaudoin-Lafon, M., Maskay, U.E., Jensen M. et al. CPN Tools: A Tool for Editing and
Simulating Colored Petri Net // LNCS20311, Tools and Algorithms for the Construction and
Analysis of Systems, —2001, —pp. 574-580

[7]. T'yceitnzane, II.C.. Pa3paboTka HE4YeTKOW MOJENH YIPABICHUS HACOCHBIM arperatoM ¢
npuMeHeHreM packpamenHor cetu [letpu // BectHuk BOpOHEKCKOro rocyaapcTBEHHOTO
yauBepcuteta. Cepus: CucTeMHbIM aHaiu3 U MH(OPMAIMOHHBIE TEXHOJIOTUH, —BopoHex, —
2020, Ne3, —.77-86. DOI:10.17308/sait.2020.3/3042

[8]. W.M.P. van der Aalst, C. Stahl, Modeling Business Prosesses —A Petri Net —Oriented Approarx
by, The MIT Press, 2011 (ISBN-13: 978-0-262-01538-7), 400 p.

Summary
Performing the development and analysis of a digital prototype of a manufacturing machining center
Huseyzadeh Sh.S.

Keywords: colored Petri nets, production rules, simulation of the model graph, incident matrix, flexible
production module, network labeling, model visualization.

The article considers the issue of creating a digital prototype of a dynamically connected and parallel

processing flexible manufacturing (FPM) facility. The digital prototype reflects the structure and control principles of a

complex manufacturing process. The control principles are expressed in terms of productions determined on the
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discrete-information cycle of the FPM. The physical structure of the parallel processing flexible manufacturing is
described in the form of a visual graph model, and the control of the devices is worked out in the form of a computer
simulation. Simulative computer experiments were conducted on the prototype, the results were visually monitored and
analyzed. The mathematical interpretation of the simulation process is given based on matrix theory.

Pesrome
BoinosHeHue pa3padoTK M aHAIN3Aa HU(POBOro NPOTOTUIIA TPOU3BOACTBEHHOI0
LEHTPa MeXaHu4ecKoi 00padoTkn
TI'ycennzaoe 1I.C.

Kniouesvle cnosa: yeemnvie cemu Ilempu, npouzsoocmeennvie npaguaa, Mooeauposanue MooeIbHoz2o epaga,
Mampuya UHYUOEHMos, 2UOKUll NPouU3s0OCMEEHHbI MOOYIb, Cemesds MAapKuposKd,
susyanuzayus mooenu

B cratbe paccMoTpeH Bompoc co3maHWSA LHU(GPOBOTO TPOTOTHIIA MOETO 00padaTHIBAIOLIETO THOKOTO

MPOU3BOACTBEHHOTO (Ia30HHOT0) OOBEKTa € IUHAMUYECKH CBA3aHHBIM M IapajUIeNbHBIM (YHKIHOHHPOBAHHEM.
LludpoBoil MPOTOTHH — OTpPaXKaeT CTPYKTYPY CIOKHOTO IPOM3BOJICTBEHHOI'O IIpoLecca M IPUHIMIIB yHIpaBICHHS.
[TpyHOMOBL yIpaBaeHUs ObUIM CHOPMYIHPOBAHBI B MPOLYKLHH, YCTAHOBJICHHOW Ha IUCKPETHO-HH(OPMAIIMOHHOM
mukie [IMP. ®dusudeckas cTpykTypa 0o0OpadaThIBAIOIIEro MPOM3BOJCTBA MapajlIeIbHOIO NEHCTBHSA M300paxkacTcs B
BUJIC HArJSIHOM rpaduyeckoil MoJenH, a yNnpaBJeHHE YCTAaHOBKaMU 00pabaTbiBaeTcs B BHJE KOMIIBIOTEPHOTO
MOACJIMPOBAaHUA. Ha MMpOTOTUIIC TMPOBOAUINCHE CHUMYIAONUOHHBIEC KOMIBIOTCPHBIC JOKCIICPUMEHTHI, PE3YyJIbTAaThl
BU3YyaJIbHO OTCJIEKHMBAINCH M aHAIM3UPOBAINCH. MaTeMaTniecKkasi HHTepIpeTalys polecca MOJISIMPOBaHUs JaHa Ha
OCHOBE TEOPHU MaTPHII.
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Acar sozlar

CIS, CIM, produksiya qaydalari, Petri
sabakasi, sonlu avtomat, mantiqi-
lingvistik model, mexatron qurgusu,
manipulyator, verilanlar va biliklor
bazalart.

Maqalada sistemotexniki layihalondirma moarhalasinds idaraetma obyektin
islanmoasinin kompiiter modellasdirilmasi metodlarlarimin
maqsadauygunlugunun giymatlandirilmasi masalasing baxilmisdir. Gostarilir
ki, miirokkab xarakterli sistemlor sinifino aid edilon cevik istehsal
sistemlarinin (CIS) layihalandirilmasinda miixtolif istiqamatli miitoxassislor
birgo foaliyyar gdstarir vo ¢ox zaman onlarin ilkin  marhalalardaki
yanasmalart son naticada, xiisuson da simaq va tatbiq marhalasinda, ozlorini
¢ox zaman dogrultmurlar. Odur ki, layihalandirma prosedurlarinda yer alan
qiisur va c¢atismazhiglarin tokraran layihalandirilmasi tolob edlir, alava
resurslarin va layihalandirilmasinin - masraflorinin  artmas: ilo miisayiat
olunur. Bu ciir hallarin minimuma endirilmasi maQsadi ilo baslangic

layihalondirma moarhalasinda idaraetmo obyektinin ayri-ayri
komponentlorinin uygun modellasdirma riyazi aparatlar: ilo tasvirinin
modellagdirilmasi, universal aparat hesab edilon Petri sabokasine (PS)
cevrilmasi Vo alinan kompiiter modelinin sonuncunun 2sas XasSalarinin
analizi ilo sinaglarla tadgiqi ideyasi irali siirtiniir. MboQalada konkret
layihalondirma obyekti olaraq secilmis mexaniki emal CIS-in asasinda
kompiiter  modelinin  sinaglarla  tadqiqini  veran  avtomatlasdiriimis
layihalondirma alatinin (ALA) arxitekturasi (strukturu) tokIf olunur. Burada
CIS-in real obyektdo kompleks (PS) sokilda ilo koordinasivali va sinxron
olaraq faaliyyat alqoritmina baxilmisdir

Giris

Cevik istehsal sistemi (CIS) forqli toyinatli mexatron vo digor texniki qurgulardan toskil
edilmis, birgo olaqoda foaliyyot gdstoran cevik istehsal modullar: (CIM) toplusu olmagla miirokkab
xarakterli diskret sistemlor sinifino aid edilirlor. CIM-in elementlori sonaye vo intellektual
robotlardan, miixtolif toyinath modvgelosdirici manipulyator vo noqliyyat qurgularindan,
movqelogdiricilordon vo s. ibaratdir. Gosterilon qurgularin toyinatlarinin voziyyetindon asili olaraq
ovvolcadon molum olan vo ya miixtolif voziyystlordo nisbaton geyri-miioyyonlik miihitlorindo
aktivlik gostorirlor.

CIM-in mexatron qurgular ii¢ dl¢iilii fozada bir-biri ilo qarsilight olagodo, demok olar ki,
ortaq is¢i zonalardan istifado etmoklo islorini yerino yetirirlor. Odur ki, onlarin fiziki modellori
iizorindo eksperimentlorin yerino yetirilmosi miioyyon problemlorlo miisayiot olunur (ortaq is¢i
zonalarda toqqusma hali, qoza situasiyalar1 va s.).

Gostorilon hallar CIM-lorin idaro vo qarsiiglt olage alqoritmlorinin faaliyyatlorindoki
qiisurlarin noticesindo da bas verir. Buna géro CiS-nin CiM-lorinin hor hans1 bir magsado ¢atmaq
iiclin koordinasiyali, kompleks soklinds idars etmo alqoritmlorinin islonmasi do talob olunur.

Sinaqlarda situasiyalar1 apriori molum olan diskret xarakterli omaoliyyatlarin analitik
modellosdirmo tisullar1 kimi sonlu avtomatlar, paralel foaliyyotli asinxron proseslor, semantik vo
sobako modellari, Freym vo montiqi modellar, produksiya qaydalari vo s. genis totbiq edilir [1,3].
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Bu iisullarin hor birinin bir ¢ox miisbot vo monfi cohatlori vo aktual totbiq saholori
movcuddur. Sados proseslori hom do Petri sobokasi ilo bir dofolik modellogsdirmok vo tadqiq etmok
olur. Miirokkab proseslori Petri sobokasi ilo birdofolik modellosdirilmasi miioyyon ¢otinliklor orta
¢ixarir.

Petri sobokosinin asas miisbat cohoti ondadir ki, onunla modellagdirilon obyektin todqiqi
obyektdon konarda Petri sobokosinin osas xassolorini xarakterizo etmoklo hoyata kegirilir. Petri
sobokosinin mohz bu miisbot cohotino géro ondan CIS-in todgigi ilo mogsedouygunlugunun
giymatlondirilmosinds osas modellosdirmo aloti kimi istifadosi aktualligi nozors alinir.

1. Masalanin qoyulusu. Mexaniki emal CiS-i dérd emal morkazindo - programla faaliyyot
gostoron dozgahlarda (torna, frez, radial burma vo oymo) ardicil olaraq ilkin tortibatin emalini
yerino yetirir. Emal morkozlorinin (EM) faaliyyatlorini tomin etmok iigiin CiS-in is¢i zonasini
tortibatla yiikloyon avtomatik nogliyyat manipulyatoru (ANMI1), hazir yarimfabrikati avtomatik
anbara gondoron ANM2 vo emal morkozlorini xammal vo yarimfabrikatla tomin edon kran
manipulyator (KM) olavo edilmisdir. Sorti olaraq ANM vo emal morkozlorini asagidaki sokildo
formalagdirilir: CIM1 — ANM1, ANM2 vo MM; CIM2 — Torna dozgahinin (TD) EM; CiM3 — frez
dozgahinin (FD) EM; CIM4 — radial burma dazgahmin (RBA) EM vo CIMS5 - ayma dozgahinin
(©D) EM. Mexaniki emal CIS-nin faaliyyoti asagidaki ardicilliqla yerina yetirilir [2].

ANM1 vasitoesilo CIS-in is¢i sahasinin mdvqelosdirici manipulyatoru (MM) iizerino
yerlosdirilmis tortibat mévqelasdirildikdon sonra KM-un tutqaci torafindon gotiiriiliir vo TD-nin is¢i
zonasma yerlosdirilir; TD-do mexaniki emal prosedurlar1 yerino yetirildikdon sonra alinmis
yarimfabrikat KM torafindon FD-nin is¢i zonasina yerlogdirilir; FD-do planlagdirilmis omoliyyatlar
yerino yetirildikdon sonra yeni alinmis yarimfabrikat KM torofindon RBD-nin is¢i zonasina
yerlogdirilir vo RBD-do planlasdirilmis omoliyyatlar yerino yetirildikdon sonra alinmis yeni
yarimfabrikat KM torofindon ©OD-nin is¢i zonasina noql olunur vo OD-doki prosedurlar
qurtardiqgdan sonra hazir mohsul ©D-nin is¢i sahasindon KM torofindon gotiiriilorok ANM2-in is¢i
zonasina yiiklonir vo sonuncu torafindon anbarin uygun yuvasina yerlogdirilir.

Masalonin qoyulusundan molum olur ki, Mexaniki emal CIS-in kinematik — struktur sxeminin
naticasi gostarir ki, onun 6zayi standart (EM-in proqramla idars olunan dazgahlar) vo geyri standart
(KM, ANMI1, ANM2, MM) hissolorden toskil edilmisdir vo onlarm CIS-in qarsisina qoyulan
mogsada catmast liglin tolob olunan samoraliliyi miloyyon zaman miiddatindo g6zlomokls, birgs
olagado idaroetmoni hoyata keciron model vo alqoritmlor islonmolidir. Eyni zamanda layiho
edonlorin (konstruktorlar, texnoloqglar, ekspertlor, idaroetmo {izro miitoxassislor vo s.) ilkin
layihoetmo  ideyalarmin  diizgiinliiyiini do  kompiiter —modellosdirilmasi  tisullart  ilo
maqsadouygunlugunun qiymatlondirilmasi hallarina baxilmalidir.

2. Forqli vasitolorlo qurulmus kompiiter modelinin Petri sobokasi ilo tadqiqi
avtomatlasdirilmis layihalondirms alatinin islonmasi

ME CiS-nin kompiiter modelinin kompleks sokilda todqiqi avtomatik layiholondirmo alotinin
(ALA) arxitekturasi (strukturu) [4]-do toklif edilon struktura osason asagidaki kimi formalasmisdir.
Predmet soviyyosindo biliklor bazasina daxildir: mexaniki emal CIS-in MQ-r1 vo avadanliglarinin
VB; CiS-in vo CiM-lorin komponovka sxemlori; ANM1, ANM2 vo MM-in isi alqoritmlorinin SA
tosvirinin BB; Mexaniki emal CIS-in CIM-lorinin KM torofindon yiiklonmasinin produksiya
qaydalari ilo tasvirleri alqoritmlorinin BB; emal morkozlorinin dozgahlarmin tortibatin ndviinden
asil1 olaraq rogomsal programla idars alqoritmlorinin BB.

Cevrilma cadvali saviyyasinds alqoritmlorin BB daxildir: ANM1, ANM2 vo MM -in sonlu
avtomatlarla tosvirlorinin Petri sabokasing cevrilmasi alqoritmlorinin BB; KM-un faaliyyatinin
produksiya gaydalari ilo tasvirlorinin PS modellarine ¢evrilmasi alqoritmlorinin biliklor bazasi [5].

Riyazi soviyyado biliklor bazasina daxildir: predmet soviyyasinds SA vo produksiya gaydalar
ilo tosvir edilmis MQ vo avadanliglarin PSS modellori vo onlarin osas cohatlorinin analizi
alqoritmlori.
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Proqram soviyyesinda CIM-lorin ayri-ayriligda va CIS-in kompleks sokildo PS ilo todgigi
program bloklari.

Sokil 1-do Mexaniki emal CiS-nin kompleks sokildo modellosdirilmasi vo kompiiter
eksperimentlori ilo todqiqinin toklif olunmus vo islonmis ALA-nin arxitekturasi (strukturu)
gostorilmigdir.

I iycazinda biliklar

i 1. ME ¢I5-in MQ 3 svadanbalanngn perlanlar bazaz
| s MIE.!;IS m(;]:b.Ilanmnm!;IS -in kpmponorkea sxem 1,
i 3. ME CIS-in CIM-latipin EWM taafedan  yiiklanmasinin prodoksivg
gavdalan ila iginin slgeritmlainin bilikla hazaz
4. AWM 1-in iginin dlgeritminin 5A i algerioni,
5. ANWMI-in jginin 5 A tevid slgeriomi,
5 WhI-in iginin sepln atereatls faadd, algerimi,

7. ChV-lann desgahlaomn temibans oéivdan sl olmag wegamsd)
maq,mmla idea.algoritlarinin biliklar bazaz

2. ANMI-in fglivcatinip senln adematla tesvidinin Patd sabakasing
perilmas algeritnd,
3. Wh-in faglivpeatinin zonln aomatls fslivpatinin Pemi sabskasing
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Nei{P.T.I.O. M.}
NefN UNUNUN, UN, UND
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T
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CIn-larin @n-amligda Pt sebakas ila idametma prearam, bloklanmn
fopmalazdinloan

Sakil 1. Mexaniki emal CIS-in kompleks sakild> modellasdirilmasi va kompiiter eksperimentlari ilo tadqiqi
ALA-nin arxitekturast (strukturu)

Mexaniki emal CIS-in ALA-nin arxitekturasindan (strukturundan) goériindiiyii kimi CIS-in
isinin ardicillig1 nazors alinmagla onun hor bir hissasinin idarsetmo alqoritmi predmet soviyyasindo
BB-don secilorok uygun PS c¢evrilmo alqoritmi ilo Petri sobokasino ¢evrilir vo BB yaradilir. Bu
ardicilligr belo gostormak olar [5,6].

Addim 1. ANM1-in sonlu avtomatla idaroetmo alqoritminin Petri sobokosi modelino
cevrilmoasi vo BB-do saxlanilmast (N,).

Addim 2. CIM1-in (TDM) KM torofindon yiiklonmosinin produksiya qaydalar1 alqoritminin
Petri sobokasi modelino gevrilmosi vo BB-do saxlanilmasi (N,) .

Addim 3. CIM2-nin (FDM) KM torafindon yiiklonmasinin produksiya qaydalari alqoritminin
PS modelino gevrilmasi vo BB-do saxlanilmast (N,).

Addim 4. CIM3-iin (RBD) KM torafinden yiiklonmasinin produksiya qaydalar1 alqoritminin
PS modelina gevrilmosi vo BB-do saxlanilmast (N,) .

Addim 5. CIM4-iin (©D) KM torofindon yiiklonmosinin produksiya qaydalar1 alqoritminin PS
modelins ¢evrilmasi vo BB-do saxlanilmast (N,).

Addim 6. Hazir mohsulun KM torofindon ANM2-in is¢i zonasina yiiklonmasinin produksiya
gaydalari alqoritminin P$ modelina ¢evrilmoasi vo BB-do saxlanilmasi (Ng).

Addim 7. ANM-2-in sonlu avtomatla idaroetmo alqoritminin Petri sobokosi modelino
¢evrilmasi vo BB-da saxlanilmasi (N,).
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Addim 8. KM-in is¢i zonalarindaki tortibatin amaeliyyat iiclin hazirlayan MM-in SA idaroetma
alqoritminin Petri gobokosi modelins gevrilmosi vo BB-do saxlanilmasi (N,) .

Addim 9. Ardicil olaraqg (N, N,, N, N,, N., N,, N_, N,) hor bir Petri sobokasinin asas

xassolorinin analizi naticesinde kompiiter eksperimentlari ilo todqiq ederok foaliyyet alqoritmlorinin
totbiginin moagsadouygunlugunun giymotlondirilmasi.

3. Mexaniki emal CiS-in kompleks sokildo PS ilo koordinasiyah va sinxronlagdirilmis
isinin alqoritminin islonmosi

Mexaniki emal CiS-nin kompiiter modelinin, Petri sobokosi ilo todqiqi gdstorilmisdir ki,
kompiiter eksperimentlori ilo ilkin layiholondirmo morhslosindo layiho edonlorin ideyalarinin
moqsadouygunlugunu ssason qiymotlondirmok olar[2].

Eyni zamanda bu eksperimentlorlo mexaniki emal CIS-nin kompleks sokildo kinematik
sxemdo gostarilon sokilds isinin miimkiinliiyii tosdiglonorak, layihalondirmo omoliyyatlarinin digor
morhoalalorinin yerins yetirilmosinin doqiqliyini qiymatlondirmok olar[2,6].

CiS-in isinin birgo sokildo Petri sobokasi ilo layiholondirmo alqoritmine digor toloblor do
qoyulur:

- CIS-nin MQ va avadanliqlar1 isinin faaliyyoti zamani ortaq is¢i zonalarda rastlasirlar vo
onlarin mexaniki hissalari is¢i rejimlordo qoza voziyyetlori yarada bilarlor. Odur ki, miimkiin olan
bels vaziyyatlorda gozalarin bas vermamasini tomin etmak lazimdir;

- CIM-lorin vo MQ-nin bir-birino mane olmadan, paralellik prinsipini yerino yetirmoklo,
asinxron rejimlordo iglorini tomin etmok vo daha ¢ox mohsuldarli§a malik olmaq tolobi
O0donilmolidir;

- Hor hansi bir CIM-da goza vaziyyati bas verarss, ondan sonrada son hala godor davam
etdirilmali vo gqoza hali signal verilmalidir.

CiS-in idarsedilmosindo qorarlarin icrasini yerino yetiron icra mexanizmlorinin toyinatlar1 vo
CiS-in miixtalif qovsaglarinda quragdirilmis sensorlarin tayinatlari cadval 1 va 2-da verilmisdir.

Cadval 1.
CIS-in qovsaqlarinda qurasdirilmis sensorlarin tayinatlar:.
Sensorlarin ¢ixis Vericilarin ¢ixis signalimin tayinati
signalimin isarasi
X0 ANM2 -in ilkin vaziyyati
X1 Xammalin mévgelogdirici manipulyatorun tizerinds olmasi
X2 ANM1-nin son vaziyyati
X3 ANM1-nin isci zonasinda xammalin olmasi
X4 ANMZ2-in is¢i zonasinda xammalin olmasi
X5 MM-in ilkin voziyyati
Z1 KM movgelagdirici manipulyatorun (MM) tizarindadir
K1 KM-nin tutqaci yuxari voziyyatdadir.
K2 KM-nin tutqaci agigrdir.
Y1l TD-nin ig¢i zonasinda xammalin olmasi
Y2 FD-nin ig¢i zonasinda yarimfabrikatin olmasi
Y3 RBD-nin is¢i zonasinda yarimfabrikatin olmasi
Y4 OD-nin is¢i zonasinda yarimfabrikatin olmasi
Y5 Hazir mahsul anbarinin yuvasi bosdur.
Y6 CiM1 emal amoliyyatlarini yerino yetirir.
Y7 CIM2 emal omoliyyatlarim yerino yetirir.
Y8 CIM3 emal omoliyyatlarim yerino yetirir.
Y9 CiM4 emal amoliyyatlarini yerino yetirir.
Y10 ANM iglayir
To TD-nin emal miiddstinin taymeri
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To FD-nin emal miiddatinin taymeri
Tren RBD-nin emal miiddstinin taymeri
Too OD-nin emal miiddstinin taymeri
Tt ANM1-nin emal miiddatinin taymeri
T a2 ANM2-in emal miiddatinin taymeri
T MM-in emal miiddatinin taymeri
' Cadval 2.
ME CIS-in icra mexanizmlarinin toyinatlar
cra mexanizminin fcra mexanizminin toyinati
isarasi
Ul N1 Petri sobokasinin idaraetmo program blokunun yerina yetirilmasi
U2 N2 Petri sobokasinin idaroetmo program blokunun yerins yetirilmosi
u3 N3 Petri soboakasinin idaroetma program blokunun yerins yetirilmasi
U4 N4 Petri sobokasinin idaroetmo program blokunun yerins yetirilmosi
U5 N5 PS idaroetmo program blokunun yerinoyetirilmasi
UCIS ME CIS-in ilkin baslangic vaziyyati
Ub6 N6 PS idaroetmo program blokunun yerino yetirilmasi
u7 N7 PS idaroetmo program blokunun yerins yetirilmasi
us N7 PS idarsetmo program blokunun yerins yetirilmasi

ME CiS-in VB tayinatlarindan istifado etmaoklo onun kompleks sokildo koordinasiyali vo
sinxronlasdirilmis iginin alqoritmi BB soklinds islonmisdir.
Algoritm
(P1) 9gar xammal movqgelosdirici manipulyatorun (MM) iizorinds deyilsa VO avtomatik
nogliyyat manipulyatorunun (ANMI1) is¢i zonasinda hazir xammal varsa VO ANMI son

voziyyatdadirso
Onda ANMI1-in N6 Petri sobokosinin idarsetmo bloku qosulsun VO ANMI-in islomo
miiddotinin taymeri qosulsun.

(P)IX1& X3& X2 =UB&T,, =1

(P2) 9gar MM-in tizorindo mohsul varsa VO ANM son vaziyyatdadirsa (KM) is¢i vaziyyato
hazirdirsa (W =Z1& K1&K2; Z1-KM MM-in iizerindadir, K1 tutqact yuxar1 vaziyyatds olarsa
va K2 -tutqact agiqdir) VO torna dozgahmin (TD) is¢i zonasinda xammal yoxdursa VO ¢evik
istehsal modulu 1 (CIM1) emal proseduru yerins yetirilmirso

Onda KM-un N1 Petri sobokasi blokunun icra mexanizmi iso diissiin
(P2)X1& X2&Z1& K1& K2& IY1& Y6 = U1

(P3) Ogar TD-in is¢i zonasinda mohsul varsa VO KM N1 Petri gobokasi-program blokunu
yerina yetiribsa VO CIM1-do emal proseduru yerina yetirilmirss VO KM is¢i halina hazirdirsa

Onda CIM1-do emal amaliyyati baslasin VO CIM1-in islomo miiddati taymeri qosulsun
(PIY1& UI& Y6 & Z1& K1& K2 = Y6&T,, =k

(P4) 9gar CIM 1-do emal amaliyyat1 basa ¢atibsa VO Ttp =0-sa VO TD-in is¢i zonasinda
tortibat varsa VO KM is¢i voziyyatindodirso
Onda N2 Petri sobokasinin proqram blokunun icra edilmasi

(P4)V6& T, =0&Y2&Z1&K1&K2=U?2
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(P5) Ogar N2 -nin icra mexanizmi isini sona catdirtbsa VO FD-in isci zonasinda tortibat varsa
VO CIM 2-do emal proseduru yerina yetirilmirss VO KM is¢i halindadirsa

Onda CIM 2 emal omoaliyyatina baglasin VO CIM 2-in emal miiddoti taymeri qosulsun
(P5)U2&Y2& Y 7&Z1&KI&K2 = YT &T,, =i

(P6) Dgar CIM 2-do emal amoliyyat: basa catibsa VO Trp=0 sarti 6donilirsa VO radial burma
dozgahimin (RBD) is¢i zonasinda mohsul yoxdursa VO KM isc¢i halina hazirdisa
Onda N3-Petri sabakasinin program blokunun icra mexanizmi iso yerinag yetirilsin

(PB) Y 7& T, =0& V3& Z1& K1& K2 =U3.

(P7) 9gar N3-iin icra mexanizmi igini sona ¢atibsa VO RDB -in is¢i zonasinda mohsul varsa
VO CIM 3-ds emal proseduru sonlarirsa VO KM is¢i voziyyatindadirse

Onda CiM 3-do emal amoliyyatina baslasin VO CIM 3 -iin taymeri iso diissiin
(P7)IU3&Y3&IY8&ZI&KI& K2 =Y8&Tyy, = |

(P8) Dgar CIM 3-do emal omoliyyat1 sonlanibsa VO Trep = 0 sorti ddonilirsa VO oymo
dozgahiin (©D) isci zonasinda tortibat yoxdursa VO KM is¢i voziyyatindadirso
Onda N4 Petri sabokasinin program blokunun icra mexanizmi iso diigsiin

(P8)IY8& Ty, =0& IY4&Z1&K1& K2 =U4

~ (P9) 9gar N4-iin icra mexanizmi isini sonlanirsa VO OD-1n is¢i zonasinda tortibat varsa VO
CIM4-ds emal proseduru yerins yetrilmirso VO KM is¢i veziyystindadirse
Onda CIM4 — do emal amoaliyyti baslasin VO CIM4 — {in emal zamani iso diigsiin

(P U4&Y4&IYI&ZI&KI&K2=Y9&T,, =m

(P10) 9gar MM-in isci zonasinda xammal yoxdursa vo ANM2 baglangic voziyyatdadirse vo
is¢i zonasinda tortibat varsa vo MM ilkin haldadirsa vo KM-in tutqaci yuxari voziyyotdodirso

(P10) 9gar MM-in is¢i zonast bosdursa vo ANM2 baslangic vaziyystdodirsa vo isgi
sahasinda tortibat varsa vo MM baslangic voziyyatdadirse vo KM-in tutqaci yuxari voziyyatdadirso

Onda ANM2-in N7 Petri sobokasinin foaliyyat bloku qosulsun vo ANM2-in islomo taymeri
qosulsun

(P10) IX1& X0 & X 4& X5& K1=UT7 &y, =/

(P11) 9gar MM-in is¢i zonasinda xammal varsa V. ANM2 baslangic voziyyatdadirso vo KM-
in tutqaci yuxari yonalibso V. ANMI1 son voziyyatdodirso

Onda MM-in N8 Petri sobokasinin idaroetmo bloku qosulsun V T,,,, iso diissiin.
(P1)X1& X0& K1& X2= N8&T,,, =q

(P12) 9gar CiM4 — do emal amoliyyat1 basa catibsa VO Top=0 sorti ddonso VO ANM — in
is¢i sahosinda hazir xammal yoxdursa VO ANM son vaziyyatdadirse
Onda (P1) produksiyasinin proseduru yerina yetirilsin

(P12) Y9& IT,, =0& IX3& X 2= (P1).

Goriindiiyii kimi ME CIS-in faaliyyati produksiya qaydalar ilo formalasdirilmis bes montiqi-
linqvistik model (MLM) vasitasila yerina yetirilir:
1. ANM vo MM-in P1, P10 va P11 produksiya qaydalarindan ibarat MLM-i;
(P IX1& X3& X2=UB&T,,, =T

(P10) IX1& X0 & X4 & X5& K1=U7 &T,yy, =/

(PL)X1& X0&K1& X2=>N8&T,,,, =(
2. CiMl-in (TD) P2, P3 produksiya qaydalarindan ibarat MLM-i;
(P2)X1& X2&Z1& K1&K2& Y1& Y6 =U1
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(PIYI& UI& V6 & Z1& K1& K2=Y6&T,, =k
3. CiM2-in (FD) P4, P5 produksiya qaydalarindan ibarat MLM-i;
(P4 IY6& [T, =0&Y2&Z1& K1& K2 =U?2

(P5)U2&Y2& N 7&Z1I&KI&K2 = YT &T, =i
4. CIM3-iin (RBD) P6, P7 produksiya qaydalarindan ibarot MLM-i;
(P6) Y 7& [T, =0& V3& Z1& K1& K2 = U3.

(P7)IU3&Y3&IY8&ZI&KI& K2 =Y8& ey = j

5. CiM4-iin (©D) P8, P9, P12 produksiya qaydalarindan ibarat MLM-i;
(P8) IY8& Ty, =0& Y4 & Z1& K1& K2=U4
(P9 U4&Y4&IYI&ZI&KI& K2 =Y9&T,, =m

(P12) IV9&IT,, =0& IX3& X2 = (P1).

Natica.

Isdo forqli vasitolorlo diskret sistemlor kateqoriyasina aid edilon CIS-in baslangic
layiholondirmo  etapinda  kompiiter =~ modellosdirilmosi  novlori  ilo  yaradilmasinin
mogsadouygunlugunun qiymatlondirilmoasi asaslandiriimigdir. CiS-in bir ¢ox konseptual modelinin
analizi osasinda bloklarinin sonlu avtomatlarla vo produksiya qaydalari ilo tosvirlorinin Petri
sobokosi modelino ¢evrilmosi vo sonuncunun osas xassolorini analiz etmoklo kompiiter
eksperimentlorini tomin edon ALA-nin arxitekturasi (strikturu) islonmisdir.
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Summary
Comprehensive study of flexible manufacturing systems modeled by different tools using Petri nets
Nasirova E.A.

Keywords: FMS, FMM, production rules, Petri net, finite automaton, logical-linguistic model, mechatronic

device, manipulator, databases and knowledge bases

The article addresses the issue of evaluating the appropriateness of computer modeling methods in the system-
engineering design stage for the development of a control object. It is shown that, in the design of flexible
manufacturing systems (FMS), which belong to the class of complex systems, specialists from various fields work
together. However, their approaches at the initial stages often do not prove effective in the final stages, particularly
during testing and implementation. Consequently, the design process frequently requires re-engineering due to the
presence of flaws and deficiencies, leading to additional resource consumption and increased design costs.

To minimize such cases, the idea is proposed to model the individual components of the control object at the
initial design stage using appropriate mathematical modeling tools, then convert them into Petri nets (PN), which are
considered a universal modeling apparatus. The obtained computer model is further studied through tests analyzing its
main properties. As a specific design object, the article proposes the architecture (structure) of an automated design tool
(ADT) that enables the experimental study of a computer model based on a mechanical processing FMS. In this context,
the coordinated and synchronized operation algorithm of the FMS in a real system is represented in the form of a
complex Petri net.

Pesiome
KomniekcHoe uccjiefoBaHne rTHOKHX MPOU3BOACTBEHHBIX CHCTEM, MOAeTHPOBAHHBIX PA3THYHBIMH CPEACTBAMH,
¢ HcnoJib3oBanuem cereii Ilerpu
Hacupoesa 3.A.

Knroueevie cnosa: FMS, FMM, npooykyuonnvie npasuna, cemv I[lempu, KOHeYHbll asmomam, J102UKO-
JIUHSBUCUYECKAsL MOOeb, MEXAMPOHHOE YCMPOUCME0, MAHUNYAAMOp, 6a3bl OAHHbIX U
3HaHU.

B cratee paccmarpmBaeTcs mpoOiieMa OLEHKH IIeJIecOO00pasHOCTH TPHUMEHEHHS METOJOB KOMITBIOTEPHOTO
MOJICTIMPOBAHMSI Ha JTale CHCTEMOTEXHHYECKOTO IPOCKTHUPOBaHMs OOBEKTa ympamieHus. I[lokazaHo, 4TO mpu
NpOeKTUpoBaHUK THOKMX mpousBoacTBeHHBIX cucteM (I'TIC), oTHOCAMIMXCS K KJaccy CIOXKHBIX CHCTEM, COBMECTHO
paboTaroT CHENUAINCTHI PA3IMUHBIX HAIIPAaBICHUH, OJHAKO MX IOXO0/bl HA HAYAJIBHBIX 3TAIlax 4acTO HE ONPaBABIBAIOT
ce0si Ha TOCIEQYIOMINX CTaAMsAX, OCOOCHHO BO BpEMsI UCNBITAHWN M BHEJpPEeHHs. B pe3ynbTare 3TOTO BBISBICHHBIE
OIMUOKM W HEJOCTATKHA MPOCKTHBIX MPOIEAYpP MPUBOIAT K HEOOXOMUMOCTH IMOBTOPHOTO NPOCKTUPOBAHHS, YTO
COTIPOBO’KIAETCS TOTIOJIHUTEIIFHBIME 3aTPaTaMH PECYPCOB U YBETHYCHUEM CTOMMOCTH IIPOEKTA.

C menpl0 MHHUME3AIMHA TMOMOOHBIX HEIOCTaTKOB IMpe[UIaracTcs Ha paHHEH CTagud IPOSKTUPOBAHUS
BEITIOJTHATh MOZCTHUPOBAHUE OTICIHHBIX KOMIIOHCHTOB OOBEKTa YIPABICHHS C HCHOJIH30BAHHEM COOTBETCTBYIOIINX
MaTeMaTHYECKUX ammapaToB, mpeobOpasoBeiBas ux B cetu llerpm (CII), koTopele paccMaTpUBAIOTCA Kak
YHUBEPCAJIBHBI HMHCTPYMEHT MojenupoBanus. [lonmydyeHHas KOMIIBIOTEpHAasT MOJENb MCCIENYETCS C IOMOIIBIO
TECTUPOBAaHUS M aHalM3a €€ OCHOBHBIX CBOMCTB. B KauecTBe KOHKpPETHOro NIpHUMepa MpEeAsoKeHa apXUTEKTypa
(cTpykTypa) aBTOMAaTH3UPOBAHHOTO cpeacTBa mpoektupoBanus (ACII), obecnedmBaromIero SKCIEPUMEHTAILHBIE
HCCIIeIOBAaHMS KOMITBIOTEPHOW MOJAEIM Ha OCHOBE MexaHudeckoil oopabotku I'TIC, rae anropuTM coriacoBaHHON U
CHHXPOHHOM paboThI CHCTEMBI NIPEJICTABIICH B BUE KOMIUIEKCHOH ceTH [leTpu.
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Magistral boru kamarlarinds neft mohsullarinin sixhginin éiciilmasino nazarat
cihazinin tadqiqi

Omiraslanov Bohruz Qurban oglu 282

Sumgqayit Dévlat Universiteti, Sumqayit, Azarbaycan, tex.f.d., bas miiallim
baxruz.amiraslanov@sdu.edu.az

MOQALD HAQQINDA MOLUMAT XULASO

Maqalanin tarixcasi Magalada mikrokontroller, aerometr, piknometr, mexaniki rezonatorlu
Daxilolma tarixi: 11.04.2025 kamerton tipli vibrasiya-tezlik sixligolgani vasitosilo neft moahsullarinin
Diizalis tarixi: 20.05.2025 sixhgmmn  dlgiilmasi  todqiq  olunmugdur.  Magistral kamorlarlo  neft
Qabulolunma tarixi: 04.06.2025 Mohsullarimin naqli zamami borudan kegon neftlo birlikda qaz gatisiglar

oldugu soraitdo  sixligin olgiilmasi zamam miixtalif 6lgma metodlar, o
Acar sozlar ciimladon gamma siia sixliq 6lgmasi iisulu ils isloyan cihaz tohlil olunmusdur.
tok fazali axin, aerometr, sixligélgan, Takagi-Sugenoya osaslanan Adaptiv Neyro Qeyri-salis Natico Sistemi
piknometr, sixiigin 6l¢iilmasi, (ANFIS) arxitekturali eksperimental qurguda  tadqiqatlar aparilmisdir.
mikrokontroller, nazarat va monitoring ~ Qurgunun sxemi tasvir edilmisdir. Boruda neft va qaz oldugu tarzda sixiigin
qurgulari oletilmasi tigtin Stini Neyron Sabakasi (ANN) modelindan istifads edilmisdir.

Naticalor analiz olunmusdur.

Giris

Bir ¢ox sonaye saholorinds o ciimlodon, boru komorlorindon neftin vo neft mohsularinin
torkibnin qatisiglardan ibarat olmasina rogmon neft mohsullarinin sixliginin toyin edilmaesi, elo
nagletmo prosesindo vacib olur. Bu magistral komorlorlo neftin axidilmasi vo onun texniki
parametrloring nazarat edilmasi somaraliliyi artirmis va eloca do, yaradilmis nozarst sistemi onun
tohliikosizliyino tominat vermis olur. Sixligin 6l¢iilmosi zamani istismar soraitindon asili olaraq
miixtolif 6lgmo metodlart totbiq olunur. Metodlarin totbiq olunmasi hansi sonaye sahasindo
Olgmolorin aparilmasi, 6lgmo parametrlorino nozarotin hoyata kecirilmosi, habelo istehsalatdan
daxil olan molumatlarin toplanmasi, emal edilmasi magsadilo sistemo mikrokontrollerlor daxil
edilir.

Mikrokontroller, bir inteqrasiya olunmus dovronin kompakt formasidir ki, bu sistemdo
miioyyon bir amaliyyati idara etmok {iglin nozards tutulmusdur. Mikrokontroller, bir ¢ip tizorindo
prosessor, yaddas vo giris-cixis periferiya qurgularmi 6ziindo ehtiva edir. Umumiyyatlo,
mikrokontrollerlordon bir ¢ox saholordo, avtomobil miihorrikinin idarsetmo sistemlorinda,
robotlarda, tibbi cihazlarda, avtomatlarda vo ev asyalarinda, digor cihazlarla birgs istifads olunur.
Onlar, daha bdyiik bir komponentin kicik xiisusiyyetlorini idaro etmok {ii¢lin hazirlanmis sada,
miniatur cihazdir vo miirokkob omaliyyat sistemi olmadan foaliyyst gostorirlor.

Mikrokontrollerlarin isloma prinsipini bir cihazda tok bir funksiyan: idars etmok {igiin bir
sistemin i¢indo yerlosdirilon, giris-¢ixis periferiyalarindan aldigi molumatlar1 sorh edon, morkozi
prosessordan istifado edon qurgu kimi tosovviir etmok olar. Mikrokontrollers daxil olan molumat
miivoqgoti olaraq onun molumat yaddasinda saxlanilir, daha sonra burada prosessorla alaqaya girir
va prosessorun proqram yaddasinda saxlanilan tolimatlardan istifado edorok daxil olan molumatlari
aydmlasdirir. Habelo miivafiq qorar gobul etmok vo {insiyyot qurmaq mogsadilo giris-¢ixis
periferiyalarindan istifado edir.
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Noazarat cihazlarini dyronarken mikrokontrollerlordon miixtslif, ayri-ayr1 sistemlorin isindo
vo cihazlarinda istifado olunmasi xiisusi qeyd olunmalidir. Sistemdo istifado olunan cihazlar
miivafiq vozifolorini yerino yetirmoklo yanast bu nozarot sisteminds birlikdo foaliyyot gostoron bir
ne¢o mikrokontrollerdon eyni zamanda istifado eds bilorlor. Buna misal olarag bir avtomobilds
qurasdirilmis bir nego mikrokontroller ola bilar ki, bu kontrollerlor miixtalif fordi sistemlors - aylac
Sistemina, yanacaq inyeksiyasina nozarat edib, onlarmn isini idaro eds bilor. Bu mikrokontroller
digorlari ilo linsiyyot quraraq avtomabilin harokotini vo 6l¢gma cihazlarina noazarsti hoyata kegiro
bilirler.

Bozi hallarda avtomobillorin daxilindo qurasdirilmis, struktur baximdan miirokkob olan
morkozi kompiiterlo alage (iinsiyyat) qura bilirlor. Elo mikrokontrolllerlor do olur ki, yalniz digor
foaliyyot gostoron mikrokontrollerlorls interfeys qura bilirlor. Onlar sistemo daxil edilmis giris-
cix1s periferiya qurgularindan istifado edorok molumat taplayaraq gondorir vo homin moalumatlar
emal edorok, garsitya qoyulmus vazifalori yerino yetirirlor.

Baxdigimiz moqalodo neft mohsullarinin magistral komorlori ilo naqli prosesindo neftin
sixligmin toyini zamani mikrokontrollerin asas vozifasi sixliq vericisindon daxil olan signali,
nozarat vo emal prosesinds rabito kanallarina istigamotlondirmok vo magistral kanala otlirmokdir.
Yaradilmig vo foaliyyot gostoron magistral kanal 6l¢molorin hoyata kegirilmosi zamani signallarin
tez, kicik zaman intervalinda daxil olmasini vo nozarot-idarsetmo sistemindo Slgmo keyfiyyot
omsalini yliksoltmayi tomin edir, bir s6zlo sistemin etibarliligini yiiksaldir.

Belo cihazlar asasinda idaroetmo panelino daxil olan signali, sazlanaraq (kalibrlosdirarak),
grafiki asililiglara vo molum alqoritmlora gors hesabat aparilir, borudan kegon neft mohsulunun vo
qatisiglarin sixligr toyin edilir, nozarst sistemino tosir edon informativ vo geyri-informativ
komiyyatlor riyazi diisturlar osasinda hesabatlari aparilir.

Problemin aktualligi. Neft mohsullarinin sixliginin 6lgmo metodlari vo mévcud nazarat 6l¢gmo
cihazlarmin miigayisali tohlilini aparmaq magsadilo avvalco geyd etmoaliyik ki, neft mohsullar {igiin
sixliq standartlagdirilmis miitloq parametr olub, sixlig1 lgiilon mohsulun bir vahid hacmdaki kiitlo
miqdaridir. Kiitlo miqdart iso standartlagdirilmis sistemdo kilogramlarla, hocmi iso kub metr ilo
Olgiiliir. Noticado, Olgiilon miihitin sixlig1 kilogram/kub metr ilo Olgiilir. Bu gostorici neft
mohsullarinin kiitlasi hagqinda miioyyon bir anlayis verir. Neft mohsullart maye soklinds olsa da,
onlarin miqdarmi diger mayelordo oldugu kimi toyin etmok (litrlorlo 6l¢gmok) miimkiin deyildir.
Neftin saxlandigi qabin hacmini bilmokls vo buna osaslanaraq konkret neft mahsulunun miqdariin
nd qadar oldugunu anlamaq miimkiin olmur. Bels ki, neft mohsullar1 torkibinin qatisiglarla birlikdo
mozmununun, hocminin otraf miihitdo havanin temperaturunun doyismosi sabobindon onunla
adekvat olaraq doyismaesina fikir vermok lazimdir. Lakin bununla yanas1 6l¢iilon neft mohsullarinin
sixliginin xarakteristikalarina istinad edorak, kiitloni miioyyon etmok miimkiindiir.

Magqalodo todqiqatlar noticesinda, asagida, neft mohsullarimin sixligini miioyyon etmok
mogsadilo bir nego metod arasdirilmis vo metodika toklif edilmisdir ki, bu da sixligin doqiq 6lgmo
aparilmasma nail olmaga imkan verir. Metod vo metodologiyanin se¢imi borudan kegon maye
axininin va qatisiqlarin sixligr 6l¢iilon miihitin axinina garst gostorilon miigavimat parametrindon,
eloco do analizin aparilmast kigik zaman aninda aparilmasi, neft mohsulllarinin miqdarmin toyin
edilmasi, bu miqdarin tolob olunan 6l¢monin yiiksok daqiqlikls aparilmasi parametrlorinin toyin
edilmasi ilo miisayat olunur.

1. Standartlasdirilmis cihazlardan olan aerometr neft vo neft mohsullarinin sixhgmn 6l¢iilmasi
mogsadilo  foaliyyot gdstorir. Istonilon maye qatisiglarinin substansiyalarinin  sixliginin
xlisusiyyatlorini 6lgmok tigiin hazirlanmis aerometr konstruktiv cohoatdon elo qurulmusdur ki, hom
neft mohsullarinin temperaturunu vo hom do mayenin nisbi sixlig1 toyin edilo bilir. Bu ciir qurgu ilo
olgmalar silindrik formada gotiiriilmiis gabdan ibaratdir. Bu qab ilo 6lgms aparmaq {ig¢iin gabin
hiindiirliiyti elo gotiiriilmalidir ki, gotliriilmiis qabin hiindiirliiyli 6lgme aparmaq ii¢lin nozorde
tutulan qabmn uzunlugunun besdo birindon ¢ox olmasm. Olgmoalor belo aparilir: Olgmolorin
aparilmasi liciin neft mohsullar1 tokiilmiis qabin onun sabit bir voziyystdo gorarlagmasina kimi
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gozlomok lazimdir. Bu zaman alotin skalasindaki gostoricine nazords salaraq arasdirilan mayenin
temperaturunu toyin edilir. Daha sonra aerometrs daxil edilon cadvaldon saquli xattdo temperaturu,
iifiiqi xotdo iso aerometrin gdstoricisini qeydo almagla toyin edilir. Ufiiqi vo saquli xotlori
¢okmoklo bu xotlorin kosigsmosinds yerlogon yerdon axtarilan mayenin sixliq gostoricisi gotiiriiliir.
Biitiin bu 6lgmalor, yoni sixlig1 6l¢iilon mayenin 20° C temperaturunda aparilir.

Ozliilityii cox olan mayelorin sixligim dlgmok iiciin arasdirilan maye, avvalcodon sixlif
molum olan kerosin ilo eyni miqdarda gétiiriiliir. Olgma cihazinin gdstoricilori oxunduqdan sonra,
ilkin neft mohsulunun sixligin1 hesablamagq tigiin tortib olunmus formul vasitssils toyin edilir. Qeyd
edok ki, mayelarin sixliglart li¢lin aerometrin maksimum vo minimum sarhadlari, qiymaetlori gobul
olunmusdur.

2. Piknometr vasitasi ilo 6lgmolorin aparilmasi. Piknometr, neft mohsullarmin sixligini,
neftin hacmini toyin etmoyo imkan verir. Piknometr hom do temperaturun doyismasino osaslanan
istiliyo davamli siisodon hazirlanmis rezervuardir vo bu rezervuar, i¢cindoki mayenin hacmini toyin
etmok {iciin 6l¢ii xatlori ilo isarolonmisdir. Olgmo prosesini yerino yetirmak ii¢iin avvalco mayeni
rezervuara tokmok lazimdir, bu zaman mayenin 20° C temperaturunda qorarlagmasina diqget vermok
lazimdir, belo ki, mayenin temperaturu gostorilon temperaturdan yuxari olmasi zamani mayenin
soyudulmasina, asagi oldugu halda iso gostorilon temperatura kimi qizdirmaq lazim golir. Cokiniin
Olciisii rezervuarin yliksok Olgmo doqiqlikli cihaz1 vasitesilo toyin edilir. Alinan kiitlodon
rezervuarin kiitlosini ¢ixmaqla konteynerin kiitlosi alinir, daha sonra iso alinan kiitloni rezervuardaki
mayenin hacmina bélmaklo mayenin sixligi hesablanir. Piknometrdon hom do neftin emali zamam
neft mohsullarinin sixligini hesablamag magsadilo distillo edilmis su ilo 6lgmo metodundan istifado
edilir. Bu todgiqat metodundan istifado edilmasi {iglin distillo edilmis su oldo etmok vo suyu
rezervuara igaro edilmis yera godor doldurmaq lazimdir. Daha sonra rezevuarin ¢okisini elektron
¢oki vasitasilo 6lgmali va su kiitlosindon rezervuarin kiitlosini ¢ixmagqla, alinan roqgomi 1 ml distillo
edilmis suyun kiitlosino barabor(0.99823) rogomo vurmagqla mayenin hacminin hesabatini aparmaq
olar. Bundan sonra arasdirilacaq mayeni isaro olunmus yers qador doldurdugdan sonra, yuxarida
gostorildiyi kimi, 20°C temperatura kimi isitmoklo, isidilmis maye rezervuarimi elektron gokido
0lemokla, isidilmis mayenin kiitlosindon bos rezervuarinin kiitlosini ¢ixmagla vo avvalki hacmo
bolmoklo mayenin sixliginin hesablanmasina nail olunur.

3. Sixligdlgan(densimetr) vasitasilo lgmo aparmaq maddaslarin, neft mohsullarinin sixligini
miioyyan etmok demokdir. Aerometrdon forqli olaraq, sixligdlgonlorin konstruksiyasinda yalniz bir
oOl¢ili gostaricisi var ki, bu da sixligin dayarini gostorir. Sixligdlgonlorin is prinsipi, yoni mayelorin
sixligmin toyin edilmoasi  kamerton tipli sixligdlgonlorin borusunun i¢indon axidilan mayenin
sixligdlgonin borusunun rezonans tezliyindon asili olaraq doyisilmosine asaslanir ki, bu da maye
mihitinin sixligiin tayin edilmosi kimi basa diistilmalidir [1].

Hal-hazirda mexaniki rezonatorlu vibrasiya-tezlik sixliqdlgonlori, onlarm elastik
elementlorin parametrlorinin mexaniki qiymatlorini, tazyiqi, temperaturu vo mayelarin ozliliyiini
6lemok iiclin genis yayilmisdir.

Sixligdlgon  vasitoesilo  6lgmo  prosesindo  mayenin  temperaturu  boruya  maye
doldurulmamisdan avvel vo maye dolduruldugdan sonra 6lgiiliir, gdstoricilor arasinda forqi toyin
etmklo 6lgmo prosesi hoyata kegirilir. Bununla yanasi aerometr {iciin ayrica ayrilmis codvaldon
istifads edilorok temperaturun orta qiymati toyin edilir. Mayenin sixlig1 20°C temperaturda tapilir.

Sixligdlgon vasitesilo mayelarin sixligint toyin edon zaman ola bilor ki, sixligin yiiksok
daqiqlikle aparilmas {iglin mévcud 6lgmo metodlart 6ziinii dogrultmasin. Ona gora sixhigr yiiksok
doqiqgliklo 6lgmo aparilmasi iigiin rogomsal aerometr vo sixligdlgonlordan istifado etmok tovsiyo
olunur.

Problemin halli vo vo moqalonin praktiki ohomiyyoti. Olgmo doqigliyini yiiksoltmok vo
effektivliyini, etibarligin1 artirmaq moqsadilo ononovi metodlardan istifadoden imtina edorok
gamma sixliq 6lgmo sistemi metodunu 6z islorinde miixtalif alimlor genis isiglandumislar [2].
Yiiksok 6lgmo doqiqliyin almaq vo masafodon 6lgmo aparmaq miimkiin oldugundan sixligin gamma
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stia 6lgmo metodu ilo aparilmasi magistral kamarlorde neftin vo neft mohsularinin sixliginin toyini
zamani genis totbiq edilir. Ogor neft boru komorlorindo neft tok faza axini ilo axidilirsa bu zaman
sixligin Olgiilmasi bir detektordan istifado etmoklo aparilir. Borudan kegon neftlo birlikdo gaz
qatisiglart da olarsa, yoni iki fazali axin togkil edirso bir monbo vo bir detektor adlanan gamma siia
sixliq Olgmosi tsulu ilo mayenin sixligini toyini mogsedouygun sayilmir. Tok fazali axinla
miiqayisada, qaz-maye iki fazali axinda neftin birbasa vo dolayisi ilo parametrlorini daqiq 6l¢gmak
cotinliklor yaradir.

M. Khorsandi, G.H. Roshani islorinds [3,4], qaz-maye iki fazali axinlarin tobagali rejiminda
(horizontal borularda on tipik axin rejimi) maye fazasinin sixligini ikili modalliq sixliq 6lgma
texnikas1 vo siini neyron sobokasi (ANN) kombinasiya edilorok 6lgmoyin miimkiin oldugunu siibut
etmisdir. Bu islordo, maye fazasinin sixligint 6lgmok {igiin, miisliflorin ovvalki islorindo istifado
olundugu kimi, halga rejimi totbiq edilmisdir ki, bu da saquli borularda on tipik axin rejimlorindon
biridir.

M. Khorsandi, G.H. Roshani [3.,4] 6z tadgiqatlarinda, maye vo qaz qatisigi ti¢iin iki fazali
axinlarda dairovi sobokodo maye vo qazlarin mosafodon sixligint 6lgmok toklif etmis vo siini
neyron sobokasino (Artificial Neuron Network) asaslanan metoddan istifade etmisdir. Sobokonin
yoxlanilmast tigiin ilkin giris malumatlar daxil edilorok eksperiment qurgu toklif etmisdir. (Sakil).
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Sakil. Takagi-Sugenoya asaslanan ANFIS arxitekturasi asasinda eksperimental qurgunun sxemi.

Simulyasiya naticalorinin qiymatlondirilmasi prosesindo miixtolif diametrli borulardaki
maye sixliginin toyin olunmasi miimkiin olmusdur. Eksperimentlor benzin vo dizel yanacagi
tizorindo aparilmis vo bu neft mohsullarinin sixligt 0.1 g/em® doqiqlikle toyin olunmusdur. [5]
adabiyyatini tohlil edorok Adaptiv Neyro Qeyri-salis Natico Sistemindon (ANFIS) istifads edorok,
ilkin giris olaraq borunun diametri vo detektorun sonunda qeydo alinmig fotonlarin say1
gotiirlilmiis, ¢ixis komiyyoti iso mayenin sixligr olmusdur. Monte Karlo simulyasiyasindan
istifado edilorok molumatlar1 iki fazali axin iigin ANFIS modelindo test etmok miimkiin
olmusdur. Miixtolif diametrli borularda mayelorin sixliginin 6lgmo xotast  2.64%-don ¢ox
olmamagla tayin edilmisdir.

[6] adebiyyatini tohlil edarak ikili modalliq, yani boruda neft va qaz oldugu torzds sixligin
Olciilmosi iiclin Siini Neyron Sabokasi (ANN) modelindon istifads edilmisdir vo ilk dofo olaraq
axin rejiminin noviini ayird etmoakls qaz-maye {liciin axinda qiymatlondirmayi toklif olunmusdir.
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Bu metodologiyaya osaslansaq todqigatlar zamani borudan neft mohsullarinin axidilmasi
zamani dairovi, tobogoli vo homogen axin rejimlorini toyin etmok miimkiindiir. Hor bir neft
mohsulunun fazasiin fraksiyasi 1.1%-don az 6lgmo xotas1 proqnozlasdirilmisdir [7].

Maqalonin miislliflori torofindon todqgiqatlar davam etdirilir vo naticalor program vasitasilo
doaqiqloesdirilir.

Natica
Neft mohsullarinin sixliginin 6l¢lilmosinin toklif olunan nozarst sistemi todqiq edilorkon bir sira
naticalor alinmisdir:

1. Neft mohsullarinin sixligmin 6l¢iilmasi, onun effektivliyinin tominati vo tohliikasizliyin
artirilmasi tigiin roqomsal sixligolgonlordon istifado daha miiasirdir. Rogomsal sixliqdlgonlor miiasir
nozarat sistemlorindo osason insan faktorunun istirakini minimuma endirmok, noticodo neft
mohsullarinin sixliginin 6l¢gmao prosesini avtomatlasdirmaga imkan vermisdir.

2. Avtomatlagdirilmis 6lgmo prosesindo sixligin ultrasonik, tezliyo goro vibrasiya tisulu ilo
sixligin doqiq Olglilmoasi metodlarindan istifado etmoklo molumatlarin toplanmasi miiasirdir,
miitoraqqidir.

3. Toklif olunan yeni metod vo metodologiya osasinda neft mohsullarinin sixliginin
Olgiilmosi molumatlarinin toplanmasinin morkozlogdirilmasi vo xiisusi proqramlar osasinda
analizlorin aparilmasi miitomadi tomin edilir.

4. Noticolor tortib olunmus proqram vasitosilo yoxlanilmigdir vo miixtolif diametrli
borulardaki mayelorin sixliginin toyin olunmasinin tacriibi naticolori kompiiter simulyasiyasi ilo
qiymatlondirilmisdir.

Idabiyyat

[1]. AmupacnanoB, B.K. HoBbeiii moaxom K pa3paboTKe maTyMKa HM3MEPEHHS IUIOTHOCTH
OMHOTPYOHBIM  TpPyOYaThIM  pPE30HATOPOM C  DJICKTPOMArHUTHOM  KOMIleHcamued /
b.K.Amupacnanos // CI'Y Hayunsle u3ectusi. Cepusi: EcrecTBeHHbIE U TEXHUYECKHE HAYKH. —
2024. — T. 24, Ne 3. — C. 84-88. — DOI 10.54758/16801245 2024 24 3 84. — EDN IGETYP.
https://www.elibrary.ru/item.asp?id=80062193

[2]. Yu Zhao [et al.] Recognition and measurement in the flow pattern and void fraction of
gaseliquid two-phase flow in vertical upward pipes using the gamma densitometer, Appl.
Therm. Eng. —2013.

[3]. Roshani G.H. [et al.] Design and construction of a prototype gammaray densitometer for
petroleum products monitoring applications, Measurement, —2011

[4]. Khorsandi M. [et al.] Application of adaptive neuro-fuzzy inference system in prediction of
fluid density for a gamma ray densitometer in petroleum products monitoring Measurement, —
2013

[5]. Radiation Meas. Developing a gamma ray fluid densitometer in petroleum products monitoring
applications using Artificial Neural Network, —2013

[6]. Roshani G.H. [et al.] Flow regime identification and void fraction prediction in two-phase
flows based on gamma ray attenuation Measurement , —2015

[7]. Nazemi E. [et al.] Optimization of a method for identifying the flow regime and measuring
void fraction in a broad beam gamma-ray attenuation technique.
https://pipe-s.ru/izmereniye-plotnosti-nefteproduktov-v-truboprovodakh/

81


https://www.elibrary.ru/item.asp?id=80062193
https://www.sciencedirect.com/science/article/pii/S1359431113004948
https://www.sciencedirect.com/science/article/pii/S1359431113004948
https://www.sciencedirect.com/science/article/pii/S026322411100176X
https://www.sciencedirect.com/science/article/pii/S026322411100176X
https://www.sciencedirect.com/science/article/pii/S0263224113003047
https://www.sciencedirect.com/science/article/pii/S0263224113003047
https://www.sciencedirect.com/science/article/pii/S1350448713002527
https://www.sciencedirect.com/science/article/pii/S1350448713002527
https://www.sciencedirect.com/science/article/pii/S0263224114005417
https://www.sciencedirect.com/science/article/pii/S0263224114005417
https://www.sciencedirect.com/science/article/pii/S036031991530882X
https://www.sciencedirect.com/science/article/pii/S036031991530882X
https://pipe-s.ru/izmereniye-plotnosti-nefteproduktov-v-truboprovodakh/

Omiraslanov B.Q. | Scientific News 25 Issue 4 (2025)

Summary
Research on a control device for measuring the density of petroleum products in main oil pipelines
Amiraslanov B.G.

Key words: single-phase flow, arimeter, densitometer, pycnometer, measurement of density, microcontroller,

control and monitoring devices.

The article is devoted to the study of a device that controls the determination of density in the process of
transporting oil products through main pipelines. Various measurement methods used are compared and a new
methodology for measuring density is proposed. For the purpose of the study, an experimental device was developed
and the device scheme is given in the article. The results are analyzed.

Pesiome
HcciienoBanne ycTpoiicTBa KOHTPOJISI H3MEHEHHUsI IIOTHOCTH HeTenPOAYKTOB B MATMCTPAIbHbIX
TpyOonpoBoaax
Amupacnanos b.I.

Knrouesvie cnoea: 00noghasnvlii NOmMoK, aspomemp, WIOMHOMED, NUKHOMEmp, U3MepeHue NAOMHOCMU,
MUKDOKOHMPOILIED, YCMPOUCHEA YAPAGIEHUSL U KOHMPOIISL
CraThsi TOCBSIICHA HCCICAOBAHUIO YCTPOMCTBA, KOHTPOJMPYIOLIETO ONpEAeICHHE IUIOTHOCTH B IpoIiecce
TPAHCIIOPTHPOBKKA HE(PTEMPOAYKTOB MO MArMCTPaJbHBIM TPyOOmpoBogaM. BbLTI MpoOBeleH CPaBHUTEIBHBIN aHAIH3
pa3IMYHBIX METOMOB HM3MEPEHHS] W MpPEAIOKEHA HOBas METOMOJOTHSI HM3MEPEHHs IUIOTHOCTH. [ mpoBemeHus
Hccie0BaHus OblTa pa3paboTaHa dKCIEPUMEHTANbHAsL YCTaHOBKA, CXeMa KOTOPOM IpHBE/icHa B cTaThe. Pe3ynbraTh
OBbUIH POaHATM3UPOBAHEL.
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Elektrik intiqal miiharriklorinin dolaqlarinin hazirlanmasi va
yerlosdirilmasi metodikasinin todqiqi

Balayeva Ofila Hasanbala quzi <2

Sumgqayit Dévlat Universiteti, Sumqayit, Azarbaycan, tex.f.d., miiallim
afila.balayeva@sdu.edu.az

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Maqalada istehsalin, xalq tosorriifatimin va neft Sonayesinin  miixtolif
Daxilolma tarixi: 18.07.2025 sahoalarinds istifado olunan miiasir elektrik miiharriklorindaki giisuriarin
Diizalis tarixi: 20.09.2025 sobablori, elektrik miiharriklorinin istismar: zamani yiiksok etibarliliga va
Qoabulolunma tarixi: 04.12.2025 faydali somoaraliliya nail olmagq iigiin asash tomir zamani méveud elektrik
miiharriklorinin -~ sarimlarimin - va  rulonlarmin  istehsal  texnologiyasi,
Agar sozlar sarimlarin tasnifatt miizakira olunur. Eyni zamanda, bobinlarin statorun
dolaq, qiitb bolgiisii, stator yuvalart, magqnit dovrasi boyunca yivlara yerlasdirilmasi, bobinlarin giith bélgiisiiniin
asinxron miiharriki, dolaq addimi, Va fazasimin miiayyanlasdirilmasi masalalari nazardon kegirildi

stator niivasi

Giris

Elektrik masinlarimin etibarliginin yiiksaldilmesi problemi miixtolif istehsal sonayesi, xalq
tosorriifati  vo neft sonayesinin miiasir inkisaf marhololorinda osas yer tutur. Istehsalatin biitiin
sahalorindo elektrik masinlarinin istismar prosesindo yiiksok etibarlilia, uzundmiirlitys malik
olmas1 ohomiyyetli dorocods vacib masololordon biridir. Movcud odobiyyatlarda elektrik
masinlarinin dolaglar1 hagqinda molumatlar verilmisdir [1-8]. Lakin, buna baxmayaraq elektrik
masinlarinin  tomiri  vo todrisi liglin onlarin  dolaglarimin  kompleks halinda tosnifatt vo
hazirlanmasinin metodikasinin islonib hazirlanmasi aktual maosalolordondir. Praktiki hesabatlar
gostorir ki, elektrik maginlarinin xidmot miiddotinin vo onun etibarhiginin yiiksoldilmosi xalq
tossariifatinin inkisafina boytik effekt verir. Bu da iqtisadi gostaricilarin, faydali is amsalinin, giic
omsali vo istifado amsalinin yiiksalmosine sobob olur. Elektrik masinlart uzunmiiddatli istismar
miiddating hesablanaraq hazirlanir. Bazon generatorlar vo miiharriklor nozords tutulmus miiddstds
Oziini dogrultmur, bunlarin bozilori tez siradan c¢ixir vo noticodo elektrik masinlarinin is
qabiliyyatinin pozulmasi imtinaya sobab olur. Biitiin imtinalar miixtalif qiisurlardan asili olaraq
yaranir. Onlar1 elektriki vo mexaniki nasazliqlara ayirmaq olar. Elektriki qiisurlar birbasa elektrik
maginini imtinaya gotirib ¢ixardir vo bunlar elektriki hissalorin siradan ¢ixmasi, izolyasiyastyanin
zodolonmosi, izolyasiyanin miiqavimatinin azalmasi (izolyasiyanin kohnalmesi), masmin daxili
birlosmasinda kontaktlarin vaziyyatinin pislogsmasi, kollektorda qigilcimlarin yiiksalmasi, homginin
magqnit sisteminin sixtolonmis voraqgoalori arasindaki izolyasiyanin zodolonmasi, sargilar aras1 qisa-
gqapanmalarin yaranmasi, dolaglarin qirilmasi, izolyasiya ilo korpus aralifinin desilmosindon
ibaratdir. Mexaniki qiisurlar da elektrik masinlarinin imtinalarma sabob olur vo bunlar yastiqlarin
siradan ¢ixmasi, kollektorun kontakt halgalarinin, firgalarin yeyilmasi va siirtlinmadon kéhnalmasi,
valin deformasiyasi, maqnit sisteminin preslonmis varagalorinin bosalmasi, hamginin ventilyatorun
zadolonmasi vo ya ventilyasiya kanallarmin tutulmasi bir basa dolaglarda qizma temperaturunun
toyin olunmus hoddlorden yuxari qalxmasina sobob olur. Dolaglarin temperaturunun hodden artiq
yiiksalmasi miiharrikin diizgiin olmayan istismar1 vo yliklonmalorin nominal gostariciloring uygun
olmadig1 hallarda yaranir. Tez-tez imtinalarin, mexaniki qiisurlarin bag vermasi elektrodinamiki
qiivvolorin  tosirindon, yiiksok titromolordon elektriki nasazliglara ¢evrilo bilir. Masalon,
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soyudulmanin pislogsmasi izolyasiyanin tez kohnolmosino gotirib ¢ixardir ki, onun elektrik
mohkomliyinin asagi diismasi sonda dolaqlarin 6z aralarinda, dolaglarla gévdo vo fazalar arasinda
qisa- gapanmalar ilo noticolonir. Asinxron miiharriklorinin imtinasinin bdyiik oksoriyyati stator
dolaglariin diizgiin yerlosdirilmomosindon irali golir vo bu sobobdon tomir zamami sargilarin
yerlosdirilmoasinin yiiksok keyfiyyatlo aparilmasina diqqet yetirilmali, elektrik masinlarinin tomiri
zamani dolaglarin hazirlanmasi, onlarin yuvalarda diizgiin yerlosdirilmasi vacib masalolordondir.

Qoyulmus moasalonin tahlili. Bildiyimiz kimi stator vo rotorun magnit axininin kegdiyi
hissalorino onlarin maqnitkegiricilori vo ya niivalori, magnit qiivve xotlorinin kegdiyi biitiin yola iso
maginin maqgnit dovrasi deyilir. Elektrik maginlarinin rotorun firlanmasi iiglin stator dolaqglarinda
maqnit qiivvo xotlori kasigir vo onlarda e.h.q. yaranir. Elektrik maginlarinin dolaqlarinda firlanan
maqnit sahosini aldo etmoklo yanasi, onlarin bilavasito istiraki ilo enerji bir sokildon basqa bir
soklo ¢evrilir.

Dolaq sargilarinin konstruksiyasi, onlarin yuvalarda yerlosdirilmosi vo 06z aralarinda
sxemlorinin birlosdirilmosina goro masinlarin tipindon, toyinatindan asili olaraq miixtalif névloro
ayrilirlar. Elektrik maginlarinin konstruksiyasindan, giiciindon asili olaraq dolaglar miixtalif
qurulusa vo xarakterik xiisusiyystloro malik olmagqla, onlarin totbiq saholori do miixtalifdir.
Elektrik masinlarinin dolaglart hamginin naqiller sistemi adlanir vo miioyyon sxemo osason 0z
aralarinda magqnit sahosini yaratmaq vo yaxud induksiyalanan elektrik coroyanini yaratmaq
mogsadi ilo birlesdirilir vo masmin torpanmoz vo firlanan (stator, rotor, 10vbaor) hissolorinds
yerlosdirilir[1]. Tesirlonms dolaginin sargaci ¢ox sayl sargilardan hazirlanir[1]. Onlar polad
niivolora geydirilir hansi ki, birlikdo masimin qiitblorini togkil edirlor. Bu dolaqlar giith dolaglart
adlanir.

Sinxron masinlarin statorlarinin, asinxron masinlarin statorlarmin, faz rotorlu asinxron
masininin vo sabit coroyan masginlarinin 16vbar dolagi nisboton az sayda sargilardan ibarst olur.
Dolaglar niivelorin yuvalarinda barabar paylanir, buna goro do belo dolaqglar paylanmis dolaglar
adlanir.

Dolaglarin noviindon asili olaraq bir yuvada dolaglarin yuvaya aid olan bir torofini vo ya
miixtolif sargaclarin iki torafini yerlogdirmok olur. Birinci halda sargacin birinci torafi biitlin yuvani
ohato edir belo dolaglar birgath dolaglar adlanir. Ikinci halda dolaqlar yuvada iki qath yerlosdirilir
(‘alt qatda bir sarqac, listdoki qatda iso diger sarqac yerlosdirilir) vo bunlar ikigatl dolaglar adlanir.

Dolaglarin sargacinin konstruksiyasi, dizayni, elektrik masininin istehsal texnologiyasindan
vo yuvalara qoyulma iisullar1 iso onlarin hansi naqildon (dairavi vo ya diizbucaqli) sarinmasindan
asilidir. Dairovi naqilden hazirlanmis sargaclar yariqapali yuvalarda yerlogdirilir. Bu halda sarg:
nagqilleir sanki yuvaya sopilir vo ona goro do bu dolaqlar sapalanan dolaqlar adlandirilir. Yumsaq
(sopalonmis) dolaglar asason 100 kVt giico qgodor olan asinxron miiharriklori, homginin sabit
coroyan maginlarinin 16vboari vo kicik giicli  sinxron masinlariin statoru iiclin nozordo
tutulur[9;10].

Paylanmis dolaqlar bir, iki vo ya bir ne¢o sargidan ibarat ola bilor. Bu novli dolaglarin
birsargili sargact iki gubugun yaris1 kimi hazirlanir. Hor bir ¢gubuq bir yuvadaki hissodon vo alin
hissosinin iki yarisindan ibarat olur. Belo dolaqlar ¢ubuqlu dolaqlar adlanir. Cubuqlu dolaqglar
yuvalarda qurasdirdigdan sonra basliglar1 bir-biri ilo birlosdirilorok dolaq halina gotirilir. Alin
hissasinin oyilmas istigamatina géro onlar dalgavar: va ilgakvart dolaqlara ayrilirlar.

Sargact diizbucaqh nagqillordan hazirlanmis dolaqglar orta vo bdyiik giiclii masmlarin
statorunda yerlosdirilir, gubuqlu dolaqlar isa iri hidro v turbogeneratorlarin statorlarinda, asinxron
mihorriklorinin rotorunda, sabit coroyan masinlarinin isa 16vbarindo yerlosdirilir.

Elektrik masinlarinda hamginin gévdaden izolyasiya olunmayan dolaqlardan da (g¢ubuq
halinda) istifads olunur ki, bu dolaqlar qisa qapali rotorlu asinxron miiharriklorinin (dolo qofasli) vo
sinxron masinlarin dempfer (sakitlogdirici dolaq) dolaqlaridir. Birfazli miihorriklords iso buraxma
fazalarinin miigavimotinin yliksoldilmoasi moqgsodi ilo ¢ox sayl rezistorlarin qurasdirilmasinin
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aradan galdirilmasi ii¢ilin yiiksok igo buraxma coroyanina hesablanmis iso buraxma dolag: ilo yerino
yetirilir vo bu dolaq bifilyar dolaq adlanir.

Sarg - bu iki uclu ¢ixis1 olan vo yaxud bir uc sonlugu ndvbati sargi ilo birlogon nagqildir vo
sarg1 bir ne¢o naqildon ibarat ola bilor. Sargac - nagqillor kompleksi adlanir vo bir ne¢o sargidan
ibarot olur. Sarqaclar1 niivonin yuvalarinda  yerlogdirmak iigiin onlarin alin hissoalorine uygun
forma verilir. Sargac qrupu - Dolaglar sargac qrupundan ibarat olur. Qiitbli sargacli dolaglar
adaton sinxron masinin va sabit corayan masinlarinin niivasinin qiitblarine geydirilir.

Dolaq addim: - yuvalarda yerlosdirilon
sargacin toroflori arasindaki  mesafoys  deyilir
(sokill). O uzunluq vahidi ilo ifado edilmir, sargacin
ohato etdiyi yuvalarin say1 ilo toyin olunur vo kiril
olifbasinin “y” horfi ilo isars olunur.

Mosalon, sokil 1- do ogor y =7 olarsa, sargacin bir
torofi birinci yuvada yerlosirso, ikinci torofi iso 8 —
ci yuvada olmalidir: 1+7 =8. D
olaglarin addmm yalniz tam odod kimi ifado edilo Sokil 1. Yuvalar iizra dolaq addim
bilor belo ki, dolaglarin yuvaya aid hissosolori
miitloq yuvalarda yerlogsmoslidir. Dolaq addimi qiitb bdlgiisiine borabor vo yaxud ona yaxin
olmalidir. ©gor dolaq addimi qiitb bolgiisiine borabordirse, onda o diametral addim adlanir.
Diametral addimli dolaglar nadir hallarda vo yalniz kigik giiclii masinlarda totbiq edilir. Orta vo
yiiksok giiclii masinlarda, dolaq addimi qiitb bolgiisiine nozoron bir az forqli gotiiriiliir, yoni
qusaldilir. Bu masinin xarakteristikalarini yaxsilagdirir, buna goro do biitlin masinlarin dolaglarinin
alin hissisinin uzunlugunu bir qodor azaldilir[11;12]. Qisaldilmis addim

y =Pt 1)
olur. Burada B - qisaldilma omsalidir. Dayison coroyan masinlarinin oksariyyatindo qisaldilma
omsali §=0,8 nozordo tutulmusdur. Demoali, qsaldilmis addim - yuvalara gora dolaq addimi
olub (yuvalarin sayina goro) nisboton kicik diametrli olur. Yuxarida geyd etdiyimiz kimi elektrik
magsinlarinin dolaglart sargaclarin yuvadan konara ¢ixan hissolorinin (alin hissolorinin) ayilmao
istigamotina goro ilgokvari, dalgavari va qarisiq (kombins edilmis) novlii qurulusa ayrilirlar:

Ilgakvart dolaglar osason doyison coroyan masmlarinmn stator dolaglarmin sargist kimi
istifado olunur; dalgavart dolaglar osason faz rotorlu asinxron miiharriklorinin rotorunun sargisi
kimi istifado olunur; garisiq dolaglar (kombina edilmis) an ¢ox sabit coroyan masinlarinin 16vbar
dolaqglarinda istifado olunur. Faza dolaqlar - sargaclarin sayina
gora toyin edilon dolaq hissasidir. Ug fazali masimlarda onlar iic
ayri- ayr1 hissodon (fazadan) ibarst olur hansi ki, onlar agiq uclari
ilo vo olavo naqillordon istifado edilorok “ulduz” (X\) vo yaxud
“licbucaq”(A) birlesdirilir. Ug fazali masinlarinda faza dolaglari
bir - birindon 120 elektrik doracasi ilo siirigdiiriilir. Elektrik
masinlarinda faza dolaglarinin say1 m horfi ils isars olunur. O,
homiso qida monbayinin fazalarinin sayma barabar olur. Har bir
faza dolag1 bir nego sargac qrupundan ibarat olur, hansi ki, o da
bir neco sargacli olur. Qiith bélgiisii - qiitb bolgilisii hor qiitbo
diison yuvalarin sayidir. Qiitb bolgiisii eyni zamanda har qiitb
ticlin stator niivasinin gevrasinin qovs uzunlugunu tomsil edir va
latin olifbasinin "t “ horfi ilo isars olunur (sokil 2).

Niimuns olaraq sokil 2- o noazar salaq: - bildiyimiz kimi,
iic fazali sobokodon qidalanan masinlara {ii¢ fazali elektrik
mihorriklori deyilir. Onlarin dolaqlarinin hoar {i¢ fazasi eynidir, yoni eyni naqil ilo sarinir, eyni sayda
ardicilliga malikdirler, sargaclarin vo sargac qruplarinin bir - biri ilo olagelondirilmosi, onlarin
statorun magqnit dovrosino goro yuvalarda yerlosdirilmosi do eynidir [13;14]. Dolaq sargilarinin
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yuvalarda diizgiin yerlogdirmok {i¢iin stator niivosinin ¢evrasi sorti olaraq masinin qiitblorinin
sayma goro borabor hissoloro boliintir. QOvs bolgiisii ilo daironi bolorkon hor bir hissonin  qovs
uzunlugunu qiitb bolgiisii adlandira bilarik vo

T = mD/(2p) )
olur. Burada, D - statorun daxili diametri, 2p - masinin qiitblor sayidir.

Bir qiitb bolgiistinds Z /(2p) - gqodar yuva yerlosir. Simmetrik dolaglarin yuvalarinda her
bir qiitb bolgiisli faza dolaglar1 arasinda borabor paylanir vo hor fazada Z / (2pm) - godor yuva
yerlosir [15]. Bu rogom qiitblords vo fazalarda yuvalarin say1 adlanir vo q horfi ilo isars olunur vo
asagidaki kimi hesablanir

q=2/(2pm) 3
Asagida dolaglarin tosnifatina uygun olaraq miixtalif sargacli vo goriiniiso malik olan dolaglarin
yuvalarda yerlosdirilma tasviri verilmisdir (sokil 3;4;5;6):

Sakil 3. Sada ilgokvar: dolagin birlogma sxemi: S$akil 4. Dalgavar: dolagin sargact
T - qlith bolgiisii; y1 va y, - addim hissalori
2‘ - »
NI %
~ //
2 ! / /
3 04 /
a) b)
Sakil 5. Kombina edilmis dolaglarlar Sakil 6. Cubuqlu dolaglar:
1-ilgakvart dolagin sargaci; 2- dalgavari dolagin a - dalgavary, b - ilgokvari
sargaci

Dolaglarin hazirlanmast zamani onlara  garst qoyulan asagidaki  tolobloro diqgot
yetirilmolidir:

-dolaglar elo hazirlanmalidir ki, onun materiali hom c¢okiys goro, hom do fi.a. goro
gonaatbaxs olub uzunmiiddatli itifade olunsun;

- dolaqlar masinin istismar xidmati miiddsting uygun olaraq talab olunan mexaniki, termiki
va elektrik mohkomliyini tomin etmolidir.

Natica

1. Moqalads arasdirmalar naticosindo  yiingiil sonaye, kimya  miiossisalori, agir
metallurgiya, neft sonayesindo vo s. istifado olunan miiasir elektrik intigal miihorriklorinin
istismarinda oasasli tomir zamani sarg1 dolaglarinin  qurulusu, dolaglarin birlosmo sxeminin, qiitb
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bolgiisiiniin, faza dolaglarinin diizgiin toyin edilmosi ilo onlarin yiiksok etibarliliq vo f.i.a. - na
nail olunur.

2.Mogalods verilmis molumatlar sonaye miiossisolorinds elektrik miiharriklorinin
istismarinda osasli tomir zamani, ali moktob tolobolori iiglin “Elektrik intigal miiharriklorinin
istismar1 vo sazlanmasi” hamginin “Elektrik masilarin etibarligi vo diaqnostikasi” fonlarinin
monimsanilmasinds etibarli monbe hesab oluna biler.

I9dobiyyat

[1]. EpemeeB, A. OOmotku snektpuueckux MammH / A.EpemeeB, —M.-JI.: ['ocymapcTBeHHOE
sHepreTnueckoe uzaarenbcrBo, —2008, —c. 481. ISBN 978-5-4460-6977-4,

[2]. Anukeenko, B.M. OOmotounbie mpoBoxa. YueOnuk / B.M.Anukeenko, A.B.Ilerpocosa,
A.Il.ITuonoB. —M.: DnekTponuka, —2012, —312 c.

[3]. Ceprees, II.C. IIpoektupoBanue sacktpuueckux Mamm / I1.C.Ceprees, H.B.Bunorpamos,
®.A.I'opnunaoB. —M.: Dueprus, —1969. —450 c.

[4]. T'yceitnoB, P.A. IlpoektupoBanue OJHO(A3HBIX ACHHXPOHHBIX ¥  YHHBEPCAIbHBIX
KOJUIEKTOPHBIX JIBUTaTeNael. YueOHOe MocoOHe MO JAUCIMIUIMHE DIEKTPUYECKUE MAIIUuHbI /
P.A.T'yceitnoB. —Sumgqayit, —2011, —145 c.

[5]. Kambuios, W.IT. Dnektpudeckue Mamusbl. Yueb.as By3oB / WL.I1. Kanbuios, - 3- e w3z, ucp. —
M., 2002, —607 c.

[6]. Kauman, M.M. Dnekrpudeckue mamuubl. CripaBounuk / M.M. Karnman. —M.: KuaoPyc, —2015,
— 288 c.

[7]. Tpemos, .M. Mertoabl wucciaeaoBaHus MaiimH mepeMmeHHoro toka / WM.M.Tpemos. —JI.:
Oueprust, —2000. -125 c.

[8]. Orucov, Y.B. Elektrik masinlar1 / Y.B.Orucov. —Ganca: ADAU, —2009, —s. 140.

[9]. Balayeva, ©.H. Dolaglar1 yanmis vo texniki  gostoricilori molim olmayan asinxron
mitharrikinin sargilarinin vo texniki gostaricilorinin barpasi // Azarbaycan Dillor Universiteti,
Doktorantlarin vo gonc todqiqat¢ilarin XVIII Respublika Elmi Konfransi. —Baki, —2013, —s.
276-278

[10]. Balayeva, ©.H., Use Of Mechanical Braking Energy In Vehicles As Electricity And
Hydrogen Energy // International Association for Hydrogen Energy, Miami, Florida, United
States of America, —2023, —C. 48, —s. 31023-31039

[11]. Ba6aes, A.Jl., Axmenos, A.Jl., Ixxadapos I111.0., banaesa, A.I'. Kputepuu olieHKH KadecTBa
B CBHIMHOW OOMOTKM CTaTopa aCMHXPOHHOTO AJICKTPOJBHUTATENs MO 3aBeplieHHio mpoiecca //
HAA, CI'Y, ATY, Matepuansl VII MexnyHapoqHO Hay4yHO-TEXHUYECKOM KOH(pepeHIHH, —
Cywmrant, —2013, —€.117-1109.

[12]. Balayeva, ©.H. Elektriki vo qeyri elektriki qilisurlarin toyini vo onlarin xarakteristikalarinin
gostaricilori // SDU, Azorbaycan Elmi-Todgigat vo Layiho-Axtaris Energetika Institutu,
Beynolxalq konfrans, —Sumgqayit, —2015, —s.138-140.

[13]. ©mraliyev, A.B. Sinxronlagdirilmig asinxron masinin bazasinda uzununa — enino universal
tosirlonmo sistemi / A.B.Omraliyev, H.M.Nacibalayev, O.H.Balayeva [vo b.] //-Baki,
Azarbaycan Dovlat Doniz Akademiyasi, Elmi asorlor, Nel, —2015, —5.83-87.

[14]. VBanoB-Cmonenckuii, A.B. YHUBepcanbHbIi METO pacyera JJIEKTPOMArHUTHBIX HPOIECCOB
B anekTpuyeckux mammHax / A.B.MBanoB-Cmonenckuii, H0.B. A6pamkun, A.W. Bracos, [u
ap.]. [ox penakuueii UBanoBa-Cmonenckoro A.B. —M.: Dueproaromusaar, —2004, —245 c.

[15]. Mommodov, F.i. Elektrik miihorriklorinin  dolaglarma texniki nozarat, dolaglarda zodo
yerlorinin toyin olunma {isullart / F.I.Mommodov, ©.H.Balayeva // SDU Elmi xaborlor jurnals,
Tabiot vo texniki elmlor bélmosi, —C.15, Nel, —2015, —-s.63-70

87



Balayeva ©.H. | Scientific News 25 Issue 4 (2025)

Summary
Research of methodology for preparation and placement of electric transmission motor windings
Balayeva A.H.

Key words: winding, pole division, stator slots, asynchronous motor, winding pitch, stator core.

The article examines the causes of defects in modern electric motors used in various industries, the national
economy and the oil industry, the technology of manufacturing coils and windings of existing electric motors during
major repairs to achieve their high reliability and useful efficiency, and the classification of coils. At the same time, the
placement of coils in slots according to the magnetic circuit of the stator, the determination of pole division and phase
windings are considered.

Pe3rome
HccnenoBanue MeTOI0I0THH MOATOTOBKY U pa3MelleHUs] 00MOTOK 3JIeKTPOIBUTATEs
banaesa A.I.

Knrwouesvie cnosa: oomomka, nonocnoe oenenue, nasvl cmamopa, ACUHXPOHHbIN O8u2amens, waz 00MOmKU,

cepoeuHuKx cmamopa.

B crathe paccMaTpuBAIOTCS TMPUYMHBI BO3HUKHOBEHHUS Je(DEKTOB COBPEMCHHBIX 3JICKTPOJBHraTeNCH,
HCTIONB3YEMBIX B Pa3iIMYHBIX OONACTAX TPOU3BOJACTBA, HAPOJHOTO XO3AHCTBA M HEPTSIHOH MPOMBIIIICHHOCTH,
TEXHOJIOTUSI U3TOTOBIICHUS OOMOTOK M KaTYIICK ACHCTBYIOIIUX 3JICKTPOJIBUTATENCH MPH KAIlUTAIEHOM PEMOHTE IS
IOCTIKEHUS BBICOKOW HanekHOocTH W monesHoro KIIJ[ mpm sKcIuryatamyl 3IIEKTPOABHTATENCH, KiacCH(DUKAIUSI
oomotok. [Ipm 3TOM paccMmaTpuBaICh BOIPOCH pa3MEIICHHS KaTymIeK B Ma3axX 10 MarHWTHOH IIEMH CTaTopa,
OTIpEICIICHHS TIOMIOCHOTO JCTICHUS U (Pa3HOCTH KaTyIIeK.
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MOQALD HAQQINDA MOLUMAT XULASO

Magalanin tarixgasi Bu tadgiqat sistemli tahlil va modellagdirmanin problemlari va hall maokaninin
Daxilolma tarixi: 25.05.2025 anlasilmasinda rolunu arasdirir. Osas maQSad, qarsiligli miinasibatlorda
Diizalis tarixi: 20.07.2025 yanasmalarin modellogdirilmasi Vo tahlilinin effektivliyini miiayyan etmokdir.
Qabulolunma tarixi: 04.12.2025 Tadqiqat ¢ar¢ivasinda qeyri-funksional tolablor, sistemin dizayn xiisusiyyatlari

Vo  kritik  texnologiyalar  arasindaki  alagolar  asasinda  sistemin
Acar sézlar modellasdirilmasi iigiin addim-addim yanasma tatbiq edilir. Layihanin
modellasdirma, yanasmalar, saylar, yaradilmasi prosesinda kontekst va sistem xiisusiyyatlari tahlil olunur. Natica

geyri-funksional talablor, tohlil, tasir olaraqg, modellogdirmanin memarhq saylorini dastakladiyi va layihanin
hadaflarine ¢atmaq iiciin diizgiin spesifikasiya, dizayn va optimal garar
gobuletma prosesini tomin etdiyi miiayyan edilir

Giris

Miiasir diinyada informasiya sistemlori togkilatlarin faaliyystini optimallagdirmaq vo qorar
gobuletms prosesini dostoklomok ti¢iin vacib alatlordon biridir. Bu sistemlor verilonlarin toplanmast,
emal1 vo idaro olunmasini tomin edorok, miistoqil proseslorin tohlilino kémok edir vo sistemli is
foaliyyotini destokloyir. Daqiq vo diizgiin biliklorin tomin olunmasi iso togkilat daxilindo strateji
qorarlarin gabulunda kritik rol oynayir.

[lkin modellosdirmo va tohlil soylori problemin vo holl mokanmin anlagilmasina imkan
yaradir. Layiha irolilodikce, modellogdirmonin moqsadi spesifikasiyanin hazirlanmasina yonalir vo
dizayn alternativlorinin miioyyanlosdirilmasino fokuslanir. Reallasdirma morhoslasine kegid zamani
model va reallasdirma yoxlama mogsadilo miiqayise edilo bilor. Modelin osas funksiyasi sistemin
struktur arxitekturasini tosvir etmokdir [1,4].

Bu todqgiqatda modellogdirmonin  memarliq soylorini neco dostoklodiyi vo layiho
mogsadloring ¢atmagq tigiin diizgiin spesifikasiya, dizayn vo optimal gorar gobuletma prosesine neco
tohfo verdiyi aragdirilir. Diizgiin spesifikasiya vo dizayn iso miistori momnuniyyati, risk soviyyasi,
layitho mohdudiyyatlorine uygunluq (xorc, sy, vaxt) vo biznesin davamliligi (monfast marjasi)
baximmindan qiymotlondirilir. Bu mogsodo nail olmaq {iglin doqiq molumat, modellosdirma
naticalarinin diizgilinliiyti, kifayst qodor doqiqlik, isloma diapazonu va etibarliliq vacibdir.

Modellosdirma va tohlil yanasmalarina iimumi baxis. Toklif olunan metodologiya
sistemin sado modelindon vo onun kontekstindan istifado etmaklo hayata kegirilir. Bu yanasma hom
funksional, ham do davranis modellorinin totbiqini nozords tutur. Sistem daxilindeki komponentlor
— dizayn, reallasdirma, texnologiya se¢imlori vo onlarin naticolari do modellosdirilir. Modellogsdirmo
vo tohlil prosesi sistemin strukturunun vo foaliyyatinin daha derindon anlasilmasina, homginin
optimal qgorarlarin qabuluna sorait yaradir [2, 6].
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Sakil 1. Sistemin sada modeli va konteksti

Modellogdirmanin asas mogsadi layihonin reallagdirilmasi vo inkisaf prosesino dostok
vermokdir. Layihonin moqsadi iso homiso miioyyon bir kontekstds sistemi qurmaq vo totbiq
etmokdon ibarstdir. Bu yanasma istifado vo hoyat dovrii kontekstlorinin neco modellosdirilmali
oldugunu miioyyanlogdirmoays komok edir.

Sistemlorin inkisafinda ¢ox vaxt infrastrukturdan baglayaraq texniki xidmotloro vo daha
yiiksok soviyyali totbiq xidmatlorinin dostoklonmasina godar sistemin hoyat dovriine digqgat yetiran
bir xidmat tominatg¢isi maraqli toraf kimi istirak edir.

Sistem vo onun konteksti {i¢iin miixtalif modellor yaradila bilor. Bu modellordon bozilorini
yuxaridaki sxemds miisahido etmok miimkiindiir. Bununla bels, modellosdirmo prosesinin effektiv
olmas1 {i¢iin osas diqgot sistemin "qara qutu" goriiniisiing, dizaynina vo sistem ilo kontekst
arasindaki qarsiligh olagolors yonalmalidir. Bir daha vurgulamaq lazimdir ki, modellogdirmo 6zii
osas moaqgsad deyil, layihonin reallagdirilmasi vo sistemin funksionalligini dastoklomok tigiin bir
vasitadir.

Modellasdirma va tahlil: sistem modellari

Hans1 faiz sisteminin modelinin hazirlanmas: vacibdir? Bu suala cavab olaraq, qeyri-
funksional tolablor, sistemin dizayn xiisusiyyatlori vo kritik texnologiyalar arasindaki olagslora
osaslanaraq sistemin modellosdirilmosine addim-addim yanagma toqdim edilocokdir. Modellagdirmo
prosesi bir ne¢d nlimuna veb-magazasi vasitosilo izah olunacagq.

Modellosdirma zamani diqqetimizi performans, etibarliliq, slgatanliq, miqyaslana bilonlik vo
saxlama qabiliyyoti kimi geyri-funksional toloblora yonaldocoyik. Burada funksional toloblor vo
sistemin dagilmasi, sistem memarlig1 vo dizayn foaliyyetlori ilo olagelondirilir. Tacriibads bir ¢ox
geyri-funksional talablor, asason zaman va diqqgat ¢atismazligi sobabindon, tez-tez gz ardi edilir.

Yiiksok risk hesab edilon bozi geyri-funksional toloblori modellosdirib tohlil etmaoklo
risklorin azaldilmasi tovsiya olunur. Xarici goriiniisdon asili olaraq, sistemin xiisusiyyatlori resurs
istifadosi, yiik, gecikmo, Otiirmo qabiliyyati, keyfiyyat, doqiqlik vo doyison girisloro vo ya
dayisikliklors hassasliq kimi dizayn aspektlorindon asilidir.

Qeyd etmok lazimdir ki, bu xiisusiyystlor do ¢cox zaman vaxt vo ya digqet catismazligi
sobabindon noazore almmir. Bu xiisusiyyetlorin dizayni yalmiz sistemin xarici gorlinligiini
miloyyonlosdirmir, ham do secilmis texnologiyalarin sistemin performansina vo keyfiyystino
goOstordiyi tosiri nozara almag tolob edir. Buna gors do fordilogdirma va konfiqurasiya ti¢lin mithiim
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texnologiyalar — maosolon, keslomo, yiik balanslagdirilmasi, tohliikesizlik divarlari, virtual
sabokolar vo XML kimi elementlor — digqotlo nozordon kegirilmalidir [3].

Sistemin modellosdirilmasina addim-addim yanasma

Sistemlarin ilkin todqiq edildiyi yanagmalar: no aktualdir, no vacibdir?

[lkin morholads sistemlorin tadqiqi zamani aktual vo vacib masaloalorin miioyyon edilmosi 6n plana
¢ix1ir. Daha sonra isa an vacib masalalor modellosdirilir:

1. Qeyri-funksional talablorin (NFR) miiayyan edilmasi: Uygunlugun ¢ox vaxt kontekstlo
mioyyan edildiyi miivafiq geyri-funksional talablori miioyyan edin. Bu zaman hom istifads
konteksti, hom do hoyat dovrii konteksti nazors alinmalidir.

2. Sistem dizayn xiisusiyyatlorinin miioyyan edilmasi: Qeyri-funksional toloblors vo ya
dizaynin 6ziino baxaraq, miivafiq sistemin dizayn xiisusiyyetlorini miisyyon edin. Burada
osas sual budur: dizaynla bagli oan boylik narahatliglar hansilardir?

3. Kritik texnologiyalarin miidyyan edilmasi: Kritiklik miixtolif sabablora ssaslana biler,
masalon:

e Ompoliyyat limitlorina yaxin islomo,

¢ Yeni vo sinaqdan kegirilmomis komponentlorin istifadosi,

e Namolum xiisusiyyatlors malik miirokkab funksiyalar,

¢ Doyisikliklora vo ya otraf miihit soraitine yiiksok hossasliq va s.

4. Olaqalor grafikinin yaradilmasi: Qeyri-funksional tolablori asas texnologiyalar vo dizayn
xuisusiyyatlori ilo slagslondirmak ii¢lin olagolor qrafiki yaradin. Bu, toloblor, xiisusiyyatlor
va texnologiyalar arasindaki qarsiliqli tosiri vizuallagdirmaga imkan verir.

Modellosdirma va tahlil - mithakima

Layihonin yaradilmasit prosesindo kontekst vo sistem xiisusiyyatlori tohlil edilir.
Modellosdirma, bir ¢ox maraqli torafin miizakiralori, tocriibasi vo biliklorine asaslanir. Lakin bozi
xiisusiyyatlor agiq sokildo miioyyon edilo bilmir. Ohamiyyatli, doyarli vo ya kritik xiisusiyyatlor
modellogdirms vasitasilo daha daqiq tohlil oluna bilor.

Miiasir sistemlorin 6l¢iisii vo miirokkobliyi nozors alindiqda, kontekst osasli modul
modellogdirmo yanagmasinin totbiqi daha mogsodouygun hesab edilir. Boyiik vo universal bir
modelin qurulmast miimkiin deyil. Bunun avazina, bir-biri ilo olaqali, lakin ki¢ik vo sado modellor
yaradilir ki, bu da sistemin miirokkaobliyinin daha yaxs1 idars olunmasina imkan verir.

[lkin layiholondirmo morhalosindo sort faktlar, sorgular, maragl toroflorin fikirlori vo 6lgmo
molumatlar1 kimi miixtolif fragmentar molumatlar mévcud olur. Bu marhalods miisyyan darocads
xaos miisahido olunsa da, bu, tobii vo zoruri bir prosesdir. Modellogdirms vo tohlil vasitasilo bu xaos
strukturlagdirilir va sistematik bir yanasmaya cevrilir.

Identify potential life cycle changes and sources
Characterize time aspect of changes how often
how fast
Determine required effort S
type
Determine impact of change on performance
system and context reliability see
reasoning
Analyse risks business

Sakil 2. Hayat dévrii modellasdirma yanasmasi

91



Hiiseynova H.S., Nagiyeva M.V. | Scientific News 25 Issue 4 (2025)

Yuxaridaki rogom sistemin hoyat dovrii modelinin qurulmasina istiqgamotlonmis addim-
addim yanagmani tosvir edir. Bu proses asagidaki asas morhololori ohato edir:

e Miimkiin hayat dovrii dayisikliklorinin vo onlarin manbalorinin miioyyan edilmoasi —
Sistem daxilinds bas vers bilacok dayisikliklor vo onlarin asas sabablori analiz edilir.

e Doyisikliklorin zaman aspektinin tahlili — Dayisikliklorin no qodar tez-tez bas verdiyi vo
onlarin hoyata kecirilmasi {igiin tolob olunan reaksiya miiddati qiymatlondirilir.

e Tolab olunan resurslarin va saylorin miiayyan edilmasi — Doyisikliklorin reallagdirilmasi
liclin tolob olunan resurslarin vo soylorin miqdar1 vo ndvii miioyyon edilir. Bu, vaxt,
maliyys va insan resurslar1 kimi osas amillari shato edir.

e Doyisikliyin sistemo va konteksto tasirinin tohlili — Doyisikliklorin sistemin osas
xlisusiyyotlorino (mosalon, performans, etibarliliq, tohliikesizlik, xorc vo s.) taosiri
qiymatlondirilir.

e Biznes ii¢iin risklorin qiymoatlondirilmasi — Potensial risklor analiz edilir, o climlodon bir
neco saat vo ya giin gecikmonin maliyyo vo amoliyyat aspektlorinds yarada bilocayi tosirlor
miioyyan edilir.

) www_homes4dsale.com
business volume )
) www_apple.com/fitunes/
product mix

praduct portfolio
product attributes (e.g. price)

WWW_amaZon.com
www.ebay.com
www _shell.com

customers

www stevens.edu
personnel )

) www._nokia.com
suppliers
o ) stock market

application, business processes | |

insurance company
et cetera

local Dutch cheese shop

Sakil 3. Biznesin daxili amillori

Hayat dévrii boyunca dayison elementlor va malumat transformasiyasi

Sistemlorin hoyat dovrii arzinds bir sira elementlor doyise bilor. Masalan, biznesin hacmi vo
foaliyyot sahosi zamanla transformasiyaya ugraya bilor ki, bu da sistemo daxil olan vo emal edilon
molumatlarin hocmino vo xarakterino birbasa tosir gostorir. Dayisikliklorin intensivliyi vo miqyasi
1s9 biznesin novii vo foaliyyat sahasi ilo six olagolidir.

Masalon, daginmaz omlak portalinda hor bir obyekt unikal xiisusiyystloro malik olub,
coxsayll atributlar vasitesilo tosvir olunur vo adaton yalniz bir dofs satilir. Digor torofdon, iTunes
kimi musiqi internet magazalarinda eyni mohsul (musiqi treki vo ya albom) ¢oxsayl istifadogilora
dofalarls toqdim olunur. Bu forglor sistemlorin malumat idaroetms strategiyasina, arxitekturasina vo
infrastruktur dizaynina shomiyyatli tasir gostorir.

Yuxarida toqdim olunan rogom veb-saytlarda olave funksional variantlarin vo sistemin
doyison amillors uygunlasma mexanizmlorinin modellogdirilmasini niimayis etdirir. [2,5]

Malumat transformasiyasinin manba va tasirlari

Molumat transformasiyasinin monboyi, homin transformasiyanin tesirini birbasa miioyyon
edon osas amildir. On miihiim forqlordon biri avtomatlasdirilmig sistemlordon (masolon, verilonlor
bazalar1) daxil edilon moalumatlarla, insanlar torafindon daxil edilon moalumatlar arasindaki forqlos
baglidir:

e Avtomatlasdirilmis manbalar — Verilonlor bazalarindan vo digor avtomatik sistemlordon
daxil edilon molumatlar adoton daha doqiq vo sabit olur. Lakin, molumatin sohv ehtimali
ilkin molumatlarin  keyfiyyatina vo sistemin islomo mexanizmloring baghdir.
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Avtomatlagdirilmis sistemlordo molumatin diizglinliiyii, proqram tominatinin diizgiin

islomasi vo molumatin vaxtinda yenilonmasi ilo slagolidir.

o [Insanlar torofindon daxil edilon molumatlar — Insan girislori tobii olaraq sehvlora
meyllidir. Todgiqatlara asasan, hor 100 insan harokstindon toxminon 3-ii sashv olur. Bununla
yanasi, insanlar ¢evik va adaptiv olduglar {i¢iin, sohvlari tez bir zamanda diizoldo bilirlor.
Ancagq, ¢oxsayl1 insan girislori sohvlorin sistemo sirayat etmasino sobab ola bilor vo naticado
verilonlarin keyfiyyatini pislosdirs bilar.

Natica. Bu mogalado sistem modellosdirmo va tohlilin layiho soylorini dostoklomokdoki rolu
arasdirilmisdir. Qeyri-funksional tolablar, kritik texnologiyalar vo sistemin hoyat dovrii arzindo bas
vera bilocok doyisikliklor modellosdirmo prosesindo osas faktorlar kimi miioyyon edilmisdir.
Modellosdirma, sistem dizayninin optimallasdirilmasina, risklorin azaldilmasina vo diizgiin qorar
qobul edilmasine miisbat tosir gdstorir. insan vo avtomatlasdirilmis sistemlor torafindon daxil edilon
molumatlarin keyfiyyati, sistem performansina birbasa tosir edir vo bu, layihonin ugurlu icrasi tigiin
vacibdir. Golocokds modellogsdirmo prosesinin tokmillogdirilmasi iiglin siini intellekt vo avtomatik
analiz alotlorinin istifadosi tdvsiyo olunur, ¢ilinki bu texnologiyalar daha yiiksok doqiqlik vo
somaralilik tomin eds bilor.
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Summary
The Impact of Systems Modeling and Analysis on Project Efforts
Huseynova H.Sh., Naghiyeva M.V

Keywords: modeling, approaches, efforts, non-functional requirements, analysis, impact.

This study investigates the role of systematic analysis and modeling in understanding problems and solution
spaces. The primary objective is to assess the effectiveness of modeling and analysis approaches in managing
interrelationships. A step-by-step methodology is applied to system modeling based on the relationships among non-
functional requirements, system design characteristics, and critical technologies. Throughout the project development
process, the context and system attributes are analyzed.The findings indicate that modeling supports architectural efforts
by facilitating proper specification, design, and optimal decision-making processes to achieve project objectives.

Pe3ome
BimsiHue cCTEMHOro MOIEJTHPOBAHNSA M AHAJIN3A HA MPOEKTHbIE YCHIUS

T'yceiinoea X.111., Hazueea M.B.

Knwouesvie cnosa: modenuposanue, nooxoovli, ycuius, HepYHKYUOHANbHbIE MPebO8aAHUs, AHANU3,

6o30eticmeue.
B 3TOM HCCIIeIOBAaHUH U3ydYaeTCs POJIb CHCTEMATHYECKOTO aHAIN3a W MOJICIUPOBAHUS B IOHUMAaHUK MIPOOIIEM
U TPOCTpPaHCTB perreHuil. OCHOBHAs Ieb — OLEHUTh 3((GEKTHBHOCTh MOIXOJ0B MOJCIUPOBAHMS W aHAIH3a B

yYHpaBJICHUU B3aumocBs3samu.[lomraropas MCTOAO0JIOTUA HTPUMECHACTCA K MOJACIUPOBAHHUIO CUCTEMBI Ha OCHOBE
B3aMMOCBSI3eH MCKAY HC(i)yHKL[I/IOHaJ'ILHBIMI/I Tp€60BaHI/I$IMI/I, XapaKTCpUCTUKAMU MPOCKTUPOBAHUSA CHUCTEMbI U
KPUTUYCCKUMU TEXHOJOTUAMU. Ha MNPOTAKEHHUU BCETO IIpoLecca pa3pa60TK1/1 MPOCKTa AHAJIU3UPYIOTCA KOHTCKCT U
anI/I6yTLI CHUCTEMBI. PeByJ’IBTaTH IIOKa3bIBAIOT, 4qTo MOJCINPOBaHUEC NoAACPIKUBACT
APXUTCKTYPHBIC YCUJINA, CHOCO6CTBy5[ MpaBUIIbHOMY ONIPEACICHUIO CHGHI/I(i)I/IKaHI/II/I, MMPOCKTUPOBAHUIO U MNPHUHATUIO
OIITUMAJIBHBIX pemeHm‘/'I JUTSL JOCTYKEHUS TeIIeH IMPOCKTA.
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MOQALO HAQQINDA MOLUMAT XULASO

Magalanin tarix¢asi Moaqalada “Informasiya Texnologivalari” iizra faaliyyat gdstoron miiaSsisanin
Daxilolma tarixi: 27.05.2025 lokal kompiiter gabakasinin strukturu va informasiya tohliikasizliyinin tamin
Diizalis tarixi: 03.07.2025 olunmasi maSalalari tohlil olunur. Sabaka ulduz topologiyast asasinda qurulub
Qabulolunma tarixi: 26.11.2025 vo fiber optik kabellorlo birlasdirilon avadanhglardan — agar, router,

konsentrator vo s. — istifado edilir. Malumatlarin qorunmast iigiin giris
Acar sozlar nazarati, MAC Vo [P iinvanlarina ssaslanan moahdudiyyatlor tatbigq edilir.
sabako, fiber optik kabel, topologiya, Tohliikosizlik siyasatinin  hazwrlanmasi, istifadagi  hiiquqlarimin  diizgiin
acar, MAC tinvan boliigdiiriilmasi Va sistema miidaxilolarin qarsisinin alinmast iizra tovsiyalor

verilir. Magala informasiya tohliikasizliyinin tomin edilmasina dair praktiki
yanasmalart  toqdim  edir. Lokal sabako ¢argivasinda  informasiya
tohliikasizliyinin tamin edilmasi maqsadilo toskilati vo texniki tadbirlarin
ahamiyyati vurgulanir, istifadagilor iiciin davranis qaydalart va tohliikasizlik
siyasatinin asas istigamatlari miiayyan edilir

Giris

Informasiya tohliikasizliyi mosalosi insanlar yazmagi dyrenondon bori giindomo golib. Hor
kasin bilmomoli oldugu molumatlar homiso olub. Belo molumatlara sahib olan insanlar onu
gorumagq ticlin miixtolif {isullara ol atirdilar. Taninmis niimunolore gizli yazi vo sifrolomo kimi
iisullar daxildir. Universal kompiiterlosmonin mdvcud oldugu indiki dovrds bir ¢ox insanlarin rifahi
vo hotta hoyatt informasiyanin emali {iclin bir ¢ox kompiiter sistemlorinin informasiya
tohliikasizliyinin tomin edilmasindon, hamg¢inin miixtalif obyektlorin idare edilmasindon vo idars
olunmasindan asilidir. Belo obyektlors telekommunikasiya sistemlori, bank sistemlori, atom elektrik
stansiyalar1, hava vo yeriistli nogliyyata nozarat sistemlori, moxfi molumatlarin emali vo saxlanmasi
sistemlori daxildir. Miiasir miiossiso sobokolorinde tohliikesizlik nozarati vo monitoring
sistemlorinin totbiqi xiisusi ochomiyyat kasb edir. [1] Hazirda digor insanlarin moxfi molumatlarina
vo ya sirloring icazasiz sokilds niifuz etmok {iciin asagidaki texniki vasitolordon istifado olunur:

e ovvolcadon quragdirilmis radio-casus qurgularindan vo ya sas-yazma cihazlarindan
istifado etmoklo qapali mokanlarda vo ya noqliyyat vasitolorinde aparilan sohbotlorin  gizli
dinlonilmasi;

o telefon rabitosi, faks xotlori vo radiostansiyalara nozarat vo onlarin vasitosilo molumat
otiiriilmasina miidaxilo;

e miixtalif texniki vasitolordon, xiisusilo lokal kompiiter sobokolori iizerindon, kompiiter
monitorlar1, printerlor vo digor elektron cihazlardan molumatlarin uzaqdan axtarisi ve alo
kecirilmasi. “maraqli s6hbatlorin™ getdiyi otaqda pancars siisolarinin lazerls siialanmasi.

e Mbolumat toplamaq tsullarinin bolluguna xiisusi miihafizo adlanan ¢oxlu sayda toskilati
vo texniki Usullar qarsi ¢ixir. Xiisusi miihafizonin osas saholorindon biri dinloms avadanliginin
axtarisi vo ya axtaris foaliyyotidir.
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Masalonin qoyulusu. Miiasir miisssisalords soboks infrastrukturunun tohliikasiz vo somorali
toskili miihiim ohomiyyat dasiyir. “Informasiya Texnologiyalar1” iizro foaliyyst gostoron
miiossisonin lokal sobokasindo molumatlarin qorunmast vo idaro olunmasi iiclin effektiv
texnologiyalarin vo topologiyalarin totbiqi zoruridir. Mogalodo mogsad, bu sobokonin texniki
qurulusunu vo informasiya tohliikasizliyinin tomin olunmasi yollarini tohlil etmakdir.

Mbasalonin halli. Avtomatlasdirilmis Idaroetmo Sistemi (AIS) sébosi ulduz formali alt
saboko topologiyasina malikdir. Biitiin kompiiterlor fiber optik kabel vasitosilo sliizlo birlosdirilon
bir kegido qosulur. Ulduz (Sakil 1) sobokadoki biitliin kompiiterlorin fiziki soboko seqmentini togkil
edon morkozi qovsaqgla birlogdirildiyi osas kompiiter sobokosi topologiyasidir. Hublar vo agarlar
morkozi qovsaq kimi istifado olunur. Soboko seqmentlori miirokkob soboko topologiyasinin (“agac’)
bir hissasi kimi foaliyyot gostorir. Biitlin molumat miibadilasi yalniz morkozi qovsaq vasitasilo bag
verir, bu sokilds ¢ox bdyiik bir yiiko moruz galir, buna goro do sobokodon basqa bir sey edo bilmoz.
Prinsipco, ulduz topologiyasi olan sobokado hor hansi konflikt miimkiin deyil, ¢iinki idaroetma
tamamilo morkozlosdirilmisdir. [2]

Sakil 1. Ulduz topologiyast Sakil 2. Cisco SRW2024-EU kegidi

Saboko avadanliglarinin asas texniki xiisusiyyetlori asagidakilardir:
“Informasiya Texnologiyalar” {izro foaliyyot gdstoron miiessisonin LAN sobokosindo
istifads olunan avadanlq:
e Acarlar (Sakil 2);
o Konsentrator
e Router
e Fiber optik kabel
e UTP vo SFTP
Texniki spesifikasiyalar:
e Cihaz Tipi: Is Qrupu Kegici;
e Miihafizo: Raka qurasdirila bilon korpus;
e Soboko novii: Gigabit Ethernet, Fast Ethernet;
e Osas portlarin say1: 24;
e MDI: 24 avtomatik ke¢id portu;
e Gostariciler;
e aktiv olaqgo;
e enerji tochizat.
Dostoklonan standartlar asagida verilmisdir:
e IEEE 802.1p (Prioritetlogdirma)
e |EEE 802.1Q (VLAN)
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IEEE 802.1X
IEEE 802.3 (Ethernet)
IEEE 802.3ab (TP Gigabit Ethernet)

e |EEE 802.3af (ethernet lizorindon giic)

e |EEE 802.3u (Fast Ethernet)

e JEEE 802.3x (Axina Nozarat)

Sertifikatlar: CE Mark, EN 60950, UL-1950

Interfeyslor:

e 24 x Ethernet 10/100/1000BaseT « RJ-45 (avtomatik MDI-11/MDI-X portu)

e 2x GBIC » Mini-GBIC

Enerji tochizati:

e daxili enerji tachizat1 100/240V (AC)

Olgiilor: (Hiindiirliik x Eni x Darinlik), Caki: 43 x 4,5 x 35 sm, 3,4 kq

Cisco Systems FastHub 200 Series kigik is¢i qruplar1 vo server tosorriifatlari iiglin on asagi
qiymats, idaro olunan 100BaseT konsentrator hoallini toklif edir. Bu miistoqil hublar 100 Mbps
performansini vo Cisco IOS texnologiyasi vasitasilo inteqrasiya olunmus idaroetmo imkanlarini ¢ox
asag1 qiymatli hallds birlosdirir.

Routerlorin, kommutatorlar vo hublar ii¢iin oxsar moqsadi var, lakin onunla forqlonir ki,
acarlar vo morkaozlor yerli sobokolor iiclin alotdir, marsrutlasdirict iso global soboko vasitasidir.
Onun vozifosi paketi miloyyon bir alt sobokoys yonoltmokdir. Router, sobake topologiyast vo
mioyyon gaydalar haqqinda moelumat osasinda miixtolif soboko seqmentlori arasinda soboks qati
paketlorinin (OSI modelinin 3-cii qat1) yonlondirilmasi ilo bagli gorarlar gobul edon soboko
cihazidir. Router molumat paketlorindo gostorilon toyinat {invanindan istifado edir vo
marsrutlagdirma cadvalindon verilonlorin Gtiiriilmali oldugu yolu miioyyen edir. ©gor {linvan liglin
marsrut cadvalindo tosvir edilmis marsrut yoxdursa, paket atilir.

Fiber optik kabel ikili molumatlar1 6tiirmok {i¢iin is1iq impulslarindan istifado edir. Fiber
optik kabel elektrik ovozino isiqdan (fotonlardan) istifads etdiyi {i¢iin mis kabello bagh
elektromaqnit miidaxilssi, ¢arpazlagsma (kosismo) va torpaqlama ehtiyaci kimi demok olar ki, biitlin
problemlor tamamilo aradan qaldirilir. Bundan oslave, spesifik zoifloma ohamiyyetli doracods
azaldilir, bu da 120 km-o catan daha bdyiik mesafolordo signalin barpasi olmadan fiber optik
olagalarin genislondirilmasine imkan verir. [3]

Fiber optik kabel riitubato vo digor xarici sortloro hossas olmadig: {iglin soboks magistral
xotlori yaratmagq tliglin vo xlisusilo binalar arasinda birlogsmalor {igiin idealdir. O, homginin mis ilo
miiqayiseda Otiirlilon moalumatlarin artan moxfiliyini tomin edir, ¢linki o, elektromaqnit siialanma
yaymir vo onun biitdvlilyiinii pozmadan ona qosulmaq demok olar ki, miimkiin deyil.

Optik lif, niivo adlanan, iizliikk adlanan siiso tobogosi ilo ortiilmiis, niivadon forgli sindirma
indeksino malik olduqca nazik siiso silindrdir. Bozon optik lif plastikdon hazirlanir. Plastikdon
istifado etmok daha asandir, lakin siiso lifdon daha qisa mosafalore is1q impulslarini 6tiirtir. Hor bir
stiso lif signallar1 yalniz bir istigamotds Otiiriir, buna gora do kabel ayri-ayr1 baglayicilari olan iki
lifdon ibaratdir. Onlardan biri 6tlirma, digori iso gabul iiciin istifads olunur. Liflorin sortliyi plastik
ortiiklo, mohkomliyi ise Kevlar liflari ilo artir.

Biikiilmiis ciit, bir-birino biikiilmiis bir vo ya bir neco ciit izolyasiya edilmis kegiricilordon
(vahid uzunlugda az sayda novbao ilo) ibarot olan vo plastik ortiiklo Ortiilmiis rabito kabeli noviidiir.
Konduktorlarin burulmasi bir ciitiin keciricilori arasinda slaqe doracasini artirmaq (elektromaqnit
miidaxilesi clitiin hor iki naqilina borabor tosir gostorir) vo sonradan xarici monbalordon
elektromaqnit miidaxilesinin azaldilmasi, homg¢inin diferensial signallarin o6tiiriilmoesi zamani
qarsiliglt miidaxilo {iclin hoyata kecirilir. Ayri-ayr1 kabel ciitlorinin birlogsmasini azaltmaq iigiin
(miixtolif ciitlorin kegiricilorinin dovri yaxinlagsmasi), 5 vo daha yiiksok kateqoriyali UTP
kabelloarindas ciitiin tellori miixtolif addimlarla biikiiliir.
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LAN-da iki nov kabeldan istifads olunur:

e ckranlagdirilmamis burulmus ciit (UTP) - fordi ciitiin otrafinda qoruyucu qalxan yoxdur;

e folga ilo gorunan burulmus ciit (S/FTP) - mis horiikdon hazirlanmis xarici ekran vo hor
bir ciit folga horiikdo.

Giriso nozarot subyektlorin (istifadogilor, proseslor) obyektlor (informasiya vo digor
kompiiter resurslar1) iizorindo yerina yetiro bilocoyi horokatlori dogiglosdirmoys vo idaro etmoya
imkan verir.

S6hbat program tominati ilo hoyata kegirilon montiqi giris nozaratindon gedir. Montiqi girigo
nozarat obyektlorin moxfiliyini vo biitovliylinii vo icazosiz istifadogiloro xidmaot gostorilmosini
gadagan etmoklo onlarin slgatanligini tomin etmaok ti¢lin nozords tutulmus coxistifadogili sistemlorin
osas mexanizmidir.

Giris hiiquglaria nozarat program tominati miihitinin miixtolif komponentlori - omaoliyyat
sisteminin niivasi, olava tohliikesizlik wvasitalori, verilonlor bazasi idaroetmo sistemi, vasitogi
program tominat1 vo s. torofindon hoyata kecirilir. Miiasir tohliikasizlik standartlarina goro, hor bir
istifadogi vo sistem komponenti “etibarsiz” sayilmali, giris yalniz ¢oxpilloli autentifikasiya vo
konteksta asaslanan icazs ilo tomin edilmalidir. [4] Giris icazasi verilmasing qorar verarkon, adoton,
asagidaki molumatlar tohlil edilir:

e Movzu identifikatoru (istifado¢i identifikatoru, kompiiter sobokasinin linvani) — belo
identifikatorlar koniillii girisa nozarat {igiin asasdir; [5]

e Movzu atributlan (tohliikesizlik etiketi, istifadagi qrupu); Tohliikasizlik etiketlori macburi
giris nozarati liglin osasdir;

e Foaliyyot yeri (sistem konsolu, etibarli goboks qovsagi);

e Foaliyyot vaxti (oksor horakotlors yalniz is saatlarinda icazs vermok moslohatdir);

e Daxili xidmot mohdudiyyatlori (proqram lisenziyasina uygun olaraq istifadogilorin say1).

Miioyyon bir is¢i qrupuna eyni giris hiiquqlarmi tomin etmok zorursti yaranarsa,
ixtisaslagdirilmis girislordon daha ¢ox qrup girislorindon istifads etmok daha yaxsidir. Bu halda, hor
bir giris istifadogisinin 6z identifikatoru vo sifrasi ilo ayrica "alt giris" var, lakin soboka sistemi ilo
isloyarkon qrup girisinin biitiin abunagiloring barabar hiiquqlar verilir.

“Informasiya Texnologiyalar1 miiossisesi” Agiq Sohmdar Comiyyotindo kompiiterdon
istifadosine icazo verilon har bir omokdasa fordi identifikator (login) vo parol verilir. Bu molumatlar
vasitosilo omokdas informasiya emali sistemina daxil olur. Tohliikasizliyi artirmaq vo malumatlarin
qorunmasini tomin etmok mogsadilo LAN daxilinde IP vo MAC iinvanlar1 osasinda giris
mohdudiyyatlorinin totbiqi miimkiindiir. IP {invan1 IP protokolundan istifade edorok qurulmus
kompiiter sobokosindoki qovsagin soboke tinvanidir; hom yerli, hom do global sabokolords unikal
invandir. MAC iinvan1 mixtalif ndv kompiiter sobokesi avadanliglar1 ilo olagoli unikal
identifikatordur. [6]

Istifadaci loginlori vo parollart tohliikesizlik sisteminin ilk miidafio xottidir. Istifadoci
diizgiin ID (login) vo sifroni daxil etmoklo sobokoys giris oldo etdikdon sonra o, miihafizo
sisteminin toklif etdiyi ikinci siraya kecir: soboka bu istifadoginin imtiyazlarin1 miioyyon edir. Biitlin
soboko istifadogilori bir sistemin borabor isgilori kimi tosovviir edilmisdir. Lakin onlardan
bozilorinin miioyyan slava hiiquqlart (imtiyazlari) var — onlar bels istifadacilori digor is¢ilordon
forglondirirler.

Bir qayda olaraq, giris hiiquqglar biitiin qovluqglara aiddir, baxmayaraq ki, miioyyon fordi
fayllara vo ya fayl qruplarina xtiisusi giris qurmaq miimkiindiir. Bu halda, xiisusi bir fayl ad1 istifads
olunur. ©ksar sobokalords icazalor biitlin kataloq {igiin toyin edilir va biitiin alt kataloglara tatbiq
edilir. Tabii ki, har hanst bir alt kataloga xiisusi hiiquqlar qoyulmadiqda. Har bir istifadaginin biitlin
serverlora ¢ixis1 olmasi vacib deyil. Sistemin tohliikosizliyi tiglin istifadogiya yalniz is liclin birbasa
ehtiyac duydugu server kompiiterlorino giris icazasi verilso, daha yaxsidir.

Bir cox sobokolordo sistem qurasdirildigda administrator girisi avtomatik olaraq agilir. Bu
girig liclin istifado edilon istifadoagi ID vo parol soboko sonadlorindo oks olunmalidir. Onlar miisyyon
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tipli istonilon sistem ticiin eynidir. Tohliikesizlik magsadi ilo vo molumati miidaxilo edanlorden
gorumaq tigiin belo bir girigsdo parolun doyisdirilmasi zoruridir, oks halda administratorun girisindo
sistem torofindon miioyyon edilmis standart identifikatoru vo parolu bilon istonilon istifadoci
sistemin istonilon komponentlorino mohdudiyyatsiz girislo sobokads isloyo bilocok.

Noazardon kegirilon miihafizs tisullar1 sobake proqramu torafindon tomin edilir. Lakin sabako
molumatlarinizi konar miidaxilodon qorumagq ii¢iin bir ¢ox basqa yollar var. Bu ciir qorunma ti¢lin
bir ne¢a variant var. Sabakodoki biitiin kompiiterlor tohliikasiz yerlords yerlosdirilmalidir.

Ogor sobokads istifadogiyo uzaq kompiiterdon sistemo daxil olmaga imkan veron modem
qurasdirilibsa, modemdon konar miidaxilolor do gozlomok olar. Bu halda, hor bir istifadogi
identifikatorunun parolla qorunmasi zoruridir.

Miiossisoyos moxsus yerli sobokoni (Dlava 1) vo bununla bagli orta soviyyali tohliikosizlik
siyasotini nozardon kecirok. Lokal soboko daxilindo dolasan molumat ¢ox vacibdir. Lokal soboko
istifadacilora proqramlart vo molumatlari paylagmaga imkan verir ki, bu da riski artirir. Buna gora
do, sobokoya daxil olan hor bir kompiiter daha giiclii gorunma talob edir.

Miiossiso iki osas mogsadi giidon informasiya tohliikosizliyinin tomin edilmasi {i¢iin
tolimatlar hazirlamalidir:

e isciloro goboko miihitinin qorunmasinin vacibliyini niimayis etdirmok, tohliikosizliyin
tomin edilmoasinda onlarin rolunu tasvir etmok,

e sobokodo dovriyyods olan molumatlarin, eloco do sobokonin Oziinlin qorunmasi {igiin
xiisusi vozifalor tayin etmak.

Bu siyasotin ohato dairosino miiossisonin yerli sobokosino daxil olan biitiin avadanliq,
program tominati vo informasiya resurslari daxildir. Siyasot istifadocilor, subpodratcilar vo
tochizat¢ilar da daxil olmagqla soboks ilo isloyan insanlara da samil edilir.

“Informasiya Texnologiyalar1” miiossisosinin mogsedi molumatlarin  biitovliiyiinii,
olcatanligini vo moxfiliyini, habelo onlarin tamligmni vo aktualligini tomin etmokdir. Xisusi
mogqsadlor bunlardir:

e Normativ sonadlors uygun tohliikasizlik soviyyesinin tomin edilmasi.

¢ Qoruyucu tadbirlorin se¢ilmasinds iqtisadi magsadauygunluga riayst edilmosi (miihafizo
xarclori informasiya tohliikasizliyinin pozulmasi naticasinds gbzlonilon zarardon ¢ox olmamalidir).

e [ okal sobokonin har bir funksional sahasinds tohliikasizliyin tomin edilmasi.

e Molumat va resurslarla istifadaginin biitiin horakatlori ti¢lin hesabatliligin tomin edilmasi.

¢ Qeydiyyat molumatlarinin tohlilinin tomin edilmasi.

e Tohliikesizliyt stiurlu  sokildo qorumaq Tgiin istifadogilorin  kifayot  qgodor
molumatlandirilmasini tomin etmok.

e Sobokonin davamliligini tomin etmok iiclin biitiin funksional sahalor ii¢lin folakotin
barpasi planlarini vo digor kritik voziyyatlori hazirlayin.

e Movcud qanunlara va togkilati tohliikasizlik siyasatlorine uygunlugu tomin etmak.

Sadalanan insan qruplar1 ovvollor tortib edilmis mogsadlorin  hoyata kecirilmosing
cavabdehdirlor.

e Departament menecerlori tohliikasizlik siyasatinin istifadogiloro ¢atdirilmasina vo onlarla
iinsiyyato cavabdehdirlor. [7]

e [okal soboko administratorlar1 sobokonin fasilosiz islomasini tomin edir vo tohliikasizlik
siyasotinin hoyata kegirilmosi {i¢lin zoruri olan texniki todbirlorin hoyata kecirilmosino
cavabdehdirlor.

e Xidmot administratorlar1 xiisusi xidmotloro vo xiisuson do tohliikesizliyin {imumi
tohliikosizlik siyasatino uygun qurulmasina cavabdehdirlor.

e Istifadogilordon tohliikesizlik siyasotino uygun olaraq yerli soboko ilo islomok,
tohliikasizliyin ayri-ayr1 aspektlorino cavabdeh olan soxslorin gostorislorino amol etmok vo biitiin
siibhali hallar barads rohbarliyi malumatlandirmagq tolob olunur.
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Tohliikasizlik siyasatinin pozulmasi yerli sobokoni vo onun daxilinds ddvriyyads olan
molumatlar1 gobuledilmoz risko moruz qoya bilor. Kadrlar torofindon pozuntu hallarina rohborlik
torafindon todbir goériilmasi, o climlodon isdon ¢ixarilmasina baxilmalidir.

“Informasiya Texnologiyalar1” miiossisasinin bélma va sébalorinde molumatlarin qrup emali
zaman tohliikosizliyin tomin edilmosi: Informasiya tohliikesizliyini tamin etmak iiciin institut biitiin
kateqoriyalar lizro kadrlar {i¢iin tolimatlar hazirlamali vo hoyata kecirmoalidir ki, bu tolimatlarda hor
bir kateqoriya lizro asagidaki vozifolori oks etdirmolidir:

e Tohliikasizlik masalolorini daim nozarst altinda saxlayin. Onlarin tabeliyinds olanlarin da
eyni seyi etmolorini tomin edin.

e Qoruma vo sistem zoifliklorini tolob edon aktivleri miioyyon etmok, tohliikasizlik
pozuntusundan yaranan potensial zorori qiymotlondirmok vo effektiv tohliikesizlik todbirlorini
se¢moak tigiin risk tohlili aparin.

e Tohliikasizlik todbirlori iizro is¢i heyoti {iclin tolim togkil etmok. Antivirus nozarati ilo
bagli masalalors xiisusi digqet yetirin.

e Hor bir tabeliyindo olan soxsin statusunda doyisikliklor (basqa ise kecid, isdon ¢ixarilma
v9 s.) barada yerli soboka inzibatgilarina vo xidmaot inzibatg¢ilarina moalumat vermok lazimdir. [8]

Naticd

Yaxin golacokdo hesablama texnikasinin, program tominatinin va saboks texnologiyalarinin
inkisafindaki irsliloyis tohliikasizlik vasitslorinin inkisafina tokan verocok ki, bu da informasiya
tohliikasizliyinin mévcud elmi paradigmasina asaslt sokildo yenidon baxilmasini talab edir.

Tohliikssizlikls bagli yeni baxisin osas miiddealar1 asagidakilardan ibarst olmalidir:

e kompiiter sistemlorinin tohliikesizliyinin pozulmasinin sabablarinin tadqiqi va tohlili;

eprogram tominati vo aparat tominatinin hazirki inkisaf soviyyesine, habelo miidaxilo
edonlorin vo dagidicti program tominatinin imkanlarina adekvat olan effektiv tohliikasizlik
modellarinin hazirlanmasi;

e iroli siirilon toloblordon, moagbul riskdon vo resurs sorfiyyatindan asili olaraq
tohliikasizliyin ¢evik idaro edilmosi imkani ilo mdvcud hesablama sistemlorinds tohliikosizlik
modellorinin diizgiin totbiqi li¢iin iisul va vasitolorin yaradilmas;

esinaq tosirlorinin (hiicumlarin) hoyata kecirilmosi yolu ilo kompiiter sistemlorinin
tohliikosizliyinin tohlili tigiin alotlorin hazirlanmasi ehtiyaci.

Comiyyatlorin genis sokildo informasiyalagdirilmasi, dovlst shomiyystli obyektlorin idars
olunmasi sferasina kompiiter texnologiyalarinin totbiqi, informasiya texnologiyalarinin miisbot
nailiyyatlori ilo yanasi, elmi-texniki toroqqi siirotinin siiratlo artmasi moxfi molumatlarin sizmasi
ticiin real ilkin gorait yaradir.

Osas magsadi “Informasiya Texnologiyalar” miiessisasinin lokal sabokesinde malumatlarin
qorunmasi li¢iin iimumi tovsiyalar hazirlamaq vo informasiya tohliikasizliyinin tomin edilmasi ti¢iin
tolimatlar paketini hazirlamaq olan diplom isindo naticalor aldo edilmisdir.
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Summary
Network structure and subnet topology analysis
Nuraliyev J.A. Mammadli M.1.

Keywords Network, fiber optic cable, topology, switch, MAC address

The article presents an analysis of the local computer network structure of the Information Technologies
enterprise and discusses the key issues related to ensuring information security. The network is designed based on a star
topology and consists of interconnected devices — such as switches, routers, and hubs — linked through fiber optic
cables. To protect data, access control mechanisms and restrictions based on MAC and IP addresses are implemented.
The paper provides recommendations for developing an effective security policy, properly assigning user privileges,
and preventing unauthorized access to the system. Practical approaches in information security are presented,
emphasizing the importance of organizational and technical measures to safeguard information within the local
network. Furthermore, the main directions of the security policy and user behavior guidelines are outlined.

Pe3rome
CTpyKTypa ceTH U aHAJW3 TOMOJOTHH MOACETH
Hypanuee /[ic.A., Mameonu M.H.

Knroueswte cnosa: Cemv, onmosonrokonuwiil kabeiv, monoaocus, kommymamop, MAC-adpec

B craree aHamm3upyercsi CTPYKTypa JIOKaJbHOW KOMITBIOTEPHOW CETH MNpennpusTus HH(POPMAIMOHHBIX
TEXHOJIOTHH ¥ BOINpPOCHI oOecreueHns MHPOpPMAIMOHHONH Oe3omacHOCTH. CeThb MOCTPOEHA IO 3BE3J000pa3HOM
TOTIOJIOTUH C WCIIOJIBb30BaHMEM OOOpPYIOBaHMS, COEAWHEHHOTO OITOBOJOKOHHBIMH KaOEmsIMH — KOMMYTATOPBI,
MapHIpyTH3aTOPhl, KOHLEHTPATOPbl W T.A. [ 3amuThl INaHHBIX HPUMEHSIOTCS OrPaHMYCHUS, OCHOBAHHBIC HA
koHTpone moctyma, MAC- u IP-agpecax. IlpuBomsarcs pekOMeHIAIIMHM 1O pa3pabOTKe IMONUTHKH Oe30MacHOCTH,
MPaBUJILHOMY pPaclIpeeICHUIO TPaB MOJIb30BaTeIeH U MPEIOTBPAIICHHIO HECAHKIIMOHNPOBAHHOTO IOCTYIA K CHCTEME.
Cratbs npejuiaraeT NpakTHYecKUe NOAXOAbI B 00JacTH MHPOPMAIIMOHHOHN Oe3onmacHocTH. [lomuépkuBaeTcs: 3HaUeHHE
OpPTaHM3AIMOHHBIX M TEXHUYECKUX Mep A obecredeHus 0e30macHOCTH MH(pOpMAIMK B IpeAetax JOKaJIbHOH ceTwH,

OIIPEACIIAIOTCA OCHOBHBIC HAIIPAaBJICHUS TOJIUTHKU 0e30I1aCHOCTH U paBujia MOBCACHUSA I II0JIb30BaTEIICH.
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