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APPLICATION OF TOPSIS METHOD TYPE 2 FUZZY SETS FOR
INFORMATION SYSTEMS PROJECT SELECTION

Aygul Dadasheva
Azerbaijan State Oil and Industry University, BA Programs, Employee on Educational Technologies,
http://orcid.org/0000-0002-4067-6967, Email: dadasheva879@gmail.com

ABSTRACT

If to consider that in the group decision making a group of decision makers express their choices
and preferences for the different criteria of the various alternatives and this choice is based on
their knowledge about these criteria, project selection process can be complicated. The main aim
of project selection is the analysis of the project and the evaluate the different projects for their
various characteristics. In this paper project selection is related to Information Systems. There are
3 IS Projects and each alternative has been evaluated for their criteria which included reliability,
cost of implementation, information processing efficiency, availability of skilled personnel.
During the project selection the decision makers consider the different intangible and tangible
factors and the analyse all alternatives and select the best alternative. In this paper TOPSIS
method represented for multi-criteria group decision making in fuzzy type-2 environment. The
evaluation imprecision which is modelled by the trapezoidal type 2 fuzzy number characterizes
linguistic terms. In these numbers each element has their own membership which has been
described with the membership function in the [0,1] interval valued.. If to review the literature
about the Multicriteria Decision Making methods, we will see that these methods with the fuzzy
numbers are used for handling the uncertainties. With the fuzzy ordinary numbers, the uncertainty
can be handled, and the fuzzy type 2 numbers introduced by Zadeh are the ordinary fuzzy sets’
extension. In this paper the TOPSIS method is applied with fuzzy type 2 sets and the steps of the
TOPSIS method have been shown. The method is applied for the Information Systems Project
selection problem which is nowadays has a great role in our life and the selection is very
complicated because this selection problem includes tangible and intangible criteria of the
alternatives.

In the paper the below mentioned sections has been shown. The methodology has been
represented in Section 2. Section 3 demonstrates the application of TOPSIS method to group
decision making for Information Systems Project Selection. In the application of Fuzzy TOPSIS
method firstly, the decision matrix of fuzzy evaluation of each alternative has been determined
and the weights for each criterion have been identified. Based on this decision matrix normalized
decision matrix is constructed. Related to this matrix ideal and negative ideal solutions are
determined which are used for the finding distance. Based on the distance the relative closeness is
calculated and the alternatives are ranked based on these results.

In recent years, information systems project selection has become one of the important points for
academic research. The methods used for the selection of information systems projects include
WSM, AHP, TOPSIS, DEA, etc. includes. According to WSM, any decision-maker tries to
maximize function by combining different points of view. For each criterion, weights and rating
scales are assigned. Then, the alternatives are evaluated, and numerical ratings are given for each
criterion of the alternatives. Finally, the product of these numerical ratings and the weight of the
criterion is found, and these scores are summed to create a total result.
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The TOPSIS method was also used in the selection of information systems literature. TOPSIS is a
useful ranking and selection technique that selects the best alternative based on positive ideal and
negative ideal solutions. In the TOPSIS technique, positive ideal solutions and negative ideal
solutions are first determined for each criterion, and then the relative proximity of each alternative
to these ideals is calculated. Finally, the ranking of alternatives is based on the combination of
these two criteria. There is a limited number of TOPSIS applications in the field of IS project
selection.

Keywords: TOPSIS, fuzzy type 2 sets, multicriteria, group decision making.

INFORMASIYA SISTEMLORI LAYIHO SECIMI UCUN 2-Ci TiP QEYRI-
SOLIS ELEMENTLORLO TOPSIS METODUNUN TOTBIQi

Aygiil Dadaseva
Azorbaycan Dovlat Neft va Sonaye Universiteti, BA Proqgramlari, Tadris texnologiyalari iizra isgi,
http://orcid.org/0000-0002-4067-6967, Email: dadasheva879@gmail.com

XULASO

Mogalodo Informasiya Sistemlori Layihosinin secimi {iciin qeyri-solis qorar qobuletma
metodlarindan olan TOPSIS metodu ikinci tip qeyri-solis odadlor iizorinda totbiq edilmisdir.
Nozoro alsaq ki, qrup gorarqebuletmo zamani gorar gobul edon soxslor (QQS) 0z se¢im vo
oncaliklorini miixtalif alternativlorin miixtolif meyarlar1 iizro ifads edir vo bu se¢cim onlarin bu
meyarlar haqqindak: biliklorine osaslandogina gore vo bu biliklor vo molumatlar geyri miisyyon
oldugundan, onlarin adadlorls ifadasi vo layiho se¢im prosesi ¢atinlogo bilir. Layiha se¢iminin
osas mogsadi layihalorin tohlili vo miixtalif layiholorin miixtolif xiisusiyyatlorine goro
giymotlondirilmosidir. Bu moqalodo layiha secimi Informasiya Sistemlori (IS) ilo baghdir. 3 IS
Layihosi movcuddur vo har bir alternativ etibarliliq, hoyata kecirmo maliyati, malumatlarin
islonmosinin  somoroliliyi, ixtisasli  kadrlarin  mdvcudlugu  kimi  kriteriyalara — goro
qiymatlondirilmigdir. Layiho se¢imi zaman1 qorar qobul edon soxslor miixtolif miioyyan va qeyri-
miloyyon amillori nozors alir vo biitiin alternativlori tohlil edorok on yaxsi alternativi secirlor. Bu
mogqalodo 2-Ci tip geyri-solis miihitindo ¢oxmeyarlt qrup gqorarlarmin gobulu iigiin TOPSIS
metodunun totbiqi toqdim olunur. Trapezoidal 2-ci tip geyri-salis adodlorlo modellagdirilmis
giymotlondirmo meyarlari linqvistik terminlori xarakterizo edir. Bu adodlords hor bir elementin 6z
tizvliiyii vardir ki, bu da [0,1] intervalinda iizvliik funksiyasi ilo tosvir edilmisdir.

Acar sozlor: TOPSIS, 2-ci tip geyri-salis qorar gobuletmo, coxmeyarli qorar gobuletma, qrup
qorar gabuletma.

Giris

Coxmeyarli qorar gobuletmo isullarina aid adsbiyyati nozordon kecirsok gororik ki, qeyri-
miioyyanliklorin azaldilmas1 moqasadilo bu metodlarin istifadesi zamani1 geyri-salis adadlordon
istifado edilir. Bu odadlorlo geyri-miioyyanlik idaro oluna bilor vo homginin Zado torofindon
toqdim olunan ikinci tip geyri-salis adadlar do bu adadlars aiddir [6]. Bu maqgalada 2-ci tip geyri-
solis c¢oxluglarla TOPSIS metodu totbiq edilmis vo TOPSIS metodunun addimlar
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gostorilmisdir.Metod hal-hazirda hayatimizda boyiik rolu olan Informasiya Sistemlori Layihosi
se¢imi masalasi ligiin tatbiq edilmisdir ki,burada se¢im ¢ox miirakkabdir, ¢iinki bu segcim problemi
alternativlorin miioyyan va geyri-miioyyan miixtalif meyarlarini ehtiva edir.

Moaqsad

Problemin aktuallig1 va slaqgali tadqiqatlar. Son illords informasiya sistemlori layihasi se¢imi
akademik todgiqgatlar iigiin 6nomli mogamlardan birino ¢evrilib. Bu sahodo mdvcud todqiqatlar
dord asas qrupa boliine bilor ki, bunlar:

1)spesifiklorin mohsullarin qiymaotlondirilmasi va sec¢ilmoasi, 2) se¢im metodologiyast 3) se¢im
meyarlar1 4) Qarar qobul edon soxso komok edon avtomatlagdirilmas.

Informasiya sistemlori layiholorinin qiymatlondirilmosi vo secilmasi coxmeyarli qorar qobuletmo
problemini formalasdirir ki. Layiho se¢imi zamani xare, galir, istifadoya yararliliq va s. kimi bir
cox aspektlori nozors almaq lazimdir. Cox meyarli gorar gobuletmads hor bir ndqteyi-nazar forqli
bir meyarla tomsil olunur vo alternativlor bu meyarlara uygun olaraq qiymotlondirilir.
Baxmayaraq ki, c¢oxmeyarkl qorar gobuletmonin miixtolif texnikalar1 vardir, lakin qorar
gobuletmonin  osas morhololorini asagidaki kimi vera bilorik: (1) Qiymatlondirmo meyarlari
sisteminin yaradilmasi. (2) Alternativlorin hazirlanmasi. (3) Alternativlorin meyarlara asason
qiymatlondirilmasi. (4) Coxmeyarli analiz metodunun tatbiqi. (5) Optimal alternativin se¢ilmasi
Informasiya sistemlarilayiholorinin secilmosi iigiin istifade olunan iisullara WSM, AHP, TOPSIS,
DEA va s. daxildir.

WSM-5 gors hor hanst bir qorar qabul edon soxs miixtalif ndqteyi-nazarlori birlogdirarak, dolayisi
ilo funksiyan1 maksimuma catdirmaga calisir. Hor bir meyar {i¢iin, ¢okilor vo reyting skalalari
toyin edilir. Sonra is9, alternativler qiymatlondirilir vo alternativlorin her bir meyari tiglin odadi
reytinglor verilir. Sonda iso, bu adadi reytinglorin meyarin ¢okisi ilo hasili tapilir vo bu ballar
imumi natica yaratmaq iigiin comlonir.

TOPSIS metodu informasiya sistemlori odabiyyati se¢imindo do istifado edilmisdir. TOPSIS
siralamaq vo segmak tliglin faydali tisuldur ki, bu tisulla miisbat ideal vo monfi ideal hallorasasinda
on yaxs1 alternativ segilir. TOPSIS texnikasinda avvalca har bir kriteriya {i¢lin miisbat ideal hall
vo monfi ideal hollor miioyyan edilir, sonra hor bir alternativin bu ideallarla nisbi yaxinlhig:
hesablanir. Sonda alternativlorin siralanmasi bu iki yaxinliq meyarinin birlogsmasine asaslanir [7].
IS layiholori se¢imi sahosinde mohdud sayda TOPSIS totbigi mévcuddur.

Metodlar

Bu mogqalodo 2-Ci geyri-salis adodloro asaslanan qrup gorar qobul etmo yanasmasi [1] vo TOPSIS
metoduna osason IS layihosinin se¢imi 6z oksini tapmisdir. Bu bdlmods se¢mo iisulunu
aydinlagdirmaq t¢iin ovvalco 2-Ci tip geyri-solis goxluglar, sonra iso metodun addimlari izah
edilir[4].

Qeyri-solis goxluqglar nozoriyyasi riyazi olaraq qeyri-miioyyonliyi tomsil edir xususi olaraq
hazirlanmisdir vo bir ¢ox problemo xas olan geyri-doqiqliklo mosgul olmaq tigiin hesablama
togdim edir. Qeyri-solis ¢oxluglar qorar prosesinds toxmini moalumat vo qeyri-miioyyanlikdon
istifado etmoys imkan verir. Belo ki, bilik geyri-salis ¢oxluglarla daha tobii sokilds ifads oluna
bildiyinden, bir ¢ox miihondislik vo qorar problemlori bu iisulla rahatligla hall edilo biler.
Beloliklo, bu mosaloalorin xeyli sadslogsmosi vo tokmillogsmasino gotirib ¢ixarir. Beloliklo, bir ¢cox
odadi analiz {isullar1 var ki,0lciilmiis vo islonmis dayisenlords vo parametrlords qeyri-daqiqliyi
ehtiva edon real diinya problemlarinin halli tglin geyri-salis ¢oxluglardan istifado etmoklo
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genislondirilmisdir. Miixtolif ¢oxmeyarl gorar gobuletms iisullarinin daha faydali olmasi iiglin
linqvistik doyisonlorden istifade zamani bu iisullar genislondirilir. Linqvistik doyigonlor tabii
dillordoki "yaxs1", "orta" vo "pis" kimi sozlori 6z doyeri kimi qobul eds bilon doyisonlordir [2]. Bu
lingvistik doyarlor doyisonin miioyyon olundugu diskurs alomindo gqeyri-salis g¢oxluglarla
xarakterizo olunur. ©dabiyyatda bu linqvistik doyarlor S-gokilli, ticbucaq, trapesiya sokilli miixtolif
geometrik fiqurlarla ifade olunan mansubiyyat funksiyalari ils tosvir edilir. [3]. Masalads istifads
olunan linqvistik doyisonlorin 2-Ci tip qeyri-solis ododlorlo ifadosini gdstoran cadval asagida

verilmisdir:

Cadval 1. Linqvistik doyisonlorin 2-ci tip geyri-salis adadlorlo ifadosi

Lingvistik doyigonlor | 2-Ci tip geyri-salis adadlor skalasi
Cox Yiiksok (7,8,9,9;1) (7.2,8.2,8.8,9;0.8)
Yiiksok (5,6,8,8;1) (5.2,6.7,8,8;0.8)

Orta (3,4,6,7;1) (3.4,4.2,6,6.8;0.8)
Yaxsi (1,2,4,5;1) (1.4,2.2,3.8,4.8,0.8)
Eyni (1,1,1,1;1)(1,1,1,1;0)

A - X diskurs kainatinda iizvliik funksiyast ilo tomsil olunan 2-ci tip geyri-solis coxluqdur.
A, ={((x,u), i, (x,u))| Vx e X,Vue J, =[0,1],0 < g, (x,u) <T} (1)
Asagida gostorilon Sokil 1-ds trapezoidal 2-ci tip geyri-salis ¢oxluq niimunasi gostorilmisdir.

3
H,(A") ﬁi

>

u

0 a a; a a aza; a, a,
Sokil 1. ikinci tip geyri-solis adad

Asagidaki mosolods ardicil ciit-ciit miiqayisoli matris toqdim olunur [5]. TOPSIS metodundan
istifado edorok on yaxsi alternativ segilocok. Asagida gostorilon matris ikili miiqayisali matrisdir:
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e ~11 ~n
A A, ’ Az number

Alternativlorin kriteriyalara asason qrup qorar gabuletms naticasinda 2-Ci tip geyri-salis adadlorlo
qiymatlondirilmasi Cadval 2-da gostorilmisdir:

Cadval 2. Alternativlorin kriteriyalar iizro qoymatlondirilmasi

| A1 | A2
C1 (0.004;0.01;0.042;0.11:1,1) (0.005;0.012;0.05;0.13:1,1)
(0.005;0.011;0.035;0.091:0.8,0.8 (0.006;0.013;0.042;0.1:0.8,0.8)
c2 (0.011;0.021;0.074; 0.17:1,1) (0.002;0.005;0.02; 0.049:1;1)
(0.013;0.024;0.064; 0.14:0.8,0.8) (0.003,0.006,0.017,0.040;0.8,0.8)
c3 (0.017,0.043,0.16,0.36;1,1) (0.012,0.030,0.12,0.29;1,1)
(0.022,0.050,0.14,0.30;0.8,0.8) (0.015,0.035,0.10,0.23;0.8,0.8)
C4 (0.009;0.001;0.007;0.025;1,1) (0.001;0.002;0.011;0.03;1,1)
| (0.001;0.002;0.006;0.0018;0.8,0.8) (0.001;0.003;0.006;0.027;0.8,0.8)
A3
C1 (0.017;0.04;0.16;0.38:1,1)
(0.02;0.046;0.14;0.31:0.8,0.8)
c2 (0.002,0.004,0.015,0.037;1,1)
(0.002,0.004,0.012,0.030;0.8,0.8
C3 (0.005,0.012,0.056,0.15;1,1)
(0.006,0.014,0.048,0.12;0.8,0.8)
C4 (0;0.008;0.035;0.01:1,1)

(0.004,0.009;0.03;0.078:0.8,0.8)

Qeyri-miioyyonliyi daha yaxsi idara etmok ii¢iin 2-Ci tip geyri-salis coxluglar TOPSIS metodu ilo
inteqrasiya oluna bilor. Bu mogqalodo 2-ci tip trapezoidal geyri-solis g¢oxluglardan istifado
edilmisdir [8]. TOPSIS metodunun marhalolori asagida verilmisdir:

Marhals 1: Qerar veron soxslor bir nego atribut vo ya meyar asasinda secilocok bazi alternativlori
miioyyonlosdirirlor. X doyisonindoki qeyri-solis A ¢oxlugunun monsubiyyat funksiyasi
mioyyanlosdirilir ki, X-doki hor bir x elementi [0,1] intervalinda haqiqi adaddir. z4.(x) doyari A

odadinin mansubiyyat funksiyasi doracasi adlanir.

Morhalo 2: TOPSIS-do her bir alternativin reallasdirilmasi x-qorar matrisi ilo siralanmagi tolob
edir ki, burada i=1,2, ... ,m; vo j=1,2, ... ,n. rij- normallasdirilmis gorar matrisi R asagidaki
diisturla qiymatlondirilir:

Xij

M 2

r=

=

)
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Morhoalo 3: Verilon molumatlar gorar matrisi formasinda ifado olunur vo menecerlor torafindon
tomin edilon ¢okilorlo W = (w1, w2, w3, ..,wN), (> w =1) ¢okili normallasdirtlmis qorar
matrislori qurulur.

_erll W2r12 W3r13 WerN_
erZl W2r22 W3r23 WNrZN

_erv1 Wolve Welws - WNrMN_

@)
i =1
Baxilan moasslaya uygun ¢oki doracslori asagida gdstorilmisdir:
wl (0.8, 0.93, 093, 0.975:11) (0.86, 0.93, 0.93, 0.95:0.9,0.9)
w2 (075, 09, 09, 097511 (0.83, 0.9, 0.9, 0.9375:0.9,0.9)
w3 (0.8, 0.95, 0.95 1:11) (0.88, 0.95, 0.95, 0.975:0.9,0.9)

Morholo 4: Cokili normallagdirilmis geyri-solis gorar matrisino uygun miisbot ideal holl A* vo
moanfi ideal hoall ¢okili normallasdirilmis giymatlondirmo asasinda miioyyonlosdirilir. Miisbat ideal
hall matrisi (4) funksiyasi ilo hesablanir ki, burada da monfi ideal hall matrisi (5) funksiyasina
osason hesablanir.

A :{(miaxvij‘j € J),(miinvij‘j el)

| (4)
i=1,2,3,...M|={V,, Vo, Vo }
Monfi-ideal hall is9, asagidaki kimi miioyyonloagdirilir:
A‘={ minv, [jeJ),(maxv,;|jeJ
(minvy|j e J),(maxvy|j e J) (5)
(=123 .M|={v,_,V, ,.v_}
Cadval 3. ideal vo Monfi-ideal hall naticalori
Si* | si’
Al (060 0.84 0.84 0.88:1.1) (0.14 0.02 0.04 0.06:1,1)
0.74 0.84 0.84 0.86: 0.8,0.8) (0.03 0.03 0.04 0.01:0.8,0.8)
A2 (073 088 0.88 0.95;1,1) (0.06 0.06 0.08 0.10:1,1)
(0.81 0.88 0.88 0.91:0.8,0.8) (0.05 0.08 0.08 0.11:0.8,0.8)
A3 (253 224 1.99 2.45:1,1) (0.00 0.22 0.19 0.06:1,1)
(207 2.26 2.04 1.82:0.8,0.8) (0.22 0.20 0.17 0.18:0.8,0.8)

Bu mogsadls geyri-salis ¢cox faktorlu gorar gobuletmo metodundan istifads olunur.
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Morholo 5: Har bir alternativin moanfi vo miisbat hoallo yaxinliq mosafalori asagidaki qaydada
hesablanir:

Si*z ’Z(Vij_vj-*)z,i:1,2,3,...,M, (6)

Morhalo 6: Ai Alternativinin  A* ideal hollino nisbi yaxiligimin hesablanma gaydasi asagida
gostarilmisdir:

Ci*=Si /(S +5,),0<C; <1

| Ci*
Al (080 071 070 0.75:1.1)
(072 071 070 0.68:0.8,0.8)
A2 (014 015 015  0.14:1,1)
(017 014 015 0.18:0.8,0.8)
A3 (038 044 049  050:1,1)
(0.43 044 048  0.54:0.8,0.8)

Natica

Informasiya Sistemi layihosinin diizgiin segilmosi effektiv idaroetmo texnologiyasinin osas
komponentlorindondir. Bu moqalonin osas magsadi geyri-solis adadlorlo TOPSIS metodu ilo on
yaxs1 alternativin tapilmasidir. Toqdim olunan TOPSIS metodunun effektivliyi adodi niimuna ilo
gostorilir. Toklif olunan yanagmadan istifado edorok on yaxsi alternativ on yliksok noticoyo
malikdir vo birinci alternativ se¢ilmisdir.
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INPUMEHEHME HEYETKHUX MHOXECTB THUIIA 2 METOJA TOPSIS
JJISA BBIBOPA ITPOEKTA UTHOOPMAILIMOHHBIX CUCTEM

Aiirwoas Jlagamena
AsepOaiipkaHCKUH TOCYIapCTBEHHBIN YHUBEPCUTET HEQTH M TIPOMBIIIEHHOCTH, BA Programs, corpyanuk o
obpasoBarenbHbIM TexHOMOrHsIM, http://orcid.org/0000-0002-4067-6967, Email: dadasheva879@gmail.com

PE3IOME

B crarbe ko BTOpOoMy THMIYy HeueTkux yucen Obul npumenen meron TOIICUC, seusrommiics
OJIHUM U3 HEYETKUX METOJOB MPUHATHUS peuieHuil nmo BbIOOpY I[IpoexTa mHGOpPMAIMOHHBIX
CUCTEM. YUHWThIBas, YTO BO BpEMs TIPYIIIOBOrO MPHUHATUS PELICHUH JIMLA, MPUHUMAIOLINE
pemienus (JIITP), Bepa)katoT CBOM MPEAIOUTEHUS U IPUOPUTETHI B COOTBETCTBHH C PA3TUYHBIMU
KPUTEPUSIMU Pa3IMYHbIX aJIbTEPHATHUB, U MOCKOJIbKY 3TOT BHIOOP OCHOBAaH HA WX 3HAHUU 3TUX
KPUTEPUEB M TOCKOJBbKY 3TH 3HAHUS U MH(OpMAIUs HEOMPEICIICHHbI, UX YMCIOBBIC 3HAYCHHUS
BBIpQ)KEHUE M BBIOOP IMPOEKTa MpPOIecC MOXKET ObITh clIoXHBIM. OCHOBHOH Ienbio oTOOpa
MIPOCKTOB SIBJISIETCSl aHAJM3 MPOEKTOB M OLEHKA Pa3jJUYHbIX MPOEKTOB B COOTBETCTBUU C UX
Pa3NMYHBIMH XapaKTEPUCTHKaMH. B 3Toi cTaTbe BBIOOP MpOEKTa CBs3aH ¢ MH()OPMAIOHHBIMA
cucremamu (MC). CymectByer 3 mpoekra MC, M KaxIplii BapuaHT OLIGHUBAJICS MO TaKUM
KpUTEpUSIM, KaK HaJEKHOCTb, CTOMMOCTb BHEAPEHUS, ONEPaTUBHOCTb OOpabOTKU JaHHBIX,
HaIM4YMe KBATH(PHUIMPOBAHHOTO NepcoHana. Bo Bpemst BbIOOpa mpoeKkTa Jinila, MPUHUMAIOIINE
pEllIeHUs, YUYUTHIBAIOT PA3IMYHbIE ONPEJEICHHbIE U HEOIpeneiIeHHblEe (PaKTOPbl U BHIOUPAIOT
HauWjIy4dllyl0 ajJbTEepHATUBY, aHAIU3UPYs BCE albTEPHATUBBL. B JAaHHOW cTaThe MpE/ICTABICHO
npumenenne Mmetoga TOPSIS st npuHATHS MHOTOKpUTEpUATIbHBIX TPYIIIOBBIX PELICHUN B
HEYeTKOM cpeae 2-ro tumna. KpuTepuu OLEHMBaHUSA, MOICIUPYEMbIE HEUYETKUMHU YHUCIaAMHU
TpaneuenjalbHOro TUNa 2, XapaKTepU3ylT JIMHIBUCTHUYECKHE TEPMUHBI. KaxkIblil 21eMeHT B
3THUX YHCIIaX UMEET CBOIO MPHUHAIIEKHOCTb, KOTOpPasi ONUCHIBAETCS (PYHKLMEH MPUHAIEKHOCTH
B unrepnaie [0,1].

Kmouesble cioBa: TOPSIS, HeueTkuie MHOKeCTBA THTIA 2, MHOTOKPUTEPUATILHOCTD, TPYTIIOBOE
MIPUHATHE PELICHUMN.
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SPECTROPHOTOMETRIC DETERMINATION OF PALLADIUM (1)
ION WITH 2,3,4-TRIHYDROXYPHENYLAZO 5'-SULFONAPHTHALINE
REAGENT

Esmira Hashimova

Azerbaijan State Oil and Indusrty University, Dissertation student, senior laboratory assistant of the department of
“Chemistry and Inorganic Substances Technology”, https://orcid.org/0000-0002-2668-4274,

Email: esmira.hashimova@mail.ru

ABSTRACT

Pyrogololol-based azo compounds are widely used organic reagents for the photometric
determination of a number of metal ions. Since the determination reactions based on the
formation of their complexes with various ligands have higher indicators, they are of great
importance for the analytical chemistry of some metal ions, especially for the photometric
determination. Therefore, determining the regularities of the formation of complexes of various
ligands with some metal ions in the presence of various types of third components (secondary
ligands) of these reactants, and investigating the dependence of their chemical-analytical
characteristics on the nature of the metal ion, reactant and third component, and on the
interaction between ligands, should be considered an urgent issue. The forms of the reagents in
the solution depending on the acidity of the environment were studied. At this time, it was
shown that their molecular forms are even more important for complex formation reactions.
Pyragallol-based reagent was used in the work, which is not commercially available. Therefore,
the reagent was synthesized by a known method. Pyragallol-based reagents used in the research
were synthesized according to the methodology known from the literature. Pyrogallol used in
the synthesis (purchased from "Skeron" located in Moscow), 2-hydroxy-3-sulfo-5-chloro
aniline, 3-sulfo-5-nitro aniline, 2amino-5'sulfonaphthalene, sodium nitrite and hydrochloric acid
"analysis clean for" and "chemically clean" quality. Synthesis of the reagent was carried out in
two stages. The first step is mainly the diazoation of the aromatic amine. The second stage is the
coupling of pyrogallol to the diazonium ion. Nuclear magnetic resonance (NMR), infrared
spectroscopy (IR), spectrophotometric and X-ray structural analysis methods were used to
obtain information about the identity and structure of the reagent.

During the interaction of azo compounds synthesized on the basis of pyrogallol with
palladium(ll) ion, they form colored complex compounds depending on the acidity of the
environment. Considering this, in order to determine its role during the spectrophotometric
determination of palladium (Il) ion, the binary and complex compounds with different ligands
formed by them were studied by photometric method. The spectrophotometric characteristics of
the complexes were calculated. Thus, based on the light spectra, the optimal conditions of
complex formation were determined, and the effect of temperature, time, concentration of the
reactant and the third component on complexation was studied. It was determined that the
spectrophotometric indicators of complexes with different ligands are more in comparison with
c At the optimal pH, the luminescence spectra of complex compounds with different ligands and
the pH dependence of the optical density at the maximum wavelength were studied . Based on
the experiments, it was determined that the maximum output of these complexes pH-3 (PdR1-
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SPBr), pH-2 (PdR1-SPCI) PdR1-SPBr and PdR1-SPCI complexes maximum illumination is 450,
460 nm, respectively.omplexes with the same ligand. A complex compound with different
ligands formed during the action of cetylpyridine chloride and cetylpyridine bromide on the
complex compound formed by palladium (1) with R1 reagent was studied. The emission spectra
of complex compounds with different ligands formed depending on pH at different wavelengths
were recorded it was determined that 1.10“% M Ry (PdR:-SPCI) and 1,0-10* M R: (PdR1- SPBr),
3,2-:10* M SPCI, 4-10* M SPBr required.

When the complexation reaction of palladium(Il) with Ry reagent was influenced by surfactants,
the analytical parameters of the reactions increased dramatically. The sensitivity and selectivity
increase significantly, and it can be said that the lower limit of the interval of obedience to Ber's
law is reduced enough. The persistence of ternary complexes is higher than binary complexes.
Keywords: pyragallol, SPBr-cetylpyridine chloride, SPClI-cetylpyridine bromide, 2,3,4-
trihydroxyphenylazo 5'-sulfonaphthalene

2,3,4-TRIHIDROKSIFENILAZO 5'-SULFONAFTALIN REAGENTI iLO
PALLADIUM (II) IONUNUN SPEKTROFOTOMETRIK TOYINi

Esmira Hasimova
Azorbaycan Dovlot Neft vo Sonaye Universiteti, “Kimya vo geyri-iizvi maddolorin texnologiyasi” kafedrasinin boyiik
laborant, dissertant, https://orcid.org/0000-0002-2668-4274, Email: esmira.hashimova@mail.ru

XULASO

Pirogallol asasinda sintez edilon azobirlosmalorin palladium(ll) ionu ilo garsiligh tosiri zamani
miihitin tursulugundan asili olaraq rongli kompleks birlogsmolor amalo gatirir. Bunu nazoro alaraq
palladium (I1) ionunun spektrofotometrik toyini zamani onun rolunu miiayyan etmak tigiin onlarin
omolo gotirdiklori binar vo muxtalif ligandli kompleks birlogsmalor fotometrik metodla todgiq
edilmisdir. Komplekslorin spektrofotometrik xarakteristikalar1 hesablanmigdir. Belos ki, isiqudma
spektrlorina asason kompleks amalagalmanin optimal soraiti mioyyanlosdirilmis, temperaturun,
vaxtin, reaktivin va tigiincli komponentin qatiliginin kompleksomolagalmayo tosiri dyronilmisdir.
Muoyyon olunmusdur ki. mixtolifligandli  komplekslorin  spektrofotometrik gdstaricilori
eyniligandli komplekslorlo migaysodo daha coxdur. Mixtslifligandli kompleksin optimal soraiti
pH-2(PdR:1 — SPCI) vo pH-3-o (PdR1 — SPBr) borabor olmusdur. ©Omolo galon kompleks
birlosmonin maksimum isiqudmasi 425 nm-do miisahido olunur. pH 4-do reaktivin maksimum
isiqudmast iso 387 nm-dir. Ry reagenti ilo palladiumun(ll) kompleksomalagalmo reaksiyasina
sothi aktiv maddolorlo tosir gostordikds reaksiyalarinin analitik parametrlori kaskin artmasi
miisahido olunmusdur. Hassasliq, segicilik oshomiyyatli dorocods artir vo demok olar ki, Ber
ganununa tabegilik intervalmin asag1 sorhaddi kifayst godor azalir.Uglii komplekslorin davamlig
ikili kompleksa nisbaton daha yiiksok olur. Malum olmusdur ki, tigiincii komponentlarin tasiri ilo
muxtalifligandli sistemin segiciliyi binar kompleksa nozaron ylksokdir.

Acar sozlar: piragallol, SPBr-setilpiridinxlorid, SPCl-setilpiridinbromid, 2,3,4-
trihidroksifenilazo 5'-sulfonaftalin
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Giris

Molumdur ki, kompleksamalogatirici sorbentlords sorbsiya prosesi asason nacib metal ionlarinin
funksional qruplarla kompleks amologotirmasilo yaranir. Palladium ionu digor metallardan forqli
olaraq turs miihitdo torkibinds azot vo kiikiird saxlayan ligandlarla daha davamli kompleks
omologotirmok xassosino malikdir. Bu magsadlo piroqallol asasinda sintez olunmus reagentlorin
istirak1 vo polimer sorbenlorlo palladium (II) ionunun amalo gatirdiyi kompleks birlogsmalorin
spektorofotometrik toyinati aparilmisdir.

Demak olar ki, palladium(II) ionunun toyini zamani bu va ya digor analitik gostaricilori yiiksok
olan naticalorin alinmasi asason hidroksiazobirlosmalorin (-OH, -N-N-) istifadasi ilo mumkin
olmusdur. Bunlar1 nozors alaraq gostorilon funksional qruplar saxlayan reagentlordon istifado—
pirogallolun azotéromolorinin palladium (II) ionu ilo sothi aktiv maddslor vo hidrofob aminlor
istirakinda kompleks omologotirmasinin sorbsion xassalorinin Oyronilmasi vo analitik totbiqi osas
mosalolordandir.

Magsad

Problemin aktualligi vo alaqoli todqiqatlar. Bu isdo osas mogsod instrumental todqigat
metodlarindan istifado etmoklo sintez edilmis 2,3,4-trihidroksifenilazo 5'-sulfonaftalin reagenti
ilo palladium (I1) ionunun spektrofotometrik toyinidir. Palladium(Il) ionunun sintez edilmis
pirogallol asaslh tizvi reagentlorlo amalo gotirdiyi kompleks birlogmoalorin analitik gostaricilaring
kation tipli sothi aktiv maddslarin tosirinin toyini, palladium(II) ionlarinin sorbsiya proseslorinin
todqigat1 asas masalalordon biridir. Palladiumun (1) kompleksomologalmo reaksiyasina sathi aktiv
maddolorlo tasir gostordikda reaksiyalariin analitik parametrlorinin koskin doyismosi miioyyan
olunur. Tadqgigatt aparmagq {i¢iin istifads olunan cihaz vo mohlullar asagida gdstorilmisdir:

PdCIl> (k.t.) duzundan 1000 mg/l gatiligli Pd(I) ionunun mohlulu hazirlanmis vo qatiligi
standartlarla miiqayiso edilorok doqiqlosdirilmisdir. Pd(Il) ionunun mohlulda tarazliq qatilig1
identifikasiya edilmis piroqallol osasli 2,3,4-trihidroksifenilazo  5'-sulfonaftalin reaktivi ilo
spektrofotometrik metodla toyin edilmigdir . Mohlulda ion qiivvesinin lazimi giymatini yaratmaq
tigtin KCl1 (k.t.) duzu mohlulundan istifado edilmisdir. Miihitin pH-n1 sabit saxlamaqg uguln
ammonium-asetat bufer mohlulundan (pH 3-11) vo HCI fiksanalindan (pH 0-2) istifado
edilmisdir. KOH mohlulu KOH-in hesablanmis kiitlosinin bidistillo suyunda hoall edilmosi ilo
hazirlanmis vo standart HC1 mohlulu ilo titrlonorak qatiligi deqiqlesdirilmisdir. Mohlullarin optiki
sixliglart KFK-2 fotokalorimetrindo o6l¢iilmiisdiir. Mohlullann pH-na pHS-25 markali siiso
elektrodlu ionomer vasitosilo nazarat edilmisdir. "Varian 3600 FI- IR" -do sorbentin 1Q-spektri
Oyronilmisdir. [1]

Metodlar

Palladium (IT) ionunun piroqallol ssasinda sintez edilon 2,3,4-trihidroksifenilazo 5' sulfonaftalin
(R1) reaktivi ilo miihitin tursulugundan asili olaraq rongli birlogsmolor amolo gatirir. Bunu nazors
alaraq palladium (IT) ionunun spektrofotometrik toyini zamani onun rolunu miioyyon etmok ii¢lin
onlarin amalo gatirdiklori binar vo miixtalif ligandli kompleks birlosmolor fotometrik metodla
tadqiq edilmisdir. Komplekslorin spektrofotometrik xarakteristikalar1 hesablanmigdir.[1,2] Belo
ki, isiqudma spektrlorina asason kompleks amologolmonin optimal soraiti miioyyonlosdirilmis,
temperaturun, vaxtin, reaktivin v ii¢lincli komponentin qatiliginin kompleksamologalmoyas tasiri
Oyronilmigdir. Genis dalga uzunlugunda (A=200-700 nm) rongli komplekslorin omolo
golmasinin optimal  soraitini miioyyon etmok mogsadilo onlarin udma spektrlori miisyyon
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olunmusdur. Bu zaman tocriibe iigiin tutumu 25 ml olan 6l¢ii kolbasna 1,0 ml 1,0-10 M Pd(lI)
mahlulu vo 2,0 ml 1,0-10° M reaktiv mohlulu tokiilmiis vo miixtalif tursuluglu (pH=1,0-14) bufer
mohlulu cizgiys qodor slave edilorok mohlul durulasdirilmisdir. Alinmis rongli mohlullarin optiki
sixliglart reaktiv fonunda, 1=1,0 sm qalinlighh kiivetdon istifado etmoklo “Lambda-40”
spektrofotometrinds 6l¢iilmiisdiir. [2-3]

Ri1 reagenti ilo palladium (I1) ionunun garsiliql tosiri zamani amals golon kompleks birlosmonin
optimal soraitini miioyyon etmok iiglin pH-in 1-7 intervalinda kompleksin isiqudma spektrlori
cokilmigdir. Ry reagenti ilo palladiumun (II) omolo gotirdiyi kompleks birlosmonin maksimum
dalga uzunlugunda pH-dan asil1 olaraq optiki sixliginin doyismasi sokil 1-do verilmisdir.[4-5]
Yeni sintez olunmus reaktivin miixtalif ndv tiglincii komponentlar ( ikinci ligandlar) istirakinda
bozi metal ionlar1 ilo miixtolifligandli komplekslorinin omologolmo ganunauygunluglarinin
mioyyan edilmasi onlarin kimyavi-analitik xarakteristikalarinin metal ionu , reaktiv vo li¢lincii
komponentin tobistindon vo ligandlararasi qarsiliql tesirdon asililigi miioyyon olunmusdur.
Reaktivlorin miihitin tursulugundan asili olaraq mohluldaki formalar1 todqiq edilmisdir. Bu
zaman onlarin molekulyar formalarinin kompleks omologolmo reaksiyalart iiclin daha da
miihiim ochomiyyot kash etdiyi gostorilmisdir.

SN,

i 1
0,3 -
0,2 -

0,1 -

0 ! I I I 1
0 2 4 6 8 10

pH

Sakil 1. Palladium (II) SAM istirakinda va istiraki olmadan omals golon komplekslorinin optiki
sixliginin mohlulun pH-dan asililigi: 1- PdRy; 2- PdR1-SPCI; 3- PdR1-SPBr

Optimal pH-da kompleks birlogsmonin isiqudma spektri ¢ixarilmigdir. Sokillordon do goriindiyi
kimi binar kompleksin optimal pH-1 3-o, miixtolifliqgandli kompleksin optimal soraiti pH-2 (PdR:
— SPCI) va pH-3-2 (PdR1 — SPBr) barabar olmusdur. (Sakil 2.)
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Sokil 2. R1va onun palladium (II) SAM istirakinda va istiraki olmadan omolo goatirdiyi
komplekslarinin isiqudma spektrlori : 1-R3, 2- R1-SPCI, 3- R1-SPCI-Pd, 4- R1- SPBr, 5- R1- SPBr-
Pd

Omolas golon kompleks birlosmonin maksimum isiqudmasi 425 nm-ds miisahido olunur. pH 4-ds
reaktivin maksimum isiqudmasi iso 387 nm-dir.

Kompleksamolagalmayo reaktivin qatiliginin tosiri dyronilmisdir.Tocriibs noticosindo miioyyon
olunmusdur ki, 1,0-10* M Ry reaktivi ilo 1:10° M palladium(I1) ionunu kompleksin torkibino tam
kecirmok miimkiindiir. R1 reagenti ilo palladiumun (II) omalo gotirdiyi kompleks birlosmoyo
setilpiridinxlorid, setilpiridin bromidin tasiri zamanmi omalogolon miixtalifligandli  kompleks
birlogmo Oyronilmigdir. Miixtalif dalga uzunluqlarinda pH-dan asili olaraq omolo golon
miixtalifligandli kompleks birlogsmalarin isiqudma spektrlori ¢okilmisdir. (sokil 2.) [6]

Optimal pH-da miixtolifligandli kompleks birlosmolorin isiqudma spektrlori vo maksimum dalga
uzunlugunda optiki sixligin pH-dan asililig1 6yronilmisdir (sokil 3). Tocriibalors asason miioyyon
edilmisdir ki, bu komplekslorin maksimal ¢iximi pH-3 (PdR1-SPBr), pH-2 (PdR:-SPCI) PdR:-
SPBr vo PdR:-SPCI komplekslorinin maksimum isiqudmasi uygun olaraq 450, 460 nm-dir.
Kompleksoamoalogalmayo optimal soraitds reaktivin vo {igiincii komponentlorin qatiliginin tosiri
Oyranilmigdir.Tam kompleksomalogalmoya PdR1-SPBr, PdR:-SPCI sistemi {igiin uygun olaraq
1-10* M R1 (PdR:-SPCI) vo 1,0-10* M R: (PdR1- SPBr), 3,2:10“ M SPCI, 4.10* M SPBr tolob
olunur.[7-8]

R1 reagentilo palladiumun (II) oamalo gatirdiyi binar vo miixtslifligandli kompleks birlogsmalarin
optiki sixliglariin zamandan vo temperaturdan asililigi 6yronilmisdir. Binar vo miixtalifliqandli
komplekslor reaksiya mohsullarint qarigdirdigdan sonra homin an omolo golir.Miioyon
olunmusdur ki, ti¢lii komplekslorin davamlig ikili kompleksa nisbaton daha yiiksokdir.[9]
Palladium(II) ionunun toklif olunan reaktivlarlo amalos gotirdiyi binar komplekslarin torkibi asason
izomolyar seriyalar, Starik-Barbanelin nisbi ¢iximi, tarazligin yerdoyismasi metodlar ilo toyin
olunmusdur. Miixtalifligandli kompleks birlogsmolorin torkibi iso Starik-Barbanelin nisbi ¢ixim vo
tarazligin yerdoyigsmosi metodlari ils toyin olunmusdur.[10-11]
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Palladium(II) ionun todqiq olunan binar vo miixtolif ligandli kompleks birlogmolorinin
spektrofotometrik xarkteristikalari cadvall-ds verilmisdir:[12]

Cadval 1. Palladium(l1) ionun tadgiq olunan binar vo muxtalif ligandli kompleks birlosmalarinin
spektrofotometrik xarakteristikalari.

Ber ganununa
Kompleks PH )”max nm ‘C‘MeRX:I'd4 M:R:X IgK1 gi?:r(i/':lli
mkg/ml
PdR, 3 425 173:002 |12 490002 | 0,19.-5,06
PdR -SPCI 2 450 1,11+0,02 1:2:2 8,95+0,02 0,41-3,98
PdR,-SPBr 3 460 2314001 | 1:2:2 9101004 | 04419

Cadvaldon 1-don gorinduyu kimi PdR1-SPCI, PdR1- SPBr, kompleks birlosmalarinin optimal
amologalma soraiti 0 biri komplekslors nisbaton daha turs mithitdo tosadif edir.

Eyniligandli vo muxtalifligandli komplekslorin torkibi izomolyar seriyalar, Starik-barbanel vo
tarazligin yerdoyismosi metodu ilo toyin edilmisdir.Islonmis metodika noticesindo miiayyon
olunmusdur ki, kimyavi quruluslarina goérs bir-birina yaxin olan reaktivlorin palladium (I1) ionu
ilo omalo gatirdiklori kompleks birlasmalorin torkibi 1:2-dir.

Natico

- PdR:-SPCI, PdRi- SPBr kompleks birlosmolorinin optimal omologolmo soraiti o biri
komplekslora nisboton daha turs miihito tosaduf edir. Bu zaman binar komplekso nozoron R
reagentinin modifikasiya olunmus formalarinin palladium (II) ionu ilo omalo gotirdiyi
komplekslorin amala golmasinin optimal soraiti turs mithitdo miisahido olunur.

- Isiqudma spektrloring osason kompleks omologalmonin optimal soraiti mioyyanlosdirilmis,
temperaturun, vaxtin, reaktivin vo li¢lincii komponentin qatiliginin kompleksamalogalmays tosiri
Oyronilmisdir.

- R1 reagenti ilo palladiumun(ll) kompleksomoalogalma reaksiyasina sothi aktiv maddalorlo tasir
gOstordikdo reaksiyalarinin analitik parametrlori koskin artmasi miigahido olunmusdur.

- Hossasliq, segicilik ohomiyyatli dorocodo artir vo  demok olar ki, Ber ganununa tabegilik
intervalinin asagi sorhaddi kifayst goador azalir.

- Malum olmusdur ki, ii¢iincli komponentlorin tasiri ilo mixtalifligandli sistemin segiciliyi binar
kompleksa nozaran ylksokdir.

- Uclii komplekslorin davamlig: ikili kompleksa nishaton daha yiiksokdir.
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PE3IOME

IIpyn B3auMOACUCTBUU a30COCAMHEHUMN, CUHTE3UPOBAHHBIX HAa OCHOBE MHMPOrajuioyla ¢ HOHOM
naagus (II) oOpasyroTrcs OKpalleHHbIe KOMIUIEKCHBIE COCOUHEHHS B 3aBHCHUMOCTH OT
KHUCJIOTHOCTH CPEJIbl. Y UUTHIBAs 3TO, JIsl ONIPECIICHHS €T0 POJIM MPU CIIEKTPOPOTOMETPHUECKOM
onpexaeneHuu noHa namaaus (II) ¢poromerpuyeckum METOAOM HCCIEAOBAIN 00OpazyeMble UMHU
OWHapHbIE ¥ KOMIUICKCHBIE COCIUHEHHS C Ppa3IUYHBIMHA  JIUTaHAaMu. PaccumrtaHbl
CHEKTPO(HOTOMETPHUECKHUE XaPAKTEPUCTUKH KOMIUIEKCOB. TakuM 00pa3oMm, MO CIEKTpaM CBeTa
ObUIM  OTIpeNeNIeHbl ONTHMAJbHBIC YCIOBHS KOMILIEKCOOOpAa30BaHUS, W3YYCHO BIHSHUE
TEMIIEpPaTypbl, BpPEMEHHU, KOHIIGHTpAallMM peareHTa U  TPeThero KOMIIOHEHTa  Ha
KoMILUIeKcooOpa3oBanue. bwuto ompeneneHo, 4Yro CrneKTpoOTOMETPHUECKHE ITOKA3aTeNH
KOMIUIEKCOB C Pa3HbIMU JHTaHAaMH OOJIbIIE MO CPABHEHUIO C KOMILIEKCAMU C TEM K€ JINTaH/I0M.
OnTuManbHbIe yYCIOBHS MOJMIUTaHAHOTO KoMiutekca Obutn paBubl pH-2 (PAR1 — SPCI) u pH-3
(PdR1 — SPBr). MakcumaiibHOE CBeYeHHE 00pabOTaHHOTO KOMILIEKCa HabromaeTes pu 425 HM.
IIpu pH 4 wmakcumanbHas OCBELIEHHOCTh peareHTa cocrasisgeT 387 HM. Ilpu BiausHUUM
MOBEPXHOCTHO-aKTUBHBIX BEIIECTB Ha peaklul KoMIiulekcooOpaszoBanus namwtagus (II) c
peareHToM Ri1 aHanuTH4YeCKWE TMapaMeTpbl PeakUuid pPe3KO BO3pacTaroT. UyBCTBUTEIBHOCTH U
CEJIEKTUBHOCTh 3HAYUTEIHLHO BO3PACTAIOT, U MOXKHO CKa3aTh, YTO HIDKHAS TpaHUIla MHTEpBaia
nourHEeHMs 3akoHy bepa moctarouno cHmkaeTcs.CTOHKOCTh TPOWHBIX KOMIUIEKCOB BBIIIE, YEM
OMHApHBIX. YCTAHOBJIEHO, YTO CEJIEKTUBHOCTh MOJMJIMTAHAHON CHCTEMBl 3a CUeT BIMSHUSA
TPEThUX KOMIIOHEHTOB BBIIIE, YeM y OMHAPHOTO KOMILIEKCA.

Kurouessble ciioBa: nuparasmion, SPBr-uetnnmmupuanaxnopun, SPCl-uetnnnupuanaOpoMus,

2,3, 4-tpuruaporcudenmiaso 5'-cynbpoHadraaH.
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ABSTRACT

The development of four-stroke, spark-ignition engines designed for direct injection of gasoline
into the combustion chamber is one of the most important initiatives of the automotive industry
worldwide. The thermodynamic potential of such engines for significantly improved fuel
economy, transient response, and cold-start hydrocarbon emission levels has led to numerous
research and development projects aimed at understanding, developing, and optimizing gasoline
direct injection combustion systems. Fuel injection, spray atomization and vaporization, charge
cooling, mixture preparation, and in-cylinder air flow control processes are actively researched
and reviewed and analyzed in detail. Newer technologies such as high-pressure, common-rail,
gasoline injection systems, and vortex atomizing gasoline injectors are discussed in detail, as
these technologies, combined with computer control capabilities, have enabled the examination of
older gasoline engines. Worldwide recognized research, prototype and production direct injection
engines are reviewed for performance, emission and fuel economy advantages and areas requiring
further development. Engine schematics, control diagrams, and specifications are drawn up, and
emission control strategies are described and discussed. The impact of weak NOjx catalysts on the
development of late-injection, stratified gasoline direct injection engines is reviewed, and the
relative merits of low-burning, homogeneous, direct injection engines as an option requiring less
control complexity are analyzed. Historically, interest in these significant benefits has prompted a
number of important studies of the potential of direct injection, stratified charge engines. Throttle-
free operation was achieved over most of the load range, with brake-specific fuel consumption
rivaling that of an indirect injection diesel engine. The main drawback was that the late injection
timing was maintained even at full load due to the limitations of the mechanical fuel injection
system. This provided limited smoky combustion for air-fuel ratios richer than 20:1. The necessity
of using diesel fuel injection equipment and the need for a turbocharger to provide adequate
power output resulted in an engine with similar cost and performance characteristics to that of a
diesel engine, but with partial load unburnt hydrocarbon emissions. The use of relatively low air
intake and limited fuel injection equipment in the speed range meant that the specific power of the
engine was quite low. Many of the major limitations encountered in previous work on direct
injection, stratified charge engines can now be overcome. This is especially true for the significant
control limitations that existed for direct injection injectors 15 years ago. A number of auto
companies are now turning to new technologies and computer control strategies to re-examine the
extent to which the potential benefits of direct gasoline injection can be realized in production
engines. With increasing emphasis on achieving major improvements in vehicle fuel economy,
automotive engineers are striving to develop engines with brake-specific fuel economy that can
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meet future stringent emissions requirements. Compression-ignition, direct injection, and diesel
engine brake-specific fuel consumption, and hence fuel economy, are superior to port-fuel-
injected spark-ignition engines mainly due to the use of a significantly higher compression ratio
combined with throttle-free operation. Over the past two decades, attempts have been made to
develop an internal combustion engine for automotive applications that combines the best features
of spark ignition and diesel engines. The goal was to combine the specific power of a gasoline
engine with the efficiency of a diesel engine at partial load. Such an engine would exhibit brake-
specific fuel consumption approaching that of a diesel engine, while maintaining the performance
characteristics and specific power output of a spark-ignition engine. Research has shown that a
promising candidate for achieving this goal is a direct-injection, four-stroke, spark-ignition engine
that does not compress the intake mixture to drive charge. In this engine, during ignition, a plume
of fuel spray is injected directly into the cylinder, creating an ignitable fuel-air mixture in the
spark gap. This class of engine is designated as a direct injection, stratified charge engine. This
type of engine generally exhibits improved tolerance for lower octane number and drivability
index fuels, and is a significant part of early work on prototype direct injection, stratified charge
engines aimed at multi-fuel capability.

Keywords: Combustion systems, Gasoline engines, Direct injection, Port-fuel injection
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XULASO

Benzinin birbaga yanma kamerasina vurulmasi ti¢iin nazorde tutulmus doérd vuruslu, qigilcimla
alisan miihorriklorin inkisafi avtomobil sonayesinin diinya miqyasinda 6nomli togobbiislorindon
biridir. Bu ciir miiharriklorin shomiyyatli doracade artirilmis yanacaq qenasti, kegici reaksiya vo
soyuq i1so salma zamam karbohidrogen emissiya soviyyalori iiglin termodinamik potensiali
benzinin birbasa vurulmasini nozordo tutan yanma sistemlorini basa diigmok, inkisaf etdirmok vo
optimallasdirmaq moqsadi dasiyan ¢oxlu sayda todqigat vo tokmillogdirmo layihslorinin hoyata
kecirilmasino sobob olmusdur. Yanacagin vurulmasi, plskiirtmonin atomlasdirilmast vo
buxarlanmasi, yiikiin soyudulmasi, garisigin hazirlanmasi vo silindrdaxili havanin horokotinin
idara edilmasi proseslori foal sokilde todqiq edilir vo bu igler otrafli nozerden kegirilir vo tohlil
edilir. Yiiksok tozyiqli, imumi relsli, benzin vurma sistemlori vo burulganli atomlasdirict benzin
injektorlar1 kimi yeni texnologiyalar strafli miizakirs olunur, ¢iinki bu texnologiyalar kompter
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idaroetmo imkanlar1 ilo birlikdo kdhna benzin miihorriklorinin miiayinosini hoyata kecirmoyo
imkan vermigdir. Biitlin diinyada taninmis todqiqat, prototip vo istehsal birbasa piiskiirtmali
miihorriklor performans, emissiya vo yanacaq qonasti iistlinliiklori vo olavo inkisaf tolob edon
sahalor tiglin nozorden kegcirilir. Miihorrikin sxemlori, idaroetms diaqramlar1 vo spesifikasiyalar
tortib edilir, emissiyaya nozarot strategiyalar1 tosvir edilir vo miizakiro edilir. Zoaif NOx
katalizatorlarinin gec inyeksiyali, tobagalosmis yiiklii benzinin birbasa piiskiirtmali miihorriklorin
inkisafina tosiri nozordon kegirilib vo daha az idaroetmo miirokkabliyi tolob edon se¢im kimi zaif
yanan, homojen, birbasa piiskiirmali miiharriklorin nisbi Gstiinliiklari tohlil edilib. Tarixi noqgteyi-
nozordon, bu ohomiyyatli faydalara maraq birbasa inyeksiya, tobogolosdirilmis yiik
miiharriklorinin potensialinin bir sira miithiim arasdirmalarina tokan verdi. Dolay1 piiskiirtmali
dizel miihorriki ilo rogabat aparan oyloc iiglin xiisusi yanacaq sorfiyyati ilo yiik diapazonunun
oksariyyatindo tonzimlomosiz islomo oldo edildi. Osas catismazliq, mexaniki yanacaq vurma
sisteminin mohdudiyystlori sobabindon gec enjeksiyon vaxtinin tam yiikds belo saxlanilmasi idi.
Bu, 20:1-don daha zongin hava-yanacaq nisbatlori ticlin mohdud tiistiilii yanma tomin etdi. Dizel
yanacaginin vurulmasi avadanliginin istifadosi zorurati vo adekvat giic hasilati tomin etmok ii¢lin
turbomiiharrika olan ehtiyac, dizel miiharrikininkine oxsar qiymot vo performans xiisusiyyatloring
malik olan, lakin gismon yiiklii yanmamis karbohidrogen emissiyasina malik olan miihorriklo
naticalondi. Nisboton az hava istifadesinin vo siirot diapazonunda mohdud yanacaq vurma
avadanhigmin istifadoesi miiharrikin xiisusi giiclinlin olduqca asagi olmasi demok idi. Birbasa
inyeksiya, tobaqgolosdirilmis yiik miiharriklori izorindo ovvalki islordo rast golinon bir ¢ox osas
mohdudiyystlor indi artiq aradan qaldirila bilor. Bu, xiisusilo 15 il ovval birbasa inyeksiya
injektorlart iiglin movcud olan shomiyyatli nozarot mohdudiyyatlori tiglin dogrudur. Hazirda bir
sira avtomobil sirkstlori birbasa benzin vurma miiharrikinin potensial faydalarinin istehsal
miihorriklorindo hoyata kegirilo bilmo doracasini yenidon aragdirmagq ii¢lin yeni texnologiyalar vo
kompiiter idaroetmo strategiyalarina miiraciot edirlor.

Acar sozlar: Yanma sistemlori, Benzin miiharriklori, Birbasa piiskiirtms, Port-yanacaqlh
plskiirtmo

Giris

Avtomobilin yanacaq gonastindo osashi tokmillogdirmalorin olde edilmasina artan vurgu ilo
avtomobil miihandislari ayloc {iciin xiisusi yanacaq sorfiyyatina malik vo golocok ciddi emissiya
toloblorino cavab vero bilon mihorriklor hazirlamaga calisirlar. Sixilma-alovlanma, birbasa
puiskiirtma va dizel miiharrikinin aylac {iglin xiisusi yanacaq sorfiyyat1 vo demoli yanacaq qonaati,
osasan, tonzimlomosiz isloms ilo birlikds ohamiyyatli deracods daha yiiksok sixilma nisbatinin
istifadasine gora, port-yanacaqla vurulan qigilcimli alovlanma miiharrikindon iistlindiir. Bununla
belo, dizel miihorriki, @imumiyyatlo, qigilcimla aligan miiharriklordon daha yiiksok sos-Kuy
saviyyasi, daha mahdud siirat diapazonu, asag1 iso salinma qabiliyysti vo daha yiiksak hissaciklor
vo NOx emissiyalar1 niimayis etdirir. Son iki onillikde, qigilcimla alovlanma vo dizel
miiharriklorinin on yaxs1 xiisusiyyatlorini birlogdiron avtomobil totbiglori {igiin daxili yanma
miiharriki hazirlamaq cohdlori edilmisdir. Magsad benzin miihorrikinin xiisusi giiciinii qismon
yiikloyarkon dizel miihorrikinin samaoraliliyi ilo birlosdirmok idi. Belo bir miiharrik, qigilcimla
alisan mihorrikin islomo xiisusiyyetlorini vo xiisusi glic c¢ixisin1  qoruyarkon, dizel
miihorrikininkine yaxinlagsan oyloc {iclin xiisusi yanacaq sorfiyyati niimayis etdirocokdir.
Tadqgiqatlar gdstordi ki, bu magsada nail olmagq tigiin perspektivli namizad, yiikii idara etmak iigiin
girls qgarisigini sixmayan, birbasa piiskiiron, dord vuruslu, qigilcimla alisan miihorrikdir. Bu
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miiharrikds, alovlanma zamani qigilcim boslugunda alovlana bilon torkibo malik yanacaq-hava
qarisig1 yaradan yanacaq spreyi sleyfi birbasa silindro vurulur. Miiharrikin bu sinfi birbasa
inyeksiyali, tobogolosdirilmis yiikli mihorrik kimi toyin edilmisdir. Bu mihorrik novii
imumiyyotlo daha asagi oktan sayr vo siirmo qabiliyyati indeksi olan yanacaglar iigiin
tokmillogdirilmis tolerantliq niimayis etdirir vo ¢oxlu yanacaq qabiliyyotino yonalmis birbasa
puskiirtma, tobagolosdirilmis sarjli miiharriklorin prototipi lizerinde ilk islorin shamiyyatli bir
hissasidir. Dizelinkina banzar sokildo, bu miiharrikin giicti silindra vurulan yanacaq miqdarini
doyisdirmoklo idars olunur. Induksiya havasi shomiyyatli doracads sixilmur, beloliklo dévrinin
nasos dovrasinin monfi isini minimuma endirir. Yanacagin hava ilo qarisdigi zaman
alovlandirmagq {igiin samdan istifado etmoklo, miihorrik birbasa aligma ilo tomin edilir vo belalikla,
dizel miihorriki iiglin yanacaglara xas olan bir ¢ox avtomatik alisma keyfiyyoti toloblorindon
qagmnir. Bundan olavo, samin vo yanacaq injektorunun nisbi diiziilisi ilo, imumi c¢ox zoif
islomayas nail olmagq olar, belslikls, aylac {igiin xiisusi yanacaq sorfiyyati alds edilir.

Moagqsad

Biitiin diinyada avtomobil istehsalgilarina daha ¢ox yanacaq sorf edon avtomobillor togdim etmok
vazifasi qoyuldugundan, istehlak¢ilari daha somoroli avtomobillorls tomin etmok {igiin coxsayl
dizayn tokmillogdirmolori hoyata kecirilib. Tarixon on ¢ox istehsal edilon daxili yanma
miihorriklori Port-yanacaq inyeksiyasi dizayni idi, burada yanacaq daxil olan hava ilo qarismaq
ticlin girig portlarina puskiirtiiliir. Oslinds, bir ¢ox yeni avtomobil hals do bu miihorrik dizayni ilo
istehsal olunur. Port-yanacaq inyeksiyasi konfiqurasiyalarinda yanacaq injektorlari adoaton giris
manifoldda qurasdirilir vo hava/yanacaq qarisig1 giris klapan agildiginda silindr baghigina ¢okilir.
Birbasa piiskiirtmoli miiharriklordo yanacaq injektorlart silindr basliginda yerlosir vo yanacaq
birbasa silindro piiskiiriir vo burada hava/yanacaq qarisigi bas verir. Port-yanacaq inyeksiyasi
dizayn1 ilo miiqayisado birbaga piliskiirtmoli sistemin bir ¢ox istiinliiklori var, onlardan on
ohomiyyatlisi onun yanacaga daha yaxsi gonaot etmosidir. Birbasa pliskiirtmoli miihorriklor
yanacaq qonaati, kecici reaksiya vo soyuq igo salma zamani karbohidrogen emissiya soviyyalori
Uclin boyuk potensiala malikdir.

Metodlar

Port-yanacaqla vurulan miiharriklords yanacaq her bir silindrin girig portuna vurulur vo inyeksiya
hadisasi ila yanacagin vo havanin silindrs daxil olmasi arasinda slagsli zaman gecikmasi var.
Movcud avtomobil port-yanacaqla vurulan mitharriklorinin boyiik oksariyyoti giris klapani bagl
olduqda, giris klapaninin arxasina vaxtli yanacaq inyeksiyasindan istifado edir. Kranklama vo
soyuq iso salma zamani portun giris klapani sahasindo maye yanacagin miivoqqati tobagasi vo ya
gblmocgasi amolo golir. Bu, yanacaq todariikiiniin gecikmosino vo gisman buxarlanma ils slagodar
olaraq xas olan 6lgma xotasina sobab olur va bu, ideal stokiometrik nisbat {igiin talob olunandan
ohomiyyatli doracods artiq yanacaq todariikiinii zoruri edir. Bu golmogo vo vaxt gecikmosi ilk 4-
10 dovrodo miihorrikin yanmasina vo ya qismon yanmasina sobab ola bilor ki, bu da yanmamais
karbohidrogen emissiyalarinin shomiyyatli doracods artmasina sabab ola bilor. Alternativ olaraq,
yanacagin birbasa miihorrik silindrina vurulmasi portda yanacaq divarinin islanmasi ilo bagh
problemlorin qarsisim1 alir, eyni zamanda hor bir yanma hadisasi iigiin Ol¢iilmiis yanacaga
tokmillogdirilmis nozarati tomin edir, hom¢inin yanacagin dasinma vaxtini azaldir.
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Yanacaqg  Hava

Sakil 1. Port-yanacaq injeksiyali sistemin sxematik goriiniisii

Miioyyan bir dovrade silindra daxil olan yanacagin faktiki kiitlosi port-yanacagla vurulan
muharriklor ilo miigayisads birbasa inyeksiya ilo daha doqiq idars edils bilor. Birbasa piiskiirtmoli
benzin miiharriklori daha az yanma, hava-yanacaq nisbotindo daha az silindr-silindr variasiyasi vo
daha asag1 isloyon oyloc ii¢lin xilisusi yanacaq sarfiyyat1 doyorlori iiglin potensial toklif edir. Soyuq
159 salma zamani yanmamis karbohidrogen emissiyalar1 da birbasa piiskiirtms ilo potensial olaraq
asagl olur vo mihorrikin kecici reaksiyas: giiclondirilo bilor. Birbasa piiskiirtmali benzin
sisteminin daha yiiksok islok yanacaq tozyiqi naticesinds silindra daxil olan yanacaq, xiisusilo
soyuq is soraitindo, port-yanacaq sistemino nisboton daha yaxsi atomlasdirilir vo belsliklos,
yanacagin buxarlanmasinin daha yiiksok siirati aldo edilir.

Bununla bels, geyd etmok lazimdir ki, yanacagin birbasa silindro vurulmasi yanacaq filmi ilo
bagli problemlorin olmamasina zomanat vermir. Porsen taclarinin va ya digor yanma kamerasinin
sothlorinin islanmasi, istor qosden, istorso do yanlishqgla, kegici divar filminin amolo golmasi vo
buxarlanmanin miihiim doyisonini ortaya ¢ixarir. Birbasa piiskiirtmo konsepsiyasi hagigaton do
port-yanacaq miiharrikinin asas mohdudiyyatlorindon, xiisuson do port divarimin islanmasi ilo
bagl olanlardan yaymmagq iiglin ¢oxlu imkanlar toklif edir. Port-yanacaq miihorrikinin giris
portundaki yanacaq filmi birlosdirici kondensator rolunu oynayir vo miihorrik oslinde injektor
torafindon daqiq Olciilon cari yanacaqdan deyil, filmdaki hovuzdan geyri-daqiq 6l¢iilon yanacaqla
islayir.
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1. miiharrilc

k2

. injeksiva klapanlan

3. vanacaq

4. gabuledici manifoldlar
5. qaz

6. hava

Sakil 2. Benzinin birbasa pliskiirtiilmasini nazards tutan sistemin sxematik goriiniisii.

Soyuq baslangic zamani, giris portunda maye yanacagin sabit, salinan tobaqesing nail olmaq ii¢lin
10-dan ¢ox dovradan yanacaq vurulmalidir. Bu o demokdir ki, yanacaq plyonka hovuzuna tokrar-
tokrar vurulsa da, soyuq port-yanacaq miihorriki ilk bir ne¢o dévrods yanmir vo iso baglamir. Bu
voziyyotdo katalizatorun temperaturu isigin sondiiriilmo haddindon asagi olmasina vo yanmamis
karbohidrogen emissiyalarinin artacagina baxmayaraq, magbul port-yanacaq baslangic vaxtlarina
nail olmaq tiglin shomiyyatli dorocads artiq yanacaq doldurmagi tomin etmok iiglin nozarst
algoritmlorindan istifado edilmolidir. Dord vuruslu, benzinlo isloyon, qigilcimla alisan miihorrikin
silindrina birbasa benzin vurulmas: giris portunda inteqrasiya olunmus yanacaq filmini aradan
qaldirir. Mioyyon edilmisdir ki, benzinin az vo ya sifir soyuq zonginlogdirmo ilo birbasa
yeridilmoasi ikinci kranklama dovriinde baslangict tomin edo bilor vo yiik kegidlori zamani
yanmamis karbohidrogen sicrayislarinda ohomiyyatli azalma gostora bilor. Birbasa pliskiirtmali
miiharrik ige diismak {iglin daha az yanacaq tolob edir vo minimum yanacaq tolobatindaki bu forq
otraf miihitin temperaturu azaldiqca daha da artir. Port-yanacaq miihorrikinin basqa bir
mohdudiyyoti osas yiiko nozarot liglin tonzimlomo tolobidir. Hotta tonzimlomo, port-yanacaq
mihorrikinds yiiko nozarotin yaxsit qurulmus vo etibarli mexanizmi olsa da, tonzimloms ilo bagh
termodinamik itki ohomiyyatlidir. Yiik soviyyalorini tonzimlomok {i¢iin tonzimlomodon istifads
edon hor hansi bir sistem bu nasos dovrasi ilo oslagoli termodinamik itki ilo qarsilasacaq vo asagi
miithorrik yiikii soviyyolorindo istilik somaorsliliyinin azalmasi niimayis edilocokdir. Hazirki
qabaqcil port-yanacaq miiharriklori holo do asas yiik nozarasti tigiin tonzimlomadon istifados edir vo
tolob etmoys davam edocok. Onlar homginin giris portunda maye yanacagin islok filmins
malikdirlor vo bundan sonra da olacaqglar. Bu iki asas port-yanacaq omaoliyyat tolobi port-yanacaq
yanacaq gonastindo vo ya emisSiyalarda ohomiyyatli irsliloyislors nail olmagq {igiin osas manealori
tomsil edir. Kéhno port-yanacaq inyeksiyasi texnologiyasinda davamli artimli tokmillogdirmolor
aparilir, lakin uzunmiiddotli yanacaq gqenaoti vo emissiya mogsadlorine eyni vaxtda nail olmaq
mumkiin deyil. Birbasa piskiirtmali miharriklor, nozori olarag, ns bu iki ochomiyyatli
mohdudiyyato, no do onlarla olagoli performans sorhadlorine malikdir. Birbasa piiskiirtmali
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miiharriklorin miiasir port-yanacaq miihorriki ilo miiqayisado nozori tstiinliiklori aktivlosdirma
mexanizmi ils birlikde asagidaki kimi timumilssdirilir:

1.

6.

.._U'I%.._OJ.!\).

Tokmillosdirilmis yanacaq qonasti (test dovriindon asili olaraq 25%-o goder potensial
yaxsilagsma):

daha az nasos itkisi (tanzimlomasiz, tabagali rejim);

daha az istilik itkisi (tonzimlomasiz, tobagali rejim);

daha yiiksok sixilma nisbati (induksiya zaman1 enjeksiyonla doldurma soyutma);
asag1 oktan tolobi (induksiya zamani enjeksiyonla doldurulan soyutma);

artan hocmli somaoralilik (induksiya zamani enjeksiyonla doldurulmus soyutma);
avtomobilin yavaslamasi zamani yanacagin kosilmasi (manifold filmi yoxdur).
Tokmillogdirilmis kegid reaksiyast

daha az tacil-zonginlasdirma tolob olunur (manifold filmi yoxdur).

Hava-yanacaq nisbotine daha doqiq nozarat

daha stirstli baslangic;

soyuq baslangic tigiin daha az artiq yanacaq tolob olunur.

Genislondirilmis tolerantliq haddi (tonzimloms istifadasini minimuma endirmak ti¢iin)
Se¢ici emissiya tstiinliiklori

soyuq baslangic yanmamis karbohidrogen emissiyalarinin azaldilmast;

azaldilmis CO2 emissiyalari.

Sistemin optimallagdirilmasi tigiin genislondirilmis potensial

Port-yanacaq miihorrikinin osas istehsal avtomobil glic qurgusu kimi birbasa piskiirtmoli
miihorrik ilo doyisdirilmasi agagidaki narahatliq sahslori ilo mohdudlasgdirilir:

Natico

talab olunan is diapazonunda tabagalasdirilmis yiikiin yanmasina nazarot etmokds ¢atinlik;
yiikiin fasilosiz doyismaosi iiclin tolob olunan nozarst vo inyeksiya texnologiyalarinin
miirokkabliyi;

enjektor cokiintiilorinin vo/va ya alovlanma ¢irklonmasinin nisbaton yiiksok formalagmast;

nisbaton yiiksok yiingiil yiiklii yanmamis karbohidrogen emissiyalart;

nisbaton yiiksok yiikliit NOx emissiyalart;

gismon yiikla, tobagolosdirilmis yiikla isloyon yiiksok yerli NOy istehsali;

yiiksok yiikls islomok iiciin his formalasmast;

artan hissacik emissiyalari;

tictorofli katalizdon tam istifade etmok miimkiin deyil;

yiiksok tozylq vo asa8i yanacaqg-sirtklii birlosmosino goro yanacaq sisteminin
komponentlorinin artan aginmast;

silindr ¢uxurunun asinma doracalorinin artmast;

injektorlarin vo siiriiciilorin artan elektrik enerjisi vo gorginlik toloblori;

ylksaldilmis yanacaq sistemi tozyiqi vo yanacaq nasosunun parazit itkisi.

Noticodo, birbasa piiskiirtmoli muharriklor eyni migdarda yanacaq ugln daha yiksak giic ¢ixisi
tomin edir. Idaroetmo sistemlori biitiin prosesi tarazliqda saxlayir vo tonzimlonon emissiyalara
daqiqg nozarat edir. Muharrikin idarsetmo sistemi o andaki tolobata va siirticiiliik soraitina asason
mioyyan muddat orzinds enjektorlari optimal anda yandirir. Eyni zamanda, avtomobilin
komputeri muhoarrikin ¢ox zongin (¢ox yanacaq) vo ya ¢ox zoif (¢cox az yanacaq) isladiyini
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hesablayir vo dorhal injektor impuls genisliyini muvafiq olaraq tonzimloayir. Bu ssbablordan
dolay1 birbasa piiskiirtmali mihorrik texnologiyasi toqdim edildiyi glindan slrotlo bazar pay1
qazandi. Belo texnologiyaya sahib muharriklorin artirilmis yanacaq gonasti va digar Gstunluklori
birbasa piiskiirtmali muharriklorin tatbiginin vo optimallagdirilmasinin gorokli oldugunu tastiq
edir.
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PE3IOME

Pa3paboTka 4YeThIpEeXTaKTHBIX JBUTATENECH C HCKPOBBIM 3a)KUTaHUEM, IpeIHAa3HAYEHHBIX IJIs
NpSMOTO BHOpbICKa OEH3WHA B KaMepy CTrOpaHUs, SIBJISETCS OJHOM M3 BaKHEHIIMX MHUIMATUB
aBTOMOOMJIBHON MPOMBIIIEHHOCTH BO BCeM MHpe. TepMoanHaMUUyecKUi MOTEHIHMaNT TaKHX
JBUTATEJIEW I 3HAYUTEIIBHOIO YJIY4YLICHUS TOIUIMBHOM KOHOMMYHOCTH, IIEPEXOAHONU peaKluu
1 YpOBHS BBIOPOCOB YIJIEBOJOPOJIOB MPU XOJIOJHOM ITyCKE MPUBEN K MHOTOUHCIEHHBIM MTPOEKTaM
UCCIIeIOBaHUM W pa3pabOTOK, HAMpPaBICHHbIX HAa TNOHUMaHHE, pa3pabOTKy M ONTHMHU3ALUIO
CUCTEM CropaHusi O€H3WHa C HENOCPEACTBEHHBIM BIpbICKOM. [Ipoliecchl BIphICKa TOIIMBA,
pacIbUICHHs U UCIIAPEHUS, OXJIAXKACHUS HAJAyBa, IPUTOTOBIICHHUS CMECU U YIIPABJIICHHS ITIOTOKOM
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BO3yXa B LMJIMHJIPAaX AKTUBHO HCCIEAYIOTCS, aHAJIU3UPYIOTCS U IMOAPOOHO aHAIM3HPYHOTCA.
[TogpobHO 00CYXHalOTCs HOBBIE TEXHOJOTWH, TaKHE KaK CHCTEMBbl BBICOKOTO JIaBIICHHMS,
Common-Rail, cuctemsl Bripbsicka O¢H3MHA U OCH3UHOBBIC (DOPCYHKH C BUXPEBBIM PACIIBUICHHEM,
IIOCKOJIBKY A3TH TEXHOJIOTMM B COYETAaHUU C BO3MOXKHOCTSIMH KOMIIBIOTEPHOIO YIPABICHUS
NO3BOJIMJIM UCCIIEIOBaTh CTapble O€H3MHOBbIE JBMUrarenu. llpu3HaHHBIE BO BCEM MHpe
MCCJIEIOBATEIbCKHUE, POTOTUIIHBIE M CEPUHHBIE JBUrATENIM C HENOCPEACTBEHHBIM BIIPBICKOM
IPOBEPAIOTCS Ha MpeAMeT IPEeUMYIIECTB B OOJIACTH IPOU3BOAUTEILHOCTH, BHIOPOCOB U
HKOHOMHH TOIUIMBA, a TAaKXKe obyacTel, TpeOyromux JanpHeimero pa3suTtus. COCTaBICHBI CXEMbI
JIBUTATElIs, CXEMbl YIPABICHUA U CHELU(UKALNMU, a TAKKE OMUCAHBI U OOCYXJEHbI CTpaTeruu
KOHTpOJsl BbIOpocoB. PaccMoTpeHo BnusHHE cnaObix katamu3aTopoB NOX Ha pa3paboTky
OCH3MHOBBIX JBMraTejeil C HEeMOCPEACTBEHHBIM BIIPHICKOM M IO3JAHHUM BIIPBICKOM, a TaKKe
[IPOAHAIM3UPOBAHbl ~ OTHOCUTENbHBIE  IPEUMYILNECTBA  OJHOPOJAHBIX  JABUrareine ¢
HEMOCPEJCTBEHHBIM BIIPHICKOM M HHM3KUM YPOBHEM TOpPEHMsS KaK BapHaHTa, TpeOyroIero
MEHBIIEH CII0KHOCTH ympaBieHus. VcTopuyecku CHOXKWIOCH TakK, UYTO HUHTEpEC K OSTUM
3HAYUTENIBHBIM NIPEUMYILECTBAM BbI3BaJ PsJl BaXKHBIX MCCIEAOBAaHUN NOTEHLIMAJIA JBUraTelIeH ¢
HEIOCPE/JICTBEHHBIM BIIPBICKOM U TOCIOWHBIM 3apsiioM. besnpoccenbHas pabora Obuia
JOCTUTHYTa B OOjbllIedl yYacTH [Juana3oHa HArpy3oK, a yAedbHbI pacxo]l TOIUIMBA IpH
TOPMO>KEHUU HE YCTyHajl pacXoAy JIM3EJbHOTO JBUIATENsl C HENPSAMBIM BIPBICKOM. OCHOBHBIM
HEI0CTaTKOM OBLIO TO, YTO MO3HUM MOMEHT BIPBICKA COXPAHSUICA Ja)ke IPH MOJHON Harpys3ke
U3-3a OrpPaHUYEHUH CUCTEMBl MEXAHMYECKOI'O BIpPHICKA TOIUIMBA. OJTO 00€CreYrBalIo
OTPaHUYEHHOE JIBIMHOE CrOpaHHe NMPU COOTHOIIEHUH BO3AYX-TOIIMBO Oojyiee 6oratom, yem 20:1.
HeoOxomuMocTh  WCIIONB30BaHMST  O0OPYIOBAaHWS JUISL BIPBICKA JH3EIBHOTO TOIUIMBA H
HE00X0MMOCTh B TypOoKoMIpeccope uii oOecreueHHsl afeKBaTHOM BBIXOAHON MOILHOCTH
IOPUBEJIM K CO3JIaHUIO JIBUraTesis C TaKUMH K€ CTOMMOCTHBIMU M 3KCILTyaTallMOHHBIMU
XapaKTepUCTHUKaMM, YTO M Yy JU3€IbHOTO JBUraTels, HO C BBIOPOCAMH HECTOPEBILUX
YIJIEBOJOPOAOB IpPH  YaCTUUYHOM  Harpy3ke. lcmonb3oBaHHME  OTHOCHUTENBHO  HU3KOIO
BO3/yX03a00pHHUKA U OTPAaHUYEHHOTO BIIPBICKA TOIUIMBA B JMala30He CKOPOCTEeH 03HAyaslo, YTo
yAeIbHas MOIIHOCTh JIBUraTelis ObUla JOBOJBHO HHM3KOH. MHOrME OCHOBHBIE OrpaHUYEHHS,
KOTOpbIE BCTpEYAIMCh B NPEAbLAYIIMX paboTax Haj ABUraTelsIMH C HENOCPEACTBEHHBIM
BIIPBICKOM U TIOCJIOWHBIM 3apsiioM, TEIepb MOTYT OBITH MPEOJOJIEHbl. ITO OCOOEHHO BEPHO B
OTHOILEHUH 3HAYUTENbHBIX OTPAaHUYEHUH yNpaBiIeHus, KOTOPbIE CYLIECTBOBAIN JUIs (POPCYHOK C
HEINOCPE/ICTBEHHBIM BIPHICKOM 15 neT Hazan. Psn aBTOMOOMIIBHBIX KOMIIAHMH B HACTOSILEE
BpeMsl 00palaroTcsl K HOBBIM TEXHOJOTHSIM U CTPATETHsIM KOMIIBIOTEPHOTO YIPAaBJIECHUs, YTOOBI
NEPECMOTPETh CTENEHb, B KOTOPOM MOTEHIMAJIbHbIE MPEUMYIIECTBA MPSMOro BIIPbICKa OE€H3MHA
MOTyT OBITh pealiu30BaHbl B CEpPUIHBIX JBUTaTensx. Bce Oomnble BHUMaHUA yiensercs
JOCTHMKEHUIO 3HAYUTENIBHBIX YIYYIIEHWH B DKOHOMHUHM TOIUIMBA TPAHCIOPTHBIX CPEICTB,
ABTOMOOWJIbBHBIE WHJ)KEHEpPbl CTpeMsTCs pa3paboTaTh [BUTATeld C SKOHOMMEW TOIUIMBA,
XapaKTepHOU JJIi TOPMO30B, KOTOPble MOTYT COOTBETCTBOBATH OYJIyIIUM CTPOIMM TPEOOBaHHIM
K BBIOpOocaM. YJeNbHbIH Pacxo]l TOIJIMBA C BOCILUIAMEHEHHEM OT C)KAaTHs, HEMOCPEACTBEHHBIM
BIIPBICKOM M TOPMO30M JW3E€IbHOIO JIBUraTellsd M, CIEJ0BaTeIbHO, AKOHOMHS TOILIMBA
MIPEBOCXOJAT JBUTATEIN C UCKPOBBIM 3aKUTaHHEM C BIPHICKOM TOILIMBA B MOPT, B OCHOBHOM H3-
3a UCIOJIb30BAaHUs 3HAYUTEIBHO OOJiee BHICOKOW CTENEHH C)KAaTHS B COYETaHUHM ¢ paboToit 6e3
JPOCCENIbHOM 3acliOHKU. . 3a TOCJEeIHHUE JBa JECATHJIETHUS ObUIM NPEAIPUHSATHI MOMBITKU
pa3paboTaTh JBUTATENIb BHYTPEHHETO CTOPAHUS JUIsl aBTOMOOMIIBHOTO IPUMEHEHHUSI, COUETAIOIINN
B ce0Oe JIydllre 4epThl ABUTaTeNed ¢ MCKPOBBIM 3a)KHMTaHWEM M Ju3ebHbIX aBurareneil. Llenb
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COCTOsJIa B TOM, YTOOBI COBMECTHTHh YICIbHYK) MOIIHOCTh OEH3MHOBOT'O JBUTATENSI C
3¢ (HEeKTHBHOCTHIO JHM3EIBHOTO JBHUTATENs MPU YAaCTHYHOM Harpyske. Takoil nBurarens Oyaer
JEMOHCTPUPOBATh YACIBHBIM pacxo] TOIUIMBA IPH TOPMOXKEHUHU, TMPUOIMKAIOIIMICT K
TU3ETHbHOMY JIBUTATEII0, COXPaHss MIPH ITOM paboune XapaKTEPUCTUKH U YICIBbHYIO BBIXOJIHYIO
MOIIHOCTh  JBUrateiis C HMCKPOBBIM  3akuranuem. HccimemoBaHus — MokKasald,  4TO
MHOTOOOEIIAIOIMUM KaHJAUJATOM I JIOCTHKEHUS JTOW IeNId  SIBJSETCS YETHIPEXTAKTHBIN
JIBUTATE]Ib C MCKPOBBIM 3aKUTAHUEM M HEMOCPEACTBEHHBIM BIPBICKOM, KOTOPBIM HE CKHUMAET
BCAChIBAEMYIO CMECh JUIsl PUBO/A 3apsia. B 3ToM nBurarene npu 3aKUTaHUH NUTeH] TOTUTMBHON
CTPYH BIIPBICKMBAETCS HEMOCPEACTBEHHO B IUJIMHJIP, CO3/1aBasi BOCILUIAMEHSIOLIYOCS TOTUIMBHO-
BO3JYIIHYI0O CMECh B HCKPOBOM TMIPOMEXKYTKE. ODTOT KJacC JBHraTeliell 00O3HadaeTcss Kak
JIBUTATE]Ib C HEMOCPEICTBEHHBIM BIIPHICKOM M IOCIOMHBIM 3apsoM. OTOT THUIl JIBUTaTes
OOBIYHO JIEMOHCTPUPYET YIYUIICHHYIO YCTOMYMBOCTH K TOIUIMBY C 0OJ€€ HU3KUM OKTAHOBBIM
YHCIOM M UHAEKCOM YIPaBIAEMOCTH M SBISETCS BaXHOW 4YacTbl0 paHHEW paboOThl Hal
MPOTOTUIIOM JBUTATEIICHA C HEMOCPEACTBEHHBIM BIIPHICKOM M MOCJIOWHBIM 3apsI0M, HALlEJIEHHBIX
Ha MHOTOTOIUIUBHYIO palboTy.

KuroueBnblie cioBa: Cucremsl cropanusi, bensunoBsie aBurarenu, HemocpeacTBEHHBIN BIPHICK,
PacnpenenenHbiii BIpbICK TOTUIMBA
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GENERAL REQUIREMENTS OF OCCUPATIONAL SAFETY
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IMaster's degree/ E-mail: memmed.tanriverdiyev@mail.ru

2docent, PhD

ABSTRACT

The system of occupational safety standards is a set of interrelated standards that include
organizational, technical, metrological, sanitary and hygienic requirements, norms and rules
aimed at ensuring safe working conditions and protecting the life and health of employees during
work. The purpose of occupational safety standards is to create a set of interrelated standards
aimed at implementing a coordinated policy of states in the field of standardization of safe
working conditions. Occupational safety should aim at: promoting and protecting the highest level
of physical, mental and social well-being of workers in all occupations; to prevent health evasion
among workers due to their working conditions; safety from risks caused by factors that have a
negative impact on the protective health of workers in their work. Personal protective equipment
can help protect against many of these hazards. Sanitary-hygienic measures for occupational
safety consist of work aimed at reducing the level of exposure of workers to harmful and
dangerous production factors in order to ensure favorable working conditions and prevent
occupational diseases.

Metrological assurance in the field of occupational safety is a set of organizational and technical
measures, rules and regulations, and technical means aimed at ensuring the uniformity and
required accuracy of measurements carried out to control the parameters of dangerous and
harmful production factors at the workplace. The main tasks of metrological assurance
departments in the field of occupational safety are:

+ Organizing a systematic analysis of the state of measuring the parameters of dangerous
and harmful production factors, the quality indicators of personal protective equipment
and developing measures to improve this work based on it;

% Organization of work on the creation and application of modern methods and
measurement tools to control the parameters of dangerous and harmful production factors,
the quality indicators of personal protective equipment;

+ Development and implementation of occupational safety standards and other regulatory
technical documents in accordance with tasks approved in the prescribed manner;

¢+ Organization of metrological certification of newly developed and existing measuring
devices and methods of measuring the parameters of dangerous and harmful production
factors and quality indicators of personal protective equipment;

% Organization of departmental inspection and control of compliance with metrology
requirements with standards approved in the established manner;

% Organization of work on training and qualification improvement of metrology personnel in
the field of occupational safety.

In accordance with the occupational legislation, each employee must be trained in safe methods of
performing work and providing first aid to those injured at work, briefing on occupational safety,
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practicing at the workplace, testing knowledge of occupational safety requirements. The employer
is responsible for conducting and organizing these events, but he has the option to delegate these
powers to responsible specialists or occupational safety services.

Occupational safety should be understood as a system of measures developed and implemented to
ensure the safety of life and health of workers.

So, measures to improve occupational safety are not just a formality, but almost the main way to
reduce the probability of injury to workers and the development of occupational diseases in them.
The same applies to reducing the risks of accidents, emergencies, industrial accidents. In addition,
measures such as modernization, re-equipment of workplaces, improvement of safety of working
conditions are incentives and motivation for employees and increase their productivity. This
allows us to say that in the future, investments made in the modernization and improvement of
occupational safety and working conditions of employees will not only bear fruit, but will also
bring great profits.

Keywords: occupational safety, health protection, safety, risk.

OMOYIN TOHLUKOSIZLIYI STANDARTLARININ UMUMI TOLOBLORI

Mahammad Tanriverdiyev?!, Rafiq Haciyev?

12Azorbaycan Dévlot Neft vo Sonaye Universiteti, 2Cihaz miihondisliyi kafedrasi
Magistr/ E-mail: memmed.tanriverdiyev@mail.ru

2 dosent

XULASO

Omoyin miihafizosi standartlar1 sistemi tohliikosiz omok soraitinin tomin edilmasing, is zamani
iscilorin hoyat vo saglamliginin qorunmasina yonolmis toskilati, texniki, metroloji, sanitar vo
gigiyenik xarakterli toloblori, normalar1 vo qaydalar1 ehtiva edon qarsiligh slagali standartlar
toplusudur. Omoyin milhafizosi  standartlarinin moqsadi  tohliikkesiz  is  soraitinin
standartlasdirilmas1 sahasindo dovlatlorin slagelondirilmis siyasatini hoyata kegirmayo yonolmis
bir-biri ilo olagoli standartlar toplusunu yaratmaqdir. ©Omoyin miihafizosi asagidakilara
yonalmalidir: biitiin pesalords is¢ilorin fiziki, aqli va sosial rifahinin an ytiksok daracasini artirmaq
vo qorumagq; iscilor arasinda onlarin is soraiti ilo olagodar saglamliqgdan yayinma hallarmin
qarsisint almaq; 0z islorindo isgilorin qorunmasi¢ saglamliga monfi tosir gostoron amillor
naticosinda yaranan risklordon qorunmaq. Fordi qoruyucu vasitolor bu tohliikslorin bir ¢oxundan
gorunmaga komok edo bilor. Omoyin miihafizosi iizro sanitar-gigiyenik todbirlor olverigli is
soraitinin tomin edilmosi vo peso xastoliklorinin qarsisinin alinmasi mogsadils is¢ilorin zarorli vo
tohliikoli istehsal amillorine moruz qalma soviyyssinin azaldilmasina yodnolmis islorin
aparilmasindan ibaratdir.

Omoayin mihafizosi sahosindo metroloji tominat - is yerindo tohliikali va zorarli istehsal
amillorinin parametrlorino nozarat etmok Ucun hoyata kecirilon 6lgmalorin vohdatini va tolob
olunan dagigliyini tamin etmays yOnalmis toskilati vo texniki todbirlorin, gayda vo qaydalarin,
texniki vasitalorin macmusudur.

Omayin mihafizasi sahasinds metroloji taminat Gzrs idarslorin asas vazifalari bunlardir:
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¢ Tohliikali vo zororli istehsal amillorinin parametrlorinin lgiilmasi voziyyatinin, fordi
goruyucu vasitolorin keyfiyyot gdstoricilorinin sistemli tohlilinin togkili vo onun osasinda
bu isin tokmillagdirilmasi iizra todbirlorin islonib hazirlanmasi;

¢ Tohliikkeli vo zororli istehsal amillorinin parametrloring, fordi mihafiza vasitolorinin
keyfiyyot gostoricilorino nozarot etmok {iclin miiasir metodlarin vo 0Ol¢li vasitolorinin
yaradilmasi vo totbiqi tizrs islorin toskili;

* Mioyyon edilmis qaydada tosdiq edilmis tapsiriglara uygun olaraq omoyin miihafizosi
standartlarinin vo digor normativ texniki sonodlorin islonib hazirlanmas: vo hayata
kegirilmasi;

¢ Yeni hazirlanmis vo mdvcud 6lgma vasitolorinin vo tohliikali vo zororli istehsal amillorinin
parametrlorinin vo fordi miihafizo vasitolorinin keyfiyyot gostoricilorinin Slgiilmosi
tisullarinin metroloji sertifikatlagdirilmasinin toskili;

% Olgii vasitolorinin istehsalina, voziyyatino, istifadosine vo tomirino miioyyan edilmis
gqaydada tosdiq edilmis standartlar1 ilo metrologiya toloblorino uygunluguna sébo
yoxlaniginin vo nozaratinin toskili;

¢ Omoyin miihafizosi sahasindo metrologiya lizro kadrlarin hazirlanmasi vo ixtisasinin
artirilmasi tizra isin toskili.

Omoak gqanunvericiliyino uygun olaraq, har bir is¢ciy9 isin yerino yetirilmasi vo is zaman1 xasarot
alanlara ilk tibbi yardimin gostorilmasi, omoyin miihafizosi {izro brifing, is yerinds tocriibo
kegmok, omoyin miihafizosi toloblori {izro biliklori yoxlamaq {igiin tohliikesiz iisullar
dyradilmolidir. Isogdtiiron bu tadbirlorin kegirilmosina va toskilino gdro mosuliyyat dasiyir, lakin
onun bu salahiyystlori mosul miitoxassislora vo ya amayin miihafizosi xidmatlorino hovals etmok
imkani var.
Omoayin mihafizosi is¢ilorin hoyat vo saglamliginin tohliikosizliyini tomin etmok moagsadils
islonib hazirlanmig vo hoyata kegirilon todbirlor sistemi kimi basa diigiilmalidir.
Beloliklo, amoyin miihafizosinin yaxsilagdirilmas: todbirlori sadaco bir formalliq deyil, iscilorin
xosarat alma ehtimalini vo onlarda peso xastoliklorinin inkisafini azaltmaq ii¢lin demak olar ki,
osas usuldur. Eyni sey qoza, fovgolado hallar, istehsalat qozalari risklorinin azaldilmasina da
aiddir. Bundan olava, is yerlorinin miiasirlogdirilmasi, yenidon tochiz edilmasi, omak soraitinin
tohliikasizliyinin yaxsilasdirilmast kimi todbirlor iscilor iiglin stimul vo motivasiya, onlarin
mohsuldarliginin  artirllmast amilidir. Bu, onu demoys imkan verir ki, golocokdo omayin
miihafizosinin, is¢ilorin omok soraitinin miiasirlogdirilmasine vo yaxsilasdirilmasina qoyulan
investisiyalar nainki 6z bohrasini veracok, hom do boyiik golirlor gatiracok.

Acar sozlar: Omoyin tohliikasizliyi, saglamligin qorunmasi, tohliikasizlik, risk.

Giris

Omoyin miihafizosi vo tohliikasizliyinin prioritetlorindon biri 1§ yerlorinin vo istehsalat

obyektlorinin tohliikasiz vaziyyotds saxlanilmasidir. Bu mogsadle agagidaki talabler totbiq olunur:
v’ voazifasindon vs is yerindon asili olmayaraq har bir is¢i 6z is yerindo asayisin qorunmasina

cavabdehdir;

zibillori vaxtinda ¢ixarmaq v is yerini tomiz saxlamaq lazimdir;

kegidlar, dahlizlar, qagis yollar sarbast galmalidir;

Is yerlorinds kabellorin gokilmasi elektrik tohllkasizliyi toloblorine uygun apariimalidir;

Is yerindo Vo ya istehsalatda hor hans1 maddonin dagilmasi vo ya dagilmas: halinda darhal

tomizlik islori aparilmalidir.

ANANENRN
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Umumdiinya Sohiyys Toskilat1 vo Beynolxalq ®mok Toskilat1 torafindon aparilan olamotdar bir
aragdirma ilo, uzun is saatlarina moruz galmanin on boyuk Xastalik yukinin, yani 2016-c1 ildo
urayin isemik xostoliyi vo insult hadisslorindon toqriban 745,000 6lims sobab olan peso risk
faktoru oldugunu miiayyan etdi. Tibb iscilori saglamliglarina vo rifahlarina manfi tosir gostera
bilacak bir cox tohliikalors moaruz galirlar. Uzun saatlar, névbalorin dayisdirilmasi, fiziki cohatdon
tolob olunan vazifalor, zorakiliq vo yoluxucu Xastsliklora vo zararli kimyavi maddsloro moruz
qalma bu iscilori Xastolik vo yaralanma riski altina qoyan tohliikalora misaldir. ©zalo-skelet
sisteminin zadolonmosi tibb iscilori vo Umumilikds is yerlorinds on ¢ox gorilon saglamliq
tohlukasidir. Zararli maddolar, haddindan artiq istilik vo ya nom buraxan texnoloji avadanliglarla
birlikdo sonaye binalar1 tglin havalandirma sistemlori Sonayenin is sahasindoki daimi vo
mivoqgoti is yerlorindo standartin toloblorino cavab veran meteoroloji soraiti vo havanin
tomizliyini tomin etmoalidir. Sonaye miusassisalorinin inzibati vo abadliq sahslorinin xidmot
sahasinds, habelo ictimai binalarin yerlorinds tikinti normalarinin toloblorine vo istilik,
ventilyasiya vo havanin layihslondirilmosi qaydalarina uygun olaraq meteoroloji sorait tomin
edilmalidir. Havalandirma sistemlorinin hava kanallarmin boarkidilmasi ¢ln dostokloyici
strukturlar etibarli olmali, titromamali vo vibrasiya 6tirmomoalidir.

Toskilatda omayin muhafizasinin tomin edilmasi, o cimladan is soraitinin standartlar vo digor
normativ hiiqugi aktlarla mioyyan edilmis omayin mihafizosi talablorine uygunlugu
isogOtlronlorin - Uzorino diisiir. Bununla olagadar olaraq, isogOtlron toskilatda omayin
muhafizasinin tomin edilmasi foaliyystino 6z liderliyini vo maragini niimayis etdirmali vo amayin
miihafizosi idaroetms sisteminin yaradilmasini toskil etmolidir. Iscilor Giclin amoyin mihafizosi
uzras tolimlar, bir qayda olaraq, bilavasits is yerinda hliqug subyektinin quvva va vasitalari - isin
toskilat¢isi, o ciimlodon isGilor Gglin - lazim goldikds ixtisasli miitoxassislori calb edan vo tolim
keciron igog0turan torafindon hoyata kegcirilir. Omoayin muhafizasi Uzro tolim isgilor, xtsuson do
isloyan pesolor tiglin peso hazirliginin biitiin forma va ndvlorinds yenidon hazirliq, ikinci pesaya
yiyalonma, ixtisasartirma zamani birbasa is yerindo Vo ya XUsusi tochiz olunmus binalarda (talim
yerlarindo) iscilori calb etmokla hoyata kegirilir.

Iscilorin miihafizo vasitalori tohliikeli vo zororli istehsal amillorinin qarsisinin alinmasini vo ya
tosirinin azaldilmasini tomin etmoalidir. Muhafiza vasitalori tohliikali vo zararli istehsal amillarinin
monbayi olmamalidir. Qoruyucu vasitolor texniki estetika vo erqonomikanin toloblorina cavab
vermoalidir. Yangin vo partlayis tohlikasi izro binalarin vo binalarin kateqoriyalarint miioyyon
etmok lciin texnoloji dizayn standartlarna uygun olaraq miivafiq yangin tohlikasi
kateqoriyalarina aid edilmis obyektlor gonaotcil yangm tohlikasizliyi sistemlorino malik
olmalidir. Standartlarda vo digor normativ-texniki sonadlords olan va tikinti konstruksiyalarinin,
onlarin {izlik vo bitis hissalorinin, maddslorin, materiallarin vo mohsullarin (o ciimladan
tamamlanmamis islorin) yangin tohllkasi gostaricilorini miayyan etmoak Ugln nozords tutulmus
tisullar faktiki yangin soraitini adekvat sokilda oks etdirmalidir.

Riskin giymatlondirilmasi is yerindo movcud ola bilocak tohlikalori miiayyan etmok, tahliikalarin
riska gevrilmasina sobob olan amillori tohlil etmok vo doracolondirmok vo gorilocok risklori
azaltmaq Ucun todbirlori muoyyan etmok Ucln hoyata Kkegirilon bir prosesdir. Riskin
giymotlondirilmasi isog0turonlor torofindon aparilir vo ya o, ekspert torofindon aparilmasini tomin
edir. Riskin giymotlondirilmasi isgilorin vo digar ekspertlorin omokdasligi ilo aparilmali vo
mutomadi olaraq yenidon nozordon kegirilmali, yenilonmalidir. Riskin giymatlondirilmasi hom
keyfiyyat, hom do kamiyyat baximindan olmalidir.

Riskin giymatlondirilmasi ¢orgivasinds proseslor asagidaki iyerarxiya hoyata kegirilmalidir:
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Ik névbadas is yerindaki risklorden ¢okinmali vo onlar manboyinde aradan qaldiriimalidir;
2. Aradan qaldirmaq miimkiin olmadiqda, tohliikoli olan1 daha az tohliikalisi ilo avoz etmak
lazimdir;
3. Ovaz etmak miimkiin olmadiqda, miithandis va inzibati nazarat tadbirlori totbiq edilmalidir;
4. Risklorin meonfi tosirlorini minimuma endirmok ii¢lin son c¢aro kimi miivafiq fordi
miihafizo vasitolorindon istifads edilmolidir.
Isogotironin va isgilorin amayin miihafizesi qaydalarma riayat edilmoesine yonolmis kompleks
todbirlorin alagslondirilmasi magsadilo musssisade amoayin muhafizasi komissiyalart yaradila
bilor. Komissiya sirkatin amayin mihafizasi vo muhafizasi idaroetmo sisteminin torkib hissasi
olmagqla yanasi, iscilorin amayin mihafizosi vo muhafizasi sahasinds sirkatin idars edilmasinds
istirak formalarindan biridir. Komissiyanin foaliyysti sosial torofdasliq vo omok prosesi
istirakcilarinin barabar hiiquglar1 prinsiplarine asaslanir. Isegétiiron ganunun taleblorine uygun
olarag daxili normativ senadlori hazirlamali, brifinglor va bilik testlori kecirmali, is yerindos
tohliukasizliyin asili oldugu biitiin hallar barads is¢ilori molumatlandirmalidir.

Maqsad
Omoayin mihafizosi sahasindo beynolxalg standartlarin totbiq edilmasi va bu standartlarin
toloblarinin daima tokmillosdirilmasinin mogsadlori asagidakilardir:
1. Ilk 6nco istehsalatlarda, musssisalords insan hoyat: saglamligini va tohliikasizliyini tamin
etmok, is¢ilor Uclin tohliikasiz is soraitini yaratmag;
2. ©moyin muhafizasi va tohlikasizliyi qaydalarina omol edilmasi ilo miiassisads iscilorin
intizaminin artirilmasi vo naticads omok mohsuldarliginin tomin edilmasi;
3. lstehsalat xosarotlorinin garsisinin alinmasi, peso Xostoliklorinin saviyyasinin, badboxt
hadisalorin va bu kimi xastaliklarin sosial-igtisadi noticalorinin azaldilmasi.
Tadbirlor sistemi kimi amoayin muhafizasinin asas prinsiplori bunlardir:
s Omok faaliyyati prosesinds is¢ilorin hayatinin, saglamliginin vo amok gabiliyyatinin
gorunmasini tamin etmok;
¢+ 9mayin muhafizasi sahasinda isogotironlarin va isgilorin sosial torofdasligi;
% Iscilorin  omoyin mihafizesi toloblorino cavab veron soraitdo islomok hiiququnun
gorunmasina tominatlar.
Agir isa, zararli vo tohlukali is soraiti olan igo goro kompensasiyanin miioyyan edilmasi vo
6danilmoasi;
Istehsalatda badboxt hadisalordon vo peso xastaliklorindan iscilorin sosial sigortas.
Istehsalatda bodboxt hadisalordon vo peso xostaliklorindan zorar ¢okmis iscilorin tibbi,
sosial vo peso reabilitasiyasi.
Genis monada amayin miuhafizasinin asas vozifasi istehsalat xasarastlorinin qarsisinin alinmasi,
peso xastaliklarinin saviyyasinin, badbaxt hadisalorin vo bu kimi xastaliklorin sosial-igtisadi
naticolorinin azaldilmasidir. Hom is¢i, hoam do isogOtiron tarafindon omoayin mihafizasi
standartlarinin pozulmasina gora ganunvericilikdo inzibati, intizam, cinayst masuliyyati
(tbhmatdon azadligdan mohrum etmays qodar)tadbirlori mioayyan edilir. ©moyin muhafizasi
sahasinda amok ganunvericiliyinin taloblorine omal edilmomasi isog0tiran Uglin  carimalar,
diskvalifikasiya, foaliyyatinin inzibati dayandirilmasi, habelo mixtalif nozarat orqanlari torafindon
silsilo yoxlamalar soklinda masuliyyata sabab ola bilar.

X/
o

o

3

*¢

9mayin muhafizasinin metroloji taminati
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Omoyin muhafizesi sahosindo metroloji tominat Olgmalorin vohdoti haqqinda Azarbaycan
Respublikasinin ganununun, ©mayin Tohllkasizliyi Standartlart Sisteminin standartlarinin,
mivafiq dovlot qurumlar tarofindon tesdiq edilmis gqayda vo gaydalarin taloblorine uygun olaraq
hoyata kegirilir.
Mivafiq 6lcmoa novinl hoyata kecirarkon, 6l¢ilon parametrlorin diapazonu, onlarin nominal
dayarlari vo icazo verilon sapmalar is soraitinin voziyyatini va tohlikasizliyini misyyan edon
zorarli vo tohlikali istehsal amillorinin tam vo adekvat giymatlondirilmasini tamin etmoalidir.
Omoyin muhafizasi sahasinds 6lgmalarin naticalori miayyan edilmis qaydada istifads i¢lin tosdiq
edilmis komiyyat vahidlori ilo ifado edilmalidir. Olgmo dagigliyine dair toloblor Gyranilon
obyektin xisusiyyatlorina vo 6l¢iilmiis parametrlorin xarakterino asason, isin uygunlugu ilo bagh
sohv gorarin gobul edilmosi riskini istisna etmok vo ya magbul saviyyays endirmok zorurati
asasinda miiayyon edilir. miayyon edilmis talablora uygun sortlor. Bu taloblor 6lgma Xatasi, o
cumladon onun bitin komponentlori  G¢lin - miayyan edilir. Zororli vo tohlikali istehsal
amillorinin parametrlorinin Olgtilmasino dair taloblori muoyyan edon texniki sonodlor, habels
tohlukasizlik talablarini ehtiva edan texnoloji sonadlords olmalidir: zararli vo tohlikali istehsal
amillorinin 6lgiilmiis parametrlorinin nomenklaturasi, onlarin dayarlorinin mévcud standartlara
uygunlugu, habelo 6lgma dagiqliyini ifado etmok tisullarinin taloblora uygunlugu; icazo verilon
xatalarin hadlorine va 6l¢l vasitalorinin digar metroloji xtsusiyyatlorino dair taloblar; mioyyan
edilmis istifado sortlori vo yoxlama vasitolorinin moévcudlugu ilo 6lgms vasitolorinin vaxtinda
yoxlanilmasini tamin etmok Ugln taloblor; is zonasinda havanin zararli maddslorls ¢irkloanmasinin
6lctlmoasinds istifads olunan 6l¢gms vasitalorinin yoxlanilmasi tigiin maddslarin va kalibrlomo gaz
qarisiglarinin tarkibi va xassalori t¢tin nimunalarin istifadasines dair toloblor.
Omoyin mihafizosi sahasinda metroloji taminat vazifalorino uygun olaraq 6lgmalorin vahidliyini
tomin etmok (glin metroloji xidmat vo ya digor toskilati strukturlar asagidaki funksiyalari yerino
yetirmalidirlor: 6lmolarin vahidliyinin tomin edilmasi sahosinds qlivvados olan norma, gayda vo
tisullara uygun olaraq amayin miuhafizasi sahasindo 6lgmalarin metroloji tominati tizra islorin
planlagdirilmas1 vo yerina yetirilmasi; zararli vo tohliikali istehsal amillarinin parametrlorinin
oOlgllmasi naticalarinin tolob olunan dagigliyini vo etibarliligini tomin edon mdasir vasitalorin
totbigi; omoyin muhafizasi masalalari Uzro layiho, mihondislik vo texnoloji senadlarin, habels
hesabat sonadlarinin (6lgma protokollarinin) metroloji ekspertizasinin toskili vo aparilmasi; sinaq
avadanlhglarinin sertifikatlagsdirilmasinda istirak; totbiq olunan 6lgmoa vasitalorinin yoxlamaya
vaxtinda toqdim edilmasinin tomin edilmosi; mintozom nozarot vo miqgayisali 6lgmolorin
aparilmasi; 6lgmalorin vahidliyini tamin etmok tglin dovlst qurumu torofindon sertifikatlagdiriimis
olgl vasitalorinin, kamiyyat vahidlorinin etalonlarinin, metroloji qaydalara vo normalara, texniki
sonadlorin  taloblorino  uygunluguna vo istifadesine metroloji noazarstin hoyata kegirilmasi;
olglorin vaziyyatinin sistematik tohlili vo giymatlondirilmasinin aparilmasi, amayin muhafizasi
sahasinda 6lgmolarin metroloji tominatinin tokmillagdirilmasi Uzra todbirlorin islonib hazirlanmasi
Vo tokliflorin hazirlanmasi (emayin mihafizosi xidmati ila birlikds); amayin mihafizasi sahasinds
metroloji tominat masalalori izro miiassise standartlariin vo digar yerli texniki sonadlorin islonib
hazirlanmasi va tosdiq edilmasi.
Miassisanin metroloji xidmati amoayin muhafizasi sahasinde metroloji tominat islarini yerina
yetirorkon qarsisinda duran 6hdsliklor asagidakilardir:

v/ Omoyin miihafizosi xidmatlorinin igtiraki ilo Olgmolorin voziyyatinin sistemli tohlilinin

aparilmasit vo amoyin miihafizesi sahosindo metroloji tominatin tokmillogdirilmasi iizra
todbirlorin iglonib hazirlanmasi;
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v' Omoyin miihafizosi xidmati vo sanitar-sonaye occupationalatoriyasi (morkozi zavod va
Olct occupationalatoriyalar1) ilo birlikdo tohliikkeli vo zororli istehsal amillorinin
parametrlorinin vo fordi miihafizo vasitolorinin keyfiyyot gostoricilorinin 6lgiilmasi iigiin
vasita vo lsullarin secilmasi;

v' Omok soraitinin sanitar-texniki voziyyotinin sertifikatlasdirilmasi zamani is yerlorinds
tohliikali vo zararli istehsal amillarinin (sas-Kuy, vibrasiya, tozluluq, gazla ¢irklonmo vo s.)
saviyyalarinin 6l¢iilmasinin diizglinliiyline nozarat;

v’ Standartlagsdirma, amoyin miihafizasi vo miiossisonin digar bolmalori ilo birlikde 6lgma
doqiqliyi standartlarini, 6lgmo tiisullarini, yoxlama {isullarin1 vo vasitolorini tonzimloyon
standartlarin totbiqi vo onlara riayot edilmosini togkil etmak;

v’ Tohliikali vo zororli istehsal amillorinin parametrlorino vo fordi miihafizo vasitalorinin
keyfiyyat gostoricilorino nazarot etmok {iglin sanitar-sonaye occupationalatoriyalarinin
Olgii alatlari ilo tochiz edilmasinin toskili;

v' Omoyin miihafizosi sahasindo metroloji tominat programinin icrasi zamani goriilmiis
islorin naticalorinin miiossisalords hoyata kegirilmasi;

v' Tohliikoli vo zororli istehsal amillorinin parametrlorine vo fordi miihafizo vasitalorinin
keyfiyyot gostoricilorino nozarot etmok {iciin istifado olunan standartlagdirilmamis 6IGU
vasitolorinin vo Olgmolorin aparilmast {sullarinin  metroloji sertifikatlagdirilmasinin
aparilmast;

v’ Tohliikkoli vo zororli istehsal amillorinin parametrlorinin  6lgiilmasi tisullart  {izra
miiossisalorin elmi-texniki sanadlarinin layihalarinin metroloji ekspertizasinin aparilmast,

v' Omoyin miihafizosi sahosindo miiossisolorin togkilati-metodik  standartlarinin = vo
metrologiya lizro digor elmi-texniki sonadlorin islonib hazirlanmasi vo tosdiq edilmosi,
tohliikoli vo =zororli istehsal amillorinin parametrlorinin 6l¢lilmosi iisullariin iglonib
hazirlanmas1 vo zoruri hallarda onlarin islonib hazirlanmas1 {iclin tapsiriglarin
hazirlanmasi.

Omoyin mihafizasi niyo bu godor vacibliyi sualini tohlil edok. insan hoyati vo onun
tohliikasizliyinin tomin olunmasi olduqca vacib masaladir. Bundan slava, bu halda biz ham do
miioyyon bir insanin xas bilik, bacariq ve tocriibs ilo bir is¢i kimi doyerinden danisiriq. Ikincisi,
omoyin miihafizosinin tomin edilmasi tizra diizgiin togkil olunmus is iscilorin intizamini artirir ki,
bu da 6z ndvbesindo omok mohsuldarliginin artmasina, gozalarin, avadanliglarin siradan
cixmasinin va digar fovgealads hallarin saymin azalmasina, yoni istehsalin somaraliliyini artirir.
Uclinclisi, omoyin miihafizosi tokco iscilorin 6z xidmoti vozifalorini yerino yetirorkon
tohliikasizliyinin tomin edilmasini nozordo tutmur. Oslinds, bura miixtalif tadbirlor do daxildir:
masalon, peso xostoliklorinin qarsisinin  alinmasi, isdo fasilolor zamani is¢ilorin diizgun
istirahatinin vo qidalanmasinin tagkili, onlarin zoruri kombinezon vo gigiyena vasitolori ilo tomin
edilmasi, hoatta sosial miiavinatlorin hoyata kecirilmasi vo zomanatlor.

Miiossisodo omoyin miihafizosinin togkilino diizgiin yanagma, is¢ilori stimullagsdirmaq {igiin
miixtolif geyri-maddi tisullardan bacariqla istifade sonunculara lazimi etibarliliq, sabitlik vo
rohbarliyin is¢ilorino marag: hissi verir. Belo ki, amoyin miihafizosinin diizgiin toskili sayosinda
kadrlarin yerdoyismosi do azalir. Bu ii¢ sobob omoyin miihafizosinin lazimi soviyyado
saxlanmasiin xiisusi shomiyyetini anlamaq ii¢lin kifaystdir. Homginin unutmayin ki, amoyin
miihafizesi baximindan omok qanunvericiliyino omol edilmomasi inzibati, bozi hallarda iso
cinayat mosuliyyatina sobab ola bilor. Omoyin miihafizasi bu gilin miixtalif istiqgamotli vo istonilon
miilkiyyat formali miiossisolordo osas sistemlordon biridir. Isin tohliikesiz yerino yetirilmasinin
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elementar gaydalarina vo omoyin mihafizosi toloblorino riayot etmoklo, isogdtiiron istehsalat
xasaratlorinin demok olar Ki, 95%-o qodor ohomiyyatli doracods azalmasina nail ola bilar.
Ehtimalin galan faizi insan amili olacaq, ondan xilas olmaq ¢otindir. Hom isogétiiron, hom do is¢i
torofindon amayin miihafizasi toloblorine amol edilmomasi naticasinds yaranan xasarat hallarinin
mohz bu faizidir.

Omoayin miihafizasi bir sistem kimi insanlarin hayatinin demok olar ki, biitiin saholorine tosir
gostoarir. O, ¢oxlu sayda texniki vo humanitar elmlorlo birlosir, on vacib vozifolordon birini - hor
hansi bir isi yerino yetirorkon insan hoyatini vo saglamligini qoruyur. ©Omayin miihafizasi
tonzimloyici vo hiiquqi dostoyi olan biitiin todbirlor kompleksini ohato edir. Belo todbirlors
toskilati-texniki, sosial-igtisadi, sanitar-gigiyenik, miialico-profilaktika todbirlori daxildir.

Iscilorin birbasa istiraki olmadan amayin tohliikasizliyini tomin etmok miimkiin deyil. Istehsalatda
bas veran badbaxt hadisalorin vo badboxt hadisalorin shomiyyatli hissasi is¢ilar torafindan yol
verilon pozuntular naticasinds bas verir.

Metodlar
Omoyin muhafizosi standartlarina daxil olan metodlarin  standartlagdirma obyektlori
asagidakilardir:

1) ©moyin Tohlikosizliyi Standartlar1 Sisteminin qurulmasimimn @mumi toskilati vo
metodoloji asaslar1 vo asas muddoalart;

2) ©moyin mihafizasi sahasinds metroloji tominat;

3) Tohliikasiz amok saraitinin tamin edilmasi {igiin isin tagkili hagqinda imumi miiddoalar;

4) Tohlukali vo zararli istehsal amillarinin tosnifati;

5) ©mayin muhafizasi sahasinds asas anlayiglarin terminloari va toriflori;

6) Tohlikali vo zorarli istehsal amillarinin névlori (elektrik tahllkasizliyi, yangin va partlayis
tohllikasizliyi Uzro Gmumi toloblor, gigiyenik toloblor vo s.) Uzro amoyin mihafizasi
toloblari vo normalari, habels isgilorin bu amillarin tasirindon qorunmast tisullari;

7) Tohlikali va zararli istehsal amillarinin normalasdirilmis parametrlori;

8) Tohlukali va zorarli istehsal amillorinin normalasdirilmis parametrlorina nozarat tisullar
(6lgilar, sinaqlar, tohlillar);

9) Istehsal avadanliglar1 vo avtomatik vo ya yarimavtomat rejimlordo isloyon istehsalat
avadanligr qruplart Gglin amoayin mihafizasi Uzro Umumi texniki toloblor, habelo bu
tohllikasizlik taloblarinin yerina yetirilmasina nazarot vo giymatlondirma tisullart;

10) Istehsal proseslorina (islorino) vo texnoloji proseslorin névlorino dair Gmumi texniki
omoayin tohlikasizliyi tolablori, habelo bu tahlikasizlik taloblorinin yerina yetirilmasina
nozarat va giymatlondirmo tsullari;

11) Iscilorin mihafizo vasitalorinin tosnifat;

12) Iscilorin fordi va kollektiv miihafizo vasitalorinin siniflorine vo novlarine dair taloblor;

13)iscilor ucin fordi vo kollektiv qoruyucu vasitolorin  goruyucu vo gigiyenik
xususiyyatlorinin monitoringi vo giymatlondirilmasi iisullari;

14) iscilor tigiin fordi miihafizs vasitalorinin markalanmasina dair taloblor;

15) Signal ranglarina va tahllikasizlik nisanlarina olan talobloar;

16) Qozalar, yanginlar vo ya digar fovgolado hallar zamani iscilorin tohlukali orazilordon
tohllikasiz oraziloro evakuasiyasini tomin edon oriyentasiya isaralori sistemlorino olan
tolablor;
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17) istehsalat avadanligmin, sonaye tullantilarinin vo materiallarinin utilizasiyas ii¢iin timumi
texniki amoyin tohlikasizliyi toloblori, habelo bu tohllkasizlik talablorinin yerino
yetirilmasina nazarat vo giymatlondirma tisullari.

Zararli vo tohlikali istehsal parametrlorinin 6lgtilmasi Gglin daqiqlik standartlarini, sortlorini,
mioayyan edon texniki sonadlor (sanitariya qaydalari, normalari, standartlar, tikinti normalar1 vo
qaydalar1 va S.), habelo dizayn, texnoloji va ya digar sanadlor. 6l¢i malumatlarinin alinmasi vo ya
istifadosi ilo bagli amillor metroloji yoxlamadan kegmalidir. Is soraitina nozarat edon miiessiss,
idaro vo togkilatlarda olgmalorin vahidliyini tomin etmok Uglin metroloji xidmot vo ya digor
toskilati struktur yaradilmalidir.

Tohlukali vo zarorli istehsal amillorine vo fordi mihafizo vasitolorinin keyfiyyst gostoriciloring,
optimal 6lgmo doqgiqliyi standartlarina vo Olgmo vasitalorinin segcimino nozarstdo 6l¢iilmiis
parametrlorin rasional nomenklaturasinin yaradilmasi amayin muhafizasi standartlarinin vo digar
sonadloarin talablorine uygun olaraq hayata kegirilir.

Natica
Omoyin muhafizasi vo tohllkasizlik qaydalarina riayat olunmasi masalasi oldugca shomiyyatli va
aktual mévzudur. Ik névbada ona gora ki, on yilksok doyor hor zaman insan, onun hoyati vo
saglamligidir. No amok haqqinin mablagi, no miassisonin rentabellik saviyyasi, no do istehsal
olunan mohsulun doayari tohlikasizlik qaydalarina etinasiz yanasmagq, is¢ilorin hayat vo ya
saglamlig1 ticiin moveud tahllikalars haqq qazandirmagq ti¢iin 2sas ola bilmoz. Natica olarag bunu
geyd eds bilorik ki, is¢ilor amak miuhafizasi gaydalarina riayst etmokds maraqli olmalidirlar vo
asagida qeyd olunanlar1 miitlaq sokilda bilmalidirlor:
o Is yerlorinda texnoloji prosesin xususiyyatlorini bilmolidir;
o Oz is yerlorinds avadanlhigin tohliikesiz istismari iigiin biitiin totbig olunan taloblari bilmok
va onlara amal etmok;
o ©moayin mihafizasi zra brifinglor ¢orgivasinds tam biliys malik olmag;
o Muossisods gobul edilmis forma, kombinezon geyinmok, fordi muhafizo vasitalorindon
istifado etmok;
o Istehsal bolmasinda qiivvada olan tahliikasizlik talablaring riayat etmok;
o Is yerinda qurasdiriimis tohliikosizlik nisanlari ilo miloyyen edilmis toloblori bilmok va
onlara amal etmak;
o Yangin tohlikasizliyi va elektrik tohlikasizliyi taloblaring riayst etmok.
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12 AzepGaiipkaHCKUH TOCY1apCTBEHHbIA YHHBEPCUTET HEQTH U MpoMbINLIeHHOCTH, Y2Kkadenpa [TpubopocTpoenus
Imaructp/ E-mail: memmed.tanriverdiyev@mail.ru
2JlO1IeHT

PE3IOME

Cuctrema  crapaaproB  0Oe30macHOCTH  TpyJa  HpPEACTaBiIsieT  CcOOOM  COBOKYIHOCTh
B3alMOCBA3aHHBIX CTaHdapTOB, BKJIIOYAOIIUX OpraHnu3allOHHBIC, TEXHHUYCCKUCEC,
METPOJIOTHYECKUE, CAHUTAPHO-TUIMEHNYECKUE TpeOOBaHUsS, HOPMbl U IpaBUia, HalpaBIECHHbIE
Ha o0ecriedeHrne OE30MaCHBIX YCIOBHM TPyAa U OXpaHy >KU3HU U 3[I0POBbS paOOTHHUKOB BO BpeMs
pabotbl. Llenbo HOpM 0€30MaCHOCTH TpyJa SIBISETCS CO3AaHUE KOMILJIEKCa B3aMMOCBSI3aHHBIX
HOpM, HAallpaBJICHHbIX Ha pEaJM3al{I0 COIJIACOBAHHOM IOJIMTUKH TOCYJapcTB B 00JaCTH
CTaHJapTH3alMM Oe30macHbIX yciaoBuM Tpyna. OxpaHa TpyAa JAoJDKHA ObITh HalpaBlieHa Ha:
MOOIIPCHUE M 3alIUTy CaMOI'0 BBICOKOI'O YPOBHA (1)I/I3I/I‘ICCKOFO, YMCTBCHHOI'0O M COLMAJIBHOTO
Onarononydus paOOTHUKOB BCeX Npodeccuii; He T0MyCKaTh YKJIOHEHUsS] paOOTHUKOB OT 3/10pPOBbs
M3-3a YCIOBUU TPY/la; 3alllUTa OT PUCKOB, BHI3BAHHBIX (DaKTOpPAMH, OKA3bIBAIOIIMMH HETaTUBHOE
BJIMSIHME HA 3/J0pPOBbE paOOTHHUKOB B mpouecce ux padorel. CpeacTBa MHAMBUYATbHOMN 3alUThI
MOTYT 1IOMOYb 3allUTUTL OT MHOIUX H3 OTUX OITaCHOCTEM. CaHI/ITapHO-FI/IFI/ICHI/I‘-IeCKI/Ie
MEpONPUATHS MO OXpaHE TpyJla COCTOAT W3 pabOT, HAMpPABIEHHBIX HAa CHW)KEHUE YPOBHS
BOSI[GﬁCTBPIfI Ha pa6OTHI/IKOB BPCAHLBIX W OIIACHBIX IMPONU3BOACTBCHHBIX q)aKTOpOB B HOCIAX
obecriedeHrs ONarompUATHBIX YCIOBUM TpyJa M HOPEAyNpexaeHUs MpodecCHOHAIbHBIX
3a00JIeBaHUH.

Mertposnoruueckoe obecneueHue B o0sacTH  0€30MaCHOCTM  Tpylda - 3TO  KOMIUIEKC
OpraHn3allMOHHO-TCXHUYCCKUX MCpOHprITHﬁ, HOpPM H IIpaBujl, TEXHHUYCCKUX CPCACTB,
HalpaBJIEHHBIX Ha o0ecreyeHne eIMHCTBA U TPeOyeMOi TOUHOCTH U3MEPEHHH, TPOBOIUMBIX IS
KOHTPOJISI TapaMeTPOB OIMACHBIX M BPEJHBIX MPOU3BOACTBEHHBIX (DAKTOPOB Ha paboueM MecTe.
OCHOBHBIMH 33/1a4aMM OTJIEJIOB METPOJIOIMYECKOTr0 o0ecreyeHns B 001acT 6€30MacCHOCTH TPyAa
SABJIIFOTCA .

% OpraHuzanysi CHUCTEMAaTHYeCKOro aHalk3a COCTOSHUS W3MEPEHUH IapaMeTpoB
OTACHBIX M BPEAHBIX MPOU3BOJCTBEHHBIX (DaKTOPOB, MMOKa3aTeNell KauecTBa CPE/CTB
WHAMBUIYalIbHOM 3amMThl M pa3paboTka Ha €ro OCHOBE MEPONpPHUATHH 1O
COBEpIICHCTBOBAHUIO 3TOU pabOTHI;

¢ Opranu3zanus paboTsl 10 CO3JaHUIO U IPUMEHEHUIO COBPEMEHHBIX METOJIOB U CPEZCTB
H3MepeHI/Iﬁ IJIs1 KOHTPOJIA MIapaMeTpOB OITACHBIX M BPCAHBIX IMPONU3BOJACTBCHHBIX
(akTOpoB, OKa3aTenel KauecTBa CPEICTB MHIMBUAYAIbHOM 3aIUTHI;

% PazpaGoTka u BHeApeHHE HOpPM O€30MACHOCTH TpyJda W APYTUX HOPMATUBHBIX
TEXHUYECKUX [JOKYMEHTOB B COOTBETCTBHUM C 3aJaHUSIMH, YTBEPXKACHHBIMH B
YCTaHOBJIEHHOM MOPSIKE;
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¢ OpraHuzanusi  METPOJOTMYECKOW  aTTeCTallid  BHOBb  pa3pabaThIBaeMBIX |
JNEHCTBYIOIMX CPEACTB M3MEPEHUM M METOAMK M3MEPEHHUs I[1apaMETPOB ONACHBIX U
BPEIHBIX TMPOU3BOACTBEHHBIX (DAaKTOPOB M IOKa3zaTelel KadecTBa CpEICTB
MHAUBUAYAIbHOMN 3alUThI;

¢ Opranuzanys BeAOMCTBEHHOM UWHCHEKIMM W KOHTPOJS 32  COOIOJECHUEM
METPOJIOTHUECKUX TPEeOOBAHUN CTaHIAPTAaMH, YTBEP)KICHHBIMH B YCTaHOBJIEHHOM
MOPSIZIKE;

¢ Opranmzanuss  paboTBl 1O  TMOATOTOBKE W TOBBILICHHIO  KBaJU(UKAINH
METPOJIOTHYECKUX KAJAPOB B 001acTH OE30MMaCHOCTH TPY/Ia.

B cooTBeTCTBUU ¢ TPYHOBBIM 3aKOHOAATEIBCTBOM KK paOOTHUK JOJDKEH MPONTH 00ydeHue

0e30MacHbIM MpHUeMaM BBIMOJIHEHHUs] pabOT M OKa3aHUIO MEpPBOM MOMOIIM IMOCTPAJaBIIMM Ha

NPOM3BOJICTBE, WHCTPYKTAX MO OE30MaCHOCTH TPYAd, MPAKTUKY Ha paboyeM MecTe, IPOBEPKY

3HaHUU TpeOoBaHUU 0E30MacHOCTU TpyAa. 3a MPOBEACHHE U OPraHU3ALMI0 ITHX MEPONPUATUI

oTBeyaeT paboTojaTesnb, HO OH HMEET BO3MOXXHOCTh [EJIErMpOBaTh OSTU IOJHOMOYUS

OTBETCTBEHHBIM CIICLIUATIMCTAM WJIH cIy>k0am 0e30MacHOCTH Tpyaa.

bezonacHocTH Tpysaa cieqyeT NMOHMMAaTh Kak CHCTEMY MEpPONPUSTHHA, pa3padaThiBaeéMbIX M

peanu3yeMbIX Al o0ecreueHnus 0€30IacHOCTH KU3HH U 3/I0POBbs PaOOTHHUKOB.

Takum 00pa3om, MEpONPHITHA 1O COBEPIICHCTBOBAHUIO OE30MACHOCTH TpPYyJAa SIBISIOTCS HE

npocTto (QOpPMAIBHOCTHIO, @ YyTh JIM HE OCHOBHBIM CIOCOOOM CHH)XEHHS BEPOSTHOCTU

TpaBMaTH3Ma pabOTHHUKOB M Pa3BUTHS y HUX MPOQECCHOHATBHBIX 3a0oieBaHuii. To ke camoe

KacaeTrcsi CHW)XEHUsI PUCKOB aBapuil, aBapuii, TEXHOTeHHbIX aBapuil. Kpome Toro, takue

MEpOTIPUATHS, KaK MOJIEPHU3AIUS, TEXHUIECKOE MEPEBOOPYKEHHE padOYMX MECT, MOBBIIICHUE

0€30MacHOCTH YCIOBUI TPy, SIBISIFOTCS CTUMYJIOM U MOTHBAIME paOOTHUKOB U MOBBIIIAIOT UX

IPOU3BOJUTENIBHOCTb. JTO TMO3BOJISIET TOBOPUTH O TOM, YTO B OyAyLIEeM BIIOXKEHHUS B

MOJICPHU3AIMIO M YJIy4dllleHHe Oe30MacHOCTH TpyJa M YCIOBHHM TpyJa paOOTHHUKOB HE TOJIBKO

IIPUHECYT CBOU IUIOABI, HO ¥ MPUHECYT OOJIBIIYIO TPUOBLIb.

KiroueBble cjioBa: 6€30MacHOCTh TPY/1a, OXpaHa 3J0pOBbs, 0€30MaCHOCTb, PUCK.
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STUDY OF THE EFFECT OF NANOCOMPOSITE ON
THE RHEOLOGICAL PARAMETERS OF HIGH PARAFFIN OIL
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ABSTRACT

At present, the process of asphaltene-resin-paraffin precipitation in the well-gathering system,
facilitating the transportation of these oils, and increasing the throughput of oil pipelines remain
among the urgent problems in the focus of attention. In many countries, the formation of
asphaltene-resin, paraffin deposits complicates transportation, increases corrosion problems,
hydrocarbon loss, and increases economic costs. One of the factors that increases the stability of
these sediments and causes the amount of sediment is the large amount of water in the oil. As the
percentage of water-dispersed phases in the oil increases, colloidity increases. Because
asphaltene, resin, and paraffin remain suspended in the oil system and form a colloidal system,
and when the water dispersed phases enter that colloid, the sediments formed are connected to
each other by tighter bonds, which makes it difficult to see measures against the formation of such
sediments. Oil is a nanosystem that includes various components. This nanosystem consists of
asphaltenes, resins, paraffins, mechanical mixtures and water-dispersed phases. The components
that create the sediment are also the components that create that nanosystem, which affect the
rheology of oils by forming a special structure. Asphaltenes, then resins, and then paraffins are
concentrated in the center of the structure. Mechanical compounds stick to the surface of this
structure and create further complexity. Finally, the water phase covers the structure. As a result,
the bonds within the water create various transformations within the mechanical mixture, paraffin,
resin and asphaltene. At the same time, water is adsorbed by these mentioned components and
becomes peptide, which is one of the factors that most affect the rheology of oil. When it comes
to rheology, the most important parameter is viscosity, and peptidized structures also increase the
value of viscosity. The created structures combine with other structures to form a chain system.
With the creation of that chain system, the kinetic and aggregative continuity within the oil is
broken. The coagulation process occurs as a result of a violation of continuity. After the
interconnected structures form a large mass within the oil system, the process of sedimentation
begins. The process of sedimentation means the formation of sediment. The faster the
sedimentation, the greater the quantity and thickness of the sediment.In order to facilitate the
transportation of this type of oil, increasing the efficiency of the transportation process by
applying chemical reagents without requiring large capital investment is one of the main tasks
ahead. With this aim, the individual and joint effects of Difron-3970 and ND-NDP-1 reagents and
the newly developed nanocomposites Difron-3970+Cu and ND-NDP-1+Cu in laboratory
conditions were taken from well No. 412 of the May 28 field of SOCAR. was studied in an oil
sample. The new nanocomposition from the applied surfactants was more effective against the
freezing temperature of the high-paraffin oil sample, its dehydration and asphaltene-resin-paraffin
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precipitation. Thus, the composition of nanoparticle and surface-active reagent lowers the freezing
temperature of oil from +15 °C to -2 °C for Difron-3970+Cu reagent and -8 °C for ND-NDP-
1+Cu reagent. . At the same time, individual reagents in terms of demulsification ability, Difron-
3970 and ND-NDP-1 reagents, dewater 60% oil by 15% and 4%, respectively, while
nanocomposites dewater by 10% and 2%.

For the first time, the effect of the new composition on the deposition of asphaltene-resin-paraffin
deposits on the metallic surface was studied in laboratory conditions by the "Cold tube” method,
based on the addition of Cu nanoparticles to Difron-3970 and ND-NDP-1 reagents. The
experiments were carried out in the "Cold Pipe" at a temperature of 200C in different
concentrations of depressor additives (100-700 g/t). Based on the results obtained from the
experiments, the effectiveness of the composition prepared with the addition of individual
reagents and nanoparticles and at the same time the maximum percentage of paraffin deposits
collected on the surface of the tube were calculated. The highest efficiency of 99% was observed
at the concentration of 700 g/t of "ND-NDP-1+Cu" depressor additive.

Keywords: nanoparticle, composition, cold tube, high paraffin oil, deemulsification, freezing
temperature.

YUKSOK PARAFINLI NEFTIN REOLOJi PARAMETRLORINO
NANOTORKIBLI KOMPOZITIN TOSIRININ TODQIiQi
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XULASO

Hazirda quyu-y1§im sistemindo asfalten-gatran-parafinin ¢kmosi prosesi, bu neftlorin naglinin
asanlagdirilmasi, neft komorlorinin Otiirlictiliiyiiniin artirilmas: digqet merkoezindo olan aktual
problemlordon olaraq qalmaqdadir.Bir ¢ox 0Olkolordo asfalten-qatran,parafin ¢okiintiilorinin
yaranmasi noqli ¢otinlogdirmoklo yanasi, korroziya problemlorinin artmasina, karbohidrogen
itkisino vo iqtisadi cohatdon xorclorin artmasina sabab olur. Bu ¢okiintiilorin stabilliyini artiran vo
¢cokiinti miqdarma sobab olan faktorlardan biri do neftin torkibinde suyun miqdarimin ¢ox
olmasidir.Neftin torkibinds su dispers fazalarinin faiz miqdan artdiqca kolloidlik artir. Ciinki,
asfalten,qatran vo parafin do neft sistemindo asili voziyotds qalmaqla kolloid sistem omalo
gotirirlor, su disper fazalar1 da homin kolloidiys daxil olduqgda yaranan c¢okiintiilor daha six
rabitolorlo bir-birina baglanirlar ki, bu ciir ¢okiintiilorin yaranmasi sleyhina torbirlor gérmok
¢otinlik yaradir. Neft miixtolif komponentlori 6ziinds birlogdiron nanosistemdir. Bu nanosistemi
asfaltenlor,qatranlar,parafinlor,miixaniki qarisiqlar vo su dispers fazalar togkil edir. Cokiintiind
yaradan komponentlor do hamin nanosistemi yaradan komponentlordir ki, xiisusi qurulus amals
gotirorok neftlorin reologiyasina tosir gostorirlor. Qurulusun morkozindo asfaltenlor, sonra
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qatranlar,sonra iso parafinlor comlasirlor. Bu qurulusun ortafina mexaniki qarisiglar yapisaraq
daha da miirokkoblosmo yaradirlar. ©On sonda iso su fazasi qurulusu ohato edir. Noticodo su
daxilindo olan rabitolor mexaniki qarisiq, parafin, qatran vo asfalten daxilindo miixtolif
cevrilmolor yaradir. Eyni zamanda su homin gqeyd olunan komponentlor torafindon adsorbsiya
olunaraq peptidlosir ki, oan ¢ox neftin reologiyasina tosir edon faktorlardandir. Reologiya dedikdo
on Onomli parametr Ozliilikdiir ki, peptidlosmis quruluslar da ozliiliiylin qiymotini artirir.
Yaranmis quruluslar digor quruluslarla birlosorok zoncirvari sistem omolo gotirirlor. Homin
zoncirvari sistemin yaranmasi ilo neft daxilinds kinetik vo aqreqativ davamililiq pozulur.
Davamliligin pozulmasi noticasinds koaqulyasiya prosesi bas verir. Bir-birino birlogsmis quruluslar
neft sistemi daxilindo boylik kiitlo omolo gotirdikdon sonra iso sedimentasiya prosesi ilo baslayir.
Sedimentasiya prosesi c¢okiintii yaranmasi demokdir. Sedimentasiya no qodor siirotli getso
¢okiintiiniin miqdar1 vo galinlig1 daha ¢ox olur.Bu ndv neftlorin naqlini asanlasdirmaq mogsadilo
boylik kapital qoyulusu tolob etmodon kimyovi reagentlorin totbiqi ilo noaql prosesinin
somaraliliyinin artirtlmas1 qarsida duran osas vozifalordon biridir. Bu mgsadlo laboratoriya
soraitindo fordi- Difron-3970 vo ND-NDP-1 reagentlorinin vo yeni hazirlanmis nanotarkibli
Difron-3970+Cu vo ND-NDP-1+Cu kompozisiyalarin ayri-ayriligda va birgs tasiri SOCAR-1n 28
May yataginin 412 sayli quyusundan gotiiriilmiis neft niimiinesinds todqiq edilmisdir.Totbiq
edilon sothi aktiv maddslorden yeni nanokompozisiya yiiksok parafinli neft niimunosinin donma
temperaturuna, onun susuzlagsmasina vo ondan asfalten-gatran-parafin ¢okmolorino garst daha
effektiv olmusdur. Belo ki, nanohissocik vosothi aktiv reagentdon ibarst kompozisiya neftin
donma temperaturunu +15°C-don uygun olaraq Difron-3970+Cureagenti -2°C vo ND-NDP-1+Cu
reagent iso -8°C-yo kimi asagi salir. Eyni zamanda deemulsasiya gabiliyyasti baximindan fordi
reagentlor olan Difron-3970 vo ND-NDP-1 reagentlori 60% sulagmasi olan nefti uygun olaraq
15% Vo 4% susuzlasdirdig1 halda nanokompozitlar isa 10% vo 2% miqdara gadoar susuzlasdirir.

Ilk dofo olaraq laboratoriya seraitinde “Soyuq borucuq” iisulu ilo Difron-3970 vo ND-NDP-1
reagentlorinoCu nanohissaciklorinin alavasi osasinda hazirlanmis yeni kompozisiyanin asfalten-
gatran-parafin ¢okiintiilorinin metallik soth {izorino ¢6kmasina tosiri todqiq edilmisdir. Tocriibolor
”Soyuq borucug”un 20°C temperaturunda depressor asqarlarm miixtalif qatiliglarinda (100-700
g/t) aparilmigdir. Tocriibalordon alinan natocalors asaslanaraq fordi reagentlorin vo nanohissaciyin
olavasi ilo hazirlanan kompozisiyanineffektliyi vo eyni zamanda borucugun sathindo toplanan
parafin ¢okiintiilorinin maksimal faiz miqdar1 hesablanmigdir. ©n yiiksok effektivlik“ND-NDP-
1+Cu”depressor asqarinin 700 g/t gatiliginda 99% miisahido olmusdur.

Acar sozlor: nanohissocik, kompozisiya, soyuq borucuq, yiiksok parafinli neft, deemulsasiya,
donma temperaturu.

Giris

Neft yataglarmin iglonmasinin son marhalasinds ciddi va aktual problemlardon biri sayilan quyu-
yigim sistemindo asfalten-gatran-parafin ¢okmolori prosesloridir ki, bu da bir ¢ox amillorlo
xarakterizo olunur. Asfalten-qatran-parafin ¢okiintiilori neftin hasilati, yigilmasi vo naqglo
hazirlanmasi sistemlorindo yaranir. Bu ¢okiintiinlin miqdar1 vo xarakteri quyu dibi, quyu gévdasi
vo yerlistii y1gim-noaql sistemlorindo tozyiq, rejim, temperatur diismosi, neftin qazsizlagsmast vo
s.kimi bir ¢ox amillarin tasiri noticosindo doyisir. Bu amillordon on osasi temperatur diigmosidir.
Hazirda respublikamizda hasil olunan neftlor fiziki-kimyovi gostoricilorino vo reoloji
xiisusiyyatlorino goro miixtoliflik toskil edirlor. Bu miixtoliflik 6ziinii 6zlIiiliik, qatran, asfalten vo
parafinlorin miqdari, sulagsma doracasi vo basqa gostaricilordo gostarir[1-3]. Azarbaycanda hasil

| PAHTEI
| 44 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




ISSN: 1609-1620, E-ISSN: 2674-5224

PAHTE./I

REFEREED & REVIEWED JOURNAL

E-ISSN: 2674-5224

VOLUME 23 ISSUE 12 2022

olunan neftlorin goxu bu vaya digor doracods asfalten, gatran vo parafinlidir. Bu baximdanda
bazon quyudibi vo bazon do boru komarlorinds homin komponentlorin ¢6kmasi gaginilmazdir.
Neftlorin osas reoloji parametri zliiliikdiir.Ozliiliik neftin axiciliq gabiliyyatini xaraktetizo edir vo
parafinli neftlor yiiksok &zliiliiklii neftlor qrupuna aiddir. Ozliilityiin artmasi ils siirtinmoya sorf
olunan tozyiq artir,axiciliq gabiliyyati pislosir va naticads enerji itkisi bas verir. Parafinli neftlorin
boru komorilo naqli bu baximdan bir sira ¢otinliklor yaradir. Neft ¢ixarmada osas mogsod bas
vermis enerji itkisini asag1 salacaq vo eyni zamanda karbohirdogen xammalinin olave itkilorinin
qarsisim alacaq texnoloji prosesslorin inkisaf etdirilmosidir.Ozliiliiys on ¢ox tosir edon faktor
temperaturdur. Temperaturun artmasi Ozliiliiyli asag1 salir ki, bu da yiiksok 6zliiliikli neftlorin
naqlini vo yaranacaq c¢otinliiklori aradan qaldirir. Bu baximdan yiiksok parafinli neft vo neft
mohsullarini qizdirma iisulu ilo nagl edirlor. Lakin bu {isul iqtisadi baximdan baha basa goldiyi
ticiin olverissizdir [4,5].

Bu cohoatdon yiiksok parafinli vo yliksok donma tempetaturuna malik anomal neftlorin fiziki-
kimyavi vo reoloji xassolorinin yaxsilagdirilmasimin elmi osaslarinin Oyronilmasi miihiim
ohomiyyat kosb edir. Butlin bunlar neftin boru komari ilo naqglinin iqtisadi cohotdon somarali
olmasina, onun elmi va texnoloji cohotdon somorali lisulla boru komorlori ilo nogline sorait
yaradir. Bu tadqiqatlar neftin boru kemorlori ilo tohliikesiz dasimnasina imkan verir. [6-8].

Moagqsad

Problemin aktualligi vo slaqali tadqiqatlar. Yiksok parafinli neftlorin yuxarida gdstorilon
todgiqatlara osaslanaraq nefto tosir iisulunu onlarin reoloji xassslorini yaxsilasdirmaq, noql
prosesinin  yeni texnologiya ilo hoyata kecirilmosi bu giin do  aktualligim
itirmomisdir. Yiiksokozliltiklii neftlorin 6zliiliilylin azaldilmasi,naqlinin asanlagdirilmast vo neft
komorlorinin  6tiirticiiliik  gabiliyyaotinin artirilmast  daim digqqet morkozindo olan miihim
masalalordan biridir[9,10].

Son zamanlar yliksok parafinli neftlorin noql xiisusiyyatlorini yaxsilasdirmaq moqgsadilo neftdo
parafin foza kristal qofosinin yaranmasinin qarsisini alan sothi aktiv polimer maddslordon-
asqarlardan genis istifads olunur. Bu sathi aktiv maddslor eyni zamanda yiiksak parafinli neftlorin
donma temperaturunu asagi salaraq da noql xisusiyyotlorini yaxsilagdirir. Biitiin geyri-Nyuton
neftlori tigiin effektiv asqarin olmamasindan onlarin se¢imi ilo bagl standart metod yoxdur.
Homin sathi aktiv maddoalorden bozilori 6zliiliiylin dinamik qiymatine tesir etdiyi halda bozileri iso
statik qiymaotino vo ya sirf donma temperaturuna tosir gostora bilir. Bu baximdan hansi asqarin
yiiksok parafinli neftlor tiglin optimal se¢cim oldugunu demok cotindir.Asqarlar, onlarin tosir
effekti, miqdari vo temperaturu tocriibi yolla miioyyon olunur[11-13].

Homginin son zamanlar nanotexnologiyanin inkisafi vo neft sonayesinin bir ¢gox sahosindo totbiqi
genis yayilmisdir. Olgiilori nano hoddino qodor kicilon metal hissociklor 6ziino olave miixtalif
xiisusiyyotlorqazanir ki, bu da nanotexnologiyanin totbiq sahasini genislondirir. Xiisusils, yiiksok
parafinli neftlordo yaranan problemlarls bagli nanohissaciklorin sathi aktiv maddslarlo birlikds
tosirilo bagh bir sira todqiqatlar aparilmusdir. Sothi aktiv madds il nanohissocik birlikde neftin
hidrodinamiki xiisusiyyatlorino tosir gostorir ki, bu da naqledilmo prosesini asanlagdirir. Eyni
zamanda nanohissacik sothi aktiv maddonin tosirini giiclondirorak yliksok parafinli neftlords
fazalararast sothi gorilmoni ovvalco azaldir, sonra iso artirir. Sothi aktiv maddslor
nanohissociklorin torkibindo adsorbsiya olunur. Neftdo nanohissociyin miqdarinin artmasi ilo
ovvaldon adsorbsiya olunmus sothi aktiv maddolor yeni slavo olunan nanohissaciklordo yenidon
paylanaraq adsorbsiya olunurlar ki, bu da mitsellorin harokatine sabob olur. Mitsellorin harokati
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sothi gorilmoni azaldir vo xam neftin daxilindos olan su dispers fazalar arasinda sodd rolunu
oynayaraq olavo daha kicik dispers su fazalarinin yaranmasina mane olur. Beloaliklo, xam neftin
deemulsasiyasi bas verir. Deemulsasiya zamani mitsellorin horokoti meduza formasini aldigina
gora, buna “meduza effekti” deyilir. Noticods yiiksok parafinli neftin ozliliyii asagi diistir,
kollektor vo borularda siirotli vo intensiv horokot edirbork ¢oOkiintiilorin miqdari, eyni
zamandaenerji sorfiyyati da azalir [14].

Bu mogsadle parafin ¢okmaosino garsi istifado olunan vo baha basa golon inhibitor sorfini azaldan,
istismar  quyularinda  avadanliglarin = vo  quyudibi  otrafin  asfalten-gatran-parafin
(AQP)gokmalorindon uzunmiiddatli mihafizosini tomin edon yeni torkib
islonmisdir.Moaqalodayiiksok parafinli nefto yeni nanokompozisiyanin, fordi depressor asqarlarin
ayriayriliqda tosir effekti arasdirilmisdir.

Tadgiqat isinin maqsadi yiiksok parafinli neft niimiinesine yeni kompozisiyanin ayri-ayriliqda vo
birga tasirinin dyranilmasindan ibaratdir.

Metodlar

Niimunanin donma temperaturu, qatran v asfaltenlorin miqdar1 PJ] 39-3-812-82 metodikasi,
adsorbsiya va ekstraksiya Gisuluna asasen toyin olunmusdur. Tadgiqat {igiin 28 May yataginin 412
sayli quyusundan gotiiriilmiis neft nlimunossinin fiziki-kimyavi gostoricilori cadvall-do
verilmisdir.

Cadval 1.28 may yataginin 412 sayli quyu neftinin fiziki-kimyovi xarakteristikasi

Ne Torkibi Parafininmiqdari, % Tayini

1 Parafin 14,2 roCT11851-85
2 Asfalten 34 roCT11851-85
3 Qatran 8.2 roCT11851-85
4 Donma tempraturu, °C +15 IoCT20287-91
5 Suyun miqdart 60 I'OCT24477-65

Cadval 1-don goriindiiyii kimi, todqiqgat liclin gotiiriilmiis neft niimiinasi yiiksokparafinli neftlor
qrupuna aiddir vo parafin karbohidrogenlorin ytliksok miqdar ilo xarakterizs olunur.

Laboratoriya soraitindoneftin donma temperaturunun toyini PJ] 39-3-812-82 metodikasina asason
yerina yetirilmisdir[15].

Neftin torkibinds parafinin migdarinin miioyyon edilmasi nefto halledicinin olavo olunaraq
adsorbsiya vo ekstraksiya isuluna asaslanir. Eyni zamanda silikagelds gatraninin vo asfaltenlorin
miqdari toyin edilmisdir [15].

Reagentsiz vo reagent istiraki ilo yiiksokparafinli neftds AQPC-nin omologolma prosesi
depressor asqarlarin effektliyinin qiymotlondirilmasindo vo optimal sorf normasinin toyinindo
istifado olunan “soyuq borucuq” (“Coldfingertest”) metodundan istifado olunmusdur [24]. Bu
metod horakatds olan neftdon asfalten-gatran-parafin ¢okiintiilorinin metallik soyuq soth iizerine
¢okmosino osaslanir. Tocriibolor 20°C temperaturda “soyuq borucug”un sothino yigilan neft
cokiintiilorinin  kiitlosinin analitik torozido ¢okilmasilo aparilmisdir. Neft  ¢Oklntustnin
torkibinds asfalten komponentinin kiitls pay1 Qoldenin “soyuq borucuq” tisulu ils asfaltenlorin
ayrilmasinin kdmoayi ilo, qatran maddolori iso xromatoqrafiya (kalon-adsorbsiya) tsulu ilo
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mioyyon edilmisdir.Rusiya Federasiyasinin “EKOC” comiyyati torofindon istehsal olunan
Difron-3970 vo Azorbaycanin yerli xammali SOCAR-da totbiq olunan ND-NDP-1reagentlori
ayri-ayriligda vo nanohissaciyin olavasilohazirlanmis yeni kompozisiya laboratoriya soraitindo
simaqdan kecirilmigdir. Todqigat zamani onun optimal sarf normasinin 7009/t oldugu miiayyan
olunmusdur.Viskozimetrik todgiqatlar “Reotest-2” rotasiyali viskozimetrinds yerinayetirilmisdir.

Naticalorin miizakirasi

Laboratoriya soraitinde hazirlanmis kompozisiyanin effektivliyi 28 may yataginin 412 sayh
quyusundan gotiiriilmiis emulsiyali neft nlimunosi tizorinds sinaqdan kegirilmisdir.

“Soyuq borucuq” tisulundan istifado etmoklo reagentlorin vo yeni kompozisiyanin ayriliqda vo
birgo olaraq yliksok parafinli neftdo asfalten-gatran-parafin ¢okiintiilorino vo deemulsasiyaya qarsi
tasir effekti miioyyon edilmisdir. Tocriibadon alinmig naticalar cadval.2-5-ds verilmisdir.

Cadval 2.28 may yatagimnin 412 sayli quyu neftindo prafingokmoyo qarst ND-NDP-1 reagentinin
tosiri

Qatiliq g/t | Temperatur °C | Parafinin miqdari, q Deemulsasiya effekti % 2?232212 E:sriifé?;gkti, %
0 0 15,78 60 0

100 20 12,17 41 29

200 20 9,85 32 38

300 20 6,63 25 58

400 20 4,55 16 71

500 20 3,28 11 79

600 20 1,94 7 88

700 20 0,89 4 94

Cadval 3. 28 may yataginin 412 sayli quyu neftinds prafingékmoys qars1 Difron 3970 reagentinin
tosiri.

qQ/Etltlhq ;rg mperatur Parafinin miqdari,q Deemulsasiya effekti % ;?3322312 F;asl;ifér;;gk . %
0 0 15,78 60 0

100 20 12,06 52 24

200 20 9,74 45 38

300 20 6,50 37 59

400 20 4,98 31 68

500 20 2,86 26 82

600 20 1,87 22 88

700 20 1,15 15 93

Cadval 4. 28 may yataginin 412 sayli quyu neftinds prafingékmoyas qarsi Difron 3970
+Cukompozisiyasinin tasiri

Reagent vo
Qatilig | Temperatur | Parafinin Deemulsasiya nanohissaciyinparafinin
gft °C miqdari,q effekti % miqdarina tasir effekti,
%
pAHTEl | ’ql

PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 47




ISSN: 1609-1620, E-ISSN: 2674-5224

PAHTE.!I

E-ISSN: 2674-5224

REFEREED & REVIEWED JOURNAL VOLUME 23 ISSUE 12 2022

0 20 15,78 60 0

100 20 8,58 42 47
200 20 6,06 35 62
300 20 4,73 26 70
400 20 3,44 20 78
500 20 1,37 18 91
600 20 0,87 15 94
700 20 0,24 10 98

Cadval 5. 28 may yataginin 412 sayli quyu neftindo prafingdkmoyas qars1t ND-NDP-1 +Cu
kompozisiyasinin tosiri.

Temperatur o . : Reagent vo nano
Qatiliq g/t oC Parafinin miqdari,q Deemulsasiya effekti % hissaciyin parafinin
miqdarna tosir effekti, %

0 0 15,78 60 0

100 20 7,98 38 49

200 20 5,01 27 68

300 20 3,77 19 76

400 20 2,82 12 82

500 20 1,28 8 91

600 20 0,35 4 97

700 20 0,11 2 99

Cadval 2-5-don goriindliyti kimi fordi reagentlor vo kompozitlor 20°C temperaturda
vo100,200,300,400,500,600,700g/t qatiliginda todqiq edilmisdir. Hom parafingbkmodos, hom do
deemusasiyada on effektiv gostorici 700¢/t-da miisahido olunmusdur. Parafingokmo baximindan
hom Difron-3970, hom do ND-NDP-1 reagentlori hor ikisi do effektivlik gostorfiklori halda
deemulsasiyaya yalniz ND-NDP-1-in tosiri daha giiclii oldugu askarlanmisdir. Eyni notico 6ziinii
clizi forqlo nanohissaciyin olavosindon sonra da tokrarlamisdir. Parafingbkmoyo tosir effekti
Difron-3970 reagentinin 700qg/t qatiliginda 93%, anoloji qatiligli ND-NDP-1 reagentindo 94%,
Difron-3970+Cu nanokompozitindo 98%, ND-NDP-1+Cu nanokompozitindo iso 99% toskil
etmigdir. Alinmis noticolordon goriindiiyi kimi nanokompozitlorin parafingbkmoys qarsi tosir
effekti daha effektivdir. Nanokompozitlorin qatiligimmin 100-700 g/t intervalinda todqiq edilon
neftin donma temperaturuna tosiri coadval 6-da 6z oksinbi tapmigdir.

Cadval 6. 28 may yataginin 412 sayli quyu neftinin donma temperaturuna kompozisiyalarin tosiri

Kompozisiyanin Donma temperaturu °C Donma temperaturuna tesir effekti %
qatiligs, g/t Difron3970+Cu ND-ND1+Cu Difron3970+Cu ND-ND1+Cu
0 +15 +15 0 0

100 +13 +12 13 20

200 +11 +10 27 33

300 +7 +8 53 47

400 +4 +5 73 67

500 +2 +1 87 93
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600 0 -3 100 120
700 -2 -8 113 153
Codval 6-dan goriindiiyti kimi gatiigin  100-700 @/t miqdar araliginda Difron-3970+Cu

nanokompozitinin tosirindon donma temperaturu +15°C ilo -2°C arasinda, ND-NDP-1+Cu
nanokompozitinin tosirindon donma temperaturu iso +15°C ilo -8°C arasinda doyismisdir.
Tocrliibodon alinan noticoye osason ND-NDP-1+Cu hom parafinin miqdari,hom donma
temperaturu vo homdo deemulsasiya qabiliyyoti baximdan hor {i¢ parametrdo effeltivlik
gostorilmisdir. Har iki nanokompozitin donma temperaturundan asililiq qrafiki sokilde 6z oksini
tapmisdir.

Sakil .

5]

donma temperaturn, °C

1
1
10 . E
,
2
o Qo
e —

100 200 300 400 500 600 70O

-10

kompozisiyanm qatihgn, g/t

Difron-3970+Cu ND-NDP-1+Cu B ND-NDP-1+Cu

Difron-3970+Cu vo ND-NDP-1+Cu nanokompozitlorinin yiiksokparafinli neftin donma

temperaturuna tosiri

Natica
1.

[k dofs olaraq 28 may yatagmin 412 sayl neft yataginda gétiiriilmii.neft niimunosinin
donma temperaturuna, susuzlagsmasma va parafin ¢okmasino Difron-3970+Cu vo ND-
NDP-1+Cu torkibli yeni kompozisiyanin tosiri todqiq edilorok onlarin optimal sorf
normast toyin olunmusdur.Laboratoriya soraitinde yiiksok parafinli neft niimunasinin
reoloji parametrlorina fordi reagentlorin vo onlarin nanohissacikls birlikde kompozsiyanin
tosir effekti todqiq edilmis vo onlarin optimal sorf normasi toyin olunmusdur.

Miioyyon edilmisdir ki,Difron-3970+nanohissacik neftin donma temperaturunu +15°C-don
-2°C-5 godor azaltdigr halda ND-NDP-1-+nanohissacik iso donma temperaturunu +15°C-
don -8°C-agodoar azaltmigdir.

Gostarilmisdir ki, “soyuq borucuq” tisulu ilo neftdo parafingékmoays gars1 fiziki-kimyavi
tosir zamani on yiiksok effekt nanokompozisiyada miisahido edilmigdir. Bu zaman
tisulunmiihafizs effekti 99% olmusdur.
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Eksperimental todqgiqat noticosindo neftin sulagsma dorocosine ayri-ayr1 reagentlorin vo
nanokompozisiyalarin tosiri miisahido edilmisdir, Difron-3970-do 15%, ND-NDP-1 4%,
Difron-3970+Cu 10%, ND-NDP-1+Cu 2% toskil etmisdir.
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PE3IOME

B HacTtosimiee BpeMs B yuCIie aKTyalbHbIX IPOOJIEM, HAXOAALIMXCS B LIECHTPE BHUMAHUS, OCTAETCS
MPOIIECC OCaXKIEHUs acdaibrocMoiomnapaduHOB B cucTeMe cOopa CKBaXKWH, OOJIETYeHHE
TPAHCHOPTUPOBKHM 3THX He(dTel, yBeIuueHue MpPOMYCKHOH crocoOHOCTH HedTenpoBoaoB. Bo
MHOTHX CTpaHax oOpa3oBaHHE ac(alIbTEHO-CMOJIUCTHIX, NapaUHOBBIX OTIOXKECHUN YCIOKHSIET
TPAHCHOPTUPOBKY, YBEIMUYMBAET NPOOIEMbI ¢ KOPPO3UEH, MOTEPH YIIIEBOJOPO/IOB, YBEIUUUBAET
SKOHOMHYECKHUE 3aTpaThl. OHUM U3 (PaKTOPOB, MOBBIMIAIOIINX YCTOHYUBOCTD STUX OTIIOXKECHUN U
00yCaBIMBAIONIMX KOJMYECTBO OTJIOKEHHM, ABJseTcs 00JbllIoe KoJauuecTBO BoJbl B HedTu.llo
Mepe YBEIWYCHHS JOJNH BOIHO-AMCIEPCHBIX (a3 B HEPTH yBETUYMBACTCS KOJUIOUTHOCTD.
[Tockonbky acdaibTeHbl, cMOJia U HapapuH OCTAIOTCS B3BELICHHBIMM B HE(TAHOW cucTeMe U
00pa3yIoT KOJUIOWIHYIO CUCTEMY, a TPHU MOMAAaHWU B 3TOT KOJUIOW] BOJHBIX JUCHEPCHBIX (a3
oOpasyrolecs OTJIOKEHHUS CBA3aHbI APYT € APYroM Oojiee MPOYHBIMU CBS35MH, UTO 3aTPYHSET
NpUHATHE Mep TNpPOTHB o00pa3oBaHMs Takux omiokeHud. Hedrtes mpencraBmser coboit
HaHOCHCTEMY, BKIIIOYAIOIIYIO B c€0s pa3jiMyHble KOMIIOHEHTHI. DTa HAaHOCHCTEMa COCTOMT M3
acarbTeHOB, CMOJI, TMapauHOB, MEXaHWYECKHX CMecei W BOJHO-AMCIEPCHBIX  (a3.
KomnoHeHTbl, o0pa3yomue ocafoK, SBISIOTCS TakKe KOMIIOHEHTaMH, CO3JAl0IUMHU Ty
HAHOCHUCTEMY, KOTOpasi BIMSET Ha PEOJIOTHIO Macell, o0pa3yst oco0yro CTpyKTypy. AcdanbTeHsl,
3aTeM CMOJbI, a 3aTeM Mapa(uHbl KOHLEHTPUPYIOTCS B IIEHTPE CTPYKTYpbl. MexaHUdeckue
COCIMHEHUS TPWIUMAIOT K TOBEPXHOCTH JTOH CTPYKTYpPHl M CO3JAIOT JOMOJHHUTEIHHYIO
ciokHOCTh. HakoHen, BofgHast (ha3a MOKpBIBaeT CTPYKTYpYy. B pesynbTare cBS3M BHYTPH BOBI
BBI3BIBAIOT PA3JIMYHBIC MMPEBpAIIECHUS B MEXaHMUECKOW cMecH mapaduHa, CMOJIbI U acaabTeHa.
[Tpu »TOM BoOja ajncopOupyeTcsl yKa3aHHBIMH KOMIIOHEHTaMHU U MPEBpallaeTcss B MENTU, YTO
ABJIIETCS OJHUM M3 (PaKTOPOB, B HaMOOJbIIEH CTENEHH BIUSIOLMX Ha peosioruto Hegtu. Korna
JIeNI0 TOXOJUT /10 PEOJIOTHH, Haubosiee BaXKHBIM IapaMeTPOM SIBIISETCS BA3KOCTh, a MENTHIHbIE
CTPYKTYpPBI TaK)Ke YBEIMYMBAIOT 3HaUeHHUE BS3KOCTH. CO3MaHHBIC CTPYKTYPHI OOBEAMHSIOTCS C
JIPYTUMH CTPYKTypamu, oOpa3ys IenHyto cuctemy. C co3gaHueM 3TOW IIETHOW CHCTEMBI
HapymiaeTcss KWHETHYeCKas W arperaTMBHas HEMPEpPBIBHOCTH B Macie. [Iporecc koarymsnuu
BO3HHMKAeT B pe3yJbTaTe HapylleHHs HempepblBHOCTU. llocie Toro, kKak B3aHMMOCBSI3aHHBIE
CTPYKTYpbl 00pa3yloT OOJIbIIyI0 MacCcy BHYTPU MAaclSIHOM CHCTEMBbl, HAUYMHAETCS MPOLECcC
cenumeHtanuu. [Ipormecc cenuMmeHTanuMu oO3HayaeT oOpa3oBaHue ocajgka. Yem ObicTpee
OcaxkJieHHe, TeM OOJbIlle KOJMYECTBO M TOJMIIMHA ocanaka.llyis obierdyeHust TpaHCIIOPTUPOBKU
3TOro BUAa HePTH moBbIIEHHE 3()(PEKTUBHOCTH Tpolecca TPAHCIOPTUPOBKU 32 CUET
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MPUMEHEHUST XMUMHUYECKHUX PEareHToB 0e3 HeoOXOAMMOCTH OOJIBIIUX KallWTaJbHBIX BIIOXKEHUN
SIBJIICTCSL OJTHOM M3 OCHOBHBIX 3anad Ha Oyaymiee. C aToi nenbro u3 ckB. 28 mas mone SOCAR.
u3ydyanu Ha npoOe Mmacna. HoBas Hanoxkommnosumus u3 npumensiembix [IAB okazamace Ooiee
3G GEeKTUBHON MPOTHB TEMIIEpaTyphl 3amep3aHus oOpasia BbICOKONapaduHOBON HepTH, ee
00e3BoKuBaHUs U achanpTeHO-cMoanapa@uHOBOro ocaxkaeHus. TakuM oO6pazom, KOMIO3UIMS
HaHouacTull u [IAB cHmxkaer temneparypy 3amep3anus macia ¢ +15°C go -2°C miig peareHra
Hudppon-3970+Cu u -8°C mns pearenta H/[-HII-1+Cu. . Ilpu 3TOM OTHIEIbHBIE PEareHThl 1O
JeaMyNIbrupymomeil crmocodHoctu, pearentsl Audpon-3970 u HJ-HII-1, obe3Boxkuator 60%
HedTu Ha 15% 1 4% COOTBETCTBEHHO, 8 HAHOKOMIIO3UTHI 00e3BokHBatoT Ha 10% u 2%.

BriepBbie B 1a00paTOpHBIX YCIOBHUAX HM3YyYEHO BIUSHHE HOBOW KOMIIO3MLIMM Ha OTJIOKEHHUE
acganbTocMOI0-Mapa@UHOBBIX  OTJIOKEHM HA METAJUIMYECKOM IOBEPXHOCTH  METOJIOM
«XomonHas TpyOKa», OCHOBAaHHBIM Ha jo00aBieHHH HaHodacTun Menu B Judpon-3970 u
Pearentsr HJ[-H/III-1. OnbiTel mpoBOAMINCE B «Xo0NoAHOU TpyOe» mpu Temneparype 200C B
pa3NMYHBIX KOHIIGHTpalusx JenpeccopHbix nobaBok (100-700 r/t). Ilo pesymnbraram,
MOJIyYE€HHBIM B X0JI€ SKCIIEPUMEHTOB, PACCUUTHIBAIN 3P(PEKTUBHOCTH COCTaBa, MPUTOTOBICHHOTO
C M00aBIeHHEM WHAMBHIYaJIbHBIX PEarecHTOB W HAHOYACTUI, M TPU ITOM MaKCHUMAaJIbHBIN
MPOLIEHT MapauHOBBIX OTIOKEHUM, COOMPAIOIIUXCS Ha MOBEPXHOCTH NpoOupku. Hanbonbias
s dexruBHOCTE 99% Habmonanace npu koHreHrpauu 700 /T genpeccopHoit nobdaBku «H/I-
H/II-1+Cu».

KiroueBble c10Ba: HAaHOYACTHIIA, KOMITO3MIMSA, OXJAXKIaromas TpyOKa, BbICOKOMapaguHOBOE
Maclo, 1e3MyJIbrUpOBaHUE, TEMIIEpATypa 3aMEep3aHHUsL.
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TECHNOLOGY OF WIRELESS INFORMATION TRANSMISSION IN
WELLS USED BY DEEP PUMPS

Javida Damiroval, Eshgin Babayev?

12Azerbaijan State Oil and Industry University, 1?Department of Electronics and automation.
IPhD https://orcid.org/0000-0003-4142-8014, Email: cavida.damirova@asoiu.edu.az
2Master, https://orcid.org/ 0000-0002-4217-408X, Email: esqinbaba99@gmail.com

ABSTRACT

Today, most of the offshore and onshore oil wells are wells that are operated with rod-type
submersible pumps. In the CIS countries, the method of deep well pumps used for oil extraction
makes up 66% of the total methods.

The reason for this is that the equipment of these pumps is structurally simple. Through these
pumps, up to 500 m3 of oil is brought to the surface every day. It is necessary to measure some
parameters at the bottom of the well. Especially temperature and pressure measurement.

However, in the process of producing oil, technological conditions and conditions in the reservoir
and well are constantly changing. Continuous information from the reservoir and the well is
required to control the operation of the equipment and make operational decisions. The received
information allows us to organize economically profitable oil production, choose the right
technology and equipment for extracting oil from the well. It is not an easy task to measure well
parameters, to process, collect and transmit information before opening the wellhead and requires
complex engineering, mathematical and logistical knowledge. Because the cables of the sensors
sent to the bottom to receive information from the bottom of the well often cause problems.

Thus, when it is sent down, it causes jams, and when it is taken out, it causes breakage. Also,
taking into account that these malfunctions can also occur in the work process. The replacement
of cables depends on the replacement time of other equipment. This may take several years.
Collection tasks and initial processing of information are solved quite effectively with the help of
modern information tools. However, by establishing wireless communication, we can overcome
this problem. We will use a special communication line for this.

The communication line is the most important element designed to transmit data from the
transmitter to the receiver through a signal. Technological fluids, electric cables, acoustic pulses
in pipe metal, hydraulic, electrical conductors and electromagnetic vibrations produced by them,
radio channel and electromagnetic communication channels are used as materials to build a
communication channel. Various combinations of the above methods can also be constructed.

The communication channel consists of a set of technical means designed to send information
from the source, that is, from the bottom of the well, to the receiver, that is, to the wellhead
("bottom™-"wellhead").

This method is also economically beneficial. Because existing local devices are used to establish
the communication channel.

In this way, we achieve the main goal, i.e. reliable and uninterrupted delivery of information from
the bottom of the well to the mouth of the well.

The problem of information transmission at the wellhead is relevant and interesting for scientific
and practical activities.
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DORINLIK NASOSLARI iLO ISTISMAR OLUNAN QUYULARDA SiMSiz
INFORMASIYA OTURMO TEXNOLOGIYASI

Cavidos Domirova?l, Esqin Babayev?

12Azorbaycan Dévlot Neft vo Sonaye Universiteti, 12 “Elektronika vo avtomatika” kafedrasi
1T.0.f.d., dosent, https://orcid.org/0000-0003-4142-8014; Email: cavida.damirova@asoiu.edu.az
2Magistr, https://orcid.org/ 0000-0002-4217-408X; Email: esginbaba99@gmail.com

XULASO

GUnUmuzds denizds vo quruda neft ¢ixarilan quyularin oksoriyyati stangli derinlik nasoslari

ilo istismar olunan quyulardir. MDB 6lkoalorindo neft ¢ixarma iiciin istifado olunan stanqhi
dorinlik nasoslari tisulu timumi tisullarin 66%-ni toskil edir.

Buna sobab bu nasoslarin avadanliginin konstruktiv cohotdon sado olmasidir. Bu nasoslar
vasitosilo hor giin 500 m3 - o qodor neft yer Uiziino ¢ixardilir. Quyu dibindo bozi parametlorin
Ol¢iilmasi lazim golir. Xiisusondo temperatur vo tozyiqin 6l¢lilmasi.

Lakin, neft hasil olunan prosesds daimi olaraq lay vo quyuda texnoloji sortlor vo vaziyyat doyisir.
Avadanhqglarin isini idaro etmok vo operativ qorarlar gobul etmok iigiin laydan vo quyudan
fasilosiz malumat almagq tolob olunur. Alinan bu informasiya bizo imkan verir ki, iqtisadi cohatdon
sorfoli neft hasilatin1 toskil edok, diizgiin texnologiyant vo quyudan nefti ¢ixarmaq iiciin
avadanligr segok. He¢ do quyu parametrlorini 6lgmok, quyu agzi agilmadan informasiyani
islomak, toplamaq, otlirmok asan mosalo deyil vo miirokkob miihondislik, riyazi vo logistik
biliklar talob edir. Ciinki quyu dibindon informasiyanin alinmas iigiin dibs goéndorilon sensorlarin
kabelleri tez-tez problemlor ¢ixardir.

Belalikls, ya asagiya gonderilon zaman ilismolors, yuxari ¢ixardilan zaman qirilmalara sabab olur.
Hom do noazars alsaq ki, bu nasazliqlar is prosesindo do bas vero bilor. Kabellorin doyismasi iso
digor avadanliglarin doyismo miiddotindon ashidir. Bu da ki, bir negs il ¢oka bilar.

Toplama vozifalori vo informasiyanin ilkin emali miiasir informasiya vasitolorinin kdmayi ilo
kifayot godor effektiv hall olunur. Balo ki, simsiz rabito qurmagla biz bu problemi aradan gotiiro
bilorik. Bunun ii¢ilin xususi rabits xattindon istifado edocoyik.

Rabito xotti molumatlar: signal vasitasilo 6tiirliclidon gobulediciys 6tiirmak Ug¢UNn nozords
tutulmus on miihiim elementidir. Rabito kanali qurmaqg dcin material kimi texnoloji
mayelor, elektrik kabellori, boru metalinda akustik impulslar, mivafiq olarag hidravlik,
elektrik kegciricilordon vo bunlarin amolo gotirdiyi elektromagnit vibrasiyalari, radio kanali
vo elektromagnit rabito kanallarindan istifado olunur. Homginin yuxardaki metodlarin
muxtslif kombinasiyalarini da qurmagq olar.

Rabito kanali informasiyanin monbadon yoni, quyu dibindon aliciya yoni, quyu agzina
(“dib”-“quyu agz1”) gondormok UcUn nozordo tutulmus texniki wvasitolor toplusundan
ibaratdir.
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Bu iisul iqtasidi cohotdon do sorfolidir. Ciinki rabito kanalina qurmaq tg¢lin moéveud yerli
cihazlardan istifads olunur.

Bununla da asas moqsada, yoni, quyu dibindon informasiyanin quyu agzina etibarli vo kosilmoz
formada catdirilmasina nail olurug.

Quyu agzina molumat 6tiliriilmoasi problemi elmi vo praktiki foaliyyet {i¢lin aktual vo maraq kosb
edir.

Acar sozlor: Stangli dorinlik nasoslari, neft quyulari, simsiz rabits, rabito kanali, qalvanik rabito
kanali.

Giris

Neft-qaz sonayesindo geofiziki inkisaf dedikdo kabel olagesindon stasionar quyularin
monitoring sistemino kegirimosi anlasilir. Bu sistemlordo geofiziki todqiqgatlarin oasas
funksiyalarini hoyata kegirmok ii¢iin uzagdan-avtonom rejimdo isloyon quyu sensorlarindan
istifado olunur. Kabeldon istifado edoarokon tadqiqat iisullari ohomiyyatli mohdudiyyatlora
moruz qalirdi.

Buna goro do quyu parametrlorinin sotho catdirilmasi 0Ug¢ln yeni avadanhiq vo
texnologiyalarin hazirlanmasina vo qurulmasina ehtiyac var .

Quyu dibindon malumatin quyu agzina otiiriilmasinin bitiin mévcud metodlar ilk novbado
gazma quyularinin Gyranilmosi Ugun ixtira edilmisdir. Homin bu rabito kanallar1 osason
gazma quyularinin xassolori hagqinda malumat almagq ii¢iin nozords tutulub. Bu Usullar daha
sonralar movcud hasilat vo suvurma quyularini tadqiq etmok iiglin doyisdirildi. Amma
istismar quyularinda bozi elo xiisusiyyatlor var ki, onlar gazma Uglin ononovi rabito
kanallarindan isifado etmoyi ¢otinlosdirir. Homin bu mohdudiyyati yaradan xUsusiyyatlordon
biri do geofiziki alatlorin enmosi U¢ln lazim olan bos yerin olmamasidir. Boazi quyular
yiuksok quyu meyl bucagina malik olur ki, bu da boyuk fasadlara gotirib ¢ixardir.
Avadanligin halgovi bosluqda tez-tez bas veran ilismosi, giris kabelinin va ya xisusi nagilin
qirilmasina sobab olur. Belo ilismis aloti yalniz yeralti quyu tomiri brigadasinin kémoyi ilo
¢ixarmaq Olar. ©nonovi gqazma rabito kanallarinin istifadosini ¢otinlosdiron digor sabob,
cihazin quyuya yerlogdirilmasi vo lazim olan vaxta ¢ixarilmas: arasindaki uzun miiddatdir.
Biz 6l¢l cihazim1 yoxlamaq vo ya tomir etmok {igiin nasos avadanliginin osasli tomirini
gozlomoliyik vo orta hesabla bu miiddot bir ildon bir neg¢o ilo qgodor doyisir [1-4].
Kommunikasiya kanali bitiin bu miiddst orzinds islomalidir, agor bu kanallar quyu st
batareyalardan enerji alirsa, bunu reallasdirmaq olduqca ¢otindir.

Maqsad

Bu problemlorin holli U¢ln kabelsiz rabito kanallarindan, 0 ciimlodon birlogdirilmis
kanallardan istifado olunur. Yerli vo Xxarici monboalordo movcud olan vo toklif edilon
molumat Otiirmo  Usullarmin  analizi  gostorir ki, onlarin etibarliligi, sos-kiiyo Qarsi
toxunulmazligi, siirati, hor iki torofo olagonin muUmkinliyl osason signalin gondorildiyi
muhitin xiisusiyyatlorindon asili olur. Otiirlicii muhitinin xassolori ¢ox vaxt dyronilmir,
clnki, onlar zaman vo mokanda dayisir, temperatur va tozyiqdon gucll sokildo asili olurlar.
Bunun {i¢iin do, texniki xiisusiyystlorino goro kabelli kanallara banzoyan etibarli vo yiiksok
somoarali rabito kanali aldo etmok Uc¢lin transmissiya mahiti kimi sabit vo gabaqcadan bizo
molum Kegirici xUsusiyyatlori olan materiallardan istifado etmok lazim golir [5-8]. Bundan
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olavo neft hasilati metodu vo quyunun muvafiq texniki vo texnoloji avadanligi nozors
alinmalidir.

Tadgiqgatin asas mogsadi stanqgli dorinlik nasoslari ilo isloyon quyularda molumatin dibdon
quyu agzina nagilsizotiiriilmasi texnologiyasini hazirlamaqdir.

Metodlar

Todqgiqat obyektlori stanqli dorinlik nasos qurgulart (SDNQ) ilo tochiz olunmus neft
quyularidir. Belo quyularinasas xiisusiyyati, mayeni bir pistonlu (porsenli) nasosdan istifada
edorak sotho ¢ixarmaqdir. 3000 m-o gqador dorinlikds yerloson nasos qurgusu sothds yerloson
intigal vo intiqalin horoketini mancanaq avadanlig1 vasitasilo qobul edon stanglar ilo idara
edilir. Nasos qurgusu miirokkob sistem togkil edon yeriistii vo yeralti avadanliglardan
ibaratdir, onun asas hissasi borulardan, sorucu stanglar silsilasi (SSS) vo sorucu nasosdan
(SN) ibaratdir.

Molumatin quyu dibindon SDNQ ilo tochiz olunmus quyu agzina gondorilmasi
texnologiyasiin inkisafi miirokkab, lakin ¢ox gorokli texniki vo texnoloji vozifadir, ¢linki
MDB o6lkalorinds neft ¢ixarma li¢lin istifado olunan stanqli dorinlik nasoslari iisulu imumi
tsullarin 66%-ni toskil edir.

Rabito kanali informasiyanin monbadon yoni, quyu dibindon aliciya yoni, quyu agzina
(“dib”-“quyu agz1”) goéndormok {i¢lin nozordo tutulmus texniki vasitolor toplusundan
ibaratdir. rabito kanalinin osas komponentlori signal O6tUrlcisl, rabito xotti vo signal
gobuledicisindon ibaratdir. Hossas elementdon golon ilkin impulsu miioyyon rabito xotti ilo
Oturmok t¢lin standart signal formasina salmaq lazim olur. Bunun iigiin do transmitter
istifado olunur. Signal gobuledicisi rabito kanali vasitasilo golon signali gabul edir vo onu
sonraki emal morhololori Ugln olverisli formaya salir. Rabito xotti molumatlar1 signal
vasitosilo oOtiirliclidon gobulediciys 6tlirmak U¢UN nazords tutulmus on mithiim elementdir.

idarsetma va s
kompiiter otag:
Birlagdirici kabel 'i = P
> g ™, S
b e B L

Elektromagqnit
generator
L Elektromaqmt blok ﬂl
- ,,I

Sokil 1. Telemetriya sistemlorinin rabito kanallari

| PAHTEI
| 26 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




ISSN: 1609-1620, E-ISSN: 2674-5224

PAHTE./I

VOLUME 23 ISSUE 12 2022 REFEREED & REVIEWED JOURNAL

E-ISSN: 2674-5224

Rabito kanali qurmaq {li¢liin material kimi texnoloji mayelor, elektrik kabellori, boru
metalinda akustik impulslar, muvafiq olarag hidravlik, elektrik kegiricilordon vo bunlarin
omolo gotirdiyi elektromaqgnit vibrasiyalari, radio kanali vo elektromagnit rabito
kanallarindan istifado olunur (sokil 1). Homginin yuxardaki metodlarin miixtalif
kombinasiyalarini da qurmagq olar.

Tadqgiqatin naticalari vo miizakirasi

Effektiv isloyon rabito kanali qurmaqg ugln bir obyekt stanqli dorinlik nasoslart tochiz
edilmis quyunun dizayn xiisusiyyatlorinin tohlili asagidaki naticolora gotirib ¢ixardir. Stangli
dorinlik nasos qurgusu ils istismar olunan quyunun sxematik tosviri sokil 2-do gostorilmisdir.
Diagrama baxaraq anlamaq olar ki, iki naqilli rabito xottinin ovozino elektrik kecirici
materialdan hazirlanmis boru komori vo stanglar vasitosilo molumati quyu dibindon quyu
agzina gondoarmak olar (sokil 3).

Nozori hesablamalar vo eksperimental todqiqatlar gostorir ki, stanqli derinlik nasos qurgulari
ilo istismar olunan quyularda simsiz rabito kanalinin reallasdirilmast mimkunddr.
Elektromagnit rabito kanali vasitasilo informasiya gondormoak dc¢in bir metod, habelo
onun reallagdirilmasi {igiin bir qurgu toklif edirik, burada rabito xottinin elementlori Kimi
stanq vo borudan istifado etmoayi toklif edirik. Bu rabito kanal1 vasitasilo informasiyanin
Otiirtilmoasi sualtt moduldan, torpaq qurgusundan vo boru komarindon vo rabito xatti Kimi
istifado edilon stanq simindan ibarat cihazdan istifado etmoklo reallagdirilir.

Quyu parametrlori haqqinda verilonlorin Gtiiriilmasi U¢ln galvanik rabito kanali ilo SDNQ
monitoring rabito kanalinin sxematik diaqrami sokil 3-do gdéstorilmisdir. Sualtt modul quyu
nasosunun sugsbuledicisinin birbasa yaxinliginda yerlosir vo akkumulyator ilo tochiz
olunmus elektron aqregatdan, bundan olavo temperatur vo tozyiq sensorlarindan,
prosessorun emal bloklarinin yerlogsdiyi elektron l6vhodon, verilonlori saxlamaq {igiin
yaddasdan, yerUstl idaroetmadon vo galvanik rabito kanali vasitasilo qurulmus stansiyadan
ibaratdir. Elektron blokun vozifalorine tozyiq vo temperatur sensorlarinin vasitosilo 6lgmo
aparilmasi, Olgiilon parametrlorin giymotlorinin daxili yaddasa yazilmasi vo rabito kanali
vasitasilo simsiz malumatin quyu agzina Gtiiriilmoasi daxildir.

Sualtt modulda separatorun altinda yerloson, borunun yuxari hissasi ilo asagi hisso arasinda
boylk miigavimot yaradan bir ayirict vo miiqavimati kaskin sokildo azalda bilon, yuxari
hissoni "baglayan" agar var. Bu hisso borunun asagi hissosi sayilir.

Otlirdiyliimiiz malumatdan vo istifado etdiyimiz kodlasdirma metodundan asli olaraq acari
baglayib vo agmaq yolu ilo quyu agzina moalumatin 6tiiriilmasini reallagdiririq. Sualtt modul
bizo imkan verir ki, yeriistii rabito qurgusuna siqgnal géndorak vo ndvbati marhalodos signal
demodulyasiya olunub ModbusRTU protokolu altinda RS485 interfeysi vasitasilo SDNQ-
nin idaraetmos blokuna moalumat 6tiiriiliir ordan da hamginin nozaratgiys Oturulur.

Stangl dorinlik nasoslar: ilo istismar olunan quyularda simsiz galvanik yolla malumatin
oturdlmoasinin - mumkuanluyuntd osaslandirmaq Uglin nozari vo eksperiment todgigatlarin
naticolorino osason molumatlarin gondoarilmasi Ggiin - hamin bu texnologiyanin pilot
nimunasinin ilkin parametrlori vo xususiyyatlori codvali qurulmusdur (cadval 1).
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Sakil 2. SDNQ ils tochiz olunmus quyunun sxematik tosviri: 1 — nasos; 2 - boru komari; 3 —
quyu stanglari; 4 — mancanaq qurgusu; 5 - reduktor; 6 - mitharrik

Codvoldo quyu dibindon quyu agzina qgodor olan mosafodo temperatur vo tozyiq
parametrlorinin real vaxt rejimindo qiymsotlori gostorilmisdir. Yer bloku ilo sualti modul
kompleks sokildo qosulmalidir. Mexaniki vo iglim tosirlorine géro GOST 26116-84, sualti
modul iso MS 2-1, KS 4-2 gruplarina, yer bloku - MCI grupuna, KS G-o aid olmalidir.

Cadval 1: Informasiya kompleksinin osas parametrlori vo xiisusiyyotlori

Ad Olgu Qiymot
Tozyiq (6l¢ma diapazonu) MPa 0-10
Temperatur (6lcmo diapazonu) °C 5-45
Mitlag temperaturun 8lgma Xotast % +0.5
Ust hoddan ayird etmo (tozyiglo) MPa 0.00002
Qotnama (temperatur ilo) °C 0.03
Davamli amoliyyat miiddoti gin 500
Isci temperatur °C 45
Hidrostatik tozyiq MPa 20
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Sakil 3. Qalvanik rabito kanali olan monitoring stansiyasi ilo SDN quyusu.

Quyu haqqinda informasiyan1 Otiirmok Ugln galvanik rabito kanali olan sualtt modul
quyudaki sorucu nasosun su qobul etdiyi hissonin bilavasito yaxinliginda yerlosir vo
akkumulyatorlarla tochiz olunmus elektron agreqatdan, temperatur vo tozyiq Ol¢mo
sensorlarindan, prosessorun verilonloriemal edan elektron 16vhadon, yaddas qurgusundan va
yerusti idaroetmo moantagasino malumat 6tiiron galvanik rabito kanalindan ibaratdir.

Nasos qurgusunun yeriistii avadanligi vo nasos borularin1 stangdan ayirmaq Ugln Xxususi
galvanik izolyasiya qurgusu istifads olunur ki, bu da elektrik izolyasiyasini tomin edir.

Natica

Quyu dibindon moalumatlarin saquli stanqglarla vo boru komaori ilo toskil olunmus galvanik
rabito kanali vasitasi ilo quyu agzina otiiriilmasi SDNQ ils tochiz olunmus quyulara tatbiq
edilmosi imkanlar1 elmi-texniki cohotdon osaslandirilmisdir. Stangli dorinlik nasoslar1 ilo
tochiz edilmis quyularin osas texnoloji parametrlorini 6lgmoyo vo nozarat etmoyo imkan
veron molumat-0lcl  kompleksi hazirlanmis vo texniki cohotdon osaslandirilmisdir.
Molumat-0lgi kompleksininsinaglart homin bu quyularda simsiz rabito kanalinin togkilinin
mumkuanliyini tasdiglayib.
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TEXHOJIOT'USI BECIPOBOJJHOM NMEPEJAYN UHO®OPMAIIUU B
CKBAKMHAX, UCHTOJIB3YEMBbBIX I''1YBUHHBIMHN HACOCAMU

Maxasuaa Jlamuposal, dmrun badaes?

12 AsepGaitpKaHCKUl TOCYJApPCTBEHHBIH YHUBEPCUTET He(TH U MPOMBIILIEHHOCTH, ‘2kadenpa DIEKTPOHUKU U
ABTOMATHUKHU.
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PE3IOME

B nacrosimee Bpemsi OOJBIIMHCTBO MOPCKMX M Ha3€MHBIX HE(MTSHBIX CKBAKUH IMPEICTaBISIOT
CO0OH CKBaXXHHBI, HKCIUTyaTUpyeMble IITAaHTOBBIMH MHOTPYKHBIMH Hacocamu. B ctpanax CHI'
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METOJ INIyOMHHBIX HAacOCOB, MCIOJB3YyeMbIX I A00bIYM HePTH, cocTaBiser 66% or olmiero
YHCJIa METOIOB.

[TprunHa 3TOr0 B TOM, YTO 00OPYJOBAHUE ITHUX HACOCOB KOHCTPYKTUBHO mpoctoe. C momoluiso
3TUX HACOCOB €KETHEBHO Ha MOBEPXHOCTH BhiBoaUTCA 10 500 M3 Hedru. Heo6X0auMO H3MepUTH
HEKOTOpbIE TapaMeTphl Ha THE CKBAYKUHBI, 0OCOOCHHO U3MEPEHHUE TEMIIEPATYPHI U 1aBICHUS.
OpHako B mporecce 1006191 He(hTH TEXHOJIOTHYECKUE YCIOBUS M YCIOBUS B IUIACTE M CKBAKUHE
IOCTOSIHHO MeHsATcsA. s ympasieHus paboToil 00OpylOBaHMS M INPUHATHSA OINEPaTHBHBIX
pemiennii TpeOyercss HempepbiBHas HH(oOpMamus M3 IulacTa M CKBaXWHBL. [loyueHHas
uHpOpMaLKs MO3BOJIET OPraHU30BaTh SKOHOMHUYECKU BBITOJHYIO A00bIYY HE(PTH, IPABUIBHO
noao0paTh TEXHOJNOTUI0O M obOopynoBanue mius 1o0buu HepTH. V3MepeHue mapaMeTpoB
CKBaXXMHbI, 00paboTka, cOop M mepenada MHGOPMALMK IEpel] OTKPHITUEM YCThsl — HEHpocTas
3aa4a, TpeOyromas CIOKHBIX HHKEHEPHBIX, MATEMAaTUYECKUX U JIOTHCTUYECKUX 3HAHUH.

JIuHUA CBA3M — BaKHEHMIINH 3JI€MEHT, peAHa3HAaYeHHBIN [l Nepe/laud JaHHbIX OT IepelaTynKa
K MPUEMHUKY IOCPEICTBOM CHUTHaja. B KauecTBe MaTephaliOB ISl TIOCTPOCHHUSI KaHalla CBSI3U
UCTIOJIb3YIOTCSl TEXHOJOTHUECKUE KUJIKOCTH, HIEKTPUUECKUE KaOeIH, aKyCTHUECKUE UMITYJIbChI B
MeTauie TpyO, THApPABIMYECKHE, JJICKTPUUYECKHE MPOBOJHUKM U  CO3/aBaeMble HMHU
3JIEKTPOMArHuTHBIE KoJeOaHUsl, paJloKaHal U 3JeKTPOMAarHUTHbIE KaHaJIbl CBSA3U. Takxke MOryT
OBITH MMOCTPOEHBI PA3IUYHBIE KOMOWHAIMH BHIIIETICPEUYHNCICHHBIX METOJIOB.

KaHnan cBs3M COCTOMT M3 KOMIUIEKCA TEXHUUYECKUX CPEICTB, MpeIHa3HAuUEHHBIX Ul IMepeadu
UHPOpPMALIUK OT MCTOYHUKA, TO €CTh C 3a00s CKBXWHBI, K MPUEMHHKY, TO €CTh Ha YCTbe
("3ab01"-"ycTne").

OTOT METOA TakKe SKOHOMHYECKH BBITOJCH, TOCKOJIBKY JMJISi YCTAaHOBJCHHUS KaHala CBSI3U
UCMOJIBb3YIOTCSl  CYIIECTBYIOIIME JIOKalbHBbIE YycTpoiicTBa.Takum 00pa3oM, Mbl JOCTUIaeM
OCHOBHOH I, T.€. HaJIEKHOH M OecriepeOOHHON AOCTaBKM MHGOpMAIMK OT 3a00s1 10 yCThs
ckBaxuHbl. [Ipobiema nepenaun MHPOPMALIMU HA YCThe CKBAXXHHBI aKTyallbHa U MHTEpECHa IS
Hay4YHOU U IPAKTUYECKOHN JESATEIbHOCTH.

Ki1roueBble cji0Ba: IITaHTOBBIC ITyOMHHBIE HACOCHI, HE(PTAHBIE CKBaXXHHBI, OECIIPOBO/IHAS CBS3b,
KaHaJI CBSI3U, TAIbBAHWYECKHIA KaHA CBSI3H.
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CHANGE CHARACTERISTICS OF WELL GEOPHYSICAL
PARAMETERS IN OIL FIELDS DUE TO EARTHQUAKES (iN THE
EXAMPLE OF THE SEDIMENTS OF THE PRODUCTIVE LAYER)

Elnur Isazade?, Parisa Zabolestani?, Yegane Alibeyova®

!Azerbaijan State Oil and Industry University, Master of Geophysics Department, Republican Seismic Survey Center
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2Doctoral student, Baku State University, Department of Seismology and Seismometry, Doctor of Philosophy in
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ABSTRACT

The article shows that on the territory of Azerbaijan, on the basis of gravimagnetic surveys,
seismic, electrical and borehole surveys, the thickness of the sedimentary cover is 5-25 km or
more, and it is divided into blocks by tectonic faults. As a result of the geophysical planning,
structures of anticline and other forms were found in the sedimentary layer, which can accumulate
a large amount of oil and gas. Very large reserves of hydrocarbons in the reservoir complexes of
these structures, mainly in the deposits of the Productive reservoir. Over the past 25 years, the
Azeri, Gunashli, Chirag, Bahar, Bulla Deniz, Shah Deniz, Umid, Babek, Absheron, Karabakh and
other fields have been discovered and are being developed. Geological and geophysical studies
predict large oil and gas reserves in the promising structures of this region.

The territory of Azerbaijan is also a seismically active territory with a complex geological and
tectonic structure. From the historical past to the present, many devastating earthquakes have
occurred here, and seismic activity continues to this day. With the activation of geodynamic
processes - earthquakes, eruptions of mud volcanoes, a large number of tectonic disturbances are
formed in the discovered promising and exploited oil and gas structures, and anomalous changes
in geophysical fields are observed in active areas. Under the influence of strong earthquakes,
certain changes occur in the physical and mechanical properties of rocks in reservoirs in oil fields,
and the indicators of well logs of the same reservoirs differ from each other.

In order to improve methods of conducting geophysical research related to the search and
exploration of oil and gas deposits, more accurate determination of the internal structure of oil and
gas bearing structures, oil horizons based on geophysical and mine geophysical data, new
technologies were used to measure and account for anomalies of geophysical fields caused by
geodynamic stresses, as well as the changes observed in the logging data. Anomalous changes in
geophysical fields caused by geodynamic stresses and earthquakes and their influence in assessing
oil and gas reservoirs are analyzed.

During earthquakes with magnitude M>5, depending on the hypocentral distance, different
changes in the indices of the geophysical field of the geological environment are observed at
different depths. The method of taking into account the characteristics of their changes is given.
The formation of anticlinal, synclinal type structures, where oil and gas deposits are formed in the
structures in different periods of geological development, exists due to the influence of certain
factors. There is a difference in the distribution of geodynamic factors on the territory, however,
the influence of these factors in the region has remained stable with a certain regularity and
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maintaining its characteristics for a certain period. As a result, tectonic quantities are regularly
and consistently arranged in the formation of structures, as well as zoning.

It has been established that under the influence of earthquakes in geodynamically active areas, in
wells drilled at different times and at close distances, different values of logging parameters are
observed in one reservoir complex. It is considered expedient to take into account the influence of
the geodynamic factor and seismic activity when analyzing well log data from wells drilled in
geodynamically active zones.

Keywords: anticlinal structures, productive layers, geodynamic stress, seismic activity,
anomalous geophysical fields, electrical resistivity, earthquake magnitude, geological
environment, etc.

NEFT YATAQLARINDA QUYU GEOFIiZiKi PARAMETRLORIN
ZOLZOLOLORIN TOSIRINDON DOYISMO XUSUSIYYOTLORI
(MOHSULDAR QAT COKUNTULORININ TIMSALINDA)

Elnur Isazada?, Parisa Zabolestani2, Yegana 9libayova®

! Azorbaycan Dévlat Neft vo Sonaye Universiteti, Geofizika kafedrasi, magistr, Azorbaycan Milli Elmlor
Akademiyasi nazdinds Respublika Seysmoloji Xidmot Markozi, miihondis, Email; isazadelnur@gmail.com
2Baki1 Dovlot Universiteti, “Seysmologiya vo Seysmometriya” kafedrasinin doktorant:, Yer elmlori iizro
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XULASO

Magqalodo Azorbaycan orazisindo aparilmis qravimaqnit, seysmik, elektrik kosfiyyatt vo quyu
tadgiqat molumatlar1 asasinda qurulmus xaritalordo ¢okma ortiiyiin qalinliginin 5-25 km va ondan
artiq oldugu vo tektonik qirilmalarla bloklara ayrildigi gostorilmisdir. Indiye kimi aparilan
geofiziki planalmalarla ¢okmo gatda coxlu sayda neft-qaz toplana bilosok antiklinal vo basqa
formali strukturlar agkar edilmisdir. Bu strukturlarin lay komplekslorinds, asasondo Mohsuldar
Qat cokiintiilorinds karbohidrogen ehtiyyatlar1 ¢ox zongindir. Son 25 ilde Azari, Giinssli, Ciraq,
Bahar, Bulla doniz, Sahdoniz, Umid, Babok, Abseron, Qarabag vo s. yataqlar1 askar edilmis vo
hazirda istismar olunur. Aparilan geoloji, geofiziki todqiqatlar bu regionda olan perspektivli
strukturlarda da ¢ox boyuk neft vo qaz ehtiyyatlarinin olduguna progqnozlasdirir.

Azorbaycan orazisi homg¢inin geoloji-tektonik qurulusu miirokkob olan seysmoaktiv orazidir.
Burada tarixi ke¢gmisdon indiye kimi ¢oxlu sayda dagidici zolzololor bas vermis vo seysmik
aktivlik indido davam edir. Askar olunmus perspektivli vo neft yatagi kimi istismar olunan
strukturlarda, geodinamik proseslarin, zalzalslorin, pagiq vulkanlarinin aktivlogmasi zamani ¢oxlu
sayda tektonik qirilmalar yaranmis vo indi do aktiv saholordo geofiziki saholorin anomal
dayismolori miisahido olunur. Giiglii zalzalolorin tosirinden neft yataglarinda laylarda siixurlarin
fiziki mexaniki xtsusiyyatlorindo miioyyon doyisiklikor yaranir, eyni laylarin karotaj
diogramlarinin gostaricilari forqli qeyd edilir.

Neft vo gaz yataqlarinin axtarigi vo kosfiyyati ilo olagodar geofiziki todqigatlart daha miikommal
usullarla aparmagq, yeni texnologiyalar totbiq etmak vo neftli-qazli strukturlarin daxili qurulusunu,
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neftli horizontlar1 geofiziki, modon geofiziki molumatlar asasinda daha daqiq toyin etmok ti¢iin
deodinamik gorginliyin yaratdigi anomal geofiziki saholorin doyismelerinin, lay komplekslorindo
neftliliyin-qazliligin toyinindo noazoro alinmasi noazordo tutulmus vo karotaj molumatlarinda
miisahido olunun doyismalar izlonilmisdir. Geodinamik gorginliyin, zalzalalorin tosirinden neftli-
qazlh laylarda geofiziki gostoticilorin anomal doyismolorinin dyronilmasi vo interpretasiya zamant
laylarin neftlilik-qazliligimin qiymatlondirilmasinde belo anomal effektlorin nozors alinmasi
isullar1 tohlil edilmisdir.

Miixtolif dorinliklordo magnitudast M>5 zalzaloslor olduqda geoloji mihitds, laylarda siixurlarin
geofiziki saho gostoricilorinds hiposentral mosafodon asili olaraq forqli doyisikliklorlo miisahido
olunur vo onlarin doyisms xiisusiyyatlorinin nozors alinmasi iisulu verilmisdir.

Geoloji inkisafin miixtalif dovrlorinds strukturlarda neft — qaz yataglar1 amolo golon antiklinal,
sinklinal tip strukturlarin formalagsmasi miioyyan amillorin tesirindon mdvcud olur. Orazi {izro
geodinamik amillorin paylanmasinda forqlilik miisahido olunur, lakin, regionda bu amillorin tasiri
miloyyan qanunauygunlugla vo miioyyan dovr arzinds 6z xiisusiyyatlorini qorumaqla sabit olaraq
qalmigdir. Noticads strukturlarin omalo golmosinds tektonik komiyystlorin qanunauygun sokildo
vo ardicil olaraq diiziilmasi, homg¢inin zonaliliq miisahids olunur.

Geodinamik aktiv orazilordo zalzololorin tosirindon miixtalif vaxtlarda, yaxin masafolords
qazilmis quyularda eynu lay kompleksindo karotaj gostoricilorinin forqli qiymaotlorlo miisahido
olundugu miisyyon edilmis vo eyni yataqda miixtalif vaxtlarda qazilmis quyularda zslzolonin
tosirinin nozors alinmasi metodikasi sorh edilmisdir. Geodinamik aktiv dovrlords, zoalzololor
olanda vo tosiri yataqlarda miisahido olunan miiddotdo qazilmis quyularin quyu geofiziki
molumatlarinin  tohlilinde geodinamik amillordon yaranan doyismoalorin nozoro alinmasi
maqsadouygun sayilmisdir.

Acar sozlor: Antiklinal strukturlar, mohsuldar laylar, geodinamik gorginlik, seysmik aktivlik,
anomal geofiziki sahoalor, xiisusi elektrik miigavimati, zolzolonin maqnitudasi, geoloji miihit vo s.

Giris

Azorbaycan orazisindo aparilmig qravimaqnit, seysmik, elektrik kosfiyyati vo quyu todqiqat
molumatlari esasinda qurulmus xoritalordo ¢okma Ortiiyiin qalinliginin 25 km-don artiq oldugu vo
tektonik qurilmalarla bloklara ayrildigi gostorilmisdir [1, 3]. Indiys kimi aparilan geofiziki
planalmalarla ¢6kmo qatda coxlu sayda neft-qaz toplana bilogok antiklinal vo basqa formali
strukturlar askar edilmisdir. Bu strukturlarin lay komplekslorinds, asasondo Mohsuldar Qat
cokiintiilorinds karbohidrogen ehtiyyatlar1 ¢ox zongindir. Son 25 ildo Azari, Giinogli, Ciraq,
Bahar, Bulla doniz, Sahdeniz, Umid, Babok, Abseron, Qarabag vo s. yataqlar askar edilmis vo
hazirda istismar olunur. Aparilan geoloji, geofiziki todqiqatlar bu regionda olan perspektivli
strukturlarda da ¢ox boyiik neft vo qaz ehtiyyatlarinin olduguna progqnozlagdirir.

Azorbaycan orazisi homginin geoloji-tektonik qurulusu miirokkab olan seysmoaktiv orazidir.
Burada tarixi kegmisdon indiys kimi ¢oxlu sayda dagidici zolzalslor bas vermisdir (1139 Goy-Gol
Goncoa-Kopaz zolzolasi, Samaxi 1669, 1902 zolzolasi vo s.) vo seysmik aktivlik indido davam edir.
Askar olunmus perspektivli vo neft yatagi kimi istismar olunan strukturlarda, geodinamik
proseslarin, zalzalalarin, pagiq vulkanlarinin aktivlosmasi zamani ¢oxlu sayda tektonik qirtlmalar
yaranmis vo indide aktiv sahalords geofiziki saholorin anomal doyismelori miisahids olunur [2, 3,
12]. Giiglii zolzalalorin tosirindon neft yatagqlarinda laylarda siixurlarin fiziki mexaniki
xiisusiyyatlorindo miioyyon doyisikliker yaranir, eyni laylarin karotaj diogramlarinin gostoricilori
farqli geyd edilir.
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Moaqsad

Problemin aktuallig1 va slaqgali tadqiqatlar. Neft vo qaz yataqlarinin axtarisi vo kesfiyyati ilo
olagodar geofiziki todqiqatlar1 daha miikommol iisullarla aparmaq, yeni texnologiyalar totbiq
etmok va neftli-qazl strukturlarin daxili qurulusunu, neftli horizontlar1 geofiziki, modon geofiziki
molumatlar osasinda daha doqiq toyin etmok iiglin deodinamik gorginliyin yaratdigi anomal
geofiziki saholorin doyismolorinin, lay komplekslorindo neftliliyin-qazliligin toyinindo nozors
alinmasi giiniin an aktual problemlarindon biridir.

Geodinamik gorginliyin, zolzololorin tosirindon neftli-qazli laylarda geofiziki gostaticilorin
(seysmik dalga siiratinin, siixurlarin elektrik miigavimatinin, maqnit vo radiasiya sahalorinin vs s.)
anomal doyigmolorinin Oyronilmasi vo interpretasiya zamani laylarin neftlilik-qazliliginin
giymotlondirilmosindo belo anomal effektlorin nozors alinmasi tisullarinin islonib hazirlanmasi
garsiya maqsad qoyulmusdur.

Azorbaycan orazisindo geoloji inkisaf tarixi dovriinde maqmatik proseslor, intruzivlorin
yaranmasi, zozololorlo olagali seysmogeodinamik aktivlik, miixtoli istigamotli geotektonik
harakatlor, pal¢iq vulkanlarinin intensiv foaliyyati va s. regionun struktur qurulusunda avvalds
geyd olundugu kimi ¢ox xarakterik geoloji izlor qoymus va bu proseslor indids intensiv olaraq
davam edir [1, 12, 13]. Miixtalif dorinliklordo maqnitudast M>5 zoalzololor oldugda geoloji
miihitds, laylarda siixurlarin geofiziki saho gostoricilorinds hiposentral masafodon asili olaraq
forqli doyisikliklorlo miisahids olunur vo onlarin doyismo xiisusiyyatlorinin dyranilmasi oldugca
vacibdir.

Holl olunacaq masalalar va tadgiqatin aparilma ardicilhigx:
1. Azorbaycan orazisindo bas veron zalzalalorin hiposentrlorinin doarinlik (zro paylanma
xususiyyatlorinin miayyan edilmasi.
2. Mixtolif dorinliklords bas veran maqgnitudast M>5 zoalzalolorin Mahsuldar Qat ¢okunti
kompleksinds tasirinin nazors alinmasi tisulunun tatbigi.
3. Mohsuldar Qat ¢okintllorinds deodinamik garginliyin tasirindon karotaj gostaricilorinin
doyismolarinin mugayissli aragdirilmasi.
Azarbaycan orazisinin seysmik aktivliyi homiso yiliksok olmus va tarixi kegmisdon indiya kimi
magqnitudast M>5 zalzololorin bas vermisdir. Azoarbaycan oraziside vo otraf regionda 2003-2018-ci
illordo magnitudasi M>3.0 bas veran zalzololorin episentrlor xoritosindo a) vo bas vermis
zolzololorin  ocag mexanizmi  Xoritesindo neftli-qazli orazilordo coxlu sayda zoalzalalorin
episentrlori vo doarin gatlarda zalzals ocaglarinin oldugu miisahids olunur [1, 12, 15].

Metodlar

Muiqgayisali tohlil vo yeni yanagma tisullari. Bu regionda bas veran zalzala ocaqglarinin dorinliyi
yer sothindon 60-100 km intervalinda oldugu vo oasasonds ¢okmo gatda daha cox zalzalo
ocaglarmin oldugu miisyyon edilmisdir (sokil 2). Azarbaycan orazisindo Kir Cokokliyi, Xozar
donizi vo Sorqi Kopetdag istiqgamotli profildo hiposentrlorin dorinlik zro paylanmasi a) vo
Azorbaycan orazisindo 2003-2018-ci illordo (M>3.0) bas veran zalzololorin hiposentrlorinin
dorinlik Uzro paylanmasi qrafikindo b) Cokmo gatin geodinamik goarginliyinin daha aktiv vo
intensiv oldugu goriniir (sokil 2). Bas veran zalzalalorin 60-70 faizi Cokmo gatda olmus vo lay
komplekslorinds geodinamik gorginlik yaratmisdir.
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Sakil 1. Azorbaycan orazisido vo otraf regionda 2003-2018-ci illordo (ml > 3.0, N=1877) bas
veran zoalzalalarin episentrlor xaritasi a) vo bas vermis zolzololorin ocaq mexanizmi xaritosi b) [12,
13].
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Sokil 2. Azerbaycan orazisinde Kiir Cokokliyi, Xozor donizi vo Sorqi Kopetdag istiqgamotli
profilda (profil 2) hiposentrlorin darinlik {izra paylanmasi a) Azarbaycan arazisindo 2003-2018-ci
illords (ml > 3.0) bas vermis zalzolalorin hiposentrlorinin dorinlik {izro paylanmasi grafiki b)
(Toartib edonlor: H.O.Valiyev, S.E.Kazimova 2020) [1, 13].

Cokmo gatin gorginlik deformasiya soraitinin, seysmogeodinamik aktivliyinin anomal
xiisusiyyetlori vo palciq vulkanlarimin dinamik aktivliyi hazirda da istimarda olan yataqlarda
miisahido olunur. Cokmo gatda bloklar arasi tektonik qirilmalarinda, antiklinal tip strukturlarda
qirilmalarin amplitudu 5-10 m-don 1500-2000 m-o yerdayisma ilo miisahids olunur [1, 12, 13]
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Oksoriyyot antiklinal tip strukturlarin geoloji kosilislorindo iist gatlarda deformasiya, gorginlik,
seysmik aktivlik artir vo tektonik qirilmalar, miirokkob seysmik yazi zonalari vo karotaj

diogramlarinda eyni layin gostaricilorinin fargli qiymatlarlo miisahido olunduguna rast golinir [1,
3,7,8,9]

Tasiri neft yataqlarinda miisahids olunan z3lzslslorin tadqiqatin iisullari.

Neft yataglarmin axtaris1 vo kosfiyyatt morholosindo, yataglarin istismar1 zaman geofiziki
molumatlarin emal1 vo interpretasiyasinin noticalorinin doqiq olmasina nail olmagq {igiin geofiziki
saho gostaricilorin geodinamik gorginlik soraiti nozors almagla tohlil olunmasi miithiim shomiyyat
kasb edir [3, 4, 8, 10]

Hazirda istismarda olan neft vo qaz yataqlarinda miiasir seysmik tisullarla 2D, 3D va 4D seysmik
planalmalar aparilir. Yataqlarda vo perspektivli strukturlarda 7 km dorinliys kimi ¢oxlu sayda
quyular qazilir vo karotaj 6lgmolori yerino yetirilir. Alinan geofiziki molumatlarin tohlilinds
demok olar ki, geodinamik gorginliyin tosirindon yaranan anomal geofiziki saho doyismolori
nozors alinmir vo noticads laylarin ayirict sirhadlorinin toyininds, neftli-qazli laylarin neftlilik-
gazliliginin qiymatlondirilmasinds tohrifliys yol verilir [1, 3, 5, 6, 11]. Bazon seysmik iisulla toyin
edilmis oksetdirici sorhad 10-100 mert sohih qiymatls toyin olunur, neftli-qazli obyekt iso geyri
mohsuldar lay kimi gdstarilir vo oksino qiymatlondirilir.

Geodinamik aktivlosmo miisahido olunan dovrlordo geofiziki planalma sahosinds, dorinlik
seysmik kasilislordo vo homin dovrlords yeni qazilmis quyulsrda aparilan karotaj malumatlarinin
tohlilinds geodinamik gorginliyin, zolzololorin tosirindon geofiziki sahslorin doyismo effektini
toyin etmok magsadila bas veran zalzalalorin tasiri asagidak: ardicilligla segilir:

1. Geofiziki planalma sahasinds tosiri miisahido olunan zalzolslorin paramertlori (hadisonin
vaxti, zolzolo ocaginin koordinatlari, hiposentrin dorinliyi, ocagin hacmi 6l¢iilori, ocaqda
enerjinin toplanma miiddati va s.) Azerbaycan Seysmoloji Xidmot Markoezinin hazirladig:
kataloglardan istifado olunmaqla segilir.

2. Quyu kosilisindo siixurlarin litoloji vo fiziki xiisusiyyetlorini anomal doyiso bilon
zolzoalolorin ocaqda toplanan enerjising (E), maqnitudasina (M) uygun geofiziki sahalorin
(xtsusi elektrik mugavimati, quyu potensialt vo s.) doyismolori miioyyonlosdirilir [1, 14,
15]. Bag vermis zoalzalolorin tosirini vo yarada bilocoyi anomal doyisikliklori ohato edon
mosafalor, yoni zolzolorin  tesir radiuslart  V.i.Ulomovun, I.P.Dobrovolskinin,
S.1.Zubkovun va V.N.Myackinin Usullarina uygun olaraq hesablanir:

Ap = 1098M gm, @

Burada, Ap - zolzalo ocaginda toplanan potensial gorginlik enerjisinin tosirinin quyuya qodor olan
hiposentral mosafasidir; M-zalzolonin magnitudasidir.
Ocaqda zslzalo anina kimi potensial gorginlik enerjisinin toplandigi miiddot:

At=10074M480 1 (2)

hesablanir.
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Zolzolonin maqgnitudasina uygun hiposentral )masafoni toyin etmok {iciin paletka qurulmus (sokil
3) vo zolzolonin tosir radiusu (Ap) hesablanir. Homginin zalzalo ocaginda enerjinin tolanma
miiddati (At) toyin edilir.

M= 0,8686Ln(R) + 0,54
R2=1

Sakil 3. Zslzalolorin maqgnitudasina (M) uygun hiposentral tosir masafasinin toyini ii¢lin paletka.
Z»lzalonin maqnitudasina uygun hiposentral mosafoni toyin etmak liciin paletka

Cadval 1

Magnituda, M 15 2,1 2,7 3,3 3,8 4.4 5,0 55
Episentral 4,5 8,0 15,0 26,0 43,0 |80,0 140,0 | 230,0
mosafo AR, km

Enerjinin 3saat [8saat |lgun |25 6 gun | 17 gun | 50 gun | 180 gin
tolanma gun

muddati At,

vaxt

Zslzalolorin tosir dairasine diison sahalords geodinamik gorginliyin anomal artmasi layin elastiklik
modulunun — E, lay-kollektorlarda xiisusi miigavimatin - psix, mosamaliliyin - m, Kegiricilik
omsalinin — K, su ilo doyma amsalinin — Kgoy, mugavimatlor nisbatinin - psix/pdoy Vo S. muxtalif
xarakterli doyismasina sabab olur. Ovvalki tadqgiqatlarimizda Asagi Kiir ¢okokliyinin bir sira neft
yataglarinda (Misovdag, Kiirovdag, Kiirsongs va s.) geyd olunan parametrlorin zalzalodan avval
va sonra anomal dayisdiyi miayyan edilmisdir [1, 3, 4]

Geodinamik garginliyin tasirindon bir sira laylarda karotaj gostoricilori asagi olsada (2,0-2,5
Omm) sonralar hamin laylarin neftli-qazli oldugu miiayyan edilmisdir. Bozondo laylarin karotaj
gostoaricilori yuksak olur (8-12 Omm) vo mohsuldar obyekt kimi giymatlondirilir, ancaq sinaq
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zamani verilon roy tosdigini tapmir [3]. Bele hallann yaranmasmln bir sira sobobi ola bilor,
onlardan on cox tosiri seysmogeodinamik aktiv prosesin olmasi bizim tarafimizdon elmi
osaslandirilmisdir. Laborator eksperimentler vo geodinamik poliqonlarda aparilan geofiziki saha
doyismalorinin tohlili gOstorir ki, bas veran zalzalolorin tosirindon laylarda va slxur
komplekslorinds geofiziki saha gostoricilori (seysmik dalgalarin stiratlori, elektrik keciriciliyi,
gravimaqnit saha gostoricilori, radioaktiv saho parametrlori va s.) lokal sahalorda, zalzalonin tasir
radiusundan vo magnitudasindan asili olaraq, miisyyan zaman intervalinda (zslzolo ocaginda
geodinamik enerjinin toplanmasina uygun) 15-20 % dayiso bilar [3].

Azorbaycan orazisindo neftlilik-qazliliq potensiali yiiksok olan Miosen, Pliosen, asasondo
Mohsuldar Qat ¢okintilorinin timsalinda bas veran zalzalalorin hiposentrlorinin darinliklorindan,
hiposentral masafodon vo zslzalo ocaglarinin miihitdo paylanma Xisusiyyatlorindon asili olaraq
geofiziki saholorin doyismolori arasdirilmigdir. Sorti secilmos yataqda miixtalif vaxtlarda, yaxin
mosafolordo qazilmis quyularin karotaj oyrilorinin eyni lay kompleksinds gostoricilori miiqayiss
edilmisdir (sokil 4).

z 0z-423 <A=0.00% Qz-427 <A=0.00: 0z-31 <A=0.00: 02-420 <&=0.00% A=0.00 0z-425 <A=0.00: 418 <4=0003 Qz-418 <A=0.00> 2-430 <A4=0.00>
kKol OF (MOSM28 QK Kols QP fNOSM28 K kols QP

2-. Qz-426 <
MOSM 28 Ok Fols OF (INOSM28 QK KolS QP |NOSM28 QK Kols QP [MOSM28 OK KolS OF |[NOGM28 0K Kol5 OF [[NOSM28 QK Foll5 OF [[NOSk 22
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Sokil 4. Sarti yatagda mixtolif vaxtlarda, yazin mosafods qazilmis quyularin karotaj ayrilorinda

Mohsuldar Qatin uygun laylarinda geofiziki doyismalorin forgli gostaricilorlo miisahido olundugu
diogramlar.

Eyni layin miixtolif yerlorinds karotaj gostoricilori xeyli forgli, ancaq uygun gqiymaotlorlo miisahido
olunur. Belo doayismolorin sababi mihitdo bas veran litoloji, petrofiziki vo s. amillorlo olagali
oldugu giiman olunur. Bizim fikrimizco belo doyismoloro sobob olan amillordon birido
geodinamik gorginliyin, zalzalalorin tosirindon yaranan amildir. Laylarin neftlilik-qaziliginin
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giymatlondirilmasinds karotaj molumatlarinin tahlilinds bu amilin nazors alinmasinin vacib
olduqu gostarilmisdir.

Natica

Geodinamik aktiv orazilordo zalzalalorin tasirindon muxtalif vaxtlarda, yaxin masafolords
qazilmig quyularda eynu lay kompleksindo karotaj gostoricilorinin forgli giymatlorlo miisahido
olundugu miisyyon edilmisdir.

Eyni yatagda mixtalif vaxtlarda qazilmis quyularda zolzalonin tasirinin nozoro alinmasi
metodikasi sorh edilmisdir.

Taklif

Geodinamik aktiv dovrloarda, zolzalalor olanda va tesiri yataglarda miisahido olunan middotdo
qazilmis quyularin quyu geofiziki molumatlarimin tohlilinds geodinamik amillordon yaranan
doyigmalarin nozars alinmasi magsadouygun sayilmisdir.
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PE3IOME

B crarbe mnokazaHo, uyTO Ha TeppuTOopuM AsepOalipkaHa Ha OCHOBAaHHUM IPOBEJEHHBIX
IPABUMAarHUTHOM CBEMKH, CEHCMOPA3BEIKH, JJIEKTPOPA3BEIKHM M CKBAKWHHBIX HCCIEAOBAHUI
MOIIHOCTh OCaJOYHOI0 YexJa COCTaBisgeT 5-25 kM u Oojee M OH pas3feleH Ha OJOKH
TEKTOHMYECKMMH HapylleHUusMU. B pe3ynbpTate mpoBeieHHOTO reo(U3nuecKoro njiaHupoOBaHUs B
0CaZIOYHOM CJI0€ OBLIIM OOHAPYXKEHBI CTPYKTYpPbl aHTUKJIMHAIBHOW M APYroi (popmbl, KOTOpbIE
MOTYT HakKaliuBaTh OojbIIoe KoinyecTBO HepTH U Taza. OyeHb OousblliMe 3amachl
YIJIEBOJOPOJOB B IUIACTOBBIX KOMIUIEKCAX JTHUX CTPYKTYp, B OCHOBHOM B OTIIOXKCHHUAX
[TponykTuBHOTrO IUIacTa. 3a MocienHue 25 JIeT OTKPBITHI U pa3padaThIBalOTCSI MECTOPOKICHUS
Azepu, ['onenumu, Yupar, baxap, bymna Jlenus, [llax [enu3, Ymun, badek, Admepon, Kapabax
u jap. IIpoBeneHHble reojoro-reopuanyeckrue MCCiaeoBaHUs MPOrHO3UPYIOT B MEPCHEKTHUBHBIX
CTPYKTYpax JJaHHOTO peruoHa OOJbIINX 3aracoB He(TH U rasa.
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Tepputopust AzepOaiipkaHa TakXKe SBJISETCS CEHCMOAKTHBHON TEPPUTOPUEH CO CIIOKHBIM
re0JIOTO-TEKTOHUYECKUM CTpoeHHeM. OT HMCTOPUYECKOTO MPOIUIOro 0 HACTOSIIErO0 BPEMEHU
3/1€Ch MPOU30LUIO0 MHOXECTBO Pa3pyLIMTENbHBIX 3€MJICTPSICEHUM, a CElICMUYECKass aKTUBHOCTh
MPOAOJIKAETCS U 1O ceil AeHb. [Ipu akTMBHU3alMK T€OJMHAMUYECKUX ITPOLIECCOB- 3EMJICTPSCEHUM,
U3BEPKEHUI TpsI3eBbIX BYJIKAHOB, B OOHApYKEHHBIX MEPCIEKTHUBHBIX M HKCILTyaTUPYEMBbIX
He(TEra3oBbIX CTPYKTypax oOpaszyercsi OONBINOe KOJIMYECTBO TCKTOHUYECKUX HAPYIICHUH a B
aKTUBHBIX paiioHax HaO/I0NalTCd aHOMallbHbIE HW3MEHEeHUs reodusndeckux mnonei. I[lofg
BIUSHUEM CHJIBHBIX 3EMIJICTPSICEHUN MPOUCXOASAT OIpeAeTiCHHBbIE W3MEHEHUs (DU3HKO-
MEXaHMYECKUX CBOMCTB MOPOJ B IJIACTaX Ha HE(PTAHBIX MECTOPOXKICHUSAX, MPUYEM MOKa3aTesn
KapOTaXXHBIX AUarpaMM OJHUX U TEX K€ IJIACTOB PA3THUYAIOTCS MEXKITYy COOOM.

B nensax 6omnee coBepieHHBIX CIOCOO0OB MPOBEAEHUS re0(PU3NUECKUX UCCIETIOBAaHU, CBA3aHHbBIX
C TIOMCKOM M pa3BeIKOHM 3aiexeil HedTu M raza, Oosiee TOYHOTO OINpeNesIeHUs BHYTPEHHETrO
CTpOoeHHsI HE(TEra30HOCTHBIX CTPYKTYp, HE(TAHBIX TOPU30HTOB HA OCHOBE TeO(PU3UYECKUX U
IAXTHO-T€O(PU3NUECKNX JAaHHBIX , MPUMEHSJIMCh HOBBIE TEXHOJOTUM HM3MEpPEHUsT W ydeTa
aHOMaJnil reo(U3NUecKUX TMoJieH, BbI3BaHHBIE T'€OJIMHAMUYECKUMHU HAMPSDKEHUSMHU, a TaKkKe
OTCIICKUBAIIUCh M3MeHeHus, Ha0monaemble B nanHbix ['MIC. Tlpoananu3upoBaHbl aHOMaJIbHBIC
U3MEHEHUA TeOo(hU3UYECKUX TI0JIeH, BbI3BAHHBIE T'€OJMHAMHYECKUMU HAMNPSKEHUSIMU U
3eMJICTPSICEHUSIMHU M X BIIMSIHUE TPU OIICHKE HE(PTEHOCHOCTH U Ta30HOCHOCTH TIACTOB.

[Ipu 3emueTpsiceHUsIX MarHuTy0ii M>5 B 3aBUCHMOCTH OT T'MIIOLIEHTPAJIbHOTO PACCTOSIHUS Ha
pa3HbIX TIyOMHAX HAOMIOMAIOTCS pa3HbIe HW3MEHCHHS IIOKa3zareled Teo(U3UIecKOro IO
reoJloruueckou cpeze. [laercs Meroanka yuera XapakTepUCTUK UX U3MEHEHUI.

dopmupoBaHUE CTPYKTYpP aHTUKIMHAIBHOTO, CHHKIMHAILHOTO THIA, TC 3aIeKH He(TH U rasza
(bopMUPYIOTCS B pa3HbIE MEPHOBI T€OTIOTUYECKOTO PA3BUTHS, IPOUCXOTUT Osiarogapsi BIAUSHHUIO
ornpeaeneHHbIX (hakTopoB. CyIIecTBYeT MPOCTPAHCTBEHHO-BPEMEHOE Pa3lInIie B PaclpeIelIeHUN
reoJIMHAaMHYECKUX (PaKTOPOB, OJJHAKO BIUSHUE ATHX (PAKTOPOB B PETHOHE OCTAETCS yCTONYHMBBIM
C OINpENEeNICHHOM 3aKOHOMEPHOCTHIO M COXPAaHEHHEM CBOMX XapakTEPUCTHK B TEUEHUE
ONpENEICHHOTr0 MEepHo/ia BpeMEeHH. B pe3ynpTaTe TEKTOHMUYECKOE BIMSHUE 3aKOHOMEPHO H
MOCJIEIOBATEIBHO OTpaxaeTcsi B (GOPMUPOBAHUH CTPYKTYP, @ TAK)KE UX 30HATBHOCTH.

VY cTaHOBIEHO, UTO MOJ BIUSHUEM BO3JCHCTBUEM 3E€MIIETPSICEHUI B I€OAMHAMUYECKH AKTUBHBIX
palioHaX, B CKBaKMHAX, MPOOYPEHHBIX B Pa3HOE BpeMsl U Ha OJU3KUX PACCTOSHUAX, B OJHOM
MJIACTOBOM KOMILJIEKCE HAOMIOAAIOTCS pa3Hble 3HAYEHUS KapOTaKHBIX MokazaTteneid. Cuuraercs
11e7IECO00Pa3HBIM YUUTHIBATH BIUSHUE T€OJUHAMUYECKOTO (PaKTOpa U CEMCMUYECKON aKTUBHOCTH
MIPH aHAJIN3€ KapOTaXHBIX TAHHBIX CKBAXKUH, MPOOYPEHHBIX B T€OJMHAMUYECKHU aKTUBHBIX 30HAX.
KioueBble €/10Ba: aHTUKJIMHAIBHBIE CTPYKTYpHI, MPOIYKTUBHBIE TIJIACTHI, T'€OJIMHAMHYECKOE
HalpsDKEHUEe, CeHCMUYecKas aKTHMBHOCTh, aHOMaJlbHbIE TEOPU3MUECKHE TOJs, YIACIbHOE
AIEKTPUUYECKOE COMPOTUBIICHUE, MATHUTYA 3€MJIETPSICEHUH, T€0JI0TnYecKas cpeaa u Jip.
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ABSTRACT

The efficiency of analytical information processing is primarily due to the quality of the input data
array. Cleaning the input data is an important step in any analysis. The presence of noise and
anomalies can significantly affect the result of the study and lead to an erroneous conclusion.
However, as well as excessive cleaning, accompanied by the loss of potentially valuable elements
of observation. Despite the constant optimization of systems for collecting and processing
information, the development of an effective methodology for eliminating inaccuracies in a data
set is still an area of increased interest in the scientific community. The continuously increasing
volume of information flows predetermines the need to form an adequate tool for cleaning time
series from noise. Especially relevant in modern conditions is the task of improving the accuracy
of identifying noise elements.

The article provides an overview of existing methods for identifying and eliminating the noise
component in one-dimensional and multidimensional time series, used in foreign practice, their
features and shortcomings are emphasized. Foreign approaches to the classification of
technologies are considered and analyzed. Based on the results of the analysis, a set of the most
effective techniques was determined.

Keywords: time series, data cleaning, noise, filtering and noise removal, array of data.

Introduction

Any time series is a combination of useful information, random noise, anomalies, and systematic
measurement errors. Noise can result from operator error (human error), calculation error, system
failure, or even natural causes. The main task in eliminating noise is to obtain the most reliable
result of the study — the correct data array. An equally important step in the analysis of time
series is the identification of noise, in particular, its separation from anomalies and outliers. Since
data noisiness consists in the presence of errors that distort the picture of the study and do not
require detailed analysis, unlike outliers that may indicate anomalous phenomena and processes.

Objective
The purpose of this research is to identify a set of technologies and solutions used to identify and
eliminate noise in a time series as mandatory steps in data processing.

Methods

The methodological basis of the research is the materials of periodicals, as well as publications of
foreign scientists posted on the Internet. During the study, empirical and theoretical methods were
used, such as data collection and analysis, generalization, comparison, and expert assessments.

Discussion of the research
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At the stage of data analysis, an important task is to detect and eliminate errors, in particular
noise. Noise in scientific literature refers to irrelevant or meaningless data contained in a time
series, or random components of a series. The presence of noise in the data distorts the
information, reduces the reliability of the results of analytical processing and leads to inaccurate
forecasts. At the same time, excessive cleaning of the data set can lead to the loss of valuable
elements and distort the overall picture, since the deleted objects can be both errors and special
cases, or anomalies. In this regard, the methodology for processing and cleaning data is constantly
being optimized and supplemented. Noise can manifest itself both explicitly and latently, which
often does not allow it to be identified during a visual review of even a one-dimensional time
series. We can clearly demonstrate the noise using a dataset on the nominal wages in the Amazon
Territory from January 2018 to May 2020. (Figure 1). Known conditions for this series, identified
during the analytical processing of the data set, are a general upward trend during the period under
review, a short-term increase in December, and a regular decrease in July-August. So to noise in a
given time data that contradicts the above conditions can be assigned to a series. It is worth
paying attention to the fact that the manifestation of these values can be both noise and an outlier -
evidence of an anomalous situation in the region’s economy.

The identification of noise components is carried out using the following computer methods
described in the research literature: collective, single and methods based on the distance between
the objects of the row, density and clustering. (H.Xiong, G. Pandey, M. Steinbach, V.Kumar,
2011: p.56) Also, for these purposes, such a statistical approach is used as the calculation of a
confidence interval (based on quartiles, median, mathematical expectation), which allows filtering
out potentially erroneous values located outside the interval. (H.Xiong, G. Pandey, M. Steinbach,
V.Kumar, 2011: p.56). However, a significant drawback of this technology is the inability to take
into account the specifics of the data, and as a result, the risk of losing valuable information about
the behavior of the system and erroneous conclusions. In order to reduce the threat to the
integrity of the analyzed data, Yu.Yu. Rudnitskaya proposes to carry out a preliminary assessment
of the series for the normality of the distribution, or to use clustering tools, that is, to divide the
time series into groups for individual analysis. This approach makes sense when there is a large
spread of values in the data set. Clustering allows us to identify the extremes for each group of
data, and separately evaluate their nature. The division into clusters is carried out with the help of
special software tools and algorithms used to determine the distance between them. The
disadvantage of such a system is the manual input of the number of clusters, which does not
exclude the possibility of an error.

An interesting approach is described in the work of a group of American scientists led by
H.Xiong. (H.Xiong, G. Pandey, M. Steinbach, V.Kumar, 2011: p.57). The study proposes to use
the Cyberclick method to identify and eliminate anomalous values of the series. The key idea
behind this technique is to use a specific Cyberclick pattern as a filter to highlight features that are
not closely related to other features in the dataset. The operation of the Cyberclick technique is
based on the assumption that all elements of the sample are closely interconnected with each other
and each pair of objects has a certain degree of similarity (correlation coefficient). If an object
does not have a close relationship with other objects in the series, it is likely that it is not part of
this data set and is potentially equated to noise.

According to the research base, techniques based on distance, density and clustering can achieve
good results in identifying noise components in data. The distance method consists in determining
the distance between the objects of the sample: an element of the array D is marked as an
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outlier/noise if a certain part of the objects of the array D is removed from this element by a
distance greater than R. In other words, for each value of the set, the number of neighboring
records that are within the conditional distance R is recorded, after which the elements with the
smallest number of close neighbors are filtered out as noise. This approach is easy to understand
and implement, but is unacceptable for arrays with areas of different density. (H.Xiong, G.
Pandey, M. Steinbach, V.Kumar, 2011: p.60)

A local outlier factor is used to determine noise in non-uniform density data. It is determined
based on the density of the surroundings of the object of analysis. The key idea of this approach is
that each object in the data set is an outlier with respect to some sample size, which in turn is
determined by the local outlier factor. Since we use a cosine value instead of a distance measure,
the object with the lowest factor is considered to be the noisiest in the set.

Clustering algorithms can detect noise and outliers as by-products of the clustering process. As
noisy, the values that are the most distant from the center of the corresponding cluster are marked.
An important issue for clustering-based approaches is the choice of the required number of
clusters. On the one hand, if there is only one cluster, then the cluster approach is transformed into
a remote one (considered earlier). And in the opposite situation, when each element is a separate
cluster, noise detection will be carried out by random selection. The practical application of this
approach indicates that the best results are achieved when the number of clusters corresponds to
the size of the classes in the data set, which somewhat limits the usefulness of the method.

After identifying low-quality instances in the data, they are processed. There are three approaches
to processing noisy data in the literature: ignoring, filtering, or polishing (replacement). (S.
Guptaa, A. Gupta, 2019: p.466-474). The applicability of one or another approach is relevant and
effective depending on the type, quality and volume of data. Polishing can both improve and
aggravate the situation, provoking the appearance of so-called “phantom” trends when performed
incorrectly. And when filtering noisy data instances, one should adhere to a certain compromise
between the amount of noise removed and the amount of information units stored. Since a
situation is possible when the entire set of data is in some way imperfect, and will be discarded,
leaving no ground for subsequent analysis. (S. Guptaa, A. Gupta, 2019: p.466-474).

Classical denoising methodology includes various smoothing methods such as moving average
method, exponential smoothing, Savitsky-Golay method, linear methods, wavelet transform and
others. The entire smoothing methodology consists of two groups of methods: analytical and
algorithmic. (A.M.Fonotov,Yu.G.Osipova, 2012: p.34). In many publications, both spectral
analysis and autoregressive methods are encountered. These approaches make it possible to draw
a conclusion about the behavior of the system without introducing data on the influence of
external factors, that is, solely on the basis of the data of the analyzed series. (A.M. Fonotov,
Yu.G. Osipova, 2012: p.34).

The most easily implemented and commonly used approach is the moving average method. It
should be noted that this approach does not remove noise from the data, but only averages it with
the total population, which does not bring us closer to understanding the real picture. In order to
demonstrate how noisy the input array can distort the results of the analysis, we artificially
introduce a certain number of noise elements into the time series and compare the smoothed series
before and after the introduction of noise.

It can be seen from the data in the figure that the moving average with a smoothing of 3 months
with the appearance of noise (two errors are introduced in a sample of twelve values) shows a
serious deviation from the correct results. Thus, it is not always possible to identify the true trend
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by averaging the series, which is why various filters and techniques for isolating false values are
becoming more common.

T T T T
0 1000 2000 3000 4000

T T T
0 1000 2000 3000 4000

Figure 1. An example of noise on one-dimensional time series
Source: Compiled by the author based on (Arustamov A. Preprocessing and cleaning data before
loading into the storage // Base Group Labs Data analysis technologies [Electronic resource]).

Table 1. Types of noise filters for identificating and eliminating noise in the time series.

Ne Denomination Description

1 Edited Adjacent Record (ENN) According to this technique, an instance is removed from the
data set if its class is not equal to the class of most of its
nearest neighbors. Cleans up mislabeled and questionable data.

2 Multiple ENN (RENN) In this variant, the ENN method is applied repeatedly until all
instances in the data set are surrounded by neighbors with the
same class. This process increases the separation boundaries
between classes and smoothes the decision boundary used to
separate data.

3 Extended ENN (All-kNN) Used when detecting and removing mislabeled and boundary
data. It works like this: for i = 1, ..., k, it recognizes as "bad"
any instance misclassified by its k nearest neighbors. And after
the cycle is completed, it removes the identified instances.

4 Relative ~ neighborhood  graph | The method is based on the construction of a neighborhood
(RNGE) (proximity) graph. The neighbors of a graph are exclusively
instances corresponding to a certain neighborhood relation.

5 Smoothed Edited Neighbor Record | Works with a predetermined number of pairs (k, k). The found
(MENN) best pair is used as a reference. If two or more sets are optimal,
then both are used in the classification of test instances.
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6 Multiple Separation Filter (IPF) This method removes noisy instances over several cycles until
the stopping criterion is reached. The process stops if for a
series the number of identified noisy examples is less than a
percentage of the size of the original dataset.

7 Multiple filter (EN) Potentially noisy instances are identified by performing
multiple cross-checks on the data using classification
algorithms called filtering algorithms.

In foreign practice, the following methods for cleaning time series from noise and outliers are
popular:

1. Statistical grouping (Binning) allows us to smooth the revealed values and bring them into line
with neighboring ones. The mechanism consists in sorting information, dividing it into
compartments (groups) and further replacing the values of each group with their average value. In
fact, it is an analogue of the moving average method.

2. The data can be processed by fitting it to a regression function. Linear regression is about
finding the optimal relationship for two variables, allowing you to use one of them to predict the
other. Multiple regression is an extended version of linear regression and contains more than two
variables. Searching for a mathematical equation corresponding to the data under study helps to
smooth out the noise. (“Data Mining Techniques and Tools for Knowledge Discovery in
Agricultural Datasets”, 2020: p.12).

3. Clustering — is the combination of similar values into clusters (groups), which makes it
possible to identify deviations for further analysis. (“Data Mining Techniques and Tools for
Knowledge Discovery in Agricultural Datasets”, 2020: p.12).

It is also worth highlighting a set of algorithmic filters based on data classification and
comparison in a separate group. Some of the current filtering techniques are presented in Table 1.
Most of the filters described need an input of a noise instance, or a pair of original edited example
data to run the algorithm. The multiple signal decomposition method (MMDS) developed by
Norden Y. Huang and W. Zhaohu is implemented according to a similar principle. The technique
includes data analysis with the addition of white noise and treatment of the mean value as the final
true result. White noise is needed in order to force the set to exhaust all possible solutions in the
filtering process, and thus cause signals of different scales to combine into true functions. Since
MMRS is a spatiotemporal analysis method, the added white noise is averaged over the
appropriate number of trials. The only constant element that is preserved during the averaging
process is the signal component (original data), which is subsequently considered as the true
result. (Zhaohua Wu and Norden E. Huang, 2009, pp.1-41).

This method allows us to separate scales without introducing a subjective separation criterion.
Among recent developments, special attention should be paid to the confidence filter of a group of
researchers led by Yu. Kalambet. (Kalambet Yu., Maltsev S., Kozmin Yu. 2020: p. 23). The
technique is based on the least squares method, like the Savitsky-Golay method, and in terms of
content is its improved version. The step-by-step algorithm of the filter operation is shown in
When analyzing large amounts of information, situations arise when the model of the process
under study is unknown, or the processes are characterized by variable smoothness. Under such
conditions, to remove noise, a computer method such as wavelet technology is used, which is
based on the use of basis functions on various threshold determination schemes. N.I. Oreshko and
T.N. Knyazeva propose a two-stage modification of this method, which is especially relevant
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when working with heteroscedastic models. According to the methodology, the first stage
includes the identification of model error parameters based on clustering. (Oreshko N.I.,
Knyazeva T.N., 2008: p.23). At the second stage, modified thresholds for wavelet coefficients are
calculated.

Figure 2.
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Figure 2. Algorithm for implementing a confidence filter.

The clustering algorithm in this case is based on comparing the variances of the calculated errors,
includes the Fisher F-distribution and subsequent refinement of the boundaries. The undoubted
advantages of this method are: automated calculation of the number of clusters during clustering
and high accuracy of dividing the sample into groups, achieved due to the boundary refinement
procedure.

A successful example of the use of statistical methods for eliminating noise in practice was
demonstrated in the work of E.G Klimova, S.B. Medvedev and A.N. Savostyanova. The
algorithm for neutralizing low-frequency noise is based on Fourier analysis, and allows us to
apply filtering not to the entire data array, but locally in places of a burst of anomalous activity.
(Klimova E.G., Medvedev S.B, Savostyanov A.N., 2016: p.12).

The totality of modern technologies for detecting and eliminating noise in the time series is
presented in Table 2.

Table 2. A set of technologies for for identifying and eliminating noise in the time series.
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Basis of the methodology

Technology

Smoothing (averaging)

Savitsky-Golay method,;

Sliding average;
Exponential smoothing;
Confidence filter
Confidence interval;
Distance based method;
Density based method;
Filters (ENN, RENN, All-kNN)
Regressive functions;
RNGE filter;

Fourier analysis;
Cyberclick template

Neighborhood

Correlation (Function)

Grouping (classification) Clustering;
Statistical grouping;
EN Filter

Inserting a Pattern (or Noise Instance) MENN Filter;

Multiple Signal Decomposition Method

Source: compiled by the author based on (Klimova E.G., Medvedev S.B, Savostyanov A.N.,
2016: p.12); (Zhaohua Wu and Norden E. Huang, 2009, pp.1-41).

The effectiveness and validity of the application of certain methods largely depends on the
specifics of the data, their noisiness and completeness.

Conclusion

During the research, technologies of possible scenarios for working with noise were considered:
ignoring, filtering and smoothing. The study of the research base allows us to recognize that many
of the currently used technologies for detecting and eliminating noise in the time series do not
provide high-quality data filtering. In particular, if performed incorrectly, smoothing (polishing)
can provoke the manifestation of “phantom” trends, and excessive filtering leaves no ground for
further analysis.

As follows from the analysis, the effectiveness and expediency of applying one or another method
of noise suppression is influenced by such factors as the specifics of the area under study, the
sample size, the completeness and reliability of the input array. From the practical examples given
in the publications of foreign authors, it follows that the most accurate results are demonstrated by
methods related to introducing noise instances into the original array.
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ZAMAN SERIYASINDA VERILONLORIN ISLONMOSi Vo
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QALDIRILMASI TEXNOLOGIYALARI
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XULASO

Analitik informasiyanin emalinin samaraliliyi ilk névbodo daxil olan verilonlor massivinin
keyfiyyati ilo baghdir. Daxil edilmis verilonlorin tomizlonmasi hor hansi bir analizde muhim
addimdir. Sos-klly vo anomaliyalarin olmasi tadqgigatin naticasine shomiyyatli daracads tosir
gOstara bilar va sahv bir naticays sobab ola bilor. Bununla bels, haddindon artiq tomizlonmo ilo
yanasi, miisahidonin potensial giymatli elementlorinin itirilmasi ilo miisayiat olunur. Verilonlorin
toplanmasi vo emali sistemlarinin daim optimallagdirilmasina baxmayaraq, verilonlor dostindoki
geyri-dagiqgliklorin aradan galdirilmasi tgiin effektiv metodologiyanin inkisafi holo do elmi
ictimaiyyatda artan maraq sahasidir. informasiya axinlarinin davamli olaraq artan hacmi, zaman
siralarin1 sas-klydon tomizlomok Gglin adekvat alotin formalasdirilmas: ehtiyacini ovvalcodon
muoayyanlogdirir. Miiasir soraitdo xUsusilo aktual olan sos-kily elementlarinin - muayyan
edilmasinin doqiqliyini artirmaq mosalasi xususilo aktualdir.

Mogalada xarici tocriibodo istifado olunan birdlguli vo ¢ox0lgiilii zaman siralarinda sas-kly
komponentinin mioyyan edilmasi vo aradan qaldirilmasi ii¢iin mévcud metodlarin icmali
verilmis, onlarin XxUsusiyyatlori vo ¢atigmazliglari vurgulanmigdir. Texnologiyalarin tosnifatina
xarici yanagmalar nozardon kegirilmis va tohlil edilmisdir. Tahlilin naticalorina asasan, an effektiv
texnikalar toplusu miisyyan edilmisdir.

Acar sozlar: zaman seriyasi, verilanlorin tomizlonmasi, sas-kiy, sas-kiiyiin filtrasiyas1 vo aradan
qaldirilmasi, verilonlor massivi.

TEXHOJIOI'MA OBPABOTKHU U OYUCTKHU JAHHBIX, BBISIBJIEHUSA U
YCTPAHEHUS IIYMOB HA BPEMEHHOM PALY
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PE3IOME

O} heKTHBHOCTh AHATUTHYECKOW 00pabOoTKM WHGOpPMAIMU B TIEPBYIO Ouepeab OO0YyCIIOBICHA
Ka4yecTBOM BXOIHOTO MaccHBa JaHHBIX. OUYMCTKA BXOJHBIX JAHHBIX — BaXKHBIN ATar JI0OOTO
aHanu3a. Hamuume mIyMOB W aHOMaNIMKA MOXKET 3HAYUTEIbHO IMIOBIUATH HA PE3yJbTar
MCCIICIOBAHMSI M IPUBECTU K OMIMOOYHOMY 3aKIIOUEHUI0. Bripouem, Kak U dpe3MepHasi 3a4iCTKa,
COIPOBOKAAIOMIAACS TOTEPEl MOTCHIMAIBLHO IICHHBIX AJIEMEHTOB HaOmoneHus. Hecmorpst Ha
MOCTOSIHHYIO ONITUMH3AIMIO CUCTEM cOopa u 00paboTku uHpOpMaIH, pa3padoTKa IeHCTBEHHON
METOJIOJIOTHH YCTPAHCHUsI HETOYHOCTEH B HAOOpe MaHHBIX IO-TIPEKHEMY SBISCTCS 30HOU
MOBBIIIEHHOIO ~ WHTepeca B  HaydyHoW cpene. HempepsiBHO — Bo3pacTtamomuii  00beM
WH(POPMAIIMOHHBIX TOTOKOB TPEIONpPEACTseT He0OXOAMMOCTh (OPMUPOBAHUS aJIEKBATHOTO
MHCTPYMEHTa OYMCTKH BPEMEHHBIX psAAoB OT Imyma. OcoOeHHO aKTyaJbHOH B COBPEMEHHBIX
YCIIOBHSIX CTAHOBHTCS 33/1a4a MOBBIIICHUSI TOYHOCTH BBISIBIICHHSI ITYMOBBIX 2JIEMEHTOB.

B cratpe mpuBenmeH 0030p CYHIECTBYIOIIMX METOMUK BBISIBICHUS M YCTPAaHEHHs IIyMOBOMU
KOMIIOHEHTHI B OJJHOMEPHBIX U MHOTOMEPHBIX BPEMEHHBIX PsijiaX, IPUMEHSICMBIX B 3apyOeIKHOU
MPaKTHUKE, TOJYEPKHYTHl UX OCOOEHHOCTH M HEIOCTAaTKU. PaccMOTpEeHBI M MpOoaHaTU3UPOBAHbI
3apyOeKHBIC MOJIXOAbl K KJIAcCH(PHUIMPOBaHUIO TexHojoruid. [lo uroram aHamu3za ompeneicHa
COBOKYIHOCTbH HanOosiee 3()(heKTUBHBIX TEXHHK.

KiroueBble cjioBa: BpeMEHHOHN psiJl, OYUCTKA JIAHHBIX, IIyM, (QWUIBTPALUs U YCTpaHEHHE NIyMa,
MacCHB JIaHHBIX.
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FIR FILTER USING GENETIC ALGORITHM
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ABSTRACT

Digital filters are considered the most fundamental part of Digital Signal Processing (DSP). Their
extraordinary performance is one of the main reasons why DSP is so popular. The main reason for
using filters is to keep some speeds unchanged and strongly block others. Based on digital filters,
they are used for two purposes: separation of combined signals and restoration of distorted
signals. Here the FIR filter is designed using Genetic Algorithm (GA) in MATLAB. The response
is learned by keeping the constant order, crossover probability and mutation probability values.
GA offers a fast, simple and automatic way to design low-pass FIR filters with large response,
speed response very close to optimal. Modern radio electronics is a powerful field that ensures the
rapid development of scientific and technical progress. At present, various electronic devices are
widely used in many sectors of science and technology, as well as radio and national economy. In
addition to these, electronic receiving machines, devices used in laboratory and computing
research devices using radioelectronic elements. To work in management sectors, they must know
the basics of radio electronics. Digital filters are a fundamental component of all signal processing
and communication systems. In digital signal processing, the role of a filter is to remove the
informative component of the signal, such as spurious segments. Here, it is tried to move out of
the unwanted part of the signal, such as between a speed range or effective waves. Digital filters
are broadly classified as infinite impulse response (IIR) and finite impulse response (FIR) filters.
The key point here is that while digital IR filters are preferred over FIR filters, exactIR digital
filters achieve full selectivity. In recent decades, digital IIR filters have attracted great attention
from researchers. Filtering is a process by which the frequency spectrum of a signal can be
changed, reshaped, or manipulated to achieve desired goals. Filtering is a process by which the
frequency spectrum of a signal can be changed, reshaped, or manipulated to achieve desired goals.
Eliminating noise that can cause signal contamination, eliminating signal distortion that can be
caused by defects in the transmission channel, resolving the signal into its frequency component,
demodulating the modulated signal. Who is the Finite Impulse Response (FIR) digital filter? the
impulse response has a finite duration. impulsethe answer is "finite" because there is no feedback
in the filter. If weput a pulse (i.e. followed by a single "1" samplewith many "0" patterns), the
zeros willeventually come out laterSample "1" has made its way through the delay
linecoefficients. They are FIR (Finite Impulse Response) filtersis implemented using a finite
number of "n" delay tapsline to calculate and "n" calculation coefficientsalgorithm (filter)
function. Above is the structurenon-recursive, iterative delay and addition format and mostoften
used to produce FIR filters. It depends on the structureeach instance of new and current value
data. Numbertaps (delays) and values of calculation coefficients is chosen to "weight" the
transferred datadown the delay line to produce the desired amplitude responsefrom the filter.
There are no feedback paths in this configurationcausing instability. Not calculating oddslimited
to specific values and can be used to implementfilter functions that do not have a linear system
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equivalent. More taps increase the steepness of the filter rollfor increasing computation time
(delay) and high-order filters, limits bandwidth.

Genetic algorithms are search algorithms based on the mechanics of natural selection and
genetics. They combine some of the innovative capabilities of human search with survival of the
fittest among string structures with structured but random data exchange to create a search
algorithm. In each generation, new artificial creatures (Sims) are used from pieces of the most
suitable of the old ones; every now and then a new part is tried on for good measure.

Keywords: FIR filtr, genetic algorithm, signal,digital filters

GENETIK ALQORITMDON ISTIFADO OLUNAN FIR FILTERI

Icabika Sardarova?, Oli Hasanli?

12Azorbaycan Dévlot Neft vo Sonaye Universiteti

Texnika tizra falsafa doktoru, dosent https://orcid.org/0000-0002-6906-5211,
Email: bike.serdarova@mail.ru

2Magistrant, Email: hasanlialiOl@gmail.com

XULASO

Ragomsal filtrlor Ragemsal Signal Emali (DSP) -nin an asas hissasi hesab olunur. Umumiyyatla,
onlarin geyri-adi performansi DSP-ni bu qador mohsur edon asas sabablordon biridir. Siizgaclorin
istifado olunmasinda baslica sobab bozi tezliklori doyismoz saxlamaq, digorlorini iso tamamilo
bloklamaqdir. Rogomsal filtrlor asason iki mogsad {i¢iin istifado olunur: birlosdirilmis signallarin
ayrilmasi vo miioyyan sokilds tohrif olunmus signallarin barpasi. Burada FIR filteri MATLAB-da
Genetik Alqoritmdon (GA) istifado edilmoklo hazirlanmisdir. Cavab sabit nizam, krossover
ehtimali vo mutasiya ehtimali doyorlorinin saxlanmasi ilo Oyronilir. GA boylkliikk reaksiyasi,
tezlik reaksiyast baximindan optimala ¢ox yaxin olan asagr kecidli FIR filterlorinin
layihalondirilmasinin siiratli, sads vo avtomatik tisulunu toklif edir.

Acar sOzlar: FIR filter, genetik alqoritm, signal, roqomsal siizgacloer.

Giris

Mouasir radiolektronika elmi-texniki toraqqinin siiratli inkisafini tomin edon giiclii sahodir. Hazirki
vaxtda elm vo texnikanin, eloco do xalq tesorriifatinin bir c¢ox sektorlarda forqli-forgli
radioelektron qurgulardan c¢ox istifado edilir. Bunlarla yanasi elektron hesablama masinlari,
laboratoriya vo elmi todqiqatlarda istifado olunan qurgularin oksoriyysti radioelektron
elementlorindon togkil olunmusdur. Homin sektorlarda isloyon miitoxassislor radioelektronikanin
osaslarin1 bilmalidirlor. Rogamsal siizgoclor biitiin signal emali vo rabito sistemlorinin asas
komponentidir. Ragomsal signalda emal zamani filtrin rolu yalangi seqmentlor kimi signalin
informativ komponentini ¢ixarmaqdir. Burada, miioyyon bir tezlik diapazonu arasinda vo ya
tosadiifi dalgalar kimi signalin arzuolunmaz hissalorini aradan qaldirmagq iigiin ¢alisilir. Rogomsal
filtrlor genis sokildo sonsuz impuls cavabli (IIR) vo sonlu impuls cavabli (FIR) filtrlor kimi tosnif
edilir. Burada asas magam odur ki, rogomsal IIR filtrlorino FIR filtrlori ilo miiqayisado daha ¢ox
iistlinliik verilir, ¢linki IIR roqomsal filtrlori yiliksak seciciliya nail olur. Son onilliklorde raqomsal
[IR filtrlorinin tadqiqatcilarin boyiik digqstini calb etmisdir.
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Maqsad

Problemin aktuallig1 vo slaqgali tadqiqatlar

Filtrlomo, istonilon mogsadlora nail olmaq tigiin signalin tezlik spektrinin doyisdirilo, yenidon
formalasdirila vo ya manipulyaFiltrloma, istonilon mogsadlors nail olmaq ii¢lin signalin tezlik
spektrinin doyisdirils, yenidon formalasdirila vo ya manipulyasiya edilo bilacayi bir prosesdir.
Bunlar agagidaki kimidir [1]:

Signali ¢irklondira bilocok sas-kiiyii aradan qaldirmaq, otiirmo kanalindaki qgeyri-kamillik
naticasinda yarana bilon signal tohrifini aradan qaldirmagq, signali onun tezlik komponentina hall
etmok, modulyasiya edilmis sigqnali demodulyasiya etmok.

Genetik algoritmlor tobii segma vo genetika mexanikasina asaslanan axtaris alqoritmloridir. Onlar
insan axtariginin bazi innovativ qabiliyyatlori ilo axtaris alqoritmi yaratmaq tcin simli strukturlar
arasinda on uygun olanin sag qalmasini strukturlasdirilmis, lakin tosadiifi molumat miibadilasi ilo
birlosdirir. Hor nasildo kéhnonin on uygun olaninin parca vo parcalarindan istifado edarak yeni
stini maxluqglar (simlor) yaradilir; arabir yeni hisso yaxsi 6l¢ii {i¢iin sinanir.

Genetik alqoritmlor Con Holland, onun homkarlart vo Migiqan Universitetindoki tolobolori
torafindon hazirlanmigdir. Onlarin tadgiqatlarinin moagsadlori [2] idi:

1. Tobii sistemlarin adaptiv proseslorini miicarrad voa ciddi sokilds izah etmok, vo

2. Tobii sistemlorin  muhim mexanizmlorini 6zlindo saxlayan suni sistem program
tominatinin layihalondirilmasi.

Genetik alqoritmlor daha normal optimallagdirma vo axtaris prosedurlarindan 3 cohotdon
forqlonir:

1. GA-nin parametrlorin 6zlori deyil, parametrlor dastinin kodlasdirilmasi ilo iglomasi

2. GA-nin bir néqtadan deyil, bir ne¢go ndqtodan ibarst olan axtarisi

3. Toromalor vo ya digar kdmokgi biliklor deyil, GA-nin fayda (moQsad funksiyasi)
molumatlarindan istifado etmasi

Genetik alqoritm populyasiyanin tokamiiliinii tomin etmok ii¢iin iterasiya prosesi iizorindo dovr
edir [3]. O, asagidaki 4 addimdan ibaratdir:

1. Segim: Ik addim ¢oxalma iigiin fordlorin secilmasindon ibaratdir. Bu segim, fordlorin nisbi
uygunlugundan asili olaraq tosadfi bir ehtimalla hayata kegirilir ki, cox vaxt yoxsullardan
daha yaxs1 olanlar goxalma ucun segilir

2. Coxalma: Ikinci morhalodo nosillor secilmis fardlor torofindon yetisdirilir. Yeni

xromosomlarin yaradilmasi tiglin alqoritm ham rekombinasiyadan, hom do mutasiyadan
istifado edo bilar.

Qiymatlondirma: Sonra yeni xromosomlarin uygunlugu giymatlondirilir.

Doyisdirma: Son addimda kéhna ohalidon olan fordlor oldarilir va yenilori ilo avoz
olunur. Populyasiya optimal halls yaxinlasdigda alqoritm dayandirilir.

> w

inisiallasdirma

Baslangicda edilocok ilk sey kodlasdirma strukturuna gqorar vermokdir. GA-da xromosom
adlandirilan mohlulun kodlasdirilmas1 adoston (0,1) simvollar silsilosi kimi tosvir edilir.
Xromosomlarin bu komponentlori daha sonra gen kimi etiketlonir [4]. Sokil 1-di Genetik
aloqirtmin proseduralar1 gostorilmisdir.
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Sakil 1. Genetik algoritmin standart proseduru

Krossover

Krossover Kompakt Genetik Algoritm(CGA)-do miihiim tosadiifi operatordur vo krossover
operatorunun funksiyasi valideynlordon alinan molumatlar1 birlosdirorok yeni vo ya usaq
xromosomlar1 yaratmaqdir. 1ki ana ndqtodon biri ilo krossover metodu ilo, uzunlugu 1 olan
xromosom ti¢lin avvalco 1 ilo 1 arasinda tesadiifi ¢ adadi yaradilir. Birinci usaq xromosomu birinci
ana xromosomun sonuncu lc elementlorinin ikinci ana xromosomun ilk ¢ elementlorine slavo
edilmosi ilo omolo golir. Ikinci usaq xromosomu ikinci ana xromosomun sonuncu Ic
elementlorinin birinci ana xromosomun ilk ¢ elementlorina olave edilmosi ilo omolo golir.
Krossover ehtimal1 0,6 ilo 0,95 arasinda doyisir.

Mutasiya

Mutasiya CGA-da basqa bir vacib operatordur, baxmayaraq ki, adston fon operatoru kimi qobul
edilir. O, hor bir bit sotrini ehtimalla pozaraq, hor bir ford {izorindo miistoqil foaliyyot gostorir.
Tipik olaraq, bit mutasiyasi ehtimali 0,001-don 0,01-0 qodor doyisir

Valideyn#1 1100101001 Usaq #1 0101010010

Valideyn #2 0101111011 Usaq #2 1001111011

Valideyn 1101010010 Usaq 1101010110

Metodlar

MATLAB vasitasilo FIR filterlorin simulasiyasi

MATLAB vasitosilo qurulmus ideal Asagi kegid filtri kosilmo tezliyinden asagi olan biitiin
signallar1 kegir vo digorlorini dayandirir. Burada kegid zolagi tezliyinin altinda diiz keg¢id bandi
(w,=0.45) vo dayanma zolag: tezliyinin stiindo diz zsifloms zolagi var(w.=0.25).Yalniz iki

valideyndan istifads etdikdo, boyuklik alds edirik.

Sakil.2, Sokil.4-do gostorildiyi kimi reaksiyaya qarsi tezlik oyrisi alinir. Lakin, biz ti¢ valideyndon
istifado etdikda, Sokil.3, Sokil.5-do gostorildiyi kimi tezlik oyrisino qarsi daha yaxst miqyash
reaksiya oldo edirik
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Normallasdirilmis tezlik

Sakil 2. 3 cohdlo 500 nasilds iki valideyndan istifads edon FIR Filtrinin Boyiikliik Cavabi

dB-da  bivitklik reaksivam

Normallasdirilms tezlik

Sakil 3. 3 cohdls 500 nasilds ii¢ valideyndan istifade edon FIR Filtrinin Boytikliik Cavabi
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Normallasdirilmis tezlik

Sakil 4. 5 cohdls 500 nasilds iki Valideyndon istifads edon FIR Filtrinin Manituda Cavabi
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Normallagdirilmis tezlik

Sakil 5. 5 cohdlo 500 nasilds G¢ Valideyndon istifado edon FIR Filtrinin Boyiikliik Cavabi

h(0)=h(15) 0,9764
h(1)=h(16) 0.2608
h(2)=h(17) -0,0321
h(3)=h(18) 0.3095
h(4)=h(19) -0,0916
h(5)=h(20) -0,4859
h(6)=h(21) 0.5461
h(7)=h(22) -0,4989
h(8)=h(23) 0.4140
h(9)=h(24) 0,0971
h(10)=h(25) 0.3496
h(11)=h(26) -0,0658
h(12)=h(27) 0.4673
h(13)=h(28) 0.8167
h(14)=h(29) 0.3127

Cadval 1. GA-nin filtr amsallari

Naticd

Bu todqiqatda FIR filtri MATLAB-da GA-dan istifado etmoklo hazirlanmigdir. Cavab sabit nizam,
krossover ehtimal1 vo mutasiya ehtimali doyorlorini saxlamagqla dyronilir. ©lds edilon naticalordon
aydin olur ki, GA boyiikliik reaksiyasi, tezlik reaksiyasi vo faza doyismosi baximindan optimala
cox yaxin olan asagi kecidli FIR filtrlorinin layihalondirilmasi ii¢iin siiratli, sado vo avtomatik tisul
toklif edir. (Burada yalniz boyiikliik reaksiyas1 gostorilib). Ug valideyndon istifado iisulu toklif
edilmis vo noticolor miixtolif nomrolor iiclin iki valideyndon istifado etmoklo oldo edilon
naticalorlo miigayiso edilmisdir. nosillorin miixtalif say1. cohdlorin. Miisahido edilmisdir ki, iki
valideyn oavozine ii¢ valideyn istifado edildikde daha yaxs1 reaksiya oldo edilir. On yaxs1 cavab 3
cohddon istifado etmoklo 500 nasil gotiiriildiikds alds edilir (Sokil 3).
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PE3IOME

[udpossie GuabTpel cumTaroTcs Hambojee (yHIAMEHTAIBHOW YacThio HUGPOBOM 00pabOTKU
curHanoB (DSP). Mx Bbliaronuecs: XapakTepUCTUKU OJHA U3 IVIaBHBIX MPUYUH MOMYJISIPHOCTH
DSP. OcHoBHas mprunHa UCIIOIB30BaHUS (PMIIBTPOB COXPAHHUTH OJHU CKOPOCTH HEU3MEHHBIMU H
CHJIBHO 3a0s10KupoBaTh apyrue. OCHOBaHHbIE HAa MUPPOBBIX (UIBTPAX, OHU UCIOJIB3YIOTCS IS
JIBYX LeJei: pa3zieneHusi KOMOWHUPOBAHHBIX CHUTHAJIOB W BOCCTAHOBJIEHMSI HMCKa)KEHHBIX
curHanoB. 3aece KUX-puibTp pazpaboraH ¢ UCIOIb30BaHUEM TeHeTrueckoro anroputma (I'A) B
MATLAB. OtBer u3y4aercs nyTeM COXpaHEHHUs MOCTOSHHOIO MOpPsIKa, 3HAUEHUN BEPOSTHOCTU
KpoccoBepa U BeposATHOCTH MyTauuu. GA mpemiaraer OBICTpPBIA, IPOCTOH M aBTOMATUYECKUN
crnocod mpoekTHpoBaHUS  HU3KO4YacTOTHBIX KUX-puiabTpoB ¢ OONBIIMM  OTKIIMKOM,
ObICTpOJCIICTBHE KOTOPOTo OU€Hb OJIM3KO K ONTUMAIBHOMY.
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ABOUT ONE TECHNIQUE FOR ESTIMATING WAVE LOADS ON
OFFSHORE PLATFORMS

Rugiya Askerova
Assistant of department “Oil, gas transportation and storage”, Azerbaijan State Oil and Industry University.
Email: rugiya.askerova.74@mail.ru

ABSTRACT

Offshore oil and gas facilities are continuously under the influence of various loads, from which
wave loads, wind loads, loads from underwater currents, loads from the weight of the structure
itself, dynamic loads from the operation of drilling and other technological equipment can be
distinguished. Among these loads, especially for the conditions of the Caspian Sea, the most
dangerous are wave loads, which, as shown by many years of operating experience, can lead to
significant damage to the structure.

It should be noted that the wave calculation of the supporting blocks of offshore platforms by
designers for many years took a lot of time due to the complexity of the calculation formulas
used. Therefore, the creation of computer software and graphical tools has opened up wide
opportunities for the application of modeling methods, in particular computer modeling. At
present, in the design of offshore oil and gas facilities, in particular the support blocks of
stationary platforms, computer software systems with 3D modeling capabilities are widely used,
which allow estimating wave loads on elements of the support block with various combinations of
initial data . At the output of the execution of these programs, the condition for satisfying the
criterion of strength and stability under wave loading is checked. If the structure does not meet the
conditions of strength and stability, the initial data is corrected (for example, new connections are
introduced, the values of the diameters of individual tubular elements and the thickness of their
walls increase) and a recalculation is performed. The computational process is performed until the
computer program issues a message about the satisfaction of the criterion of strength and stability
of the considered constructive solution.

At the same time, there are different approaches to the modeling of wave action, as a dynamic
physical process, and, accordingly, different methods for their evaluation, although wave
calculations are carried out by design organizations according to accepted design standards.

The paper analyzes the main dynamic loads on structural elements of offshore oil and gas
facilities, and on the basis of this analysis, the main factors that determine wave loads are
identified. The main results of theoretical and experimental studies on the study of wave action on
pipe elements of structures of offshore oil and gas facilities are presented.

On the basis of the conducted studies, an algorithm for calculating wave loads is proposed, which
is recommended for the initial assessment of the stress-strain state in vertical piles of the
platform’s jackets. The proposed algorithm provides for the sequential execution of steps, which
includes the calculation of the orbital motion of fluid particles along the depth of the sea, the
calculation of the portable movement of fluid under the influence of wind waves, the calculation
of the acceleration of fluid particles, and at the final step, the wave pressure on the tubular pile is
directly estimated. This pressure is the sum of the velocity and inertial components. At the output
of the implementation of the algorithm, a wave pressure diagram is constructed from the
calculated values of the wave pressure at the calculated six points.
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The proposed algorithm is based on physical concepts of the formation of wind waves and the
mechanism of wave action on a tubular vertical pile, which have been confirmed with sufficient
accuracy both in laboratory conditions and in field experiments.

On the basis of a computational algorithm for performing wave calculations, a program was
compiled and implemented on a computer, which can be recommended for use in the design of
supporting blocks of offshore platforms.

Keywords: platform, jacket, wave loads, wave pressure, modelling

DONiZ PLATFORMALARINA DALGA YUKLORININ TOSIRININ
QIYMOTLONDIRILMOSININ BiR USULU HAQQINDA

Ruhiyys 9sgorova
assistent, “Neftin, gazin naqli vo saxlanmas1” kafedrasi, Azarbaycan Dovlot Neft vo Sonaye Universiteti,
Email: rugiya74@mail.ru

XULASO

Doniz neft-qaz qurgularinin layiholondirilmosi qobul olunmus normalara osason aparilmasina
baxmayaraq, dalga tesirinin modellogdirilmasine miixtolif yanagsma {isullart vo uygun olaraq
miixtalif qiymatlondirilmo metodikalar1 mévcuddur.

Baxilan isdo doniz neft-qaz qurgularinin konstruksiya elementlorino tosir edon osas dinamik
yiiklor tohlil olunmus va dalga yiiklorinin tosiri amillori miioyyon olunmusdur.

Aparilan todqiqatlar naticesinde dalga yiiklorinin hesablanmasi iiciin alqoritm toklif olunmusdur.
Homin algoritm ardicil addimlarin yerina yetirilmasini nazards tutur vo buraya su hissaciklorinin
orbital horokatinin, kiiloyin tosirindon qovulma harokatinin, su hissaciklorinin aldiglart tacillorin
hesablanmasi vo sonda boru svayina tosir edon dalga tozyiqinin qiymoti hesablanir. Bu giymot
stirot vo inersial basqilarin comi kimi tapilir. Alqoritmin icrasinin sonunda hesabi alti ndqtoyo
gora dalga tozyiqinin epiirast qurulur.

Toklif olunan alqoritm kiilok dalgalarmin vo saquli boru svaylarina dalga tasirinin mexanizminin
formalagmasina dair movcud fiziki tosvirlorino asason tortib edilmisdir. Homin tosvirlor kifayot
gader doaqiqlikle hom laboratoriya soraitindo, hom do real istismar goraitinde aparilan toadqgiqatlarin
naticalari ils tasadiglonmisdir.

Hesablanma alqoritmi osasinda dalga hesabatinin aparilmasi {igiin proqram tortib edilmis vo
kompiiterdo icra olunmusdur. Homin proqram doniz platformalarinin dayaq bloklarinin
layihalondirilmasinds istifadaya tigiin tovsiyyo oluna bilar.

Acar sozlar: platforma, dayaq bloku,dalga yiiklori, dalga tozyiqi, modellagdirilma

Giris

Hal-hazirda karbohidrogen eytiyatlarin (neftin, qazin, qaz kondensatinin) oksoriyyati doniz
yataglarindan hasil olunur. Bu zaman kosviyyat vo istismar quyular1 osason doniz
platformalarindan aparilir. Bu qurgularin ~ konstruksiya elementlori miixtalif yiiklorin (dalga,
kiilok, sualti axinlardan yaranan vo sairo yliklorin) tesiri altinda qalir. Xozor donizi soraitindo
dalga yiiklori xiisusi ochomiyyat kosb edir. Belo ki, Xozorin doniz yataqlarmnin istismar tocriibasi
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gostorir ki, dalga yiiklori elo qiymotlor ¢ata bilor ki, estakada qurgularinda, doniz stasionar
platformalarda vo digar hidrotexniki tikililords ciddi zodonmalor miisahids olunub.

Yuxarida deyilonlorlo olagodar olaraq, doniz neft-qaz qurgularmin layihslondirilmosi zamani
miixtalif dinamiki yiiklorin, o climlodon miixtalif konstruksiya elementlorine dalga yiiklorinin
giymatlondirilmosi mosalasi aktual olaraq qalmaqgdadir.

Diinya praktikasinda miixtalif qurgulara tosir gostoron dalga yiiklorinin hesablanmasinda an genis
totbiq olunan metodologiya Morison diisturu yaxud hidrodinamiki nozariyyasine asaslanir [1,3].
Birinci yanagsma dalgalarin qeyri-xotti sociyyesini tam sokildo nozors almaqla mohdud
hiindiirliiklii dalgalardan yaranan yiiklorin hesablanmasina imkan verir. Lakin bl metodologiya
yalniz o qurgulara samil oluna bilor ki, konstruksiya elementlorinin Olgiilori dalganin
uzunlugundan xeyli ki¢ikdir. Bundan basqa belo yanagsmada elementlorin yaxud yaxinda yerloson
digor tikililorin biri birina qarsiliqlt hidrodinamiki tesirlorin gdstarilmasi istisna olunur.
Hidrodinamiki nazeariyyenin totbiqi iso yaranan difraksiya effektlorini vo garsiligl hidrodinamik
tosirlori nozoro alir, lakin mohdud hiindiirliiyii olan dalgalarin tesirindon yaranan yiiklorin
hesablanmasina bir o, godar imkan vermir. Boyiik dlgiilors vo miirokkob konstruksiya formalarina
malik olan doniz qurgularin oksoriyyati liclin hidrodinamik nozariyyoni tatbiq etmoklo daha doqiq
naticalor aldo etmak olur, ¢linki bu zaman cisimlorin su ilo yuyulmasininn miirokkob proseslori
nazara alinir.

Qurgularin davranisini tohlil etdikds adoton requlyar yaxud requlyar olmayan dalga hoyacani
halina baxilir. Umumi halda, dalga hoyacani molum spektrlordon biri ilo tasvir oluna biler ki, bunu
miloyyon amplituda, tezlik vo tosadiifi faza qiymotlori olan elementar rogslorin kombinasiyasi
kimi modellogdirmoak olar.

Dalgalarin formalasmasi, osas parametrlori vo onlarin paylanmasma dair mdvcud nozori vo
eksperimental baza, homg¢inin doniz neft qaz qurgularimin coxillik tocriibasi dalga hesabatinin
aparilmasi ligiin hal-hazirda qiivvads olan norma va qaydalarini elmi cohatdon osaslandirir. Daniz
qurgularinda dalga hoyacaninin dyronilmasi istigamatindo aparilan todqiqatlarin sonraki inkisafi
vo xiisusilo kompiiter modellogdirilmasinin genis totbiqi imkanlar1 miiasir program hesablanma
komplekslorinin yaradilmasina gotirib ¢ixartmigdir [2,4,5].

Moaqsad

SOCAR-mn “Neftqazelmtodgiqat” Institunda uzun illor orzindo aparilan nozori vo tocriibi
todqiqatlar osasinda genis elmi material toplanmigdir. Dalga hoyacanin formalagsmasi vo tosirinin
modellogdirilmasi tosdiglonmis elmi miiddoalara asaslanir. Bu elmi miiddealardan biri odur ki,
dalga profili su hissociklorinin kiiloyin tosirindon qovulmasi horokoti ilo homin hissociklorin
elliptik orbitlor tizro olan harokotinin {ist {isto diigmosi hesabina yaranir. Saquli boru svayina
donizin dorinliyi boyunca tosir edon dalga tozyiqi siirat vo inersial basqunin comi kimi tapilir.
Lakin bu fiziki prosesi tosvir edon diisturlar miirokkob oldugundan vo dalga yiiklorinin
hesablanmasi ilkin verilonlorin miixtalif kombinasiyasinda aparildigindan ilk névbada cevik
hesablanma algoritminin qurulmasina eytiyac vardir. Baxilan isdo aparilan tadqgigatlarin magsadi
bels alqoritmin vo miivafiq programim qurulmasi vo kompiiterds icrasi olmusdur.

Metodlar

Moaqalads nazari va eksperimental todqiqatlar naticasinds dalga hoyacanina, dala parametlorin
paylanmasina vo dalga tozyiqinin formalagsmasina dair coxillik elmi molumatdan genis istifado
olunmusdur. Dalga hoyacaninin yaranmasi vo onun dayaq blokunun boru elementloring tosirinin
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giymotlondirilmosindo  hidrodinamiki nozoriyys, dalga nozoriyyasi elementlorindon vo
modellosdirilmo tisullarindan istifado olunmusdur. Bundan basqa qrafiki vo proqram
vasitolorindon istifado edorok, yekunda hesablanma alqoritminin blok sxemi qurulmusdur. Dalga
tozyiqinin epilirasinin qurulmasinda MS Excell programinin imkanlarindan istifade etmoklo
hesablanmis noqtolori hamar oyri torafindon verilmasi vo Simpson diisturunun kémoyi ilo dalga
tazyqinin yekun ortalanmis qiymati toyin olunmusdur.

Notica

Aparilmis todqiqatlar naticosinds ayrica dayanmis saquli svaya tosir edon dalga tozyiqinin toyini
licin hesablanma alqoritmi qurulmusdur. Hesablanma alqoritmin blok sxemi asagida tosvir
olunmusdur (Sakil).

Homin alqoritmi ardicil yerinas yetirilon addimlar kimi tasvir etmak olar.

Addim 1. ilkin verilonlorin daxil olunmasi: donizin dorinliyi (H); dalganmn hiindiirliiyii (h);
dalganin uzunlugu (L); boru svaymin diametri (D); doniz suyunun xiisusi ¢akisi (7).

Addim 2. Su hissociklorinin orbital horokoti (elliptik orbitlorin {ifiiqi vo saquli radiuslar
hesablanir. Bu vo sonraki marholodo hesablanmalar alt1 noqtoys goro aparilir (hamin noqtolor
donizin sakit saviyyasindon baglayaraq, denizion dibino qodor 0,2H araliqda ardicil gétiiriiliir).
Addim 3. Kiiloyin tosirindon su hissaciklorin qovulmasi horokotinin hesablanmasi (su
hissaciklorinin siiroti qiymatlori hesablanir vo bu gqiymatlor 5-ci addimda dalga tozyiqinin stirst
toplananin toyini zaman istifads olunur.

Addim 4. Su hissaciklorin tocilinin hesablanmasi (hesablanmis qiymotlor 5-ci addimda dalga
tazyiqinin inersial toplananin toyini zamani istifads olunur).

Addim 5. Dalga tozyiqinin ayriliqda siirat vo inersial toplananlarinin hesablanmasi vo sonradan
dalga tozyiqinin homin toplananlarin comi kimi tapilmasi.

Addim 6. Dalga tozyiqi epiirasinin qurulmasi vo dalganin tosirinden yaranan oyici momentin
toyini.

Alqoritminin icrasinin ¢ixiginda qurulan epiiranin tohlili gosterir ki, donizin dorinliyi artdigca
dalga tozyiqinin qiymoti azalir vo miioyyon dorinlikdon sonra boru svayina dalganin tosirini
nazars almamagq olar.

Beloliklo doniz neft-qaz qurgularina dalga hoyacanini formalasdiran osas parametrlor vo tosir
amillori miloyyon olunmusdur. Bunlar kiiloyinsiirati, donizin dorinliyi, dalganin uzunlugu vo
hiindiirliiytli, boru svaymin diametri vo doniz suyunun sixligidir. Dalga hoyacanin tasirinin cixis
parametri kimi dalga tozyiqinin hesablanmis qiymatini gotiirmok olar.

Tadgiqatlar naticasinds qurulmus hesablanma algoritmi stasionar deniz platformalarinin dayaq
bloklarinin layihslondirilmasi ilo mosgul olan miisssisalar tarafindon istifads li¢lin tovsiyya oluna
bilor.
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VERILONLORIN
DAXIL OLUNMASI

ORBITAL HOROKOTIN
HESABLANMASI

QOVULMA HOROKOTININ
HESABLANMASI

HISSOCIKLORIN
TOCILININ HESABLANMASI

DALGA TOZYIQININ
HESABLANMASI VO EPURUNUN
QURULMASI

Sakil 1. Dalga tozyiqinin hesablanmasi ti¢iin alqoritm

Beloliklo doniz neft-qaz qurgularina dalga hoyacanini formalasdiran osas parametrlor vo tosir
amillori miioyyon olunmusdur. Bunlar kiiloyinsiirati, donizin derinliyi, dalganin uzunlugu veo
hiindiirliiytli, boru svaymin diametri vo doniz suyunun sixligidir. Dala hoyacanin tasirinin cixis
parametri kimi dalga tozyiqinin hesablanmis qiymatini gétiirmok olar.
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Todqiqgatlar noticosindo qurulmus hesablanma alqoritmi stasionar doniz platformalarinin dayaq
bloklarinin layihalondirilmasi ilo mosgul olan miisssisalor torafindon istifads iigiin tovsiyyo oluna
bilor.
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Ob OJHOH METOJMKE OIIEHKH BOJIHOBBIX HAT'PY30K HA
OIIOPHBIN BJIOK MOPCKHUX IVIAT®OPM

Pyrusi AckepoBa
accucTeHT Kadeaps! « TpaHCIIOPT U XpaHeHHe HeGTH U Ta3ay, A3epOail[PkaHCKUI TOCyIapCTBEHHBIH YHUBEPCUTET
HedTH 1 mpombinuieHHocTH, Email: rugiya74@mail.ru

PE3IOME

B pabote npousBoauTCS aHAIU3 OCHOBHBIX AMHAMUYECKUX HArpy30K Ha 3JIEMEHThl KOHCTPYKIUI
MOPCKUX HE(TEra3oBbIX COOPYKEHHH M Ha OCHOBE 3TOT0 aHAlIM3a BbIIEIEHbl OCHOBHBIE
(dakTopbl, ONpeAeNsAolMe BOJHOBbIE Harpy3ku. IIpuBeneHbl OCHOBHBIE  PE3YJIbTATHI
TEOPETHYECKUX M SKCIEPUMEHTAIBHBIX UCCIETOBAHNN IO U3YYEHUIO BOJIHOBOI'O BO3JIEHCTBUS HA
TPYOHBIE JIEMEHTHI KOHCTPYKIMI MOPCKUX HEPTEra30BbIX COOPYKEHHI.

Ha ocHOBe npoOBENEHHBIX HCCIEAOBAaHUM IPEUIOKEH AITOPUTM pacyeTa BOJHOBBIX HArpys3ok,
PEKOMEH/yeMbIil 1 TMEepPBUYHOM OLIEHKH HANPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSHUS B
BEPTUKAIBHBIX CBAasIX MOPCKMX OCHOBAaHMM. I[IpemyioKeHHBIM anropuTM MpeayCMaTpUBAET
MOCJIEI0BATEIbHOE BBHIOJHEHHUE IIaroB, KOTOPBIA BKIIIOYAET pacyeT OpOUTAIbHOTO JIBUIKEHUS
YacTUIl JKUJIKOCTH IO TIyOMHE MOps, pacyeT MEepPeHOCHOTO JABMXKEHUS JKUIKOCTH O]
BO3/JICIICTBUEM BETPOBBIX BOJIH, PAacdeT YCKOPEHUS YacTHUI] JKUIKOCTH M Ha 3aKJIIOUUTEIBHOM
n1are HeroCpPeJCTBEHHO OLIEHHWBAETCS BOJHOBOE JaBjieHHE Ha TpyOuaTyro cBar. DTO JaBlIEHHE
CKJIAJbIBACTCS M3 CKOPOCTHOIO M HHEPUUMOHHOIO cocTaBisromux. Ha BeIxoxe peanusanuu
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IrOpUTMa CTPOUTCS AMIOpPa BOJHOBOTO JaBJICHUS MO BBIUYMCICHHBIM 3HAYEHHUSIM BOJHOBOTO
JABJICHUS 110 PACUETHBIM LLIECTH TOUKaM.

[IpennokeHHbINH AITOPUTM COCTABIICH UCXOAS U3 (PU3MUECKHUX MPEICTaBICHUN O GOPMUPOBAHUU
BETPOBBIX BOJIH M MEXaHH3Ma BOJHOBOTO BO3ICHUCTBUS HAa TPyOUyaTyl0 BEpTHKAIBHYIO CBAlO,
KOTOpBIE€ TOTYUYMIH MOATBEPKICHUE C IOCTATOYHON TOYHOCTHIO KaK B TaOOPATOPHBIX YCIOBHSIX,
TaK ¥ YCJIOBUSX MPOBEJICHUS HATYPHBIX IKCIIEPUMEHTOB.

Ha ocHOBe BBIYHCIHUTEIBHOTO ajropuT™Ma MAJisi IPOBEICHHS BOJHOBOIO pacyeTa COCTaBJICHA
nporpaMMa W peaji30BaHa Ha KOMIIBIOTEpE, KOTOpas MOXKET OBITh PEKOMEHJOBaHA IS
MCIOJIb30BaHUS MIPU MPOESKTUPOBAHUH OMOPHBIX OJIOKOB MOPCKUX IIATPOPM.

KiroueBble ciaoBa: miuaTdgopma, OMOPHBIH OJOK, BOJHOBBIE HArpy3Kd, BOJIHOBOE IaBlICHHE,
MOJIETTUPOBaHUE
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ABSTRACT

The research work consists of the preparation of solutions of special concentration using
biopolymers of gum origin, which are natural polysaccharides with a branched structure, and the
study of characteristic properties of solutions used in enhanced oil recovery in the oil industry.
Gum solutions of three types collected from young trunks of pine (fir), cherry and acacia trees as
gums of plant origin (GPO) biopolymers were used in this research. The collected GPO were
purified by cleaning from mechanical impurities and powdered. In general, one of the main
requirements to polymer solutions used in enhanced oil recovery by oil displacement is the
assessment of their viscosity. Unlike Newtonian fluids, at polymer solutions moving in porous
media, macromolecules are stretched and compressed. The change of viscosity of biopolymer
solutions depending on ionic strength has been studied in the presented work. Viscosity of
solutions of certain concentrations of biopolymers in the presence of salt, inorganic and active
surfactant matter (ASM) has been studied. The dependence of viscosity on temperature and
electrolyte viscosity under different flow conditions has been studied. It has been shown that
viscosity increases with the addition of both salt and anionic active surfactant matter to the fir
gum. At the same time, the viscosity of solutions was checked in the presence of ionogenic and
non-ionogenic organic substances, their internal and surface tension was compared.

In this regard, the surface and internal tension of all three GPO solutions in the presence of
anionic ASM carboxymethylcellulose, have been investigated. It has been established that the
surface tension of carboxymethylcellulose is 37.4 mN/m, while its addition to GPO solutions
reduces the surface tension of all three biopolymer solutions to 31.8 mN/m. This is due to the
formation of intermolecular interactions between macromolecules of biopolymers. For cherry
origin biopolymer gum, the effect of the high salt content anion ASM is negligible compared to
the salt solution without ASM. When the amount of salt content is high and the anion ASM is
present at low solids from carboxymethylcellulose , no change in viscosity is observed compared
to the without ASM solution. So, when the amount of anion ASM concentration is higher than
carboxymethylcellulose , a slight increase in viscosity is observed compared to a polymer solution
without ASM. On the other hand, for carboxymethylcellulose, the viscosity increases with the
addition of both the salt and the anionic ASM, which leads to a further increase in viscosity. As a
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result of the research, it was determined that if the surface tension of the carboxymethylcellulose
value is equal to the recorded above, its addition to GPO solutions reduces the surface tension of
all three biopolymer solutions. This is due to the formation of intermolecular interactions between
the macromolecules of carboxymethylcellulose and GPO biopolymers. The mixture of fir gum
with carboxymethylcellulose slightly increases the internal tension, which is due to the chemical
composition and characteristic physical properties of that gum. Based on the research results, the
biopolymer solutions were prepared by using the proposed gums of plant origin, and the
possibility of their use in compaction of viscous liquids in the pores of rocks was confirmed. The
nature of biopolymer solutions leads to a decrease in viscosity values, internal and external
surface tension during mixing with different ionic strength or contact with organic matter
solution. This reduction would have increased their application capacity as compression fluid.
Keywords: gum of plant origin, biopolymer, viscosity, surface and internal tension
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XULASO

Isdo bitki monsoli kitro biopolimerlori (BMK) kimi ii¢ tip — sam (kiiknar), albali vo akasiya
agaclarinin cavan govdolorindon toplanan gotran mohlullarindan istifado olunmusdur. Yigilmis
BMK-lor mexaniki qarisiqlardan tomizonorok saflagdirilmis vo toz halina salinmisdir.
Biopolimerlorin miioyyan qatiligli mahlullarinin duz, geyri-izvi vo sathi aktiv madds istirakinda
ozliliiklori todqiq edilmisdir. Miixtolif axin soraitindo Ozliililylin temperatur vo elektrolit
qatiligindan asililigr Oyronilmisdir. Gostorilmisdir ki, kiiknar mongoli BMK mohluluna hom
duzun, hom do anion sathi aktiv maddenin olave edilmoasi ilo Ozliiliik artir. Anion sathi aktiv
madds olan karboksimetilselliiloza istirakinda hor iic BMK mohlullarinin miisyyen qatiliglarinda
sathi vo daxili gorilmalari todqiq olunmusdur. Miisyyon edilmisdir ki, karboksimetilselliilozanin
sathi gorilmasi 37.4 mN/m oldugu halda onun BMK mohlullarina slavo edilmosi hor ii¢
biopolimer mohlulunun sothi gorilmasi 31.8 mN/m-o qodor azaldir. Bu biopolimerlorin
makromolekullar1 arasinda intermolekulyar qarsiligli alagalorin amolo golmasi ilo slagoadardir.
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Acar sozlar: bitki monsali kitro, biopolimer, 6zliiliik, sothi vo daxili gorilmo

Giris

Lay tozyiqi asag1 diismiis neft yataglarinda neftverimini artirmaq {i¢iin istifado edilocok monboyi
bol olan yeni kitro biopolimer mohlullarinin hazirlanmasi son dévrlorin aktual mosalslorindon biri
kimi todgiqatcilarin maragini colb edon saholordondir. Molumdur ki, istismar miiddati Gtmiis
quyularda lay tozyiqinin asagi diismosi mohsuldarligi azaltmagla borabor olavo texnoloji
tadbirlorin do goriilmasini tolob edir. Bu moagsadle miiasir neft-qaz sonayesindo kenar quyular
vasitosilo neftin hom sixisdirilmasi, hom do lay tozyiqinin saxlanilmasi ti¢in miixtolif 6zIU
mohlullardan istifado olunur. Sintetik vo tobii polimerlorin  xiisusiyyatlorini nozora alaraq
Respublikamizda asan aldo oluna bilon, tobii ehtiyyatlar1 bol olan miixtalif bitkilorin kitrolorindon
istifado etmoklos 6zlii biopolimer moahlullarinin hazirlanmasi vo onlarin golocokds basici quyularda
istifado sortlorini nozoro alaraq bozi parametrlorinin todqiqi toqdim edilon isdo nozords
tutulmugdur. Belo ki, forqli bitkilordon toplanan bipolimer kitralorin miixtolif qatiligh
mohlullarinin  dinamik ozlililyliniin  temperatur vo saxlanilma miiddstindon, eloca do
qarigdirilacaq suyun mineraloji torkibindon asililig1 dyronilmisdir. Bundan savay1 saxali struktura
malik tobii polisaxarid olan kitro monsoli biopolimerlordon istifado edorok xiisusi gatiligl
mohlullarin  hazirlanmas1 vo neft sonayesindo neftveriminin artirilmasinda istifade edilon
mohlullara xarakterik xassolorinin todqiqi aparilmisdir. Bununla olagodar biopolimer
mohlullarmin  6zliliklerinin ion giliclindon asili olaraq doyisilmosi Oyronilmisdir. Homginin
mohlullarin 6zliliiyli ionogen va geyri-ionogen tizvi maddslar istirakinda yoxlanilmis, daxili vo
sothi gorilmalori miiqayiss edilmisdir.

Moaqsad

Problemin aktuallig1 va alaqali tadqiqatlar. Oksor neft yataglarinda lay tozyiqini saxlamaq vo
nefti hasilat quyularina sixisdirmagq tigiin doniz vo miixtalif slavali sirin su yeralt1 lay slixurlarina
vurulur. Bu amoliyyat su basmasi adlanir. Tadqgiqatgilar quyularda neft verimini artirmaq (QNA)
tclin miixtalif tsullar isloyib hazirlamislar. Bunlara termal, kimyavi vo qaz vurulmasi va s.
tisullar1 aiddir [1,2]. Polimer axinlar1 —“Polymer flood” on cox istifads edilon kimyavi QNA
tsuludur. Suya polimerlorin oslavo edilmasi noticosinda su-yag horokatliliyi azalir. Belo bir
dayisiklik daha yaxs1 siiplirma samaraliliyina sabab ola bilar [3]. Polimer axinlari biitiin diinyada
bir cox QNA layiholorinds texniki va iqtisadi cohatdon ugurlu olmusdur [4]. Saho totbiglorinds
polimer axinlari ilo QNA-m1 12-15% artirmaq miimkiindiir [5]. Tocriibolor gostordi ki, neft
hasilatinin artirilmast {igiin adi suyun ovozina polimer mohlullarinin  vurulmasi xarclorin azalmasi
nogteyi-nazordon somoralidir [6].

Umumiyyatlo neftin sixigdirilmasi ilo neftveriminin artirilmasinda istifado olunan polimer
mohlullarina qoyulan asas talablordon biri onlarin 6zliiliik qiymatloridir. Nyuton mayelordon forqli
olaraq polimer mohlullarinin mosamali miihitlorde horaksti zaman1 makromolekullarin dartilmasi
va sixilmasi bag verir. Belo halda, polimerlar slava 6zlii elastiklik niimayis etdirirlor ki, bu da
mikroskopik vo makroskopik siirligmo effektliyi yaradir [7-9]. Miixtalif molekul kiitlo
paylanmasina malik eyni orta molekul kiitloli polimer mohlullar1 oxsar axin 6zliliiyiindo forqli
elastiklik formalasdirirlar. Todqiqatlara asason yliksak elastikli polimer mahlullar masamali miihit
daxilinds axmaga qars1 daha yaxs1 miiqavimot gostorir. Bu iso sonda asagi qaliq neft doymasina
vo neftveriminin yaxsilagmasina gotirib ¢ixarir [10].
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Metodlar

Uygun agaclarin govdalarindon xam madds olan kitralor y1gildigdan sonra maqnit qarigdiricinin
komoyi ilo tomiz suda 2 giin orzindo tam holl edilmis vo siiziilorok mexaniki hissalordon
tomizlonmisdir. Sonra mohlullar 3 giin orzindo 30°C-do garisdirilaraq qatilasdirilib vo spirtdo
¢okdiiriilorok qurudulub toz halina salinir. Fazalararas1 gorilmo tocriibalori ti¢in Sigma-Aldrich-
don dodekan alinmisdir. Sothi aktiv maddonin (SAM) 32%-ni aktiv madds (AM) toskil edir. Hom
tomiz, hom do durulagdirilmis SAM istifads edilmis; durulasdirma ultratomiz su ilo aparilmisdir.
Tween® 80, geyri-ion SAM, Sigma-Aldrich-don alinmigdir. Biopolimer mahlullarinin sathi vo
fazalararas1 gorilmo otaq temperaturu soraitindo (20+1°C) Sigma 703 halqa tenziometrindon
istifado etmoklo Olgiilmiisdiir. Tenziometr ultra tomiz su ilo kalibrlonmisdir. Arzuolunmaz
artefaktlari minimuma endirmok ti¢iin platin halge avvalco yuyucu vasito, su vo daha sonra alovla
tomizlonir. Siiso gablar ovvolco su, aseton vo toluol ilo tomizlonmis, sonda iso tomiz su ilo
yuyulmusdur. Olgmalar iigiin 20 ml polimer mahlulu saxlayan kigik siiso qab istifade edilmisdir.
Fazalararasi gorilmonin Ol¢iilmasi tigiin sotho 20 ml dodekan oslavo edilmisdir. Sothi gorilmonin
qiymatlorinin, sothi gorilmonin miisahido olunan azalmasi 1 saat orzindo 1 mN/m olanadsk
Olgllmasi aparilmisdir.

ovvalki tadqgiqatda ii¢ forqli bitki monsoli kitro (kiiknar, albali vo akasiya) biopolimerlorindon
istifado etmoklo suda vo lay suyunda ozliililyli miioyyon edilmis va sirin/lay suyunda dinamik vo
kinematik ozliiliiklori, eloco do bu ozliliiklorin BMK-in miqdarindan, temperaturdan vo
mohlullarin galma miiddstindon asililiglar1 Gyronilmisdir [11].

Kiiknar mansali kitra biopolimeri (KMB) elektrolitlorin kigik gatiliglarina hasassliq gostormoyan
neytral biopolimerdir [12]. Mohlulda KMB zancirlori gubugsokilli iiglii spirallar omoalo gatirir,
onlarin aqreqasiyasinin qarsist D-glilkozidamid qruplart torofindon alinmir. KMB-nin asagi
duz/SAM qatiliglarinda, 50°C-do 6zliililyli 6yronilmis vo miixtalif axin qiymotlorinds 6zliliiyii
sokil 1-do verilmisdir.

1000 0.1 mmwol/L geyn izvi
0.1 mmol/L andon SAM
0.1 mmel/L NaCl

(yucandan asagiya)

1000

ozlulik, (mPa*san)

0.l | ] 100 1000

siiriisma siirati, san*
Sakil 1. Kigik qatiliglit duz vo SAM qatiliginin 50°C-do KMB-nin 6zliilityiine tosiri

Tadqiq edilmis biitiin temperaturlarda duz vo ya SAM olavo edilmesi ilo ozlilik artir. Olava
edilon duzun kig¢ik miqdarlarinda, 6zliiliiylin ciizi (demok olar ki, shamiyyatsiz doracods) artimi
miisahids olunur. Duz vo ion SAM orta qatiliglarinda slavasi zamani1 mahlulun 6zliiliiylin artmasi

e
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bas verir [13]. KMB mohlulunun 6zliiliiyiliniin artirilmasinda geyri-ion SAM on boyiik aktivlik
niimayis etdirir. Bu miisahido qgeyri-qliikkan molekullarin (1,3)-B-D-qgliikkanlarin daxilinde amals
golon birdlgiilii hidrofob boslugda tutula bilmaesi ilo izah edilo bilor [14]. Anion SAM-1 istifado
edorkon, mohlulun 6zliliyii SAM-n baglanmasi sobobindon artir vo polimer daha uzun bir
konformasiyaya malik polielektrolito ¢evrilo bilir. Belo ki, dl¢lilmiis 6zliiliiylin yerdoyigsmasinin
gisman yiiksok siiratli siirlismo rejiminog ¢evrilmoasi fakti, 6zliiliylin artmasi tobiotino goro qismon
geyri-elektrostatik xarakter dasidiginin bariz géstaricisidir [13].

KMB albali kitrasindon daha az termohassasdir, bu da ii¢lii spiralin orimo temperaturunun ~135°C
olmasi ilo olagodardir; beloliklo, denaturasiya ~135°C-don asagi bas vermir vo spiral qurulusu
qorunub saxlanilir. Sokil 1-do gdstorilon tendensiyalar biitiin qatiliglarda, temperaturlarda
miisahido edilorok elektrolit vo temperaturun KMB-yo tosirinin minimal oldugunu tosdigloyir.
Olagali SAM ilo KMB-nin hidrodinamik hacminin artmasi istigamatinin uygunlugu KMB {igiin
Olciilmiis Ozliliylin biitiin artimlarinin qismon yiiksok siirlismo siiroti rejimine ¢evrilmosi ilo
olagadardir. Qeyri-ion SAM-in asag1 qatiliglarinda o6zliiliyiin sabit arttiminin miqyasina goro,
digor geyri-elektrostatik mexanizmlor do hidrodinamik kiitlovi tesirlora alave olaraq 6zliiliiyiin
arttimin1 izah edo bilor [13-15]. Biitiin olverisli xiisusiyyatlor, o ciimlodon yiiksok termiki,
slirlismoays vo duza davamliliq, eloco do sathi aktiv maddenin istiraki ilo artan 6zlilik, KMB-nin
QNA-da polimer ilo sixigdirma ii¢iin perspektivli material oldugunu niimayis etdirir [16]. Belos ki,
anion sathi aktiv maddonin duz mohluluna tasiri albali kitrasi ilo KMB tigiin forglidir (sok.2).

1000 00 9% NaCl 10000 3 3.5% NaCl +0.1mmol/L anion SAM
3.5% NaCl+3.0 mmol/L anion SAM 3 3.5% NaCl+0.5 mmol/L anion SAM
3.5%NacCl 3.5%NaCl+2.5 mmol/L anion SAM

3.5%NaCl+0.5 mmol/L anion SAM
3.5% NaCl+0.1 mmol/L anion SAM

(vuxaridan asagiva)

3.5%NaCl
0% NaCl

(yuxaridan agagiya)

1000 4
100

100 4

ozliiliik, (mPa*san)
ozliiliik, (mPa*san)

10

0.1 1 10 100 1000 0.1 1 10 100 1000

siiriismo siirati, san* siliriisma siirati, san*

Sakil 2. 1.5 qr/l KMB va 3 qr/l gatiligh AMB-nin 25°C-ds 6zliiliiyiine duz vo anion sathi aktiv
maddos gatilighilarinin tosiri

Albali mongali biopolimer (AMB) kitrasi liclin duzun yiiksok miqdarinda anion SAM-1n tasiri,
sothi aktiv maddo olmayan duz mohlulu ilo miiqayisodo shomiyyatsizdir. Duzun miqdari yiiksok
olduqda (3,5 kiitls %), hansi1 ki, anion SAM karboksimetilselliilozadan (KMS) asag1 qatiliglarda
movecud olduqda, sothi aktiv madde olmayan mohlulla miiqayisade 6zliililkde he¢ bir doyisiklik
miisahido edilmir. Belo ki, anion SAM-1n miqgdar1 KMS-don yuxar1 gatiliglarda mévcud olduqda,
sothi aktiv maddo olmayan polimer mahlulu ilo miiqayisada 6zliiliikde bir godor artim miisahido
olunur. Digor torofdon, KMB {i¢iin, hom duzun, hom do anion sothi aktiv maddonin slave edilmaosi
ilo 6zliiliik artir, bu da 6zliililylin daha da artmasina sabab olur.

Miisahido olunan 6zliiliiyiin ohomiyyatli doracads artmasi anion SAM-1n olmasini tolob edir, lakin
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0, anion sothi aktiv maddonin qatiligindan asili deyil. Bels ki, elektrostatik qarsiligli tosir NaCl-un
3,5% kiitlo nisbotindo ekranlagdigindan, viskozlasma mexanizminin elektrostatik spiralin
burulmasinin genislonmosini ehtiva etmosi ehtimali azdir [15]. ©ksina, Ozliiliiylin artmasina gora
¢ox guman ki, geyri-elektrostatik tosir qiivvalari cavabdehdir vo bunu iig sort siibut edir:

-geyri-ion SAM-in qatiligdan asililiginin olmamasi, hansi ki, elektrostatik effektlora nisbaton
geyri-elektrostatik effektlorlo daha ¢ox alagolidir;

-elektrostatik effektdon forqli olaraq qeyri-elektrostatik effekti olan ekranlasdirilmis miihit;
-ckranlasma miihiti.

Anion SAM olan KMS istirakinda hor tic BMK-nin miisyyan qatiliglt mohlullarinin sothi vo daxili
gorilmosi todqiq olunmus vo naticolor codval 1-do verilmisdir.

Cadval 1. Anion SAM — KMS vs elaca do onun kiiknar, akasiya v albali monsali kitralor ilo
birlikds bohran miselyar gatiliglarda sothi vo daxili gorilmalari.

Sothi garilma Daxili garilma
Numunalor KMS YKMS KMS YKMS

mol/L mN/m mol/L mN/m
Anionit KMS 5.02x10-4 37.4 2.82x10-4 6.8
Kiknar gotran1i+KMS 9.14x10-4 35.7 8.25x10-4 7.4
Akasiya gotrani+tKMS 8.73x10-4 33.5 8.73x10-4 5.2
Albali gqotrani+KMS 7.85x10-4 31.8 8.86x10-4 5.1

Natica

Miayyon olunmusdur ki, KMS-nin 6ziinilin soth gorilmasi 37.4 mN/m oldugu halda onun BMK
mohlullarina slava edilmasi hor {i¢ biopolimer mohlulunun sothi gorilmasini azaldir. Bu KMS ilo
BMK biopolimerlorinin makromolekullar1 arasinda intermolekulyar qarsiligli alagelorin amolo
golmosi ilo slagadardir. Daxili gorilms iso yalniz kiiknar gotrani ilo KMS qarisiginda bir qodar
artir ki, bu da homin kitronin kimyavi torkibi vo xarakterik fiziki xassolori ilo baglidir.

Oldo edilon noticolora asason toklif edilon ii¢ tip bitki mongoli kitrolordon istifado etmoklo,
miixtolif qatiligli biopolimer mohlullart hazirlanmig vo onlarin 6zl mayelorin  suxur
mosamalorinda sixigdirilmasinda istifadesinin miimkiinliiyli siibut olunmusdur. Bels ki, homin
biopolimer mohlullarinin tobisti forqli ion giicline vo ya ilizvi madde mohlulu ilo tomasinda
qarigdirilmast zamam 6zliiliik qiymatlorinin, daxili vo xarici sathi gorilmonin azalmasina sobab
olur. Bu azalma iso onlarin sixigdirma mayesi kimi totbiq imkanlarini artirmis olur.

Bu is SOCAR-1n maliyya yardimu ils yering yetirilmisdir — Qrant LRNel1 “Neft yataqlarinin
neftveriminin artirillmasi ii¢iin yeni bitki monsali Kitra-biopolimer “nanomayelarin”
yaradilmas1”
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PE3IOME

B kadecTBe KamenuCTHIX OHOIMOIMMEpOB pacTuTenbHoro mnpoucxoxaenus (KPII) B pabore
MCTIOJIB30BAJIM PACTBOPHI CMOJI, COOpaHHBIE C MOJIOABIX CTBOJIOB TPEX JACPEBBEB - COCHBI (TIUXTHI),
BultHU U akauuu. Coopannbie KPII 6bu1M OYHMIIEHBI OT MEXaHUYECKHUX MPUMECEH U U3METbYECHBI
B TIOPOUIOK. BBITN M3y4eHBI BA3KOCTH PACTBOPOB OMOTIOIMMEPOB ONPEIECICHHBIX KOHIIEHTPAIIHIA B
MPUCYTCTBUU COJIeH, HEOPraHWYECKUX U IOBEPXHOCTHO-aKTUBHBIX BemiecTB. lccrmemoBaHa
3aBUCHUMOCTD BSI3KOCTH OT TEMIEPATYPbl U KOHLIEHTPALMU AIEKTPOJINTA IIPU PA3IUYHBIX PEKUMAX
MoTOKa. bblTo mokaszaHo, 4to npu nob6asneHuu B pactBop KPII muxToBOoro mpoucxoxaeHus, Kak
COJIM, TaK U aHWOHHOI'O MOBEPXHOCTHO-aKTMBHOI'O BEUIECTBA, BSI3KOCTh yBelIMuUMBaeTcs. bbuio
U3Y4YEHO NOBEPXHOCTHOE M BHYTPEHHEE HaIpshKeHHE Bcex Tpex pacTBopoB KPII ompenenenHbix
KOHIIGHTpAallUid B TPHUCYTCTBHH KapOOKCHMETHIIEIION036l - aHuoHHoro [IAB. bsuio
YCTAQHOBJICHO, 4YTO MpH A00aBICHUM KapOOKCUMETHIILEIUIION03bl, HMEIoLle coOCcTBEHHOE
noBepxHocTHOe HampspbkeHue 37,4 MH/M, x pactBopam KPII moBepxHOCTHOE HampsiKeHHE BCEX
TpeX pacTBOpoB OuomnonuMmepoB cHuxkaerca a0 31,8 mMH/M. Drto cBs3aHo ¢ oOpa3oBaHUEM
MEXMOJIEKYJIIPHBIX B3aUMOIEUCTBUN MEXly MAaKPOMOJIEKYJIaMU OMOTIONMMEPOB.

KiroueBble coBa: KaMelb pPACTUTEIBHOIO IPOUCXOXKJEHHs, OHOMONMMEp, BSI3KOCTb,
MTOBEPXHOCTHOE U BHYTPEHHEE HaNpsKEHHE.
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ABSTRACT

M-14B2 motor oil used in diesel locomotives, ships and stationary JIH and JIPH 23/30 brands, as
well as large self-loading and industrial 6-8 UH 21/21 brand diesels M-14 base oil and 3%
[MUATUM-339, 6 % IIMC «A», 2% BHMU HII-354 or 1d-11 and 0.003% IIMC-200A were
produced in different cities of Russia. Currently, this oil is sold under different names Lukoil M-
14B2, WEGO M-14B2, Rosneft M-14B2, etc. by the Russian company "Oils and Lubricants
LLC". is produced.

Since M-14B2 motor oil is widely used in various heavy tonnage machines and mechanisms in
the Republic, it is urgent to create a new analogue of this motor oil based on distilled oils obtained
from Azerbaijani oils.

Research works on the creation of new lubricant compositions of M-14B2 motor oil are reflected
in the article. Researches were carried out in two directions: on the basis of M-11 base oil
prepared from the compound of M-8 and M-15 Baku distillate oils, and also using the
regeneration product of used motor oils as base oil.

Since the viscosity-temperature properties of Baku base oils do not meet the requirements of
group B2 motor oils (the viscosity index of Baku base oils is 70-75 units while the standard
viscosity index is 75-80), in order to involve them in lubricant compositions, it is first necessary
to improve the viscosity-temperature properties was being For this, a number of
polymethacrylate-type Viscoplex series additives of the German company Evonik were used as
the research object. In the selection of additives, their resistance to mechanical and thermal
destruction was taken into account.Thus, M-11 base oil made from the compound of M-8 and M-
15 Ba ku distillate oils, additives with different functional properties - detergent-dispersant -
succinimide type OLOA-373c, detergent-dispersant - C-150, against oxidation, corrosion and
corrosion - By researching Mx-3103, Viscoplex-4-550 viscosity additives, M-14B2 lubricant
composition was created in accordance with the requirements of GOST 12337.

As a result, a new analogue of M-14B2 API CB SAE 40 brand oil was created using additives
with different functional properties taken in different concentrations.Research on the creation of
new lubricant compositions was also created using the regeneration product of used oils as a base
oil. As a result of the research conducted by us, the positive quality indicators of the regeneration
product of Mysella-40 motor oil used for 6000 hours in the spark-burning generator of Modular
Power Stations have confirmed its use as a base oil.
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On the basis of the regeneration product, together with the additive packages SAN-2022A,
OLOA-9999, PA-2600, the multifunctional additive synthesized at the institute - the calcium salt
of the condensation product of alkylphenol with formaldehyde and aminoacetic acid AKI-150, the
zinc salt of dialkylithiophosphate acid against oxidation and corrosion JI®-11 and from the
laboratory tests of the created additive composition consisting of detergent-dispersant C-250
additives, it is clear that the lubricant compositions fully meet the requirements set for the
analogous commodity oil sample.

Thus, the new M-14B2 APl CB SAE 40 type lubricant compositions created by using the
regeneration product of the spent sample of M-11 and Mysella-40 oil made of the compound of
Baku distillate oils as base oils, according to their physical-chemical and operational properties,
are suitable for ships, locomotives, industry, heavy, it is recommended for use because it is
ecologically and economically efficient, in addition to fully meeting the requirements of GOST
12337 for its use in JIH and JIPH 23/30 diesels that discharge its own load (6-8 UH 21/21).
Keywords: base oil, motor oil, regeneration product, lubricant composition, additive, additive
package.

M-14B, API CB SAE 40 TIPLI MOTOR YAGININ YENI SURTKU
KOMPOZISIYALARI
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XULASO

M-14B, motor yag1 gami, teplovoz, stasionar, sonaye vo 6z ylkiinli bosaldan dizellorinds istifada
edilir.

Respublikada M-14B> motor yag1 miixtalif agir tonnajli masin vo mexanizmlordo genis hacmdo
istifado edildiyine gdro bu motor yaginin yeni analoqunun Azarbaycan neftlorindon alinan distills
yaglar1 osasinda yaradilmasini aktual edir.

Magalods M-14B; motor yagiin yeni siirtgii kompozisiyalarinin yaradilmasi tizra todqiqat islori
0z oksini tapmigdir. Todqiqatlar iki istigamoatds: M-8 vo M-15 Baki distillo yaglarinin
kompaundundan hazirlanmis M-11 baza yag1 asasinda, vo homginin islonmis motor yaglarinin
regenerasiya mohsulundan baza yag1 kimi istifado etmoklo aparilmigdir.

Naticodo miixtalif qatiliglarda gotiiriilmiis oksidlosma, korroziya, yeyeilmoya qarsi, detergtent-
dispersedici, yuyucu-disperslogdirici va s. funksional xassalors malik asqarlardan istifado etmoklo
M-14B; API CB SAE 40 markali yaginin yeni analoqlar1 yaradilmisdir.
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Yaradilan yeni siirtgii kompozisiyaslari fiziki-kimyavi va istismar xassalarina géra gomi,
teplovoz, senaye, iriyukli, 6z yiikiinii bosaldan (6-8 YH 21/21), habela JIH va JIPH 23/30 markali
dizellords istifadasi tigiin qoyulan TOCT 12337 talablarins tam cavab verir va totbiq tglin tovsiys
edilir.

Acar sozlar: baza yagi, motor yagi, regenerasya mohsulu, siirtgii kompozisiyasi, asqar, asqar
paketi.

Giris

Teplovoz, gomi vo stasionar JIH vo JIPH 23/30 markali dizellordo, homginin iriyiikli 6z ytkiini
bosaldan vo sonaye 6-8 UH 21/21 markali dizellords istifads edilon M-14B; motor yag: ilk dofo
1984-cii ildo M-14 baza yag1 va 3% LHUATHUM-339, 6% IIMC «A», 2% BHMU HII-354 vo ya
AD-11 va 0,003% IIMC-200A asqarlarinin istifadasi ilo Rusiyanin miixtolif soharlorinds istehsal
olunmusdur. [1]. Hal hazirda Rusiyanin “Oils and Lubricants” LLC sirkati torofindon homin yag
miixtalif adlarda Lukoyl M-14B,, WEGO M-14B,, Rosneft M-14B; v s. istehsal olunur.

Magsad

Respublikada M-14B; motor yagi miixtolif agir tonnajli masin vo mexanizmlordo genis hocmdo
istifads edildiyins gora bu motor yaginin yeni analoqunun Azasrbaycan neftlorindon alinan distills
yaglar1 asasinda yaradilmasini aktual etmisdir.

M-8 vo M-15 Bak distills yaglarinin kompaundundan hazirlanmis M-11 baza yag1 vo oksidlogsma,
korroziya, yuyuculuq vo s. miixtolif funksional xassoloro malik agsqar kimi detergtent-
dispersiyaedici — suksinimid tipli OLOA-373c, yuyucu-disperslosdirici C-150, oksidlogma,
korroziya vo yeyeilmoys qarst — Mx-3103. Mx-3104 asqarlarinin todqiqi ilo TOCT 12337
tolabloring uygun M-14B; siirtgii kompozisiyast yaradilmisdir. [2]

Cadval 1. M-14B> markali motor yagmin yeni analoqunun osas keyfiyyat gostoricilori.

Gostaricilor M-14B; motor yagi | M-11 Baki1 baza yagi
I'OCT 12337-84 2,4% Viscoplex-4-550
4,2% C-150

2,2% OLOA-373c
0,8% Mx-3103

0,5% Viscoplex 5-309
0,003% IIMC-200A

Kinematik 6zItlik, mm?s, 100 °C 13,0-14,5 13,78
OzIilik indeksi, asag1 olmamal 85 94
Qolovi ododi mq KOH/1q yaga, asagi 4,8 6,3
olmamali

Sulfat kiiliiniin migdari, % 1,2 1,032
Cokuntd amolo gatirmoayin induksiya Davam Davam
dévrino asason davamliqg, %, (50 saat) gotirir gotirir
Korroziyaliq, TOCT 377877 lizro C1 va C2 Yoxdur Yoxdur
markali qurgusun I6vhalards, g/m?

Donma tempraturu, °C, yuxari olmamali Monfi 12 Monfi 15
Aligma temperaturu agiq putada tayin 210 230

olunmus, °C, asag1 olmamali
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Rang, ITHT kolorimetrinds (durulas-

dirtlmmus 15:85), IIHT vahidi, yuxari 4,0 4,0
olmamal1

Sixliq, 20°C, kg/m®, ¢ox olmamali 910 905

Cadvaldon goriindiiyii kimi, yeni siirtgii kompozisiyasi daha yiiksok 6zliiliik indeksi (85 garst 94),
alisma temperaturu (210 qars1 230°C), daha asag1 donma temperaturu (monfi 12 qarst monfi 15)
va az kiilliiltiyt (1,2 qarst 1,032%) ilo forglonir [3].

Metodlar

Yagin oksidlosmoys qarst davamliq xassosinin toyini birsilindrli UKM-40 qurgusunda hor
morhalo 10 saat olmagla 70°C-do 40 saat miiddetindo aparilmisdir. Naticodo yagm kinematik
Ozliilik doyisikliyi toyin olunmus vo norma tlizro 100%-o qars1 55,4% toskil etmisdir. Bu yagin
oksidlosmoyas qarsi yliksok davamliq xassosino malik oldugunu gostorir.

Naticalor

Siirtgli kompozisiyasinin yuyuculuq, korroziya va yeyilmoya gars1 xassolorinin qiymatlondirilmasi
HNM-1 qurgusunda 96 saat miiddstindo aparilmigdir. Bu iisul porsenin ¢irklonmo doracasing goro
yuyuculug, siirgu golu icliyinin korroziyasina gora korroziya vo porsen halgalarin yeyilmoasina
goro yeyilmaya garst xassolorinin qiymatlondirilmasing ssaslanir.

Cadval 2. Yeni siirtgii kompozisiyasinin stend sinaqlarinin naticalori.

Gostaricilor B vo B, yag Yeni siirtgli kompozisiyast.
grupu tgun Tocriibi yag niimunasi.
norma

HUKM-40 qurgusunda yagin oksidlogmo xassasinin tayini

Kinematik ozliiliik artim1, % | 100 | 55,4

HNKM-40 qurgusunda yagin yuyuculuq, korroziya vo

yeyilmoya garsi xassasinin toyini

Yagm yuyuculuq xassasi, ball

Porgen (kompressiya) halqalarinin mitoharrikliyi 0,0 0,0

Porsen ganovlarimin kirlonmasi, ball 11,0 10,75

O climladan: 1-ci ganov 6,0 5,75

Porsen otayinin kirlonmasi 15 1,7

Porsen otoklorinin va ganovlarmin xarici sathinin Kirlonmasi 12,5 12,45

Porsen daxili sothinin kirlonmasi (dibi va yan sathi) 6,0 54

O climlodan: porsenin dib hisSasi 5,0 5,0

Porsen daxili va Xarici sathinin Gmumi Kirlonmasi 18,5 17,85

Yeyilma xassalari

Komplekt porsen halgalarinin yeyilmasi, mg | 600 | 485

Korroziya xassalari

Siirgii golu icliyinin yeyilmosi, mq | 75 | 45

JK-HAMU-M1 qurgusunda yagin asag1 temperaturda ¢cokiintli amals gatirma xassslarinin tayini

Sentrifuganin rotorunda ¢dkiintiiniin migdari, q 250 200

Porgen qurum va lak ¢okintiloari il kirlonmasi, ball 6,0 4,88
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NM-1 qurgusunda alinan naticalors asasan siirtgii kompozisiyasinin yuyuculuq xassalari ilo yanasi
korroziya va yeyilmaya qarsi xassalorinin do yiiksak oldugu miioyyanlosdirilmisdir. Laboratoriya
Vo stend smaglarinin miisbat naticalori M-14B, motor yaginin yeni siirtgii kompozisiyasinin
['OCT 12337 uygunlugunu tosdiq etmisdir.

Yeni sirtgli kompozisiyalarinin yaradilmasi tizro todgiqatlar eyni zamanda islonmis yaglarinin
regenerasiya mohsulundan baza yagi kimi istifado etmoklo yaradilmigdir.

Torofimizdon Modul Elektrik Stansiyalarinin qigileimla yandirilan generatorunda 6000 saat
islonmis Mysella-40 motor yaginin regenerasiya moahsulunun misbat gostaricilori onun baza yagi
kimi totbigini muoyanlosdirilmisdir.

Regenerasiya moahsulunun 0,5% Viscoplex-2-670 o6zliiliik asqari ilo olan niimunasin kinematik
ozlultyuniin norma hoddinds 13,41-14,06 mm?%s olmas1 SAN-2022A, OLOA-9999, PA-2600
asqar paketlori ilo yanasi institutda sintez olunan ¢oxfunksiyali asqar - alkilfenolun formaldehid
vo aminosirke tursusu ilo kondenslosme mohsulunun kalsium duzu AKIi-150, oksidlosmo Vo
korroziyaya qars1 dialkilditiofosfat tursusunun sink duzu JI®-11 va yuyucu-dispersedici C-250
asqarlardan ibarat yaradilan asqar kompozisiyasinin laboratoriya sinaglarindan aydin olur ki,
stirtgli kompozisiyalar1 anoloji amtos yagi nimunasino goyulan toloblora tam cavab verir.
Oksidlosmis yagda yaranan ¢okiintiiniin miqdar1 40 saat arzinds 0,31-0,55% toskil edir [4].

Cadval 3. Islonmis Mysella-40 yaginin regenerasiya mohsulu vo miixtalif asqar paketlori
osasinda yaradilmig M-14B, motor yaginin sinaq naticalori.

Numunalor Gostoricilor
Kinematik Ozliluk | Qalovi Sulfat Cokinti somalo | Korroziyalili
Ozlultk, mmy/s | indeksi | odadi kallnun | gstirmanin q, TOCT
40°C 100°C mq miqdari, | induksiya 377877 Uizro
KOH/ % dovriine osason ClwvaC2
1q yaga davamliq, markall
cokunt, % qurgusun
I6vhalords,
g/m;
R.m. +0,5% 120,70 | 13,41 | 105 7,16 1,02 0,33 11,5
Viscoplex2-670+ (40 saat)
3,0%SAN-2022A+
0,003%IIMC-200A
R.m.+0,5%Viscople | 127,16 | 14,06 | 106 7,71 1,11 0,31 0,5
x2-670+5,0% (40 saat)
OLOA-9999+
0,003%IIMC-200A
R.m.+0,5%Viscople | 122,92 | 13,59 | 105 7,64 1,02 0,40 0,5
x2-670+3,0% PA- (40 saat)
2600+0,003%ITMC-
200A
R.m.+0,5%Viscople | 121,77 | 13,53 | 105 7,68 1,12 0,35 0,8
x2-670+3,8% AKI- (40 saat)
150+1,2%1D-
11+1,0%C-250+
0,003%ITIMC-200A
R.m.+0,8%Viscople | 121,77 | 14,30 | 95 6,86 0,91 Davam gatirir Yoxdur
x2-670+3,3%PA- (50 saat)
PAHTEI [

PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 109




ISSN: 1609-1620, E-ISSN: 2674-5224

PAHTE.!I

REFEREED & REVIEWED JOURNAL VOLUME 23 ISSUE 12 2022

E-ISSN: 2674-5224

2600+0,08%CCK-
400+ 0,5%
Viscoplex5-309+
0,003% ITMC-
200A+

R.m.” - Regenerasiya mohsulu.
Cadval 4-do PA-2600 xarici asqar paketi ila islonib hazirlanmis M-14B; yagimin amtas yagt ilo
miqayisali sinaq naticalori verilir.

Cadval 4. Yeni yaradilmis M-14B; motor yaginin amtas yagi ilo mugayisali keyfiyyat
gostoricilori

Gostaricilor M-14B, Regenerasiya mohsulu
roCT12337-84 0,8% Viscoplex2-670
3,2%PA-2600
0,08%CCK-400
0,5%Viscoplex5-309
0,003%IIMC- 200A

Kinematik 6zIulik, 100°C, mm?/s 13,0-14,5 14,30

Ozliiliik indeksi, az olmamali 85 95

Qolovi ododi, mq KOH 1q yaga, az olmamali | 4,8 6,86

Sulfat kiilii, %, ¢ox olmamali 1,2 0,91

Mexaniki qarisigin kiitls miqdari, %, gox 0,02 Yoxdur

olmamali

Alisma temperaturu agiq putada tayin 210 235

olunmus, °C, asag1 olmamali

Donma temperaturu, °C, yuxari olmamali Moanfi 12 Moanfi 15

Sixliq, 20°C kg/m?®, ¢cox olmamali Normalagdirilmir. Toyini | 895
mitlogdir

Korroziyaliq, TOCT 377877 iizra C1 vo C2 Yoxdur Yoxdur

markali qurgusun 16vhalordos, g/m;

Cokiintl amala gotirmanin induksiya dovriina | Davam gatirir Davam gatirir

osason davamlig, 50 saat
Rong IIHT kolorimetrinds (durulasdirilmis Normalasdirilmir. Toyini | 4,0
(15:85), ITHT vahidi mutloqdir
Yuyuculug potensiali, 250°C, % - 90

Cadval 4-don goriindiiyii kimi yeni yaradilmis yagin omtes yagindan alisma temperaturunun
yliksok (210°C-yo qars1 235°C) olmasi, sulfat kiiliiniin asag1 olmasi (1,2% qars1 0,91%) vo S. yeni
yaradilmig M-14B2 SAE 40 API CB motor yagmin tocribi nimunasinin ustinliyini tosdiq edir
[5].

M-14B2 motor yagmin tocriibi nimunssinin miivafiq motor smaqlart UKM-40A qurgusunda
aparilmis va alinan miisbat naticalor asasinda tatbiq Ugin tovsiys edilmisdir.

Beloliklo, Baki distillo yaglarmin kompaundundan hazirlanmig M-11 vo Mysella-40 yagimin
islonmis niimunasinin regenerasiya mohsulundan baza yaglar1 kimi istifade etmaklo yaradilan yeni
M-14B, API CB SAE 40 tipli siirtgli kompozisiyalar1 fiziki-kimyavi vo istismar xassolorino goro
gomi, teplovoz, sonaye, iriylikli, 6z yiikiinii bosaldan (6-8 UH 21/21), habelo IH vo JIPH 23/30
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markali dizellordo istifadesi iiglin qoyulan I'OCT 12337 toloblorine tam cavab vermoklo yanasi
ekoloji vo igtisadi cohatdon somarali oldugundan totbiq ii¢iin tovsiys edilir.
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PE3IOME

Motopnoe wmacioM-14B, mpumensiercs B TEIUIOBO3HBIX, CYIOBBIX, IPOMBIIUICHHBIX,
CTallMOHAPHBIX U T.JI. AU3EIAX.

[[Iupokast 06macTh MPUMEHEHHUSI B PECIyOJMKe JAaHHOTO Maciia CAeNajio aKTyaJlbHBIM CO3/IaHuE
€ro HOBBIX aHAJIOTOB HAa OCHOBE JUCTHUITMPOBAHHBIX Macell, OMyYEeHHBIX U3 a3epOailKaHCKUX
HedTel.

B crartbe mpuBeneHBI pe3yibTaThl HAYYHO-HUCCIENOBATENBCKUX PA0OT MO CO3AAHHUIO HOBBIX
CMa30YHBIX KOMIIO3UIIMA MOTOpHOTO Macia M-14B,. VccrnemoBanus TpPOBOIWINCH B ABYX
HANPaBIIEHUSAX: HA OCHOBe 0a3oBoro macia M-11, HpUTOTOBIEHHOTO M3 CMECH OAaKMHCKHX
JUCTHILIATHBIX Maced M-8 m M-15, a Takke ¢ HCIOIb30BaHMEM B KadecTBe 0a30BOTO Macia
MPOJYKTa pereHepanuu 0TpadOTaHHBIX MOTOPHBIX Macell.
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Co3/aHHBIC HOBBIC CMAa304YHBIC KOMITO3HUIIMKM IOJHOCTBIO COOTBETCTBYIOT TpeOoaHusiM ['OCT
12337 nnst mpUMEHEHUsI B CYAOBBIX, TEIUIOBO3HBIX, NMPOMBINUICHHBIX IM3eNsiXx Mmapku 6-8 UH
21/21 w T.1., a takke musensx mapka JH w JAPH 23/30, u mo ux (GU3MKO-XUMHUYECKUM H
IKCILTyaTaI[MOHHBIM CBOMCTBAM PEKOMEHIOBAHBI K IPUMEHECHUIO.

KiroueBbie cioBa: 0a30Boe Maciio, MOTOPHOE MAacjo, MPOAYKT pPEreHepaluy, CMa304Has
KOMITO3UIIHS, TIPUCAKA, TAKET MPUCAIOK.
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ABSTRACT

Deep learning, a field of machine learning and artificial intelligence, is considered the core
technology of today's fourth industrial revolution. With its data-driven learning capabilities, deep
learning technology has emerged from the artificial neural network (ANN), has become a hot
topic in the field of computing, and has been widely applied in various application areas such as
healthcare, visual recognition, text analysis, cyber security, etc. However, building a suitable deep
learning model is challenging due to the dynamic nature and variations of real world problems
and data. Moreover, the lack of a basic understanding of deep learning creates great difficulties in
this area. This article provides a structured and comprehensive look at deep learning methods,
including a taxonomy that takes into account different types of real world tasks such as supervised
and unsupervised learning. In our taxonomy, we analyze deep networks for supervised learning,
unsupervised learning and related others. We also summarize real-world applications where deep
learning methods can be applied. We can point out potential aspects of future generation DL
modeling with research directions. Overall, this article aims to paint a big picture of deep learning
modeling that can be used as a reference guide for both academia and industry professionals.

In the current decade, the deep learning (DL) computational paradigm has been considered the
gold standard in the machine learning (ML) community. Moreover, it has gradually become the
most widely used computational approach in the field of machine learning, which has led to
outstanding results in a number of complex cognitive tasks, matching or even surpassing those
provided by humans. One of the advantages of DL is the ability to explore large amounts of data.
The field of DL has developed rapidly in the past few years and has been widely used to
successfully address a wide range of traditional applications. More importantly, deep learning has
outperformed well-known machine learning methods in many areas, such as cybersecurity, natural
language processing, bioinformatics, robotics and control, medical information processing, and
many others. Despite the fact that several papers were presented on the current state of DL, they
all dealt with only one aspect of DL, which leads to a general lack of knowledge about it.
Therefore, in this contribution, we propose a more holistic approach to provide a more appropriate
starting point for developing a full understanding of DL. In particular, this overview attempts to
provide a more complete overview of the most important aspects of DL, including recently added
enhancements. In particular, this article emphasizes the importance of DL, presents the types of
DL methods and networks. It then introduces Convolutional Neural Networks (CNNs), which are
the most used type of DL network, and describes the development of CNN architectures along
with their main features, such as starting from the AlexNet network and ending with the High
Resolution Network (HR.Net). Finally, this article present problems and proposed solutions to
help researchers understand existing research gaps. It is followed by a list of major DL
applications.
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Deep learning allows computational models consisting of multiple layers of processing to learn
representations of data with multiple levels of abstraction. These techniques have greatly
improved the state of the art in speech recognition, visual object recognition, object detection, and
many other areas such as drug discovery and genomics. Deep learning discovers complex
structure in large datasets by using a backpropagation algorithm to indicate how the machine
should change its internal parameters, which are used to compute the representation at each level
from the representation at the previous level. Deep convolutional networks have led to
breakthroughs in image, video, speech and audio processing, while recurrent networks have shed
light on serial data such as text and speech.

Keywords: Artificial Intellegence, Machine Learning, Deep Learning, supervised learning,
unsupervised learning, reinforcement learning

DORIN OYRONMO SUNI INTELLEKTIN OSAS SAHOLORINDON BIiRi
KiMi

Nigar Huseynova
Azorbaycan Dovlot Neft vo Sonaye Universiteti, BA Proqramlari, Todris Texnologiyalari iizro is¢i
http://orcid.org/0000-0002-0562-8708 , huseynova.nigar84@gmail.com

XULASO

Masin Oyronmosi vo siini intellektin bir qolu olan dorin dyronmo buglinkii Dordiincii Sonaye
Ingilabmin osas texnologiyast hesab olunur. Molumatlardan dyronmo imkanlarina géro, dorin
Oyranmo texnologiyasi siini neyron sobokasindon yaranib, hesablamada aktual mévzuya g¢evrilib
va sohiyyo, vizual taninma, motn analitikasi, kibertohliikesizlik vo bir ¢ox sahalor kimi miixtolif
totbiq saholorindo genis sokildo totbiq olunur. Miinasib dorin dyronmo modelinin yaradilmasi
dinamik xaraktera vo real diinya problemlorindo vo melumatlarda doyisikliklorin bas vermasino
gora ¢otin bir mosalo olmusdur. Ustalik, dorin dyronmo haqqinda genis molumatin olmamasi bu
sahado boyiik cotinliklor yaradir. Bu moqalo real mosalslorin miixtolif novlorini nozors alan
taksonomiya daxil olmaqla dorin Oyronmo metodlarina dair strukturlagdirilmis vo iimumi
maonzarani taqdim edir. Taksonomiyada biz nazarot edilon dyroanmo, nozaratsiz dyranma, homginin
digar dorin sabokalari tohlil edirik. Biz hamginin dorin dyronma tisullarinin totbiq oluna bilacayi
real diinya totbiq sahalorini imumilogdiririk. Nohayat, todqiqat istiqgamatlari ila galocak nasil darin
dyranmo modellosdirmasi iigiin potensial aspektlori gdstors bilorik. Umumilikds, bu mogalo hom
akademiya, hom do sonaye miitoxossislori li¢iin istinad bolodgisi kimi istifado edilo bilon dorin
oyranmo modellosdirilmasi hagqinda molumat vermok moagsadi dasiyir.

Cari onillikds dorin 6yronmo hesablama yanasmasi masin dyronmado Qizil Standart hesab olunur.
Ustolik, o, todricon masin Oyronmo sahasindo on ¢ox istifado edilon hesablama texnikasina
cevrildi va beloalikls, bir neco miirokkob koqnitiv tapsiriqlar iizro miikkammal naticalar olda etdi.
insan performansinin tomin etdiyi tapsiriglart uygunlasdirdi vo ya hotta istolodi. Darin
Oyronmonin istiinliiklorindon biri do bdyiik hacmds verilonlori dyronmak qabiliyyastidir. Darin
Oyranma sahasi son bir nega ilda siiratlo boyilimiis vo o, anonavi totbiglorin genis spektrini ugurla
hall etmok tigiin genis sokilds istifado edilmisdir. Daha da shomiyyatlisi odur ki, dorin dyronmo
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bir ¢ox saholordo, mosalon, kibertohliikasizlik, tobii dilin emali, bioinformatika, robototexnika,
tibbi molumatlarin emali vo bir ¢ox basqa saholordo taninmis masin Oyronmo texnikalarini
tistolomisdir. Darin 0yronmodo on miasir molumatlar1 nozordon kegiron bir nego asorin togdim
edilmasina baxmayaraq, onlarin hamisi dorin dyranmonin yalniz bir aspektini hall etmis, bu da bu
barado limumi molumatin olmamasina sobab olmusdur. Buna goro do, biz dorin Oyronmo
haqqinda tam anlayis1 inkisaf etdirmok iiclin daha uygun bir baslangic noqtosi tomin etmok {igiin
daha vahid yanagmadan istifado etmoyi toklif edirik. Xiisusilo, bu maqalo Darin dyronmonin an
vacib aspektlorini daha shatsli aragdirmaya yonalmisdir. Maqale deorin dyronmenin shamiyyatini
tosvir edir, onun texnikalarinin vo sobokalorinin novlorini togdim edir. Daha sonra o, an ¢ox
istifado edilon dorin dyroanma soboks ndvii olan konvolutional neyron sobakalorini (CNN) toqdim
edir vo onun arxitekturalariin osas inkisaf xiisusiyyetlorini tosvir edir, masolon, AlexNet
sobokosindon baslayaraq Yiiksok Rezolyutsiya sobokosi (HR.Net) ilo davam edon inkisaf yolu.
Nohayot, todqgiqatcilarin mdvcud todqiqat bosluglarini anlamasina yardimg¢r olmaq iigiin
problemlori vo toklif olunan hall yollarini toqdim edirik.

Acar sozlor: Siini intellekt, Masin Oyronmo, Dorin dyronmo, nozarstli Oyronmo, nozarotsiz
Oyronmo, giiclondirici dyronma

Giris

Masin dyronma texnologiyasi veb axtarislarindan sosial sobokslordo mozmunun filtrasiyasina, e-
ticarot saytlarinda tovsiyolora qodor miiasir comiyyotin bir ¢ox aspektlorini giiclondirir
Kameralar vo smartfonlar kimi istehlak mohsullarinda getdikco daha ¢ox totbiq olunur. Masin
Oyronma sistemlori sokillordoki obyektlori miioyyan etmok, nitqi motno koglirmak, xoborlari,
yazilart vo ya mohsullar istifadocilorin maraqlarima uygunlasdirmaq vo miivafiq axtaris
naticalorini segmak iiciin istifads olunur. Getdikco bu proqramlar dorin dyronmo texnikalarindan
istifado edir. Adi magm Oyronmo {sullar1 tobii molumatlart xam formada emal etmok
imkanlarinda mohdud idi. Onilliklor orzindo niimunonin taninmasi vo ya masin Oyronmaosi
sisteminin qurulmasi1 xam molumatlart (masolon, tasvirin piksel dayerlori kimi) uygun daxili
tosviro vo ya xiisusiyyat vektoruna ceviron bir xlisusiyyot ¢ixaricinin dizayni tic¢lin diqqgotli
miihandislik vo shomiyyatli saho tacriibasi talob etmisdir. Oyranmo alt sistemi, cox vaxt tosnifatci,
girisdoki niimunalori askar edo va ya tosnif eds bilor.Darin dyronmo masinin xam verilonlarlo
gidalanmasina vo agkarlanmasi vo ya tosniflogdirilmasi ii¢lin lazim olan tosvirlori avtomatik askar
etmoys imkan veran metodlar toplusudur. Darin Gyronmo metodlart sado, lakin geyri-xatti
modullarin tortib edilmasi yolu ilo olds edilon goxsayli tomsil soviyyolorine malik togdimetmae-
Oyronma tsullaridir ki, onlarin har biri bir soviyyado togdimati (xam girisdon baslayaraq) daha
yiiksok, bir qodor daha miicarrad saviyyada toqdimata cevirir.bu cir kompleks transformasiyalar
vasitasilo ¢ox miirokkeb funksiyalar1 dyronmok olar. Tosnifat tapsiriqlart zamani daha yiiksok
tomsil tobagolori secim {iglin vacib olan giris aspektlorini giliclondirir vo uygun olmayan
variasiyalar sixigdirir. Masalan, bir sokil piksel doyorlori massivi gsoklindo galir vo tosvirin birinci
gatinda Oyronilon xiisusiyyatlor, adoton, tosvirin miioyyan istiqamatlorindo vo yerlordo konarlarin
moévecudlugunu vo ya olmamasim tomsil edir. Ikinci toboge adoton kenar movqelordoki kigik
doyisikliklordon asili olmayaraq konarlarin xiisusi tonzimlomaolorini askar edorok motivlori agkar
edir. Ugiincii toboaqo, tanis obyektlorin hissalorina uygun galon daha bdyiik birlosmalorde motivlori
birlosdire bilor vo sonraki tobogolor obyektlori bu hissalorin birlogmolori kimi agkar eds bilor.
Dorin dyronmoenin asas aspekti ondan ibaratdir ki, bu tobagolor miihondislor torafindon tortib
olunmayib: onlar timumi toyinatli Oyronmo prosedurundan istifads etmoklo molumatlardan
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gotiirtilmisdiir. Darin 6yronmo uzun illordir ki, slini intellekt aimlorinin hoall etmokds ¢atinlik
cokdiyi masaloalorin hallinds boyiik iraliloyislor olde edir. Belo ki, yiliksak 6l¢iilii molumatlarda
mirokkob strukturlar1 kosfi cox miisbat bir hal kimi qiymetlondirilir vo bu elm, biznes vo digor
sahalarinds totbiq oluna bilor. Tasvirin taninmasi va nitqin taninmasi iizra rekordlar tistolomaklo
yanasi, potensial dorman molekullarinin foaliyystini prognozlasdirmaqda, hissacik siiratlondirici
molumatlarin1  tohlil etmokds, beyin dovralorini yenidon qurmaqda vo gen xostolik
kodlagdirilmayan DNT-do mutasiyalarin prognozlasdirilmasi vo s. digor masin 6yronma iisullarini
gerido qoymusdur. Ola bilsin ki, daha toacciiblii odur ki, dorin Oyronms tobii dilin basa
diisiilmosindo miixtoalif tapsiriglar, xiisuson movzu tosnifati, ohval-ruhiyyo tohlili, suallara cavab
vo dil torciimosil tiglin son doraco perspektivli noticolor vermigdir. Disilintiriik ki, mévcud
hesablama vo molumatlarin miqdarindaki artimlardan asanliqla yararlanaraq dorin dyronmo yaxin
golocokds daha boylik ugurlar gazanacaqdir. Dorin neyron gobokoaloari ii¢iin islonib hazirlanan yeni
Oyranma alqoritmlori vo arxitekturalar1 bu toraqqini yalniz siirstlondiracokdir.(Yann Le ¢un)

Moagqsad

Problemin aktualhig va alaqgali tadqiqatlar. Adoton, masin 6yrinmo alqoritminin effektivliyi
girig-moalumatinin keyfiyystindon c¢ox asilidir. Ogor giris molumati hortorafli vo tamdirsa bu
ugurlu naticolorin oldo edilmasine zomin yaradir. Beloliklo, uzun illordir ki, ML-do shomiyyatli
bir arasdirma tendensiyasi ¢oxsayli tadqiqat islarine isiq salan xiisusiyyot miihandisliyi olmusdur.
Bu yanagma xam verilonlordon xiisusiyyatlor qurmagi hadofloyir. Masolon, kompiiter gérmo
kontekstindo bir ne¢o ndv funksiya toqdim edilmis vo miiqayiso edilmisdir, masolon, oriented
gradients histogram (HOG), migyasda doyismoaz xiisusiyyat transformasiyast (SIFT) va sozlor
cantasi (BoW). Yeni bir funksiyanin askar edilmosi yaxsi naticolor alds etdiyi halda bir ¢ox
onilliklar arzindo davam edon yeni bir todqiqat istiqamoting gevrilir.

Funksiyalarin ¢ixarilmasi dorin dyronmo alqoritmlorinde avtomatik sokilde hoyata kegirilir. Bu,
todqgiqat¢ilart miimkiin gqodor az miqdarda insan soyindon vo saho lizro biliklorindon istifads
edorok miixtolif funksiyalar1 askar etmoyo tosviq edir. Bu alqoritmlor ¢ox tobagoli molumat
togdimetmo arxitekturasina malikdir, burada birinci tobogolor asagi soviyyeali funksiyalari,
sonuncu tabagoalar isa yiiksak saviyyali funksiyalari ¢ixarir. Qeyd edok ki, siini intellekt ilk olaraq
insan beyninin asas sensor bolgalarinda bas veran prosesi simulyasiya edon bu tip arxitekturaya
ilham verib. Miixtolif vasitolordon istifado edorok, insan beyni molumatlarin toqdimatini
avtomatik olaraq cixara bilor. Bu proses insan beyninin i metodologiyasini simulyasiya edir.
Belolikls, dorin dyronmonin asas faydasini vurgulayir.

Masin Oyronma sahasindo dorin dyronma, shomiyyatli ugurlarina gors, hazirda on gorkomli
todqgiqat istigamatlorindon biridir. Bu moqalodo osas anlayislar, arxitekturalar, problemlor,
totbiglor, hesablama alotlori vo tokamiil matrisi kimi miixtalif perspektivlori qobul edon dorin
Oyronmonin icmali toqdim olunur. Convolutional Neural Network (CNN) dorin dyronmo
sobokolori arasinda on populyar vo istifado olunan sabokolordon biridir. CNN sayosinds dorin
Oyronma bu giin ¢ox populyardir. CNN-in soloflori ilo miigayisado osas iistiinliiyli ondan ibaratdir
ki, o, he¢ bir insan nozaroti olmadan miihiim funksiyalar1 avtomatik olaraq agkar edir vo bu, onu
an ¢ox istifads edilon soboks halina gatirdi.

Son illords bir ne¢o nogr edilmis dorin dyronmo icmali togdim edilmisdir. Bununla belo, onlarin
hamist eyni istigamoto yonoaldilmisdir. CNN arxitekturalarinin nozordon kecirilmosi , bitki
xastaliklorinin tasnifat1 ii¢lin dorin dyronma, obyektlorin agkarlanmasi tiglin dorin dyranma, tibbdo
dorin dyronma totbiqglori kimi bir totbiq movzulari, tasvirin tohlili vo s. tizorindo comlonmisdir. Bu
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icmallar yaxs1 movzular toqdim etsa do, konsepsiyalar, toforriiath todqiqat bosluglari, hesablama
alotlori vo dorin dyronmo totbiglori kimi mévzularin tam basa diisiilmosini tomin etmir. Birincisi,
konsepsiyalar, problemlor vo totbiglor kimi dorin 6yronma aspektlorini basa diismok, sonra isa
dorin totbiqlori arasdirmagq toklif olunur. Buna nail olmagq ti¢iin todqigat bosluglar1 vo totbiglori do
daxil olmagla dorin yronmoni basa diismok genis vaxt vo ¢oxlu sayda tadqiqat isi tolob edir.
Buna gora do, bu moqalods dorin dyronme haqqinda tam anlayist inkisaf etdirmok {igiin, daha
uygun bir baglangic ndqtasi tomin etmok ii¢lin dorin dyronmonin otrafli nozordon kegirilmosini
toklif edirik. Aragdirmanin arxasindaki osas motivasiya agiq problemlor, totbiglor vo hesablama
alatlori perspektivi do daxil olmagla DL-nin on vacib aspektini ohato etmokdir.

Bu mogqalenin asas mogsadi todqiqatgilar vo tolobalorin dorin dyronme haqqinda aydin tasavviir
oldo etmolarini asanlasdirmaq iiglin dorin dyronmoninnin on vacib aspektlorini toqdim etmokdir.
Bu baxis insanlara bu sahads son inkisaflar haqqinda daha ¢ox molumat oldo etmoyo kdmok
etmoklo dorin dyronmo tadqiqatini daha da inkisaf etdirocokdir. Todqiqatcilara sahayo daha doqiq
alternativlor toqdim etmok tiglin goriilocok isin daha uygun istigamatine gorar vermays yardim
edilocokdir.

1980-ci illorin sonlarinda miixtolif somoarali dyronmo metodlarinin vo soboko strukturlarinin
ixtirasina goro neyron sobokolori Magm Oyronmo vo Siini Intellekt sahosindo genis yayilmis
movzuya cevrildi. “Backpropagation” tipli alqoritmlorlo Oyradilmis ¢oxlayli perseptron
sobokolori, 6z-6ziina toskil olunan xaritolor vo radial asasli funksiya sobokolori belo innovativ
tisullar idi. Neyron sabakaloari bir ¢ox totbiglords ugurla istifads olunsa da, sonradan bu mévzunun
arasdirilmasina maraq azaldi. Bundan sonra, 2006-c1 ildo “Deep Learning” (DL) , siini neyron
sobokosi (ANN) konsepsiyasina asaslanirdi. Darin dyronma bundan sonra diqgat ¢gokon mdvzuya
cevrildi, naticads neyron soboks todqiqatlarinda yenidon doguldu, buna gérs ds bozon “yeni nasil
neyron sabokolori” adlandirilir. Bunun sababi, dorin sobokolorin diizglin Oyradildiyi zaman
miixtolif tosnifat vo reqressiya problemlorinds ohomiyyatli ugur gazanmasidir.

Hal-hazirda, dorindorin dyronmo texnologiyasi verilon molumatlardan dyronms imkanlarina goro
magin Oyronmosi, silini intellekt, homg¢inin molumat elmi vo analitika sahosindo on aktual
mdovzulardan biri hesab olunur. Google, Microsoft, Nokia va s., o ciimladon bir ¢ox korporasiya
onu foal gokildo dyronir, ¢linki o, miixtalif tosnifat vo reqressiya problemlorinds vo verilonlor
bazasinda ohamiyyatli naticolor vera bilor. Is sahosi baximindan, dorin dyronmo masin dyranmo
vo siini intellektin bir hissosi hesab olunur vo belslikls, dorin dyronmo insan beyninin moalumat
emalini toqlid edon siini intellekt funksiyasi kimi goriina bilo. “Bugiinkii Todqiqat vo Tatbiglords
No ii¢iin Dorin Oyronmodon genis istifads olunur?” sualma bels cavab vermok olar ki, miizakiro
olunan molumatlarin hocmi artdigca dorin dyronma standart masin dyronmosindon somorslilik
baximindan forqlondiyi ii¢lin istifado olunur. Dorin dyronmodo c¢oxlu sayda parametrlor tolob
etdiyina géro modeli dyratmok {i¢iin uzun vaxt talab etso do, diger masin dyronma alqoritmlari ilo
miigayisada test zamani iglomak ii¢lin qisa vaxt talob olunur.

DL texnikalar1 ii¢ asas kateqoriyaya tosnif edilir: nozarotsiz (unsupervised), qisman nazarat edilon
(partially supervised) vo nazarat olunan (supervised). Bundan olavs, RL (reinforcement learning
kimi do taninan dorin méhkomlondirma dyronmaosi (DRL), asason qismon nozarat edilon (vo bazon
nozaratsiz) Oyronma tisullar1 kateqoriyasina aid edilon bagqa bir yranmae texnika noviidiir.

Darin nazaratli 6yronmo
Bu texnika etiketlonmis molumatlarla mosgul olur. Belo bir texnikada otraflar giris vo notico
cixariglar toplusuna malikdir (xt,yt)~p(Xt,yt)~p. Masalan, agill agent girigin xt olub olmadigini
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toxmin edir vo *¥ - ¥, itki doyeri kimi olde edocok. Sonra, soboke parametrlori iistiinliik verilon
noticolor tligiin tokmillogdirilmis qiymotlondirmo oldo etmok {iiclin agent torofindon dofolorlo
yenilonir. Miisbot tolim noticosindon sonra agent otrafdan golon sorgulara diizgiin hollor oldo
etmok bacarigi oldo edilir. Dorin Oyronmo {igiin tokrarlanan neyron sobokolori (RNN),
konvolyusiya neyron sabokolori (CNN) va dorin neyron sabokolori (DNN) kimi bir ne¢a nazarat
edilon Oyronmo texnikasi mdvcuddur. Bundan olavo, RNN kateqoriyasina qapali tokrarlanan
vahidlor (GRU) vo uzun qisamiiddotli yaddas (LSTM) yanasmalar1 daxildir. Bu texnikanin osas
Ustlnliiyi molumat toplamaq vo ya molumat noticasini ovvalki biliklordon oldo edo bilmok
imkanidir. Bununla belos, bu texnikanin osas catigmazliglr ondan ibaratdir ki, lazimi niimunslor
olmadiqda qorar sorhodi asila bilor. Umumiyyotlo, bu texnika yiiksok performansla dyronmo
yolunda digar texnikalardan daha sadadir.

Darin yar1 nazaratli 6yronma

Bu texnikada 0yronmo prosesi yari etiketli verilonlor bazasina osaslanir. Bazon generativ roqib
sobokolor (GAN) vo DRL bu texnika ilo eyni sokildo istifado olunur. Bu texnikanin
iistiinliiklorindon biri lazim olan etiketli molumatlarin miqdarini minimuma endirmokdir. Digor
torafdon, bu texnikanin ¢atigsmazliglarindan biri, mévcud tolim moalumatlarinin sohv gorarlar vers
bilocoyi ilo olagsli olmayan giris xiisusiyyatidir. Matnin tosnifatt yarim nozaratli dyronmao
totbiginin an maghur niimunslarindon biridir. Boylik migdarda etiketli motnlarin aldo edilmasinin
cotinliyi sabobindaon, yar1 nazaratli yronma motnlarin tosnifati tapsiri8i tigiin idealdir.

Darin nazaratsiz 6yranmo

Bu texnika movcud etiketli molumatlarin (yani etiket tolob olunmadigi) olmadigi halda 6yronmo
prosesini hoyata kecirmayo imkan verir. Burada agent giris molumatlarinda namslum strukturu vo
ya olagalari agkar etmak liciin talab olunan shomiyyatli xiisusiyyatlori va ya daxili tasviri yranir.
Generativ sobokolorin texnikalari, Olciilorin azaldilmasi1 vo klasterlogsdirmo nozarstsiz dyronmo
kateqoriyasina daxil edilir. Darin 6yronma ailasinin bir neg¢a iizvii geyri-xatti 6l¢iilorin azaldilmasi
vo klasterlosdirmo tapsiriglarinda ugurla istifado olunmusdur; bunlara mohdudlasdiriimis
Boltzman masinlari, avtomatik kodlayicilar vo on son inkisaf etdirilon texnikalar kimi GAN-lar
daxildir.. Nozarotsiz Oyronmonin osas g¢atigmazliglari verilonlorin ¢esidlonmosi vo hesablama
baximindan miirokkabliyi ilo bagli doqiq molumat vers bilmomasidir. ©On moshur nozarotsiz
Oyronma yanasmalarindan biri klasterlogsmadir.

Darin mohkomlondirma 6yranilmasi

Bu texnika 2013-cii ildo Google Deep Mind ilo islonib hazirlanmigdir. Sonradan,
mohkomlondirms dyronmasindon asili olan bir ¢ox tokmil texnikalar quruldu. Masalon, ogor giris
miihiti niimunolori: xt~pxt~p, agent prognozlasdinr: ¥ + = (i, vo agentin alinan dayari iso
ci ~ Plee | 26,97 ¢)-dir, P burada namalum ehtimal paylanmasidirsa, 0 zaman miihit agenta sual
verir. Verdiyi cavab sas-kiyli hesabdir. Bu Gsul bazon yari nozarstli dyronmo adlanir. Bu
konsepsiya osasinda bir ne¢o nozarat edilon vo nozaratsiz iisullar hazirlanmisdir. ©nonavi nozarst
edilon iisullarla miigayisado, bu 6yronmaoni yerino yetirmok daha ¢otindir, ¢iinki méhkomlondirma
oyranma texnikasinda birbasa itki funksiyast movcud deyil. Bundan slava, nazarat edilon dyronmo
vo giclondirici Oyronmo arasinda iki osas forq var: birincisi, optimallasdirma tolob edon
funksiyaya tam giris yoxdur, yani qarsilight slagqe vasitasilo sorgulanmalidir; ikincisi, qarsiliqh
olagado olan dovlat xtxt girisinin avvalki harokatlora asaslandigi miihits asaslanir [9, 56].
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Tapsirigr holl etmok ii¢iin yerino yetirilmoali olan mohkomlondirma Gyronmos ndéviiniin segimi
problemin sahasine va ya shats dairasine asaslanir. Masalon, DRL bir ¢ox parametrlori ohato edon
problemlarin optimallagdirilmasi {igiin an yaxs1 yoldur.

Natica

Bu magalads slni intellektin, eloca do malumat elminin asas hissasi hesab edilon darin dyranmo
texnologiyasinin strukturlasdirilmis vo hartorafli goriiniisiinii toqdim edilmisdir. O, siini neyron
sobokalorinin tarixi ilo baslayir vo son dorin Oyronmo diisullarina vo mixtalif totbiglords
iraliloyislara kecir. Sonra bu sahado oasas alqoritmlor, eloco do muxtalif dlcilords darin neyron
sobokasinin modellosdirilmasi tadqiq edilir. Bunun Gglin biz hamginin darin dyronms tapsiriglari
Vo onlarm miixtalif magsadlor Gi¢lin necs istifads edildiyini nazars alaraq bir taksonomiya taqdim
etdik. Tokca noazarat edilon dorin sobokolori deyil, ham do nozarstsiz dorin sobokalori  muxtalif
real diinya masalalarini hall etmak Uglin istifads edils bilar.

Darin 0yranma, ananavi masin dyranmasi Vo molumatlarin ¢ixarilmasi alqoritmlarindan fargli
olaraq, coxlu migdarda xam molumatdan son doraca yiksok saviyyali molumat togdimatlari
yarada bilor. Naticads, 0, mixtalif real diinya problemlorino ala hall yolu togdim etdi. Ugurlu
dorin 8yranmo texnikasi xam molumatlarin xiisusiyyatlorindon asili olaraq miivafiq melumatlara
osaslanan modellosdirmoys malik olmalidir. Miirokkab 6yronmo alqoritmlari daha sonra sistem
agilli gorar gabul etmoys kdmok etmoazdon avval toplanmis malumatlar vo hadof totbiqi ilo bagh
biliklar vasitasilo dyradilmalidir. Darin 6yronmonin sahiyys, shval-ruhiyys tohlili, vizual taninma,
biznes kosfiyyati, kibertohliikasizlik va magalods Umumilosdirilmis bir ¢ox basqa sahalords genis
tatbiq olunur.

Nohayat, biz qarsilasdigimiz problemlori vo potensial todgigat istigamatlorini vo bu sahads
galacok aspektlori imumilasdirdik vo mizakirs etdik. Darin 6yronma zoif asaslandirma va sorh
gabiliyyatino goro bir ¢ox totbiglor tg¢in gara qutu halli hesab edilso do, miayyon edilmis
problemlorin vo ya goalocok aspektlorin halli galocok nasil darin dyronmo modellosdirmasine vo
daha agilli sistemlorin yaranmasina sobob ola bilor. Bu, ham do todgigat¢ilarin daha etibarli vo
real naticolor ¢ixarmasina komok edo bilor.
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I TYBOKOE OBYYEHUE KAK OJTHO Y3 OCHOBHBIX HATIPABJIEHUM
NCKYCCTBEHHOI'O HHTEJUIEKTA

Hursp I'yceiinoBa
A3zepbaiipKkaHCKH TOCy IapCTBEHHBII yHUBepcuTeT HedTH 1 npombliiuieHHocTH, BA Programs, CorpynHuk o
O6pasoBarensusiM TexuomorusM, http://orcid.org/0000-0002-0562-8708, Email: huseynova.nigar84@gmail.com

PE3IOME

B 37001 cTaThe npeacTaBieH CTPYKTYPUPOBAHHBINA U BCECTOPOHHUI 0030p TEXHOJIOTMH ITyOOKOTO
o0y4eHus, KOTOpasi CYNTAETCS] OCHOBHOM 4acThIO0 MCKYCCTBEHHOT'O MHTEIIJIEKTA, @ TAKXKe HAyKU O
naHHbIX. OH HA4YMHAETCA C MCTOPUM MCKYCCTBEHHBIX HEHPOHHBIX CETed M MEPEXOIUT K
MOCJIEAHUM METOJaM IIyOOKOro OOy4eHHs U JOCTUKEHHSIM B Pa3IMYHbIX MPUIOKEHUSIX. 3aTeM
U3YYalOTCS OCHOBHBIE QJITOPUTMBI B 3TOH 007acTH, a TaKkKe MOJIETUPOBAHUE TIIyOOKUX
HEHUPOHHBIX CeTel B pa3jMYHbIX M3MEpPEHHUsx. Jas 3TOro Mbl Takke BBEIM TaKCOHOMHUIO,
YUUTBIBAIOIIYIO 33Ja4d TITyOOKOro oOyueHHsI U TO, KaK OHU HCIOJB3YIOTCS JJIS PAa3HbBIX LENeH.
Jlia penieHus] pa3iMyuHbIX pealbHbIX 33ad MOXKHO HCIOJIb30BaTh HE TOJIBKO KOHTPOJIMpPYEMbIE
ri1y0OKHe CeTH, HO U HEKOHTPOJIUPYEMbIe ITyOOKHE CEeTH.
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B ominume OT TpajAMUIMOHHBIX AJITOPUTMOB MAIIMHHOIO OOY4YeHHMsS M HHTEIUIEKTYaJbHOTO
aHaiM3a JaHHBIX, TTTy0OKoe 00y4YeHHne MOXKET CO37aBaTh MPEJCTABICHUS JaHHBIX YpPE3BBIYAIHO
BBICOKOTO YpPOBHA M3 OOJbIIMX O00BEMOB HEOOpaOOTaHHBIX JaHHBIX. B pe3ynbrare OH
NPEOCTaBHJI OTJIMYHBIE PEUICHUs AJS Pa3JIMYHbIX PEAIbHBIX MpoOJieM. YCHEHIHbIH METOox
ri1yOOKOro oO0y4eHus: JOJKEH UMETh COOTBETCTBYIOIIEE MOJICIMPOBAHUE HAa OCHOBE JAHHBIX B
3aBHCUMOCTH OT XapaKTEPUCTHK HCXOAHBIX JTAHHBIX. 3aT€M CIOXKHBIE aJTOPUTMBI OO0Y4YEeHHUS
JIOJDKHBI ObITh OOYYEHBI C MOMOILIBIO COOpAaHHBIX JAHHBIX M 3HAHUHM O LIEJIEBOM IPUIIOKEHUH,
IpeX/e 4eM CHCTeMa CMOXKET IOMOYb NPUHUMATh pasyMHbIE pemieHus. [ybokoe oOydeHue
HIMPOKO NMPUMEHSETCS B 3ApaBOOXPAHEHUH, aHAJIN3€ HACTPOCHUH, BU3YallbHOM PACIIO3HABAHUH,
Ou3Hec-aHATUTHKE, KUOepOEe30MacHOCTH W MHOTHX JAPYTHMX OONacTSAX, ONHCAaHHBIX B CTaThbe.
Haxonen, Mbpl 06001mIM 1 00CYAUIN IPOOIEMBI, HOTEHIMAIbHBIC HAPABJIEHUS UCCIIEI0OBAHUM
u Oynymiue aceKkThl B 3Toi o6mactu. XoTs rirybokoe 00yueHHe CYUTACTCS YSPHBIM SIIUKOM IS
MHOTMX TPWIOXKEHUM U3-32 IUIOXOW apryMeHTalud U HHTEPIPETUPYEMOCTH, peIIeHue
BBISIBJICHHBIX MPOOJIEM MM OyAyIINX acleKTOB MOXKET MPUBECTH K MOJICIMPOBAHUIO TITyOOKOTO
0o0yuyeHHMsI CIeyIOIEero MOKOJIEHUs U 0oJjiee MHTEIUIEKTYaIbHBIM CUCTEMaM. DTO TaKXXe MOKET
MIOMOYb MCCIIEIOBATEISIM MOJTyYUTh 00JIee HA/ICKHBIE U PEATHCTUYHBIC PE3YIIbTATHI.

KiaroueBble ciioBa: VICKyCCTBEHHBIM MHTEIEKT, MallMHHOE OOyueHHe, IIyOokoe o0ydeHHe,
KOHTPOJHpyeMoe 00ydeHne, HEKOHTPOIMpYeMoe 00ydeHne, 00y4eHHE C MOIKPETUICHHEM

Publication history

Article received: 16.11.2022

Article accepted: 30.11.2022

Article published online: 19.12.2022

DOI suffix: 10.36962/PAHTEI22112022-113

PAHTEI
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 121




ISSN: 1609-1620, E-ISSN: 2674-5224

PAHTE.!I

REFEREED & REVIEWED JOURNAL VOLUME 23 ISSUE 12 2022 122-128

E-ISSN: 2674-5224

CONTROL SYSTEM OF THE BELT CONVEYOR BASED ON FUZZY
LOGIC ALGORITHMS

Ogtay Malik Mirzayev?, ljabika Ziya Sardarova?, Erkin Sanan Jafarov?

123Azerbaijan State Oil and Industry University, 22*Department of Electronics and Automation

!Doctor of Technical Sciences, PhD, Email: ogtaym@yandex.com

2Doctor of Technical Sciences, Docent, https://orcid.org/0000-0002-6906-5211, Email: bike.serdarova@mail.ru
3Junior researcher, Email: erkinceferov@gmail.com

ABSTRACT

The expansion of the technological capabilities of machine tools and, first of all, multi operational
(machining centers), as well as the development of new carbide and high-speed cutting tools made
it possible to carry out various technological operations on one machine: milling, drilling and
boring. This, in turn, led to the complication of electric drives feeds due to an increase in the
torque on the motor shaft, an expansion of the range of working feeds and positioning
movements, an increase in the speed of the drive, both under control action and under load
disturbance, etc. The use of linear proportional-integral-derivative (PID) controllers in control
systems for nonlinear objects often leads to the poor quality of the control process, which is
characterized by large overshoot values, static error and or transition time.

The difference between PID controller and the controller based on the fuzzy logic from the rest is
that the coefficients in the proportional integrating circuits of the controller are not static, i.e., they
depend on the state of the system at the current time. This allows one to qualitatively change the
control process, to take into account the parameters of the signals in the system (the rate of change
of the signal, acceleration), as well as to make the control process more adaptive.

To calculate the coefficients of the PID controller of the speed counter, the Simulink application
program with the Nonlinear Control Design (NCD) subroutine package is used, which is intended
for parametric optimization of closed-loop systems.

The development of the knowledge base of the fuzzy regulator is reduced to solving the following
problems: 1) choice of the input linguistic variables based on the analysis of the behavior of the
closed-loop control system in the calculated desired mode; 2) assignment a set of the linguistic
terms for each of the linguistic variables; 3) choice of the approximating fuzzy set for each of the
terms.

The main function of the fuzzy controller is the formation of the output control value depending
on the current coordinates of the system.

The procedure for processing input information in the controller can be described as follows:

1) the current values of the input variables are converted into linguistic ones (fuzzyfication); 2) on
the basis of the obtained linguistic values and using the controller's rule base, a fuzzy logical
decision is made, as a result of which the linguistic values of the output variables are calculated,;
3) defuzzyfication.

The paper proposes a method for designing a fuzzy PID controller to correct the parameters of the
belt conveyor electric drive. A method for the formation of linguistic variables when constructing
a fuzzy model is proposed. Rules for the formation of a fuzzy knowledge base of the controller, a
software of fuzzy logical inference have been developed, PID and fuzzy PID controllers based on
the Siemens S7-1500 PLC have been implemented. The simulation results show that the response
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of the adaptive fuzzy PID controller is comparatively better than that of the classical PID
controller.
Keywords: belt conveyor, fuzzy logic, PID controller, electrical transmission.
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XULASO

SIEMENS S7-1500 seriyali programlasdirilan mantiqi kontroller niimunasinds lentli konveyerin
elektrik intigalmin avtomatlagdirilmis idaroetmo sistemi (AIS) {i¢iin adaptiv qeyri-solis
kontrollerin totbiqi xiisusiyyatlori aragdirilmigdir.

Qeyri-salis tonzimloyicinin bilik bazasinin islonilmasi asagidaki problemlarin hoallindon ibaratdir:
1) hesablanmuis istonilon rejimdo qapali dovrali idaraetmo sisteminin davraniginin tohlili asasinda
giris linqvistik doyisonlorinin se¢imi; 2) linqvistik doyisonlorin hor biri {i¢lin linqvistik termlor
toplusunun toyin edilmasi; 3) sortlorin har biri {iglin toxmini geyri-salis ¢oxlugun se¢ilmasi.
Qeyri-solis nozaratginin osas funksiyasi sistemin cari koordinatlarindan asili olaraq ¢ixis
idaraetma qiymatinin yaradilmasidir.

Kontrollers daxil olan molumatlarin islonmasi proseduru agagidaki kimi tosvir edils bilor: 1) daxil
edilon dayisonlorin cari qiymatlori linqvistik qiymatlora cevrilir (qeyri-salislosdirma); 2) alinan
linqvistik qiymotlor osasinda vo nozarotcinin qaydalar bazasindan istifado etmoklo geyri-solis
montiqi gorar gobul edilir, noticads ¢ixis doyisonlorinin lingvistik qiymatlori hesablanir; 3) solis
qiymatlorin hesablanmasi.

MatLAB Simulink simulyasiya paketi il proqramlasdirilan montiqi kontroller arasinda malumat
miibadilosi ii¢iin OPC protokolundan istifada olunur. Isin noticalorine asasan oldo edilmis kegid
xarakteristikalarinin miiqayisali tahlili verilmisdir.

Acar sézlor: lentli konveyer, geyri-solis montiq, PID kontroller, elektrik intigal1.

Giris

Dazgahlarin texnoloji imkanlarinin genislondirilmasi vo ilk névbodos, ¢ox operativ (emal
markazlari), eloca do yeni karbid vo yliksok siiratli kasici alatlorin inkisafi bir dozgahda miixtalif
texnoloji omaliyyatlari: frezloms, desmo vo oyma amoliyyatlarini yerine yetirmays imkan verdi
[1]. Bu, 6z novbosinds, miihorrik valinda firlanma momentinin artmasi, is¢i intiqallarin vo
yerdoyismo horokoti diapazonunun genislonmosi, hom nozarst altinda olan intigalin siiratinin
artmasi vo yiik altinda meyl etmasi va s. sabobindon elektrik intigallarinin miirokkoblogsmasina
sobab olmusdur. Qeyri-xotti obyektlorin idaroetma sistemlorindo xotti miitonasib-inteqral-
diferensial (PID) kontrollerin istifade edilmasi oksor hallarda bdyiik meyletmalor, statik xata vo ya

e
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kecid miiddoti ilo xarakterizo olunan idaroetmo prosesinin keyfiyyotinin az olmasina sobab
olur.Hazirki maqalado do qaraciyor xorgongi kimi taninan hepatosellular karsinomanin (HSK)
ilkin diagnozu vo prognozlasdirilmasi ti¢lin intellektual sistemin yaradilmasi istigamotindo
aparilan todqiqatda masin tolimi alqoritmlorinin taotbiqi ilo bagli aragdirmalarin naticolori verilmis,
daha yaxsi notico gostoron alqoritmin miioyyonlosdirilmosi iiglin aparilmis eksperimentlorin
naticalori taqdim olunmusdur.

Moaqsad

Problemin aktualhg vo alaqoali tadqiqatlar. Bunlari nozoro alaraq, iri materiallarin naglinin
texnoloji proseslorindo istifado olunan lentli konveyer intiqali ii¢iin standart elektrik modeli
niimunoasindo obyektin geyri-xotti xassalori nozoro alinmaqla vo lazimi idaroetmo keyfiyyotini
tomin etmoyo imkan veran PID kontrollerin tonzimlomo parametrlorinin geyri-salis adaptasiyast
mosalasinin halli nozordon kegirilmisdir. Kontroller kimi proqramlasdirilan montiqi kontroller
(PMK) Siemens S7-1500 gotiriilmiisdiir. PMK-nin 6z kitabxanasinda qeyri-salis kontroller
olmadig1 liclin onun program modelinin realizo edilmasi bazi 6zslliklors malikdir. Belsliklo, biitiin
idaroetmo sistemi, o climlodon obyekt Simulink paketindo realizo edilmis, kontroller iso bu
sistema inteqrasiya edilmis bir aparat cihazi kimi islonilir. Belo bir hibrid sistemi realizo etmok
ticiin PMK kontroller ilo Simulink modeli arasinda proqram tominati slagesini tomin etmak {igiin
sonaye avtomatlagdirmasinda genis istifado olunan Object Linked and Embedded (OLE) for
Process Control (OPC) kommunikasiyalarindan totbiq etmok magsadauygundur.

Texnoloji avadanliglarin, proseslorin vo sistemlorin artan miirokkabliyi soraitinde idarsetmo
somaraliliyinin yiiksoldilmesi aktual problemdir. Miirokkob obyektlorin idaroetmo sistemlorinin
layiholondirilmasi ii¢lin adekvat riyazi vo ya simulyasiya modellorinin qurulmast vo geyri-
miloyyonlik soraitindo problemlorin  hollini tomin edon idaroetmo alqoritmlorinin sintezi
masalasinin halli miihiim rol oynayir.

Qeyri-salis montiqin xassalori natamam moalumatlarin emal edilmasi, insan biliklorini toqlid
edorok osaslandirilmis qorarlar verilmosi ondan texnoloji proseslorin real vaxt rejimindo
monitoringinda intensiv istifadoni, eloco do texnoloji proseslora idaroetmo sistemlorinin praktiki
totbiqi ilo olagadar problemlorin hallini miimkiin edir [2]. Idaroetmo sistemlorindo qeyri-salis
montiqdan istifads operatorun idaroetms prosesino miidaxilo doracasini azaltmaga vo buna goro do
sonaye miihitino daha uygunlasdirilmis yeni idarsetmo {isullarinin islonib hazirlamaga imkan
verir. Qeyri-solis moantiqo osaslanan tonzimloayicilor bazi hallarda klassik kontrollerlarlo
miiqayisada kegid proseslorinin gostaricilorini daha keyfiyystli olmasini tomin eds bilir. Bundan
olava, geyri-solis idaroetma alqoritmlorinin sintezi tsullarindan istifado edilmosi kompleks
idaraetma dovralorini hortorafli riyazi todqigatlar aparmadan optimallagdirmaga imkan verir.
Qeyri-solis montiqo osaslanan kontroller ilo PID kontroller arasindaki forq ondadir ki,
kontrollerinin miitonasib inteqrallama dovrasindoki amsallar sabit deyil, yoni onlar sistemin cari
andaki voziyyetindon asilidir. Bu idarocetmo prosesini keyfiyyotco dayismaya, sistemdoki
signallarin parametrlorini (signalin doyismo siiratini, tocili) nazoro almaga, homginin idaroetmo
prosesini daha yaxs1 adaptasiya etmoays imkan Verir.

Stirat saygacinin PID kontrollerinin amsallarini hesablamagq {igiin, gapali sistemlarinin parametrik
optimallagdirilmasi ti¢iin nozards tutulmus Nonlinear Control Design (NCD) alt program paketi
(geyri-xatti idaraetmoa sistemlorinin qurulmasi) ilo Simulink tatbiqi proqramu istifado olunur. Bu,
barabarsizlik soklinde moahdudiyyatlor daxilinde parametrlorin qiymatlorinin optimallagdirilmasi
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mosalalorini holl etmok iiglin program tominati olub, optimallagdirma alqgoritmi kimi ardicil
kvadrat programlagdirmadan istifados edilir.

NCD program tominatinin isi naticasindo PID kontrollerin omsallari iigiin asagidaki qiymatlor
alimusgdir:

Kp=3,62; Ki=0,04; Kd=1,05.

Bu sistemdos 0,8% izafi tonzimlomo oldugu miioyyan edilmigdir. Bu isin novbati morhoslssi lentli
konveyerin elektrik intiqalinin yuxarida gostorilon modeli {i¢iin geyri-solis montiq qaydalarina
osaslanan PID kontrollerin yaradilmasidir. Siemens S7-1500 PMK osasinda qeyri-solis PID
kontrollerin yaradilmasi prosesi 2 marholoda yerino yetirilir:

SF_INT
PUFERON
1 G M
P IN : ] [ CEADER M| |
I_U\L + | .~ 1
CRF_IN FidHORM ™ - 71 =
A % / DIEADIE: S
ER
P FAC, P
PREOFE

o2
#

LMH_L

TO, TM_LAG g T—I_—" LMN D

TILMH_HLM
LMN_LLM
MAN e ML ML "
_\_14\ LMN_MHORM CRF OUT
e / g =S | }it_FER

LMM_HLK, LM M _FA G,
LMMLLM LM M OFF

Sakil 1. “CONT_C” kontroller bloku

1. “CONT _C” fasilasiz idaroetmo blokundan istifado etmoklo TIA PORTAL (vo ya STEP7)
program muhitinds PID kontrollerin programinin tartib edilmasi;

2. LD (Ladder Diagram), FBD (Function Block Diagram) vo ya STL (Structured Text Language)
programlasdirma dilindon istifado etmoklo TIA PORTAL-da qeyri-salis PID kontroller
programinin hazirlanmas;

"CONT_C" bloku (fasilasiz kontroller) SIMATIC S7 program montig kontrollerlorinds fasilosiz
giris va ¢ix1s doyisanli texniki proseslori idars etmok tgiin istifads olunur. Kontroller sabit tapsiriq
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giymatli (SP) PID kontroller vo ya coxddvrali idarsetms sistemlorindo kaskadli kontroller,
diferensial vo ya mutonasib kontroller kimi istifads edils bilor. Kontrollerin funksiyalari rogomsal
kontrollerin analog signal ssasinda PID idaraetms algoritmins asaslanir.

Qeyri-salis kontrollerin asas funksiyasi sistemin cari koordinatlarindan asili olaraq ¢ixis idaraetmo
tosirinin yaradilmasidir.

Kontrollera daxil olan molumatlarin iglonmasi proseduru asagidaki kimi tasvir edila bilar (sokil 2):
1) giris dayisanlarinin cari giymatlori linqvistik giymatlors gevrilir (fazzifikasiya);

2) alinmig linqvistik qiymotlor asasinda vo kontrollerin qaydalar bazasindan istifado etmaklo
geyri-salis montigi gorar qobul edilir, naticads ¢ixis dayisonlorinin lingvistik giymatlori
hesablanur;

3) Defazzifikasiya naticasindo salis giymatlor hesablanir [3,4].

— Fuzzy logic svstem QQevri-salis mantiq sistemi
Girig Coxis
davisenlann | |-, - i - | L | dovisenlan
v “| Fazfikasiva - 3.-'12:11t1q1 “| Defazifikasiva F e
gavdalar

Sakil 2. Giris doyisonlorinin iglonmasi

Qeyri-salis tonzimlayicinin biliklor bazasinin islanilmasi asagidaki masalalarin hallindan ibaratdir:
1) istonilon hesablanmis rejimds qapali idaraetms sisteminin davraniginin tohlili asasinda
lingvistik giris doyisonlorinin segimi;

2) lingvistik dayisanlorinin har biri G¢ln lingvistik terminlor toplusunun tayin edilmasi [5];

3) lingvistik dayisanlarin hor biri t¢tin toxmini geyri-salis ¢goxlugun se¢ilmasi.

Sakil 3-da adi PID kontroller vo adaptiv geyri-salis PID kontroller blokundan istifads etmoklo
Siemens S7-1500 osasinda sistemin modellogdirilmasi naticalorinin migayisasi gostorilmisdir.

...............................................

PID

AdaptiveFuzzoPID |- -
_‘I i i | |
n 2 4 B a 10

Sakil 3. Kecid proseslorinin miiqayisa naticolori
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Klassik PID kontroller vo qeyri-solis kontrollerdon istifado edorkon prosesin kecid
xarakteristikalarinit miiqayisasi gostarir ki, qeyri-salis kontrollerli model Gi¢uin izafi tonzimlomonin
nozoracarpacaq doracado azalmasi ilo gorarlasma miiddotinin ciizi artimi1 miisahido olunur.

Cadval 1. Sistemin simulyasiya naticolorinin miigayisasi.

[zafi tonzimlomo, %  |Prosesin gorarlasma miiddati, san.

PID tonzimlayicisi 0.8 4.8
Qeyri-salis tonzimloyici 0.1 5.7
Natica

Beloliklo, lentli konveyerinin elektrik intiqalinin parametrlorini tashih etmok Gglin geyri-salis PID
kontrollerin layihalondirilmasi tgln geyri-salis modelin qurulmasi zamani linqvistik doyisanlarin
yaradilmast isulu toklif olunur. Kontrollerin geyri-salis biliklor bazasinin formalagdirilmasi
qaydalari, geyri-salis montigi natica ¢ixarma proqram tominati iglonib hazirlanmig, Siemens S7-
1500 PMK asasinda PID va geyri-salis PID kontrollerlaor totbiq edilmisdir. Simulyasiya naticalori
gostorir ki, adaptiv geyri-solis PID kontrollerin reaksiyasi klassik PID kontrollerindan nisbaton
daha yaxsidir.
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PE3IOME

HccnenoBanbl 0COOCHHOCTH MPUMEHEHHUS aJallTUBHOTO HEYETKOTO PErylATopa HJs CUCTEMBI
aBromatudeckoro ympasieHuss (AMC) snexkTpudeckoro IMmpuBoja JEHTOYHOTO KOHBeiiepa Ha
puMepe MporpaMMHupyeMoro jjorudeckoro kourpoiepa SIEMENS cepun S7-1500.
Pa3paboTrka 0a3bl 3HAHUK HEYETKOTO PEryjsaTopa COCTOUT W3 PEIICHUs CIEAYIOmUX 3amad: 1)
BBIOOP BXOJHBIX JIMHTBUCTHMYECKHX IEPEMEHHBIX HAa OCHOBE aHallM3a MOBEIEHUS 3aMKHYTOM
CUCTEMBI YIPABIICHUS B JTIOOOM PAacUeTHOM PEKUME; 2) ONMpe/esieHne Ha0opa TUHTBUCTHUSCKUX
TEPMOB JJIs1 KaX/I0M U3 JIMHTBUCTUYECKUX MEPEMEHHBIX; 3) 1MoaA00p MPUOINKEHHOTO HEUETKOTO
MHOJKECTBA ISl KAXKIOTO U3 YCIOBUH.

OcHoBHOM  (yHKLIMEH HEYETKOro peryistopa sBisercs (GOPMUPOBAHHUE  BBIXOAHOIO
YIPABIISIONIETO 3HAYCHHSI B 3aBUCUMOCTH OT TEKYIIMX KOOPAMHAT CUCTEMBI.

[Ipouenypy oOpaboOTKM BBOJA TAHHBIX B KOHTPOJUIEP MOXKHO OMHCAThH CIEAYIOMUM oOpazoM: 1)
TEKyIIHEe 3HAYCHHS BXOJHBIX IEPEMCHHBIX NPEOOpa3yIOTCs B JIMHTBUCTUYCCKUE 3HAYCHUS
(paz3udukamnus); 2) Ha OCHOBE MOJTYUYEHHBIX JTUHTBUCTUYECKUX 3HAUCHUHN U C UCMIOJIb30BAHUEM
0a3bl IPAaBWJI KOHTPOJIEpa MPUHUMACTCS HEUETKOE JIOTUYECKOE PEIICHUE, B PE3yJIbTaTe Yero
BBIUUCIISIOTCS JTUHTBUCTUYECKUE 3HAYCHUS BBIXOJHBIX MEPEMEHHBIX; 3) MOJYYCHHbIE 3HAYCHHUS
npeoOpas3yroTcst B UeTKue HuQpHI.

Jns oOMeHa JdaHHBIMH MexAy makeToM MonenupoBanuss MatLAB  Simulink wu
MPOrPaMMHUPYEMBIM JIOTHYECKHM KOHTpOJUIepoM wucmonb3yercs npotokon OPC. Ilposenen
CpaBHUTEJIbHBIN aHAINU3 NIEPEXOIHBIX XapaKTEPUCTHK, MOTYYCHHBIX 10 pe3yibTaTaM padoThI.
KuroueBble c10Ba: JICHTOUHBIN KOHBEMED, HeUeTKas Jioruka, [IN/[-perynarop, 31eKTponpuBo/I.
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ABSTRACT

In the article, the study of ethanol dehydrogenation reaction on binary cerium-copper oxide
catalysts was carried out. It was determined that ethanol in Ce-Cu-O catalysts is mainly acetic
aldehyde, acetone, ethyl acetate, ethylene. and turns into carbon dioxide. Under the studied
conditions, the products obtained in the reaction of isomerization of butene 1 to butene 2 in
cerium-copper oxide catalysts are trans and cis-butene 2. At temperatures higher than 350C, deep
oxidation products, namely CO and CO2, are formed. It was determined that with the increase in
the amount of cerium in the catalysts, the release of trans and cis butene-2 decreases, which
indicates a decrease in the acidity of the catalyst surface. It was determined that,

Studies have shown that in the Ce-Cu-O catalyst, ethanol is mainly converted to acetic aldehyde
at low temperatures, ethyl acetate and acetic aldehyde and acetone at temperatures above 3500C.
As a result of the research, it was determined that cerium-copper oxide catalysts have little
activity in the isomerization reaction of butene-1 to butene-2. In samples rich in cerium, the
isomerization reaction of butene-1 starts at a temperature of 2500 C and does not exceed 15% of
the yield of butene. The ratio of trans-cis isomers of Ce-Cu-Ocatalysts varies in the range of 0.17-
0.56%. The isomerization of the catalyst in the same proportions is at least equal. In the reaction
of isomerization of butene-1 to butene-2 at a temperature of 2500C, samples with a high content
of copper show activity, at the same time, samples rich in cerium also show activity at a high
temperature.

Heterogeneous catalytic reactions is a complex process involving the interaction of primary gas
substances with a solid catalyst surface. It is known that the reaction speed is affected by the
number of active centers. Therefore, increasing the number of active centers is an important issue
in order to increase the activity of the catalyst. Determination of the specific surface of the
synthesized catalysts was measured by nitrogen thermal desorption method. In Ce-Cu oxide
catalysts, the specific surface first decreases with the increase in the amount of cerium in the
catalyst, and then begins to increase. The sample under study is placed in a stream of mixture of
helium and nitrogen, and then cooled to liquid nitrogen temperature. The partial pressure of
nitrogen in the mixture was chosen in such a way that it was sufficient for monomolecular coating
of the surface during cooling with liquid nitrogen. When the sample was heated to room
temperature, desorption of nitrogen from its surface occurred and was recorded as a desorption
peak on the tape of this self-recording device. As a result of the conducted research, there is
enough complete and extensive information about the physico-chemical properties of catalysts in
the scientific literature. However, no true theories have yet been proposed. Taking into account
the above, the question of the possibility of predicting their activity, selectivity and longevity as a
result of the study of various physico-chemical properties of catalysts is considered very
important.
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In the Ce-Cu= 3:7 sample, the specific surface decreases to 7.1 m2/g. At the ratio of 9:1, this
indicator increases to 16.5 m2/ha. The values of the primary oxides, i.e., Ce and Cu oxides
included in the catalytic system, were measured and are equal to 6.5 and 0.7 m2/g, respectively.
Keywords: ethanol, dehydrogenation acetaldehyde, binary catalysts, isomerization.

BINAR CE -CU-O KATALIiZATORLARIN AKTIVLIYININ ONLARIN
TURSU — OSAS XASSOLORINDON ASILILIGI
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XULASO

Mogqalada binar serium-mis oksid katalizatorlar1 {izorindo etanolun dehidrogenlogmosi
reaksiyasinin todqiqi aparilmisdir. Miioyyen edilmisdir ki, Ce-Cu-O katalizatorlarinda etanol
osason sirka aldehidi, aseton,etilasetat, etilen . vo karbon dioksida cevrilir. Oyronilon soraitdo
serium-mis okid katalizatorlarinda buten 1-in buten 2-yos izomerlogsmasi reaksiyasinda alinan
mohsul trans va sis-buten 2-dir. 350C —dan yiiksok temperaturda iso darin oksidlosma mohsullar
yoni CO voCO2 amoelo golir. Miioyyon edilmisdir ki, katalizatorlarin torkibinde seriumun
miqdarinin artmasi ilo trans vo sis buten-2-nin ¢iximi azalir ki, bu da katalizator sothinin
tursulugunun azalmasindan xabar verir. Miioyyon edilmisdir ki, serium-mis oksid
katalizatorlarinda etanolun dehidrogenlogsmosinin  sothin tursulugunun artmasi ilo sirko
aldehidinin mohsuldarlig1 vo onun selektivliyi minimumdan kegir.

Tadqiqatlar gostordi ki, Ce-Cu-O kaatalizatorunda etanol osason asagi temperaturda sirko
aldehidi, etilasetata vo 350°C- don yiiksok temperaturda sirko aldehidi vo aseton almir.
Tadgiqgatlar naticasindo miioyyan olunusdur ki, serium — mis oksid katalizatorlar1 buten-1 buten
2-ys izomerlogsmosi reaksiyasinda kigik aktivliye malikdir.Seriumla zongin olan niimunslordo
buten 1-in izomerlosmosi reaksiyasi 250° C temperaturdan baslayir vo buten—nin ¢iximinimn
comi 15%- don artiq olmur .Ce-Cu-Ovkatalizatorlarinin trans-sis izomerlorinin nisbati 0,17-
0,56% intervalinda doyisir. Eyni nisbotlordo olan katalizatorun izomerlogmasi minimum
borabordir. 250°C temperaturda buten-1-in buten-2- yo izomerlosmosi reaksiyasinda torkibindo
misin miqdar1 ¢ox olan niimunslor aktivlik goéstorir, eyni zamanda yiiksok temperaturda torkibi
seriumla zongin olan niimunaler do aktivlik gostarirlor.

Heterogen Katalitik reaksiyalar ilkin gaz maddslarinin bark katalizator sath ilo qarsiligl tosirini
ohato edon miirakkab bir prosesdir .Malumdur ki, reksiyanin siiratine aktiv morkozlorin say1 tosir
gostorir.Ona goro do katalizatorun aktivliyini artirmagq tigiin aktiv morkozlorin sayinin artirilmasi
vacib bir mosaladir.Sintez edilmis katalizatorlarin xiisusi sothini toyin etmok tii¢iin azotun istilik
desorbsiyasi tisulu ilo Ol¢iilmiisdiir.Ce-Cu oksid katalizatorlarinda xiisusi soth katalizatorun
torkibindo serium miqdarinin artmasi ilo avvelco azalir sonra artmaga baslayir.Ce-Cu= 3:7
niimunosinda xiisusi soth 7,1 m?/g- a qodor azalir. 9:1 nisbatindo iso bu gosterici 16,5 m?%/g-a
qader artir. O, katalitik sistemo daxil olan ilkin oksidler yani Ce va Cu oksidlerin qiymatlori
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ol¢iilmiisdiir vo uygun olaraq 6,5 vo 0,7 m?/g- a barabordir.
Acar sozlar : etanol, dehidrogenlogmo sirko aldehidi, binar katalizatorlar, izomerlogma.

Giris

Molumdur ki, etanolun osas ¢evrilmo reaksiyalarina oksidlogsmo, dehidrogenlosmo, oksidlosdirici
dehidrogenlogsma, dehidratasiya, deorin oksidlosma vo sair proseslor aid edilir. Bu reaksiyalar
etilen, asetaldehid, sirko tursusu, aseton, sado, miirokkob efirlor, karbon qaz1 vo karbon
monooksid kimi dorin oksidlogsmo mohsullarinin omals golmasi ilo miisayist olunur.

Dovri odobiyyatda etanolun dehidrogenlosmo vo dehidratasiya reaksiyalar1 daim alimlorin digqet
moarkazinds olmugdur. Homin reaksiyalarin komaoyi ilo golacokds etilasetat, asetaldehid vo dietil
efiri kimi gqiymatli birlosmoalar almaq mimkandr.

Hal-hazirda etanolun diinya iizro istehsalinin yarisindan ¢oxu daxili yanma muharriklori Ggln
yanacaglara (benzin) slave kimi, toxminon 15%-i iso spirtli ickilor istehsali tiglin istifads olunur.
Bu mogsadlo istifads olunan etanolun istehsalinin hacmi 1975-ci ildon doyismoz olaraq qalir, eyni
zamanda yanacaq kimi istifads olunan etanolun istehsali ildon-ilo artir. Bitki xammalindan alinan
etanolun istifadasinin digor mihium istigamati muixtalif giymatli kimyavi monomerlorin sintezi
hesab edilir (yasil kimya). ABS-da gabul olunan dovlat programina asason,25 ildon sonra kimya
sonayesinin toxminan 25%-i bitki monsoli xammaldan alinan kimyavi maddslordan istifado
edilmoalidir. Analoji program, hamg¢inin Avropanin inkisaf etmis 6lkalorinds do gobul edilmisdir.
Etanol istehsali {igiin tokco nisastadan deyil, homginin oduncagimn, yarpaqlarin vo samanin
torkibinds olan selliloza va sellobiozadan istifade olunacaqdir. Sellilloza galiglarindan benzin
avazlayicisi va ya benzins alava kimi istifads edilocok etanolun istehsali boyiik bioetanol ehtiyati
generasiya edacakdir.

Moaqsad

Problemin aktualligi vo oJlagoli todqiqatlar. Todqiq edilmis neft ehtiyatlarinin
giymotlondirilmosi onun tilkonmasi erasinin yaxinlagmasini gostorir.Buda diinyanin bir ¢ox
Olkalarinda enerji sahasindoa problemlor yaranmasina sobob olacaqdir.Bela hesab edilir ki, neftin
golocok zamandaki alternativi biokiitlodon alinan etanoldur. Binar mis torkibli Kkatalizatorlar
Uzorinda etanolun dehidrogenlosmasi reaksiyasi aparilmisdir.Mis asasinda katalizatorlar metanol
sintezi sirko aldehidinin alinmast vo s. coxsayli sonaye Kimyavi proseslordo genis totbiq
tapmisdir.Katalizatorlarin sathinin tursu-asasi xassalori, dévri nasrlordon moalum oldugu kimi,
onlarin katalitik foaliyyatina tosir gdstora bilor [1-3]. Muasir ehtimallara asason katalizatorun
sathinds turgu-asas tipli Brensted vo Lyuis morkazlori vardir. Bu baximdan biz serium-mis
torkibli katalizatorlarin etanolun dehidrogenlosmasi reaksiyasinda aktivliyinin onlarin tursu- asas
xassolirindan asililigint dyranmisik Ki, bu da buten-1-in buten-2-ya izomerlogma sirati ilo 6lgulur.
Tadgigatin moagsadi serium oksidli torkibinds mis olan binar oksid katalizatorlar (zorinda
etanolun dehidrogenlosdirlmasi reaksiyalarinin Oyranilmosi, onlarin katalitik aktivliyi, fiziki-
kimyavi xassalori vo katalizatorun tobioti arasinda qarsiliql alagonin agkar edilmasidir.

Metodlar

Isin yerino yetirilmosindo asagidaki iisullardan istifado edilmisdir: qaz xromatografiyasi,
rentgenfaza analizi, azotun istilik desorbsiyasi tisulu ilo xiisusi saothin toyini vo katalizatorlarin
aktivliyini toyin etmak ii¢lin axin qurgusu.
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Serium -mis oksidi katalizatorlari serium nitrat vo mis nitrat duzlarinin sulu moahlullarindan birgs
¢okdirma yolu ilo hazirlanmisdir. Noaticodo qarisiq 100-110°C-da buxarlanir, sonra amala galon
cokuntu 120-150°C-do qurudulur va sonra 300°C temperaturda azot oksidlori tam buraxilana
goadar pargalanir. Yaranan bork kiitlo 10 saat arzinds 550°C temperaturda kdzardilmisdir.
Belsliklo, Ce:Cu =1:9-dan Ce:Cu =9:1-5 godar elementlorin atom nisboatine malik 9 katalizator
sintez edilmisdir.

Toadqiq edilon Kkatalizatorlar izarinds butenl-in buten 2-ys izomerlosmasi reaksiyasini aparmaq
{iciin axmli laboratoriya qurousunda inteqral reaktoru istifado edilmisdir. Izomerlosma
reaksiyasinin todqiqgi U¢tin reaktora plcisu 1-2 mm olan 5 ml Kkatalizator doldurulur. Buten_1-in
buten-2 — yoa izomerlogsmasi etanolun dehodrogenlosmasi reaksiyasinda vo sintez edilmis
katalizatorlarin aktivliyi 150-450°C temperatur diapazonunda 1200 h-1 hacmi siratinds axin
qurgusunda todqiq edilmisdir. Asetaldehid, aseton va digor Uzvi birlogsmalorin mohsuldarligi
Polisorb-1 sorbenti ilo doldurulmus 2 m-lik siitunda alov ionlagsma detektoru ilo LKhM-8
xromatoqrafinda toyin edilmisdir. Karbon dioksid va buten-2-nin mohsuldarligi 6 m uzunlugunda
siitunlu Qazoxrom xromatoqrafinda toyin edilmisdir. Reaktor binar katalizatorla doldurularaq
buten 1- ilo azot qaris1g1 bu reaktora daxil olur vo burada izomerlosma prosesi bas verir.

Aparilmis  todgigatlar  gOstormisdir ki, serium-mis oksid Kkatalizatorlarinda etanolun
dehidrogenlosmasinin reaksiya mohsullar1 asetaldehid, aseton, karbon dioksid, etilen, etilasetat vo
az miqdarda ilkin spirtin Uzvi parcalanma mahsullaridir.

Etanolun c¢evrilmo reaksiyasinda Ce-Cu=3-7 katalizatorunun aktivliyinin 6yronilmasino dair
molumatlar Coadval 1-do gostorilmigdir. Gorlindiiyii kimi, etanolun dehidrogenlogdirilmasi
reaksiyasi da 150°C-da baglayir. Bu temperaturda 10,6% asetaldehidin amolo golmasi miisahido
olunur. Temperatur artdiqca asetaldehidin ¢ixim1 300°C-do maksimumdan (42,8%) Kkegir.
Temperaturun daha da artmasi karbon gazinin, asetaldehidin, etilenin vo etil asetatin omalo
goalmasina sobab olur.

Cadval 1. Ce-Cu=3:7 katalizatorunda etanolun dehidrogenlogmasi

Cixim, %
T, °C CO+CO2  [Etilen Sirko aldehidi IAseton etil asetat _|onversiya
150 10.6 10.6
200 16.6 16.6
250 0 0.3 26.9 0 25 65.2
300 3.6 5.4 42.8 2.9 10,5 A7.6
350 7.5 8.2 33.8 12.5 8,7 70.7
400 16.4 3.9 28.7 12.5 2.5 65.7
450 28 1.9 30.9 9.4 4.5 74.7

Etil asetatin omolo golmasi 250°C temperaturda miisahids edilir vo onun ¢iximi, codval 1-don
gorundiyd kimi, 25%-don ¢ox deyil. Asetaldehid omalo galmasi reaksiyasi 150°C-ds baslayir vo
artan temperaturla 300°C-do maksimumdan (42,8%) kegir. Etilen mohsulu da artan reaksiya
temperaturu ilo maksimumdan kegir vo onun an yiiksshsulu 350°C-dos 8,2% toskil edir. Karbon
dioksidin amoala golmasi 300°C-do baslayir vo todqiq olunan biitlin temperatur diapazonunda
reaksiya temperaturunun artmasi ilo onun mohsuldarhigi artir. Codvol- 1 do todqiq edilon
katalizatorda etanolun dehidrogenlosdirilmasi reaksiyasinda 450°C-do konversiyasi 74,7%-9
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catdigini gostorir.

Buten-1-in buten-2-ys izomerlogsmasinin todqiqi gostordi ki, serium-mis oksid katalizatorlar:
buten-1-in trans vo sis-buten-2-ys izomerlogmosinds kifayot godor asagi aktivliya malikdir.
Molum olmusdur ki, Ce-Cu=3:7 katalizatorunda buten-1 izomerlosmasi 200°C temperaturda
baslayir. Bu temperaturda miivafiq olaraq 2,5 vo 4,7% trans va sis buten-2 omoalo golir. Reaksiya
temperaturunun artmasi ilo 2-butenlorin mohsuldarligir bir qodor artir vo 300 ° C reaksiya
temperaturunda 12,5% -o catir. Temperaturun daha da artmasi1 400°C-ds 2-butenlorin ¢iximinin
6,1%-o godor azalmasina sobab olur. Digor anoloji nlimunalar iigiin naticalor aldo edilmisdir.
Aparilan tadqiqatlar gostarmisdir ki, todqiq edilan biitiin katalizatorlar tizra buten-2- nin  imumi
cximi  10,6%-don cox deyil. Toadqiq olunan katalizatorlarda buten-2-nin trans va sis
izomerlorinin ¢iximimin nisbati 0,35-0,71 arasinda doyisir.Bu onu gostorir ki. Katalizatorun
sothindo hom Lyuis vo Brensted tursu morkozlori mévcuddur.Lyuis tursu morkozlori Brensted
tursu moarkoazlaring nisbaton 2 dofa ¢oxdur Alinan moalumatlardan demak olar ki, izomerlosmnin
stirati katalizatorun torkibinds seriumun miss olan atom nisbotindon giiclii sokilds asilidir.

Sokil 1-do trans vo sis buten-2-nin mohsuldarliginin 250°C-do Ce-Cu-O katalizatorlarinin
torkibindon asililiglar1 gostarilir. Sokil 1-don goriindiiyii kimi katalizatorlarin torkibinds seriumun
miqdarimnin artmasi ilo trans va sis buten-2-nin ¢iximi Ce-Cu=3:7 nimunasinds 12,1%-don 1.6 %-
o godor azalir. Ce-Cu=9-1 katalizator. Codvaldon do gériindiiyii kimi karbon qazinin ¢iximi
reaksiya temperaturunun artmasi ila Oyrnilon bitlin temperature intervali boyu aartir. Karbon
dioksidin maksimal ¢ixim1 450° C temperaturda 28% toskil edir.

Codvoldon alinan naticalordon molum olur ki etanolun konversiyasi terkibdon asili olaraq doyisir.
Bu katalizator nlimunoasinds etilenin ¢iximi temperaturda hom do seriumun miss olan atom
nishatindan asili olaragq 350 °C temperatura godor artir sonar azalma miisahids olunur.

Molum oldugu kimi, heterogen katalizatorlarin sathinin tursu-asas xususiyyatlori onlarin
aktivliyino tosir gostorir. Sirko aldehidi vo karbon dioksidin ¢iximi , eloco do etanolun sirks
aldehidona dehidrogenlosmasi vo selektivliyi serium-mis oksid katalizatorlarinda buten-1-in
izomerlogmo doracasindoan asililigi Sokil 2-da gostorilmisdir.

Sakilda, asetaldehidin ¢iximi1 vo asetaldehido goro selektivliyi izomerlogsma doracasinin doyismasi
ilo eyni istigamotdo bas verir. Buten-1 —in izomerlosma doaracasinin artmasi ilo asetaldehidin
ciximi Vo selektivliyi avvalco bir godor azalir, sonra iso artmaga baslayir. Eyni zamanda, buten-1-
in izomerlosmo doaracasinin artmasi ilo karbon dioksid maksimum ¢ixim gostarir. Sokil 2 do
gostarir ki, buten-1-in izomerlosma doracasinin artmasi ila etanolun ¢evrilmasi bir godor artir.
Heterogen katalizatorlarin sathinin tursu-asasi xassalori onlarin katalitik xassalori ilo korrelyasiya
olunur. Bununla slagadr olaraq etanolun dehidrogenlosdirilmasi reaksiyasinda binary mis torkibli
katalizatorlarin aktivliyinin onlarin tursulugundan asililigini 6yronilmisdir.

Termodinamiki todgigatlar asasinda mioyyan edilmisdir ki, sirko aldehidi vo etilasetatin amolo
goalmasilo etanolun dehidrogenlosma reaksiyasini 250-350°C temperatur intervalinda aparmaq
moqgsadouygundur. Etanolun dehidrogenlagdirilmasi prosesinds sintez edilmis binar birlogmalarin
aktivliyinin dyronilmasi naticasinds etilasetatin vo sirks aldehidinin omalo goalmasi reaksiyasinda
binar serium-mis vo xrom-mis oksid, asetonun sintezinds iss serium-mis ilo yanasi sink-mis oksid
katalizatorlarinin aktiv olmas1 miisyyan edilmisdir.

Sakil 1. Ce-Cu-O katalizatorlarinin tarkibinds trans va sis buten-2 mohsullarinin seriumun misa
atom nisbatindon asililigi. T=250C:1 — trans va sis butenlorin comi-2; 2 - t-buten-2; 3 - c-buten-2;
4 - t-buten-2-nin c-buten-2 nisbati
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Sakil 2. Etanolun dehidrogenlosmasi reaksiyasinda serium-mis katalizatorlarinin
aktivliyininbuten-1-in buten-2-ya izomerlosma daracasindon asililigi. T=300°C:1 - Selektivlik; 2 -
konversiya; 3 - sirko aldehidi; 4 - CO + CO2

Noatica
1. Serium-mis oksid katalizatorlarinda etanol dehidrogenlogmasinin reaksiya mohsullari sirko
aldehidi, etil asetat, aseton, etilen vo karbon dioksiddir.
2. Serium-mis oksid katalizatorlar1 buten-1-in trans va sis-buten-2-ys izomerlosmasinda
asag1 aktivliyo malikdir.
3. Serium-mis oksidi katalizatorlarinda etanolun dehidrogenlogmasi reaksiyasinda sirko
aldehidin amala galmasi orta giivvatli tursu markazlords bas verir.

e
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4. Serium —mis oksid katalizatorlarinin aktivliyi hom temperaturdan hom da seriumun misa

olan atom nisbatindon asilidir.
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PE3IOME

B craThe nmpoBeneHo ncclieoBaHNe PeaKuy JACTHIPUPOBAHUS ITAHOJIA HA OMHAPHBIX OKCHIHO-
LHepHUii-MeHBIX KaTallu3aTopax. YCTAaHOBJIEHO, 4YTO dTaHoN B Karaimuzatopax Ce-Cu-O B
OCHOBHOM TMpEICTABISET COOON YKCYCHBIM albJerui, aueToH, OJTWUJaleTaT, >STWICH. |
mpeBpalaercs B YIIEKUCTbIA Ta3. B HccrnenoBaHHBIX YCIOBHSX MNPOAYKTAMH PEaKIUU
nzomepusanuu OyreHa 1 B OyTeH 2 Ha LEPUEBO-MEIHBIX OKCHUAHBIX KaTaau3aTopax SBISIOTCS
Tpanc- u muc-Oyren 2. Ilpu temmeparypax Boime 350C 00pa3yroTcss MPOIYKTHI TITyOOKOTro
okucienus, a umeHHo CO u CO2. OmnpezneneHo, 4TO C yBEJIWYEHUEM KOJIMYECTBA LiEpUs B
KaTaJan3aTopax CHIDKAETCS BBIXOJ TpaHC- U IHMC-OyTeHa-2, 4TO CBUICTEIbCTBYET O CHHXKEHUU
KHMCIIOTHOCTH ITOBEPXHOCTHU KaTaju3aTopa. beiio onpeneneno, uto,

UccnenoBanus mokasanu, uro B katanuzarope Ce-Cu-O 3TaHONI B OCHOBHOM IpeBpaliaeTcs B
YKCYCHBIN allbJeTU]] IPU HU3KUX TeMIIepaTypax, 3TUJIALeTaT U YKCYCHBIN albJeruj U aleToH -
pu Temneparypax Boime 350°C.

B pesynbrare uccnenoBaHUil yCTaHOBJIEHO, YTO II€PUEBO-MEIHBIE OKCHJIHBIE KaTaJlU3aTOpPbl
MAQJIOAKTHBHBI B peakiuu H3oMepusanuu OyreHa-1 B OyrteH-2.B obOpasmax, OoraThix LepHeMm,
peakius u3oMmepusauuu OyreHa-1 naunnaercs npu temieparype 2500 C u He npesbimiaer 15%
Bbixosa OyreHa CoorHomenue Tpanc-iuc-uzomepoB Ce-Cu-O Kkaranms3aTtopoB KoyeOneTcst B
npeaenax 0,17-0,56%. M3omepusanus kataauzaropa B TE€X K€ MPONOPUUAX, IO KpallHel Mepe,
paBHa. B peakuuu nzomepuszanuun OyrteHa-1 B OyteH-2 npu temneparype 2500C akTHBHOCTH
MPOSBIISIOT OOpa3lbl C BBICOKUM COJEpPKAaHMEM MeEIU, B TO € BpeMs 00pasibl, Oorarbie
LEpPUEM, TAKXKE MPOSIBIISIIOT AKTUBHOCTD IIPU BHICOKOW TEMIIEpaType.

['ereporeHHble  KaTaqTUTHYECKHE pEAKUUU MPEACTaBISAIOT Cco00iMl  CIOXKHBIA  Mpolecc
B3alMOJICHCTBUSL ~ NEPBUYHBIX  ra3000pa3HbIX  BEIIECTB C  TBEPAOM  MOBEPXHOCTHIO
Karanu3aropa.lI3BecTHO, 4TO Ha CKOPOCTb PEAKLUHU BIMSAET KOJIMYECTBO AKTHUBHBIX LIEHTPOB,
MIO3TOMY YBEJIMUYEHUE YHWCIA AaKTHBHBIX ILIEHTPOB SBISETCS Ba)XXHBIM BOIPOCOM JUISL JUIS
MTOBBIIIEHUS AKTUBHOCTH karanuzaropa.Onpenenexnne YAEIbHOU MIOBEPXHOCTHU
CHUHTE3UPOBAHHBIX KAaTaJIM3aTOPOB U3MEPSIIM METOJOM TepMoJecopounu a3orta.yY okcuaHbix Ce-
Cu kaTanu3aTopoB yzAelbHas NOBEPXHOCTh CHayaja YMEHBIIAETCSA C YBEJIMYEHUEM KOJINYECTBA
epusi B KaTalW3aTope, a 3aTeM HauyumHaeT Bo3pactath B oOpasne Ce-Cu=3:7 ynenpHas
MOBEPXHOCTh yMeHbliaercss Jo 7,1 wm2/r. Ilpu cootHomenun 9:1 3TOT moOKazaTesb
yBenuuuBaercs a0 16,5 M2/ra. BenuuuHbl nepBUYHBIX OKCHUIOB, T.e. okcuaoB Ce u Cu,
BXO/ISIIIMX B KATAJIMTUYECKYIO CUCTEMY, U3MEPEHbI U paBHbI 6,5 1 0,7 M2/T COOTBETCTBEHHO.
KuiroueBble cjioBa: 53TaHOIN, JETHAPUPOBAHUE alleTalbJAEruaa, OWHApHBIE KaTallu3aTophbl,
M30MeEpH3aLUs.
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MINERAL COMPOSITION OF ORES AND ROCKS OF THE DURUJA
STRUCTURAL-FORMATION ZONE

Teller Gadirova
Institute of Geology and Geophysics, of ANAS, Department of “Ore Magmatic Systems and Minerageny”
Researcher, e-mail: gediroval980@mail.ru

ABSTRACT

Investigating the potential of precious, non-ferrous metals, rare and rare earth elements
accumulated in black shales is of great scientific and practical importance. The characteristics of
these rocks such as barrier, sorption, transport, reduction are important in the formation of
anomalies of similar elements in black shales and in their role as a source in epigenetic processes.
For example, “Muruntau” field, which has 6 thousand tons of gold reserves, located mainly in
Proterozoic-Paleozoic and Mesozoic black shale complexes in Uzbekistan, unique deposits
formed in the black shale strata of “Pay-Khoy”, deposits in a similar complex with large reserves
in RSA, USA, Australia, Canada and Indonesia.

From this point of view, the study of the mineral composition of the ores and rocks of the Duruja
zone, which mainly consists of Middle Jurassic aspide schists and terrigenous flyschoid
formations, is a promising direction.

The study of sections and polished-sections, which were made from numerous samples taken
from the research area, was conducted in transmitted and reflected rays under the microscopes
MIN-8 and MIN-9, Carl ZEISS Axio imager A2m, and the images were captured on a computer
using Zen 2.6 Software. Monominerals were disaggregated under a MBC-1 binocular microscope
and the analysis of their element-compounds was carried out by the X-ray-fluorescent method in
the “PICOFOX” analyzer. The samples were accurately determined by using the X-ray spectral
method in the “SEM” electron microscope in order to investigate the distribution of impurity
components in ore and non-metallic minerals, the surface area and morphological characteristics
of some minerals.

Ore and non-metallic mineral compounds of the rocks were studied based on the research
conducted on the samples taken from different mineralization areas of the Duruja zone. It was
determined that clay minerals, phosphates, carbonate minerals, sulphide compounds play an
important role in the accumulation and distribution of precious and non-ferrous metals, rare and
rare earth elements in black shales, sandstones, siltstones.

The black shales of the Duruja zone are characterized by high amounts of clay minerals
(montmorillonite (7.8%), kaolinite (6.8%) and illite (7.4%)), barite (7%), chlorite (12%) and
others. The mineral composition of sandstones is characterized by superior quantities of quartz
(40.1%), hydromica (8.78%), jarosite (7.5%) and feldspar (11.9%) compared to the mineral
composition of black shales. Siltstones are dominated by feldspars (14.9%), calcite (11.9%), and
hydromica (14.4 %). These observed differences in mineral composition depend on rock materials
of petrogenic and aquagenic sources, transport characteristics and physicochemical parameters of
mineralization during sediment accumulation.

Comparative study of ions sorption of copper, zink, cobalt, nickel and silver on the example of
black shale rock from Duruji zone of the Greater Caucasus South Slope (Azerbaijan) which is
multimineral system with the following components — montmorillonite, illite, chlorite, albite,
gypsum, quartz, pyrite, carbon — base matter demonstrated that test sample possesses a high
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sorption ability towards the ions of abovementioned metals. This means the sorption ability of
black shale rocks towards different metals can be basis in prediction and search for zones with
concentration of one or a number of metals.

Key words: shale, rock, mineral, ore, microscope

DURUCA STRUKTUR-FORMASIYA ZONASININ FiLiZLORININ VO
SUXURLARININ MINERAL TORKIBI

Tellor Qadirova

AMEA Geologiya vo Geofizika Institutu, “Filiz magmatik sistemlori vo minerageniya” sdbasi
Elmi is¢i, e-mail: gediroval980@mail.ru

XULASO

Qara sistlordo nacib, olvan metallarin, nadir vo nadir torpaq elementlorinin toplanmasi
baximindan potensialinin aragdirilmasi mithiim elmi-praktiki shamiyyat kosb edir. Bu siixurlarin
baryer, sorbsiya, dasima, borpaedici kimi xiisusiyyotlori qara sistlordo anoloji elementlorin
anomaliyalarinin yaranmasinda vo bu siixurlarin epigenetik proseslordo monbo kimi rol
oynamasinda miihiim ohomiyyat kosb edir. Bunlara Ozbokistanda osason proterozoy- paleozoy vo
mezozoy yash qara sist komplekslorindo yerloson 6 min ton qizil ehtiyatina malik olan
“Muruntau” yatagi, “Pay-Xoy” un qara sist qatinda formalasan unikal yataglar, CAR, ABS,
Avstraliya, Kanada vo Indoneziyada bdyiik ehtiyata malik olan analoji kompleksdoki yataglar
misal ola bilor.

Bu nogteyi-nozordon todqiqat obyektimiz — asason orta yuranin aspid sistlori va terrigen-flisoid
formasiyalarinin siixurlarindan ibarst olan Duruca zonasinin filizlorinin va siixurlarinin mineral
torkiblarinin tadqiqi perspektivli bir istigamatdir.

Todqiqat  zonasindan gétiiriilmiis c¢oxsayli niimunolordon hazirlanmis slif vo ansliflorin
dyronilmosi uygun olaraq kegon vo oks olunan siialarda MIN-8 vo MIN-9, Carl ZEIZZ Axio
imager A2m mikroskoplarinda aparilmis vo sokillor Zen 2.6 Proqramu vasitasilo kompiiterdo
¢okilmigdir. MBC-1 markali binokulyar mikroskopun altinda monominerallar ayrilmis va onlarin
element-garisiglarinin analizi rentgen-fluoressent tsulu ilo “PICOFOX” markali analizatorda
yering yetirilmigdir. Filiz vo geyri-filiz minerallarinda qatisiq komponentlorin paylanmasini, bazi
minerallarin sothi Olgiilori vo morfoloji xiisusiyyatlorinin aragdirilmast mogsadilo niimunalor
“SEM” markali elektron mikroskopu vasitasilo rentgen-spektral metodundan istifado etmoklo
daqiq toyin edilmisdir.

Duruca zonasmin miixtalif filizlosmo sahslorindon goétiiriilmiis niimunslarin tizerinds aparilan
todqiqatlara osason siixurlarin filiz vo qeyri-filiz mineral torkiblori yronilmisdir. Qara sistlords,
gqumdaslarinda, alevrolitlordo nocib, alvan metallarin, nadir vo nadir torpaq elementlorinin
toplanmasinda vo paylanmasinda gil minerallarinin, fosfatlarin, karbonat minerallarinin, sulfid
birlogmolorinin miihiim rol oynadig1 miioyyaon edilmisdir.

Acar sozlar: sist, suxur, mineral, filiz, mikroskop.

Giris
Igtisadi problemlorin holl etmoyin rasional yollarindan biri do faydali qazmnti yataglarinda vo
onlarin yerlosdiyi siixurlarda, xiisusi ilo do genis spektrli gara sistlordo alvan, nocib metallarin,
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nadir vo nadir torpaq elementlorin yeni, geyri-anonavi ehtiyatlarinin askara ¢ixarilmasi ola bilor.
Diinyada mangan, kolgedan, mis, polimetal, qizil, molibden, vanadium vo uranin bir sira iri
yataqlar1 qara sistlor igorisinds yerlogir [1].

Eyni zamanda siibut edilmisdir ki, qara sistlorin komiirdasiyan laylar1 vo ya hatta qara sistlorin
Ozlori boazi hallarda olvan, nadir vo nacib metallarin kompleks potensial monboyi ola bilar. Qara
sistlords, eyni zamanda filizlordo nacib, slvan metallarin, nadir vo nadir torpaq elementlorinin
toplanmas1 baximindan potensialinin arasdirilmasi miithiim elmi-praktiki oshamiyyat kasb edir.
Azorbaycanda bu tip siixurlarin va filizlorin mineraloji xiisusiyyatlorinin dyronilmasi moqsadi ilo
Boyilik Qafgazin conub yamacimin Azaorbaycan kosimindo yerloson Duruca struktur-formasiya
zonasinda todqiqat islori aparilmigdir. Todqigat obyekti simal-qorbdon Lokit, conub-sorqdon Sulut
caylar ilo hiidudlanaraq, simaldan Zaqatala-Qovdag conubdan Vondam zonalar1 arasinda araliq
maovqe tutur, 200 km-a godor masafadas izlanilir .

Sakil 1. a) aspid formasiyasinin ¢okiintiilori b) flisoid formasiyasinin ¢okiintiilori

Orta yuranin terrigen-flisoid formasiyasinin ¢okiintiilori uzanma istigamati boyunca simaldan iist
yuranin vo alt tabasirin terrigen-karbonat siixurlarindan Qaynar qirtlmasi ils, conubdan iso tuflu
qumdaglarinin, tuflu-qravelitlorin, tuflu-konglomeratlarin, silisiumlu arqillitlorin, nadir hallarda
tuflarin, andezit vo andezit-dasit porfiritlorin tuflu-lavalarin, tuffitlorin vo yuvarlagq pelitomorf
ohong daglarinin layvari toplantilarindan ibarat olan {ist tobasirin vulkanogen-¢cokmo formasiyasi
gatindan Zongi qirtilmasi ilo ayrilir. Duruca zonasinin geoloji qurulusunda aspid vo terrigen-flisoid
formasiyalari ilo tomsil olunan orta yuranin aalen marhalasinin siixurlari istirak edir (sokil 1).
Tadqiqat onasinda simali-qorbdon conubi-gorqo dogru Qum-Lokit, Bas Laysk, Qizilqaya, Agliq-
Filfilli, Qamarvan, Qalaciq va basqa filizlosmo saholori ayrilib.

Hor bir sahonin ayri-ayri siixurlar (gil sisti, qumdasi, alevrolit) va filizlori kompleks todgigatlar
naticasindo Oyronilmigdir.

Maqsod

Duruca struktur-formasiya zonasinda nacib, alvan metallarin, nadir vo nadir torpaq elementlorin
yayilma formalarini, toplanma saholorini agkar etmok mogsadi ilo siixurlarin vo filizlorin mineral
tarkiblorini dyronmokdoan ibaratdir.

Metodlar
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Tadqiqgatlar ¢ol vo laboratoriya metodlarinin asasinda aparilmisdir. Col todqgiqatlart minerallagsma
miigahido olunan miixtalif saholordon geoloji kosilislor iizro, GPS-lo koordinantlar1 qeyd etmaklo
geokimyavi niimunolor gotiiriilorok hoyata kegirilmisdir. Niimunolor ndqtovi vo sirim iisullar ilo
gotiirilmisdiir.

Niimunolor goétiiriilon zaman Niton markali portativ rentgen-fluoressent analizatorundan istifado
etmoklo ilkin analitik molumatlart ¢6l soraitindo birbasa siixur vo ya minerallasma sothlorino
toxunmaqgla 2 doqiqoe orzindo D. Mendeleyev codvolindo olan natriumdan urana gqodor
elementlarin miqdarini toyin etmokls ilkin analitik malumatlar1 ¢élde oaldo etmayo imkan verir vo
notico etibart ilo maraq oyatmayan niimunolorin gotiiriilmosine  ehtiyac qalmir. Toplanmis
niimunalordon miixtalif metodlarla todqiqatlar aparmaq {igiin slif vo angliflor hazirlanmis vo
mogsads uygun olaraq narin toz halina gotirilmis, difraktometrik, silikat, kimyovi element
analizlori olunmus, slixur vo filizlorin element-garisiglart rentgen- spektral metodu ilo toyin
edilmisdir. Niimunolordo karbonlu maddonin olmasi vo onun miqdar1 termoqrafik vo IQ -
spektrofotometrik {isulla toyin olunmusdur. Qara sistlordon kegon mohlullarin pH va Eh
parametrlori pH-metrlo (pH-420) 6l¢iilmiis vo Elit ionometrlo kontrol edilmisdir.

Filizlosmo miisahido olunan zonalardan gotiiriilmiis niimunslords nacib elementlorin kimyovi
analizlori atom absorbsiya metodlari ils yerina yetirilmisdir.

Filiz va geyri-filiz minerallarinin tasviri

Pirlz, damarcig-piiriiz, zolagl, lokoli, massiv, brekgiyavari formali teksturlu, qlobulyar,
hipidiomorfdonali, allotriomorfdenali, relikt, konsentrik- zonal, radial-siiali, hasiys strukturlu
tiplari eyni zamanda Krujeva va lalokvari formali giil kaloma va ar1 sanina banzayan, tasbehvari
dizilmus vo s. amalagalmalari ilo miisahido olunan ¢ox sado mineral torkibi ilo saciyyalonan,
filizlorin on genis yayilan minerali piritdir (sokil 2).

Osason miixtolif Ol¢iili kub formali kristallar soklindo tozahiir edir vo mineral aqreqatlarinin
formalariin zanginliyi ilo diqgati calb edir [2]. Qirilma zonalarindan goétiirtilmiis niimunaslords
tez-tez piritin dinamometamorfizmo ugramasi noticesindo yaranan c¢oxsayli catlarla Ortiilmasi
misahido olunur. Gostorilon mineralin  geoloji  odobiyyatda “filizlosmis bakteriyalar”
,“globulitlor”, “sferolitlor”, “framboidlor”, “kiiriilii pirit”, “kol¢edan kiiralori” kimi adlandirilan
bels aqreqatlarina todqigat zonasinin siixurlarinda da tez-tez rast golinir.

Sakil 2. Pirit agreqatlarinin mikroskopik goriintiilori.

e
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Kimyovi asindirma aparmadan gostorilon aqreqatlarin elektron mikroskopu altinda 5500
dofoyadok vao daha ¢ox boylidiilmasi bels strukturlar1 daha aydin miisahide etmoys imkan yaradir
(sokil 2). Tok-tok rast golon qlobulitlorlo yanasi tez-tez onlarin toplulari1 — koloniyalar1 da
miisahido edilir. Bazi todqiqatgilar belo aqreqatlarin biogen monsali oldugunu gostorir vo onlari
piriti generasiya edon mikroorqanizmloro vo ya Olmiis mikroorqanizmlor {izro yaranan
metasomatik omologalmolors aid edir [3]. Analoji aqreqatlarin abiogen yolla formalagsmasinin da
mUmkunliyd — onlarin hidrotermal monsali sulfid gellorindon yarandigi da gosterilir. Duruca
zonasinin filizlorinin aparict minerali olan piritin miixtolif mengali vo formali denslorinin
elektron-mikroskopik analizinlorinin naticalorindon goriindiiyii kimi singenetik vo epigenetik
piritlor ham qatisiq elementlorin spektrino, hom ds miqdarina gors forqlonir. Singenetik monsali
globulyar pirit aqreqatlarinin torkibindo Au, Ag vo Se kimi qatisiq elementlor istirak edir [4].
Piritin bels aqreqatlarinda selen vo giimiisiin iistiin qiymotlors malik olmasi elektron-mikroskopik
todgigatlarda miioyyon olunmusdur. Epigenetik piritlordo iso yiiksok konsentrasiya ilo
sociyyslonan qizilla yanasi singenetik piritdon forqli olaraq xrom, gadolinium, sink vo kobalt
qatisiglarida askar edilmisdir. Gostorilon piritlor Qum-Lokit vo Aghg-Filfilli filizlogsmo
sahalarindon gotiiriilmiis niimunslords qeyd olunmusdur.

Oksidlosmoyo moruz qalmis piritin aqreqatlar1 izro hétit, hidrohdtit, hidrohematit kimi téromo
domir minerallar1 psevdomorfozalar yaradir (sokil 5). Gostorilon hipergen minerallar torofindon
pirit tam ovoz edilmadikds bu téromo minerallar igorisindo onun reliktlori qorunub saxlanilir.Cox
vaxt piritin kub formali donalori {izra inkisaf edon domir hidrosidlori onlarin goriiniisiinii gqoruyub
saxlayaraq 6zlori do bu formada tozahiir edir.

Sfalerit digor olvan metal sulfidlorine - galenito vo xalkopirito nisboton miqdarca tstiinliik toskil
etso do, Uimumiyyastlo filizlordo az yayilmisdir. Todqigat apardigimiz filizlosmo saholorinin
bozilorindo agkar olunmus sfalerit qalenit vo xalkopiritlo bir paragenetik assosiasiyada qeyri -
diizgiin formal kicik aqreqatlar soklindo geyd olunur (sokil 3). Mikroskop altinda car araginin
buxarlar ilo asindirdigda onun aqreqatlarinin allotriomorfdonali strukturla sociyyolondiyi askar
olunur.

Sakil 3. Qalenit, sfalerit, pirit vo xalkopirit mineral assosiasiyalarinin mikroskopik tasviri

Qalenitin  geyri-diizgiin formali omoalogolmolori sfalerit vo xalkopiritlo assosiasiya togkil edir vo
piritin aqreqatlart arasinda yerlosorok onlar1 korroziyaya ugradir (sokil3).  Paragenetik
assosiyasiya soklinds tozahiir edon sfalerit vo qalenitin torkibindo mis vo qadolinium kimi qatisiq
komponentlor istirak edir. Qalenitdo orta-hesabi miqdar1 1,01% olan giimiislo yanasi hamg¢inin
Co, Cr vo Se, sfaleritdo iso indium (1,01%) qatisiglar askar edilmisdir. Gostorilon minerallarin
torkibindo bu elementlorin bazilori izomorf formada, digorlori iso mexaniki qatisiq kimi istirak
edir. Xalkopiritin torkibinds gatisiq elementlordon qizil, qurgusun vo xrom askar edilmisdir.
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Yayilma miqyasina goro sfalerit vo qalenitdon xeyli gerido qalan xalkopirit kigik Olciilii
xirdadonoli aqreqatlar soklindo pirit donolorinin interstisiyalarinda qeyd olunur. Sfalerit vo
galenitlo bir assosiasiyada az miqdarda rast golon xalkopirit bozon kataklaza ugramis piritin
aqreqatlarindaki ¢atlar boyunca inkisaf edon damarciglar yaradir ki, onlar da gosterilon domir
sulfidinin pargalanmis hissalorini sementlogdirir. Xalkopiritin torkibindo qatisiq elementlordon
qizil, qurgusun vo xrom agkar edilmigdir.

Adoton pombik kosimli idiomorf donalor vo ¢cubugvari amoalogalmalrlo tomsil olunan arsenopirits
filizlords nadir hallarda piritlo bir assosiasiyada rast golinir. Pirit kimi arsenopiritdo do bozon
geyri-filiz minerallarinin kigik mohtovilori agskar olunur.

Qalaciq sahasinin qara sistlorinin gil minerallart Mo-ni istiraki vo onlarin yiiksak konsentrasiyalari
ilo secilir. Mikroskopik todgigatlar zamani bizim torafimizdon ilk dofo olaraq bu zonanin sulfid
minerallagmasi ilo zonginlosmis sahasindo molibdenin maxsusi mineralinin -molibdenitin nadir
halda rast golmis pulcuqvari formali amologalmasi agkar olunmusdur (sokil 4 a).

Filizlorin torkibinds hamg¢inin markazit, piroliizit, psilomelan, magnetit, hematit, rutil, ilmenit,
pirrotinin minerallarina da rast golinir (sokil 4).

Sakil 4. Molibdenit (a), piroluzit (b), psilomelan (c), rutil (d) mineral agreqatlarinin mikroskopik
tosviri

Qeyd etmok lazimdir ki, filiz minerallarin1 miisayiot edon qeyri-filiz minerallarinin igorisinds an
genis yayilam1 kvarsdir. Filizlordo xeyli miqdarda kalsit, siderit vo dolomitlo tomsil olunan
karbonatlar da istirak edir. Bozon barit, gips, serisit vo bir sira digor geyri-filiz minerallar1 da
geyd olunur. Qeyri-filiz minerallar1 asasan damarciqglar, lakalar va bazon kigik 6l¢iilii yuvaciqlar
soklinda tozahiir edir.

Todqgiqat apardigimiz filizlosmo saholorindo oksidlosmo zonalari onlarin yerlosdiyi orazinin
geomorfoloji soraiti, ilkin filizlorin yerlosma darinliyi, filizyaradan mineral aqreqatlarinin tekstur-
struktur xiisusiyyetlorinin vo bazi basqa amillorin miixtalifliyi ilo slagadar olaraq qeyri-barabor
inkisaf etmisdir. Nisboton riitubatli iqlim zonasinda yerlosmolori bu zonanin formallagsmasinda
kimyovi amillorlo yanasi elektrokimyovi proseslorin do ¢ox miihiim rol oynadigini gostorir.
Gostorilon zonalarin galinligi tertonik pozulma saholorindo filizyerlosdirici siixur laylarinin
torkibindon vo qalinligindan asili olaraq dayisir. Bu zonalarda yayilma miqyasina goérs hipergen
minerallardan domir hidroksidlori - hotit, hidro - hdétit, hidrohematit  basilica rol oynasa da,
bozon burada sulfatlara vo bagqa tdrome minerallara da rast golinir. Domir hidroksidlorinin

e
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konsentrik-zonal aqreqatlarinin vo ilan gabigina banzor goriiniislo saciyyslonan damarciglarinin
mikroskop altinda miisahido edilmasi estetik baximdan da bdyiik maraq dogurur (sokil 5).

Sakil 5. Hipergenez zonada doyisilmis siixur vo mineral (pirit) donolori

Nadir hallarda mikroskop altinda xalkozinin xirda qeyri-diizgiin formali omalogolmolari qeyd
olunur. Filizlosmo saholorinin oksidlosmoa zonalarinda sulfatlar sinfino aid olan minerallardan
bazan torpaqvari kiitls ilo tomsil olunan kigik yarozit yuvaciqlarina da rast galinir.

Sakil 6. Pirit vo aksessor mineral aqreqatlarinin (monasit, sfen, apatitin, sirkonun, leykoksen,
rutil) tosviri

Silisiumlu hissa kriptokristallik kvarsla tomsil olunur. Col spatlarinin ¢oxu pelitlosmisdir. Belo
tipli qara sistlordo vo qumdaslarinda filiz minerallar1 ilo yanasi bir sira aksessor minerallarin —
monasitin, titanitin (sfen), apatitin, sirkonun, leykoksenin vo rutilinin orta vo xirdadonali
l6vhavari, oval, prizmatik vo sairo formali kristallari, onlarin xirda donoli agregatlari, xiisusilo
grafitlosmis miixtolifliklorinds genis inkisaf tapmisdir (sokil6).

Bozon bu minerallar slifdo 1%-o yaxin migdarda bazon iso daha ¢ox miisahido olunur. Malumdur
ki, Duruca zonasmin siixurlarinda rast goldiyimiz bu aksessor minerallar nadir torpaq
elementlorinin dagtyicilaridir [5].
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Bu suxurlarin  oksariyyati piritlo zongindir (8-10%), bazon torkibinds basqa filiz minerallar1 da
misahids olunur.

Tadqiq olunmus stixurlarin goxunun doyiskon qalinligli ¢atlarla miixtalif intensivliklo vo miixtalif
istigamatlards koasilmoasi miisahido olunur. Catlar karbonat (asasan kalsit), gips, kvars vo nisbaton
az filiz minerallar1 ilo dolmusdur.

Natica

Beloliklo, Duruca zonasinin miixtalif filizlosmo saholorindon gotiiriilmiis niimunolor {izorindo
aparilmis mineraloji-geokimyavi, elektron mikroskopik tadqgigatlarin naticalorino osason bela
naticays golmak olar ki, istor qara sistlords istorso do qumdaslarinda vo alevrolitlorinde nacib,
olvan metallarin, nadir, radiaktiv vo nadir torpaq elementlorinin toplanmasinda vo paylanmasinda
gil minerallar1 (montmorillonit, illit, kaolinit), fosfatlar (monasit, apatit), oksid vo karbonat
minerallar1 (titanit, sirkon, dolomit, kalsit) miihiim rol oynayir. Nocib, olvan vo bozi nadir
elementlorin toplanmasinda iso aparici rolu sulfid birlosmolori (pirit, xalkopirit, qalenit, sfalerit,
arsenopirit, pirrotin, molibdenit) oynayir. Todqiqat sahslorindo qeyd etdiyimiz elementlorin
miixtolif anomal giymotloro malik olmasi homin saholordo yayilan gil minerallarin sorbsiya
doracasindon, minerallarin toplanma, paylanma xiisusiyystlorindon vo miixtslif istiqgamatli qirilma
zonalarinda bas veran hidrogeokimyavi proseslorin tasirino moruz qalma doracosindon asilidir.
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PE3IOME

HccnenoBanue ¢ TOYKM 3pEHUs HAKOIUIEHUS NOTEHIMANa OJIarOpOJIHBIX, IIBETHBIX METAJIOB,
PEAKUX U PEAKO3EMEbHBIX JIEMEHTOB B YEPHBIX CIAHIAX UMEET BaXKHOE HAYYHO-MPAKTUUECKOE
3HaueHne. C MOMOLIBI0 TaKMX CBOMCTB Kak OapbepHblE, COPOIMOHHBIC, TPAHCHOPTHUPOBKA,
pereHepaTuBHbIC, 3TH MOPOJLI WUIPAIOT POJb HCTOYHUKOB B SMHUICHETUYECKHX MIpoleccax U
UMEIOT Ba)KHOE 3Ha4YeHHe s (HOpPMHUPOBAHMS AHOMAJMN aHAJOTHMYHBIX 3JIEMEHTOB B YEpPHBIX
cnannax. [IpumepaMu MOTyT CIIyKUTh MecTOpoxaeHue “MypyHTay” c 3amacamu 30J70Ta 6 ThIC.
TOHH, PACIOJIOKEHHOE B Y30€KHCTaHe B OCHOBHOM B YEpPHBIX CIJIAHLEBBIX IPOTEPO30HCKO-
NaJIC030MCKOM M ME3030MCKON KOMILIEKCaX, YHUKAIbHBIE MECTOPOXKICHUS C(HOPMUPOBABIIUECS B
yepHociaaHieBor tomme “Tlait-Xoi”’, MecTOpoKIeHHsT B aHAJJOTUYHOM KOMILIEKCE C OOJBITUMHU
3anacamu B FOAP, CIIIA, Ascrpanuu, Kanage u nnonesun.

C 3TOl TOYKM 3pEHHs MEPCHEKTUBHBIM HANPABICHUEM SBISETCA U3YYEHUE MHHEPAIBLHOIO
cocTaBa Py M TOPHBIX MOpoa JlypyI»KUHCKOM 30HBI, 00BEKTOM HAIIMX HCCIEAOBAHUNA KOTOPBIX
SBIISIIOTCS  MIPEHMYIICCTBCHHO AaCMHJIHBIC CIAHIBI W TOPOJABI  TEePPUTeHHO-(DIUIIONTHBIX
00pa3zoBaHUll CpEeTHEH FOPHI.

W3ydyenne mmmpoB W aHNUTH(OB W3TOTOBJICHHBIX W3 MHOTOYHCIICHHBIX OOpPAa3IoB, B3ATHIX W3
30HBI MCCIIEN0BAHUS, TIPOBOAMIOCH HA MuKpockonax MIN-8 u MIN-9, Carl ZEIZZ Axio imager
A2m B TpOXONAIIMX M OTPAKEHHBIX JydyaX COOTBETCTBEHHO, a HM300paK€HUs ClEJaHbl Ha
KOMIIBIOTEPE C MOMOIIBIO TIporpammsl Zen 2.6. [log OMHOKYISIpHBIM MUKpOcKorioM Mapku MBC-
|  BBAECTATMCH MOHOMHMHEpadbl, a aHaJu3 HUX  DJIEMEHTOB-CMecell  MpPOM3BOAMIICS
peHTreHo(IIyOopecieHTHBIM MeToioM Ha aHanuzarope mapku “PICOFOX”. C uenbio n3ydeHwus
pacripeiefieHus KOMITOHEHTOB TIpUMECed B PYAHBIX W HEPYAHBIX MHUHEpaliax, pa3MepoB
MOBEPXHOCTH M MOP(OJIOTHIECKIX 0COOCHHOCTEH HEKOTOPHIX MHUHEPATIOB 00pa3libl ObLTH TOYHO
onpezeNeHbl ¢ TIOMOIIbI0 PEHTICHOCHEKTPAJbHOTO METOAa C€ IIOMOIIbI  3JIEKTPOHHOMN
MHUKpOCKOIINU Mapku “SEM”.

Ha ocnHoBe nccnenoBanuii o0pa3noB, B3AThIX U3 Pa3IMYHBIX MECTOPOXKACHUN Pyl00Opa30oBaHUS
JypymIKMHCKOM 30HBI, U3y4aliCd PYJIHBIA M HEPYIHBIH MHUHEPAIbHBIA COCTAB TOPHBIX MOPOJ.
VYCTaHOBIIEHO, YTO BaXXKHYIO pOJIb B HAKOIUIEHUM W paclpeesieHuu OJIaropoJIHbIX, ILBETHBIX
METAJIOB, PEIKUX U PEAKO3EMEIbHBIX 2JIEMEHTOB B UEPHBIX CIIAHIIAX, IECUaHUKAX, AJIEBPOIUTAX
UTPAIOT TJIMHUCTBIE MUHEpaibl, pocdaTbl, KapOOHATHBIE MUHEPAJIBI, CYJIb(PUIHBIE COEAUHEHHUS.
KuroueBsble cioBa: ciasell, nopojia, MUHepal, pyJia, MUKPOCKOIL.
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ABSTRACT

Currently, a promising direction of research in almost any field of knowledge is the creation of
computer technologies that expand the range of applicable mathematical models of the processes
under study and algorithms for their evolutionary development. Computer simulation of processes
that are difficult and simply impossible to reproduce in real life in a number of problems is the
only possible way to study them. The intensive development of computer technology has
contributed to the expansion of the areas of application of computer technologies and their
functional capabilities in the study of the evolution of complex systems, which include dynamic
systems for the formation of meteoroid complexes from cometer origins.

There are three reasons for the increasing modern interest in the problem of the dynamics of
celestial objects: — ensuring the safety of life on Earth and the need to study extreme phenomena
in the Earth’s atmosphere created in the process of the movement of a space object in the
atmosphere and the fallout of the remains of this object on the Earth’s surface; — accumulation of
a significant amount of observational data for the last 50 years on small celestial objects, which
requires a comprehensive analysis and understanding; — expansion of the sphere of outer space
exploration with practical purposes, which involves ensuring the safety of future extended space
missions.

The processes occurring in the depths of the cometary nucleus and on its surface are stochastic,
when the initial conditions for the disintegration and ejection of the solid component are not
known a priori. And since randomness is an integral part of most natural phenomena, the
stochastic approach in this case turns out to be very convenient. Since stochastic models generate
large information arrays of output data, which are quite laborious to analyze using conventional
methods, it is necessary to create a presentation of research results in the form of graphs and
three-dimensional images, automatic cataloging of model input data, and simulation output data.
and graphic objects.

Specifically, let's note that Computer modeling makes it possible to create a visual, easy-to-
remember dynamic picture of the phenomena under study and the laws that describe them. With
the help of simulation programs, the studied motion of celestial bodies is displayed directly on the
computer screen at a certain time scale, chosen from the requirement of ease of observation. At
the same time, the programs build the trajectory of the movement under study.

The mathematical apparatus of this problem provides a serious theoretical basis for the study of
classical mechanics and space dynamics by means of computer simulation.

This article is devoted to mathematical modeling of the motion of celestial bodies in the Solar
System. The specified modeling begins with the consideration of the model of the motion of a
space body (planet, comet, satellite) in the gravitational field created by a body with a much larger
mass. An important methodological (and meaningful) point is the choice of a coordinate system in
which motion is considered.
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If its center is placed arbitrarily, then the problem arises of the motion of two mutually gravitating
bodies with very complex trajectories.

In the Copernican system, the sun became such a coordinate system when studying the solar
system. This drastically simplifies the task and makes it possible to study the motion of only one
of the bodies. The procedure for obtaining a system of differential equations of motion in the
specified coordinate system is described in a number of manuals ([1, 4]).

Then, as a typical distance, it is natural to take the characteristic distance from the Earth to the
Sun (the so-called astronomical unit). After non-dimensionalization, it turns out that the equations
in dimensionless variables do not contain parameters at all! The only thing that distinguishes the
modes of motion from each other is the initial conditions. Let us return to the study of the motion
of celestial bodies in the solar system.

We set some (possibly arbitrary) initial conditions and integrate the equations. The first goal is to
build a trajectory of movement and experiment which one will change when the initial conditions
(for example, speed) change.

Further research can be complicated. So, when moving along closed orbits, you can set the task:
to check the validity of Kepler's laws on the ratio of orbital parameters; when moving along non-
closed orbits - to prove that its form will be a hyperbola, etc.. If we follow a technique that avoids
mentioning differential equations in general, then the model equations can be immediately written
in a finite-difference form.

They are obtained from Newton's second law, presented in finite difference form, and the law of
universal gravitation. Of course, from the point of view of the differential approach, this is the
application of the Euler method to the differential equations of the model equations.

Keywords: Computer simulation, Kepler's laws, velocity vector hodograph, simulation of
physical systems, experimental physics.

SOMA CiSIMLORININ HOROKOTININ KOMPUTER
MODELLOSDIiRILMOSI
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XULASO

Komputer modellosdirmasi 0yranilon hadisalorin vo onlar1 tosvir edon ganunlarin vizual, asan
yadda qalan dinamik monzorosini yaratmaga imkan verir. Kompiiter modellosdirma
programlarinin  komoayi ilo sama cisimlorinin todqig olunan harokati, miisahidonin asanlig
tolobindon, secilmis miioyyon zaman miqyasinda birbasa kompiiter ekraninda gostarilir. Eyni
zamanda, programlar todgiq olunan harokatin trayektoriyasini qurur. Bu problemin riyazi aparati
klassik mexanika va foza dinamikasinin kompiiter modellosdirmasi vasitasi ilo dyranilmasi Gglin
ciddi nozori osas yaradir.
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Bizim moqgalo Giinos sistemindo gdy cisimlorinin harakatinin riyazi modellosdirilmasina hasr
edilmigdir. Moagaloda Qravitasiya ilo bagli masaloya yeni baxis togqdim olunur.

Acar sozlor : Komputer modellogdirmasi, Keplerin ganunlari, siirat vektorunun godogqrafi, fiziki
sistemlorin modellagdirilmasi, eksperimental fizika.

Giris

Yer Kkirasi vo digar planetlor fozada neco harokst edir? Kosmosun (kainatin) darinliklarindan
Gunos sistemina horokst edon kometani no gozlayir? Sama cisimlorinin hoaroksti hagqinda bu va
ya digoar suallara cavablarin axtariginin ¢oxasrlik tarixi oldugu malumdur.

Tosadfi deyil ki, elma boyuk tévhalor vermis bir ¢ox insanlar iigiin mahz astranomiyaya, boyik
diinyanin qurulusuna olan maraq birinci Vo baslica amil olmusdur. EIm tarixinds avozsiz rol
oynayan Keplerin birinci, ikinci vo igiincii qanunlar1 Kepler torofindon kosf edilona godor
astronomlar, demak olar ki, iki min il arzinds planetlorin harakoatinin haqiqi ganunlarini axtarmaq
Uzorinds ugursuz mibarizo aparmislar.

Magsad
I. Nyuton Umumdiinya caziba ganununu kosf etmoklo Qravitasiya noazoriyye-sindo boyiik bir
ingilab etmis oldu. Umumdiinya cazibs ganununda bildirir ki, iki kitlonin qarsiligh cazibo

quvvesi  k® I\ilzm
arasindaki mosafo, k universal gravitasiya sabitidir.

Onun osasinda, gdy cisimlorinin horakatini yiksok dogigliklo prognoz-lasdirmaqda elmi
nailiyyatlorin milkommal niimunasi olan soma mexanikasi yaradilmigdir. Soma mexanikasi biitiin
togokkiil tarixi boyu riyaziyyatda yeni ideyalarin, metodlarin va hotta yeni caroyanlarin manbayi,
Va ananoavi olaraq gorkomli alimlarin boyilik oksariyyati i¢lin somarali foaliyyat sahasi olub.

Soma mexanikasinda sama cisimlorinin harokatlorini tosvir etmok iiglin konkret soraitdon asili
olarag mduxtalif fiziki modellordon - ideallasdirilmis kosmik obyektlordon istifado olunur.
Moasalon, maddi noqgto kutlasi vo silrati olan, 6lgllori, formas1 vo daxili qurulusu nazardon
kecirilon mosalanin sartlorinds shamiyyat kasb etmayan cisim hesab olunur.

Xususilo, Giinoslo boyik planetlor arasindaki qarsilighh mosafolor onlarin xotti  Olgtlorini
ohomiyyatli dorocads asdig: iigiin onlar1 togribon maddi noqtolor hesab etmok olar. Mahz bu
situasiyaya uygun 1. Nyuton planetlarin harokatinin ilk dinamik nozariyyssini qura bilmisdi.

Olclsline boarabordir. Burada r, nogts kimi gobul edilon M vo m ktlalori

Metodlar

Hor hansi bir elm kimi, (masalon, handass), soma mexanikasi da bir sira fundamental aksiomalara
dayaqglanir. Klassik soma mexanikast Nyutonun timumdiinya caziba ganununa vo (¢ harokot
ganununa (aksioma) asaslanr.

Umumdiinya cazibs ganununa gora iki cisma tosir edon cazibo giivvasi onlarin kiitlolorinin hasili
ilo diiz, aralarindaki mosafonin kvadrati ilo tors mitonasibdir. Ogar, koordinat sisteminin
baslangicini cisimlordon birindo yerlosdirsok (cisimlorarasi mosafodon forqli olaraq onlarin
olcllarini nozars almayacagiq), onda 2-Ci cisma tosir edon qlivvenin riyazi yazilisi: (sokil 1).

Mm -

F=-G 5 r, (1)
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olacaq. Burada G=6,67*10 "'m’(kq-c”) -gravitasiya smsalidir (sabitidir).

(1) diisturundaki minus isarasi onunla izah olunur ki, gravitasiya qlivvasi cazibs giivvesidir, basqa
sOzlo, bu quvvs cisimlor arasindaki mosafoni azaltmaga cohd edir. Daha sonra biz iki cismin
qarsiligl harokatini 6yranmakls kifaystlonacayik. Bu zaman ¢ox da sads olmayan bir sual ortaya
cixir: hanst movqgedan (hansi koordinat sisteminda) bu harokati yranmali?

Y A m

Sokil 1. iki cismin horokatini dyrenarkon koordinat sisteminin secilmasi.

Ogor biz buna ixtiyari movgedon yanasariqsa, mosalon, miisahidoci yerdon Giinos vo Yupiter
planetinin qarsiligli harokatini 6yronmoak istayirss, onda bu haddon artiq miirokkob bir masalaya
cevrilocok. Buna goro do, sado situasiya ilo kifayatlonok [1, s.176-181]. Tasvir beladir (sokil 2):

Zaman ani Miusahida ani

Koordinatlar Olgiilon kamiyyatlar

Sakil 2. GOy cisimlarinin modellosdirilmasinin sads tosviri.

Gisimlordan birinin harakatina digar bir cisimds yerlason miisahidaginin ndqteyi-nazarinco baxagq.
Basqa sozlo, mosalon, Planetin vo ya kometanin horokotini Giinoso nozoron, Ayin harokotini Yero
nazaron dyronmok nozorde tutulur. Bu zaman digor, ¢cox da boyiik olmayan soma cisimlorinin
caziba qiivvaesini nozoro almayacagiq. Aydindir ki, bununla biz amillori ranqlasdirmis oluruq vo
bizim ndvbati addimimizin realligi yalniz miioyyon sortloro omal etmoklo miimkiin olur.
Gostarilon koordinat sistemindo m kiitlali cismin harakat tonliyi
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d’r Mm -
— = -G T r
dt r

kimi olacag. Vo ya horakati X,y oxlarindaki proyeksiyalari ilo tosvir edorikss, onda tonlik belo
ifads olunar:

2
9% _em——X

dt? /(Xz 4 y2)3 ’

Bizi maraglandiran orbit m cisminin «baslangic siiratindon» vo «baslangic moasafadan» ¢ox giicli
asilidir. Bu sozlori dirnaq arast gostormok onunla izah olunur ki, kosmik cisimlorin harakatini
Oyronarkon sozln osl monasinda tam doqiq secilmis «baslangic moment» anlayis1 yoxdur.
Modellosdirma zamani cisimlarin hor hansi bir voziyyatini sorti olaraq baslangic hesab edir vo
daha sonra harokati todqiq edirik.

CGox zaman kosmik cisimlar dairays yaxin orbit iizro sabit stratlo horokat edirlor. Bu cur orbitlor
Ucln sdratlo radius arasindaki elementar nisbati asanligla tapmaq olar. Bu halda caziba quvvasi —
morkazoagagma quvvasi rolunu oynayacaq vo — markazogagma qlivvasi sabit siirat soraitindo,

fizikanin baslangic kursundan malum olan, m$’ / 2 dusturu ils ifads olunacaqdir. Belaliklo,

)

2
m& :GmIZ/I voya 3:1/@ (3)
2 r r
axtarilan miinasibati aliriq. Bu clr orbit tizra harakatin periodu (dovri)
3
T=2 g |t
9 MG

ilo isaro olunur. Qeyd edok ki, bu disturdan Nyutonun Umumdiinya cazibs ganununu kosf
etmosino tokan veron—Keplerin ganunlarindan biri alinir:

Glnos sisteminin ixtiyari iki planetinin orbitinin radiuslar nisbatnini kubu, bu planetlorin guinog
otrafinda dovretmo periodlari nisbotinin kvadratina barabardir [2,5.210-212]. Basqa sozlo,

6} (L)

b} T,)
Daha doqiq diistur asagida verilocok. (Beloki, real olarag planetlorin orbiti tam cevra soklindo
deyil!). Ogor (3) munasibati pozulursa, onda orbit dairovi olmayacaq! Orbitin hansi sokilda

oldugunu aydinlagdirmaq ti¢iin adodi modellosdirmo (hesablama modellosdirmosi) aparmaq
lazimdir. (2) dusturunu 1 tortibli 4 diferensial tonlikdan ibarat sistem soklinds yazaq:
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@ _,
dt

oM ey

) @
y

2=,

dt

4% oMY
dt (X2 + y2)3

Bu cur modellosdirmada catinlik téradan asas masalalordan biri milliardlarla km, saniys va s. il
Olctlon kamiyyatlordir. Olguni aradan goétirmak Gglin secgilon minasib komiyyatlor bunlardir.
Yerdon Glinosa gador olan saciyyovi masafo £ =1,496*10* m (astronomik o6l¢ii vahidi

adlanir), dairavi orbitin periodu
3
T =2n,| P ,
MG

bu orbit (izre horokat siirati iso & = MG ifadasine borabordir.
Yo,
Basqa s6zlo, sads avozlomolor aparmagqla asagidaki komiyyatlori gobul edirik:
x=X y=¥ v =% oy-% oL
P P 9 4 T
Olgustizlogdirmodon sonra aliriq:
X _ 27V,
dr
Ny X
av _ 27V,
dr
dv. Y
— =2
dZ- (XZ +Y2)3

Burada bir asas mogami qeyd edok: Olglsliz dayisonlords tonliyin heg bir parametri olmur.
Yegano olaraq, mixtolif ucus rejimlorini bir-birindan forglondiran baslangic sortlor mévcud olur
[3, 5.196-199]. Subut etmak olar ki, (5) tanliyi ils ifads olunan harakatin miimkiin trayektoriyalari
— ellips, parabola vo hiperboladir.

Keplerin qanunlarini yadimiza salaq (sokil 3).
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Sakil 3. Keplerin 2-ci ganununun handasi tasviri.

Ixtiyari planet giinesin yerlosdiyi iimumi fokusu (fokus ndqtesi) olan elliptik orbit (izro horokot
edir.

Hor bir planet elo harokat edir ki, onun radius-vektoru barabar zaman kasiyinds barabar sahoays
malik sektor cizir.

Sakil 2-do Ai-don Az ndgtesine vo B1 —dan B2 ndgtasine horokat etmoak lglin zoruri zaman kasiyi
borabardir, basga sozls, ®1A1A2 vo ®1B1B> sektorlarinin sahalori barabardir. Bu o demoakdir Ki,
planet Glinass na gadoar yaxindirsa, onun orbit {izro horokat siirati do bir o godor bdyukdr.

3) Glinos sisteminin ixtiyari iki planetinin orbitlorinin bdyiik yarimoxlarinin kublari

nisbati, onlarin Giinas otrafinda dévretms periodlarinin kvadratlari nisbatina barabardir. (5) tonliyi
nainki planetlarin, eyni zamanda, boylk kutloli cismin caziba dairasina diison ixtiyari cismin
horakatini ifads edir [4, 5.234-236].

Gunos sistemindos gorilmis elliptik orbit {izra bir nega yer ilindan bir ne¢o milyonlarla yer ilina
borabar olan periodlarla harokot edon coxlu sayda kometalar var. Glinos sisteminin daimi tizvii
olmayan, ¢ox uzaglardan gslib bu sistema diison soma cisimlarinin taleyi onlarin siiratilo muoyyon
olunur:

Ogor bu sirat kifayst godar boylkdirsa, orbit hiperbolik sakilda olacaq va cisim Giinasin otrafina
firlan1b bu sistemi tork edacok, oks halda (strat kigik oldugda) bu cisim elliptik formali orbito
kegocok vo bu sistemin bir hissasino (Uzviino) gevrilocok. Bu orbitlor arasindaki sorhad orbit -
parabola soklindadir.

Butln bu malahizalari (5) tonliklori vasitasilo yoxlamaq vo tofsilati ilo todqiq etmok mimkiindr.
Bu zaman mizakira etdiyimiz sistemin ¢ox zaruri olan bir xisusiyyatindan («harakat edan cismin
tam enerjisinin saxlanmasiy) istifado etmok faydali va olverislidir. Bu xiisusiyyat «konservativliks»
Vo ya «muhafizokarlig» xiisusiyyasti adlanir. Horokot edon m kitloli soma cisminin tam enerjisi :

E =lmg2_GM
2 r

kimi ifada olunur. Burada 1-ci toplanan-kinetik, 2-ci iso potensial enerjidir. Olgiicliz doyisonlorda
iSo
E 1 2 2 1
E=——<== +V
(mMG] AN
Y2,

y)_\/X2+Y2 .
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Vy, Vy, X, Y-in doyisdiyi situasiyalarda doyismoyan & parametrinin olmasi, diferensial tonliklor
sisteminin holli prosesino nozarst etmoays, metodun dayanigligimi yoxlamaga vo integrallama
addimin1 segmoys imkan verir.  Indi farz edok ki, iki 6lgulii fozada giinos sistemina yuxaridan
baxis1 gokmak istoyirik. Onda planetlorin koordinatlarinin hesablanma formulu asagidaki Kimi
olacaq:
1. x=sin(phase)*orbit_radius_x; 2. x=cos(phase)*orbit_radius_y .

Ogor radiuslar forglidirsa, orbit elliptik formada olacaq. phase — planetin fazasidir, mosalon,
zaman doagiqoalarls ifads edilir.
Ellipslor Ggtin 4 koordinat vermaliyik — Ellipse (hdc, 80, 80, -80, -80). Har dofo 4! gadar ellipsin
koordinatlar1 hesablanmalidir. Masalon, bir dovr Ucln: harada ki, cin - dovr (1 kadrdir).
Koordinatlar1 ollo daxil edirik.
if (cin == 10)
{
SelectObject(hdc, hBrush);
// Neptun- 10 dovr

uy -=14; dy-=14; rx -=254; Ix-=254; Ellipse(hdc, rx, uy, Ix, dy);
//Uran - 10 dovr
uyl -=190; dyl -=190; rx1 -= 140; Ix1 -= 140; Ellipse(hdc, rx1, uyl, Ix1, dyl);
// saturn - 10 dovr
uy2 -= 315; dy2 -= 315; rx2 += 250; Ix2 += 250;
Ellipse(hdc, rx2, uy2, Ix2, dy2);
I yupiter - 10 dovr
uy3 += 305; dy3 +=305; rx3 +=185; Ix3 += 185;
Ellipse(hdc, rx3, uy3, Ix3, dy3);
/Il Mars - 10 dovr
uy4 =-25; dy4 =25; rx4 =545; Ix4 =495; uyd +=475; dy4d +=475;
rx4 -=730; Ix4 -=730; Ellipse(hdc, rx4, uy4, x4, dy4);
/Il Ay- 10 dovr
uy5 = 316; dy5 = 340; rx5 =-15; Ix5 =-43; Ellipse(hdc, rx5, uy5, Ix5, dy5);
/Il 'Yer - 10 dovr
uy6 =-23; dy6 =23; rx6 =405; Ix6 =360; uy6 +=380; dy6 += 380;
rx6 -= 380; Ix6 -= 386; Ellipse(hdc, rx6, uy6, Ix6, dy6);
I/ Venera - 10 dovr
uy7 =-30; dy7 =30; rx7=275; Ix7 =215; uy7 +=170; dy7 +=170;
rx7 -=420; Ix7 -= 420; Ellipse(hdc, rx7, uy7, IX7, dy7);
I/l Merkuri - 10 dovr
uy8 =-15; dy8 = 15; rx8 =155; Ix8 =125; uy8 -=90; dy8 -=90;
rx8 -= 253; Ix8 -= 253; Ellipse(hdc, rx8, uy8, 1x8, dy8);
/Il Glnas - dovrsiuiz
Ellipse(hdc, 80, 80, -80, -80);
SelectObject(hdc, hBrush);
DeleteObject(hBrush);

}

Marsin harokoatinin hesablanmasi
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Yerin vo Marsin harokat ganunauygunluglarini bilarak, Yerlo bagli Hesablama sistemino nazaran
Marsin harakatini hesablayaq. Bu kinematik masalonin halli tigtin 2 milahizs yuridacayik:

1) Yer vo Mars dairavi orbit izra elliptik harokat edir;

2) Yerin firlanma oxu onun orbit miistovisina perpendikulyardir (ekliptik mistovilor), hansi ki, bu
halda o, goy ekvatorunun mistavisi ilo st-Uste diisiir. Onda Marsin geosentrik eni onun meylino
borabar olacaqdir, geosentrik uzunlug iss — birbasa daxil olma ilo baghdir (vo ya sabit godor
farglonacak).

Qeyd edoak ki, Marsa nozaron 1 ulduz dovri 1,88 il, orbitin radiusu iss 1,52 a.v., orbitin elliptik
mistoviys meyl etmosi 1,85-0 baraboardir. Yerin orbit Gizro  harakatinin bucaq sursti 6,28 rad/il,
Marsa nozaran iso — 1,88 dofo kicikdir.

OXYZ koordinat sistemindan istifads etmok slverislidir (sokil 3), OX vo OY

oxlar1 ekliptika miistavisinin Uzoarinds yerlasir (yer orbiti).

Mars OXY’ mistovisindo yerloson 1.52 a.v. radiusu olan bir dairo otrafinda firlanir, firlanma
bucagi ekliptik miistavi ilo YOY'=1,85 doraca toskil edir.

OX oxu NN’ xottinin ucu ilo Ust-Usto diisiir. Bizim misalda milahizoni asanlasdirmagq iigiin
heliosentrik uzunlug am, Marsin beta heosentrik uzunlugu iso OX oxundan hesablanacaqg (basga
s0zls, qovsaq xatlori).

Sakil 4. Yerin vo Marsin Giinas otrafinda horokati

Mars va Yer praktik olarag muntozom harakot edirlor vo onlarin heliosentrik uzunlugu MO3 vo
NO3 arasindaki bucaga barabordir, 0o, zamana miinasib olaraq artir. Yerin vo Marsin koordinatlari
uygun olaraq asagidaki tonliklo doyisir:

a=0o*t a,=0,*t, x=Rcosa, Y =Rsina, z=0
Xy =Rcos(e,), Y, =Rsin(a,)cos(@), z=Rsin(a,,)sin(p)

XOY ekliptik mistavisinds planetin proyeksiyalar1 arasindaki L masafasi vo geosentrik uzunlug
asagidaki tonliklordon tapila bilar:

Y =Y] Y, =Y Xy =X 2 2
—_— — —_— — —_— — L: —_— —_— —_—
tg/3 Xy X’ sin — cosf3 — \/(XM X =(yu =)

Simulyasiya proqrami

e

| PAHTEI
| 194 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS



http://pedagogika.snauka.ru/2014/12/3138/rrr3

ISSN: 1609-1620, E-ISSN: 2674-5224

PAHTE./I

VOLUME 23 ISSUE 12 2022 REFEREED & REVIEWED JOURNAL

E-ISSN: 2674-5224

Marsin horokot trayektoriyasinin hesanlanmasi {igiin Free Pascal miihitindon istifado edirik.
Programda kifayat gador writeln(...)-1 6ziinds saxlayan dovr operatorundan istifads edilmisdir.

Uses crt, graph;

Const dt=0.001; R=100; Rm=152; pi=3.1415926; MM=500; Sm=2500;

Var x, y, Xxm, ym, zm, w, wm, a, Am, fi, beta, gamma, t: single;

Gd, Gm, i, j: integer; k:longint;

Begin

Gd:=Detekt; InitGraph (Gd, Gm, "c:\bp\bgi’);

W:=2*pi; wm:=w/1.88; fi:=1.85*pi/180;

Repeat t:=t+dt; inc(k); a:=a+w*dt; am:=am+wm*dt;

If a>2*pi then a:=a-2*pi; If am>2*pi then am;=am-2*pi;

xm:=Rm*cos(am); ym:=sin(am)*cos(fi);

zm:=Rm*sin(am)*sin(fi); x:=R*cos(a); y:=R*sin(a)

circle(320, 200, 4); circle(320+round(x), 200-round(y),1);
circle(320+round(xm), 200-round(ym),1);

beta:=arctan(abs((ym-y)/(xm-x));

If(xm<x) and (ym>y) then beta:=pi-beta; 1f(xm<x) and (ym<y) then beta:=pi+beta;
If(xm>x) and (ym<y) then beta:=2*pi-beta;

Circle(10+round(t*40), 480-round(beta*70),1);

Circle(10+round(t*40), 480-round(2*pi*70),1); Circle(10+round(t*40), 480,1);
Gamma:=arctan((zm)/sqrt((ym-y)+(xm-x)*(xm-x)));

If (ym-y)*(ym-y)+(xm-x)<16000 then begin

Circle(Sm-round(beta*MM), 420-round(gamma*MM),1);
Circle(Sm-round(beta*MM), 421-round(gamma*MM),1);

If abs (t-8.5)<0.001 then circle (Sm-round(beta*MM), 421-round(gamma*MM),4);
End,;

{If abs(a-am)<0.01 then writeln (a,” *, am, " °, t);}

Until (KeyPressed) or (t>20); CloseGraph;

End.

Natica
Todgigat gostorir ki, komputerdo soma cisimlorinin harakotinin modellosdirilmasi murokkab
xarakterli bir masaladir vo todqigat isi kimi dyranilo bilor.
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ABSTRACT

It is known that in the former Soviet Union, Azerbaijan was a country that exported cotton and
fruit, tobacco, wine, and canned fruit and vegetable products. In the early 1990s, the collapse of
the union, the deterioration of economic relations between the former republics and the loss of
traditional markets led to a sharp decrease in production. In such a situation, Armenia's groundless
territorial claim against Azerbaijan, the coming to power of the Popular Front, their incompetent
management, and internal strife worsen the political and economic situation in the country.
strained. As a result, Armenia's occupation of 20 percent of our territories and the creation of
problems of more than one million refugees and internally displaced persons dealt a heavy blow
to the agricultural sector. With this, the material and technical base created over many years
weakened, product markets were lost, and the production of agricultural products decreased
sharply. Thus, in 1990-1993, the balance between the prices of industrial products and agricultural
products was disturbed in the country, and a difficult situation arose in the development of the
social and production infrastructure of the village. The construction of schools, culture, household
services and health facilities was practically stopped. During this period, the depreciation of the
main funds accelerated, the level of equipment armament of the agricultural and processing
industry decreased. Production the application of the achievements of scientific and technical
progress in the processes was limited. Due to the mentioned reasons, our country turned from an
exporting country to an importing country. A number of measures were taken to overcome the
crisis in the country, and since 1993, confident steps were taken to strengthen state building and
revive the economy. The main task was to form market relations, develop entrepreneurship and
improve domestic production by effectively using existing potentials. National Leader Heydar
Aliyev, who returned to the leadership of the country

decided to take decisive steps, establish stability in the country and implement economic reforms.
For this purpose, under the leadership of the great leader in 1993-1995 agrarian policy directions
for the next 5-10 years were determined and a number of measures were implemented.

Azerbaijan has been under the aggression of Armenia for 30 years. The purpose of the study is to
assess the condition of the agricultural sector in the territories freed from occupation by our
victorious army, to determine the measures to be implemented and to prepare proposals for socio-
economic development goals.

The methodology of the research is based on the analysis of the measures implemented by
Azerbaijan after regaining its independence, the creation of a legal framework leading the country
from recession to dynamic development, and the analysis of a number of consistent and
systematic relationships. The applied importance of the research is that it can be used in the
preparation of socio-economic development programs and measures of the liberated territories.
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The results of the study are to use the positive experiences gained in Azerbaijan for the socio-
economic development of the territories freed from occupation. With this, the development of
agricultural production in Karabakh can be achieved on the basis of new techniques and
technologies. As a result of the implementation of the proposed proposals, modern agricultural
production and processing enterprises and specialized cooperatives can be created in these areas.
Originality and scientific innovation of research. In the article, three factors of the development of
the agricultural sector in the liberated territories of Azerbaijan are considered.

Keywords: de-occupied territories, investment, resources, users, targets, reforms.

Introduction

Natural-geographical conditions and natural resources have historically been obtained in the
liberated territories. The development of agriculture and animal husbandry in these areas laid the
foundation. During the period of the Azerbaijan Democratic Republic (1918-1920) and after
regaining its independence in 1991, significant achievements of Azerbaijan's agriculture were
achieved. After regaining its independence, operational and systematic measures were
implemented, and great achievements were made in the intensive development of agriculture. In
the years of independence, agricultural production has increased many times with a successful
agrarian method, trends have been formed. Minimum consumption requirements for individual
food products of the country were allowed by international organizations and individual
humanitarian aid. The situation in the economy is eliminated by the main diseases:

1) Long established production - economically disrupted, internal and external

delays were allowed in establishing economic relations;

2) The general situation in the country caused a decrease in the volume of production of the main
agricultural products, which lasted for a long time;

3) Failure to establish the banking service in accordance with the principles of market relations,
financial and a serious shortage of credit resources and excessive fiscal inflation in 1992-1994
rapidly affected economic development;

4) In the production of food products and in increasing the economic development of
manufacturing production new technology, advanced practice and the role of science were
ignored, etc.

Objective

Despite the occupation of 20 percent of the territories of Azerbaijan by Armenian invaders, the
destruction of residential houses, production and social infrastructure, the destruction of
agricultural fields, perennial crops, and the fact that more than one million citizens were forced to
live in more than 60 regions of the country for 30 years, as a result of National Leader Heydar
Aliyev's consistent, purposeful and principled domestic and foreign policy after 1993, the people's
confidence in the future and the independence of the country and the liberation of its territories
from occupation increased. Despite the war, under the leadership of Great Leader Heydar Aliyev,
intensive construction works were carried out, and successful domestic and foreign policies were
carried out.

On June 21, 1994, National Leader Heydar Aliyev assessed the situation with foresight and
showed that "... as in all areas of the economy, in agriculture, our way of salvation, our
perspective, our future lies in carrying out economic reforms..., carrying out economic reforms in
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the field of agriculture is our strategic way and we must go this way... at the same time, we must
increase production by using the existing structure of agriculture, its existing opportunities.” [5]
The strategic line determined by President Heydar Aliyev in all spheres of the economy, including
the agrarian sphere, was firmly and consistently implemented and gave its positive results in these
4-5 years. As is known, starting from 1988 in Nagorno-Karabakh - in our own territories
Azerbaijanis were forced out of their places of residence, in 1992-1993, 13.5 thousand km
territory and 953 settlements were completely occupied by the Armenian aggressors of Shusha,
Lachin, Kalbajar, Aghdam, Jabrayil, Fuzuli, Gubadli, Zangilan regions.

Calculations show that in 1990-1995, the volume of production of agricultural products decreased
by 58 percent. As can be seen from the researches, the occupation policy of Armenia and the
disruption of economic relations after our country regained its independence had a serious impact
on the situation and led to a significant decrease in crop and animal husbandry products in 1995
compared to 1990. Productivity of crops and animal husbandry decreased significantly, technical
support of agriculture deteriorated. It should be noted that this decrease was also manifested in the
consumption of food products. In addition, as a result of the purposeful and consistent measures
taken in 1994-1995 and subsequent years, especially as a result of the reforms, the long-term
decline trends were stopped, new economic relations were formed, domestic production was
increased by effectively using the existing potentials, and macroeconomic stability was ensured.
Despite the fact that the territories of Azerbaijan were under occupation for nearly 30 years, the
production of agricultural products in 1995-2020 increased many times compared to the year
1995. The formation of economic relations according to market principles, the development of
entrepreneurship, and the results of successful reforms made possible the formation of positive
trends in import-export operations. Agriculture and processing exported in the country the volume
of products increased significantly, the structure of imports was changed, new fields were created
in this direction and different relations were formed. Despite the fact that the Armenian aggressors
kept the regions around Karabakh and the border regions with Armenia under regular fire in the
country, great steps were taken in the direction of adapting the development of crop and animal
husbandry to the requirements of the domestic market, attracting international organizations and
foreign investments.

The occupation of the territories for 30 years and now (2020) the liberation of the Armenians
from oppression, the settlement of the population in the territories should be accompanied by the
creation of new economic forms in accordance with the principles of market relations, the
formation of entrepreneurship. It is necessary to try so that Azerbaijan takes proper advantage of
the experience of positive reforms implemented after regaining its independence. Since the
property is scattered in the territories, it will not be possible to privatize it and give it as a share.
However, the process of land distribution cannot be considered useful. We believe that it would
be correct to establish appropriate production and service cooperatives in each village. Areas can
be developed by specialization using the historical habits of the population in the liberated areas.
After the restoration of the fields, modern production and service enterprises-cooperatives should
be created at the expense of competitiveness, equipment and technology that produce high-quality
products. In terms of funds and finances, it would be appropriate to attract domestic and foreign
investors to the territories and establish joint processing enterprises that produce finished
products.

The problems of districts and villages of liberated territories are almost the same. It is necessary to
make maximum use of the demographic potential of the area. Appropriate management, socio-
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cultural, economic structures, social infrastructures should be organized in such a way that they
are native ensure maximum employment of the population who will return to their homeland. The
buildings and infrastructures to be built here should be modern, meet their needs and serve their
well-being. We believe that giving preferential loans for a certain period to the population who
will settle in the territories, use of fuel and energy should be of a symbolic nature, and a
foundation should be created for the revival of the economic life of the towns and villages of the
territories. It is necessary to try to use new technologies in the areas, innovation system

serious attention should be paid to application issues, conditions should be created for the
formation of intellectual property. In this regard, for the creation of a national innovation system
in the territories, we consider it appropriate to consider the following: creation of a network of
enterprises that are producers of new technologies, ideas and knowledge, financing of participants
of new production and service enterprises, activity of scientific and scientific-service enterprises
and regulation of relations between them should be considered.

In order to ensure socio-economic development in the territories, the intervention of the state in
the management of economic processes is important. Therefore, the state should use the optimal
options possible to revive the economy of the territories. It would be appropriate to use the
experience of foreign countries.

In the area of efficient use of land resources: land resources should be inventoried, its quantitative
and qualitative indicators should be clarified, polluted and degraded lands should be determined,
relevant projects should be prepared. It should be taken into account that the correct use of soils
depends on their formation due to the influence of anthropogenic factors on their erosion and
salinization. It should not be overlooked that the assessment of erosion and ecological factors
allows for the proper use of land. In connection with population growth, the allocation of land to
non-agricultural objects and individual constructions should be limited, and serious attention
should be paid to this.

In the field of horticulture: mine removal, restoration and improvement of soil fertility,
resumption of seed production and selection work, involvement of mountainous and foothill lands
in cultivation, provision of appropriate investment in product production and processing areas,
application of agrochemical measures, rotation cropping system, optimal cropping structure
identification, equipment supply and mechanization, chemistry, supply with warehouses,
laboratories should be solved. Scientific provision of the field with highly qualified staff and
modern production, application of advanced practice should be considered. Seed inspectorates
should be established in the regions. In the field of animal husbandry: providing the field with
equipment, stables that meet modern requirements, special means of transport, creation of poultry
farms and factories, the gender composition of animals in the regions should be taken into
account, production, processing, import of livestock products should be established at the level of
modern requirements, veterinary control should be ensured. A high-quality fodder base should be
created for livestock development. In the field of land reclamation and water management: Lands
in need of land reclamation measures should be determined, reservoirs, hydro junctions should be
reorganized, water losses should be prevented, irrigation water supply of the territories and
drinking water of the population should be established in accordance with modern requirements,
advanced technology should be applied in irrigation, the demand for this area investment
allocation in the required amount should be ensured. The organization of leasing service in the
IAE, provision of concessional agricultural machinery and equipment to physical and legal
entities in the manner of leasing, creation of agrotechnical service network should be ensured. The
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main task is to carry out measures to modernize agricultural producers in terms of technical base
and management as a necessary condition for the sustainable development of agriculture and the
village. Application of modern technological processes to production and inter-sectoral relations
for both small and large farms should enable the development and formation of cooperative
structures. [9]

Conclusion

Reconstruction and restoration of territories for the sustainable development of the agrarian
sphere in the territories freed from occupation for this purpose, we consider it appropriate to
consider the following organizational and economic proposals:

- production and service enterprises based on new technology should be created,;

- production and service cooperatives should be established in the territories;

- production and social infrastructures should be created in cities and villages;

- concessional loans for a long period of time, concessions for payments in many social-household
objects should be made;

— creation of conditions for the formation and development of agricultural production and service
entrepreneurship, creation of agroparks, industrial districts should be supported,;

- non-production areas (health, education, trade, catering, sports, transport, communication, etc.)
regional policy (economic, social, cultural, etc.) should be implemented for the formation and
development of the territories according to their needs;

- the establishment of the organizational structure of management, its efficiency, and the creation
of direct connections to new institutions should begin. Conducting biochemical analyzes of soils,
plants, seeds, organization of breeding work, organization of plant protection services should be
coordinated with newly created local institutions. For this purpose, centers that meet the new
principles should be created in each district;

- in each region freed from occupation, programs should be developed and a mechanism for its
implementation should be developed in order to solve the problems of the development of the
agricultural sector, to form the non-oil sector, and to open new infrastructures, enterprises and
workplaces;

- creation of plant and livestock products production and processing enterprises should be carried
out using new technologies and advanced experience;

- inventorying and evaluation of land according to quantitative and qualitative indicators should
be carried out;

- Measures should be prepared and implemented to effectively use land, water, and land
reclamation systems in the territories freed from occupation;

- creation of production, processing, service and social infrastructures should be accompanied by
financial support;

- production should be provided on the basis of comparative advantages with existing resources in
the territories;

According to our calculations, in 4-5 years, in the liberated territories, corn will be planted on
1000 hectares, barley on 1.5 thousand hectares, wheat on 55-60 thousand hectares, cotton on 8-10
thousand hectares, potato and sugar beet on 1-1 ,5 thousand hectares, 5 thousand hectares of
vegetable cultivation, fodder crops to 20 thousand hectares, etc. can be delivered. The number of
cows and buffaloes in the area is 80-100 thousand, sheep and goats are 1-1.5 million, the number
of birds is 2-2.5 million, bees it is possible to reach 20-25 thousand bee families. Fulfillment of
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the indicated goals can allow to increase the production of agricultural products in Azerbaijan by
8-10 percent every year, develop the processing industry and, as a result, improve the country's
food supply.
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XULASO

Molumdur ki, kegmis Sovetlor ittifaginda Azarbaycan pambiq vo meyva, tiitiin, sorab, meyve-
torovoz konservlori ixrac edon 6lks olub. 1990-c1 illorin ovvallorinds ittifaqin dagilmasi, kegmis
respublikalar arasinda iqtisadi slagolorin qopmasi vo anonavi bazarlarin itirilmosi istehsalin koskin
sokildo azalmasina sabab oldu. Belo bir soraitdo Ermonistanin Azorbaycana qarsi osassiz orazi
iddialari, AXC-nin hakimiyyoto golmaosi, onlarin sorigtosiz idars olunmasi, daxili ¢okismolor
Olkado siyasi-iqtisadi voziyyoti daha da gorginlosdirdi. Noticodo orazilorimizin 20 faizinin
Ermaonistan torafinden isgali, bir milyondan ¢ox qac¢qin vo macburi kdckiine problemlor yaratmasi
kond tosarriifatt sahasino boyiik zorbs vurdu. Eyni zamanda, uzun illor orzindo yaradilmis maddi-
texniki baza zoiflodi, mohsullarin satis bazarlari itirildi, kond tosarriifati mohsullar1 istehsali
kaskin sokildo azaldi.

Olkodo bohrandan ¢ixmaq iigiin bir sira todbirlor hoyata kegirilib. Dovlot quruculugunun
giiclondirilmosi, 1iqtisadiyyatin dir¢oldilmasi istigamotindo inamli addimlar atilir. Movcud
potensialdan somarali istifado etmoklo bazar miinasibatlorinin formalagdirilmasi, sahibkarligin
inkisafi vo yerli istehsalin tokmillogdirilmasi asas vozifadir.

Acar sozlor: isgaldan azad edilmis orazilor, investisiya, ehtiyatlar, istifadogilor, hodoflor,
islahatlar.
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INEPCIHEKTUBHBIE HAIIPABJIEHUSI PABBUTHUS
CEJBbCKOXO3SIMICTBEHHOM OTPACJIN HA TEPPUTOPUSAX,
OCBOBOXXJIEHHBIX OT OKKYITAIIUN
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PE3IOME

N3BectHO, uTo B ObIBIIEM CoBeTckoM Coroze AsepOaiipkaH ObUT CTpaHOM, SKCIIOPTHPOBABILIEH
XJIONOK U (pyKThI, Tabak, BUHO, IJIOJOOBOLIHbIE KOHCEpBBl. B Hauane 1990-x romom pacnan
COI03a, pa3pblB JKOHOMHUYECKHX CBs3€l MEXAy OBIBIIMMHU pecnyOlIMKaMH W TOTeps
TPaJUIMOHHBIX PBIHKOB COBITa NMPUBEIM K PE3KOMY cIaay Ipou3BOJCTBA. B Takoil curyauun
HEOOOCHOBAaHHBIE TEPPUTOPHAIIBHBIC MPETEH3UN ApMeHuu K AszepOaiipkaHy, IPUXOJ K BIACTH
Haponnoro ¢poHTa, MX HEKOMIIETEHTHOE YIIpaBJieHHE, BHYTPEHHHE paclpH euie Oosblie
000CTPHIIN TIOJUTUYECKYI0 M SKOHOMHUYECKYIO CUTYaIlHIO B CTpaHe. B pe3ynbTare OKKyMaIus
Apwmenueil 20 IpoleHTOB HAIIUX TEPPUTOPUIA U co3aHue polieM 6osee MIJUTMOHA OSKEHIIEB U
BBIHY’)KJICHHBIX TIEPECENICHIICB HAHECIH TSDKENBI ynap MO CEeNbCKOXO3IHCTBEHHOMY CEKTOpY.
ITpu sTOoM ociiabna co3aHHast 3a JOJITME IOkl MaTepHalibHO-TEXHUYECKas 6a3a, ObUIM yTpaueHbl
PBIHKM COBITa MPOAYKIUH, PE3KO COKPAaTWIOCh IIPOM3BOJCTBO  CEIbCKOXO35AHCTBEHHOU
HPOAYKIHH.

[TpuHAT psa Mep MO BBIXOMY M3 KpH3uca B cTpaHe. [IpennmpuHHMArOTCs yBEpEeHHBIE IIArH I10
YKPEIUICHUI0 TOCYJapCTBEHHOI'O CTPOUTENIbCTBA M OXKHUBICHHMIO 3KOHOMHUKU. (DopmupoBaHue
PBIHOYHBIX ~ OTHOWIEHWH,  pa3BUTHE  TNPEANPHHAMATENBCTBA M COBEPIICHCTBOBAHHE
0TEYECTBEHHOI'O MMPOMU3BO/ICTBA 32 cueT 3(h(PEKTUBHOTO NCIOIB30BAHUS UMEIOLIETOCs MOTEHIaa
ABJISIETCS TJIABHOM 3a/1a4eH.

Kirouoble cjioBa: JEOKKYIUPOBaHHbIE TEPPUTOPHM, WHBECTHIIMH, DPECYPCHI, MOJIb30BATEINH,
e, peopmsl.
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ABSTRACT

The Lower Kura depression is one of the largest oil and gas producers and one of the most
promising regions in terms of oil and gas in the onshore territory of Azerbaijan. Rich oil and gas
deposits have been found here in the Pliocene sediments and they are being developed.
Industrially important oil and gas accumulations mainly related with the upper sandy I-VIII
horizons of the Productive series. In addition, significant oil and gas flows were obtained from
wells in separate areas of the region, for example, Qarabagli, Kursanga, Pirsahat, Kurovdag,
Neftchala, Babazanan, from wells from the lower XV1I-XX horizons of the PS.

It should be noted that structural-tectonic, lithofacies, paleotectonic, geochemical,
hydrogeological, etc. to investigate the factors and, as a result, determine the zones of oil
production and oil and gas accumulation are important issues.

Prospective anticlinal structures have been identified as a result of geological-geophysical
research conducted in recent years in the Lower Kura depression. For this reason,
lithostratigraphic, lithological and paleogeographic studies of the PS were conducted based on
new factual materials in the region. Paleoprofiles of the Kurovdag, Babazanan, and Neftchala
uplifts were compiled based on the deep well materials. The features of structural-tectonic
development of the Kurovdag-Babazanan-Neftchala uplifts in the Pontian-Quaternary period were
investigated.

As is known, the paleoanalysis of any area based on paleoconstructions is one of the deepest
structural-tectonic analyzes in the study of its geological structure and oil-gas prospects. From this
point of view, we have studied the features of structural-tectonic development in the Pontian-
Quaternary period stratigraphic interval by establishing a series of paleoprofiles based on
transverse profiles along the Kurovdag, Babazanan and Neftchala uplifts.

Keywords: oil and gas bearing, paleoprofiles, structural-tectonic development, structure,
depression, anticlinal zones, uplifts, sedimentation rate, geodynamic activity, oil-gas
accumulation zones.

Introduction

The Lower Kura depression has a tectonically complex geological structure. The influence of
local and regional tectonic movements is observed in the area. Area of this depression is divided
into two characteristic zones according to the intensity of geodynamic processes, activity of mud
volcanoes and other signs. The first zone includes the southern slopes of the Alat-Langabiz
anticlinorium, the Gargali synclinorium and the Harami-Salyan anticlinorium, and covers the
Southeast-Shirvan area. One of the characteristic signs of the first zone is the branching of uplifts

| PAHTEI
| 164 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




ISSN: 1609-1620, E-ISSN: 2674-5224

PAHTE./I

VOLUME 23 ISSUE 12 2022 REFEREED & REVIEWED JOURNAL

E-ISSN: 2674-5224

in the eastern direction. East Mughan-West Salyan lowland is also included in the second zone
where geodynamic processes are observed relatively weak.

Kalamaddin-Mishovdag-Bandovan, Pirsahat-Hamamdag, Padar-Kurovdag-Neftchala anticlinal
zones are observed in the territory of the Lower Kura depression, which separated from each other
by the synclines of Gargali, Navai and Hajigabul, characterized as the continuation of the Alat
hills ranges [1]. In addition, North and South Kursangi buried anticlinal uplifts are located
between these zones. In the southern part of the Neftchala uplift, the Kizilagac anticlinal zone
extends into the sea towards the Kurdilli uplift.

The uplifts that located on the mentioned anticlinal zones are brachianticlinal in shape and have
different sizes. These uplifts extend from northwest to southeast in the Caucasus direction. Most
uplifts are an asymmetric and characterized by the northeast flanks being relatively gentle up to
16-30° and the southeast flanks steeper about 45-60°. Uplifts are complicated by latitudinal and
longitudinal faults in crest and near-crest parts. Mud volcanoes that appear in the area are also
related to these faults. in turn they complicate the geological structure of the mentioned uplifts
and its tectonics.

The uplifts that located on the mentioned anticlinal zones are brachianticlinal in shape and have
different sizes. These uplifts extend from northwest to southeast in the Caucasus direction. Most
uplifts are an asymmetric and characterized by the northeast flanks being relatively gentle up to
16-30° and the southeast flanks steeper about 45-60°. Uplifts are complicated by latitudinal and
longitudinal faults in crest and near-crest parts. Mud volcanoes that appear in the area are also
related to these faults. in turn they complicate the geological structure of the mentioned uplifts
and its tectonics.

Objective

It should be noted that the Lower Kura depression is bordered by the Greater and Lesser Caucasus
and Talysh mountains, which are seismically active zones [3]. The increase in geodynamic
activity in the area of the settlement has a great influence of the potential stress energy generated
in the sources of earthquakes occurring in that area. Also, the activity of mud volcanoes, which
are often activated in the area, causes an abnormal change in the physical and chemical properties
of the sedimentary complex that forms the geological section. Conducted studies in Neftchala,
Kalamaddin, Kurovdag, Mishovdag, Kursangi, Babazanan, etc. shows that oil fields are
constantly impacted to seismogeodynamic processes. These factors have an impact on the results
of the complex well geophysical-research works carried out in the wells, production and operation
mode. Thus, as a result of the conducted analyses, it was determined that there were major
changes in the operation mode of a number of wells in the fields on the eve of the earthquakes that
occurred in the country and adjacent zones. In addition, oil production from the so-called
"immature” layers with low resistance up to 2-4 Ohm m was also observed in some well sections.
The Field-Geophysics Department has re-analyzed the geophysical well logging (GWL) materials
taken in the wells in the Kursangi and Mishovdag areas and new oil and gas layers have been
found along the well sections[4]. According to the preliminary opinions, sometimes the
production of oil from the formations considered as watery as a result of the test was associated
with the weak justification of the petrophysical models. The seismogeodynamic condition of the
Lower Kura depression and the comparative analysis of the GWL materials conducted in the
wells have shown that the cases of oil extraction from aquifers during testing are usually found in
wells drilled during the geodynamically active period. The learning of results of carried out
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geodynamical processes show that geochemical fields vary by 25-30%, sometimes more at the
activation period. This situation can last from 6-10 days to several months, depending on the
characteristics of geodynamic processes. The mentioned signs also have an effect on the
parameters measured during geophysical exploration work. As a result, it becomes difficult to
realistically assess the oil and gas content of the section. One of the main reasons for this is that
the parameters characterizing the layer complexes that make up the geological section in the
geophysical-research materials conducted during the activation period are very different from the
criteria determined in the area. For example, in the fields located in the Lower Kura depression,
the apparent resistance of oil-gas layers is assumed to be more 4.5-5 Ohm m, and the productivity
of the layers is evaluated according to value. It is known from the conducted studies that in some
cases, in one of the wells drilled at a close distance to each other, the productive layer with the
same stratigraphic affiliation is characterized by low resistance, approximatly up to 1.6-2.5 Ohm
m. As other parameters set on the basis of this indicator also have suitable values, industrially
important oil is obtained as a result of the perforation test from the layer considered as "watery".
There are many factors that influence such a difference in specific electrical resistance in the same
layer. One of them is the abnormal change of geophysical and geochemical fields related to
seismogeodynamic processes. Taking into account the above, "Methodology for detection of oil-
gas objects that have been overlooked due to the influence of geodynamic-tectonic stress in oil
fields" has been developed at Scientific Research Institution of Geophysics. Based on this, wells
dug in the research area are selected, a catalog of earthquakes observed in the region and a map of
epicenters are compiled, a historical comparison of the conducted QGT works is made, and it is
determined whether they fall into an active or quiet period from a seismic point of view.
anomalous change periods of geophysical and geochemical fields in the region are determined.
Taking into account these factors, layers with collector characteristics are selected based on the
correlation of the "active" and quiet period gas well materials, and the main parameters that
determine the oil and gas content are found. After that, mathematical statistical analyzes are
performed and the values of each parameter for oil and water layers are determined. The data of
seismological and monitoring works were collected and analyzed in order to determine the
changes of geophysical and geochemical fields related to geodynamic factors in the Lower Kura
depression. The influence radius and energy accumulation period of earthquakes observed in the
region were calculated. During the initial analysis of the GWL materials, the wells that may
contain oil and gas objects, whose cross-sections were overlooked due to the influence of
geodynamic factors, were selected and their data were re-examined. During the conducted studies,
130 reservoirs were selected in the section of 17 wells in Kalamaddin field, 136 reservoirs in the
section of 19 wells in Neftchala, 75 reservoirs in the section of 5 wells in Kichik Harami, and
their productivity was reevaluated.

More than 100 new oil and gas layers were discovered in the mentioned areas of the Lower Kura
depression. Taking into account seismogeodynamic factors, when evaluating their productivity,
new criteria should be selected depending on the stress deformation conditions of the selected
area. In many cases, obtaining industrially significant hydrocarbon production from layers with an
oil saturation coefficient of 0.40-0.50 provides a reason for this. The positive result of the
researches conducted in the Lower Kura depression provided the basis for the application of this
method in other seismodynamically active regions.

Methods
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As is known, the paleoanalysis of any area based on paleoconstructions is one of the deepest
structural-tectonic analyzes in the study of its geological structure and oil-gas prospects. From this
point of view, we have studied the features of structural-tectonic development in the Pontian-
Quaternary period stratigraphic interval by establishing a series of paleoprofiles based on
transverse profiles along the Kurovdag, Babazanan and Neftchala uplifts.

As can be seen from the paleoprofile constracted at the end of the Pontian age the Kurovdag uplift
began to develop at the late Pontian age and continued to develop during this age (Fig. 1). This
can be clearly seen from the paleoprofile established at the end of the Pontian age. So, as can be
seen from the paleoprofile, the sedimentation process was taking place in the considered area.
However, in the northwest and southeast parts of the territory the rate of sediment deposition
process approximately the same, while in the central part accumulation of sediments occurred
very slowly. This is indicate that the Kurovdag uplift developed simultaneously with the
accumulation of sediments in the Pontian age. Because the crest of its located in the central part of
the area and height was about 75 meters.

In turn, as can be seen from the paleoprofile constracted at the end of the early Productive series,
the intensity of the sedimentation process in the area has increased significantly. However, despite
this, as in the previous case, the sedimentation process was slower in the central part of the area
than in the northwest and southeast of the area, i.e., the uplift continued its development
simultaneously with sediment accumulation during early Productive series age. However, unlike
the previous one, since the development rate of the uplift was relatively fast, the crest part of its
was complicated from the southeast limb side by normal fault. Its height was already 114 meters.
The next paleoprofile was compiled at the end of half a century of Fasila suite. As can be seen
from the paleoprofile, the process of sedimentation was significantly weakened during the half-
century of the Fasila suite compared to the early PS half-century. However, in camparing the
sedimentation process rate in the central part 2 times lower than the edges of the area, and the
fault that complicated the crest part the of the uplift was continued its development. The height of
the uplift has already reached 300 meters.

The paleoprofile was compiled at the end of the late PS half-century, there is an intensive
sedimentation process took place in the area. However, the sedimentation rate decreased
significantly in the direction of the uplift crest. It indicates that the uplift developed significantly
at the half-century. As a result, according to the upper MG rock complexes the crest of its
complicated by two parallel faults which elongate from northwest to southeast and intersect with
the arch-like fault that complicated the limb of the uplift. As a result, as can be seen from the
paleoprofile, the southeast limb of the uplift is raised relative to its crest along the arch-like fault.
At the end of the Absheron age, both the accumulation process of sediments and the development
of uplift continued. The intensity of the sedimentation was the same both in the northwest and
southeast of the area. Against it happened by low speed in the center, than in the limbs. Therefore,
the thickness of Aghjagil and Absheron sediments less in the center than in other parts. This
indicates that the uplift develops simultaneously with the sedimentation, as mentioned earlier. The
faults formed at the end of the PS age are develop until the Absheron time. These are complicate
the upper PS and the overlying Absheron rock complexes.

It should be noted that the development of the uplift took place under active tectonic conditions
and had a continuous character. Complication its with an overthust type of faults indicates the
presence of active compressive stresses in the area.
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Figure 1. Paleoprofiles

The next uplift, where we conducted paleoanalysis, is the Babazanan uplift located in the center of
the Kurovdag-Neftchala anticlinal zone. In accordance with the modern geological profile (Fig.
2), the paleoanalysis of this uplift was carried out relatively at short time, that is, from the
Balakhani suite age to the Quaternary period. For this purpose, series profiles of the upper
Productive series and the end of the Absheron age were drawn up.

As can be seen from the paleoprofile constracted at the end of Balakhani suite age, an intensive
sedimentation process took place in the area during this geological time (Fig. 3). However, in the
central zone of the area, that is, in the area where the crest of the uplift is located, the rate of
sedimentation is a little lower, so the thickness of the sediments collected here is also relatively
thin. On the other hand, it should be noted that in the age of the Balakhani suite, the uplift was
complicated by two faults in the surrounding zone. Due to the crest of the uplift is raised relative
to the limbs. The northwest limb of the uplift at the lowest hypsometric level.

As can be seen from the paleoprofile constracted at the end of the Sabunchi suite age, intensive
sedimentation process took place in the area, but the rate of sedimentation was somewhat lower in
the central part of the area, as in the Balakhani suite age. Sedimentation occured with high rate in
the northeastern part of the territory. The faults complicating the fold continued to develop.

At the end of the Surakhani age the sedimentation process was continuing in the area, and with
the exception of its central part, sediment accumulation took place at a rate that did not vary much
throughout the entire area. The faults that complicated the uplift continued their development also.
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As can be seen from the paleoprofile established at the end of the Absheron age, a relatively
intensive process of sedimentation continued in the area in the Upper Pliocene, mainly in the
Absheron age. However, this process takes place relatively intensively in the northeast limb of the
site, as in the Surakhani age. As a result, the northeast limb of the uplift dip at a greater angle
relative to the southwest limb. As in previous cases, the faults continued their development.

Finally, as can be seen from the modern geological profile, its western limb has risen significantly
along the eastern fault, which complicates the crest of the uplift. For this reason, while there are
no Quaternary sediments in that limb, the thickness of its is 1500 meters in the planging zone of
the limb, and 500 meters in the crest, that is, from the east fault to the west. It indicates that the
crest and northeast limb of the uplift unlike southwest one had individual development, that is, it
was intensively subjected to lift. The fact that the Babazanan uplift developed at the same time as
sedimentation indicates its syndepositional origin, but at the same time, based on the morphology

of the uplift limbs, it can be said that this uplift developed mainly by a transverse bending
mechanism.
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Figure 2. Geological profile (Babazanan)
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Figure 3. Paleoprofiles

The next uplift, which we analyze the history of geological development is the Neftchala located
at the southeast end of the anticlinal zone. it was possible to analyze this uplift from PS age to
Quaternary period based on the modern geological profile (Fig. 4). Have built up a series of
paleoprofiles and analyzed. By analysis, at the end of the Fasila age, the sedimntation process was
relatively weak, and this process was weaker from the center of the area compared to its edges. At
the same time, there is no any tectonic activity. The sedimentation process has significantly
intensified, as can be seen from the paleoprofile constracted at the end Balakhani age. As a result,
the thickness of Balakhani suite relatively is large. However, in the central part of the area, as
discussed earlier, the rate of sedimentation was somewhat weak. On the other hand, the
sedimentation rate on the southwest limb is higher than the northeast one. The cause of this is the
comlpication of southwest limb in crest and near-crest zones of the structure with faults in the
Balakhani age (Fig. 5). This case indicates the activity of tectonic processes in the area, as well as
the transition of the structure of the uplift to a multi-block regime. Due to dividing to blocks the
southwest limb pushed down take a lower hypsometric level than the others. Therefore, high
sedimentation process is observed in the central part of the area. The next 3 blocks located in the
crest zone have risen relative to each other. In general, these fault systems have caused the gradan
type fault, so the stepwise location of tectonic blocks.
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Further sedimentation process is continued in the Sabunchi age, depending on the hypsometric
level of the tectonic blocks, the sediments in their area also had the appropriate thickness. In
general, it can be said that the hypsometric level of tectonic blocks has remained stable relative to
each other, and only the tectonic block forming the northeast limb pushed down than the one next
to it, unlike the previous paleoprofile. Insignificant tectonic activity is observed in the area.
Surakhani age accompained dramatically decreased sedimentation rate of several times,
compared to the previous ones. This also shows that the speed of vertical movements in the area
was low. Actions that cause uplifting are almost not revealed. However, under the influence of the
geostatic pressure along the faults, the vertical movement of the tectonic blocks, albeit weak, took
place. At the same time, the tectonic block forming the crest uplift had a higher hypsometric level
than the others.

Absheron age is the further period of sedimentation process in the under consideration area.
However, due to the fact that the area is divided into separate tectonic blocks by faults, the
accumulation of sediments had individual characteristics in each tectonic block. Thus, the lowest
rate of sediment accumulation occurred in the central block forming the crest of the uplift and in
the tectonic block located east of it, that is, forming the eastern limb of the uplift. On the contrary,
the sedimentation process in the two western blocks differed significantly from the previous one
in terms of its intensity. For this reason, c.g. the thickness of the upper Pliocene sediments in the
southwest limb is was thicker up to 2 times than the northeast limb relativly. Although the limbs
of the uplift are not subjected to relatively sharp plastic deformation, the vertical movements, that
is, active transverse bending mechanism caused to grow of uplift.

As can be seen from the modern profile of the Neftchala uplift, it is an anticlinal form whose
limbs are weakly deformed at a relatively small angle, but nevertheless complicated by a number
of faults. At the same time, as can be seen from the modern profile, Absheron sediments have
been eroded in its crest. On the contrary, the sediments of Quaternary period are accumulate on
the limbs of the uplift. Especially they are better developed on the southwest limb. These suggest
that the uplift developed in the Quaternary period as well, but this process mainly occurs by the
mechanism of transverse bending.
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Figure 4. Geological profile (Neftchala)
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Figure 5. Paleoprofiles

Conclusion

- The results of the foregoing analysis of the paleoprofiles are presented that the uplifts formed
due to transverse bending mechanism. Based on the morphology of each uplift, it was determined
which mechanism is more active in its development.

- Uplifts are syndepositional origin. Most likely, their formation is closely associated with
sedimentation and tectonism processes.

- Uplifts are brachianticlinals with gentle limbs and crests that complicated by faults.
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XULASO

Molum oldugu kimi, hor hansi bir orazinin paleokonstruksiyalara asaslanaraq paleotahlili onun
geoloji qurulusunun vo neft-qaz perspektivliyinin Oyronilmoesinds on dorin struktur-tektonik
tohlillorden biridir. Bu baximdan Kiirovdag, Babazonan vo Neftcala qalxmalari {izro enins geologi
profillor osasinda paleoprofillor silsilosi tortib etmoklo Pont-Dérdlnct dovr stratigrafik
intervalinda bu strukturlarin struktur-tektonik inkisaf xiisusiyyotlorini dyronmisik.

Agar sozlor: neft-qazliliq, paleoprofillor, struktur-tektonik inkisaf, struktur, ¢6koklik, antiklinal
zonalar, qalxmalar, ¢okiintiitoplanma siirati, geodinamik aktivlik, neft-qaztoplanma zonalari.
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PE3IOME

Kak u3BecTHO, majgeoaHanu3 a000i TeppUTOPUN Ha OCHOBE MAJTCOKOHCTPYKLUH SBISETCS OJHUM
U3 CaMbIX TIIyOOKHX CTPYKTYPHO-TEKTOHMUYECKHUX aHAJIM30B B HM3YyUYEHUU €€ Te0JIOTUYECKOTO
CTpoeHuss U HedrerasonepcrneKTUBHOCTH. C 3TOW TOYKHM 3pEHHUS HU3YYEHBI CTPYKTYPHO-
TEKTOHMYECKHE OCOOEHHOCTH pa3BUTUS JITUX CTpYyKTyp B IloHTYecko-ueTBEepTUYHOM
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cTpaTUrpa)u4eckoM HHTEpBajle IIyTEeM COCTaBJIEHUS CepuUu Majeonpoduieli Ha OCHOBE
norepeyHsIx reojoruueckux mnpoduieir Kyposmarckoro, ba6azanckoro u Hedruammnckoro
HOTHITUH.
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ABSTRACT

Sustainable development is one the main strategies for advanced cement enterprises in the
industry 4.0. There are applied modern technologies and methods resulted in sustainable
development and competitive advantage of the Holcim Group. According to the objectives of the
Holcim Group it is announced to introduce a new reference for the sustainable construction
industry by 2030 and 2050. These goals have been validated by the Science Based Targets
initiative. [6] Therefore, managers of cement enterprises introduce new advanced methods of
adaptive management to implement the above-mentioned goals to survive in the market. In order
to be successful in these tasks there are applied advanced products and solutions to accelerate the
transition to green building process. On the basis of these goals there are demanded the advanced
techniques and technologies like Computerized Maintenance Management Systems, Fuzzy
Recurrent Neural Network, Condition-Based Maintenance, online Condition Monitoring Systems
in the cement enterprises of the Holcim Group. These advanced techniques and technologies will
ensure successful implementation of the methods of adaptive management to achieve the
sustainability.

Keywords: sustainable development, adaptive management, Science Based Targets initiative
(SBTi), Environmental, Social and Governance (ESG), Construction and Demolition Waste
(CDW), Biodiversity Indicator Reporting System (BIRS), International Union for Conservation of
Nature (IUCN), Computerized Maintenance Management Systems (CMMS), Fuzzy Recurrent
Neural Network (RNN), Condition-Based Maintenance (CBM), online Condition Monitoring
Systems (CMS).

Introduction

There are risks of the global recession and economic instability worldwide. The supply chain
crisis is ongoing due to consequences of the COVID-19 and global market shock in the years
2020-2021. There are risks of low sales of ready products and services of the cement plant in the
market. There is required the advanced adaptive management in the cement company. In case of
uncertainty status, the decision making is critical for management. Therefore, in order to
implement the concepts and principles of sustainable development there is demanded a new
reference for the sustainable construction industry. The sustainability principles consist of climate
actions, circular economy, protection of nature, people and communities, health, safety,
environment and improvement of sustainable supply chain and ESG. A cement company is a
global leader in sustainable building solutions. [6] The above-mentioned goals can be
implemented efficiently by means of the advanced technologies and methods including CMMS,
Fuzzy RNN, CBM, online CMS at the level of cement companies too. The balanced planning and
application of state-of-the-art technologies are also demanded accordingly. In case of the example
of the prediction technique which is based on the Fuzzy RNN it allows to have precise results of
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the planning on the basis of economic statistics. The concept and principles of fuzzy neural
networks were given in the works of many researchers, in particular in the research of the Doctor
of Technical Sciences Professor Aliev R.A. [1, pp. 2553-2566] and [3, pp 860-869]. Prediction
results for the cement market of the Republic of Azerbaijan were considered in the work. [2, page
6] and [5, pp. 272-279] the cement company adheres to the highest environmental, social and
governance (ESG) standards by means of adaptive management. Actually, the goals of
sustainability can be achieved on the basis of the adaptive management, ESG, a circular economy,
health & safety, supply chain commitments, low carbon building solutions. [6]

The paper is structured as follows. The section 2 is devoted to general description of principles
and concepts of sustainability and a new standard for the sustainable cement industry. The section
2.1 is devoted to description of a circular economy, functioning principles and application results
of modern technologies in the cement industry. The section 2.2 is devoted to description of
principles of the cement industry to protect biodiversity and freshwater resources by means of
advanced products and solutions, make a positive social impact, respect human rights in any
operations and in the communities, limit the environmental impact of operations, provide a
healthy and safe environment to business and communities. The section 2.3 is devoted to
description of the ESG standards and supply chain commitments via operations and adaptive
management principles in the cement industry.

Objectives of sustainability and adaptive management in the cement industry

The cement company encourages carbon pricing principles to promote carbon-efficient
technologies. [6] There are demanded regulatory frameworks on carbon pricing together with
relevant governments and stakeholders including the cement industry. Actually, there is the
cooperation with international institutions and the cement company to provide these goals. The
low-carbon transition requires renewable energy products which are competitively priced to
provide the energy needs of the cement industry. There are demanded improvements in the energy
efficiency, the alternative raw materials, the clinker factor, the thermal substitution rate by means
of waste fuels instead of fossil fuels in cement industry. Actually, the cement company invests in
new technologies including the wind power for the cement plants. There are successful examples
of introduction of these technologies including the building wind turbines to provide the
electricity needs in the cement plants directly. This approach reduces CO2 emissions by 9,000
metric tons per year at the Paulding, Ohio (US) plant for example. [6] There is also demanded the
approach of wastes heat recovery that is to upgrade the technology and redirecting excess heat
from cement kilns to generate electricity. Actually, the cement company has plans to increase the
number of waste heat recovery lines several times by 2030. [6] Then it is the new approach when
decarbonizing power supply by means of expanding renewable energy production and
cooperation with decarbonized power suppliers. As regards the process of transportation there are
tasks to optimize routes and loads, prioritize waterways and rail instead of road transport, train
drivers to ensure the road safety and decrease fuel consumptions. Then is reasonable to decrease
replacing diesel with eco-friendly fuels step by step. Therefore, there are also approaches as
regards the fuels and energy that is to replace traditional fossil fuels with local alternative fuels
which are derived from waste. Actually, it is reasonable to require CO2 specification from clinker
and cement suppliers to facilitate production of low-carbon cement. There are some statistic data
are shown in the table as below-mentioned.
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Table 1. The company’s statistics and 2050 net-zero targets. [6]

SCOPE1 SCOPE 2 SCOPE 3

-
BASELINE BASELINE

Kg CO3 per ton
-0% of purchased clinker
and cement
Kg CO2
=-99% per ton of
purchased fuels
Kg COz
=-99% per ton of material
transported

2018

2021

g CO2 per ton
-20% of purcha sed clinker
and cement

475 13 Kg CO2 per ton
Kg CO. net/t Kg COo/t -20% of purchased

2030

fuels

-24% per ton of materlal
transported

nér GHG emissions across the value chain validated by

zere

Holcim’s 2050 net-zero targets validated by SBTi:

. Holcim commits to reduce Scope 1and 2 GHG emissions by 95% per ton
of cementitious materials by 2050 from a 2018 base year.?

« Holcim commits to reduce absolute Scope 3 GHG emissions by 90% by
2050 from a 2020 base year.

cementitious cementitious

2050

This approach has resulted in the sustainable development, adaptive management and efficiency
via timely, sound decision-making on priorities and balanced planning. In the example of the local
cement plant which is the leader of the cement industry in the Republic of Azerbaijan there are
successful results in the CBM by means of application of the online CMS. This implementation
has resulted in the savings on maintenance costs and effective adaptive management by means of
qualified decision-making process. [4, pp. 14-16] Therefore, the adaptive management, RNN,
CMMS, CBM and online CMS are suitable methods and technologies due to efficient operations
when the huge amount of dynamic fast changing technical and commercial data on the example of
the cement factory in the industry 4.0. [5, pp. 272-279]

Method and concept of a circular economy functioning principles

The circular economy means to provide the approach of the model “reduce, reuse, recycle”. [7]
This innovative approach is applied instead of the linear “take, make, waste” economy. The
cement company provides the principles of “reduce, reuse, recycle” according to the plan
“Strategy 2025 — Accelerating Green Growth”. By 2030, there are plans to recycle 100 million
tons of material, including 10 million tons of construction and demolition waste (CDW). [7] The
materials and wastes which are recycled products will be included in cement and aggregates to
manufacture new concretes. The best example is the Susteno circular cement plant which has a
38% lower carbon footprint and 20% recycled materials applying CDW materials. [7] Therefore,
taking into consideration these approaches the definition of reducing means saving natural
resources and minimize the footprint of new constructions by decarbonizing and the reusing
means introduction of sustainable constructions by means of renovation and green technologies as
well as the recycling means to prepare materials and waste to manufacture new products. The
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cement company has the plans for circular commitments by 2030. Therefore, these plans include
to increase recycled materials in ready cement products from 24% to 30%, to increase the
recycling ratio and circularity in product portfolio, to recycle 100 million metric tons of waste, to
manufacture energy and raw materials, to generate energy from non-recyclable waste with
application of 37% of the fuel from these wastes. [7] The cement company ensures the circular
economy business by means of “Plants of Tomorrow” initiative which results in innovations
directed in improving performance, circularity and decarbonization. [8] The cement company has
approved “One of the largest rollouts of industry 4.0 technologies in the building materials
industry, the initiative aims to accelerate technological advancement across the entire value chain.
So far, we have delivered more than 800 deployments at 180 plants worldwide, from predictive
maintenance to automation, robotics, artificial intelligence and digital twins. We will reach more
than 5,000 deployments by 2025.” [8] The cement company coordinates activities with
organizations and regulators to organize markets to introduce circular solutions via improvement
of the value chain. This approach involves: lifecycle analysis for constructions to ensure reduction
of CO2, assistance of stakeholders to provide circularity principles in business models and
decision-making, enabling the recovery and recycling taking into consideration international
waste conventions. The circular economy principles are also based on recycling, education, and
science.

Method and concepts of safe environment and products

The cement company ensures a measurable positive impact on biodiversity. “A biodiversity
measurement methodology Biodiversity Indicator Reporting System (BIRS) developed in
partnership with International Union for Conservation of Nature (IUCN) across all of our
managed land by 2024.” [9] The cement company ensures the plans of freshwater withdrawal
reduction by means of process optimization, decreased leakages and freshwater recycling
technologies, non-freshwater, rainwater or treated municipal wastewater application. The cement
company ensures to reduce “freshwater withdrawal by 2030 in cement, aggregate and ready-mix
concrete production by 33%, 20% and 15% respectively”. [10] The cement company is planning
to treat the applied water and return it to nature, implement freshwater replenishment, introduction
of marine ecosystems programs. As well as The cement company ensures implementation of
principles of Human Rights and Social Policy, Human Rights Directive, the Code of Business
Conduct and the Code of Business Conduct for Suppliers according to state regulations and the
cement company’s standards. In the existing market there are demanded activities for positive
image and social impact to ensure progress for people and the planet by cement companies.

These steps are done by the cement company to improve living standards, housing and
infrastructure, health, education. The cement company will “Contributing 500 million CHF by
2030 toward the development of affordable housing and social initiatives in the communities in
which we operate”. [11] There are objectives to provide operations with zero harm as well as
providing a healthy and safe environment when activities of all who take part in operations in the
cement company. In case of the best practice of the cement company it is reasonable to mention
actions to minimize the environmental impact by means of organization of safe and qualified
operations worldwide. Therefore, the cement company achieves results to minimize air emissions,
provide the best practice in water consumption, decrease wastes and CO2 emissions.

Method of advanced ESG standards and supply chain commitments
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This subject has become critical due to the recent post pandemic consequences and interruption of
supply chains worldwide. Some economists have announced risks of recession in developed
countries as well as negative consequences of the supply chain crisis and the energy supply crisis
together with uncertainty in the global market. Therefore, there are demanded new advanced
concepts and technologies which can help to minimize the above-mentioned critical
consequences. The cement company implements operations to provide a sustainable supply chain
process accordingly. This process includes the qualified and transparent governance and supplier
selection as well as accountable sourcing accordingly. The cement company has introduced risk
assessment technologies, verification of conformity, prevention of gaps, qualified monitoring and
communication taking into account ESG and OH & Safety when the supply chain process. The
cement company ensures operations to provide the best environmental, social and governance
(ESG) standards. [12] On the basis of the above-mentioned practice the cement company has
introduced and implemented directives and polices to provide the OH & Safety, quality,
environment protection, transparency, social responsibility to ensure implementation of the ESG
standards successfully.

Conclusion

On the basis of the above-mentioned concepts and objectives the cement company is planning to
ensure the sustainable development in in the market. Additionally, the cement company
implements the regular process of sustainability reporting to verify the sustainability progress
accurately and timely. Therefore, the cement company provides all operations in line with the
sustainable development and so-called net-zero commitment, transparency and the ESG standards
on the basis of the confirmed procedures and initiatives.

Therefore, managers of cement companies introduce new advanced methods of adaptive
management to implement the above-mentioned goals to survive in the market. In order to be
successful in these tasks there are applied advanced products and solutions to accelerate the
transition to green building process. On the basis of these goals there are demanded the advanced
techniques and technologies like Computerized Maintenance Management Systems, Fuzzy
Recurrent Neural Network, Condition-Based Maintenance, online Condition Monitoring Systems
in the cement companies of the cement company. These advanced techniques and technologies
will ensure successful implementation of the methods of adaptive management and to achieve the
sustainability. Efficiency of modern RNN, CMMS, CMB and online CMS technologies can be
confirmed for the long-term planning regardless of a type of production and company in the
Republic of Azerbaijan and worldwide. [5, pp. 272-279]
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4.0 SONAYENIN SEMENT MUOSSISOLORINDO DAVAMLI INKiSAF VO
ADAPTIV IDAROETMO KONSEPSIYALARI
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XULASO

Davamli inkisaf 4.0 sonayesindo qabaqcil sement miiossisalori {i¢iin asas strategiyalardan biridir.
Yerli sirkot davamli inkisafi vo rogabat iistilinliiyii ilo naticalonon miiasir texnologiya vo metodlari
totbiq edir. Yerli sirkot mogsadlorine uygun olaraq, 2030 va 2050-ci ilo gadar dayaniqh tikinti
sonayesi li¢lin yeni hadoflarin tatbiqi elan edilir. Bu magsodlor Elma asaslanan Hadoflar togobbiisii
ilo tosdiq edilmisdir. [6] Buna gora do sement miiassisalorinin rohbarlori bazarda raqabot aparmaq
ticiin yuxarida geyd olunan magsadlori hayata kegirmak ligiin adaptiv idaroetmonin yeni qabaqcil
isullarini totbiq edirlor. Bu vazifalordo miivoffoqiyyastli olmaq ticilin yasil tikinti prosesina kegidi
stirotlondirmok {iglin gabaqcil mohsullar vo hoallor totbiq olunur. Bu mogsadlor asasinda Yerli
sirkot daxil olan sement miiossisolorindo Kompiiterlosdirilmis Texniki Idaroetmo Sistemlari,
Qeyri-salis tokrar coroyanli Neyron Sobokosi, Voziyyoto osaslanan texniki xidmot, onlayn
voziyyetin monitoringi sistemlori kimi qabaqcil texnika vo texnologiyalar tslob olunur. Bu
gabaqcil texnika vo texnologiyalar davamliliga nail olmaq tiglin adaptiv idarsetmo metodlarinin
ugurla hoyata kegirilmosini tomin edocokdir.

Acar sozlor: davamli inkisaf, adaptiv idaroetmo, Elmo osaslanan Hodoflor tosobbiisii (SBTi),
Otraf Miihit, Sosial vo Idareetmo (ESG), Tikinti vo Sokiintii Tullantilar1 (CDW), Biomiixtoliflik
Gostoricilori Hesabat Sistemi (BIRS), Beynolxalq Miihafizo Ittifagt Tobiot (IUCN),
Kompiiterlosdirilmis Nozarot Idaroetmo Sistemlori (CMMS), Qeyri-solis Rekurrent Neyron
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Sobokasi (RNS/RNN), Voziyyoto osaslanan Baxim (CBM), onlayn Voziyyst Monitoring
Sistemlari (CMS).

KOHIEIIIIAU YCTOMYUBOI'O PAZBUTUA U AJIAIITUBHOI'O
YIIPABJIEHUSA HA HEMEHTHBIX ITPEAITPUATUAX OTPACJIA 4.0.

Ha3zum I'yceiinoB
AzepbaiiyKaHCKHI TOCYJapCTBEHHBI YHUBEPCUTET HeQTH U mpoMbinuieHHOCTH, Kadenpa busnec

AnvuanctpupoBanus / [Iporpamma MBA, ducceprant, macTpykTop MBA
ORCID [0000-0002-7806-6347]. Email: nazim.huseynovi@gmail.com

PE3IOME

VYcroitunBoe pa3BUTHE SABISETCS OJHOM K3 OCHOBHBIX CTpaTeruil MEpeloBBIX LIEMEHTHBIX
npennpustuit B uHayctpuu 4.0. I[IpuMeHSIOTCS COBpEMEHHBIE TEXHOJOTUH U  METOBbI,
Pe3yIbTaTOM KOTOPBIX SIBJISIETCS YCTOMYMBOE Pa3BUTHE U KOHKYPEHTHOE MPEUMYLIECTBO MECTHOM
kommanuu. CornacHo neiaaM komnanuu, kK 2030 u 2050 romamM oOBSIBIEHO O BBEACHUU HOBOI'O
STaJiOHAa JUIsi OTpaciid yCTOWYMBOIO CTPOUTENHCTBA. OTH 1LENU OBUIM  MOJITBEPIKICHBI
uHuIMatuBor Science Based Targets. [6] [TosToMy pyKOBOIAMTENH IEMEHTHBIX MPEANPHSITHIA
BHEJPAIOT HOBBIE II€PEIOBbIE  METOJbl  aJalTUBHOIO  YIOpaBIEHUS JUIsl  peaju3aluu
BBIIIICYKA3aHHBIX LieJeH, YTOObl BBDKUTh Ha phIHKE. [l ycHemHoro peuieHus 3TUX 3a7ay
IPUMEHSIIOTCS TIEPEOBbIE IPOAYKTHI U PELIEHUs U1 YCKOPEHHUs Mpoliecca Mepexo/ia K 3eJIeHOMY
CTPOUTENBCTBY. MCX0s U3 3TUX 1ieiel, Ha LIEMEHTHBIX MPEeIIpUATHIX KOMIAHUHU BOCTPEOOBaHbI
NepeoBble METOJbl U TEXHOJIOTUH, TaKue KaK KOMIIBIOTEPU3UPOBAHHBIE CHUCTEMBI YIPaBICHUS
TEXHUYECKUM OOCITyXKHBAaHHEM, He4yeTKas pPEeKyppeHTHas HeHpoHHas CceTh, TEXHUUYECKOe
00CIyKUBaHUE TI0 COCTOSIHMIO, CHUCTEMBbl OHJIANH-MOHUTOPUHIA COCTOSIHUS. ODTH NEpeIOBbIE
METO/IbI U TEXHOJIOTUH o0ecreyar yCHelHOe BHEAPEHUE METOI0B aJJallTUBHOTO YIIPABICHUS /IS
JOCTHUKEHUS] YCTOMUMBOCTH.

KuroueBrble cji0Ba: yCTOWYMBOE pa3BUTHE, allaliTUBHOE yIIpaBiieHUe, MIHMIIMaTuBa 0 Hay4YHbIM
nensim (SBTi), Dxonoruyeckue, conuanbubie u ynpasieHueckue (ESG), Otxompl cTrpouTenbpcTBa
u cHoca (CDW), Cucrema OTYeTHOCTH 1O IOKaszaTensM OuopasHooOpasus (BIRS),
Mexnaynapoasblii  coro3 oxpansl npupoasl  (IUCN), xommbroTepu3upoOBaHHBIE CHCTEMBI
ynpaBieHus: TexHuueckum oocnyxkuBanueM (CMMS), HeueTkas pekyppeHTHash HEHMpOHHas CeTh
(RNN), Ttexuuueckoe oOciayxuBanne Ha ocHoBe coctosHuss (CBM), cucteMbl OHTalH-
MouuTopuHra coctossausi (CMS).
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ABSTRACT

In the article“Web Mining: Data Mining on the Web” 3 different components of Web Mining
have been described and mainly Web Usage Mining has been discussed in detail and analyzed
with examples. The general theme of the article is clarified by giving such sub-topics: Difficulties
in analyzing data from the Internet, Stages of Web-Mining, Analysis of the use of Web resources
(Web Usage Mining), Web Server Log Files and etc. General Relationships Between Web Mining
Categories and Data Mining Tasks are shown.

At the end, in the Conclusion, it is shown that to solve such problems, Data Mining technology is
used. This name refers to a set of methods that allow us to extract useful information according to
certain rules from the amount of collected data in which this information is implicitly contained.
In this case, both statistical and intellectual processing methods are used.

Keywords: Web-Mining, Data Mining Methods, Data from the Internet, Web Usage Mining,
User Session Identification.

Introduction

Web Mining is the application of Data Mining methods and algorithms for detecting and
searching for dependencies and knowledge on the Internet.

Under Web Mining, it is customary to understand the use of data mining methods obtained on the
Internet.

There are 3 different components in Web Mining: [1,p.245]

1) analysis of web content (Web Content Mining) - obtaining knowledge based on the analysis of
the content of pages, documents, records;

2) analysis of web structures (Web Structure Mining) - allows us to detect previously unknown
structures of the Internet (the relationship between individual pages and resources, search for
pages of similar topics and focus);

3) analysis of the use of web resources (Web Usage Mining) - identifying stereotypes of user
behavior when working with the Internet, individual pages and interface elements.

There are several characteristic stages in Data Mining: [1,p.247]

1. The stage of obtaining (finding) input data suitable for further analysis. This stage is a separate
task, since Internet search is not a strict and completely formalized task.

2. The pre-processing stage, in which the received raw data is cleaned, converted to the required
form/format. For example, converting all words to lower case, removing parasitic words.

3. The stage of building a Web Mining model. Optimal selection of analysis algorithms and their
parameters to obtain the most plausible result. Development of criteria for assessing the likelihood
of results.

4. Stage of analysis. After receiving the results of the previous stage, it is necessary to analyze
them. In some cases, it is necessary to develop solutions to correct the previous stages and repeat
the entire analysis process from the first step.
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Objective

The purpose of the work is to study modern problems and prospects for solving the processing of
big data received or stored on the Internet (Web Data), as well as the possibility of practical
implementation of Data Mining technology for big web data using a practical example.

Methods

The methodological basis of the research is the materials of periodicals, as well as publications of
foreign scientists posted on the Internet. During the study, empirical and theoretical methods were
used, such as data collection and analysis, generalization, comparison, and expert assessments.

Difficulties in analyzing data from the Internet

The World Wide Web now contains a huge amount of information and knowledge. Users under
various conditions can view all kinds of documents, audio and video files. However, this variety
of data hides problems that may arise not only in the analysis, but also when searching for the
necessary information on the Internet.

The problem of finding the necessary information is due to the fact that the user cannot always
immediately find the electronic resources he needs. Only a small percentage of links offered by
search engines lead to the required documents. It is also difficult to find non-indexed information
by such means. [3,p.125]

The problem of discovering new knowledge. Even if a lot of information is found, extracting
useful knowledge for the user is a rather time-consuming and difficult task. This can also include
the difficulties associated with comprehending the information, the concept of those ideas that
were invested by the authors.

The problem of studying consumers is related to providing the user with information that would
be interesting to him. This is especially true for electronic trading portals, which could “prompt”
the user when choosing a product.

Having outlined the difficulties of web data analysis, let’s return to Web Mining. Let’s consider
its main stages.

Stages of Web-Mining
In Web Mining, the following stages can be distinguished: [2,p.354]
e input stage - obtaining “raw” data from sources (server logs, texts of electronic
documents);
e preprocessing stage - the data is presented in the form necessary for the successful
construction of a particular model;
e modeling stage (pattern discovery stage);
e the pattern analysis stage is the interpretation of the obtained results.
These are the general steps that we need to go through to analyze Internet data. The specific
procedures for each stage depend on the task at hand. In this regard, there are various categories
of Web Mining.

Analysis of the use of Web resources (Web Usage Mining)
This direction is based on extracting data from web server logs. The purpose of the analysis is to
identify the preferences of visitors when using certain Internet resources.
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Here it is extremely important to carry out a thorough pre-processing of the data: to remove
unnecessary log entries that are not interesting for analysis.
Web Usage Mining includes the following components: [2,p.357]

Preliminary processing;
Operational identification;
Pattern detection tools;

e  Template analysis tools.

Each network user has his own individual tastes, views, depending on which he visits certain
resources. By identifying which pages and in what sequence the user opened, we can conclude
about his preferences. An analysis of the general trends among all visitors shows how efficiently
the electronic portal works, which of its pages are visited the most, which are less.

Based on this analysis, we can optimize the site: find previously unnoticed problems in
functioning, design, etc.

This direction of Web Mining is sometimes also called click stream analysis - an ordered set of
page visits that a user viewed when he got to a website.

The data necessary for analysis is located in server logs and cookies. When loading a web page,
the browser also requests all objects inserted into it, such as graphic files. In this regard, there is a
problem that the server adds entries to the log about each such request. Hence the need for data
preprocessing. After individual page views by the user are highlighted, they are combined into a
session. [2,p.357]

Once the data has been cleaned and prepared for analysis, the following questions need to be
asked:

Which page is the common entry point for users?

Do visitors enter the site through a page specially provided by the developers, or do they
immediately go to other pages?

In what order were the pages viewed? Is this order in line with what developers expect from
users?

What other web portals direct users to the site under investigation? Which sites are receiving the
most and least number of users?

How many pages does a user usually view? If users leave the site after viewing a small number of
pages, then it might be worth making the design more user-friendly.

How long are visitors on the site? If this time is less than what the developers expect, then it is
worth finding the reasons.

How is a page the most common exit point for users on a site? Why do visitors leave the site from
this particular country? Is it specifically designed for this or are there some reasons that scare the
user away from the site?

Web Server Log Files

Before proceeding directly to the analysis of click flows, it is necessary to understand the types of
data available. To do this, consider the web server log files - web logs. For each browser request
to the web server, a response is generated automatically, and all information is recorded in the
web log, an ASCII delimited text file.

There are various formats for web server logs. Their main difference lies in the number of fields.
Some of them are in the log of any format. Let’s describe the fields that are common to all logs.
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The “remote host” field. This web log field contains the IP address of the remote host that made
the request, such as “145.243.2.170”. If a remote hostname is available, it could be “whg;j3-
45.gate.com”. It is preferable to use it than the IP address, because it can also carry a semantic
meaning.
Date/Time field. Web logs can use the date-time format “DD:HH:MM:SS” where DD is the day
of the month and HH:MM:SS represents the time. There is also a more general format:
“DD/Month/YYYY:HH:MM:SS offset”, where offset is a positive or negative constant that
specifies the time zone relative to GTM (Greenwich Mean Time). For example,
“09/Jun/1988:03:27:00 -0500” is 3 hours 27 minutes on June 9, 1988, server time is 5 hours
behind GTM.
“HTTP request” field. The field contains information about what the client browser has requested
from the web server and can be divided into four parts: [4,p.469]

e request method (rules by which request data is transmitted);

e uniform resource indicator (URI);

o title;

e protocol.
The most common method is GET, which is used to request the contents of a specified resource.
In addition, there may be other methods: HEAD, PUT, POST.
The Uniform Resource Indicator contains the name of the page/document and the path to her/him.
This information can be used in analyzing the frequency of visits for pages or files. The header
provides additional information about the browser request. [4,p.469]. With it, you can determine,
for example, which keywords the user uses in the search engine of the site. The name of the
protocol and its version are listed below.
Status code field. Browser requests are not always successful. The status code field contains a
three-digit number indicating whether the browser’s page request succeeded or failed.
Successful loading of the page corresponds to the format code ‘“2xx”, and “4xx” to a loading
error.
Let’s consider the most common web log formats, which depend on the server configuration.

Common Log Format (CLF)
The CLF format is supported by various server applications and includes the following seven
fields: [7,p.41]
e remote host;
identification;
authentication;
date/time;
HTTP request;
status code;
transferred amount of data.
The identification field is used to store the same information sent by the client in case the server
performs the appropriate check. It usually contains a dash to indicate that identification
information is missing.
If a registered user visited the site, then his name is entered in the “authentication” field. In other
cases, a dash is placed.
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Web Log Entry Example
Let’s consider an example of recording a log in the ECLF format.
Recording example: [16]
149.1xx.120.116 -- smithj [28/0CT/2004:20:27:32-5000] “GET /Default.htm HTTP/1.1”. 200
1270 “http:/www.basegroup.ru/”,”'Mozilla/4.0+(compatible; +MSIE+6.0;+Windows+ NT7+5.0) .
e Remote host: 149.1xx.120.116.
Identification: —.
Authorization: smithj.
Date/Time: [28/0CT/2004:20:27:32-5000].
Request: “GET /Default.htm HTTP/1.1”.
Status code: 200.
Transferred amount of data: 1270.
Direction: “http://www.basegroup.ru/"”’
User agent: “Mozilla/4.0 + (compatible; + MSIE + 6.0; + Windows + NT + 5.0)”.
After the log file is extracted from the web server and its format is determined, it is necessary to
start preprocessing the data.
Data preprocessing. The initial data obtained from the log needs to be preprocessed. What
information can be extracted from it? [7,p.44]
e page views.
identification of each user.
user session, especially:
pages viewed;
the order of pages viewed,;
e duration.
Why is web data preprocessing necessary?

Data cleaning. The data set needs to be filtered from the records generated automatically along
with the page load.

Deleting entries that do not reflect user activity. Web bots automatically browse many different
pages on the web. Their behavior is very different from human, and they are not of interest from
the point of view of the analysis of the use of web resources.

Definition of each individual user. Most portals on the Internet are available to anonymous
users. We can use information about registered users, available cookies to identify each user.

User session identification. This means that for each visit, the pages that were requested and
their viewing order are determined. They also try to evaluate when the user has left the website.
Finding the full path. Many people use the “back button” to return to a previously viewed page.
If this happens, then the browser displays the page previously stored in the cache. This results in
“holes” in the web server log. Knowledge of the site’s topology can be used to repair such gaps.
Let’s consider an example. To do this, take the web log of the BaseGroup Labs website -
www.basegroup.ru. The format is ECLF. A fragment of the used log file is shown below.

Web log fragment. 194.187.204.53 - - [08/Mar/2010:18:35:35 +0300] GET /img/btn_close.gif
HTTP/1.1 200 377 http://www.basegroup.ru/solutions/scripts/details/pi_analysis/ Mozilla/5.0
(Windows; U; Windows NT 5.1; ru; rv:1.8.1.20) Gecko/20081217 AdCentrialM/1.7
Firefox/2.0.0.20 sputnik 2.0.1.41.
194.187.204.53.[08/Mar/2010:18:35:35+0300]GET/img/formuls/math_921 c5da77d27189b563b

e
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0346a015babea75.png HTTP/1.1 200 1138
http://www.basegroup.ru/solutions/scripts/details/pi_analysis/  Mozilla/5.0  (Windows;  U;
Windows NT 5.1; ru; rv:1.8.1.20) Gecko/20081217 AdCentrialM/1.7 Firefox/2.0.0.20 sputnik
2.0.1.41. [16]

As mentioned earlier, the log is a text file. But since data is entered into it quite often and it is
stored on the server for a long time, its size can reach several gigabytes. Since users regularly visit
the site, it will be enough to analyze the data for one month.

In our log file, we will take only information for March 2010. The total number of records for the
specified period is 2,725,442. Immediately after importing the data, it is necessary to bring them
to the required type and formats. For example, the value of the date-time field in the log file is
written as [01/Mar/2010:09:47:42+0300]. Using string operations and data type conversions, you
can get the required date format. It is also necessary to extract the method, the requested resource
and the protocol from the HTTP request.

Cleansing and Filtering Data

First, we need to delete the entries generated in conjunction with the page being loaded. We are
not interested in uploading files with extensions .qgif, .jpeg, .js, .css and the like. All of these are
essentially parts of one page. But we should not generalize this filter to files with extensions .html,
.exe, as information about them can be useful. It is easy to organize such a filter using elementary
string functions. For example, if the substring “gif” is present in the address of the requested
resource, then it should be flagged. Having identified the lines with all other unnecessary
extensions, we filter out the entries.

We also need to replace pages with PHP requests. They can be recognized by the question mark.
After applying the filter, our dataset is left with 451,559 records. Thus, 81% was filtered out.

Removing entries that do not reflect user activity

Search engines need the most up-to-date information available on the Internet. They send
crawlers and automated web bots to perform exhaustive site searches. The behavior of such
programs on the portal is very different from human behavior. For example, a bot can request all
available pages of a site one by one. Such downloads are completely uninteresting from the point
of view of the analysis of the use of web resources and may adversely affect the accuracy of the
assessment. [9,p.435] Most methods for excluding bots, spiders, search agents from the data set
are based on finding their name in the user agent field. Often, a URL or e-mail address can be
included in their name.

In practice, this can be implemented by searching a string for given substrings, marking records.
In our example, 43% of records correspond to visits by bots, and 57% correspond to real people.
Further marked records are filtered out.

User Definition

At this step, the main task is to determine each individual user who visited the site. To do this, we
must use the information from the “Authorization” field.

In our case, all site users were not authorized, and in this field all records have a dash. There is a
technique for identifying unauthorized users. Let’s take a look at her steps.

1. Creating a timestamp for entries.

2. Define base date. In our case, this is 03/01/2010.
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3. Find how many full days have passed since the base date.

4. Multiply the obtained values by 86 400 (the number of seconds in a day).

5. Find elapsed time in seconds from midnight.

6. Add the values obtained in steps 1.3 and 1.4. This will be the time stamp.

7. Sort all log entries by IP address, then by timestamp.

8. Define each individual received group of IP addresses as a separate user.
The calculated timestamp is the elapsed number of seconds from the base date.

Session Definition

Each specific user during the study period could visit the portal several times, and it is quite
possible that for different purposes. Therefore, user visits must be divided into sessions.

To do this, it is necessary to decide what the maximum time interval t can be between views of
individual pages. Table 1 shows a piece of data from the example. Let’s pay attention to user 42.
On March 23, he visited 3 pages, and the next visits were made by him on the 26th. It is clear that
he had two sessions: 23 and 26 March.

Table 1. Example of a user with multiple sessions

Date/Time ID User Timestamp
11.03.2010.20:03:00 | 39 936180
10.03.2010.19:45:00 | 40 848700
25.03.2010.21:05:00 | 41 2149500
25.03.2010. 8:10:00 | 42 1930200
25.03.2010. 8:10:00 | 42 1930200
25.03.2010. 8:10:00 | 42 1930200
26.03.2010. 2:29:00 | 42 2168940
26.03.2010. 3:08:00 | 42 2171280
26.03.2010. 3:08:00 | 42 2171280
26.03.2010. 3:16:00 | 42 2171760
26.03.2010. 4:42:00 | 42 2176920
21.03.2010.22:22:00 | 43 1808520
14.03.2010.14:06:00 | 44 1173960

The procedure for identifying each individual session consists of several steps.

The definition of time t is the maximum transition interval from one page to another during the
session. For our example, this time is 3 hours (10800 seconds).

Sorting records, firstly, by user number, and secondly, by timestamp.

Calculation of the number of seconds elapsed since the previous viewing.

If the received value exceeds the specified interval t, then the record is considered as the
beginning of a new session.

Further, depending on the tasks of the analysis, it is possible to carry out various transformations
with the data, for example, it is possible to mark sessions by the presence of a particular page.

Further Data Preprocessing Steps
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The preprocessing methods discussed above are specific to web log data only. However, this does
not mean that the information is ready to use and build models. Next, we need to carry out the
usual processing steps used in KDD, namely: [9,p.443]

e assessment of data quality;
recovery of missing values;
detection of abnormal values;
normalization.

Extracting Web Structures

This direction considers the relationship between web pages, based on the links between them.
The constructed models can be used to categorize web resources, search for similar and recognize
copyright sites.

Depending on the task, the site structure is modeled with a certain level of detail. In the simplest
case, hyperlinks are represented as a directed graph:

G = (D, L), where D is a set of pages, nodes, or documents; L is a set of links.

Extracting web structures can be used as a preparatory step for extracting web content.

Web Content Extraction
Searching for knowledge on the Internet is a difficult and time-consuming task. It is this direction
of Web Mining that solves it. It is based on a combination of information retrieval, machine
learning and data mining. In addition, Web Content Mining involves the automatic search and
extraction of high-quality information from a variety of Internet sources overloaded with
“information noise”. Here we also talk about various means of clustering and annotating
documents.
In this direction, in turn, there are two approaches: the agent-based approach and the database-
based approach.
The Agent Based Approach includes the following systems: [11,p.342]

¢ intelligent search agents (Intelligent Search Agents);

¢ information filtering / classification;

e personalized network agents.
Examples of intelligent search agent systems:
Harvest (Brown et al., 1994);
FAQ-Finder (Hammond et al., 1995);
Information Manifold (Kirk et al., 1995);
OCCAM (Kwok and Weld, 1996), and ParaSite (Spertus, 1997);
ILA (Information Learning Agent) (Perkowitz and Etzioni, 1995);
ShopBot (Doorenbos et al., 1996).
The Database Approach includes systems: [11,p.343]

o multilevel databases;

e Web Query Systems.

Examples of web request systems:

e W3QL (Konopnicki and Shmueli, 1995);

e WebLog (Lakshmanan et al., 1996);

e Lorel (Quass et al., 1995);
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e UnQL (Buneman et al., 1995 and 1996);

e TSIMMIS (Chawathe et al., 1994).
The content of documents is analyzed: words similar in meaning and their number are found.
Then the problem of clustering or classification is solved. So documents are grouped by semantic
similarity. This direction can be used to optimize the search for indexed documents.
The general relationship between Web Mining categories and Data Mining tasks is shown in

Figure 1.
Web Mining
Web Content Web Usage Web Structure
Mining Mining Mining

Classification

k4
Clustering Assaciation

Figure 1. General Relationship Between Web Mining Categories and Data Mining Tasks

Conclusion

To solve such problems, Data Mining technology is used. This name refers to a set of methods
that allow us to extract useful information according to certain rules from the amount of collected
data in which this information is implicitly contained. In this case, both statistical and intellectual
processing methods are used.

Data mining methods are based on an informational approach to modeling, in which the model is
built on the basis of data processing, rather than mathematical patterns. The construction of
information models is based on machine learning, when the model parameters are determined on
the training set of data, and the evaluation of the model is on the test set.

Each of the Data Mining tasks can be solved by various methods.

It should be emphasized that the application of the Data Mining method is one of the final stages
of the study. The entire process of data analysis from setting a problem to building models should
be based on a methodology called Knowledge Discovery in Databases (KDD) - knowledge
discovery in databases. KDD is a semi-automated process of examining large amounts of data to
discover hidden dependencies or patterns within it. At the same time, the methodology does not

e
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require any a priori assumptions about the nature of hidden structures and dependencies.
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VEB MODON: INTERNETDO VERILONLORIN INTELLEKTUAL ANALIZi
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XULASO

“Veb Mining: Internetds Data Mining” moqalasinds Veb Mining-in 3 forgli komponenti tosvir
edilmis vo asason Web User Mining otrafli sokildo muzakira edilmis vo nimunalarlo tahlil
edilmisdir. Magalonin Gmumi moévzusu belo alt-movzular verilmakls aydinlagdirilir: Internetdon
verilanlarin tahlilinda ¢atinliklor, Veb-Madanin marhalalori, Veb resurslardan istifadonin tohlili,
Veb Server Giris Fayllar1 vo s. Umumi Veb Modon Kateqoriyalar1 vo Data Modon Vazifalori
Arasindaki ©lagolor gostorilir.

Sonda Natico gismindo belo problemlarin halli ii¢iin Data Mining texnologiyasindan istifado
edildiyi gostorilir. Bu ad, bizo bu molumatin dolayist ilo daxil oldugu toplanmis verlonlorin
miqdarindan miiayyon gaydalara uygun olaraq faydali verilonlori ¢ixarmaga imkan veran Usullar
toplusuna aiddir. Bu zaman hom statistik, hom ds intellektual emal {isullarindan istifado edilir.
Acar sozlar: Veb-Modon, Data Madon Metodlar, Internetdon verilonlor, Veb Istifado Madoni,
Istifadagi Sessiyasmin Identifikasiyasi.

BEB-MAWHUWHI: MAVMHUHT JIAHHBIX B UHTEPHETE

Hukat bBadaes
AzepOaiiyKaHCKUH TOCYAaPCTBEHHBIN YHUBEPCUTET HEPTH M MPOMBIIUIEHHOCTH
JIOKTOPAHT M0 crienuaabHOCTH CHCTEMHBIN aHaIN3, yIpaBiIeHHue U 00paboTka HH(opMaIu

Email: nicatbabayev@gmail.com https://orcid.org/0000-0001-5302-4338

PE3IOME

B crarbe «BeO-MaliHUHT: MHTEJUIEKTYaJ bHBIA aHaIN3 JaHHBIX B MHTepHeTe» Obutn omucaHsl 3
Pa3IUYHBIX KOMIIOHEHTa B€O-MaifHUHTa, 1 B OCHOBHOM MOJPOOHO 00CYKIaJICS M aHAIN3UPOBAJICS
aHaJl3 UCIOJB30BaHUs BeO-pecypcoB ¢ mpumepamu. OOmias TemMa CTaTbU YTOUHSAETCS IyTEM
BbIJlesieHusT Takux nojareM: CIIOKHOCTH aHaiu3a JaHHbIX u3 MHTepHera, DTamnbl BeO-MaiiHUHTa,
Ananu3 ucnonb3oBanus BeO-pecypcoB (Web Usage Mining), ®aiiinsl )XxypHaIoB BeO-cepBepa H
T.1. [lokazaHbl OTHOLIEHUS MEXAY KaTeropusMu BeO-MHTEIEKTYalbHOTO aHAM3a JAHHBIX U
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3a71a4aM¥ MHTEJUICKTYaIbHOTO aHaIN3a IaHHbIX.
B xoHume B 3aKiIOYEHHWH IIOKA3aHO, YTO JUIA pEIHICHUS IOJOOHBIX 3a7]ad HCIOIb3YeTCs
texHoorusi Data Mining. DTo Ha3BaHWE OTHOCUTCS K HAaOOpY METO/OB, KOTOpPBIE IMO3BOJISIOT
U3BJICKATh IO OIMpPECICHHBIM IMpaBUiaM MOJE3HYI0 HH()OpMAIUIO U3 TOro oobemMa COOpaHHBIX
JaHHBIX, B KOTOPOM 3Ta HH(OpMAIMs HESBHO COIEpXHTCS. IIpM 3TOM HCHONB3YIOTCS Kak
CTaTUCTHYECKHUE, TaK M UHTEIUIEKTyaJIbHBIE METO/IbI 00pabOTKH.

KiioueBble ciioBa: BeO-MaifHMHT, METOJbI MHTEIUIEKTYaJIbHOTO aHANIN3a JAHHBIX, JaHHBIE U3
WuTepHeTa, MHTEIUIEKTyadbHBIA aHAIN3 HWCIOJIb30BaHUS BeO-CATOB, MACHTHU(HKAIMA CceaHca
HOJIb30BATEIIS.
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Title of the Paper (14 point, Bold, Times New Roman)

First Author’s Name!, Second Author’s Name? , Third Author’s Name?, .......
IAffiliation (Department, Faculty/College, Institution/University)

2 3Affiliation of other authors, if different (Department, Faculty/College, Institution/University)
Corresponding author’s email:

(Affiliation1,2,3 Times New Roman, 10)

Article Type: Refer to the section policy of journal for acceptable article types.

ABSTRACT

(Times New Roman, 12)

The manuscript should contain an abstract within 300 words. The manuscript should have a self-
contained, citation-free abstract and state briefly the purpose of the research, methodology, key
results and major conclusions. Abstract should be in a single paragraph with running sentences.
Do not use any subheading or point list within the abstract. Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords: Authors are advised to writes 3-5 keywords related to the article, separated by
comma. These keywords will be used for indexing purpose.

Introduction (Times New Roman, 12)

Mostly Papers starts with introduction. It contains the brief idea of work, requirement for this
research work, problem statement, and Authors contribution towards their research. Sufficient
recent reference citation [1] from last 2 years should be included for showing the existing
challenges and importance of current work. This section should be succinct, with no subheadings
unless unavoidable [2, 3]. State the objectives of the work and provide an adequate background
related to your work, avoiding a detailed literature survey or a summary of the results.

Research Methodology (Times New Roman, 12)

This part should contain sufficient detail to reproduce reported data. It can be divided into
subsections if several methods are described. Methods already published should be indicated by a
reference [4], only relevant modifications should be described. Methodology should be written
concisely in detail by maintaining continuity of the texts.

Theory and Calculation (Times New Roman, 12)

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents
a practical development from a theoretical basis. Do not add extensive basic definitions or well-
known theories, instead highlight theoretical background and its specific usages in view of your
work only.

Mathematical Expressions and Symbols (Times New Roman, 12)

Mathematical expressions and symbols should be inserted using equation tool of Microsoft word.
References may be added for used equations to support its authenticity, e.g. this result has been
analysed using Fourier series [5].
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Results and Discussion (Times New Roman, 12)
This section may each be divided by subheadings or may be combined. A combined Results and
Discussion section is often appropriate. This should explore the significance of the results of the
work, don’t repeat them. Avoid extensive citations and discussion of published literature only,
instead discuss recent literature for comparing your work to highlight novelty of the work in view
of recent development and challenges in the field.

Preparation of Figures and Tables (Times New Roman, 12)

Authors are supposed to embed all figures and tables at appropriate place within manuscript.
Figures and tables should neither be submitted in separate files nor add at the end of manuscript.
Figures and Tables should be numbered properly with descriptive title. Each Figure/Table must be
explained within the text by referring to corresponding figure/table number. Any unexplained or
unnumbered Figure/Table may cause rejection of the paper without being reviewed.

Formatting Tables (Times New Roman, 12)

Table should be prepare using table tool within the Microsoft word and cited consecutively in the
text. Every table must have a descriptive title and if numerical measurements are given, the units
should be included in the column heading. Formatting requirement has been summarized in the
Table 1.

Table 1: Summary of formatting requirement for submitting paper in this journal.
(Times New Roman, 12)

Layout Size Margin (Normal) | Header Footer
Single column A4 (8.27” X Top=1~ Do not add So not add
11.69”) Bottom=1” anything in the | anything in the
header footer
Left=1”
Right=1”
Font Article Title Headings Subheadings Reference list | Text
Times New Times New Times New Times New Garamond, 11
Roman, 16 pt, | Roman, 11 pt, Roman, 10 pt, Roman, 8 pt, pt, Justified
Bold, centred | Bold, Left aligned | Bold, Left Justified
aligned
Line Spacing 1.15 1.15 1.15 1.15 1.15
Page number We will
format and
assign page
numbers
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Figure 1: Logo of the AIJR Publisher (Times New Roman, 12)

Formatting Figures (Times New Roman, 12)

All figures should be cited in the paper in a consecutive order, author may be asked to provide
separate files of the figure. Figures should be used in bitmap formats (TIFF, GIF, JPEG, etc.) with
300 dpi resolution at least unless the resolution is intentionally set to a lower level for scientific
reasons. If a bitmap image has labels, the image and labels should be embedded in separate layer.
Figure 1 shows the logo of AIJR Publisher.

Conclusions (Times New Roman, 12)

Each manuscript should contain a conclusion section within 250-450 words which may contain
the major outcome of the work, highlighting its importance, limitation, relevance, application and
recommendation. Conclusion should be written in continuous manner with running sentences
which normally includes main outcome of the research work, its application, limitation and
recommendation. Do not use any subheading, citation, references to other part of the manuscript,
or point list within the conclusion.

Declarations (Times New Roman, 12)

Study Limitations (Times New Roman, 12)
Provide all possible limitation faced in the study which might significantly affect research
outcome, If not applicable write, none.

Acknowledgements (Times New Roman, 12)

All acknowledgments (if any) should be included in a separate section before the references and
may include list of peoples who contributed to the work in the manuscript but not listed in the
author list.

Funding source (Times New Roman, 12)
Provide funding source, supporting grants with grant number. The name of funding agencies
should be written in full, if no funding source exist, write, none.
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Competing Interests (Times New Roman, 12)
Declare any potential conflict of interest exist in this publication.

Human and Animal Related Study (Times New Roman, 12)
If the work involves the use of human/animal subjects, each manuscript should contain the
following subheadings under the declarations section-

Ethical Approval (Times New Roman, 12)

Provide ethical approval authority name with the reference number. If ethical approval is not
required, provide an ethical exemption letter of not required. The author should send scan copy (in
pdf) of the ethical approval/exemption letter obtained from IRB/ethical committee or institutional
head.

Informed Consent (Times New Roman, 12)
Write a statement of informed consent taken from the participants to publish this research work.
The editor may ask to upload scan copy if required.

References (Times New Roman, 12)

Author(s) are responsible for ensuring that the information in each reference is complete and
accurate. Do not use grey literature (unauthentic website, news portal, social media,
Wikipedia etc) as reference, only scholarly literature (Journal, online books, proceedings,
patents, authentic websites with permanent archival policy) are acceptable references.
Author should include sufficient recent (last 2 years) references in the article. All references must
be numbered consecutively and citations of references in the text should be identified using
numbers in square brackets (e.g., “as explained by AIJR [1]”; “as discussed in many reports [2]-
[6]”). All references should be cited within the text correctly; do not add only list of references
without citation within the text. All cited references should be listed after declarations section in
the following style-

1. W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XXX,
Abbrev. Month, year. https://doi.org/10.21467/ajgr

2. Bahishti, “Peer Review; Critical Process of a Scholarly Publication”, J. Mod. Mater., vol.
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4. W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XXX,
Abbrev. Month, year. Access online on 20 March 2018 at https://www:.aijr.in/journal-
list/advanced-journal-graduate-research/

5. W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XxX,
Abbrev. Month, year. Access online on 5 March 2018 at
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Main features of citation style are given as-

* The author name format is, "first name (Initial), middle name (Initial) and last name". This
differs from other styles where author's last name is first.

» The title of an article (or chapter, conference paper, patent, etc.) is in quotation marks.

* The title of the book or journal is in italics.

* Online link of the original paper. If any reference is not available online, it should be
modified with available online reference

Ha3zBanmne crarbu (14 nyHKTOB, MOy KHPHBII mpudT, Times New Roman)

Hms nepsoro asropal, Umst BToporo asTopa’, UMs TpeThero asropas, .......

(Times New Roman, 12)

Mpunannexuocts (kadeapa, haxyabTeT/KomIeK, HHCTHTYT/yHUBEPCUTET)

23A¢¢unuanus Opyrux  aBTOpOB, e€clM  oTamuaeTca  (kadenpa,  (aKymbTeT/KOIIEIK,
WHCTUTYT/yHUBEPCHUTET)

DNeKTpPOHHAs MOYTa OTBETCTBEHHOTO aBTOPA:

(Times New Roman, 10)

Tun crareu: MHbopMalnio o 10MyCTUMBIX THIIAX CTaTel CM. B MOJIUTHUKE pa3jiena )KypHaa.

AHHOTALMS (Times New Roman, 12)

Pykomnuch nomkHa conepkarb aHHoTanuio B npenenax 300 cinoB. Pykonmuce JoJKHA HMMETh
CaMOJIOCTATOYHBIN pedepaT 0e3 LUTUPOBAHUS H KPATKO W3JIaraTh IeJIb HCCICAOBAHUS,
METOJIOJIOTHIO, OCHOBHBIE Pe3yJbTaThl U OCHOBHBIC BHIBOJbI. AHHOTAIMS JOKHA OBITH B OJHOM
ab3aie c mpemiokeHusMU. He Mcmonp3ylTe MOJ3arojoBKM WJIM CIUCOK TOYEK B aHHOTAIIUH.
Kpome Ttoro, cienyer uzberaTh HECTaHIAPTHBIX MM HEOOBIYHBIX COKpAIlleHWH, HO, €CIM OHU
HEO0OXOAMMBI, OHU JOJKHBI OBITH ONPEEIICHBI TIPH UX ITEPBOM YIIOMUHAHUH B caMoM pedepare.
KitoueBbie cioBa: ABTOpaM pEeKOMEHAYETCS YKa3blBaTh 3-5 KIIFOUEBBIX CJIOB, OTHOCAIIUXCS K
CTaThe, Yepe3 3aIsTyI0. DT KIIOYEBBIE CIIOBA OYIyT UCIIOJIB30BATHCS IS 1I€JIel WHISKCAIIIH.

Magqalanin adi (14 punkt, Qalin, Times New Roman)

Birinci Miiallifin Adi, ikinci Miiallifin Adi?, Uciincii Miiallifin Adi®, (Times New Roman, 12)
LAfiliasiya (Departament, Fakiilta/Kollec, Miiossisa/Universitet)

2 39gor forqlidirse, digor miolliflorin monsubiyyoti (Departament, Fakiilto/Kollec,
Miisssiso/Universitet)

Cavabdeh musllifin e-pogtu:

(Times New Roman, 10)

Magqals novii: Magbul maqals névlari tiglin jurnalin bdlms siyasatine baxin.

XULAS®O (Times New Roman, 12)
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Olyazmada 300 sézdon ibarst abstrakt olmalhidir. ©lyazma 6z mozmunlu, sitatsiz bir referat
olmalidir vo tadgigatin moagsadini, metodologiyasini, asas naticalorini vo asas alinmig naticalori
qisa sokilds ifads etmolidir. Xiilaso davam edon ctimlolorls bir paragrafda olmalidir. Xiilasads heg
bir alt basliq vo ya noqtalor siyahisindan istifado etmoyin. Bundan olave, geyri-standart vo ya
geyri-adi abbreviaturalardan qagmaq lazimdir, onlara ehtiyac olduqda, onlar xiilasado qeyd
edilmoklos yerlori toyin olunmalidir.

Acar sozlor: Miollifloro moqaloys aid 3-5 acar s6zl vergiillo ayiraraq yazmalari tovsiya olunur.
Bu agar sozlor indekslogdirma magsadils istifads olunacag.

Complete Detail of Each Author
Provide complete detail of each author in the following format as well as add each author with
complete detail during online submission (step 3) in the same order as appears in the manuscript.

First Author’s Full Name: (Times New Roman, 12)

Highest Qualification:

Department:

Post/Rank (If a student, provide course name and course year):
Affiliation (College/University/Institute) with postal address:
email id:

ORCID:

Mobile:

Second Author’s Full Name: (Times New Roman, 12)
Highest Qualification:

Department:

Post/Rank (If a student, provide course name and course year):
Affiliation (College/University/Institute) with postal address:
email id:

ORCID:

Mobile:

Third Author’s Full Name: (Times New Roman, 12)

Highest Qualification:

Department:

Post/Rank (If a student, provide course name and course year):
Affiliation (College/University/Institute) with postal address:
email id:

ORCID:

Mobile:
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