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KABEL XOTTINDO iMPULSUN YAYILMASI PROSESINI
SIMULYASIYA ETMOK UCUN UZUN XOTTIN DINAMIK MODELI
HAQQINDA

Rza Saforov

Azarbaycan Dovlot Neft vo Sonaye Universiteti, Azorbaycan
Email: rzasafarov@mail.ru

XULASO

Miiasir kompiiter texnologiyalarindan istifado etmoklo kabel xotlorinds impulslarin yayilmasi
prosesini simulyasiya etmok aktual ohomiyyat kasb edir. Adi ¢okilon prosesi simulyasiya
etmok tigiin kabelin dinamik modelinin qurulmasi, basqa sozlo dinamik identifikasiya masolosi
ortaya ¢ixir. Hazirki isdo dinamik model dedikdo, kabelin 6tiirmo funksiyasi nazords tutulur.
Simulyasiyanin aparilmasi {i¢iin proqram tominati kimi Matlab proqram paketinin Simulink
olavosindon istifado olunur. Kabel xotlorindo impulslarin yayilmasi prosesini simulyasiya
etmok moqsadilo vahid uzunluqlu kabel xottinin dinamik modeli kimi birinci tortibli aperiodik
mangqgadan istifado etmok toklif edilir. Biitév kabel xatti iso bu clir dinamik modellorin ardicil
birlogsmasi kimi gostarilo bilor. Gostarilir ki, RC ddovrasi soklinds olan ekvivalent avoz sxemi
va onun Gtiirmo funksiyasi impulsun kabel boyunca yayilmasi prosesini diizgiin tosvir eds bilir.
Bu zaman modelin ¢ixisindaki impulsun formasi real kabellordo miioyyon mosafoys yayilan
impulsun formasina uygundur. Miixtalif monbalords tosvir olunan modellor tonqidi icmal
edilmis vo toklif olunan modelin iistiinliiyii gostorilmisdir.

Acgar sozlar: kabel,, 6tiirmo funksiyasi, dinamik manga, ekvivalent avaoz sxemi

Giris: Kabel xotlorindo zodolonma yerino godor olan mosafoni toyin etmok iiglin impuls
tisulundan genis istifado olunur [1]. impuls reflektometriya {isulu zodalonma yerini tayin etmok
liclin miinasib yanasmadir vo kabelo dagidici tosir gostormir [2]. Hom koaksial, hom do
simmetrik kabellordo sinaqlarin kegirilmosi {iglin impuls iisulu c¢ox effektivdir. Bu iisul
zodalonma yerini toyin etmoklo yanasi geyri-bircinsliklorin yerini vo qiymatini, ddvralor
arasinda toplanmig xarakterli alagalori miioyyon etmoyo do imkan verir. Bu tisuldan istifado
etdikdo kabels zondlayici impuls gondarilir. Kabeldon qayidan impuls dalga miigavimatinin
fasilosizliyinin (bircinsliyin) pozuldugunu bildirir. Qeyri-bircinsliyin meydana golmaosi
zadolonmolorin vo ya kabeldoki birlogdiricilorin hesabina ola bilor. Daha yiiksok ayirdetmo
qabiliyyatini tomin etmok iicliin miimkiin qodor kicik davamiyyst miiddstine malik olan
periodik gorginlik impulslarindan istifado olunur. Impulslarin kabeldo miioyyon mosafayo
yayilmasi analiz olunaraq zodslonmalarin yeri vo xarakteri baradoe miivafiq qorar qobul edilir.
Bu sobobdon miiasir kompiiter texnologiyalarindan istifado etmoklo kabel xotlorindo
impulslarin yayilmasi prosesini simulyasiya etmok aktual shomiyyat kosb edir. Adi ¢okilon
prosesi simulyasiya etmok {i¢iin kabelin dinamik modelinin qurulmasi, basqa sozlo dinamik
identifikasiya mosalasi ortaya ¢ixir. Hazirki igdo dinamik model dedikds, kabelin &tiirmo
funksiyas1 nozords tutulur. Simulyasiyanin aparilmasi iigiin program tominati kimi Matlab
program paketinin Simulink slavasindan istifads olunur.

Qarsiya qoyulmus masalonin halli iiclin Matlab proqram paketindon istifade edilmasi tosadiifi
deyildir. Matlab program paketi informasiya texnologiyalar1 baximindan xiisusi digqoto
layiqdir [3]. Bu paket Amerika, Avropa vo Asiyanin aparict elmi miiossisalorinde miihondis
hesabatlarinin yerino yetirilmosi {i¢iin standart kimi gobul edilmisdir.
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9dabiyyatin icmali: Bir ¢cox elmi asorlor Matlab proqram paketindon istifado etmokls kabel
xotlorindo zodslonmo yerino godor olan mosafonin toyin edilmasi mévzusuna hasr olunmusdur
[4, 5]. Bu mdvzuya baxilmasindan 6nca kabel xotlorindo impulslarin yayilmasi prosesini
(elektromaqnit kegid prosesini) arasdirmaq vo Matlab proqramimin Simulink olavesindo
simulyasiya etmok maraq kosb edir. Bu ciir simulyasiyanin yerino yetirilmosi liclin kabel
xattinin dinamik modelinin qurulmasi lazimdir. Umumiyyatlo kabel xattinin uzun xott kimi
modelino ¢oxlu miixtolif osorlordo baxilmigdir. Bozi osorlordo iso  kabel xottinin
modellosdirilmasi konkret proqram tominatinda yerins yetirilmisdir [6, 7, 8, 2].

Nagqillorin birlosmasine o halda paylanmis xarakterli elektrik verilis xotti kimi baxmaq olar ki,
xottin uzunlugu homin xatlo 6tiirtilon impulsun dalga uzunlugu ilo miigayise olunan olsun [6].
Hom elektrik rabitosindo, hom do enerji sistemlorinds avadanliglarin normal foaliyyati
elektromaqnit keg¢id proseslorinin diizgiin modellosdirilmosindon ¢ox asilidir. Bunun iigiin
kabel xatlorini praktiki cohatdon 6ziinii dogruldan riyazi modellarls tosvir etmak tolab olunur.
Elektromaqnit kegid proseslorinin hesablanmasi {i¢iin genis istifade olunan proqramlardan biri
do Electromagnetic Transients Program-dir [7]. Burada kabel xotti ligiin toklif olunan
modelloro misal olaraq sabit parametrli xott modeli, tezlikdon asili modeli vo universal xott
modelini gostormoak olar. Sabit parametrli xott modeli effektiv hesablamalara imkan vermoakloa
yanas1 kifayst qodor sads bir modeldir. Burada xattin parametrlori sabit gobul edildiyi {igiin bu
model keg¢id prosesini haddindon artiq qiymotlondirir. Bu modeldon kabel xottinin kegid
prosesinin bas verdiyi yerdon uzaqda yerloson hissalorini modellogdirmak ii¢iin istifado olunur.
Tezlikdon asili model impulsun ¢ox nagqilli xotdo yayilmasini tohlil etmoys vo amplitudu
giymotlondirmays imkan verir. Bu zaman xottin parametrlorinin tezlikdon asili olmasi hesabina
bas veron effektlori analiz etmok imkani da vardir. Modelin manfi cohati odur ki, tezlikdon
asili olaraq amplitud vo faza arasindaki c¢evrilmolor hoqiqi vo sabit matrislor vasitasilo
aproksimasiya olundugu ii¢clin bu modelin daqiqliyi simmetrik vo ya toxminon simmetrik hava
xotlori ilo mohdudlasir. Tezlikdon asilt model kegid prosesini lazimi doracads qiymatlondirmir.
Universal xott modelindo xottin parametrlori tezlikdon tam asilt gobul edilir. Bu model
bilavasito faza oblastinda igladiyi ticiin amplitud vo faza arasindaki ¢evrilmalori sadslogdirmok
ehtiyact aradan qalxir. Odur ki, bu model daha timumi hesab edilir vo onun vasitasila geyri-
simmetrik hava xatlorini vo yeralt1 kabel xotlorini modellagdirmok miimkiindiir. Universal xatt
modeli Electromagnetic Transients Program vo Matlab kimi proqramlarda istifado oluna bilar
[7].

Kabelin dinamik model kimi 6tlirmo funksiyasini toyin etmok ii¢lin onun ekvivalent avoz
sxemindon istifads etmoaliyik. Bir ¢cox monbalords kabel xattinin vahid uzunlugunun ekvivalent
ovaz sxemi dord qiitblii soklindo tosvir edilir [9, 10] (sokil 1). Ardicil miigavimat R, ardicil
induktivlik L, naqillor arasindaki izolyasiyanin kegiriciliyi G va paralel tutum C homin dérd
quitbliinii toskil edon passiv elementlorin parametrloridir. R, L, C vo G komiyyatlori bircinsli
uzun xottin (paylanmis parametrli elektrik dovroesinin) ilkin parametrlori adlanir. Bu
parametrlor kabel xottinin vahid uzunlugunda toyin edildiyi {i¢iin onlarin vahidlari Beynalxalq
Sistemds uygun olarag Om/m, Hn/m, F/m vo Sm/m-dir. Bozi maonbalorde m oavozino km-don
istifado olunur. Biitovliikdo uzun kabel xotti 1so ekvivalent ovoz sxemindo tosvir edilmis dord
qitbliilorin ardicil birlosmis zoncirindon ibarat sokildo gdstorilo bilor.
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Sakil 1. Kabel xattinin vahid uzunlugunun dord qiitbli soklinds ekvivalent ovoz sxemi

Vahid uzunlugluglu kabel xottinin simulyasiyast ii¢lin toklif olunmus tsullarin oksoriyyati
telegraf tonliklorindon alinir. [9]-da kabel xottinin modeli dord qiitbliiniin 6tlirmo funksiyasi
soklindo qurulmusdur. Dord qiitbliiniin giris gorginliyi vo coroyani ilo ¢ixis gorginliyi vo
coroyani arasindaki asililiq 6tiirms funksiyasinin identifikasiyasi {i¢iin istifade olunmusdur. Bu
asililiq asagidaki sokilds ifado olunmusdur [9]:

U A B||U
e ol @
1 2
burada Ui, 1 — dord qiitbliiniin giris gorginliyi vo carayani, A, B, C, D — tezlikdon asili

omsallar, Uz, |2 — cixis gorginliyi vo coroyamidir. Dord qiitbliinlin 6tiirme funksiyast iso
asagidaki sokilds ifads olunmusdur [9]:

W(s) = Uy _ Zx
Uy AZ(+B+CZiZy, +DZy,

(2)

burada Uy — yiik miigavimati, Um — manbanin miiqavimati, Zk — kabelin dalga miiqavimati, Zk
— moanbanin miigavimatidir. (1)-doki ABCD matrisinin agilist asagidaki kimidir [9]:

coshiyl)  Zy sinh(y)

A B
{C D}: L sinn(yl)  coshy) 3
ZK

burada y — yayilma omsali, | — uzunluqgdur.

[8]-do ekvivalent ovoz sxeminin nisbaton sadolosdirilmis variantindan, yoni doérd element
ovazing li¢ elementdon istifado edilir. Orada deyilir ki, elektrik verilis xottinin uzunlugu 80
km-don az oldugda ona qisa verilis xatti kimi baxmaq olar. Qisa verilis xattinds ki¢ik sizma
corayan1 sababindon kegciricilik nozore alinmir. Bu zaman kabel xottinin vahid uzunlugunun
ekvivalent oavaz sxemini dord qiitblii kimi tosvir etdikds ardicil miigavimat, ardicil induktivlik
va paralel tutumdan istifado olunur (sokil 2) [8]:
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Sokil 2. Ug passiv elementdon ibarot sadolosdirilmis ekvivalent avoz sxemi

Problemin halli: Problemin halli iiglin avvalco sokil 1-doki model asasinda 6tiirmo
funksiyasinin alinmasina baxaq. Kegiricilik G avozino Rc=1/G yazilisindan istifads edorak
xottin ¢ix1s konturunun komplels miigavimatini oldo edok:

Re
z,-—Cs T (@)
Re+ L RoCs+l
Cs

burada s=jw. Ardicil R miiqavimati vo ardicil L induktivliyindon ibarot dovro hissasi ti¢iin
komplels miigavimatin ifadssi agagidaki kimidir:

Z, =R+Ls (5)

Sokil 1-doki model {igiin 6tlirma funksiyasini alaq.

U6 192, 7 (6)

VO=0,0 19 @2y 747,

burada I(s) sokil 1-do giris konturundan axan corayandir. (4) va (5)-i (6)-da nozors alaq. Onda
yaza bilorik ki:

R
W(s) = > ° (7)
LCRgS“ +(L+RRgC)s+R+Rg

(7) ifadesini ikinci tortibli dinamik manganin standart formasina gotirmok iiglin surat vo
moxraci R+Rg comino bdlok. Onda asagidaki ifadoni yazariq:

RG
R+R
W(s) = = (8)
Lc_Re g2, L+¥RRcC
R +Rg R +Rg
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(8)-doki K = RS ifadasi Gtiirmo va ya giiclondirmo smsalt, T2 =LC— 18 yo T, = =*RReC
R+Rg R+Re R,

zaman sabitloridir [3]. Re>>R oldugu ii¢iin = TE ~1. Belaliklo, ikinci tortibli dinamik
G

manganin 6tiirme funksiyasinin standart formasini almis oluruq:

K

W(s) - - @
Tes? +Ts+1

(9)

(8) ifadasinda TG ~1 oldugundan T ~ LC . Homginin, —0 vo R+Rg =R oldugunu

R+Rg *tRe

nozors alaraq T, =RC. Onda (8) ifadasini sadslosdirilmis sokildo asagidaki kimi yaza bilorik:

1

S S 10
LCs? +RCs+1 (10)

W(s)

Kabel xatlori tiglin sorgu kitablarindan ilkin elektrik parametrlorinin qiymatlorinin analizi

nisbati (0;1)

e 1 . . T o .. . . RC
gostorir ki, (9) ifadesindon o) komiyyati, homginin (10) ifadesindon 2iic
intervali daxilinds olur. Bu iso rogsi manqgaya uygundur [3]. R, L, C vo Rg parametrlorinin
giymotlondirilmasi iiclin vahid uzunluq kimi km ovozino m goétiirdiikdo bu, daha aydin
gorunur.

Mosolen, diametri 0,7 mm olan TT', TB markali kabellor iiciin R=96-10"° Om/m, L=0,6-10°
Hn/m, C=40-10"*2 F/m, Rc=2-10"° Om/m giymatlori iigiin [11] Matlab/Simulink-do simuryasiya
aparaq. Elektromaqnit dalgasinin kabelds yayilma siiratini 3-10% m/san gobul etsok, gorginlik
impulsunun 1 m mosafoys yayilmast (zedslonms yerini toyin etmok {iglin 1 m ayirdtmo
gabiliyystinin olmas1) iiclin lazim olan miiddot (impuls signalinin davamiyyot miiddati)
3,33-10° san-dir. Bu miiddet Stepl blokunda verilir (sokil 3). Step vo Stepl bloklarinin
vasitosilo giris impuls signali formalagdirilir. TZ vo T1 giymatlori hesablanaraq Transfer Fenl
blokunda daxil edilir.

Simulyasiya naticasinde alinmis qrafik sokil 4-do verilmisdir. Orada yuxaridak: sokilds kabels
gondorilon zondlayict impuls, asagida iso kabel xottinin homin impulsa reaksiyasi
gostorilmisdir.

1

2.3999e-017:2+2,0262e-010s+1

Transfer Fonl
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Sakil 3. Sakil 1-0 uygun olan (8) 6tiirms funksiyasinin simulyasiya sxemi

Bl scope2 [E=SEon &)
S8 oL hEE

Sakil 4. Sakil 1-5 uygun modelin simulyasiya naticosi

Belaliklo, hom nazari hesablamalardan, hom do simulyasiyanin naticasindon goriiniir ki, vahid
uzunluqlu kabel xotti gokil 1-doki kimi ekvivalent ovoz sxemi vo buna uygun olaraq (8)
ifadoasindoki kimi 6tlirme funksiyasi ilo tosvir edilorsa, onda bu ciir dovra diizbucaqli formali
impuls signalina soénon ragslorlo reaksiya verir. Amma oaslindo iso impuls signali kabeldo
miioyyon mosafoys yayildigdan sonra, agor enerjisini tam itirmoyibso, sonon ragslor kimi
deyil, impuls soklindo geyd olunmalidir. Demali, vahid uzunluglu kabel xottinin gokil 1-doki
kimi ekvivalent avaz sxemi vo (8) ifadosi ilo tosvir edilon 6tiirma funksiyasi impuls signalinin
kabeldo miioyyon masafoys yayilmasi prosesini adekvat tosvir edo bilmir.

Umumiyyatls, geyd etmok lazimdir ki, impuls signali kabel boyunca yayildigda sénmo va
tohriflor sobabindon onun amplitudu azalir, eni (davamiyyot miiddet) iso artir [12]. Bu hadiso
impulsun cabhoalorindo daha ¢ox 6ziinli gostorir. Beynalxalq adobiyyatda bu, “rise time” adli
middatin (amplitudun 10%-don 90%-2 qader artmasi ii¢iin lazim olan vaxtin) artmasi kimi
ifado olunur [10]. [13]-do geyd olunmusdu ki, sénmo vo tohriflor daha ¢ox impulsun
cobholoring tosir edir. Bu, cobhalorin dikliyinin azalmasina vo mailliyinin artmasina gatirir.
Impulsun orta hissosi nisbaton az tohrif olur. Orta hisso spektrin yiiksok enerjiyo malik olan
asa@1 tezliklorindon formalagir. Impulsun cobhalorinin dikliyi iso spektrin az enerjiyo malik
olan yliksok tezlikli harmonikalar1 hesabina formalagir. Kabel xotti 6ziinii algaq tezlik siizgoci
kimi aparir. Ona gora do yiiksok tezliklorin kasilmasi cobhalorin dikliying 6z tasirini gostarir.
Rogsi xarakterli ikinci tortibli dinamik manqga impulsun bu ciir yayilmasimni diizgiin tosvir edo
bilmir. Bu ciir yayilmani birinci tortibli aperiodik manga diizgiin tosvir edo bilir.

Sokil 1-doki modeldon L elementini ¢ixarsaq vo G kegiriciliyini nozere almasaq [8], sokil 1-
doki model RC dovrasi soklinda birinci tortibli aperiodik mangaya [3] gotirilir. Amma, hotta G
keciriciliyini nozors alsaq da, L elementinin olmadigi halda (7) ifadesindon

Re

W)= RRgCs+R +Rg (1D
R+Rg ~Rg oldugunu nozors alaraq (11)-1 belo yaza bilorik:
W(s) = e : (12)

RRsCs+Rs RCs+1
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(12) ifadasi vahid 6tiirmo omsall1 birinci tortibli aperiodik manqganin 6tiirmo funksiyasidir. Bu
modelin diizbucaqli formal1 impuls signalina reaksiyasi sokil 5-do verilmisdir.

B scopet o [ sl
SBELAPL ARE

Sakil 5. Birinci tortibli aperiodik mangaya uygun modelin simulyasiya naticosi

Sokil 5-do yuxarida zondlayici impuls, asagida iso vahid uzunluglu kabel xottinin ona
reaksiyas1 gostorilmigdir. Bu reaksiya forma etibarilo real kabellordo miioyyon mosafoyo
yayilan impulsun formasina uygundur.

(12) modelinin [9]-da verilmis vo (1-3) disturlari ilo tosvir olunan modeldon iistlinliiyii odur
ki, (1-3) disturlar1 daha miirokkob hesabatlar1 tolob edir. Orada xattin yayilma amsalini, dalga
miiqavimatini, hiperbolik funksiyalari, manbonin kompleks miigavimatini hesablamaq tolob
olunur. (12) modelinds bunlara ehtiyac yoxdur.

(12) modelinin sokil 2-do tosvir olunmus sadolosdirilmis ekvivalent ovoz sxemindon [§]
iistiinliiyii odur ki, sonuncu (10) diisturu ilo tosvir olunan &tiirmo funksiyasina malikdir vo
yuxarida deyildiyi kimi, rogsi xarakters malikdir.

Natica: Kabel xotlorindo impulslarin yayilmasi prosesini simulyasiya etmok mogsadilo vahid
uzunluglu kabel xattinin dinamik modeli kimi birinci tortibli aperiodik manqadan istifado
etmok toklif edilir. Biitov kabel xotti iso bu ciir dinamik modellorin ardicil birlogsmasi kimi
gostorilo bilor. Gostorilir ki, RC dovrasi soklindo olan ekvivalent ovoz sxemi vo onun 6tlirma
funksiyas1 impulsun kabel boyunca yayilmasi prosesini diizgiin tosvir edo bilir. Bu zaman
modelin ¢ixisindaki impulsun formasi real kabellordo miioyyon masafoys yayilan impulsun
formasina uygundur.

Miixtalif monbolorde tosvir olunan modellor tonqidi icmal edilmis vo toklif olunan modelin
Ustiinliiyli gostorilmisdir.
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BOITIPOCHI MOAEJINPOBAHUA CYMMAPHOI'O UCITAPEHUA HA
CEJbCKOXO3SMCTBEHHBIX MOJISIX

MaxmyaoBa Baanga
HUU Aspoxocmudeckoit nHpopMaTHKy, HanmmoHaI-HOTO a3pOKOCMHYECKOTO areHTCTBa, A3epOaiimKaH.
Email: mammedova.valida@mail.ru

PE3IOME

CraThst MOCBsIllEHA BOIPOCAM pPa3pabOTKM MOJAEIM IPOLECCOB MCIApPEHUs Ha MOJIAX
CEIIbCKOXO35MCTBEHHBIX  PACTCHUM. IIpencraBnensl  TeopeTHUYECKHUE [IOCTPOCHUS,
IIO3BOJIAIOIINE BBIYMCIIUTD CTENIEHDb 3BAllOTPAHCIIMPALIMM PACTUTENBHOCTH. ONpeneneHsl yTH
IIOCTPOEHUs MOJEIN, YYUTBHIBAIOLIEH ONTUMAJIBHOE COOTHOIICHHE MEXAY OCHOBHBIMU
HoKa3aTeasIMU MOJEIUPYIOIUMU Ipolece 3BanoTpaHcnupanuu. ChopMmynnpoBaHa U pelieHa
ONTUMHU3ALMOHHAS 3a/a4a, pEeIIeHUe KOTOPOM TO3BOJIWIO BBIYHUCIUTHE ONTUMAJIbHYIO
(YHKLMIO 3aBUCUMOCTHM CYMMapHO BO3MOXHOI'O KOJMYECTBA BJarud Ha TMOJAX OT
¢dakTuyeckoro koiuuecTBa. [loka3aHo, YTO JaHHOE pPELICHHE IO3BOJISIET MUHUMHU3UPOBATH
MOJIEJIbHYIO OLIEHKY 3BallOTPAHCIUPALMAIO PACTUTENBHOCTH, YTO B KOHEYHOM I103BOJISET
YMEHBIINTh 0011ee KOJIUUYECTBO BOJASHBIX TApOB aTMoc(hepe.

KiroueBble  cj0oBa:  3BanoTpaHClIUpalysi, ONTHUMM3aLMs, CyMMapHblE  HCIApEHMUS,
OTHOCHTEJIbHA BIIAXKHOCTb, [10YBA, BJIara

BBenenune: DBanoTpaHcupalnus WIM CyMMapHOE HCHApeHHsl Ha CeJbCKOXO3SHCTBEHHBIX
HOJSAX SIBJSIETCS. BaKHOW KOMIIOHEHTOM B THIPOJIOTUYECKOM IHKIE BBIPAIIMBAEMBIX
3€MEJIbHBIX YYacTKOB. DBAllOTPAHCIUPALUS UIPAECT BAXKHYIO POJb B SHEPTO — BIAXKHOCTHOM
o0MeHe MexX[y 3emiIei u atMocdepoit. DTOT IpoLece BKIIOYAET CleIyollee:

1. Vcnapenue BobI ¢ HOBEPXHOCTHU OYBBI;

2. Vcnapenue BOIBI C TMOBEPXHOCTH PACTCHUH, PETYIHPYEMOE POCTOM U TEMIIepaTypoil
pacTeHus..

Cornacho [1], 6onee 99% Bnaru 3abupaeMoil pacCTeHUSIMU TEPSIETCSA B MPOLIECCE CYMMApHOIO
UCTIApEHMUS.

CornacHo [2], ToyHas OLleHKa CyMMAapHOT'0 UCIIapEHUs pAaCTEHUSIMHU SIBJISIETCS BCE €I11€ BaXKHOM
U HepeueHHoi mnpobnemoit. K HacrosimiemMy BpeMeHHM CYHIECTBYIOT CIEIYIOLIHME METOMbI
OLICHKH 3BaloOTPaHCIIUPAIUH:

1. Meton nmy3uMeTpoB M BUXpEBOil koBapuauu [3];

2. Metop octaTogHoro sHeprodananca [4];

3. Merton oTHOCHUTENBHOTO SHEprodananca [5];

4. Meton BogHOTO OajaHca MoYBHI [6], u ap.

VYpoBeHb 3Banopanuu 3aBUCUT OT KIMMAaTHYECKUX (PaKTOPOB, TAKMX KaK CKOPOCTh BETpa U
BJIQXKHOCTb.

B nokymenrax FAO 56 criocoOHOCTb pacTUTENBFHOCTH CYMMAapHOT'O MCIApPEHUs! OLEHUBAETCS
nokaszarenem ET [3], Takke BBOAUTCA TOHATHE HBAaNOTPAHCHHpALUs  OMOPHOI
pactutensHocTH (ETo mum ETy). Ins ydera pocta pacTUTENIHOCTH UCIOIB3YETCs MOKa3aTelb
perymupyrommuii kKodddunueHt pacrenus Ke. Biusuue knnmara yanteiBaeT koddduituent ETy.
Koaddumment pacrenus K sBnsercss GpyHKIMEH BpeMEHN TEMIIEPATyphl U CTETIEHH JHEBHOTO
pocra (CDD), uanexca LAI, wim KpoHBI pacTeHHs. DBarOTPaHCIIHPAINS OTIOPHOW MOJEITH
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pacTeHus HE 3aBUCHT OT THIIA PACTEHUS W BBIYMCISCTCA ISl HEKOTOPHIX CTaHIapTHBIX
Mojenen pactenus [7].

CymecTBYIOT MOJIENN, YYUTHIBAIOIINE BO3ACHCTBUE TEMIIEPATYypPHI [8], MOJETH yUUTHIBAIOIINE
paguanuio [9], MoJenu yYUTHIBAIOIINE MPOLIECCa MACChI, a TAaK)Ke KOMOMHUPOBAHHBIE MOJICIIN
(ypaBuenue [lenmana — Montu3a).

Hns ouenku ETy ypaBuenue Ilenmana — MoHTu3a cuntaercs obuienpunsaTeiM. OJHAKO, 3Ta
MOJIeNb TpeOyeT HaIMuusl TaKUX MAHHBIX KaK KIMMAaTHYEeCKHE MOoKa3aTeldd (OTHOCHUTEIIbHAsS
BJI&YKHOCTB, CKOPOCTB BETpa, COJTHEYHAs! PaaHaliysi), KOTOpble He Bceraa JocTynHbl. [Ipu aTom
CTOPOHBI HE YYHUTHIBACTCA COCTOSHHUE IIOYBBI, €€ BJIAXKHOCTb, HE MPEITyCMOTPEHBI
BO3MOXKHOCTH Ui TIPOBEICHUS ONTHMH3AIMOHHBIX  IPOIEAYpP HPUMEHHUTEIBHO C
BBIYUCIIIEMBIM K03 (pULIMeHTa IBANOTPaHCIIHPALIHH.

Ieabi0 HacTosIel CTAaTbH SBIISETCS BOCIIOJIHEHHWE YKAa3aHHOTO IMpo0Oena B BBIYHCICHUH
K03 (UIMeHTa eBaOTPAHCIIUPAIINH PACTCHHUS.

Martepuanabl u Metoa: [Ipexie yeM U3I0KUTh METO/I pacyeTa M ONTHMHU3ALNH MpeIIaraeMoi
MOZIETTH  DBANlOTPAHCIIMPALUK PACCMOTPHUM OCHOBBI ITIOCTPOCHHMS HM3BECTHOW MOJIEINH,
npezncrasiennoit B FAO 56.

CornacHo 3Toit Mojienu THeBHast BeinnuuHa ET. onpenensercs no BIpaKeHHIO

ETc = kc ' ETr (1)

rae ET — usmepsiercss B MM/fieHb; Ko — Oe3pa3mepHas BeaMunHA, ONpeessseMas B KadecTBe
anredpandeckoil pyHKIMK KymynasTuBHOro nokaszarens GDD B Buze [10]:

k. =a+bx+cx® +dx® +cx* )
r7ie X — SIBIISICTCS KyMYJISTHBHBIM 1oka3aTenemMmGDD.

Koaddunuments a, b, ¢, d, e B (2) onpeaessirores ik KaI0ro TUIIA PACTCHUS B OTICILHOCTH.
[Tokazarens GDDompenensitores o popmyie

GDD — (Tmax -2|-Tmin j T ©)

rze Thase — 0a30Bas TemMIiepaTypa, HuKe KOTOPOTO POCT PACTEHHS MTPEKPAIIaeTCsl.
Tak kak BJIaKHOCTh TOYBBI 3HAYUTEIBHO BIMSET Ha POCT pacTeHuid, To ¢popmyrna (1) Moxker
OBITh CKOPPEKTHPOBAHA CIIEAYIOIIUM 00pa3oM:

ETca = ks : kc ) ETr (4)

rae Ks — Ge3pasMepHbIil K03((GUIIMEHT cTpecca U3 —3a HEXBATKU BIAXKHOCTH MOYBBI; ETca —
¢paxTryeckas BenmunHa ETc, yduThIBaromas KOPpeKTypy CKOPOCTH 3BAalOTPAHCIHPALUU IO
HAJIMYHUIO BOJIbI B KOPHEBOW 30HE PACTEHHUSI.

Cornacao [11] ks onpenensiercst cnemyronmm oopa3zom:

. Iog[(xvjloo +1} -

° log101
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rae Ks u3MensieTcs B mpeaenax ot o (MakCHMalbHBIH BOIHBIA cTpecc) 10 1 (MUHUMAIbHBIN

BOJHBIA CTpecc WM OTCYTCTBHUE BOAHOro ctpecca); TAW — cymMMapHOe BO3MOXHOE
kosnmdecTBo Biaru; AW — gakTruueckoe KOJIM4eCTBO BIIary.
[Ipu sTOM

TAW =PC -WP (6)

rae PC — Bogoemkocts mostst; WP — Touka yBsiiaHUs pacTEHUS.
AW = SW —WP

rae SW (MM) — akTudeckoe coepkaHrue BOJIbI B TOYBE B 30HE KOPHEH pacTeHusl.
[Ipenyaraemass Monenb JUIsl CHHTE3a ONTHMAlIbHOM pPacyeTHOW METOJUKU BBIUMCICHUS
IBANOTPAHCIIMPALIUH Oa3UPyeTCs HA CIEAYIONINX IPEIIOT0KEHHS:

1. CymmapHOEe BO3MOKHOE KOJIMYECTBO BJard B IIOYBE HAa SBISIETCA IIOCTOSHHOW, M B
npezenax ONpelesieHHOro uHTepBana BpeMeHH O-1o H3MeHseTrcs IoJ BO3JCHCTBHEM
HEKOTOPHIX (akTopoB. Tam He MeHee, nHTerpupoBaHHas BennunHa | AW, BbUUCICHHAS B
BUJIE

TAW,, = j TAW (t )t )
0

MOXET OBbITh NPU3HAHA B KAYECTBE MOCTOSHHOMN Beamunubl, T.e. TAW, =0 C = const
2. CymectByeT HekoTopas GyHKIus, cBsi3bIBatolas nokazatenu TAWu AW B Buie

TAW = f(AW) (8)
3. CymiecTByeT HEKOTOpass MOHOTOHHas (PyHKIMs BpeMeHH B uHTepBaie 0-+to.
AW = o(t) €)

C yuetom (8) u (9) Beipaxenue (7) MOXKET OBITH 3aIIMCAHO B BUJIE

AW,

TAW,, = [TAW (AW X (AW) (10)

4. Jlomyckaercs, utoK, = C,; C, =const;ET, =C, ; C, =const.

BBoaurcs Ha paccMoTpeHne GyHKIMOHATbHASA 3aBUCUMOCTh ETca 0T AW B BHE
ET.. =y (AW)

U Jlajiee OIEHUBAETCS MHTETpabHas BenudnHa ETca . B BUIE
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AW,
ETow = | ETe (AW Xd(AW) (11)
0
C yuerom (4) u (11) umeem
AW,
ET o0 =Ko -ET, [k (AW (AW) (12)
0
C yuerom (12) u (5) Hanumiem
_log KTAAVV\C j -100 +1}
ET ca.um _k ET d(AW)

log101

0
(13)
Takum 06pasom, B IIpeIaraeMol MOJIENH I BHIPAOOTKM METOMKH pacuera Kodpduurenra
JBanopanuyu Tpedyercss BhamciuTh ontumanbHyio Qyskmmo K, = f (AW),, npu koropoit

ETcaun OCTHraET MUHUMANBHOI BermunmbL. [Tocne naxoxaenns K, = f(AW) \ nokasarens
ETca onpenensiercs xak

= f (AW) ET

opt * c r

(14)
CunTe3 ONTHMAJIBLHOM MOJ€EJIN: I[JISI CHHTE3a OITUMAJIbHOM MOJCIIN BOCIIOJIB3YCTCA

BeIpaxxeHusMu (7), (10) u (13) u cocraBum nieneBoit pyHkimonan F 6e3ycinoBHO
BapHAIIMOHHOW ONTHMU3AIIH:

F=k, -ET,

AWF |og[£xvj-1oo +1L(AW)+

log101

0
" (15)

+ [TAW(AW )d(AW)-C

rae A — MHOXUTeNb Jlarpanka.
CormnacHo ypaBHeHUI0 Ditepa — Jlarpanka, pelneHne onTuMu3auoHHou 3aaauu (15) qomxHo
YIOBJIETBOPUTH YCIIOBUU
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log AW 100 +1
TAW (AW)
d +A-TAW (AW )}
log101
=0
d(TAW (AW ) (16)
N3 Beipaxenus (16) momydaem:
— AW -100
TAW(AW )"
aw 00 470 (17)
——+1
TAW (AW )
Bripaxxenue (17) npuBeneM K BULY
AW -100
' 21=4 ()
(In10)- [TAW (AW )- (AW )-100 + TW (AW )? |
U3 Beipaxkenus (18) mosydyaem cienyroiiee KBaApaTHOE ypaBHEHUE
9 AW -100
TAW ?(AW )+100 AW -TAW (AW )— — 0 " (19)
Pemenne (19) naer
TAW (Aw )= - AW 100,
N \/ (AW -100)2 =AW -100 (20)
4 A-In10

Takum o6paszom, npu 3aBucumoctu (20) ¢pynkuonan uenu (15) nocturaer skcrpemyma. Jlis
BBIYHCIIEHUS A 1ocTatouHo BIoxuTh TAW(AW) ompenessiemoe BoipakeHreM (20) B hopmyny
(10), ocyiiecTBUTh HHTETPUPOBAHUE U TIOJIYYUTh BhIpaXXKeHUE i BeiunciaeHus A. He BiaBasicy
MaTeMaTHYeCKue MOJIPOOHOCTH 3TUX MNPOLEAYp, 0003HAUMM BBIYMCICHHYIO TaKUM IyTeM
BEJIMUUHY A KaK Ao.

Berauciue BTOpyro mpou3BogHyto uHTerpanta B (15) mo TAW(AW) u yOeauBIIMCH YTO
pe3yabTaT BCETAa SBISIETCS TOJIOKUTEIBHOW BEIMYMHON, MOXHO 3aKIIOYUTh, YTO MPH
ONTUMAaJIbHOW 3aBUCUMOCTH B BUJIE

100x

TAW (x) = -50x + [2500%x* + ————
) \/ Ao -In10 (21)
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rae X=AW, ETcaux ToCTHraET MUHUMAIILHON BEIUYNHEL.

MUHUMHU3AIUH SBalIOTPAHCIUPAIIH, OYSBHIHO, BXKHO KaK JIUIsl MUHUMH3AIIUU TIOTEPh
BOJIHBIX PECYPCOB, TAK U MHHHMH3AIUH BOJSHBIX TTAPOB B aTMOchepe, MPUBOISAIINX B
KOHEYHOM CITy4ae K KIIMMATHYECKUM H3MCHEHUSIM.

3axmrouenue: [IpoaHanM3upOBaHBl TEOPETHUECKUE OCHOBBI, TIO3BOJISIONIME BBIYUCIHUTH
CTEIECHb 3BANOTPAHCIUPAIMU PACTUTEIBHOCTH. [loKa3aHO, YTO BO3MOXHO IIOCTPOCHHE
MOJICJIM, YYUTHIBAIONICE ONTHUMAIBLHOE COOTHOIICHHWE MEXIYy OCHOBHBIMH TOKA3aTEIISIMH
MOJICIUPYIOIIMMU  TIporiecc  3BanorpaHcnupanud.  CdopmynupoBaHa ¥ pelieHa
ONTHMM3AIMOHHAS 3a/1a4a, pEIIEHHE KOTOPOH TMO3BOJIUIO BBIYUCIHTH ONTUMAIBHYIO
byukuuio TAW(AW). Tloka3aHo, 4YTO JaHHOE PEHICHHE II03BOJSET MHHMMH3HPOBATH
IBANIOTPAHCIHPAIIMIO PACTUTEIHHOCTH, YTO B KOHEYHOM II03BOJISIET YMEHBIIHUTH 0O0IIee
KOJIMYECTBO BOJSIHBIX TIApOB aTMochepe.
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XULASO

Mogalods hava limaninda saorniginlors Xidmotin optimallasdirilmasina baxilmigdir. Burada
qarsiya qoyulmus mogsodo catmaq liglin ¢oxkanalli, gézlomali kiitlovi xidmot sistemindon
istifado edilmis vo kanallarin mosgul olduglar1 zaman daxil olmus sifarisin basqa bir bos
kanala Otiiriilmasina baxilmigdir. Sistemin stasionar vaziyyatinin hesablanmasi tigiin malum
Erlanq diisturlarindan forqli ehtimal diisturlar1 alinmisdir.

Agar sozlar: kiitlovi xidmat sistemi, ¢oxkanall1 sistem, xidmat intizami, xidmat intensivliyi,
kanallar arasi1 garsiliqlt yardim.

Miiasir dovrda praktikada miixtolif sahalords kiitlovi xidmat sistemi (KXS) adlanan islarlo
olagali miixtalif ehtimal masalalorinin halli zorursti yaranmisdir. Belo sistemlara misal olaraq
Sormiginlorin  daginmasini, bilet kassalarimi, tomir sexlorini, borborxanalari, taksi
dayanacagqlarini va s. gostarmak olar.

Hava limaninda sornisinloro Xidmot prosesi imtinasiz kiitlovi xidmat sisteminoa aiddir. Bu
sistemdo sifaris ndvbodo gozloya bilor. Ustolik, novboadoki yerlorin sayr vo vaxti geyri-
mohduddur. Bu név KXS - in blok sxemi sokil 1-do gostorilmisdir.
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Sakil 1. Birfazli, a¢iq imtinasiz kiitlovi xidmot sisteminin blok sxemi

Bu sistemda sifaris masgul kanaldan basqa bos kanala otiiriilorkeon olave vaxt itkisi yaranir.
Miioyyon bir kanal mosgul oldugda ona daxil olan sifariglorin digor ixtiyari kanallara
oOtiiriilmasi KXS — doki kanallar arasindaki movcud qarsiliql yardim sayasinds olur vo bu bir-
birino yardimin miioyyan xiisusiyyatlori vardir. Ideal halda sifaris bir kanaldan digor kanala
otiiriildiikdon sonra da onun {iglin xidmat intensivliyinin eyni oldugu gobul olunmusdur. Bu
halda n-kanalli sistemin vaziyystinin P; ehtimali asagidaki molum Erlanq disturu ilo ifads
olunur:
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Burada n - iso qosulmus kanallarin sayi, Pi. i sayda kanalin masgul olma ehtimali, @ = % A—

orta giris intensivliyi ilo n-kanalli sistemin yiiklonmo omsali, p — bir kanalda orta xidmat
intensivliyi, r =1, 2, ..., S adadi S — in maksimal giymatins uygun névbanin uzunlugu, f = 5 ,

bels ki, v - névbada gqalmanin orta vaxtinin tarsidir.
Lakin bir ¢ox real hallarda sifarisin bir kanaldan basqa bir kanala 6tiiriilmasi prosesi zamani
miioyyon vaxt itkisi bag verir. Yoni, 6z kanalinda ndvbays diison Sornisin (sifaris) xidmot
olunmagq liglin ancaq bir basqa kanala otiiriilorkon vaxt itkisi yaranir. Bu itkini kompensasiya
etmok t¢iin yeni kanalda xidmot siiroti Ap < p artimi ilo bag verir. Bu halda hall edilocok
masaloni asagidaki kimi ifads etmok olar:
o Gozlomali, ¢oxkanalli KXS - do real qarsilighi yardimin gostorilmoasi zamani Pj
ehtimalinin hesablanmasi {igiin zoruri diistur almagq;
e Rasional sayda kanallarin igo qosulmasi vo onlar arasinda qarsilighh yardim nazaro
alinmagqla KXS - in optimallasdirilmasi meyarinin formalagdirmagq;
e Alinmis naticalori moalum naticalorlo miigayiso etmali va toklif olunan bu yanagmanin
effektivliyi ni siibut etmok.
Miixtolif sifaris axinlari statistik cohatdon asili olmayaraq eyni intensivliklora malik olmagla
hor bir sifarigin 6z kanalinda xidmat intensivliyinin eyni olmasini qobul edirik.
Klassik metoda gora zoruri olagslorin hesablanmasina KXS — doki névbolorin mévcudlugu da
daxil olmagla hadisslorin tam qrupunu sadalamaqla baslayiriq. Burada, homginin sistemin
girisino miixtalif kanallara moxsus sifarislorin daxil olmasi miimkiinliiyiinii do nazars aliriq.
Ko — biitiin kanallar bosdur (sada Kiitlovi Xidmot Sistemi);
K1 — bir kanal bir sifarislo mosguldur (K1 vo Ko hadisalorinds garsiligli yardim istisna hesab
olunur);
K20 — bos kanala eyni anda iki sifaris daxil olub, ona gora do p maksimum intensivliklo xidmaot
olunur (ilk sifarigsdon sonra ikincisi birincidon bagqa har hansi bir bagqa kanala galmo ehtimali

n-1 .

—0 borabardir).

K21 — iki xidmot bir kanala aiddir. Onlardan biri qarsiligli yardimla basqa bos kanala o6tiiriiliir
Vo daha yiiksak intensivlikls - u + Ap (ikinci ximat zamani bu hadisonin bas verma ehtimali % -

2 barabardir) xidmat olunur.

Kzo — bos kanala {i¢ sifaris daxil olmusdur. Bu o demokdir ki, bu sifarigloro basqa kanalda
xidmot gostorilmayacokdir (ikinci vo tiglincii sifarislorin iki dofo basqa bir kanala diismo
(n-1)?

ehtimali -9 barabordir).
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K31 — bir kanala iki sifaris, digarins iss bir sifaris daxil olur. Buna gora do ikinci sifariso basqa
kanalda p + Ap — intensivliyi ilo xidmat gostarilocakdir, birinci va tigiincii sifariso eyni kanalda

va 1 — intensivliyi il xidmot edilacokdir (bunun olma ehtimali 22225 barabardir).

K32 — ti¢ sifarisin har biri eyni kanala miiraciot edir. Buna goro do onlardan ikisins “konar”
kanalda xidmat gostatilocokdir (bu hadisanin olma ehtimali %—a borabardir).

Kim — 1 sayda sifaris daxil olur. Onlardan i-m sayda sifariso daxil oldugu kanalda p —
intensivliyi ilo, m sayda sifariso iSo basqa kanalda u+Ap — intensivliyi ilo xidmot
gostarilocakdir.

Kn — biitiin kanallar mosguldur.

Kn+1 — biitiin kanallar moasguldur vo bir sifaris novbada gozlayir. Ona istonilon xidmaot
kanalinda xidmaot gostormok miimkiindiir (daxil oldugu kanalda xidmat gostarilorss intensivliyi

K vo bas vermo ehtimali %—dir, basqa kanalda xidmot gostorilorss intensivliyi p+Ap bas vermo
ehtimali iso nT_l-dir).
Kn+r — biitiin kanllar magguldur vo névbads r sayda sifaris vardir.
Xn+s — biitiin kanallar masguldur vo névbanin uzunlugu maksimum S haddine ¢atmigdir.
Beloliklo, toklif olunan yanasmanin prinsipial forgi Xidmot zamani Kim hadisalori daha otrafli
nozordon kegirilorkon sifariglorin bir qisminin 6z kanalinda, digorlorinin isa digor bos
kanallarda xidmat olunmasidir. Bundan basqa, névba yarandigdan sonra ndvbada gozlayan
sifariso 6z kanalinda xidmat gostarilmayacokdir.
Eyni analogiya ilo ¢oxkanalli, gézlomali KXS — do hadisonin bas vermo Pj —ehtimalin1 da
tapmaq mimkiindiir. Coxkanall1, gozlomali KXS - bir kanaldan digearino 6tiirmoasi ehtimali
olan P, diferensial tonliklo hesablanir. Bu qarsiliqli yardimin olmasi ehtimali yalmz Ko vo Ki
hadisalori liglin geyri-miimkiindiir.
Kolmogorov tanliklorinin tortib olunmasi qaydasindan istifado edorok prosesin diferensial
tonliklarini tonliklorini tortib edok va uygun ehtimallari miioyyan etmok iigiin bu tonliklori
sifira barabor edirik.

dP,

— = —AP, + uP.
dt 0 T U

i} =0 gobul edarak
dt

P1 = aPO (5)
alariq.

Novbati diferensial tonlikda qarsiligl yardim miitloq olaraq nazars alinmalidir. Bu halda ikinci
diferensial tonlik asagidaki sokildos olar:

% =—(1+w)P, + AR, + P2(2y+A—ﬂj
n

a° =0 gobul etsok,
dt

2

P, =2 ©
2{1+ ”]
24n

(6) diisturunu diferensiallayaq:
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ap,

Au 2Au
E (}{+2H+—)P2+ /1P1+ P3<3.Ll‘|‘ T)

% = 0 goabul etsak va kigik hadlari nazars almasag, onda

P, = cali @
3{“ Au j(u ZA”j
24N 3un

Eyni analogiya ils istonilon i sayda sifarislor tigiin:
dP; i—1

i(i+1)
A
n U

Buradan da Erlanqin birinci diisturunun avozine asagidaki birinci yeni diistur alariq:

a'P

|
i!H{l Aul = )}
i-1 Mn
Biitiin kanallar masgul olduqda, ke¢id tonliyi névbads olan xidmaotin basqa kanalda xidmot

edilmosi ehtimalini ehtiva edir. Umumi sokildo bu tonliyi asagidaki sokildo ifads eds bikoarik:

dP, n—1)A Au(n—1
d—tn=—<A+2n+%)Pn+/an_1+Pn+1ln,u+u(T)+v

¥

I

i=12,...,n (8)

= 0 gobul etsok, onda:

aP,

Phyr =
n+ﬂ+”‘i"n 2

No6vbada olan istanilon r sayda sifariso bu analogiyani tatbiq etsok ikinci yeni diistur alariq:

P = &P 9)
n+r — :n=1[n+mB+Aqu;—1)]

Beloliklo, aldigimiz (3), (8) va (9) diisturlari qarsiligli yardim nazors alinmagla KXS — nin
isinin qiymatlondirilmasi tigiin kifayatdir.

Qeyd edak ki, Au=0 hali tigiin alinmig yeni diistur malum diisturla eyni olur ki, bu da onun
dogrulugunu tasdiq edir.
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XULASO

Mogqalodo neft-qaz yataqlarinin rasional iglonmosini tomin etmok tigiin istismar zamani
quyularin mohsuldarliginin miioyyan edilmosinin vacibliyi qeyd olunur. Azasrbaycan
Respublikasinin neft modonlorinds genis totbiq tapmus “Trap” tipli avtomatlasdirilmis qrup
ol¢ii qurgularinin AMEA Idaroetmo Sistemlori Institutu vo XKB “Kibernetika” torofindon
aparat vo proqram tominatlarinin modernlosdirilmasi gostorilir. Modernlosdirilmis “Trap”
nozarot qurgusunda yeni kontroller modulunun totbiqi zamani, neft quyularmin hasilatini
6lemok ticiin tortib olunan is¢i alqoritminin timumi blok diaqrami, hamg¢inin onun ayri-ayri
torkib hissalori: Yuxar1 saviyyadon va ol panelindon sorgulara xidmat; ©l amrlori tiglin xidmat;
(i) -ci quyunu 6l¢ii ¢onina qosmaq t¢lin xidmat; (mi) zaman miiddstindo ¢onin dolmasini
izlomok {i¢iin xidmat; (i) -ci quyunu 6l¢ii conindan ¢ixarmaq vo mayenin ayrilmasini gozlomok
tictin xidmot; Mohsuldarligin dl¢iilmasi vo hesablanmasi {igiin xidmat; Sorgulari tohlil vo icra
etmok {igiin xidmat modullarinin alqoritmlori verilir va isloma qaydalar izah edilir.

Acar sozlar: neft quyusu; hasilat; nozarat qurgusu; alqoritm modullart; avtomatik 6lgma; ol ilo
idarsetmao; yeni texnologiya.

Giris: Neft modonlorindo orta giindslik hasilat an vacib gostoricilorden biridir. Ona goére neft
laylarinin istismar1 zamani hor bir quyuda neft, su vo qaz komponentlorinin miqdarimi toyin
etmok tolob olunur. Neft-qaz yataglarinin rasional iglonmosini tomin etmok {i¢lin istismar
zamanit quyularin mohsuldarliginin (neft, su, qaz) miisyyon edilmosi on vacib vazifslordon
biridir [1].

Neft quyulariin moahsuldarligini toyin etmak ti¢lin miixtalif 6l¢li qurgularindan istifads olunur:
Fordi &l¢ii saygact SKJ [2]; AQOQ - Avtomatlagdirilmis Qrup Olgii Qurgusu (Trap AGM-3)
[3].

AMEA Idaroetmo Sistemlori Institutu xiisusi konstruktor biirosu “Kibernetika” ilo birlikdo
movecud qrup 6l¢ii qurgularinin modernlosdirilmasi, neft quyularinin mohsuldarligini 6lgmoayin
yeni metod vo vasitolori lizorindo daim galisir.

Xiisusilo, asagidaki nosr edilmis islori géstormok olar:

-Sinfazali pnevmatik addimlayici (PSR) ilo AQOQ-5 qosulan quyular iiciin intellektual "Trap"
kontrolleri [4];

-“Trap” AQOQ ii¢iin nozarat, dlcii va idaroetmo mikroprosessor (MP) qurgusu [5];

-“Trap” AQOQ-don neft hasilatinin masafadon dl¢iilmasi sistemi [6].

Neft-qaz yataqlarinda texnoloji tonzimlomoalor aparmaq, optimal quyu rejimlori se¢gmok vo
"Lay-Quyu-Avadanliq” hasilat sisteminin diizgiin islomosino nail olmaq magsadi ilo yeni
texnologiyalar osasinda miiasir qurgularin yaradilmasina boyiik ehtiyac var.

AMEA-nin nozdindaki “Kibernetika” XKB (Xiisusi Konustruktor Biirosu) neft¢ixarmada
moveud “Trap” AQOQ (Avtomatlasdirilmis Qrup Olgii Qurgusu) {i¢iin  quyularm
mohsuldarligint yeni metodla 6lgmoys imkan veron Trap Nozarot Qurgusunun (TNQ) osas
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torkib hissasi olan nozarat, 6l¢ii vo idaroetmo Kontrollerini miiasir texnologiyalardan istifado
etmoklo modernlosdirilmisdir [7].

Masalonin qoyulusu: Modernlosdirilmis TNQ-nin (MTNQ) 06zoyini toskil edon, yeni
texnologiyalar osasinda yaradilmis noazarot, Ol¢li, idareetmo kontrollerinin fimumi blok
diagraminin va 0l¢ili prosesinin miixtolif moarhalslorini oks etdiron alqoritm modullarinin tortib
edilmasi, islomo qaydalarinin sorhi.

Mosalonin hoalli: MTNQ Kontrolleri ilo quyu mohsuldarhgmi 6l¢monin iimumi blok
diaqrami.

Kontrollerin timumi blok diaqrami gokil 1-da verilir.

Blok diagram asagidaki alqoritm modullarindan ibarotdir:

- lIkin parametrlorin toyini modulu;

- M1 - Yuxari soviyyadon va al panelindon sorgulara xidmoat modulu;

- M2 - Ol amrlari tigiin xidmot modulu;

- M3 - (i) -ci quyunu 6l¢ii ¢anina qosan modul;

- M4 - (mi) zaman miiddatinds ¢onin dolmasini izloyan modul;

- M5 - (i) -ci quyunu 6l¢ii ¢anindon ¢ixaran v mayenin ayrilmasini gozloyon modul;
- M6 - Mohsuldarligin dl¢tilmasi vo hesablanmasi modulu;

- M7 - Sorgularin tohlil edilmasi va onlara xidmat modulu.

Ilkin parametrlorin toyini modulu: Hor dofs qurguya gorginlik verildikde Mikroprosessorun
(MP) yaddas1 tomizlenir, Portlar (PA, PB, PC, PD) tayin edilir, Radiomodemin (RMD) toyin
olunmus parametrlori (RF tezliyi, UART siiroti, Efir siiroti, interfeys tipi) MP-nin FLASH
yaddasindan (Program yaddasi) birbasa yiiklonir. EEPROM yaddasinin (gorginlikdon asili
olmayan Saxlanc yaddas1) 08h-OFh iinvanlarina: 08h-TRAP Ne-si; 09h-RMD RF tezliyi; 0Ah-
Quyu siras1 (1-8) bit; 0Bh-Quyu siras1 (9-16) bit; 0Ch-Metod (Olgii tipi); O0Dh-SS Say1
(SinxroSignal); OEh-Tokrar &lcii sayi; OFh-Otiiriilmomis noticolorin say1 ve 10h-1Fh
{invanlarma iso uygun olaraq (1-16)-c1 quyularm (16 odod) “Ol¢ii vaxtlar1” yazilir. Bundan
sonra alqoritm iizro Trap idareetmo proqramu iso diislir: Hor MP dovrii TAKT impulslar ilo
inikas olunur; Olgiilocok (i)-ci quyunun varligi vo sira Ne-si (1...16) tayin edilir.

M1 - Yuxar saviyyadan vo 3l panelindan sorgulara xidmot modulu: M1 modulunun
diaqrami sokil 2-do verilir.

MP-nin PD7 vo PBO portlarina uygun olaraq sorgunun yuxari saviyyadon vo ya ol panelindon
galdiyi tayin edilir. ©gor PortD7=1 iso xidmot M7 moduluna 6tiiriiliir (yuxart soviyys), aks
halda PBO yoxlanilir: agor PinB0=1 iso xidmot M3 moduluna (i-ci quyunun gosulmasi);
PinB0=0 olsa, M2 moduluna 6tiiriiliir (ol idaraetmasi).

M?2 - 91 amrlari ii¢iin xidmat modulu: M2 modulunun diaqrami sokil 3-ds verilir.

MP-nin PBO portu yoxlanilir. 9gor PinB0=0 iso M2 modulu iso diigiir, idarsetmo omrlori
sifirlamr (OLCU=0, REVERS=0, SKAN=0). PD4 Ol¢ii 98 vo PD5 Revers 99 (99 - Dks
Olaqo) girislorine asasan al panelindo “Ol¢ii” vo ya “Revers” diiymosinin basildIg1 miioyyan
edilir. Bir amr icra olundugu zaman ikinci verilarss, avvalki amrin icrasi lagv edilir vo sonraki
omr yerina yetirilir.
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Sakil 1. MTNQ Kontrolleri ilo quyu Sokil 2. M1 — Yuxari soviyyadon
mohsuldarligini 6l¢gmas alqoritminin imumi v ol panelindon sorgulara xidmaot
blok diagrami modulu

“Olgii” vo ya “Revers” omrinin diizgiin icrast Dib vo Revers kontaktlarinn voziyystindon
asilidir. ©Omrlor icra edilorkon kontaktlarin voziyystinoe “SKAN” (“Yoxlama”) signalini uygun
noqtalorda “1” vo ya “0” etmoklo MP-nin PB3 coxfunksiyali “STATUS” girisino asason
nozarat olunur. “STATUS” signalinin giymotindon asili olaragq (PinB3 = “1” vo ya “0”),
kontrollerin Program Tominat1 (PT) alqoritm {izro icra olunan omri ya normal halda davam
etdirir, ya normal halda logv edib digor amrls ovozloyir, ya da qoza hallinda biitiin omrlori logv
edib prosesi tam dayandirir.

Bgar ol idareetmo panelindo “OLCU” dilymoasi basilarsa vo yoxlama zamani1 PinD4=0 (Olgii-
_90) olarsa, idareetmo “Ol¢ii” dovrasine 6tiiriiliir. SKAN (PortC2=1) vo OLCU (PortC6=1)
omrlori verili, REVERS (PortC7=0) omri gotiiriiliir, t=1 saniyadon sonra PB3 girisi
yoxlanilir, yiikiin yuxar1 horokotine vo Dib Vaziyyst Kontaktinin (DVK) gapandigina amin
olmaq iiciin “STATUS” signalinin PinB3=0 olmas1 (DVK qapali) gozlonilir. PinB3=1 qaldig
miiddotdo DVK acgiqdir, idarsetmo M1-o otiiriiliir vo yiik galxmaqda davam edir. PinB3=0
olan kimi DVK qapanir, SKAN (PortC2=0) omri logv edilir vo yiikiin qalxaraq Reverso
catmasini izlomok {igiin PinB3=0 olmas1 (RVK qapali) gozlonilir. PinB3=1 miiddotdo RVK
aciqdir, yiik gaxmaqda davam edir. Reverss catanda Revers Voziyyot Kontakti (RVK) qapanur,
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DVK da avvalcaden gapali oldugundan PinB3=0 olur. OLCU (PortC6=0) omri gotiiriiliir,
REVERS (PortC7=1) omri verilir, yiik enmays baslayir, xidmot M 1-o 6tiiriliir.

PT alqoritm iizro REVERS omri verorso vo ya ol ilo idarsetmo panelinds “REVERS”
diiymasi basilarsa, novbati dovrdo idaroetmo “Revers” dovrasino otiirtiliir. Yoxlama zamani
PinD5=0 (Revers_99) olarsa, SKAN (PortC2=0) vo OLCU (PortC6=0) omrlori gotiiriiliir,
REVERS (PortC7=1) omri verilir, =1 saniyadon sonra PB3 girisi yoxlanilir, RVK-nin
acilmasini vo yiikiin enmosini izlomak ligiin “STATUS” signalinin PinB3=1 olmas1 (RVK
aclq) gozlonilir: PinB3=0 qaldigi miiddotdo RVK gqapalidir, idarsetmo M1-o otiiriiliir vo
RVK-nim agilmast gozlonilir. RVK agilanda PinB3=1 olur, yiik enmokd davam edir. SKAN
(PortC2=1) omri verilir, T=1 saniyadon sonra PB3 girisi yoxlanilir, yiikiin diba ¢atdigini
izlomak ti¢iin “STATUS” signalinin PinB3=1 olmasi (DVK agiq) gozlonilir. PinB3=0 qaldig1
miiddotdo DVK qapalidir, idaroetmo M1-o 6tiiriiliir vo yiik enmokds davam edir. PinB3=1
olanda DVK acilir, yiik diba catir, proses normal qurtarmis olur, OLCU=0, REVERS=0,
SKAN=0 omrlori sifirlanir vo yeni sorgu ii¢lin xidmot M1-o &tiiriiliir. ©gor ol ilo idaroetma
panelindan sorgu yoxdursa, xidmati M3-9 otiiriiliir.

M3 - (i) -ci quyunu 6l¢ii canina qosan modul: M3 modulunun diagrami sokil 4-do verilir.
Hasilat1 dlgiilocok quyunun varligr yoxlanilir. ©gor 6lgiilocok quyu yoxdursa, xidmot M1-9
otiriilir. ©ks halda enkoderdon unvan oxunur vo hasilati 6lgiilocok (i)-Ci quyudan ovvalki
quyunun (i-1) ¢ixili vaziyyatde olmasi gozlonilir. Ogor Q_i-1=¢ixali vaziyyatdadirsa (“Q” -
quyu), idaroetmo Addim_5-5 kegir, oks halda quyulart ndvbe ilo dl¢li ¢onino qosmaq ligiin
pnevmotik addimlayicin1 Elektro-Pnevmotik Klapan (EPK) ilo horokst etdiron EPK1
Dayisma omri verilir (PortC4=1, t=2 saniyo sonra PortC4=0) vo Enkoderin vaziyyioti
(unvan) oxunur. (Sadolik iiclin sonralar “Dayisma omri verilir” deyorkon onun verilmo
ardicilligini tokrar etmayacayik). EPK1 omrinin ii¢ dofo tokrari zamani Enkoderin voziyyoti
doyismozss, onda “Addim yoxdur” qozasi geyd edilir Vo yeni sorgu iiclin xidmot M1-o
otirilir. Ogor doyismo varsa, cari vo gozlonilon (i-1) quyu voziyyoti eyni olana qodor
Addim_4 tokrarlanir. Voziyystlor eyni olanda, yoni Quyu_i-1=¢ixili, idarsetmo Addim_5-o
kegir.

Addim_5-do Doyismo omrindon sonra cari vo gozlonilon quyu voziyysti (i-1)-0 uygun
oldugundan, PB6 girisino asasan Conin Bos-Dolu (CBD) olmasi yoxlanilir: agor PinB6=0
olsa, “Con Doludur”, PinB6=1 iso, “Coan Bosdur” geyd olunur. Ogor ¢on doludursa
bosalmasi, ¢on bosdursa, olave 1=120 saniys orzinds ¢onin qaliq mayedon tam tomizlonmasi
gozlonilir va sorgulara xidmat olunur. Gozloms vaxtindan sonra EPK1 Dayisma omri verilir,
Enkoderin voziyyoti oxunur. EPK1 omrinin {i¢ dofo tokrari zamani Enkoderin voziyyoti
doyismozso, onda “Addim yoxdur” qgozast geyd edilir vo yeni sorgu iiglin xidmot M1-o
ottiriiliir. ©gor doyismo varsa vo hasilatr 6lgiilacok (i)-ci quyu qosulu voziyyotdo deyilso,
“Quyu Ne-si sohvdir” gozasi yaranir Vo yeni sorgu ticlin xidmot M1-o 6tiirtiliir. Doyismo varsa
va (i)-ci quyu qosulu vaziyyatdadirsa, dl¢ii ¢oninin dolmasi ti¢iin dib EPK-n1 gapayan EPK2
(PortC5=1) amri verilir. “Zaman saygac1” sifirlanir vo RAM yaddasinda (amoliyyat yaddasi)
ovvalcadon geyd edilmis “Olgii vaxti” haddino gatana qoder saymaga baslayir vo xidmot M4-o
otiirilir.
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PDJ Olcid va PDS Revers dls-2laga
siguallan yoxlamilr: ber ild smr varsa,
ildnci icra, birinci lagv edilir.

SHAN PCI-),
Olgii PCE=,
Revers PCT=1.

Ol PCS=0,
Fevers PCT=1.
q—l Olgii PCE=D,
Eevers PCT=0,
SEAN PC2=0.

I

Sokil 3. M2 - ©l amrlari iiglin xidmat modulu
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Var

| Enlkederdan anvan oruner |

EFEL= (1" "0} amii:
PC4=1, =15, PC4=0
I

Qaza:
“Addim voxdar”

K
5 (M) L

Laman saygacy re=0);
Olgil vazh geyd edilir;
Lamamn saygacy isa disar.

%
()

Sakil 4. M3 - (i) -ci quyunu 6l¢ii ¢anina gqosan modul

M4 - (mi) zaman miiddatinda ¢anin dolmasim izlayan modul: M4 modulunun diagrami
sokil 5-do verilir.

Zaman saygacinin ""Olcii vaxt1” hoddine ¢atana qodor saydig1 miiddotds, CBD vaziyyating
osason “Maye Var/Yox” signali geyd olunur: PinB6=1 “Maye yoxdur” qozasini, PinB6=0
iSo “Maye var”, yani ¢ona maye yigilir signalin1 yaradir. Maye yigilan zaman ¢onin Dolub-
Dagmas1 (DD) PBS5 girisi ilo yoxlanilir: PinB5=1 olsa, “Dasma yoxdur” geyd olunur va
idaroetmo Addim_6-ya kegir, proses davam edir; PinB5=0 iso “Dasma var” qozasi qeyd
olunur, EPK2 (PortC5=0) omri gatiiriiliir, yoni ¢onin dib klapani agilir. “Maye yoxdur” va
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“Dagma var” qozalari bas verdikdo amrlor sifirlanir vo yeni sorgu tiglin Xidmat M1-o
otiirtiliir.

Olcii vaxt1 bitona kimi ol ilo idaroetmo, kompiiter sorgusu, ndvbadonkanar qosulma omrlori
yoxlanilir va har birina cavab verilir.

9__

“Zaman saygac1”="0l¢ii vaxt1” olduqda xidmot M5-o &tiiriiliir.

MS5 - (i) -ci quyunu 6l¢ii ¢anindan ¢ixaran va mayenin gararlasmasim gozloyan modul:
M5 modulunun diagrami sakil 6-da verilir.

Olgii vaxt bitir vo EPK1 Dayisma omri verilir, Enkoderin voziyyati oxunur. EPK1 amrinin
ti¢c dofos tokrar1 zamani Enkoderin vaziyyati doyismoazss, onda “Addim yoxdur” gazasi qeyd
edilir va yeni sorgu tigiin xidmat M1-o Gtiiriiliir. Ogor doyigsma varsa va 6lgiilacak (i)-ci quyu
cixil1 vaziyyatds deyilss, “Quyu Ne-si sohvdir” gazasi geyd edilir Vo yeni sorgu tligiin Xidmaot
M1-o otiiriiliir. ©gor doyisma varsa va (i)-ci quyu cixili vaziyyatdadirss, t=120 saniya
Qorarlagsma vaxti gozlonilir. Bu miiddatds al ilo idaroetmo panelindan vo yuxari soviyyadon
sorgulara xidmat olunur, ¢anin vaziyyatino nozarst edilir, goza hallarinda proses dayandirilir
Va yeni sorgu tigiin Xidmoat M1-o &tiirtiliir. Qorarlagsma miiddati bitdikdan sonra xidmot M6-
ya otlrtliir.

M6 - Mohsuldarh@in 6l¢iilmasi va hesablanmasi modulu: M6 modulunun diaqrami soKil
7-do verilir.

Qorarlasma vaxtr bitdikdon sonra ¢onin voziyysti yoxlanilir: ogor ¢on bosdursa EPK2
(PortC5=0) omri gotiiriiliir, “Maye yoxdur” goazasi qeyd olunr va yeni sorgu iigiin Xidmot
M1-o otiiriiliir, oks halda tokrar olgmalorin say1r “Tokrar=n" geyd olunur, say saygaci
“Say=0" sifirlanir vo OLCMB® prosesi baslayr:

SKAN (portC2=1) amri verilir, 1=1 saniyadon sonra PB3 girisindo “STATUS” signalinin
giymatino asason yiikiin Dibds olmast yoxlanilir:

- Dgor PinB3=0 olsa, DVK qapalidir (yiik Dibda deyil), OLCU (PortC6=0) omri gétiiriiliir,
REVERS (PortC7=1) omri verilir vo 1=120 saniys orzinds PinB3=1 olmas1 (DVK ag¢1q),
yoni yiikiin diba golmosi gozlonilir., REVERS omrindon sonra t=120 saniys orzindos
PinB3=0 galarsa, yiikiin diba golmadiyini bildiron “DVK qapalidir” qozast qeydo alinir,
omrlor sifirlanir (SKAN=0, EPK2=0, REVERS=0) vo yeni sorgu i¢lin xidmot M1-o
otiiriiliir;

- ©goar PinB3=1 olsa, DVK agiqdir (yiik Dibdadir), REVERS (PortC7=0) omri gotiiriliir,
OLCU (PortC6=1) amri verilir, T=1 saniyadon sonra PinB3=0 olmas1 (DVK qapal1), yoni
yiikiin dibden aralanmasi gozlonilir. OLCU amrindan sonra t=120 saniys orzindo PinB3=1
qalarsa, “DVK qapanmir” qozasi qeyd olunur, omrlor sifirlanir (SKAN=0, EPK2=0,
OLCU=0) va yeni sorgu iigiin xidmot M1-o tiiriiliir.

Proses diizgiin gedorss, OLCU omrindon sonra yiik qalxmaga baslayanda DVK qapanr,
SKAN=1 signalinin halo do aktivliyi naticasinds PinB3=0 olur (DVK qapali) va ¢ands
mayenin soaviyyasini tayin edon “SS saygacr” iso diisiir. DVK gapandigdan sonra RVK-nin
ac1q olmasimi oizlomak tiglin SKAN (PortC2=0) signali gétiiriiliir, t=1 saniyadon sonra
PB3 “STATUS” girisi yoxlanilir. SKAN signali olmadigindan PB3=1 olmasi (RVK ac1q)
gozlonilir.
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Ogoar PinB3=0 olsa, “RVK qapalidir” gazasi qeyd olunur Vo yeni sorgu ii¢iin Xidmat M1-2
otirilir. ©gor PinB3=1 iso, yiikiin 1=120 saniys galxma miiddstindo SS1(2) Soaviyys
Signali alinarsa (PinB2=0), idaroetmo Addim_10-a kegir, oks halda “SS yoxdur” goza
signali geyd edilir, yiik qalxmaqda davam edir vo Revers ndqtesindon qayitmasi {igiin
PinB3=0 gozlonilir (RVK gapal1). Yuxar1 qalxan yiikk RVK-ya catanda PinB3=1 qalarsa,
“RVK gapanmir” gozasi geyd olunur, omrlor sifirlanir vo yeni sorgu tigiin xidmat M1-o
otirilir. ©gor RVK gapanarsa vo DVK da avvalcadan gapali oldugundan “-12Vio” (0
signal1) homin kontaktlardan kegorok “STATUS” girisindo PinB3=0 signal1 yaradir (RVK
qapali). OLCU (PortC6=0) omri gotiiriilir REVERS (PortC7=1) omri verilir, 1=1
saniyadon sonra PB3 girisi yoxlanilir. Yiikiin enmays baslamasini vo RVK-nin agilmasini
izlomak tigiin PinB3=1 olmasi (RVK a¢1q) gozlanilir: ogor REVERS amrindon sonra 1=120
saniys arzinds PinB3=0 galarsa, “RVK agilmir” qozasi qeyd olunur, “Zaman saygaci”, “SS
saygact” va amrlor sifirlanir (EPK2=0, REVERS=0 SKAN=0), yeni sorgu li¢iin xidmat
M1-o otiiriliir; ogor PinB3=1 olarsa (RVK agiq), SKAN (PortC2=1) omri verilir, =1
saniyadon sonra PB3 girisi yoxlanilir. Yiikiin enmasini vo RVK-nin agilmasini izlomak
tigtin PinB3=0 olmas1 (DVK qapali) gozlenilir. Yiik enmokda davam edir va onun dibs
catmasini izlomok {igiin PinB3=1 olmas1 (DVK agiq) gozlonilir. ©gor t=120 saniyadon
sonra PB3=0 galarsa, yiikiin diba galmadiyini bildiron “DVK qapalidir” qozasi qeyd edilir
Vo yeni sorgu ti¢iin Xxidmat M1-o otiiriiliir. Yiik dibs ¢atanda DVK agilarsa, PinB3=1 olur,
“Yiik dibdadir” qeyd olunur, SKAN=0 vo REVERS=0 omrlori gétiiriiliir. Olgii prosesindo
“SS” yaranmayan halda yiikiin RVK-dan normal qayidisi basa catir Vo yeni sorgu ii¢iin
xidmat M1-o Gtiiriiliir

Addim_10-da Olgii omri verilorkon yiik dibden aralanan andan vaxti saymaga baslayan
“SS” saygacinin moazmunu, SS1(2) signalinin (pinB2=0) yaranmasi ilo geyd edilorok,
yaddasda (saniyo vo millisaniyo ilo) saxlanilir. OLCU (PortC6=0) omri gotiiriiliir,
REVERS (PortC7=1) vo SKAN (PortC2=1) omrlari verilir, t=1 saniyadon sonra PB3
girisi yoxlanilir. Yik enmoys baslayir, PinB3=0 olmasi (DVK qapali) yoxlanilir: agor
PinB3=1 olarsa, “DVK agiqdir” gozast qeyd olunur vo yeni sorgu ticiin Xidmot M1-o
otirilir; PinB3=0 olarsa (DVK qapali), yiik enmokdo davam edir, t=120 saniys arzinds
yiikiin diba ¢atmasi vo PinB3=1 olmas1 (DVK agiq) gozlonilir. t=120 saniys bitdikdon
sonra PinB3=0 galarsa, yiikiin dibs ¢atmadigimi bildiron “DVK gapalidir” gozasi qeyd
olunur va yeni sorgu ti¢iin xidmoat M1-o otiiriiliir. T=120 saniys arzinds PinB3=1 olarsa,
DVK-nin ac¢ildigy, yiikiin dibs normal ¢atdigi vo birmci 6l¢ii prosesinin tamamlandigi qeyd
edilir. SKAN=0, REVERS=0 omrlori gétiiriiliir.

Tolob olunan 6l¢ii say1 yoxlanilir. Ogor 6l¢ii say1 bitmoyibso, idaroetmo Addim_9-a kegir vo
ikinci Olgli prosesino baslanir, 6l¢ii say1 bitibsa, EPK2=0 omri gétiiriiliir vo talob olunan
sayda Olgii prosesi qurtarmis olur. Olgmalorin naticalori EEPROM yaddasinda saxlanilir vo
novbati quyuya xidmat iisiin idarsetma M1-2 kegir.
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PD7=1: PC;
PE=0: 9l

Sokil 5. M4 - (mi) zaman miiddatinds ¢onin dolmasini izloyan modul

.

EFE]= (1" [ “0") amri:
PC4=]1 =15, FC4=
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Sakil 6. M5 - (i) -ci quyunu 6l¢ii ¢onindon ¢ixaran Vo mayenin gararlasmasini gézloyon

modul
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M7 - Sorgularin tohlil edilmasi vo onlara xidmat modulu: M7 modulunun diaqrami saokil 8-do
verilir.

Sorgularin tahlil edilmasi vo onlara xidmat modulu asagidaki alt-modullardan ibaratdir:

- M7.1 - Cari Vaziyyeat (CV) sorgusu;

- M7.2 - Olgmo Noticalarinin Alinmas1 (ONA) sorgusu;

- M7.3 - NovbadonKonar Qosulma (NKQ) sorgusu;

- M7.4 - Komoak¢i Magsadli (KM) sorgular.

M7.1 - Cari Vaziyyat sorgusu: CV sorgusu bas verarso, MTNQ-nin cari voziyyati baroado olan
informasiya Dispetcer Montogosine (DM) otiirtilir. MTNQ-don 6tiiriilon CV informasiyasi
TRAP qurgusunun sadalanan cari islomo morhololorini oks etdirir:  Olgmoya goyulacaq
quyunun tapilmasi; Conin bosalmasinin gdzlonmasi; Quyunun ¢ona qosulmasi; Qorarlasmanin
gbzlonilmosi; Olgma prosesinin icrasi; Ol panelindon idaroetmo; Novbali qosulma prosesi vo
ya novbadonkonar qosulma prosesi haqqinda moalumat; Aktiv quyunun sira nomrasi (1-16),
quyunun vaziyyati (qosulu, a¢iq); Quyunun ¢ons qosulma vaxti; Quyu ¢ono qosuldugdan sonra
kecon vaxt (doqiqgo, saniyo); Qorarlagsma bagladigdan sonra kegon vaxt (doqiqo, saniys); Quyu
¢ond qosuldugdan sonra mayenin olub olmamasmn toyini; Normal Yekunlasmis Olgma
(NYO) say1; Qozalar haqqinda molumat.

Ogor TRAP avadanliglarinin isinds qoza hallar1 bag verorso, MTNQ sadalanan malumatlar
DM-o otiiriir: Doyismo omri verilib, amma doyismo yoxdur; Axtarilan quyu tapilmadi; Con
bosalmadi; SS signali yaranmadi; Qosulma vaxti qurtardi, amma maye yaranmadi; DVK va
RVK qozalar.

Ogor DM-o étiiriilon CV informasiyasinda NYO varsa (NYO say1 >0), Olgmoa Naticalorinin
Alinmasi sorgusu bas verir.

M7.2 - Olemo Noticalorinin Ahmmas1 sorgusu: ONA sorgusu zamami biitin NYO-in
noticolori DM-o 6tiiriiliir. Bunlar hom cari 6l¢gmoa haqqinda, hom do DM ilo alago olmamasi
sobabindon y181lib qalmig naticalor ola bilor. Normal yekunlasmis hor bir 6lgmanin naticosi 4
baytdan ibarat olur: 1-ci bayt oOlglilon quyunun sira ndmrosi; 2-ci bayt qosulma vaxti
(doqigalarla); 3-cli bayt SS vaxti (saniy9); 4-cii bayt SS vaxti (millisaniyo).

M7.3 - NovbodonKonar Qosulma sorgusu: NKQ sorgusu hor hansi bir se¢ilmis quyunu
dorhal (ndvbasiz) 6lgma prosesine qosmagq ii¢ilin verilir. Bu sorgu olan kimi ¢ona qosulmus cari
quyu TPAPdan agilir vo biitiin omrlor sifirlanir. NKQ zamani secilmis quyu iigun qosulma
vaxtt gostorilmoyibss, qosulma vaxti uygun yaddasdan goétiiriiliir, oks halda sorgu zamani
alian vaxt qosulma vaxti kimi gotiiriiliir vo 6lgma prosesino START verilir.

M7.4 - Komakc¢i Maqsadli sorgular: KM sorgulari, MTNQ-nin sazlanmasi vo istismari li¢iin
nazords tutulur: Qosulma vaxtini TNQ-don almaq; Qosulma vaxtim1 TNQ-yo gondormok;
Quyularin yerlogsma sirasint TNQ-don almaq; Quyularin yerlogsmo sirasint TNQ-yo géondormok.
Qosulma vaxtin1 TNQ-don almaq sorgusu zamani MP yaddasinda olan biitiin qosulma vaxtlari
DM-o atiiriiliir.

Qosulma vaxtint TNQ-ys géndormok sorgusu zamani DM-ds se¢ilmis quyunun qosulma vaxti
MP yaddasinin uygun yerina yazilir.

Quyularin yerlosmo sirasint TNQ-don almaq sorgusu zamani MP yaddasinda olan quyularin
yerlogsmao sirast DM-o Gtiirtiliir.

Quyularin yerlosmo sirasint TNQ-yo gondormok sorgusu zamant DM-do PT bazasindaki
quyularin yerlogsma siralart MP yaddasinda uygun yers yazilir.
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Sokil 7. M6 - Mohsuldarligin 6l¢giilmasi vo hesablanmasi modulu
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Sakil 8. M7 - Sorgularin tahlil edilmasi va onlara xidmat modulu

Notica: “Trap” tipli AQOQ texnoloji sxemlorinin modernlasdirilmasi vo yeni MTNQ iigiin
miasir texnologiyalar asasinda yaradilmis “Trap” kontrollerinin 6l¢ii, nozarat vo idaroetma
algoritmlorinin qurulmasi naticosindo neft quyularinin hasilatinin 6lgiilmasi sistemlorinin
funksionallig1 vo texniki imkanlar1 artir.
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ALGORITHM MODULES OF THE MODERNIZED “TRAP” CONTROL DEVICE

Rzayev As.H., Guluyev G.A., Aliev Y.H., Rezvan M.H.
Azerbaijan National Academy of Sciences, Institute of Control Systems.

Annotation. The article emphasizes the importance of determining the flow rate of wells
during operation to ensure the rational development of oil and gas fields. The results of
modernization by the Institute of Control Systems of ANAS and SKB "Cybernetics" of
hardware and software of automated group metering units of the "Trap" type, widely used in
the oil fields of the Republic of Azerbaijan, are shown. The working procedures of the general
flowchart of the operation algorithm and its constituent modules are given and explained:
servicing the requests of the upper level and the manual panel; maintenance of manual
commands; servicing the connection of the (i) -th well to the measuring tank; tracking the
filling of the container over time (mi); servicing the shutdown of the (i) -th well from the
measuring tank and waiting for sludge; maintenance of measurement and calculation of flow
rate in the controller of the modernized control device "Trap™ for measuring the flow rate of oil
wells.

Keywords: oil well; production; control device; algorithm modules; automatic measurement;
manual control; new technology.
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TETRAEDRIK FORMALI QIZIL NANOHISSOCIYININ RiYAZi
MODELLOSDIRILMOSI

Arzuman Hasanov

Professor-cansultant, Dr Ph physics and mathematics, Ass.prof., Department of Adjuncter and Science, Armed
Forces War College of the Azerbaijan Republic, Baku, Azerbaijan

E-mail: gasghapk@gmail.com

Molumdur ki, nanohissaciklorin xassalori ondaki atomlarin sayindan, Olgilisiindon Vo
formasindan asilidir. Buna goro do Au,, qizil nanohissaciyinin xassslorinini &yronmak
moqsadila dl¢iisiinii tayin edak va vizual modelini quraq. Atomlarin say1 N = 20 oldugda onun
Olciisiinii hesablayaq[1]:

3| 6-M'N 3 6:0.19696655-20 _
D= = ~0.865- 107° m.
Tp'Ngy 3.1415926519320:6.0221415-1023

Burada M - qizil atomlarinin molyar kiitlasi, p - sixligi1 vo Ny- Avogadro odadidir. Qizil
atomlar1 arasindaki rabitonin metallik olmasini nozors alaraq HyperChem proqramindan
istifado edarok Au,, nanohissaciyinin vizual modelini qurmag olar:

c)

Sokil 1. Tetraedrik formali Au,, nanohissaciyinin vizual modellari (a - xatls, b - xott vo
kiiralarla, ¢ - kiirolorlo gostorilmisdir)

Modelds qizil atomlari arasindaki rabitonin uzunlugu a = 0.0.2718 nm - dir. Qurulmus model
osasinda genislonmis Hiikkel metodu totbiq etmoklo nanohissociyin ¢; orbital enerjilorin
giymatlori tapilir. Bu giymatlor asasinda bir sira xassalori todqgig oluna bilor. Nanohissaciyin
elektronlart on asagi enerji saviyyasindon baslayaraq iki-iki Saviyyalords yerlosdirilir va

elektronlar torofindon tutulmus on yuxar &, Vo on asagi bos & ,,,, Molekulyar orbitallara

uygun enerjilor, ionlasma potensiali I, = -& tam elektron enerjisi E,;, = Y; &, qadagan

HOMO !

olunmus zonanin eni Eg =Emo — Enowo Vo Stabillik parametri AE=E_ -)E,
A

hesablanmigdir. Burada E, atomun sorbast halda tam elektron enerjiloridir. AE > 0 oldugda

nanohissacik qgeyri stabil, AE <0 oldugda iso stabil hesab olunur. Naticalor codval | — do
verilmisdir.
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Cadval 1. Au, tliglin energetik parametrlorinin hesablanmis qiymatlori

Sir | Nano- Enomo ELumo Tam Stabillik | Ionlasma | Qadaga | Mohko | Siialana
aN | hissacik (eV) (eV) enerji parametri | potensial n mlik | n
-Si E(a.v.) AE 1 olunmu | paramet | fotonun
(awv.) L, (eV) $ ri dalga
zonani | 7 (eV) | uzunlug
n ud
giymoti (mkm)
E,(eV)
1 Auyg - - -
- 8,44010 | 120,3316 | 1,5432322 2,96876 | 1,48438
11,40887 |1 984 76 11,40887 | 9 45 418,734

Codval 1-do hesablanmis giymatlordan istifads edarok onun Yung modulunun giymatini

Y=% F~= E, = |AE] (1)
diisturu vasitosilo hesablana bilor. Burada F — nanohissaciyinin pargalamaq ti¢iin qiivvanin
giymoti, S — nanohissaciyin diametral en kosiyinin sahasi, E;, nanohissaciyinin rabito

enerjisinin giymati, r- atomlar arasi rabitonin uzunlugudur. Nanohissaciyin Kk sartlik

omsalinin, g deformasiya G siirismo, K hacmi elastiki vo HN mohkomlik modullarinin
giymatlorinin hesablamasi tigiin iso [2, 4-6] - do verilon

k=", 6=",6G=——, K=—"— , HN=G-A-e™57 )

D D 2:(1+v) 3-(1-2v)
diisturlarindan istifado etmok olar. Burada V Puasson omsali, A sabit komiyyot olub
nanohissaciklor tiglin miioyyan tocriibi faktlar asasinda tayin oluna bilor vo verilmis 6lgiilori
22 nm olan qizil (Y = 100GPa, G = 34.01GPa, HN = 1.72 GPa) nanohissaciyi {igiin Yunq,
slirisma Vo mohkomlik modullarinin giymatlorine géra A = 0.09796644 tayin olunur. B =
2.204-10731/K, T=300°K [2]. Bu giymotloro osason Au,, nhanohissaciklorinin mexaniki
parametrlorinin giymatlorini hesablamaq olar. rabito enerjisinin E, = 1.543232276 a.v.=
6.719 - 10718, atomlar arasi rabito uzunlugunun r = 0.2718-107%m vo nanohissaciyin
dlgiisiinii D ~ 0.865 - 10~° m, diametral en kesiyinin sahosini S = 5.873-10" m?vo F =
2.472-107® N nanohissaciyinin pargalama qiivvesinin, v = 0.47 Puasson omsalinin
giymotlorini (2) diisturlarinda nozors alib onlarin giymatlorini hesablamaqg olar. Naticalor
Cadval 2-ds verilmisdir.
Cadval 2. Au,, liglin mexaniki parametrlorinin hesablanmis qiymaotlori

Sira | Sertlik Deformasiya Stiriisma Hacmi elastiki | Yung Maohkomlik
Ne-si | omsal1 modulu (GPa) | modulu modul (GPa) modulu modulu
N/m (GPa) (GPa) (GPa)
1 28.582 13.22 14.31 233.7 42.07 0.72371
(0.216)

Au,, tclin magnit parametrlorinin hesablanmasi.

Auyo  quzil nanohissaciyi tiglin maqnit parametrlorinin - Mg magnit doymasi, M, 6z-
6ziino magnitlonmo, y magnit gabiliyysti, m0 magnit momentinin vo g magnit niifuzlugunun
giymotlorini hesablamagq olar. Bunun ii¢iin T, = 300K, T = 4.2 K,V = 3.38881- 10728 m3

Mg, = 0.02988723 emu/g = 118.705 A/m, d = 0.04992-10"%m qiymatlori [7, 8]
verilmis diisturlarinda nozoro alib magnit doymasi M, 6z-6ziino magnitlonma M,, magnit
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momenti , maqnit niifuzlugu vo maqgnit gabiliyysti y giymatlorini hesablamaq olar. Naticalor
codval 3-do verilmisdir.
Cadval 3. Au, qizil nanohissaciyi ligiin maqnit parametrlorinin hesablanmis qiymatlori

Sira Ne | Nano- Magnit Oz-6ziino Magnit Magnit Magnit
nomrasi | hissacik | doymasi My | magnitloanma momenti m0 niifuzlugu u | dabiliyyati
(A-m?/kg) | Mg, (A~ (A-m?) (N/A?) X
m?/kg)
1 Auyg 0.020687 0.020650 5.579-1072%6 1.257-107° 6.61-1078

Au,, tgiin Debay vo arimo temperaturunun hesablanmasi.

Au,, nanohissaciyin hacmi V = 3.38881 - 10728 m3, molyar kiitlosi M = 3939.34 -
10732  kg/mol, atom kiitlesi m = Nﬂ = 6.5414272-107%*kq sixhiqip = m/V==

A
19303.034 kq/m3, dlgiisii D, atomlarin say1n = 20 Vo qizil atomunun deametri d = 0.288 -

107°m, Debay 6p, = 165K, orimo temperaturu T,,, = 1337.33 K, mexaniki
parametrlorinin  siirisma G, hacmi K, YunqY modullarinin cadval 2-do hesablanmig
giymatlarindan vo [9, 10] — da verilmis diisturlarindan istifado edorok Debay 6y, Vo arimo Ty,
temperaturlarinin qiymatlorini hesablamaq olar. Naticodo 6, = 113.991 K, T,,, = 446.807 K
alariq.

Au,, nanohissaciyi ti¢iin orimo temperaturunun giymotinin miixtolif disturlarla
hesablanmis qiymatlori [11, 12] — do verilmis D = 0.865 nm qizil nanohissacinin arima
temperunun 413 K qiymatino yaxin olmasi hesablamalarin naticolorinin dogru oldugunu
gostarir.

Au, nanohissaciyi iisiin yekun notica: Tetraedrik formali qizil nanohissaciyinin elektron
qurulusu genislonmis Hiikkel metodu istifado etmoklo Oyronilmisdir. Qurulmus vizual
modellori  osasinda kompiiter hesablamalari aparilmigdir. Tetraedrik formali  qizil
nanohissaciyinin orbital enerjilori, ionlagsma potensiali, tam elektron enerjisinin qiymatlori,
mexaniki, magnit vo s. parametrlori hesablanmigdir. Hesablamalarin naticalori gostarir Ki,
Au,, qizil nanohissaciyi yumsaq, elektrofil vo stabil, yarim kecirici materialdir. Qadagan
olunmus zonanmn giymeoti E; = 2,968769eV, siialanan fotonun dalga uzunlugu A = 0.419
mkm. Alinmis naticolor gostorir ki, tetraedrik formali qizil nanohissaciyi xassalori kiira formali
qizil nanohissaciyinin xassalorindon forglidir[13]. Bu isa nanohissaciyin xassalorinin onun
olgiisii, ondaki atomlarn sayr vo formasindan asili oldugunu géstorir. Olgiiliilori
~ 1 nm tortibindo olan tetraedrik formali qizil nanohissaciyinin mexaniki parametrlorinin
hesablanmis qiymotlorino osason onun mexaniki xassolori do togribon hocmi qizil
materiallarinin mexaniki xassosi kimidir. Orimo temperaturunun hesablanmig qiymati hocmi
qiz1l materiallarin Debay va arima temperaturunun giymtlorinden uygun olaraq toqriban 2 dofo
ki¢ik olub olgiisiindon asilidir vo Ol¢ti  kigldikgo nanohissaciyin  Debay vo orimo
temperaturunun giymatlori azalir. Magnit parametrlorinin hesablanmis qiymatlorine asasan adi
qizildan forqli olaraq kigik Olgiili tetraedrik formali qizil nanohissaciklorinin paramagnit
xassays malik oldugunu demok olar.
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TEXNOLOJI PROSESLORIN ISiNIN RiYAZI MODELLOSDIRILMOSI
VO OPTIMALLASDIRILMASI

Hiiseynova S.Q., Agamatov S.E.
Azarbaycan Dovlot Neft vo Sonaye Universiteti, Azorbaycan
Email: stas.agametov@gmail.com

XULASO

Neftin emali prosesinin is prinsipi todqiq olunmus, proseso tosir edon osas parametrlor,
parametrloro goyulan mohduduyyat sortlori miioyyan olunmusdur. Emal prosesinin riyazi
modeli qurulmus, korelyasiya omsali ilo Fiser kriteriyasi hesablanmis vo modelin obyektls
identikliyi yoxlanilmigdir. Verilmis parametrloro osason optimallagdirma masalasi hall
olunmus va optimal giymatlor sldo edilmisdir.

Agar sozlar. Neft email, Fiser kriteriyasi, optimallasdirma, obyektlo identiklik, neft sonayesi,
optimal idaroetmo

Miiasir dovrds neft sonayesinds istehsalatlarin ndvbati inkisaf morhalalori, onlarin effektivliyi
Vo Somaraliliyinin artirilmasi, istehsal edilon neft mohsullarinin keyfiyyot gostoricilori ii¢iin
qoyulmus taloblor getdikco daha miikommal, yeni idaroetmo sistemlorinin yaradilmasi vo
tatbiqi talob olunur.

Molum oldugu kimi neft emali texnoloji qurgularinda optimal idarsetms sistemlarinin
yaradilmas1 moaqsadils ilkin vo miithiim marhalo bu proseslorin gedisini zamanin har hansi an1
liclin adekvat yaza bilon riyazi modelin hazirlanmasidir. Neft emal1 texnoloji proseslari {igiin
riyazi modelin hazirlanmasi dedikds bu prosesin giris vo ¢ixigsindaki doayisanlor arasinda olan
asilihiglarin riyazi sokildo ifadasi vo tapilmasi nozords tutulur [1-5]. Homin asililiglar1 oks
etdiron riyazi modellorin qurulmasi nozori analiz, obyektin kimyovi, fiziki vo digor
ganunauygunluglart osasinda montigi analiz vo oavvalki tocriibslorin imumilasdirilmasi ilo
hoyata kegirilir.

Biitiin ¢ix1s vo giris doyisenlorinin operativ vo daqiq 6l¢iilmasi texnoloji proseslords riyazi
modelin iglonilmasi zamani vacib sortlordon biridir. Riyazi modellorin identifikasiyasini
realizo etmok tigiin texnoloji kompleksin faaliyyati zamani normal giris va ¢ixis doyigonlori
ticiin tolob olunan informasiya tocriibado olarken toplanaraq ilkin statik material soklinda
cadval verilir.

Biitovliikdo sistemdo bas veran proseslorin va tasirlorin 6yronilmasi istonilon texnoloji sistem
ticlin modellogdirmo metodlar1 vasitasilo riyazi model qurmaq miimkiin olur. Hal-hazirda
texnoloji proseslor miirokkab oldugda riyazi modellori qurmag moaqgsadilo analitik va
eksperimental modellosdirma metodlarindan istifado edilir [6, 7]. Eksperimental-statistik
metodlar geyri-Xxatti vo Xatti regresiya tonliklori texnoloji proseslords istonilon iki doyison
arasinda olan asililigin agkar edilmasina, proseslordaki rejimlori xarakterizo edon doyisonlorin
arasinda riyazi asililiglarin qurulmasina, ¢otinlik dorocasindon asili olmayaraq miirokkob
texnoloji proseslordo komiyyat asililiglarin1 agkar etmays imkan verir. Sadalanan metodlar
riyazi statistika aparati vasitasilo aparilan tocriibalorin naticasinin emali va islonmasina
osaslanan metodlardir.

Boazon modelin dogrulugu ii¢iin yalniz korrelyasiya amsali kifayat etmir vo bu zaman modelin
adekvatligi yoxlanilir. Riyazi modellorin adekvat olub-olmamasi Figer kriteriyasi vasitasSilo
yoxlanilir. Neft koksunun alinma prosesinin idaroetms obyekti Sok. 1- do verilmisdir.
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X1

X3 Neft koksunun alinma prosesi [——————— ™

X4

Sokil 1. Neft koksunun idaraetma obyekti

X1- reaktorda temperatur °C

Xo- kameralarda tozyiq kqg/sm?

Xs- resirkulyasiya omsali

X4- kameralara daxil olan mohsulun sorfi t/saat

Y- alinan koksun sarfi %

Giris parametrlorins va idaraedici parametrlora qoyulmus mohdudiyyat sortlori

495°C < X1<505°C

3,9 kqg/sm?< X< 4,2 kqg/sm?

1,2< X3<1,8

48t/saat < X4 < 58t/saat

17% <Y <20%

Xatti formada reqresiya tonliyi asagidaki kimidir:

Y = Bo+ B1 X1+ B2Xo+ B3X3z+ BaXs = max

Alman koksun sorfi: Y%

Bo, B1, B2, B3, Bs- yuxaridaki reqresiya tonliyinin omsallaridir.

X1, X2, X3, Xs- obyektin giris parametrloridir.

Y = (X, X2, X3, X4) = max

Neft koksunun alinmasi prosesindon alinan koksun sorfinin optimallasdirilmas: zamani ilkin
statistik molumatlar Microsoft Excel cadval programi vasitosilo oldo edilir. Bunun iigiin
obyektin 4 giris vo bir ¢ixis parametrinin qiymotlori Excel-o daxil edirik, bu giymatlori
istifado edorok Dannie poncorosindo Reqresiya omrini daxil edirik. Giris vo ¢ixis
parametrlorini daxil etdikdon sonra isa Fiser meyarini vo digar doyarlori oldo eds bilirik.
Neftin emalinin dorinlogdirilmasing agir neft mohsullarinin kokslagmasi prosesi imkan verir vo
bu proses ham do iqtisadi baximdan sarfali olub, texniki cohstdon do magsodouygundur. Neft
koksunun alinmasi prosesinin optimizasiyasi deyorkon baxilan prosesin optimal soraitini
nozords tuturlar. Bunun {igiin avvalco optimizasiya kriteriyst segilmalidir [8-11]. Soraitdon
asili olaraq optimizasiya kriteriyast olaraq iqtisadi (mohsulun minimum maya doayari) vo ya
texnoloji kriteriya gotiirmok olar.

Optimizasiya kriteriyasinin onun qiymotinin doyismosini gdstoron parametrlordon asililigini
Oziindo oks etdiron funksiyaya mogsad funksiyasi deyilir. Mogsad funksiyasi segilon
optimizasiya kriteriyasinin asasini togkil edir. Magsad funksiyasinin ekstremumunun tapilmasi
optimizasiya masalosidir.

Mathcad proqrami optimal idarsetmo maosalasinin hallinin yerina yetirilmasi magsadilo
istifado olunan standart program paketidir [12-14]. Bu riyazi proqram paketini Math Soft Inc.
firmas1 1988-ci ildo riyazi mosololorin ododi {iisullarla halli {igiin yaratmisdir. Mathcad
program paketina 1994-cii ildo Maple paketindoki simvolik hesablama paketinin
tokmillogdirilmasi ilo elmi is¢i, miiallim, talobs, miithondis vo s. kimi genis istifadagi kiitlosinin
omayini avtomatlasdiran, yiingiillogdiran vasitoys ¢evrildi. Mathcad proqram paketi digor
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program paketindon forgli olarag WYSIWYG osasinda yaradilib. Masslonin qoyulusu
riyaziyyatda gobul olunan isaralorin komayils-anonavi riyazi yaziligla tasvir olunur. Masalo
odadi Vo ya analitik tisullar ilo hall olunur. Mathcad programi hesablama prosessoru, matn,
diistur, qrafiki redaktorlar1 oziindo birlogdirir. Beloliklo program hesablama ilo yanasi,
kitablarin, hipermotn sonadlarinin, ¢ap moahsullarinin yaradilmasi mogsadilo genis totbiq edilir.
Biitiin bunlarla yanasi proqram lemma vo teoremlori isbat etmok tiglin do istifads edilo bilar.
Bu xiisusiyyat sayasindo Mathcad riyaziyyatin tadrisinds distansion tohsil vasitasi va 6yradici
sistemi Kimi ovoazsiz vasitadir. Digor Windows olavalori kimi Mathcad da bas menyuda
programlar bolmasindoki Mathsoft Apps program qrupunda Mathcadin miivafiq versiyasini
sec¢arak Vo ya siganin sol ditymasini kursoru is¢i stoldaki program yarliginin tizorinds 2 dofo
sixmagqla yiiklonir. ilk 6nco ekranda programa moxsus logotip, sonrasinda iso osas interfeys
pancarasi agilacaqdir. Mathcad programi paketi olduqgca sado vo digor Windows olavalori
ticiin do xarakterik olan vahid standart interfeyso malik olub standart elementlordon ibaratdir.
Statistik verilonlor programa daxil edilorak optimal giymotlor tapilir.

Parametrin optimal qiymatlori:

X1=495

Xo=4

X3=1,8

X4=48

Y =17,344

Mogsad funksiyasinin optimal qiymati:

F=17344

Neftin emali prosesinin is prinsipi todqiq olunmus, prosesa tosir edon osas parametrlor,
parametrlora qoyulan mohduduyyat sortlori miioyyan olunmusdur. Emal prosesinin riyazi
modeli qurulmus, korelyasiya omsali ilo Figer kriteriyasi hesablanmis vo modelin obyektls
identikliyi yoxlanilmigdir. Verilmis parametrloro osason optimallasdirma masalasi hall
olunmus va optimal giymatlar alds edilmisdir.
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INTELLEKTUAL VIBRATORUN SIMULINK MUHITINDO
MODELLOSDIRILMOSI

Qiidratli I.R.

Sumgqayit Dévlat Universiteti, Sumqayit, Azarbaycan
Email: ms.ilhama77@mail.ru

PE3IOME

Intellektual vibrasiya qurgusunun temperaturdan asililiginin todqiqi vo ragslerinin temperatura
g0ra tashih edilmasi problemi aragdirilmis, bu doyigsmasing sabob olan temperaturun 6lglilmosi
liclin termociitdon istifado olunmasmin mogsadouygunlugu qeyd olunmus, kompiiter
eksperimentlorinde miivafiq kemiyyatlorin doyismasi yolu ilo qurgunun vibrasiya ragslerinin
real soraito uygun temperaturun doyismasindon asililiginin ¢ixarilmasi ii¢iin vibratorun elektrik
hissasinin sadologdirilmis ekvivalent sxemi toqdim olunmus, homin sxemo uygun simulyasiya
modeli qurulmus, modellogdirmo zamani modelin ibarst oldugu bloklarin toyinati, onlari
xarakterizo edon parametrlor gostorilmis, bu bloklarin simulyasiya sazlanmasi {li¢iin zoruri olan
sortlorin miioyyon olunmast magsadils tovsiyalor hazirlanmigdir.

Agar sozlar: elektromaqnit, ragsler, vizual modellagdirmo, temperatur, termorezistor, invertor,
induktivlik, tutum

Giris: Molum oldugu kimi, elektromaqnit vibrotssirlondiricilor hal-hazirda miixtalif texnoloji
proseslorin gediginds istifado olunur. Digor intiqallardan is prinsipine goros daha miilkommal
olan elektromaqgnit vibrotasirlondiricilor vibrasiyali konveyerlords, bunkerlor, golibloyici
formalarda, praktiki olaraq biitiin miiasir elektromaqnit vibrotasirlondiricilor (vibrointigallar)
rezonansa yaxin rejimdo isloyir, bu zaman lovborin elastiki yayla birgs horokoti noticasindo
yaranan qiivvonin amplitudu macburedici elektromaqnit qlivvasinin amplitudundan 5-20 dofo
coxdur. Bu kamiyyat bazon giiclondirmoe amsal1 adlandirilir. Vibrointiqalin bu noviinds yiiksok
dinamiki tozyige moruz galan diyircokli yastiglar vo bagqa siirtiinon qovsaq vo hissolor yoxdur,
onlarin i$ rejiminin tonzimlonmasi va isosalma vo dayandirma rejimlori xeyli derocado sadadir
ki, bu da onlarin mohsuldarligi doyison texnoloji proseslordo (TP) totbiq edilmosi
somaraliliyini tomin edir.

Vibratorun 6zii yumsaq maqgnit materialdan hazirlanmis niivodon vo elektromaqnit sargacdan,
eloco do yay iizorindo olan vo ya ondan asilmig lovbordon ibarstdir. Sargacin dolagina verilon
doyison vo ya ddyiinon carayan 16vbarin niiva torafindon cazb olunub itolonmasing va belalikla,
tezliyi doyigon corayanin ikiqat tezliyino va ya sabit corayanin doyiinma tezliyino barabar olan
vibrasiyanin yaranmasina sabob olur. Donavor materiallarin xirdalanmasi vo naqlinds,
gablasdirilmasi (dozalanmasi) vo ¢esidlonmasinds, maddslorin garisdirilmasinda, betonlama vo
asfaltlama islorindo genis totbiq edilon bu qurgular konstruksiyasinin sadosliyi, yeyilon
hissalorinin azlig1, idare olunmasi vo qulluq baximindan digor név vibrotasirlondiricilordon
Ustiinliiyli ilo forglonir. Biitiin név qurgulara istismar goraiti tosir etdiyi kimi, todqiq edilon
elektromaqnit vibrotasirlondiriciler bu tesira moruz qalir. Elektromaqnit vibrotasirlondiricinin
isinin samaraliliyli hom onun bilavasits yerins yetirdiyi amoliyyatin somaraliliyi, hom do enerji
sorfinin optimal qiymati ilo miioyyan olunur. Bunlar iss 6z ndvbasinds avadanligin faydali is
omsalindan asilidir. Biitiin bu gostoricilorin yiiksaldilmasi moagsadilo yuxarida gdstorilon
tosirlorin aradan qaldirilmasi, kompensasiya edilmasi {i¢iin miivafiq hesablamalar osasinda
toshih, sazlama va tonzimloma va idaresetma amoliyyatlarinin yerina yetirilmasini tomin edan
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qurgu va sistemlor iglonilmosi zorurati meydana ¢ixmisdir. Son zamanlar mikroprosessor vo
mikrokontrollerlorin, eloco do programlasdirilan montiqi kontrollerlorin totbiqi ilo qurgularin
intellektuallagdirilmas1 imkanlar1 genislonmis, texnoloji prosesin vo qurgularin indiyadok
nozora alinmasi ¢atin vo miirokkob olan parametrlorinin toyin edilmosi vo miivafiq idaroetmo-
tonzimloma, sazlama vo toshihedici tosirlorin realizo edilmasi masalalari istigamatinds elmi-
todqiqat vo eksperimental tocriibi islors yeni tokan verilmisdir.

Belo bir intellektual qurgunun — mikroprosessorlu intellektual vibrasiya qurgusunun qurulma
prinsipi miiollif torofindon islonilmisdir [1]. Tesvirindon molum oldugu kimi, qurgu algaq
tezlikli elektromaqnit vibrasiya qurgusundan, tezliyi tonzimlomok {igiin invertordan,
elektromaqnit tipli vericidon, tonzimlomo-idaroetmo omoliyyatlarinin yerino yetirilmosini
tomin edon mikroprosessordan miigayiso qurgusundan ibarotdir. Mikroprosessorlu intellektual
vibrotosirlondirici qurgu invertordan verilon miivafiq tezlikli gorginliyin tosirindon
elektromagqnitin 16vbori rogs edir. Lakin bu rogslor vibrasiya qurgusunun yiikiindon asili olaraq
invertorun tomin etdiyi tezliys uygun olmaya da bilor. Buna géro do homin rogslor dlgiiliir,
mikroprosessorda tapsiriq tezliyi ilo miiqayiso olunur, forq yarandigi toqdirds invertorun tezliyi
miivafiq sokildo tonzimlonir.

Masalanin qoyulusu: Rogslorin amplitudunun temperatura goro miioyyon qoadar sabitliyini
tomin etmok ii¢lin elektromaqnit dovrasino termorezistor qosulmusdur. Termorezistorun &zii
elektromagnitin  dolaglar1  {izerinds  yerlosdirilmisdir. Termorezistorun miigavimatinin
elektromaqnitin qidalandirildigt dovroys, yoni elektromaqnitdon kecon coroyana uygun
olmasini, basqa sozlo, uzlasdirilmasi tigiin termorezistorlarin paralel birlosmosindon istifado
olunmusdur. Zoruri oldugda daha daqiq uzlasdirmagq ii¢iin onlarin vo ya onlardan birinin xtisusi
dovradon qidalandirmaqla tolob olunan baglangic miigavimoto uygun qiymoto qodor
qizdirilmast varianti da nazordon kegirilo bilor. Olbatts, bu variant miioyyon catismazliga
malikdir ki, bu da olavo sxemin daxil edilmasi vo oksor hallarda otraf miihitin temperaturundan
artiq isidilmadir. Bunlar son naticods qurgunun 6z temperatur balansina tosir gostorarok, slavo
tonzimloma-sazlama amoliyyatlarinin aparilmasin talob edas bilar.

Modellagdirma MATLAB Simulink miihitinds yerino yetirilmisdir ki, bu da analitik
modellogdirmodon forqli olaraq proseslorin daha oyani surotdo todqiq edilmosini,
modellogdirmonin gedisino zoruri miidaxilo etmoklo meydana ¢ixan suallar1 vo miiommalari
aragdirmaga, parametrlorin sazlanmasini vo miiloyyon diapazonda doyisdirilmosi vasitosilo
tolob olunan is¢i xarakteristikalart aldo etmoyo imkan verir. Mohz buna goro do Simulink oksor
hallarda homginin vizual modellosdirmo adlandirilir.

Bu imkanlara asaslanaraq, toqdim edilon algaq mexaniki tezlikli vibratorun vizual modelinin
qurulma marhalalori, Simulink proqram miihitindon istifade edilmoklo homin modelin
kompiiter simulyasiyas1 {iclin sazlamalarin miioyyon edilmosi, simulyasiya modelinin ¢ix1s
parametrlorinin oyaniliyini tomin edon modul vo bloklarin qosulmasi mogamlart tadqiq
edilmisdir.

Otraf mihitin temperaturu doyisdikco elektromagqnitin, eloco do ldvborlo elektromaqnit
arasindaki ara mosafosinin Olgiilori dayisir, naticade hamin araligdan qapanan maqnit selinin
miqdart doyisdiyine gore rogslords geyri-stabillik yaranir ki, bu da vibrotssirlondiricinin tatbiq
edildiyi texnoloji prosesin normal gedisini poza bilor. Digor torofdon vibrotasirlondirici is
prosesindo TP-do yiikdon vo prosesin miiddotindon asili olaraq 6zii do quzir vo yerlosdiyi
miihitin temperaturunu doyisir. Niivonin yerlosmasi vo Olgtlilorindon, hamginin is¢i tezlik do
amplituddan asili olaraq bu doyismoenin dinamikasi siiratli olduqda rogslorin amplitudunun
doyismasi yena do proseso 0z tasirini gostoracokdir. Demali, yuxarida geyd edilon tonzimlomo-
sazlama omoliyyatlar1 bu halda da yerino yetirilmolidir. Biitiin bunlar texnoloji proseso
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gosulmus qurgunun is alqoritminin miirokkoblogsmosi vo digor qurgularla qarsilight is
prosesinin togkil edilmasi problemlorinin yaranmasina sobab olur. Bu masaloni tam hall etmok
liclin daha bir parametrin — bilavasito temperaturun 6lgiilmasi tolob olunur ki, bu mogsadls isdo
termociitdon istifado edilmisdir.

Masoalonin hoalli: Hazirki isdo temperaturun doyigsmosinin vibrasiya qurgusunun rogslorinin
amplitudu vo tezliyino tosirinin Oyronilmesi ii¢lin  Simulink miihitinde simulyasiya
modellosdirmasindon istifado edilmisdir [2,3]. Qeyd edilon biitiin magamlar vo amillor nozara
alinmaqla todqigatin aparilmasi ii¢iin zoruri olan dovronin sadolosdirilmis sxemi sokil la-da
gostorilmisdir. Burada Rt — termorezistor, Ry vo L — elektromagnit dolaginin uygun olaraq aktiv
miiqavimati vo induktivliyi; C — rezonansa yaxin rejim tomin etmok {i¢iin nozorde tutulmus
kondensatorun tutumudur.

Sokil 1b-do elektromaqnit vibrotssirlondiricinin Simulink modeli togdim olunmusdur. Model
asagidaki bloklardan ibaratdir: vahid pillavari impuls bloku (Step), doyisen cerayan gorginlik
monbayi (AC Voltage Source), miivafiq parametrloro malik agar (Breaker), dovrods corayanin
doyismasini izlomok {iglin ampermetr (Current measurement), homin coroyanin doyismasini
vizual seyr etmok ficiin ossilograf bloku (Scope) vo dovronin elementlori olub, ardicil
gosulmus kondensator, induktiv sargac vo termistor. Burada kondensator vo induktiv sargaca
ardicil qosulmus rezistor induktiv sargacin, yoni vibrotosirlondiricinin elektromaqnit
dovrasinin aktiv miigavimetini tomsil edir.

Shep
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Sakil 1. Termorezistorlu vibrotasirlondiricinin a) sadslogdirilmis sxemi; b) Simulink modeli
Termistorun miigavimeti agagidaki qanunla doyigir:

R(t) = Ry - e ®7e)

Burada T - dolagin temperaturu; R(T) — termistorun cari temperaturu; Ro - To temperaturunda
termistorun miiqavimati; To — baslangic temperaturda termistorun miiqavimoti; B — totbiq
olunan termistor ii¢lin verilmis vuruqdur.

Modellosdirma zamani termistorun yerlogdiyi miihitdo temperaturun doyismasi asagidaki
tonlikls ifads olunan ganunla doyisdirilir:
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=m-Cc-—
¢ dt
Burada m — elektromaqnitin iimumi kiitlasi; ¢ — xiisusi istilik miqdar1; Q — verilmis temperatur
doyismasine uygun istilik miqdaridir.

Elektrik rezonansi rejimini todqiq edilorkon homin ddvrads induktivliys vo tutuma goro
keyfiyyat omsallari, homginin aktiv, reaktiv (induktiv vo tutum) giiclor do hesablanir vo bu
parametrlorin temperaturdan asililigi vo elektromagnitin temperaturuna tasiri do toyin edilir.

Bu zaman asagidaki ifadalordan istifado olunmasi magsadsuygundur:

U? U? 1 U?
QL= wL- Z) QC:_C. 1 -
©C R2+ (pmwl)

P=R-
R2+ (ﬁ—wL)

RZ+ (ﬁ—wL)z '
Burada P — aktiv giic; R — dovronin miigavimati; L — dévranin induktivliyi; C — kondensatorun
tutumu, w — dayison corayan signalinin bucaq tezliyi, U — ddvroys totbiq olunan doyison
corayan gorginliyinin qiymatidir.

Molum oldugu kimi, dovroyo qosulmus yiikiin geyri-xottiliyi, baxilan halda elektromaqnit
vibrotasirlondiricinin dolaginin induktivliyi va dovroys qosulmus kondensatorun tutumunun
yaratdigi qgeyri-xottiliyi sobabindon miioyyon tezliyo malik doyison coroyan gorginliyinin
coroyana goro fazaca siirlismosi bas verir, bu iso, 0z ndvbosinde miixtalif tezlikli
harmonikalarin yaranmasina v coroyan vo gorginliyin formasinin sinusoiddon farqlonmasina,
yani tohriflora va slava giic itkilorino gatirib ¢ixarir. Homin slava giic itkilori elektromaqnitin
dolaginda corayanin daha yiiksok tezlikli miirokkobalori torofindon yaradilir. Buna goro do
sxemin va sistemin tam tohlil edilmasi magsadilo harmonik analizls yanasi, tohrif omsali vo
giiclinlin hesablanmast vo todqiqi {ligiin Simulink paketinin signal analizatoru vo harmonik
tohriflori tohlil edon xiisusi bloklardan istifads edilmisdir.

Vibrotasirlondiricinin elektrik sisteminin modellagdirilmasi ilo paralel olaraq, onun mexaniki
hissosinin  modellosdirilmosi  {iclin  miioyyon  arasdirmalar  aparilmisdir.  Md&vcud
vibrotasirlondirici modellorinin tohlili naticosinds islonilmis vibrotasirlondiricinin mexaniki
hissasinin simulyasiya modeli sokil 2-do toqdim olunmusdur.

Bu model Simulink program paketindo vo [4]-do verilmis tOvsiyalor osasinda qurulmusdur.
Modeldon istifado etmoklo yaylardan vo miioyyon kiitloli 16vbordon ibarst olan birfazali
vibrotasirlondiricinin mexaniki sisteminin hissosinin miixtalif rejimlords xarakteristikalarinin
doyismasi todqiq oluna bilor. Bu zaman hom yaylarin sortliyi, hom do onlarin rogslori
sondiirmasine uygun olan sartlik vo sonma amsallari, eloca da spiral yayda manqgalarin say1 vo
16vbordon asilmis tarazlagdiric1 yiikiin kiitlesi doyisdirilmoklo rogslorin amplitudunun va
tezliyinin doayismaosi tadqiq olunur.

Temperaturun doyismosi ilo olaqodar olaraq parametrlorin doyismosinin qarsisini miloyyon
gadar almaq tigiin sxemin elementlorini yerlosdiyi mokanin va elektromagnitin 6ziiniin tobii vo
macburi ventilyasiyasinin tomin olunmasi masslosini do gqeyd etmok vacibdir.
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Sakil 2. Vibrotasirlondiricinin mexaniki hissasinin simulyasiya modeli

Vibrotasirlondiricinin mexaniki hissosinin todqiqi noticolori optimal parametrloro malik
mexaniki sistemin iglonilmasi {i¢iin genis imkanlar agir.

Natica: Beloliklo, elektromaqnit sistemindon vo miivafiq intellektual vibrotoesirlondiricinin
elektrik sxemindon ibarat imumi elektromexaniki sistemin simulyasiya modelinin qurulmasi
va uygun eksperimentlorin kegirilmasi ticlin modellogdirmonin gedisindo miixtslif bloklar tizro
zoruri sazlamalar ¢ixig xarakteristikalarinin salis vo verilmis diapazonlarda olmasinin tomin
edilmasi baximindan aparilmalidir. 9sas masalo elektromaqnitin dolagina ardicil qosulmus
termorezistorun miiqavimatinin ¢ixig xarakteristikasina tosirinin Syronilmasi li¢lin zoruri
eksperimentlorin  planlagdirilmast  vo  miivafiq ardicilligla, uygun komiyystlorin
doyisdirilmosindon ibaratdir.

Simulyasiya naticalorinin adekvatligi, eksperimentlori saymin diizglin toyin olunmasindan,
simulyasiya modelinin real soraito uygunlugundan asili olub, bloklar {izro sazlamalarin
miivafiq qanunlara asason aparilmasi ilo tomin edilir.

Hom termorezistorun miigavimatinin, hom do dolagin {istiino barkidilmis termociitiin ¢ixisinda
yaranan termoelektrik horokot qilivvesinin temperaturdan asili olaraq doyigmosi, hor iki
elementin yekun geyri-xottiliyini azaldaraq, vibrotasirlondiricinin 16vbarinin ragslorinin
tezliyinin temperatura goro toshih edilmasi {iglin miivafiq idaroedici tosirin hasil edilmosini
asanlagdirir.
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OLEHKA ®AKTOPA PUCKA ITIPA YIIPABJIEHUHN U3BJIEYEHUEM
YINIEBOJOPOAHBIX 3AITACOB U3 MECTOPOKIEHUU HA CYLIE

'A6ayanaesa Konya, ’Kepumosa Pammaa

! Mouenr, Asepbaiinxkanckoro ocynapcreennoro Yuusepcutera Hedyru u [IpoMBIINIIEHHOCTH, TOYETHBII
HedTsHuk BrerHamckol Conpanuctudeckoil Pecrryonuku

2Accuccenr, Asepbaiinxkanckoro ocynapcreennoro Yuusepcurera Hedtu u IIpoMbliieHHOCTH

PE3IOME

Hean uccienoBaHusi - BBIABICHHE OCHOBHBIE (DaKTOphl pUCKa TpH 1q00brde HedTH U3
MECTOPOXKACHUNM HAXOIALIMXCS HA MO3JHEN IKCIUTYaTaLU K.

MeToaoI0THsI HUCCJIECIOBAHUA - omnpeaeneHue pUCKa BIMSIONIME HAa YpPOBEHBb

WHBECTUIIMOHHOIO IIPOEKTAa M HCCIENOBAHME pHUCKA C IPUMEHEHHEM MAaTeMaTHYEeCKUX
METOJIOB.

Pe3yabTaThl Hecae10BaHUA — NIPEAJIOKEHO MOJIETIb BCIIOMOTaTENbHON AUarpaMMbl  paboOThI €
pHcKaMU M BbIOOpa Hanbosee palMOHAIBHOTO MAaTEMAaTHYECKOTO METOa JUIs PELICHUs 3a/1a4u
MOJICITMPOBAHMS KOHEYHOU (DaKTOPHOU CHCTEMBI.

KioueBble cjI0Ba:  [POMBIIUIEHHOCTb, PHUCK, (AKTOp, BO3HUKHOBEHHE, HCCIIEJOBaHHE,
MoJienb, 3 pekTUBHOCTD

Beenenne: Hedrsnas mNpOMBINUICHHOCTh 3aHUMAET LEHTPAIBHOE MECTO B HOKOHOMHKE
A3zepbaiimkaHa, 4TO JeNaeT KpailHe BaKHBIM COCTOSIHHE MUHEPabHO-CHIPbEBOM 0a3bl U
TuHaMUKY ee pa3Butus. Okosno 70% teppuropun AsepOaiipkanckoil PecryOauKky cuuTaroTcs
NEePCIeKTUBHBIMU [Tl HeTH U Ta3a. [loaToMy HEYIUBUTENBHO, YTO OCHOBOM IKOHOMUYECKOM
CHCTEMBI PECIyOJIMKU SIBIAIOTCSA OTpaciu HedTn u ra3a. Ha cyme BBISBIEHO M BBEICHO K
pa3paboTke okoso 340 ctpykryp. M3 ux Gomblias 4acTh MECTOPOXKICHUHN Ha CyIlle OTHOCSTCS
K "crapbIM", C BBICOKMM IIOKa3aTejaeM BbIpaOOTaHHOCTH 3amacoB. OaHON W3 BaXKHEHIINX
npoOjeM B HacTosillee BpeMs SBISIETCS 3HAUMTENbHOE TMajJeHue JoO0buu HedTH U3
pa3pabaThIBa€MbIX MECTOPOXKICHUM Ha cymie. [[s 3TUX MECTOPOXKICHUM XapaKTepHO PE3KOe,
HEPaBHOMEPHOE PaCIOI0KEeHUE CKBaKUH, HEMIPEPBIBHOE BHIONTHIE CKBAXKUH U3 HKCILTyaTallUH,
M3HOIIEHHOCTh OCHOBHOM YacTH (OHJA M3-3a JJIUTEIbHOM 3KCIITyaTallud B YCIOBUSX MHTEH-
CHBHOTI'O TPOSIBJIEHUS [1€CKAa, KOPPO3UIHBIX MPOLIECCOB, COIEOTIOKEHHS, 00BOTHEHHOCTH.
OTtcyTcTBUE MHTEpEeca MHBECTOPOB K BIOKEHHUIO CPEJCTB Ha pa3pabOTKH MECTOPOXKJIEHUHN BO
MHOTOM OOBSCHSIETCSI BEPOSATHOCTHBIM XapaKTepPOM TEOJOTMUYECKUX, IPOMBICIOBBIX U
TEXHOJIOTHYECKHUX HCCIIEJOBAaHUM, BHICOKUMH (PMHAHCOBBIMH M JIPYTUMH puckamu. B cBsi3u ¢
OTUM IPEACTABIAETCS aKTyalbHBIM PAaCCMOTPEHUE METOAOB YIPABIEHUS PUCKOM, U3y4EHHE
psoa BOIIPOCOB, CBSI3aHHBIX C OLEHKOM €ro Ha KaxaoW craguu paboT pa3paboTKu U
OKCIUTyaTallMM, IYTH CHMIKEHHMsI C OLIEHKOM BO3MOXHOIO yuiepba M aHalin3a HM3MEHEHUs
BEPOSATHOCTH.

C ToukM 3peHusi Ha JJaHHbIII MOMEHT HEBO3MOXKHA OIIEHKa 3KOHOMHYECKOH 3(ddeKkTuBHOCTH
OCBOEHUS HE(TEra30BbIX PECYPCOB, HE YUTHUB IPU 3TOM PUCKH U YOBITKH.

dakTopbl BO3HUKHOBEHHUSI pUcKa Npu u3BjedyeHnn HedrTu: OpHolt u3 Haubomee
aKTyaJbHBIX MpOOJEM peaqbHOro CceKkTopa A3epOalPKaHCKOM HSKOHOMHUKH  SIBIISETCS
HEOOXOIUMOCTh ~ MAacIITadHOW  MOJEpPHHM3alMU  TPOM3BOACTBEHHON  JI€ATEIbHOCTH
He(Terazo100bIBAIONIEH MPOMBIIIICHHOCTH, YTO B CBOIO OdYepenb TpedyeT NpoBEeIeHUs
HIMPOKOTO CIEKTpa WMHBECTHUIMOHHBIX THporeccoB. Tak kak, AzepOaiikaHckas HedTsHas
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Cpela XapaKkTepu3yeTcs NMOBBIILICHHBIM YPOBHEM PUCKA M HEONPEIEICHHOCTH 10 CPABHEHHUIO C
pa3BUTBIMM CTPaHAMH.

AHaM3 TPOBEACHHBIX PabOT TOKA3bIBACT, YTO OCHOBHBIE pACIPOCTPAHEHHBIC OMIMOKU
IPOEKTa MU pa3paboTe HePTIHBIX MECTOPOXKICHUN ABISIOTCS CIENYIOLIHE:

- ICKYCCTBEHHOE PACHICTIIICHUE MPOEKTa MPHUHAT JUISl TOTO, YTOOBI CHU3UTh WHBECTULIMOHHYIO
CTOMMOCTb C ILE€JIBIO IIOJOTHATH IIOJl OCHOBHOW IIOPOr IPOEKTa HMHBECTULMH, KOTOPBIC
(YHKIMOHATIBHO HE3aBUCHMBI JPYr OT JApyra M YIIaKOBaHbl BMecTe 0e3 IMpelBapUTEIbHOM
IPOBEPKH SKOHOMHYECKOM JKU3HECIOCOOHOCTM  KaXXIAOr0 HWHBECTULMH, BO3MOMKHBIX
KoMOUWHaIMii 1 0e3 4eTKOH (PyHKIIMOHAIBHOM U CTPATETHUECKOM CBSA3M MEXy HUMH;

- (MHAHCUPOBAHHE YaCTH IPOEKTA MPEACTaBICHO B OTPbIBE OT JAPYIUX (DYHKIMOHAIBHBIX
JJIEMEHTOB;

- HHCTUTYLMOHAIbHAs YCTAHOBKA JJIsl OTIepaluii 10 IIPOeKTaM IMpezcTaBieHa B Buae uncleary
KOTOPBIi HE JaeT MpOBEpUTh (MHAHCOBBIE MOTOKM JACHEXKHBIX CPEICTB B (PMHAHCOBOM
aHaJIN3e.

K ocHOBHBIM pernmoHanbHBIM (hakTOpam, ONpeAeSIomUM (HOPMUPOBAHNE T€OIKOIOTHISCKUX
PHCKOB, OTHOCSTCSI BCE JICHCTBYIOILME U BO3MOXKHBIE (B TE€UEHHME ITPOrHO3UPYEMOTrO MEepHoja
pa3BuUTHS HEPTEra30BOH MPOMBIILIICHHOCTH) MPHPOAHBIE W TEXHOTCHHBIE IPOIECCHI.
Wnentudukanuio 3tux (Gpakropos 1eaecooOpa3HO NPOBOAUTE HA OCHOBE ONPEEICHHS IPAHUL]
MECTOPOXKJCHHUI, Tpacc HePTENpOBOIa, MECT PACIIONIOKEHHSI 3aBOJIOB 10 TIepepadoTKe HEPTH.
CootBeTcTByIOIIME ITApaMeTpbl TEXHOICHHBIX IPOLIECCOB  ONPEAEIAIOTCA B paMKax
TCHEPATbHOW CXEMBl DPa3BUTUSI HEPTEra3oBOH NPOMBIIUIEHHOCTH, NPEINHBECTHIIMOHHBIX
000CHOBaHMH IPOEKTOB, UX paboueil ToKyMeHTaluuu. B TepMuHaxX CHCTEMHOro aHajiu3a 3TOT
3Tal ONPEACIIACTCA KaK JEKOMITO3ULUH.

OcHOBHBIE (haKTOPbI pUCKA BIMSIOIINE HA YPOBEHb IPOEKTA SBISAIOTCA:

-HAllMOHAJIbHBIE U MEKIYHapOAHbIE COLIMAJIbHO-3KOHOMUYECKUE U IMOJUTUYECKUE (PAKTOPBI,
BJIMSIOLINE HA JUHAMUKY 1IEH Ha TOILJIMBO;

-IIOJINTUYECKUE PELIEHUs] O MPEKpallleHUU OTAEIbHBIX BHJIOB MCTOYHUKOB DHEPIHMH U BUOB
TOIJIMBA (HAIIpUMep, aTOMHOM YHEPIreTHKH);

-cHCTeéMa CTUMYJIOB B OTHOILIEHUH OTAEJIbHBIX BUAOB HCTOYHUKOB PHEPTUH U BUJIOB TOIUINBA;
-9KOJIOTMYECKUE TpeOOBaHUs, BBOAALIME JONOJHHUTENbHbIE 3aTpaTbl Ha IPOMU3BOACTBO
SHEpruuy;

-CTPYKTypa, TEPPUTOPUATIBbHBIE pa3MEphl, CTENEHb WHTErpPallud W IPOU3BOAUTEIBHOCTU
Ka4eCTBa YHEPTOCUCTEMBI KaK IIPOU3BOJICTBEHHBIX MOITHOCTEM, TPAHCIIOPTUPOBKY U ITEpEAIN
(pacmipesieIuTeNbHBIX ceTeil).

OCHOBHBIM HEJOCTaTKOM KJIACCMYECKOTO aHAJIM3a PUCKA CUUTAETCA €ro OIHO(PAKTOPHOCTS.
JpyruMu cioBamMH, HE YUYUTBIBAIOTCSI BO3MOJXKHBIE B3aHMOCBSI3M MEXIY OTIEJIbHBIMU
(dakTopaMu, KOTOpbIe MOTYT BJIMSTH Ha pe3yabTarThl MpoekTa. YacTMUHO 3TO OrpaHUYeHHE
CHUMAeTCs 3a CYeT [JBYMEPHOIO aHaliu3a 4YyBCTBUTEIBHOCTH, KOTOPBIM INPEANONaracT
IIPOBEPKY YYBCTBUTEIBHOCTH KIIFOYEBOT'O MOKA3aTeNsl K OJHOBPEMEHHOMY HM3MEHEHUIO JIBYX
[IEPEMEHHBIX.

Eme onuH MCTOYHMK pHucKa — TeMilbl MHGuAUMU. bonbmias yacTh NpoeKTOoB B He(TAHOM
OTpaciay UMEIOT JOJITOCPOUHBIA TOPU3OHT MIaHUPOBaHUs. UTOOBI pocunuTarh 3pHEKTUBHOCT
MIPOEKTA, NMPUXOAUTCS PACCUUTHIBATH IMPOTHO3HBIN IMOTOK HAJIMYHOCTH OT MPOEKTA C y4ETOM
Oynymedt uHmanuu. YeM ATMHHEE NEepuoj] BPEMEHM, Ha KOTOPBIM JielaeTcs MpPOTrHO3, TeM
BbIIIE€ CTETIEHb HEONPEEIIEHHOCTH U TEM CIIO’KHEE CIIPOTHO3UPOBATh TEMITbI HHIsALUY [6].
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[punuunsl GopMUPOBAHUS U YNPABJIEHHS PUCKOB B He(TAHOW NPOMBINLIEHHOCTH
A3epOaiigxkaHa. B HMHBECTUIIMOHHON JACSATEIBPHOCTHM OCHOBHOW 3adaded st HeTSIHON
MPOMBIIIVICHHOCTU  SIBJISIETCSL MPUHATHUE PEUICHUSI O MPUEMIIEMOCTH PUCKA, T.€. OLIEHKE, HE
ABJISIETCS. JIM BEPOSITHOCTh HEMOIYYEHHsI OXKUIAeMOIO pe3yabTaTa M BO3MOXKHBIE YOBITKH
CJIMIIIKOM BBICOKHMH U YTPOKAIOIIUMHA OaHKPOTCTBOM.

CylllecTBYIOT OIpEJeIeHHbIE BUABl PHCKOB, COIYTCTBYIOIIME HEPTSIHOW JEesTENbHOCTH
CyObEKTOB pBIHKA (ONEpallMOHHbIE), HO OCHOBHAs 4YacTh PHUCKOB BO3HUKAET B CBS3U C
peanu3anieli HMHBECTULIMOHHBIX TPOEKTOB M HMEET CcHerupuiyeckue OCOOCHHOCTH,
XapakTepHbIE Il ONPEACTICHHBIX BUIOB JIEATEIbHOCTH.

Tem He MeHee, ciieyeT NOHHUMAaTbh, YTO NPOEKTHbIE PHUCKH XOTh M OMOCPEJOBAHHO, HO
OKa3bIBAIOT BIMSHUE HA BCIO XO3SHCTBEHHYIO IESATENLHOCTh CyOBbekTa. Hampumep, ecnm
BCJIEJICTBUE HACTYILJICHUS TAKOTO PUCKA KaK «3EMIJIETPSICEHUE», BO3BOAUMBIA OOBEKT MOTYUHII
CepbE3HBIC TMOBPEKICHUE, YTO MPHBEIO K YOBITOYHOCTH peaTH3alMl WHBECTUIIMOHHO-
CTPOUTENBHOTO MPOEKTa TO, B TOM, CIIy4ae, €CJIU ATOT MPOEKT ABISIICS JOCTATOYHO KPYMHBIM
JUTSL CTPOUTEIILHOW KOMIIAaHHWH, TTOHECEHHBIC YOBITKM MOTYT MPHBECTH K OAHKPOTCTBY BCEH
KOMITaHUH.

YuuTeiBas H3JI0KEHHOE, MO)XHO TOBOPUTH O TOM, YTO Ha NPEANPUITHH (B OpraHU3aI[UH)
CleyeT CO3/[aBaTh €IUHYI0 CHCTEMY YIPAaBICHUS PUCKOM OCHOBAaHHYIO Ha y4YeTe OLEHKH
BIIMSTHUS TIOCTEACTBUNA TPOEKTHBIX puckoB Ha kommanuio SOCAR ( TocymapcTBeHHas
Hedrsanas Komnanus AzepOaiimpkanckoit Pecybnuku) B emoM.

Cucrtema ymnpaBiieHUS PHUCKOM Ha TMPEANPHUATHU [OJDKHA BKJIIOYATh B ceOs CIEAyIOIINE
JIIEMEHTHI:

- HACHTU(UKAIUS U OIICHKA PUCKOB;

- aHAJIM3 TIOCIIEACTBUMA PUCKA JIJISl PEATIPUSATHUS;

- pa3zpaboTKa MEpPONIPUATUH JIsl CHUKEHUS (MPEAOTBPALLEHUS) PUCKA;

- pa3paboTKa mporpamMmbl MEPONPUITHI MO JTUKBUIAIUU HACTYIUICHUS PUCKA U CHIKEHUIO
HEraTUBHBIX MOCIEICTBHI;

- pa3paboTKa MEXaHHU3MOB BBIKHBAHHS B CITy4ae HACTYIUICHUS KPU3UCHBIX CUTYAIIHiA;

- CO37IaHUE CUCTEMBI CTPAXOBAHUS.

Pa3Butue ympaBieHUss WHBECTUIMOHHOW JESITENBHOCTBIO B YCJIOBHUSIX HEONPEAEICHHOCTH M
pYCKa TOJDKHO JBHUTAThCA IO MYTH Pa3pabOTKH «yHHUBEPCAIBHBIX TMPABUJI, ONEPAIMOHHBIX
IpoILeayp, CIICHAPUEB [T IPUHSITHS PUCKOBBIX pereHuii» [1,2,].

[Ipomecc ympaBneHuss puUCKaMyd WHBECTHIIMOHHOW ACSATEIHHOCTH OPraHU3aIluii B YCIOBHUSX
HEONPEIEJICHHOCTH OKPYKAIOIIEH Cpe/bl BKIIOYAET:

- aHaJIU3 0OCTAHOBKHU BOKPYT MHBECTUIIMOHHOTO MIPOEKTA;

- oTpeJieNieHre BEPOSITHOCTHU (4aCTOThI) HACTYIUICHHS COOBITHS;

- BBISIBJICHHE CTETICHH W BEJIMYMHBI PUCKA;

- OIpenesieHHe MOCIEeICTBUN MPOSBIEHUS PUCKOB (yIopokaHue padoT, yOBITKH, yBETHYEHUE
MIPOJOJKUTETHFHOCTH CTPOUTEIHCTBA U T.J1.);

- BbIOOp HEOOXOMUMBIX METOJOB MHUHHMHU3AIMM HETaTUBHBIX MOCIEACTBHHA (YMEHBIICHHUS
(UHAHCOBBIX U MPOYUX MOTEPD).

DOddexTBHOE ymIpaBIeHHE PUCKAMU HWHBECTHUIIMOHHON JEATEIHHOCTH BO3MOXHO TIPH
COOJIOICHUH CIEAYIOIINX YCIOBHI:

- ONTHMAaJbHOE COYETAHWE [EHTpPAIM3AIMH U JCHCHTPAIM3AIMN  YIPABICHUS, Kak
WHBECTHIITMOHHON JIEATETLHOCTHIO, TaK M PUCKAMH;

- HAy4YHOCTh TpoIlecca OpraHW3allMd  aHAJUTHYECKOro OOeCreueHus  YIpaBlIeHUS
WHBECTHIITMOHHON JIEATEIHLHOCTHIO;
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- pa3paboTKa HOBBIX II€JIed M 3a/1a4 MO COBEPIICHCTBOBAHUIO OPraHU3alMU aHAJIUTHYECKOTO
o0ecrieueHrs METOIMYECKOro arrmapara YOpaBJIeHUS HWHBECTHIIMOHHOW NEATEIbHOCThIO C
yueToM (hakTopa HEeONpPeAeTCHHOCTH;

- HEMIPEephIBHOE COBEPIICHCTBOBAHUE YIIPABJICHUS PUCKAMH MHBECTUIIMOHHON JESITeIbHOCTH;

- B3aUMOJICHCTBHUE U pa3yMHasl periiaMeHTaIsl, TOCTOSHCTBO AHATUTUIECKOTO 00eCIIeUeHUs U
MH(OPMAIIMOHHOM 10CTAaTOYHOCTH YIPABICHUS HHBECTUIIMOHHOM JESTEIIbHOCTHIO;
CyecTByeT HECKOIBKO (DOpPM yIpaBICHUS pUCKAMHU:

- aKTHBHAf;

- aJlafiTUBHAS;

- KOHCEepBaTHBHAs;

-UHTETpUPOBaHHAS.

AHann3 pUCKOB MOXKET MPOBOJUTHCS C MOMOIIBI0 KOJTHUYECTBEHHOTO M KaU€CTBEHHOI'O OIICHKU
puckoB. KonuyecTBeHHass OLIEHKAa PUCKOB HHBECTUIIMOHHOTO TMPOEKTa MPEeanosiaract
ONpeeNieHUe BEIMYMHBI OTACNBHBIX BHUJOB PHCKOB U pHUCKA TMPOEKTa B IEJIOM.
KonuuectBennast onenka 6asupyercs stansl Ne 1,2,3 Ha Teopu:

- BEPOATHOCTEH;

- MaTeMaTU4YECKON CTaTUCTHUKE;

-T€OPUH MCCIICAOBAaHUIN ONepaluii.

HccnenoBanune pucka ¢ mpuMeHeHHeM MaTeMAaTHYeCKMX MeToA0B: Haumydmmim mMeTtoaoMm,
JIOCTAaTOYHO IPOCTBIM U IPENIoJiaralolliM HaUMEHbIIEe KOJIMYECTBO JONMYIIEHUH, SBISETCS
METOJl aHallu3a YYyBCTBUTEIBHOCTH pearupoBaHus. OIHAKO ATOT METOA TaKXkKe He JIUIICH
HE/JOCTaTKOB U OH HE JaeT TOYHYIO OLIEHKY BJIMSHHUS U3MEHEHHsS! BXOAHOM MEpEeMEHHON Ha
3¢ (HEeKTUBHOCTH UHBECTUIIMOHHOTO MPOEKTA.

B kadecTBe HCXONHBIX MAAHHBIX JUIS MOJENM HCIOJB30BAINCH CJEAYIOIIME OCHOBHbIE
napameTpsl:

- UHBECTULIMOHHBIE 3aTPaThl;

- DKCILTyaTallMOHHBIE PACXO/IBI;

- ycioBus (PMHAHCUPOBAHUS U KPEIUTOBAHUS;

- rpaduK peaau3aly IpoeKTa.

PesynpraramMmu pacyeToB B paMKax MOJENH OIEHKU dS(PPEKTUBHOCTH WHBECTHUIIMH 10
CYHUIECTBYIOIIEMY  QITOPUTMY  SIBJSIFOTCS ~ OCHOBHBIE  II0OKa3aTeld  AKOHOMMYECKOM
3(pPEKTUBHOCTH, B TOM YHCII€ YUCTHIA AUCKOHTHpOBaHHbIN 1oxoxa (UI/1), BHyTpeHHsAs HopMma
noxonHocty (BHJI), cpok okymaemMocTu. YpoBeHb pHUCKAa HpPOEKTa paccMaTpuBaicsi Kak
BO3MOKHO€ YMEHbIIIeHHEe pacueTHoro 3nadenust Y1 J1 [6,7].

CylIHOCTh JaHHOTO METOJIa 3aKJI0YaeTCsl B HEOOXOJMMOCTH OTpeIeIeHUs] YyBCTBUTEIbHOCTH
YJI/] MHBECTUIIMOHHOTO MPOEKTa K U3MEHEHHIO OCHOBHBIX MEPEMEHHBIX MOJAENH, Kaxaas U3
KOTOPBIX II0OOYEPETHO BAPBUPYETCS B 3a1aHHBIX MIPEENax.

K ocHOBHBIM mpeumyniecTBaM JaHHOTO METO/a OTHOCSTCS: TE€OpeTHYecKas MPO3pPayHOCTb,
IIPOCTOTA PACYETOB U HANIAJHOCTD NIPEICTABICHMS PE3YIBTATOB.

C Hame#l TOYKM 3peHHs, B HKOHOMHUYECKOM aHajJH3e MaTeMaTH4eCKHe MOJAETH JIOJKHBI
OTpakaThb TJIABHBIM 00pa3oM H3y4daeMble SIBIEHUS WM Tpolecchl. [Ipu mocraHoBke 3agay
BaXHO YUYUTHIBaTh OTPAaHUYEHHOCTb PECYpCOB, KOTOpbIe HEOOXOAMMO paclpeieauTh Ha
NpOM3BOACTBO J100bIuM HedT M rasa. Ecnm Bce BHIBI IPOM3BOJCTBEHHBIX PECYPCOB K
KOTOPbIM OTHOCSATCSL CBIpbE, TPYHAOBBIE PECypChl, MOIIHOCTb OOOPYIOBaHMS U JpYyrue
UCTIONB3YIOTCS JUIs TOOBIYM HE(TH W Ta3a , TO HEOOXOAMMO 3HaTh PAcXoj KaXJ0ro BHJA
pecypca Ha eqUHUIY TPOAYKLIHH.
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Yacto B KayecTBEe OrpaHUYEHUH IIPU IOCTPOCHUHM HKOHOMHUKO- MATEMaTUYECKOU MOZEIIH
BBICTYIIACT CUCTEMA HEPABEHCTB, UMEIOILAs CIICIYIOIINM BUL:

Da;* X <w,i=12,..m
-1

: (2)
rjae alj — HopMa pacxojia IMPOU3BOACTBEHHOI'O pecypca Ha MPOU3BOJCTBO CIUHHIIBI | — IO
BUJa NPOAYKIWH; X] — KOJIMYECTBO a00bUM HedpTH W raza; Wi — 3amacel | IO BHA

IIPOM3BOJICTBEHHOI'O PECYpCa Ha PACCMaTPUBAEMBLI IIEPHOJ] BPEMEHHU.
Js oneHk 3(p(HEeKTUBHOCTH MHBECTULMOHHOIO INpOeKTa 3a mnepsble K m1aroB pacueTHoro
nepuoja peKOMEHIyeTCsl UCIIoNIb30BaTh nokaszareiab YTC (uucras TeKylias CTOMMOCTB):

1

— Vvt
4TC (K) = Ei(lm = On) rpem—e » (3)
Ha mpakTHKe 4acTo Moyib3yrTCsl MOAUMDUIIUPOBAHHON (OPMYIION:
— V't 1

UTC = Y (I, — Oy) (Te D)= (4)

rae Ilm — mpuTok neHexHBIX cpeactB, Om — BEIMYMHA OTTOKA JIEHEKHBIX CPEICTB 0e3
1

N N (1=E)tmt

KanmUTaJIOBIIOKeHUH (uHBecTunii) K Ha Tom e mare, : ko3 purmeHT

JTUCKOHTHPOBAHUSI.
N3 dopmynsr (3.,4) BHIHO, YTO YHCTas TEKYyIas CTOMMOCTH ITOKA3bIBACT, AOCTUTHYT JIU
WHBECTHUINH 32 SKOHOMHUYECKUN CPOK UX KHU3HU KEJIAEMOT0 YPOBHS OTHAaYd, M MPEBBICAT JIU
3a PACUETHBIM MEPHOJ TUCKOHTUPOBAHHBIC ICHEKHBIC IOCTYIUICHUS] JAUCKOHTHPOBAHHYIO
CyMMY KamUTAJIbHBIX BIOXKEHHH W TeM caMbiM oOOecmedar yBeNW4YeHHE NPUOBLTLHOCTU
SOCAR.

IIyTu npeaynpexaeHue u CHUKeHHe pUCKOB: [IpakTrka ynpaBiieHUsl pucKamu
CpaBHHUTETHHO MOJIOAa. BMecTe ¢ TeM, METOIOIOTUYECKH HapaOOTaHbl MPUHITUIIBI U MPaBUJIa,
PYKOBOJACTBYSICh KOTOPBIMU UMEETCS BO3MOKHOCTh BHIOOpPA COOTBETCTBYIOIIMX METOIOB.
OpHOM U3 TaKUX METOAMK SIBIISIETCS MAaTpUUHASI MOJIENb MPUEMIIEMBIX CITIOCOOOB
pearupoBaHus, UCXOAS U3

PaccMoTpuM ocHOBHBIE ITpaBuUIIa BEIOOPA:

-HY)KHO COU3MEPSATh pa3Mep HEOJArompUsTHBIX MOCIEICTBUN PUCKOBBIX COOBITHI M CyMMY
COOCTBEHHOTO KaITUTaJa;

-UCXOJIUTh TMPU TPUHATHH PEUICHUS W3 BO3MOXKHOIO COCTaBa €ro ajbTEPHATHB, a HE U3
€IMHCTBEHHOI'0 BapUaHTa;

-petieHue 00 WHBECTUIIMOHHBIX BIIOKEHUSX MPUHUMATh HCKIIOYUTEIBHO TPH OTCYTCTBUH
COMHEHUIA;

-Tipu 00513aTETHLHOM PACCMOTPEHUH TTOCJIEICTBUI PEIICHUSI YUUTHIBATh, UYTO «OOJIBIITNM BO UM
MaJIOTO HE PUCKYIOT.

CnocoObl CHMKEHHSI PUCKA TIEpeNl MPUHATHEM PEIICHHs] aHAJIU3UPYIOTCS Ha TPEAMET X
7 (HEeKTUBHOCTH Ha OCHOBE €Ile OJHOTO MpaBHJIa, HCIOJB3YIOIIETO BHU3YAIbHYIO OIICHKY
paccMaTpuBaeMbIX MEPOTIPHUITHI, OTHOCSIIUXCS K PA3HBIM METOJIaM MPEICTaBIEeHHON najee (
Puc.1).
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Pucynok 1. Mozens BciomorareabHOM uarpaMMbl BbIOOpa MeT0/1a pabOoThl C pUCKAMU

Kak BumHO u3 pucyHka 1, Ha TOCTPOEGHHOH  TOYEYHOW AMAarpaMMe pa3MelaroTcs Bce
IUTAHUPYEMBble JCUCTBUS B COM3MEPEHMU C 3aTrpaTaMH Ha MX BBIIOJHEHHE M BO3HUKAIOIIUX
a¢dexToB. Ecmu Mbl monmydaem 3¢ ¢ekT, To OH, KaK MHHUMYM, JOJDKEH OBITh BBIIIE JTMHUU
3G PEKTUBHOCTH, TOKa3aHHOM Ha MPEIOKEHHON TuarpaMMe BIOOpa METO/IOB,

BoiBoabl: 1.01H0# U3 Haubosee akTyalbHBIX MPOOIeM 711 MECTOPOKACHHS HAXOASAIIUXCS HA
MO3JHEN CTaauu pa3pabOTKH (XapaKTepHO PE3Koe, HEPAaBHOMEPHOE PACIIONIOKEHUE CKBAKHH,
HENPEPHIBHOE BHIOMTHIE CKBAKUH M3 JKCIUTyaTalliH, U3HOLIEHHOCTh OCHOBHOW YacTu (poHAa
M3-3a JUIUTEIIbHON AKCILTyaTallii B YCIOBUSAX UHTEHCHUBHOTO TIECKOTPOSIBIICHUS, KOPPOZUUHBIX
MIPOLIECCOB, CONEOTIOKEHUS, OOBOJHEHHOCTH) SIBISETCS MPUBICUEHUE UHBECTULIUN C TENbIO
MacCIITa0HOW MOJEPHU3AIMHA TPOU3BOJACTBEHHON JEATSIBHOCTH He(Tera3omo0bIBaroeit
MPOMBILIIEHHOCTH.

2. IlpennokeHO MPOBOAUTH TMOITAIMHO H3YyYE€HHUE MPOEKTHI pa3pabOTKU MECTOPOXKICHUA U
UCCIIEJIOBAHUE CHCTEMBI MPUPOAHBIX (PAKTOPOB pHUCKA € MPUMEHEHHUEM MaTeMaTUYeCKUX
METOJIOB M MOJENH [JIsi €ro OIEHKH M PEKOMEHJAIMM  CHIDKEHHUS pPHCKa Ha OCHOBE
MPUBEICHHBIX PACUYETOB.

3. IlpemnokeHa KOMIUIEKCHAass METOJMKA YIPABICHHUS PUCKaMH, TIIO3BOJIUT OIEHUBAThH
WHBECTUIIMOHHBIN MPOEKT Pa3pabOTKH HEPTIHOTO MECTOPOXKACHUS PamMaHbI ¢ ydeToMm aHanm3a
W3MEHEHHUS YPOBHS CONPOBOXKIAIOIIMX PHCKOB U JacT ©Oosee O0OOCHOBAaHHO  YYUTHIBATh
MOKA3aTeNu YKOHOMHYECKOH d3PPEKTUBHOCTH MPOEKTA C YUETOM : IIeHa HEPTH Ha BHYTPEHHUX
Y BHEIIHHUX PbIHKAX, KallUTaJIbHbIE BIOKEHUS U KOOPPUIUEHT TMCKOHTHPOBAHUS.

4. BbIsSBIEHO, YTO CYIIECTBOBaHHE PHCKa MPHU pa3paboTKe HEPTSIHBIX MECTOPOXKIACHHI Ha
CyIlIe HETOCPEICTBEHHO CBS3aHO C HeOnpedeleHHOCmblo, KOTOpas HEOAHOpoaHa 1Mo (opme
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OpPOSIBIICHUSI ¥ MO COAEP)KAaHUIO M3-3a HEIOCTOBEPHOCTH HMH(OpMAnMM M OTCYTCTBHUS OJI-
HO3HAYHOCTH.

5. AHanM3  TOKa3bIBa€T, YTO OCHOBHBIE  PACHpPOCTPAaHEHHBIE OMIMOKKW NPOEKTa  IPH
pa3paboTKu HEPTIHBIX MECTOPOXKICHUH SBIISIOTCS UCKYCCTBEHHOE PAaCLICIUICHUE MTPOCKTA IS
TOTO, YTOOBI CHU3UTh MHBECTUIIMOHHYIO CTOMMOCTH MPOEKTa 0e3 YeTKOH (PyHKIMOHATBHON U
CTPAaTeTH4eCKOM CBA3M MEXAY HUMH W BEPOSTHOCTh BO3HUKHOBCHHS HETPEIBHICHHBIX
(MHAHCOBBIX MOTEPD (CHIKEHNE MPUOBLIH, TOXOI0B, TOTEPU KAIUTaja U Tp.).

6. BoriBneno, 4ro riaBHas 3ajada MpU dTale MOJAEIMPOBAHUS 3KOHOMHYECKUX MPOLIECCOB
SBJIAETCSI BBIOOp HamboJee palMOHAIbHOTO MaTeMAaTHYECKOrO0 METOja IS PELICHUs 3ajauu,
IOCTPOCHUE W  MOJCIHPOBAaHHE KOHEYHOH (DAaKTOPHOM CHUCTEMBI MJIs aHAIU3UPYEMOTO
HSKOHOMHYECKOTO TIOKa3aTessl IPOU3BOJACTBEHHOM NEeSTEIbHOCTH IyTeM Ha OCHOBE
Ka4eCTBEHHOTO aHAJIN3a CYHNIHOCTH SKOHOMHYECKOTO SBJICHUS U B BHJE CYMMBI OTAEIBHBIX
cllaraeMbIX (aKTOpOB.
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RISK FACTOR ASSESSMENT IN MANAGING THE REMOVAL OF
HYDROCARBON RESERVES FROM ONLAND DEPOSITS

!Abdullayeva Konul, *Rashida Karimova
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2Assistant , Azerbaijan State University of Oil and Industry,

ABSTRACT

Purpose of the research — is to identify the main risk factors in oil production from fields that
are in late production.

Methodology - determination of risk affecting the level of an investment project and risk
research using mathematical methods.

Findings - a model of an auxiliary diagram for working with risks and choosing the most
rational mathematical method for solving the problem of modeling a finite factor system is
proposed.

Keywords: industry, risk, factor, occurrence, research, model, efficiency

THE CAUCASUS 55 [
ECONOMIC AND SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS [




ISSN: 2298-0946, E-ISSN: 1987-6114

OCTOBER VOLUME 46 ISSUE 07
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XULASO

Qazlift tsulu ilo istismar olunan neft quyularinda bas veron g¢oxfazali qeyri-Stasionar
miivazinatsiz proseslorin tosviri vo optimal idaroedilmosi {igiin struktur vo faza doyismolorini
nazars alan, xiisusi toromoali geyri-xatti differensial tonliklor sistemi ila ifado olunan vo onlarin
stoxastik analoglarindan istifadoni nozords tutan tokmillosdirilmis, daha adekvat riyazi
modellor yaradilmigdir. Qaz-maye qarisiginin nasos-kompressor borulart (HKB) ilo
hoyacanlanmis saquli horokoti zamani sistemo tosir edon qiivvalorin stoxastik xarakterda
olmasi nozors alinaraq qazlift kompleksinin optimal idaroetms sistemi yaradilmasina imkan
veran riyazi model yaradilmis, stasionarlagmis rejim halinda quyu dibinds vo quyu bashginda
tozyigi vo maye-qaz qarisiginin miqdarin1 toyin etmays imkan veron hesabat ifadalori
alinmisdir.

Keywords: oil well, intermittent gaslift, stochastic process, working substance, optimal
process.jim

Giris: Neftcixarmada qazlift tisulu genis sokilds totbiq olunur. Mexaniki tisulla ¢ixarilan neftin
ticdon bir hissosi bu iisulla ¢ixarilir. ©sas neft-madon avadanliglarinin vo texnalogiyalarinin
optimal variant vo sxemlori daha proqressiv texnologiyalarin tatbiqini vacib edir ki, bu da
qazhift tsulunun daha tokmil vo texnoloji cohotdon optimal olmasimi sortlondirir.
Neftcixarmanin hocminin artirilmast xarici tosir resurslarinin qiymetlondirilmasini vo yalniz
laya deyil, hom do quyuya tosir tiisullarinin islonmosini tolob edir. Sistemli yanagma
konsipsiyast qazlift kompleksinin optimal istismarini tomin edon vasitolor kompleksinin
1slonmasini vo ya mdvcud olanlar i¢arisindon on proqressivlarinin daha da tokmillasdirilmasini
tolob edir.

Qazlift kompleksi sisteminin foaliyyoti onun cari voziyyatindon, doyison komiyyatlorin
coxOlgiilitylindon vo qiymatlorinin dayanmigliligindan ¢ax asilidir. Qazlift sisteminin isinin
optimal variantinin toyini neft¢ixarmada texnoloji proseslorin daha bitkin (limumi) analitik
asililiglarla ifado olunmasini, boyiik hocmli statistik gokilli 6lgmo vo istismar materiallarinin
nozora alinmasini, miixtalif istismar variantlarinin nozordo kegirilmosini nozords tutur. Bu iso
yalniz miiasir informasiya texnologiyalarindan bilavasito istifado olunmaqla, diinya
praktikasinda ugurla totbiq edilorok etibar qazanmig “Matematika” vo s. kimi gilivenli
kompiiter program paketlorindan istifads etmoklo miimkiindiir [1-3].
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Q. t/giin

R, m'/t

D

V,, m'/giin

Qazlift quyusunun istismar1 prosesindo osas texnoloji parametrlor arasindaki asililiq
grafiklori (A.P. Krilova

gora):

1 - xiisusi qaz sorfi (R) ilo imumi qaz sarfi (Vo) arasinda;

2 — neft (maye) hasilati (Q) ilo gaz sorfi (Vo) arasinda.

Masalonin qoyulusu

e boruda axmin kasilmazliyi tonliyi [3-6];

ap_m 9(PmUm) _
ot T o 0. (1)
e  horokot miqdarinin doyismasi tonliyi;
9(PmUum) a(Pmu%n) — aﬁ _ _ Pmurzn
ot T ox - ax Pm f 2D; @)

Sixilmaz fiktiv flyuid (qarisiq) tigiin:

oum

ke 0. olur. (3)

Bunu (1) — (3) — do nozoro alsaq dik (saquli) boruda garisigin qgeyri-stasionar harokatini
xarakterizo edon tonliklor sistemini tapiriq:

dom L o _ .
5, TUm—.~ = 0; 4)
dum ap mUin
m%:_a_;_pmg_f%- (5)
Burada g - sorbostdiismo tocili, u,, — flyuidin saquli siirati; P, — boruda tozyiq;f —

hidravlik miiqavimat amsali ; D; — NKB (nasos-kompressor borularinin) giris diametridir.
Pm- Jaz-maye qarisigmimn siiratidir.

I-ci sarhad sorti mayenin (neftin) mohsuldar laydan dik boruya axin sortidir. Saquli quyu tiglin
Diipui diisturundan istifado edoarok quyudibi zonada sorhad sortlorini asagidaki sokildo yaza
bilorik [3,4].

_ _ (bg—=pwy) 2mkh |
Qulx = 0) = e e+ D=t

Quyuya puskirdilan gazin migdari
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Qg [x =0] = q;-

Quyuagzi qurguda (siyirtmods) ¢ixan qazin miqdart tigin
_ L] = kA [Pwnpse) O 100 _copdp | _ _2mkn op,
Qmlx = L] = kA Pm ) 6r2+r8r_ K o T U "o

Qazlift zamani flyuidin hoyacanlanmis hal tiglin harokat tonliyi tonliyini almagq ti¢iin qarisigin
saniyalik sarf tonliklorindon istifads edacayik:

9pm (Q_m)a/’_m_ .

at + Ar) ox =0; (6)
pmQm _ _ 9T _ _ £ PmQh
ar ot ox Pmd fZDiA%'

9sas masalo olaraq qarisigin NKB - da horakoatin dayaniqli olmasi sortlorinin tayin edilmosidir.
Buna gora do sistemin vaziyyet parametrlorinin doyismasini asagidaki kimi xarakterizo edok.

Pm = Pmo +90p; Qm = Qmo+8Q;, pr=Pro+ P (7)

Ogar harokot edon flyuidi sixilmayan miihit kimi gobul etsok:

9(Pmo) _ (. 2(@mo) _ q.
ax 0; ax 0; (8)
9(Pro) _ PmoQmo
T x| Pm,09 f 2D;A2. = 0.
Noticodo gaz-maye qarisigimin hayacanlanmis harokati hali iigiin aliriq
9(8p) |, (Amo)9(p) _ 4.
at ( Ar ) ox = 0 )

Pmo __ 0(6Q) _ 9(6p) 1
ATO oot B 0x o 6p'g _fZDiA% (Q7271,06p + me,OQm,OSQ)-

Qarigigin imumi sorfi {iglin asagidaki ifadoni aliriq ki, bu da imumi sorfin gaz vo maye
hissalarinin sarflori comina borabar oldugunu gostorir.

Q = Qs+ Qsg,

Eyni fikri hoyacanlanma tigiin do demak olar.

8Q =605, + 6054, (11)
80 = 8Q[x = 0].

Hoyacanlanmalar tigiin sarhad sartlori asagidaki kimidir

5Q[x = 0].= 6Qs,l[x =0] + 6Qs,g[x = 0].
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NKB-ya piiskiirdiilon qazin hacmi sabit oldugu tigiin quyudibi zonada sorf
5Qs 5l = 0] = 8(q)) = 0.
Eyni fikri neft axinlari tigiin do deys bilorik
8Qmlx = 0].= 8Qs,[x = 0] = 0;
Naticads quyu basliginda timumi sorf tigiin aliriq
(@mlx = L] = 60s,[t] = v(D).

Hoarokat tonlikyini boru boyu (0,L) araliginda inteqrallayaraq hoyacanlanmis aximin Dbiitiin
NKB-ds harakatinin differensial tonliyini agagidak: sokilds aliriq

b | 26D — —(8[x = L]) - 6Px = 0]) — g ((f 5p [ = L1 (%) dt) ~ (f 8plx =

Ar at
0 (229)a0) - ((0onte- (&) (rovte 0 (22)0) g

2Pm,0Qm,0 (5QL)>- (12)

Bu tonliya axin mdihitinin sixhginin hayacanlanmalari da daxildir ki, avvalki malum
tadqgiqgatlarda bu kamiyyat ya orta qiymat, ya da, Umumiyyatls, sabit goétirilmiisdiir. Buna
gora da sonraki tadgiqatlarda sixligin ifadasi zamanin qeyri-askar funksiyasi saklinda
gostarilmisdir.

Masalanin halli: (12) tonliyinin iimumi simvolik halli dp(x,t) = ©(f(x,t)) soklindadir.

Burada (f (x,t) = tQon—_xAT) istonilon differensiallanan funksiyadir vo dalga xarakterino
m,0

malikdir. Bir sira riyazi miilahizo vo ¢evirmolordon sonra aliriq

O(F(x0) = 8p = ((90,Pm) 50 + (F0,Pm)A01/- (50 = v(0), 8, — 0}) = P v(e)
(13)

Quyudibi zonada x=0

D(F(0,£) = LD = AT o o), (14)

Quyu agzinda x=L

tQm,O—LAT)

qi(pz—pg)v( oo

(Qi‘"Qm,O)2 (15)

O(f(L,t) =

(18) harakat tonliyini x koordinati iizra quyu boyu inteqrallasaq tapiriq
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bmop S8 = —(6P[x = L] - 6P[x = O) — g(F(0,)-F(L,t) = —f

_Qrzn,O + ZLPm,on,OV(t))

(p1=po)v tQm,0—LAT
F(O, t) _ F(L, t):f (‘h(p pg) ( Qm,0 )) Qr/r;,o dt — — f (‘h(pl Pg) (t)) Qm,o0 dt

(qi+Qmyo)’ (0i+Qmy0)°

o FLD

Bu ifadoni zamana goro differensiallasaq quyu agzi hissado axinin sixliginin dayismasinin
tapilmasi iigiin asagidaki differensial tonliyi aliriq.

Pm,o L 0* (v(D)
Ar ot?

0(06P[x = L] —6P[x = 0]) Q(x =0)
( o )—(g—fZDAAZ )DL,

— O(f(0,1)) —Qho + ZLPm,on,o)

Bir sira molum riyazi ¢evirmolordon sonra aliriq ki,

P[x = 0] = pR Quix=0lpt

]
8Q[x=0]pl
5P[x = 0] = =22 [Qnlx = L] = Qpy, o (16)
tQmo-LAT tQmo-LAT
[Q - ]_ qi(pi—pg) Qho 6(17( Qm,0 )>+2Pm,on.0 6<v( Qm,0 )>
L= ¥m, 01— (ql‘+Qm,0)2 (kAL)? ot (kA)? ot '

(15) tonliyini zamana gora differensiallayib (16) ifadessini do noazors alsaq, onda quyu
basliginda horakatin yekun tonliklorini tapariq

LAT
Pmo 0°(w(t)) / ai(pi —pg) Qi g <v <t B Qm,O))

= +
Ar ot? k(qi + Qm,o)2 (kAc)? ot

+

(kAg)? at 7 ot (4i+0mo)’ Ar

me,on,06<”(“5$)> PRI B (ql(”l Pg)v (t_Qm0)> (Gms) -

LAT

q:(p. — pg) o(®) (@) 1 Qi(pl_pg)v<t—0m,o> <Qm'0>_

(Qi + Qm,O)2 ZDiA% (Qi + Qm,0)2 AT
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(QL mo)
(17)
Praktiki cohotdon istismar vaxti daha shomiyyatli olani stasionar axinlar vo bu zaman

hasil orunan maye (neft) miqdar1 oldugu {i¢iin, bu zaman uygun differensial tonliyi stasionar
hal ti¢lin yazaq

_a(PT,O) fmeQmO
0x 2D; A3,

(qz(m Pg) (t)> (Qmo)) QmO + 2L P 0Qmo 3(;(:)))

= 0. (18)

Bu tonliyi quyunun oxu boyu inteqrallanmasi maye fazanin quyuda stasionar axini zamani orta
tozyiq giymatinin tapilmasi ti¢iin cobri tanliklarin hall edilmasins gatirilir.

2
pm,O Qm,O

Prolx = L] = Prolx = 0] — ppmogL| —

Cixarilan mayenin vo piiskiirdiilmiis qazin hacminin orta giymatinin tapilmasi {igiin asagidaki
molum ifadslordon istifads edo

Qm,O = Qs,l + q;; Qs,l = Qm,O —q;

Tonliklorda diger doyisonlori do Q¢ ilo ifads etsok quyudan hasil olan stasionar axmin orta
sixlig1 tiglin aliriq

_ Pt +PQsi __ (Pg = P1)4i + P1Omo
™o qi + Qs,l Qmo

Quyu dibinds orta tazyiq ti¢iin asagidaki ifadoni aliriq

Qs, Qm,0—9i

Burada pR ilo gidalanma konturunda mayenin drenlosma tozyiqi isaro olunmusdur. Naticodo
Qm,o —In toyin olunmast {i¢iin cabri tonliyi alariq.

Qm, P1(Qmo — qi
(71 = Pg) i + PrQimo ) kA7 +Pser = PR = W ~ Pmogl —
—fL _ZD AZ (((pl pg)qlplQm 0) 2(kA )2 psep> Q-rzno (19)

(19) tonliyinin halli stasionar hal {igiin gazlift tisulu ilo istismar zamani neft quyusunun orta
debitini hesablamaga vo bu ifadoys daxil olan idarsolunan xarakterik parametrlor vasitasilo
quyu mohsuldarligini idara etmaya, nohaystds, optimallagdirmaga imkan verir.

Hoarakatin stoxastik xarakterinin nazars almmasi: Qeyd edok ki, xiisusi téromali
differensial tonliklori doyisonlordan biri vo ya ikisi {igiin miixtalif iisullarla (hamin dayisanlara
gora Furye vo ya Bessel) inteqral gevirmoalorinin totbiqi, vo ya geofiziki vo digoer noqteyi
nozardan homin doyisanlora nozoran ortalasdirma vo s. kimi riyazi tisullarin totbiqi baxilan
tonliklor sistemini adi differensial tonliklar sistemina gevirir ki, bunu da hamisa Luivill tipli
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stoxastik tonliklor sistemi ilo avoz etmak olur vo bu tisullar uygun elmi-texniki kitablarda genis
oks olunub. Lakin yuxarida adlari ¢okilon riyazi totbiglor obyektlor {izorino miioyyan agir
sortlor qoyur ki, onlarin gobulu ilkin riyazi mosslonin adekvathigini xeyli azaldir. Baxilan
xtisusi toromoali differensial tonliklorin birbasa tisulla Luivill tipli stoxastik tonliklors
gatirilmasi masalasini tadqgiq edacayik [6,10,11].

Masalon

LE - v+ [0, £0) =&,

(20)

tonliyi tiglin asagidaki yeni funksiyani daxil edok

Pe(x) = 6(E(t) — x),
(21)

Bu funksiya sistemin trayektoriyasi liciin ehtimallar sixlig1 adlanir vo
0¢p(x) 5}

2009 — — 2y, 1) + i, D] ()

(22)

xiisusi toromoli tonliyini 6doyir. Burada f;(x,t) - (x,t) foza-zaman noqtasinin tosadiifi
sahasidir. Buna goéra do deya bilorik ki, ndqts elo avvalcadan asagidak: xiisusi téromoali tanliklo
ifada oluna bilordi

dq(t.x) dq 0%q
o = Fa 5550 a0, =q0(®)
(23)

Lakin bu halda (x, t) foza-zaman ciitiindon parametric asilili olan

Pex(q) = 6(q(t,x) — q)

funksiyasini he¢ do hamiso tapmaq olmur. Ogor baxilan tonlikds foza koordinatlarina nazaran
yalmz I tortib téromolor olarsa bunu etmok olur, oks halda iss bu miimkiin olmur. Bu hala
baxmazdan avval | tortib xatti tonliys baxaq:

aq(t dq(t.x) 6q( X)

+u(t, x) == =y(t,x)q(t,x)

Baslangic sort asagidaki kimi olacaqdir

q(0,x) = qo(x).

Molumdur ki, Itortib xiisusi téromali Xotti tonliklorin holli adi differensial tonliklorin
xarakteristikalarda hallorina ekvivalentdirlor. Belo ki son tonlik q(t,x) gaz-neft qarisigi
sixligimin onun u(t, x) horokat siiratilo qarsiliqh alagesini gostarir.

L q(t,x) = 2 q(t, %) + u(t,x) 222

Xarakteristik tonlik adi differensial tonlik soklindadir
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Z=v®), v©) =utx®), x(0)=x,

Vo hissaciyin u(t, x)-siiratlor sahosinds harokotini tasvir edir. ©Oqar bu siirat (t,x) tosadiifi
noqtasi liclin ovvalcodon molum iso baxilan statistic mosolo tosadiifi siiratlor sahasinda
hissaciyin vo ya qarisigin konvektiv diffuziyasi hadisasini tosvir edir. (21) —i zamana goro
differensiallayib (22) —don istifado etsok, alariq

0t x a 9
206D 4,2 2 D 54 1,2) ) — Y(6,3) 2 P12 (@).

Sag hissodoki Il hoddo baxsaq, gorarik ki, bu tenlik ¢, ,(q) funksiyasina nozoren qapali deyil.
(21) —i bu dofo x-0 gora differensiallasaq

——0(q(t,x) —q)

_ 989 (t )
a(ptx(q) q >

oldugunu tapiriq. Bu iki tanliyin miigayisasindon aliriq ki,

00ex 3pex(@) 9
20ex@ (q) e, x) 22 - —¥ (%) 3491 (Q)-

Bu (22) tanliyino uygun olan Luivill tanliyidir. Sol torafi zamana gora tam téramani ifads edir.
d 0
2 Pex(@) = vt %) 599 (q)

Indi iso asagidaki sskilda verilmis kvazixotti tonlik halina baxaq.

aQ(t x)

+F(tq) 5, =G(tq), q0,x)=qo(x)
Bu halda (21) {igiin oldugu kimi alavs funksiya yaza bilmirik. Ona géra do, Vq(t, x) funksiyasi
ucin
9 94  OFi 04 04 p 0%a _0G 0q
at 9xy = 9q Oxx Ox; Loxpdx;  0q Oxg
tonliyini vo
9q _ 9q0(x)

oxkl,—g T oaxg
baslangic sartini yazaq. Asagidaki funksiyani daxil edok.
Pex(q,v) = 8(q(t,x) —q) 6(Vq(t,x) —v) (24)

Bu funksiya q(t, x) ehtimal sahasinin vo Vq(t,x) qgrdientinin birgs paylanmasini xarakterizo
edir. (24) —i zamana gora differensiallasaq dinamik tonliyini nozars alsaq

dp _ 9d¢padq dp 0 dq
at  dq ot vy ot dx

0 oF; 9%q G }
—— = —FF—+—=v
6vk{ dq k¥ L ox0x; + aq kj®

Bu tonlik do sag torafinds

0
= 5 =Fi(t.q.)vi + G(t, DYp -

0 %qn)
Fi(tf q, ) dvy 0x0%; §0t,x(Q» U)
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funksiyasi oldugu ii¢lin ¢, , (q) funksiyasina nazoren gapali deyil.

dp 0 0 9%q(t,x)
0x; - g ¢ 6vk 0xp0x;
Onda

LRI N o
4 vy Ox0x; <pt,x(q' v) - Fi(t; q;)axi Fi(t, q, )vi aq.

Fi(t!q

Buradan ¢, ,(q, v) funksiyasinin toyini {i¢iin

aF; aG

a
=3 {vlF (t,q)+GEt D}y +—{£” vi ‘%”"}"’

] ]
_Fi(tl ql)a_fl - Fi(t' q1)vi £
oldugunu va yekun olaraqg:

09¢(q.) 09¢x(q.v) _{ op_ 0 }
— + F(t,q,)—ax = vaqF aqG Qrxt+

+2{v |2 (vF (6, @) - 52|} e, v).
)

Bu tonlik basglangic kvazixatti tonlik ti¢tin Luivill tonliyi adlanir.

Bu tonlik ii¢iin baglangic sorti asagidaki sokilds yaza bilarik:

Pox = 8(qo(x) — q) 5(Vgqo(x) —v)
(26)

Xiisusi halda birdlgiilii tonlik tiglin:

+qax G(t q),

geyri-xatti dalganin yayilmasini tasvir edir.

(%+q%)<o = vco——G(q)<p+ {v —vz—ﬁ}w-

Qeyd etmak lazimdir ki,

—+H(p,q,x t)=0 (p—a—q) (27)
timumi sokilds yazilan geyri-xatti tonliyi vo

=P

n a2

tonliklori (25) tonliyinin xiisusi hallar1 kimi baxilaraq todgiq oluna bilar.
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Notica: HecraOunbHas pabora raszaudra HEKelaTelbHAa HE TOJIBKO B  CBSI3U €
NPOM3BOJICTBEHHBIMH TIOTEPSIMH, HO TaKKe€ W B CBS3M C CAMONPOM3BOJIBHBIMH U
HEKOHTPOJIMPYEMBIMU KOJCOAHUSMH B Ta30)KHIKOCTHON CHCTEME, a HHOTAA M C XaOTUYECKOM
HEYCTOHYHMBOCTBIO TPOHM3BOJCTBEHHOTO Tporecca a0o0biun HedTH. Ecnm B3riasHyTh Ha
UCTOPHIO BOIIPOCA, TO HA MPOTSHKCHUU MHOTHX JIET OBUIO OTMEUEHO, YTO HEIPEPhIBHAS 110/1a4a
rasza npu ra3iuTe CKBXUH MOXKET MPUBOJIUTH K CEPhE3HOM HEYCTOWYMBOCTH Tporiecca. [Ipu
3TOM OOJIBIINE MO AMIUIMTYJC KOJicOaHHs JaBJICHUS W pacxoja Ia30)KUAKOCTHOW CMECH Ha
TOJIOBKE MOJKET MPHUBECTH K YXYALICHHUIO MpOIecca pasesieHHs], CyIIECTBEHHO OTPaHUYHTh
NPOM3BOICTBCHHBIC MOIIHOCTH M TPUBOJHMTH K CKHUTAHHMIO T'a3a U BBIKIIOYCHHUIO Taziudra.
JIByx(da3HbIii MOTOK B CTAallMOHAPHOM COCTOSIHUM — 3TO, CTPOTO TOBOPS, TaKOW IOTOK, B
KOTOPOM BCE MapaMeTphbl CUCTEMBI SIBIISIOTCS (DYHKIUSMH TOJBKO IPOCTPAHCTBA IEPEMECHHBIX.
OpHako Bce TakWe MOTOKH MPAKTUYECKU ITOABEPTalOTCS MalbIM BO3MYIICHHSM B CBS3H C
TypOyJICHTHOCTBIO, (h)a30BBIMU M3MEHEHUSIMH U T. 1. DTH BO3MYIICHHUS JBYX(pa3HOTO MMOTOKA
UTPAIOT BAXHYKO POJIb B 3aIyCKe TJI00aTbHOW HEyCTOWYMBOCTH. [I0TOK OyneT Ha3bIBaThCS
YCTOWYMBBIM, €CJIH €ro HOBOE padodee COCTOSIHUE HMMEET TEHICHIUIO aCUMIITOTUYECKU
CTPEMHTBCS K UCXOJAHOMY IIPH MTHOBEHHOM BO3MYIIICHHUU CBOETO CTAIIHOHAPHOTO COCTOSHHSL.
31ech paccMaTpUBAIOTCS TAKHE BO3MYIICHUS, KOTOPbIE MOT'YT BOSHUKHYTh Ha TpakTuke. OHU
BKIIIOYAIOT B CE0sl HenpepuvleHble 803MYWeHUsl, KOTOPbIC BCETlla OTPAHUYCHBI 110 aMILTUTY/IC.
Teuyenus: OyzeM Ha3bIBaTh HEYCTOWYHMBBIMHU, €CIIM OHH TEPSIOT YCTOMYMBOCTH U HE SIBIISIOTCS
YCTOWUYMBBIMHU.
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XULASO

Qazlift tsulu ilo istismar olunan neft quyularinda bas veron g¢oxfazali qeyri-Stasionar
miivazinatsiz proseslorin tosviri vo optimal idaroedilmasi {igiin struktur vo faza doyismolorini
nazars alan, xiisusi toromoli geyri-xatti differensial tonliklor sistemi il ifads olunan vo onlarin
stoxastik analoglarindan istifadoni nozordo tutan tokmillosdirilmis, daha adekvat riyazi
modellor yaradilmigdir. Qaz-maye garisiginin nasos-kompressor borular1 (HKB) il
hoyacanlanmis saquli horokati zamani sistemo tosir edon qiivvalorin stoxastik xarakterda
olmasi nazars alinaraq qazlift kompleksinin optimal idarsetmo sistemi yaradilmasina imkan
veron riyazi model yaradilmis, stasionarlagmis rejim halinda quyu dibinds Vo quyu basliginda
tozyiqi vo maye-qaz qarisigimin miqdarini toyin etmoyo imkan veron hesabat ifadalori
alimmugdir.

Keywords: oil well, intermittent gaslift, stochastic process, working substance, optimal
process.jim

Giris: Neftgixarmada qazlift tisulu genis sokilds totbiq olunur. Mexaniki iisulla ¢ixarilan neftin
ticdon bir hissosi bu tisulla ¢ixarilir. ©sas neft-madon avadanliglarinin ve texnalogiyalarinin
optimal variant vo sxemlori daha proqressiv texnologiyalarin totbiqgini vacib edir ki, bu da
qazlift tUsulunun daha tokmil vo texnoloji cohatdon optimal olmasini sortlondirir.
Neft¢ixarmanin hacminin artirilmasit xarici tasir resurslarinin qiymatlondirilmasini va yalniz
laya deyil, hom do quyuya tosir Usullarinin iglonmosini tolob edir. Sistemli yanagma
konsipsiyast qazlift kompleksinin optimal istismarini tomin edon vasitolor kompleksinin
islonmosini vo ya mdvcud olanlar igerisindon oan proqressivlorinin daha da tokmilloegdirilmasini
tolob edir.

Qazlift kompleksi sisteminin foaliyyoti onun cari voziyystindon, doyison komiyyotlorin
coxOlgiiliiylindon vo qiymatlorinin dayanigliligindan ¢ax asilidir. Qazlift sisteminin isinin
optimal variantinin toyini neft¢ixarmada texnoloji proseslorin daha bitkin (limumi) analitik
asililiglarla ifado olunmasini, boyiik hocmli statistik sokilli 6lgmo vo istismar materiallarinin
nozora alinmasini, miixtalif istismar variantlarinin nozordo kegirilmasini nozords tutur. Bu iso
yalniz miasir informasiya texnologiyalarindan bilavasito istifado olunmagqla, diinya
praktikasinda ugurla totbiq edilorok etibar qazanmis “Matematika” vo s. kimi giivenli
kompiiter program paketlorindan istifads etmoklo miimkiindiir [1-3].
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Q. t/giin

R, m'/t

D

V,, m'/giin

Qazlift quyusunun istismari prosesindo osas texnoloji parametrlor arasindaki asililiq
grafiklori (A.P. Krilova

gora):

1 - xiisusi qaz sorfi (R) ilo imumi qaz sorfi (Vo) arasinda;
2 — neft (maye) hasilati (Q) ilo gaz sorfi (Vo) arasinda.
Masalanin qoyulusu

e boruda axmin kasilmazliyi tonliyi [3-6];

ap_m 9(Pmum)
oo T oo 0 (1)
e  horokot miqdarinin doyismasi tonliyi;
A(pmum) |, 9(Pmuim) _ __0Pp _ PmUin
at ax  ox mg — f 2D; (2)

Sixilmaz fiktiv flyuid (qarisiq) tigiin:

oum

E = 0. olur. (3)

Bunu (1) — (3) — do nozoro alsaq dik (saquli) boruda garigsigin qeyri-stasionar harokatini
xarakterizo edon tonliklor sistemini tapiriq:

%m 4wy, 2 = 0 4)
Qum _ 0P Pmi
P = L g — fPmi, (5)
Burada g - sorbastdiismo tocili, u,, — flyuidin saquli stirati; Pr — boruda tazyiq;f —

hidravlik miiqavimat emsali ; D; — NKB (nasos-kompressor borularinin) giris diametridir.
Pm- Jaz-maye qarisiginin siratidir.

I-ci sarhad sarti mayenin (neftin) mohsuldar laydan dik boruya axin sartidir. Saquli quyu {igiin
Diipui diisturundan istifado edorok quyudibi zonada sorhad sortlorini asagidak: sokildo yaza
bilorik [3,4].
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(pg—Dw,f) 21tkh .
Qilx = 0] = ==L =% ;o Q=wAa

Pl nloglre/rw]

Quyuya piiskiirdiilon gazin miqdari
Qg [x =0] = q;-
Quyuagzi qurguda (siyirtmads) ¢ixan qazin miqdar tigiin
1] = /_pr'h-r’sep) %p 1% _coudp . _ _2mkh Op.
Qm[x_L]_kA Pm ) 0r2+r6r_ k ot == U rar’
Qi=w4; A = 2mr2h.

Qazlift zamani flyuidin hayacanlanmig hal tigiin horokat tonliyi tonliyini almaq ligiin qarisigin
saniyolik sarf tonliklorindan istifads edacayik:

0pm (Q_m) 0pm _ .

at T Ar) ox 0 (6)
Pm 0Qm _ aPT meTzn
Ar dat ~Pmd — fZDl-A%'

9sas masalo olaraq qarisigin NKB - da horakoatin dayaniqli olmasi sartlorinin tayin edilmosidir.
Buna gora do sistemin vaziyyet parametrlorinin doyismasini asagidaki kimi xarakteriza edok.

Pm = Pmo +6p;  Qm = Qmo +6Q; pr =Pro+ 6P (7)
Ogar harokot edon flyuidi sixilmayan miihit kimi gobul etsok:

a(Pm 0) 9(Qm,0) N
ox =0 ax 0; (8)
a(P ) P Qm
L — Pmod — f 72nDo A2 2=0

Noticodo gaz-maye qarisigimin hayacanlanmis harokati hali tigiin aliriq

a(6p) Qm,o) 9(6p)
or T ( Ar ) o = O 9)
Pm, a(6Q) a(6p) 1
ATO = ot =~ axp - Spg _fZDiA% (Q12n,06p + me,OQm,OSQ)-

Qarig1gin imumi sorfi {igiin asagidaki ifadoni aliriq ki, bu da imumi sarfin gaz vo maye
hissalarinin sarflori comina borabar oldugunu gostorir.

Q = Qs+ Qsg,

Eyni fikri hoyacanlanma iigiin do demak olar.

8Q =605, + 6054, (11)
8Q = 6Q[x = 0].

Hoyacanlanmalar tigiin sarhad sortlori asagidaki kimidir

5Q[x = 0].= 6Q,[x = 0] + 6Qs 4[x = 0].
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" J
B

NKB-ya» piiskiirdiilon qazin hacmi sabit oldugu {igiin quyudibi zonada sorf
6Qsglx =0] =6(q) = 0.
Eyni fikri neft axinlar1 igin do deys bilorik
8Qmlx = 0].= 8Qs,[x = 0] = 0;
Naticads quyu basliginda timumi sorf iigiin aliriq
(@mlx = L] = 60Qs,[t] = v(D).

Horakot tonlikyini boru boyu (0,L) araliginda inteqrallayaraq hoayacanlanmis axinin biitiin
NKB-ds harokatinin differensial tonliyini acagidaki sokilds aliriq

b | 26D — —(8[x = L]) - Px = 0]) — g ((f 5p [ = L1 (%) dt) ~ (f 8plx =

Ar at

01 (%)) - (101 = 1 (82)ar) = (1ot =01 () ) o

2pm,OQm,O (SQL)> (12)

Bu tonliys axmn miihitinin sixligimmin hayacanlanmalar1 da daxildir ki, ovvalki moalum
todgigatlarda bu komiyyat ya orta giymat, ya da, timumiyyatlo, sabit gotiiriilmiisdiir. Buna
gora do sonraki todqiqatlarda sixhigin ifadesi zamanin qeyri-askar funksiyasi soklinda
gostorilmisdir.

Masalanin halli: (12) tenliyinin imumi simvolik halli §p(x,t) = ©(f(x,t)) soklindadir.
Burada (f (x,t) = tQon—_xAT) istonilon differensiallanan funksiyadir vo dalga xarakterino

m,0

malikdir. Bir sira riyazi miilahiza va gevirmolordon sonra aliriq
gt
(13)
Quyudibi zonada x=0

D0, £) = Qg’(’éjf’;;fg) = (‘;"ff;;”j)l v(); (14)

Quyu agzinda x=L

ai(p1—pg)v(“ LB
O(f(L,t) = L 15
(Fl) = (15)
(18) harakat tonliyini x koordinati lizro quyu boyu inteqrallasaq tapiriq
b 90D — —(8Plx = L1 = 8Plx = 0D = g(F(O,00-F(L, ) = ~f 55z (F(L, )
Ar at 2D;A%

—Qh0 + ZLPm,on,ov(t))
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(qi+Qmy0)’ (4i+Qm,0)

(o1 Yp(tQmo-LAT
F0,t) — F(L, t):f (Ch(pl pg) ( Qm,0 )) Qzlz,o dt — — f <Qi(Pl—Pg)2 U(t))%dt

Bu ifadoni zamana goéro differensiallasaq quyu agzi hissado aximin sixliginin
doyismasinin tapilmasi iisiin asagidaki differensial tonliyi aliriq.

Pm,o L 0? (v(D)
Ar ot?

0(0P[x = L] —6P[x = 0]) Q(x =0)
( o )—w—meA2x¢U@o

— O(f(0,)) —Qp0 + ZLPm,on,o)

Bir sira molum riyazi ¢evirmoalordon sonra aliriq ki,

P[x = 0] = pR Quix=0lpt

]
50Q;[x=0]pl
8P[x = 0] = =220 [y [x = L] = Qpm, 0]; (16)
tQm,0—LAT tQm,0—LAT
[Q _ Q ]_ Qi(pl_pg) Q,zn_o a<v( Qm,0 )) +2pm,0Qm,0 6<v( Qm,0 ))
L= m, 01— (ql‘+Qm,0)2 (kAc)? ot (kAc)? ot .

(15) tonliyini zamana gora differensiallayib (16) ifadasini do nazors alsag, onda quyu
basliginda horakatin yekun tonliklorini tapariq

; _MT>
Pmo  0*(W(D) _ / a:(p —pg) Qho (U <t Qm,0> N
Ar a2 k(qi N Qmo)z (kA.)? ot

o mo"’(”(t'éﬁ)) 2w (D)) aiPrro)(t52E )\ g
et T |9 ( T >(QAT' )-
o
a:(p — y) o(®) (Qmo) P / 4u(pc = pg)v (t " m,O) <Qm0>
(ql + Qm 0) Ar 2b; A2 (Qi + Qm,O) Ar
(o) (22 0+ 20000 252)
(17)

Praktiki cohotdon istismar vaxti daha shamiyyatli olani stasionar axinlar vo bu zaman
hasil oiunan maye (neft) miqdart oldugu ti¢lin, bu zaman uygun differensial tonliyi stasionar
hal ti¢iin yazaq
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_a(PT,O) meono 0 (18)
ox 2D; A3 '

Bu tonliyi quyunun oxu boyu inteqrallanmasi maye fazanin quyuda stasionar axini zamani orta
tozyiq giymatinin tapilmasi ti¢iin cobri tanliklarin hall edilmasina gatirilir.

2
pm,O Qm,O

PT,O[x =1L] = PT,O[x = 0] —Pm,ogL] - fL ZDL-A%

Cixarilan mayenin vo puskiirdiilmiis gazin hacminin orta giymatinin tapilmasi ii¢iin
asagidaki malum ifadslordan istifads eda

Qm,o = Qs,l +q;; Qs,l = Qm,o - q;-

Tonliklorda diger doyisonlori do Q¢ ilo ifads etsok quyudan hasil olan stasionar axinin
orta sixlig1 ii¢lin aliriq

g = Peti D0t (pg = P)ai + PiOmo
™o qi + Qs,l Qmo

Quyu dibinds orta tozyiq ti¢iin asagidaki ifadoni aliriq

p1Qs, PiQmo—4i
Prolx = 0] = pR — 242t = pp — 2tlemo=a)

Burada pR ilo gidalanma konturunda mayenin drenlosmo tozyiqi isars olunmusdur.
Naticodo Q¢ —In toyin olunmast {i¢iin cabri tenliyi alariq.

Qm, P Qmo — 4
(71 = pg) i + P1Qumo) 20kAy? Pser = PR - l(+) — PmoglL —
_fLW (((pl pg)qlplQm 0) 2(kA )2 sep> QrznO (19)

(19) tonliyinin holli stasionar hal {igiin qazlift Gisulu ilo istismar zaman1 neft quyusunun orta
debitini hesablamaga vo bu ifadoys daxil olan idaraolunan xarakterik parametrlor vasitosilo
gquyu mohsuldarligini idara etmaya, nohayatds, optimallasdirmaga imkan verir.

Harakatin stoxastik xarakterinin nazora almmmasi: Qeyd edok ki, Xiisusi téromali
differensial tonliklori doyisonlordan biri va ya ikisi {igiin miixtalif iisullarla (hamin dayisanlara
gora Furye vo ya Bessel) inteqral gevirmolorinin totbigi, vo ya geofiziki vo digor noqteyi
nozardan homin doyisanlora nozoron ortalasdirma va S. kimi riyazi tisullarin totbiqi baxilan
tonliklor sistemini adi differensial tonliklor sistemino ¢evirir ki, bunu da homiso Luivill tipli
stoxastik tonliklor sistemi ilo ovoz etmak olur vo bu tisullar uygun elmi-texniki kitablarda genis
oks olunub. Lakin yuxarida adlari ¢okilon riyazi totbiglor obyektlor {izorino miioyyan agir
sortlor qoyur ki, onlarin gobulu ilkin riyazi mosolonin adekvathigini xeyli azaldir. Baxilan
xtisusi toromali differensial tonliklorin birbasa iisulla Luivill tipli stoxastik tonliklora
gotirilmasi masalasini todgiq edoacayik [6,10,11].

Masalan
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da(t) =v;(&,0) + fi(&, 1), £(0) = &,
(20)

tonliyi ligiin agagidaki yeni funksiyani daxil edok

@e(x) = 6(E(t) — x),
(21)

Bu funksiya sistemin trayektoriyasi ligiin ehtimallar sixlig1 adlanir vo

dpe(x) a

= o Wi D + fil Dl (o).

(22)

xiisusi toromoli tonliyini 6doyir. Burada f;(x,t) - (x,t) foza-zaman noqtasinin tosadiifi

sahasidir. Buna goéra do deys bilorik ki, ndqts elo avvalcadan asagidaki xiisusi toromoali tanliklo
ifado oluna bilordi

9q(t.x) dq 0°q
o = Fa 5550 a0, =q0(®)
(23)

Lakin bu halda (x,t) foza-zaman ciitiindon parametric asilili olan

¢ (q) = 6(q(t,x) — q) funksiyasin1 he¢ do homiso tapmaq olmur. ©ger baxilan tenlikdo
foza koordinatlarina nazoron yalniz I tortib téromalar olarsa bunu etmok olur, oks halda isos bu
miimkiin olmur. Bu hala baxmazdan avval | tartib xotti tonliys baxaq:

acI(t x) 661(

+u(t, x) == = y(t,0)q(t, x)

Baglangic sort asagidaki kimi olacaqdir
q(0,x) = qo(x).

Molumdur ki, Itortib xiisusi toromoli Xatti tonliklorin halli adi differensial tonliklarin
xarakteristikalarda hallorino ekvivalentdirlor. Belo ki son tonlik q(t,x) gaz-neft garisigi
sixligmin onun u(t, x) horokat siiratilo qarsiliql olagesini gostorir.

£ q(t,x) = =q(t,20) + u(t, ) L2

Xarakteristik tonlik adi differensial tonlik soklindadir

% =V(@®), V@) =u(t,x(®), x(0) = x,

Vo hissaciyin u(t, x)-siiratlor sahosinds harokotini tosvir edir. ©qgor bu siirat (t,x) tosadiifi
noqtosi liclin ovvolcodon molum iso baxilan statistic mosolo tosadiifi siiratlor sahasinda
hissaciyin vo ya qarisigin konvektiv diffuziyasi hadisosini tosvir edir. (21) —i zamana gors
differensiallayib (22) — don istifado etsok, alariq

0pex(@) _ 9 9q(tx) o 9
ot = wtx) 5o == 6(q(6 ) —q) — y(6%) 5 a9 (@)
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Sag hissadoki 1l hodda baxsaq, gorarik ki, bu tenlik ¢, ,(q) funksiyasina nozorsn gapal deyil.
(21) —i bu dofa x-2 gora differensiallasaq

T pe(@) = =30 25t ) — @)

oldugunu tapiriq. Bu iki tonliyin miigayisasindan aliriq ki,

dpex 0 x()
<p:; Opex(@ u(t, x) 22t ‘pf L= —y(, X) CI‘Ptx(Q)

Bu (22) tanliyino uygun olan Luivill tanliyidir. Sol torafi zamana gora tam téramani ifads edir.

d 0
7 Pex(@) = vt %) 549 (q)

Indi iso asagidaki sokilda verilmis kvazixatti tonlik halina baxaq.

6q(tx> +F(t, q,) =G(tq), q(0,x) =qo(x)

Bu halda (21) Giglin oldugu kimi olavs funksiya yaza bilmirik. Ona gors do, Vq(t, x) funksiyasi
ucln

0 94 4 OFi 99 04\ p 0% _ 0G 94

at dxx = 9q 9xp Ox; Loxpdx;  0q dxy

tonliyini vo

9q _ 990(®)
oxkl,_g oxy

baglangic sortini yazaq. Asagidaki funksiyani daxil edok.
Pex(q,v) = 8(q(t,x) — q) 6(Vq(t,x) —v) (24)

Bu funksiya q(t, x) ehtimal sahasinin vo Vq(t,x) qgrdientinin birgo paylanmasini xarakterizo
edir. (24) —ii zamana gors differensiallasaq dinamik tonliyini nozars alsaq

90 _ 990099004 _ 0 po o )
at dq ot dvy 0t Ox - aq{ Fl(t' q, )vl + G(t, q)}(p

LA B . — F. @&
avk{ aq ViV = Fi Ox0x; + aq Vk

oF; 9%q oG }qo
Bu tonlik do sag torafindo

8 02q(tx)
Fi(t,4.) 5,5, 5 Pex(@V)

funksiyasi oldugu ii¢lin ¢, ,(q) funksiyasina nozoron gapali deyil.

dp 8 9 9%q(tx)
0x; - g t 6vk Oxj 0x;
Onda:
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d 9%q(tx)

Fi(t' q,

a_vk 0xp0x; (pt,x(q; ‘U) = _Fi(t' q, ) a_xl - Fi(t, q, )Ul‘ E
Buradan ¢, ,(q, v) funksiyasinin toyini {i¢iin

oF;

5} G
= WiF(6,0) + 66 ) + 5 { S vkvi = 5o} 9 =

a a
_Fi(ti q')a_fl - Fi(t' QJ)vi£

oldugunu va yekun olaraqg:

6‘Ptx(qv) + F(t q’)afptx—iqv) { aa—qF _aa_qG} Pt x +
+ai{ [ (vF(t, ) ——]}%x(q: v).
(25)

Bu tonlik baslangic kvazixatti tonlik ti¢tin Luivill tonliyi adlanir.

Bu tonlik ii¢iin baglangic sorti asagidaki sokilds yaza bilarik:

Pox = 8(qo(x) — q) 5(Vgqo(x) —v)
(26)

Xiisusi halda birolgiilii tonlik ti¢iin:

oq 0q _
5, ta5, =6t q),

geyri-xatti dalganin yayilmasini tasvir edir.

0 0 aG
(5+ qa)co = v ——G(q)q) +-- {v - va}q)-
Qeyd etmok lazimdir ki,

aq _ _a_q
st H@axn=0(p=3]).

(27)

timumi sokilds yazilan geyri-xatti tonliyi vo
ap _ _ on_om

dact aq ax’

ax _ 6H dq _ a_H

dt 6p Todt H+p ap’

tonliklori (25) tonliyinin xiisusi hallar1 kimi baxilaraq todgiq oluna bilar.

Notica: Qeyri-sabit miintozom gazlift omaliyyat1 tokca istehsal itkilorina goro deyil, ham do
gaz-maye sistemindo kortobii vo nozaratsiz dalgalanmalara, bozon do neft hasilati istehsal
prosesinin xaotik geyri-sabitliyino goro arzuolunmazdir. Masolonin tarixina nazor saldigqda,
illor orzindo geyd edilmisdir ki, qazlift quyularinda qazin fasilasiz verilmasi prosesin ciddi
geyri -sabitliyina sobab ola bilor. Eyni zamanda, quyudaki qaz-maye qarisiginin tozyigi Vo axin
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stiratindoki bdyiik amplitiild dalgalanmalar1 ayirma prosesinin pislogmasing, istehsal giicliniin
ohomiyyatli doracads mohdudlasdirilmasina sobob ola bilor. Stasionar voziyystds olan iki
fazali axin sistemin biitiin parametrlorinin yalniz doyisonlor mokaninin funksiyalari oldugu bir
axindir. Bununla belos, biitiin bu aximnlar praktik olaraq turbulentlik, faza doyisikliyi vo s.
sababiylo kigik hoyacanlara moruz qalir. Yeni isloma vaziyyoti asimptotik olaragq sabit
Vaziyyatinin ani bir pozulmasi altinda ilkino meyl edorss, axin sabit adlandirilacaq. Toqdim
olunan mogalods praktikada yarana bilacok bu ciir narahatliglardan bahs edilir. Amplitudalarda
olan mohdud davamli hayacanlar gazlift prosesinin stabilliyina tosir edon asas faktorlar sirasina
daxildir.
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BbIBOJ U IPUMEHEHUE TUOO®EPEHIIUAJIBHOI'O YPABHEHUA
BPAIIEHUSA TBEPJIOI'O TEJIA ITPA IVIOCKOM /IBU’KEHUU

AciaaHoB JJab0el
Azepbaiimkanckuii Texamaeckuii YHUBepcureT, K.¢p-M.H qoueHTIO
Email: e.aslanovi@gmail.com

PE3IOME

[Monyueno nuddepeHnnanbHOe ypaBHEHUE BPAIICHUs TBEPAOTO TENa MPH TIOCKOM JIBHKEHUU
BOKPYT OCH, MPOXOJAIIEH Yepe3 MIHOBEHHBIN IIEHTpP CKOpocTed B (opme, ymoOHOW miis
peuieHus 3aay.

KawueBbie cioBa: KuHETHYECKMII MOMEHT, TJIaBHBIHK MOMEHT, MOMEHT WHEPIIUH,
MTHOBEHHBIH IIEHTP, IIEHPPa MACC, CKOPOCTH TOYKH.

JuddepeHnmansHoe ypaBHEHHE BpallleHUs TBEPAOro Tella MPH €ro IUIOCKOM JIBMDKCHUH,
COCTAaBJICHHOE€ OTHOCHUTEJIBHO OCH, IMPOXOSAIIEH uepe3 MIHOBEHHBI LIEHTP CKOPOCTEH H
NEePHEHANKYJISIPHON IJIOCKOCTH JBMIKEHHUS, BO MHOTHX CIIy4dasXx HMMEET OYEeBUIHOE
MPEUMYIIECTBO Nepe]] OOBIYHBIM, COCTABICHHBIM OTHOCUTENIBHO IIEHTPAJIbHOM OCH.
Bo3MOXXHOCTh IPUMEHEHHS TAKOTO YpaBHEHUsI paccMoTpeHa B [1]. 3HaunTenbHOE BHUMaHUE
3TOMY BOIIPOCY YZAeNeHO Takxke B [2]. B oboux ciyuasx ypaBHEHHE COJEPKUT CKOPOCTb
TOYKH, JBUXKYILECHCS 110 HEMOJBHXHOM LEHTPOMAE M COBIAJAIOLIECH B KaXIblil JaHHBIA
MOMEHT C MTHOBEHHBIM LIEHTPOM CKOPOCTEH.
Hcnonp3oBanue Takoro ypaBHEHHSI MOKET OKa3aThCs 3aTPYIHUTEIbHBIM.
[Tokaxkxem, yto AuddepeHInaTbHOMY YpaBHEHHIO BpallleHUs! Tejla BOKPYT MTHOBEHHOW OCH
MOXHO Tpuaath (HopmMy, KOTOpas B 0OLIeM ciydae MpeAcTaBisercs Oosee yIOOHOH s
pelieHus 3aay.
st BBIBOJIA BOCTIONB3YEMCS, Kak U B [2], TeOpeMOi 0 KHHETHYECKOM MOMEHTE CHCTEMBI B €€
a0COTIOTHOM JIBMKEHUH OTHOCUTENIBHO JIBIKYIIETOCs IIEHTpA.

dstO -M; -0, xmo, (1)

- Ve o o
3I[eCL LO’ MO - KHHCTHUYCCKHUU MOMCHT CHCTEMBI MW TJIaBHBIM MOMCHT BHCIIHHUX CHII

oTHOCHTeNBHO LeHTpa O; U, - ckopocts nentpa O; M — Macca CHCTEMbl; U, - CKOPOCTb €e

HOCHTpa Macc.

910 XK€ YpaBHCHHUEC U TBEPAOIro TEjIa IpH IMIOCKOM ABHKXCHUN, COCTABIICHHOC OTHOCUTCIILHO
TOYKHU P, COBITAJANOIIEH B KaXXKIbIM MOMEHT BpPpEMCHU C MI'HOBCHHBIM HECHTPOM CKOpOCTeﬁ,
MNPpUHHUMACT BU/:

— U, X MU, (2)

[Ipoextupys (2) Ha ock Pz, mpoxomsmyio dvepe3 P u mnepneHIUKYISPHYIO IUIOCKOCTH
JIBYDKEHUS I UMEsI B BUITY, UTO

Lz = 'Jz¢’
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IIOJIyYUM

— (5, xma, ), (3)

16 p
P at

3neck J, - MOMEHT HHepLUHU Tena OTHOCUTENIbHO ocu PZ; ¢ - yron moBopora Tena. Toukamu,

KaK 00BIYHO, 0003HAYEHBI IPOU3BOIHBIC TIO BPEMEHH.
[Tokaxem, yTo BTOpOIl ujieH npaBoil yacTu (3) paBeH OJIOBUHE BTOPOTO YiI€HA JIEBOM YacTH.

YuureiBas, 4To
3, =m(iZ + p?), (4)

rae l. - paaMyC MHEPUMHM Te€lla OTHOCHMTEIBHO LEHTPAIbHOM Ocu, mapajiensHoi Pz; p-
paccTosiHUEe MEX /1y MTHOBEHHOW U LIEHTPaJIbHOM OCSIMH, UMEEM:

(5)

z

dt

PaccmoTpuM Teneprs BTopoil uieH npaBoii yactu (3).
3aMeTuM, 4TO

(BP X mac):(ac _5PC)X ch :_GPC X mﬁc

31ech Uy, - CKOpocTh HeHTpa Macc C OTHOCHTENBHO P

Puc.1. HampaBuB ocu X u Y, Kak 1oka3aHo Ha puc.l, ¥ y4uTbIBas, 4To
(Dpe ), = P (pammanbHas cKOPOCTS),
(m 60 )x = 0’
(mDC)y = ml_jC = mp¢’
HNmeem
(DP X Mo, )z = _(GPC X MU, )z =—pMpg (6)

CpasuuBas (5) u (6), BUIUM, YTO
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- ~ 1 dJ
L, XMV, 7
(0o xm&; ), = =559 Y
Teneps ¢ yuetom (7) ypaBHeHue (3) mpuHAMAET BUI:
1dJ,
Jo+— =M? 8
9 > dt . (8)
VYuursiBas (4), MoxkHO (8) 3anucaTh U B TAKOM BUJIE:
+ +—"p=M? 8
mié +p*)p+ 3 dt : (8)
170071
m(iZ + p* )b+ mppg = M 8)

U3 (8) cnemyeT mpocroe ycinoBHe, IPU KOTOpoM AuddepeHInaIbHoe ypaBHEHHE BpaIICHUS
T€Ja, COCTABIICHHOE OTHOCHTEILHO MIHOBEHHOH OCH, HMEET TaKOM K€ BHI, KaK H
OTHOCHUTEJIbHO HETOIBMYKHOM MJIM IIEHTPaIbHON OCEH.

VYpasuenue (8) oOpaiaercs B
. npe
J.p=M:, 9)
ecin P = CONSst (Jz = const), T.C. €CIIH PACCTOSIHUE MEKITYy MIHOBEHHOW M LEHTPAIbHOM
OCSIMH OCTAETCSI TIOCTOSTHHBIM.

TakuMm oOpa3om nonydeHo AuQQepeHlnaIbHOr0 YpaBHEHUs BpallleHUs TBEPAOIo Tella MpH
IUIOCKOM JIBIDKEHHM, KOTOpas B OOILIeM ciy4yae MpeJcTaBiseTcss Oosiee yAOOHOM s
MPAKTUYECKHX 3ajau.

HpI/IBe)]eM NMpUMEPLbI UCITOJB30BAHUA MMOJNYIECHHBIX ypaBHeHHﬁ.

1. Jlunmeiixa smmumcorpada AB mmmmoit | maccet M gBukercs B BepTUKATBHOI
wiockoctd mon neiictBueM cuibl Q (puc.2). CocraButh auddepeHnnanbHoe ypaBHEHHE
JBUKEHUS JIMHEHKA, CYUTasi €€ TOHKUM OIZHOPOJHBIM CTEp>KHEM. MaccChl MOJI3YHOB U CHIIBI
TPEHUS B HANPABIIOIIMX HE YUUTHIBATb.

B nanHomMm cinyuae

=CP :E:const,
2

MO3TOMY TOJIb3yeMasi ypaBHeHUEM (9)

2 2 2
J =], +m(CP): = "1‘"2 +m(5j _ml”
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0

Puc.2 Puc.3

[ToxcraBmss T 3HaUeHUS B (9), MOIy4UM

e 3(2Q + mg)
2mi

2. PemmTh npeapLIyNIyIo 3a1a4y IPU yCJIOBHMH, YTO MOJI3YH B JBMXKETCS HE MO NpSMOi, a
no ayre okpyxnoctu paguyca OB = AB =1 (puc.3). 3necs p =CP = const .

sinp=0.

IMonesyemcst ypasHenueM (8 ). OmnpezenseM BXOJsIIHe B HEro BeluuuHBL Kak BHIHO U3
pHUCYHKa:

1)’ I 5
2= = | 412 =2=Icos2p=1*| =—cos2¢ |
P (2) 2 Y (4 ¢j

dp? : :
L =21”s5in2¢¢ ;

2
L

I =—.
¢ 12
o 3
M:=I smgo(ZQ + Emg).
[ToncraBnsist Tu 3HaueHus B (8), MOTYyUYUM

(4 —3c0s2¢)p + 3sin2pp’ —%(20 +gmgjsin(p: 0.
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MATEMATHYECKOE MOAEJIUPOBAHUE PACIHPOCTPAHEHUA
ITPUMECEHN B CTPATHUOULIMPOBAHHBIX BOJOEMAX
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Email: ramingasanov@mail.ru

PE3IOME

PeanpHbie BOAOEMBI TPEIACTABISIOT COOOM 0ONACTH CIOXKHOW (OpPMBI € OOBEKTHBHO
npeaonpeAeIeHHON IpaHulel. IeHCTBUU TOUEUHOI'0 TOCTOSITHHOTO HCTOYHUKA OPUEHTHPOBAHA,
MPEKE BCEro, Ha M3y4EHHE SKOJIOTUM BOIHBIX OacceiHOB. PaccMOTpeHO MpOCTPaHCTBEHHO-
TpexXMepHas IOCTAHOBKA 3aJadydl TUIPOTEPMOJUHAMHUKUA BOJOEMOB, KOTOpas SBISETCS
UCXOMHOW JUIsi OOJIBIIMHCTBA MOJEJICH, HCIONB3YeMBbIX B 3aadaX BOIHOW OKOJOTHH.
[IpuBeneHa COOTBETCTBYIOIIAs CHCTEMa YpaBHEHUW U TPAaHUYHBIX YCIOBUH, 3allMCAHHBIX B
JIEKapTOBOM CHCTEME KOOpPJWHAT, TaK KaKk OHa Oojiee HamisgHa W mpocta. [lome ckopocTeit
BOJTHOTO MOTOKA MPEAOCTABISIET BXOAHbBIC JAHHBIC JJII MOJIENIU PaclpOCTpaHEHUS MPUMECH.
Ha ocHOBaHMM MOMYyYEHHBIX paHEE MOJEH TEUYCHHH, MOXKET BBINOJIHEHO PELICHHE 3aJadu
KOHBEKIIUHU-TU(D(Dy3Un MpUMECcH IS YeThIpeX HampaBiIeHHWI BeTpa: 3amagHoro, BOCTOUHOTO,
CEBEPHOT0, FOXKHOTO, & TAaKXKE B OTCYTCTBUE BETPA.

KutoueBble cioBa. cTpatuduupoBaHHBIE BOJOEMbI, PACIPOCTPAHEHUs MpPUMECeH, BOAHAS
9KoJIOTHs, TUQQY3Hsi, TPOrHO3 KAYeCTBA BOJIBI.

BBenenue: Mojenu pacnpocTpaHeHUsl MPUMECH B BOJOEMaX MOXKHO YCJIOBHO pa3/eNiuTh Ha
nBe Oonpiue rpymnmbl: 1) Kawmepnvie. B kaMepHBIX MOJENSIX paccMaTpuBaeMas 00JacTh
JIETTUTCS. Ha TOA00IaCTH - KaMephl, BHYTPH KOTOPBIX M3y4aeMbl€ XapaKTEPUCTUKH CUUTAIOTCS
MOCTOSTHHBIMU. MeXKaMepHasi CBSI3b UMUTHPYETCS BBEICHHEM 0alaHCOBBIX COOTHOIIEHUH. 2)
Henpepuvignvie. B HenmpepbIBHBIX MOJEISIX OT TaKOTO VYIPOIICHUS OTKa3bIBAOTCSI.
BOABIIMHCTBO HCMOJB3YEMBIX HEMPEPBIBHBIX MOJENEH pacipoCTpaHEHUsT TPHUMECH B
BOJI0OEMaX, B YaCTHOCTH, B JJaHHOU paboTe, BKItOUaloT B cebst ypaBHeHus Tuna HaBre-CTokca
("TMIPOIMHAMHYECKYIO COCTABISIONIYIO") M ypaBHEHHE KOHBeKUUU-Au(dy3uu. I[lpu stom
MOJIB3YIOTCS. HEKOTOPHIMU TPEATOIOKEHHUSIMH, YIPOIIAIOIIUMH PEIICHUE 3TUX ypPaBHEHHI.
[Tpu paccmoTpeHNH pobIEeM BOAHON HKOJIOTHHA HEMATOBAKHOE 3HAUEHHE UMEIOT HAaTYpHBIEC U
AKCIIEPUMEHTAJIbHBIE KCCIIEOBAaHUs, YacTO IMPUMEHSIETCS TEXHHMKAa CHCTEMHOTO aHaju3a,
KOTOpasi BKJIOUAET B ce0s HE TOJBKO HCIIOJIH30BAHWE TOTO WJIM HMHOTO MAaTeMaTHYE€CKOTO
amnmnapaTta, HO ¥ OCHOBHbIE KOHUENUUU. J[0CTOBEpHAs OLIEHKA 3KOJIOTMYECKOr0 BO3IECHCTBUSA
3arpsi3HEHUN MOXKET OBITh TIPOBENIEHAa TOJBKO TOTJA, KOTJa W3BECTHA KapTUHA €ro
pacnpocTpaHeHus. MHOrHe BelecTBa PacTBOPSAIOTCS B BOJIE WJIM MEPEMEUINBAIOTCS C HEU U,
CJIEIOBATENIbHO, MOTYT MEPEHOCUTHCS BMECTE C BOJOM M3 OJHOTO MECTa ACTyapus B JIPYroe.
HeoOxoauMo mpHBOIUTH OMHCAHHME TpOIlEcca PACIPOCTPAHEHUS B (PU3UYECKUX TEPMHUHAX,
0o0cyx1aTh METO/ABI ompeaeneHus KodhdumuenTa TypOyneHTHON muddy3uu, gaBate 0030p
CYIIECTBYIOIIUX B HACTOSIIEe BpeMs METOJO0B pacdera 3PGeKTUBHBIX KOI(D(UIIMEHTOB
MIPOJIOJIBHOTO PACCEMBAHUS, PAacCMAaTPUBATh HMMEIONINECS JKCIIEPUMEHTAIbHBIC JaHHBIE U
MPOBOANTH OIEHKY COIJIACOBAHHOCTH MEXAY TeOopued W HaOMIoJeHUSMHU. BONBIIMHCTBO
MPaKTUYECKUX 3a/Jad IMPOTHO3a KadecTBa BOABI NU(PGy3us B BEPTHKAIHLHOM HaIpaBICHUN
MPOUCXOJUT 3HAYUTENBHO OBICTpEe, YeM B IMONEPEYHOM U TPOAOIHHOM HampaBlIeHUH,
MOATOMY €CTh BO3MOXKHOCTh pPacCMaTpUBaTh PABHOMEPHOE pacCMpeaeeHHuE MPUMECH TI0
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BepTuKaiu. lIpeHeOpexxeHHe BEPTHKAIBHOW MPOEKIMEH TIpaJueHTa KOHIIEHTPAalUUu He
YIpOLIAeT CYIIECTBEHHO pEIIeHUE CaMOM 3a/laud, MOCKOJbKY I'pPaHMYHBIE YCIIOBHS BCerja
3aBHUCAT OT MOP(OIOTUYECKUX OCOOCHHOCTEH BOJIOEMOB U BOJIOTOKOB.

[Tpu cxemaruzanuu mporecca KOHBEKTUBHO-AU(P(Y3MOHHOrO mepeHoca NnpuMmeceil cienyer
yuuThIBaTh: 1) MepHOCTh HccineayeMoil 0o0iacTd M Ipolecca: a)MOAeNdb OJHOMepHas; 0)
JBYXMEpHas. B BEPTUKAJbHOM CEUEHMM WIM B IUIaHE; c) TpexmepHasd. 2) Tunm pexuma
KOHBEKTHBHO-IU((Y3MOHHOTO TEepeHoca: a)  CTAlMOHApHBINA; O)HECTallMOHAPHBIA. 3)
I'pannunsbie yenosus (1, 11, 1l poxa); 4) Onucanne koHBeKTUBHO-IU(D()Y3MOHHOTO MpoIiecca:
[To crernenn HEOTHOPOMHOCTH: a) OJHOPOHAS; O) HEogHOponHas. 5) pexuma, 6) Ilo Tumy
3arpsA3HAIOLINX BEILECTB.

Takast cxemaTu3alus IO3BOJUT, C OAHOM CTOPOHBI, Y4YE€CTh OCHOBHBIE OIpPENEIISIOIINE
nporecc (pakTopbl, XapakTep BOJHOIO TEUYEHHUS a) MO CBA3M C HampaBieHHeM aupys3um; 0)
U30TPOIHAS; C) aHU30TPOIHAs; J) cMelaHHas. Ero ruapaBianueckue, MOpQOIOrHUEcKUe U
TUIPOXUMUYECKUE XaPAKTEPUCTUKH, YCIOBUS BBIIYCKAa CTOYHBIX BOJ U CAMOOYMILIEHUS JUIS
pasinyHbIX (a3 BOJHOIO COCTOSHUS, HCIOJIB30BaTh COBPEMEHHBIE METOJAbI U CpPEICTBA
MaTeMaTHYeCKOro MojaenupoBanus. [Ipu BbIOOpe 4acTHBIX MOAETBHBIX CXEM ISl BOJIOEMOB
YUUTBIBAIOTCSL TJyOMHA, IMPOTOYHOCTH U BeTpoBoe 1mose. OnHako, eciau CyAUTb 110
WHTCHCUBHOCTH TICPEMEIIMBAHUSA, OAWH W TOT K€ BOJOEM MOXET ObITh "TIIyOOKHM" U
"MeNKUM" - COOTBETCTBEHHO TOMY, 3HAUUTENbHbl WJIM HE3HAYUTEIbHBI TI'PATUCHTHI
KOHLEHTpAalluu 1O BepTUKaIU. Pexe UCHOIb3YyIOTCS  OJHOMEpPHbIE KOHBEKTHUBHO-
TU(pPy3MOHHBIE  MOJENU  paclHpocTpaHeHus Ipumecd. BpiObop  cooTBercTByrOLIEH
MaTeMaTUYECKON MOJIENH €lIe HE SBIISETCs pelieHrneM 3aaaun. [Ipu uccneqoBanuu npoueccon
KOHBEKTHBHO-U(}()Y3MOHHOTO IMEPEHOCa B €CTECTBEHHBIX BOJHBIX OOBEKTaX CO CIOMXKHOM
MOp}OJIOTHEN MPH NEPEMEHHBIX IPAaHUYHBIX YCIOBUAX MaTEMaTHUECKHUI ammapar CTaHOBUTCS
IPOMO3JKUM M TepseT CBOE IJIABHOE IPEUMYILIECTBO - HPOCTOTY. YHCIEHHBIE METOJBI,
peani30BaHHbIE Ha COBpeMeHHBIX OBM, MO3BOJSAIOT pelaTh caMble CIOXKHBIE 3aJauH,
KOTOPbIE HENb3sl PEelIUTh HU AHAIUTHUYECKH, HU METOoJaMH (PU3MYECKOrO MOAEIHPOBAHMUS.
3aBUCHMOCTH OT BHJIa YpPaBHEHMsI, UCCIIEAyeMOil 00JaCTH M KpaeBbIX YCIOBHH Uil pacueTa
I0JI1 KOHLIEHTpALMil IPUMECEH MOYKHO HCIIOJIB30BATh OJUH M3 CYILIECTBYIOUIMX YHMCICHHBIX
METOJIOB pEILIEHUs, HalmpuMep, METOJ KOHEUHBIX 3JI€MECTaHOBKAHTOB, C HCIIOJIb30BAaHUEM

nporpammuoro komruiekca ANSIS/FLOTRAN.

ITocranoBka 3agauu: Mojenb pacnnpoCTpaHCHUs 3arpsA3HAOIICTO BCIICCTBA B BOJOCME Ha
OCHOBC 3aKOHa COXpaHCHHA MAaCChbL

s -
FHUO=1 | I(S) = div(S- V) - DV(VS)+ S
mubdepeHIManbHbBI  ONMepaTop BTOPOTO  TMOPSAIKA, KOTOPBIM SIBISIETCS  OMEPATOPOM

KOHBEKTUBHO-TU(DY3HOHHOTO MepeHoca. M5 - xapakTepu3yeT B3aHMOJICHCTBHE BEIIECTBA C
BOJIOM;

= 0. KO3 (UIMEHT pacraga BeIIeCTBa, f= f(x,y,z,t) - wucrounuk BelecTBa

KOHIIEHTpAIUH S; DJ-KOB(b(i)I/IHI_/I'eHT audoysun; - BEKTOp CKOPOCTH BOJHOTO MOTOKA;
L. (5) = div(S - T)

L,(5) = —D,V(VS)

Onepartop COOTBETCTBYET KOHBEKTMBHOMY MNepeHocy, a

onepartop abddysmMoHHOMY nepeHocy. Mogenb
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KOHBEKTUBHO-TU(P(PY3UOHHOTO MEPEHOCA 3arps3HAIONIEr0 BEIeCTBA B CIy4ae MEIIKOro
BoJloeMa BBeneM uHTerpanbHyro

1 ¢
S=— ladz
XapaKTEePUCTUKY KOHLEHTPAMU BEIECTBA: H -k
Toraa ypaBHeHue nud@y3un - KOHBEKIIUU 3arpsi3HSIONICH HEKOHCEPBATUBHON NPHUMECH MPHU

HaJIMYMKU UCTOYHHKA 3aIrpsA3HCHUA UMECT BU/:

a5 1( 85 85 ousS ovs &'s 85
=3 —+v—-+ + - D

— 1 + + psy =
& dy & & axzasz”Sf

3amauy paccMOTpHM B obiacTu tlc rpanmieit &L, Ha yyactke & L1 XKMIKOCTh BTEKAeT, Ha
3 {12 - BeITekaer, d L2 0- HempoHuiaemas yactb rpanuisl. Ha tBepaoit rpanune 3 L20 craButTcs

a5 _ 0
3?1 11
YCIIOBHE HENPOTEKAHUS . Ha yuactke ctoka B Bomoem &Ll1 3amaercsi camo
3HaYeHne QyHKIUU S 5lia, = 5 Ha ygactke BbIIyCcKa BOJBI HJIM HA OTKPBITOM IpaHune & Ll
a5 g v o,v =0,
R S =0, g-= nT e
D" i, 0, w, <0

2 cTaBHTCA KpaeBoe ycioBue 3 poaa 2 ¥

1

rzae ¥» - CKOPOCTh TEUCHHUS IO HOpMAH #1 K & L12

HeobxonuMo Taxke 100aBUTh HadadbHBIC YCIOBHS JS|:r=l:| B S'I'

AHanu3 pe3yinbTaToB YHCIECHHBIX SKCIIEPUMEHTOB MOKa3all, YTO JTaHHBIE MOJIEIH TOYHEE
BOCITPOM3BOISIT TOHKYIO CTPYKTYPY MPUOPEKHBIX TEUCHU 110 CPABHEHUIO C U3BECTHBIMU
MOJICTISIMHU.

[Ipu sToM He Oyaem yuuThiBaThb CGHEPUYHOCTb 3€MJIM, KOTOpas HECYIIECTBEHHA JUIs
MacITaboB TeUeHUH B Bojoemax Tuma "3amuB" wim "o3epo"; yuer cepudyHocTu Tpedyercs
IpU UCCIEJOBAHUM KPYNMHOMACIITAOHOM UUPKYJSALUK, OXBATHIBAIOUIEH 3HAYMTENbHbBIE
paiionbsl okeaHoB. CucTema ypaBHEHUHW TEPMOTUJIPOJMHAMHMKHU ISl BOJIOEMOB B CEBEPHOM
nojgymiapu B NpUOMMKeHMH bByccnHecka M TUAPOCTaTHKM, B NPEANONIOKEHHH
HEC)KMMAaeMOCTH BOJIbl M TUHEHHOTO0 MEXaHW3Ma MaKpOTYpOyYJIEHTHOU BSI3KOCTH U AU Py3un
B JIEKapTOBOM CHUCTEME KOOPJIMHAT JJIs ciydyasl epPEeMEHHOM MJIOTHOCTH BOJbI 3aIUILIETCS:
YpaBHEHUS TBUKEHUS —

& i = TR 16F, & &, & u, & &k
—_t F ot pp— [ —— ——t —— — ) —
g “Fx ay "& U mor & & aatan ald @)
A v & 188 & & & & & o
Z ta e T aam w2 ata iy @
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AT
ypaBHEHHUE CTATUKH - ypaBHEHHE HEPA3PLIBHOCTH U HECKHMAEMOCTH -
e T TR 1
i T W
&x &y z ypaBHEHHE IIEPEHOCa TEILIa U COJIEH -
&r ér, ér, &r_ & & & & & &r
—_—t gt et == — p — —+— —
% Y d "k e A )
&y ey a5 a5 8 & &7 ES' g &
Dy Sy P et
a Yam Yy Ya aa altam ala (©)
ypPaBHEHUE COCTOSHUS -
0= apT+ agS+anT + a5  + a5, T5+... (7

B ypaBHeHu# cocTosiHMST KO3()DOUIMEHTHI #ik ABJISIOTCS (PYHKIMAMH TITyOHHBI U TIOAOHPAIOTCS,
HaIpUMep, METOJOM HaMMEHbIIUX KBaaparoB; B ¢opmyne (7) HOCTaTOYHO yrep:karh 3
MIEPBBIX YJIeHA.
Cucrema (1)-(7) comep uT ceMb HCKOMBIX (DYHKIUH: ,V.W- COCTaBISIONIUE CKOPOCTH
TEYEHUsSI COOTBETCTBEHHO MO ocsiM X OV, CZ. FP. nmapnenme, £~ #T£ -miotHocts, T -
TEMIIEpPaTypa, « - COJEHOCTh. [IpeonoKuM, 9To 00JaCTh PEIICHUS 3a1aun & rpecTaBiseT
co00ii 3aMKHYTBIM 0acceiiH, OrpaHHYCHHBIN HEBO3MYIIEHHON MOBEPXHOCTHIO OKeaHa z= U,
aHoM = H{X,.Vjﬂ UITHHIpUYeCKor moBepxHocThi0 F. K cucreme ypasuenuii (1)-(5)
clenyeT MPUCOSAMHUTh TPAaHUYHBIC YCIOBHS: MO BEPTHKAIU - HA MOBEPXHOCTU OKeaHa, MpHU

Z=_f§1(~’f=}}=ﬂ: P1=Fa,

B ey o f )
—= v—=1, & =—|—
SCAEVRL AV g =5 & &x gyl T= T'.r?f}"f) S'.rxJ",fj', Ha JHE OKeaHa

npu = H fx J’j')mﬂ CKOPOCTH TEYCHHS W TPWIUMAHWS: ¥ =Vv=w =0 a1 TemmepaTypsl u

gr Y

COJICHOCTH. e iz , IO TOPU30HTANH - ¥1 =V = D,Qr =g =10

B nocranoBke HauanbHO-KpaeBoil 3aaaun 1 cucreMsl (1)-(5) noctaTouHo 3a7aTh HaYalbHbBIE
YCJIOBHS TOJIBKO It YETBIPEX byHKIMH w, v, T, &Y.z Jﬂ =y (x ¥Z j,
vixrz0)=wlxyz), Hayz0)=Tlzy.z Sxy.z0=5@re) (ry.z)eG.=0 o
KOTOPBIM OTpeensoTcs OCTaJbHbIE TpH HavaJIbHbIE HOJIS:
w(x,»,2,0) = w(x.7.2), wixy.z0)=wlxyz) Axyz0)=plxrz)
(x,y,zjl eFi=10

Cxema pacuiemieHus, nojy4yaemas B pe3yjbTaTe alllpOKCHUMAlMM HENPEPHIBHOW LEMOYKH

toEESt

CJIEAYIOIIMX 3a/a4, 3alMChIBAETCSl HA BPEMEHHOM HHTEpBaJIe #l: K pacuienyieHHbIM
CHUCTEMaM MPUCOEAUHSIOTCS COOTBETCTBYIOIIME HaudajdbHble M TpPAHUYHbBIE YCIIOBHS.
OKOHOMHUYHAs IPOCTPAHCTBEHHO-TPEXMEPHAsI MOJEINb IUPKYJISAIUN B OAHOPOAHBIX BOJOEMAX
HOJTy4aeTcst W3 TIOJIHOM MOJENU TUAPOTEPMOJAMHAMUKH OKeaHa TMpU  CIEAYIOLUX
OTpaHMYEHUSX: TEMIIEPATYPA, COJEHOCTh U INIOTHOCTD SIBJISAIOTCS IOCTOSTHHBIMHU.
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U Bu du B¢ a[ ﬂu] [a‘zu a%]
— U —+V—+W——Iv=—f =+ —|v—| + A — +— (D)
a o & am aN & 8x? ay?
L L. & 8 @ Py v
E+ug+v£+wg+lu=—ga+g[v5)+A1[a—;—i+éy2~]{2}
& a[h

== Judz]+—[_lvdz] (3)
& ox\ £

Gu v, 9 g, (4)
ax o &

rze t- Bpems ; U,V,W- COCTaBIISIOIINE CKOPOCTH TEUCHHS MO OCAM X,Y,Z AEKapTOBOH CHUCTEMBI
KOOPJMHAT, OCh X HampaBlieHa Ha BOCTOK , y - Ha CeBep , Z-BepTHKaIbHO BHH3 ; Al, V-
KO3 PHUIMEHTH TOPU3OHTAIBHON M BEPTHKAIBHOW TYpOYJIEHTHOH BS3KOCTH, J - YCKOpEHHUE

CBOOOIHOTO TMaJIeHUs; ﬁz&-\(x,y)-BOSBHmeHHe cBoOomHON TOBepxHOCTH, |- mapamerp
Kopuonuca. Cucrema ypaBuenutii (6), (7) ,(8) u (9) paccmatpuaercs B obnactu G -obinactu
, IPEJICTABIISIONICH COO0M 3aMKHYTBIN OaCCEHH ,

OTpaHHYCHHBI HEBO3MYILEHHON TOBepXHOCThIO Bojoema z=0, guom H =H(x,y) u
UWIMHAPUYECKON

OOKOBOM MOBEPXHOCTHIO o
HauanbHbie ycnopus: u(x,y,z,0)=uo(x,y,z), v(X,y,2,0)=vo(X,y,2),
E(x,y,2,0=50(x,y.2),  (xy,2)€G =0, (10)

110 KOTOPBIM BOCCTAHABJIMBACTCSI HAYAIBHOE TOJIC JUISI BEPTUKAIBHON KOMIIOHEHTBI CKOPOCTH
W(X, A z,0) = wo (X, y, 2), (X,y,2) €G t=0.

I'pannunble ycnoBus. [l TOpU3OHTAIBHBIX KOMIIOHEHT CKOPOCTM Ha JKMIKOM uacTu
OOKOBBIX T'PaHHUIL 3aJIAl0TCS CKOPOCTH U, V, a Ha TBepoil - ycioBus npununanus u=v=0, Ha
HOBEPXHOCTH C UCIOJIB30BAHUEM COCTABJISIOIINX KAacaTeJIbHOTO TPEHUS

du av

PoV - = =Tx. PgV— = -1y
BeTpa oz z
rie Tx, Ty - cocraBnsionMe KacaTeIbHOTO TPeHHs BeTpa, Po-NoCTOSHHOE 3HaueHMe
IJIOTHOCTH BOABI ; - Ha JHE Ha TpaHWIe pas3fena BOAbl M CEAMMEHTOB
Vﬂ_gu'u:'rv!u Vﬂ_ng‘rvzv

2 ' 3 2 '

0z Cz oZ Cz

AHanu3 pe3yabTaTOB YMCICHHBIX BBIYMCICHUN
C HCIOJIb30BaHWEeM TporpammHoro komiuiekca ANSIS, Ha ocHOBe MeToa KOHEYHBIX
3JIEMEHTOB [I0Ka3ajl, 4YTO JaHHbIE MOJEIM TOYHEE BOCIPOU3BOJAT TOHKYIO CTPYKTYPY
BHYTPCHHHUX TEeYESHUH 110 CpaBHCHHIO C U3BCCTHBIMH MOJICIAMU.
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NEFT QAZ SONAYESI AVADANLIQLARININ MOSAFODON
DIAQNOSTIKA SISTEMININ GENISLONMIS DIAPAZONLU
NOZAROT- OLCMO SISTEMININ IS PRINSIPININ MUOYYON
EDILMOSI

O.1.Feyzili
ADNSU, ITIF, “Cihazqayirma miihondisliyi” kafedrast
Email: feyziyev99-10@mail.ru

XULASO

Bu mogqalo, neft vo qaz hasilati iiciin tez-tez istifads olunan axin alstlori ilo bagl avadanliq
novlorini, se¢cim meyarlarini vo is prinsiplorini ohato edir. ©On ¢ox istifado olunan ndvlor
vurgulanir; diger ndvlorden qisaca bshs olunur va istinadlar verilir. Neft vo qaz sonayesindo
istifado olunan bir ne¢o axin 6lgma tisulu var. Har birinin vo bozi diger metodlarin daha genis
bir miizakirasi toqdim olunur. Burada bir ne¢co metod togdim olunsa da, an ¢ox istifado olunan
boslug, turbin, yerdoyisma vo rotametrlordir. Diferensial tozyiq axin 6lgmo cihazlari axan axin
boyunca iki noqto arasinda tozyiq forqi yaratmaq li¢lin mayenin axan siirotini vo ya
istigamatini doyisdirmok tigiin nozards tutulmusdur. Neft va qaz 6lgiilmasi, neft vo qaz todariik
zonciri boyunca bir aliciya satildigdan sonra istehsal olunan karbohidrogenlarin kiitlasinin va
ya hacminin miiayyonlosdirilmasidir.

Neft vo gaz olgiilmasi, adston, ganunla miisyyan edilmis qaydada quyudan baslayir. Nozarot
kogitirmasindan avval operator neft va ya tobii qazi ayiracaqdir. Tarkibinds olan gati maddaloer,
su buxarlar1 va digar qatqilar xam neftin miqdar1 vo satisindan avval ondan ¢ixarilir. Eynils,
tobii gazdan su buxari, kiikiird vo digar qatqilar ¢ixarilir. Tomizlondikdon sonra, neft vo gaz
satila bilmak ii¢iin miioyyon bir spesifikasiyaya cavab vermolidir.

Acar sozlar: neft, cihaz, sonaye, diagnostika, avadanliq

Giris: Neft hasilati miiossisalorinda yerloson monitoring sensorlari neftin istehsali, emali,
daginmast  vo  saxlanmasi liciin  obyektlori  birlogdiron  neft-qaz  kompleksinin
avtomatlagdirilmasinda on vacib vozifolordon biridir. Bu qurgularin hamisinda diizgiin
islomoadon masul olan temperatur, tozyiq va S. nozarat etmok iigiin miixtalif sensorlar istifads
olunur. Bununla birlikds, bu cihazlarin nozarati vo ya izlonmasi bazon ¢ox ¢atindir, ¢linki bir
¢ox obyekt gondarma (nazarat) néqtasindan bir masafods yerlosir.

Parametrlosdirmoa ilo yanasi bu sensorlardan da vaxtli-vaxtinda malumat oldo etmok iiciin
texniki iggilorin tez-tez miiossisads soxson olmasi vo monitoring vo ya parametrlogdirmas tigiin
bir ol alatindon istifads etmasi lazimdir, bu da xiisusilo miiassisa is¢ilorinin osas is yerindan on
kilometr mosafodo yerlogso oldugca olverissizdir. Digor bir miirokkab texniki problem,
miivoqgati bir avadanliq siradan ¢ixdigdan sonra sistemi yenidon baglatmagin zoruriliyidir,
bunun {igiin texniki is¢ilor sistemi birbasa yerindo agmaq / sondiirmok tiiglin oslava Say
gostormoalidirlor.

Sensorlar1 uzaqdan izlomok, sistemi parametrlosdirmok vo yenidon yiiklomok gabiliyyati
sayasinds bu planlasdirilmis vo planlasdirilmamis sofarlorin say1 boyiikliik doracasi ilo azaldila
bilor.

Uzun mosafalorde monitoring vo parametrlosdirma magsadi ilo signal 6tiiriilmasi tigiin HART
IP, Modbus TCP va ya Profinet kimi Ethernet protokollarina ¢evrilmalidir. Phoenix Contact,
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sensorlardan golon HART signalim1 Ethernet protokollarina g¢evirmok figiin bir HART
multipleksorundan istifado etmok toklif edilir.

HART multipleksoru modul bir qurulusa malikdir. Sistem bir "bas" modulu vo an ¢ox bes
sensoru birlosdirmok ti¢iin modullardan ibaratdir. Biitiin modullar slavs vasito olmadan daxili
soboka vasitasilo baglanir. "Bas" modulu sistemi 10/100 Mbit/ s siiratlo biikiilmiis ciit kabel
vasitasilo sistemi ethernet sobokasine qosmaq tiglin istifado olunur. Sensorlar1 birlosdirmok
ticiin modullar birlosdirilmis sensorlarin sayma gora boliintir - dord vo ya sokkiz sensor.
Maksimum bir sistem 40 sensordan gsalon signallar1 isloys bilar.

Bagli sensorlar ham aktiv, hom do passiv ola bilor. Sistemin diizgiin islomasi iiglin bazi
sensorlar slags sensorundan slave miigavimat tolob edir ki, bu da sensorlarin inteqrasiyasini
¢otinlogdirir.

Sensorlarin sistemlo olagesini sadolosdirmok tig¢iin 250 Ohm daxili miigavimat gostaran
modullar hazirlanmisdir. Bazi hallarda, sensorlar1 haddindon artiq yiiklomak lazimdir va bunun
tigtin hall metodu ayri-ayri giriglor / ¢ixislar {igiin bir modul tomin edir. Bu moduldaki signal
prioritet qaydada otiiriiliir.

Quyular, boru kamoarlari va yanacaqdoldurma stansiyalar1 kimi neft obyektlori ¢ox vaxt inkisaf
etmis telekommunikasiya infrastrukturundan ¢ox aralida, ¢otin orazi olan arazilords yerlosirlar.
Bu, onlart idara etmayi, qorumag: Vo izlomayi ¢otinlogdirir. Osas tohlikkalor arasinda boru
komorina icazasiz qosulma vo neft mohsullarinin ogurlanmasi da var. Ogurlugun garsisinin
alinmasi vo nozaratin haoyata kecirilmasinin asas sortlorindan biri daim video nazaratin vo
Internet baglantisinin olmasidir. Bununla birlikda, ¢atin orazi vo soharlordon boyiik bir uzaqliq
soraitinds adi simli texnologiyalardan istifado etmok miimkiin deyil.

Uzaq obyektlori interneto qosmaq vo daimi monitoring aparmagq {ii¢iin EuroMobile sonaye
marsrutlagdiricilarina  osaslanan simsiz  nozarst sistemlorini inkisaf etdirir. Obyektin
uzaqligindan vo boru kamorinin uzunlugundan asili olaraq optimal sayda kamera segilir. Catin
iglim soraitindo sabit islomasi ii¢iin avadanliglara xiisusi toloblor qoyulur. Yonlandiricilor
sayasinds video kameralardan alinan molumatlar real vaxt rejiminds nozarst otagina gondarilir.
Basqa bir vazifs video analitikdir. Boru komarindoki kameralarin say1 yiizlorlo ola bildiyindan
hamisina baxmagq fiziki baximdan miimkiin deyil.

Bu cihazlar istehsal vo emal omoliyyatlarinda an ¢ox istifado edilon tipdir. Orifis saygaclari,
tobii gaz {iciin on ¢ox yayilmis saxlama o6tiirmo saygacdir. Dastok saygaclarindan moalumatlarin
ottirtilmasi, geyd edilmasi va yigilmasi ti¢lin ¢ox sayda cihaz mévcuddur. Lovha axin axinina
daxil edildikds va axin agilisdan (dolikdon) kegoands yuxari axin tozyiqinin bir hissasi stirat
basligina gevrilir. Siirat bashigi, agizligin biraz agagi hissosindo yerloson "vena kontrakt1" nda
an boyiik va tazyiq basligi an kigikdir. A¢iq boslugdaki diferensial tozyigq Bernoulli tanliyi ilo
stiratlo olagslidir. Diferensial tozyiq va statik tozyiq 6l¢iildiikde vo dalik dlgiisii, boru dlgiisii vo
qaz xiisusiyyatlori malum olduqda, axin siirati hesablana bilor.
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Sokil 1. Flang Musluklari

Asagi bir noqtada, siirat basligi avvalki dayarina qayidir va tozyiq, agizdan avvalki vaziyyato
golir. Yiiksok axin tozyiqi ilo barpa noqtasindaki tozyiq arasindaki forq, imumiyyatlo dalikdan
asagida sokkiz boru diametri hesab olunur, daimi tozyiq itkisi adlanir. Orifis saygaclar1 digor
saygaclarla miiqayisodo nisbaton yiiksok daimi tozyiq itkisine malikdir. Daimi tozyiq itkisi
maksimum tozyiq diferensialinin yiizdo 90-1 godor ola bilor. Dagigliys bir nego amil tosir
gostorir. Bozi amillor diferensial tozyiqin 6lgiilmasinin daqigliyino asaslanir. Digor amillor
axin stiratinin diferensial tozyiglo no godor dogiq slageli olmasina asaslanir. Dagiglik gaynaq
buruglarin1 vo osaslarint bilmoklo yaxsilagdirilir, lakin biitlin geyri-dagiqlik manbalari
minimuma endirildikds toxminan yiizds 1-0 godar artirila bilor. Orifis saygaclari praktik araliq
gabiliyyati ilo toxminan 3 ilo 1 arasinda mohdudlasir, ¢linki diferensial tozyiq ¢ixisi axinin
kvadratina miitonasibdir. Oxuma cihazindaki daracslor axin araliginin toxminon ti¢ds birinin
altinda doqiq oxumagq tiglin bir-birina ¢ox yaxinlasir. Diferensial tozyiq normal olarag normal
dizayn aximinda tam miqyasl gostoricinin yiizdo 50 ilo 70 arasinda olmalidir. Daqiq 6lgmalor
boylik donmo olmadan axm tolob edir. Bu sobobdon dslikdon yuxari vo asagi boru
komoarlarinin diiz axis1 ti¢iin talablor var; diizaldici ganadlardan bazan istifads olunur. Bir delik
plitosinin montajinin an sads isulu, iki flang arasina yerlosdirilmosidir. Adi boru flanglari
istifado edilo bilor, ancaq dslik flanslari, dslik bosqabinin asanligla markazlasdirilmasina
imkan verir. Diferensial tozyiq cihazlarinin birlogdirilmasi {igiin lazimi doracads sixilmis vo
vurulmus xiisusi flanslar almaq tiglin on ¢ox yayilmisdir. Bu qurasdirma névii imumiyyatlo
"flang tap" qurasdirilmasi kimi tanmnir. Boru kamorlorins tozyiq kranlar qurasdirildigda 6lgmo
0 goadar da daqiq deyil, ¢linki bu yerlords tozyiq diferensiali miiayyan bir voziyyat {igiin flang
kranlarinda oldugu qodor boyiik deyil. Bu tip quragdirma tam axig kranlar1 vo ya daha ¢ox
"boru kranlar1" kimi taninir. Normalda istifado olunmur va ¢akindirilacokdir.

e R o Sl

L

Sakil 2. Boru kranlari
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Bozon diferensial tozyiq vo ya bas saygaclar olaraq da adlandirilan bu cihazlar, istehsal vo
emal amaliyyatlarinda istifado edilon an ¢ox yayilmis saygac tipini toskil edir. Agiq saygac,
tobii qazin saxlanilmasinda istifado olunan timumi 6l¢ii vasitesidir. Orifis saygaclar iigdon
birina donma nisbati gonastbaxs oldugda vo mayenin 6zliilityli az olduqgda mayelar {i¢iin bazon
istifado olunur. Maye viskozitesinin ¢ox yiiksok ola bilacoyinin bir gostaricisi, diizalis
faktorunun boyiik olmasi vo ya cadvaldon ¢ixmasidir. 0,005 Pa-don yuxari viskoziteler tiglin
ozliiliik diizoldma faktoru nozore alinmalidir. Ugdon biro godor geri donmo nisbatlori, axin
stirati desiyi doyisdirmaya imkan veran bir sokilda doyisarss, tez bir dayisikliys uygun birdon
cox dolik istifado edarok yerlosdirilo bilar. Orifis saygaclari yuxari vo asagi axinlarda birbasa
borulara ehtiyac duyur. Mokan nazars alindigda, bu mahdudlasdirict amil ola bilar.

]

]

Sakil 15. Miixtalif Boru Konfiqurasiyalari-Vanalar {i¢iin Minimum Diiz Uzunluq

Axin Otiiriictilori oxuma va ya timumilogdirma cihazinin mexaniki alagonin asanligi diisiiniilon
osas cihaz yerlosdiyi halda olverisli bir uzaq yerds yerlosmosino imkan verir. Axini gostoran
diferensial tozyiq ti¢iin 6tiirtictilar hagiqi hiss olunan diferensial tozyiqi ya 20 ilo 100 kPa ya da
4 - 20 mA signalina g¢evirir. Bundan sonra signal borularla vo ya tello aliciya otiiriilo bilor.
Yerdoyigsmo Vo turbin axin saygaclari &tiiriilmo ti¢iin 20 ilo 100 kPa vo ya 4 - 20 mA signaldan
cox, ya kontakt gapanma, ya da elektron impulslardan istifads edirlor. Xiisusi axin sensorlari
Otirtilmo tigtin mixtalif sxemloardon istifado edir.

Bu cihazlar tiglin gabuledicilor, geydedicilora, nazarotcilora va ya digar analoq cihazlara giris
ticiin lazim olduqda, imumiyyatlo 4 ilo 20 mA analog ¢ix1s tomin edir. Pnevmatik &tiirticiilorin
istifadasi azalir. Moveud avadanliq pnevmatik oldugda va igloyon heyst pnevmatikani yaxsi
tanidiqda, pnevmatik 6tiiriilma ustiinliik togkil eda bilor. Algilayict elementin islanmis hissalari
texnoloji mayelori ilo uygun olmalidir. Bir ne¢o sirkot bozon "agilli Gtiirliciilor™ adlanan
mikroprosessor asasli vericilor toklif edir. Bu otiiriiciilar ya asas proses kompiiteri, ya da xiisusi
bir programg¢1 torafindon uzaqdan proqramlagdirilmig vo / vo ya istonilon istonilon diapazonda
kalibrlona bilor. Bu 6tiiriicilor tmumiyyatlo Distributed Control System (DCS)
totbigetmalorinds istifads olunur.

Pnevmatik diferensial tozyiq saygaclari iiciin mocmu axini toyin etmok ii¢iin standart metod
diagram geyd cihaz1 ilo diferensial tozyiqi, statik tozyigqi vo temperaturu geyd etmokdir.
Axtarilan iimumi miqdar1 miioyyanlosdirmak {igiin zamanla axin siiratini ortalamaq {giin
grafiklor bir Emco- Mc Gaughty Integrator ilo oxunur. Olgmonin daqiqgliyi oxunuslarin na
godor sabit olmasindan asilidir. Diferensial tozyiq gostoricilori, xiisusilo qaz qaldirici
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quyularinda ¢ox dayiso bilocayi li¢lin bu tip inteqrasiyanin dagiqliyi 0 godor do yiiksok deyil.
Verilonlori diferensial tozyiglordan, statik tozyiqdon vo istilik Otiiriiciilorindon birlogdiran
elektron cihazlar timumiyyatlo mikroprosessor oasaslidir vo ham mexaniki saygaclara, hom do
elektron oxunuslara malikdir. Movcud funksiyalar bir istehsalgidan digarine ¢ox miixtalifdir.
Umumi xiisusiyyatlor, istanilon miihandis vahidlarindos ¢ixisi, istonilon formulla hesablanmasi,
uzaqdan oxumag Vs Ya idars etmak ti¢iin 4 ilo 20 mA aras siirat ¢1xis1, uzaq totalizatorlar vo
ya hayacan signallar ii¢iin alages ¢ixiglart vo iimumilagdirms ilo ani axin doracasi vo yigilmis
axmnin elektron oxunuslaridir. bir ne¢o metr qagis igiin. Pozitiv yerdoyismo saygaclari
mexaniki bir axin totalizatorunu idars etmok iigiin kifayst godor inkisaf etdirilir. Totalizer,
saygacin istonilon miihondis boélmolorinds Kalibrlonmasi  {igiin  disli sistem vasitasilo
birlogdirilir. Bir ampul temperatur sensorii tonzimlomasini istifado edorok, temperaturun
oxunusunu kompensasiya edon ikinci bir saygac olava edilo bilor. Bu xiisusiyyst Avtomatik
Temperatur Kompensasiyast (ATC) adlanir. Uzaq bir cihazin igo salinmasi tigiin bir kontakti
baglayan vo ya elektron nabz gondoaran nobz otiiriictilori alave edilo bilor. Bu cihazlar top
tomin edanlor vao segmo cihazlar iigiin xiisusilo vacibdir. Bu cihazlarin kolleksiyasi pozitiv
yerdoyisma saygacinin istiine qurasdirilir vo "yigin" adlanir. Pozitif yerdoyismo saygaclari,
diferensial tozyiq cihazlar1 ilo eyni sokildo uzaq axin siiratinin Olgiilmasini vo ya
timumilogdirilmasini tamin eds bilor. Osas forq axin girig signalinin ayri bir mayenin hacmini
tomsil edon bir nobz olmasidir. Turbin saygaclari uzagdan oxumagq ti¢lin pozitiv yerdoyismo
saygaclarina banzor sokildo tomir olunur. Turbin saygaclari ti¢iin nabz daracasi timumiyyatlo
pozitiv yer doyisdirmo saygaclarindan daha yiiksokdir. Turbin saygaclari mexaniki
birlogdirilmis cihazlari idars etmok tiglin kifayat qodoar tork inkisaf etdirmir.

Xam neft, bir neft quyusundan olds edilmis tomizlonmomis karbohidrogen mayesinin
qarigigidir. Su molekullarini vo ¢okiintiiyli xamdan ayirdiqdan sonra hacm iki metoddan birini
istifads edoarok miioyyanlosdirils bilar: Kigik hacmlar tigiin (giinds 1-100 barel neft), yag 6lgma
birbasa islomo anbarlarindan hayata kegirilir. Qagis, icara yerindon alinan neftin ¢okilmasi va
mialico {iglin sahadon Konarda dasinmasidir. ©Ovvalco xam bir niimuns gotiriirik va Su
molekullarin1 vo c¢okiintiilorini qarisigdan ayiran bir ‘sarsint’’ testi liclin bir santrifiijo
yerlosdiririk. Bundan sonra bir qagis hocmi bir 6l¢gma kamarinin saxlama anbarina endirilmasi
ilo 6l¢iiliir. Bu cihaz bir torafdon agirlasdirilir vo mayenin yaxinliqdaki bir boru kamarino va ya
yiik masinina axidilmasi ti¢iin agilan bir ¢ixis klapani var. Saxlama g¢oni demak olar ki bos
olduqda, ¢okilon yagin dogiq hacmini tapmagq ti¢iin ikinci bir 6lgmo Komari oxunmasi alinir (vo
hacmlor miigayisa olunur). Olgma siiriismasi xam Vo ya tobii qazin dlgiilmasi iigiin polad
karkasa yigilmis bir nego Ol¢ii alatindon ibarot avtomatlagdirilmis bir sistemdir. Bunlar,
saxlama koOg¢iirmosinin Olg¢lilmasi zamani maliyya toxminlorini toyin etmok iigiin istifado
olunur. Olgma iimumiyyatlo maye aximinin dl¢iilmasi iigiin bir neca axin saygacindan, siibut
sistemindon vo gaz halinda olan karbohidrogenlorin analizi va o6l¢iilmasi ii¢iin bir qaz
xromatoqrafindan ibaratdir. IFS-don LACT vahidlori va Olgmo siiriismoalori, viskoziteleri 2 -
5000 santistok arasinda dayison karbohidrogen mayelarini doqiq 6l¢a Vo niimuna gétiira bilar.
Olgmaodo tapila bilon bazi kémokei alatlor arasinda Coriolis debimetrlor, turbin vo ya pozitiv
yerdoyismo saygaclari, densitometr, arxa tozyiq Vo termal relef vanalari, hava tomizlayici,
prover olagolori vo PLC idaroetmo sistemlori yer alir. Coriolis debimetr xiisusi bir tipdir otaloto
osaslanan bir maye kiitlosini 6lgon axin saygacinin. ‘Coriolis effekti’, salinan bir borudan axan
bir maye kiitlasi torofindon yaradilan otalotin borunun kiitlo axinina nisbatlo biikiilmasine
sabab oldugu fiziki bir fenomendir. Tacriibada, bir Coriolis debimetrindaki giris borusundan
kegon karbohidrogen maye vo ya tobii qaz, o6lgiilon mayedoki qarisiqhiga sobob olan bir
aktuatorla titrayir. Coriolis debimetrlor, sanayedoki an daqiq 6l¢gma alstlorindan biri kimi genis
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yayilmigdir. Bununla birlikds, test edilon mayenin igarisinds baloncuklar oldugu zaman bu
alatlor sohv nisbatina sahib ola bilor. Digor neft vo qaz debimetr tiplarina turbin vo ya miisbot
yerdayisma (PD) axindl¢anlor daxildir. Bunlar mayenin bir migdarimi dafalorls tutaraq sorbast
buraxaraq igoarisindon axan mayenin hacmini toyin edon xiisusi neft vo gqaz 6lgmo alotloridir.
Pozitiv yerdoyisma aximodlganlor bir ciit disli kimi bir-birina 'mesh' olan goxsayli firlanan
hissalordan istifads edir. PD aximdlganlar su, karbohidrogenlor, asindirict mayelar va s. Daxil
olmaqla miixtalif mayelor ti¢lin boru kamarlari arasindaki hacm axini 6l¢a bilar.

Notico: Biitlin molumatlarin goriintiilonmasini optimallasdirmaga vo tosvirlori miiayyon
alqoritmlora goro toskil etmoys komok edocok video analitik hallor toklif edirik. Masalan,
yalniz harokatin kadrda goriindiiyli vo ya iiz askarlanmasinin baslandigi anlar1 gora bilarsiniz.
Kameralardan golon molumatlar xarici miihitdo qeyd edilo bilor. Sonaye marsrutlasdiricilar:
sayosinda istonilon obyektlori interneto qgosmaq miimkiin olur. Qiillalorda bu, uzagdan nazarat
etmoys Vo yanacaqdoldurma montagalorinds - Wi-Fi paylamaga vo hor hansi bir xidmot
molumatini tohliikasiz rabito kanali ilo 6tiirmays imkan verir.

Boru komori sisteminin yiiksok asinmasi sobobindon sizma sayi artir vo yanginla miisayiat
olunan neft mohsullarinin tokiilmasine vo qaz tullantilarina sobob olur. Otraf miihit
miitoxassislorinin fikrinco, gozalar naticesinds illik neft mohsullarinin itkisi oan az 5 milyon
tondur vo bu da atraf miihito boyiik ziyan vurur.

Hor il boru kamarlarinin texniki vaziyyatinin giymatlondirilmasi, borpa todbirlori vo fovgoalads
hallarin naticalorinin aradan qaldirilmasi iizra islarin hocmi artir. Bu problemin halli, neft va
gaz boru komorlorinin tomassiz diaqnostikasi ti¢lin yeni yiiksok performansli robot
texnologiyalariin va texniki tonzimlomalorin inkisafi vo onlarin zadslonmaloari ilo slagodar
fovgolado hallarin vaxtinda miioyyanlosdirilmasine vo qarsisinin alinmasina imkan veran vo
tomir vo barpa islorinin xarclorini minimuma endirmok asasinda miimkiindiir.
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Azarbaycan Dovlot Neft vo Sonaye Universiteti. Azorbaycan
Enerji Moasololorini Tonzimloma Agentliyi.

Email: lala_bekirova@mail.ru, feyziyev99-10@mail.ru

ABSTRACT

Nagqilsiz (simsiz) vo avtonom sensorlar vo cihazlar ssasinda temperatur 6lgon informasiya-
Olgmo sistemlorindo sigrayishi inkisaf, simsiz sonayenin miqyasmin genislonmasi va bu
texnologiyalar vasitssila cihazlarin xiisusiyyatlori dyranilib aragdirilmisdir.

Keywords: Simsiz texnologiya, siganallarin emali, garisiq signal, sensorlar, analoq rogom
ceviriciloari, avtonom sensorlar.

Bu, rogemsal, signallarin emal nazariyyasi va tatbigindaki inkisaf va yeni boyiik dlgiilii simsiz
integral sxem vo digar cihazlarin meydana golmasi ilo oldo olunur. Xiisusilo, yeni inteqgral
sxem IC texnologiyasi radio avadanliqlarini daha kigik, daha ucuz vo daha etibarli edir. Uygun
sonaye saholorindaki inkisafla barabar, istehlak¢inin talobati vo mohsullara olan ehtiyaci simsiz
rabito sistemlorinin genis yayilmasina imkan verir. Bu sahoadoki artim tendensiyalarinin sonraki
illorda daha da siiratlo davam edacayi prognozlasdirilir.

Simsiz texnologiya milasir sensorlarda vo cihazlarda genis istifads olunur. Tipik simsiz sensor
0ziinds eyni ¢ipda 6lgii elementlori, signal emalinin dovralari va simsiz rabits komponentlorini
birlogdirir. SOC, MEMS vo ASIC-lor daxil olmagla simsiz sensorlar ti¢lin bir ne¢o
miniatiirlogsdirma texnikast movcuddur. Simsiz sensorda, tam sistem {igiin birlagdirilmali olan
bes asas komponent vardir: sensor, signal emalinin dovralori, radio, batareya vo paketdir.
Radio, sensorlar va signal emalinin dévralarinin 6lgiilari hibrid sxemlar, mikroelektromexaniki
sensorlar MEMS vs ya qarisiq siqnalli ASIC dizayni sayasinds azaldila bilar.

Simsiz cihazlar bes osas komponentdon ibarotdir — sensorlar vo signal monbalori,
programlagdirila bilon rogomsal aparat, yaddas, giris ¢ixis vo rabito komponentlori vo s.,
mosalon, ekran, klaviatura vo gida monbayi. Cihazlar malumatlari idars etma, Gtiirma Vo
niimayis etdirmo tsullart ilo bir-birindon farglonir. Avtonom sensorlar, simsiz slage qurma
gabiliyystino malik 6z-6ziina isloyan 6l¢ii cihazlaridir. Onlarin, sahiyys, aerokosmik va otraf
mithitin monitoringi kimi sahalords totbiglorini miimkiin edon paylanmis molumat yigma
sistemlorindo vo simsiz sensor sobokolorindo (WSN) qovsaqglar rolunu oynamalaridir.
Avtonomlugunu (sorbostliyini) artirmaq {i¢lin avtonom sensorlar, miimkiin oldugu toqdirdo
asag1 giic rejimlorinds isloyarok orta enerji tolobatini azaltmaga ¢alisirlar. Onlar vaxtin gox
hissosini gozlomo rejimindo kegirirlor vo yalniz xiisusilo verilonlorin 6l¢iilmasi, emali vo
oOtiiriilmasi gobulu kimi miiayyan proseslori yerina yetirmok {igiin aktivlosirlar.

Avtonom sensorlar, sensorlar, signal monbalori, prosessorlar vo o6tiiriiciilordon ibaratdir.
Sensorlar fiziki vo ya kimyovi signali elektrik sahasindoki miivafiq elektrik signalina ¢evirir.
Cox vaxt, ticari Otiirlictilor simsiz rabits {igiin istifado olunur. Onlar, verilonlori lisenziyasiz
ISM-do otiiriiliirlor vo xiisusi vo ya standart (mosalon, IEEE 802.15.4) protokolundan istifado
edo bilirlar.
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Rogomsal temperatur vericilori qosulmus temperatur vericisi vo ARC-don basqa, bir gayda
olaraq verilonlorin ardicil miibadilasi kontrollerina (National Semiconductor firmasinin SPI™
u QSPI™ y MICROWIRE™) malikdirlar. (masalon, AD7816/7817/7818)

_+Vop=27B 0558

ADT818
Temperatur DGM QI;ma_ —_—
vericisi 25V registri Lt A>B =0 OTl
Takt
generatoru > $—<—>° Diweour
Vit € Analog
w1 @=L multipleksoru > » Cig
10 martabali registri
> ARG
idaraetma SCLK
registri
RDWR
AGND CONVST

Sak. 8.54. AD7818 bir girisli votemperatur vericili (10-mortabali ARC)

Sistemin torkibina daxildirlor: 10 mks gevirmo zamani ilo ARC; ¢evik ardicil interfeys (Intel
8051, SPI™, QSPI™, MICROWIRE ™); vericinin kristalinda -550-don +1250-dok temperatur
vericisinin mévcudlugu; temperaturun 6l¢iilmasi doqigliyi +20 (40 °C-don +85 °C-dok);
qosulmus 2.5 V £ 1% dayaq manbayini mévcudlugu; qidalanma garginliyi diapazonu (+2.7 V-
dan +5.5 V-gadar); segimlorin 10 Hs tezliyinds sopalonmo giici 4 mVt g¢evrilmoa bitdikdan
sonra qidalanmanin avtomatik azalmasi rejimi; qizmaya gora “kosilmo” ¢ixis1; analoq girislor;
dordii. AD7817 ficlin, biri AD7818 fiiciin; AD7416/AD7417/AD7418 sadalanlara
miivafigdirlor, lakin 12C interfeysino malikdirlor.

REFm ‘+Voo=2.TBﬂ0 55B
' ADTBIV
Temperatur DGM Qizma > —_—
vericisi 25V registri A>B om
* i
Takt -
generatoru » 1 Dour
Vini
Vinz Analog SCLK
Vine multipleksoru - 0 o - r:};;?ﬁ _
Vins martabali RD/WR
ARG
Idare_etn:le D
registri
TS
AGND DGND BUSY CONVST

Sak. 8.53. AD7817 ardicil interfeysli 10-martobali roqgamsal temperatur vericisi

Notico: Buxar niimunasi gotiiron boru kamori sizintisim1 izloama sistemlarinin odobiyyatlarda
miixtolif novlari toklif edilmisdir. Boru komori miihiti otrafindaki nasazliglari agkar etmok
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ticlin karbohidrogen kegiricilik silindrino osaslanan sniff borularindan istifads edildiyi
bildirilmisdir. Aparilan todqiqata gora, borulardan sizma sobobiylo dagilmis qazi agkar etmok
tiglin boru komoarinin altina bir sensor cihazi yerlosdirilmolidir. Sokilda sistemin effektivliyini
maksimuma ¢atdirmagq tiglin boru kamorindaki sensor cihazinin yerlosmasini tosvir edir.

Gas detector : O .

Gas
concentration il )

1>

« = Pumptime

Buxar segma sistemlorinin istiinliiklari arasinda tozyiq va ya axin tarazligindan asili olmayaraq
kicik sizintilar1 askar etmok qabiliyyati vo ¢oxfazali axin totbigetmalorinds sizintilar1 askar
etmok (i¢lin Ustiin xiisusiyyatlori vardir. Bundan olave, sensor ohomiyyatli bir hidrostatik
tozyigo davam gotirs bilor. Bununla birlikds, bu texnikanin asas ¢atismazliglarindan biri cavab
miiddotinin maksimum tez bir zamanda olmasidir. Umumiyyatlo, sizmalar1 askarlamagq bir
nega saatdan bir nego giina gadar davam eds bilor. Bu sobobdan bir buxar sensorunun basqa bir
sizma agkarlama tisulu ilo birlogsmasi daha yaxsi vo qisa miiddstds nasazligi askara ¢ixara bilor
Vo naticanin optimallagdirilmasini tomin edacokdir.
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Georgian Technical University. Member of Academy of Economical Sciences. Member of New York Academy of
Sciences.

Director of first English school named "Nino". Doctor of Economical Sciences. Full Professor.

Lia Eliava

Kutaisi University.Economic expert in the sphere of economy and current events in financial sector.Full Professor.
PhD in Business Administration.

Liana Ptaschenko

National University «Yuri Kondratyuk Poltava Polytechnicy, Doctor of Economical Sciences. Professor.
Nino Didbaridze

Microbiology and Immunology Department. Immunologi Direction. Thilisi State Medical University. PhD MD.
Paata Koguashvili

Georgian Technical University. Doctor of Economical Sciences. Full Professor. Academician. Member of Georgia
Academy of Sciences of Agriculture.

Sergei S. Padalka

Doctor of Historical Sciences, Professor, Senior Researcher at the Department of Contemporary History and Policy at
the Institute of History of Ukraine National Academy of Sciences of Ukraine.

Tamar Didbaridze

Thilisi State Medical University, First University Clinic. PhD in MD.

Zurab Khonelidze

Sokhumi State University. Doctor of Political Sciences. Professor.

Honorary editorial board members:

Agaheydar Seyfulla Isayev

Azerbaijan State Oil Academy. Doctor of Economical Sciences. Professor.
Jacob Meskhia

Thilisi State University. Faculty of Economics and Business. Full Professor.
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INTERNATIONAL ADVISORY AND EDITORIAL BOARD

Australia

Shahid Khan

Monash Business School. Sessional Lecturer. PhD in Management.

Vikash Ramiah

UNISA School of Commerce. Associate Professor. PhD in Applied Finance.

Azerbaijan

Abbas ismayilov

Azerbaijan State Agricultural University. Associate Professor. PhD in Biology Science.

Almaz Mehdiyeva

Azerbaijan State Oil and Industry University.Associate Professor. PhD in TS

Amir V. Aliyev

Ministry of Health of Azerbaijan Republic Lung Diseases Department. Guba District Central Hospital Head

of Department. PhD of Medicine

Aytekin Hasanova

Azerbaijan Medical University. | Preventive Medicine Faculty. Deputy of Dean. PhD in Medical Biology.

Araz Manucheri-Lalen

Associated Professor, PhD Department of Psychiatry, Azerbaijan Medical University.

Arif M. Mammad-Zada

"Geotechnological problems of oil, gas and chemistry”, Scientific Research Institute, Professor, Chief Researcher. DS.
Azer K. Mustafayev

Turan Medical Clinic. Cardiologist. PhD in Medicine. Azerbaijan.

Beykas Seyfulla Xidirov

Azerbaijan State Oil and Industrial University. Head of department. Doctor of Economical Sciences

Djamil Alakbarov

A researcher at the Research Institute for Lung Diseases. PhD in medicine. Azerbaijan

Elchin Suleymanov

Baku Engineering University. Associate Professor of Department Finance. PhD in Economy.

Elmira Valiyeva

Azerbaijan State Agrarian University Senior teacher of the Chair of Lnguages.

Elshan Mahmud Hajizade

UNEC. Center of Energy Economics, Director. Doctor of Economic Science. Professor.

Emin Mammadzade

Institute of Economics of ANAS. Economic institute. Phd in Economy. Associate professor.

Farda Imanov

ANAS. Georgrapy Institute. Doctor of Georgraphy Sciences. Professor.

Garib Mamedov

Nafional Academy of Sciences of Azerbaijan Republic. Academician-secretary of the Department of Agrarian
Sciences of ANAS, Academician of ANAS. Doctor of Biolgical Sciences.

Heyder Guliyev

Azerbaijan State Agricultural University. English Teacher. PhD in Philology

Ibrahim Gabibov

Azerbaijan State Oil and Industrial University. Doctor of Technical Sciences. Professor

Jamala Mursalova

Azerbaijan National Academy of Sciences. Genetic Resources Institute. PhD BS.

Lala Bekirova

Azerbaijan State Oil and Industrial University. Azerbaijan National Avation Academy. PhD.TS

Leyla I. Djafarova

Clinic "Medium" Baku. Doctor of Medical Sciences. Professor

Mahmud Hajizade

Sector Director of State Fund for Information Technology Development of the Ministry of Communications and High
Technologies of the Republic of Azerbaijan, Ministry of Transport, Communications and High Technologies of the
Republic of Azerbaijan.

Naila Quliyeva

Azerbaijan Medical University. Assistant in "lImmunology" Program at Paediatrics Diseases Department. Docent and
Academic Manager in "Allergology and Immunology" Department.

Rafig Gurbanov

Azerbaijan State Oil and Industrial University. Doctor of Technical Sciences. Professor

Ramiz Gurbanov

Azerbaijan State Oil and Industrial University. Doctor of Technical Sciences. Professor

Rashad G. Abishov

Dental Implant Aesthetic Center Harbor Hospital, Azerbaijan State Doctors Improvement Institute. PhD. Azerbaijan.
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Rena Gurbanova

Azerbaijan State Oil and Industrial University. Associate Professor. PhD in Chemistry.

Saadat Sultanova

Azerbaijan Medical University. Il Obstetric Gynecology Department. Doctor of Medical Science. Associate Professor.
Sadagat V. Ibrahimova

Azerbaijan State Oil and Industrial University. Academician Doctor of Economical Sciences. PhD

Sain Safarova

Azerbaijon Medical University. 2nd Internal Medicine Department. Associate Professor. PhD in Medicine.

Samira Mammadova

Sumgayit State University. Senior Teacher of History and its teaching methodology in History Faculty. PhD in History.
Sayyara lbadullayeva

Institute of Botany. National Academy of Sciences. Professor. PhD in Biological Sciences.

Sevinj Mahmudova

Azerbaijan State Agrarian University. PhD. Researcher.

Tarbiz Nasrulla Aliyev

Innovation Center of Natfional Academy of Azerbaijan Republic. The deputy of director. Doctor of Economical
Sciences.Professor

Tariel Omarov

Azerbaijan Medical University. Department of surgical diseases. PhD in Medicine

Tofig Ahmadov

Azerbaijan State Oil and Industrial University. Doctor of Geology and Mineralogy Sciences. Professor

Tofig Yusif Baharov

Azerbaijan State Oil Company.Scientific Research Institute . Head of department. Doctor of Geology and Mineralogy
Sciences

Tofig Samadov

Azerbaijan State Oil and Industrial University. Doctor of Technical Sciences. Professor.

Tubukhanum Gasimzadeh

Azerbaijan Natfional Academy of Sciences. Institute of Dendrology of Azerbaijan NAS. Leading researcher PHD in
Biological Sciences, Associate Professor.

Vusal Ismailov

“"Caspian International Hospital”. Orthopedics Traumatology Expert. MD. Azerbaijan.

Zakir Aliyev

RAPVHN and MAEP. PhD in Agricultural Sciences, Professor of RAE academician.

Zakir Eminov

ANAS. Giography Institute. Doctor of Georgraphy Sciences. Associate Professor.

Bahrain

Osama Al Mahdi
University of Bahrain, Bahrain Teachers College. Assistant Professor. PhD, Elementary Education and Teaching

Bangladesh

Muhammad Mahboob Ali
Daffodil International University. Department of Business Administration. Professor.

Belarus

Tanua Teterinets

Belarusian State University of Agricultural Technology. Doctor of Economical Sciences. Associate Professor.
Vladimir Yanchuk

Belarus State University. Professor. Academy of Postgraduate Education. PhD in Social Psychology.

Bosna & Hercegovina

Igor Jurcic

Head of marketing Business group for VSE/SME. Telecommunication Business and Management.

Ratko Pavlovich

University of East Sarajevo. Faculty of Physical Education and Sport. Full Professor. PhD in Sport Sciences.

Brazil

Paulo Cesar Chagas Rodrigues
Federal Institute of Education, Science and Technology of Sao Paulo. Professor. PhD in Mechanical Engineering.
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Bulgaria

Desislava Stoilova

South-West University * Neofit Rilski”. Vice Dean of Faculty of Economics. Associate Professor. PhD in Finance.
Eva Tsvetanova

Tsenov Academy of Economics, Svishtov, Bulgaria Department of Strategic Planning. Head assistant professor. PhD in
Economy.

Jean-Frangois Rouge

University of technology Sofia.Professor researcher. PhD in Management.

Jean-Frangois Rougé

University of Technology, Sofia. PhD in Business law

Milena Kirova

Sofia University “St. Kliment Ohridski”. Professor. PhD in Philology.

Croatia

Dragan Cisi¢

University of Rijeka. Faculty of Maritime Studies. Full professor. PhD in Logistics, e-business.

Egypt

Abdelbadeh Salem

Professor at Faculty of Computer and Information Science, Ain Shams University.

Neyara Radwan

King Abdul-Aziz University. Jeddah. KSA. Business Administration Department. Faculty of Economics and Administration.
Assistant Professor. Suez Canal University. Mechanical Department. Faculty of Engineering. Assistant Professor.

France

Michael Schaefer
L' Association 1901 SEPIKE International, Président at SEPIKE International. PhD of Economical Sciences.

Georgia

Anzor G. Abralava

Georgian Technical University. Doctor of Economical Sciences. Full Professor

Dali Sologashvili

State University named Akaki Tsereteli. Doctor of Economical Sciences. Full Professor

Dali Osepashvili

Professor of Journalism and Mass Communication TSU (Tbilisi State University), Head MA Program "Media and New
Technology"

Davit Tophuria

Tbilisi State Medical University. Head of Infernational Students Academic Department, Associate Professor. PhD in HNA.
Eka Avaliani

International Black Sea University. Associate Professor. PhD in History.

Eka Darchiashvili

Thilisi State University named after Sv. Grigol Peradze. Assistant of professor. PhD in BA.

Ekaterine Maghlakelidze

The University of Georgia, Associated professor, Business, Economics and Management School.

Enene Menabde-Jobadze

Georgian Technical University. Academical Doctor of Economics.

Eter Bukhnikashvili

Dental clinic "NGM-Innovation Dental". The doctor-stomatologist. PhD in Medicine.

Evgeni Baratashvili

Georgian Technical University. Head of Economic and Business Department. Doctor of Economical Sciences. Full
Professor

George Jandieri

Georgian Technical University; Chief scientist, Institute of Cybernetics of the Georgian Academy. Full Professor
George Malashkhia

Georgian Technical University. Doctor of Economical Sciences. Full Professor.

Giorgi Kepuladze

Akaki Tsereteli State University, Faculty of Business, Law and Social Sciences, PhD in Economics. Invited teacher.
Gulnara Kiliptari

Thilisi StateMedical University. Head of ICU department. Associate professor.

lamze Taboridze

Scientific Center of the Humanitarian Educational University, Head, PhD in Medicine. Associate professor.
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Ketevan Golefiani

Batumi Navigation Teaching University. Dean of Logistics Faculty.Batumi Shota Rustaveli State University. Doctor TS,
Professor.

Larisa Korghanashvili

Tbilisi State University (TSU) named Ivane Javakhishvili. Full Professor

Larisa Takalandze

Sokhumi State University, Faculty of Economic and Business. Doctor of Economic Sciences.

Lia Davitadze

Batumi Shota Rustaveli State University. Higher Education Teaching Professional. PhD in Educational Sciences.
Lia Matchavariani

Thilisi State University (TSU) named Ivane Javakhishvili. Full Professor, Faculty of Exact & Natural Sciences (Geography
Dep.)

Loid Karchava

Doctor of Business Administration, Association Professor at the Caucasus International University, Editor-in-Chief of the
internatfional Scientific Journal "Akhali Ekonomisti" (The New Economist)

Maia Kapanadze

Georgian State University named Javaxashvili. Doctor of Economical Sciences. Associate Professor.

Maia Matoshvili

Thbilisi State Medical University. The First University Clinic. Dermato-Venereologist. Assistant Professor. PhD in DAPS.
Mariam Darbaidze

Davit Aghmashenebeli National Defense Academy of Georgia. The Head of Education Division. PhD in Biology.
Mariam Kharaishvili

llia State University. Asistent Professor. PhD MD.

Mariam Nanitashvili

Executive Director - Wise Development LTD (Training Centre). Associated Professor at Caucasus University. PhD in
Economics

Nana Shoniya

State University of Kutaisi named Akakhi Tsereteli. Doctor of Economical Sciences. Full professor

Natia Beridze

LEPL National Environmental Agency of Georgia, Invited Expert at International Relations and PR Division. PhD in
Political Science.

Nelli Sichinava

Akaki Tsereteli State Universiry. Associate. Professor. PhD.

Nino Gogokhia

Thilisi State Medical University. Head of Laboratory the First University Clinic. Professor.

Nino Museridze

GGRC Georgian-German Center for Reproductive Medicine, Owner and Clinical Director. The Doctor of Medicine,
Full Professor.

Nino Pirtskhelani

Associated Professor of Department of Molecular and Medical Genetics of Tbilisi State Medical University.
Omari Omarimu

Toilisi State University named lv. Javakhishvili. Doctor of Chemical Sciences Professor

Rati Abuladze

St. Andrew the first-called Georgian University of the Patriarchate of Georgia. Faculty of Economics and Eusiness
Edministration. Manager of the Faculty Quality Assurance Office. PhD in Business Administration.

Rusudan Kutateladze

Georgian Technical University. Doctor of Economical Sciences. Full Professor

Rusudan Sujashvili

New Vision University. School of Medicine. Professor,

Simon Nemsadze

Georgian Technical University. Doctor of Technical Sciences. Full Professor

Tamar Giorgadze

Thilisi State Medical University. Department of Histology, Cytology and Embryology. Assistant Professor.

Tamila Arnania-Kepuladze

Akaki Tsereteli State University. Department of Economics. PhD in Economic.

Tengiz Museliani

Georgian Technical University. Academic Doctor of Technical Sciences. Associate Professor

Timuri Babunashvili

Georgian Business Academy of Science. Doctor of Economical Sciences. Full Professor.

Vladimer Papava

Thilisi State Medical University. Assistant-Professor. PhD. MD.

Zaira Gudushauri

Georgian-Azerbaijan University named G.Aliyev. Assosiate Professor. PhD. ES.
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Germany

Hans-Juergen Zahorka

Assessor jur., Senior Lecturer (EU and International Law, Institutions and Economy), Chief Editor of "European Union
Foreign Affairs Journal”, LIBERTAS - European Institute, Rangendingen

Alexander Dilger

University of MUnster. Professor of Business Economics. PhD in Economy.

Greece

Margarita Kefalaki
Communication Institute of Greece. PhD in Cultural Communication. President of Institute.

Hungary

Nicasia Picciano
Central European University. Department of International Relations and European Studies.

India

Federica Farnefi

University of Bologna. Department of Sociology and Business Low. Associate Professor. OhD in Economic &
Management.

Prasanta Kumar Mitra

Sikkim Manipal Institute of Medical Sciences. Deptartment of Medical Biotechnology. PhD in Biochemistry.

Samant Shant Priya

Lal Bahadur Shastri Institute of Management, New Delhi, Associate Professor in Philosophy PhD in Marketing.

Sonal Purohit

Jain University, Center for Management Studies, Assistant Professor, PhD in Business Administration, Life Insurance,
Privatization.

Varadaraj Aravamudhan

Measi Instittue of Management. Associate Professor. PhD in Management.

Iraq

Rana Khudhair Abbas Ahmed
Irag, Baghdad, Alrafidain University College. Lecturer, Global Executive Administrator, Academic coordinator. PhD in
Scholar (CS).

Iran

Azadeh Asgari
Asian Economic and Social Society (AESS). Teaching English as a Second Language. PhD

Italy

Simona Epasto

University of Macerata. Department of Political Science, Communication and International Relations. Tenured
Assistant Professor in Economic and Political Geography. PhD in Economic and Political Geography

Donatella M. Viola

London School of Economics and Political Science, London, Assistant Professor in Politics and International Relations at
the University of Calabria, Italy. PhD in International Relations.

Jordan

Ahmad Aljaber

President at Gulf University. German Jordan University, Founder / Chairman of the Board. Ph.D in Computer Science
Ahmad Zamil

Middle East University (MEU). Business Administration Dept. Associate Professor. PhD Marketing

Ikhlas lbrahim Altarawneh

Al-Huessien BinTalal University. Business Department. Full Professor in Human Resource Management.

Asmahan Majed Altaher

Arab Academy for Banking and Financial Sciences. Associate Professor. PhD in Management Information System.
Sadeq AlHamouz

Middle East University (MEU). Head Computer Information Systems. PHD. Computer Science.
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Safwan Al Salaimeh
Agaba University. Sofrware Engineering Department. Information Technology Faculty. Professor. PhD.

Kazakhstan

Alessandra Clementi

Nazarbayev University School of Medicine. MD, GP. Assistant Professor of Medical Practice and Family Medicine
Altinay Pozilova

Sirdarya University. Associated professor. PhD in Pedagogy Science.

Anar Mirazagalieva

Astana Internationl University. Vice-President. PhD in Biology.

Anna Troeglazova

East Kazakhstan State University named Sarsen Amanjolov. PhD

Gulmira Zhurabekova

Marat Ospanov West-Kazakhstan State Medical Academy. Department of Human Anatomy. Associate Professor
Guzel Ishkinina

Ust-Kamenogorsk, Russian Economy University G. Plekhanov, Associate Professor, PhD in Economic science.
Marina Bobireva

West Kazakhstan State Medical University named Marat Ospanov. PhD

Niyazbek Kalimov

Kostanay Agricultural Institution. PhD

Nuriya Kharissova

State University of Karaganda. Associate Professor of Biological Science

Nikolay Kurguzov

State University of Pavilodar named S. Toraygirova. PhD. Professor.

Oleg Komarov

Pavlodar State Pedagogical Institute. Professor of Department of Economics, Law and Philosophy. PhD in Sociology,
Zhanargul Smailova

Head of the Department of Biochemistry and Chemical Disciplines named after MD, professor S.O. Tapbergenova
NAC Medical University of city Semey.

Kosovo

Donat Rexha
Faculty of Economics and Management at the AAB College. Professor. Lecturer. Local Consultant at the UNICEF.

Libya

Salaheddin Sharif
University of Benghazi, International Conference on Sports Medicine and Fitness, Libyan Football Federation- Benghazi
PhD in Medicine (MD)

Latvia

Tatiana Tambovceva
Latvian Council of Science. Riga Technical University. Assoiate Professor at Riga Technical University.

Lithuania

Agne Simelyte

Vilnius Gediminas Technical University, Associate professor. Phd in Social Sciences (Management)

leva Meidute — Kavaliauskiene

Vilnius Gediminas Technical University. Vice-dean for Scientific Research

Vilma (Kovertaite) Musankoviene

e-Learning Technology Centre. Kaunas University of Technology. PHD

Laura Uturyte

Vilnius Gediminas Technical University (VGTU). Head of Project Manager at Pl Gintarine Akademy. PhD in Economy.
Loreta (Gedminaite) Ulvydiene

Professor of Intercultural Communication and Studies of Translation. Vilnius University. PHD

Zhaneta Simanavichiene

Professor, head of Laboratory Business Innovation University of Mykolas Romeris. Honorary consul of Estonia

Macedonia

Liza Alili Sulejmani
International Balkan University. Head of Banking and Finance department. Assistant Professor. PhD of Economics.
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Malaysia

Anwarul Islam

The Millennium University. Department of Business Administration. Associate Professor.

Kamal Uddin

Millennium University, Department of Business Administration. Associate Professor. PhD in Business Administration.

Morocco

Mohammed Amine Balambo
Ibn Tufail University, Aix-Marseille University. Free lance. Consultant and Trainer. PhD in Philosophy. Management
Sciences, Specialty Strategy and Logistics.

Nigeria

Bhola Khan
Yobe State University, Damaturu. Senior Lecturer and Head, Dept. of Economics. PhD in Economics.

Norway

Svitlana Holovchuk
PhD in general pedagogics and history of pedagogics.

Pakistan

Nawaz Ahmad
The Aga Khan University. Chief Examiner. PhD in Management.

Poland

Grzegorz Michalski

Wroclaw University of Economics. Faculty of Engineering and Economics. PhD in economics. Assistant professor.
Kazimierz Waluch

Pawel Wlodkowic University College in Ptock, Assistant Professor at the Faculty of Management. PhD in Economy.
Robert Pawel Suslo

Wroclaw Medical University, Public Health Department, Health Sciences Faculty, Adjunct Professor of Gerontology
Unit. PhD MD.

Tadeusz Trocikowski

European Institute for Eastern Studies. PhD in Management Sciences.

Qatar

Mohammed Elgammal
Qatar University. Assistant Professor in Finance. PhD in Finance

Romania

Camelia Florela Voinea

University of Bucharest, Faculty of Political Science, Department of Palitical Science, International Relations and
Security Studies. PhD in Political Sciences.

Minodora Dobreanu

University of Medicine, Pharmacy, Sciences and Technology of Térgu Mures. Faculty of Medicine. Professor. PhD in
Medicine.

Odette (Buzea) Arhip

Ecological University Bucuresti. Professor at Ecological University. PhD.

Russia

Alexander A. Sazanov

Leningrad State University named A.S. Pushkin. Doctor of Biological Sciences. Professor

Alexander N. Shendalev

State Educational Institution of Higher Education. Omsk State Transport University. Associate Professor
Andrey Latkov

Stolypin Volga Region Institute of Administration, Ranepa. Sc.D. (Economics), Ph.D. (Politics), professor,
Andrei Popov

Director "ProfConsult Group". Nizhniy Novgorod Region. PhD
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Anton Mosalyov

Russian State University of Tourism and Service. Associate Professor

Carol Scott Leonard

Presidential Academy of the National Economy and Public Administration. Vice Rector. PhD, Russian History
Catrin Kolesnikova

Samara Architectural and Constructional University. PhD

Ekaterina Kozina

Siberia State Transportation University. PhD

Elena Klemenova

South Federal University of Russia. Doctor of Pedagogical Sciences. Professor

Galina Kolesnikova

Russian Academy of Natural Sciences and International Academy of Natural History. Taganrog Institute of
Management and Economics. Philologist, Psychologist, PhD

Galina Gudimenko

Orel State Institute of Economics and Trade. Department of History, Philosophy, Advertising and Public
Relations.Doctor of Economical Sciences. Professor.

Grigory G. Levkin

Siberian State Automobile and Highway Academy. Omsk State Transport University. PHD of Veterinary Sciences
Gyuzel Ishkinina

Ust-Kamenogorsk affiliation of G. Plekhanov Russian Economy University / Associate Professor, Business, Informatics,
Jurisprudence and General Studies sub-department. PhD in Economic science.

Iina V. Larina

Federal State Educational Institution of Higher Professional Education. Associate Professor

Iina Nekipelova

M.T. Kalashnikov Izhevsk State Technical University. Department of Philosophy. PhD

Larisa Zinovieva

North-Caucasus Federal University. PHD.Pedagogical Science. Associate Professor

Liudmila Denisova

Department Director at Russian State Geological Prospecting University. Associate Professor

Lyalya Jusupowa

Bashkir State Pedagogical University named M.Akmully. PHD Pedagogy Science. Associate Professor
Marina Sirik

Kuban State University. Head of the Department of Criminal Law, Process and Criminalistics of the State Pedagogical
University.

PhD in Legal Sciences.

Marina Volkova

Research Institute of Pedagogy and Psychology. Doctor of Pedagogical Sciences. Professor

Natalia Litneva

Orlov State Institute of Economy and Trade. Volga Branch of The Federal State Budget Educational Institution of Higher
Professional Education

Nikolay N. Efremov

Institute of Humanitarian Research and the Russian Academy of Sciences. Doctor of Philology. Research Associate
Nikolay N. Sentyabrev

Volgograd State Academy of Physical Culture. Doctor of Biological Sciences. Professor. Academician.
Olga Ovsyanik

Plekhanov Russian Economic University, Moscow State Regional University. Doctor in Social Psychology.
Olga Pavlova

Medical University named Rehabilitation, Doctors and Health, Professor of the Department of Morphology and
Pathology, Doctor of biological sciences, physiology

Sergei N. Fedorchenko

Moscow State Regional University of Political Science and Rights. PhD

Sergei A. Ostroumov

Moscow State University. Doctor of Biological Science. Professor

Svetlana Guzenina

Tambov State University named G.R. Derzhavin. PhD in Sociology

Tatiana Kurbatskaya

Kamsk State Engineering — Economical Academy. PhD

Victor F. Stukach

Omsk State Agrarian University. Doctor of Economical Sciences. Professor

Zhanna Glotova

Baltic Federal University named Immanuel Kant, Ph.D., Associate Professor.

Saudi Arabia

Ikhlas (lbrahim) Altarawneh
Ibn Rushd College for Management Sciences. PHD Human Resource Development and Management.
Associate Professor in Business Administration
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Salim A Alghamdi
Taif University. Head of Accounting and Finance Dept. PhD Accounting

Serbia

Aleksandra Buha

University of Belgrade. Department of toxicology "Akademik Danilo Soldatovi¢", Faculty of Pharmacy
Jane Paunkovic

Faculty for Management, Megatrend University. Full Professor. PhD, Medicine

Jelena Purenovic

University of Kragujevac. Faculty of Technical Sciences Cacak. Assistant Professor. PhD in NM systems.

Sultanate of Oman

Nithya Ramachandran

Ibra College of Technology. Accounting and Finance Faculty, Department of Business Studies. PhD

Rustom Mamlook

Dhofar University, Department of Electrical and Computer Engineering College of Engineering. PhD in Engineering /
Computer Engineering. Professor.

Sweden

Goran Basic
Lund University. Department of Sociology. PhD in Sociology. Postdoctoral Researcher in Sociology.

Turkey

Fuad Aliew

Gebze Technical University, Department of Electronics Engineering, Faculty of Engineering,Associate professor, PhD in
Automation engineering

Mehmet Inan

Turkish Physical Education Teachers Association. Vice president. PhD in Health Sciences, Physical Education and Sport
Sciences

Muzaffer Sanci

University of Health Sciences. Tepecik Research and Teaching Hospital. Clinics of Gynecology and Obtetrics
Department of Gynecologic Oncologic Surgery. Assocciated Proffesor.

Vugar Djafarov

Medical school at the University of Ondokuzmayis Turkey. PhD. Turkey.

Yigit Kazancioglu

Izmir University of Economics. Associate Professor, PhDin Business Administration.

UK

Christopher Vasillopulos

Professor of Political Science at Eastern Connecticut State University. PhD in Political Science and Government.
Frances Tsakonas

International Institute for Education Advancement. Ceo & Founder. PhD in Philosophy.

Georgios Piperopoulos

Northumbria University. Visiting Professor, Faculty of Business and Law Newcastle Business School. PhD Sociology and
Psychology.

Mahmoud Khalifa

Lecturer at Suez Canal University. Visiting Fellow, School of Social and Political Sciences, University of Lincoln UK. PhD in
Social and Political Sciences

Mohammed Elgammal

Qatar University. Assistant Professor. PhD in Finance.

Stephan Thomas Roberts

BP Global Project Organisation. EI&T Construction Engineer. Azerbaijan Developments. SD 2 Onshore Terminal.
Electrical engineer.

Ukraine

Alina Revtie-Uvarova

National Scientific Center. Institute of Soil Structure and Agrochemistry named Sokolovski. Senior Researcher of the
Laboratory, performing part-time duties of the head of this laboratory.

Alla Oleksyuk-Nexhames

Lviv University of Medicine. Neurologyst at pedagog, pryvaty refleksoterapy. MD PD.
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Anna Kozlovska

Ukrainian Academy of Banking of the National Bank of Ukraine. Associate Professor. PhD in ECcomomic.

Bogdan Storokha

Poltava State Pedagogical University. PhD

Dmytro Horilyk

Head of the Council, at Pharmaceutical Education & Research Center. PhD in Medicine.

Galina Kuzmenko

Central Ukrainian National Technical University, Department of Audit and Taxation, Associate Professor.PhD in
Economiy.

Galina Lopushniak

Kyiv National Economic University named after Vadym Hetman. PhD. Doctor of Economic Sciences, Professor.
Hanna Hulicieva

Institute of Microbiology and Virology, NASU, department of phytopatogenic bacteria. The senior research fellow, PhD
in Biology.

Hanna Komarnytska

Ivan Franko National University of Lviv , Head of the Department of Economics and Management, Faculty of Finance
and Business Management, Ph.D. in Economics, Associate Professor.

Iryna Skrypchenko

Prydniprovsk State Academy of Physical Culture and Sports. Department of Water Sports. Associate Professor. PhD in
Physical Education and Sport.

Katerina Yagelskaya

Donetsk National Technical University. PhD

Larysa Kapranova

State Higher Educational Institution «Priazovskyi State Technical Universityn Head of the Department of Economic
Theory and Enfrepreneurship, Associate Professor, PhD in Economy,

Lesia Baranovskaya

National Technical University of Ukraine "Kyiv Polytechnic Institute”, PhD, Associate Professor.

Liliya Roman

Department of Social Sciences and Ukrainian Studies of the Bukovinian State Medical University. Associate professor,
PhD in Philology,

Liudmyla Fylypovych

Vice-president of Ukrainian Association of Researchers of Religion (UARR), H.S. Skovoroda Institute of Philosophy of
NASU. Doctor of philosophical sciences. Professor

Lyudmyla Svistun

Poltava national technical Yuri Kondratyuk University. Department of Finance and Banking. Associated Professor.
Mixail M. Bogdan

Institute of Microbiology and Virology, NASU, department of Plant of viruses. PhD in Agricultural Sciences.

Nataliya Bezrukova

Yuri Kondratyuk National Technical University. Associate Professor, PhD in Economic.

Oleksandr Voznyak

Hospital *Feofaniya™. Kyiv. Head of Neureosurgical Centre. Associated Professor

Oleksandra Kononova

Prydniprovska State Academy of Civil Engineering and Architecture (PSACIA), Assoc.professor of Accounting,
Economics and Human Resources Management department. PhD. in Economic Science.

Oleksandr Levchenko

Central Ukrainian National Technical University, Kropyvnytskyi. Vice-Rector for Scientific Activities. Professor.

Olena Aleksandrova

Borys Grinchenko Kyiv University, Dean of the Faculty of History and Philosophy. Doctor of Philosophical Sciences,
Professor.

Olena Cherniavska

Poltava University of Economics and Trade, Doctor of Economical Sciences. Professor

Olga F. Gold

Odessa National University named I.I. Mechnikov. Odessa pedagogical college. PhD

Olga I. Gonchar

Khmelnytsky National University, Economics of Enterprise and Entrepreneurship, Doctor of Economic Sciences,
Professor.

Roman Dodonov

Head of the Philosophy Department. Borys Grinchenko Kyiv University. Doctor of philosophical sciences. Professor.
Roman Lysyuk

Assistant Professor at Pharmacognosy and Botany Department at Danylo Halytsky Lviv National Medical University.
Stanislav Goloborodko

Doctor of Agricultural Sciences, Senior Researcher. Institute of Agricultural Technologies of Irrigated Agriculture of the
National Academy of Agrarian Sciences of Ukraine

Svetlana Dubova

Kyiv National University of Construction and Architecture. Associate Professor. PhD in TS.
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Tetiana Kaminska

Kyiv Cooperative Institute of Business and Law. Rector. Doctor of Science in Economics. .

Valentina Drozd

State Scientific Research Institute of the Ministry of Internal Affairs of Ukraine. Doctor of Law, Associate Professor, Senior
Researcher.

Vasyl Klymenko

Central Ukrainian National Technical University. Department of Electrical Systems and Energy Management. Doctor TS.
Professor.

Victoriya Lykova

Zaporizhzhya National University, PhD of History

Victor P. Mironenko

Doctor of Architecture, professor of department "Design of architectural environment”, Dean of the Faculty of
Architecture of Kharkov National University of Construction and Architecture (KNUCA), member of the Ukrainian
Academy of Architecture

Vita Tytarenko

H.S. Skovoroda Institute of Philosopy, National Academy of Sciences. Professor at the Department of Philosophy.
Yuliia Mytrokhina

Donetsk National University of Economics and Trade named after Mykhaylo Tugan-Baranovsky., PhD in Marketing and
Management. Associate Professor

Yulija M. Popova

Poltava National Technical University named Yuri Kondratyuk. PhD in Ecomomic. Assiciated professor

Crimea

Lienara Adzhyieva

V.I. Vernadsky Crimean Federal University, Yevpatoriya Institute of Social Sciences (branch). PhD of History. Associate
Professor

Oksana Usatenko

V.I. Vernadsky Crimean Federal University. Academy of Humanities and Education (branch). PhD of Psychology.
Associate Professor.

Oleg Shevchenko

V.I. Vernadsky Crimean Federal University, Humanities and Education Science Academy (branch), Associate Professor.
PhD in Social Philosophy

Tatiana Scriabina

V.I. Vernadsky Crimean Federal University, Yevpatoriya Institute of Social Sciences (filial branch). PhD of Pedagogy.
Associate Professor

United Arab Emirates

Ashok Dubey

Emirates Institute for Banking & Financial Studies, senior faculty. Chairperson of Academic Research Committee of
EIBFS.

PhD in Economics

Maryam Johari Shirazi

Faculty of Management and HRM. PhD in HRM. OIMC group CEOQO.

USA

Ahmet S. Yayla

Adjunct Professor, George Mason University, the Department of Criminology, Law and Society & Deputy Director,
International Center for the Study of Violent Extremism (ICSVE), PhD in Criminal Justice and Information Science
Carol Scott Leonard

Presidential Academy of the National Economy and Pubic Administration. National Research University — Higher
School of Economics. Russian Federation

Christine Sixta Rinehart

Academic Affairs at University of South Carolina Paimetto College. Assistant Professor of Political Science. Ph.D.
Political Science

Cynthia Buckley

Professor of Sociology at University of lllinois. Urbana-Champaign. Sociological Research

Medani P. Bhandari

Akamai University. Associate professor. Ph.D. in Sociology.

Mikhail Z. Vaynshteyn

Lecturing in informal associations and the publication of scientific articles on the Internet. Participation in research
seminars in the "SLU University" and "Washington University", Saint Louis

Nicolai Panikov

Lecturer at Tufts University. Harvard School of Public Health. PhD/DSci, Microbiology
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Rose Berkun

State University of New York at Buffalo. Assistant Professor of Anesthesiology, PhD. MD

Tahir Kibriya

Director technical / senior engineering manager. Black & Veatch Corporation, Overland Park. PhD Civil Engineering.
Yahya Kamalipour

Dept. of Journalism and Mass Communication North Carolina A&T State University Greensboro, North Ca. Professor
and Chair Department of Journalism and Mass Communication North Carolina A&T State University. PhD

Wael Al-Husami

Lahey Hospital & Medical Center, Nardone Medical Associate, Alkhaldi Hospital, Medical Doctor, International
Health, MD, FACC, FACP

Uruguay

Gerardo Prieto Blanco
Universidad de la Republica. Economist, Associate Professor. Montevideo.

Uzbekistan

Guzel Kutlieva

Instifute of Microbiology. Senior Researcher. PhD in BS.

Khurshida Narbaeva

Institute of Microbiology, Academy of Sciences Republic of Uzbekistan, Doctor of biological sciences.
Shaklo Miralimova

Academy of Science. Institute of Microbiology. Doctor of Biology Sciences. PhD in BS.

Shukhrat Yovkochev

Tashkent State Institute of Oriental Stadies. Full professor. PhD in political sciences.
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NGO International Center for Research, Education & Training (Estonia, Tallinn) is publishing scientific
papers of scientists on Website and in Referred Journals with subjects which are mentioned below:

© The Baltic Scientific Journals

ISSN: 2613-5817; E-ISSN: 2613-5825; UDC: 0 (0.034);

DOI PREFIX: 10.36962/PIRETC

Proceeding of The International Research Education & Training Center.
https://scia.website/index.php/piretc

PROCEEDINGS

ISSN: 2674-4562, E-ISSN: 2674-4597, UDC: 620.9 (051) (0.034);
DOI PREFIX: 10.36962/ENECO

Proceedings of Energy Economic Research Center. ENECO
https://scia.website/index.php/eneco

SENECO

ISSN: 1609-1620, E-ISSN: 2674-5224; UDC: 62 (051) (0.034);

DOI PREFIX: 10.36962/P AHTEI

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

AZORIAYCAN ALETEXNKE SIOKTOBLORINIY XBOKLOKI
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ETM Equipment, Technologies, Materials
https://scia.website/index.php/etm
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ISSN: 2733-2713; E-ISSN: 2733-2721; UDC:

DOI PREFIX: 10.36962/SWD

SOCIO WORLD-SOCIAL RESEARCH & BEHAVIORAL SCIENCES
https://scia.website/index.php/swd

Society of Azerbaijanis living in Georgia. NGO. (Georgia, Tbilisi) is publishing scientific papers of
scientists on Website and in Referred Journals with subjects which are mentioned below:

© Southern Caucasus Scientific Journals

ISSN: 2346-8068; E-ISSN: 2346-8181;

DOI PREFIX: 10.36962/ALISJMSC

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