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Abstract

This article provides a detailed analysis of the aerodynamic and trajectory characteristics of
glide-maneuvering missiles. Glide-maneuvering missiles are capable of altering their trajectory in
the horizontal direction during the terminal phase of ballistic flight through the use of aerodynamic
lift, which significantly complicates their prediction by missile defense systems. The principles of
aerodynamic lift and drag generation are examined, and the distinction between the missile’s angle
of attack and the difference between its longitudinal axis and the actual velocity vector is explained.
The propulsion, free-flight, and terminal phases of missile flight are described, along with the ef-
fects of roll and rotation angles on the trajectory. The article also discusses the influence of shock
waves and plasma sheaths formed around the missile under hypersonic conditions (Mach 5 and
above) on aerodynamic behavior and communication processes. Furthermore, a parameter estima-
tion model based on the Earth ellipsoid is proposed for predicting the impact point of glide-maneu-
vering missiles, and a root mean square error method is presented for evaluating prediction accu-
racy. The results demonstrate that accurate calculation of missile trajectories and impact points
requires consideration of aerodynamic forces, rotational and maneuver parameters, as well as the
physical characteristics of hypersonic flight. The proposed approaches enable realistic modeling of
glide-maneuvering and hypersonic missile flight and contribute to the optimization of detection by
defense systems.
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Ballistik raketlarin trayektoriyasimin modellasdirilmasi vo zarbs néqtasinin

prognozlasdiriimasi

Q.S. Talibov
Daévlat Sarhad Xidmati Akademiyas: (Bak:, Azarbaycan)

Xiilasa

Mogalads siiriisma-manevrli raketlorin aerodinamik va trayektorial xiisusiyyatlori strafli sokilds tahlil
edilmisdir. Siriisma-manevrli raketlor ballistik raketlorin diisiis fazasinda aerodinamik galdirici qiivve va-
sitosilo wifligi istigamoatdo trayektoriyasini doyiso bilir, bu isa onlarin miidafis sistemlori ti¢iin prognozlasdi-
rilmasi ¢atinlogdirir. Magalods aerodinamik galdirici vo miigavimat giivvalarinin yaranma prinsiplori,
homginin hiicum bucagi va raketin uzununa oxu il faktiki harokoat vektoru arasindaki forq izah edilmisdir.
Raketlorin itoloma, sarbast ugus vo terminal marholalori, homginin burulma vo dénmo bucaglarinin trayek-
toriya tizorindo tosiri toqdim edilmisdir. Hipersonik rejimdos, yani Mach 5 vo yuxari siiratlords, raketlorin
otrafinda formalasan sok dalgalari vo plazma ortiiyiiniin acrodinamik vo rabito proseslorins tosiri do miiza-
kira olunmusdur. Magalods hamginin stirlismo-manevrli raketlorin zarba néqtssinin prognozlasdiriimasi
tictin Yer ellipsoidi iizro parametr giymatlondirms modeli vo orta kvadratik masafs Xatas1 metodu toqdim
edilmis, prognoz dagigliyinin giymatlondirilmasi izah edilmisdir. Noticodo, raket trayektoriyasinin va zarbs
noqtesinin dagiq hesablanmas: ii¢iin aerodinamik qiivvalar, burulma vo manevr parametrlori, homginin hi-
personik ugusun fiziki xiisusiyyatlari nozara alinmalidir. Toklif olunan yanasmalar stiriisma-manevrli va
hipersonik raketlorin ugusunun real soraitde modellasdirilmasine vo miidafis sistemlori torafindon askarlan-
masinin optimallagdirilmasina imkan verir.
Acar sozlar: ballistik raketlor, trayektoriya modellogdirilmasi, siirlisma-manevr, galdirici qiivve, zarba

noqtasi.

MoaenupoBaHue TPAeKTOPUH 0AJIMCTHYECKUX PAKET M MPOrHO3MPOBaHUE
TOYKH yaapa
I'.III. Tanbi00B
Axaodemus I'ocyoapcmeennoii Iozpanuunoii Cnyocowl Azepoaiioscanckoni PecnyOnuxu
(baxy, Azepbaiioscan)
AHHOTanUA

B nanHOii craThe MOAPOOHO TPOAHAIM3UPOBAHBI A3POJAMHAMHUYECKHE WM TPACKTOPHBIE Xapak-
TEPUCTUKU CKOJIB3AIIe-MaHEBPUPYIOMUX pakeT. CKONb3sIe-MaHeBPUPYIONINE PAKETHI CIIOCOOHBI H3MEH-
SITh CBOKO TPAEKTOPHIO B TOPU3OHTAIILHOM HAIPaBJICHUU 3a CUET a3pOJMHAMHUECKON OABEMHOM CUJIBI HA
HUCXO/JISIIEM ydYacTKe TOJéTa OaUTUCTUYEeCKON pPaKeThl, YTO CYHIECTBEHHO YCJOXKHSET WX IPOTHO3M-
pOBaHHE ISl CHCTEM TPOTHBOPAKETHON O0OpOHHEL. B crarhe paccMOTpeHBI NMPUHIUIBI (DOPMHUPOBAHUS
a’POIMHAMHYECKHUX TOJBEMHBIX U COMPOTHUBISIONINX CHII, & TaKXKe OOBSICHEHO paziiMure MEXIy YIJIOM
aTaKy W HaIlPaBIIEHUEM MIPOIOIBHOMN OCH PAaKEThI, 1 BEKTOPOM €€ (hakTHIecKoro IBrxKeHHs. [IpeacTaBieHsl
3Tamnbl TATOBOTO PasroOHa, CBOOOJHOTO MOJIETa U TEPMUHAIBHOM (a3l PakeThl, a TAKKE BIMSAHUE YIJIOB
KpEeHa ¥ MOBOPOTa Ha TpaeKTopuio nonéra. Takke oOcyKaaeTcst BIMAHUE yIAPHBIX BOJIH M IUIA3MEHHOU
000J109KH, (OPMUPYIOMINXCSI BOKPYT PAKEThI B THIIEP3BYKOBOM pexkuMe (Ipu ckopocTsax Mach 5 u Bblie),
Ha a’pOJUHAMUYECKHE U KOMMYHHMKALlMOHHBIE MpoLiecchl. B cTaThe mpeanoxkeHa Mojenb napaMeTpuyiec-
KOH OLIEHKHU 10 36MHOMY BJUIMIICOUAY Ul MPOTHO3WPOBAHUS TOUKU YAapa CKOJb3SIIe-MaHEBPUPYIOIINX
pakeT, a TaKKe€ METOJ| CpPeIHEKBaIpPATHYECKOW OMIMOKH IJii OLEHKH TOYHOCTH MPOTHO3MpOBaHHA. B
pe3ynbTaTe TMOKa3aHo, 9TO JUIsl TOYHOTO pacyéra TPAeKTOPHH U TOYKH yAapa pakeThl HEOOXOIUMO YUHUTHI-
BaTh ad3pOJMHAMUYECKHE CUJIbI, TapaMeTphl BpallleHHs M MaHEBpa, a Takke (PU3UUECKHEe OCOOEHHOCTH
TUNEP3BYKOBOrO monéra. llpeiokeHHbIe MMOAXOABI IMO3BOJISIOT MOJAEIHPOBATH TONET CKOJB3SINE-
MaHEBPUPYIOIINX W THIIEP3BYKOBBIX PAKeT B PEANbHBIX YCIOBHAX M ONTHMH3UPOBATH WX OOHApyKEHUE
crucreMaMy 0OOPOHBI.
KiroueBblie cioBa:  QaJUIMCTHYECKHE DAKEThl, MOJEIHPOBAHHE TPACKTOPUH, CKOJB3SIIE-MaHEBPHU-

poBaHUe, MOAbEMHAS CHJIA, TOUKA yaapa.
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Giris

Miiasir miihariba garaitinds raket tohliiko-
lori ononavi ballistik raketlordon daha miirok-
kab va yliksok manevr gabiliyystino malik sis-
temlora dogru inkisaf etmokdadir. ©Ononavi bal-
listik raketlor ugusun boyliik hissasini avvalca-
don miioyyan edilmis ballistik trayektoriya tizra
hayata kegirir vo ugus zamani mahdud manevr
imkanlarina malik olurdu. Bununla bels, ytik-
sok siiratlo hadoafs yaxinlagdiglari tiglin miidafio
torafi onlar1 kifayat qodor uzaq mosafodon as-
karlaya, miisahids va izloms sistemlori vasitasi-
lo trayektoriyalarint miioyyon eds vo miivafiq
oks todbirlar hoyata kegira bilirdi.

Lakin 2010-cu illarin sonlarindan etiba-
ron ugus zamani qeyri-miintazom trayektoriya
tizro manevr etmok gabiliyyatino malik yeni no-
sil ballistik raketlarin meydana ¢ixmasi raket-
don miidafis sistemlori ii¢iin ciddi ¢agirislar ya-
ratmigdir. Xiisusilo asagi hiindiirliiklords inten-
siv manevrlor edon bu raketlor mévcud askarla-
ma, izlomoa vo olokecirmo sistemlorinin effek-
tivliyini oshomiyyatli deracodos azaldir.

Natica etibarils, geyri-miintozom trayek-
toriyaya malik manevrli ballistik raketlorin
ucus xuisusiyyatlarinin, harokat modellarinin va
onlarin raketdon miidafio sistemlarina tasirinin
oyranilmasi miasir horbi todgigatlarin aktual
istigamatlorindan birino ¢evrilmisdir.

Indiyadok bu sahado aparilmis todgigat-
larda uzunmanzilli hipersas raketlarinin trayek-
toriyasinin  proqnozlagdirilmasi {igiin 9sason
trayektoriyanin hondasi parametrlorindon istifa-
do edilmisdir. Lakin asag1 hiindiirlikdo manevr
edon raketlorin trayektoriyasinin proqnozlasdi-
rilmast halo do miirakkob mosoalo olaraq qgalir.
Bozi tadgigatlarda ballistik raketlarin buraxilis
sortlori meyl bucaginin tonzimlonmasi osasinda
mioyyan edilmis, buraxilis bucagindan asili
olaraq iso maksimum ugus hiindiirliiyii vo ugus

maoasafasi kimi asas ugus parametrlori tayin edil-
misdir.

Bu yanasma raketin hiicum bucaginin ds-
yisdirilmasi naticasinds yaranan aerodinamik
galdirict vo miigavimat qilivvalorindon istifado
etmoklo ugus trayektoriyasinin vo hiindiirliik
profilinin moagsadyonlii sokildo formalasdiril-
mastna imkan verir. Lakin ballistik raketin ilkin
buraxilis bucaginin doyisdirilmasi tisulu bura-
xilig qurgularmin konstruktiv va struktur moh-
dudiyyatlori ilo sortlondiyindon, bucagmn ton-
zimlonmoasi praktik baximdan mohdud imkan-
lara malikdir. Bundan slavo, raket manevros bas-
lamazdan avval, yani ilkin yiiksalis marhalasin-
doa onun vaziyyat dayisenlarinin giymatlondiril-
moasi asasinda maksimum ugus hiindiirliyi vo
ucus mosafasi kimi trayektoriya parametrlorini
yiiksok doaqiglikla prognozlagsdirmaq miimkiin-
diir ki, bu da hamin yanasmanin asas gatismaz-
liglarindan biridir. Buna garsiliq, raketin saquli
buraxilisindan sonra donmos manevri vasitasilo
trayektoriyanin tonzimlonmasi ilkin ugus mor-
halasinds raketin trayektoriyasinin vo sonraki
harokat parametrlorinin garsi toraf torafindon
prognozlasdirilmasini shamiyyatli doracada ¢o-
tinlagdirir vo bununla da daha effektiv miidafio
va ya cavab strategiyalarinin tatbiqi ti¢iin alve-
risli sorait yaradir.

Isin magsadi

Tadgigatin moagsadi ballistik raketlorin,
xiisusilo do asagi hiindiirliikdos siirligmo-manevr
gabiliyyatino malik raketlorin ugus trayektori-
yasinin modellagdirilmasi vo onlarin zarbs noq-
tasinin prognozlasdiriimasi ti¢giin elmi-metodik
yanasmanin islonib hazirlanmasindan ibaratdir.

Moaqalads raketin ugusunun italoma, sor-
bast ugus va terminal marhalalarinds trayekto-
riyanin formalagsmasina tasir edon osas amillor
— burulma bucagi, donma siirati, hiicum bucagi,
aerodinamik galdiric1 vo miigavimat qiivvalari
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noazora alinmagla, trayektoriyanin doyismo me-
xanizmlari tohlil edilmisdir. Bundan slavs, sii-
risma-manevrli raketlorin zorba néqtasinin da-
ha daqiq miioyyan edilmasi magsadilo Yer el-
lipsoidi tizro parametr giymotlondirms modeli-
nin tatbigi vo prognoz dagigliyinin orta kvadra-
tik mosafo xotas1 (OKMX) metodu ils giymaot-
londirilmasi qarstya magsad kimi goyulmusdur.

Masalanin qoyulusu

Asagi hiindiirliikds siirlismoa-manevr ga-
biliyyatino malik vo hipersonik siiratinde ugan
ballistik raketlor klassik ballistik trayektoriya-
dan konara ¢ixaraq miirakkob vo geyri-miinto-
zom hoarakat niimayis etdirir. Bu xiisusiyyat ra-
ket aleyhino miidafio sistemlori tiglin raketin
trayektoriyasimin va ehtimal olunan zarbs nog-
tasinin avvalcadan yiiksok dagiglikle prognoz-
lasdiriimasini shamiyyatli doracada ¢atinlosdi-
rir.

Ononoavi ballistik modellordo raketin
ugusu osason caziba qiivvasinin tasiri vo sabit
baglangic sortlori osasinda tasvir edilir. Bu mo-
dellordo aerodinamik manevrlorin, hiicum bu-
caginin doyigmasinin, galdirici giivvanin va sii-
risma rejiminin trayektoriyaya tasiri kifayot qo-
dor nozora alinmur.

Bu baximdan, masalonin goyulusu ballis-
tik raketin ugusunun miixtolif morhololarinda
burulma vo manevr parametrlarinin trayektori-
yaya tosirini nozoro alan adekvat trayektoriya
modelinin qurulmasini, hamginin bu model asa-
sinda Yer ellipsoidi tizro parametrik qiymatlon-
dirmo metodundan istifado etmoklo raketin eh-
timal olunan zarba néqtasinin prognozlasdiril-
masini shats edir.

Mosalanin halli

Stirtisma-manevrli raket dedikds, ugusu-
nun miioyyon morhalasinds aerodinamik siiriis-
mo horokati yerino yetiro vo manevr etmoklo

trayektoriyasini doyiso bilon ballistik raket no-
zordo tutulur. Belo raketlor sorbost diismo reji-
mindan forgli olarag, enmo marhalasinds aero-
dinamik qiivvalarin tasiri altinda donms va sii-
riismo manevrlari yerina yetirorok ugus trayek-
toriyasini doyisa bilir. Bu xiisusiyyat raketin ho-
rokatinin prognozlasdirilmasini ¢atinloasdirir vo
klassik ballistik trayektoriyadan konara ¢ixma-
sma sobab olur. Siirismo-manevrli raketlor
asagidaki asas xiuisusiyyatlora malikdir:

1. Asagi vo ya orta hiindiirliikdos stirlisma
gabiliyyati — ugusun son moarholasinds aerodi-
namik galdiric1 vo miigavimat qiivvalarinin to-
siri ilo trayektoriyanin doyisdirilmasine imkan
Verir.

Aerodinamik galdirict qiivve — horakat
edon cismin (masalan, toyyara qanadi, raket vo
S.) lizarina tasir edon va onu hava aximinin isti-
gamatino perpendikulyar sokildo yuxar1 galdi-
ran aerodinamik qiivvadir. Aerodinamik galdi-
ric1 vo miigavimat qlivvalarinin yaranmasi hava
axint ila birbasa alagoalidir [1]. Belos ki, bir cisim
atmosferds yiiksok siiratls harokat etdikdo onun
tist va alt sathlari boyunca hava axininin siirati
forqli olur. Bu iso sothlor arasinda tozyiq forqi-
nin yaranmasina sabab olur. Qanadin st sathi
boyunca hava axminin siiratinin daha yiiksok
olmasi hamin sothds tozyiqgin azalmasina, alt
sothdo iso hava aximmin nisbaton asagi siiroti
tozyigin artmasina sabab olur. Naticada tozyiq
forgi hesabina yuxar istigamotdo tosir edon ae-
rodinamik qaldiric1 qiivve yaranir. Siiriismo-
manevrli raketlor atmosfer daxilinds bu qilivve-
don istifads etmoakls iifiigi istigamoatds uzun mo-
safalor got edir vo ugus trayektoriyasini doyisa
bilir. Eyni prinsip tayyaralorin, homginin miioy-
yon doracado parasiitlorin havada galmasinin
osasini togkil edir. Qanadin qaldirici giivvasinin
giymati havanin sixligi, axinin siirati, dovriyyo-
lonmasi va ganad kasiyinin uzunlugunun hasili-
na barabardir [2].
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2. Manevr qabiliyysti — aerodinamik
quivvalarin istigamatinin doayisdirilmasi hesabi-
na raketin yan istigamoatdo dénmosins vo tra-
yektoriyasini doyisdirmoasinoe imkan verir. Bu
iso yalniz hiicum bucaginin idars olunmasi ilo
miimkiindiir. Hiicum bucagi raketin uzununa
oxu ilo onun real harokot vektoru arasindaki bu-
caqdir [3]. Bu anlayis yalniz acrodinamik qiiv-
valarin tasir etdiyi cisimlar ti¢iin totbig olunur.
Raketin burun hissasi bir istigamoato yonaldiyi
halda, raketin real siirat vektoru (trayektoriyasi)
bir gadar fargli tarafa yonalirss, bu iki istigamat
arasindaki forq hiicum bucagini togkil edir [4].
Basqa sozlo,

a = raket gévdasinin istiqamati — rake-
tin faktiki harakat istiqamoati.

Mohz bu hiicum bucaginin doyismasi ra-
ket vo ya har hansi aerodinamik cismin atmos-
ferdo yan istigamotdo manevr etmosino sorait
yaradir. Raket, miidafio sistemindon yayinmagq
tictin manevr edos bilir. Homginin siiriisma-ma-
nevr edon raket vo ya hor hansi aerodinamik ci-
sim atmosfers daxil oldugda ona yalniz asagiya
yonalmis caziba qiivvasi deyil, eyni zamanda
cismin hondasi formasi, sothinin meyl bucag:
vo hava axini ilo qarsiligli tasiri naticosinds ya-
ranan aerodinamik qiivvolor tosir gostorir. Bu
qiivvalorin tasiri raketin yan istigamotdo ma-
nevr etmosine vo ugus trayektoriyasini doyis-
moasino imkan verir. Homin proseslor funda-
mental fiziki prinsiplors asaslanr.

Bela ki, cisim havada haorakoat edarkon ona
iki osas aerodinamik qiivva tasir edir: hava axi-
nina perpendikulyar istigamotds olan galdirici
qiivva va hava aximina paralel olan miigavimot
quivvasi. Ogar cismin sathi va ya hiicum bucagi
bir gadar sola vo ya saga meyllidirss, galdirict
qiivve vo ya miiqavimat qiivvasi tokco yuxart vo
asag1 deyil, yan komponentlors do boliiniir.

Noaticoda cismin iizarina yan istigamatdo

tomiz fiziki qiivva diisiir vo cisim yan torafs yo-
nalir. Diisma zamani hadofi yan istigamatda do-
yismo hom do hiicum bucaginin doyismasi ilo
miimkiin olur. Cisim hava axinina miioyyan bir
bucag altinda daxil olanda (masalan, bir az sola
oyildikds), st vo alt sothdo hom vertikal, hom
do yan tozyiq forqi yaranir, tozyiq forqi tfiiqi is-
tigamotdos qlivve yaradir ki, bu qiivva do cismin
sola vo ya saga siirlismasina sabab olur. Bu, fi-
ziki olarag tamamilo ganadli obyektlorin yan-
larda da galdirici qiivve yaratmasi ilo eynidir
(masalon, parasiit¢iiniin saga donmasi). Olavo
olaraq, raket atmosferda yiiksak siiratdo horokat
etdikds kigik soth dayisikliklari belo boyiik yan
quivve yaradir. Hava sixlig1 va bdyiik siirat no-
ticosinds aerodinamik qiivvalar koaskin artir.

Bu sababdan cisim ¢ox yiingiil soth meyli
ilo belo boyiik yan siirlismo yarada bilir. Yan is-
tigamotdo yaranan qiivvani F,, cismin hava axi-

nina nisbaton dénmo bucagini 6 ils isars etsak,
F, = F sinf. Burada F — iimumi qiivvadir, yo-
Nni, cismin tGizarind tasir edan bitiin aerodinamik
quivvalarin vektorial comidir.

Umumi qiivvo aerodinamik kontekstdo
hava sixl1g1 va siirat ilo birbasa olagalidir, ¢ilinki
aerodinamik qiivvolor adston bels hesablanir:

F =~ pvCA 1)
burada p — hava sixligi, v — cismin siirati, C —
aerodinamik omsal (galdirict, miigavimat vo ya
yan qiivve amsali), A — xarakterik sath sahasi-
dir.

3. Yiiksok siirat — hipersonik siirat, iimu-
milikdo, sos siiratinin besgatini asan (yani Mach
5 va yuxart) siiratlor kimi miioyyen edilir.

Malum oldugu kimi, Mach 1 atmosfer so-
raitinden asili olaraq toxminon 340 m/s (<1225
km/saat) toskil edir; buna uygun olaraqg Mach 5
togribon 6125 km/saat siirato borabardir.

Hipersonik rejim aerodinamik baximdan
subsonik va supersonik ugusdan kaskin suratds
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farglonir. Bu siirat diapazonunda cismin qarsi-
sida kaskin gapanmis sok dalgasi formalasir
ki, bu da hava axininda ekstremal fiziki doyisik-
liklora sobab olur. Sok dalgasi naticasinds hava
2000-8000 °C-ya godoar qizdirilir, yiiksok dors-
cada sixlasir vo ionlasaraq plazma halina kegir.

Qeyd olunan temperatur vo enerji saviy-
yalari sabobindon standart konstruksiya mate-
riallart bu soraitdo struktur biitovliyiini itirir.
Buna gora hipersonik ugus ti¢iin istiliys davam-
11 kompozitlor, keramika matrisli materiallar vo
xuisusi termomexaniki ortiiklor tolob olunur. Hi-
personik rejimin digar mithiim xtisusiyyati cis-
min otrafinda formalasan plazma Ortiiytidiir.
fonlasmis bu toboge aerodinamik sothlo hava
arasindaki qarsiligh tosiri doyismoklo yanast,
elektromagnit dalgalarinin yayilmasini zosiflo-
dir.

Naticado plazma buludu rabita vo tele-
metriya signallarinin sénmasing, radarla askar-
lanmanin ¢atinlogsmosing, bazi hallarda iso tam
“garaoyuq” rabito fasilalorino sobab ola bilir.
Beloaliklo, hipersonik siirat rejimi yalniz kine-
matik yiiksok siirati deyil, hom do aerotermodi-
namikanin ¢ox miirakkab va geyri-xotti proses-
larini ohato edir ki, bu da texnoloji baximdan
onu an ¢atin ugus rejimlarindon birina gevirir.

4. Raket oleyhino miidafio sistemina
qgarst ¢atinlik — manevr gabiliyyasti sababindon
miidafia sistemlarinin prognozlasdirmasini ¢o-
tinlosdirir. Strtisma-manevrli raketlor bu sis-
temlar tigtin ¢atinlik yaradir, ¢tinki, ballistik tra-
yektoriyaya riayat etmirlar, aerodinamik galdi-
ric1 qlivva ilo {ifliqi siirtismo hoyata kegirirlar,
hipersonik siirotdo manevr eds bilirlor, buna go-
ra do onlarin trayektoriyasini avvalcodon hesab-
lamaqg ¢ox ¢atindir.

Bu xiisusiyyatlor siirisma-manevrli ra-
ketlorin davranisini basa diismok tigiin vacibdir.
Eyni zamanda ballistik raketlorin 6z ucus quru-

lusu ilo miiqayiss aparmag ticiin onlarin marho-
lalorini qisaca nazordon kegirmok faydalidir.
Ballistik raketin ugus marhalalori raketin ilkin
itoloma qiivvasindan baslayarag, itoloma qliv-
Vasi sona ¢atdiqdan sonra trayektoriya tizrs Sor-
bast diisma ilo hodafa godar davam edon biitiin
prosesi shato edir vo timumilikds ti¢ marhale-
don ibaratdir. Italoma morholasi raketin buraxi-
l1is anindan italoma qiivvasinin sona ¢atdigi ana
goadar davam edir.

Bu miiddotds raket miiharrikinin yarat-
dig1 qlivva ilo siiratlonir vo yiiksalir. Sarbast
ucus morholasi iso itolomo bitdikdon sonra ra-
ketin atmosferdon konarda, asason cazibs qiiv-
vasinin tasiri ilo ballistik trayektoriyada harokot
etdiyi dovrdiir. Bu morhoalods raket bozon tra-
yektoriya diizalislori do hoyata kegirir.

Son morhals terminal morhalasidir (sor-
bast diismo marhalasi). Bu marhalads raket at-
mosfers yenidon daxil olmus ballistik raketin
hadafs qadar ugdugu marhaladir. Orta marhalo-
nin davami kimi qabul olunsa da, raket ugus tra-
yektoriyasinin zirvasindon diigarok atmosfers
daxil oldugu zaman atmosfer tosiri raketin diis-
mo siirating va trayektoriyasina shamiyyatli do-
rocado tosir gostarir. Buna goro do bu morholo
yenidon giris morhalosi adlandirilir [5].

Sokil 1 — Ballistik raketin ugus trayektoriyasi
Figure 1 — Flight trajectory of a ballistic missile

Sakil 1-da ballistik raketin parabolik ugus
trayektoriyasi gostorilmisdir. Burada, B — bura-
x1lis noqtasi, S — nazoari trayektoriyada hadof, L
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— real trayektoriyanin sarbast ucusa kecdiyi
noqta, hmax — trayektoriyanin maksimum hiin-
diirliiyii, v, raketin itolomo morhalosi bitdikdon
sonra malik oldugu siirat vektorudur (bu siirat
artiq miuhorrikin verdiyi deyil, yalniz avvalki
itolomonin naticasidir), h; — miitharrikin sondii-
riildiiyti anda raketin yer sathindon hiindiirliiyii,
d —konarlasmadir, real trayektoriyanin ideal pa-
raboladan farqlonmasini gostarir, sm — ideal hal-
da, sorbast ugusla oalds edilon imumi ugus mo-
safosidir (nazik parabolik trayektoriya {izro
olgiiliir), sm — 6 isa real ugusda aldo edilon ef-
fektiv mosafadir, saquli galxma va trayektori-
yanin doyismasi sababindon, ideal moasafodon 6
goadar az olur. Parabolik formada verilmis ha-
mar xoatt B baslangic noqtesi ilo S son ndqtasi
arasinda uzanir vo verilmis ugus parametrlorino
uygun goalon, havanin miigavimati vo aktiv ito-
lomo noazora almmmadan, ideal sorbost-diismo
ticlin nazari ugus yoludur.

Bunun oksina olaraq, parabolik trayekto-
riya boyunca tasvir edilon galin, kasik xott ra-
ketin real ugus yolunu gostarir. Bu real trayek-
toriya raketin buraxilis noqtesindon vertikal
baglangic siirati ilo galxmasini, daha sonra iso
itolomo morhalasindon kegorok siirot gazanma-
sin1 oks etdirir. Raket miiharrikinin sondiiriildii-
yii néqtadan sonra aparat artiq itoloma qiivvasi-
nin tasiri olmadan harokat edir vo sorbastdiismo
moarhalasina daxil olur [6].

Umumiyyatlo, ballistik raketlorin ilkin
itoloma moarholasinda vertikal sokildo buraxil-
masinda asas moagsad atmosfer miigavimatinin
tasirini minimuma endirmakls talob olunan sii-
roti daha az enerji sorfi ilo oldo etmokdir. Verti-
kal buraxilis sonrasi raket burulma manevri
(donmo) hayata kegirarak ugus liglin nozordo tu-
tulan ugus bucagin1 formalasdirir va bu bucaq
sonraki biitiin ballistik trayektoriyanin xarakte-
rini miioyyon edir.

Burulma manevri — raketin buraxildigdan
qisa miiddat sonra vertikal ugusdan miioyyon
bucaq altinda irali istigamoats dogru syilms ma-
nevridir. Sads desok, raketin dik yuxar1 galx-
magdan ¢ixarag, hadafs dogru uygun ugus bu-
cagimi gabul etmasi tigiin etdiyi istigamot doyis-
mod harakatidir.

Bu manevr atmosfer miigavimatini mini-
muma endirmak, maksimal hiindiirliiys daha
effektiv galxmag, mihorrikin itolomo giiciinii
optimal sokilda istifads etmok maqgsadils hoyata
kegirilir vo minimum enerji sarfi ilo maksimum
mosafonin got edilmasini miimkiin edir. Raket
buraxildigda sifir saniyads diiz yuxar1 qalxir,
bir nega saniya sonra iso burun hissasini tadri-
can irali ayarok burulma manevrini yerins yeti-
rir. Daha sonra raket hadof istigamotinds ugusu-
nu davam etdirir vo miiharrik italomasi bitdikda
sarbast diisma marhalasinag kegir.

Itolomo morholasindo ballistik raketin tra-
yektoriyas: burulma bucaginin doyismasi ils si-
mulyasiya edilir. Asag1 hiindiirliikdo siirtisma-
manevr eds bilon raketlords iso burulma bucagi
hom itolomo morhalasi, hom sarbast ugus mor-
hoalasi, hom do terminal morholasi zamani ton-
zimlonarak ugus bucagi dayisdirilir. Bu planlas-
dirma prinsipi sokil 2-do ballistik raket vo asagi
hiindiirliitkdos manevr eda bilan raketin trayekto-
riyasinin dizayn konsepsiyasi ilo gostorilmisdir.

Italomo morhalasini, sokil 3-do gostarildi-
yi kimi, ugus marholalarine bolmok olar [7].

Sabit bucag manevri, raketin ugus zamani
burun bucagini va ya ugus bucagini sabit saxla-
yaraq trayektoriyada donma va istigamat dayis-
dirmo manevrini ifado edir. Bu manevr raketin
stabil ugusunu tomin edir, aerodinamik qiivve-
larin balansin1 qoruyur va trayektoriyanin proqg-
nozlasdirilan sokildo doyismasina imkan verir.
Sifir qaldirict qlivve manevri, raketin ganad vo
ya aerodinamik sathlor vasitasilo galdirict qiiv-
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Vo yaratmadan trayektoriyada donmo manevri-
dir. Bu manevr zamani raketin yalniz miiharrik
Vo ya harakat istigamatini doyisdiran diger ito-

sarbast uguy

hiindiirlik {km)
-
=1
=
L
hiindrlik (km)

q italama marhalasinin sonu |

: milbarrik sénmasi
buulms manevri

4 T T T T
o 100 20K 300 4

vant {san}

layici qiivvalarindan istifads olunur, yani aero-
dinamik qgaldirici qiivvalor minimal saviyyado-
dir.

40 4
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Sokil 2 — Ballistik raket va siirtisma-manevrli raketin ugus trayektoriyasi
Figure 2 — Flight trajectories of a ballistic missile and a glide-maneuvering missile

— Sabit bucaq manevri

— Sifir qaldiric: gitvwe manevri

ﬂ — Saquli buraxilis vo start

Sakil 3 — Itolomo morholosinin trayektoriyasi
Figure 3 — Trajectory of the propulsion (boost)
phase

Noticads raketin trayektoriyas: daha diiz,
ballistik va ya istanilon planlasdirilmig Xatt {izro
dayisir, hamginin aerodinamik stabilizasiya vo
stirat itkisi azalir. Saquli buraxilis va start mor-
halasi, raketin yer sathindan dik vaziyyatds, yo-
ni vertikal olaraq start gotiirmasini ifads edir.

Bu tisulda raket ilk anda yalniz vertikal
komponent {izra harokot edir vo miiharrik tors-
findon yaradilan itoloyici qiivve yerin cazibs
qiivvasini iistoloyarak raketin yuxari istigamat-
do harakatini tamin edir. Saquli buraxilis ham

raketin trayektoriyasinin idars olunmasini asan-
lagdirir, ham da yerin sathindan tohliikasiz ay-
rilmasmi tomin edir. Itolomo morhalasindoki
giiclii ugusun xiisusiyyatlarina goérs, adi ballis-
tik raket vo siiriisma-manevr tipli ballistik ra-
ketin trayektoriyasini eyni sokildo hesablamaq
miimkiindiir. italomo morhalasinda giiclii ucusu
modellosdirmak ti¢iin buraxilis anindaki italo-
ma qiivvasi, buraxilis moévgeyi, ilkin siirat, ilkin
ucus bucagi va digar parametrlor baslangic sort-
lari kimi verilmigdir. Ballistik raket buraxiligin
ilkin morholasinds yanacaq sorf edorak itolomo
qivvasi yaradir vo bunun naticasinds tmumi
kiitlosi zamanla doyisir.

Raketin kiitloSinin doyigmasi iso 6z nov-
basinda itoloma qiivvasinin doyigmasing sabab
olur. italomo moarhalasinds ballistik raketin kiit-
la va itoloma qiivvasinin doyigmasi

M=M--L
Bt'd'[‘

)

kimi hesablanir. Burada M — zaman iizra yana-
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cagin sorf olunma siirati, M — raketin cari kiitlo-
si, dr — 0l¢ii vo ya kalibrloma omsali, T — itolo-
mo qlivvasi, B; — yanacagin yanma miiddati,
T — zaman iizrs itolomo qiivvesinin doyismasi,
g — cazibo (gravitasiya) siirotlonmasidir. Bu ke-
miyyat raket dinamikasinda miihiim rol oynayir
va sarbast diisma tacili deyil, lakin ugus hiindiir-
likklarinin boyiik hissasinda sarbast diisma taCi-
lindon farginin ¢ox kigik oldugunu, aerodina-
mik qilivvalarin bu forqdon gat-gat boyiik ol-
dugunu nozors alaraq adoton 9.81 m/s? gobul
olunur.

Qravitasiya siiratlonmasi cismin Yer tora-
findon 6ziino dogru ¢okilmasi naticasinds yara-
nir vo raketin horakot tonliklarinds ¢aki qiivve-
sinin hesablanmasi, xiisusi impulsun toyin edil-
moasi vo raket mitharrikinin performans gostori-
cilorinin miioyyonlosdirilmasi tiglin istifado
olunur. I, — xiisusi impulsdur. Xiisusi impuls
miihorrikin 1 kq yanacaq sarf etmoklo no qodor
impuls (itoloma tosiri) yarada bildiyini gostarir.
O, miiharrikin yanacagi na doracodo somarali
istifado etdiyini miioyyonlosdirir vo adoton sa-

niyo ilo 6lgiiliir. Xisusi impuls klassik olaraq:
F

I, = g 4)
kimi hesablanir. Burada F — itolomo qiivvasi
(N), m — kiitlo sorfidir (kg/s). I,, no godor bé-
yukdiirso, raket mitharriki bir 0 goador gonastcil
va daha yiiksok performansli olur.

Umumiyyatlo, manevr etmayon ballistik
raketlorde yanmanin bitdiyi andaki ugus bucagi
ilo stirat, raketin maksimum hiindiirliiytinii vo
ugus masafosini miioyyon edir. Ballistik raketi
tolob olunan trayektoriyaya ¢ixarmaq tigiin ov-
valcadon hesablanmig burulma programinda
miioyyan edilon parametrlor miithiim rol oynayir
[8]. Italomo morhalasinds zaman iizra burulma
slirati biitiin ballistik trayektoriyant miioyyon
edon osas amillardan biridir.

Hesablamalarda ilkin sort kimi raketin sa-

quli vaziyystdo buraxilmast gabul edilir. Mii-
harrikin sonmo anina qodar raketin ucus bucag,
onun donms (burulma) bucagi vo burulma sii-
ratinin tanzimlonmasi ils idars olunur. Bu ida-
roetmo raketin hiindiirliikk, masafs va trayektori-
ya bucaglarinin daqiq miioyyan edilmasine so-
rait yaradir.

> Raketin ugus bucagi raketin harokot et-
diyi trayektoriyanin istigamati ilo yer
sothina paralel olan {ifiigi xatt arasinda-
ki bucagdir. Bu bucaq trayektoriyanin
formasin1 miiayyon edon asas parametr-
lordan biridir, raketin hansi istigamatdo
“hoqiqi olarag” harokat etdiyini gosto-
rir, yoani raketin burun hissasinin bax-
dig1 istigamati yox, mohz real horokat
vektorunu nozors alir. ¢ = 0° oldugda
raket tam tfiiqi istigamatds ugur, ¢ =
90° olduqgda raket tam saquli istigamot-
do ugur, ¢ > 0° oldugda raket yuxariya
dogru meylli ugur, enmo fazasindadir,
¢ < 0° oldugda raket asagiya dogru
meyllidir.

» Raketin donmo bucagi, raketin uzununa
oxunun tiftigi vo saquli miistavilars nis-
baton doyisdirilmoasi noticasinds olda
edilon istigamotlondirmo parametridir.
Sado dills desak, raketin 6z oxu atrafin-
da va ya ugus miistovisinds no gadar bu-
caq doyisdirdiyini goéstoran idarsetmo
bucagidir. Bu bucaq vasitasilo raket tra-
yektoriyasinin  baglangic  istigamati,
yiiksolmo vo enmo dinamiki idars olu-
nur. Ballistik raketlordo donmo bucagi
adoton buraxilisin ilk saniyalarinds tot-
big olunan “basin oyilmasi manevri”
formasidr.

» Donmo (burulma) siirati — raketin don-
mo bucaginin zaman iizro doyisma siirs-
tidir. Bu, raketin 6z oxu boyunca sani-
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yada na qadar bucaq doayisdiyini goste-

rir.
Saquli sokilds buraxilan ballistik raketin
dénmo bucagi vo donma siirati asagidaki kimi

hesablanir:

o (L =T) 6

Belo ki, ballistik raket yalniz ilkin italomoa
morholasinds idars olundugu iigiin trayektori-
yanin diizgiin qurulmasi mohz bu bucaglardan
asihidir. Burada ¢ —ugus bucagi, P. T, — donma
bucagt, P. T, — dénmo (burulma) vaxti, T, — cari
zaman, T, — dénmonin bitdiyi zamandir [9].

Sarbast diismo trayektoriyasi mitharrikin
sonmo anindan baglayir. Giicli ugus trayektori-
yas1 boyunca horakat edon ballistik raket talab-
lora uygun siiroata ¢atdiqgda miihorrik sondiirtiliir
va bundan sonra sarbast diismo morhalasi bas-
layir. Bu morhalado adi ballistik raketlo asagi
hiindiirliiklii manevr tipli ballistik raketin tra-
yektoriyalar1 bir-birindon forglonmadiyi tigiin
(bu yalniz siiriismoa baglanana gadar dogrudur)
hor iki tip raketin trayektoriyasini eyni sokildo
modellosdirmok miimkiindiir. Bu morhsloda
ballistik raket sorbast diismo voaziyyatinds ol-
dugundan burulma bucagi ilo bagh slava do-
yisiklik tolob olunmur.

Sorbast diisma morhalasinds raketin ucus
bucagi, itoloma morholasinds hoyata kegirilon
burulma dénmasi naticasinds miioyyan olun-
dugundan, sabit gqiymat kimi gobul edils bilar.

Ballistik raket an yiiksok noqtods olanda
yuxart istigamatli (saquli) siirat tam sifir olur.
Bu noqtadan sonra cazibs qiivvasi onu yera
dogru siiratlondirmoys baslayir. Yoni raket
galxma fazasindan diismo fazasina kegir. Bal-
listik raket on yiiksok ndqtoni kegdikdon sonra
hodof noqtasina godar sarbast diismoani davam
etdirir.

Lakin asag1 hiindiirliiklii stirtisma-manevr
tipli raketlords avvalcadan planlasdirilmis ho-
dof noqtasina godor ugus mosafasini artirmaq

PL=9¢+

ticlin Sarbast diisma zamani miioyyan olunmus
hiindiirliikds vo miiayyan olunmus middat or-
zinds siirtismo ugusu hoyata kegirilir. Sorbast
diisma vaziyyatinds olan ballistik raketi stiriis-
mo rejimina kegirmok {igiin raket hadaflonan
stirisma hiindiirliyiine ¢atmadan oavval onun
ucus bucagi tonzimlonmolidir. Bu zaman hii-
cum bucagina (a) gora galdirict qlivve vo mii-
gavimat nisbati (Fq / Fm) asagidaki kimi hesab-
lanir:

Fg _ Cq(a)

P (@ ©

Burada C, (a) vo Cp, () hiicum bucagina
uygun olaraq, galdirict vo miigavimat amsalla-
rin1 ifads edir. Miigavimat nisbati gqaldirici qiiv-
vonin miigavimat qiivvasina olan nisbatidir. Bu
parametr raketin aerodinamik ‘“keyfiyyatini”
gostarir. Fq / Fm boyiik olduqda raket daha uzun
mosafoni siiratlo got edir, kigik oldugda miiga-
vimat giicli olur vo raket tez enir.

Stirisma-manevrli raketlorin analizinds
zoarba noqtasinin prognozu, yani, raketin, mor-
minin va ya har hansi u¢an obyektin yers diiso-
cayi (zarba endiracayi) néqtanin avvalcadon he-
sablanmasi on vacib masalolordondir. Bu ob-
yekt havada ugdugu zaman onun méveud vo-
ziyyot molumatlarina (yer, siirat, istigamat,
hiindiirliik vo s.) asaslanaraq haraya diisacayini
avvolcadan toxmin etmok demokdir. Zorba ndq-
tosinin prognozu trayektoriya simulyasiyasi ilo
alds edilan faktiki diisma noqtasi vo sensorlar-
dan alinan hadofin vaziyyot molumatlar: daxil
edilorak, Yer ellipsoidi iizro parametr giymat-
londirma modeli istifade olunmagla miioyyan
edilir.

Hesablama bu model vasitasils aparilir vo
olds edilon ehtimal olunan zarbs noqtasi ils si-
mulyasiya olunmus trayektoriya iizro zorbo
noqtasi arasindaki orta kvadratik masafs xatasi
(OKMX) hesablanaraq naticalor miiqayiso edi-
lir. Orta kvadratik masafs xotas1 prognoz edil-
mis zarba noqtasi ilo simulyasiya edilmis zarba
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noqtasi arasindaki mosafs forginin orta kvadra-
tik doyoridir. Bunun hesablanmasi ii¢iin prog-
noz noqtasi ilo hagiqi noqte arasindaki mosafs
hesablanir, bu mosafo kvadratlagdirilir, biitiin
testlor lizra bu kvadratlarin ortasi tapilir, sonra
hamin orta adaddon kok alinir. 9gor OKMX-s1
ki¢ikdirsa, prognoz daqiqdir, model diizgiin is-
layir.

OKMX-s1 boyiikdiirses, prognoz yanls-
dir, model dagiq deyil vo ya malumatlar kifayot
deyil. P; — prognoz edilmis zorbo noqtasi, S;—
simulyasiya edilmis (hoqiqi) zorbs noqtasi olar-
sa, bu iki noqta arasindaki mosafa:

2 2
di = \/(xpi - xSi) + (yPi - ySl-) (7)
Bir nega belo sinagimiz varsa (mosalon, 1

dofo deyil, 10 vo ya 100 dofo hesablanibsa),
OKMX-s1 bels tapilir:

Yer ellipsoidi {izro parametr qiymatlon-
dirmo modelindan istifads etmakls zarbo noqto-
sinin prognozlasdirilmasi prosesi asagidak: ki-
midir. Ehtimal olunan trayektoriya tizro zorbo
ticlin istinad noqtesi mioyyan edilir vo bu
asagidaki kimi hesablanir:

Xin cosp sinp 0
Yin| = A" |—sinp cosp 0|-R. (8)
Zin 0 0 1

Burada (Xin, Yin, Zin) iStinad noqtasinin
koordinatlari, p — obyektin indiki movgeyi ilo
zorba ndqtasi arasindaki bucaqgdir (yani raketin
hazirda oldugu ndqte ilo ehtimal olunan zarbs
noqtasi arasindaki bucaq), R, — ¢evrilmadon
avvalki koordinatlarin vektorudur.

Burada A matrisi ENU (East—North-Up)
koordinat sistemindon ECEF (Earth-Centered,
Earth-Fixed) sistemino ¢evrilmo matrisidir vo
istinad ndqtasinin cografi enliyi ¢ vo uzunlugu
A olarsa, asagidaki kimi ifads olunur:

G.Sh. Talibov
—sinA  — sin@cosA  cos@cosA
A =] cosA —singsinA cosgsini
0 cosQ sing

ENU <« ECEF koordinat keg¢idi para-
metrlordon asili olaraq formalasdirilir. ECEF
koordinat sistemi Yer ilo birlikds firlanir. Yani
Yer doénonds bu koordinat sistemi do onunla
birlikdo doniir, yers bagl (sabit) koordinat sis-
temidir. ECI (Earth-Centered Inertial) koordi-
nat sistemi isa yerin firlanmasindan asili olma-
yan sistemdir.

(8)-ci barabarliklo hesablanan ehtimal
olunan diismo istinad noqtasinin enliyi vo uzun-
lugu miivafiq olarag (9) va (10)-cu barabarlik-
lorlo miiayyan edilir [10].

en;, = sin~!| —2— 9)
o ,x§+y§+zt2
uz;, = tg! G‘Z) (10)

Burada en;, vo uz;, hadofin istinad
noqtasinin koordinatlarinin miivafiq olarag en-
lik va uzunlug komponentloarini ifads edir. Ton-
lik (9) vo (10) asasinda hesablanan enlik vo
uzunlug giymatlori otalot koordinat sistemina
aid oldugundan, gozlonilon diisma noqtasinin
daha yiiksak doagiqliklo miioyyan edilmasi mag-
sadilo Yer ellipsoidal modeli nazaras alinmali-
dir.

Geodezik enliyin hesablanmasi iigiin
WGS-84 modelinin (World Geodetic System
1984 — global saviyyadas istifads olunan geode-
zik koordinat sistemidir.

Yer sothindoki istonilon noqtonin enlik,
uzunluq vo hiindiirlik koordinatlarint miioyyon
etmok ti¢iin standart modeldir) sabit parametr-
lari olan Yer boyiik yarimoxu (ellipsoidin ekva-
tor radiusu, a = 6378.137 km) vo yastilasma
omsali (qiitb radiusunun ekvatora nisbati ils el-
lipsoidin no qodor yastt oldugunu gostorir,
f=1/298.257223563) totbiq edilir. Diigmo isti-
nad noqtasinin enliyindan istifads olunmagla, ¢
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vo s omsallari tonlik (11) va (12)-yo uygun ola-
rag hesablanir:
1

c= (11)

- Jcos(en?; )+(1—f)2-sin (en?;,)

s=(1-f)c (12)
__ Resin(engy)
9 7 sin(en;)—(a-s) (13)

Burada, H, — yer sothindon hoadofo godor
olan hiindiirliik, ¢ — istinad noqtosi omsali, S —
Yer ellipsoidinin qiymotlondirmo omsali, f —
Yerin yastilagsma omsali, & — Yerin yarimboyiik
oxu (ekvatorial radius) olaraq toyin olunur.
Tonlik (11) vo (12)-yo osason hesablanan omsal
qiymatlori, eloco da tonlik (13)-9 uygun olaraq
miloyyon edilon yer sothindon hodofs qodor
olan hiindiirliikdon istifade etmoklo, gozlonilon
diismo noqtesinin enlik vo uzunlugu miivafiq
olaraq agagidaki kimi hesablanir [11]:

en = tan™! (21—8:3) - tan (en;,)

uz = tan~! (&)
Xt

Natico

Mogalodo asagi hiindiirliikdo siirlismoe-
manevr gabiliyyatino malik ballistik raketlorin
ucus trayektoriyasinin modellasdirilmosi va
zorba noqtasinin prognozlasdiriimast mosoalasi
kompleks sokilda arasdiriimisdir.

Aparilan todgigatlar naticosinda gostaril-
misdir ki, klassik ballistik modellar aerodina-
mik manevr, hiicum bucagi va siiriisma rejimini
nazara almadigindan miasir manevrli ballistik
raketlorin trayektoriyasini adekvat sokildo tos-
vir etmokdo mohdud imkanlara malikdir. Is
cargivasindo raketin itolomo, sarbast ugus vo

terminal marhalalorinds trayektoriyanin forma-
lagmasina tasir edon asas parametrlor — burulma
bucagi, burulma siirati, ugus bucagi, hiicum bu-
cag1, acrodinamik galdirict vo miigavimat qiiv-
valari nazars alinmagla genislondirilmis trayek-
toriya modeli islonib hazirlanmisdir. Xisusila
asag1 hindirlikds siirisma-manevr rejiminin
totbiqi ilo raketin ugus moasafasinin va trayekto-
riyanin geyri-miintozomliyinin artdigi gostoril-
misdir Ki, bu da raket sleyhins miidafio sistem-
lari ti¢lin prognozlasdirmani shomiyyatli dara-
cado ¢atinlosdirir.

Zorbo noqtasinin - prognozlasdiriimasi
mogsadils Yer ellipsoidi tizro parametr giymaot-
londirms modelinin totbiqi toklif edilmis vo
WGS-84 ellipsoidal modeli asasinda enlik vo
uzunlug koordinatlarinin daha daqiq hesablan-
mas1 tomin edilmisdir. Simulyasiya naticalori
ilo prognozlasdirilmis zarba ndqtalari arasinda
OKMX-nin hesablanmasi gostormisdir ki, tok-
lif olunan metod zorbo noqtesinin miiayyon
edilmasinda yiiksak daqiglik tomin edir vo klas-
sik sferik modellarlo miiqayisads daha real no-
ticolor verir.

Natico etibarila, mogalods toqdim olunan
elmi-metodik yanasma asagi hiindiirliikdo ma-
nevr edon ballistik raketlorin trayektoriyasinin
va zorba noqtasinin prognozlasdiriimasi tiglin
praktik va totbig oluna bilon bir model kimi qiy-
matlondirils bilar.

Oldo edilon naticalor hom raket ucus di-
namikasinin daha darindon anlasilmasina, hom
do miiasir raket sleyhino miidafio sistemlarinin
giymatlondirma va analiz imkanlarinin genis-
londirilmasina t6hfs verir.

Maraglar miinaqisasi
Miisllif bu mogalads arasdiriimasi tolob olu-
nan maraglar miinagisesinin olmadigini geyd edir.
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Abstract

The article investigates the technology of applying nanocomposite coatings to protect the
surfaces of gate valves in the wellhead equipment from the rapid degradation under highly abrasive
and corrosive operating conditions. The study examines the role of these coatings in extending the
service life of the valve gates. Due to the insufficient durability of metal and epoxy layers produced
by traditional gas-thermal spraying and plasma coating methods, the development of more efficient
and modern technological solutions in this field is essential. During the research, the power of laser
pulses, focusing parameters, energy density, and the mechanisms governing the coating formation
process were analyzed using theoretical models, and the optimal operating regimes for various steel
grades were identified. Nanostructured ceramic-metal coatings produced by laser technology
significantly enhance the resistance of gate valve surfaces to wear and corrosion, extending their
operational lifetime by several times. The results demonstrate that the proposed technology makes
a substantial contribution to increasing both the technical reliability of the equipment and the
economic efficiency of oil and gas industry installations.
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Siyirtmanin siparinda nanotarkibli ovuntularla yeyilmayadavamh

ortilyiin alinma texnologiyasi
N.Y. ibrahimov, M.A. Riistamov
Azorbaycan Doviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Moqals fontan armaturlarinda istifado olunan siyirtmo siparlorinin sothinin yiiksok doaracods
asindirict vo korroziyaedici miihitdo tez siradan ¢ixmasimin garsisini almaq tiglin totbiq olunan
nanotarkibli kompozit 6rtiiklorin texnologiyasini todqiq edir. Todqiqatda bu ortiiklorin siyirtmalorin
istismar miiddotinin artirilmasina tesiri aragdirilir. Qazotermik piiskiirms vo plazma asasli ononavi ortiik
texnologiyalari ilo olds olunan metal va epoksi qatlarin méhkomliyinin kifayat etmomasi sobabi ilo bu
istigamotdo daha somarali vo miiasir texnoloji hallorin hazirlanmasi vacibdir. Aragdirma zamani lazer
impulslarinin giicii, fokuslagdirma gostaricilori, enerji sixligr vo Ortliylin yaranmasi prosesino dair
mexanizmlor nazari modellor vasitasila tohlil edilib, homginin miixtalif polad novlari iiglin an alverigli
isloma rejimlori miioyyonlosdirilmisdir. Lazer texnologiyasi ilo formalasdirilan nanotarkibli keramika-
metal ortiiklor siyirtmo siporlorinin aginma va korroziya tosirlorine qarsi davamliligini xeyli yiiksoldir
vo onlarin xidmat miiddstini dofalorle artirir. Aparilan tadqiqatin naticolori siibut edir ki, irali stirtilon
texnologiya hom avadanliglarin texniki etibarliliginin artirilmasina, hom do neft-qaz sektorunda istifads
olunan qurgularin iqtisadi effektivliyinin yiliksoldilmasine shomiyyatli tosir gostarir.
Acar sozlar:  nanokompozit ortiik, lazer 6rtiikkgokma, yeyilmoya davamli siparlor, abraziv-korroziya

miigavimati, lazer parametrlari, polad sath qorunmasi.

TexHoJI0rust MOJIYyYCHUSA H3HOCOCTOMKOIo MOKPLITUA C UCITIOJIB30BAHUEM

HAHOKOMITIOZUIIMOHHBIX MMOPOIIKOB HA MOBEPXHOCTHU 3aTBOPA 3aABUKKH
H.J. U6parumos, M.A. Pycramos
Azepbatiodicanckuli 20Cy0apCcmeeHublil yHugepcumem ne@mu u npomviuiieniocmu (baxy, Aszepbatioxcan)

AHHOTAIINA

B cratbe paccMaTpuBaeTCs TEXHOJOTMS HAHECEHUS HAHOKOMITO3UTHBIX IOKPBITHH,
NPUMEHSEMbIX JJIsl TMPEeJOTBpALleHUs OBICTPOro H3HOCA IOBEPXHOCTH 3aJBHKEK (DOHTaHHOM
apMaTypbl B YCJOBUSIX MHTEHCHBHOIO aOpa3MBHOIO M KOPPO3MOHHOrO Bo3neicTtBusi. B pabore
HCCIIelyeTCsl BIUSHUE JaHHBIX MMOKPHITUN Ha yBEJIMUYCHHE CPOKa CIykObl 3a1Brxkek. Henocrarounas
INPOYHOCTh METAJUIMYECKHX U JMOKCHIHBIX CJOEB, IOJYYEHHBIX TPAJULMOHHBIMU METOJaMHU
ra30TepPMUYECKOr0 HaIbUICHUs U IUIa3MEHHOI'O MOKPBITHS, J1elaeT HeoOX0AUMON pa3paboTKy Oosee
3G GEKTUBHBIX U COBPEMEHHBIX TEXHOJIOIMYECKUX pelIeHUH B 3Toi obnactu. B xozxe uccnenoBanus
ObUIN MTPOAHATM3UPOBAHBI MOIIHOCTb JIA3€PHBIX UMITYJIbCOB, MapaMeTpbl (POKYCHUPOBKH, IJIOTHOCTh
SHEPIUU U MEXAHU3Mbl (POPMHUPOBAHUS MOKPBITUS HAa OCHOBE TEOPETUUECKUX MOAEIEH, a Takke
OIIpEIeJIeHbl ONTHUMANIbHBIE PEXUMBI O00pabOTKM s Pa3NUYHBIX Mapok cTanu. HaHocTpyk-
TYPHPOBAHHBIE KEPAMUKO-METAITMYECKHIE TIOKPHITHSA, CHOPMHUPOBAHHBIE C UCTIOJIb30BAaHUEM JIa3epHON
TEXHOJIOTHH, 3HAYNUTENIFHO MOBBIMAIOT CTOMKOCTh 3aJBMKEK K M3HOCY W KOPPO3WH, MHOTOKPATHO
yBEJIMYMBAasi CPOK HMX OSKCIuTyaTtanuu. llomydeHHbIE pe3ysbTaThl MOKA3bIBAIOT, YTO IPEIOKEHHAS
TEXHOJIOTHSI CYIIECTBEHHO CIIOCOOCTBYET MOBBILICHUIO TEXHHYECKOH HAJIeKHOCTH 00OpYIOBaHUS U
YBEJIUYEHHUIO SKOHOMUUECKOH 3P (PEKTUBHOCTU YCTPOMCTB, UCIIOIb3YyEMBIX B HE()TEra30BOM OTPACIIH.
KiroueBble ¢10Ba:  HaHOKOMIIO3UTHOE IIOKPBITHE, 1a3€pHOE HAIJIABIEHUE, U3HOCOCTOMKHE JUCKH,

aOpa3uBHO-KOPPO3UOHHAsI CTOMKOCTb, MapaMETphl JIa3epa, 3alUTa CTaJbHBIX
IIOBEPXHOCTE.
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Giris

Fontan armaturlarinda istifads olunan si-
yirtma siparlorinin normativ istismar miiddstin-
don 6nca siradan ¢ixmasi avadanhigin etibarlili-
ginin azalmasina, texnoloji proseslorin dayan-
masina Vo slavs igtisadi itkilora sabab olur. Bu-
na goro neft-qaz sonayesinds istismar olunan
fontan armaturlarmin etibarliliginin vo uzuné-
mirliiliiyiiniin artirllmast mithiim elmi-texniki
mosalalordan biri hesab edilir. Siparli siyirtma-
lor quyu mohsulunun axininin tam agilib-bag-
lanmasini tomin edan asas baglayici elementlor-
don biri oldugundan, onlarin istismar etibarli-
lig1 fontan armaturlarinin imumi is qabiliyyati-
no birbasa tosir gostarir.

Bu sababdon siyirtma siparlorinin korro-
ziyali aktiv miihitdon gorunmas: iigiin onlarin
sathina goruyucu ortiiklorin tatbigi moqsado-
uygun hesab olunur. Forgli ortiiklorin xtisusiy-
yatlori nazors alinmagla optimal 6rtiikk materia-
linin se¢ilmasi vo onun sipar sathins totbiq tex-
nologiyasinin islonilmasi bu sahads osas todqi-
gat istiqgamatlorindan biridir.

Siyirtma siparlorinin is¢i temperaturu tox-
minan 800-1200 °C arasinda doyisdiyi iiglin
onlarin sathino epoksi ortiiklor totbig olunur.
Lakin epoksi ortiiklor cizilmalar va siyirmalar
naticasindo eroziya vo aginmaya maruz galir, bu
da siparlorin xidmot miiddatini azaldir. Yaxin
zamanlarda siparlarin sathino keramika osasl
ortiiklorin totbigi korroziya vo asinmaya qarsi
miigavimati miioyyon godor artirir. Miixtalif
temperatur va tozyiq soraitinds isloyan fontan
siyirtmolarinin garginlik naticasinds deformasi-
ya olmasi va siirtiinma sobobindan asinaraq si-
radan ¢ixmasi problemi bu sahonin aktualligini
gostarir.

Xiisusilo neft-gaz sahasinds istifads olu-
nan fontan armaturlarinin siyirtmo sipoarlori
giiclii korroziya vo abraziv tasirlora moruz gal-
digindan, onlarin sathins lazer texnologiyasi ilo

goruyucu ortiiklorin totbigi daha mogsadauy-
gun hesab edilir [1].

Belos soraitds lazer texnologiyasi ilo for-
malasdirilan nanokompozit ortiiklor daha pers-
pektivli texnoloji hall hesab olunur.

I'OCT 24856-2014-5 osasan, genis diapa-
zonda — diametri ¢ 50-don ¢ 600 mm-a qador
olan siyirtma siparlorinin korroziya vs aginma-
ya qars1 dayanighiginin tomin edilmasi tolob
olunur.

Moveud tacriibada bu problemlorin ara-
dan galdirilmas1 moagsadilo korroziyaya davam-
It orintilordon istifado edilmoklo gazotermik
puiskiirma va plazma ortiik texnologiyalari tot-
big olunur [9]. Lakin bu tsullar yiiksok abraziv
Vo korroziya soraitinds talob olunan aginma vo
korroziyaya davamliligi tam tomin etmadiyin-
don, daha samarali ortiik texnologiyalarinin is-
lonib hazirlanmasina ehtiyac yaranir.

Isin moagsadi

Cox vaxt miistovi siparlor yiiksok abrazi-
ya Va korroziya tasiri naticasinds tez siradan ¢i-
xir. Onlarin gorunmasi moagsadilo korroziyaya
davamli arintilordan istifads edilorok gazoter-
mik piiskiirma vo plazma iisullart ilo metal or-
tiiklor sipar sathlarina totbig olunsa da, hidroab-
raziv yeyilmoa va intensiv korroziya sobobindon
bu siparlar qisa miiddoat orzinds funksiyasini iti-
rir [1, 2]. Bu todgigatin mogsadi fontan arma-
turlarinda istifado olunan siyirtma siparlorinin
sothino lazer texnologiyasi ilo nanotarkibli
kompozit ortiiklorin ¢okilmasi {igiin optimal
texnoloji rejimlorin nozari osaslandiriimasidir.
Bu mogsadlo miixtalif torkibli kompozit ovun-
tularin istilik-fiziki xsisusiyyatlori nozars alin-
magla lazer impulsunun enerjisinin, fokuslama
parametrlorinin, enerji sixliginin vo emal miid-
datinin hesablanmasi, hamg¢inin miixtolif polad
markalar1 ticiin optimal texnoloji rejimlorin
miiayyanlasdirilmasi nazards tutulmusdur.
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Masalanin qoyulusu

Lazer texnologiyasi ila Siyirtma siparinin
sathinds keyfiyyatli kompozit 6rtiiyiin forma-
lagdirilmasi ti¢lin lazer emalinin asas texnoloji
parametrlorinin  nozori hesablanmasi talob
olunur. Bu magsadls lazer impulsunun enerjisi,
fokuslanma parametrlori, giic sixhigr vo
impulsun davametmo miiddati miiayyan edilir.
Hesablamalar miixtolif torkibli kompozit
ovuntular va polad markalar1 igiin aparilir.

Masalanin halli

Bork maddali lazerlorin asas iistiinliiklo-
rindan biri impulsun ¢ox qisa, yalniz bir nega
mikrosaniys davam etmosidir. Noticads, asagi
orta giicdo islodikdo belo yiiksok pik giic
formalasir.

Bu xiisusiyyat kompozit Ortiiklarin
detallarin sothins totbiqi ticlin optimal texnoloji
rejimlorin se¢ilmasine sorait yaradir. Todgigat
corgivasinda lazer impulsunun enerjisi, giic
sixligl, fokuslanma parametrlori vo impuls
miiddati nozori hesablamalar vasitasilo miioy-
yon edilmisdir [3,4].

Bork maddali impuls lazerindas bir impuls
zamani Otiiriilon enerji  lazerin giicii ilo
impulsun davametmo middstinin  hasilino
borabordir vo asagidaki ifads ilo hesablanir:

EL=PL tL 1)

Burada: EL - lazerin enerjisi (Ws), PL—
lazerin ¢ixis giicii, Vatt, t_ — lazer impulsunun
davametmo miiddati (S).

Lazer stiasinin fokus ndqtosinin ol¢iisi
yalniz fokuslayici linzanin hondasi  xiisu-
siyyatlori ilo deyil, ham do stianin baslangic
diametri vo istifads olunan siialanmanin dalga
uzunlugu ilo miioyyon edilir. Fokuslanmis ndq-
tonin diametri kigildikca eyni enerji daha kigik
sahaya comloasir ki, bu da sothdo yaranan giic
sixligimin  ohomiyyatli  dorocods artmasina
sobab olur.

Lazerin gilic sixlig1 asagidaki kimi tayin
edilir:
J== vaya l=—= )
Burada J — lazer siiasinin giic sixligi,
Vatt/sm?, F — fokuslanmus siia lokesinin saho-
sidir, sm?. Fokuslanmis lokenin dairovi formaya
malik oldugu qobul edilorss, onun sahasi
asagidaki kimi hesablanir:

F= md? min
4
Burada dmin — fokus noqtesinds amolo

golon minimal siia diametridir.

Toplayict linzanin totbigi naticasinds la-
zer sliast fokus noqtesindo yiiksok enerji sixligi
yaradir.  Fokuslanmig ndqtonin - minimal
diametri difraksiya hoddi ilo mohdudlasir vo
optik sistemin fokus masafasi, siianin diametri,
eloca do lazer siialanmasinin dalga uzunlugu ilo
miioyyan olunur. Bu parametr asagidaki ifado
ilo hesablanir [5]:

drin=2.44 - 1 = (3)

Burada: A — lazer stiasinin dalga uzunlu-
gu, f — fokuslayici linzanin fokus mosafosi, ds
— linzaya diison lazer stiasinin diametridir.

Texnoloji prosesds lazerin impulsunun
davam etmo miiddoti asagidaki ifads ilo hesab-
lanir:

2
= 4)
Burada S — lazer stiast ilo siparin sathinda
tobogonin alinmasi va Sathin arimo galinligidir.
S=ho+ So 5)
burada, ho — siparin sathinin arima dorinliyidir,
sm, So — alinan dstoritmo qatinin qalinligidir

(hiindiirliik), sm.

Ai A Ay Al
a=yn = 4+ === 6
Zl_l Cipi C1p1  C2pP2 Cipi ( )

Burada, Ai — elementlorin xiisusi istilik
kecirmo omsallar1, ¢i — elementlorin istilik
tutumlar1, p; — har bir elementin sixhigidir.

Bu komiyyatlor asagidak: ifadolorlo he-
sablanilir:
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A=Y Aip; = AMP + AP, + -+ AP
Ci=)cP;=ciPy +ciPy+-+ P
pi =X pi Pi+ paPy +poPy 4.+ pi P (7)
Burada P1, P2, P3..— kompozitds har bir
komponentin paymi (miqdarini) ifads edir.
Istilikkegirmo omsali komponentlorin hacm

paylar1 nazars alinmaqla da hesablana bilor:

1_"  » Vi yn Vi
A A1+A2+ +Ai_ =1y, (8)

Qeyd olunan hesablamalarin ardicil
yerina yetirilmasi naticasindo miixtalif torkibli
ovuntular iiclin uygun lazer emali rejimi
miioyyon edilir vo yiiksok keyfiyyotli ortiik
tobagasi alds olunur.

Fontan armaturlarinin istehsalinda key-
fiyyatin is soraitino tam uygun tomin edilmasi
vacibdir. Lazer qurgusunda emal edilan siyirt-
mo siparlori daha yiiksok dagiglik kvalitetino
malik olur va bu gostarici digar istehsal tisullari
ilo hazirlanan siparlorin daqigliyini iistaloyir.

Kompozit ovuntusunun tarkibi va fiziki-
kimyavi xiisusiyyatlori haqqinda malumatlar
osasinda texnoloji rejimin nazori hesablamalari
yerina yetirilmisdir.

Todgigatda istifado olunan ovuntularin
torkibi vo onlarin asas xarakteristikalar: codval
1-do verilmigdir.

Cadval 1 — Ovuntunun tarkibinin istilik xassalori [1, 6, 7, 8]
Table 1 — Thermal properties of the powder composition [1, 6, 7, 8]

Elementlor | Kvars siiso e | ey Al Zn Sement
Parametrlor ovuntu ovuntusu | ovuntusu | ovuntusu
Sixliq p g/sm? 2.2 75| 7 25 5.6 2
Istilik tutumu (C) coul/m-K 745 450 | 420 850 490 896
Istilik kec¢irma amsal1 (A) Vt/m-K 2 25 25 100 27 0.7

Toadgigatda istifads olunan lazer qurgusu
sabit impuls enerjisi va tonzimlonan fokus
mosafasi ilo segilir ki, bu da materialin sathinda
idaraolunan termal tosir yaratmaga imkan verir.

Kompozit torkibi  nozaro
alinaraq, yarimkegiricili bork maddali lazer
qurgusunda siyirtma Siparinin sathino miixtalif
qalinliglt  ortiiklorin  formalagdirilmasi

ovuntularin

ucln
texnoloji rejim miioyyon edilmigdir. Rejimin
se¢ilmosi  lazer qurgusunun osas texniki
parametrloring asaslanmisdir [1,2].

Todqiqat zamani lazerin ¢ixis giicii - E =
1000Vt, siia diametri - d = 3,0 mm, fokus
mosafosi f = 200 mm, siialanmanin dalga
uzunlugu - A = 900-1050 gobul edilmisdir.

Gostorilon parametrlor asasinda miixtalif
marka poladlarin lazer emali ii¢lin texnoloji

rejimlor hesablanmis vo miivafiq diisturlardan
istifado edilmoklo miioyyon edilmisdir. Aparilan
hesablamalarin naticalari cadval 2, 3, 4 vo 5-do
togdim olunmusdur.

Tadqiqat ¢argivasinds ii¢ miixtalif torkibli
ovuntu — nanoqarisiq kompozisiyasi hazirlanmis
Vo onlarin  optimal Ortilk formalasdirma
gabiliyyati aragdirilmigsdir. Kompozisiyalarin
secilmo prinsipi mexaniki mohkamliyin, istilik
dayanighigmin vo lazer tosiri altinda orime-
barkima kinetikasinin balanslasdirilmasina asas-
lanmigdir. Hazirlanmig  qarisiglarin  torkibi
asagidaki kimidir:

Fe-SiO>-Cu—Zn (55/25/10/10 kiit.%)
Fe—Al-Cu—Sement (45/25/15/15 kiit.%)
Fe—Al-SiO—Cu (50/20/15/15 kiit. %)
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Cadval 2 — Polad 45 materialindan hazirlanmis siyirtmonin iizarina ¢okilocok kompozit material
Table 2 — Composite material to be applied on the surface of the slider made of Steel 45

Material S, mm a, (sm?/s) t, san J, (W/cm?)
Fe-SiO>—Cu-Zn 0,3 6.23x1073 0.144 3.33x107
Fe—Al-Cu-Sement 0,3 1.22x1072 0.0738 6.48x107
Fe-Al-SiO—Cu 0,3 1.14x1072 0.079 6.07x107

Cadval 3 — Polad 45X materialindan hazirlanmis siyirtmonin tizarina ¢okilocok kompozit material
Table 3 — Composite material to be applied on the surface of the slider made of Steel 45X

Material S, mm a, (sm?/s) t, san J, (W/cm?)
Fe-SiO-—Cu-Zn 0,55 6.23x1073 0.486 9.85x10°
Fe—-Al-Cu-Sement 0,55 1.22x1072 0.248 1.93x107
Fe-Al-SiO>—Cu 0,55 1.14x1072 0.265 1.80x107

Cadval 4 — Polad 38 XM materialindan hazirlanmis siyirtmanin tizarins ¢okilocok kompozit material
Table 4 — Composite material to be applied on the surface of the slider made of Steel 38XM

Material S, mm a, (sm%s) t, san J, (W/cm?)
Fe-SiO—Cu-Zn 0,8 6.23x10°% 1.03 4.64x10°
Fe—Al-Cu-Sement 0,8 1.22x1072 0.525 9.12x10°
Fe-Al-SiO-—Cu 0,8 1.14x1072 0.561 8.52x10°¢

Cadval 5 — Polad 20X materialindan hazirlanmis siyirtmonin tizarina ¢okilocok kompozit material
Table 5 — Composite material to be applied on the surface of the slider made of Steel 20X

Material S, mm a, (sm%s) t, san J, (W/cm?)
Fe-S10-—Cu-Zn 0,11 6.23x10°3 0.0194 2.46x108
Fe—Al-Cu-Sement 0,11 1.22x1072 0.0099 4.83x108
Fe-Al-SiO.—Cu 0,11 1.14x1072 0.0106 4.50x108
7,00E+07
6 00E407 2,50E+07
5,00E+07 2,00E+07
4,00E+07 1,50E+07
3006407 h 1,00E+07
2,00E+07
L 00407 5,00E+06
0,00E+00 0,00E+00

0,00E+00  5,00E-03  1,00E-02  1,50E-02
a

Sakil 1 — Polad 45 ortiiklorinin giic sixliginin

diffuziya omsalindan asililig

Figure 1 — Dependence of the Power Density of

Steel 45 Coatings on the Diffusion Coefficient

0,00E+00 5,00E-03 1,00E-02 1,50E-02
a

Sakil 2 — Polad 45X ortiiklorinin giic sixliginin
diffuziya omsalindan asililig

Figure 2 — Dependence of the Power Density of
Steel 45X Coatings on the Diffusion Coefficient
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Sakil 3 — Polad 38XM ortiiklorinin giic sixligmin
diffuziya omsalindan asililig

Figure 3 — Dependence of the Power Density of Steel
38XM Coatings on the Diffusion Coefficient

Natica

Aparilan noazari vo texnoloji tadgiqatlar
gostorir ki, fontan armaturlarinin siyirtmo
siparlorino lazer tsulu ilo nanotarkibli
kompozit 6rtiik gokmok onlarin korroziya vo
abraziv yeyilmoays davamliligini shamiyyatli
doracodo artirir. Miixtolif polad markalari
ticlin hesablanmis optimal lazer parametrlori
naticasinds alinan ortiiklor siparlorin istismar
miiddatini 2-3 dofo uzadir vo avadanlhigin

6,00E+08
5,00E+08

4,00E+08
= 3,00E+08
2,00E+08

1,00E+08
0,00E+00

0,00E+00 5,00E-03 1,00E-02 1,50E-02

Sakil 4 — Polad 20X ortiiklorinin giic sixligimnin
diffuziya omsalindan asililigi
Figure 4 — Dependence of the Power Density of

Steel 20X Coatings on the Diffusion Coefficient

etibarliligint  yiiksoldir. Bu texnologiya
anonavi gazotermik vo plazma tisullarini
tistoloyarok hom texniki, ham do iqgtisadi
baximdan daha somarali natico verir.

Maragqlar miinaqisasi

Miiolliflor bu moqalodo arasdirilmasi
tolob olunan maraqlar miinaqigesinin olma-
digin1 qeyd edirlor.
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Abstract

This article investigates the gas filtration under reservoir conditions with particular emphasis
on the influence of the skin factor on the gas well productivity. The study focuses on the physical
and chemical properties of the drilling muds and the well killing fluids, as well as the processes
occurring in the bottomhole zone during the drilling and well operation. Unlike the oil wells, the
bottomhole zone in the gas wells is characterized by more complex filtration conditions, where the
formation of a skin zone creates additional hydraulic resistance and reduces the permeability of the
near-wellbore region. The imperfect completion of gas wells leads to non-uniform flow caused by
deformation of both the reservoir and the filtration stream, while the physical properties of the skin
zone differ significantly from those of the undisturbed formation. The partial or complete contam-
ination of the bottomhole zone results in the deterioration of filtration characteristics and consider-
able reservoir energy losses. To account for these effects, a method for calculating the skin factor
during gas well operation is proposed. The relationship between the well flow rate and the skin
factor is established, providing a basis for selecting appropriate treatment methods for the bottom-
hole zone in order to improve gas well productivity.
Keywords: permeability, contour and bottomhole pressure, dynamic viscosity, volumetric

flow, density, temperature, skin-factor.
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Skin-faktorun nazars alinmasi ils lay saraitinds qazin siiziilmasi

X.I. Dadaszads?, S.F. Musayeva?

YAzarbaycan Déviat Neft va Sanaye Universiteti (Baki, Azarbaycan)
2“Neftin, qazin geotexnoloji problemlari Vo kimya” ETI (Baki, Azarbaycan)

Xiilasa

Mogalads lay soraitinds qazin siiziilmosi prosesine skin-zonanin tasiri todqiq edilmisdir. Todgigatin
mogsadi qaz quyularimin istismart zamani quyudibi zonasinin xiisusiyyatlorini, burada yaranan olava
hidravlik miigavimatin siiziilmo prosesins tasirini vo onun hasilata tasirini giymatlondirmokdir. Todgigat
gazma mohlullariin vo quyu mayelarinin fiziki-kimyavi xassalarinin, homginin quyudibi zonasinin siiziilmo
xiisusiyyatlorinin tohlilins asaslanir. Miioyyan edilmisdir ki, neft quyularindan forgli olaraq gaz quyularinda
quyudibi zonasinda bas veron miirokkab axin proseslari layin vo axinin deformasiyasi ilo miisayiot olunur.
Bu zonada yaranan skin-zona slava siiziilmo miiqavimati yaradaraq laymn kegiriciliyini azaldir, onun fiziki
xassalari iso layi asas hissasinin xassalorindon shamiyyatli doracads farglonir. Quyudibi zonasinin gisman
Vo ya tam ¢irklonmosi siiziilmo gostaricilorinin pislogsmasine, lay enerjisinin itirilmasina vo quyu
parametrlorinin doyigsmasina sobob olur. Mogalods skin-zona nozers alinmaqgla gqaz quyusunun isgi
parametrlorinin hesablanmasi vo hasilatin skin-faktordan asililiginin qiymatlondirilmasi toqdim edilmisdir.
Alinan naticalor quyudibi zonasina miixtolif tsullarla tosir etmoklo gaz quyularinin mohsuldarliginin
artirilmast tiglin elmi-praktik osas yaradir.

Acar sozlor: kegiricilik, kontur vo quyudibi tozyiqi, dinamik &zliiliikk, hacmi sarf, sixliq, temperatur,
skin-faktor.

@uabTpanys ra3a B IIACTOBBIX YCJIOBHSAX € y4eTOM CKHH-(aKTOopa
X.U. Jagamsage!, [11.d. Mycaepa®

YUsepbationcancruii ocyoapemeennuiii ynusepcumem negpmu u npomviunennocmu (Baxy, Azepbaiioocan)
2HUU «Ieomexnonoauueckue npobnemvl Heghmu, 2aza u xumusy (Baxy, Asepbationcan)

AHHOTALIUA

B crarbe uccnenyercs npouecc GpuiabTpaluy raza B IIACTOBBIX YCJIOBUAX C yUETOM BIIUSHHS CKHUH-
30HBI Ha IPOM3BOJUTEIBHOCTh TA30BBIX CKBAXHH. Llepro paboThl ABIsIETCS OLEHKa OCOOEHHOCTEH Ipr3a-
OOIHOI 30HBI M BIMSHUS JOMOJHHUTEIHLHOTO THAPABINYECKOTO CONPOTUBIICHUS HA (PUIBTPAIMOHHBIE Xa-
PaKTEepUCTUKH M JeOUT ra3oBBIX CKBaXWH. VcclienoBaHWe OCHOBAaHO Ha aHAM3e (U3UKO-XUMHYECKUX
CBOHCTB OYpOBBIX PaCTBOPOB M )KHJKOCTEH TIYIICHUS, a TAKKe IPOLIECCOB, MPOTEKAIOLINX B PHU3a00iHOM
30HE B MeproJl OypeHus 1 dKCIUTyaTanui ckBaxuH. [lokasaHo, 9T0, B OTIIMYHE OT HEPTSIHBIX CKBAXHH, B
ra30BbIX CKB2)KHHAX BO3HHUKAIOT OoJiee CIIOXKHBIE HEOHOPOIHbIE TIOTOKH, 00YCIIOBICHHBIE JehopMmanueit
iacta ¥ GUIbTPAMOHHOr0 MOTOKa. POpPMUpPOBaHKE CKUH-30HBI IPUBOAUT K IOTIOJIHUTEIBHOMY (PUIIBTpa-
LUOHHOMY COINPOTHBJICHUIO, CHIDKEHHUIO IPOHUIIAEMOCTH NMPU3a00WHON 30HBI, YXYALICHUIO (PUIBTPaLUOH-
HBIX CBOWCTB U MOTEPSIM TIACTOBON YHEPTUH, IPU 3TOM (pr3HUYecKHe CBOICTBA JAHHOW 30HBI CYIIIECTBEHHO
OTJIMYAIOTCS OT CBOMCTB MPOYKTUBHOIO TiacTa. B paboTe mpejuioskeHa MeToInKa pacueTa CKuH-(akropa
MIPY SKCIUTyaTallly Ta30BbIX CKBAKUH M ONpeJesieHa 3aBUCUMOCTh 1e0UTa CKBRXKMHBI OT BEIMYMHBI CKHH-
¢dakropa. [Tonmy4yeHHbIe pe3yibTaThl MMO3BOJISIFOT OOOCHOBATH NMPUMEHEHHE PA3IMYHBIX METOJIOB BO3JICH-
CTBHS Ha MPHU3a00HWHYIO 30HY C IEITBIO MOBBIIICHUSI TPOU3BOIUTEIBHOCTH Fa30BbIX CKBKUH.

KuaroueBrble c10Ba: MPOHUIIAEMOCTh, KOHTYPHOE M 3a00HOE JIaBICHHUE, TUHAMHYECKAask BA3KOCTh, 00b-
eMHBIN Pacxo], MJIOTHOCTh, TEMITEPATypa, CKUH-(HaKTOP.
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BBenenne

AHann3 TIOKa3bIBaeT, YTO B JAaHHOC
BpEMsl CJIOBO «MOJIEJIb» TOJYUYUIIO IIHUPOKOE
pacnpoctpanenue. C
MOYKHO OMPEICIIUTh MPOLECC C Pa3IUYHON CTe-
MEHBIO JACTAIN3AIMU C LEJIbIO MOJyYEHUs He-
O00XOUMBIX TIAPaMETPOB WM TOATBEPIUTH
NpeIoKEHHY0 runoTe3y. Heooxoamumo oTme-
TUTb, YTO MOJICTTUPOBAHUE HU B KaKOU CTEIIEHU
HE 3aMEHsIeT u3yueHus: o0beKTa, KOTOpOe SB-
JIIeTCS OCHOBHBIM HCTOYHUKOM HWH(MOpMAIUU

IoMoOmbKO MOACIH

0 IUIACTE WA CKBAKUHE, HCIIOJIb3YEMOT'0 U IIPH
MOJEJIUPOBAHUMU.

Jns permieHus 1aHHOM 3a/1a4y UCHOJIb3Y-
FOTCSI KJIACCUYECKUE MOIX0/IbI K PELIEHUIO BOII-
POCOB MOJEIMPOBAHUA, KOTOPBIE 3aKJIIOYa-
I0TCA B TOM, 4TOOBI C(hOPMYyJIUPOBATH OCHOB-
HYI0 3a/ady, OINUCBIBAIOIIYIO0 (PU3NYECKUI
npouecc. Jlanee, BBoas HEOOX0AMMOE KOIHUYe-
CTBO YHPOIIAIOMIMX JAONYUIEHUH UiIn GopMmy-
JUPOBKY NMpoOIeMbl, KOTOpas MoJAaeTcs 1ado-
paTOPHOMY WJIH TEOPETHYECKOMY OIHCAHUIO
TEMHU WM UHBIMH CPEJICTBAMHU.

B Hacrosmee BpeMs KOMIBIOTEPHBIE
CpeAcTBa SIBIISAIOTCS HEOOXOAMMOM mpenno-
CBUIKOHM ISl aJbHEUIIEro pa3BUTHS MOIEIIH-
pOBaHMsI. YUNTHIBasi KOMIIBIOTEPHYIO TEXHUKY
OyIyT pacHIMpATHCS IMPEENIbl UCIIOJIb30BAHUS
MOJIETTMPOBAHUS MIPU PELIEHUM 3a7ad BO3pac-
TaIOLLEH CII0KHOCTH.

Chopmynupyem o011IEie BOITPOCH HEOO-
XOJUMBIE [UIsI MH)XKEHEPOB, KOTOPHIE MOKHO
ITOJIYYUTh C TOMOIIBIO MOJEIMPOBAHHUS IIJIaCTa
U CKBAYKUHBI.

1. Uto HyXHO HE(TAHUKY ISl pa3pabOTKH U
SKCIUTyaTallud MECTOPOXAeHUH. UTOoObI
00€eCreYnTh ONTUMANIBHYIO J00bIYY yIJie-
BOJIOPOJIOB?

2. Kakoif Hamryummii crnocod BCKpPBITHUS I1J1a-
cra?

3. 13 xakoil yaCTH MECTOPOKICHUS CIEAYET
0TOMpaTh YIIEBOJOPOIbI?

4. YTOo MOXHO cAenaTh, 4TOOBl YBEIHYUTH
HedTeoTnady miacra’?

5. Kak nomkeH ObITh OCYILECTBIEH NPOEKT
yBEJIMYEHUsI HEPTEOTaun C YYETOM KO-
HOMHUYECKOT0 pacuera?

6. Jlns Gonee onTUManbHON pa3pabOTKU U
HKCIUTyaTalluM KaKUMH IPOMBICIOBBIMU
JAaHHBIMH HE00X0auMO 001a1aTh?

VY4uThIBas L€ MPOBOAUMOrO MCCIEN0-
BaHUs, Oojiee peaybHasi IOCTAaHOBKA OINTH-
MaJIbHBIX 3a]1a4 SIBJISETCS BaXKHBIM 3TAIlOM IIpU
BBINOJIHEHUH J1I000r0 MOJenupoBaHus. AHa-
JIM3 TIOKA3bIBAET, YTO B 3aBUCHMOCTH OT LIEJIEH
UCCIIEIOBAaHUN CTPOSIT COOTBETCTBYIOILYIO MO-
nenb. M3 kypca (pu3uKu n3BECTHO, YTO MOJIEINb
ObIBaeT JBYX TUIIOB: (pU3HUECKas U MaTeMaTu-
yeckast. B usmueckoii Mojenu MOXHO BbIjIe-
JUTHh MOJEJH, TTOBEICHUE KOTOPHIX OIHCHIBA-
eTcs TeMH XK€ (PU3MUECKUMH 3aKOHAMH, YTO U
noBesieHre u3yyaemoro oowekra. Kpome storo
CYILIECTBYIOT MOJIEIH, OCHOBaHHbIE Ha aHaJo-
T MEX]y Pa3IUYHBIMH (PU3HMUECKUMH 3aKO0-
HaMH.

B ocHOBHOM paccmaTpHBaroTCs Cileaylo-
e GUIBTPAIIMOHHBIC MOJICIIN

1. IIpakTuyeckue, ecreCTBeHHbIE (U3U-
YEeCKUE MOJIEIIN;

2. AHaJj0rOBBIE MOJIEIH;

3. IpuxmagHple MaTeMaTHYECKHE MO-

Jieny;

eanb padoTbi
Onpenenuts BAUSHUS CKUH-30HBI Ha
IMPONU3BOJUTCIIBHOCTD ra30BOU CKBaKUHEI.

ITocTranoBka 3agaun

Ha ocHoBe MOzI€TbHOTO MpeICTaBICHUS
OTpeIeNIUTh JeOUT Tra30BBIX CKBAXKHH, paboTa-
HOIINX B CIIOKHBIX yCJ'IOBI/ISIX.
Pemenue 3agauu

Ha ocHoBe ogHOMEpHOrO paguaiIbHOIO

MOJIETM  PEIIUTh CIOXKHYIO 3ajady 1o
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¢GuIbTpauMuM ra3za B OJHOPOJHOW IIACTE C
Y4E€TOM «CKHH-(haKTOpay.

B HaydHOM MHpE MIUPOKO MPUMEHSIOTCS
(bu3nueckre MoJeNu, KOTOpbIE JaloT BO3MOXK-
HOCTh M3YYUTh aHAJOTHMYHOE SIBJICHHUE Ha MO-
JeTd MEHbIIero Macmraba B J1a0OpaTOpHBIX
ycioBusAX. B OCHOBHOM, (u3nueckue Moaenu
UMEIOT Ty € (U3WYECKYIO MPHPOIY, YTO U
n3ydaemble 00BEeKThl. Ha JaHHBIX Momemnsx
IIPOBOJSTCSI UCCIIEIOBAaHUS 3aKOHOMEPHOCTEMN
a”Hanusupyemoro mporecca. OCHOBHBIE BHI-
BOJABl TaKWUX SIBJICHHUH €CTh MOJENUPOBAHUE,
L[EJIbI0 KOTOPOTO SIBJISIETCS TOJIyUYEHUE pa3iiny-
HBIX XapaKTePUCTUK (PUIBTPALIUU B TJIACTOBBIX
YCIJIOBUSIX HA OCHOBE PE3YyJIbTaTOB OIBITOB.

HeoOxomuMo OTMETHTb, YTO MOJENH
CTPOATCSL C yYETOM NPUHIUIIOB MOAOOHBIX U
MPUPOJHBIX MPOILECCOB. YUYUTHIBAs BBIIIECKA-
3aHHOE, pa3Mepbl MOJEJH, CBOMCTBA IacTa,
KHUJKOCTU U ra3a BbIOMpAIOT B JIAOOPATOPHBIX
YCIIOBHUSAX HAa OCHOBE F€OMETPUYECKOro u (pu-
3UYECKOT0 MOJ00US MOJENIN U €CTECTBEHHOTO
00BEeKTA.

ITpu 3TOM, 3HaUEHHE NTEPEMEHHBIX BEJIH-
YHH, XapaKTepPU3YyIOIIUX Mpoliecc GUuiIbTpaun
JUTSE MOJIETTH | JIJIS1 TIJIACTa OMpPEeeNsIFoTCS B 3a-
BUCUMOCTH OT JaBJICHUS W TEMIIEpaTypbl B
CXOJHBIE MOMEHTHI BpEMEHU B 33JJaHHBIX TOY-
KaX TPEXMEpPHOT0 KOOPAMHATHOIO MPOCTpPaH-
CTBa TIPU YCIIOBHH X TMPOIOPIIUOHATEHOCTH.
[TonydeHHbIe pe3yabTaThl TAOOPATOPHBIX IKC-
MEPUMEHTOB, MOCTaBJICHHBIX Ha MOJENHU, MO-
T'YT OBITh MEpPEHECeHbl HA M3y4aeMbIi HedTs-
HOW WJIM Ta30BbIM IJIACT MTyTEM IepecyeTa, TO
€CTb YMHOXKEHUEM KaXKI0H U3 ONpesereHHbIX
BEJIMYMH Ha TOCTOSHHBIA 7SI BCEX HUX €U-
HBIN MHOXKHTEIb - KOAOUITUESHT Mo 100Ms.

Pesynbrarsl
HEHHBIE Ha MOJENAX, B 00Jjiee OJIM3KOM OTHO-

MOJICTTHPOBAHUS, BBITION-
IICHUU TOBTOPSIOTCS B MPOCTPAHCTBE U BO
BpPEMEHH I IPOLecCOB (UIBTPAIIMH B €cTe-
CTBEHHBIX MacmTabax 1acrta. llpu sTowm,

HEO0OXOUMO yKa3aTh, YTO MOJENb IMO3BOJISET
HCCJIEI0BaTh OCHOBHYIO POJIb JIFOOOTO Tapa-
METpa MyTEM U3MEHEHHUS €r0 3HAYCHUS B JIpy-
TUX CEPUSX HKCIEPUMEHTOB MPHU MOCTOSTHHBIX
3HAYEHUAX OCTAJIbHBIX TaPaMETPOB.

OTMeTuM, UTO, yUUTHIBAS CIIOKHOCTH pe-
QTBHBIX TPOIECCOB (DHIBTPAIMU TUIACTOBBIX
YIJIEBOAOPOIOB,
IUIACT MOYTH HEBO3MOXKHO. YUMTHIBAS BBIIIC-

MMOJIHOCTBIO MOJCIMPOBATH

CKa3zaHHOE, B OOJBIIMHCTBE CIy4aeB OTPaHU-
YUBAIOTCS MPHUOIMKEHHBIM MOJICTUPOBAaHHEM
JacTa.

B nanHoi#i pabote mpemiaraercsi usyde-
HUE MaTeMaTUYECKON MOJENH, IPEICTaBIISIO-
el co0oi MpUOIMKEHHOE OTIMCAaHUE TTOBE/Ie-
HUS U3y4aeMoro o0beKTa ¢ TOMOIIbIO MaTeMa-
TUYECKUX UHCTPYMEHTOB.

VYuuTtsiBas BbIlLIECKa3aHHOE, MOXKHO yKa-
3aTh, YTO B NOA3EMHON THAPOMEXAHUKE OCHOB-
HbIM «pabo4yuM MaTepuajiom» Oblla MOJEIb,
OINMCHIBAIOIIAS YCTAHOBUBUIYIOCS U HEYCTaHO-
BUBIIYIOCS (UIbTpaLUI0 0AHO(pa3HOro (Ito-
uaa (KMIKOCTU U ra3a) B OJHOPOAHOM MOpHU-
cToi cpene. JlaHHas MOzENb SABJISIETCS KJIACCH-
YECKOM, HE YTPATUBIIEH CBOEro IMpaKTUye-
CKOT'O 3HA4€HMsI 110 CEU JIEHB.

Kak mnoka3zana mnpakrtuka,
MOCTh 0o0Jiee MOJHOTO H3BJICUEHHUS MPUPOJI-
HOTO ra3a U3 IJIacTa, a TakyKe MPOSKTUPOBAHUE

Heo0Xoau-

pa3pabOTKH M IKCIUTyaTaIlliy Ta30BOTO MECTO-
POKIICHHS B OCJIOKHEHHBIX YCIOBHSIX TPEOYIOT
CO3/IaHUs HOBBIX, 00JIee COBEpIIEHHBIX MaTe-
MaTUYECKUX MOJEJIeH, YUUTHIBAIOIIUX JOTMOJ-
HUTEJIbHBIE TPOLECCHl MPU3a00NHHON 30HBI, a
TaK)Xe CIOKHYIO T€OMETPHUIO0 IMPOCTPAHCTBEH-
HBIX IIOTOKOB rasa.

[Iporeccrl, mpu KOTOPBIX TeMmIeparypa
ra3a paBHa TeMIIEpaType CPeJlbl U OCTAETCS I0-
CTOSTHHOM, HAa3bIBAIOTCS H30TEPMUUYECKUMHU.
OtmeTnMm, 4TO QUIBTpAIHS MPEACTABISET CO-
00l OYEeHb MEIJICHHBIA MPOIIECC M3MEHEHHUS

TEMIICPATYPbI, BOSBHUKAIOMIETO B XOA€ ABHXKEC-
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HUSl KaK CJIEICTBUE HAJIWYUS COIPOTUBIICHUS
CTEHOK MOPOBBIX KAHAJIOB U TPELIUH, a TAKKE
13-3a PACIIMPEHHU T'a3a IPU YMEHbIIECHUH J]aB-
JIEHUs, KOTOPOE yCHEBAET KOMIIEHCUPOBATHCS
B pe3yJbTaTe TEIIO0OMEHAa C OKPYKAOIIUMHU
TOpPHBIMU NTOpOJaMU. B 1aHHBIX yCIIOBUSAX U30-
TEPMHUYECKHI MpPOLECcC, KakK ObUI0 YyKa3aHO
npodeccopom b.b.Jlammykom, ypaBHEHUE dHEP-
THU paccMaTpuBaTh HET HeoOxoaumocTH |1, 2,
3].

Jlns pemieHuss MHOTOYMCIEHHBIX 3a/1ay
ra3oBOr0 MECTOPOXK/ICHUSI HEOOXOIMMO UMETh
Ha0Op MCXOAHBIX JAHHBIX O CTPOCHHUU U CBOM-
CTBax IUIacTa ¥ MpU3a0ONHHOM 30HBI, O PEKU-
MaxX W MOKa3aTessiXx padOThl CKBAXKHH, MPE00-
pa3yembIX B BUJ, TpeOyeMblil I BBOJIA B MO-
nenb GuiabTpanuu. BaxkHeHmmM 31eMeHTOM
MOJIETUPOBAHUS SIBJISIETCS MOCTPOEHUE TpEX-
MEpPHOH I€OMETPUYECKONW MOJENHN IUIacTa Ha
OCHOBaHUS MHTEPIPETALMU UCCIIEI0BaHUH T10-
CIIEQYIOIIMM JONOJHEHUEM JaHHONW MOJENIH
nHpopmaireit 00 OCHOBHBIX reoioro-usnye-
CKHX XapaKTepUCTHKaX Iiacta (MOPUCTOCTH,
MIPOHHUIIAEMOCTH TIJIACTa U MPU3a00MHON 30HBI
U JIp.) 110 JaHHBIM TUAPOIUHAMUYECKUX HCCIIe-
JIOBaHUM CKBa)XMHBI M aHAll3a KEpHa C UC-
MI0JIb30BAHUEM CTaTHUECKHUX METOOB.

Kak u3BecTHO, paguanbHO-cepuieckas
MOJIETb SIBJSIETCSI TPEXMEPHOU, TO €CTh Ipo-
CTPAHCTBEHHOM MOJIEJIBIO I1JIACTA.

VYuuThIBas BbIIECKa3aHHOE, ONPEIEIUM
00BEMHBIH U MACCOBBIA pacxoj MPUPOTHOTO
ra3a ¢ y4eToM BIIMSHUS TNPHU3a00HHON 30HBI
ckBakuHbL. IlycTh uMeeTcs Monenb CKBa-
KUHBI, BCKPBIBIIIEH KPOBIIO TUIacTa, Ha 3a00€
KOTOpOM MOAAEpKUBAETCS TIOCTOSHHOE J1aBiie-
Hue. M0OXXHO MPEeANnoI0KUTh, YTO TONIIHMHA ra-
30BOT0 IJIaCTa JOCTATOYHO OOJIbINAs U MOXKHO
BBIIETIUTH Noycepy ¢ paanycoM, Ha MOBEPX-
HOCTH KOTOPOH MOJAEPKUBAETCS MOCTOSHHOE
JABJICHUE, U Yepe3 JaHHOE MPOCTPAHCTBO MPO-
WCXOJIUT TIPUTOK Ta3a, paBHBIN IEOUTY Ta30BOM

CKBaXXHHBI.

[IpumeM, 4TO TE€UEHHE yCTaHOBHBIIECECS
U TIOBEPXHOCTh NOIyc(ephbl MPECTaBIsIEeT CO-
0011 KOHTYp UTaHUA. Y YUTHIBAs BBIIECKA3aH-
HO€, MOXKHO NPEINOJI0XKHUTh, YTO BCKPBITHE
KpPOBIIM TuIacTa uMeeT (opmy momychepsl u
BEKTOP CKOPOCTH (priIbTpanyy B 0001 TOUKE
IUIacTa MEXIy KOHTYPOM NHTaHUS M 3a00eM
CKBa)KMHBI HAIIPaBJICH K LIEHTPY chepbl. B nan-
HOM CJIyYae 3ajada umMeeT c(hepuyecKyro cuM-
METPHIO U €€ yI00HO pemarh B chepudecKon
crcTeMe KOOpAMHAT.

YuurtsiBasi BBIIIECKA3aHHOE MPEANOJIO-
KEHUe 0 c(hepuvecKkoil CHMMETPUH Ipolecca
BCE MCKOMBIE (DYHKITUH 3aBHUCSAT TOJIBKO OT pa-
nryca. B naHHOM citydae cucteMa ypaBHEHUI
(GWIBTpaluy yIPOCTUTCS U B C(hepUIECKO CH-
CTeMe KOOpIWHAT MPUMET BHI:

k dP
o= 1)

I'ne V. - ckopocTh GpUIbTpaiuy MNOTOKA rasa;
K - mponumiaemocTs mmiacra;
U - IMHaMHWYCCKas BA3KOCTDb I'a3a,

dp
~, ~ TPA/IMCHT JIaBIICHHSL.

VYMHOXkasl JIEBYIO M IIPaBYyIO YacTH JIaH-
HOTO yPAaBHEHUS HAa IIJIOIIA/lb CEYEHUS I1J1acTa,
nMeeM

k d
Q= p 2mr? d—i )

I[J'I}I peUICHUA JaHHOT'O YPABHCHUS B NAH-

HYIO MOJCJIb [[062[BJ'IHCM YpaBHCHHUEC COCTOSAHUA
PTZ

P=Popr @)
I'ne Po - atmocdeproe naBienue; To- at-
MochepHas Temrieparypa; P - 3ananHoe naBie-
HUE; Py - TUIOTHOCTH Ta3a MpU aTMOC(hEepHBIX
ycIoBuUsX; Z - KOOQGUIUEHT CBEPXCKUMAEMO-
CTH Ta3a, KOTOPBI YUYUTHIBA€T OTKJIOHEHHE CO-
CTOSTHUSI PETbHOTO Ta3a OT uaeanbHOro. Ot-
METHM, YTO JAHHBIH KOA(QPHUIMEHT 3aBUCUT OT
IIPUBEJICHHBIX JaBJICHUS U TEMIIEPaTypBhl.
JUis HavyajabHOTO Cilydas, IpUMEM, YTO

MPOLIECC M30TEPMHUUYECKUN MPHU CTaHAAPTHBIX
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ycioBusX, To ecth Z =1. Toraa umeem [1-6]
P
P =Por (4)
0
Pemrass naHHble ypaBHEHUS COBMECTHO,

Haxoaum
k P dpP
=—po—2nr?— 5
Qp =" Pop — ()
HpI/IHI/IMaH BO BHHMAHHUC HU3MCHCHHC
o0beMa ras3a B 3aBUCUMOCTH OT TEMIICPATYPHI,
B PACUCTHYIO MOJCJIb CIICAYCT BKIIFOUUTD ITOHA-

THUC MaCCOBOI'0 pacxoaa. Torna mMmeem:
Mﬂpo dar

&~ pdp (6)

2k pg 12

[Ipenmnonaoxum, 4To B JAHHOH CHUCTEME
IUIacTa CyImEeCTBYeT Mpu3alboiiHas 30Ha BOKPYT
CKBAXHHBI, IAC BO BPEMsL 6ypeHH${ HJIN OKCILTY-
aTallid BO3HUKJIA JIOMOJHHUTEIbHAs 30HA C
MHOM npoHunaemMocteto. OTMETUM, YTO Ha
MPAKTUKE BOJIM3H Ta30BO CKBOKUHBI UMEETCS
HeOobIIas 00JacTh - Mpu3aboiiHas 30Ha, B KO-
TOPO¥ MPOUCXOUT JTOTIOTHUTEIHLHOE TaJICHNE
JABJICHUS, BBI3BAHHOE PAa3IMYHBIMH (DAKTO-
pamu. Hamuuume storo sddexra [7-10], B
MEPBYIO OYepellb, CBI3aHO C OCOOEHHOCTSIMH
BCKPBITHA IJIaCTa, TO €CTh CO3AaHUA TUAPOIHN-
HAMUYECKOU CBS3H MEXY TIaCTOM U CKBaXKU-
HOM. Ecim ckBakMHa € OTKpBITBIM 3a00eM
BCKpBIBACT IUIACT HE IO BCEH TOJIIHMHE, a
TOJILKO Ha HEKOTOPYIO TIIyOHHY, TO JaHHYIO
CKBaXUHY
HECOBEPIICHHON IO CTENeHH BCKPBITUS ILIa-
cTa. OTMeTI/IM, 4TO €CJIM CKBAXXMHA BCKPLIBACT

Ha3bIBAIOT THAPOJUHAMHWYCCKHU

TUTACT OT KPOBJIH JI0 TIOJIONIBBI, HO COOOIIEHNE
C TUTACTOM TPOUCXOAMT TOJBKO Yepe3 CIeIu-
aJIbHBIC OTBEPCTHUS B 00CATHON KOJIOHHE U Ye-
pe3 crenuanbHbl (UIBTP, TO TAKYIO CKBa-
KMHY Ha3bIBAIOT TMAPOANHAMUYCCKHA HECOBEP-
IIIEHHOH TI0 XapaKTepy BCKPBITHS IUIACTA.
CremneHb U XapakTep BCKPBITUS IIIacTa
MMEIOT 0COOCHHOE 3HAYEeHHE TP pa3paboTke
MECTOPOKICHUI MPHUPOMHOTO ra3a, Tak Kak
JTaHHBIE (DAKTOPHI OMPEACTAIOT (PHIIBTPAIIUOH-

HBIC COIIPOTUBJICHUA, BO3HHKAOIIUEC B

pU3a00MHON 30HE, YTO B KOHEYHOM MTOIE
OKa3bIBAaeT BJIMSHUE HA IPOU3BOAUTEIIEHOCTh
ra3oBOM CKBAKHMHBI. BeiencTBue HeCcOBEpIIEH-
CTBa CKBa)XMH B IPU3a00IHON 30HE BOZHUKAIOT
CJIO’KHBIE HEOJHOMEpPHbIE TEYEHHs, 00YCIIOB-
JICHHBIE CYIIECTBEHHBIMU Ae(OopMaIusaimMu 1o-
TOKa. DTOT IPOLeCcC Ha3bIBAIOT CKUH-3(P(DEKT.

OTtmeTuM, 4TO JIpYrol NPUYMHON BO3-
HUKHOBEHUsSI CKUH-d(P(]eKTa SBIAIOTCS (HUITb-
TpPallMOHHBIE XapaKTEPUCTUKU Npu3a00iHON
30HBI. 324aCTy10 CBOWCTBA JaHHOW 30HBI CyIlle-
CTBEHHO OTJIMYAETCS OT COOTBETCTBYIOLIMX
cBoiicTB macta. IIpombiciaoBble HccienoBa-
HUS [I0Ka3bIBAIOT, YTO 3arpsA3HEHUE 30HbI, IPU-
Jerarolei K 3a0010 CKBaKUHbI 00yCIIaBJINBAET
yXyauleHne GUIbTPAMOHHBIX XapaKTePUCTUK
U 3HAUYUTEJIbHBIE MOTEPU IUIACTOBOW IHEPIUU
npu GUIBTPAUH IPUPOJHOTO Ta3a U3 IJiacra
K CkBaxuHe. J[aHHBIN mporecc GpopmMupyercs
Ha MPOTSKEHUH BCETO HKCILTYaTal[HOHHOTO Te-
pHoa CKBOXHHBI, TO €CTh NMpU OypeHuwu, Ie-
MEHTHPOBaHUH, Nep(opaiu, OCBOCHUH 1 IKC-
IUTyaTalH.

VYuuThIBas BBIIECKAa3aHHOE, OTMETHM,
9YTO CKHH d(PPEKT SBIACTCA JOMOTHUTEIHHBIM
(GWIBTPAMOHHBIM 00y-
CJIOBJICHHBIM HECOBEPILEHCTBOM CKBaKUHBI U

COIIPOTUBJICHUEM,

HAaKJIIOHOM €€ CTBOJIa, U3BMEHEHHEM MPOHUIIae-
MOCTH TIPU3a00MHON 30HHI.
Torna, pemast ypaBHEHHUE B TIpeiesiax

rZRc P=Pc
rZRs P=Ps
r=Rx P=Px

1
JlobGaBisisi u yOaBisisi 3HAUYCHUE (R—), c
C

Y4€TOM CKHUH 30HBI, B U'TOTC UMCCM 3HAUCHUC
MacCCOBOI'o pacxoaa

k Pf—pP?
M = MRC ( k C) (7)
o 5]
Ry
I'ne Rc - pannyc ckBaxunsl; Rk - paauyc
KOHTYpa; Pc - 3a00iiHOE IaBieHUE CKBAXKUHBI;
Pk - KOHTYpHOE NaBjieHue; S - CKuH (akrop.
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3HaveHne CKUH (pakTopa ornpenensercs
o gopmyre:

=08 ®

I'me ks - MpOHUIIAEMOCTh B CKHH 30HE
npusaboiiHoro yvactka; Rs - pagmyc mpusa-
OOMHOMN CKHH- 30HBI.

Ecmu S=0, To umeem dopmyity i npu-
TOKa Ta3a B CKBOXHHY 0€3 CKUH (akTopa.

RC
VYuuteiBas, 4To = < 1, KoHEeUHOE ypaB-
k

HEHUE UIsS OINpEAETICHUST MAacCOBOIO pacxoja
BBITJISIIUT CIICIYIONINM 00pa3oM

k
M =" R:(PE — FF) ©)

JlanHyto (popMyIly MOKHO PELIUTh U O
00BEMHOMY PACXOTy:

M _ mk P?-P?
Q= = Eﬁ (10)

B nanpHeiimux paboTax AaHHYIO 3a/1a4y
HE00XO0IMMO MPUMEHATh U JJIS IPYTHX MOJe-
JIeH ¥ I peanbHoro rasa.

JlanHas MeToaMKa Oblila IPUMEHEHa IS
CKBa)XXMH C y4eTOM CKuH-(pakTtopa. Kak BugHo
U3 pUCYHKAa | TIpU pa3IWYHBIX 3HAYCHHSIX
CKUH-30HBI MIPOU3BOJUTEIBHOCTh U3MEHSETCS.
Tak, mpu yBenmM4eHnU CKUH-(PaKTOpa MPOU3BO-
JTUTEIBHOCTh TA/IAeT, YTO XapaKTepHO IS Ta-
30BBIX CKBA)XXMH, B IPOAYKIIUN KOTOPBIX MOSB-
TSIeTCs JKUAKOCTh, KOHIeHcaT uin Boja. C yBe-
JMYEHUEeM IapaMeTpa CKHH 30HbI OObEMHBIN
pacxoj] raza yMEHbBIIIaeTCsl.

BrisiBieHHE  OCHOBHBIX — TOKa3arenen
IUIacTa B YCIOBMAX SKCIUTyaTallUd SIBIISIETCS
aKTyaJIbHOIM MpOoOJIEMOI MPOMBICIIOBOM Mpak-
TUKU. Tak, yMEHbIIEHUE JaBJIeHUs B IJIacTe
co3maeT 3¢pdekT maneHus nebuta HEYTH TO
ckBaknHaM. OIHaKO HE TOJBKO MaJIeHUE IuIa-
CTOBOTO JaBJICHUS, HO U MHOXECTBO JIPYTHX
(akTOpPOB SIBHO W KOCBEHHO BIIMSIONIMX Ha
nporecc GpuIbTpayy, sBIsSETCS CKUH-30Ha. B
TAHHOM 30HE ITOCTENEHHO UET CHIKEHUE IPO-
HUIIAEMOCTH, YTO B HTOIe CHMXKAeT JeOUT

ra3oBOM CKBa)KMHBI. YUYHUTHIBAsI 3TO SBJICHHUE,
HEeOOX0IMMO 00Jiee OCHOBATEILHO MOAXOINUTH
K BOIpOCaM BJIMSIHHUS CKHH-(DakTOpa Ha Tpo-
1I€CC IKCIUTyaTallui Ta30BbIX CKBAKUH.

6

: Q m3/c

10 2 30 40 L 60 %

BP/PO
Pucynok 1 — 3aBucuMocTs 00bEMHOTO pacxoja
0T Oe3pa3MepHOro nepenaa JaBjicHus, TS
0-S=0,5; x-S=1,0; A-S=2,0

Figure 1 — Dependence of volumetric flow rate on
dimensionless pressure drop, where 0-S=0,5;
x-S=1,0; A-S=2,0

QQs

| S
0 5 10 15 20 25 30

PucyHok 2 — 3aBUCHMOCTb pacxoja raza oT CKUH-
¢akropa, rrie Qs - pacxo rasa ¢ yueToM CKUH 30HBI,
Q - pacxop raza 6e3 CKUH 30HBI, S - CKUH (hakTop
Figure 2 — Gas consumption dependence on skin
factor, where Qs - gas flow rate considering the skin
zone, Q - gas flow rate without considering the skin
zone, S - skin factor

MHuorouucieHHble 1a00paTOPHBIE U TIPO-
MBICJIOBBIE HICCIIEIOBAHUS MTOKAa3alH, YTO OKO-
JIOCKBAKUHHOE MPOCTPAHCTBO MPOAYKTUBHOTO
[LIACTA SIBISIETCS BHICOKOAKTUBHON HECTAOMIIL-
HOM 30HOH. B mporiecce Oypenusi, mnepBUYHOTO
BCKPBITHA IPOAYKTHUBHOT'O IJIaCTa, 3aKaHYWBa-
HUA CKBAXWHBI U 3KCIUTyaTallUKM BO3HUKAIOT
0co0bIe MPOIIECChl, KOTOPbIe HAPYLIAIOT MpH-
pPOJIHOE  HHEPrOMEXaHMYECKOE PpPaBHOBECUE
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IUTacTa U OKOJIOCKBRKUHHOE TPOCTPAHCTBO B
YaCTHOCTH.

B nmaHHOM ciydae B OKOJIOCKBRKHHHOM
MPOCTPAHCTBE HAOMIOJAIOTCS W3MCHECHUS U
(U3NKO-MEXaHUYECKUX THIPOTEPMOTUHAMU-
YECKUX CBOWCTB M XapaKTEPUCTUK MOPOJIBI IO
HeTH, razy u Boje.

B mepuonbl OypeHHs W 3KCIUTyaTalluu
OKOJIOCKB2KHHHOE TIPOCTPAHCTBO M CBOWCTBA
KHUJKOCTH MEHSIFOTCS. Tak Kak OTJIOXCHUS
cMmou, mnapaduHOB, OOpa3oBaHHWE THAPATOB,
HaOyxaHWe TIIMHUCTHIX MUHEPAJIOB, pa3pyIie-
HUE KOJUIEKTOpa, ra3oBas OJOKHPOBKA HM3Me-
HSIOT TIOPUCTOCTh M IPOHHIIAEMOCTH IpH3a-
OOITHOM 30HBI, TO MOYKHO CJI€JIaTh BBIBOJI O TOM,
970 3TH ()AKTOPHI CYIIECTBEHHO HAapYIIAOT
MIPOU3BOIUTEIILHOCTh CKBOKUHBI, 00pa3ys He-
OTHOPOJHYIO TI0 TapaMeTpaM CKHH-30HY.
CKHMH-30Ha BIUSICT Ha BCE THIPOJAMHAMHYC-
CKHE ITapaMeTphI IJIacTa.

3akao4yeHue
1. IIpemnoxena MeTonuKa pacuera ras3o-
BOM CKBaXHHBI C YYETOM CKHUH-30HBI [JIsI

chepuuecku-pauaibHOR MOJAETU C Y4YeTOM
(U3HYECKUX XapaKTEPUCTUK ra3a U IJIacTa.

2. JlanHasi METOAMKA JaeT BO3MOXKHOCTh
OTpEICIUTh OCHOBHBIE TapaMeTPhl Ta30BOM
CKBQ)KUHBI, TAKME KaK MacCOBBII U 0ObEMHBII
pacxo/ibl Ta30BOM CKBAXHHBI C YIETOM BIIUS-
HUS CKUH-30HBI.

3. OmpenenuB 3Ha4YeHHE CKUH-(paKTOpa
MO>KHO MPOBECTHU JOTOJHUTEIbHBIE PAOOTHI HA
3a00€ OKCIUTyaTallMOHHOW CKB&KHHBI IS
YIIyYILIEHUS €€ MPOU3BOAUTENbHOCTU. [laHHbIe
paboThI JAIOT BO3MOXKHOCTH MPOBEICHUS J0-
MOJIHUTENIBHBIX MEPOIIPHUATHIA 110 YBETUYCHUIO
MIPOU3BOIUTEIIEHOCTH Ta30BOW CKBAKHUHBI Ha
Oornee paHHUX STanax BO3HUKHOBEHUS CKHUH-
30HBI. XapaKTepHON OCOOCHHOCTBIO SBIISICTCS
TO, YTO BO BCEX CIydyasX y4eT CKUH-30HBI TO-
JIOXKHUTEIHHO BIHSET Ha pabOTy ra3oBOM CKBa-
JKUHBI.

Kondaukr uarepecon

ABTOpBI 3asBJISIIOT 00 OTCYTCTBUM KOH-
(GnMKTa MHTEPECOB, CBS3aHHBIX C IyOJUKa-
LA€W JTAaHHOM CTaThH.
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Abstract

The article analyzes issues related to improving the energy efficiency and operational relia-
bility of compressor stations (CS) on offshore platforms during the production decline period of
gas-condensate fields. Under the conditions of decreasing reservoir pressure and well productivity,
the operational characteristics of conventional centrifugal compressors were analyzed, and a re-
source-saving compressor station model adaptable to changing technological regimes was propo-
sed. The necessity of implementing flexible compressor systems capable of efficient operation over
a wide range of flow and suction pressures was substantiated in order to conserve resources and
adapt technological regimes to changing conditions. The article analyzes the difficulties encounte-
red in adapting compressor stations to decreasing production rates and reservoir pressure under real
operating conditions. A compressor model for the final stage of field development was proposed,
and appropriate parameters were determined, including the productivity of a single compressor
with different configurations, the required number of compressors, and the total annual productivity
of all compressors. The performed calculations showed that the proposed model enables more ef-
ficient operation of the compressor station during the production decline stage, reduces specific
energy consumption, extends equipment service life, and improves the reliability of the offshore
platform technological system.

Keywords: gas-condensate well, offshore platform, decreasing production, centrifugal comp-
ressor, piston compressor, efficiency range.
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Qaz-kondensat yataginda hasilatin azalmasi dévrii ii¢iin resursqoruyucu
kompressor stansiyas1 modelinin tatbiqi

E.X. Iskoandarov, M.E. Harbizado
Azarbaycan Doviat Neft va Sonaye Universiteti (Baki, Azarbaycan)
Xiilasa

Mbogalads gaz-kondensat yataglarinda hasilatin azalma dovriinds deniz platformalarinda kompressor
stansiyalarinin (KS) enerji somaraliliyinin va istismar etibarliliginin artirilmasi mosoalalori tadgigq olunmus-
dur. Lay tazyiginin vo quyularin debetinin azalmasi soraitinds anonovi markozdongagma kompressorlarinin
istismar xiisusiyyatlari tohlil edilmis, doyison texnoloji rejimlara uygunlasa bilon resursqoruyucu kompres-
sor stansiyast modeli toklif olunmusdur. Resurslarin qorunmasi va texnoloji rejimlorin doyison soraitlora
uygunlagdiriimasi ti¢iin sarf va gabul tazyiginin genis diapazonunda effektiv isloya bilon ¢evik kompressor
sistemlarinin totbiginin zaruriliyi asaslandirilmigdir. Magalado real istehsalat soraitinde kompressor stansi-
yalarinin debetin vo lay tozyiginin azalmasina uygunlasdirilmas: baximindan qarsiya ¢ixan ¢atinliklor tohlil
edilmisdir. Yatagin islonmasinin son marhalasi ti¢iin kompressor modeli toklif edilmis, uygun parametrlor,
miixtolif konfiqurasiyali bir kompressorun mahsuldarligs, talob olunan kompressorlarin say1 va biitiin kom-
pressorlarin illor tizra iimumi moahsuldarligi hesablanmigdir. Aparilmis hesablamalar gostormisdir ki, toklif
olunan model hasilatin azalma morhalosinds kompressor stansiyasinin daha somarali istismarina, xiisusi
enerji sorfinin azaldilmasina, avadanligin istismar miiddstinin uzadilmasina va doniz platformasinin texno-
loji sisteminin etibarliliginin artirilmasina imkan verir.

Acar sozlor: gaz-kondensat quyusu, doniz platformasi, azalan hasilat, moarkazdongagma kompressoru,
porsenli kompressor, somaralilik diapazonu.

IIpumeHeHue pecypcocOeperaromeid MoaeJu KOMIIPECCOPHON CTAHIUM IS
NMepuoaa CHUKEHNS 100bIYH HA TA30KOHIEHCATHOM MECTOPOKIAECHUHU
9.X. Uckenaepon, M.J. I'apou3zane

Asepbauioacanckuii I'ocyoapemeennwitl Yuusepcumem Hegpmu u Ipomviuinennocmu
(baxy, Azepbaiioacar)
AHHOTAUA

B cratbe paccmarpuBaloTCS BONPOCHI MOBBIMICHHUSA 3HEProd((HEeKTUBHOCTH M SKCIUTyaTAllHOHHOM
Ha/IeKHOCTH KOMIIPECCOPHBIX CTAaHIMH HAa MOPCKMX IUIaTpopMax B TMEPHUOJ CHIDKEHHS IOOBIYM
ra30KOHJICHCATHBIX MECTOPOKACHUH. B yCIIOBHAX yMEHBIICHHUS TIIACTOBOTO AABJICHHUS U JIeONUTa CKBKUH
MIPOaHaIM3UPOBAHBI IKCIUTYyaTalIHOHHbBIE XapaKTePUCTUKU TPAJULHOHHBIX HEHTPOOEKHBIX KOMIIPECCOPOB
U TIpeUIoKEeHa pecypcocOeperaromnasi MoJesib KOMIPECCOPHOM CTaHIMH, aJalTUpyeMast K U3MEHSIOIUMCS
TEXHOJOTHYECKUM pesxknmaM. O00CHOBaHA HEOOXOJUMOCTh MPIUMEHEHHUS THOKUX KOMIIPECCOPHBIX CUCTEM,
CHOCOOHBIX AP PeKTHBHO paboTaTh B IIMPOKOM JHAIla30HE PACXOJOB W JABJICHUN BCACHIBAHUS, LIS
COXpaHEHUS! PECYPCOB M afanTaliyd TEXHOJIOTHYECKUX PEXMMOB K U3MEHSIOLIMMCS YCIOBHSIM. B craTbe
AQHATM3UPYIOTCS TPYIHOCTH aJanTallid KOMIIPECCOPHBIX CTAaHIMH K CHIDKEHHIO JIeOUTa U TUIACTOBOTO
JIaBIICHHS B pEATbHBIX YCIOBHUSX dKcInTyaraun. [Ipeoxkena Moiesb KoMIpeccopa Jijisl 3aKTF0UUTEIbHOTO
sTama  pa3pabOTKH  MECTOPOXKIEHHS, OINpelesieHbl  COOTBETCTBYIOLIME  MapaMeTpbl,  BKIIOYAs
MPOM3BOJUTEIBHOCTE OJHOTO KOMIIpECCOpa pa3iWYHbIX KOH(QUTypanuid, HE00XO0AWMOE KOJIMYECTBO
KOMIIPECCOPOB M CYMMAapHYIO T0JIOBYIO TPOU3BOUTEILHOCTh BCEX KOMIpeccopoB. [IpoBeicHHbIE pacyeTh
MOKa3ali, YTO NPEAJIOKEHHAs MOZIeTIb oOectieunBaeT 0osee 3 HeKTUBHYIO KCILTyaTalui0 KOMIIPECCOPHOR
CTaHUMM Ha CTAJWW NajeHHus NOOBIYM, CHWXKAET yJeNbHBIE YHEPro3arpaThl, yBEIMUYUBAET CPOK CIYKOBI
000pYZIOBaHHMS U MOBBIIIAET HAICKHOCTh TEXHOJIOTHIECKOW CHCTEMBI MOPCKOM TUIAT(OPMEI.

KiroueBble ciioBa: ra30KOHIeHCATHAs CKBKHMHA, MOPCKasl MIaThopMa, CHHKEHUE JOObIYH,
HEHTPOOCIKHBIN KOMIIPECCOP, MOPIITHEBOH KOMITPECCOP, AUAMa30H
3¢} HEeKTUBHOCTH.
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Giris

Qaz-kondensat yataglarinin islonmasinin
son morholasinds lay tozyiginin ganunauygun
azalmasi, quyularin debetinin asagi diismasi,
maye fazanin (kondensat, su) vo qumun payinin
artmasi miisahidos olunur Ki, bu da ananavi mor-
kozdongagma kompressorlarinin iginin geyri-
sabitliyino vo samaraliliyinin azalmasina goti-
rib ¢ixarir [1]. Daniz platformalarinda genis is-
tifado olunan markozdongagma kompressorlar
sorf va tazyiq lizro mohdud tonzimlomo diapa-
zonuna malikdir. Debet 1,0 min. m?/giin-don
asag1 diisdiikds onlar optimal zonadan konarda
isloyir ki, bu da faydalr is omsalinin (FI9) azal-
masina, tez-tez dayanmalara, baypas xatlorinin
qosulmasi zarurating, xiisusi enerji sarfinin art-
masina va istismar xarclarinin yiiksalmasina sa-
bab olur [2].

Perspektiv istigamatlordon biri doyiskon
debetlords (0,5-5,0 mIn. m?/giin) sabit islomayi
tomin edan, gabul tazyiginin (0,1-5,0 MPa) ro-
van tonzimlonmosSino imkan veron, genis yiik-
lonmo diapazonunda yiiksok FI9-ya (0,85-2 qo-
doar) malik olan, gazin torkibinoa vo termobarik
soraito az hassas olan, movcud platformalarin
rekonstruksiyas1 zamani1 daha az kapital xorci
tolob edon porsenli qaz miiharrikli kompressor-
larin (QMK) tatbiqidir [3].

Miiasir soraitdo enerjinin somaraliliyi vo
resursqoruyucu texnologiyalar neft-gaz sonaye-
sinin davamli inkisafinin prioritetlorina gevril-
diyi t¢iin doniz platformalarinda azalan hasilat
soraitino uygunlagdirilmis kompressor stansiya-
sinin yeni modelinin hazirlanmasi boyiik prak-
tik vo elmi shomiyyoto malikdir [4].

Belo bir hall bdyiik investisiyalar olma-
dan infrastrukturun istismar miiddatini uzat-
maga, enerji sarfini vo istixana gazlar1 emissi-
yalarimi azaltmaga, karbohidrogenlarin ¢ixaril-
ma amsalini artirmaga vo yatagin islonmasinin

son morholasinds gaz naqli sisteminin etibarli-
ligin1 toamin etmoys imkan verir.

Isin magsadi

Tadgigatin mogsadi, porsenli QMK-larin
totbiqi asasinda doniz platformasi ii¢iin gabul
tozyiginin adaptiv tonzimlonmasi ilo qaz-kon-
densat yataginda azalan hasilat soraitinds ener-
jinin somarali istifadasini tomin edon kompres-
sor stansiyasinin resursqoruyucu modelinin is-
lonmasi vo asaslandirilmasi, eloco do enerji vo
maddi resurslardan istifadonin somaraliliyinin
artirilmasi, avadanliq vo infrastrukturun istis-
mar miiddatinin uzadilmasi, hamg¢inin hasilat
rejimlarinin doyismasi soraitinds qazin sixilma-
s1 lizra xtisusi xarclarin azaldilmasidir [5].

Masalanin qoyulusu

Daniz hasilat platformalarinda kompres-
sor stansiyalar1 (KS) gaz-kondensat mohsulu-
nun yigilmasi vo hazirlanmasinin texnoloji sxe-
minin asas elementidir. Onlarin asas funksiyasi
gazin sualtt boru komoarlarina verilmasi {igiin
naql tozyiginin tomin edilmasi, hamginin debe-
tin sabitlogdirilmasi vo quyularin optimal is re-
jiminin saxlanmasidir.

[lkin morhalalords, lay tozyiqi talob olu-
nan naql tozyigindon xeyli yiiksok olduqda,
kompressor stansiyalari ya istifado olunmur, ya
da gismoan yiiklonma rejiminda islayir. Lakin la-
yin tiikonmasi va sistemda tozyigin azalmasi ilo
debetin saxlanilmasi vo ¢ixis tazyiginin (adston
doniz magistrallar ii¢iin 5,0-6,0 MPa) tomin
edilmasi tiglin kompressiyanin marhalali qosul-
masi tolob olunur [2].

Masalanin halli

Doniz platformasinda tipik kompressor
stansiyasina asagidakilar daxildir: markozdon-
gagma kompressorlari (is¢i vo ehtiyat rejiminda
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1-3 agreqat); otiiriictilor (gazturbin vs ya elekt-
rik otirticilori); sixilmadan oavval gaz axinin-
dan kondensat va riitubatin ayrilmasi tiglin se-
parator avadanlglari; soyutma va yaglama, elo-
ca do, avtomatlagdirilmig idaraetma vo miihafi-
zo sistemlari [6].

Oksar layiholords sabit sorflordo yiiksok moh-
suldarliq, kompaktliq vo etibarliligin tomin
edilmasi {igiin markozdongagma kompressorla-
rindan istifads olunur. Onlar boyiik qaz debet-
larinds (2-3 miIn. m3/giin-don yuxari) vo mah-
dud tonzimlomo diapazonunda (adaton, nomi-
nal sorfin 70-100 %-i) effektivdir.

Daniz soraitinds avadanlhiglara yiiksok to-
lablar qoyulur: kiitls vo 6l¢ii mohdudiyyatlari;
yiiksak etibarliliq ve avtonomluq (Xidmatin ¢o-
tinliyi); vibrasiya vo korroziyaya davamliliq;
personalin minimal istiraki (uzagdan idarset-
mo) [7].

Bu amillori nozars alaraq, layihalondiri-
lon morkoazdongagma kompressorlarinin is so-
raitinin doyismosi zamani bir sira ciddi istismar
mohdudiyyatlorino malik olmasini gora bilarik.

Azalan hasilat marhalasinde markozdon-
gagcma masinlari optimal diapazondan konarda
islomays baglayir. Osas problemlor: agag: sorf-
lordo kompressiya rejiminin pozulmas: (pom-
paj rejimino godar); FIO-nin azalmas:; axmin
drosellonmasi va baypas edilmasi zorurati; xii-
susi enerji sorfinin artmasi; gobul tozyiginin
geyri-sabitliyi; podsipnik vo Kkiplosdiricilora
diison yiklorin artmasi; tomirarasi resursun
azalmasidir [8].

Bundan olava, morkozdongagma komp-
ressorlart qazin torkibino (kondensat, riitubat)
hassasdir vo axinin sabit parametrlorini tolob
edir ki, bu isa quyularin geyri-barabar iglomasi
soraitindas ¢atin tomin olunur. Onlarin tonzimlo-
mo diapazonu toxminon nominal mohsuldar-
ligin £20-25 %-i ilo mohdudlasir. Daha ¢ox

azalma zamani ya aqreqatlarin bir hissasinin da-
yandirilmasi, ya da slavs pillalorin qurasdiril-
masi talab olunur ki, bu da daniz platformasi so-
raitindo ¢ox vaxt texniki vo igtisadi cohotdon
magsadauygun deyil.

Naticads, yatagin islonmasinin son mor-
halasindas ananavi KS-nin istismari enerji somo-
raliliyinin azalmasi, otiirticiilordo yanacaq sar-
finin artmasi, istismar xarclorinin yiiksalmasi
vo avadanligin siiratlo asinmasina gatirib gixa-
rir [9].

Belaliklo, ononovi  morkozdongagma
kompressor stansiyalari ilkin vo orta marhale-
lards 6ziinii yaxs1 dogruldur, lakin asag1 debet
va tozyiq rejimlarina kegid zamani az somarali
olur. Bu isa texnoloji rejimin doyison soraitlors
uygunlasdirilmast {iglin yeni resursgoruyucu
hallorin axtarilmasini zaruri edir [10].

Azalan hasilat marhoalasinde moarkozdon-
qagma kompressorlari sorf {izro mahdud is dia-
pazonu, asagi verimlordo samaraliliyin kaskin
azalmasi, daimi baypas ehtiyaci va xiisusi enerji
soarfinin artmas1 kimi mohdudiyyatlor gostarir.
Bu iso onlar1 uzunmiiddatli istismar tigiin iqti-
sadi baximdan olverissiz edir [11,12].

Sakil 1-do moarkozdongagma kompresso-
runun adiabatik faydali is omsali ila nisbi axin
stirati (20-120%) arasindaki tipik olago goste-
rilmisdir.

Sokil 1-do strixlonmis saha (axin 60%-
don kigik oldugda) dalgalanma riski zonasini
gostarir. Ogor is soraiti bu diapazona diisorss,
oks axin, ciddi vibrasiya vo ¢arxin zodolonmasi
miimkiindiir. Praktik olarag belo bir naticoyo
golinmisdir ki, markozdonqagma kompressorla-
r1 nominal axin siiratinin toxminan 60%-don bo-
yik qiymotindos etibarli sokilds isloyir; daha
asag1 axin siiratlorindo ya boyiik hacmli mo-
dernlosdirmolor, ya da diger texnologiyalara
kegid talob olunur [2,4,5].
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Sakil 1 — Moarkozdongagma kompressorunun adia-
batik faydali is amsalinin nisbi axin siiratindon asi-
lilig1
Figure 1 — Dependence of the adiabatic efficiency
of a centrifugal compressor on the relative flow rate
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Sokil 2-do iso morkozdongagma vo por-
senli kompressorun adiabatik faydali is omsal-
larinin miiqayisosi gostorilmisdir (model ayrilo-

r).

—— Markardangagma (Nannc)
e Porgent (Mavi}
03
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Sakil 2 — Markoazdongagma vo porsenli kompressor-
larin adiabatik faydali is omsalinin nisbi axin siira-
tindon asililiginin miigayisasi
Figure 2 — Comparison of the dependence of the
adiabatic efficiency of centrifugal and reciprocating
compressors on the relative flow rate

Sokil 2-don goriindiiyli kimi, axin siirati
azaldigca morkozdongagma kompressorunun
FIO-si koskin sokilda azalir vo asag1 axin siiro-
tinds 0,35-0,45-5 ¢atir; porsenli kompressorun
Fi1©-si isa nisboton sabit galir (toxminan 0,72—
0,78). Bu o demokdir ki, debet siirati azaldiqca
porsenli QMK somaraliliyini saxlayir, morkoz-
dongagma QMK iso onu itirir. Bu iso  xiisusi

enerji istehlakini artirir.

Arasdirmalar gostarir ki, asagi debetlords
moarkazdongagma kompressorlart mohdud ener-
ji somaraliliyina va istismar risklorino malikdir.
Moarkoazdongagma vo porsenli kompressorun
adiabatik FI9-nin nisbi debetdon asililiglarinin
miigayisasi onlarin arasinda shomiyyatli forqle-
rin oldugunu gostarir [1,4].

Sokil 3-do, markozdongagma va porsenli
kompressorlar {igiin xiisusi enerji sarfinin (1000
m? {i¢iin kVt/saat, normallasdirilmis) nisbi de-
betdon asililiginin modellagdirilmasi ayrilari
gostarilmigdir.

3,5
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(=
;»E 3 i Porgenti {Mavi)
E 328
g8 ,
= S
g
T ‘Ef 15
&
2
it
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Sakil 3 — Nisbi axin siiratindon asili olaraq xiisusi
enerjinin modellasdirilmasi
Figure 3 — Modeling of specific energy as a func-
tion of the relative flow rate

Sokil 3-don goriindiiyl kimi, markozdon-
gagma kompressoru iigiin axin siirati azaldigca
xiisusi enerji shomiyyatli doracados artir (100%-
do tagriban 1.0-dan 20%-dos iso 3.0-don boyiik
giymato godor). Porsenli kompressorda iss (ha-
mar bir slago niimayis etdirir) — xtisusi enerjido
artim azdir. Natico etibarilo, hasilatin azalmast
ilo morkozdongagma aqreqatlarinin istifadosi
ohomiyyatli enerji itkisino vo iqtisadi somoro-
sizliya sabab olur.

Belo ki, debit azaldigca morkozdongagma
kompressorunun FIO-si koskin sokilda asag:
diisorok asagi mohsuldarliq zonasinda 0,35—
0,45 soviyyasina catir, porsenli kompressorda
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iso bu gostarici nisbaton sabit galir va toxminan
0,72-0,78 intervalinda doyisir.

Bu, debit azaldiqda porsenli gaz miihor-
rikli kompressorlarin somaraliliyini saxladigini,
moarkazdangagma kompressorlarinin isa onu iti-
rorok xiisusi enerji sorfinin artmasina sabab ol-
dugunu gostarir.

Xisusi enerji sarfinin (kVt-saat/1000 m3,
normal soraito gotirilmis) nisbi debitdon asili-
lig1 da forqli xarakter dasiyir.

Morkoazdongagma kompressorlarda debit
azaldigca xiisusi enerji sorfi koskin artir (100 %
mohsuldarligda toxminan 1,0 oldugu halda, 20
% mohsuldarligda 3,0-don artiq olur).

Porsenli kompressorlar iso xiisusi enerji
sorfinin xeyli rovan doyismasi ilo Xxarakterizo
olunur va artim nisbaten az olur.

Beloliklo, hasilatin azalmasi soraitindo
morkozdonqagma agreqatlarinin totbiqi oho-
miyyatli enerji itkilorino vo imumilikds iqtisadi
somarasizliya gotirib ¢ixarir.

Istismarm son morholosinds asagidakilar
miisahido olunur: enerji istehlakinin 30-60%
artmast; timumi sistemin FIO-nin 35-45%-0
diismosi; dayanma vo tomir saymin artmasi.
Porsenli gaz miharrikli kompressorlarinin
(AJAX, Dresser-Rand, Ariel) iso asagidaki iis-
tinliiklori verilir: 0,5-5,0 mIn. m?/giin diapazo-
nunda sabit is; tozyiq va sorfin daha genis dia-
pazonda tonzimlonmasi imkani; yiiksok texniki
xidmat vo modullug.

Qaz-kondensat yataglarinin istismarinin
son moarhalasinds kompressor stansiyasinin is-
tifado edilmasi tocriibasi gostarir ki, nominal
debetlordo  maorkozdonqagma kompressorlar
yiiksok F19-ni tomin etmoya imkan verir, ha-
min layiha gostaricilarinin 50%-don boyiik ol-
dugu diapazonda effektli deyil.

Notico

1. Tikonmokdos olan doniz yataglar tgiin
kompressor stansiyalarinin layihalondi-
rilmasi vo ya tokmillosdirilmasi zamant,
yiiksok va sabit axin siiratlori (nominalin
60-70%-don boyiik oldugu halda) tigiin
moarkazdongagma kompressorlarinin tot-
bigi somarali hesab edils bilar.

2. Mohdud platforma soraitinds, texniki
yoxlama vo tomir xarclarinin yiiksak ol-
dugu halda, porsenli kompressorlarin isti-
fadosi igtisadi cohatdon daha somoralidir.

3. Gozlonilon uzunmiiddatli asagi debet
dovrlori iiciin (0.5-2.0 min. m®/giin)
porsenli QMK-larin va ya hibrid sxemlos-
ro (morkozdonqagma + bufer rolunda
porsenli) istlinliik verilmosi mogsado-
uygundur.

Maraglar miinaqisasi

Miioslliflor bu moqalods arasdiriimasi to-
lob olunan maraglar miinaqisesinin olmadigini
geyd edirlar.
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Naftalan neftinin aromatik—naften tarkibinin fiziki—-kimyavi va tatbiqi
aspektlordan tadqiqi

H.P. Aslanov, M.Y. Agamammoadova, X.E. 9liyarova, S.B. Moammadova

Azarbaycan Dévlat Neft va Sanaye Universiteti (Bak:, Azarbaycan)

Xiilasa

Toadgiqat ¢ar¢ivasinds Naftalan neftinin kimyovi vo fiziki xtisusiyyatlori, onun xtisusi karbohidrogen
torkibi, xtisusilo aromatik vo naften birlosmalorinin istiinliik togkil etmasi sistemli sokildo arasdirilmisdr.
Bu xiisusiyyatlor Naftalan neftini klassik enerji xammali kimi istifads imkanlarin1t mohdudlagdirir, lakin
eyni zamanda tibbi, kosmetoloji vo mahdud sanaye sahalarinds unikal resurs kimi giymatlondirilmasina
imkan verir. Aromatik va naften karbohidrogenlorin yiiksak pay1 neftin bioloji aktivliyini vo terapevtik xii-
susiyyatlorini miiayyan edir, hamginin emal vo totbiq texnologiyalarinin segimini yonlondirir. Neftin hasilat
texnologiyalari, emal prosesi, saxlanma sortlori vo naqli, eloca do ekoloji vo texnogen risklorin giymotlon-
dirilmasi sistematik sokildo aparilmisdir. Bu yanasma Naftalan neftinin dayaniqli vo rasional istismarini
tomin etmok tigiin texnoloji gorarlarin elmi osaslandiriimasina imkan verir. Naftalan nefti geyri-onanavi
karbohidrogen resursu kimi ham 6lkanin neft potensialinin diversifikasiyasinda, hom do spesifik sanaye va
tibbi sahalords strateji shamiyyat kasb edir. Belo ki, onun elmi asaslandirilmig, texnoloji vo ekoloji baxim-
dan optimallasdirilmis istifadasi resursun uzunmuddotli dayamqliligini tomin edir va igtisadi doyarinin arti-
rilmasina xidmot edir.
Acar sozlar: fiziki-kimyavi xiisusiyyatlor, neftin xiisusi torkibi, aromatik karbohidrogenlor, geoloji qu-

rulus, tobii karbohidrogen resurslari.

HUccnepoBanue apomatuko—HagTeHOBOro cocrapa maciaa Hadranan ¢

(pu3MKO-XMMHYECKON U MPUKJIAJHOH TOYEK 3PCHUA
\F.H. Ac.naHOBL M.s1. Aramamenosa, X.J. AumsipoBa, C.b. MamenoBa

Azepbatiodicanckuli 20cy0apcmeeHuslil yHugepcumem negpmu u npomviuiiennocmu (baxy, Azepbaiioscan)

AHHOTanUA
B pamkax wmccrieoBaHus ObUTM CHCTEMAaTHYECKH WU3yYEHBI XMMHUYECKHE W (PM3NYECKHE CBOHCTBA

Ha()TATAHCKOTO Maclia, €ro creruduueckuil yrieBOAOPOIHBIA COCTaB, OCOOCHHO IpeolsasaHue
apoMaTHYECKUX U HAPTEHOBBIX COSAMHEHUH. DTH CBOWCTBA OTPAHUYMBAOT BOBMOKHOCTH UCTIOJIB30BaHUS
Ha()TATAHCKOTO Maciia B KAYeCTBE KJIIACCUYECKOI0 DHEPTeTHUYECKOTO ChIPhs, HO B TO YK€ BPEMsI MIO3BOJISIFOT
paccMaTpuBaTh €ro Kak YHHMKaJbHBIA PECYpPC B MEAMIIMHCKOM, KOCMETOJIOTMYECKOW W OTPaHUYECHHOU
MIPOMBINIUICHHOW 00nacTsax. Bricokoe cojepxkaHue apoMaTHYECKUX W HA(PTEHOBBIX YTIIEBOJIOPOIOB
oTpeiesaeT OMOIOTHIECKYIO aKTUBHOCTE M TEPAIIEBTHUECKIE CBOMCTBA MAcClia, a TAKXKE HAMPABIISET BHIOOD
TEXHOJIOTH Mepepad0TKU U MPUMEHEHUs. bbITN CCTEeMaTHYeCKH MTPOBEICHBI NCCIICOBAHUS TEXHOJIOTUI
n00brIM HeTH, MPOIIECCOB TMEPEepabOTKH, YCIOBHM XpaHEHHUS M TPAHCIIOPTHPOBKU, a TAKKE OICHKH
9KOJIOTMYECKUX U TEXHOTEHHBIX PUCKOB. TakoH MOAX0/ MO3BOJIAET HAYYHO 000CHOBATh TEXHOJIOTHUECKUE
pelieHus, 00ecIIeYnBarOINre YCTOWYNBYIO U palliOHANBHYO dKciuTyaTanuio Hadramanckoit nedru. Hedrs
Hadranan, kak HeTpaJAMIIMOHHBIN YIJICBOJOPOIHBIA pPeCypc, MMEET CTpaTeruyeckoe 3HauCHUE Kak JIs
muBepcuUKanu HEPTSHOTO TIOTEHIMAla CTPaHbl, TaK W JJIS KOHKPETHBIX IPOMBINUICHHBIX |
MeIUIMHCKUX oOnactell. Takum 00pa3oM, ee HaydHO OOOCHOBAHHOE, TEXHOJOTHMUYECKU U DSKOJIOTHYECKU
OTNITHMHU3UPOBAHHOE HCIIOIH30BAHNE 00ECTICUNBACT IOJITOCPOTHYIO YCTOMIMBOCTD peCypca i CIIOCOOCTBYET
MOBBIIICHUIO €r0 3KOHOMUYECKOM IIEHHOCTH.
KiaroueBble ciioBa:  (U3MKO-XMMHUYECKHE CBOMCTBA, criennduuecKuii cocTaB He(h)TH, apOMaTHIECKHE
YIIIEBOAOPOIbI, T€OJIOTMUECKAsI CTPYKTYpa, IPUPOAHBIC YTIIEBOIOPOIHBIC PECYPCHI.
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Giris

Naftalan nefti Azorbaycan Respublikasi-
nin Naftalan rayonu arazisinds yerloson eyniad-
I1 yatagdan ¢ixarilan, torkibi vo xtisusiyyatlori-
no gora klassik xam neftlordon kaskin sokilda
farglonan unikal tebii karbohidrogen resursu-
dur. Onun fiziki-kimyoavi gostaricilori bu nefti
osasan tibbi va xiisusi texnoloji magsadlar ti¢iin
yararli edir vo enerji dastyicist kimi istifadasini
mohdudlasdirir [1-2].

Naftalan nefti yiiksok sixliga va 6zliilitya
malikdir. Orta six1l1g1 20°C temperaturda toxmi-
non 0,95-1,0 g/sm? intervalinda doyisir ki, bu
da onun agir neftlor sinfinos aid oldugunu gosto-
rir.

Yiiksok ozliilik gostoricisi temperaturun
azalmasi ilo daha da artir va bu hal hasilat, nagl
Vo saxlanma proseslorinds xiisusi miihondislik
hallarinin tatbigini zoruri edir.

Naftalan yatagi Maykop ¢okiintiilorine
aid olmagla, burada 7 neftli horizont miisyyan
edilmigdir. Onlardan yalniz ikisindo mialicavi
neftin mévcudlugu tosdiglonmisdir.

Miialicovi neft viskoz, siroys bonzor kon-
sistensiyaya malik gat1 kiitlo soklinds olub, zey-
tun-gohrayi tonlarda gara-gonur rangdadir.

O, spesifik, xarakterik otira sahibdir va
kimyavi torkibinds naften tursularinin nisbaton
yiiksok konsentrasiyasi (0.8-3.0%) ilo yanasi,
polisiklik naften karbohidrogenlorinin yiiksok
Saviyyada olmasi ilo forglonir. Bu xiisusiyyatlor
miialicavi neftin unikal kimyavi va fiziki xasso-
lorini miioyyon edir.

Yatagin geoloji qurulusu hasilat vo emal
texnologiyalarinin segimina birbasa tosir gosto-
rir: yatagin dorinliyi: 100-700 m, yataq tozyiqi:
1,5-3,0 MPa, temperatur: 18-45 °C.

Bu parametrlor neftin hasilat prosesinda
istilik vo mexaniki metodlarin tatbigini zoruri
edir.

Isin magsadi

Naftalan neftinin aromatik-naften tarkibi-
nin fiziki-kimyavi xiisusiyyatlorini aragsdirmagq,
bu xiisusiyyatlorin bioloji aktivlik va praktiki
totbig imkanlarinin formalasmasindaki rolunu
giymatlondirmokdir.

Masalanin qoyulusu

Miiasir neft kimyasi va tatbigi elmlor sa-
hosinds neftlorin yalniz enerji xammali kimi de-
yil, eyni zamanda bioloji aktiv maddslorin man-
bayi kimi 6yranilmosi aktual elmi istigamatlor-
don biri hesab olunur. Bu baximdan Naftalan
nefti xtisusi elmi maraq doguran tabii sistemdir.
Diinya neftlori arasinda analoqu olmayan bu
neft novii ananavi yanacaq magsadlari ti¢iin ya-
rarsiz olmagla yanasi, uzun illordir tibbi vo bal-
neoloji praktikada mialicovi vasits kimi istifa-
do olunur. Bununla bels, Naftalan neftinin miia-
licovi tasirini formalasdiran osas kimyavi fak-
torlarin, xtisusilo aromatik-naften torkibinin fi-
ziki-kimyavi mahiyyatinin vo totbiqi mexa-
nizmlarinin kompleks sokildo elmi asaslandiril-
masi halo do tam hocmdo 6z oksini tapmamisdir

[5]

Masalanin halli

Movceud elmi todgigatlarin tohlili gostarir
ki, Naftalan neftinin torkibi va xiisusiyyatlori
hagqinda molumatlar oasason timumi Kimyovi
gostoricilor, ayri-ayri fraksiyalarin tasviri vo
klinik misahidalorlo mohdudlasir. Halbuki
onun fiziki-kimyavi xiisusiyyatlori ilo bioloji
aktivliyi vo totbigi imkanlar arasindaki qarsi-
liglt olagoalorin sistemli sokildo arasdiriimasi
miithiim elmi problem olaraq galir.

Kimyavi torkib baximindan Naftalan nef-
ti parafinlorin azlig1 vo aromatik-naften karbo-
hidrogenloarin iistiinliik taskil etmasi ilo saciyyo-
lonir. Torkibindo demak olar ki, yiingiil fraksi-
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yalar (benzin, kerosin tipli komponentlor) mov-
cud deyil. Aromatik karbohidrogenlorin yiiksok
pay1 onun bioloji aktivliyini artiran asas amil-
lardan biri hesab olunur. Eyni zamanda, gatran
vo asfaltenlorin migdar1 nisbaton yiiksakdir ki,
bu da neftin tiind rongini va spesifik qoxusunu
formalasdirir.

Naftalan neftinin mithiim xdsusiyyat-lo-
rindan biri do tarkibindo kiikiird birlosmalarinin
vo metal elementlorin (vanadium, nikel) mov-
cudlugudur. Bu komponentlar neftin texnoloji
emalin ¢atinlosdirss do, miisyyan konsentrasi-
yalarda onun mialicavi tasir mexanizmlorinds
rol oynayir. Bununla yanasi, neftdo suyun va
mexaniki garisiglarin migdart nisbaton asagidir
ki, bu da onun stabil fiziki qurulusunu tomin
edir [3-4].

Fiziki-kimyavi xiisusiyyatlorin kompleks
analizi gostorir ki, Naftalan nefti geyri-ononavi
karbohidrogen resursu kimi giymotlondirilmali-
dir. Onun spesifik torkibi vo xassalori bu resur-
sun mithandislik baximindan yalniz xiisusi tex-
nologiyalar osasinda istismarini vo emalini
miimkiin edir.

Naftalan nefti fiziki vo kimyovi xiisusiy-
yatlorino gora klassik xam neftlordon shamiy-
yatli doaracads forglonan, geyri-ononavi tobii
karbohidrogen resursudur. Bu farglilik onun
hom monsayi, ham do tatbiq sahalori ilo six bag-
lidir. Naftalan neftinin asas fiziki-kimyoavi pa-
rametrlori Codval 1 vo Cadval 2-do timumilos-
dirilmisdir.

Bu gostaricilor Naftalan neftinin agir vo
yiiksok 6zl neftlor sinfins aid oldugunu siibut
edir vo onun hasilati zamani istilik vo mexaniki
tosirlorin tatbigini zoruri edir.

Naftalan nefti struktur-tip baximindan
aromatik-naften tipli neftlor grupuna aid edilir.
Onun tarkibindos asason siklopentan va siklo-
heksan halgalar1 asasinda formalagmis mono va
politsiklik naftenlar, hamginin mononiivali va
gisman hidrogenlogmis aromatik karbohidro-
genlar iistiinliik togkil edir. Bu strukturlar mole-
kulyar soviyyada yiiksok stabilliklo xarakterizo
olunur vo neftin termiki tosirloro qars1 davamli-
ligint tomin edir. Aromatik niivelorin mévcud-
lugu iso gatran vo asfaltenlorin formalagmasin-
da mithiim rol oynayaraq neftin bioloji aktivli-
yini artirir.

Cadval 1 — Naftalan yataginin geoloji vo texnoloji gostaricilori
Table 1 — Geological and technological indicators of the Naftalan field

s Ol¢ii Qiymot
Gostorici vahidi arahig Qeyd

Darinlik m 100-700 Hasilat quyu tipins tosir edir
Porozluq % 15-25 Neft tutumu tigiin osas gdstarici
Permeabiliklik mD 50-300 Sixliq va hasilat siiratini miisyyen edir
Temperatura °C 18-45 Istilik ilo hasilat texnologiyalari tolob olunur
Toazyiq MPa 1,5-3,0 Mexaniki hasilat ii¢lin miihandislik parametri
S.?Xlaywl - Qumdag, Noaql va hasilati asanlagdirir
stixurlar ciqul, gil
Kapsayan stixur- B Gil, kvarsit Yataq sixligin1 vo neftin yuxari gagmasini oan-
lar gollayir
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Cadval 2 — Naftalan neftinin osas fiziki gostaricilori

Table 2 — Main physical parameters of Naftalan oil

Gostorici Olcii vahidi Orta qiymot
Sixliq (20°C-do) g/sm? 0,95-1,00
Ozliiliik (50°C-do) mm?/s 30-60
Donma temperaturu °C +5-+10
Alisma temperaturu °C >120
Rong — Tiind gohvoyi—qara
Agreqat hal1 (otaq temperaturunda) — Yarimqati

Naftalan neftinin aromatik-naften torkibi
onun yiiksak sixliq, 6zliliik va kimyavi stabillik
kimi fiziki-kimyavi xiisusiyyatlorini formalas-
dirmagla yanasi, darinin lipid baryeri ilo uygun-
lugunu va bioloji sistemlars adaptasiya olunma
gabiliyyatini do miiayyan edir. Lakin bu uygun-
lugun hansi struktur elementlori hesabina tomin
olundugu, aromatik vo naften komponentlarin
ayri-ayriliqda va sinergetik sokilds hansi funk-
sional rolu oynadigi masalalori kifayat godor
sistemlosdirilmomisdir. Xiisusilo aromatik st-
rukturlarin bioloji aktivliys tosiri ilo potensial
toksiklik arasinda balansin elmi osaslarla qiy-
motlondirilmasi aktual problemlordan biri ola-
rag galir [13].

Digor torofdon, Naftalan neftinin totbiqi
asasan ananavi balneoloji prosedurlarla mah-
dudlasir vo onun aromatik-naften fraksiyalari-
nin magsadyonlii ayrilmasi, standartlagdiriima-
s1 vo farmasevtik mohsullarin hazirlanmasinda
istifadosi sahosinds elmi yanagmalar holo do il-
kin morholodadir. Bu iso fiziki-kimyavi xiisu-
siyyatlorin darindon 6yronilmasini, reoloji vo
termiki davranisin totbigi proseslorlo slagalon-
dirilmasini vo kimyavi torkib — bioloji effekt
miinasibatlorinin miiayyoanlogdirilmasini talob
edir [6-7].

Yuxarida geyd olunanlar onu gostarir ki,
Naftalan neftinin aromatik-naften torkibinin fi-
ziki-kimyavi va totbiqi aspektlordon kompleks

sokilds todqiqi elmi vo praktiki baximdan mii-
hiim shamiyyat kasb edir. Bels bir tadgigat ham
Naftalan neftinin unikal tabii resurs kimi elmi
asaslarla dayarlondirilmasine, ham ds onun tat-
big imkanlariin genislondirilmasina va miiasir
farmasevtik vo balneoloji texnologiyalara in-
tegrasiyasina sorait yarada bilor. Bu baximdan
togdim olunan magalods asas magsad Naftalan
neftinin aromatik-naften torkibinin fiziki-kim-
yovi xususiyyatlorini va totbigi potensialini
qarsihiglt olagodo arasdirmaq vo bu sahado
movceud elmi bosluglart doldurmaqgdir [10].

Naftalan neftinin aromatik-naften tarkibi-
nin fiziki-kimyavi va totbigi aspektlordan todqi-
qi mogsadilo aparilan aragdirmalar problemin
hallina marhalali va sistemli elmi yanasma osa-
smda hoyata kegirilmisdir.

Todgigat prosesindo Naftalan nefti mii-
rokkab ¢oxkomponentli kolloid sistem kimi na-
zordan kegirilmis, onun torkibinds aromatik vo
naften karbohidrogenlorin struktur vo funksio-
nal rolu qarsiligh alagads giymatlondirilmisdir.
Bu yanasma neftin yalniz kimyavi torkibinin
deyil, eyni zamanda homin torkibin formalas-
dirdig fiziki-kimyavi davranis va totbiqi xtisu-
siyyatlorin dorin elmi izahin1t miimkiin etmisdir.

Aparilan analizlor naticasinds miiayyan
edilmisdir ki, Naftalan neftindo aromatik va
naften strukturlarin Gstiinliik toskil etmasi mo-
lekulyar saviyyads six qarsiligh tasirlorin ya-
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ranmasina sabab olur. Bu qarsiligl tasirlor nef-
tin yliksok ozliiliik, istilik tutumu vo termiki sta-
billik kimi xarakterik xtisusiyyatlorini forma-
lagdirir.

Toadgigatin novbati marholosinds aroma-
tik-naften komponentlorin bioloji sistemlarlo
qarsiligli tasiri izah edilmisdir.

Miiayyan olunmusdur ki, bu komponent-
lorin molekulyar qurulusu doarinin lipid matrisi
ilo uygunluq toskil edir vo bu da onlarin trans-
dermal kegidini asanlasdirir [8-9]. Aromatik st-
rukturlar asason bioloji aktivliyin formalasma-
sinda istirak edoaroak antiinflamatuar vo analge-
tik tosirin yaranmasina sorait yaradir, naften
komponentlor isa bu tasirin davamliligini va to-
Xuma saviyyasinda stabilliyini tomin edir.

Belaliklo, Naftalan neftinin terapevtik to-
siri ayri-ayr1 maddolorin deyil, aromatik vo naf-
ten fraksiyalarin kompleks sinergetik tosirinin
noticasi kKimi asaslandirilmisdir.

Problemin totbigi aspektdan halli Nafta-
lan neftinin aromatik—naften torkibinin balneo-
loji vo farmasevtik proseslords funksional {is-
tiinliiklor yaratdigini gostormisdir.

Neftin istiliyi uzun miiddot saxlamaqg vo
onu tadricon &tiirmok gabiliyyati miialica pro-
sedurlarinda optimal fizioloji tosirin formalas-
masina imkan verir.

Eyni zamanda aparilan imumilasdirmo-
lor aromatik-naften fraksiyalarin mogsadyonlii
ayrilmasinin vo standartlasdirilmasinin miim-
kiinlilylinii, bu fraksiyalar ssasinda stabil far-
masevtik formalarin hazirlanmasmin elmi co-
hotdon osaslandirila bilocoyini  gdstormisdir
[11-12].

Beloliklo, aparilmis todgigatlar naticasin-
do Naftalan neftinin aromatik-naften torkibinin
fiziki-kimyavi xiisusiyyatlorls bioloji va tatbiqi
effektlor arasinda olagolondirici asas faktor ol-
dugu siibuta yetirilmisdir.

Sokil — Naftalan nefti
Figure — Naphthalan oil

Moasalonin halli Naftalan neftino yalniz
anonavi miialics vasitasi kimi deyil, struktur-tip
torkibi elmi osaslarla dyronilmis vo idars oluna
bilon funksional tobii sistem kimi yanasilmasi-
na imkan yaratmisdir.

Alinmis naticalar bu neftin totbig imkan-
larinin genislondirilmasi vo onun asasinda yeni
istigamatli elmi vo texnoloji yanasmalarin for-
malasdiriimasi {igiin etibarli nozori baza yara-
dir.

Natica

Aparilmis todgigatlar Naftalan neftinin
aromatik-naften torkibinin 6ztinomoxsus fiziki-
kimyavi xiisusiyystlora malik oldugunu vs bu
xtisusiyyatlorin onun unikal tstbiq sahalorinin
formalagsmasinda holledici rol oynadigint gos-
tormisdir.

Miiayyoan edilmisdir ki, neftin torkibinds
naften karbohidrogenlorinin istiinliik togkil et-
mosi onun yiiksok bioloji aktivliyini, termiki
stabilliyini va asagi uguculugunu tomin edir.
Aromatik komponentlorin mévcudlugu iso nef-
tin farmakoloji va reoloji xtisusiyyatlorina sho-
miyyatli tosir gostororok, onun mialicavi tasir
spektrini genislondirir.

Fiziki-kimyovi analizlor noticosinds aro-
matik-naften fraksiyalarinin molekulyar quru-
lusu, sixliq, ozliliik vo oksidlosmoys davamli-
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liq kimi gostaricilorinin Naftalan neftinin sona-
ye Vo tibbi istifadasi ticlin olverisli oldugu
mioyyan edilmisdir. Bu xiisusiyyatlor onun
uzunmiiddatli saxlanma zamani stabilliyini vo
miixtalif texnoloji proseslors uygunlugunu to-
min edir.

Totbiqi aspektlor baximindan alds olunan
naticalor gostorir ki, Naftalan neftinin aroma-
tik-naften torkibi onun dermatoloji, revmatoloji
Vo nevroloji xastaliklorin miialicasinda effektiv
istifadasini sartlondirir.

Eyni zamanda, bu torkib neftin xiisusi
stirtkii materiallarinin vs tibbi preparatlarin is-
tehsalinda perspektivli xammal kimi dayarlon-
dirilmasina imkan verir.

Natico etibarilo, Naftalan neftinin aroma-
tik—naften torkibinin kompleks fiziki-kimyavi
todgiqi onun unikal miialicavi va texnoloji xii-
susiyyatlorinin elmi asaslarin1 agmagla yanast,
bu tabii resursun daha samarali vo mogsadyonlii
istifadasi tigtin yeni imkanlar yaradir. Galocok
todgiqgatlar aromatik vo naften komponentlorin
ayri-ayriliqda bioloji tasir mexanizmlorinin da-
ha darindan 6yranilmasina yonaldila bilar.

Maraglar miinaqisasi

Milliflor bu mogalods arasdiriimasi to-
lob olunan maraglar miinagisesinin olmadi-
gin1 geyd edirlar.
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Abstract
This article investigates the gas hydrate formation during the natural gas production, gather-

ing, and pipeline transportation under changing thermodynamic conditions and evaluates its impact
on the gas treatment efficiency and the reliable operation of gas transportation systems. Based on
studies conducted at gas-condensate fields and an analysis of existing research, the integrated gas
treatment process prior to transportation is examined. Thermodynamic modeling principles were
applied to evaluate hydrate formation conditions by considering gas composition, pressure, and
temperature. A calculation methodology is proposed to determine the optimum methanol consump-
tion rate for the hydrate inhibition under the different operating conditions. The obtained results
made it possible to establish optimal methanol dosage values for various technological regimes and
to assess their effect on hydrate prevention. The study demonstrates that optimization of inhibitor
consumption significantly reduces the risk of hydrate formation, improves gas treatment quality,
enhances the operational safety of technological equipment, and decreases reagent consumption
and operating costs. The proposed methodology can be effectively applied to improve the reliabil-
ity, efficiency, and economic performance of natural gas transportation systems.
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Qazlarn nagli zamani reagentlarin sarfinin optimallasdiriimasi
O.N. Qurbanov, I.Z. Sardarova, S.B. Nurmammadova-Hiiseynova
Azaorbaycan Doviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilaso
Mogalods qazin hasilati, toplanmasi vo magistral qaz koemorlari ilo nogli zamani termodinamik

soraitin doyismosi naticosindo yaranan hidratomoalogalma problemlori, onlarin qazin nagle hazirlanmasi
prosesina Vo gaz nagli sistemlarinin etibarl istismarina tosiri aragdirilmigdir. Tadqiqat ¢argivasinds qaz-
kondensat yataglarinda aparilan miigahidolor vo moévcud elmi yanagmalar osasinda qazin kompleks
hazirlanmasi proseslari tohlil edilmis, hidratamologalmo saraitinin giymotlondirilmasi {igiin termodinamik
modellosdirmo prinsiplarindan istifads olunmusdur. Qazin tarkibi, tazyiq va temperatur parametrlari nazars
alinmagqla hidrat inhibitoru kimi istifade olunan metanolun optimal sorf normasinin miiayyan edilmasi tigiin
hesablama metodikasi toklif edilmisdir. Aparilmis hesablamalar naticasindo miixtalif texnoloji soraitlor tigiin
optimal metanol sarfiyyati miioyyan edilmis, reagent sorfinin normallagdirilmasinin hidrat amalogalmasi
riskini azaltdig1, qazin hazirlanma keyfiyyatini yiiksaltdiyi vo texnoloji avadanligin tohliikasiz istismarini
tomin etdiyi gostorilmisdir. Miiayyan edilmisdir ki, toklif olunan metodikadan istifads reagent sorfinin
optimallasdirilmasina, istismar xorclorinin azaldilmasina vo qgaz noagli sistemlorinin etibarliligimnin
artirtlmasina imkan verir.

Acar sozlar: qaz kondensati, metanol, hidrat, sorfiyyat daracasi, termodinamika.

OnTuMu3anus pacxoia peareHToB NPU TPAHCIIOPTHPOBKE ra30B
A.H. I'yp6anos, .3. Capaaposa, C.b. HypmammanoBa-I'yceiinoBa
Azepbaniodcanckutl 20Cy0apCmeeHHblil YHugepcumen Heghmu u npOMblULIeHHOCMU
(baxy, Asepbatioscan)

AHHOTanUA
B craTthe uccienoBaHbl mporiecchl 00pa3oBaHUs Ta30BBIX THIPATOB, BO3HUKAIOIIUE TIPHU JOOBIYE,

cbope M TPaHCIOPTUPOBKE MPHPOJHOTO ra3a BCIIEACTBHE M3MEHEHHS TEPMOAMHAMUYECKHX YCIOBHH, a
TaKXXe UX BIMAHUE HA 3()(HEeKTUBHOCTH MOATOTOBKH ra3a M HaICKHOCTh 3KCILTyaTallul ra30TPAaHCIOPTHBIX
cucteM. Ha ocHOBe uccrieoBanuii, MpoBeIEHHBIX HA TA30KOH/IEHCATHBIX MECTOPOXKACHUSAX, U aHAJIN3a CO-
BPEMEHHBIX HAYYHBIX MOJXOJ0B PACCMOTPEHBI MPOLECCHl KOMIUIEKCHON MOJATOTOBKH r'a3a K TPaHCHOPTHU-
poBke. 1y OLIEHKH YCIIOBHIA THAPaTOOO0pa30BaHUs UCIIOJIB30BaHbl IPUHIMIIEI TEPMOANHAMHYECKOTO MO-
JENMPOBAHNs, YIUTHIBAIOIINE COCTAB Ta3a, AaBjieHNe U Temnepatypy. llpeanosxkena pacueTHass METOINKA
OTIpeiesIeHHs ONITUMAIIBHOTO Pacxo/ia METaHoJIa, IPUMEHSIEMOTO B KaueCTBE HHTHOMTOpa THApaToo0paso-
BaHus. [lo pesynpraTtam pacdeToB yCTaHOBIEHBI ONTUMAIBHBIE HOPMBI PacXoja peareHra i pa3iIndHbIX
TEXHOJOTHYECKUX PEXUMOB IKcITyaTaun. [lokazano, 4To HOpMHUPOBAaHKE PACX0/a METAHOJA TTO3BOJISIET
CHHM3UTB BEPOSTHOCTH 00pa30BaHMs FHIPATHBIX MPOOOK, HOBBICUTH KAU€CTBO MOATOTOBKH Ia3a, 00eCeunTh
0e30macHy0 padoTy TEXHOIOTUIECKOTO 000PYI0BAHMUS U YMEHBIIUTh SKCIUTyaTallioHHbIe 3aTpaThl. [Ipen-
JlaraeMblil MOAXO0J CIIOCOOCTBYET MOBBILICHUIO HA/IeXKHOCTH U 3(dekTuBHOCTH (PyHKIMOHUPOBAHHS CHU-
CTEM TPAHCIIOPTUPOBKH MPHUPOJHOTO Ta3a.

KiroueBble ciioBa: Ta30KOHJACHCAT, MCTAHOJI, TUAPAT, HOpMa pacxoja, TCpMOJUHaAMHKaA.
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Introduction

One of the operating costs encountered in
the process of extracting, collecting and trans-
porting oil and natural gas in offshore fields is
related to the consumption of chemical reagents
used to prevent hydrate formation and other
technological difficulties. If this consumption is
large, it increases the cost of the produced gas.
Therefore, regulating the quality and quantity
indicators of the reagents used to ensure the un-
hindered transportation of gases is one of the
urgent and important issues in oil and gas pro-
duction.

Taking into account the above, scientific
research and mining work was carried out to
improve the working principle of the devices
and technological system and to develop new
scientific and technical proposals to regulate the
consumption rate of reagents used in the pro-
cess of extracting, drying and transporting gas
from gas and condensate fields.

Research work was carried out in several
directions. When studying the operation of in-
dividual devices of the gas preparation unit op-
erating at the OGDI of the PU, it was found that
methodological reports were not prepared
taking into account actual indicators to regulate
the consumption of reagents used in the system
[1-3]. The results of research conducted in off-
shore fields showed that since the extraction,
accumulation and preparation of gas conden-
sate for transportation are carried out under
complex conditions, it is advisable to improve
the composition and technologies of reagents
used to prevent hydrate formation in the tech-
nological system.

Problem Statement

A general approach to the thermody-
namic modeling of phase equilibrium in water—
gas hydrate systems is proposed. Special

attention is given to the investigation of vapor—
liquid equilibrium in the natural gas—hydrocar-
bon condensate system, as it provides the basis
for predicting hydrate formation and improving
the efficiency of gas preparation and transpor-
tation processes. However, the application of a
methodological approach to modeling the equi-
librium of the condensed water phase - water,
cooled water, aqueous solution of inhibitors,
transformation of the ice phase into hydrates,
and the thermodynamic state of each phase in
contact were studied separately. This method
has a number of advantages for gas preparation
under thermodynamic conditions in the well,
which ensure the accuracy of reporting phase
equilibrium parameters and normal ization of
hydrate formation inhibitors. In order to accu-
rately report the phase imbalance in mining
conditions, it is necessary to accurately report
the volatile or non-volatile components of the
gas phase, including CO, H2S, N2, H20 and
methanol. For this purpose, a modified thermo-
dynamic model based on the Redlich-Kwong
equation for a hydrocarbon or non-hydrocarbon
gas phase has been developed. The model used
according to the modification includes addi-
tional parameters characterized by second-or-
der virial coefficients and the compressibility
coefficient of gas mixtures at high pressure. The
parameterization of the modified equation
shows that the calculation of the volatile com-
ponents of natural gas results in an error of 1-
2%, which is more accurately calculated by the
Peng-Robinson equation.

Literature Review

The advantage of the modification of the
equation of state is the ease of adding additional
changes due to second-order coefficients when
conducting new experiments, and the disad-
vantage is the high number of parameters. This
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is characterized by an increase in the accuracy
of the description of the Hibbs energy in the gas
phase. The effective range of use of the equa-
tion is -40°C + +100-150°C, and the pressure is
0,IMPa+12-14 MPa.

Recently, it was considered necessary to
update the parameterization of the hydrate
phase model based on the specification of more
accurate data, such as the difference in chemical

potentials - Au°and the enthalpy of the empty

hydrate network of water-ice hydrate - Ah°, and
therefore the Langmuir coefficient of individual
components of natural gas mixtures has been
recalibrated. Currently, the new values are as
follows:

For structure I:

Au°=1203 J/mol;

Ah°=1170 J/mol;
T=273,15° K at temperature;
For structure 11:

Au°=1077 Jimol;

Ah°=1294 J/mol;

T=273,15° K at temperature.

The ice-water enthalpy Ah' is equal to
6008 J/mol.

Using the new data, the Langmuir coeffi-
cient was reconstructed, i.e., the parameters of
the gas-hydrate phase were updated, which im-
proved the description of the three-phase equi-
librium "gas-water-hydrate” for the complex
gas phase, but did not affect the description of
the three-phase equilibrium with pure gases.
Based on the above models, a complex report-
ing program was developed for the equilibrium
of natural gas with water, individual hydrate
compounds in gas in the gas industry or gas
mixtures at a given pressure and temperature.

With the help of the complex reporting
program, simple and relevant analytical de-
pendencies were obtained for the purpose of

determining the norm of natural gas mixtures
from various fields, hydrate formation, and the
consumption of hydrate inhibitors in the gas
collection and preparation system. To confirm
the results of the calculation of the gas-hydrate
equilibrium of gases with complex composi-
tion, it is advisable to use the thermodynamic
method of comparative reporting, including the
method of empirical correction of the thermo-
dynamic model of the gas-hydrate phase using
the hydrate formation curve of a complex gas.
The thermodynamic extrapolation method of
three-phase equilibrium test data at negative or
positive temperatures in a wide temperature
range, with a pressure of 100 MPa and higher,
IS used.

Analysis of the thermodynamic model
shows that the test data obtained, provided that
the degree of filling of the gas-hydrate space is
not higher than 1, is calculated as follows [4-6].

nf-HpT)- P .1

(v, +v,)RT T

f —volatility of the component; AV — dif-
ference in molar volumes of water and hydrate,
cms:

p — pressure, MPa; H (p, T) — Henry’s con-
stant;

v, v, — crystal-chemical constants (char-

acterizing the type of hydrate structure).
Approximation dependence of data in the
coordinate system:

Y=A+TE+C-In(T)

where: A, B, C are coefficients that describe the
data at the test points in more detail, allowing
for a broad extrapolation of the dependence ob-
tained at negative or positive temperatures. The
equilibrium pressure at a given temperature is
determined by the following formula:
p-AV
(v, +v,)-RT

In X0

B
A+—=+C-In(T)=In(f)-
T () (f) Vi +V,
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Determination of gas volatility, water
density and water solubility in gas at high pres-
sure is mandatory. The extrapolation method
was carried out for two gases (methane, nitro-
gen) and the results obtained are sufficient for
the temperature equilibrium range of hydrate
formation for methane. For methane it is up to
~307° K (110 MPa) and for nitrogen it is up to
~301° K (230 MPa), the error percentage in the
report is ~ 5-6% (depending on pressure).

The thermodynamic properties of the
metastable phase are shown in relation to hex-
agonal ice, cooled water and ice cube. Cooled
water and ice cube are formed during the sepa-
ration of gas hydrate as an intermediate phase.
The state temperature of hexagonal ice is stand-
ardly T,=273,15° K.

The thermodynamic report of the differ-
ence in chemical potentials between hexagonal
ice and cooled water was carried out based on
the thermodynamic properties of the condensed
water phase based on the experimental data pro-
vided in the literature. The phase equilibrium
used to calculate the difference in chemical po-
tentials between cooled water and ice cubes was
calculated with an error of a few percent in the
temperature range of 240-273° K. A model of
slow hydrate separation is presented and the
main experimental data are summarized. The
theoretical model is typified and the mechanism
of hydrate separation and the surface separation
property of gas hydrate are explained in detail.

In order to expand the possibilities of gas
hydrate conservation technology, Istomin V.A.
proposed that in order to slow down the separa-
tion of gas hydrate, its upper surface should be
covered with another solid-phase thermody-
namically stable coating, unlike the hexagonal
ice layer [7-10]. The realization of the kinetic
mechanism of separation depends on the gas
content in the hydrate, the morphology and

structure of the hydrate, and the thermobaric
conditions of its formation and separation.

The driving force of the separation pro-
cess is determined by several methods: for ex-
ample, AT is the temperature of the separation
process and the temperature difference between
the separation of the hydrate into the gas and
water phases and is calculated as follows:

AG=RTIn f/f,=RT In p/p,

where f, p - gas volatility and pressure in the
system, f,, p,- equilibrium value of volatility

and pressure.

During the test, the driving force may
change at the initial stage, the results of the test
data show the properties of the mechanism of
the gas hydrate separation process and its kinet-
Ics at negative temperatures:

- staged (conservation effect resulting in an
initial fast stage and a subsequent slow separa-
tion stage);

- a clear demonstration of the self-conser-
vation effect of hydrate methane and natural gas
in a certain temperature range;

- the formation of various metastable water
phases at the initial separation stage.

- the formation of a metastable surface
phase at different times depending on the ther-
mobaric conditions.

Problem Solution

Depending on the test conditions, the
mechanism of gas hydrate separation at nega-
tive temperatures can be divided into options.

- For a precise separation of the conserva-
tion effect, the initial stage is the separation of
hydrate into gas and cooled water, followed by
crystallization of the cooled water layer under
optimal conditions.

- Long-term storage of cooled water in an
uncrystallized state, and in exceptional cases,
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the complete separation of the hydrate particle
into cooled water and gas. In this case, it is im-
possible to stop the process. During the conser-
vation effect, one part of the hydrate particles is
completely separated, and the other part is self-
conserved.

If the first surface separation of the hy-
drate occurs with ice and gas, an ice layer forms
on the top layer of the hydrate and, although the
process is slow, a sharp course does not occur.

The process of surface separation of gas
hydrates is divided into three main stages at
negative temperatures: the first stage is the
stage of separation into the metastable phase,
the stage of crystallization or recrystallization
of the metastable water phase, and then the
stage of slow separation by the diffusion

mechanism. Sometimes the stages may not oc-
cur or the separation stage may end at the first
stage. In order to more fully study the initial
stage of the process of separation of the me-
thane hydrate part, a three-phase calculation of
the water phase and the methane hydrate part at
low (272.95°K) temperature was carried out.

When transferring the system from area 1
to area 3 (Fig. 1.) and in the presence of ice in
the hydrate, as a result of the separation of me-
thane hydrate in the first stage, it passes into the
cooled water phase, and water directly crystal-
lizes and turns into ice. Water creates a dynamic
layer between the hydrate and ice, then the sep-
aration rate decreases, the water layer softens
and disappears, and thus the hydrate conserva-
tion stage occurs.

1.0

Pressure, MPa

0.5

0.1

Stability area of methane hydrate

Area of decomposition of methane
hydrate into gas and ice

Area of decomposition of methane hydrate into gas

AR 4
,
r

and cooled water

0.0 T T

240,15 245,15 250,15

255.15

T T T
260.15 265,15 270.15

Temperature, ° K

Figure 1 — Separation of methane hydrate into “gas-ice” and “gas-cooled water” phases in different ther-

mobaric zones as a result of increasing pressure.

It should be noted that the formation of
cooled water is visually visible (the "darkening"
of hydrate particles is observed in the light pass-
ing through the window of the hydrate pressure
chamber). This visual representation of the de-
composition process allows us to study the

experimental equilibrium line "gas (methane,
propane) - hydrate - cooled water".

In order to determine the possible temper-
ature range of the manifestation of the self-
preservation effect, similar studies have been
conducted for hydrates of other gases. Reports
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have also been made for propane, ethane, and
isopropane by taking a different temperature
range, and as can be seen from Table 1, the
lower limit of the cooled water for the obtained
nitrogen hydrate is ~240 K below the theoreti-
cal point, in which case the cooled water prac-
tically does not exist.

Therefore, the determination of the tem-
perature range when the pressure is reduced to
atmospheric pressure is an important element in
the optimization and search for a method of pre-
serving hydrates of various gases.

Thermodynamic analysis of the surface
separation of hydrates shows that it is possible
to switch to the preservation method and con-
trol the process. Here, the main parameter is
pressure.

A decrease in pressure to a certain value
leads to the formation of cooled water in the up-
per layer of the hydrate.

One of the leading parameters in the con-
servation effect is temperature, the increase in
which in studies leads to the surface separation
of hydrate in the network of three-phase equi-
librium lines "gas-hexagonal ice-hydrate™ and
"gas-cooled water-hydrate” in the correspond-
ing sequence.

In the "gas-cooled water-hydrate” net-
work, hydrate is converted into cooled water.
Under optimal conditions, the crystallization of
this water is important.

When the process power is low, the crys-
tallization of water is accelerated, for example,
it is possible to accelerate the re-cooling of the
system or the combination of cooling by in-
creasing the pressure. The presence of ice in the
hydrate allows it to be controlled by the separa-
tion process and transferred to the conservation
stage, since ice leads to the crystallization of
cooled water.

Table 1 — The temperature range of the presence of
cooled water during the separation of various gas
hydrates when the pressure drops to atmospheric
pressure.

Gas Temperature, °K
Methane ~240 —272.95"
Nitrogen ~223 —271,85"
Ethan ~258 —273,15"

CO, ~251-273,0"
CsHs ~270,5 -273,15"
Iso-butane not available

It is possible to choose technological
routes for each gas hydrate. The hydrate sample
is pre-heated in a hydrate thermostatic pressure
chamber. The change in the temperature of the
chamber depends on the stabilization of the
pressure, which means that the hydrate separa-
tion process is complete. Then the process con-
tinues at a higher temperature. At each temper-
ature step, the separation process occurs, which
results in an increase or a constant pressure of
the hydrate sample. When the pressure in-
creases, a re-hydration of the gas phase and wa-
ter occurs on the upper layer of the first hydrate
sample. (The composition of the new hydrate
film is different). Thus, the initial hydrate sepa-
ration process continues stably and the pressure
in the system stabilizes. These experiments
show that a hydrate of one composition is con-
verted into a hydrate of another composition by
conservation.

The process results in the creation of the
effect of conservation of hydrate by hydrate.

Depending on the conditions, a sub-hy-
drate is separated, a hydrate is formed from the
gas dissolved in water, which partially prevents
the separation of the initial hydrate as a new sta-
ble hydrate. Another method for controlling the
effect of slowing down the separation of hy-
drate has been discovered, which is the method
of covering one hydrate with another hydrate
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under thermobaric and stable thermodynamic
conditions, at positive temperatures. It is shown
from the reports that it is possible to conserve a
hydrate of one composition with a hydrate of
another composition, and its pressure is lower
than the pressure of the other hydrate com-
pound.

Thus, the composition of the gas mixture:
98% methane + 2% propane; 95% methane +
5% nitrogen; 70% isobutane + 30% nitrogen
and 90% methane + 10% COy).

The conducted analysis and thermody-
namic reports show that the following condi-
tions form the possibilities of the effect of slow
separation of gas hydrates:

- development of new methods of studying
gas hydrate equilibrium;

- technology of storage and transportation
of gas in the hydrate state;

- conditions of existence of gas hydrates in
metastable conditions.

- a methodological approach to the stand-
ardization of hydrate formation inhibitors and
their additional features with the use of volatile
inhibitors are noted.

All data on the standardization of inhibi-
tor consumption include information on its
technological losses and other production
needs.

Production losses of the inhibitor arising
during its regeneration, storage, transportation
is determined by the experimental-statistical
method, other losses are determined by the re-
porting-analytical method.

In order to return the spent reagent to the
technological cycle, it is necessary to install a
regeneration unit for the spent inhibitor, and de-
velop a recirculation technology for the use of
hydrate formation inhibitors.

The methodological approach to the
standardization of the inhibitor is as follows.

The consumption of chemical reagents in
the production of all gas production is deter-
mined in group form (H) as follows:

z Hi'Qi

H=2=_' "

2.Q

Here: H; - individual consumption of
chemical reagents per unit, kg/1000 m?;

Q: - gas production per unit at a certain
time (month, quarter, year), min. m3,

Chemical reagent consumption Hi indi-
cates the specific consumption rate per unit:
Hi=H, -H, +Zgi
Here: Hr— the rate of inhibitor consump-
tion in the technological process;

Hp — the rate of specific consumption, the
chemical reagent returned to the cycle;

Z g; — the rate of final production losses.

The rate of inhibitor consumption in the
technological process for each unit in the well
is determined by the sum of the inhibitor con-
sumption in each individual technological pro-
cess in accordance with the well plume.

The rate of inhibitor consumption in each
individual area is determined by the following
formula:

H, =G-K

Here: G — minimum-necessary (theoreti-
cal) specific consumption of the inhibitor;

K — reserve coefficient in the range of
1.05-1.25 for factors not taken into account;

K — the distribution coefficient of the
components by phase during non-isothermal
and non-stationary flow of the gas-liquid mix-
ture is determined experimentally.

During the initial stage of operation of the
field, the maximum value of the coefficient is
equal to 1.10+1.25, the inhibitor consumption
decreases to 1.05 during the implementation of
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automation of production processes. The theo-
retical consumption of the inhibitor and the
consumption of the water phase at the protected

point for an individual section of the technolog-
ical chain are determined by the following for-
mula [11-13].

G, = —

_X G Xk GVl . XTIV 1100 - [(Q1 — Q2) + (g1 — q2)]

Xz

oG (Xy = X1) + G]eV - (Xy — X]°V9) + (W — W) - X, | 100X,

X—X,

G — specific consumption of the mini-
mum-essential inhibitor, concentration X,
kg/1000 m?; G - specific amount of the inhibi-
tor entering the “liquid-water” phase from the
previous technological area to point 1, kg/1000
m3;

G ' _ specific amount of the recir-

cuitlating aqueous solution of the inhibitor sup-
plied to point 1, kg/1000 m?;

G2 — specific amount of the aqueous lig-
uid phase of the inhibitor supplied to point 2,
kg/1000 m3; X1, X2 - concentration of the aque-
ous phase of the inhibitor in front of point 1 and
at point 2, respectively, % mass; X — concentra-
tion of the inhibitor supplied to point 1, % mass;

X7¢¢'. concentration of the spent inhibitor
supplied to point 1, % mass;

W1, W, — moisture capacity of the gas at
points 1 and 2 (equilibrated with the aqueous
liquid phase), kg/1000 m3; Q1, Q2 - the amount
of inhibitor in the gas phase at points 1 and 2,
kg/1000m3; o1, g2 - the amount of inhibitor in
the hydrocarbon condensate at points 1 and 2,
kg/1000m?3;

G1, G Xy, Xo, Xi"™%C% X are as-
sumed to be known quantities, and the quanti-
ties G and G are found by calculation.

In practice, the theoretical consumption

X—Xx, [(Q2 — Q1) + (g2 — q1)]

of the inhibitor is calculated several times, that
is, calculations are made at several technologi-
cal points, and the obtained values are summed
up.

Here, the methodology is aimed at simpli-
fying the thermodynamic equation of the gas-
hydrate phase. The parameters are selected by
the formula based on experimental data. It is
possible to use the above-mentioned reporting
methods to report the conditions of hydrate for-
mation.

Calculation of the concentration of hy-
drate formation inhibitors at a given pressure
and protection point AT (K) in gas and gas-
condensate reservoirs and the dependence of
the temperature difference of hydrate formation
on the movement are determined as follows:

AT = AL (100—X)/18

(X /M +(100- X )/18)

A — empirical coefficient depending on
the gas pressure, its composition, and the struc-
ture of the formed hydrates. This coefficient is
selected individually, depending on the compo-
sition and pressure of the gas phase.

When analyzing the methodological ap-
proach to the practical application of the nor-
malization of volatile and non-volatile inhibi-
tors for hydrate formation inhibitors discussed
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above, a number of advantages were revealed.
The advantages of the volatile inhibitor - meth-
anol - are associated with the non-linear nature
of the distribution of hydrates in phases depend-
ing on temperature and pressure. In gas prepa-
ration devices used in low-temperature pro-
cesses, the injection of methanol to protect
against hydrates ensures the hydrate-free oper-
ation of the device. To calculate the norm of
consumption of volatile hydrate formation in-
hibitors, it is necessary to calculate the depend-
ence of the inhibitor consumption on the opera-
tion of the heat exchanger device under thermo-
baric conditions, and to calculate the inhibitor
consumption, a maximum function should be
selected.

Conclusion

A thermodynamic model and software
have been developed, allowing for reporting of
condensed water phase of hydrocarbon sys-
tems, including metastable phase, three- and
two-phase equilibrium.

A correction method of the reporting
model of test data, a thermodynamic extrapola-
tion method for improving the description of
the three-phase equilibrium "gas-condensed
water-hydrate" are proposed.

A thermodynamic analysis of the surface
separation of gas hydrates of various gases at
negative temperatures has been developed,
methods for controlling the separation process
of gas hydrates and their conservation have
been proposed.

A methodology for normalizing the con-
sumption of hydrate formation inhibitors has
been developed on the basis of experimental
analysis and a general basis, and an analysis of
the main features of its use for gas preparation
technology has been given.
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Abstract

This article investigates the technological process of bitumen production and the application
of a PLC-based automatic control system to improve process efficiency and product quality. The
study aims to develop an automated control approach capable of ensuring stable operating
conditions and standard quality indicators during bitumen production. The bitumen production
process, based on the oxidation of a mixture of vacuum residue or vacuum residue with Avtol-15
in the presence of air, as well as the influence of process parameters and automation tools on
production performance, are scientifically analyzed. Considering the depletion of natural oil
reserves, the growing demand for petroleum bitumen, and the difficulty of obtaining high-quality
products from processed feedstock, the implementation of advanced automation technologies has
become increasingly important. As a result, a PLC-based control system with an HMI interface was
developed for automatic operation of the unit. The proposed system provides more reliable process
control, increases production profitability, and ensures compliance with standard quality
requirements.
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Bitum istehsal texnoloji prosesinin PLC kontrolleri 3sasinda idars olunmasi
A.A. Sofdrova
Azarbaycan Déviat Neft va Sonaye Universiteti (Baki, Azarbaycan)

Xiilaso

Maqalads bitum istehsalinin texnoloji prosesi vo onun semaraliliyinin artirilmasi moaqsadilo PLC
kontrolleri osasinda avtomatik idaraetma sisteminin totbiqi todqiq edilmisdir. Tadgigatin mogsadi bitum
istehsali prosesindo texnoloji parametrlorin sabit idaro olunmasini tomin edon vo mohsulun standart
keyfiyyat gostoricilorini qoruyan avtomatik idaroetmo sisteminin islonib hazirlanmasidir. isdo vakuum
blokundan alinan qalig-qudronun va ya galig-qudron va Avtol-15 qarisiginin hava istiraki ilo oksidlogme-
reduksiya prosesi, texnoloji parametrlorin idars olunmasinin xiisusiyyatlori vo avtomatlagdirma vasitslarinin
totbiqi elmi-praktik baximdan tohlil edilmisdir. Tabii neft ehtiyatlarinin azalmasi, emal olunmus xammaldan
yiiksok keyfiyyatli bitum alinmasinin miirakkabliyi, hamginin neft bitumuna artan tolobat istehsalda miasir
avtomatlagdirma texnologiyalarinin totbiqini zoruri edir. Aparilmis tadqiqat naticasindo qurgunun PLC
kontrolleri vo insan-magin interfeysi (HMI) osasinda avtomatik idarsetmo sistemi iglonilmisdir. Toklif
olunan sistem istehsal prosesinin etibarliligini vo rentabelliyini artirmaga, homg¢inin bitumun standart
keyfiyyat gostoricilorinin tomin edilmasine imkan verir.

Acar sozlor:  bitum istehsali, idaroetma sistemi, PLC kontroller, insan-magin interfeysi (HMI), aktuator

YupasiieHne TeXHOJOTHYECKHM MpoueccoM 00biun Omtyma Ha ocHoBe PLC

KOHTPOJLJIepa

A.A. CajapoBa

Aszepbatiodcanckuti 20cy0apcmeeH bl YHUgepcumem Hegpmu u npomMbluL1eHHOCMU
(baxy, Azepbatioscan)

AHHOTALUA

B crartee wuccrmemyeTrcss TEXHOIOTMYECKHH TMIPOIECC NPOU3BOACTBA OWTyMa W TpPHUMEHEHHE
ABTOMAaTHU3UPOBAaHHOW CUCTEMBI yripasiieHus Ha 6a3e PLC mis moBsimenns 3¢ (eKTHBHOCTH TIPOU3BOJICTBA
U 00eCreUeHHs CTaHJAPTHBIX IMOKa3areseil kauecTBa mpoaykiuu. Llenbro paboThl sABjIsSETCS pa3paboTka
CHUCTEMBI aBTOMATUYECKOTO YIPABJICHHUsS, 00€CIICUHBAIOIIEH CTAOMIBLHOE MPOTEKAHUE TEXHOJIOTHYECKOIO
mpolecca M MoajepkaHue TpeOyeMbIX IapaMeTpOB KadecTBa OuTyma. B paboTe BBINOJHEH HAy4YHO-
MPAKTHYECKAN aHAIN3 TPOIecca OKUCIUTEIBHO-BOCCTAHOBUTEIHHON MEepepabOTKH CMECH OCTaTOYHOTO
T'yIPOHA BaKYyMHOH YCTaHOBKU WJIM CMECH OCTATOYHOTO T'YJIPOHA ¢ MpOxykToM Avtol-15 B mpucytcTBuun
BO31lyXa, a TaKke OCOOECHHOCTEW YIpaBIIEHUS TEXHOJIOTMYECKUMHU IapaMeTpaMud W MPHUMEHEHUS
COBPEMEHHBIX CPEIICTB aBTOMAaTH3aluu. VcToleHue 3anacoB NpUpOIHOH HETH, CIIOKHOCTD MOIYUCHHUS
BBICOKOKAYECTBCHHOIO OMTyMa M3 IMEpPepabOTaHHOIO ChIPpbsS W POCT MOTpeOieHus HedTIHOro OuTyMa
00yCITOBIMBAIOT HEOOXOMUMOCTh BHEAPEHUS COBPEMEHHBIX TEXHOJIOTHH aBToMarm3aruu. [1o pe3ynsratam
WCCIIeIOBaHUsl pa3paboTaHa CHUCTEeMa aBTOMATHYECKOTO YIpaBleHHS ycTaHOBKONW Ha Oa3e PLC-
KOHTpOJUIepa U 4yelloBeko-mamuHHoro natepderica (HMI). [pemnoxkennas cucrema obecrneurBaer Oosee
HaJ)KHOE YIPABICHHE TEXHOJOTMYECKHM ITPOIECCOM, TOBBIIEHHE PEHTAOSIBHOCTH IPOU3BOJACTBA U
ToJTydeHue OUTyMa, COOTBETCTBYIOIIETO CTAHIAPTHBHIM TPEOOBaHUSAM KadeCTRa.

KuaroueBble c10Ba: TMPOM3BOACTBO OWTyma, cucTeMa ympamieHus, koHtpoimiep PLC, uyemoBeko-
MmaiuHHbIH uHTepdetic (HMI), akryarop
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Introduction

Bitumen is a dark brown hydrocarbon-
containing product obtained from crude oil and
has many uses. Bitumen is mainly used in road
construction, in the manufacture of plastics and
other products. About 90% of all bitumen used
in industry is synthetic bitumen. It has already
been mentioned that the technological process
of bitumen production involves the oxidation-
reduction process of residual resin obtained
from a vacuum unit or vacuum column and
Auto-15 product with air. The oxidation-
reduction reaction is carried out at a
temperature of 250°C+270°C at atmospheric
pressure. The reaction that occurs during the
oxidation-reduction process is exothermic. The
reaction time depends on the amount of product
produced. In addition, the reaction time is
influenced by the process pressure and the
amount of air [1-2].

If the amount of air added to the reaction
exceeds the set standard value, the reaction time
is reduced and the concentration of oxygen O>
in the separated gas also increases. If other
parameters remain unchanged, a prolonged
oxidation reaction leads to a change in the
hardness of the bitumen produced. A prolonged
oxidation process leads to the formation of solid
bitumen. The normal temperature for the
oxidation process is 250-270 °C, and the
normal pressure during the process is 0-2
kg/cm?. If the temperature in the gas
environment rises above 300 °C, this will cause
the environment to ignite. As a result of the
temperature in the liquid
exceeding 300 °C, a coking reaction may occur

environment

in the bitumen produced. A decrease in pressure
below the normal value leads to an increase in
reaction time [3].

On the other hand, the nature of the
aggregates can affect the aging of the bitumen.

First, it has been determined that some mineral
components on the aggregate surface can
catalyze the oxidation of the bitumen. Secondly,
aggregates can be electrically charged by
moisture on their surfaces due to the ionization
of their minerals. These factors indicate the
complexity of the technological characteristics
of bitumen production. For these reasons,
existing control and regulation schemes cannot
ensure the necessary economic performance at
this enterprise.

Therefore, when creating an optimal
control system for any technological process,
the nature of the changes in both the external
and internal material flows that characterize this
process must first be determined.

Purpose of the work

Development of a controller-based
control system using the FBD programming
language at the operational management level,
taking into account the specific features of the
technological regulations in the operating
modes of the technological processes for
bitumen production.

Problem statement

The bitumen plant
includes several key components:

* PLC controller — the central element of
the system, responsible for automating
technological processes.

* Sensors and actuators — collect data and
execute equipment control commands.

* Operator display interface — allows the
operator to monitor the system status and make

control  system

adjustments.

« Communication networks — provide
communication between the PLC, sensors,
actuators, and the interface.

The operation of a PLC-based bitumen
plant includes several stages:
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1. Raw material loading: Sensors monitor
the level and quality of raw materials, and the
PLC controls the feed of materials into the
process line.

2. Heating and processing: The PLC
regulates the temperature and pressure in the
boilers reactors, ensuring optimal
conditions for bitumen production.

3. Filtration and cooling: After process-
sing, the product passes through filtration and
cooling systems, the parameters of which are

and

monitored by sensors and controlled by the
PLC.

4. Filling and packaging: The final stage
includes automatic filling and packaging of the
finished product, which is also controlled by the
system.

The PLC continuously monitors all
process parameters, automatically adjusts
processes, and initiates emergency shutdowns
in the event of malfunctions. This approach
improves safety, reduces human error, and
ensures consistent product quality [4,5].

Overall, using a PLC to control a bitumen
plant enables high precision, reliability, and
efficiency of the process, which is essential for
the company's competitiveness and compliance
with In general, PLC is a device that provides
remote control of the entire process. For this
process, Honeywell's ControlEdge PLCs are
used. This PLC is part of the Controledge

family and  provides unprecedented
connectivity at the level of all process
operations.

Honeywell's advanced Programmable

Logic Controller (PLC) technology increases
control by offering greater flexibility and lower
costs. Reduces installation efforts by using
security updates. Controledge PLC users
benefit from easier configuration, efficient
operations and less maintenance, as PLCs help

free complex personnel from manual
management. The use of the OPC UA protocol
embedded cybersecurity seamlessly

integrate into various tools, equipments.

and

Solving of the problem

Production process control and precise
adherence to recipes are achieved using a
programmable logic controller (PLC).
Detailed information about the operation of the
unit is displayed on the operator's workstation
screen in the form of mnemonic diagrams. The
mnemonic diagram informs the operator about
the process parameters in real time and allows
remote control of the bitumen production
process. Based on the collected data, the APCS
controller generates control signals for the
actuators [6,7].

The automated production control system
(APCS) of the plant can be easily integrated
into the enterprise's automated control system
to transfer information about the plant's
operation using an industrial data exchange
protocol. It is shown in figure 1.

Supported ControlEdge PLC protocols:
Modbus TCP protocol, OPC UA protocol,
HART-IP protocol, CDA protocol.

I/O module. ControlEdge PLC supports
various [/O modules. The following 1/0
modules are included in this process:

- Universal I/0 module, 16 channels

- Universal analog input - RTD, TC, V, 8§
channels

- High-level analog input, 16 channels

- Analog output, 4 channels

- 120/240 V AC digital input, 16 channels

- 24 V DC digital input, 32 channels

- Digital input contact, 16 channels

- Digital output 120/240 V AC, 16 channels
- Digital output 24 V DC, 32 channels

- Digital relay output, 8 channels
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Figure 1 — Automated production control system of bitumen production

Table 1 - Performance and capabilities

Maximum input/output 144
modules for the controller

Maximum analog inputs for 2304
the controller

Maximum number of entries 4608

for the controller

As mentioned above, the FBD
programming language was used for this
process. This language has many advantages
over other languages in some cases [8,9]. First,
you need to create a project. Then, according to
the process, you need to use logic elements
(LE), an RS trigger, and a comparator, which is
a comparison device. It is shown in figure 2. As
is known, here, based on signals coming from
the controllers, the actuators must open and
close within certain limits. This is determined
by the PLC based on the signal coming from the
controller, and the necessary signal is fed to the
output. For example, if 0 V is received from the
controller, this means that a zero level signal is
sent; conversely, if 5 V is received, this
corresponds to a first level signal. There is a
certain range of limits, i.e., a voltage of 02 V
indicates the need for a zero level signal, and
2.5+5 V indicates the need for a first level

signal. It is clear that digital signals are not
always required. As is well known, PLCs
receive analog signals and transmit them from
the output. Since there are many parameters in
the oil industry, such as flow rate, temperature,
level, and pressure, analog signals are often
used. However, the sample program we have
prepared only takes digital signals into account.

If we move on to the program's
explanation, we see that the input signal from
the TIC 101 regulator for input signal Il is
given to the comparator's input. This signal is
called the Enable, or permission signal. Then,
values corresponding to the process are
provided to the NUM blocks. The NUM 120
block is intended to function like a TE 101
sensor. If the signal from here differs from the
value entered into the NUM 119 block, a signal
will be sent to the output, i.e., to the TCV 101
actuator.

This sequence will be the same for FIC
1101, TIC 1201, and LIC 1205. To regulate the
flow of air and water from the compressors and
water tank, the signals from regulators FIC
1202 and FIC 1401 are given to an AND
element. When both signals are 1, a signal is
sent to the necessary actuators at the output.
Then, if the post-comparator signal from the
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LIC 1205 regulator is active, it will send a 1
signal to the R-reset input of the RS trigger
placed before the outputs of all the
aforementioned elements.

This will deactivate those outputs. In
other words, if the level in the reactor rises too
high, there will be no need to adjust the other
actuators; the signal will be sent directly to the
LCV 1205 actuator. As we know, the signals

B et Bt o - El)
[ it vose Sruistion Optices Wndow 1

sent can be analog or digital. These signals are
converted by the converters located next to the
actuator and then enter the actuator.

The human-machine interface (HMI)

screen, created using Siemens SIMATIC
WinCC Runtime Advanced software, is shown
for process control and monitoring.

The HMI of control system for bitumen
production is shown in figure 3.

- 0 X

SIMULSTION MODE GB-;‘I:
0e @2

Figure 2 — Software for PLC

SIMATIC WinCC Runtime Advance: d

SIEMENS
simatic i | Screen0

Back

A | (A

% 1 @3

Figure 3 — HMI of control system for bitumen production

It contains the following control elements:
various buttons are provided to simulate the
status of sensors and motors, for example:

e Start Up

e Limit sensor

e Up Motor

e Overload

e Down Motor
e Obstacle
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The buttons allow you to switch between
screens (“Back,” ‘Screenl’) and possibly other
functions such as “Start Up” and “Emergency
Signal.” Operators use the HMI to start and stop
equipment (as shown in the image by the “Start
Up” and “Down Motor” buttons), change
operating  parameters, and troubleshoot
malfunctions. The system monitors critical
events (e.g., “Emergency Signal,” “Overload,”
“Obstacle”) and notifies operators about them
and can also generate reports.

Conclusion

This research paper
operating mode of bitumen production, which
has a complex technological structure and

examines the

nature, and identifies the main factors affecting
the operating mode of the process. A control
system was developed based on the parameters
affecting the normal operating mode of the
process.

A PLC Controledge controller with a
simpler configuration was used, capable of
easily integrating network protocols such as
Modbus TCP Protocol, OPC UA Protocol,
HART-IP Protocol, and CDA Protocol. The
FBD (Functional Block Diagram) prog-
ramming language was used for this controller.
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Abstract

The article examines urban transport in the capital of Azerbaijan, Baku, focusing on the
impact of traffic congestion on travel efficiency, particularly in the Binagadi district. Traffic
congestion patterns are analyzed with emphasis on the main streets experiencing the greatest delays
during peak hours. The study is based on a dataset that records congestion by district, street, and
time intervals, enabling a relative analysis of traffic distribution. The methodology includes
determining the percentage of busy streets, comparing morning and evening peak periods, and
identifying the most problematic areas. The article proposes the application of simulation-based
approaches to optimize urban traffic and reduce congestion. As a result, the findings provide a
foundation for developing and testing effective traffic management strategies using future
simulation models in the Unity environment.
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Sahar miihitinda yeriistii nagliyyat sixhiginin zaman va mokan analizi

(Baka sohoari, Binagadi rayon niimunasinda)
A.C. Hasanov
Azarbaycan Texniki Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalada Azarbaycanin paytaxti Bakida, xiisusilo Binagadi rayonu lizra sohar naqgliyyatinda
pik saatlarda yaranan sixligin zaman vo moakan tizra analizi todqiq olunub. Tadgigatda asas digqgat
on ¢ox gecikmo miisahido olunan kii¢alora yonaldilarak, yol horokati tixaclarinin formalagma
modellori arasdirilib. Bu moagsadlo rayon, kiigo Vo saat qursagi iizra tixaclari oks etdiron malumat
bazasi asasinda nisbi tohlil aparilib. Metodologiya g¢argivasinds islok kiigalorin faiz gostaricilori
miioyyon edilmis, sohor vo axsam pik saatlart miiqayiso olunmus vo problemli sahslor
identifikasiya edilib. Magalodo sohor naqgliyyatinin optimallagdirilmasi vo tixaclarin azaldilmasi
istigamotinda golocak simulyasiya yanasmalarinin totbiqi toklif irali siiriiliib. Noticads aldo olunan
gostaricilor osasinda sohordo yol horokoti tixaclarmin azaldilmasina yonoalmis effektiv
strategiyalarin hazirlanmasi va onlarin Unity miihitinds simulyasiya modellari vasitssilo sinagdan
kecirilmasi li¢iin osas formalasdirilib.

Acar sozlar:  tixac, sohor mobilliyi, pik saatlar, Baki, nogliyyat modellogdirmasi

AHAJIM3 BpeMEHHO! M MPOCTPAHCTBEHHOM NJIOTHOCTH HA3€MHOI'0 TPAHCIIOPTA

B rOpPO/ACKOii cpeae (Ha mpumMepe bunaraguuckoro paiiona ropoaa baxky)
A.Jlx. 'acanoB
Asepbauiodcanckuii Texnuueckuti Yuusepcumem (baxy, Azepbaiioscan)

AHHOTALUSA

B cratee wuccrnenoBaHo BIMSHHE TPAHCHOPTHOM 3arpy’KeHHOCTH Ha 3()(PEKTUBHOCTDH
NepeaBIKEeHNsT B cToiMue AsepOaiimkaHa — baky, ¢ akueHTomM Ha buHaraamHckuii paiioH.
PaccMmoTpeHbl MOsienM TPaHCIIOPTHBIX 3aTOPOB, OCOOEHHO B Yachl UK, C BbIJICIEHUEM OCHOBHBIX
yJIUI], Ha KOTOPBIX HAOIIOMAI0TCS HAUOOJNbIINE 3aePKKU. AHAIU3 BBHINOJIHEH HAa OCHOBE 0a3bl
JAHHBIX, (PUKCUPYIOIIEH 3aTOPHI IO pailoHaM, yIUIlaM U BpeMEHHBIM HHTEPBaIaM, YTO O3BOJIUIIO
IIPOBECTH OTHOCHUTEJIBHOE HMCCIIEOBAHNE PACIPENEIICHUS TPAHCIOPTHOM IUIOTHOCTH. B pamkax
METO0JIOTHH OTIPEEIICHA 1011 3arPYKEHHBIX YJIULL, IPOBEAEHO CPABHEHUE YTPEHHHUX U BEUEPHUX
4acoB MK, a TaK)Ke BBISBICHBI HanOoJiee MpoOIeMHble y4acTKU. B craThe MmpensokeH moaxos K
WCIIOJIb30BAHUIO CUMYJISILIUOHHBIX MOJENEH JUIl ONTHUMHU3ALMH TOPOJACKOrO TpaHCIOpTa M
CHWKEHUSI YPOBHA 3aTOpPOB. B pesynbTaTe IOIy4YEHHBIE JaHHBIE MOTYT CIy’KMThb OCHOBOM Ul
pa3paboOTKU U TeCTUPOBaHUS YIPPEKTUBHBIX CTPATETUI yIPaBIeHUS TPAHCIIOPTHBIMU TOTOKAMHU C
MCIOJIb30BaHUEM MOJIeNel cuMyIsiiuu B cpene Unity.

KutoueBble cjioBa: TpaHCHOPTHBIE 3aTOPbl, TOPOJCKas MOOWJIBHOCTh, 4Yachl MHK, baky,
TPaHCIIOPTHOE MOJEINPOBAHNUE.
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Introduction

Traffic congestion has become a daily
reality in nearly every major city in the world,
and Baku is no exception. As the capital's
population and private vehicle fleet grows, the
city's highway and street network face
increased demand. This increase, particularly
during rush hour, leads to long queues,
commuting delays, and reduced reliability.
Beyond personal inconveniences, traffic
congestion also has far-reaching socioeco-
nomic and environmental consequences,
including reduced productivity, increased fuel
consumption, and deteriorating air quality [1].

One of the key characteristics of traffic
congestion in the capital is its spatial and
temporal variability. While traffic congestion in
the central district’s peaks during the
morning/evening rush hours, surrounding areas
are relatively less affected. Traffic flow is
predominantly directed toward the city center in
the morning, while it reverses in the evening;
weekday and weekend congestion, as well as
school and work schedules in the spring and
fall, reinforce these dynamics. Weather
conditions (rain, wind), random events
(accidents, breakdowns), and planned work
(road repairs) all exacerbate daily variation.

The structural causes of traffic congestion
are diverse: rapid increases in private vehicle
use, centralized land use (concentration of
businesses and services in the city center),
inadequate parking management, limited
capacity at critical points (intersections,
junctions), inability to coordinate signaling
plans with peak demand, and conflicts between
pedestrians, public transportation (especially
buses), and road space [2]. These factors,
combined, lead to both reduced speeds and
increased delays during rush hour.

In recent years, the emergence of Big
Data technologies has created new oppor-
tunities for the analysis and management of
complex urban traffic systems. Big Data

analytics enables data-driven decision-making
in transportation planning by combining large
datasets from sensors, GPS systems, mobile
devices, and loT-based monitoring tools [3].

To visualize and test these data-driven
insights, Unity programming provides a
powerful simulation environment that allows
researchers to create interactive digital twins of
urban areas. By combining Big Data analytics
with  Unity's real-time visualization and
physics-based modeling capabilities, it is
possible to simulate different traffic scenarios,
evaluate the effectiveness of intervention
strategies, and predict the impact of future
urban development.

Purpose of the work

The main goal of this article is to analyze
the spatial and temporal distribution of traffic
jams across Binagadi district, to analyze which
streets are most congested during rush hours.
The study attempts to determine whether the
morning (AM) or evening (PM) peak hours
bring greater pressure on the road network and
focus attention on the most critical roads that
consistently cause delays. The problem
discussed in this article stems from the
persistent imbalance between the city’s rapid
growth in use of the private car and the limited
capacity of the city’s road infrastructure.

The study also aims to explore how
Unity-based simulation modeling can be
combined to better understand traffic
congestion behavior and visualize traffic
patterns in real time. By integrating real-world
traffic data into a digital simulation environ-
ment, this approach aims to support more
accurate and data-driven decision-making for
future urban mobility planning in Baku.

Problem statement

From a policy view, traffic jam is not only
travel time load also it has real economic,
environmental, and social costs. Longer and
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less predictable travel reduce productivity and
logistics safety, stop-and-go  conditions
increase fuel consumption and emissions,
additionaly increased noise and air pollution
negatively impacts public health. More
importantly the load is unequel across time and
space: a small group of corridors can account
for a disproportionate share of the delay across
the region and can vary significantly between
morning and evening due to peak hours,
directional commuting patterns, and local land-
use mixes. These features make a corridor-
level, time-dependent analysis both necessary
and feasible.

Research methods

This study will focus on analys the level
of traffic congestion in the Binagadi district of
Baku. This districts weas selected primarily
because they hold strategic importance in
transportation network. Binagadi district have
major highways and main roads that serve as
key corridors for daily commuting, freight
transport, and inter-district connectivity.

Moreover, this district are frequently
specify in public reports and the media as areas
where heavy traffic jams regularly occurs,
making them suitable examples for our study.
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Fire — Traffic jams in Binagadi district

A preliminary study was started with
using Google Maps traffic data to capture
traffic flow dynamics for the Binagadi. Google
Maps platform allow us to collect real-time and
historical data on traffic density. This step let us
to systematically track the streets and
intersections most affected by traffic
congestion. Special attention was paid to
observing traffic variations at different time
intervals all through the day.

This research show the level of
congestion, delays on congested areas and
based on this data, the variation in motor
vehicle speeds and delays during normal and
rusk hours for the Binagadi and Sabunchu
districts step by step. As a result, we aim to
highlight not only where congestion occurs, but
also how it grows temporally and spatially
across districts, making this study a cornerstone
for understanding urban mobility problems in
Capital city. Our research has shown that
especially in Binagadi district, traffic jams are
observed during peak hours on Sumgayit
Highway, “Baksol” road (M.A. Rasulzade
settlement) and Binagadi Highway. The areas
where traffic jams are observed are shown in
the figure below (Figure).
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in our topic of reducing traffic jams and
developing appropriate algorithms with the
Unity engine that we are currently working on.

Although methodological limitations
exist, the framework can be replicated and
expanded. If necessary, simulated scenarios and
visual representation in Unity can enhance

Overall, the presented framework
provides a transparent picture of where and to
what extent congestion occurs during peak
hours in Binagadi and creates a solid foundation
for moving from measurement to management.
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Abstract

This article examines the current state of water resources in Azerbaijan, analyzing the main
issues related to their use, quality, and conservation. In the face of global climate change,
population growth, and ineffective water management, the country is facing declining water
reserves, increasing losses, and pollution. Particular attention is paid to the structure and
dynamics of water resources, agricultural mechanisms for their use, and modern technologies for
improving water efficiency. Recommendations are presented for modernizing water supply
infrastructure, implementing water-saving methods, and reducing losses. The article emphasizes
the importance of an integrated approach to ensuring sustainable development of the water sector
and strengthening the country's water security.
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Mogalads Azarbaycandaki su ehtiyatlarinin mévcud vaziyyati arasdirilir, onlarin istifadasi,
keyfiyyati vo qorunmasi ilo bagli asas masalalar tohlil edilir. Qlobal iglim dayisikliyi, ohali artimi
Va Samarasiz su idaragiliyi soraitinds 6lks azalan su ehtiyatlar, artan itkilar va girklonma ilo tizlosir.
Su ehtiyatlarinin strukturuna vo dinamikasina, onlardan istifado d¢lin kond toSarriifati
mexanizmlarine va suyun samaraliliyinin artirilmasi liglin milasir texnologiyalara xiisusi diqqat
yetirilir. Su tochizati infrastrukturunun modernlosdirilmasi, suya gonast metodlariin totbiqi vo
itkilorin azaldilmasi tigilin tovsiyalar taqdim olunur. Magalods su sektorunun davamli inkisafinin
tomin edilmosi vo o6lkonin su tohliikkesizliyinin giiclondirilmasi {igiin inteqrasiya olunmus
yanasmanin vacibliyi vurgulanir.

Acar sozlar: su ehtiyatlari, su tachizati, iqlim, kond tosorriifati, ohali artimi.
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YAzepbaiioscancruii ynusepcumem apxumexmypul u cmpoumenscmea (baxy, Azepbaiioscar,)
2Hayuonanvroe Aspoxocmuueckoe Aeenmemeo / Hayuno-Hccneoosamenvckuti Mucmumym
Aspokocmuueckoti Ungpopmamuxu (Baky, Azepbaiiosicarn)

AHHOTAIUSA

B cratbe paccmarpuBaeTCsi akTyallbHOE COCTOSIHHE BOJHBIX pecypcoB AszepOaiimkana,
AQHAIM3UPYIOTCS OCHOBHBIC TMPOOJIEMBI, CBS3aHHBIE C WX MCIOJB30BAaHUEM, KauyeCTBOM U
COXpaHeHHeM. B ycloBusix TJI00ambHBIX KIMMAaTHYECKMX H3MEHEHWH, pOoCTa HaceleHUus |
Hed(DPEKTUBHOTO yMPaBICHUS BOJOIOIL30BAHUEM CTPAaHA CTAIKHUBAETCS C YXYIIICHUEM BOTHBIX
3armacoB, YBENUYEHHEM IOTepb U 3arps3HeHusMu. Oco0oe BHUMAaHHE YAENSETCS CTPYKType U
JTMHAMUKE BOJHBIX PECYpPCOB, CETbCKOXO3SIMCTBEHHBIM MEXaHW3MaM HUX HCIIOIh30BaHMS, @ TAKKE
COBPEMEHHBIM TEXHOJIOTUSM TOBBIIICHUS 3(PPEKTUBHOCTH BOJOMOIB30BaHUS. [IpencraBieHbl
PEKOMEHIallUM 10 MOJICPHU3AIMU BOJOIPOBOJAHON HWH(OPACTPYKTYphI, BHEAPEHUIO BOaOCOE-
peraronmx METOJOB M CHIDKCHHIO TOTepb. B cTaThe MOTYepKHYTa BAXKHOCTH KOMIUIEKCHOTO
nmoaxoja s oOeCredeHus YCTOWYMBOTO Pa3BUTHS BOAHON CQeEepbl M YKPEIUICEHUsS BOIHOMN
0€30MacCHOCTH CTPaHBbI.

KiroueBble ciioBa: BOJIHBIE PECYPCHI, BOJIOCHA0KEHHUE, KJIUMAT, CEIIbCKOE XO3MCTBO,
POCT HaceJeHHUs.
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BBeagenue

Boma — 5T0 oauMH W3 BaxXHEHIIUX pe-
CYpCOB JUISl JKU3HU 4YEJIOBEKA, Pa3BUTHUS IKO-
HOMHUKH M COXPAHEHHUS OKpYKaroleh Cpejbl.
Ee ponb TpymHO TepeoneHHTH: 0e3 BOIHBIX
PECYPCOB HEBO3MOXXHO OOECIICUUTh MUTHEBOE
BOJOCHAOXKEHUE, PAa3BUTHE CEIBCKOTO XO03-
SIICTBA, MPOMBIIIJIEHHOCTH U AKOJOTHYECKHUMA
OamaHc. AzepOaiipkaH, cTpaHa C YHUKAIbHON
reorpaduell ¥ KIMMAaTUYECKUMH YCIOBUSMU,
CTaJIKUBAETCSI C CEPHhE3HBIMU IMPOOJIIEMaMH B
cdepe BoIOMNONB30BaHUsA. B mocnennne mecs-
TUJIETHUS 3TU TIPOOIEMBI 000CTPHITUCH O] BO3-
JeHcTBUEM  TIIOOANIBHBIX  KIMMaTUYECKHX
W3MCHCHUH, pOCcTa HaceleHuss u Heddek-

TUBHOI'O YIIPABJICHUS BOJAHBIMU PECCypCaMU.

Ieas uccaenoBanus

Lenbo JaHHOTO UCCIIEAOBAHUS SABISETCS
aHaJIN3 TEKYIIETO COCTOSHUS BOHBIX PECYPCOB
U CcHUCTeM BojocHaOxkeHus A3sepOaiikana,
BBISIBIICHUE KITFOUEBBIX MPOOJIEM U pa3paboTKa
PEKOMEHJIalMi M0 MX YCTPAHEHHMIO JUIA
o0ecrieyeHnss yCTOMUUBOro U 3(PQPEeKTUBHOIO
HCTIOJIb30BAHUS BOJIBI.

ITocTaHoBKa 3agaun
JUid OCTHKEHUS NOCTaBICHHOW LIEIN

HE0OXOIUMO PEIINUTh CIEAYIOIINE 3aJauu:

1.  IIpoanamu3upoBaTh 0ObEMBI U CTPYKTY-
Py BOIHBIX PECYpCOB CTpaHbl, BBISIBUTh
WX JIMHAMUKY M OCOOEHHOCTHU HCIOJIb-

30BaHMUs.
2. Ompenenutb OCHOBHBIE NMPUYUHBI YXY/I-
LICHUS Ka4eCTBa U COKpAICHUS 3aI1acoB
BOJBL.
3. VI3yuyuTh MHPOBOIi OITBIT U IPHMEHSIEMBIE

B JpPYyrUX CTpaHaX TEXHOJIOTUU pa-
IIUOHATBHOTO BOZOTOJIH30BAHUS.

4.  Pa3paboTaTh KOHKPETHBIE PEKOMEH-
Ay U MEPOIIPUATHS 10 MOJAEPHU3 AU

UHQPACTPYKTYphl, CHUKEHUIO MOTEPh U
YIIYYILIEHUIO SKOJIOTUYECKOM CUTYyAaIUH.

Pemenue 3apau

['moGanbHOE TOTEIJIEHHE U OBICTPBIA
pOCT HaceJeHUs MPUBOIAT K HCTOIICHUIO
MPUPOJTHBIX PECYPCOB M 3arpsi3HEHUIO OKPY-
xaromie cpensl. Boma sBisercs ogHuUM H3
BXHEHIIUX MPUPOIHBIX PECYPCOB, MOJIIEP-
JKUBAIOIUX SKOCUCTEMBbI M 00€CIIeYNBAIOLINX
MIPOJIOBOJILCTBEHHYIO  Oe3omacHoCTh.  [lpu-
MepHo 1,1 Muuapa yenoBek B MUPE JKUBYT
B pPErMoHax C OrPaHUYECHHBIMU BOJHBIMHU
pecypcamu. Exxeronno 2,4 Musuinap/ia 4einoBeK
YMHUPAIOT OT Pa3IMYHbIX HHPEKIIMOHHBIX 3200-
JIeBaHUI W3-3a aHTHCAHUTAPHBIX ycloBuil. K
2030 roxy ABe TPETH HACENEHUs MUPa MOTYT
CTOJIKHYTBCSI C HEXBAaTKOU BOJbI. st yaoBIeT-
BOpEHHUs TOTPeOHOCTEH B MPOJIOBOILCTBUU
pacTyIiee HaceJIeHHEe MUPa IOJKHO YBEJIMUUTh
MIPOU3BOJICTBO MPOJYKTOB MUTaHUs Oosiee yem
B 1Ba pa3a k 2050 romy. [lorTomy pa3paba-
TBHIBAETCS TUIAH JEUCTBUUA MO YCTOWYHMBOMY
HCIIOJIb30BAHUIO 3€MENBHBIX U BOJIHBIX PECYp-
COB BO BCEM MUpE.

[Inan mo oOecmeueHuto MPOAOBOJIBCT-
BEHHOIl 0€30MacHOCTH peanu3yercs uepe3
[Ipo1OBONBCTBEHHYI0O M CEIBCKOXO3SUCT-
BeHHyto opranuzauuio OOH (DAO). Kowm-
MJIEKC MEp BKITFOUAET YKPETUICHHE CeThbCKOX03-
SIMICTBEHHOTO

IMPONU3BOACTBA, ITOBBIIIICHUE

Jocryna K [uIe, IOONEPKKY YI3BUMBIX
PErMOHOB M COKpallleHHE MOTeph ypoxkas, a
TaKk)Ke€ HAmpaBlIeH Ha CHIDKEHHE CTOMMOCTHU
MPOAYKTOB MHUTAaHUS M TOBBIIICHUE YCTOM-
YUBOCTH IPOJOBOJIbCTBEHHBIX CUCTEM.

C 2005 roma AsepOaimkanckas Pec-
myOsMKa npucoeanHmIachk k mporpamme OOH
U BBINOJNHSET 00s3aTeNbCTBA, CBSI3aHHBIE C

YIJIaTOM 4YJIEHCKUX B3HOCOB. B cTpaHe peanu-
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3YIOTCS pa3jMuHble MEpbl, OPUECHTHUPOBAHHBIC
Ha MPUHIUIIBI YCTOMYMBOTO pa3BuTus [1].
JepuuuTt mnpecHbIX BOIHBIX PECYpPCOB,
BO3/CHCTBUE ITTO0AIBHBIX M3MEHEHUN KIIMMaTa
(TIOBBIIIEHNE CPEAHUX TEMIIEPATYP, CHUKEHUE
[IOBEPXHOCTHBIX BOJl, M3MEHEHHE pPEXHUMa
PEYHBIX CTOKOB M KOJHMYECTBA OCAAKOB), a
TakkK€ pOCT HAceNeHUs, ypPOBHS >KU3HU H
pa3BUTHE YKOHOMUKHU, B TOM YHUCIIE B CEIIbCKOM
XO035ICTBE, MPUBOST K YBEJIIMYSHHIO CITPOCa Ha
BOAY 3a CYET pacIIMPEHHs MaXOTHBIX 3eMellb U
BOJIOIIPOBOAHBIX CETEH. DTO TpeOyeT CPOUHBIX
Mep Mo OOECIeYeHUI0 BOAHON 0E30macHOCTH
ctpasbl (puc. 1). DT BONPOCH 3aKpeIyieHbl B
Vkaze Ilpesunenra AsepOaiimxanckoit Pec-
my6muku ot 15 anpens 2020 roaa «O mepax 1no

obecrieueHn0 AP (HEKTUBHOTO HMCIOJIb30BaAHUS
BOJIHBIX PECYPCOBY.

OO0muit  oObeM pecypcos,
chOopMHUPOBaHHBIM Ha TeppUTOpUN A3zepbaiia-
’kaHckoi PecnyOnuku 3a roa, cocrasisier 30,5

km®’. M3 Hux 14% npuxopsrcs Ha BOAHbBIE

BOJHBIX

pecypcbl, chopMUpPOBaHHBIE B 3aKaBKa3be W
npuHauiexkanme AsepOaipkany. [IpumepHo
67-70% Boanbix pecypcoB (ot 19,0 mo 20,5
KM?) GOpMUPYIOTCS B TPAHCTPAHUYHBIX pPeKax,
a ocraBmascsa 4dactb (ot 9,5 mo 10 xm®) —
MIPEUMYIIICCTBEHHO BO BHYTPCHHHX peKax. B
3aCYIUIUBBIC TOJBI 3allachl COKPAIIAIOTCS JI0
27,0-22,6 xM*, w3 koropeix 17,1-14,3 km?
OTHOCSITCS K TpaHCTpaHWYHBIM pekam. Ha
JyIIly HAaceJIeHHUsI B TOJl PUXOIUTCS IPUMEPHO
1,5 TBIC. M® BOJBI.

Taémmua 1 — O0muii 00beM BOJIHBIX peCypcoB A3epOaiipkaHa B MHOTOBOJIHBIC U 3aCyIUIMBBIC TOJIbI
Table 1 — Total Volume of Water Resources in Azerbaijan during Wet and Drought Years

IMokazarean MHOroBoOIHbBIE TOABI 3acynmBble ToAbI
OO0 00beM BOJIHBIX PECYpCOB 30,5 km? 22,6-27,0 xm®
TpancrpanuvHbIe BOABI 19,0-20,5 km? 14,3-17,1 km®
BuyTpennue Bojb1 9,5-10 xm? CokpaIaroTcs MpomopIHOHATBEHO

Haubonee mupoko nucnonb3oBaHue mpec-
HOBOJHBIX PECYPCOB IPOUCXOIUT B CEIBCKOM
gro  85%
CEJIbCKOXO35IMCTBEHHON MNPOAyKIMH B A3ep-

xo3scTBe. Crenyer OTMETHT,
Oaii[pkaHe BbIpAlIMBAeTCS Ha OPOLIAEMBIX
3emyisix. OOIas miIomaas OpouIaeMbIX 3eMelb
cTpanbl cocraBiseT 1,420 MWIIMOHOB TIeK-
TapoB, U3 KOTOPBIX 96% MCIONIB3YIOT CUCTEMBI
IIOBEPXHOCTHOTO OpOIIEHHUSA, a TOIbKO 4% —
BojocOeperaromue MeTosl [2]. B pe3ynbrate
TaKMX METOJIOB MPOUCXOIAT 3HAYUTEIbHBIE
MOTEPH BOJbI, YTO SIBJISIETCSA OJJHUM U3 TJIaBHBIX
(GakTOpOB, KOTOpblE MOIYT MpPHUBECTH K
COKpAILEHUIO BOJHBIX PECYPCOB B OYIyIIEM.

AzepOaiipkaH 3aHMMaeT NEPBOE MECTO
cpenu crpad CHI' mo ypoBHIO 1OTeph BOJBI —
34%. B npyrux crpanax CHI' noka3zarenu
MOTEPSIHHOM  BOXBI  cienytome  (puc.l):
Apmenus — 20%, Kazaxcran — 13%, Ykpauna

12%, Poccus —10%, MonmoBa — 7%,
benapyce — 5% (puc.1).
Hanbonee mmpokoe WCIOIB30BaHHE

MIPECHOBOHBIX PECYPCOB B CTPaHE MPHUXOIUT-
Csl Ha CeJIbCKOoe X03HUCTBO. ClleyeT OTMETHTb,
910 85% CEIBbCKOXO35MCTBEHHON IMPOIYyKLIUU
BBIpAIMBACTCS HAa OpOIIaeMbIX 3eMisix. O01mas
IJIOIAIb OPOLIAEMBIX 3eMEJb cocTaBisieT 1,42
MJIH Ta.
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Pucynok 1 — YpoBeHb IOTEph BOJBI B CTpaHax
CHT (%)
Figure 1 — Water Loss Levels in CIS
Countries (%)

B crpykrype
AzepOaiiypkan peodIaaloT TPAJAULIUOHHBIC

OpOIIIaeMBIX  3EMENb
METOAbl TOBEPXHOCTHOTO opoieHus. Jlomus
BHEJPCHUST COBPEMEHHBIX BOIOCOCPEraroIInX
TEXHOJIOTMI OCTaeTcs KpalHe HHM3KOM, 4TO
MPUBOJUT K 3HAYMTEIIbHBIM TOTEPSM BOIHBIX
PECYPCOB M CHIDKEHHIO  A(PPEKTUBHOCTH
BOJIONONB30BaHMus. Kak BUIHO U3 PUCYHKA 2,
96%

MTOBEPXHOCTHBIX CHUCTEM, TOT/a Kak Juilb 4%

3€MCJIb OpOMIArTCd C MPUMCHCHUCM

HCIOJIb3YIOT BOAOCOEpErarone TEXHOIOTHH.

B NOBERXHOCTHRIX CHCTEM L] ﬁﬂ.’.ﬂi’.!.‘.l‘.r. ETarWHe TEXHONON A,

Pucynok 2 — CrpykTypa METOIOBOPOIIEHHUS B
AzepoOaiimxane (%)

Figure 2 — Distribution of Irrigation Methods in
Azerbaijan (%)

Takas mpakTHKa BeleT K 3HAYUTEIbHBIM
MOTepsiIM BOJABI, YTO B OyaymeM MOXeT
MIPUBECTH K COKPAIICHUIO BOJHBIX PECYpPCOB.
[TosToMy MOmepHH3AIHs CUCTEM OPOIICHUS U
BHenpeHue Oonee A((PEKTUBHBIX METOIOB —

BaKHas 3ajada Juis oOecreueHus: BOJHOMN
0€30MacHOCTH CTPAHBI.

HauOonpmme motepu BOABI  OBLIH
3aukcupoBansl B Kypa Apa3ckoM 53KOHO-
MHUKO-Teorpaduueckom pernone. Hanpumep, B
ropojie MuHreueBup noTepu BOJbl COCTABUIN
524,5 wmnn kybomerpoB B 2015 romy wu
cam3wmch 10 301,5 o kybomerpor B 2020
rojly — cHukenue Ha 43% 3a 5 ner [3, 4].

OneiT MOKa3bIBaeT, uTo s dPdek-
TUBHOTO HCIIOJIb30BAaHUSI BOJHBIX PECYPCOB
JUTMHA TTOCTOSIHHBIX OPOCHTEIBHBIX KAHAJIOB Ha
rektap He aospkHa npesbimats 20-30 m. On-
HAaKO B Hallled pecrnyOJinKe HHOI/AAa BCTpe-
YaroTCsl Cay4yau, KOIjla 3TOT MOKa3aTellb Mpe-
Bolmaer 40 M. BpIcokas IUIOTHOCTh KaHAlOB
(M/ra) BemeT K YBEIUYEHHUIO BOJOIOTEPH,
CHIDKEHUIO 3 (PEKTUBHOCTH 3€MIIETIONB30Ba-
HUS M YXYAUIEHUIO COCTOSIHUS MEINOpPHUpO-
BaHHBIX 3eMenb. [lo3ToMy mpuMeHeHue coB-
PEMEHHBIX TEXHOJIOTHIA B CHCTEMaX OPOLICHUS
ABJISIETCS] aKTyaJIbHOU 3aa4ei.

CoBpemeHHbIe U 3(PPEKTUBHBIE METOIbI
OpOIIEHHUS, CHUKAIOIUE TOTEPU BOJIbI U TIOBBI-
IIAOIIIE YPOXKAHHOCTh, BKIIIOYAOT:

e KaIleJIbHOE OPOILECHNE

e MUKPOCITPUHKJIEPHI

* a3PO30JILHBIN METO/T

e METOJ] HHBEKITHH

e BBI30B JTOWK/IS.

CrpouTenbcTBO

3aMKHYTBIX ~ HMppHUTra-

IIMOHHBIX CHCTEM W  BOJOXPAHWIUIL C
OOJIMIIOBKOW  TTO3BOJISIET
MUHHMH3UPOBATH TOTEPH BOJABI, IOBHICUTH
3P PEKTUBHOCTD pacnpeneneHus "

MpeaoOTBPATUTDL 3aCOJICHUC TTOYBEI.

J)Ke1e300€TOHHOMN

3aMKHYTBIE CETH, CHa0KaIOIIHUECs BOION
mo TpyOaM ¥ OETOHHBIM JIMHHSM, MOJTHOCTHIO
UCKJIIOYAIOT TOTEPU BOABI M IO3BOJSIOT
OpoIlIaTh TPYIHOJOCTYIHBIE y4YacTKH. Takou

METOoJl 00eCIieYyrBaeT PaBHOMEPHOE pacrpeie-
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JEHUC BOJBI II0 BCEMY

IpeaoTBpaacT O6p330BaHI/Ie 3aCTOMHBIX 30H K

CJIOKO  IIOYBHhI,

CHIDKaeT pHUCK 3acojeHus. Kpome Toro,
CBOCBPEMEHHOE BOJIOCHAOKEHUE CIOCOOCT-
BYET IOBBILICHHUIO YPOKAUHOCTH.

[Ipy cTpouTENnHCTBE BOJOXPAHIIUIL M
KaHaJ0B ¢ OETOHHOH U 3KeJIe300€TOHHOM 00JIH1-
IIOBKOH 00BEM 3eMIISTHBIX pa0dOT CYIIECTBEHHO
YMEHBIIIAETCS, TIONEPEYHbIC pa3Mephbl KaHAIOB
COKpAII[AalOTCS, a II0JIE3HOE HCIIOIb30BaHUE
3eMJIM IIOBBIMIAETCS. TakoW THII KaHAJOB
MOJKET MPUMEHSATHCS B PA3IUIHBIX TPYHTOBBIX
YCIIOBUSX, HE3aBUCUMO OT HX BOJOIPOHU-
maemocta [5].

IMPOCKTUPOBATL TAKUC KaHAJIbl B T'PYHTax C

Ocobenno uenecooOpa3zHo

BBICOKOI BOJOIIPOHUIIAEMOCTBIO U 3aUJICHUEM.
IIpyu npaBUIBLHOM YIIPaBJIEHUU BOAHBIMU
pecypcaMy BaXKHO MCIIOJIb30BaTh BOAOXPAaHU-
JIMIa, OCHOBAHHBIC HA MHOT'OLIEJIEBOM UCIIOJIb-
30BaHMUH, YUUTHIBAsI DKOJIOTHYECKUE ACTIEKTHI, a
TaKKe Jpyrue TMOoTpeOHOCTH TpU CTPOH-
TEIbCTBE THUIPOdJIEKTpocTaHui. I[Ipeumy-
IIECTBA 3aMKHYTBIX HPPUTALIMOHHBIX CUCTEM U
BOJIOXPAHWJIMIL C KeJIe300€TOHHON OOJINIOB-
KOMH:
o CokpameHue mOTEpPh BOJA
JOCTaBIseTCsT MO TpydaM U OETOHHBIM

BOOBI —

KaHaJlaM, MHHUMU3HPYS UCHApEHUue |
dbunpTpanuio.

o PaBHOMepHOe pacmpezeneHue — Boja
MOCTYMaeT KO BCEM YydYacTKaM TIOYBHI,
MpeloTBpalas 3aCTON U 3aCOJICHUE.

o [IloBblieHHE YpOXKAWHOCTU — CBOEBpE-
MEHHOE OPOILIEHUE YJy4IlaeT YCIOBUS s
pocTa pacTeHHI.

o CHmwxkeHue oObeMa 3EMISHBIX padoT —
OCTOHHBIE U JKeJIe300€TOHHBbIE KOHC-
TPYKIMH TpeOyIOT MEHbIIe TpyHTa H
MIPOCTPAHCTBA.

e VYHUBEpCATbHOCTh MPUMEHEHUS — IMpH-

TOAHBI IJId PA3JIMYHBIX T'PYHTOB, BKJIIOYAA

BOOOIIPOHHUIAEMBIC 1 3aUJICHHBIC.

e MHorormeneBoe HUCIIOJIb30BaHUEC BO-

JOXPAaHWIUL] — BO3MOXHO COYETaHHE
UppUralud, BOJOCHAOXKEHUSI U THUI-
PO3HEPrETUKH.

e Dkonornyeckas 3QpPeKTUBHOCTb — MHHHU-

MHU3aIUsl  OPO3UM W 3alluTa IOYBHI,
HOJJIEPXKKA YCTOWIMBOCTH SKOCHCTEM.

Poct HaceneHus B HalM JTHU IPUBOJAUT K
PE3KOMY YBEIMYCHHIO AHTPOIIOTEHHOTO BO3-
JICWCTBHS Ha OKpY’KaroIyto cpeay. B pesyis-
TaTe yXy[IIIAeTCsl KAa4eCTBO BOJBI: €XKEIHEBHO
B PEKH IONANAIOT OoJbIIne O0OBEMBI 3arpss-
HSIOIUX BEINECTB, 3a4acTylo dYepe3 cOpoc
CTOYHBIX BOJI B IPYTHE BOJIOCMBI.

OcobeHHO akTyallbHa HE00XOAMMOCTb
YIYYIICHNUS CUCTEM OYMCTKH CTOYHBIX BOJ H
KaHanu3auuu. OCHOBHBIE 3arps3HUTENN —
CHUHTETHYECKHE MOIOIINE CPENCTBA, HIMPOKO
UCTIOJIb3yeMble B OBITY, TPOMBIIIJICHHOCTH U
CEIIbCKOM XO3siicTBe. XMMHUYECKHE BEIIECTBA
U3 HUX IIONAJAIOT B PEKH M 03epa BMECTEe CO
CTOYHBIMH BOJIaMH, YTO HETATHBHO BIIMSET Ha
Ouosornyeckuid M QU3MUECKUI  pexUM
BOJIOEMOB. B pe3yibrare CHMXKAETCs CIoco0-

HOCTBH BOJBI ITOTJIOMIATH KUCIIOPOA, aKTUBHOCTDH

OakTepuii,  pas3jlaraloUMX  OpPraHUYecKHe
BEIIECTBA, YMEHbIIAETCs OOraTrcTBO BOJHOU
¢b0psl U payHBbI.

['mobanibHOE TIOTETICHNE U CBSI3aHHBIC C
OTUM CTUXUUHBIE OC€ACTBUS JOMOJHUTEIHEHO
BIMAIOT Ha 3amachl M Ka4deCTBO BOJHBIX
pecypcoB 3emun. JlaBieHue Ha MOBEPXHOCT-
HbIE€ BOJIBI BBI3BIBAET HEXBATKy BOJBI BO
MHOTHX PErHoHax.

OOmme TOBEPXHOCTHBIE BOJHBIE pe-
cypchl AzepOaikaHa COCTaBJISIOT MPUMEPHO
11,0 xM® m pacnpenensrorcss Mo peruoHam
CJICAYIOINUM 00pa3oM:

e [llupsan — 1,60-1,70 xkm?
o lllexu-3araransckuii paiion -1,41-1,51 km?
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o Tlazax-I'samxka — 1,40-1,50 xm? [6].

CeromHst OBITOBBIE W TPOMBIIICHHBIC
OTXOAbl, a TaKXKC XHUMHUYCCKHC BECIICCTBA,
MPOCAYMBAIOIINECS B TMOA3EMHBIE BOJBI U
py4YbH TIPU OpOIICHUM TOJEH, HU3MEHSIOT
XUMUYECKUM cocTaB peuHbix Boja. Camble
3arpsi3HEéHHBIE peku cTpanbl — Kypa u Apas.
ExeroaHo u3 coceTHUX CTpaH B HUX IIOCTYIIaeT
0K0J10 360 MUJUIMOHOB TOHH 3arpsA3HSIOLINX
BemlecTB. B pesynpraTte Boga B peke Kypa
MIPEeBBIIIAET HOPMY IO KauecTBY B 7 pa3, a B
peke Apa3 — B 14 pas.

DTO co3daeT cephE3HbIe MPOOJIEMBI IS
BOJIOCHAOXKEHUsT HaceneHus. [lodTomy oueHB
BOKHO OYHMINATH PEKH W 03€pa OT OpraHu-
YECKUX W HEOPraHWYECKHX 3arpsA3HUTEIICH.
3HAUYNUTENILHOE 3arpsA3HCHHUE IMOBEPXHOCTHBIX
BOJA  JIelIacT

IIOA3CMHBIX BOJ. CormacHo JaHHBbIM, TOJIBKO

AKTYAJIbHBIM  HCIIOJIb30BAHUC

okoiio 1,5% pernoHabHBIX pecypcoB U 26%
HOHTBep)KI[éHHBIX 3ar1acoB IIOJA3€MHBIX BO/J
ucnosb3ytores. bonpmas yacts — okosno 80% —

pacxoqyeTcsi Ha OpPOUIEHUE M TEXHUYECKHE
HyX1bl. Takke MHUPOKO pacrnpoCTpaHEHbI
TEepMalbHbIE BOJIBI Ha pa3HOW riyoune. B
OyayIieM HMX HCIOJIBb30BaHHUE AJISI TMOTY4EHUS
JIEIIEBOM DJIEKTPOIHEPTUH, ISl OTOIUIEHUS
rOpPOJIOB U TEILJIUI] —OYEHb [IEPCIEKTUBHO KaK C
SKOHOMMYECKOM, TaK U C IKOJIOIMYECKON CTO-
ponsbl (puc. 3). Jyig 3TOro Hy»HO HPOBOAUTH
UCCJEOBAHUS M IEpecCMaTpUBaTh OLEHKY
3aMacoB MOJ3EMHBIX BOJ, a TaKXe CTPOro
KOHTPOJIUPOBATh UX UCIOIb30BAHHE.

B ycnoBusix ycunmBaromerocsi BO31€ucT-
BUS KIMMAaTHYECKUX HM3MEHEHUil ocolyro
3HAYUMOCTh  NPUOOpETaeT  KOMIUIEKCHBIN
MOJIXOJl K YIPAaBJIEHUIO BOJHBIMU PECypCaMH.
Bojga BbIcTynaeT He TOJNBKO KakK MPUPOJIHBII
pecypc, HO M KaKk OCHOBa YCTOWYMBOCTH
OKpY>Karolle cpenbl, caHuTapHOro Ojarorno-
Jy4yusl HaCEJICHUs U aJalTallMd K U3MEHEHUIO
KiuMaTa. B3auMOCBS3b yKa3aHHBIX Hampas-

JICHWI! MpejicTaBiIeHa Ha PUCYHKeE 3.

BO/JA <= YCTOHYHABOCTH

OKPYJKAIOMIEN CPEJEI

AN

Bopga u cannrtapus

()

O

ApfanTanug K
H3MEeHYHBOCTH KIIHMATAa

JlecHOE XO3AIICTBO

> 3enénas 3HEPria

VMHOe opoleHie

Pucynok 3 — Mogenb Ucnonb30BaHUsI BOAHBIX PECYPCOB
Figure 3 — Model of Water Resources Utilization

B nmnocnenHue TOABI BIMSHUE KIMMa-
THYECKUX (PaKTOPOB Ha BOJHBIE OOBEKTHI
ycuiaMBaeTcss ¢ KaxasiM JHeMm. CoriacHo
HCCIIEJOBAaHHSM, TTPH HOBBIIICHUH TTI00aIbHOM

temnepatypsl Ha 3-4°C  pHUCK CHM)KEHUSA

MOTNIOJIHEHMSI KaK IIOBEPXHOCTHBIX, TaK U
MIO/I3€MHBIX BOJ MOET IOCTUTHYTH 15% B
TeueHue cienyroumx 50 sner. ITo oO3Hayaer,

YTO MHOTHE BOJHBIE PECYpPChl CTaHYT MEHee
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JOCTYITHBIMH, & UX BOCCTAaHOBJICHUE — OoJiee
CJIOXKHBIM M JIOPOTOCTOSIIIUM IPOIIECCOM.

[IpencraBnennas MOJCIb Je-
MOHCTPUPYET, 4TO 3((HEKTUBHOE YIIPABICHHE
BOJHBIMH PECYypCaMU SIBIISIETCS  KJIHOUYEBBIM
3JIEMEHTOM YCTOMYMBOTO pa3BUTHs, oOecIie-
ypBas 9KOJIOTUYECKYIO CTAaOUIBLHOCTD,
CaHUTApHYK O€30IaCHOCTh U IIOBBIIICHUE
a/IafTalliOHHOTO MOTEHIIMAaNa CTPaHbI B YCJIO-
BHSIX M3MEHEHHS Kiumara. CBOEBPEeMEHHOE M
palMoHAIbHOE HCIOJIb30BAaHUE ITOBEPXHOCT-
HBIX U TIOJI3EMHBIX BOJI, BHEJPEHHE BOI0COEpe-
rarlolux TEXHOJOTUH, OMPECHEHHE MOPCKOU
Bogpl W [MMC-MOHUTOPUHT  TO3BOJISIOT
ONTUMU3UPOBATH PACIPEICICHHE PECYPCOB,
CHU3HWTHh TIOTEPH BOABI W MHUHHUMH3UPOBATH
HETaTUBHOE BO3JEHCTBUE HAa DKOCHCTEMBEI.

bes peanuzanuu mogoOHBIX Mep TMOC-
JICACTBHS KIMMATUUCCKHX M DKOJOTHYECKHX
W3MEHEHUN MOTYT MPOSBUTHCS B BUIE 3HAUU-
BOJOCHA0KEHUEM

TEIBHBIX  Tpo0JIeM ¢

HacCCJICHUA, CHUXXCHUEM IMPOAYKTUBHOCTHU
CEJBCKOT0 XO35WCTBA, JErpajalnueil opouiae-
MBIX 3€MENb M YXY/JIIEHUEM KauecTBa BOJIbI B
peKax M MOA3E€MHBIX UCTOYHHUKAX.

Takum 00pa3oM, KOMILIEKCHOE YIIpaB-
JIEHWe BOJHBIMM pecypcaMu CTaHOBHUTCS
KPUTHUYECKH BOKHBIM JUIsI 00€CTIEUSHHSI TOJITO-
BOJOCHAOKEHUS,

CPOYHOM  yCTOWYMBOCTH

MOBBIIEHUS  3(PPEKTUBHOCTH  CEIBCKOTO
XO03SICTBA U 3aIIUTHI YKOJIOTHISCKOM CHUCTEMBI
CTpaHBbI.
JInsi yMeHbIIEHUsST BO3JECUCTBUS H3Me-
HEHUsI KJIMMaTa Ha BOJHBIE PECYpChl Mpe.-
JIAraroTCs CIEAYIOIINE MEPHI:
e Co3gaHue 3aMKHYTBIX HMPPUTALIMOHHBIX
CUCTEM, KOTOPBIE COKPAIIAIOT MOTEPH BOIBI
10 30-40% wu moBemmaroT KIIJI wmcmons-
30BaHMS BOJIEI

o (OOecrieueHne yCTONYMBOM BOJHOW MH(Dpa-

CTPYKTYPBbI, CIIOCOOHOI IEPEHOCUTD IKCTpe-

MaJIbHBIEC TIIOT'OJHBIC SBJICHUSA —
HUTCJIBHBIC MCPBI II0 YKPCIIJICHUIO ,[[aM6,

JIOIIOJI-

CUCTEM JPEHAKA U BOAOXPaHUIIMILL

o Pa3ymHOeE UCII0JIB30BaHUE BOJBI: BHEPEHUE
TEXHOJIOTUI SKOHOMHUH BOBI B OBITOBOM U
IIPOMBILIICHHOM ~ CEKTOpax, 4YTO YK€
IIOMOTJIO COKPAaTUTh pacxol pecypcoB Ha
20-25% B HEKOTOPBIX PErHOHAX

o Pa3MelieHue THUAPOTEXHUYECKUX COOPY-
KEHUU C YYETOM IMPOTHO3HBIX HPUPOJHBIX
SIBJICHUN U U3MEHEHHI — HallpuMep, CTPOHU-
TEJICTBO TPU HEOOXOTUMOCTH peryJiu-
PYIOLIUX COOPYKEHUH NIl CHUKEHUS PUCKa
HABOJIHEHUH M YMEHBIIEHUS 3PO3UH

e DddexTuBHOE WCIONB30BAHUE OCAIKOB:
CO3/JJaHUE UCKYCCTBEHHBIX BOJJOXPAHUJIUII B
CE€30H JI0KJIEH, PEryJIUpPOBaHUE TOPHBIX PEK
BO BpEMsS HAaBOAHEHMM M ONOJ3HEH — 3Ta
Mepa O0COOEHHO BakKHA MPHU POCTE IKCTpe-
MaJIbHBIX TIOTOJIHBIX COOBITHM, YBETUYH-
BAIOLIUX PUCK HABOJHECHHI

o [IpoBeneHune MepoOnpHATHI IO BOCCTAHOB-
JEHUI0O W OXpaHe JIeCOB, KOTOpBIE
(GUIBTPYIOT BOAY M YMEHBIIAIOT 3PO3HUIO
HOYBBI, CIIOCOOCTBYsI Oojiee yCTOHUMBOMY
HaKOILJIEHUIO OCaJKOB

Takke Ba)K€H SKOJOTUUYECKHI KOHTPOJIb

PEYHOr0 CTOKA: U3MEPEHHUS ITO3BOJISIIOT CBOEB-

pEMEHHO OOHapyXMBaThb CHHM)KEHUE PEYHBIX

IIOTOKOB W  ypOBEHb

0COOEHHO aKTyaJbHO B YCJOBMSIX pOCTa IpO-

3arpsi3HEHUS, 4YTO

MBITIIVICHHBIX W CEJIbCKOXO3SMCTBEHHBIX Har-
py3ok. MccnemnoBanusi TOKa3bIBalOT, 4TO 0e€3
TaKUX MEp BOJa B peKax MOXET CTaTh Oolee
3arpsi3HeHHOM Ha 25-30% B Onmkaitmme

JECATUIIETHSL.
JlomomHUTEIPHO  CIEAyeT aKTHUBU3H-
poBatb OOpa3oBareibHBIE MPOrpaMMbl U

MPOCBEIIIEHUE HaceleHus: o gaHHbiM BO3,
nHpOpMUpPOBAaHHOE HaceleHue Oomnee 3d-
(DeKTHBHO CHpABIETCS C COXPaHEHUEM U
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pairOoHaJIbHBIM

pecypcoB.

Haxkownen, oOyueHHe MECTHBIX CIIelHa-
JUCTOB W BHEAPEHUE HOBBIX TEXHOJIOTHHA B
CEIIbCKOM ~ XO3SICTBE TOMOTYT  TIOBBICUTH
3((HEeKTHBHOCTh  HCMOJB30BAHUS BOJBI U
alaliTUPOBATBCA K MCHSIOMUMCS KJIMMATH-

HUCIIOJIB30BaHHUEM BOJHBIX

YCCKUM  yCJIOBUAM, YTO B HCPCIICKTHBC
IIO3BOJIUT CHH3HUTb HCTraTUBHOC  BJIMAHHC
KIIMMAaTHYCCKHUX W3MCHCHUM Ha BOJHBIC

pecypcsl mpumepHo Ha 40-50%.

N3 onbita mpuOpeXHBIX CTpaH MHpa
M3BECTHO, YTO OIPECHEHHE OKEAHMYECKOW U
MOpPCKOM BOABI U €€ HCHOJIb30BAaHUE B
CEJIbCKOM XO3SIIICTBE U OBITY SIBISIETCS OJHUM
u3  Haumbojiee  BKOJOTMYECKH  BBIMOJHBIX
METOJIOB BOCIIOJIHEHHUS BOJHBIX pecypcoB. B
Hame crpaHe s 3(Q(EKTHBHOTO HCIIOJIb-
30BaHMs COJIEHBIX BOJ Kacnuiickoro Mopst yxe
peanu3yeTcs  IUIAaH ~ ACUCTBUH.  YKazoMm
[Ipesunenta Ne 2178 ot 27 urons 2020 rona
ObUIM TPHUHATHl PELIEHUs O MacuTaOHOM
MPOU3BOJCTBE  IMHUTHEBOM  BOABI  MYTEM
OTIPECHEHHS] MOPCKOM BOJIbI. DTO HAIPaBJIEHO
Ha MOBBILIEHNE BOJHON 0€30MacCHOCTH CTPAHBI,
o0ecrieueHne  HaceJleHMs  KaueCTBEHHOM
MUTHEBOM BOJON U BHEAPEHUE HOBBIX TEXHO-
JOTUH B COOTBETCTBYIOLIyI0 oOnacte. B
OyaymeM wucnoib3oBaHue Boj Kacnuiickoro
MOp#, KaK 0)KHMJIa€TCsl, CYIIeCTBEHHO MOBBICUT
3G HEKTUBHOCTh PECYPCOB U CHU3HT JIaBJICHUE
Ha OrpaHUYEHHbIE TIPECHOBOIHBIE HCTOYHUKHU.

B mnocnegnue ronel texnonoruun [MC
(I'eorpadguueckne HHPOpPMALIMOHHBIE CHC-
TE€MbI) AaKTUBHO NPUMEHSIOTCS [JIs OLIEHKHU
BOJAHBIX PECYpcOoB M  oOOecleyeHHs HX
panuoHanpHOro ucnoss3oBaHusa. Co3gaHue
0a3pl JTaHHBIX TUAPOUHPOPMAIUH, BKIIO-
Yaoleil cBeJeHUs O peuHbIX OacceiiHax u
CYIIECTBYIOIIEH BOAHOW HWHGPACTPYKTYpE,
MO3BOJISIET OPraHU30BaTh CHUCTEMHBIA MOHU-
TOPMHI W yIOpaBleHHE pecypcamu. Takou
IIO/IXOJT IOMOXET CBOEBPEMEHHO PEarupoBaTh

Ha JepUIMT BOJBL, a TaKXKe MOBBICHTD
IPO3PAYHOCTh U JOCTYNHOCTh HH(pOpPMAIUU
JUIsL BCEX BOJOIIOJIb30BATEIEN U Trocylapct-
BEHHBIX OpPraHoB [7].

Ha ocHoBanum wuccienoBanuii  ObuIO
YCTaHOBJIEHO, YTO HCIIOJIb30BAHUE COBPEMEH-
HbIX METO/JOB U TEXHOJOTMH IO3BOJISET
COKpAaTUTh pacxoja BoAbl B 2-2,5 pasza mpu
OJIHOBPEMEHHOM  TIOBBIIIEHUH  CEIbCKOX03-
SIICTBEHHOM NpOAyKTUBHOCTH B 1-1,5 paza [8,
9]. D10 0COOEHHO BaXHO, YYUTHIBAs TII00a-
JIbHBIE TIPOTHO3BI, COMIACHO KOTOpbIM K 2050
roJy CIpOC Ha BOAY B CEJIBCKOM XO35HCTBE
MOXeT yBenuuutbess Ha 50%, a HexBaTka
IIPECHOI BOJbI B HEKOTOPBIX PErMOHAaX, TAaKUX
Kak AsepOaiimxan, yxe nocturaer 30-40%.
[ToaToMy BHEIpEHHE TAKUX TEXHOJIOTUA UMEET
JIOJITCOCPOYHOE CTPATErMueCcKOe 3HaUCHHE.

N3BecTHO, YTO BBIpAIIMBAHUE CEIBCKO-
XO3SIICTBEHHBIX KYJBTYpP OCYIIECTBISETCS B
OCHOBHOM 3a CYET IPECHOM BOJBI. B ycrnoBusax
neduuTa MPECHBIX BOJ U HEPABHOMEPHOTO UX
pacrnpeeneHns Mo CTpaHe — YTO HETaTUBHO
BIUSET HA pa3BUTUE arpapHOd CHUCTEMBI —
HEOOXOUMO aKTUBH3UpPOBaTh paboTy 1o
pacIIMpeHUI0  NPUMEHEHHS  COBPEMEHHBIX
METOJIOB BOJIONOJb30BaHusA. CHenuaiucTel U
UCcleioBaTeIM B OITOM OO0JACTH  JOJKHBI
yIrayOmlsiTh WCCIE0BaHUs, pa3BUBATh HOBbBIE
peuieHusi, a TaKXke BHEAPATh HMX B IMpak-
TUYECKYIO IEITEIbHOCTD CEIbCKOT0 X0341iCTBA.
OTO NO3BOJIMT HE  TOJNBKO  IIOBBICUTH
YCTOMYMBOCTh arpoCceKTopa, HO U CHU3UTh
HEraTUBHBIE TIOCIEICTBUS ASPUITITA BOABI AJIs
HaITMOHATLHON YKOHOMHMKH.

Takum o00pa3om, Ha OCHOBE aHaIM3a
BBISIBIICHHBIX MPOOJEM U OIbITa 3apyOexkHbIX
CTpaH TMpeAJaraercs KOMIUIEKC Mep IO HUX
yCTpaHEHUIO:

o MopepHu3anusi HHQPACTPYKTypbl. 3a-
MEHA YCTapeBUIMX BOJOIPOBOJHBIX CETEH
Ha COBPEMEHHBIE MaTepuaibl ¢ MEHbIIEH
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CTENEHBIO YTEUYEK W BHEIPEHUE aBTOMAaTH-
3UPOBAHHBIX CUCTEM KOHTPOJIA.
Buenpenue  BogocOeperalommux — Tex-
HoJsioruii. Mcnosb3oBaHWe — KameiabHOTO
OpOIIICHUSI B CEJIbCKOM XO3SIMCTBE, mepepa-
00TKa M MOBTOPHOE HCIOJIb30BAaHUE CTOY-
HBIX BOJI.

I'MC-monuTopunr. Baenpenue reorpadu-
yecknx uHPOpManuonHeix cuctem (I'MC)
JUIS  cO3JaHMsl eaUHOW ©a3bl THIPOUH-
dbopMalui ¥ CHUCTEMHOTO MOHHTOpPHHTA
PEYHBbIX OacceiiHOB U HHPPACTPYKTYPHI.
Olecneuenue  3KojJI0rHYecKoil  Oe30-
nacHoctu. KoHTpons 3a 3arpsisHeHHEM
BOJHBIX OOBEKTOB, CO3JaHHE CAHUTAPHBIX
30H ¥ 9KOJIOTHYECKHX IPOrpamMM.
Oo0pa3oBaTte/ibHbIe M MPOCBETUTEIbCKHUE
meponpusitusi. dopmupoBanue y Hace-
JIEHUS. KyJIbTYpbl OEpeXHOro HCIOIb30-
BaHUS BOJBI.

MexayHapoaHoe coTpyJaHu4YecTBO. B3a-

3akiao4eHue

Boansie pecypcehl A3zep0aiikana
HaxOoJATCs MOJ yTpO30i U3-3a yCTapeBILEeH UH-
(bpacTpyKTyphl, SKOJIOTUYECKOTO 3arps3HEHUS
U U3MEHSAIOLIUXCA KIMMAaTHYECKUX YCIOBUHU.
Pemnth mpobiieMy MOMXKHO TOJBKO KOMILIEKC-
HBIMH MEpaMH: MOJepHU3anue uHpacT-
PYKTYpBHI, BHEJIPEHUEM COBPEMEHHBIX
TEXHOJIOTMI U 9KOJIOTUYECKON IIPOCBETUTEIBC-
KOl paboToil. MexayHapoqHOe COTPYIHU-
YECTBO M OOMEH OIBITOM TaKXe ChIFPAOT
BaXHYIO poib. Peanmuzanus pa3paOoTaHHBIX
PEKOMEHJallMii TO3BOJIUT CHU3UTh IOTEpPHU
BOJIbl, TOBBICUTH KQYECTBO BOJHBIX PECYPCOB U
o0ecneunuTb JI0JIFOCPOYHYIO  yCTOHYMBOCTH
BojiocHaOkeHusi.  TONbKO ~ COBMECTHBIMU
YCUJIMAMU MOXHO COXPaHUTh OTO IIEHHBIE
pecypc uis Oyaymux IOKOJIEHUH Hu obec-
IIEYUTh Pa3BUTHE I'OCY1apCTBA.

KoH(aukT nHTEpECOB

MMOJIEUCTBUE C COCEAHUMM CTpaHAMHU IS ABTOpBI  3aBIAIOT 00 OTCYTCTBUU

pallMOHAIBLHOTO ~ YIpaBJICHUSI TPAHCKOpP-  KOH(IMKTA HWHTEPECOB, CBSI3aHHBIX c

JIOHHBIMU PEKaMHU. nyOauKanueil JaHHOW CTaThH
REFERENCES

1. Aliev B.G. «Vodnye resursy sleduet ispolzovat effektivno», gazeta «Respublikay.

2. Aliev B.G. «Avtomaticheskoe upravlenie orosheniem v usloviyah gornogo zemledeliya
Azerbajdzhana». Nauchnye osnovy razvitiya. Baku-2008. «Ziya-Nurlany. - 208 s.
3. https://www.azerbaijan-news.az/posts/detail/muasir-ve-semereli-suvarma-sistemi-erzaq

4. https://stat.gov.az/

5. Abdilov S.A., Musaev Z.A., Mahmudov T.M., Bagirov S.U. Gidrotekhnicheskie

sooruzheniya. Baku: Maarif, 1996. - 424 s.

6. Imanov F.A., Alekperova A.B. Sovremennye izmeneniya vodnyh resursov
Azerbajdzhana i integrirovannoe upravlenie. Baku Perevodchik-2017. — 345 s.
7. Ismailov A.l., Mekhdiev A.Sh. Geograficheskie informacionnye sistemy. Baku, 2011.
8. Aliev B.G,, Aliev I.N., Aliev Z.G. Rajonirovanie territorii Azerbajdzhanskoj Respubliki
po vyboru progressivnoj tekhniki poliva. Baku, \"Ziya-IPC \"Nurlan\", 2011. — 290 s.
9. Ragimova K.R., Abbasova V.M., Ismailova Z.R., Gasanova T.A. Primenenie
tekhnologij iskusstvennogo intellekta v selskom hozyajstve. Vestnik Azerbajdzhanskoj
Inzhenernoj Akademii. 2025, vypusk 7(4), s.100-107. DOI: https://doi.org/10.52171/herald.334



https://doi.org/10.52171/herald.334

Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy

2026, cild 18 (3), s. 110-121 2026, vol. 18 (3), pp. 110-121
V.C. Caoforov, N.R. Bektasi, N.O. Olimirzayeva V.J. Jafarov, N.R. Bektashi, N.A. Alimirzayeva
UDC 656.1

DOI https://doi.org/10.52171/herald.459

Humanity's Impact on the Ecosystem and Scientific Approaches

V.J. Jafarov, N.R. Bektashi, N.A. Alimirzayeva
Institute of Polymer Materials of the Ministry of Science and Education of the Republic of
Azerbaijan (Sumgait, Azerbaijan)

For correspondence:
Nahida Alimirzayeva / e-mail: nahidalimirzayeva@gmail.com

Abstract

This article presents proposals and data on the problem of ecosystem change-the disruption
of the ecological balance, a dangerous anthropogenic phenomenon due to its urgent importance
and global danger. Unfortunately, humanity faces the threat of ecosystem imbalance. This review
article notes the identification of solutions by scientists. It is from this perspective that research has
been conducted on partially preventing ecosystem changes, maintaining its stability, and
investigating and determining the causes of their occurrence. Scientific research in this area
continues, drawing on scientific foundations, approaches, and experimental results to refine the
"Ecosystem — Humanity" concept. In addition to exploring the ecosystem concept, the authors also
express their proposals and views on possible developments, focusing on the problems arising from
changes in its normal functioning. Taking into account the scientific research and ensuring
maximum environmental balance, composite materials with various complex performance
properties were created using existing polyolefins and waste natural mineral rocks, and a number
of their properties were studied, such as physical and mechanical, thermal, electrical conductivity,
heat resistance, thermal stability and flowability.

Keywords: ecosystem, natural environment, natural mineral resources, space debris,
atmosphere, hydrosphere, lithosphere.
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Basariyyatin ekosistema tasiri va elmi yanasmalar

V.C. Cofarov, N.R. Bektasi, N.O. 9limirzayeva

Azorbaycan Respublikasi Elm va Tahsil Nazirliyi Polimer Materiallar: Institutu
(Sumgqayit, Azorbaycan)

Xiilasa

Toaqdim olunan elmi todqiqat isindo 6ziiniin toXirasalinmaz vacibliyino vo global tohliikosine gora
ekosistem doyisikliyi-ekoloji tarazligin pozulmasi problemi bagarimiqyasli tohliikali hadisalor barads toklif
Vo siibutlar1 6z oksini tapir. Toassiiflor ki, basoriyyat ekosistem tarazliginin doyisikliyi tohliikasi ilo iz-iizo
qalmaqdadir. Icmal sociyyali mogalodo alimlor torofindon soziigedon problemin holli yollarinm
miioyyonlosdirilmasi geyd olunur. Mahz bu baximdan ekosistem dayisikliyinin gqisman do olsa garsisinin
alinmasi, onun dayanighgmin saxlanilmasi istigamati eloca do omalogalma sabablorinin aragdirilmasi va
miioyyonlosdirilmasi istigamotindo todqiqat islori aparilmis vo elmi osaslara sdykonorok yanasmalar vo
tocriibi naticalors istinad edorok “Ekosistem — Bogoriyyoat” mohfumuna aydinliq gotirmakdo séziigedon
istigamatds elmi todqiqat islori davam etdirilir. Ekosistem problemini todgiq etmoaklo yanasi onun normal
faaliyyatinin doyisdirilmasi naticasindoki problemins digget yetirorok bas vera bilacok hadisalora do 6z
toklif vo miinasibatlorini bildirirlor. EImi tadgiqat islorinin yerino yetirilmosi vo maksimum daracads ekoloji
tarazligin tominatimi nozoro alaraq poliolefinlorin istifadods olmuslarindan vo tobii mineral siixurlarin
atqilarindan istifado edarok miixtalif kompleks istismar xassali kompozit materiallar yaradilmig vo onlarin
bir sira fiziki-mexaniki, istilik-fiziki, elektrikkegiricilik, istiliyadavamliliq, termostabillik, axiciliq kimi
xassalori tadqiq edilmisdir.
Acar sozlor: ekosistem, tobii miihit, tobii mineral ehtiyatlar, kosmik tullantilar, atmosfer, hidrosfer,

litosfer.

Bausinue yesioBeuecTBa HA IKOCHUCTEMY H HAYYHDBIC MOAXO0/bI
B./x. Ixapapos, H.P. Bekramu, H.A. Aiimmup3aeBa
HUncmumym Ionumeprnovix Mamepuanoe Munucmepcmea Hayku u Obpasosanus

Aszepbatioscanckou Pecnyonuxu (Cymeaum, Azepoatiodrcan)

AHHOTAUA

B mnpencraBieHHOW cTaThe OTPAKEHBI MPEUIOKEHUS H JaHHbIE 10 Tpo0ieMe HW3MEHEHHS
AKOCHCTEMBI-HAPYIICHUS 3KOJIOTHIECKOT0 DallaHca, OTTaCHOTO SBJICHHUS aHTPOIIOTEHHOTO MaciTada, BBUAY
€ro HEOTIOXKHOW BaKHOCTH M TI00aIBbHOM omacHOCTH. K COoXaaeHWIo, YeIOBEYECTBO CTAJIKUBAETCS C
yrpo30ii u3MeHeHus 0anaHca IKOCHCTEMBI. B 0030pHO# cTaThe OTMEYaeTCs BBISBICHHE YYCHBIMH ITyTel
pelIeHust paccMaTpuBaeMoil pobiembl. IMEHHO ¢ 3TOW TOYKM 3pEHUsS] MPOBOJIWIMCH MCCIIEIOBAHUS 10
YAaCTUIHOMY TPEAOTBPAIICHUI0 M3MEHEHHH 3KOCHUCTEMBI, TOJIACPKAHUI0 €€ CTaOWIHLHOCTH, a TaKKe
HCCIIEIOBAHUIO M ONpPEACIICHUI0O NPUYMH €€ BO3HMKHOBEHMS, W Hay4HbI€ HCCIEJOBAaHUA B 3TOM
HaNpaBJIEHUU IMPOJOJDKAIOTCS, ONHUPasCh Ha HAyYHBIE OCHOBBI, NOAXOAbl WU OSKCIEPUMEHTAJIbHBIC
pe3yABTATHI, ISl yTOYHEHMS KOHIIEHIINN «JKocrucTteMa — YemoBedecTBo». [loMuMO u3ydeHHsT KOHIIECTIITIN
9KOCUCTEMbI, aBTOPbl TAK)KE BBIPAXKAIOT CBOU MPEUIOKEHUS U B3IJISIBI HAa BO3MOXHBIC COOBITHS,
¢dokycupyscb Ha TpoOiieMaxX, BO3HHMKAIIUX B pe3yJibTaTe W3MEHEHWH B €€ HOPMaJIbHOM
¢dynkuonnpoBanuu. C y4eToM TpPOBEACHUS HAYYHBIX HCCIEIOBAHUA M 00ECIeYeHUs MaKCUMAIBHOTO
9KOJIOTMYECKOro OajlaHca ObUIM CO3JaHbl KOMIIO3UTHBIC MAaTEpHajbl C Pa3IMYHBIMH KOMILICKCHBIMHU
AKCIUTyaTallMOHHBIMU CBOWCTBAMH C UCIIOIB30BAHUEM CYIIECTBYIONIUX MOJUOJICPUHOB U OTXOJIOB
MIPUPOJIHBIX MUHEPATBHBIX MOPOJ, & TAKXKE M3y4YeH Al UX CBOWCTB, TAKMX KaK (PU3NKO-MEXaHUYECKHE,
Ter10(hU3NYECKHUE, FIIEKTPOIIPOBOAHOCTh, TEPMOCTOMKOCTD, TEPMOCTA0OMIIBHOCTD U TEKYUECTh.

Karouessie cioBa: 9KOCHUCTEMa, TPHUPOJHAS Cpela, TNPUPOAHBIC MUHEPAIbHBIE  PECYPCHI,
KOCMHYECKHIA Mycop, aTMocdepa, Tuapocdepa, murochepa.
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Giris

Ekosistem anlayisi hor bir canli vo ya
cansiz varhi@in bogsorimiqyashi bir nizamini
ifado edir. Ekosistem anlayis1 ingilis botaniki
Artur Tensley toroafindon 1935-ci ildo elmo
daxil edilmisdir. Tensley ekosistem anlayisini
yalnmiz canli orqanizmlor deyil hom ds onlarin
moveud oldugu fiziki-Kimyavi miihitls birlikda
vahid funksional sistem kimi saciyyalondir-
misdir [1].

Sonraki dovrlordo ekosistem bir sira
alimlorin  todgigatlar1 noticosindo daha da
inkisaf etdirilmis enerji axin1 vo kainatda
maddolor dovrani kimi ekosistem nazariyyasino
daxil edilmisdir [2, 3].

Odabiyyat moanbalorino istinad edoarok
movzuya dair bir sira molumatlarin qisa
mocmuasi toqdim edilir. Mogalo ekosistem
dayanigligi, tarazliginin saxlanilmasi problem-
lorinin halli yollarinm miitoxassislor torafindon
miioyyanlosdirilmasi vo bu istigamotda todgigat
islorinin aparilmasina hasr edilir. Ekosistem
miioyyan mokan daxilindo mévcud olan canli
organizmlorin (biosenoz) va onlari1 shato edoan
abiotik kimi cansiz varligin rol oynadig
nizamli bir sistemdir. Ekosistem kigik bir
orazidon (gdlmaga, park vo s.) okean-kainat
godor genis ola bilir. Ekosistemlordoki
doyisiklikloro miioyyan bir orazido yasayan
canli orqanizmlarin xastaliklori, temperaturun
yiiksalmoasi va insan faaliyyastinin normal hoyat
torzinin pislogmosi vo s. digar amillor sobab ola
bilor. Bu doyisikliklari dark etmoklo golocok
ekoloji problemlari toxmin etmays ekosistem-
lorin {izlosdiyi problemlor barodo molumat-
lanmaga komok edir. Diinyanin basqa bir
hissasindon yeni bir noviin yad bir miihito
gotirilmasi hayat torzi iiglin gozlonilmaz vo
monfi  noticoloro sobob ola bilir. Belo
organizmlors “invaziv”’ ndvler deyilir. invaziv
novlor, insanlarin tobii yirticilar1 olmayan

diinyanin yeni bir hissasina gatirdiyi istonilon
canli orqanizm ola bilor. Yeni bir ndviin
ekosistems olavo edilmasi vo ya ¢ixarilmasi,
xastaliklorin yayilmasi vo ya ¢oxalmasi yolu ilo
zoncirvari reaksiyaya soabob ola bilir [4].

Hazirda tig¢ sistem — igtisadiyyat, enerji vo
ekologiya, xiisusi shamiyyat kasb edir. Onlarin
inkisaft davamli toroqqi yolunun yayilmasi vo
onun asasmi toskil edon "insan-tobiot-comiy-
yat" sistemi ilo bilavasito baglidir. Eyni zaman-
da, ekologiya bir elmi diisiinca torzi olaraq get-
dikca basoariyyatin diggstini calb etmoklo miis-
bot istigamatds iraliloyir. "Ekologiya" mofhu-
mu ohamiyyatli dorocods dovri shatssini doyi-
sorok otraf miihito olduqgca genismiqyasli vo So-
ciyyali tasir géstormo xiisusiyyatindon asili ola-
raq daha ¢ox insan hoayatinin asasini togkil edir.
Eyni zamanda, enerji sahosinin siiratli inkisafi
otraf miihito getdikco artan manfi antropogen
tosirlo miisayiat olunub vo olunmaqdadir. Ener-
ji ehtiyatlarinin Inkisafinin osaslandigi osas
elektrik enerjisi qurgularmin ekoloji xiisusiy-
yatlori gostorir ki, onlarin hamisi otraf miihito
miiayyan daracads manfi tosir gostorir. Demok
otrafa tasiri olmayan va zarar vermayan qurgu
novii yox daracasindadir [5].

Qeyd edoak ki, su problemlari do giindom-
dodir, problemdir. Ekosistem doyisikliyi doniz
Vo okeanlarin ekologiyasina da monfi tosir gos-
tormakla bir torafdon suda canlilarin o ciimle-
don, baliglarin hayat torzi, yasamasi g¢atinlogir,
digar torafdon iss su ehtiyatlarinin azalmasi do-
niz, g6l va ¢aylarin saviyyosinin asagi diismasi
ilo sahilyan1 ekosistem doyisikliyinin bas ver-
masina sobab olur. Qeyd edilanlars bariz niimu-
no olaraqg Xozar donizinin ekologiyasi, onun
ekoloji tarazliginin qorunub saxlanilmasi vacib
mosaladir. Danizin saviyyasi agag diisdiiyii za-
man sorlugu artir. Baliglarin sahil zonalarinda
gidalanma bolgalorinin mohsuldarligi va sahasi
azalir noticoado sahilyani arazids ekosistem do-
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yisilir [6].

Miiasir dovrds yiiksok istismar xassali
polimer materiallara tolobat giindon-giino art-
maqdadir. Beloliklo onlarin istehsali artdigca
tullantilar1 da miivafiq olaraq ¢oxalir. Mohz bu
baximdan polimer tullantilarinin mogsadyonlii
istifadoasi vo utillogdirilmasi aktual problem
olaraq halli istigamatinds elmi toadqiqat islori
goriilmasina ehtiyac duyulur. Polimer tullanti-
larinin utillagdirilmasinds tokrar emal iisulu
daha somarali hesab edilir. Beloliklo elmi-
texniki toroqqinin inkisafina asaslanaraq hazir-
da “tullant” adlanan mohsullarin yaxin golo-
cokdo laziml vo keyfiyyatli mohsullara ¢evril-
mosi miimkiinliiyiine iimid hagigotdir [7].

Sonaye istehsalinin siirotli coxalmasi vo
atmosferdaki karbon gqazinin (CO2) qatiliginin
artmasi ilo miigayist olunan antropogen amilin
enerji komponentinin tosiri artir. CO2 emissiya-
larinin artmasi, istixana qazlart emissiyalarinin
coxalmasina sobab olur ki, bu da 6z novbasinda
iglim doyisikliyinin sabablorindan biridir [8].

Ekosistem tarazliginin tomin edilmasi is-
tigamotinds aparilan todbirlor sirasinda tasir-
edici amillordon olan “meso Vo fauna” da 6z
yerini tutur. Meso elementlori sirasinda fauna
niimayondalorinin do 6ziinomaxsus yeri mov-
cuddur. Mesonin normal inkisafinda, fasilosiz
tozolonmosindos, barpa olunmasinda, cavanlag-
masinda yeniyetmolarin va ciicartilorin gorun-
masi asas sart olaraq mesogilorin daim digqgatin-
do olmalidir [9].

Elmi texniki toroqqinin inkigafinin taloba-
tina osasan kosmik fozada minlorlo daha gox
kosmik aparatlar, qurgular, peyklor nizamli-ni-
zamsiz dovr edir. Qeyd edilon aparatlarin dovri
miiddoti sona ¢atdiqdan sonra istifadoyo yarar-
siz tullantilar amala golir. Omals galon kosmik
aparat, qurgu, peyklorin tullantilari-qiritilar
Vo S. soma qatlarini kegarok nohayot atmosfers,
biosfera, son mokanda litosfers (torpaga) vo ya

hidrosfera (gay, gol, deniz, okean) diigiir, ham
do radiasiya axini yaradir vo aotraf miihito toh-
likkali tosirini gostarir. Bunlarla yanasi toassiiflo
geyd etmok lazimdir ki, diinya acinacaqli, foala-
kot sagan qorxunc miiharibalorin markazindos-
dir. Bu da canli alomin birbasa moahvino ekosis-
tem balansinin pozulmasina gatirib ¢ixaran hal-
lardir. Noticado iglim doyisikliyi bas verir vo
ekosistemin tarazlig1 pozulur, ekologiya korla-
nir. Yekunda hayat torzi pislosir [10].

Bir sira elmi todqiqat islorinds ekosistem
dayanighigini nozoro alaraq eckoloji tarazligi
tomin etmok vo yeni materiallar sldo etmok
moqgsadi ilo polimer tullantilarindan istifado
dovriimiiziin aktual masalasidir. Bu baximdan
ekoloji cohatdan tamiz va tohliikasiz mahsulla-
rin istehsalinda yaradilan istismari yiiksok ma-
teriallardan xammal kimi istifado az da olsa
masalonin hallini gergoklosdirir.

Doldurulmus polimer materiallar bir ¢ox
miivafiq xiisusiyyatlori ilo saciyyslonir. Moso-
lon, ekoloji tomiz, yiiksok mohkomlik vo istis-
mar miiddstinin uzanmasi, kimyavi tasirlors da-
vamliliq va s. [11].

Masalanin qoyulusu va halli yollar:

Ekosistem ekologiya elminin inkisafinda
asas marhala hesab edilorok otraf miihitin biri-
biri ilo six olagesi olan 6zii-6ziinii tanzimloyan
sistemdir. Ekosistem anlayisinin oxsari (sinoni-
mi) “biogenoz” kimi da igladilir. Belaliklo, eko-
sistem miloyyon bir miihitdo yasayan biri-biri
ilo qarsiligh alagads olan canli organizmlorin
bir pargasidir. Mas: agaclar, bitkilar, mesalor,
heyvanlar, hosoratlar mikroorganizmlor Kkimi
bir-biri ilo alagads olan giinoas is181, temperatur
va s. kimi digor fiziki komponentlordon oksi-
gen, gida maddalari kimi vo kimyavi birlos-
molarin tasirindon yaranan canlilardan ibarat
ekosistemlordir vo bu ekosistemlor foaliyyot
dovranin osasini toskil edir.
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Ekosistem iki néva boliintir: Biotik vo
Abiotik.

1) Biotik ekosistems canli organizmlor
daxildir vo ii¢ qrupa boliiniir:

> Istehsalgilar — 6z qgidalarini istehsal edon
organizmlar;

> Istehlakeilar — qida {iciin digor organizm-
lordan asili olan orqanizmlar;

» Pargalayicilar — goboaloklor vo bakteriya-
lar kimi ¢tiriiyan maddaloar.

2) Abiotik komponentlar isiq, tomiz su,
oksigen, karbon, azot vs s. kimi cansiz element-
lordan ibaratdir.

Ekosistem doyisikliyinin maksimum sa-
viyyado gqarsisinin alinmasit onun dayaniq-
liginin tomin edilmasi, basoriyyatin normal
hoyat torzi miihitinin yaradilmasi, tobii sorvat-
larinin mogsadyonlii vo samoarali istifadasinin
tomin olunmasi da aktual problemdir. Yer
tizorindo hayatt dork etmoklo yasamaliyiq.
Kainatda no varsa hamisi ekosistemi toskil edir.
Eyni zamanda otraf miihitlo qarsiligli slageds
olan  ozli-6ziini  tonzimloyan  ekosistem
miixtolif ciir miirokkab hadsfloro xas olan
sistemdir. Lakin har bir ekosistemds gedon
proses mohdud (lokal) xarakter dasiyir. Qeyd
etdiyimiz kimi ekosistemin genis miqyasda
oyroanilmasi otrafi-tobioti-kainati qorumaq, tobii
sarvotlordon somarali istifads, hoyat torzini
saxlamaq dovriin on vacib avazolunmaz
problemidir. Har bir canli v cansiz varligin rol
oynadig1 ekosistem — daglarin, daralorin, meso-
lorin, gol, doniz, okeanlarin, kosmik miihitin vo
s. ekologiyasi kainatda movcuddur.

Tabistin flora vo faunasini qorumast tigiin
otrafa atilan girkablarin, zohari (toksiki) birlas-
moaloarin utillogdirilmasi, logv edilmasi, neytral-
tosirsiz miihitin yaradilmasi1 vacibdir. Bu
baximdan bir sira miiasir innovasiya yoniimli
texnoloji proseslora yiyalonmok, monavi vo
fiziki k6hnalmis proseslarin tokmillagdirilmasi,

utillosdirilmasi va ya zararsizlogdirilmasi, tul-
lantisiz qapali texnoloji proseslarin tokrar emal
tisullariin yaradilmasi vo genis viisot almasi,
“tullantis1z” vo ya “az tullantil’” texnoloji pro-
seslara yiyalonmok zamanin aktual-vacib prob-
lemlardondir.

Ekosistem doyisikliyinin asas masalalor-
dan biri do su problemidir. Ekosistem dayisik-
liyi cay, gol, doniz va okeanlarin da ekologiya-
sina manfi tosir gostarir. Bir torofdon suda yasa-
yan canlilarin hayat torzi ¢atinlosir, digar torof-
don su ehtiyatlarinin azalmasi, saviyyslorin asa-
g1 enmoasi ekoloji falakato sobob olur. Misal ola-
rag, bu baximdan Xozor donizin ekologiyast —
ekosistemi barads shamiyyatins diggst yetirok.
Bioloji zanginliyino geyri-adi xiisusiyyatloring
bonzarsiz mociizoloring gora Xozaorimiz Tanri-
nin bizlora boxs etdiyi miiqoddss varliqdir.
Ovazsiz nemat, gozal tohfadir. Xazor 100-don
¢ox sirin axar sular1 gobul edir. Buna baxma-
yarag 100-don ¢ox axar ¢aylari gqobul edir, am-
ma 6zilindon bir ¢ay belo konara axmur, bas onda
niya Xozarin saviyyasi enir, suyu azalir, sahil-
yani1 arazilorin ekosistemi doyisir. Xozaro axidi-
lan cirkablarin miqdarinin sifirlanmast safli-
gina, soffafligina, tomizliyino soy gostorilmo-
lidir. Hassasligla dogma miinasibatlo yanagmali
Vo qorumaliyiq.

Otraf miihitlo garsiliqli alagodo olan 6zii-
Oziinii tonzimloyan ekosistem mofhumu miix-
tolif cilir miirokkob hadaflore xas olan sistemdir.
Masalan doniz, gol, ¢ay va s. ekologiyast mov-
cuddur, lakin onlarin 6zlarinin do sahilyani to-
biotin varhigr ilo yasilliq, bitkilorin eloco do,
movcud olan bitki Ortiiyiiniin do dib sahasinin
ekologiyast movcuddur. Adoton ekosistem de-
dikdo otrafin canli vo cansiz elementlarinin bir-
liyi nozords tutulur. Mohz bunlarin qarsiligh
tosirindon homin moévcudlugun dovriyyasi bas
verir. Ekosistemdon davamli-qisa miiddatli siini
ekosistem do yaradila bilar. Mas: siini gol, bag,
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tarla, park va s.. Ekosistem noviinden asili ol-
mayaragq, torkibi, sayi, kiitlosi, formasi ilo Saciy-
yalanir. Hor bir movcud ekosistemds gedon
proses mohdud (lokal) xarakter dasiyir.

Ekosistemin genis miqyasda 6yranilmasi,
tobii sarvatlordon samarali istifads, tabisti qoru-
maq miiasir dovriin on aktual problemlarindan-
dir.

Ekosistemin doyismasi tarazligin pozul-
mas1 problemi qlobal tohliikasine gora basari
miqgyasli qorxunc masaladir. Taassiiflor ki, ba-
soriyyat ekosistem balansinin doyisikliyi tohlii-
kosi ilo liz-lizo qalmaqdadir. Ekosistemin po-
zulmasi tokca bir sohar, 6lko deyil, eloco do,
doniz, okean, atmosfer problemi deyil, imum-
bosori-kainat problemi olaraq 6z hollini goz-
loyir.

Etiraf edok ki, avvallor otraf miihito
lageyd miinasibat gostoran, tobistimizdas ekoloji
gonginliyi artiran, canli aloma-biosfers xosa
goalmayan, basariyyatds saglamligimizin hayat
torzino monfi tosir gostoron bir sira istehsalatlar
moveud idi. Bu ciir istehsalatlarda texnoloji
proses zamani amalo golon gaz vo maye tullan-
tilar1 otrafa (atmosfero) yayilmagla ekoloji gor-
ginlik yaradirdi. Mohz bunlarla yanas1 bork ag-
reqat halinda sonaye vo moaisot tullantilar1 da
ekosistemo monfi tosir gostorir. Belo arzu olun-
mayan tullantilardan plastik kiitlo-polimer tul-
lantilarini misal gostormak olar. Lakin miiasir
elmi-texniki toraqqi dovriinda istismar gabiliy-
yatli plastik kiitlo-polimer istehsali diinyada
giindan-giino artmaqdadir. Bununla yanasi on-
larin araliq (yan) moahsullari vo tullantilar mii-
vafiq olaraq ¢oxalir.

Plastik kiitlo Vo polimer tullantilar1 tobiot-
do 6z-6zlino uzun zaman ¢lirlimiir, yox olmur,
hall olmur utillosdirilmadiyindon tabiotdo (yer-
do) qalaraq “ekotarazliq” yani Ekosistem pozu-
lur. Tabistin flora vo faunasini qorumagq tigiin
otrafa atilan zohorli atqilarin utillosdirilmasi vo

zoharliliyin minimum hadds endirilmasi zama-
nin aktual problemidir. Ekosistemin sabitliyinin
saxlanilmasi istigamotinds bir sira texnoloji
todbirlor hoyata kegirilmasi vacib sayilir.
“Tullantisiz” qapali texnoloji proseslarin
yaradilmasinin viisot almasi: otraf miihito atilan
zohorli (toksiki) birlosmalarin logv edilmasi:
eloca do innovasiya yoniimlii texnoloji proses-
lara yiyalonmak; kohna proseslorin tokmillosdi-
rilmasi; utillosdirilmasi vo ya zararsizlosdiril-
mosi; istifado magsadi ilo tokrar emal tisullari-
nin yaradilmasia genis yer verilmasi vo mo-
nimsanilmasi tatbigi toXirasalinmazdir.
Ekosistemin funksiyalar1 ekoloji proses-
lori tonzimlomaklo hoyat sistemlarini vo sabit-
liyi tomin etmokdadir. O, homginin canli vo
cansiz varliq arasinda tarazligi tomin edir. Bios-
ferdo komponentlor arasinda dovran yaradir,
vohsi heyvanlar vo bitkilor ti¢lin yasayis torzini
saxlay1r, eloco do asas ekoloji proseslori idara
edir. Ekosistem normal enerji axininin, o ciim-
lodon karbon, azot, oksigen, su vo enerji dov-
ran1 proseslorinin qorunmasina dostok olur.
Bunlarla yanas1 ekosistemlor otlaglarin idars
olunmasinda, mess tasarriifatinda, akin sahalo-
rindoa bioloji tadqiqatlarda, torpagin qorunma-
sinda vo Vvohsi tobiotdo miihiim rol oynayir.
Belo ki, antropogen tasiri (insan faaliyyatinin
stiursuz tobiotin varligina yanasma torzini: ilkin
tobii orazilorin mahv edilmasinds yasayis torzi-
nin itirilmasi, mesa yanginlari (kond tosorriifati)
saholorinin  genislondirilmasi) otraf miihitin
cirklonmasi plastik-polimer tullantilarin ¢oxal-
masi, stiratli ohali artimi, ehtiyatlarin stiursuz-
somorasiz istifadasi, nahayat iqlim bohrani ilo
naticalonir. Demak dayaniqli ekosistem, yasa-
magimiz ii¢iin vacibdir. Basqa sozlo ekosistem-
lorin sabitliyini gorumaq gorakli vo labtiddiir!
Yer iizorindo hayati anlamaq, ona cat-
mag, nail olmaq garok: bunun iigiin tullantilari,
bioloji varligin itkisini azaltmaq, tokrar emal
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tisuluna moQsadyonlii genis yer vermoak, tobii
tobiot qoruglari, parklar yaratmaq istigamatli,
yasil saholori artirmaq, mesoalori barpa etmok,
suyun qorunmasi, siiursuz qazinti islarini
azaltmagq, enerjiya gonast etmak bir sézls iglim
doyisikliyi ilo miibarizo aparmagla ekosistem-
lori sabit saxlamaga say gdostarmak har birimi-
zin miigoddas vozifasi vo borcu olmalidir. Am-
ma toassiiflor ki, ekosistemlarin pozulmasi biz-
don asili olmayaraq da bas verir: yanginlar, das-
qinlar, firtinalar, vulkan ptiskiirmalori, tufanlar
kimi tobii folakotlor, eyni zamanda insanlar
tizorinds sinaq aparilan miiharibalor va s. mohz
bunlar hamus1 faciodir. Istehsalat qazlarinim at-
mosfera mosuliyyatsiz vo stiursuz olaraq atil-
masi naticasinda yer isinir, buzlaglar oriyir,
anormal yagislar, sel-quraqliq naticasinds tabii
hoyat torzi geyri-normal hala disiir.

Kimya vo Neft kimya sonayesinin oksor
sahslorinin miitomadi inkisafi naticasinds otra-
fa atilan atqilarin goxalmasi sababindon biosfer
daim g¢irklonarok global ekoloji garginlik yara-
dir. Bu tohliikali ekoloji problemin halli yollari-
nin elmi osaslara sdykonarok axtarisi va halli bu
giin biitiin alimlori ciddi diisindiirmays vadar
etmolidir. Bosor Ovladi tobiotin ganunlarina
qars1 ¢ixaraq tobii sorvatlordon siiurlu-stiursuz,
mosuliyyatsiz-somorasiz istifado etmoklo otraf
mithitin, noticodo ekosistemin pozulmasina
sorait yaradir.

Tobii  sarvatlorin  somorasiz istismari
tobiotds boyiik balaya ¢evrilon sanaye vo maisot
tullantilarinin giindon- giino artmasina gatirib
cixarir. Elmi texniki toroqqinin inkisafi ilo
olagodar son moagsadli mohsullarin alinmasi ila
yanasi kiilli migdarda “yan* (araliq) mohsullar
va “tullantilar” da amala galir, bununla da eko-
loji tarazliq pozulur. Bu baximdan respublika-
miz da, bu basari problemdon yan kegmomisdir.
Moasalon tobii sarvatlorin somorasiz istismari
tobiotds boylik balaya gevrilon sonaye vo moisat

tullantilarinin glindon-giine artmasi respublika-
mizda da miisahido olunmaqdadir. Kiilli mig-
darda “yan“ mohsullar v tullantilarin mévcud-
lugu va tobii ki, ekoloji tarazligin pozulmasi bo-
yiik sanaye orazisi, o ciimlodon neft 6lkasi olan
respublikamiz tigiin do xasdir. Qeyd etdiyimiz
kimi bels tohliikali bslalardan qurtarmagq tigiin
“tullantisiz” vo “az tullantili” qapali texnologi-
yalarin istehsalata totbiqini genislondirmok,
tobii sorvatlorin somorali istismarina yiyalon-
mak, otraf miihitin miihafizasins — ekosistemin
dayaniqli olmasina nail olmaq dogma regionu-
muz li¢iin do on vacib, aktual vo toXirosalinmaz
masaladir.

Ekosistem doyisikliyi orazimiz {iglin yad
olmayan daniz va su hovzalarinin ekologiya-
sia da moanfi tosir gostormisdir. Bu bir tarafdon
suda yasayan baliglarin hoyat torzini ¢otin-
losdirmis, digar tarafdon iss su ehtiyatlarimizin
azalmasina: ¢aylarimizin, gollorimizin, xiisuson
Xozor donizinin saviyyasinin asagi diismasi
kimi, koskin ekosistem doyiskonliyina sabab
olmusdur. Belo ki, son 40 ildo iki dofo Xozor
donizinin suyunun azalmasi goziimiiz qarsi-
sinda bag vermisdir.

Ekosistemlorin qorunmasi, borpasi vo
davamli idaro olunmasi ekoloji mahiyyatinin
osas istigamatlorindan biri hesab olunur. Eloca
do tobii ehtiyatlarin somarali istifadosi baximin-
dan miithiim shamiyyat kasb edir. Toassiiflor ki,
ekosistemlor tabii falakatlor, yanginlar, tufan-
lar, dasqnlar, firtinalar, vulkan piiskiirmalori vo
S. naticasindo pozulur, hatta mohv edilir, yani
ckosistemin deqradasiyasi bas verdikdos golocok
liciin dohsatli tohliikalor yaranir. iqlim doyisik-
liyino goro ekosistem daha siiratlo dagilir. Isti-
Xana gazlarinin atmosfera mosuliyyatsiz vo kor-
tobii-stiursuz siirotdo atilmasi naticasindo yer
cox isinir, temperatur yiiksalir, qiitblordoki buz-
laglar oriyir, bir sira donize moxsus canlilar
(marcan) mohv olur. Homginin nizamsiz yagis-
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lar, sellor ham do quraqliq hokm siiriir tobiot
getdikco mohv olur.

Problemlarin hallina nail olmaq magsadi
il tobisto lageyd miinasibstdon qurtulmaliyiq.
Bunun {igiin comiyyatimizds ekoloji madaniy-
yat, ekoloji bilik va ekoloji torbiyanin asasin
goymagq istigamotindo miihiim maariflondirici
tobligat-togviqat tadbirlarinin hoyata kegirilmo-
si bir tarafdan, digar torafdan iso bilavasits gos-
torilon problemlarin  hallina  yonalmis belo
tumumbosori problemlordon vo eyni zamanda
meydana ¢ixacaq yoluxucu xosStaliklordan
(koronavirus falaksti unudulmamalidir) gisman
do olsa yaxa qurtarmaq ti¢iin vahid-yekdil, in-
novasiya yoniimlii universal texnoloji prog-
ramlarin yaradilmasi son doracs vacib va toxire-
salinmazdir.

Qeyd edak Ki, otraf miihitin girklonmo-
sinda urbanizasiya, saharlosma tobii ehtiyatla-
rin nizamsiz israf¢iliq ilo yanasi polimer plastik
tullantilarin otraf miihito atilmasi tobioto Vo
ekologiyaya ciddi monfi tosir edir. Mahz bu
sobobdon yuxarida qeyd etdiyimiz kimi, tokrar
emal yolu ilo polimer plastik kiitlo tullanti-
larmin magsadyonlii istifadoasi-utillogdirilmasi
istismar xassali yeni sinif polimer materiallarin
(kompozitlorin) alinmasi gismon do olsa
ekosistemin sabitliyino-ekoloji tarazligin saxla-
nilmasina tokandir-dostokdir. S6ziigedon istiga-
motdo elmi todgiqat islorinin aparilmasi
moagsadyonliidiir.

Polimer tullantilar1 o ciimladan poliole-
finlorin tokrar emali yolu ils elmi tadqgiqat islo-
molarinin aparilmasi iqtisadi vo ekoloji baxim-
dan shamiyyat kasb edir. Poliolefin (ASPE) tul-
lantilar1 vo tobii mineral siixurlarin atqilar1 osa-
sinda keyfiyyatli istismar xassalorina moxsus
yeni sinif polimer kompozitlorin yaradilmasi
nozari va tocriibi cohotdon elmi maraq dogurur.
Yaradilan kompozitlarin keyfiyyst meyarlar
bir sira amillardon asilidir: poliolefinlorin foza-

miintozom qurulusundan; orta molekul ¢akisin-
don; molekul qurulusundan; doldurucunun dis-
perslik daracasindon; termiki davamliliq xiisu-
siyyatlorindan; polimers garsi inertlik doraco-
sindon; appretin funksionalligindan; reaksiya
gabiliyyatindoan asilidir. Biitiin sadalanan amil-
lordon asili olaraq sistemi tagkil edon kompo-
nentlorin diizgilin se¢ilmasi natics etibari ilo ya-
radilan kompozit materiallar ekosistemo miis-
bot tosir edorok onun qorunmasina qisman do
olsa tokan verir.

Aparilan todqgiqat islorindon bazilorinin
tocriibi naticalori gostorilmigdir. ASPE tullanti-
lar1 vo a-kvars albit mineral siixurunun atqilari
osasinda alinan kompozitlorin fiziki-mexaniki
gostaricilari asagidaki Coadval 1 (a, b)-do tog-
dim edilir. Niimunalorin appretsiz vs laborato-
riya goraitinds sintez edilmis appret istirakinda
gostaricilorindon miioyyan edilir, appret istira-
kinda dartilmada mohkomlik haddinin giymoti
16.5 MPa-dan 17.2 MPa yiiksolmisdir. Apar1-
lan elmi todqiqat isinin naticalori asagidaki cod-
val vo sokillords 6z oksini tapir.

Oyrilaralora nozor saldigda dartilmada
mohkamlik haddinin yiiksoldiyi zaman qirllma
zamani nisbi uzanmanin qiymatlorinin asagi
diisdiiyii vo eloca da sokildo absis oxu tizra Ki-
¢ildiyi miisahido edilir. Bu da doldurucunun
dispersliyi vo migdarinin ¢ox olmasi ilo siste-
min qirtlmada nisbaton uzanan forma aldiginin
sobobindan bas verir. ASPE tullantilar1 vo ben-
tonit stixurunun atqilari esasinda alinan kompo-
zitlorin fiziki-mexaniki gostoricilori Cadval 2-
do 6z oksini tapir. Bentonit gili respublikamizda
Qazax rayonu Das Salahli kondinin orazisin-
doki yatagdan gotiirtilmiisdiir. Das Salahli Ben-
tonit gil modoni diinyada keyfiyyatli tobii ¢ok-
mo novli stixur olmaqla natrium elementi ilo
zongindir. Analoji olaraq bentonit torkibli ap-
pret istirakinda kompozit niimunalar {igiin fizi-
Ki-mexaniki gostaricilarin ayrilori ¢okilmisdir.
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Cadval 1 (a) - Kompozitin fiziki-mexaniki gostaricilari. (Appretsiz) Doldurucu: 50 mkm

Table 1 (a) — Physical and mechanical properties of the composite (without filler). Filler 50 pm

Ne Kompozisiyanin Dartilma qiivvasi, Nisbi uzanma, OAQG,
torkibi, %-1o o, MPa €, % q/10daq

1 | ASPE-100 10.8 547.5 2.8

2 | ASPE-70 12.4 30 2.0
Doldurucu-30

3 | ASPE-60 13.8 24 0.7
Doldurucu-40

4 | ASPE-50 13.1 20 0.6
Doldurucu-50

5 | ASPE-40 14.5 20 0.37
Doldurucu-60

6 | ASPE-30 16.5 8 -
Doldurucu-70

Cadval 1 (b) — Kompozitin fiziki-mexaniki gostaricilori (Appretls). Doldurucu: 50 mkm, Appret: Hs.-1-AT
Table 1 (b) — hysical and mechanical properties of the composite (with filler). Filler 50 um. Apprete — Hx-
1 — AA (acrlyic acid)

Sakil 1 (a, b) — a-kvars albit asasli kompozitin fiziki-mexaniki gostaricilori (appretlo)
Figure 1 (a, b) — Physical and mechanical properties of the a-quartz—albite-based composite (with apprete).
Filler 50 um. Apprete — Hx-1 — AA (acrylic acid)

No Kompozisiyanin Dartilma qiivvasi, Nisbi uzanma, OAG,
h torkibi, %-lo o, MPa g, % q/10daq
1. ASPE-100 10.8 547.5 2.8
ASPE-70
Doldurucu-30
2. Appret-3 13.8 28 0.9
ASPE-60
Doldurucu-40
3. Appret-3 14.9 22 0.7
ASPE-50
Doldurucu-50
4, Appret-3 15.0 26 0.23
ASPE-40
Doldurucu-60
5. Appret-3 16.0 23 0.07
ASPE-30
Doldurucu-70
6. Appret-3 17.2 8 0.03
i ° 30
E\ 25 -
o) w
20 20
15 10
5 0
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Cadval 2 (a) — Kompozitin fiziki-mexaniki gostaricilori.(Appretsiz) Doldurucu: 106 mkm
Table 2 (a) — Physical and mechanical properties of the composite (without filler). Filler 106 um

No Kompozisiyanin Dartilma qiivvasi, Nisbi uzanma, OAQG,
B torkibi, %-lo o, MPa €, % q/10doq

1. ASPE-100 10.8 547.5 2.8
ASPE-70 30

2 Doldurucu-30 1.5 25
ASPE-60

3 Doldurucu-40 124 22 0.3
ASPE-50

4. Doldurucu-50 13.0 21 0.1
ASPE-40

> Doldurucu-60 13:5 22 )
ASPE-30

6. Doldurucu-70 15.0 12 )

Cadval 2 (b) — Kompozitin fiziki-mexaniki gostaricilori (Appretlo). Doldurucu: 106 mkm. Appret: Hs.-1-
AT
Table 2 (a) — Physical and mechanical properties of the composite (with filler). Filler 106 pm. Apprete —
Hx-1 — AA (acrlyic acid)
No Kompozisiyanin Dartilma qiivvasi, Nisbi uzanma, OAG,
B torkibi, %-lo o, MPa g, % q/10dogq
1. ASPE-100 10.8 547.5 2.8
ASPE-70
Doldurucu-30
2. Appret-3 12.8 28 0.9
ASPE-60
Doldurucu-40
3. Appret-3 13.0 20 0.7
ASPE-50
Doldurucu-50
4. Appret-3 13.8 20 0.23
ASPE-40
Doldurucu-60
5| Appret.3 15.0 12 0.07
ASPE-30
Doldurucu-70

6. | Appret-3 16.5 4 -
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Sakil 2 (a, b) — Bentonit asasli kompozitin fiziki-mexaniki gostaricilori (appretlo)
Figure 2 (a, b) — Physical and mechanical properties of the bentonite-based composite (with apprete). Filler
50 um. Apprete — Hx-1 — AA (acrylic acid)
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Tortib olunan har iki cadvaldon goriindii-
yi kimi PE tullantilar1 vo mineral siixurlarin
atqilar1 osasinda alinan kompozitlarin fiziki-
mexaniki gostoricilori (dartilmada moéhkamlik
hoddi, qirilma zamani nisbi uzanma, arintinin
axiciliq gostoricisi ©AQG) ilkin xammala gora
xeyli yiiksok giymatlor alir. Belo ki, dartilmada
mohkamlik haddi kompoziti togkil edon kom-
ponentlorin  ASPE/Dol./Appret-70/30/3 kiitlo
faizi olan niimunasinds 15.0 MPa oldugu halda
komponentlor  nisbati  ASPE/Dol./Appret-
30/70/3 kiitlo faizi oldugda dartilmada moh-
komlik haddi yiiksalorak 16.5 MPa giymat alir.

Lakin doldurucunun sldo edildiyi yerdan
Vo torkibindon o ciimladoan dispersliyindon asili
olaraq dartilmada mohkomlik haddinin giymat-
lari forqli alinir. Bela Ki, bentonit tobii mineral
stixurun atqilarindan doldurucu kimi istifado
edorok miixtalif kiitlo %-i nisbatlorino miivafiq
niimunoalordo appretin istiraki ilo dartilmada
mohkamlik haddinin giymati yiiksok olur. Ve-
rilon dalillora uygun qrafik tosvirlor hor bir nii-
muns {glin analojidir vo istonilon fiziki-me-
xaniki gostoriciloro miivafiq tortib edilmisdir.
Polimer matris, doldurucu vo appret tarkibli po-
limer kompozitlor ekoloji cohatdan nisbaton to-
miz vo tohliikasiz, igtisadi baximdan moqsad-
yonlii hesab edilir. Mogsad daha keyfiyyatli
mohsulun alinmasi v birbasa ekosistema tokan
vermak oldugu iigiin hesab edilir ki, qarsiya qo-
yulan magsados nail olunmusdur.

Eyni qaydada appretin istirakinda bento-
nit osashi kompozitin dartilmada mohkamlik
hoddinin yiiksok giymatlorino miivafiq niimu-
nalarin qirilma zamani nisbi uzanmasi agag dii-
sorok 4 % qiymat alir.

Doldurucu fargina gora niimunsloari tasni-
fatlandirdiqda iso o-kvars albit torkibli kom-
pozit niimunalarin fiziki-mexaniki gostaricilori
bentonits nisbaton daha yiiksok giymatlor aldig:
miisahido edilir.

Belo ki, doldurucunun miivafiq kiitlo
faizino uygun qiymatlorinds, forgli disperslikds
(o-kvars albit — 50 mkm, bentonit — 106 mkm),
akvars albit torkibli kompozitin dartilmada
mohkomlik haddi 17.2 MPa oldugu halda ben-
tonit torkibli kompozitin méhkomlik goéstaricisi
16.5 MPa giymati alir. Bu da doldurucunun dis-
perslik xiisusiyyatlorindon bilavasits asili ola-
raq yaradilan kompozitlorin méhkamlik goste-
ricilorini saciyyslondirir.

Alinan bitliin amillor nozoro alinaraq
problemin minimum ziyanlarla maksimum hal-
lina nail olmag magsadyonlii isin hall olundugu
anlamia golir. Tacriibi naticalora asasan eko-
sistem probleminin ¢06ziilmasi masalasing
miixtalif sahalordon vo ayri-ayr1 aspektlordon
yanasilaraq hall olunmaga soy gostorilir.

Natica

Magalods ekosistemin saxlanilmasi istiga-
matindo méveud elmi yanagmalarin geniglondi-
rilmasi vo miivafiq todqiqatlarin aparilmasi me-
Xanizminin miiayyanlosdirilmasine cahd edil-
mis vo digget yetirilmisdir. Ekosistem doyisik-
liyinin sobablorini miizakira edarok problemin
halli istigamatindo miiayyan elmi todqiqat isle-
rinin qisa sorhini toqdim edorok ekosistem
anlayiginin vacibliyinin, ohomiyyatinin askar-
lanmas1 mogsadi ilo moagalo icmal saciyyali el-
mi osaslara soykonorok ekoloji miihitin aktual-
lig1 istigamotinds yanasmalar vo gismon halli
yollart: ekosistemi qorumaq, ekoloji tarazlig
tomin etmok sahoasinda poliolefinlorin istifads-
do olmuslarindan, tobii mineral siixurlarin atqi-
larindan, laboratoriya soraitinds sintez edilmis
sopolimerdon appret kimi istifads edorak key-
fiyyatli istismar xassalori ilo saciyyslonan kom-
pozitlor alinmig vo niimunalorin bir sira fiziki-
mexaniki xassalorinin todqgiqi hoyata kegiril-
misdir.
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Miiayyon edilmisdir ki, doldurucunun  Maraqlar miinaqisasi
miqdar artdiqca vo onun daha dispers niimuna- Mislliflor bu moaqalads arasdirilmasi to-

sinds kompozitin dartilmada méhkomlik haddi  lob olunan maraglar miinaqisosinin olmadigini
yiiksalir vo todgiqat hodofi ekoloji vo igtisadi  geyd edirlor.
cohoatdon alverisli hesab edilir.

10.

11.
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Abstract

Satellite imagery is considered as one of the most valuable and functional data sources for
evaluating and forecasting production in agricultural systems. This study aims to forecast
productivity in cotton fields within the Mil-Mugan economic region by incorporating vegetation
indices and climatic variables. NDVI indicators were derived from Sentinel-2 data, temperature
(T) was obtained from ERA5-Land data, and precipitation (R) was collected from the CHIRPS
database. The data were analyzed using Google Earth Engine, ArcGIS Pro, and Python
environments, consolidating them into an integrated temporal-spatial dimension. The correlation
and regression analysis assessed the link among NDVI, temperature, precipitation, and
productivity, leading to the development of a multivariate model. The findings derived from the
model indicate that NDV1 is the primary factor influencing productivity. The model developed for
one region was implemented in the other three locations, and the correlation between the actual
and predicted indicators was assessed using R? and RMSE metrics. The results indicate that the
model's forecast accuracy fluctuates within the 90% range, considered appropriate for predicting
regional cotton yield. The study's findings are significant for enhancing operational monitoring and
planning of agrotechnical decisions with satellite data.
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Mil-Mugan iqgtisadi rayonunda iglim dayisonlari vo masafodon miisahida

gostaricilarinin integrasiyasi ilo pambiq mohsuldarhginin prognozlasdirilmasi
B.H. Babash
Azarbaycan Milli Aviasiya Akademiyasi (Baki, Azarbaycan)

Xiilasa

Peyk tosvirlori kond tosarriifati sistemlorindo mohsuldarligin qiymotlondirilmasi vo prognoz-
lasdirilmasi tigiin an etibarli vo operativ malumat manbalarindan biri hesab olunur. Bu tadgigatin moagsadi
Mil-Mugan iqtisadi rayonunda yerloson pambiq sahalorinin mohsuldarligi vegetasiya indeksi vo iglim
dayisonlarinin inteqrasiyasi il prognozlasdiriimasidir. Bu magsadls Sentinel-2 malumatlari asasinda NDVI
gostaricilari, ERA5-Land molumatlarindan temperatur (T) vo CHIRPS bazasindan yagint1 (R) molumatlari
aldos edilmisdir. Malumatlar Google Earth Engine, ArcGIS Pro va Python miihitindo emal edilmis va vahid
zaman-mokan Ol¢iisiine gotirilmigdir. NDVI, temperatur vo yaginti ilo mohsuldarliq arasindaki slago
korrelyasiya va regressiya analizi ilo giymotlondirilmis vo ¢oxdayisonli model qurulmusdur. Model {izra
alda edilon naticalar gostarir ki, NDVI mohsuldarligin osas determinatidir. Bir rayon tizra qurulan model
digar ii¢ rayon {igiin tatbiq edilmis va real-proqnoz gostaricilori arasindaki uygunluq R? vo RMSE metriklori
ilo giymotlondirilmisdir. Naticalor gostarir ki, modelin prognoz daqigliyi 90% intervalinda dayisir ki, bu da
regional saviyyado pambiq mohsuldarligi prognozlasdirilmasi tigiin gonastboxs doagiglik hesab olunur.
Tadqgigatin naticalori peyk molumatlarina osaslanan operativ. monitoringin vo aqrotexniki gorarlarin
planlagdiriimasinin tokmillagdirilmasi baximindan shamiyyatlidir.
Acar sozlar: pambiq, mohsuldarliq, peyk tosviri, iglim molumatlari, regressiya modeli.

IIporHo3zupoBanue ypoKaiiHOCTH XJI0nKa B Muib-Myranckom
IKOHOMMYECKOM paiioHe ¢ UCI0JIb30BAHMEM MH/IEKCOB

AUCTAHINHOHHOI'O 30HAUPOBAHUA U KIIUMATHYCCKHUX NNEPEMECHHBIX

Bb.X. badauuisi
Asepbatiosicancraa Hayuonanvnas akademus asuayuu (baky, Azepbaiioscan)

AHHOTAUA

JU1 OLleHKN 1 TPOTHO3MPOBAHUS MPOLYKTUBHOCTH CENTBCKOXO3AMCTBEHHBIX KYJIBTYp CITyTHUKOBBIE
CHMMKH CUHTAIOTCS OAHUM U3 HanOosee Haa&KHbIX 1 () (DEeKTUBHBIX HCTOYHUKOB AaHHBIX. Llesibto TaHHOTO
HCCIIEAOBAHMS SIBISIETCS IPOTHO3UPOBAHUE YPOXKAMHOCTU XJIONKOBBIX IojIed B Muib-Myranckom
9KOHOMHUYECKOM paiioHe C MCIOIh30BAHNEM BET€TAllMOHHBIX WHAEKCOB M KIMMATHYECKHUX JAaHHBIX. J{7s
JOCTIDKEHHSI 9TOW 1enu ObUIM MCroib30BaHbl mokasaTtenu Temmepatypsl (T) n3z manneix ERAS-Land u
ocaaku u3 6a3el qanHbix CHIRPS. Muaexc NDVI Obut paccunTan Ha OCHOBE CHUMKOB CIIyTHHKA Sentinel-
2. Mocrne npeaBapuTenbHOI 00pabOTKH JaHHBIX HHCTpYMeHTHI ArcGIS Pro, Python u Google Earth Engine
ObuIM TIpUMEHEHBI A7l (OPMHUPOBAHHS €IWHOIO MPOCTPAHCTBEHHO-BPEMEHHOro Habopa naHHbIX. s
aHaJIM3a B3auMOCBS3EH MEX Iy TEMIepaTypoil, ocagkaMu, NpoAyKTuBHOCTHIO 1 NDVI Obiia ncrnonb3oBana
MHOTOMepHas Mojenb. CoryiacHo pesynbraTtam MojenupoBanus, NDVI sBrisercss oCHOBHBIM (akTOpOM,
OTIPEEIISIONINM POAYKTUBHOCTD XJIOMKa. Pa3paboTanHas MoAemb, CO3aHHast ISl OJTHOTO PEernoHa, Oblia
3aTeM NpPUMEHEHa K TPEM COCEJIHMM peruoHaMm. J{asi OLEHKH COOTBETCTBUSI MEXIY (DaKTHUECKUMH H
MIPOTHO3UPYEMBIMHU 3HAUYEHUSIMH HCIIOIH30BaTNCH TToka3zaTtenu R? m RMSE. Pe3yibpTaTs! MOKa3bIBatOT, 4TO
MIPOTHO3MPOBAHNE YPOKAWHOCTH XJIOTIKA HAa PETHOHAIBFHOM YPOBHE SIBISIETCA YAOBJIETBOPHUTEIHHON
TOYHOCTBIO, [I0CKOJIBKO TOUHOCTH MPOrHO3a MOJIENH U3MeHseTcs B npenenax 90%. [lomydeHHbIe BEIBOIBI
MMEIOT BAKHOE 3HAYEHUE IS IJIAHUPOBAHMS M OTIEPATHBHOTO MOHUTOPHHTA arpOTEXHUYECKUX PEIIeHUI
Ha OCHOBE CITyTHHKOBBIX JIaHHBIX.
KiroueBsble ci1oBa:  XJIONOK, YpOXKaHOCTh, CIIyTHUKOBBIE CHUMKH, KJIMMAaTH4YEeCKHE JaHHbBIC,

perpeccruoHHasi MOAEb.
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Introduction

Cotton is one of the world's most
important agricultural and industrial raw
resources, utilized in textiles, oil, seed
processing, and livestock feed. The cotton
sector holds substantial importance globally
due to its impact on economic revenue,
employment, and export income [1]. Cotton
farming, alongside its historical traditions,
significantly contributes to the socio-economic
development of the Aran region, particularly
the Mil-Mugan economic area [2]. Cotton crops
are strategically positioned within the region's
agricultural framework, owing to farm
profitability and the sustainability of agro-
industrial supply chains.

Modern agricultural science analyzes
agrotechnical, ecological, meteorological, and
biophysical factors to understand production
variability. The advancement of remote sensing
technologies has elevated the monitoring of
agricultural crop conditions, particularly
through the widespread use of indicators such
as NDVI (Normalized Difference Vegetation
Index) to evaluate vegetation cover, intensity,
and photosynthetic activity [3, 4]. The
dynamics of NDVI values precisely reflect
plant biomass growth, alterations in leaf
indicators, and important phases of the
vegetation cycle, demonstrating a strong link in
yield modelling.

However, recent research has shown that
yield should be based on a combination of
vegetative indices and climatological variables
as temperature and precipitation [5, 6].
Temperature serves as a determinant of the
phenological development rate, growing
season, and physiological responses of cotton
plants.  Precipitation or water supply,
conversely, influences soil moisture balance,
water stress, and vegetation dynamics [7].

Extensive modeling studies indicate that the
precision of vyield projections markedly
improves when NDVI, temperature, and
precipitation are combined [8]. This method has
become more advantageous for crop planning
and optimizing resource  consumption,
particularly in irrigated agricultural areas.

The Mil-Mugan economic region is
characterized by optimal climate conditions for
cotton farming, an extensive irrigation
infrastructure, substantial arable land, and
significant heat accumulation throughout the
growing season. Productivity disparities among
regions arise from varying water availability,
climate variability, soil characteristics, and
diverse management strategies. Utilizing
statistical and satellite-based methodologies to
ascertain these differences is crucial for
enhancing agricultural management, precisely
forecasting yield, and empirically validating the
decision-making process [9].

The primary objective of this research is
to use NDVI, temperature, and precipitation
variables to evaluate cotton crop productivity in
four administrative regions of the Mil-Mugan
economic region. This study aimed to
determine the correlations among the variables
and forecast productivity based on the
established  statistical relationships. The
research demonstrates that the combination of
satellite-derived  vegetation indices and
meteorological data yields great precision in the
classification and forecasting of cotton
productivity, hence enhancing both scientific
foundations and practical decision-making.

Research methods

The study covered four administrative
districts within the Mil-Mugan economic
region: Saatli, Sabirabad, Imishli, and Beylagan
(Fig. 1). These districts are situated in the
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lowland climatic zone of Azerbaijan and have
been identified as the principal regions for the
advancement of cotton cultivation. The mean
annual temperature in the region is from 14 to
16°C, while the yearly precipitation fluctuates
between 250 and 350 mm. The soil cover is
predominantly characterized by gray-brown
and alluvial-peat varieties. Cotton farming
primarily grows on irrigated fields, with the
irrigation regime being a primary component
that directly influences productivity.

The data used in the study were collected
from the following sources (Fig. 2):

Statistical indicators: Cotton yield
(cents/ha), cotton production (tons), and
cultivated area (hectares) per region as reported
by the State Statistical Committee of the
Republic of Azerbaijan [2].

Remote sensing: NDVI (Normalized
Difference vegetative Index) indices collected
from the Sentinel-2 satellite covered the main
phase of the vegetative period (August) [10].
Temperature and precipitation data have been
collected from the ERA-5 and CHIRPS

satellites:
NIR—-RED

NDVI = ——222 (1)

NiR + RED

The research employed a multi-stage
methodology framework to identify and model
cotton yield (t/ha):

1. Assessment of production. The average
productivity for each region has been
calculated:

Y=P\A (2)
where Y — vyield (t/ha), P — total cotton pro-
duction (tons), A — area under cultivation (ha).

2. Correlation analysis. The relationship
between NDVI indicators [11] and yield was
assessed using the Pearson correlation
coefficient (r) [12].

X;-X)(Y;-Y
B zéf—)?)z)ém—x)?)z ®)

3. Predictive modeling. A linear
regression model developed using actual data
from one region was utilized to forecast the
productivity of other regions [13]:

Yzﬁo‘l' ﬁIXNDVI‘l' ﬁzXT‘l‘ ﬁgXR (4)

The model fit was assessed using R?, p-
value and RMSE. The model was calibrated for
one region and afterwards applied to three more
regions to assess the predictions. The
comparison utilized actual-predicted values,
relative error percentages, and confidence
intervals.

5

xxxxxxx
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Figure 1 — Study Area

Data acquisition and initial analysis were
conducted on the Google Earth Engine (GEE)
platform. The GEE environment was used to
extract and filter NDVI indicators from
Sentinel-2 satellite pictures, as well as
temperature and precipitation records from
ERA5-Land and CHIRPS data. The acquired
raster and tabular data were incorporated into
the ArcGIS Pro software, where spatial
analysis, zonal statistics, and the generation of
spatial data necessary for the model were
conducted. The creation of models,
computation of productivity metrics, regression
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analysis, and graphical representation of results
were conducted exclusively within the Python
environment. The spatial distribution of NDVI
and climatic indices by region was presented in
ArcGIS Pro.

TOTAL PRODUCTION $

Figure 2 — Flowchart of predicting cotton pro-
duction

Reuslt and Discussion

The analysis of four administrative units
within the Mil-Mugan economic region
revealed a clear positive association between
NDVI values and cotton yield. The statistical
data derived from the -cultivated regions
indicate that the rise in NDVI values during the
peak vegetative growth period directly
influenced yield metrics. The correlation
coefficient between NDVI and yield was first
computed for the Beylagan region. The result
falling within the 0.96 interval corroborated
that the vegetation index is a substantial

Table 1 — Estimated cotton yield (t/ha)

predictor in yield models. Subsequently, the
production of other locations was assessed
using this correlation.

This outcome matches the international
research and demonstrates that NDVI is a
dependable predictor of cotton output. ERA5-
Land (T) and CHIRPS data (R), which directly
influence the vegetative development dynamics
of plants, were incorporated as primary
explanatory variables in the multivariate
regression model alongside NDVI. The
integration of NDVI, temperature, and
precipitation data inside a single model
markedly increased the precision of vyield
forecasts. The study employed a multivariate
regression model. The model assessment
provided the following results:

* Model explanatory power (R?): 0.96

* RMSE: average 0.4-4.3 sent/ha

* It was determined that the coefficients

B2 (Temperature) and B3 (Precipitation)

were 0.0001, which was the most

appropriate.

The model developed for Beylagan
region was also applied to three other regions,
and the comparison of the forecasts with the
actual values showed a high level of agreement:

« Accuracy of cultivated area: 95-99%

« Accuracy of yield forecasts: 87-98%

« Accuracy of production: 85-99%

Area (ha) Yield (S/ha) Production (ton) RMSE
Rayon Dataset | Actual Predict | Actual | Predict | Actual Predict
Beylagan | TRAIN | 8582.9 8376 35.09 | 33.06 28427 27253 2.8
Imishli TEST 7033.7 | 6,903.28 | 31.23 | 29.46 21968 20237 1.8
Saatli TEST 12969 | 12,925.48 | 33.47 | 29.17 43406 36716 4.3
Sabirabad | TEST | 13357.2 | 14,044.29 | 25.45 | 25.05 33994 33773 0.4

The modeling findings indicated that the
multivariate regression model that included

NDVI, temperature, and precipitation variables
performed highly in forecasting cotton
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production across areas. The coefficient of
determination (R?) for the model ranged from
0.87 to 0.98 across regions, indicating that the
model accounted for 87% to 98% of the
variability in actual yield. The elevated R?
validates the robust prediction capacity of the
model and the presence of consistent statistical
correlations between NDV1 and meteorological
variables. International cotton yield studies
indicate that R? above 0.70 in models using
satellite-based vegetation indices and climate
indicators represents high, while a variation of

0.85-0.90 is acceptable for practical
application.

RMSE is generally evaluated using the
relative  error (RMSE/mean yield) in

agricultural yield modeling studies. Current
international research suggests that the relative
error (RRMSE = RMSE / mean yield) in yield
models utilizing remote sensing and climate
indicators is a primary metric for assessment,
with an RRMSE < 10% signifying strong model
accuracy [14]. Numerous studies deem a 10—
20% accuracy range as acceptable, a standard
frequently referenced in the literature about
remote sensing-based yield forecasts [15]. A
relative error beyond 20% signifies that the
forecasting model is ineffective and exhibits a
lack of concordance with actual observations.
This method is reasonable because relative
error is considered a more objective measure
than absolute RMSE, given the variations in
productivity levels among different crops and
locales. This methodological approach is
common because various crops exhibit distinct
biomass potentials and productivity levels. For
instance, an RMSE of 0.5 t/ha in high
productivity conditions may correspond to a
relative error of merely 10% due to the elevated

average productivity, thereby allowing the
model to remain classified within the high
accuracy category.

The model's forecast error, assessed by
the RMSE indicator, ranged from 2.72 sent/ha
across several locations. The typical cotton
yield values (2.4-2.8 centners/ha) indicate a
relative error of roughly 7%, considered
acceptable for agricultural forecasting research.
The low RMSE signifies that the model
effectively captures both overarching trends
and regional variability within distinct regions.

The results were spatially integrated to
provide a productivity map covering the entire
research area (Fig. 3). The combination of
forecast indicators at a regional scale facilitated
the visualization of spatial variability, the
detection of disparities in productivity levels,
and the evaluation of production dynamics
across several zones of the research area. The
predicted cotton yield data in the research area
were normalized for statistical analysis and
categorized into five classes (Fig. 4). This
classification is meant to make it easier to
determine how yield changes within area, find
different output zones. Subsequent to
classification, the yield distribution across
regions was examined, and the geographical
dispersion and intensity level of each category
were evaluated. This method made it possible
to find both places with high yields and areas
with low vyields. The comparison of yield
classes across regions established a dependable
analytical foundation for assessing the
structural aspects of cotton production, the
extent of variability, and potential intervention
strategies. According to the data, the area of
class 5 (10000 ha), which is high-yielding, was
bigger than the others.



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2026, cild 18 (3), s. 122-131

Herald of the Azerbaijan Engineering Academy
2026, vol. 18 (3), pp. 122-131
B.H. Babashli

Shamakhy N

Hajygabul A

Sabirabad . * -
N Shirvan

K VT SR
D ot

Saatli ¢ 2

Salyan

Neftchala

Lenkeran

Figure 3 — Cotton Production

B.H. Babasl
Ujar
Berde
Zerdab
Aghjabedi ! e,
IR
Imishli
Very low Low Medium @ High @ Very high
12000
10000
8000
3
g 6000
4000
2000
Very low Low Medium High Very high

Crop Production Classes

Figure 4 — Cotton Production Classes

Class 4 was notably higher in Saatli. The
minimum area of class 1 was measured (4000
ha), mainly in region Sabirabad.

The large area of cotton fields in the
Saatli district contributes to the widespread
distribution of high-yield areas. In terms of area
distribution, 32 percent of the Beylagan district
is classified as high-yield, while only 1 percent
is categorized as low-yield. Simultaneously,
conversely, in the Sabirabad district, the high
yield is recorded at 16 percent, while the lowest
yield stands at 22 percent. The data indicates
that Beylagan district exhibits the highest level
of productivity compared to the other districts,
while Sabirabad district demonstrates the
lowest level of productivity.

Model performance was determined to be
reliable when comparing the training and test
regions. The R? metric in the training area was
0.96, whereas in the testing areas it ranged from
0.85 to 0.99. The peak measurement was
observed in the Sabirabad region (99%). This
indicates that the model achieved good
accuracy not only in its training area but also
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when applied in other places. This outcome
demonstrates that the model holds strong
spatial generalization capabilities and has the
potential to clarify inter-regional production
variations. A comparable consistency is noted
in the RMSE values. The Sabirabad region
exhibits higher predictive accuracy relative to
other regions.

The results indicate that NDVI's
representation of vegetation dynamics, the
influence of temperature on biomass
development and photosynthesis, and the
correlation between precipitation and water
availability —are significant explanatory
variables for the model. The model's elevated
R? and decreased RMSE show that the
combination of meteorological factors with
satellite data enhances the precision of yield
predictions. This aligns with the global
utilization of NDVI-based yield models and
enhances the practical applicability of the
study. Satellite data and climate indicators are
reliable analytical tools for cotton yield
evaluation and risk management.

The p-value signifies how reliable the
model is and whether the statistically-observed
difference is random or not. In scientific
research concerning cotton yield prediction, a
p-value below 0.05 is typically regarded as
statistically significant, indicating that the
model demonstrates substantial concordance
with actual data and that the likelihood of
prediction error being random is minimal.
Numerous studies in agriculture, particularly in
modeling vegetation-climate relationships,
indicate that p-value values may not be within
the <0.05 range due to limited observations,
heterogeneous soil-climate conditions, and
variable meteorological variables. In agro-
meteorological models, a p-value between 0.05
and 0.10 represents "borderline significance™

suggesting that the model aligns with the actual
indicators, if not entirely, to a considerable
degree.

In the current study, the p-value that was
derived from the model that was used to
forecast cotton production was at the level of
0.08. This value means that the model has a
weak but acceptable statistical prediction. The
yield in cotton fields is influenced by many
climatic, irrigation, soil fertility, and genetic
factors, rendering the models not entirely
deterministic, which may result in elevated p-
values.

If the important factors (NDVI and
temperature) in the model are statistically
significant and the model correctly explains the
overall trend, then a p-value of 0.08 is fine for
agricultural forecasting studies, and the model
can be used in a lot of different ways.
Consequently, p = 0.08 is regarded as a weak
yet acceptable statistical prediction in the
context of cotton yield forecasting. This
number signifies that the disparity between the
actual and projected indicators is not entirely
consistent, however the model accurately
reflects the overarching trend. Scientific
studies indicate that in regions characterized by
significant natural variability, such as
agriculture, elevated p-values are common and
have no impact on the acceptance of model
performance.

Conclusion

This study validated the viability and
efficiency of forecasting cotton yields in the
Mil-Mugan economic zone through the
combination of vegetation indicators and
climatic variables derived from satellite
imagery. The NDVI data from the Sentinel-2
satellite were used as a primary factor of yield.
It was found through correlation and
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multivariate regression analysis that there is a
stable statistical connection between NDVI and
yield. This relationship makes forecast models
more reliable. The implementation of the
model developed for one region in three more
locations yielded a strong correlation between
actual and predicted outcomes, and the
assessment metrics (R? and RMSE) validated
the model's complete appropriateness for
practical use. The fluctuation in RMSE within
the range of 0.4—4.3 cents/ha and the relative
error of 7% suggest that the modeling is quite
precise at the regional level.

The productivity parameters collected
from the study area were categorized into five
classes, and a geographical assessment was
conducted for the regions according to these
classifications. This method facilitated a more
accurate assessment of production variations,
the identification of high and low productivity
areas, and the enhancement of agrotechnical

decision-making at the regional scale.

The findings highlight that the
integration of satellite data with climatic
factors functions as a strong analytical method
for the operational evaluation of cotton output,
identification of field-level variability, and risk
management.

This method has extensive use for
maximizing  resources in  agricultural
management, planning irrigation methods, and
enhancing the precision of vyield-related
decisions. Future studies will enhance forecast
accuracy by incorporating soil characteristics,
irrigation intensity, and multi-year NDVI series
into the model.
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