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PILOTSUZ UCUS APARATLAR| ILO ELEKTRON-OPTIK MUSAHIDONIN
APARILMASI VO TOTBIQ IMKANLARININ OPTIMALLASDIRILMASI

Nabiyev R.N., Abdullayev A.A.
Milli Aviasiya Akademiyast

Mbaqalada axtaris va xilasetma, eloca da strateji obyektlorin miisahidasi istigamatinda
qarsiya qoyulmusg tapsiriglarin miivaffaqgiyyatlo hayata kegirilmasindo pilotsuz u¢us aparatlarindan
(PUA) istifada sartlori va tatbiqi naticasinda alinmis malumatlarin tohlili aparimigdr. Fovgalada
hallar zamani c¢evik davranmagq, heyatin faaliyyati, homcinin yerlogma movqgelarinin tayin
edilmasinda qabagqcil texnologiyalarin tatbiginin ahamiyyati asaslandiriimis va PUA-dan istifadanin
vacibliyi vurgulanaraq 6na ¢okilmisdir. Burada cari amoliyyat tapsirigina asason texnoloji
veniliklorin tatbiqi ilo PUA-dan miirakkab va ¢atin soraitlords neca isladiyi aragdirilmigdir.

Hazirda mévcud olan multirotasiya, planer vo VTOL asasli ¢aki va ol¢iiya gora nano, mikro
vo mini kigik, orta va béyiik ol¢iilii dron, planer vo VTOL asashi PUA-dan bir ¢ox beynalxalg va
lokal axtaris-xilasetmoa, elaco da digar xiisusi tapsiriglarin icrasi zamani qiivva va vasitalorin
kompleks tatbiginin raqamsallasdirilmasi, prosesin siini intellektlo hallina inteqrasiyasi iigiin asas
va komakgi element olaraq istifada edilmasi qeyd edilmisdir.

PUA ilo axtaris va xilasetma amaliyyatlart zamani PUA marsrutu vo miisahida algoritminin
diizgiin planlasdirilmasi hesabina elektron-optik miisahidonin aparilmast va tatbiq imkanlar
optimallasdirilmast “sag qalma”, “kiitla”, “siirii” va s. yanasmalar tizarinda tadqiq edilmisdir.
Imaliyyatin planlamasi zamant PUA ilo aparilan miisahidanin optimallasdiriimasi iigiin nazora
alinmast vacib olan meyarlar miiayyan edilmis va asaslandirilmisdir.

Homginin, maqalada havadan kagfiyyat vo axtarig-xilasetma tapsiriglarimin icrasinda, ugus
mahdudiyyatlori daxilinda talab olunan noqtaya tibbi yardim moagsadi ilo dorman va zaruri
lavazimatlarin ¢atdirilmasinda, eloco do fovgalada hallarda arazinin monitoringinds PUA-dan
geniy sferada istifads olundugu miiayyanlaosdirilmisdir.

Agar sozlar: VTOL, pilotsuz ugus aparati, bort nazarat-olgii sistemi, atalatli 6l¢ii modulu,
akselerometr, giroskop, RPM.

Giris. Insan miisahidosinin miimkiin olmadig1 vo yaxud ¢otin oldugu hallarda orazinin
mosafodon idaro edilon PUA qurasdirilan elektron-optik faydali yiikk (FY) vasitosi ilo nazarstdos
saxlanilmasi va bu videogoriintiiniin uzaq masafoys 6tiiriilma imkani bu tip ugus aparatlarina boytik
istiinliiklor qazandirmisdir [1-3].
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Informasiya qobulu, emali vo otiiriilmasi, eloco do rogomsal vo siini intellekt texno-
logiyalarmin inkisafi tosvirin keyfiyyatini, 6tiirmo siiratini vo hacmini ohomiyyatli doracado
yaxsilasdirmaga vo onlarin daha uzaq mosafalors 6tiiriilmasine gatirib ¢ixarmisdir.

Bununla bels, rogomsal texnologiyalarin 6z ¢atismazliglari var ki, bu da onlarin kosfiyyat
Vo miisahidas sistemlarinds istifadasinin effektivliyino tosir gostoarir.

PUA-da yerlosdirilon elektron-optik sistemlordon osason asagida geyd olunan maqsadlor
tictin istifads olunur:

-maraq doguran orazido amaliyyat soraitino nazarat etmok {igiin havadan elektron-optik
kosfiyyatin (miisahidonin) aparilmasi vo goriintiilorin canli olaraq idarsetma morkozine 6tiiriillmasi;

-maraq dairasino diisan obyekt vo yaxud orazinin, eloco do patrul-nazarat ugusu aparilan
orazi, saha vo obyektlorin detalli videogoriintiilarinin alds edilmasi;

-orazids yerlogon va insan gozii vasitasi ilo vizual miisahidesi miimkiin olmayan obyektlarin
foto vo yaxud video tosvirlarinin aldo edilmosi, hadofo godor olan mosafonin odlglilmasi, lazer
yonaltmoanin (isiglandirmanin) tomin edilmasi magsadlori tiglin.

Texniki cohatdon elektron-optik FY-lor ya vahid sistem soklinds bilavasito ugus aparatinin
korpusuna 6z konstruksiyasi vasitasi ilo, ya da giroskopik stabilizasiyali (girostabil) tonzimlonan
platforma vasitosilo barkidilir. Hansi ki, bu girostabil sistem elektron-optik FY-ii verilon siiratlo
istonilon torafo donmasini va idarsedilmasini tomin edir. Ugus aparatinin konstruksiyast ilo FY-iin y
oxu aralarinda stabilizasiyali mohkom olags vo 360° dénmok imkaninin olmasi dayanigli va
keyfiyyatli yliksok ayirdetmali foto va video goriintiilorin alds edilmasine zomin yaradir [4-6].

Fotoaparat vo elektron-optik qurgulardan osason mosafodon ugus aparatinin 6n vo ya digor
otraflarin goriintiisiiniin oldo edilmosinds istifado olunur. Bu mogsadlo ugus planlanan zaman
meteoroloji mohdudiyyatlorlo yanasi, ugus hiindiirliiyli, havanin nomliyi, goriinii bucagi vo
azimutu nazars alinmalidir. Homginin ilin faslindon asili olaraq ¢akilis vaxti giinagin diisma bucagi
Vo FY-iin ugus aparatinin tokarlori istigamatinds firlanmasi ciddi nozarstds saxlanilmalidir [7, 8].

Optik qurgularin tatbiqi bir ¢ox masalalarin hallina imkan verir. Malumdur ki, hadafa gadar
olan mosafo vo miisahido olunan orazinin oldo olunan goriintiisiiniin keyfiyystindon (yiiksok
ayirdetmo) asili olaraq bu tip cihazlarin ¢okisi vo giymaoti yiiksolmis olur. Keyfiyyatli noticonin oldo
olunmasi tiglin havada ¢okilis miiddatinds ugus aparatinin vaziyyatinin stabillosdirilmasi ti¢iin sort
texniki toloblor 6donilmalidir. Stabilizasiya olmayan optik sistemlor hodofin “nisana” alinmagqla
izlonilmasi vo miisahido olunmasi rejimini asagi saviyyado dostokloyir. Bu rejimi totbig etmays
cohd etdikds isa bir ¢ox mohdudiyyatlor va ¢atinliklor omala golir. Girostabillosdirilmis
platformalarda yerlosdirilon optik qurgular daha oalverislidir. Bu tip qurgularin totbiqi tlizro
miitoxassislor tarafindon praktikada kifayst gadar tocriibs toplanilmisdir [9, 10].

Girostabillogdirilmis platformali optik qurgular ugus zamani stasionar vo harokotdo olan
secilmis hodoafin izlonilmasini tomin edir. Giindiiz (TV), termal vo infraqirmiz1 (IQ) kameranin bir
platformaya inteqrasiyasi yiiksok informasiya tutumlu goriintiiniin alds edilmasina sabab olur. Bu
da olds edilmis video vo foto formatda goriintiiniin emal olunmasini, analoq vo yaxud rogemsal
signal formasina ¢evrilmasini tamin edir. Homginin gerostabil platformada olan lazer-mosafo6lgon
texnologiyasi vasitasi ilo hadofin koordinatlarinin dogiq toyin edilmosi imkanini yaradir. Elektron-
optik FY olava olaraq lazer generatoru (enerji monboyi) hesabina lazers istigamotlonon raket va
bombalar1 yonaltmok tiglin lazeryonaldici ilo komplekslosorsa bu onun ¢akisini, dayarini va
somaraliliyini yiiksaldir [11].
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Isin magsadi. PUA il elektron-optik miisahidonin aparilmasinin optimallasdiriimasi.

Elektron-optik sistemlorin ayirdetms imkanlari. Rogomsal elektron-optik sistemin
ayirdetmos imkani1 dedikdo bu sisemin obyektivindon verilmis mosafads yerlogan obyektlorin slda
edilmis tosvirlorinin detalliliq saviyyssini formalasdirmaq imkani basa disiiliir. Elektron-optik
sistemlorin ayirdetms imkanini tayin edoan asas faktor obyektivdon sonra alinan goriintiinii
proyeksiyalayan CCD (charge-coupled device-) matrisadir [12, 13].

Goriintii malumatlariin manbayi yer sathi vo ya hava fozasidir. Obyektivin gérma sahasinin
bucagi informasiyanin hocmini miioyyanlosdirir. Yer sathindo vo hava fozasindan g¢okilon va
qurgunun hallolma omsalina giiclii tosir gostorir. Nozars almaq lazimdir ki, ekrana verilon goriinti
baxilan orazi sahasinin fiziki torkibindan, rongindan, eloco do yer sothinds olan obyektlorin ekran
goriintiisii ilo real xatt 6lgiilori arasindaki forqdon asili olaraq doyisilir. Sokil 1-do elektron-optik
sistemin obyektivi ilo formalagdirilan baxis sahasi gostorilmisdir. Baxis sahasinin 6l¢iilori PUA-nin
ucus hiindiirlilytinden, obyektivin goriintii bucagindan vo obyektivin optik oxunun ayilmo
bucagindan asilidir [14].

Sokil 1-don goriiniir ki, baxilan sahonin formasi fiziki olaraq trapesiyaya yaxin hoandosi
formadadir. Hesablamalarda ilk yanagsmada alagonin azlig1 ehtimalini istifads etmak olar.
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Burada, | — baxilan orazinin an boyiik xatti dl¢iisiina boraber uzunlugudur, R,,., — yerin orta
radiusudur. Yer sothinin maili olmasi sabobindan hesablamalar zamani orada olan ayrilor (dag-dars)
miistovi olaraq gotiiriiliir. Belo ki, elektron-optik sistemin tatbiginin effektivliyina Yer sathinin real
goriiniistiniin miistovi diiz soth qurulusda olmamasi giiclii tasir gostarir. PUA-da olan elektron-optik
FY konkret funksiyalar1 yerino yetirmok ii¢iin toyinathidir. Bu sababdan elektron-optik FY-larin
doyarlondirilmasi PUA tatbiqi ilo tipik obyektlorin tapilmasi, izlonilmasi vo alinmis goriintiiniin
ayirdetma gabiliyyatinin 6l¢iisii vo S. imkanlara asason hesablanir [15, 16].

PUA-ya qurasdirilmis elektron-optik sistemin imkanlarindan asili olaraq tolob olunan ugus
hiindiirliiyiinii miiayyan etmoya imkan veran asas parametrlordan biri doldurma amsalidir (sokil 2).

Fhrads
Kaotaurma = Tf (2)
Fhogor — hodof  goriinon

orazinin sahasi, F- baxis (miisahido)
arazisinin sahasi.

Secilmis obyektin (hadafin)
miisahido monitorunda goériinmasi
Vo izlonilmasi tgiin talob olunan
baxis sahasini nego dofa
boytidiilmasini gostaron komiyyato

Sakil 1. Elektron-optik sistemin obyektivi ilo formalagdirilan doldurma omsali deyilir.
baxis sahasi CCD matrisanin  dlgiisii
elektron-optik cihaz vasitasi ilo aldo olunan goriintiiniin ayirdetma tosvirina shomiyyatli daracoads
tosir gostarir. Belo ki, CCD matrisinin 6lgiisii optik linzadan goalon tosvirin segilma Saviyyasini
miioyyoanlosdirir. Matrisin Olglisii no godor boyiik olsa, se¢im soviyyasi Vo sistem ekranindaki
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tosvirin detallart bir o qodor yiiksok olacaq. Linzanin optik ayirdetms imkanina yaxin yeni ragomsal
elektron-optik sistemin ayirdedilma tasvirini alds etmok tiglin ya ¢ox bdyiik 6l¢iilii CCD matrisina
malik olmaq, ya da baxis sahasinin bucagini azaltmaq lazimdir. Ragomsal elektron-optik sistemin
ayirdetmo imkani (linza - CCD matrisa - ekran) tasvirin ekranda boyiidiilms imkanindan asili olaraq
bir qrup parametrlors oasasan miiayyan edilir.
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$akil 2. Doldurma amsalinin ugus hiindiirliiyiindon asililiq grafiki

R™ = f(L,B.v,¢,M) ©)

Burada: L — yer sothinds olan ndqtoys ayilmis (maili) uzaqliq, (f,y,¢) - baxilan ndqtanin
optik oxdan saga-sola, yuxari-asagi bucaq doyismasi vo normal koordinat sisteminds optik oxun
ayilma bucagi, M — CCD matrisanin 6lglistidiir.

Ragomsal elektron-optik sistemin ayirdetmo qabiliyyatini giymatlondirmok ticiin PUA
vasitasi ilo axtaris {igiin xarakterik olan obyektlorin tasvirlorindan istifads eds bilarsiniz.

Elektron-optik sistemin ayirdetmo imkanlarimin niimayisini “Insan” obyekti misalinda
insanin uygun qrafik proyektini nazordon kec¢irmok miimkiindiir. Proyeksiyanin dlgiilori matrisanin
proyeksiyasina uygunlasdirilmis vo uygun soth kimi gostorilmigdir. Proyeksiyanin dl¢iisiindon asili
olaraq element “piksel” (ndqto) sayma géras CCD matrisanin millimetr, santimetr vo metr dl¢iilarine
malik ola bilir. Bu sobobdon gériintiido “Insan” hodafini maksimum yaxinlasdirdiqda ayirdetmo
imkanina uygun ndqto say1 qodar gérmok miimkiin olur [14].

Toahliikasizlik isinin taskilindo PUA ilo miisahida. Tobii folakotlor, fovgolads hallar va
axtarig-Xilasetmo tapsiriglarinin icrasi zamani vaxt amili mithiim shamiyyat kosb edir. Xilasetma
omoliyyatlar1 zaman1 PUA-lardan istifado axtarigin (misahidonin) samaraliliyini vo tohliikasizlik
doracasini artirir, eloca do Xilasetmo miiddatini azaldir.

Axtaris vo xilasetma amaliyyatlart zamani asas yanagsma PUA marsrutunun vo miisahido
alqoritminin diizgiin planlagdirilmasidir. Praktikada bazan bu magsadlar tigiin sag qalma, kiitlo, stirii
va s. prinsiplardan istifads edils bilar.
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Kiitlo ssenarisinda biz obyektlari sadacs iki néve ayira bilarik: dronlar vo sagirdlor. Bu halda
dronlar qisqirmagq, yonlandirmak, isigfor va s. faaliyyatlor ila kiitloni tayinat yerino istigamatlondirir.
Nozarot¢i dron biitiin proses boyu kiitlonin davranisina nozarst edir vo planlasdirilmis marsrut ilo
horakatini tomin edir. Avtonom yo6nlandirma ti¢iin PUA-lar tadricon nazarst¢i moderatorlarin yerini
alir [12].

Ekstrimal yollarda vo tohliikali voziyyotlords zoror gors bilocok sagirdlorin olmamasi {igiin
marsrutun planlagdirilmasi ¢oargivasinda vo ehtimal olunan xilasetma proseslorindo PUA-lardan
istifado nozordo tutulur. Bu problemlori hall etmok ii¢lin PUA-lardan “irali-geri” vo yaxud “saga-
sola” istigamatlonib ug¢maqla “somtlomo” horokotlorini, havada yerindo asilma rejimindo
dayanmaqla “dur” komandasini tokrarlamaqgla yonlondirmo, davranis imkanlarindan istifade
edilmasi toklif edilir (sokil 3) [17-20].

Belos ki, ekstrimal hallar ii¢lin sagirdlor misalinda oxsar horokoti modellosdirmokls toxliyys

i w noqtesini vo ya tohliikkesiz zonam
+ @"‘Z Y - aciq saho kimi nazordon kegirmoklo
A vg ' £ iki problemi eynilogdiro bilarik.

Tohliikesiz zonaya gedon marsrutu
planlagdirarkon xilas edilmoli olan
hodoflorin miisahidosini vo miisa-
hidoetma problemini hadof dina-
mikasinin monitoringi ilo toxliyyo
vo xilasetmoni balanslagdiran prob-
lemo ¢evirmoklo hollino ¢alisil-
migdir (Sokil 3 a marsurutu).

Stini intellekt program modelindon
istifado etmoklo Reynolds qaydasi-
na osaslanan insan kiitlasinin dina-

Sakil 3. Dron vasitasi ila xilasetma ssenarilori

mikasinin tonliklorini tosvir etmok miimkiindiir. Bu, qaydadan folakot qurbanlarinin modellosdiril-
masinda istifads edils biler.

Ny, N, N, N, N; vahid vektorlar sosli dron vasitssi ilo sagirdlorin toplagma
montagasina dogru tasir qlivvasini xarakterizs edir. Belo ki, bu zaman arazids olan digor sagirdlorin
morkozo dogru ra tosir qlivvesi, yerdos galan sagirdlorin digarlorine nazoron inersiyali horokot
qiivvasi vo sagirdlorin horokatinin sas-kiiy elementidir. Daha sonra sagirdlorin horakat istiqgamaoti
vektoru N~ miioyyan edilir:

N~ =pugNg + u N; + uNy + ;N + pNg (4)

Burada pg, pr, Uy, Ui, te goki sabitloridir.
Fovqalads hallarda kiitlonin qrup davranisi dérd asas prinsips asaslanir:
-toqqusmadan g¢okindirmoak;
-stiratin yaxinliqdaki digar tizvlarls uzlasmast;
-yaxinliqdaki iizvlarin markazo yaxin olmaq istayi;
-tohliikodon yayindirilmasi.
PUA, moktabli vo toplasma yeri arasindaki masafoni on qisa miiddotde minimuma endirmak iigiin
movqe tayin edir. Hodof olan moktablilori genislondirilmis arazinin sarhadi boyunca bu sahanin markozi
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istigamatindo toyin olunmus noqtalora yonaltmak ti¢iin PUA va yaxud PUA-Iar iigiin optimal movgelor
secilir. Bu noqtalor miivafiq genislondirilmis arazids sagirdlorin somorali sokilds toplandigi vo PUA-
lar torofindon miisahids edils bilacayi yonlandirms noqtalori adlanir.

Ikinci morholods, miisahido altinda olan sagirdlori toyin olunmus oraziloro
istigamatlondirmak ti¢iin akustik yayim sistemi ilo konfiqurasiya edilmis soasli komandalar
saslondiron PUA-dan, hamg¢inin PUA-nin harokot komandalarindan istifado olunur. Bu magsadlos
axtarls vo Xilasetmo tapsiriglar {iglin goxmoaqsadli optimallasdirmaya asaslanan marsrut planlama
algoritmi toqdim edilo bilor (Sakil 3 b).

Tadqgiqat tapsiriginin planlamasi bir nega Saviyyaya boliiniir: hadafi tapmaqg ve bu magsads
¢atmaq Ui¢lin vaxti minimuma endirmoak sarti ilo kommunikasiya yolunu qurmagqla optimal marsrutu
oldo etmok. Burada PUA vasitasi ilo hadafo godor optimal slage yolu yaradilir vo yeriistii heyatin
xilasedilms isini yerino yetirmak iigiin ugus aparati amaliyyat sahasino yonlandirilir. Axtaris vo
xilasetmo tapsiriglart zamani somorsli ola bilon miisahidonin ohato dairasi vo ya doastoklonon
miimkiin kommunikasiya slagesine uygun mesafods tonzimlona bilon algoritmlor innovativ sokildos
toklif edilo bilor. Bu tadqiqat isi qurulacaq alqoritmin miimkiinliiyiinii siibut edir [12, 21-24].

Donizdo vo yaxud sahil sularinda bas veron fovgolado hallarda monitoring vo axtaris-
xilasetma zamani miisahidonin togkili yuxarida geyd olunan faaliyyot modelino uygun olaraq
aparilir. Bu zaman boylik bir orazido axtaris zamani doyisikliklori miioyyon etmokdon &trii PUA
resurslarinin  sorfiyyatini ohomiyystli dorocods azaltmaq {ig¢lin orazinin doqiq perimetrlorini
miioyyonlosdirmok tolob olunur. Tadgigatin optimallasdirilmas1t miioyyon naticalorin  alds
edilmosino imkan verir ki, bu da PUA-larin axtaris vo xilasetmo asasli miisahido tapsiriglarinin
halli zaman1 miihiim ohomiyyast dasiyir.

PUA-larin totbiqi ilo donizds axtarig-xilasetmo vo nozarot-miisahids tapsiriglarinin icrast
sahilo yaxin aparildigda, PUA-nin sahildon yerloson yeriistii idaroetmo stansiyasi ilo operatoru
torofindon idaro etmasi toklif olunur. Daniz sularinda tizon gomilordo geyd olunan tapsiriglarin
icrast zamani dronlardan istifado etmok effektiv olmur (gominin tizmosi sobobindon dronun evo
gqayitmasit zamani qalxis koordinatlarinin doyismosi, fovgolado enma tolob olunduqda ehtiyat
meydanganin olmamasi, agiq donizds kiiloyin ani siddstinin vo havanin nomliyinin yiiksok olmasi
Vo s.).

Donizds siiratli vo effektiv axtarig-xilasetmoa omoliyyatlarinin mithiim shomiyyot kosb
etdiyi liglin gomilords bazalanan VTOL tipli PUA-lardan istifads ytliksok effektivlik gostormisdir.
Bels ki, donizds galxma-enmo zolag: tolob etmayan, hibrid enerji sistemlarina sahib VTOL tipli
PUA-lardan neft-qaz platformalar1 vo boru komorlorine nozarat, sorhod tohliikesizliyi,
qacagmal¢iligin askar edilmosi vo qarsisinin alinmasi vo s. tapsiriqlarin icrasi zamani istifado
etmoyin mogsadouygunlugu siibuta yetirilmisdir [25].

Homginin, yiiksok shamiyystli koordinasiya olunan amoliyyatlarin idare edilmosinda va
cevik gorarlarin qobulunda PUA-larin real vaxt rejimindo molumat Gtiirmak imkanlarindan vo
elektron-optik cihaz vasitesi ilo vizual miisahido noticosindo oldo olunan molumatlardan genis
istifado edilir. Belo ki, hiiquq miihafizo orqanlar xiisusi tapsiriglarin, halli tolob olunan amoliyyat
foaliyyotlorinin miigsahidosi, siibholi soxslorin vo harokatlorin izlonilmosi, ictimai asayisin
gorunmasi vo tocili yardimin tomin edilmoasini tolob edon oxsar problemlorin hollindo PUA-larin
totbiginin gagilmazlig: siibut edilir.
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Hiiqug-miihafizo organlarinin tapsiriglarinin holli zamani cold vo ¢evik reaksiyanin
verilmosi {igiin omoliyyat rayonundan real vaxt rejimindo molumatlar ilo tomin olunmada genis
miisahido ohatosini tolob edon canli miisahidonin aparilmasi tolob olunur. Bu zaman totbiq edilon
PUA-nin miisahido vo kosfiyyat imkanlarindan asili olaraq omoliyyat rayonunun vo yaxud
misahido sektorunun Olgiisii daxilindo dinamik miisahidonin optimallagdirilmasina nail olmaq
ii¢lin nozarat altinda olan oarazinin sektorlama sxeminin hazirlanmasi toklif edilir.

Maraq doguran marsrut iizro ohatoli axtaris vo nozarati hoyata kecirmok iiclin ehtiyaca
uygun sayda oraziyo PUA-lar yerlosdirilir. Sohor daxili amaliyyat faaliyyatlori zaman1 PUA-lar
vasitosi ilo gostorilon nozarot-miisahido imkanlart ilo yanasi, magistral yollarda bas veron
hadisalorin patrul nozaratinin hoyata kegirilmosindo PUA-lardan genis istifado edilir. Belo ki,
havadan dastoyin verilmosi, malumatlandirma, gozalarin tohlili mogsadi ilo PUA ils olds edilmis
goriintlinlin zamana gors geri ¢evirmok imkani va s. onlara olan ehtiyaci daha da artirir [12, 26].

Dronlarin totbiq imkanlarinin onlarin ug¢us miiddoati, ugus siiroti vo elektron-optik
kameranin funksional imkanlar ilo diiz miitonasib olmasi1 sababindon horokstdo olan hodoflora
PUA wvasitosi ilo nozarat etmok mosalosinin hollindo miixtslif yanagmalar movcuddur. Bu zaman
¢oki va Olgiliyo nozoron mikro vo daha yiiksok tosnifatlanmali planer vo VTOL tipli PUA-lardan
istifados yiiksok hiindiirliikds u¢magqla daha boyiik orazini miisahids altinda saxlamaga imkan verir.
Elektron-optik imkanlara sahib (hodafi nisana almaqla izloma, lazer masafs 6lgmali, giindiiz-geca
vo termal kamerali, lazer tuslamali) FY-don istifado etmoklo mogseds c¢atmaq miimkiindiir.
Homginin yiiksok hiindiirliiklordon miisahido aparmaqla vizual vo akustik askarlanma (gizlilik)
ehtimalinin azaldilmasi tstiinliiklorine sahib olmagq olar.

Xiisusi tapsiriglarin yerino yetirilmosi zamani gizliliyin vo moaxfiliyin qorunmasi {igiin
tapsirigin ugurla yekunlagsmasinda PUA-dan istifado bdyiik ohomiyyot dasiyir. PUA ilo hadof
arasindaki miisahido bucagini vo mosafoni miimkiin qodor tez-tez vo koskin sokildo doyismoklo
gizli miisahids alqoritmini tatbiq etmok toklif edilir. Bu zaman PUA hadaf ilo mogbul masafada,
yoni hadof onu gozii ilo axtardiqda belo askar eds bilmoyacok hodds idars edilir. Homginin PUA-n1
hadof {izorinds saxlamaq vo yaxud “kilidlonma” ucus rejiminds optimal hiindiirliikde dovr
etdirmoklo dinamik yanagma ilo keyfiyyotli miisahidoni tomin etmok miimkiindiir [27-29].

PUA ild icra olunan miisahida faaliyatinin tagkilinds vacib olan takmillasdirma islori.
Oksor vaxtlarda PUA-lar vasitosi ilo xiisusi tapsiriglarin icrasi, strateji obyektlorin miisahidasi,
fovgolado hallarda axtarig-xilasetma vo monitoring foaliyyatlori sado meteoroloji soraitlordos vo
miisahido ti¢iin alverigli miihitlords aparilir. Sahar, doniz, miirokkab relyefs sahib (dagliq) arazilords
Vo digar amoaliyyat soraitlorinds miisahidonin aparilmasi tigiin daha dayaniqli texniki gostaricilora va
ucus tohliikasizliyina sahib PUA-lardan istifads zarurati yaranir.

Miirokkob miihitlordo avtonomlugun, navigasiya vo etibarli rabito olagosinin yaradilmasi
liglin olavo infrastruktur tolob olunur. Omaliyyatin planlamasi vo yaxud bohran voziyysti zamani
(PUA-larin enerji resursu mohdudiyyati, qapali va agiq soraitlords, eloca do radioelektron miibarizo
miihitinde havada dayaniqli naviqasiya va rabito catigmazliglari, vizual miigahids iiclin goriiniis
diapazonu vo hodofs lazer tuslama) PUA-nin totbiqi ilo tapsiriglarin icrasi yiiksok analitik
hesablamalarin aparilmasini talob edir. Bu problemlori hall etmok {igiin daha yiiksok taktiki-texniki
vo ucus-texniki xiisusiyyatloro malik, miikommoal ucus idaroetmo sistemino vo idaroetmo
algoritmlorine sahib PUA vo yaxud drondan istifado etmok toklif edilir. PUA-larda enerji monbayi
gisminds istifado olunan akkumuliyator batareyalariin enerji tutumu vo ugus vaxti limitlori osas
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mohdudiyyatlordir [8-10].

Umumilikdo, axtaris vo xilasetmo, monitoring, eloco do strateji obyektlorin miisahida
mogqsadlori tiglin PUA-ya qoyulan tapsiriglarin ohato dairasini, omoliyyatin davamli olaraq icrasi,
fovgolado hallarda sistemlorin totbiqi ilo dstiin imkanlar oldo etmok, PUA sistemlorinin
doziimliliik vo moéhkomliyi, homginin sistemin golocok perspektivdo inkisaf edorok genislonmo
potensialina diqgot yetirmayo ehtiyac vardir.

Noatico

Omoliyyatin planlamast zaman1 PUA ilo aparilan miisahidonin optimallagdirilmasi iigiin
nazars alinmasi vacib olan meyarlar:

- enerji resursu mohdudiyyati;

- sothi oksetdirmo amsali gostaricisi;

- rangi;

- ayrilan sas effekti;

- gizlilik daracasi;

- radioelektron miibarizo miihitinds havada dayanigli navigasiya va rabito ¢atismazliglarinin
Nazoars alinmasi;

- vizual miisahids ii¢lin goriiniis diapazonu;

- miisahido zamani elektron-optik kameradan oldo olunan goriintiiniin  ayirdetma
keyfiyyatini miimkiin olan texniki gostaricilorin maksimumu saviyyasinds oldo etmak iigiin ilin
fasili, giiniin omoliyyat saati, nomlik vo digor meteoroloji gostaricilor;

-koordinati malum olan hadof tizarinds vo yaxud geyri miiayyan foaliyyatin aparilmasi.
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ELECTRO-OPTICAL OBSERVATION WITH UNMANNED AERIAL VEHICLES AND
OPTIMIZATION OF APPLICATION POSSIBILITIES
Nabiyev R.N., Abdullayev A.A.
National Aviation Academy

The article analyzes the conditions for using unmanned aerial vehicles in the successful
implementation of tasks set in the direction of search and rescue, as well as the observation of
strategic objects, and the data obtained as a result of their application. The importance of
applying advanced technologies in emergency situations, personnel activities, and determining
location positions is substantiated and the importance of using unmanned aerial vehicles is
emphasized. Here, how unmanned aerial vehicles work in complex and difficult conditions with
the application of technological innovations based on the current operational task is investigated.

It is noted that the use of currently available multirotation, glider and VTOL-based nano,
micro and mini small, medium and large drones, glider and VTOL-based unmanned aerial
vehicles in terms of weight and size is used as the main and auxiliary element for the digitalization
of the complex application of forces and means during the execution of many international and
local search and rescue, as well as other special tasks, and the integration of the process into the
solution with artificial intelligence. It is noted that this also plays an important role in the
successful completion of the intended event.

The optimization of the implementation of electro-optical surveillance and its application
capabilities due to the correct planning of the UAV route and observation algorithm during search
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and rescue operations with unmanned aerial vehicles was studied on the basis of “survival”,
“mass”, “flock”, etc. missions. The criteria that must be taken into account for the optimization of
UAV observation during operation planning were determined and substantiated at a reasonable
speed.

The article also notes that unmanned aerial vehicles are widely used in the performance of
aerial reconnaissance and search and rescue missions, in the delivery of medicines and necessary
supplies for medical assistance to the required point within flight restrictions, as well as in
monitoring the area in emergency situations.

Keywords: VTOL, unmanned aerial vehicle, on-board control and measurement system,
inertial measurement module, accelerometer, gyroscope, RPM.
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AVIASIYA TOHLUKOSIZLIYI

YJIK: 004.89 DOI: 10.30546/EMNAA.2025.27.01.103

HEYETKAA CHCTEMA IIOAJEPKKH IIPHHATHA PELIEHHH JT/TA OB bACHHUMOI' O
AHAJTH3A DMOIIUH

rapoawosa JI.A., ‘Ilupunos P.A., °Hopazumosa C.P.
LAzepoaioncanckuii F'ocyoapcmeennsiit Ynueepcumem Hegpmu u Ipomblunennocmu
Hayuonanvnasa Axademun Asuayuu

Hens 3amaun — pa3zpaboTka CUCTEMbI, COOTBETCTBYIOIIECH KOHIICTIIMSAM HEUYETKOW JIOTHKH,
OOBEKTUBHOTO aHAIM3a AMOLMU MOIb30BATENs [UIsl IPUHATUSA pelieHuid. PemuTs naHHyro 3agady
npenaaraercs yepe3 oObACHUMBIN UCKyccTBeHHBbIM HMHTEeKT (XAl) ¢ ucnonws3zoBanuem Fuzzy
OWL2 Ontology. OuTONOTMs 3MOIMOHATIBHBIX COCTOSHUN OCHOBaHAa Ha MPEIONpPEeAeTCHHBIX
HEUYETKUX KOHLEILHUAX: «CTPECC», «TPEBOXKHOCTBY, «YMEPEHHOCTBY», «PaTOCThy», CMOIEIH-
poBanHble B Fuzzy OWL2. OHrTOnOrus npuUHATHS pELIEHUH MNpeAcTaBiseT co0oil HedeTkue
MpaBWJIa PacCyXJCHUH, CBA3BIBAIOIINE SMOLMOHAIBHBIE COCTOSHUS C PE3yJbTaTaMHM PELICHHM.
AHHOTAllUM KOHTEKCTHBIX JIaHHBIX SBJISIOTCS  COIMOCTABJIEHHEM KOHTEKCTHBIX aCIIEKTOB
SKCIIEpUMEHTa (BpeMsi, TUI 33Ja4d, UHAUBHyaJIbHbIE YEPThl) C MOMOIIbIO OHTONOrUU. Heuerkas
ontosoruss OWL2 mno3BonsieT OObEAUHUTH OINpeneNnseMble TUIBl JIAHHBIX B CEMaHTHUYECKYIO
MOJIeNIb PacCyKJICHHUH, KOTOpas COCTOMT M3 cOopa CyOBbEKTUBHBIX JaHHBIX B pEalbHOM BPEMEHH,
COIOCTaBJIEHUSI HEOOPaOOTaHHBIX JAHHBIX C HEUETKUMH JIMHTBUCTHUECKUMH KaTETOPHSIMU, TAKUMH
KAaK «HU3KHUI», «yMEPEHHBI» MU «BBICOKHMI» C HCIOIb30BAHUEM HEUETKUX PACCYXKICHUU IS
BBIBEICHUSI SMOLMOHAJILHBIX COCTOSIHUM M MOJeNied NMPUHSTHS pPEIIeHUH HAa OCHOBE OHTOJIOTHH.
Pe3ynpTaToM sBISIETCS CrE€HEPUPOBAHHOE MOHMMAHHE IMOLMOHAJIBHBIX COCTOSHUN M KauecTBa
MPUHATHUS pelIeHU B HEUYeTKuX ycioBusax. Cucrema NOJDKHA CHpPAaBIATHCA € KaTeropusaluei
SMOILIMOHANBHBIX COCTOSIHUM M CBA3BIBATH MX C NMPUHATHUEM PEIICHUN B HEUETKUX YCIOBUSX, MPU
9TOM HeueTkas Joruka u XAl yayyimmaroT npo3padHOCT M HMHTepHperupyemocts. Heompe-
JeNICHHOCTh U HEOOXOJUMOCTh (PU3MUYECKHX MJaHHBIX, KOTOpbIE HE IMPEIyCMOTPEHBI B DJKCIIe-
PUMEHTE, U3MEHYMBOCTh YEJIOBEUYECKUX PEaKIUi M CIOKHOCTh CHUCTEMbl OIPAaHHMYUBAIOT (aKTH-
yeckue pes3yibTarhl. O)KHIaeMblif pe3ynpTaT — TOYHOCTh KIJIACCHU(HKAKMK 3SMOIHOHAIBHOTO
cocrostHUS >85%. DakTUdeckuil pe3ynbrar — TOYHOCTh Bapbupyercs (70-90%) B 3aBUCHMOCTH OT
KauecTBa JIaHHBIX W pa3HooOpasus nmpusHakoB. TpeOyercs yiydileHHas pa3padoTka (pyHKUIHH,
HAJEKHBII OHTOJOTMYECKUI Au3aiiH U 0ojiee IOCTYIHbIE HWHCTPYMEHThI Bu3yanu3anuu XAl,
KOTOpBIE MOTYT YMEHBIIUTh PAa3HUILY MEXKAY OKUAaeMbIMU M (PaKTUYECKUMH pe3yJIbTaTaMu.

KawueBble ciioBa: Heulrkas yoruka, oobscaumeiii U (XAl), Fuzzy OWL2 Ontology,
Ka4yecTBO NMPHUHSITUS PELUICHUH, OObEKTUBHBIN aHATIH3 SMOIIUH.
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Beenenune

Hederkass nmoruka W OOBEKTUBHBIA aHAIM3 3MOIME IOJB30BATENST MPEACTABISIOT OO0
B3aMMOJICHCTBHE MEKAY BBIYHCIMTEIBHBIM HWHTEIUIGKTOM W IPHHATHEM PEIICHHN, OPHUEHTH-
pPOBaHHBIM Ha 4eJoBeKa. IHTerpupys HEUEeTKYIO JIOTHKY C aHAJIM30M 3MOIIHIA, TPOIECChI IIPUHSITUS
pelIeHrid MOTYT CTaTh OoJiee aJaNTHBHBIMH W CIIOCOOHBIMH pEIlaTh CJIOXHBIC CIECHApUH, B
KOTOPBIX TPaJUIIMOHHBIC METOBI HE crpaBisitoTcs [1]. Hederkas yiornka — 3T0 MaTemMaTtudeckas
CTpyKTypa, BBeneHHas Jlrorhu A. 3aae B 1960-x romax, paspaboranHas 1yist 0OpabOTKU CUTYyalUi,
KOTOPBIE HEJIETKO OIPEeIUTh B OMHAPHBIX TEPMHUHAX, TAKUX KaK «MCTHHAY» MU «JI0XKbY, «Ia» WU
«HeT» [2]. B oTnnume OT KIIACCHMYECKOW JIOTUKH, TAE yTBEPXKIACHHs JHOO MOJHOCTHIO MCTUHHBHI,
n00 TOJHOCTBIO JIOXKHBI, HEYETKas JIOTWKA JOMyCKAaeT CTENEeHU HCTUHHOCTH, MPUHUMAS BO
BHUMAaHHE HEOHO3HAYHOCTh M HEOIPENEICHHOCTh, MPUCYIIHE peajbHbIM cieHapusMm [3]. B
KOHTEKCTE TPUHATHS PEHICHUH HEYeTKas JIOTMKa OCOOCHHO IICHHA, KOrJa TOYHBIC JIaHHBIC
HEJIOCTYITHBI WJTH KOT/Ia PEIICHUS JIOJDKHBI IPUHUMATHCS B HEOTIPEICIICHHBIX YCIOBUSX [4].

Hoctuxenust B o0nactu uckyccTBeHHOro uHteuiekra (M) u mammnanoro odyuenus (MO)
MO3BOJIMIIM TIPOBOJINTH OOBEKTHBHBIN aHAM3 SMOLMU IIOJB30BaTels, Mpeodpasys Heocs3aeMble
YyBCTBa, MPUMEHSAEMBIC Ha MPAKTUKE JaHHBIE. DTOT aHAJIM3 YacTO BKIIIOYAET TAKUE METOMBI, KaK
obpabotka ecrectBeHHoro s3bika (NLP - Natural Language Processing), aHamu3 HacTpOCHHIA,
pacro3HaBaHWE BBIPOKEHUH JMIA M HMHTEpHpeTanus (QU3HOIOTMYECKHX TaHHBIX (HampuMep,
4acTOThI CEPJCUHBIX COKPAILEHU WM TPOBOAUMOCTH KOXKH) [5].

Lenb padoTsl

WuTerpanus HEYETKON JOTHKM C aHAJIM30M SMOIMH MO3BOJSET cHCTeMaM 00padaThiBaTh
HEOJ/IHO3HAYHBIE IMOLMOHANILHBIE TaHHBIE U BKIIIOUATh UX B PEIICHUS C TOM CTENEHbIO TMOKOCTH,
KOTOpasi OTpa)kaeT MBICIUTEIBHBIE TIPOIIECCH YenoBeka [6]. Hampumep, cucremMa HEUETKOM JTOTUKH
MOXET WHTEPIPETUPOBATH IMOIMH TOJIH30BATENS IO IMIKAJIE OT «CJErKa pacCTPOCH» JI0 «KpaiHe
paccTpoeH». B mpakTHYeCKUX MPUIIOKEHHUSIX dTa KOMOMHAIUS YK€ JeJIaeT 3HAUUTEIbHBIE YCIIEXH.
Hampumep, B yaT-60Tax oOCHyXKMBaHUS KIMEHTOB SMOILMOHAJILHBIN aHAIM3 MOXKET OMPEeisTh,
KOrJa TIOJb30BaTENb PACCTPOEH, a HEYEeTKas JIOTMKAa CTENEeHb HEYIOBIETBOPEHHOCTH. JlaHHas
MHTETpalysl JaeT HECKOJbKO MPEUMYIIECTB: MO3BOJISIET B3aWMOJEHCTBOBATH C aBTOMATU3UPO-
BaHHBIMH CHCTEMaMHU 0O0Jiee «IO-YEJIOBEYECKU», CIIOCOOCTBYS JTOBEPHUIO M YIOBIETBOPEHHOCTH
MOJIb30BATENEH; YIydlllaeT MPOLECcC NPUHATUS PEIICHUM, YYUThIBasg KaK pallMOHAJIbHBIEC, TaK MU
AMOIMOHAIbHBIEC (PAKTOPHI, UTO MPUBOJIUT K 00JIe€ IIEIOCTHBIM pe3ybTaTaM; MO3BOJISIET CHCTEMaM
¢ dexTrBHO paboTaTh B HEOMPEASICHHBIX HJIM HEOJHO3HAYHBIX CpeflaXx. DMOIMOHAILHBIN aHaN3
OTMPAETCS HAa JTaHHBIE, KOTOPhIE MOTYT OBITh OY€Hb W3MEHYMBHIMH M KOHTEKCTHO-3aBHUCHMBIMHU.
Bonee Toro, BO3HUKAIOT 3TUYECKHE TTPOOTIEMBI, CBSI3aHHBIE ¢ KOH(PUIEHIINATFHOCTHIO U COTJIACHEM
[7].

ITocTaHoBKa 3agaun

[TonHblii aHamU3 pe3yabTAaTOB BKIIOUYAET PACCMOTPEHUE JTUHIBUCTUUYECKUX KATETOpUN U UX
BIIMSHME HA JIEUCTBEHHBIE UeH. LlensamMu sKcriepuMeHTaNbHOTO UCCIIEIOBAHUS SBIISIOTCS:

1. Pa3paborka Momenu KiaccH(UKAIMKA dMOIMOHAIBHBIX COCTOSHHUI C MCHOJIb30BAHUEM
ontosiorun Fuzzy OWL2;
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2. JIOCTHXXKEHHE TOYHOCTH Kiaccupukamuu >85% 3a c4eT HCHOIb30BAHUS HEUETKOU
JIOTHKH JJIsl COMOCTAaBJICHUS AMOIMOHAIBHBIX COCTOSHHHM C JMHTBUCTHYECKUMH KaTErOPHAMHU
(«HU3KHID», KYMEPEHHBIIN» U «BBICOKUI);

3. OOecrneyeHnue HHTEPIPETUPYEMOCTH C TMOMOIIbI0 XAl 1 0OBSICHEHHS pelieHud B
yI00HOH 1)1 Mob30BaTens hopme.

Pa3paboTka oHTOJIOTHH ¢ ucnofib30BaHueM HeueTkoro OWL2 cocTouT u3 HECKOJIBKUX ATAIOB.

Oran 1. OmnpeneneHue 5SMOLMOHATIBHBIX COCTOSHUM. OMOIMOHAIBHBIE COCTOSHUS
(HampuMep, cyacThe, THEB, IPYCTh, TPEBOra) MOJECIHMPYIOTCS KaK HEueTKHe Kiacchl. Hederkue
(GYHKIMK TPUHAAICKHOCTH NpUCBanBarOT 3HaueHne oT 0 10 1 Ha ocHOBE (PU3HONOTHYECKHX H
MOBEJICHUYECKUX BXOHBIX JaHHBIX, BKJIIOYAs:

- yactoty cepaeunbix cokpamenuit (YCC). Hanpumep, «auzkas» UYCC (<60 ya/muH),
«ymepenHas» YCC (60—-100 ya/mun), «oicokas» YCC (>100 ya/mun);

- kokHO-TranbBaHnueckue peakiuu (KI'P): «Hu3kas», «yMepeHHas», «BBICOKas;

- BIpaKeHUEe Jula (ONpeAeNnsioTcs C TMOMOINbI0 MOJAENEeH KOMIBIOTEPHOTO 3PEHHS),
KOTOPOE OIEHUBAETCSI HA OCHOBE CXO/ICTBA C SMOLIMOHAILHBIMH apXETHITAMHU.

Oran 2. OmpeneneHue HEYETKOM JMHIBUCTHYECKOM Kareropuu. Heuerkue kareropuu
COIOCTABIISIFOTCS C HHTEHCHBHOCTBIO SMOLIMOHAIBHOTO COCTOSHHS:

- HU3Kasi ”HTEHCUBHOCTH KaK MOKa3aTelb MPUHAMISKHOCTH K HedyeTKoMy coctostanto <0,33;

- yMepeHHass UHTeHCUBHOCTH cocTaisieT 0,34-0,66;

- BBICOKasg HHTEHCUBHOCTH >0,67.

Oran 3. Bueapenue onTOonornyeckux mnpasui. Hewerkas ontonorus OWL2 Bkmrogaer
MpaBUIa JUI PACCYKAECHUN O KaTETOPUSIX IMOLHIA:

- ECJI1 4YCC «sbicokuit» u GSR «ymepenHslit», TO 5>MOIMOHAJIEHOE COCTOSIHHE =
«TpEBOTay;

- ECJIN Beipaxenue nuna = «ynbioka» 1 YCC «uuskuit», TO aMoLMOHAIBHOE COCTOSIHUE =
«CYACTHEM.

Jlnist yydmeHust HHTepIpeTHPYEMOCTH CHCTeMa BKIIFOUaeT B celst Takue MeTo sl XAl kak:

- BU3yaJIM3alusl Ba)KHOCTH MPHU3HAKOB, TO €CTh TpapuuecKky MokaspiBaeT, Hackoibko UCC,
KI'P unu BbIpaxeHus JIMIa CIOCOOCTBOBAIN KIIaCCU(BUKALNH;

- KOHTP(aKTyaJbHOE PacCyXkJI€HUE MPEJOCTABISET CIEHAPUU «UYTO €CIH» A 00bICHEHHS
aJIbTepHATUBHBIX Kiaccuukanuii (Hampumep, «Ecim 061 UCC ObUT HUXKE, SMOLMOHAIBHOE
COCTOsIHUE OBIJIO OBl «yMEpEHHAas TeYallb) BMECTO «CUJIbHAS TICUAIb»»).

DKcrepuMeHTalbHasE YCTAHOBKA MCIOJIh3yeT MapKHUPOBAHHBIA HA0Op MaHHBIX (H3UOJIOTH-
YECKHX, MOBEIEHYECKUX U KOHTEKCTHBIX YMOIIMOHAIBHBIX JaHHBIX [8]:

- 4aCTOTa CepAeYHBIX cokpamennii, GSR, olleHKN BBIpaKCHHUS JINIIA;

-TIPeIBAPUTENBHO  KJIACCU(HUIIMPOBAHHBIE AMOIMOHANBHBIE COCTOSIHHSI C  METKaMH
WHTCHCHBHOCTH.

Heuetkas cuctema BbiBoa coctouT U3 BXOAHBIX AaHHBIX (HCC, GSR, ouieHkH BbIpaxxeHUs
JMIa) ¥ BBIXOAHBIX JAHHBIX (SMOLIMOHAJIBHOE COCTOSHUE, COMOCTABIEHHOE C HEYETKHUMHU
KaTerOpUsIMU («HU3KHI», «yMEPEHHBII», «BBICOKHIN).

MeTpuku NpoU3BOAUTEIBHOCTH COCTOAT U3 CIEAYIOMINX KaTeTOPHA:

- TouHOCTh. O0ecnedeHrne TOYHOCTH KilacCupuKanuu >85%;

- rouHocTh/[TomHoTa. O11eHKa, HACKOJIBKO KOPPEKTHO CUCTEMa pa3inyaeT KaTeropuu;

- UHTEepHpeTupyeMocTb. OleHKa MOHUMAaHUS MOJIb30BaTEIEM BBIXOAHBIX TAHHBIX CUCTEMBI.
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Pemenne 3apaun
Heuetkast Mmonenb gocturia nokasaresneH, npeIcTaBIeHHbIX B Ta0muIe 1.

Tabnuna 1
AHanm3 Ipou3BOAUTENLHOCTH
Metpuku 3HaveHMe
TouHnocTh KIaccudukanuu 87.5%
TouHoCTh (BBICOKAS) 0.90
[MonHoTa (cpemnsis) 0.85
OneHka MHTEPIPETUPYEMOCTH 92% (cormacHo
0TpocCy)
Tabnuua 2
KaprorpadupoBanue sS3bIKOBBIX KaTerOpuit
YacroTa GSR Breipaxxenne numa | Heuerkas OMOIMOHATBHOE
CepACYHBIX KJIaccU(pUKaINs COCTOSIHUE
COKpalleHU
Beicokwii (0,8) Ywmepennsrii (0,5) | Helirpanpabrit BecnokoiicTBo
0,4) (BbIcoknit) BbecnokoiictBa
Hwuzkwii (0,2) Huzkwii (0,3) Y Ip109M BB Cuactbe Bricokuii ypoBeHb
(BeIcokwuit) CuacTps
Ymepennsiii (0,5) Beicokuii (0,7) XMyphIit I'pycts (Beicokuit) | Beicokuii ypoBeHB

I'pyctu

Pesynprarel mHTEpIpETAlNN:

- 90% nonp3oBarenei nocuntany o0bIcHeHUsS XAl TOHATHBIMY;
- KoHTp(dakTyaJabHBIC CclieHapuu (Hampumep, cokpamieHue HR) BbIssBUIM MOTEHIIMATBHBIC
HMOIIMOHAIBHBIE H3MEHEHHSI, TOBLICUB YPOBEHB JOBEPHS K CUCTEME.

Tabnmma 3
AHanu3 3aTpaT ¥ BBITo] (MCIOIb30BAHUE HEUETKON OHTOJIOTHH JUIS IPUHATHS PEILICHHH)
Kateropus TpaauMOHHBIN MeTOx Heuerxuit OWL2 + XAl
CTOMMOCTB 3a OJIHO BBIYHCIICHUE 5000 3500
Bpems ananu3za (HaOro1eHU ) 30 mueit 20 guen
NPT 15% 5%
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Cpoxk ciryx0b1 Onta 100 gacos 150 gacos

Bpemst 00paboTKH TaHHBIX 48 gacoB B peansHoM Bpemenn
(MUHYTBI)

TouHOCTh IPOTrHO3a Rz2=0.12 R?2=0.84

Pacxonp! Ha Texanueckoe oOcayxuBanne | Bricokume Y MeHbILIEHHbIE

CKOpOCTh NPUHATHS peIIeHUI Jun Hemennennoe nonumanue

Monens Fuzzy OWL2 + XAl obecriednBaeT 3HaUUTEIbHYIO SKOHOMHIO BPEMEHHU U CPEJICTB,
a Jydmas kiaccu(uKalMs SMOIMOHAIBFHOTO COCTOSIHHS BiIMsieT Ha Ooyiee ObICTpOE U TOYHOE
MIPUHSITHE PEILICHUH.

[ToBepxHOCTHBIN Tpaduk Ha pucCyHKE | MOKa3bIBaeT CBSI3b MEXKIY YaCTOTOH CEpIEYHBIX
cokpamiennit (UCC), koxHo-ranpBannuyeckoil peakuuein (KI'P) u sMoImoHanbHBIM COCTOSIHUEM.
31ech BeIpaxkeHue uia 3adukcupoano kak Yisioka (FE = 0,7).

IMoeepxuocrasi I'padur Imonnonansuoro Cocronana

= 0.4
=
E 04 -

0.3
S
s 0.2 0.2
2
3 - 0.1
= . - 20
E oo 50 100 0
; Yacrora Cepgeannix Coxpamenni (ICC)
™ Koxao-Taassanngeckan Peaxgua (KT'P)

Pucynox 1. IloBepxHOCTHBIN TpadK IMOITUOHATIHHOTO COCTOSTHUS

Hwuzkas wyacrora cepaeunbix cokpamennii u Huzkas KI'P  moka3piBatoT 3HaYeHHs
SMOILIMOHANBHOIO COCTOSIHUA Ha HU3KOM ypoBHE (<0,4). DTO COOTBETCTBYET CIIOKOWHBIM MU
pacciablieHHBIM IMOLMOHAIBLHBIM COCTOsIHUSAM, TockoiabKy Huszkne YCC u KI'P ykaspiBaioT Ha
HU3KO0€ (PU3HOJIOTHYECKOe BO30YKICHHUE.

YMepenHass dyactotra cepaeuHbix cokpamieHud u  KI'P  neMoHCTpupyloT 3HaueHHs
SMOIMOHAIBHOTO COCTOSIHUSA, TocTeneHHo yBenuuuBaroTcs (0,4—0,6). DTu 3HaUeHUS MPEICTABISAIOT
co0oit ymMmepeHHOe BO30YKICHHE, HAPUMED, JIETKOE CYACTHE MM HEUTPATIbHBIE YMOITUH.

Bricokass wacrota cepiaeuyHblx cokpamieHuil u Beicokas KI'P nemoHCTpupyroT 3HaueHHs
SMOITMOHAIBHOTO COCTOSIHUSI, KOTOPBIE JOCTUTAIOT MakcuMmyMa (>0,8), 4TO yKa3bIBaeT Ha BHICOKYIO
AMOIMOHABHYIO MHTeHCUBHOCTh. Coueranue Bbicokor UCC m KI'P ¢ ymwiOkoif mpeamosaraet
CUJIbHBIC MOJIOKUTENBHBIE IMOLMHU, TAKUE KaK BOJIHEHUE WU PAJOCTh.

ITocTenenHble nepexoubl:

- IOBEPXHOCTh IJIajiKasi, mokas3epiBatomass mnocrernenHoe BiusHue YCC u KIP Ha

KJ1acCU()UKALIUIO HIMOIIOHAIEHOTO COCTOSIHUS;
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- Mozelb ()PEKTUBHO PUKCHUPYET MPOMEKYTOUYHBIE COCTOSHUS, U30eras jKeCTKON Karero-
pu3aIuu.

OCHOBHBIMU BBIBOJJaMH Ha OCHOBE MOJIYYEHHBIX JAHHBIX SIBJISIOTCS:

- B3aumoyeiicteue Mexay Bxomamu HR (UCC) m GSR oka3piBaeT KOMOMHHMpPOBaHHOE
BIIMSHHE Ha 3MOIMOHAIbHOE cocTosiHue. Bricokuit HR cam mo cebe He MpUBOIUT K BBICOKOM
AMOIMOHAIBHOW MHTeHCUBHOCTH, eciii GSR Takxke He BhicOK. AHanoruuHo, Hu3kue HR (UCC) u
GSR npuBOAST K HU3KUM 3MOLIMOHAIBHBIM COCTOSIHUSIM, JIAXe C YIIBIOKOI;

- IOBEJICHUE HEYETKOW JIOTUKM dYepe3 IOBEPXHOCTHBIM TpaduK JAEMOHCTPUPYET, Kak
HEUYETKHE MPaBWIIA CHPABIISIIOTCS C HEOMPEJEICHHOCTbIO, JOIYyCKas MePEKPHIBAIOIIEECs YJICHCTBO B
Pa3IMYHBIX SMOIIMOHAIBHBIX KaTErOPHUSX.

I'paduk QyHKIMN TPUHAIIEKHOCTH HA PUC. 2 BU3YAIM3HPYET HEUETKHE MHOXKECTBA IS
BXOJIHBIX TEPEMEHHBIX (YacToTa cepledyHbIX cokpamieHuii, GSR, BbpaxkeHUE JHIa) U BBIXOIHON
MEPEeMEHHON (PMOLIMOHAIIBHOE COCTOSIHKE). OTU (YHKIUH OMHCHIBAIOT, KAaK YHCIOBBIE BXOIbI
COTIOCTABJIIOTCS C HEYETKUMU KaTeropusimu: « Huzkuit», «YMepeHHbIi» u « BeIcOKuit.

®yaknas Yuactasa B Cepaeunom Parme 1 ®yaknas Yuactasa KI'P
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Pucynox 2. Yactora cepaeunsix cokpamenuii (HCC)

- Huskass UCC omnpenensiercst kak 3HaueHHe Huxke 80 ya/MUH C TOCTENIEHHBIM CHM)KEHUEM
gactoTel Mexay 50 u 80 ya/MuH. DTO COOTBETCTBYET CIIOKOWHOMY WIIM pPacciabIeHHOMY
COCTOSIHUIO;

- ymepenHas YCC pocturaer nukoB wmexay 60 u 100 yn/mMuH, Korga BepoOSITHO,
HaONIOIal0TCd  HOPMAJIbHBIE SMOIIMOHAJbHBIE COCTOSHUSA, TaKHe KaK JIeTKOe CcYacTbe WIn
HENTpaJIbHBIE YYBCTBA;

- Beicokast YCC ompenensercs kak yyameHHas YCC >120 ya/MuH, oTpaxarolee COCTOSHHS
BBICOKOT'O BO30YX/I€HUS, TAKHE KaK BOJHEHUE, CTPECC MM OECIIOKOHCTBO.

GSR (ranbpBaHnYecKas KOXKHasi peakius) MOKa3bIBaeT CIeIyIOIIUE pe3yIbTaThl:

- Hu3kas GSR aemMoOHCTpHpyeT BBICOKYIO MPHUHAIEKHOCTh I 3Ha4eHW Hipke 0,3, 4To
yKa3bIBaeT Ha CIIOKONCTBUE UM HU3KOE 3MOIIMOHATILHOE BO30Y KICHHE;

- ymepeHHass GSR mokasbIBaeT CUIbHYIO NMPUHAATEKHOCTH JUIs 3HaueHu# okono 0,5, 9ro
0OBIYHO TIPEACTABIISIET COOOH JIETKOE AYMOIIMOHATIEHOE BO30Y K/ICHHE;

- Boicokass GSR oOnamaer MOMUHUPYIOMIEH MPUHAUICKHOCTHIO A 3HaueHuil Boime 0,7,
YTO CBSI3aHO C CUJIbHBIMU AMOLIUSMHU UM CTPECCOM.

Bripaxenue nuna (FE):
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- HEUTpalbHOE JOCTUraeT muka, korjpa 3Haduenus FE wwmxe 0,5, 4yro ykaspiBaeT Ha
OTCYTCTBME CHJIBHBIX ITOJIOKUTEIIBHBIX UM OTPULIATEIbHBIX SMOLUN;

- XMypbIii  B3rIsAA oxBarhiBaeT cpeanmid aumana3zon  (0,4-0,8), d9TO COOTBETCTBYET
OTPULIATEIIbHBIM 3MOLIMOHAJILHBIM COCTOSIHUSIM, TAKME KaK IPYCTh WM Pa304apOBAHUE;

- yIbIOKa AOMUHUpPYET npu 3HaueHusx >0,7, 4TO O3HAYAET MOJOKHUTEIbHbIE SMOIHO-
HaJIbHBIE COCTOSIHUSA, TAKHE KaK CYACThE WM BOJIHEHUE.

DMOLIMOHATILHOE COCTOSTHUE (BBIXOJ):

- HU3Kash OMOLHMA  XapaKTEPU3yeTCs BBICOKOM IIPUHAUICKHOCTBIO K  CIIOKOMHBIM,
HEUTpaIbHBIM SMOLMOHAIBHBIM COCTOSIHUSAM (3HaueHus <0,5);

- YMEpEHHas YMOLUS ABJIAETCS CaMOW CUIIbHOM 11 3HaYeHUH 0kou1o 0,6, YTO COOTBETCTBYET
JIETKOMY BO30YXJICHUIO U YMEPEHHON IMOIIMOHANBbHOM HHTEHCUBHOCTH;

- BBICOKAsi OMOILMsI OTpaXkaeT CWJIbHBbIE SMOIUHU (3HaueHus >0,8), Takue Kak pagocTh,
0ECIOKONCTBO UJIH THEB.

OYHKIMY TPUHAUICKHOCTH OOECHEeUMBAIOT IUIABHBIE MEPEXOAbl MEXAY KaTerOpUsIMH,
n3berasi pe3KUX HM3MEHEHHMH, KOTOpbIE MOTYT MPHUBECTH K IUIOXOH Kiaccupukanuu. DyHKIUA
JEMOHCTPUPYIOT HHTEPIPETUPYEMOCTh HEYETKOM JIOTUKHU.

QOyHKIMU TPUHAAICKHOCTH W TOBEPXHOCTHBIA TpaUK IO3BOJISIOT OIPENEIUTh CHITY
HEYETKOW JIOTWUKH Tpu 00pabOTKe HETOYHBIX WJIM HEOINpEesIeHHBIX JaHHBIX. llocTemneHHbie
nepexonpl Mexay kareropusmu («Huskuit», «YMepeHHbl», «Bblcokuil») oTpakaroT peajibHbIE
SMOIIMOHANBHBIE COCTOSHUS 00Jiee TOYHO, YeM OMHAPHBIE KIACCU(PUKALIUU.

Mopens MOXHO aJanTUPOBaTh K IIUPOKOMY CIEKTPY CLEHapueB, B KOTOPBIX
SMOLMOHAIBbHBIE COCTOSIHUS 3aBUCST OT (PM3UOJIOIMUYECKHX U MOBEJCHUECKUX JaHHbIX. J(narpammbl
JAX0T UHTYUTUBHOE NPEJCTABICHUE, YTO MO3BOJIAET HECIIELMAINCTAM JIETKO MOHATh, KaK BXOJIHBIC
JTAHHBIE BIMAIOT HA IPOTHO3bI SMOLMOHAIBHOTO COCTOSHHUSI.

BxroueHre 60JbII€ro KOJIMYECTBA BXOAHBIX JTAHHBIX (HAlpUMeEp, TOH peur, KOHTEKCTHbIE
JAaHHBIE) MOXKET IOBBICUTh TOYHOCTH Kiaccuukanuu. TecTUpoBaHHE CHUCTEMBI C pealbHBbIMU
HabopamH JJaHHBIX TOATBEPIUT €€ HAaJIe)KHOCTh U 0€30TKa3HOCTb.

Kox MATLAB, pa3paOGoTaHHBIN A 5TOTO UCCIEAOBAHUS, MOACTUPYET U BU3yaTU3UPYET
KJIacCU(UKALIMIO YMOLMOHAIBHBIX COCTOSIHUI Ha OCHOBE 4acTOThI cepAeuHbIX cokpamienuii (HCC),
ranbBaHnueckoi peakuuu koxu (I'KP) u Belpaskenus nuna (OM). Monens peanu3yer NPUHIUIIBI
He4eTKo joruku 6e3 ucnoib3zoBanusa Fuzzy Logic Toolbox, uTo mo3BoisieT MHTEPIPETUPOBATH
SMOLMOHAJIBHBIE COCTOSIHHMSI 4Y€pe3 HENpPEpBhIBHBIE JIMHIBUCTUYECKHE KATErOpHH. AHamu3
(doxycHupyercs Ha JABYX OCHOBHBIX BBIXOJHBIX JAHHBIX: rpadukax QyHKUIUN NPUHAIIIEHKHOCTH U
MTOBEPXHOCTHOM TpaduKe, KOTOPbIN MpeACTaBIsSeT IMOLMOHANIbHOE cocTosiHuE Kak pyHkuno YCC
u I'KP.

IIpaBuia HeueTKOro BBIBOJA, perynupyroniue cBsi3b Mexay Bxonamu (HR, GSR, FE) u
BBIXOJIOM (PMOIIMOHAJILHOE COCTOSIHUE), SIBJISIOTCS OCHOBHBIM HAIIPAaBICHHEM HCCIIEIOBAHMUS.
IIpaBuia MoryT OBITH 3alHMCaHbl B BUJE MICEBAOKO/A UM MPEICTABICHbI HEMOCPEICTBEHHO B BHJIE
kona MATLAB: fuzzy _rules = @ (hr, gsr, fe) ...

max ([ min([HR_low(hr), GSR_low(gsr), FE_smile(fe)]) * 0.2, % Ilpasuio 1.

min([HR_moderate(hr), GSR_moderate(gsr), FE_frown(fe)]) * 0.8, % IIpaswuio 2.

min([HR_high(hr), GSR_high(gsr), FE_smile(fe)]) * 1.0, % IIpaswuio 3.

min([HR_low(hr), GSR_low(gsr), FE_neutral(fe)]) * 0.3 % IIpasuo 4.
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B 9T0ii yactu OOBSICHAETCS JIOTMKA TOrO, KaK HEYETKHE MpaBUia OOBEAMHSIOT BXOJHBIC
JAaHHBIE JIJIS1 TIOJTyYEHUS BBIXOIHOTO 3MOIMOHAIBHOTO COCTOSHUS.

I'padukn QyHKIUMH TpUHAAISKHOCTH (PUCYHOK 2) HalOT NOApOOHOE NPEICTaBIICHHUE
HEUYETKUX MHOXECTB, ONpEIeJIeHHBbIX s Kaxmod BxoaHou mnepemenHor (HR, GSR, FE) u
BBIXOJHOW MepeMeHHON (DMOIMOHaIbHOE COCTOsHUE). YacTh KOAa, TeHEepHUpYIOIIEero rpapuku
GyHKIUH — OPUHAUIEKHOCTH, MOXET ObITh BKIIOYEHA Ui WUIIOCTPAlMM  TOro, Kak
BU3YaJIM3UPYIOTCS JUHTBUCTUYECKUE KAaTETOPUH. DTOT pa3Aesl MOKET ObITh IIPEICTABIEH YaCTUYHO
WIA KPaTKO, C MPUMEPOM TOTO, KaK CTPOUTCA rpaduK OnHONW (PYHKIMM MPHUHAIICKHOCTU: X_hr =
0:200; % YCC HR plot(x_hr, arrayfun(HR_low, x_hr), 'r', ... x_hr, arrayfun(HR_moderate, x_hr),
'g', ... x_hr, arrayfun(HR_high, x_hr), 'b"); legend('Low’, 'Moderate', 'High'); title('Heart Rate
Membership Functions'); xlabel('Heart Rate (bpm)"); ylabel(‘Membership Degree");

Jlis 9acTOThl CEpACYHBIX COKpalleHUH (GYHKIUN NPUHAAIC)KHOCTH ONPENCNSIOT TPHU
nuHTBHCTUYECKUE Kateropun: «Huskas», «YMepennas» u «Boicokas». Huskas UCC coorBercT-
BYET 3HauUeHUsAM Huxe 80 yAapoB B MHHYTY, OTpaxkasi pacciiabJIeHHOE UM CLIOKOMHOE COCTOSIHUE, B
To Bpems kak ymepenHass YCC nocruraer nukoB mexay 60 u 100 ynapamu B MUHYTY, YKa3bIBas Ha
HEUTpaJbHBIE BSMOIMOHANbHBIE cocTosiHusA. Beicokas YCC omnpegensercs Juisi 3Ha4eHUH,
npesblimaromux 120 y1apoB B MUHYTY, KOTOPbIE CUTHAIM3UPYIOT O MOBBIIIEHHOM 3MOLMOHAIbHOM
BO30yxaeHUU. AHaNOru4Ho (GyHkimu npuHamiexHoctd GSR kmaccupuuupyroT 3HAUYECHUS Kak
«Hmskas», «YMmepennas» u «Beicokas». Huskas GSR mnpexacraenser coboit Hu3koe (usmo-
JIOTUYECcKOe BO30YKICHHE, XapaKTepHOe Ui CIIOKOMHBIX COCTOSHUM, B TO BpeMsl Kak Bbicokass GSR
OTpakaeT MOBBIIICHHOE BO30YXKICHHE, YacTO CBS3aHHOE C CUJIBHBIMU AMOIMSIMH, TaKUMU Kak
0ecroKONCTBO WM BoiHeHWe. [l BbpakeHWH JHIla Kareropu BkimouaioT «HeWTpaibHOe»,
«XMypoe BbIpakeHHEe» U «YIbIOKa». HelTpanbHble BbIpaXeHHs ITOMHHHPYIOT TPU HHU3KHX
3HAUEHUSX, XMYpbI€ BBIPDAKEHUS 3aHMMAIOT CpPEAHHMM [Mana3oH, a YJIbIOKM O3Ha4yaroT IOJIO-
KUTEJIbHbIE SMOIMOHAJIBHBIE COCTOSHUSA TPU BBICOKMX 3HaueHUsX. BbIxonHas mnepeMeHHas,
OMOIIMOHAJIBHOE COCTOSIHWE, aHAJIOTMYHBIM o00pa3oM kiaccuduuupyercs kak «Hwuskoey,
«YmepeHHoe» u «Bpicokoe». Huskne sMOIMOHAIBHBIE COCTOSIHUS COOTBETCTBYIOT CIIOKOMHBIM WIIH
HEWUTpaJbHBIM UYyBCTBAM, B TO BpEMsi KaK yYMEPEHHbIE U BBICOKHME HMOILIMOHAIIbHBIE COCTOSHUS
OTPa)kar0T BO3PACTAIOIIYI0 SMOLMOHAIbHYK) HMHTEHCUBHOCTb, TAaKyl KakK paJoCTh WIH
6ecrniokoiictBo. HR low = @(hr) max (0, min (1, (80 - hr) / 30)); % Huzkwuii: TpanenneBuIHbIH
HR_moderate = @(hr) max (0, min ((hr - 60) / 40, (140 - hr) / 40)); % YmepenHusbiit: TpeyroyibHbIii
HR_high = @(hr) max (0, min (1, (hr - 120) / 40)); % Bpicokwuii: TpanenueBuIHbIH

[ToBepxHOCTHBIN Tpaduk (pUCYHOK 1), WITIOCTPUPYET B3aUMOJCHCTBUE MEXKAY YaCTOTOU
cepaeuHbiXx cokpameHuid u  GSR  mnpu  omnpeneneHHH  AMOUMOHAIBHOTO  COCTOSIHUSL  C
(DUKCUPOBAHHBIM BBIPAKEHUEM JIUIA C YIBIOKOW. DTOT rpaduK IEMOHCTPUPYET, KaK SMOIHO-
HaJIbHOE COCTOSIHUE MOCTENEHHO MEPEXOIUT Yepe3 HU3KUE, YMEPEHHBIE U BBICOKUE KATETOPHUH I10
Mepe ysenumdeHuss 3HadeHMM HR u GSR. Hwuskuii HR m GSR npuBomdar k Huskomy
HSMOILMOHAIBHOMY COCTOSIHUIO, OTPAXKaIoLIEeMy CIIOKOMHbIE WM pacciabiieHHble ycnoBus. U
Hao0opoT, Beicokue 3HaueHUst HR n GSR cooTBeTCTBYIOT BBICOKUM 3MOIIMOHAIBHBIM COCTOSTHHSIM,
MPEACTABISIONMM CHUJIbHBIE TMOJOXKUTEIbHBIE SMOIMU, TaKWe KaK BOJIHEHHE WU PaJlOCTh,
y4YUTBIBas (PUKCUPOBAHHOE BBHIPAKCHHE JIUIA B BHJE YJIbIOKH. YMepeHnHbie 3HaueHuss HR u GSR
BBI3bIBAIOT MOCTENEHHOE YBEIMYEHUE SMOIMOHAIBHOTO COCTOSIHHUS, 3aXBAThIBasi MPOMEKYTOUHbBIE
WHTCHCUBHOCTH OAMoIui. Pa3gen koma, TeHepUpyIOmUNA TOBEPXHOCTHBIM Trpaduk s
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OMOIHOHAJIIBHOT'O COCTOsAHMA, BaXXCH, INOCKOJIbKY OH HAarJIAAHO ACMOHCTPUPYCT BSaHMOI[efICTBHC

mexay YCC, KI'P u smonmonansubiM coctosiuueM: HR values = 0:5:200; GSR_values = 0:0.05:1;

emotional_state = zeros (length (GSR_values), length (HR_values)); for i = 1: length (GSR_values)
for j = 1: length (HR_values) emotional_state (i, j) = fuzzy_rules (HR_values(j), GSR_values(i),

FE_value); end end surf (HR_values, GSR_values, emotional_state, 'EdgeColor’, 'none’);

xlabel ('Heart Rate (HR)"); ylabel (‘Galvanic Skin Response (GSR)'); zlabel (Emotional State");

title 'Emotional State Surface Plot"); Colorbar; B sToit yactu koja HarsIAHO MOKa3aHO, KaK MOJCIIb

HEYETKOHU JIOTUKH OPUMCHACTCA AJII MOACIIMPOBAHUA B3AaUMOCBA3HU MCK/Y BXOJaMH U BbIXOAAMHU.

P€3y.HBTaTLI ACMOHCTPUPYIOT IJIABHOC U MHTCPIPECTUPYCMOC IMOBCACHHUEC MOACIIN HEYETKOU
Jnorukd. Hedyerkasa cucrema oOecrieunBaer ACTAJIBHOC MPCACTABJICHUC SMOLIMOHAJIbHBIX COCTOHHHﬁ,
HpI/ICHOCEI6J'II/IBa}ICb K ICPCKPLIBAIOINHUMCA KATCIrOpUsaM MU IOCTCIICHHLIM IICPCXOJaM. Bricokuit HR
caM 1o cebde He YKa3bIBA€T HA BBICOKOC 5MOIHMOHAIIBHOC COCTOAHHEC, €CIIN TOJIBKO GSR Takxke He
YBCINYNBACTCS, UTO YCHIIMBACT H€O6XO,Z[I/IMOCTL B MHOI'OMCPHBIX BXOJHBIX JTaHHbIX.

3akioueHue

HpI/IHI/IMaﬂ BO BHUMAaHHEC HCOJHO3HAYHOCTb U UHTCTPUPYL E)MOIII/IOHaJII)HI)If/i HWHTCIJICKT, OTa
CTPYKTYypa MO3BOACT CUCTCMaM IIPUHUMATDH 6OJI€€ aaallTUBHBIC, OPUCHTUPOBAHHLIC HA YCJIOBCKA
pelicHus. Xotd HpO6JICMI)I OCTAarOTCA, OAHAKO IMOTCHUUAJIBHBIC ITPHUJIOKCHHA B TAKUX O6J13.CT$IX, KaK
O6CJIy>KI/IBaHI/I€ KJIIMCHTOB, 3IpaBOOXPAHCHUC U HepCOHaJII/I?;I/IpOBaHHI)Iﬁ OIIBIT OT'POMHBEIL.

Ontonorus Fuzzy OWL2 ycrenHo 0ToOpa)xaeT dMOIMOHAIBHBIE COCTOSIHUS B HEYCTKHC
JUHTBUCTUYECKUE KAaTeropuu ¢ ToUuHOCThIO 87,5%. MuTerpanus XAl obecieunBaeT npo3pavyHOCTh
U HHTCPpHNPETUPYEMOCTH, YTO HMECT PCHIAOIICC 3HAYCHHUC IS OOBEPUA MOJIL30BaTEIEeH.
Z[a.]'[LHefII.HafI pa60Ta 6y,ueT BKJIOYAaTh MaCI_HTa6I/IpOBaHI/IC OHTOJIOTHH JJIs1 CJIOXKHBIX
OMOIHNOHAJIbHBIX CLICHAPHUECB U U3YUCHHC MYJ'ILTI/IMO,Z[aJ'IBHOI\/'I HHTCIrpalivi JaHHBIX.

Peanuzanus MATLAB »>@dextuBHO MoaenupyeT CBA3b MeXAY (QU3NOIOTHYECKUMU,
IMOBCACHUCCKMMU OAaHHBIMU W OMOLOHWOHAJIBHBIMU COCTOAHUAMU C HCIIOJIB30BAHHUEM MPUHIUIIOB
HEYEeTKOW JIOTMKM. bynymas pabota MOXKET paclIMpUTh 3Ty MOJENIb IyTEM BKIIOUEHUS
JOIIOJIHUTECIIBbHBIX BXOJHBIX JaHHBIX, TaKUMX KadaK TOH TI0OJIOCa HWJIHW KOHTCKCTHBIC AAaHHBIC, JIA
IIOBBIIIICHUA TOYHOCTHU KJ'IaCCI/I(l)I/IKaLII/II/I u 0606H_IaCMOCTI/I. TCCTI/IpOBaHI/Ie MOZACIIN C pCaJIbHbBIMU
Ha60paMI/I JAaHHBIX NOATBEPAUT €€ IPUMCHUMOCTDL B PA3JIMYHBIX CpEAaX.
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IZAH EDILO BILON EMOSIYA ANALIZI UCUN QEYRI-SOLIS QORAR DOSTOYI
SISTEMI
1Qardasova L.A., ‘Sirinov R.H., 2[brahimova S.R.
YAzarbaycan Doviat Neft va Sanaye Universiteti
2Milli Aviasiya Akademiyast

Miiallif garar qabul etmak tigiin istifada¢inin emosiyalarint obyektiv tahlil etmak iiciin geyri-
salis mantiq anlayislarina uygun bir sistem hazirlamaq maqsadi dasiyir. Bu problemi Qeyri-salis
OWL?2 Ontologiyasindan istifada edarak izah edila bilon siini intellekt (XAI) vasitasilo hall etmak
toklif olunur. Emosional vaziyyatlorin ontologiyasi avvalcadon miiayyon edilmis qeyri-salis
anlayislara asaslanmir: Fuzzy OWL2-do modellasdirilmis “stress”, “narahathq”, “moderasiya”,
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“sevinc”. Qarar ontologiyalari emosional vaziyyatlori qararin naticalari ilo alagalondiron geyri-
salis miilahiza qaydalaridir. Kontekstual malumat annotasiyalari ontologiyadan istifads edarak
eksperimentin kontekstual aspektlorinin (vaxt, tapsiriq névii, fordi xiisusiyyatlor) xaritasidir. OWL2
geyri-salis ontologiyast miiayyan edilo bilon malumat novlorini real vaxtda subyektiv malumatlarin
toplanmasi, xam verilonlorin  “asagi”, “orta” va ya “yiiksak” kimi qeyri-salis lingvistik
kateqoriyalara uygunlasdiriimasindan va qeyri-salis malumatlardan istifada etmakdan ibarat olan
semantik asaslandirma modelinda birlasdirmaya imkan verir. Natica geyri-salis saraitds emosional
vaziyyatlor va qorar qoabuletma keyfiyyati haqqinda yaradilan anlayigdir. Sistem emosional
vaziyyatlorin tasnifatimin 6hdasindan galmoali va onlart qeyri-salis saraitda qorar qgabulu ila
alagalondirmolidir, qeyri-salis mantiq vo XAI saoffafligt va sorhi tokmillasdirmalidir. Malumatlarin
qeyri-miiayyanliyi, bu tacriibada tomin olunmayan fiziki malumatlara ehtiyac, insan reaksiyalarinin
doayiskanliyi va sistemin miirakkabliyi faktiki noticalori mohdudlasdirir. Gézlonilon natico —
emosional vaziyyatin tasnifatimin daqiqliyi >85%. Faktiki natico — malumatin keyfiyyatindon va
xtisusiyyat miuixtaolifliyindon asili olaraq daqiqlik dayisir (70-90%). Tokmillasdirilmis xiisusiyyat
inkisafi, méhkam ontoloji dizayn va daha al¢catan XAI vizuallasdirma vasitalari talab olunur ki, bu
da gozlonilan va faktiki naticalar arasindak forqi azalda bilor.

Acgar sozlar:  qeyri-salis moantiq, izah edilo bilon SI (XAI), qeyri-salis OWL2 Ontologiya
qorar keyfiyyati, obyektiv emosiya tahlili

A FUZZY DECISION SUPPORT SYSTEM FOR EXPLAINABLE EMOTION ANALYSIS
!Gardashova L.A., 1Shirinov R.H., 2lbrahimova S.R.
!Azerbaijan State Oil and Industry University
2National Aviation Academy

The goal of the task is to develop a system, corresponding to the concepts of fuzzy logic, to
objectively analyze the user's emotions for decision making. It is proposed to solve this problem
through Explainable Artificial Intelligence (XAI) using Fuzzy OWL2 Ontology. The ontology of
emotional states is based on predefined fuzzy concepts: 'stress’, 'anxiety’, 'moderation’, 'joy'
modeled in Fuzzy OWL2. Decision ontologies are fuzzy reasoning rules linking emotional states to
decision outcomes (e.g., “If stressed, decision accuracy is lower”). The contextual data annotations
are a mapping of contextual aspects of the experiment (time, task type, individual traits) using the
ontology. The OWL2 fuzzy ontology allows combining definable data types into a semantic
reasoning model that consists of collecting subjective data in real time, mapping the raw data to
fuzzy linguistic categories such as “low”, “moderate”, or “high”, and using fuzzy reasoning to
derive emotional states and decision models based on the ontology. The result is a generated
understanding of emotional states and decision-making quality in fuzzy conditions. The system must
cope with categorizing emotional states and relate them to decision making in fuzzy conditions, with
fuzzy logic and XAl improving transparency and interpretability. The uncertainty of the data, the
need for physical data that is not provided in this experiment, the variability of human responses
and the complexity of the system limit the actual results. Expected result — emotional state
classification accuracy >85%. Actual result — accuracy varies (70-90%) depending on data quality
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and feature diversity. Improved feature development, robust ontology design and more accessible
XAl visualization tools are required that can reduce the difference between expected and actual

results.

Keywords: fuzzy logic, explainable Al (XAl), Fuzzy OWL2 Ontology, decision quality,objec-

tive emotion analysis.
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AVIASIYA METEOROLOGIYASI

UOT 551.509.324 DOI: 10.30546/EMNAA.2025.27.01.105

KUR —ARAZ OVALIGININ XOZOR OTRAFI HISSOSINDO HAVA TEMPERATURUNUN
MUASIR XUSUSIYYOTLORI

Hiiseynov N.S., *Hiiseynov C.S., 2Ismayilova N.N.
Milli Aviasiya Akademiyasi
Ekologiya va Tabii Sarvatlar Nazirliyi, Milli Hidrometeorologiya Xidmati

Moagalada, Kiir-Araz ovaliginin Xozor atrafi hissasinda hava temperaturunun 1961-2023-cii illori ashata
edan ilkin malumatiar: asasinda bu vilayatda miiasir temperatur rejimi tadqiq edilmisdir. Temperaturun orta
aylq, fasillik, illik xiisusiyyatlori miiayyon edilmis, onun orta illik gostaricilarinin yer Sathi iizarinda
paylanmasi xaritolagdirilmisdir. Bununla yanasi, hazirda regiona tasir gostaran iqlim dayismoalarinin
temperatur rejimina tasirlorinin miiayyan edilmasi digiin 1961-2023-cii illarda gostoricilorinin dinamikast
izlonmigdir. Todqgiqat gostorir ki, Kiir-Araz ovaligimin Xazor atrafi hissasinda an soyuq ay yanvar, an isti ay
iso iyul va avqust aylaridir. Yaz fasli, yay Vo payizdan daha miilayim kegir. Orta illik temperatur
gostarirCilorinin hiindiirliiya qalxdigca azalmasi ganunauygunlugu vilayatin doniza yaxin, ¢okok relyefda
olan rayonlarinda gisman pozulmugdur. Ovaligin markazinda orta illik temperatur géstaricilari daniz sahili
rayonlardan yiiksakdir. Iqlim dayismalarinin tasirlorinin arasdiriimasi zamam, 1971-1980-ci ildan etibaran
hava temperaturunun ovalgq iizra orta hesabla 1.8°C artdigini askar edilmisdir. Son norma (1961-1990) ila
miiqayisada, ovaligda 1991-2023-cii illorda havamn orta illik temperaturu 0,9°C artmigdir. Regional iglim
dayismalarinin tasiri ilo ovaligda hava temperaturunun artmasi, sohralasmanin geniglanmasina, kand
tosoriifatina yararli saholorin soranlasmasina gatirib ¢ixaracaqdir. Burada “istilosma”, buxarlanma
migdarmin artmasi va yagintilarin azalmasina sabab olmusdur. Tadgiqat isi, iglim dayismoalari ilo bagl
mitiqasiya tadbirlarinda, tasarriifat sahalarinin idara edilmasinda va yeni iglim atlaslarimn yaradilmasinda
avazsiz rol oynaya bilar.

Acar sozlor: Hava temperaturu, iglim dayismolari, anomaliya, norma, DEM, GIS, Holt-Winters

metodu.

Giris

Planetds uygun temperatur rejimi biitiin canli sistemin mévcudlugunu sortlondirir. Temperatur
atmosferdo kicik vo iri hava dovranlarini yaradir. O, Yer kiirasindo suyun buxar halinda
paylanmasini tomin edir. Temperatur gostoricisinin ekvatordan qiitblors dogru azalmasi1 miixtalif
iglim qursaqglarin1 formalasdirir [1,2]. Temperaturu daha asagi olan orazilordo daimi donuslug,
buzlaq sahalori, gostaricilori daha yiiksok orazilords sohralar var. Canli miihitin formalagsmasi onun
mioyyan haddinds moévciiddur. Beloliklo, hava temperaturu yer kiirasinds iglim yaradan osas
amildir.

Yer kiirasi yarandigi dovrdon bu giinadok miixtalif sobablordon bir nego dofo iglim
doyismalarine maruz galib. Novbati iglim doyismalori, son illords yerin global temperaturunun 1.5-
2.0°C artmasina sobob olan “global istilosmo”-dir. Onun tosirlori ilo daimi buzlaglarin arimosi,
diinya okeaninin saviyyasinin artmasi, coroyanlarin masrutunun doyismosi zaman kegdikco
genislonir. Iqlim doyismoelori daha ¢ox miilayim enliklordo 6z meonfi tosirlorini gdstorir. Son
onilliklarda dayison iglim rejimi onun meteoroloji elementlorinin yenidon giymatlondirilmasini
labiid edir [3,4].
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Iglim doyismolorinin tosirlorinin askar edildiyi regionlardan biri dlkemizinds bir hissosi
oldugu Conub Qafqazdir. Azarbaycan Respublikasi burada 6z fiziki-cografi mévqeyina, miirokkob
relyefino vo rongarong iglim-landsaft qursaqlarina goro digoer orazilordon segilir. Hipsometrik
kontrastin boyiik olmasi (4493 m), daniz sahilinds yerlosma vo oroqrafiyanin forqli xiisusiyyatlori
bu orazido kompleks iglim todgigatlarinin aparilmasina imkan vermir. Bunun ig¢iin oxsar
xiisusiyyatli relyefo malik orazilorin ayri-ayriliqda todqiqgi daha samarali va effektiv hesab edilir [1,
2]. Deyilonlori nozoro alaraq, Kiir dagarasi ¢okokliyi vilaystindo hava temperaturunun miiasir
xtisusiyyatlorinin do miiayyan edilmosins ehtiyac vardir. Bundan 6nco miixtalif dovrlorde ©.M.
Sixlinski, ©.A. Madatzads, S.H. Saforov, R.N. Mahmudov, ©.S. Mammadov, R.M. Mammadov,
N.S. Hiiseynov, F.O. Imanov, Z.S. Allahverdiyev, H.L. Nobiyev, U.R. Tagiyeva vo s. kimi alimlor
torofindon aparilan todqiqatlarda hava temperaturunun miixtalif xiisusiyyatlori todqiq edilsads,
zaman siralarinin artmasi, iqlimin dayismasi bu vilaystds hava temperaturunun miasir tosnifatinin
yenidon verilmasini labiid edir.

Material vo metodlar. Todgigat, Kiir-Araz ovahiginin Xozor otrafi hissosindo  Milli
Hidrometeorologiya Xidmatino aid 5 hidrometeoroloji stansiyanin yoni ovaliginin Xozor otrafi
hissasinin markozi Cofarxan (-16 m), Haciqabul, (Qazimommad -7 m) va sorg hisassinds yerloson
Bilosuvar (75 m), Neftgala (-23 m) vo Salyan (-21 m) 1961-2023-cii illori shato edon miisahido
molumatlarinin asasinda aparilmisdir (cadval 1).

Codval 1
Hidrometeoroloji stansiyalarin osas xarakteristikalari

Iglim normalar1

. Hiindiirliik, Isdo istifads edilon

Stansiya m miigahids dovrlori, il. Hava temperaturu
’ (1961-1990), °C.

Bilosuvar 75 1961-2023 14.6

Hacigabul -7 1961-2023 15.0

1961-1966, 1968-1985,

Coforxan -16 1987-2023 14.4

Salyan -21 1965-2023 14.7

Neftcala -23 1961-2023 14.7

Tohlillorda riyazi, statistik va kartografik metodlardan istifads edilorok hava temperaturunun
orta aylq, fasillik, ¢oxillik vo zonal paylanma xiisusiyyatlori, zaman daxili tendensiyalari miioyyon
edilmigdir [5]. Homginin 1961-2023-cii illoro onillik fazalar kimi baxilmig, hava temperaturunun
orta illik gostaricilorinin dinamikasi arasdirilmis, onun 2011-2020-ci illori ohato edon orta
gostoricilori Umumdiinya Meteorologiya Taskilatinin (UMT) son norma kimi tévsiya etdiyi 1961-
1990-c1 illorin uygun gostoricilor ilo miigayiso edilmisdir [5,6]. Tohlil noticolorindon cadval,
histogram, grafiklor Microsoft Excelds, elektron xaritalor isa ArcGIS program tominatinda tasvir
edilmisdir.

Kiir-Araz ovalig1 iglim cahatdon an ¢ox kontinentalligi va quraqligi ils farglonir. Ovaliq yay1
quraq kecon miilayim-isti sshra vo quru bozqir iglimins malikdir. Ovaligin sorg vo markazi hissalori
okean saviyyasindon asagida yerlosmisdir. On algaqda yerlasan sahalor Xoazar donizi sahilloridir (-
27 m) [7]. Kiir-Araz ovaligindaki donizo yaxin orazilordo Xozor donizinin miilayim,
yumusaldict vo riitubatli, morkozi hissodo yerli hava kiitlolorinin quru vo isti, Araz cayi,
Iran yaylasindan golon quru hava kiitlalorinin ilboyu tosiri mévcuddur [8].

Isin moqsadi. Kiir-Araz ovaligimin Xozor otrafi hissosindo hava temperaturunun zaman-
mokan daxilindo miiasir paylanma xiisusiyyatlori vo 1961-1990-c1 illorlo miiqayisodo
toraddiidlorinin miioyyan edilmasi todqgigatda garsiya qoyulan moQsaddir. Bunun iiglin hava
temperaturunun orta ayliq, fosillik, vo illik xiisusiyyatlorina baxilmisdir. Tovsiya edilon norma
gostaricilori (1961-1990) ilo miiqayisodo hava temperaturunun orta gostaricilorinin 1991-2023-cii
illorda doyismolori tohlil edilmisdir. Oldo edilmis naticalor codval, qrafik, histoqgram vo
elektron xorito vasitasi ilo qurulmusdur.
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1. Magsadin miidyyan edilmasi

Kiir-Araz ovaliginin Xozor otrafi hisossindo yerloson orazilordo formalasan temperatur
rejiminin coxillik dovrds doyisma xiisusiyyatlori todqiq edilmisdir [9]. Ovaligin Xozor otrafi
hisassindo markaz vo sorqi sinoptik xiisusiyyatlorino géra biri-birindon miisyyan forglora gora
ayrilir [8]. Morkozi hissado ¢ay sobokasi azdir. Burada qorb vo sorqdon gelon hava kiitlalori
zoiflomis halda catir va biitiin il boyu kontinental tip iistiinliik toskil edir. Morkazi hissays iran
yaylasindan tasir edon istilik dalgalar1 qisda miilayimlosmays, yayda quraqgliga sabab olur. Ovaligin
sorginds isa asas tstiinliik sorqdon vo Xoazar donizi tizorindo formalasan miilayim riitiiboatli hava
kiitlalorinin tasirloridir. Bu kiitlalor morkoazi hissalora godor gedib ¢ixir. Danizin tosiri havanin
horaratini yayda bir az asag1, qisda isa bir godor yuxari gostariciler (1-2°C) almasina sabob olur [8,
10]. Todgiqatlar zamani, ¢oxillik (1961-2023) orta temperatur komiyyatlorinin Umiimdiinya
Meteorologiya Taskilatinin (WMO) o6ncodon baza qiymati kimi norma qoabul etdiyi dovr
(1961-1990) ilo miiqayisali sociyyasi verilmisdir. Todqiqatin aparildigr 62 illik dovrde
temperatur komiyyatinin homginin 2 yarim dévr (1961-1990—c1 illor I dévr, 1991-2023-cii
illor II dovr) tligclin nisbi xarakteristikasida oyronilir.

Kiir-Araz ovahiginin Xozor otrafi hissesinda yanvar (4.2°C) vo fevral (5.3°C) aylari ilin on
soyuq aylaridir. Havanin temperaturu martda (8.6°C) biitiin stansiyalarda miisbot gdstaricilor alir.
Kiir-Araz ovaligimin Xozor otrafi hissosindo apreldon (13.7°C) hava isinmoys baslayir. Hava
temperaturunun orta ayliq gdstoricisi mayda 19.6°C-i, iyunda 25.0°C-i kegir. Iyulda 27.4°C vo
avqustda bu gostorici 27.2°C togkil etmoklo, ilin on isti aylaridir. Kiir-Araz ovaligmin Xozor otrafi
hissesinda sentyabr (22.8°C) vo oktyabrda (17.0°C) hava temperaturu azalmaga baslayir vo
noyabrda 10.4°C-o kimi enir. Dekabrda soyuglar diisiir vo temperaturun orta ayliq gostaricisi 5.8°C
toskil edir.

Umumiyyatlo, ovaligin Xozor otrafi hisessindo orta illik temperaturu 15.6°C toskil edir. Bu
gostaricilor Hacigabuldan Cofarxan stansiyasma kimi 15.9°C-don 15.2°C-o kimi azalir. Vilayatin on
yiiksok orta illik gostaricilori Haciqabul (15.9°C) va Salyan, Neftcalada iso (15.6°C) miisahido edilir
(cadval 2).

Cadval 2
Hava temperaturunun aylar {izra paylanmasi (1991-2023)
Aylar
1 I | v \Y VI yVH VI | IX X X1 | XII
Coforxan | 3.6 | 5.0 | 8.6 | 13.6|19.4 | 247 |27.0 267 |224]165| 99 |51 | 152

Haciqabul | 3.8 | 5.1 | 8.7 | 14.2 | 20.3 | 26.0 | 28.7 | 28.2 [ 23.4 | 17.3 [ 10.1 | 5.3 | 159
Bilosuvar | 4.3 |53 |87 |13.6 | 19.7 | 249|273 |27.1 | 225 16.7| 103 | 59 | 155
Salyan 4415486 13.7]19.6|250275|272|227|17.1|105| 59 | 15.6
Neftgala 5115886 |132]19.0 242266267228 175|114 | 69 | 15.6
Akvatoriya | 4.2 | 5.3 | 8.6 | 13.7 | 19.6 | 25.0 | 27.4 | 27.2 | 22.8 | 17.0 | 10.4 | 5.8 | 15.6

Stansiya il

Kiir-Araz ovaliginin Xozor otrafi akvatoriyasinda 1961-2023-cii illor orzinds hava
temperaturunun ekstremal gostoricilorinin ilboyu paylanmasi da miihiim shomiyysot kosb edir. Bu
vilayotda temperaturun maksimal gdstoricilorinin on asag1 hoddi yanvar (7.2°C) vo fevral (8.3°C)
aylarmda miisahido olunmusdur. Vilayat iizro maksimal orta ayliq temperatur martda 12.2°C,
apreldo 16.8°C, mayda 22.9°C toskil edir. Maksimal orta ayliq temperatur iyundan baslayaraq
(28.1°C) ilin on yiiksok hoddino iyul (30.0°C) vo avqustda (29.2°C) catir. Bu géstoricilor
sentyabrdan (25.2°C) azalmaga baslayir, oktyabrda 20.8°C, noyabrda 14.0°C va dekabrda 9.3°C-o
enir. Akvatoriya {izro temperaturun maksimal orta illik gostericisi 16.8°C civarindadir. Bu
gostoricinin on yiiksok hoddi Neftcala, Bilosuvar, Hacigabul (17.0°C), on asag1 hoddi Coforxan
(16.3°C) geydo alinmisdir (cadval 3).
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Kiir-Araz ovaliginin Xozar otrafi hissasinds temperatur rejiminin ekstremal gostaricilori do
farqli paylanmaya malikdir. Umumiyyatls, akvatoriyada on maksimal temperatur yanvarda 8.0°C
(1966, Neftcala), fevralda 8.6°C (2022, Neftcala), martda 12.8°C (2023, Bilosuvar ), aprelds 17.5°C
(2000, Haciqabul), mayda 23.8°C (2014, Hacigabul), iyunda 29.6°C (2019, Haciqabul), iyulda
31.4°C (2018, Hacigabul), avqustda 30.6°C (2021, Hacigabul), sentyabrda 25.9°C (1979, Cafarxan),
oktyabrda 23.1°C (1979, Coaforxan), noyabrda 14.4°C (2023, Bilosuvar), dekabrda 10.7°C (2010,
Neftcala) miisahido edilmisdir.

Akvatoriyanin minimal temperaturlar1 iso aylar iizro hidrometeorloji stansiyalardan asili
olaraq forqlidir. Tohlillor gostorir ki, Kiir-Araz ovaligiin Xozor otrafi hissosindo minimal ayliq
temperatur yanvarda daha asagidir. Orazinin hava temperaturunun minimal orta ayliq gostericilori
do aylara gora farqli paylanir. ilin on asag1 minimal gostaricilori yanvar (-2.3°C) vo fevralda (-
2.1°C) olmagla, 0°C-den asag1 olmusdur. Martda akvatoriyanin minimal orta ayliq temperaturu
4.8°C miisahido edilmisdir. Minimal orta ayliq temperatur apreldon (10.4°C), baslayaraq, may
(14.1°C), iyun (21.2°C) vo minimal orta ayliq temperatur on yiiksok hoddina iyulda (24.6°C) catir.
Avqustda isa (24.1°C) miisahido olunub. Sentyabrdan (19.3°C) azalmaga baslayan minimal orta
ayliq temperatur, oktyabrda (12.3°C), noyabrda (3.7°C) geydo alinmisdir. Dekabrda (1.0°C)
temperaturun minimal gostorici olmusdur. Akvatoriyada minimal orta illik temperatur 13.2°C taskil
etmisdir, ayri-ayri stansiyalarda bu gostaricilor 12.8-13.5°C intervalinda olmusdur.

Cadval 3
Hava temperaturunun aylar {izras maksimal vo minimal paylanmasi (1991-2023)

T,°C | Stansiya | I Il v \Y VI | viE v IX X Xl | Xl il
Haciqabul | 6.7 | 7.8 | 123 | 175 | 23.8 | 29.6 | 314 | 30.6 | 25.3 | 204 | 13.1 | 9.2 | 17.0

Coforxan | 6.3 | 8.2 | 122 | 16.7 | 225 | 276 | 29.6 | 28.4 | 259 | 23.1 | 139 | 79 | 16.3

g Bilosuvar | 7.3 | 84 | 128 | 17.2 | 23.6 | 279|299 | 29.1 | 25.1 | 200 | 144 | 9.0 | 17.0
= Salyan 76 | 83 | 117|166 | 225|285 |30.1 291|249 202|133 | 9.7 | 16.7
Neftcala | 8.0 | 86 | 11.9 | 159 | 220|271 | 29.2 | 288 | 248 | 205 | 152 | 10.7 | 17.0
Vilayat 7.2 | 83 | 12.2 | 16.8 | 22.9 | 28.1 | 30.0 | 29.2 | 25.2 | 20.8 | 14.0 | 9.3 | 16.8
Haciqabul | -2.9 | -25 | 48 | 106 | 138 | 221|252 | 242 |19.7 | 125 | -04 | 0.7 | 135
Coforxan | -3.2 | -28 | 4.9 | 104 | 131|209 | 244 | 238|189 |11.7| 3.2 | 0.6 | 12.8
£ Bilosuvar | -2.1 | -24 | 48 | 104 | 144 | 211|246 | 241|188 | 122 | 47 | 0.7 | 131
[

Salyan -22|-19| 47 | 104|143 (212|248 |244|195|123| 51 | 1.0 | 134
Neft¢ala | -1.1 | -09 | 49 | 100 | 14.7 | 20.7 | 241 | 242 | 19.7 | 130 | 59 | 2.1 | 133
Vilayat | -2.3 | -2.1 | 4.8 | 104 | 14.1 | 21.2 | 24.6 | 24.1 | 193 | 123 | 3.7 | 1.0 | 13.2

Ayri-ayri illorde, stansiyalar iizro miisahido edilon minimal orta ayliq temperaturlara
goldikdo iso yanvarda -3.2°C (1972, Cofarxan), fervalda -2.8°C (1972, Caforxan), martda 4.7°C
(1985, Salyan), aprelda 10.0°C (1987, Neftcala), mayda 13.8°C (1991, Haciqabul), iyunda 20.7°C
(1978, Neftcala), iyulda 24.1°C (1969, Neftcala), avqustda 24.0°C (1992, Coforxan), sentyabrda
19.2°C (1970, Coforxan), oktyabrda 12.2°C (1977, Biloesuvar), noyabrda 3.2°C (1970, Cofaorxan),
0.6°C (2002, Coforxan) miisahido edilmisdir.

Akvatoriyanin ayliq orta temperaturlarin il boyu forqli xiisusiyyetli olmasi, burada fasillik
temperatur gostaricilorinin do paylanmasinda miixtslifliys sobab olur. Kiir-Araz ovaliginin Xazar otrafi
hissasinds fasillik hava temperaturlarinin orta gostaricilori Xozar denizinin sahillorine dogru doyisir
(sokil 1).

Belo ki, bolgads fosillik orta temperatur gostoricilori stansiyalarin yerlogdiyi hiindiirliik
qursagina gora doyisir. ilin on soyuq fosli qisdir. Hava temperaturunun bu géstoricisi qisda 5.1°C
toskil edir vo doniz sahili orazido yerloson Coforxanadok 5.9°C-don 4.5°C-o kimi paylanr.
Temperaturunun vilayat iizro orta gostoricisi yazda 14.0°C (14.4°C-don 13.6°C-0) vo payizda 16.7°C
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(17.2 °C-don 16.3°C-5) miioyyon olunmusdur. On isti fosil olan yayda orta fosillik temperatur
26.6°C toskil edir. Burada on yiiksok orta ayliq temperatur 27.6°C olmagla, denizsahili oraziye
yaxin Haciqabul stansiyasinda miigahids edilir.

Fosilllik orta gostaricilor stansiyalarin yerlosdiyi fiziki-cografi mévgeys uygun olaraq, forqli
xiisusiyyaetlori ilo secilir. Beloki, orta fasillik temperaturun qisda daha asagi gostericilori Caforxan
(4.5°C) vo Haciqabulda (4.7°C), yayda daha yiiksok gostoricilori iso Hacigabulda (27.6°C),
Salyanda (26.6°C) miisahida edilir.
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Sakil 1. Hava temperaturunun fasillik paylanmasi (1991-2023)

Kiir-Araz ovaligimin Xozar otrafi orazilorindo hava temperatur orta illik gdstaricilorinin ilin
isti dovriinds burada yagintilarin azlig1, su ehtiyyatinin agagi olmasi, giiclii buxarlanma, soranlagma,
yeralt1 su ehtiyyatinin dorindo olmasi bu zonada yasil landsaftin yayilmasina imkan vermir [11-13].
Belolikls, onun toxminon 100 m-o kimi morkozi, sorqi diizonliklorindo orta vo zoif parcalanmis
dagaras1 diizonlik vo ovaliglarin yarimsohra, conub-gorbindo 300 m-o kimi zolaqda orta doracoado
parcalanmis diizonlik vo ovaliglarin quru-bozqir, simal hissesinde kicik zolagda intensiv
parcalanmis dagatoyinin arid meso-kolluqg, simal-sorq vo simal-gorbindo 500 m-o hiindiirliiys kimi
kaskin vo orta doracodo parcalanmis dagatoyinin yarimsohra landsaftlar yayilmisdir [2,7,14].

Kiir-Araz ovaligmin Xozor otrafi hissesinde ayri-ayr1 stansiyalari {igiin orta illik hava
temperaturunun 1961-2023-cii illor orzinds tendensiyasini oks etdiron grafiklor qurulmusdur (sokil
2). Qrafikloro osason, biitiin stansiyalarda 1961-2023-cii illords orta illik temperatur tendensiyasi,
ayri-ayr illords toraddiidlori ilo miisahide olunsada, iimiimi dovr {igiin biitiin stansiyalarda miisbot
trend var. Bu temperaturun artim meylinin oldugunu gdstarir.

Umumi akvatoriya ii¢iin goxillik fazada digor illorlo miiqayisodo daha isti vo daha soyuq
kecan illor filtir vasitosi ilo se¢ilmisdir. Analiz gostorir ki, 1966, 1998, 2010, 2012, 2018-2023-cii
illor zaman sirasinin on isti, 1964, 1965, 1969, 1972, 1973, 1976, 1978, 1982, 1992, 1993-cii illor
150 on soyuq kecon 10 ili oldugu miisyyon edilmisdir (sokil 2). Tohlillor gostorir ki, siranin on isti
illorinin 90 %-i 1998-ci ildon sonra miisahids edilib. ©On soyuq illorin hamis1 1993-cii ildon avval
bas vermisdir. Bu miiqayiso rayonda istilogsmonin siiratlo artdigina a¢iq siibutdur.
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$akil 2. Hidromoeteoroloji stansiyalarda orta illik hava temperaturunun dinamikasi

Todgiqatda hava temperaturunun zaman-mokan daxili paylanmasi Oyronilmoklo yanasi,
coxillik temperatur rejiming iglim doyismalorinin tosirlori do miioyanlosdirmays calismisiq. Bunun
tclin 1961-1990-c1 illorin hava temperaturun orta gostaricilorinin 1991-2023-cii illorin uygun
gostaricilorilo miigayisasi aparilmigdir (sokil 2).

Todqiqat gostorir ki, 1961-1990-c1 illor ilo miigayisode 1991-2023-cii illordo Kiir-Araz
ovaliginin Xozar otrafi akvatoriyasinda havanin orta illik temperaturu biitiin aylarda artmigdir. Artimin
orta ¢oxillik gostaricisi 0.9°C toskil edir. Beloki, orta goxillik temperatur artimi yanvar, iyun vo
sentyabr aylarmda (1.0°C-1.1°C), fevral, mart vo oktyabr aylarmda iso (1.2°C-1.3°C) godor
qalxmisdi, lakin aprel, may vo dekabr aylarinda iso orta illik temperatur (0.4°C - 0.5°C) qodor enmo
bas verib, iyul ayinda iso orta temperatur yenidon bir qodor yiiksalorok (0.8°C) civarinda olmusdur.
Avqust ayinda bu yiikselmo on yiiksok hoddo (1.4°C) goder yiiksolib. Lakin, noyabr ayinda iso
ayliq orta temperatur yenidon enorok (0.3°C) ilin on asag1 orta illik temperaturu kimi miisahido
edilib (sokil 3).

Olkonin iri kond tosorriifat1 vo istehsal saholorinin Kiir tobii vilaystindo yerlosir. Burada
geniglonmokdo olan sohralasma, soranlagsma, yeratli su ehtiyyatlarinin azalmasi genislonmakdo olan
ekoloji bohranin xoborgisidir. Kiir-Araz ovaliginin doniz saviyyasindon asagida yerlogan
hissolorinds batagliglasma boyiik problemdir. iglim doyismolorinin tosiri ilo yazin ovvallori
daglarda garin siiratlo arimasi, Kiir vo ona qosulan gaylarin gursululuq dovriiniin qisa miiddstds va
iri hacmdo bas vermasina sobob olur. Bununla ¢aylarin tizarinds olan anbarlar dolur vs artiq su caya
buraxilir. Bu, bir nego giin arzindo Kiir vilaystindo bol suyun kecdiyi orazilords yeralti sularin
Soviyyasinin qalxmasi, tez-tez iso bandlorin dagilmas: ilo biitiin orazilori subasma ilo miisahido
edilir. Payizin avvallorindan ¢aylarda su hocmi azalmaga baslayir vo bandlor homin sulari todartik
edir. Naticads, Kiir ¢ayinin deltasinda suyun hocmi asagi diisiir vo Xozar donizin suyu delta ilo
ovaliga daxil olur. Son illords buna gora deltada bandin tikilmasi mitigasiya tadbirlarina daxil idi [4,
11,15].
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Sakil 3. Hava temperaturunun 1961-1990-c1 illarle miiqayisada 1991-2023-cii illards toraddiidlori

Xazar donizinin son bir neg¢o ildo Saviyyasinin azalmasi ila sahilboyu qumlu diizenliklorin
sahasi genislonib. Naticada kiiloyin giiclii oldugu dévrde qumun ovaligin daxilina niifiiz etmasine
sorait yaranir vo duzlar yeni orazilori “foth” edir. Homginin ildon-ilo artan temperatur, burada
suvarma kanallarinin iizori agiq oldugu iiglin buxarlanma miqdarmin artmasia sorait yaradir.
Vilayotdo yarimsshra vo quru-¢6l landsaftt 6z ohato dairesini genislondirir, otraf orazilordo olan
meso-kolluglarin  sahasinin azalmasina sobab olur [9,11,16]. Doniz soviyyasinin vo Kiiriin
soviyyasinin asagi diigmosi yeralti su ehtiyyatinin azalmasina vo arteziyan quyularinin illik su
balansimin pozulmasma sobab olur. Bu da tosoriifat potensialinin azalmasina sorait yaradir. Bu
yanasma bizo, mitigasiya todbirlorinin daim inkisaf etdirmoyo imkan verir. Iglim doyismalorinin
tosirlorindon daim xobardar olmag va onunla ayaqlasmaq tiglin hava temperaturunun dinamikasi
daim izlonilmolidir. Temperatur tendensiyalarinin aragdirtlmasi moagsadi ilo 1961-2023-cii illori
ohato edon temperaturun orta illik gostoricilorinin 10 illik riyazi ortalart miioyyon edilmisdir
(cadval 3). Kiir-Araz ovahginin Xozor otrafi hissosi 1961-2023-cii illordo orta illik hava
temperaturunun onillik orta gostoricilorinin  doyismo qrafiki verilmisdir. Burada orta illik
temperaturun 1961-1970-ci ildon baslayaraq, hor ndvboti on ilin, avvalki on il ilo miiqayisosi
aparilmisdir. vval, orta illik temperatur 1971-1980-c1 ilo dogru cuzi (0.1°C) azalmisdir. 1981-
1990-ci illordon baslayaraq, hor dekada, avvalki 10 illiklo miiqayisads 0.2°C, 1991-2000-ds 0.3°C,
2001-2010-da 0.5°C, 2011-2020-ds 0.4°C artmisdir.

Naticads, 1961-1970-ci illorlo miiqayiseds 2010-2020-ci illorin orta illik temperaturu
arasinda 1.2°C forq var. Bu amplituda, son 62 ildo regionda “istilosmonin” koskinlosdiyini gdstarir.
Qrafiko nozor salsaq, bdlgado temperaturun 1980-c1 ilo gader nisbaton azalmasina baxmayaragq,
1981-ci ildon onun daim artdigin1 gérmak olar.

1961-2023-cii illords temperaturun orta illik gdstaricilorinin tendensiyasinin asasina zaman
siralarinin trend vo movsiimliik modellogdirmads istifado edilon eksponensial hamarlasdirma
metodu ilo (Holt-Vinters metod) bu osrin sonuna qodor uzatsaq, onda vilaystin orta illik
temperaturunun 2091-2100-cii ilde 17.4°C olmas1 gozlonilir (sokil 4).
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Sakil 4. Kiir-Araz ovaliginin Xozor otrafi hissasinds hava temperaturunun onilliklar ilo dinamikasi

Eksponensial hamarlasdirma metodu Holt-Winters metoduda adlandirilir vo zaman
siralarinin  prognozlasdirilmasinda istifado edilir. Holt-Winters mdvsliimi metodu osas prognoz
tonliyindon vo {i¢ hamarlasdirici—¢;, soviyyali trendi, by, o, P* vo y uygun hamarlasdirma
parametrlori ilo movsiimi komponent S; ii¢lin tonliklorindon ibaratdir. Burada multiplikativ
metoddan istifads edilmisdir:

yt+h|t =(te+hby)Si+h-me+1)
t=a = +(1=a)(Ci-1+bi-))

St-m
b= B* (be—Lli-1)+(1— B*)os
YVt
=y +(]— -m
St=y r1tbin) (1=y)s:
Bu metod, “Python”, “R” vo s. proqramlagdirma dillorinds hoyata kecirilo bilor. Metod,

temperatur molumatlarini prognozlasdirmagq iigiin tendensiyalari, fasillik toraddiidlori nozars alir vo
molumatlarda sohvlar olsa da, doaqiq prognoz vera bilir [10,16].

Noatica

Kiir-Araz ovaliimin Xozor otrafi hissasinds yerlogon fiziki-cografi rayonlarinda 1961-2023-cii
illor {izro hava temperaturunun miisahido molumatlar1 osasinda yerino yetirilmis todgigatda
asagidaki naticalor olds edilmisdir:

1. Abseron akvatoriyasinda hava temperaturu on soyuq ay yanvarda (4.2°C), on isti iyulda
(27.2°C) miisahido edilir. ©n soyuq ayla on isti ay arasinda amplituda 23.0°C-dir.

2. Kiir-Araz ovaligimin Xozor otrafi orazilorinin morkezi vo sorq hissolorinds fasillik orta
temperatur qisda 4-6°C, yazda 14-15°C, yayda 26-28°C, payizda 16-17°C civarinda doyisir.

3. Kiir-Araz rayonun yiiksokliye dogru orta illik temperatur zonalliq qanunauygunluguna
goro azalmali oldugu halda, bu ganunauygunluq pozulur vo morkazi rayonlarda 16.0°C-o kimi artir.
Akvatoriyada, 100 m-den asag1 olan biitiin arealda temperatur gostoricisi 15.5°C-don yiiksokdir. Bu
areal imumi orazinin toxminan 56.3 %-ni toskil edir.

4. 1961-2023-cii illords timumi dovrde hava temperaturu artmigdir, on illiklor lizro nazor
salsaq, osas artim 1998-ci ildon baglamisdir. Hava temperaturunu Holt-Winters metodu ilo

prognozlasdirsag, 2100-cii ildo 2030-cu illo miigayisoedo hava temperaturu 1.0°C daha artmis
olacag.
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5. Bolgada 1961-1990-c1 illar ilo miigayisado 1991-2023-cii illords hava temperaturunun

orta illik gostoricilori 0.9°C artmisdir. Artim gostoricilori avqustda (1.4°C) on yiiksok hodde
olmusdur.

Kiir-Araz ovaligiin Xozor otrafi hissosi hava temperatur rejiminin miiasir xiisusiyyatlorinin

oyranilmasi, golocokds iglim doyismalori ilo bagli mitiqasiya todbirlorinds, iqlim atlaslarinin
yenilonmasinds Vo tosoriifat saholorinin idaro edilmasinds xiisusi rola malikdir. Todqiqat isi,
yuxarida sadalanan biitiin masalalarin hallinds nazars alina bilar.
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In the article, the modern temperature regime in this province was studied based on the
preliminary data of the air temperature in the Kura-Araz lowland surrounding the Caspian Sea
covering the years 1961-2023. The average monthly, seasonal, and annual characteristics of
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temperature have been determined, and the distribution of its average annual indicators over the
earth's surface has been mapped. At the same time, the dynamics of the indicators in 1961-2023
were followed in order to determine the effects of climate changes currently affecting the region on
the temperature regime. The study shows that January is the coldest month, and July and August
are the warmest months in the Kura-Araz lowland near the Caspian. Spring is milder than summer
and autumn. The regularity of the decrease of the average annual temperature indicators with
increasing height is partially violated in the regions of the province, which are close to the sea and
have a low relief. Average annual temperature indicators in the center of the plain are higher than
in coastal regions. When examining the effects of climate change, it was found that the air
temperature increased by an average of 1.80C across the plains from 1971-1980. Compared to the
last norm (1961-1990), the average annual air temperature in the lowland increased by 0.90C in
1991-2023. Due to regional climate changes, the increase in air temperature in the plains will lead
to the expansion of desertification and the salinization of areas suitable for agriculture. Here,
"warming" has led to an increase in evaporation and a decrease in precipitation. Research work
can play an invaluable role in climate change mitigation measures, farm management and the
creation of new climate atlases.
Keywords: Air temperature, climate changes, anomaly, norm, DEM, GIS, Holt-Winters

method.
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HAVA LIMANLARINDA IDAROETMONIN TOKMILLOSDIRILMOSINDO SMART
TEXNOLOGIYALARIN TOTBIQI

Habibullayev S.B., Heydarzada N.A.
Milli Aviasiya Akaemiyast

Tagqdim olunan maqalodo Agilli Hava Limanlarimin idaraetma sistemlorinin tokmil-
lasdirilmasi va bu sahada tatbiq edilon innovativ texnologiyalar arasdrilir. Agilli Hava Limanlar,
Osyalarin Interneti (IoT), Siini Intellekt (SI), RFID texnologiyasi, biometrik identifikasiya va masin
oyronma (MO) kimi yeniliklor hava limam amaliyyatlarimin samoaraliliyini artirmaq, sarnigin
tacriibasini yaxsilasdirmaq va tohliikasizliyi giiclondirmak iigiin tatbiq edilir. Bu sistemlor hava
limant idaraetmasinda avtomatlasdirma, molumat analitikasi va siini intellektin tatbigi yolu ilo
proseslori optimallasdurir.

Moaqalodo Agilli Hava Limanlarmin asas tinvanladigi problemlar, o ciimlodon Sarnisin
aximmmin idara olunmasi, baqaj izloma sistemi, biometrik identifikasiya va avtomatlasdiriimis
yoxlama prosedurlart tohlil edilir. Masalon, iiz tamima va iris skanerlori Sarniginlorin siiratli
identifikasiyasini tomin edarak uzun névbalarin qarsisint alir. RFID texnologiyasinin tatbigi bagaj
izloma sistemlorini daha daqiq va samoarali edir. Hamginin, real vaxt rejiminda verilanlorin emall,
amoliyyat samoraliliyinin artirilmast digiin siini intellekt tatbiqlorinin rolu vurgulamwr. Narita,
Miinhen, Homad va Heydar Oliyev Beynalxalqg Hava Limanlarinin bu texnologiyalarin tatbigindan
alda etdiyi naticalor niimuna kimi gostorilir.

Eyni zamanda, Agilli Hava Limanlarimin goalaoCayi va bu sahadan olan perspektivior
miizakira edilir. 5G texnologiyasinin, blok¢eyn asasli tahliikasizlik sistemlarinin va 10T-nin daha
genis miqyasda tatbiqi vod edir ki, bu da hava limanlarinin samaraliliyini va tahliikasizliyini daha
da artirsin. Bu innovasiyalar global aviasiya sektorunun galaCoyini formalasdiraraq, sarnisinlor
tigtin texnoloji cohatdan tokmillagmis sayahat tocriibasi yaradacag.

Acgar sozlor: agilli hava limanmi, RFID, biometrik identifikasiya, siini intellekt, magin
oyranma, aviasiya tohliikasizliyi, avtomatlasdirma, boyiik verilonlar, Heydar Oliyev Beynalxalg
Aeroportu.

Bu todgigatin asas mogsadi agilli hava limanlarinin idarsetma sistemlorinin  tokmil-
losdirilmasindo miiasir texnologiyalarin o ciimlodan, ogyalarin interneti (IoT) siini intellakt, RFID
texnologiyasi, biometrik identifikasiya vo masin Oyronmasi - rolunu arasdirmaqdir. Tadgigat
cargivasinds bu texnologiyalarin hava limanlarinin omaliyyat samaraliliyine, tohliikasizliyino va
Sarnisin momnuniyyatine tasiri tohlil edilir. Eyni zamanda, mdvcud problemlor vo goalocakds totbiq
edilo bilacok yeniliklar giymatlondirilorok, agilli hava limanlarinin inkisaf perspektivlori miioyyan

olunur.
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Inkisaf edon Vo rogemsallasan diinyamizda bir ¢ox sahoalorda “agilli” anlayisini esidirik vo
istifada edirik. Masalon, agilli telefon, agilli avtomobil, agilli saat, agilli bina, agilli ev vo s. Indi
“Smart Airport” ifadasini tez-tez esitmoyo baslamisiq.

Obyektlor arasinda iinsiyyat artdiqca - bunu Osyalarin Interneti (ing., Internet of Things -
IoT) adlandiririq - hoyatimizda bir ¢ox proseslor asanlasir. Buna e-pogtlarimizi agilli
telefonlarimizda gormoak Vo ya agilli nagliyyat vasitalorimizds naviqasiya cihazindan istifado etmoyi
niimuns olaraq gostara bilarik.

Agilli hava limaninda sornisinlorin ehtiyaclart vo istoklorin an optimal sokildo 6donilmasi
biitlin amoliyyatin mahiyyatini toskil edir. Masalon, yasadigimiz dovriin insanlar1 olaraq biz
texnologiya hovaskarlariyiq va har seyi etmok vo ya istadiyimizi qisa miiddoatds oldo etmok {igiin
praktik yollar tapmaga Oyrosmisik vo bunu sevirik. Bunu hava liman1 xidmatlori baximindan
diistinsok, problemlarimizin tez bir zamanda hallini istayirik.

Bu giin sektorlar {izro sirkatlor tipino gora unikal deyil vo onlarin
togdim etdiyi xidmotlor demok olar ki, eyni statusa malikdir. Xidmot
gostormok vo ya mohsul istehsal etmok artiq problem deyil. Bu sabablo hava
limanlar1 kimi xidmoat sektorlar1 6z xidmotlorini yenilogdirmays va
sornisinloro toklif etmoyo calisirlar. Indi deyo bilorik ki, ragabet tamamilo
texnologiyaya oasaslanir. Bundan olave, 2025-ci ildon sonra ugus artiminin
orta hesabla ildo 2,0% olacagi vo 2030-cu ildo 12 milyondan ¢ox reyso
yiiksalocayi gozlanilir [1]. Artan bu talabi garsilamagq tigiin daha yaxsi sorait
vo idarogiliyo malik hava limanlarina ehtiyac duyuldugu igiin hava
limanlarmim on son texnologiya ilo Xidmat gostoran bir qurulusa sahib olmasi
Vo buradaki omaliyyatlarda texnologiyanin verdiyi imkanlardan (IoT, siini
intellekt vo s.) yararlanmasi vacibdir. Diinyanin bir ¢ox hava limam
sorniginlorin ehtiyaclarimi on yaxs1 sokildo qarsilamaq vo texnoloji

o , o o < Sokil 1. Istanbul hava
yeniliklordon maksimum yararlanmaq {iglin texnoloji investisiyalara vo  [imanmin mobil tatbigi

texnoloji hallara digget goxalir. Masalon, diinyanin oksor hava limanlari
sorniginloro 6z mobil programlarint toklif edorok, omsliyyatlarini smartfonlar vasitasilo
tamamlamaga imkan verir (sokil 1). Agilli hava limaninin moagsadi sistemlari vo proseslari rogomsal
olaraq bir-biri ilo olagalondirmok va intellekt ilo garigdirmagq, sornisinlor ii¢iin asanligla olgatan
etmakdir.

Agilh hava limanlarimn iistiinliiklori

1. Awviasiya tohliikesizliyi

Aviasiya tohliikasizliyi taloblori sarniginlorin, toyyaralorin, eloca do biitiin diger hava limani
istifadagilorinin daha tohliikasiz sayahstini tomin etmok iiciin macburi uygunluglardir (ing.,
mandatory compliances). Agilli hava limanlar1 normativ taloblors uygun olaraq miiasir texnologiya
ilo aviasiya tohliikesizliyi standartlarini tokmillagdirir vo Sarnisinlorin narahatligini azaldir.

Aviasiya sonayesi holo do miistori momnuniyyatinin asagi olmasi problemi ils iizlosir ki, bu
da onun golirliliyino monfi tosir gostorir. Baqajin yanlis idars olunmasi miistori narazilifinin asas
soboblorindon biri olaraq qalir. ABS Nogliyyat Departamentinin 2007-ci ilin avqust ayinin
hesabatlarina goro (sokil 2), yanlis idaro olunan baqaj, ABS aviagirkotlori sonayesindo gecikmis
ucuslardan sonra ikinci on ¢ox sikayat edilon mosalo olmusdur [2].
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SITA-nin illik icmalinda geyd olundugu kimi, bu problem qlobal soviyyodo daha da
aktuallasir [3]. Osas sobablor sirasina hava limanlarinda artan sixliq, mohdud islomo miiddatlori,
ucuslarin ¢coxalmasi, sortlogon tohliikosizlik gaydalar1 va sornisin, eloco do baqaj hocminin artmasi
daxildir ki, bunlar da gecikmolors vo xidmot prosedurlarinin miirokkoblogmasino gotirib ¢ixarir.

Lakin son illordo RFID (Radio Frequency Identification) texnologiyasinin totbiqi baqaj
idaragiliyindo ohomiyyatli iroliloyisloro sobab olub. RFID teqlori vasitosilo baqajin real vaxt
rejimindo izlonmosi miimkiin oldugundan, itirilmis vo ya sohv yonlondirilmis baqaj hallar
ohomiyyatli doracods azalib. Masolon, SITA-nin son statistik malumatlarina gora (sokil 3), RFID
osaslt sistemlorin totbiqi ilo aviagirkotlor yanlis idars olunan baqaj hallarini 2007-ci il il
miigayisado 63% azalda bilmislor [4]. Bu iso hom sornisin momnuniyyastinin artmasina, hom do
aviagirkotlorin omaliyyat xarclorinin azalmasina komak edir.

Bu miiqayisali tohlil gostorir ki, RFID texnologiyasinin genis totbiqi aviasirkot sonayesinda
uzunmiiddatli perspektivde miihiim doyisikliklora yol a¢ir vo hava limanlarinda idarsetmonin
tokmillosdirilmasine téhfa verir.

Osyalarin Interneti (ing., 10T) sornisinlori yoxlamag vo qabagqcil tohliikasizlik xidmatini
tomin etmok iiciin RFID (ing., Radio Frequency Identification, Radiotezlikli Identifikasiya) ilo
birlikds agilli program kimi istifade olunur. Baqaj yiiklarinin va konteynerlorinin yoxlanilmast {igiin
RFID-in totbigi nainki vaxta vo amaya gonast edir, hamg¢inin yoxlamani daha doqiq yerino yetirir.
Bundan olave, sarnisine toqdim edilon RFID baqgaj etiketlori (sokil 4) vo RFID biletlari yola
diisorken baqajda geydiyyatdan kegon saxsin galis zaman1 baqaji gétiiron saxsla eynilosdirilmasinag
Vo ya uygunlagdirilmasina imkan verir [5].

Office of Aviation Enforcement and Proceedings
U_5. Department of Transportation

AUGUST
MISHANDLED BAGGAGE REPORTS FILED BY PASSENGERS
U.S. AIRLINES™
AUGUST 2007 AUGUST 2006
TOTAL REPORTS TOTAL REPORTS
BAGGAGE ENPLANED PER 1,000 BAGGAGE ENPLANED PER 1,000
RANK AIRLINE REFORTS PASSENGERS FPASSENGERS REPORTS PASSENGERS PASSENGERS

1 HAWAILAN AIRLINES 2,013 649,813 310 1,733 554,502 313
2 ALOHA AIRLINES 1,375 369,593 T2 1,801 338 543 4.73
3 AIRTRAN AIRWAYS 12,203 2,369,194 513 12,929 1,848 225 6.99
4 UNITED AIRLINES 20,331 5411763 542 38,123 5,375,587 T.28
5 MORTHWEST AIRLINES 22215 4,044,761 543 21,438 4,156 647 5.16
6 FROWNTIER AIRLINES 6,055 1,047,087 578 5,004 947 BES 528
T SOUTHWEST AIRLINES 57,108 9,838,811 5.80 54,188 8,854,013 6.12
a CONTINENTAL AIRLINES 20,544 3,524 111 583 18,107 3,245 027 5.58
a AMERICAN AIRLINES 50,762 6,871,832 7.28 46,524 6,767 347 6.87
10 EXPRESSJET AIRLINES 11,460 1,456,993 7.87 14,212 1,502 792 9.48
11 ALASKA AIRLINES 13,142 1,630,658 g0z 12,382 1,550,327 7.99
12 JETBLUE AIRWAYS 16,138 1,887 310 8.08 9,724 1,738 712 5.59
13 DELTA AIR LIMES 54,325 5,818,991 .18 51,346 5,706,173 8.00
14 US AIRWAYS 46 555 4 Bdd 554 881 47,217 4 573025 10.33
15 SKYWEST AIRLINES 20979 2,088,131 10.04 19,277 1,760 563 10.89
18 FINNACLE AIRLINES 0, 366 BB0.336 10.64 - * -
17 COMAIR 10,701 881,384 12.14 14,637 9B 236 14.87
18 MESA AIRLINES 14,649 1,178,185 12.42 168,668 1,248 DBD 13.38
18 ATLANTIC SOUTHEAST AIRLINES 14,974 1,084,975 13.68 22 482 1,042,021 21.56
20 AMERICAMN EAGLE AIRLINES 23,156 1,658,183 13.86 27,630 1,648,003 16.77

TOTALS 437,141 57 ,B69,565 7.55 436,202 53,840 668 g.10

Sakil 2. 2007-ci ilds ABS aviasirkatlori ti¢iin aylar tizra sohv idars olunan bagaj (har 1000 sornisino)
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Mishandled bags
per 1,000 passengers

LONG-TERM TRENDS 63%

Sakil 3. SITA-nin 2007, 2022 va 2023-cii illor
tizra hava limanlarmin yanlis idara olunan bagaj

(mishandled bags) gostaricilori Sakil 4. RFID baqaj etiketlori (Rusiya,
Seremetyevo Beynolxalq Hava Limani)

Baqajin identifikasiyasi ticiin RFID-in totbigi aviasiya sonayesinds getdikco genis yayilir.
Aeroportda istifads edilon RFID sistemlari bagajin real vaxt rejiminda izlonmasina va Sarnigine aid
olan ¢amadanin doqiq miiayyanlogsdirilmasine imkan yaradir. RFID bagaji miioyyan etmok vo
izlomok {iglin baqaj etiketindoki kigik ¢ipdon istifads edir. Bu, birdofalik kagiz etiketi vo ya daimi
canta etiketi ola bilor. RFID molumatlart ham sabit, hom do portativ oxuyucular vasitasilo toplanir
Vo adaton real vaxt rejiminds otiirtiliir. Qeyd edok ki, Beynolxalq Hava Nogliyyati Assosiasiyasi
(ing. International Air Transport Association - IATA) torofindon gobul edilmis qaydalar, baqaj
etiketlonmosi va izlonmasi ilo bagli miiayyan gatnamalor mévcuddur. Bu gatnamalardan biri IATA
Resolution 740-dir. IATA Resolution 740 vo Recommended Practice (RP) 1740c birlikda islayir vo
hava yollarinda RFID asasl baqaj izloma sistemlarinds totbiq olunur [6]. Bu, H.9liyev Beynalxalq
Aeroportu, Delta Airlines, Qatar Airways, Lufthansa vo digor aviasirkatlorin totbiq etdiyi qabaqcil
sistemlardan biridir.

Delta Hava Yollar1 hava yolu sanayesinda
bagajin idaro edilmasi ii¢iin biitiin uguslarda RFID
texnologiyasini on genis miqyasda vo ugurla totbiq
edon ilk aviasirkatdir. Homginin, RFID asasl izloma
ilo sornisinloro mobil totbig vasitosilo baqajlarinin
yerini real vaxt rejiminds izlomays imkan vermisdir
(sokil 5).

Avropanin on yaxst hava limanlarindan biri
olan Almaniyanin Miinhen saornisin terminalina bork

Vo maye partlayict maddslori askarlaya bilon on

Sakil 5. Real vaxt rejiminds bagajlarin yeri ~ miiasir CT (ing., computed tomography) skanerini
haqqginda bildiris (Delta Hava Yollar1)

togdim edib (sokil 6). Sornisinlorin baqgajlarindan noutbuk, smartfon vo icazo verilon mayelari
¢ixarmaga ehtiyac qalmir vo skaner vasitasilo yoxlama taloblori asanligla emal edilir [8, 9, 10].
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Beynolxalq hava noqgliyyati reyting toskilatt SKYTRAX torofindon ardicil ikinci dofo global
5 Ulduzlu Hava Limani Reytinqins layiq goriilon (18.12.2024) Tokionun Narita Beynolxalq Hava
Limaninda 2022-ci ilds 1,2m hiindiirliiytindos, siini intellekt vo 5G texnologiyasi ilo tochiz edilmis
polis-robotlar istifadays verilib. Bu robotlar nogliyyat vasitasine banzoyan xarici goriiniiso malikdir
(sokil 7). Robot tlizarinds yerlogon kameralar vasitasilo straf miihiti miisahids edir vo siini intellekt
texnologiyasi sayasinds ¢akilislori tohlil edarok tohliikasizlik tadbirlarini hayata kegirir. Bu robotlar
hava limaninda gqaydalara amoal olunmasma noazarst edir, unudulmus vo ya siibholi ogyalari
askar edir vo ehtiyac
yarandiqda sarnisinlora miiraciat eds bilirlor.

$akil 6. Smiths Detection sirkotino moxsus HI-SCAN S$akil 7. Siini intellektls tochiz edilmis polis-
6040 CTiX skaneri (Almaniya, Miinhen aeroportu) robotlar (Yaponiya, Narita acroportu)

2.  Sornisin rahatligi

Sorniginlor sayahot zamani heg¢ bir narahatliq olmadan terminalin biitiin rasmilagdirilmo
islorinin rahat sokildo aparilmasini gozlayirlor. Agilli hava limaninda olan sornisinlor oanonavi hava
limaninda oldugu qodor gézlomoli olmurlar. 10T-a qosulan sensorlar vasitasilo an qisa névbo, park
yeri va 6z-6ziina ¢atdirilan baqaj hagqinda moalumat vermok kimi prosedurlarla tomin edilir.

2024-cii ildo kegirilon Skytrax Diinya Hava Limani Miikafatlarinda (World Airline Awards)
ardicil onuncu dofs "Yaxin Saorqin On Yaxsi Hava Limani" vo ikinci dofo "Diinyanin On Yaxsi

Hava Limani1 Alig-verisi" nominasiyalarinda da qalib golmis Homad Beynolxalq Hava Limani
Sorniginlorin hava limaninda daha siiratli vo tohliikosiz keg¢idini tomin etmok ti¢lin biometrik
texnologiyalar1 totbiq etmisdir. Bu texnologiyalar arasinda iz tanima vo digor biometrik
identifikasiya sistemlori yer alir. Biometrik texnologiyalarin totbigi 2018-ci ildon etibaron baslamis
Vo tadricon genislondirilmisdir. Bundan oslava, Sarnisinlorin 6z-6ziino bagaj tohvili vermasi tigiin
avtomatik baqaj buraxilis sistemlori 2016-c1 ildon etibaron istifadoys verilmisdir (sokil 8). Bu
sistemlor, sorniginlorin anonavi qeydiyyat masalarinda gézlomo miiddotini azaltmaq vo soyahati
daha rahat hoyata kegirmok mogsadi dasiyir.
O ciimlodon, SKYTRAX torofindon ardicil 4-cti dofo “MDB {izro on yaxst hava liman1”
naminasiyasinda qalib golon Heydor ©liyev Beynolxalgq Aeroportunda 2023-cii ildon Sayahat
Sonadlarinin Avtorizasiya Sistemi (ing. Travel Document Authorization System, TDAS) istifadoyo
verilib ki, bu da ugus Oncasi rosmilosdirma prosesini sadslosdirir vo siiratlondirir, tohliikasizliyi
giiclondirarok hava limaninda névbolori azaldir (sokil 9) [11].
“TAV Technologies” torafindon hazirlanan yeni sistemin totbiqi Agilli Hava Liman1 konsepsiyasina
uygun bir addimdir. Bels Ki:

-avtomatlasdirma — Insan miidaxilesini azaldaraq proseslori siiratlondirir;
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-Stini intellekt va verilanlara asaslanan idaraetma — Sonadlorin etibarliligint siini intellekt

vasitasilo yoxlaya bilar;
-tohliikasizliyin artiriimasi — Saxta sanadlorin istifadasinin qarsisin1 almaga komok edir;
-Sarnigin tacriibasinin yaxsilasdirilmast — Kegid prosedurlarini daha rahat va siiratli edir.

$akil 8. Uz tanima, biometrik identifikasiya vasitosi vo avtomatik baqaj buraxilis sistemlori (Qator,
Homad aeroportu)

2024-cii ilin noyabr ayinda iso
hava limaninin 1-ci Terminalinda ucusa
geydiyyat (ing., Self Check-In) va bagaj
tohvili (ing. Self-service Baggage Drop-
Off) tiglin 6ztinoxidmat kosklori quras-
dirtlib  (sokil 10). Golocokdo analoji
avadanliglarin 2-ci Terminalda da quras-
dirilmasi planlasdirilir [12].

Yeni kosklor Ssornisinlora on-
onavi geydiyyat mantagoalorinds novbo

géz_lamadan u.g:uslarlna stiratll va rahat S$akil 10. Ugusa qeydiyyat vo baqaj tohvili tigiin
sokildo geydiyyatdan kegmoya, yer oziinoxidmot kosklori (Azerbaycan, H. Oliyev
Beynolxalq Aeroportu)
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se¢mayos, minik talonlarmi oldo etmays vo baqajlarint tohvil vermays imkan verir. Galocokda
kosklordo birbasa 0Odonis imkani vo olave funksionalliglarin totbiqi ilo sistemin daha da
tokmillogdirilmasi planlagdirilir.

Hazirda “Self check-in” vo “Baggage drop off” xidmsotlorindon AZAL aviasrikatinin
sarnisinlori istifado eds bilirlor. “Turkish Airlines”, “Qatar Airways”, “Uzbekistan Airways” vo
“Kuwait Airways” aviadasiyicilart da yaxin goalocokds bu xidmatloro qosulmaq niyystindadirlor
[12].

3. Omaliyyat somaraliliyi

Sorniginlor haqqinda molumatlarin toplanmasi amoliyyat somoroliliyinin artirilmasi ti¢lin
daha vacibdir. Boyiik verilonlorin (ing., Big Data) tohlili Agilli Hava Limaninin on faydali
tstlinliiytidiir. Sornisin davranigini miiayyonlosdirmok, daha ¢ox golir oldo etmak, sornisinlorin
toplandig1 yerlori izlomak, bir Sarnisinin gézloms miiddatini hesablamaq vo Sornisinlorin biitiin
digar soxsi davranislari agilli molumatlarin islonmosi asasinda miiayyan edils bilar [13].

Miiasir Hava Limani operatorlar1 hava limaninin amoliyyat somaraliliyinin soviyyasini
yiiksaltmak Ttigiin soboka infrastrukturuna, molumatlarin idars edilmasi infrastrukturuna, malumat
analitikasina, Siini intellekt (SI) vo Masm Oyronmo (MO) qabiliyyatine maraq gostorirlor. Changi
Hava Limani artiq daha yaxsi tohlil eds, daha yaxsi prognozlasdira vo amaliyyat samaraliliyini
yaxsilasdira bilon miixtalif funksiyalar iigiin ST vo MO-ya imkan veron tatbiglordan istifado etmisdir
[14-17]. MO modellori hava soraiti, toyyaro trafiki vo digor faktorlar1 nozoro alaraq ugus
gecikmoalorini prognozlasdirir, bu da amaliyyatlarin daha yaxsi planlagdirilmasina gorait yaradir.

Notica

Son illordo hava limanlarinda totbiq edilon agilli texnologiyalar aviasiya sonayesindo
inqilabi dayisikliklora sabob olmusdur. RFID sistemlari, biometrik identifikasiya, siini intellekt (SI)
vo masin dyronma (MO) kimi innovativ hollor hava liman1 amaliyyatlarini daha effektiv, tohliikosiz
vo sorniginlor {icin rahat hala gotirmigdir. Bu texnologiyalar hava limanlarinda operativ
idaroetmoni, tohliikesizlik prosedurlarini vo sornisin tocriibasini optimallagdiraraq sektorda yeni
standartlar miioyyan edir.

RFID texnologiyasinin totbiqi baqaj izlomo vo idaroetmods ciddi irsliloyislora sobab
olmusdur. Bu sistemlor itkin baqaj hallarin1 shomiyyatli deracads azaldir va sarnisinlorin baqajlarimi
real vaxt rejimindo izlomalorino imkan yaradir. Biometrik identifikasiya iso hava limanlarinda
ononavi pasport vao biletloro ehtiyaci azaldaraq iliz tanima, barmaq izi ve iris skanerlori ilo
tohliikasizlik yoxlamalarini siiratlondirir.

Eyni zamanda, siini intellekt vo masin Oyronmo modellori hava limanlarinda ugus
gecikmolorinin prognozlagdirilmasi, sornigin axinmnin idare edilmosi vo enerji istifadosinin
optimallagdirilmasi kimi bir ¢ox sahods tatbiq olunur. Bu texnologiyalar real vaxt rejiminda boyiik
hacmde molumatlart analiz edarok, hava liman1 oamaliyyatlarinin daha somarali idars edilmasini
tomin edir.

Golocokdo Agilli Hava Limanlar1 daha cox avtomatlagdirilmis vo data osashi idaroetmo
modellorina kecid edacok. Inkisaf edon 5G rabito texnologiyalari, blok¢eyn osasl tohliikasizlik
sistemlari va IoT (Osyalarin Interneti) ilo hava limanlar1 daha tohliikesiz, siirotli va sarnisinlor iigiin
rahat bir mokana cevrilocok. Notico etibarilo, agilli texnologiyalar hava limanlarinin faaliyyatini
daha innovativ vo effektiv hala gotirorok golocoyin aviasiya sektorunun osas tomalini
formalagdiracagq.

43



Elmi Macmua Cild 27, Nel, 2025
Scientific Journal Vol. 27, Nel, 2025

REFERENCES

1. https://www.eurocontrol.int/publication/eurocontrol-forecast-2024-2030-autumn-update

Air Travel Consumer Report: Issued: October 2007. U.S. Department of Transportation.—43 p.

3. DeVries, P.D. The state of RFID for effective baggage tracking in the airline industry.
International Journal of Mobile Communications, Vol. 6, No. 2. January 2008. — pp.151-164.

4. SITA baggage IT insights, 2024. — 23p.

5. Alok Mishra, Deepti Mishra. Application of RFID in Aviation Industry: An Exploratory
Review. -Turkey, 2010. — 11 p.

6. Baggage Tracking. IATA Resolution 753/A4A Resolution 30.53. Implemetation Guide. Issue
3.0, 13 November 2017. — 85p.

7. A. Mishra, D. Mishra: Application of RFID in Aviation Industry: An Exploratory Review.
Promet — Traffic&Transportation, VVol. 22, 2010, No. 5. — pp.363-372.

8.  https://www.munich-airport.com/security-screening-and-passport-control-3949908

9. https://www.smithsdetection.com/press-releases/smiths-detection-to-transform-security-
screening-at-munich-airport-with-60-3d-cabin-bag-scanners/

10. https://www.smithsdetection.com/products/hi-scan-6040-ctix/

11. https://airport.az/az/press-release/t-hluk-siz-sur-tli-v-rahat-baki-hava-limaninda-innovativ-
tdas-h-1li-t-tbig-edilib/

12. https://airport.az/az/press-release/baki-hava-limani-yeni-ozun-xidm-t-sisteml-rini-t-qdim-edir/

13. Al Nuaimi et al. Journal of Internet Services and Applications (2015) 6:25 DOI
10.1186/s13174-015-0041-5. Applications of big data to smart cities. — 15 p.

14. Steve LEE and Steven M. MILLER. Al gets real at Singapore's Changi Airport (Part 1), 20109.
—11p.

15. Blockchain in aviation white paper. International Air Transport Association (IATA), October
2018. - 22 p.

16. https://www.iata.org/en/programs/ops-infra/air-traffic-management/5g/

17. https://bwhotelier.com/article/sita-to-explore-blockchain-technology-under-aviation-
blockchain-sandbox-project
154188#:~:text=FlightChain%20was%20SITA%27s%20blockchain%20trial,a%20single%20s
ource%2001f%20truth.

N

APPLICATION OF SMART TECHNOLOGIES IN IMPROVING MANAGEMENT AT
AIRPORTS
Habibullayev S.B. , Heydarzada N.A.
National Aviation Academy

The presented article explores the enhancement of Smart Airport management systems and
the innovative technologies applied in this field. Smart Airports integrate advancements such as the
Internet of Things (1oT), Artificial Intelligence (Al), RFID technology, biometric identification, and
Machine Learning (ML) to improve airport operational efficiency, enhance passenger experience,
and strengthen security measures. These systems optimize airport management through automation,
data analytics, and Al-driven processes.
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The article analyzes the key challenges addressed by Smart Airports, including passenger
flow management, baggage tracking systems, biometric identification, and automated security
screening procedures. For instance, facial recognition and iris scanners enable rapid passenger
identification, reducing long queues. The implementation of RFID technology enhances the
accuracy and efficiency of baggage tracking systems. Additionally, the role of Al applications in
real-time data processing for improving operational efficiency is emphasized. The results achieved
by airports such as Narita, Munich, Hamad, and Heydar Aliyev International Airports through the
adoption of these technologies are highlighted as examples.

Furthermore, the future of Smart Airports and emerging trends in this field are discussed.
The wider implementation of 5G technology, blockchain-based security systems, and IoT is
expected to further enhance airport efficiency and security. These innovations are set to shape the
future of the global aviation sector, creating a more technologically advanced and seamless travel
experience for passengers.

Keywords: smart airport, RFID, biometric identification, artificial intelligence, machine
learning, aviation security, automation, big data.
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AVIASIYA MUTOXOSSISLORININ HAZIRLANMASINDA MATLAB VO
SIMULINK-DON ISTIFADO

dhmadov L.N., Quliyeva X.N.
Milli Aviasiya Akademiyasi

Maqalado MATLAB, onun geniglonmasi olan Simulink sistemi, hamginin onun bir ¢ox
bloklarinin elm va texnikamin miixtalif sahalarinda vizual obyekt-yoniimlii programlasdirma, xatti
va geyri-xotti dinamik sistemlorin modellogdirilmoasi, signallarin va tasvirlarin tahlili vo emal,
sistemlarin analizi, identifikasiyast vo modellagdirilmasi, qeyri-salis mantig, neyron sabakalar va s.
kimi sahalorin inkisafi va tatbiqi iiciin ahamiyyatindan bohs edilir. MATLAB va Simulink
paketlorinin Aviasiya problemlorinin modellagdirilmasi va halli zamani miihandislik praktikasinda,
xtisusilo aviasiya sahasinda da istifado olunan bir swra digar analoji va ixtisaslasmis program
vasitalori ilo miiqayisasi verilir. MATLAB va Simulinkin galacak aviasiya miitaxassislarinin tahsil
prosesing tothigi, onlarin pesokar foaliyyato hazirlanmasinda xiisusi ahomiyyati olan fannlarin
oyranilmasi zamani qarstya ¢ixan masalalarin hallinda bu paketlordan istifada imkanlarina baxilr
va onlardan an vaciblari arasdirilir. Tolobalorin toyyaranin ugusuna xas olan hadisalari, amoaliyyat
tolablarinin fiziki mahiyyatini diizgiin basa diismasinda, idaraetma sistemi ilo hava gamisi
dinamikasimin tohlilinda miihiim rol oynayan aerodinamik proseslorin, avionika sistemlarinin,
miiharrik qurgularimin,  ugus simulyatorlarimin modellasdirilmasi, pilotsuz ucus aparatlarinin
(PUA) layihalondirilmasi, idaraetmoa sistemlarinin simulyasiya modellaogdirmasi va miixtolif tayyara
vericilorindan alda olunan molumatlarla islomok iizro tolimin miihiim rolu, tahlil naticalarinin
vizuallasdirilmasimin  ahamiyyati geyd olunur. Har bir masalonin halli iigiin qurulan modelin
tolabalorda hanst bacariqg va biliklori inkisaf etdiracayi géostarilir. Simulinkda bazi navigasiya
masalalarinin: INS va GPS navigasiya sistemlarinin modellasdirilmasi, bu sistemlorin inteqrasiyasi,
navigasiya sistemindan istifada etmoklo avtopilotun simulyasiyasi, ugus trayektoriyasini izloma
sisteminin modellasdirilmasi, vericilorin va kiiylorin simulyasiyasi, togqusmalardan yayimma
sisteminin modellasdirilmasi kimi masalalarin  halli modellarinin  strukturuna va yaradilmasi
ardicilligina dair géstoriglor verilir. Miixtolif aviasiya mosalalarinda  malumatlarin  emalinin
MATLAB miihitinda icrasina aid tipik niimuna taqdim olunur. Sonda aviasiya sahasinda tohsil alan
tolobolorin hazirligi  prosesinda MATLAB va Simulink sistemlarindan istifadanin ahamiyyati vo
tistiinliiklari gqeyd olunur.

Acar sozlar: aviasiya miitoxasSislorinin hazirlanmasi, MATLAB, Simulink, ANSYS, X-Plane,
Simcenter, modellasdirma, simulyasiya modeli, verilanlorin emal, filtrlama, INS va GPS sistemlori,
vizuallagdirma, kiiylarin simulyasiyasi, ucus simulyatorlari.

Giris. Miiasir dovrdo tohsil prosesindo elektron todris vasitolorinin, miixtalif ixtisas-
lagdirilmig kompiiter programlarimin ¢ox boyiik shamiyyati var. Aviasiya miitoxassislorinin hazirhigi
da istisna deyildir. Aviasiya miitoxassislorinin hazirligina verilon yiiksok toloblor genis spektrli
texnologiyalarin monimsanilmasini, o ciimlodon bu miitoxassislorin tomasda olacaqglar1 aviasiya
sistemlorinin tohliikasizliyini, etibarliligini vo somoraliliyini tomin edon bir sira proseslorin
modellosdirilmasi Vo simulyasiyasini ohats edir. MATLAB va Simulink kimi program paketlori bu
clir modellosdirma vo simulyasiya masalalorinin halli, mixtalif tohlil, nazarot vo idarsetmoa
alqoritmlorinin islonib hazirlanmasi {igiin genis imkanlara malik oldugundan aviasiya miitoXas-
sislorinin hazirlanmasinda avazolunmaz alatlors gevrilir. MATLAB va Simulink paketlorinin todris
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Vo todgigat alotlori Kimi imkan vo perspektivlorinin miioyyan edilmasi, habelo yiiksok ixtisaslt
aviasiya miitoxassislorinin hazirlanmasinda onlarin rolunun &yranilmasi siiratlo inkisaf edon
texnologiyalar vo aviasiya sonayesindo yeni metodlarin inteqrasiyasi soraitindo ¢ox aktual
mosalalordir.

Tadgigatin_magsadi. Mogalods magsad elm va texnikanin bir ¢ox sahalorinds hesablama,
modellosdirma Vo vizuallasdirma vasitolorino malik olan MATLAB vo Simulink sistemlarinin
golocak aviasiya miitoxassislorinin hazirliginda istifadssi imkanlarinin qiymatlondirilmasi, aviasiya
sistemlarinin va proseslorinin modellosdirilmasi, tahlili vo optimallasdirilmasi tigiin funksional
imkanlarinin arasdirilmasi, o ctimlodon aviasiya sahasinds praktiki bacariqlarin formalasdirilmasi
Vo toliminds onlardan istifadonin effektivliyinin aragdirilmasidir.

Aviasiya sahasi anonovi olaraq on yiiksok texnologiyalarin tatbiq olundugu sahadir. Miiasir
soraitdo ali tohsilin asas mogsadi dar ixtisasli miitoxassislor yetisdirmok deyil, onun soxsiyyatinin
inkisaf etdirilmasi vo pesokar soristoliyin yiiksoldilmasidir. Miiasir aviasiya sahasinda foaliyyatin
miirokkab vo dinamik xarakteri, burada on yeni informasiya texnologiyalarinin genis suratds totbiq
olunmasi, hom miitoxassis hazirligi, hom do sonraki foaliyyat zamani bu texnologiyalarin
ohomiyyatini xeyli artirir. Aviasiya miitoxassislorinin hazirliginda on miixtalif program tominat-
larmin vo sistemlarinin rolu ovozolunmazdir. Belo sistemlor arasinda MATLAB sistemi xiisusi
¢okiya malikdir.

MATLAB sisteminin populyarligina onun giiclii Simulink genislondirilmosi komok edir.
Simulink istifadagiya vizual obyekt-yontimlii programlasdirma, xotti vo geyri-Xatti dinamik sis-
temlarin blok modellogdirilmasi ti¢lin rahat vo sado alatlor, eloco do bir gox basqa sistem
genislondirmo paketlori togdim edir. Onlardan bazilori signallarin vo tosvirlarin tohlili vo emali (o
ctimladan an son veyvlet-texnologiyasi), sistemlarin analizi, identifikasiyasi vo modellagdirilmasi,
geyri-salis mantiq, neyron sabakalor vo s. kimi elm va texnikanin an yeni sahslorinin inkisafi vo
totbiqi tigiin daha olgatan vo effektiv alotlor togdim edir [1].

MATLAB hom mixtolif foaliyyst saholorinds qgarsiya ¢ixan genis spektrli mithondislik vo
elmi problemlori miirokkablik soviyyssindon asili olmayaraq hall etmok iiclin nazords tutulmus
mithit, hom do giiclii texniki hesablamalar dilidir.

MATLAB sisteminin genislondirilmasi olan Simulink paketino idarosetma va rabito sis-
temlorinin, rogomsal, elektrotexniki vo enerji qurgularinin vo s. funksional modellorin yaradilmasi
ticiin talob olunan blok kitabxanalarin tam dasti daxildir [2]. Eyni zamanda, o, kitabxana bloklarini
doyisdirmoys, homg¢inin 6z blokunuzu yaratmaga imkan verir.

Simulink miirokkab texniki sistemlorin dinamik modellosdirilmasi ti¢in miihit vo model-
yonlii layihalondirms iiciin asas vasitadir. Onun asas interfeysi diaqramlarin qurulmasi ii¢iin qrafik
alot vo fordilasdirilo bilon blok kitabxanalar dastidir. O, MATLAB miihitinin qalan hissasi ilo six
integrasiya toklif edir vo ya MATLAB-dan istifado edo, ya da ondan skriptlor yarada bilor.
Simulink, ¢oxdomenli modellosdirma vo model osasli layihalondirms {igiin signallarin avtomatik
idars olunmasinin ragomsal emalinda genis istifads olunur.

Simulink digor mohsullari ils birlogdirildikds sistemlari real vaxt rejiminds hayata kegirmok
liglin avtomatik olaraq C dilinds monbs kodu yarada bilir. Kodun somaraliliyi vo c¢evikliyi
yaxsilasdiqca, o, istehsal sistemlori tiglin daha genis sokildo moanimsanilir, g¢evikliyi vo tez
tokrarlamaq qabiliyyatino gora daxili sistemlori inkisaf etdirmok iiglin bir vasito olmaqla yanasi,
daxilo qurasdirilmis sistemlords istifado olunmagq {igiin kifayot godor somarali kod hasil edir.

Simulink sistem soviyyasindo modellosdirmo vo simulyasiya iigiin nazords tutulmusdur vo
vahid layiholondirmo miihitindos inkisaf etdirilon sistemin hartorofli todgigins imkan verir.

Modellosdirma vo simulyasiya kritik goraitdo vo ya fovqgolado vaziyyot ssenarilorindo
sistemin davranisini sinamaga imkan verir. Bu, bahali fiziki prototiplarin Xarclorini azaldir. Sistem
yart1 tobii modellosdirma Vva siiratli prototiplomadan istifads edorak sinagdan kegirilir.
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Simulink modellori C, C++ vo HDL dillorindo sonaye keyfiyystli kodun avtomatik
yaradilmasini dastokloyir. Yaradilan kodun va modelin naticalori eynidir.

MATLAB-da yaradilmis alqoritmlori Simulink-do tokrar istifado etmok iiciin yenidon
yazmaga chtiyac yoxdur. MATLAB kodu doyisdirilmadon Simulink blokuna vo ya Stateflow
diagramina slavs edilir [3].

MATLAB homginin sistem simulyasiyalar1 tiglin giris moalumat dostlorini yaratmaq tigiin
istifado olunur. Parametrlorin sadalanmasi vo ya optimallagdirilmasi kimi miithondislik tapsiriglarini
stiratlondirmak {i¢iin simulyasiyalar klasterlor arasinda miqyaslanir vo onlarin naticalori MATLAB-
da tohlil edilir va vizuallagdirilir.

MATLAB vs Simulink miirakkab sistemlarin modellasdirilmasi, tahlili va layihalondirilmasi
ticiin giiclii alatlori sayasinda golocak aviasiya miitoxassislorinin tohsilinds do miihiim rol oynayir.

Simulink els bir xiisusi todqgigat alotidir ki, 0 tolobonin proqramlasdirma dilini bilmasini
tolob etmir vo ona vizual tosovviirlor aldo etmays vo obyektin riyazi tosvirinin strukturu ilo onun
modelini hayata kegiron blok-sxemin strukturu arasindaki uygunluglari basa diismays imkan verir.
Vizual bloklar riyazi anlayiglar zonciri ilo miivafiq "analoq" modellosdirma anlayislari zanciri
arasinda sobab-natics olagalorinin qavranilmasini asanlasdirir.

Simulink paketi laboratoriya islorini, kurs iglarini, kurs layihalorini, yekun ixtisas islorini
yerino yetirorkon vo elmi todqgiqatlarin aparilmasi zamani hesablamalar, miixtolif sistemlorin
funksional va simulyasiya modellosdirilmasi tigiin istifads edilo bilor [3]. Vizual programlagdirma
prinsipindon istifade etmoklo Simulink paketi miixtolif kitabxanalarda yerlogdirilon standart
bloklardan modellor yaratmaga, hom¢inin miixtolif hesablamalar aparmaga imkan verir. Model-
losdirmo zamam istifadoci diferensial tonliklorin holli metodunu, modellogdirmo vaxtinin
doyisdirilmasi metodunu (sabit vo ya doyison addimla) se¢gmok, homginin sistemds bas veran
proseslori izlomak imkanina malikdir. Simulyasiya naticalori miixtalif gobuledicilora adadi dayarlar,
grafiklor va ya coadvallar soklinda verils bilar.

Aviasiya problemlorinin modellasdirilmasi vo holli zamant MATLAB vo Simulink paketlori
mithondislik praktikasinda, xiisusilo aviasiya sahosindo do istifado olunan bir sira digor program
vasitalari ilo miiqayiss oluna bilar. Onlardan bozilorini nozerdon kegirak:

Proqram paketi vo onun tasviri

MATLAB va Simulink ils miiqayisa

ANSYS - aerodinamika, struktur analizi vo
istilik Otliriilmasi saholorinds adodi modellas-
dirmo tigiin, homginin toyyaro konstruksiya-
larmin, toyyarolorin dinamikasinin vo diger
miihondislik problemlarinin tohlili {iciin genis
istifads olunur.

ANSYS asason aerodinamika vo mexanika kimi
fiziki proseslorin doqiq modellagdirilmasine yo-
nolib, MATLAB vo Simulink iso riyazi model-
logdirmo, alqoritmlarin islonmasi vo idarsetmo
sistemlori tigiin daha uygundur.

X-Plane (X-Plane SDK) - toyyaro davrani-
sinin riyazi modelini ehtiva edon ugus simul-
yasiya proqramidir. X-Plane SDK sistemlorin
modellogdirilmasine vo aviasiya tolimi va
sinaqlart {iclin totbiq olunan simulyasiyalarin
yaradilmasina imkan verir.

X-Plane xiisusi olaraq toyyarolorin simul-
yasiyas1 vo smagqlarina diqqat yetirir, MATLAB
vo Simulink iso riyazi modellari inkisaf etdir-
moak, tohlil etmak vo toyyars idaroetms sistem-
loring inteqrasiya oluna bilon alqoritmlor yarat-
maq ii¢iin istifads olunur.

FlightGear - aviasiya texnologiyalarinin mo-
dellosdirilmosi vo smaqdan kegirilmoasi {igiin
nozordo tutulmus basqa bir pulsuz simulyasiya
sistemidir. Platforma toyyars modellorinin
yaradilmasi, eloco do miixtalif aviasiya proses-
lorinin dyranilmasi ligiin alotlor togdim edir.

FlightGear ugusun va toyyaranin fiziki
davraniginin daha otrafli simulyasiyasini tomin
edir, MATLAB vo Simulink iso daha miicorrad
modellar, idaroetma sistemlori va alqoritmlor
hazirlamagq tigilin istifado edilo bilor.

Simcenter (ke¢mis LMS Imagine.Lab) -
aerodinamika, akustika, dinamika vo toyyaro

Simcenter dinamika vo aerodinamik analiz ii¢lin
daha ixtisaslagmis hollor togdim edir, MATLAB
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sistemlorinin dizayninin digor aspektlori {igiin
hollori 6ziindo comlosdiron multidissiplinar
simulyasiya alatlari toplusudur.

vo Simulink ise sistem soviyyasinds, alqoritm
soviyyesindo va idarosetmo soviyyasindo model-
logsdirmo daxil olmaqla daha iimumi yanasma
toqdim edir.

OpenVSP (Open Vehicle Sketch Pad) —
toyyaralorin aerodinamik modellorinin layihe-
londirilmasi {i¢iin bir vasitodir. Toyyaronin
hondososini yaratmaq vo aerodinamikani tohlil
etmok ti¢lin istifads olunur.

OpenVSP daha ¢ox aerodinamik dizayn va toy-
yaralorin 3D modellorinin yaradilmasina digqgot
yetirir, MATLAB vo Simulink iso idareetms,
tohlil vo optimallagdirma problemlorinin halli
tiglin istifads olunur.

Modelica (Dymola kimi proqram alatlorindon
istifado etmoklo) - miirokkob multidissiplinar
sistemlorin, o ciimlodon elektrik, mexaniki vo
istilik komponentlori olan sistemlorin model-
lorinin  yaradilmasi  {igiin  modellogdirmo
dilidir. Dymola Modelica istifado edon
simulyasiya vo modellosdirmo proqramidir.

Modelica vo Simulink tobiotco oxsardir, ¢iinki
har ikisi ¢coxdomenli sistemlori modellasdirmak
tiglin istifado olunur. Bununla bels, Simulink
idaraetmo alqoritmlorinin hazirlanmasi vo dina-
mik sistemlorin modellosdirilmasi ti¢lin daha
tokmil dostoyo malikdir, Modelica iss miirokkob
fiziki proseslorin modellogdirilmasi iiclin daha
iimumi toyinatli imkanlar togdim edir.

CAD (Computer-Aided Design) sistem-
lori (moasolon, CATIA, SolidWorks) — aerodi-
namik elementlor do daxil olmagla, toyyars

CAD sistemlori hondoso yaratmaq vo struktur
elementlori  tohlil etmoys  yoOnoldilmisdir,
MATLAB vo Simulink iso sistemlorin, alqo-

ritmlorin vo dinamikanin modellosdirilmoasi vo
tohlili iiclin alotlordir vo birbasa 3D dizayna
yonoldilmir.

kompo-nentlorinin 3D modellorini layihalon-
dirmak vo yaratmagq ti¢iin istifads olunur.

MATLAB vo Simulink aviasiya komplekslarinin foaliyyat proseslorinin modellagdirilmasi
tizro bir ¢ox praktiki mosalolorin (aerodinamik proseslorin, avionikanin, miihorrik qurgularinin,
pilotsuz ugus aparatlarinin modellosdirilmosi; ugus simulyatorlarinin yaradilmasi) holli zamani [4]
vo tolimlorda (sistemlorin idaro edilmasi iizra, verilonlorlo islomok iizro) totbiq olunur [5]. Bu
masalalorin holli tgiin Simulinkin torkibina bir sira paketlor daxildir: aerokosmik sistemlorin
modellosdirilmasi tiglin ixtisaslasmis Aerospace Blockset paketi, ucus dinamikasi ilo is tiglin
kitabxanalar vo koordinatlarin g¢evrilmasi {iglin alotlordon ibarot Aerospace Toolbox paketi,
toyyaralorin idaroetma sistemlarinin layihalondirilmasi {igiin Control System Toolbox paketi,
hidravlik, elektrik, mexaniki sistemlorin modellasdirilmasi ii¢iin Simscape & Simscape Multibody
paketi, ugus rejimlorinin avtomatik dayisdirilmasi vo bort sistemlorinin idars olunmasi ticiin alst
olan Stateflow paketi, toyyara dinamikasi vo ugusa nozarat sistemlori do daxil olmaqla toyyara
sistemlarinin modellagdirilmasi ti¢lin alatlor toplusu olan AeroSim vo s. Simulinkin asas bloklar
toyyara sistemlarinin modellosdirilmasi, analizi va layihalondirilmasi tigiin zongin alotlor dosti
toqdim edir.

Qeyd edilon masalalarin halli zamani tolobalor MATLAB vo Simulinkin kdmayilo bir sira
konkret modellosdirma Vo analiz tapsiriglarint yerino yetirmok imkani alds edirlor:

1. Aerodinamik proseslorin modellasdirilmasi [6].

¢ Tolobalor MATLAB-1n kémoayilo toyyarslorin aerodinamik xiisusiyyatlorini tohlil etmok,
atmosfer modellori yaratmaq, hava axinlarimi simulyasiya etmok vo ganad profilini optimal-
lasdirmaq imkani aldas edirlar.

* Tolobalor Simulinkin Aerospace Toolbox blokunun ugus dinamikasi ilo iglomok ii¢iin olan
kitabxanalarindan istifado etmoklo ugusun dinamik modellarini, ugus zamani toyyaronin davranis
modellorini yaratmaq tigilin istifado edirlor ki, bu zaman turbulentlik vo dayison hava soraiti kimi
miixtalif amillorin tasirini do nazars almaq miimkiin olur.
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2. Avionikanin islonib hazirlanmasi vo sinaqdan kecirilmasi [7]

* Simulink bort idarsetms, navigasiya va rabito sistemlorinin modellosdirilmasi tiglin genis
istifado olunur.

 Real kontrollerlori realliga maksimal doracods yaxin soraitde sinaqdan kegirmok tigiin
Simulinkin kodmayilo aparat vasitslori (hardware) ilo inteqrasiya imkani ¢gox shamiyyatlidir.

3. Miiharrik qurgularinin modellasdirilmasi [8]

* Simulink miiharrik sistemlorini (turboreaktiv, turbovintli vo s.), o ciimlodon onlarin
termodinamik vo mexaniki xiisusiyyatlorini modellasdirmoys imkan verir.

* Bu ciir modellar golocak tadqiqatlar zamani yanacaq samaraliliyini yaxsilagdirmaq va yeni
mithorrik névlerini inkisaf etdirmok ti¢iin istifado edilo bilar.

4. Ucus simulyatorlarinin modellasdirilmasi [9]

+ Simulink standart omoliyyatlardan fovqgolado hallara godor genis spektrli voziyyatlori
modellosdiron ugus simulyatorlari yaratmaq tigiin istifado olunur. Bu da 6z névbasinds pilotlara vo
mithondislara kritik garaitds neca islomoayi 6yronmaya imkan verir.

5. Pilotsuz ucus aparatlarimin (PUA) layihalondirilmasi [10]

* MATLAB vo Simulink PUA-larin layihalondirilmasi, simulyasiyasi vo sinaglari, o
cimlodon ugus idaroetmo sistemlorinin, marsrutlarin vo avtonom omoaliyyat tohlili liciin genis
istifada olunur.

6. Sistemlorin idars edilmasi iizrs tolim [11]

 Avtopilot, stabillogdirma kimi sistemlorin modellosdirilmasi talobalora avtomatik ucusu
idaraetms sistemlarinin is prinsiplorini daha yaxs1 anlamaqda komak edir.

* MATLAB vo Simulink idarsetms sistemlarinin sabitliyini tohlil etmoays va kontrollerlori
(PID, LQR va s.) layihalondirmays imkan verir.

7. Verilonlarlo islomoak iizrs tolim [12]

* MATLAB radarlar, giroskoplar vo akselerometrlor kimi toyyara vericilorindon (datgik-
lordan) olds signallarin emali, verilonlorin stiziilmasi vo boyilik hocmli molumatlarla tohlili Gi¢iin
algoritmlorin islonib hazirlanmasinda giiclii alastlor togdim edir (mossalon, toyyarsnin vaziyyatinin
monitoringi sistemlarindo).

Simulink bort navigasiya sistemlorinin modellosdirilmasi vo simulyasiyasi {i¢iin idealdir,
clinki o, miirokkab sistemlari vizual sokilds toqdim etmoys vo onlarin davraniglarini real vaxtda
tohlil etmays imkan verir. Galocok aviasiya miitoxassislarinin hazirlanmasi iigtin Simulink-don neco
istifado edildiyine dair bazi niimunalori nozardon kegirak [2, 5-14]:

1. Inersial naviqasiya sisteminin modellosdirilmoasi (INS). Inersial navigasiya sistemi

toyyaronin movqeyini, siirotini vo oriyentasiyasini miloyyon etmok {iglin giroskop vo

akselerometrlorin molumatlarindan istifads edir. Simulink vericilorin (datgiklorin) kilylorini
va siirlismoni (dreyf) nozere almaqla akselerometr va giroskop, filtrloma alqoritmi (masalon,

Kalman filtri), siirot vo koordinatlarin hesablanmas {i¢iin inteqratorlar kimi osas bloklardan

ibarat INS-nin davranisini simulyasiya eda bilor.

Toloba Simulinkdo asagidaki bloklara asaslanan sistem yaratmalidir:

o Giris molumatlart: tacil va bucagq siirati signallari.

o Siirat vo mévgenin hesablanmasi ii¢iin inteqrator bloku.

o Random Number bloku vasitasilo-kiiyiin slave edilmaosi.

o Sohvlorin aradan galdirilmasi iigiin Kalman filtri .

2. GPS naviqasiya sisteminin modellasdirilmasi. GPS sistemi peyklordon golon siqnal-
lardan istifado edorok toyyaronin koordinatlarini toyin etmoys imkan verir. Simulink GPS
koordinatlar generatoru; yerlosdirmo xotalarinin olavo edilmasi (mosalon, kilylor, signal gecikmo-
lori); GPS molumatlarinin filtrlonmosi kimi osas elementlorin daxil oldugu GPS sistemini
modellasdira bilor.

Tolobo Simulinkdo asagidaki bloklara asaslanan sistem yaratmalidir:

* GPS molumatlarini yaratmagq {i¢iin Signal Builder bloklarindan istifads etmalidir.
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* Gecikmolori simulyasiya etmok {igiin Transport Delay blokunu slavs etmalidir.

* GPS signallarin1 emal etmoak va sohvlori azaltmaq li¢iin Kalman filtrini totbiq etmaolidir.

3. INS va GPS inteqrasiyasi1 (INS/GPS Fusion). Hor iki sistemin 6z ¢atismazliglari var vo
bunlar1 aradan qaldirmaq iiciin INS GPS ilo inteqrasiya oluna bilor. INS sistemi qisamiiddotli
perspektivds yaxsi isloyir, lakin todricon sistemdo sohvlar toplanir. GPS doqiqdir, lakin kiiylors vo
gecikmoloro moruz qalir.

Talaba Simulinkdos asagidakilari totbiq etmalidir:

« Iki molumat monbayini - INS vo GPS-i birlosdiron model yaratmalidir.

* Molumatlar inteqrasiya etmok va sohvlori aradan qaldirmaq tigiin Kalman Filtr blokundan

istifado etmoalidir.

* Hoqiqi trayektoriyanin, INS vo GPS molumatlarinin vo naticads progqnozun miiqayisali
grafiklorini tortib etmolidir.

4. Naviqasiya sistemindon istifado etmakls avtopilotun simulyasiyasi. Avtopilot
toyyaroni idars etmok ii¢lin navigasiya molumatlarindan istifads edir. Model miioyyon edilmis
marsrutdan konarlagsmalar1 hesablamaq ticiin GPS vo INS-don daxil olan molumati gobul etmok
ticiin konfiqurasiya edils bilor. Simulyasiya modeli asagidaki elementlorden ibaratdir:

* GPS vo INS vericilarinin (dat¢iklorinin) modellosdirilmasi ticlin bloklar.

* PID- tonzimlayicinin ds daxil oldugu idareetms bloku.

* Hiindiirliik siikani, kren vo dartmani idaraetms tigilin ¢ixis signali.

Toloba Simulinkds giris verilonlori (INS/GPS-don movqge vo siirat), kursdan sapmanin
hesablanmasi1 vo tonzimloyicilordon istifado edorok ugusa nozarat iiciin altsistemlori addimbaaddim
yaratmalidir.

5. Ucus trayektoriyasimi izlomo sistemi (Path Following). Bort navigasiya sistemi
miioyyon edilmis trayektoriyaya omal olunmasini tomin etmolidir. Marsrutu saxlamaq tiglin
toyyaranin kursunu korreksiya edon sistem modellosdirilmalidir.

Talaba Simulinkdos asagidakilar: totbiq etmalidir:

* Trayektoriyan1 funksiya kimi toyin etmalidir (masalon, dairs va ya spiral).

» Cari voziyyoti vo sapma bucagmi hesablamaq ticlin Simulink bloklarindan istifads

etmolidir.

* PID Controller blokundan [2] istifado edorok idarsetmoni hoyata kegirmalidir.

6. Vericilorin (datciklarin) va kiiylorin simulyasiyasi. Real is soraitini: siiriigma (dreyf),
kiiylor, gecikmolori alave etmoklo naviqasiya sistemini sinaqdan kecirmok iiciin istifads edilon
virtual vericilor (giroskop, akselerometr, barometr, GPS) hoyata keg¢irilmalidir.

Taloba simulyasiya modelini hoyata kegirarkan:

» Kily olavo etmok {i¢iin Random Number, filtrloms iiglin Signal Processing, gecikmalor
tiglin Transport Delay bloklarindan istifado etmalidir.

* Vericilorin parametrlorindon asili olaraq naviqasiya xotasi qrafiklorini tortib etmalidir.

7. Toqqusmalardan yayinma sisteminin modellasdirilmasi. Maneolorlo toqqusmanin
qarsisint almaq T{cilin navigasiya sistemi vericilorlo (mosolon, radarla) inteqrasiya olunub.
Verilonlorin emal1 vo kursun avtomatik doyismasi alqoritmlori modellosdirilmalidir.

Talabs simulyasiya modelini yaratmaq tigiin:

» Girisg verilonlorini: maneoys qodor olan mosafs, siirot vo harokot istiqgamotini daxil
etmolidir.

* Qorar gabuletma alqoritmini (masalon, siirati azaltmaq vo ya kursdan yayinmaq) hayata
kecirmolidir.

* Radarin igini simulyasiya edon altsistem alave etmolidir.

Uguslarin tohliikasiz vo etibarli hoyata kegirilmasi {iglin aviasiya miitoxXassislori miixtalif
molumatlari: ugus registratorlarinin verilonlarini, aviavericilordon (masalan, giroskop va akselero-
metrdon) filtrlonon verilonlori, ucuslarin planlasdirlmasi {i¢iin hava haqqinda molumatlari, ugus
trayektoriyasina dair molumatlari, toyyars miiharrikinin aginmasi barado real malumatlart hartorofli
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Vo operativ tohlil etmok imkanina malik olmalidirlar. MATLAB golocok aviasiya miitoxXassislorine
verilonlarlo islomayi Oyratmok iiciin ¢ox miixtalif imkanlar toklif edir [15]. Belo masalalarin
MATLAB-da hallins dair bir xiisusi niimunani nazardan kegirak.

Real molumatlar osasinda tdyyars miihorrikinin asinma modelinin  qurulmasi.
Tolobolor miihorrikin aginma soviyyasini toyin etmok vo Omriinii prognozlasdirmaq tiglin miihorrik
vericilorindon alinan vibrasiya vo temperatur malumatlarini yiikloyir vo masin dyronmasini totbiq
edirlor. Miivafiq hall alqoritmi asagidaki sxemda tasvir olunan marhalalardan ibaratdir

Verilonlorin fayldan yiiklonmosi
(vibrasiya, temperatur, zaman, aginma)

v

Xatti reqressiya modelinin qurulmasi
(filtm() funksiyasindan istifada)

\

Asinmanin prognozlagdiriimasi
(predict() funksiyasindan istifado)

Real aginma vo prognozlasdirilan
asinma ayrilorinin qurulmasi vao
miiqayisasi

Moasalonin holli MATLAB-da asagidaki kodla hoyata kegirilo bilor:

% Verilonlorin yiiklonmasi

data = readtable('muherrik_veziyyeti.csv");
vibrasiya = data.Vibration;

temperatur = data. Temperature;

zaman = data.Time;

ashinma= data.Wear; % Asinma (real gostorici)

% Xotti reqressiyanin qurulmast

mdl = fitim([vibrasiya, temperatur], ashinma);

% Asimmanin prognozlasdirilmasi

ashinma_prognozu = predict(mdl, [vibrasiya, temperatur]);
% Real vo prognozlasdirilan verilonlorin miiqayisasi

figure;

plot(zaman, ashinma, 'b', 'DisplayName', 'Real aginma');

hold on;

plot(zaman, ashinma_prognozu, 'r--', 'DisplayName’, 'Prognozlasdirilan aginma');

xlabel('Zaman');
ylabel("Asinma');

title('Miiharrikin aginmasinin prognozlasdirilmast');

legend;
grid on;
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Belo niimunalar tolobolors aviasiyada rast golinon real molumatlarin tohlili tizro praktiki
bacariglar verir. Bu tip masololori miintozom olaraq yerino yetiron tolobolor tohliikasiz vo
optimallagdirilmis uguslart tomin etmok {i¢iin molumatin emali vo sorhinin vacibliyini daha yaxsi
anlayirlar.

Aviasiya miitoxassislorinin hazirlanmasinda  MATLAB vo Simulink-in imkanlarinin
Oyronilmasi va digor oxsar sistemlorlo miigayisasi bizo asagidakilar1 sGylomoya osas verir.

1. MATLAB va Simulink-in universallig1 vo ¢evikliyi

MATLAB va Simulink aviasiya masaloalorinin holli iigiin idaroetmo alqoritmlorinin islonib
hazirlanmasindan tutmus multidissiplinar sistemlorin modellosdirilmasine qodor genis ¢esidli alstlor
togdim edir. Bu program paketlori toyyaronin dinamikasini, ugusa nozarat sistemlorini, navigasiyani
vo otraf miihitlo qarsiligh slagoni modellogsdirmak vo tohlil etmok iiclin ¢evik imkanlar toklif edir.
Digor ixtisaslagdirilmis sistemlordon (masalon, ANSYS va ya X-Plane) forqli olaraq, MATLAB vo
Simulink miixtalif fonlori vo model novlorini inteqrasiya etmok ticlin daha genis imkanlar toklif
edir.

2. Talim va prototiplosdirmada samaralilik

MATLAB vo Simulink aviasiya miitoxassislorinin hazirlanmas1 prosesindo miixtalif
abstraksiya soviyyolorindo modellor vo alqoritmlor yaratmaq imkani veron giicli alotlordir. Bu
programlar prototiplosdirmo prosesini xeyli sadslosdirir, tolobalora vo miitoxassislora idaroetma
sistemlorini, navigasiya sistemlorini vo aviasiya texnologiyasinin digor asas komponentlorini siiratlo
isloyib hazirlamaga vo sinaqdan kegirmoyo imkan verir. ANSYS vo ya Simcenter kimi digor
sistemlordo modellogdirma prosesi daha ¢ox ixtisaslagsmis ola bilor, lakin qurasdirma vo tohlil {igiin
daha ¢ox vaxt talob olunur.

3. Nisbaton asag1 qiymat va slcatanhq

ANSYS va ya Simcenter kimi bozi daha bahali ixtisaslagdirilmis proqramlardan forqli
olaraq, MATLAB vo Simulink qiymat baximindan daha miinasibdir vo tohsil miiassisolorinds genis
istifado olunur. Bu, onlar1 aviasiya miitoxassislorinin hazirlanmas ti¢lin effektiv, lakin sorfoli hallor
tolob edon tohsil miiassisalori va toskilatlar liclin xiisusilo calbedici edir.

4. Idaroetmo alqoritmlorinin islonib hazirlanmasi vo sinaqdan kecirilmosinin
uistiinliiklori

MATLAB vo Simulink avtopilotlar vo ugusa nozarat sistemlori kimi idareetmo alqoritm-
lorinin islonib hazirlanmasi, sinaqdan kecirilmasi vo yoxlanilmasi ligiin daxili alstlori ilo analoji
sistemlordon forglonir. Toyyarolorin dinamikasinin modellogdirilmosi vo miixtolif idarosetmo
sistemlorinin inteqrasiyasi ii¢lin bloklar real soraito yaxin soraitdo alqoritmlorin siiratli sinaqdan
kecirilmoasino vo optimallagdirilmasina imkan verir.

5. Multidissiplinar vazifalorin inteqrasiyasi

MATLAB va Simulink-in asas tstiinliiklorindon biri aerodinamika vo mexanikadan tutmus
idaroetmo sistemlori vo naviqasiyaya qodor miixtolif fonlordon problemlori inteqrasiya etmok
bacarigidir. Bu, toyyara dizaynimin fordi aspektloring digget yetiron OpenVSP va ya Simcenter
kimi daha ixtisaslagmis vasitolordon forqli olaraq, miixtalif texnologiya vo yanasmalarin sintezini
tolob edon miirokkab problemlorin halli {iglin onlar1 ovozolunmaz edir.

6. Real vaxtda qarsiliqgh slagonin simulyasiyasi va tohlili

MATLAB vo Simulink real vaxt rejimindo miirokkab sistemlori modellogdirmays vo
simulyasiya etmoyo imkan verir ki, bu da miixtolif soraitlordo toyyarslorin davranisini tohlil etmok
liciin xiisusilo vacibdir. Bu, bahali vo vaxt aparan real sinaqlara miiraciot etmodon virtual ugus
sinaqlar1 ke¢irmaya va idaraetma sistemlorinin isini qiymatlondirmays imkan verir.

7. Tadris prosesi iiciin genis imkanlar

MATLAB vo Simulink aviasiya miithondisliyi sahosindo tolobolori dyrotmok {iciin tohsil
miiossisalorindo genis istifado olunur, c¢ilinki onlar aviasiya sistemlorinin layihslondirilmasi,
modellosdirilmasi vo optimallasdirilmasi proseslorinin aydin vo effektiv niimayisino imkan verir.
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Onlar todris materiallarinin, laboratoriyalarin vo simulyasiyalarin iglonib hazirlanmasi {i¢iin zongin
miihit toklif edir ki, bu da mévzunun daha darindon dork edilmoasine komok edir.

8. Xiisusi avadanhqdan daha az asihihq

Giicli grafik kartlar1 vo aparat platformalar1 tolob edo bilon X-Plane kimi bozi yliksok
ixtisaslagmig sistemlordon forqli olaragq, MATLAB vo Simulink standart is stansiyalarinda isloya
bilor ki, bu da onlar1 talobalor vo kicik tadqigat qruplar1 da daxil olmagla genis auditoriya iigiin daha
olgatan edir.

Coxlu stiinliiklorino baxmayaraq, MATLAB vo Simulink aerodinamik proseslorin doqiq
modellosdirilmoasindo mohdudiyystloro malikdir ki, bu da ANSYS va ya X-Plane kimi sistemlorin
giiclii torofidir. MATLAB vo Simulink osas aerodinamik modellosdirma {i¢iin alatlor toqdim edir,
lakin bu ciir proseslorin toforriiatl tohlili daha ¢ox ixtisaslasdirilmig paketlorin istifadosini tolob
edir.

Noatica: Todgiqatin naticalorini imumilosdirarak asagidakilari geyd edo bilarik:

* MATLAB vo Simulink aviasiya miitoxassislorinin hazirlanmasinda asas rol oynayan giiclii
Vo ¢oxyonlii alatlordir vo idarsetmo algoritmlarinin islonib hazirlanmasi, tayyaralorin dinamikasinin
modellosdirilmasi, sistemlarin tohlili vo onlarin vahid arxitekturaya inteqrasiyasi kimi genis spektrli
problemloarin hallinda yiiksak saviyyada ¢evikliyi tamin edir.

* Bir sira ixtisaslasdirilmis sistemlor (ANSYS, X-Plane va s.) toyyarslorin aecrodinamikasinin
Vo fiziki davraniginin daha otrafli tohlili Gigiin faydali ola bilso do, MATLAB va Simulink daha
yiiksok saviyyado miicarradlogsmo vo miixtalif texnologiyalarin inteqrasiyasi zamani problemloari
effektiv hall etmok imkani1 verir.

» Tolobolor real vaxt rejimindo modellor yarada, parametrlorlo smaq kegira, miixtolif
baslangic sortlor tiglin alinan noticolori miiqayiso eds Vo vizuallasdira biliorlor. Naticodo real
naviqgasiya sistemlori ilo islomok bacariglart aldo edor, miixtalif monbalordon molumatlarin neco
gobul edilocayi va birlosdirilocoayini basa diisor vo sahvlori aradan galdirmagq tgiin filtrlori totbig
etmayi Gyronarlar.
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THE USE OF MATLAB AND SIMULINK IN THE TRAINING OF FUTURE AVIATION
SPECIALISTS
Ahmadov L.N., Guliyeva Kh.N.
National Aviation Academy

The article explores MATLAB and its extension, Simulink, highlighting their significance
across various scientific and engineering fields. It discusses how these tools are used in visual
object-oriented programming, modeling linear and nonlinear dynamic systems, signal and image
processing, system analysis, identification and modeling, fuzzy logic, neural networks, and more. A
key focus of the article is the application of MATLAB and Simulink in the education of future
aviation specialists. It examines how these tools help address challenges in learning essential
subjects for professional training. The article also provides a comparison of MATLAB and Simulink
packages with a number of other similar and specialized software tools used in engineering
practice, especially in the field of aviation, for modeling and solving aviation problems. The
discussion covers the role of MATLAB and Simulink in modeling aerodynamic processes, avionics
systems, engine components, and flight simulators. It also looks at their application in designing
unmanned aerial vehicles (UAVs), simulating control systems, and processing data from various
aircraft sensors. These aspects are crucial in helping students grasp flight mechanics, operational
requirements, and aircraft control system dynamics. The article explains how each model built
using these tools contributes to developing students' technical skills and knowledge. It also provides
guidance on creating Simulink models for key navigation-related tasks, such as modeling and
integrating INS and GPS navigation systems, simulating autopilot functions, tracking flight
trajectories, and designing collision avoidance systems. Additionally, the article presents examples
of data processing in MATLAB for different aviation-related tasks. In conclusion, it emphasizes the
importance and benefits of using MATLAB and Simulink in training aviation students, ensuring they
gain practical experience and a deeper understanding of their field.

Keywords: training of aviation specialists, MATLAB, Simulink, ANSYS, X-Plane, Simcenter,
modeling, simulation model, data processing, filtering, INS and GPS systems, visualization, noise
simulation, flight simulators.
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QEYRI-SOLIS SISTEMLORIN IDENTIFIKASIYA MOSOLOSININ HOLLINDO
max-min KOMPOZISIYA OMOLIYYATININ TOTBIQI

Mommadova K.A., Oliyeva Y.N.
Azarbaycan Déviat Neft va Sanaye Universiteti

max-min kompozisiya omoliyyati qeyri-solis ¢oxluqglar nozeoriyyesindo fundamental
vasitadir. Xiisusilo do, qeyri-solis sistemlorin identifikasiyast mosalosinin hallindo miihiim rol
oynayir. Qeyri-salis sistemlorin identifikasiya masoloasinin todqiqinds identifikasiya halli miisahido
edilon molumatlar osasinda giris-¢ix1s qeyri-solis ¢oxluglar arasindaki olagoni on yaxsi
modellosdiron geyri-solis alagonin miisyyan edilmasini nozardos tutur. Bu isds geyri-solis miinasibat
tonliklori soklindo tosvir edilmis qeyri-solis sistemlorin miinasibotloro goéro identifikasiya
masalasinin hallindos max-min kompozisiya amaliyyatinin totbiqi nozords tutulmus vo qaydalar
bazasi osasinda identifikasiya alqoritmi qurulmusdur. Magsad, max-min kompozisiya amaliyyatinin
totbiqi ilo geyri-solis miinasibat tonliklori soklinda tosvir edilmis geyri-salis idaroetma sistemlorinin
identifikasiya mosolasinin hallinds prosesi daha adekvat tosvir etmokdir. Arzu olunan moagsad vo
sortlori 0doyon qeyri-solis idarsetmonin naticalorinin obyektiv qiymatlondirilmasi naticesindo
idaroetmo omrlori 6z qiymatlori ¢orgivasinds salis giymatlor ¢oxlugu kimi toyin edilir. Hor bir
idaraetmo amrlorine uygun olaraq prognozlasdirma naticalori asasinda miivafiq idareetma qaydalari
segilir.

Bu isdo li¢ formada dinamik proses analiz edilir: determinik, stoxastik vo geyri-salis. Qeyri-
solis modellarin qurulmasi vo identifikasiyasi tisullart asasinda qeyri-miioyyanlik soraitinds dinamik
modellorin tosviri ti¢lin nisbaton uygunlagdirilmis geyri-salis TSK forq modelinin qurulmasi va
identifikasiyas1 metodologiyasinin hazirlanmasi vacibliyi hagqinda natico ¢gixarilmigdir. “Qeyri-salis
TSK — forq” formasi model olub, sol torafinds geyri-salis ¢oxluglar, sag torafinds iso r, s tortibli
forq tonliklori yerloson produksiya qaydalar1 comindan ibarotdir. Mogalods implikativ geyri-salis
gaydalar vo geyri-salis giriglor sistemi {izro hoyata kegirilon praktiki notico ¢ixarma metodundan
istifado olunmusdur. Qeyri-salis amoaliyyatlardan va geyri-salis biliklor bazasindan istifado etmoklo
geyri-salis ¢oxluqlar soklinds tortib olunmus geyri-salis montiqi ¢ixarigin asasim1 L. Zadoanin
kompozisiya qaydalar1 togkil edir. max-min kompozisiya amaliyyatina gora forglor comi hesab-
lanmis vo J meyarimin minimal qiymati tapilmisdir. Aparilan todqiqatlara géro malum olmusdur ki,
minimal meyar qiymat max-min kompozisiya omoliyyatina uygundur.

Agar sozlar: dinamik proses, geyri-solis TSK forq modeli, geyri-salis mantiq, max-min
kompozisiya omaliyyati, geyri-salis tonzimlomo qaydalari

Giris

Qeyri-salis idarsetma alqoritminin formalasdirilmasina iki evrestik yanasma vasitasilo nail
olmaq olar. Daha ¢ox insan ekspertizasinin formalasdirilmasindan istifado olunur. Belo forma-
lagdirilmaya tipik niimuns kimi texnoloji proseslorin idars olunmasini gostoarmak olar [1-2]. Diger
yanagma tacriibali ekspertlorin vo ya operatorlarin cavablarina asaslanan doqiq hazirlanmis sor-
gularin komayi ilo idareetma alqoritminin formalasdirilmasidir:
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-operatorun idaroedici foaliyyatinin imitasiyasi — bu halda qgeyri-salis qaydalar insanin ida-
roetmo foaliyyotinin miisahido olunmasi vo giris-¢ixis olagolorinin arasdirilmasi osasinda
formalasdirila bilar;

-prosesin geyri-salis modelinin simulyasiyast — linqvistik yanasmada idars olunan prosesin
dinamik xarakteristikalarinin linqvistik tosvirino prosesin qeyri-solis modeli kimi baxila bilor.
Qeyri-salis models asaslanaraq geyri-salis idarsedici qaydalar ¢oxlugu generasiya edils bilar;

-Oyrotmo ilo geyri-solis qaydalarin generasiyasi — 0z-0ziini toskil edon tonzimloyicilorin
komaoyilo geyri-solis idaroetmo sistemini formalasdirmaq olar [2]. Belo sistemlor iki qaydalar
bazasindan ibarat iyerarxik struktura malikdir: birinci baza, qeyri-salis idarsetma sisteminin imumi
qaydalar bazasidir; ikinci baza is9, sistemin biitovliikde arzu olunan foaliyyatini tomin edon {imumi
qaydalar bazasinin yaradilmast vo doyisdirilmasi li¢lin insanin dyronma qabiliyystini oks etdiron
meta-qaydalardan ibaratdir.

Oyronmonin miiasir yanagmalari, masalon, miiasir Soft Kompiiting, xiisusilo da neuro-fuzzy,
geyri-salis genetik yanagma, ehtimalli mithakima biliklorin aldo olunmasina va geyri-salis idaraetmo
sisteminin optimallagdirilmasina imkan verir [3]. Bu kitab qeyri-solis hesablamanin osas
konsepsiyalar1 vo metodologiyalarinin sistematik hesabini toqdim edon ilk kitabdir. Neyro-geyri-
solis montiq, neyro-genetik alqoritm, geyri-solis montiq-genetik alqoritm vo neyro-geyri-solis
montig-genetik algoritm, neyro-xaos vo s. sistemlor haqqinda g¢oxlu niimunovi totbiglor vo
tacriibalorlo zongin moalumatlarin daxil edilmasi xiisusilo digqoto layiqdir.

[4]-do qgeyri-xatti olan vo geyri-miioyyan soraitdo isloyon idaraetmo sisteminin miioyyon
edilmasi problemi holl edilir vo geyri-salis montiqin iglomasino uygun olaraq sistemin sintezi
aparilir. Yiiksok geyri-miioyyon idareetmo obyekti - buxar generatoru ii¢lin geyri-solis idaroetma
alqoritminin islonmosi, qeyri-salis idareetmo sisteminin arxitekturasi vo onun elementlorinin
miioyyan edilmosi nozordon kegirilir. Bu moqalodo IES-in enerji bloklarmim buxar generatorunun-
dinamik obyektin geyri-salis identifikasiyast miixtolif qeyri-solis implikasiyalar osasinda prosesin
idara edilmasina tasirinin analizi vo optimal hallinin toyini hayata kegirilir. Qeyri-salis idaroetma
sisteminin molumat bazas1 yaradilmis, qeyri-solis idarsetmo sisteminds miixtolif qeyri-salis
idaroetms alqoritmlorinin istifadasi vo orta kvadrat xotast baximindan optimal implikasiya miioyyon
edilmisdir.

Qeyri-solis determinantlarin vo geyri-solis hallorin tapilmasi mogsadilo max—min kompo-
zisiyas1 asasinda AQX=B formal1 xatti tonliklorin hall edils bilon sistemlori {iglin somarali {isullar
toklif edilir. Mogalodo qeyri—solis determinantdan istifado etmoklo B iizorindo xotti tonlik
sistemlorinin unikal hallinin olmamasi sorti formalasdirilmisdir [5].

[6]-da moagsad giris va ¢ixig malumatlarindan qeyri—xatti sistemlorin modellarinin qurulmast
liciin riyazi vasitalori nazorden keg¢irmokdir. Sistemin faza miistovisi her biri xatti modells slagali
olan subdomenlara boliiniir. Hor bir xatti model soklinda tomsil olunur. Xotti sistemlorin segilmis
parametrlorini miioyyon etmoak {i¢iin an kicik kvadratlar iisulundan istifado olunur. Qeyri—xotti
sistemin timumi ¢ixisini dldo etmok iiglin geyri—solis tosvirdon istifado olunur. Toklif olunan
metodologiya rogomsal niimunslar {izorinds sinaqdan kegirilmisdir.

[7-9]-do ardicil implikativ qaydalar va geyri-salis girislora asaslanan praktik naticoys timumi
yanasma toqdim olunur. Ardicil gaydalar hor bir giris {i¢iin geyri-solis sistemin c¢ixislarini
mohdudlagdiran mohdudiyyatlori tomsil edir. Onlar interpolyativ asaslandirma ii¢lin uygunlasdi-
rilmigdir. Naticays yanasma inferensial miistoqilliyin istifadesine osaslanir. O, interval qiymatli
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girigo gora qeyri-salis ¢ixisin hesablanmasina asaslanir. Qeyri-salis girislorin ikigat dekompozisiyast
a kosiklori baximindan vo bu kasiklorin yalniz bir ne¢o qaydanin totbiq olundugu saholoro goro
boliinmosi baximindan hoyata kegirilir. Masoaloya bir vo iki 6lgiilii girislor olan halda baxilmisdir.
Yanasmanin sonaye sahosindo mohsul istehsali, masalon, pendir istehsali prosesine totbiqi nozordo
tutulmusdur.

Moaqalodo implikativ geyri-salis qaydalar vo geyri-salis giriglor sistemi {izro hoyata kegirilon
praktiki notico ¢ixarma metodundan istifado olunmusdur. Qeyri-salis giris {ligiin o kosiklorindon vo
giriglorin bolmoali pargalanmasindan istifado etmoklo natico doqiq diskretlogdirilmisdir. Mohdu-
diyyatlori nazoro alan ekspert biliklorinin modellogdirilmosi zamani Mamdani qaydalari istisna
olmagla bu ciir geyri-solis sistemdon natico ¢ixarmaq daha somaorslidir. Metodun osas ohomiyyati
mohsul istehsali prosesinin sadolosdirilmis proqgnozlasdirict diagnostikasi niimunosinds tosvir
edilmigdir. Lakin moqalado naticalorin dogrulugunu tosdigloyon ehtimal naticalori verilmomisdir
[10].

Bu isdo mogsad, qgeyri-solis miinasibot tonliklori soklinds tosvir edilmis geyri-solis sis-
temlorin miinasibatlora goéro identifikasiya masolasinin hoallinds max-min kompozisiya omaliy-
yatinin totbiqi ilo texnoloji prosesi daha adekvat formada tosvir etmok vo idaroetmo alqoritmini
qurmaqdir.

1. PROBLEMIN QOYULUSU

Cox girisli vo bir ¢ixish geyri-salis idaroetma sisteminin konstruksiya edilmasinds asagida
tosvir edilon geyri-salis qaydalar tipindon istifado olunur [1-3]:

OGOR e] = 411 VO e; = A43,.., VO ey = Ajy onda u* = B,

homg¢inin

OGOR e] = 4,1 VO e; = Aj;,.., VO ey = A,y onda u* = B,

homg¢inin

OGOR e] = A,,1 VO €; = A2y, VO €y = A,y onda u* = B, 1)

Burada ej, ..., ey, u"— qeyri salis doyisonlar (geyri-salis ¢oxluq va ya fazifikasiya olunmus
adi dayisonlordir); Ai,...Ain vo Bi_eq,..., ey, u"dayisonlorinin geyri-salis linqvistik ifadsloridir
(i = 1,m) monsubiyyat funksiyasi vo ya geyri-salis linqvistik nisanlardr.

Qeyri-salis tonzimloma qaydalarinin asagidaki tiplorinden do istifads oluna bilar.

R;: OGOR e;; = A;4,...,VO €j, = Ajp,.., ONDA u* = fi(eq,...,en) (2)

Arzu olunan mogsod vo sortlori 6doyon geyri-salis idarsetmonin naticolorinin obyektiv
qiymotlondirilmosi noticosindo idaroetmo omrlori ¢ixarihir. Idaroetmo omrlori 6z qiymotlori
corcivasindo salis qiymaetlor ¢oxlugu kimi toyin edilir. Hor bir idaroetmo omrlorine uygun olaraq
prognozlasdirma naticalari asasinda miivafiq idarsetma qaydalari segilir.

Qeyri-solis idaroetmonin niivasi hesab edilon montiqi ¢ixariy mexanizmi geyri-salis mantiq
osasinda bazalagdirilaraq asagidaki ardicilligla hayata kegirilir:

1. Hor bir giris doyisonin cari salis qiymatini bu doyigonin qaydalarinin sorti hissasindaki
monsubiyyot funksiyalari ilo miiqayiss etmaklo onun hor bir linqvistik termo monsub olma
doracasinin hesablanmasi, yoni fazifikasiyasinin hoyata kegirilmosi:

1 —_—

=,J =1,N; 3)

1+[c(e—ej)]

Mj(e) =
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2. Har bir qaydanin sortlagdirilmis hissade mansubiyyat qiymaotlorinin kombina edilmasi;
3. Aktivlogsmonin giiclinii toyin etmok {i¢iin hor bir gqaydanin sort hissesino T-norma
omoliyyatlarinin totbiq olunmasi [2]:

T (pa(x), up(x)) = max(0,us(x) + pp(x) — 1) (4)
4. Aktivlogsmonin giiclindan asil1 olaraq har bir gaydanin salis vo ya qeyri-salis naticolorinin

generasiyasi;
5. Cixis doyisonlorinin qiymatlorinin produksiyasi ii¢iin noticalorin defazifikasiya olunmasi

Yo wipp, (W)

Yo = S, he ©)
2. PROBLEMIN HOLLI QAYDASI
Tutaq Ki, geyri-solis model geyri-salis miinasibat tonliklari ilo tosvir edilir [9,10]:
Xivr = Xi # Uy * R(Xp, w3, Xi41) (6)
burada, X;11 = [ty (x;)/x;
Ui = fﬂut(ui)/ui
R = Xj »x Uy % Xi1q (7)

*€ 0, = {sup —min, inf —max, t; — min, t, — prod, sup —prod},

**€ 0, = {o, 0, B, &, P} - kompozisiya omosliyyatlaridir.

Elo kompozisiya smoliyyatini1 segmok vo R -geyri-solis miinasibotlorini hesablamaq tolob
edilir ki, baxilan X;,; parametrinin qiymatlori ilo (6) tonliyinden alinan X, arasinda forq minimal
olsun.

Qeyri-solis miinasibat tonliklori soklinda tosvir edilmis geyri-solis sistemlorin miinasibatlora
goro identifikasiya alqoritmi asagidaki masaloalorin hollini nozords tutur:

1. Salis vo geyri-salis girig-¢ixis verilonlorinin yigilmasi vo miihakimslor oblastinin toyin
edilmasi.

2. Verilonlarin klasterlosdirilmosi vo ilkin verilonlorin vo ya osas qeyri-salis ¢oxluqglarin
qurulmast.

3. Osas qeyri-salis ¢oxluglar termininda y181lmis biitiin verilonlorin ifade olunmasi.

4. Sistemin strukturunun tayin edilmasi, yani sistemin modelinin fikso olunmasi.

5. Struktur parametrlorin hesablanmasi, yoni slave parametrlorin miinasibatlori iizro modelin
keyfiyyot gostoricilorini minimallagsdiran vo optimallagdiran geyri-solis miinasibatlor modelinin
hesablanmasi.

6. Emprik verilonlors miinasibotlor iizro alinmig modelin yoxlanmasi.
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Girig-cixis verilonlori baxilan sistemin todqiq olunmasi yolu ilo yigila bilor vo 6lgmo
qurgularindan qeydiyyatdan ke¢mis ola bilor. Bu verilonlor linqvistik xarakterli do ola biler vo
miivafiq oblastda toyin olunmus qeyri-solis ¢oxluqlarla tosvir edilo bilorlor.

Sistemin todqiq olunmasi naticosindo verilonlor yigilir. Qeyri-solis klaster-analiz tisulunun
totbiqi ilo bu verilonlor geyri-solis miinasibatlorin hesablanmasi zamani istifads edilon geyri-solis
coxluglarda qruplasdirilir.

Girig-cixis oblastlarinin toyin edilmosi yigilmis verilonlorin klasterlogdirilmosini hoyata
kecirir. Konkret totbiq sahasindon asili olan, giris-¢cixis oblastlarina monsub edilmis linqvistik
nisanlarin saymi oks etdiron geyri-solis ¢oxluglarin say1 toyin edilir. mosalon, giris oblastinda {i¢
linqvistik nisana, “kic¢ik”, “orta” va “boyiik” giriglorino bolmok olar. Verilmis verilonlor ¢oxlugunu
da ti¢ klastera bolmaok olar.

Qeyri-salis diskretlogdirma vo geyri-salis klasterlogdirmanin tatbiqi biitiin verilonlorin tasvir
olunmasini tomin edir [3-6].

3. QEYRI-SOLIS SISTEMLORIN IDENTIFIKASIYA MOSOLOSININ HOLLINDO
KOMPOZIiSiYA OMOLIYYATININ TOTBIQi

Sistemin strukturunun toyin edilmasi tiglin avvalco sistemin ¢ox giris vo bir ¢ixisa malik
olmasini toyin etmok lazimdir. Sistemin strukturu kompozisiya omoliyyatinin, xiisusilo do, sup-min,
sup-prod, inf-max, t;-min, t,-prod va s. amaliyyatinin segilmasi ils toyin edilir.

Kompozisiya amoliyyati geyri-solis miinasibat tonliklori soklinds asagidaki kimi tosvir
edilir:

Xiv1 =XioU;°R (8)

Qeyri-salis modelin strukturu toyin edilir. Burada, X; = [ P, /Xi
Up = [ phy, /ui, Xi €V, U €W

V,W — obyektin giris-¢ix1s oblastidir.

Bundan sonra sistemin struktur parametrlori toyin edilir. Yoni geyri-solis miinasibatlor
hesablanir. Bu mogsadlo, totbiq olunan giris-¢ixis verilonlorino klasterlogdirma {isulunun totbiqi
naticosinds alinmis N sayda {(X;,Y;)}-geyri-solis giris-¢ix1s verilonlori birliyindon istifads edilir vo
onlar arasinda qeyri-salis miinasibatlor hesablanir.

Xiv1 = Xio U o R(x;, uy, Xi41) 9)

(9) tonliyi ilo tesvir olunmus qeyri-solis sistemin identifikasiya mosolosi -R geyri-salis
miinasibati ifads edir va bu geyri-salis tonliyin halli ils basa ¢atir.

(9) geyri-salis tonliyinin halli kompozisiya amoaliyyatinin se¢ilmosindon asilidir. Ona gors do
(9) tonliyi ilo tosvir edilmis geyri-salis sistemin identifikasiya mosalasing, tadqiq olunan geyri-salis
verilonlorin vo geyri-salis miinasibot tonliklorinin kdmayilo alinmis ¢ixis modellori arasinda forglor
cominin optimallagdirilma (minimallagdirilma) masolosi kimi baxila bilor [7,8].
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- . (10)
min J (*,R) = min X o(X; *U;R, X;,4)
*xeO] *eO1i=1
ReR ReR

burada, R = U;_gx X; * U; * Xj44
R —o,¢p,Be -kompozisiya omoliyyatinin kdmaoyilo hesablanmis qeyri-solis miinasibatlor
birliyidir.
vo Xi,1 Qeyri-solis coxluglart arasinda farqlor comini ifads edir.
p — X;i*UR vo X;;1 geyri-salis ¢oxluglar1 arasinda mosafo funksiyasidir. Masafo
funksiyalarinin imumi formalarindan biri Minkovski mosafasidir.

p(X; * UR, Xi41) = (J Hywpr Kivr — H,, | (Xi41))Pdu) /P (11)

p = 1 olanda Xemmin masafasi, p = 2 olanda iso Evklid mosafasi olur.

Aydmdir ki, (9) geyri-solis miinasibat tonliyi doqiq hollo malik oldugu zaman minj = 0
olur.

Alinmis modelin yoxlanmas1 miixtolif tisullarla hoyata kegirilir. /| mosafasino J* sorhoddini

olavo etmokls sistemin bu toloblori 6doya bilmasi yoxlanila bilor.

Bu isdo qeyri-solis miinasibot tonliklori soklindo tosvir edilmis gqeyri-salis sistemlorin
miinasibotlora goro identifikasiya mosalasinin hollindo kompozisiya omoliyyatlarindan biri- max-
min kompozisiya amoliyyatinin totbiqi nozords tutulmusdur.

max-min kompozisiya omsliyyatina géra forglor comi hesablanir vo / meyarmin minimal
qiymoti tapilir. Aparilan todqiqgatlara goro molum olmusdur ki, minimal meyar giymot max-min
kompozisiya omaliyyatina uygundur.

Odur ki, geyri-salis miinasibat tonliklori soklinds tasvir edilmis geyri-salis sistemlorin identi-
fikasiya mosolosinin hoallinde kompozisiya amoliyyatinin totbiqi prosesi daha adekvat tosvir etmoyo
imkan verir [9].

Mantiqi ¢ixaris kompozisiya amoliyyati agsagidaki tavtologiyalar tizorinds bazalagdirilir:

-modus ponens (A A (A = B)) = B;
-modus tollens: ((A = B) AB) = 4;
-sillogizm: ((A=>B)A(B=>C(C))=> (A= (C);
-kontropozisiya: (A = B) A (B = A).
Salis mantiqi ¢ixarisda daha ¢ox modus ponens tatbiq edilir vo agsagidaki kimi yazilir:

Miihakima A hoqiqidir
Implikasiya ogor A-dirsa, onda B-dir
Mantiqi ¢1xaris B haqiqidir

Modus ponens “ogor A-dirsa, onda B-dir’qaydasi vo “A haqiqidir” miihakimoasindon “B
hoaqiqidir” naticosini ¢ixarir (A vo B solis mantiqi tosdiq etmadir).

Lakin, ogor presedent istirak etmirso, onda modus ponens hotta yaxin noticolor almaga
imkan vermir. Hotta A-ya yaxin olan hoqiqidirss, modus ponens totbiq edilo bilmoz. Qeyri-
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miloyyon informasiya soraitindo qorarlarin gobul edilmosi tisullarindan biri do qgeyri-solis montiqi
cixarigdir [3,5,10].

Qeyri-salis montiqi ¢ixaris qeyri-solis amoliyyatlardan vo geyri-salis biliklor bazasindan
istifado etmoklo geyri-solis ¢oxluglar soklindo olur. Qeyri-salis montiqi ¢ixarisin asasini L. Zadonin
kompozisiya qaydalar toskil edir.

L. Zadonin kompozisiya qaydalar1 asagidaki sokildo formalasir: Ogor giris (x) va ¢ixis (Yy)
doyisonlori arasinda R geyri-solis miinasibat molum olarsa, onda giris doyiseninin x = A qgeyri-
solis giymotinda ¢ix1s doyisoninin geyri-salis giymati y = A o R kimi toyin edilir. Burada, 0-max-
min kompozisiyasidir [1,2,6].

Sado bir misala baxaq. Qeyri-salis gaydalar verilir. Tutaq ki, giris vo ¢ixis dayisoninin qeyri-
solis giymotlori x = Avoy = A o R geyri-solis ¢oxluqlar soklinds verilir:

A=0/1+01/2+05/3+0.8/4+1/5

B=1/5+0.8/10 + 0.4/15 + 0.2/20

Ogor x=C=0.3/1+0.5/2+1/3+0.7/4 + 0.4/5 olarsa, ¢ixis doyiseninin qiymatini
toyin edok.

OVvvoalco minimumun tapilmasi omaliyyatini totbiq etmoklo mévcud “Ogor x = A— dirsa,
onda y = B-dir ”qaydas1 asasinda qeyri-salis miinasibat matrisi hesablanir:

0 0 0 0
01 01 01 0.1
R=(05 05 04 0.2
08 08 04 0.2
1 08 04 02

Indi iso y = C o R ifadosi iizra ¢ixis doyisoninin geyri-solis qiymati hesablanir (sokil 1):
y=07/5+0.7/10+0.4/15+0.2/20

. 08
s 07
S 06
o _ 05
c +
g g 04
5303
= 02
o 01
0
0 5 10 15 20 25

giris dayisaninin giymatlari

$akil 1. Cixis doyisoninin qrafiki

NOTICO
Moaqalodo geyri-miioyyonlik soraitindo texnoloji obyektlorin dinamik xarakteristikalarinin
tosviri {igiin toyin edilon geyri-solis TSK modelinin qurulmasi vo identifikasiyast mosoalosi holl
edilmisdir. Struktur vo parametrik identifikasiya alqoritmlorinin komaoyi ilo toyin edilmosindo
ehtiyaci olan geyri-salis forq modelinin meyar, parametr vo struktur elementlorinin se¢ilmasino
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osaslanan identifikasiya mosalosi formalagdirilmigdir.

Texnoloji prosesin doyison soraitino tez sazlanma xiisusiyyati ilo forqlonon vo yiiksok
doqiqgliklo onun geyri-xotti dinamik xarakteristikalarini tosvir edon geyri-solis forq TSK modeli
qurulmusdur. Xotti tonliklorin omsallarinin, qaydalar sayinin, monsubiyyst funksiyasinin parametr-
lorinin, forq tonliklorinin tortibinin identifikasiyasi vo onlarin yerino yetirilmosi ardicilligini hoyata
keciron identifikasiya alqoritmlorinin hazirlanmasinda kompozisiya omoliyyati totbiq edilmisdir.
Aparilan todqiqatlara goro molum olmusdur ki, minimal meyar qiymst max-min kompozisiya
omoliyyatina uygundur.
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APPLICATION OF max-min COMPOSITION OPERATION IN SOLUTION OF THE
IDENTIFICATION PROBLEM OF FUZZY SYSTEMS
Mammadova K.A., Aliyeva Y.N.
Azerbaijan State Oil and Industry University

The max-min composition operation is a fundamental tool in fuzzy set theory. In particular,

it plays an important role in solving the problem of identification of fuzzy systems. In the study of
the identification problem of fuzzy systems, the identification solution involves determining the fuzzy
relationship that best models the relationship between input-output fuzzy sets based on the observed
data. In this work, the application of the max-min composition operation is envisaged in solving the
problem of identification of fuzzy systems described in the form of fuzzy relational equations, and
an identification algorithm is built based on the rule base. The goal is to more adequately describe
the process of solving the problem of identifying fuzzy control systems described in the form of fuzzy
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relational equations by applying the max-min composition operation. As a result of an objective
assessment of the results of fuzzy control that satisfy the desired goals and conditions, control
commands are determined as a set of fuzzy values within their values. Appropriate control rules are
selected based on the prediction results in accordance with each control command.

In this work, dynamic processes are analyzed in three forms: deterministic, stochastic, and
fuzzy. Based on the methods of constructing and identifying fuzzy models, it is concluded that it is
necessary to develop a relatively adapted fuzzy TSK difference model construction and
identification methodology for describing dynamic models under uncertainty. The form “Fuzzy TSK
— difference” is a model, which consists of a set of production rules with fuzzy sets on the left side
and r,s-ordered difference equations on the right side. The article uses a practical inference method
based on the system of implicative fuzzy rules and fuzzy inputs. The basis of fuzzy logical inference,
which is composed in the form of fuzzy sets using fuzzy operations and a fuzzy knowledge base, is L.
Zadeh's composition rules. The sum of differences was calculated according to the max-min
composition operation and the minimum value of the J criterion was found. According to the
conducted studies, it was found that the minimum criterion value corresponds to the max-min
composition operation.

Keywords: dynamic process, fuzzy TSK difference model, fuzzy logic, max-min composition
operation, fuzzy adjustment rules.
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NOQLIYYAT LOGISTIKASI

UOT: 65.656 DOI:10.30546/EMNAA.2025.27.01.112

AZORBAYCAN HAVA YOLLARINDA KOD SERINQ MUQAVILOLORI: TONZIMLOMO
TOLOBLORI VO GOLIRLORIN BOLUSDURMO METODU

Karimov B.O., Cabrayilov R.B.
Milli Aviasiya Akademiyast

Kod sering miiqavilalori aviasirkatlor arasinda strateji amakdasliq modelini tagviq edir va
bu amakdashq miistori mamnuniyyatini artirmaq, amoliyyat Samoaraliliyini yiiksaltmak magsadi
daswywr. Bu miiqavilo modeli aviagirkatlorin bir-birinin ucuslarimt 6z brendlori altinda toqdim
etmasina imkan verir. Naticada Sarnisinlor daha genis marsrut se¢imi, daha rahat sayahat imkani va
vaxtlarina ganast edarak daha effektiv planlama eda bilirlor. Aviasiya Sanayesinin inkisafinda
miihiim rol oynayan bu razilasmalar sarnigin dasimalarimi artirmaqla yanasi, aviasirkatlarin
resurslarint daha samarali sokilda idara etmaya da sarait yaradir. Kod sering aviasiya tarixinda ilk
dafa 1967-ci ilda tathig olunmus va 1989-cu ildon etibaran daha genis tatbiq sahasi gazanmisdir. Bu
miiqavilolor Avropada isa 1993-cii ildon sonra daha da genislonmisdir. Zamanla bu yanagma, ham
do bazarda aviasirkatlor tigtin roqabat tstiinliiyii yaradaraq daha genis xidmat sabokalori qurmaga
imkan vermisdir.

Miiasir dovrda kod sering miiqavilalori yalmz igtisadi baximdan samarali deyil, ham da
hiiqugi tolablora uygunlug va tohliikasizlik masalalorina diqgat yetirir. Malumat tahliikosizliyi vo
sifralama talablori, kiber tohliikasizlik protokollari, miilkiyyat hiiquqlarinin daqiq miiayyan edilmasi
Vo beynalxalg hiiqug normalarmma uygunlug bu miigavilalorin miihiim tarkib hissasidir. Bu
sobabdon, kod sering aviasirkatlora yalniz sarnisin dasimalari deyil, hom da hiiquqi va texnoloji
masalalarda birga amakdasiiq etmoak imkani verir. Bu miigavilolarin saomoaraliliyini artiran digar
amillara miistori xidmatlorinin inteqrasiyasi, galirin adalatli béliigdiiriilmasi Vo miibahisalarin hoalli
mexanizmlori da aiddir. Kod sering miiqavilalorinin miiasir talablori aviagirkatlorin faaliyyatini
daha samorali vo miiasir sokilda hayata kegirmaya sorait yaradir. Bu da 6z novbasinda miistari
mamnuniyyatini artirtr, aviasirkatlorin bazar mévgeyini giiclondirir Vo sektorun inkisafin
stiratlondirir. Aviasiya sektorunda davamli inkisafi dastoklayan bu amakdasliglar miistorilora daha
keyfiyyatli xidmatlar taqdim etmaklo yanasi, aviasirkatlarin qlobal bazardaki istirakini geniglondirir.
Bu model daha az xorclo genis ahato dairasi vo daha yiiksok samoaralilik tamin etmoklo ham
Sarniginlara, ham da aviasirkatlora fayda gatirir.

Acgar sozlaor: aviasiya, aviasirkat, kod sering miiqavilasi, amakdaglhq, tanzimloma talablori,
galir bolgiisii, miistari mamnuniyyati.

Kod serinq miiqavilssi, iki vo daha artiq aviasirketin bir araya golorok somarali amokdasliq
modelini formalagdirdigi bir mexanizmdir. Bu miigavilo ¢oar¢ivosindo, toraflordon biri “operator”
statusuna malikdir vo 6z adindan uguslar1 hoyata kegirir, eyni zamanda bu reysloro bilet satisini
toskil edir. Digor aviasirkotlor iso “marketing” torofdaslar1 rolunu icra edorak, operator aviasirkotin
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reyslorini 6z adlarindan toqdim edirlor. Bu yanasma, yalniz bir marsrutda aviareyslorin kommersiya
istismar1 iiclin deyil, ham¢inin bazarda roqabat iistiinlilyli yaratmaq magsedini giidiir. Kod sering,
aviasirkatlorin resurslarin1 daha optimal istifado etmoyo vo sornisin dagimalarinin ohato dairasini
genislondirmoys imkan yaradir [1].

Qeyd etmok istoyirom ki, 1967-ci il aviasiya tarixindo miihiim bir dovr hesab olundu, ¢linki
bu il Richard A. Henson, “Allegheny Airlines” ilo birlikdo koddan birgos istifadoni razilasdirdi. Bu
razilagsma, aviasirkotlorin bir-birinin marsrutlarindan vo resurslarindan daha somorsli istifado
etmoyo baglamast ii¢lin bir noév biindvro oldu. Beloliklo, Hensonun tosobbiisii, kod sering
miiqavilelorinin ilk niimunosi kimi tarixa diisdii vo aviasiya sahosindo omokdasligin yeni bir
dovriiniin baslangici oldu.

Kod serinq termini 1989-cu ildon etibaron “Qantas” vo “American Airlines” torafindon genis
sokildos istifado edilmoys baslandi. 1990-c1 ilden etibaron bu iki aviagirkot, Avstraliyanin miixtolif
soharlori ilo ABS-1n daxili sohorlori arasinda ilk kod serinq miigavilosi osasinda uguslar hoyata
kecirdi. Bu, aviasiya sonayesindo sarnisinlorin daha genis marsrut secimi imkani qazanmasina, eyni
zamanda aviasirkotlorin foaliyyatini artirmasina sobab oldu [2].

Avropada kod serinq miiqavilolorinin populyarlig1 1993-cii ildon sonra, Avropa Ittifaqinin
derequlyasiyasindan sonra artmaga basladi. Derequlyasiya, aviasiya bazarinin daha agiq vo rogaboto
davamli olmasina yol acdi, bu da aviagirketlorin bir-biri ilo amokdagliga yonalmasini tosviq etdi.
Avropa bazarinda bu ciir razilagmalarin yayilmasi, hom sornisinlor ii¢iin daha ¢ox ugus se¢imi
yaratdi, hom do aviasirkatlorin 6z resurslarint daha somarsli sokilds idars etmoloring imkan yaratdi.

Bu dovrden sonra kod serinq miiqavilalori beynolxalq aviasiya sektorunun ayrilmaz bir
hissasing ¢evrildi. Aviasirkstlor, daha genis marsrut sobakolori vo miistori momnuniyyatini artirmaq
iiclin bu strategiyadan istifads etmoyo basladilar.

Miiasir dovrde kod sering, sorniginlora daha rahat vo etibarli soyahat imkanmi toqdim edir,
eyni zamanda aviasirkatlorin maliyys dayanigligini artirir [3].

Kod serinq miiqavilolori, aviagirkotlor arasinda strateji omokdasliq modelidir ki, bu da
miistori momnuniyyatini artirmaq, amsoliyyat somaraliliyini yiiksoltmok vo dasimalar bazarinda
istirakin1 genislondirmok mogsadini gidiir. Bu miiqavilolor sayssindo aviagirkotlor, bir-birinin
ucuslarini 6z brendi altinda toqdim edorok miistorilora daha genis vo rahat se¢cim imkani yaradir.
Bununla yanasi, miiasir aviasiya miihitinin dinamikliyi vo qlobal tonzimlomaolarin siirotlo doyigmasi,
bu miigaviloloro yeni toloblor qoymusdur. Asagidaki bélmoalordo bu toloblorin hor biri otrafinda
torofimizdon daha otrafli miizakirslor aparilmis vo onlarin bu sektora tosiri doyarlondirilmisdir.

1. Malumatin tahliikasizliyi va sifraloma talablori. Miiasir aviasiya sonayesindo molumat
tohliikosizliyi, miistori etimadinin artirilmasi {iciin oan vacib mosalolordon biridir. Aviasirkatlor,
miistori molumatlarini, ugus detallarin1 vo digor haessas informasiyalar1 qorumaq ii¢lin miiasir
sifrolomo standartlarindan istifado etmolidirlor. Masalon, “Advanced Encryption Standard” (AES)
kimi qabaqcil sifrolomo metodlari, molumatlarin tohliikesizliyini tomin edir. Eyni zamanda,
molumatlarin sifrlonmosi {iclin iki faktorlu autentifikasiya sistemlorinin totbiqi, miistori molu-
matlarinin qorunmasii daha da giiclondirir. Belo yanasma, miistori molumatlarinin gizliliyini
artiraraq, aviagirkotlorin miigtori etimadini qazanmasina imkan yaradir.

Aviagirkotlor, yalniz miistori molumatlarin1 qorumagqla kifayostlonmomoalidirlor, eyni
zamanda, kiber tohliikosizlik protokollarin1 da hoyata kegirmolidirlor. Bu, miitomadi tohliikosizlik
auditlori, kiber hiicumlara garst miibarizo planlar1 vo tohliikasizlik testlori ilo hoyata kegirilir.
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Aviagirkotlorin tohliikosizlik miitoxassislori ilo six omokdagligi, sistemin catismazliglarint askar
etmok vo risklori minimuma endirmok {i¢iin zoruridir. Bu todbirlor, aviagirkotlorin kiber hiicumlara
gars1 miibariza qabiliyyatini artiraraq, miistori etimadini daha da méhkomlondirir [4].

2. Miilkiyyat hiiquqlar va istifada sortlori. Kod serinqg miigavilolorinin hiiquqi ¢argivasi,
istirak edon aviasirkatlor arasinda miilkiyyot hiiquglarinin doqiq miioyyon edilmosini tolob edir. Hor
bir torof, hans1 miilkiyyat hiiquglarina malik oldugunu, brend adlarnin, program tominatinin vo
xidmatlorin necoa istifads olunacagmi agiq sokildo ifads etmolidir. Miilkiyyst hiiquqglarinin
pozulmasi halinda hansi hiiquqi todbirlorin goriilocoyi, miiqavilods otrafli sokildo qeyd edilmalidir.
Bu yanagma, toroflor arasinda miibahisolorin yaranma ehtimalini azaltmaga komok edir vo
miiqavilenin hiiquqi qlivvasini artirir.

Kod serinq miigavilolorinin torkib hissasi olan golir boliisdiirme mexanizmlori, miitloq
sokildo aydinlagdirilmalidir. Har bir aviasirkst, hoyata ke¢irdiyi uguslardan sldo edilon galirin neco
boliisdiiriilocayini doqiq bilmalidir. Bu, miibahisalorin garsisini alir vo toraflorin 6hdsliklorini daha
soffaf edir. Golir bdliigdiirme mexanizmlorinin aydinlagdirilmast iiglin miistoqil maliyya
ekspertlorinin calb edilmasi, bu prosesin soffafligini artirir vo toroflor arasinda qarsiligh etimadi
giiclondirir [5].

3. Beynolxalq standartlara uygunluq. Aviasiya sektoru qlobal bir miihitdo foaliyyat
gostordiyindon, beynolxalq hiiquq normalarina vo standartlara uygunluq miitlogdir. Kod sering
miiqavilolori, Beynolxalq Miilki Aviasiya Togskilati (ICAO) vo Beynolxalg Hava Nogliyyati
Assosiasiyast (IATA) kimi beynolxalq organlarin toloblorine riayst etmolidir. Hor bir aviasirkat,
foaliyyot gostordiyi dlkolorin qanunvericilik sistemlorini nozors almali vo bu tonzimlomolori totbiq
etmolidir. Bu yanasma, sektorda hiiquqi c¢otinliklorin yaranma ehtimalini azaldir vo miistori
etimadin artirir.

Aviagirkoatlor, beynoalxalq hiiquq normalarim1 basa diismok vo totbiq etmok iiclin hiiquqi
mitoxassislorlo six omokdasliq etmolidirlor. Bu, onlarin beynolxalq bazarlarda daha rogabot-
qabiliyyatli olmasma komaok edir. Miiqavilolorin hazirlanmasinda va icrasinda hiiquqi uygunlugun
tomin edilmasi, miibahisolorin yaranma ehtimalin1 azaldir. Eyni zamanda, hiiquqi miitoxassislorin
istirak1, miiqavilslorin icrasinin diizgiinliyiinii v etibarliligini artirir [6].

4. Miistori xidmatlorinin inteqrasiyasi. Miistori momnuniyyastinin artirilmasi {igiin kod
serinq miiqavilalorinde miistori xidmatlorinin inteqrasiyast miithiim toloblordendir. Aviagirkatler,
miistori xidmoatlorini standartlasdirmali, bronlasdirma sistemlorini birlogdirmali vo ugus sonrasi
xidmatlorin inteqrasiyasinit tomin etmolidirlor. Bu yanasma, miistori tocriibasini miisbot yonds
inkisaf etdirir. Masolon, miistorilora biitiin bronlasdirma proseslorini bir morkozdon idars etmok
imkani vermok, onlarin uguslarmi izlomok vo hor hansi bir doyisiklik barado molumatlandirmagq,
miistori momnuniyyatini artirir vo onlarin aviasirkots baglhiligini giiclondirir.

Aviagirkatlor, birgs soyahot proqramlar1 yaradaraq miistori loyalligin1 giiclondiro bilorler.
Bu, miistoriloro miixtalif aviagirkatlorin xidmatlorinden eyni anda faydalanmaq imkani toqdim edir.
Miisahidolor gostorir ki, miistoriloro olavo miikafatlar, endirimlor vo ekskliiziv xidmatlor togdim
edilmasi, onlarin aviagirketlors olan baghligimi artirir. Bu clir proqramlar, miistorilorin aviagirkot
secimindo daha inamli olmasina sabob olur [6].

5. Anlasmazhqlarin hslli mexanizmlori. Kod sering miiqavilslorindo miibahisalorin halli
yollariin aydin sokildo miioyyon edilmosi vacibdir. Aviasirkotlor, toroflor arasinda miibahisolorin
daha somoroli holli iigiin arbitraj mohkomo vo digor alternativ miibahiso holli iisullarini totbiq
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etmolidirlor. Bu yanasma, hiiquqi prosedurlarin uzun miiddet davam etmosinin qarsisini alir vo
razilagsmalarin daha siiratli hoyata kegirilmosino imkan verir. Eyni zamanda, bu ciir mexanizmlor,
toroflorin arasindaki oalagoalorin pozulmadan davam etmosini tomin edir.

Miiqavilolordo miibahisalorin halli ii¢lin prosedurlarin vo vaxt ¢orgivalorinin aydin sokildo
miloyyon edilmasi vacibdir. Bu, toroflorin hiiquglarini vo 6hdsliklorini daha yaxsi basa diismalorino
komok edir. Miibahisalorin holli ii¢lin vaxt ¢orgivalorinin totbiqi, toroflorin anlagmalarin1 daha
somoarali bir gokildo hoyata kegirmoyo imkan yaradir. Eyni zamanda, bu, toroflor arasinda soffafligi
artiraraq, golocokdo bas vers bilocok anlasmazliglarin qarsisini alir [5].

Kod sering miigavilolori, aviagirkotlor arasinda miistori bazasin1 genislondirmok vo
omoliyyat somorsliliyini artirmaq mogsadilo hoyata kegirilir. Bu miiqavilalor ¢orgivasinda golirin
diizgiin hesablanmasi, toroflor arasinda adalotli bir omokdasligin tomin edilmasi ii¢iin vacibdir.

Golirin hesablanmasi {igiin miixtolif diisturlar vo prinsiplor mévcuddur [7]. Qeyd edim Ki,
verilmis diisturlar imumi yanasmalar ssasinda analoji olaraq aviasiya sahosino uygunlasdirilmisdir.

1. Galirin hesablanmasi ii¢iin asas diisturlar.

A. Umumi golirin hesablanmas::

Umumi golir (TG), biitiin ucuslardan oldo edilon golirin comini ifado edir. Bu, asagidaki
diisturla hesablanir:

TG =X, PixQi (1)

Burada:

e Pj— Hor bir ugusun bilet qiymati,
e Qi — Hor bir ugusda satilan bilet say1,
e n— Ucuslarin iimumi say1.

B. Golir boliisdiiriilmasi:

Kod serinq miiqavilesindo golirin boliisdiiriilmosi, adoton avvalcadon razilagdirilmis faiz
nisbatlori asasinda hoyata kegirilir. Goalir boliisdiiriilmosi ti¢lin sec¢ilon faiz nisbotlori, aviagirkotlorin
bazar voziyyati, toqdim etdiklori xidmatlor, miiqavilonin sortlori vo iqgtisadi amillor nazars alinaraq
miloyyon edilir. Masalon:

G=TGxR (2)

Burada:

e G — Hor bir aviasirkoto diigon golir.
e R — Toroflor arasinda razilagdirilmis boliisdiirma nisbati (mosalon, 0.7 vo 0.3).

C. Galirin tayinat:

Golirin toyinati, miistori xidmatlori, olave xidmotlor vo digor amillori shato edo bilor. Bu,
asagidaki diisturla ifads edilo bilor:

Gt = Gosas + Golavo (3)

Burada:

e Gt— Toyinat goliri.
o  Ggusas — Osas uguslardan aldo edilon golir.
e Galavo— Olavo xidmatlor (masalon, ¢anta haqqi, yemak, sigorta va s.) ii¢lin golir.

2. Toraflarin golirlorinin hesablanmasi.
Miigavils ¢orgivasindo golirin boliisdiiriilmasi {igiin asagidaki addimlar izlonilir:
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1. Golirin toplanmasi: Hor iki aviasirkot, miivafiq ucuslardan oldo edilon iimumi goliri
hesablayar.
2. Bolisdiirma faizinin miioyyonlosdirilmosi: Miigavilodo ovvolcodon razilasdirilmis faiz
nisbatlori asasinda, golirin neco bdliisdiiriilocoyi aydin sokildo miioyyan edilir.
3. Hesablamalarin aparilmasi: Hor bir aviagirkoto diison golir asagidaki diisturlarla
hesablanir:
GaviasirkotaA = TG X Ra
Gaviasikot8 = TG X RB (4)
Burada: Ra vo Rg - Hor bir aviagirkatin razilagdirilmig boliisdiirma nisbatlori.

3. Galir hesablamalarinda diqqat edilmasi lazim olan masalalar.

e Bilet ixtisarlari: Miistori ixtisarlar1 vo geri qaytarma hallari, golir hesablamalarina tosir
edo bilar. Bu hallarin doqiq qeyds alinmasi vacibdir.

e Valyuta miibadilosi: Forqli valyutalarda uguslar toqdim edildikdo, miibadilo
mazannolorinin do nazars alinmasi tolob olunur.

e Vergi vo riisumlar: Golirin hesablanmasinda, miivafiq vergilorin vo riisumlarin da
nozoro alimmast Onomlidir. Bu, hor bir aviagirkotin oldo etdiyi real goliri diizgiin
hesablamaga komok edir.

Niimuna:

“AZAL” (Azorbaycan Hava Yollar1) vo bagqa bir aviasirkot (mosalon, “Lufthansa’) arasinda
kod serinq miiqavilasi imzalanib. Hor iki aviasirkat, asagidaki ucuslar toqdim edir:
Mbolumatlar:
1-ciucus: AZAL
Bilet qiymati (P1): 200 AZN
Satilan bilet say1 (Q:): 150
2-ci ugus: Lufthansa
Bilet qiymati (P2): 250 AZN
Satilan bilet say1 (Q2): 100
1. Umumi galirin hesablanmasi:

A. AZAL {giin:

D N NI NI N NN

TGazaL=P1xQ1=200 AZNx150= 30 000 AZN
B. Lufthansa f{iciin:
TGuLufthansa = P2XQ2= 250 AZNx100= 25 000 AZN
C. Umumi Galir:
TGiimumi = TGazaL + TGLufthansa = 30 000 AZN+25 000 AZN= 55 000 AZN

2. Golirin boliisdiiriilmasi:

Toroflor arasinda golirin bolisdiiriilmasi iizro razilasdirilmis faiz nisbotlori asagidaki
kimidir:

. AZAL: 70% (R:1=0.7)

. Lufthansa: 30% (R2=0.3)

Hor Aviasirkats diison golirin hesablanmasi:

A. AZAL {igiin:
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TGazaL = TGiimumi XR1=55 000 AZNx0.7=38 500 AZN

B. Lufthansa tigiin:

TGrLufthansa = TGiimumi XR2=55 000 AZN%0.3=16 500 AZN

Niimunanin naticasi:

Beloliklo, kod serinq miiqavilssi ¢orgivasindo “AZAL” vo “Lufthansa” arasinda oldo edilon
golir asagidaki kimi boliiniir:

v’ AZAL: 38500 AZN
v" Lufthansa: 16 500 AZN

Notico. Kod sering miiqavilolori, aviasirkotlor arasinda omokdashigi artiraraq miistori
momnuniyyatini yliksaltmokds miihiim rol oynayir. Yeni tolablorin qobul edilmasi, aviagirkotlorin
foaliyyotini daha miasir vo somoroli sokildo hoyata kecirmoyo imkan yaradir. Molumatin
tohliikosizliyinin artirilmasi, miilkiyyot hiiquglarinin  doqiq miisyyon edilmosi, beynolxalq
standartlara uygunluq, miistori xidmatlorinin birgs inteqrasiyasi vo anlagmazliglarin somarali halli,
aviasiya sektorunun golocoyindo miihiim ohomiyyot kosb edir. Eyni zamanda, kod sering
miiqavilalori ¢argivesindo golirin diizgiin hesablanmasi, aviasirkotlor arasinda odalstli omokdasligt
tomin edir. Miivafiq diisturlarin totbiqi vo golirin boliisdiiriilmasi mexanizmlorinin doqiq miioyyan
edilmosi, toraflorin miivafiq golir oldo etmosino imkan yaradir.

Bu yanasmalar, uzunmiiddotli miistori momnuniyyatini artiraraq aviasirkotlorin bazar
istirakini giiclondirir. Aviasiya sektoru, roqomsal transformasiyaya, davamli inkisaf prinsiplorine vo
miistori morkozli yanasmalara fokuslanaraq kod serinq miigavilolorinin daha genis vo dorin
aspektlorini alo almalidir. Naticads, bu yanagmalar sektorun davamli inkisafina imkan yaradacagq,

miistorilora daha keyfiyyatli xidmatlor toqdim edocok vo aviagirkatlorin bazar mévqeyini giiclon-
diracokdir.
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CODE-SHARING AGREEMENTS IN AZERBAIJAN AIRLINES: REGULATORY
REQUIREMENTS AND REVENUE DISTRIBUTION METHOD
Karimov B.A., Jabrailov R.B.

National Aviation Academy

Code-sharing agreements promote a strategic collaboration model between airlines, aimed
at enhancing customer satisfaction and increasing operational efficiency. This agreement model
allows airlines to present each other&#39;s flights under their own brands. As a result, passengers
have access to a wider range of routes, more convenient travel options, and the ability to plan more
efficiently while saving time. These agreements, which play a crucial role in the development of the
aviation industry, not only increase passenger traffic but also enable airlines to manage their
resources more effectively. Code-sharing was first introduced in 1967 in aviation history and
gained wider application from 1989 onwards. In Europe, these agreements expanded further after
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1993. Over time, this approach has also created a competitive advantage for airlines in the market,
allowing them to establish broader service networks. In the modern era, code-sharing agreements
are not only economically efficient but also pay attention to legal requirements and security issues.
Data security and encryption requirements, cybersecurity protocols, accurate definition of
ownership rights, and compliance with international legal standards are crucial components of
these agreements. Therefore, code-sharing allows airlines to collaborate not only on passenger
transportation but also in legal and technological matters. Other factors that enhance the efficiency
of these agreements include customer service integration, fair revenue distribution, and dispute
resolution mechanisms. The modern requirements of code-sharing agreements enable airlines to
operate more efficiently and in a more contemporary manner. This, in turn, increases customer
satisfaction, strengthens airlines&#39; market positions, and accelerates the sector&#39;s growth.
These collaborations, which support sustainable development in the aviation sector, not only
provide higher-quality services to customers but also expand airlines&#39; participation in the
global market. This model also offers broader coverage and higher efficiency at lower costs,
resulting in benefits for both passengers and airlines.

Code-sharing agreements are a strategic approach that enhances customer satisfaction by
allowing airlines to present each other’s flights under a unified code. The article discusses the
importance of code-sharing agreements in the context of modern aviation, focusing on compliance
with information security, property rights, and international standards. It also emphasizes how fair
collaboration is ensured through proper revenue calculation and distribution mechanisms. Thus,
meeting these requirements strengthens airlines' participation in the transportation market and
increases customer trust. The article highlights the necessity of making strategic decisions aligned
with modern demands to forecast the future of the aviation sector.

Keywords: Aviation, airline, code-sharing agreement, collaboration, regulatory require-
ments, revenue distribution, customer satisfaction.
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BJIHAHUE COIIOJIMMEPA BYTH/IMETAKPH/IATA H AKPH/TAMHU/]IA HA
YHUBEPCAJ/IBHYIO CMA3KY, HIOJ1YYEHHYIO HA OCHOBE OTPABOTAHHBIX
ABUHAITHUOHHBIX MACEJI

YAckeposa K.T., "Mameoosa C.H., Jlaooxuna H.II, *A66acoea I 5.,
racanosa M.A, 2I036awesa JI.H.
"Munucmepcmeo Hayku u Oopazosanus Asepoaiioscanckoii Pecnyoauxku Hucmumym xumuu
npucadok um. akaoemurka A. M. Kynueea
’Hayuonanvnasa Axademun Asuayuu

B cmamve npeocmasnenvt pe3yiomamol uccied08aHull N0 GIUAHUIO CONOIUMEPOS OYMUIL-
memaxpunama (BMA) ¢ akpunamuoom Hna yHuepcanivhbvie CMA30YHblE MAMEPUANbl HA OCHO8E
ompabomanHo20 MOMOPHO20 U UHOYCIMPUATbHO20 Macad. M3yuensl (husuxko-xumuieckue ceolucmaa
CMA30YHLIX  MAMEPUANo8 HA OCHO8e NpUMeHAeM0o20 uHoycmpuaivhoco macia H-404,
cunmemuyeckozo macia Typoonukoun-321 u nonyueHvl onpeoeieHHvle pe3yivbmamsel. Ycmanos-
JleHo, umo 0obagleHue CONONUMePA 6 CMA30YHLIL MAmepuan yayyuiaem e20 KauecmeeHHbvle
xapaxmepucmuku. IIpu smom ompabomanmnvie agUayUOHHble MOMOPHLIE MACAA He UCHOIb3YIOMCS
8 Kauecmee omxo008, a nepepabamvi8aromcs 6 HAHOPA3MEPHble CMA30YHblE MAMEPUATbL NYmeM
83AUMOOCUCMBUS C PA3TUYHBIMU 3A2YCIMUMENSAMU, OKUCTIEHHBIM XJIONKOBbIM MACIOM, KAHUPDOIbIO U
ayemamom meou npu onpeoeieHHol memnepamype u 0agieHuu. Imo maxdxce umeem 0OO0IbULIOE
9KONI02UYeCcKoe 3HauyeHue. B cmamve ompadicenvl ceoticmeéa u obracmu npumeHeHusl 8blCOKO-
KA4eCmeeHHOU CMA3KUu, HNONYYEeHHOU 6 pe3yibmame 6030eUCmeusi CONoaUMepa aKpuiamuoa u
oymunmemaxkpuiama Ha noaydenHylo cmasky. Hanuuue cunmemuueckoeo macna 6 6azosom macie
no36osiem cmaske umems Oosee WUpokyio obnacms npumeHnenus. Ilpu smom 6onvuioe sHauenue
uMeem coxpameHue ee cmMAOUILHOCMU 8 YCIO0BUAX BAKYYMA NPU BbICOKOM OAGleHUU U memne-
pamype, a maxaice @blCOKAsL 2ePMEeMUYHOCHb.

B cmamuvio exntouen epagux, demoHcmpupyowuii 8biCOKyI0 memnepamypy KanienaoeHus
(TKII) 6 nponennenme c oobasnenuem nonumepa. Ilocne 83aumooeticmsusi cMazouHo2co mame-
puana, noaIy4eHHo20 U3 ompabomanHo20 NOJIYCUHMEMUYECKO20 ABUAYUOHHO20 MOMOPHO20 MACd,
¢ conoaumepom axpuramuoa BMA nonyyaemcs cmazounviii mamepuan, OMaudarOwWuiicss om opyeux
CBOUM Ka4ecmeoM, NIACMUYHOCMbIO U AO2e3UOHHbIMU CEOUCMEAMU, YMO HOOPOOHO ONUCAHO 6
cmamve. Imom conoaumep novluiaenm CMmoUuKoCmb CMA30YHbIX MAMEPUaios K OKUCIEHUI0 U
VAyumaem ux mepmuyecKyto cmabuibHoCmb.

Knrwuegvie cnosa: 6ymuimemaxpunam, akpuiamuo, KaHu@olb, cOnoaumepusayus, ompa-
bomanHble cunmemuyecKue macaa, ayemam, noaumep.

BBenenne. M3BecTHO, UTO B HacToslliee BpeMsl C KaXIbIM JHEM pacTeT MOTpeOHOCTh B
YIUIOTHUTENBHBIX M CMa30YHbIX MaTepuajax ¢ HU3KOW TeMIepaTypoil 3amep3aHHsi U BBICOKOM
CTaOWJIBHOCTBIO Ui TepMeTH3aluu HedTerazoBoil apMaTypbl, KpaHOB, BEHTWJIEH M BHHTOB,
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CMa3blBaHUSI M 3aIIUTHl OYPWJIBHBIX M JPYTHMX TpPyOHBIX pe3b0, a Takke s apMaTyphl,
paboTaromieil moj BBICOKMM JaBJI€HHEM (IUIOCKHE W TPOOKOBBIE KpPaHbl U T.II.), U YCTPOMCTB,
pabotatonux moa BakyymoM. C Ipyroil CTOPOHBI, BBISIBIIEHUE HANpPaBICHUI MOBTOPHOTO HCHOJb-
30BaHUs OTPAOOTAaHHBIX CUHTETUYECKUX U MOJTYCHHTETHUECKUX Macesd TaKKe BeChbMa aKTyajbHO U
uMeeT O0JIbIIIoE FKOJIOTMUECKOe 3HAUCHHUE.

MuHepanbHble CUHTETHYECKHE WU MOJyCHHTETUYECKHE Macliia MCIOJIb3YIOTCS B KayecTBe
caMOil OCHOBHOM M Ba)KHOW IUCIIEPCHOHM (ha3bl MPU MPUTOTOBICHUH IUIACTUYHBIX CMa3oK. Kak
MOKA3bIBAIOT JIUTEPATypHBIC JaHHBIC, XOPOIIME pPE3YyIbTaThl MOTYT OBITh MOJYYEHBl NpU
WCIOJIb30BAaHUU B KadeCTBe JHCIEpCHON ¢a3bl BbIcOKOBs3kuX Macen [1]. Ilpu ucnonms3oBanuu
TaKUX MPUCAIOK, Kak ¢Tamouuanun memu, (ramoruanug kodamsta u Keroflux 6e3 mobasienus
METAIJIMYECKOTO0 TMOPOIIKA MOXKHO TOJYYUTh BBICOKOKAUYECTBEHHBIM T'€pPMETHK-CMa3Ky s
HedTerazoBoil apmatypsl. B kauecTBe mucmepcHO# daszpl UIsi 3THUX CMa3OK PEKOMEHIYyeTcs
UCIOJIb30BaTh CHHTETUYECKYIO cMech Macen B-3V uin MuHepanbHyIo.

W3 nuteparypsl cieayer, YTO OCHOBHBIM KOMIIOHEHTOM IPH MPUTOTOBJICHUHU IMIACTHUYHBIX
CMa30K SIBJIIIOTCSI MUHEpajbHblE WM CHHTETHYECKME Macia. B 3aBucumoctu ot obnactu
IIPUMEHEHUSI HCIIONIb3YIOTCS pa3iuyHble Macja. BiusHue npupojsl M KOJIMYECTBA Macesl Ha
CMa304YHbI€ CBOMCTBA CUCTEMATHUYECKHU HE U3ydyanoch. CBEACHUN O BIUSHUU OTPaOOTaHHBIX Maces
(aBTOMOOHMITBHBIX, TpaHC(HOPMATOPHBIX, TU3EIBHBIX W aBUAIIMOHHBIX TYPOWHHBIX, CHHTETHYECKHX
WIM TOJYCUHTETUYECKMX) Ha CMa304yHble MaTepualbl HET. YUMUThIBas 3TO, CPaBHUTEIbHOE
UCCIIeIOBaHNE BIMSHHS OTPabOOTaHHBIX Macell Ha PEOJIOTMYECKHE CBOICTBA CMa30uYHBIX Mare-
pHAJIOB IO CPABHEHMIO C HEOUMIICHHBIMH MacllaMH, C OJHOW CTOPOHBI, IO3BOJISIET CHU3HTH
ce0eCTOMMOCTh CMA30YHBbIX MaTe€pHajoB, a C APYrod CTOPOHBI, SIBJISETCS BeCbMa aKTyaJbHBIM C
9KOJIOTMYECKOHN TOUKH 3PEHHUS

VYcTaHOBIE€HO, 4YTO ISl TOJY4YEHHs] Ta30HEpacTBOPMMOHM CMa3K{, HCIOJIb3yeMONH B
MarucTpalbHbIX Ta30MpPOBOJAX, PACHPENCIUTEIbHBIX CETAX U KOMIIPECCOPHBIX CTaHIUSX,
HeoOX0auMO B KayecTBE 0a30BOT0 KOMIIOHEHTa B35ATh KaHU(OJIBHOE Macjo, a B KauecTBe
3aryCTUTENEH - PO3UHAT KaJbIUs, aJKUIOCH30JICYIh(aHaT U aHTUOKCUIAHT (MOHOM) [2].

VYIIOTHUTENbHBIE CMa3KM Ha OCHOBE MOYEBHHBI 00JaJalOT MOBBILIEHHONW TepMoc-
TOMKOCTBIO, TPOYHOCTBIO HA CIBHUI M AAT€3MEH, COXpaHsAs IPHU ITOM YIUIOTHUTEIbHBIE CBOWCTBA
MpU HU3KUX M BBICOKUX Temmeparypax [3,4]. Jlns ymydiieHus HU3KOTEMIIEpPATypHBIX CBONCTB
HE00XO0/IMMO B CMECh YIJIEBOJIOPOIHBIX M 3(PUPHBIX Macel J00aBIATh MOTYCHHTETHYECKOE MAclo B
coorHorrennn 1: 0,1-0,5. JTo6aBka P-11 (0,1-10%) mpuMeHsieTCst /151 TOBBIICHHUS CTOMKOCTH K
W3HOCY, CKOJIaM U KOppo3uu. KomuvecTBo KayCTHYECKOM COJIBI JIOJDKHO COCTaBIATh 5-10%.

Jliig moy4deHus pe3b00BbIX CMa30K, pabOTaIOIIMX B 30HE BHICOKUX TEMIIEPATyp, B KaUeCTBE
0a30BOT0 KOMITOHEHTA UCIOJIb30BAJICSI KEPOCHH [5].

Jlnsi mojlyyeHHus BBICOKOTEMIIEPATypHOH CTOMKOM CMa3Ké aBTOpbI B KadecTBE 0Oa30BbIX
KOMIIOHEHTOB OepyT MEeTHJICHIIMKOH M 0azoBoe Macio 150BS. Dtu macna 3arymieHbl HaHOMeT-
puueckuM auokcuaoM kpeMHus SiOz [6]. IlomydeHHass cMa3ka MMEET BBICOKYIO TEMIIEpaTypy
KarienaJaeHus.

s modydeHus XMMHYECKH MAaCCUBHOM TUTACTUKOBOM YIUIOTHUTEIHHOW CMas3Ku, HEpacT-
BOpPUMOH B Macje U, OCOOCHHO, B CEpOyIJiepo/e, B KauecTBE 3aryCTHTENsl HCIoyib3oBanu 8,3%
KosutonaHoro okcuaa kpemuus (1V), a B xauectBe nucnepcHoit ¢asel — 88% rnmuepuna u 3,3%
nonvdTUIeHMKosss  [7].  IlomydeHHass cma3ka TpUMEHSAETCS s 3aIlIUThl  JIBHKYLIMXCS
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MEXaHU3MOB OT BozehcTBUst CS2 U IPyTrUxX arpecCUBHBIX BEIIECTB MpHU TeMmIiiepaTypax ot -20° 1o
+60°. B 1pyroM MCTOYHMKE AJIs MOIYYEHUsI BBICOKOTEMIIEPATYPHOU CTOMKON CMa3KU B KauecTBE
3arycTuTessl HCHOJB3YIOT alIOMOCHJIMKAT, a B KadecTBe IUCHEepCcHON ¢a3zpl — mnonuddup,
HaTEHOBBIC YTIIEBOAOPOABI U T. 1. [8].

[Ipu u3roToBiieHNU CMa3KH B KaueCcTBE 0A30BBIX KOMIIOHEHTOB HCIOIb3YIOT CHHTETUYECKHI
a¢up neHtasputputa (cuHrernyeckas kuciora (C7-C9)), momucunokcan [13C-5 u merundenm-
CHJIOKCAHOBBIE JKHUIKOCTH C IMPHUMEHEHHEM METHJIa’pOCWiia ISl YIy4IIEeHHs CTaOWIbHOCTH U
PEOJIOTMYECKUX CBOMCTB KOJUTOMAHON CUCTEMBI [9].

Jl1s mosyyeHust yIIOTHUTENBbHOM CMa3KH Ul apMaTypbl MarucTpajibHbIX I'a301POBOJIOB U
KOMIIPECCOPHBIX CTAaHIM B KauecTBE 0a30BBIX KOMIIOHEHTOB HCIIOJB3YIOT KaHH(OJIBHOE Macio,
HMOHOJ, KaJiblieBoe Mbu1o [10].

Hayunble riccnenoBaHus MOKa3bIBaOT, YTO P UCIOIB30BAaHUU B KadecTBe 0A30BBIX Macell
unaycrpuansHoro Macia UM-40A u  orpa®oTaHHOrO aBHAIMOHHOTO MOTOPHOTO  Macla
(TypOonukoiin-321) mpu Mpou3BOACTBE YHUBEPCATBHBIX 3arylIAIONIMX CMa3OK HAONIOAAeTCs WX
nosbiieHHOe TKII. D10 00ycnoBIeHO KHHEMATHYECKOH BA3KOCTHIO aBHAIMOHHOTO Macia (Vs0=9,7
Cer) [11].

Henpr naHHOW padoThI 3aKIIOYAETCS B M3YyUEHUU BIIMSHUS COIOJIMMEpa akpwiaMuja u
BMK Ha nosry4eHHy10 YHHUBEPCAIBHYIO HAHOKOMIIO3UTHYIO CMa3Ky.

W3 nurepaTypHBIX HCTOYHHUKOB HM3BECTHO, YTO JUIS CHIDKEHHS KOX(pQUIMEHTa TPEeHHUs
CMa304YHbIX MaTepuajioB, OOECHEYEeHHUs UX CTAOMIBHOCTH HE3aBHCHUMO OT TEMIlepaTypsl U
MUHUMU3ALNAN TIOTEPh SHEPTUU IPHU TPEHUHM HCIOJB3YIOTCS DPA3JIMUYHBIE IOJUMEPBI, TaKHE Kak
MOJIMaMM/IbI, TOJTMAKPUIIATHL, oMU Gupsl, noauuzo0ytuieH (I11MB), nonnoneduns: 1 conoaumepsl
cTuposa u 6yraauena. [12]

JInst mOBBIIEHUSI ©3HOCOCTOMKOCTH CUHTE3UPOBAHHOW HOBOWM CMa3Ku, MPEAOTBPAIICHUS €€
Ype3MEpPHOTro 3aryCTeBaHUs MPU HU3KUX TEMIIEpPATypax U YPE3MEPHOTO Pa3KIKEHUS IPU BBICOKHX
TeMIeparypax ObUIM TPOBEAEHBI ASKCIIEPUMEHTHI C HCIOJIb30BaHUEM COMOJMMepa OyTuiame-
takpuiara [13,14]. CononumepHas cMma3ka, YBEJIMYUBAET CPOK CIYKObl MEXaHMUYECKUX Y3JIOB, B
KOTOPBIX OHa MCIOJIb3yeTcs, o0ecreunBaeT paboTy cMa3Ku B OoJsiee HMIMPOKOM JAMana3zoHe TemIle-
paTyp, NpeAOTBpAILAET MONAJaHNe 3arpsI3HEHUN B CUCTEMY M KOHTPOJIHMPYET YUCTOTY. DTO TaKXKe
CHIYKAeT MOTEPH SHEPTUU U MOBBIIIAET 3(PPEKTUBHOCTS.

Kak BuaHO M3 TaOnMIbl, OKa3aTean KayecTBa CMa3Ku ¢ Jo0aBieHHeM OyTHIMeTaKkpuiaTa
Bbllle. BnusHue xonmyectBa Macia «TypOonukoin 321» B KkadecTBe IuCHEpCHOM (a3bl Ha
TEMIIepaTypy KaluleraJeHus CMa304HOro MaTepuana IMOKa3aHO Ha pUCyHKe 1, rae KpuBas a
MpEeACTABISIET cOO0M CMa3Ky Ha OCHOBe oTpaboranHoro macna «TypOonmkoitn 321» ¢ momumep-
HBIMHM NIpUCaKaMH, KpuBas b - HaHocMa3Ky 6e3 nonumepa.

Kak BugHo u3 pucysnka, temmneparypa kamenageHus (TKII) nomydenHoit cmasku
CHIDKAETCS, KOTJ1a KOJIMYECTBO NMOJIMMEpPHOU cMa3ku coctaBisieT oT 40% o 50%. Ilpu yBennuenun
KOJIM4ecTBa oTpaboTaHHOTO aBuarronHoro macia ¢ 40% mo 50% TKII pesko Bo3pactaer o 200°
C, a npu panpHeimeMm ysennueHun konuuectBa Macia TKII pesko cHuxaerca um npu 60%
coctasisieT 160° C.
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CpaBHeHHE CBOWCTB CMa30YHOI'0 MaTeprala, OJy4eHHOr0 Ha OCHOBE OTPabOTaHHOTO Macia
TypOonukoiin-321 co cMa304HBIM MaTEPHAaIOM C JOOABICHUEM MOJIMMEpPa

Tabmumal

Cmazka Ha
CMmaska, IoTy4eHHast Ha OCHOBE
OCHOBE Cwma3ka, monydyeHHas Ha OCHOBE
0TpabOTaHHOTO Macia

Ne IToxa3zaTtenu HRAYCTpH Typb6onukoitn-321, (¢ modasie- OTpa6OT?HH0r0 Maca

AIIBHOTO Typbonnkoiin-321, BiI3KkocTh

HUeM OyTHJIMeTaKpHjiaTa),
Macia V50=40-45 cCr
Bs3KOCTh Vi50=40-45 cCr
Jluron-24
OmnpiT 1 OmnpIT 2 OmnpiT 3 OmpiT 1 OmbIT 2 OmbiT 3
p | Tewmeparypa | yep 49 130 135 135 120 130 125
Karenazaenus, °C

p | Komnommiaz 7 5-6 5 4 45 5 3

CcTaOMIIb-HOCTD, %

3 [Tenetpanusi, MM 210-250 160-170 180-200 170-180 150-160 180-200 160-170

4 Kopposus, r/m? VYeroituuB | YcroituuB | YceroiuuB | YcroiuuB | YcroiuuB | YcroiuuB | YcroduuB

Kpurnueckas 800

800 300 - 700 200 -
Harpyska, Pk, krc

Crapounaz 1800 950 1300 - 900 120 -
Harpy3ska, Pc, krc

Nunexc
notpebnenus, U,

MOXHO caenaTh BBIBOJ, YTO KOJMYECTBO 000X CMAa30YHBIX MAaTEPUAIOB, UCTIOIh3YEMBIX B
KauecTBe AMcCIepcHON (a3bl, He NoKHO npeBbimaTh 50%. [IpuunHa 3TOrO, BEpOATHO, CBSI3aHA C
TEM, YTO B 30HE 3a MpeIeIaMu )KUKOKPUCTAIUTMYECKON pelIeTKy npeodnagaet MacisHas dasa.

IIpu noGaBieHuu comonuMmepa OyTUIMETaKpuiaTa B HOBYIO CMa3Ky MPOMCXOJIUT B3aUMO-
JeicTBUE MEXIy CHUHTeTHYecKHMM MaciioM. [15] Takum oOpa3oM, MPOUCXOAUT ATepUPHUKALNS UIH
panukaibHOe B3auMozelcTBue ¢ amuHorpymnmnoi (-NHz2) B cunTeTnyeckom macie, 4To yBeIMYUBAET
ruipooOHBIE UM THIPOPUIBHBIE CBOMCTBA COMOIUMEPA, BA3KOCTh CHHTETUYECKOTO Macia U €ro
CMa304Hy10 criocoOHocTh. bytunmerakpuiar (BMA) — BuHMiICOAepKauii MOHOMEp, TOATOMY OH
MOXKET O0O0pa30BHIBATH COMOJMMEPHl C pa3IMYHBIMH (DYHKIMOHAIGHBIMH TPYNIIAMH ITyTEM
paaukanbHOl nmonuMepuszanuu. Kak monomep ¢ amunorpynmnoii (-NHz), on cononumepusyercs ¢
akpwiaMugioM (AAm, CsHsNO) unu stunenunmunom (C:HsN). Cononumepuzanus akpuiamuia u
BMA mpoBoauTcsi B TNPUCYTCTBUM paJMKalbHbIX vacTull (Hampumep, AIBN - 2.2'-
A300UCU300yTUPOHUTPUI) WIM TEPOKCUIOB (Hampumep, OSH30MINEpPOKCcHIa) ¢ 00pa3oBaHHEM
akpuinamuga (AAm, NH2-CH=CH-C=0):

n BMA +m AAm —> - BMA|- AAm|,-

iniciator
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Pucynok 1. 3aBUcUMOCTb KOJIMYECTBa noauMepHoi cmasku ot TKII

OnekTpoHHO-AepuunTHAs 1BoMHas cBsi3b C=C OyTWiMmerakpwiata CBs3aHa C
amuHorpymmoi (-NH2).

JloGaBneHre MONMMEpa B YHHBEPCATBHYIO CMa3Ky H3MEHSET HEKOTOphIE €€ CBOICTBA.
Hanpumep, noBbIlIaeT BBICOKYI0 MEXAaHMYECKYIO M XMMHUYECKYI0 CTOMKOCTb, (DPUKLMOHHBIE U
CMa304YHBIE CBOMCTBA, BBICOKYIO aIr€3UI0 U AIACTUYHOCTD, & TAKKE XUMHUYECKYIO U TEPMUUYECKYIO
CTOUKOCTB.

Cunsas xpupas (40°C) - yBenuuyeHHE BS3KOCTH CMa3Kd C TOBBIIICHHEM KOHIICHTPAIHH
COIIOJINMEpA.

Kpacnas xpuBas (100°C) - BSI3KOCTh cMa3Ku IpH 0oJiee BBICOKUX TeMIepaTypax He3Hauu-
TEJIbHO yBEJIINYUBACTCS.

Bimsane conoJmmmepa 6yTI/IJ'IM€TaKpI/IJ'IaTa Ha BA3KOCTb YHHBepCaHBHOﬁ CMa3KH

Kak BUIHO M3 puCyHKa 2 M TabauIbl 2, ¢ yBeIUYEHUEM KOJMuYecTBa comoiumepa bBMA ¢
NH2-rpynmoii Bsi3KOCTh TakXke yBeIMYMBaeTcsl. Bpicokas BA3KOCTb YBEIMYMBAET CPOK CIY>KOBI
CMa3KH.

[TonydyeHHble pe3yabTaThl CBUJETENBLCTBYIOT O TOM, YTO J00OaBieHue comnoiumepa BMA c
rpynnamu NH2 yBenuunBaeT BA3KOCTh CMa304YHOTO MaTepHalla, 4To yJydllaeT 3alluTy OT BHICOKHX
Harpy3ok u wu3Hoca. Ilockonpky B coOCTaB CMa3KuM BXOJAT HAHOYACTHULIBI MEIW W THUTAHA,
MPOUCXOIUT comoiumepu3anus Hanouactunl Meau (Cu) u turtana (Ti) ¢ rpynmamu OyTui-
meTakpuiara (-NH>):

Bytunmerakpunarusiii cononumep —NH2+Cu?*—NH2—Cu?* koopIMHAIMOHHBI KOMILTEKC

Bytunmetakpunatasiii conomuamep —NHo+Ti** —NH,—Ti*" koopauHarmoHHbIH KOMITIEKC.

CxeMaTU4HoO:

I, N — (BMA Cononumep) — N,

[ I
Cu?! it
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Kak BumHo 3xmech, dactuiel Cu?** m Ti*" mpucoenuHeHBI K TOJUMEPY IMOCPEICTBOM
KOOPJMHALIMOHHBIX CBsi3eH ¢ rpynnaMu NHo.

Tabmmma 2
KonunenTpanus Bszkocts 1 (mPa-s) @ 40°C Bsi3koctn, 1 (mPa-s) @ 100°
conosumepa (%)
10 77 13.8
15 85 15.5
17 90 16.3
25 110 20.8
35 140 26.5
42 165 30.2
o
—e-~ BASKOCTE® 40°C
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Pucynox 2. I'paduik 3aBUCUMOCTH BA3KOCTH CMa3KH OT KOHIIEHTPAIIMU COTIOIMMEPA

CMaska, moixy4eHHass U3 OTpabOTAHHOIO MOJYCHHTETUYECKOIO ABMAIMOHHOTO MOTOPHOTO
Macjia, MO0 CBOMM KadecTBaM, IUIACTUYHOCTH M aJr€3HOHHBIM CBOMCTBAM IPEBOCXOIUT JPYyTHE
MIPOMBILITIEHHBIE cMa3ku — Apmatoin-238, JIuton-24. OHa MMeeT CBETJIO-KOPUYHEBBIN IIBET, TAK
kak TypOoHukoinn-321, B3iThI B KadecTBE 0a30BOr0 Macia, SBISETCS CHUHTETUYECKHM MAaciOM.
IIpoBencHHBIE MCCIIEIOBAHUS IIOKA3bIBAIOT, YTO YHUBEpCAJbHAs CMAa3Ka, IOJYYEHHAs C UCIOJb-
30BaHMEM OTPaOOTaHHOIO aBHAIIMOHHOTO MOTOPHOTO Macia, MOXKET HalTH IMPOKOe MPUMEHEHHE
HE TOJIBKO B FrepMeTH3aluy HeTera3oBoi apMaTyphl, HO U 0J1arofapsi BBICOKMM TPHOOJIOTHYECKUM
CBOMCTBaM B Ha3e€MHBIX MEXaHHM3MaX W MalIMHAX, a TaK)Ke MOXXET ObITh MCIIOJNb30BaHa JaXe B
repMeTH3aluu a3POKOCMUYECKUX MPUOOPOB.
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1. Cononumep OyTUIMETaKpuUiaTa U aKpHiaMuJa MOBBIIIAET TEPMUUECKYIO CTa0MIBHOCTh

CMa3Ku, yBCJIN4YHBasi YCTOfIqHBOCTB K OKHCJICHHUIO U TCPMUUYCCKOMY PA3JI0OKCHHUIO,

2. IloBeimaer BA3KOCTD, yllydlllas SKCILUIYaTallMOHHBIC XapaKTCPUCTHKU Macjla B YCIOBUAX

BBICOKHX TEMIIEPATYP U JABJIICHUS,

3. Viyudmaer aHTU(PHUKIMOHHBIE CBOWCTBA CMa3KH, YTO MPOAJIEBAET CPOK CIIy>KOBI

000pYyI0BaHUS U CHUXKAET OTPEOJICHUE SHEPTUN.
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ISLONMIS TOYYARD MUHORRIK YAGLARINDAN SINTEZ EDILMIS
UNIVERSAL SURTKU YAGINA BUTIL METAKRILLATIN AKRILAMID
ILO SOPOLIMERININ TOSIRI
19sgarova K.T., 'tMammadova S.1I., *Ladoxina N.P., 14bbasova S.B.,
IHasanova M.A., ?Yiizbasova L.N.

'Azarbaycan Respublikast Elm va Tahsil Nazirliyi akad. A. M. Kuliyev adina
Asqarlar Kimyast Institutu, 2Milli Aviasiya Akademiyast

Moaqaloda butil metakrilatin akrilamid ilo sopolimerlorinin islonmis miiharrik yagi vo
Sonaye yagi asasinda alinmis universal siirtkiiya tasirinin  tadgigatlarinin naticalari taqdim olunur.
Istifads olunan sanaye yagi — I-40A, sintetik yag- Turbonikoil- 321 asasinda alinan siirtkiilorin fiziki
kimyavi xassalori todgiq edilmis vo miiayyan naticalar alda edilmisdir. Miiayyan edilmisdir ki,
sopolimerin siirtkiiya alava edilmasi onun keyfiyyat gastoricilorini yiiksaldir. Eyni zamanda islonmis
toyyara miihorrik yaglari tullanti olaraq deyil, yenidan miixtalif qatilasdiricalar, oksidlasmig
pambiq yagi, kanifol, mis asetatla miiayyan temperatur va tozyiqda qarsiligli tasirda olarag nano
torkibli siirtkii alvir. Bu da ekoloji cohatdon miihiim ahamiyyat Kasb edir. Alinmus siirtkiiya butil
metakrilatin akrilamid  sopolimerinin taSiri naticasinda alinan yiiksak keyfiyyat gostaricilarinag
malik siirtkiiniin xassalori va totbiq sahalari maqalada 6z aksini tapmigdr. Baza yagin torkibinda
sintetik yagin olmas: siirtkiiniin daha genis tatbiq sahasine malik olmasina zamin yaradir. Bels Ki,
vakuum gsoraitinda, yiiksok tazyiq Vo temperaturda sabitliyini qoruyub saxlamasi, hermetiklik
qabiliyyatinin yiiksak olmasi miihiim ahamiyyat kasb edir.

Polimer qatilmis siirkiiniin DDT-nun yiiksok olmasini gostaran grafik maqalada oz aksini
tapmigdr. Islonmis yar sintetik tayyara miihorrik yagi ilo alinmis  siirtkii  BMA-in akrilamid
sopolimeri ilo garsiligl tosirido oldugdan sonra 6z keyfiyyatina, plastikliyina va adgeziya xassa-
lorina gora digar sanaye siirtkiilorindan farqlonan siirtkii alinir va bu barada maqalada genis malu-
mat verilmigdir. Bu sopolimer, stirtkiilarin oksidlasmaya qarsi miiqavimatini giiclandirir va
onlarin termal stabilliyini yaxsilasdirir.

Acgar sozlar: butilmetakrilat, akrilamid, kanifol, sopolimerlasma, tullanti sintetik yaglar,
polimer.
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THE EFFECT OF BUTYL METHACRYLATE AND ACRYLAMIDE COPOLYMER ON A
UNIVERSAL-PURPOSE LUBRICANT BASED ON USED AVIATION OILS
!Askerova K.T., tMamedova S.1., tLadokhina N.P., *Abasova Sh.B.,

!Gasanova M.A., ?Yuzbasheva L.N.

IMinistry of Science and Education of the Republic of Azerbaijan, Institute of Chemistry of
Additives named after Academician A.M. Kuliyev, °National Aviation Academy

The article presents the results of studies on the effect of butyl methacrylate-acrylamide
copolymers on universal lubricants based on waste motor and industrial oil. The physicochemical
properties of lubricants based on the used industrial oil 1-40A, synthetic oil Turbonicoil-321 were
studied and certain results were obtained. It was found that adding the copolymer to the lubricant
improves its quality characteristics. At the same time, waste aviation motor oils are not used as
waste, but are processed into nanosized lubricants by interacting with various thickeners, oxidized
cottonseed oil, rosin and copper acetate at a certain temperature and pressure. This is also of great
environmental importance. The article reflects the properties and areas of application of high-
quality grease obtained as a result of the effect of acrylamide-butyl methacrylate copolymer on the
resulting grease. The presence of synthetic oil in the base oil allows the grease to have a wider
range of applications. In this case, maintaining its stability under vacuum, high pressure and
temperature conditions, as well as high hermeticity, is of great importance.

The article includes a graph demonstrating the high content of DDT in a propellant with the
addition of a polymer. After the interaction of a lubricant obtained from waste semi-synthetic
aviation motor oil with a copolymer of acrylamide BMA, a lubricant is obtained that differs from
other industrial lubricants in its quality, plasticity and adhesive properties, which is described in
detail in the article. This copolymer increases the resistance of lubricants to oxidation and
improves their thermal stability.

Keywords: butyl methacrylate, acrylamide, rosin, copolymerization, waste synthetic oils,
acetate, polymer.
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UOT:629.73.07 DOI:10.30546/EMNAA.2025.27.01.126

FROM COPPER TO FIBER: THE EVOLUTION OF AVIONICS SYSTEMS
IN AIRCRAFT THROUGH FIBER OPTIC INNOVATION

Ismailov I.M, Garayev R.N.
National Aviation Academy

In recent years, the complexity of modern aircraft and the need for reliable and fast data
transmission systems have driven the aviation industry to seek advanced communications
technologies. In this regard, fiber optics are particularly well suited to the stringent requirements of
aviation due to their numerous advantages, including lighter weight, immunity to electromagnetic
interference, high data throughput, and increased durability in harsh weather conditions. Fiber
optic systems offer significant gains in data capacity, electromagnetic interference immunity, and
weight reduction. These elements support vital functions including avionics, in-flight entertainment,
and sophisticated monitoring systems, making aircraft operations safer and more efficient. A
detailed comparison with conventional copper systems demonstrates how fiber optics may enhance
airplane performance and save operational costs by lowering fuel consumption and prolonging
system life. Although fiber optic systems offer many advantages, there are disadvantages and
challenges that hinder their widespread use. High initial costs, complex maintenance, and the need
for specialized training for installation and repair are some of the challenges. In addition, fiber
optic components have durability issues due to aviation-specific environmental factors such as
temperature extremes and vibrations. Based on the above, this paper reviews the development of
aviation communication systems and the current state of fiber optic applications in these systems to
examine the integration of fiber optic communication systems in aircraft, substantiating the
advantages of fiber optics over traditional copper systems in terms of efficiency, performance, and
reliability, laying the foundation for the idea of replacing copper systems to support next-
generation aircraft avionics. The paper also highlights the importance and future opportunities of
fiber optics in aviation and summarizes key ideas in this area.

Keywords: Fiber Optic Information System, ARINC 429, ARINC 629, Avionics, FCS - Flight
Control System, FBW - Flight Control System.

Introduction. In today's aircraft, communications and data transmission play a critical role in
operational efficiency, safety, and passenger comfort. Fiber optic communication systems have
emerged as a key technology to meet the growing demand for high-speed, high-bandwidth data
transmission. These systems use light to transmit data, offering a number of advantages over
traditional electrical cables, including greater bandwidth, higher data rates, and improved signal
integrity over long distances. In aircraft systems, fiber optic networks are increasingly being used to
connect a variety of onboard communications systems, from avionics and flight management to in-
flight entertainment and cabin management. Fiber optics can support the transmission of large
amounts of data at high speeds, which is important for systems such as radar, GPS, and electronic
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flight displays (EFDs), all of which require real-time data exchange for optimal performance. There
are significantly more advantages to optical communications than data capacity. Fiber optics are
immune to electromagnetic interference (EMI) and radio frequency interference (RFI), which is
especially important in the electrically noisy environment of an aircraft. In addition, fiber optic
cables are lightweight and compact, which offers significant weight savings, a key consideration in
aircraft design where every kilogram counts. As the aviation industry moves toward increasingly
complex, data-intensive systems, the transformative function of fiber optic communication systems
will continue to play a key role in the development of aviation communications and networking
technologies in improving the efficiency, reliability and safety of aircraft systems.

Purpose of the work

In order to improve the efficiency of information exchange and the quality of information
transmission in modern avionics systems, it is possible to use a fiber-optic system that has certain
advantages over the information exchange systems currently used on aircraft, and the study of the
possibility of transmitting laser converters/transmitters in a fiber-optic system and their reliability in
aviation systems raises the question of determining their reliability. As a result, questions are
proposed to determine the efficiency of installing such systems on aircraft and study their impact on
flight safety.

ARINC 429 Protocol

ARINC 429 was also known as the Digital Data Transfer System (DITS). It was first
introduced in 1977 and has since become the most widely used ARINC standard in the aviation
industry. Although ARINC 429 acted as a data transmission medium, it did not comply with data
bus standards. This is because a typical data bus allows for multi-directional data transfer between
multiple points over wires. However, ARINC 429 only allowed for one-way data flow between
points. Up to 20 terminals can be accommodated on an ARINC 429 communication bus, and the
speed of information exchange between terminals can be up to 12.5 or 100 kbps. In addition, the
ARINC 429 protocol could not be integrated into the IMA (Integrated Modular Avionics) system,
which made it very difficult to use this system in modern aircraft. The data bus is still preferred in
the aviation industry due to lower maintenance and operating costs. Figure 1 shows the schematic
diagram of the ARINC 429 bus [1].

Transmitter
v v ¥
Beceiver 20 provessssssnnnnnns]| Reorejverl Receiver 0

Figure 1. ARINC 429 bus structure

Although the ARINC 429 protocol is still used in modern aircraft, the astronomical
development of modern avionics systems, as well as the growth in speed and terminal requirements,
made it clear that this system could not meet the new standards. A new replacement bus was already

needed. ARINC 629 played an important role in solving most of the problems of modern
aviation. The following subheading examines in detail the technical characteristics and structure of
the ARINC 629 protocol, as well as its application in modern aircraft.
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ARINC 629 Protocol

ARINC 629 was first introduced in 1995. It is currently used in aircraft such as the Airbus
A330,350 and Boeing 777, 787, 747-8. The ARINC 629 digital information interchange system was
introduced on the B777, Boeing's first electronically controlled aircraft. This was made possible by
nearly two decades of effort by Boeing and its suppliers. ARINC 629 is a faster, half-duplex format
used in the Boeing 777, which can connect up to 120 terminals (the Boeing 777 uses only 46).
Increasing demands for data exchange between aircraft systems have led to the need to develop
high speed, highly reliable data buses. The development costs of such systems are high, and their
reuse in new aircraft designs is highly desirable. The advances in the development, integration and
certification of the ARINC 629 bus have clearly demonstrated that it is capable of supporting
applications beyond the 777. Unlike ARINC 429, ARINC 629 is considered a complete data bus
because it operates in multi-terminal and multi-directional modes. This means that each terminal
can transmit data to and receive data from all other terminals connected to the data bus. In addition,
no physical connection is required to transmit information (Figure 2). This allows for greater
freedom in the transfer of data between aircraft systems [2].
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Figure 2. ARINC 629 bus structure

It also has a high data rate of 2 Mbps. At present, despite its widespread use in aviation, it
requires high maintenance costs. Also, the communication bus of most systems must be converted
from the ARINC 429 protocol to the ARINC 629 protocol when operating devices installed on
aircraft. This, in turn, makes it difficult for manufacturers to integrate new systems into aircraft, and
also creates the need to install additional devices. Despite all this, the ARINC 629 system is widely
used in modern avionics systems. In addition, since this system can be integrated into the proposed
FOIMS (Fiber-optic information management system), it can be used for a longer period with minor
changes in future designs. However, the rapid development of aviation systems indicates that soon.

Fiber Optic Systems: Basics and Features

Long flexible glass or plastic strands called fiber optics are used to transmit light signals.
The main characteristic of fiber optic cables is their ability to transmit light over long distances with
low loss, making them ideal for applications that require fast data transfer. In the context of aircraft
control systems, fiber optic cables offer the following benefits:

1. Reduced Weight. Conventional aircraft wiring is bulky and heavy, significantly
increasing the weight of the airframe. In contrast, fiber optic cables are significantly lighter, helping
to reduce the overall weight of the aircraft and improve performance and fuel efficiency.

2. Immunity to EMI. Conventional electrical systems are susceptible to EMI, which can
interfere with control and communication signals, causing malfunctions or failures. Fiber optics are
extremely reliable in areas with strong electromagnetic fields, including near radar or other
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communications systems, because they transmit light rather than electrical signals, making them
immune to EMI.

3. Increased data rates. Over long distances, fiber optic connections can transmit data at
extremely high speeds without signal degradation. This capability is critical for modern aircraft,
whose safe operation depends on the rapid and efficient transmission of real-time data from control
systems.

4. Increased safety and reliability. Compared to conventional hydraulic and electrical
systems, fiber optic systems are less susceptible to mechanical wear because they have fewer
moving parts. This reduces the likelihood of failure in critical control systems and improves their
long-term reliability.

5. High bandwidth. With its extremely high bandwidth, fiber optics can transmit multiple
signals simultaneously. This is critical for modern aircraft, since complex flights often require
multiple control systems to interact [3].

Fiber Optic Systems Used in Aircraft Primary Control Systems

Fly-by-light is a new concept that uses fiber optic communication networks instead of
traditional fly-by-wire (FBW) systems. Control signals are transmitted electrically between the
aircraft's flight control surfaces and the cockpit in a standard fly-by-light system. Using fiber optic
cables instead of electrical lines offers a number of advantages to fly-by-light systems. Fiber optics
provide a faster and more reliable communication route, and its resistance to EMI makes it
particularly well suited for use in complex aircraft where electrical interference is common.

There is some interest in considering the integration of fly-by-light technology into future
military and commercial aircraft. In addition to reducing the likelihood of signal degradation, these
technologies allow more precise control of the flight surfaces, improving stability and
maneuverability. Ailerons, elevators, and rudder are some of the primary flight control systems that
govern the basic operations of an aircraft. Adding fiber optic cables to these systems enables faster
and more accurate control signal transmission, ensuring that the aircraft responds to pilot inputs
more quickly and reliably. By eliminating traditional hydraulic lines and electrical connections,
these systems are generally lighter and more reliable. To ensure safety in the event of component
failure, aircraft primary control systems must operate with a high level of redundancy. In this
regard, fiber optic systems provide a clear advantage. Redundancy can be incorporated into fiber
optic networks so that control signals can be rerouted along alternative routes in the event of a
failure. This improves the overall safety of the aircraft and increases fault tolerance. In addition,
fiber optics can be used to enhance the diagnostic and monitoring capabilities of primary control
systems. Fiber optic connections allow for continuous monitoring of the functionality and health of
control systems due to the high data rate. This reduces the likelihood of mechanical failures and
improves aircraft maintenance by enabling real-time diagnostics and early detection of potential
problems. For aircraft control systems, the transition to autonomous flight systems brings both new
opportunities and challenges. Autonomous flight is made possible by fiber optic technology, which
offers high data rates and immunity to interference. For example, autonomous aircraft require real-
time transmission of control signals from sensors, actuators, and flight control computers. Fiber
optics offer a reliable way to meet these communication requirements. The pilots’ analog
commands are converted into digital signals using a fiber optic signal generator. This signal is
subsequently converted into a light signal using a fiber optic signal converter before being
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transmitted to the control computer. The

received light signals are decoded and then transmitted to the appropriate control surfaces.
Here, the control actuator also converts the received impulses into motion. The subsystem
immediately notifies the main control computer that there are no problems with the commands
when they are executed. Figure 3 shows the block diagram of the information exchange system and
the structure of the modular avionics system using the proposed fiber optic data transmission.
Figure 4 shows the block diagram of the fiber optic cable control [3, 5, 6].

Command
Computer

Aileron / Spoiler Signal Divider and Aileron / Spoiler
control computer monitoring computer control computer

Flap / Slat control Landing gear
computer control computer

Elevator / Rutter /
Trimmer
control computer

Figure 3. Structure of fiber-optic information exchange system
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Figure 4. Fiber Optic Cable Control Block Diagram:
1 - FOSG (Fiber Optic Signal Generator). 2 - Signal Divider/Controller. 3 - Fiber-optic Bus

Mathematical model of a laser-type optical source
Figure 5 shows the structural diagram of the proposed optical transmission system.

Input Output
A = - -~

-

\

Encoder,
signal shaping

circuit

Decoder,
demodulator

Modulator

Amplifier

Electrical domain

|

Optical source (-t Optical fiber }1—p{  Optical detector
K Transmit terminal / \ Receive terminal /

Optical domain

Figure 5. Block diagram of the optical transmitter

Figure 6 depicts the pulse rise and fall characteristics of a laser diode based on laser current
intensity. The x-axis denotes time, and the y-axis represents laser current. The graph shows the

movement of current from a minimal value liow to @ maximum value lon then a decay back to the
lower level.
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¢ Rise Time (tr): The duration it takes for the laser current to increase from a low to a high
state. This is crucial for determining the laser's response speed and efficiency.

¢ Steady-State: A period where the current remains stable at its peak intensity lon ensuring
continuous laser output.

o Fall Time (t): The time taken for the current to drop back to its lower value, marking the
end of the pulse.
Such graphs are essential in laser modulation and pulsed laser applications, helping to understand
the dynamic response of laser diodes in optical communication, material processing, and medical
applications.

Here the input signals are coded by the encoder and then transmitted through the modulator
to the laser circuit. The optical circuit consists of a semiconductor laser.

I(t) = Ipias + Z Ay (t —kT)
k=—o0

Here:

I(t) is a digital pulse signal

Axis the sequence of input data

In(t) is the transmitted image of the current pulse.

T is the period for one bit

Iias IS the current used for the laser

The shape of the pulse current is determined by the following formula:

0 t<0
In(t) = 1,,,[1*exp(*f2/TE):| 0<t<T
t>T
L[ 1-exp(-T2/22) |-exp(~3/)
Here:
Im - is the peak modulation current
r - determines the rise or fall time of the pulse.
A
In
Ibias
0 Ir < tr ’ Ti;ne

Figure 6. Graph of pulse rise and fall depending on laser current intensity
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Three velocity equations for a single-mode laser transmitter are given. These velocity
equations can be used to computer simulate the frequency response and waveform of the output
power.

dN() 1) N _, . N(®)-N

S(t
dt gV, 1, 0 1+¢ec5(t) ®

0.1, NONe g BTN
C P

T}T

Ao, (t 1
bl Z{mg%(mn—wo)— Tj

P

The parameters of this velocity equation are:
. I — optical limitation coefficient.

. 99— velocity of the directed light wave.

. a0— gain factor coefficient.

. No— carrier transparency density.

. €cconstant gain increment

. Tp— photographic lifetime.

. B — spontaneous emission fraction.

. tn— electron carrier lifetime.

. g-electron charge.

10. Va— active layer volume.

11. a — optical linewidth increasing factor.

12. om— optical phase.

In the first equation, the electron density N increases with increasing current ). The
volume of the active layer decreases due to spontaneous emission of photon densities Vaand S).
Similarly, in the second equation, the photon density S« and spontaneous emission increase with
increasing S while the photon lifetime tp decreases due to internal and specular losses.

1

Vg (i + 0y )

O© 00 NO O WDN P

p

Here:
ai and om denote the waveguide loss coefficient and the mirror loss coefficient, respectively.
The carrier lifetime, t,, is also related to the loss of electrons due to spontaneous emission.
Nonradiative recombination is shown in the following equation.
N(t)
Rsp + Rﬁr

n

Here:
Rsp- means the spontaneous emission rate.
Rnr- means nonradiative recombination.
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The change in the output optical power over time is determined by the following equation:

m(t) = S(HV.nohv
2I't,

Here:

hv-means the photon energy

no- means the total differential quantum efficiency [4].

Conclusion

An important development in the aviation sector is the incorporation of fiber optic
technology into aircraft control systems. High data transmission speeds, more capacity, and
immunity to electromagnetic interference are few advantages of fiber optics, all of which are
essential for the intricate and safety-critical control systems of modern airplanes. Furthermore, fiber
optic cables' small size and low weight contribute to an overall decrease in aircraft weight, which
enhances performance and fuel economy. Fiber optics has emerged as a game-changing solution to
the increasing needs for more effective, dependable, and secure communication within aircraft,
improving modern aviation's functioning and safety. Fiber optics will surely become much more
important in determining the direction of aviation control systems as technology develops.

REFERENCES

1. ARINC-429 Tutorial and Reference - Aerospace DAQ, Test, HIL - UEI (ueidag.com). ARINC
429 protocol tutorial

2. ARINC 629 Digital Data Bus Specifications [2023] (logic-fruit.com). ARINC 629 protocol
tutorial

3. https://www.researchgate.net/figure/5-Attenuation-of-an-optical-fiber-as-a-function-of-the
wavelength_fig3_291147735/download

4. https://math.mit.edu/~stevenj/18.369/spring16/Laser-Math@NEU.pdf

[.M.Ismayilov, R.N.Qarayev. Methods and ways for inproving exchange of information in the

flight control system. Informatics and Control Problems 43 Issue 1 (2023) jornal

homepage:www.icp.az/

6. I.M.ismayilov, R.N.Qarayev. Technical and technological solutions for improving the
information exchange system of aircraft.2" International Conference on Problems of Logistics?
Management and Operation in East-West Transport Corridor (PLMO 2023)
DOI:10.54381/plm02023.23

o1

MISDON FIBERO: FIBER OPTIK INNOVASIYALAR VASITOSILO
TOYYAROLORDO AVIONIKA SISTEMLORININ TOKAMULU
Ismayilov I.M, Qarayev R.N.
Milli Aviasiya Akademiyast

Son illarda miiasir tayyaralarin miirakkabliyi va verilonlarin otiiriilmasinin etibarli, hamginin
cald sistemlorina olan ehtiyac sababindan aviasiya sanayesi qabaqcil kommunikasiya texnolo-
giyalarinin tatbiq olunmasini talob edir. Bu baximdan, optik liflor éziintin ¢oxsayl tistiinliiklori, o
ctimladan daha az ¢aki, elektromagnit miidaxilosina garsi toxunulmazliq, malumatin otiiriilmasinin
yiiksak buraxma qabiliyyati va sort hava saraitinds artan davamlihq kimi bir ¢ox tistiinliiklorina
gora aviasiyamn sort talablorina xiisusilo uygundur. Yanacaq sarfinin azaldilmast va sistemlarin
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omriiniin uzaldilmasi hesabina tayyaralorin xarakteristikalarimin yaxsilasdirilmast va istismar
xorclorinin azaldilmasi iigiin optiK liflorin potensialt anonavi mis sistemlori ilo digqatli miiqayisa
yvolu ilo tasvir edilmisdir. Optik lifli sistemlorin bir ¢ox iistiinliiklori olsa da, onlarin genis
yvayilmasina mane olan ¢atismazliglar va ¢atinliklor do movcuddur. Yiiksaok ilkin xarclor, xidmatin
miirakkabliyi, qurasdirma va tomir iigiin heyatin xtisusi oyradilmasi zarurati — biitiin bunlar hamin
catinliklorin bir hissasidir. Bundan alava, aviasiya tictin spesifik olan optiK lifli komponentlorin
temperatur va vibrasiyalar kimi xarici miihitin tasiri sababindon uzunmiiddatlilik il> problemlori
movcuddur.

Yuxarida yazilanlara asaslanaraq, maqalada aviasiya rabita sistemlorinin inkisafi, elaco do
bu sistemlorda optik liflordan istifadonin movcud vaziyyati haqqinda malumatlarin analizi asasinda
tayyaralorda optik lifli rabito sistemlorinin inteqrasiyasi masalalori arasdirilmisdir. Burada ananavi
mis sistemlori ilo miiqayisada optik lifin iistiinliiklori samaralilik, mahsuldarliq va etibarlilig
baximindan asaslandrilmis va galacaok nasil hava gomilarinin avionikasini dastoklomak iigiin mis
sistemlorin  dayigdirilmasinin  zoruriliyi ideyasinin asasi qoyulmugdur. Moqalods hamginin
aviasiyada lifli optikanin ahamiyyati va galocak imkanlar: vurgulanmis va bu sahada asas ideyalar
timumilaosdirilmisdir.

Acar sozlar: FOIMS - Fiber Optik Informasiya Miibadils Sistemi, ARINC 429, ARINC 629,
Avionika, FCS - Ucus Idaraetma Sistemi, FBW — Simli ucus idaraetma sistemi.
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Mbogqaldlarin taqdim olunma gqaydalar:

Moqalalor Azarbaycan, rus va ingilis dillarinds gobul olunur. Har bir magaloys Azorbaycan,
rus vo ingilis dillorinds xiilasa Vo agar sozlor verilmalidir. Capa togdim olunan mogalalor A4
formatda, 12 olgiilii sriftlo (codvallor, sokillor va sokilalt1 yazilar 11 6lgiilii sriftls), ag kagizda bir
intervalla ¢ap olunmalidir. Bosluglar: varaqin biitiin konarlarindan 2 sm. Magalanin hacmi: orijinal
maqgalalor tigiin 10, icmal magalalar tigiin 15 sohifodon artiq olmamalidir. Magalslor 2 niisxads ¢ap
vo elektron variantda (WORD) toqdim olunur. Olyazmalar misalliflora qaytarilmir. Digor
toskilatlardan olan milliflorin mogalalori onlarin igladiyi togkilatin moktubu ilo birlikds togdim
olunmalidir.

Moqalalors miisbat ray verildikdon sonra redaksiya heyatinin gorart ilo ¢ap olunur.

1. Hor bir mogalo onun UOT-u vo ya PACS-1, DOI-si, adi, miolliflorin adi, ata adi,
soyadlari, elektron iinvanlari, togkilatin adi, moagalonin yazildig1 dilds bir intervalla ¢ap olunmali,
qisa annotasiya va acar sozlorlo baglanmalidir.

2. Odabiyyata istinad (References):

- odabiyyata istinad mogalods rast golindiyi ardicilligla islonmalidir.

Sitat gotirmo gaydas:

- dovri jurnallardaki moqalolor: miislliflorin A.A. Soyadlari, mogalonin adi, dovri jurnalin
adi, ¢ap olunma ili, cildi, ndmrasi, sahifo némrasi;

- konfrans materiallar1 vo tezislor: miialliflorin A.A. Soyadlari, konfrans materiallar: vo ya
tezisin ad1, konfransin adi, kegirildiyi yer v il, ¢ap materialinin cildi, ndmrasi va sahifalori;

- kitablar: miolliflorin soyadlari, kitabin adi, ¢ap olundugu nosriyyat, il vo yer, sohifalorin
say1, tokrar istinadlarda ise sohifo némrasi verilir.

References - adobiyyatin orijinal dilds ingilis slifbasi ils verilmis variantidir.

3. Annotasiya.

Annotasiya digar iki dilds 200-250 s6zdan az olmayaraq, ayrica varaqds ¢ap olunmalidir.

4. Acar sozlar.

Azarbaycan, rus vs ingilis dillorinds 8-10 soz.

5. Rasmlar va sokillar.

Rasmlor vo sokillor yazilar1 vo izahatlar ilo ayrica toqdim olunmalidir. Olgiilor: 6 sm X 6
sm-dan az vo 23sm X 16 sm-dan ¢ox olmayaraq. Qrafiklorin koordinat oxlart minimum ragom
torkibli olmalidir. Koordinat oxlarmin adlari ¢ox aydin yazilmalidir. Qrafiklordoki hor bir xatt
nomralonmis va izahli sokilds olan yazilarla verilmalidir.

6. Cadvallar.

Codvallar ayrica varaqds ¢ap olunmalidir. Onlar némralonmali va basligla verilmalidir.

7. Magalonin sonunda miialliflor hagqinda molumat verilir: ad1, soyadi vo atasinin adi; elmi
doracasi va adi; elektron iinvani; is yeri vo unvani; igin icra olundugu s6bo, laboratoriya vo ya
kafedra; maraq dairasi.

Verilmis talablors uygun galmayan maqalslors baxilmir!!!
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Publication guidelines for articles in the Scientific Journal of National Aviation Academy

Articles are accepted in Azerbaijani, Russian or English. Each article should have an
abstract and keywords in Azerbaijani, Russian and English. Articles submitted for publication
should be printed with one interval on white A4 paper, font size 12 (tables, figures and captions for
figures, font size 11). Margins: 2 cm on all edges page. Article length for original articles is no
more than 10 pages, and 15 pages for review articles. Both articles should be submitted in 2 copies
in printed and electronic version. The copies must be typed in the Microsoft Word text editor.
Manuscripts of articles are not returned to the authors. For authors from other organizations, articles
are accompanied by a letter and an examination certificate from the organization where they work.
Articles are reviewed.

Only the articles received positive positive review of the Editorial Board are published.

1. Each article begins with UDC or PACS, DOI, title, information about the author(s), email
address, name of the organization and a brief annotation in the original language of the article and
keywords published in one interval.

2. References to literature (References):

- references should follow the order that are cited in the article

- Citation order:

- articles in periodicals: Author’s full name, title of the article, title of the periodical, year of
publication, volume and page numbers;

- conference publications and abstracts: Author’s full name, title of the conference
publication or abstract, conference title, place and year of the conference, volume number, page
numbers.

- books: Author’s full name, title of the book, publisher, date and place, number of pages;
when referring again, the page number is also given.

References — is the referred version of the original literature give with Latin script.

3. Abstract. The abstract of at least 200-250 words in two other languages printed on a
separate paper.

4. Key words in Azerbaijani, Russian and English, 8-10 words.

5. Drawings and photographs with inscriptions and explanations are attached separately.
Dimensions: not less than 6x6 cm and not more than 23x16 cm. The coordinate axes of the graphs
must contain minimum numbers. The names of the coordinate axes must be written very clearly.
Each line in the graphs should be given with numbered and well-explained figure captions.

6. Tables should be numbered, titled and printed on a separate sheet.

7. The author(s) information is given at the end of the article: full name; academic degree
and academic title; place of work and address; department, laboratory or chair where the work was
fulfilled; sphere of scientific interests; email address; contact numbers.

Articles that do not meet these requirements will not be considered!!!
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