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SOME ASPECTS OF MATHEMATICAL MODELING OF ELECTRIC
STEEL MELTING PROCESS

LArif Mammadov, Nizami Ismayilov, *Mukhtar Huseynov, *Faiq Guliyev
L2A7TU, Department of Metallurgy and Materials Science, * ?Dr.tech.sc., professor

®ph.D., Associate Professor, AzTU, Department of Metallurgy and Materials Science

*Ph.D., Associate Professor, Baku Steel Company LLC, Quality Department

E-mail: *ariff1947@mail.ru, 2nizism@mail.ru, *muxtar53@mail.ru, *faiqquliyev@mail.ru

ABSTRACT

The article discusses some aspects of mathematical modeling of the process of melting electric
steel on the basis of innovative metallurgical technologies. It was noted that the production of
electric steel mainly consists of three stages - preparation of the charge, melting and casting of
liquid steel. The most important of these stages is the mathematical modeling of the melting
process, especially the physicochemical processes that take place during melting.

All physicochemical processes controlled in order to obtain the required chemical composition of
electric steel for modeling are combined into two main groups, such as metal refining and
alloying.

Possibilities of mathematical modeling of electric steel melting processes have been identified: to
successfully solve different types of problems without conducting production experiments; to
ensure optimal modes of melting in specific production conditions.

The problems to be solved by mathematical modeling have been identified: construction of a
model for specific conditions that allow to achieve the required value of any parameter of the
solution; possibility to purchase electric steel in specific conditions; minimum cost of material,
time, labor and energy and required chemical composition, temperature and mass melting of steel;
automatic control of all parameters of the solution.

To solve these problems, the characteristics of static, dynamic and mixed mathematical models
have been identified. It has been shown that a deterministic mathematical model can be applied to
a system of equations expressing the functional relationships between the parameters of the
solution and the factors affecting them.

The mixed mathematical model includes equations expressing functional correlations. This model
is actually a deterministic static model. Depending on the problem, the expediency of using
appropriate models in the melting of electric steel is justified.

In general, the creation of a mathematical model of melting processes of electric steel includes:
dividing the melting into elementary physicochemical processes within the limits of each period,
ie decomposing the melting process; to give a quantitative description of each elementary process,
ie to describe the process mathematically; write a mathematical model of each cycle of melting by
combining the quantitative characteristics of the parameters and elementary processes controlled
on the basis of the equations of material and heat balances; to obtain a mathematical model of the
solution as a whole by combining mathematical models of different periods.

As an example of the application of mathematical modeling in electroplating processes, the
amount of pores formed during the steel melting process in the main braided electric arc furnace
was calculated using scrap metal.
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ELEKTRIK POLADININ ORiTMO PROSESININ RIYAZI
MODELLOSDIRILMOSININ BOZI ASPEKTLORI

LArif Mommadov, Nizami Ismayilov, *Muxtar Hiiseynov *Faiq Quliyev
12377 TU, Metallurgiya vo materialsiinasliq kafedrasi, *t.e.d., professor, *t.e.n., dosent,
*“Baku Steel Company” MMC, Keyfiyyst departamenti, t.e.n., dosent,

E-mail: ariff1947@mail.ru, 2nizism@mail.ru, *muxtar53@mail.ru, “faiqquliyev@mail.ru

XULASO

Innovativ metallurji texnologiyalar osasinda elektrik poladinin oritmo prosesinin riyazi
modellosdirilmasinin bozi aspektlori muzakirs olunmusdur. Gostorilmisdir ki, elektropolad
istehsal1, asasan, (¢ marhals - sixtonin hazirlanmasi, aritma vo maye poladin galiba tokilmasindan
ibaratdir. Bu marhalalardan an vacibi aritma prosesi, xususila, aritma zamani gedan fiziki-kimyovi
proseslarin riyazi modellosdirilmasidir.

Modellosdirmanin aparilmasi iiciin elektrik poladinin toalob olunan kimyavi torkibinin olds
olunmasi ilo olagodar idars olunan butln fiziki-kimyavi proseslor metalin saflagdirilmasi vo
legirlonmasi kimi iki asas qrupda birlosdirilmisdir.

Elektrik poladinin oritma proseslorinin  riyazi modellogdirilmasinin  imkanlart miiayyan
olunmusdur: istehsalat eksperimentlori aparmadan muxtalif tipli mosalalori muvaffagiyyatla hall
etmok; konkret istehsalat soraitlorinds aparilan aritmalarin optimal rejimlorini tamin etmok.

Riyazi modellogdirmoa ilo hall edilon masololor mioayyan olunmusdur: aritmanin har hansi
parametrinin lazimi giymotina nail olmag imkani veran konkret sorait U¢in modelin qurulmasi;
konkret soraitds elektropoladin alinma imkani; material, vaxt, amok va enerjinin minimal mosrofi
Vo tolob olunan kimyavi torkib, temperatur vo Kitlali poladin aridilmasi; aritmonin bditiin
parametrlarinin avtomatik idars olunmasi.

Sadalanan masalalori holl etmok Uglin statik, dinamik vo qarisiq tipli riyazi modellarin
xususiyyatlori mioyyan olunmusdur. Gostorilmisdir ki, aritmoanin parametrlori vo onlara tosir edon
amillor arasinda funksional olagolori ifado edan tonliklor sisteminin determina olunmus riyazi
modeli totbiq edilo bilar.

Qaris1q riyazi modela funksional korrelyasiya oslagalorini ifads edon tonliklor daxil olur. Bu model
oslinds determina olunmus statik modeldir. Masalonin qoyulusundan asili olaraq elektrik
poladinin  oridilmasinde  minasib modellorin  istifado olunmasinin  mogsadouygunlugu
osaslandirilmigdir.

Riyazi modellosdirmanin elektropoladaritms proseslorinds totbiginin  nimunoasi kimi metal
tullantilart istifado etmoklo osasi horgiilii elektrik qovs sobasinda poladaritma prosesi zamani
yaranan posanin miqdarinin hesablanmasi aparilmisdir.

Acar sozlar: elektropoladaritmo, riyazi modellosdirma, statik model, dinamik model, determina
olunan model, qarisiq model, funksional alagolor.
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Bu is Azarbaycan Respublikasinin Prezidenti yaninda Elmin Inkisaf Fondunun maliyya
dastayils yerina yetirilmisdir: Qrant NeEIF-MQM-ETS-2020-1(35)-08/02/1-M-02.

Giris: Elektrik poladinin istehsali prosesi li¢ asas bonddon ibaratdir: sixto materiallarinin
(xammalin) hazirlanmasi, poladin aridilmasi vo maye poladin galiba tokilmasi. Bu bandlarin son
moaqsadi talob olunan mexaniki xassalari tomin edon kimyavi torkibli poladin alinmasidir. Poladin
torkibi iso mirokkob fiziki-kimyavi proseslorin getmasi ilo olagodardir vo bu proseslorin bir
hissasi ya ¢atin idars olunandir, ya da imumiyyatlo onlar1 idara etmok mimkun deyildir [1].
Hazirda elektrik poladimin talob olunan kimyavi tarkibinin alds olunmasi ils alagodar idars olunan
bitun fiziki-kimyavi proseslori iki asas grupa bélmoak olar [2]: metalin saflasdirilmasi - ilkin
metalda olan asqarlarin artiq miqdarmin konarlagdirilmasi; metalin oksigensizlogdirilmasi Vo
legirlonmasi — tolob olunan kimyavi torkibli poladda faydali asqarlarin vo oksigenin zoruri
miqdarina nail olmagq ii¢clin metala catismayan asqarlar vo ya onlarin ¢atismayan miqdarinin daxil
edilmasi.

Magsad: Innovativ metallurji texnologiyalar elektrik poladinin oritma proseslorinin dagiq
hesablamalari osasinda idars olunmasmi  talob edir, bu iss hamin proseslorin riyazi
modellosdirilmasi ilo mimkindir. Riyazi modellosdirmo asagidakilara imkan verir: birincisi,
istehsalat eksperimentlori aparmadan muxtalif tipli masalolori mivaffoqiyyatlo hall etmok;
ikincisi, konkret istehsalat soraitlorindo aparilan aritmalarin optimal rejimlorini tomin etmok [2,
3].

Riyazi modellosdirma yolu ilo hall edilon elektropolad istehsalinin tipik mosalolorini asagidaki
dord grupa bélmak olar:

1. Oritmanin har hansi bir ayrica parametrinin lazimi gqiymatino nail olmaq imkani1 veran konkret
soraitlar tiglin modelin qurulmasi (metalin temperaturu, metalda fosfor, kikird va s. miqart).

2. Qobul olunmus konkret soraitlordo verilon markali elektropoladin alinma imkani vo
moagsadouygunlugunun askar edilmasi.

3. Nozords tutulan oritmonin verilon konkret soraitlori ti¢lin optimal aparilma variantinin
secilmasi, yani material, vaxt, amak vo enerjinin minimal masraflori ilo talob olunan kimyavi
torkib, temperatur va kiitloys malik maye elektropoladin alinmasinin tomin edilmasi.

4. Oritmoanin biitiin maraq doguran parametrlori, 0 cimladon eksperimental yolla tayini murokkab
Vo ya geyri-mimkin olan parametrlor hagqinda tam moalumatin alinmasi.

Sadalanan masalalor hazirda elektrik poladinin oritma proseslarinin riyazi modellorinin tortib
edilmasinin an aktual masalalorindan biridir.

Metodlar: Elektropolad oritmo prosesinin riyazi modelinin xiisusiyyatlorini tohlil edok. Elektro-
poladaritma prosesinin riyazi modeli bu prosesa tosir edon amillari vo parametrlori alagolondiran
tonliklor sistemidir [3]. Bu model prosesin bir parametri vo bu parametra tosir edon doyisonlori
nozoro alirsa, onda yalniz bir tonlikdon ibarot ola bilor. Lakin elektropoladoritmo proseslori
metalin vo posanin torkibi, temperaturu, qatiligl va s. saciyyslondiren bir ne¢o parametrlorin eyni
vaxtda, hom do miintozom nazars alinmasini tolab edir.

Bundan basqa, bu parametrlordon har birins tasir edon amillor, bir qayda olaraq asili doyisonlor
olur. Adoton bu parametrlor, hom do bozi amillor arasinda qarsiligli slagolor movcud olur. Ona
gora do elektropoladaritma proseslorinin riyazi modellori bdyiik sayda tonliklorden ibarat olan
miirokkab bir sistemi oks etdirmalidir.
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Oritmonin riyazi modeli prosesin alqoritmini yaratmaq ti¢iin ilkin (esas) sort kimi xidmat edir.
Bunun altinda hesablama prosesini miioyyon edon tam vo doqiq tosvir, yoni ilkin molumatlar
axtarilan noticoya (bizim halda - prosesin parametrloring) ¢evirmoaya imkan veran hesablama
islorinin yerino yetirilmo ardicilligi basa diisiiliir.

Oritmonin alqoritmi adaton riyazi modeldon bir qader genisdir, ¢iinki o riyazi yaziligdan savayi,
hom do montiqi sortlori vo digor elementlori ehtiva edo bilor. Prosesin alqoritminin
(algoritmilogdirma) tortibi  oritmonin modellosdirilmasi  vo prosesin idaro olunmasinin
avtomatlasdirilmis sisteminin yaradilmasi ti¢iin lazimdir [4, 5].

Parametrlori ohatoetmo hocmino gora forqlondirilon riyazi modellorin bir ne¢o tam va geyri-tam
(xiisusi, sadolosdirilmis); vaxta goro parametrlorin doyigsmosini nozoroalma imkanlarina goro -
statik vo dinamik; tortib olunma tisuluna goro statistik, determinalosdirilmis vo qarisiq tiplorinin
tortibi miimkiindiir.

Tam riyazi model oritmonin biitlin asas parametrlorini ohato edon, yoni aritma prosesini tam tosvir
edon modeldir. Qeyri-tam (xiisusi, sadolosdirilmis) riyazi model parametrlorin sayina vo ya onun
getmo vaxtina gora prosesin miioyyon hissosini ohato edir. Bununla yanagsi, miixtalif sokilli xiisusi
modellor do tortib oluna bilor: oritmoni biitovliikdo vo ya onun hansisa hissosini ohato edon;
masalon, fosforsuzlasma prosesinin modeli, qizdirma vo aritmonin son morholosindo metalin
karbonsuzlasma va s. proseslori shato edon modellar.

[lkin parametrlorin optimal giymatlorini (materiallarin sorfi vo s.) vo son parametrlorin miimkiin
giymatlorini (metal vo posanin torkibi vo temperaturu vo s.) toyin etmoyo imkan veran oritmonin
riyazi modeli statik modeldir. Ancaq oritmanin baglangic va son parametrlorini, ham do prosesin
gedisindo cari giymotlori (oritmonin istonilon vaxtinda qiymsotlori) toyin etmoyo imkan veron
riyazi model dinamik model adlanir.

Gostorilon toriflordon goriindiiyii kimi, statik model dinamik modelin xiisusi halidir. Ona gore do
statik model homiso son tonliklor sistemini, dinamik model iso diferensial tonliklor sistemini
togdim edir. Obyekts (elektrik poladinin aritma prosesi) “gara qutu” kimi baxaraq, riyazi statistika
metodlariin komayils alinan modeli statistik model hesab etmok olar. Belo modelds asas forziyys
ondan ibaratdir Ki, sistemds (poladaridici elektroqdvs sobasinda) fiziki-kKimyavi mahiyyati geyri-
muayyan Vo ya az Oyronilmis proseslor gedir, yani prosesin parametrlori vo onlara tasir edon
amillor arasinda funksional alagalorin qurulma imkani yoxdur.

Ona gora do statistik modellor eksperimental, bir gayda olaraq istehsalat molumalarini (adotan,
reqressiya analiz metodlar1 ilo) emal edorok, parametrlor vo onlara tesir edon amillor arasinda
statistik olagoni (geyri-funksional) saciyyalondiron reqressiya tonliklorina osaslanir. Ogor
istehsalat molumatlar1 kifayst hocmo malikdirss, reqgressiya tonliklorini tortib etmok nisbaton
asandir. Lakin bu modellor shamiyyatli qusurlara malikdir. Birincisi, onlarda bir gayda olaraq,
prosesin fiziki mahiyyoti agilmur. Ikincisi, onlar yalniz konkret soraitlorin molumatlar1 iiciin
adalatlidir va onlarin digar hallarda tatbiqi mimkin deyil, yani statistik model universalliga malik
olmur.

Ona goro do statistik modellori yalniz o halda istifado etmok olar ki, metallurji prosesin homin
morhalasinda prosesin fiziki-kimyavi mahiyyatini oks etdiran vo aritmonin parametrlori vo onlara
tasir edon amillor arasinda funkional alagalori ifads edon tonliklorin alinmasi miimkiin gériinmiir.
Hazirda elektrik poladi istehsali proseslorinin fiziki-kimyavi osaslari yaxsi dyronilmisdir. Yani,
alds olunmus nazari malumatlar aritmo prosesinin asas parametrlarinin son giymatlori vo onlara
ohomiyyatli tasir edon oksar amillar arasinda funksional slagslori qurmaga tam imkan verir.
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Aydindir ki, aritmoanin statistik riyazi modelinds asas tonliklor prosesin fiziki-kimyavi mahiyyatini
Vo funksional rabitani ifads edan tonliklor sistemi kimi togdim edils bilar. Bels tonliklor gisminds
material vo istilik balanslar1 tonliklorini gostormak olar. Oritmanin parametrlori vo onlara tasir
edon amillor arasinda funksional slagalori tosvir edoan tonliklordan ibarat olan riyazi model deter-
mina olunmus riyazi model hesab oluna bilar.

Determinalosdirilmis riyazi modellor universaldir vo on muxtalif cohatli elmi vo praktiki
mosalalori mivaffogiyyatlo hall etmays imkan verir. Ona goro elektroaritmoa proseslorinin
determinasiya olunan riyazi modellorina osas elmi quvvealori istigamatlondirmok daha
mogsadouygun hesab oluna bilor. Qarisiq riyazi model funksional, hom do Korrelyasiya
alagolorini ehtiva edon tonliklordon ibarat olur va determins olunmus-statistik riyazi modeldir.
Belaliklo, fikrimizca, elektropoladaritmonin termodinamiki molumatlarini istifado edarak,
regressiya tonliklorini maksimum mohdudlasdirmagla funksional oalagalori ifads edan tonliklardon
ibarat etibarli statistik riyazi modellar yaratmagq mimkuindr [6].

Natica: Hazirda elektropoladaritmoda artimonin tamiz determinasiya olunan dinamik modelini
yaratmag mimkin deyil, clnki bunun Ucln prosesi komiyyotco ifado edon Kinetik
xarakteristikalar1 bilmok lazimdir, onlar isa oksor hallarda slgatan olmur. Ona gors do aritmonin
dinamiki riyazi modelini halo ki, garisiq determino olunan — statistik model soklinds togqdim
etmok olar [7,8].

Belo modelin asas1 kimi material vo istilik balanslarinin sonuncu tonliklorindan ibarst olan va
aritmonin nozarot olunan parametrlorinin  son giymatlarini toyin etmoys imkan veran
determinasiya olunan statistik model istifado edilo bilor. ©ritmoanin osas parametrlorini toyin
etmaya imkan veran tonliklor iso (bir gayda olaraq diferensial) prosesin istonilon aninda
funksional va regressiya tonliklari gisminda ¢ix1s eds bilorlar.

Beloliklo, elektropoladaritmo prosesloring statistik riyazi model tortib edorkon praktiki “isiqlt
qutu” kimi, dinamiki modeli tortib edonds iso “boz qutu” kimi baxmaq olar, ancaq heg bir halda
onlar1 “qara qutuya” oxsatmaq olmaz.

Elektropoladin aritmo proseslori idaroetms obyektlori, aydindir ki, riyazi yazilis obyektlori Kimi
murokkab sistemlari oks etdirir, ¢iinki aritmonin gedisi va naticalori kamiyyatlorin ¢ox boyiik say1
ilo mlayyan olunur. Onlardan oksariyyati prosesin tipi vo onun reallasdirma soraitlorindon asili
olaraq genis diapazonda dayiso bilar.

Elektroaritmonin riyazi yazilisinda prosesin gedisini va naticalorini mioyyan edon bitin
komiyyatlori bir sira qruplara bdlmok olar. Elektroaritmonin gedisini vo naticalorini
saciyyalondiron koamiyyatlori prosesin parametrlori, parametrlordon asili olan komiyyatlori isa
amillor adlandirmagq olar.

Oritmonin gedisindo elektropoladaritma proseslorinin asas parametrlorina adston nozarat edir vo
tonzimlayirlor. Onlara, birinci névbads metalin torkibi (C, Mn, Si, S, P va b. migdar1), posanin
asasiliyi va elektrovannanin temperaturu aiddir. Qalan kamiyyatlora onlara nisbatdo amillor kimi
baxmagq olar.

Baxilan kamiyyatlor aritmonin gedisina va naticalarina tasir daracasina gora gruplara bolins bilar:
riyazi yazilisda vo hesablamalarda nozoro alinan ohamiyyatli (birinci doracali) vo geyri-
ohomiyyatli (ikinci daracali) - bunlar baxilmaya bilar; aritmadoan aritmoys doyismo imkanlarina
gora - doyison vo sabit amillorr; hor bir aritmo hodlorinds xarakterino goro vaxtdan asili olan
dinamik amillor; ondan asili olmayan statik amillor; Gyronilma daracasine goro - malum vo
mochul amillar.
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Baxilan kamiyyatlarin gostarilon alamatlarinin istanilonina gors yuxarida verilmis bolgii miiayyan
daracads sortidir. Masalon, prosesin parametrlari adston qarsiligli slagolidirlor, yani bir parametra
digarina nisbatdo amil kimi baxmaqg olar. Masolon, metalda karbonun miqdarmin doyismasi
adaton elektrovannanin temperaturunun doyismasini sabab olur.

Aydindir ki, temperatura nisbotdo karbonun miqdart amil hesab oluna bilor. Toxmini riyazi
tosvirdo gobul olunmus geyri-ochamiyyatli vo ya sabit komiyysto daha doqiq riyazi yazilisda
ohamiyyatli va doyison kimi baxila bilor. Bu gun dyranilmamis (namolum) amillar sabah malum
amillar ola bilor.

Elektropoladin aritmo proseslorinin riyazi yazilist hom do onlart hissalora bélmadon mimkin
deyil. Istonilon elektroagreqatda poladin aridilmasi, hotta statistik modelin tortibinds, he¢ olmasa
iki hissaya bolunmolidir: oksidlegdirici - saflagdirma vo oksigensizlosdirmoa - legirlomo; cinki
aritmoanin bu hissalorindan har biri digarindan prinsipca farglonan masalalor kimi hall edilir va
onlar adaton muxtalif mokanda (saflasdirma - yalniz elektrovannada, oksigensizlosdirma - asasan
calovda) aparilir.

oritmanin bu sadalanan hissalarini daxilinds daha ¢ox elementar hissolora bdlmok lazimdir, onlar
cox sayli xiisusi fiziki-kimyavi prseslordir: kimyovi reaksiyalar, muxtolif materiallarin
qizdirilmast va aridilmasinin fiziki proseslori; otraf muhitlo vannanin istilik miibadilasi hadisalori
Vo S.

Elementar proseslori miqdarca saciyyalondirib vo xarakteristikalari material vo istilik
balanslarinin tonliklorina gatirib, oritmonin riyazi modelini tortib etmok Uglin zoruri olan osas
tonliklori, yani mixtalif amillordon oritmonin idara olunan parametrlorinin asililigini ifado edan
tonliklori almag mimkundar.

Bundan basqga, elektropoladaritmada oksidlogdirma vo saflagdirmanin vaxta gora bolinmasi ¢ox
ohomiyyatli ola bilor. Moasolon, tullantilar vo yuvarlardan istifado etmoklo elektroqdvs polad
oritmads klassik variantlarin riyazi yazilisinda oksidlosdirmo Vo saflagdirmani ti¢ morhalads
forglondirmoak rasionaldir: tokrar tullantinin oridilmasi, yuvarlarin oritmo proseslori va tomiz
gaynama.

Clnki bu marhalalordan har birinds oksidlosdirici saflasdirmanin idarsolunma imkanlari, soraitlori
Vo onlarin vannanin qizma prosesindo sinxronlagmasi ohomiyyatli darocods forglidir. Fiziki-
kimyovi proseslorin bu va ya diger gruplarinin getma soraitlori vo aritma prosesinin vaxta gors
hissalora bélinmasi do ¢ox vacibdir, ¢iinki bu halda aritmanin tmumi modeli muayyan doaracada
dinamik modelin slamatlorini alds edir.

Ddinamik modelin tortibinds vaxta goro aritmonin getmasini hissalorin sonsuz bdyiik sayina
b6lmok lazimdir. Dinamik model prosesin parametrlarinin giymatlorini nainki aritmanin sonunda,
hom do onun ayri-ayr1 dévrlarinin sonunda toyin etmays imkan verir. Ona gora dinamik modelin
bels imkanlar1 hamisa istifads olunmalidir.

Posamin miqdarmmin hesablanmasi. Riyazi modellosdirmanin imkanlarindan istifado edorak
elektrik poladinin oritmo prosesinds yaranan posanin miqdarini tayin edok. Malumdur ki, posa
aridilon poladin keyfiyyat gostoricilaring, oritmo prosesinin rentalbelliyina, tullanti kimi ekoloji
muhito vo digar parametrlors ciddi tasir gostaran komponentdir.

Adoton, elektroqdvs sobasinda poladaritmo asasi proseslo aparilir. Ona gora do asasi prosesdos
posanin migdarinin tayini mihim shomiyyat kasb edir. Bir torafdon osasi posa zarorli asqarlarin
(P, S) tomizlonmosinda vacib rol oynayir, digar torafdon iso maye metali ¢irklondira bilir. Ona
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goro do bltovlukds elektropoladaritmads vo ya mioayyan oritmo dovrlorinds yaranan posanin
migdarini tayin etmok vacibdir.

Oritmonin asas parametrlori malum oldugda yaranan posanin miqdarini asagidaki diisturla toyin
etmok olar (1):

= 5o |2 Be AET+ 1072 T g;m, + g2], (1)

burada (X Fe0) — posada (FeO vo Fe,O3) domir oksidlorinin miqgdar, %; X Sz A[E] —
posaomoalagatirici metal oksidlorin miqdari, kq; 1072 X g;m; — sixtonin geyri-metal hissasinin
(ehong, bork oksidlosdirici, slavo fliis) emalo gotirdiyi posanin miqdari, kq; g2 - diger

monbolardon (esasen sobanin horgiisiindon) yaranan posanin miqdaridir, kq.
Oz novbasinds

_ 100
Ip

2 Bz A[E] = 2,14A[Si] 4 2,29A[P] + 1,29A[Mn] + -, (2)
lu_:Egirni = lﬂ_:gahanglnahang + lﬂ_:gb.ornb.o + lﬂ_jgaf :rn’af’ (3)

Sonuncu dusturlarda 2,14, 2,29, 1,29 - uygun elementin 1kq-nin oksidlogsmasi zamani1 na godar
oksidin alinmasini (kq) nozoro alan stexiometrik omsallar; g.n..;0 9s.00 9.5 — ohongin, bark

oksidlogdirici va olavs flistin (boksit, tizgacli spat vo s.) Kitlesi, ka; m ..z, My, m - — ohong,

bork oksidlasdirici vo alave flisdo posa amalagatirici oksidlorin (domir oksidlorisiz) migdaridir,
%.

Posada domir oksidlorinin miqdar1 bir ¢ox amillordon asilidir, onlardan ssaslart maye metalda
karbonun konsentrasiyasi, posanin asasiliyi vo vannanin temperaturudur. Sadalanan amillor
asagidaki empirik tonliklorlo yazila bilor:

— &z _ .12
(EF&D)—m+[4,?5[L_] 2,5-1072At) B, (4)

Maye metalda karbonun miqdarinin holledici rol oynadigi xiisusilo azkarbonlu poladlarin
([€] = 0,05%%) elektroaritmo  prosesinin son morhalasindo yaranan posada domir oksidinin

migdarini bels toyin etmok olar:
0,9

(ZFe0) =12+, (5)

(4)-cu dusturda fasilosiz elektroaritma proseslari tUgiin m=6+9 gobul edils bilor. (5) dlsturu isa
sadaliyina baxmayarag, hatta karbonun daha yiiksak konsentrasiyalari ti¢iin do Kafi naticalor verir.
Ona goro do (5) ifadasi va o hallarda ki, [C] = 0,05% oldugda aritmonin son morhalasinds domir

oksidinin miqdarmin tayini Ugln istifads oluna bilor. Elektropolad oritmads prosesin baslangic
morholasinds posada domir oksidloarinin migdar1 asasan temperaturdan asilidir vo adston 25-35%
toskil edir.

Oritmo rejimini miayyan etmok ii¢iin prosesin lap baslangicinda yaranan ilkin posanin miqdarini
bilmok lazimdir. Bu halda hals aritmanin parametrlari haqqinda oksar malumatlar molum olmur.
Ona goroa do prosesin baslangic morholasinds posanin miqdarini toyin etmok tigiin yuxaridaki
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dusturlardan istifado etmok muimkin deyil. Bu marhalods posanin miqdarini tayin etmok Ugin
asagidaki yarimempirik diisturdan istifado etmok olar:

g;ms = 23[2,14251;u + g_'?iﬂ: )’ (6)

Bu disturda B — posanin CaO/SiO, nisbatils ifads olunan ssasiliyi; xSi,;, — metal sixtosinds
silisiumun miqdari, %; g& , - metal sixtasindon basqa diger biitiin monbalardon posaya daxil olan

silisium oksidinin miqdaridir.

Hesablamalarda elektropoladaritmados istifado olunan metal sixtasinin torkibi haqqinda molu-
matlar adoaton malum olur. Posanin asasiliyi B, silisium oksidinin digor monbalardan daxil olan
miqdar1, habelo posada SiO,-nin miqdarin1 praktikada gqarsilasdigimiz doyismo hadlorinda
gotirmak olar.

Moasalan, elektropoladaritmads praktiki molumatlardan asagidakilart gobul etmok olar: B=3,0-3,5;
SiO; — 15-20%; g%, -0,7-1,5 kg. Toxmini olaraq ilkin hesablamalarda gagilmaz yaranan

posanin miqdarint 10-12 kq (%) haddinds gabul etmok olar. Slbatts, elektrik aritmasinds posanin
miqdar sixtads tullantilarin tomizlik doracasi va sobaya verilon digar komponentlarin (shong, flis
Vo S.) keyfiyyatindan asilidir.

Belaliklo, ayri-ayri oritma dovrlorinin riyazi modellarini birlogsdirmoklo butévlikds aritmanin
digor parametrlori, o cumlodon metalda asqarlarin qaliq miqdarmi toyin etmok, ayri-ayri
proseslorin posa rejiminin saciyyavi variantlari segmok, muxtalif texnoloji alavalorin sorfini
hesablamagq vo sonra da prosess lazimi diizaliglor aparmaqg olar. Lakin magalonin hacmina
goyulan mahdudiyyat bu masalalarin sonraki islords aparilmasini diqto edir.

Notica: Belaliklo, timumi halda elektrik poladinin oritma proseslarinin riyazi modelinin
yaradilmasi asagidakilart ehtiva edir: har bir dovrin hadlorinds aritmani elementar fiziki-kimyavi
proseslora bolmok, yani oritmo prosesini dekompozisiya etmok; har bir elementar prosesin
komiyyotco xarakteristikasini vermok, yoni prosesi riyazi tosvir etmok; material vo istilik
balanslar tonliklori asasinda idars olunan parametrlor vo elementar proseslorin komiyyat xarakte-
ristikalarin1 birlogdirmakla aritmanin har bir dévriiniin riyazi modelini yazmagq; ayri-ayri1 dovrlarin
riyazi modellarini birlogsdirmoklo bltévlukds aritmonin riyazi modelini aldo etmok. Belaliklo,
aritmoanin riyazi modelinin tarkib hissasi kimi elektrik poladinin aridilmasi prosesinds yaranan
posanin miqdarinin hesablanmas1 modeli toklif olunmusdur.
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ABOUT SKIN EFFECTS OF OBLITERATION AND COMPRESSION
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ABSTRACT

There should be factual information on the skin-effect on each well that reduces oil and gas
production for operational work, as well as for the calculation of oil and gas deposits or for the
design of field development.

Well development and operation experience shows that contamination of the bottomhole zone and
deterioration of leakage properties may be associated not only with collution, but also with events
such as obliteration and rock compaction. Thus, during the operation of wells, events such as
shrinkage and retention of microcatches and capillaries in fractured-porous formations over time
are inevitable. The impact of this factor must also be taken into account, as the method of impact
on the bottomhole zone and the compression of formations under the influence of overburden
pressure. Such events should be attributed to the factors that increase the resistance of the
bottomhole zone and should be studied as an object of research.

The discovery of deep hydrocarbon deposits and their development experience show that failure
to take into account the deformation of the porous medium as a result of a drop in formation
pressure during development reduces the reliability of development parameters. The
commissioning of deeper oil, gas and gas condensate fields requires the interpretation of mining
data and the development of methods for hydrodynamic research of wells, taking into account the
density of layers. Compression of stratified formations with significant deformation during
development and the impact of this effect on the development process significantly improves the
theory of filtration, taking into account the compression of formations in gas-hydrodynamic
modeling, interpretation of mining data and other issues.

In order to study and assess the skin effect associated with obliteration and compression, it is
necessary to analyze real well data during the operation of productive oil layers. Three of them
used the concepts of "normal™ production, productivity, as well as the lowest production and
productivity of the oil well in operation, and analyzed the performance of the well for several
years.

This analysis is based on the fact that production changes from depression to exponential law. The
article puts forward a version of the existence of obliteration and compression skin effects along
with colmatation in a practical example, and a methodology has been developed and tested to
determine them. It has been found that during real depressions for collectors, these skin effects
(So-c) may be greater than the colmatation skin effect (Sco1). However, in practice, the value of the
Scor 1S NOt accurately determined by one measurement based on the pressure build-up curve. The
skin effect of obliteration and compression (S,.¢) is simply often negligible.

In order to assess the skin-effect of colmotion and obliteration-compression in the reduction of
well production, calculations were made at the values of the contour radius Rx = 150 m and well
radius ry = 0.1 m. As a result, it was determined that the production of wells can be reduced by
64% due to the obliteration-compression effect. This is about 10 times more than skin effect of
colmotation.
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It was determined that the skin-effect of obliteration and compression had a greater effect on
productivity should be taken into consideration when forecasting well production.
Keywords: obliteration, skin effect, collector, productivity, production, pressure

OBLITERASIYA VO SIXILMA SKIN-EFFEKTLORI HAQQINDA

!Qafar Ismayilov, Sahin Ismayilov, *Arzu Sultanova
'professor, “dosent, *bas laborant, “**ADNSU, “Neft-qaz mithondisliyi”,
E-mail: asi_zum@mail.ru, s.ismayilov58@mail.ru, arzu-sultanova@rambler.ru

XULASO

Quyularin is rejiminin tonzimlonmasi zamani operativ is tigiin, homginin neft vo qaz ehtiyatlarinin
hesablanmas1 va yataqlarin islonmasinin layihalondirilmasi magsadils neftin vo qazin hasilatini
azaldan skin-effekt haqqinda hor quyu tizro faktiki molumatlar olmalidir.

Quyularin monimsanilmasi va istismar tocriibasi gostorir ki, quyudibi zonasinin ¢irklonmasi,
siiziilmo xlisusiyyotlorinin pislogsmosi tokco kolmatasiya ilo deyil, obliterasiya vo siixurlarin
sixilmasi kimi hadisalarlo do bagl ola bilor. Bels ki, quyularin istismar1 zamani ¢atli-masamali
suxurlarda mikrocatlarin va kapillyarlarin zaman ke¢dikds en kasiklorinin kig¢ilmasi vo tutulmasi
kimi hadisalor qagilmazdir. Quyudibi zonaya tasir iisullar1 va dag tozyiqinin tosirinden siixurlarin
sixilmasi bas verdiyi {iclin bu amilin do miioyyon tosiri nozoro alimmalidir. Bu ciir hadisslor
quyudibi zonasinin miigavimatini artiran sabablore aid edilmoli vo todgiqat obyekti kimi
Oyronilmolidir.

Daorinda yatan kollektorlarla tomsil olunan karbohidrogen yataqlarinin kosfi vo onlarin islonma
tocriibosi gostorir ki, islonmo zamani lay tozyiqinin diismosi ilo bag veron mosamali miihitin defor-
masiyasinin nazora alnmamasi islonmo gostericilorinin etibarligini agagi salir. Getdikco daha
dorinds yatan neft, qaz vo qaz-kondensat yataqlarinin istismara agilmasi madon molumatlarinin
interpretasiyas1 vo quyularin hidrodinamik todqigat metodlarmin lay siixurlarinin sixilmasinin
nozors alinmasi ilo yenidon iglonmosini tolob edir. Islonilmo zamani lay siixurlarinin shomiyyatli
doracado deformasiyaya ugrayaraq sixilmasi vo bu effektin islonmo prosesino tosiri siiziilmo
nozariyyasinin daha da tokmillogdirilmosini, islonilmonin qaz-hidrodinamik modellosdirilmasindo,
islonilmoys dair modon molumatlarinin interpretasiyasinda va diger masalalorin  hallindo
siixurlarin sixilmasinin nozors alinmasini xeyli aktuallagdirir.

Obliterasiya vo sixilma ilo bagli yaranan skin-effektin aragdirilmasi va qiymatlondirilmasi tiglin
mohsuldar neft laylarinin istismar1 zamani real quyu molumatlariin tshlilini aparmaq lazimdir.
Bunun iigiin istismarda olan neft quyusunun “normal” hasilati, mohsuldarligi, homg¢inin on asagi
hasilat vo mohsuldarliq anlayiglarindan istifade olunmus vo quyunun bir neg¢o illik istismar gosto-
ricilorinin tohlili aparilmisdir.

Bu tohlil hasilatin depressiyadan eksponensial qanunla doyismasi hali tiglin aparilmisdir.
Maogalads praktiki misal niimunasinds kolmotasiya ilo yanasi obliterasiya vo sixilma skin-effekt-
lorinin do movcudlugu barado versiya iroli siiriilmiis vo onlarin toyini mogsadilo metodika
islonilmis vo smaqdan ¢ixarilmisdir. Miioyyon edilmisdir ki, kollektorlar {i¢iin real depressiyalar
zamani bu skin-effektlor (Sp.s) kolmatasiya skin-effektindon (Sko) ¢ox da ola bilor. Bununla
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yanag1 praktikada Sy — nin qiymati tozyiqin borpa ayrising asason bir dlgmaye gore doqiq toyin
edilmir. Obliterasiya va sixilma skin-effekti (So.s) iso sadaco olaraq ¢ox vaxt he¢ nozors alinmur.
Quyu hasilatinin azalmasinda kolmotasiya vo obliterasiya-sixilma skin-effektlorinin qiymatlon-
dirilmasi mogsadils kontur radiusunun R = 150 m va quyu radiusunun rq = 0.1 m qiymatlorindo
hesablamalar aparilmigdir. Noticodo miioyyon edilmisdir ki, obliterasiya-sixilma skin-effekti
hesabina quyunun hasilatinin 64%-dok azalmasi miimkiindiir. Kolmotasiya skin-effekti ilo
muqgayisads bu togribon 10 dofo coxdur.

Miioyyon edilmisdir ki, obliterasiya vo sixilma skin-effektinin mohsuldarliga daha ¢ox tosiri
quyunun hasilatinin prognozlasdirilmasi zamani nazors alinmalidir.

Agar sozlar: obliterasiya, skin-effekt, kollektor, mohsuldarliq, hasilat, tozyiq

Giris: Karbohidrogen yataglarinin istismar tocriibasi gostorir ki, asagi keciricilikli laylar1 acan
istismar quyulari, kollektorlarin quyudibi zonalarinin pislosmasi sababindon neftin ¢ixarilmasinin
maksimal soviyyasini tomin eds bilmir [1+5].

Molumdur ki, quyudibi zonasinin vaziyystinin miisyyon edilmasi magsadilo genis yayilmais iisul-
lardan biri skin-faktorunun toyinidir. Skin-faktor vo ya skin-effekt dedikdo hidrodinamik tamam-
lanmamis quyu ii¢iin qyudibi zonasinda slavo tozyiq itkilorini xarakterizo edon 6l¢iisiiz, kompleks
gostarici basa diisiiliir. Qabul olunub ki, bu faktorun miisbat olmasi layla miigayisodo quyuotrafi
zonasinin vaziyyatinin pislosmasinin, manfi olmasi iso oksina yaxsilasmasinin slamatidir.

Hasilat quyularinda quyudibi zonalarinin hidrodinamik todqiqatlar osasinda skin-faktorlarinin ob-
yektiv qiymotlondirilmasinin shamiyyati quyularin mohsuldarliginin artirilmast iigiin vaxtinda
todbirlorin planlagdirilmasi vo hayata kecirilmasi baximindan ¢ox vacibdir.

Molumdur ki, skin-faktor quyularin gerarlagmamis rejimde todqiqatlarina asasen tozyiqin barpa
ayrisinin qurulmasi ils toyin edilir. Madon praktikasinda skin-faktoru vo quyudibi tutulmani (¢irk-
lonmoni) aradan qaldirmaq tiglin lazim olan depressiyanin qiymatini hesablamaq ii¢lin uygun
olaraq asagidaki diisturlardan istifado olunur [4]:

_ Pp—Poy 1 e
Sk = l.lElW In &0 263 (l)
ap, = B2k, @

burada P, — lay tozyiqi; u — siiziilon mayenin 0zIuluyu; qor — orta son hasilat; b — neftin hocmi ge-
nislonmo amsali; tax — axin vaxti; h — layin qalinhigr; k — kegiricilikdir.

Quyudibi zonanin siizlilmo xiisusiyyatlorinin doyismasini quyudibi zonanin tutulma omsali xarak-
terizo edir vo agagidaki kimi toyin edilir:

_ (kR/u)

F Gerfulgd

burada (kh/u);— laym (quyudan uzaqda) hidrokegiriciliyi; (kh/u),,— duyu dibinin
hidrokegiriciliyidir.

Hidrodinamik tamamlanmis quyu iigiin skin-faktorun toyin edilmosi asagidaki ifadoyo osason
hoyata kegirilir:
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5= (”—”— 1) Eank, (3)

n e

burada n - real quyunun faktiki mohsuldarhig, m®/(giin-kq/sm?); #, - skin-faktorsuz olan

potensial mohsuldarhiqdir.

Yuxarida toklif olunan diisturlarla skin-faktorunun toyini tozyiqin borpa oyrilorinin toxunan
iisulun totbiqi ilo ilkin emalini tolob edir. Bu iisulun totbiqi quyudibi tozyiqinin, demak olar ki,
tam borpast oldugda (99%-don az olmayaraq) diizgiin hesab edilir. Yoni, quyudibi tozyiqin lay
tozyiqino barpa olunmasi vo qrafikdo birmonali sokildo diizxatli zonanin mévciidlugu sortlorinin
0donilmasi vacibdir.

Magsad: Qeyd etmok lazimdir ki, son zamanlar kolmatasiyadan yaranan skin-faktorla yanasi
stixurlarin sixilmasi vo obliterasiya kimi hadisalor do nazor-diqqgati colb etmokdadir. Sixilma ilo
bagl skin-effektinin yaranmasi hom dag tozyiqinin tosirindon, hom do quyudibi zonaya siini
tosirlor zamani bas vers bilor. Quyularin istismar1 zamani masamoli-catlt miihitdo olan ¢atlarin vo
kapilyarlarin en kosiyinin tutulmasi obliterasiya hadisasi ilo baghdir. Todqgiqatlar gostorir ki,
oblitersiya hadisosi hotta yaxsi tomizlonmis, bircinsli mayenin siiziilmosi (axmasi) zamani bas
vera bilor. Ona goro ki, bu ciir hadiso asason polyar molekullarin bork sothlordo adsorbsiyasi
hesabina miimkiin olur. ©gor mikrogatlar vo kapilyar kanallarin 6lgiilori adsorbsiya qati ilo eyni
Olgiiyo malik olarsa, onda homin bosluglarin hotta tam tutulmasi hali da bas vermis olur.
Miislliflorin fikrinco depressiya zonalarinda obliterasiya vo sixilma hadisalorinin bas verabilmasi
ehtimallar1 quyudibi zonasinin miigavimatini artiran sobablor siyahisina daxil olunmasi vo
kolmotasiya skin-effekti kimi todqiqat obyekti olmalidir.

Obliterasiya vo sixilma ilo bagh skin-effektlorin (So.s) arasdirilmasi vo qiymotlondirilmasi
maogsadilo laym istismari prosesinds real quyu molumatlarindan istifade olunmusdur. Bu
mogsadlo istismar quyularinin “normal” hasilati, “normal” mohsuldarli§i vo eloco do on asagi
mohsuldarligi anlayislarindan istifado olunmusdur. Skin-effektlorinin  qiymotlondirilmosi
moqsadilo bir quyunun bir nego illik istismar molumatlarina osason onun hasilatinin (maye, su vo
nefto goro) vo miivafiq tozyiglorin (lay vo quyudibi) dinamikasi todqiq olunmusdur. Homin
molumatlar codvoldo verilmisdir. Qeyd etmok lazimdir ki, hasilatin koskin doyismasino sobab
olan depressiyanin koskin doyisiklorino aid olan ndqtolor nozoro alinmamisdir. Mohsuldarligin
(nm) vo hasilatin (Qm) depressiyadan (AP) asililiglari isa uygun olaraq sokil 1 va 2-ds, quyunun

mohsuldarliq omsalinin logarifmasinin doyismasi iso sokil 3-do gostorilmisgdir.

Sokil 1 vo 2-do ndqtolori yuxaridan hiidudlayan xotlor kegirilmisdir. Bu xotlor uygun olaraq
“normal” mohsuldarliq vo “normal” hasilatlar oyrisi adlandirilmigdir. “Normal” xatlor istismar
prosesindo quyunun elo is dovrlorino uygun golir ki, hansi ki, hor seydon az ¢irklonmis, yoni az
kolmatasiyaya moruz qalmisdir. Istismar zamam kolmatasiyanin qiymoti doyismis vo bu
mohsuldarligin, bagga s6zlo hasilatin doyismosindo do 6ziinii géstormisdir.

Cadval. Quyunun hasilatinin va tozyiglorin doyismo dinamikasi
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_ Tozyiqlor Hasilat, m*/giin AP=P/-Py | @m Om
Ne Vaxt, ay, il ) In AP
F)I qu Qm qu Qn
1 01.2003 197,9 167,1 | 55 35 20 30,8 1,79 0,58
2 04.2003 197,5 165,2 | 60 40 20 32,3 1,86 0,62
3 07.2003 197,1 165 63 45 18 32,1 1,96 0,67
4 01.2004 197 164,9 | 65 46 19 32,1 2,02 0,71
5 04.2005 196,9 166 67 47 20 30,9 2,17 0,77
6 07.2005 196,8 169 66,9 47,1 19,8 27,8 2,41 0,88
7 01.2006 196,7 1725 | 67 47 20 24,2 2,77 1,02
8 04.2006 196,6 1735 | 66,9 46,9 20 23,1 2,90 1,06
9 07.2006 196,5 172 68 47 21 24,5 2,78 1,02
10 01.2007 196,4 1675 | 67,1 47,1 20 28,9 2,32 0,84
11 04.2007 196,3 167,8 | 67 47 20 28,5 2,35 0,85
12 07.2007 196,2 170 66,9 46,9 20 26,2 2,55 0,94
13 01.2008 196,1 172,1 | 67 47 20 24 2,79 1,03
14 04.2008 196 172 69 46,9 22,1 24 2,88 1,06
15 07.2008 195,9 167,1 | 67 47 20 28,8 2,33 0,84
16 01.2009 195,8 169,2 | 66,9 47 19,9 26,6 2,52 0,92
17 04.2009 195,7 173,2 | 67 47,1 19,9 22,5 2,98 1,09
18 07.2009 195,6 170 67,1 47 20,1 25,6 2,62 0,96
19 01.2010 195,5 166,9 | 67 47,1 19,9 28,6 2,34 0,85
20 04.2010 195,4 168,8 | 67,1 47 20,1 26,6 2,52 0,93
21 07.2010 195,3 170 67 47,1 19,9 25,3 2,65 0,97
22 01.2011 195,2 167,5 | 67,1 47,1 20 27,7 2,42 0,88
23 04.2011 195,1 167 67,1 47,1 20 28,1 2,39 0,87
24 07.2001 195 168 67,1 47,2 19,9 27 2,49 0,91
25 01.2012 194,9 170 67,2 47,2 20 249 2,70 0,99
26 04.2012 194,8 168 67,3 47,2 20,1 26,8 2,51 0,92
27 01.2013 194,7 167 67,5 47,5 20 27,7 2,44 0,89
28 07.2012 194.6 167 68 48 20 27,6 2,46 0,90
29 04.2013 194,5 168,5 | 68,2 48,5 19,7 26 2,62 0,96
30 07.2013 194,4 170 68,4 49 19,4 24,4 2,80 1,03
31 01.2014 194,3 169,5 | 69 50 19 24,8 2,78 1,02
32 04.2014 194,2 167,8 | 69,1 51 18,1 26,4 2,62 0,96
33 07.2014 194,1 167 69,3 52 17,3 27,1 2,56 0,94
34 01.2015 194 168 69,5 53 16,5 26 2,67 0,98
35 04.2015 193,9 169 70 54 16 249 2,81 1,03
36 07.2015 193,8 169,9 | 70,1 55 15,1 23,9 2,93 1,08
37 01.2016 193,7 169,8 | 70 56 14 23,9 2,93 1,07
38 04.2016 193,6 167,6 | 70,2 56,1 14,1 26 2,70 0,99
39 07.2016 193,5 167,6 | 70,2 56 14,2 25,9 2,71 1,00
40 01.2017 193,4 169,5 | 70,2 56,1 14,1 23,9 2,94 1,08
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Sakil 1. Mohsuldarligin depressiyadan asililigi

Qe=AP-exp(2.06-0.041-AF)

Oy (70.39)

Hasilat (), m*/giin

AP,,(24.39) AP.atm

Sokil 2. Hasilatin depressiyadan asililig: (faktiki vo models gora)
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In{Qm/AP)

0 5 10 15 20 25 30 33
AP, atm

Sakil 3. Quyunun mohsuldarliq omsalinin logarifmasinin doyismosi

Metodlar: Yatagin islonmosinin layihalondirilmasi ii¢iin ¢irklonmonin on bdyiik qiymatinin tayini
mogsadouygundur. Bu gqiymot on asagi mohsuldarliq xattino uygun golocokdir. Sokil 1 vo 2-do
hasilat grafiklorinde elo bir xott gostorilmisdir. Todqiq olunan istismar quyusu ii¢lin, hanst ki,
“sakit” rejimdo isloyir, depressiyadan asililigin xotti ganunla doyismosi bag verir (sok.3), yoni:

ln(ﬁ)=a—b'ﬁP (4)

Digor torafdon depressiyani sifira qodor azalmasi zamani fliiidin (neft vo su) hasilati da praktiki
olaraq sifira godor azalmis olur (sokil 3). (4) ifadesindon fliiidin hasilatinin toyini iiglin yaza
bilorik:

Q = AP g P4F (5)

Qeyd etmok lazimdir ki, is¢i depressiyanin intervalinda ekstremum oldugda maksimum hasilatin
vo ona uygun golon vo optimal depressiya adlandirilan maksimum depressiyanin geyd olunmasi
lazimdir.

Biitiin hallarda depressiyanin bu qiymoti quyunun istismari iigiin osas gotiiriiliir. Depressiyanin
sabitliyi soraitinde mayenin hasilatinin azalmasi laym quyudibi zonasinin g¢irklonmosi, yoni
kolmatasiya skin-effektlo (Skol) izah edilir.

Kolmatasiya skin-effektini hesablamagq {igiin asagidak: diisturu yazmaq olar [1]:

Skt =111(L5_L) nZk (6)
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(6) disturunda mn, vo 1, mohsuldarliqlart1 “normal” mohsuldarliq xottinin {izorinds, 1,
mohsuldarlig1 iso on asagr mohsuldarliq xatti ilo 11, mohsuldarligina uygun golon depressiya ilo

kasisma ndqtesine uygun golon mahsuldarliqdir.

Depressiyanin  ¢oxalmasi ilo quyunun mohsuldarliginin azalmasii obliterasiya vo dag
stixurlarinin sixilmasi skin-effekti ilo izah etmok olar. Belo ki, obliterasiya va siixurlarin sixilmast
zamani onlarin siiziilmo xiisusiyyatlori, o climlodon quyunun mohsuldarhi§i azalmis olur.
Obliterasiya vo sixilmadan yaranan com skin-effektinin hesablanmasi {igiin agsagidak ifads alinir:

Spe=(2—1)I (7)

o—F Ng qq

(7) ifadesindo 1, vo 1, mohsuldarliglarinin qiymoti “normal” mohsuldarliq xattinin tizorindo

yerlosmoklo (sokil 1) uygun olaraq, potensial sifira yaxinlasan depressiyaya, vo faktiki ndqtoya
uygun (moasalon optiml ndqto) golon depressiyaya aid mohsuldarligdir.

Beloliklo, quyu hasilatinin azalmasina skin-effektin iki komponentinin comi tosir edir:
kolmatasiya skin-effekti (Sko) vo obliterasiya-sixilma skin-effekti (Sos). Skin-effektlorini
hesablamaq {iglin qifin kontrunun radiusunu Ry=150 m, quyunun radiusunu ise 1r;=0.1m qobul
edok.

Sokil 2-don goriindiiyii kimi, mohsuldarhq 1, = 5.60 m¥(giin-kqg/sm?), 1, = 2.90 m*/(giin-
-kqa/sm?), 1, =2.80 m?*/(giin-kqa/sm?), onda (6) ifadesine uygun olaraq

1 1 150
S0 = 5.60 ( ) = 0.53

— In
280 290 0.1

Kolmatasiya skin-effektinin hesabina quyunun hasilatinin azalmasimi hesablayaq. Sokil 2-don
Q,=70.39 m*/giin vo Q3=66.20 m*/giin oldugunu nozers alsaq, yazmag olar:

; _2°(7039-6620):100 _ »
kol — 70.39 + 66.20 e

Obliterasiya vo sixilma skin-effekti iso (7) ifadosino osason asagidaki kimi olacaqdir:

= 6.8

o—s

(5.60 ) 150
290 /01

Hesablamalardan gortinduyt kimi, kolmatasiya skin-effekti ilo miiqayisado obliterasiya-sixilma
skin-effekti 12 dofs ¢oxdur. Indi iso obliterasiya-sixilma skin-effektinin quyunun hasilatina
tosirini hesablayaq. Bu sortls ki, mahsuldarliq depressiyadan asili deyil. Yoni mohsuldarliq

n =1, =560 m®/(giin- kqg/sm*) = const,

AP=24.39 kqq/sm? depressiya ticlin hesablanan hasilat asagidaki kimi olacaqdir:
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Q'>= 1,-AP=5.60-24.39=136.5 m°/giin

Sokil 2-don goriindiiyii kimi bu halda faktiki hasilat Qf =70.39 m3/g1'in togkil edir. Onda
obliterasiya-sixilma skin-effektinin tosirindon hasilatin azalmasi asagidaki kimi olar:

o_.=2

o—3

(136.5 — 7039

=100 =63

1355—+?039) »

Beloliklo Sy.s=6.87 toskil edon obliterasiya-sixilma skin-effektinin hesabina quyunun hasilat1 63%
-dok azalmis olur ki, bu da kolmatasiya skin effektino goro azalmadan xeyli goxdur. Hesabatdan
da gorinduyd kimi Syo hesabina bu azalma 6.1% olmusdur.

Notica: Istismar molumatlara osason quyu timsalinda obliterasiya vo sixilma skin-effektlorinin
giymotlondirilmosi metodikast sorh edilmisdir. Kolmatasiya skin-effekti ilo miiqayisodo
obliterasiya va sixilma skin-effektinin quyu mohsuldarligina daha ¢cox monfi tasirinin quyularin
hasilatinin prognozlasdirilmasi zamani nozaore alinmasinin vacibliyi géstorilmisdir.
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AUTOMATIC MANAGEMENT OF LIGHTING IN THE
ESTABLISHMENT OF SECURITY SYSTEMS

1Javida Damirova, 2Shahyaman Hasanova
'PhD, assistant professor; >master, *2ASOIU, *? Department of Electronics and automation,
E-mail: ‘cavida.damirova@@asoiu.edu.az, ’shahyamanhasan2021@gmail.com

ABSTRACT

This article discusses the topic of "Automatic lighting control of objects™, which is widely used in
modern times and is developing rapidly. Issues such as lighting of roads and facilities in the dark,
control of lighting in vehicles are one of the most pressing issues in our daily lives as well as
security and control system design schemes. This area also includes schemes for the construction
of smart homes. For example, in homes, offices, etc., depending on the amount of light falling.
This includes the opening and closing of curtains and blinds, and the activation of irrigation
systems at sunset for healthy plant growth. This area also includes the construction of roadside
traffic signs.

In addition, we can create security systems for aircraft and other flight facilities by installing
certain systems on high-rise buildings and towers using automatic lighting systems.

In general, one of the most pressing issues in the world is the automatic control of lighting
systems, the use of lighting systems in control and security systems, and the use of lighting
systems in similar areas. For example, in a few years of automotive technology, cars will have a
full-fledged autopilot function, which will be more effective in terms of safety. In this regard,
there are ready-made options offered by brands such as Quantoom, Premier, Giordon, which are
called advanced systems that free the driver from the need to manually adjust the car's headlights.
We can cite the advantages of these systems as economy and sustainability.

Modern automation systems are not only fashionable, but also have economic advantages:

* in the automatic mode the schedule is strictly observed, as the influence of the human factor is
excluded;

* no need to go to check or turn off the lighting;

* If the lighting is not turned off, there is no power loss, as the dispatcher is immediately notified
and takes appropriate action

» there is no need to go out and read the meters visually to perform technical energy
measurements;

* telemetry allows you to immediately detect unauthorized connections to lighting networks and
detect theft of electricity;

» With the help of telemetric measurements of voltages, currents and powers, it is possible to carry
out initial diagnostics of the lighting network in case of any accident.

It is known that the application of automated control of outdoor lighting allows you to monitor the
condition of telecommunications networks and street lighting devices, control lighting modes,
remotely control street lighting according to a predetermined schedule, as well as keep records of
lighting. A more reliable system built from modern components requires less maintenance costs.
The article also examines the circuits built in this area, the photoresistor element used as the main
element in these circuits, its working principle, the physical structure of the photoresistor,
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operating logic, advantages and disadvantages. Also, the economic and safety advantages of
automatic control of lighting systems were studied.

Keywords: arduino, security systems, automatic lighting, photo resistor, smart dimmers, led
lighting strips, availability detectors, web interfaces.

TOHLUKOSIZLIK SISTEMLORININ QURULMASINDA
ISIQLANDIRILMANIN AVTOMATIK IDARO EDILMOSI

YCavido Domirova, 2Sahyaman Hasanova
%t.0.f.d., dosent; 2magistr, L2ADNSU, «Elektronika vo avtomatika» kafedrast,
E-mail: cavida.damirova@asoiu.edu.az, shahyamanhasan2021@gmail.com

XULASO

Mdasir dovrds genis istifads olunan va siratli inkisaf edon “Obyektlorin isiglandirilmasinin avto-
matik idaro edilmosi” mdévzusundan bohs edilmisdir. Qaranligda yollarin, obyektlorin
isiglandirilmasi, naqliyyat vasitalorinds isiglandirilmanin idars edilmasi Kimi masalalar giindslik
hoyatimizda aktual masalalordon biridir. Masalon, nagliyyat vasitosi qaranliq tunelo daxil olan
zaman isiqlandirilma sisteminin avtomatik iso diismasi vo avtomatik idars olunmasi, giin batimi
zamani kiico vo obyektlordo avtomatik isiglandirilma sistemi {igiin sxemlarin tortibi,homginin
tohlukasizlik va nozarat sistemlarinin tortibi sxemlori bu mdévzuya aiddir. Bu sahaya homginin
agilli evlorin qurulmasinda tortib edilon sxemlori do daxil edo bilorik. Masalon,diison
isiglanmanin  miqdarina osason evlords, ofislordo vo s. pordo vo jaluzlorin agilib
baglanmasi,bitkilorin saglam yetisdirilmasi ii¢iin giin batimi zamani suvarma sistemlorinin igo
diismasi kKimi masalalor bu sahays daxildir. Bu sahays hamcinin misal olaraq yolkanar1 horakatli
nisanlarin qurulmasini da gostars bilarik.

Bundan slave avtomatik isiqlandirilma sistemlorindoan istifado etmoklo hiindirmoartabali bina va
qullalorin  Gzorinda mioayyan sistemlor qurmagla toyyars vo digor ugus obyektlori Ugln
tohlukasizlik sistemlari yarada bilarik.

Umumiyyatlo, diinyada isiglandirilma sistemlorinin avtomatik idaro edilmasi,nozarat vo
tohlukasizlik sistemlarinds isiglandirilma sistemlarindon istifado vo bu kimi oxsar sahoalords
isiglandirilma sistemlarindan istifado olunmasi on aktual masalalordon biridir.Masalon, avtomobil
texnologiyasinda bir ne¢o ildon sonra avtomobillor tam hiiquqlu avtopilot funksiyasina sahib
olacag ki, bu da tahlikssizlik baximdan daha effektivlik yaradacaq. Bununla bagli Quantoom,
Premier, Giordon kimi markalarin toklif etdiyi hazir variantlar vardir ki, onlar siirliciinii
avtomobilin isigin1 al ilo tonzimlomok ehtiyacindan azad edon gabaqcil sistemlor adlanir. Bu
sistemlorin UsttinlUklarine gonastcillik, davamliligi misal gatira bilarik.

Molumdur ki, xarici isiqlandirmanin avtomatlagdirilmis idaroetmo sisteminin totbiqi
telekommunikasiya sobokalarinin va kiigo isiglandirma cihazlarinin vaziyyatino nazarat etmaya,
isiglandirma rejimlorino nozarat etmoyo, ovvalcodon miioyyan edilmis qrafiko uygun olaraq
kiicolorin isiqlandirilmasini uzaqdan idara etmoyo, habelo isiglandirmanin ugotunu aparmaga
imkan verir. Muasir komponentlordon qurulmus daha etibarli sistem daha az texniki xidmot
xorclori tolob edir.
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Homg¢inin magalods bu sahado qurulmus sxemlor, bu sxemlords osas element kimi istifado olunan
fotorezistor elementi, onun is prinsipi, fotorezistorun fiziki qurulusu, islomo montiqi, tistiinliiklori
vo moanfi cohatlori arasdirilmisdir.Moqalada tohliikasizlik sistemlorinin qurulmasi sxemi,sxemin
islomo prinsipi, eloco do onun istifado noticolori gostorilmisdir. Homginin, isiglandirilma
sistemlorinin avtomatik idarsedilmosinin ham iqtisadi, hom do tohliikesizlik baximdan iistiin
cohatlori arasdirilmisdir.

Acar sozlor: arduino, tohliikasizlik sistemlori,avtomatik isiglandirilma, fotorezistor,agilli
dimmerler, isiglandirma led zolaqlari, mévcudluq detektorlari, veb-interfeyslor.

Giris: Isiglandirma idaroetmo sistemi lazim olan miqdarda isig1 harada vo no vaxt vermoyi tomin
edon agilli bir sobokadir. Bu sistemlorin oksoriyyati isiqlandirmani avtomatik tonzimlomok
qabiliyyotino malikdir. Avtomatlagdirma enerjiyo qgonaot edon lampalarin istifadosi vo
isiglandirmanin agilli yerlosdirilmasi ilo yanasi, isiqlandirmanin optimallagdirilmasi tigiin ii¢ osas
mexanizmdon biridir [2].

Isiglandirmaya nozarot sistemlori bina kodlari, yasil tikinti standartlari vo enerjiys qonaat
programlar1 da daxil olmaqla enerjiyo qonaoti artirmaq tigiin istifado olunur. Avtomatik
isiglandirma idaraetma sistemlorina ¢ox vaxt agilli isiqlandirma deyilir.

Isiglandirma idaraetmo sistemino asagidakilar daxil ola bilor:

e avtomatik agilib-s6no bilon agilli agarlar,

e isiglandirma giiclinii avtomatik doyiso bilon agilli dimmerlor,

eavtomatik yandirmaq, sondiirmok, giicii, rong temperaturunu vo rongini doyigsdirmok
qabiliyyatino malik smart lampalar,

e LED zolaglar1 (agilli lampalarla eyni imkanlara malikdir) vo onlar1 idaro etmok iiciin RGB
nozaratgilori,

e horokat sensorlari,

e movcudluq detektorlari,

e gapilari, pancoralori vo s. agmagq ii¢iin sensorlar,

e is1q sensorlari,

e olavo uzaqdan idaroetmo agarlari.[1]

O, homginin digor bina sistemlori (yangin signallar1 vo ya HVAC kimi) ilo do slago qura bilor.

Mboqsad: Bu halda isiq hom adi iisulla (yerli), hom do xiisusi morkozi konsollar, sensor ekranlar,
veb-interfeyslor vo mobil proqramlar vasitasilo idars oluna bilar.

Yasayis binalarinin isiglandirilmasi Enerji Somoraliliyi Konsorsiumu torafindon izlonilir.

Miiasir avtomatlagdirma sistemlari tokco doebda deyil, ham do iqtisadi iistiinliiklore malikdir:

e avtomatik rejimdo grafiko ciddi omal olunur, ¢linki insan amilinin tosiri istisna edilir;

¢ isiqglandirmani yoxlamaq vo ya sondiirmok ii¢iin getmoys ehtiyac yoxdur;

¢ isiglandirma sondiiriilmiirso, elektrik enerjisi itkisi yoxdur, ¢iinki dispetgera bu barodo dorhal
molumat verilir vo miivafiq tadbirlor gorlur;

e enerjinin texniki 6l¢iilmosini hoyata kegirmok ti¢lin ¢6lo ¢ix1b saygaclardan oyani sokildo oxun-
maga ehtiyac yoxdur;

e telemetriya isiqlandirma sobokoloring icazasiz qosulmalart dorhal miioyyon etmoys vo elektrik
enerjisinin ogurlanmasini agkar etmoya imkan verir;
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e gorginliklorin, corayanlarin vo giiclorin telemetrik Slgmolorinin kdmayi ilo haor hansi qoza
halinda isiqlandirma sobokosinin ilkin diagnostikasini aparmaq miimkiindiir.

Movcud xarici isiglandirma noazarat sistemlori bir ne¢o sinfo béliine bilor [3].

Birincisi, bu, kommutasiya vo idarsetma cihazlarmin birbasa isiqlandirma avadanligini tomin
edon xotlordo (yarimstansiya 16vhalorinds, osas 16vholordo vo s.) qurasdirilmasi ilo tomin edilon
yerli nazaratdir. Ancaq bu ciir sistemlor yalniz bir glic merkezi olan kigik, tocrid olunmus
isiqlandirma sobokolorinds istifado olunur. Osason, sohar kii¢o isiglandirma sobokolori miirokkob
bir qurulusa vo bir ¢ox qida morkozino malikdir. Buna gora do, bu ciir sistemlords isiglandirmanin
uzaqdan idars edilmosi tomin edilir - bir qayda olaraq, bu, tochizati vo qrup sobokolorinin
xatlorinds magqnit baslangiclariin qurasdirilmasi ilo alds edilir. Bels bir sistem tok bir géndormo
ndqtosindon iso salinir. Ustalik, yarimstansiyadan qidalanan xottin iso salinmas1 signali avvalki
yarimstansiyadan qidalanan xottin sonunda gorginliyin olmasi olacaq. Yoni, sohorlordo vo
gosabalards xarici isiglandirma qurgularinda, ikinci hissonin magnit baslangicinin elektrik xotting
birlagdirarok xarici isiqlandirmanin paylama xatlorinin bélmalari idara olunan bir kaskad uzaqdan
idaroetmo sxemi genis istifado olunur. Birincisi, {igiincii bolmonin baglangicinin rulonu ikincinin
xattino va s. telemexaniki sxem do miimkundiir. Burada maqnit baslangiclarinin igo salinmasi vo
sondiiriilmasi telemexaniki cihazlardan istifado edorok idaraetmo otagindan hoyata kegirilir [4].
Bu sxemlorin qurulmasinda istifade olunan asas elementlordon biri fotorezistor elementidir. Fo-
torezistorlar-isiq siiasinin tasirindon 6z miiqavimatini doyiso bilon elementlordir.

Fotorezistorlar passiv elementlor sirasina daxildir. Onlar ¢ox kigik dl¢iilora (Smm, 10mm), boytik
hossasliga vo demok olar ki, hiidudsuz is miiddotino malikdirlor. Fotorezistorun hossaslig
fotorezistora totbiq olunmus gorginlikdon asilidir [5].

R
-

Sakil 1. Fotorezistorun sorti isarasi

Sakil 2. Fotorezistorun goriiniisii
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Fotorezistorin tstiinliiklari ilo yanasi, homginin manfi cohatlori do vardir. Bunlara qaranliq caroya-
ninin nisbaton boylik, is1q xarakteristikalarinin geyri-xotti olmasi, cihazin isinin temperaturdan
asililig, otalotliyi vo s. aid etmok olar.

Metodlar: Fotorezistorlarin fiziki qurulusu. Fotorezistorlar fiziki olaraq 2 ayaq vo onlar
iizorindo yerloson hissodon ibaratdir.Bu fiziki qurulusu incolosok gororik ki, on asagi qat plastik
maddodon ibaratdir. Bundan 1 {ist gat iso fotokegirici vo ya yarimkegirici maddo dediyimiz,
qurgusun sulfat, kalsium sulfat vo ya kadmium sulfit kimi isiga hossas doyison maddodon
ibarotdir. Bu qatin osas 6zolliyi is18 doyisimo goro hassasliq gdstora bilon maddodon olmasidir. Bu
qatdan iistdo yerloson qat spiral sokilli teldon ibarotdir. On iist qat iso plastik tobaqodon ibaratdir,
hanst ki, is1q stiasinin is1a hossas tobogoys diismosino komoklik edir [1].

Plastik tabaqa Cu

PbSO4

. . . PbSO;
Izolyasiya olunmus plastik N

Sakil 3. Fotorezistorlarin fiziki qurulusu

Fotorezistorun isloma qaydasi. Fotorezistor lizorino diison is1q siddoti artdigca, fotorezistorun
mugavimati azalir. Oksino, diison is1q siddoti azaldiqca, fotorezistorun miigavimati artir. Yoni,
fotorizistorun miiqavimati ilo diison isiq siddoti tors asilidir. Bunu belo izah edo bilarik:
Fotorezistor ilizorino isiq siias1 diisorkon, isiga hossas doyison maddonin elektronlari ¢ox stiratli
sokildo harokot etmoyo baslayir. Noticado, iizorino golon coroyani ¢ox asan qarsi torofo otiiro bilir.
Beloaliklo, fotorezistorun miiqavimati azalmaga baslayir. Oksino olaraq, isiq siiasi tosir etmoadikdo,
elektronlar horokot edo bilmodiyindon ona golon coroyani Gtiiro bilmir. Noticodo, miiqavimot
yiiksok qiymat alir. Fotorezistor bu xiisusiyyati ilo dovrads acar funksiyasini yerina yetirir [4].

R (miiqavimat)

anl
R, hae Qi

Ra|-=======

1
|
1
T

Isig Is1q siddati

Sakil 4. Fotorezistorun miigavimatinin diison is1q siddstindon asililigi
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Fotorezistorlarin istifado sahaslori:

- kiico va obyektlarin isiqlandirilmasinda;

- nozarat vo tohliikasizlik sistemlorindo;

- flogli kameralarda;

- avtomobillordo isiglandirilma sistemlorindo;
- tibbi cihazlarda vo s.

Tohliikasizlik sistemlorinin qurulma sxemi. Sxemin islomo prinsipi ondan ibaratdir ki,
fotorezistor lizorinog is1q siias1 diisdiikdo, buzzer iso diislir vo led yanmaga baslayir.

Sakil 5. Arduino (izorinds tohliikesizlik sistemlarinin qurulma sxemi

int led=10;

int buzzer=11;

int 1ldr=3a0;

int givmert;

vold setup() {

Serial .begin (9600) ;
pinMode (buzzer, OUTPUT)
pinMode (led, OOTPUT) ;

H

vold loop () {
givmet=analogRead(ldr) :
Serial.println (givmet) ;
if ({giymet<200)

digitalWrite (led, HIGH) ;
tone (buzzer, S00) ;

delay (500) ;
digitalWrite (led, LOW)
noTone (buzzer) ;

delay (500} ;

H

¥

Sakil 6. Tohliikasizlik sistemi ti¢lin Arduino kod

PAHTEI
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 27




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

PAHTE!I

REFEREED & REVIEWED JOURNAL VOLUME 14 ISSUE 03 2022

E-ISSN: 2674-5224

Isiglandirma idaroetmo sisteminin avtonom isiqlandirma nozaroti vo ya adi ol ilo isiq kecidina
nisbaton osas iistiinliiyii fordi isiqlandirma qurgularini vo ya bir qrup qurgular bir cihaz istifadogi
interfeysindon idare etmok imkanidir.

Bir cihazdan bir nec¢o isiq monboyini eyni vaxtda idaro etmok imkani, miioyyon bir miiddot
orzinds otagin magsadindon asili olaraq istadiyiniz isiq atmosferini yaratmaga imkan verir [3].
Isiglandirma  idaroetmo sisteminin on vacib iistiinliiklorindon biri enerji istehlakinin
azaldilmasidir. Digor bir iistiinliik, enerji gonastina gors elektrik lampalarinin dmriiniin artmasidir.
Simsiz isiglandirma idaroetmo sistemlori do quragsdirma xorclorini azaldir, sensorlar vo agarlar
ticlin daha ¢ox yerlogdirma variantlar toklif edir [2].

Notica: Avtomatlagdirilmis isiglandirma idaroetmo sistemlorinin  moisotdo, sonayedo vo
marketinqdo mahiyyoti sorh edilmisdir. Homg¢inin miiasir avtomatlagdirma sistemlorinin iglomo
mexanizmi, iqtisadi cohotdon somorosi qeyd edilmisdir. Bununla yanasi, tohliikosizlik
sistemlorindo qurulan sxemlordon biri gostorilmisdir. Bu sxemdo istifado edilon fotorezistor
elementinin monfi vo miisbat cohatlori, fiziki qurulusu, is prisipi monimsonilmisdir.
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INFLUENCE OF THE SAND PRODUCTION TO THE WELL DRAINAGE
AREA

Jabrayil Eyvazov
SOCAR’s Oil and Gas Scientific Research and Design Institute, Senior reservoir engineer, Database and Modeling
department, E-mail: jabrayil.eyvazov88@gmail.com

ABSTRACT

Most oil resources throughout the world have an issue with formation sand output. Because of its
negative impact on well productivity and equipment, the generation of formation sand into a well
is one of the oldest challenges afflicting the oil and gas industry. It's usually found in shallow,
geologically young formations with little or no natural cementation to keep individual sand grains
together. As a result, drag forces are applied to the formation of sands as a result of fluid
production when the wellbore pressure is lower than the reservoir pressure. Sand will be drawn
into the wellbore if the formation's restraining forces are surpassed. The sand that is generated has
almost little commercial worth. Formation sand, on the other hand, can not only plug wells but
also degrade equipment and collect in surface vessels. Controlling formation sand is expensive,
and it typically entails slowing down output or employing control mechanisms. Safety, well or
field economics, and continuous production are all affected by major sand production
consequences. This has pushed the oil and gas sector to continue looking for ways to reduce sand
output over time. Exclusive sand control or passive sand management are two methods that are
frequently used. Sand Management is a concept in which production is controlled by monitoring
and controlling well pressures, fluid flows, and sand input rather than using standard sand control
methods. Sand Management has been adopted on a considerable number of wells in traditional oil
and gas production in recent years. It has shown to be practical in almost all circumstances, and
has resulted in the development of extremely favorable well skins as a result of self-cleaning
caused by the sporadic sand explosions that occur. Low skins have resulted to greater productivity
indices, and each well where sand treatment has been successful has seen enhanced oil or gas
production rates. Additionally, costly sand control devices are avoided, and the viability of future
well interventions is guaranteed.

The capacity to forecast when a formation will fail and create sand is the foundation for
determining which sand management method to employ (whether down-hole sand control system
will be required or a sand management approach). As a result, sand prediction serves as the
foundation for a significant reservoir development strategy. The variety of models available, as
well as their relevance and accuracy, could be confusing and unrepresentative of the
manufacturing process. Production engineers are often concerned about formation sand control.
There are several strategies for preventing the creation of sand. Choosing a strategy to avoid
formation sand generation is influenced by a variety of reservoir characteristics as well as political
and economic factors. Economic and political factors can sometimes be more helpful than
reservoir characteristics in determining the best option. Simultaneous analysis of political and
economic factors with reservoir characteristics frequently yields results that deviate from what is
expected. As a consequence, selecting the optimal sand control approach is the product of
extensive research. Large amounts of hydrocarbons that may flow readily through the sand and
into production wells are created through perforations into the well in formations where the sand
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is porous, permeable, and well cemented together. These produced fluids may have sand entrained
in them, especially if the underlying deposit is unconsolidated. For a variety of reasons,
manufactured sand is undesirable. Sand may harm equipment such as valves, pipes, pumps, and
separators when it reaches the surface, thus it must be removed from the generated fluids at the
surface. Furthermore, the generated sand may partially or totally choke the well, resulting in poor
well performance and, eventually, production inhibition, necessitating a costly work-over. Sand
production is a concern in several oil and gas sites across the world. Unconsolidated sandstones
create formation sand with reservoir fluids in most of the world's oil and gas wells. Operators
frequently prefer to implement down-hole sand control in all sand-prone wells since certain
reservoirs can produce several tons of sand per day. The traditional approach to sand prediction is
to recognize that if you get down to a specific pressure regime and rock strength, you will almost
certainly create sand at some point during the well's life. Heavy oil reservoirs have been linked to
sand production and its influence on well productivity. Increased aggressive gas production from
conventional reservoirs, on the other hand, has resulted in increased sand output from gas
reservoirs. Breakdown or disaggregation of rock into tiny enough bits to pass through perforations
or screen apertures is a need for sand production. In many circumstances, rock breaks down
gradually, a process known as strength deterioration. Following the commencement of field
strength degradation, the reservoir rock must be further degraded before it can be broken down
into producible aggregates in response to production conditions. As a result, recognizing and
quantifying field-scale rock strength deterioration and having it included into a proper sand
production quantification model is critical for forecasting and managing sand output during the
life of a well. Sand formation is also a natural result of reservoir fluid flow into a wellbore.
Keywords: sand control, well productivity, methods of sand control, viscoplastic modeling, layer
parameters, nodal analysis

QUM TOZAHURUNUN QUYUNUN DRENAJ SAHOSINO TOSIRI

Cabrayil Eyvazov
SOCAR-1n Neft- Qaz Elmi Todgigat vo Layihs Institutu, Molumatlar bazas1 vo modellosdirma sobasi, boyik
muhondis, E-mail: jabrayil.eyvazov88@gmail.com

XULASO

Lay qumunun tozahiirii diinyanin oksar neft yataqlari ilo bagli problemdir. Quyuda lay qumunun
tozahlrl quyunun mohsuldarligina vo avadanliglara manfi tasir gostordiyi tc¢ln neft-gaz sonayesi-
ni narahat edoan on godim problemlardan biridir. Bu, adoton, ayri-ayri qum donalorini bir yerda
saxlamaq Uc¢lin az vo ya heg tobii sementlonmasi olmayan dayaz, geoloji cahatdon gonc formasi-
yalarla olagalondirilir. Naticads, quyu tozyiqi lay tozyigindon asagi oldugda, maye hasilati
naticasinds qumlarin amalo galmasina striikloma qiivvalari totbig olunur. Layin miigavimat qlv-
valari ¢ox olarsa, quyuya quyu dibina axacag. Hasil olunan qumun aslinds heg bir iqgtisadi dayari
yoxdur. Oksina, lay qumu tokca quyulari baglaya bilmoaz, hom do avadanligi asindira vo yersti
avadanliglarda ¢oka bilor. Lay qumuna noazarst baha basa galir vo adaton ya hasilat slratini yavas-
ladir, ya da nazarat tisullarindan istifads edilir. Oksor qum tozahirinin tasirlari tohlikasizliys, qu-
yuya Vo ya neft yataginin iqtisadiyyatina vo davamli istehsala tosir gostorir. Bu, zaman kecdikca
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neft vo gaz sonayesinds qum tozahurini azaltmaq Ggiin hall yollarinin davamli axtarigina tokan
verdi. Tez-tez istifado olunan metodologiya ekskliiziv qum nazarsti va ya passiv qum idaragiliyi-
dir. Qumun idars edilmasi ananavi qum nazarat vasitalorinin adston totbiq edilmayan amaliyyat
konsepsiyasidir v hasilat quyu tozyiglarinin, mayenin migdarlarinin vo qum axininin monitoringi
Vo nazarati ilo idara olunur. Son illards neft vo qaz hasilatinda qumun ananavi Gsullarla idars
edilmasi ¢oxlu sayda quyuda hoayata kecirilib. Demak olar ki, biitiin hallarda o, islok oldugunu
stibut etdi vo bas veran epizodik qum hasilati ila alagali 6zlinltamizloma naticasinda ¢ox olverisli
quyu otrafi zonalarda ¢irklonmalorin yaranmasina sabab oldu. Bu asagi giymatlords olan quyu
skini, 6z ndvbasinds, daha ylksok mohsuldarliq gostaricisina sebob oldu vo qum idaragiliyinin
ugurlu oldugu quyularin har biri artan neft vo ya gaz hasilatin1 niimayis etdirdi. Bundan olava,
bahali qum nozarst cihazlarina ¢ox da istiinliik verilmir vo golocokds olacag quyuya
mudaxilalarin mumkdanliyd tamin edilir.

Layin no vaxt ugursuz olacagini vo qum hasil edacayini prognozlasdirmaq bacarigi hanst név qum
idaragiliyi strategiyasinin istifado edilmasinin asasini tagkil edir (quma quyusuna nazarat sistemi
tolob olunacag, yoxsa qum idaragiliyi yanasmasi). Natica etibar1 ilo qum prognozu layin isloanmasi
planinin asasini toskil edir. Méveud modellarin mixtalifliyi, onlarin totbiqi vo daqiqliyi ¢asdirici
ola bilar va istehsal tocriibasini tamsil etmir. Lay qumuna nazarat homiss istehsal mihandislarinin
asas problemlarindan biridir.

Qum istehsalinin garsisini almagq tigiin miixtalif ndv Usullar var. Qum amoala golmasinin garsisinin
alinmasi tsulunun segilmasi mixtalif lay parametrlorindan, siyasi vo iqtisadi soraitdon asilidir.
Bozon iqtisadi vo siyasi sortlor optimal Gsul segmok (glin lay parametrlorindon daha ¢ox tosirli
olur. Cox vaxt lay parametrlori ilo siyasi vo iqtisadi soraitin eyni vaxtda arasdirtlmasi gézlonilon-
dan forqgli naticalor verir. Belaliklo, qumla mibarizs tiglin an yaxsi tisulu segmok hartorofli aragdir-
manin naticasidir. Qumun masamali, kegirici vo yaxs1 sementlosdiyi laylarda quyuya perforasiya
desiklori vasitssilo asanliqla qumdan kecorok hasilat quyularina axan boyiik hacmds karbohid-
rogenlor hasil edilir. Bu hasil olunan mayelor, xisuson do yeralti tobago birlosmomis tobago
olduqda, orada qumu da 6zii ilo dastya bilor. Istehsal olunan qum bir ¢ox sababa gérs arzuolun-
mazdir. Yer sothino gatdigda, qum klapanlar1, boru kamarlari, nasoslar vo separatorlar kimi ava-
danliglar1 zadalaya bilar va yer sathinda mayeloardon tomizlonmalidir. Bundan slavo, hasil edilon
gum quyunu gisman Vo ya tamamils baglaya bilar, quyularda shomiyyatli doracads zaif islomaya
sabab ola bilor va naticads hasilata mane ola bilor vo bununla da bahali tomir islorini zoruri eds
bilor. Neft vo qaz yataglarinin bazilori biitiin diinyada qum hasilat1 problemi ilo tzlosir. Diinyanin
bir ¢cox neft vo qaz quyularindan lay mayelori ilo lay qumu omolo gatiron birlosdirilmomis qum-
daslarindan hasil edilir. Bazi neft laylar1 giinds bir neg¢s ton qum istehsal eds bilor va bu 0 goador
agir ola bilar ki, operatorlar tez-tez bitin quma meylli quyularda quyuya qum nazarati avadanligi
quragdirmagi segirlor. Qumun prognozlasdirilmasinin standart, tarixi yolu, muoyyan bir tozyiq re-
jiminda va suxur sartliyinds, quyunun istismar middsti arzinds yaqin ki, qum hasil edacayinizi
gobul etmakdir. Qum hasilati vo onun quyu mohsuldarligina tosiri asasen agir neft laylari ilo
olagolondirilmisdir. Bununla belo, adi laylardan qaz hasilatinin artmasi gaz laylarinda qum
tozahirino sobab olmusdur. Qum tozahiirii tiglin zoruri sort, siixurun pargalanmasi vo ya
perforasiya vo ya ekran agiliglarindan asanhigla kegmok iigiin kifayot godor kigik parcalara
parcalanmasidir. Bir ¢ox hallarda siixurun pargalanmasi todricon bas verir; bu siixur giiciiniin
azalmasi adlanan prosesidir. Neft-qaz yataginda moéhkomliyin azalmasinin baslanmasindan sonra
lay siixuru hasilat soraitino uygun olaraq hasil edils bilon aqreqatlara pargalanmadan ovvel daha
da degradasiyaya moruz qalmalidir. Buna goro do, quyunun istismar miiddoti orzindo qum
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hasilatint prognozlagdirmaq vo idars etmok iiclin yataq miqyasinda siixur mohkomliyinin
deqradasiyasini tanimaq vo komiyyotlondirmok vo onun uygun qum hasilatinin komiyyot
modelina totbiq edilmasi vacibdir. Qum hasilati hom ds laydan quyu dibino maye axininin tobii
naticosidir.

Acar sozlar: qum tozahlrl, quyu mohsuldarligi, qum tozahirl ilo mibarizs iisullari, vizkoplastik
modellosdirma, lay parametrlori, nodal analizi.

Giris: Dinya neft vo gaz ehtiyatlarinin boyiik hissasi qumdasi laylarinda yerlasir ki, burada qum
hasilat1 yatagin istismar miiddati arzinds no vaxtsa problema cevrilo bilor. Qum hasilati quyudan
karbohidrogen hasilati zamani lay qumdasi hoarokotsizlik halinda gorginliyi siradan ¢ixacaq qadar
zoif olduqgda va karbohidrogen hasilat1 ilo alagadar yaranan gorginlik doyisdikds bas verir. Neft vo
ya qaz axini 0zii ilo birlikdo siradan ¢ixmus siixuru gatirir vo soth qurgularinin eroziyasindan
tutmus quyunun biitovlilyline Vo qumun utilizasiyasina qadar mixtalif problemlor yaradir. Digar
torafdon, mohdud qum istehsalinin quyunun mohsuldarligini artirdigr siibut edilmisdir vo buna
dozuldikds, qum hasilatina nozarat ehtiyaci tamamilo aradan qaldira bilor.

Neft vo qaz yataglarinin bazilori biitiin diinyada qum hasilati1 problemi ilo Uzlosir. Diinyanin bir
¢ox neft vo qaz quyulari lay mayelari ilo lay qumu amoala gotiron konsolids olunmamis qum dasla-
rindan hasil edilir. Bazi laylar glinds bir ne¢a ton qum istehsal eds bilor vo bu 0 gadar agir ola
bilor ki, operatorlar tez-tez butiin quma meylli quyularda quyudibi qum nozarati qurasdirmagi se-
cirlor.

Maqsad: Qum hasilat1 bir ¢ox neft vo gaz hasilat1 sonayesinds ciddi problemdir. Bu, istehsal
daracalaring kaskin tasir gostors bilor; 0, quyu va sualti avadanliqlara vo yeristii qurgulara zarar
vero bilor, falakat goza riskini artirir; vo istehsalgilara har il on milyardlarla dollara basa galir [1].
Qum hasilati normal olaraq qazma va laylarin idars olunmasi foaliyyati noticasindo bas verir.
Qum donolari fiziki (yer garilmasi) vo kimyavi tasir altinda siixur strukturundan ayrilir. Yatagin
optimal iglonmasi Uglin anbarda qum, hacm va qum hasilati niimunalori baximindan qum istehsali
mexanizmi lazimdir. Qum hasilatina sabob olan mexanizmlor lay glicine, axinin dayaniqligina,
0zIG surtinmo qlvvalorina vo quyu lilssine tozyiqin azalmasma baglidir. Qum hasilatt
potensialinin vo qum istehsalinin doqiq prognozlasdirilmasina aparan kritik amillor bunlardir: lay
glcu, harokatsizlik halinda gorginlik vo hasilat doracasi. Digor amillor lay darinliyi, tobii
keciricilik, lay sementlosmasi, sixilma gabiliyyati, axina maruz galan soth, hasil olunan mayenin
névlari vo fazalari, lay xiisusiyyatlori, tozyiqin azalmasi vo lay tozyiqidir. Qum istehsalinin
prognozlasdirilmasi empirik va analitik tisullarin islonib hazirlanmasini nazords tutur. Empirik
tsullar qum istehsalini boazi tok parametrloro vo ya masamolilik, axin vo ya azalma Kkimi
parametrlar qrupu ilo slagalondirir. Bazon odadi analitik Gsullardan da istifads olunur.

Metodlar: Qum tozahiiriinii prognozlasdirmaq va noticado qum istehsalini toyin etmok Ugln
odobiyyatda bir cox riyazi modellor togdim edilmisdir. Bu modellor mixtalif qum tozahiri
mexanizmlorino asaslanir vo bunlara agsagidakilar daxildir: tozyiqin azalmasi/sixilma giicli, Mohr
Coulomb kimi metodlar ilo verilmis qum tozahiiriinii meyarina asaslanan ugursuzluq, yapisqanliq
giicii ¢atigmazlig1, perforasiya otrafindaki elastoplastik nasazliq, viskoplastik modellogdirma vo
empirik korrelyasiya.

Qum tozahiri tarixan yumsaq va ya zaif konsolidasiya edilmis laylarla alagsali problem olmusdur.
Noatico adaton qum va ¢inqil paketlorini, ekranlari, perforasiyalari, boru va Sath axin xatlarini va
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ya ayiricilart tixayan qum va xirdalar sobabindon hasilatda itkilor yaranir. Nasoslarin vo ya digor
quyu avadanliglarinin zadslonmasi ilo yanasi, quyu daxili lilalor vo yeriistii qurgularin aginmasi
da bas vera bilor. Qum tozahiri ilo bagl problemlor aslinds quyunun lulslarinin va ya quyunun
¢cokmoasi sabobindon quyunun itirilmasinae vo ya yenidon tamamlanmasina sabab ola bilor. Qum
istehsalinin tosirini minimuma endirmak Gglin totbig olunan ananavi metodlara asagidakilar
daxildir:

1. Kritik hasilat doracasi.

2. Cinqul tsulu ilo qum tozah(rl ilo mibariza

3. Qum konsolidasiyasi.

4. Hidravlik yarilma vasitasilo qum toazahiri ilo mibariza.

5. Istiqgamotlonmis va/va ya selektiv perforasiya.

6. Yuxarida gostorilon texnikalarin birlosmasi.

Tamamlama tisullart qum xarakteristikasina vo ugursuzluq mexanizmina asason secilir. Laborato-
riya sinaqlar1 Vo qumun prognozlasdirilmas tigiin istifads edilon riyazi modellor qum xarakteristi-
kasina asason secilir [4].

Quyularda qum tozahiiriiniin azaldilmasi: Qum tozahirini azaltmaq Uclin qum idaragiliyi
(Passiv) vo Quma nozarat avadanligi (Aktiv) kimi iki n6v Quma nazarst metodlart mévcuddur.
Qumun idara olunmasi quyuda olan avadanliq qurasdirmadan vo Kritik hasilat istifado etmodon
gum mohsullari ilo hasilati davam etdirmok demokdir. Bu Usul bitin sahalor G¢lin icazs verilmir,
cunki kritik istehsal daracasi konkret saha tglin gonastcil olmaya bilar. Bu halda ikinci név qum
nozaratindan istifado edilmalidir. Forgli tamamlamalar va quyularin layihasi t¢un muxtalif quyu
avadanligt mévcuddur [2].

Qumun idars edilmasi ananavi qum noazarst vasitalarinin adston totbiq edilmadiyi amaliyyat kon-
sepsiyasidir vo hasilat quyu tazyiglorinin, mayenin miqdarinin vo qum axiinin monitoringi vo
nozarati ilo idars olunur. Son dord ildo adi neft vo qaz hasilatinda qumun idars edilmoasi Simal do-
nizindo vo basqa yerlordo ¢oxlu sayda quyularda hoyata kegirilmisdir. Demok olar ki, bitin
hallarda o, islok oldugunu siibut etdi vo bas veran epizodik qum partlamalari ilo alagali 6zln(ts-
mizlama naticasinds ¢ox alverisli quyu skinlarinin yaranmasina sabab oldu. Bu asag1 tobagolor, 6z
ndvbasinds, daha yliksok mohsuldarliq gostaricilorine sobab oldu vo qum idaragiliyinin ugurlu
oldugu quyularin hor biri artan neft vo ya gaz hasilatin1 niimayis etdirdi. Bundan olava, bahali
gum nazarat cihazlarindan qagmilir vo golocokdo mimkiin quyuya midaxilalorin mumkanliyd
tomin edilir [5].

Cox vaxt hasilatin azaldilmasi qum tozahiirii problemini aradan qaldirmagq tigiin iqtisadi yanagma
deyil. Belaliklo, qumla mibarizs iisullarindan istifads etmaya Ustlnlik verilir. Qum nozarat Gsul-
larindan istifado quyunun tamamlanmasi tiglin slave avadanliqla miisayist olunur. Bu avadanliq
muxtalif mexanizmlarlo lay qumunun quyu lilasins daxil olmasinin garsisini alsa da, lay mohsul-
darligmi asagi salir. Digor torofdon, qumla mubarizo texnikasi sayasinds slava skin faktoru
yaranir. Bu, quyu skin faktorunun béyukliyinin do qum istehsalgisi quyusu liglin qum nazarat
metodunu se¢mok {igiin vacib bir parametr oldugunu gostorir. Belalikla, qum tozahurinun
garsisin1 almaq ti¢iin bir tisul segmoazdan avval, metodun skin faktorunu bilmok vao miayyan bir
muddat G¢un hasilatr iqtisadi cohatdon giymatlondirmak vacibdir. Bu aragdirmada qumla muxtalif
mibarizs Usullarinin skin faktorlar1 arasdirilmis va iqtisadi cohotdoan real vaziyyat l¢lin an yaxsi
usul gostarilmisdir [3].

Mdasir qumla mibarizo metodunun neft hasilatin1 neco artira bilacayina vo quyunun istismar
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muddotini, yeralt1 vo yeriistii avadanliglarin istismar miiddstini neco uzada bilacayins ssaslanan
todqiqatdir. Layiha Prosper modeli tizrs aparilib. Layiho Darvin bankasi yatagindaki 625 Ne-li qu-
yuya asaslanir. Bu quyuda qum tozahirti problemi var. Quma nozarat Gsulundan istifads etmozdon
owval glindalik neft hasilati sutkada 1,4 t idi. Quma nazarat tisulu quyuboyu zonanin polimer tor-
kibli tamponlama material1 ilo barkidilmasindon ibarat idi. Gundaslik neft hasilat1 sutkada 1,6 tona
catdirihib. Bu moqalos ¢inqil iisulundan istifads edildikdo glindalik neft hasilatinin neco olacagina
osaslanir.

PVT - INPUT DATA (Darvin_bankasi-gas-lift.Out) (Oil - Black Oil matched)

Drmel Canceli Tab!esl MalchData{ Regression l’.‘unelahunsl Calculate[ Savel Dpenl Composition; Help I‘

| | UseTables PYT is MATCHED ‘

= e
~ SollionGOR [43 Sm3/Sm3 ( Pb. fs. 8o [Glaso ~|
[ oiGevy[se36s | Ko OilViscosity | T ~ |

Water SMyh P

Mole Percent H25 io
Mole Percent CO2 [0 percent |
Mole Percent N2 ID percent

Sakil 1. Quyu rejimi G¢tin PVT parametrlori

Inflow Performance Relation (IPR) - Input Data

Done | Validate |

Cancel | FRieset ||

Colculate | Repot | Transfer Data |

Select Model

Plot |  Expon |

TestDala | Sensitiviy

I searaiwe | ‘

Help

Darcy Reservoir Model

Reservoin Permeability f[EI md

Reservoir Thickness 18 m

Drainage Area [77434.3
Dietz Shape Factor §1.96133
‘WellBore Radius §0.07

Calculate Dietz

_L |, MechiGeom SKin , Dev/PP Skin ,[Sand Conliol, Rel Perms j Viscosity , Compaction

Sakil 2. Quyu modeli t¢un lay va quyu parametrlori
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Inflow Performance Relation (IPR) - Input Data

Done | Vaidate | Calculste |  Repont | Transler Data | Sand Failure |
Cancel |  Reset | Plot | Expot |
Help Test Data Sensitivity
Typical Vahies
Gravel Pack - Cased Hole: T 1
Giavel Type | MeshSize | pooiihp,
Gravel Pack Permeabilty [B5000 | DSy |
Peiforation Dismeter |0.0254 i Qs s and 12/20 500000 |
Shot Density [5 1/ 20D 50000 )
Gravel Pack Length [0.0508 30/50 30000 |
Perforation Interval [30.48 m | 4060 | 60000
Petforation Efficiency |05 fraction 50/70 30000 |
Beta (Tubulence) | Caculaled ~ (TR [ B
BéiaTubtisnesij45567.2 1 | 16/20 500000 |
~ Method [Muli Phase ~| lsopac 20740 110000
Resenoir Model ), (Mech/Geom Skin/, Dev/PP Skin 0 =1 Rel Perms j Viscosity ; Compaction ,

Sakil 3. Quyu modeli ii¢iin Cinqil metodu ilo mibarizs Gsulunun parametrlori

210

Sakil 4. Mixtalif sulasma giymatlorinds glindslik neft hasilati migdari

Qum istehsali problemlari suyun kasilmasina sabob olur. Belslikls, giindslik neft hasilatinin 20,
30, 40% sulasma giymatlorinds necs olacagi tohlil edilmisdir. Nodal analizdon gorindiyd Kimi,
suyun kasilmasi zamani giindalik neft hasilati on yiiksok olacaq =20%. Quyuda ¢inqil paketindon
istifado edildikds glindalik neft hasilati sutkada 7,2 ton olacaq. Cinqil paketindon istifado etmaklo
biz giindalik neft hasilatin1 5 dofo artira bilarik.

Natica: Bu tadgigat gostorir ki, ¢inqil tisulundan istifado etmokls quyunun gundslik neft hasilatini
artirmaq miimkiindiir. Bu tisul quyudan su hasilatin1 artiracaq. Cinqil baglama iisulundan istifads
naticasinds agir komponentlar quyuboyu zonaya axacaq. Bundan sonra neft quyusu olavs xarici
enerjidon istifads tolob eds bilor, mosalon, gazlift Gsulu. Bu halda bu quyu Gg¢tn istismar xarclori
artacaq. Daha yaxs1 gqiymotlondirmok cun igtisadi giymatlondirma tolob olunur. Cingil metodun-
dan istifado lay biitovliyiinii qoruyacaqdir. Cilinki miintozom qum istehsali laym biitdvliyiini
pozur va buna gors do quyularin drenaj sahasini azaldir. Bundan basqa, bu quyu vo yerusti ava-
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danliglarin istifade muddatini artiracaq.
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CHARACTERISTICS OF CONTROL SYSTEMS IN
ELECTROMECHANICAL DEVICES

'Gulshen Kerimzade, *Arif Gurbanov
12AS01U, ?Department of Electromechanics, 'c.t.s., professor; master, E-mail: gulschen98@mail.ru

ABSTRACT

Electromechanical devices, control systems convert alternating current of one frequency into
alternating current of another frequency, and are also used to control the speed and torque of
alternating current motors by changing the frequency and supply voltage. Modern
electromechanical devices are used in various industries to ensure continuous process control. The
main elements of the control system of electromechanical devices are the power unit and the
control device.

In most cases, electromechanical systems occupy a central place in technical systems. Their main
defining function is the conversion of electrical energy into controlled mechanical energy, i.e.
they provide the ability to control the parameters (speed, acceleration, angular or linear
displacement, power, torque, etc.) of the mechanical movement of control objects. Usually this
function is carried out automatically. The use of various machines, mechanisms and installations
in industry, science, everyday life facilitates human activities, increases productivity and quality,
improves safety and comfort level. At present, the development and production of various
electromechanical installations and elements that perform the same function, but differ in the
principle of operation, design, control method and other features, are underway. On the basis of
electromechanical systems for working with sensors, converters that convert their parameters into
frequency in information-measuring systems have found wide application. The advantages of
such converters include: resistance to interference, relatively simple application and circuit
structure, manufacturability. The development of information-measuring systems is characterized
by the widespread use of measuring transducers that convert various physical quantities into
electrical signals. As part of the information-measuring system, sensors are marked as the first
link and its metrological characteristics are determined. The development of modern transistors
and thyristor converters is associated with the analysis of volumetric calculations and research,
new control algorithms and new schemes. Currently, such work is usually based on the
mathematical modeling of equipment. In many cases, individual nodes of systems are modeled, as
far as possible, equipment models are also built. Such models make it possible to analyze electro-
magnetic, electromechanical and thermal processes of numerous interconnected connections and
assumptions of elements.

Most of the nodes of control systems, according to certain laws, perform the functions of
converting and generating electrical signals of the information level. In order to increase the
efficiency and reduce the weight and size indicators of the control system, they are aimed at
reducing the power of the signals converted and produced on their part. The scheme for
generating control pulses primarily depends on the type of control device and its static and
dynamic features. Pulse shapers are one of the most widely used components of various electro-
mechanical equipment, which are necessary for connecting installations, generating a logic level
voltage from active sensors and detecting pulses. Changing the voltage value by the consumer
through a pulse converter is called pulse regulation. By means of a non-contact key of the pulse
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converter, a source of direct or alternating voltage is periodically connected to the load. As a
result, voltage pulses are formed at the converter output. Voltage regulation at the load can be
carried out by changing the output pulse parameters: duration tu or period T. The most widely
used among the regulation methods are: transverse impulse (tu=var, T=const); frequency pulse
(tu=const, T=var) and time pulse (tu=var, T=var) . In this case, the relative conduction time of the
control valve is regulated, which leads to a smooth change in the average or effective voltage
value. According to a number of features, one can note the classification of pulse converters: in
relation to the input and output voltage (step-down, step-up, arbitrary voltage change); by type of
key element (in thyristors, field-effect transistors, bipolar transistors). A choke, a capacitor and a
battery can serve as an integrating element. Depending on the mode of operation: PWM
controllers, relay controllers or on/off controllers. Pulse converters are also divided into reversible
and non-reversible. Irreversible converters convert smoothly changing input voltage into pulses of
constant amplitude and polarity, but of different duration. Reversing converters convert the input
voltage into an alternating voltage (for various half-cycles of duration) or a constant amplitude
into a pulsed voltage (for various durations and polarities). In a pulse voltage regulator, the
regulating element operates in the key mode. This mode of operation helps to reduce energy
losses, improve the weight and overall dimensions. Pulse DC voltage converters have found wide
application as a stabilizer, regulator, power source for excitation windings of DC motors,
electrical machines and mechanisms.

Equipped with modern microprocessor technology, electromechanical converters contribute to the
implementation of a wide variety of object control algorithms. Their application allows increasing
the level of system automation, implementing energy saving technologies, applying new techno-
logies, increasing equipment reliability and service life.

Keywords: electromechanical device, electromechanical device, control system, pulse, relay,
sensor, power section, power sources, frequency, power supply, output voltage.

ELEKTROMEXANIKi APARATLARDA iDAROETMO SISTEMLORIN
XARAKTERISTIKALARI

'Giilson Korimzada, Arif Qurbanov
L2ZADNSU, “*Elektromexanika” kafedrasi, t.e.n., dosent; magisrant, E-mail: gulschen98@mail.ru

Elektromexaniki cihazlar, idaroetmo sistemlori tezliyin doyison coroyanini digor tezliyin doyison
coroyanina c¢evrilmosini icra edir, eloco do qida gorginliyi vo tezliyinin doyismosilo doyison
coroyan miihorriklorin siirot vo momentinin nozarati ti¢lin istifado olunur. Miiasir elektromexaniki
cihazlar texnoloji prosesin fasilosiz idarosinin tomini {i¢iin sonayenin miixtolif saholorindo 6z
totbiqini tapmigdir. Elektromexaniki qurgularin idarsetma sisteminin asas elementlori giic hissosi
va idaraedici qurgudur.

Acar sozlor: elektromexaniki cihaz, elektromexaniki qurgu, idaroetmo sistemi, impuls, rele,
verici, giic hissasi, elektrik enerji monbalori, tezlik, qida manbayi, ¢ix1s gorginliyi.

Giris: Elektromexaniki sistemlor bir ¢ox hallarda texniki sistemlordo morkozi yer tutur. Onlarin
osas toyinedici funksiyast — elektrik enerjinin idars olunan mexaniki enerjiys ¢evrilmasidir, yani
onlar idaro obyektlorin mexaniki horokotinin parametrlorinin (stirat, tocil,bucaq vo ya xotti yerdo-
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yisma, giic, moment va s.) tonzimloma imkanini tomin edirlor. Bu funksiya adoton avtomatik
yerina yetirilir. Sonayeds, elmds, moisatdo miixtalif masin, mexanizm vo qurgular istifads edilir
ki, bu da insan foaliyyotini asanlagdirir, istehsal vo keyfiyyati artirir, tohliikasizliyin vo
komfortlugun soviyyosini yaxsilasdirir. Hazirda eyni funksiyalar1 yerino yetiron, lakin is prinsipi,
konstruktiv ifa, idare iisulu vo s. alamatlora gors forqlonan miixtalif elektromexaniki qurgu va
elementlorin iglonilmalori vo istehsali aparilir. Elektromexaniki sistemlor osasinda vericilorlo
islomok iiclin informasiya-6lgmo sistemlorinds onlarin parametrlorini tezliys ¢eviron geviricilor
genis totbiqi tapmusdir. Belo ¢eviricCilorin dstiinliiklori kimi manes dayaniqligi, nisboton sado
istifado vo sxem qurulusu, texnolojilik qeyd etmok olar. Informasiya-6lgmo sistemlorin inkisafi
miixtolif fiziki komiyyatlorin elektrik signallara ceviron 6l¢mo g¢eviricilorinin genis totbigilo
xarakterizo olunur. Informasiya-6l¢gma sisteminin torkibindo ilk bond kimi vericilor qeyd olunur
vo onun metroloji xarakteristikalarini toyin edirlor. Miiasir tranzistor vo tiristor g¢eviricilorin
islonilmasi boylik hocmli hesablamalar, todqiqatlar, yeni sxemlor vo yeni idara alqoritmlorin
tohlili ilo olagoalidir. Hazirda bels islor, adoton, qurgularin riyazi modellosdirilmasine asaslanir. Bir
cox hallarda sistemlorin tok ayri-ayr1 qovsaqlart modellosdirilmir, imkan daxilinde hom do tam
qurgularin modellorinin qurulmasi aparilir. Belo modellor elementlorin ¢coxsayli qarsiliqh olagolori
vo azsayl forziyyelari elektromaqnit, elektromexaniki va istilik proseslorini tohlil etmays imkan
yaradir [1-10].

Magqsad: idaroetmo sistemlorin bir ¢ox qovsaglari miioyyan qanunlara géra informasiya saviyyali
elektrik siqnallarin formalasma vo cevrilmo funksiyalarini yerino yetirirlor. Fi9-in artirilmasi vo
kiitlo-qabarit gostaricilorin azalmas1 moaqgsadilo idarsetmo sistemlori onlarin torafindon istehsal
olunan vo cevrilon signallarin giiciiniin azalmasina yonalir. idaroetmo impulslarin formalasmasi
sxemi ilk novbade idareedici cihazin tipindon vo onun statik vo dinamik xiisusiyyastlorinden
asihdir [1-3]. Impuls formalasdiricilar miixtolif elektromexaniki aparaturanin on cox istifado
olunan qovsaqlarindan biridir.Onlar aktiv vericilordon vo impulslarin detektorlasdirilmasindan
gorginliyin montiq soviyyslorinin formalasdirilmasi, qurgularin qosmasi i¢lin lazimdir [11-14].

Metodlar: Sokil 1-do tiristorun idarsetmo impulslar formalagdiricisinin sxemi gostorilmisdir.
Diod VDI tranzistorda (VT1) ifrat gorginliyi mohdudlasdirir, diod VD2 isa -tiristorun (VS)
idaroedici keg¢idinda oks gorginliyi mohdudlagdirir. Rezistor R6 tiristorun idarsedici elektrodunun
corayanini vo eyni zamanda tranzistorun (VT1) kollektor coroyanini mohdudlagdirir.

- Vs
A
gvor 3 )
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ke 7 vos
E
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Sakil 1. Tiristorun idaraetmo impulslar formalagdiricisi

Ononovi tiristorda birbasa gorginlik modvcudlugunda idaroetmo impulsu formalasir. Idara
coroyaninin formalasdiran gorginlik qiitbliiyli tiristorun idaro elektrodunda (katoda nisboton)
miisbot gorginliya uygyndur, bu da idara p-n-kegidinin birbasa yerdoyismosina uygundur. Idara
impulsu coroyan artiminin boyiik siirotino vo qosulmada yiiksok amplitudaya malik olmalidir. Bu
qosulma prosesini stirotlondirir vo tiristorun ((di/dt) anod coroyan artiminin yiiksok siiratino gora)
siradan ¢ixmasinin qarsisini alir. Qosulma prosesi yekunlasdiqda idaro impulsunu sifira borabor
etmok moslohatlidir, ¢linki uzunmiiddstli impuls tiristorda giic itgilorini artirir. Tranzistorlar
adoton agar kimi istifado olunurlar. Sokil 2-do bagl tiristorun idaroetmo impuls
formalagdiricisinin  sxemi gostorilir. Uygun olaraq VT1 ve VT2 tranzistorlar qosulduqda,
kondensatorlar C, vo C3 qosulma vo agilma idars impulslarin formalasdirici monbalaridir.
Elementlor R, R, vo C; qosulma coroyaninin formalagmasini tomin edir. Rezistor R3 idarsetmo
sistemi yararsiz olanda, tiristorun baglayici gabiliyyotinin saxlanilmasma tosir edir. Adoton,
ddvralorin acilma funksiyasii drayverlor yerino yetirir. Idars impulslarin miiddetinin artirilmasi
ilo ¢ix1s transformatorlarin giicii artir. Ona géro uzunmiiddotli idaro impulslarda halvanik agilma
tciin yiiksok tezlikli transformatorlarin istifadesi moqsade uygundur, onlarin girisine, ¢ixis
gorginliyinin sonraki diizlondirilmasi vo siizgocliyilo, yiiksok tezlikli doyison coroyan verilir [5-
7].

Halvanik ag¢ilma tisulunun genis totbiqi kimi optociitlorin istifadosini qeyd etmok olar. Sokil 3-do
halvanik agilmasi olan sxemlor gostorilmisdir (a — optociit asasinda, b — optotiristor asasinda).
Cixis signali idars impulsun formalasdiricisina daxil olur. Onun ¢ixis1 giic agarinin idaro girisino
qosulur. Bu halda formalasdiricinin kaskadi giic sxemilo slagolidir. Bundan basqa, slavo qida
monbayi lazimdir ki, formalasdiricinin funksiyasinin yerino yetirilmosini tomin etsin vo giic
dovralarilo halvanik ayirmalara malik olsun. Optotiristorlarinda istifado etdikdo, idars impulsu
is1q selilo formalagir (mosalon, idars sisteminin is1q diodu ilo). Bu zaman is1q selinin optotiristora
otiiriilmasi optokabel ilo (OK) aparilir (sokil 3). Idara impuls formalasdiricinin giiciiniin azalmasi
ficiin ciit tranzistorlardan (dayiskon isloyon) istifade edirlor VT2 va VT3 (sokil 4b). idars impulsu
olmayanda (ui=0), tranzistor VT4 qosulur vo onun kollektorundan VT2 bazanin agma corayani
axir. Glic tranzistoru VT3 bu zaman agilmis olur, ¢iinki onun emitteri bazaya nisboton monfi
potensiala malikdir. Kondensator C; giic tranzistorun baza coroyani ilo yiiklonir, bununla da
tranzistor qosulduqda coroyan sicrayisini tomin edir. Idaro mikrosxemindon gobul olunan
impulslarin aninda tranzistorlar VT4 vo VT2 agilirlar, tranzistor VT3 iso kondensatorun C;
garginliyils qosulur, o da bosalaraq, agilanda giic tranzistorun baza caroyanini tomin edir.

Agilma zamam bipolyar tranzistorun coldliyinin artirilmasi iiglin onun artiq doymasina yol
vermok olmaz. Bu mogsadlo idaro impulslarin formalasdiricisinin torkibino daxil olan olavo
elementlordon istifado olunur. Sokil 5-do toqdim edilon sxemds slava diodlar VT tranzistoruna
qgosulmuslar. Diod VD1 tranzistorun kollektorunu idars dovrasilo birlosdirir, kollektor-emitter
tranzistorunu VT garginlikls tomin edir, toqribon baza-emitter gorginliyinoe barabar. Gorginliklorin
belo paylasdirilmasi tranzistorun doyma rejimins yaxin rejimds islomasine imkan yaradir. Diod
VD3 tranzistor baglandiqda oks carayanin axmasina imkan verir.
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Sakil 2. Bagli tiristorun idaraetma impuls formalagdiricist

Impuls cevirici vasitasilo istifadocinin garginlik komiyyatinin doyismosi impuls tonzimi adlanir.
Impuls geviricinin kontakts1z agar vasitasilo sabit vo ya doyison gorginlik monbayi periodik olaraq
yiiko qosulur. Naticads, ceviricinin ¢ixisinda gorginlik impulslart formalagir. Yiikds gorginliyin
tonzimini ¢ix1s impulslarin parametrlorinin doyismasils yerino yetirmoak olar : miiddatliyi t, vo ya
period T. On ¢ox totbiq : enino-impuls (t,=var, T=const); tezlik-impuls (t,=const, T=var) va
zaman-impuls (t,=var, T=var) tonzim tsullar1 almiglar. Bu halda idars ventilin kegiriciliyinin nisbi
zamani tonzimlonir, bu da gorginliyin orta vo ya haqiqi qiymatinin salis doyismasino gatirir. Bir
sira olamaotloro goro impuls ceviricilorin tosnifatini qeyd etmok olar : giris vo ¢ixis gorginliyinin
nisbatine goro (azaldici, artirici, gorginliyin sorbast doyismosi); acar elementin noviine gors
(tiristorlarda, saho tranzistorlarda, bipilyar tranzistorlarda). Inteqrallayici element kimi drossel,
kondensator vo akumulyator ola bilor. Is rejimindon asili olaraq, enino-impuls modulyasiyasi
osasinda tonzimloyicilor, releli vo ya iki pozisiyali tonzimloyicilor. Impuls ceviricilori hom do
reversiv va geyri-reversivlora ayrilirlar. Qeyri-reversiv g¢eviricilor solis doyison giris gorginliyini
sabit amplituda vo qiitbliik impulslarina ¢evirir (lakin miixtalif miiddatli). Reversiv ¢eviricilor iso
giris gorginliyini doyison gorginliys (miiddstin miixtalif yarimperiodlarinda) yaxud sabit
amplitudanin  impuls  gorginliyino (miixtolif miiddot vo qiitbliik). Impuls gorginlik
tonzimloyicisinds tonzimlayici element agar rejiminds isloyir. Belo i rejimi enerji itgilorinin
azalmasina, kiitlo qabarit Olgiilor gostoricilorinin yaxsilasdirilmasina imkan yaradir. Sabit
gorginlik impuls ¢eviricilori stabilizator, tonzimlayici, elektrik masin vo mexanizmlarin, sabit
corayan miiharriklorin tasirlonma dolaglarinin qida monbalari kimi genis tatbiglorini tapmuslar.
Sokil 6-da enino-impuls modulyasiyas1 (EIM) asasinda impuls stabilizatorun funksional sxemi
toqdim edilmisdir.

PAHTEI |
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 41




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

PAHTE!I

E-ISSN: 2674-5224

REFEREED & REVIEWED JOURNAL VOLUME 14 ISSUE 03 2022
[ o S —
! : ’
+ o —0 + OK
s = IF U U, V= -, zZ |=
- —-—o -

n b)

Sakil 4. Bipolyar tranzistorun idare impulslar formalasdiricisinin: a — tranzistor giiclondiricisi; b —
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Sakil 5. Bipolyar tranzistorun idare impulslar formalasdiricist
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Sakil 6. EIM asasinda impuls stabilizatorun funksional sxemi

Girig gorginliyi U; agar (1) vasitosilo inteqratora (2) daxil olur. inteqrator acardan golon enerjini
yi8ir vo agar agiq olanda yiiko otiiriir. Noticodo ¢ixisda giris gorginliyindon, impulslarin dorinliyi,
generatorun tezliyi vo kondensatorun tutumundan asili olan gorginliyin ortalanmis qiymatini aldo
edirik. Bu gorginlik omoliyyat giiclondiricisi (4) vasitosilo etalondan (6) dayaq gorginliyilo
miiqayisa olunur, onlarin arasindaki forq iso modulyatora (3) daxil olur. Modulyator generatorun
(5) impulslarin1 diizbucaq impulslara ¢evirir, onlarin da darinliyi dayaq vo ¢ixis gorginliklorinin
forgindon asilidir. Adston generator licbucaq vo ya misarvari impulslar Gtiiriir, onlar iso
tonzimlonon isodiismo hoddi olan hoadd elementi vasitosilo diizbucaq impulslara cevrilirlor.
Modulyatorun ¢ixisindaki impulslar acarin (1) gapanma vo agilmasi ilo idaro edirlor. Gorginlik
acarli stabilizator (releli vo yaxud ikipozisiyali tonzimlonan stabilizator) sokil 7-ds toqdim olunur.
Girig gorginliyi agar elementinin (1) vasitosilo yigiciya (2) daxil olur, ¢ixis gorginliyi iso
omoliyyat giiclondiricisindo (4) dayaq (5) gorginliyilo miiqayiso edilir. Lakin onlarin forqi Smitt
triggerina (3) otiirtiliir. Cixis gorginliyi dayaq gorginliyinden miioyyan qiymats U iistoloso, Smitt
trigeri acilir vo acar1 (1) baglayir. Yigici bosalir, ylikdoki gorginlik U, qiymatine qodor diisiir, acar
yenidon acilir vo proses tokrarlanir. Gida monboyinin iistiinliiklorino yiiksok FIO, otraf miihit
temperaturunun doyismolorino az hossasliq, kigik gabarit vo kiitlo samil etmok olar. Nogsanlar
kimi impuls is rejimi vo impuls maneslori, yliksok olmayan cos@ geyd etmok olar.
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Sakil 7. Agarli stabilizatorun funksional sxemi
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Saokil 8-da tonzimlayicinin sxemi (gorginliyi azalmagqla) gostorilmisdir. Sxemin torkibine agar S vo
drosseldon (L) basga diod D vo kondensator C daxildir. Agar S qapandigda monbadon corayan ty
zaman miiddotindo drossel L vo yiikkdon kegir. Acarin agilma prosesi iso Ty intervali ilo
tokrarlanir. Drosselin 6ziinoinduksiya e.h.q.-si coroyan monboyi gorginliyino istiqamotlonir.
Naticoda yiikdoki gorginlik qgida moenboyi gorginliyi vo Ozilinoinduksiya e.h.q.-nin  forqine
barabordir, kondensator vo yiikdoki gorginlik kimi, drossel coroyani artir.A¢iq acarda S coroyan
drosseldon kegir, eyni istigamotds diod D va yiikdon, elocads kondensatordan C. Sxemdoki kegid
proseslori sokil 9-da gostorilir. Oziinoinduksiya ehqg-si diod vasitosilo yiiko olavo olunub,
kondensator C vo yiikdoki gorginlik kimi drosselds corayan ardicil azalir. Cixig gorginliyini sxem
sifirdan (ty=0) giris gorginliyi (ty=T) qador tonzimloyir. Yiikdoki gorginliyin orta qiymoti:

1 t
UWk:?juidtzuDTﬂzuLy,

t
burada y = Tl — impulslarin dolma omsali.

e
Y Y
S L

v, () oZSIvD c”” R Ve

Sakil 8. Tonzimloyicinin sxemi (gorginliyi azaltmagla).

Impulsun enini dayisorok, yani onlarin tokrarlama periodunun dolma omsalinin giymatini, ¢ixisda
yiikdoki orta garginliyin miixtolif qiymatlorini almaq olar, onlar da qida monbayi gorginliyindon
azdir. Cixigda doyison gorginliyin qiymetinin doyismasi iigiin doyison gorginlik tonzimloyicilori
totbiq edilir. Tonzimlomoni bir negs iisulla yerino yetirmok olar : avtotransformatorun
qurasdirilmasi ilo, soboko gorginliyinin doyismo diapazonunda ayirmalarin yerino yetirilmasilo,
tiristor va tranzistor tonzimlayicilorin tatbiqils.

Sokil 10a-da doyison gorginlik birfazli ¢eviricinin sxemi, sokil 11a-da iso onun yiikdoki gorginlik
diagrami1 toqdim edilmisdir. Yiikdoki gorginliyin haqiqi qiymaeti idars bucaginin o doyismasilo
miioyyan edilir. Belo tonzimloma faz vo ya asas tezlikds impuls modulyasiyas1 adlanir. Bu halda
hotta aktiv yilikdo giic omsali vo cos pislosirlor. Belo sxem aktiv vo aktiv-induktiv yiiklorin
tonzimlonmasi {igiin totbiq edilir: kdzormo lampalari, birfazli coroyan miihorriklori, elektrik
alotlorinda. Sokil 10b-do baglayici tiristorlardan istifado edilmisdir ki, bu da sokil 11b va ya sokil
11v uygun olaraq, yiikdoki gorginliyin alinmasina ikmkan yaradir. Bu halda cos¢ =1 va ya 1-don
kicik olur, lakin forq bucagi ¢ ya sifira barabar olur ya da o6tiir. Belo sxem slave elementlorin
istifadosino goro genis totbiqini tapmamusdir. Sokil 11g-yo uygun yiiksok tezlikdo impuls
modulyasiyast bdyiikk olmayan siizgocdo sobokodon istifado olunan sinusoidal hamar coroyan
torkibinin vo cos@=1 ii¢iin yiikdoki gorginliyin alinmasina imkan yaradir. Kigik tezlikdo impuls
modulyasiyas1 sokil 11d-do togdim edilir. Aktiv yiikdo giiciin azalmasi coroyan vo gorginliyin
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sifirdan kegon momentindo tiristorlarin qosulma vo agilmasinda toyin olunur. Bu sxem otalot
obyektlorindo istifado edilir (miigavimot sobalar1). Magqnitlondirici coroyanin atilmasi
transformatorun nominal corayanini xeyli 6tiir. Praktiki olaraq hor qosulma dovriinlin avvalinda
birinci yarimperiodda idaros bucaginin daxil olmasi ilo bunu aradan qaldirmaq olar. Bu hal {i¢iin
yiikdoki gorginliyin diaqrami sokil 1le-ya uygundur. Dayison gorginlik tiristor tonzimlayicinin
cixisindaki gorginliyinin keyfiyyoti vo giic amsaligoxzonali impuls modulyasiyasinin totbiqilo
yaxsilagdirila bilor. Belo modulyasiya gokil 10g-doki sxemdo realizo edilir. Bu halda yiikdoki
gorginliyin goriinlisii sokil 11j,z,1 —do diagramlara uygundur. ©gor sok.10,g-do adi tiristorlar
baglayic tiristorlarla avoz edilse, onda sokil 11z olan diaqram realizo ola bilor. Sokil 10d-do
doyison gorginlik ti¢fazli ¢eviricinin sxemi gostorilmisdir. ©gor yiikdo sifir ¢ixis moévcuddur, onda
gorginliklorin diaqramlar1 va proseslor birfazli sxemdan farqlonmirler. Faz tonzimlomo asinxron
miihorrikin stirotinin (sokil 10d) tonzimi {igiin totbiq oluna bilor. Belo tonzimlomo asinxron
miharriklorin igesalma coroyanlarmin mohdudlagdirilmas: iiclin qurgularda genis totbiqini
tapmisdir. Asinxron miiharriklorin solis igosalmasi iigiin qurgularda idaro bucag ilkin giymotdon
tiristorlarin tam qosulmasina qador salis azalir. Bu zaman igosalma coroyanlari 2....3 dofo azalirlar
[9-10].
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Sakil 9. Gorginliklor vo coroyanlar diagramlari.
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Sakil 10. Dayison gorginlik tonzimlayicilari (tiristorlarda) : a,b- birfazli; v,q-transformatorun birinci dolaginda
vo transformator ayirmalarla; d,e- aktiv yiikli vo miihorrikli iigfazli.

Sokil 11. Gorginliklorin diaqramlart: a,b,v-osas tezlikde IM (00, >0, a=P); g- yiiksok tezlikdo IM; d- kigik
tezlikdo IM; j - coxzonali asas tezlikdo IM; z - yiiksok tezlikda IM; i — kigik tezlikda IM.
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Notica: Muasir mikroprosessor texnikasi ila tochiz olumus elektromexaniki geviricilar obyektlorlo
on miixtolif idaroetmo alqoritmlorin realizo olunmasina imkan yaradir. Onlarin totbiqi sistemlorin
avtomatlagdirma soviyyesinin artirilmasina, enerjiyo qonast edon texnologiyalarin realizo
edilmosing, yeni texnologiyalarin totbiqino, avadanliglarin etibarliginin artirilmasina, onlarin
xidmot miiddstinin artirilmasina imkan verir.
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MINERALOGICAL COMPOSITION, TEXTURE-STRUCTURAL
PROPERTIES AND MINERAL FORMATION SEQUENCE OF THE ORE
OF GOSHA GOLD- PYRITE FiELD

'Gamat Guseynov, >Abbas Abbasov
L2phD, professor, “*ASOIU, “?Department of "Geology and development of mineral deposits",
E-mail: gamethuseynovv@mail.ru, abbas.abbasov 48 @ gmail.com,

ABSTRACT

As a result of microscopic researches it has been determined that mineralogical composition of
the ore field consists of hypogenic,vein and hypergen minerals.

A number of factors in formation of ore texture types and structure, including morphological
properties of ore minerals, characters of ore solutions, affect of tectonic processes after ore
formation are not excluded. Due to the influence of the above mentioned factors stratum, massive,
nested textures replace each other in sequence in Gosha ore field.

Stratum texture consists of fine, medium and big grain pyrite, quartz, carbonate sequence. Mass
texture consists mainly of hardenied pyrite which gradually passes into the granular ore.

Nested texture is formed in initval stage of ore formation as a result of pyrite cry stallation and is
commonly found in non-ore area. Breccia - like texture is usually found on the edges of ore. Such
a texture type mainly consists of pyrite and it is formed by the incorporation of ore solutions into
derivative quartz.

In the article, along with the texture properties of ore, its structure has already been studied. The
structures found in the ore of the field are as follows: rhythmic zoning, porphyry-shaped, residual,
cataclysmic.

Ore formation process in Gosha field begins from quartz-pyrite. Then it proceeded with quatrz-
gold-telluride, quartz-semisulfide, quatrz-carbonate and quartz-goldhelite-hydrochetite stages.
This, mineralogical composition, texture-structure properties, mineral formation sequence of
Goshapyrite field ore give reason to say that it did not undergo post-metamorphism after the ore
formation, and that the field was formed at a low depth, where metacolloid processes were
widespread.

Keywords: mineralformation, texture, structure, metacolloid, pyrite.

BEIIECTBEHHBIN COCTAB, TEKCTYPHO-CTPYKTYPHBIE
OCOBEHHOCTHU PYJA U ITIOCJIEAOBATEJBHOCTD
MHMWHEPAJIOOBPA30OBAHUSA HA ME/ITHO-KOJIYEJAHHOM
MECTOPOXJIEHHNH I'OLIA.

Tamar I'yceiinos, “A66ac AG6acon
L2 M.®.J1., nonent, “>ATHIY, 1’2Kaq)eupa «["eonorus u pa3paboTKa MECTOPOXKICHUH MOJIE3HBIX HCKOTIAEMBIX».
E-mail: ‘gamethuseynovv@mail.ru, 2abbas.abbasov48 @ gmail.com

XULASO

Mogalada yatagin filizinin mineraloji torkibi, struktur-tekstur xususyystlorina baxilmigdir. Mikroskopik
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todgigatlar naticesinde miioyyan olunmusdur ki, yatagin filizinin mineraloi hidrogen, damar va hiporgen
minerallardan toskil olunmusdur. Filizdo massiv, yuva, brekgiyagorinisli testurlar askar edimisdir. Filizin
teksturu ilo yanas1 strukturu da dyranilmisdir. Yatagin filizinds onun asagidaki strukturlar: agskar olunmusdur:
ritmik, zonalli, porfirgérinisld, galq, kataklastik.

Belaliklo, yatagin filizin struktur-tekstur xtsusyyatlorinin miiayyan olunmasi, filizomalagalmadan
sonraki metamorfizma moruz galmasi, filizdo metakolloid amologalmalarin genis yayilmasi
yatagin az doarinlikds formalasdigint demays asas verir.

Acar sozlar: mineralomologolmo, tekstur, struktur, pirit.

BBenenue: MectopoxaeHnue ['oma pacnongoXeHO B OCEBOM 4acTH B KpalHE CEBEpO-3amagHOMN
gactu [llamkupckoro momusatus Jlok-I'apabaxckoil CTpyKTypHO-(DOpPMAIIMOHHONW 30HBI Manoro
KaBkaza B mpezgenax OJHOMMEHHOTO PyIHOro paiioHa. OHa pa3MeliaeTcs B CBOJOBOM 4YaCTH
BYJIKAHMYECKON MOCTPONKK. ABTOpaMH HAa OCHOBAaHMM COOCTBEHHBIX MAaTEPHAIIOB HW3YYCHBI
MUHEPAJIBHBI COCTaB, TEKCTYPHO-CTPYKTYpHbIE OCOOEHHOCTH pyId M MOCIEA0BATEIHLHOCTh
pyI000pa3oBaHus JaHHOTO MECTOPOXKICHUS. J{J1s pereHusl MOCTaBICHHOH 3aaui UCTIOIb30BaHbI
MHOTOUYHCJICHHbIE aHIUTU(BI, U3TOTOBJICHHbIE U3 KOTYEIaHHBIX PY/.

Heab: MunepanbHblil cocTaB pya. M3yuyeHre MUHEpPaIbHOrO COCTaBa Py MO3BOJAET ONMPEACITUT
€ro TCHETUYECKHE OCOOCHHOCTH, KOTOPBIE MOTYT HCIIOIB30BaHBI MPH MPOTHO3HO-MIOMCKOBBIX
paboTax Ha pa3HBIX dTalax UCCICIOBAHUM MECTOPOXKIeHUH [ 1].

HpI/I MHUHCPAJIOTUYCCKOM HUCCIICAOBAHUH YCTAHOBJICHO, UTO MI/IHepaJII:HI:II\/'I CoCTtaB pyAa
["OmIMHCKOTO 30JI0TO-KOTYEAAHHOTO MECTOPOXKACHHUS HE CJIOXHBIA M COCTOMT U3 TJIABHBIX
THIIEPTCHHBIX PYIHBIX U HEPYIHBIX MUHEPAJIOB (Tad:.1).

Taoauna 1. Criucok MUHEpANIOB, TMarHOCTUPOBAHHBIX B pyJax MecTopoxaeHus [ oma

CtereHb ['unoreHHbIe ['uneprenHbie
pacrpoCcTpaHeHUS PyAHBIE HEpYIHbIE
["1aBHBIE MUPUT KBapI| CETUT, THAPOTETUT
CamopoHoe 30510T0, cepedpo, Kanpuur, IMTMMOHMT, XaJIbKO3HH,
MapKa3HT, XaIbKOIUPUT, CHAJICPHT, KAaOJIMHMUT, KOBEJLIIH, OOPHUT,
raJIeHUT, TCHHAHTUT, TETPAdIPUT, CEepULINT, MasaxuT, a3ypur,
XaJIbKO3UH, aHTUMOHUT, TUPPOTHUH, XJIOPHUT, KYIIPUT, CAMOPOIHAS
BTropocreneHHble MarHeTUT, TeMaTUT, apCEHOIUPUT, TET- |[TOJIOMMUT, MeIb
PaIMMUT, T€CCUT, METLUT, TeJUIYPO- Oapur,
BUCMYTHUT, MOJIOICHUT, aJITauT, [IaMO3UT,
CTaHWH, YHAPTUT,PYTHII, peaisrap, MYCKOBHUT
KyOaHHT

[Muput sBseTcs BeoyUIMM pyAHBIM MHHEpAIOM Ha MecTopoxaeHuu. Ha ero nomro nmpuxoaurcs
85-90% ot o6béma Bcex pydaHbIXx MuHepanoB. [Tuput-1 mpeacraBieH xopoiro oOpazoBaHHBIMU
OTpPaHEHHBIMH KpHUCTANIAMH, CIUIOIIHBIMH H JIPY30BUAHBIMH oOpazoBaHusiMu. HawmbGoree
KpYIHBIE arperaTsl NMUpUTa-1 TPEIMHOBATBHIE, YaCTO 3aMEUIAIOTCA TI'HAPOOKHUCIAMM JKese3a.
NMeercss peHTaroHaJbHbII METAaKpUCTAII INHUPUTAa BO BMewarommx nopoxaax. Ilmpur-11
BCTPEYAETCsl PEIKO, B OCHOBHOM B BHUJI€ NOYKOBUIHBIX 000coOmeHMi. [leMenTHpyeTcs xankosa-
HOM M KoBeJUIUTOM o0ocoOnenuit. [Tuput — 111 renepanuu npeacraBieH pealuKTaMu KPYITHBIX
KPUCTAJUIOB, KaK MPaBUJIO HE COXPAHUBIIMMH TIEPBOHAYAIBHBIN 00HK (puc. 1,2).
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Puc.l. a — xpynHble arperatbl INUpPUTA 3aMEIIAIOTCA TUAPOOKUCIAMHU >Kenesza, X 165; 0 —
MEHTarOHAJIBHBIA ~METAKpPUCTAI TUpUTa, X 45; B — KceHoMopdusMm cdanepura K
uAMOMOPQHO3EpHUCTOMY THUPUTY, X 90; I — meTemyaroe 3amelieHue xalbKomupuTa (Oenblif)
XaJIbKO3WHA (CBETIIO-CEpHIit), X 90

TeKkcTypHO-CTPYKTYPHBIE 0COO€HHOCTH PyA. M3ydeHue TEKCTypHO-CTPYKTYPHBIX OCOOCH-
HOCTEH pyJ, XapaKTEPU3YIOIIUXCS C COAEPKAHUEM PA3JINYHBIX MUHEPAIbHBIX arperaroB, UMEET
BXHOE HAyYHOE U MPAKTUUYECKOE 3HAYCHHE [Isl YCTAHOBJIEHUS YCIOBHM PYJOOTIONKEHHS, a
TaKXKe BEIIECTBEHHOTO COCTaBa Py, MO3BOJSET 3HAUYUTENIBHO TMOBBICUTH 3(P(EKTUBHOCTH Ha
CTa/IMY TEXHOJIOTMYECKOH nepepadoTKH 30JI0TOCOAEPKALIUX PY/I.

Kak wm3BectHO [3], TEKCTYpHO-CTPYKTYpHBIE OCOOCHHOCTH pya (HOPMUPOBAINCH TPU OIpE-
JENAoIEeN PO CleAyIomuX (aKkTOpoB: CTPYKTYPHOM MOATOTOBIEHHOCTH BMEUIAIOMIMX MOPOI,
CTaIUMHOCTH THUAPOTEPMAIBHOrO TIpouecca U sABJIeHUH Meramopdusma. TekcrypHble
OCOOCHHOCTH DPYA B 3HAUUTENBHOW CTENEHH OINpeAeNieHbl MPOCTPAHCTBEHHBIMU B3aUMOOTHO-
IMICHUSIMHA CYJb(OUIHBIX ¥ COMYTCTBYIOMIMX JKHJIBHBIX OOPa30BaHH C BMEIMIAOIIUMU HX MOPO-
JaMH.

OcHoBHBIMU  (paKTOpamMH, BBHI3BABIIUMHU IMOSBICHHE PA3UYHBIX TEKCTYPHBIX THIIOB U
CTPYKTYpPHBIX B3aUMOOTHOILIEHUH, SBISAIOTCA: METaMOP(PUUYECKHE OCOOCHHOCTH PYIHBIX MHHE-
paJloB M T€ W3MEHEHHs, KOTOpblE IPETEPHEBAIOT MMHEpAIbl B pPE3yJbTaTe IOCTPYAHBIX
TEKTOHUYECKHX TporieccoB [3].

B Mmectopoxnenuu I'omra pacnpenenenie TEKCTypHBIX TUIIOB Py B BEPTUKAIBHOM pa3pe3e 3aKOHO-
MEpHOE: CHU3Y-BBEPX IMOCIE0BATEIbHO CMEHSIOTCS MPOKUIKOBO-BKPAIICHHBIE PYbI, JTOKAU30-
BaHHbIE BO BTOPUYHBIX KBaplMTaX, MACCUBHbBIC KOJYEJAHHBIE W BKpAIUICHHbIE pPYIbl B
MOHOKBapIIUTaX.

B pynax ['oIIMHCKOTO MECTOPOXKIEHUS BBIAEIAIOTCS CIEAYIOIINE TEKCTYphl PyI: IOJOCUYAThIE,
MaccHUBHasl, THe370Bas1, OpekuneBuaHas (puc. 2).
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Puc.2. a — mosiocyarsie TEKCTYPHI, TOJIMPOBAHHBIN MTY( X 2; 6 — MaCCUBHAs TEKCTypa MOJUPOB,
mtyp¢ X 2; B — rHE310Basi TEKCTypa MOJIMPOB, ITYPP X 2; T — OpeKuneBast TEKCTypa MOJUPOB,

mTypd X 2.

TekcTyphl mosocuaThlie MPEACTaBICHBI Y€PEJOBAHUEM TI0JI0C, BBITOJHEHHBIX MEIKO-, CPeaHe- U
KPYITHO3EpHUCTHIM MTUPUTOM, KBapleM U kapOoHaToM (puc.2a). YacTo arperaTsl MUpUTa B KBap-
IIEBOM Macce MPEICTaBICHbI MPOKMIKOBO-BKPAIUICHHBIMU PYAHBIMH TEIaMH, TJI€ OTYECTIHBO
BUJIHBI COYETAHUS UX HENpPaBWIbHBIX (opM. TekcTypsl MacCUBHBIC, BOZHUKAIOUINE B PE3yIbTaTe
NEePEKPUCTALTU3AINH CYIb(QHUIHOW MacChl, XapaKTepHBI [UIsi MOHOMHHEPAJIbHBIX MHPUTOBBIX
arperaroB ¢ HeOOJIBIION MPUMECHIO HEPYIHOTO MaTepuaina (puc.20).

Hepenxo pynsl, mpeacTaBieHHBbIC CIUIOIIHBIMA HHPUTOBBIMH arperaTamMu, MEpecianBaloOTCs C
KBapIIEBBIMH MTPOXKHUIKAMH, COJIEPKAIIUMHI HE3HAUUTENIbHbIE BKIIOYCHUS PAHHUX CYJIb()HIIOB.
Y4acTkaMH CIIOUTHBIE ITUPUTOBBIC PYBI IPUOOPETAIOT THE3I0BO-BKPAIJICHHYIO TeKCTypy. ['He3-
NOBUIHBIE OOpa3oBaHus mupUTa (HOPMUPYIOTCS 3a CYET MepeKpucTauM3anuud  Oojee
MEJIKO3EPHHUCTHIX TTHUPUTOBBIX BBIICICHUN PAaHHUX CTAIUid M OOBIYHO BCTPEYAIOTCS B HEPYTHOU
macce (puc.2B).

bpekuneBuaHbIC pyabl MIAPOKO PAa3BUTHI B pyldax [ ONIMHCKOTO MECTOPOXKICHHS, Yallle BCEro
NpPEICTaBISIOT pa3inyHble 1o ¢GopMe W pa3MepaM CKOIUIEHUS CyAb(UIOB, COCTOSIIUE, B
OCHOBHOM, W3 ITUPHTA, 3aKJIIOYCHHBIC B HEPYIHOW Macce ¢ BKPAIJICHHOCTHIO MUpUTa (pHC.2T).
Takue TekcTypHbIE (POPMBI XapaKTEPHBI OOBIYHO JJIS1 TUPUTA, YACTO C HEOOIBIIUM COJICPKAHUEM
XaIbKOMHUPHUTA. B 3TOM citydae Gosee mo3mHue 1Mo 00pa30BaHUIO MTUPUTOBEIC MTPOKHUIKU IIEMEHTH-
pyeTcsi XaJbKOIMUPUTOM Ha MECTOPOXKICHUH OpPEKUYMEBHIHAS TEKCTYpa UMEET OTpaHUYCHHOE pac-
MPOCTPaHEHHUE U OOBIYHO cllaraeT nepudepruyeckre 4acTu pyaHbix Tea. OHa oOpa3oBayiach B pe-
3yJbTaTe MPOHUKHOBEHUS PYJHOTO PAacTBOPA, MOYTH YHUCTO MUPUTOBOTO COCTaBa, BO BTOPUYHBIC
KBapIMTHI C BKPAIUICHHON MUPUTU3AIIUEH 1O CETH TPEUIHH BCEBO3MOXHBIX HAIPABICHUH.
CrpyKTypHBIE OCOOCHHOCTH Py [ OIIMHCKOTO MECTOPOKICHUS OTIMYAIOTCS OOJIBIIUM pazHO00-
pasueMm: 3epHuCTast, pUTMUICCKU-30HaIbHAs, chepruueckasi, SMyIbIIMOHHAS CTPYKTYpa (puc.3).
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Puc. 3. a — 3epuucras, x 90; 6 — purmudecku-3oHanmbHasA, X 90; B — cepuueckas, x 90; r —
BMYJ'IBI_II/IOHHB.SI

Crnemgyer OTMETUTh, YTO PYAbI MECTOPOXKICHHS XapaKTEPU3YIOTCS, B OCHOBHOM, 3CPHHCTBHIMH
CTPYKTYpaMH OTJIOKEHHSI, KOTOPhIE YPE3BBIYAHO PAa3HOOOPA3HBI MO CBOUM MOP(HOIOTHIESCKUM
ocobeHHOCTsM (puc.3a). Habmromaercst Takke puTMUYECKH-30HAIbHAs CTPYKTYpa (puc.30).
Cdepuueckasi cTpyKTypa BCTpedaeTcss B OCHOBHOM MUpPHUTE. TPEUIMHKH B HEM 3allOJIHEHBI
NEPBUYHBIMH BTOPHYHBIMU CYJIb(PHUIHBIMA MUHEpAJIaMH, dYallle THIPOOKHCIAMH JKejie3a U
HepynHOUW Maccod. OOBIYHO TMHPHT paHbBIIE IPYTHX CYIb(QHIHBIX MHHEPAJIOB IOANACTCS
IpoOIeHU o U 00pa3yeT chepUUECKyIo CTPYKTYpy (puc.3B).

OMyJIbCHOHHAST CTPYKTypa Ha MECTOPOXKACHUHU 00pa3zyercs MpH pacraje TBEPAbIX PacTBOPOB:
XaJbKONUPHUT-CHATICPUT, NUPPOTHH-canepur. Ha MecTOpOkKICHMHM JaHHBIE CTPYKTYPHI
HanOollee  YacTo  MPEICTABICHBI  AMYJbCHOHHBIMH  BBUICJICHUSMH  XaJbKOIHPHUTA,
CKOHLIEHTPUPOBAHHBIE B LIEHTPAIBHBIX YaCTIX KPUCTAILIOB canepura (puc.3r).

Kpome BrITIeTIepeYrCICHHBIX TAKKe BCTPEUAIOTCS KaTaKJIACTUICCKHE, METAaKOJUIOUIHBIC, PETHK-
TOBBIE CTPYKTYPBHI.

Karaknactudeckne CTPYKTYpbl B CIUIONIHBIX pyJdaX pa3BUTHI 3HAYUTEIHLHO MEHBIIE, YeM
CTPYKTYpPBI OTJIOKEHHS U 3aMEIICHHUs, HO OTHOCHTEIBHO YacTO OTMEYAIOTCS BOJM3HM KOHTAKTOB
naek nmaba3oB, CEKYIIMX KOJYETaHHBIE pyaHble Tena. KarakiacTWdeckwe CTPYKTYphI TaKkke
BCTPEYAIOTCS, TIIABHBIM 00pa3oM, B 30HaX IOCJIE PYAHOTO APOOJICHHS MO JTHMHUSIM TEKTOHHYECKHX
HapymeHui (puc.30).

MeTakouIOuHbIE CTPYKTYPBI OTIMYAIOTCS MHOTrooOpasueM (Gopm mposiBieHus. HekoTopbie u3
3TUX 00pa30BaHUN MPEABIBISIOT PUTHICCKU-KOHIIEHTPUYECKH 30HAJIbHOE CTpoeHue (puc.3B).
[IIupoko pa3BUTHI U PEIUKTOBBIC CTPYKTYPhI, KOTOPbIC HAMOOJbIIEH HHTCHCUBHOCTH TOCTUTAIIH
B KPaEBBIX YaCTAX KOITUEAAHHBIX PY/I.

Takum 00pa3oM, HM3y4e€HUE TEKCTYPHO-CTPYKTYPHBIX OCOOCHHOCTEW IOKa3bIBaeT, 4YTO PY/BI
['ommMHCKOTO MECTOPOKICHHUS OOpa30BAINCH B YCIOBUSAX MANbIX TIYOMH M HE MpeTepIeiH
3HAYUTEIBHOTO TOCTPYAHOTO MeTamop(du3Ma, O YEeM CBHICTEIBCTBYET INUPOKOE Pa3BHTHUE
METaKOJUTOMTHBIX 00pa30BaHUI M HATMYHE METACTAOUIHLHBIX MUHEPAJIOB.
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IHocnenoBaTeibHOCTH MIUHEPAT000pa3oBanms: JleTalbHOE H3yUYE€HHE MUHEPATILHOTO COCTaBa U
TEKCTYPHO-CTPYKTYPHBIX OCOOEHHOCTEH [ 'OIIMHCKOTO MECTOPOXKACHHUS IMO3BOJHIIO BBIACIHUTH B
ux (hopMupoBaHMsl, [Ba HEPABHO3HAYHBIX 3Tarla MUHEPATU3allMN: TUTIOTCHHBIM W TUIIEPTeHHBIH.
[lepBbIit 3Tam mpencTaBiseT COOOW JUTUTENBHBIA MPOIECC, B KOTOPOM YCTaHABIWBACTCSA
HECKOJIBKO CTaJuil MHHEpAIM3alHH, XapPAKTEPU3YIOLIUXCS ONPEIEICHHBIMU MUHEPAIbHBIMU
napareHe3ucaMu U OTJEJIEHHBIX JPYT OT Apyra TeKTOHMYECKUMHU IMOJABMKKAMH M OTHOCHUTEIHHO
H€6OJII>H_II/IMI/I MPOMCIKKYTKaMU BPEMCHHU, B TCUCHHUC KOTOPLIX U IMPOUCXOANUIIO USMCHCHUC COCTaBa
W KOHIIEHTPAIlMU PYAOHOCHBIX pacTBOpPOB [2]. Pynmbl aToro mectopoxiacHus (GopMHPOBAINCH B
HECKOJIBKO CTa,Z[I/Iﬁ MUHCPAJIU3AallUN: KBApIL-MMUPUTOBAA, KBAPL-30JIOTO TCILIypUIHAA, KBapl-
nosycynbpuaHas, KBapl-KapOoHaTHAsI U KBapL-30JI0TO-T€TUT-TUIPOTETUTOBASI.

Cxema nocJie10BaTeJIbHOCTH MHUHEPAJI000pa3oBaHusl MecTopo:xaenust ['oma

DTansl U I'nnorennsie I'uneprennsie
CTaguH

Munepaiisl Ksapu-nupu- | Keapu-zonoro- | Keapu-nomy- Ksapu- Ksapu-3onotorerut-
TOBas TEJUTypUIHAS cynpuaHas KapOoHaTHas THPO-TETUTOBAS

305010

HI/IpI/IT ——

XanbKOMUPUT

Coanepur

T"anenur

FCHHI/IpI/I,Z[ —

KBapu —

KaHBI_II/IT ——

Mamaxur

Azyput

T'etur

T'uaporerur

- [JIABHBIC MUHEPAJIbl; ——— = BTOPOCTCIICHHBIC MUHCPAJIbI; - PCAKOBCTpCUArONINECCA
MHHCPpAJIbI

KBapu-nupuroBas cTaaus MAHEpAIU3alMK NIPOsIBIICHA criopaandecky. [Input 31ech npeacrasiieH
KPUCTAJNTUYECKUM 3€PHUCTHIM arperarom, HANOMOP(PHBIMH, THE31000pa3HBIMU BKPAIJICHUSMHU.
KBapu-3o5oTo-Temrypuasas nposiBicHa TaKke cropaguyecku. OHa NpegocTaBiIeHa, B OCHOBHOM,
MOJMOJCHUTOM M aHTHUMOJIUTOM, 00pa3yIOIIMMHU BKPAILJICHUS, PEKe THE31000pa3Hble CKOTIJICHHUS
B KBaple TpeTbel reHepanu. [lo3aHee BBIACTMINCE TETPOAUMMUT, TEIIIyPOBUCMYTHUT, TECCUT.
Kgapiu-nonycynsduanas ctanus GopMupoBaIach U3 MaTO3EpPHUCTHIX PACTBOPOB M MPECTABIICHA,
IJIABHBIM 00pa3oM, KBapIleM, XalbKOIUPUTOM U, B MEHbIIEH CTENeHH, c(anepuToM, raJ€eHUTOM,
ONEeKIBIMU pyZaMU U JPYTUMH MHHepajaMHu. B 3Toi ke acconManuu MPUCYCTBYET IHPHT,
o0pa3oBaHHE  KOTOPOrO  BO3MOXKHO  SIBIFETCS  CIIEACTBUEM  NEPEOTIOKEHUS U
NEPEKPUCTAIUIN3ALNN €r0 PAaHHUX PAa3HOBUIHOCTEN.

KBapiu-kapOoHaTHass MuUHEpalbHas acCOLMalMsl, COCPEJAOTOYEHHAs B JIOKAIBHBIX YydacTKax
PYIHBIX 30H M CEKyllas HMX B pa3JIMUHBIX HANpaBICHUSAX, NPEJICTaBICHA KBapLEBBIMH H
KapOOHATHBIMU CTAJUSMH.
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K runeprenHomy »srtanmy pyaooOpa3oBaHHs OTHOCHTCS KBapIl-30J0TO-T€TUT-THAPOr€TUTOBAS
CTajius, KOTOpas SIBISIETCS BTOPOW IO BEIMYMHE MPOIYKTUBHOCTU IOCIE KBapI-MUPUTOBOH U
pa3BuUTA JIOKAJIBHO.

[Ipomecc 3aBepmraeTcsi OTIOXKEHHEM TMPOAYKTOB KBapll-kapOoHaTHOW cramuu. OH HeceT
OTUCTJIMBBIC IMPHU3HAKW HAJTOXCHHOI'O, IMO3JHCTO XapaKTCpa MUHCPAIHU3ALUH. CTaHHﬁHOCTB n
PyI000pa30BaHUs U MOCIEA0BATEIHHOCTD BbIIEJICHHSI MUHEPAIOB IPUBOIUTCS B CXEME.

Metoabi: Pyast uzydanuce B nmudax 1 aHuuimdax, oToOpaHHBIX U3 MEIHO-KOTYETaHHBIX PY/I.
JUisi IMarHOCTUKU MHHEPAJIOB MCIIOJIb30BaHbl PEHTICHOTpadusi, PEHTTEHOCHEKTPAIbHBIA H
JIa3€pPHBIN MUKPOAHAIHU3HI.

B pesynbrate MUKpONMMYECKHX HCCIEIOBAaHHHA M3yUeHBl TEKCTYPHO-CTPYKTYPHBIE OCOOCHHOCTH
pyl, YCTAHOBIIEHbl MacCHBHas, TIISITHUCTas, OpEKYMEBUIHAS, TMPOXKUIKOBAS TEKCTYyphl H
3epHUCTAs, KaTaKJIacTU4decKas, merenpyuaras, cyorpapudeckas CTpyKTYpHI.

JleranpHOE€ H3yuyE€HHUE MHUHEPAIBHOTO COCTaBa TEKCTYPHO-CTPYKTYPHBIX OCOOEHHOCTEH pyI
MO3BOJIMJIO B OIMUCBIBAEMOM MCCTOPOXIACHUC BBIACIUTH HCCKOJIBKO CTa,Z[I/II\/'I MHUHCpAJIU3allun —
KBapL-MUPUTOBAs, KBAPII-TEIUTypUIHAS, KBAPII-TIOIyCYyIb(huIHas, KBapl-KapOOHaTHASI.

3akioueHue: B craTbe paccMOTpEeHBI MUHEPAIbHBIN COCTaB, TEKCTYPHO-CTPYKTYPHBIX OCOOCH-
HOCTEW pyA M MOCIEAO0BATEIHHOCTh MHHEPATOOOPa30BaHUSs, UMEIONIHE OOBIIOE MPAKTUIECKOE
3HaueHue. Tak, u3ydeHrne MUHEPaJIbHOTO COCTaBa M TEKCTYPHO-CTPYKTYPHBIX OCOOEHHOCTEHN Pyl
SBIISICTCSA BaKHBIMU UCTOUHUKAMHU MH(POpMAIIUN 00 YCIOBUSIX (POPMUPOBAHHS MECTOPOXKACHUH, a
TaKk)xe MO3BOJISIET chopMHpPOBATH MHUHEpPAIOrHUecKHe MOUCKOBbIe NMpu3Haku. [Ipu mpoBegeHun
re0JI0ropa3BeJOYHbIX PadOT YCTAHOBJICHHAS CTAAUIHOCTh MUHEPATI000pa30BaHUs Aa€T BO3MOXK-
HOCTb BBISIBUTH AMHAMUKY (OPMUPOBAHMSI, BaKHbIE TEHETUYECKUE aCIEeKThl U 30HAJILHOCTh pac-
MpeAeNIeHUs] IPYyroro BEIecTBa.
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ON THE ANALYSIS OF OPERATING PRACTICES OF LIQUEFIED GAS
PIPELINES

Togrul Karimov
ASOIU, Department of “Oil and Gas Transportation and Storage”, master, E-mail: karimtogrul@gmail.com

ABSTRACT

The commissioning of high-productivity fields in the Caspian Sea over the years since the signing
of the Treaty of the Century serves to accelerate the development of our country by demonstrating
to the world the growing energy potential of Azerbaijan. The measures taken after the contract
years of our country include the commissioning of the Baku-Thilisi-Ceyhan, Baku-Thbilisi-
Erzurum oil and gas pipelines, the development of the Shah-deniz gas, Azeri-Chirag oil and Umid
gas condensate fields, has become an oil and gas exporter to a number of countries based on the
implementation of the TANAP and TAP projects within the Southern Gas Corridor project. The
effective development of large-scale gas and condensate fields discovered in the deep waters of
the Caspian Sea, which has been declared the 21st century in the world and entered into with
major gas contracts, depends on the organization of safe and reliable operation of gas
transportation systems. The main criteria for technical decisions made in connection with the
preparation and transportation of gas during the development of gas condensate fields are the
requirements for the operation of gas pipelines. It is also important to choose the right diameter of
the pipeline. Larger diameters will incur additional costs and corrosion erosion in the pipeline,
while smaller ones will not only limit the yield of production wells, but also increase pressure
losses. On the other hand, if the transport distance of condensable gases is limited under certain
wellhead pressures, the pipeline will be filled with condensate and gas transportation will be
difficult. Therefore, process equipment and pipelines should be selected in such a way that it is
possible to produce well products at all stages of field development. Azerbaijan's proven gas
reserves are not the limit of 2.6 trillion m3. Many fields are still being assessed, and some fields
are being explored, which is expected to increase resources. Therefore, the diversification of
routes, the reliability of the complex for the transportation and storage of hydrocarbon resources is
one of the main conditions for ensuring energy security. Accidents in the collection and
transportation system as a result of complications arising from the physicochemical and
rheological properties of hydrocarbons during transportation and storage, along with the loss of
valuable raw materials, also damage the ecological condition of the environment. Elimination of
the consequences of accidents and damage to the environment, as well as the restoration of the
normal operation of the transport system requires additional financial resources. Thus, both
hydrocarbon losses occur and the environment is polluted, as well as additional funding The cost
increases due to the expenditure of funds. Analysis shows that in many cases, the difficulties and
complexities that occur during the collection, transportation and storage of hydrocarbons are due
to their multi-component and multi-phase, as well as structural structure.

The sources of technological gas losses are indicated, and it was noted that the losses are due to
the non-compliance of the equipment used in gas transportation processes and the technologies
used in these systems with modern requirements. Due to the unsatisfactory operation of these
instruments and equipment, a large amount of the liquid phase remains in the gas and is
transferred together with the gas to the transport system. During transportation, as a result of the
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thermobaric effect of the environment, the thermodynamic parameters of the gas change, and the
process of condensation of hydrocarbon condensate and water vapor in a liquid, i.e., phase
transitions, leads to a change in the density and composition of the gas. This, in turn, leads to a
difference between the amount of gas delivered and received. The value of gas losses in transport
systems due to phase transitions varies depending on the season. On the other hand, retrograde
phenomena such as condensation and evaporation can also occur under certain thermobaric
conditions. That is, evaporation can occur with an increase in pressure, and condensation - with a
decrease in pressure. At the same time, the lower temperature of the gas enriches it with water
vapor and heavy hydrocarbons. Given that the main condition for the condensation of liquid vapor
in a gas depends on the degree of saturation of the gas with vapor, and changes in pressure and
temperature during transportation are of great importance. Since the phase transitions due to
pressure and temperature changes during transportation were observed with hydrocarbon losses,
gas losses were estimated based on the physicochemical analysis of gas samples taken from high
and low pressure gas pipelines to assess these losses. According to operational data, the
technological state of gas pipelines was studied. Timely and accurate assessment of the
technological state of gas pipelines for reliable and safe operation is also very useful in terms of
reducing hydrocarbon losses. The analysis showed that, in addition to monitoring the transport
parameters, the effectiveness of quality and operational control over the operation of the gas
pipeline can be improved on the basis of constant monitoring of the quality and composition of
the gas. In other words, the properties of the gas component change along the pipeline can be used
as a source of information. The discovery of a significant difference between the components of
the gas at the beginning and end of the pipeline confirms the above. During the transportation of
gases through the pipeline, the release of the liquid phase in the pipelines, such as water and
condensate, due to incomplete completion of their preparation stage, complicates the operational
process. Therefore, the transportation of gases and their various mixtures requires a proper
assessment of the internal condition of the pipelines and the prevention of additional energy costs.
Taking into account structural changes during the transportation of gases, including their various
mixtures, the application of new methods for monitoring the operation of a gas pipeline, based on
a change in the composition of the gas component, is considered for diagnosing the technological
state of the gas pipeline. In order to prevent local erosion-corrosion spills in pipelines during gas
transportation, in the first place, the separation of mixtures in the form of separate phases during
transportation should not be allowed. According to the available data, the correlation between the
corrosion rate in gas pipelines and the motion mode of the mixture in pipelines is very strong. In
this regard, the removal of the liquid phase from the gas flow from inside the gas pipelines is
accompanied by an increase in the efficiency of the system due to the protection of pipelines and
auxiliary structures from corrosion.

Keywords: separation, gas, pipeline, condensate, temperature, liquid additives, atmosphere.

MAYE OLAVOLI QAZ KOMORLORININ TEXNOLOJi REJIMLORININ
TOHLILI

Togrul Korimov
Magistr, ADNSU, “Neftin, qazin naqli vo saxlanmas1” kafedrasi, E-mail:karimtogrul@gmail.com
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Qazda olan maye buxarlarinin kondenslogsmosi {igiin osas sortin qazin buxarlarla doyma
daracesindon asililiginin oldugunu nozers alsaq, noql zamani tozyiq ve temperaturun doyismasi
miithiim shomiyyat kosb etdiyini deyo bilorik. Nogl zamani tozyiq vo temperaturun doyismosindon
asili olaraq bas veron faza cevrilmolori karbohidrogen itkilari ilo miisahido olundugundan homin
itkilorin qiymotlondirilmasi ii¢iin yiiksok vo algaq tozyiqli gaz kemoarlorindon gotiiriilmiis qaz
niimunalarinin fiziki-kimyavi tohlili osasinda qaz itkilorinin qiymatlondirilmasi aparilmigdir.
Istismar molumatlarina osaslanaraq qaz komorlorinin texnoloji veziyyeti arasdirilmisdir. Qaz
komorlorinin etibarli vo tohliikkasiz istismart iiclin onlarin texnoloji voziyystinin vaxtinda vo
diizglin qiymetlondirilmasi karbohidrogen itkilorini azaltmaq baximindan da ¢ox sorfolidir. Tohlil
gostarmisdir ki, naql parametrlorine nozarstlo yanasi, qazin keyfiyyot gostoricilorinin va torkibinin
daim izlonilmasi osasinda qaz komorinin igino keyfiyyatli vo operativ nozarotin somoraliliyini do
yiiksaltmok olar. Basqa sozls, qazin komponent torkibinin vo xassolorinin komor boyu neca
doyismosi informasiya monboyi kimi istifado edilo bilor. Qaz komorlorinin baslangicinda vo
sonunda qazin komponent torkiblori arasinda ohomiyyatli forqin askar edilmesi yuxarida
deyilonlori tosdiq edir. Qazlarin boru komori ilo nogli zamani, onlarin hazirliq morholosini
natamam ke¢masindon asili olaraq boru komarlorinds su, kondensat kimi maye fazanin ayrilaraq
¢okmosi istismar proseslorini ¢atinlosdirir. Qazlarin, o ciimladon onlarin miixtalif qarisiglarinin
naqli zamani struktur doyisikliklorinin bag vermasini nozars alaraq, kamorin texnoloji voziyyatinin
diagnostikas1 iigiin qazin komponent torkibinin doyisilmosino osason komorin isino nozarot
moqsadilo yeni iisullarin totbigi masololorine baxilmigdir. Qazin noqli zamani boru xatlorindo
lokal sokildo eroziya-korroziya hadisolorindon bas veron dagilmalarin qarsisim1 almaq tigiin ilk
ndvbads, noql prosesindo qarisiglarin ayri-ayr1 faza soklinds ayrilmasma yol verilmomalidir.
Movcud faktlara osason gqaz komorlorindo demok olar ki, korroziya siiroti ilo garisigin boru
xatlorinda horakot rejimlori arasinda korrelyasiya slaqasi xeyli giicliidiir. Bununla bagl olaraq qaz
komorlorinin daxildon kondensat fazanin qazin boru komorindon horokati vaxti ¢ixarilmasi {igiin
boru kemorlarinin vo kdmokei qurgularin korroziyadan miihafizo etmakla sistemin somaraliliyinin
artmasi ilo miisahido olunur.

Acar sozlar: separasiya, gqaz, komor, kondensat, temperatur, maye slavalor, atmosfer.

Giris: Hazirda tobii qaz diinyanin asas enerji dasiyicilardan biri oldugundan senayenin biitiin
saholorindo vo moisotdo genis sokildo istifado olunmasi onun ekoloji baximdan tomiz vo iqtisadi
cohatlordon sorfali olmasi ilo asalandirilir. Yoni qaz tesarriifatinin siiratli inkisafina asasli tosir
gostoron osas amillordon biri sayilir. Qaz tosoriifatinin bu formada inkisafi vo karbohidrogen
qazlarina diinya miqyasinda tolobat artdigindan, texnoloji proseslorin hoyata kecrilmasi zamani
coxlu sayda problemlar gabariq sokildo iizo ¢ixir. Istismar olunan yataglarindan karbohidrogen
gazlarinin hasil olunaraq istehlakgilara ¢atdirilmasi iigiin aparilan biitiin texnoloji proseslor qaz
tosorriifatt saholorini togkil edir. Qaz tosorriifatinda bir sira aktual problemlor vardir. Bu
problemlorin osas holli yollarindan biri do qazin komorlordo axini vo qaz boru komorlorinin
istismar1 vaxti meydana golon cotinliklordir. Agir karbohidrogenlorin tobii qazlarin torkibinds
olmas1 magistral boru komorlorinds hidrat birlosmolorin yaranmasina sobob olmasa da vo onlarin
kondensat fazaya kegmasi, dasinan qaz halinda olan karbohidrogenlorin keyfiyyot gostaricilorino
moanfi tosir géstormoklo yanasi, qaz boru kamarindo maye kondensatin toplanmasina sabab olur.
Magistral qaz boru kemarlorinde yi1g1lmis kondensat fazasi qaz karbohidrogenlorin daginmasini
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¢otinlosdirir vo istismar zamani boru komorinin gdstaricilorini, komor tizorinds vo 6l¢ii saholorindo
qurgsdirilmis qurgu vo avadanliglarin istismar gdstoricilorini pislosdirir.

Moaqsad: Agir karbohidrogenlorin, buxar halinda olan su hissociklorinin magistral qaz boru
komarlorine diismalorinin sobablori asasan separator qurgularinda separasiya texnoloji prosesin
dizgln aparilmamasi, qazin boru komarlorinds horokati zamani termobarik soraitin doyismasi ilo
bagli olaraq sistemdo maye vo qaz fazalarina cevrilmasi proseslori ilo olagolondirilir. Qaz
karbohidrogenlor separatorlarin daxili kanstruksiyalarinin 6l¢ii vo formalarmin tosiri ilo yaranmis
qazdinamik manzare dyronildikde miioyyan etmok olar ki, separasiya prosesina verilon xammal
karbohidrogen qazlarmin kiitlosi separator qurgularinin diametr vo digor Olgiilorindon asili
deyildir. Bu baximdan xammal qaz karbohidrogenlorin axinlari otalst prinsipino tam uygun
olmagla separator qurgularinin boru girisindo olan siiratinin baslangic yiiksok haddini qoruyub
saxlayir. Bu vaziyyetlorde qaz axinin separator qurgularindan kegmasi vaxti separasiya texnoloji
prosesi tranzit voziyyot alir. Belo hallarda magistral qaz boru komorlorinin daxili sothlorinin
movcud voziyyati dyronilorak gqiymot verilmasi mogsadsuygun sayilmalidir.

Metodlar. Texnoloji proses zamani magistral qaz boru komarlorinin daxili sathlarinds riitubatlik,
mexaniki vo maye soklindo olan qarisiglar ¢irklonmoalors sobob olur. Yigilmis qarisiglar boru ko-
marlarin trasinin asag yerlorinds toplanaraq, canli kosiyini komords daraltmis olur va son natica
olaraq komarlorin buraxilis qabiliyyeti asag1 diisiir. Bu baximdan magistral qaz komorins bu vo ya
digor soboblordon diison mayenin miqdarmin tocriibi yol ilo toyin edilmosi ii¢lin separator
qurgularmin ¢ixis hissosindo zond quruluslu qurgu yerlosdirilir. Zondun texnoloji sxemi sokil
birds verilmisdir.

.,
oo g
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Sakil 1. Separator qurgularindan magistral gaz boru komorins diison kandensatin migdarini 6lgon
zond qurgusunun qurulusu sxemi: 1 — gaz koamari; 2 — zond borusu; 3 — barabarkeg¢idli siyirtmo; 4
— slizgac; 5 — 6l¢ll tutumu; 6 — siyirtmoa; 7 — saygac

Separator qurgularinin ¢ixis borusunda karbohidrogen qazlarinin harokstinin en kosiyindaki forqli
yerlorindon zond qurulusu qurgunun koémoyi ilo boru komorlorindo mévcud termoqazdinamik
tarazliq voziyyetini saxlamaq sorti ilo qaz axinlarindan analiz ti¢lin niimunslor alinir vo tokco
sorbast halda olan kondensat saxlanilir. Malum oldugu kimi gaz boru komarindo tixaclarin aradan
qaldirilmast kondensatin qaz fazaya kecirilmasi proseslorino yalmiz reagentlor, miixtolif
temperatur soraitlori deyil, o giimlodon sistemds olan tozyiqlor do tosir edir. Texnoloji proses
zamani tozyiqin sistemds qiymotinin miioyyon edilmis qiymotlora qador ¢atmasi, mayelosma
prosesinin do artmasi ilo miisahids olunur.

Texnoloji proses zamani tozyiqin qiymati bdhran qiymatlorini kecirso oks proses sistemds bas
verir. Osas sort gazin magistral komorlordo nogl olunmasi iiciin separatorlarda vo asagi hodlordo
kondensat fazanin bohran qiymatlorine yaxin  golmaesidir. Bu baximdan, qaz halinda olan
karbohidrogenlorin sistemdo formalasmis maye faza axinmi prosesindo horarotin artdigi vaxt vo
sistemds tozyiqin asagi diismosine goro yigilmis mayenin buxarlanma prosesi, kondenslogmo
prosesini iistoloyocok. Codval birdo magistral gaz boru komoarlorindon alinmis analiz niimunolor
tiglin bohran qiymatlori gostorilmisdir.

Cadval 1. Koamardan gotiiriilon qazin termodinamik xiisusiyyatlari

Qaz karboh., tork. Bohran tozyiqlori Bohran temperaturlari Molekul kiitlolori
Komponent Hocmi migdar Posh, MPa Thsn, K M, mol-adad

C, 0,9511 4,380 190,4 16,05

C, 0,035 5,072 305,61 30,56

Cs 0,0057 4,40 369,7 44,07

Cy 0,0042 3,92 425,3 58,14

Cs. 0,0040 3,53 469,71 80,01

Magistral boru komarlori boyunca tozyiq qiymatlorinin paylanmasi asililiglarina osason qazin
horokot axini sistemindo miixtolif soboblordon optimal rejimin pozulmasini miisahido etmok
miimkiindiir. Miioyyon edilmisdir ki, bdyiik miigavimoto malik olmayan boru komorinin
diametrinin Ol¢iilori demak olar ki, doyismayon hissasinda eyni vaxtda 6lgiilor aparilmis va tozyiq
kvadratlarinin olciilori diiz xott iizro paylanmasi ilo gedir. Bu halda 6lgmolordo siniq xotlorin
alinmas1 miigahido olunarsa, demok olar ki, bu yerlordos maye fazanin, yoni su, agir
karbohidrogenlorin vo ya hidrat birlogsmolorin yaranmasi ilo daralmalar bas vers bilir. Sistemdo
sizmalar bdyiikk hacmdo olduqda gostorilmis diiz xott {izro yaymnmalar miisahide etmok olar.
Magistral qaz boru komorinin miioyyan hissasinin tutulmasi ilo sistemin tozyiqlor kvadratlar
grafiki sokil 2-do gostorilmisdir. Sokildon goriindiiyii kimi, hidrat tixaci kigik uzunluqlu hissado
olduqda tozyiq kvadrat1 xotti koskin asagi diisiir, sonraki hissodo iso tixacdan ovvalki hissoyo
paralel sokildo gedir. Hidrat tixaci boylik bir hissade yarandiqda miivafiq xatt bels kaskin sokildo
asag1 diigmiir.
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Sakil 2. Qaz boru komorinin qisa va boyiik moasafolorinds qismon tutulmus voziyyatlor
tozyiq kvadratlarinin paylanmasi grafiki: 1 — hidrat tixacinin qisa mosafs uzunlugunda; 2 — hidrat
tixac1 boyiik masafo uzunlugunda

Bir komor hissaesine baxdiqda tixacin yaranmasi baglangic yerinds vo digor Ol¢li aparilmig
noqtolords tozyiglor forqinin qiymaotlorino osason boruda gismon canli diametrin tutulmasi vo
yaxud tam formada tutulmalart miioyyon edilmosi miimkiin olarsa, bu halda hocmini
giymotlondirmok ¢otin olacaqdir. Texnoloji proses zamani tozyiqin azalmig vo artmis olan
yerlorindo har 30 doaqiqadon bir yerindo qurasdirilmis manometrlorin gostaricilorini texnoloji
rejim varoglorindo geyd olunmagla vo sistematik olaraq bu proseso nozarot etmoklo idara
olunmalidir. Bu baximdan demok olar ki, tutulmalarin komordo hansi formada olmasi
Oyronildikdon sonra tutulmalar1 aradan goétiirmok mogsadi ilo todbirlor islonib hazirlanmalidir.
Magistral qaz komorinin layihods nozords tutulmus hocmlo islomo qabiliyyotine gotirmok vo
sistemdo ¢irklonmo haddini 6yronmoklo komorin daxili sathlorinin qiymotlonmasi hoyata kegrilir.
Boru komarinin i§ soraitinin qiymatlondirilmasi faktiki olaraq kemaerin hidravlik miiqavimatinin
hesablanmis layiho qiymotlori ilo miiqayisali tohlillo doyisilmosino osason aparilir vo sistemdo
somaralilik omsali ilo ifado olunur.

E= -, (1)

burada A+ — hidravlik miiqavimatin faktiki qiymati; A, — hidravlik miiqavimatin nozari qiymati.
Faktiki qiymat hidravlik miiqavimoatin A+ komorlordo VNIiQaz riyazi ifadonin komayi ilo aparilan
faktiki 0lgmolors asason toyin olunur.

-12 2 2 5
_ 0,326x10 X (Plf - sz )>< D

f 2
Qf xszor ><TOr X Lf

: @)
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burada D —komorin daxili diametri, mm; Py;, P2s — komoarin baslangic vo son hissasindo faktiki
tozyiq qiymatlori, ka/sm? Qf — faktiki buraxilis qabiliyysti olan kemer, mln.m%sut; Zo, — qazin
sixilma omsalinin orta qiymati; Tor — orta temperaturda naql olunan qaz, K; L¢ — komar hissasinin
uzunlugu, Km; A — havaya goro qazin nisbi sixligi.

Termoqazodinamik tosir noticolori soboblorindon qazin boru komorlori ilo dasinmasi zamani
yaranan kandensat fazasi texnoloji proses vaxti asagidaki gostorilon bir neco ¢atinliklorin
yaranmasi ilo izah olunur. Miixtolif amillorin tosirindon yaranan kandensat fazanin qaz boru
komaorlarinin istismar1 dovriinde prosesdon ¢ixarilmasi magsadi ilo miixtalif mdvcud tisullar totbiq
edilir. Tozyiq altinda maye fazani sado primitiv {isul olaraq magistral qaz komorinin daxilindon
atmosfer havasina ifliriilms prosesini misal olaraq gostors bilarik. Hazirda, bu tisulun totbiqi vaxti
ekoloji baximdan otraf miihitin ¢irklonmasi, digor torofdon iso partlayis vo yangin tohliikasi
basvermo ehtimali artir. Birfazali sistemin yaradilmast tiglin kondensat yigicilarin boru
komorlorindo qurasdirilmast mogsadouygun sayilir. Bu baximdan kondensat yigicilarinin
quragdirilmasi yerini toyin etmakls, yeralt1 va yeriistii avadanliglar korroziyadan miihafizs etmok
ticiin asagidaki tadbirlor nozords tutulmalidir. Karbohidrogen xammal gazlarin yigilmasi, naglo
hazirlanmasi, noqli vo saxlanilmasi vaxti istismar edilon qurgular, avadanliglar vo borularin
istismar soraitlori vo nogl olunan mohsullarin aqresivliyi tosirindon bag veran eroziya vo korroziya
proseslorindon tam sokildo miihafizo olunmalidirlar. Bu texnoloji proses zamani sistemin
miihafizo edilmosi iiglin agsagidaki tisullar totbiq edilir:

1. Miihafizs ortiiklori ils yeralt1 qurgu vo avadanliglarin korroziyadan miihafizasi.

2. Katod miihafizo stansiyalarin totbiqi ilo elektrokimyovi korroziyadan qorunacaq avadanliq vo
qurgulara carayanin verilmasi prosesi.

3. Siini sokilds gqoruyucu miihitin qurgularin otrafinda yaradilmas.

4. Protektor mithafizonin komayi ilo qurgu vo kdmokei avadanliglarin Korroziyadan miihafizo
olunmasi.

5. Xiisusi tisullarin totbiqi ilo boru kamarlarinin tikintisi.

Korroziya prosesino qarsi passiv miihafizo ortiiklori, bitum, polimer vo sairo kimi izoloedici
toboqoli 6rtiik materiallar genis totbiq edilir. Ortiik materiallarina asagidaki toloblor qoyulur:

- dielektrik xiisusiyyoti ¢ox yiiksok hoddo olmals;

- boru komarinin soth ortiiklori tam biitdv sokilde olmalidir, oks toqdirds aciq qalmis yerlords
coroyan sixliglar1 artmis olur, bu da birmonali olaraq yerli korroziya prosesinin bas vermoasinin
asas sobablorindan biri olur;

- material Ortiiklorin se¢ilmosindo yanagma yiiksok soviyyado olmali;

- izoleedici Ortiik materiallarinin keyfiyyat gostoricilorine talablor lazim olan saviyyads olmazsa,
onlar metal sothdon qopur, metal sothlo qoruyucu ortiik arasinda riitubat vo hava gati rahat sokildo
sotha daxil olmagla yekun olaraq qurgularin xarici sathlorinds korroziya prosesi intensivlosir;

- qurgu, avadanhqlar hazirlanan materallarin fiziki vo kimyovi cohotdon aqresiv miihitloro
davamli olmasi, oks toqdirde kimyovi aqressiv miihit tosirindon totbiq olunan ortiik materiallar
qisa miiddotdo 6z miihafizoedici gabiliyyatini itirmis olar.

Natica: Todqiqatlar asasinda asagidaki naticolor oldo edilmisdir: 1. Qaz komorlori sistemlorindo
maye olavalori olan ikifazali qaz-maye axinlarinin omolo golmasi kondensatin, suyun vo yaxud
kristal hidratlarin yigilmasi sobobindon daralma vo miintozom olmayan horokoto gotirib
¢ixarilmasi hali dyronilmisdir.
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2. Qaz boru komarinds y1g1lmis kondensat qazlarinin fazasinin boru kamarlorinds harokati vaxti
hidravliki miiqavimaet tosiri artmis olur, tozyiq itkilori sistemdo bas verir vo magistral boru komor-
lorinin tam giicii ilo islomasi qabiliyyatini azaldir.

3. Magistral boru komaorlori sistemindo kondensatin yaranmasi ilo yanasi istismar gostoricilorinin
optimallagdirilmasi, noql vaxti dasman karbohidrogen qazlarinin beynolxalq normalara uygun
keyfiyyatinin yaxsilasdirmaq tiglin kondensat fazanin gqazin dasinmasi texnoloji prosesi zamani
ayrilmsi yollar1 sorh olunmus vo bu metodlarin yiiksok samarali olmasi asaslandirilmigdir.

4. Qaz komaorlorinin daxildo y181lib qalmis kondensatin gqaz boru komari sistemindon ¢ixarilmasi
qurgularinin korroziya va eroziyayadan miihafizos tisullar1 gostorilmisdir.
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STEADY - STATE LONGITUDINAL VIBRATIONS OF A VISCOUSLY
DAMAGED ROD WITH REGARD TO SECONDARY EFFECTS
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12«Mechanics of deformable solids” department, *?Institute of Mathematics and Mechanics of ANAS,
1d.p.m, leading research associate; “master, E-mail: ‘meri.mammadova@gmail.com, ’rzayevavusale01@gmail.com

ABSTRACT

The problems of vibrations of structural elements still remain demanded due to the widespread
use of polymeric and composite materials and also necessity of consideration of a damage factor.
Mathematical difficulty of many-dimensional problems led to the emergence of one-dimensional
theories, approximately taking into account non-unidimensionality of movement. In the present
paper, based on the Rayleigh core theory, we solve a problem of vibrations of a finite length
viscously-damaged core.

Keywords: viscously rod, longitudinal vibrations, variable loads, polymeric and composite
materials

XULASO

Polimer vo kompozit materiallarin genis istifado olunmasi vo zodolonmo amilinin nozors alinmast
ilo olagodar konstruksiya elementlorinin rogslorinin todqiqi aktual olaraq galir. Coxdlgilii riyazi
moasalolorin - miirokkabliyi ilo olagedar qeyri-birdlglliiyli toqribi nozers alan birdlgilii
nozoriyyolorin yaradilmasi vo istifado olunmasi genis yer alib. Togdim olunan mosolodo Reley
nozoriyyasi asasinda sonlu uzunlugu olan 6zliizodslonon ¢ubugun uzununa ragslori masaloasi holl
olunmusdur.

Acar sozlor: Ozllelastik ¢ubuq, uzununa rogslor, doyison yiiklonmolor, polimer vo kompozit
materiallar.

Introduction: Damageability is one of the factors necessarily to be considered in strength and
durability analysis of structural elements. Under variable loads this factor can be very influential.
In the present paper we use the hereditary damage theory [5]. In one-dimensional statement the
physical relationship of this theory is of the form:

s(t>:i{c(t>+ia>k<t;ﬁ K — olelde s iK(t—er)dr} ®

k=1 t ts

Here K(t—7) is a damage operator kernel that can be written in the brief form:

Koo = 3.0, 1) Kl ~oh(ehies K- rhofe @

e thl
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Here @, (tlj) is a defect healing function dependent on the volume of defects accumulated during
the active loading period (tk’;tk*) . The value CDk(tk*):O corresponds to the complete healing of

defects, the value CDk(t;)zl corresponds to the lack of such a phenomenon. Allowing for
denotation (2) from (1) we obtain:

g(t)=%{a(t)+ K'olt) or g(t)=%(l+ K*)olt) 3)
having denoted

1+K*), (4)

to the formula (3) we give the form

e=—o0. (5)

We used classic equation of wave propagation in thin — walled rods ignores the fact that
longitudinal deformation of a rod is accompanied by its lateral expansion or contraction. In strict
theory inertia of this lateral movement should be taken into account. The equation of motion of a
thin rod with regard to inertia of lateral movement was obtained by Rayleigh [1] and is of the
form

2 2 4
Cga_u_a_u_vzrza_u:() (6)
ox? o2 ox2ot?

where C, =\/E is propagation of elastic waves in the rod excluding inertia of lateral movement,
P

so called rod speed; v is the Poisson ratio, r is a radius of inertia of the cross-section that for the
annular cross-section has the form: r=a/y2, u is a longitudinal displacement of the rod points, x is

a longitudinal coordinate.

Midlin and Herrmann [2] offered more exact and complex system of approximate equations con-
sidering both inertia of lateral movement and shift. But as was shown by Kukudjanov V.N [3],
this more exact theory for a wide class of wave propagation problems leads to the same
asymptotic solutions as the Rayleigh equation. In this paper we hold on approximate theory of
inertia accounting of lateral movement suggested by Rayleigh.

In what follows, we will assume the lack of the phenomenon of healing of defects. Then the
damage operator (2) is the usual integral operator of hereditary theory of elasticity and all
appropriate methods and laws of linear viscoelasticity can be applied to it.
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To obtain the analogue of the equation of motion (6) for a hereditary — elastic rod, to the equation
(6) we apply the Voltaire — Rabotnov’s principle by changing mechanical constants in this
formula by appropriate operators

pr2y2 0%
+ - TR (7)

oo
E*ﬁtz ox?

Here the operators E and v are determined by the expressions:

N E ) _
E=E(-T)= B e
1+K* 2v

where K+ is a damage operator, T is an operator resolvent to it. In these formulas we represent
the resolvent operator T+ in the form I =4J(y), where g and y are some constant parameters.

Then using the algebra of resolvent operators [4] for the operator v?/E2 we get the following

explicit formula by using of which in the equation of movement of a hereditary-elastic rod with
regard to the inertia of lateral movement (7), we get:

o o prag|,. (1-2v,)f Vi o'
— =t 1- 3 (y)+—J3*(y+ ; 0 8
v oxt E we P 2 4v? 0+) e £ ®)

Eﬁo(wK*)

here E,, v, are instantaneous values of Young’s elasticity modulus and the Poisson ratio. As a
kernel of the damage operator we accept Abel’s weakly-singular kernel:

1, (t)= , 0<a<l, 9

where T(1-«) is Euler’s gamma-function. Then y=-p and the relaxation kernel of the operator
J*(») will be a fractional — exponential Rabotnov kernel 3,(- t), determined by the formula

o IBntn(l—a)

97a(ﬂt):tiar§)m, 0£a<1, ﬂ<0

Considering 2,(0,t)=1,(t), from (8) we get:

s ou
— = 97 (- B)+ =17 : 10
ot? o0x2  C? 42 £ 1) 4vz | 9x20t2 (10)

é( 5 Z;)aZu _ou g l+(1—2v0)2
0

Objective: Based on the obtained equation of motion, we consider longitudinal vibration of a
finite length rod. On the left end of the rod of length we are given harmonic vibrations of
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amplitude u, and frequency @, the right end is effortless. In displacement function these
boundary conditions take the form:

u(0,t)=u, coswt, (11)
8ua(>)<(,t) 0. (12)

x=I

Thus, we arrive at necessity to solve integral — differential equations (10) with boundary
conditions (11) and (12).

Methods: We will look for the solution by the method of separation of variables in the form of a
series

0

u(xt)= XU, (x, 7 Jent, (13)

k=1

Substituting (13) in (10), for each of harmonies we get:

2
U2 (ko Mo~ L8 g A28 g ey B g | L ZE (1 Yot + A1z ) =0,
4y 4ve C?

Cs
(14)
Calculate the values of the integrals I:e-n¢and 32 (- g)e-nc.
The first of them by changing the variable t—-z=z will be:
; 1 togir 1 0 ) gkt @ ) e
| *e-int = dr=— —ag-in(t-2)dz = —agirkzz = -int 15
reik F(l—a)l[o(t—z')a T F(l—a)iz e-irk z r(1_0{)](;2 elkzdz ﬁiae (15)
In its turn
i = (-1yp ¢ [n(t-a)al . ; = (~1)" pritaee)
*— -kt = RN A A — -kt — _i t. 1
911( ﬁ)e 7 rzél—‘[(n—i-l)(l—a)] L(t T) ek nE:E) }/kimliilmj ek ( 6)

Considering the given representation for the integrals, for (14) we obtain:

2 " ondi(na)(l-a il-a il-a
{1_”575{“(1—2%) gLy private | p 0 }}xu;(x,mﬁ[u_ﬂ” ]uk(x,yk)zo 17)

= Y i\
Here the prime at the function U, means a derivative along the axial coordinate x. Since the coef-

ficients of the equation (17) are complex expressions, then introducing brief denotation for the
function U, (x,7,) we have a second order ordinary differential equation
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UIZ(Xka)"’]/—k-)Uk(X:?/k):O- (18)

Here we should take into account the fact that the representations for f, and g, will be different
depending on the sign of the real parameter y,. In the case of positive y, >0the expressions f,
and g, are determined by means of the coefficients of the equation (17) allowing for

. no .. mb
1 =COS—+ISIN—.
2 2

In the contrary case, for negative y, <0 it should also be taken into account that », =|»,|izand then
for example

j(n+1)(1-) j-(+1)t-a) _ 1 . ( os (n +1)2(1— a) _isin (n +1)(;_ a)ﬂ') (19)

}/k(n+l)(l—a) = |}/k| (+1)1-ar) |7/k (n+1)(1-a)

Search of the solution of differential equation (18) in the form U =e%* leads to the following cha-
racteristic equation:

2 . _
e Cg(fk _igk) > (20)
Whence
Vi =8 +iby,
LT LT
a, = A [(szJfgf)z_f] ‘b, =+ A {(sz"'gf)”rf} _ (21)
Joc,|  févot | vac,|  fE+g

And in the last relationship, the plus corresponds to the negative value of the expression g <0, the
minus to the positive g >0. Then the solution for the function U, (x,7,) will be:

U, (X'7k)= Cyie* +Cy 04, (22)
The constants C,,, C,, are determined from boundary conditions. For the last ones, proceeding
from the conditions (11) and (12) on the end of the rod we accept the following:

U, (0)=ug, (23)
u,|
i 0. (24)

From the condition (24) on the effortless end we get:

C,, =C !, (25)
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In its turn, from the condition (23), allowing for (25) for the coefficient C,; we have:

Co=—H (26)

1+e2Ad
Thus, the function U, (x,yk) (22) is representable in the form:

gkx

o [L+e2u-]. (27)

Uk(XJ/k):u

Having satisfied the boundary condition (24) we satisfy the boundary condition (12) as well. To
satisfy the remaining boundary condition (11), we assume

N U =Uf=U,/2;ul =0 for k>3, y,=w; 7, =-w. (28)
It is easy to be convinced that indeed

u(0,t)= iUk(O)G'iyk‘ = u?o(e““" +eiot)=u, cosat.

k=1

Taking into account (27) and (28) in representation (13) we get the solution of the stated problem
in the following form:

Wt) _ g, o)cosfot - (2. )], (29)

Uo

where the dimensionless amplitude R(&, &) is determined by the formula

N

Rz, £)= ( h[2p(1—£)]+cos[2q(t- 5)]} (30)

ch2p+cos2q

The initial phase of vibrations is of the form:

_ arctg| S[P@=¢sin(¢)+ sh(p)sin(2— &)
ole.¢)-arog| S-S PG4 .

-¢)]
+{o for [[2 6g)cosqéﬂh péCOS 3] (31)

z  for cos q§ +ch p.f cos
Here and in what follows, we introduce the following pure quantities:

g

wl—a

E =

1
X Pral a
B =" = N h:—_
’ 5 I L] /1 CO ] I (32)
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In its turn,

1 (33)

The plus in the last expression corresponds to g <0, and vice versa. In the last two relations the
expressions for f and g are determined by the following formulas:

f:CDS-i-QF; :QS—CDF' (34)
2 +Q? ®2 +Q?
where in its turn:
® =1+¢&cos ”(12_a); Q=e¢sin ”(12—05);
2 _ _ 2 w 3
S=l—lh2vgﬂg’g 1+icos”(l 0!)Jr (1 2V0) Z( 1)n+l£”+1cos”(n+l)(l a)
2 4v 2 = 2
2 _ _ 2 " B
F:_lhzvgﬂzg’ﬁ 1+-% sin 7r(l a)+(1 2V0) z(_l)nugnﬂsin ﬂ(n+1)(l a) . (35)
2 4‘/5 2 41/5 n=0 2

In order to determine amplitude — frequency dependence and influence of account of inertia of
cross section and hereditary properties of the material on it, the numerical implementation was
conducted for £=1, i.e. for the effortless end. The calculations were carried out for the values of

the parameters « =08, 1=0,4-10-2, for the dimensionless frequency range &: [0.06; 0.15], and this
time only the first two members were retained in the infinite series of expressions (35).
Influence of non — unidimensionality parameter h, instantaneous value of the Poisson ratio v,

was found out by comparing appropriate amplitude — frequency dependences in particular,
resonance frequencies and appropriate values of vibration amplitudes.
In the considered domain of frequencies &< [0.06; 0.15] numerical calculation was carried out for

the three values h=0, h=0,01and h=01atv,=016. Appropriate amplitude — frequency depen-
dence for the two values h=0 and h=0,1 are given in Table 1.

The values of resonance frequencies wherein the greatest values of the vibrations amplitude are
attained, are given in Table 2. From the represented tables one can see that for h=0,1

contribution of non — unidimensionality is already significant and is at least 30%.

Conclusion: A mathematical problem on steady — state vibrations of a finite length hereditary —
elastic rod with regard to lateral movement was formulated and solved. It was shown that non —
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Table 1. Numerical calculation of appropriate amplitude-frequency dependence

€ 0.1431 | 0.1401 | 0.1387 | 0.1374 | 0.1328 | 0.1318 | 0.1308 | 0.1299
R h=0 1.163 | 3.474 | 4.995 1.940 1.098 1.455 2.588 | 4.946
h=01 | 1171 3.326 3.434 1.693 1.090 1.444 2.186 2.241
Table 2. The values of resonance frequency
a=0.8; 1 =0.4-10% £€[0.06; 0.15]
h 0 0.01 0.1
vo=0.16 Rinax 4.995 4.979 3.434
Epez 0.1387 0.1387 0.1387
REFERENCES

=

Liav A. Mathematical theory of elasticity. — M.: ONTI, 1935. — P.674.

2. Midlin R.D., Herrmann G.A. A one dimensional theory of compressional waves in an
elastic rod. // Prod. First V.S. National Congress of Applied Mechanics, ASME. — New
York, 1952. — P.187-191.

3. Kukudjanov V.N. Asymptotic solutions of refined equations of elastic and elastico-plastic
waves in rods. // Waves in inelastic media. — Kishinev, 1970. — P.119-129.

4. Rabotnov Yu.N. Elements of hereditary mechanics of solids. - M.: Nauka, 1977. — P.384.

SuvorovaYu.V., Akhundov M.B. Long — term destruction of isotropic medium under

complex stress state condition. // Mashinovedenie AN SSSR. — 1986, Ne4. — P.40-46.

o

Publication history

Article received: 28.02.2022

Article accepted: 10.03.2022

Article published online: 21.03.2022

| PAHTEI
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




E-ISSN: 2674-5224

PAHTEI

71-78 VOLUME 14 ISSUE 03 2022 REFEREED & REVIEWED JOURNAL

E-ISSN: 2674-5224

THE RUSSIAN GOVERNMENT’S MEASURES TO SUPPORT THE
RUSSIAN ECONOMY DURING COVID-19 CRISES

Murad Mammadov
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ABSTRACT

The pandemic COVID-19 has plunged the world economy into the deepest recession since World
War 11. Despite additional policy support, GDP of world in 2020 decreased by 5.2 percent, then
followed by an increase of 4.2 percent in 2021. The pandemic has deeply interrupted livelihoods,
with the termination in nearly 500 million full-time jobs in second quarter of 2020 alone. And this
situation pushed about 150 million people into poverty by 2021. The revival of pandemic is
blowing out a shadow over the global restoration as countries are forced to pull tight social-
distancing measures, but trust has been picked up by news that various vaccines have shown high
effectiveness in clinical experiments. The pandemic is forecasting to have long-lasting scarring
effects on productivity and prospective growth, as investment loses strength further and human
capital accumulation slows for reason of prolonged school lock-downs and extended
unemployment.

Financing situations in Emerging Market and Developing Economies (EMDEs) have s amid
gathering speed in COVID-19 cases. EMDEs suffering of higher debt burdens or financing needs
are especially vulnerable to acute rise in borrowing costs and to restrictions in their access to
financing. Foreign Direct Investment (FDI) flows to EMDESs dropped by about 32 percent in 2020
among stalling investment and poor corporate profit.

Keywords: pandemic, fiscal assistance, government measures.

XULASO

COVID-19 pandemiyas: diinya iqtisadiyyatin1 Ikinci Diinya miiharibasindon bori on dorin
tonozziilo ugradib. Olavo dostok siyasotine baxmayaraq, 2020-ci ildo diinya UDM-i 5.2 faiz
azaldi, daha sonra 2021-ci ildo 4.2 faiz artdi. Pandemiya tokco 2020-ci ilin ikinci ribinds 500
milyona yaxin tam stath isin itirilmosi ilo dolanisiq vasitolorini ciddi sokildo ¢otinlosdirdi. Bu
voziyyat 2021-ci ilo godor toxminon 150 milyon insani yoxsulluga sévq etdi. Pandemiyanin
canlanmasi global barpanin {lizorino kolgo salir, ¢iinki dlkoalor sort sosial uzaglagsdirma todbirlori
gdrmoyo mocburdurlar, lakin miixtolif peyvondlorin oldo etdiyi noticolor etibar1 borpa etmis vo
klinik tocriibolordo yiiksok effektlik gostormisdir. Pandemiyanin mohsuldarliga vo golocok
inkisafa uzunmiiddatli tosirlori olacagi prognozlasdirilir, ¢iinki investisiyalay daha da giiciinii itirir
vo uzun miiddot davam edan isizlik sababindon insan kapitalinin akkumulyasiyas: genislonir.
Hokiimot neft ixracindan asili iqtisadiyyati konar soklardan, neft qiymotlorindoki doyiskonliklor
va cozalardan daha yaxs1 miidafio etmok liclin maliyys buferlorinin yaradilmasina yonolmis agill
makroiqtisadi strategiyalar hoyata kegirdi. Rusiyanin maliyya siyasati rublun mozonnasini neft
giymatindoki doyiskonliklordon qorumaqda tasirli oldu. Qoarbin 2014-cii ildo hoyata kegirilon
igtisadi sanksiyalar1 rublla giymatlandirilon 6lkaya birbasa xarici investisiya axinina inami azaltdi,
lakin illor arzinds shomiyyatli maliyys buferlorin genislondirilmasi miifaviq olaraq iqtisadiyyatin
soka davamliligini giiclondirdi.
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Biitovliikdo, bore yiikiinlin demok olar ki, biitiin sahalar {i¢iin miivoqqoti olacagi vo Rusiya iqtisa-
diyyati iraliloyis alda etdikca sirkotlorin maliyys gostaricilorinin yaxsilasacagi giiman olunur. Bu,
sirkotlorin 2020-ci ilin sonuna hoyata kegirilon kreditlorin yenidon bdlgiisii omoliyyatlarinda
tolobin ohomiyyatli dorocods azalmasi ilo tosdiglonir.

Acar sozlar: pandemiya, makroiqtisadi siyasat, maliyya buferlori.

Introduction: The Russian Government and the Central Bank have carried out a range of
programs and policy responses to address the immediate economic effects of the COVID-19
disaster, mainly in harmony with what other countries have been performing. This includes an all-
inclusive set of procedures designed to maintain business, consumers and the financial segment in
the face of the COVID-19 epidemic, such as (i) providing backing for the ruble and FX liquidity;
(i) allowing regulatory self-control for banks and micro-finance businesses to reorganize loans
for SMEs and individuals influenced by the pandemic, and diminishing requirements for lending
to the highly affected industries; (iii) expanding supported lending and partial credit guaranty
packages for SMEs and affected industries, (iv) streamlining the use of digital payments, (v)
deferring changes to the guideline of credit organizations, (vi) shrinking the regulatory as well as
supervisory burden on financial institutions, (vii) maintaining convenience of insurance services,
and (viii) subsidizing non-bank financial institutions.

Even with their domestic political salience, conversely, these regulatory actions are economically
misrepresenting and fiscally pricy. A better method would be to apply aimed social assistance
programs, taking into consideration country-specific situation and social standards, that provide
relief to the most vulnerable sections of the population.

Certain measures are targeted at extensive categories of individuals or businesses, such as: bank
loans for systemically significant companies at decreased rates; interest-free bank loans to face
wage payments; state supports to SMEs; credit breaks for individuals and SMEs; subsidies to
banks to encourage grace periods to SMESs; programs in contradiction of unemployment.

Objective: The government pursued judicious macroeconomic strategies aimed at building up fi-
nancial buffers to better defend the oil export-dependent economy from outside shocks, together
with oil price gyrations and penalties. Russia’s fiscal regulation was influential in decoupling the
exchange rate of the ruble from oil price changes. While Western economic sanctions executed in
2014 increased insecurity, assessed on the ruble and affected FDI inflows into Russia, the accu-
mulation of considerable buffers over the years correspondingly bolstered the economy’s shock
resilience.

The decline in global oil prices and the forced reduction of oil production under the new OPEC+
agreement had a destructive impact on the financial position of oil and gas companies. However,
their debt extent even remained at acceptable levels, and further enhancement can be expected
along with the return of oil prices to the pre-pandemic level and facilitation of OPEC+
restrictions. A substantial increase in prices of a series of ferrous and non-ferrous metals in the
next half of 2020 — early 2021 along with the recovery of demand in China is having a
constructive effect on the financial reputation of metallurgical companies.

The Finance Ministry’s forex acquisition program executed by the CBR with the intention of
(further) improve the country’s international reserve situation helped keeping the ruble’s
exchange rate “competitive.” This provided Russian oil and gas companies, which trade on a
ruble basis and whose returns are (primarily) earned in US dollars, some pluses in terms of
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effectiveness over some of their opponents. Constricted macroeconomic policies and the
vulnerable ruble caused the current account balance to stay in surplus, all the same oil price
volatility. The subsequent twin surpluses — fiscal and current account, from 2018 to the first
quarter of 2020 - along with Western sanctions influenced to reining in gross external
indebtedness, which dropped from 31% of GDP in 2017 to 27% of GDP at End-March 2020. For
the meantime, gross international reserves (including gold) increased from 28% of GDP to 33%.
Over the last years, Russia has boosted global grain supplies by enhancing its exports. For
Russian agrarian programs to be helpful of international food security, they would need to
contribute to steadiness and likelihood in global grain markets. Export boundaries (bans, quotas,
tariffs) through periods of growing world prices donate to uncertainty in global grain markets and
are not the most useful means of addressing domestic price spreads.

In reply to growing food price inflation, Russia announced several measures. These involved
creating price caps on socially significant food items, limiting exports of essential commodities,
and offering subsidies to manufacturers of main food items. Such procedures are politically
charming because they seem to stipulate instant relief and put Russian clients first. Regardless
their domestic political prominence, on the other hand, these regulatory programs are
economically distortive and fiscally costly. A better method would be to apply pointed social
assistance programs, considering country-specific situation and social standards, that bring relief
to the most susceptible divisions of the population.

The economy is poised for a sharp contraction in 2020, The effect of forced saving across lockdowns
followed by a modest recovery from the crisis in 2021... and boundaries has deceptively been more than
Contributions to Real GDP Growth counterbalance by a mixture of factors, as well

, (Percemt . as decreased incomes and growing unemploy-
Proj ment, declining interest rates within rising

57 18 inflation, recent savings tax to subsidize assis-
4T 14  tance the government’s response to the

2 D o 2 epidemic and the growing attractiveness of

0 0 substitute shares in the Russian stock market.

-2 -2 Forex deposits (primarily denominated in
-4 4 USD, and EUR) have been losing their
6 Exports 6 charming for the reason that nominal interest
" B Investment | g  rates in these currencies approaching nil. In the

M Consumption ) intervening time, government organizations’
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2014 2015 2016 2017 2018 2019 2020 2021 stake of total deposits a little dropped to 7%.
Involving forex lending, Russian households
and corporations have become less reliant on
dollar sponsoring in the last few years. The de-
dollarization of the economy has been robust since the 2014 crisis. The portion of their forex
loans progressively declined from 32% to 20% in the 2017-2019 period, it increased to 24% in
2020. Whereas exchange rate and liquidity risks are less crucial than credit risk the volatility of
the oil price along with of the ruble exchange rate along with imbalanced liquidity through the
sector may sharpen to temporary uncertainty. In addition, foreign currency risks ought to be
sufficiently directed and expected at the holding company level among hedging plans, that have
an economic expense.

The contraction in 2020Q2 was led by a sharp decline in

domestic demand, notably consumption...
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Sanctions affect many systemically related enterprises in Russia even with specific boundaries
and from time to time a limited extent. Banks have to continuously conform their systems and
maintain their sanctions skills, given that the situation is subject to continual change, as
emphasized by the sanctions-associated pressures prompting the delay of the Nord Stream Il
pipeline completion besides by the newest US refusal of sanctions contrary to the pipeline.
Incentives are steady for financial institutions to conform with all the guidelines, mainly in light
of potential penalties for reputation risk. The sanctions risk for that reason stays higher for the
outlook as the condition continues to be unpredictable and delicate to geopolitical developments,
as demonstrated by the measure taken by US agencies in April 2021, further restricting access for
Russian bond issuers to global markets.

On 15th of April 2021, the US commenced a new group of sanctions on Russia, which forbid US
financial organizations from involvement in the major market for Russian RUB or non-RUB-
denominated bonds released after 14th of June 2021 by CBR, the NWF or the MOF. Offering
RUB or non-RUB-denominated sources to the CBR, the MOF or the NWF is correspondingly
prohibited. These sanctions arose on from the US sanctioning the main markets of the Eurobonds
in August 2019. The temporary consequences have been restrained as the latest sanctions do not
frighten Russia’s monetary stability due to durable macro-fiscal barriers, robust CBR volume to
offer extra liquidity assist to the market if required, and comparatively reasonable stake of foreign
investor investments of Russian government debt. Russia is unbelievable to realize any financing
issues as the household demand for bonds — from both institutional and retail shareholders — can
balance for the withdrawal of international investors.

There are several additional procedures associated to business revenue tax, notably:

1.Subtraction of costs that arise in realizing particular hygiene procedures and acquiring healing
gadgets connected to pandemic

2.The source for computation of periodic forward tax imbursement could be altered whenever
within the period 2020 (below principal guidelines — all kinds of variation are probable merely
commencing January) from (a) taxable revenues as at last of a preceding part, to (b) chargeable
revenues as in conclusion of the related existing tax statement date.

COVID-19 policy activities made by the MoF includes:

Healthcare: New infection clinics, more beds and re-supply of existing beds, specific ambulances
and apparatus, and medicines are among activities. R&D in diagnosis and prevention, as well as a
bonus finance for medical staff.

Non-health-related measures for Individuals. Support for the temporarily jobless, such as an
increase in the benefit for temporary sick leave. In 2020, the highest temporary unemployment
compensation will increase to 12130 rubles.
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Food prices in Russia have been rising faster than overall prices since
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For those who terminated a job after March 1, 2020, temporary redundancy payments grew to
their maximum in April-August 2020.

In May-August 2020, the minimum unemployment payment tripled (to 4500 rubles for month).
Increasing the length of unemployment payments by three months (Jun-Sep).

Households receive lump-sum social payments (e.g. 3000 rubles per child monthly Apr-Sep for
jobless parents).

The Corporate segment. Subsidized loan programs for affected businesses (e.g. SMEs, highly-
affected sectors, systemically-important companies)

Packages to help people keep their jobs (grants and half-deferred grants for highly-affected
industries)

Support and development packages tailored to the industry.

Revenue. SMEs will benefit from a continuous reduction in wage tax (social security payment)
(from 30 to 15%).

Tax breaks and payment postponements (Tax discounts for the most impacted SMEs and self-
employed individuals, deferrals for the most damaged industries, and in the event of severe
income 10ss)

Off-balance-sheet - Funded loan programs to affected organizations (SMEs, most-hit sectors,
systemically significant enterprises) and capital-base-support measures.

Other measures include a 6.5% preferential mortgage package with the acquisition of new
dwellings.

The Central Bank's key operations include fiscal support measures and administrative
remedies to the banking industry.

Fiscal support measures:
FXI to prevent exchange rate fluctuation: In March 2020, the BoR moved from fiscal policy
FX buying to FX sales and traded a portion of the FX profits from the NWF's investment of a
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share in Sberbank. In October 2020, the Bank of Russia (BoR) banned FX operations over the
budgetary guideline by 4 billion rubles each day.

Monetary policy is being eased. Since the start of the outbreak, BoR has reduced the base rate by
175 basis points, from 6 to 4.25 %. The key rate has been reduced by 200 basis points so far this
year.

Support for liquidity. During March-April 2020, BoR fine-tuned Ruble repo sales before
launching monthly and yearly Ruble repo tenders in May 2020. In March 2020, the BoR allowed
SIBs LCR exemptions and extended the ceiling on Irrevocable Credit Limitations for SIBs to Rub
5 trillion.

Banks receive BoR loans to fund salary loans and SME loans. BoR refinanced debts to SMEs in
the amount of Rub 475 billion.

The interest rate on such credits has been decreased from 6 to 2.25 % for final customers.

Administrative remedies to the banking industry:

Restructuring of loans is one of the regulatory responses of the banking sector. The Bank of
Russia has encouraged banks not to impose penalties and fines when restructuring loans for
debtors whose income has decreased as a result of the outbreak. Banks have modified 15.4 % of
corporate, 15.0 % of SME, and 4.1 % of retail loans after the outbreak began.

Capital buffers are being released. Under existing regulations, credit institutions are exempt
from dealing with the capital conservation buffer and the structural significance capital buffer,
Modifications to risk weight add-ons. Contributions to risk factors for mortgages and
construction credits given before April 1, 2020 were annulled. Add-ons for new credits continue,
but have been moved towards a more Basel I1l-compliant matrix. Unsecured consumer lendings
were subject to similar restrictions.

Loan provisioning is postponed. Banks are permitted to postpone extra provisions for customers
whose financial condition worsened as a result of the epidemic or whose debts were revised.
Provisions should be made in full for corporate loans by April 1, but retail and SME by July 1,
2021,

Asset assessment is being postponed. Allows use of the BoR legal exchange rate on March 1,
2020 for FX transactions valuation until September 30, 2020; bonds and equity shares acquired
prior to March 1, 2020 can be assessed at the Mar 1 value until December 31, 2020.

The pandemic's economic consequences, combined with a trade war with Saudi Arabia, has
led in fluctuating as well as historically low oil prices: Brent crude oil fell from 66$ for barrel
at start to a low of 19% on April 21 and has been hovering between $40-45 for barrel since June.
The steep drop in oil prices indicates a dramatic drop in oil usage caused by legislative actions
and behavioral adjustments targeted at halting the virus spread. As per the IEA, worldwide oil
consumption in April 2020 was down well almost 29 % relative to its pre-pandemic level.

Crude prices have restored slightly from their April downtrend as a result of a contract to cut oil
output by OPEC and ten other oil-producing states, including Russia (OPEC+), as well as a
moderate recovery in oil consumption as limitations to contain the disease have been gradually
raised. Russia's crude oil output, that has previously been relatively untouched by changes in oil
values, has plummeted as a consequence of the OPEC production cut deal.

The progressive tax scheme is intended to defend oil producers whilst oil prices are weak while
providing that the Russian government receives the majority of the windfall if prices are high. The
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first $15 for barrel of income generated is effectively tax-free, with tax levels gradually rising in
tandem with inflation. According to calculations, the tax burden on a traditional Russian oil and
gas organization may be as low as 19 % profit if the oil price is $20 a barrel, increasing to 49 % if
the oil value is $50-$60 for each barrel. It is projected that changes in the tax load will absorb
well over 80% of the entire adjustment in oil prices.

Exchange rate fluctuations are another element that contributes to low breakeven costs. The ruble-
dollar currency rate is significantly connected with changes in the price of oil. Approximately
80% of operating costs are represented in rubles and quantified in USDs, and they seem to be high
while oil prices are rising and low when oil prices are falling.

While the budgetary consolidation in the 2021-23 Budget is substantial, the officials' commitment
to review if the economy declines is encouraging. The consolidation is based on a considerable
development in economic circumstances during 2021 and beyond, implying that support packages
will not be required to a certain extent as in 2020.

Conclusion: Russia’s constant progress in global position is a outcome of constant reforms and
developments and the developing of a steady national evaluation scheme. All these reforms to the
country were backed by the care and fiscal support of the administration.

The Russian Government and the Central Bank have carried out a range of programs and policy
responses to address the immediate economic effects of the COVID-19 disaster, mainly in
harmony with what other countries have been performing. This includes an all-inclusive set of
procedures designed to maintain business, consumers and the financial segment in the face of the
COVID-19 epidemic, such as (i) providing backing for the ruble and FX liquidity; (ii) allowing
regulatory self-control for banks and micro-finance businesses to reorganize loans for SMEs and
individuals influenced by the pandemic, and diminishing requirements for lending to the highly
affected industries; (iii) expanding supported lending and partial credit guaranty packages for
SMEs and affected industries, (iv) streamlining the use of digital payments, (v) deferring changes
to the guideline of credit organizations, (vi) shrinking the regulatory as well as supervisory burden
on financial institutions, (vii) maintaining convenience of insurance services, and (Vviii)
subsidizing non-bank financial institutions. The existing response to pandemic can also be a
chance to challenge structural disproportions of Russian economy and accelerate the required
revolutions.
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ABSTRACT

In the study carried out in order to measure the impact of artificial intelligence applications on the
habits of individuals such as payment, savings and accumulation in the finance sector, firstly, the
definition, functions of banks, one of the important institutions of the financial sector, are
described. Furthermore, the concept of artificial intelligence was defined and the functioning of
artificial intelligence in the financial sector was examined. The use of artificial intelligence in the
financial sector has great advantages for users in terms of reducing costs, speeding up operations,
applying security, and always being achievable. This study reveals how effective the use of
artificial intelligence is in the financial sector and in the banking sector by system users. A survey
of 120 people was used in the study, and when the results were looked at, it was seen that the use
of artificial intelligence differed in terms of age, gender, occupation and income distribution. The
questionnaire analyzed the age, income and training levels of the participants, convenience and
reliability factors and users. The increase in the age, income and education levels of those who
participate in the survey also increases the confidence in artificial intelligence. The effective use
of artificial intelligence in the financial sector has resulted in great convenience for users.
Keywords: Atrtificial Intelligence, Digital Products, Financial Transformation, Fintech, Digital
Financial Services.

XULASO

Maliyys sektorunda siini intellekt totbiglorinin fordlorin 6donis, omanat vo y1gim kimi vordisloring
tosirinin Ol¢lilmasi mogsadi ilo aparilan arasdirmada ilk olaraq, diinyanin miihiim qurumlarindan
biri olan banklarmn torifi, funksiya vo funksiyalar1 agiglanib. maliyys sektoru tosvir edilmisdir.
Bundan olavo, siini intellekt anlayisi miioyyon edilmis vo maliyyo sektorunda siini intellektin
foaliyyoti aragdirilmigdir. Maliyyo sektorunda siini intellektin istifadosi xorclorin azaldilmasi,
omoliyyatlarin siirotlondirilmasi, tohliikosizliyin totbiqi vo hor zaman oldo edilo bilon olmasi
baximindan istifadogilor iiclin boyiik tstlinliikloro malikdir. Bu aragdirma maliyys sektorunda vo
bank sektorunda sistem istifadogilori torafinden siini intellektdon istifadonin na qodor effektiv
oldugunu ortaya qoyur. Todqgiqatda 120 noforin istirak etdiyi sorgudan istifado edilib vo noticalors
nazar salindiqda, siini intellektdon istifadonin yas, cins, moasguliyyat vo golir bolgiisli baximindan
forqli oldugu goriiliilb. Sorguda istirakg¢ilarin yasi, golirlori vo tolim soviyyolori, rahatliq vo
etibarliliq amillori vo istifadocilor tohlil edilib. Sorguda istirak edonlorin yas, golir vo tohsil
soviyyslorinin artmasi da siini intellekto inami artirir. Maliyya sektorunda siini intellektin somorali
istifadasi istifadogilor {igiin boylik rahatliq yaradib.

Acar sozlor: Sini intellekt, rogomsal mohsullar, maliyyo transformasiyasi, finteklor, rogomsal
maliyys xidmatlari.
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Introduction: Artificial intelligence applications are used for banks to gain market knowledge, to
reach customers with the banking services used in banks, and to increase communication more
easily. The artificial intelligence applications used in banks, in order to strengthen the bank's
image and attract existing customers, and to attract new customers, in order to reduce the
workload in the branches a little bit, and to provide customers with faster internet service and
customer service. However, it should be noted that strong infrastructure is needed to be able to
use these systems. To this end, banks are increasing their investments in technology and
especially in software.

There are different reasons for banks to focus on internet and mobile banking applications. In
particular, they focus on these applications in order not to overwhelm their customers with their
competitors and not to lag behind the competitive environment. In addition, as the population
density of young people is increasing in our country, banks aiming to create a young mass, are
engaged in such activities to reduce costs. At first, the banks tried to approach the customer with
their websites as a promotional weight, then they started to offer the service by creating a
username and sending a password to the customers. In this way, customers can use their
usernames and banknotes with their own passwords and can reach their services in this way.
Thanks to artificial intelligence applications, banks reach their customers rapidly and the number
of services delivered to customers is increasing day by day. Meanwhile, of course, since the race
between banks continues with all its competition, the bank that provides the newest and fastest
service takes the lead in the race. Therefore, at this point reached in internet and mobile banking,
almost all transactions carried out at the branch can be carried out in these applications. In this
context, companies that want to adapt to rapidly increasing competitive conditions aim to gain
new customers by producing new products containing technology, reducing costs, increasing
customer satisfaction.

Do artificial intelligence applications used in the banking sector provide convenience to users and
to what extent are they reliable? The aim of this study, besides traditional banking methods,
artificial intelligence applications that are frequently used today; It tests its operation with two
factors for users. The convenience provided to users and the trust of users in these applications; It
has been tried to reveal how much it changes according to factors such as age, gender, profession.
Bank and Banking concept

Banks, which are one of the important institutions of the financial system in the economy, have
been taken under control by laws in line with the economic structures and requirements of the
countries and are under constant supervision. Due to their duties and functions, banks have
become unique financial institutions both in their own countries and around the world. Today,
banks have become a more distinguished and effective institution than the banks of traditional
periods due to the difficulty and diversity of transactions. The activities of banks in the economy
and the quality of their management have also become an important factor in this regard.

Banks are institutions that can carry out every transaction in areas such as service supply, credit,
investment and capital that the society needs, and lead the society's usable resources. Banks, on
the other hand, are businesses that make use of the deposits they collect from customers and the
opportunities they create from other sources, in other words, they trade in money and credit and
contribute to the economy. Compared to other businesses, money is exchanged in banks, while
other businesses buy goods and services for money.

Banks are intermediates money flow and payment transactions between individuals. These
services are provided with EFT (Electronic Fund Transfer), Money Order, Swift, Pos or direct
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transfer or deferred payment instruments such as checks, promissory notes, credit cards. Banks, in
terms of investment, manage, mediate and advise financial assets in the accounts of individuals. In
addition, services such as keeping cash, securities and valuables of individuals are provided by
banks.

Functions of Banking: The functions of banks, which are defined as financial institutions that
collect money from the masses that make up the society through deposits and similar means, use
this money in high-cost transactions such as loans, and create fiduciary money in the economy,
are listed below:
e Financial intermediation
Funding foreign trade and promoting export
Ensuring effective use of resources
Influence of income and wealth distribution
Creation of fiat money
Ensuring the functioning of monetary and fiscal policies
Factoring
Developing foreign trade

Financial transformation in banking: As a result of technological developments, new
distribution channels have emerged, which the banking sector prefers in branches instead of
traditional distribution channels. The banking sector is one of the most popular and dynamic
sectors among today's sectors. In the past, customers chose banks according to their location, but
now banks serve their customers around the world with internet users. Internet Banking is
considered to be an important revolution in the banking industry after ATMs.

Internet Banking and Mobile Banking Applications: Internet banking is expressed as a
distribution channel where banking services are offered to customers over the Internet, without
mentioning the concept of time and place. It is a distribution channel that can be accessed 24
hours a day with every computer that can have internet access. The widespread use of the internet,
which is the pioneer of the era as the communication system in the banking system, is seen as a
revolution in classical banking. In fact, it has become possible to provide all other banking
services, apart from money withdrawal, from virtual bank branches on the internet. Factors such
as making all transactions from home and avoiding physical money have brought branchless
banking to the agenda.

Virtual banks offer their users the opportunity to benefit from banking services without a physical
location. While technology is driving other sectors, it also necessitates change. These
developments have brought the banking sector to keep up with the rapidly developing and
spreading technology. Banks have become one of the sectors that need to follow developments
closely. Internet banking, where the customer can access the internet with a computer from home
in order to receive banking services, has managed to reach our mobile phones by going even
further in today's technology.

Since internet banking is a more suitable distribution channel for customers using computers, the
literacy rate and computer usage rate in the society are increasing day by day, and this distribution
channel is increasing its impact day by day. Customers using internet banking have the
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opportunity to track their own deposits, investments, loans or debts in the virtual branch they
access via the internet.

Transactions that can be made via Internet Banking: People can use following transactions
through Internet Banking: Account balance and transaction summary, money transfers and
payments, remittance, EFT, credit card operations, investment transactions, government bond
transactions, automatic payment order, credit monitoring, virtual card identification, creating an
account etc.

Compared to branch banking, internet banking offers many advantages to institutions. These
advantages can be listed as increased customer focus, reduction in branch costs, renewal and
diversification of products, and providing service regardless of geographical region and time. The
advantages of internet banking to customers are that they can be opened and closed instantly,
lower transaction costs, easier banking services, fast loan opportunities, and time savings in terms
of banking transactions.

Mobile Banking: Mobile banking is an application where the customer communicates with the
bank via a smartphone. The widespread use of wireless technology and mobile devices has
created enormous business opportunities in communication, transactions, shopping and
commerce. Thanks to its high data transfer rate, the technology, which is always online, has
enabled mobile devices to access and send information at a very high level of information and
service based on reality. Mobile banking is defined as a subset of electronic banking.

The concept of mobility expresses being on the move and includes the feature of not having a
fixed structure. Since the mobile device is portable, it can be carried without being tied to any
fixed point, cables or a device. This feature also brings about being in constant motion. There has
been an increasing positive perception in the society about mobile financial services. The reason
for this can be basically shown as the increase in the rate of mobile phone usage in the society and
the integration of world economies increasing mobility. Thus, mobile services have become a
necessity, not a luxury, young people in the society have admired modern information and
communication services, and mobile devices have come to an important point in accessing
banking services.

Financial Technology Concept: Financial Technology (Fintech) refers to some innovations that
express the delivery of financial services in a faster, more efficient and easier way. It is expressed
as just one of the innovations brought by technology by combining the financial transactions
created in mobile and online environments. Fintech has become a frequently used system not only
in our country but also in the world. Fintech has influenced technology that includes innovations
in many different areas such as mobile payment tools and money transfer transactions.

If we talk about the reasons why Fintech technology is preferred, it can be counted that users can
access their accounts at any time, they do not get up from one place to go to another place for
these accounts, they do not go to the branch even to pay bills, and their transactions can be made
from mobile phones in order to save time. Some of the important elements of this technology are
seen as personalized advice or instant access to an official.

Fintech technology, which can perform transactions in the banking sector more easily and with
less cost, plans to completely renew the business world. This technology, which has changed the
relations between banks and customers significantly, has started to steal the market from the
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banking sector, Fintech companies have achieved significant success by providing individual
money transfers and financial solutions. The increasing demand for technological products and
solutions by customers in the financial sector has also brought a rise to the Fintech system.
Fintech has also made mobile and online applications more common, which started with the
banking sector.

By developing personalized solutions, Fintech brings digital products to the forefront for the
banking sector and offers innovative and sustainable products for customers. Fintech comes to the
fore with services such as innovations and conveniences created in the financial sector. In
addition, it continues to work more focused on customer experience by reaching users outside the
financial sector. Fintech has become an indispensable innovation for the finance industry with the
innovations that companies create in mobile and digital environments.

Possibility to Make Payments from Mobile Applications: Many different applications such as
Google Pay, Apple Pay, PayPal, Google Wallet, Skrill, Alipay, Masterpass, Samsung Pay are
used for digital wallet payments. Thanks to the cards saved in these wallets, payments can be
made through these applications without the need for a card. For example, Apple Pay takes the
user's fingerprint as confirmation to receive payment confirmation during payment, and the
payment process is carried out in this way.
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accounts from 1st quarter 2010 to 2nd quarter 2021

During this time, these transactions are transferred to the digital environment: While the
digital wallet system has become a rapidly growing system in the world, it is also growing and
taking shape in our country. While mobile payment transactions provide solutions for users, it
offers new ideas and opportunities for entrepreneurs. Thanks to the digital revolution, the
necessity of carrying cash and having a physical wallet is almost eliminated. Instead, payments
are moved to mobile phones or mobile applications and transactions are made faster and easier. In
addition, it is thought that mobile payment transactions will reach large amounts in the near
future.

Portable Payment Devices: The general name of the technological devices that the user wears
are called wearable payment devices. Wearable technology could be a smartwatch, a smart short
or a smart jewellery like smart rings. The period when this technology is fully understandable is
the Apple Watch type wearable payment device introduced by Apple in 2015. Types of wearable
technologies are body focused wearable technology products, head focused wearable technology
products, leg and foot focused wearable technology products, hand and arm focused wearable
technology products.

Mobile payment systems, which are stated as the latest innovation brought by technology in
mobile areas, have been carried over to these products with the development of wearable
technologies. For wearable technology products, many companies such as Apple Pay, Samsung
Pay and Android Pay continue to work in this field by cooperating with card manufacturers such
as Mastercard and Visa as a solution for their own products. With this payment system, which is
called wearable payment systems, it offers its users the opportunity to easily pay in taxis, gas
stations, restaurants or cafes with technological products such as smart watches and smart bands.

Withdrawing Money by Scanning the QR Code to the ATM: Many banks are developing
various methods to withdraw money from ATMs without a card. With the near field feature of
smart phones, it is possible to connect to an ATM without the need for a card, and even if there is
a physical money transaction, the withdrawal process is done digitally.

In order to perform the money transaction without touching the ATM, it is necessary to log in to
the mobile banking applications offered by the banks with a customer number and password, and
to dial the amount desired to be withdrawn using the withdrawal tab in the application menu. At
this time, the camera of the phone is turned on and the QR code displayed on the screen of the
phone must be read to the ATM where the transaction is made. After successfully reading the
code, the withdrawal process is completed.

ATMs Built into Cars: Idea Bank which is located in Poland, offers its customers services such
as money withdrawal and deposit transactions at night with an ATM placed in a car. This
innovation, which was put into operation in 2015, works in the way that the ATM device placed
in the car goes to the desired places. With the application that customers can download from their
Android or 10S devices, they can see and use mobile ATMs near them. In addition, these Mobile
ATMs, which can also be used as taxis by bank customers, enable customers to procure food from
nearby restaurants with the application on their phones.
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Artificial intelligence in finance and banking industry: It is possible to say that artificial
intelligence applications affect the use of banks and bank customers at many points, provide
convenience in transactions and eliminate the concepts of time and place for individuals in
environments where internet access is provided. Artificial intelligence applications, which
develop internet and mobile banking applications together, have reduced the costs for banks with
the innovations they have brought in today's banking sector, and with these reduced costs, banks
have been able to turn to new initiatives and new investments. Banks attach importance to
artificial intelligence applications in order to maximize service quality for customers.

Since the rapid development of artificial intelligence applications and it brings one-to-one
communication with people, it has great importance for service activities, which are human-
centred. Thanks to these applications, people can perform many banking transactions from their
smart phones or computers that they can access the internet without going to the bank branches.
The development of technology has led to the development of artificial intelligence applications.
As a result, there have been many developments in the field of internet and these developments
have also affected communication. These developments have also contributed greatly to the
development of the finance and banking sectors. The finance and banking sector, on the other
hand, has focused on providing its services through these channels by keeping up with these
developing artificial intelligence applications.

These processes developed in artificial intelligence applications have positively affected human
life and added an important dimension to the banking sector. Today, bank customers can easily
perform their own transactions without communicating with bank branches or bank employees by
using artificial intelligence applications, and in line with this convenience, they can interpret the
service quality via mobile applications by using the points system and convey them to the banks.
As a result, customers who use the application are more inclined to artificial intelligence
applications that save them time.

The technology, which makes people's lives easier, has also provided important developments for
the banking sector, and has become a system that minimizes the concept of cost and time for
banks and bank customers.

Artificial intelligence applications have become an indispensable part of the banking sector and
have led to many innovations and changes in the field of banking. For this reason, artificial
intelligence applications have played an important role in the development of both banking
activities and distribution channels. The occurrence of these changes created a competitive
environment and banks had to make various innovations in their services.

When the use of artificial intelligence applications in the Azerbaijan banking sector is analyzed
numerically, it is seen that there is a high increase in the number of bank customers benefiting
from the services, the volume of transactions made through artificial intelligence applications has
grown and reached high figures. If it is necessary to comment on all this information, the
importance of artificial intelligence applications in the Azerbaijan banking sector is increasing
day by day and it can be said that it is a system that is used extensively by banks.

Artificial intelligence applications within the competitive structure have been one of the important
tools used by banks. The Internet has also affected the understanding of business in the banking
sector, and this effect is also reflected in the service quality offered by the banks. With the start of
delivering their products to their customers over the internet, banks are planning to provide the
highest benefit they can provide with internet banking these days, which have gained importance
in terms of speed, time and cost. It aims to fulfill this with maximum customer satisfaction.
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Artificial intelligence applications, which can be considered as a strategy partner of banks, are
also seen as an alternative for banks. These applications have become an alternative tool due to
the density of customers in the bank branches and the negativities brought about by the queues
that occur from time to time. The period we call the digital age has allowed transactions to be
carried out faster and easier, with less cost. These changes are closely related to the banking
sector.

With the development of artificial intelligence applications, financial services are also shaped
according to the way this development shows. Banks, one of the most important elements of the
financial sector, have played an important role in the development of electronic banking. At first,
it was thought that ATMs, which can be shown as an example of artificial intelligence
applications, would not attract attention, but in the following years, it was revealed that this idea
was not correct. Increasing competition in the banking sector has increased new services and
diversity, and artificial intelligence applications that minimize time and cost have played an
important role in the development of these services.

Survey Statistics: Information on descriptive statistics from the data obtained from the
participants is shown in the tables below:

N Percentage (%) Cumulative
Percentage(%)
_ | Male 65 54.2 54.2
§ Female 55 45.8 100
3 Total 120 100
15-19 28 23.3 23.3
20-24 58 48.3 71.6
25-29 9 7.5 79.1
30-34 7 5.8 84.9
8 | 3539 10 8.4 93.3
2 40-44 5 4.2 97.5
O | 45-49 2 17 99.2
&£ | 50+ 1 0.8 100
- High school 32 26.7 26.7
2 Bachelor’s Degree 65 54.1 80.8
§ T Master’s Degre 21 175 98.3
23 PhD 2 1.7 100
0-250 18 15 15
>4 | 250-500 52 43.3 58.3
£ £ | 500-1000 36 30 88.3
2 2 | 1000+ 14 11.7 100

Table 1. Demographic characteristics of the participants

While 45.8% (55people) of the participants are women, 54.2% (65 people) are women. 71.6% of
the participants are under the age of 25, 2.5% are 45 years or more. The average age of the
participants is 24.2. In the case of education, 54.1% of the participants are bachelor graduates,
while the number of doctoral graduates is 2. This corresponds to 1.7% among the participants.
Looking at the monthly income level of the participants, 15% stated that they earned 250AZN or
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less which means participants declared that they earn less than the minimum wage in today's
conditions.

CONCLUSION

Thanks to artificial intelligence applications, changing applications such as cashless payment,
card verification code and mobile applications are more preferred today. With the technological
developments experienced, users find and use artificial intelligence applications as positive in
terms of fast and easy transactions and at the same time reliably executing transactions. Although
the majority of users express a positive opinion that artificial intelligence automations change the
way of business in the banking sector and affect this change, a definite trend has not been
revealed on this subject, and the idea that artificial intelligence has a full effect on the banking
sector has not been revealed yet. Users stated that artificial intelligence automations will have a
full impact on the banking sector in the future.

Artificial intelligence applications used today are shaped according to the wishes of the users, and
the high level of ease of use has positively affected the opinions of the users. Thanks to this
convenience provided, users can instantly control their accounts, make payment transactions and
money transfers easily, learn and inquire about their credit debt, and this has revealed the positive
aspects of their ideas that these transactions can be done easily by users. The distribution channels
developed by artificial intelligence applications for the banking sector are developing day by day,
and some factors such as making banking transactions easily by users within these applications
and eliminating the concept of time and place have emerged thanks to these applications.

Thanks to these conveniences, users have expressed the idea that a large number of artificial
intelligence has developed and will develop as answers to the survey questions, declared that
artificial intelligence affects lives, and showed their positive opinions about these applications
with the answers they gave.

As a result of the analyzes carried out, it is seen that there is a positive and statistically significant
relationship between people's trust in the use of artificial intelligence in banking applications and
banking applications. In other words, as people feel that artificial intelligence facilitates banking
applications, their trust in artificial intelligence increases. In addition, there is a statistically
positive relationship between people's age, education level and monthly income level and their
trust in artificial intelligence applications. As the age, monthly income and education level of the
people increase, the trust in the use of artificial intelligence in the banking sector increases. When
the relations between the variables are examined in terms of convenience, it is seen that there is a
statistically negative/inverse relationship between gender and perception of convenience. In other
words, the perceived difficulty level in the use of artificial intelligence in banking applications is
higher for women. It is seen that there is a statistically significant and positive relationship
between age, education level, monthly income level and the perception of convenience. As the
age, education level and monthly income level of people increase, the perception that artificial
intelligence usage processes in banking applications is getting easier.

In this study, the functioning of artificial intelligence applications in the financial sector and
mainly in banks has been examined. Users' ease of use of artificial intelligence and its reliability
to artificial intelligence applications were analyzed. It has been concluded that artificial
intelligence automations used in financial institutions provide convenience and vary in reliability
according to different factors. According to the results of the study, it is thought that with the
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artificial intelligence applications to be developed by financial institutions, individuals' access to
their financial accounts regardless of location, and the preferability can be increased. In the study,
it is seen that the participants are in the 15-24 age range and at the income level of 0-250 AZN
and 250-500 AZN. In future studies, the importance and functioning of artificial intelligence
applications can be tested by making applications on different target groups.
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ABSTRACT

Low molecular weight ketones are among the most important products widely used in industry,
however, the existing methods for their production are multistage. The significant disadvantages
of these methods include the implementation of individual stages at high temperatures and
pressures. As a result, the development of more economical and easy-to-implement processes is
presented as an actual task for the basic organic synthesis industry. Recently, ethanol has been
considered as a possible feedstock for the production of acetone. The prospect of using ethanol as
a feedstock is due to the large renewable resources for its production. The growing interest in
recent years in the production of ethanol by processing agricultural products and waste from the
food and woodworking industries will undoubtedly stimulate further development of the method
of producing acetone from ethanol.

The catalytic conversion of ethanol to acetone is a relatively new method for producing acetone
and, naturally, the number of publications devoted to this process is relatively small. In previously
published works, as a rule, the issues of the mechanism of the process, as well as the relationship
between the physicochemical and catalytic properties of the proposed active systems in these
reactions, are not considered in detail.

Active and selective catalysts were selected for the conversion reaction of ethanol to acetone, the
mechanism of the process and the relationship between the physicochemical and catalytic
properties of the activated sample were studied.

The experiments were carried out on an active catalyst with the composition ZnO:Ca0=9:1

The main provisions of the electronic theory of catalysis are developed in application to semicon-
ductors, since, firstly, the theory of semiconductors is now more developed, and secondly, most of
the catalysts used in practice belong to semiconductors.

The surface of a semiconductor is the protection of two phases: a solid body-gas. The approach to
this boundary from the side of the gaseous environment is essential for catalysis. The environment
affects the surface and volume of the solid body. The influence of the environment is carried out
through adsorption, as a result, the Fermi level shifts, and the electrophysical properties of
catalysts change in the processes of adsorption and catalysis.

Reactions of heterogeneous-catalytic transformation of low molecular weight alcohols are of great
practical importance. The relevance of catalytic transformations of ethanol into various valuable
products is the most important task of modern catalytic chemistry.

To elucidate the mechanism of these reactions, a necessary step is to study the nature of the
electronic interaction of reactants with a solid body, since the vast majority of catalysts of
heterogeneous-catalytic oxidation - metal oxides, semiconductors, so especially promising is to
involve methods for studying the electro physical properties of the surface.

Changing these properties and studying the nature of their change in the atmosphere of the
reactants, it is possible obtain valuable information about the nature of the electronic interaction
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of the reactant-catalyst. The works carried out in this direction showed that in most cases the
process of chemisorption is accompanied by the appearance of an additional surface potential,
indicating the charging of the surface in the presence of a particular reactant. The electrical and
catalytic properties of a series of active zinc-calcium oxide catalysts were studied (their activity
was also studied in previous experiments). The study of the electrical properties of the catalyst is
of the greatest interest for elucidating the mechanism of reactions, since they can provide
information about the nature of electronic transitions that limit the course of the reaction.

The number of different factors determines the catalytic activity of a solid body. Each of these
factors can correlate with certain properties of a solid body.

When comparing catalytic and electrophysical properties electrical conductivity is most often
measured. Measuring on the same catalyst sample under the same conditions of conductivity
change can provide useful information about mechanism of action of the catalyst and the course
of the catalytic reaction.

Studies of the electrical conductivity of the synthesized catalysts have shown that all the catalysts
studied are semiconductors.

This article shows the relationship between the electrical and catalytic properties of zinc-calcium
oxide catalysts.

Keywords: catalyst, electrical conductivity, activation energy, adsorption, ethanol, acetone.

CBA3b DJIEKTPUUECKHUX Y KATAJIMTUYECKUX CBOMCTB
HUHK-KAJBIHUEBBIX KATAJIM3ATOPOB B PEAKIINHU
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PE3IOME

OCHOBHBIE MOJIOKEHUSI STIEKTPOHHOM TEOPHUM KaTalin3a pa3BUBAIOTCA B MPUMEHEHUHU K MOIYIPO-
BOJHUKAM, TOCKOJIbKY, BO-TIEPBBIX, TEOPHUsS TOJYIMPOBOJHUKOB CErojHs Oojiee pa3BuTa, a BO-
BTOPBIX, K TMOJNYIIPOBOJHUKAM OTHOCHUTCSI OOJBIIMHCTBO MPHUMEHSIEMBIX B TPAKTUKE
KaTaJau3aTopOB.

[ToBepXHOCTH MONYNPOBOJHMKA — 3TO 3aIIMTa ABYX (a3: TBepaoro Tena-raza. [loaxon k 3Toi
rpaHUlle CO CTOPOHBI Ta30BOM Cpelbl CYIIECTBEHEH s Kataim3a. Cpema BO3ACHCTBYET Ha
MOBEPXHOCTh U 00BEM TBEPAOTO Tela. BIusHUE Ccpenapl OCYIIECTBISETCS 4Yepe3 aliCOpOIHIo,
BCJICJICTBHE YETO CABUTACTCS ypoBeHb DepMH, M H3MEHSIOTCS JJICKTPODHU3NUECKHUE CBONCTBA
KaTaJanu3aToOpoB B MPOIleccax aJcOpOIUU U KaTalu3a.

Peakuimu rereporeHHO-KaTAIUTUYECKOTO IMPEBPALCHUST HU3KOMOJIEKYJISIPHBIX CIUPTOB HMEIOT
00JIBIIIOE MPAKTHYECKOE 3HAYCHHE. AKTYAIbHOCTh KaTAIUTUYECKUX MPEBPAILICHUI ITAHOIA B pa3-
JINYHBIC LIEHHBIE MPOIYKTHI SABISETCS Ba)XHEUIIEH 3amadyeil COBPEMEHHOM KaTaJIUTHYECKOM
XHMHH.

J1y1s1 BEISICHEHUSI MEXaHU3Ma 3THX PEaKIMil HEOOXOAMMBIM ITAIlOM SIBIISICTCS M3YUYCHHE XapaKTepa
AJIEKTPOHHOTO B3aMMOJICUCTBHSI PEareHTOB C TBEPABIM TEJIOM, TaK Kak IOJIaBJIsAoIIee
OOJIBIITMHCTBO KaTaJIM3aTOPOB T€TEPOTeHHO-KATATUTHICCKOTO OKHCICHHS — OKCHIBI METaJIOB,
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MOJTYTIPOBOJTHUKHA, TO OCOOCHHO TMEPCIEKTUBHBIM TPEACTABISCTCS MPUBICUCHUE METOJIOB
WCCJICIOBAHMS JJICKTPO(DHU3NIECKUX CBOMCTB MOBEPXHOCTHU. M3MEHsT A3TH CBOMCTBA M H3ydYas
XapakTep UX M3MEHEHHs B aTMoc(hepe peareHTOB, MOKHO MOIYYUTh IEHHYI0O HH(OpMAINIO O
XapakTepe HSJIEKTPOHHOTO B3aMMOJCHCTBHS peareHT-KaTaiu3aTtop. BBINOJHEHHBIE B HATOM
HANPaBIIEHUU pabOTHl TMOKa3allkd, YTO B OONBIIMHCTBE CIIy4aeB MPOIECC XeMocopOuuu
CONIPOBOXKIAETCSA MOSIBIICHUEM JIOTIOTHUTEIIFHOTO MMOBEPXHOCTHOTO MMOTEHITHAAA,
CBUJIETENBCTBYIOIIETO O 3apPsHKEHUM MOBEPXHOCTH B MPUCYTCTBUU TOI'O WJIM HWHOI'O PEArcHTa.
[IpoBOoaMANCH KUCCIIEIOBAHUS IEKTPUUECKUX M KATATUTUYECKUX CBOMCTB CEPUM aKTUBHBIX IIUMHK
— KJIbIIMEBBIX OKCHAHBIX KaTaJU3aTOPOB (MX AaKTUBHOCTh TAaKXK€ H3y4Y€Ha B MPEIbLAYLINX
AKCTIEPUMEHTAX). UccnenoBanne HIEKTPUYECKUX CBOMCTB KaTajau3aTopa MpPEACTaBisET
HauOOJBIINKA WHTEPEC Ui BBISICHEHUS MEXaHHU3Ma PEaKIUil, TOCKOJIbKY OHH MOTYT JaTh CBE/E-
HUSI O XapaKTepe JIEKTPOHHBIX MEPEXOJ0B, TUMUTHPYIOIINX MPOTEKAHUE PEAKIIUH.
Karanutudeckast akTHBHOCTh TBEPJIOTO TeJa OMPEEISIeTCS KOJTMYECTBOM Pa3IMYHBIX (DAaKTOPOB.
Kaxxprit n3 3TuX GakTopoB MOXKET KOPPEIUPOBATH TEMH HJIM UHBIMU CBOMCTBAMH TBEPJIOTO TeJa.
[Ipu comocraBneHNe KAaTaTUTHUYECKUX M DIIEKTPOPHU3UUECKUX CBOWMCTB Yallle BCETO H3MEPSIOT
3JIEKTPOTPOBOAHOCTh. MI3MepeHne Ha OJHOM U TOM ke 00pasIle KaTaiu3aTopa B OJHUX U TeX JKe
YCHOBHUAX U3MEHEHHUS NPOBOJAMMOCTH MOXET J1aTh IOJIE3HBIE CBEAECHUS O MEXAHU3ME JCHCTBUS
KaTajau3aTopa U MPOTEKAaHWH KAaTaJTMTUUYECKON peakiuu.

HccnenoBanus 3JIEKTPONPOBOJHOCTH CUHTE3MPOBAHHBIX KaTajau3aTopa MOKa3alah, 4YTO BCE
M3yYECHHBIE KaTAJIU3aTOPhI SABJISIOTCS MOTYPOBOIHUKAMMU.

B nmaHHOI crarhe mMoKa3aHa CBA3b IEKTPUUYECKUX M KATATUTUYECKUX CBOWMCTB LMHK-KAJIBLIUN
OKCHJIHBIX KaTaJnu3aTOpPOB.

KiroueBble c¢JIOBa: KaTaiu3aTop, SJICKTPONPOBOMHOCTh, OSHEPTUs aKTUBAIMH, aAcOpOLus,
9TAHOJI, alleTOH.

BBenenue: B rereporeHHoM Karanu3e 0cob0€ MECTO 3aHUMAIOT (PU3UKO-XUMUYECKUE METOIbI
aHanu3a. BONBIIMHCTBO HCMONB3YEMBIX Ha MPAKTHKE KaTalU3aTOPOB HMMEET OYEHb CIIOXKHYIO
CTPYKTYpPY, KOTOpasi U3MEHSAETCS MO BO3JEHCTBHEM PEaKIIMOHHOM CMecH, U OCHOBHAs Mpobiema
COCTOMT B TOM, 4YTOOBI HAWTH 3aBHUCHMOCTh MEXIy TIOBEICHUEM Karajau3aTtopa U €ro
($U3NYECKUMU U XUMUYECKUMHU CBOWCTBAMHU.

B nanHOM uccienoBaHUM MPOBOAUTCS aHATU3 CBA3U JIEKTPUUECKUX U KATATUTUYECKUX CBOMCTB
UHK-KaJBIUEBBIX KaTaIH3aTOPOB.

Hean: K Hanbonee 00mmMM 3aKOHOMEPHOCTSIM T0/I00pa TETEPOTCHHBIX KaTalu3aTOPOB OTHOCHAT:

- mpeobnaganne cpear KaTaanu3aTopOB MOJYIPOBOJIHUKOB U METAILIOB, T.€. SJEKTPOIPOBOISIINX
TBCPALIX TCII;

-CBS13b KaTAJIUTUYECKON aKTUBHOCTH C OKPACKOM B BUJIMMOM YacTH CIEKTPOB;

- CBA3b KaTAJIUTUYECKON aKTUBHOCTHU C YUCIIOM JJIEKTPOHOB Ha (-ypOBHE KaTHOHA,

- BIUSIHUE TIPUPO/IbI KATHOHA Ha aKTUBHOCTB;

- CBSI3b KaTAJINTHYECKON aKTUBHOCTH C KHUCJIOTHO-OCHOBHBIMHU CBOMCTBAaMHU TBCPAOTrO TCJa.
OnHoit 3 HamboJee TOCTOBEPHBIX KOPPEIAIMN B KaTajdu3e €CTh KOPPESAlHs KaTaTUTHICCKOU
AKTUBHOCTHU HCMCTANIMYCCKUX TBCPALIX TCJI C KUCJIOTHO-OCHOBHBIMU CBOMCTBaMU U QJICKTPOIIPO-
BOAHOCTH. llenbio JaHHOTrO HccaeloBaHUS SBISETCS MOKa3aTh CBA3b MEXKIY AJIEKTPUUECKUMU
CBOﬁCTBaMH, KHUCJIOTHO-OCHOBHBIMH CBOMCTBAMH M aKTUBHOCTHIO B pCakuu MNpCBpalICHUA
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JTaHojJa B AlLETOH, POjJb BOASHOIO Iapa M MyTH HpeBpauieHus 3TaHona Ha ZnO - CaO
KaTaJln3arope.

Metoasbl: J{1s1 XapaKTepUCTUK 3JIEKTPUUECKUX CBOMCTB MOJYNPOBOJHUKA, U B TOM YHUCIE
KaTaJan3aTopa-noiIylpoBOJHUKA, YaIlle BCEIO UCIOJIb3YETCsl KOHAYKTOMETPUYECKUI METOA.
ONeKTPONPOBOJAHOCTb U3MEPSUIN NPH MOMOILM YETHIPEX30HOBOI'O KOMIIEHCAIIMOHHOIO METO/1a Ha
IIOCTOSIHHOM TOKE.

DNeKTPONPOBOIHOCTh KAaTaJIM3aTOPOB OMPEAEISUIN B CPEE a30Ta, KUCIOPOAA, BOJISHOIO Mapa u
CMECH 3TaHOJI + BOJSHOM map.

OOpa31pl KaTaau3aTOPOB TUIATENBHO PACTUPAIN U MPECCOBAIU B MPSIMOYIOJIbHBIC TAOJETKH MOJ
nasnernem 1000 kr/cv’. B TabJIETKy BIPECCOBBIBAIN TUIATUHOBBIE 30H/IbI.

[Tanenue HampsDKeHWS Ha 30HIAX Ha 3TaloHHOM comportuBiieHnd (R,;) ompemensuim KomIieHca-
LIMOHHBIM METOJIOM IIPHU MOMOIIH BBICOKOOMHOTO YHUBEPCAIBHOIO IMOTEHIIMOMETPA IOCTOSIHHOIO
TOKa.

Karanutuueckyro aktuBHOCTh ZNO-Ca0 kaTain3aTopoB CUCTEMBI B PEAKLUAX MPEBPALICHUS ITa-
HOJIa B TIPUCYTCTBUU KUCJIOPOJAA BO3/1yXa, BOJSIHOTO Mapa U mpeBpaiieHus: OyreHa-1 B OyTeHbI-2
u3ydyand Ha KOMOHMHHMPOBAaHHOW J1abopaTropHOW ycTaHoBKe. Ha ycTaHOBKe IperycMOTpPEHO
IIPOBE/ICHUE PEAKIIMU NPEBPAILEHUS dTaHOIa, H30Mepu3anus OyreHa-1 Ha IPOTOYHOM yCTaHOBKE
C MHTETPAIbHBIM PEAKTOPOM, KNHETUYECKUE MCCIEA0BAaHUS NIPEBPALLEHUS ATaHOJA B alleTOH Ha
0e3rpaJueHTHOM PEAKTOPY KOHCTPYKIIMH THUMOIIEHKO NPH aTMOC(HEPHOM JaBJICHUM.
HccnenoBanue akTUBHOCTH ITPOBOIWIIN Ha KaTaiau3aTope 3epHeHHeM 1,5+2,5 MMm. CneunanbHble
OTIBITHI NTOKA3aJI OTCYTCTBUE BIUSAHUS pazMepa 3epeH B npenenax oT 0,5 1o 5 MM Ha cKOpoCTb U
M30MpaTeTHLHOCTH MpoIiecca B 00J1acTh 100-500°C, uro CBUJICTEIILCTBYET 00 OTCYTCTBUU BHYTPHU-
TP PY3MOHHBIX OCTIOKHEHUH.

IHosyyenHble pe3yabTaThl: Heo0X0AMMO MOKa3aTh CBsI3b MEXKIY SJIEKTPUYECKHUMU M KaTaTUTH-
YECKMMH CBOMCTBaMHM KaTanu3atopoB coctaBa ZNO : CaO =1:9, ZnO : Ca =9:1, a Tak)Ke OKCHJIOB
CaO u ZnO. OTH KaTtanu3aTopsl SBIAIOTCS aKTUBHBIMU IIPU PEAKLMU IPEBpAILEHUs 3TAHOJIA B
alleToH. JTO MOATBEPANIIOCH B X0J1€ TIPEIBIIYIIUX UCCIIeI0BaHUM.

C.3. Pozunckuit u AWM. Modde BhIcKazain MNPEANMONOKEHHE O TOM, UYTO KaTAIUTHYECKAs
aKTUBHOCTh TBEPAOIO Teja MOXKET ObITh OO0YCJIOBJIEHA YHUCIOM 3JEKTPOHOB MPOBOJIUMOCTH.
YcranoBneHo, yTo 3sekTponpoBoauMoctu ZnO, ZnO : CaO =1 : 9 u CaO Bcex 00pa3ioB
SKCIIOHEHIIMAILHO 3aBUCAT OT TEMIIEpaTyphl, NMPUYEM BO BCEM HCCIEJOBAHHOM HHTEpBaJIe
TEeMIepaTyp JSHEprMM aKTUBAIlMM  IMPOBOAMMOCTH He  MeHstoTcs. [lo  3HaueHHMsIM
ANEKTPONPOBOAUMOCTH HM3YUEHHBIX KaTalM3aTOpOB B PAa3IMUYHBIX CpeAax paclojiaralorcs B
CHEAYIOLIUN PA:

BO3AYX < a30T < 3TaHOJ + BOJISTHOU mnap.

Takol xapakTep U3MEHEHHUSI JIEKTPOIPOBOIUMOCTH B Pa3IMUYHBIX CPElax TOBOPUT O TOM, UTO BCE
M3Y4YECHHBIE KaTaJIN3aTOPbI SBISIFOTCS MOJIYINPOBOAHUKAMHU.

3Ha4YeHUs YACJIbHOU 3JIEKTPOIPOBOIHOCTH U YHEPTUU aKTUBALIMM JJISI UCCIIEIOBAHHBIX KaTallh3a-
TOpoB mpuBeneHbl B Tabn.l. IlpuHuMas BO BHMMaHME, YTO HU3MEHEHHE 3IJIEKTPOIPOBOIHOCTH
KaTaanu3aTOPOB B PEAKIIMOHHON Cpelleé MOXKET OBITh BBI3BAHO HE TOJIBKO aJCOPOIMEN MCXOIHBIX
BEUIECTB, HO TaKXe ajfcopOuueidl M MPOAyKTOB peakiuu, B Ta0n.l NpUBOAATCS 3HAUYECHUS

| PAHTEI
| 92 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




E-ISSN: 2674-5224

PAHTEI

REFEREED & REVIEWED JOURNAL

E-ISSN: 2674-5224

VOLUME 14 ISSUE 03 2022

YIEIbHBIX IPOBOJAMMOCTEN NpPU OTHOCUTENBHO HMU3KOH Temmeparype 250°C, xorja KOHBEpCHS
JTaHOJIa Maja.

Taoauua 1. Y nenbHast 371€KTPONPOBOJHOCTh U SHEPIUs AKTUBAIMU LIMHK-KaJTbIIANA
OKCHUIHBIX KaTaJII/BaTOpOB B paBHI/I‘IHBIX cpe;lax

Obpasen VYnenbHas 3J€KTPONIPOBOIHOCTD DHeprus aktuBanuu, OB

BO3YyX a3oT 3TAaHOJI+BOJA | BO3AYX a30T 3TaHOJ+BOJA
CaO 0,0389 0,0396 0,0574 0,59 0,50 0,49
Zn0O 0,1425 0,1766 0,2594 0,49 0,44 0,38
Zn:Ca=9:1 | 0,095449 0,1778 0,5757 0,52 0,48 0,29
Zn:Ca=1:9 | 0,03076 0,04613 | 0,06338 0,51 0,5 0,41

Kak BuHO, 3HaU€HNE SHEPIUU aKTUBAIMK B PEaKLIMOHHOM cpejie HUXKe, YeM B aTMocdepe a3oTa U
Bo3ayxa. M3menenue E 00ycinoBi1eHO N3MEHEHHEM YHEPTETHUECKUX 0apbepoB MEXy 3€pHAMU B
TOW WJIM MHOHU cpelie B pe3ynbraTe ajcopounu. bnuskue 3HaueHHUs SHEPTUN aKTUBALIMH HJIEKTPO-
IIPOBOJAHOCTH KaTaJIM3aTOPOB B PA3JIMYHBIX Cpelax Jal0T OCHOBAaHHUE IIPEAIIONOXKHUTb, YTO
AJIEKTPOHHAsT TPOBOJMMOCTb HM3YyYEHHBIX CHCTEM, B OCHOBHOM, OOYCJOBJEHAa KOJHMYECTBOM
BOCCTaHOBJIEHHBIX HMOHOB IIMHKa B Karaiu3arope. Ha ocHoBaHMM HaHHBIX TaOi.l MOXHO
COCTaBHUTb PAIBI BETUYMH YIEIbHBIX 3JIEKTPONPOBOAHOCTEH (B HANPABICHUM X YMEHBIICHUS) U
UX PHEPTUHU aKTHBALMU (B HAIPABJICHUU X BO3PACTAHUsA):

B TOKE a30Ta:

(Oys) ZNO : Ca0=9:1>2Zn0O >ZnO:CaO=1:9>CaO

(Es) ZnO <ZnO : Ca0=9:1<2Zn0 : Ca0 =1:9 = CaO

B TOKE BO3/yXa:
(Oyn) ZNO>ZnO : CaO =9 : 1 > CaO > ZnO : CaO =1:9

(E5) ZnO<ZnO:Ca0=9:1<2ZnO:Ca0=1:9<Ca0O

B TOKE CMECH:
(Oyn) ZNO : Ca0=9:1>ZnO>2ZnO: CaO=1:9>CaO

(E5) ZnO:Ca0=9:1<Zn0O<Zn0O:Ca0=1:9<Ca0O

Ha 31exTponpoBOAHOCTD KaTaIU3aTOPOB CUIBHOE BIUSHUE OKA3bIBAET TAK)KE KAIBLIUN U aTOMHOE
OTHONICHUE IIMHKA K Kanbluio. C yBeTMUEHHEM COJEpKaHUE KATbIUS B KaTaTN3aTOpPE 3JIEKTPO-
IIPOBOAHOCTh CHauyaja BO3pAcTacT 10 MakcuMyma Ha katanusarope Zn : Ca = 9 : 1 u 3arem
MEJUICHHO TOHIKAETCs, JOCTUTass MUHUMAIBHOTO 3HAYCHUSI Ha OKCHJE KaJdblWsA. AHAJIOTHYHBIC
3aBUCUMOCTHU MOJYUCHBI W IHpPU HUCCICAOBAHHUU BJICKTPOIIPOBOIHOCTU KATAJIMU3ATOPOB B TOKC
BO3/lyXa W PEaKIMOHHOHN cMecu. CpaBHHBAs TH PE3yJAbTATHI C JAaHHBIMU IO aKTHBHOCTH LIMHK-
KaJbIIMHA OKCUIHBIX KaTaJNU3aTOPOB, MOKHO CKa3aTh, YTO HAOJIOJAETCs cCUMOATHAs 3aBHCUMOCTD
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MEXJy KaTAINTUYECKUMHU M JJIEKTPUUYECKUMHU CBOMCTBaMH 00pa3loB. OTO, IMO-BUIUMOMY,
OOBSICHSIETCSI TEM, YTO KaTaJUTHUYECKUE PEaKIUU MpPEeBpallleHUs CIUPTOB IPOTEKAIOT uepe3
oOpa3oBaHHe TMPOMEKYTOYHBIX KOMILUIEKCOB, KOTOpBIE, Kak MpaBWIO, HECyT Ha cebe
onpeAeNeHHbId 3apsaa. MOXHO NpPEanoyoKUTh, YTO MPOYHAs ajcopOLMsl 3TUX KOMILIEKCOB
3aBUCUT OT SHGKTpO(l)I/ISI/I‘IeCKI/IX CBOMICTB KaTaJIU3aTOPOB-TMIOJIYIIPOBOAHUKOB, B YaCTHOCTHU, B
cllydae MOJIyIPOBOIHUKOB ¢ COOCTBEHHOM MPOBOAMMOCTBIO OT IIUPHUHBI 3aIIPOIIIEHHON 30HbI.
3JI€KTpOHpOBO,Z[HOCTL KaTaJIM3aTOpPOB HU3MCHACTCA B IIMPOKUX NPCACIaX B 3aBUCUMOCTH OT
Cpelbl, B KOTOPYIO MOMeEIIEeH 00pasell, OAHAKO 3HAYEHMsI PHEPIMHM aKTUBAIMU IPOBOIUMOCTHU
OOAHOTO MW TOro K€ Karajlu3aropa B pPa3JIMUYHbIX CpCAaxX MCHAIOTCA HC3HAYUTCIBHO. 910
00CTOSITENTLCTBO TMO3BOJISIET KCIIOJIB30BATh HEPTUI0 AKTUBALMU 3JIEKTPOIMPOBOAHOCTH 00pa3LioB
JJ1s1 COIIOCTABJICHUA C HUX KaTaJIUTUYECKON aKTUBHOCTBIO. HO-BI/I,Z[I/IMOMy, JICTKOCTh IIEpCHOCA
3apsia B 3HAYUTEIbHOM CTENEHU ONPENeseTcsl IIMPUHON 3alpelleHHOW 30HBbI KaTalau3aTropa.
MoXHO MNpEeAnoyIokKUTh, UYTO AaKTUBHOCTh KaTalM3aTopa CBsi3aHa C DHEPruel axTUBALMHU
AJEKTPONPOBOIHOCTH: YEM HUKE 3HAUE€HUE YHEPTUHU aKTUBALMU MPOBOJAMMOCTH B PEaKIIMOHHOM
cpele, TEM BBIIIE AKTUBHOCTh KaTalM3aTOpa B PEAKIUU MPEBpAIICHUs 3TaHOJIA B AlETOH B
MIPUCYTCTBUH BOJISIHOTO Iapa.

3akurouenne: ['a3000pasHble MOJEKYJbl aACOPOUPYIOTCS HAa MOBEPXHOCTH KaTalU3aTopa, 3TO
IIPUBOJUT K YBEIMUEHHUIO UM K YMEHBIIECHUIO 3JIEKTPOIIPOBOJHOCTH B 3aBUCUMOCTH OT IPUPOBI
aIcOpOMPOBAHHBIX MOJIEKYII.

AncopOIus KUCIOpO/ia BHI3bIBAET YMEHBIICHUE YIETbHOM 3JEKTPOIIPOBOIHOCTH.

AncopO1yst 3TaHONIa IPUBOIUT K YBEJIIMUEHHUIO YIEIBHOM 3IEKTPOIIPOBOIHOCTH KaTaIN3aToPA.
Taxkum obpazom, HaOIIOAaEMast CBSI3b MEKAY aKTUBHOCTBIO U YAECITBHOU 3JIEKTPOIPOBOTHOCTHIO
KaTaJIn3aTOPOB JJa€T OCHOBAHMsI MPEAIOI0KUTh O KOMIUIEKCOOOPAa30BaHUM € IIEPEHOCOM 3apsija
Ha TIOBEPXHOCTH IIMHK-KAJIBLIIMHA OKCUHOIO KaTaau3aTopa.
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ABSTRACT

Comfortable living conditions have always been one of the main topics in people's minds. As
progress has been made, people have been forced to invent more and more new devices to make
their lives easier. Since ancient times, people have always tried to equip their homes with new
equipment for maximum comfort with minimal effort. This article is devoted to the capabilities of
the "Smart Home" system.

Keywords: engineering systems, automation, smart home.

XULASO

Komfortlu vo rahat hoyat soraiti homiso insanlarin tofokkiiriinds osos mévzulardan biri olmusdur.
Toroqqi inkisaf etdikco insanlar diisiincolorini 6z hoyatlarin1 asanlagdirmaq {igiin getdikco daha
cox yeni qurgular icad etmoyo mocbur edib. Qoadim ddvrlordon bori insanlar minimum soy
gostorarok maksimum rahatliq alde etmak iiclin hamiso evlarini yeni avadanliqlarla tachiz etmoya
calisirlar. Bu moqalo "Agill1 Ev'"sisteminin imkanlarina hosr edilmisdir.

Acar sozlar: miihondis sistemlori, avtomatlagdirma, Agill ev.

Introduction: For millennia, until the end of the nineteenth century, the main sources of energy
were the power of humans and animals, as well as the burning of wood and organic waste.

The electricity that came in their place gave man great opportunities. Many processes that used to
be done manually or with the help of others have started to be done automatically. In fact, the era
of automation began at that time.

Technological processes related to production processes have created new tools to improve the
quality of life.

Over time, radio, television, and various household appliances and engineering systems have
emerged in human life, increasing in complexity. All of these devices not only make them more
comfortable in their work, but also reduce the time previously spent on routine tasks.

Management and control over these systems began to increase. As a result, there was a danger
that it would be impossible to cope with them during the subsequent implementation. Fortunately,
this coincided with a period of active development of computer technology, which opened up
completely new perspectives for human use.

It was at this stage, in the late 1970s, that US and Japanese scientists began to work actively on
automating the management of engineering systems.

For the first time, the definition of a smart home was formulated at the Washington Intellectual
Building Institute and sounded like this: a smart home is a building that provides productive and
efficient use of the workplace.
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Objective: We soon moved from theory to practice. Introducing more and more new facilities
using Smart Home systems, the community of manufacturers and integrators of these systems has
developed an intelligent building concept.

The concept is based on the principle of the most efficient use of space and its key elements:
structure, systems, services and management. This principle has become commonplace for
commercial and real estate, given the differences in the purpose of the objects.

Although more than fifty years have passed since then, Smart Home systems have developed
significantly during this time. Now, based on such technologies, not only individual buildings
with limited functionality, but also really "smart" apartments or cottages, and even "smart"
residential buildings, public and office buildings are created.

The most famous Smart Home in the world is the house of Bill Gates, where more than 100% of
the capabilities of home automation systems are realized. This is a true masterpiece of
automation.

Another example is the 2001 Egyptian Smart Village Concept. For this, 4,200 square meters near
Cairo. The area was separated and turned into a magnificent business center in a short period of
time, leaving the meaning of "Smart Village”. The area became so popular that many Egyptian
ministries were relocated.

Another example of this is the construction of Agali village in the liberated Zangilan region of the
Republic of Azerbaijan on the basis of the "Smart Village" project. The main goal of the "Smart
Village™ projects is to prevent the flow from the village to the city. In rural areas, people must be
provided with all the services that the population can get in the city. Also, people should be given
the opportunity to earn more income and employment in the village. Another point is to create full
conditions for rural residents to have access to public services. In other words, in the concept of
"smart village™, the difference between rural and urban in terms of service, income and access to
public services is virtually eliminated.

According to the “Juniper Research” Center, Barcelona, which was declared the smartest city in
the world in 2015, annually hosts the “Smart City Expo World Congress”. The latest technologies
produced by companies working to implement the smart city concept will be demonstrated at the
event.

The world's largest companies, such as “Cisco”, “Schneider Electric”, “IBM”, “Microsoft”, are
particularly active in further improving the concept of smart cities.

Methods: An important feature that distinguishes the "smart home™ from other methods of living
space organization is that it is the most advanced concept of human interaction with the living
space, man determines the environment he wants with a team, and now automation, according to
external and internal conditions, all engineers determines and controls the operating modes of
systems and electrical devices.

It consists of several remote controls while watching TV, dozens of switches when controlling the
lighting, separate units when controlling ventilation and heating systems, video surveillance and
alarm systems, gates, etc. eliminates the need to use. At home, it is enough to select one of the
scenarios with one click using the touch panel button (or remote control, etc.) equipped with the
"Smart Home" system. In this case, in order to have a comfortable situation at home, the operation
of all systems depends on your wishes, time of day, position in the house, weather conditions,
lighting, etc. you will be able to adjust accordingly (Fig.1).
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What can such a house do to us? Let's start with the simplest thing — lighting control. With the
help of the control system, it is possible to control any light source in all rooms, regardless of the
location and type of lamp - on, off, adjust the brightness. So you don't have to get out of bed and
go back to bed to turn off the light. You can turn off the light in your bedroom in kindergarten or
at home. Or you can automatically control the dark night light in the corridors. With this set, you
can control the lighting from almost anywhere, even if you are very far from home. If you install a
displacement sensor, the light will illuminate as soon as one of the doors of the building or
stairway opens slightly. The light can be switched on and off at a predetermined time. In the
cottage, with the help of sensors installed on the street, which detects a moving object, external
lighting is turned on and a signal to detect the object is transmitted.
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Fig.1. "Smart Home" system

In addition to lighting, a smart home can maintain a certain level of "climate” parameters:
temperature, humidity, fresh air flow, etc. At the same time, depending on the wishes of residents
and the temperature of the open air, radiators, insulated floors, other household appliances and air
conditioners will be selected and put into operation at the required capacity. The house will also
focus on a good night's sleep: the temperature will drop until night falls. Programming of heating
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processes in the house significantly reduces heating costs, and complex control excludes the
operation of several heating devices at the same time.

The combination of climate control not only informs the owner about rainfall, wind strength,
outside and indoor temperatures, but also executes ventilation instructions to open or close the
windows. The equipment controls the climate in the house and, for example, will automatically
close the windows when it starts to rain, turn on the air conditioners in hot weather and lower the
blinds.

Unusual scripts can be written for home management units. Drainage and heating of roofs in a
country house, transport entrances from snow and ice will be carried out automatically. With a
signal from a mobile phone or the Internet, the pool will be filled and the sauna will be heated
until the owner arrives at the cottage. If guests come to the house, additional air conditioning will
be provided by connecting the ventilation system in the house. For another house that is closed, it
is "proper" watering of plants or lawn. Irrigation will be carried out taking into account the soil
requirements and moisture of different plants. You can achieve this by placing sensors in the
winter garden that monitor humidity, temperature and lighting in the garden to make all the plants
inside look beautiful. Aquarium fish will also feel comfortable under the control system of the
house. So, in addition to giving them food and oxygen, it is the lighting of the aquarium.

Loyal and reliable operation of security systems is one of the necessary and basic conditions of
our lives. The house will also monitor their work and at the same time send an alarm signal to the
monitoring station. The home raid will send a signal not only to the control panel of the control
structures, but also to the owner's phone to set up a network. Sending a voice message to the
phone indicated by the owner is also a major operation in case of water, gas leak or smoke. If the
number is busy or does not answer, the device will call the predefined number. The intervention
can start recording automatically.

The security complex can turn on the appliances and lighting, stereo systems and air conditioners
in the kitchen after receiving a signal about the arrival of the owners.

The distinguishing feature of a smart home security kit from simple security systems is the choice
of a variety of options to respond to an emergency. For example, in the event of a gas or water
leak, close the necessary pipelines or call a service organization. The device can extinguish
emergency parts of electrical circuits in case of fire danger. Thus, the condition of all
communications is under constant control, and in case of any malfunction, appropriate measures
are taken immediately and information is sent to the owners. If a child is left alone at home, we
will be able to prevent interference with some electrical appliances.

There are several ways to manage a smart home. The simplest is to use a keyboard, where any key
corresponds to any device, group of devices, or indicates a sequence of necessary actions. For
clarity, the keyboard may have a small display that provides information about the status of the
collection.

The most economical touch control models. Such a remote control is a small monitor with
descriptions of command buttons and illustrations. These models can also display images from
cameras.

It is very economical to manage your home via the internet. So, the condition of the house, the
presence of people there, the weather and so on, it is possible to get information about. Of course,
this information will only be available to homeowners.
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Conclusion: Modern development is one of the most advanced achievements of "Smart Home"
technology. Most importantly, the key to automating all household chores, from temperature and
humidity retention to opening and closing curtains, feeding plants in the winter garden, watering
and feeding fish, is timing and safety. Based on this, the search is that the smart home is the most
convenient type of office and home management today.
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ANALYTICAL INVESTIGATION OF THE PROBLEMS OF SALTING
AND CORROSION IN OIL AND GAS COMPLEX

'Sakit Rasulov, *Elchin Nabiyev, *Agil Heybatov
123A501U, **3 “Industrial safety and labor protection” department, 'd.t.s, professor, head of the department; 2Ph.d.,
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ABSTRACT

One of the problems that cause difficulties in the operation of oilfield equipment and pipeline
communications of wells during oil production is asphalt-tar and paraffin (AGPCH).
Accumulation of AGPCH in the flow of oilfield equipment reduces the productivity of the system
and the coefficient of useful operation of pumping units, as well as shortens the maintenance
period.

Reduction of pressure at the bottom of the well and, in this regard, violation of thermodynamic
balance of the gas-fluid system, intensive gas separation, temperature drop in the reservoir and
well body, change of speed of movement of the gas-liquid system and its individual components,
composition of hydrocarbons in each phase of the mixture, ratio of the volume of phases and the
state of the surface of pipelines.

During oil and gas extraction, deposits of inorganic salts are also formed on the inner walls of
mining pipelines and equipment.

The deposition of salts on the surface of the working bodies of pumps increases their frictionality,
causing the dispersion of shafts, workbenches of centrifugal pumps.

In oil fields, the deposition of calcium sulfate, calcium and magnesium carbonate and sodium
chloride is also characteristic.

In aqueous solutions, H,S significantly enhances the penetration of hydrogen into steel compared
to general corrosion.

The catalytic effect of hydrogen sulfide on hydrogen fragility of metals is given.

The presence of CO; in the liquid and gas produced during oil and gas extraction also speeds up
the corrosion process. Therefore, the essence of the corrosion process in the presence of CO; is
shown.

Since CO; is soluble in water and forms weak carbonic acid H,COs, this acid dissociates into
hydrocarbonate and carbonate ions.

Formation of CaCOj; in the water phase of oil fields products goes in the presence of
hydrocarbonate ions, since the concentration of carbonate ions in them is close to zero. Since one
of the products of this reaction is carbonic acid, the deposition of CaCO3 depends on the pressure.
Most organic compounds have the ability to slow down corrosion of metals. Organic compounds
are inhibitors of mixed action, in other words, they affect the speed of both cathodic and anode
processes.

Investigation of corrosion sensitivity conditions and mechanism of their formation of equipment
and pipe and communication lines in the oil and gas industry makes it possible to develop more
effective inhibitors.

Keywords: oil emulsion, salting, corrosion, water phase, inhibitory, hydrogen fragility.
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NEFT-QAZ KOMPLEKSINDO DUZCOKM®O VO KORROZiYA PROBLEMLORININ
ANALITIK TODQIQI

'Sakit Rasulov, “El¢in Nobiyev, *Aqil Heybatov
123ADNSU, 1'2’3“S;>naye tohliikasizliyi vo amok miihafizosi” kafedrasi, ted., professor, kafedra muidiri; 2doktorant;
*magistrant, E-poct: rasulovsakit@gmail.com, e.nabiyev@bk.ru, heybatov99@bk.ru

XULASO

Neftcixarma zamani quyularin neft madon avadanliglarinin, boru-komeri kommunikasiyalarinin
isindo ¢otinliklor yaradan problemlordon biri asfalt-gatran-parafingokmodir (AQPC). Neft-modon
avadanliglarinin axin hissasindo AQPC-nin toplanmasi sistemin moahsuldarligini va nasos qurgula-
rinin faydali is omsalin1 azaldir, homginin tomirlorarasi miiddoti qisaldir.

AQPC-nin omals galmasina quyu dibinds tozyiqin azalmasi va bununla slagoedar olaraq qaz-maye
sisteminin termodinamik tarazliginin pozulmasi, intensiv qaz ayrilmasi, layda vo quyunun gévde-
sindo temperaturun azalmasi, qaz maye sisteminin vo onun ayri-ayrt komponentlorinin harokot
siiratinin doyismosi, qarisigin hor bir fazasinda karbohidrogenlorin torkibi, fazalarin hacmlorinin
nisbati va borularin sothinin vaziyyati, asash gokildas tosir edir.

Neft vo gaz ¢ixarilmasi zamani moadon boru komorlorinin vo avadanliglarin daxili divarlarinda
geyri-iizvi duzlarin ¢okiintiilori do amalo galir.

Nasoslarin is¢i organlarinin sothino duzlarin ¢6kmasi onlarin siirtlinmodon yeyilmosini artirir,
morkozdongagma nasoslarinin vallarinin, is¢i ¢arxlarin dagilmasina sobob olur.

Neft modonlorindo kalsium sulfat, kalsium vo maqnezium karbonat vo natrium xlorid ¢okmaosi do
xarakterik haldir.

Sulu mohlullarda H,S iimumi korroziyaya nisboton, hidrogenin polada niifuz etmosini hiss
olunacaq daracada giiclondirir.

Hidrogen sulfidin metallarin hidrogen kévrokliyine katalitik tosirinin izahi verilmisdir.
Neft-qaz¢ixarma zamani ¢ixarilan maye vo qazda CO»-nin olmasi da korroziya prosesini
siiratlondirir. Odur ki, CO; istiraki ilo korroziya prosesinin mahiyyati géstorilmisdir.

CO; suda hall olarken zaif karbonat tursusu H,CO3 amals gatirdiyinden bu tursu hidrokarbonat vo
karbonat ionlarina dissosiasiya edir.

Neft moadonlori mohsullarinin su fazasinda CaCOs-lin omolo golmasi hidrokarbonat ionunun
istirak1 ilo gedir, c¢ilinki onlarda karbonat ionlarinin qatiligr sifra yaxindir. Bu reaksiyanin
mohsullarindan biri karbonat tursusu oldugundan CaCOgz-iin ¢6kmasi tozyiqdon asili olur.

Oksor iizvi birlosmolor metallarin korroziyasii longitmok qabiliyyatina malikdirlor. Uzvi
birlosmoalor qarisiq tosirli inhibitorlardir, bagsqa s6zlo, onlar hom katod, hom anod proseslorinin
siirating tosir edirlor.

Neft-qaz sonayesindo avadanliglarin vo boru-kommunikasiya xotlorinin korroziyaya qarsi
hossasliq soraitinin vo onlarin yaranma mexanizminin aragdirilmasi daha effektli inhibitorlarin
islonib hazirlanmasina imkan yaradir.

Acar sozlar: neft emulsiyasi, duz¢okmo, korroziya, su fazasi, inhibitor, hidrogen kovrokliyi.

Giris: Neft yataqlarinin mohsuldar laylarinin sulanmasi neftin ¢ixarilmasi, yi1gilmasi vo naqlo ha-
zirlanmasi1 zamani ciddi ¢otinliklor yaradir. Bu yiiksok 6zliiliys malik neft-su emulsiyalarinin
yaranmasi ilo olagodardir [1, 2]. Davamli emulsiyalar omolo golorkon nasos qurgularinin isinin
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imtina etmo gostoricisi do artir. Neft vo qazin toplanmasi sistemlorinds mayenin tozyiqinin
artmast kollektorlarin gozalarina sobob olur. Qazin separasiyasi iiglin suyun ovvoalcodon
konarlagdirilmasi ¢atinlosir.

Ozliilii neftloro malik yataqlarda emulsiyalasmis damcilarin diametri daha bdyiik olur. Neft emul-
siyasinin  dagilmasi, ¢O6kmo, siizmo, morkozdonqagma qiivvalori  sahosindo  ayirma
(sentrifuqalasdirma), elektrik tosiri, termik tosir, maqnit sahosinin tasiri, boru vasitasi ilo vurulma
zamani boru daxili deemulsasiya naticasinda bas verir.

Hor bir neft torkibi ii¢clin daha somorali deemulqgator segilir. Yuyuculuq xassosino malik olan
Istonilon tizvi maddoni bu va ya digar somaraliliklo deemulqator kimi istifado etmok olar [3-8].
Neft emulyasiyasina sothi aktiv maddo (SAM) olave etdikdo o, fazalar sorhodinin sothindon tobii
stabilizatorlar1 sixigdirib ¢ixarir [9]. Deemulgatorun molekullari islanmani doayisir, bu da homin
hissaciklorin fazalar sorhoddindon su vo ya neft fazasina kegmosino imkan verir. Naticado,
koalessensiya bag verir. Beloliklo, neft emulsiyalarinin dagilmasi kimyavi prosesdon daha ¢ox
fiziki proses olub komponent torkibindon, tobii stabilizatorlarin miihafizo tobogolorinin
xassolorindon, istifado olunan deemulqatorun tipinden, kolloid-kimyavi xassalorindon va
miqdarindan asihidir.

Asfalt-gatran-parafingdkmo problemi. Neft¢ixarma zamani quyularin neft modon avadanliglarinin,
boru-komori kommunikasiyalarinin isindo ¢atinliklor yaradan problemlordon biri asfalt-qotran-
parafingokmadir (AQPC). Neft-modon avadanliglarinin axin hissasindo AQPC-nin toplanmasi
sistemin mohsuldarligini vo nasos qurgularinin faydali is omsalin1 azaldir, homginin tomirlorarasi
miuddati qisaldir.

AQPC miirakkeb karbohidrogen qarisig1 olub parafinlorden (20-70% kiitlo), asfalt-qatran birlog-
molarindon (AQB) (20-40% kiitls), slikogel gotranindan, yagdan, sudan vo mexaniki qarigiqlardan
ibaratdir [10].

Bir neftcixarma regionu daxilinds, hatta bir yataq daxilindo AQPC-nin torkibinin bilinmasi
praktiki ohomiyyot kosb edir. Cilinki onunla miibarizs iigiin optimal {isulun se¢ilmosi komponent
torkibi ilo olaqoadardir.

AQPC-nin amolo golmosi vo inkisafinin iki marhalosi ayrilir. Birinci morhoalods birbasa neft ilo to-
masda olan sathds parafin kristallarmin kristallasma morkozi yaranir vo kristallar bdyiiyiir. ikinci
morholodo parafinlo ortiilmiis sothdo daha iri kristallarin ¢6kmaosi bas verir. AQPC-nin oamolo
golmasine quyu dibindo tozyiqin azalmasi vo bununla olagadar olaraq qaz-maye sisteminin
termodinamiki tarazligimin pozulmasi, intensiv qaz ayrilmasi, layda vo quyunun gdévdosindo
temperaturun azalmasi, qaz maye sisteminin vo onun ayri-ayr1 komponentlarinin harakat siiratinin
doyismosi, garisigin hor bir fazasinda karbohidrogenlorin torkibi, fazalarin hocmlorinin nisboti vo
borularin sothinin vaziyyati, asasli sokilds tosir edir [11-13].

Qeyd edok ki, neftgixarma sistemlorindo AQPC bas verdikdo onun konarlagdirilmasi iiglin
halledici istifadosi (moasalon neft distillati) daha moagsodosuygun hesab olunur [14]. AQPC-ni
dagitmaq {¢iin bir qayda olaraq parafin karbohidrogenlori asasinda halledicilor istifade olunur
[15-19]. Belo holledicilor AQPC-lori yumaq {igiin yararlidir. AQPC-lorin konarlasdirilmasi
asfaltenlorin disperqatorlar1 olan aromatik karbohidrogenlorlo, ya da tsiklik asetallarla
holledicilorin kompakth istifado olunmasi ilo aldo edilir [20, 21].

Asfalten strukturlu AQPC neft distillatinin 4,4 dimetil-1,3-dioksan pirokondensatin 220-230°C-
don yuxar1 temperaturda qaynayan fraksiyasinin kompozisiyasi ilo do konarlasdirila bilir [22, 23].
Qaris1iq tipli AQPC-nin yuyulmasina pirokondensatin 120-130°C-don 220-230°C-a qaynayan
fraksiyasi daha yaxsi tosir edir [24].
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Qeyri-Uzvi duzlarin ¢okmasi: Neft vo qaz ¢ixarilmasi zamani moadon boru komorlarinin vo
avadanliglarin daxili divarlarinda geyri-tizvi duzlarin ¢okiintiilori do amalo galir [25-31].

Duzlarin ¢6kmasi quyularin istonilon istismar iisullarinda bag verir, lakin daha intensiv duz¢okma
stanq dorinlik nasoslar1 vo morkozdongagma nasoslari istifado edildikdo bag verir. Nasoslarin is¢i
orqanlarmin sathino duzlarin ¢dkmasi onlarin siirtiinmadon yeyilmasini artirir, morkozdonqagma
nasoslarinin vallarinin, is¢i c¢arxlarin dagilmasimma sobob olur. Belo soraitlordo quyularin
mexaniklosdirilmis fondunun tomirlorarasi miiddoti azalir.

Mohluldan maddonin ayrilmasi onun faktiki qatiliginin tarazliq qatiligindan ¢ox olduqda bas
VErIr.

Neft modonlorindo kalsium sulfat, kalsium vo maqnezium karbonat vo natrium xlorid ¢okmaosi do
xarakterik haldir. Yanasi sularin sulfatliliginin yiiksolmosi vo onlardan gipsin ¢6kmosinin osas
saboblori lay gofosindo olan gips vo anhidridin laya vurulan sirin su ilo golovilogsmaosi, neftlo
yanags1 ¢ixarilan suyun sulfat ionlar ilo zonginlogsmasi, layda olan sulfidlorin sulfatlara ¢evrilmasi
vo neftdo olan kiikiirdlii birlogsmalorin laya vurulan su ilo daxil olan hava ilo oksidlogsmosi ilo izah
olunur [32-36].

Kalsium sulfatin hallolma haddinin qiymoti mohlulun kimyovi torkibindon asilidir [37]. Suda
natrium-xloridin olmasi kalsium sulfatin hall olma haddini artirir, kalsium xloridin iso hall olma
hoddini azaldir. Neft-modon praktikasinda kalsium karbonat (kalsit) ¢gokmolori on genis yayilmis
cokiintiilordir.

Kalsium karbonat ¢dkmasinin intensivliyino temperaturun yiiksolmosi, lay vo tullant1 sularinda
CO2-nin miqdarinin azalmasi, lay vo tullanti sularinin pH-nin artmasi, hamginin uyusmayan
sularin garisdirilmasi tosir edir.

Karbonat duzlarinin ¢6kmo soraitlori vo soboblori neft modon praktikasinda rast golon digor
¢okmo proseslorino nozoron daha miixtolifdir [38-40]. Masolon, karbonat tarazligina neftdon suya
kecon tobii birlogmolor tosir edo bilor. Belo ki, neftdon ayrilan neft tursulart mohluldan 100%
kalsium vo maqnezium ionlarimi ¢okdiiriir, neftgixarma zamani ¢okiintiilorin torkibindo homginin
magnezium karbonat MgCO3; (maqnezit) da rast galir.

Ogor qarisan suyun bir hissasindo Ca*, Mg2+ vo Co®" ionlari tarazliq halindadirsa vo digorlori
magnezium ionlar1 ilo zongindirsa, gqarisma zamani maqnezium karbonat kalsium karbonatdan
ovval ¢okiir. Ogor lay suyundan vo ya tullanti suyundan sulfat vo karbonat duzlar1 ¢okiirss, onda,
adoton, c¢oklintiilorin doqiq lokallagsmasi bag verir: nasos-kompressor borularinda (NKB), xiisuson
quyunun asagi hissosindo kalsium vo barium sulfatlar, yeriistii qurgularda iso kalsium vo
magnezium karbonatlar tistiinliik togkil edir.

Natrium-xlorid (qalit) istonilon lay sularinin vs tullant1 sularinin asas duz komponentidir. Neft ya-
taglarinin yanasi sularindan natrium xloridin ¢okmasinin asas sababi temperaturun ve tozyiqin
asag1 diismesidir ki, bu da suyun duz ils ifrat doymasina gatirib ¢ixarir.

Lay vo tullanti sularindan kalsium sulfatin ¢6kmo imkanini qgiymetlondirmok {i¢lin miixtolif
usullar mévcuddur.

Bunlardan biri do N.D.Eastef vo B.V. Orolin tisuludur [41]. Bu tisulla sulfat ionlarinin tarazliq
qatilig1 agagidaki kimi hesablanir:
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burada ¢ Ce.2+ — uygun olaraq S03~ vo Ca** — ionlarinin qatilil, q/l; p — mohlulun sixligidr,

s0i™
g/sm®.
Usulun mahiyyoti — sulfat ionlarmin tarazliq qatiliglarinin onlarm lay vo ya tullanti sularinda
faktiki qatiligr ilo miiqayisesine osaslanir. Ogor sulfat ionlarinin faktiki qatilifi tarazliq
qatiligindan coxdursa, onda kalsium sulfatin artiq migdar1 mohlulda gips soklindo ¢okiir.

A1 Cistovski iisuluna osason sulfat ionlarmin tarazliq qatihig asagidaki diisturla tapilir [42]:

: (2)

burada S — mohlulun ion giiciinii nazars almagqla kalsium-sulfatin hall olma gostaricisidir.

Mohlulun ion giiciiniin nazars alinmasi, genis minerallagsma diapazonunda lay va tullanti sularinin
kalsium-sulfat ilo doymasin1 daha doqiq hesablamaga imkan verir. Kalsium karbonatin su miihit-
larindo hall olmasi onlarda karbon dioksidin migdarindan asilidir. Yiiksok mineralli sularda CO,-
nin miqdarini toyin etmok ¢otindir. Lakin mahlulun pH-1 esasinda CO,, HCOZ vo €03~ miqdari

nisbatlari haqqinda fikir sdylomok miimkiindiir.

Neft-madon avadanliglarinin daxili sathlorinds kalsium karbonatin ¢6kmasi miimkiinliiyiiniin
prognozlagdirilmasi suyun pH-nin faktiki qiymatinin suyun kalsium karbonat ilo doymus halda
oldugda hesablanmis pH-1n qiymati ilo miigayisosine osaslanir.

Duz¢okmo meyari kimi, adoton, doyma indeksini (JS) vo doyma stabilliyini (JS;) gotiiriirlor.
Doyma indeksi kalsium-karbonat ¢ékmasi imkanini hesablamaga imkan verir. Indeksin qiymati
asagidaki kimi hesablanir:

JS =pH - pHs 3)

Ogoar JS > 0 olarsa, kalsium-karbonat ¢okmasi miimkiindiir.
Ogor JS < 0 olarsa, su kalsium karbonati hall eda bilir.
Ogor JS = 0 oldugu halda su kalsium karbonat ils tarazliq doymasi voziyyotinds olur.
Hesab olunur ki, JS > 0,5-0,7 olduqda, kalsium karbonatin suda ¢okmasi miimkiindur.
Coklintiilori  tomizlomok {isullar1 mexaniki vo kimyovi itsullara ayrilir. Duzg¢dkmolorin
konarlagdirilmasinin kimyovi tisullarinin mahiyysti quyularin qeyri-lizvi duzlari samorali hall
edon reagentlorlo islonmosino osaslanir. Belo ki, karbonat duzlarimi konarlasdirmaq {iglin
quyularmn xlorid tursusu ilo islonmasi kifayatdir. Sulfat duzlar1 ¢okiintiilorinin hall edilmaesi isa
xeyli dorocodo ¢otindir [43]. Sulfatlarin ¢okiintiilorinin dagilmasi, adston, tursularla holletmoyo
osaslanir.
Konversiyani tomin edon holledicilor kimi natrium-karbonat, natrium-bikarbonat, natrium-
hidroksid vo kalium-hidroksid daha genis istifads olunur.
Xiisusi halda, gips ¢Okiintiilorinin natrium-karbonatin tosiri ilo konversiyasi asagidaki reaksiya
tonliyi lizro gedir:

CaS0, - 2H,0 + Na,C05 = CaCO5 + Na,S04 + 2H,0

Omolo golon kalsium-karbonat xlorid tursusu mohlulu ils hall olur:
CaCO; + 2HCl = CaCl, + H,0 + CO,
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Hoalledici kimi 10-15%-1i natrium karbonat mohlulu, kalsium karbonati hall etmak {i¢iin iso 10-
15%-1i xlorid tursusu mohlulu istifado olunur. Natrium hidroksid istifado etdikdo reaksiya kalsium
hidroksid v natrium sulfat oamolo golmasi ilo gedir:

CaS0, - 2H,0 + 2NaOH = Ca(OH), + Na, 504 + 2H,0

Natrium-sulfat suda yaxs1 holl olur, kalsium hidroksid iso bos kiitloys malikdir vo asanligla
asilgan voziyyoto kegir vo inco dispers suspenziya omolo gotirir ki, o da maye axini ilo aparilir
[44].

Qeyd etmok lazimdir ki, gips ¢okiintiilorini xlorid tursusunun 15%-1li mohlulu ils isladikds faydal
naticalar alina bilor [45, 46]. Suda yaxs1 holl olan kalsium-xlorid smalo golir.

CaSO, - 2H,0 + 2HCl = CaCl, + H,S0, + 2H,0

Qeyri-tizvi duzlarin ¢o6kmasinin garsisini alan inhibitorlar bir komponentli vo ¢ox komponentli
olmaqla iki qrupa boluniirlor [47].

Kimyovi quruluslarindaki forglora gora iso duz¢dkmo inhibitorlar1 anion vo kation tipli olurlar.
Anion tipli inhibitorlara karbon tursularinin téromolori (akril sirasi polimerlor, malein anhidridi
asasinda sopolimerloar, sulfat tursularinin téromolori, geyri-tzvi polifosfatlar, tizvi fosfatlar) aiddir.
Kation tipli inhibitorlara polialkilenaminlar, monoaminlor, dérdlii ammonium birlagmalari, poliet-
aksillogmis aminlor aiddir.

Neft yataglarindan ¢ixarilan vo noql olunan mohsullarda bu vo ya diger miqdarda mexaniki
qarigiglar olur. Osason bu, quyudan neft ilo ¢ixan dag siixurlar1 hissociklori vo metal
avadanliglarinin vo kommunikasiyanin korroziya mohsullaridir.

Mexaniki qarisiglar 1 @/l-don ¢ox olduqgda neft quyularmin isini ¢atinlogdirir vo dorinlik
nasosunun silindrinde plunjerin par¢imlonmasing, klapanlarin va plunjer silindr ciitliiyiiniin
hidroabraziv sirtinmoadon yeyilmosinin artmasina sobob olur. Belo quyular iiglin tez-tez
tomizloma vo yuma tolob edon tixac amalagalma prosesi xarakterikdir [48].

Laya suvurma quyulari iigiin mexaniki qarisiglari 60 mg/l-o godar qatiliglar1 onlarin vaziyyatinog
asasli tasir gostormir. Qatiligin 60 mq/l-don bir az ¢oxalmast quyunun su tutumunu hiss olunacaq
daracads azaldir [49].

Korroziya proseslori: Qeyd etmok lazimdir ki, laydan ¢ixarilan mohsullarda H,S vo CO; na
qadoar ¢ox olursa, korroziya proseslari bir o gadar siiratlonir [50-60].

Korroziya prosesi neftgixarma sonayesindo digorlori ilo paralel getdiyindon onlar iimumi
gostoricilora asasli tosir edo bilirlor.

Sulu mohlullarda H,S Umumi korroziyaya nisbaton, hidrogenin polada niifuz etmosini hiss
olunacaq doracado giiclondirir. Turs mohlullar miihitindo istismar olunan karbonlu polada
diffuziya edon hidrogenin maksimum miqdar1 reduksiya olunmug timumi hidrogenin 4%-1 qoder
olur. Tarkibinda hidrogen-sulfid olan mohlullarda bu komiyyot 40%-o catir. Belaliklo, H,S-li
mihitlordo avadanliglar tigiin asas tohliikoni {imumi korroziya yox, poladin hidrogen kovrokliyi
yaradir.

Suda hall olarkan H,S zaif tursu kimi ionlara dissosiasiya edir:

H,S e HS™+HY &8~ +2H7

Mihitin pH-nin giymatindon asili olaraq reaksiyalarin tarazligi saga vo ya sola dogru yerini
dayisir, neytral vo galovi miihitlords hidrosulfid ionlari, turs miihitlorde molekulyar H,S daha ¢gox
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olur, qlivvatli galovi miihitlordo az miqdarda sulfid ionlar1 amals golir. Su fazasinda Kifayat qoder
H.S oldugda maye fazanin pH-nin qiymati asag1 diisiir vo bu zaman H,S-in asas miqdari ion
formasinda yox, molekulyar formada olur.
H>S domirin ionlagsmasinin anod reaksiyasini siiratlondirir:
Fe + H,S + H,0 = Fe(HS)y, + Hy0*
Fe(HS) 45

Fe(HS)* + Hy0% — Fe?* + H,5 + H,0

— Fe(HS)* + 2e

Omolo golon kompleks pargalanir vo H,S regenerasiya olur. Metal sathindo xemasorbsiya olmus
Fe(HS) _,_ katalizator amolo goldikdo, domir atomunun kiiklrd ilo mdhkom olaqesi metal atomlar1

arasindaki alagonin zaiflomasina sabab olur ki, bu da ionlagmani asanlagdirir. Oksidlogma daracasi
iki olan domir ionlarinin elektrod strafinda qatiliginin azalmasi da (onlarin sulfidlorls reaksiyasi
naticasinda) homin naticoys gotirib ¢ixarir:

Fe’" + HS” —= FeS+H™

Bu halda domirin elektrod potensialinin manfi torafs yerdoyismasi vo korroziyanin anod
prosesinin artmasi bas Vverir.
Katod prosesino HS-in tasir mexanizmi belodir:

Fe + HS~ & Fe(HS) .,
Fe(HS) ;. +Hz0 < Fe(H—S —H)4. + H-0
Fe(H—5—-H)ggs+e — PE{:HS}E_E]S + Hage

Katod prosesinin sonuncu morhalasi nazaratedici morhoaladir. H,S bir basqa katod reaksiyasinda
istirak etmir, yalniz hidrogen ionlarinin yiikstizlasmasini siiratlondiron katalizator rolunu oynayir.
Reduksiya olunmus hidrogen atomlari gismoan do olsa metala diffuziya edarok hidrogen kovrakliyi
yaradir. Hidrogen sulfidli miihitds domirin korroziyasindan omolo golon mohsullar prosesin
kinetikasina asasli tosir edir. Hidrogen sulfidin gatiliglarinin az oldugu (2 mq/l-a godoar) hallarda
omalo golon sulfid tobaqosi asason troilitdon FeS vo piritdon FeS; ibarat olub, kristallarinin
ol¢iilori 20 nm-o goadar olur. Hidrogen sulfidin migdar1 2-20 mg/l haddinds olduqda, slaves olaraq,
az miqgdarda kansit FegSg amolo golir. Hidrogen sulfidin migdar1 20 mg/l-don ¢ox oldugda
korroziya mohsullarinda kansit FeqSg Ustlinliik togkil edir, kristallarin 6lgiilori 75 nm-o gatir. Pirit
va troilitin Kkristal gofaslori nisbaton ¢ox olmayan sayda qofas qiisurlarina malik olurlar vo domir
ionlarinin  diffuziyasim1 longidorok miioyyon miihafizo effektino malik olurlar. Kalsit
tamamlanmamis Kristal qofasine malikdir vo miihafizo xassalorine malik deyil. Domir sulfidlori
domir vo polada miinasibatdo katodlar vo onlarla potensiallar forqi 0,2-0,4 V-a ¢atan galvanik
ciitlor omalo gatirir vo neft madon avadanliglarinin yarali korroziyasina sabab olur.

Hidrogen sulfidin metallarin hidrogen kovrakliyina Katalitik tasirinin izahi verilmisdir:

- HS hidrogenin elektrokimyavi ayrilma prosesinin longimesini hidrogen ionlarinin
yiiksiizlogsmasi morholosindon hidrogen atomlarinin molekullara ¢cevrilmosi marholasino kegirir;

- sathdo adsorbsiya olunmus H»S molekullar1 hidrogen atomlar1 vo sulfid ionlar1 amale gatirarok
metal sothindo hidrogen atomlarinin qatiliginin ¢ox olmasina sorait yaradir;
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- H,S metal sathinds hidrogen atomlarinin qatiliginin artmasina sabab olur va onun metal sathino
daxil olmasini asanlasdirir ki, bu da asagidaki reaksiya ilo izah olunur:

H,S+e—=H_ +H5

Metal sothino hidrogen atomlar1 yox, hidrogen ionlar diffuziya etdiyi halda H»S-in metal sothinin
hidrogenlo zonginlogsmasi prosesing siiratlondirici tesiri hidrosulfid ionlarinin diffuziyas1 zamani
metalin soth atomlar1 arasindaki olagonin zoiflomosi ilo izah edilir. Bu, kollektorlar daxilindo
yiiksok tozyiqin yaranmasina sabab olur. Intensiv hidrogenlosma gabarciglarin amolo golmasing
vo qosulmus qeyri-metal hissociklorin  xott boyu tokiilmosino sobob olur ki, bu da
konstruksiyalarin dastyiciliq qabiliyyatini azaldir vo onun dagilmasina gotirib ¢ixarir. Adsorbsiya
nozariyyasi hidrogen kovrakliyini atomar hidrogenin kollektorlarin daxili sothlarinds adsorbsiyasi
ilo olagolondirir. Bela hesab edilir ki, bu, poladin soth enerjisinin azalmasina sabab olur vo uygun
olaraq, onun kovrok dagilmaga miigavimatini azaldir.

Su miihitinds korroziyanin intensivliyinin artmasi HS ilo yanagi, xloridlorin olmasindan da
asilidir. Belo ki, xloridlor olavo aqressiv tosiro malikdir.

Yuxarida geyd olundugu kimi, neft-qaz¢ixarma zamani ¢ixarilan maye vo qazda CO2-nin olmasi
da korroziya prosesini siirotlondirir. Odur ki, CO; istiraki ilo korroziya prosesinin mahiyyaoti izah
etmok mogsadouygun hesab etmok olar.

Suda COy-nin hoall olmasi oksigenin hall olmasindan 200 dofodon do artiqdir vo atmosfer
korroziyasi hamise CO»-nin miioyyan istiraki ilo gedir.

CO; korroziyasi problemini holl etmoadon quyularin vo boru kamaorlorinin normal istismarini tomin
etmak ¢otinlik yaradir.

1978-1980-c1 illordo Qoarbi Sibirin neft yataglarinda neft toplama sistemlorinin boru komorlorinds
ilk intensiv korroziya faktlar1 geyd edildi. Uzun miiddat hesab edilirdi ki, bu bdlgads quyularin
avadanliglarinin vo boru komarlarinin korroziyadan dagilmasi quyu mohsulunun su fazasinda az
miqdarda (0,5-4,0 mg/l) H,S olmas: ilo slagadardir. Ancaq aparilan todqiqatlar gostordi ki, bir
qayda olaraq kiikiird su fazasinda sulfat vo digor reduksiya olmus formalarda olur. Boru
komorlorinin kipliyinin pozuldugu yerlordo askar olunmus korroziya mohsullarinin analizi
onlarda sulfidlorin 0,02-2,00% Kkitlo, karbonat birlosmoalorinin iso 14-97% kiitlo haddindo
oldugunu gostordi.

Qorbi Sibirin yataqlarinin fordi xiisusiyyatlori onlarin neft vo qazlarinda CO;-nin miqgdarinin az
(0,08-2,00%) olmasidir. Buna baxmayaraq, bu yataqlarda avadanliglarin korroziyadan dagilma
surati 3-4 mm/il, bazi hallarda isa 6-7 mm/il haddindadir.

Qazlarin mayelords holl olmasin1 miioyyon edon osas faktorlar qazin tozyiqi vo temperaturudur.
Molum oldugu kimi, parsial tozyiq qazin biitiin qab hocmini tutduqda yarada bilocoyi tozyiqdir.
Basqa sozlo, bu bir-biri ilo kimyavi qarsiliqlt tosirdo olmayan hor bir qazin iimumi tozyiqin
yaranmasinda payidir (Dalton ganunu).

PED: = GED: P, (4)
Neo, :
Grg, = =, 5
oo N (5)
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burada G., — qazda COz-nin mol payi; N.,— qazda COz-nin mollarinin sayi; N — gaz

komponentlari mollarinin timumi sayidir.
Henrinin tocriibi yolla miioyyan etdiyi qanuna goéro mayenin verilmis hocmindo hall olan qazin
miqdari sabit temperaturda onun parsial tozyiqi ilo diiz miitonasibdir:

C=k P, (6)

burada C — mayeds qazin qatiligi, mol/litr; k — Henri sabitidir.

Sonuncu tonlik, hall olarkon 6z nisbi molekul kiitlalorini doyismoyon maddolor ii¢iin dogrudur.
CO, suda hall olarkon zoif karbonat tursusu H,CO3 amola gotirdiyindon bu tursu hidrokarbonat vo
karbonat ionlarina dissosiasiya edir (25°C-do dissosiasiya sabitlori k1:4,47'10'7, k2:4,68'10'11
olur):

€O, + H,0 « H,C0,
13
H,CO, — H* + HCO;

ky 2—
HCO; «——— H™ + 03

Odur ki, bu halda Henri ganunu dissosiasiya olunmus H,COj {igiin dogrudur.

Quyularin mohsullarinin maye fazasinda, eyni vaxtda, yuxarida geyd olunmus anionlar vo
kationlar olduqda, asagidaki ¢atin holl olan birlogsmolorin (duzlarin ¢okmaosi) omalo golmasi soraiti
yaranir: CaCOs, FeCOj3, CaSO,4, BaSO,4. Bu duzlar oksor neft yataqlarinin sistemlorindo mineral
cokiintiilorin FeS ils yanagi tipik komponentlaridirlor.

CaCOg asagidaki reaksiya noticosindo amolo golir:

Ca** + 2(HCO3) — CaCO, L +CO, + H,0
Ca®" +C03™ — CaCO, |

CaCOs-n Ug formasi-kalsit, aragonit va vaterit malumdur. Neft moadan sistemlorindo oan ¢ox rast
golon forma Kkalsitdir. Neft modonlori mohsullarinin su fazasinda CaCOjz-Un omolo golmasi
hidrokarbonat ionunun istiraki ilo gedir, ¢unki onlarda karbonat ionlariin qatilig: sifra yaxindir.
Bu reaksiyanin mohsullarindan biri karbonat tursusu oldugundan CaCOs-n ¢6kmasi tozyiqdon
asil1 olur. CO,-nin parsial tozyiqi artdiqca hidrokarbonat ionunun istirak: ilo gedon reaksiya sola
yerini doyisir. Bu effekt F ., -nin O-dan 1 MPa-a qgodor doyisdiyi hallarda duzsuz veo zoif

minerallagmis sularda CaCOs-iin hoall olmasint bir nego dofo artirir. Temperaturun vo pH-in
artmasi homin reaksiyani saga, CaCOs-Un omolo golmosino dogru doyisir.
Neft vo qazgixarma zamani temperatur vo Umumi tozyiq, eloco do uygun olaraq P.,, laydan

quyunun ¢ixigina gadar vo quyudan nasos stansiyalarina godar olan boru kamarlori boyunca azalir.
Temperaturun va P, -nin eyni vaxtda azalmasi CaCOj3-1n amoalo golmasing oks tosir gostarirlar.
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Bununla slagoadar olarag CaCOs-in ¢okmaosi prosesi madon sisteminin istonilon yerindo amoala
galo bilar. CaCO3-lin ¢6kmasi digar ¢okon duzlar kimi neft hasilatinda ciddi problemlor yaradir.
Domir karbonat FeCOj3 neft madan sistemlorinda ¢okon mineral ¢okiintiilordo CaCO3-dan sonra
ikinci on tez-tez rast golon duzdur. O, asagidaki reaksiyalar naticasinds amals galir [61]:

Fe’™ + CO5™ — FeCO, |
Fe’™ + 2(HCO3) — FeCO, | +CO, T +H,0

Neft modonlorinin mohsullarinin  su fazasinda domir ionlarinin fon qatilig1 bir qayda olaraq 1
mq/l-don azdir. Bu migdarin artmast madan avadanliglarinin korroziyasi sobobi ilo alagadar olur.
Baxilan sistemlordo €03~ ionlarmin miqdari hiss olunmaz doracodo az oldugundan mohlulun

daxilindo FeCOs-1n omolo golmasi pH-1 8,0-0 yaxin oldugda hidrokarbonat ionunun istiraki ilo
gedir vo reaksiya metal sothindoki nazik su tobaqesinde bas verir. Bu toboqods korroziya
naticasindo amolo golon domir ionlar1 ¢ox olur vo su Fe(HCO3), duzunun hidrolizi noaticasindo
golovilogsmis olur. Bu halda poladin sothinds six va ke¢ilmoz FeCOj3 ¢okiintiisii omolo golir ki, 0
da yiiksok adgeziya xassasi vo yaxsi mithafizo qabiliyyati ilo forglonir. Cokiintii amalo galmanin
ion mexanizmi metal sothinds adsorbsiya olunmus vaziyystds gedir:

Fe’™ + nH,0 + CO, — Fe(HCO,), + 2H"
2Fe”" + nH,0 + C0, — FeO - FeCO, | +4H™

Bu reaksiyalar naticosindo ayrilan hidrogen ionlar1 korroziya prosesinin depolyarlagsmasina sorf
olunur, hall oldugda domir hidrokarbonat elektrod otrafi tobaqays daxil olur vo poladin sathindo
tarkibi FeO-FeCOj olan, ¢atin hall olan ¢okiintii amala golir. Bu ¢okiintli qara rangli, ovxalanan
maddos olub domirin molum oksidlarinin hamisindan farqlonir.

Su fazasinda hiss olunacaq miqdarda sulfat ionlar1 oldugda CaSO,;, MgSO,; vo BaSO, omolo
golmasi do miimkiindiir. Lakin, neft madon sistemlorinds korroziya karbonat tursusu mexanizmi
ilo getdikds bu duzlara mineral ¢okiintiilordo ya he¢ olmur, ya da olduqca az miqdarda rast golinir
[62].

Oksigensiz CO; hall olmus sulu miihitlords poladlarin korroziya prosesi elektrokimyoavi prosesdir.
Oksor tadqiqatgilar hesab edirlor ki, karbonat tursusunun yaratdigi korroziya prosesinin
mexanizmi qiivvatli tursularin mohlullarinda bag veron adi korroziya proseslorindon asaslt sokildo
forglonir. Malumdur ki, pH-1n qiymatlari eyni oldugu halda, CO; hall olmus miihitlords, korroziya
ekvimolyar quvvatli tursu mohlullarinda oldugundan daha intensivdir. Bu hadisonin iki miixtalif
izah1 moveuddur. Birinci — karbonat tursusu mohlullarinda H™ vo HCO; ionlar1 ilo yanasi

dissosiasiya olunmus H>COsz; molekullar1 da istirak edir vo onlar bufer rolunu oynayaraq
depolyarlasmaya sorf olunan H™ ionlarmin borpasini tomin edirlor. Eyni zamanda, qiivvetli tursu

mohlullarinda oldugu kimi, hidrogen ionlar1 korroziya olunan sotho diffuziya yolu ilo catdirilir,
karbonat tursusu miihitindo depolyarlasma elektrodotrafi tobogqodo H,COs-in dissosiasiyasi
noticosindo omolo golon H™ ionlart ilo hoyata kegirilir. H,COs-iin dissosiasiya siirotinin H*
ionunun mohlulun daxilindoki diffuziya siirotindon ¢ox boyiik oldugunu ehtimal edorok, belo
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natico ¢ixarirlar ki, karbonat tursusu korroziyasi diffuziya mohdudiyystlori ilo limitlonmir. Digor
izahat ondan ibaratdir ki, H,COs-katod prosesinds birbasa istirak edir.

Karbonat tursusu hor hansi spesifik korroziya térotmo gabliyyatino malik deyil, yalniz pH-1 agagi
salmagla (P.y,artdigda) vo depolyarlasmaga sorf olunan H' ionlarini barpa etmoklo korroziyani

stimullagdirir. Katod prosesinin depolyarlagsma tonliyi (long morhals) asagidaki kimidir:
H,CO, +e — H_y_ + HCOZ

Sonra rekombinasiya vo ya elektrokimyovi desorbsiya yolu ilo (siiratli morhsals) hidrogen
konarlasir.

Beloaliklo, poladlarin karbonat tursusu korroziyasi zamani depolyarlagsmasi asagidaki Kimi gedo
bilor:

- moahlulun hacminds olan hidrogen ionlari ilo;

- elektrodotrafi tobagada H,CO3 dissosiasiya etdikds amola golon hidrogen ionlari ilo;

- H,COs-lin katod prosesinds birbasa istiraki ilo.

Hesab edilir ki, kalsium karbonat miihafizo ¢okuntusidir. Bu, nisbaton az duzlu vo oksigen hall
olmus sular t¢iin dogrudur. Bu halda, CaCOj3 ¢okiintist sixdir vo metal sathi ilo yaxsi1 alagolonmis
olur (xtisuson do ¢Oklntli amolo golma temperaturun artmasi ilo olagadar olduqda) vo omola
galdikdo mihit ilo metalin alagasini kasarok korroziyanin sonraki inkisafinin qarsisini alir.

Quyu avadanliglarinin Kkorroziya zadslonmolorinin asas ndvlori nasos kompressor borularinin
daxili sothinin vo mexaniki 0Usulla neftgixarma zamani asilmis elektrik morkozdongagma
nasoslarmin qurgulariin lokal korroziyasidir. Hor iki halda, quyularin vaxtindan avval bahali
yeralt1 tomirlori vo korroziya naticasinds siradan ¢ixmis avadanliglarin yenilori ilo ovaz olunmasi
macburiyyati yaranir.

NKB-nin vo asilmis elektrik morkozdonqagma nasoslarinin (AEMN) korroziyast 90% oldugu
hallarda quyunun mohsulunun torkibindo suyun hocm faizi 40-dan ¢ox, maye hasilati iso
(quyunun mshsuldarligl) 40 m%sutkadan ¢ox oldugda miisahido edilir. Bununla bels geyd etmok
lazimdir ki, karbonat tursusu korroziyasi hatta neft mohsulunda suyun miqdar1 1 hacm faiza qador
olan quyularda da kifayat qadar siiratlo getdiyi miisahido oluna bilar.

NKB komorlorinds korroziya soraiti quyuya nazoron az maye sisteminin siiratinin daha asagi
olmasi (adaton 1-2m/san) vo CO,-nin parsial tozyiqinin az olmasi ilo xarakterikdir. Bu kamarlorda
osason, karbonat tursusu korroziyasinin lokal korroziya novlerine rast golmok olur. Bununla
yanas1 osasan iri diametrli borularda (426 mm vo daha ¢ox) «nov» korroziyas: adlanan
korroziyaya rast golinir. Belo korroziya miixtolif dorinlikli novu xatirladir vo onlarin uzunlugu
0,3-0,6 m-don 2-4 m-o gatir. Komorlorin daxili korroziyasi sababindon ilk desib kegmis zodoalor
yaranana gadar istifado miiddati onlarda movcud olan soraitdon asili olaraq 9 aydan 12 iladok olur
(normativ tizro miiddat 10 il nozords tutulur). NKB sisteminda karbonat tursusu korroziyasinin
inkisafina gaz-maye garigiginin axma rejimi oasas tosir gostorir vo onlarin naqli zamani iki axin
strukturu genis yayilmisdir — tobagolosmis vo tixac.

Taboagolosmis axin rejimi, bir gayda olaragq harokatli vo horakatsiz Su toplandigi yerlordo lokal
korroziyanin inkisafina sabab olur.

Tixac rejimi ilo axma zamani1 metal sothinin geyri-barabor islanmasi hesabina bitin boru komori
boyu korroziya lokal xarakter dasiyir vo ayri-ayri «novlar», «arxciglar», yaralar va pittinglor
soklinda 0zUn0 gostarir.
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Neft¢ixarma sonayesinda korroziya ilo miibariza Uglin asagidaki metodlar istifads olunur:

1) nogl olunan mohsulun sululugu 40% hacmindon az oldugu hallarda emulsiyali axma rejimi
yaratmagla suyun ayr faza kimi ayrilmasini aradan qaldirmaq yolu ilo;

2) suyun ilkin konarlasdirilmasi su vo karbohidrogen fazalarin1i quyudan toplama yerino qodor
ayri-ayriligda noql edilmasi, inhibitorlarin istifads olunmasi, korroziyaya davamli poladlarin vo
orintilorin istifadosi, geyri-metal materiallarin vo miihafizo ortiiklorinin istifadosi.

Natica: Diinyanin aparici dovlotlorinin neft-qazgixarma sonayesindo ¢oxillik tocriibo gostorir ki,
hom texniki, ham do iqtisadi baximdan inhibitorlarin totbiqi daha somaerslidir. Korroziya
inhibitorlar1 elo kimyovi birlosmolordon alinmalidir ki, korroziya miihitino miioyyon qatiliqda
verildikds korroziyanin qarsisini alsin vo ya onu hiss olunacaq doracods azaltsin.

Inhibitorlarin tosir mexanizmlori bir sira faktorlarla baglidir: inhibitor molekullarmin qurulusu vo
xassolori, onlarin metal sathi ilo qarsiliqli slagalerinin xarakteri, korroziya miihitinin torkibi vo
kontakt spesifikliyi.

Oksor iizvi birlosmolor metallarm korroziyasini longitmok qabiliyyotino malikdirlor. Uzvi
birlogsmolor qarisiq tosirli inhibitorlardir, basga s6zlo, onlar hom katod, hom anod proseslorinin
stiratino tosir edirlor. Eksperimental malumatlar gostorir ki, oksor kimyovi birlogmalor metal
sothino Lengmiir vo ya Temkin izotermlorine uygun olaraq adsorbsiya edilirlor.

Neft-qaz sonayesindo avadanliglarin vo boru-kommunikasiya xotlorinin korroziyaya qarsi
hossasliq soraitinin vo onlarin yaranma mexanizminin aragdirilmasi daha effektli inhibitorlarin
islonib hazirlanmasina imkan yaradir.
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RESERVOIR PRESSURE MAINTENANCE (RPM) ON OIL DEPOSITS

Zakir Abdurrahimov
ASOIU, Oil and gas storage and transportation, master, E-mail: zakir.abdurahimov98@gmail.com

ABSTRACT

The article provides a brief analysis of the issue of improving oil recovery as a result of lower
formation pressure in offshore oil wells. In the introductory part, the issues of lowering the
formation pressure during the operation of oil and gas fields were considered. It is known that
during the initial operation of wells, the wellhead pressure is high, so the wellhead is sufficient to
transport pressure. However, after a period of operation, a sharp drop in formation pressure is
observed, and when the wellhead pressure is less than the pressure in the in-house pipelines, it is
not possible to transport the oil or gas obtained through these pipelines. In such conditions, in
order to improve the development of oil storage, products from offshore oil and gas fields are
transported to the shore through special tanks. The issue of increasing the wellhead pressure of
such wells has been widely studied, as the occurrence of such transport leads to the consumption
of additional funds. The decrease in formation pressure is observed differently in different wells.
This situation mainly varies depending on the operating conditions and service life of the wells. In
this case, in order to increase the service life of oil and gas fields, work is underway to artificially
increase the formation pressure. Thus, in order to eliminate the problem of reducing the formation
pressure, gas or liquid is injected into the well from the outside, which helps to increase the
pressure. In wells where the pressure in the pipe mouth space is reduced, the process of applying
additional pressure from the outside is carried out continuously during the next operation. Then
the pumps used to inject liquid and gas into the reservoir were inspected. Their equipment and
various parts are shown through graphs. It was noted that pumps and pumping equipment differ in
their characteristics depending on the volume and conditions of liquids and gases injected from
the outside as a result of the reduction of formation pressure. In addition, the collection system
and transportation process of such wells have been reviewed and explained in detail using graphs
and tables. Finally, the generalized results from the considered topic were noted.

Keywords: fountain armature, reservoir pressure maintenance, injection pressure, pumping equip-
ment, pump station, manifold block.

XULASO

Doniz neft quyularinda lay tozyiqinin asagi diismosi naticasindo neft yigmin tokminlogdirilmasi
masalasinin qisa tohlili verilmisdir. Giris hissaosindo neft-qaz yataqlarinin istismar miiddotindo lay
tozyiqinin asagi diismo masalalorine baxilmisdir. Lay tozyiqinin azalmasi miixtalif quyularda
forqli sokildo miisahido olunur. Bu hal asason istismar quyularinin islonma soraitindon vo istismar
miiddatindon asili olaraq doyisir. Bu hal bas verikds neft — qaz yataqlarinin istismar miiddatinin
artirilmas1 mogsadilo lay tozyiqinin silini iisullarla artirilmasi islorino baslanilir. Belo ki, lay
tazyiqinin azalmasi probleminin aradan qaldirilmas1 magsadils quyuya kenardan qaz vo ya maye
vurulur ki, bu da tozyiqin artirllmasima komoklik gostorir. Boru agzi fozada tozyiqin azaldig
quyularda konardan slaves tozyiqin verilmasi prosesi novbaoti istismar miiddstindo davamli sokildo
hoyata kegirilir. Sonra iso laya mayenin vo qazin vurulmasi {i¢iin istifado olunan nasoslara
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baxilmigdir. Onlarin avadanliglar1 vo miixtolif hissolori qrafiklor vasitosilo gostorilmisdir. Qeyd
edilmisdir ki, lay tozyiqginin azalmasi noticosindo oraya konardan vurulan maye vo qazlarin
hacmindon va soraitindon asili olaraq nasoslar vo nasos avadanliglart miixtolif xiisusiyyatloring
goro forglonir. O ciimlodon olava olaraq bu ciir quyularin yigim sistemino vo noql prosesino do
baxilmigdir vo otrafli sokildo grafiklordon vo cadvallordon istifado olunaraq genis sokildo izah
edilmisdir. ©On sonda iso baxilan movzudan timumilogdirilmis naticalor geyd olunmusdur.

Acar sozlor: fontan armaturu, rezervuar tozyiqinin saxlanmasi, enjeksion tozyiqi, nasos
avadanhigi,

nasos stansiyasi, manifold bloku.

Introduction: The most effective measure to ensure high oil recovery factors, typical for pressure
regimes, at high rates of oil and gas extraction from deposits, is the artificial maintenance of
reservoir energy by pumping water into the reservoirs. While maintaining reservoir pressures, gas
evolution in the reservoir is prevented, since the reservoir pressure is maintained greater than the
saturation pressure; high pressures are created that contribute to the displacement of oil from
interlayers with low permeability; the terms of deposit development are reduced; economic
indicators of development are improved.

At present, the correct methods of maintaining formation pressure in oil products are widely used
in many countries around the world. The essence of these methods is that water, air, gas and other
agents are injected into the productive layers, which compensates for the fluid from the formation.
therefore, the energy expended in fluid production is fully recovered or the formation energy is
maintained at an optimal level [5].

Reservoir flooding is the main method of maintaining reservoir pressures. It allows you to
increase oil production at a rapid pace, provided that the volume of water injection compensates
for the extraction of oil from the reservoir. According to the method of implementation, there are
marginal and in-contour water flooding [1].

In case of in-loop water flooding, the formation is affected through a system of injection wells
located according to one or another scheme inside the oil-bearing contour. This is a more
intensive system of impact on the oil deposit. In-loop water flooding can significantly increase the
rate of oil recovery and reduce the development time for large fields. At the same time, in-loop
water flooding has several types [3].

Maintaining reservoir pressure requires the use of large volumes of water. The solution to the
problem of water supply comes down to finding a reliable and abundant water source (with an
assessment of the reserves and possible water consumption), substantiating the quality of water
and developing a technology for its preparation. The demand is 3.5-4.8 m® of water per ton of oil
produced. The flow rate of injected water is determined by the stage of field development [1].

The gravity injection method is used in reservoirs with low injection pressures (up to 3 MPa) and
high well injectivity (300-650 m*/day). The share of injection by gravity is 14.5% of the annual
injection [5], [6].

For more efficient operation of injection wells operated from the MCNS, a number of solutions
can be proposed:

1. Due to the fact that the ANT 55 pump units operate within the maximum operating ranges (the
maximum operating pressure of the pump is 35 MPa), it is necessary to purchase pumping
equipment with an operating pressure of more than 35 MPa. It is proposed to consider the option
of purchasing an ANT-370 pumping unit from the Bulanash Machine-Building Plant. The
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technical characteristics of this pump allow injection at a discharge pressure of up to 54.5 MPa
(Table 1).

Table 1. Technical characteristics of the three-plunger pump ANT-370

Type AHT 370

Model 370 370 370
Productivity, m*h 6.8 4.1 2.7
Discharge pressure, MPa 43 54.5 70
Drive unit Asynchronous, unregulated, adjustable
Electric motor power, kW 250 ‘ 315 ‘ 400

It should be noted that at discharge pressures of more than 35 MPa, it is necessary to provide for
all safety measures during the operation of ground equipment. It is required to impose additional
requirements on pumping equipment, well piping, christmas trees. It is necessary to develop
regulations for the operation and maintenance of pumping equipment at discharge pressures of
more than 35 MPa.

2. Due to the low efficiency of operation of wells equipped with packers, as a production practice
in many fields (leakage of packers during cyclic injection), we propose to ensure the operation of
a reinforced production line in the design of the working structure. One of the wells to organize
injection at injection pressures above 35 MPa.

3. In order to increase injection volumes from MKNS at several wells, we propose the
introduction of new hydraulic boxes with plungers with a diameter of 40 mm. Changing the size
of the plungers, in our opinion, will increase the injection through the wells by 40-45%. The
dependence of the performance of the MCNS on the diameter of the plunger, at 182 double
strokes of the plunger per minute, is presented in Table. 2.[8].

For a more rational development of fields where injection is carried out from the BKNS, it is
necessary to be able to change the performance of the CNS pumps over a wide range. It is
necessary to have pumps of various capacities at the BKNS in order to replace one existing CNS

pump.

Table 2. The dependence of the performance of the MCNS on the diameter of the plunger

Plunger diameter, mm | Discharge pressure, Productivity, m*h
MPa

30 35 2.4

35 35 3.2

40 27 4.2

Objective: In the development of offshore oil fields, the production of wells is transferred to in-
house pipelines and directed to the coast. The pressure in the intracranial pipelines is maintained
at 20 atmospheres. When the wellhead pressure drops below 20 atmospheres, the well discharge
line is separated from the in-house pipeline and the well is collected in individual tanks and
transported to shore by individual means. To prevent this problem, measures will be taken to
increase wellhead pressure in the master's dissertation. One of the planned measures is the
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injection of an appropriate amount of compressed gas in the space behind the pipe in the fountain
wells. Preliminary tests confirm that it is possible to increase the pressure in the wellbore zone on
the basis of these measures in the wells. The amount of gas injected into the well will be selected
so that the wellhead pressure is greater than 20 atmospheres and it will be possible to reconnect
these wells to the in-line pipeline.

Methods: The RPM system is a complex of process equipment necessary for the preparation,
transportation, injection of a working agent into the reservoir of an oil field in order to maintain
reservoir pressure and achieve maximum oil recovery from the reservoir (Fig.1).

The PPD system should provide:

- the required volumes of water injection into the reservoir and its injection pressure for wells,
development facilities and the field as a whole in accordance with the design documents;

- preparation of injected water to conditions (in terms of composition, physical and chemical
properties, content of mechanical impurities, oxygen, microorganisms) that meet the requirements
of design documents;

- monitoring the quality of water in the reservoir pressure maintenance system, measuring the
injecttivity of wells, accounting for water injection both for each well and for groups, formations
and development objects and the field as a whole;

Fig.1. Scheme of the reservoir pressure maintenance system for the preparation,
transportation, injection of a working agent

- tightness and reliability of operation of the system of industrial water conduits, the use of a
closed cycle of water treatment and flooding of reservoirs using wastewater;

- the possibility of changing the modes of water injection into wells, conducting BHT of injection
wells in order to increase the injectivity of the reservoirs, the coverage of reservoirs by the effect
of waterflooding, and the regulation of the process of oil displacement to the bottoms of
production wells.

The RPM system includes the following technological units (see Fig.2)

- system of injection wells;

e
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- system of pipelines and distribution blocks (VRB);

- agent injection stations (BKNS), as well as equipment for agent preparation for injection into the
reservoir.

The pipelines of the reservoir pressure maintenance system include:

- injection lines (pipeline from VRB to the wellhead);

- low pressure conduits (pressure up to 2 MPa);

- high-pressure conduits (in high-pressure conduits, water is injected by pumping units);

- on-site conduits (water conduits of site facilities).

The transported product of pipelines is an aggressive mixture of waters containing: mechanical
impurities, sulfur, calcite and other harmful substances.

Technologies for the collection and transport of products

Water is supplied to block cluster pumping stations (BCPS) from several sources:

- formation water is supplied through low-pressure conduits (UPSV and TsPPN (TsPS));

- low-pressure conduits supply water from water wells;

- fresh water is supplied from open reservoirs through low-pressure conduits.

a 4 5 b
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Fig.2. PPD piping system
For pumping water, pumping stations and installations are used, based mainly on centrifugal
piston pumping units (Fig.3).

Up to several dozen injection wells are connected to pumping stations, called cluster pumping
stations (CPS). The greatest development was received by cluster pumping stations of block
design. There are block cluster pumping stations (BCPS) based on centrifugal pumps 1235647
65432

The intake line of the pumping unit is equipped with a strainer and a manual gate valve of the
ZKL2 type, the discharge line is equipped with a check valve and an electric gate valve of the V-
403 type.
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Fig.3. Installation of a submersible centrifugal electric pump for formation water supply

1 - submersible motor; 2 - submersible pump; 3 - wellhead equipment; 4 - power cable; 5 -
complex equipment; 6 - transformer; b - for pumping water: 1 - pit; 2 - distributing conduit; 3 -
electric pump submersible apparatus; 4 - instrumentation; 5 - injection conduit; 6 - complex
device; 7 — transformer.

The pressure manifold block (BG), designed to account for and distribute the TJ coming from the
pump through pressure pipelines, is placed in a separate all-metal box at a distance of at least 10
m from the other blocks. Includes distribution manifold, backwash manifold, control station, flow
meter with orifice, shut-off valve, fan, maintenance platform, electric furnace.
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Fig.4. Typical technological scheme of BKNS
A promising direction is the use of hydraulic modular pumps with "absolute™ flow control.

Conclution: According to the analysis carried out, it can be concluded that in order to improve
the reservoir pressure maintenance system at oil fields in OGPD Rechitsaneft, it is necessary to:

— in fields with low reservoir properties — purchase of MNKS to operate at injection pressures of
more than 35 MPa, as well as trial equipment of well structures with a reinforced production
string to organize injection at pressures up to 50 MPa;

- the introduction of HPS will reduce the material costs of maintenance of the MCPS, increase the
reliability of the equipment of the pressure maintenance system by reducing the number of
auxiliary equipment, the use of frequency converters on the HPS will allow flexible selection of
the operating characteristics of pumping equipment. The street version of the HPS will reduce the
consumption of electricity for heating in the winter.
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ABSTRACT

As in all fields of science, in geology it is very important to study the degree of similarity or
diversity of deposits and their layers [1,2].

The similarity or diversity of the deposits should be realized using the values of their complex
parameters (collector indicators, physico-chemical properties of formation fluids, energy
properties, etc.). In this case, the field or layer is considered a multidimensional object and is
classified using specially designed models.

Classification methods play a key role in creating the geological basis of oil and gas fields.
Therefore, it is very difficult to compile development projects for each of them. Here it is
convenient to carry out geological-technological measures not in separate exploitation objects, but
in groups consisting of similar objects.

There are many methods of classification in geology. The most commonly used are cluster, factor
and discriminant analysis. In the article, with the help of cluster analysis, a grouping operation of
similar objects was carried out on the example of block IV of the Neft Dashlary field. When
applying cluster analysis, it should be checked whether there is a relationship between the data
carrier parameters.When there is a dependence between the parameters, some errors occur as a
result of the classification. Therefore, this method can be used as an express method.

Due to the time constraints in the development of offshore fields, maximum oil must be produced
in a relatively short period of time. For this purpose, both Il and 11l impact methods should be
applied to the fields, the well network should be compacted, and it is necessary to use
mathematical methods to separate the exploitation objects at the cross-section of the field and to
separate the objects that can be developed together.

Neft Dashlary belongs to the Absheron archipelago, located in the Caspian Sea, and is the second
most potential field in terms of hydrocarbon reserves after the Guneshli field. The field was
opened in 1949. It is divided into 6 tectonic blocks by numerous faults. According to the
information received, 81% of the remaining recoverable oil reserves belong to blocks IV and V.
The maximum thickness of the studied sedimentary complex was recorded in the area of V
tectonic block 3350 m according to well 1918. Extensive research has been carried out in the
Lower Pliocene (Productive strata) sediments, which, like other fields in the Absheron oil and gas
district are important for industrial oil reserves.

The lithological composition of the Productive strata (lower Pliocene) consists of the replacement
of sand, sandstone, siltstone and clay, as the Absheron oil and gas district. The thickness of these
sediments is up to 2400 m.

Since the beginning of development, 1804 wells have been drilled in the field, of which 338 wells
are in operation. Injection method is used to prevent the formation pressure in the field from
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falling. The process of impact with water began in 1953, and a certain amount of additional oil
production was obtained [3, 4].

The 1V tectonic block of the Neft Dashlary field was involved in the research. Development of
tectonic block IV began in 1951 with the commissioning of the horizon QA-2a. 18 productive
horizons have been developed in the block. Given that each of these 18 facilities is in the final,
that is stage IV of development, the study of the geological features of the effective completion of
development is a very important problem.

Since the beginning of development, 32693.0 thousand tons of oil and 2907.9 million m3 of
dissolved gas have been extracted from the block. The number of drilled wells is equal to 369.
The number of operating wells is equal to 71. The current oil recovery factor for the block was
0.414, and the last oil recovery factor was 0.492 [5, 6, 7, 8].

Vlla, VIII, 1X, X and FLD IV are the basic horizons of the block. 20.5% of the oil extracted from
this block falls on these horizons.

As for the analysis of the well fund, according to the current data, 23 exploration, 319 exploitation
and 27 water injection wells have been drilled in the studied area. There are 74 wells in the
general exploitation well fund, of which 71 are in operation and 3 are inactive. Of the existing
production wells, 2 are operated by fountains and 69 by gas lifts. 4 wells are working in the
injection [9, 10]. Due to certain geological and technical reasons, 280 wells (254 wells from the
exploitation fund, 26 wells from the pumping fund) have been liquidated, and 11 wells are
awaiting liquidation from the exploitation fund.

18 oil exploitation facilities are separated in the IV tectonic block of Oil Rocks. At this time, it is
very difficult to develop separate projects for any facility. Therefore, it is considered expedient to
develop measures aimed at increasing the efficiency of development not for separate exploitation
facilities, but for a similar exploitation facility, and classification methods are used [11].
Keywords: deposit, block, reserve, well, injection, cluster analysis, group, geological-
technological, classification.
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XULASO

Biitiin elm saholorindo oldugu kimi, geologiyada da yataqlarin vo onlarin laylarinin oxsarliq vo ya
miixtoliflik doracasini 6yronmok ¢ox zoruridir [1,2].

Yataglarin oxsarliq vo ya miixtolifliyi onlarin kompleks parametrlorinin (kollektor gostoricilori,
lay fliiidlorinin fiziki-kimyavi, energetik xiisusiyyatlori va s.) qiymatlorindon istifads etmoklo
hoyata kecirilmolidir. Bu halda yataq vo ya laya ¢oxdlgiilii obyekt kimi baxilir vo tosnifat xiisusi
tortib olunmug modellar vasitasils aparilir.
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Neft-qaz yataqlarinin geoloji asaslarinin yaradilmasinda tosnifat metodlari asas rol oynayir. Odur
ki, onlarin hor biri ii¢iin islonmo layihalori tortib etmok ¢ox ¢atindir. Burada geoloji-texnoloji
todbirlorin ayri-ayri istismar obyektlori {i¢iin deyil, oxsar obyektlordon togkil edilmis qruplarda
hoyata keg¢irilmoasi alverislidir.

Geologiyada bir ¢ox tosnifat metodlart movcuddur. Onlardan on ¢ox istifado olunanlari klaster,
faktor, diskriminant analizloridir. Magalads klaster analizin komayilo Neft Daslar1 yatagi IV blok
timsalinda oxsar obyektlorin qruplagdirma amaliyyati aparilmigdir. Klaster analizi totbiq edilorkon
molumatdasiyict parametrlor arasinda asililigin  olub-olmamasi yoxlanilmalidir. Parametrlor
arasinda asililiq olduqda aparilan tosnifatin naoticesindo bozi xotalar olur. Odur ki, bu {isuldan
ekspres metod kimi istifads etmoak olar.

Doniz yataqlarinin iglonilma prosesindo zaman mohdudiyyatliyinin olmasi sababindon burada
nisbaton qisa vaxt orzindo maksimum neft hasil edilmolidir. Bu mogsadls yataqlara istor II, istorso
do III tosir iisullart totbiq olunmali, quyu sobokesi sixlagdirilmali, yatagin kesilisinde istismar
obyektlorinin ayrilmasina vo birgo islonilo bilocok obyektlorin ayrilmasi iiglin riyazi iisullardan
istifado edilmaosi zoruridir.

Neft Daslar1 Xozor donizi akvatoriyasinda yerlogon Abseron arxipelaqma aid olub, Glinosgli
yatagindan sonra karbohidrogen ehtiyatlarinin hacmi baximindan ikinci potensial imkana malik olan
yataqgdir. Yataq 1949-cu ilda agilmisdir. Coxsayli girilmalarla 6 tektonik bloka bollinmusdir. 9lda olunan
malumatlara géra qaliq ¢ixarilabilan neft ehtiyatinin 81%-i mahz IV va V bloklara aiddir.

Oyranilmis ¢okiintii kompleksinin maksimum qalmlig1 V tektonik blok orazisindo 1918 sayli quyu
molumatlarina osason 3350 m qeyd edilmisdir. Sonaye ohomiyyotli neft ehtiyatlarina goro
Abseron neftli-qazli rayonunda yerloson digor yataqlar kimi, bu yatagda da osas ochomiyyatli olan
alt Pliosen (Mohsuldar gat) ¢okiintiilorindo genis todqiqat islori aparilmisdir.

Mohsuldar gatin (alt Pliosen) — litoloji torkibi Abseron neftli-qazli rayonunda oldugu kimi qum,
qumdasi, alevrit vo gillorin bir-birini ovoz etmasindon ibaratdir. Bu ¢okiintiilorin qalinligi 2400 m-
9 godordir.

Islonmonin ovvolindon yataga 1804 quyu gazilmis, bunlardan 338 quyu istismar fondundadir.
Yataqda lay tozyiqinin asag1 diismasinin qarsisini almagq ti¢lin suvurma tisulu totbiq olunur. Su ilo
tasir prosesina 1953-cii ildo baglanmisdir vo miioyyon hacmdos alavo neft hasilati alinmisdir [3, 4].
Todqgigata Neft Daslar1 yataginin IV tektonik bloku colb edilmisdir. IV tektonik blok islonmoyo
1951-ci ildo QA-2a horizontunun istismara daxil olmasi ilo baslamisdir. Blokda 18 mohsuldar
horizont islonmoyo daxil edilmisdir. Qeyd edilon 18 istismar obyektinin hor biri islonilmonin
sonuncu, yani IV morholosindo olduglarint nozoro alaraq burada islonilmonin effektli basa
catdirilmasinin geoloji xiisusiyyatlorinin todqiqi ¢ox miihiim problemdir.

Islonmanin avvalindan blokdan 32693,0 min t neft, 2907,9 mln.m3 holl olmus qaz ¢ixarilmisdir.
Qazilmis quyularm sayr 369-a borabordir. Islok quyu sayr 71-0 berabordir. Blok iizro cari
neftvermo omsali 0,414, son neftvermoa amsal1 isa 0,492 olmusdur [5, 6, 7, 8].

Vlla, VIII, IX, X vo FLD IV blokun bazis horizontlaridir. Bu blokdan ¢ixarilan neftin 20,5 %-i
mohz bu horizontlarin payma diisiir.

Quyu fondunun tohlilins goldikds, oldo olunan cari molumatlara goéro demok olar ki, todqiq olunan
saho iizro 23 kosfiyyat, 319 istismar, 27 suvurucu quyu qazilmisdir. Umumi istismar quyu
fondunda 74 quyu vardir ki, bu quyulardan 71-i foaliyyotdo, 3-ii iso foaliyyotsiz fonddadir. Islok
hasiledici fondda olan quyulardan 2-si fontan, 69-u iso qazlift tsulu ilo istismar olunur.
Suvurmada 4 quyu islayir [9, 10]. Miioyyan geoloji va texniki sobablara gora 280 quyu (254 quyu
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istismar fondundan, 26 quyu iso suvurucu fonddan) logv olunmus, 11 quyu is9 istismar fondundan
logv gozloyir.

Qeyd edildiyi kimi, Neft Daslarinin IV tektonik blokunda 18 neftli istismar obyekti ayrilir. Bu
zaman hor hansi bir istismar obyekti {i¢iin ayrica layihoalor tortib etmok ¢ox c¢otindir. Odur ki,
islonilmonin effektivliyinin artirilmasina dogru yonoldilmis tadbirlori ayri-ayri istismar obyektlori
liclin yox, oxsar istismar obyekti {liciin hazirlamaq mogsodouygun hesab edilir vo tosnifat
iisullarindan istifado edilir [11].

Acar sozlor: yataq, blok, ehtiyat, quyu, klaster analiz, qrup, geoloji-texnoloji, tosnifat.

Giris: Uzun miiddot islonmado olan yataqlarin qruplasdirilmasi son zamanlar daha aktual
problemlordon biridir. Bu proses istismar obyektlorinin ayrica 0yronilmasi vo layihalondirilmasi
zamani qarstya ¢ixan problemlori aradan qaldirmaga imkan verir. Odur ki, son vaxtlar obyektlorda
perspektivli layihalorin totbigindo globalliq prinsipi osas gotiiriiliir ki, bu da yalniz onlarin etibarli
qruplagdirilmast naticosindo miimkiindiir.

Islonmonin son morhoalosinda olan hom doniz, hom do quru yataglarda istismar edilon neft yataqla-
rinin bdyiik oksariyyati kifayst qador ¢ixarilabilon qaliq ehtiyata malikdir. Xiisusils, denizds
istismar olunan yataqglarda chtiyatlarin optimal moanimsanilmasine geoloji amillordon (kasilisdo
istirak edon laylarin geyri-bircinsliyi vo tektonik qirilmalarin miirokkablogmasi) basqa, texnoloji
amillor do boyiik tosir gostorir. Belo ki, estakadayan1 meydancalardan, ayrica doniz 6ziillorindon
istismarin aparilmasi ehtiyatlarin iglonilms ils tam ohats olunmamasina va istismar obyektlorindo
neftlo doymus lokal saholorin kifayot godor qalmasina sobab olur.

Mbogsad: Klaster analiz {isulu doniz sahosindo yerlogon vo uzun miiddot istismarda olan Neft
Daglar1 yataginda totbiq edilmisdir. Yataq Xali-Dostluq (Kopaz) antiklinal xatti {izorinde yerlosir.
Yatagin quyularda agilmis geoloji kosilisindo Eosen-Dordiincii dovr ¢okiintiilori istirak edir.
Oyranilmis ¢okiintii kompleksinin maksimum qalinligi V tektonik blok arazisinde 1918 sayli quyu
molumatlarina osason 3350 m qeyd edilmisdir. Sonaye ohomiyyotli neft ehtiyatlarina goro
Abseron neftli-qazli rayonunda yerloson digor yataglar kimi, bu yataqda da asas shomiyyatli olan
alt Pliosen (Mohsuldar qat) ¢okiintiilorinds genis todqiqat islori aparilmisdir.

Neft Daglart madenin IV tektonik blokunda 18 neftli istismar obyekti ayrilir. Bu zaman har hansi
bir istismar obyekti iliclin ayrica layiholor tortib etmok cox c¢otindir. Odur ki, islonilmonin
effektivliyinin artirilmasina dogru yonsldilmis todbirlori ayri-ayri istismar obyektlori iiiin yox,
oxsar istismar obyekti ii¢iin hazirlamaq moaqsadouygun hesab edilir.

Metodlar: Olds edilmis parametrlordon istifado edilorok yataqlar arasinda oxsarligi miioyyan
etmok tciin klaster analizindon istifade edilmisdir. Qeyd edildiyi kimi, blokda 18 mohsuldar
horizont islonmoyo daxil edilmisdir (codval 1).

IV blokun istismar obyektlorinda tosnifat prosesi asagidaki ardicilligla aparilmisdir. ilk olaraq bu
yataglarin ~ geoloji-texnoloji  parametrlori toplanib, sistemlosdirilib vo cadvallor soklino
gostorilmisdir (codval 3).

Oldo edilmis parametrlordon istifado edilorok yataqlar arasinda oxsarligr miioyyon etmok iigiin
klaster analizindon istifads edilmisdir. Totbiq olunan klaster analizi ilo yataqlar1 geoloji-texnoloji
parametrlora goro tosnif etmisik. Qeyd etmok lazimdir ki, analiz zamani parametrlorin
normallasdirilmis qiymatlorinden istifade edilmisdir.
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Problemin hollindo mohz klaster analizinin totbigedilmo sobablori sirasindan asas iiciinii gqeyd
edok:

1) gqoyulan masalonin hallinds iyerarxik tosnifatin aparilmasinin vacibliyi;

2) bu analizds ¢ox0lgiilii parametrlorin qiymatlorinin nozors alinmast;

3) obyektlorin qruplagsmalarinin daha asan miisahido edilmosi.

Cadval 1. IV blok iizra neftli horizontlar

Neftli horizontlar Neftli horizontlarin say1

QaLD-4, QaLD-3, QaLD-2, QaLD-1, QA-2a, QA-2i, QA-1, QD,

QD-2, QD-1, QUQ, QUG, FLD, X, IX, VIII, Vila, VII 18

IV tektonik blok {izra imumi geoloji ehtiyatin hacmi 75 min. tondan ¢oxdur. 40%-o yaxin qaliq
balans ehtiyati movcuddur. Blok {izro ehtiyatlarin hocmi sokil 1,2-ds verilmisdir.

80000

70000

60000
50000

40000
30000
20000
10000
0 . . . —

I1k balans Ik cixarila Toplanmis  Qaliq balans Qaliq ¢ixarila
ehtiyat,, min t bilan ehtiyat, hasilat, mint ehtiyats, min t bilan
min t ehtiyat,min t

Sakil 1. Ehtiyatlarin paylanmasi histoqrami
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m Ik cixarila bilon ehtiyat, min t m Toplanmis hasilat, min t

= Qaliq balans ehtiyati, min t m Qaliq ¢cixarila bilan ehtiyat,min t

Sakil 2. IV blok {izra ehtiyatlarin hacmi
Mogqalodo quyu fondunun tohlili genis sokildo aparilmis vo cadval 2-do 6z oksini tapmisdir.

Cadval 2. 1V blok {izro moadon gostoricilori

Islonmado olan horizontlarin sayi: 18

o clim. su ilo tosir edilib 14
hazirda iglonmodos olan 16
Hasilat quyularinin sayi: 71

0 cum. fontan 2

Comi ¢ixartlmis: neft, min t 32693,0
su, min m3 15438,2
1 quyuya diison hasilat: neft, t/giin 5,0
maye, t/ gin 11,5
Vurucu quyularin say1 4
Giindolik su gobulu, m3 2349
Laylara tosirin avvslindon vurulan suyun miqdari, min m3 46074,9
Tasirin avvalindon suvurma omsali 0,90
Tasirin avvalindan alava neft hasilati, min t 16280,0

Umumiyyatlo tosnifat islori aparilarken geoloji, texnoloji vo geoloji-texnoloji amilloro goro hoyata
kecirilir. Movecud todqiqat isindo aparilan tosnifat modeli geoloji-texnoloji olamatlora goro hoyata
kecirilmisdir. Program {igiin hazirlanmis massiv cadval 3-da verilmisdir. Qeyd etmak lazimdir ki,
analiz zamani parametrlorin normallagdirilmis qiymaotlorindon istifado edilmisdir

e
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Umumiyyatlo, obyektlorin islonmosinin layiholondirilmosinds 6nom  verilocok miixtalif
parametrlor mévcuddur. Bu zaman, osason, neftvermoyo miisbot vo monfi tosir edon parametrloro
diqgot yetirmok lazimdir. Totqiqat obyektindo movcud olan istismar obyektlorinin geoloji-
texnoloji parametrlora gora tosnifati zamani 3 oxsar qrup alinmigdir (sokil 3).

Cadval 3. 1V tektonik sahonin geoloji-texnoloji olamatlo

e § © ~ & «
E 4 S E =) =9
+ £S5 s = 2522 E
= - 4 = = = o = @
| ES|2 2 e| 8| 58 s| 2| 2| E|%E| .| &
K S|l X |2 % 2| 2| | glc|les|a|S|=]|°]2¢
= = = N o o g o) e S = S g 3 = £
c > Q@ = O 7} e} a - - = & g > -~ < é
9 =2 g | 2 c g o) > | = 2| 3= 8| T| g g 14
N 4 s = = = o] g K = c -8 g — = © e 2z
] = o | &% | 3| B | x| = | 5| =2%| §| 8| 8| 35]| ©
T 0| S| |lz|z | =z | E O [C|lES|O|l=lC|lnl| Z
VII 20 22 | 245|146 (887 | 011|106 | 100|472 |44 |3.13 |32 |68 |47 |52 |0.25
Vlla 6 24 1400 |84 (887 | 065|106 |106|315 |54 [9.32 (24 |82 |62 |49 |07
VIl 16 23 | 510 | 7.6 | 886 | 0.45| 1.06 | 108 | 36.2 | 51 | 20 33 [ 75 |59 | 76 | 0.49
IX 13 23 [ 330|78(893|0.27|106|110 (327 |51 |534 |55 |55 |61 |71 |0.33
X 14 24 | 470 | 3 888|027 | 106|112 417 |49 {885 |39 |73 |79 |62 |0.35
FLD 18 23 | 340 | 3.7 | 868 | 0.38 | 1.06 | 115|389 |49 | 3.03 |42 |73 |56 |54 | 043
QUG 6 21 [ 100 |51 (862 |04 |106|118 |23.2 (39 [9.21 |44 |74 |42 |46 |05
QuUQ 17 25 134039857 |05 |106|120|253 (62 | 273936 |84 |79 |40 | 0.54
QDdast | 7 22 |75 |48 |891|0.01|1.06| 120 | 54 27 |151 |98 |22 |72 0.29
QD-1 8 20 [ 100 | 4.2 | 865|022 106|121 43349 [6.31 |61 |60 |70 |61 |0.3
QD-2 13 22 | 20035 (870|0.42|1.06| 123 |43 49 | 382 |84 |39 |52 |37 |049
QA-1 27 24 | 500 |5 874 1 0.34 | 1.06 | 126 | 26 62 | 25.7 |46 |80 |56 |63 | 0.7
QA-20 | 13 25 | 350 | 3 8791043 | 1.06 | 130 | 28 67 | 20.2 |59 |71 |65 |39 |048
QA-2a | 24 25 | 350 |7 8771055 | 1.06 | 141 | 28 65 [ 203 (59 |82 |58 |77 | 0.6
?aLD- 24 24 | 460 | 3 877 104 | 1.06 | 150 | 33 52 | 231 |76 |74 |57 |54 | 0.49
QaLD-
5 12.8 122 | 160 | 3 889 | 0.15 | 1.06 | 160 | 39 48 | 589 |98 |62 |78 |15 |0.19
QaLD-
3 14 23 | 160 | 3 895 | 0.26 | 1.06 | 165 | 28 50 | 7.13 | 105 |60 |57 | 82 | 0.37
QaLD-
4 15 23 | 130 | 3 907 [ 0.1 | 1.06 | 170 | 42 52 | 3.972 132 |38 |52 |80 | 0.2

Asagida hor bir qrup liglin saciyyovi xiisusiyyatlor tohlil edilmisdir: Birinci qrupa 8 istismar
obyekti (VII, IX, X, FLD, QUG, QD-1, QD-2, QaLD-3) daxil olmusdur. Siixurlarin kollektor
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xiisusiyyatlorinin yaxs1 olmasina baxmayaraq, ilk lay tozyiqinin qiymeti, elocs do suvurma
prosesindo gozlonilon naticalorin aldo edilmomasi sobabindon islonilmonin ovvalinds neftgixarma
tempinin qiymati asagi olmusdur. Mohz buna goro do obyektlor iizro ehtiyatdan istifads
doracasinin orta qiymatlo 38 %-dir.

Ikinci qrup obyektlora 7 islonma obyekti (VIIa,VIII, QA-1, QA-2alt, QUQ, QA-2iist, QaLD-1)
daxildir. Digor qruplarla miiqayisado II qrup obyektlords effektiv gqalinliq, masamalik, kegiricilik,
neftin 0zIuliyd, neftlo doyma omsals, ilk lay tozyiqi, qumluluq va ilk dovrds hasilatin ¢ixarilma
tempinin qiymotlori yiiksok, neftin sixligi, cari lay tozyiqi vo gillilik asagr qiymotlorlo
saciyyalonir. Bu qrupda neftlorin 6zliiliiylingn ¢ox olmasi ilo paralel kegiricilik, masamolik kimi
parametrlorin giymotlorinindo yiiksok olmasi neftverimo omsalinin qiymotinin yuxar1 olmasina
sorait yaradir. Neftverimo miisbat tosir edon parametrlorin qiymatlorindon goriindiiyii kimi,
ehtiyatdan istifade doracasinin qiymati diger qruplarla miiqayisads daha ytiksokdir (57 %).

VII
IX

|_
o ——
FLD
|_
b—

QUG
QD-2
QD-1
QaLD-3)
Vila
VIII |

QA-1
QA-2a —

QUQ
oy :—’—
QaLD-1
QDiist

QaLD-2—— |
QaLD-4}————]

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 7))
Sakil 3. Geoloji-texnoloji alamatlors gora tasnifat modeli

Ucgiincii qrupda iso 3 (QDiist, QaLD-2, QalL.D-4) lay dostasi istirak edir. III qrup obyektlorda neft-
verimo miisbat tosir edon parametrlorin (moasamalik, kegiricilik) giymatlori minimum qiymatla
tomsil olunur. Gillilik Ustlinliik togkil edir (45 %). Mohz bu baximdan ilk dévrde hasilatin
¢ixarilma tempi asagi olmusdur (8,33%). Ehtiyatdan istifado doracasi 23 %-dir.

Notico: Islonmonin effektli aparilmasi iiciin klaster analizin imkanlarindan istifado etmoklo 18
istismar obyekti 3 qrup oxsar obyektlor gisminds tosnif edilmisdir. Tadgiqat isinds toplanmis,
sistemlogdirilmis geoloji-madon gostaricilorinin tohlili vo klaster analizin interpretasiyasina goro
golocokdo hasilatin sabit saxlanilmasi vo islonmo prosesinin effektivliyinin artirilmasi mogsadilo
asagidaki geoloji-texniki tadbirlorin hayata kegirilmasi vacibdir:

- gazma islorinin yatagin az islonmis mohsuldar sahoslorindo davam etdirilmasi;

e
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- suvurma sisteminin tokmillogdirilmasi moagsadila IV blokda faaliyyatsiz fondda olan 3 quyunun
suvurucu fonda kegirilmoasi (comi giindslik vurulacaq su hocminin 472 m3) tovsiys olunur;

- yataqda iiciincii tosir tisullar1 vo laylarin neftveriminin artirilmasi ii¢iin yeni texnologiyalarin
totbiginin genislondirilmaosi.

Tadqgiqatlar gostarir ki, toklif olunan iisulun totbiqi Azarbaycanin doniz sahasinds yerlogon yataq-
lar1 ilo yanasi, quru sahoasindo istismar olunan ¢oxlayli neft yataqlari iigiin do zoruridir.
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