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STUDY OF THE EFFECT DEGREE OF DEHYDRATION OF OILS ON
THE RHEOLOGICAL PARAMETERS

Vali Nurullayev, Mehpara Adigozalova, Reyhan Nurmammadova
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Candidate of chemical sciences (Ph.D.), Associate Professor, Azerbaijan State University of Qil and Industry,
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Candidate of chemical sciences (Ph.D.), “Oil and Gas Research and Design Institute ” Institute, SOCAR Collection
and transportation oil and gas production, high scientificworker, E-mail: nurmammadova71l@mail.ru

ABSTRACT

As already mentioned, in the processes of extraction, storage and transportation of oils, they mix
with each other or with water, which leads to changes in their rheological and physicochemical
properties.

The oils entering the refining and transportation stages are subject to strict requirements in terms
of the amount of water, sulfur, chlorine salts and mechanical impurities in a number of indicators
that determine their quality characteristics. Different types of oils have different qualities
depending on the density and percentage of sulfur. It is these indicators that greatly affect the
quality of oil and its selling price. High-viscosity oils with high density are usually not supplied to
terminals and general purpose pipelines. To transport such oils, better quality, lighter oil or gas
condensate is added to them. Oils with a high percentage of sulfur should also be refined or mixed
with light oil or condensate. Mixing of different quality commercial oils can occur both in
terminals and in transportation systems. The analysis shows that the quality of the mixture
obtained is very different from the quality of the mixed oils.

Given very little study of how the mixing of different types of liquefied oils affects their
rheological, physicochemical properties and quality indicators, rotoviscosimetric rheological
studies and physicochemical analyzes were performed in the laboratory for different mixtures of
rheological complex oils and wetting rates. Mixing of different types of oil usually occurs when
there are not enough tanks in the fields where acceptance operations take place. Sometimes
different oils are injected into the same jaw in sequence and separately, without accounting. In
such cases, the measurements made on the oil at the receiving points are different from the
calculated price.

Information on quality indicators of crude oils and their mixtures produced in mines (density,
viscosity, freezing point, mechanical mixtures, chlorine salts, asphaltene, paraffin, amount of
resins, etc.) It is also important for forecasting the operating modes of stations. In the existing
normative documents and literature, as a rule, the definition of the main quality indicators of oils
and their mixtures is based on established rules and dependencies. The study of the effect of
mixing of different types of heterogeneous oils of Azerbaijan on their rheological and physical-
chemical properties shows that the additive rule can lead to serious errors in the process of
determining the predicted parameters, as many properties of complex oil mixtures are taken from
calculations for ideal mixtures.

Laboratory studies were conducted for individual oil samples, their different mixtures and degree
of dehydration, oil and condensate, as well as mixtures of various types of light petroleum
products, and the experimental results were analyzed.
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In the laboratory, the effect of the degree of dehydration of high-viscosity heavy oils taken from
wells 43 (0%), 28 (15%), 37 (40%) and the storage tank of the "Jafarli" field of the "Muradkhanli*
IPC on their rheological properties was studied. has been. All of the studied oils are high-
viscosity, heavy oils and differ in the amount of water, mechanical impurities and chlorine salts
they contain. Thus, the oil of well No. 43 was without water, and the oil of wells No. 28 and 37
had a water content of 15 and 40%, respectively. Most mechanical impurities (2.1%) were in well
oil No 28, and most chlorine salts were in well oil No 37. Irrigation of the considered oil samples
was artificially increased and their rheological parameters (y' and t) were determined in the
“Reotest-2” viscometer under different conditions at different irrigation levels.

The increase in viscosity at small values of the velocity gradient at a certain degree of dehydration
of wetting has led to a rapid decrease in the shear stress at large values. It was determined that the
maximum value of the degree of dispersion of oils in water or the degree of saturation, indicating
the saturation limit, was 70-80%, 40%, and 80% for mixed oil, respectively, for samples taken
from wells 28, 37 and 43.

Keywords: oil, mixed oil, mechanical mixture, degree of dehydration, rheological parameters.

NEFTLORIN SULASMA DIORIOCOISININ ONLARIN REOLOJI
PARAMETRLORINO TOSIRININ TODQIQI

vali Nurullayev, 2Mehparas Adigozalova, *Reyhan Nurmommoadova
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XULASO

Artiq gqeyd olundugu kimi neftlorin hasilati, yigimi1 va naqli proseslarinds onlarin bir-biri va ya su
ilo gqarismasi bas verir ki, bu da onlarin reoloji vo fiziki- kimyovi xassolorinin doyismasina sabab
olur. Miixtolif ¢esidli, o climlodon sulagmis neftlorin qarismasinin onlarin reoloji, fiziki-kimyovi
xiisusiyyatlorino vo keyfiyyat gostoricilorino neco tosir etmasinin ¢ox az dyronilmosini nozors
alaraq isdo reoloji miirokkob neftlorin miixtolif qarisiglar1 vo sulagsma doroacaloari ii¢lin laboratoriya
soraitinda rotoviskozimetrik reoloji tadqiqatlar vo fiziki-kimyovi tohlillor aparilmigdir. Miixtalif
cesidli neftlorin qarigdirilmasi adoaton gabul-tohvil amaliyyatlar1 aparilan madanlords kifayst qodor
conlor olmadigda bas verir. Bozon miixtslif neftlor, ugot aparilmadan, ardicil olaraq vo ayrica
xotlorlo eyni bir ¢ono vurulur. Bu ciir hallarda gobul-tohvil montagolorindo neftlordo aparilan
6lgmalar hesabi qiymotdan forqli olur.

Xam neftlor vo homin neftlorin qarisiqlarinin sixliq, 6zliliik, donma temperaturu, mexaniki
qarisiqlar, xlor duzlar, asfalten, parafin, qatranlarin miqdar1 va s. kimi keyfiyyat gostoricilorinin
molumatlart onlarin yalniz tigotu ilo slagali deyil. Eyni zamanda bu gostaricilorin qiymatlori
haqqinda olan molumatlar neftlorin qarigmast aparilan montogolorin is rejimlorinin
prognozlasdirilmasinda da oshomiyyot kosb edir. Neftlor vo homin neft garisiglarinin  keyfiyyot
gostaricilorinin verilmis qayda ve asililiglara asason tayini bir qayda olaraq adobiyyat vo movcud
normativ sonadlordo qobul olunmusdur. Miixtolif cesidli, heterogen Azorbaycan neftlorinin
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qarisiglarmin fiziki-kimyovi va reoloji xassalori todqiq edilmisdir. Bu todgiqatlarin noticasi
olaraq qarisiq neftlorin xassolori ideal qarisiqlara aid hesablamalardan qobul edildiyindon
additivlik qaydasi prognozlagdirilan parametrlorin toyininde shomiyyatli xotalarla {izlosmoyo
sobab ola bilor.

Neft nlimunslori ayri-ayriligda, homginin bu neftlorin miixtolif qarisiglari, onlarin sulagsma
doracosi, neft-kondensat, eyni zamanda miixtolif ndv ylngil neft mohsullart  garisiglar
laboratoriyada todqiq edilorak oldo edilmis naticalor tohlil olunmusdur.

“Muradxanli”’INM-in “Coforli” yatagma aid miixtolif sulasma dorocoli 43(0%), 28 (15%), 37
(40%) saylt quyulardan, yigim ¢onlorindon gotirulon agir, yiiksok ozliliikli neftlorin sulagsma
daracalarinin bu neftlorin reoloji xiisusiyyatlorina tasiri tadqiq olunmusdur.

Yiiksok ozliliiklii vo agir olan bu neftlorin torkibindo suyun, mexaniki qarisiqlarin,  xlor
duzlarinin miqdar miixtaliflik toskil edir. Belo ki, 28 vo 37 sayli quyularin neftlorindo 15 vo 40
% sulagsma dorocesi miisahido olunsa da 43 sayli quyunun nefti iso susuzdur. On g¢ox xlor
duzlarmin miqdar1 37 sayli, 2.1%-daha ¢ox mexaniki qarisiglar isa 28 sayli quyu neftindo
olmusdur. Todqiq olunan neft niimunslorinin sulagmalar siini surotds artirildigdan sonra standart
soraitdo «Reotest-2» viskozimetrindo miixtalif yeni sulagsma daracoli neftlorin reoloji parametrlori
(¥ va 1) miloyyan edilmisdir.

Sulagmanin miioyyon dorocods artimasi ilo silirot qradientinin boyiik qiymsotlorindo siirlismo
gorginliyinin siirotlo azalmasi, kigik giymatlorinde ise Ozliililyiin artmasi miisahido olmusdur.
Neftlorin su ilo disperqlosma doracasinin maksimum qiymati vo yaxud doyma haddi gostaricisi
sulagma doaracasi 28 sayli quyu niimunasi U¢tin 70-80%, 37 va 43 sayli quyular ii¢ilin iso miivafiq
olarag 40%, qarisiq neftlords iso bu raqgamin 80% oldugu miisahido edilmisdir.

Acgar sozlar: neft, garisiq neft, mexaniki qarisiq,sulagsma doracosi, reoloji parametrlor.

Giris: Malum oldugu kimi neftlorin hasilati, yigilmas1 noql olunmasi zamani onlarin bir-biri vo
yaxud su ilo garigmasi bas verir. Bununla da bu neftlorin fiziki- kimyavi vo reoloji xassalorinin
doyismosi miigahido olunur.

Noqgl vo emal morhalolorine daxil olan neftlora onlarin torkibindoki su, kiikiird, xlor duzlar1 vo
mexaniki qarigiqlarin miqdar1 kimi keyfiyyat gostaricilorine ciddi toloblar qoyulur.

Miixtalif cesidli neftlor torkibinds olan kiikiirdiin faizlo miqdar1 vo sixligma asason forqli
keyfiyyato malikdirlor. Qeyd olunan gostaricilor hom neftin keyfiyystino, hom do onun satig
qiymatina boyiik tosir gostorir. Bildiyimiz kimi adston yiiksok sixlhighh vo ozliliikli neftlor
terminallara, istifadosi imumi mogsad {i¢iin nazords tutulmus boru komorlorine verilmir. Qeyd
olunan xiisusiyyatli neftlorin noqlini daha keyfiyyatli, ylingiil neft vo ya qaz kondensatinin
qarigdirilmasi ilo tomin etmok magsads uygun hesab edilir.

Yiingiil neft vo ya kondensatla qarisdirmazdan ovvel kiikiirdiin miqdar1 (%) ¢ox olan neftlor
tomizlonmolidir. Hom terminallar, hom do noql sistemlorindo miixtalif keyfiyyotli omtoo
neftlorinin garigmas1 miimkiindiir ki, bunu da tohlil edon zaman qarisiq ilo garismis neftlorin
keyfiyyatindan ¢ox forgli oldugu miioyyon olunmusdur.

Qobul-tohvil amoliyyatlar1 aparilan madonlordo kifayst qodor ¢onlor olmadiqda adoton miixtolif
cesidli neftlorin qarigmas1 miisahido olunur. Bozon miixtolif neftlor, ucot aparilmadan, ardicil
olaraq va ayrica xatlorlo eyni bir ¢ono vurulur. Bu ciir hallarda gobul-tohvil montagolorinds
neftlords aparilan dlgmalor hesabi qiymatden forgli olur.

Xam neftlor vo homin neftlorin qarisiglarinin sixliq, 6zlilikk, donma temperaturu, mexaniki
qarisiqlar, xlor duzlari, asfalten, parafin, qatranlarin miqdar1 va s. kimi keyfiyyat gostoricilorinin
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molumatlar1 onlarin yalniz iicotu ilo olageli deyil. Eyni zamanda bu gostericilorin qiymatlori
haqqinda olan molumatlar neftlorin garigsmas1 aparilan montogolorin i rejimlorinin
prognozlasdirilmasinda da shomiyyat kosb edir. Neftlor vo homin neft qarisiglarinin  keyfiyyot
gostaricilorinin verilmis gayda vo asililiglara asason toyini bir qayda olaraq adobiyyat vo mdvcud
normativ sonadlordo qobul olunmusdur. Miixtolif ¢esidli, heterogen Azorbaycan neftlorinin
qarisiglariin fiziki-kimyovi vo reoloji xassolori tadqiq edilmisdir. Bu todqgigatlarin noticasi
olaraq qarisiq neftlorin xassolori ideal qarisiqlara aid hesablamalardan qobul edildiyinden
additivlik qaydas1 prognozlasdirilan parametrlorin toyinindo ohomiyyatli xotalarla iizlosmoyo
sobab ola bilor [1-10].

Verilonlori, eyni zamanda miixtolif ¢esidli vo sulagsmis neftlorin qarigmasinin onlarin keyfiyyot
gostaricilorine vo fiziki-kimyavi, reoloji xiisusiyytlorine tosiri az todqiq edilisdir. Bunu diqqate
alaraq reoloji miirokkob, miixtolif neft qarisiglart vo sulagma doracolori {igiin laboratoriya
soraitindo rotoviskozimetrik reoloji todqiqatlar vo fiziki-kimyavi tohlillor aparilmigdir.

Neft nlimunolori ayri-ayriligda, homginin bu neftlorin miixtslif qarisiqlar, onlarin sulagsma
doracosi, neft-kondensat, eyni zamanda miixtolif nov yilinglil neft mohsullar1  qarisiglar
laboratoriyada todqiq edilorok oldo edilmis naticalor tohlil olunmusdur.

Todgiqatin metodikasi: “Muradxanli” INM-in “Cofarli” yataginin yiiksok ozliiliiklii, agir
neftlorindon istifado edorok qarisiq neftlorin sulagsma doracosinin miixtalif ¢onlordo gotiiriilmiis
qarisiq neftin teoloji xiisusiyyatlorina tasiri dyronilmigdir.

27.06.2012-ci ilds bu yatagin miixtolif quyular vo y1igim montoqosindo garisiq neftlorin toplanmis
condon gotiiriilon neft niimunslorinin tohlili moagsadilo laboratoriya tacriibalori aparilmigdir.
Codval 1-do “Coforli” yatagmin 43, 37, 28 sayh quyularina vo yi§im ¢onino moxsus neft
niimunslarinin sinagmin naticasi olaraq sixliq, 6zliiliik, su, mexaniki qarisiglar vo xlor duzlarinin
miqdar1 kimi keyfiyyot gostoricilori 6z oksini tapmisdir.

Cadval 1. “Coforli” yatagmin 43, 37, 28 sayl quyularindan va y1§im ¢onindon gétiiriilmiis
neftlorin keyfiyyat gostoricilori

Quyu Suyun Xlor Mexaniki | Sixlq, Kinematik 6zltllk,sSt
Ne -si miqdary, | duzlarmnmn garigigin | kg/m?®
% miqdari, miqdari,
mg/dm? %
20 vo 40 °C-do axmir
43 Izlor 299,87 0,250 969 60°C-da 82,1
20 °C-do axmir
37 40 1755,36 0,269 939 40°C-do 70,2
60°C-da 27,9
20°C-do axmir
28 15 277,93 2,10 906 40°C-do 374
60°C-do 17,8
Condon 20°C-do  axmur
gotiiriilmiis | 52 1184,40 0,174 959 40°C-do 286,2
qarisiq neft 60°C-do  209,6
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Condon gotiiriilmiis qarisiq neftin  keyfiyyot gostaricilorinin forqliliyi (cadval 1) onun bu sahado
istehsal olunan biitiin neftlorin gqarismasindan ibarat olmasi ilo slagolidir.

Tohlil olunan neftlorin hamisi yiiksok oOzliliiklii, agir neftlor olmaqla torkibinds olan suyun,
mexaniki qarisiq vo xlor duzlarinin miqdarina gors bir-birindon forqlonir. Belo ki, 43 sayl
quyunun nefti susuz, 28 vo 37 saylt quyularin neftlori iso uygun olaraq 15 vo 40 % sulasma
doaracosino malik olmusdur. ©On ¢ox mexaniki qarisiglar (2.1 %) 28 sayli, an ¢ox xlor duzlari iso
37 sayli quyu neftindo olmugdur. Baxilan neft nlimunslorinin sulagsmalart siini olaraq artirilaraq
mixtolif sulasma dorocolorindo  onlarin standart soraitdo «Reotest-2» viskozimetrindo reoloji
parametrlori (¥ vo 1) miioyyan edilmisdir.

Noticolor vo onlarin miizakirasi: Codvol 2-5-do “Coforli” yatagimin 43, 37, 28 sayh
quyulariin neftlori ii¢lin miioyymn olunmus parametrlor, eyni zamanda sulasma doracalorindon
asil1 olaraq effektiv ozliiliiylin qiymatlorinin doyismasi 6z oksini tapmuigdir.

Sokil 1-4-do verilmis neft niimunalari {liciin bu cadvallorin molumatlar1 osasinda qurulan reoloji
axma oyrilori verilmigdir. Toadqiq olunan biitiin neftlorin geyri-Nyuton neftlori olmasi, suyun
miqdarinin artmasi ilo 6zliiliiklorin kifayst qodar yiiksalmasi, eyni zamanda suyun miqdarindan
asil1 olaraq reoloji xiisiisiyyatlorinin miixtalifiyi sokil 1-4-do miisahids olunur.

Cadval 2. “Cafarli” yataginin qarisiq ¢on neftinin t=20 °C-do miixtalif sulasma deracalari iigiin
reoloji gostoricilori

Sulagma doracasi f, %
Sii_rst _ 52 70 90
gradienti, | Siiriismo Effektiv Siriismo | Effektiv | Siiriisma .
- SR LT . o Effektiv
¥,s gorginliyi | 0zIUllk, n, | gorginliyi, | ©6zlulik, | gorginliyi, -
ozIulik, n, Pa-s
, T, Pa Pa-s T, Pa n, Pa-s T, Pa o
0,33 0,50 1,51 2,10 6,32 21,07 63,23
0,6 0,67 1,12 3,79 6,32 37,93 63,22
1,0 0,84 0,84 4,63 4,63 54,79 54,79
18 1,09 0,60 6,32 3,51 77,55 43,08
3,0 1,34 0,44 9,27 3,09 91,68 30,56
5,4 1,68 0,31 13,48 2,49 114,6 21,22
9,0 2,95 0,32 20,23 2,24 137,52 15,28
16,2 5,47 0,33 32,03 1,97 164,26 10,14
27,0 9,27 0,34 46,36 1,71 171,9 6,36
48,6 16,01 0,32 70,81 1,45 179,54 3,69
81,0 24,86 0,30 91,68 1,13 8,43 0,10
145,8 40,04 0,27 129,88 0,89 9,27 0,06
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Cadval 3. “Cafarli” yatagmin 28 sayli quyu neftinin t=20 °C- do miixtolif sulasma doracalori
ticlin reoloji gostoricilori.

Sulasma doracasi B, %
Siirat gradienti, 15 50 80
C o — : : —
" gyt | caialakm, | S itie | g | ETEKIV
Pa Pa-s gorginliyi, t, Pal Pa-s Pa ozlulik, n, Pa-s

0,33 2,10 6,32 3,79 11,38 17,70 53,11
0,6 2,52 4,21 4,21 7,02 21,07 35,12
1,0 2,95 2,95 5,47 5,47 23,60 23,60
1,8 3,37 1,87 6,57 3,65 30,34 16,86
3,0 4,63 1,54 7,58 2,52 36,24 12,08
5,4 6,74 1,24 8,85 1,63 42,99 7,96
9,0 9,27 1,03 11,80 1,31 53,95 5,99
16,2 12,64 0,78 15,17 0,93 68,70 4,24
27,0 16,86 0,62 21,49 0,79 80,08 2,96
48,6 24,44 0,50 34,14 0,70 78,39 1,61
81,0 33,72 0,41 52,26 0,64 7,58 0,09
1458 50,58 0,34 82,61 0,56 4,21 0,02

Cadval 4. “Coforli” yataginin 37 sayli quyu neftinin t=20 °C- do miixtolif sulasma doracalori
ticiin reoloji gostaricilori

Siirot aradienti Sulagma doracasi B, %
iiro }flrs_ 11en i, 20 =5 94
’ Siirligmo Effektiv - Effektiv Siirligmo .
gorginliyi, T, 0zlulik, n, QrsilllllililSimQ Pa 0zIUlik, n,| gerginliyi, T, C')zIUIIE[;CLektIVPa-s
Pa Pa-s gorgIniiyl, T, Pa:-s Pa b
0,33 1,68 5,05 3,37 10,11 152,8 458,45
0,6 2,10 3,51 4,21 7,02 160,44 267,4
1,0 2,95 2,95 5,05 5,05 168,08 168,08
1,8 3,79 2,10 5,90 3,27 183,36 101,87
3,0 421 1,40 7,58 2,52 198,64 66,21
54 4,63 0,85 10,11 1,87 152,8 28,29
9,0 5,05 0,56 14,75 1,63 99,32 11,03
16,2 5,90 0,36 20,23 1,24 99,32 6,13
27,0 8,43 0,31 29,50 1,09 26,97 0,99
48,6 13,48 0,27 40,46 0,83 26,97 0,55
81,0 20,23 0,24 59,85 0,73 26,97 0,33
145,8 32,03 0,21 82,614 0,56 2,52 0,01
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Cadval 5. “Caforli” yatagimin 43 sayli quyu neftinin t=20 °C- do miixtolif sulasma doracalori
ticlin reoloji gostoricilori.

Sulagma doracesi B, %
. Susuz 10 30 70
Stirat - - - -
gradienti, 7, Sirtigma | Effektiv | Slrismo | Effektiv | Siirismo | Effektiv | Siriismo | Effektiv
- gorginliyi, t,| 6zI0luk, |gorginliyi, t,| 6zIUlUK, |gorginliyi, t,| 0zIUIUK, |gorginliyi, t,| 6zIullk,
Pa n, Pa-s Pa n, Pa-s Pa n, Pa:s Pa n, Pa:-s
0,33 57,3 171,92 68,76 206,30 114,60 343,83 61,12 183,38
0,6 64,94 108,23 84,04 140,07 122,24 203,73 76,40 127,33
1,0 84,04 84,04 95,50 95,50 137,52 137,52 95,50 95,50
1,8 106,96 59,42 106,96 59,42 156,62 87,01 106,96 59,42
3,0 122,24 40,74 126,06 42,02 175,72 58,57 122,24 40,74
54 152,80 28,29 145,16 26,88 194,82 36,07 137,52 25,46
9,0 168,08 18,67 175,72 19,52 221,56 24,61 152,80 16,97
16,2 183,36 11,31 198,64 12,26 252,12 15,56 168,08 10,37
27,0 221,56 8,20 229,2 8,48 282,68 10,47 198,64 7,35
48,6 267,4 5,50 290,32 5,97 362,90 7,46 5,90 0,12
81,0 313,24 3,86 351,44 4,33 427,84 5,28 5,90 0,07
145,8 393,46 2,69 427,84 2,93 550,08 3,77 5,90 0,04
300
3]
=
o 250
80 %
/
200

90 %
. /k,_-)w/\’\
\ 70 %
/ /
100

A
l/./’_____________—————“"—':'
50 - 60 %
/ -_.__._.___—________,_._.—-—-0
-‘/./..___,_._._.——0——-'-" 32 %
0 __!'I..-O-'—H
0 30 60 90 120 150

Y, s

Sakil 1. “Coforli” yataginin qarisiq ¢onindon gotiiriilmis, ilkin sulagsmasi1 52% olan qarisiq neftin
miixtolif sulagsma doracalorinds reoloji axma ayrilori
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Sokil 2. “Coforli” yataginin 28 sayli quyusundan gotiiriilmiis, ilkin sulasmasi 15% olan neftin
miixtolif sulagsma doracalorinds reoloji axma ayrilori

250

T, Pa

200 |

L
150

4 % 80 %

N T
70 % (/><

/
60 % 50 %

50 ///:—:

I No\%L
0
0 30 060 a0 120 150
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Sakil 3. “Coforli” yataginin 37 sayli quyusundan gotiiriilmiis, ilkin sulasmast 40% olan neftin
miixtalif sulagma doracslorinds reoloji axma oyrilori
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Sakil 4. “Coforli” yataginin 43 sayli quyusundan gotiiriilmiis, susuz neftin miixtalif sulagsma
doracolorindo reoloji axma oyrilari

Sulagsmanin miioyyon doracodo artimasi ilo silirot qradientinin boyiik qiymstlorinds siiriismo
gorginliyinin siiratlo azalmasi, Kigik giymotlorindo iso 6zliliiyiin artmasi miisahido olmusdur.
Neftlorin su ilo disperqlosmo doracasinin maksimum qiymati vo yaxud doyma haddi gostaricisi
sulagma doaracasi 28 sayli quyu niimunasi U¢tin 70-80%, 37 va 43 sayli quyular ii¢iin iso miivafiq
olaraq 40%, garisiq neftlords iso bu rogomin 80% oldugu miisahido edilmisdir. Yigim ¢onindon
gotiiriilmiis neft nlimunosinin ¢ox sayda quyulardan ¢onos daxil olan neftlorin namolum nisbotlodo
qarisigindan ibarat oldugu iigiin sinagin naticolorinin tadqiq edilon ayri-ayr1 quyulardan goétiiriilon
neft niimunolorinin tohlilinin naticalori ilo miiqayisasinin aparilmadigini qeyd etmok lazimdir.

Notica: 1. Sulagma dorocasini ayri-ayri quyu neftlorinin vo  qarisiq neftlorin  reoloji
xiisusiyyatlorino vo keyfiyyot gostoricilorino tosiri laboratoriya soraitindo todqiq edilmisdir.
Tacriiba Uiglin “Muradxanli” INM-nin “Caforli” yataginin 28,37,43 sayli quyularindan vo yi1gim
conindon gotiiriilmiis yiliksok 6zliiliikli agir neftlordon vo neft qarisilarindan istifads edilmisdir.

2. Tacriiba zamani miioyyan edilmisdir ki, tadqiq olunan neftlor su, mexaniki qarisiglar vo xlor
duzlarinin miqdarina asason bir-birindon farqlonirlor.

3. Neft niimunolorinin sulasma daracesini siini surotde artirmagla onlarin reoloji paramertlori 20°C
temperaturda todqiq edilmisdir. Molum olmusdur ki, sulasma doracasi artdiqca 6zliiliiylin gqiymaoti
do ohomiyyatli doracoados yiiksalir. Lakin biitiin neft niimunslorindo sulagsma doracosinin miioyyon
qiymatindon sonra siirot qradientinin artmasina baxmayaraq siiriismo gorginiyinin koskin azalmasi
bas vermisdir.

4. Sulasma dorocesinin miioyyon artim doracasinde siirot qradientinin kigik qiymatlorindo
Ozliiliiyiin artmas1 boylik qiymatlorindo iso siirlismo gorginliyinin siirotlo azalmasina sobab

| PAHTEI
| 12 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




E-ISSN: 2674-5224

PAHTEI

REFEREED & REVIEWED JOURNAL

E-ISSN: 2674-5224

VOLUME 12 ISSUE 01 2022

olmugdur. Miiayyan edilmisdir ki, neftlorin su ilo disperqlogsma doracasinin maksimal giymati vo
ya doyma hoddini gostoron sulagsma doracasi 28, 37 va 43 sayliquyulardan gotiiriilmiis niimunolor
liclin uygun olaraq 70-80%, 40%, garisiq neft ii¢iin iso 80% olmusdur.
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ABSTRACT

The article is dedicated to the analysis of the influence of the seasonally changing ambient
temperature on the technological parameters of the compression process at a gas turbine
compressor station for the transportation of natural and associated gas collected from oil and gas
fields by an offshore subsea gas pipeline.

As a result of the analysis, indicators of suction and discharge pressure, compressor capacity,
ambient temperature during the summer and winter months were collected at each stage of a
multi-unit two-stage compressor station. The indicators were divided into intervals, the number of
measurements in the interval was determined, and graphs of the dependence of the number of
measurements on the average value of the interval were built. As a result of the analysis of the
graphs, the complex influence of technological parameters and ambient temperature on the
performance of gas turbine compressors was evaluated.

To compare the results and study the effect of the parameters on the operating mode and
efficiency of the compressor station, the numerical value of the criterion as the ratio of the
maximum number of measurements to the average value of the corresponding interval for each
parameter was calculated. For both 1%- and 2"-stage compressors, the value of this criterion for
productivity was found to be almost twice as low in winter compared to summer. For this reason,
there is a need to develop measures that can ensure the operation of the compressor station in the
optimal operating mode.

As a result of the analysis, it was found that in the 1% stage gas turbine compressors, due to
increase of the inlet pressure, which is a positive factor for the compressor, by 16.4% (from 58 psi
to 67.5 psi) in summer compared to winter, and due to the increase of the outlet pressure, which is
the negative factor, by 0.9% (from 285 psi to 288 psi) and an increase in ambient temperature of
36° F (from 42° F to 80.5° F), the productivity is decreased by 15.2% (from 40.15 MMSCFD to
34.05 MMSCFD) to).

In 2"9-stage gas turbine compressors, due to no change of the inlet pressure, which is a positive
factor for the compressor, in summer, compared to winter (273 psi in both cases), and due to the
decrease of the outlet pressure, which is a negative factor, by 0.2% (from 807.5 psi to 805.5 psi. )
and an increase in ambient temperature of 36° F (from 42° F to 80.5° F), productivity decreased by
10.1% (from 49.05 MMSCFD to 44.05 MMSCFD). Thus, 10.1% of the 15.2% decrease in the
productivity of gas turbine compressors in the summer season is due to the increase in ambient
temperature, while the remaining 5.1% is due to the organization of technological processes.
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Taking into account this factor in the field, the selection of the correct technological mode in the
gas transportation system allows to prevent the loss of large amounts of gas.

Taking into account the design features of gas turbine compressor units, it is concluded that the
10.1% decrease in productivity in the 2" stage gas turbine compressors in the background of the
constant no-change of compressor inlet and outlet pressures in summer and winter is due to
automatic decrease in RPM of gas turbines from nominal 15000 cycles/min and thus the decrease
of the power of gas turbines due to the overload in summer.

Considering the fact that each turbine consumes 30,000 m3 of fuel gas per day, the 360,000 m3
gas per day for fuel at the station is taken from the outlet of the 2" stage gas turbine compressors,
and these turbines are overloaded, the fuel gas is considered to be taken from another source. By
feeding all the turbines of the station from the outlet of the 1st stage compressors, it is possible to
reduce the load on the interstage collector of the station, increase the productivity of the 1% stage
compressors and direct the gas compressed by the 2" stage compressors to the whole outlet
pipeline. As a result of this technological operation, an additional 200,000-250,000 m3 of gas per
day can be transported through the compressor station.

This technique is recommended for multivariate analysis of various technological processes. As a
result of the study, a technological scheme was proposed for increasing the productivity of a gas
turbine compressor station by 3-4% by changing the source of fuel gas extraction.

Keywords: gas turbine, compressor, natural gas pressure, ambient temperature, productivity, fuel
gas, statistical method.

TEXNOLOJI PROSESLORIN TOHLILI OSASINDA QAZTURBINLi KOMPRESSOR
STANSIYALARININ OPTIMAL iS REJIMLORININ DIAQNOSTIKASI.

Gulbala 9lasgarov?!, Dlévsat Bagirov?, Sohriyar Bagirov?

1 Azarbaycan Dovlat Neft vo Sonaye Universiteti, Qaz-Neft modon fakultosi, “Neftin, qazin nagli vo saxlanmas1”
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XULASO

Mogqals sualt1 doniz qaz komari ilo naql edilmasi moagsadilo neft-qaz modonindon yi18ilan tobii vo
somt qazinin qazturbinli kompressor stansiyasinda sixilmasi prosesinin texnoloji parametrlorino
movsiimls slagali dayison otraf miihit temperaturunun tasirinin tohliling hasr olunub.

Tahlil naticasinda iki pillali ¢ox aqreqathi kompressor stansiyasinda hor pillade giris vo cixis
tozyiqlorinin, kompressorlarin mohsuldarliglarinin, otraf miihit temperaturlarinin yay va qis
aylarinda gostericilori toplanmisdir. Gostericilor intervallara boliinerok, hor intervala diison
Olcmoalarin say1 toyin edilorak, intervalin orta gostaricisi ilo 6lgmalorin sayinin asililigr qrafiklori
qurulmusdur. Qrafiklorin tohlili noticasinde qazturbinli kompressorlarin mohsuldarligina texnoloji
parametrlorin vo atraf miihit temperaturunun kompleks tasirinin qiymatlondirilmasi aparilmisdir.
Almmmis naticalorin  miiqayisesi vo parametrlorin kompressor stansiyasinin i rejimi  vo
somaraliliyina tosirini dyronmak iiclin hor parametr iizro gostoricinin maksimal 6lgmalor sayinin
miivafiq intervalin orta qiymotina nisbati kimi kriterinin odadi dayeri hesablanmisdir. Hom
birinci, hom do ikinci pillo kompressorlari tigiin mohsuldarliga géro bu kriterinin doyorinin qis
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movsiimiinde yay mdovsiimiine nisbaton 2 dofoys yaxin az oldugu miisyyonlogdirilmisdir. Bu
sobobdon kompressor stansiyasinin optimal is rejimindo istismarini tomin edo bilon todbirlorin
islonmasi zoriirati yaranir.

Aparilmis tohlillor naticasindo miioyyan olunmusdur ki, birinci pillo gqazturbinli kompressorlarda
yay movstimiinds kompressor {igiin miisbat tosiredici faktor olan giris tozyiqinin qis movsiimuno
nisbaton 16,4% (58 psi-don 67,5 psi-dok) artmasi, lakin monfi tosiredici faktorlar olan cixis
tozyiqinin yalniz 0,9% (285 psi-don 288 psi-dok) vo otraf miihit temperaturunun 36 °F (42 °F-don
80,5 °F-dok) artmasi fonunda mohsuldarliq 15,2% (40,15 MMSCFD-don 34,05 MMSCFD-dak)
azalmigdir.

Ikinci pillo qazturbinli kompressorlarda yay movsiimiinde kompressor iigiin miisbot tosiredici
faktor olan giris tozyiqinin qis movsiimiine nisbaton dayismomasi (her iki halda 273 psi), monfi
tosiredici faktor olan ¢ixis tozyiqinin yalniz 0,2% (807,5 psi-don 805,5 psi-dok) azalmas1 vo otraf
muhit temperaturunun 36 °F (42 °F-don 80,5 °F-dok) artmasi fonunda moahsuldarliq 10,1% (49,05
MMSCFD-don 44,05 MMSCFD-dok) azalmigdir. Beloliklo, yay movsiimiindo qazturbinli
kompressorlarin mohsuldarliginin 15,2% azalmasinin 10,1%-1 miihit temperaturunun artmasi ilo
baqlidirsa, qalan 5,1%-1 texnoloji proseslorin toskili ilo baglidir. Madon soraitinds bu amili nozors
alaraq qazin naql sisteminda diizgiin texnoloji rejimin se¢ilmasi kiilli miqdarda qazin itirilmasinin
qarsisini almaga imkan verir.

Qaz turbinli kompressor qurgularinin konstruktiv xiisusiyyatlorini nozers alaraq belo bir noticoyo
galinir ki, 2-ci pille qazturbinli kompressorlarda yay va qis movsiimlorinde kompressorun giris vo
cixis tozyiqlorinin doyigmomasi fonunda mohsuldarligin 10,1% azalmasi1 yay mdvsiimiinde artiq
yliklonmo sobabindon qaz turbinlorinin dovrlor saymin nominal 15000 dovr/dog-don avtomatik
olarag azalmasi vo bununla slagali turbinin giiciiniin azalmasi ilo baglhdir.

Hor turbinin giindalik 30 min m® qaz1 yanacaq sorf etdiyini, stansiyada giindelik 360 min m® qazin
yanacaga isladilon qazin 2-ci pillo qazturbinli kompressorlarin ¢ixisindan gotiiriildiiylinu vo bu
turbinlorin artiq yiiklonmosini nozoro alaraq, yanacaq gazinin digor monbodon gotiiriilmasi
masalosing baxilmigdir. Stansiyanmn biitiin turbinlorini 1-ci pillo kompressorlarin ¢ixisindan
qidalandirmagqla stansiyanin pillalorarast kollektorunun yiikiiniin azaldilmasina, 1-ci pillo
kompressorlarin mohsuldarligiin artimina va 2-ci pills kompressorlarin sixdig1 qazin biitovliikde
¢ixis naql komorino yonoldilmosino nail olmaq miimkiindiir ki, bu texnoloji omoliyyatin
aparilmas! noticosindo kompressor stansiyasi vasitasilo alavo olaraq giindelik 200-250 min m?
qazin naqli tomin oluna bilar.

Miixtalif texnoloji proseslorin goxfaktorlu tohlilinds bu metodikadan istifado tovsiyys olunur.
Todgigat noticosindo yanacaq qazinin gotliriillmosi monboyini  doyisdirmoklo gazturbinli
kompressor stansiyasinin mohsuldarliginin 3-4% artirmaga imkan veron texnoloji sxem toklif
olunmusdur.

Acar sozlor: qaz turbini, kompressor, tobii qaz, tozyiq, otraf miihit temperaturu, mohsuldarlq,
yanacaq qazi, statistik metod.

PE3IOME

CraTps MOCBAILIEHA aHAIU3Y BIUSHUSA CE30HHO MEHSIOLIEHCS TEMIIEPATYPbl OKPYIKAIOLIEH Cpenbl
Ha TEXHOJIOTHYECKHE MapaMeTphl Mpolecca CKaTusl Ha ra30TypOMHHON KOMITPECCOPHON CTaHIMU
JUI. TPAHCIIOPTUPOBKM MOPCKHMM IOJBOAHBIM Ta30IPOBOJOM IPHUPOJHOTO M IOIYTHOIO rasa,
coOnpaemMbIX ¢ He(TEra3oBbIX IPOMBICIIOB.
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B pesynbrate ananmza Obuin coOpaHbl TOKa3aTeNM JABJICHUS BCACBIBAHWS W HAarHETaHMS,
IIPOU3BOJUTEIIBHOCTH KOMIIPECCOPA, TEMIIEPATypPbl OKPYXKAIOIIEH CpeNbl B JICTHUE U 3UMHHUE
MeCSIbl Ha KaXJIOW CTYNEHHM MHOTOOJIOUHOW ABYXCTYNEHYATOM KOMIPECCOPHOH CTaHIIMH.
[Toka3zarenu ObUIM pa3lieNeHbl HA UHTEPBabI, ONPEAEICHO KOJIMYECTBO U3MEPEHHUH B MHTEpBaJle
U TIOCTPOCHBI IpaUKH 3aBHCHUMOCTH YHCJIa M3MEPEHHH OT CpeIHEero 3HaueHus MHTepBaia. B
pesyibTare aHajln3a rpa)uKkoB OLIEHEHO KOMIUIEKCHOE BIMSHUE TEXHOJOTMUECKUX M1apaMeTpoB U
TEMIIepaTypbl OKPYXKAOIEH cpesibl Ha MPOU3BOAUTEIBHOCTD Fa30TyPOUHBIX KOMIIPECCOPOB.

Jis cpaBHEHMsI pe3yJbTaTOB M H3y4EHUs BIMAHUSA I[apaMEeTpoOB Ha pEeXUM paboThl U
3P PEKTUBHOCTh KOMIIPECCOPHON CTAHIUU JIJIsl KXKJOT0 MapameTpa ObUI0 pacCCYUTAHO YUCIICHHOE
3HAUEHUE KpUTEpUsS KaK OTHOIIEHHWE MaKCHUMAaJbHOTO KOJIMYECTBA W3MEpPEHUN K CpeaHeMy
3HAUEHUIO COOTBETCTBYIOIErO0 MHTEpBana. [[si KOMIIpecCOpoB MNEPBOW W BTOPOW CTyINEHEH
3HAYEHUE 3TOT0 KPUTEPHs MIPOU3BOIUTEIHHOCTH B 3UMHHI MEpPHOJ] OKa3aJIoCh MOYTH B JBa pa3a
HIDKE, yeM JieToM. Ilo 3Toil nmpuynHe BO3HMKAEeT HEOOXOJUMOCTbh B pa3paboTKe MEpONpPUSTHH,
CIIOCOOHBIX 00€CIEeUYUTh SKCIUTYyaTalui0 KOMIIPECCOPHON CTaHUMU B ONTUMAJIbHOM padoyem
pEXUME.

DTy METOAUKY PEKOMEHIYETCS HCIOJb30BaTh MpPH MHOrO(AaKTOPHOM aHalIM3€ pPA3IUYHBIX
TEXHOJIOIMYECKHUX IPOLECCOB. B pe3ynbrare uccienoBanus MpeaaoKeHa TEXHOJIOTNYECKas CXeMa
MOBBIUICHHS] POU3BOAUTEIBLHOCTU Ia30TypOMHHON KOMIIpeCcCOpHOW cTraHiuu Ha 3-4% 3a cuer
U3MEHEHUs] UCTOYHUKA 0TOOPA TOIJIMBHOTO rasa.

KnroueBble ciioBa: razoBas TypOuMHA, KOMIIpECCOp, NPUPOJHBIN Ia3, JaBICHHUE, TeMIleparypa
OKpYKarolleH cpelibl, IPOU3BOIUTEIBHOCTD, TOIUIMBHBIN a3, CTAaTUCTUYECKUN METO]

Giris: Hal-hazirda tobii qazin naqlini tomin edon morkozdonqagma kompressorlar osason
qazturbinli mihorriklo horokoto gotirilir. Azorbaycanin hom neft-qaz, hom do energetika
sahalorinde qaz turbinlorinin totbiqi ilden-ilo artmaqdadir. Yalniz “Giinagli” yataginda tabii qazin
six1lmasi1 vo naqli tiglin morkozdongagma kompressorlarin intigali qismindo timumi giicii 125 MVt
olan 24 odad qaz turbini istismar olunur.

Qaz turbinlorinin (GT) giicli (nominal giicii) ISO sortlori asasinda hesablanir - kompressorun giris
flonsi miistovisindo havanin temperaturu - (+ 15°C), riitubat - 60%, tozyiq - 101,3 kPa. Istismar
zaman1 GT-lor boylik miqdarda hava sorf edirlor. Yanma kamerasinda optimal istilik proseslorini
tomin edon GT-nin iglomoasi tiglin yalniz 2% yanacaq vo 98% hava tolob olundugu miioyyon
edilmisdir. Otraf havanin temperaturunun artmasi yanma kamerasina daxil olan havanin kiitlo
axminin vo naticods qaz turbininin giiclinliin azalmasina sobab olur. Konstruksiyasindan asili
olaraq otraf miihitin temperaturunun +15°C-don (nominal temperatur) +35°C-o qodor artmasi GT-
nin guctnd nominaldan 20%-don ¢ox azalda bilar. [1,2]

Aparilmis tadqiqatin maqgsadi real istehsalat soraitinds qazturbinli kompressor qurgularinin faktiki
mohsuldarligmin  otraf miihitin temperaturundan asililiginin - miioyyon edilmoesindon vo
mohsuldarliga  tosir edon digor amillori askarlayaraq onlarin  tosir  dorocosinin
qiymatlondirilmasindon ibaratdir. Baxilan moasalo ¢oxfaktorlu analizin aparilmasini tolob
etdiyindon todqiqat osason riyazi statistika metodlari ilo hoyata kegirilmisdir.

Neft Daslar1 orazisindo 1994-cii ilde insa edilmis “28 May” NQCI-nin 2 sayli sixic1 kompressor
stansiyasinda ilkin olaraq hor birinin giicii 3,5 MVt olan 12 adad Sentaur 40 tipli gazturbin
kompressor qurgusu istismara verilmisdir. Bunlardan 7 qurgu algaq tozyiqli, 5 qurgu iso yliksok
tazyiqli kompressorlardan ibaratdir. Sonraki illords har birinin giicii 5,7 MVt olan Taurus 60 tipli
daha 4 qurgu (2-si algaq, 2-si yiiksok tozyiqli kompressorlarla dostlonmigdir) istifadoyo
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verilmigdir. ABS-in “Solar” sirkotinin qazturbin intigalli kompressorlart qurasdirilmis bu
stansiyadan gqaz 120 km uzunlugunda doniz sualti magistral qaz komorlorilo sahilo, qaz emal
zavoduna naql edilir. Talab olunan ¢ixis tazyiqini alde etmok moqgsadilo qazin sixilmasi prosesi iki
pillods aparilir. Stansiyaya 0,45 MPa tozyiqlo daxil olan gqaz birinci pillodo 2,0 MPa-ya, ikinci
pillads 5,5 MPa-ya godor sixilir.

Kompressor qurgularinin asas parametrlori hom bir-birindon, hom do otraf miihitdon asili olaraq
genis hadlor daxilindo doyisdiyindon onlarin aragdirilmasit vo sabit saxlanmasi olduqca zoruridir.
Kompressor qurgusu biitovliikdo 5-ci doracali miirokkobliys malik momulata aid edilir. Onun tok-
tok detallarinin hanusinin birlikdo say1 10°-0 catir. Belo miirokkob qurgunun keyfiyyatlik vo
iqtisadi somorolik gostoricilorini tam siyahi {izro gorarlasdirmaq tiigiin ylizdon artiq parametri
miioyyaon etmok tolob olunur.

Kompressor stansiyalarina qobul edilon qazin giris tozyiqi, ¢ixis tozyiqi, sixilan qazin miqdart vo
sair molumatlar tesadiifi komiyyotlor oldugundan onlarin toplanmasi riyazi statistikanin
tolablorina cavab vermolidir. Yoni, toplanan adodi komiyyatlor elo sayda olmalidir ki, onlarin
emal1 naticasinds alinan noticalor yiiksok soviyysli inamliq ehtimalina malik olsunlar. Toplanan
dalillor - parametrlorin adodi miqdarlart on az1 50 adoeddon ibarat olur. Ilk ndvbads bu adadlor,
masalon, 6l¢iilmiis vo ya qeyds alinmis giris tozyiqlori, perakonds sokilde yazilir. Emal etmok
(islomak) {i¢iin homin porakondo ododlor artan siraya diiziiliir, intervallara boliiniir, intervallarin
orta adadi tapilir vo har bir intervala diison adadlorin (tozyiqlerin, hacmlarin, temperaturlarin vo
s.1.) say1 miioyyon edilir.

[stismar prosesindo gazturbin kompressorlarmin parametrlori (sixilan qazin tozyiqi, temperaturu,
kompressorun mohsuldarligi, qazogeneratorda titroms vo giic turbinindo titroms) ABS-da gobul
edilmis ol¢ii vahidlori ilo qiymotlondirilir (gdstorilir). Olkemizdo qobul edilmis Beynolxalq
Standartlagdirma Toskilatt — BST (IS0) 6l¢ma sistemi {izro gostormok mogsadilo agsagidaki codvol
1-do har iki 6lgma sistemindo gdstaricilori verilmigdir.

Cadval 1. Qaz turbinli kompressor stansiyasinda gobul edilmis parametrlorin ABS 6lgma sistemli
vahidlorinin ISO sistemino kegirilmosi

Olgiilon parametrin ABS 6lgmo sis-temi BST(ISO) 6l¢gmo Gostaricilorin ABS 6lgma sistemindon
adlandirilmasi iizro gosto-ricilorin sistemi iizro gosto- BST (ISO) 6lgms sistemino kegirmo
isarasi ricilorin igarasi diisturu
psi MPa funt/diiym? = 0,45359kgq/
Qazin tozyiqi funt/dilym? 2,542sm?=0,0703065kg/sm?
1 psi=0,007 MPa
Qazin temperaturu °F °C 5
(Farenheyt) (Selsi) t°C = 9 (t- —32)
Qazin hacmi MMSCF m? MMSCF=10° fut3= =106x0,3048% m®=
(milyon standart kubik =0.028317m?
fut)
Qaz generato-runda ips m/san Ips = 0,0254 m/san =
titromo diym/san 25410 m/san

Metodik hissa: Tobii qazin nagetma gostaricilorinin proseslors tosirini dyronmok vo kompressor
stansiyasinin i somoroliliyini toyin etmok {i¢iin bir ay miiddotindo gostoricilorin dlglilmosi
molumatlarina baxaq. Bunun {i¢lin gostarici intervali ilo hor bir intervala diison gostorici saylari
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arasindaki asililglardan istifade edok. Gostaricilor kimi asagidaki parametrlor gotiiriilmiisdiir: giris
gazin tozyiqi, ¢1X1s qazin tozyiqi, otraf miihitin temperaturu, kompressorlarin mohsuldarligi.
Asagida bu gostaricilor iiglin avqust vo fevral aylarinda toklif olunan asililigin qurulmasi vo
tohlilina baxilir. Hor bir parametr {izro bir ay miiddotndo geyds alinmis, togribon (6 x K) x n =Tigs.
sayda tozyiq soviyyesinin doyismo qanunauygunlugu miioyyon edilmisdir. Burada K-
kompressorlarin say1, n — ay orzindos is giinloridir.

Naticalorin miizakirasi: Todqiqat iizro grafik materialinin ¢oxlugunu nozoro alaraq, materialin
izahin1 yigcam sokildo vermok mogsadilo tozyiqloro aid qrafiklordo dord, temperatur vo
mohsuldarliglara aid qrafiklords iso iki eyni tipli parametrin doyismosi oks olunmusdur. Belo ki,
cadval 2-da verilmis 1-ci pillo kompressorlarinin avqust vo fevral aylarinda giris vo ¢ixis qazi
tozyiglorinin paylanmasi gostoricilori osasinda sokil 1-do homin parametrlorin paylanmasi
grafiklori oks olunmusdur.

Cadval 2. 1-ci pillo kompressorlarinin avqust vo fevral aylarinda giris va ¢ixis qazi tozyiqlorinin
paylanmasi.

Girig gazi Cixis gazi
avqust fevral avqust fevral

Pmin.i - Plg.or., Tlg.s.i. Pmin.i - Plg.or., Tlg.s.i. Pmin.i - PlQ.OI’.; Tlg.s.i. Pmin.i - PlQ.OI’.; Tlg.s.i.
Pmaxi, | psi Pmaxi, | psi Prmax.i, psi | psi Prmax.i, pSi | psi

psi psi

57-58 57,5 5 46-50 48 40 251-255 253 1 241-250 2455 1
59-60 59,5 6| 51-55 53 256 256-260 258 0| 251-260 2555 7
61-62 61,5 10 | 56-60 58 406 261-265 263 1| 261-270 265,5 43
63-64 | 63,5 57 | 61-65 63 144 266-270 268 7| 271-280 2755 212

65-66 | 65,5 237 | 66-70 68 16 | 271-275 273 19| 281-290 | 2855 382

67-68 | 675 325 276-280 278 24 | 291-300 | 2955 171
69-70 | 69,5 204 281-285 283 115 | 301-310 | 3055 2
71-72 | 715 74 286-290 288 332

291-295 293 329
296-300 298 88

Cadvaldo qazturbinli kompressor stansiyasinin 1-ci pillo kompressorlarin tozyiqlorino aid
asagidaki molumatlar yerlosdirilmisdir:

1. Avqust aymnda girig qazinin tozyiqlarinin Pig (psi) intervallar (Pmin.i - Pmax.i) iizro paylanmasi, har
intervala diison tozyiqin orta miqdari Pigor.i , tozyiq intervalina uygun golon tozyiqlorin say1 Tigs.i.
Giris tozyiqi 57 psi (3,93 ati) ilo 72 psi (4,96 ati) arasinda doyisir. Qeydo alinmis 918 tosadUfi
tozyiqdon 67-68 psi (orta 67,5 psi — 4,66 ati) tozyiqi 325 dofs rast golinir.

2. Fevral ayinda giris qazinin tozyiqlorinin intervallar (Pmin.i - Pmax.i) tizra paylanmasi, har intervala
diison tozyiqin orta migqdari Pigori, tozyiq intervalina uygun golon tozyiqlorin say1 Tigsi,. Qis
aylarinda kompressorlarin 1-ci pillasinin girig qazinin tozyiqi 48 psi (3,31 ati) ilo 68 psi (4,69 ati)
arasinda doyisir. 58 psi (4,0 ati) tozyiq soviyyasi (maksimum sayda) 406 halda tosadiif edilir.
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1-ci pilla kompressorlarinim giris va ¢ixis qazi tazyiqlarinin tazyiq
intervallarindan asili paylanmasi
giris CIXIS
avqust fevral avqust

450 406 fevral
400
350
300
250
200
150
100

50 3

Tazyiqin intervallar iizra say1

48
53
58
3
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57.5
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Intervallar iizra giris (avqust, fevral) va ¢ixis (avqust, fevral) tazyiqleri, psi

Sakil 1.

3. Avqust ayinda ¢ixis qazinin tozyiqlorinin Pi¢ (psi) intervallar (Pmin.i-Pmax.i) lizro paylanmasi, hor
intervala diigon tozyiqin orta miqdar1 Pig.ori, tozyiq intervallarina uygun golon tosadiifi tozyiqlorin
say1 Ticsi. Cixis tozyiqi 251 psi (17,3 ati) ilo 300 psi (20,7 ati) arasinda doyisir. Qeydo alinmig
916 tosadiifi tozyiqdon 286-290 psi (orta 288) tozyiqi 332 dofa, 291-295 psi (orta 293) tozyiqi 329
dofs tosadlf edir.

4. Fevral ayinda ¢ixis qazinin tozyiqlorinin Pi¢ (psi) intervallar (Pmin.i-Pmax.i) izra paylanmasi, hor
intervala diigon tozyiqin orta miqdari Pigori, tozyiq intervallarina uygun golon tesadiifi tozyiglorin
say1 Tigsi. Cixig tozyiqi 241 psi (16,6 ati) ilo 310 psi (21,4 ati) arasinda doyisir. Qeyds alinmis
818 tosadiifi tozyiqdon 281-290 psi (orta 285,5) tozyiqino 382 dofs rast goalinir. Gorindiyl kimi,
tozyiq soviyyslari saylarinin tozyiq intervallar {izro paylanma formasi, tozyiqlorin avqust aymdaki
paylanma formasindan forqlonir. Fevral ayinda maksimum sayda tozyiq soviyyasi 281-290 psi
tozyiq intervalina uygun goldiyi halda, avqust aymda qeydo alinmis ¢ixis qazinin tozyiqi
soviyyasinin maksimum say1 291-295 psi tozyiq intervalina miivafiqdir.

Hom 1-ci pillonin, ham dos 2-ci pillenin (yliksok tozyiqli pillo) giris vo ¢ixis tozyiqlori, eloco do
digor toyinath gostaricilori otraf miihitdon vo ilk ndvbodo havanin horaratindon asili olaraq genis
intervalda doyisir. Bunu nazoro alaraq, avqust ayinda vo fevral ayinda kompressor stansiyasinda
girisdo vo ¢ixisda gqazin tozyiqi, hom do kompressorlarin mohsuldarligi olgiilorkon havanin
horarati (temperaturu) da olgiilmiis vo tohlil edilmisdir.

2 sayli kompressor stansiyasinda istismarda olan qurgularin giris vo ¢ixis qazin yay vo qis
aylarinda Ol¢lilmiis tozyiqlorin tohlili (paylanma qanunauygunluqlar1) otraf miihitin tosirini
Oyronmays imkan verir. Girig vo ¢1x1§ qazin tozyiqi otraf miihitin horarstindon (temperaturundan)
asihidir. Yay aylarinda qazin tozyiqi yliksok, qis aylarida iso algcaq olur. Yayda da, qisda da
havanin horaroti genis intervalda doyisir. Stansiyanin orazisindo qeydo alinmis hararatin
soviyyalori 67-98°F (Farengeyt) arasinda doyisir.
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Otraf miihitin gostaricilori (havanin hararati, havanin monbayi, kiiloyin siirati va istigamati, Glinog
sualarinin intensivliyi, havanin torkibindo tozun va digor mexaniki hissaciklorin sixligi vo s.) hom
alcaq tozyiqli, ham dos yiiksok tozyiqli kompressorlarin mohsuldarliina vo giris-cixis tozyiqloring
ciddi tosir gostorir. Horaratin genis maksimum vo minimum hadlor daxilindo doyismasi elo bir hal
yarada bilar ki, yay aymin oan sorin havasi, qis ayinin an isti havasia uygun, horarot doracalori
Ust-tista diigor. Bu halda kompressor stansiyasinin parametrlorino havanin horarati yox, yay vo qis
fasillorini saciyyalondiran diger gostoricilar (amillor) tasir gostors bilar.

Havanin nomliyi do kompressorlarin toyinatliq gostoricilorine miihiim miqdari monada tosir
gostorir. Bu amilin kompressorlarin isino (tozyiq, mohsuldarlig veo s.) tosiri ayrica todqiq
edilmolidir.

SKS-in qazturbin kompressorlarimin giris qazimin tozyiqi, ¢i1x1$ qazinin tozyiqi, hava
kompressorunun ¢ixis tozyiqi, qurgunun mohsuldarligi vo digor parametrlori ilo yanasi, giin
orzinds har 4 saatdan bir otraf miihitin temperaturu da dl¢iiliir. Tobiidir ki, havanin hararstinin her
bir dorocodo doyismosi giris vo ¢ixis gazmnin tozyiqino vo miqdarma (kompressorun
mohsuldarligina) miithiim miqdar1 menada tosir gdstorir. Havanin horaroti iso onun olciildiiyii
montogadon asilidir. Kompressor stansiyasinin miixtolif yerlorindo havanin horarati forqli
oldugundan 6lgma islori kompressorun yaxinliginda aparilir. Cadvalde 3-do avqust vo fevral
aylar1 orzinds hor 4 saatdan bir qazturbinli kompressorlarin yaninda geydo alinmis otraf miihitin
temperaturlart °F ilo intervallar {lizro verilmisdir. Temperatur soviyyosi saylarinin, Fsi
temperaturun intervallar tizra orta qiymatindon °For.i. asililig1 sokil 2-ds oks olunmusdur.

Cadvalds yerlosdirilmis asagidaki molumatlarin tohlili naticasindoe miioyyan olur:

1. Avqust ayinda otraf miihitin temperaturlarinin °Fi intervallar (°Fmin - °Fmax) {izro paylanmasi, hor
intervala diison temperaturun orta qiymati °For, tozyiq intervalina uygun galon temperaturlarin say1
Tsi. Temperaturlar 67 °F (19°C) ilo 90 °F (32°C) arasinda doyisir. Qeydo alinmig 724
temperaturdan 79-82°F (orta 80,5 °F — 27,0°C) temperaturu 291 dofs, 75-78°F (orta 76,5 °F —
24,7°C) temperaturu 262 dofo tosadiif edir.

2. Fevral ayinda temperaturlar 11 °F (-11,7°C) ilo 82 °F (27,8°C) arasinda doyisir. Qeydo alinmig
481 temperaturdan 38-46°F (orta 42 °F — 10°C) temperaturu 235 dofs, 47-55°F (orta 51 °F —
10,6°C) temperaturu 217 dofo tosadiif edir.

Cadval 3. 2 sayli SKS-in 2-¢i pillo kompressorlarinin yaninda avqust vo fevral aylarinda otraf
muhit temperaturunun intervallar {izro paylanmasi

avqust fevral
OFmin - oFmax 0I:or TsAi 0I:min - 0Fmax OFor Ts.i
67-70 68,5 2 11-19 15 1
71-74 72,5 25 20-28 24 0
75-78 76,5 262 29-37 33 0
79-82 80,5 291 38-46 42 235
83-86 84,5 91 47-55 51 217
87-90 88,5 37 56-64 60 27
91-94 92,5 9 65-73 69 0
95-98 96,5 7 74-82 78 1
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150

100
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Temperaturun intervallar {izra say1

0
685 725

Sokil 2.

Qazturbinli kompressor stansiyasinin 1-ci pillo kompressorlarinin avqust vo fevral aylarinda
moahsuldarliginin (¢ix1s qazinin miqdari) intervallar (Qmin.i-Qmax.i) lizro paylanmasi vo hor intervala
diison tosadiifi mohsuldarliglarin orta miqdarlar1 Qia, eloco do mohsuldarhiglarin (sixilmis qaz
miqdarlarini) saylar1 asagidaki cadvalds 4-do verilmisdir. Birinci pillo kompressorlarin avqust vo
fevral aylarinda mohsuldarliginin doyismas intervallari ilo hor intervala diison mohsuldarliq saylari
arasinda asililiq sokil 3-da oks olunub.

Cadval 4. 1-ci pillo kompressorlarin avqust vo fevral ayinda mohsuldarliginin intervallar {izro

avqust

291

262
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intervallar {izra paylanmasi

76,5 80,5 84,5 88,5 925 965 15
Temperaturun intervallar {izra qiymati, °F,;

24 33

fevral

42 51

60

69

78

paylanmast

avqust fevral

Qmin.i - Qmax.i, Qla, MMSCFD Tls QminAi QmaxAi, Qla, MMSCFD Tls

MMSCFD MMSCFD

25,1-27,0 26,05 1 30,0-31,1 30,55 1

27,1-29,0 28,05 0 31,2-32,3 31,75 0

29,1-31,0 30,05 0 32,4-33,5 32,95 1

31,1-33,0 32,05 41 33,6-34,7 34,15 3

33,1-35,0 34,05 413 34,8-35,9 35,35 3

35,1-37,0 36,05 149 36,0-37,1 36,55 21

37,1-39,0 38,05 247 37,2-38,3 37,75 144

39,1-41,0 40,05 17 38,4-39,5 38,95 209

41,1-43,0 42,05 1 39,6-40,7 40,15 266
40,8-41,9 41,35 46
42,0-43,1 42,55 4
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Oldo olunmus molumatlarin tohlili noticosindo miisyyan olur:

1. Avqust aymda kompressorlarin mohsuldarligi (hor bir kompressora diison mohsuldarliq)
25,1 MMSCEFD ils 43,0 MMSCFD arasinda doyisir. Mohsuldarligin 35-37 MMSCFD
arasinda azalmasi tosadiifi haldir. Qeydo alinmis 869 mohsuldarligdan 33,1-35,0
MMSCFD (orta 34,05 MMSCFD — 0,962 min. m%/giin) mahsuldarlig1 413 dofa, 37,1-39,0
MMSCFD (orta 38,05 MMSCFD — 1,075 min. m®/giin) mohsuldarlig1 247 dofa tosadiif
edir.

2. Fevral ayinda kompressorlarin mohsuldarliginin 30,0 MMSCFD ilo 43,1 MMSCFD
arasinda doyisir. Qeydo alinmis 698 mohsuldarligdan 39,6-40,7 MMSCFD (orta 40,15
MMSCFD — 1,134 mIn. m%/giin) mohsuldarlig1 266 dofa, 38,4-39,5 MMSCFD (orta 38,95
MMSCFD — 1,1 min. m%/giin) mohsuldarlig1 209 dof> tosadiif edir.

3. Bu g0staricilorin minimum vo maksimum miqdarlari olduqca az sayda tokrarlanir.

1-c1 pilla kompressorlarm mshsuldarliglarinin avqust va fevral ayinda intervallar iizra
paylanmasi
avqust fevral

Mbahsuldarhigin intervallar tizra say

) - - : - ¢ ) ¢ ) ¢ fmy - e e -y e - 1) - )
PRSP RN TN RN CENEN SN O\ G L TS GRS CR G CR CHIRA CHN . LR TRt
A I U A R N N S5

Mahsuldarligin intervallar iizra orta qiymsati, MMSCF/D

Sokil 3

Gostarilon farglori tadqiq etmok moagsadilo cadval 5-do verilmis 2-ci pillo kompressorlarinin
avqust vo fevral aylarinda giris vo ¢ixis qazi tozyiqlorinin paylanmasi gdstoricilori osasinda sokil
4-do homin parametrlorin paylanmasi qrafiklori oks olunmusdur.
1-ci pillo kompressorlarda oldugu kimi, 2-ci pillo kompressorlarda da otraf miihitin horarotindon
asili olaraq, tozyiq soviyyslarinin tozyiq intervallarindan asililigi, hom do tozyiq soviyyslari xeyli
doayisir. Soyuq iqlim soraitinds tozyiq saviyyosi algalir.
Qazturbinli kompressor stansiyasinin 2-ci pillo kompressorlarin tazyiqlorine aid malumatlar tohlili
asagidaki naticalorin aldo edilmosino imkan verir:

1. Avqust ayinda giris qazinin tozyiqlorinin Pig (psi) intervallar (Pmini - Pmaxi) tizre

paylanmasi, hor intervala diison tozyiqin orta miqdari Pagori , tozyiq intervalina uygun
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galon tozyiqlorin say1 Togsi. toyin olunub. Girig tozyiqi 246 psi (16,97 ati) ilo 300 psi
(20,69 ati) arasinda doyisir. Qeydo alinmis 733 tosadiifi tozyiqdon 271-275 psi (orta 273
psi — 18,83 ati) tazyiqi 335 dofo rast galinir.

2. Fevral ayinda giris qazinin tozyiqlorinin intervallar (Pmini - Pmax.i) lizro paylanmasi, hor

intervala diison tozyiqin orta miqdart Pagori, tozyiq intervalina uygun golon tozyiqlorin
say1 Tagsi. toyin olunub. Q1s aylarinda 2-ci pillo kompressorlarin giris qazinin tozyiqi 228
psi (15,72 ati) ilo 305 psi (21,03 ati) arasinda doyisir. Qeydo alinmis 649 tosadiifi
tozyiqdon maksimum sayda 267-279 psi (orta 273 psi - 18,83 ati) tozyiqi 298 dofo, 254-
266 psi (orta 260 psi - 17,93 ati) tozyiq soviyyasi 278 halda tosadiif edilir.

3. Avqust ayinda c¢ixis qazinin tozyiqlorinin Pi¢ (psi) intervallar (Pmini-Pmaxi) izro

paylanmasi, hor intervala diison tozyiqin orta miqdar1 P2gori, tozyiq intervallarina uygun
galan tasadiifi tozyiqlorin say1 Tzgii. toyin olunub. Cixis tozyiqi 701 psi (48,34 ati) ilo 820
psi (56,55 ati) arasinda doyisir. Asagi gostoricilorin say1 az (1-10) oldugundan osas isgi
zona kimi 760-820 psi (52,41 - 56,55 ati) intervali nozara alinmalidir. Qeyds alinmuis 711
tosadiifi tozyiqdon 801-810 psi (orta 805,5 psi — 55,55 ati) tozyiqi 265 dofa, 791-800 psi
(orta 795,5 psi - 54,86 ati) tozyiqi 198 dofo tosadiif edir.

4. Fevral ayinda ¢ixis qazinin tozyiqlorinin Pi¢ (psi) intervallar (Pmin.i-Pmax.i) lizre paylanmasi,

har intervala diison tozyiqin orta miqdar1 P2g.ori, tozyiq intervallarina uygun golon tasadiifi
tozyiqlorin say1 Tzgsi. toyin olunub. Cixis tozyiqi 720 psi (49,66 ati) ilo 831 psi (57,31
ati) arasinda doyisir. Qeydo alinmis 655 tosadiifi tozyiqdon 800-815 psi (orta 807,5 psi —
55,69 ati) tozyiqina 222 dofs, 784-799 psi (orta 791,5 psi — 54,59 ati) tozyiqino 190 dofa
rast golinir. Goriindilyli kimi, tozyiq soviyyelori saylarinin tozyiq intervallart iizro
paylanma formasi, tozyiqlorin avqust ayidaki paylanma formasindan forqlonir.

Cadval 5. 2-ci pillo kompressorlarinin avqust vo fevral aylarinda giris va ¢ixis qaz1 tozyiqlorinin

paylanmasi
Giris qazi Cixis qazi
avqust fevral avqust fevral
Pmin.i - PZg.or TZg IDmin.i - PZg.or. TZQ Pmin.i - P2<;.or., TZ(; Pmin.i - PZQ.OI’.; TZQ.
Pmaxi, PSi | psi Prmax.i, PSi | psi Pmax.i, PSi | psi Pmax.i, PSi | psi

246-250 | 248 7| 228-240 | 234,0 6| 701-710 | 7055

720-735 | 7275 6

251-255 | 253 10 | 241-253 | 247,0 46 | 711-720 | 71555

736-751 | 7435 5

261-265 | 263 17 | 267-279 | 2730 | 298 | 731-740 | 7355

768-783 | 7755 | 151

2
0
256-260 | 258 4| 254-266 | 260,0 | 278 | 721-730 | 7255 3| 752-767 | 7595 17
0
0

266-270 | 268 | 150 | 280-292 | 286,0 20 | 741-750 | 7455

784-799 | 7915 | 190

271-275| 273 | 335 ] 293-305| 299,0 1] 751-760 | 755,55 5| 800-815| 8075 | 222

276-280 | 278 | 195 761-770 | 765,5 11| 816-831 | 823,5 64
281-285 | 283 14 771-780 | 7755 30
286-290 | 288 0 781-790 | 7855 | 105
291-295 | 293 0 791-800 | 7955 | 198
296-300 | 298 1 801-810 | 805,5| 265

811-820 | 8155 92
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2-ci pills kompressorlarinin giris va ¢1x1s qazi tazyiqlarinin tazyiq intervallarindan asila

paylanmasi
giris CIX1S
avqust fevral avqust fevral
400
350 335
: A8
300 - 265

Tazyiqin intervallar tizra sayi

GO MM GO 0N B0 ABD A GO NO0 OO O OO NI e W e e
T v O O 000D o D en G oy v e v e e e e e en O v e e
R B e R e J > s N R i R i Rl i R S B i e =S
[ B I S I o B S B B e e o e e O L L BTl e el el Sl

Intervallar tizra girig va ¢ixis tazyiqlori, psi

Sokil 4.

2-ci pillo kompressorlarin mohsuldarligr (giin arzinds sixdig1 qazin miqdari) yay vo qis aylarinda
geydo alinmis va nozors ¢arpan forq tohlil edilmisdir.

Qazturbinli kompressor stansiyasinin 2-ci pillo kompressorlarinin avqust vo fevral aylarinda
moahsuldarligimin (¢ix1s qazinin miqdari) intervallar (Qmin.i-Qmax.i) lizro paylanmasi vo hor intervala
diison tosadiifi mohsuldarliglarin orta miqdarlart Qza, eloco do mohsuldarhiglarin (sixilmis qaz
miqdarlarini) saylar1 codvoldo 6-da verilmisdir. ikinci pillo kompressorlarin avqust vo fevral
aylarinda mohsuldarliginin doyisme intervallar1 ilo her intervala diigon mohsuldarliq saylari
arasinda asililiq sokil 5-da oks olunub.

Mbslumatlarin tahlili naticasinds miidyyan olur:

1. Avqust ayinda kompressorlarin mohsuldarligt (hor bir kompressora diison mohsuldarliq)
34,1 MMSCFD ils 56,0 MMSCFD arasinda dayisir. Qeyds alinmig 647 mohsuldarligdan
42,1-46,0 MMSCFD (orta 44,05 MMSCFD - 1,245 min. m®/giin) mohsuldarlig1 388 dofs
tosadiif edir. Kompressorlarin mohsuldarliginin (vahid zaman miiddstinds sixdig1 qazin
miqdarmin) miioyyon hodlor daxilindo doyismesi bir sira sobablorlo olagadardir.
Mohsuldarliq saviyyesini bes zonaya bolmok olar: algaq soviyys - 38,0-a godor, orta
soviyyolor — 38,1-42; 42,1-46; 46,1-52 vo yiksok soviyyo — 52,1-don yuxari.
Mohsuldarligin algaq soviyyosindo kompressorlar dayanagsiz islodiyindon mohsuldarligin
miixtalif miqdarlar1 az hallarda rast golir. Goriindiiyii kimi, 38,0-a qodor soviyyslorinda
mohsuldarliq comi 4 dofs, yiiksok soviyyoali — 52,1-don artiq mohsuldarliq iso 1 dofo rast
golib.

2. Fevral ayinda kompressorlarin mohsuldarliginin 40,1 MMSCFD ilo 64,0 MMSCFD
arasinda doyisir. Qeydo alinmis 691 mohsuldarligdan 48,1-50,0 MMSCFD (orta 49,05
MMSCFD - 1,386 mIn. m*/giin) mohsuldarhig1 225 dofs, 50,1-52,0 MMSCFD (orta 51,05
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MMSCFD - 1,442 min. m¥giin) 192 dofs, 52,1-54,0 MMSCFD (orta 53,05 MMSCFD -
1,499 min. m¥/giin) 137 dof> tosadiif edir.

3. Sokildon goriiniir ki, fevral ayinda paylanma, avqust ayindaki paylanmadan forqlonir.

Cadval 6. 2-ci pillo kompressorlarin avqust vo fevral ayinda mohsuldarliginin intervallar tizro

paylanmasi
avqust fevral
Qmin.i - Qmax.i, QZa, MMSCFD Tls Qmin.i - Qmax.i, QZay MMSCFD Tls
MMSCFD MMSCFD
34,1-38,0 36,05 4 40,1-42 41,05 27
38,1-42,0 40,05 106 42,1-44 43,05 30
42,1-46,0 44,05 388 44,1-46 45,05 32
46,1-52,0 50,05 148 46,1-48 47,05 35
52,1-56,0 54,05 1 48,1-50 49,05 225
50,1-52 51,05 192
52,1-54 53,05 137
54,1-56 55,05 8
56,1-58 57,05 2
58,8-60 59,05 2
60,1-62 61,05 0
62,1-64 63,05 1
2-c1 pille kompressorlarimin mahsuldarliqlarinm avqust va fevral ayinda intervallar tizra
paylanmasi
avqust fevral
450 388
% 400
§ 350
& 300
§ 250
£ 200
‘5 150
ol
=100
= 50
I
= 36,05 40,05 44,05 50,05 54,05 41,05 43,05 45,05 47,05 49,05 51,05 53,05 55,05 57,05 59,05 61,05 63.05

Sakil 5.

Moahsuldarligm intervallar iizra orta qiymati, MMSCFD
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Beloliklo, alinmis naticalorin miiqayisasi vo parametrlorin kompressor stansiyasinin ig rejimi vo
somoraliliyino tosirini Oyronmok Tli¢lin vahid intervalin orta qiymotine uygun gostoricinin
maksimal sayimin (C) doyismasina baxaq. Cadval 7-do bu parametrin doyismasi verilir.

Cadval 7. Vahid intervalin orta qiymatine uygun gostoricinin maksimal dlgmaler sayinin
doyismasi.

Gostaricilor 1-ci pills 2-ci pills

fevral avqust fevral avqust
A B C A B C A B C A B C
Giris qazinin 406 58 7 325 675 | 4,8 298 273 1,1 335 263 1,3

tazyiqi, psi
Cix1s qazinin 382 |28 |13 332 | 288 |12 222 | 807 |03 265 | 805 |03

tazyiqi, psi
Miihitin horarati, | - - - - - - 235 42 5,6 291 80 3,6
°F
Mohsuldarlig, 266 40 6,7 413 34 12,1 | 225 49 4,6 398 44 9,1
MMSCF/D

A - gostaricilorin say1; B — intervalin orta qiymati; C = A/B.

Gorilindiiyti kimi, istor birinci, istorso do ikinci pillo kompressorlarin vahid intervalin orta
qiymatina diigon maksimal mohsuldarliglarinin 6lgmalar say1 fevral ayinda avqust ayma nisbaton
2 dofaya yaxin azdir.

Bu da kompressor stansiyasinin optimal is rejimdo islomasini tomin edon tadbirlorin aparilmasini
tolob edir.

Aparilmis tohlillor asagidaki naticolori oldo etmoys imkan verir:

1. Birinci pillo qazturbinli kompressorlarda yay movsiimiindo kompressor ligiin miisbot
tosiredici faktor olan giris tozyiqinin qis movsiimuna nisbaton 16,4% (58 psi-don 67,5 psi-
dok) artmasi, lakin monfi tosiredici faktorlar olan ¢ixis tozyiqinin yalniz 0,9% (285 psi-
don 288 psi-dok) vo otraf miihit temperaturunun 36 °F (42 °F-don 80,5 °F-dok) artmasi
fonunda mohsuldarliq 15,2% (40,15 MMSCFD-don 34,05 MMSCFD-dok) azalmigdir.

2. Ikinci pillo gazturbinli kompressorlarda yay mdvsiimiindo kompressor {i¢iin miisbot
tosiredici faktor olan giris tozyiqinin qis movsiimiine nisboton doyismomasi (har iki halda
273 psi), manfi tosiredici faktor olan ¢ixis tozyiqinin yalmz 0,2% (807,5 psi-don 805,5
psi-dok) azalmasi vo otraf miihit temperaturunun 36 °F (42 °F-don 80,5 °F-dok) artmasi
fonunda mohsuldarhiq 10,1% (49,05 MMSCFD-don 44,05 MMSCFD-dok) azalmisdir.
Beloliklo, yay mdvsiimiindo qazturbinli kompressorlarin mohsuldarliginin  15,2%
azalmasinin 10,1%-1 miihit temperaturunun artmasi ilo baqlidirsa, qalan 5,1%-i texnoloji
proseslorin togkili ilo baglidir. Modon soraitinds bu amili nozore alaraq gazin noql
sisteminda diizgiin texnoloji rejimin se¢ilmasi kiilli miqdarda qazin itirilmasinin garsisini
almaga imkan verir.
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Yuxarida verilmis tohlilo asaslanaraq asagidaki texnoloji prosedurlarin hoyata kecirilmasi ilo
gazturbinli kompessor stansiyasinin texniki gostoricilorini ciddi gokildo yaxsilasdirmaq
mumkdndur:

1. 2-ci pillo qazturbinli kompressorlarda yay vo qis movsiimlorindo kompressorun giris vo
cixis tozyiqorinin - doyismomosi  fonunda mohsuldarligin  10,1% azalmasi yay
movsiimiinds artiq yliklonmo sobobindon qaz turbinlorinin dévrlor saymin nominal 15000
dovr/dag-don avtomatik olaraq azalmasi vo bununla slagsli turbinin giiciiniin azalmasi ilo
baglidir.

2. Hor turbinin giindalik 30 min m® qaz1 yanacaq sorf etdiyini, stansiyada giindolik 360 min
m® gazin yanacaga islodilon qazin 2-ci pillo gazturbinli kompressorlarm ¢ixisindan
gotiirildiiylinu vo bu turbinlorin artiq yiiklonmasini nozers alaraq, yanacaq qazinin digor
monbadon gotiriilmasi daha faydalidir. Stansiyanin biitliin  turbinlorini  1-ci pillo
kompressorlarin ¢ixisindan qidalandirmaq miimkiindiir. Bu halda stansiyanin pillslorarasi
kollektorunun yiikii azaldilmaqla 1-ci pillo kompressorlarin msahsuldarliginin artimina vo
2-ci pille kompressorlarin sixdig1 qazin biitovliikde ¢ixis noql kemarine yonaldilmasine
imkan yaranir. Aparilan texnoloji omaliyyatin aparilmasi noticesinds kompressor
stansiyas1 vasitosilo alava olaraq giindalik 200-250 min m® gazin naqli tomin oluna bilor,
yani stansiyanin imumi moahsuldarigini 3-4% artirmaq olar.

Natica: 1. Qazturbinli kompressor stansiyasinda forgli otraf miihut temperaturlarinda texnoloji
parametrlorin doyismosi statistik {isullarla tohlil edilmis vo dominant gostoricilor miioyyon
edilmisdir.

2. Todqiqat prosesindo alinmis noticolordon istifado edorok kompressor stansiyasinin
mohsuldarligini 3-4% artirmaga imkan veran texnoloji prosedur toklif edilmisdir.
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ABSRACT

This article is devoted to the study of the technology of preparation of smooth parts prepared of
plastic materials working in oil-field equipment. The strengh of smooth part sin oil-field
equipment,the collection of plastic parts, as well as complex properties are studied.

Due to the fact that the components of plastic materials have high performance indicators,the
usual processing methods are used by preparing them in various constructions. This shows that in
the chemical environment,the items prepared of plastic materilas are electrically conductive,heat-
resistant additives. This problem is especially important in the use of structures made of plastic
materilas,which are widely used in oilfield equipment,and parts made of diferent types of
heterogeneous materials. Their quality is formed in the process of design and construction.
Ensuring the quality of components made of thermoplastic and thermosetting material sin the
production process can be considered a topical issue.If we look at the pros and cons of the plastic
materials quality management sector:

It is possible to point out to the interested parties whether the existence of processing facilities has
not been initiated for collection and segregation. On the downside, the existing standarts do not
meet internaitonal standards and we can note that there are technological problems.

Plastic materials are superior to metal sin many respects. Their quality indicators,the
accuracy,strengh,level of cleanliness,ensure reliability and durability.

The production and acquisition of new types of plastic mass is in the focus of attention of many
research centers in the world’s leading countries. Soviet scientists were the first to invert endless
screwredcers made of plastic.

These examples are 10 times cheaper than in previous years, and 5-6 times light. For example,in
Russia Karajoyev plastic plant,Lyubucevsk plastic plant and etc.such as large plastic plants are
currently operating.

Currently, the indrustry cannot be imagined without plastic mass.We can call the twentieth
century the polymer century. The appliciation of plastic materials of plastic materials has many
advantages in industry.For example,duet o its low weight and thermal and electrical
conductivity,it is used in industries in developed countires. They also have high static and
dynamic properties. The advantage of the dynamic feature is the application of plastic material sin
areas such as radio engineering and electrical engineering.

Examples of areas where smooth parts made of plastics are applied include machine building,
aviation, petrochemistry, missile technology and instrument making. Smooth parts made of plastic
materials have high reliability, durability and longevity.In developed countiries, 40-50 percent of
the materials used in mechanical engineering,instrument making and other industries are plastics
of various brands,Plastics are easy to-process,low-cost and durable parts. Smooth parts made of
plastics have high reliability, durability and longevity. The article analyzes the operation of plastic
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mass components,the analysis of the technology of production of smooth parts made of plastic
materials used in oilfield equipment,as well as their strengh and reliability.
Keywords: Plastic material, quality indicators, thermoset materials, performance indicators.

NEFT-MODON AVADANLIQLARINDA iSLOYON PLASTIK MATERIALLARDAN
HAZIRLANAN HAMAR HiSSOLORIN HAZIRLANMA TEXNOLOGIiYASININ
TODQIQI

Ayton Mdovsiimova
Azorbaycan Dovlot Neft vo Sonaye Universiteti, II kurs magistranti, Neft mexanika fakiiltosi, Materialgiinasliq vo
emal texnologiyalar kafedrasi, E-mail: ayten.movsumova@bk.ru

XULASO

Bu moqgalo neft-madon avadanliglarinda isloyon plastik materiallardan hazirlanan hamar
hissalorin hazirlanma texnologiyasinin tadqiqine hosr olunmusdur. Neft-madon avadanliqlarinda
hamar hissolorin moéhkomliyi, plastik hissolorin yigismast eloco do, kompleks xassolori
Oyronilmisdir.

Plastik materiallardan olan hissalor yiiksok istimar gostaricilorine malik oldugu {igiin, onlar
miixtalif konstruksiyada hazirlayarkon,adi emal metodlar: istifads olunur. Bu onu gostorir ki,
kimyovi miihitdo plastik materiallardan hazirlanan detallar elektik keciriciliyo,istiliyo davamli
hissolordir. Termoplastik vo termoreaktiv materiallardan hazirlanan hissolorin  istehsal
prosesindo  keyfiyyatinin tomin olunmast aktual mosolo hesab edilo bilor. Bu
problem,asason,neft-madon avadanliqlarinda ¢ox istifade olunan plastik materiallardan
hazirlanan konstruksiyalar vo miixtalif tipli heterogen materiallardan hazirlanan detallarin
istifadesindo  xiisusilo ohamiyyatlidir. Onlarin  keyfiyysti konstruksiyanin islonmasi va
hazirlanmasi prosesinds formalasir.

Plastik materiallarin keyfiyyatinin idare olunmasi sektorunun miisbot vo manfi toraflorine nazor
yetirsok:

Miisbot toroflors tokrar emal miiossisolorinin movcudlugu toplanilma vo ¢esidlonmo
togabbiisiiniin olmasini qeyd etmok olar. Moanfi toroflors iso,mdvcud standartlarin beynalxalq
taraflora uygun olmamasi va texnoloji problemlorin mévcudlugunun geyd etmak olar.

Plastik materiallar metallarla miiqayisads bir ¢ox keyfiyyatlorino gore daha {istlindiir. Onlarin
keyfiyyat gostoricilori, yoni,doqiqliyi, mohkomliyi sothi tomizliyi 6zlinii dogruldarag,etibarlig
vo dayaniglig1 tomin edir.

Plastik kiitlolorin istehsali vo yeni novlorinin alinmasi diinyanin qabaqcil 6lkolorinin bir ¢ox
todqiqat morkozlorinin diggoatindadir. Sovet alimlori ilk dofo plastik materialdan hazirlanan
sonsuz vint reduktorlarini ixtira etmisdilor. Homin niimunlor ovvallki illorlo miigayisods 10 dofo
ucuz, 5-6 dofs iso yiingiildiir. Moasalon, Rusiyada Karagoyev plasmas zavodu, Lyubugevsk
plasmas zavodu va s. kimi boylik plasmas zavodlar1 hal-hazirda faaliyyat gostorirlor.

Hal-hazirda sanayeni plastik kiitlosiz tosovviir etmok olmaz. XX oasri polimer oasri adlandira
bilorik. Plastik materiallarin totbiginin sonaye sahoalorindo iistiinliiklori ¢oxdur. Masalon, kigik
cokido olmast va istilik vo elektik kegiriciliyino malik olmasina goérs, diinyanin inkisaf etmis
Olkolorinin sonaye saholorindo totbiq edilir. Homginin onlar yiliksok statik vo dinamik
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xuisusiyyetlora malikdirlor. Dinamik xiisusiyyatin listlinliiyli plastik materiallarin raditexnika va
elektrotexnika kimi saholordo totbiq olunmasindadir.

Plastik materiallardan hazirlanan hamar hissolorin totbiq edildiyi sahslors masinqayirma, aviasiya,
neft-kimya, raket texnologiyasi vo cihazqayirma kimi saholori niimuna gdstormok olar. inkisaf
etmig Olkolordo masingayirma, cihazqayirma vo digor sonaye saholorinde istifade olunan
materiallarin 40-50 faizini miixtolif markalardan olan plastik kiitlolor toskil edir. Plastik kiitlolor
asan emal olunan, emal zamani1 az xarc tolob edon vo eyni zamanda moéhkamliyi do, kifayat qodor
olan hissolordir.Plastik materiallardan hazirlanan hamar hissali detallarin etibarligi, dayaniqligi vo
uzundmiirlityii ¢oxdur. Moqalodo,plastik kiitlodon olan hissolorin istismar gdostoricilorinin
Oyronilmosi, neft-modon avadanliglarinda isloyon plastik materiallardan hazirlanan hamar
hissalorin hazirlanma texnologiyasinin tohlili eloco do, onlarin mohkomliyi vo etibarligt
arasdirilmisdir.

Acar soézlor: Plastik material, keyfiyyot gostoricilori, termoreaktiv materiallar, istismar
gostoricilori.

Giris: Plastik materiallardan hazirlanan masin vo avadanhqlarimin keyfiyyst baximindan
problemlori olduguna gora, bu problemlor istismar miiddsti orzinds Gyronilmasi vacibdir. Buna
baxmayaraq, hamar hissolorin kompleks xassalori neft-moadon avadanliglarinin plastik hissslorinin
mohkomliyi yetorinco Oyronilmomisdir. Bu sobobdon do,neft-qaz sonayesinin masin  vo
qurgularinda istifads olunan termoplastik vo termoreaktiv materiallardan istehsal olunan hissalorin
keyfiyyatinin dyronilmasi aktual problemdir.

Istehsal prosesindo hazir detallarda askarlanan giisurlar1 vo ya materialin bozi parametrlorindo
yaranan qiisurlarin aradan qaldirilmast miimkiin olmazsa, texnoloji rejimlori doyismokls vaxtinda
bu problemlari aradan qaldirmaq olar.Plastik kiitlodon olan hissalorin texnoloji prosesi forglidir.
Belo ki,miirokkob alatlor 6l¢ii li¢iin olan qurgu ve cihazlar dozgah-tortibat-alot-detal sisteminda
ardicilligi diizglin secon zaman texnoloji prosesds tortibatlar 6nomli deyil. Plastik materiallardan
hazirlanan hissalor verilon toloblora uygun olaraq, lahiyslondirilmis goliblords texnoloji rejimlor
ilo tonzimlonir. Plastik materialdan olan hissolor xarici goriiniisiino goro oxsar olsalar da,
texnologiya baximindan onlar bir sinifo aid edilmir|[1].

Mosalonin qoyulusu: Neft-modon avadanliqlarinda olan plastik kiitlolor yiiksok istismar
gostoricilorine malik olduguna gors, sado emal metodlart (t6kmo, presloma) totbiq etmoklo
miixtalif konstruksiyali detallarin hazirlanmasinda genis totbiq olunurlar.

Neft sonayesi tigiin avadanliq istehsal edo miiassisalords plastik kiitlodon miixtalif konstruksiyali
hissalor hazirlanir. Bunlara niimuns olaraq, qapaq, dostok, reduktorlarin yagqaytaranlarini vo
gasnaq tipli hissolori misal gostormok olar. Konstruksiyalarina gora plastik kiitlodon hazirlanan
detallar disli carxlar, dairalor vo yivli hissalor sinifino aid etmok olar.

Plastik kiitlolordon hazirlanan hissalar {i¢iin totbiq olunan texnologiya proseslari forqlidir. Ciinki
dozgah-tortibat-alot-detal, miirokkab alotlor, bazalagdirma prinsipine va 6l¢iilorin doqiq seg¢ilmasi
prosesino ehtiyac qalmir. Sadalanan toloblor, plastik materiallardan hazirlanmis hissalor {igiin
texnoloji rejimi yerina yetirmokls alds etdiyimiz olan proseslordir.

Plastik kiitlodon hazirlanan hissalor texnoloji rejim nazars alinmaqla diizgiin lahiys edilmis press-
goliblords vo tokmo masinlarinda yerina yetirilir.[2]
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Sakil 1. Plastik kiitlolorden hazirlanan neft avadanlig: hissalori

Holl iisullari: Hal-hazirda tokmao tisulu vo presloms ils istehsal olunan plastik materiallardan olan
hissolorin doqiqglik kvaliteti mexaniki iisulla emal olunandan doqiqlik kvaletindon daha
yiiksokdir.Plastik detallarin mexaniki yolla emali hom ¢otin hom do emal zamani iist qat
yonulduguna goro materilain bir hissosi toxminon 10 faizi itkiys gedir.Bu sobobdo do, plastik
materiallardan hazirlanan masin vo avadanlhqlarin detallarinin keyfiyyst mosolosindo problemlor
yaranir. Neft-modon avadanliglarinin plastik materialdan hazirlanmis detallarinin keyfiyyatini vo
davamliligin1 toyin edon zaman istifads olunan iisullar konstruktiv,texnoloji va istismar olaraq ii¢
yera boliiniir [3,4].

Konstruktiv iisul detallarin somorali islonmasini eloco do,materillain konstruktor torafindon
diizglin secilmosini nozordo tutur. Plastik hissolorin keyfiyyatini vo davamliligini artirmaq ii¢lin
kontruktiv iisulda siirtiinmoyo davamliligi gdstormok olar.Yumsaq plastiklor bork termoplastik
materiallar,termoreaktivlorlo miigayisodo istismar zaman1 daha ¢ox siirtiinmoys moruz qalirlar.
Neft-modon avadanliglarinin istismar soraitini nozora almaqla, plastik detallarin  osas
gostaricilorininin yaxsilagdirilmasi tizro kompeks sokildo goriilon islor istismar tisuluna daxildir.
Istismar {isulunda abrazivin 6lciisii vo mohsuldarligi artdig1 {iciin bark plastiklorin siirtiinmoya
davamlilig1 azalir.

Plastik materiallardan hazirlanan detallarin istehsalinin  forqlondirici  xiisusiyyeoti, homin
materilin istehsal rejimindon asilidir. Bu sobobo goro do, plastik materiallardan hazirlanan
detallarin keyfiyyatinin artirilmasini, tomin etmok maqsadi ilo texnoloji iisuldan istifado etmok
daha shomiyyatli hesab edilir.

Notica. Neft-modon avadanliglarinda isloyan plastik kiitlodon olan hissalorin vo onlara qoyulan
toloblorin, hamar hissolorin hazirlanma texnologiyasinin tohlili aparilmis noticods metallarlarla
miiqayisado onlarin ¢okisinin 7-8 dofs az, iqtisadi cohatdon 10 dofoyo qodor ucuz olmasi,bununda
igtisadi cohotdon somorali oldugu miioyyon olunmusdur.
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DEFORMATION DURABILITY - ADJUSTABLE BUFFERING BARRIER
OF THE BOTTOM HOLE AREA

Alesker Jabarov
SOCAR, “Azneft” Production Association, “Absheronneft” Oil and Gas Production Department, Deputy Chief of Oil
and Gas Production Department Ne 4, ASOIU, Gas-Oil-Mining Faculty, Email: cabarov1978@mail.ru

The final stage of development and operation of oil fields is accompanied by many problems, one
of which is the most characteristic, the complications due to the intensive flow of sand from the
reservoir to the bottom hole. As the liquid seeps through the rocks from poor collector properties,
its skeleton collapses in the bottom hole zone and sand grains begin to flow into the bottom hole.
Sand particles accumulate in the bottom hole zone and formation of sand plugs which reduces the
productivity of the well and in most cases completely stops its operation.
The formation of sand plugs is more pronounced in the final stages of field development. At the
moment, due to the sand plugs in the wells, they often stop for repairs, which reduces of the time
between repairs and increases the over-all operating costs. Therefore, one of the most pressing
issues facing oil workers is to study the causes of sand plugs, to investigate the processes taking
place in the plug zone and to develop effective methods to combat sand by analyzing the
operation of such wells. If the sand completely closes the filter of the production casing and as a
result the flow of liquid to the bottom hole is completely stopped, such a complication can be
eliminated by either washing the bottom hole or strengthening the well hole zone. However, in
many cases this technology does not work or is not cost-effective.
At present, the measures taken against oil accumulation in oil wells, sand in the well hole zone
(using small sized lifting pipes, mounting of special tails, injection of liquid into the annulus,
mounting of sand anchors at the entry of deep well pump, strengthening of the well hole zone,
etc.) are somewhat justified and still does not give the desired result. Due to the problems caused
by the sand plug, the repair time of the wells is reduced and the operating costs continue to
increase.
Colmatization of mechanical mixtures in the wellbore area, contamination of the wellbore,
increased vibrations and more intensive wear of the equipment inside the well create serious
complications.
Despite the widespread use of rod depth pumps, their operation in sand wells is complicated. As a
result, the voltage on the rods and the electric motor increases, the rods are stretched, broken, the
pliers are idle, the electric motor is overloaded, and so on. occurs.
If the reservoir consists of grains of sand and brittle sandstones, then in such wells there is an
intensive occurrence of sand. Grains of sand increase the number of routine and workover
operations in the well, gradually reducing oil production. This creates various deformations and
difficulties in the production line. The pipeline has been undergoing major repairs for a long time.
To avoid this, the technology of measures is carried out in the following sequence:

»  The aggregate is mixed with cement powder and water to prepare the grouting slurry;

» A special volume of cement slurry, calculated using the pumping unit, is pumped into

the hole and stored there until complete solidification;

»  The solution applied to the layer hardens and cements the grains of sand together.
As a result of the measure, the grains of sand at the bottom of the well are strengthened with each
other, and the number of sand manifestations in the well is reduced.
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If a sand plug forms in the filtering part of the well, the lower part of the installation experiences
more back pressure than the upper part. For this reason, the outflow of fluid from the lower parts
of the reservoir occurs at a pressure lower than the pressure in the well. A sharp decrease in the
flow rate of the well occurs due to the accumulation of sand grains in the well and the formation
of sand plugs in the pipes of the elevator. The length of pipes covered with sand plugs increases
many times. Thus, due to the fact that the permeability of the sand plug is several times higher
than the permeability of the reservoir, due to the large difference in the cross-sectional area of the
perforated part of the well and the pipe, hydraulic losses during the movement of liquid (oil)
through the sand plug are comparable to possible.

During the entire life of the wells, the wellbore area is subject to shocks and periodic loads, which
affects the quality of the sand barrier created in this area. In this regard, the issue of developing
special buffering systems for wells subject to significant dynamic loads, which can ensure the
integrity of the cement barrier in the wellbore area, is relevant. Experimental studies have been
conducted in the laboratory to create a more efficient fastening technology in the wellbore area.
As a result of laboratory studies, cement, natural zeolite
(Na,K,Ca,Mg)-CalAl, -Sis,- 0,,]-20 H,0 and chloride as a material that prevents the
collapse of the cement barrier in the wellbore area and limits the appearance of sand an aqueous
solution of acid (HCI) was proposed.

Keywords: sand, pump, mechanical particles, coagulation, nanoparticles, hydrochloric acid,
deformation resistance, dynamic loads

DEFORMASIYA DAYANIQLIGI - TONZIMLONON QUYUDIBi OTRAFI
SAHODO TAMPONAJ SODDI

Ilasgar Cabarov
SOCAR, “Azneft” Istehsalat Birliyi, “Abseronneft” Neft vo Qaz¢ixarma Idarasi, 4 sayli neft vo qazgixarma sahasinin
rois miiavini, ADNSU, QNMF, II kurs, Email: cabarov1978@mail.ru)

XULASO

Neft yataqglarinin islonmosinin vo istismarinin son morhoalasi bir cox problemlorlo
miisayiot olunur ki, onlardan da biri vo on ¢ox xarakterik olani laydan quyudibino golon
intensiv qum axin1 ilo bagli yaranan miirokkablogsmoalordir. Zoif dayaniqli kollektor
xlisusiyyatlorino malik siixurlardan maye siiziilorkon layin quyudibi zonasinda onun
skeleti dagilir vo bu zaman quyudibino qum donaciklorinin axini baslayir. Qum
donaciklori quyudibi zonada yi1gilaraq quyunun mohsuldarligint azaldan vo oksor hallarda
onun igini tamamilo dayandiran qum tixaclarinin yaranmasina gatirib ¢ixarir.

Qum tixaclarinin omolo golmasi yataglarin islonmasinin son marhalosinds 6ziinii daha gabariq
biruzo verir. Bu zaman quyularda qum tixact sobobindon onlarin tez-tez tomiro dayanmasi
hadisasi bas verir ki, bu da tomiraras1 miiddatin azalmasina va limumilikda istismar xarclarinin
artmasina sobab olur. Ona gora do qum tixaclarinin amolo golmo sabablarinin daqiq dyronilmasi,
tixac omoalo golon zonada bas veron proseslorin tadqiq edilmasi vo belo quyularin isini tohlil
edorok quma qars1 somarali miibarizs tisullarinin iglonib hazirlanmasi neftgilorin qarsisinda duran
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on aktual mosalolordon biridir. Ogor qum istismar komarinin siizgoc hissasini tam baglayibsa vo
noticodo quyudibino maye axini tomamilo kosilibso, belo miirokkoblosmoni ya quyunu yumaq vo
ya quyudibi zonan1 méhkomlondirmasils aradan qaldirmaq miimkiindiir. Lakin bir ¢ox hallarda bu
texnologiya da natico vermir vo ya totbiqi iqtisadi cohotdon somorali olmur.

Hazirda neft madonlorindo qumun quyudibi zonada yigilmasina qarst goriilon todbirlor (kigik
Olciilii galdirict borulardan istifads, xilisusi quyruqcuglarin buraxilmasi, boruarxasi fozaya maye
vurulmasi, darinlik nasos tisulu ils istismar olan quyularda nasosun gabulunda qum 16vbarlorinin
yerlosdirilmosi, quyudibi zonanin méhkomlondirilmasi va saire) miioyyon qodor 6ziinii dogrultsa
da, yena do istonilon naticoni vermir. Holo do qum tixacinin yaratdigi problemlors gora quyularm
tomiraras1 miiddati azalir va istismar xarclori artmaqda davam edir.

Mexaniki qarisiqlarin  laymm quyudibi sahesindo kolmatasiyasi, quyudibinin ¢irklonmasi,
titromolorin artmasi vo quyu daxili avadanligin daha intensiv yeyilmosi ciddi miirokkablogmolor
yaradir.

Stanqlt dorinlik nasoslarinin genis totbiq olunmasina baxmayaraq, onlarin qum tozahiirlii
quyularda istismar1 zamani miirokkablogsmalor yaranir. Naticods stanqglara vo elektrik miiharikino
diison gorginlik artir, stanglarin gorilmoasi, sinmasi, mancanaq dozgahimin bos islomosi, elektrik
miihorrikinin yiiklonmasi, siradan ¢ixmasi va s. bas verir.

Mohsuldar lay qum donaciklorindon vo kovrok qum daslarindan ibarstdirss, onda belo
quyularda intensiv qum tozahiirlori bas verir. Qum donaciklori quyuda cari vo osash tomir
islorinin sayi artirir, neft hasilatin1 getdikco azaldir. Bununla da istismar komorinde miixtalif
deformasiyalar va ¢otinliklor yaradir. Istismar kamorinds iso uzun miiddot osasli tomir islorinin
aparilmasi ilo davam edir. Bunlarin garsisini almaq moaqgsadils tadbirlor texnologiyas: asagida
gOstarilon ardicilliqla aparilir:

» aqreqatda sement tozu ils su qarigdirilaraq tompanaj mohlulu hazirlanir;

» vurucu aqreqati vasitosilo hesablanmig xiisusi hocmdo tompanaj mohlulu quyudibine

vurulur vo orada tam barkiys kimi saxlanilir;

» laya vurulmus tompanaj mahlulu barkiyir vo qum donaciklarini bir-birina sementlayir.
Tadbirin naticasi olaraq quyudibido qum donaciklori bir-biri ilo méhkomlondirilir, quyuda qum
tozahiirlorinin say1 azalir.

Quyunun siizgoc hissasindo qum tixacit omolo golorso, istismar obyektinin asagi hissosi, yuxari
hissoya nisbaton boyiik oaks tozyiq altinda olur. Bu sobabdon mohsuldar layin asagi hissalorindon
maye axini, quyuda yaranan tozyiqo nisboton daha kigik tozyiqdo bas verir. Quyularin debitinin
kaskin azalmast quyuda qum donociklorinin toplanmasi vo lift borularinda qum tixacinin
yaranmas1 bas verir. Qum tixaci ilo tutulan borularin uzunlugu dofolorle artir. Beloliklo qum
tixacinin kegiriciyinin kollektorun kegiriciliyindon bir ne¢o dofo ¢cox olmasi, quyunun perforasiya
olunmus hissasinin yan sathinin va borunun en kasiyi sahalorinds olan boylik forqe goéra, mayenin
(neftin) qum tixacindan kegorok horokot etmosi vaxti yaranan hidravlik itkilor layda yaranan
itkilorlo miigayiso edils va bazan ds ¢ox ola bilar.

Quyularin biitiin istismar dovrii orzindo quyudibi saho zorbo vo dovri yiikloro moruz qalir, bu da
bu sahodo yaradilmis quma qars1 saddin keyfiyyotino tosir gostorir. Bununla olagodar olaraq,
quyudibi sahado sement saddinin biitovliiylinii tomin edo bilon, shomiyyatli dinamik yiiklora
moruz qalan quyular {i¢lin nozordo tutulmus xiisusi tamponaj sistemlorinin islonib hazirlanmasi
mosalosi  aktuallagir. Laboratoriya soraitindo quyudibi sahoado daha someroli barkitmo
texnologiyasini yaratmaq mogsadilo eksperimental todqiqatlar aparilmisdir. Laboratoriya
todgigatlar1 naticosindo quyudibi sahodo sement soddinin dagilmasinin qarsisini alan vo qum
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tozahiirlinii mohdudlasdiran material kimi sementdon, tobii seolitdon
(Na,K,Ca,Mg)-Cal[Al, - Sizy - 0,,]-20 H,0 vo xlorid tursusunun (HCI) sulu mohlulu toklif
edilmisdir.

Acar sozlar: qum, nasos, mexanili hissaciklor, koaqulyasiya, nano-hissociklor, xlorid tursusu,
deformasiya dayaniqligi, dinamik ytiklor

Giris: Azorbaycan Respublikasinda az hasilatli, qum tozahiirlii neft quyularinin davamli artim
tendensiyast miigahida olunur, bels ki, neft yataqlarinin ohomiyyat hissesi hal-hazirda islonmenin
son morholosindadir. Belo quyular asason Abseron yarimadasinda yerlosir. Az hasilath quyular
cixarllan mayelor adoton yiiksok ozliillik ve mexaniki qarisiqlarla (qum) xarakterizo olunur.
Bundan basqa, qaldirict borularla qaldirilan mayenin kigik siiroti qum ¢dkmo prosesini
stiratlondirir.

Belo istismar sortlori quyularda quyudaxili avadanliglarin siiratle siradan ¢ixmasina — son naticado
neftgixarmanin rentabelliyinin asagi diismosino sobab olur. Azarbaycanin neft-qaz kompleksinin
inkigaf problemlorindon biri uzun miiddst islonmodo olan neft yataqlarinda comlonmis kifayot
miqdarda ¢ixarila bilon galiq neft ehtiyatinin monimsonilmasidir. Hazirda neft sonayesinin inkisaf
morholosi yataglarin iglonilmo goraitinin miirokkobliyi ilo xarakterizo olunur. Sobab iso neftin
strukturunun vo kollektorlarin xiisusiyyatinin doyismosi ilo oalagodar yataglardaki ehtiyatm cotin
¢ixanla bilon ehtiyata ¢evrilmoasidir. Noticads ¢ixarilan neftin hocminin asagi diismasi, sulasmanin
koskin sokildo artmasi vo boyiik sayda yiiksok mohsuldarligli yataglarin son islonilmo dovriine
ke¢mosi bag verir.

Umimilikdo, tiikonmokdo olan neft yataglarinda az hasilatl neft quyularinda igtisadi baximdan vo
neft modon avadanliginin somoraliliyini artirmaq vacibdir. Quyu fliidindinin yiiksok sulasma
doracasi bir gayda olaraq, korroziya aktivliyini artirir, qumun olmasi da homg¢inin, qum ¢6kmo
stirotinin neftsiz-6zIlii mayelorlo miiqayisodo artmasi sobobindon qum tixacinin yaranmasi ligiin
olverigli sorait yaradir. Quyu mohsulunda qum soklinde mexaniki qarisiglarin ¢oxlugu quyu
avadanlhiginin aginmasini artirir. Belo halda quyu mohsulunda kicik axin siiratlorinde qaldirici
borularda vo dorinlik nasosunda qumun hocmi konsentrasiyasi artir.

Masolonin  qoyulusu: Abseron yarimadasi yataglarinda on genis yayilmis istismar ndvi
quyularin dorinlik nasoslar1 ilo asason do - stanqli dorinlik nasoslari ilo istismar {iisuludur.
“Azneft” Istehsalat Birliyinin quyu ehtiyatinin 80%-don ¢oxu nasos aqreqatlari ilo istismar olunur,
ona goro do onlarin komayi ilo neft hasilatinin texnika va texnologiyasinin tokmillogdirilmasi
masalalori son doraco aktualdir. Stanqgli dorinlik nasoslarinin genis totbiq olunmasina baxmayaraq,
onlarin qum tozahiirlii quyularda istismar1 zamani miirokkoblogsmalor yaranir.

Quyularin biitiin istismar dovrii orzinde quyudibi saha zorbo vo dovri yiiklora moruz qalir, bu da
bu sahodo yaradilmis quma gars1 saddin keyfiyyotino tosir gostorir. Bununla olagodar olaraq,
quyudibi sahado sement soddinin biitovliylinii tomin edo bilon, shomiyyatli dinamik yiiklora
moruz qalan quyular {i¢iin nozordo tutulmus xiisusi tamponaj sistemlorinin islonib hazirlanmasi
mosoalasi aktuallasir.

Geoloji-texniki todbirlordo istifado olunan sementlor asagi deformasiya miigavimati ilo
xarakterizo olunur, bunun naticosindos quyudibi sahodo yaradilmis sement dasi dinamik yiikloro
tab gotira bilmir. Layin tokrar agilmasi, quyunun tamamlanmasi vo hidravlik yarilma (hidravlik
yartlma) kimi omoliyyatlar giiclii dinamik ytiklor yaradir vo bu da sement dasinin dagilmasina
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sobab olur. Naticads, perforasiya va hidravlik yarilmanin tosirinden sonra quyu zolaginda sement
baryeri tamamilo mohv edilo bilor. Har il hidravlik yarilmalarin aparildigi quyularin sayinda artim
miisahido olunur. Bu baximdan, intensiv qum hasilatt olan yataqlarda ohomiyyastli dinamik
ylikloro moruz qalan quyular {i¢iin nozordo tutulmus xiisusi tamponaj sistemlorinin iglonib
hazirlanmasi1 masalasi aktuallasir.

Holl iisullar: Yuxarida gostorilon ¢atismazliglari nozors alaraq, laboratoriya soraitinds quyudibi
sahodo daha somorali borkitmo texnologiyasini yaratmaq mogsadilo eksperimental todqgiqatlar
apartlmisdir.
Laboratoriya todqigatlar1 naticosindo quyudibi sahodo sement saddinin dagilmasinin qarsisini alan
vo qum tozahiliriinii  mohdudlasdiran  material kimi  sementdon, tobii  seolitdon
(Na,K,Ca,Mg) - Ca[Al,-Sizy- 05,] 20 H,0 vo xlorid tursusunun (HCI) sulu mohlulu toklif
edilmisdir.
Bu material yliksok mohkomlik xiisusiyystlorino malik sorbsiya, ion miibadilo¢i vo katalitik
material kimi xarakterizo olunur. Sement klinkerinin HC! ilo miibadilosi naticesindo davamli vo
kecirici beton soddin omolo golmasino sobab olan bir sira kimyavi vo fiziki-kimyavi proseslorlo
xarakterizo olunan hidratasiya vo hidrolitik dissosiasiya reaksiyalar1 bas verir. Quyudibino
vurulma prosesindo gazin buraxilmasi vo yaradilmis maneoado slavo mosamolorin omolo golmasi
ilo garsiligh oalago yaranir. Quyunun quyudibi sahasino vurulan mohlul todricon barkimoklo, sabit,
eyni dorocodo mdéhkom vo izotrop kegirici manes omolo gotirir. Hazirlanmis mohlul vo ondan
omolo golon sement dasi1 yiiksok tozyiq vo temperaturda, homg¢inin qrunt sular1 ilo filtrasiya
eroziyast zamani Oz sabitliyini saxlayiwr. Laboratoriya tocriibalori gostormisdir ki, xlorid
tursusunun miqdarindan asili olaraq sement dasinin méhkomlik parametrlorindo doyisikliklor bag
verir. Tadqiqatin naticalari sokil 1 vo 2-do gdstorilmigdir.
Sement dasinin moéhkomliyinin  nano-seolitin miqdarindan asililigmin riyazi modeli kvadrat
tonliklorlo yaxsi tosvir edilmisdir:

sixilmaya mohkomlik y = —0,04x* + 0,3x + 6,4

oyilmoyo méhkomlik ¥ = —0,003x~ + 0,01x + 1,3
Sement dasinin moéhkomliyinin HC! miqdarindan asililiginin riyazi modeli kvadrat tonliklorlo
yaxs1 tosvir edilmisdir:

sixilmaya mohkomlik v = —0,13x* 4+ 1,08x + 9,95

oyilmoyo méhkomlik y = —0,024x* + 0,196x + 1,81
Xlorid tursusunun HCIl miqdarmin 9%-don ¢ox artmasi ilo fiziki vo mexaniki xiisusiyyaotlorin
tadricon pislogsmosi bas verir vo HCI miqdarinin 11%-don ¢ox olduqda, yapismayan pargalanan

kiitlo amalo golir.
Laboratoriya todqgiqatlart naticesindo sementdon, nano-seolitdon vo 7-8% HCI mohlulundan ibarat

yliksok mohkomlik xiisusiyyatlorine malik barkitmo {i¢iin kompozisiya toklif edilmisdir.
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Sakil 1. Sement dasinin sixilmaya va ayilmays mdéhkamliyinin nano-seolitin migdarindan aglilig

Istifado olunan olavenin miqdar1 quru HCl-nin ¢okisinin 3-don 5%-o qodordir. Texnoloji proses
zamani bu komponentlorin garisdirilmasi ilo alinan sement mohlulu quyudibi sahads bos vo zoif
sementlonmis siixuru moéhkomlondirir, mexaniki qarigiqlarin axininin qarsisini alir vo yliksok
doracado mohdudlasdirir.

Natica: 1. Tobii nano-seolit slave edilmokls tursu asasinda hazirlanan va fiziki-mexaniki xassalori
tonzimlonon tamponaj soddi siixurlarin borkidilmesi iizro islorin texnologiyasinin talabloring
cavab verir.

2. 7-8% HCI mohlulu asasinda sement mohlulunda 3-5%-1i nano-seolit olavasinin istifadosi xlorid
tursusunun aqressiv tosir miiddatini azaldir vo suspenziyanin mosamalors daha dsrinden niifuz
etmasing va barkidilms effektivliyini yaxsilasdirmaga imkan verir.

3. Bundan olavo, nano-seolitin alavo edilmosi sement dasinin fiziki vo mexaniki parametrlorinin
yaxsilagsmasina sobab olur ki, bu da 6z ndvbasindo quma gars1t maneani deformasion dayaniql vo
dinamik ytiklora tab gatiro bilon edir.
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Sakil 2. Sement dasinin sixilmaya vo ayilmays méhkomliyinin HC! tursusunun miqdarindan
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ABSTRACT

Studies of the rheological properties of oil during transportation depending on the content of
resinous components and on the intensity of asphalten-rezin-parphine deposits (ARPD).
Exploitation and development of heavy oil fields requires the use of non-traditional methods of
their extraction, collection and transportation by pipeline. The rheological properties of the oil are
used as the primary source information for design and operation issues during field development
and subsequent pipeline transportation. In practice, chemical, thermal and mechanical methods
are often used together to clean the ARPD. In this case, the technological and economic effect is
achieved as a result of the complete elimination of ARPD and the acceleration of the process. It is
important to follow safety rules when using chemical methods in combination with mechanical
and thermal methods. One of the main tasks of rheological research is to determine the
relationship between the force acting on the environment under study and the deformation forces
that occur under the influence of this force. The results of experimental studies of low-paraffinic
and high-paraffinic oils show that the presence in the oil of a dispersed system of asphaltenes and
resins can lead to depressant effects. In the process of completing the graduation qualification
work were overview of ARPD, mechanism of formation and factors, influencing the formation of
ARPD. Detailed description is given existing ARPD control technologies with results of pilot
tests at various fields and presented comparative analysis of control methods. The study revealed
the most effective technologies for prevention and removal of asphalt-resin-paraffin sediments, as
well as proposed improvement of one of the methods combating ARPD. The conclusion
concluded on the prospects of application technologies during operation of complicated well stock
Azerbaijani. These technologies are useful for fields with high content of asphalt-resin-paraffin
substances in oil, which leads to a decrease in production of well products. Effective viscosity and
tensile strength were measured in a rotary rheometer REOTEST-2 using a measuring system in
accordance with GOST 26581-85. The results of electron microscopic studies of the oil sample
extracted from the Balakhani field show that only with the addition of BAF-1 reagent, the
asphaltene-resin-paraffin associations are completely dissolved and dissolved in the volume of oil.
According to the obtained results, it was found that asphalteno-resinous components are natural
depressants that reduce the crystallization temperature of paraffin depending on the type of oil.
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Difron-4201 and BAF-1 were used in different proportions as additives in the article. BAF-1 and
Difron 4201 reagents were added to the 1:1:1 ratio of paraffin-resin-asphaltene mixture in
Balakhani heavy oil, respectively, in a 1:1 ratio of Difron 4201 and BAF-1 reagents.

As a result of the 1:1 ratio of Difron 4201 and BAF-1 reagents to the mixture, the uniform
distribution of parasite-resin-asphaltene asociates was observed, which is one of the main
conditions for improving the oil relog. The effect of Difron-4201 and BAF-1 additives on the
properties of the oil sample extracted from the higher paraffin Bulla field was studied.
Difron-4201 and BAF-1 composites consisting of a 1:1 mixture were found to be more effective
among the studied ARD additives, which reduces the freezing temperature of the oil sample in the
range of 200-800 kg/ton. The optimal density of Difron-4201 and BAF-1 composites was
determined to be 600 kg/ton. Similar studies were conducted on Balakhani heavy and Surakhani
oil samples.

After exposure of BAF-1 and Difron-4201 to resin-asphaltene-paraffin compounds separated from
Bulla and Balakhani oil samples by their additives, their electron microscopic studies were
studied.

According to the research, it is more expedient to use a composite made of a mixture of reagents
BAF-1 and Difron-4201 to improve the rheological properties of paraffin, resin, asphaltene oils.
Keywords: viscosity, asphaltene, resin, paraffin, association, additive, Difron-4201, BAF-1.

ASQARLARIN NEFTLORIN REOLOJI XASSOLORINO VO ASFALTEN-
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XULASO

Nogl zamani neftlorin reoloji xassolori qatran komponentlorinin miqdarindan vo asfalten-
gatran-parafin ¢okiintiilorinin (AQPC) ¢6kma intensivliyindon asili olaraq todqiq edilmisdir.
Agir neft yataglarinin istismart vo islonmosi onlarin laydan ¢ixarilmasina, toplanmasina vo
boru komari ilo naql olunmasina geyri anonavi iisullarin totbiqini tolob edir. Neftlorin reoloji
xassolori, yataglarin islonmasi vo sonradan boru komori ilo nogli zamani layihoslondirmo vo
istismar masalolorinin holli ii¢lin osas ilkin molumatlar kimi istifado edilir. Praktikada tez-tez
AQPC-nin tomizlonmaosi ii¢lin kimyovi, istilik vo mexaniki iisullar birlikdo totbiq edilir. Bu
halda AQPC-nin tam konarlagdirilmasit vo prosesin siiratlonmasi naticasinds texnoloji vo
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iqtisadi somorayo nail olunur. Kimyovi tisullarin mexaniki vo istilik iisullar1 ilo birlikdo
istifadosi zamani tohliikosizlik texnikasi qaydalarna riayot olunmasi vacibdir. Reoloji
tadqiqatlarin asas masalalarinden biri, tadqiq olunan miihits tasir qlivvasils, bu qlivvenin tasiri
altinda meydana ¢ixan deformasiya qilivvelori arasindaki garsiliqh slagenin toyinidir.

Az parafinli vo yiiksok parafinli neftlorin eksperimental todqiqatlarinin naticalori gostorir ki,
neftdo asfalten vo qatran dispers sistemlorinin olmasi depressiya effektlorinin yaranmasina
gotiro bilor. Mogalodo neftlorin tosnifatlarina uygun AQPC yaranma mexanizmi tohlil
edilmisdir. Miixtolif yataqlardan c¢ixarilan neftlorin omolo gotirdiklori AQPC torkibino vo
qurliusuna uygun miiqayisali anlizlori hazirlanmis vo onlarin aradan qaldirilmasinin somorali
tsulu toklif olunmusdur. Effektiv ozliiliik vo siirismo gorginliy, 'OCT 26581-85 standartinin
toloblorine uygun, PEOTECT-2 rotasion reometrinds Ol¢lilmiisdiir. Balaxani yatagindan
cixarilan neftin elektron mikroskopik tadqiqatlarinin naticolori gostormisdir ki, tokco BAF-1
reagentini alave etmoklo asfalten-gatran-parafin assosiatlar1 dagilaraq, neftin biitiin hacmindo
hall olur. Alinmis naticalora asason miioyyon edilmisdir ki, asfalten-qatran komponentlori
neftin tipindon asili olaraq parafinlorin kristallasma temteraturunu asagir salan tobii
depressatorlardir. Magalads asqarlar kimi Difron-4201 vo BAF-1-in ayr-ayri nisbatlorindondon
istifado edilmisdir. Balaxani agir neftinin torkibinde olan parafin-gatran-asfalten garisiginin
1:1:1 nisbatinds olan kiitlosino BAF-1 va Difron 4201 regentlori ayr-ayrilqda Difron 4201 va
BAF-1 reagentlorinin 1:1 nisbotinde kompoziti oslave edilmisdir. Difron 4201 vo BAF-1
reagentlorinin 1:1 nisbatindo kompozitinin qarigiga tosiri naticoesindo parafin-gatran-asfaltenin
omolo gotirdiyi asosiatlarin eyni formada paylanmasi miisahide edilmisdir ki, bu da neftin
relogiyasinin yaxsilasmasini gostoran osas sortlordondir. Difron-4201 vo BAF-1 asqarlarinin
daha yiiksok parafinli Bulla yatagindan hasil olunan neft niimunosinin xassolorino tosiride
Oyronilmisdir. Todqiq olunan AQPC-ya gars1 asqarlar arasinda daha effektivlisi 1:1 nisbatindo
qarisiqdan ibarot olan Difron-4201 vo BAF-1 kompoziti oldugu miioyyon edilmisdir, bu da
200-800 kg/ton qatiliq intervalinda neft niimunasinin donma temperaturunu asagi salir. Difron-
4201 vo BAF-1 kompozitinin optimal qatiliginin 600 kg/ton oldugu miioyyen edilmisdir.

Oxsar todqigatlar Balaxani agir vo Suraxani neft niimunslori {izorindo do aparilmisdir. BAF-1
va Difron-4201 agqarlar ilo Bulla vo Balaxani neft niimunslorindon ayrilmis qatran-asfalten-
parafin  birlogmolorine tosirindon sonra onlarin  elektron mikroskopik todqiqatlari
Oyronilmisdir.

Todgigata asason parafinli, qatranli, asfaltenli neftlorin reoloji xassslorinin yaxsilagdiriimasi
ucun, BAF-1 vo Difron-4201 reagentlori qarisigindan hazirlanmis kompozitdon istifads
edilmasi daha magsads uygun hesab edilmisdir.

Acar sozlar: ozliliik, asfalten, gatran, parafin, assosiat, asqar, Difron-4201, BAF-1.

Giris: Neft- tobii coxkomponentli maye olub, onun osasini metan, naften, aromatik vo parafin
karbohidrogenlori togkil edir. Neft 1000-o yaxin xiisusi maddolor qarisigindan ibarat olub, onlarin
oksor hissasi maye karbohidrogenlor vo heteroatomlu iizvi birlogsmolordon, asason kiikiirdli, azotlu
vo oksigenli metal iizvi birlosmalordon, qalan komponentlori isa hall olmus karbohidrogen
gazlarindan, sudan, mineral duzlardan, iizvi tursularin duzlarinin mohsullarindan vo s., mexaniki
qarisiqlardan ibaratdir. Biitlin bu komponentlorin miqdar1 neft yataqlarindan asili olaraq genis
intervalda doyiso bilor. Neftin torkibino 425-0 qodor karbohidrogen birlogsmolori daxildir [1-4].
Basqga s0zlo, neft miixtolif gaynama temperaturuna malik ¢oxlu sayda karbohidrogenlordon vo
geyri karbohidrogenlordon ibarat ola bilor. Ona goro do neftin miitomadi miiraciot olunan xassosi
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miixtalif temperatur intervalinda qaynayan, ayri-ayri fraksiyalarin miqdart ilo xarakterizo olunan
fraksiya torkibidir. Komponentlorin belo ¢ox sayli miixtalifliyi i¢orisindo 300°C-yo qodor adoton,
neftin yalniz 50 %-o qader Kkiitlesi qaynayir. Qaliq ise yiiksok molekullu karbohidrogenlordon,
gatranlardan, asfaltenlordon, mineral maddolordon ibarat olur vo neft agirlasdigca bu maddslorin
miqdar1 da artir. Hazirda hasil olunan neftlorin asas hissasi, torkibino goro agir neftlor olub, osason
parafin karbohidrogenlorindon va/vo ya qatran-asfalten birlogsmolorindon ibaratdir. Todqigatlar
gostormisdir ki, neftdo parafin ¢ox olduqca onun torkibindo qatranlar vo asfaltenlor az olur.
Homginin, belo bir ganunauygunluq da miisahids edilir ki, neftin geoloji yasi ¢ox oldugca onun
torkibindo parafinlor ¢ox olur. Yiiksok parafinli neftlor hom do onlarin torkibinds kiikiirdiin,
vanadiumun vo nikelin migdarmin asagi olmasi ilo xarakterizo olunurlar [5]. Asfalten-qatran-
parafin ¢okiintiilori (AQPC) hom layda, hom ds nasos-kompressor borularinda, boru komaorlorindo
va ¢anlords omals galo bilor.

Agir neft yataglarinin istismart vo iglonmasi onlarin laydan ¢ixarilmasina, toplanmasina ve boru
komarila naql olunmasina qeyri ananavi iisullarin tatbiqini tolab edir.

Son naticoado onlarin reoloji xassolorini miixtolif tesir iisullart ilo tonzimlomok zorurati ortaya
cixir. Bunlar1 hoyata kecgirmok {iciin iso ¢Okiintiilorin amolo golmasinin garsisini almaq vo amalo
golmig ¢Okiintlinlii tomizlomak {i¢iin miioyyan islorin gdriilmasi tolob olunur ki, bu da neftcixarma
prosesinin vo homg¢inin, neftlorin boru komaorlarils noqlinin xarclorini artirir.

Beloliklo, AQPC ilo miibarizo miirokkob vo cox baha basa golon olub, neft sonayesinin aktual
problemlarindon biri olaraq qalmaqgdadir.

Neftlorin asfaltengdkmaoyo qarsi davamliliq problemina hasr olunmus ¢oxlu sayda moqalslor ¢ap
olunmusdur ki, onlardan birinds, neftlorin davamliliglarinin vo asfaltenlorin sabitliyinin
yoxlanilmasi tisullarina boyiik diqqgat yetirilir.

Hazirda 6ziillii vo yiiksak 6ziillii neftlorin naglinnin effektivliyinin yiiksaldilmasi masalasi oksor
alimlorin islorinds qaldirilir.

Ozliliiklii neftlorin noglinin effektivliyi iiciin osason bir nego iisul istifado edilir: neftin
qizdirilmasi; karbohidrogen durulagdiricilarinin totbiqi; hidronoql; lupinglor qurgusu qoymagq;
boru komoari boyunca nasos stansiyalarinin (NS) saymnin artirilmasi; NS-nin mohsuldarliginin
artirtlmasi vo asqarlarin slavesi.

Ozliiliiklii neftlorin boru koemarlorilo naqlinnin on genis yayilmis iisiiulu neftlorin oavvalcodon
qizdirillaraq nogl olunmasi tisuludur. Bu iisul zaman1 ovvalcodon qizdirilmis neft magistral neft
komarins daxil olur, sonra o, boru kamari boyunca miisyyan masafslordon bir qurasdirilmas istilik
stansiyalarinda qizdirilaraq noql davam etdirilir. Ilkin molumat olaraq, boru komorinin gox sulu
soraitdon, bataqligdan, daimi buzlaq saholorindon kegon molumatlar1 gotiiriiliir. Arktik iglimdon
savayl ingaat rayonu Oziinamoxsus geoloji vo hidrogeoloji soraitlor do xarakterizo olunur. Boru
komarlorinin kegiricilik gabiliyyatini yalniz neftin qizdirilmasi ils artirmaq straf miihitin tosiri
baximidan samarali olmur [6-9]. Bununla bagli olaraq miislliflor torafindon asqarlardan istifado
olunmasi toklif olunur. Ona goro do yerli vo xarici praktikada miixtalif asqarlardan istifadonin
yoxlanilmas1 hoyata kegcirildi. Totbiq edilon asqarlar omtoo formasinin tipine gore iki qrupa
boliiniirlor: disperslosdirilmis vo gel kimi [10].

Birinci sokilda alavalor polimerin mixtalif mayelords onlarla kimyavi reaksiyaya daxil olmayan
suspenziyadan ibaratdir. Belo mayelar gisminds adston spirtlor, glikollar va onlarin efirlori ¢ixis
edir. Belo asqarlarda aktiv polimerlorin miqdar1 25%-o5 godor gatir. Belo oksturbulentli asqarlara
Necadd 447, Liquid Power, FLO XL, FLO MXA, M-FLOWTREAT, Alfakauguk-C, Koltek PTN
3170, Turbulent Master 8010 aiddir. Gel asqarlar (CDR 102, FLO, Necadd 547, Viol, X-PAND,
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HIPR) polimerlarin hor hansi bir maye karbohidrogends (benzin, kerosin va s.) mahlulu soklinda
hazirlanmigdir. Belo asqarlarda aktiv polimer miqdar1  10%-o godoar olur. Gel asqarlarin tatbigi,
onlarin hallolma strati vacib olan proseslorin getdiyi boru kamorlari ti¢tin xususilo shomiyyatlidir.
Bu self yataglarinin, yiiklomo vo bosaltma terminallarinin qisa boru kamorlori ola bilar.

Son illor neft vo qazgixarma soraitinde modan boru kamorlarinds totbiq olunmasina hesablanmig
suspenziya-emulsiya asqarlarinin islonmasi vo totbigi istigamotinds islor aparilmaqdadir. Boru
komoari sistemila nagl olunan neft va neft mohsullarinin fiziki-kimyavi xassalarinin muxtalifliyi ilo
olagodar olaraq hor bir halda kimyavi reagentlordon istifads edilmasi, boru komorinin fordi
xususiyyatidir. Neftlorin reoloji xassslori, yataqlarin islonmasi vo sonradan boru kamoari ila nagli
zamani layihalondirma vo istismar mosalalarinin halli ti¢tin asas ilkin molumatlar kimi istifados
edilir [11, 12].

AQPC-nin hollolma effektivliyi baximindan, hor seydon ovvol bu torkiblor tobii xarakterli
holledicilordon bir qodor forqlonir, bazi hallarda iso hotta asagi effektli olur. AQPC-nin
gazkondensat, qaz benzini, sixisdirilmis neft qazlari, ylingiil neft kimi tobii xarakterli ¢ixardicilar
daha genis yayilmigdir. Belo halledicilorin doyori silibhasiz ki, onlarin asan oaldo oluna
bilmasindadir. Onlar bir qayda olaraq neft rayonlarindan alinir vo ya ¢ixarilir, ucuz basa galir vo
neftlorin sonraki emal proseslorine tosir gdstormirlor. AQPC-nin ¢ixardicilariin effektivliyini
artirmaq U¢lin bir ¢ox hallarda karbohidrogen holledicilorindon vo miixtolif sothi aktiv
maddolordon (SAM) ibarat olan torkib (3%-o godor) toklif olunur ki, onlar holledicilorin sathi
aktivliyini vo AQPC-nin parcalanma (dagilma) effektini yiiksoldir. Belo SAM-a kompozit
asqarlar1, polialkilbenzol qatran1 (PABQ), agir piroliz qatran1 (APQ),katalitik krekinq zamani
alman termogazoyl (TQ), etilen vo propilen oksidlorinin molekul kiitlosi 5000 olan azotlu
bloksopolimerlari vo fenolformaldehid qatrani aiddir. Suda hazirlanmis helledicilor kimi OOO
“Neftepromxim” istehsali olan normal vo izoquruluslu, aromatik, parafin karbohidrogenlori
qarisigindan ibarat olan CHITX-7p-1, yiingiil piroliz qatrani vo heksan fraksiyalarindan ibarat olan
karbohidrogen kompoziti CHITX-7p-2, oksialkillosmis SAM vo aromatik karbohidrogenlordon,
kalsilogdirilmis sodanin mohlulu, galovi vo trinatriumfosfat mohlullari, SAM-dan, fosfatlardan,
karbonatlardan, sulfatlardan vo silikatlardan ibarst kompozitdon istifado edilir. Homginin,
fenolformaldehid qatrani osasli SAM da totbiq edilir. Holledicilor vo SAM kompozitlarinin
mohlullar yiiksok temperaturlarda daha effektiv tosir gdstorirlor.

Praktikada tez-tez AQPC-nin konarlasdirilmasinda kimyavi iisullar, istilik vo mexaniki tisullarla
birlikda totbiq edilir. Bu halda AQPC-nin tam konarlasdirilmasi vo prosesin siiratlonmosi
naticosinds texnoloji vo ekonomik effekto nail olunur. AQPC-nin konarlagdirilmasi tisullariin
totbiqi ti¢lin xiisusi mohdudiyyat yoxdur. Bununla yanasi kimyavi lisullarin mexaniki va istilik
tisullar ilo birlikds istifadesi zamani tohliikesizlik texnikasi qaydalarina riayst olunmasi vacibdir.
Belo ¢okiintiilorin ¢ox parafinlosmis obyektlordon intensiv ¢ixarilmasi boru komorindo parafin
tixaclarinin omoalogolmosino sobab ola bilor. Belo obyektlori iki-iic morhaloya- avvoalco adi
temperaturda cixardicilarin kdmaoyilo, sonra iso gatran-parafin ¢okiintiilorinin tam ¢ixarilmasi
ticiin yiiksok temperaturda (60-70°C) tomizlonmasi magsedouygundur. Bir qayda olaraq, yiingiil
karbohidrogen holledicilori qizdirilmadan istifads edilir. Miioyyon edilmisdir ki, reagentin slavasi
AQPC-nin SAM-n parcalamaq (dagitmaq) effekti gostormoasi hesabina hollolmasi vo dagilmasi
(disperslogmaosi), onun iimumi kiitlosinin 10 %-o qodor artmasina gotirib ¢ixarir.

AQPC-nin hall olma tarazliginin vo xirdalanmasinin yiiksalmaesi ii¢lin sorf olunan holledicinin
optimal kiitlosi, onun iimumi kiitlasinin 20 %-ni togkil etmolidir. Hazirda yiiksok ozliliikli vo
parafinli neftlorin fiziki-kimyovi gostoricilorinin yaxsilasdirilmasinin on effektiv yolu, onlarin
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asag1 temperaturlu xassalorini yaxsilagdiran depressor agqarlarinin totbiqidir. Bu giina qadar biitiin
nov neftlor iiglin universal depressor asqarlart mévcud deyildir. Todqgiqatlar gostorir ki, hazirda
AQPC-ya qars1 miibarizo tisullari icorisinde on aktuallarindan biri depressor asqarlarinin  vo
inhibitorlarinin totbiqidir.

Mbosalonin qoyulusu: Molum oldugu kimi, reoloji todqigatlarin asas masalalorindon biri, todqiq
olunan miihits tasir qiivvasile, bu qiivvenin tesiri altinda meydana ¢ixan deformasiya qiivvalari
arasindaki garsiligli alagonin toyinindon ibaratdir [13, 16].

Bu isin magsadi asqarlarin Azarbaycanin Bulla, Balaxani agir vo Suraxani yataqlarindan hasil
olunan neftlorinin reoloji xassalorina tasirinin dyronilmasidir.

Holli iisullari: Isdo asqarlar kimi Difron-4201 vo BAF-1 markali reagentlordon istifads
edilmisdir.

Parafinlorin, asfaltenlorin vo qatranlarin neftlordon ayrilmasi TOCT 11851-85 vo TOCT 11858-66
metodikalarina uygun olaraq hoyata kecirilmisdir.

Axiciligin itmasi vo ya barkima temperaturu iso CT PK 1530-2006 uygun olaraq 0,-17 vo 34 °C
temperatutlarr sabit saxlamaq tiglin ii¢ kamera ilo tochiz olunmus «S.D.M. — 530» (Almaniya)
qurgusunda toyin edilmisdir.

Effektiv 6zlUluk vo harokat gorginliyi iso TOCT 26581-85 standartina uygun dlgma sisteminin
istifadasi ilo PEOTECT-2 rotasiya reometrinds 6lgiilmiisdiir.

AQPC-nin mikroqurulus todqiqatlar1 CEOL-6810 LV firmasinin SEM (skanedon elektron
mikroskop) cithazinda aparilmisdir.

Isdo Bulla, Balaxan1 agir vo Suraxani yataglarmdan hasil olunan neftlorin asas fiziki-kimyovi
xarakteristikalari, daha dogiq desok 6zliluklari, barkimo temperaturlari, parafinin miqdar1 va S.
Oyronilmigdir (codval 1).

Codvaldon goériindiiyii kimi Bulla yatagindan hasil olunan neft, Balaxan1i agir vo Suraxani
yataqglarindan hasil olunmus neftlorlo miiqayisods yiksok parafinli neftlors aid edilir.

Cadval 1. Bulla, Balaxan1 agir vo Suraxani yataqlarindan hasil olunan neftlorin asas fiziki-
Kimyovi xarakteristikalari

Gostaricilor Bulla Balaxani Suraxani
agir
Sixlig, 20°C-do kg/m® 8421 921,7 859,3
Suyun migdari, % kiitlo 0,76 0,21 0,79
Xlorlu duzlarin migdari, mg/I 138,6 38,4 139,5
Mexaniki garisiglarin migdari, % katlo | 0,007 0,009 0,008
Qatranin miqdar1, % kitla 9,6 16,2 14,8
Asfaltenlorin migdari, % kitlo 0,22 2,8 2,94
Parafinlorin migdari, % kitlo 13,1 0,31 2,73
Borkima temperaturu, °C +12 -33 -21
OzIuliik, 20°C mm?/san 23,2 160,3 20,2
Fraksiya torkibi:
Qovmanin ilkin temperaturu, °C 71,5 97,5 78
200 °C-ya gadar, % hocm 24,5 16 21
300 °C-ya godar, % hacm 44 32,5 40,5
350 °C-ya godar, % hacm 63 54 61,5
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| Qaynamanin sonu, °C | 3415 | 302 | 328 |

Homginin, onu da geyd etmok lazimdir ki, Suraxani yatagindan hasil olunmus neft, miisbot
barkima temperaturuna malikdir ki, bu da onun yiiksak parafinli olmasinin naticasidir.

Molumdur ki, yiksok parafinli neftlorin naqli zamani boru kemarlorinin daxili divarlarinda
parafinin ¢okmosi miisahido edilir. Bunu aradan qaldirmaq {iglin yiiksok parafinli neftlorin nogli
zamant isti nagl Usulu tatbiq edilir. Bu magsadlo boru xatti boyunca hor 25-150 km-dan bir neft
tokrar qizdirilir. Qizdirilma yiiksok parafinli neftlorin nagli prosesinin problemlarini nisbaton hall
etso do, bu onun ¢ixarilmasi, nagli va emali proseslorini mirokkoblasdirir vo bahalasdirir.

Xam neftdon AQPC-nin ayrilmasi prosesini, magistral boru kemarindo AQPC ¢6kmasi prosesinin
modellagdirilmasi qurgusunun kdmayils tadqiq edilmisdir.

d)

Sokil 1. a) Balaxani agir neftinin torkibinde olan parafin-qatran-asfalten qarigigmnin (1:1:1
nisbatda), reagentsiz is1q fonunda mikroskopik gorniisii; b) Balaxani agir neftinin torkibinds olan
parafin-gatran-asfalten garigigina (1:1:1 nisbatdo) BAF-1 reagentini (800qr/ton) vurdugdan sonra
is1q fonunda mikroskopik gorniisli; c¢) Balaxani agir neftinin torkibinds olan parafin-gatran-
asfalten garisigmma (1:1:1 nisbotdo) Difron 4201 reagentini (800qr/ton) vurdugdan sonra isiq
fonunda mikroskopik gorniisii; d) Balaxani agir neftinin torkibindo olan parafi-gatran-asfalten
qarisigina (1:1:1 nisbotds, avvalkilorlo miiqayisado daha yaxin mesafods ¢okilmis fon) Difron
4201+ BAF-1 (1:1) reagent kompozisyasi (800qr/ton) vurdugdan sonra isiq fonunda mikroskopik
gorniisii.

Bu halda ayrilan AQPC six olur ki, bu da onlarin mexaniki tomizlonmosini ¢atinlosdirir. Ozii do
belo AQPC-nin torkibinda asfalten-qatran maddalarinin artmasi bas verir.Ozlorinin fiziki hallarina

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 47




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

PAHTE.!I

REFEREED & REVIEWED JOURNAL VOLUME 12 ISSUE 01 2022

E-ISSN: 2674-5224

gora AQPC niimunalori daha yumsaq, otaq temperaturunda daha axici olurlar vo mexaniki olaraq
asan tomizlonirlor (sokil 1).

Torofimizdon Balaxani agir neftinin torkibinds olan parafin-gatran-asfalten qarisiginin 1:1:1
nisbatinds olan kitlasine BAF-1 vo Difron 4201 regentlori ayr-ayrilqda Difron 4201 vo BAF-1
reagentlarinin 1:1 nisbatindo kompoziti slava edilmis va onlarin isiq fonunda fotogokli ¢okilmisdir
(sokil 1). Fotosokillordon BAF-1 regentinin garisiga daha yaxsi tosir etdiyi (assosiatlarin
dagilmasi) daha aydin goriiniir. Difron 4201 vo BAF-1 reagentlorinin 1:1 nisbatinds kompozitinin
qarisiga tosiri noticasinds parafin-gatran-asfaltenin omolo gotirdiyi asosiatlarin eyni formada
paylanmasi miisahido edilmisdir ki, bu da neftin relogiyasinin yaxsilagsmasini gostoran asas
sortlordondir.

Difron-4201 vo BAF-1 asqarlarinin daha yiiksok parafinli Bulla yatagindan hasil olunan neft
nliimunasinin xassalaring tasirinin naticalari sokil-2-do verilmisdir. Tadqiq olunan AQPC-ys garsi
asqarlar arasinda daha effektivlisi 1:1 nisbotindo qarisiqdan ibarat olan Difron-4201 vo BAF-1
kompoziti oldugu miioyyon edilmisdir ki, bu da 200-800 kqg/ton qatiliq intervalinda neft
niimunasinin barkima temperaturunu asagi salir. Difron-4201 vo BAF-1 kompozitinin optimal
gatiliginin 600 kg/ton oldugu miioyyon edilmisdir.

0 o9 ®
1 2 3 - 5 6 7 8 9 10 11 12

Suratlarin marhsalalari
—@— Emulsiyali Tamizlanmis neft Difron 4201 reagenti

Baf-1 reagenti —8— Baf-1:Difron 4201 reagenti

Sokil 2. Bulla neftinin 20 °C temperaturda reagentls (0,8 kq/t) vo reagentsiz, dinamiki
Ozliltyliniin miixtalif siirot marhalalorinds doyismasi (1-12, 0.333; 0.6; 1; 1.8; 3; 5.4; 9; 16.2; 27;
48.6; 81: 145.8 s siirot gradiyentino uygundur).

Qrafikdon do gorunduyd kimi reagentlorin qatiliginin sonraki artimi neftin donma temperaturuna
va 0zlullylne tasir etmir. Homginin grafikdon o da goriiniir ki, neftin 6zliiliiyliniin daha ¢ox asagi
diismosi BAF-1 asgarinin tosiri altinda bas verir.

Oxsar todqgiqatlar Balaxani agir vo Suraxani neft niimunalori (zorindo do aparilmigdir.
Tadgiqatlarin naticalori uygun olaraq sokil-3 vo 4-do verilmisdir.

Sokil 3. Balaxani agir neftinin 20 °C temperaturda reagentlo (0,8 kq/t) vo reagentsiz, dinamiki
0zIlUltytiniin miixtalif siirot morhalalorinds doyismosi (1-12, 0.333; 0.6; 1; 1.8; 3; 5.4; 9; 16.2; 27;
48.6; 81; 145.8 st siirot qradiyenting uygundur).

| PAHTEI
| 48 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




E-ISSN: 2674-5224

PAHTEI

REFEREED & REVIEWED JOURNAL

E-ISSN: 2674-5224

VOLUME 12 ISSUE 01 2022

1000
g 900
> 800
2700
= 600
500
& 400
£

5 300
£ 200
2100

1 2 3 - 5 6 7 8 9 10 11 12

Suratlarin marhalalari
—@— Emulsiyali —@— Tamizlanmis neft
Difron 4201 reagenti Baf-1 reagenti
—8— Baf-1:Difron 4201 reagenti

100

Nefti

@ -0~ °®

1 2 3 - 5 6 7 8 9 10 11 12

Suratlarin marhsalalari
—@— Emulsiyali —&— Tamizlanmis neft

Difron 4201 reagenti Baf-1 reagenti
—8— Baf-1:Difron 4201 reagenti

Sokil-4. Suraxam neftinin 20 °C temperaturda reagentlo (0,8 kg/t) vo reagentsiz, dinamiki
ozlultyinuan muxtalif stirot marhalalorinds doyismasi (1-12, 0.333; 0.6; 1; 1.8; 3; 5.4; 9; 16.2; 27,
48.6; 81; 145.8 s'lsiirot qradiyentino uygundur).

Sokillordon goriindiiyli kimi Balaxani agir vo Suraxani neft niimunslorinds do 6zliluyun daha
asag1 qiymoati BAF-1reagentinin tosiri altinda miimkiin olmusdur.

Beloliklo, sonrak: todgiqgatlar tiglin on effektli asqar kimi BAF-1reagenti se¢ilmisdir.

BAF-1 vo Difron-4201 asqarlart ilo Bulla vo Balaxani neft niimunslorindon ayrilmis gatran-
asfalten-parafin birlosmolorina tosirindon sonra onlarin elektron mikroskopik todgiqatlart da
aparilmigdir. Todqiqatlarin naticalori sokil 5-do verilmisdir. Qeyd etmok lazimdir ki, neftlorin
qurulus Ozliliiklorinin dyronilmasi zamani elektron mikroskopik analizin naticalori boylk
ohamiyyat kasb edir.
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Balaxani1 Difron-4201 Balaxan1 BAF-1

Sakil-5. Qatran-asfalten-parafin birlosmalarinin elektron mikroskopik tadqigatlarinin naticalari.

Sokildon goriindiiyti kimi Bulla yatagindan hasil olunan neft niimunasine ayri-ayriligda BAF-1 va
Difron-4201 reagentlori ilo tosir etdikdo gatran-asfalten-parafin assosiatlarinin  (¢okiintiilarinin)
dagilmasi o godor do miisahido olunmur. Ona gora ki, BAF-1 reagentinin slavasindon sonra
assosiat nishoton dagilsa da parafin faktoru onun tam dagilmasina imkan vermir. Ayriliqda
Difron-4201 olavasindon sonra parafin faktoru aradan gotlrilss do gatran faktorunun galmasi
assosiatin tam dagilmasina imkan vermir. Odur ki, ¢oxparafinli neftlorin reoloji xassalorinin
yaxsilagdirilmas: istigamotindo aparilan islor zamani parafin faktorunu aradan galdiraraq,
assosiatlarin tam dagilmasin1 tomin etmok Ugln bu iki reagentin birlikdo- kompozit halinda
istifadasi hokmon tomin olunmalidir.

Balaxani yatagindan hasil olunan neft niimunasinin elektron mikroskopik tadqgigatlarinin naticasi
iso gostarir ki, tokco BAF-1 reagentinin oslavasi ilo asfalten-gatran-parafin assosiatlar1 tamamilo
dagilaraq, neftin hacminds hall olur (sokil 5 Balaxan1 BAF-1).

Notica: 1. Coxparafinli neftlorin reoloji xassslorinin yaxsilagdirilmasi istigamotinds aparilan
todbirlor zamani parafin faktorunu aradan galdirmaq Vo assosiatlarin tam dagilmasini tomin etmok
Uctin BAF-1 vo Difron-4201 reagentlori garisigindan hazirlanmis kompozitdon istifado hokmon
tomin olunmalidr.

2. Azparafinli vo parafinsiz neftlorin reoloji xassslorinin yaxsilasdirilmasi1 zamani iso BAF-1
reagentinin tok istifadasi kifayotdir.
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STUDY OF TOXICITY OF L-THYROXIN IMMOBILIZED CHITOSAN
AND THE NATURE OF DRUG-POLYMER INTERACTION

Samira Safaraliyeva
ANAS Institute of Catalysis and Inorganic Chemistry named after acad. M. Nagiyev, Department of Nanostructured
metal-polymer catalysist, Researcher, E-mail: safaraliyeva2017@mail.ru

ABSTRACT

It is known that L-thyroxine is used as a hormone substitute after goiter surgery. L-thyroxine
contains sodium salt of levothyroxine, a synthetic substitute for the hormone of thyroxine.
Absorption of the drug from the gastrointestinal tract is 48-79%. Its maximum concentration in
plasma is reached after about 6 hours after acceptance. Levothyroxine, which is delivered mainly
in combination with plasma proteins, is used in the liver, brain and muscles. Monoiodination of
approximately 80% of sodium levothyroxine in various tissues occurs with the formation of
trilodothyronine and inactive products. The half-life of the drug is 6-7 days. Approximately 15%
of the drug is excreted unchanged by the kidneys and bile and in combination with conjugates.
Frequent use of the drug is accompanied by an increase in its side effects. In this regard, it is
necessary to create new forms in the blood that regulate the long-term therapeutic concentration
of the drug. Polymer carriers play a very important role at this stage. In order to overcome these
shortcomings, in recent years, the synthesis of hydrogels based on natural and synthetic polymers
and immobilization of drugs and delivery to the appropriate organs are among the modern
methods. Thus, the loading of the active drug to the polymer carrier safes its therapeutic
concentration in the blood.

For this purpose, a combination of L-thyroxine with a chitosan polymer was designed and the
toxicity of the new drug form was extensively studied in mice in vivo. There are very few studies
in the literature on the use of L-thyroxine in combination with polymer based hydrogels. The
study also examined the pharmacological basis of the complex of the L-thyroxine with a
biological polymer, the possibility of its use in the treatment of hypothyroidism and the toxicity of
the obtained L-thyroxine polymer. The nature of the physical and chemical interactions between
L-thyroxine and chitosan has been identified by infrared spectroscopy. Simples - chitosan and
chitosan complex with L-thyroxine were recorded on a Nicolet 6700 (USA) spectroscopic
instrument in the range of 4000-400 cm™. The molecular electron spectra of the liquid solutions of
the samples, which are a highly sensitive method, were compared on a UV-Vis device in the
range of 180-600 nm. Chitosan is a linear cationite-type polyaminosaccharide obtained from the
deacetylation of chitin. Chitin is separated from mollusks, crustaceans and insects, which are
layers of some chitin. Chitosan is composed of (-(1,4)-2-amino-2-deoxy-D-glucosamine and (-
(1,4)-N-acetyl D-glucosamine residues. L-thyroxine, a hormone substitute, is a chemically
organic molecule that contains 4 -J groups along with -NHz, -COOH and -OH groups. Toxicity of
the L-thyroxine polymer compound at an initial dose of 5 mg/kg was studied. Two hours after
use, sedation, grouping and grooming were observed in animals. According to the results, the
application of L-thyroxine polymer did not cause any sedation and was proved to be non-toxic.
When the mixture was first injected into animals, they were poisoned. Therefore, gastric juice, not
CH3COOH, was used as a solvent. During the experiment, a solution of L-thyroxine dissolved in
0.4 ml of gastric juice was injected into the abdomen of animals, and after 5-10 minutes they did
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not show any serious adverse reactions. In animals, sedation, grouping, and locomotion
predominated.

In the spectrum of the mixture of chitosan and L-thyroxine, 1643 and 1584 cm™ ! adsorption bands
were subjected to chemical shift and were observed in the region of 1635 and 1544 cm™ !
respectively. Observation of a wide adsorption band around 3500 cm™ is associated with an
increase in hydrogen bonds in the system. A high-intensity peak is observed at 1544 cm™, which
involves electrostatic interactions. 1397 cm™ characterizes the peak chitosan-L-thyroxine complex
with changes in the region, which shows the interaction between the drug and chitosan. The
mechanism of this type of interaction and the molecular structure of the product has also been
confirmed by UV-Vis electron spectroscopy. In the UV-Vis spectrum of chitosan, a characteristic
peak is observed for the >C=0 carbonyl groups of non-deacetylated fragments around 208 nm. As
can be seen, an intense peak around 250 nm, characteristic of the chitosan macromolecule, is
observed, resulting in a change in the electron density in the polymer chains. This leads to a
change in the shape of the spectrum and thus, it causes the formation of a wide absorption band in
the region of 200-300 nm. If we look at the UV-Vis spectrum of L-thyroxine, a characteristic low-
intensity band is observed in the range of 208-265 nm, which belongs to the aromatic cycle or
phenyl group. In addition, the fact that the absorption band of the C-J group at 260 nm, together
with the absorption bands of the other groups - COOH and >C=0, enter the same area and form a
broad spectrum, shows both immobilization and interaction. In the UV-Vis spectrum of chitosan-
L-thyroxine also occurs the formation of a broad absorption band around 300 nm, which is not
observed in chitosan. This indicates a strong interaction of functional groups between the drug
and chitosan. Such chemical shifts in the UV-Vis spectrum with bathochromic and hypsochromic
effects are due to the occurrence of electrostatic attraction forces as well as hydrogen bonds
between drugs and polymer macromolecules.This manifests itself both in the change in the shape
of the spectrum and in the formation of a second adsorption at 300 nm. The attraction of the drug
to the polysaccharide macromolecule due to functional groups causes changes in the electron
density of both the chitosan and the L-thyroxine molecule. In our opinion, the method we have
used to increase the effectiveness of L-thyroxine, which is widely used in the treatment of
hypothyroidism, will increase the possibility of its application to humans in the future to solve this
problem.

Keywords: chitosan; levothyroxine; immobilized; interaction; toxicity; in vivo; mice.

L-TIROKSIN IMMOBILiZ0 OLUNMUS XiTOZANIN TOKSIKLIYININ
TODQIiQI VO PREPARAT-POLIMER QARSILIQLI TOSIRININ TOBIOTI

Samird Sofarsliyeva
AMEA akad. M.Nagiyev adina Kataliz vo Qeyri-iizvi Kimya Institutu, Nanostrukturlagdirilmis metal-polimer
katalizatorlar1 laboratoriyasi, elmi is¢i, E-mail: safaraliyeva2017@mail.ru

XULASO
Molumdur ki, zob xastaliyi son illords biitlin diinya 6lkalorinds oldugu kimi bu bolgolords do zob

xastoliklorinin say1 artmisdir. Zob omsliyyatindan sonra hormon ovazedicisi kimi miialico
moqsadilo L-tiroksin preparatindan istifado edilir. L-tiroksin preparatinin torkibi tiroksin
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hormonunun sintetik avezedicisi olan levotiroksinin natrium duzundan ibarotdir. Preparatin tez-
tez gobulu 150 onun yan tosirlorin artmasi ilo miisayiot olunur. Bu baximdan ganda preparatin uzun
miiddot miialicavi qatilifint tonzimloyon vo yan tosirlori azaldilmis yeni formalarimi yaratmaq
lazimdir. Bu morholodo polimer dasiyicilarin ¢ox boyiik rolu var. Bu g¢atismazliglarin aradan
qaldirilmast magsadils son illords tobii vo sintetik polimerlor asasinda hidrogellorin alinmast vo
onlara dorman preparatlarinin immobilizo olunmasi vo lazimi organlara ¢atdirilmasi miiasir kimya
va tibb sahasinda genis yer tutur. Belo ki, aktiv preparatin polimer dasiyiciya barkidilmasi onun
gan doévranindaki dovr etmo Omriinii vo miialico qatiligini tosir dozasinda saxlayir. Odoabiyyat
aragdirmalarina gora L-tiroksinin polimerlar ilo birlikds istifade edilmasi ilo baglh cox aztadqiqat
islort molumdur. Tadqiqatda L-tiroksin preparatinin bioaktiv polimer olan xitozan ilo
kompleksinin farmakoloji osaslar1 aragdirilmig, biopolimerin va preparatin miqdarmin onun tasir
miidating tosiri Oyronilmis, L-tiroksin preparatinin xitozan polimeri ilo birlosmasinin hipotireozun
miialicesi istiqamatinds istifadesinin miimkiinliiyli vo olde olunan L-tiroksin konyukatinin
toksikliyi arasdirilmisdir. L-tiroksin ilo xitozan arasinda garsiligli tosiro sobab olan fiziki vo
kimyovi olagolorin tobioti niimunslorin infraqirmizi spektroskopiya iisulu ilo identifikasiya
edilmisdir. Niimunalor-xitozan vo xitozanin L-tiroksin ilo kompleksinin spektrlori 4000-400 sm™
oblastinda Nicolet 6700 (ABS) cihazinda geydo alinmisdir. Nimunolorin duru mohlularinin
yiiksok hossasli metod olan molekulyar elektron spektrlori UV-Vis cihazinda 180-600 nm
oblastinda miigayiso edilmisdir.

Qoalovi soraitds deasetillosma reaksiyasi ilo xitindon alds edilon kationit tip polimer olan xitozan
asag1 toksiklikliyi, antioksidant, antibakterial, antifungal veo iltihab sleyhina xiisusiyyatlori ilo
forqlonir. Xitozan xatti quruluslu kationit tip poliaminosaxarid olub xitinin deasetillogsmasindan
alimir. Xitin iso bozi xitin tobagaesi olan molyuska, xarcongkimilar, hogoratlardan ayrilir. Xitozan
B-(1,4)-2-amino-2-deoksi-D-glikozamin  vo  B-(1,4)-N-asetil D-qliikkozamin  qaliglarindan
qurulmusdur. Hormon ovozedicisi olan L-trioksin torkibindo -NH2, -COOH vo -OH qrupu ilo
yanast 4 adad —J qrupu saxlayan kimyovi reaksiyaya gabil miirokkob quruluslu tizvi maddadir.
Ilkin doza olaraq 5 mq/kq dozada L-tiroksin/polimer birlosmosinin toksikliyi yronilmisdir.
Totbigdon 2 saat sonra heyvanlarda sedasiya, qruplasma va qriminq miisahido olunmusdur.
Tacriibo zamani siganlarin durumu, davranisi, lokomasiya, vo qriiming reaksiyalar1 nozarotdo
saxlanilmigdir. Noticalora asason L-tiroksin/polimer kompleksinin tatbiqi heg bir sedasiyaya sabab
olmamus, toksik olmadig siibuta yetirilmisdir. Ilkin olaraq garisiq heyvanlara yeridildikdo onlarda
zohorlonmo miisahido olunmusdur. Bunun {i¢iin holledici olaraq CH3COOH deyil, moads
sirasindan istifads olunmugsdur. Eksperiment zamani1 L-tiroksin preparatint 0.4 ml mads siresindo
holl olmus mohlulu heyvanlarin garin bosluguna yeridilmis vo 5- 10 dogigodon sonra onlarda
ciddi monfi reaksiyalar qeyd olunmamisdir. Heyvanlarda sedasiya, qruplasma vo lokomasiya
ustiinliik toskil edirdi.

Xitozan ilo L-tiroksin garisiginin spektrindo iso 1643 vo 1584 sm™! adsorbsiya zolaqglar1 kimyavi
siirsiimayo moruz qalmis vo uygun olaraq 1635 vo 1544 sm™' oblastinda miisahido olunmuslar.
3500 sm™ otrafi genis adsorbsiya zolaginin miisahido olunmas: sistemdo hidrogen rabitolorinin
artmasi ilo olagodardir. 1544 sm™-do yiiksok intensivlikli pik miisahido olunur ki, bu iso
elektrostatik qarsiliqlt tosiri ehtiva edir . 1397 sm™ oblastindaki doyisikliyo moruz qalan pik
xitozan-L-tiroksin kompleksini xarakterizo edir hansi ki, preparat ilo xitozan arasinda qarsiligl
tosiri gostarir.

Yiiksok hassasli metodu totbiq etmoklo bu polisaxarid makromolekulunda bas veron doyisikliyi
miloyyon etmok miimkiin olmusdur. L-trioksinin UB spektrindo 208 nm otrafinda
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deasetillosmomis fragmentlors aid >C=0 karbonil qruplarina xarakterik pik miisahide olunur.
Dorman maddasinin polisaxarid makromolekulu ilo funksional qruplar hesabina yaxiniagsmasi hom
xitozanin, hom do L-tiroksin molekulunun elektron sixliginin doyisilmosina sobab olur. Xitozanin
sistema daxil olmasi zoncirdo karbonil qruplarindaki elektron sixligina xas udulmani gdstoron
intensiv pikin miisahido olunmasi ilo noticolonir. Xitozan ilo L-tiroksin preparati arasindaki
kimyovi slagolonma niimunonin molekulyar elektron spektrino tosir edir.

Acar sozlar: xitozan; levotiroksin; immobiliza; qarsiliglt tosir; toksiklik; in vivo; siganlar.

Giris: Molumdur ki, zob xastaliyi 6lkemiz {igiin aktual problemlorden biridir vo Respublikamizin
bir sira dag vo dagotoyi bolgolori (Naxgivan,Soki, Qax, Oguz, Qabslo, Zaqatala, Balakon)
endemik ur bolgsloridir. Son illords biitlin diinya 6lkslorinds oldugu kimi bu bélgslords do zob
xastoliklorinin say1 artmisdir. Zob omsliyyatindan sonra hormon ovazedicisi kimi miialico
mogsadilo L-tiroksin preparatindan istifads edilir. L-tiroksin preparatinin torkibi tiroksin
hormonunun sintetik avozedicisi olan levotiroksinin natrium duzundan ibaratdir [1-3]. Preparatin
mado bagirsaq traktindan absorbsiyasi 48-79% toskil edir. Plazmada onun maksimal miqdarina
toxminon 6 saat sonra nail olunur. Osason plazma ziilallar1 ilo birlosmis sokildo dasinan
levotiroksin garaciyords, beyindo vo ozololords sorf olunur. Miixtslif toxumalarda natrium-
levotiroksinin toxminan 80%-nin monodeyodinasiyasi triyodtironin va aktiv olmayan mohsullarin
omolo golmasi ilo bas verir. Preparatin yarimparcalanma dovrii 6-7 gilindiir. Qobul edilon
preparatin toxminon 15%-1 boyroklor vo 6d ilo doyismomis formada vo konyuqatlarla birlogmis
soklindo xaric olur [4]. Bu preparat iso sonradan bir ¢ox ¢atinliklor yaradir. Preparatin tez-tez
gabulu ise onun yan tasirlorin artmasi ilo miisayist olunur. Bu baximdan ganda preparatin uzun
miiddot miialicavi qatilifin1 tonzimloyon vo yan tosirlori azaldilmis yeni formalarimi yaratmaq
lazimdir. Bu morhalods polimer dasiyicilarin ¢ox boyiik rolu var [5].

Adaston dorman preparatlar1 xosto orqanlara tosir etmoklo yanasi, orqanizmin digor hissalorine do
olava tosir edarak, kaskin zohorlonma, allergiya vo kanserogen tosir do gostorirlor. Biitiin bunlar
orqanizmo monfi tosir edorok, miialico effektini azalda bilor. Bundan basqa derman maddslori
organizmdon tez yuyularaq xaric olunur. Bu catismazliglarin aradan qaldirilmasi mogsadilo son
illords tabii vo sintetik polimerlar asasinda hidrogellorin alinmasi va onlara derman preparatlarinin
immobilizo olunmasi vo lazimi organlara catdirilmasi miiasir kimya vo tibb sahasindo genis yer
tutur [6,13].

Mosalonin qoyulusu: Mado-bagirsaq traktinda bozi dermanlarin stabilliyinin itirilmaesi kimi
problemlarini aradan qaldirmaq, dermanin sorulmasina nazarat etmak, transmukozal absorbsiyani
artirmaq vo hamgcinin dormanin tosir effektivliyini artirmaq tglin forqli strategiyalar totbiq
edilmokdadir. Belo ki, aktiv preparatin polimer dasiyiciya borkidilmosi onun gan ddvranindaki
dovr etmo Omriinii vo mialico qatiligini tasir dozasinda saxlayir. Bu magsadls todqiqat isinds L-
tiroksinin xitozan polimeri ilo birlogmasindon ibarot olan L-tiroksin polimerindon istifodo
olunmus, totbiq olunan yeni preparat formasinin toksikliyi sicanlar iizorinds yoxlanilmigdir.
Odobiyyat arasdirmalarina géro L-tiroksinin polimerlor ilo birlikds istifado edilmasi ilo bagh ¢ox
aztodqiqat islori molumdur. Tadqiqatda L-tiroksin preparatinin bioaktiv polimer olan xitozan ilo
kompleksinin farmakoloji asaslar1 aragdirilmig, biopolimerin va preparatin miqdariin onun tasir
miidatina tosiri dyranilmis, L-tiroksin preparatinin xitozan polimeri ila birlogmasinin hipotireozun
miialicasi istigamotinds istifadasinin miimkiinliiyli vo oldo olunan L-tiroksin konyukatinin
toksikliyi aragdirtlmigdir.
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Holl iisullari: Analitik torozido 8 mq L-tiroksin toz soklindo ¢okilib iizirino 19 ml spirt slavo
edilir (A mohlulu). Qarisiq tam holl olandan sonra A mohlulundan 1 ml gétiiriib {izorino 16 ml
spirt alavo edilib durulasdirilir (B mohlul). Polimer kimi 5 mq xitozan analitik torazido ¢okilib 2
ml-lik buksa tokiiliir vo iizorina 1.5 ml B mohlulu slavo olunur. 24 saat otaq temperaturunda
saxlanilir vo ndvbati giin {izorino 1 ml su vo 1 ml mado sirasi olava edilorok qarisiq tam holl edilir.
L-tiroksin polimer birlosmasinin 5 mq/kq dozada toksikliyinin olmamast maddenin 10 mq/kq
dozada da siganlarda doziimliiliiyiiniin 6yronilmasi zoruriyyatini yaratdi. Bu moagsadlo 0.8 ml L-
tiroksin 10 mg/qr xitozan mohlulunda immobilizs edilir. Qaris1gin tam hall olmasi iigiin iizorins 1
ml CH3COOH olava edilir. Tacriibado heyvanlar 4 qrupa bolinmislor. 1 ci qrupa (nozarat
grupuna) aid olan heyvanlara 0.4 ml 0.9% li NaCl moahlulu yeridilmisdir. 2-ci qrupa L-tiroksin
polimer (0.0004 qr), 3-cli grupa 0.6 ml L-tiroksin polimer (0.0008 qr) artan dozalarda 10 ml suda
hall etdikdon sonra alinan mohlul soklindo heyvanlara yeridilmis vo sicanlarin davranisi
1zlonilmigdir.

L-tiroksin ilo xitozan arasinda qarsiliqhi tosire sobob olan fiziki vo kimyavi olagolorin tobisti
niimunolarin infraqirmiz1 spektroskopiya iisulu ilo identifikasiya edilmisdir. Nimunolor-xitozan
vo xitozanin L-tiroksin ilo kompleksinin spektrlori 4000-400 sm™ oblastinda Nicolet 6700 (ABS)
cthazinda qeyds alinmisdir. Nimunslorin duru mohlularinin yiiksok hassasli metod olan
molekulyar elektron spektrlori UV-Vis cihazinda 180-600 nm oblastinda miiqayiso edilmisdir.

Noatica: Qalovi soraitds deasetillosmo reaksiyasi ilo xitindon olds edilon kationit tip polimer olan
xitozan asag toksiklikliyi, antioksidant, antibakterial, antifungal va iltihab sleyhina xiisusiyyatlori
ilo forqlenir [7]. Son illords xitozanin yara da daxil olmaqla genis ¢esidli oaczagiliq, biotibbi vo
biotexnoloji sahoalords istifadosinin artmasini gostoron todqiqat islorino rast golinir [8]. Xitozan
xatti quruluslu kationit tip poliaminosaxarid olub xitinin deasetillogsmasindon alinir. Xitin iso bazi
xitin tobagasi olan molyuska, xorcongkimilor, hosoratlardan ayrilir. Xitozan B-(1,4)-2-amino-2-
deoksi-D-gliikozamin va B-(1,4)-N-asetil D-qliikozamin galiglarindan (Sakil 1) qurulmusdur [9].

Xitozan

Sakil 1. Xitin va xitozanin kimyavi strukturu

Toksiki olmamasi, biodeqradasiya vo siimiik adgeziyasi xitozanin biotexnologiyada gen vo
dorman immobilizo olunmasinda, eloco do antibakterial metal nanohissaciklorinin
stabillogdirilmoasinds totbiqine asas verir [10].

Hormon ovazedicisi olan L-trioksin torkibinde -NH2, -COOH va -OH qrupu ilo yanas1 4 adod —J
grupu saxlayan kimyovi reaksiyaya qabil miirokkob quruluslu tizvi maddadir (Sokil 2) [11].
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Sakil 2. L-trioksinin kimyavi qurulusu

Todqgigatda hipotireoz modeli fonunda aparilmis miixtolif dozada levotiroksin/polimer ilo
miialiconin tasirinin eksperimentds tadqiqi ve alinmis naticalor hagqinda molumat verilmigdir. Bu
moqsadlo 80 bas (18-22 q) cinsi xatti balli olmayan ag sicanlar {izorindo 8 qrupda, hor qrupda 6
odad ag sican olmaqla toedqiqatlar aparilmis, maddslori yeritmoklo onlarin koskin toksikliyi
oyronilmisdir. Ilkin doza olaraq 5 mq/kq dozada L-tiroksin/polimer birlosmosinin toksikliyi
Oyronilmigdir. Totbiqden 2 saat sonra heyvanlarda sedasiya, qruplasma va qriiming miisahido
olunmusdur.Tacriibs zamani si¢anlarin durumu, davranisi, lokomasiya, vo qriiming reaksiyalari
nozarotdo saxlanilmigdir. Noticolora osason L-tiroksin/polimer kompleksinin totbiqi heg¢ bir
sedasiyaya sobob olmamus, toksik olmadig: siibuta yetirilmisdir. Ilkin olaraq qarisiq heyvanlara
yeridildikdo onlarda zohorlonmo miisahids olunmusdur. Bunun {igiin halledici olarag CH3COOH
deyil, mads sirasindan istifads olunmusdur. Eksperiment zamani L-tiroksin preparatin1 0.4 ml
modo sirosindo holl olmus mohlulu heyvanlarin garmn bosluguna yeridilmisdir. Oyronilon
preparat/xitozan garisimi 3-cl grupda 0.6 ml L-tiroksin/polimer (0.0006 mq), va 4-cl qrupda 0.8
ml L-tiroksin/polimer (0.0008 mq) artan dozalarda si¢anlara yeridilmis vo 5- 10 doqiqodon sonra
onlarda ciddi monfi reaksiyalar geyd olunmamisdir. Heyvanlarda sedasiya, qruplasma vo
lokomasiya tistiinliik togkil edirdi.

Xitozan makromolekulu ilo L-tiroksin arasinda homogen sistem yaradilan zaman tobii ki, onlar1
toskil edon kimyovi funksional qruplar arasinda qarsiliqh tosir bas verir. Hans1 ki, bu qarsiliqh
tosir sistemin kompleks halinda mévcudlugunu tomin edir vo xassolorin birlikdo effektifliyino
gatirib ¢ixarir. Polimer ilo L-tiroksin arasindaki qarsiliqlt olasgnin tipi xassolori tonzimlomoyo
imkan verir ki, bu baximdan obyektlorin IQ spektrini (Sokil 3) tohlil etmok zoruridir. Hor iki
maddoanin torkibina nozar salsaq kimyavi rabito yaradacaq aktiv funksional qruplart miisyyon edo
bilarik. Xitozan {i¢iin bunlar —-NHz2, -CH20H, -OH va miioyyan godar C=0 va -NH- qruplaridir.
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Sokil 3. Xitozan va L-tiroksin/xitozan kompleksinin 1Q spektri
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Spektrda xitozan {i¢iin 3354 vo 3294 sm™ oblastinda uygun olarag O-H vo N-H qruplari iiciin
rabitolorin vibrasiyasina xas piklor goriiniir. 2876 sm™-doki adsorbsiya zolagi alifatik C-H
rabitosinin kimyovi siiriismosini, 1643 vo 1584 sm™ oblastindaki piklor uygun olaraqg C=0O va N-H
rabitosing, 1419, 1376 vo 1318 sm™ intensivliklori iso alifatik C-H kimyavi rabitosini, 1061 vo
1026 sm™ adsorbsiya zolag1 iso C-O rabitesine xasdir [12]. Xitozan ilo L-tiroksin qarisigmin
spektrinda is2 1643 vo 1584 sm™! adsorbsiya zolaglar1 kimyovi siirsiimoys moruz galmis vo uygun
olaraq 1635 va 1544 sm™! oblastinda miisahido olunmuslar. 3500 sm™ otrafi genis adsorbsiya
zolaginin miisahids olunmasi sistemdoa hidrogen rabitalorinin artmast ilo olagodardir. 1544 sm™-do
yiiksok intensivlikli pik miisahide olunur ki, bu isa elektrostatik qarsiliql tosiri ehtiva edir . 1397
sm? oblastindaki doyisikliyo maruz qalan pik xitozan-L-tiroksin kompleksini xarakterizo edir
hansi ki, preparat ilo xitozan arasinda qarsiliqli tasiri gostarir.

Bu tip qarsiligh tesirin mexanizmi vo mohsulun molekulyar strukturu UV-Vis elektron
spektroskopiya iisulu ilo do tosdiq edilmisdir (Sakil 4). Yiiksok hossasli metodu totbiq etmokls bu
polisaxarid makromolekulunda bas veron doyisikliyi miioyyon etmok miimkiin olmusdur.
Niimunalorin ciizi hall olmus 0.01-0.001%-1i mohlullart hazirlanmis, ultrabondvsoyi zonada
todqiqi aparilmis vo elektron spektrlori geydo alinmisdir.
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Sakil 4. L-tiroksin mohlulunun va xitozan/L-tiroksin kompleksinin UV-Vis spektri

L-trioksinin UB spektrindo 208 nm otrafinda deasetillosmomis fragmentlors aid >C=0 karbonil
gruplarma xarakterik pik miisahido olunur. Dorman maddosinin polisaxarid makromolekulu ilo
funksional gruplar hesabina yaxiniasmasi hom xitozanin, hom doa L-tiroksin molekulunun elektron
sixliginin doyisilmasing sabab olur. GOrlindlyd kimi xitozan makromolekuluna xarakterik 250 nm
otrafinda intensiv pik miisahido olunur ki, naticodo zvenolarda elektron sixlig1 doyisir. Bu 6ziinii
spektrin formasinda doyisikliyo gotirib ¢ixarir. Belo ki, 200-300 nm oblastinda enli absorbsiya
zolagmin amolo galmasina sabab olur. L-tiroksinin UV-Vis spektrina nozar yetirsok 208-265 nm
araliginda xarakterik kicik intensivlikli zolag miisahido olunur ki, bu da aromatik niivoys yaxud
fenil grupuna aiddir. Bundan basqa C-J grupuna aid 260 nm-ds olan absorbsiya zolagmin digor —
COOH vo >C=0 qgruplarinin udma zolaqlar1 birlikds eyni oblasta daxil olaraq enli spektr omala
gotirmosi hom immobilizo olunmani, hom do qarsihiglt tosiri gostorir. Homginin Xitozan-L-
tiroksinin UV-Vis spektrindo 300 nm otrafinda enli udma zolaginin formalagsmasi bas verir hansi
ki, bu zolaq xitozanda miisahido olunmur. Bu preparat ilo xitozan arasinda funksional qruplarin
giiclii garsiligh alagads oldugunu siibut edir. UV-Vis spektrds batoxrom vo hipsoxrom effektlorlo
miisahido olunan belo kimyovi siirlismolor dorman maddolori ilo polimer makromolekullari
arasinda hidrogen rabitosi ilo yanasi, elektrostatik cozbetmo qiivvelorinin do bas vermosi ilo do
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olagadardir. Bu tip kimyovi siiriismolor osason hidrogen rabitosino xarakterikdir vo oldo olunan
noticoloro asason xitozan makromolekulu ilo L-tiroksin molekulu arasindaki qarsiligli tosiri
sxematik olaraq asagidaki kimi tasvir etmak olar.

Xitozan makromolekulu

minm =T
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I

L-tiroksin molekulu
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[N J 7,

Xitozan makromolekulu

Sakil 5. L-tiroksin ils xitozan makromolekulu arasindaki hidrogen rabitasinin sxematik tosviri

Bu hom spektrin formasinin dayisilmasinds, hom do 300 nm-ds ikinci adsorbsiya udulmasinin
meydana golmasindo Oziinii  gostorir. Xitozanin sistemo daxil olmast zoncirdo karbonil
gruplarindaki elektron sixligina xas udulmani gosteron intensiv pikin miisahido olunmasi ilo
naticolonir [14-16]. Xitozan ilo L-tiroksin preparati arasindaki kimyovi olagelonmo niimunonin
molekulyar elektron spektring tosir edir.

Xiilasa: Yeni sintez edilmis L-tiroksin polimer birlosmasini siganlarin garin bosluguna
yeritdikdon sonra ilk saatlarda he¢ bir ciddi reaksiya miisahido olunmamisdir. Bir-iki saatdan
sonra heyvanlarda sedasiya, qruplagsma va qriiminq miisahids olunmusdur. Si¢anlar su va qidanm
sarbast gobul etdikdon sonra giin orzindo normal voziyyatdo qalmis, davranis, lokomosiya vo
qriiming reaksiyalar1 pozulmamigdir. Miiasir iisullardan istifado edilmoklo oldo olunan xitozan/L-
tiroksin formulu heyvanlarda konar tosir niimayis etdirmomosi preparatin toksiki tosirinin
olmadigimi siibut edir. Fikrimizco, hipotireozun miialicasinds genis istifado olunan L-tiroksin
preparatinin tosir effektivliyini artirmaq mogsadilo totbiq etdiyimiz metodika golocokds bu
problemin hallinds insanlar {izarinds tatbiq edilma imkanlarin artiracaq.

Dastak: Toqdim olunan elmi todqiqat isi Azorbaycan Respublikasinin Prezidenti yaninda Elmin
Inkisafi Fondunun “Qrant Ne EIF-GAT-5-2020-3(37)-12/04/4-M-04" maliyyo yardinu ils yerino
yetirilmisdir.
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ABSTRACT

By their structure and design, transformers are devices that are reliable in operation and easy to
maintain. In the operation of transformers, the main factors are timely inspection, performance of
current and major repairs, as well as the necessary preventive tests. One of the important
conditions for the correct use of this device is the correct introduction of the temperature regime
and observance to the allowed overloading.

Monitoring the condition of the oil is fundamental to the correct operation of the transformer.
During the period of use, the oil ages and it loses its original properties. In addition to the
deterioration of the properties of the oil due to aging, there is also a change in its properties under
abnormal operating conditions of the transformer. So with local heating, build-up of insulation
between the steel sheets of the magnetic circuit, poor contact in the tap changer or at the winding
terminals under the transformer cover, and with turn short circuits in the windings, oil
decomposes.

Transformer oil has at least three functions in transformers. Task of transformer oil in oil-filled
transformers cooling function, extinguishing the arc, and providing insulation is the main [1].

The appearance of defects caused by both electrical and thermal faults is accompanied by the
formation of gases, and their further dissolution in transformer oil. In addition to normal
operation, during the operation of the transformer, local thermal overheating (of an insulated
conductor, core, etc.) and electrical discharges (partial, spark and arc discharges) can occur. Such
defects lead to the destruction of insulation, physical wear and tear, and irreversible damage to the
active part of the transformer.

To determine the state of oil-filled electrical equipment, gases are used: hydrogen (H2), methane
(CH4), ethane (C2H6), ethylene (C2H4), acetylene (C2H2), carbon monoxide (CO), carbon
dioxide (CO2). In addition to the above gases, oxygen (O2) and nitrogen (N) are also present, and
their concentration varies depending on the tightness of the transformer tank and gases such as
propane, butane, butene and others can be released. The study of these gases for diagnostic
purposes is not widespread [2].

In this regard, the method of analysis of gases dissolved in oil (DGR) has proven itself all over the
world. The main advantage of this method is the timely diagnosis of the malfunction,
identification of the nature and control of the defect, which leads to lower economic costs and
time savings. Fault diagnostics can be performed using various methods, such as: the ratio of pairs
of gas concentrations using the Duval triangle, Japanese ETRA, monogram method, etc. The most
important tool for diagnosing the condition of a transformer is observing the evolution of gases by
comparing different analyzes of the amount of dissolved gases and understanding this
information.
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The Duval Triangle Method is based on the existing IEC 60599 Gas Ratio Method. Within this
triangle there are six potential damage zones. Zones include partial discharges, electrical and
thermal damage. The use of this triangle method is based on three main gases (CH2, C2H4 and
C2Hz2). Firstly the concentration levels of these gases are calculated. Then lines are drawn along
three sides of an equilateral triangle: on each side, the relative value of a certain gas is laid, which
can vary from 0 to 100% clockwise. The sum of the values of the concentrations of these gases is
taken as 100. When drawing the boundaries of the zones of defects, the lines are drawn parallel to
the lagging side of the triangle. The considered method not only clearly shows the "location™ of
the defect, but also allows you to observe the trajectory of its development [3].

The oil analysis results reflect the overall condition of the transformer. For this analysis, the oils
are sent to a laboratory for testing. The most important indicators are the rate of formation of the
total amount of combustible gases and individual gases. Carrying out timely sampling makes it
possible to track the dynamics of malfunctions and take appropriate decisions in time.

To obtain more reliable results, you must follow the sampling rules, store the samples and
transport the samples to the analysis site correctly.

Some gases dissolved in transformer oil (ethylene and acetylene) may indicate overheating in the
contacts of switching devices, heating of the shield attachment points and bushing pins, short-
circuiting of the winding conductors and other defects.

The main goal of this article is to solve the problem associated with the extraction of hydrocarbon
gases from oil, and to correct the interpretation based on the obtained data [4].

Keywords: DGR, Duval triangle, transformer oil, gas discharges.
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PE3IOME

TpancopmaTopsl MO CBOCIO CTPOCHUIO M KOHCTPYKLUH SIBIISIOTCS amlapaTraMu, HaJeKHBIMH B
pabore W yAOOHBIMH B OOCIyXHBaHMH. B sKcmiyarauuum TpaHCQOpPMATOPOB OCHOBHBIMU
(dakTOopamMu SIBISIIOTCS CBOEBPEMEHHBIH OCMOTp, BBINOJHEHHE TEKYIIMX U KalUTaJIbHBIX
PEMOHTOB, a TaKe HeoOX0aAuMble NMpoduiakTuyeckue ucnbiTanus. OJHUM U3 BaXKHBIX YCIOBHM
IIPaBUJILHOTO UCIIOJIB30BAHUS TOI0 almapara sBIsSEeTCs IIPaBUIbHOE BBEJICHUE TEMIIEPATYpPHOIO
pexuMa U coOI0CHHUE Oy CKAaeMBbIX TIepe3arpy3oK.

OcHOBHOE 3Hau€HHE B MPABUIBHOM HKCIUTyaTallud TpaHCpopMmaTropa HMMeeT HalloJieHHe 3a
COCTOSIHMEM Maciia. B mepuor ucnosib30BaHusl NPOUCXOJAUT CTAPEHUE MAacila, U OHO TepsET CBOU
nepBOHavyalibHble CBocTBa. Kpome yXyniieHusi CBOWCTB Macia HM3-3a CTapeHHs, HaOloJaeTcs
TaK)K€ U3MEHEHHUS €ro CBOMCTB MPH HEHOPMAJIbHBIX peXuMax paboTsl TpaHcopmaropa. Tak npu
MECTHBIX HArpeBax, HApallleHUH HU30JALMUA MEXIAY CTAIbHBIMU JIMCTAMU MarHUTOIIPOBOJA,
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IUIOXOM KOHTAaKTE B IEpeK/ItoyaTesic OTBETBICHMN MM Ha BBIBOJAAX OOMOTOK MO KPBILIKON
TpaHchopMaTopa U MPH BUTKOBBIX 3aMbIKAHHMSIX B OOMOTKaX IPOUCXOIUT Pa3ioKeHUE Macia.
TpancopmaropHOoe Maciao BBINOJMHSAET, KaK MHHUMYM, TpH (YHKIMM B TpaHc(opmaTopax.
OyHKIUSA OXJIAXKEHUs, TallleHusl JAyTd, U O0ecleYeHus: M30JIALUM SBIISAETCS TJIaBHOW 3ajaueit
TpaHcHOpMATOPHOTO Maciia B MaCIOHAMOIHEHHBIX TpaHCchopMaTopax. [1]

[osiBnenue neeKTOB BbI3BAHHBIC KAK IEKTPUUECKUMU, TAaK U TEPMUUYECKUMHU HEUCIIPABHOCTAMU
COITPOBOKIAETCS 00pa30BaHUEM T'a30B, M B JAJIbHEHIIIEM paCTBOPEHUEM UX B TPaHC(HOPMATOPHOM
Mmaciie. IlToMumo HopManbHOTO pexuMa padoThbl, B XO/€ dKCIUTyaTalluu TpaHchopMaTopa MOTyT
BO3HUKATh JIOKAJbHBIE TEPMUYECKHE HEepPErpeBbl (M30JMPOBAHHOTO MPOBOJHHKA, CEpACYHHUKA U
T.J.) U DJIEKTPUYECKHE Pa3psiibl (HaCTUYHBIC, UCKPOBBIE M JTYroBble pa3psibl). Takue nedexTs
NPUBOAAT K DPA3PyLICHUIO H30JIALUHU, (PU3MUECKOMY HM3HOCY U HEOOpPAaTUMOMY IOBPEXKICHUIO
aKTUBHOM 4acTu TpaHchopmaropa.

Jlist onpenieneHnss COCTOSIHUS MAaCJIOHAIOJIHEHHOTIO 3JIEKTPO00OpyI0OBaHUS UCIIOIb3YIOTCS I'a3bl:
Bogopon (Hz2), meran (CHa), atan (C2Hs), atunen (C2H4), anermien (C2Hz2), yrapasri raz (CO),
yrnekucnsid a3 (CO2). Kpome BbIIENepednCICHHBIX Ta30B, TAKXKe MPHCYTCTBYIOT KUCIOPOX
(O2) u aszor (N), a UX KOHIICHTpALUs H3MEHSCTCS B 3aBHCHMOCTH OT T€PMETHYHOCTH Oaka
TpaHchopMaTopa U MOTYT BBIIEIATHCA Takue ra3bl Kak IpomnaH, OyTaH, OyTeH U Jpyrue.
HccnenoBanue 3TUX ra3oB B IMarHOCTUYECKUX LIEAX HE MOJYUYMIIO IIUPOKOTIO PacipOCTpaHEHUS
[2].

BuumarenbHOe oOcienoBaHuEe pacTBOPEHHBIX B Macje ra3oB, a TakXe JIPYrMX CBOMCTB Macia,
naeT HauOoJiee TOUHYIO M MOAPOOHYI0 MH(POPMALIMIO O COCTOSTHMM TpaHchopmaTopa. B cBsizu ¢
3THM, BO BCEM MHpE 3apeKOMEHJoBaja ceds METOAMKAa aHaliu3a pacTBOPEHHBIX B Macje ra3oB
(APT"). OCHOBHBIM NpPEUMYIIECTBOM TaKOTO METOAA SBJSIETCS CBOEBPEMEHHAas JUarHOCTHKA
HEHWCIIPAaBHOCTH, BBISBICHUS TPHUPOIBl W KOHTPOJh jAedeKkra YTo NPUBOAUT K MEHBIINM
HSKOHOMHYECKUM 3aTpaTaM U SKOHOMHUH BpeMEHM. JIMarHOCTHKa HEHMCIPABHOCTEH MOXKET
MPOU3BOJIUTCS TIO Pa3TUYHBIM METOAWKaM, TaKhe KaK: OTHOIIEHHE Map KOHIEHTpAIWid Ta30B
UCNOJb30BaHUE TpeyronbHuka JlroBans, smoHckoro ETRA, moHorpamMMHblii MeTtox M T.A.
BaxxHeWmiM WHCTPYMEHTOM JTMAarHOCTUKU COCTOSTHHS TpaHc(hopMaTopa SBISIETCS HaOIIOJICHHE
3a HBOJIIOIMEN Ta30B MyTEM CpPaBHEHMS PA3HBIX AaHAIU30B KOJMUYECTBA PACTBOPEHHBIX ra3oB U
MMOHWMAaHKE dTON HH(pOpMAITUH.

Metoxa TpeyronpHuKa [[1oBans pa3paboTaH Ha OCHOBE CYIIECTBYIOIEIO METOJAa COOTHOLICHHN
razoB IEC 60599. BHyTpu 3TOr0 TpeyroibHUKa €CTh MIECTh MOTCHIIMAIBLHBIX 30H MOBPEKICHHI.
30HBI BKJIIOYAIOT B Cce0S YacTUYHbIE pa3psiibl, AJIEKTPUYECKHE U TEIUIOBBIE IMOBPEKACHUS.
Hcnonb30BaHre 3TOro MeTo/1a TPEyrojibHUKa OCHOBAHO Ha TpeX ocHOBHBIX razax (CH4, C2H4 u
C2H2). CHavasa pacCUMTBIBalOT YPOBHHM KOHIIEHTpalMM 3TUX razoB. IloToM mpoBoasT nuHUM
BJIOJIb TPEX CTOPOH PABHOCTOPOHHEIO TPEYroJbHHKA: HAa KaXJAOW CTOPOHE OTKJIaIbIBAIOT
OTHOCHUTEJIBHOE 3HAUYEHUE OIPEACIEHHOro rasza, Kotopoe Moxker MeHATbcs oT 0 no 100 % mo
yacoBol ctpenke. [Ipu ycnoBun 4yTo cymma 3Ha4€HUN KOHIIEHTpAUi 3TUX ra30B MPUHUMAETCS 32
100. Ilpu HaHeceHMM TpaHMIl 30H Je(pEKTOB JMHUU MPOBOIATCA MNapaICIbHO OTCTaloIIeH
CTOpOHE TpeyroibHHKa. PaccMaTpuBaeMblii METOA HE TOJBKO HAIJIAJHO MOKAa3bIBAET
«pacrosiokeHue» aedeKra, TakKe Mo3BoJIseT HaOI0JaTh 3a TpaeKTopHei ero pazsutus [3].
Pe3ynbTaThl aHann3a mMacia OTpa)kaeT COCTOSTHUE TpaHcopmaTopa B 1iesioM. i 3Toro aHanusa
00pas3ibl Maces OTIPABISAIOT B JAOOpaTOpHIO HAa UCTIbITaHUs. Hanbosee BaXKHBIMU HHAMKATOPAaMHU
SBIISIIOTCS CKOPOCTh OOpa30BaHMs OOIIEro KOJWYECTBA TOPIOYMX Ta30B M OTIENbHBIX Ta30B.
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[IpoBenenne cBoeBpeMEHHOro OTOOpa MpoO JaeT BO3MOXKHOCTb MPOCIEAUTh 33 JAUHAMHKON
HEUCIIPAaBHOCTEH U BOBPEMS IPUHATH COOTBETCTBYIOIINE MEPHI.

Hexotopblie ra3el, pacTBOpeHHbIE B TpaHC(HOPMATOPHOM Macie (3TWICH W aleTUIEH), MOTYT
CBUJICTEIILCTBOBATh O IEpPErpeBax B KOHTAKTAX IEPEKIIIOYAIOIINX YCTPOMCTB, HAarpeBe MECT
KPEIUIEHUS 3JIEKTPOCTATUYECKOTO 3KpaHa M UINWIEK IPOXOJIHBIX H30JIATOPOB, 3aMbIKAHUU
MIPOBOJHUKOB OOMOTKH U APYTUX J1e(eKTax.

Jnis momydyenus 0ojee JOCTOBEPHBIX PE3YyJbTATOB HYXKHO CIIEAOBATh MpaBHJIaM OTOOpa Mpoo,
XpaHEHUTh MPOOBI MPABUIBHO U BBINOJHUTH TPAHCIOPTUPOBKY MpPOO B MECTO IPOBEICHUS
aHaau3a.

[To cpaBHEHMIO € APYTUMU METOAAMHU MPEUMYILIECTBOM 3TOTO0 METOJIA SIBJIIETCS TO, YTO 00pa3iibl
MOYKHO 0TOOpAaTh B JIt000€ BPEeMs, TOECTb 0] HAMIPSHKEHUEM.

OCHOBHOH 11€NIbI0, JTaHHOM CTaTbU SIBISIETCS pElIeHHE MPOOJEMBl, CBSI3aHHBIE C JKCTpaKLuen
YIJIEBONOPOAHBIX Fa30B U3 Macila, U KOPPEKLIUEN MHTEPIPETALMH 110 IIOJyUYEHHBIM JaHHBIM [4].
KiioueBnbie cinoBa: API, tpeyronsuuka /[{roBans, TpancopmaTopHOoe Macio, pa3psasl B razax.

BBenenme: bombiine cuiioBele TpaHC(HOPMATOPHI SIBISIOTCS. OCHOBHBIMH 00OpYJI0BaHUSMU
1r000#1 sHeprocucrtemMbl. VX HaJeXKHOCTh HE TOJBKO BIMSIET HAa JOCTYHHOCTb AJIEKTPUUYECKON
SHEPruu JJIs I[OCTaBIsIeMOMl 00JlacTH, HO TakXKe BIMSET HAa SKOHOMHMYECKYIO paboTy
IPEIITPUSITHS.
OTKa3bl CHIIOBBIX TPaHC(HOPMATOPOB SABISAETCS MPOOIEMHBIM IO OCHOBHBIM 3-€M INPUYHMHAMMU:
oOTKa3 CWJIOBBIX TpaHC(HOPMATOPOB MPUBOJUT K OSKCIUTyaTallMOHHBIM IpoOjieMaM B
Pa3IMYHbIX CUCTEMAaX
o OTCYTCTBHE 3al1aCHOTO TpaHc(opmaTopa B OOJIBIIMHCTBE KOMMYHAJIBHBIX CITYXKO
ePa3nuuHble BHABI TEIUIOBBIX U JJIEKTPUUYECKUX HArpy30K TMPUBOAAT K CTapeHUIO
TpaHchopMaTopa U MOABEPraroT ero HEUCIPaBHOCTH
HN3o0asiuMs CUJIOBBIX TPaHCPOPMATOPOB TMPEACTABISIET COOOW KOMOWHAIIMIO KaK >KHUIKOTO
TpaHc(hOpMaATOPHOTO Maciia, TaK U TBEPAO MPOMUTAHHON LIEJUTION03bl. YXYIIIEHUEe U30JIALUU U
CTapeHue - IBE OCHOBHBIC IPUYMHBI 3aPOXKIAIOIINXCS HEUCTIpaBHOCTEH. [5]
OCHOBHBIMU NPUYMHAMU CTAPEHUS U YXYIUICHHUS W30JIALNU SBISIOTCS TEIUIOBBIE HAIPSDKEHUS,
JJEKTpUYECKUE HANPSHKEHUS, MEXaHUYECKHe HallpsbKeHUs U Biara. OLeHUTh Npoliece CTapeHus u
YXYJIIEHHE COCTOSHUS LEJUIIONIO3HOTO0 Marepuaia TpaHc(hOpMaTOpHOro Macia, MO3BOJISET
U3MEpEHUS CTETeHU MOoJIMMEepHU3alluu U aHaiu3a QypaHna. OnpeneneHue CTeNeH! MoJIMMepr3aluu
(DP) nemmono3sl SBISETCS CTaHAAPTHBIM METOJIOM KOJMYECTBEHHOW OLIEHKU Jerpajaluu
1esuT003bl. 3HaueHne DP yka3biBaeT Ha cpeiHION JAJTMHY MOJIMMEpa MOJIEKYJ IeJITF0I03bI.
Korna nemronosa crapeeT noji BO3A€HCTBUEM TEPMUUECKOTO HAIIPSHKEHUS, MOJIEKYJIIPHBIE LIETIN
paspeiBatoTcsi. B pesynbrare crapeHus Oymara CTaHOBUTCS XPYNKOM U TEpsieT CBOIO
MEXaHUYECKYI0 CTa0MIBHOCTh. MeTo 1 3 eKTUBEH /I KOJTMYECTBEHHOTO N3MEPEHHUs TETIOBOTO
ctapeHusi. OCHOBHBIM HEIOCTaTKOM SIBJISIETCS HEOOXOAMMOCTh B3ATHUS oOpasua Oymaru wus3
TpaHchopmaropa.
OT0 JeHCTBUE SBISIETCS WHTPY3UBHBIM, TIIOCKOJIBKY €r0 MOJET BBINOJHATH TOJBKO
KBaJTH(PHUIMPOBAHHBIN 00CTYKMBAIOLIUI NEpCOHaN, a TpaHCHOPMATOP JTOJKEH OBITh BBIBEACH M3
skcrryaranuu. O6pasen; He MOKET OBITh B3ST U3HYTPU OOMOTKH M OOBIYHO OEpeTcsi ¢ OJJHOTO U3
CHJIbHOTOUYHBIX BBIBOJIOB B BEPXHEH yacTu TpaHcpopmaropa.
B wnemmono3HeIx MaTepuanax MNpH CTapeHUH, BbI3BAHHOM TEPMHUYECKHM HAIpsSHKEHHEM, B
KadecTBE MPOJYKTa JAerpajgaluud o0pa3zyloTcss (ypaHOBbIE COCIUHEHHS. OTH COCIMHEHUS
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OpeaACTaBIAIOT C060ﬁ CEMEUCTBO XUMHYCCKUX BCIICCTB, pa3IM4Yaromuxcs I10 CTa6I/IJII:HOCTI/I )41
CKOPOCTH 00pa30BaHUSI.
[ToCcKONBbKY 3TH COEIMHEHHsI PAacTBOPSIIOTCA B Macje, WX MOXXKHO OOHApYXKUTb M H3YUYHUTh C
MOMOIIIBIO CTAHAPTHBIX aHAITUTHIECKUX METOIOB.
HabGmiogaembie 3aBucuMocTH Mexay DP u  pasnuuHbIMH  KOHLIEHTpauusMu  (pypaHOBBIX
COCJIMHEHUI TMO3BOJISIIOT KOCBEHHO HM3MEpPUTh CTapeHHe IeUTroNio3bl. OTHAKO W3MEpeHUs
OCJIOXKHSIIOTCA TEM, 4YTO pa3iu4Hble (ypaHbl, MPOU3BOAMMBIC pa3IMYHBIMH Oymaramu, a
KOHIICHTPAIIUS 3aBUCUT OT MAaCCOBOT'O COOTHOIICHHUSI MEYKIY MACJIOM H LIEJLTIOI030i. [6]
[IpumensroTca  cueayroume  BUABL  JAUICKTPUUYECKUX  M3OJMALMOHHBIX — KUAKOCTEW B
TpaHcopmaropax:

e MuHepalbHbIC Macia

e KpemHuHOpraHn4eckue AUIEKTpHUUECcKue KUAKOCTH (CUITMKOHOBBIE)

e CuHTeTHYecKHe Maclia

e OpraHuyeckue MpocTbie 3HUpbI

Cunrernueckue macja: [Ipumepom cHHTETHYECKOTO TpaHC(HOPMATOPHOTI'O Maciia MOXKET
ciayxkutb MIDEL 7131, BbITIOJIHEHHBIN HA OCHOBE CIIOKHOTO 3(pupa. OCHOBHBIM
MPEUMYIIECTBAMU TaKUX MaCe SIBISETCS:
1. Bblicokue 1uaNeKTpUYeCcKue CBOWCTBA
2. OTCyTCTBHE TOKCUYHBIX BEIIECTB, a CIE€JOBATENIBHO, U KOJIOTHYecKast 6€3011acHOCTh
3. Paznmaraemsie macna.
4. OOGnagaet caMOi HU3KOU BA3KOCTBIO CPe/iU TOPIOYMX SKUIKOCTEH
5. Bbosnbuioii cpok ciayKOb
Pa3noxxeHne macen Takoro BuAa NPOUCXOIUT C BBIACIEHUEM YIVIEKHCIIOTO rasa

CuiukoHoBble Macja: OCHOBHBIM NMPOU3BOMTENIEM TaKOro BUaa Macina ssisiercss DowCorning
(CIIA). B Takux macnax yriaeBOJAOPOJHBIC CBSI3U 3aMEHEHBI 00Jiee KPENMKUMHU MOJICKYJISIPHBIMU
cBsizaMu Ha ocHOBe Si-O. OCHOBHBIM NPEHMYIIECTBOM TaKOI'O BHJa Maciie SBISETCS HHM3Kas
TOPIOYECTh, BBICOKAs TEMIEpaTypHas CTOMKOCTh. K HemocTaTkaM MOMKHO OTHECTH: HAIMYHe
3anmTHOM 00onouku cormacHo NEC 45023, Bbicokas CTOMMOCTb, HECOBMECTUMOCTH C
HekoTopeiMu MaTepuanamu (Hampumep [1BX). [7]

Oprannyeckue npocroie 3¢pupbi: [Ipumepom Takoro maciia Moxer cinyxkuth mapka FR3. Takue
BUJIbI Macesl TaKKe€ Ha3bIBAKOTCS PACTUTEIbHBIMU Maciiamu. HecMoTpst Ha TO, YTO JaHHBIM BUJ
Maclie YK€ HECKOJIBKO JECATHICTHH HCIONb3yeTcs B TpaHchopmaropax, uHpopmamuu 00
nedexrax ¢ TaKuMHU TpaHchopMaTopaMu JOBOIbHO-TAKU MaJIo.

MuHnepaibHble MacJa: J[aHHBIA BUJA SBISETCA CAaMbIM PACIPOCTPAHEHHBIM BUIOM Macia.
[Tosry4aroTcst OHM B OCHOBHOM ITyTeM TepepabOTKu HEePTSHBIX coenuHEeHWH. B Takmx THmax
Macen mMoJsiekyisl conepxkar rpynnsl CH3, CH2 , CH kotopbie coenunstcs C-C MoneKyaspHOH
CBSI3bIO.
OCHOBHBIM IPEUMYIIECTBAMH TAKUX MACII€ SIBISETCS:

1. HerokcuuHass ¥ pa3naralomuecss S>KHUJIKOCTb. Takke JIeTKO YTWIM3UPYETCS WU

nepepadaTbiBaeTCs
2. JIUTenBHBIA CPOK CITYIKOBI
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3. Ilpu Hu3KMX TemnepaTypax 00JiagaeT HU3KOU BA3KOCTHIO

4. CTtouMOCTb OOCITYKUBAHUS HU3KAs

5. Cebe cromMocTh TpaHchopMaTopa ¢ TAaKUM MAacCJIOM BBIXOJHUT HU)KE YEM y OCTaJbHBIX

BHUJIOB MaceJl.

Mpbl BBISICHWIM YTO METOJOM aHain3a (YpPaHOBBIX COCIMHEHUH MOXKHO JOBOJBHO TOYHO
IPEANOI0KNUTh COCTOSIHUE M30siunu. OJHAKO aHaiIM3 pacTBOpeHHBIX ra3oB (API) sBisercs
Ooiee Jy4ylIMM METOJIOM OLIGHKM COCTOSHHS TpaHcopmaropa. YTiaeBoAopoaHble ['a3bl
00pa3yroTcsi B pe3yibTaTe TEIUIOBBIX M AJICKTPUYECKUX HamnpspkeHHd. HeoOXxomumo oTaensTs
HOPMaJIbHBIH YPOBEHb T'€HEPALMU TAa30B OT YPE3MEPHOr0, TaK KaK YUUTBHIBAETCS YTO HEKOTOPOE
ra3oo0pa3oBaHWe  TPOUCXOAWT B  pe3yJNbTaTe  eCTECTBEHHOIO  TpoIecca  CTapeHHUs
Tpancpopmaropa. Tak Kak HopMallbHOE Tra3000pa3oBaHue B OOJbLIEH YacTH HAaXOAUTCA B
3aBHCUMOCTH OT KOHCTPYKTHUBHBIX OCOOEHHOCTEH, OT THIa TpaHCPopMmaropa M Xapakrepa
HAarpy3kl KOTOPO€ MCIIOJIb3YeTCd M30JSILMOHHOM MaTepHalioM, C LEJNbI0 OIpeaesIeHUs
HEHOPMAaJIBHOTO COCTOSIHUSI TpaHC(hOpMaTopa HCHONB3YIOTCS OOMICTIPHHATHIC ITOKA3aTeln
ra3o00pa3oBaHus AJIs BCEX TUIIOB TpaHC(hHOpMaTopoB [§].

IMocranoBka 3agaum: OCHOBHBIE Ta3bl, KOTOPBIE MOSIBISIOTCS B TpaHCPOpMATOpax SBISIETCS
Bogopon (H2), meran (CHa), sran (C2He), »tunen (C2Hs4) u auerunen (C2Hz2). [lannble
BBIIIICYKA3aHHBIE Ta3bl HUMEIOT COOCTBEHHYIO TemIeparypy oOpa3oBaHUS KaK IOKa3aHO Ha
pucynke Hwke (Puc 1.) Bogopoa u MeTan HaunHAIOT TeHepupoBaThes npu temmepatype 150 °C B
OTHOCHTEJIbHO HEOOJBIINX KoMUuYecTBaX. ['eHepanus BoJOpo/ia yBEINUMBATHCS C MOBBIICHUEM
temneparypbl. OOpa3oBaHHe MajblX KOHIIEHTpAlMil 3TaHa C MPOUCXOIUT NPU JOCTUKEHHU
temneparypbl okoio 250 °C. I'eHepaums sTuieHa HaumHaercs npu Temneparype 350°C.
AneTnsieHa Ha4YMHAET BBIAEIATCA Tpu Temrepatrype Mexay 500 u 700 °C. B mpomnuiom
CUMTAJIOCh, YTO MPUCYTCTBUE JIUIIb CIEJOBBIX KOJIMYECTB AllETHIICHA YKA3bIBAET HA TEMIIEPATYPY
He MeHee 700 °C, 0JHaKO HOBbIE OTKPBITHUS ITO3BOJIWIM CIEJATh BBIBOJ, YTO TEPMHUUYECKHI pas3ioM
(ropstuast Touka) mpu Temmepatype 500 °C MokeT MpHBECTH K OOpa3oBaHUIO CIEIOBBIX
KoluuecTB (Heckoiabko ppm). [losBneHue Oosiee KpPYMHBIX KOHIIEHTpAIMil —alleTUIIEHa,
IPOUCXOAUT TOJBKO INPH JOCTHXEHMM TemnepaTypsl Bbimie 700 °C, Hampumep npu AyroBOM
paspsze [9].

B mumanazone or 200 go 300 °C mpou3BOJACTBO METaHAa NPEBBINIAET T'€HEPALMIO BOJOPOJA.
Haunnas ¢ remneparypsl 275 °C u Bblle, IPOU3BOACTBO 3TaHA NPEBBIIACT T€HEPALIUIO METAHA.
[Ipn Temneparype okono 450 °C npou3BOACTBO BOJOPOAA IPEBBIMIAET MPOU3BOACTBO BCEX
npyrux razoB no temmeparypsl 750-800 °C, mpu koTopoil oOpa3yercs 0OoJjblliee KOJIUYECTBO
aleTUIICHA.

TepMuueckoe pasziioKeHHE ILEJUTIONIO3HBIX MaTepUaloB TaKKe HAYMHACTCS MpHU TemIepaType
okoso 100 °C mnm HMXKe W MPUBOAMT K 0Opa3oBaHMI0 MOHOoKcHza yriepona (CO), nuokcuna
yraepoaa (CO2), sogopona (H2), merana (CH4) u kucnopoaa (02). IToaromy kpaiiHe Ba)HO
9KCILUTyaTHpOBaTh TpaHchopmaTopsl pu Temmepatype Huxe 90 °C (Puc.1).
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Pucynok 1. O6pa3zoBaHue ToproYnXx ra30B B 3aBUCIMOCTH OT TEMIIEPATyp.

SacTHYHEL Paspan
JHanasoH HOPMANEHED OMSPaIIHIL

[V roofponom e

(H.)

65

N I .

(CHy)

(C.Hy)
((~.||‘) | CHCH,

v
(C,H.) P S o

00

3amerka: B ciayuae ¢ PIIH, kaptunka Beirsinut apyrum oopasom [10]. Huxke mpenocrasiena
TabJMIa CpaBHEHMs KOHIIEHTpauuu B O0e3nedextHom Tpancdopmartope u ero PITH (Tab.1).

Kak mbl Buaumm koHueHTpanuu ra3oB B PIIH B HeCKOIbKO pa3 NpeBBIIAIOT TPaHUYHBIE
KOHIIEHTpauuu st Tpanchopmaropa. OgHako 3TO cBsizaHO ¢ pabortoit camoro PITH. B PITH
MIPOUCXOUT MOCTOSIHHBIN MPOIIECC UCKPEHHUE TIPU MEPEKITIOYEHNUHN C OJTHOM OOMOTKH Ha JPYTyIO.
B pesynbrare 3Toro mpomecca B ero 0Oake oOpasyeTcs BbICOKas KOHLIEHTpaLus BOJAOpOJa U
anerwieHa. /[[ns ouenkn PITH mcnones3yroT cnenuanbHbI TpeyrojJbHHUK [[roBajns, B KOTOpOM
0003HaYeHBI 00JIACTH HOPMAIIBHOTO PEXKUMA €ro paboTHlI.

B crapeix Tpanchopmaropax 6axk PIIH u camoro Tpanchopmaropa Obul OOBEIUHEHHBIM B
pe3yJbTaTe yero noijiyyasu InepeTekaHne HEKOTOPOro KOJMYECTBa alleTUIeHa B OCHOBHOM Oak, a
BIIOCJIEJICTBUU M OIIMOOYHAs JUarHOCTHKA TpaHchopMaTopa.

Ta6auuna 1. Crincok ra3os pactBopeHHbIX B PITH.

TpanmvHble 3JHITCHNA | i . Pe3yasTaThl B ppm
ras Ip-e On-cTB Ypa Tpancdopua PITH
Top
Bonopon 100 700 H2 22 1845
JTHoKCHI yTIepona 2500 4000 co2 2184 3401
MoHookcHn yTepona 350 570 co 264 331
3ITHIEH 50 100 CIH4 0 98
3Tan 65 100 CIHG6 3 22
MeTan 120 400 CH4 10 29
AneTanex 2 5 C2H2 0.1 349
CyMMa roprotHx rasos 700 1900 TDCG 299 2674

Metoab! pemienusi: bein nmpousBeeH pacuyeT U AMarHOCTUKA TpaHCPOpMATOPHOTro Macia. beut
BbIOpaH Tpexdas3Hblil TpaHcHopMaTOp CO CIECTYIOIUMH JaHHBIMU:

Hanpsokenne BH/HH : 35/6,3 xB
MoOIHOCTS : 25 MBA

Tun macna: MunepanbHOE
I'on [IpousBoxacTBa: 2017
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IIpu orbope mnpoObl BiIAXHOCTH cocTaBisiia 48%, a Temmeparypa OKpyXaromeil cpesl
22.5.Touka otOopa ObuTa HWXKHAA, W TpaHchopmarop ObUT B pabodyeM COCTOSHUHU. bbumn
nojyd4eHsl cienyromue nanasie (Tab.2 u Tab.3).

Tadauua 2. OTHOIICHHS TTap KOHIICHTPALIUA ra30B.

OTHollIeHHE KO]—[].[eHTpa].[l/lﬁ XapaKTepHbIX ra3oB

C2H2/C2H4 CH4/H2 C2H4/C2H6

0.004 2.353 4.833

Taoauua 3. Cricok ra3oB pacTBOPEHHBIX B TPAHC(HOPMATOPHOM Macie

PesyasTaTel
AHHYHEIE E ppm
ras F::!il‘lel"lﬂ ABpuznatypa Tpnnls:;}upun
TOp
Bonoopox 100 H2 17
JuokcHT yIaepoga 8000 coz 1549
MorookcHn yraepona 600 Cco 30
Stunen 100 C2H4 261
F1an 50 C2H6 34
MeTan 100 CH4 40
AneTHnes 10 CI2H2 1
CyMMa roprH4HX T'a308 960 TDCG 403

Tak kak 3HaYeHUS STWJIEHA W DTaHA NPEBHINIAIOT TPaHWYHBbIE 3HAYEHHUsS OyJeM MPOBOJIUTH
muaraoctuky o PJ1 34.46.303-98.

Takue 3Hauenus, cormacHo PJI, yka3piBaroT Ha Je(eKT BBICOKON TeMIieparypbl. THUIUYHBIE
MpUMEPHI TAKUX HEUCTIPABHOCTEN siBisieTcs: ['opsiuasi TOuka B Cep/IeUHUKE; MEPErPEB MEIU H3-3a
BUXPEBBIX TOKOB, IJIOXUX KOHTAKTOB; IIUPKYJIUPYIOLINE TOKU B CEPICUYHUKE WU OaKe.
Henocratkom 3TOr0 MeTona sIBISETCS HEMOJHAs wWUTIoCTpanus nedekra. Ilpu ompeneneHHBIX
KOHIIEHTpaIUsAX ra3a JedeKT MOXKET ObITh He BbIABIEH. PemieHnemM JaHHON MpoOieMbl, MOXKHO
CUUTATh MCIIOJIH30BAaHUE U CPaBHEHHWE MHOTHUX METOJIOB JHMArHOCTUKH Mexay coboil. Ha pucynke
BbIIIIE YKa3aHbl BOIMPOCUTENIBHBIM 3HAKOM TaKHE€ OTHOIICHHS Map KOHLEHTpAalUW Tra3oB IMpHU
KOTOPOM JIe()eKTHI HE MOTYT OBITh BBISIBIICHBI.

B Takom ciydae ucnonsiyem Metoauky JioBans [11]. B Hauvane cTpouThCS paBHOCTOPOHHMIA
TPEYTOJIbHUK, U Ha KaXKJIOH €ro CTOPOHE OTKJIAJbIBA€M OTHOCHUTENIbHbIE KOHIICHTPAIIMHA 3HAYCHUS
raza, paBubie oT 0 g0 100%. IIpu 3TOM cymMma BCeX KOHIIEHTPALMil ra30B MPUPABHUBAETCS K
100%, a TPOIICHTHOE COJepKaHUE OMpeeNsIeTcss OT 3TOH cyMMbl. HaHeceHue 30H JedeKTOB,
MPOU3BOJUTCS IYyTEM IMPOBEIEHUS TMapallIeIbHOM JIMHUM K OTCTAaIolIeil CTOpPOHE Hallero
TPEYTOJbHUKA, TO €CTh €CJIM MBI OepeM TOuKy Ha cTopoHe ra3a meraHa (CHa) To ero mpsmas
npoxoauT napasmiensHo cropoHe (C2Hz2) u 1.1, g apyrux cropoH. Huxe npuBenena tabnuia
KOOPJMHAT TPaHUI] Te(PEKTHBIX 30H.
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Tadauna 4. Cycok ra3oB MNOJyYEHHbBIE B PE3YJIbTATE OIbITA.

JHedexrt| Ctopona TpeyronsHHKa | Todka. %
21 CH4 98
3 C2H4 23
C2IH2 13
4 C2H4 234
C2H2 13.29
5T C2H4 40,5
C2H2 4,13,15.29
T C2H4 20
C2IH2 40
T3 C2H4 20.5
C2ZH2 4
C2ZH4 50
B C2H2 15

B pesynbrare BeIlieyKa3aHHBIN TOcTpoeHu U Tabmuiel (Tab. 4) momyuaem TpeyronbHuk [roBans
(Puc. 2) ¢ HaHeceHHBIMM Ha HeM 30HamMu JaedekToB. B Hamem cimydae pacder OylneT UMETh
CIEAYIOLNNA BUA:

Jns merana:

0,004
CH4 = * 100 = 13,24
0,004 +0,0261 + 0,0001

Jns stunena:
0,0261
C2H4 = *100 = 86,42
0,004 +0,0261 + 0,0001

Jns anerniiena:
0,0001
C2H2 = *100 = 0,33
0,004 + 0,0261 + 0,0001

[To mTOMyYeHHBIM JaHHBIM IOJIy9aeM TPEYyTONbHUK ¢ JedekTroM T4, UTo MOATBEPKIAeTCs
nedexTom, ykazanHbIM B 1okymeHTe PJ] 34.46.303-98.
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Pucynok 2. [Tomyuennslil TpeyronabHuk JroBans. T4- TepMuyecKkrue HEMCIIPABHOCTH B JUaNa3o0He
temnepatypsl, T > 700.

3akiaouenue: BeplmieykazaHHble CIOCOOBI  aHallM3a JUArHOCTHKU —TpaHcopmaTopa Mo
pa3BUBAIOIIEMCSI B HEM Ta3oB, SBJSIOTCS JOBOJbHO TOYHBIMM METOJAMH OOHApY>KEHHS
HeucnpaBHocTel Tpanchopmaropa. OnHako cosznaHue 0ojiee HOBBIX METOAOB MHTEpIPETaluu
JTAHHBIX MPOJIOIDKATCS M B HacTosimiee Bpems. OCHOBHOUM MPOOIeMOi SBIISIETCS YTO Pa3IMYHBIC
METOJIbl MOTYT MPOTUBOPEUUTH APYT APYTY, UYTO SIBJIsIETCS OOJIBIIMM MHUHYCOM B BBIOOpE KaKoi
anb0 METOJIUK IUArHOCTHKH. B TakuxX ciydasx s mpeasiarar0 MCIOJIb30BaTh METOJ aHAW3a
reHepaluy ra3oB, CYIIHOCTh KOTOPOIO 3aKJIOYaeTcsi B MOCTOSSHHOM oTOope mpoObl Macia, ¢
JalbHEHIIEM CpPaBHEHUEM pE3yJIbTATOB aHadu30B. [IpeuMyIliecTBO Takoro MeToja SBISETCA
HaIrJISIIHOCTh PAa3BUTHUSI Ta30B, W TPOTHO3UPOBAHHME TMOSABJICHHS Je(eKTa 4To BO MHOTO pa3
YMEHbIIIaeT IKOHOMUYECKHUE 3aTpaThl Ha TpaHchopmarop.
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ABSTRACT

The Republic of Azerbaijan is among the countries with a fairly high potential for renewable
energy sources (RES). According to preliminary estimates, the total potential of the country's
economically viable and technically usable BEMs is 26,940 MW, including 3,000 MW for wind
energy, 23,040 MW for solar energy, 380 MW for bioenergy and 520 MW for mountain rivers[1].
At present, the country is using this potential to some extent. Over the past seven years, the
production of energy from BEMSs in Azerbaijan has increased many times. According to the
Ministry of Energy, wind and solar power plants generated 408 million kWh of electricity in
Azerbaijan in 2013-2019. Thus, in 2013, these stations produced only 1.6 million kWh of
electricity. In 2019 this figure was 149 million. kWh, which is an increase of 93 times in the last 7
years.

At present, Azerbaijan's total power generation capacity is 7,516 MW, and the capacity of
renewable energy power plants, including large hydropower plants, is 1,278 MW, which is 17%
of the total capacity, including 1,135 MW of hydropower capacity (22 HPP, 12 small
hydroelectric power plants), wind power capacity 66 MW (5 plants, 1 hybrid), bioenergy capacity
38 MW (2 plants, 1 hybrid), solar power capacity 40 MW (9 plants, 1 hybrid). One hybrid power
plant (Gobustan) is equipped with wind - 2.7 MW, solar - 3 MW and bioenergy - 1 MW. There
are 2 solar power plants with a total capacity of 27 MW in the Nakhchivan Autonomous Republic.
The installed capacity of renewable energy sources, excluding large hydropower plants, in 2020
was 168.3 MW, which is 2.2% of the total electricity generation capacity.

In 2020, the country's electricity production amounted to 25.8 billion kwh. During this period,
electricity production was 24.3 billion kWh at thermal power plants and 1,069.5 million kWh at
hydro power plants and 343.55 min. kWh at other sources (WPP, SPP and Waste-to-Power).
During the year, 96.1 min. kWh of power generated at WPPs, 46.9 million kWh in solar power
plants, 200.6 million kWh at the Solid Waste Incineration Plant. Electricity generated by RES
accounted for about 6% of total production. In 2014, a Memorandum of Understanding was
signed with the State Agency and the Ministry of Energy of the Islamic Republic of Iran, as well
as in 2015 between the State Administration of Energy of the People's Republic of China.

The main goal is to increase the country's renewable energy investment capacity to 30% by 2030
[3]. Within the framework of pilot projects on RES (wind and solar), the project "Strengthening
the network to support renewable energy projects in Azerbaijan" was implemented with the
involvement of an international consulting company in connection with the connection of power
plants to the power grid and the integration of BEMs into the power grid. According to a report
prepared by VPC, in order to achieve the 30% target, new renewable power plants with an

| PAHTEI
| 72 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




E-ISSN: 2674-5224

PAHTEI

REFEREED & REVIEWED JOURNAL

E-ISSN: 2674-5224

VOLUME 12 ISSUE 01 2022

installed capacity of 1,500 MW must be installed, which will increase the total capacity to 440
MW in 2020-2022 and 460 MW in 2023-2025. MW, 600 MW in 2026-2030, it was considered
expedient to integrate into the network in 3 periods. At the same time, along with public
investment, measures are being taken to launch new production facilities at the expense of private
and foreign investment..

On January 9, 2021, the Ministry of Energy of Azerbaijan and ACWA Power of Saudi Arabia and
Masdar of the United Arab Emirates signed executive agreements on the implementation of pilot
projects on renewable energy. According to the agreements, pilot projects will be implemented in
Azerbaijan with ACWA Power for the construction of 240 MW wind farms, and with Masdar for
the construction of 200 MW solar power plants. In total, about 1.4 billion kWh/year of electricity
is forecasted to be produced by wind and solar energy projects.

These companies will invest about $ 400 million in pilot projects in the field of renewable energy
in Azerbaijan. The projects will take about 2 years to implement and will be implemented in
stages. The commissioning of these production facilities will save 300 million cubic meters of gas
per year, which is equal to 10% of gas consumption in Azerbaijan. The development of alternative
energy sources will also increase the country's export potential due to the saved gas.

Azerbaijan cooperates with the following international organizations on the application of BEMs:
Azerbaijan State Agency for Alternative Renewable Energy Sources, European Economic
Commission of the UN, UNDP, European Union, World Bank, Asian Development Bank,
German KFW Bank, France's International Development Agency, US Development Agency,
Economic Cooperation Organization, Black Sea Economic Cooperation Organization, Japan
International Cooperation Agency, Korea International Cooperation Agency, European Interstate
Oil and Gas Transport Program, etc. as well as Germany, Turkey, France, Iran, Lithuania, UAE,
Sweden and others.

Keyswords: renewable energy sources (RES), wind power plant (WPP), solar power plant (SPP),
bioenergy station, hybrid station, integration.

AZORBAYCANDA BEM-lorin TOTBIQININ MOVCUD VOZIYYOTI VO
PRTSPEKTIV INKISAF PRIORITETLORI

1Saleh Ofandiyev, 2Mustafa Homidov, Rauf ismayilov
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XULASO

Azorbaycan Respublikasi borpa olunan enerji monbolori (BEM) iizro kifayot godor yiiksok
potensiala malik olan Slkolor sirasindadir. Tlkin hesablamalara goro dlkemizin iqtisadi cohatdon
alverisli vo eyni zamanda texniki baximdan istifadesi miimkiin olan BEM-lorin {imumi potensiali
26 940 MVt, o climlodon, kiilok enerjisi tizro 3 000 MVt, giinos enerjisi tizro 23 040 MVt,
bioenerji iizro 380 MVt, dag caylar1 {izro 520 MVt hocminds qiymatlondirilir [1]. Hazirda 6lko
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sOziigedon potensialdan miioyyon qodar istifads edir. Son 7 ildo Azorbaycanda BEM-lordon alinan
enerjinin istehsali dofolorlo artib. Energetika Nazirliyinin molumatlarina asason, 2013-2019-cu
illords kiilok vo giinos stansiyalar1 torafindon Azorbaycanda 408 min. kVt-saat elektrik enerjisi
istehsal edilib. Belo ki, 2013-cii ildo bu stansiyalar comi 1,6 mln. kVt-saat elektrik enerjisi istehsal
etmisdirso, 2019-cu ildo bu gostorici 149 min. kVt-saat togkil etmis, bu da son 7 ildo 93 dofo artim
demokdir.

Azorbaycanin hazirda imumi elektrik enerjisi istehsali giici 7516 MV, iri su elektrik stansiyalari
daxil olmagla barpa olunan enerji monbalari iizro elektrik stansiyalarinin giici 1278 MVt-dir ki,
bu da Umumi guciin 17%-ni toskil edir, o.c. hidroenerji giicii 1135 MVt (22 adad stansiya, 12-si
ki¢ik su elektrik stansiyasi), kiilok enerjisi giicii 66 MVt (5 stansiya, 1-i hibrid), bioenerji guict 38
MV1 (2 stansiya, 1-i hibrid), giinos enerjisi giicii 40 MVt (9 stansiya, 1-1 hibrid) toskil edir. 1 adad
hibrid elektrik stansiyasinda (Qobustan) kiilok — 2,7 MVt, giinos — 3 MVt vo bioenerji — 1 MVt
osaslt qurgular quragdirilib. Nax¢ivan Muxtar Respublikasinda iimumi giicii 27 MVt olan 2 gilinos
elektrik stansiyas1 foaliyyat gostorir. Iri su elektrik stansiyalari daxil edilmodon borpa olunan
enerji manbolori iizra qoyulus giicii 2020-ci ildo 168,3 MVt olmaqgla iimumi elektrik enerjisi
istehsali giictiniin 2,2%-ni togkil edib.

2020-ci il orzinds respublikada elektrik enerjisinin istehsali 25,8 milyard kVt-st toskil edib. Bu
dovrdoa elektrik enerjisinin istehsali IES-lorde 24,3 milyard kVt-st, SES-lorde 1069,5 min. kVt-st,
digor monbolor (KES, GES vo BMTY?Z) iizra iso 343,55 mln. kVt-st olub. il orzinds kiilok elektrik
stansiyalarinda 96,1 min. kVt-st, Giinos Elektrik Stansiyalarinda 46,9 min. kVt-st, Bork Moisot
Tullantilarinin Yandirilmasi Zavodunda 200,6 min. kVt-st elektrik enerjisi istehsal edilib. BEM-
lorin hesabina istehsal olunmus elektrik enerjisi imumi istehsalin toqribon 6%-ni toskil edib.
2014-cii ildo Dovler Agentliyi ilo Iran Islam Respublikasmnin Energetika Nazirliyi arasinda,
homginin, 2015-ci ildo Cin Xalq Respublikasinin Energetika {izro Dé&vlot Idaresi arasinda
Anlagsma Memorandumu imzalanmisdir.

2030-cu ilo godor olkonin iimumi enerji balansinda barpa olunan enerji lizro qoyulus giicliniin
30%-o ¢atdirilmasi asas hadof kimi miioyyon edilmisdir [3]. BEM-lor (kiilok va giinos) lizrs pilot
layihoalor ¢orgivasindo elektrik stansiyalariin elektrik enerjisi sobokosino qosulmasi, BEM-lorin
elektrik enerjisi sobokosing inteqrasiyasi ilo olagadar beynolxalq maslohatgei sirkot colb edilmoklo
“Azorbaycanda borpa olunan enerji layihoalorinin dostoklonmasi iigiin sobokonin giiclondirilmasi”
layihasi hoyata kegirilib. “VPC” sirkati torafindon hazirlanmig hesabata asason, qarsiya qoyulmus
30% hodafino nail olmagq ti¢iin, 1500 MVt qoyulus giiclindo yeni barpa olunan enerji stansiyalari
qurasdirilmalidir ki, bu imumi giiciin do 2020-2022-ci illordo 440 MVt, 2023-2025-ci illords 460
MVt, 2026-2030-cu illordo 600 MVt olmagla 3 dovrdo sobokoyo inteqrasiyasi mogsadsuygun
hesab edilmisdir. Eyni zamanda bu hodof iizro dovlot investisiyasi ilo yanasi, 6zal, o climlodon
xarici investisiya hesabina yeni istehsal giiclorinin istifadoyo verilmasi istigamstinds todbirlor
hoyata kegirilir.

2021-ci il yanvarin 9-da Azorbaycanin Energetika Nazirliyi ilo Soudiyys Orabistaninin "ACWA
Power" vo Birlosmis Orob Omirliklorinin "Masdar" sirketlori arasinda barpa olunan enerji iizro
pilot layihalorin reallagdirilmasina dair icra miiqavilslori imzalanib. Miiqavilalara asason, "ACWA
Power" sirkoti ilo Azarbaycanda 240 MVt giiclinds kiilok, "Masdar" sirkati ilo isa 200 MVt-liq
gilinos stansiyalarinin tikintisi ilo bagli pilot layiholor icra edilocok. Kiilok vo giinos enerjisi
layiholori {lizro ilimumilikds, ildo toxminon 1,4 mlrd. kVt-saat elektrik enerjisinin istehsall
prognozlasdirilir.
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Bu sirkotlor Azorbaycanda borpa olunan enerji sahosindo hoyata kecirocok pilot layiholor
corgivasindo 400 min. ABS dollarina yaxin sormays yatiracaq. Layihoalorin reallasdirilmasi 2 ilo
yaxin vaxt aparacaq vo morhololi qaydada icra olunacaq. Soéziigedon istehsalat giiclorinin
istifadoyo verilmosi ildo 300 miIn. kubmetr qaza qonaot etmoyo imkan yaradacaq ki, bu da
Azorbaycanda ohali iizro qaz istehlakinin 10%-no borabordir. Alternativ enerji monbalorinin
inkisafi gqonast edilon qaz hesabina 6lkonin ixrac potensialinin da artirilmasima imkan veracokdir.

BEM-lorin totbiqi lizro Azorbaycan asagidaki Beynolxalq qurumlarla omokdasliq edir:
Azorbaycan Alternativ Barpa olunan Enerji monbalari tizro Dovlot Agentliyi BMN-nin Avropa
Igtisadi Komossoyasi, BMT-nin Inkisaf programi, Avropa Ittifaqi, Diinya Banki, Asiya inkisaf
Banki, Almaniyanin KFW banki, Fransa-nin Beynoaixalq Inkisaf iizro Agentliyi, ABS-1n Inkisaf
Agentliyi, Igtisadi Omokdasliq Toskilatt, Qara Doniz Iqtisadi Omoakdasliq
Taskilati, Yaponiyanin Beynolxalg ©Omokdasliq Agentliyi, Koreya Beynolxalg ©mokdasliq
Agentiiyi, Avropa Dovlotloraras1 Neft vo Qaz Nogliyyat Proqrami ve s. eloco
do, Almaniya, Tiirkiys, Fransa, iran, Litva, B9, Isvec va s. dlkolorlo omokdasliq edir.

Acar sozlor: borpa olunan enerji monbolori (BEM), kiilok elektrik satansiyasi (KES), Gilinos
elektrik stansiyas1 ~ (GES), bioenerji stansiyasi, hibrid stansiya, inteqrasiya.

Giris: Renr Azorbaycan Respublikasi borpa olunan enerji monbolori (BEM) iizro kifayst qodor
yiiksok potensiala malik olan dlkalor sirasindadir. ilkin hesablamalara géro dlkemizin iqtisadi
cohotdon olverisli vo eyni zamanda texniki baximdan istifadosi miimkiin olan BEM-lorin timumi
potensiali 26 940 MVt, o ciimlodon, kiilok enerjisi tizro 3 000 MVt, giinos enerjisi lizra 23 040
MVt, bioenerji lizro 380 MVt, dag caylar tizro 520 MVt hacmindo qiymatlondirilir [1]. Hazirda
0lko soziigedon potensialdan miioyyon godor istifads edir. Son 7 ildo Azarbaycanda BEM-lordon
alman enerjinin istehsali dofalorlo artib. Energetika Nazirliyinin molumatlarina asason, 2013-
2019-cu illords kiilok vo giinos stansiyalari torafindon Azorbaycanda 408 min. kVt-saat elektrik
enerjisi istehsal edilib. Bels ki, 2013-cii ildo bu stansiyalar comi 1,6 mln. kVt-saat elektrik enerjisi
istehsal etmisdirsa, 2019-cu ildo bu gostorici 149 min. kVt-saat toskil etmis, bu da son 7 ilds 93
dofs artim demokdir.

Azorbaycan Respublikasi enerji resurslari ilo zongin olmasina vo diinyada enerji resurslarinin
ixracatgisi kimi taninmasina baxmayaraq, 6lkomizds BEM-lordon istifado hor zaman prioritet
istigamot olaraq diqqet markozindo olub. Bels ki, Azorbaycan Respublikasinin Prezidenti conab
[lham Oliyevin bilavasito tosobbiisii vo rohborliyi altinda ugurla hoyata kegirilon enerji
tohliikasizliyi siyasotinin tomal hadoflorindon biri do Olkomizdo BEM-lordon istifado
soviyyasinin yiiksaldilmasindon ibaratdir.

2004-cii ildo “Azorbaycan Respublikasinda alternativ vo borpa olunan enerji monbolorindon
istifado olunmasi {izra Dovlot Programi”nin gabul edilmasi barpa olunan enerji potensialindan
daha somoroli sokildo istifado olunmasi isindo ciddi doniis vo genis imkanlar yaratdi. Olko
rohborliyi torsfindon  qobul edilmis qanunvericilik aktlarinda milli enerji tohliikesizliyinin
genislondirilmosindo BEM-lorin vasitasilo istehsalin hacminin artirilmasimin miihiim shomiyyot
kosb etdiyi dofalorlo qeyd olunmusdur.

Bu sahado goriilon islorin davami olaraq Azorbaycan Respublikasi Prezidentinin 2020-ci il 22
sentyabr tarixli, 1159 nomrali Formani ilo Azorbaycan Respublikasinin Energetika Nazirliyi
yaninda Borpa Olunan Enerji Monbalori Dovlot Agentliyi yaradilmis vo Agentliyin ©sasnamasi
tosdiq edilmisdir.
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Azorbaycan Respublikasi Prezidentinin 2021-ci il 2 fevral tarixli Soroncami ilo tosdiq edilmis
“Azorbaycan 2030: sosial-igtisadi inkigsafa dair Milli Prioritetlor” sonodinin 5-ci bondindo
(TOMIZ OTRAF MUHIT VO “YASIL ARTIM” OLKOSI) iglim doyisikliyi vo onunla miibarizo
istigamotindo, eloco do Olkomizds yasil enerji mokani prinsiplorino osaslanan borpa olunan
enerjidon iqtisadiyyatin biitlin saholorindo istifado maosalolori 6z oksini tapmigdir. Bu Milli
Prioritet 6lkomizin barpa olunan enerji sahoasino va yasil iqtisadiyyata digqetinin bariz nlimunasi
kimi qiymatlondirils ilor. Qeyd edilon Milli Prioritetlor BMT-nin “Diinyamizin transformasiyast:
2030-cu ilodok dayanmighh inkisaf sahosindo Giindolik”don iroli golon Ohdoliklorin icrasi
istigamatindo do xilisusi oshamiyyat kasb edir.

Azarbaycanin hazirda timumi elektrik enerjisi istehsali giicti 7516 MVt, iri su elektrik stansiyalari
daxil olmagqla borpa olunan enerji monbalari {lizra elektrik stansiyalarmin giicii 1278 MVt-dir ki,
bu da Umumi guciin 17%-ni toskil edir, o.c. hidroenerji giicii 1135 MVt (22 odad stansiya, 12-si
kigik su elektrik stansiyasi), kiilok enerjisi giicii 66 MVt (5 stansiya, 1-1 hibrid), bioenerji guct 38
MVt (2 stansiya, 1-i hibrid), glines enerjisi giicii 40 MVt (9 stansiya, 1-i hibrid) toskil edir. 1 adod
hibrid elektrik stansiyasinda (Qobustan) kiilok — 2,7 MVt, giinas — 3 MVt va bioenerji — 1 MVt
osaslt qurgular qurasdirilib. Nax¢ivan Muxtar Respublikasinda timumi giicii 27 MVt olan 2 giinos
elektrik stansiyasi faaliyyot gostorir. Iri su elektrik stansiyalar1 daxil edilmoden borpa olunan
enerji manboalori tizra qoyulus giicii 2020-ci ildo 168,3 MVt olmagla tmumi elektrik enerjisi
istehsal1 giiciiniin 2,2%-ni toskil edib.

2020-ci il arzinds respublikada elektrik enerjisinin istehsali 25,8 milyard kVt-st togkil edib. Bu
dovrdo elektrik enerjisinin istehsali IES-lorde 24,3 milyard kVt-st, SES-lorde 1069,5 min. kVt-st,
digor maonbolor (KES, GES vo BMTYZ) iizro iso 343,55 mln. kVt-st olub. Il arzinds kiilok elektrik
stansiyalarinda 96,1 min. kVt-st, Giinas Elektrik Stansiyalarinda 46,9 min. kVt-st, Bork Maisot
Tullantilariin Yandirilmasi Zavodunda 200,6 mln. kVt-st elektrik enerjisi istehsal edilib. BEM-
lorin hesabina istehsal olunmus elektrik enerjisi iimumi istehsalin toqriban 6%-ni toskil edib.
2014-cii ildo Dovlor Agentliyi ilo Iran Islam Respublikasmin Energetika Nazirliyi arasinda,
homginin, 2015-ci ildo Cin Xalq Respublikasmin Energetika iizro Doévlot Idaresi arasinda
Anlagma Memorandumu imzalanmisdir.

BEM-lorin totbiqi iizro Azorbaycan asagidaki Beynolxalq qurumlarla omokdashq edir:
Azorbaycan Alternativ Borpa olunan Enerji monbalori {izro Dovlot Agentliyi BMN-nin Avropa
Igtisadi Komossoyasi, BMT-nin Inkisaf programi, Avropa itti-faqi, Diinya Banki, Asiya inkisaf
Banki, Almaniyanin KFW banki, Fransa-nin Beynaixalq Inkisaf iizro Agentliyi, ABS-1n Inkisaf
Agentliyi, Igtisadi Omokdasliq Toskilati, Qara Doniz Iqtisadi Omoakdasliq
Taskilati, Yaponiyanin Beynolxalqg ©Omokdasliq Agentliyi, Koreya Beynoslxalqg ©Omokdashq
Agentiiyi, Avropa Dovlotlorarast Neft vo Qaz Nogliyyat Programi vo s. elaco
do, Almaniya, Tiirkiye, Fransa, iran, Litva, BO9, Isvec va s. dlkolorlo omokdashiq edir.

Mbosalonin  qoyulusu: ‘“Azorbaycan Respublikasinin  energetika sektorunda islahatlarin
sliratlondirilmoasi haqqinda” Azorbaycan Respublikasi Prezidentinin 29 may 2019-cu il tarixli
1209 nomrali Sorancamu ilo Energetika Nazirliyina BEM-lordon istifadenin tosviq edilmasi, bu
sahodo olverisli investisiya miihitinin yaradilmasi vo 6zal sahibkarliq foaliyyatinin dostoklonmosi
todbirlorine dair tokliflorin hazirlanaraq toqdim edilmosi tapsirilib. Bu magsadle, taninmis
beynalxalq moslohatgi toskilat olan Norvecin DNV GL Energy Advisory GmbH sirkoti colb
edilmoklo miivafiq sahado dovlat siyasotinin asas mogsadlorini, dévlotin vozifalorini, togvigedici
mexanizmlori vo digor asas masalalori 6zlinds ehtiva edon “Elektrik enerjisi istehsalinda barpa
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olunan enerji manbalarindon istifade haqqinda” Azerbaycan Respublikasinin Qanunu layihasi
hazirlanmis vo dovlot qurumlart ilo razilagdirilaraq aidiyyati tizro toqdim edilmisdir.

Bundan basqa, BEM-lorin hesabina elektrik enerjisi istehsali {iglin miimkiin potensialin
giymotlondirilmosi vo bu potensialdan istifado moqsodi ilo atilacaq addimlarin vo yerino
yetirilacok tadbirlar iizra bir sira islor hayata kegirilmokdoadir. BEM potensialina malik orazilorin
miloyyonlosdirilmasi vo prioritetlosdirilmasi istiqgamatindo timumi giicii toqribon 1000 MVt olan 8
orazi secilmisdir. Secilmis 3 orazids pilot layiholorin hoyata kegirilmasi ilo bagl artiq miivafiq
todbirlor goriiliir. ©lave olaraq kiilok enerjisi ilo miigayisado 6lkonin biitiin orazisindo mdvcud
olan giines enerjisi potensialindan, kond tosorriifatina yararsiz torpaqlardan istifade edilmasi,
BEM-lar tizro elektrik enerjisi istehsali giiclorinin paylasdirilmasi ticlin ndvbati illords regionlarda
layihalarin hoyata kecirilmoasi planlagdirilir. Se¢ilmis vo prioritetlogdirilmis BEM-lor {izrs yiiksok
potensiala malik orazilordo horrac wvasitosilo investisiya qoyulusu istigamotindo islor davam
etdirilib. Hazirda Avropa Yenidonqurma va Inkisaf Banki (AYIB) ilo “Azorbaycanda borpa
olunan enerji horraclariin kegirilmosino dostok™ layihasi hoyata kegirilir. Layiho ¢orgivosindo
harrac qaydalari, horraclar {giin sortlor toplusu, homgcinin elektrik enerjisinin alqi-satqt
miigavilalorinin hazirlanmasi tomin edilocak.

Xazar donizinds vo sahilyani orazilorde kiilok enerjisinin potensialinin dyronil-masi magsadila
Energetika Nazirliyi Diinya Banki Qrupuna daxil olan Beynolxalq Maliyys Korporasiyasi ilo
“Azorbaycanda donizds kiilok enerjisindon istifadonin inkisafi tizro Yol Xoritosi”nin hazirlanmasi
istigamatindo omokdasliq edir. “Azaorbaycanda donizds kiilok enerjisindon istifadonin inkisafi tizro
Yol Xoritosi”nin hazirlanmasi prosesi cografi mokan xoritolorinin tortib olunmasi, zonalarin
miioyyonlosdiril-masi, iqtisadi, maliyys, ekoloji vo sosial aspektlords tohlillorin aparilmasi,
tosirlorin qiymatlondirilmaesi, icaza ve raziliglarin verilmosi, normativ hiiquqi bazanin tokmil-
losgdirilmasi, Gtiiriicii sobokonin yenidon qurulmasi, tochizat zoncirinin 6yronilmasi kimi masalalori
ohato edoacokdir. “Azorbaycan Respublikasinin Energetika Nazirliyi vo Diinya Banki Qrupu
arasinda donizdo kiilok enerjisindon istifado sahosindo omokdashiga dair Anlasma
Memorandumu”nun imzalanmas1 nozords tutulur. Xozor donizine dogru enzis zolaqla
uzanan Abseron yarimadasinada vo Abseron doniz akvatoriyasinda bu effekt maksimuma catir.
Dovlot Agentliyi torofindon aparilmis aragdirmalara gora burada il arzinds kiiloyin orta siirati Yer
sathindon 80 metr hiindiirliikde 7,0-8,5 m/s toskil edir ki, bu da beynolxalq Barpa olunan Enerji
Agentliyinin (IRENA) tosnifatina goro "yiiksok doracada olverisli" enerji potensiali sinifino aid
edilir [2].BEM-lordan istifado sahasindo omokdasligin giiclondirilmasi vo golacokds sahoya
investisiya qoyulusunun tosviqi moqsadilo beynolxalq sirkotlorlo omokdasliq olagolori
genislondirilmokdadir. Bu istiqgamotdo bir cox beynolxalq sirkot ilo omokdagliq barado anlagma
memorandumu vo bu tipli sonadlor imzalanmigdir. Aparilan danisiglar yiiksok rogabot vo soffaf
prinsiplor osasinda hayata kecirilon se¢im prosesinds sirkatlorin 6lkomizds investisiya layihalori
ilo bagh tokliflori arasindan on olverisli tokliflor segilorok hokumato toqdim edilmis vo bu islor
miitomadi olaraq hayata kegirilmokdadir.

Holli iisullari: Toqdim edilmis tokliflorin somoraliliyi vo xiisusilo do qiymoat tokliflorinin
Olkomizds kiilok vo giinas enerjisi izro movcud olan topdansatis qiymotlari gargivasindo oldugu
nazora alinaraq, 2020-ci ilin 9 yanvar tarixinds Azarbaycan Respublikasinin Nazirlor Kabinetinda
Energetika Nazirliyi ilo Soudiyyo Orobistaninin  “ACWA Power” vo Birlogmis Orob
Omirliklorinin “Masdar” sirkotlori arasinda BEM-Ior {izra pilot layiholorin hoyata kegirilmosi ilo
bagl Icra miigavilolori imzalanib. Miigavilolore uygun olaraq “ACWA Power” sirkoti ilo 240
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MVt giiclindo kiilok, “Masdar” sirkoati ilo iso 200 MVt giiciinds giinos stansiyalarinin tikintisi ilo
bagli pilot layiholor icra edilmosi nozordo tutulub. 2020-ci ilin 30 dekabr tarixindo Energetika
Nazirliyi, “Azorenerji” ASC vo “ACWA Power” sirkotinin istiraki ilo icrast nozordo tutulan 240
MVt KES layihesi iizro “Investisiya miiqavilesi”, “Enerji alqi-satqr miiqavilosi” vo “Otiiriicii
sobokoyo qosulma miiqavilesi” imzalanmisdir. Torpaq Icare Miiqavilesi, Miistoqil Miihondis
Miiqavilasi vo Birbasa Razilasma Miigaviloesinin layihoalori hazirlanib vo iki morholodo aidiyyati
qurumlardan ray vo tokliflor toplanaraq tokmillosdirilmisdir. Icra miiqavilosine uygun olaraq,
“Masdar” sirkati ilo iso GES-in tikintisi ilo bagli miigavils layihslorinin miizakirasi davam etdirilir
va an yaxin vaxtlarda bu miiqavilalorin imzalanmasi nazards tutulubdur.

“Borpa olunan enerji monbolorindon istifado sahosindo pilot layiholorin hoyata kecirilmasi
tadbirlori haqqinda” Azorbaycan Respublikasi Prezidentinin 2019-cu il 5 dekabr tarixli 1673
Soroncamu ilo Azorbaycan Respublikasinda kiilok vo gilinas enerjisi iizro elektrik stansiyalarinin
tikintisi ilo bagli pilot layihslorin hoyata kecirilmasi vo icrasinin olagslondirilmosi magsadilo
Komissiya yaradilib. Komissiyanin foaliyyot istiqgamotlori {izro aidiyyoti qurumlarin rohborliyi
altinda 7 is¢i qrupu (Dovlst zomanstlorinin verilmosi, Sobokonin giiclondirilmasi vo sobokoyo
inteqrasiya, Hiiquqi vo institusional masalalor, Ekoloji vo sosial qiymatlondirms, Tikintiys icazo
vo istismara qobul, Torpaq sahalorinin ayrilmasi vo Layiholorin iqtisadi qiymstlondirilmasi ilo
bagli) yaradilib.

Icrasina qorar verilmis layiholorlo yanasi digor investisiya sirkatlori ilo amokdasliq istiqamatindo
danisiglar davam etdirilir. Eyni zamanda, orazilor {izra torpaqlarin miilkiyyatinin va tayinatinin
Oyronilmosi, BEM layihalorinin otraf miihito tosirinin qiymatlondirilmasi, orazilor iizro
infrastrukturun  movcudlugunun Oyronilmosi vo formalasdirilmasi, sahslorin potensialinin
Olciilmasi vo molumatlarin toplanilmasi moqsadilo 6l¢ii miisahido qurgularinin qurasdirilmasi
istigamatindo miivafiq dovlot qurumlart ilo birgs todbirlor hoyata kegirilir.

2030-cu ila godar olkenin imumi enerji balansinda borpa olunan enerji lizro qoyulus giiciliniin
30%-o ¢atdirilmasi asas hadof kimi miioyyon edilmisdir [3]. BEM-lor (kiilok vo giinas) lizro pilot
layihalor gorgivasindo elektrik stansiyalarinin elektrik enerjisi sobokasino qosulmasi, BEM-larin
elektrik enerjisi sobokosing inteqrasiyasi ilo alagodar beynolxalq moslohoatei sirkot colb edilmoklo
“Azorbaycanda barpa olunan enerji layiholorinin dostoklonmosi {i¢lin sobokonin giiclondirilmasi”
layihasi hoyata kegirilib. “VPC” sirkoti torofindon hazirlanmis hesabata osason, qarsiya qoyulmus
30% hadafine nail olmagq ii¢lin, 1500 MVt qoyulus giiclindo yeni borpa olunan enerji stansiyalari
quragdirilmalidir ki, bu timumi giiciin do 2020-2022-ci illordo 440 MVt, 2023-2025-ci illorde 460
MVt, 2026-2030-cu illordo 600 MVt olmagla 3 dovrdo sobokoyo inteqrasiyasi moagsadauygun
hesab edilmisdir. Eyni zamanda bu hadof iizro dovlst investisiyasi ilo yanasi, 6zal, o ciimlodon
xarici investisiya hesabina yeni istehsal giiclorinin istifadoys verilmasi istigamotinds tadbirlor
hayata kegirilir.

Asiya Inkisaf Bankinin dostayi ilo hoyata kegirilon “Uzon giinos panellori sisteminin inkisafina
dair biliklorin miibadilasi vo texniki yardim dostoyi” pilot layihasi ¢argivasindo Boyiiksor goliindo
100 kVt giico malik fotovoltaik sistemin qurasdirilmasi, habelo gilinogs qurgularinin
quragdirilmasinda  6zal sektorun istirakinin  togviqi mogsadi ilo  biznes modellorinin
formalasdirilmasi, tolimlor vasitasi ilo milli potensialin giiclondirilmasi nozords tutulur. Layihonin
icrasinin 2023-ci ilin mart ayina qodor basa ¢atdirilmasi planlasdirilir.

2020-ci ilin dekabr ayinda Energetika Nazirliyi torofindon iggaldan azad edilmis orazilorin enerji
tominati mosalolorinin hollinda zoruri koordinasiyanin tomin edilmosi mogsadilo Idarsloraras
Morkozdo “Enerji tominatt mosalslori” is¢i qrupunun yaradilmasi vo “Yasil enerji zonas1”
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konsepsiyasinin yaradilmasi toklifi irali siiriilmiigdiir. Hal-hazirda soziigedon is¢i qrup yaradilmis
vo miivafiq konsepsiya sonadinin hazirlanmasi istigamotinds islorin icrasina baslanilmigdir.

22 fevral 2021-ci il tarixindo Azarbaycan Respublikasinin Energetika Nazirliyi vo BP sirkati iri
miqyasda karbonsuzlagdirilmis vo inteqrasiya edilmis enerji vo noqgliyyat sistemlori, o ciimlodon
Azorbaycanin region vo gohorlorinds barpa olunan enerji layiholori ii¢lin tolob olunan potensialin
vo soraitin qiymaotlondirilmasi lizro omokdasliq etmok mogsadilo Anlasma Memorandumu
imzalayiblar. Bu memorandum Azarbaycanin iqtisadiyyatin saxslondirilmosi, roqabatli enerji
bazarinin yaradilmasi, tomiz otraf miihit vo “yasil artim” 6lkosi, BP-nin iso 2020-ci ildo “xalis
sifir emissiya” hadoflarini elan etmasi kontekstindo imzalanib. Memoranduma asasaon, foaliyyatin
hoyata kegirilmosi mogsadilo “Rohbor Komito” va “Is¢ci Qrupu”un yaradilmasi, Azorbaycanin
miivafiq region vo ya soharlori iiglin karbonsuzlasdirma tizro “Bas Plannin hazirlanmasi nozordo
tutulur. “Bas Plan” tomiz enerji layihalori, az karbonlu naqliyyat, yasil binalar, tullantilarin idars
olunmasi, tomiz senaye, tobii iqlim hallari, inteqrasiyali torafdasliqlar, homginin inteqrasiyali vo
karbonsuzlasdirilmis enerji vo noqliyyat sistemlorinin hazirlanmasi istiqamatlorini  ohats
edacokdir.

Qarabag vo otraf regionlarda barpa olunan enerji monbalarinin potensialinin giymatlondirilmasi
{izro islorin icrasma baslanilib. Isgaldan azad edilmis orazilor {izro 6 rayonda (Fiizuli, Cobrayil,
Zongilan, Qubadli, Lagin vo Kalbacar) Giinos Elektrik Stansiyalarinin (GES) tikintisi ti¢lin imumi
potensiali 4000 MVt-dan yiiksok qiymatlondirilon 8 perspektiv arazi miioyyon edilmisdir. Lagin
vo Kalbacar rayonlarinin Ermonistanla sorhaddo yerloson dagliq hissasindo 100 metr hiindiirliikdo
kiiloyin orta illik siiratinin 7-8 m/s oldugu genis orazilor mévcuddur. Bu orazilarin infrastruktur,
cografi relyef vo digor faktorlar nozoro alinaraq ilkin kiilok enerji potensiali 500 MVt-dok
qiymatlondirilir.

Olkomizin tobii su ehtiyatlarmin 25%-nin Qarabag regionunda formalasdigini nozoro alaraq
Tartor, Bazarcay, Hokeri kimi asas ¢aylar vo onlarin qollarindan elektrik enerjisi istehsali mogsadi
ilo istifado perspektivlori Energetika Nazirliyinin vo BOEMDA-nin omokdaslar1 torofindon
nazardon kegirilib, regionda movcud olan kicik su elektrik stansiyalari haqqinda molumatlar
toplanilib. Movecud su elektrik stansiyalari osason Tortor, Lacin vo Kalbocor rayonlarinin
orazisindo yerlosir. Bozi kigik su elektrik stansiyalarinda tomir-barpa islorino baslanmasi ii¢lin
artiq hazirlq islori goriiliir. Lagin rayonu orazisindo Hokori ¢ay1 tizorindo yerlogon 8 MVt giiciindo
“Giilobird” Su Elektrik Stansiyasi artiq istifadoys verilib.

Qeyri - dovlot miiossisolori torafindon Naxgivan Muxtar Respublikasinda, Fiizuli, ismayilli, Qusar,
Sabran, Soki, Balakon vo Somkir rayonlarinda 10 yeni Su elektrik stansiyasi, Baki
sohorinin Sabungu rayonunda Bork Moaisot Tullantilarin Yandirilmasi Zavodunda istilik ellektrik
stansiyasi, X1z1 vo Abseron rayonlarinda 4 kiilok elektrik stansiyasi, Qobustan rayonunda hibrid
tipli elektrik stansiyasi, Naxc¢ivan Muxtar Respublikasinda, Samux rayonunda vo Baki
saharinda Qaradag, Sabungu vo Pirallahi rayonunda gilinos elektrik stansiyalari, Masalli
va Beylagan rayonlarinda enerji tochizati borpa olunan enerji monbolori hesabina 6donilon idman
komplekslori, 6lkonin ayri-ayri regionlarinda yerloson 24 sosial obyektds giinos panellori va istilik
nasoslar1 qurasdirilmigdir. Noticodo qoyulus giicii 259 NVt olan, o ciimlodon 63 MVt kiilok,38
MVt biokiitlo vo tullantilar, 125 MVt hidro elektrik stansiyallari tikilorok istifadoyo verilir.
Bununka yanasi Sumgayit gsaharinda illik istehsal giicii 50 MVt olan Azgiintex giinos panellori
zavodu vo Sumgayit Texnologiyalar Parkinda gilinos kollektorlar: istehsal edon miiossiso yaradildi.
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Icra olunmus layihalor [4] : Qobustan Eksperimental Poliqonu vo todris morkozi - 38 hektar
orazido yerlogson Qobustan Eksperimental Poliqonu vo Todris Morkozi 6ziindo kiilok, giinos vo
bioqaz stansiyalarin birlogdiran ilk hibrid tipli elektrik stansiyasidir. Burada har birinin guct 0,9
MV1-ta ¢atan li¢ kiilok turbini, 1,8 MVt giiciindo giinos enerjisi stansiyast vo 1 MVt giiciindo
bioenerji qurgusu yaradilmisdir. Goalocokds Qobustan Poliqonu da daxil olmaqla rayonda tikilocok
stansiyalarin giiciiniin 80 NVt-a catdirilmasi nozords tutulur.

Azorbaycan Respublikasinin Dovlot Neft Sirkati - Qala qosobasindoki neft vo neft tullantilarindan
tomizlonmis 9,3 ha sahodo Ekoloji park layihasi kegirilmis, Parkda elektrik enerjisini alternativ vo
BEM-lor hesabina 6domok tigiin hor birinin giicii 10 kVt olan 4 odod kilak generatoru vo timumi
giicti 20 kVt olan giinas panellori quragdirilir.

Suraxani Giinas Elektrik Stansiyasi - Suraxan1 GES Alternativ vo Barpa olunan Enerji monbolori
tizro Dovlot Agentliyinin tabeliyindoki " Azalternativenerji" Nohdud Masuliyyatli Comiyyatinin
Suraxanida quragdirdigt vo idaro etdiyi giinos elektrik stansiyasi 2014-cii ilin mart ayinda
baslamis vo iyul aymin 16-da istismara verilmisdir. Stansiya giicii hesabina 4,4 mln, tam giicii ilo
isladikdas is9 6,2 milyon KVt- st elektrik enerjisi istehsal etmok iqtidarindadir.

Pirallah1 Giinos Elektrik Stansiyasi - Baki soharinin Pirallahi rayonunda yerlogon va layiho giicii
2,8 MVt olan Pirallaht Giinos Elektrik Stansiyasinin tikintisine 2014-cii ildo baslanilmig vo
goyulus giicii 1 MVt olan hissasi tam hazirlanaraq enerji sistemino qosulmusdur.

Icrada olan layihalor [5]: Samux AEYK - Samux AEYK alternativ vo barpa olunan enerjinin
kond tosarriifati sahosindo totbiqini nozords tutan unikal layihadir. Layiho ¢or¢ivasindo ABOEM
hesabina hibrid tipli 31 MVt elektrik vo 48 MVt istilik generasiya gliclorinin yaradilmasi, Hibrid
Elektrik stansiyasi; 20 MVt gilinos, 3 MVt biokiitlo stansiyalar1 hesabina avtonom sinxron isloyon
enerji stansiyasidir. Gilinog vo geotermal enerji ilo yanasi bioenerji alinmasi mogsadilo Samux
rayonu arazisindon Dovlot Agentliyine ayrilmis torpaq sahasindo 3000 bas iribuynuzlu
heyvandarliq kompleksi, baliqgiliq tosorriifat1 torovaz istixanalari tikilocok. Layiho 3 morhoals tizro
hoyata kegirilir:

e 1-ci morhals - 2,8 MVt giiciinds Giinas elektrik stansiyasi (GES) vo AEYK-in inzibati
binasinin tikintisinin nozords tutulmasi.

e 2-ci moarhals - 1000 basliq heyvandarliq kompleksi, istixana vo 300 yasay1s evinin, hibrid
stansiyasi lizro 3,2 MVt-liq giinos, 1 MVt-liq geotermal, 2 MVt-11q biokiitlo stansiyalarinin
tikilib istifadoya verilmasi nozoords tutulmusdur. Bu morhals iizrs islor davam edir.

e 3-cii morhalo - 2018-ci ildo layiho {izro biitiin islor yekunlagdirilacaqdir.

"Enerji-mohsul" gapali texnoloji tsiklorin yaradilmasi asasinda kond tosorriifati mohsullarindan
bioenerji konplekslorinin yaradilmasi, bu komplekslor otrafinda yeni yasayis montogelorinin
formalasdirilmasi vo miiasir tolobloro cavab veron aqroenerji infrastrukturunun yaradilgasi Dovlot
Agentliyinin osas strateji mogsadlorindon biridir. Bunun ti¢iin 2020-ci ilo qodor Azarbaycanin hor
bir iqtisadi rayonunda aqroenerji kompleksinin yaradilmasi nozords tutulur.

Agilli soboko layihosi - Qobustan HES-do istehsal olunan elektrik enerjisinin miiasir IKT
texnologiyalarindam istifado etmoklo istehlakcilara itkisiz c¢atdirilmast vo somarali sokildos
paylanmasi moqsadi ilo Dovlot Agentliyi torofindon "agilli soboko"nin qurulmasina artiq
baslanilmisdir. Bu soboko vasitasi ila ilkin marhalodo Qobustan sohoari, sonradan biitiin Qobustan
rayonunun elektrik enerjisi ilo tominati hoyata kegirilocokdir.
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Qaradag-Songocal Giinos Elektrik Stansiyasi - Qaradag rayonun Songocal gosobasi yaxiliginda
quragdirilan glinos elektrik stansiyasinin layiho giici 9 MVt-dir. Layihonin icrasinda 2014-cii ildo
baslamis vo hazirda layiho {izro islor davam etdirilir. Quragdirilacaq elektrik stansiyasi Songagal
gosabasinin vo iimumilikdo Qaradag rayonunun elektrik enerjisino olan ehtiyacinin daha yiiksok
soviyyads tomin edilmaisine xidmot edocokdir. Stansiyada on ¢ox texnologiyalarla hazirlanmig 36
minag yaxin giinos panelinin qurasdirilmasi vo etibarl elektrik 6tlirmo sisteminin yaradilmasi.
Azorbaycanda ilk hibrid tipli elelktrik stansiyast - Qobustan Eksperimental Poliqonu vo Tadris
Morkozi olmusdur. Bu sahado on miihiin addimlardan biri 78 MVt qoyulus giiciine malik Samux
Aqgroenerji vo Yasayis Kompleksinin tikintisidir. Bundan slave Naxcivan, Oguz, Gadabay,
Balakon, Neft¢ala rayonlarinda qurulacaq 10 MVt giiciinde HES-lorin texniki-igtisadi
osaslandirmalar1 hazirlanir.

Kiilok adasi-1 layihosi Xozor akvatoriyasinda Pirallaht vo Cilov adalarint birlogdiron unikal kiilok
elektrik stansiyasidir. Stansiyanin lajiho giicii 200 MVt togkil edir. Bu layihonin 2016-2018-cCi
illords reallasdirilmasi planlagdirilmisdi.

Layihonin hoyata kegirilmasi eyni zamanda bir ne¢o miihiim mosalonin hollini noazords
tutur: Abseron yarimadasinda bilavasits istehlak¢ilara yaxin orazido yeni generasiuya monbayinin
va elektrik soboaks infrastrukturunun yaradilmasi vo istehlakg¢ilarin elektrik enerjisi ilo tominatinda
dayanigligin tomin edilmosi; Elektrik enerjisinin istehsalina sorf olunan tobii qaz yanacagina
gonaot edilmosi vo atmosfero atilan zororli tullantilarin azaldilmasi; Cilov adasi ilo birbasa
avtomobil noqliyyat infrastrukturunun yaradilmasi vo digor sosial mosalolorin  hollinin
stirotlondirilmasi.

Hovsan Aerasiya Stansiyasi - Yaxin illordo Hovsan Aerasiya Stansiyasinda g¢irkab sularin
tomizlonmasi noticesinde yigilan tullantilardan enerji alinmasi {iglin bioenerji stansiyasinin
quragdirilmasi layihosinin hoyata kecirilmosi planiagdirilir. Layihonin hoyata kegirilmasindo
magsad ¢irkab sularmin tomizlonmasi, zoharli qaziarin vo tullantilarin utilizasiyasi va enerjisinin
alinmasidir. Bu stansiya vasitosi ilo Tiirkan vo Hovsan gosobalarinin istilik vo elektrik enerji ilo
tomin edacokdir. Bunula yamasi stansiyanin islomasi il orzinds 93,8 milyon kubmetr tobii qaza
gonast etmoyo imkan veracokdir.

Qeyd olunan dovr orzindo istehsal artimi bioelektrik stansiyalarda da miisahido olunub. Hesabat
dovriindo 6lkonin bioelektrik stansiyalart 1,19 mlrd. kVt-saat elektrik enerjisi istehsal edib vo
2013-2019 illari ohato edon dovrdo enerji istehsali 46,3% artib.

Alternativ energetika sahosinds bu il do artim qeydo alinib. Cari ilin yanvar-may aylarinda
Azorbaycandaki Kiilok, Giinos Elektrik Stansiyalari vo Bork Moigot Tullantilarinin Yandirilmasi
Zavodu 151,9 min. kVt- saat elektrik enerjisi istehsal edib, bu da 6ton ilin miivafiq dovri ilo
miiqayisads 0,7 min. kVt-saat coxdur.

Icras1 nazordos tutulan asas layihalor [3]: 2021-ci il yanvarin 9-da Azorbaycanin Energetika
Nazirliyi ilo Soudiyys Orabistaninin "ACWA Power" vo Birlogsmis Orob Omirliklorinin "Masdar"
sirkotlori arasinda borpa olunan enerji lizro pilot layiholorin reallagdirilmasina dair icra
miiqavilolori imzalanib. Miigavilolora asason, "ACWA Power" sirkoti ilo Azorbaycanda 240 MVt
gucunds kiilok, "Masdar" sirkati ilo iso 200 MVt-liq gilines stansiyalarmin tikintisi ilo baglt pilot
layiholor icra edilocok. Kiilok vo giinos enerjisi layiholori iizro timumilikdo, ildo toxminon 1,4
mlrd. kVt-saat elektrik enerjisinin istehsali proqnozlasdirilir.

Bu sirkotlor Azorbaycanda borpa olunan enerji sahosindo hoyata kegirocok pilot layiholor
cargivasindo 400 min. ABS dollarina yaxin sormays yatiracaq. Layiholorin reallagdirilmasi 2 ilo
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yaxin vaxt aparacaq vo morhaloli qaydada icra olunacaq. Soziigedon istehsalat giiclorinin
istifadoyo verilmosi ildo 300 min. kubmetr qaza gonaot etmoyo imkan yaradacaq ki, bu da
Azorbaycanda ohali ilizro qaz istehlakinin 10%-na borabordir. Alternativ enerji monbalorinin
inkisafi gqonaast edilon qaz hesabina 6lkonin ixrac potensialinin da artirilmasima imkan veracokdir.
Alternativ energetika sahasinin inkisafi vo yeni enerji obyektlorin respublikanin enerji sistemini
gosulmasi ¢org¢ivasindo bir sira texniki todbirlorin goriilmosi iizro hazirhiq islori aparilmalidir —
sobokonin giiclondirilmasi, yarimstansiyalarin tikintisi, Otiirticii xotlorin tikintisi vo digor
infrastrukturun yaradilmasi hoyata kegirilmalidir.

Azorbaycanin timumi elektrik enerjisi istehsali giicii 7 556 MV, iri su elektrik stansiyalar1 daxil
olmaqgla barpa olunan enerji monbalari ilizro elektrik stansiyalarinin giicti 1 276 MVt-dir ki, bu da
Umumi glclin 17%-ni toskil edir. Qoyulan magsadas asasaon, 2030-cu il iigiin dlkads istehsal edilon
elektrik enerjisinin imumi hocmindo alternativ enerji monbalorinin payin 30%-9 ¢atdirmaqdir.
Qeyd edok ki, bu hodoafo nail olmagq tigiin dovlot investisiyasi ilo yanasi, 6zol, o climlodon, xarici
investisiya hesabina yeni istehsal giiclorinin istifads verilmasi vo BEM-lorin enerjisistema
inteqrasiyast istigamatindo tadbirler hayata kegirilir, hiiquqi bazanin yaradilmasi sahasinds iglor
aparilir.

Natica: 1. Azorbaycan Respublikasi borpa olunan enerji monbslori (BEM) iizro kifayat qoder
yiiksok potensiala  malikdir. Ilkin hesablamalara géro 6lkomizin igtisadi cohotdon olverisli vo
eyni zamanda texniki baximdan istifadesi miimkiin olan BEM-lorin {imumi potensiali 26 940
MVt, o climladon, kiilok enerjisi {izra 3 000 MVt, giinos enerjisi iizro 23 040 MVt, bioenerji lizro
380 MVt, dag caylari tizro 520 MVt hocmindo qiymaotlondirilir.

2. Olkado hoyata kegirilon enerji tohliikasizliyi siyasatinin tomal hadoflori sirasinda BEM-lordon
istifado soviyyasinin yiiksaldilmasi bu bu sahodo beynolxalq omokdasligin
genislondirilmasi miihiim yer tutur.

3. Respublikada BEM-lorin totbiqi iizro regional yol xaritolori miioyyon olunmus, enerji
istehsalinin artirilmast  istigamotindo perspektiv  hodof olaraq kiillok vo giinos elektrik
stansiyalarinin tikintisi nozordo tutulmus, iri hacmli layiholorin totbiqi ilo slagedar hazirliq
islorina baglanilmis vo islor ugurla davam etdirilir.
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CLARIFICATION OF STRUCTURAL AND TECTONIC FEATURES IN
COMPLEX DEPOSITS (ON THE EXAMPLE OF GURGAN-DENIZ FiELD)

Sarvan Heydarli
SOCAR, “Oil and Gas Scientific Research Project” Institute, Laboratory of “Oil-gas-field geology”, engineer,
dissertant, E-mail: servan.heydarli@gmail.com

The article is devoted to the clarification of the structural and tectonic structure of newly drilled
wells in the Gurgan offshore field, which has been under development for a long time.The
Gurgan-Deniz field, located in the Caspian Sea, has sufficient residual reserves. The Gurgan-
Deniz field was discovered in 1947. In the same year, well No. 7 drilled in the south-western wing
was put into operation. The depth of the sea is between 0.5-8 meters. The average depth is 2.5 m.
From the material and technical point of view, the mines are supplied by Pirallahi Island, which is
connected to it by dams 1.7 km to the east. Pirallahi Island is connected to Baku by rail and
highway. The area is protected from winds and waves by the island from the west and northwest.
The average annual sea temperature is +14 °C, ranging from +2 to + 25.4°C. In summer, this price
is + 30-35°C.

The geological section of the Gurgan-Deniz field has been studied and the following results have
been obtained. Surakhani, Sabunchu and Balakhani strata participate in the upper part of the
productive layer. The Surakhani stratum consists of clays and fine-grained sands. The thickness is
310 m. The Sabunchu stratum consists of alternating fine-grained sands and clays. The thickness
is 400 m. The Balakhani stratum consists of lithological clay and fine-grained sands. The total
thickness of the group is 620 m.

Post-Kirmaky Clay Suite is composed of clayey lithofacies. The thickness of the group is 127 m.
Post-Kirmaky Sand Suite consists of sandy lithofasis and clay intermediate layers. The thickness
is 40 m.

The sediments of the Girmaki stratum, as in other fields of the Absheron oil and gas region,
consist of alternating lithological composition of sandstone, thin and fine-grained sand and clay.
Oily sandstones predominate here. The sandiness of the section increases from the ceiling to the
heel. The layer divides into 3 oil halves. The total thickness of the formation is 273 m.

It has been established from the data of six wells drilled with a small number of wells in the north-
western wing that this group is composed of high carbonate dense rocks. In the south-western
wing, the PG formation is oily and has a total thickness of 140 m.

The sediments of the Qala formation has been opened by numerous wells in the south-western
wing. The clusters has taken the form of a lens-shaped lithological field.

The field's reserves were first calculated and approved in 1949. According to well data drilled to
clarify its boundaries, in 1951 the Oil Expedition calculated only the recoverable oil and gas
reserves.

Oil and gas reserves were recalculated in 1974 and approved by the State Reserve Commission of
the former Soviet Union in 1976.

In 1995, the oil and gas reserves of the Gurgan-Deniz field were recalculated by the
SeaOQilGasProject Institute (Oil and Gas Mining Geology Laboratory). When re-specifying the
geological structure on the basis of analysis and processing of data collected in the course of the
research, the following was taken into account:
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The main objects are GS, PG and GaS. These strata are in turn divided into several horizons. The
cut layer group is divided into GSwp and GSeot parts. The upper part is not oily and the upper part
is oily. GSiop is divided into GS1, GS2 and GSs horizons. PG layer complex is divided into PGy,
PGz and PGs horizons. In the field, the Gala layer is supported by logs divided into 4-6 horizons.
It is a structurally complex anticline. The reason for the complication is the presence of thrust. In
addition, the thrust is in the direction of field. There are 3 transverse fractures. New wells have
been drilled in recent years. With these wells, the structure of the field has been redefined.
Correlation schemes and geological profiles have been established with the participation of new
wells. Stratigraphic boundaries were determined based on the correlation scheme. New wells were
compared with wells drilled in previous years. It has been revealed that there are innovations. The
results were confirmed by geological profiles. A transverse and longitudinal geological profile has
been compiled. New wells are involved in the profiles. The existence of Ne3a fault in the
transverse geological profile has been proved. The amplitude of the fracture is between 90-110 m.
In addition, it is located in subthrust. Fracture Ne3a was first given on the basis of our study. The
longitudinal fracture, which divides the field into two parts (subthrust and above thrust), is
observed in the geological profile. The amplitude of the thrust is 1000-1200 m. According to the
new wells in the field, a number of structural changes and stratigraphic innovations have been
achieved in the subthrust. All the obtained results were proved by correlation and geological
profiles, structural maps were compiled for the ceiling of GS, PG and GaS.

Keywords: field, structural map, well, geological profile, correlation scheme, subthrust, fault.

MURSKKOB QURULUSLU YATAQLARDA STRUKTUR-TEKTONIK
XUSUSIYYOTLORIN DOQIQLOSDIRILMOSI (GURGAN-DONIZ
YATAGININ TIMSALINDA)

Sarvan Heydorli
SOCAR, “Neftqazelmitodqiqatlayiho” Institutu,” Neftqaz modon geologiyasi” laboratoriyasi, miihandis, disertant, E-
mail: servan.heydarli@gmail.com

XULASO

Mogalo uzun zamandir islonmods olan Gilirgan-doniz yataginda yeni qazilmis quyularin
molumatlarindan istifads edorak struktur-tektonik qurulusu doqiglosdirilmasine hasr olunur. Xozor
donizinin akvatoriyasinda yerloson Giirgan-doniz yatag: kifayot qodor qaliq ehtiyata malikdir.
Girgan-doniz yatagi 1947-ci ilds kosf olunmusdur. Homin ildo do conubi-qorb ganadinda qazilmis
7 sayli quyu il istismara verilmisdir. Donizin dorinliyi 0,5- 8 metr arasindadir. Orta dorinlik 2,5
m toskil edir. Modonlorin material-texniki baximdan onunla sorq torofdon 1,7 km mosafods
birlogon dambalarla birloson Pirallah1 adasi torafindon tochiz olunur. Pirallahi adasi iso domir va
sosse yollarla Baki sohori ilo birlosir. Saho qorb vo simal-qgorb torofdon ada ilo kiiloklordon vo
dalgalardan miihafizo olunur. Orta illik temperatur doniz sahosinds +14 “C olub, +2 vo +25,4°C
intervalinda doyisir. Yay aylarinda iso bu qiymot +30-35°C toskil edir.

Gurgan-deniz yataginin geoloji kosilisi Oyronilmisdir vo asagidaki noticolor olde edilmisdir.
Mohsuldar gatin {ist s6bosindo Suraxani, Sabuncu vo Balaxani lay dostolori istirak edir.Suraxani
lay dostosi gillor vo narin donoli qumlardan ibarstdir. Qalinligi 310 m-dir.Sabungu lay dostosi
xirda donali qumlarin va gillorin névbalogsmasindan ibaratdir. Qalinligi 400 m-dir.Balaxani lay
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dostasi litoloji torkibeo gil vo xirda donsli qumlardan togkil olmusdur. Dastonin iimumi qalinligi
620 m-dir.

Qurmoki st gilli lay destasi ¢okiintiilori gilli litofasiyadan ibaratdir. Dastonin qalinligi 127 m-
dir.

Qirmoki iistli qumlu lay dostosi qumlu litofasiyadan ibarat olub, gil ara tobagoalori do miisahido
olunur. Qalinlig1 40 m-dir.

Qurmoki lay destesi ¢okiintiilori demak olar ki, Abseron neftli qazli rayonun diger yataqlarinda
oldugu kimi burada da litoloji torkibco qumdasi, nazik vo xirda donoli qum vo gillorin
novboalogsmosindon ibarstdir. Burada neftli qum-daslar istiinlik togkil edir. Kosilisin tavandan
dabana dogru qumluluq artir.3 neftli yarim dastoyo ayrilir. Lay dostosinin timumi galinligi 273 m-
dir.

Qirmoki alt1 dosto simal-qorb ganadda az sayli quyularla a¢ilmis molumatlara miisyyan olmusdur
ki, bu desto yliksok karbonath six siixurlardan togkil olunmugdur. Conub-qarb qanadda QA lay
dostasi neftli olub, iimumi galinligi 140 m-dir.

Qala lay dostosi c¢oOkiintiilori conub-qorb qanadda cox sayli quyularla agilmigdir. destolor
pazlasaraq linza sokilli litoloji yataq formasini almisdir.

Yatagin ehtiyatlar1 ilk dofo 1949-cu ildo hesablanmis vo tosdiglonmisdir. Onun sorhadlorini
doqgiqlosdirmok moqsadilo qazilmis quyu molumatlarina goro 1951-ci ildo Neft Ekspedisiyasi
tarafindon yalniz ¢ixarilabilon neft vo qaz ehtiyatlar1 hesablanmigdir.

1974-ci ildo neft vo qaz ehtiyatla1 yenidon hesablanmis vo 1976-c1 ildo kegmis Sovetlor ttifaq:
Dovlor Ehtiyatlar Komissiyast terofindan tosdiglonmigdir.

1995-ci ildo “Donizneftqazlayiho” Institutu (“Neftqaz modon geologiyasi” laboratoriyasi)
torafindon Giirgan-deniz yataginin neft vo qaz ehtiyatlar1 yenidon hesablanmigdir. Tadgiqat isinin
gedisatinda toplanmis molumatlarin tohlili vo islonmosi osasinda geoloji qurulus yeniden
doqiqlosdirilorkon asagidakilar nozors alinmisdir:

Osas istirmar obyektlori QD, QA vo QalLD lay dostoloridir. Bu lay doastalori 6z ndvboalorindo bir
ne¢o horizonta boliiniir. Qirmaki lay dostasi QDist vo QDait hissalora bolinlr. QDust hissasi neftli
deyil vo QDait hissasi neftli horizontdur. QDait iso QD1, QD2 vo QD3 horizontlarina boliiniir.
Qirmaki alt1 lay dostosi QA1, QA2 vo QAs horizontlarina boliiniir. Yataqda Qala lay dostosinin 4-6
horizonta bolindlyl karotajlarla sutut olunmusdur. Struktur baximdan miirakkoblogmis antiklinal
formadadir. Miirokkoblosmoyo sobob {istogolmoenin olmasidir. Ustogolmo yata§n uzanma
istigamatindadir. Enina 3 qirilma miiveuddur. Son illords yeni quyular qazilmigdir. Bu quyular ilo
yatagin strukturu yeniden doqiqlogdirilmisdir. Yeni quyularin istiraki ilo korrelyasiya sxemlori vo
geoloji profillor qurulmusdur. Korrelyasiya sxemi osaslanaraq stratiqrafik sorhadlor toyin
olunmugdur. ©vvalki illords qazilmis quyularla yeni quular miiqayise edilmisdir. Yeniliklorin
olmas1 ortaya ¢ixmugdir. Noticolor geoloji profillorlo tosdiglonmisdir. Enino vo uzununa geoloji
profil tortib edilmisdir. Profillords yeni quyular istirak edir. Enino geoloji profilde Ne3a qirilmanin
movcudlugu siibut olunmusdur. Qirillmanin amplitudast 90-110 m arasindadir. Ustogolmo alt1
hissads yerlogir. Ne3a qirilmasi ilk dofs olaraq bizim todqiqatimiz asasinda verilmisdir. Yatag: iki
hissoya (iistogalmoalt1 vo iistogalmaiistii) bolon qirllma uzununa geoloji profildo miisahido olunur.
Ustogolmo qirilmasmin  amplitudasi iso 1000-1200 m-dir. Yataqda yeni quyulara osason
iistogolmoalti hissods bir sira struktur doyisikliklor vo stratiqrafik yeniliklor oldo edilmisdir. Biitiin
alian naticolor korrelyasiya vo geoloji profillorlo siibut olunmus vo QD, QA vo QALD lay
dostalorinin tavanina goro struktur xaritolor tortib edilmisdir.

Acar sozlor: yataq, struktur xarito, quyu, geoloji profil, korrelyasiya sxemi, listogalma, qirilma.
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Giris: Glrgan-doniz yatagi xazor donizinde Pirallahi adasindan conubda, Abseron arxipelaqinin
gorb sahosindo yerlogir. Giirgon-doniz yataginin geoloji kosilisi dorin kosfiyyat quyularinin
molumatlarina osason  Oyronilmisdir. Bu molumatlar osasinda  yatagin geoloji kosilisindo
Mohsuldar gat (MQ) ((Qirmaki lay dostosi(QD), Qirmaki alt1 lay dostosi (QA), Qala lay dostosi
(QalLD)), Agcagil, Abseron mortobasinin ¢okiintiilori, tag hissodo iso Suraxani lay dostosinin
cokiintiilorinin olmasi1 agkar olunmusdur. Yataq islonmoyo 1947-ci ildo qirisigin conubi-gorb
gqanadinda qazilmis 7 sayli quyu ilo daxil olmusdur. Yataq listogolmo qirilmasi ilo iistogolmaiistii
(QDiiti, QAlil, QaLDiiii) va listogalmealtl (QDiia, QAitia, Qal.Diia) bloklar1 olmaqla iki hissoyo
bolinar.

Tektonik baximdan yataq Pirallah1 adasinin conub qirisiginin conub-sorq batimidir. Qirisiq ilk
dovrdo antiklinal formada olmus, amma sonradan inkisafini davam etdirorok iri qirilmalarla
mirokkoblosmisdir.Yatagin conub-qorb ganadi simal-sorq ganadinin iizorino dogru siiriismiis vo
istogolmo amoalogolmigdir. Bu iistogolma qirilmas: Pirallahi strukturunda izlonilon iistogalmenin
davamidir. Strukturun uzunlugu 9.5 km, eni iso 1.5 km-dir [2].

Mosalanin qoyulusu: Todqgigatin apardiqda gérmok olar ki, uzun miiddst islonmods olan bir ¢ox
yatagin strukturu yeni quyular qazildigca vo olava geoloji todqiqatlar apardigca miioyyen
doyisikliklora moruz qalir. Alinan yeni molumatlara goro yataqlarin geoloji qurulusu
daqiqlesdirilir. Bu doqiqlesdirma islorinde seysmik materiallardan, sahs tizro qazilmis quyularin
korataj molumatlarindan, geoloji profillordon, korrelyasiya sxemlorindon, struktur xoritolordon vo
s istifado olunur. Mohsuldar laylarin vo ya strukturlarin dyranilmesi onun Kasilisi ilo yanast
sahasinds do gedoan bitun struktur-fasial, tektonik va s. dayismolorin askar edilmasini talob edir
[1]. Askar edilon doyisikliklor nozers alinaraq horizontlarin tavanina gore struktur xaritolor
qurulmali, neft ehtiyatlarin1 doeqiqlosdirilmali, ehtiyat artimi miiqayise edilmali va geoloji risklor
qiymatlondirilmalidir. Biitiin bunlar1 nazars aldiqda todqiqat obyekti olan Gilirgan-doniz yataginin
son illords yeni qazilmis quyularin (207, 208, 210, 211, 212, 213) moalumatim1 asas goturarak,
ovvalki geoloji vo geofiziki molumatlardan da istifads edorak, struktur tektonik xiisusiyyatlorinin
doqiqgloesdirilmasing ehtiyac oldugunu hesab edilir. Bu mosalo asagidaki hall iisiillarindan istifads
edilorok arasdirilmisdir.

Holl iisular: Tk ndvbado korrelyasiya sxemi qurulmusdur. Yeni quyularin koratajlarina baxdiqda
vo ¢Okiintiilorin stratigrafik sorhoadlorini toyin etdikdo bu qiymatlorin struktur xoritoyo uygun
olmadig1 vo avvalki illorin melumatlarindan forglondiyi ortaya ¢ixdi. Korrelyasiya sxeminds 51,
141, 150, 166, 205, 207, 210, 212 nomrali quyular istirak etmisdir (sokil 1). Bu quyular1 reper
xottino gatirdikdon sonra molum oldu ki, ases dayisiklik {istogolmealtt olan hissadadir. Mohz
bunun {i¢iin yenidon QAiia lay dostosini reper olaraq gotiiriib, korrelyasiya sxemi tortib olundu.
Korrelyasiya sxemindo 207 va 212 ndmrali quyular son illorde qazilmis quyulardir. Son struktur
xaritalors gora 141 ndmrali quyu lstogalmaaltt hissasinds 210 ndmrali 6ziiliin conubundan kegon
3 nomrali qirilma ilo diger blokdan ayrilirdi. ©vvalki ilorde qazilmis quyularla miiqayisado
molum oldu ki, mahz bu 207, 210 vo 212 némrali quyular listogolmoaltt hissodo QD, QA vo
QaLD c¢okiintiilorini agmugdir. Ik dofs olaraq bu quyularda QaLDiia lay dostesinin agilmasini
korrelyasiya ilo siibut edirik.Reper olaraq gotirdiiyiimiiz QA horizontunun Kkorataj
konfiqurasiyasin1 vo qalinligin1 nazors aldiqda bu quyularin QaLD horizontunu agdigr miioyyan
olunur. Burada har ii¢ lay dostasi listogalmoalti hissado olan digar quyularla korrelyasiya edilmis
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vo stratiqrafik sorhadlor toyin olunmusdur. Bu qiymotlordon geoloji profillorin va struktur
xoritolorin qurulmasinda istifados edilmisdir.

Quyu NeSL Quyu Nel50 Quyu Nel66
S2ans s

an

on |

QA

41D
QLD Qu

Sakil 1. Korrelyasiya sxemi

Yatagin strukturunu doqiqlesdirmak vo aldigimiz naticolorin dogrulugunu siibut etmok mogsadi
ilo tarafimizdon iki geoloji profil (1 uzununa vo 1 enina) tortib edilmisdir. Uzununa geoloji profil
yeni quyulardan kecogok istigamotdo se¢ilmis vo quyularin inklinometr molumatlarina istifads
edorok qurulmusdur (sokil 2). Profildo xattino 141, 212, 207, 102, 205, 150, 55 némrali quyular
aid edilmisdir. Profil quruldugdan sonra bir daha siibut olunmusdur ki, 207, 210 va 212 ndmrali
quyular iistogolmoalti hissodo digor quyularla geoloji uygunluq omologotirmir. Onlar ayrica
tektonik bloka aid olub, yeni blok amologatirirlor.Bu da 6z ndvbasinds slava olaraq iistogolmoalt
hissada Ne3a qirilmasinin olmasini siibut edir. Bu yeni qirtlma 205 némrali quyunun simalindan
guyuya Yyaxin sorg-qorb istimamotdo uzanir. Qirilmanin amplitudasi 90-110 m arasinda doyisir.
Qirtlmanin mévcudlugu har ii¢ lay dostasindo miisahido olunur. QalDiia lay dostosinin agilmasi
da qirilmanin bu hissods olmasi bir daha siibut edir. Profildon goriindiiyti kimi Nel qirilma
listogolmaiistii ilo tlistogalmaalt: hissoni bir-birindon ayiran tistogalma qirilmasidir.

Bu qirilmanin geoloji vaziyyetini daha yaxst miisahido etmok vo yataq haqqinda daha dolgun
molumat vermak mogsadi ils II-II enina geoloji profil tortib edilmisdir (sokil 3). Profilds 91, 64,
59, 205, 35, 34, 58 quyular istirak edir. Profil 205 nomroli quyudan kecirilmisdir ki, tistogolma
qirilmast vo iistogolmoalti hisso yaxsi miisahido edilsin. Profil xotti uzununa istigamotli Nel
listogalmo qirilmasini kosir vo bu uzununa qirilma sayasindo conub-qorb qanad simal-sorq
ganadin lizorino yatmis, listogalmo omologoatirmisdir. Qirilmanin vertikal amplitudu 1000-1200 m-
dir.
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Sakil 2. Glrgan-doniz yatagi. I-1 uzununa geoloji profil.

Korrelyasiya sxemi vo geoloji profillor osasinda tosdiglonmis yeniliklor osasinda struktur
xoritolorin tortib edilmisdir. Bu xaritolor QD, QA vo QalLD lay dostolorinin tavanina goro
qurulmusdur. Doyisikliklor asason iistogolmoalt: hissosino aiddir buna da sobab son ddvrlordo
buraya qazilan yeni quyularin olmasidir. Umumilikdo struktur Ne2 qirilma ilo Pirallahi adasi
yatagi conub hisso V blokdan sorti serhad ilo ayrilir. Bundan basqa strukturda uzununa Nel
iistogalmo qirilmasi va enino Ne3 qirilma istirak edirdi.

Yuxarida qgeyd olunan arasdirmalarimiz ilo tesdiq olunmusdur ki, iistogolmoalt: hissado Ne3
qirilmadan basqa Ne3a qirilmast da movcuddur. Struktur xorito qurularkon seysmik
materiallardan, quyularin korataj gostericilorindon vo inklinometr molumatlarindan istifads edarok
tavanin miitloq qiymatlori tapilmisdir [3]. Sonradan tavan qiymotlorinin uygun struktur xaritolora
olavo olunduqda, bu quyularin iistogolmoalti hissoyo uygun golmodiyi ortaya ¢ixmisdir. Bunu vo
yuxaridaki naticalori do asas gotiirarok yeni quyularin ayrica blok amoalogatirdiyi bir daha siibut
olundu. 205, 150 noémrali quyulara va 207, 210, 212 ndmrali quyulara asason Ne3a qirilmasi alave
edilmisdir. Struktur xoritolordon QA xaritosi niimuna olaraq verilmisdir (sokil 4). Bundan basqa
har {i¢ lay destesinin struktur xaritolori miiqayiso edildikdo Ne3 {istoholmoaltt qirilmasinin ovvalki
yerinda olmasi geyri-mumkindur.
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Sakil 3. Gurgan-doniz yatagi. II-1I enino geoloji profil.

Buna sobob iistogolmoalti hissodo olan QaLD xaritosinin eyni hipsometrik doriklikdo olan
izoxottlori QD lay dostesinin eyni dorinlikdo olan izoxattlorini kosmasidir. Yeni quyularin
naticolori bizo imkan verir ki, Ne3 qirilmani nisboton simal 141 némrali quyunun yaxinligindan
kecirok. Doyisikliklori hor ii¢ lay dostosinin molumatlar tosdiq edir vo onlar nozoro alindigda
ortaya yenilonmis struktur xoritolor ¢ixir. Hor {i¢ xarita tortib olunmusg vo miirokkob qurulusu olan
Glrgan-doniz yatagimin strukturu yenidon doqiqlosdirilmisdir. Alinan imiimi naticolor asagida
gostorilmisdir.
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Sakil 4. Gurgan-doniz yatagi. QA tavanina gore struktur xarito.

Notica: 1. Korrelyasiya sxemi osasinda yeni quyularin stratiqrafik sorhadlori toyin olunmus vo
207,210 vo 212 nomrali quyularda QaLD ¢okiintiilori miisahido edilmisdir.

2. Uzununa geoloji profil tortib olunmus vo iistogalmealtr hissado yeni blokun oldugu siibut
olunmusdur

3. Nel istogolma qirilmasimin yeri QD, QA vo QaLD lay dostolorino goérs toyin olunmus vo
struktur xoritodo gostarilmisdir. Ustogolmo hisssinin sahasi ening istiqamatdo genislonmisdir.

4. Ustogolmoalti hissado Ne3 qirilmanin yeri dogiglosdirilorok nisboton simala doyisdirilmisdir.

5. Strukturun iistogolmoalti hissasing yeni Ne3a qirilmasi alava olunub.

6. Ustogalmoalt: hissods yeni blok alava olunaraq ii¢ blokdan ibarat olmusdur.

7. Yeni blokun neft-qaz perespektivliyinin qiymatlondirilmasi toklif olunur.
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DEPENDENCE OF THE PROPERTIES OF SULFUR AND PEROXIDE
VOLCANISES BASED ON A MIXTURE OF ISOPRENE WITH
POLYVINYL ACETATE ON THE STRUCTURE OF THE
VOLCANIZATION NETWORK

Sabina Rahimova
Azerbaijan-French ~ University, = Department of  Chemistry,  Chemistry  teacher, PhD, E-mail:
sabinarahimova.d@gmail.com

The effect on the crosslinking process of modified isoprene rubber (SKI-3-PVA) with the
participation of sulfur and dicumyl peroxide (PD) in the presence of hexachloroparaxylene
(HCPA) and 2,4-dichloro-6-dimethyl-amino sym triazine was studied. It was found that,
depending on the length of time, the number of crosslinks in these systems (SKN-3-PVA + sulfur
+ GHPK + ZnO; SKI-3-PVA + PD + GHPK) is 2.5x105 and 1.9x105 mol / cm3, respectively, per
Based on the observed changes in the parameter of the spatial grid of the crosslinked samples, the
yield of effective crosslinks was calculated. It was shown that in the presence of dicumyl peroxide
in filled systems, the number of crosslinks decreases, and a decrease in crosslinks is also
observed. Comparative tests of elastomeric materials based on SKI-3 - PVA copolymers in liquid
aggressive media were carried out. Sol-gel analysis found that with an increase in the content of
the copolymer in isoprene, the concentration of the number of cross-linked molecules in the
copolymer increases. It is shown that the physical and mechanical properties of filled vulcanizates
are inferior to sulfuric ones in strength properties, but surpass peroxide ones in thermal aging and
the action of solvents. It was found that an increase in aging with an increase in the heating time
of the samples indicates the formation of additional cross-links. The role of zinc oxide in the
peroxide crosslinking of the SKI-3 - PVA copolymer has been studied. It was found that the
introduction of zinc oxide has a noticeable effect on the rate of sulfur and peroxide crosslinking of
mixtures based on SKI-3 - PVA copolymers, an increase in the structuring time of mixtures,
destructive processes are observed, and the number of crosslinks and crosslinks decreases.

It was found that the physical and mechanical properties of peroxide vulcanizates are inferior to
sulfuric ones in strength properties, but they are superior to peroxide ones in thermal aging. It is
shown that an increase in the resistance to aging with an increase in the heating time of the
samples indicates the formation of additional cross-links. As a result of the reaction with oxygen
and the accumulation of interacting polar groups. A decrease in the degree of swelling is
associated with the formation of C-C chemical bonds in elastomers, it effectively participates in
the formation of cross-links during peroxide vulcanization.

The nature of the interaction of sulfur PD, HCPC, and DCDEAST with elastomers was judged by
the change in the conditional number of crosslinks (n"c) and the number of crosslinked molecules
(1 \ Ms) in unfilled sulfur and peroxide vulcanizates. It is shown that in sulfur peroxide mixtures
based on SKI-3-PVA with the proposed agents at room temperature it causes the formation of
effective crosslinks, and with an increase in the duration of heating in systems 1, 2, the number of
crosslinked molecules increases.

An increase in resistance to aging with an increase in the heating time of the samples indicates the
formation of additional cross-links as a result of the reaction with oxygen and the accumulation of
interacting polar groups. A decrease in the degree of swelling is associated with the formation of
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C - C chemical bonds in elastomers, effectively participating in the formation of a network of
crosslinks during peroxide vulcanization.

Thus, the analysis of the results of the studies performed allows us to conclude that elastomers
based on the isoprene copolymer SKI-3-PVA obtained with the participation of vulcanizing
agents of sulfur and peroxide (PD) in the presence of hexachloroparaxylene (HCP) and triazine
compounds are superior to those known in terms of thermal stability. aging in strength and
accumulation of permanent deformation in aggressive environments.

Keywords: isoprene, polyvinyl acetate, hexachloroparaxylene, peroxide dicumil, vulcanization,
modification

3ABUCHUMOCTD CBOMNCTB CEPHBbBIX n INNEPOKCHUIHBIX
BYJIKAHU3ATOB HA OCHOBE CMECH MN30IIPEHA C
HOJMUBUHUJIALNETATOM OT CTPYKTYPbI BYJIKAHU3AINMOHHOU
CETKH

Ca0una ParumoBa
Aszepbaiimkano-Opaniy3cknii YHuBepcuteT, Kadenpa Xumun, YuntenbHnna 1o XuMnm, JluccepTant
E-mail: sabinarahimova.d@gmail.com

W3ydeHo BIMsIHME Ha MPOLECC CUIMBAHUSA, MOAM(DULIIMPOBAHHOIO H30IpeHoBoro kayuyka (CKU-
3-IIBA) ¢ yuactuem cepsl u niepokcun aukymuisl (I1[]) B mpucyTcTBHM rekcaxiiopmapakcuiiona
(I'XIIK) u 2,4-nuxnop-6-1uMeTuI-aMuHO CUMM TpHa3HHA. Y CTAHOBJIEHO, YTO B 3aBUCHUMOCTH OT
MPOJOIDKUTETFHOCTH  BPEMEHH  YHCIO CHIMBOK B ykaszaHHbIX  cucremax  (CKH-3-
[IBA+cepa+I' XIIK+ZnO; CKU-3-TIBA+IIJI+I'XIIK) cocraBnser 2,5x10° u 1,9x10° mons/cm
COOTBETCTBEHHO, HAa OCHOBE HAOJIOaeMbIX HM3MEHEHHH MapaMeTp MPOCTPAaHCTBEHHOM CETKH,
CIIUTBIX O00pa3llOB paccuMTaH BBHIXOJ A(PPEKTUBHBIX IMONepeuHbIX cBszel. IlokazaHo, 4To B
MIPUCYTCTBUU TEPOKCUJ TUKyMUIa B HAllOJIHEHHBIX CHUCTEMaX YMEHbBIIAETCS] YMCIIO CIIMBOK, a
TaKke HaOII0AaeTcss yMEHbIICHHE TONEepeyHbIX CBszed. I[IpoBOAMINCH CpaBHUTENIBHBIC
WCIIBITAHUS DJIACTOMEPHBIX MaTepuanoB Ha ocHOBe comosmMepoB CKU-3 — TIBA B KuHIKHX
arpecCUBHBIX cpeAax. 30JIb-Te€llb aHAJIU30M YCTAHOBIJIEHO, YTO C YBEIMUYEHUEM COIECpKaHUS
COTIOJIMMEpPA B U30MPEHE, KOHLUEHTPALIHS YUCIIO CHIMTHIX MOJIEKYJ B COMOJIUMEPE YBEINUNBAETCS.
IToxa3zaHo, 4TO (PU3UKO-MEXaHMUECKUE CBONCTBA HATIOJHEHHBIX BYJIKAHU3aTOB YCTYNAIOT CEPHBIM
[0 TPOYHOCTHBIM CBOWCTBaM, HO MPEBOCXOISAT MNEPOKCHUIHBIE IO TEIUIOBOMY CTapeHHUIO U
JEICTBUS pacTBOPUTENIEH. Y CTAHOBIIEHO, YTO YBEIMUEHUE CTAPEHUS C POCTOM BPEMEHU IIPOrpEBa
00pasIoB, CBUACTEIBCTBYET 00 00pa30BaHUM JOMOTHUTEIBHBIX MOMEPEUHbIX CBsi3ei. 3ydeHs
pOJb OKCHJIA LIMHKA MpH HepekcuaHoM ciiuBanuu cononumepa CKU-3 — [IBA. YcranosieHo,
YTO TNpHU BBEACHHWU OKCHJAA ILIMHKA OKa3blBa€T 3aMETHOE BIIMSHUE Ha CKOpPOCTb CEPHOrO M
MEPOKCUIHOTO CIIMBaHMs cMecel Ha ocHoBe cononumepoB CKIM-3 — [IBA yBennueHue BpeMeHH
CTPYKTYpHUPOBaHUS cMeceil HaOroJaeTcsl AeCTPYKTHBHBIE MPOIIECCHI, CHIXKAET BBIXOJA YHUCIIO
CIIIMBOK U MONEPEYHBIX CBS3EH.

YcraHoBneHO, YTO (U3MKO-MEXaHMYECKHE CBOMCTBA IMEPOKCHUIHBIX BYJIKAaHU3aTOB YCTYIAOT
CEPHBIM I10 IPOYHOCTHBIM CBOWCTBAM, HO NMPEBOCXOAAT NEPOKCUIHBIE TI0 TEINIOBOMY CTAPEHHUIO.
[TokazaHo, 4TO yBeJIWYEHHE COMPOTUBIIEHUS CTApEHHsI C POCTOM BPEMEHH IporpeBa o0pasloB,
CBHUJIETEJICTBYET 00 00pa30BaHUHU JOMOJIHUTEIBHBIX ONEPEUHbIX CBsA3el. B pe3dynpTare peakuun
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C KHUCIOPOJOM M HAKOIUJIEHHE B3aMMOJACHCTBYIOLIUX MOJSPHBIX Tpynn. CHUXKEHUE CTENeHU
HaOyxaHus cBsizaHo ¢ (popmupoBanueM C-C XUMHUYECKHX CBs3ed B 3macTtomepax 3(h(PpeKTHBHO
y4acTBYET B 00pa30BaHUM MOMEPEYHBIX CBS3EH MPU MEPOKCUIHON BYJIKAHU3AIIH.

O xapakrtepe B3zaumopeictus IIJ] cepri, I'XIIK u AXISACT c smactomepamu Cyauiau 1O
U3MEHCHHIO YCIIOBHOT'O YHCJIa IMOMEPEUHBIX CBsi3eil (n'c) M 4mciao crmthix Mosekyn (1\Mc) B
HEHATOJHEHHBIX CEPHBIX U MEPOKCHUIHBIX ByJkaHu3aTaX. [lokazaHo, 4TO y cepHBIX MEPOKCUIHBIX
cmeceit Ha ocHoBe CKU-3-IIBA ¢ mpennmaraeMbIMH areHTamH MPU KOMHATHOW TemrepaType
BbI3bIBaeT OOpa3oBaHue OS(PPEKTUBHBIX MOMEPEUHBIX CBSI3EH, MpPUUYEM C YBEIMYCHUEM
MPOJIOJDKUTENLHOCTH IPOrpeBa B cCUCTEMAX 1,2 YHUCTIO CHIUTHIX MOJIEKYJ YBEITUYUBACTCA.
KiroueBble cioBa: H30MpeH, MOJIMBUHWIALETAT, M€KCAXJIOPIApaKCUiIOi, MEPOKCUATUKYMUIIA,
BYJIKQHU3AIMs1, MOAU(PUKALIUS

Benenne: Bornpocam cepHOI U 3MOKCUIHON BYJIKaHU3AIMH 3JIACTOMEPOB MOCBSIIEHO O0JIBIIOE
ymciio padot [1-10]. OgHako onTUMaNbHbIE CHIMBAIOLINE CUCTEMbI JUIsI U30IPEHOBOrO Kaydyka
CKU-3, B yactHocTi MoauduuupoBanHoro nonusuHmianeratom (IIBA) CKU-3-IIBA; (70:30)

HE U3Y4YECHO.
[Ipumenenne OeccepHBIX BYJIKAHU3YIOIIMX CHUCTEM oOOecredrnBaeT O00pa3oBaHME TEPMUYECKU
ycToiuuBbIXx cBa3el Tunma C — C M 1O3BOJIAET 3HAUUTENBHO PACIIMPUTh TEMIIepaTypHBIN

MHTEPBaJ YKCILTyaTalluH 3JIAaCTOMEPHBIX u3nenuii [11-14].

NmeroTcst  ykazaHWs Ha BO3MOXKHOCTh — BYJIKAaHM3AlMH KAy4yKOB TaJIOTEHHPOBAHHBIMU
OpPraHMYECKUMHU COEJUHEHUSMH, T[O3BOJIIOUIMMH II0JIy4aTh BYJKAHU3aThl, IOBBIILICHHBIM
CONPOTHUBIICHHEM TEIUIOBOMY cTapenuto [15-17].

Ho 1o cux nop xapakrep nporecca u3yueH HeJJ0CTaTOYHO, 33/1a4a COCTOSAIIO B TOM, YTOOBI HailiTH
10TOOHBIC areHTHI OeccepHON ByIKaHu3auu s Mmoauduimposanaoro CKU-3-ITBA (70:30).

B nannoii pabote ucciaenoBanoch ByJKaHU3YIOIIEE NEHCTBUE apOMAaTHUECKUX XJIOPCOJEPKAIIIX
NEPOKCUIIHBIX W TPHA3MHOBBIX BEIIECTB, COJCPKAINIMX HE MEHee JByX XJIOPHPOBAHHBIX
METHJIBHBIX TPYIIIT C AKTUBHOT'O aTOMA XJIOPA U CONOJISIPHBIE TPYIIIIHL.

B Tabn.1 mokaszaHo cTpykTypa u (U3NIECKOe CBOHCTBA OPraHUYECKHUX TPOTYKTOB.

Tadoauua 1. Ctpykrypa u puznueckoe CBOMCTBA CITUBAIOIINX areHTOB

Crpykrypa ;F_F M;;I))aTypa [HTABICHHE MonekynspHas Macca
I'excaxnopnapaxcuon (I'XIIK)
ClsC CCls 155-162°C 309 rpamm/monb
JuxJtop-1ueTHia-aMHHOCUMTPHA3HH
(IXI2ACT)
Cl
)\ 98-100°C 221 rpamm/MoIb
N“ IN
)\\
Cl N N(C:Hs),
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IMepoxcun auxymuna (IT1)
CHs
CFa /O@ 110-120 °C 270,37 rpamm/vons
O  CH,
CHsy

IlocranoBka 3amaum: llenpio HacTosmiel paboThl ObUIO H3yu€HHE TMpollecca CEPHOro U
MEPOKCUIHOTO CIIMBaHUS, MOIUGUIMPOBaHHOTO u3omnpeHoBoro kayuyka CKU-3-IIBA B
npucyTcTBuU Tekcaxnopnapakcuiona (I'XIIK) u 2,4-nuxmnop-6-1uesTuiaMuHO - CUM TpHa3HHA
(AXADACT) npeacraBisiolIMX 3HAYUTEIbHBIM HMHTEPEC HU3-32 BBICOKOTEIS M CLIMBAIOLIETO
areHTa.

Pemienne 3agaum: B kadectBe OOBEKTOM HCCIENOBAaHUM CIYXKWJI MOAU(DUIMPOBAHHBIN
n3onpeHoBblii kayuyk CKU-3 mpu coornomennn CKU-3-IIBA (B coornomenun 70:30)
THIATEJIPHO TEpeMelInBall Ha J1a0OpaTOPHBIX BajlbllaX B TEUEHHUE 5 MHUH. a 3aT€M BBOIMIU
HEOO0XO/IMMBIE MHIPEAMEHTHI, (COCTaB UCCIIEAYEMBIX AJIACTOMEPHBIX CMECEH MpUBEACH B Ta0.2).
3areM ¢opmoBanu oOpa3lpl B BUAE IJIACTHHOK ToNMmMHON 0,3MM B 3IJIeKTpompecce Ipu
temneparype 423K x 40 MuH.

O xapakrtepe B3aumogerctsue I1J], CEPBI, I'XIIK u IAXIDSACT ¢ snacroMepamMu CyAwsd MO
U3MEHEHUIO YCIOBHOTO YMCIIA TOMEPEeYHbIX cBsizeil (N¢) M 4mcno cimuThix Mosekyn (1\Mc) B
HEHAIIOJHEHHBIX CEPHBIX U MEPOKCUAHBIX BYJIKaHM3aTaX KOTOPOE BBIUUCISUINA MO pe3yjIbTaTam,
MOJyYCHHBIM METOJIOM paBHOBECHOro HaOyxaHus Ttomyose [18]. Uucio CIIMTBIX MOJIEKYII,
Haxoxsmuxcs B lcm® Bysnkammsara (nlc), ompenensmu mertomoM 30ib-renb aHanmsza [19-20]
(U3NKO-MEXaHUYECKHE CBOMCTBa CEPHBIX W MEPOKCHAHBIX BYJIKAHWU3ATOP OIpPENeIsTd B
COOTBETCTBUH C METOJIMKAMHU, IPUBEACHHBIMU B padoTe [21].

Ta6aununa 2. CocTaB HccieayeMbIX CUCTEM

Coneprxanne Macc. 4. Ha 100 Macc. 4. amacromepa
HurpenueHTs

1 2 3 4
CKMU-3-11BA (70:30) 100 100 100 100
Cepa 2,0 - 2,0 -
I1]1 (mepokcu qUKyMuiIa) - 3,0 - 3,0
I'XIIK 3,0 3,0 3,0 3,0
AXIADACT 15 15 15 15
Okcuj LUHKa 5,0 50 50 50
Texyrnepon [1324 - - 50 50

Kak BumHO W3 maHHBIX puc.l y CepHBIX M MepoKcUaHbIX cMeceid Ha ocHoBe CKU-3-IIBA ¢
npemiaraeMbivu cruBatomuM (I'XTIK, IXJIDACT) arentamMu yxke npu KOMHATHOU TEMIIEpaType
BBI3BIBAET 0Opa30BaHUE TMOIMEPEUHBIX CBS3EH, MPUYEM C YBEIMUYEHHUEM MPOJOKUTEIHHOCTH
nporpesa B cuctemax 1,2 (cM. Tabauma 2) 4uciao CIIMTHIX MOJIEKYJ YBenuuBaercs (cMm.puc. 1. kp.
1,2,3), mpuuem Oombliee CKHUBAIOIIee IEHCTBUE OKAa3bIBAE€T CEPHBIN BYJIKAHU3AT C Y4acTHEM
I'XTIK u I2ACT.
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Pucynok 1. 3aBUCHMMOCTb BbIXO/Ia YHCIIa CIIMTHIX MOJIEKYJ B ByJKkaHu3arax Ha ocHoBe CKU-3-
I[IBA (70:30) HOMEpa KpUBBIX COOTBETCTBYIOT HOMEpPA CHCTEM, COCTaB KOTOPBIX MPEJICTABICH B
Tabm.2

Kak BUHO U3 TaHHBIX pUC. 2. YBEIMUYUBAETCS YHCIIO MonepeyuHsbIx cBs3eil as cucrem 1 (CKU-3-
MIBA+Cepa+T' XIIK+JIXIDACT) u 115 cepHBIX ByIKaHH3aTOpoB cocTaiser 12x10°cs.\em®, nms
nepoxcuaubix (CKU-3-TIBA + ITJK + I'XIIK + JIXJIDACT) 9x10° cB.\cM, a 11s HanOJIHEHHBIX
cucteM coctaBiseT 4 u 6 (puc.2. kp. 3,4). bpuio U3yueHo Takke pojb OKCHJIA [IMHKA MPU CEPHOMN
U mnepokcuaHod BynkaHuzauuu osnactomepa (CKU-3-IIBA) ¢ ykazaHHbIMH B peLENType
CHIMBAIOIIMMU CHUCTEMaMHU. BbbulM H3y4yeHBl TakKe pOJb OKCHAA LHMHKA NpPU TMEPOKCHIHOM
cimmBanum snactomepa CKU-3-IIBA. YcraHOBIEHO, YTO BBEJIEHHE OKCHJA IUHKA OKa3bIBAaET
3aMETHOE BJIMSIHHE Ha CKOPOCTh CEPHOI0 U NMEPOKCUIHOTO CTPYKTYPUPOBAHUS CMECEH, Ha OCHOBE
moaudunupoannoro CKU-3-T1BA.

Homepa kpuBbIX COOTBETCTBYIOT HOMEPOB CUCTEM, COCTAB KOTOPHIX MPUBEACHHI B Ta0M. 1.
Crnenyer OTMETHTh, YTO TpPH YBEJIWYEHUU BpeMeHH mporpeBa 10 90 MuH. Habmomaercs
JECTPYKTUBHBIE MTPOLIECCHI, CHUYKAETCS BBIXOJ YUCIIO CIIMBOK U TIOMEPEUHBIX CBA3CH.

OngauMm u3 S(QQPEKTUBHBIX MMyTeH yIydlIeHUs] CBOMCTB BYJIKAaHU3aTOB SIBISETCS BBEICHUE
TeXHUYEeCKoro yriepona [22,23]. [Ipu BBeAeHUM TOHKOAMCIICPCHBIX HATIOJHUTENEH MPOUCXOAUT
YCWJIEHUE CEPHBIX M IEPOKCUIHBIX BYJIKAHU3ATOB: CYIIECTBEHHO YBEIUYMBAETCA IPOYHOCTD,
yJIy4IIaeTCcsl COMPOTHUBIIEHUE TEIUIOBOMY cTapeHHio. B Tabi. 3 mpenacTaBieHbl pe3yJbTaThl
UCTIIBITAHUN CEpHBIX W TEPOKCHUIHBIX BYJIKAHM3aTOB Ha ocHOBe comonnmepoB CKU-3-TIBA
HAITOJITHEHHBIX TEXHUYECKUM YTIepooM (cuctema 3 u 4).
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PucyHnoxk 2. 3aBucuMocTh 3P (HEKTUBHBIX IMOMEPEYHBIX CBSI3EH MOCIE MPOrpeBa cMeceid Ha OCHOBE
CKU-3-T1IBA.

Ta6auna 3. M3menenue (HU3NKO-MEXaHUYECKHX CBONCTB CEPHBIX MEPOKCHAHBIX BYJIKAHHM3aTOB
Ha ocHoBe cMecu CKUM-3-TIBA.

Bup Bynkanuzanuu
THokasatem CepHbIii Ilepoxkcuanbli

CBs3pb CBs3b

(C-S-C) (C-C)
YcnoBHoe HanpsbkeHue npH yumHenue 200%

7,6 6,8
MIla
YcnoBHas MPOYHOCTH NpU pacTskenun, MIla 20 18,7
OtHOocuTenbHOE yAnHEeHHE % Ko dunueHt

520 580
teruoBoro crapenns,423K,72q
[To npoynoctu 0,62 0,17
[To OTHOCHUTENILHOMY YAJHHEHHIO 0,44 0,61
ITo IMHAMHUYECKOM BBIHOCIHUBOCTH 0,72 0,80
W3menenne Macchl pu HabyxaHust OEH3WH- 77 56
oensone(3;1,353K)macc,%

OU3NKO-MEXaHNYECKUE CBOWCTBA HANIOJHEHHBIX BYJKAHMU3AaTOB MpeJcTaBieHbl B Tab0a.3. BuaHo,
YTO MEPOKCHUJHBIE BYJIKAHU3aThl YCTYNAlOT CEPHBIM 110 TPOYHOCTHBIM CBOMICTBaM, HO
MIPEBOCXOAT NEPOKCUAHBIE IO TEIJIOBOMY CTAPEHUIO M JIEWCTBUIO pacTBopuTened. B nenom
YPOBEHb (PU3MKO-MEXaHHMUECKUX CBOMCTB CEPHBIX BYJIKAaHM3aTOB OJNU30K K YPOBHIO CBOWCTB
MepOKCUIIHBIX. Bpinepkka cepHbix oOpasuoB npu 423K B Tteuenue 150u mpuBoguT K
CYLIECTBEHHOMY YXYALICHUIO UX CBOICTB, IPUYEM ITO YXY/IIEHHE TEM MEHbIIE, B KOOPPHUIIUEHT
CTapeHusi TeM HIDKE YXyJIIaeTcsd OKCIUIyaTallMOHHBIX CBOMCTB 31acTtoMepa. MOXHO
MPENOI0KHUTh, YTO CIIUBAIOIINE CUCTEMBI OKa3bIBaeT CTAOMIM3UpYIOlee ACHCTBUE B Ipoliecce
CTapeHus, KOTOPOe TEM CHJIbHEE, YEM BBIIIE NMPOAOLKUTENIBHOCTH BpeMs Iporpesa. lIpomece
TEIUIOBOTO CTapeHUsl MEPOKCUIHBIX U CEPHBIX BYJIKAHM3aTOP Ha BO3AYXE NPHUBOIUT BEPOSTHA K
JOTIOJTHUTEIBHOMY CTPYKTYPUPOBAaHHO. YBEJIMYEHHE CONPOTHUBIICHHUS CTAPEHHUIO C POCTOM
BPEMEHH NPOrpeBa 00pa3LoB, CBUAETEIBLCTBYET 00 00pa30BaHUM JOMOJHUTEIBHBIX MOMEPEYHBIX
CBA3EH, B PE3yJbTaTC PEAKLUUH C KHCIOPOJOM M HAKOIUICHUS B3aUMOACUCTBYIOIIUX IMOJIIPHBIX
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rpynn. CHIKEHHe CTeleHn Ha0yxaHus cBsizaHO K ¢opmupoBanuio C — C XUMHUYECKHUX CBS3€H B
anactomepax A(G(PEKTHUBHO ydYacTBYeT B OOpa30BaHWUU CETKH TIOMEPEUYHBIX CBSI3CH TIpH
NEPOKCUIHONW ByJIKaHM3alMu [24]. Jlnsg BbIACHEHUS BIUSHUSA TEMIIEpaTypbl M YCIOBUI
JKCIUTyaTallud Ha paboTOCHOCOOHOCTh  3JMAaCTOMEpHbIX MaTtepuasioB (OM) mpoBoamiu
CPaBHUTENBHBIX HCIBITAaHUS 3yacTomepa Ha ocHoBe comnoiumepa CKU-3-IIBA mpu 423K B
KUIKUX cpeaax (tabm. 4), B KOTOpBIX paboTaroT (GOpPMOBBIE 3JIACTOMEPHBIC MaTepHalIbl B
YCTPOKCTBAX HACOCaX MAIIMHOCTPOUTEILHON IIPOMBIIUIEHHOCTH.

Tadauua 4. CpaBHUTENBbHBIE TTOKA3aTEIM HAMOJHEHHBIX 3JIACTOMEPOB HA OCHOBE COIOJIMMEPOB
CKMU-3-I1BA nocie ucnbitanust B Mopckoit Boge (1) B muamycrpuamsaom macie (M-60) (2) (u) npu
temneparype 373K.

Bun Bynkanuzauuu
M3BecTHBIE [Ipennaraemslit
Toxasatemm Cepnas [1] | Ilepoxcugnas(1] Cepras [epoxcunnas
C-S-C C-C
YcnoBHas MPOYHOCTH IPU
paspeiBe, MIla
| 9 10 12 14
I 13 13 15 17
KoadpdummenT remmoBoro
CTapeHust
| 0,45 0,55 0,63 0,71
I 0,60 0,71 0,80 0,89
ITo mpounoctH (fp)
Ilo oTHOCHTENBHOMY
ymuaernio (Ep)
| 0,57 0,68 0,75 0,82
I 0,72 0,80 0,86 0,91
Hakonunienue ocraTouHoit
nedopmanuu cxarus, %o
| 70 75 81 85
I 55 59 62 71
W3menenue Macchl mocie
HaOyxanus, (% macc)
| 135 130 110 105
I 80 91 82 87

[losny4yeHHblE HaHHBIE CBUIETEIBCTBYIOT O TOM, YTO Y OIIBITHBIX 3JaCTOMEPOB, CTEIEHb
HaOyXxaHMs U HAaKOIUIEHHE OCTaTOYHOM AepopMaliu CKaTUsl MEHbIIE, a KO3(PPUIIMEHT TEII0BOTO
CTapeHHs B MOPCKOH Bojxe M B Maciax Oonblie, yeM y u3BecTHbIX [25]. IlpouHocTts mnpu
pacTsHKEHUHU Mociie KOHTAKTa CO CPeIoN Ui MEPOKCHIHBIX BYJIKAHU3ATOB 0Ka3aJ0Ch HUXKE, YEM Y
CEPHBIX.

Taxum oOpa3zoM, aHaIU3 Pe3yJIbTATOB IMPOBEIECHHBIX HCCIEIOBAHUN MO3BOJISET CAEIATh BBIBOL,
YTO 3JIaCTOMEpPbl Ha OcHOBe comosumepa uzonpeHa CKU-3-IIBA mnomydeHHble ¢ ydyacTHEM
BYJIKAHU3YIOIIUX areHToB cepbl M mnepokcuna (I1J]) B mpucyTcTBUH Trekcaxjioprapakcuiaoia
(I'XTIK) 1 Tprua3WHOBBIX COETUHEHUH, MPEBOCXOAT Y U3BECTHBIX MO CTOWKOCTH IO TEIUIOBOMY
CTApEHMIO 10 IPOYHOCTH U HAKOIUIEHUEM OCTATOYHOH e(hopMali B arpECCUBHBIX Cpeliax.
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3akmrodenue: 1.M3ydyeHa B KadecTBe BYJIKAHM3YIOIIETO areHTa cepbl M IEpPOKCHAa B
3J1aCTOMEPHBIX cMecsiX Ha ocHOBe comoiumepoB CKI-3-T1BA.

2.Iloka3ano, yto B npucyTtcTBuM I'XIIK 1 Tpra3uHOBBIX coeAMHEHNH NIPU CEPHOM BYJIKaHU3ALUU
3HAYUTENIBHO C YYaCTHMEM OKCHJA LUHKA, IOBBIIIAETCS BBIXOJ YMCIO CIIUTBIX MOJEKYJI U
3¢ (HEKTHBHBIX MMONIEPEYHBIX CBSI3CH.

3.YCTaHOBIIEHO, YTO MpU NEPOKCHIHOW BYJKAHHW3ALMM B IPUCYTCTBUU  HAIIOJHUTENS
IIPEBOCXOJUT y CEPHBIX BYJIKAHMU3ATOB 110 IPOYHOCTHBIM CBOMCTBAM IIOCJIE CTAPEHUE B JKHUJKHUX
cpenax.
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ISOLATION WORKS AGAINST IRRIGATION WITH GEL
COMPOSITION IN OIL RESERVES AT THE FINAL STAGE OF
PROCESSING

Tarlan Ibadzada
Azerbaijan State Oil and industry University, Department of Oil and Gas Engineering, Master degree.
Email: terlan.ibadzade95@gmail.com

ABSTRACT

At a time of high demand for energy carriers, it is important for the dynamic and long-term
development of the oil industry of the country to increase the oil yield of long-term wells using
various new methods of impact, along with the discovery, development and development of new
and promising facilities.

For the intensive development of the economy of the Republic of Azerbaijan, it is important to
increase gas and oil production from oil fields in the Caspian Sea basin and onshore. In this
regard, it is important to increase the efficiency of oil production in offshore and onshore fields, to
improve the development system, work with the well fund, as well as the application of artificial
impact methods.

Due to the complications that occurred during the development of oil fields in the country, some
of the wells are either temporarily or completely removed from the exploitation fund. One of
these complications is the watering of the well product. Experience in the development of oil
fields with different geological and physical properties shows that premature irrigation of existing
wells, geological structure of fields, ratio of oil and water viscosity in the extracted fluid,
heterogeneity of layers, oil composition, volume of injection and discharge affect.

At present, there is a decrease in the amount of oil in the production of offshore and onshore oil
fields, and an increase in water. Although many irrigated wells are insulated and repaired to
prevent irrigation, the economic and technological efficiency of these wells is insufficient.
Therefore, the creation of new and effective technologies to prevent the flow of water into wells
remains relevant.

Premature watering of oil wells results in reductions in oil production, reduced interval between
repairs in wells, and corrosion of underground and surface equipment of wells.

Many researchers have noted that it is not advisable to use long-term, large-scale and
economically inefficient methods to increase oil production, so the development of more layers
with local impact technologies is considered promising. These methods have significant results in
the isolation of irrigated areas with higher permeability. This problem can be solved in two ways:
1) Isolation of water channels with injection wells

2) Isolation of water flow to production wells

Numerous studies have shown that isolating water flow in wells gives better results. The
contradiction in pumping oil with injection wells is that, on the one hand, oil production must be
maintained high, and on the other hand, a well with high oil production must be irrigated
prematurely and subsequently reduce the phase permeability of oil.

Most of the oil fields in the Republic of Azerbaijan are in the final stages of development. As a
result, it is important to increase the efficiency of the development of complex oil fields by
reducing the volume of associated water and increasing oil production from partially irrigated
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formations. The effectiveness of isolating water-washed areas with different compositions is
ambiguous. Using a 10% solution of liquid glass and hydrochloric acid as the base material, it is
possible to prepare an elastic buffer material to strengthen the wellbore area. It is also possible to
create a gel with adjustable setting time by adding a certain amount of a third component to the
initial base mixture. Preliminary studies with the added third reagents have shown that an elastic
binding composite can be formed by adding urea, laprol and chromium salts to the liquid glass
and hydrochloric acid solution. In subsequent studies, 0.1 to 10% Na2SiOz and 10% HCI solution;
Viscosity was measured by adding CO(NH2)2, CrCls, KMS and Laprol at 0.5 and 1% by mass.
Keywords: related water, watering rate, gel, liquid glass, urea, laprol, chromium salts,
hydrochloric acid

ISLONMOSNIN SON MORHOLOSINDOY OLAN YATAQLARDA GEL
KOMPOZISIYASI iL® SU TOZAHURUN®D QARSI TOCRID ISLORI

Torlan ibadzado

Azarbaycan Dovlat Neft vo Senaye Universiteti, Neft vo qaz miithondisliyi kafedrasi, Magistrant.
Email: terlan.ibadzade95@gmail.com

ABSTRACT

Enerji dastyicilarina tolobatin yiiksok oldugu dovrds, respublikamizin neft sanayesinin dinamik vo
uzunmiiddatli inkisafi iiclin yeni vo perspektivli obyektlorin kosf olunmasi, monimsanilmasi va
islonilmasi ilo birlikds, miixtolif yeni tosir lisullarindan istifado olunmagla uzun zaman orzinds
istismarda olan quyularin neft veriminin yiiksoldilmasi miihiim shomiyyato malikdir.

Azorbaycan Respublikasinin iqtisadiyyatinin intensiv inkisafi etmosi {igiin, Xozor donizi
hovzasindoki vo quru sahasinde olan neft yatagqlarindan qazin ve neftin hasilatinin artirilmasi
miihiim shamiyysts malikdir. Bununla slagadar olaraq donizds va qurudaki yataqlarda neft verimi
omsalini yiiksoltmok, iglonmo sisteminin, quyular fondu ilo islorin tokmillosdirilmasi hamginin
laya siini tosir tisullarinin totbiq edilmasi vacibdir.

Respublikamizda olan neft yataglarmin islonmosi dovriinde bas veron miirokkoblogsmalarlo
olagodar olaraq quyularin bir qismi istismar fondundan ya miivoqqgoti ya da tamamilo ¢ixarilir. Bu
miirokkablogsmalordon biri do quyu mohsulunun sulagsmasidir. Forqli geoloji vo fiziki xassolora
malik olan neft yataqlarinin islonilmosi tocriibasi gostorir ki, istismarda olan quyularin vaxtindan
qabaq sulasmaya moruz qalmasina, yataqlarin geoloji qurulusu, ¢ixarilan mayenin torkibindo neft
vo suyun Oziiliiliiklori nisboti, laylarin qeyri-bircinsliyi, neftin torkibi, laya suvurmanin vo
mayecixarmanin hocmlori nisbati tasir edir.

Hal-hazirda istismardaki doniz vo quru neft yataglarinin mohsulunda neftin miqdarinin azalmasi
digor torofdon, suyun iso artmasi miisahido olunur. Sulasmis quyularin bir coxunda sulasmanin
garsisin1 almaq iiglin izolyasiya vo tomir islori aparilirsa da, bunun iqtisadi vo texnoloji
somaraliliyi kifayot edacok qodar deyildir. Buna gora do, quyulara su axininin garsisinin alinmasi
iiclin yeni va samarali texnologiyalarin yaradilmasi aktualligini qoruyur.

Istismar olunan neft quyularinin vaxtindan daha tez sulasmasi neft hasilatinda azalmalara,
quyularda tomirloraras1 miiddstin azalmasina, quyularin yeralti vo yeriistii avadanliglarinda
korroziyanin yaranmast ils naticolonir.
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Bir cox todqiqatgilar gey etmislor ki,neft hasilatinin yiiksoldilmosi {i¢lin uzunmiiddotli, genis
miqyasli va qitisadi cohotdo somorali olmayan tisullardan istifado olunmasi mogsadyonlii olmadigi
liciin, daha ¢ox laylarin lokal tosir texnologiyalar1 ilo islonmasi perspektivli sayilir. Bu iisullar
daha cox yiiksok keciriciliyo malik, sulasmis saholorin tocrid edilmosindo ohomiyyotli noticalor
verir. Bu problem iki iisulla hall oluna bilar:

1. Vurucu quyularla su kegiron kanallarin tocridi

2. Hasilat quyularina su axininin tocridi

Aparilmis ¢oxsayl totqiqatlar gpostormisdir ki, quyularda su axininin tocrid edilmosi daha yaxsi
naticalor verir. Neftin vurucu quyularla sixigdirilmasinda  zidiyyst ondan ibarst olur ki, bir
torofdon neft hasilatin1 yliksok saxlanilmalidir, digar torafdon iso yliksok neft hasilatina malik olan
quyunun vaxtindan tez sulagsmasi vo daha sonra neftin faza kegiriciliyinin azalmasi ilo
naticolonmasidir.

Azorbaycan Respublikasindaki neft yataglarinin ¢oxu islonmonin son marhslosindadir. Naticodo,
olagoli suyun hocmini azaltmaq vo qismon sulagsmis formasiyalardan neft hasilatini artirmaqla
kompleks neft yataqlarinin islonmosinin somaraliliyinin artirilmasinin aktualli§i ¢ox shomiyyatli
olur. Muxtslif kompozisiyalarla su ila yuyulmis sahalarin tacrid edilmasinin samaralaliyi birmanali
olmur. Maye siiso vo xlorid tursusunun 10%-li mohlullarindan baza materiali kimi istifado
etmoklo quyudibi sahoni borkitmok iiclin elastiki tamponaj materiali hazirlamaq miimkiindiir.
Homginin ilkin baza garisigina miioyyon miqdarda tigiincii komponent olavo etmoklo borkimo
miiddoti tonzimlonon gel yaratmaq olar. ©lavo olunan iicilincii reagentlor ilo aparilan ilkin
todgiqatlardan miioyyon olundu ki, maye siiso vo xlorid tursusu mohluluna karbamid, laprol vo
xrom duzu slava etmokls elastiki barkidici kompozit yaratmaq olar. Novbati todqiqatlarda 10%-li
NazSiO3 vo 10%-1i HCl mohluluna 0.1; 0.5 va 1% kiitlo migdarlarinda CO(NHz)2, CrCls, KMS vo
Laprol slava etmokls 6zliliyii 6lglilmiisdiir.

Acar sozlar: slagoli su, sulagsma doracosi, gel, maye siiso, karbamid, laprol, xrom duzlari, xlorid
tursusu

Giris: Azorbaycan Respublikasindaki neft yataqlarinin ¢oxu islonmanin son morholasindadir. Bu
yataglarin xarakterik bir xiisusiyyoti, oksoriyyoti barpa etmok ¢otin olan ehtiyatlarin payina aid
olan quyularda yiiksok sulagmasi ilo miirokkoblogon ohomiyystli miqdarda qaliq ehtiyatlardir.
Onlar, 6z novbasindo, neft hasilatin1 stimullagdirmaq vo su axini mohdudlasdirmaq {iglin
quyularda goriilon todbirlorin somorsliliyinin azalmasina sobab olur. Noticodo, olagoli suyun
hocmini azaltmaq vo gismon sulagsmis formasiyalardan neft hasilatin1 artirmaqla kompleks neft
yataqglarinin iglonmasinin somaraliliyinin artirtlmasinin aktualli§i ¢ox oshomiyyatli olur.

Miixtolif kompozisiyalarla su ilo yuyulmis saholorin tocrid edilmosinin somoralaliyi birmonali
olmur. Miisbot notico, tosirlonmis obyektlorin geoloji vo fiziki sortlorindon asilidir. Is biitiin
geoloji vo saho molumatlarinin ochomiyyatini vo asaslandirilmasini miioyyan etmok, torkiba daxil
olan reaktivlorin doyerini azaltmaq vo suyu tocrid edon kompozisiyanin torkibini
optimallasdirmaq magsadi dasiyir [1, soh. 106-111; 2, soh. 111-120; 3, soh. 25-39].

Masalanin qoyulusu: Uzun miiddat quyu istismar1 komordo s1izmalarin meydana golmasino vo
komor arxasindaki su axinlarina sabab oldu. Su vurulmasi, enjeksiyon suyun hasilat quyularinin
dibino kegmasino sorait yaradir.

e
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Quyularin istismar1 prosesindo yataqlarda sulagsmaya qarsi obyektiv vo subyektiv miibarizo
aparilmadigindan quyularin potensial neft vo qaz hasilatt imkanlarindan somorali istifads
olunmur, bu iso golacokds yatagin islonmasinin texniki-iqtisadi gostericilorinin saviyyasing 6z
monfi tosirini gostorir. Quyu mohsulunun sulasmasi yeralti vo yerlstii avadanliqlarin korroziyaya
ugramasini siirotlondirir vo onlarin vaxtindan avval siradan ¢ixmasina sabab olur.

Yuxarida geyd olunanlari nozero alaraq “Azneft” IB-nin yataglarinda bes il orzindo aparilan
tadbirlorin tohlili aparilmisdir.

“Azneft” IB-nin yataglarinda 2013-2017-ci illordo suya qars1 aparilan tocrid-barpa islorinin
naticolori todqiq edilmisdir. Yataqda bu illor orzindo 860 tocrid barpa islori aparilmisdir vo sokil 1
- do verilmigdir.

‘dgAparilmis tocrid-barpa islorinin 2013-2017-ci illor iizro somarslilik doracasi iso sokil 2-do
verilmigdir.
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Sokil 1. “Azneft” IB-nin yataglarinda 2013-2017-ci illor orzinds aparilan tocrid barpa islori
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Sokil 2. “Azneft” IB-nin yataglarinda 2013-2017-ci illor orzinds aparilan tocrid barpa islorinin
somoralilik doracosi

Holl iisullari: Maye siiso vo xlorid tursusunun 10%-1i mohlullarindan baza materiali kimi istifado
etmoklo quyudibi sahani borkitmak {i¢iin elastiki tamponaj materiali hazirlamaq miimkiindiir.
Homginin ilkin baza qarisigina miioyyon miqdarda iiclincii komponent olave etmoklo barkimo
miiddati tonzimlonon gel yaratmagq olar.

Olava olunan tiglincii reagentlor ilo aparilan ilkin todqiqatlardan miioyyon olundu ki, maye siiso vo
xlorid tursusu mohluluna karbamid, laprol vo xrom duzu slave etmokls elastiki barkidici kompozit
yaratmaq olar. Novbaoti tadqiqatlarda 10%-li Naz2SiOsz vo 10%-1i HC1 mohluluna 0.1; 0.5 va 1%
kiitlo miqdarlarinda CO(NHz2)2, CrCls, KMS vo Laprol olave etmoklo 6zliiliyii 6l¢iilmiisdiir.
Noticolor asagidaki sokillordo verilmisdir.

Laylarda texnoloji omaliyyati apararkon vacib parametrlordon biri gel omologotirmo miiddatinin
ilkin vo son noqtasinin toyin edilmasidir. Todqiqatlar zamani baslangic olaraq 10%-li Naz2SiOs va
10% HCI garisigima 1% AICls, CrCls, KMS, CO(NH2)2, Laprol slavo etmoklo vizual olaraq
borkimoa prosesi todqiq olunmus vo noticolors osason todqiqatin sonraki proseduru toklif
edilmisdir. ©ldo olunan naticolor asagidaki codvaldo verilmisdir.

Cadval 1. 10%-li NazSiOs3 vo 10% HCI garisigia 1% AlCls, CrCls, KMS, CO(NH?2)2 va Laprol
olava etmoklo 0-48 saat miiddatinds ilkin vizual strukturun va barkimonin miisahidasinin
noticalor.

e

| PAHTEI
| 104 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




E-ISSN: 2674-5224
|
VOLUME 12 ISSUE 01 2022

E-ISSN: 2674-5224

PAHTEI

REFEREED & REVIEWED JOURNAL

Komponentlorin miqdari, %-1lo Noatica
NazS H A Cr La flkin anda 6 saat sonra 40-48 saat
i03 % Cl ICls | Cls% | prol sonra
% % %
10 1 - - - Gel miisahido Hec bir Biitin  hacmds
0 olunmur doyisiklik borkimis  elastiki
yoxdur soffaf  gel omolo
golib
" - 1 - - Al(SiO3)3 Dibo ¢okmiis avvalki
" dorhal alinir va | oldugu kimi | vaziyyatden
diba ¢okiir qalib, duz | farqlonmayan
formasinda yalniz dibde olan
ag rongli kiitlo
LS - - 1 - Cry(SiO3)3 Dibs ¢6kmiis Dibdaki  kiitla
" dorhal alimir vs | olan duz oldugu | galmagla. Maye
diba ¢okiir kimi qalib hissosi az axiciligt
olan gelos ¢evrilib
" - - - 1 Ozli  mohlul Dibds iri Dibdoki ag
" alinir, sothdo | oOl¢iili, sothi | kiitlo oldugu kimi
kdpuk gorinar hamar ag kiitlo | galib, maye
gorandr.  Maye | hissonin sathi
hisso iso ciizi | adgeziyali laprolla
o6zI1ii halindad: ortdlub, ortada
maye hissa qalib
" - 1 - 1 Asan  dagilan Kovrak Olagoli
" ag rongli hocm | horraya beonzor | olmayan, daginiq
boyu gelo bonzor | dagila bilon | duza oxsar
kiitlo alinir. Sathds | kiitlo formalasib | barkimis Vo
az migdar maye iizorinda clizi
migdar maye olan
kiitlo formalagib
== - - 1 1 Biitin ~ hocm Qeyr-bircins Tamamila
" boyu aciq goy- | yayimis ag-géy- | borkimis,  kristal
yasil rongli | yasil rongli bork | hala oxsar, ovula
yumsaq kiitla | kiitlo biitiin | bilon aciq-goy-yasil
almnir. hacmi tutub rongli bark material
omoalo golib

Digoar tarafdon gelomoala golmo prosesina Cr** ionun vo karbamidin tasirini dyronmak iigiin 100 ml
hacmds 1.6%-li CrCls vo 4%-li karbamid — CO(NH2)2 moahlulu hazirlanilir. Hansi ki, 10 ml 10%-
li xlorid tursusu ilo 10 ml 10%-1i maye siisoni garisdirdigda alinan mohlulun imumi kiitlosinin
0.1, 0.5 vo 1%-i godar ii¢lincli komponent olavo etmok {i¢iin homin mohlullardan 0.5, 2.5 vo 5 ml
uygun mohlul etdikds tolob edilon faiz sorti 6donilmis olsun. Bu mqasadls 4.15 qr CrCls duzu vo
4.15 gqr CO(NH?2)2 ayri-ayriligda sirin suda hall edildi.
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Cadval 2. Lay modelinds todqiqatlar

Tadqiqat GOM-in miqdart, Omoliyyatdan sonra
moarhalalori moasamoali mithitin Pyuruima, T,
hacmila MPa gun Pgiris, K, Moasamolorin
MPa 102m? | tutulma
amsali, C

1k hal - - - - 3,2 -
_gc‘?s' | 1 0,6 3 1,0-1,6 0,140 0,892
= I 2,5 0,5-0,6 2 0-0,24 0 0,904
s O| I - - 2 0,30 0,027 0,916
oﬁ; IV - - 2 0,4-2,0 0,060 0,935
S9lVv - - 2 0,15-0,26 0,130 0,924

| 1 0,6 3 1,0-1,6 0,134 0,941

I 2,5 0,5-0,6 2 0-0,24 0.089 0,953
S - - 2 0,30 0.126 0,964
‘Ej Gm v - - 2 0,4-2,0 0.076 0,983
86 Vv - - 2 0,15-0,26 0.082 0,977

| 1 0,6 3 1,0-16 0,127 0,933

I 2,5 0,5-0,6 2 0-0,24 0.073 0,942
S\c_: 3| I - - 2 0,30 0.118 0,958
?é v - - 2 0,4-2,0 0.092 0,964
8 E V - - 2 0,15-0,26 0.146 0,947

| 1 0,6 3 1,0-1,6 0,131 0,928
g I 2,5 0,5-0,6 2 0-0,24 0.078 0,934
< [ - - 2 0,30 0.129 0,943
O:i v - - 2 0,4-2,0 0.082 0,948
g | - - 2 0,15-0,26 0.168 0,934

GOM-in lay modelino vurulmasindan miixtolif rejimlordo neftin siiziilmosi prosesi, sonra
homginin neftli tobago modeli miisahido edilmis vo kegiriciliyi do yoxlanmisdir.
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0,014 -
—o—10% Na25i03/10% HCI
50’012 | —m—Gel+1% KMS
(1]
2 0,01 - Gel+0.5% CO(NH2)2
E —<—Gel+0.1% CrCI3
20,008 -
—
=
0,006
H
c
£0,004 -
@
c
0,002 -
O T T T T 1
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Tazyiq, x10-5 Pa

Sokil 3. Neftli tobagonin slizmo xarakteristikasi

Sonra eksperimentlor lay modelino uygun olaraq davam etdirilmisdir. Sokil 3-don goriindiiyii kimi
10%-li Na2SiO3 va 10%-li HCl qarisigina kiitlonin 0.1-0.5% miqdarinda Cr®* ionlar1 olan duz
olava etdikdo slixur mosamalorinin tutulma doracasi ¢ox oldugundan nisbi kegiricilik az olur. Bu
onu gostorir ki, 0.5% karbamid yaxud 0.1-0.5% xrom duzu olan maye siliso-xlorid tursusu
qarisigindan suyun tocridi iiclin madon soraitindo effektiv tamponlayict material kimi istifado
etmok olar.

Notico: 1.Mdvcud geoloji todqgiqat soraitdo gel omologatiron sistemlorlo quyularin su axininin
tacrid edilmasi tisulunun tatbiginin daha mogsadsuygun oldugu miisyyaon edilmisdir.
2.Qeyri-bircins laylarin quyudibi sahasindo sulagsmis tobagolorin tocrid edilmasi moagsadilo istifado
olunmasi nazordo tutulan kimyavi reagentlor todbiq olunmus vo texnologiyanin iglonmasi {i¢iin
zoruri parametrlor toyin edilmisdir.

3.10%-li Na2SiO3 va 10%-li HCI qarisi§ma kiitlonin 0.1-0.5% miqdarinda Cr** ionlar1 olan duz
olavo etdikdo siixur mosamolorinin tutulma dorocasi ¢ox oldugundan nisbi kegiricilik az olur. Bu
onu gostorir ki, 0.5% karbamid yaxud 0.1-0.5% xrom duzu olan maye siiso-xlorid tursusu
garigigindan suyun tocridi iiclin modon soraitindo effektiv tamponlayict material kimi istifado
etmok olar.
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EFFECT OF METAL FIBERS ON THE PROPERTY OF WELL CEMENT

Ulvi Mahmudov
Azerbaijan State Oil and Industry University, Department of Oil and Gas Engineering, Master degree.
Email: ulvimahmudov1991@gmail.com

ABSTRACT

Nowadays more oil and gas fields are developed in unconsolidated sandstone. When the
formation consists of poorly cemented rocks, the connections between the rock particles are
broken under the influence of forces acting in the bottomhole during oil production (wells), and
the rock skeleton is intensively disintegrated and brought to the well by fluid flow. The sand
production is considered undesirable product and the control of sand production is considered as
one of the main concerns of production engineers. It can damage downhole, and surface
production facilities, also increasing the risk of catastrophic failure. Choosing a method for
preventing formation sand production depends on different reservoir parameters. The analysis of
the production wells, where measures are taken to prevent the sand production, showed that the
most effective method is to cover the bottom hole with various mortar materials. However, the
current methods of bottomhole strengthening with cement mortars have a number of technological
shortcomings which can include limited ductility and little resistance to cracking. According to
the results, the efficiency of bottomhole reinforcement in the Absheron field is 40-50%. The
reason for the low efficiency of this method is mainly the presence of lithostatic pressure and
dynamic (perforation, sliding and lifting) loads applied to the cement barrier in the wellbore area.
It is known that the weakest part of cement stone, prone to collapse and wear, is the perforation
holes. During the oil production, the volume of sand increases that brought to the well, and around
the perforation holes that on the cement stones are formed the collapses and fractures. Due to its
low deformation and crack resistance, it cannot withstand these impact loads. Hence there is a
need to reinforce the property of cement.

The article presents the results of experimental studies of fiber-reinforced cement recommended
for improving the quality of bottomhole coverage in increasing dynamic impact intervals. One of
the promising directions to increase the resistance of the cement barrier under dynamic loads is its
strengthening against compression and bending, using the principle of composition, which
provides the compression resistance of the cement matrix. The most important properties of
cement stone can be effectively regulated by using metal fibers, which allow implementation of
the principle of composition in cement barrier. The main physical and mechanical properties of
the cement burrier formed as a result of increasing the fiber concentration in the tampon solution
change. Reinforcing metal fibers, uniformly distributed in the matrix and having different
directions, received forces in any direction, preventing the formation and development of cracks
in the cement stone. The metal fibers are randomly oriented and uniformly distributed throughout
the volume, work together with the matrix due to the adhesion forces, and form a compact shape.
When fiber adhesion is disrupted, the fibers prevent the growth and development of cracks by
maintaining the integrity of the cement stone. Based on this principle, a new dispersion-enhanced
buffering material consisting of a mixture of quartz sand and metal fibers was developed.
Experiments were carried out to improve the physical and mechanical properties of the cement
system (strength, fluidity, setting time, etc.) in the laboratory. Studies have taken a certain
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proportion of the water-cement mixture. Metal fibers of different quantities and lengths were
added during the experiments to determine the mechanical properties of the cement stone. The test
period, day and the curing temperature performed at different intervals according to the mixtures.
The article shows the positive effect of fiber on the main properties of buffering solutions and the
resulting stone, both theoretically and experimentally. The choice of the optimal method of
cement stone reinforcement is the result of laboratory experiments. Following the results
obtained, recommendations were given for the optimization of cement compositions.

Keywords: cement stone, cement barrier, well area, dynamic loads, fiber, reinforcement,
destruction, deformation, expansion.

METAL LiFLORIN TAMPONAJ MATERIALLARININ XASSOLORINO
TOSIRI

Ulvi Mahmudov
Azorbaycan Dovlot Neft vo Sonaye Universiteti, Neft-qaz mithondisliyi kafedrasi, Magistr.
Email: ulvimahmudov1991@gmail.com

XULASO

Hal hazirda ¢oxlu neft vo qaz yataqlari, zoif sementlonmis laylarda isladilir. Bildiyimiz kimi
laydan golon qum arzuolunmaz hal kimi qiymstlondirilir vo onun qarsisinin alinmasi eyni
zamanda idarsolunmasi istismar miithondislorinin asas mogsadlorindon biridir. Laydan golon qum
quyudibi avadanhqlarini, yeriistii avadanliglar1 vo s zadoloys, homg¢inin daha ciddi problemlors
yol aca bilor. Laydan golon qumun qarsisinin alinmasit metodunun se¢ilmosi, yatagin miixtolif
parametrlorindon asilidir. Qum tozahiirii ilo miibariza tadbirlorinin  goriildilyli quyularin
istismariin tohlili gdstorir ki, on somorali iisul, quyularin quyudibi sahasinin miixtalif mohlul
materiallar ilo Ortiilmosidir. Bununla bels, bu giin istifads olunan sement mohlullar1 ils quyudibi
sahonin borkidilmosi iisullar1 bir sira texnoloji ¢atismazliqlara malikdir, hans1 ki bura mohdud
elastiklik vo bag veran ¢atlara qarsi asagi miigavimot vo s aid etmok olar. Noticoloro géra, Abseron
yarimadasi soraitindo quyularin quyudibi sahonin borkidilmosinin istismarinin somoraliliyi 40-
50% togkil edir. Bu metodun somorsliliyinin asagi olmasinin sobabi, osason, quyudibi sahoado
sement dasina totbiq olunan dag tozyiqi vo dinamik (perforasiya, siirlisgmo vo qaldirma
ompliyyatlari) yiiklorin olmasidir. Molumdur ki, sement daginin dagilmaga vo asinmaya meyilli on
zaif hissosi, perforasiya kanallaridir. Istismar miiddatinds quyuya gatirilon qumun hocmi artir vo
quyudibi zonanin sement dasinda acilmis perforasiya kanallarinin otrafinda kahalar vo kanallar
omals golir. Asag1 deformasiyaya vo catlara davamsiz olduguna gors bu zarbs yiiklorins tab gatiro
bilmir. Buna goro do sement mohlulunun fiziki-mexaniki xiisusiyyatlorinin artirilmasina ehtiyac
yaranir.

Mogalods artan dinamik tosir intervallarinda, quyudibi sahonin Ortiilmasinin keyfiyyatinin
yaxsilagdirilmasi tiglin tovsiyo olunan liflo mohkomlondirilmis sementlorin eksperimental
tadqgiqatlarinin naticolori taqdim olunur. Dinamik yiiklor altinda tamponaj dasinin miigavimatini
artirmagq tiglin perspektivli istigamoatlordon biri, sement matrisinin sixilmaya miigavimatinin tomin
etdiyi kompozisiya prinsipindon istifado edorok, onun-sixilma vo oyilmoyo qarsi
mohkomlondirilmasidir. Sement dasinda kompozisiya prinsipini hoyata kec¢irmoyo imkan veron
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metal liflordon istifado etmoklo, sement dasinin on miihiim xiisusiyyatlori effektiv sokildo
tonzimlona bilor. Tamponaj mohlulunda lif konsentrasiyasinin artmasi naticosindo yaranan sement
dasinin osas fiziki vo mexaniki xassolori doyisir. Mohkomlondirici metal liflor, matrisdo borabor
paylanmis vo forqli istigamoto malik olmagla, istonilon istiqgamotdo qilivvelori gobul edorok,
sement dasinin torkibindo catlarin omolo golmasino vo inkisafina mane olmusdur. Metal liflor
tosadiifi yontimliidiir vo biitiin hocmdo borabor paylanir, yapisma qiivvalori sayosindo matrislo
birlikds islayir vo kompakt forma togkil edir. Lifin adqeziyasi pozulduqda, liflor sement dasinin
biitovliiyiinli qoruyaraq yaranan ¢atlarin daha da boyiimosine vo inkisafina mane olur. Bu prinsip
osasinda, kvars qumu vo metal liflorin qarisigindan ibarat yeni dispersiya ilo giiclondirilmis
tamponaj materiali hazirlanmisdir. Laboratoriya soraitindo sement sisteminin fiziki-mexaniki
xtisusiyyetlorini (mdéhkomliyi, axiciligi, borkimo miiddati vo s.) yaxsilagdirmaq tiglin tocriibolor
aparilmigdir. Tadgiqatlarda su-sement qarisi§inin miioyyon nisbotindo gotiiriilmiis vo sement
dasinin maksimum yiikiiniin vo son méhkomlik hoddinin 6l¢iilmasi naticalori gostarilir. Sement
dasinin mexaniki xassalorinin gostaricilorini miisyyan etmak {i¢iin tacriibslor apararkon, miixtalif
miqdar vo uzunluglarda olan metal liflor olave edilmisdir. Smmaq miiddeati yoni, glin vo barkimo
temperaturu qarisiqlara uygun olaraq forqli intervalda aparilmigdir.

Mogalada lifin tamponaj mahlullarinin vo yaranan dasin asas xassslorine miisbat tosiri nozori va
eksperimental olaraq gostorilmisdir. Sement daginin méhkomlondirilmasinin optimal metodunun
secilmosi, aparilmig laboratoriya tacriibalorinin naticasidir. Alinan naticolors uygun olaraq sement
kompozisiyalarinin optimallasdirilmasi tigiin tovsiyalor verilmisdir.

Acar sozlar: sement dasi, quyudibi sahasi, dinamik yiiklor, lif, armatur, destruksiya, deformasiya,
genislonmo

Giris: Boyiik iqtisadi strukturun inkisaf soviyyasi daha ¢ox osas sonaye saholorinin inkisafi ilo
baglidir. Son illor Azorbaycan Respublikasinin kohno yataglarinda neft hasilatinin hacminin
azalmasi soraitindo hasilatin soviyyosinin sabitlogdirilmasi vo artirilmasi {i¢lin somorali todbirlorin
hoyata kecirilmosi todbirlori asas vozifo kimi qarsiya qoyulmusdur.

Neft quyularinin hasilatinin artirllmasinda, dayanigsiz laylarda yerlogson quyudibi sahosinin
barkidilma keyfiyyati miithiim rol oynayir. Mohsuldar tabaqosi zaif sementlonmis laylardan togkil
olunmus yataglar, quyularin normal istismarini ¢otinlosdirir vo pozur. Boyiik hocmdo qumun
¢ixarilmasi layin quyudibi sahasindo kahalarin omolo golmosino sobob olur ki, bu da bdéhran
(kritik) Slgiilora catdiqda, iistdo yerloson siixurlarin ¢okmasi va siitunlarin deformasiyalari, konar
sularla dasqin va s. ilo miisahids olunur.

Mbasalonin qoyulusu: Qum tozahiirii ilo miibarize todbirlorinin goriildiiyli quyularin istismarinin
tohlili gostordi ki, on somorali iisul, quyularin quyudibi sahosinin miixtolif mohlul materiallari ilo
ortiilmosidir. Bununla belo, bu giin istifado olunan sement mohlullar1 ilo quyudibi sahonin
borkidilmosi iisullar1 bir sira texnoloji ¢atismazliglara malikdir. Noticolora goéro, Abseron
yarimadasi soraitinde quyularin quyudibi sahonin barkidilmasinin istismarmin samaraliliyi 40-
50% toskil edir. Bu metodun somorsliliyinin asagi olmasinin sobabi, asason, quyudibi sahado
sement dasina totbiq olunan statik (dag tozyiqi) vo dinamik (perforasiya, siiriisme vo qaldirma
omoliyyatlari) yliklorin olmasidir. Malumdur ki, sement daginin dagilmaga vo asinmaya meyilli on
zoif hissosi, perforasiya kanallaridir. Istismarin gedisi ilo quyuya gotirilon qumun hocmi artir vo
perforasiya kanallarinin otrafinda sement dasinda kahalar, kanallar vo kaha konuslar1 soklindo
islomolor omolo golir. Asagi deformasiyaya vo c¢atlara davamsiz olduguna gora bu zorbo yiiklorinog

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 111




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

PAHTE.!I

REFEREED & REVIEWED JOURNAL VOLUME 12 ISSUE 01 2022

E-ISSN: 2674-5224

tab gotira bilmir. Maye tozahiirlorinin qarsisini almaq {iglin sement dasin1 mohsuldar intervalda
saxlamaq daha vacibdir, burada kahalar, kanallar vo kaha konuslar1 soklindo perforasiya kanallar

otrafinda omolo golon modon qumu filtrasiya eroziyasinin asas monbayidir [3, soh. 339; 4, soh.
1663].

Holl iisullari: Dinamik yiiklor altinda tamponaj dasinin miigqavimatini artirmagq iigiin perspektivli
istigamotlordon biri, sement matrisinin sixilmaya miiqavimetinin tomin etdiyi kompozisiya
prinsipindon istifado edorak, onun-sixilma va ayilmoaya qarsi mohkomlondirilmasidir. Bu halda,
mdohkomlandirici liflor matrisde borabar paylanmis vo forqli istiqgamats malik olmagqla, istonilon
istigamotda qilivvalari gobul edarak, torkibinds catlarin amalo golmasina va inkisafina mane olur.
Bundan olavo, liflor mikroqiisurlarin inkisaf etmasine manes téradir vo lif matrisindo ¢at amolo
goldikdon sonra yaranan ¢atlarin garsisin1 alaraq onun inkisafini vo béylimosinin garsisini alir. Bu
prinsip osasinda, kvars qumu vo metal liflorin qarisigindan ibarot yeni dispersiya ilo
giiclondirilmis tamponaj materiali hazirlanmisdir. Metal liflor tosadiifi yoniimlidiir vo biitiin
hacmda barabar paylanir, yapigma qiivvalori sayasinde matrisle birlikds isloyir ve kompakt forma
toskil edir. Miiayyan bir miqdarda paylanmanin kifayot qador vahidliyi ilo kompozitin biitiin
hacming tosadiifi yonoldilmis liflorin bdlmaleri yiikiin bir hissesini demok olar ki istonilon
istigamoatds daha effektiv sokildo qobul edir vo yenidon boliisdiiriir. Lifin adqeziyast pozulduqda,
liflor sement dasinin biitovlilylinlii qoruyaraq yaranan c¢atlarin daha da bdyiimosine vo inkisafina
mane olur [5, sah. 18; 6, soh. 14].

Laboratoriya soraitindo sement sisteminin fiziki-mexaniki xiisusiyyatlorini (méhkomliyi, axiciligi,
borkimo miiddoati vo s.) yaxsilagdirmaq ti¢lin tocriibolor aparilmisdir. Todqiqgatlar 0,5 su-sement
nisbatindo aparilmigdir. Sement dasinin mexaniki xassolorinin gostoricilorini miioyyon etmok
ticlin tocriibolor apararkon, miqdar1 2 ilo 8% vo uzunlugu 1, 3, 5 mm arasinda olan metal liflor
olavo edilmisdir. Sinaq miiddoati 2, 7, 14 giin vo borkimo temperaturu 20-75 °C intervalinda
aparilmisdir.
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Sakil 1. 2 giinliik sement dasinin moahkomliyinin liflarin kiitls miqdarindan asililig:

e
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Sokil 1. 3-do miixtalif miqdarda 2, 7, 14 giinlik sement dasinin maksimum yiikiiniin vo son
mohkomlik hoddinin 6lgiilmasi naticolori gostorilir. Burada liflorin uzunlugu 1 ilo 5 mm arasinda
gotaraldr.
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Sakil 2. 7 giinliik sement daginin méhkomliyinin liflarin kiitlo miqdarindan asililigt
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Sokil 3. 14 giinliik sement daginin méhkamliyinin liflorin kiitlo miqdarindan asililig

Iki giinlik sement dasmin mohkomlik xiisusiyyetloring, liflorin tosiri oldugca ohamiyyatlidir.
Mosolon, lifin miqdar1 1-5% olduqda, ayilmado mdhkomlik artimi miivafiq olaraq 30 vo 40%,
sixilmada mohkamlik artimi iso miivafiq olaraq 5 vo 12% olmusdur. Metal liflorinin tosiri eyni
ganunauygunluqla sonraki dovrlorinds do davam edir.
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Tacriibolor gostordi ki, artiq iki hoftslik dovrde miqdar1 3% -o qodor olan liflor shomiyyatli
dorocodo tosir gostormir. Daha qisa miiddotlordo lifin tosiri dasin oyilmoys vo sixilmaya
mohkomliyindo daha ¢ox nazors garpir.

Noaticalar: 1. Tamponaj dasinin sixilma vo ayilmo gorginliyine garsi asaglr miigavimoti vo oksor
ononavi tamponaj materiallarina xas olan zoif deformasiya xassolori, quyularin quyudibi sahasinda
qum saddinin keyfiyyatsiz olmasinin 9sas sabablorindon biridir.

2. Sement dasinda kompozisiya prinsipini hoyata ke¢irmoyo imkan veron metal liflordon istifado
etmakla, sement dasinin on miihiim xiisusiyyatlori effektiv sokilde tonzimlona bilar.

3. Liflor, tamponaj mohlullarinin filtrasiya xiisusiyyatlorino tosir etmodon, sement mohlulunun
sedimentasion dayaniqligini 30-50% artirir.
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ABSTRACT

It is impossible to create a scientific basis for the synthesis of polymers without taking into
account the destruction process. Under the action of Lewis acids, the destruction of PIB follows a
free radical chain mechanism, while the catalytic destruction of PIB leads to the formation of both
linear and branched macromolecules.

The most wide-spread type of chemical destruction is an oxidative destruction by oxygen and
ozone. The oxidative destruction is activated by heat, light rays and mechanical energy, and the
types of thermal, photo and mechanical oxidative destruction are known, respectively. As a result
of these destructive reactions, both the composition and the structure of polymer change, that is,
it “grows old”. The aging of a polymer means a change in its physical-chemical, physical-
mechanical properties during exploitation . The fastest oxidative destruction of polymers occurs
by a chain mechanism (with free radicals), as in low molecular weight hydrocarbons. The
oxidation process of polymers without double bonds in the chains proceeds weakly, and the
formation of peroxide groups is not always observed in them. This process consists of three
stages: formation of an active center, lengthening and breaking of the chain. It is known that
oxidation begins with the formation of peroxides. Active centers are obtained by the
decomposition of peroxides.

When studying the chemistry of the reaction, it was noticed that there is another mechanism for
the destruction of polyisobutylene in the presence of strong Lewis acids, characteristic of cationic
processes.

One of the interesting aspects of the destruction process is a complete understanding of the
"chemistry™ of catalytic destruction. For this, various additives must be added to the catalytic
reaction.

During the experiments it has been found that the reaction does not take place in a completely
dried solvent. The reaction proceeds when a significant amount of water is added to the system.
The amount of water in the system is [H20] =107 mol / I. This can be explained by the fact that
the catalyst in dimer form is inactive in the nonpolar helix, but the water plays the role of a polar
additive, decomposing the dimer catalyst and converting it into the monomeric form of Brgnsted
acid.
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Therefore, the inhibitory effect of 2,6-DTBP and toluene on the reaction has been studied in
order to fully elucidate the chemistry of the catalytic destruction of PIB by Lewis acids. Since 2,6-
DTBP is a trap for protons, it plays an important role in the detection of the active form of the
catalyst. The ineffectiveness of 2,6-DTBP and toluene as an inhibitor led to the existence of a
radical reaction mechanism and the discovery of the active form of the catalyst. For better
understanding the reaction mechanism, the inhibitory effect of O2, p-benzoquinone and
tetracyanethylene on the reverse process has been studied.

The formation of block copolymers upon modification of PIB with acrylonitrile and vinyl acetate,
polymerized by the radical mechanism, not only confirms the radical mechanism of destruction,
but also creates conditions for the production of new copolymers. The formation of active centers
has been also confirmed by the EPR method, free macroradicals have been detected and their
density has been determined. The formation of free macroradicals as a result of the direct action
of strong mechanical energy, direct mechanical cracking or transfer of vibration energy of the
initial highly active state of the polymer chain is the initial stage of mechanical and chemical
processes. The overall final result of the transformations depends on the direction of the
subsequent secondary reactions of free macroradicals. Although these reactions are different, they
correspond to typical free radical processes in polymer systems.

On the whole, destructive reactions are considered one of the most important reactions for high
molecular weight compounds. They are used to study the structure of high molecular weight
compounds, as well as to obtain low molecular weight compounds from the natural polymers.

All this has been reflected in IR, UV, NMR, EPR spectroscopic studies. A mathematical and
kinetic model of the processes has been developed and parameters have been calculated using the
experimental indicators of the carried out researches.

Keywords: catalyst, 2,6-DTBP, toluene, polyisobutylene, destruction, halide, aikyl halide,
inhibitor, deactivation, methano
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PE3IOME

HeBo3MOXHO coO31aTh HayuyHYI0 OCHOBY [UIi CHHTE3a IIOJMMEpOB 0e3 yueTa Impolecca
paspymenus. [lox neficrBuem kuciot JIprouca paszpymenue [11b ciaeayer o nennomy cBo601HO
pasvKaIbHOMY MEXaHU3MY, a KaTanutudeckoe paspymenue [IMb npuBoaut k 06pa3oBaHHIO Kak
JIMHENHBIX, TAK U Pa3BETBICHHBIX MAKPOMOJIEKYJI.

CaMblil pacHpOCTpPaHEHHBIM BMJI XMMHMUYECKOIO pa3pyLICHUs - OKHUCIUTENIbHAs JECTPYKLUS
KHCJIOPOJAOM U 030HOM. OKHCIUTENBHOE pa3pylIeHUE aKTUBUPYETCS TEIJIOM, CBETOBBIMU JIy4yaMu
U MEXaHWYECKOH SHEepruei, mpyu 3TOM H3BECTHBI THIIBI TEPMUYECKOTO, (POTO U MEXaHUYECKOTO
OKHUCJIUTEIBHOIO pa3pyllieHusi, COOTBETCTBEHHO. B pe3ynbrare 3TUX AECTPYKTHBHBIX peaKIuil
COCTaB U CTPYKTypa IOJIMMEpa HU3MEHSITCA, TO €CTh OH «crapeer». (CrapeHue nonuMepa
O3Ha4aeT M3MEHEHHE ero (PU3MKO-XUMHUYECKHX, (PU3MKO-MEXaHMYECKHX CBOWCTB B IIpoLEcCce
skcrutyatauuu. Camast ObICTpas OKHUCIMTENbHAs JECTPYKLHS MHOJMMEPOB MPOMCXOJUT IO
LHENHOMY MeXaHu3My (co CBOOOAHBIMU paguKajaMH), KaK M B HHU3KOMOJEKYJSIPHBIX
yraeBogopoaax. [Ipouecc okucienus monumMepoB 6e3 JBOMHBIX CBsi3ell B LIETISAX MPOTEKaeT ci1ado,
¥ HE BCerja B HUX HabmtomaeTcs o0pa3oBaHUE MEPOKCHUIIHBIX TPYMI. ITOT MPOIECC COCTOUT U3
Tpex 3TanoB: (OPMHPOBAHME AKTUBHOI'O LIEHTPA, Y/UIMHEHHE U pa3pblB Lenu. M3BecTHO, yTO
OKHCJICHHE HAuyMHAeTcsi C O00pa30BaHUSA MEPOKCUJIOB. AKTHUBHBIE LEHTPHI IOIY4aroTCs
pa3I0KEHUEM IIEPOKCUIOB.

[Ipyn wu3yyeHuM XuMH3Ma peaklUWd  ObLJIO 3aMEUYEHO, YTO CYIECTBYET APYyroil MexaHU3M
paspyuieHusl MoMMU300yTUIeHa B MPHUCYTCTBUU CHIBHBIX KUCIOT JIblowca, XapaKTepHBIX Ui
KaTUOHHBIX ITPOLIECCOB.

OnHMM U3 MHTEPECHBIX ACIEKTOB IIPOLEcca pa3pyLIEHMs SBISETCS MOJHOE NOHUMAHNUE «XUMHM»
KaTaJUTHUYECKOTo pa3pyileHus. [lJig 3Toro B KaTaTMTHYECKYIO0 PEAKIMI0 HEOOX0IUMO JOOABIATh
pas3nyHbIe JOOaBKH.

B xonme skcnepuMeHTOB ObLIO OOHApy’>KE€HO, YTO peaklus HE MPOHUCXOJIUT B TOJHOCTHIO
BBICOXIIIEM pacTBOpuTesie. Peakius mporekaeT Mpu A00aBICHUM 3HAYUTEIHHOIO KOJIMYECTBA
BOJIEI B cucTeMy. KonmmuectBo Bojsl B cucteMe coctanser [H20]=1073 momb / 1. DT0 MOXKHO
OOBSICHUTh TEM, YTO B HEMOJSIPHON CIUpAIM KaTaau3aTop B JUMEpHOH (opMe HE aKTUBEH, HO
BOJIa UTPAET poJib MOJSIPHOM 100aBKH, pa3iaras KaTajau3aTop B AUMEpHOU (opme u mpeBparias
€ro B MOHOMEpHYI0 (popMmy bpeHcTenckoil KUCIOTHI.

[TosTomy ObUTO W3ydeHO mHTHOMpYytomee aeicTBue 2,6-JITBIl u Tomyona Ha peakIuio, YTOOBI
IIOJIHOCTBIO TIPOSICHUTh XMMHIO KaranuTthueckoro paspyumenus IIMb kucnoramu Jlbronca.
[Tockoneky 2,6-JTBII sABisieTcss nOBYWIKOW i TPOTOHOB, OH WIPAET BAXHYK pOJIb B
oOHapy>keHHH akKTUBHOW (opmbl karanuzaropa. Headdextusnocts 2,6-ATBII u tomyona B
KayecTBE HMHITUOMTOpa MpuUBeNIa K CYIIECTBOBAHUIO pPaJMKAIbHOTO MEXaHHW3Ma peaklUud u
OTKPBITHIO aKTUBHOW (QopMblI Kartamuzaropa. UToObI Jydlle MOHSATh MEXaHW3M pEaKluu, ObLIO
u3ydeHo HWHruoOupytomiee aerictBue Oz, NM-OEH30XMHOHA W TETPAMAHAITWICHA HAa OOpaTHBIN
mporecc.

O6pa3zoBanue OiokconoauMepoB npu Moaudukanuu [IUb akpumoHUTpUIOM B BUHUIIAIIETATOM,
MOJIMMEPU30BAHHBIX IO PAJUKAIBHOMY MEXaHU3MY, HE TOJBKO IMOATBEPKAAET paJuKalIbHBIN
MEXaHM3M pa3pylIeHHs, HO M CO3/aeT YCIOBHUS JMJIs TMOJY4YEHHUS HOBBIX COMNOJUMEPOB.
OO0pa3oBaHue aKTHUBHBIX LIEHTPOB MOJATBEPXkAEHO Takxke MeToioM DIIP, oGHapysxeHb CBOOOTHBIE
MaKpopaJuKaibl M OmpeleieHa X IUIOTHOCTh. OOpa3oBaHHE CBOOOJHBIX MaKpOpaJHWKalOB B
pe3ysbTaTe MpPSAMOrO JECUCTBUS CUJIBHOW MEXAaHUYECKOM SHEPruu, MNPSIMOTO MEXAHUYECKOTO
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pacTpeCcKHBaHMs WIH TEpelayd dYHEPruH KOJIeOaHW MCXOMHOTO BBICOKOAKTHBHOTO COCTOSIHHUS
TTOJTMMEPHON TIENU SIBJISIETCS HAYaJIbHOW CTaJMeH MEXaHHKO-XHMHUYECKHX TporeccoB. OOmmii
KOHEYHBIH pE3yNbTaT MPeoOpa3oBaHUl 3aBHCUT OT HAIPABJICHUS TMOCIEAYIONINX BTOPUYHBIX
peakuii CBOOOJHBIX MAaKpPOPAIUKaIOB. XOTS 3TH PEAKIUU pPa3IuvHbl, OHHM COOTBETCTBYIOT
TUTTUYHBIM CBOOOIHO paKaIbHBIM MPOIECCaM B MOJTMMEPHBIX CHCTEMAX.

B 1menom, necTpyKTHUBHbIE PEAKIMUM CUYUTAIOTCA OAHUMH W3 CaMbIX Ba)XHBIX PEAKIUN IS
BBICOKOMOJICKYJIIPHBIX ~ cOoeIMHEHHH. WX  HUCHONB3ylOT Uil  U3YYEHUS  CTPYKTYPBI
BBICOKOMOJICKYJISIPHBIX COCIMHEHMH, a TaKXKe JJIsl MOTyYeHUsI HU3KOMOJICKYJISIPHBIX COEIUHEHUI
W3 MPUPOIHBIX MOJTUMEPOB.

Bce ato maxomgut orpaxkenune B UK-, YD-, SAMP-, DIIP-cieKTpoCKONMMYECKUX HUCCIEIOBAHUSMX.
Pa3paborana maTemaTnueckas U KHHETUYECKash MOJIEb MPOIIECCOB U PACCUUTAHBI MAapaMeTphl C
HCIIOIH30BAaHUEM SKCIIEPUMEHTAIBHBIX TTOKA3aTeNIeH MPOBEACHHBIX UCCIICTOBAHMIA.

KitoueBbie cnoBa: karanuzatop, 2,6-ATBII, Toxyon, monuu3o0yTuieH, JecTpyKIus, TaloreHuaI,
AlKIIITAIOTEHU ], HHTUOUTOP, A€3aKTHUBAIMS, METAHOI.

BBenenme: Ilpexnae ueM MNPUCTYNUTh K HM3YUYEHUIO BIMSHHUS CTEPUUYECKH 3aTPYyIHEHHOIO
NUPUIMHA, HEOOXOIMMO B MEPBYIO OUYEPE/b BBIIBUTh POJIb BOJIBI B TAKUX PEAKLUAX U CBA3aHHON
C Hell He0OXOIMMOCTbIO BBISIBIIEHUSI KATAJTUTHUECKU aKTUBHOM (POPMBI KaTan3aTopa, 0COOEHHO B
Clly4ae IMPUMEHEHUS TaJIOTEHU0B U AJIKWI-TaJIOTEHUI0B altoMUHuA. B nureparype [1] noutu He
oOcyXJaeTcsi 3TOT BONPOC M OOJBIIMHCTBO HCCJENOBATENIEd JIOMYCKAalOT IPHUCYTCTBUE
HEKOHTPOJIUPYEMBIX, IPUMECHBIX KOJUYECTB BOJbI B CHUCTEME M IIOITOMY B KauyecTBE
KaTaJIUTHYECKU

aKTUBHOM (hOpMBI KaTanu3aropa paccMarpusatoT ux H'-dpopmy, To ectsh

H" | Al X,R3,OH
110 peaKkIuu
H,0 +AIXnR;,, === H"| Al X,R;,OH

TUIIOTCTHYCCKasA KUCJIOTa BpeHCTeZ{a.
ITo ananoruu H'- ¢popmy kucior JIpronca pacCMaTpruBaOT B KAU4eCTBE HHUIIMUPYIOIIETO HAYasa B
KaTHOHHOW TOJMMEpPU3allMi HEHACHIIIEHHBIX YTJIEBOJOPOJOB M B IIEJIOM, B 3JIEKTPOQHILHBIX
peakiusx B OpraHudeckod XuMuu [2]. ODKCHEpUMEHTAJIbHBIMH HCCIEIOBAHUSAMU HAMH

H,0| <10°

YCTaHOBJIEHO, YTO B YCJIOBHSX KECTKOW OCYIIKU PaCTBOPUTENS MOJITB/T
peaKIus KaTaJTuTUYECKON AECTPYKIMH MOJUU300yTHIIEHa HE MPOTEKAaeT.
boutn mpennpuHATHL UcclieoBaHUs UX OOHapykeHusa. B kauecTBe 3(pPeKTUBHOrO MHIUKATOpA

JUTSL AJIEKTPO(PMIIBHBIX YacTHUI] OBbLT HCIIONB30BaH apOMaTHYECKUU yriieBoaopoj (tosyoi) [3]
n H,O + m( AIXnR3., )2 — nHZO( AIXnR3., )2 +( m-n)( AIXnR3., )2

MOJIEKYJISIPHOM KOMILJIEKC HeaKTUBHas (popma
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\L n H+(A|XnR3-nOH) NAIXnR3-A
n an

(I) mporonupoBanHas hopma . (IT) monomepHas popma

Kak 6b110 0TMEUeHO BbIlIe, OOJIBIIMHCTBO ABTOPOB CYUTAET, YTO KATATUTHUYECKYIO JECTPYKIHUIO
HOJIHOJICHUHOB IO JACHCTBUEM KHUCIOT JIbIoMCa BBI3BIBACT WX MpO- ToHHpoBanHas dopma ().
[TosToMy, TpOBOJS HCCIACAOBAHUS MO BIUSHUIO CTEPUUECKH 3aTPYJHEHHOTO  MUPHAMHA
(mpotonnoi noBymmiku) Ha — (2,6- JTBII) katamutwueckyro pectpykiuio IIMB, momaramu
BBISIBUTH KATAIUTUYCCKU aKTUBHYIO (JOPMY KaTalu3aTropa, OTBETCTBEHHYIO 3a KaTaJlU3 PEaKIUU.
C apyroii CTOPOHBI, €CIM aKTUBHOM (hOopMOI KaTanuszaropa ssisiercs H'- hopma , To oH HoIDKeH
WHTHOUPOBATh PEAKINH WHUIIUUPOBAHUS JCCTPYKIMH. TeM He MeHee, JOMyCKas BO3MOXKHOCTh
o0pa3oBaHHs MOJMMEPHBIX KapOOKAaTHOHOB B MPHUCYTCTBUU CHJBHBIX KHUCIOT Jlptonca u
VYHUTBIBAS TO OOCTOATEIBCTBO, YTO AapOMATHUYECKHE YTICBOJOPOJBI SIBISIOTCS YAOOHBIMU
COCIMHEHUSIMU i1 HX BblsiBIeHHUS 1o peakuuu Dpunpens-Kpadrca, nerko oOHapykuBaemble
AIIEKTPOHHOM CHEKTPOCKOINHUeH, Oblma u3yueHa KaTamuTuueckas pectpykuus [IHMb B
npucyTcTBuu Tonyoda [3]. Eciaum npeanonoxuts, 4To KaranuTudeckas aectpykiuio I[INb
MPOTEKAET MO KapOCeHWH MOHHOMY MEXaHHM3MY, TO TOJYOJ JODKEH WHTHOMPOBATH JECTPYKIIHUS
[IUB u, B pe3yabTare, J0HKHBI 00pa30BaThCsl apWIMPOBAHHBIC MOIUU300yTHIICHBI [11].

Heabr pabGorbi: lLlenbto wuccnenoBaHusl SBISETCS HW3YYEHHE KUHETHKM W MEXaHU3Ma
KaTaJIMTHYECKOM TECTPYKIMK MOJUU300yTHiIeHa o aeiictBueM kucioT JIstouca (AICIs, AlBrs,
AIEtCl2) B pactBope mpu ymepeHHbx Temmepartypax (20-60° C) u paspabGoTka cnocoGoB ero
MoU(UKAIMH TIOJSIPHBIMH MOHOMEpaMU. BBUIO YCTaHOBIEHO,9TO KaTAIMTUYECKAs JECTPYKITUS
[TNb nmox neiictBueM KucaoT JIbiouca B M3YUYEHHBIX YCIOBUSAX MPOTEKAET MPEANOYTHUTEIHHO 10
paMKaNIbHO- IIETHOMY MeXaHu3My. JlecTpykius Obljla TMpOBelEHA B MPUCYTCTBHH PATUKAIBLHO
MOJIUMEPU3YIOIINXCSI MOHOMEPOB, MPECIIeqysl BE IIeNIU: BO-TIEPBHIX, 00Pa30BaHKUE COMOINMEPOB
JIOTIOJTHATEIFHO JIOKA3aJlo OBl paIuKabHBIA MEXaHU3M JCCTPYKIIMH U, BO-BTOPBIX, 3T PEaKIIUS
sABUJIaCh Obl OCHOBOM nJsi pa3paboTku HoBoro crocoba monuduxammu I[IUb monspHbIMU
MOHOMEpPAMH MO/ AeicTBUEM KHUCIOT JIbtouca [4].

Bce ato orpaxkaercs B UK, YO, AMP, OI1P-ciekTpoCKONMMYECKUX UCCIIEIOBAHUSX.

Ha ocHOBe »JKCIepUMEHTANBHBIX JaHHBIX pa3padOTaHbl MaTEMaTHYECKHE M KUHETHUYECKHE
MO/JIEJIH TPOIIECCOB, paccUUTaHbl mapameTpsl [10].

JKcnepuMeHTaabHasA 4YacTb: [Ipu n3ydyennn BimmstHus 2,6- JITBII Ha peakuuro nectpykuuu
OoNblIIOE 3HAYEHHE HMEEeT TOpPSJIOK BBEJCHHUS pEareHTOB B CHCTEMY, TaK KakK peakuus
JAECTpyKIMHM TMoja JjeiicTBueM H'- (GopMmbl KaramuzaTopa M €ro peakis ¢ MUPUIANHOM
(e3aKkTUBAIMS KaTalu3aTopa) SABISIOTCS KOHKYpHpyomumu [5]. [IpuHuMas 310 06CcTOSTENbCTBO
BO BHUMAaHHE, p€areHThl BBOJNIN B CUCTEMY B CIIEIYIOLIEH MOCIEN0BATEIBHOCTH: PACTBOPHUTEID
KOHLICHTPUPOBAJICA € PAacTBOPOM KaTaJIM3aToOpa, CMECh IepeMeluBaiach S5-7 MHH, 3aTeM
BBojmics pactBop 2,6- JTBII, nepememmBanue nponpomkanu emé 10-15muH., mocme yero
pacTBOpUTENb KOHACHCUpOBaIM B eMKocTh TBepabiM IIMb. Ilocnme 3toro pacrBopuresns
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KOHJICHCHpOBaIM OOpaTHO B COCYyA JJIsl PAacTBOPEHMS KaTajau3aTopa, a 3aTeéM pacTBOP
KaTajau3aTopa nepenuBaiics B cocya ¢ pactBopom [IUb u 2,6- ITBII. Takum myTéM pocturaercs
ycinoBue, Korja Haubosnee MakcumanbHO 2,6- JITBII-om 3axBaThIBAalOTCS TMPOTOHBI B
pactBope.[11]

Pesynbrarsl uccnenosanus BiausHus 2,6- A TBII na nectpykuuto [IWb, npencrasiensl B Tadbnuie
[. Onu yka3biBalOT Ha ero MHAUGOEPEHTHOCTh K peakluu, TeM Oojiee ¢ YBEIMYEHUEM €ro
KOHIIEHTpaluu HabrogaeTcs MOHOTOHHOE yMeHblienne MM [IMb u ux 3Ha4YeHus] MOJA00HBI
3HayeHuro MM IIMDB, nomy4eHHOTO B €ro OTCyTCTBUH [6].

Ta6auna I. Bnusuue 2,6- ITBII na katanutudeckyro aectpykuuto [IUbB. IT1MB-0.8 rp,

v—34mn, M y ~1.540.000, [ AIEtCI2]-0.013 momb/n1 , t-20°C, pacTBOpHTENb H- IEHTAH.

n/n [2,6- ATBIT]: 2,6- ITBI1 - Bpems
-10?momb/n [ AIEtCI,] M y .10°° [77] JECTPYKIL.
Jac.

1 - - 756.7 1.19 1

2 1.16 0.89 728.3 1.17 -

3 2.03 1.56 717.3 1.16 -

4 3.06 2.35 706.2 1.15 -

5 2.03 1.56 722.6 1.165 0.5

6 2.03 1.56 711.7 1.155 3

JInst BBISIBIICHUSI POJIM TOJIyoJia B peakluH KaTaautuyeckoil nectpykiuu [IUB uckimounTensHo
BAXHYIO POJIb UMEET MOPSI0K €r0 BBEICHHS B PEAKIIMOHHYIO CUCTEMY . JTO 00yCIOBICHO TEM,
YTO TOJYOJ MOKET MHTHOUPOBATh PEAKIUIO0 JECTPYKIUU HE TOJILKO Ha CTAJIMU JE3aKTHUBALIUU
MOJINMEPHOI0 KapOOKaTHOHA MO PEAKIUH €ro ApWIMPOBAHMS , HO M IO PEAaKIMH KOMILJIEKC
o0pa3oBaHMs ¢ KaTalu3aTOpOM ([1€3aKTUBAIIMS KaTau3aTopa).

YyuTeiBasi 3TU 0COOEHHOCTH, TOJIyOJ BBOJWJICS B cuctemy 3a 10 muH. mo peakuuu. Bpems
BBEJICHUS TOJIyOJia OIpENeeHO M3 KUHETHUECKHUX JIaHHBIX: TaK Kak HauOoJblliee MPEBBIIICHUE
CKOpPOCTH JeCTpyKIMH HabOmomaercss B mepBble 10 MHH. M MaKCHMalIbHBIA HMHTHOUPYIOMINI
a¢dekT Tomyona MOKEH HaONI0NaThCs UMEHHO B TeueHHe 3Toro BpeMeHu [7]. Kak mokazamu
HCClIeI0OBaHus, Tabinua 2, TOIyoJl HE OKa3bIBAET CYILECTBEHHOE MHTHOMpYIOLIee NEHCTBUE HA
peakmnuio, a Y® aHaau3 MOJIMMEPHBIX TPOAYKTOB AecTpyknuu [IMB He oOHapyxwui mosocy
MOTJIOLICHUS], XapaKTepHYI0 A apoMaTrndeckux (parMeHToB B obmactu A, = 250—280HM.

Heckonbko ke 3aBbIIIEHHBIE 3HAYECHUS MV [I1B, tabnuma 2, mosydeHHbIE B TPHUCYTCTBHH

TONlyOJia, TIO CPAaBHEHWIO C KOHTPOJIBHBIMHU, CKOpEE BCEro CBS3aHbl C HE3HAYUTEIHHOU
Je3aKTUBAIMeH Karaju3aTopa 3a CUET KOMIUIEKC OOpa30BaHUSA €ro C TOJYOJOM, XOTSA 3TO U
3HAYEHUS OJTHOTO MOPSIIKA.

N3 tabmumer 2 Takke ciemyer, 4to AlBrs Heckonmpko Oomnee aktmBeH, yeM AIlEtCl2 kak wu
CIEA0BAJIO OKHU/IATh.

Macc-CleKTpOCKONMUSCKUN aHaIM3 KUJAKOW (pakiuu pPeakIMOHHONW CHUCTeMBI  IOclie €&
Ne3aKTUBAIIMA METAHOJIOM W BBIICIICHUS TOJMMEPHBIX MPOAYKTOB, HE BBISBHI 00Opa30BaHMs KaK
HU3KOMOJICKYJISIPHBIX OJIe(UHOB, OCOOCHHO W300yTHIIEHa, TaK M KaKUX-JIMOO TIPOIYKTOB
ATKWJIUPOBAHMS UMU TOJTyoJa.[9]
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Ta6auna 2. Karanurnueckas nectpykiust [IUb nox neticteuem AIECl2 u AIBr3 B mpucyrcTBun
tonyona. [AIEtCl2]=2.7-10%momns/n, [AlBrs]=2-10mons/n, 1= 3uac, pacTBOPUTENh- TENTaH
(20°C) u mekan (60°C), Tomyor -10mn, [TTAB]-0.8rp, Vosu-34Mi.

n/n | °C | B npucyTcTBUM Tomyona B orcyrcTBHE TOSTYONA
AIEtCl, AlBrs AIEtCl, AlBr3
PR I 7 I - I 7 - N ) I R N 7]
M, -10 M, 10 M, -10 M, 10
1 20 831.4 1.26 | 706.2 1.15 | 796.2 1.23 | 684.5 1.13
2 60 720.6 1.17 | 620.9 1.07 | — - - -

BoiBoab: [lonyueHHble B X071 padOThl pe3ysbTaThl O3BOJISIOT CAEIATh 3aKJII0YEHHE O TOM, YTO
H"* - dpopma karanuzaropa (I) He ABISETCS aKTHBHOM B PEaKkUK MHUIMAPOBAHUS JECTPYKIHU U
IPOTEKAET [0 MEXaHU3MY OTIMYHOMY OT ME€XaHU3Ma 00pa3oBaHusl KapOOHUI MOHHBIX aKTUBHBIX
LIEHTPOB, TaK Kak B MPOTHUBHOM ciyydae 2,6- JITBII oka3piBan Obl Takxke MHIHOUpYIOMmUd 3¢ ekt
U Ha peakuuio JECTPYKUIUHU MO CXEME aHAJIOIMYHOM €ero Je3akTUBHUpYOIIEeMy 3(QexTy Ha
pEaKLUIO POCTa LIENH B KATHOHHOW TOJUMEPU3ALMU. JTO JOIyCKaIOT Psiji aBTOPOB [8].

~C"+G—> CH= CH, + HG*
rne G- 2,6- JTBII. B nutepatype mpHBOAMTCS ,4TO B PE3yJbTaTe Peakuil HHUIUHPOBAHUS

aectpykuuu mon aeiictBueM H' - Gopmbl KaTanusatopa JOKEH 00pa30BaThCsl MOJICKYIISPHbIN

Bozopoa (H2) mo cxeme:
H H

4
N4

~CH2~+H+—>~CH~—> ~C+H~+H2T o
TUJIPOUAHBIN TEPEHOC

Hamu Obutn mpoBesieHBl Macc-CIIEKTPOCKOMMYECKUE HCCIeIOBaHUs Ta30BOM M KMIKOHM (a3bl
PEaKIIMOHHON CHCTEMBI ¢ 1esibl0 0O0HapyxkeHuss H2. OnmHako kakux-aubo cieoB 00pa3oBaHUS
MOJIEKYJIIPHOTO BOJOpoja He Obulo oOHapyxkeHo. Takum oOpa3oMm, 1o pe3yibTaTam
UCCJIETOBaHMSI MOKHO CJIENIaTh 3aKJII0YEHHE O TOM, YTO B PEaKIMM KaTaTUTUYECKON JeCTpyKIUU
[I1b axTuBHO#M GopMOI KaTanu3aTopa sBisiercss ero MoHomepHas gopma (II) .

OngHako W3 3TOrO0 HE CIENyeT, 4TOo B Impouecce karamutudyeckod nectpykumn IIMb-a He
oOpa3yeTtcs U300y THIICH.

Ero otcyTcTBHe OOBSCHSETCS TEM, YTO OH TOJ JCHCTBHEM JIBIOMCOBCKOW KHCIOTHI TIPU
U3yUEHHBIX YCJOBHUAX aKTUBHO BCTYNMaeT B peaknuio onuromepusanuu. OOpa3oBaHue
HU3KOMOJIEKYJISIDHBIX ~ OJIMTOMEPOB  OT JUMEPOB JI0 TETPOMEPOB JOKAa3bIBaeTCSl Macc-
CIEKTPOMETPHUUECKH [5].

TakuMm 00pa3oM, OTCyTCcTBHE MHTHOMpyIouiero 3¢ @dexra ToayosaoM yKa3blBaeT Ha HE3HAYUMYIO
ponb KapOOKAaTHOHOB B TIpolecce AecTpykuuu. Ilpu usydennsix ycnosusx (20°-60°C) naubosee
BEPOSITHBIM HalpaBJIEHUEM TPEBPANICHNH KapOOKAaTHOHOB SIBIISIETCS DJIMMUHUPOBAHHE ITPOTOHA C
oOpa3oBaHueM ,,MEPTBOro‘‘ TOJMMEpa, TaK KaK MpPHU BBICOKHX TEMIIEpaTypax peakius
MOHOMOJIEKYJISIPHOTO OOpPbIBA LEMH SIBJIIETCS JOMUHUPYIOLIEH.
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Azerbaijan State Oil and Industry University and International Research, Education & Training Center.
MTU (Estonia, Tallinn) are publishing scientific papers of scientists on Website and in Referred Journal
with subjects which are mentioned below:

© THE BALTIC SCIENTIFIC JOURNALS

Mathematics
Computer Science Mechanics

Mechanics
Mechanics of deformable solid materials
Dynamics and durability of machinery, devices and systems

Chemistry

Analytical chemistry

Inorganic Chemistry

Organic chemistry

Physical chemistry

Petro chemistry

Chemical kinetics and catalysis

Chemistry and technology of composite materials

Earth Sciences

Geophysics, geophysical methods of exploration of mineral resources
Lithology

Hydrogeology

Engineering geology

Geology and exploration of oil and gas fields

Well drilling technology

Processing and exploration of oil and gas fields

Development technology of offshore resource fields

Technical Sciences

Chemical technology and engineering

Materials technology

Machines, equipment and processes

Theoretical electrical Engineering

Electrical systems and complexes

Thermal power plants (thermal unit)

The theoretical foundations of thermal installations

High Voltage Technology

Information measurement and management systems (different fields)
System analysis, management and information processing
Construction and operation of oil and gas pipelines, bases reservoirs
Solids electronics, radio-electronic components, micro and Nano electronics

Economic sciences

Types of economic activity

Area economy

World economy

Organizing and management of the entities
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AIMS AND SCOPE

ICRET MTU The Baltic Scientific Journals publishes peer-reviewed, original research and
review articles in an open access format. Accepted articles span the full extent of the social and
behavioral sciences and the humanities.

ICRET MTU The Baltic Scientific Journals seeks to be the world’s premier open access outlet for
academic research. As such, unlike traditional journals, ICRET MTU The Baltic Scientific
Journals does not limit content due to page budgets or thematic significance. Rather, ICRET MTU
The Baltic Scientific Journals evaluates the scientific and research methods of each article for
validity and accepts articles solely on the basis of the research. Likewise, by not restricting papers
to a narrow discipline, ICRET MTU The Baltic Scientific Journals facilitates the discovery of the
connections between papers, whether within or between disciplines.

ICRET MTU The Baltic Scientific Journals offers authors quick review and decision times; a
continuous-publication format; and global distribution for their research via ICRET MTU The
Baltic Scientific Journals Online. All articles are professionally copyedited and typeset to ensure
quality.

Those who should submit to ICRET MTU The Baltic Scientific Journals include:

e Authors who want their articles to receive quality reviews and efficient production, ensuring
the quickest publication time.

e Authors who want their articles to receive free, broad, and global distribution on a powerful,
highly discoverable publishing platform.

e Authors who want their articles branded and marketed by a world-leading social science
publisher.

e Authors who want or need their articles to be open access because of university or government
mandates.
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DOI PREFIX: 10.36962/PAHTEI

Proceedings of Azerbaijan High Technical Educational Institutions. PAHTEI
https://scia.website/index.php/pahtei
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below:

© Southern Caucasus Scientific Journals

ISSN: 2346-8068; E-ISSN: 2346-8181; UDC: 611-618

DOI PREFIX: 10.36962/ALISIMSC

Ambiance in Life-International Scientific Journal in Medicine of Southern Caucasus.
https://scia.website/index.php/AILISIMSC

Representation of the International Diaspora Center of Azerbaijan in Georgia. NGO
(Georgia Thilisi) is publishing scientific papers of scientists on Website and in Referred Journals
with subjects which are mentioned below:

© Southern Caucasus Scientific Journals

ISSN: 2298-0946, E-ISSN: 1987-6114; UDC: 3/k-144

DOI PREFIX: 10.36962/CESAJSC

The Caucasus-Economic and Social Analysis Journal of Southern Caucasus
https://scia.website/index.php/CESAJSC
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[Review Article Template]

[This Review Article Template has the standard set of headings that make up different sections of the manuscript.]
[Below the headings the dummy text is given in red color.]

[Delete the dummy text in red color and replace it with your own text.]

[You can directly type your text here or copy your text from your file and paste it at the appropriate place.]
[Delete any section or heading you do not need.]

[If you need more than one set of headings, you can copy and past the headings.]

[Keep the right margin of the text ragged. Do not use “Justify text” command.]

[Please make sure that the reference format conforms to the journal reference style.]

[DO NOT FORGET TO FREQUENTLY SAVE THIS FILE WHILE WORKING ON THIS MANUSCRIPT TO
PREVENT LOSS OF DATA.]

[DOUBLE SPACE THE MANUSCRIPT THROUGHOUT (Title Page need not be double spaced)]

[DELETE ALL TEXT IN RED COLOR BEFORE SUBMITTING YOUR MANUSCRIPT.]

TITLE: PAPER TITLE (Title, Times New Roman, bold, 14)
[Enter here the title of manuscript in sentence case (14 Bold)-capital letter.]

AUTHORS: [List here all author names; identify authors with author affiliations with superscript Arabic
numerals]

[First Name Middle Name Family Name?], [First Name Middle Name Family Name ?]
[First Name Middle Name Family Name 3], [First Name Middle Name Family Name 4]
(Author(s), Times New Roman, bold, 12)

AFFILIATIONS: [List here all author affiliations including position in the department, department, institute,
city, state, country, email; identify authors with author affiliations with superscript Arabic numerals]
L [Author affiliations — position, department, institute, city, state, country, email ID, ORCID I1D]
2 [Author affiliations — position, department, institute, city, state, country, email ID, ORCID ID]
3 [Author affiliations — position, department, institute, city, state, country, email 1D, ORCID ID]
(Affiliation1,2,3 Times New Roman, 10)

CORRESPONDING AUTHOR DETAILS

[Give here name, contact address, contact phone number, email and fax number of the corresponding
author, Corresponding author must be one of the authors of the manuscript.]

[First Name Middle Name Family Name]

[Complete Mailing Address]

[City]

[State]

[Country]

[Postal Code]

[Contact Phone Number - Country prefix followed by full phone number]

[Contact Email]

[Fax number - Country prefix followed by full fax number]

(Affiliation for CA Times New Roman, 10)

Short Running Title: [Give here a short title of the paper, less than 40 characters] (Times New Roman, 10)
Guarantor of Submission: The corresponding author is the guarantor of submission.

[If an author other than the corresponding author is the Guarantor of Submission, delete the previous line, write the
name of the individual and give the details below.]

(Times New Roman, 10)

Guarantor of Submission (if not the corresponding author)
[Give here name, contact address, contact phone number, email and fax number of the guarantor of Submission, if
other than the corresponding author]
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[First Name Middle Name Family Name]

[Complete Mailing Address]

[City]

[State]

[Country]

[Postal Code]

[Contact Phone Number - Country prefix followed by full phone number]
[Contact Email]

[Fax number - Country prefix followed by full fax number]

(Times New Roman, 10)

SUMMARY (OPTIONAL) (Times New Roman, 12 Bold)

[This section of the manuscript is optional. It is up to the author(s) to decide whether to include this section in the
manuscript.]

["Summary" of your work is a short description of the work being presented in your article. It is longer than the
"Abstract" which is limited to 250 words for all types of articles. After reading the "Summary" a reader should be
able to understand the background information, why the work is being reported, what the significant results are, and
what may be the explanation for the results.]

[Although writing an additional section in the form of "Summary" of your work may seem like and extra burden on
your time and resources, it will be an important part of your manuscript especially for articles which are highly
technical. Many times readers who are students, or who are not expert on the subject of the article or readers who are
experts but in related subjects may skip reading an article if on first look the article appears to be very technical with
lot of data, facts and statistics. Some other articles may not be easy to understand, on first reading, even by experts in
the subject of the article. The "Summary" section will help the readers in understanding the results of your study.]

e The recommended word limit for "Summary" for Review Article is — 800 words (2 pages)

e When writing the "Summary" use as simple and as non-technical language as possible. Write the "Summary" as if
you are explaining your study to a first year graduate student.

e Do not repeat or copy text verbatim from the main text of your manuscript. "Summary" will probably be the most
important and most widely read part of your manuscript. Write it fresh as a separate section.

e Inthe "Summary" give: 1) relevant background information, 2) why the work was done, 3) what were the
significant results, 4) possible explanation of the results.

e Only give the significant results of your study and give their possible explanation.

e Do not compare your results with other studies.

e Do not give references in the "Summary" section. First reference should start in main text of your manuscript from
the "Introduction™ section.

TITLE: [Enter Here the Title of Manuscript in Sentence Case.]
ABSTRACT (Times New Roman, 12)

OBJECTIVE: (Times New Roman, 12)

METHODS: (Times New Roman, 12)

RESULTS: (Times New Roman, 12)

CONCLUSION: (Times New Roman, 12)
[Structured or unstructured abstract as required by the manuscript]
[Less than 250 words for all manuscripts]

Keywords: [Four to six keywords for indexing purpose] (Times New Roman, 12)

TITLE: [Enter here the title of manuscript in sentence case.] (Times New Roman, 12)
[Type or copy/paste the manuscript text under the headings below. References are in square brackets, e.g. [1, 2, 3]
and figures/tables are in parenthesis, e.g. (Figure 1) or (Table 1)]
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INTRODUCTION (Times New Roman, 12 Bold)

[Type or copy/paste your text here]

(Times New Roman, 12)

[After “INTRODUCTION?” rest of the headings or subheadings can be as required by the manuscript]

[Heading (level 1 heading is in CAPITALS followed by text)] (Times New Roman, 12 Bold)

DDDD DDDD bDDDDD bDDDDDDD DDDDDD DDDDDDD DDDDD DDDDD DDDDD]

(Times New Roman, 12)

[Subheading (level 2 heading is in sentence case, followed by text) (Times New Roman, 12 Bold)

DDDD DDDD DDDDDD DDDDDDDD DDDDDD DDDDDDD DDDDDDD DDDDDDDDD]

(Times New Roman, 12)

[Subheading (level 3 heading is in sentence case, in line with text) (Times New Roman, 12 Bold) DDDD DDDD
DDDDDD DDDDDDDD DDDDDD DDDDDDD DDDDDD DDDD DDD D D DDDD DDDDDD D D DD DD]
(Times New Roman, 12)

CONCLUSION (Times New Roman, 12 Bold)
[Type or copy/paste your text here]
(Times New Roman, 12)

CONFLICT OF INTEREST (Times New Roman, 10 Bold)
[Declare here if any financial interest or any conflict of interest exists. ]
(Times New Roman, 10)

AUTHOR’S CONTRIBUTIONS (Times New Roman, 10 Bold)

[Enter name of authors followed by author’s contribution. ]

[At least one task from each group is required from an individual to be listed as author of the article, delete anything
which is not applicable.]

(Times New Roman, 10)

[First Name Middle Name Family Name]

Groupl - Conception and design, Acquisition of data, Analysis and interpretation of data
Group 2 - Drafting the article, Critical revision of the article

Group 3 - Final approval of the version to be published

(Times New Roman, 10)

[First Name Middle Name Family Name]

Groupl - Conception and design, Acquisition of data, Analysis and interpretation of data
Group 2 - Drafting the article, Critical revision of the article

Group 3 - Final approval of the version to be published

(Times New Roman, 10)

[First Name Middle Name Family Name]

Groupl - Conception and design, Acquisition of data, Analysis and interpretation of data
Group 2 - Drafting the article, Critical revision of the article

Group 3 - Final approval of the version to be published

(Times New Roman, 10)

[First Name Middle Name Family Name]

Groupl - Conception and design, Acquisition of data, Analysis and interpretation of data
Group 2 - Drafting the article, Critical revision of the article

Group 3 - Final approval of the version to be published

(Times New Roman, 10)
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(Times New Roman, 10)

ACKNOWLEDGEMENTS (Times New Roman, 12 Bold)
[List here any individuals who contributed in the work but do not qualify for authorship base on the above criteria.]

REFERENCES (Times New Roman, 12 Bold)

[List here all the references in the order of citation in the text. List all authors if less than six. If more than six
authors, list the first six followed by “et.al.”]

[General style of reference is:]

[Surname First Name Middle Name, Surname First Name Middle Name. Title of article. Journal Name
Year;VVolume(Number):Full inclusive page numbers.]

[NO SPACES BETWEEN - Year;Volume(Number):Full inclusive page numbers. ]

1. [Surname First Name Middle Name, Surname First Name Middle Name. Title of article. Journal Name
Year;Volume(Number):Full inclusive page numbers.]

2. [Surname First Name Middle Name, Surname First Name Middle Name. Title of article. Journal Name
Year;Volume(Number):Full inclusive page numbers.]

3. [Reference 3]

4. [Reference 3]

5. [Reference 3]

6. [Reference 3]

(Times New Roman, 12 Bold)

SUGGESTED READING (Times New Roman, 12 Bold)

[In this section include references to articles, abstracts, books, manuals, web pages, videos, presentations or any other
material you have referred to in planning and writing your study which are either not directly relevant to your study
or not important enough to be cited in the text and given in the "References" section.]

[Include any number of items in this section, but we suggest you to limit the number to 15 or less for review articles
and original articles and 10 or less for case series and case reports.]

[Please DO NOT cite the items in the ""Suggested Reading'* section in the text of your manuscript.]

TABLES (Times New Roman, 12 Bold)
[All tables should be double spaced. Each table on a separate page]

Table 1: [Type or copy/paste here a brief descriptive title of the table DO NOT use full-stop after table sentence]
(Times New Roman, 12)

Abbreviations: [Give here full form of all abbreviations used in the table. Give the full form even if it has been
explained in the text.]
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[All tables should be double spaced. Each table on a separate page]

Table 2: [Type or copy/paste here a brief descriptive title of the table DO NOT use full-stop after table heading]
(Times New Roman, 12)

Abbreviations: [Give here full form of all abbreviations used in the table. Give the full form even if it has been
explained in the text.]

FIGURE LEGENDS (Times New Roman, 12 Bold)
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