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Abstract

This article presents a review analysis and develops a process scheme in the field of tribology related to the
application and development of artificial intelligence, on the basis of which a systematic approach has been carried
out. It clearly demonstrates that one of the fundamental characteristics of tribology is the strong interconnection be-
tween different scientific disciplines. The conducted analysis shows that tribology is not only a complex mechanical
system but also a research field that inevitably requires interdisciplinary efforts. The study indicates that progress in
tribology is increasingly associated with the development of artificial intelligence concepts, machine learning, tri-
boinformatics, and “green” tribology. From this perspective, the article emphasizes that future tribologists should focus
on advancing scientific fields such as mechanical engineering, physics, and materials science within the framework of
next-generation information and communication technologies. Artificial intelligence (Al), with its advanced machine
learning (ML) capabilities and the rapid processing capacity of triboinformatics, can help researchers quickly identify
valuable patterns, trends, and relationships from subjective and experimental data. Tribological behavior depends on
the system, changes over time, and is characterized by complex multidisciplinary interactions. The friction process
involves various physical phenomena including mechanics, thermology, electricity, optics, magnetism, and others.
Therefore, tribological data are characterized by complex multicomponent interactions and possess features such as
multidisciplinarity, multilevel structure, and multiscale nature. Considering the emergence of triboinformatics, a new
interdisciplinary field formed by the integration of tribology and informatics, this review expands the future research
directions and framework of the concept of “Artificial Intelligence for Tribology.” As a result of extensive research, a
scientifically substantiated new roadmap (framework) has been developed for the application and advancement of
artificial intelligence and machine learning in the field of tribology. By establishing a systematic understanding, it is
recommended to enhance the efficiency of solving problems in tribology. Such an approach will enable the application
of triboinformatics methods to address common problems such as monitoring tribological behavior, predicting system
performance, and optimizing system operation.

Keywords: tribologys; artificial intelligence (Al); machine learning (ML); “green” tribology; triboinformatics;
artificial neural network (ANN).
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Xiilasa
Mogalods icmal tohlil aparilib, siini intellektin tatbiqi vo inkisafi ilo alagodar tribologiya

sahasindos bu prosesin sxemi iglonib va onun asasinda sistemli yanagsma aparilib, tribologiyanin osas
xiisusiyyatlorinin miixtalif elmi saholor arasinda mévcud olan garsiliqli alage oldugu aydin sokilds
gostarilib. Aparilan tohlil tribologiyanin yalniz mexaniki sistem kimi miirokkobliyini deyil, hom do
onun dyranilmasi tiglin talob olunan saylorin qagilmaz olaraq fonlorarasi xarakter dasidigini
gostorir. Aragdirmalar gostordi Ki, tribologiyada toroqgi getdikco daha ¢ox siini intellekt
konsepsiyasinin inkisafi, masin dyranmasi, triboinformatika vo “yasil” tribologiyanin inkisafi ilo
alagalondirilir. Magaloda bu baximdan, galacayin tribologlarinin digqgatini yeni nasil informasiya
Vo kommunikasiya texnologiyalari ¢orgivasinds masinsiinasliq, fizika vo materialsiinasliq kimi
elmi istigamatlorin inkisafina yonaltmok qeyd edilmisdir. Siini intellekt (AI) yiiksok masin
oyranmo (ML) gabiliyyatins va triboinformatikanin siiratli isloma imkanlarina malik olduguna gora
todqiqatgilara subyektiv malumatlardan giymatli niimunalari, tendensiyalar1 va alagelori siiratlo
askar etmoyo komok eds bilor. Triboloji davraniglarin sistemdan asili olmasi, zamanla doyismosi
coxsahali qarsiligli tasirlorlo xarakterizs olunur. Siirtinmo prosesi mexanika, termologiya, elektrik,
optika, magnetizm vo digor miixtalif hadisslori ohato edir. Buna gora do triboloji molumatlar
coxelementli qarsiliglt alagado olub, ¢oxsahalilik, ¢coxsaviyyalilik vo ¢oxmiqyasliliq kimi fargli
xisusiyyatlora malikdir vo bu sobabdon tribologiyada siini intellektin totbigina ehtiyac var.
Tribologiya ilo informatikanin birlosmasindon yaranan yeni fonlorarasi saho olan
“triboinformatika’nin meydana ¢ixmasini nazars alaraq, bu icmal “tribologiya tli¢iin siini intellekt”
istigamatinin  galocok inkisaf istigamatlorini vo todqigat ¢orgivesini genislondirir. Genis
arasdirmalarin naticasinda tribologiya sahasinds siini intellektin, masin dyranmasinin tatbiqi vo
inkisaft Ugilin elmi osaslandirilmis yeni yol xoritesi (sxemi) islonib, sistemli anlayis
formalasdirilaraq, tribologiyada problemlarin hallinin somaraliliyinin artirilmasi tévsiya olunur.
Belo yanasma triboinformatika iisullarina triboloji davranigin voziyyatinin monitoringi, davranigin
prognozlasdirilmasi vo sistemin optimallagdirilmast kimi timumi problemlarin hallina imkan
veracakdir.

Acar sozlar: tribologiya; siini intellekt (AI); masin dyronmasi (ML); “yasil” tribologiya;
triboinformatika; siini neyron sobokasi (ANN).
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AHHOTANUA

B craree mnpoBenéH oO030pHBIA aHanu3, pa3paboTaHa cxema Impolecca B 001acTH
TpUOOJIOTHH, CBS3aHHAS C MPUMEHEHHWEM M Pa3BUTHEM HCKYCCTBEHHOTO WHTEIUICKTa, M Ha ©&
OCHOBE BBINOJIHEH cHCTeMHbIH noaxond. [lokazaHo, 4TO OAHOM M3 KIIIOYEBBIX OCOOEHHOCTEH
TpUOOJIOTHH SIBISIETCS CYIIECTBOBAHME TECHBIX B3AaMMOCBS3EH MEXIY pa3IMYHBIMU HAayYHBIMHU
mucuuruinHamu. [poBeiéHHBIN aHaNN3 JEeMOHCTPUPYET, YTO TPUOOJIOTUS MPeICTaBIIsAeT cO00i He
TOJIBKO CII0XKHYIO0 MEXaHHUYECKYIO CHCTEMY, HO M 00J1aCTh UCCIIE0BaHUMN, TPEOYIOIIY0 HEN30EKHO
MEXIUCUUIUIMHAPHOTO Moaxoja. Pe3ynbraThl HCClIeOBaHMS IOKa3bIBAIOT, YTO IPOrpecc B
Tpubosoruu Bc€ B OOJIBIIEH CTENEHH CBSI3aH C Pa3BUTHEM KOHLEHIMH HCKYCCTBEHHOTO
MHTEJUIEKTa, MAaIMHHOTO 00yueHHsl, TPUOOMH(POPMATUKU U «3es€HOoW» Tpubosoruu. B crarse
OTMEYAETCsI, YTO B TOM KOHTEKCT€ BHUMAaHUE OYAYIIUX TPUOOJIOTrOB JTOHKHO OBITH HAIPABICHO
Ha pa3BUTHE TAKUX HAYYHBIX HAIIPABJICHUH, KaK MAIlIMHOCTPOEHHE, (PU3UKA U MaTepUAJIOBECHHUE,
B paMKaXx HOBBIX ITOKOJEHHHA WH()OPMAIIMOHHBIX ¥ KOMMYHHUKAIIMOHHBIX TEXHOJIOTHH.
HckyccTBennsiit nuTeiekT (Al), o6manas BBICOKUMH BO3MOXKHOCTSIMH MAIIMHHOTO OOy4YeHUs
(ML) u BbICOKOH CKOpPOCTBIO OOpaOOTKM [aHHBIX B TpUOOMHPOpPMATHKE, MOKET IOMOYb
MCCIIEIOBATENSIM OBICTPO BBISBIATH IICHHBIE 3aKOHOMEPHOCTH, TEHJICHIIMM W B3aMMOCBSI3M Ha
OCHOBE CYObEKTUBHBIX U 9KCIIEPUMEHTAIbHBIX JaHHBIX. TprOoIOrnueckoe NoBeeHNE 3aBUCUT OT
CHCTEMBI, U3MEHSETCS BO BPEMEHH M XapaKTEPU3YeTCsl CIOKHBIMH MHOTOIapaMeTPHUECKUMHU
B3auMoieicTBUsAMHU. [Iporiecc TpeHUs: 0XBaThIBAeT pa3iWyHble (PU3MUYECKHE SBJICHUS, BKIIOYas
MEXaHUKy, TEPMOJIOTHIO, JJEKTPUYECTBO, ONTHKY, MarHetusMm u gpyrue. [lostomy
TpUOOJOTHUECKUE JaHHbIE NPEACTABISIIOT COOOW CIIOKHYIO CHCTEMY MHOT'OKOMIIOHEHTHBIX
B3aMMOCBSI3€H W XapaKTepPH3YIOTCS TAKHUMU OCOOEHHOCTSIMH, KaK MHOTOJMCIUIUIMHAPHOCTH,
MHOT'OYPOBHEBOCTh U MHOTOMACIITA0OHOCTb. JTO 00YCIIaBIMBAeT HEOOXOIUMOCTh NMPUMEHEHUS
MCKYCCTBEHHOTO MHTEJUIEKTA B TPUOOJIOTHH. YUUTHIBAS TOSBICHHE HOBOW MEXIUCIUTUTMHAPHOM
obnactu — “TpubonH(pOpMaTUKK”’, BO3HUKILEH Ha CThIKE TPUOOJOTHH U MH()OPMATUKH, JTaHHBIHA
0030p pacmupsieT HalpaBiICHUsT OyIyIIero pa3BHTHS W HCCIIEOBATEIbCKAE PAMKH KOHIICTIITUH
«HCKYCCTBEHHBIH WHTEJUIEKT Ui TpuOojorum». B pesynbraTe MIMPOKUX HCCIEAOBaHHN Oblia
pa3paboTaHa HayYHO OOOCHOBaHHAs HOBas OPOKHAs KapTa (cxema) MPUMEHEHUS W pa3BUTHS
HCKYCCTBEHHOTO MHTEJJIEKTa M MAalIMHHOTO oOydeHus B obmactu Tpubonoruu. Ha ocHoBe
(GOpMHUPOBAHUS CHCTEMHOTO TMOIXOAa PEKOMEHIYETCSl TOBBICHTH 3()()EKTHBHOCTh PEIICHHS
npo6aeM B Tpubonoruu. Takoi Moaxo/ NO3BOJIUT MPUMEHATh METOIbI TPUOOUH(POPMATUKU IS
pemeHusi OOIMX 3a/1a4, TaKUX KaKk MOHHTOPWHT COCTOSHHSI TPHUOOJOTHYECKOTO TOBEICHHS,
MIPOrHO3UPOBAHME MIOBEJICHNS CUCTEMBI U ONITUMM3ALUS €€ paboThI.

KiroueBble ciioBa:  TpuOOJOTHs;, MCKYyCCTBEHHBbIM HHTEIUIeKT (Al); MammHHOEe 00ydeHue
(ML); «3enénas» Tpubosnorus; TpubouH(OpPMATHKa; HCKYCCTBEHHAs
HelipoHHas ceTb (ANN).



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2026, cild 18 (2), s. 7-20
0.X.Canahmadov, M.Y.Cavadov, P.A. Siileymanova

Herald of the Azerbaijan Engineering Academy
2026, vol. 18 (2), pp. 7-20
A.Kh. Janahmadov, M.Y. Javadov, P.A. Suleymanova

Giris

Tribologiyanin tatbiq sahalori miixtalif is-
tigamotlords genislonmis va son onillikds tribo-
logiya elmi ilo baglh ¢oxlu sayda elmi-tadgigat
islori darc olunub. Bu icmal magalads son 4-5
il arzindo tribologiyanin miixtalif aspektlori tiz-
ra aparilmis todgiqatlardaki oan yeni nailiyyatlor
umumilasdirilarak, oxuculara gatdirilir.

Icmalda nazorden kegirilon osas istiga-
matlora yaglama, yeyilma va sath miithandisliyi,
biotribologiya, yiiksak temperatur tribologiyasi
Vo hesablama (kompiiter) tribologiyasi daxildir.
Mogalo hom son tadgigat naticalorini 6n plana
¢ixarmaga, hom do bu sahalor tizro golocak
perspektivlori tagdim etmays ¢alisir.

Lakin geyd etmoliyik ki, bu icmalin
miioyyan mohdudiyyatlori mévcuddur. On va-
cib mahdudiyyatlordan biri odur ki, tribologiya
yiiksok doracada multidissiplinar vo goxele-
mentli sahadir vo todgigat naticalori miixtalif el-
mi istiqamotlor tizro genis sokildo yayilmisdir,
bu sobobdan bazi islorin diggstdan kenarda gal-
mas1 miimkiindiir.

Tribologiyanin sistem asililigi, zamanla
dayiskanliyi va ¢oxsaxali qarsiligli tasiri natico-
sinds ¢oxOlc¢iilii vo miirokkob strukturlasdiril-
mis malumatlar yaranir. Bu xiisusiyyatlor siini
intellektin tribologiyada tatbiqi tigiin zomin ya-
radir.

Siini intellektin metodlarinin tribologiya
ilo dorin integrasiyasi asagidaki tstiinliiklori to-
min edir:

> Biliklorin daha siiratli alds olunmasi
» Molumatlarin sistemli inteqrasiyasi
» Davranig modellorinin yaradilmasi
» Erkon agkar etmo imkanlari

Moasalon, siini intellekt vibrasiya, akusti-
ka, elektrik signallart vo sas tozyiqi kimi miix-
tolif signallar ilo yeyilma arasinda olago quraraq
mexaniki nasazliglarin erkon diagnostikasini
miimkiin edir.
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Eyni zamanda, miixtalif istismar soraitlo-
rinda triboloji davranislarin simulyasiyast vo
prognozlasdirilmas: daha dayaniqli vo etibarl
mexaniki sistemlorin layihalondirilmasi tigiin
miihiim shamiyyat das1yir.

Bu mohdudiyyastlora baxmayaraq, timid
edirik ki, bels bir icmal tribologiya tizra an son
vo mithiim elmi nailiyyatlori digget markazino
gatiracok Vo siiratlo inkisaf edon tribologiya
todgiqatgilar: icmasi tigiin faydali olacaqdir.

Diinyada yeni nasil informasiya va kom-
munikasiya texnologiyalarimin — siini intellekt
(Artificial Intelligence — Al), Osyalarin interne-
ti (Internet of Things — 10T) va blokgeyn
(Blockchain) texnologiyasinin genis totbigi na-
ticosinds texnoloji vo sonaye ingilabi stiratlon-
moakdadir. Bu baximdan siini intellekt hokumat,
sonaye va akademik dairalor, biitovliikds icti-
maiyyat torafindon boyiik maragla qarsilanir.

Isin moagsadi

Tribologiya sahasinda ¢oxlu sayda darc
olunmus molumatlar osasinda informasiya vo
kommunikasiya texnologiyalar: (Al, IoT, ML)
tizra icmal togdim etmokdir. Bu sahada siini in-
tellektin shato dairasi, onun yaranma zamini,
inkisafin1 sartlondiron amillar, istifads olunan
texnologiyalar va totbiq sahalori kontekstinds
timumi sokildo togdim edilir, homg¢inin siini in-
tellektin inkisafi ilo bagli montigi yanasmalar
irali siiriiliir.

Icmalda, eyni zamanda, real sektorda ca-
lisan miitoxassislor ti¢iin mithiim naticalor va
faydali baxis bucaglari taqdim olunur. Tadgiga-
tin diger tohfasi iso galocak aragdirmalar tigiin
stini intellekt sahasindo movcud voziyyatin
(state of the art) aydin sokildo ortaya goyulma-
sidir.

Malum oldugu kimi, siirtiinma miiasir co-
miyyoatdo enerjinin paylanmasinda, qurgularin
siradan ¢ixmasinda va hotta enerji tominatinda
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miihiim rol oynayir. Uzun illor aparilan tadqi-
gatlardan sonra tribologiya tizra moalumat va in-
formasiya hacmi getdikco artmaqgdadir.

Tribologiyanin giiclii sistemlilik vo mul-
tidissiplinar qarsilighi slago xiisusiyyatlorinag
gora, bu sahays aid moalumatlar miixtalif elmi
istigamatlor tizro forgli formalarda, masalan,
texniki sonadlar, verilonlar bazalari va elmi mo-
galalor saklinds sistemsiz vaziyyatdadir. Bu isa
sistemdos informasiya entropiyasini artirir Vo
todgigat malumatlarinin qorunmasi va dovriy-
yasi tiglin o qodoar do slverisli deyildir.

Kompiiter vo informasiya elmlarinin in-
kisafi ilo bir ¢ox sahalor informasiya texnologi-
yalari ilo inteqrasiya olunmaga baslamis vo
multidissiplinar informatika istigamotlori for-
malasmisdir. Bu magals, homginin informasiya
texnologiyalarinin tribologiya todgigatlart ilo
birlosdirilmasini tosviq edir, triboinformatika-
nin mozmununu va arxitekturasini taqdim edir,
homginin toklif olunan konsepsiya va arxitektu-
ranin totbigi ilo bagl niimunavi bir yanasma
(case study) gostorir.

Burada tasvir olunan triboinformatika an-
layisinin irali stiriilmasi va inkisafi tribologiya
tizro todgigatlarin somaraliliyini artiracaq vo el-
mi-todgiqat prosesini optimallasdiracaqdir Ki,
bu da tribologiya elminin inkisafi baximindan
miihiim shamiyyat kasb edir.

Tribologiya sahasinds todgigatlar asason
qarsiligli tasirdo olan sathlor arasinda, yani, siir-
tiinmo, yeyilmo vo yaglama proseslorini 6yro-
nir. insan comiyyatinin sonayelosmo soviyyasi
davamli olaraq artdigca, tribologiya todgiqat
obyektlari do getdikca daha genis sahalari ohata
edir.

Tribologiyada istifado olunan todgigat
metodlar1 fenomenlora asaslanan empirik elm
morholasindoan, modellora asaslanan nazari elm
morholasina va simulyasiyalara ssaslanan he-
sablama elmi marhalasine goadar inkisaf yolu
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kegmigdir. Tribologiya giiclii elmi miihondislik
yoniimlii sahadir. Onun intensiv qgarsiliql slage
xiisusiyyatlorina gors, tribologiya informatika,
riyaziyyat, fizika, kimya, materialsiinasliq,
masingayirma va digar saholors aid malumatla-
11 da 6ziindo birlosdirir.

Miitomadi yaranan yeni molumatlar va
modellar tribologiyanin inkisafinin asasini tos-
kil edir. informasiya texnologiyalarmin inkisafi
triboloji molumatlarin toplanmasi, emali vo toh-
lili Giglin yeni vo daha somarali tisullar tagdim
etmisdir. Noticodo “triboinformatika (triboin-
formatics)” anlayisi irali siiriilmiigdiir.

Triboinformatika ¢orgivasi rohbor tutul-
magla, tribologiyada triboinformatika metodla-
rinin tatbigi nozardon kegirilir va triboinforma-
tika yanagmalarindan istifado etmoklo daha so-
morali va elmi asaslandirilmig tribologiya tod-
gigatlarinin aparilmasi igiin faydali istigamat
gostoarilir.

Tribologiya uzun miiddatdir ki, on aktual
elmi saholordan biri olmus vo hoyatimizin de-
mok olar ki, biitiin aspektlorindo mévcudlugunu
goruyub saxlamigdir. Tribologiyanin darindon
anlasilmasi galacok texniki ¢agirislara hall yol-
lar1 tapmaga imkan verir. Bu giino godor oldo
olunan biitiin nailiyyatlorin asasinda ¢oxsayl
doqiq eksperimentlor vo miixtalif miqyaslarda,
eloca do bir nego fiziki sahani shato edon get-
dikco artan sayda inkisaf etmis kompiiter simul-
yasiyalar1 dayanir.

Bu mohkom va zongin malumat bazasina
asaslanaraq, movceud biliklarin genislondirilma-
si ti¢lin gabaqcil malumatlarin idars edilmasi,
tohlili vo 6yronmo metodlar inkisaf etdirilo vo
totbig oluna bilor. Bu baximdan, miiasir masin
oyranmasi (Machine Learning — ML) va ya siini
intellekt (Al) metodlar: triboloji sistemlords bas
veron miirokkab proseslori aragdirmaq, onlarin
davranigini somoarali vo hatta real vaxt rejimin-
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do tasniflosdirmok va ya kamiyyatca giymatlon-
dirmak tgiin genis imkanlar yaradir. Belaliklo,
bu metodlarin potensiali tokco akademik miis-
tovi ilo mohdudlagmir, ham ds real sonaye tot-
biglarina gadar genislonir.

Bu istigamatda yol xaritasi agmaq moqss-
dils, belo miiasir yanasma tribologiya ilo bagh
problemloarin halli {igiin ML va ya Al yanasma-
larina dair an son todgigatlarin toqdim edilmo-
sini hodaflomisdir.

Diqgst asason yeni ML vo ya Al metod-
lariin toqdim edilmasins deyil, eyni zamanda,
moveud metodlarin miimkiin tatbiglorinin va
onlarin tribologiya problemlarino uygunlasdi-
rilmasimin niimayis etdirilmasina yonaldilmis-
dir. Xisusilo geyd edok ki, bu miiasir yanagma-
ya baxis ¢argivasinda bir sira orijinal tadgigat
moqalalori [1,2,3,4,5,6,7,8,9] va bir icmal ma-
galo [10] olmagla timumilikds bir ne¢co mogalo
tohlil olunmusdur.

Toplanmis materiallar diinyanin miixtolif
olkalarindan hom akademik, ham ds sanaye nii-
mayoandalori tarafindon toqdim olunmus, bu is-
tigamotds gabaqcil tadgigatlart oks etdirmis vo
slirtlinmo, yaglama va yeyilma ilo genis sokilda
alagoali problemlarin halli {igiin miirokkab ML
Vo Al yanagmalarinin inkisafi va tatbiqi barads
dorin anlayislar vermisdir.

Yiiksok 6yronma gabiliyyati va siiratli is-
loma xiisusiyyatlori sayasinda siini intellekt tad-
giqatgilara boyiik hacmli malumatlardan doayor-
li ganunauygunluglari, meyllori vo olagalori
operativ sokilds askar etmoys imkan verir.

Bu sababdon, triboloji malumatlar ¢oxsa-
hali, goxsaviyyali va goxolgiilii xarakter dasiyir
ki, bu da stini intellektin tribologiyada genis tot-
big imkanlarini formalasdirir.

Icmalda tribologiyada siini intellekt tot-
biglarinin  miqyasi, tosnifatt va son inkisaf
meyllori miiayyanlogdirilir vo asagidaki saha-
lordo totbiqgi genis sokilds tohlil olunur [11]:
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Tribologiyanin asas nazariyyasi
Intellektual tribologiya
Komponent tribologiyasi
Ekstremal tribologiya
Bio-tribologiya
Yasil tribologiya
Bundan slavs, tribologiya ilo informati-
kanin birlasmasi naticasinds yaranmis yeni fon-
lorarasi istigamot — “triboinformatika” anlayisi
nozardan kegirilir vo “Al for tribology” sahasi-
nin golocak inkisaf istigamatlori vo tadgigat
gorgivasi izah edilir [10, 12, 13].
Mogalods tribo-sistem molumatlar1 bir
ne¢o kateqoriyaya bolinmisdiir [13]:
1. Giris molumatlar
. Sistemin daxili (intrinsik) molumatlar:
. Cixig malumatlari
. Triboloji vaziyyat molumatlari
. Téroma vaziyyat molumatlari
Bu tip molumatlar asasinda miixtalif siini
intellekt metodlar1 (reqressiya, klassifikasiya,
Klasterlosmoa vo 6lgli azaldilmasi) ils inteqrasi-
yaya osaslanan birlosmis yanasma toklif edil-
misdir. Bu yanasma triboinformatika metodla-
rinin agagidaki problemlari hall etmasine imkan
yaradir [11, 14]:
» Triboloji vaziyyatin monitoringi
» Davranisin prognozlasdiriimasi
> Sistem optimallasdiriimasi
Rosenkranz vo digorlori [15] triboloji
kontekstdo Al metodlarinin ugurlu tatbiq nii-
munoloarini vurgulamagla, eyni zamanda, maso-
lan, onlayn vaziyyst monitoringi, material tor-
kiblorinin layihoalondirilmasi, siirtkii materialla-
rinin formulalasdiriimasi, eloca do yaglama va
maye tobogosinin formalagmasi kimi saholordo
0z oksini tapmisdir [16, 17, 18].
Siini intellekt adaton “sistemin xarici ma-
lumatlar: diizgiin sarh etmak, bu malumatlar-
dan gyranmak va alda olunan biliklardan ¢evik

YVVVVYVY
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uygunlagma yolu ila konkret magsad va tapgi-
riglara nail olmaq iigiin istifada etmak gabiliy-
yati” kimi taqdim olunur.

Molum oldugu kimi, eksperimentlorin
aparilmasi va naticalorin tahlili ¢ox vaxt aparan
Vo yiiksak xarc tolob edon prosesdir; bu prose-
sin vaxtii va Xarclorini azaltmaq tigtin miiasir
texnologiyalara ehtiyac duyulur. Mexaniki sis-
temlordo kompiiterlorin totbiqi bu problemin
halli kimi son illards shamiyyatli daracads art-
musdir. Bu kontekstds istifado olunan miihiim
metodlardan biri Siini Neyron Sobokoloridir
(Artificial Neyron Networks — ANN) vs bu ya-
nasma eksperimentlorin vaxt vo maliyyatini
azaltmaq baximindan effektiv naticolor gostor-
misdir [19].

Bu metod siirtiinma amsali, yeyilmo, siirt-
kii materiallarinin xiisusiyyatlari, yaglayici qa-
tin galinliginin formalagmasi, hamginin kompo-
zit va polimer kimi materiallarin sathi mexaniki
xususiyyatlori daxil olmagla miixtalif triboloji
xuisusiyyatlorin dyronilmasine yonolmisdir.

ANN modellari mexanizmin konseptual
morholodo performansini  prognozlasdirmag
ticiin eksperimentlardon alds edilon asas perfor-
mans parametrlorindan istifads edir. insan bey-
ninin sinir sistemini toglid edoan riyazi alot kimi
foaliyyat gostoron ANN giris Va ¢ix1s moalumat-
larin1 emal edoarok miirokkob miihandislik vo el-
mi problemloari hall edir. ©nonovi analitik tisul-
lardan fargli olaraq, ANN 6yranmo prosesindan
sonra mohdud giris malumatlar1 osasinda belo
¢ix1s naticalorini prognozlasdirmaq qabiliyyati-
no malikdir [4].

ANN-in osas ustinliiklorindon biri do
onun yiiksok 6yranmo potensiali va ¢oxolgiilii,
geyri-xatti vo miirokkab funksiyalart modellos-
dirmok bacarigidir. Sabokos togdim edilon eks-
perimental molumatlar togkil edorak vo prob-
lemdo movcud olan olagalorin  xarakterini
mioyyanlosdirarak “6yronir”. Bundan slava,
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ANN kicik dayisikliklora, masalan, sas-kiiya
qarst hassas olmamast ils segilir vo bu da sahv-
lorin qarsisini almaga komak edir. Son tadgigat-
larda ANN pin-on-disk (POD), fretting yeyilma
stnaglari, hamginin dartilma vo sixilma moh-
komliyi eksperimentlorindo totbiq edilmisdir
[20, 21, 22].

ANN-in totbiqi triboloji xisusiyyatlarin,
0 ciimladan vaziyyat va alat yeyilmalarinin mo-
nitoringi, yeyilma va siirtiinmo, yaglama, siirt-
kii materiallarinin torkibi, sothin modifikasiyasi
Vo material xiisusiyyatlorinin Gyranilmasinds
miihiim rol oynamigdir. Onun asas istiinliiklo-
rindon biri ilkin eksperimental malumatlar ssa-
smda sonraki naticalari prognozlasdirmaq qabi-
liyyatidir ki, bu da alava eksperimentlors ehti-
yaci aradan qgaldirir [20, 23, 24, 25].

Bu imkan eksperimentlorin miiddatinin
azalmasina tohfa verir vo ANN-in an perspek-
tivli totbiglorindon biri hesab olunur. Umumi-
likdo, ANN tribologlar ii¢iin giiclii simulyasiya
aloti kimi ¢ixis edir vo onlarin tadgigatlarinda
vaxt vo resurslara gonast etmosina imkan yara-
dir [26, 27].

Bu miiasir yanasmada dorc edilmis va Al-
yo miixtalif baxis bucaglarindan yanasan moaga-
lolor imumilagdirilir; homin mogalslar siini in-
tellekt sahosinds diinyanin aparici ekspert vo
miitoxassislori torafindan toqdim olunmusdur.

Indi isa siini intellektin galocayino dair bir
sira baxislari nazordon kegirak.

Siini intellekt, xdsusilo do masin dyran-
mosi metodlar1 triboloji comiyyat torafindon
mithiim diqQat ¢okmisdir, ¢iinki bu metodlar
stirtiinma amsal1 va ya yag gatinin qalinlig: ki-
mi triboloji baximdan shamiyyatli parametrlori
prognozlasdirmaq qabiliyystino malikdir [26,
28, 29].

Siini intellektin, xtisusilo do siini neyron
sobakalarinin tribologiya tadgigatlarinda tatbiqi
ilo aldo edilmis son nailiyyatlori vurgulamag:
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hadaflayir. Triboloji kontekstds bu yanagmalar-
dan istifads olunarag aparilmis ugurlu is niimu-
nalarinin tagdimati vo miizakirasi gostarir Ki, bu
metodlar triboloji xiisusiyyatlari dagiq vo somo-
rali sokildo prognozlasdirmaq qabiliyystina
malikdir [30, 31].

Goalacak tadgiqat istiqamatlori vo trendlo-
ri ilo bagli olaraq, tribologiya sahasinda siini in-
tellekt vo masin 6yronmasi anlayislariin daha
genis tatbiqi, mikro-, mezo- vo makro-saviyyali
perspektivlora asaslanarag, o ciimladan yaranan
sath topografiyasinin xiisusiyyatlorini vo yagla-
ma sistemlarinin layihalondirilmasi kimi sahs-
lora diggot yetirilmasi magsadouygundur [28,
32].

Daha bir miihiim istigamat — “Yasil” tri-
bologiya (Green tribology) — tribologiyanin bir
sahasi olub texnologiyanin inkisaf etdirilmasi
ilo yanasi otraf miihit vo bioloji tosirlorin mini-
muma endirilmasi mogsadini giidiir. Yasil tri-
bologiyanin asas moagsadi tribologiyanin nailiy-
yatlorini digor magsadlorlo birlogdirarak, kar-
bon emissiyalarinin azaldilmasi, resurs vo ener-
Ji gonasti, hamginin materiallarin somorali isti-
fadosi daxildir.

Texnoloji inkisafin gotirdiyi faydalar ilo
onun atraf miihit va bioloji tasirlari arasinda ba-
lans yaratmaq ¢atinlik yarada bilar, lakin bu
hom da ¢ox doayarlidir, ¢linki planetin vo comiy-
yatin galocayi texnoloji dizaynlarda yasil tribo-
logiyanin tatbigindon asili ola bilar.

Bu arasdirmalarda, hamginin enerji istifa-
dasi ilo insan inkisafi arasindaki olagoani, yasil
tribologiyanin sahoalarini vo prinsiplarini, eloca
do onlarin texnoloji inkisaflarda dayanigli hal-
lorin tapilmasinda neco totbig oluna bilacayi
diggeat moarkazinds olmalidir.

Enerji istehlakinin artiminin miihiim as-
pekti istehlak mallarinin istehsalinin, kommu-
nal Xidmatlorin gostarilmasinin vo miixtolif
avadanliglarin istismarmin artmasidir. Haloalik
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bu cohat no siyasatcilar, no do ictimaiyyat tora-
findon lazzmi digqoti colb etmoyib. Igtisadi
Omokdasliq vo Inkisaf Toskilatmin (OECD)
[33] malumatina gors, global xammal istehsali
2017-ci ildaki 92,1 milyard tondan 2060-c1 ilda
167 milyard tona yiiksalocok [34, 35]. Aydindir
Ki, istonilon material istehlaki karbon gaz1 va is-
tixana gazi emissiyalarinin istehsalina gatirib
giXarir.

Soyuducu kimi istifado olunan xloroflo-
rokarbonlarin (XFC), texnoloji yaglarda xlorlu
karbohidrogenlarin, yanacaglarda qurgusun vo
kiikiirdiin tosirinin manfi tasirlori barade molu-
matliliq bu zoharli maddslardan istifadonin ga-
dagan edilmasina sabab olmugdur. Alimlor al-
ternativ materiallar hazirlamali, hamginin ga-
dagan olunmus materiallarin asagi siirtinma
gabiliyyati, funksionalliq vo etibarliliq xiisusiy-
yatlarina nail olmaq tigiin hallor tapmali idiloar.
Dizaynerin qarsisinda duran vozifo hom siirtiin-
mo itkilorini azaltmag, ham do ekoloji cohatdon
tomiz siirtkii yaglarindan istifado etmoklo mov-
cud olanlar avozins daha ekoloji cohatdon tomiz
yaglama ftsullarini inkisaf etdirmokdir. Bu
problemlori hall etmak iigiin triboloji yanasma
lazimdir.

Mexanik sistemin asas komponentlarinin
yeyilmo va siirtiinma itkilori, davamlilig, vo ve-
ziyyatin monitoringi kimi amillor nozars alin-
malidir. Bu vazifalor mithandislik aspektlorinin
doarindon dork edilmasini vo bu amaliyyatlarin
elmi asaslandirilmasini tolab edir. Burada tribo-
logiya 6z rolunu oynamaga baslayir [36]. Tri-
boloji analiz boyiik ekoloji vo igtisadi faydalar
yaratmaq potensialina malikdir. Triboloji xiisu-
siyyatlorin 6yranilmasi siirtiinmoni azaltmagla,
mexanizmlarin émriinii uzatmagqla vo ya yeyil-
moni azaltmagla diinya iizro karbon emissiyala-
rin1 azaltmaga komok eds bilor [37]. Milli iqti-
sadiyyat ti¢iin tribologiyanin olagoli bir elm ki-
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mi shamiyyati holo 1977-ci ildo Amerika Me-
xanika Miihondislori Comiyyati (40% enerji go-
naoti, UDM-in toxminan 10,9%-na borabordir)
Vo 1976-c1 ildo Almaniya Federal Toadgigat va
Inkisaf Nazirliyi torofindon niimayis etdirilmis-
dir (genast UDM-in>2,0%-i). Cin Tribologiya

Institutu terafindon 2006-c1 ildo hoyata kegiri-
lan vo alt1 sonayeni ohato edan hartarafli iki illik
todgigatin naticalarinin sonraki darin tahlili tox-
min edilan illik 41,4 milyard dollar [38] gonas-
tini tosdigladi ki, bu da Cinin 1,55%-no bora-
bordir (cadval).

Cadval — Potensial enerji gonastinin triboloji analiz vasitasils tasviri [5]

. . Siirtiinms va yeyilmos hesabina
Enerjiys qonaat potensiall .
. Nosr _ potensial gonaast
Todgigat ili Talab olunan 201.7_01 lld?. il- .. . 2017-ci ildo UDM
enerji faizi Kin enerji UDM, faizlo faizi, mird. avro
talabat1 (EJ) ' '
Jost (G.B.) Boyiik _
1966 5 0,4 Britaniyada, 2% | 46,5 mlrd. avro
A.S.M.E. (ABS) 1977 10,9% 10 (93) - -
BMFT(Almaniya) 1976 - - Almaniyada, 1% | = 32,7 mlird. avro*
Cin (yalmz sonaye) | 2006 - - 1,55% = 41,4 mird. US-$

Qeyd. I EJ = 108 Joul; A.S.M.E. = Amerika Mexanika Miihandislori Comiyyati; BMFT = Bundesministerium
fiir Forschung und Technologie - Federal Tadgiqat va Texnologiya Nazirliyi: hazirda Federal Tohsil vo Tadgiqat
Nazirliyi (BMBF) adlanr. *Miitlaq ifadada iqtisadi itkilor.

Golacokdo tribologiyada texnoloji toraqqi-
nin osas horakatvericilori davamli (“yasil”) tribo-
logiya va ya sifir karbon emissiyasi prinsiplarina
asaslanacaqdir [39]. Genis monada onlar tribolo-
giyanin ekoloji tarazligin vo ekoloji vo bioloji no-
ticolorin olds edilmasina totbiqg edilon elmi va tex-
noloji aspektlori kimi miioyyon etmok olar. Bun-
lara daxildir:

> istifado olunan materialin miqdarini azalt-
maq tiglin mohsullarin méhkomlik vo da-
yaniqliq resursunun artirtlmasi, bu da he-
miso karbon gazi1 emissiyasina sabab olur;

> enerjiya qonaot edon vo karbon emissiya-
larin1 azaldan siirtiinmoni azaldir.

2015-ci ildo BMT Bas Assambleyasi “eko-
l0ji cohatdon saglam inkisafi” miioyyon etmok
ticiin global saviyyado taninmis tolimatlar olan 17
davamli inkisaf mogsadi miioyyan etmisdir [40].
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Bu mogsadlor enerjinin rasional istifadssi
va otraf miihitin gorunmasi tigiin avozsizdir. Eyni
zamanda, onlar enerji itkilorinin azaldilmasina vo
igtisadi problemlorin hoallino yonaldilmisdir, ¢lin-
ki avadanliglardan daha somorali istifads etmoklo
ohomiyyatli kapital gonastino nail olmaq olar.

Osas triboloji tadgigatlar sahasinds aparilan
son tohlil davamli triboloji materiallarin istehsali
ticiin gabaqci1l texnologiyalarla slagoali bazi eko-
loji problemlars, 0 climlodon biodeqradasiya vo
otraf miihitin toksikliyino isiq salmisdir. Niimu-
nalor arasinda kosmik gami nasoslarinda istifado
tictin keramik yastiglar va ya triboloji sistemlordo
sothin kimyavi modifikasiyas: daxildir. Stirtiinmo
naticasinds enerji itkisi problemlorini hall etmak
ticiin tribologiyadan istifado ekoloji problemlorin
hallinds onun faydaliligini siibut etmoys komok
edocokdir [41, 42, 43].
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Triboloji inkisaflar avtomobil daxili yan-
ma miiharriklarinin stirtinmo komponentlarin-
do miihiim rol oynayir. 2018-ci ildo diinyada
1,3 milyard islonmis avtomobil geyds alinib va
diinyada har il 95-100 milyon yeni avtomobil
istehsal olunur.

Effektiv triboloji xassolora gors giic ag-
reqatinda mexaniki itkilor vo ya siirtiinmo azal-
dilsaydi, hotta 10% azalma yanacaq istifadssi-
nin 1,5% azalmasi ils naticolonardi. Bu, avto-
mobilin istismar miiddati orzindo gonast edil-
mis toxminoan 340 litr benzinos barabardir. Bunu
nazars alsaq, aydin olur Ki, hatta hazirda istifa-
dads olan ¢oxlu sayda avtomobil baximindan
bu clizi goriinon gonast (bir avtomobil {igiin
350 dollar) bels boyiik maliyya va ekoloji fay-
dalar vers bilor [41].

Bu mogsadla, mialliflor tarafindon genis
aragdirmalar aparilmis, tribologiya sahasinda
stini intellektin, masin 6yronmasinin totbigi vo
inkisafi tiglin yeni yol xaritosi (sxemi) iglanilib,
onun ossasinda sistemli yanasma formalasdir-
magq, yeni tadqgiqat ideyalari yaratmag va tribo-
loji problemlorin hallinin somaraliliyini artir-
maq mogsadi diqgato catdirtlmigdir (Saklo
bax).

Bundan olava, getdikco daha ohatali va
daqiq triboloji moalumatlarin istifadasi ilo me-
xaniki hissalorin etibarliligi vo davamlilig: arti-
rilacaqdir. Miioyyon edilmisdir Ki, material bir-
logsmaloarinin konkret situasiya yaxmliginda la-
boratoriya sinaglar1 etibarliliga nozarot mog-
sadlori tigiin hazirda fundamental triboloji mo-
lumatlarin alds edilmasinin an daqiq tisuludur.
Triboloji biliklarin, elektronikanin vo mexani-
kanin diizgiin birlogsmasi triboloji texnologiya-
larin yaradicisina kiilok vo gelgit turbinlori Kki-
mi barpa olunan, ekoloji cohotdon tomiz enerji
manboaloari ti¢lin imkanlarin sarhadlarini genis-
londirmoya kdomok edoacok. XXI asrds tribolo-
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giyanin biitiin potensialinin reallagdiriimasi to-
bii ehtiyatlardan real vo sarfali sokilds istifade-
ni talab edacakdir (Sokildoki niimuns).
Statistik materiallar bir daha gostarir Ki,
tribologiyanin ekosistems tasiri vo galacak in-
kisafi insan zokasinin, enerjinin va siini intel-
lektin qarsiligl slagasi ils six alagodardir.

Natica

Aparilmis icmal tohlilds siini intellektin
totbiqi vo inkisafi ilo olagoadar tribologiya saho-
sinda bu prosesin imumilosmis sxemi islonmis
vo onun asasinda sistemli yanasma formalasdi-
rilmis, tribologiyanin osas xiisusiyyatlarinin
miixtolif elmi sahalor arasinda mévcud olan
qarsiliqlt alagalori gostorilmisdir.

Aparilan tohlil tribologiyanin yalniz me-
xaniki sistem kimi miirokkobliyini deyil, hom
do onun dyranilmasi tigiin talob olunan sayloarin
qacilmaz olaraq fonloraras: xarakter dasidigini
niimayis etdirir.

Aragdirmalar gostordi Ki, tribologiyada
taraqqi getdikca daha ¢ox siini intellekt konsep-
siyasinin inkisafi, masin dyronmasi, triboinfor-
matika vo “yasil” tribologiyanin inkisafi ilo ola-
galandirilmalidir. Bu baximdan hesab edirik ki,
golacayin tribologlarinin diggatini yeni nasil
informasiya vo kommunikasiya texnologiyalari
corgivasindo masingiinasliq, fizika vo mate-
rialgtinasliq kimi elmi istigamatlorin inkisafina
yonaltmoak magsadouygundur.

Siini intellekt (Al) yiiksok masin dyron-
mo (ML) gabiliyystina va triboinformatikanin
stiratli islomo imkanlarina malik olduguna géra
tadqgiqatgilara subyektiv molumatlardan qiy-
moatli niimunolori, tendensiyalari vo oslagalori
stiratlo askar etmoyo komok eds bilar.

Siini intellektin, xiisusilo do siini neyron
sobakalarinin tribologiya tadgigatlarinda totbi-
qi ilo alda edilmis son nailiyyatlari diggotoa ¢at-
dirtlir. Triboloji kontekstds bu yanasmalardan
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istifado olunarag, aparilmis ugurlu is niimuns-
larinin toqdimati vo miizakirasi gostarir ki, bu
metodlar siirtiinma, yeyilma, yaglama, sothin
modifikasiyas1 kimi triboloji xiisusiyyatlori do-
gig va somarali sokilds prognozlasdirmaq gabi-
liyyatino malikdir.

Golacakds tribologiyada texnoloji torag-
ginin asas harokatvericilori, davamli “yasil” tri-
bologiya va ya sifir karbon emissiyasi prinsip-
larino asaslanaraq, bioloji vo ekoloji tarazliga
nail olmaq miimkiindjir.

Genis arasdirmalarin naticasinds tribolo-
giya sahasinda siini intellektin, masin 6yranmo-
Sinin totbiqi va inkisafi {i¢lin elmi asaslandiril-
mis yeni yol xaritasi (sxemi) islonib, sistemli
anlayis formalasdirarag, tribologiyada prob-
lemlorin  hoallinin  somaraliliyinin  artirilmasi
tovsiya olunub.

Maraglar miinaqisasi
Miislliflor bu moagalodo aragdiriimasi to-
lob olunan maraglar miinaqisosinin olmadigini

10.

11

12.

13.

geyd edirlar.
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Abstract

The article evaluates the reliability indicators of the pre-repair service life of a detachable
camshaft lobe used in internal combustion engines based on mathematical and statistical analysis
methods. The study is based on the results of the cam lobe height measurements obtained from 50
camshaft samples. On the basis of the initial experimental data, the statistical series was
constructed, and the optimal number and length of intervals were determined. The empirical
frequencies and probabilities were calculated, and the mean value and standard deviation of the
reliability indicator were determined. To verify the reliability of the data, the presence of outliers
was analyzed using both the h™+3c criterion and the Irwin criterion. The results of the calculations
showed that all measurement data are valid and suitable for statistical processing. The empirical
distribution of the reliability indicator was graphically represented using a histogram, a distribution
polygon, and a cumulative empirical probability curve. The graphical analysis made it possible to
quickly determine the relative and absolute number of camshafts requiring repair up to a given
height value. In addition, the coefficient of variation characterizing the dispersion of the reliability
indicator was calculated, and based on its numerical value, the appropriateness of selecting a
theoretical distribution law for the pre-repair service life was substantiated. The obtained results
are of significant scientific and practical importance for predicting the service life of camshafts,
optimizing maintenance intervals, and improving the reliability of internal combustion engines.

Keywords: detachable camshaft with removable cam lobes; cam lobe; reliability indicators;
pre-repair service life; mathematical-statistical analysis; statistical series
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Paylayic1 valin sokiilo bilon yumrucugunun etibarhhq goéstaricilarinin

hesablanmasinin optimallasdirilmasi
9.G. Hiiseynov!, A.F. Karimov!, M.B. Hiiseynzadas?, N.M. Mirzazads?
'Azarbaycan Texniki Universiteti (Baki, Azarbaycan)
2Azarbaycan Milli Aerokosmik Agentliyi (Baki, Azarbaycan)
Xiilasa

Magqalode daxiliyanma miihorriklerinds totbiq olunan paylayict valin yumrucugunun temiraqadarki
resursunun etibarliliq gostericilori riyazi-statistik analiz metodlar1 asasinda giymatlandirilmisdir. Tadqiqat 50
adod paylayici val niimunosi {izra yumrucugun hiindiirliik 6lgmelorinin naticaloring asaslanir. Ilkin molumatlar
osasinda statistik sira tortib edilmis, intervallarin optimal say1 ve uzunlugu miisyyen olunmusdur. Tacriibi
tezliklor vo ehtimallar hesablanmis, etibarliliq gostoricisinin orta giymati vo orta kvadratik sapmasi toyin
edilmigdir. Molumatin etibarliliginin yoxlanmasi magsadilo diigon noqtalorin mévcudlugu ham h + 30
gaydasina, hom do Irvin meyarina osason tohlil edilmisdir. Aparilmis hesablamalar noticasindo biitiin dlgmo
naticalarinin haqiqi oldugu va statistik emal {i¢iin yararli hesab edildiyi miloyyon edilmisdir. Statistik sira iizro
etibarliliq gostaricisinin tacriibi paylanmasi histoqram, paylanma poliqonu ve camlonmis tacriibi ehtimallar ayrisi
vasitasilo qrafik sokilde tosvir edilmisdir. Qrafik tohlil verilmis hiindiirliik qiymstinse qador tomir tolob edon
paylayici vallarn nisbi va fiziki sayimin operativ miioyyan edilmasine imkan vermisdir. Bundan slava, etibarliliq
gOstaricisinin  yayilmasini xarakterizo edon variasiya amsali hesablanmis vo onun odadi qiymaoti asasinda
tamiraqadarki resursun nazari paylanma qanununun se¢ilmasinin magsadsuygunlugu asaslandirilmisdir. Alinmis
naticalor paylayict valin istismar resursunun prognozlagdirilmasi, texniki xidmet intervallarinin
optimallasdirilmasi vo miiharriklorin etibarliliginin artirilmasi baximmdan miihiim elmi va praktiki shomiyyats
malikdir.
Agar sozlor: sokiilo bilon yumrucuglu paylayici val, yumrucugq; etibarliliq gostoricilori; tomiragodorki

resurs; riyazi-statistik analiz; statistik sira.

Onrummu3anusa  pacyéra mnokKasarejled HaAEKHOCTH CHEMHOIO KyJIa4yKa

pacnpenejuTeIbHOr0 Baja

A.T. I'yceiinos!, A.®. Kepumos!, M.B. I'yceiinzane?, H.M. Mup3a3zae?
YUsepbationcancruii Texnuueckuti Ynusepcumem (baxy, Azepbaiioncan)
’Hayuonanvroe aspokocmuueckoe azenmcmso Asepbaiioncana (baxy, Azepbatioscar)
AHHOTALIMSA

B crathe mpoBesieHa OIeHKa ITOKa3aTelieil HaI&KHOCTH JOPEMOHTHOTO pecypca ChEMHOTO KyJlauyka
pacnpeacauTCIIbHOTO Bajla, NPUMECHACMOI'O B [IBUTAaTCIIAX BHYTPEHHEro CropaHus, Ha OCHOBE METOHOB
MaTeMaTHKO-CTaTUCTUYECKOr0 aHanu3a. VccneroBanne 0OCHOBAHO Ha pe3yIbTaTax U3MEPEHHUH BBICOTHI Kyladuka
s 50 o0pas3loB pacrhpeneiuTeNbHbIX BaJOB. Ha OCHOBE HCXOIHBIX SKCIEPUMEHTAIBHBIX JaHHBIX OBLI
chOpMHUPOBAH CTATUCTHUYECKUN PsijI, OMpEeNIeHbl ONTHMAIbHOE YWCIIO W JUIMHA HWHTEpBajoB. PaccunTaHbl
SMIIMPUYECKHE YaCTOTHl U BEPOSTHOCTH, a TAKKE ONpPEIENICHbI CPEAHEC 3HAUCHHE U CPECIHEKBAIPATHUECKOE
OTKJIOHEHHWE MOKa3aTess HaAEKHOCTH. C 1eNbl0 MPOBEPKH JIOCTOBEPHOCTHU JIAHHBIX HAIWYKE BHIOPOCOB OBLIO
MPOaHAIM3UPOBAHO C UCTIONb30BaHUEM npaBuna h'+3c u kpurepus MpBuHa. PesynbraTel pacuéToB mokasanu,
YTO BCC U3BMCPCHHBIC MaHHBIC SABJIAKOTCA AOCTOBEPHBIMU W MNMPUTOAHBIMHU JJIA CTaTUCTUYECKOM O6pa6OTKI/I.
OMIUpHYECKOe paclpefesieHne TOoKa3aTedst HaA&KHOCTH IIPENCTABICHO TpadHUECKH C HCIOJIb30BaHHUEM
THCTOIPaMMBI, TTIOJIUTOHA PAacIpeAeICHIUs U KPHUBOI HAKOIUICHHBIX SMIIMPUYIECKUX BeposiTHOCTEH. I'padnueckuit
aHaJM3 MO3BOJIMI ONEPATHBHO ONPEACTHTh OTHOCHUTEIBHOE M (PH3MUCCKOE KOJIMYECTBO PACHpPEAETUTEIBEHBIX
BaJIOB, TPEOYIOIMX PEMOHTA M0 33/JaHHOTO 3HA4eHHs BBICOTHL. Kpome Toro, Obul paccuutaH K03 UIMEHT
BapHaIiM, XapaKTEePHU3YIOIIUA pa30poc Mokasarens HaAEKHOCTH, M HAa OCHOBE €ro YHCICHHOTO 3HAYCHUS
000CHOBaHa I1€1eco00pPa3HOCTh BHIOOpPAa TEOPETHUECKOIO 3aKOHA pacIpelelieHHus] JOPEMOHTHOTO pecypca.
[omy4eHnHble pe3ynbTaThl MIMEIOT BaKHOE HAYYHOE M MPAKTHIECKOE 3HAUCHUE IS MIPOTHO3MPOBAHUS pecypca
pacnpeacauTEe/IbHbIX BaJIOB, ONTHMHU3AIIUM HWHTEPBAJIOB TEXHUYCCKOI'O O6CHy)KI/IBaHI/IH U TIOBBIIICHHUA
HaJEKHOCTH JIBUraTeed BHyTPEHHETO CTOPaHusl.
KuroueBble cjioBa:  paclpeneiuTeNnbHbl BaJl CO ChEMHBIMM KyJIauKaMM; KyJIadOK; IIOKa3aTeau

HaJA&KHOCTH; JOPEMOHTHBIA pecypc; MaTeMaTUKO-CTATUCTUYECKHM —aHaJIM3;
CTaTUCTUYECKUM Pl

22



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2026, cild 18 (2), s. 21-30
O.G. Hiiseynov va basq.

Herald of the Azerbaijan Engineering Academy
2026, vol. 18 (2), pp. 21-30
A.G. Huseynov et al.

Giris

Daxiliyanma miiharriklarinin etibarli vo
dayanigli istismar1 onlarin asas funksional his-
solarinin konstruktiv xtisusiyyatlori va istismar
zamani formalasan yeyilmo proseslori ilo six
olagodardir. Qazpaylama mexanizminin osas
elementi olan paylayici val miihorrikin is reji-
minin formalasmasinda halledici rol oynayir vo
onun yumrucuglarinin vaziyyoti klapanlarin
acilma-baglanma doaqigliyini birbasa miioyyan
edir. Yumrucugun is¢i sathinds bas veran yeyil-
monin noaticasinds gazpaylama fazalarinin po-
zulmast, zarbali yiiklorin artmasi vo miiharrikin
imumi samoaraliliyinin azalmasi miisahids olu-
nur [1]. Bu sobobdon paylayici valin yumru-
cugunun tomiragadorki resursunun etibarliliq
baximindan giymotlondirilmasi aktual elmi vo
praktiki shamiyyat dastyir [2, 3, 4, 5].

Masimgayirma praktikasinda son dovrlar-
do tatbiq edilon sokiilo bilon yumrucuglu payla-
yict val konstruksiyalart istismar miiddatinin
uzadilmasi va tomir xarclarinin azaldilmasi ba-
ximindan mithiim stinliiklor toqdim edir. Bu
konstruktiv yanasma yeyilmis yumrucugun bii-
tov paylayici val dayisdirilmadon avoz olunma-
sina vo ya barpasina imkan yaratmagla resurs-
dan somarali istifadoni tomin edir. Lakin bels
konstruksiyalarin istismar etibarliliginin elmi
osaslarla giymotlondirilmosi, xiisusilo tomiro-
godorki resursun statistik xarakteristikalarinin
miioyyan edilmasi Kifayat qoder sistemli sokil-
do aparilmamisdir.

Etibarliliq nozoriyyasinds hissalorin istis-
mar gostaricilarinin obyektiv giymotlondirilmo-
si liglin riyazi-statistik analiz metodlar1 genis
totbiq olunur. Bu metodlar tocriibi 6l¢gma nati-
calorinin emalina, statistik siranin qurulmasina,
orta giymat, orta kvadratik sapma vo variasiya
omsali kimi asas kamiyyat gostaricilarinin tayin
edilmasino imkan verir. Eyni zamanda, etibar-
liliq gostaricilarinin tacriibi paylanmasinin toh-
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lili vo diison noqtalorin statistik meyarlar osa-
sida yoxlanmasi alinan naticalorin dogrulugu-
nu va etibarliliq saviyyasini yiiksaldir [6,7,8,9].

Aparilan todqiqat naticolori miihorriklorin
etibarliligmin  artirllmasi, texniki
xidmot vo tomir intervallarinin elmi osaslarla

istismar

optimallasdirilmas1 {i¢lin praktik ohomiyyat
kasb edir.

Tadgiqat isinin aktualhg:

Miiasir magmgayirmada daxiliyanma
miiharriklarinin etibarliliginin vo istismar miid-
datinin artirilmasi asas prioritetlordon biri hesab
olunur. Qazpaylama mexanizminin asas hisso-
larindon olan paylayici valin yumrucuglar is-
tismar zamani intensiv mexaniki vo zorbo yiik-
larine moruz galir, bu iso onlarin yeyilmasini
stiratlondirir vo miiharrikin Gimumi resursunu
mohdudlagdirir. Xiisusilo sokiilo bilon yumru-
cuglu paylayict val konstruksiyalarin totbiqi
genislondikca, bu konstruksiyalarin tomiraqe-
dorki resursunun elmi osaslarla giymotlondiril-
masino ehtiyac yaranir [2, 3, 4, 7]. Etibarliliq
gostaricilarinin riyazi-statistik analiz metodlar
ilo tohlili istismar zamani oldo olunan tocriibi
molumatlarin obyektiv giymaotlondirilmasino,
resursun prognozlasdirtimasina vo texniki xid-
mot intervallariin optimallagdirilmasina imkan
verir. Bu baximdan toqdim olunan todgiqat s6-
kiilo bilon yumrucuglu paylayict valin yumru-
cugunun etibarliliq gostaricilarinin = statistik
asaslarla arasdirilmasi baximindan aktualdir vo
miiharriklorin istismar somoraliliyinin artiril-
masina yonalmis praktik shomiyyat dasiyir.

Belaliklo, paylayict valin sokiilo bilan
yumrucugunun yeyilmasinin analizi va handasi
giymatlori [1] tohlil edilmisdir. Tomirogadorki
resursunun statistik metodikasinin islonib ha-
zirlanmast tigilin osas molumat [2, 3] bazas: kimi
gobul edilmisdir. Totbigi ham elmi baximdan
etibarlilig nazariyyasinin inkisafina tohfo verir,
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hom do praktik mithandislik baximindan daxili-
yanma miiharriklarinin istismar somaraliliyinin
artirllmasi tugiin aktual vo zoruri hesab olunur
[10, 11, 12].

Tadgiqat obyekti

Tadgigatin obyekti daxiliyanma miihar-
riklarinin gazpaylama mexanizminds tatbiq
olunan sokiils bilon yumrucuglu paylayici valin
yumrucugudur. Aragdirmada yumrucugun to-
miraqodarki resursunu Xarakterizo edon hiin-
diirliik 6lgiilori etibarliliq gostaricisi Kimi gobul
edilmis vo riyazi-statistik analiz metodlar: ilo
giymatlondirilmisdir.

Tadgigatin maqgsadi

Bu todgigatin asas magsadi sokiilo bilon
yumrucuglu paylayici valin yumrucugunun to-
miraqadorki resursunun riyazi-statistik analiz
metodlar1 osasinda etibarliliq gostaricilarinin
obyektiv sokildo qiymatlondirilmasi vo bu gos-
toricilorin tocriibi paylanma xiisusiyyatlarinin
miioyyan edilmoasidir. Todgiqat ¢argivasinds is-
tismar zamani alds olunmus 6l¢ma naticalarinin
statistik emalr aparilaragq paylayict valin yum-
rucugunun etibarliliq baximindan xarakterizo
edilmasi vo miihandis praktikasi ti¢iin asaslan-
dirilmis naticoalorin oldo olunmasi nazardo tutu-
lur.

Tadqgiqatin vazifalori

Gostorilon moagsods nail olmaq iigiin
asagidaki osas vozifolorin yerino yetirilmasi
qarstya goyulmusdur: paylayict valin yumru-
cugunun tomiraqadorki resursunu Xxarakterizo
edon tocriibi 6lgmo moalumatlarinin toplanmasi
va sistemlosdirilmasi; statistik siranin qurulma-
s1 liglin intervallarin optimal sayinin vo uzun-
lugunun miisyyon edilmaosi; etibarliliq gostari-
cisinin orta giymatinin, orta kvadratik sapmasi-
nin vo variasiya amsalinin hesablanmasi; tocrii-
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bi malumatlarda miimkiin diison noqtalorin sta-
tistik meyarlar asasinda yoxlanmasi va qiymot-
londirilmasi; etibarliliq gostaricisinin tacriibi
paylanmasimin histoqram, paylanma poligonu
vo comlonmis ehtimallar ayrisi vasitasilo qrafik
tohlilinin aparilmasi; alinmus statistik gostarici-
lor asasinda paylayici valin yumrucugunun is-
tismar etibarliliginin qiymatlondirilmasi vo no-
ticolorin miihondis baximindan sorh edilmasi.

Elmi yenilik

Tadgiqat isinda sokiilo bilon yumrucuglu
paylayicit valin yumrucugunun tomiragadarki
resursu ilk dofo olarag riyazi-statistik analiz
metodlar1 asasinda sistemli sokildo qiymatlon-
dirilmisdir. Etibarliliq gdstaricilorinin tacriibi
paylanmas: t¢iin statistik sira qurulmus, orta
giymat, orta kvadratik sapma vo variasiya om-
sali mioyyan edilmisdir. Diigon noqtalarin
movcudlugu statistik meyarlarla yoxlanmis vo
alds olunan naticolarin etibarlilig: osaslandiril-
mugdir. Aparilan grafik vo statistik tohlil osasin-
da paylayict valin yumrucugunun istismar eti-
barliliginin obyektiv giymaotlondirilmasi iigiin
elmi-metodik yanasma formalasdiriimigdir.

Praktiki ahamiyyati

Todgiqat naticolori sokiilo bilon yumru-
cuglu paylayici valin yumrucugunun tomiraqge-
dorki resursunun obyektiv giymatlondirilmasi
vo istismar miiddstinin prognozlasdiriimasi
tigiin praktik osas yaradir. Alinmus statistik gos-
taricilar texniki xidmat vo tomir intervallarinin
elmi asaslarla miioyyan edilmasina, yeyilmoya
moaruz galan yumrucuglarin vaxtinda agkar edil-
masing vo dayisdirilmasine imkan verir. Tadqi-
gatin naticalari daxiliyanma miiharriklorinin is-
tismar etibarliliginin artirilmasi, tomir xorclori-
nin azaldilmasi vo resursdan somorali istifade-
nin tomin edilmasi baximindan miithandis prak-
tikasi ti¢tin faydalidir.
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Tadqiqat isinin mazmunu

Etibarliliq gostoricilari lizra tam maluma-
tin islonmosi metodikasina osaslanaraq miihor-
rikin paylayict valinin tomiragadorki resursu-
nun riyazi-statistik analiz metodu ils etibarliliq

gostaricilorinin hesablanmasina baxaq.

Paylayic1 valin etibarliliq gdstaricisinin
artimina gors 50 adad niimunanin cadvali tortib
olunmusdur.

Cadval 1 - Paylayicr valin tomiraqadorki resursunun yumrucugun hiindiirliik 6lciilori osasinda

qiymatlondirilmasi

Table 1 — Evaluation of the pre-repair service life of the camshaft based on cam lobe height measurements

Paylayici Tomiragadarki | Paylayict valinl Tomiragodorki | Paylayict valin| Tomiragodorki
valin n0mrasi|  resurs h, mm nomrasi resurs h, mm nomrasi resurs h, mm
1 7.700 18 7.767 35 7.813
2 7.705 19 7.770 36 7.817
3 7.710 20 1.772 37 7.821
4 7.714 21 7.774 38 7.826
5 7.719 22 7.776 39 7.830
6 1.724 23 7.778 40 7.834
7 7.729 24 7.781 41 7.838
8 7.733 25 7.783 42 7.843
9 7.738 26 7.785 43 7.848
10 7.743 27 7.788 44 7.854
11 7.747 28 7.791 45 7.859
12 7.752 29 7.794 46 7.865
13 7.756 30 7.797 47 7.870
14 7.759 31 7.801 48 7.880
15 7.761 32 7.804 49 7.890
16 7.763 33 7.807 50 7.900
17 7.765 34 7.810 - -
Aragdirmada paylayict valin tokrarlan-
mast N = 50 >25, demoli, statistik sira tortib =~ 4 = Pmax=Rmi) _ 79777 _ 0200 _ 4 459,y (2)
etmok mogsadouygundur. Bu zaman malumati " ’ ’
N barabar intervala boliinmoaklo ndvbati interval Burada hmax vo h min — molumatin

Oziindon ovvolki intervala arasikosilmoz
birlosmo toskil etmolidir. Intervallarin sayinin
toyini (1) diisturuna asason hesablanir.

Onlarin saym artirdigda hesablamalarin
doqiqliyt artir, lakin eyni zamanda omok
resursu da artir. Statistik siranin intervallarinin
say1:

n=+vVN+1=+vV50=7.07+1 (1)

Intervallarin saymin hesabi qiymatini

yuvarlaglasdiraraq n=7 gobul edirik. intervalin
uzunlugu diistur (2) osasinda toyin olunur:

miiqayiso cadvalinds yumrucugun hiindiirlii-

yliniin miivafiq olarag max vo min giymot-
loridir.

Tacriibi ehtimal (3) ifadosi ilo toyin edilir:

pi=mi/N 3

burada m; — stasistik siranin i intervalindaki

tocriibi tezlikdir.
Statistik sira cadvel 2-do verilmisdir.
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Cadval 2 — Statistik sira cadvali
Table 2 — Statistical series table

Interval, min hiindiirliik 7,700... | 7.729... | 7.757... | 7.786... | 7.814... | 7.843... | 7.871...
Interval, max hiindiirliik 7.729 | 7.757 | 7.786 | 7.814 | 7.843 | 7.871 | 7.900
Toacriibi tezlik, m; 7 6 13 9 7 5 3
Tacriibi ehtimal, pi 0.14 0.12 0.26 0.18 0.14 0.1 0.06
Comlonmis tocriibi ehtimal, X i=1pi | 0.14 0.26 0.52 0.7 0.84 0.94 1.0

Etibarhihqg gostaricisinin orta giymati-
nin ve orta kvadratik sapmanin miiayyan
edilmasi. Orta giymat — etibarlilig gostaricisi-
nin mihiam xarakteristikasidir. Orta qiymota
gora masinlarin isini planlagdirir, ehtiyat hisso-
lara olan talobat tortib edir, tomir islarinin hac-
mini va S. miiayyan edirlar.

Statistik siranin etibarliliq gdostoricisinin
orta qiymati (4) ifadasi ilo tayin edilir:

h=3Zkihspy (4)
burada N — statistik siradaki intervallarin sayz;
hsi — i intervalinin ortasinin qiymati; pi — i
intervalinin tacriibi ehtimahdir.

Baxilan hesabatda

h =7.714x0,14 + 7.743 x 0,12 +

+7.771x 0,26 +7.8 x 0,18 + 7.829 x 0,14 +

+7.857 x0,1 +7.886 x 0,06 = 7.789 mm

Etibarliliq gdstoricisinin  yayilmasinin
xarakteristikas1 — dispersiya, yaxud orta kvad-

ratik xota, statistik siranin mévcud olmadig
halda, (N<25)

(hi—h)?
o= |Zisi—y (5)
barabarliyi ilo miioyyaen olunur.
Statistik sira movcud olarsa, (N>25)
o = [Thalha—R2 P )
Baxilan misalda: ¢ = 0.0488 mm
Diison noqtalor iiciin - malumatin

yoxlanmasi. Etibarliliq gostaricilori iizro siravi
istismar goraitindo sinaqglar, yaxud miisahidolor
prosesinds alinmis molumatda tasadiifi 6l¢iiniin
paylanmasi ganununa uygun olmayan sohv
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noqtolor moévcud ola bilor. Buna gors do riyazi
islonma zaman1 molumati diison néqtalors gora
yoxlayirlar.

Diison noqtalor iiclin molumatin kobud
yoxlanmas1 h + 30 qaydasina goro asagidaki
kimi yerino yetirilir. Etibarliliq gostoricisinin
hesablama yolu ilo alinan h orta giymotindon
ardicil olaraq 3 o ¢ixir vo alavo edirlor. Ogor
moalumatin diison noqtoleri h + 30 - dan qiraga
¢ixmirsa, molumatin biitiin noqtalori hoqiqi
hesab olunur.

Beloliklo, baxilan misalda molumatin
haqiqiliyi serhadlori:

asag1 7.789-—3-0.0488 mm =7.642 mm
yuxart 7.789 + 3 - 0.0488 mm = 7.935 mm
barabar olacaqdir.

Paylayict valin asagi vo yuxart tomiro-
godorki resursu uygun olaraq:

htqr = 7.642 mm va hgso = 7.935 mm-dir.

Demoli, malumatin alt va {ist noqtalori
hoqiqidir vo golocok hesablamalar zamani
nozors alimmalidir.

Diison noqtolor iicliin molumatin daha
dogiq yoxlanmasi ) Irvin meyarina géra aparilir
Ki, onun An nozari qiymati [6] verilmisdir.
Meyarin faktiki qiymeti (7) ifadssi ilo toyin
olunur:

(hi —hi—1)
Aip = )
burada hi vo hix - molumatin yanasi
noqtaloridir.

M> < An olduqda, noqte hoaqiqi sayilir;
AMo<An oldugda, noqtoni diison hesab edirlor vo
golocok hesablamalarda nozors almirlar.
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Yoxlamadan sonra molumatin diison
noqtalori nozors alinmadigi hallarda statistik
yenidon qurulmalidir etibarliliq
gostaricisinin orta qiymoti vo orta kvadratik
sapmasi yenidon hesablanmalidir.

Paylayict valin tomiragodorki resurslari
haqgda moalumatin diison noqtalorini yoxlayaq.

Molumatin an kigik néqtosi:

Mot = (7.704 — 7.700) : 0.049 = 0.10

sira Vo

Molumatin an bdyiik noqtosi:
Aoso = (7.900 — 7.89) : 0.049 = 0.205

Diison noqtelorin daha doqiq yoxlanmasi
[rvin meyarmna osason yerino yetirilmisdir.
Birinci vo sonuncu Olgmo ndqtolori iiglin
miivafiq olaraq Aw1=0.10 va  A50<0.21
giymatlori alinmigdir. N=50 vo giivonlik
=0.95 oldugda An=1.05 toskil
etdiyindon Aw1<AN VO Awso<An sortlori ddanilir.
Belolikls, verilmis molumatda diison noqtolor
askar edilmomisdir vo biitiin 6lgmo naticolori

ehtimali

golocok  statistik  hesablamalarda nozora
alimmalidir.
Etibarhliq  gostaricisinin  tacriibi

paylanmasiin qrafik tasvirinin yerina
yetirilmasi. Statistik siranin verilonlorina gora
histogram, poligon vo tocriibi ehtimallar
cominin oyrisi qurula bilor ki, bunlar da
etibarliliq gostaricisinin tocriibi paylanmasi
haqda oyani tosovviir yaradir vo bir sira
miihondis masalalarinin grafik iisullarla hallino
imkan verirlar.

Histogramin qurulmas: zamani (sok. 1)
absis oxu boyunca miiayyon miqyasda yumru-
cugun hiindiirliyii h (mm) etibarliliq gostarici-
si, ordinat oxu boyunca isa tocriibi ehtimalin
sixligi f(h) = p;/A ila isara edilir. Histogra-
min hor bir siitununun sahasi miivafiq interval
ticiin tocriibi ehtimala barabar olur.

Paylanma poligonunu qurarken (sok. 2)
absis oxu boyunca statistik siranin intervallari-
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nin ortalarina barabar giymatlor, ordinat oxu
boyunca iss tocriibi ehtimalin sixligi f (h) isara
edilir. Poligonun noqtalari bu giymatlorin ko-
sismoasindon alinir vo diiz xatlorls birlosdirilir.

Poligonun baglangic vo son noqtolori mii-
vafiq olaraq birinci intervalin baslangicina va
son intervalin sonuna uygun absislordo yerlos-
dirilir, bu ndqtalords ordinatin qiymati sifira ba-
rabar qobul edilir.

Histoqram vo paylanma poligonunun ko-
moayi ilo haddi vaziyyats ¢atacaq va islomonin
verilmis intervalinda tomir tolob edocak payla-
yic1 vallarin nisbi va fiziki sayin1 miisyyan et-
moak olar. Bunun tiglin paylanma poligonunun
va ya histogramin verilmis intervalla hiidudlan-
mis sahasi (ABCD), mosalon, 7.786...7.814
mm intervali tigiin miioyyan edilir (bax sok. 1
va 2) va bu sahonin histogramin pillali grafiki
vo ya poligonun smiq xotti altinda yerlogon
timumi sahoys nisbati hesablanir. Comlonmis
tocriibi ehtimallarin oyrisinin qurulmas: tigiin
(sok. 3) absis oxu boyunca migyasda yumru-
cugun hiindiirliyii h (mm) etibarliliq gostorici-
si, ordinat oxu boyunca isa comlonmis tacriibi
ehtimal F(h) isars edilir.

Camlanmis tacriibi ehtimallarin histogrami
03
0.25
0.2
0.15

0.1

Tacribi ehtimal, pi

0.05

]

7.700...7.729
7.757...7.786

7.729..7.757
7.786...7.814
7.814..7.843

7.843...7.872

7.872...7.900

Intervallar

Sakil 1 — Etibarliliq gostaricisinin tocriibi ehtimal-
larinin histogrami1

Figure 1 — Histogram of the empirical distribution
of the reliability indicator
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—1- Resursun paylanmast —2-diferensial
03
1
025 B
C
02
B
£ 2
§015
Y
0.05
A D
7671 7700 7729 7757 1786 7814 7843 7872 7900
Intervaltar h, mm

Sokil 2 — Paylayici valin resurslarinin paylanma
poligonu (1) va differensial funksiyanin qrafiki (2)
Figure 2 — Distribution polygon of the camshaft
service life (1) and the differential function graph (2)

Comlonmis tocriibi ehtimallar oyrisinin
noqtolori statistik sirada hor bir intervalin
sonuna uygun olaraq ehtimallar comina barabor
ordinat ilo homin intervalin sonunun absisinin
kosismoasindon alinir. Alinan noqtolor diiz
xatlorlo birlegdirilir, birinci ndqte isa birinci
intervalin baglangic ndqtesi ilo birlasdirilir. Bu
oyri etibarliliq gostoricisinin tocriibi paylan-
masinin inteqral funksiyasinin grafik analoqu
olub, verilmis h qiymsatino godor haddi
vaziyyato ¢atmis paylayict vallarin nisbi payini
gostarir.

F(h)
1

/

y 4
/

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

0

=== T Criibi F(h)
Nazari F(h)

h, mm
7,7 7,75 7,95
Sokil 3 — Comlonmis tacriibi ehtimallar ayrisi (1)
va inteqral funksiyanin (paylanma funksiyasinin)
grafiki (2).
Figure 3 — Cumulative empirical probability
curve (1) and cumulative distribution function (2)

7,8 7,85 7,9
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Comlonmis tocriibi ehtimallarin ayrisi
praktiki miithandis masalalarinin halli iigiin his-
togram vo paylanma poligonu ilo miigayisado
daha olverislidir, ¢iinki bu halda sahslorin
miioyyan edilmasins ehtiyac galmir vo axtarilan
gostaricilar birbasa ordinat oxu boyunca tapilir.
Masalon, 7.786 mm-o godor islomo zamani to-
mir tolob edocak paylayici vallarin sayimi miioy-
yan etmak {i¢iin absis oxu boyunca 7.786 noq-
tasi tapilir vo bu néqtays uygun ordinat oxu iiz-
ro comlonmis tocriibi ehtimal F (7.786) = 0.52
giymati miisyyan edilir. Bu halda tomir talob
edon paylayici vallarin fiziki say1 Npy = 0,52 x
50 =26 adad toskil edir.

Homin ayrinin kdmayils iglomanin istani-
lon intervalinda tomira dayanmis paylayici val-
larin sayini1 tapmaq olar.

Etibarliliq gostaricisinin yayilmasini xa-
rakterizo edon vo nisboton Olgiisiiz kamiyyot
olan variasiyalar omsalinin miioyyan edilmasi.
Variasiyalar amsali (8) ilo ifads olunur, burada
C — etibarliliq gostoricisinin yayilmasinin sap-
mas1 — koordinat baslangicindan tosadiifi ko-
miyyatin yayilma baslangicinadok olan masafo-
dir.

a/(h — ©) (8)
Yayilmanin sapmasini asagidaki barabor-

liklorlo hesablayirlar: statistik siranin mévcud
oldugu halda

v

C =he1—-0,5A 9)
burada hg: — statistik siranin birinci intervalinin
baslangic1: A=0.029 mm — intervalin uzunlugu-
dur. Onda:

C=77-05x0.029 =7.686 mm
Variasiya omsali:
0.049/((7.789 —7.686)) = 0,34
Variasiya omsalinin ododi qiymatinag
osason nozori paylanma qanunu segilir (1) vo
onun riyazi modellosdirilmasi aparilir. Novbati
mogqalodo alinmig variasiya omsalinin v=0.046

v
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qiymotino gOoro nozori Vo riyazi-Statistik poligonu vo comlonmis ehtimallar ayrisi
optimallagdirma nozoriyyasing asason paylayici vasitosilo aparilmis vo verilmis hiindiirlik
valin tomiragqadarki resursunun tomin edilmo- giymatina godar tomir tolob edon paylayict
sinin hansi paylanma qanununa tabe oldugunu vallarin nisbi vo fiziki saymin miioyyan
toyin edorok, onun riyazi modellosdirilmasi edilmosi miimkiin olmusdur.
islonacok vo alinan noticolorin praktiki ohomiy- 4. Hesablanmis variasiya omsali paylayici
yati eksperimentlarls toyin edilocokdir. valin yumrucugunun istismar soraitinds
dayisma xarakterini oks etdirmis vo novbati
Natica morhalods nozori  paylanma ganununun
1. Aparilmis todgigat naticasinds sokiilo bilon secilmasi tigiin osas yaratmisdir.
yumrucuglu paylayict valin yumrucugunun 5. Alinmis naticalor sokiilo bilon yumrucuglu
tomiragoadarki resursu riyazi-statistik analiz paylayici val konstruksiyalarinin etibarliliq
metodlar1 asasinda qiymatlondirilmisdir. gostaricilorinin elmi osaslarla giymatlon-
2. Tocriibi 6lgmo naticalorino osason statistik dirilmosino, texniki xidmot vo tomir
sira qurulmus, etibarliliq gostaricisinin orta intervallarinin ~ optimallasdirilmasina  vo
giymati, orta kvadratik sapmasi vo variasiya mithorriklorin  istismar ~ samaraliliyinin
omsali miioyyon edilmisdir.  Statistik artirilmasina imkan verir.

meyarlarla aparilan yoxlamalar dlgmao

molumatlarinda konar noqtolorin moévcud  Maraqlar miinaqisasi

olmadigint  vo  molumatlarin  etibarlt Mislliflor bu moqalods aragdirilmasi

oldugunu tosdiq etmisdir. talob olunan maraqlar miinaqisesinin olmadi-
3. Etibarliliq gostoricisinin  tocriibi  paylan- gt qeyd edirlor.

masinin qrafik tahlili histogram, paylanma
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Abstract

The article derives the exact formula of an anomalous flat-bottomed well that is
hydrodynamically imperfect in terms of the degree of reservoir penetration. The formation of this
well is divided into two parts: in the upper part of the formation of large thickness there is a flat-
radial simple filtration flow, and in the lower part of the formation there is a complex flow. The
pre-determined flat-bottomed borehole having a concave hemisphere surface as a bottom hole is
replaced. This second well has a flat-radial simple flow of oil filtration in the upper part of the
reservoir, and a hemispherical-radial flow in the lower part of the reservoir. Two stationary hydro-
dynamic problems are solved and a method for deriving the formulas for the oil flow rate that seeps
into the well from both parts of the reservoir separately is recommended; also, by summing them
up, the exact formula for the total flow rate of a flat-bottomed well is obtained. The anomalous oil
seeping into the formation is subject to the modified model of V.F. Shulman.
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Anomal neft layinin agilma daracasing gora natamam yasti dibli istismar

quyusunun hesablama metodikasi

G.G. Mammoadova
Azorbaycan Déviat Neft vo Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalada, galinligi boylik olan anomal neft layinda layin agilma doracasine gors
hidrodinamik natamam yastidibli quyunun daqiq tam neft debitinin diisturu ¢ixarilmigdir. Lay quyu
ilo iki hissays boliinmiisdiir: yuxari hissads yasti-radial sads siiziilmo axini bas verir, asagi hissado
iso miirokkab siiziilmo axin1 bas verir. Burada verilmis yastidibli quyu, dibi ¢6kok yarimsfera sathi
olan quyu ilo avaz edilmisdir. Bu ikinci quyunun yuxari agilmis lay hissasinds yasti-radial sado
stizilma axini, asag1 agilmamis lay hissasinds ise yarimsferik-radial sads siiziilmos axin1 bas verir.
Moaqalads iki stasionar hidrodinamik masals hall edilmisdir va layin har iki hissasindan ayriligda
quyuya siizlilon neftin debit diisturlarini ¢ixarmaq ii¢iin elo bir tisul tdvsiys edilmisdir ki, onlar1 da
comlayarak yastidibli quyunun doaqiq tam debit diisturu ¢ixarilmigdir. Layda siiziilon anomal neft
V.F.Sulmanin modifikasiya olunmus modelina tabedir.

Acar sozlar: yastidibli quyu, laym agilma daracasi, hidrodinamik natamam, anomal neft,
sliziilmo axini, modifikasiya olunmus model.

Metoauka pacyera 1e0MTAa HECOBEPLICHHOM 110 CTENEHH PACKPBITUS

IUI0CKO 3200HHOM 100bIBaOLICH CKBAKMHBI AHOMAJIBLHOI0 HETIHOIO IJIACTA
I'.I'. Mamenosa
Azepbatiodicanckuti cocyoapcmeentslil yHugepcumem Hegpmu u npomviusiennocmu (baxy, Azepbaiioscan)

AHHOTALIUA
B craTthe BhIBeZeHa TOouHas (Gopmyiia TUAPOAMHAMUYECKUN HECOBEPIICHHOW MO CTENEeHH

BCKpBITHS IIacTa aHOMaJIbHOW HE(TH IUIOCKOAOHHOM CKBaXHHBI. Ilmact 3TON CKBakMHOMN
paszzeneH Ha JBE€ 4YaCTH B BEPXHEW 4YacTH IUIacTa OOJIBIION TOJIIUHBI TPOUCXOJUT
IJIOCKOpanaibHbId MPOCTONW (PUIBTPALIMOHHBIA MOTOK, @ B HUXKHEM YacTH IUIacTa -CJIOXKHBIN
IIOTOK. 3aJaHHas IUIOCKOJIOHHAs CKBAKMHA 3aMEHEHA CKBAXUHOHM, HWMEIIIEH BOTHYTYIO
MOBEPXHOCTB MoJTycepsl B kKauecTBe 3a005. Y 3TON BTOPOH CKBayKUHBI B BEpXHEH BCKPBITON YacTH
IU1acTa MPOMCXOIUT MIIOCKOPAANAIbHBIN MPOCTON MOTOK (PUIbTPALMM HE(TH, a B HIDKHEH YacTH
1acTa noiychepuyecKuii-paguanbHblid MOTOK. PeleHbl ABe CTallnOHapHbIE THAPOANHAMUYECKUE
3aJjaud U PEeKOMEH/I0BaH METO]l BbIBoJa opMyI 1e0uTa He(hTH, MPOCAYUBAIOLIECICS B CKBAXHHY
13 00enx JacTell miacTa 1o OTAeIbHOCTH U MyTeM UX CyMMHPOBaHUS MOJy4yeHa TouHas Gopmyia
MOJIHOTO /1e0UTa IJIOCKOJOHHOM CKBa)XMHBL. AHOMAaJbHOE IpocayrMBaHUE HEPTH B ILJIACT
noguuHsieTcss MmoauduiupoBanHoi moaenu B.@. llynsmana.

KroueBnle ciioBa: IJIOCKO 3a0oiiHast CKBaXMHA, CTCIICHb BCKPBLITHUA IUIACTa, aHOMAJIbHAA

He(PTh, THAPOAMHAMUYECKUN HECOBEpIICHHAs (MIbTPALMOHHBIN IMOTOK,
MOIU(PHUIIMPOBAHHAS MOJIEb.
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Introduction

In the history of the development of the
science of oil extraction, the exact full oil flow
rate formula for a hydrodynamic incomplete
flat bottom well according to the degree of
formation opening has not yet been derived.
Only the approximate debit formula was
suggested twice; in the first of them, the
approximate debit formula was derived using
the gamma function [1]; this formula has a
complex form and has been used to solve his
theoretical problems for fields producing
Newtonian oil and worked by rows of
production wells. The second of the
approximate formula was proposed by
academician L.S.Leybenson. He proposed to
assume a hemispherical-radial simple seepage
flow instead of a complex seepage flow in the
lower part of the flat bottom well.

Such wells are located in a thick
productive oil layer and divide it into two parts:
a flat-radial simple flow occurs in the upper
part, and a complex percolation flow occurs in
the lower part; its complexity is that the flow
lines from the drainage zone of the formation to
the well are not radial straight, but curved lines.

In the article, author proposed a method
of deriving the exact complete flow rate
formula for a well with a hydrodynamic
incomplete flat bottom according to the degree
of formation opening [2]. So, in this method,
the well with a flat bottom is replaced by a well
with a concave hemispherical surface.

Figure 1 shows a scheme of two
operational wells with different bottom-holes.
In the figure, both wells are subject to the
modified Shulman’s model of the formation
filtration process.

33

Research methods

According to the degree of opening of the
well, the hydrodynamics is not complete, and
according to the characteristics of the opening,
the hydrodynamics is complete.

In Figure, the following conventional
symbols are given: layer thickness h; thickness
of the opened upper part of the layer a;
thickness of the unopened part of the layer h-a;
radius of feeding contour R¢; well radius ry;
layer filtration coefficient Cy for well Nel; layer
filtration coefficient Co for well Ne2; initial
pressure gradient (IPG) in the formation for the
first well is G, and for the second well - Ga.

The issue of deriving the exact discharge
formula of a hydrodynamically incomplete flat
bottom well according to the degree of
formation opening is relevant and has great
theoretical and practical importance; because
without this formula, it is impossible to solve
the issues of theoretical development of the
considered productive layer.

When this problem is solved by the
proposed interesting method, the given well
with a flat bottom is replaced by a well with a
bottom in the form of a depressed
hemispherical surface.

A

Cr

1
4] i

]

Figure — Scheme of two operational wells with
different bottoms: 1-a well with a flat bottom, 2-a
well with a concave hemispherical bottom
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Thus, both wells are hydrodynamically
incomplete due to the degree of formation
opening, and hydrodynamically complete due
to the nature of the formation opening.

To create the bottom of the well with a
new geometric shape, a construction of a two-
bladed drilling ax with a special design was
proposed [6].

Below are the solutions of two stationary
hydrodynamic problems (for well Ne2)
[1,2,3,4].

Issue 1. Here Shulman’s filtration law is
taken differentially [5]:

{@5” } )

Since this problem is solved for the upper
part of the layer, the area of the current
cylindrical percolation surface is:

Fi1=2nra 2)
Here, 7=3,14, r — is the current radius-vector.

The discharge from the upper part of the

well is equal to the product of Fi:
E n
} ©)

59——{ﬁ%m—} (@)
mac,

gngzw%ﬁquﬁ ®)
780,

Q =Vv,F =27acr {(—)n -

dr

Let's separate this differential equation
into its variables:

1o1gpt 11
G2y =r (61
7ac, dr
1 ! 1 ! 1
dr" drn =
Gag) T e T
rn rn
1 1
Q1 1dr" 1 drn
dP= [( ) — 1 (7)

rn rn

In the differential equation (7), the power
"n" can take different values.
If n=1, this equation becomes:
_Q g dr
27ac,
If we integrate this equatlon in the
following intervals, then obtain:

(7.1)

Here we find:
2rac,(P.—P,—G,In &)

I
QjL: R X
In—=
I

w

If this differential equation is solved, then
the formula for the flow of the upper part of the
formation Q1 for well Ne2 is obtained.

Issue 2. Here also the filtering law is
derived according to formula (1).

The area of the current hemispherical
filtering surface is:

(7.2)

Fo=2mr? (8)

Then the anomalous oil inflow

corresponding to well Ne2 in the lower part of
the formation will be as follows:

Q, =V,F, =2ar’c;- r2{(—)n l} ©)

Q _ sl
r P ) } (10)

(@)"r{ﬂ%m—}

Let's separate this differential equation
into its variables:

2 1 12

Q. _2dpi i
< n:rn _ n_Gnrn
Ly =Py g
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1 1
1 n 1 n
(Q2 yr 'dr dr dP" (1)
rn rr’l
1 - l 2
dP = (QZ) .drn , (12)
rl’] rﬁ

If this differential equation is solved, then
the formula for the flow of the lower part of the
formation Q2 for well Ne2 is obtained.

To obtain the exact full flow rate formula
for a given flat bottom well, Q1 and Q2 must be
summed, i.e.. Q=Q, +Q,

Let us assume that n =1, then equation
(12) will be as follows:

dr

r2

dP =—<2 Q: +sz—r
27201 r

If we integrate this equation in the
following intervals

p
[dp-—% ?d—zr
5 27C, T

(12.1)

N

T

we will get from here:

276,(P, ~P, -G, In )

w

- (12.2)

I

w

If we sum the production rates given by
formulas (7.2) and (12.2), we get the exact
complete debit formula for well Nel:

R

R
ac,(P-P,-G,n") ¢(P-P,~G,ln 7)
Q=Q+Q,=2r a e (12.3)
In—= =
I'W rw C
If several other values of "n" are given by

this rule, then it is possible to derive a large
number of accurate full oil flow formulas for
well Nol.
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Thus, it is purposeful to use the derived
full oil debit formulas when solving various
theoretical development issues of anomalous
oil fields and determining development
indicators [7-12].

Conclusion

1. In the article, the exact full oil flow rate
formula of the hydrodynamic incomplete flat-
bottomed well according to the degree of
opening of the exploited layer in the productive
anomalous oil layer with a large thickness is
derived.

2. The formation is divided into two parts
by a given well: the flat-radial simple
percolation flow of anomalous oil occurs in the
upper part, and the complex percolation flow
occurs in the lower part.

3. The anomalous oil seeping in the
formation is subject to the modified model of
V.F. Shulman.

4. In order to solve the problem, the well
with a flat bottom was replaced by a well with
a concave hemispherical surface.

5. Flat-radial simple percolation flow
occurs in the upper open layer part of the
replaced well, and hemispherical radial simple
percolation flow occurs in the lower unopened
part of the well.

6. Two-stationary hydrodynamic prob-
lems have been solved and separate debit
formulas of oil seeping into the well from both
parts of the reservoir have been derived.

7. By summing these two debits, the exact
full oil debit formula of the given well with a
flat bottom was obtained.

8. This formula should be used when
solving various theoretical development issues
of anomalous oil fields worked with rows of
wells and determining development indicators.
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Abstract

This article examines Azerbaijan’s natural gas production, domestic consumption, and export
potential, with particular emphasis on the Southern Gas Corridor (SGC). The study analyzes
production dynamics, domestic demand indicators, operational capacities, and planned
infrastructure projects based on national and international data sources. In addition, comparative
analysis and forecasting approaches are applied to evaluate short- and medium-term prospects for
gas production and export capacity. The results indicate that the substantial hydrocarbon resources
of the Caspian region, particularly offshore fields, have the potential to significantly increase
Azerbaijan’s gas exports to Europe in the context of the SGC expansion. At the same time, meeting
the growing domestic demand contributes to maintaining national energy security, while
investments in pipeline systems, processing facilities, and infrastructure projects enhance the
reliability and efficiency of the export route. It is concluded that Azerbaijan will continue to play
an important and strategic role in Europe’s energy security in the medium and long term, with the
SGC serving as a key platform for expanding gas exports to international markets.
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Azarbaycanin tobii gaz hasilat1 va ixrac potensialimn prognozu:
Coanub Qaz Dahlizi kontekstinda (2010-2030)

T.S. Quliyeva

Azarbaycan Doviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilaso
Magalods Azorbaycanin tobii qaz hasilati, daxili istehlaki vo ixrac potensiali, xiisusilo Conub Qaz

Dohlizi (CQD) kontekstinds tadqiq edilmisdir. Todgigatda milli vo beynalxalq statistik malumatlar ssasinda
hasilat dinamikasi, daxili tolobat gostaricilari, omoliyyat imkanlar1 vo planlagdirilan infrastruktur layihalori
tohlil olunmugdur. Eyni zamanda, méveud moalumatlar asasinda miiqayisali tohlil va prognozlagdirma
yanagmalar1 totbiq edilorok yaxin illor tiglin qaz hasilatt vo ixrac perspektivlori giymatlondirilmisdir.
Aparilan tohlillor gostarir ki, Xazor donizinds yerloson, xiisusilo doniz yataqglarina aid zongin gaz ehtiyatlari
CQD-nin geniglondirilmasi fonunda Azorbaycanin Avropaya qaz ixracini ashamiyyatli daracods artirmaq
potensialina malikdir. Bununla yanasi, artan daxili talobatin 6donilmasi 6lkanin enerji tohliikasizliyinin
gorunmasina xidmat edir, boru komorlorino vo infrastruktur layihalorino yonoldilon investisiyalar iso
marsrutun etibarliligini vo somaraliliyini yiiksaldir. Natica olaraq miiayyan edilmisdir ki, Azorbaycan orta
Vo uzunmiiddatli perspektivdo Avropanin enerji tohliikosizliyindo miihiim va strateji rol oynamaga davam
edacok, CQD isa bu prosesds asas ixrac platformasi kimi ¢ixis edocokdir.

Acar sozlar: Conub Qaz Dshlizi, tobii gaz, tachizat zanciri, boru kemarlari, prognozlagdirma, 6tiirma
qabiliyyati

IIporuo3 1006194 NPUPOAHOIO ra3a M IKCHOPTHOI'O MOTEHIIHAJIA

Azep6aiimkana: B konrekcre FO:xxHoro razosoro kopuaopa (2010-2030 rr.)
T.II. I'yiuesa

A3zepbauioscanckuii I'ocyoapcmeennviii Ynusepcumem Heghmu u Ilpomviuinennocmu

(baxy, Azepoaiioxcan)

AHHOTAUA

B craree wmccnemoBaHbl BOMPOCH J00BIMM MPUPOAHOTO Taza B AsepOaiijikaHe, ero BHYTPEHHETO
MOTpeOJIeHNsT M 3KCIIOPTHOTO TOTEHIMANa, B OCOOEHHOCTH B KOHTeKCTe HDKHOTO Ta30BOTO KOpHIopa
(FIOI'K). B pabore Ha OCHOBE HAIMOHAIBHBIX U MEKIYHAPOIHBIX CTATHCTUYECKUX JIAHHBIX
MPOaHAIN3UPOBAHBI JUHAMUKA JOOBIYH, TIOKA3aTENH BHYTPEHHETO CIPOCa, ONePAIlIOHHBIE BO3MOKHOCTH
U TEPCHEeKTHBBl Pa3BUTHS HMH(PPACTPYKTYPHBIX MNpPOEKTOB. Kpome TOro, ¢ mpuUMEHEHHEM METOJIOB
CPaBHHUTEJIBHOTO aHAJM3a M IMPOTHO3MPOBAHUS BBIIIOJIHEHA OLEHKA MEPCHEKTHB AO0OBIYM M JKCIOPTa
MIPUPOIHOTO Ta3a Ha Onmwkaifmue rofpl. Pe3ynbraTel MCCleIOBaHUS IMOKA3bIBAIOT, YTO 3HAYUTEIHHBIE
pecypesl  Kacmumiickoro pernona, 0coO€HHO MOPCKHX MECTOPOXKIEHHH, 00NagaoT IMOTEHIHAIOM
o0ecreynTh CyIIECTBEHHBIN pOCT AKcnopTa raza B EBpomny Ha ¢gone pacumpenus IOI'K. OnnoBpemenHo
YAOBIETBOPEHHE PACTYIIETO BHYTPEHHETO CIpOCa CIMOCOOCTBYET COXPAHEHWIO JHEPreTHYecKon
0e30MacHOCTH CTpaHbl, & WHBECTUIIMH B TPYOONPOBOJHYIO CE€Th, NepepadaThIBAIONIME MOIIHOCTH M
WHPPACTPYKTYpHBIE TPOEKTHl MOBBINAIOT HAAEKHOCT, M 3((EKTUBHOCTH ITaHHOTO Mapuipyta. B
pe3ynbTaTe yCTaHOBIICHO, UYTO A3epOaiikaH B Cpe/iHe- U JIOJITOCPOYHOH TEPCIIEKTHBE MPOJIOJIKHUT UTPATh
BKHYIO ¥ CTPATETHUECKYIO POJIL B 00ECTICUeHNH YHEepreTHIecKoi 6e3omacHocTr EBporsr, mpu aTom FOI'K
BBICTYTAET B KAYECTBE KIFOUEBOM SKCIIOPTHON TIIAT()OPMBI.

KuaroueBble ciioBa: FOxHBIN Ta30BBIA KOPUAOP, TPUPOTHBIN Ta3, IIEMOYKA ITOCTABOK, TPYOOIIPOBOIHI,
MPOTHO3WPOBAHME, MPOITYCKHAs CIIOCOOHOCTh
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gaz ixracinin movcud yataglardaki ehtiyatlar to-
rafindan tamin olunub-olunmayacagini miioy-
yan etmok boyiik shamiyyat kasb edir.

Bu todgigatin magsadi Conub Qaz Dahli-
zi (CQD) boyunca kamoarlarin genislondirilmasi
morholasinda Azarbaycanin yerli gaz moanbalo-
rinin gazla tominetms potensialin1 qiymatlon-
dirmakdir.

Avropada tobii gaz istehlak: hor il art-
maqda davam edir. 2021-ci ildo Avropaya idxal
olunan tobii gazin 31,7%-1 mayelosdirilmis for-
mada (LNG) tomin olunmusdur [2]. Lakin id-
xalin asas hissasi hala do kamorlar vasitasilo ha-
yata kegirilir; “BP Statistical Review of World
Energy 2022” hesabatia géra, Avropa ittifaq
2021-ci ilda kamorlar vasitasilo 232,8 mird. m?
tobii gaz idxal etmis vo bunun 19,5 mird. m3-i
Azorbaycan tarafindon tomin olunmusdur.

Azorbaycan tabii gazinin Avropa va Tiir-
kiyo bazarlarina ixract Conub Qaz Dohlizi
(CQD) vasitasilo hayata kegirilir. Bu, 3 500 km
uzunlugunda sorhadlorarast komor sistemini
ohato edir va ti¢ ardicil komardon ibaratdir: Co-
nub Qafgaz Qaz Komari (CQK), Trans-Anado-
lu Qaz Komori (TANAP) vo Trans-Adriatik
Qaz Komoari (TAP). CQD-nin asas manbayi
“Sah-Doniz” yatagidir [3]. Azorbaycanin Xozor
donizi sektorunda inkisaf etdirilon on boyiik to-
bii gaz vo qaz-kondensat yatagidir.

Bu sistem Avropanin enerji tohliikasizli-
yini tomin edir, gaz tachizatinin diversifikasiya-
sinda mithiim rol oynayir vo Azarbaycanin ix-
rac potensialini artirir. Layiho 2011-ci ildo Av-
ropa Komissiyasi ilo Azarbaycan arasinda Bir-
ga Bayannamoanin imzalanmasi ilo baglamisdir.
Conub Qafgaz Koamari (CQK) ilkin olaraq 42
ditym diametrli olub, illik 6tiiriiciiliik qabiliyyo-
ti 7,41 mlrd. m® idi. Daha sonra 48 diiym dia-
metrli yeni seqment paralel olaraq insa edilmis
va Giirciistanda iki yeni kompressor stansiyasi
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qurulmagla otiiriiciilik qabiliyyati 24,04 mird.
m?3-9 gatdirilmigdir.

Conub Qaz Dshlizinin asas komponentlo-
rindon biri olan vo 1850 km uzunluga malik
Trans-Anadolu Qaz Kamari (TANAP) sistemin
an uzun segmenti hesab edilir.

Koamorin tikintisi 2015-ci ildo baslamuis,
2018-ci ilds isa tobii qazin Tiirkiys bazarina
nogli tomin edilmisdir. Trans-Adriatik Qaz Ko-
mori (TAP) iso 2020-ci ilin sonunda Azorbay-
can gazini italiyaya catdirmaga baglamis vo
otiiriictiliik gabiliyyati 10-20 mlrd. m3-o godar
artirtla bilir. 2023-cii ilin avqustunda CQD va-
sitasilo Yunanistana 162,8 milyon kubmetr gaz
ixrac edilmisdir.

2023-cii ilin ilk sokkiz aymin naticalorine
gora, Yunanistana ixrac olunan tobii gazin hac-
mi taxminan 1,4 mlrd. m* olmusdur. Eyni dovr-
do Avropaya timumilikds 7,6 mird. m? tabii gaz
gondoarilmis, bunun 3,8 mird. m3-i TANAP ko-
mori vasitesilo Tirkiyays, 1,5 mird. m3-i iso
Giirciistana ixrac olunmusdur [4].

Moveud TAP komarinin Stiiriiciilik qabi-
liyyati nozors alinaraqg, ilin sonuna goador Avro-
paya ixrac edilon gaz hacminin 10 mlird. m3-o
catacagi prognozlasdirilir. Komorin genislondi-
rilmasinin tamamlanmasmdan sonra iso bu
hocm 20 mlrd. m3-a yiiksalocakdir [5].

Qeyd edildiyi kimi, bu {i¢ inteqrasiya
olunmus komar sisteminin illik Gtiirticiiliik qa-
biliyyati artiq artirilmigdir vo ya yaxin illords
artirilmasi planlasdirilir.

Icmal edilon moqgalodo Conub Qaz Doh-
lizina qosulmaq potensialina malik olan hazirk:
vo alternativ qaz ehtiyatlarinin - xtisusilo Qaza-
xistan vo Tiirkmonistan qazinin istehsal giicii
tohlil edilmis vo yaxin golocakdo artan istehlak
tolobatin1 tomin edo bilacayi prognozlasgdiril-
misdir.
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Isin magsadi

Bu isin magsadi Azorbaycanin tobii gaz
istehsal1, daxili istehlak1 vo ixrac potensialini
giymatlondirmok, xiisusilo Conub Qaz Dashlizi
vasitosilo Avropaya gaz todariikiinds rolunu
miioyyon etmokdir.

Masalanin qoyulusu

Todgigat Azarbaycanin méveud va galo-
cok gaz hasilati imkanlarinin artan daxili talobat
Vo Avropanin enerji diversifikasiyasi ehtiyacla-
rin1 nd daracads 6days bilocayini arasdirir.

Masalanin halli

Conub Qaz Dshlizi (CQD) vasitssilo ar-
tan son istifadagi tolobatini 6domak tigiin daha
boyiik hacmdos tobii gazin nagli moagsadilo bir
sira omoaliyyatlarin hoyata kegirilmasi zoruridir.
Bu omoaliyyatlara Sangogal terminalinda ilkin
tozyigin artirilmasi, mévecud kompressor stansi-
yalarinin optimallasdiriimasi vo ya enerji dohli-
zi boyunca hadaf tozyigin tomin edilmasi tigiin
yeni stansiyalarin tikintisi daxildir. Lakin, bu
todbirlarin icrasina baglamazdan avval, genis-
landirilmis gaz hacmini tamin eds bilocak ehti-
yatlarin sistematik sokilds arasdiriimasi vacib-
dir.

Bu mogsadls, bu tadgiqat gorgivasinda
hom hazirki Azoarbaycan orazisinds yerloson
neft, gaz vo gaz-kondensat yataglarinin uzun-
miiddotli istehsal vo istehlak prognozlart hazir-
lanmigdir. Bu yanagsma 2030-cu ilo godor CQD
vasitosilo ixrac edilocok genislondirilmis qaz
hacminin miimkiin moanbalarinin vo hacminin
giymoatlondirilmasino imkan yaratmisdir.

Elmi todgigatlarda tobii qaz istehsali vo
istehlakinin prognozlasdirilmasi {iiglin genis
totbiq olunan metodlara Avtoreqressiv integ-
rasiya olunmus hoarokatli orta (ARIMA),
Movslimi avtoreqressiv inteqrasiya olunmus
horokotli orta (SARIMA), Eksponensial
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sazlama (ETS) va digor gabaqcil zaman sirasi
modellori daxildir [6]. Bundan olavs, Grey
Wolf Optimizer vo Lagrangian Support Vector
Regression osasimda hazirlanmis hibrid model
[7] Avropada tobii gaz istehlakinin prog-
nozlasdirilmasi tigtin ugurla istifads edilmisdir.

Bu todgigatda prognozlar Holt-un lineer
trend (xatti trend) metodu ilo aparilmigdir. Bu
metod Eksponensial sazlamanin genislonmis
formasi olub, daqiqliyi, etibarlilig1 vo effektiv-
liyi sababindan segilmisdir. Damping paramet-
rinin daxil edilmasi naticalarin prognoz doaqiqg-
liyini artirmigdir [8]. Biitiin hesablamalar va no-
ticalorin grafik vizuallasdirilmas: Python prog-
ramlasdirma miihitinds, matplotlib, numpy,
pandas vo tabulate kitabxanalar: istifado olun-
magqla hayata kegirilmisdir. Holt-un linear trend
vo Eksponecial Sazlama metodlari iso statsmo-
dels kitabxanasi vasitosilo totbiq edilmisdir.

Bu metodologiya CQD-nin genislondiril-
mosi marholasinda istehsal vo ixrac proseslori-
nin optimallasdiriimasimna yonalmigdir. Hom
hazirki, ham do alternativ gaz ehtiyatlarinin sis-
temli giymotlondirilmasi yaxin golocokdo Av-
ropa vo regional bazarlarda artan tolobatin
qarsilanmasimni tomin etmoyo imkan verir vo
enerji dohlizinin sabitliyini méhkamlondirir.

Natica

BP torofindon togdim edilmis vo 2010-
2021-ci illari ohato edon Azarbaycanin tabii gaz
istehsal1 vo istehlaki ilo bagl statistik malumat-
lar tohlil edilmis, hamginin 2030-cu ilo godar
gozlonilon hocmlor miioyyan edilmisdir (Cod-
val 1 vo Cadval 2). Togdim olunan coadvallor
Azarbaycanin tobii gaz sektorunun 2010-2030-
cu illar Gizra inkisaf trayektoriyasini, yani hasi-
lat vo daxili istehlakin doyisma meyllarini oks
etdirir. Moalumatlar 2010-2021-ci illar tgiin
faktiki gostoricilori, 2022—-2030-cu illor {igiin
iso prognozlasdirilmis doyarlori ohats edir.
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Cadval 1 — Azarbaycanin 2010-2030-cu illar iizro geyds alinmis vo proqnozlasdirilmis tobii gaz hasilat

gostaricilori

Table 1 — Azerbaijan’s recorded and projected natural gas production indicators for the years 2010-2030

e | orielort (4o milyard kab metr Molumat ip
2010 16.3 Qeydo alinmig
2011 16 Qeydo alinmig
2012 16.8 Qeydo alinmig
2013 17.5 Qeydo alinmig
2014 18.4 Qeydo alinmig
2015 18.8 Qeydo alinmig
2016 18.3 Qeydo alinmig
2017 17.8 Qeydo alinmig
2018 18.8 Qeydo alinmig
2019 23.9 Qeydo alinmig
2020 25.9 Qeydo alinmig
2021 31.8 Qeydo alinmig
2022 28.69 Prognozlasdirilmig
2023 30.04 Prognozlasdirilmig
2024 31.33 Prognozlasdirilmig
2025 32.55 Prognozlasdiriimig
2026 33.71 Prognozlasdirilmig
2027 34.81 Prognozlasdirilmig
2028 35.86 Prognozlasdirilmig
2029 36.86 Prognozlasdirilmig
2030 37.8 Prognozlasdiriimig

Cadval 1-2 asason, 2010-2014-ci illards
Azorbaycanin tabii gaz hasilati 16.3 milrd. m?-
don 18.4 mird. m3-5 yiiksalmis vo miilayim ar-
tim dinamikas1 niimayis etdirmisdir. 2015—
2018-ci illorda hasilat miisyyon dalgalanmalar
gostorsa do, asasan 18 mlrd. m? otrafinda sabit
galmisdir.

2019-cu ildon etibaron hasilatda kaskin
artim geydos alinmigdir: 2019-cu ilds 23.9 mlrd.
m?3, 2020-ci ildo 25.9 mird. m3, 2021-ci ilds iso
31.8 mlrd. m3. Bu sigrayis asason “Sahdoniz-2”
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layihasinin tam giiclo istismara verilmasi va Co-
nub Qaz Dohlizinin kommersiya foaliyyatino
baslamasi ilo alagodardir.

Prognozlara asason, 2022—-2030-cu illor
arzinds hasilatin davaml sokilds artacagi goz-
lonilir vo 2030-cu ilds 37.8 mlird. m3-o ¢atacagi
prognozlasdirilir.

Bu, Azorbaycanin orta vo uzunmiiddatli
perspektivds regional vo Avropa gaz bazarla-
rinda strateji tochizat¢1 rolunun giiclonacayini
gostorir.
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Cadval 2 — Azarbaycan iigiin 2010-2030 illords geydo alinmis vo prognozlasdirilmis tobii qaz istehlaki

ostaricilor
gl'able 2 — Recorded and projected natural gas consumption indicators for Azerbaijan for the years 2010-
2030
. Azarbaycan iiciin tabii gqaz istehlak ..
Hllor giistaricyilari (ii:da milya(: kub metr) Malumat tipt
2010 8.2 Qeydo alinmis
2011 8.9 Qeydo alinmis
2012 9.4 Qeydo alinmis
2013 9.4 Qeydo alinmig
2014 9.9 Qeydo alinmig
2015 11.1 Qeydo alinmis
2016 10.9 Qeydo alinmis
2017 10.6 Qeydo alinmis
2018 10.8 Qeydo alinmig
2019 11.8 Qeydo alinmig
2020 12.4 Qeydo alinmis
2021 12.7 Qeydo alinmis
2022 12.93 Prognozlasdirilmis
2023 13.31 Prognozlasdirilmis
2024 13.68 Prognozlasdirilmis
2025 14.05 Prognozlasdirilmis
2026 14.43 Prognozlasdirilmis
2027 14.8 Prognozlasdirilmis
2028 15.17 Prognozlasdirilmis
2029 15.54 Prognozlasdirilmis
2030 15.92 Prognozlasdirilmis

Coadval 2-do togdim olunan naticalora
osason, Daxili istehlak 2010-cu ilds 8.2 mird.
m? oldugu halda, 2021-ci ildo 12.7 mlrd. m*-o
yiiksolmisdir.

Xtsusilo 2014-cti ildon sonra ssnaye,
energetika vo moigot sektorlarinda gazdan isti-
fadonin artmasi istehlakin davamli yiiksslisini
sortlondirmisgdir. Prognoz dovriindo (2022—
2030) istehlakin 12.93 mird. m3-don 15.92
mlrd. m*-o godor artacagi gozlonilir. Bu artim
igtisadi genislonmo, shalinin artmasi vo 6lkado
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gazlagsdirma soviyyasinin yiiksalmasi ilo izah
olunur.

Prognozun daha da dagig olmas1 magss-
dilo tobii gaz hasilatinin prognozlasdiriimasin-
da Damped Holt (sondiiriilmiis trendli Holt)
metodu [9, 11], istehlak gostoricilorinin prog-
nozlasdirilmasinda isa Holt-un xatti trend me-
todu totbiq edilmisdir. Hesablamalar Python
programlagdirma miihitinds aparilmis vo aldo
edilon grafik naticolor miivafiq olaraq Sokil 2
va Sakil 3-da tagdim olunmusdur.
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Azarbaycan Qi¢lin tobii qaz hasil:

[ Fakuiki qaz hasilat
-—= Holt Smoothed Level

¥ g

Tobii qaz hasila (milyard kub metr

1

2022 2024 2026 2028 2030

Sokil 2 — Damped Holt metodu asasinda Azarbaycanda tabii qaz hasilati prognozu
Figure 2 — Forecast of natural gas production in Azerbaijan based on the Damped Holt method
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Sakil 3 — Holt-un xatti trend metodu asasinda Azarbaycanda tobii qaz istehlaki prognozu
Figure 3 — Forecast of natural gas consumption in Azerbaijan based on Holt’s linear trend method

Aparilmis todgigatin naticaloring asasan,
Azorbaycanin tabii gaz hasilati daxili istehlaki
ohomiyyatli doracada tistaloyir. 2021-ci ilds ha-
silat istehlakdan toxminan 2.5 dofs ¢ox olmus-
dur. Prognozlara gora, bu farg 2030-cu ilds da-
ha da artacaq ki, bu da 6lkanin ixrac potensiali-
nin genislonacayini tasdiglayir. Belalikla, Azor-
baycan Conub Qaz Dshlizi vasitasilo Avropa-
nin enerji tohliikasizliyinds miihiim rol oyna-
maga davam edacak.

Kosfiyyat Perspektivi olan yataglar SD3,
Naxg¢ivan, Sofag-Asiman, Zofor-Masal, Qara-
bag, Inam, Alov-Araz-Serq yataglaridir. BP sir-
koti artiq Qarabag yataginin islonmasi {igiin in-
frastuktur islorine baslayib[10]. Biitiin perspek-
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tivli kosfiyyat sahalorinin seysmik todqigatlar
tamamlanmis vo movcud qiymatlondirmalor
(ugurlu kasfiyyat quyusu halinda) ehtimal olu-
nan ehtiyatlar osasinda aparilmisdir. Bazi struk-
turlarda iso movcud qurgularla on azi bir quyu-
nun gazilmasi hayata kegirilmis vo noticada: ya
quyular dayandirilmigdir (mosalon, Zofor-
Masal) — homin dovrds inkisaf {igiin igtisadi co-
hoatdon sarfali olmadigi hesab edilmisdir; ya qu-
rular quru olmusdur (Inam, Qarabag); ya texni-
ki vo geoloji baximdan ¢oatin vo bahali hesab
edilmisdir (Naxg¢ivan).

Noticada, bu sahoalordon bazilori onlari
kosfiyyata baslayan konsorsiumlar torafindon
istifadodon ¢ixarilmigdir. Bu moqalads kasfiy-
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yat perspektivi olan tobii gaz ehtiyatlarindan ol-
do edilos bilacok potensial hasilat hacmlari noza-
ro alinmamisdir. Bununla bels, soziigedon ya-
taglar boyiik hacmdo tobii gaz resurslarina ma-
likdir vo bu, Azarbaycanin qaz hasilati daxili to-
lobatin 6donmosi vo Conub Qaz Dahlizi vasito-
sila tachizat hacmlorinin shamiyyatli doracads
artirilmasina imkan yarada bilor. Bundan slavs,
CQD-nin garsilasa bilocayi asas cagirislart vo
imkanlar1 miisyyanlosdirmayi, habelo alterna-
tiv gaz ehtiyatlarinin CQD-ys integrasiyasi
tictin miimkiin infrastruktur tadbirlorinin hayata
kegcirilmasi regionun enerji diversifikasiyasinda
boyiik doyisikliklor eds bilar. Bels ki, xarici po-
tensial gaz monbayi Kimi Tlirkmonistan vo Qa-
zaxistanin tabii qaz ehtiyatlar1 Trans-Xozor Qaz
Komaori layihasinin hayata kegirilmasi vasitasi-

la Conub Qaz Dohlizing inteqrasiya oluna bilor.
Bu masalalorin novbati elmi tadgiqat islorinds
tohlil edilmasi nazords tutulur

Natica

1. Azarbaycan ii¢iin potensial tobii gaz ha-
silat1 vo istehlak hocmlori 2030-cu ilo-
dok prognozlasdirilmigdir.
Alimmis prognoz giymatlorino osasan,
Azaorbaycanin qaz hasilat hacmi hadof-
lonmis ixrac giiciinii tomin etmok gabi-
liyyatino malikdir.

Maraqglar miinaqisasi

Miiollif bu mogalodo arasdiriimasi tolob
olunan maraglar miinaqisesinin olmadigin
geyd edir.
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Abstract

The presented study emphasizes the high relevance of analyzing signals of various origins
and investigates the potential of the Fourier Transform in this context using the MATLAB envi-
ronment. The paper demonstrates that, in a number of cases, the classical Fourier Transform is
insufficient for comprehensive problem-solving, as it lacks the ability to capture local variations
within the studied signal. To explore this limitation, two signals with different structures are gen-
erated using the Heaviside function, and their spectra are computed through the application of the
Fourier Transform. It is highlighted that the structural differences between these signals, which
are clearly observable in the time domain, are not reflected in their Fourier spectra. To address
this issue, the potential of the Short-Time Fourier Transform (STFT) is examined within the
MATLAB environment. By narrowing the window width, the method enables a more precise
identification of local variations within the signal. The results of the investigation indicate that
the STFT can serve as an effective tool for accurate analysis of the local characteristics of signals
of diverse origins.

Keywords: Fourier Transform, Signal Analysis, Spectral Analysis, Short-Time Fourier
Transform (STFT), Heaviside Function

Submitted 23 January 2026
Accepted 9 June 2026
Published 25 June 2026

For citation:

A.R. Hasanov, E.A. Agayev, R.A. Ahmadov

[Modeling and Analysis of Short-Time Fourier Transform in MATLAB]
Herald of the Azerbaijan Engineering Academy, 2026, vol. 18 (2), pp. 54-62
ISSN (p): 2076-0515, ISSN (e): 2789-8245

CC BY-NC 4.0 https://creativecommons.org/licenses/by-nc/4.0/

54


https://doi.org/10.52171/herald.384
mailto:rovshanahmadov@naa.edu.az
https://creativecommons.org/licenses/by-nc/4.0/

Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2026, cild 18 (2), 5. 54-62 2026, vol. 18 (2), pp. 54-62
A.R. Hasanov, E.A. Agayev, R.O. Ohmadov A.R. Hasanov, E.A. Agayev, R.A. Ahmadov

Pancars Furye cevirmasinin MATLAB miihitinds modellosdirilmasi va tadqiqi

A.R. Hasonov, E.A. Agayev, R.9. 9hmadov
Azarbaycan Milli Aviasiya Akademiyast (Baki, Azorbaycan)

Xiilaso

Toqdim olunan moaqalods miixtolif monsali signallarin analizi masalasinin yiiksok aktuallig
asaslandirilir va bu magsad iiciin istifads olunan Furye ¢evirmasinin potensial imkanlar1 Matlab miihitinde
aragdirilir. Maqalados gostarilir ki, bir sira hallarda Furye ¢evirmosi masaloni tam hocmds holl edo bilmir.
Bels ki, tadqiq olunan siqnalin torkibindoki lokal doyismalori askarlanmasi kimi potensiala malik deyil.
Problemi aragsdirmaq mogsadi ilo Hevisayd funksiyasinin kdmayi ilo forqli struktura malik iki signal
formalagdirilir vo Furye ¢evirmasinin totbiqi ilo onlarin spektrlori hesablanmasi hoyata kegirilir. Hevisayd
funksiyasi vasitesilo modellogdirilmis hamin signallarin zaman miistavisinds verilon strukturlarinda aydin
goriinon farqin, onlarin Furye c¢evirmosinin totbiqi toyin edilmis spektrlorindo gériinmadiyi vurgulanir.
Problemin halli ii¢iin istifade olunan pencers Furye ¢evirmosinin potensial imkanlar1 Matlab miihitindo
aragdirilir. Pancoronin eninin azaldilmasi yolu ils todqiq olunan signalin torkibindoki lokal doyismalarin
vaziyyatlarinin daha daqiq toyin edilmo imkani niimayis etdirilir. Todqgigatin naticalarindon aydin olur ki,
poncara Furye cevirmasi miixtalif monsali signallarin lokal xiisusiyyetlorinin doqiq analizinds effektiv bir
vasito kimi istifads edils bilor.

Acar sozlor: Furye cevirmoesi, siqnallarin analizi, spektral analiz, pencers Furye c¢evirmosi,
Hevisayd funksiyast

MoaeaupoBaHue M UCCJIeI0BAHNE OKOHHOTO npeodpa3oBanns @ypbe
B cpene MATLAB
A.P. T'acanos, J.A. Araes, P.A. AxmenoB

Asepbatioscanckas Hayuonanvnas Axademus Asuayuu (baky, Asepbaiioxcan)

AHHOTAUA

B mpexacraBieHHOM uccne0BaHUH OOOCHOBBIBAETCS BBICOKAS aKTyaJbHOCTh aHajM3a CHUTHAJIOB
Pa3NUYHOIO MPOUCXOKICHUS U MCCIEAYIOTCS TOTEHIMAJIbHbIE BO3MOXHOCTH IpeoOpa3zoBanusi Oypoe B
aTOH oOmactu ¢ ucrons3oBanueM cpeasl MATLAB. B crarhe mokazaHo, 4To B psijie CiIydaeB KilacCH4e-
ckoe npeoOpazoBanne Dypbe HE MO3BOIISET MOJHOCTHIO PEIIUTH 33J[a4y, TaK KaKk OHO HE CIIOCOOHO BBISIB-
JISITh JIOKAJIbHBIE U3MEHEHHS B COCTaBe HMCCIIEAYEMOro curHaina. st u3ydeHus 3Toil mpobiaeMbl ¢ OMO-
o ¢GyHkuun Xepucaiaa (GpOpMHUPYIOTCS JBa CHUTHANA C Pa3IUYHON CTPYKTYPOH, M BBIYHUCIISIOTCS HX
CHEKTPHI MOCPEJCTBOM NMpHUMeHeHus1 npeolOpazoanus Dyppe. OTMeUaeTcsa, 4TO pa3iIudusl B CTPYKType
CUTHAJIOB, SICHO BHIMMBIE BO BPEMEHHOH oOmacTH, He oTpaxarorcsi B cnekrpax Dypwe. Jns pemenus
JAHHOHW MPOOJIEMBI UCCIIEAYIOTCS BOBMOXKHOCTA OKOHHOTO TIpeobpazoBanns Pypee B cpeae MATLAB. C
MOMOIIBI0 YMEHBIICHHSI LIIMPHHBI OKHA JEMOHCTPHUPYETCS BO3MOXXKHOCTH 00JI€€ TOYHOTO ONpeneeHHs
JIOKAJIbHBIX M3MEHEHHWH HCCIIEAYEeMOTO CHTHaia. Pe3yiasraThl MCCieIOBaHMS MOKA3bIBAIOT, YTO OKOHHOE
npeobpazoBanne Pypre MOKET 3PPEKTHBHO HCTIONB30BaThCA TSI TOYHOTO aHAJIN3a JIOKAIBHBIX OCOOEH-
HOCTEW CUTHAJIOB Pa3IMYHOTIO IMPOUCXOKICHHS.

KiioueBbie cioBa: npeoOpazoBanre @ypbe, aHaIW3 CUTHAJIOB, CIEKTPAJbHBIN aHaIn3, OKOHHOTO
npeoOpazoBanus Oypre, hyHkuus Xepucaiiga
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Giris

Signallarin analizi miiasir elm vo texni-
kanin on 6nomli problemlorindon biri olub hor
hans1 bir signaldan informasiyanin ¢ixarilmasi-
n1, masalon, eksperimental olaraq oldo edilmis
funksiyanin maraqli xiisusiyyatlorinin miioy-
yon edilmosini vo tocrid olunmasin1 nozordo
tutur. Tibbdo ultrasos dalasinin insanin daxili
orqanlarindan oks olunmasi hesabina forma-
lasan signalin analizi hoyat {i¢lin zoruri malu-
mat1 agkarlamaga imkan verir. Analoji masalo-
nin holli radiolokasiyada elektromaqnit dalga-
lar1 vasitosi ilo hoyata kecirilir. Stialandirilan
radiodalga obyektdon oks olunma prosesinds
radiosignala cevrilir. Oksetdirici obyektin pa-
rametr vo xarakteristikalarini toyin etmaok {igiin
homin radiosignalin torkibindoki faydali mo-
lumat1 ayirmaq vo miixtolif kriteriyalar iizro
qiymatlondirmak talob olunur [1].

Qeyd olunan bu sahalor signal analizinin
yliksak aktualligini tosdigloyir. Aydindir ki, ali-
nan moalumatin doaqiqliyi secilmis analiz lisulu-
nun mitkkommalliyi ilo miisyyen olunur.

Isin magsadi

Todqgigatin mogsadi, signallarin analizi
liclin istifado olunan c¢evirmoalordon birinin,
Furye ¢evirmosinin potensial imkanlarmin vo
onun tatbiqginds yaranan mahdudiyyatlorin qiy-
matlondirilmasi vo homin mohdudiyyatlarin
aradan qaldirilmasi vasitolorinin aragdirilmasi-
dir.

Problemin vaziyyati

Signallarin tezlik oblastinda tadqiqi onun
torkibindaki togkiledicilorin tezliklorini, ampli-
tudlarin1 vo fazalarini toyin etmayo imkan ve-
rir. Bu mogsad {igiin Furye ¢evirmosindon isti-
fado olunur. Bu ¢evirmo signalin ¢ zaman ob-
lastindaki tosvirini s(¢) onun tezlik oblastindaki
tosviri S(jw) ilo olagolondirmoys imkan verir.
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Bu olago diiziino vo oksino Furye ¢evirmolori
ilo gorarlasdirilirlar [2].
Diiziino Furye ¢evirmasi:

S(w) = [~ _s(®ei@tdt. (1)
Oksino Furye ¢evirmasi:
s(t) == [ S(w)elotdt.  (2)

Furye ¢evirmosi todqiq olunan signalla-
rin tezliklori haqqinda global bilgi verso do,
signalin lokal xassolori haqqinda heg¢ bir bilgi
vermir [3]. Masalon, Furye ¢evirmaosi iki sinu-
soidal signalin comindon ibarat stasionar siq-
nali (sokil 1a), bir-birinin ardinca golon homin
tezliklors malik iki sinusoidanin comindan iba-
rot geyri-stasionar prosesdon (sokil 1b) forg-
londira bilmir. Sakil 1-do verilmis 800 Hs va
1600 Hs tezlikli sinusoidalar MATLAB miihi-
tinin amrlor pancarasine cadval 1-doki verilon-
larin daxil edilmasi ilo formalasdirilmisdir.

Qeyd edok ki, lokal xassoli xarakterik
doyismolorin vizual tosvirinin sadslogdirilmasi
mogsadi ilo davametmo miiddatlori 20 saniya
olan signalin yalniz 20 millisaniyalik bir hissa-
st sokil 1-da tosvir olunmusdur. Tezliyin koskin
doyismosi yalmiz sokil 1b-do (#-10 saniy9)
aninda miisahido olunur. Sokil la-da iso tezli-
yin kaskin doyigmasi miisahids olunmur.

Sos diapazonunda lokal xarakterli doyis-
molar esitmo orqanlari vasitosi asanliqla askar-
lanir. Bunun {i¢iin MATLAB miihitinin omrlor
poncarasine uygun olaraq “sound(slfs)” vo
“sound(s2,fs)” daxil etmok kifayotdir. Bu za-
man ucadandanisan sl vo s2 signallarin1 can-
landirilir. Baxilan signallarin tezlik miistovi-
sindoki  tosvirlorini, yoni amplitud-tezlik
spektrlorini dyronok.

Sokil 1-do verilon stasionar (sokil 1a) vo
geyri-stasionar (sokil 1b) signallarin spektrlori
sokil 2-do verilir. Bu spektrlor MATLAB mii-
hitinin omrlor poncarasine cadval 2-doki
verilonlorin daxil edilmasi ilo formalagdirilir.
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Sokil 1 — iki miixtolif tezlikli sinusoidanin comindon ibarat stasionar (a) vo qeyri-stasionar (b) signal
Figure 1 — Stationary (a) and non-stationary (b) signals consisting of the sum of two sinusoids with
different frequencies

Cadval 1 — Miivafiq tezlikli signallarin MATLAB miihitinds formalagdirilmasi iiglin amrlor ardicilligi
Table 1 — Sequence of commands for generating signals of corresponding frequencies in the MATLAB
environment

Davametmo miiddstlori 20 saniya, tezliklori | Davametmo miuddstlori 10 saniya, tezliklori 800 Hs
800 Hs vo 1600 Hs olan iki sinusoidanin | vo 1600 Hs olan vo bir-birino nozoron 10 saniya
comi (sokil 1a) surisdiirilmis iki sinusoidanin comi (sokil 1b)
fs=10000; fs=10000;
t =0:1/fs:20-1/fs; t =0:1/fs:20-1/fs;
Fn=800; Fn=800;
sl=sin(2*pi*Fn*t)+sin(2*pi*2*Fn*t); s2 =sin(2*pi*Fn*(1+heaviside(t-10)).*t);
plot(t,s1) figure, plot(t, s2)
axis([9.99,10.01,-2,2]); axis([9.99,10.01,-1,1]);
grid on grid on
xlabel('zaman (san)') xlabel('zaman (san)')
ylabel('Amplitud') ylabel('Amplitud')
title('s1 zaman diaqrami') title('s2 zaman diaqrami')
4 : -
a) 4x10 i ; i F\'enodolgram SL1 ; i ; b) 1000 Ft'erlodotgrams‘z
25k 9000 -
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3l
7000
25 il 6000 -
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1k
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Sokil 2 — Stasionar (a) ve geyri-stasionar (b) signallarm spektrlori
Figure 2 — Spectra of the stationary (a) and non-stationary (b) signals
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Sokil 2-do verilon spektrlordon goriiniir
ki, sokil 1-do verilon signallarin hor birinin
torkibinds tezliklori 800 Hs vo 1600 Hs olan
iki harmonika movcuddur. Bu spektrlor dyro-
nilon signallar haqqinda olava bilgi vermir.

Stasionar vo qeyri-stasionar proseslorin

sokil 1 va sokil 2-do verilon zaman va tezlik
diagramlarmin garsiliqh analizindon aydin go-
riniir ki, Furye c¢evirmosinin koémoyi ilo
signalin tezlik xarakteristikalarinin zamandan
asili olaraq doyismolorini analiz etmok miim-
kiin deyil.

Cadval 2 — Miivafiq tezlikli signallarin MATLAB miihitindo spektrlorinin formalasdirilmasi ti¢iin

omrlor ardicilligi

Table 2 — Procedural sequence of MATLAB commands for generating the spectra of signals at the

corresponding frequencies

Davametmo middstlori 20 saniya, tezliklori 800
Hs vo 1600 Hs olan iki sinusoidanin cominin
periodoqramu (sakil 2a)

Davametmo middoatlori 10 saniya, tezliklori 800 Hs vo
1600 Hs olan bir-birino nozaran 10 saniya siiriisdiiriilmiis
iki sinusoidanin cominin spektri (sokil 2b)

m1l = length(sl);

nl = pow2(nextpow2(m1l));
y1 = fft(s1,nl);

y01 = fftshift(yl);

fO1 = (-n1/2:n1/2-1)*(fs/nl);
power01 = y01.*conj(y01)/n1;
figure, plot(f01,power01)
axis([0,2000,0,40000])
xlabel(‘Frequency (Hz)")

m2 = length(s2);

n2 = pow2(nextpow2(m2));
y2 = fft(s2,n2);

y02 = fftshift(y2);

f02 = (-n2/2:n2/2-1)*(fs/n2);
power02 = y02.*conj(y02)/n2;
figure, plot(f02,power02)
axis([0,2000,0,10000])
Xlabel('Frequency (Hz)")

Problemin halli

Signalin zaman davranis1 haqqinda in-
formasiya almagq tli¢lin poncors Furye ¢evirmoe-
sindon va ya Veyvlet analizdon istifado etmok
toklif olunur. Veyvlet ¢evirmo geyri-stasionar
vo ¢oxOl¢iilii signallar {iciin daha adaptivdir,
lakin pancors Furye ¢evirmasinin sada, siiratli
Vo interpretasiyasi asandir, buna gora bazi tot-
biglords ona iistiinliik verilir [4, 5].

Pancora Furye cevirmasinin asas lstiin-
liiklorindon biri do onun hesablama sadsliyidir.
Bels ki, pancara Furye c¢evirmasi riyazi olaraq
sadadir vo siirotlo hesablanir, bu sobabdon
MATLAB kimi proqramlarda birbasa istifads
edils bilir. Homginin pancara Furye ¢evirmasi
zaman vo tezlik oblastinda sabit ayirdetmoni
tomin edir ki, bu da bazon todqgiqatcilar vo mii-
handisloar {i¢ilin 6zliiylinds vacib bir xiisusiyyot
dasiyir. O climlodon, pancora Furye cevirmo-
sindo naticolorin analizi vo interpretasiyasi da
olduqca sadodir, ¢iinki Furye c¢evirmosi 6zii
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klassik sistemlor {i¢iin daha uygundur. Poncors
Furye ¢evirmasi genis yayilmis bir iisuldur vo
homginin ¢ox istifado edilon standart alotlor vo
program dastoyi mdévcuddur [6, 7].

Pancars Furye ¢evirmasi halinda signalin
spektri asagidaki diistur ilo hesablanir:

S(w) = [ s(t) - W(t—1)-eotdt, (3)

burada W (t —1) zaman oxu Uzorindo
voziyyoti zaman slriismosi 7 ilo miioyyan
olunan pancors funksiyasidir.

Poncora Furye cevirmasinin potensial
imkanlarint  qiymotlondirmek moqgsadi il
diizbucaqli formaya malik pancara funksiyasi,
yoni W(t) =a(t) —a(t —ty) secorok sokil
1-do verilon signallar1 todqiq edok, burada o(¢)
- Hevisayd funksiyasidir [8].

[k 6nca iki sinusoidanin comindan ibarat
stasionar siqnali (sakil 1a) tadqiq edok. Bu hal-

da signalin spektri poncors funksiyasinin za-
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man oxu lizarindoki vaziyyetindon asili olmur.
Belo ki, biitiin hallarda poncoronin daxilino
mixtolif tezlikli har iki rogsin miioyyon hissosi
diisiir vo noticado spektrin formasi sokil 2a-da
verilon goriintisdon forglonmir.

Sokil 1b-do verilon signal halinda tam
forqli voziyyet yaranir. Poncora diagramin sol

v ya sag torofindo yerlosdiyi halda onun daxi-
lindo yalniz bir tezlikli rogs olur. Ona goro do
tezlik spektrindo yalmiz bir harmonikaya
uygun toskiledici Gostarilonlor
MATLAB miihitinin omrlor pancorasino cad-

yaranir.

val 3-doki verilonlorin daxil edilmasi ilo for-
malasdirilir.

Coadval 3 — Poncora Furye ¢evirmosi asasinda sokil 1-doki signallarin analizi ligiin MATLAB omrlor

ardicilligy

Table 3 — Sequence of MATLAB commands for the analysis of the signals in Figure 1 based on the STFT

Hesabat baslangicina nozoron t=5 saniya
surisdurilmiis poncaronin eni 2 saniyadir

Hesabat baslangicina nozoron t=15 saniya
surisduriilmiis poncaronin eni 2 saniyadir

taul=5;
wl=heaviside(t-taul)-heaviside((t-2.0)-
taul);

x1=(w1l.*s2);

figure, plot(t,x1)

grid on

xlabel('zaman (san)')

ylabel('Amplitud')

title('x1 zaman diagrami')

tau22=15;
w2=heaviside(t-tau2)-heaviside((t-2.0)-
tau2);

x2=(w2.*s2);

figure; plot(t,x2)

grid on

xlabel('zaman (san)')

ylabel('Amplitud')

title('x2 zaman diagrami')

Cadvael 3-da verilonlor daxil edildikden sonra sokil 3-do gostorilon zaman diaqramlarina

malik signallar formalagir.

a) x1 zaman diagram
1

0.8

0.6

0.4

0.2

0

Amplitud
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-1
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zaman (san)

b) . X2 zaman diagram
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Sokil 3 — Poancaranin sokil 1b-da verilon signalin sol (a) vo sag (b) torafinds yerlogdirildiyi hallarda

formalagdirilan signallar

Figure 3 — Signals formed when the window is positioned on the left (a) and on the right (b) sides of the

signal shown in Figure 1b

Eni 2 saniya olan pancora =35 saniya sii-
riisdiiriildiiyti halda (pancora sokil 1b-do veri-

lon geyri-stasionar signalin sol hissasinds yer-
losir) sokil 3a-da verilon zaman diagramina
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malik signal formalasir. Eni 2 saniya olan pan-
cora =135 saniya siiriisdiiriildiiyii halda (pancos-
ro sok.1b-do verilon geyri-stasionar signalin
sag hissosindo yerlosir) sokil 3b-do verilon za-
man diagramina malik signal formalasir.
Zaman miqyasinin doyisdirilmasi yolu
ilo sokil 3a-da verilon sinusoida kosiyinin tezli-

yinin 800 Hs va sokil 3b-da verilon sinusoida
kosiyinin tezliyinin 1600 Hs oldugunu askarla-
maq miimkiindiir.

Pancars funksiyasinin tasiri ilo formalas-
dirilmis  signallarin  spektrlorini  hesablamaq
ticiin MATLAB miihitinin omrlor pancarasing
cadval 4-daki verilonlor daxil edilir.

Coadval 4 — Sokil 3-doki signallarin spektrlorini hesablamagq tigtin MATLAB oamrlor ardicilligt
Table 4 — Sequence of MATLAB commands for calculating spectra of the signals in Figure 3

Sokil 3a-da verilon signalin
spektri

Sokil 3b-ds verilon signalin
spektri

m1 = length(x1);

nl = pow2(nextpow2(m1));
y1 = fft(x1,n1);

y01 = fftshift(y1);

fo1 = (-n1/2:n1/2-1)*(fs/n1);
power01 = y01.*conj(y01)/n1;
figure, plot(f01,power01)
axis([0,2000,0,5001])
xlabel('Frequency (Hz)')
ylabel('Power")

m2 = length(x2);

n2 = pow2(nextpow2(m2));
y2 = fft(x2,n2);

y02 = fftshift(y2);

f02 = (-n2/2:n2/2-1)*(fs/n2);
power02 = y02.*conj(y02)/n2;
figure, plot(f02,power02)
axis([0,2000,0,5001])
xlabel('Frequency (Hz)')
ylabel('Power")

Cadval 4-doki verilanlor daxil edildikdon sonra sakil 4-do gostarilon spektrlor formalagir.

Periodogram x1
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450 - |
400 bl
350 |
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Sokil 4 — Pancoranin sokil 1b-do verilon signalin sol (a) va sag (b) terafindo yerlosdirildiyi hallarda

formalagdirilan signallarin spektrlori

Figure 4 — Spectra of the signals formed when the window is positioned on the left (a) and right (b) sides

of the signal shown in Figure 1b

Sokil 4-do verilon spektrlordon aydin
goriniir ki, sokil 3a-da tosvir olunan zaman
diagramina malik signal 800 Hs tezlikli, sokil

3b-do tosvir olunan zaman diagramina malik
signal 1sa 1600 Hs tezlikli harmonik rags
kasiyidir. Belalikls, miiayyon olundu ki, sakil
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Ib-do verilon signalin sol torafinde 800 Hs
tezlikli, sag torofindo iso 1600 Hs tezlikli
harmonik roqs mdévcuddur. Poncorani todricon
stirisdiirarak 800 Hs tezlikli rogqsdon 1600 Hs

tezlikli rogso kecid olan hissoni miioy-
yonlogdirmok miimkiindiir. Baxdigimiz halda
bunun iiciin MATLAB miihitinin omrlor pan-
corasing cadval 5-doki verilonlor daxil edilir.

Cadval 5 — Sakil 1-do verilon signallarin miioyysn zaman siiriismasi ilo poncors Furye analizi
Table 5 — STFT analysis of the signals presented in Figure 1 under a specified time shift

Sokil 1b-do verilon signalin pancaranin
=9 san siuriismosi ilo miisyyoan olunan
Vvaziyyatino uygun hissosinin ayrilmasi

Sokil 1b-do verilon signalin pancaranin
=9 san siriigsmosi ilo miioyyan olunan
voziyyati ilo ayrilmis hissasinin spekitri

tau3=9;
w3=heaviside(t-tau3)-heaviside((t-2.0)-tau3);
x3=(w3.%¥s2);

figure, plot(t,x3)

grid on

xlabel('zaman (san)')

ylabel('Amplitud')

title('x3 zaman diaqram1')

m3 = length(x3);

n3 = pow2(nextpow2(m3));
y3 = fft(x3,n3);

y03 = fftshift(y3);

f03 = (-n3/2:n3/2-1)*(fs/n3);
power03 = y03.*conj(y03)/n3;
figure, plot(f03,power03)
axis([0,2000,0,200])
xlabel('Frequency (Hz)')
ylabel('Power")

title('{\bf Periodogram x3}")

Sonuncu cadvalds verilonlor daxil edil-
dikdon sonra ayrilmis signal kasiyinin zaman
diagram1 (sokil 5a) vo onun spektri (sokil 5b)
formalasir.

Sokil 5b-do verilon spektrdon aydin go-
rintir ki, sokil Ib-nin paonceronin 1=9 san
stirismasi i1lo milayyan olunan vaziyyatins uy-
gun hissosindo hom 800 Hs, hom ds 1600 Hs
tezlikli rogslor mévcuddur. Bu iso onu gostarir

X3 zaman diaqram

a) !
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Amplitud
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-0.4

-0.6

-0.8

-1

ki, 800 Hs tezlikli rogsdon 1600 Hs tezlikli
rogsa kegid mohz (t-9san)+(t-11san) araliginda
bas verir. Aydindir ki, poncoronin enini
daraltmaqla hesabatin doqiqliyini yiiksaltmok
miimkiindiir. Poancaronin 6l¢iisii alinan spektra
asag1 tezliklor tizro mohdudiyyat qoyur. Yuxari
tezliklor tizro mohdudiyyat is9 signalin zaman
diskretizasiyasi ilo yaranir.

Periodogram x3
b) 200 r : r r

180~

0 2 4 6 8 12 14 16 18 20

zaman (san)

o

c : c
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Frequency (Hz)

Sokil 5 — Sokil 1b-do verilon signalin pancaranin =9 san siirligmasi ilo miioyyan olunan vaziyyatinag

uygun hissasi (a) vo onun spektri (b)

Figure 5 — The segment of the signal in Figure 1b corresponding to the window positioned with (a) time

shift of t=9 s and (b) its spectrum
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Natico

MATLAB program miihitindo aparilan
todgiqat naticosindo siibut edilmisdir ki, pance-
o Furye ¢evirmasi zamanla dayison signallarin
tohlilindo klassik Furye c¢evirmosi ilo miiqayi-
sodo fundamental stiinliiys malikdir. Poancars-
nin eninin vo yerinin optimal se¢imi vasitasilo,
signalin zaman-tezlik xarakteristikasinin yiik-
sok daqiqlikls tohlili miimkiindiir. Bu tisul tib-
bi diagnostika, radiolokasiya, seysmologiya vo
digor saholordo miirokkob geyri-stasionar siq-
nallarin strukturunu dyronmok {igiin giiclii vo

effektiv bir metod kimi istifads edilo bilar.

Golocok todgiqatlar poncora funksiyasi-
nin formasi vo eni kimi parametrlorin tosirinin
daha dorin tohlilino, homginin tezlik vo zaman
ayirdetmo qabiliyyotinin optimallagdirilmasi
masaloloring hasr edils bilor.

Maraqlar miinaqisasi

Mislliflor bu moaqaloeds arasdirilmasi to-
lob olunan maraqlar miinaqigesinin olmadigini
geyd edirlor.
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Abstract

The article investigates the application, architecture, and optimization of remote-controlled
signalling systems (RCSS) in modern infrastructure. The study summarizes the role of advanced
communication technologies, including RF, fiber optics, 0T protocols, and satellite systems, in the
development of RCSS. The applications of these systems in railway transportation, urban traffic
management, and industrial automation are comprehensively analyzed. The methods and technol-
ogies such as SCADA, PLC, CBTC, and adaptive traffic control systems are examined in terms of
their functional capabilities. Additionally, the study highlights the contribution of RCSS to enhanc-
ing safety, reducing human involvement in hazardous environments, and enabling predictive
maintenance. The current state of RCSS implementation in Azerbaijan is evaluated through case
studies in the Baku Metro, energy, and transport sectors. The article also demonstrates the practical
advantages, existing challenges, and future potential of RCSS in a regional context through case
studies involving institutions such as AzerEnergy and Azersu. As a result, it is concluded that the
application of RCSS enables the development of reliable, flexible, and real-time intelligent infra-
structure systems.
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Mobil rabits inteqrasiyal uzaqdan idars olunan signalizasiya sistemlari
iizra totbiqi tadqgigat

G.V. 9liyeva, A.H. Dadasova
Azaorbaycan Déviat Neft vo Sonaye Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalodo miiasir infrastrukturda uzaqdan idars olunan signalizasiya sistemlarinin (RCSS)
totbiqi, arxitekturasi vo optimallagdirilmasi todqgiq olunur. Todgigatda RCSS-in inkisafinda RF (radio
tezlik sistemlori), optik lif, IoT protokollar1 vo peyk sistemlori daxil olmagla gabaqcil rabito
texnologiyalarinin rolu timumilagdirilir. Bu sistemlorin domir yolu nagliyyati, sohar yol harokatinin
idars olunmasi va sonaye avtomatlasdirilmasi sahalorinds totbiglori genis sokilda tohlil edilir. SCADA,
PLC, CBTC vo adaptiv trafik idaroetmo sistemlari kimi metod va texnologiyalar funksional imkanlari
baximindan arasdirilir. Eyni zamanda, RCSS-in tohliikesizliyin artirilmasina, tohliikali miihitlords
insan istirakinin azaldilmasina va prognozlasdirici texniki xidmatin tamin edilmasins tohfasi gostarilir.
Azarbaycanda RCSS-in tatbiginin mdveud vaziyysti Baki Metropoliteni, enerji vo nagliyyat sektorlari
tizra niimuns tadqiqatlar1 asasinda giymatlondirilir. Mogalods homginin AzorEnerji vo Azarsu kimi
qurumlari shate edon niimuns todgiqatlari vasitasilo RCSS-in praktik tisttinliiklori, méveud ¢atinliklori
va regional kontekstds galocak potensiali niimayis etdirilir. Noatica olarag, RCSS-in tatbiginin etibarli,
cevik va real vaxt rejiminds isloyan agilli infrastruktur sistemlorinin formalagdirilmasina imkan verdiyi
genastina galinir.

Acar sozlar: uzaqdan optimallagdirilmis sistemlar, mobil rabits, 5G, MQTT, SCADA

HpI/IKJIaI[HbIe HCCJICAOBAHUSA CUCTEM NUCTAHIHOHHOI'O YIIPABJICHUA

CUTHAJIN3AlMeN ¢ MHTerpanueid MOOWJIbHOM CBSA3H
I'.B. AnuneBa, A . X. /lagamoBa
Azepbatiodicanckuli 20cy0apcmeeHublil yHugepcumem negpmu u npomviuiiennocmu (baxy, Azepbaiioscan)

AHHOTAIMSA

B cratbe uccnenyroTcs NPUMEHEHUE, apXUTEKTYpa U ONTUMU3ALMS CUCTEM JUCTAHLUOHHOIO
ynpasienust curnanuzanuein (RCSS) B coBpemenHoit nndpactpykrype. B pabore o6obmaercs poib
NepeOBbIX KOMMYHHKAIIMOHHBIX TEXHOJIOTHM, BKIItO4as paanouvactoTHele (RF) cuctemsl, onToBoso-
KOHHBIE ceTH, o T-nmpoTokoIbl 1 ciryTHUKOBBIE cucTeMsl, B pa3sutun RCSS. KomIuiekcHo aHanusupy-
€TCs IPUMEHEHHUE JTAHHBIX CUCTEM B JKEJIE3HOIOPOKHOM TPAHCIOPTE, FOPOJACKOM YIPABICHUH 10POXK-
HBIM JIBI)KEHUEM M IIPOMBIIIUIEHHON aBTOMAaTH3aluu. PaccMaTpuBaloTCs TAKMe METO/IbI U TEXHOJIOTHH,
kak SCADA, PLC, CBTC u aganTuBHbIE CUCTEMBI YIIPABIECHUS TPAPUKOM C TOUKH 3pEHUS UX (YHK-
LUOHAJIbHBIX BO3MOXHOCTEH. Taxke noxuepkuaercs Bkiag RCSS B nosslieHne 6€30nacHOCTH, CHU-
’KEHUE y4acTHsl 4YeJIOBEKA B OIACHBIX YCIOBUAX U 00eCIeYeHUE NPEAUKTUBHOIO TEXHUUECKOTO 00CIIy-
xuBanus. CoBpemeHHoe cocTosiHue BHepeHust RCSS B A3zepbaligikaHe oLleHMBAETCsl HA OCHOBE Kelic-
UCClleIoBaHUN B BakMHCKOM METPOIOJIUTEHE, & TAKKE B SHEPreTUUECKOM U TPAHCIIOPTHOM CEKTOpaXx.
B cTarbe Takxke JeMOHCTPUPYIOTCS IPAKTUYECKHUE IPEUMYILECTBA, CYIIECTBYIOLIME IPOOIEMbI U Mep-
cnekTuBbl pa3BuTus RCSS B pernoHasbHOM KOHTEKCTE Ha IIPUMEpPE TAKUX OpraHu3aluii, kak Asep-
sHepku U Asepcy. B pesynbTare caenan BbIBoz 0 ToM, uto npuMmeneHne RCSS cnocoberByer co3na-
HUIO HAJICKHBIX, THOKUX U pabOTaIOUINX B PEATbHOM BPEMEHHM MHTEIUICKTYAIBHBIX HHPPACTPYKTYP-
HBIX CHCTEM.

KiaroueBble ¢jioBa:  JIUCTaHIIMOHHO ONTUMHU3UPOBAHHBIC CUCTEMBI, MOOWIIbHAS CBs3b, SG, MQTT,
SCADA
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Introduction

Modern society is experiencing an un-
precedented stage of technological advance-
ment accompanied by a growing demand for in-
telligent and highly interconnected infrastruc-
ture solutions. In this context, Remote-Con-
trolled Signaling Systems (RCSS) have
emerged as a fundamental element in the mod-
ernization of operational management and au-
tomated control processes [1, 3]. These systems
are extensively utilized in railway transporta-
tion, urban mobility management, industrial au-
tomation, and energy distribution networks.
The capability to remotely supervise and regu-
late infrastructure has significantly enhanced
operational efficiency, system safety, and re-
sponse speed in both governmental and com-
mercial sectors.

Fundamentally, RCSS operate through
the transmission of control instructions and the
immediate reception of feedback data from ge-
ographically distant infrastructure components
or technical equipment. Such functionality is
enabled through the integration of advanced
hardware and software technologies [4-7, 10].
Core elements of these systems include Pro-
grammable Logic Controllers (PLCs), Supervi-
sory Control and Data Acquisition (SCADA)
platforms, wireless communication technolo-
gies, and sensor-oriented monitoring mecha-
nisms. Continuous technological progress in
these areas has improved real-time observation
capabilities and accelerated operational deci-
sion-making processes, thereby minimizing the
necessity for direct manual intervention in com-
plex systems.

Among the sectors benefiting most sub-
stantially from RCSS technologies is transpor-
tation. Contemporary railway infrastructures
increasingly rely on advanced signaling frame-
works such as Communication-Based Train
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Control (CBTC) [2, 11, 14] and the European
Train Control System (ETCS) to ensure secure
train operations, avoid collisions, and optimize
route scheduling. Likewise, adaptive traffic
management technologies [12] are broadly im-
plemented in urban transportation systems to al-
leviate congestion, decrease environmental pol-
lution, and strengthen road safety through cen-
trally coordinated signal regulation. In indus-
trial environments [6], RCSS technologies play
an essential role in supporting automated man-
ufacturing operations, environmental supervi-
sion, and rapid emergency management proce-
dures without requiring the continuous physical
presence of personnel at operational sites.

The present study aims to deliver a de-
tailed investigation of remote-controlled signal-
ing systems, including their structural architec-
ture, classification principles, and major appli-
cation domains. In addition, the paper evaluates
the current level of implementation and practi-
cal utilization of these technologies in Azerbai-
jan by considering selected examples from
transportation, energy, and public service infra-
structures. By connecting international techno-
logical practices with regional development in-
itiatives, the research highlights the strategic
importance of RCSS as a key technological
foundation for the establishment of efficient, in-
telligent, and resilient infrastructure systems in
the future.

Purpose of the work

The primary purpose of this research is to
investigate the operational principles, techno-
logical architecture, and practical applications
of Remote-Controlled Signaling Systems
(RCSS). Particular attention is devoted to the
modelling, simulation, and optimization of mo-
bile communication-based signaling systems
utilizing modern wireless technologies [7, 9].
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Problem Statement

Remote-controlled signaling technolo-
gies play a crucial role in enabling real-time
monitoring, data exchange, and automated con-
trol processes within transportation, industrial,
and energy infrastructures. With the rapid ex-
pansion of interconnected smart systems, the
demand for reliable and remotely manageable
signaling mechanisms has increased substan-
tially. The integration of modern mobile com-
munication technologies significantly improves
the flexibility, reliability, and responsiveness of
these systems [7, 9].

The present study focuses on identifying
the principal technological components that
constitute RCSS architectures. These compo-
nents include control hardware such as Pro-
grammable Logic Controllers (PLCs) and Re-
mote Terminal Units (RTUs), communication
frameworks including SCADA and loT-ori-
ented platforms [7, 10], as well as different sig-
nal transmission approaches used for remote
operational management.

Special emphasis is placed on evaluating
the practical deployment of RCSS in transpor-
tation systems, industrial automation environ-
ments, and energy distribution infrastructures.
The study examines the contribution of these
systems to operational safety enhancement, re-
duction of technological risks, acceleration of
decision-making procedures, and maintenance
of uninterrupted system functionality during
routine and emergency conditions.

In addition, the research investigates the
current implementation trends of RCSS tech-
nologies in Azerbaijan within the broader con-
text of global digital transformation initiatives.
Selected examples from railway signaling sys-
tems, intelligent traffic regulation platforms,
and energy monitoring infrastructures are con-
sidered to demonstrate the practical advantages
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and technological challenges associated with
the adoption of advanced remote-control solu-
tions.

Another important objective of the study
is the introduction of an innovative routing
methodology named the Real-Time Adaptive
Protocol Optimization Simulator (RAPOS), de-
veloped for mobile communication-based sig-
naling environments. The proposed concept is
evaluated through simulation analysis and in-
corporates principles of Al-powered optimiza-
tion and adaptive decision-making in smart
communication infrastructures [15].

Methodology

This study adopts a qualitative and
analytical approach to examine the structural
organization, operational principles, and
practical deployment of Remote-Controlled
Signaling Systems (RCSS) across different
application  domains. To ensure a
comprehensive  understanding  of  the
technological heterogeneity of RCSS, the
research is based on a systematic review of
relevant technical documentation, industrial
reports, and peer-reviewed academic literature.

The analytical framework focuses on
identifying the key control strategies and
system mechanisms employed in the design and
implementation of RCSS. In particular, it
considers centralized and distributed control
architectures [4, 5, 10], communication infra-
structures, and real-time signal transmission
techniques as fundamental components of
system operation.

Within this framework, the study
categorizes the main methodologies applied in
RCSS as follows:

» SCADA (Supervisory Control and
Data Acquisition) Systems — SCADA
represents a core approach for remote
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monitoring and control,  widely
implemented in energy networks, water
supply systems, and transportation
infrastructure. It enables real-time data
acquisition from distributed field
devices and supports centralized
execution of control commands.

Intelligent Transport Systems (ITS)

[8, 12] - ITS integrate sensing
technologies,  adaptive  signaling
devices, and software-based control

platforms to dynamically manage urban
traffic flows. These systems analyze
traffic density in real time and
automatically adjust signal timing to
reduce congestion and enhance road
safety.

Communication-Based Train
Control (CBTC) — CBTC is a key
technology in modern railway systems,

enabling continuous real-time
monitoring of train position and speed
[2, 11]. It relies on wireless

communication between trains and
control centers to ensure optimal
scheduling and safe train separation.
Programmable Logic Controllers
(PLCs) — PLCs are widely used in
industrial automation systems for
controlling operational processes [6].
As a fundamental RCSS component,
they process sensor inputs and execute
predefined control logic, supporting
both automated and remotely managed
signaling operations.

Wireless Communication Systems
(loT-based [7, 9]) — This approach
utilizes loT communication protocols
such as LoRaWAN and NB-loT to
enable remote  monitoring and
signaling. These technologies are
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particularly effective in large-scale,
low-power smart infrastructure and
environmental monitoring applications.
» Adaptive Traffic Control Systems
(ATCS) — ATCS dynamically adjust
intersection signal timing based on real-
time traffic data [12]. They are
commonly applied in urban
environments to improve traffic flow
efficiency, reduce waiting times, and
lower environmental impact.
Remote Terminal Units (RTUs) —
RTUs serve as intermediate devices
between field equipment and central
control systems, enabling remote data
acquisition and control. They are
extensively used in electrical and water
utility networks to improve operational
efficiency and resource management.
Data Analytics and Predictive
Maintenance — This approach applies
analytical techniques to process large-
scale data generated by RCSS in order
to evaluate system performance and
predict potential faults [13]. It supports
proactive  maintenance  strategies,
reduces system downtime, and
enhances overall operational reliability.
The above methods represent the core
technological foundation of modern RCSS.
Each approach is evaluated based on its
application domain, functional advantages, and
integration potential. In the context of
Azerbaijan, these technologies are further
analyzed through case studies covering railway
systems, energy infrastructure, and intelligent
traffic management platforms.
The conceptual model of a mobile
communication-based signaling system
consists of five main stages (Fig. 1):
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» Detection of a physical event, such as
train movement, using sensor systems.
Signal preprocessing performed by an
embedded microcontroller (ESP32/-
STM32).

Data transmission through a mobile
communication module (4G/5G).

>

» Transfer of processed data via the
mobile network to a central control
platform.

> Reception and response handling by a
cloud-based server (MQTT).

Sensor

Microcontroller

)

Mobile

S
erver Network

Figure 1 — Comparative architecture of traditional 4G-based and enhanced 5G communication systems

Latency Analysis:

To quantitatively evaluate performance
differences, a detailed latency assessment was
performed by analyzing the delay introduced by
each component of the signaling architecture
under both conventional 4G and advanced 5G
mobile network environments (Table 1) [9].

The results clearly demonstrate a significant
improvement in  transmission  efficiency
achieved through the adoption of 5G technol-
ogy. This reduction in latency is critical for en-
abling real-time responsiveness in mission-crit-
ical signaling applications.

Table 1 — Component Latency Comparison (4G vs. 5G)

Sensor to MCU 2 ms 2 ms
MCU to Modem 5 ms 5 ms
Mobile Network Transmission 150 ms 50 ms
Server Processing 10 ms 10 ms
Total 167 ms 67 ms

The Mobile Network Transmission com-
ponent constitutes the primary performance
bottleneck within the conventional 4G system
architecture, accounting for 150 ms of the total
end-to-end delay. In contrast, the transition to
5G technology effectively mitigates this limita-
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tion by significantly reducing transmission la-
tency. Specifically, a two-thirds improvement
is achieved, lowering the transmission delay to
approximately 50 ms. As a result, the overall
system latency is reduced from 167 ms to 67
ms, enabling substantially faster and near real-
time system responsiveness.
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Packet Success Rate. In addition to la-
tency improvements, communication reliability
is a critical factor in signaling performance. The
evaluation of packet delivery success rate indi-
cates a marked improvement in system depend-
ability when utilizing an optimized 5G network
configuration.

4G - 97%

Optimized 5G — 99.5%
To mitigate persistent challenges such as
latency fluctuations, signal instability, and po-
tential packet loss, a set of targeted optimization
strategies is proposed for deployment in mis-
sion-critical remote-controlled signaling envi-
ronments (Table 2).

Table 2 — Proposed Optimization Strategies for Remote-Controlled Signaling Systems

Component Problems Solutions

Mobile Network Latency, Stabilization >G usage, LPWAN  backup
systems

Modem Packet loss QoS su_pported modems, retry
mechanisms

N —

Server connection Overload, Response delay MQTT QoS %, server flexibility

and balance

One of the primary objectives of this
study is to propose an innovative routing frame-
work, termed the Real-Time Adaptive Protocol
Optimization Simulator (RAPOS), specifically
designed for mobile communication-based sig-
naling environments. The effectiveness of the
proposed model is validated through simulation
experiments. The methodology integrates prin-
ciples of Al-driven optimization and adaptive
decision-making mechanisms within smart
communication infrastructures [15].

Simulation Results (Python-based im-
plementation). The graphical simulation (Fig.
2) demonstrates that the Mobile Network seg-
ment remains the dominant contributor to over-
all system latency. It further illustrates a signif-
icant performance improvement achieved
through the adoption of 5G technology, where
the previously highest latency component (rep-
resented by the orange bar) is notably reduced
compared to the 4G scenario (blue bar). This
comparison clearly highlights the positive im-
pact of 5G deployment on end-to-end system
responsiveness.
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Latency comparison across system components

B¢

140 4 5G

120 4

100 4

80 1

Latency (ms)

60

40 -

204

Server

o

Sensor - MCU MCU - Modem Mobile Network

Figure 2 — Simulation codes (Python) — result

Conclusion

The effectiveness of remote signalling
systems is greatly increased by mobile commu-
nication technology.

Latency is decreased, dependability is
raised, and real-time system stability [12] is
guaranteed with 5G. More effective automation
in the transportation and industrial sectors is
made possible by this strategy.
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Abstract

Design of automated process control systems plays an important role in modern industry.
Adaptation of such control systems to various processes is one of the pressing issues, and the
presented article examines the design principles of a new type of controller based on a predictive
model as part of a combined industrial facility control system. A simulation is performed using
MATLAB/Simulink to study the application of conventional and combined process control
systems. The development and adaptation of a model predictive cascade PID controller to modern
systems is compared with traditional control systems. The principal control variable was precisely
and accurately controlled using this strong control method, and it was maintained at the required
setpoints. The PID controller quickly responded when disturbances were introduced into the
system, thereby lessening their influence. The simulation results suggest that integrating a PLC
with a cascade Model Predictive Control and PID controller is a practical and desirable strategy.
These results show that this integrated regulatory system can greatly enhance control performance,
attain reference targets.
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Model-prognozlayici tanzimlayicinin asasinda idaraetma prinsiplari
E.A. Malikov
Azarbaycan Doviat Neft vo Sanaye Universiteti (Bak:, Azarbaycan)

Xiilasa

Texnoloji proseslorin avtomatlagdirilmis idaroetma sistemlorinin islanilmasi miiasir sonayeds
mithiim rol oynayir. Bu ciir idaroetmas sistemlorinin miixtalif proseslors uygunlasdirilmasi aktual bir
problemdir va togdim edilon magaloada sonaye obyektlori tigiin kombinsedilmis idaraetma sisteminin
bir hissasi kimi prognozlagdirict models asaslanan yeni tipli tonzimlayicinin layihalondirma prinsiplori
miizakirs olunur. MATLAB/Simulink simulyasiyalart ononavi vo kombinsedilmis idaroetmo
sistemlarinin totbiqini 6yronilmasi tgiin istifado olunur. Kaskad prognozlasdirici modellagdirmaya
malik PID tonzimloyicinin miiasir sistemlora hazirlanmasi vo uygunlasdirilmasi ananavi idaroetmo
sistemloari ilo miiqayiso edilir. Osas idars doyison bu effektiv idaraetmo metodu ils dogiq va diqgatlo
idara olunur va istonilon toyin olunmus ndqtalora uygun olaraq saxlanilir. PID tonzimlayici sistema
daxil olan pozuntulara tez bir zamanda reaksiya verilir vo bununla da onlarin tosirini azaldir.
Simulyasiya naticoalori gostorir Ki, PLC-ni prognozlagdirici idarsetma modelino vo PID tonzimlayiciys
osaslanan kaskad idaroetmasi ilo inteqrasiya praktik vo arzuolunan bir strategiyadir. Bu naticalor
gostarir ki, belo bir inteqrasiya olunmus tonzimloma sistemi idaroetmonin effektivliyini shomiyyatli
daracads yaxsilagdira va hadafa ¢atmagi tomin eds bilar.

Acar sozlar: optimal idaroetma, neftemali, optimal siizgoac, optimallagdirma moasalasi, katalitik
kreking, idaroetmo algoritmi

IIpyHuMnbl  ynpaBJjieHHSI Ha  OCHOBe  MO/eJbHO-TPOTHO3MPYIOLIEro

KOHTpoJJiepa
9.A. MeJuKOB
Aszepbauioxcanckuu I'ocyoapcmeennsiii Ynueepcumem Hegpmu u I[Ipomviuinennocmu
(baxy, Azepbaiioscan)
AHHOTALUA

Pa3paboTKka aBTOMAaTH3MPOBAHHBIX CHCTEM YIPABJIEHHUS TEXHOJOTHYECKUMH IPOLECCAMH
UIPaeT BAXHYIO POJIb B COBPEMEHHON MPOMBINLIEHHOCTH. AJIaNTal[isl TAKUX CUCTEM YIIPAaBJIEHUS K
pasIMYHBIM MIPOIECCAM SIBJISIETCS OJHOM M3 aKTyabHbBIX 3a/1a4, U B JAHHON CTaThe pacCMaTPUBAIOTCS
MPHUHIIUIIB IPOSKTUPOBAHUS HOBOTO THITA KOHTPOJIJIEpa, OCHOBAHHOTO Ha MPEAMKTHBHON MOJIEIH, KaK
4acTH KOMOWHHMPOBAHHON CHCTEMbI yIpaBlieHHs OOBEKTOM. I[IpOBEIEHO MOJEIUPOBAHUE C
ucnoaszoBanuem  MATLAB/Simulink  mist  u3ydeHus  OpUMEHEHHS  TPAIUIMOHHBIX  H
KOMOMHHUPOBAHHBIX CHCTEM YINPABJICHHs TEXHOJIOTMYECKUMH TpoileccaMu. Pa3paboTka v ajgantanus
IMU/]-KoHTpOJIIEpAa € KACKaAHBIM INPEAMKTHBHBIM MOIEIUPOBAHUEM K COBPEMEHHBIM CHCTEMaM
CPaBHHMBAETCs C TPAJAMIUOHHBIMH CHCTEMaMu yrpasjieHus. OCHOBHAs yIpaBisAiollas IepeMeHHast
TOYHO M AaKKypaTHO YIpPaBlsjgach € MOMOIIbIO 3TOro 3()()EeKTHBHOrO MeToAa YIpPaBICHHS W
MOJIZICPXKUBAIACh B COOTBETCTBHU ¢ TPEOYEMBIMHU 3alaHHBIMU 3HaueHUsIMH. [TU]]-perynstop ObICcTpO
pearupoBail Ha BO3MYIICHHsI, BHOCUMBIE B CHCTEMY, TEM CAMbIM YMEHbBINAs UX BIHMIHKUE. Pe3yibTarhl
MOJIEJTMPOBaHMs MIOKa3bIBatOT, uTo WHTEerpanus [1JIK ¢ KackaJHbIM yIpaBJIeHHEM Ha OCHOBE MOJCIIH
MpOrHO3Upyromero ympasienus u IIAJ[-perynstopa sBASETCS NPAKTHYHOW W SKEIaTEeIbHOU
CTpaTervei. DTU pe3ysIbTaThl MMOKA3bIBAIOT, YTO TaKas WHTETPHUPOBAHHAS CHCTEMA PEryIHUPOBAHMS
MOJKET 3HAYHMTEIBHO MOBBICUTH d()(HEKTHMBHOCTH YIPABIEHHS U O00ECHEYHUTH AOCTHIKEHUE IENEBBIX
3HAYEHUII.

KaloueBsble cjioBa:  onTUManbHOE yIpaBieHHe, HeQTenepepaboTKa, ONTUMAILHBIN QUIBTP,
3a7a4a ONTUMHU3ALMH, KATaJTUTUYECKUN KPEKHUHT, aJITOPUTM YIIPABIECHU
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Introduction

Currently, in modern control
technologies, regulators have a large
percentage of industrial and advanced

technologies due to their wide range of
capabilities. As crucial as creating new
technologies is comprehending combined
regulatory systems and applying them to real-
world situations. According to control
engineers, control technology should be used to
address industrial problems [1-8]. To improve
control and redundancy, however, a single
regulator may occasionally be unable to
manage the plant or systems. Two or more
techniques may be combined into a single
solution in these situations.

Due to their enormous capacity for
reducing disturbance effects and application of
unconventional ~ approaches,  such  as
implementing neural networks and cascade
control into nonlinear pH processes, combined
regulatory systems, which combine multiple
control strategies to optimize performance, are
growing in popularity today [9]. Hybrid
systems integrate both continuous and discrete
control approaches, whereas other systems
typically only use continuous.

The absence of real-world practices is the
main obstacle to establishing combined
regulatory systems more comprehensively.
This is mostly due to the new regulator's
complexity and the difficulty of applying it to
real-world situations. Each type of regulator has
a unique innate behavior, making it challenging
to predict how each regulator will interact with
the others when they are combined. Newly
created unified regulatory systems should be
simple without compromising the efficiency to
address these issues.

It is known that in order for any
developed control system to be successful and
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effective in managing industrial operations, it is
necessary to take into account and analyze a
number of important factors [10-15]. A vital
factor, first of all, is a comprehensive
assessment of the system requirements. This
entails having a thorough grasp of the particular
industrial process, its variables, intended
setpoints, performance goals, and any
applicable industry standards or regulations that
must be followed. Designing the unified
regulatory system will be built on a solid grasp
of these criteria. Another crucial factor is right
choosing the control loops. To obtain the
required control results, several control
systems, such as PID control, cascade control
(CC), and feedforward control, may need to be
integrated. The process dynamics, interactions
between variables, and the control goals
decided upon during the system requirements
analysis should all be taken into consideration
while choosing the control loops.

In addition, selecting appropriate
hardware and software components is of
decisive importance when creating a combined
regulatory system. This involves choosing a
DCS or PLC with enough processing power and
memory to support many control loops. The
accessibility of suitable input/output modules,
communication protocols, and integration
possibilities with other systems, such as
SCADA, should also be taken into account.

System integration and testing must be
taken into consideration during the design
process. The unified regulatory system should
be connected with the already installed
SCADA, DCS, and other control systems for
process control. The system must be thoroughly
tested to ensure its responsiveness, stability,
and functioning. To make sure the system
works as planned, many scenarios, including
normal operation, setpoint changes, disturbance
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rejection, and fault circumstances, should be
simulated and tested. The unified regulatory
system may be further optimized by identifying
possibilities for improvement through ongoing
monitoring and data analysis.

Purpose of the Work

The purpose of this work is to investigate
the performance of combined regulatory
systems and to develop a cascade MPC-PID
control  structure capable of improving
disturbance rejection, robustness, and control
accuracy in industrial processes.

Problem Statement

Although conventional PID and MPC
controllers are widely wused in industrial
applications, their performance may deteriorate
under unmeasured disturbances and nonlinear
operating conditions. Therefore, there is a need
for an integrated control strategy that combines
the advantages of both approaches while
minimizing their limitations.

Problem Solving

Cascade Control Strategy. A cascade
design gives the systems a lot more flexibility
and robustness. For the control of temperature,
flow, and pressure loops, CC loops can be
employed and are a popular element in the
process control sectors. CC consists of two
individual control loops generally called inner
and outer or primary and secondary [16].
Combining conventional PID controllers with
cascade architecture adds much more flexibility
to the system.

When creating controllers for industrial
applications, it is crucial to take both
measurable and unmeasured disturbances into
account. Measured disturbances givecontrollers
immediate input on the behavior of the process,
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allowing them to react quickly and keep up
target performance. System stability might be
weakened and suboptimal control can result
from ignoring recorded disturbances. On the
other hand, undetected disturbances can have a
big effect on process dynamics even though
they are not directly observable. Engineers can
increase the robustness and dependability of the
control system and ensure optimal performance
under a variety of circumstances by including
methods to handle unmeasured disturbances in
the controller design.

Unmeasured disturbances are frequently
unavoidable in industrial applications because
of the environment, equipment changes, or
unforeseen circumstances. Ignoring them can
make control techniques unable to adjust and
make up for disruptions, which would
compromise system performance. As a result,
taking into account both measured and
unmeasured disturbances improve system
performance overall, including setpoint
tracking, variability, and disturbance rejection.
This results in enhanced product quality,

decreased downtime, and increased
productivity - all important factors in industrial
settings.

Both sorts of disturbances are taken into
account, which is in line with the robust control
principles, where controllers are built to handle
uncertainties and disturbances that arise in
practical situations. The development of control
techniques that enhance system performance,
adapt to changing circumstances, and offer
solid and dependable control in industrial
applications is supported by this all-
encompassing approach.

It should be noted that the simplicity of
the PID controller is one of its advantages over
other complex controllers but in case of
unmeasured disturbances the system states
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become fluctuating which should be avoided.
Different kinds of applications can be
implemented to reduce disturbance factors such
as using different control approaches. For
instance, feedforward control, cascade control,
designing a controller under robustness
strategies, etc.

To obtain a combined regulatory system,

it is necessary to use two different or similar
regulators. One of them is using two similar
PID controllers and implementing them with
cascade architecture and the second is
implementing a new cascade MPC-PID
controller.
A step function is given to the system to
observe its stability and robustness under
instantaneous changes. If the system stabilizes
itself after a couple of ups and downs it can be
called stable otherwise system should be
considered as unstable. A noise component is
also added to the system to observe its behavior
and pave the way to compare it with a non-
conventional Cascade PID controller.

Principles for Designing a Cascade
Controller with a Predictive Model. It is
known that MPC is a model-based control
strategy that uses predictions to form output
control actions according to a reference. In
Figure 1 the general structure of the MPC is
shown.

] Measured
l Disturbances
References Measured
— | Optimizer Outputs
b —-
I_ Prediction Control
Modd! Moves

MPC

Figure 1 — Structure of MPC

References are given to the system to
maintain predictions of the system's further
behavior and state. It is a feedback control
strategy that is suitable for non-linear
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applications due to its inherent characteristics.
In each prediction, the controller compares
predicted values and chooses the optimal
decision. Unlike conventional PID controllers,
MPC is capable of handling Multiple Input
Multiple Output (MIMO) systems which is a
strong tool for handling non-linear MIMO
systems.

N N
J= z wy, (T; — %) + z wy, Au;?
i=1 i=1

In many industrial applications, including
blending, mills, kilns, boilers, and distillation
columns, MPC is a well-established method for
advanced process control. MPC uses a plant
model and optimizer and has different types
such as explicit, adaptive, multistage, non-
linear, and multiple. The main disadvantage of
the MPC technology is that it requires a lot of
computational resources which should be
considered while implementing it into a real
scenario.

For a number of reasons, MPC is
recognized as a highly successful control
approach for industrial applications. First,
MPC considers the system's dynamic
behavior and limitations, enabling the
optimization of control actions over an
extended period. This enables the controller to
foresee issues and deal with them proactively,
ensuring reliable and effective operation.

Second, MPC offers a structured
framework for tackling complicated control
limitations and objectives that are frequently
encountered in industrial operations. It
enables the incorporation of numerous
process factors and optimization standards,
such as setpoint tracking, reducing energy use,
or satisfying product quality requirements.
Due to its adaptability, MPC is a good choice
for a variety of industrial applications where it
is necessary to balance several control
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objectives.

Additionally, MPC has intrinsic
robustness and adaptability. Through its
model-based methodology, it can manage
fluctuations in process dynamics,
nonlinearities, and uncertainties. Using a
precise model of the system, MPC can
forecast how the process will behave in the
future and optimize control measures
accordingly. Because of its versatility, it can
be used for a wide range of industrial
operations  under different  operating
conditions.

MPC is a highly effective control strategy
for a variety of industrial applications due to its
capacity to manage complex systems, optimize
numerous objectives, adapt to fluctuations, and
seamlessly interact with other control
strategies. Its capability to achieve exceptional
control performance in difficult industrial
environments is further enhanced by its
compatibility with multiple regulatory systems.
In many industrial fields where precision
control, optimization, and the fusion of several
control techniques are crucial, MPC-based
combined regulatory systems are used.

Our main goal is to establish the most
accurate, robust, and smooth control actions.
The main working principle of the MPC is
establishing continuous control actions to get as
precise as possible and acquiring the reference
or intended output.

In our case, measured disturbances are
neglected and the reference signal will be a step
signal for simplicity. MPC controller will try to
generate control actions to get the step signal.
However, the system has a noise and this noise
will cause unwanted fluctuation, error, and lags.
To avoid this problem auxiliary PID controller
is added to the system using a cascade
connection. The generated multi-loop system is
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not prone to disturbances which would have
devastating effects on the system. The results
can be driven to establish solid understanding
about implementation of MPC and PID
controllers together. Each and every controller
has its own behavior in different situation and
that is the main reason why implementing
combined regulatory systems are complicated.
To prove that combined control systems have
better noise handling capabilities, we compare
the performance of a conventional PID
controller and a cascade PID controller. For
evaluating the performance of the system step
response method is used to get the behavior of
the system under instantaneous changes. In
Figure 2 step response of two different
controllers are given and a general
understanding can be driven that conventional
PID has better settling time and has better peak
value.

However, in case of disturbance
simulations show that the conventional PID
controller is not able to handle disturbance
factor as much as Cascade PID controller.

Even though Cascade PID controller has
longer sampling time and steeper peak value it is
able to handle fluctuation from unmeasured
disturbance.

Model and result of the model show that a
cascade architecture has a great benefit on dealing
with disturbances (Figure 3).

The results of simulation show that if any
change or deviation happens during process it will
be considered and inner or secondary controller will
deal with it. Simple technological process
example for aforementioned simulation is
controlling the temperature with controlling the
flow of fuel of boiler. Temperature controller is
the primary or outer controller and flow
controller is the secondary or inner loop.
Temperature controller gives the set point to
flow controller and it adjusts it via opening and
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closing the valve or some kind of actuator. In
case of deviations in fuel feed/inlet it will

L

directly affect the temperature of the boiler.

Band-Limited
White Noise
tep
J_ »(- PID(s) PID(s) num(s) >
- 2 den(s) = > D
Step PID Controller Sdfh1 PID Controller1 Transfer Fen1 e "
Scope
|
- num(s) PID
PID(s) " den(s)
Sdfh3 Sdf5
PID Controller2 Transfer Fen2
Figure 2 — Comparing Cascade PID and conventional PID controller with disturbance factor
Figure 3 — Step response difference of Cascade PID and conventional PID under disturbance factor
Now let's compare the efficiency of track the reference signal with real time

MPC controller and cascade MPC-PID
controller. As it is mentioned before the
efficiency of cascade structure is proven and
shown by means of simulations and controller
models. MPC controller are generally used to
track reference signal which can be produced
by means of CPU or something else. It will
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predictions and adaptiveness. In this paper a
reference signal is step signal for simplicity and
MPC tries to track and gives an optimal output.
Figure 4 compares the MPC controller and the
MPC-PID cascade controller under interference
conditions.
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Figure 4 — Comparing MPC controller and Cascade MPC-PID controller under disturbance

Figure 5 shows the output control signal
of MPC which is trained and tuned during
initiation of the controller. As it is shown in the
figure MPC controller increase its value so
smoothly and has really negligible peak value
during stabilization. MPC controller are very
efficient and it can be seen that it reaches
intended value in very short time, or in other
words it hasvery good response time.

Figure 5 — Output of MPC controller with step
signal reference

In Figure 6 show the output control signal
of MPC under disturbance and it can be seen
that it is not very good at handling ups and
downs while controlling the system. Due to a
number of causes, MPC controllers may have
trouble handling unmeasured disturbances.
First, since the consequences of unmeasured
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disturbances cannot be directly measured due to
their lack of observability, it is difficult for the
controller to precisely account for their effects.
Additionally, due to their poor adaptation, MPC
controllers may find it difficult to respond fast
to unforeseen or rapidly changing disruptions,
which could hinder their capacity to make the
best decisions possible in the present. After
evaluating the effect disturbance to the MPC
system implementing a PID controller with
cascade structure is considered as an optimal
solution. Figure 7 shows a cascaded MPC-PID
controller, and Figure 8 shows a comparison
between an MPC and a cascaded MPC-PID
controller. For a number of reasons, combining
a cascade PID controller with an MPC
controller can be advantageous. First off, the
PID controller operates on a shorter time scale
than the MPC controller, enabling it to perform
real-time control actions that are speedier and
more sensitive. When dealing with sudden
disruptions or changes in the system, this can
help to alleviate the delays and constraints of
the MPC controller. Second, by continually
modifying the control output based on the
difference between the setpoint and the actual
system output, the PID controller can directly
handle unmeasured disturbances. As a result,
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the PID controller can offer prompt remedial
action, enhancing the MPC controller's
predictive capabilities. Thirdly, by successfully
compensating for modeling mistakes or
differences between the anticipated system
model and the actual dynamics, the PID
controller can increase the robustness of the
overall control system. It can function as a
feedback mechanism that lessens the effects of

Figure 6 — Output of MPC controller under
disturbance

disruptions that are neither modeled or
measured. The control system's dependability
and safety are improved by this redundancy.
Last butnot least, combining a cascade PID
controller with an MPC controller is a well-
known and popular control method that has
benefited from in-depth study, real-world

application, and a wealth of expertise and
experience.

Figure 8 — Comparing M

In order to enable the system to react to
changes in the reference signal fast, the
aggressive tuning strategy gave priority on
decreasing the settling time. But it also caused
more oscillations and overshoot, which may
make the system unstable.

The goal of robust tuning was to
guarantee consistent and dependable system
performance, particularly during turbulent
times. In this method, tuning settings were
chosen to limit susceptibility to parameter

PC and Cascade MPC-PID controller
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fluctuations ~ while  providing  adequate
disturbance rejection. The simulation findings
showed that, in comparison to aggressive
tuning, robust tuning resulted in a slower
response time. However, it provided improved
stability and reduced the performance effect of
disruptions.

The outcomes of the simulation clearly
demonstrated how important tuning is to the
creation of integrated regulatory systems. The
system's performance and behavior were
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directly impacted by the tuning settings used.
Robust tuning resulted in a longer response
time but offered stability and robustness to
shocks. Response times that were slower or
quicker had an impact on the dynamic behavior
of the system, enabling smoother operation or
quick adaption.

Conclusion

The implementation of the MPC
controller combined with the cascade PID
controller showed excellent performance in
achieving optimum output based on the
reference signal. However, its ability to handle
disturbances was limited. To address this, an
inner control loop with a PID controller was
introduced, providing faster reaction time and
enhanced disturbance handling capabilities.
Overall, the results highlight the potential of
combined regulatory systems, such as the

E.A. Melikov
applications, particularly in technological
processes. The MPC component offers

predictive control and system optimization,
allowing the system to adapt to changing load
requirements and maintain optimal operating
conditions. The MPC component enables
predictive modeling and optimization in
processes that call for precise control of
technological parameters like temperature,
pressure, and composition, facilitating optimal
system control. This makes manufacturing and
quality control efficient. Additionally, the
cascaded MPC-PID controller improves the
system's capacity to tolerate disturbances and
contributes to overall stability, which are
important requirements in these industries.
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Abstract

The article investigates the primary oil refining process and the separation of crude oil into
different fractions under atmospheric and vacuum conditions. The structure and operation of
technological complexes, including tubular furnaces as well as simple and complex rectification
columns, are analyzed. The existing automation systems and the modernization efforts carried out
for process units are also reviewed. The study highlights that, although significant reconstruction
and modernization of automation systems have been implemented, advanced local and automatic
control strategies for stabilizing key process parameters have not yet been fully applied in the
original design of technological units. In this context, the development and application of modern
automatic control systems based on recent scientific and technical advances are considered highly
relevant to ensure both production efficiency and required quality of oil fractions. It is concluded
that the proposed control system improves the stabilization of technological parameters and
enhances overall fuel efficiency in the primary oil refining process.
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Fraksiyalasdirici kolonun avtomatik idaraetma sisteminin islonib hazirlanmasi
A.A. Safarova
Azaorbaycan Doviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalads neftin ilkin emali qurgularinda xam neftin miixtalif neft fraksiyalarina ayrilmasi prosesi vo
bu prosesin idaro olunma xiisusiyyatlori tadqiq olunmusdur. Atmosfer vo vakuum soraitinds isloyan
texnoloji bloklarin strukturu, o ctimladan borulu sobalar vo rektifikasiya kalonlarinin faaliyyati tohlil
edilmigdir. M6vecud avtomatlagdirma sistemlorinds aparilmis modernlogdirma iglari nozars alinaraq, daha
tokmillosdirilmis idaroetma yanagmalarinin tatbigi zoruriliyi osaslandirilmigdir. Todqiqat goargivasindo
istehsal olunan neft fraksiyalarmin keyfiyyot gostoricilorinin stabillosdirilmasi vo yanacaq sarfinin
optimallagdirilmasi moagsadilo miiasir avtomatik idarsetma sistemlorinin islonilmasi toklif olunmusdur.
Sistem parametrlorin daha dogiq tonzimlonmasi vo prosesin sabitliyinin artirilmasi istigamatindo
formalasdirilmigdir. Notico olaraq miioyyon edilmisdir ki, toklif olunan tokmillosdirilmis idaroetmo
yanagmasi neft emali prosesinin somaraliliyini vo mahsul keyfiyyatini ohomiyyatli doracads yiiksalds bilor.

Acar sozlor: rektifikasiya kolonu, idarsetma sistemi, benzindon tomizlonmis neft, miisahide olunan
parametrlor, nazarat olunan parametrlor, tonzimlayici klapan

Pa3paboTka aBTOMATHYECKOM CHCTEMBI yIIpaBJeHusl 151 GpaKmuOHUPYIOLIei

KOJIOHHBI

A.A. Cajaposa

Aszepbatiodcanckuil 20cy0apcmeeH bl yHUgepcumem He@mu u npOMulULIeHHOCIU
(baxy, Azepoaiioxcan)

AHHOTAUA

B craThe rccnenyoTes mpolecchl NepBUYHON mepepadoTKu HeTH U pa3AesicHus ChIpoi HeTH Ha
pasnuuHble (QpaknuM B YCJIOBHSIX aTMOC(EpPHONH M BaKkyyMHOH meperoHkd. PaccMorpeHa cTpykrypa
TEXHOJIOTMYECKHX  KOMIUIEKCOB, BKJIIOYAIOIIMX TpyO4aTele T€Yd M MPOCThIE M CIOXHBIE
pekTH(UKAMOHHBIE KOJOHHBI, a Takke OCOOCHHOCTH WX (yHKIHOHMpoBaHWS. [IpoBereH aHamm3
CYLIECTBYIOLIMX CHCTEM aBTOMAaTH3allMd C YYETOM BBHINOJHEHHBIX Pa0OT MO MOJECPHHU3ALUU U
PEKOHCTPYKIIMM TEXHOJIOTUYECKUX OJIOKOB. B pamkax wcciegoBaHus 0OOCHOBaHA aKTYaIbHOCTh
Pa3pabOTKH yCOBEPILICHCTBOBAHHBIX CHCTEM aBTOMAaTHYECKOT'O YIIPABJICHNUS, OCHOBAaHHBIX HA COBPEMEHHBIX
JOCTIDKEHMSIX B 001acTH aBToMaTH3auuu. [IpenioskeHpl moaXoabl K CO3AaHUI0 CHCTEM, 00ECTICYHBAIOIINX
CTaOMIILHOCTD TEXHOJIOTHYECKUX TIApaMEeTPOB, TIOBBIIIICHHE KauecTBa HEPTSIHBIX (HPaKIMi 1 ONITHMHU3AIHIO
pacxoga TomnuBa. B pesynbTare yCTaHOBIEHO, YTO BHEAPEHHE MPEIJIOKEHHOW CHCTEMBI YIPABICHUS
MO3BOJISIET TOBBICUTh 3(QeKTUBHOCTL Tpoliecca HeTernepepadoTKu W YIYYIIHTh CTaOHIBHOCTD
MapaMeTPOB TEXHOIOTUIECKOT0 PeKUMA.

KarouesBblie cioBa:  pekTr(dUKaMOHHAs KOJIOHHA, CUCTEMA YIIpaBJICHHsI, 0TOCH3NHEHHAs! He(DTh,

HabJro1aeMble apaMeTpbl, KOHTPOJIUPYEMBIE TapaMETPhl, PEryINPYIOINi
KJIaIaH.
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Introduction

As it is evident from the above
description of the technological complex of
primary oil refining, since the technological
process takes place under very high loads, if we
consider this system from the point of view of
providing conditions for compliance with the
qualitative indicators of the produced oil
fractions both under conditions of high
temperatures and significant fluctuations in
both consumption and qualitative indicators of
raw materials, it should be applied to the class
of large and complex systems, such as control
system. Ensuring safe and cost-effective
implementation of this technological process,
as a rule, largely depends on the level of its
automation [1,2]. As already mentioned, at each
of the operating facilities of both oil refineries
of our republic significant modernization work
has been carried out both in technological and
automation terms. The modernization measures
in the field of automation at these technological
facilities mainly consisted in replacing old
automation equipment with new generation
automation equipment. Indeed, after these
measures, the measures related to the control of
the facilities are fully compliant with modern
operation and maintenance requirements.
However, local control schemes and more
advanced automatic control schemes for
stabilisation and monitoring of the main
regulated parameters in individual process
units, which were envisaged in the original
designs of the process plants. To ensure better
control, it is advisable to create cascade
automatic control systems with self-tuning
functions [3].

One of the main technological
apparatuses in terms of its importance in the
technological process is the rectification
column K-1. Since the degassing of crude oil
used as feedstock is carried out in the K-1
column, it is imperative that better quality
control schemes be developed in this column to
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ensure more efficient and productive operation
of downstream units.

Purpose of the work

Development of an automated control
system based on modern automation tools,
which has advantages over existing systems and
iIs based on disturbance effects to ensure
optimal flow of the technological process in the
K-1 column, which is the main technological
apparatus of the primary oil refining unit.

Problem statement

In the K-1 distillation column only the
temperature at the top is controlled. The flow
rate of cold distillate fed to the column is
changed as a controlling factor. Local control
circuits are used to control the pressure at the
top of the column and the level at the bottom.
The implementation of automated composition
analyzers to automatically monitor the quality
of the gasoline fraction obtained in the K-1
column was not envisaged. Indeed, the
difficulties of using such analyzers in real-
world control systems are well known.
However, to ensure a more optimal process
flow in the K-1 column, it was imperative to
implement automated control systems offering
significant advantages over existing systems
and based on excitation effects [3].

As it is seen, the lack of automated quality
control of the individual fractions produced in
this process has not allowed the introduction of
feedback control systems, which have
sufficient advantages. For this reason, due to
excitation effects occurring within the plant,
deviations of fraction quality from standard
values are common. This, in turn, is
accompanied by high energy consumption and
unsatisfactory product quality [4].

All this demonstrates once again that if
we consider the operation of primary oil
refining processes from the point of view of
information support, these process units should
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be classified as complex units characterized by
a lack of information.

For a clear understanding of the
automation process carried out in the
technological apparatus, let us briefly describe
the technological process taking place there.
The gasoline-free oil taken from the bottom of
the K-1 column by pumps at a rate of 350 t/h, is
transferred to the E-203 raw hot-heavy oil
circulation heat exchanger and the E-204 A/B
raw-heavy oil heat exchanger at a temperature
of 195-205 °C, and a pressure of 14-16 kg/cm2
for reheating by pumps P-102 A/B. The oil
leaving the E-204 A heat exchanger is heated to

340-360 °C by passing through 4 serpentine
tubes of the H-201 furnace at a temperature of
180-240 °C and a pressure of 12-14 kg/cm2 and
is fed in one flow to the bottom of the 24th plate
of the K-1 column, and the bottom of K-1 is
heated by circulating this “hot stream”. The oil
sequentially passes through the convection and
radiation sections of the furnace and is fed in
two streams at a temperature not exceeding
360°C to the bottom of plate 45 of the K-2
atmospheric rectification column.

The technological scheme of the K-1
column is shown in Figure 1.

gas cap

Gasoline K-8
free oil

Figure 1 — Technological scheme of the K-1 primary evaporation column

The range of variation of the main operating parameters of column K-1 is shown in Table 1.

Table 1 — The range of variation of the main operating parameters of column K-1

Range of variation
Ne Parameter name Unit of measurement
low high
1 Consumption of raw material m?/h 290 300
2 Temperature below the column °C 235 250
3 Pressure in the colomn atm 2.5 3.5
4 Level in the column % 60 65

These data represent parameters intended for normal device operation.
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Solving of the problem

The automated scheme of the K-1
degassing column of the primary oil processing
unit is shown in Figure 2. Crude oil mixtures
extracted from various oil fields are fed through
a pipe to the intake of the raw material pumps
of the unit. The pressure in the raw material
pipe is controlled by the PC controlling valve.
The flow rate of the mixture is controlled when
the raw material is fed to the E101 A/B/C heat
exchangers for initial heating. The flow rate of
water supplied to clean the oil of salts is
controlled. The water level in the TK-101 water
tank is controlled by the LC controlling valve.

The oil leaving the E-101C heat exchanger is
separated into 2 streams. The flow rate of the
first stream is regulated by the FC valve and the
flow rate is controlled by the FT flowmeter. The
flow rate of the second stream supplied to the
light oil periodic irrigation/raw material heat
exchanger is regulated by the FC controlling
valve. The temperature at the outlet of the heat
exchanger is automatically controlled as both
streams enter the V-101 electro-dehydrator.
The flow rate of water supplied to the inlet of
the electro-dehydrator for complete separa-tion
of salts as a solution is monitored by the 1-b
position FE device [5,6].

‘i SENEENE
172]
o Yy Y Y Y Y Y vy Y Y Y Vv Vv ¥
8 | Control System |

Figure 2 — Automatic control system of the K-1 primary evaporation column
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Table 2 — The parameters monitored and controlled in the device K-2

Ne Name of the device Type of automation

1 Temperature at the outlet of the heater Automatic monitor
2 Level in the dehydrato Automatic control
3 Pressure in the dehydrator Automatic monitor
4 Level in the column Automatic control
5 Temperature at the top of the tank Automatic monitor
6 Pressure at the top of the tank Automatic control
7 Level in the E-1 tank Automatic monitor
8 Level in the E-6 tank Automatic control
9 Pressure in the E-6 tank Automatic control

The parameters monitored and controlled
in the device are shown in Table 2.

The automation system works as follows:

Initially, the values of parameters
measured in technological processes are fed
into the junction box (JB) via a shielded cable
in the form of a single analog signal (4-20) mA.

If the signal received from the source
transmitter is a pneumatic signal with a voltage
of (0.2-1) kg/cm2, this signal is first converted
to an analog signal (4-20) mA using a
pneumatic-electric converter. Cables coming
from transmitters located in different parts of
the device, as well as cables going to actuators,
various contacts, etc., are collected together in
the JB and from there connected via a shielded
cable to the DI (discrete input), Al (analog
input), DO (discrete output), AO (analog
output) modules of the control system in
accordance with their location in the protective
barriers.

When input signals are applied to the Al
and DI modules, the (4-20) mA current or
discrete signal representing two logical states is
converted into a form acceptable to the system
and fed to the controller. To improve the
continuity and reliability of this control system,
two controllers are installed in the automatic
control system (ACS) . One of these controllers
is called the main controller (primary), and the
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other is called the backup controller
(secondary). As soon as a problem occurs in
one of the controllers, the other is automatically
activated. The generated output signals are
transmitted to the AO or DO modules,
respectively, for feeding the actuators [7-9] .

Conclusion

In the presented paper, the distillation
column which is the main technological device
of the primary oil refining unit, has been studied
as a control object. In order to improve the
quality of the control system on “reflux—
temperature” for the rectification column,
which is the main fractionating technological

equipment of the primary oil processing
facility, a automatic control system was
constructed .

This control system provides the quality
control by compensating stimulating influences
in technological facilities operating under
heavy load in conditions of information
scarcity. This control system ensures the
maintenance of standard quality indicators for
manufactured products at a given value for raw
materials.

This control system ensures that standard
quality indicators for manufactured products
are maintained at specified values for raw
materials.
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Abstract

The article investigates the assessment of water level and flood risk zones in the Lankaran
River Basin using Geographic Information Systems (GIS) and the Digital Elevation Model (DEM).
The study examines the role of remote sensing technologies in analyzing water resource dynamics
and presents methodological approaches for identifying flood-prone areas. The basin mapping and
the hydrological analysis were performed using ArcGIS software and the existing spatial databases.
The distribution of flood risks was evaluated based on the intensity of previous flood events and
their geographical causes. The proposed approach enables the analysis of influencing factors and
the accurate delineation of hazard zones. As a result, it is concluded that the integration of DEM
and GIS provides precise and effective mapping of flood risk zones in the Lankaran River Basin.
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Lankaran ¢ay1 hovzasinin hidroloji modellasdirilmasinds Ragamsal
Hiindiirliik Modelinin (DEM) tatbiqi

N.X. Qasimova
Baki Doviat Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalads Lonkaran ¢ayi hovzasinds su saviyyasinin vo sel risk zonalarinin cografi-
informasiya sistemlori (CIS/GIS) va Ragamsal Hiindiirliik Modeli (DEM) asasinda tadqiq olunmasi
mosalosi arasdirilmigdir. Todgigatda mosafodon zondlama texnologiyalarinin su resurslarinin
dinamikasmin giymatlondirilmasinda rolu vo sel risklorinin miisyyanlosdirilmasi {igiin istifado
olunan metodoloji yanasmalar toqdim olunmusdur. isdo ArcGIS program tominati va mévcud
verilonlor bazasindan istifado etmoklo hdévzonin Xaritologdirilmasi vo hidroloji analizlorin
aparilmasi hoyata kecirilmisdir. Sel risklorinin paylanmasi avvoalki hadisalorin intensivliyi va
cografi soboblor nazors alinmaqla giymotlondirilmisdir. Toklif olunan yanagma har bir tosiredici
amilin tahlilino vo tohliiko zonalarinin doqiq miioyyanlosdirilmasine imkan yaratmigdir. Notico
olarag, DEM va GIS inteqrasiyasi asasinda Lonkaran ¢ay1 hovzasinda sel risk zonalarmin dagiq
xaritalosdirilmasinin miimkiin oldugu miiayyon edilmisdir.

Acgar sozlar:  DEM, hidroloji modellasdirmo, axin istigamati, axim yigilmasi, ¢ay hovzasi

IIpumenenne uugpponoii moaenu peabeda (DEM) B ruaposiornyeckom

MO/IeJIUPOBaHUN 0acceliHa peku JIeHKOpaHb

H.X. I'aceimoBa
baxunckuii 2ocyoapcmeennviii ynusepcumem (baky, Azepbaiiosican)

AHHOTANUA
B cratee uccnenyercs onpeneneHrne ypoBHS BOJbI M 30H PHCKa HABOJHEHUM B OacceiiHe

peku JIsukspan Ha ocHoBe reonHpopmanronubix cucteMm (I'MC) u nudposoit moaenu penbeda
(DEM). B paboTe paccMaTpuBaeTcsi poiib TEXHOJIOTHI AUCTAHIIMOHHOTO 30HMPOBAHUSI B OLICHKE
JUHAMHUKHU BOJHBIX PECYPCOB M MPEACTABIECHBl METOA0JIOIMYECKHUE MOAXO0/IbI K BBIIBICHUIO 30H
pucka HaBogHeHHH. C HCIOIB30BaHUEM TIporpaMMHoro obecrieuenuss ArcGIS u cymectByronmx
0a3 JaHHBIX BBIOJHEHO KapTorpadupoBaHue OacceiiHa W MPOBEAECH THAPOIIOTUUYECKUN aHAIH3.
Pacrnipenenenre puUCKOB HAaBOJHEHHMM OLICHMBAJIOCh C YYETOM MHTEHCHUBHOCTU IPEIBITYIINX
coOpiTuii 1 Teorpaduueckux QaxtopoB. lIpemnoxkeHHBIH MOAXOM IMO3BOJSIET AHATU3UPOBATH
BIMSIOIIME (PAKTOPBI U TOYHO OMPEIEINIATh 30HBI OMACHOCTH. B pe3ynbTare yCTaHOBJIEHO, YTO
unrerpamust DEM u I'HC obecnieunBaet s3pdekTrBHOE ¥ TOUHOE KapTOrpadupoBaHUE 30H PUCKA
HaBOJHEHUH B Oacceiine peku JISHKsIpaH.

Kurouesbie cioBa:  DEM, rugponmornueckoe MOJEIUPOBAHHWE, HaIpaBiIeHUE IOTOKA,
HAKOIUICHHE TIOTOKA, BOJIOpa3 e
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Introduction

Water is a fundamental resource that
plays a crucial role in maintaining healthy
ecosystems and supporting socio-economic
development. Among all renewable natural
resources, water is the most critical, as it
sustains all life processes and is vital for human
well-being, including food security, public
health, and livelihoods. Therefore, the effective
assessment, management, protection, and
utilization of water resources are essential
prerequisites for sustainable development at
both local and regional scales [1]. At the global
level, the availability of rivers, lakes, and
groundwater  resources is increasingly
threatened by declining precipitation, high
evaporation rates, and anthropogenic impacts.
Pollution and overexploitation intensify these
challenges, adversely affecting ecosystems and
human populations lacking reliable access to
safe drinking water and basic sanitation
services. In particular, the increasing frequency
of disasters in vulnerable regions highlights the
necessity of sustainable water resource
management.

The Lankaran River Basin, with its
unique  topography and  hydrological
characteristics, is highly sensitive to variations
in water quantity and quality. Understanding
the spatial and temporal variability of water
levels within the basin is critically important for
flood risk management, ecosystem
conservation, and regional development
planning. In this context, advanced tools such
as Geographic Information Systems (GIS),
Remote Sensing (RS), and high-resolution
Digital Elevation Models (DEM) offer effective
capabilities for the assessment and management
of water resources. This study aims to present
the methodology for hydrological modelling of
the Lankaran River Basin using DEM data [2].
The integration of geospatial data analysis and
hydrological modelling facilitates opportunities
for decision-makers to reduce flood risks and
optimize the efficient use of water resources.
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Purpose of the work

The main objective of the study is to map
the basin and identify flood hazard zones using
ArcGIS software.

Materials and Methods

In this study, the hydrological
characteristics of the Lankaran River Basin
were examined using Digital Elevation Model
(DEM) data. The hydrographic network, flow
direction patterns, topographic attributes,
watershed boundaries, and other hydrological
parameters of the study area were derived
through ArcMap 10.8 software. Hydrological
analyses were performed utilizing the tools
available under ArcToolbox — Spatial Analyst
— Hydrology, enabling the systematic
extraction and processing of spatial data for
accurate basin characterization.

Hydrological Modelling

Hydrological modelling enables the
transfer of a river and its drainage basin into a
digital environment, allowing the development
of a model that closely represents real-world
conditions [1]. This approach is not limited to
the use of a single software application; rather,
it encompasses a sequence of steps ranging
from data acquisition to the presentation of final
results. Hydrological modelling makes it
possible to analyze the flow of water across the
land surface and provides critical information
on terrain characteristics for fields such as
regional planning, agriculture, and forestry. In
these sectors, it is essential to understand how
water flows across the landscape and how
changes occurring within the basin influence
this flow.

Hydrological modelling is primarily
based on precipitation, temperature, and
potential evapotranspiration data.
Alternatively, potential evapotranspiration may
also be estimated using other hydromete-
orological indicators such as wind speed, solar
radiation, and humidity. The implementation of
atmospheric precipitation and runoff models
requires datasets including topography (Digital
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Elevation Model), soil physical properties,
land-use characteristics, and the river network

system [3].
Obijectives of Hydrological Modelling
— Assessment of Water Resources:

Analysis of the quantity and spatial
distribution of available water resources
within the region.

Flood Risk Prediction: Support for
planning mitigation measures and
reducing vulnerability to flood events.
Integrated  Management:  Optimal
management of water resources and
preservation of ecological balance.
River Flow Analysis: Determination of
the dynamics and flow characteristics of
the river network.

Early Warning Systems: Provision of
forecasting and planning capabilities for
emergency response and disaster
preparedness.

Environmental Economics: Economic
and ecological evaluation of water

resources to support sustainable
development.
Digital Elevation Models (DEM)

provide high-resolution topographic data and
are widely used in modern hydrological studies
[4]. By offering a three-dimensional
representation of the Earth's surface, DEMs
enable precise analysis of the morphometry of
river basins, the hydrographic network, and
catchment areas. Through this data, irrigation
channels, dams, roads, agricultural fields, and
other anthropogenic features that influence
flow variability can be identified. DEMs also
facilitate the analysis of hydrological processes
and dynamic landscape transformations, such
as floodplain inundation, wetland and lake area
changes [5]. Due to these capabilities, DEM is
considered one of the primary input datasets in
hydrological modelling, allowing accurate
delineation of flow paths, river networks, and
catchment areas within a basin [6]. For the
study area, DEM data were obtained from the
United States Geological Survey (USGS)
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database and imported into ArcMap 10.8. The
data were aligned with the coordinate system of
the study area and processed in preparation for
hydrological analysis.

Study Area

The study area is the Lankaran River
Basin, located in the southeastern part of the
Republic of  Azerbaijan. The  basin
encompasses regions near the southern coast of
the Caspian Sea and consists of a mix of
mountainous and flat terrains. Characterized by
a subtropical climate, the basin experiences
high precipitation and relatively stable
humidity. These climatic and topographic
features make the basin hydrologically unique
and contribute to the complexity of water flow
processes.

The study was conducted solely using
Digital Elevation Model (DEM) data. DEM
datasets obtained from the United States
Geological Survey (USGS) were imported into
ArcMap 10.8, aligned with the coordinate
system of the study area, and prepared for
hydrological analysis. Using the DEM data, the
hydrographic network, river catchments, basin
boundaries, and terrain features were accurately
delineated. The total area of the basin is
approximately 1,080 km?, with the main river
network draining into the Caspian Sea via the
Lankaran River [2,7]. The basin's relief and
topographic ~ characteristics  are  fully
represented in the DEM data, enabling precise
modelling of hydrological processes and flow
pathways (Figure 1).

Figure 1 — Location of the study area
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Hydrology Tools

Hydrology tools are essential for
modelling water flow across the land surface
and analyzing hydrological processes. The
topographic characteristics of the terrain are
significant not only for hydrological modelling
but also for regional planning, agriculture,
forestry, and environmental management. In
these fields, understanding water movement,
flow distribution within river basins, and the
impact of natural and anthropogenic changes on
flow patterns is crucial. Hydrological
modelling tools provide methods to describe the
physical components of the surface and to
analyze various hydrological parameters. Using
these tools with DEM data, depressions (sinks)
are identified, flow directions are determined,
flow accumulation is calculated, watersheds are
delineated, and river (flow) networks are
generated (Table). This approach enables
precise digital modelling of the hydrological
characteristics and flow pathways of the study
area [8].

The combined application of these tools
ensures accurate modelling of the basin's
hydrological structures, river networks, and
catchment areas based on DEM data.
Additionally, this approach allows for the
visual and statistical analysis of potential flood
zones, flow paths, inundated areas, and the
hydrological impacts of land-use changes
within the study area [9].

Thus, when integrated with DEM data,
Hydrology Tools provide reliable and precise
results for the analysis of both topographic and
hydrological characteristics of the basin. This
methodology establishes a robust foundation
for regional planning, water resource
management, and environmental monitoring
[9,10].

Results and Discussion

Hydrological analysis of the Lankaran
River Basin was conducted using DEM data,
and the basin's hydrographic network,
catchment areas, flow directions, and river
network were delineated in ArcMap 10.8 using
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Hydrology Tools. The results of the analysis
provided a detailed representation of the
topographic and hydrological characteristics of
the study area.

Fill. The Fill function was applied to remove
depressions (sinks) identified within the DEM.
This operation ensured a continuous terrain
surface and enabled accurate determination of
flow direction. The analysis demonstrated that
small depressions present in the basin, formed
as a result of both natural and anthropogenic
processes, can be precisely modelled as local
water accumulation areas. Without this
preprocessing stage, the outputs of subsequent
operations such as Flow Direction and Flow
Accumulation could have produced erroneous
results [8,9,10,11] (Figure 2).

(oo Vot ekt rcHep e P 1
Zimit (ogtoral)

Fill (Spatial Analyst)

Summary
Fills sinks in a surface raster to remove

Tllustration

Figure 2 — The result for the DEM after the filling
process



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2026, cild 18 (2), s. 89-97
N.X. Qasimova

Herald of the Azerbaijan Engineering Academy
2026, vol. 18 (2), pp. 89-97
N.Kh. Gasimova

Flow Direction. Using the “Flow
Direction” function, the steepest downslope
direction of water flow was determined for each
grid cell. This analysis illustrated the movement
trajectory of water within the basin and enabled
the initial delineation of the river network. The
results also provided essential information for
understanding the flow characteristics of sub-
basins and the topographically controlled
pathways of surface runoff (Figure 3).

Illustration
BI?! L il M.‘J lll 2 “ “ L]
T 8T M e 8 5 Ill 2 4 4 L]
@ 50 M ¥ B @ 1 1 2 “ lzl
“-u.- 2 Sllﬂl 1! 2 4 .
B 8 & #n 6 18 2 2 1 4 4 II
=[5 ¥ JONN C

Flow_Dir

on (Elev_Ras, #, #, DI

Figure 3 — Outcome of the DEM flow direction
procedure

Flow  Accumulation. The  “Flow
Accumulation”  operation calculated the
volume of water flowing into each grid cell.
The resulting output illustrated the

development of the river network, primary flow
paths, and catchment areas. The raster map
visually identified the origin points of streams
and the areas where surface runoff accumulates.
This information is also valuable for
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determining potential flood-prone zones and for
water

supporting effective
management (Figure 4).

resource

Figure 4 — Resulting build-up of flow following
the procedure

Stream Order - The “Stream Order”
function classified the tributaries of the river
network using the Strahler method. This step
determined the hierarchical structure of the
drainage network and enabled detailed analysis
of major rivers and their branches. The outputs
improved the accuracy of hydrological models
and facilitated a more precise representation of
the flow dynamics within the basin (Figure 5,6).

Figure 5 — Strahler stream ordering method
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Figure 6 — Resulting build-up of flow following
the Stream Order procedure

Stream Feature. The “Stream to
Feature” operation converted the raster-based
river network into vector format. This step
ensured that the drainage network was prepared
for visualization and mapping within the GIS
environment. As a result, the geomorphological
characteristics of the basin were analyzed with
greater clarity, and integration with other
ecological and hydrological models became
feasible (Figure 7,8).

N

Stream to Feature output

Input network raster

N

Raster To Polyline output

. Value = NoData

Figure 7 — Comparing vectorizing stream
network rasters methods
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Figure 8 — Stream to Feature

Watershed. The “Watershed” operation
identified the catchment areas and sub-basins
within  the study area. The analysis

demonstrated that the Lankaran River Basin is
divided into several sub-watersheds, each
exhibiting distinct flow characteristics. This
information is critically important for
hydrological process modelling, ecological
assessments, and agricultural planning (Figure
9).

E

wvroen

Figure 9 — Watershed
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Table — ArcMap Hydrology Toolset Overview [9]

Basin Creates a raster delineating all drainage basins.
Fill Fills sinks in a surface raster to remove small imperfections in the data.
Flow Creates a raster of flow direction from each cell to its steepest downslope
Direction neighbor.
Flow Creates a raster of accumulated flow into each cell. A weight factor can
Accumulation optionally be applied.
Stream Assigns a numeric order to segments of a raster representing branches of a
Order linear network.
Stream to Converts a raster representing a linear network to features representing the
Feature linear network.
Watershed Determines the contributing area above a set of cells in a raster.

Basin. The “Basin” operation was used
to delineate the boundaries of the watershed
[12]. The analysis resulted in the visual and
statistical separation of the various sub-basins
within the Lankaran River Basin, allowing for

the hydrological characteristics of each basin to
be examined in detail. This information is also
significant for regional planning and water
resource management (Figure 10).

Figure 10 - Basin

suB-pasin

PHBRHLY

- —— —
0 15 El

Figure 11 - Lankaran River Sub-basin
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Conclusion

The study successfully modelled the
hydrological structure and river network of the
Lankaran River Basin using DEM data. The
application of the Fill, Flow Direction, and
Flow Accumulation operations enabled the
identification of flow pathways, sub-
watersheds, and water accumulation areas
within the basin. Through the Stream Order and
Stream to Feature tools, the main tributaries
and branches of the Lankaran River were
classified using the Strahler method and
converted into vector format, making the river
network suitable for visual and statistical

The results demonstrated that the
Lankaran River Basin consists of several major
tributaries, each exerting a distinct influence on
the hydrological behaviour of the watershed.
These findings provide scientifically grounded
information valuable for water resource
management, flood risk assessment, and
regional planning (Figure 11).
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Abstract

The article addresses the issues of improving the efficiency of irrigated agriculture through
the application of water-saving technologies and by accounting for the reliability of irrigation sys-
tems. It demonstrates the influence of water supply intensity, the uniform moisture distribution,
and the operational characteristics of equipment on the formation of crop yields. The proposed
approach incorporates agrobiological, environmental, and socio-economic requirements in opti-
mizing irrigation regimes. Mathematical relationships are developed to assess the impact of various
factors, including the system readiness coefficient, on yield. It is established that reduced equip-
ment reliability leads to a decrease in irrigation norms and yield losses. The necessity of consider-
ing equipment downtime and operational parameters in system design is substantiated. The ob-
tained results make it possible to improve water resource efficiency, ensure the sustainability of
agricultural production, and increase crop yields under various soil and climatic conditions.
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tensity.

Submitted 17 January 2026

Accepted 6 June 2026
Published 25 June 2026
For citation:

B.H. Aliyev, L.N. Faradzheva, A.F. Dzhafarova

[Main development principles of water-saving irrigation techniques and technologies for the
conditions of Azerbaijan]

Herald of the Azerbaijan Engineering Academy, 2026, vol. 18 (2), pp. 98-104

ISSN (p): 2076-0515, ISSN (e): 2789-8245

CC BY-NC 4.0 https://creativecommons.org/licenses/by-nc/4.0/

98


https://doi.org/10.52171/herald.418
mailto:lalafar@rambler.ru
https://creativecommons.org/licenses/by-nc/4.0/

Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2026, cild 18 (2), s. 98-104 2026, vol. 18 (2), pp. 98-104
B.H. Oliyev, L.N. Faracova, A.F. Caforova B.H. Aliyev, L.N. Faradzheva, A.F. Dzhafarova

Azarbaycan soraiti iiciin suya gonast edan suvarma texnika va
texnologiyalarinin asas islonmasi prinsiplari

B.H. 9liyev!, L.N. Faracova?, A.F. Cafaroval

YAzorbaycan Memarlq va Insaat Universiteti (Baki, Azarbaycan)

2Milli Aerokosmik Agentliyi EImi-Tadgigat Aerokosmik Informatika Institutu (Baki, Azarbaycan)

Xiilasa

Mogalodo suvarilan okingiliyin  somaraliliyinin ~ artirilmast  masalolori  suya Qgonast edon
texnologiyalarin totbigi vo suvarma sistemlorinin etibarliliginin nozoro alinmasi osasinda aragdirilir. Su
tochizatinin intensivliyinin, riitubatin barabar paylanmasinin va avadanhglarin istismar xiisusiyyatlorinin
kond tosarriifat1 bitkilarinin mohsuldarliginin formalagmasina tosiri gostorilmisdir. Suvarma rejimlorinin
optimallasdirilmasi zamani aqrobioloji, ekoloji va sosial-igtisadi taloblari nazars alan yanagma toklif olunur.
Miixtalif amillorin, o climladon sistemin isa hazirliq amsalinin mohsuldarliga tasirini giymatlondirmoaya
imkan veron riyazi asililiglar iglonib hazirlanmigdir. Miioyyon edilmisdir ki, avadanliglarin etibarliliginin
azalmas1 suvarma normasinin azalmasina Vo mohsul itkisino sobab olur. Sistemlorin layiholondirilmasi
zamani texnikanin dayanma miiddotlorinin vo istismar gostoricilorinin nozoro alinmasinin vacibliyi
osaslandirilmigdir. ©lda olunan noticalor su resurslarindan istifadonin somarsliliyini artirmaga, kond
tosorriifatt istehsalinin davamliligini tomin etmoys vo miixtolif torpag-iqlim soraitinds mohsuldarligi
yiiksaltmaya imkan verir.
Acar sozlar: suya gonast edon texnika, suvarma texnologiyasi, torpagin su rejimi, su tochizatinin

intensivliyi.

OcHOBHBbIC NIPUHUMIIBI Pa3pa00TKU U BHeAPeHHUsI BoaocOeperaiieil TeXHUKU U

TEXHOJIOTMH OPOLUECHHS B YCJIOBUAX A3epOaiKaHa

Bb.I'. Anuen!, I.LH.@apaxxkesa’, A.®.Ixadaposa’

YUsepbatioscanckuii yuusepcumem apxumexmypor u cmpoumenscmesa (baxy, Azepbatioscan)
Hayuonanvhoe Asporkocmuueckoe Aeenmemeo / Hayuno-Hccnedosamenvckuti Mucmumym
Asporxocmuueckou Ungopmamuxu (baxy, Azepbaiiosncan)

AHHOTanUA

B cratbe paccMaTpuBaroTCs BOIIPOCHI MOBBIIICHHS 3PPEKTUBHOCTH OPOIIAEMOT0 3eMJIeIeIHs Ha OC-
HOBE IIPUMEHEHUS BOIOCOEPETAIONINX TEXHOJIOTHIA B YUeTa HaJIe)KHOCTH OPOCUTENBHBIX cucTeM. [lokazano
BJIMSIHUE MHTEHCUBHOCTH BOJIONIO/Ia4YM, PABHOMEPHOCTU PACIPEEIEHUS BJIard U SKCIUTyaTallMOHHBIX Xa-
PaKTEPUCTUK 000pYA0BaHUS Ha POPMHUPOBAHKE YPOIKAHHOCTH CEIIbCKOXO3IUCTBEHHBIX KYIbTYp. [Ipemo-
YKEH TMOJIXOJI, YYUTHIBAIOIIUN arpoOHNOIOTHIECKHE, SKOJIOTHYECKUE U COITUATLHO-O9KOHOMUYECKHE TpeOOoBa-
HUS TIPU ONITUMH3AIMH PESKUMOB OpolieHus. PaspaboTaHbl MaTeMaTHUYECKUE 3aBUCUMOCTH, TIO3BOJISIFOIIINE
OILICHUTh BIIMSHUE PA3IMYHBIX (PAKTOPOB, BKIIFOUAs KOA(P(GHUIIMSHT TOTOBHOCTH CHCTEMBI, Ha BEJIMYUHY YPO-
*kasi. Y CTaHOBIIEHO, YTO CHI)KEHUE HAJIKHOCTH 000PYIOBaHHMSI MPUBOJIUT K YMEHBIIEHUIO OPOCUTEIBHON
HOPMBI U MTOTEPSAM ypoxkaitHocTH. O00CHOBaHa HEOOXOAMMOCTh YUeTa MPOCTOEB TEXHUKH U IKCILTyaTaIlH-
OHHBIX MAapPaMeTPOB IMPH MPOCSKTHPOBAHUU CUCTEeM. [lojydeHHBIE Pe3y/IbTaThl MO3BOJISIFOT MOBLICHTH (-
(heKTUBHOCTP HCIIOJIB30BaHUS BOJHBIX PECYPCOB, 00ECIIEUHTh YCTOWYHBOCTh arpONPOU3BO/ICTBA U yBEIH-
YUTh YPOKaMHOCTh CENbCKOXO3IUCTBEHHBIX KYJIbTYP B PA3JIMYHBIX TOYBEHHO-KJIMMATHUYECKUX YCIOBHUSIX.

KawoueBble cioBa: BojocOeperaromas TEeXHUKA, TEXHOJIOTHS OPOIICHHUS, BOJHBIA PEKHUM IIOYBHI,
WHTEHCUBHOCTH BOJIOTIOJIa4H.
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Beenenune

OpoleHne B CeNbCKOM XO3AHCTBE SABIISA-
€Tcs BaXHBIM HAIpaBJIEHUEM HWHTEHCHUBHOTO
pa3BUTHs arpapHoro cekropa. B orimume ot
OOrapHOTO 3eMIICACTHS, IPU OPOLICHUH PETY-
JUPYETCsl BOIHBIA PEKUM, 0OecrednBaroLINi
ONTUMAJIbHBIA POCT PACTEHUM.

3ajaua OpOILIEHUS BKIIOYAET HE TOJIBKO
1oJIa4y BOJABI, HO W TOJJICpP)KaHHE MUTATENb-
HOTO peKUMa MOYBbL, 3PPEKTUBHOE UCIIOIb30-
BaHUE COJIHEYHOM SHEPTUH, COXPAHEHUE CTPYK-
Typhl MOYBBl U CHIKEHHE BIUSHMS HeOiaro-
NPUATHBIX TOTONHBIX (akTopoB. OpomeHue
NOBbIIIACT 3((HPEKTUBHOCTh TEXHOIOTUN XUMHU-
3allii, MEXaHU3AIUH U COBPEMEHHBIX METOIOB
BO3/IEIbIBAHUS KYJIBTYD.

Henocrarox Bimaru yxyImaeTr BOJHBIM,
TEIUIOBOH M MHKPOOMOJOTMUYECKUH pPEexUM
MOYBbI, CHUXKAET €€ IUIOAOPOAUE U YypOXKau-
HOCTh. B psise pernonoB aeduuut Boxbl Tpe-
OyeT MPUMEHEHUs] CHCTEM OPOIICHUS U BOJO-
cOeperaronux TeXHOJIOTHH.

Knumat AzepbaiixaHa oTandaercs pas-
HOOOpa3ueM M HEepaBHOMEpPHBIM pacrpejee-
HUEM OCAJIKOB, YTO BBI3BIBAECT HEXBATKY BIIard
B BereTallMOHHBIN MEPHO/.

[ToaToMy 0cob0€ 3HAUEHUE TPHOOPETAIOT
BojiocOeperammue TEXHOJIOTHMH OpOIIEHHUS,
00eCTIeYNBAOIINE PABHOMEPHOE YBIIAKHEHUE
U TIOBBILIEHHE YPOXKaHHOCTH MpPHU CHUKECHUU
pacxojia BOJbI.

BHenpenue Takux CHCTEM MO3BOJISET
SKOHOMHTH BOJY, MOBBIIIATH YPOXKAWHOCTH U
3¢ HEKTUBHO UCTIONB30BaTh YAOOPEHHUS.

KiroueBbIME acnieKTamMu SIBIISTFOTCS pery-
JUPOBAHMWE BOJOMNOJAYM, YYeT OCaJKOB U
CBOWCTB ITOYBHI, a TAK)K€ 00ECIICYCHHE PaBHO-
MEPHOTO YBIIQKHEHUS U adpaIiu.

ean craTbu

[lenbro cTaThu SABJISETCS UCCIIEIOBAHUE U
000CHOBaHUE MPUMEHEHHSI BOIOCOEPETAIOIINX
TEXHOJOTHUM M COBPEMEHHBIX CPEACTB OPO-

IICHUs! Ui TOBBIIICHUS 3(()EKTUBHOCTH HC-
MOJIb30BaHUS BOJHBIX PECYpPCOB U YpOXKaii-
HOCTH CEJIbCKOXO3IHCTBEHHBIX KyJIbTyp. Oco-
0oe BHUMaHHE yJesIeTCsl ONTHUMHU3AINHU PEKH-
MOB TIOJIMBA C YYETOM arpoOHOJIOTHYECKHX,
HKOJOTUYECKUX U COLUATBHO-3KOHOMHYECKUX
TpeOOBaHMH B MOYBEHHO-KIMMATHYECKUX YC-
noBUsX AzepOaiikaHa.

ITocTanoBka 3a1aun

I'taBHOM 3amauell NPUMEHEHUS HOBOU
TEXHUKH M TEXHOJIOTUM OPOILICHMsS SIBISETCA
MOUCK  pEIICHUMN
JOTOYEHHMs] U PAaBHOMEPHOI'O paclpeeieHus
CTOKa BOJABI B IIpollecCe €€ IepeBoja B

OIITUMAJIBHOI'O  paccpe-

COCTOSIHME IOYBEHHOW M BO3IYIIHOW BJIaru.
Yem Bpime kKodpduuueHT >PPeKTHBHOCTH
MIOJINBA, TEM BBIIIIE YPOKAHHOCTD.
Heobxogumo  oTMETHUTB, 4YTO  €CIHU
CONOCTaBUTh WHTEHCUBHOCTH BOJOMNOJAYU M
MHTEHCUBHOCTh 3BalOTPAHCHUPALMHU, TO HUX
COOTHOUIEHUE Yy PAa3IUYHbIX TEXHOJOTUH U
cpenctB monuBa konebnercs ot 1 mo 1000,
MpUYEeM MEHBIINE 3HAYEHUSI COOTBETCTBYIOT
TEXHUKE  MAJOMHTEHCHBHOTO  OPOIICHUS
(MemyieHHOE W TIPEPBIBUCTOE JIOK/IEBAHHE,
CHHXPOHHO-UMITYJIbCHOE JOKJI€BAaHHUE, adPO-
30JIbHOE KareJbHOe u

HMITYJIbCHO-KAIICJIbBHOC OpOH_IeHI/IC).

YBJIIA)KHCHHC,

Pemenue 3apaun

[Ipu pemeHuu Bompoca O TEXHOJOTUHU
OpOILIeHUs] He0OXOJUMO YUUTHIBATh MPOOIEMbI
ontumuzanuu [6]. TlpobGnema onmTumMu3auu
TEXHOJIOTHYECKOTO  TIpolecca

JO0JIDKHA OPpraHNU4YC€CKH BKIIIOYATh anO6I/IOJ'IOFI/I-

OpOIICHHMS

YEeCKYI0, IKOJIOTUYECKYIO U COLUAThHO-IKOHO-
MHUYECKYIO OLIEHKH. DTH (aKToOpbl — TpeboBa-
HUS CENIbCKOXO03SICTBEHHOTO TPOU3BOJICTBA.
Arpobuosorudeckre TpeOOBaHUS TIPEy-
CHaOKeHHE

CMaTpHuBarOT OIITUMAJIBHOC

100



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2026, cild 18 (2), s. 98-104
B.H. Oliyev, L.N. Foracova, A.F. Cafarova

Herald of the Azerbaijan Engineering Academy
2026, vol. 18 (2), pp. 98-104
B.H. Aliyev, L.N. Faradzheva, A.F. Dzhafarova

pacteHuit Boaou. J[Jig 3TOro nojvBHas TEXHUKA
JOJDKHA OOECTICYHTD 10/1a4y BOJBI B HYKHOM
KOJINYECTBE, HEOOXOJMMOI'0 KayecTBa U B Tpe-
OyeMmble CPOKHU, B COOTBETCTBUU C OHOJIOTHYE-
CKUMH (hazaMu pa3BUTHs PaCTEHUI: paBHOMED-
HOE pacIpeleieHHe BOJbl Ha II0JIE U 10 I0Y-
BEHHBIM TOPU30HTaM B COOTBETCTBHHU C pa3Me-
LIEHUEM KOPHEBOI CUCTEMBI; IIOJI0KUTEIbHOE
BO3/JICHCTBUE IIOJMBA HA OKPYKAIOLIYIO CPEIy
pacTeHuil U co3/laHue TpeOyeMbIX BO3YIIHbIX,
TEIUIOBBIX W IUIIEBBIX PEXKUMOB B IIOYBE U
MHUKpPOKJIMMAaTe, COOTBETCTBYIOLIMX (hHU3HOIIO-
TMYECKUM OCOOEHHOCTSAM Pa3BUTHUS PACTEHUH;
UCKIIIOUEHUE MEXAHUYECKUX IOBPEXKICHUN
pacTeHM ¥ OTPULATENBHOIO BO3ACHCTBUSA
BOJIHOI'O IIOTOKA U JI0’K/IEBBIX KaIleb.

DKOJIOTHYECKOE TPEOOBaHUE CBOAMUTCS K
COXPAaHEHHIO W YIYYIICHHIO MHUKpopeibeda,
MEXaHUYECKOT0 COCTaBa IIOYBbI U MEIHOPATHUB-
HOT'O COCTOSIHUSA 3eMenb. I 3TOro nojauBHas
TEXHHMKA ¥ TEXHOJIOTHS I0JIMBA HE JOJIKHBI J10-
IIyCKaThb BOJHOW 3PO3UM IOYBBI: pa3pyLICHUS
CTPYKTYPBI Y YIZIOTHEHUS [TOYBBI, IOTEPH BOJIBI
Ha TIyOMHHYI0 (QUIBTPALUIO U COPOCHI, BTO-
PUYHOTrO 3aCOJIeHMS U 3a001aYuBaHus OpolIae-
MBIX 3€MEJb.

ConuanbHO-3KOHOMHUYECKHE TPEOOBaHUS
CBSI3aHbl C PAIMOHAIBHBIM M BBICOKOI(p(DeEK-
THUBHBIM UCIIOJIb30BaHUEM IIOJUBHOM TEXHUKH,
BOJBI U TPY/JIa HA ITOJINBHOM y4acTke. [Ipu aTom
MOJIMBHAsI TEXHUKA JOJDKHA o0ecreunBarhb (-
(EeKTUBHOE W PpAIMOHAIBHOE HCIOJIb30BAHUE
PECYPCOB, a 3KCIUTyaTallUOHHAs HaJeKHOCTb
JOJKHA OBITH BBILIE MO CPAaBHEHUIO C paHee
MIPUMEHSBIIENCS TEXHUKOM.

TeopeTnyeckoi MPEaNnOChUIKON ISl pe-
IICHUs] yKa3aHHbBIX TPeOOBaHU sBIIsETCS pa-
[IMOHAIBHOE UCMOIb30BaHUE BOAHOTO (paKkTOpa
U UX BIIMSHUE HA YPOXKANHOCTD.

Bnusinue pakTopoB Ha BeIMUMHY ypoxKast
BBIPAXKAETCS CIEAYIONMEH 3aBUCUMOCTBIO:

v=a-M1-0-£)] @
rae A - MakCUMaJIbHBIA MPUPOCT ypoxkKas MpU
ONTUMAJILHOM OOecreyeHn BceMH (PaKkTo-
pamu; f - OTHOCHTENBHAs BENMUMHA i-TO
dakTopa; N - ynMciao (HaKTOPOB BIMAHUSA HA
ypOKail.

CunTaeMm, 4YTO 3a BEreTAalMOHHBIN Iie-
pPHOJ IPOBOJUTCS NIOJIMBOB B MOMEHTHI Bpe-
MEHH, T7I€.

Toraa, ¢ yueTomM 3aBUCUMOCTH 3HaYEHUN
(GbakTOpoB OT BpEMEHU M MpeaIojaras, 4ro
MIPUPOCTBI YPOKasi B PaA3JIMYHBIE MEKIIOIUB-
HbI€ MEpUOJbl HE3aBUCHUMBbI, BblpaxeHue (1)
IpUOOpeTaeT BUA:

Cuntaem, 4TO 3a BEreTallMOHHbIN IEPUO
(0, T) mpoBoautcs | moiMB B MOMEHT BPEMEHHU
T,T, < <71 <T.Ilpumem tj,; =T

Torma ¢  yderom
3HaYeHUH (PAKTOPOB OT BpPEMEHH U TMpHU

3aBUCUMOCTH

JOMYIIEHUH TOTO, 4YTO IMPUPOCTBI YpOKas B

pas3jInuHbIC MECXKIIOJINBHBIC MEPpUOAbI

HEe3aBHCHUMBI, BoIpaskeHue (1) mpumer Bua:

y= Z§'=1

4j Ti+1 1N _
Tj+1—ijTj i=1|1
2
R @

rae Aj — mpupocT ypoxkas 3a j-il MOJIMBHOMN

(Ti' Ti+ 1)
o0ecrieueHnu BCEMH

LUK npu ONTUMAJILHOM
bakTopamu 3a
MEXXTOJIMBHON MIEPHOJ U B ITPOLIECCE MOIUBA.
3ameuanuss no ¢akropam. Kimmaruue-
CKHE€, arpOHOMMYECKHE M THAPOJIOTUYECKUE
(bakTOpbl M3MEHSIIOTCS B Pa3IMYHON CTEIEHH,
OKa3bIBasi pa3jNyHOE BiIMsHHE Ha GOPMUPOBa-
HUE ypokas (puc.). XapaKkTepHble U3MEHEHUS
(GakTOpoB M UX BIMSHHUE HAa ypOXKaMHOCTH 3a
MEKIOJIMBHOM MEePHOJ] MPEACTABIEHBI BhIIIIE.
N3 cxembl 1 o4eBUIHO, 4TO pazHOOOpa-
3ue (haKTOPOB, BIUSIONIMX HA YPOXKaH, YCI0XK-

HACT HCMMOCPCACTBCHHOC HCIIOJB30BaHUC
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JTaHHOM 3aBUCUMOCTH (WJIU APYTHX, MTOZOOHBIX
eit). Hambonee 3HaUMTENBHOE BIUSIHUE HA YPO-
kail oka3pIBaeT TOT (akTop, ybe abOCONIOTHOE
3HaueHHUe Hanbosee KoeOIeTcs OTHOCUTEIHHO
enununbl. Kak cregyer M3 mpelncTaBICHHON
CXeMbl, HanOoJIblIee BIUSHUE HA YPOKANHOCTh
oKa3bIBaeT (akTop, HUMEIOUINil HaubosblIue
OTKJIOHEHHSI OT ONTHUMAJILHOTO 3HAYEHUSA. DTO

AY =1-(1-Y/Yo) - (1 —Ks/2)*> (3)
3necs:
AY — moxazarenb CHHXKEHHUS YpPOXKallHOCTU B
JIOJISIX €IMHUIIBI,
Y — dakTrueckas ypokaiiHOCTb;
Yo — 6a3oBas (MaKCUMaJIbHAs) YPOKAHHOCTB;
Ke — nokazaTenp Ha/IeXKHOCTU MOJIMBHOM TeX-

HHUKH.
COOTBETCTBYET 3aBUCUMOCTH (3).
Knnmarmnieckie
Cpemuan Cpeauan Cropocts 1 C/a xyaeTypa 1

thakToper
TEMIIEpATypa

BO3AVXA

BIAKHOCTE
BO3gyXa

MOBTOPAEMOCTE taza Bererannn

BeTpa

i l

L

ATPOHOMHYECKIHE
thaxTops!

HuTeRCHBHOCTE 3BaNOTPAHCIHPAITHE

| | Croft aKTHEHOTO BIAr00OMeHa |

THIpOTOTHIeCKIle
thakToper

Ilomaesas

BIATOEMEOCT

Hapnverbmasn

EBIArOEMEOCTE

CHIETPAIHOHHEIE l
A

Hipxamit
mpegen
VEITGKHEHH

:

cBoficTEa IIOYBEI

| ArporaaponorH4ecKHe CEOHCTED |

Harencuerocts Tlpepnonsenas

EOJONOIaTH EILKHOCTE

\
4

Pazopas

BOZONOAATA

Texnomorns noIHea |

Pucynok — Ctpykrypa (akTopoB BIHSIHUSA Ha YPOKAUHOCTh
Figure — Structure of factors influencing crop yield

@akTOpel M3MEHSITCS B Pa3IMYHON
CTENEHHU, OKa3blBas pA3NMYHOE BIMSHHE HA
¢dbopmupoBaHue ypoxasi.
U3MEHeHHsT (aKTOpOB M HX BIMSIHHE Ha
YPOXKaNHOCTb 34 MEXKIIOJUBHOU IIEPUOJ

IIOKa3aHbI BBIIIIC.

XapakTepHble

[Ipy 1ulaHUpPOBaHMK BOZOIOJIB30BAHUS
HEe0OXO0IUMO YUUTHIBaTh BIMSHUE KOd(DUIu-
€HTa Ha/IeXKHOCTU TOJIMBHOM TEXHUKHU U 000-
PYJIOBaHUSI OPOCUTENBHBIX CUCTEM Ha AKCILTY-
aTAMOHHBIA PEKHUM U YPOKANHOCTH CEJIbCKO-
XO3SIICTBEHHBIX KyJIbTYp. OpOCUTENBHBIE CH-
CTEMBbI CO CTAllMOHAPHBIMH U MOOMIILHBIMHU
JJIEMEHTaMHU, KaK M JpyrHe TEXHUYECKHE

CHCTEMBI, CO BpEMEHEM BBIXO/IAT U3 CTPOS U HE
o0ecreynBaroT MOJHOLEHHYIO BOAOIOIayy Ha
Bcei momanu [5].

[Tepe6oit B paboTe TEXHUKU UM CHUXKE-
HUE KayecTBa BOAOPACHPEICIICHUS HApyILAlOT
IUTAHOBBIM PEXHUM BOJOMNOJAYH, YTO OTPHIIA-
TEJIbHO CKa3bIBaeTCs Ha ypoxkaiHocTu. Jlis cu-
cTeM ¢ K03 GUIIMEHTOM TOTOBHOCTH, XapaKTe-
PHU3YIOIIMM BEPOATHOCTH PaOOTOCTIOCOOHOCTH
B TPOW3BOJBHBIA TPOMEKYTOK BPEMEHH,
yiepd OT HEAONOoJMBa M HEAOIOJYyYEHHOTO
ypoxast MoxeT gocturarb 30%.

HanexHocTbh paboThl TEXHOJIOTHYECKOTO
00opyaoBaHUS

CHUCTCMBI OLICHUBACTCA
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KOMIUICKCHBIM TIOKa3aTesneM — Kod(hduimen-
TOM T'OTOBHOCTH, KOTOPBIM XapaKTepU3yeT Be-
POATHOCTB MCIIPaBHOM pabOThl 0OBEKTA B IIPO-
U3BOJIBHBI MOMEHT BPEMEHM, 3a HCKIOYe-
HUEM IEepPHOJIOB, KOIJa HCIIOJIb30BaHUE 00b-
eKTa He IPeAIoIaraercs.

KoaddurmeHT TOTOBHOCTH  CHCTEMBI
OKa3bIBAECT HENOCPEACTBEHHOE BIIUSIHUE Ha I10-
TEHIMATIbHYIO U (PaKTHUECKYIO YpPOKaHOCTh
CEJIbCKOXO35ICTBEHHBIX KYJIBTYP.

Jl1g oATBEPKIEHUS ATOTO0 HE0OXO0IUMO
paccMOTpeTb HEKOTOPbIE TEOPETHYECKUEe ac-
IIEKThI NPOrHO3a ypoXkailHOCTH. B 3aBucumo-
CTH OT OpPOCHUTEIBbHOM HOPMBI YpPOKaHHOCTb
BbIpa)kaeTcst popMyJIoii:

Y=Yo+(Wu=-Y)y; @
31ecs:
Yo - ypokaiiHOCTB O€3 OpOIICHUS;
YM - MakCUMaJIbHO BO3MOKHBIM ypoxkail mpu
HOpMe M.

Ecnmu o6o3nHaunth ypoxkait Yi, mnpu

HopMe Mi, To u3 (4) MOXHO THOJYYHUTh

CJICAYIOLICC BBIPAKCHUC!

M
Yi=Yo+ Wy - Yo)ﬁ1 (5)

[pu Hopme M = M umeem:
Y2=Ywm (6)

U3 (4) u (6) umeeM moTepro ypoxas uz-
3a MPOCTOSI SJIEMEHTOB CUCTEMBI:

M;
AY=Y2_Y1=YM_YO_(YM_YO)ﬁ

um  AY = (Y, —Y,) ( — %) (7)

Ecnu cpennee Bpems 10 oTkaza paBHO To
U cpegHee BpeMsl BOCCTaHOBIIEHHS g, TO 3a
BpEMSI DJIEMEHT CUCTEMBI ITPOCTOUT:

_TIs,
ty =7t (8)
Torma Bpemst uymctoit paboTel Oyaer
paBHO:
— — Ts
WJ_%‘d_E) (9)
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Ecnu Takux 31€MEHTOB B YCTpPOMCTBE
Oyzer n, To

ty=t(1-3k, TT—?) (10)

Ecnu npunsars, uyto t=T opocutenbHOMY

Nepuoay, TOraa BpeMs YUCTOM padoThl 3a
OpPOCHUTEIBHBIN MEPUO] COCTABUT:

Tpi
L=T(1-3L 1) @D
CoOTBEeTCTBYyIOIIas 3TOMY  BPEMEHHU
OpOCHUTEIIbHAS HOPMa paBHa!
Thi
Mi=QT(1-Zhi7%) (12
Ecnu Obl cucteMa He OTKa3bIBaia, TO:
M=QT (13)
N3 (12) u (13) umeem:
Tpi
m=M(1-3L, ) @)
N3-3a  OTKa30B 3JIEMEHTOB CHUCTEMBI

BEJIMYMHA OPOCHUTEILHOW HOPMBI CHHKACTCS
ot M 1o M.

TakuM 00pa3oM, MpU MPOESKTHUPOBAHUH
CHUCTEMBI C IIeNIbI0 TONYyYEHUS MaKCHMAalbHO
BO3MOXXHOTO ypOsKasi HEOOXOMMO yBEIIUYUTh
JUIMTETFHOCTh  TIOJIMBA  WJU K€  TPHU
BO3MOXXHOCTH PAcXOJl BOJBI, T0JIaBaEMO Ha
CUCTEMY.

Hcnone3yeMoe 10 HaCTOSIIETO BPEMEHH
BhIpakenne Q = g - S He yunTBIBaeT HazleK-
HOCTH CHCTEMBI, T.€. CUMTAETCS, YTO TEXHHUKA
a0COoII0THA HaJE)KHA.

C y4eroM CKa3aHHOTO CTAaHOBHUTCS
OUYEBUHBIM, YTO BBIPAKEHUE, 3aKITIOYCHHOE B
cKkoOku B opmyiie (14), ecTh HUUTO HHOE, KaK
K02 (UIIMEHT TOTOBHOCTH CHUCTEMEBI K paboTe,
T. €.

n Thi

K,=1-Y

. (15)

TakuM 00pa3oM, CTAaHOBHUTCS OYEBU-
HBIM BJIMSIHHE KO3 PUIIMEHTa TOTOBHOCTH Ha
BEJIMUMHY YypoXkasl CelnbX03KyabTyp. OTka3

yCTpoiicTBa TpeOyeT OMOIHUTEIbHBIE 3aT-
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patel Ha  BOCCTAHOBJICHUC €TI0 pa60T0-

ciocobnoctu. Tpebyemas HaleKHOCTh pabo-
Thl TEXHOJOIHMYECKOTO O0OpYIOBAHUS CHC-
TEMBbI JJOJDKHA OBITh BBICOKOM.

Hns

TEXHOJIOTUU CHUCTEMbI oOpoleHus kodhdu-

BojlocOeperaromnieii TEeXHUKU |

LMEHT roToBHOCTU npuHuUMaetcs 0,98, Hacoca
cuioBbIX arperatoB - 0,99, TpyGonpoBogHOM
ceTu apMarypsbl 0,99,
XO3SIUCTBEHHBIX OPOCUTENBbHBIX cucteM 0,83-

" BHYTpH-
0,95. B kauectBe KpuUTEpHUs pPaBHOMEPHOCTH
pacrpenesieHusl CiIosi JOXsS HCIOJb3yeTCs
kodurment s¢dpdextuBHOCTH MOMBA. JlJIs
BojiocOeperarIeii TEeXHUKH M TEXHOJOTHU
kod(purmeHT >h(HEKTUBHOCTH HE JODKCH
O5ITE Menee 0,95.

3akiroueHne

BI)IBOI[I)I, HpI/IBeIIGHHBIC BbIIIIC, OCHO-
BaHbl Ha COBPEMEHHBIX TEOPETUUYECKUX Tpe.-
MOCBUTKaX U 0OOCHOBAHHBIX (POPMYIHPOBKAX,
MpenIoKeHHbIX Hamu. JlokazaHa HeoOXou-

pa3paboTKe, MPOEKTUPOBAHUH U BHEAPCHHUU
CHUCTEM BOJOCOEpPEKCHHS W aBTOMATH3AINH
opomeHus. Oco0oe 3HaU€HUE UMEET UHTErpa-
LU 3TUX TIOKa3aTesnen A OLEHKH KauyecTBa U
Ha/IeKHOCTH TEXHOJOTHUECKUX IPOLIECCOB —
0T BO003a00pa W BOJOpAcHpesieleHus M0
HEMOCPEACTBEHHO CaMOro MOJIMBA.

Taxoke cienyer OTMETUTh, YTO TPEAJIo-
JKCHHbIE TapaMeTphbl MO3BOJSIOT HE TOJIBKO
00ecreynTh ONTUMAIBHOE HCIOJIH30BaHHE
BOJIHBIX PECYpPCOB, HO ¥ MOBBICUTH 3P (PEKTUB-
HOCTb MCITI0JIb30BaHMsI TPYAOBBIX, SHEpreTuye-
CKUX M MaTepuaibHbIX 3aTpaT. Beé sto cmo-
COOCTBYET CO3/IaHUI0 YCTONYMBBIX U IKOHOMHU-
YEeCKHU 11eJIeCOO00pa3HbIX CUCTEM OpPOIIEHUS,
OTBEYAIOIIUX COBPEMEHHBIM HSKOJIOTUYECKUM
TpeOOBAaHUSAM M BBHICOKMM CTaHIApTaM IMPOU3-

BOJACTBA.

Kondgauxkr narepecon
ABTOD 3asBIIsET 00 OTCYTCTBHH KOH(IMKTA
WHTEPECOB, CBSA3aHHBIX C MyOJMKaIMeW TaHHOM
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Abstract

The key premise of this study is to examine whether sun radiation and thus latitude are the
main drivers of climate for the same latitude. Although the climate is shaped by multiple factors,
the sunlight is regarded as a major factor and we tried to test if stations at the same latitude located
at different parts of the globe show overall similarity in their climates. We found out that
meteorological stations located at identical latitudes but in different geographical regions exhibit
similar long-term temperature trends. Annual temperature data from seven stations in Azerbaijan
and seven in the United States for the years 1992 and 2014 were analyzed. Differences between
the two years were compared to determine whether temperature anomalies align across similar
latitudes. Results show a moderate positive correlation among long-term temperature means of
paired stations, confirming that latitude plays a meaningful role in shaping temperature distribution.
However, despite that altitude showed itself as one of the major factors explaining temperature
deviations between stations. Shorter time horizons (annual series) displayed weak correlations,
revealing that latitude-driven temperature similarity is mostly detectable only at multi-decadal
scales.
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Cografi enliyin temperatur paylanmasina tasirinin iki qits iizra

meteoroloji tahlili
T.F. Mehdiyev, 9.S. Mammoadov
Baki Doviat Universiteti (Baki, Azarbaycan)
Xiilasa

Bu todqgiqatin osas miiddoasi, eyni enlikdo yerlogon orazilordo giinos radiasiyasinin vo cografi
enliklorin iglimin osas amillori olub-olmadigim arasdirmaqdir. iglim bir gox amillorlo formalagsa da, asas
amil giinos i181 hesab olunur va biz, qlobal miqyasda miixtalif yerlordo yerlogon eyni enlikdoki stansiyalarin
iglimlorinds imumi oxsarliq gostorib-gostormodiyini yoxlamaga calisdiq. Biz askar etdik ki, eyni
enliklords, lakin forqli cografi regionlarda yerlogon meteoroloji stansiyalar oxsar uzunmiiddatli temperatur
meyllori niimayis etdirir. Azarbaycanin yeddi vo Amerika Birlogmis Statlarinin yeddi stansiyasindan 1992
Vo 2014-cii illoros aid illik temperatur molumatlart tohlil edildi. Temperatur anomaliyalarinin oxsar enliklor
tizra uygun golib-golmadiyini miioyyan etmok ticiin iki il arasindaki forglor miiqayiso olundu. Naticalor
ciitlogmis stansiyalarin uzunmiiddatli orta temperatur gostaricilori arasinda miilayim miisbat korrelyasiya
oldugunu gostorarak, enliyin temperatur paylanmasinin formalagmasinda shomiyyatli rol oynadigin
tosdigloyir. Lakin buna baxmayaraq, doniz soviyyasindon hiindiirliik stansiyalar arasindaki temperatur
sapmalarini izah edon asas amillordon biri kimi 6ziinii gostordi. Daha qisa zaman iifiiglori (illik silsilolor)
zoif korrelyasiyalar niimayis etdirdi ki, bu da enliklo bagli temperatur oxsarliginin asasen yalniz ¢ox onillik
miqyasda agkar oluna bilacayini gostarir.
Acar sozlar: iglim doyisikliklori, ekologiya, cografi enlik, radiasiya, temperatur paylanmast

MeTeopos1oru4ecKuid aHAJIU3 BJIUAHUSA reorpauueckoi HMpoThl HA

pacnpeejieHle TeMIepaTypbl B IBYX KOHTHHEHTAX
T.®. Mexauen, A.C. MamenoB
baxunckuii 'ocyoapcmeennviii Ynusepcumem (bBaky, Azepbatidocan)
AHHOTAUA

KitoueBast ujest 3Toro MccleAOBaHUS 3aKIIOYAETCS B M3YyYEHUHM TOTO, SIBISETCS JIM COJIHEYHAS
panuanys OCHOBHBIM (PaKTOPOM, OINPEIEISIONIMM KIMMAaT Ha OJHOW M TOW K€ IHUpoTe. XOTS KIMMaT
(dbopMHpyeTcsT MHOXECTBOM (PaKTOPOB, COJNHEUYHBI CBET CUYMTAETCS OCHOBHBIM, W Mbl ITOTBITAIHNCH
MIPOBEPUTH, IEMOHCTPHUPYIOT JIM CTAHIIMK HA OJHOM M TOH e IHUPOTE, PACIIONOKEHHBIE B PA3HBIX YaCTAX
3eMHOI'0 IMIapa, oOIiee CXOJICTBO B CBOMX KIMMaTHYECKHX YCIOBUSX. MBI OOHAapYyXWJIH, 4YTO
METEOPOJIOTHUECKIE CTAaHIIMH, PACTIOJIOKEHHbBIE HA WASHTHYHBIX IIMPOTaX, HO B Pa3HbIX reorpaduaeckux
peruoHax, JIEMOHCTPUPYIOT CXOXKHE JOJITOCPOYHBIE TEMIIepaTypHbIe TEHACHIIMH. bblT mpoaHaIn3upoBaH
€XKEro/IHbI TEMITEPATYPHBIHA psiJi ¢ ceMU cTannuil B AzepOaiimkane u cemu B CILA 3a 1992 u 2014 rousl.
CpaBHUBAJIUCH PA3IUYUS MEXKIY IBYMS TOJaMH, YTOOBI ONPEICIUTh, COBIAJAIOT JIH TEMIIEpaTypHbIE
aHOMAJIMM Ha CXOKUX MIMPOTax. Pe3ynbTaThl MOKA3bIBAlOT YMEPEHHYIO TMOJOXKUTEIBHYIO KOPPEISIHIO
MEXIy AOJTOCPOYHBIMH CPEIHHUMH 3HAUYEHHSIMHU TEMIEpaTypbl MapHBIX CTAHIWH, YTO IMOATBEPKAAET
3HAYMMYI0 POJIb IMUPOTHI B (JOPMUPOBAHHMU pacrpeesieHns TemiepaTypbl. OmHako, HECMOTpPSI Ha 3TO,
BBICOTA HaJI ypOBHEM MOpsl TposiBHIa cedsi KaKk OJWH M3 OCHOBHBIX (DakTOpOB, OOBSICHSIOMINX
TeMIIepaTypHble OTKJIOHEHHS MEXly CTaHIIMAMU. boJiee KopoTkue BpeMeHHbIE TOPU30HTHI (TOI0BBIE PS/IbI)
MIPOJICMOHCTPUPOBAIM  CJIA0bIe KOPPENSLUH, BBISBUB, YTO CXOJCTBO TEMIIEPATyp, OOYCIIOBIECHHOE
LIMPOTOH, B OCHOBHOM OOHApy>KHUBAETCS TOJIBKO B MHOTOJIECSITUIICTHUX MacIlITadax.
KioueBnble ciioBa: W3MCHEHHE KIIMMaTa, JKOJOTus, reorpaduyeckas OIUPOTa, paTUaIINS,

pacnpeneneHus TeMIEPaTyphl
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Introduction

Geographical latitude is a fundamental
determinant of the distribution of solar radiation
on the Earth’s surface. The amount of sun ray
that reaches particular place on earth surface is
based on mostly latitude. Although solar
radiation is a primary energy source for
temperature, but that does not constitute that
temperature respond is instantaneous. Other
factors like regional factors such as heat
capacity, proximity to land or ocean, altitude,
atmospheric circulation form the response [1].
As earth rotates on its own axes, it starts to show
obliquity thus sunlight enters to particular side
of earth with different angles. A prevailing
assumption in Earth sciences is that regions
located along the same latitude should display
similar temperature regimes due to comparable
levels of solar irradiance [2]. Many global
climate models, energy balance models, and
zonal climate classifications rely on latitude-
based simplifications to approximate radiation
input.

In real environments, however, several
modifying factors disrupt this theoretical
uniformity. Among the most influential are
elevation, land-sea contrasts, altitude, cloud
cover, regional climate patterns, and
atmospheric circulation. Although cloudiness
can significantly affect temperature on daily or
monthly scales, its influence decreases when
temperatures are averaged over multiple years
or decades [3, 8]. Altitude on the other hand can
be strong influence. Changing pressure, wind
formation, humidity, and other factors directly
control climate regime of place at high or low
altitude.

This study evaluates the extent to which
paired stations located at nearly identical
latitudes but in different regions reflect similar
temperature characteristics over long and short

temporal scales. It employes statistical
approaches with different scales. The final
outputs of this study can contribute our
understanding of climate, and variance in
climate. These outputs can potentially enhance
the efforts for atmospheric modelling for
Azerbaijan. Potential ways of interpolation of
climate elements can be endorsed by supporting
research.

Purpose of the Work

The objective of this study is to compare
long-term and short-term temperature changes
at stations that share similar latitudes but differ
in longitude and geographical setting. Why it is
important? Although study lacks extensive
analysis, it gives us an insight about whether we
can interpolate datasets from same latitude for
climate studies. We can put objectives of this
study forward as:

— Assess  whether long-term  mean
temperatures of same-latitude stations
are comparable;

— Determine the influence of altitude on
temperature differences;

— Examine the correlation between annual
temperature series (1992-2014) within
each station pair;

— ldentify the dominant factors shaping
inter-regional temperature deviations.

Problem Statement

There are many  contemporaries
discussing climate change in Azerbaijan. Some
of the resources indicate increase in
temperature for the last 20-30 years [4]. Some
of them associate the changes in temperature
with the earth’s solar cycle and its orbit.
Latitude no matter how influential its impact is,
in real time measurements we often see
discrepancies in the places that are at the same
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