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AVIASIYA VO RAKET-KOSMIK TEXNIKASI

UOT 533.69.048: 004.942 DOI: 10.30546/EMNAA.2024.04.1010

BORT NOZAROT-OLCU SISTEMI iLO VTOL MIKRO PUA-NIN TOYYARO UCUS
REJIMINDO TODQIQI

Nabiyev R.N., Abdullayev A.A., Qarayev Q.1.
Milli Aviasiya Akademiyast

Mbaqgalada, VTOL (vertical take-off and landing — saquli qalxib enan) tipli pilotsuz mikro ucus
aparatimin miiharriklarinin asas texniki parametrlarini va planerin fazada vaziyyatini miiayyan edon
malumatlarin ug¢us zamani qeyda alinmasi ticiin islonilmis bort nazarat-olgii sisteminin tasviri
verilmigdir. Bu sistemdon istifada etmaklo VTOL mikro pilotsuz ugus aparatinin (PUA) tayyara
ucus rejiminda ham miiharriklorini diagnostik yoxlamasi va vaziyyatini giymatlondirmasi ti¢iin sinaq
ucusunun yerina yetirilmasinin metodikast islonmisdir. Homginin, swmaq ucuslari zamani
miiharriklarin har birinin dovrlor sayi, carayan sarfi va temperaturu, eloca da planerin ii¢ koordinat
oxu tizra bucaq dayismalari va tacili dl¢iilarak geyda alinmis va bu giymatlor asasinda geyd edilmig
parametrlorin zaman qrafiklori qurulmusdur. Qurulmus zaman qrafiklorinin tohlili pilotsuz ucus
aparatimin qalxma, astlma, u¢ma va enma rejimlorinda bilavasito tadqiq etmaya imkan verir.

Hazirlanmig bort nazarat-6l¢ii sistemindan istifada etmaklo ugusdan avval, ucus miiddatinda
va ugusdan sonra kicik olgiilii mini vo mikro pilotsuz ucus aparatlarimin miiharriklorinin
diagnostikasini aparmasi, yoni miiharriklorin nasazligi sababindan ugus zamant havada miimkiin
ucus hadisalorinin bilavasito miiayyan edilmasinin vo uygun miidaxilonin yerina yetirilmasinin
mumkunléiyii gostorilmisdir.

Acar sozlar: VTOL, pilotsuz mikro ucus aparati, bort nazarat-olgii sistemi, atalotli ol¢ii
modulu, akselerometr, giroskop, RPM.

1. Giris

Mexatronika, informasiya texnologiyalari, aerokosmik va s. sahalords siini intellektin totbiqi
ilo oldo edilmis nailiyyatlor pilotsuz ugus aparatlarinin inkisafini daha yiiksok soviyyoyo qaldirmaga
imkan vermigdir. Hazirda pilotsuz mikro ugus aparatlarinin (mikro PUA-nin) hom laboratoriya sinaqlari,
hom do praktiki uguslar1 zamani statik vo dinamik rejimlards muharriklorin texniki parametrlorini kompleks
sokilda Olgmok, olgtilmis giymatlori vo digar telemetrik molumatlart geyds almaq, elaco do real vaxtda
operatorun idarsetms pultunun monitoruna otiirmak mosalasinin halli olduqgca aktualdir. Orta va boylk
Olcili PUA-larda bu masalonin holli mogsadi ilo tolob olunan sayda duygac ve “ucus
molumatlarinin geyd edicisi”-ni (FDR - Flight Data Recorder) ¢ox asanligla bortda yerlosdirmoak
mumkindur [1-3].

Movcud mikro PUA-da bazi telemetrik malumatlarin (masslon, Ufuqi vo saquli ugus surati,
ucus hiindiirlilyii vo uzaqligl, ugusun davametmo muiddati, akkumulyatorun garginliyinin vo carayan
sarfinin giymati, GPS peyklorinin say1) real vaxtda radiodturicl vasitssi ilo bortdan yers oturtlmasi
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moalumdur. Bu moalumatlar ham yeristu idaroetms stansiyasinda, hom do operatorun monitorunda
gobul edilir [4-6].

[7]-do mikro PUA-larin giic sisteminin texniki parametrlorino vo planerinin vaziyyat
gostaricilorine nozarot etmok, eloco do bu parametrlor haqqinda molumatlar1 kompleks sokildo
toplamaq tigiin islonmis bort nozarat-6lcii sistemi (BNOS) tosvir edilmisdir.

BNOS vasitesi ilo mikro PUA-nin giic sistemino daxil olan kollektorsuz elektrik
miiharriklorinin texniki parametrlori vo planerinin vaziyyot gostoricilori haqqinda molumatlari
sinxron qeydo almaq miimkiindiir. Burada, texniki parametrloro dord qaldirict vo bir darti
miiharrikinin dévrler say1 - RPMi...RPMs (revolution per minute), corayan sorfi - I1..1s vo
temperaturu - Ti...Ts aiddir. Planerinin voziyyat gostoricilori qismindo, toyyars oxlarmin va stirot
vektorunun istigamoti haqqinda malumat yaradan giroskopun - Gi...G3 vo akselerometrin - Az...As3
gostariglori istifado edilir.

BNOS yuxarida geyd edilon parametrlori PUA-nin hom yerds islomosi vo hom do ugus
zamant qeydo almaga imkan verir. Eyni zamanda ugus zamani miihorriklorin dovrlor sayi
radiodtliriici vasitosi ilo gobuledici monitor gismindo istifado edilon yeristii idarsetma pultuna
otiirliliir vo geyd olunur. Pultun ekraninda indikasiya olunan dovrlor sayina asason real ugus zamani
ucus aparatinin giic sistemino, noticodo uguslarin tohliikasizliyino nozarat edilir. Parametrlorin qey-
do alinmis qiymatloring 9sason ugus aparatinin novbati ugusa buraxilmasi gorarlasdirilir [1, 2, 8].

Isin maqgsadi — islonorok hazirlanmis bort nazarat-6lgii sistemindon istifade ederok VTOL
tipli mikro PUA-nin miiharriklorinin texniki parametrlori haqqinda sistemli olaraq molumatlari
toplamaqla miixtolif ugus rejimlorinde PUA-nin giic elementlorinin diagnostikasini aparmaq vo
yaranan problemlari real vaxt rejiminds askarlamaqdir.

2. VTOL-toyyaro ucus rejiminds aparilan sinaglar

Hibrid ugus konsepsiyasina osaslanan VTOL mikro PUA-nin ugus dayanigligin1 yoxlamaq

mogsadi ilo aerodrom soraitindo sinaq uguslar1 kegirilmis vo giic sisteminin BNOS vasitosi ilo oldo
olunmus gostaricilori tadqiq olunmusdur.

PUA-nin ugusunu VTOL-toyyars rejimlorinds todqiq etmok {i¢iin PUA-nin hom darti, hom
do qaldirict miiharriklorine uygun parlor borkidilmis, giiniin forqli vaxtlarinda ugus iiciin alverisli
meteoroloji soraitdo, davametmo miiddati 7...8 doqige olmaqla 10 sinaq ugusu icra olunmusdur
(sokil 1).

Mogqalads, geydo alinmis vo arxivlosdirilmis molumatlardan niimuns olaraq bir ugusun
noticoloring asason qurulmus zaman qrafiklori ardicilligla verilmisdir. Miiharriklorin texniki
parametrlorinin vo otalotli 6lgii modulunun (IMU) ¢ixis signallarmin uzlasmasi todgiqatin
dogrulugunu niimayis etdirir. Ugus zamani qeyde alinmis qiymatlorin sinxron dayismasini
gostarmok tliciin miixtalif parametrlorin zaman qrafiklori eyni miqyasda tortib edilmisdir (sokil 1).

2.1 Sinaq

Sinaqlar zamani havanin temperaturu 25 °C, tozyiqi 757 mm.c.s., azimutu 200° olan kiilayin
stirati artan 6-7 m/san, kiiloyin siddoti 11-12 m/san olmusdur.

Miiharriklarin dovrlar saymin grafikloring osason sinaq ugusu yeddi marhalays boliinmiisdiir
(sokil 1).

1. PUA VTOL rejimindo ugusa baglamis vo ugus miiddoti 30 san davam etmisdir. Bu
rejimdo qaldirict miiharriklorin dovrlor say1 5000 dovr/dog-don ¢ox, lakin dartt miihorrikinin dovrlor
say1 sifira barabor olmusdur.
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Sakil 1. Mirakkab meteoroloji saraitda VTOL-tayyara ucus rejiminda aparilmis sinaq ucuslar
zamani BNOS vasitasila qeyda alinmuis giymatlar asasinda qurulmus: miiharriklarin dovrlar
sayinin (RPM, dovr/daq.) - a, carayan sarfinin (A) - b, temperaturunun (°C) - c; akselerometrin

- d va giroskopun - e ¢ixis signallarinin zaman qrafiklari
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2. Toyyars rejiming kecid baslayir. Bu morholodo qaldirict mithorriklorin dovrlor sayi sifira
qodor azalmig, dartt mihorrikinin dovrlor sayr 10000 dovr/dog-don ¢ox olmusdur. Toyyars
rejimindo 25 saniyo ugusdan sonra kiiloyin siddotinin artmasi geyde alinmis vo tohliikesizlik
moqsadi ilo VTOL rejimino kegid edilmisdir.

3. PUA VTOL rejimindo 1-2 m hiindiirliiyo godor yero yaxinlagdirilmis, miihorriklorin
dovrlar say1 “qaz” dastoyina gors 20...25 %-o uygun olmusdur.

4. VTOL rejimindon toyyaros rejimino kecid etmoklo ucus davam etdirilmisdir. ©n
uzunmiiddstli ugus bu morhalods yerino yetirilmisdir. Ugus miiddotindo PUA kiiloya qars1
dayaniqliq gostormisdir.

5. Tacriiba magsadi ilo tayyars rejimindon VTOL rejimins kegid edilmisdir.

6. VTOL rejiminds 30 saniys ugusdan sonra PUA tokrar toyyaro rejimine qaytarilmisdir.

7. Ugusun sonunda toyyars rejimindon VTOL rejimino kecid etmoklo UA-nin tohliikesiz
enisi tomin edilmisdir.

Sokil la - sokil 1c-do gostorilmis zaman qrafiklorindon PUA-nin ugus moarhalslarine uygun
miihorriklorin dovrlor sayini, corayan sarfini vo temperaturunu miioyyan etmok miimkiindiir.

Sokil la vo sokil 1b-do qrafiklorin miiqayisesindon gorlintir ki, ugusun 3-cii vo 4-cl
morhalosinds kiiloyin siddstinin artmasi sobobindon havada asilma vo toyyaro rejimlorinds
aerodinamik tarazligi saxlamaq iiclin tolob olunan giico uygun olaraq qaldirict vo darti
miiharriklorinin dovrlar say1 v corayan sorfi artmigdir.

PUA-nin “VTOL-toyyara” va oksino kecid anlarini hom dovrler saymnin (sokil 1a), hom do
IMU-nun ¢ixis signallariin (sokil 1d vo sokil le) zaman grafiklorindon aydin gérmok miimkiindiir.
Eloco do zaman grafiklorindon goriiniir ki, miihorriklor yerds islodiyi miiddotdo IMU-nun ¢ixis
signallar1 hamardir, lakin havaya qalxma anindan baslayaraq ¢ixis signallarinda kiiylorin soviyyasi
nisbaton artir. Beloliklo, IMU-nun ¢ix1s signallarinda kiiylorin saviyyasine asasan PUA-nin yerdo vo
ya havada olmasin1 miioyyon etmok miimkiindiir.

Notica

1. VTOL tipli pilotsuz mikro ugus aparatinin miiharriklorinin asas texniki parametrlorini vo
planerin fozada veziyystini miioyyon edon molumatlarin ugus zamani qeyds almasi tigiin islonilmis
bort nozarat-6l¢li sistemindon istifado etmoklo VTOL mikro PUA-nin toyyars ugus rejimindo
miiharriklorini diagnostik yoxlamasi vo vaziyyatini qiymatlondirmasi aparilmis ve sinaq uguslarinin
yering yetirilmasi metodikasi islonmisdir.

2. Sinaq ucguslart zamani miiharriklorin  hor birinin dovrlor sayi, coroyan sorfi vo
temperaturu, eloco do planerin {i¢ koordinat oxu iizro bucaq doyismalori vo tocili dlgiilorok geydo
alimmagqla parametrlorin zaman qrafiklori qurulmasi vo tohlili pilotsuz ugus aparatinin voziyyatini
birbasa qiymotlondirmays imkan verir.

3. Hazirlanmig bort nozarat-Olgl sistemindon istifado etmoklo ugusdan ovval, ugus
miiddstinds vo ugusdan sonra kigik 6l¢iilii mini vo mikro pilotsuz ucgus aparatlarinin miiharriklorinin
diagnostikasin1 aparmaq vo miiharriklorin nasazlig1 sababindon ucus zamani1 havada miimkiin ugus
hadisolorinin bilavasito miioyyan etmak vo uygun miidaxilonin yerina yetirilmok miimkiindiir.
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RESEARCH OF A VERTICAL TAKEOFF AND LANDING MICRO UAV IN THE PLANE
MODE WITH THE ONBOARD CONTROL - MEASUREMENT SYSTEM

Nabiyev R.N., Abdullayev A.A., Garayev Q.I.
National Aviation Academy

The article describes the onboard control-measurement system developed for recording the
main technical parameters of vertical takeoff and landing (VTOL) micro-UAV motors and the data
determining the airframe’s attitude during the flight. Using this system, the methodology of
conducting a test flight has been developed to perform a diagnostic check of its motors and assess
its condition using the VTOL micro-UAV in plane mode. Also, during the test flights, the number of
revolutions, current consumption, and temperature of each motor, as well as angular changes
along the three coordinate axes and acceleration of the airframe, were measured and recorded, and
time graphs of the parameters were created based on these values.

Analysis of the created time graphs allows for direct researching of the UAV in take-off,
hover, flight and landing modes. The possibility of small-sized mini and micro unmanned aerial
vehicles to diagnose their motors before, during, and after the flight, that is, to directly identify
possible flight events in the air during the flight due to engine failure and to perform appropriate
intervention has been shown by using of the developed onboard control - measuring system.

Key words: VTOL, micro unmanned aerial vehicle, onboard control - measurement system,
inertial measurement unit, accelerometer, gyroscope, RPM.
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AVIASIYA TOHLUKOSIZLIYI

UOT: 656.225 DOI: 10.30546/EMNAA.2024.04.1012

HAVA NOQLIYYATINDA 3-CU SINIF TOHLUKOLI YUKLORIN EMALININ
TOKMILLOSDIRILMOSI ISTIQAMOTLORI

Ismayilov P.I., Ozimli L.E.
Milli Aviasiya Akademiyast

Hava nagliyyatinin tahlikasizliyi masalasina baxilarkan global hava nagliyyatinda getdikca
daha mihum yer tutan tahlikali yiklorin hava nagliyyati ilo tahlikasiz dasinmasina xiisusi digqat
yetirilmalidir. Dlnyada batin naqgliyyat vasitalori ilo dasinan yiiklorin yaridan ¢oxu tahlikali
yiklardir. Bu yuklar mixtalif global tibbi, sonaye, kommersiya, tadgiqat talablari va proseslari tgiin
vacibdir.

Magalada hava nagliyyati ilo dasinan 3-cU sinif tohlikali yiklorin alisma va ilkin gaynama
noqtalarinin  hesablanmas: oatrafli suratdo arasdirilmisdir. Bununla yanasi bu sahado bazi
tadgiqatcilarin fikirlaring da yer verilmisdir. Taoklif olunan isin maQsadi qarisiqlarin aligma va ilkin
gaynama noqtalarinin dagiq hesablanmasi, eyni zamanda qablasdirma materiallarindan diizgin
istifada etmakla bag vera bilacak insident va hadisalorin sayini minimuma endirmakdir.

Acar sozlor: tohliikali yiik, alisma néqtasi, ilkin qaynama néqtasi, SDS, tezalisan mayelar,
yiik dasima, hava naqliyyati, gablagdirma, aviasiya.

Tohllkali yiklorin dasinmasi zamani har bir nagliyyat néviniun 6z beynolxalg standart
qaydalart movcuddur. Buna baxmayaraq, hava naqliyyati ilo tohlikali yiklorin daginmasi zamani
holo do fovgolado vaziyyatlords an boylk zoror, xosarat vo zadolor miisahido olunur. Mohz bu
sobabdon BMT-nin tohlikali yiklorin emalina dair ekspert komitasinin tovsiyaloarine, Cikaqo
konvensiyasimin 18 nomrali alavasins, Beynalxalq Mulki Aviasiya Togkilatinin (ICAO) Tohllkali
Yuklorin Hava Nogliyyati ilo Tohllikesiz Daginmasi tizra Texniki Talimata vo IATA-nin tohlikali
yiik qaydalarinin toloblarins riayat etmok ¢ox vacibdir [1].

Tohllkali yiklorin hava goamilori ilo dasinmasi zaman1i mévcud qaydalarin diizgiin yerinoa
yetirilmasi va onlara ciddi amal olunmasi ugus tahllkasizliyinin yiiksak saviyyads tamin edilmasins
ilkin zomin yaradir. Hava naqliyyati ilo dasman tohlikali yiklorin statistikasina nazor yetirsak,
birinci yerds tezalisan mayelorin, ikinci yerds iso korroziya edici maddslorin goldiyinin sahidi
olmus olariq. Bu baximdan 3-cu sinif tohlikali ylklorin (tezalisan mayelar) tohlikesiz emali va
daginmasint hoyata kegirmok Uguin tohlilkasizlik protokollart vo tolimatlarin miintozom nozardon
kecirilmasi va yenilonmasi vacib sortlordan biridir [2].

Isin mogsadi. Tohliikoli yiiklorin dasinmasi miiasir vo dinamik tochizat zencirinin
realligidir. Magalonin magsadi tezalisan mayelorin alisma, o ciimladan ilkin gaynama ndqtalarinin
doqiq hesablanmasi vo buna uygun olaraq, diizgiin gablasdirma materiallarindan istifado etmoklo

bas vera bilocak insident vo hadisalorin sayint minimuma endirmokdir.
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Tohllkali yiklorin daginmasinda yangina sobab olan U¢ asas element — yanacag, oksigen va
istilik manbalari nozars alinmalidir:

1. Yanacaq: Tezalisan mayelor bu kateqoriyaya daxildir va yanacaq rolunu oynayir.

2. Oksigen: Hava gomisinin yik boélmasinds canli heyvan olmadigi togdirds oradaki
oksigenin miqdarini azaltmaqla alisma riskini garsisini xeyli almaq miimkiindiir.

3. Istilik: Maddolor yalniz alisma ndqtesine gatdiqda buxarlanir vo alismaya moruz galir.
Toyyaralords istilik monbalarini minimuma endirmak vo qgablasdirma zamani istilik kegirmoyan
konteynerlordon istifads edilmasi tovsiys edilir.

Yangin iicbucagi: Toyyaralorin yik b6lmalarinds bu (i¢ elementdon biri aradan qaldirilarsa,
yangin riski effektiv sokildo azaldila bilar.

Hava noqliyyatinda tohliikali yiklorin emali IATA-nin tohliikali yiikk gaydalarinda verilon
gablagdirma tolimatlarinin toloblorina vo xlsusi muddoalara uygun olaraq hoyata kegirilir. Bir
gablagdirmaya diison tohlikali yiikiin miqdar1 sarnisin va yik hava gomilari UGzra kaskin farglanir.
Yuk hava gamilari ilo mulgayisodo sornisin hava gomilarinds tohliikali yiliklorin migdarina olan
mohdudiyyatlor daha sortdir. Masalon, hor ikisi 3-cl sinfo aid olan toluol vo heptan IATA-nin an
son quivvads olan qaydalarina asason BMT spesifikasiyali kombina edilmis gablasdirma ilo Sarnigin
toyyarasinds 5 L dasimaga icaza verilirss, bu hadd yiik hava gamisinds 60 litrdir. Ugus zamani vo
yerdo fovgolado hallarda davranmis prosedurlart iso tohllkali yiikiin hansi hava gomisindo
dasinmasindan asili olmayaraq eynidir. Bu iso 6z ndvbasinds aviagirkot vo yerustl xidmot
iscilorindon tohliikali yiiklorlo bagli fovgolads hallar zamani yiiksok pesokar hazirhq talob edir.

Tohlukali yuklor xususiyyatlorine gora doqquz sinfo bolindr. 3-ci sinif tohllkali yiklor
gapali gabda 60°C, agiq qabda iso 65.6°C temperaturda tezaligan buxar emissiya edon mayelor
hesab edilir. Bu kateqoriyaya benzin, spirt, aseton, boya, kerosin, halledicilor vo s. kimi bir ndv
tezalisan mayelorlo yanasi, miixtolif tohlikali mayelorin qarigigi, homginin torkibinds bork maddolor
olan tezalisan mohlul vo suspenziyalar da aiddir [3].

3-cu sinif tohlukali yuklorin asas kimyavi xususiyyatlori maddonin alisma va ilkin gaynama
noqtaloridir. Siqaret, alisgan va ya elektrik lampasi kimi bir ¢ox giindalik ogyalar alisma moanbayi
ola bilor. Tezalisan mayelor alisma monbayina rast goldiklori zaman, onlar asanligla aligir vo tez
yanir. Yangin (vo ya partlayis) riski ilo olagodar olaraq, tezaligan mayelorin emali vo saxlanmast ilo
mosgul olan personalin aligma manbalarini muayyan etmak, hamginin onlarin aradan qaldirilmasi
istigamatindo muvafiq talim ke¢masi ¢cox vacibdir [4].

Tohllkali yiklorin oksariyyati ti¢ gablasdirma qrupuna bélinar va bunlar onun tahlikalilik
daracasinin gostaricisidir. Belo ki, I baglama qrupu yiiksok tohlikali, IT baglama qrupu orta
tohlukali, IIT baglama qrupu isa asagi tohllkalidir. I, 11 va III baglama qruplarina aid olan tohlikali
yiklor mivafiq olaraq xiisusi smaglardan kegmis X, Y vo Z BMT spesifikasiyali baglamalarda
qablasdirilir. 3-cii sinif tezalisan mayelorin baglama qrupu alisma vo ilkin gaynama noqtslorine
asason muoayyan edilir (codval 1).

Cadval 1. Baglama qrupunun miioyyan edilmo meyarlari

Baglama qrupu | Alisma noqtasi (qapal gabda) Ilkin gaynama noqtosi
I - <35°C
I <23°C >35°C

Il > 23°C, lakin < 60°C
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Hava nogliyyat1 ilo dasinan tezalisan mayelorin aligma va ilkin gaynama noqtslorinin todqiqi
hom yerli, ham ds xarici tadqiqatg¢ilarin daim digqot markazinds olan mihum masalalardondir. Bu
sahadas bazi gérkamli tadgiqatg¢ilarin fikirlori vo arasdirmalart mévcuddur.

Tohllkali yiklorin hava naqgliyyat1 ilo dasinmasi ilo bagh bir ¢ox elmi todgiqatlar vardir.
Turkiyanin mihim todgiqat¢ilarindan olan Dr. Elif Yilmaz alisma ndqtesinin hesablanmasinda
empirik dusturlardan istifado etmoyin vacibliyini vurgulayib. O, mayelordaki c¢irklorin alisma
noqtosine tesirini arasdiraraq, tohlikaesiz dasima standartlarmin qurulmasi istigamotindo 06z
tokliflorini vermisdir [5].

Dr. Smit tezalisan mayelorin saxlanmast vo dasinmasi tglin tohliks analizi modellari
Uzorinds islomisdir. Bu modellor tezalisan mayelarin tohliikasiz dasinmasi vo istifadasi Ggln
muxtalif variantlar1 qiymotlondirmok tigiin hazirlanmisdir. O, miiasir Pensky-Martens qapali gab vo
Klivlend agiq gab eksperimental sinaq tisullarinin miollifidir. Ondan forgli olarag Dr. Maria Garcia
asasan Beynolxalq qaydalara uygun islayarak, ICAO vo BMT standartlarinin totbigina xususi diggat
yetirmisdir [6]. O, tohllUkali yiklorin daginmasinda tohliikesizlik prosedurlari tizorinds elmi
todqiqatlar aparmigdir.

Yuxarida qeyd edilon bitin todqigatcilar tezalisan mayelor haqqinda ¢oxlu arasdirmalar
aparmis vo bununla bagli miixtalif modellor, hesablama diisturlar1 kimi bu sahays istigamot veran
boylik addimlar atmislar.

Tohllkasizliyin, risklorin giymatlondirilmasinin, istehsalat gozalar ti¢iin fovgelads hallarin
planlagdirilmasinin - shamiyyati, hamginin dovlot organlarinin toloblori aligma ndqtasinin
prognozlasdirilmasi {iglin daha yaxs1 vo etibarli iisullarin axtarisinda harokotverici quvvadir.
Aragdirilan bu tsullar tezalisgan mayelorin emali, saxlanmasi, dasinmasi vo qablasdirilmasi
metodlarini dagiq muiayyan edir.

Eksperimental molumatlarin ¢atismazligindan garisiqlarin alisma, eyni zamanda ilkin
buxarlanma ndqtalorini mioyyan etmok {igiin prognozlasdirici nazari Usullara ehtiyac duyulur.
Qarisiglar tiglin alisma noqtesinin tayini Umumiyyatlo Le Satelye tonliyina vo buxar-maye
tarazligina asaslanir.

Maddslarin ahsma néqtasinin hesablanmasi. Tomiz karbohidrogenlorin alisma ndqtosinin
giymatlori agsagidaki tonlikdan istifado etmoklo hesablana bilor:

Tr =0.683t, — 71.7 1)

Burada, t; — alisma ndqtasi, to— ilkin gaynama noqtasidir.

Uzvi birlosmalarin va neft fraksiyalarmin ilkin gaynama temperaturundan asili olaraq alisma
nogtasini giymatlondirmoak tgun kimya zro Hindistan alimi M.R. Satyanarayana [7] torafindan
geyri-xotti eksponensial hesablama disturu toklif edilmisdir. Bu diistur 1220-don ¢ox birlogsmo
Uzarinds sinaqdan kegirilmis vo alisma ndqtasini 1%-don az orta mitloq xota ilo prognozlasdirmaga
imkan verir.

2 ©
¢ T
b(T_> e'b
Tr=a+ — = (2)
1—eﬁ>
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Burada, Tf — alisma noqtasinin temperaturunu gostarir (K);

Tbh — normal gaynama noqgtasidir (K), a, b va ¢ ise sabitlordir. Bu sabitlor Gauss-Nyuton
iterasiya metodundan istifado etmoklo qeyri-xotti reqgressiya ilo giymotlondirilir. Silikon va
polimerlar izro mutoxassis, ABS alimi Fu-Yu Hshieh [8] lizvi birlosmalar ti¢iin alisma néqtalarinin
ilkin gaynama nogtalorina nisbatini inkisaf etdirdi. O, 207 birlosma ¢ln molumatlardan istifads
edorak Uzvi birlosmalarin korelyasiyasini asagidaki kimi miioyyan etmisdir.:

Tr=-51.2385 + 0.4994Ty, + 0.0004T} (3)

Burada, korrelyasiya omsal1 0,967, standart xata iss 11,06 C-dir.

Kimya Uzro digor ABS alimi Richard Prugh tomiz komponentlorin alisma noqtasini
hesablamaq tiglin bir alternativ hazirladi [9]. Metod Uzvi birlosmalorin yalniz normal gqaynama
nogtalori vo kimyovi strukturlari osasinda buxar tozyigi oyrilorinin vo LFL-nin (Lower
Flammability Limit-Asag1 alisma hoaddi) giymatlondirilmasindon ibarotdir. Metodologiya asagidaki
Kimidir:

Qeyd edilon tonlikdon havadaki buxarin X, stokiometrik konsentrasiyasini hesablamaq
mumkunddr.

_ 83,8%
Xt = —
4(C)+4(S)+H-X-2(0)+0.84

hacm% (4)

Burada, C, S, H, X vo O miivafiq olarag maddadaki karbon, kikird, hidrogen, halogen va
oksigen atomlarinin sayidir.
Daha sonra normal gaynama ndqtasinin naticasindan (K ila) alisma ndqtasini tapa bilarik:

2 =1.3611—0.0697 In (Xs)  alkogollar igiin (5)

f

% = 1.4420 — 0.08512 In (X,;) digor maddslar tiglin (6)
f

Maddslorin alisma hadlorinin hesablanmasi. Alisma hadlori qaz qarigigmin alisma va
yanmasina sobab olan yanacaq konsentrasiyalarinin diapazonudur (adaton hocm faizi ilo ifados
olunur). Asagi alisma haddinin (LFL) altinda yanmaya sabab kifayot godor yanacaq olmadigi kimi
eynila, yanacagin konsentrasiyasi yuxari alisma haddini (UFL- Upper Flammability Limit) asdiqda,
reaksiyan1 alisma moanbayina yaymaq G¢in kifayat godor oksigen ¢atigsmur.

Alisma noqtasi prosesin muxtalif morholalorinda risk saviyyasini miiayyan etmok 0gun
istifado edilir. Yiksok temperatur va tozyiglordo alisma haddini bilmak oldugca shamiyyatlidir.
Bildiyimiz kimi, mulki hava gomilori 9000-12000m hindurlikds uguslar icra edir. Hiindiirlik
artdigca har 100m-don bir temperaturun 0.65°C va tozyiqin asagi diisdilylinii nozoro alaraq, ugus
vaxti agag1 temperatur vo tozyiqdo aligmaya sobab Kifayot qodor slverisli sorait yoxdur. Bu sobabdon
alisma noqtasi 60°C-don ¢ox olan mayelor tohlikali yik hesab edilmir va adi yiik kimi emal edilib
dasinir. Ugusun digar moarholalarinds iss, xisusilo tezalisan mayelorin sizintist ilo baglh risk amili
hor zaman mévcuddur.

Alisma noqtasinin dogiq misyyan edilmosi standart aparat va sortlordoan istifads etmoayi talob
edir, onu eksperimental olarag mioyyan etmok miimkiin olmadiqda, onlarin giymatlondirilmasi
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ucun empirik tonliklordon istifads edilir. Havada aligma hadlarinin giymotlondirilmasi Gglin Cons
tonliyino tez-tez istinad edilir [10; 11].

LFL = 0.55Ces (7)
UFL = 3.5Cest (8)

Burada, Cest - havada tam yanma ictin yanan mohsulun stokiometrik konsentrasiyasidir.
Havada LFL-in prognozlasdirilmasi ii¢iin iso basqa bir empirik slagadon - Spakovski
tonliyindon istifads edilir [12]:

LFL X (—AH.pmp) = 4.354 x 103 9)

Burada, (—AH,,,,) Standart yanma istiliyidir.

Karbohidrogenlorin  LFL-i mdvcud H atomlarimin saymdan asili olmayaraq, yalniz
zoncirdoki C atomlarmin saymdan asilidir [13]. Bunun aksins olarag, karbohidrogenlorin UFL-i ilk
ndvbads zoncirds mévcud olan H atomlarinin sayindan asilidir.

Tezalisan mayelorin emali zamani IATA-nin qaydalarina uygun diizgiin gablagdirma
prosedurlarinin yerina yetirilmasine baxmayaraq, gundslik hayatda zadslonmalar naticasinds sayca
az da olsa s1zint1 hallarina rast galinir (sokil 1).

Sakil 1. Zodolonmis vo sizmis tohllkali yuk

Bu iso gozalarin bas vermasi Ug¢ln ciddi sabob ola bilor. Kombina edilmis qablagdirma
zamani daxili vo xarici gqabdan istifads edilir. Bununla yanas1 daxili gqablarda bas vera bilocak sizinti
hallarmin garsisinin alinmasi moaqsadilo daxili vo xarici gqabin arasinda xiisusi absorbsiyaedici
materiallardan istifado edilir (sokil 2). Lakin IATA-nin tohllkali yiik gaydalarinin gablasdiriima
tolimatlarinda daxili gablarda olan mayeni tam udacaq godor absorbsiyaedici materialin konkret
miqdar1 gostarilmomisdir. Sokildon goriinduyt kimi buna heg fiziki olaraq yer do yoxdur, odur ki,
gundalik hoyatda absorbsiyaedici materiallardan gozoyari, yalniz fiziki bosluglarin doldurulmasi
zamanu istifads edilir. Bu iss sizma hallar1 zamani mayenin tam udulmasina imkan vermir.
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Qeyd edilon mosolonin  aktualligini  nozoro alaraq, konkret miqdarda mixtalif
absorbsiyaedici materiallarin no godor tezalisan maye uda bilocayini dogiq muayyan etmok tgun
onun mosamoaliliyi, sixligi vo ao6sorbsiya qabiliyyati kimi fiziki xususiyystlorini nozors almaq
lazimdir. Osas addim onun tutumunu vo ya udma gabiliyyatini miayyan etmokdir.

1. Absorbsiyaedici materialin kiitlasinin tayini.

Ik névbada absorbsiyaedici materiali kiitlasini bilmok lazimdir. Absorbsiyaedici materialin kiitlosi
Mabsorbsiyaedici (KQ) Verilo bilar, eyni zamanda hacmi vo sixligi malum olduqda, onu asanhgla tapa
bilorik:

Mabsorbsiyaedici = Pabsorbsiyaedici X Vabsorbsiyaedici (10)

Burada, pabsorbsiyaedici - absorbsiyaedici materialin sixlig1 (kg/m®), Vapsorbsiyaedici - absorbsiyaedici
materialin hacmidir (m?3).

2. Absorbsiyaedici materialin maye udma qabiliyyatinin tayini.
Hor bir absorbsiyaedici materialin udma qabiliyyati adlanan xtsusiyyati vardir ki, bu da onun vahid
kitlasinin maksimum no godor maye gobul edos bilocayini gostarir. Masalon, absorbsiyaedici
materialin C udma qabiliyyati (L/kq) verilorsa, 0 zaman onun uda bilocoyi mayenin miqdarini
asagidaki diisturla doqig hesablaya bilarik:

Qmaye =CX Mabsorbsiyaedici (11)

Burada, Qmaye - udulan meyenin migdari (L), C - absorbsiyaedici materialin udma qabiliyyati

(L/ka), Mabsorbsiyaedici - 1S9 absorbsiyaedici materialin kiitlosidir (kq). Absorbsiyaedici materialin
mayeni udma qabiliyyati onun materialinin néviindan, strukturundan vo vaziyyatindon asilidir.
Daha daqiq hesablamalar lglin temperatur, tozyiq vo udulacaq tezalisan mayenin xiisusiyyatlori
kimi olave malumatlar1 da nozars almaq vacibdir.

Natica.

Tezalisan mayelorin emali zamani diizgiin qablasdirma prosedurlarinin yerina yetirilmasinoe
xususi digget yetirmok lazimdir. ©ks toqdirdo zadalonmolor naticasinds sizintilar bas vera bilar ki,
bu isa 0z ndvbasindo muxtalif insident va gozalara yol aca bilor. Bu sobobdan, tezalisan mayelarin
qablasdirilmas1 zamani konkret miqdarda absorbsiyaedici materialin no Qgodoar mayenin uda
bilocayini dagiq hesablamaq mogsodouygundur. Hesab edirik ki, bu bas vera bilocok risklarin
qarsicbini almaga va (ozalarin sayinin minimuma endirilmasine imkan veracak.
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DIRECTIONS FOR IMPROVING THE HANDLING OF CLASS 3
DANGEROUS GOODS IN AIR TRANSPORT

Ismayilov P.1., Azimli L.E.
National Aviation Academy

As a result, it can be said that all dangerous goods undergo various tests in special

laboratories during transportation. Depending on the classes of dangerous goods, the specified
tests are carried out in different ways and methods. Similar methods and formulas are used when
transporting dangerous goods of class 3. We have considered several such formulas in article.
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Particular attention should be paid to proper packaging procedures when handling liquid
dangerous goods. Otherwise, leaks may occur as a result of damage, which in turn can lead to
various incidents and accidents. For this reason, when packaging flammable liquids, it is advisable
to accurately calculate how much liquid a specific amount of absorbent material can absorb using
the last formula (11). We believe that this will allow us to prevent possible risks and reduce the

number of accidents to a minimum.

Key words: Dangerous goods, flash point, initial boiling point, SDS, flammable liquids,

cargo transportation, air transport, packaging, aviation
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AEROKOSMIK MONITORINQ VO OTRAF MUHITIN QORUNMASI

UOT: 66.073.502 DOI: 10.30546/EMNAA.2024.04.1016

DONIZ YATAQLARINDA KARBOHIDROGENLORIN YIGIM-NOQL PROSESLORI
ZAMANI EKOLOJI VO IQTISADI RISKIN QIYMOTLONDIRILMOSI

Iskandarov E.X., ismaytlova H.Q., Farzalizads Z.I., Mammadova LE.
Azarbaycan Doviat Neft va Sanaye Universiteti

Neftin va neft mahsullarimin kigik sizmalart ekoloji cohatdon agir naticalar vermasa do, neft
kamoarindan sizma riskinin ehtimal qiymoatlondirilmasi boyiik praktik ahamiyyato malikdir. Riskin
saviyyasi itkilorin basverma ehtimall vo miqyast ilo qiymatlondirilir. Qiymatlondirilma proseduru
oziinda gaza naticasinda dayan ziyani va qaza bagsverma ehtimali hagqinda malumatlar: birlasdirir.
Ekoloji va igtisadi riskin qiymatlondirilmasi neft komorlarinin istismar tacriibalori vo sizmalarin
tasnifat gostaricilori nazara alinmagqla hayata kegirilir.

Moagqaloda madon yigim komorlori sistemlorinda neft sizmalarimin ekoloji va iqtisadi
risklorinin diagnostikasi va karbohidrogen itkilorinin azaldilmasi1 masalalori arasdirilmigdir. Riskin
ehtimal xarakterini nazora alaraq, neftin yigilmasi vo naqli sistemlorinin ekoloji-istismar
parametrlarinin qiymatlondirilmasi iigiin yeni yanasma taklif edilmigdir.

Acar sozlar: ekologiya, neft kamari, neftin yigilmasi vo naqli, axin rejimlori, neft sizmasi,
sabit basqi, dayison basqi, ekoloji risk, ehtimal.

Neft modonlorindoe quyu mohsullarinin yigilmas: zamani separasiya avadanliglari, neft
conlori, lay sularinin tomizlonmasi {igiin nozordo tutulmus ¢onlor, niimuns gotiirmok ticlin kran vo
cihazlar, flans birlosmoalari, qaz komoarlorindoki maye fazani konarlagdirmaq ii¢iin borucuq va s.
qurgular karbohidrogen itkilorinin monbalori hesab olunur [1].

Neft vo neft mohsullarinin goaza itkilorinin miqyast qozanin yerinin koordinatlarindan vo
6l¢lsiindan, eloca do onun askar edilmasi Vo aradan qaldirilmasi tezliyindon asilidir [2].

Sarti sorbast basqi rejiminda neftin boru kamarindon axma mdiddatini onun naglinin tam
dayandirilmasi, yani, gozanin aradan qaldirtlmas1 miiddati kimi miayyan etmok olar.

Sualt1 doniz neft kemarindon sizma zamani neftin axma miiddoati asagidaki diisturla toyin

edilo bilar [3]:
¢ = Y2’ ( /”q_a_ /M) )
d?u- g \\ pn Psu

Burada: D -neft komorinin diametri; P, ; Vo Pp;q. -uygun olaraq, quyu agzi tozyiq va donizin
H, dorinliyinds hidrostatik tozyiq; d -miisahids edilon qisur daliyinin diametri; p -Sorf amsalidir.
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Neftin komordon sorbast axmasi (nasoslar dayandirilmis halda vo ya quyu islomadikda)
zamani sizmanin giymatlondirilmasi (1) ifadasindon gortundiyd kimi bir ne¢a amillordan asilidir.

Basqili rejimds sualtt boru komarinin desilmosi zamani neftin sizma miiddsti gozanin no
godoar tez askar edilmasi ilo xarakterizs olunur.

Sabit quyuagzi tozyiq altinda komordon neftin axma middoatini asagidak: diisturla toyin
etmok olar [3]:

b2 Paa _ Phia
tl — . pn pSU. (2)
\/7d2,u g Pra
Pn

Burada: Q,, -sabit quyuagzi basqili rejimda sizma hesabina boru kamarinds neftin sarfidir.
(1) vo (2) ifadolorini miiqayiso etmokls, boru komorindon neftin sorbost vo basqili axin
rejimlorinds bosalma miiddstlorinin nisbati tigiin asagidak diisturu yaza bilarik:

t 2
s ©)
tl 1+ Thid . Pn

Pga Psu

t/tl =f (I:;—i: : ;T’;) asililigini oks etdiron qrafik sokil 1-do gostorilmisdir.

1,9 N
18 1\
17 \\
1,6 \
s1,5 \
1,4
L3 \\
1,2 ——
1,1 —_—

1

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

Phid./Pq.a ' pn/psu,

Sakil 1. Neftin sarbast vo basqili axin rejimlorinds bosalma miiddatlorinin nisbatini oks etdiron
asilihiq

Sonuncu ifadeden vo sokil 1-den goriindiiyii kimi P, = Pp;4 0ldugda t/tl =1, yonit=ty
alimir. Belolikls, basqili sizmalar zaman1 borunun bosalma vaxti t; sabit su dorinliyinds quyuagzi

tozyiqin ¢oxalmasi ilo omsalina miitonasib olaraq azalmis olacaqdir.

Phid . Pn_
Pga pPsu

Miimkiin alovlanma senarilori istisna olmaqla, neftin vo neft mohsullarinin nozors
carpmayan sizmalarinin ekoloji naticolori ¢ox boOylik olmasa da, neft sizmasi riskinin ehtimal
qiymatlondirilmasi bdyiik shomiyyot kosb edir. Ona goro ki, magistral neft komarlori potensial
tohlitko manbolarindan biri hesab edilir [4-6].

Bu zaman riskin soviyyosi gozlonilon itkilorin miqyasit vo bagvermo ehtimalindan xeyli
asilidir. Neft dagilmalarinin miqdar1 ¢oxaldiqca otraf miihito doyon ziyan vo neft itkilori artdigindan
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bas veracok itkilorin vo doyon ziyanin ehtimali da artmis olur. Odur ki, riskin qiymatlondirilmasi
proseduru hor seydon gabaq iki komiyyotin molum olmasini nozords tutur. Bu komiyyatlor qoza
halindan doyon ziyanin qiymoti vo bu hadisonin bagvermo ehtimalidir. Bir sira hadisolor iiglin
inteqral riski bu hadisolorin risklorinin comi kimi toyin edilir. Bu zaman sonuncu hadisonin ehtimali
hadisolorin ehtimallarinin hasili kimi toyin edilir. Neft komorlorinin mévcud olan istismar
tocriibasing asaslanaraq vo boru komorlorindon neft dagilmalarinin siniflosmosine uygun olaraq eko-
iqtisadi risklori hesablamagq olar. Tutaq ki, goza neft dagilmasi (g, m®/saat) toskil edir. Onda neftin
dagilma doracosi g/G (G — qoza halma kimi komordo neftin sorfi, m®%saat) olacaqdir. Qeyd
olunanlar1 vo ehtimal nazoriyyosinin elementlorini nozoro alaraq neft dagilmalari ilo bagli eko-
igtisadi riskin (R) toyini {igiin [7] yazmagq olar:

R = R1i -R2i-Z 4)

Burada, Rii — ekoloji naticalari olan qoza neft dagilmalarinin riski ; Roj — obyekti siradan vo
ya normal is rejimindon ¢ixarmaga sobab olan risk; Z — neft dagilmasindan doyon maksimal iqtisadi
ziyandir.

Statistik tohlilo vo mantiqi naticays goro qobul etmok olar ki, Ryj ehtimali (riski) ilo neftin
dagilma dorocasi arasinda miixtalif monoton olaraq azalan asililiqlar mévcuddur (sokil 2). Aydindir
ki, baxilan halda Ryj ehtimali hans1 ki, xiisusi qrup ekspertlor torafindon miisyyanlosdirilir, neftin
dagilma doracasindon asili olaraq monoton olaraq artan asililiglarla ifade olunacaqdir (sokil 2).

0,75

0,5

Risk Ry;

0,25

0 0,25 0,5 0,75 g/G 1

0,75

0,5

Risk R,;

0,25

0 0,25 0,5 0,75 1
g/G

Sakil 2. Ryj va Ryi risklarinin neft dagilmalarindan asililigi
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R1i va Roi ehtimallarinin dayismasini nazars alaraq neftin dagilma doaracosindan ( g/G )asili
olaraq miixtolif senarilor iiglin miimkiin olan 9 variant iizro ekoloji-iqtisadi risklor ( R ) asagidaki
kimi hesablanmisdir:

Ri1= Ru1 Ra1; R2=R11 R22; Rs3 =R 11 R23; Ra= R12 Ro1;Rs =R12 Roy;

Re = Ri2 R23; R7= R13 Ro1; Rg= Riz R22; Re = Ri3Rs.

Miixtolif dagilma senarilori iiglin bu risklorin hesablanmis qiymotlorinin neco doyismosi
sokil 3-do gostorilmisdir.

0,75

0,5

Risk R

0,25

0 0,25 0,5 0,75

g/G

Sakil 3. Ekoloji-iqtisadi riskin neft dagilmalarindan asililig1

Sokil 3-don goriindiiyli kimi, baxilan variantlar iiclin maksimal risk Ri variantina uygun
olmagla 0,56 togkil edir. Bu risk neft dagilmasimin g/G = 50 % halina uygun golir. Yoni, bu o
demordir ki, Rmax= 0,56-Z. Qeyd olunanla yanasi, diger baxilan variantlar da aragdirilmali vo
nozordon qagmamalidir. Masalon, R3 varianti ticlin maksimal riskin asag1 (toqribon 0,25) olmasina
baxmayaraq, boyiik hocmli neft dagilmalarina aid oldugu iigiin (togribon 75%) noticosi ¢ox
acinacaqli ola bilor.

Noatica

Neftin ¢ixarilmasi vo noqli zamani bas veran qoza neft dagilmalarinin tosnifati verilmis vo
doyon maddi-igtisadi ziyan ayri-ayri , o ctimlodon “gizli” sizma hallari iizra qiymatlondirilmisdir.

Qoza neft dagilmalarmin kifayat qodor ekoloji vo sosial-iqtisadi tesirlorlo naticolondiyini
nozora alaraq ekoloji vo iqtisadi risk amilinin qiymatlondirilmasi {iglin metodik yanagma toklif
olunmugdur. Miioyyan edilmisdir ki, risklorin asagi qiymato malik olmasina baxmayaraq, boyiik
neft dagilmalar1 {i¢iin xeyli tohliikali hesab edilmolidir.
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ASSESSMENT OF ENVIRONMENTAL AND ECONOMIC RISK IN HYDROCARBON
GATHERING AND TRANSPORTATION

Iskandarov E.Kh., Ismayilova H.G., Farzalizade Z.I., Mammadova LE.
Azerbaijan State Oil and Industry University

While small spills of oil and oil products do not have severe environmental consequences,
the probability assessment of oil pipeline leakage risk is of great practical importance. The level of
risk is assessed by the probability and magnitude of losses. The assessment procedure combines
information about the damage caused by the accident and the probability of the accident.
Environmental and economic risk assessment is carried out taking into account the operating
practices of oil pipelines and classification indicators of leaks.

The article examines the diagnosis of environmental and economic risks associated with oil
spills and the reduction of hydrocarbon losses in mining collection pipeline systems. In light of the
probable nature of the risk, a novel approach was put forth for the evaluation of the ecological-
operational parameters of oil collection and transportation systems.

Key words: ecology, pipeline, transportation and storage of oil, flow regimes, oil spill,
constant pressure, variable pressure, environmental risk, probability.
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BOIIPOCBI HCIIO/IB3OBAHHUA KOPOTKOBOJIHOBOI O HK /THAITA30HA JIV/TA
BBICOTHOI'O AKTHBHOI'O H IACCHBHOI O [UCTAHLTHOHHOI O
3O0H/THPOBAHHA C HCIIOJIB30OBAHHEM BIIVIA

Anueea I' B.
Aszepoaiiorycanckuii I'ocyoapcmeennwiii Ynueepcumem Hegpmu u IIpomviuwinennocmu

Cmamvsa  noceawjena aumaiu3y 603MONCHOCMU — UCHONb30BAHUSL — KOPOMKOBOIHOBOO
ungpaxpacnoco (MK) ouanazomna cnekmpa 31eKMPOMASHUMHBIX GOJH OJisl OUCMAHYUOHHOZO
30HO0Uposanusi  nosepxwocmu  3emau. Jna  ocywecmeneHuss aKMUHO20 U  NACCUBHO20
OUCMAHYUOHHO20 30HOUPOBAHUSL HA3EMHBIX 00BLEKMO8 MO2ym Oblmb UCHOIb3068AHbI 6bICONMHbIE
becnunomuvle aemamenvhvie annapamvl (BII/IA), cnabocennvie HK paouomempuueckou
annapamypou, uznydamenem u npuemHuxom. Ilpu omuocumenvHo wWUPOKONOIOCHOM AKMUBHOM
30HOUPOBAHUU GIUAHUE BOOSHBIX NAPOE MOJCem Oblmb YYmeHo uepe3 080UHOe ocladieHue
ONMUYECK020 NOMOKA BLANCHOCMbIO 8030yXd. IIpu WUPOKONOIOCHOM NACCUBHOM OUCMAHYUOHHOM
30HOUPOBAHUU ~ HA3EMHLIX MEPMALbHLIX 00bEeKMO8 HA KOPOMKOBOIHOBOM UHDPAKPACHOM
ouanaszone ciedyem yuecmsb 0OUHAPHOE OCAabeHUe U3-3d GIUAHUSL OMHOCUNENbHOU 6IANCHOCU U
ammocgeprnozo aspozons. Ilonoxcumenvhas 63aumocssizsb T, u RH (m.e. ecaiu pocm RH
CONpoBOAHCOaemcst pOCmMoM T, ) AGIAemcs  (PAKmopom, NPUBOOSWUM K MAKCUMATLHOMY
VMEHbUIEHUIO  OMPAXCEHHO20 — CUSHANA  NPU  NACCUBHOM — OUCMAHYUOHHOM  30HOUPOBAHUU
MEPMATILHBIX HA3EMHBIX 00BEKMO8.

Knroueswvie cnosa: kopomxkogoiHo6wlll UHGPAKpaCHbILL OUANA30H, oclabienue ONMULecKko2o
CUCHAA, BOOSIHbLE NAPLL, OMHOCUMETbHASL BLANCHOCTb, AMMOCHEPHBLIL A2PO30.Tb.

BBenenue

Kak ormeuaetcst B pabote [1], oOuue kanutansHbie BioxkeHus B cgepy BITJIA Bospacrer ¢

26,2 mwommapao USD B 2022 t go 38,3 mwmmmapaoB B 2027 T., 9TO OOBSCHSETCS MUPOKUM
MpUMEHEHUEM OECITMIIOTHUKOB B TaKWX OOJACTSAX KaK OXpaHa OKpYXalollel cpeipl, 00ecTieueHne
0€30MacCHOCTH KU3HEAEATEIbHOCTH YelloBeKa, cOOp JaHHBIX paznuyHoro HasHaueHus. BIIJIA B
HacTosIee BpeMs IIMPOKO HCMOJIB3YIOTCS B TakUX cdepax UYelIOBEUYEeCKOH IesITeNbHOCTH Kak
TOYHOE 3E€MJIEJIEINE, YIIPABIECHUE TPAHCIIOPTOM, OKa3aHUE NOMOIIM B YpPE3BBIYAMHBIX CUTyalUsX,
CTPOMUTENIBCTBO, ONTHUYECKUE CUCTEMBI KOMMYHHKAIIUH, U Ap. [2].
Bmecre ¢ TeMm, addexkruBHOCTh ucnonb3oBaHus BIIJIA B 3HAUMTENbHOW CTEMEHU 3aBHCHUT OT
Jrarna3oHa MCMOJIb3yeMOIro CIEKTpa 3JEKTPOMArHUTHBIX BOJH. TpPaguIIMOHHOE HCIOJIb30BaHUE
BHIeOMH(DOpMAITMOHHOTO 000pyAOBaHMs, ycTaHoBIeHHOTO Ha BITJIA B Buaumowm, 6mmkaem UK u
TEpMaJIbHOM JHarna3oHax, MOKHO CKa3aTh, JOCTUIJIO CBOETO COBEpPUICHCTBA B IUIaHE Yy4eTa
Pa3IMYHbBIX BHEUTHUX BIUSHUI, B OCHOBHOM BJIMSIHHS aTMOC(EPHI.

B mnocnenHee Bpemsi HaOmIomaeTcst POCT HUCCIEAOBATENBCKUX pPa0OT, IMOCBSIIEHHBIX
MCTOJIb30BAHUIO KOPOTKOBOJIHOBOTO HMH(PAKPACHOTO JAMANa30Ha 3JIEKTPOMArHUTHBIX BOJH JUIS
pean3anyy AUCTAaHIIMOHHOTO 30HAUPOBAHUS ¢ IPUMEHEHUEM pa3IndHbIX HocutTenen [3,4]. Dromy
TaKXe CIO0COOCTBOBANM TIOSBICHUE BBICOKOA((PEKTUBHBIX CEHCOPOB, M3TOTOBJICHHBIX Ha 0ase
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InGaAs, HgCdTe, InGeAs, nmeromux BbICOKYIO KBAaHTOBYIO 3()()EKTUBHOCTh M HU3KHI TEMHOBOI
TOK.

Bwmecte ¢ TeM, ocHOBHO# mTpo0siemMoii kopoTkoBosiHOBOro MK nuamnasoHa siBasieTcsl HaTn4Iue
B HEM I10JI0C MOTJIONICHUS BOJSHBIX MapoB Ha airHax BoJaH 0,938 mxwMm; 1,13 mMxMm; 1.38 Mxm; 1,88
MKM; 2,68 MkM. OgHAKO, TaKO€ OTpaHWYCHHE CIEKTpa JICKTPOMArHUTHBIX BOJIH B KOPOTKOBOJI-
HoBoM MK nuamasoHe BOBce HE MeNIaeT MPOBEICHUIO JUCTAHIIMOHHOTO 30HIMPOBAHUIO MHOTHX
OOBEKTOB HA TIOBEPXHOCTH 3€MJIM, HAPUMEP HMCCIICIOBAHUIO BIAKHOCTU MOYBHI Ha JUTMHAX BOJH
1,1 u 1,6 mxm. B xadecTBe npumepa Ha pucyHKe | mpuBEIEHBI Pe3yJIbTaThl TAKUX HCCIEAOBAHUN

[3].

0.8
= ®  Broadband
a8 ' ¥  1100nm
T 07 1600nm
[l=]
8 R? = 021
2 osl —— RY = 0.905
=
= 1 RE = 0917
1]
I
g 05} .

gy

E ""h.,--.,,%lmv
E 04 Ih'm'm‘""lm.
E ®

0.3

ofbeMHOe COOepHAHUE BOALI

Pucynok 1. KpuBbie 0Tpa)keHHOTO OT ITOYBBI 3JIEKTPOMAarHUTHOTO CUTHaNA Ha JairHax BoaH 1600 HM (1);
1100 uM (2); cUTHAN TIUPOKOIIOIOCHOTO Ararna3oHa (3)

Bwmecte ¢ Tem, kak ObLIO CKa3aHO BhINIE, KOPOTKOBOJIHOBBIM MK nauanazon mpuromeH s
MPOBEACHUS TUCTAHIIMOHHOTO 30HAMPOBAHMS KaK B aKTUBHOM, TaK U B ITACCUBHOM pexuMax. Tak,
HampuMep, CoryiacHO pabote [4], ecu 30HANPOBATH MOBEPXHOCTH 3€MIIH JIa3€POM, YCTaHOBJICHHBIM
Ha KaKoM-JIIM0O HOCcHUTeNe, TO (POTONPUEMHOE YCTPOICTBO, YCTAHOBJICHHOE TaKKe HAa HEM, BBIIACT
curHan @, onpezenseMslii no ¢popmyie
_ ED%*typ

Q 4L exp (2ayL) (1)

rae E -oHeprus usnmyueHus jazepa; L -AanbHOCTh A0 LENH; Qs -KOXPQOUIMEHT TOTEeph B
atMocdepe; D-muamMeTp BXOAHOTO 3padka; t;-Kod(pPHUIHEHT MpomyCcKaHus MPUEMHON ONMTHYECKOMN
CUCTEMBI; P-KOA(DPUITUEHT OTpaKEHUS 1IEITH.

Kak Bunno u3 ¢popmynsl (1) eAMHCTBEHHOE BHEIITHEE BO3JICHCTBHUE, BIHSIONICE HA KAYECTBO
dbopMUpyeMOTo H300paXKeHHUs Ha MPHUEMHOM YCTPOMCTBE, SBJISETCS BIMsSHHE aTMochepsl, T.e.
ocla0ieHre AJIEKTPOMArHUTHOTO CUTHAJIa PA3IMYHBIMH COCTaBIISIOMIMMH aTtMochepsl, oTobpa-
xaemoe B (1) xoaddumuentom a. B obmem ciaydae a MOKET OBITh MPEACTABICHA B KAaueCTBE
CYMMBI

as = aq +a, + as @)
re aq -ociabjieHue CHUrHajga H3-3a BIMSHHS a’po30Js; (&, -ocilablieHue CHUrHaiza H3-3a
BJIQXKHOCTH BO3/1yXa; (r3-0cialieHue CUurHaia u3-3a BIUsSHUS aTMOC(HEPHbBIX ra3oB.
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Bmecte ¢ Tem, yriyOneHHbIM aHanu3 (akToOpoB, BXOAAIMX B Gopmyny (3), IPUBOIUT K
HEOO0XOIMMOCTH KOPPEKIUHU ATOTO BBIPAKEHHS, YUUTHIBAS (PaKTHUECKOE B3aMMOICHCTBHE adp0O30Jis
U BOJSHBIX IapoB B atMocgepe. IIpu npoBeeHUMH OTHOCUTENIBHO HIMPOKOIOJIOCHBIX KOPOTKOBOJI-
HOBBIX MH(PAKPACHBIX U3MEPEHUN TaKXKe CIeLyeT y4ecTb OcIalJstoliee BIUSHIE OTHOCUTEIbHON
BJIQXKHOCTH Bo3ayxa. [lamee B HacToslled cTaThe aHAIU3UPYIOTCS OCOOEHHOCTH yuyeTa TaKHX
OCJIA0JISIOIINX BO3IEHCTBUN.

MaTepuajibl 1 MeTOABI

B nenom, B ckoppekTHpOBaHHOM BUjie (hopmyty (2) MOXKHO 3aMucaTh CICTYIOINIUM 00pa3omM
as =aq +a, +az + Aa 3
rae Aa-cocTaBisoIas MoTephb, XapakTepU3yollas B3auMOCBA3b aTMOC(HEPHOTr0 a’po30Jid U BOJS-
HBIX I1apOB, OMPECISIONINX OTHOCUTEIBHYIO BIaXKHOCTh BO3TyXa.
OTMeTuM, UYTO Jajgee COCTaBJSIONIYI0 (3 OyJeM cuuTaTh CTAaOMJIBHOW U C yYEeTOM
BPEMEHHBIX U3MEHEHUH Oy, &1, A5, @3 U Aa hopmyiy (3) mepenuiieM B BUIe
az(t) = a;(t) + a,(t) + az + Aa(t) 4)
Ecnu  ¢usudeckoil mpouecc yBIOKXHEHHS a’po30Jisi NPUHATH B KA4eCTBE OCHOBHOTO
MEeXaHM3Ma B3aUMOBJIMSHHUS a’p030Jii M BOJSHBIX MapoB, TO TEpPBbIE JBE COCTABJISAIONINE B
dbopmyiie (4) MOTYT OBITh 3allMCaHbI B BUJIE IBYYJICHOB, T.€.
a;(t) = ay(to) + Aay (t1) ®)
ay(t) = ay(ty) — Aay(ty) (6)
rae Aaq(ty)-yBenuueHne TOTEph CHUTHANA W3-3a YBIAKHEHHUS a’dpo30is; Aa,(t;) -yMeHbIIEHHE
MOTEPh CUTHAJIA W3-32 TIOHKEHHUSI OTHOCUTEIFHON BIAKHOCTH 110 TIPUYMHE PACXO/a YacTH BJIard B
MIPOIIECC YBIAXKHEHHS adPO30JIsl.
C yuerom BelpaxkeHuit (1)-(2) nmonyuum
a;(t) = a1(to) + az(to) + [Aay(ty) — Aay(t)] (7)
OTmeTuM, 4TO BIMSHUE a’PO30JbHOTO 3arpsA3HEHUS U W3MEHEHHME BJIAXKHOCTH BO3JyXa Ha
BEIMYMHY KOpOTKOBOJIHOBOM MK mHcomsmmu noapoOHo 6b110 MccaenoBano B padore [5]. OcHoB-
HBIE Pe3yJIbTAThI DTUX UCCIIEIOBAHHNI 0TOOpa)KEHbI HA pUCYHKaX 2 U 3.

800
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{ *—» |IFS param IOPs
- 2:; obs IL)F-'ISOp
| . — r. param 5
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-

5001
400}

300;
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100/
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AODS50

Pucynok 2. 3aBucuMocTs noctynaromei Ha 3emino KopoTkoBosaHoBoM MK paguannu ot ontudeckon
TOJIIIUHEI aTMOC(EPHOTO a3p030JIsI HA JUTMHE BOITHBI 550 HM
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Pucynok 3. 3aBucuMOCTb MocTynaroIeil Ha MOBEpXHOCTh 3eMi kKopoTkoBoaHoBoM UK panuaruu ot
BEJIMYMHBI OTHOCHUTENILHOM BIQXKHOCTH BO3yXa

Kak BuaHO M3 rpadmKoB, MPEACTABICHHBIX HAa PUCYHKAaX 2 W 3 YBEJIMUYCHHE ONTHYECKOM
IUIOTHOCTH a3p030Jisl MPHUBOAMT K OCIA0JIEHUIO IOTOKAa KOpoTKoBoiHOBoro WK wum3mydenws,
MOCTYNAIOUIEr0 Ha MOBEPXHOCTh 3eMild. BMecTe ¢ TeM, npu yBENTWYEHUH OTHOCHTEIBbHOW BIIaXK-
HOCTH, B YCJOBHSX CHJIBHOW a’pO30JIbHOM 3arps3HEHHOCTH aTMoc(epbl 0OHapyKMBAETCsl HEKO-
TOPBIA POCT YKAa3aHHOTO pPAJUALIMOHHOTO MOTOKAa. TakuMm 00pa3oM OOHapYyXHBAaeTCs JIBOSIKOE
BIIUSIHUE OTHOCHUTEIBHON BIA)KHOCTh 3€MJIM ITOTOKA KOpOTKOBONIHOBOM MK pagnanymu:

1. Ocnabnenue ucxonHoro noroka MK kopoTKoBOIHOBOM paguanuy.

2. Bo03MOXHOE YCWJIEHHE YKa3aHHOTO IMOTOKa B a’3pO30JIbHOM cJ0o€ aTMoc(epsl H3-3a
YaCTUYHOW TpaThl BJIaTM Ha yBJIAKHEHHE aTMoc(epHoro aspo3oiia. OnHako, B 11eJ10M, HabIo1aeTcs
yMeHbIeHue nmotoka MK kopoTkoBOTHOBOTO M3IyUueHuUs U3-3a ci1aboctu a3 dexTa ero ycuieHus.

PaccMoTpuM BO3MOXKHOCTH MapaMeTpU3allii yKa3aHHOTO Ipoliecca Ha MpUMEpe MacCUB-
HOTO JIUCTAaHIIMOHHOTO 30HIMPOBAHNS O0BEKTOB Ha MOBEPXHOCTU 3EMJIN.

Cornacno pabote [6], ocnabnenue nmocrymnatouiero Ha BxoJ MK paguomerpa KOpOTKOBOI-
HoBo# UK paanaruu [, MOXeT OBITh YYTEHO C TOMOILBIO CIIEAYIOLIETO BBIPAXKEHUS

I(RH) = I,(1 — RH)? (8)
rae RH -oTHOCUTENbHAs BIIAXXHOCTH; [; -OclaOJIeHHas BENWYWHA TOCTYMNAIomed Ha BXOJ
panuometpa kopoTtkoBosHoBoM UK paaunanum; b-smnupudeckuit ko3 HUIueHt.

B TO e Bpems, HM3BECTHO, 4YTO OCJIla0JIeHHe ONTHYECKHX paJUallMOHHBIX IOTOKOB
MIOAYMHSETCS 3aKOoHy byrepa-bepa, cOracHO KOTOPOMY ONTHYECKHH pagualMOHHBIM IOTOK,
M3ITy4aeMblil HA3eMHBIM 00BEKTOM, ONpeAeseTcs KakK

Iy = Iy exp(—azLo) ©)

C ydeTroMm BBIIEU3I0KEHHOTO PAacCMOTPUM BO3MOKHOCTHh ONTHMMH3ALMU BBICOTHOTO Iac-
CHBHOTO JHMCTAaHIIMOHHOTO 30HAMPOBAHUS TEIUIOBBIX OOBEKTOB Ha 3emiieé C IMOMOIIBIO KOPOT-
koBosiHOBOTO MK crnektpopanuomerpa ycranoBiaeHHoro Ha BIIJIA. YmpomieHHas cxema mpoBo-
JTMMBIX U3MEPEHUI MMOKa3aHa Ha PUCYHKE 4.
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Pucynoxk 4. YnpouieHHas cxeMa NpOBEACHUS MACCUBHOTO JUCTAaHIMOHHOTO 30HAUPOBAHUS TEPMAIBHOIO
o0bekTa B KopoTkoBosHOBoM MK nuanazone ¢ nomomisio BeicoTHOTo BITJIA, 060pymoBannoro MK
CIEKTPOPAaTUOMETPOM

VYcnosueie obo3Hauenusi: 1-BIJIA; ¢-yron o03opa; h-BbicoTa mosera; 2-3emiis; 3-Hccle-
IyeMbIii 00beKT. Jlanee canraem, 4To B aTMOC(EPHOM CJIOE TOJIIMHONH h B OCHOBHOM COJIEPIKHUTCS
BCA Bjara, KOTOpasl HaKallJIMBAaeTCsl B NPU3EMHOM cJio€ BbICOTOM 6-7 kM [7]. B 310l xe TOMNILIE
aTMochepsl COIePKUTCS OCHOBHAs Macca TporochepHoro a’posons. B paccmarpuBaemom ciyuae
dbopmyy (9) MOKHO TIepenucaTh Kak

I; = Iy exp[-m(tq + Tgn)] = [Iy exp[—mz,]] - T (10)
rae Ty -IIPOIyCKaHWE BOASHBIX MIAPOB, ONPEIEIIEMOE KaK
Tgn. = exp[—m7gy ] (11)

Kak Op110 ykazano Beimie, B KopoTkoBosiHOBoM MK mmamazone BojasiHbIe Tapbl CHIBHO
MOTJIOLIAIOT ONTHYECKYIO PaUalUIO B MSTH JUCKPETHBIX CHEKTpaIbHBIX 30Hax. Eciu ocnabnenue
KOpPOTKOBOJIHOBOM paJvalMy CYUTaTh PAaBHOMEPHBIM BO BCEM CIIEKTPAJIBHOM JUAIla30HE KOPOT-
koBostHOBO# MK pamuanmu, To popmymy (10) ¢ yuerom (8) nepenuinem Kak

I, = [Iy exp[-m7,]1(1 — RH)" (12)

Bmecre ¢ Tem, 7, U RH ABIAIOTCA OTHOCHUTENBHO HE3aBUCHMBIMHM IIOKa3aTEIIIMU U
HaxXO0XJEHWE TaKoil B3auMOCBSI3U Mexay T, U RH, mpu kKortopoil I; moctur Obl MakcUMyMa
MIPEACTABIISIET ONPEEICHHBIA HHTEPEC.

Janee paccMartpuBaeM ciydvaid, korga RH uwsmensiercsi B auamnasone (RHp,in — RHpmax) -
BBeneM Ha paccMOTpeHHE TUIIOTETUYECKYIO (DYHKIIMIO B3aUMOCBSI3U

7o = f(RH) (13)

U OmpeenuM onTUMaibHbIi By (ynkimu (13), npu xoropoii mHTerpanbHbiii UK onrtu-

YEeCKUI MOTOK, BHIYMCIIIEMBIN B KAUeCTBE HIKETIPUBEIEHHOTO HHTErpala, JOCTUT OBl IKCTpEeMyMa

Io=Jy ™ Iylexp[~ma]](1 - RH)dRH (14)
JIns BeIYMCICHHs onTuMaibHOro Buaa ¢yHkuuu f(RH) mpuMeHHM K Hell  ciiemyrolnee

OrpaHUYUTCIIBHOC YCIIOBUC

[FHmax ¢ (RHYARH = C (15)

0
C yuerom Beipaxenuit (13) u (14) cocraBuM 1eneBoil (QyHKIHOHANT O0€3yCIOBHON

BapHUAILMOHHON ONTUMM3ALUHU
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RHmaX
I,= f Iy [exp[-mf(RH)]](1-RH)dRH+
0

A [ [RHmax f(RH)dRH-c] (16)

0

Pemenue ontumuzanuonHom 3anaqu (16) cornacHo [8] JOMKHO YIOBIETBOPATH YCIOBHIO

d{Iy[exp[-mf(RH)]|(1-RH)?+.f (RH)} _

27 (RE) 0 a7)
U3 ycnoBus (17) Haxoqum

Iy[ex p[-mf(RH)] ](-m)(1-RH)®+1=0 (18)

N3 Beipaxenus (18) Haxomum

A

exp [-mf(RH)]— m (19)

N3 Beipaskenus (19) nomyuum

g2

f(RH)_ m In [IHm(l-RH)b] (20)

Takum ob6pazom, npu pemiennu (20) ynkuuonan (16) gocturaer MUHUMYMa, T.K. IIPOU3-
BojHas Beipaxkerust (18) mo f(RH) oka3bIBaeTCs BCET/1a MOJIOKUTEIBHON BETHIUHOM.

Jlis BBIYMCIIEHUS BETMYMHBI A MOXXHO BOCIOJIb30BaThCsl BblpakeHusmu (15) u (20).
Bcrasus Boipaskenue (20) B (15) nmonyuum

£ m () drit- ™ In[lym(1-RH)?]dRH=Cy; C;=Cm (21)

W3 Beipaxkenus (21) nomyuum

C1- [3 ™3 I [Iom(1-RH)PdRH]
RHmax

A=exp (22)

Takum obpazom, pemenue (20), (21) mpuMEeHUTENTHFHO K pacCMaTpUBAEMOM 3a/1aue SIBIISICTCS
YCIIOBHEM MaKCHMAJILHOTO OCJIa0JICHUS] 30HANPYIOIIETO CUTHAJA M TAKOH B3aMMOCBSI3U U3MEHECHHUS
RH u T, cnenyeT n3berarh.
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Oo6cyxaenne

[Ipoananu3upoBaHbl BO3MOKHOCTH HCIOJIb30BaHUsI KOpoTkoBosiHOBoro UK nuamazona mmst
OCYIIECTBICHUS aKTUBHOTO U MACCHUBHOTO JUCTAHIIMOHHOTO 30HIMPOBAHUS HA3€MHBIX OOBEKTOB C
ucronb3oBaHueM BbICOTHBIX BIIJIA, cHaGxkennbpix MK pamuoMerpudeckoil ammapartypoi, U3iy-
yareneM U OpueMHUKOM. [lokazaHo, 4ToO B cCily4ae akTUBHOTO 30HAWPOBAHUS HCIIONb3YETCS
OOpTOBOH Jla3epHBIA M3Tydaresb, ONTHYECKHM MOTOK U3IYyYEHHUS KOTOPOro ocialiseTcs 3a cUeT
aTMoc(epHOro a’po30Jis U BOJSHBIX IMAPOB HA BBIOPAHHOHN IJIMHE BOJIHBI WM3iydeHus. llpu atom
BIIUSTHUE BOJSIHBIX TIAPOB MOXKET OBITh YYTCHO SKBHBAICHTHBIM OCIA0JIEHUEM ONTHYECKOTO MOTOKA
OTHOCUTENIbHOM BIIAXHOCTHU BO3ayXa. [Ipy maccMBHOM JMCTaHIIMOHHOM 30HIUPOBAHUU HAa3EMHBIX
TepMaJIbHBIX 0OBEKTOB Ha OTHOCUTEJIBHO HMIMPOKHUX CHEKTPAIbHBIX JUANAa30HaX BO3MOKHO MaKCH-
MajbHOE Oclla0JieHne ONTHYECKON BXOJIHOW pajHalliy CIIEKTPOPaTUOMETpa MPU CUHXPOHHOM H3-
MEHEHUU aTMOC(HEPHOT0 a3p030Jid U OTHOCUTEIHFHOM BIAYKHOCTH BO3AyXa.

OcCHOBHBIE BLEIBOJbI

1. Ilpy maccuBHOM AMCTAaHLHMOHHOM 30HAMPOBAaHUM TEPMAIbHBIX 3€MHBIX OOBEKTOB B
OTHOCHUTEJIbHO IIUPOKOM MOJ0CE JJIUH BOJIH, BIMSHHUE BOJASHBIX [1apOB HAa ONTUYECKUH CHUTHAI
MOJKET OBITh HCCIIEIOBAHO C YYETOM BIMSHIUE OTHOCHTEIBHOM BIQXKHOCTH aTMOC(hEpHI.

2. OtpuuarenbHasl B3aUMOCBS3b T, U RH (T.e. €ciiu pocT T, U3-3a YBJIQXKHEHUS SBIISETCS
(bakTOpoM, NMPUBOJAIINM K YMEHBIICHUIO OTHOCUTENIBHOM BJIQXKHOCTH) MOKET IPUBECTU K HEKO-
TOPOMY YBEJIMUYEHHUIO OTPAKCHHOI'O CUTHAja NPU NAaCCUBHOM JUCTAHIIMOHHOM 30HIUPOBAaHUU
TepMaJIbHbIX Ha3eMHBIX OOBEKTOB.

3. IlonoxwurenpHas B3aUMOCBS3b T, U RH (T.e. ecnu poct RH conmpoBOXKJIaeTcsi poCTOM
T,) ABISAETCS (PAKTOPOM, NPUBOAALIMM K MAaKCUMaJbHOMY YMEHBIIEHUIO OTPaKEHHOI'O CHUTHAJa
[P NACCUBHOM JUCTAHIIMOHHOM 30HIUPOBAHUN TEPMAIbHBIX HA3€MHBIX OOBEKTOB.

REFERENCES

1. Yan X, FuT, Lin H., Xuan F., Huang Y., Cao Y., Hu H., Liu P. UAV detection and tracking
in urban environments using passive sensors: a survey// Appl. Sci. 2023. 13.
https://doi.org/10.3390/app132011320.

2. Jagadeesh G. UAB-based object detection and tracking: real-world applications// International
journal of research publication and reviews. Vol. 4. No 12. Pp. 4744-4753. 2023.

3. Stark B., McGee M., Chen Y. Short wave infrared (SWIR) imaging systems using small
unmanned aerial systems (SUAS)// 2015 international conference on unmanned aircraft systems
(ICUAS). June 9-12. 2015.

4. Makarov E. V., Kil' I. A., Pogorelov M. G. Otsenka obnaruzheniya ob’ektov korotkovolnovym
infrakrasnym kanalom // 1zvestiya TulGU. Tekhnicheskie nauki. Vyp. 12. 2021.

5. Gleeson E., Toll V., Nielsen K. P., Rontu L., Masek J. Effects of aerosols on clear-sky solar
radiation in the ALADIN-HIRLAM NWP system// Atmos. Chem. Phys. 16. 5933-5948. 2016.

6. Lindauer M., Schmid H. P., Grote R., Steinbrecher R., Mauder M. A simple new model for
incoming solar radiation dependent only on screen-level relative humidity// American
Meteorological society. 2017.

28


https://doi.org/10.3390/app132011320

Elmi Macmua Cild 26, Ne4, 2024
Scientific Journal Vol. 26, Ne4, 2024

7. Fountoulakis H., Papachristopoulou K., Proestakis E., Amiridis V., Kontoes C., Kazadzis S.
Effect of aerosol vertical distribution on the modeling of solar radiation// Remote Sens. 2022.
14. 1143. https://doi.org/10.3390/rs14051143.

YUKSOK HUNDURLUKDO AKTIV VO PASSIV MOSAFODON ZONDLAMADA PUA-
LARIN QISA DALGALI IQ DIAPOZONDA ISTIFADO MOSOLOLORI

dliyeva G.V.
Azarbaycan Dovlat Neft va Sanaye Universiteti

Mbaqala, elektromagnit spektrinin qisa dalga uzunluglu infraqirmizi sahasinin Yer masafadon
zondlamagq ticiin istifadasinin miimkiinliiytiniin tahlilina hasr olunub. Torpaq obyektlorinin aktiv va
passiv masafadon zondlanmasi iiciin 10 radiometrik avadanliq, étiiriicii va goabul edici ilo tachiz
olunmus yiiksak yiiksaklikli PUA-lardan istifada oluna bilar. Nisbaton genis zolaqli aktiv zondlama
zamani su buxarvmn tasiri havadaki riitubat sababindan optik axinin ikigat zoiflomasi ilo nazora
alina bilir. Qisa dalga uzunluglu infraqurmizi sahada torpaq istilik obyektlorinin genis zolaql
passiv masafadon zondlanmasinda, nisbi riitubatin tasirindan yaranan tok zaifloama va atmosfer
aerozollar: sababindan zaifloma nazora alinmalidir. ©_a va RH arasinda miisbat korrelyasiya (yani,
RH artdigca t_a-min artmasi) passiv masafadon zondlama zamanu istilik torpaq obyektlorinin aks
olunan signalinin maksimum azaldilmasina sabab olan faktordur.

Acgar sozlar: qisa dalga uzunluglu infraqirmizi saha, optik signalin zaiflomasi, su buxari,
nisbi riitubat, atmosfer aerozolu.

ISSUES OF USING THE SHORT-WAVE IR RANGE FOR HIGH- ALTITUDE ACTIVE
AND PASSIVE REMOTE SENSING USING UAVS

Aliyeva G.V.
Azerbaijan State University of Oil and Industry

The article is dedicated to the analysis of the possibility of using the short-wavelength
infrared range of the electromagnetic spectrum for remote sensing of the Earth's surface. For active
and passive remote sensing of terrestrial objects, high-altitude UAVs equipped with IR radiometric
equipment, an emitter, and a receiver can be used. In the case of relatively broadband active
sensing, the influence of water vapor can be accounted for through the double attenuation of the
optical flow due to air humidity. In broadband passive remote sensing of terrestrial thermal objects
in the short-wavelength infrared range, the single attenuation due to the effect of relative humidity
and attenuation due to atmospheric aerosols should be considered. The positive correlation
between z_a and RH (i.e., an increase in RH accompanied by an increase in z_a) is a factor leading
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to the maximum reduction of the reflected signal in passive remote sensing of thermal terrestrial
objects.

Key words: short-wavelength infrared range, optical signal attenuation, water vapor,
relative humidity, atmospheric aerosol.

Peyenzenm: t.e.d., prof. Abdullayev X.1.
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CIHAZQAYIRMA

UOT: 623 DOI: 10.30546/EMNAA.2024.04.1021
LINGLI FOZA MEXANIZMLORININ XARAKTERIK NOQTOLORININ TOCILININ
TOYINI UCUN 3D KOMPUTER MODELI OSASINDA YENI QRAFIKI USUL

Mustafayev M.R., Panahova N.C., Rahimova S.M.
Muanau Asuacuiia Akademuiiacwl

Moqalada lingli faza mexanizmlarinin - xarakterik nogtalorinin mitloq vo ayri-ayr
noqtalarinin biri-birina nazaran nisbi tacilinin tayini Ggin 3D komputer modelina asaslanmis sado,
nazari cohatdan asaslandwriimis, praktiki maSalalarin hallina dair kifayat gadar daqigliya malik yeni
grafik tsul taklif olunur. Bu Gsulun asas mahiyyati ondan ibaratdir ki, OXYZ koordinat sisteminda
harakat edan M noéqtasinin istanilon andaki  vaziyyati, O koordinat baslangicindan M négtasina
Cokilmis 7 radius-vektoru ilo vo 7 — in zamandan asililigi iso mexanizmin aparan bandin biri-
birindan A ¢ godor forglonan (A = 0.005 + 0.05°) U¢ vaziyyatinag (@1 = @o — Ap, @, = @,
Q3 = Qo + Ap) uygun vaziyyatlor planimin 3D kompiiter modelinin qurulmast ilo tomin edilir.
Horokat edon noqto © zaman aminda  radius-vektoru ilo miayyan olunan M vaziyyatindan, 7,
zaman amnda 7, vektoru ilo miayyan olunan M; vaziyyatino kecarsa At = 7; —t muddatinda
yerdayisma MM, vektoru ilo miayyan edilir va bu vektor noqgtanin yerdayisma vektoru adlanir va
bu vektorun uygun zaman fasilasina nisbati vektorial kamiyyat olub, At zaman fasilasinda ndgtanin
giymat va istiqamat Uzra orta suratini verir. © zaman aminda v sUrati ilo  harakat edan ndqta, M
vaziyyatindan, T, zaman aminda ¥, sirati olan M, vaziyyatina kecarsa, At =1, —1 muddatinda
nogtanin slirati AU=v,-U qadar dayisir. Av vektorunu M noqtasindan v; vektoruna barabar
vektor kecirarak vo diagonali v, olan paralelogrami qurmagqla miiayyan etmak va ondan istifada
etmaklo tocil mlayyan etmok olar. Homgcinin Gg¢olculli kompiter modeli asasinda ilk dofa olarag
tocillor plamimin qurulma qaydast islonilmis va ondan istifado edarak besgbaondli foza dirsok-
mancanaq mexanizminin tocil plammin ii¢él¢iilii kompiiter modeli qurulmusdur. Toklif olunan
tisulla alinmus naticalorin dogrulugu, tapilmis tocil vektorlari asasinda, mexanizmin qurulmus
tocillor planinin bir négtoda gapanmast ilo Vo adadi iisullaria hesablanmis giymatlarla migayisa
edilorak tasdiglonmisdir.

Acar sozlar: faza mexanizmi, dirsak-mancanag mexanizmi, kinematik analiz, 3D sirat plani,
3D tacil plani, kompiiter modeli, graf-analitik usul, AutoCAD.

Lingli foza mexanizmlori lingli yastt mexanizmlor ilo mugayisodo Gstinliklora malik
olmagla yanasi, boyiik siiratlordo masinin isini etibarl sokilds tomin edir vo bundan slava kasisan
Vo garpaz oxlar arasinda horokoti azsayli bandlar va siirtiinan sathlar vasitasi ilo 0tirmok imkanina
malikdir.

Qeyd olunan bu usttnliklora baxmayaraq, lingli foza mexanizmlari halo do layiq oldugu
totbiq sahasi tapmamigdir. Bunun asas sobabi kimi, bu mexanizmlarin sintez va analiz tisullarinin
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murokkabliyi vo laziminca islonilmamasi gostorilir [1-3]. Xususan, bu mexanizmlarin dinamik
todqgiqi Ggun, xdsusi shomiyyat kasb edon, xarakterik ndgtalorin  tacilinin toyin edilmasino dair
todqiqat islori yox saviyyasindadir. Basqa sozla, lingli foza mexanizmlarinin sintez v analizi ¢iin
yeni tisullarin islonilmasins ehtiyac vardir.

Isin_moagsadi: Lingli faza mexanizmlorinin xarakterik nogtalorinin tacilinin tayini dcin

muasir komplter texnologiyalarina asaslanmis yeni, sado Vo Kifayat godar dagiq Usulun
islonilmosidir,
Molumdur ki, Gmumi halda bark cismin sirat va tacilinin giymat va istigamatinin toyin olunmasinin
nozori osaslari nozori mexanika kursunda verilmisdir [4]. Bu materiallar asasinda faza lingli
mexanizmlorinin 3D kompditer modeli osasinda, xarakterik noqtalorinin kinematik parametrlorini
toyin etmok imkanini1 nazordon kegirak.

Forz edok ki, M noqtesi OXYZ koordinat sisteminds horokat edir. Noqtonin istonilon
andaki vaziyyati, O koordinat baslangicindan M ndqtasine ¢okilmis T radius-vektorunu vermokloa

miloyyon etmok olar (sokill).

Sakil 1. Noqtonin horokot ganununun miisyyan edilmasina dair sxematik tosviri

M néqtesinin horokoti zamani, T vektoru qiymet vo istiqgamotco doyisir. Beloliklo,
r zamandan (t)asili doyison vektordur (vektor-funksiya):

f = (1) (1)

Tonlik (1) hamg¢inin vektor formasinda ndqtonin harokat ganununu mioyyan edir, bels ki,
istonilon anda r vektorunu qurub, horokat edon noqtenin voziyyatini mioyyan etmok mimkindir.
Vektorun uc noqtslarinin hondasi yeri isa ndqgtonin harokat trayektoriyasini miioyyoan edir.

Belaliklo, T — in T dan asililiginin (1) malum olmasi liglin, ndqtonin Xw, Ym, Zw koordinatlart
zamanin funksiyasi kimi malum olmalidir. Mexanizmin 3D kompiiter modeli qurulmus olarsa onun
istanilon anda istonilon ndqtasinin koordinatlarin1 miisyyan etmak miimkiindiir.

Molumdur ki, noqtonin siroti vektorial komiyyotdir. ilk ndvbodo hor hansi zaman
intervalinda orta stirat anlayisina baxaq. Forz edak ki, harokat edon ndqto © zaman aninda r radius-
vektoru ilo miayyan olunan M vaziyyatindon, t; zaman aninda r; vektoru ilo miayyan olunan M,
voziyyatine kegir (sokil 2). Onda At = t; — T miiddatinds yerdoyismo MM, vektoru ilo miioyyan
edilir (bu vektoru néqtonin yerdoyismo vektoru adlandiraq). ©Ogor noqto oyrixatli horokot edorss bu
vektor MM, boyunca, ndqta diizxatli haroket edorsa trayektoriya boyunca istigamotlonar.
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Sokil 2. Noqtonin siirat vektorunun toyin edilmasins dair sxematik tasviri

OMM; iicbucagindan goriindiiyii kimi, ¥ + MM; = F; olur vo uygun olaraq, MM; = F; —
r = Ar.
Noqtonin yerdoyismo vektorunun uygun zaman fasilosing nisbati vektorial komiyyat olub, At zaman
fasilosindo ndqtonin qiymot va istiqgamat {izra orta siiratini verir:

Vor = "2t = AT/At )

Vor vektorunun istiqgamoti MM, vektoru ilo eynidir.

Aydindir ki, orta siiratin hesabi {ligiin At zaman intervali na gadar kigik olarsa v, ndqtonin
harokatini daha doqiq xarakterizo edor. Horokoti daha doqiq xarakterizo etmok ii¢iin ndqtonin ani
stirati anlayisindan istifade olunur.

Noqtonin ani siirati v vektorial komiyyatdir, vo At sifira yaxinlagdiqda v, aldig1 qiymaotdir:

Ar

v=Ilim (v,.) = lim —
A‘[—>O( OI‘) At—0 AT

Ar/At nisbatinin At—0 halinda limiti T vektorundan zamana gora birinci tortib tdromosidir.
v=2 @3)
dt
Belalikls, ndqtenin ani siirat vektoru radius-vektordan zamana goro alinmis birinci tortib
toromasidir.
Nogtonin tocili vektorial komiyyot olub, siirot doyismosinin bu doyismonin bas verdiyi
zaman fasilosino nisbatini xarakterizs edir.
[k névbado har hansi zaman intervalinda orta tocil anlayisina baxaq. Forz edok ki, T zaman
aninda V siirati ilo  horokot edon ndqte, M voaziyyetindon, T; zaman aninda V, siirati olan M,
voziyyatind kegir (sokil 3). Onda At = t; — T miiddstindos ndqtonin siiroti AV=v,-V qodor dayisir.
AV vektorunu qurmagq {igiin M noqtasindon V; vektoruna barabar vektor kegirok vo diaqonali v, olan
paralelogram1 quraq. Aydindir ki, bu halda ikinci torof AV vektorunu tosvir edocok. Qeyd edok ki,
AV vektoru homiso trayektoriyanin oyildiyi istigamoto yonalir.
Siirot doyigmosinin (AV) bu doyismaya sorf olunan zamana nisbati (At) bu miiddot arzindoki
orta tocili miioyyan edir:
aor =AVAT 4)
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Orta tocil vektoru AV vektoru ilo eyni istigamata yonalir. Noqtonin ani tocili vektoru orta
tocil vektorunun At vaxtinin sifira yaxinlagdigi zaman aldigi qiymotidir.

_ . AV,
a= lim — =dv/dz
At—0 AT

va ya (3) ifadasini nazors almagla

— _ azr

a=dv/dt = ot (5)

Beloliklo, ndqtonin ani tocil vektoru siirat vektorundan zamana gors birinci tortib téromaosi

va ya ndqtonin radius-vektorundan zamana goro ikinci tortib toromosidir.
Tanlik (5)-don goriindiiyli kimi, néqtonin tacil vektoru @ homginin dv siirat vektorunun elementar
doyismosinin bu doyismoys sorf olunan dt zamanina nisboti kimi do toyin oluna bilor. Noqtonin
trayektoriyasina nozoron a vektorunun neco yerlosmosino baxaq. Noqtonin diiz xatli horakati zamant
a vektoru noqtonin horaket etdiyi diiz xott boyunca yonalir. ©gor ndqtonin trayektoriyasi miistovi
ayridirss, a tacil vektoru vo @, trayektoriya miistovi lizarinds ayrinin ayilmas istigamating yonalmis
olur. Ogar trayektoriya foza oyrisidirss a,, M noqtesinds ayriys toxunandan va qonsu ndqtads
oyriya ¢okilmis toxunana paralel xotdon kegon miistovi iizorindo olub oyrinin oyilma istigamatino
istigamatlonir (sokil 3).

Saokil 3. Noqtenin tocil vektorunun toyin edilmasing dair sxematik tosvir

Ogor M1 ndqtesi M ndqtasine sonsuz yaxinlasarsa toxunanin sonsuz kicik dénmasi alinir vo
a tocil vektoru Mtn miistovisi tizorinds olur va ayrinin ayilma istigamatine yonalir.

Odur ki, a vektorunun binormal {izorindoki proyeksiyasi sifira borabordir. Digor iki ox
Uzerindaki proyeksiyalarina baxaq. Bu mogsadls (5) beraborliyinin hor iki torofini Mt vo Mn
oxlarmna proyeksiyalayib (dv), vo (dV), isars etsok alariq:

_ @ @9, ©)

T dt ’ n dt

Vektor dv M va M1 iki qonsu ndqtalor arasindaki siiratlor forqidir (sokil 4), dv = v; — v.
Eyni bir baslangicdan M néqtesindon V=MA vo v;=MB vektorlarm ¢oksok (sokil 4 b) dv = AB,
ACBD fiquruna d¢ — nin sonsuz kigik giymatlorinds diizbucaqli kimi baxmaq olar. Buradan
(dv) =AC=DB=MB—-MA=v; —v=dy, dv -siirotin  ododi qiymatinin  elementar
doyismosidir.
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Sokil 4. Noqtonin tocilinin toplananlara ayrilma sxemi

Beloliklo, oyrixotli horokotds siirotin hom qiymati, hom do istigamoti doyisir. Ona goro
oyrixatli doyison horokot zamani iki ciir tocil yaranir: slirotin qiymatco doyismasi hesabina yaranan
tocil trayektoriyaya toxunan istigamotdo yonolir vo buna gors do tangensial (toxunan) tocil adlanir.
Digor tocil iso siiratin istigamotco doyismasi hesabina yaranir vo ayrilik morkozino dogru yonalir.
Bu tocil normal tocil vo ya morkozoqagma tacili adlanir.

Tocilin a; vo a, b.s. toxunan vo normal toplananlarini, Mt toxunan1 Mn bas normali
boyunca yonoaldok (sokil 5). Bu halda a, toplanant homiss oyrini oyrilik morkezino dogru
yonoldacak, ciinki homiso a, > 0,a, toplanant iso Mt oxunun hom miisbot, hom do monfi
istigamating yonalo bilor (bax. sokil 5 a,b).

Sokil 5. Noqtonin toxunan tocilinin istiqamatinin toyini

Noqtenin tacil vektoru a, a; ve a, toplananlarindan qurulmus paralelogramin diaqonalt
kimi tosvir olunur. Bu toplananlar qarsiligli perpendikulyar oldugundan a vektorunun modulu va
onun Mn normali ils omals gatirdiyi bucaq p ifadslorls miisyyan edilir.

aT

tgu= a
Burada -m/2 < u<m/2; p> 0oldugda a vektoru Mn normalindan Mt oxuna yonalmis

olur (sokil 5 a), p < 0 oldugda oks torafo yonalir (sokil 5 b).
Miasir kompiiter texnologiyalarimin inkisaf soviyyasi, xiisuson totbiqi qrafiki proqramlarin
islonilmaosi, digor sahalords oldugu kimi, foza qrafiki masalalorinin hallinds do asash dayisiklor
yaratmigdir ki, bu da real obyektlorin 3D kompiiter modellori asasinda todqiqat aparmaga imkan
verir. Bu yeni imkanlardan ilk ndvbado avtomatik layiholondirmo sisteminde moalumatlarin

rogomsal formada yiiksok doqiqlikls yadda saxlanilmasi vo bunun naticasi kimi 100% doaqiqlikle
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cizgi tortib etmak imkanini va olan obyektlo 100% daqiqlikle baglant1 yaratmaq imkanini, homg¢inin
cizginin keyfiyyatino xolol gotirmodan istonilon dl¢lide miqyaslamaq imkaninin olmasini gostormak
olar. Bu yeniliklori lingli foza mexanizmlorinin kinematik analizinds totbiqi imkanlarini sokil 6-da

verilmis besbondli dirsok mancanaq mexanizminin niimunasindo nozordon kegirak.
D

Saokil 6. Lingli faza besbondli dirsok mancanaq mexanizminin kinematik sxemi

Mexanizm haqqinda atrafli malumat [5] verilmisdir. Miiayyanlik ti¢lin gabul edirik, OA=104 mm,

AB=45 mm, BC=75 mm, CD=100 mm, ED=100 mm, OQ=45 mm, QE=85 mm, a=60° (Mexanizm toqribi
olgiilarlo gotiirtildiiylindon naticalar yalniz metodiki shamiyyat kasb edir).
Molumdur ki, foza mexanizmlori 6z tobiotine gors ii¢ol¢iiliidiir. Odur ki, foza mexanizmlorini birbasa 3D
kompiiter modelinds tadqiq etmok vaxti ¢atmigdir. Malumdur ki, bu halda informasiya dastyicisi kagiz deyil
elektron miihitdir. Masolonin qrafiki {isulla 3D kompiiter modelinds halli zamani hollin naticasi kompiiter
modeli olur vo axtarilan parametrlorin giymati birbasa kompiiter modelindon gétiiriiliir. Bunun ii¢iin iss ilk
ndvbado mexanizmin 3D kompiiter modelini qurmaq lazimdir vo geyd olunan mexanizm ii¢iin bu masalays
ohatoli sakilds [3,6] baxilmisdir.

Mexanizmin xarakterik noqtolorinin, aparan bondin dénmo bucaginin ¢, qiymatino uygun,
tocilinin qiymatini vo istigamatini toyin etmok {igiin aparan bondin biri-birinden A ¢ qodor
forqlonon (A = 0.005 + 0.05°) ii¢ voziyyatino (@1 = @y — AQ, @ = @g, P3 = @ + A@) uygun
voziyyatlor plan1 qurulur (sokil 7).

Sakil 7. Lingli faza besbandli dirsak mancanaq mexanizminin vaziyyatlar plani
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Mexanizmin xarakterik noqtolorinin tocilinin toyin olunma ardicilligini, D ndqtosinin
niimunasinds nozordon kegirok. Mexanizmin aparan AB bondinin ¢4, ¢,, Vo @3 voziyyatloring
uygun olan D ndqtesinin voziyyatlerini D, D, ve D3 isara edok. Bu halda D;D, vo D,D3; uygun
olaraq D ndqtasinin yerdoyisma vektoru olur.

Yuxarida geyd olundugu kimi, ndqtonin yerdoyismo vektorunun uygun zaman fasilosino
nisbati vektorial komiyyot olub, At zaman fasilosindo ndqtonin qiymot vo istiqamot iizro orta
siirotini verir. Basqa sozlo D;D, vo D,D3 uygun olaraq D ndqtasinin orta siirotino miitonasibdir.
Miitonasiblik amsali K, —n1, B ndqtasinin malum siirating (vg = wpglag) gors toyin etmok olar.

_ VB
Ky = /|B1B3|

Aparan bandin A donms bucaginin kicik giymatlorindo mexanizmin istonilon xarakterik
ndqtasinin siiratinin qiymatini asagidaki ifads ilo toyin etmak olar.

Vp=Ky [P,Ps] (7)
Burada, |P;P;| —siirati toyin olunan noqtenin yerdoyismo vektorunun uzunlugu, B;B; — B
noqtasinin yerdoyismo vektorunun uzunlugu, wag —aparan bandin bucaq siiroti, 15g-aparan bandin
uzunlugudur.

Bu halda B vo sirati toyin olunan P ndgtalorinin yerdoyismo vektorlarinin uzunluglari
birbaga mexanizmin 3D modelindon Olgllorok goturilir. A@-nin giymati kigildikco yerdayigmo
vektorunun uzunlugu da kigilir. Lakin miiasir CAD sistemlorindo o climlodon, AutoCAD-da
parcalarin uzunlugunu yiiksok doqiqliklo 6lgmok imkani vardir. (Masalon, yuxarida qeyd olunan
Olgiilorlo sokil 6-da verilmis mexanizmin, A@ = 0.01° giymotindo B;B3; vektorunun uzunlugu
0.07853981 mm, D, D3 vektorunun uzunlugu iso 0.06723639 mm toskil edir. Bu qiymatlori (7)
tonliyindo yerino qoysaq, aparan bondin donmo bucaginin ¢, qiymetino uygun, D ndqtosinin
stiratinin B ndqtasinin siiratindon asililigini almis oluruq. vp = 0.856087vg .

D noqtasinin siiratinin istigamati iso D4 ndqtasinden Dj3 noqtesine yonslir. D ndqtasinin
stiroti liglin alinmig qiymat, siirotlor planinin qurulma qaydasi ilo alinmig qiymetls, yiiksok
daqiqlikle ist-listo diisiir.

Qeyd olundugu kimi, ndqtonin orta tocili, vektorial komiyyat olub, slirot doyigsmasinin (AV)
bu doyismoyo sorf olunan zamana nisboti (At) kimi toyin olunur. Orta tocil a,. = A9 /At
oldugundan A9 vo a,, giymatlori mitanasib, istigamotlori iso eyni olur. Miitonasiblik omsali K,-n1
B noqgtoasinin malum tacilindon istifads etmoklo tapmagq olar. K, = ag/A9g . A9g —nin giymotin
toyin etmok (ciin B;B,=9g,; Vo B,B; = 9p, isaro edib, bu vektorlarin baslangicin1 bir ndqtayo
gatirsok, onda bu vektorlarin sonunu birlogdiran vektor A9g miitonasib olur (sokil 8).

Sakil 8. Noqgtanin srat dayismasinin tayini sxemi
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Qeyd olunan ardicilligla mexanizmin istonilon ndqtasinin siirat doyismasini toyin etmok
olar. Masalon, D noéqtasinin siirat doyigsmosini 3D modeldon tapmaq {igiin, D;D, va D,D;

vektorlariin D noqtesinin D; va D, voziyyetlorindoki siiratlorine miitonasib olmasi sortindon
istifado edorok, bu vektorlarin giymot vo istigamotini doyisdirmoadon baslangiclarini bir ndqtoyo
gotirsak, onlarin sonunu birlosdiron vektor A9y miitonasib olur. Istonilon P ndqtesi ii¢iin A9p —ni
A9y —nin tapilma qaydasina uygun tapmaq olar vo aparan bandin A@ donms bucagmin kigik
giymotlarinds mexanizmin istonilon xarakterik P noqtesinin tocilinin giymaotini asagidaki ifads ilo

hesablamagq olar.

— _/Avp/
aP_/AV;/ ‘Dzz-\BlAB (8)

P ndqtesinin tacilinin istiqgamati iso A9p vektorunun istigamati ilo tist-listo diisiir.

Bu halda, At zaman miiddatinin azalmasi ilo orta tocilin gqiymat vo istigamoti ndqtonin ani tacilino
yaxinlagir. Lakin, A@ —nin ki¢ik giymatlorinda, A9 vektorunun uzunlugu kigik qiymat alir, onun
olgmo daqgiqliyini artirmaq iigiin bu vektorun uzunlugunu 10° dofo bdyiidiib 6lgmok mogsado
uygundur. Mexanizmin 3D modeli vektor qrafikasi ilo quruldugundan, cizginin keyfiyyatino xalal
gotirmadan onu istonilon miqyasla bdyiitmak olar.

Qeyd olunan qayda ilo mexanizmin istonilon ndqtosinin At (At =nA@/(180 w,g)) zaman
miiddatindoki miitloq tocilinin orta qiymatini miioyyan etmak olar.

Mexanizmin ayri-ayri noqtolorinin biri-birine nisbaton nisbi tocillorinin  qiymot vo
istigamatini toyin etmok {i¢iin vektor-funksiya kimi geyd olunan ndqtslori birlogdiron diiz xottin
voziyyatini gotiirmak olar. Bu vektorlarin qiymot vo istiqgamatlorini doyisdirmodon baslangiclarini
bir ndqtaya gotirsok onlarin sonlarini birlogdiran vektorlar nisbi horokotds yerdoyisma vektoru olur
vo onlardan istifado edorok, xarakterik ndqtslorin miitloq tocillorinin toyin edilmo metodikasindan
istifado etmoklo, nisbi tocilin qiymat vo istigamatini toyin etmok olar. Nisbi tacilin toyinine dair
dediklorimizi, D ndqtesinin C ndqtosine nozaron tacilinin tayini niimunssindo nozordon kegirak.
C,D4, C,D, , C3D3 vektorlarinin giymat vo istigamatini doyisdirmadon C; = C, = C3 bir ndqtays
gotirsok bu vektorlarin digor uclarini birlogdiron D; D, vo D, D5 vektorlari D ndqtasinin C ndqtosine
nazaran nisbi horokotinde yerdayisma vektoruna miitonasib olur.

Mexanizmin xarakterik noqgtslori ti¢lin  alinmig tocil vektorlarinin  diizgiinliiylin,
mexanizmin ayri-ayri noqtalorinin tacillorini olagelondiron asagidaki vektor tonliyi ilo yoxlamaq
olar.

ac =ag tacg = ap tacp %)

Mexanizmin tocil planint qurmagq tigiin T polyus ndqtosi gotiiriiliir vo ag, ac, ap tocil
vektorlarinin qiymat vo istigamatini doyisdirmadon onlarin baslangici T ndqtesina kogiriiliir vo
onlarin son noqtalori ardicil olaraq birlosdirilir. ag, ac ve ap vektorlarinin diizgiinliiyiinii acg vo
acp vektorlart qeyd olunan vektorlarin sonlarini gapamasidir. Mexanizmin tocil planinin 3D
kompiiter modelinin tosviri sokil 9-da verilmisdir.

Qeyd olundugu kimi, 3D komputer modelinin informasiya d;cl$1y1CISl kagiz deyil elektron
miihitdir, bagsqa s6zlo tocil vektorlar1 sokil miistovisino paralel olmayan ayri-ayri miistovilordo
yerlosdiyindon onlarin sokil miistovisindo Olgiilori hoqiqi Ol¢lidon forglonir vo qarsiliglt perpen-
dikulyar olan xotlor arasindaki bucaq sokil miistovisinda tosvirde diiz bucaq soklindo gdorsonmir.
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Lakin, 3D kompiiter modelindo tocil planinda vektorlarin uzunluqlar1 ve istiqgamotlori real
qiymatlora uygun olur. Bu sababdon do sokil 9-da verilmis tocil planinin tosviri 3D kompiiter
modelindo qurulan tocil planinin qurulma gaydasinin izahi {i¢iin shomiyyat kosb edir.

Sakil 6-da verilmis mexanizmin C néqtesi G¢lin alinmis giymatlorin ylksok dogiqlikls biri-
birinin Gzorino diismasi, toklif olunan Gsulla mexanizmin xarakterik ndgtalarinin tocilinin toyin
olunmasi, sado, praktiki masalalarin halli G¢lin kifayat qodar dagiq, nazari cahatdon asaslandirilmis
oldugunu gostorir.

b

Sokil 9. Lingli foza besbondli dirsok mancanaq mexanizminin 3D tocil planinin tosviri

Natica. Toklif olunan Usul foza mexanizmlarinin Kinematik todgiqini, xtsuson xarakterik
nogtoalorin tocilinin tayinini Kifayot godor sadolosdirir vo totbiqi zamani riyaziyyatin ayri-ayri
bélmaloarini, hamginin torsimi handasays dair dorin bilik tolob etmir. Bu Usul sads olmagla yanasi
praktiki mosalalarin halli Ggun kifayat godor doqiqg va nazari cahatdon asaslandirilmigdir.
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A NEW GRAPHICAL METHOD FOR DETERMINING THE ACCELERATION OF
CHARACTERISTIC POINTS OF A SPATIAL LINKAGE MECHANISM BASED ON A 3D
COMPUTER MODEL

Mustafayev M.R., Panahova N.C., Rahimova S.M.
National Aviation Academy

In the article, a simple, theoretically based, and sufficiently accurate graphic method for
solving practical problems based on a 3D computer model is proposed for determining the relative
momentum of the characteristic points of linear space mechanisms relative to each other. The main
essence of this method is that the position of the point M moving in the OXYZ coordinate system at
any moment is determined by the radius-vector r drawn from the origin of the coordinate O to the
point M, and the dependence of r on time differs from each other by Ag of the driving point of the
mechanism ( Ap=0.005+0.05°) is ensured by constructing a 3D computer model of the plan of
states corresponding to three states [(p] I1=¢ 0-Ap,p 2=¢ 0, ¢ 3=¢p_0+Ag). If the moving
point moves from the state M determined by the radius-vector r at the time 7 to the state M_1
determined by the vector r _1 at the time ¢ I, the displacement (MM) in the period At=t I-t is
determined by the vector _1 and this vector is the displacement of the point vector, and the ratio of
this vector to the corresponding time interval is a vector quantity, At gives the average speed of the
point in value and direction during the time interval. If the point moving with speed v at time ¢
moves from state M to state M_1 with speed v _1 at time z 1/, then the speed of the point changes by
Av=v_1-v during At=t I-t. The vector Av can be determined by passing a vector equal to the
vector v_1 from point M and constructing a parallelogram with diagonal v_1 and using it to
determine the acceleration. Also, on the basis of a three-dimensional computer model, for the first
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time, the procedure for building the momentum plan was worked out, and using it, a three-
dimensional computer model of the momentum plan of the five-point space crank-pivot mechanism
was built. The correctness of the results obtained by the proposed method was confirmed by
comparing them with values calculated by numerical methods, based on the momentum vectors
found, by closing the momentum plan of the mechanism at one point.
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NOOQLIYYAT LOGISTIKASI

UOT: 65.656 DOI: 10.30546/EMNAA.2024.04.1023

BEYNOLXALQ NOQLIYYAT DOHLIZLORININ FOALIYYOTININ
QIYMOTLONDIRILMOSI VO MONITORINQI (CAREC TOCRUBOSI)

Nacafov E.M., Mustafayeva A.Z.
Milli Aviasiya Akademiyasi

Beynalxalg ticarat va nagliyyat dohlizlori (BTND) — sornisinlorin va yiklarin - 6lkalar
arasinda harakatini tamin edan Vo asanlasdiran asas marsrutlardir. Onlar arazisindan kecdiyi
region va Olkalara ticarat, nagliyyat xarclorini azaldan yuksak tutumlu nagliyyat sistemlari va
xidmatlori toklif etmaya imkan verir. BTND iqtisadi hayat Xatti hesab olunur va 6élkalara beynalxalq
bazarlara ¢ixmaq ti¢iin samarali quru yollart tomin edir. Bu giin globallasmanin giiclondiyi
dinyada beynalxalg nagliyyat dahlizlori igtisadi, siyasi, harbi, madani vo demografik ahamiyyat
dasidigu tictin miihiim funksiyalart yerina yetirir [1].

Yaxst diistiniiliib hazirlanmig dahliz layihalari 6lkalarin inkisafina ahamiyyatli daracada tosir
gOstorir, ticarat Xarclarini azaldir, regionlarin va 6lkalarin raqabat qabiliyyatini artirir [2].

Acar sozlar: layiha, diinya tacriibasi, dahliz, naqliyyat, inkisaf, beynalxalq naqliyyat dahlizi,
amakdashq, tranzit, iqtisadiyyat, yiik va sarnigsindasima.

Giris

Istonilon regionun {imumi iqtisadi inkisafi onun nagliyyatinin inkisaf soviyyesindon ¢ox
asilidir vo burada BTND bdoyik ohomiyyat kasb edir. Onlar mixtalif 6lkalori birlogdirir, iqtisadi,
modoni, elmi-texniki amokdasligin1 tomin edir. Lakin beynalxalq nogliyyat dohlizlori indi tokco
igtisadi somars deyil, hom do ddvlatin tohliikasizliyinin vo uzun illor ugurlu inkisafinin tominatidir
[3]. Ticarot vo nogliyyat dohlizi osas iqtisadi foaliyyat markazlori arasinda ticarat vo nogliyyat
axilarmi asanlagdiran naqliyyat, logistika infrastrukturu vo xidmatlarinin alagelondirilmis dastidir.
Rasmi BTND adoton ddvlat vo ya 6zal sektorlar va ya har ikisinin birlosmasindan ibarat milli vo ya
regional organ torafindon alagalondirilir [4].

Dohlizlorin uzun inkisaf tarixi olmasina baxmayaraq, layihalondirms, infrastruktur kompo-
nentlorin miiayyon edilmasi vo doahliz layihalorinin mimkin tosirlorinin monitoringinin tohlili ilo
bagl hor zaman catismazliglar olmusdur. Indiki gorginliklor fonunda Avrasiya mokanindan kegon
bir sira marsrutlar {i¢iin boyiik va ciddi tohdidlor yaranib [5].

Beynalxalq nogliyyat dohlizlorinin foaliyyatinin toforriiatli qiymotlondirilmasinin aparilmasi
va monitoringi onun texniki gostaricilorinin, naqliyyatin harokatinds yaranan maneslorin mioyyan
edilmasinds vo potensial tokmillogdirma tadbirlorinin gérilmosinds vacib hesab edilon ilk addim-
lardan biridir. Bu, dshlizin nazords tutulan mogsadlora uygun olub-olmadigini daqiglosdirmaya
kdmak edir.

Isin magsadi. Dohlizlorin giymatlondirilmasi hom komiyyat, hom do keyfiyyst molumat-
larmin toplanmasimi tolob edir. Monitoring logistika xidmatlori tominatcilari, idxalgilar, yiik-
gondaranlar va nagliyyat sektorlarinda istirak edon dévlot qurumlari ilo maslohatlogsmolor asasinda
aparilir. O, asas foaliyyat gostaricilori daxil olmagla, giymatlondirma zamani toplanmali olan mii-
him moalumatlari miiayyan etmalidir.

Dohlizlarinin faaliyyatinin qiymotlondirilmasi bir ne¢a saboaba gora 6namli hesab olunur.

Birincisi, dohlizlor 6lkalorin igtisadiyyatina tasir gostorir.
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Ikincisi, dohliz infrastruktur (avtomobil yollar1, domir yollari, limanlar), nagliyyat vo logistika
xidmatlori, gqaydalar1 da daxil olmagla bir nega komponentdan ibarat sistemdir. Bu komponentlor
arasindaki alaganin giymatlondirilmasi vacibdir.

Ucgiinciisii, monitoringin aparilmas1 dohlizinin idars edilmasi konsepsiyasi vo onun inkisafinda
maraqli ola bilacok miixtalif taraflorin togviqi vo calb olunmasi ilo maggul olur.

Dohlizlorin giymatlondirilmasi aparilarkon bir nega aspekto xususi digqgot yetirilir:

1. Magsadin muayyan edilmasi

Dohliz giymatlondirmoasi, adaton, hokumat, yaxud hokumat adindan faaliyyat gostoron 6zal
agentlik, maliyys agentliyi vo ya 0zal sektorun maraql toroflori torofindon hazirlanir. Hokumaot
baximindan bu, ticarat nazirliyi, nogliyyat nazirliyi, ticarat vo nogliyyatin asanlagdirtimasi komitasi
Vo ya xususi organ ola bilor. Faktiki nogliyyat vo logistika gostoricilori hagqinda malumat ham ds
Diinya Banki va regional inkisaf banklar1 kimi beynolxalq inkisaf agentliklori torafindon hazirlanir.
Bu cir malumatlar mévcud vaziyyastin daha darindon dork edilmasi vo investisiya imkanlarinin
muiayyanlagdirilmasine kdmok etmak iigiin toplanir [2].

Beynalxalq nagliyyat dohlizlorinin faaliyystinin giymatlondirilmasi zamani ilk addim moqsadi
aydinlagdirmaqdir. Miuxtalif toroflorin  ¢ox forgli  mogsadlori ola bilor.  Xususi moagsad
giymatlondirmonin aparildig: toskilat tarafindon muiayyan edilir. Moagsadlara misal ola bilor:

» yarana bilocok ¢otinliklori, onlarin logistika xidmatlorinin somoraliliyino vo etibarliligina
tosirini mioyyan etmok;

* regional amokdasligi, infrastruktur vo xidmotlorin slagalondirilmasini togviq etmok Ggln
regional dahlizlori inkisaf etdirmok;

* dohlizdo maraqli toraflorin muidafis etdiyi islahat imkanlarini miiayyon etmok va s.

2. Dahliz infrastrukturunun giymatlandirilmasi

Dohlizdo mixtalif nov infrastrukturlar giymatlondirmays daxil edilmoalidir. Texniki para-
metrlor dohlizin davamliliginin qiymatlondirilmasinds xususi shomiyyst kasb edir. Dahliz iglonib
hazirlanarkan, adaton, mivafiq dovlstlorin infrastruktur {igiin texniki normalari, standartlari va
parametrlori miayyan edon beynalxalq goxtarafli sazislorin olmasi faydalidir.

Dohlizds nogliyyat infrastrukturu haqqinda molumatlarin toplanmasi miixtalif infrastruktur
operatorlariin nagrlori vo ya illik hesabatlari, homginin mosul dévlst vo 0zal sektor qurumlart ilo
musahibalor vo s. kimi ikinci doracali moanbalardon ola bilor. Masoalon, dohliz giymatlondirilmasi
aparilan zaman miixtolif bu isdo maraql olan qurumlar, adoton, Magistral Yollarin Inkisafi vo
Idarsetmo Modeli (HDM”4”) kimi planlasdirma modellorindo istifado olunan molumatlari
toplayir. Bu malumatlar dohliz infrastrukturunun tokmillosdirilmasi vo onlarin ehtimal olunan
tasirinin giymotlondirilmasi il birbasa slagsli ola bilor.

Molumat dohlizin Gg aspekti Uzrs toplanmalidir:

« infrastrukturun fiziki xtsusiyyatlori va onun vaziyyati;

* dohlizin ayri-ayr infrastruktur komponentlari Uizro komiyyst molumatlart;

« infrastrukturun toklif olunan inkisafi vo saxlanmast Gigiin planlar.

2008-cCi ildo Asiya Inkisaf Banki (AIB) bu mogsadlors nail olmaga yénolmis siyasatlor tiglin
dogiq vo siibuta osaslanaraq toklif edilon CAREC Dahlizlorinin Performansim Olciilmasi va
Monitoringi (The Corridor Performance Measurement and Monitoring — CPMM)
metodologiyasini isloyib hazirlamisdir.

CAREC dahlizlori regionun asas iqtisadi markazlorini bir-biri ila slageslondirir va daniza ¢ixist
olmayan alt1 dohliz sobokasindan ibarst CAREC 06lkolorini digor Avrasiya va global bazarlarla
alagolondirir (codval 1).

CPMM 11 istirakg1 6lkoni — Ofqanistan, Azarbaycan, Cin Xalq Respublikasi (CXR), Giirctis-
tan, Qazaxistan, Qirgizistan, Mongqolustan, Pakistan, Tacikistan, Tiirkmanistan vo Ozbokistan1 ohato
edon CAREC dohlizi (sokil 1) boyunca ylklorin daginmasi vaxtini, xarclarini giymotlondirmok va
izlomak tiglin CAREC Proqrami torafindon hazirlanmis empirik bir sistemdir.
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Méoveud CPMM metodologiyast Birlosmis Millatlor Togkilatinin Asiya va Sakit Okean Uzra
Iqtisadi vo Sosial Komissiyasinm ilkin vaxt-xarc-mesafs (TCD) metodologiyasina edilon
dayisikliklorin naticasidir ki, bu da zamanla CAREC dohlizlorinin sorhad kegidini vo dohliz
performansini 6l¢mok, daha effektiv monitoring gabiliyyatini optimallasdirmisdir [6].

Coadval 1
CAREC Dohlizlori vo Regionlar/Olkalor
Dohliz Olkalor

1 Avropa — Sarqi Asiya (Qazaxistan, Qirgizistan vo SUAR)

2 Araliq donizi — Sorqi Asiya (Ofqanistan, Azorbaycan, Qazaxistan, Qir§izistan,
Tacikistan, Turkmonistan, Ozbokistan vo SUAR)

3 Rusiya Federasiyast — Yaxin $orq vo Conubi Asiya (OSfqanistan, Giirciistan,
Qazaxistan, Qirgizistan, Tacikistan, Tiirkmoanistan va Ozbokistan)

4 Rusiya Federasiyas1 — Sargi Asiya (IMAR, Mongolustan vo XUAR)

5 Sorgi Asiya — Yaxin Sorq vo Conubi Asiya (Ofqanistan, Qirgizistan, Pakistan,
Tacikistan vo SUAR)

6 Avropa — Yaxin $arq vo Conubi Asiya (Ofqanistan, Qazaxistan, Pakistan, Tacikistan,
Tirkmonistan vo Ozbakistan)

Qeyd: IMAR = Daxili Monqolustan Muxtar Rayonu; XUAR = Sincan-Uygur Muxtar Rayonu. Hor
ikisi Cin Xalq Respublikasinin bolgalaridir.

CENTRAL ASIA REGIONAL ECONOMIC COOPERATION "
DESIGNATED RAIL CORRIDORS suvouse

.......

,,,,,

Inner Mongolla 3, ==~
uuuuuuuuuu Region ¥

MONGOLIA

Sokil 1. CAREC-i birlgsdiren dohliz sabokasi

TCD metodologiyast nagliyyatin vo ticaratin asanlasdirilmasinin, xiisusan do tranzit dohlizi
boyunca sarhad kegidlari va digar maneslarlo bagli vaxt, xarc 6lculorinin genis tahlilini tagdim edir.
Vaxt vo xorcdon basqa, siirot kimi aldo edilmis olgiilor nogliyyatin sixligini, yolun keyfiyyatini
giymatlondirmok tc¢un istifads edils bilar (sokil 2). Bu amillorls sarhad-kecid va gémrik xidmatinin
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somoaraliliyinin, hamginin dahlizlor boyu avtomobil vo domiryolu infrastrukturunun faaliyystinin
monitoringi ti¢iin bir sira tadbirlor, gostoricilor hazirlana bilar.
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Sakil 2. Vaxt — Xarc — Maosafs tohlili

CPMM CAREC dohlizlorinin tmumi illik foaliyyatini vo somoraliliyini niimayis etdirmok
{iciin bir sira ticarotin asanlasdirilmasi gostoricilorini (Trade Facilitation Indicators — TFI)
giymotlondirir [6].

Ticaratin Asanlagdirilmas: Gostaricilorina (Trade Facilitation indicators — TFI):

» sorhod-kegid moantagasinin (BCP) tomizlonmasi lglin sorf olunan vaxt,

» BCP-do ¢okilon xarc;

* dohliz Gizro dasima ti¢iin ¢okilon xarclar;

» CAREC dahlizlori ila sayahot tguin siirat daxildir.

Dohliz faaliyyatinin giymatlondirilmasi va monitoringi prosesi birbasa idaroetmo prosesinin
bir hissasidir. Nogliyyat dohlizinin idars edilmasine noqliyyat axininin monitoringi prosesi daxildir,
onun naticalari bir sira gostaricilori miayyanlasdirir [7]:

* Nogliyyat axinini intensivliyi;

* nogliyyat axininin sixhigi;

* hoarokat sUrati;

« dohlizin kecdiyi arazinin relyefi va digar parametrlor.

Dohlizlor boyu giymatlondirilon gostaricilor (TFI) vasitasilo regionda nagliyyat vo ticarot
omoaliyyatlarinin tasirlorini giymatlondirmays imkan veran avtomobil (sokil 3) vo domiryol (so-
kil 4) naqliyyatlarinin miiqayisali tohlilini taqdim edo bilarik.

Avtomobil naqliyyati

owvalki illorlo migayisado BCP-nin tomizlonmasi Ggiin sarf olunan orta vaxt 12,0 saatdan
12,2 saata yuksalorok nisbaton doyismoz qalib (artim 1,4%), orta xarclor iso 155 dollardan 162
dollara godor yilksalib (artim 4,0%). Yiikk dasinmasi tigiin imumi orta xarclor 5,5% azalaragq 953
dollardan 901 dollara diisiib. Qeyri-rosmi 6doanislor ilk ndvbadsa gomrik nozaroti, kommersiya
yoxlamalar1 vo maggul BCP-lords yiikloma-bosaltma ilo bagl faaliyyatlora géra miisahids olunub.

- T-1-T- 1w

Cixis Sarhad-kecid Giris Sarhad-kecid
mantaqasi mantaqasi

Tayinat mantagasi

Cixis mantaqasi

Sakil 3. Avtomobil nagliyyati tigiin “Ticaratin asanlasdirilmasi géstaricilori’nin olgtilmasi
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1. CPMM 0l¢gmoya mallar monsa Olkasinds ylklondikds baslayir. Tez-tez bir yiikk masini,
toyinat 6lkasino gedon BCP-ys catmazdan ovval ara qovsaqglarda (moasalon, yol polisi nazarat
montagalorinds) dayanmalidir [8].

2. Yiik magsin siiriictisii daha sonra BCP-ys daxil olmaq t¢lin névbs gézlomalidir. Yiik masini
BCP-ys daxil olduqda, siiriicii bir sira sorhad faaliyyatindon kegmolidir. Istonilon yiiklomo burada
da gomrik nozaroti altinda hoayata Kegirilir. Sorhad-keg¢id prosedurlar1 basa ¢atdiqdan sonra yiik
masini BCP-dan ¢ixir vo qonsu dlkenin giris BCP-no kegir.

3. Yik masm siriiciisii BCP-yo daxil olmaq Gcln yenidon noévbs gozloyir. Giris BCP-i
daxilinds siiriicii daha bir sira sorhad foaliyystini tamamlayir. Bitirdikdon sonra yiik masin1 BCP-
don ¢ixir vo Sayahotina davam edir. Hor bir BCP-5 ¢atdigdan sonra vo ¢ixana qoadar faaliyyatlorin
muddati vo dayari muvafiq olaraq 6lguldr.

4. Bir 6lkadon ¢ixmaq va digar 6lkays daxil olmaq prosesi, yik toyinat 6lkasine ¢atana gador
tokrarlanir. Son tayinat yerindo mallar vo ya konteynerlor bosaldilir. 500 km-o vo 20 ton faydali
yuka goro BCP-lords va araliq dayanacaqlarda foaliyyatlorin doyari daxil olmagla, mangadan tayinat
yerina gadar timumi avtomobil dasima stirati 6l¢UlUr.

Damir yolu naqliyyati

m-1-1-T-1 - wms

Cixis Sarhad-kecid Giris Sarhad-kecid
mantaqasi moantaqasi

Cixis mantagasi Toyinat moantaqasi

Sakil 4. Damir yolu nagliyyati tigiin “Ticaratin asanlagdirilmasi gostaricilori”nin 6l¢tilmasi

Domiryolu naqgliyyatinin miiayyan olunmus gostaricilorina goras, orta sorhod kegid vaxtlari
23,2 saatdan 20,6 saata enarok 11,3% yaxsilasib; orta xarclor isa nishaton doyismoz galarag, comi
1,2% artaraq 196 dollardan 198 dollara yiiksalib. Domir yolu dagimalarinin iimumi orta dayari
15,5% azalaraq 970 dollardan 820 dollara diisiib.

1. CPMM, torofdas beynolxalq yik ekspeditorunun bildirdiyi kimi, biitiin gatarin deyil,
xisusi vagonun va ya konteynerin harokatini izloyir. CPMM 6lgmoys mallar ¢ixig 6lkosinds
yuklandikds baslayir.

Cox vaxt qatar yola diisma Olkasinin ilk BCP-ys ¢atmazdan avval ara qovsaqlarda (tosnifat
Vo ¢esidlomo kimi foaliyyatlor tiglin) dayanmalidir.

2. BCP-do qatarin vo mallarin tohlikasizliyini tomin etmok tgun gomrik rosmilosdi-
rilmasindan, eloca do digar domiryolu smaliyyatlarindan kegir. Tamamlandigdan sonra gatar qonsu
0lkanin daxil olan BCP-no buraxilir. Bozon daxil olan BCP-ds tixac yaranarsa, qatarlar dayanir [9].

3. Daxil olan BCP-do dasinma basqa bir dost gomrik rosmilosdirilmasindon vo zoruri
domiryolu samaliyyatlarindan kegir. Har bir BCP-ys ¢atdiqdan sonra vo ¢ixana qadar faaliyyatlorin
muddati va dayoari muvafiq olaraq olculdr.

4. Bir 6lkodon ¢ixmaq va digar Olkays daxil olmaqg prosesi, yik toyinat 6lkasino catana
godar tokrarlanir. Son toyinat montagasinds vaqonlar vo ya konteynerlor bosaldilir (Manba: Asiya
Inkisaf Banka).

Sorhad kegidi oksar dahlizlords stirati yartya endirir (cadval 2, 3).

Qiymatlondirma zamani tahlil olunan gostaricilors asasan [10]:
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Cadval 2

Vaxt aparan foaliyyatlor

AVTOMOBIL NOQLIYYATI DOMIRYOLU NOQLIYYATI
1. Gomriik dastayi/miisayiat 1. Damiryolunun eninin dayisdirilmasi
2. Novbada gozloma vaxti 2. Novbada gozloms vaxti
3. Yiikloma/bosaltma 3. Damiryolu tahlukasizliyi
Codval 3
On bahali foaliyyatlor
AVTOMOBIL NOQLIYYATI DOMIRYOLU NOQLIYYATI
1. Haddindon artiq yiikloma 1. Damiryolunun eninin dayisdirilmasi
2. Yiikloms va bosaltma 2. YUkloms vo bosaltma
3. Gomriik rasmilosdirilmasi/gémriik 3. Hoddindon artiq yiikloma
yoxlamasi

CPMM dohliz layihalorinin icrasi ilo baglh mdveud olan on yaxsi biliklori sintez edir. O,
Diinya Bankiin vo digar inkisaf agentliklorinin ticarat vo noagliyyat dohlizi layihalorinin tosirinin
giymotlondirilmasi, layiholondirilmasi, hoyata kegirilmasi sahasindo tocriibolorini qisa formada
toqdim edir.

Tohlil vo hesabatlar AIB-in molumat vo statistik tohlillorino osason aparilir. Hesabatlar
CAREC Institutunun vo CFCFA-nin internet saytlarinda yerlosdirilir vo illik hesabat Nazirlor
Konfransinda toqdim olunur. Milli saviyyado malumatlarin tohlilini hayata kegirmak U¢iin torafdas
birliklora tolim toskil olunur. CPMM-don alinan boyiik hocmli molumatlar CAREC-o dshlizlor
haqqinda otrafli tohlil aparmaga imkan verir.

Yuxarida sadalananlara osaslanaraq, Azarbaycanin transit imkanlart haqqinda aparilmis tohlili
daha otrafli sokilda nozordon kegirs bilorik.

Qafqgaz regionunda alverisli strateji movqeds yerlosdiyine goro Azarbaycan Morkazi Asiyani
Avropa ilo birlosdirir vo tranzit dasimalarin asanlasdiriimasinda miihiim rol oynayir. Olko boyik
tranzit potensialina malikdir.

Azorbaycan Giirciistan, Iran, Tiirkiyo vo digar Morkazi Asiya 6lkolori arasinda nagliyyat tigtin
osas tranzit Olkadir. Qurmizi Korpii BCP Azarbaycan vo Giirciistan arasinda osas sorhod kecid
montagasidir vo bu avtomobil yuklari Uglin orta sarhad keg¢id vaxtimi (avtomobillor Gglin 10,0
saatdan 7,4 saata godor) vo sarhad kegid xarclorini (91 dollardan 50 dollara godor) shomiyyatli
doracado azaldir.

Bunlara baxmayaraq, son illor arzinds aparilan arasdirmalar naticosindo miayyan olunmusdur
ki, butiin toxmin edilon TFI gostaricilori azalib. Nogliyyat vasitalorinin sorhad kegid montagesindon
kecmo vaxtt vo Xorclori xeyli artib. Cotinlikloro baxmayaraq, Azorbaycan sorhodyani ticarati
saxlamaq Uglin Xozor donizi otrafinda yerloson 6lkolorlo six omokdasliq edib. Olkomiz hamginin
ticarot vo logistika (zro milli bas planin qgobul edilmasi vo Bakiin conubundaki yeni Olat
terminalinin daha da miiasirlosdirilmasi, nagliyyat qovsagina ¢evrilmasi U¢lin saylori artirib.
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CPMM coargivasinda Azorbaycan orazisindon kegmoklo asagidaki avtomobil noqgliyyati yiik
dasima novlari geyds alinib [7]:

» Poti vo ya Batumidon Baki-Aktau istigamatinds Qazaxistanda basa catan konteyner
dasimalari;

« Tacikistan vo Ozbokistandan Giirciistana konteyner dasimalar;

» Turkiyadon Qazaxistana tranzit dasimalar.

Avtomobil nagliyyati ilo dasinan osas yiklor elektrik avadanliglari vo masinlar, elaca do
oczagiliq mohsullar1 olub.

Azorbaycan Domir Yollart milli domir yolunun islahatinda vo kommersiyalasdirilmasinda
yaxst iraliloyislor alds edir, xiisusan:

» Nazirlor Kabineti torofindon tosdiq edilon, mistoqil UGzvlordon ibarot vo dovlot
muassisalarinin korporativ idaragiliyine dair talablors uygun olaraq miisahido surasinin yaradilmast;

» Nazirlor Kabineti torofindon tosdiq edilmis investisiya plani vo onun Azarbaycan Domir
Yollar torofindon vaxtinda hayata kegirilmasi;

* Azorbaycan Domir Yollarinin faaliyystinin idaro edilmasi Uzro osas foaliyyot
gostoaricilorinin tosdiq olunmasi;

» Nazirlor Kabineti vo Miisahido Surasi tarafindon tosdiq edilmis biznes plani, eloca do butln
Azorbaycan Domir Yollarinda asas foaliyyat gostoricilorine nail olunmasi vo islahatlarin hoyata
kecirilmasina dair doyisikliklorin idara edilmoasi bdlmasi torafindon verilon daxili riblik
hesabatlarin olmasi (“Azarbaycan Damir Yollart” QSC-nin rosmi internet sayti);

» Azorbaycan Domir Yollar1 haqqinda islonib hazirlanib Azarbaycan hokumatine tasdiq tgiin
togdim edilmis ilk qanun layihosinin icrast;

» Gilrcustan Domir Yollar1 ilo omokdasliq vo koordinasiya marketing vo omoliyyatlar da
daxil olmagla bir cox sahalords darinlogsmolorin aparilmasi.

Son illar arzinds domiryolu dagimalarinda an diqgot¢okon hadiss Cindon Avropaya va Cindan
Moarkozi Asiyaya slratli konteyner qatarlarinin saymin kaskin artmasi oldu ki, bu da CAREC-in bir
sira lizv 6lkalorinds domiryolu nogliyyatina diggatin artmasina sabab oldu [7].

Azorbaycan, Gurclstan vo Qazaxistan da Trans-Xozor Beynolxalg Nogliyyat Marsrutundan
istifadoni tosviq etmok moagsadilo domiryolu nagliyyatindan istifads etmoklo Cin-Avropa marsrutu
Uzro yiikdagimalar artirmaqda maraqlidirlar. Bu marsrut Tiirkiys, eloco do Qara doniz vo Araliq
donizi sahili dovlatlorin nogliyyatina xidmot gostormok iiciin faydalidir. Trans-Xozor Beynolxalq
Nogliyyat Marsrutu Conub-Sorqi Asiyadan baglayir, Cindon, Qazaxistandan kegorok Xozor
donizindan kegir, Azorbaycan vo Gurciistandan kegoarok Turkiys vo Conubi Avropaya gedir.

Azorbaycanin alverigli strateji movgeds yerlosmasi CXR, Turkiys, Qara doniz sahili dovlatlori
vo Conubi Avropa ilo birlogdiron basqa bir marsrut tomin eds bilor. Bu marsrut bu giin
Azorbaycanin tosobbiiskar1 va istirakgisi oldugu asas beynolxalg nagliyyat layihalarindan biri hesab
olunan Zangoazur dohlizidir. Onomli perspektivo malik olan bu nagliyyat dohlizi boyiik tsttnliiklor
vad etmakdadir. Zongozur dohlizi yalniz Qafqaz liglin deyil, daha genis anlamda region ii¢iin strateji
ohomiyyato malikdir. Nagliyyat dohlizlorinin idars edilmasinin monitoringi prosesinds geyd olunan
osas gostaricilorindon biri olan relyef amili do bu dohliz izro dasimalar tigiin alverigli sorait yaradir.
Bu iso ondan xabar verir ki, Zongozur dohlizi kifayoat godor boyuk igtisadi potensiala vo tobii
resurslara malik olan Azarbaycani regionun asas naqliyyat qovsaqlarindan birina geviracakdir [11].

Natica

Tohlil olunan butin bu malumatlar biza demoys asas verir ki, son zamanlarda an aktual
movzulardan biri olan Zongozur Beynalxalq Nogliyyat Doshlizinin tikilib istifadoys verilmasi,
Azorbaycanin geyd olunan istiqgamatlords tranzit potensialini daha da artiraraq digar Olkalor ilo
beynalxalq slagalarinin genislonmasinag va inkisafina tokan veracak.
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Tohllikasiz va an qisa tranzit dohlizi olan Zongazur dshlizinin tikintisi Avropa istigamatinda
Cin vo Moarkazi Asiya Olkslori arasinda nagliyyat slagslorinin saxalondirilmasini tamin edacak,
regionun butln 6lkalari Gglin har istigamatds yeni imkanlar yaradacag.
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ASSESSMENT AND MONITORING OF THE PERFORMANCE OF INTERNATIONAL
TRANSPORT CORRIDORS (CAREC EKHPERIENCE)

Najafov E.M., Mustafayeva A.Z.
National Aviation Academy

International trade and transport corridors (BTND) are the main routes that ensure and
facilitate the movement of passengers and goods between countries. They allow to offer high-
capacity transport systems and services that reduce trade and transport costs to the regions and
countries they pass through. BTND is considered an economic lifeline and provides countries with
efficient land routes to access international markets.

Well-thought-out corridor projects have a significant impact on the development of
countries, reduce trade costs, and increase the competitiveness of regions and countries [1].

Key words: project, world ekhperience, corridor, transport, development, international
transport corridor, cooperation, transit, economy, freight and passenger transport

Rayci: h.f.d., dos., Nagiyev N.T.
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HAVA NOQLIYYAT\ SISTEMLORINDO OKS-OLAQO PROSESLORININ COXOLCULU
XOTTI TREND MODELLORININ QURULMASI

Agayev N.B., Agayev N.F.
Milli Aviasiya Akademiyasi

Moagalada taklif olunan trend model aviagirkatlorin effektiv idaraetma sisteminin takmil-
losdirilmasi istigamatinda gorulocak islora metodiki yardim iiciin - bir yanasma taqdim edir. Digar
xidmat sektorlarindan forqli xisusiyyatlora malik olan aviadasimalarda sarniginlorin talablori,
Momnunlugu cografi, iqtisadi amillor, istifada konteksti, yerli va beynalxalq idaraetmoa, resurs
istifadasi va standartlarla tonzimlonir. Bu xususiyyatlori nazara alaraq Sornisinlorlo  bagl
problemlor sistemlosdirilorok ucuslarin  gecikmasi vo lagvi, baqaj ilo olagoali problemlor,
overbooking kimi Umumilasdirilorak, narazi sornisinlorin bu faktorlardan asili trend modeli
qurulmugdur. Model Amerika Birlasmis Statlarimin hava naqliyyatina aid statistik malumatlar
toplusundan istifada edilorak qurulmus, naticalarin faktiki verilanlarla taklif olunan model asasinda
hesablanmis giymoatlor arasinda nisbi xatanin analizi ilo adekvathigr qiymatlondirilmigdir.
Hesablama eksperimentinin 2019-cu va 2022-2023-cu illar asasinda aparilmis naticalarinin anali-
zZu nisbi Xotamn son illor Uzra azaldigim géstarmisdir. Bu, COVID-19 pandemiyasimin hava
nagliyyatinin harakatina moanfi tasirinin azalmasi, hava nagliyyatinda stabillosma tendensiyasinin
baslanmasin géstarir. Alinmig naticalordan narazi sarnisinlorin prognoz gostaricilarinin tayin
edilmasinda, galacokda toklif edilon model asasinda miiasir IT (informasiya texnologiyalari) tatbigi
ilo xidmat sektorunun daha mikammal intellektual modellarinin qurulmasinda istifads etmak olar.

Acar sozlar: oks-alaqo, sorgu, sormisin, hava naqgliyyati, baqaj, tohlUKasizlik, miistori
xidmati, miistori momnunlugu.

Giris

Hazirda IT inkisafi biitiin saholordo texniki-texnoloji yeniliklora sobob olmagla yanasi, eyni
zamanda massisalorin daha genis profilli olmasina, istehsal proseslorino daha gox muxtalif ixtisasl
mitoxassislorin calb edilmasino sobob olmusdur. Noticads mioessisanin xidmat sahasinin isinin
giymotlondirilmasi prosesi daha ¢ox mirokkoblosmis, sahonin xususiyyatlorinin nozara alinmasi
tolobi emal edilon informasiyanin hacminin vo keyfiyyatinin doyismasina sobsb olmusdur.
Belaliklo, oks olage asasinda xidmat sahosinin isinin qiymotlondirilmasi ham praktiki, hom do elmi-
nozari cohotdon aktualliq kosb etmigdir. Hal-hazirda bu sahoads aparilan elmi-noazori todgiqatlari
osasan Ug¢ istigamatds qruplasdirmagq olar: istehsal sahoalori, geyri-istehsal sahslori vo sosial sahalor.
Istehsal sektorunda xidmat sahasinin giymatlondirilmasina hosr edilmis elmi-todgigatlara osasen
moalumatlar avvalki xidmot haqqinda faydali vo ya tongidi rayi bildirmak {igiin toplanir vo mixtalif
nozori Usullar ilo emal edilarok istifado olunur. Belo ki, [1,2] isinda istehsal zoncirinin riyazi
modellosdirilmasi naticasinds tolob-toklif vo tominat triadasi1 arasindaki slagslorin idars edilmasi
vasitasi ilo xidmot sektorunun isinin optimallasdirilmasi masalasine baxilmisdir. Masalonin halli
nozori cohatdon bu istigamatdo yeni variantlar arasdirir, lakin molumatlarin tosadufi xarakter
dasimasi sababindon toklif edilon hall modellardon bilavasits istifado etmok mimkin olmur. Bu
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yanasmadan forqli olaraq [3] isindo texnoloji prosesin neyromodeli vasitasi ilo oks-olage prin-
sipindan istifado etmokls istehsalin prognozlagdirilmasi asasinda xidmat keyfiyyatinin dyronilmosi
metodikasi verilmisdir. Toklif edilon prognoz giymatlorinin dyradilmasi masalasinin hall metodi-
kasindan digar sahalordos do istifado etmok toklif edilir.

Digor bir istigamat istehsal zancirinin talob-toklif vo tominat hissasinds alicinin talablarinin,
momnunlugunun tamin edilmasi masalasinin halli tigiin metodologiyanin yaradilmasidir. Malumdur
ki, Umumiyyatlo istehsal-istehlak qarsiliql slagesi cografi, igtisadi amillar, istifado konteksti, yerli
Vo beynolxalq idaroetms, resurs istifadssi vo standartlarla tonzimlonir [4-6]. Tobii ki, mahsul-
xidmat sahosinds daha daqiq Vs effektiv plan hazirlamaq li¢iin hadaf bazarlarin vo 6lkalorin igtisadi
meyllarinds Ustiinlik togkil edan istigamatlorindan istifads edilmalidir. Bazarin talablorini nazara
almag, hamginin bazara toqdim olunan mohsul vo Xidmotlori tokmillosdirmak {igiin real alicilarla
qarsilighi olagoni doastoklomok vo onlarin moveud mohsul-xidmoat haqqinda fikirlorini tez bir
zamanda olds etmok ii¢iin texnologiyanin inkisafi vacibdir [7]. Alicilarin mahsulun hayat dovri
orzinds inteqrasiyast vo talablorinin dyronilmasi do gonaotcil innovasiya konsepsiyasmin togqdim
etdiyi yeni biznes modelinin bir hissasidir [8]. Alicilarin rayini yronmok ¢atin prosesdir, ¢lnki
onlarin rayi adaton konkret mohsul iigiin toplanir, bu sobobdon modulyasiya edilmir vo dlgtlmdir.
Miiasir sirkatlor alicilarin mohsul momnunlugunu 6l¢mak, onlarin tokliflorindon istifads etmak tigtin
istifado olunacaq harokatlor vo tsullara asaslanarag, onlara neco yanasmaq barado strategiyalarini
tortib edirlor [9]. Alicilardan olds edilmis tokliflor vo sorgu haqqinda fikirlorini bildirmoys tosviq
edon olaga Xotlorinin qurulmasi vo ya telefon zanglori, ya da sorgu varaglorinin kagizda toqdim
olundugu mohsul satis montogolori vasitesilo alicilarin mohsul haqqinda rayi [10] Oyranilir.
Toplanmis raylor Feedback proseslorinin dyranilmosinds asas informasiya monbayi olmagla
onlarin analizi vasitasi ilo tolob-toklif vo tominat hissasinds alicinin toloblori vo momnunlugunun
tomin edilmosi tigclin metodologiyanin yaradilmasinda istifads edilir. Belo ki, [5] isindo mahsul vo
xidmatlor haqqinda miistori roylorinin toplanmasi vo modul unifikasiya olunmus metodoloji
yanasmaya osaslanan momnuniyyaet tohlili tictin mobil programlar toklif olunur. Isdo [10] mobil
program vo effektiv roy idaroetmo metodu ilo dastoklonan raylorin toplanmasi vo idars olunmasi
ti¢lin bir yanagsma toqdim edilir. Hazirlanmig sistem alicilarin fikirlarini birlogdirarok mahsul-xidmat
sistemini dastoklomak magsadi dasiyir. Hazirlanmis sistem hamginin sirkatlora ylksok slava doyar
vo moQsadyonlu hallari bazara toqdim etmoys vo ya movcud olanlar effektiv sokildo yenidon
isloyarok bazarin tolobine uygunlasdirmaga imkan verir. Qabaqcil texnologiya vo mobil
programlarin istifadasi sirkotloro miistarilori daha ¢ox calb etmays, onlarin raylarini nazars almaga
vo tohlil etmoya kdmok edir. Bunun (cun tadqiqgat islorinds samarali va daqig mshsul-xidmat
vasitalarini dastoklomok ti¢lin miistarilorin roylorinin toplanmasi va idars olunmas ti¢iin miixtolif
alatlor toqdim edilir [11]. Bu tendensiyanin hayata kegirilmasini dostokloyan texnologiyalar bulud
hesablamalari, yaddasdaxili programlar vo muoassiss mobilliyidir [12]. Burada mobillik termini
fiziki istehsal resurslarinin harokoati kimi sorh oluna bilsa da, bu isdo “maraqli torafin sirkatin osas
foaliyyatlori ilo daim va interaktiv oalagods galmaq ve uzagdan gorarlar gobul etmays imkan vermok
gabiliyyati” kimi miioyyan edilmisdir [13]. Miiasir yanagmalar, biitiin diinyada alicilara asanligla
gondarils va ya onlardan onlayn alds edilo bilan istifadagi interfeysi tomin edon veb asasli sorgu
hallorindan, an ¢ox yayilmis Google Forms®-dan istifads edir [14]. Mobil proqramlar alicilarina
istifadasi asan alstlor togqdim etmoak va togdim olunan mahsul-xidmat ¢tn dayarli ray aldo etmok
moagsadi dasiyir. Bununla belo, IKT sistemlori ilo asanligla bir-birina baglanan, eloca do tohlil edilon
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molumatlar1 sado Vo effektiv sokildo tomin eds bilon mobil programlar slavs aragdirma sahasidir.
Alicilar torofindon verilon molumatlarin hacmi artdigca onlar torofindon buraxilmis sshvlorin
identifikasiyasi vo bu sohvi aradan qaldirmaq ti¢iin moalumatlar1 masin 6yranms algoritmina vermoak
tolobi yaranir. Belo ki, molumatlar yiksak dagigliklo 6yradilirss, alicilarin royini daha yaxsi tohlil
etmok imkani yaranir [15]. Malumatlar ilkin emal edilmadan dyratms sistemina daxil ediloars, tobii
ki, 6yrotmo prosesi ya imumiyyatlo bas vermays bilar, ya da iterasiyalarin son haddina goro sshv
natico vera bilor. Bu hallar1 nazors alaraq [16, 17] islarinds sorgu zamani oaldo edilmis miistori
sorhlarini tasnif etmok {i¢iin Data Mining metodlarindan istifads edilmisdir. Bunun ti¢iin malumatlar
masin  dyronma algoritmina verilmozdon ovval roylor xisusi uUsullarlatokrar sozlorin aradan
qaldirilmasi, sozlorin silinmasinin qarsisinin alinmasi, sozlorin koklarinin muoyyanlosdirilmasi,
nisanlanmasi Vva S. vasitasi ilo emal edilir. Bir cox muolliflor Support Vector Machine (SVM), Naive
Bayes (NB) vo Artificial Neural Network (ANN) kimi bazi masin 6yranma algoritm modellarindan
istifado edarak raylorin tahlili prognozlasdirirlar [18].

Muirokkab texniki sistem kimi hava naqgliyyati, iqtisadiyyatin digar sahalorine nozaron genis
profilliliyi, hom do sistem daxilindo muxtalif proseslorin idaro edilmasinin spesifk xtsusiyyatlori
sababindan kifayat godar ¢atin idarsolunan proseslora aiddir. Sistemin xisusiyyastlorinds bas veran
dayisikliklor bir-biri ilo sobob-natica alagalori ilo baglidir, bu garsiligl slagenin murakkabliyi hom
sistemin bdtovlikda, ham do hor bir alt sistemlorin qarsiliqlt slageds tohlili metodologiyasinin
islonib hazirlanmasini tolob edir. Bu xususi ilo sornisin problemlarinin hallina yonslmis meto-
dologiyalarin islonib hazirlanmasi naticasindo aviadasima {iglin on optimal metod vo vasitalorin
hazirlanmasinda 6ziinii daha qabariq gostorir [19].

Yeni informasiya texnologiyalarmin vo slni intellekt elementlorinin idaroetmoads ugurla
tothiq edilmasi perspektivlorinin artmasina baxmayaraq, hotta diinyanin on inkisaf etmis
Olkalorindon biri olan ABS-1n hava naqliyyati sistemindo do moévcud tolobati 6domok Uglin yeni
aviasiya moalumat sistemlorinin totbiginds ciddi ¢atinliklor yaranir. Tutum mohdudiyyatlori ABS-1n
hava nagliyyati sisteminin modernlosdirilmasi ehtiyacini stimullagdiran asas masalalordan biri kimi
ortaya ¢ixir. Sokil 1-do gostorildiyi kimi hava nagliyyatina talobat durmadan artmaqdadir vo artimin
halo do davam etdiyi molumdur [20]. Mas. 2020-2021-ci ildo COVID-19 pandemiyas1 hava
nagliyyatinin harokatina monfi tosir etmoasina baxmayaragq hamin dévrdo ABS-da uguslarin imumi
say1 miivafiq olaraq 14126638; 13742633; 14126638 olmusdur. Homin dovrds gecikon vo ya logv
edilon uguslarin say1 miivafiq olaraq 181840; 371324; 181840 olmusdur [21].

Qeyd edok ki, nagliyyat proseslorinin modellosdirilmasinds asason U¢ név metodoloji
yanasma mdvcuddur:

Birinci yanagmada additiv, multiplikativ vo ya onlarin kombins edilmis modelindon istifado
etmokls logistik gostaricilor toplusu bir inteqral gosterici soklinda ifads edilir.

Ikinci yanasmada gostoricilordon biri osas kimi secilir, digarlori iso bu parametrin doyismo
xarakterina uygun olaraq timumi sokildo models daxil olur. Eyni zamanda, asas gdstaricinin segimi
idaroetmoanin moqgsadloring, idarsetmo obyektinin foaliyyat sortlorina vo samaraliliyin giymot-
landirilmasi vazifalorino uygun olaraq hoyata kegirilir.

Ucgiincii yanasmada gostoricilori shomiyyatina gors siralamagla model qurulur. Bu halda
bltun goéstaricilor nazors alindigindan riyazi model kifayast godor mirakkab ola bilar.

Hava nagliyyatinda sornisindasima proseslorinin modellogdirilmasinds hansi yanagmanin
secilmasindon asili olmayaraq uguslarin, sarniginlarin va yiklorin tahlikasizliyini asas goétlrarok on
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somorali vo effektiv hollorin tapilmasina yOnolmis modellorin istifadosi hazirda on aktual
mosalalordan biridir. Tabii ki, bitun hallarda problemin halli tahlukasizliyi tomin etmoklo optimal
tochizat zoncirindo qarsiligl slagads Sarnisin-aeroport-sarnisin toyyarasi sisteminds tolob-toklifin
optimal minasibatini saxlamagla xidmat menecmenti sisteminin qurulmasi vasitasi ilo alds edilir.
Bu sistemin foaaliyyati bilavasito xidmat prosesinin diizgiin vo somarali qurulmasindan asilidir.

Isin mogsadi. Hava noqliyyatinin xidmot saholorindo mdvcud problemlorin  sistemli
analizinin aparilmasi vo onlar arasinda sabob-natico slagalorinin miayyan edilmasi vasitasi ilo
xidmat modelinin qurulmasidir.

Masalonin halli. Aviadagimalarin somoraliyinin artirilmasinin osas istigamatlorindon biri
xidmat sektorunun isinin diizgiin qurulmasi va burada rast galinan problemlarin halli istigamatinda
sistemli analiz vasitasi ilo elmi asaslandirilmis metodlarin totbigidir.

Sakil 1-do aviadasimalarda sorniginlorlo bagl problemlar sistemlosdirilorak gdstorilmisdir.
Bu problemlar asagidaki kimi tasvir olunur [22].

N Uguslarin
_ N gecikmosivo
Baqajin \ yalogvi :
itirilmasi va | [
yazodolon- . Tohliikesizlik

‘ mosi /) T~
< Sornisinlorlo bagli .~ >
Mistori . problemlor )
xidmotinin N L
asagi ; N Overbooking
soviyyado | X N\
olmas Y " Narahat :
- ~_Olavoxarclor | oturacaq |
B yerlori —

Sakil 1. Aviadagimalarda sarnisinlorls slagali problemlor

Ucuslarin gecikmasi va lagvi. Aviasirkatlordo on ¢ox yaranan problemlordon biri uguslarin
gecikmoasi vo ya logv edilmosidir, bu da 6z ndvbasinds sornisinlor {igiin narahatliq yaradir.
Sarnisinin ugusu birbasa olmadig1 halda, alava Xarclor meydana ¢ixa bilar. Bu problems digarlaring
nisbaton daha c¢ox rast galindiyindon onun Umumi problem igarisinds ¢okisi daha ¢ox shomiyyat
dagiyir. Bir qovsaqda yaranan gecikmo, sistem daxilinds digar gecikmolora sobob ola bilar.

Baqajin itirilmasi va ya zadalonmasi. SITA-nin (Société Internationale de Télécom-
munications Aéronautiques) illik hesabatina gérs, 2019-cu ilds 25.4 milyon bagaja miayyan ziyan
doymisdir [21]. 2019-cu ildo 4.54 milyard sorniginin hava nogliyyatindan istifado etdiyini nozars
alsaq, itmis vo ya zodolonaon bagajin har 10000 sornisino 56 sayda olmasi onun tez-tez bas veran
problem kimi geyd edilmasina sobab olur. Bu, sarnisinlar Gglin shamiyyatli narahatliglara sobab ola
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bilor, xususilo onlarin baqgajlarinda qiymaotli agyalar mévcud olarsa, aviagirkot Uc¢iin ham maddi,
hom do hiiquqi torafdon problemlor yaranar.

Overbooking (hoddindon artiq bronlasdirma). Aviasirkatlor ugusa galmoyan Sornisinlorin
yerlorini kompensasiya etmok (¢lin tez-tez uguslarina oslava biletlor satirlar. Miiayyan reyslor tzra
eyni oturacaq yerins iki bilet satila bilor. Bazi hallarda, har iki miistari reyss galdiyi va toyyars dolu
oldugu zaman, bu sornisinloro ugusdan imtina Ucln kompensasiya toklif olunur. Aviasirkatin
toklifini gobul edarok, kompensasiya alan sornigin ugusdan konarlasdirilir. Belo halin bag vermasi
ohomiyyatli narahatliqlara vo hotta maliyya itkilorina sabab ola bilor. Overbooking strategiyasi,
xidmat gostaran sirkatlora kdmak etsa bela, bu xidmat gostorilon mantagods miistarilorin say1 ¢ox
oldugu halda, problema ¢evrils bilor [23].

Miistori xidmatinin asagi soviyyada olmasi. Aviasirkotlorin miistori Xidmotinin asagi
Saviyyado olmasi sornisinlorin naraziligma sobab olur, bu da 6z ndvbasinds miistarinin digor
aviagirkotlordon istifado etmasi ilo noticalonir. Xidmatdo bosluq bas verdikdo, miistori
momnuniyyatini barpa etmok ¢otin olur. Bu halda miistori ragib toskilatin xidmotlorindoan istifado
edo bilor [24].

9lava xarclar. Bazi aviasirkatlor bagaj, oturacaq sec¢imi va gida kimi xidmatlar tgiin olava
Odanislar (aviabiletin giymatindan kanar) tayin eds bilar, bu da sarniginlar Ugiin gozlonilmaz xarclor
yarada bilor. Bu tip narahatgiliglar yalniz sornisinlorin se¢imi asasinda bas verir vo Umumi Sarnisin
aximnlart igorisinde az rast goaldiyindon sonraki todgigatlarda biz bu parametrdon istifads
etmoyacayik.

Narahat oturacaq yerlari. Aviasirkatlor golirin artirilmasi tigiin miimkiin gadar ¢ox biletlor
satmaga calisir, bu bozi hallarda oturacaqlarin dar olmasina, xiisusilo uzun uguslar zamani
sorniginlorin narahatligina vo naraziligina sobob olur.

Tahlukasizlik. Nadir hallarda olsa da, avadanliglarin nasazligi, turbulentlik vo ya digor
mosalalor kimi tohliikasizlik problemlori sarnisinlor ¢ln ohamiyyatli narahatgiliq yarada va
gorxuya sabab ola bilor.

Sonuncu 4 problem az hallarda bas verdiyindon va bilavasito sarnisinlarin bu problemloras
munasibatindon asili oldugundan biz bu problemlorlo Uzlogson Sarnisinlori narazi sarnisinlor Kimi
geyd edacayik. Beloliklo aviadasimalarda sarnisinlorlo bagli problemlor sistemlagdirilorak asagidaki
kimi Gmumilasdirils bilar:

-ucuslarin gecikmasi va ya logvi;

-baqaj ilo alagali problemlar (Bagajin sahv tayinat izra géndarilmasi);

-overbooking;

-narazi sarnisinlor.

Toadqiqg edilon problemlor tabiosti etibari ilo geyri-mioayyan va tosadiifi faktorlarin tosiri ilo
formalagsa da bu illor arzinds timumi sokilds tendensiya saxlanilmisdir. Bu problemlorin yaranmasi
osason aviagirkatlorin nagliyyat-texniki vaziyyatindon, atraf muhitin doyismosindon, 6lkads mdvcud
igtisadi aktivlikdan va s. faktorlardan asili oldugu iigiin miiayyan muddat orzinds onlarin qarsiliql
olagosi bu doyismalords nisboton sabit tendensiyalarin yaranmasina sobab olmusdur [25]. Tabii ki,
ucusla alagali istanilon problem eyni zamanda sarnisinlors do tasir edir va naticads xidmat gostaran
aviagirkatlordon narazi sarnisinlor Kitlosini formalasdirir. Bu halda logv edilmis uguslara bilet almig
sarnisinlorlo yanasi, baqaj vo ehtiyat yer (overbooking) problemlari ilo Uzlosmis sorniginlor do
aviagirkatin xidmatindon narazi olacaqglar. Digor sobablordon narazi sornisinlorin sayini iimumi
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sarnisin saymin 1-2% miqdarinda gabul etmak olar. Belalikla, geyd edilonlors asasen aviasirkatlorin
xidmat sektorunda narazi sornisinlorin imumi saymin lagv edilmis uguslar, baqaj vo ehtiyat yer
problemlorinin  sobob-natica slagalarinin orta statistik gostaricilorindon funksional asililiglarini
riyazi olaraq asagidaki kimi gostora bilorik:
Y:s‘arnisin =a;U+ a;B + a30 (1)
burada:
a; — ugusdan narazi olan sarnisinlorin uygun problems gors doyismo tezliyidir.
U - gecikon va ya lagv edilon uguslarin say1.
B - itirilmis vo ya zodolonmis baqgajlarin tadqiq edilon interval daxilinds timumi sayi.
O - overbooking hadisasi ilo rastlasan sarnisinlarin todqig edilon interval daxilinds Gmumi
sayl.
Ysornisin - Ugusdan narazi olan sornisinlorin yuxarida qeyd edilmis isulla toyin edilmis
umumi sayl.
On kicik kvadratlar iisulu (8KKU) ilo (1) modelinds istirak edon omsallar1 asagidaki sistem
tonliyin halli kimi tayin eds bilarik:
a X2 UE + a 21° BiU; + a3 317 0,U; = X YU,
a %12 UiB; + ay X1° B + a3 %17 0;B; = LYB; (2)
a1 %12 Ui0; + a3 %1% Bi0; + a3 %12 07 = X Y,0;
(2) sistemini hall etmak Gglin

U YPBU; Y1 0.U; X YU;
A = |[X1* BU; 12 B} ?0;B)|| B=|[XY:B;
1?0,U; Y1%0;B; 1207 2 Y;0;

Vo Alfa = [|a1 @2 az|| isaro edok. Bu halda (2) sistemini matris soklindo asagidaki kimi yaza
bilarik:

A-Alfa=B 3)
(3) sisteminin halli

Alfa=A"'-B (4)
kimi hesablanir. Isarolomani nozaro alarag A matrisini vo B sorbost haddlorini hesablaya bilorik.
Bunun dglin Microsoft Excel program tominatindan MINVERSE (A) funksiyasindan istifado
edilmisdir.

Hesablamalara asasan problemlorin dinamikasinin tartibi

2020-2021-ci ildo COVID-19 pandemiyas: hava noqliyyatiin horokotine monfi tosir
etmisdir, bunu nozars alaraq sornisindagimalar iizro analiz 2019-cu va 2022-2023-ci illor asasinda
aparilmisdir. Amerika Birlosmis Statlarinin rasmi malumatlar1 daha dolgun sokilda gostarildiyindan,
homin monbalardan genis istifado olunmusdur [19-21].

Yuxarida geyd edilon problemlarin bu illar orzinds dinamikasi sokil 2-5-do gOstorilmisdir.
Logv edilmis uguslarin dinamikasi1 2019 vo 2022-ci illordo demok olar ki, sabit galsa da, 2023-cl
ilin yanvar vo dekabr aylarinda koskin artim (sokil 2) olmusdur ki, bunu da hamin zaman hava
soraitinin pislosmasi ila izah etmok olar.

Qeyd edok ki, (1) formulu coxfaktorlu xatti reqressiya modeli kimi xidmotdon narazi
sarniginlorin sayimin ilkin yaxinlasmada model kimi qabul etmok olar. Bu model problemls narazi
sarnisinlor arasinda birbasa korrelyasiya alagasinin mévcudlugu sabobindan irali golir.
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ﬂﬂﬂﬂﬂ

Bagaj vo overbooking ilo olageli problemlor xarici faktorlarin vo otraf muhitin
doyismasindoan asili olmadigindan hamin illar arzinds nisbaton sabit galmigdir (sakil 3,4).
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Saokil 3. Baqaj ila alagali problemlarin np dinamikast
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Sakil 4. Overbooking ils slagsali problemlarin no dinamikasi

Sokil 5-do narazi sorniginlorin saymin aylar {izro paylanmasi gostorilmisdir. Sokildan
gorundiyu kimi, 2022-ci ilin yanvar, fevral vo dekabr aylarinda narazi sornisinlorin say1 koskin
artmigdir. Bunu pandemiyadan sonraki dovrdo (xususon yeni il arofasinds) uguslarin saymin da
kaskin artmasi ilo izah etmok mimkunddr.
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Sokil 5. Narazi sorniginlarin ns dinamikasi

Sokil 2-5-0 asason hor bir il Ggtin (2) sisteminin omsallari hesablanmisdir. (4) formulu
vasitoasi ilo Alfa kamiyyatinin hesablanmis qiymatlori cadval 1-do gOstorilmisdir.

(1) formulunda namalum omsallarin ©KKU metodu ilo hesablanmis qiymatlori

il Alfa 1 Alfa 2 Alfa 3
2019 14.73593 | 2.68096 | 11.02909
2022 58.5839 1.2877 16.1962
2023 70.64077 | 0.369925 | 7.376618

Codval 1

Cadval 1-don gorundiyd kimi a; i = 1,3 giymatlori tadqiq edilan illor Gglin xarakterco sabit
galir. Bu faktiki molumatlarin hocmi artdigca (1) modelindan daha daqiq naticalor almaga imkan

veracakdir.

Narazi sorniginlorin faktiki saylari ilo (1) modeli Uzro cadval 1-o asason hesablanmis
giymotlori arasinda nisbi xotalar analiz edilmisdir (cadval 2). Xotalarin analizi gostorir ki, 2019-cu
ildo ilkin verilonlorlo model Gzro hesablanmis qiymotlor arasindaki forglor 2022-2023-ci illoro
nisbaton daha c¢oxdur. Qeyd edok ki, alinmis modellor osasinda aylar iizro hesablanmis nisbi
Xatalarin orta qiymatlori 2023-cl ilds an kigik olmusdur. Bu a; i = 1,3 amsallar1 haqqinda yuxarida
deyilmis fikri bir daha tosdigloyir.

Cadval 2

(2) formulu ils hesablanmis qiymatlorls faktiki molumatlar arasinda nisbi xatanin qiymatlori

Nisbi xata

Ay 2019 2022 2023
Yanvar 19.151808 8.842801 1.010058
Fevral 5.389146 13.57485 2.935967
Mart 18.962346 2.096755 7.140903
Aprel 0.5267842 0.427771 1.43418
May 2.3718293 4.590225 4.575605
Iyun 0.5864973 0.449236 2.17693
Iyul 12.719978 5.342901 1.689019
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Avqust 12.997982 3.988385 2.627735

Sentyabr 13.029429 1.749909 0.223458

Oktyabr 2.6802776 15.50022 2.832963

Noyabr 10.236169 8.27503 7.495011

Dekabr 13.067535 0.654918 1.63271

Aylar Uzrs orta 9.3099818 5.457751 2.912116

Natica

Narazi sorniginlorin say1 tokca logv edilmis uguslara bilet almis sornisinlorls yanasi, baqaj va
overbooking problemlori ilo (zlogmis sarniginlordon ibarot olaraq formalagsmir. Burada xidmat
sektorunun digar sahalorinds — bilet satisindan tutmus, toyyaroys minik baslayana qodor Sornisinin
rast goldiyi problemlor do 6z rolunu oynayir. Tabii ki, geyd edilon faktorlar kamiyyst xarak-
teristikalarina gors tosadlfi doyismolora malik olsalar da, imumi halda narazi sornisinlorin say1 bu
faktorlarin additiv asililigi soklinda gostorilo bilor. Lakin tasir edon biitiin faktorlart miioyyan edo
bilmadiyimiz Ucln, modells faktiki verilonlor arasinda homiso misyyan forq olacaqdir. Bu farg
nisbi giymatlords Kicgik komiyyatlorlo ifads edilss do biitév 6lko vo ya region Uzrs todgigatlarda
mitloq Xxata gostaricilori Kifayat godar boyuk giymatlorls ifads edilo bilor. Magalads toklif olunan
coxolglli xotti trend modeli aviasirkatlorin effektiv idaroetmo sisteminin tokmillogdirilmasi
istigamatinda gorulocak islore metodiki yardim ii¢iin bir yanasma toqdim edir. Aviadagimalarda
sarnisinlorlo bagli problemlor sistemlosdirilorok uguslarin gecikmasi vo logvi, baqaj ilo olagali
problemlor, overbooking kimi Umumilasdirilorok, narazi sorniginlorin bu faktorlardan asili trend
modeli qurulmusdur vo noticalorin faktiki verilonlorlo model ossasinda hesablanmig qiymatlor
arasinda nisbi xotanin analizi ilo adekvatlig1 qiymotlondirilmisdir.
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CONSTRUCTION OF MULTIVARIATE LINEAR TREND MODELS OF FEEDBACK
PROCESSES IN AIR TRANSPORT SYSTEMS

Aghayev N.B., Aghayev N.F.
National Aviation Academy

The trend model proposed in the article provides an approach for methodical assistance to
the work to be done in the direction of improving the effective management system of airlines.
Aviation has different characteristics from other service sectors, passenger requirements and
satisfaction are regulated by geographic, economic factors, context of use, local and international
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governance, resource use and standards. Taking into account these characteristics, the problems
related to passengers were systematized and summarized as flight delays and cancellations,
problems related to baggage, overbooking, and a trend model of dissatisfied passengers depending
on these factors was established. The model was built using a set of statistical data related to air
transport of the United States of America, and the adequacy of the results was evaluated by
analyzing the relative error between the actual data and the values calculated based on the model.
The analysis of the results of the calculation based on the years 2019 and 2022-2023 showed that
the relative error has decreased in recent years. Decrease during the negative impact of the
COVID-19 pandemic on air traffic is finally reversing its impact and airlines are starting to
stabilize. The obtained results can be used in determining the forecast indicators of dissatisfied
passengers, in the future, based on the proposed model, in the construction of more perfect
intellectual models of the service sector with the application of modern IT technologies.

Key words: Feedback, inquiry, passenger, air transport, baggage, security, customer
service, customer satisfaction.
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OIITHMH3AI[HA JIOTHCTHYECKHX ITPOI[ECCOB B A3POIIOPTY I'EH/[AP
AJIMEB C IIOMOIIIBIO MOBHJ/IBHOI O IIPHJIOKEHUA

Kepumoe b.A., Maunoea U.P.
Hauuonanvnasa Axademusn Asuayuu

Cospemennbie nocucmuieckue npoyeccyl 8 MeiCOVHaApOOHbIX AIPONOPMAX CIMAIKUBAIOMCL C
MHOIICECTNBOM 6bI306086, GKIIOUASL CIONCHOCMb KOOPOUHAYUU, BbICOKUe MpebO8aHus K CKOPOCU
06pabomxu 2py308 u nAccaxcupos, a makdxice HeoOXO0OUMOCMb MOYHOU CUHXPOHUZAYUU BCeX
VUACMHUKO8. BHeOpeHue uHHOBAYUOHHBIX MEXHONO02U, MAKUX KAK MOOUTbHbIE NPUTLONCEHUS,
N0360J14em 3HAYUMENbHO YIVUWUMb YIpaeieHue U 3pgpekmusnocms smux npoyeccos. B oannoi
cmambe paccmMampusaemcsi Kak MoOUIbHble NAampopmvl MO2ym cnocobcmeosams ONMuUMU3ayuU
JIOUCTUKU 8 AdPONOPMAX, YIVUUASL 83AUMOOCUCNEUE MeHCOY PAZIUYHBIMU CLYHCOAMU U YCKOPASA
npuHsmue peuteHull.

Onmumuszayus yepes MOOUIbHbIE PEULeHUs. CMAHOBUMCS KTIOYE8bIM (PAKMOPOM NOBLIUUEHIUSL
obueti a3¢ppexmusHocmu u KOHKYPEHMOCHOCOOHOCMU A3PONOPMA.

Knwoueevie cnoea. mexnono2uu, adponopmol, JIOSUCMUKA, ABUAKOMNAHUU, MOOUTbHOE
NPUNOJICEHUe, MYPU3M, OHLAUH-OPOHUPOBAHUE, KOMNBIOMEPUSUPOBAHHBLI OU3HEC.

BBenenue

CoBpeMeHHbIE JTOTUCTHUECKHE MPOIIECCHl B MEXIYHAPOJHBIX a’dpONOpTaxX CTAJIKUBAIOTCA C
MHOKECTBOM BBI30BOB, BKIJIIOUYAs CIIO)KHOCTh KOOPJAMHAIMM, BBICOKHME TpEOOBaHMS K CKOPOCTHU
00pabOTKH Ipy30B U MACCaKUPOB, a TaKK€ HEOOXOJUMOCTh TOYHOM CHHXPOHM3AIMM BCEX y4dacT-
uukoB [1]. Cormacuo uccienosanuto SITA 2020 Air Transport IT Insights, mproputetom oTpaciu
CTaJI0 YCKOPEHHOE HHBECTHMpPOBaHHME B OECKOHTAaKTHYI OOpaOOTKy JaHHBIX MAacCaKUpOB IPHU
MIOMOIIM MOOMJIBHBIX TEXHOJIOTHH, a TakKe IUCTaHIMOHHBbIE M oOjauHble |T-cepBUCHI, MO3BO-
JSIOLIME COTPYAHUKAM paboTaTh M3 JOMa, MOBBILIAS MPU ITOM 3P (HEKTUBHOCTE KOMMYHHUKAIIUH C
naccaxupamu. BHespeHre HOBBIX TEXHOJIOTUH, oOpabaThIBaromuX Oosbiiue 00bemMbl HH(OpP-Ma-
1IMY, BBIBEJIO Ha MEpBbIN IUIaH npobiemy kubOepOe3onacHocTy [2], a BHEJPEHNE MHHOBAIIMOHHBIX
TEXHOJIOTUH, TAKUX KaK MOOWJIbHbBIE MPUIIOXKEHUS, TI03BOJIET 3HAUUTENIBHO YIyUIIUTh YIpaBIeHHE
n 3} PexTUBHOCTh 3THUX mpoueccoB. Takum o0pa3oMm, BHEAPEHHWE MOOWJIBHBIX NPUIOKEHUH B
JIOTUCTUYECKHUE MPOIIECChl MEXIYHAPOIHBIX a’pPONOPTOB CHOCOOCTBYET MOBBIMICHHIO MX 3(PQek-
TUBHOCTH, YJIYyYIICHUIO KOOPAWHAIIMK MEXAy CIy>KOaMH W MUHMMM3AIMM BPEMEHHBIX U (UHAH-
COBBIX u3Jiepkek. Kpome Toro, MOOMIIbHBIE HPUIIOKEHUSI OTKPBHIBAIOT HOBBIE BO3MOKHOCTH JIJIS
aHaJlM3a JaHHBIX W MporHo3upoBaHusa. OHM MOTyT coOupaTh U 00pabaTbiBaTh OONbIINE 0OBHEMbI
uHpOpMAlMY, YTO MOMOTaeT Jydllle NMOHMUMATh MOTPEOHOCTH KIMEHTOB M MpPEAyrajblBaTh BO3-
MOXHBIE cOOM B paboTe. ITO 0COOEHHO BaXKHO B YCIOBHUSAX JUHAMHUYECKH U3MEHSIONMIEHCS BHEIITHEH
cpenbl, Te TpeOyercss ObICTpas ajgamnTalus K HOBBIM BbI30BaM. B craThe OyayT paccMOTpEHBI
KJIFOUEBbIE AaCHEKThl HCIIOJIb30BAaHUSI MOOWJIBHBIX TEXHOJIOTUA B a’pONOPTOBOM JIOTHCTHUKE,
IIPOAHAIM3UPOBAHBI X MPEUMYIIECTBA U BIMSHNUE HA ONITUMHU3ALUIO ONIEPALIMOHHON 1€ATENbHOCTH.

Henp padorsel. Llenpto cratbu sBisSIETCA UCCIEAOBAHUE U aHAJIN3 BO3MOXKHOCTEM MCIOJIb-
30BaHUS MOOWIBHBIX NPUIIOKEHUH Ui ONTHMHU3ALMU JIOTUCTUYECKUX IPOIIECCOB B MEXKIY-
HapoaHbIX a’poroprax [3]. CraThbs HampaBiieHa Ha BBIABICHHE TOTO, KaK WHHOBAIMOHHBIE MO-
OUIIbHBIE TUIATGOPMBI MOTYT YJIYUIIMTh KOOPAUHALIMIO MEXY Pa3IMYHBIMU CITy’KOaMHU a’poropra,
MOBBICUTH A(P(PEKTUBHOCTh YIPABICHUS PECypcaMd M COKPATUTh ONEpAIMOHHBIC H3AEPKKH.
OcHoBHas 3a/1a4a COCTOMT B TOM, YTOOBI I0Ka3aTh, KAKUM 00pa30M MOOUIIbHBIE TEXHOJIOTUU MOTYT
CIOCOOCTBOBATh MOBBIICHUIO 00111l 3(h(HEeKTUBHOCTH pabOTHI a3PONOPTOB, YIIYUIICHUIO 00CITYKHU-
BaHUS MACCAKUPOB U TPy300TIPABUTEIIEH, @ TAKKE CHUIKEHHIO BEPOSATHOCTH OLIMOOK U 3a/€pKeEK.
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BHenpenne MOOWJIBHBIX NMPHIOKEHHH B pabOTy a’poOMOPTOB HE TOJIBKO CHOCOOCTBYET ONTHUMH-
3allMY JOTUCTHYECKUX MPOIIECCOB, HO M OTKPHIBAET HOBbIE HCTOYHUKY HEABUALIMOHHOI'O 10X0/1a.

YuuTeiBass BBICOKHMI YPOBEHb HH(POPMATH3AIMM HACEICHUS, MACCAKUPBI MPEIBSBISIOT
CIPOC Ha paCHIMPEHUE CEPBUCOB CaMOOOCIY)KMBaHHMS W OOecleueHUE BO3MOXKHOCTHU HHJIMBU-
IAyalbHOM BapHalUMU JIOMOJHUTEIBHBIX YCIYr C HOMOIIBI0 MOOHMJIBHBIX NPUJIOKEHUN WM Yat-
6otoB (pucyHok 1). ITo ompocam SITA 59% pecrnoHaeHTOB XOTenH OBl MCIOJIB30BaTh CBOM
MOOMJIbHBINA Tene(OH BMECTO OYMa)KHBIX JTOKYMEHTOB JUIsl TIPOXOXKACHHUS MTACIOPTHOTO KOHTPOJISL.
BoBnedueHHOCTh B IEPEBO30YHBIN MPOLIECC 3HAYUTEIBHOTO KOJIMYECTBA CyOBEKTOB aBUAaTPAHCIIOPT-
HOTO pBIHKA (areHTCTBa MO MpOJaXe OMICTOB, aBHAKOMIIAHUH, a’pOMOPTHI, MOTPAHUYHAS U
TaMOKE€HHasl CITy>KObI U JIp.) 00yclaBiIMBaeT MOTPEOHOCTh MACCAXKUPOB B PA3BUTUH OMHHUKAHAJIb-
HBIX TEXHOJOTruH B3aumoieicTBus [4]. Onupasch Ha MHEHHE 3apyOeKHBIX UCCIEA0BATENICH O TOM,
4TO caMOO0OCTyKUBAaHUE U MOOUIIBHOCTh OYAYT SIBIATHCS KIFOYEBBIMHU XapaKTEPUCTUKAMH YCIyT
O00BEKTOB a’pOINOPTOBOTO KOMIUJIEKCA B OJIMKAWIEH IEepCreKTUBE, MBI TPOBETH IOAPOOHBIH
aHanu3 paboThl MOOWIIBHOTO MpuiiokeHus Baku AIrport, u BBISICHWIN, YTO COBEPIICHCTBOBAHHE
JaHHOW TIAaTGOPMBI TIO3BOJIMT B 3HAYUTEIFHOW CTETIEHW MUHHMM3HPOBATH HEAOBOJIBCTBO U UYB-
CTBO HEYBEPEHHOCTH I1aCCaXKUPOB.

Dream, inspire, plan & book
Home or mobile

Web, smartphones & tablets

Pre-trip

Post-trip At Check-in, buy ancillary
airport & merchandise

At the airport

Share, feedback, dream
At home

Wi-Fi home networks

At
destination On board

Explore, connect and share Plan, entertain,

On the rood

Smartphones & tablets

In the hotel

Wi-Fi & wired networks

Pucynoxk 1. BiaustHue MOOWIIbHOM CBSI3M HA MPOTSHKEHUH BCETO KM3HEHHOTO IIMKJIa Ty TENIECTBEHHUKA Ha
Pa3INYHBIX YCTPOMCTBAaX

HecMoTpst Ha TO, 4TO MOJOOHOTO POJa MOOWIBHBIC MPHJIOKEHHUS YK€ CYIIECTBYIOT MJIS
MEeXIyHapoAaHOro a’ponopta ['eiinap Anues, 0IHAKO B X0JI€ OMPOCA CPEIU TYPUCTOB, Mbl CMOTJIH
BBISICHUTH, YTO MPOTPAMMHOE OOecTieueHue, HHTEPPEHC U KOIMIeCTBO WHPOPMAIIMH B TIPHIIOKE-
HUU HEIOCTATOYHO i KOM(OPTHOTO TMEPEIBUKEHHSI TYPUCTOB Ha TEPPUTOPUU a’POIOpTa, HC-
MOJIb30BaHUS BCETO CHEKTpa yCIyTr W JMocTyma K mHbopmaruu [S5]. s uccrenoBanus, Hampas-
JICHHOTO HAa M3YYCHHE HCIOJIb30BaHUS MOOMIBHOTO mpmioxkeHust «Baku Airport» maccaxupamu,
OBLJIO MPOBEJICHO aHKETUPOBAHUE cpeau maccaxupoB peiica baky-CramOyin. Ilenbro ompoca Ob110
BBISICHUTH, HACKOJIBKO YacTO MACCAKUPBI HCTOIB3YIOT MOOMIBHOE MPUIIOKEHHE adPONopTa, KaKkue
GbyHKIMM A7 HUX Hauboliee MOJIe3Hbl, a TAKXKE BBISIBUTH UX MPEANOYTEHUS U BO3MOXKHBIE MPOO-
JIEMBI TIPU UCIIOJI30BAHUY MPUIOKECHHSI. AHKETHPOBAHUE TIPOBOAMIOCH HETIOCPEACTBEHHO Ha OOp-
Ty caMoJieTa BO BpeMs peiica Jisi MaKCUMallbHOTO OXBaTa LI€JIeBOM ay IUTOPHUH.
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IloaroroBka Kk NpoBeAeHHIO ONIPOCa

[Tepen HauanoM uccnenoBaHus Oblia pa3paboTaHa aHKETa, BKJIIOYAKOIAs KaK 3aKpbIThIE, TaK
U OTKpBITBIE BOMpPOChl. OCHOBHAS YacTh AHKETHI COCTOsUIa M3 3aKPBITHIX BOIPOCOB, YTOOBI MO-
JYYUTh KOJIMYECTBEHHbIE JIAHHBIE O YAaCTOTE MCIIOJIb30BAaHUS MOOMIJIBHOIO IPUJIOKEHHUs, ero (yH-
KIMOHAJILHOCTU U YPOBHS YJIOBJIETBOPEHHOCTH MoJb30Barenel [6]. Hanpumep, naccaxupam 3ana-
BaJIUCh BONPOCHI O TOM, KaK YacTO OHHU HCIIOJIb3YIOT NPUIIOKEHUE, Kakhue (PYHKIUM OHM CUMTAIOT
HanOosiee MOJE3HBIMU (Hampumep, WHoOpManus O peiicax, OHJANH-perucTpamnus, KapThl Tep-
MHUHAJIOB), U CTAJIKUBAJIMCh JIU OHU C KAKMMHU-ITHOO IpoOIeMaMu B MPOLIECCE €ro UCIOIb30BaHMS.
OTKpbITBIE BOMPOCHI OBLIM A00ABIEHBI I TOTO, YTOOBI PECIOHACHTHl MOTJIHM BBICKA3aTh CBOM
IIPEUIOKEHUS 110 YIy4ILIEHHIO IPUIIOKEHUS U paccKa3aTh O CBOEM I10JIb30BATEILCKOM OIIBITE.

IIpouecc npoBeaeHus onpoca

AHKeTHpOBaHUE MPOBOJUIIOCH Tiepen pericom baky-CramOyn cpeau maccakupoB, KOTOpPBIE
COIIACWJINCh MPHUHATH ydyacTHe B HcclefoBaHud. [lepen HadajaoMm ompoca maccaKupoB HHGOP-
MHUPOBAIHM O HEIAX M BAKHOCTU HcciaeAoBaHus. st 7TOro pabOTHHUKHU a’poropTa KpaTko O0bsic-
HWIM CyTh OMNpPOCa, OTMETUB, YTO Y4acTHE B OMpPOCE SIBISIETCA AOOPOBOJILHBIM M AHOHHMHBIM, a
JMaHHbIe OYAYT UCIIOIB30BAHbI HCKITIOUYUTEIBHO JIUIS YIYUIIIEHUS CEPBUCA a3pOIIopTa.

[Tocne 3Toro aHKeThl OBUIM PO3JaHbl MACCAXKUpPaM, U UM MPEAJIOKEHO 3aMOJIHUTh UX B
yA00HOE JUIsl HUX BpeMsl Iepe]] oca kol Ha 00pT BO3AYIIHOIO cyaHa. /s ynobcTBa maccaxupon
aHkeTa ObUIa TMOATOTOBJIEHA B TPEX S3BIKOBBIX BEPCHSIX — Ha azepOail[KaHCKOM, PYCCKOM U
aHTIIMICKOM, 4TO oOecreunBasio Oojiee IMUPOKHH OXBaT W y4acTHE MHOCTPAHHBIX IaCCAKUPOB.
Taxke B aHKeTe MpeaycMaTpuBaliaCh BO3MOXKHOCTh YKa3aTh, €CIH MMACCAXHUP pPaHEe HE UCIOIb-
30BaJI IPUJIIOKCHUEC, C YKa3aHWEM IIPUYHH, ITOYEMY OH HC CTaJl €ro CKAa4YMBAaTh UJIA ITOJIL30BAaTbHCA.

Coop 1 00padoTKa TaHHBIX

[To okoHYaHHWM OIpoca aHKEThl ObUIM COOpaHbl PaOOTHHKAMHU U TIEepedaHbl HCCielI0Ba-
TELCKOW KOMaHJAe i JaibHelInero axaimusa. Bcero B ompoce mnpunsiin ydactue 150
MacCaXUpoB, YTO cocTaBmwiio 75% otT obumiero ymcna maccaxkupoB peiica. [locne cOopa aHker
NaHHbIe ObUTM OLM(POBAHBI U MPOAHATUZUPOBAHBI C MOMOILBIO CTATUCTUYECKOTO MPOrpaMMHOIO
obecniedeHnss. OCHOBHOE BHUMaHHE yJIENAJI0Ch YaCTOTE MCIOJIb30BaHUSI MOOUIIBHOTO TPUIIOKEHUS,
€ro OLIEHKE CO CTOPOHBI MOJIb30BATENEH, a TaKXKe aHaIM3y KOMMEHTapHeB, Kacaloluxcs npodiaem
WJIH TIPEATIOKEHUH 10 yIyUIIeHUIO (PYHKIIMOHATBHOCTH MPUITOKEHHUS.

PesynbpTaThl ompoca MO3BOJIWIM BBIIBUTH OCHOBHBIE TEHJACHLIMU HCIOJIB30BAaHUS MOOWIIb-
HOTO TPWIOXKEHUS Cpeld MacCaXHUPOB M Jalld IEHHYIO HWHGOpMalMio A JalbHeiIero
coBepiieHcTBoBaHUS Tiatdopmel «Baku Airporty. Huke npenocraBinena cama ankera (PUCYHOK 2):

e Hanuuue nnpopmanuu 06 oTensax, TOCTUHHIIAX, PECTOPaHAX U MECTax OTAbIXa.
Typsl 0 1OCTONPUMEUYATELHOCTSIM CTPAHBI. (CBSI3b C TYPUCTUYECKUMU areéHTCTBAMH HAMPSMYIO
yepe3 MOOHIIbHOE MpUiIoKeHue) [7].

Ilocne mpoBeneHUs ompoca CTalo $ICHO, B YeM HMMEHHO 3aKJI0YaeTcsi MOTpeOHOCTh
TYpPUCTOB BO BpEMS HaXO0XKJIEHUS B a3pOMOPTY:

AHaln3 CyNIECTBYIOUIMX 3apyOeKHBIX MOOWJIBHBIX MPUIIOKEHUN JJIS a3pOIOPTOB MOKa3al,
9TO0 KpoMe 0a30BOro (QyHKIMOHata B MOOWIbHBIE TPUIOKEHHS MOTYT OBITbh BCTPOEHBI
JOTIOTHUTEIIbHBIE BO3MOKHOCTH [8]:
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RISE TO IMPROVEMENT: AIRPORT
PASSENGER QUESTIONNAIRES FOR
TRAVEL OPTIMIZATION

We constantly strive to improve the quality of our services, create the most comfortable
conditions, taking into account your wishes.
Please rate the following areas of service at the airport, if you have used them, by filling
out the following questionnaire partially or completely:

Your age and gender:

O under 18 O18-24 024-30 O other
O male O female

How often do you use air transport services?

O frequently O infrequently O extremely rarely & other

Do you use the "Baku Airport" mobile application?

O yes Q no O never heared about this app

*If you are a user of the "Baku Airport" mobile application, please answer the
following questions:

Unsatisfactory Neutral Satisfactory

Information service N ~ —~
Transportation support — —~ —

Navigation services at
the airport terminal ' ()

Non-aviation services

Quality of mobile
application performance () O ()

Additional comments and suggestions:

Thank you for choosing us!
Have a successful takeoff and a soft landing!
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TOKMILL2SDIRM3 ARZUSU:
S9YAHSTL3RI OPTIMALLASDIRMAQ
UCUN HAVA LIMANI SORNISINLSRININ
SORGUSU

Biz daim xidmatlarimizin keyfiyyatini ylksaltmaya, sizin istaklarinizi nazara alarag an rahat
garait yaratmaga calising.
Asafidakl anketi gisman va ya tamamila dolduraraq, asagidakl hava liman xidmat
sahalarini givmatlandirin:

Yaginiz va cinsiniz:
O 18 yagdan kigk O 18-24 24 - 30 O digar:
O kisi 2 qadin

Hava n=agliyyat xidmatlarindan nege zamandan bir istifade edirsiniz?

O teztez 2 nadir 2 cox nadir ) digar:
"Baku Alrport"maobil programindan istifada edirsiniz?

2 ha 2 yox 2 bu mobil tatbig hagonda heg esitmamisam

*"Baku Airport" mobil tatbiqinin istifadacisisinizsa, asafidaki suallara cavab
vermayiniz xahis olunur:

Geyri-qanaatbaxs Meytral Qanaathaxs

Informasiya xidmat| Y e i
MNaglivyat dastayi ~ I I
Hava limar

terminalinda navigasiva Y () i )
xidmatlari - = -
Qeyri-aviasiva xidmatlan O 0 7
Maobil tatbigetmalarin

keyfiyyati ' T i

Slava gsarh va takliflar:

'd

Bizi secdiyiniz Ucun tasakkliir edirik!
Ugurlu ucus va yumsagq enis arzu edirik!
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MNOABEM K COBEPLLULEHCTBOBAHWIO:
AHKETUPOBAHWE NANA .
ONTUMMW3ALWMNA NYTEWECTBWIA

MEl NOCTOAHHO CTPEMWMCA YAYHIWLAaTE Ka4elTED NPpejoCcTaBNAeEMbIX Yonyr, COZ0aBaTE
MAKCManeEHD KGM[]JE-DTHI:.IE YCNOBWA, YyHYMThIBaHA Baww noxenaHua.

OueHWNTe, NoXaNyAcTa, cnegyowre obnacT o6CAYHMBAHWMA B a3pON0pTY, ecnil Bel MK

BOLCNONB30BANWMIE, YAaCTUYHD MNKW NONHCOCTEK 3aNncenNHWME cneiyowy aHEeTy!

Bawl BozpacT W Non:

.

Z menbwe 18 O 24-30 O apyroe

A
) MysHE O eHWMHA
Kak yacro Bkl Nnonbk3yeTeck yonyraMu aguarpaHcnopra?

O Yacto O Pearo Q) Kpaiine pegro O Apyroe

MonesyeTecs N Bbl MOGMNBHBIM NpnoxeHnen “Baku Airport™?

2 aa ) HeT ) HWMEOr4s He Cnelwansa
*B cny4ae, ecnii BEbl ABNAETECH NONbLI0BATENEM MOGMNBHOMD NpUAokKeHna “Baku

Airport”, npociiM 0TEETWTE Ha CNeayLMe BONPochl:

HeyaoBNeTEGPUTENEHD HeliTpankHo Y QOBNETEONNTENEHD

HMHbOpMaLMOHHLIA Y T —
CepBMC e e et
TpaHCNopTHOS — — —
phecneueHe L () \_J
YCIyrv HABUraLMK Ha
TEQRPHTORMIA Yy ' Y
A3POBOKIANG ) - -
HEaBMALOHHBIE YCAYTIA P

L L b
KadecTeo paoThl

MOBKUNEHOM ™y {
NPHNCKEHKA

JAonNoNHATENbHbIE KOMMEHTAPUW N NPeANoKeHNA:

-

Cnacwubo 3a 10, uTO BbI6GMpaeTe Hac!
YcnewHoro B3NETa 1 MArkoia nocagkm!

Pucynok 2. 1la0GnoH aHKETUPOBAHUS

Hanuuue xapTel aspomnopra.

Crnrcok pectopaHoB U kade Ha TEPPUTOPUH a’PONOPTA U UX PACTIOTIOKEHHE.
Nudopmanus o mapkoBKe.

BceTpoeHnHblit nepeBoUMK.
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e BHEJpPEHUE CKaHepa, C MOJAJIEPKKOI0 KOTOPOrO0 MOXHO MEepeBeCTH 00N KOHTEHT (B
YaCTHOCTH, YKa3aTeJM JIJIsl HABUTallMU 110 a3POIOPTY) C UHOCTPAHHOTO sI3bIKa HA POJIHOM;

e cepBuc «['0J0COBOI OMOIIHMKY», KOTOPBIN MO3BOJIAET MMACCAXHUPaM 3a/1aBaTh BOIPOCHI
10 CEpPBHCaM B a3pOIOPTY aHAIOTMYHO MPHIOKESHHUIO Sifi;

® BO3MOYKHOCTb OTMETKH CBOEIO peiica B KAJIEHJaph C TOYHBIM BPEMEHEM;

® TIOAKIIOUEHHE K OOPTOBOMY pajino;

® TIPOCMOTpP B OHJIAH-PEKMME JICHTHI aKTyalIbHBIX (hoTOorpaduii ¢ OTMETKOH B a3poIopry;
BO3MOKHOCTh BBI30Ba MOJACPKKH JUIsl MHBAJIMJIOB IIyTEM YKa3aHHUs MX MECTOIOJIOKEHUS U
TpeOyeMoro THMa MOACPIKKH;

e cepBuc "B kakom mMecTte Most MamuHa?", MO3BOJIIET OCTABJIATH (HOTO, MECTOIOJIOKEHHE,
roJ0COBOE WM3BEUICHUS] U OCTAJbHbIE MOJCKA3KU Il 3allOMMHAHUS MECTOHAXO0XKJIEHUS MAallUHbI
naccaxupa Ha mapkunre [9].

Passenger services provided via mobile apps
% of airlines providing passenger services via apps

Passenger services provided via mobile apps
% of airports providing passenger services via apps

Passenger surveys
and focus groups

Baggage location
status updates

Purchase of
airport services

Customer relationship
management

Location-based
notifications

Notifications

Airport today about airport status
Alrlines today e |
| ]
Missing baggage Airport implemented
Airlines implemented communication by 2018
by 2018 . .
.

Real-time baggage status
information for passengers

Navigation/Wayfinding
within the airport

Pucynok 3. Ycnyru, npejpocraBiseMble TACCAKUPAM ITOCPEICTBOM MOOMIIBHOTO TIPUIIOKEHUS 32 pyOeKoM

Huterpamus ¢ cucreMamu 0€30MACHOCTH - BOKHEWIIWNM KOMIOHEHT. MOOWIBHOE MPHIIO-
JKEHHE MOKET OBbITh CBS3aHO C BHICOCUCTEMAaMU KOHTPOJIS JOCTyNa M HAOIIOAEHHS, YTO TO3BOJISET
OTIEPAaTUBHO OMOBEIIAaTh O BO3MOXKHBIX OITACHOCTSAX M OBICTpO pearmpoBath Ha Hux [10]. DTO
3HAYUTENIHHO MOBBIIIAET YPOBEHb 0€30IACHOCTHU U MO3BOJISIET ONEPATUBHO YCTPAHATh HEMOJIAIKH.

VYnpaBieHue rpy30M0TOKaMH TAaKKE MOXKET ObITh YIYYIIEHO C IMOMOIIBIO MOOMIBHOIO
npuioxenus. MHTerpanus ¢ cucTeMaMu OTCIIEKHBAHUA I'PY30B U KOOPAWHAIMU MOTPY304HO-pa3-
IPy304YHBIX Pa0OT MO3BOJISET YCKOPUTH MEPEMELICHUE TPY30B 110 TEPMUHAITY, ONTUMHU3UPOBATh MX
pacripeielieHue U MOBBICUTH YPPEKTUBHOCTh 0OPaOOTKH.

He menee BaxHOH (QyHKLUEH sBiISETCS BO3MOXKHOCTb MOHHUTOPHHIA M aHAJINW3a JIaHHBIX.
MoOuiibHOE MTPHUITIOKEHHUE MTO3BOJISIET COOUPATh U aHAJIM3UPOBATH JAHHBIE MO PA3IMYHBIM aCIIEKTaM
paboTHl a’poropTa, BKIOYAs BpeMsi 0OpabOTKM PEHCOB, 3arpyKEHHOCTh TEPMHUHAJIA U JPYTrHE
nokasareiu [11]. DTo no3BonseT NpuHUMAaTh B3BELIEHHBIE PELIEHUS U IPOBOJAUTH MEPOIIPUATHUS 1O
ONTUMM3ALMHU JIOTUCTUYECKUX IIPOIIECCOB.
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VYnpasieHue pecypcaMH M 3amacaMy TakKe MOXET OBbITh 3HAYUTENBHO YIYYIIEHO C
IIOMOILbI0O MOOWJIBHOTO MpuiIokeHus. OHO MO3BOJISIET OTCIEXHBATh HCIOJIb30BAHUE PECYPCOB,
TakKMX KaK TOIUIMBO M 3allacHble YacTU M aBTOMATUYECKU YBEAOMIATH O HEOOXOAUMOCTH
IIOTIOJIHEHMSI 3aracoB. Takol Moaxo1 MoMOoraeT NpeAoTBPATUTh JePULUT U COKPATUTH PACXO/IbI.

VYnpouieHue ynpapieHus NapKOBKOW M TPAHCIIOPTOM - €lIe OJjHa 00JacTh, I7ie MOOMIBHOE
IPUIIOKEHUE MOXKET ChIIPaTh BaXHYIO poib. OHO MO3BOJSET 3apaHee OPOHHMPOBaThH MecTa Ha
IIAPKOBKE M OTCIEKMBATh MX HAJIWYHUE, a TAKXKE YNPABIATh TPAHCHOPTHBIMU MOTOKAMU B a3po-
HOPTY, YTO YJIYyYIAeT yIpaBIE€HUE IBUKEHUEM U COKPAIAET BpeMs OXKHIaHHs.

VYcoBepiieHCTBOBaHUE MOOMJIBHOTO IPUIOXKEHHS a’3poIopTa Ha OCHOBE YCTapeBILEro
IPUIIOKEHHUS - BAXKHBIM 1Iar Ha IyTH K co3/laHuto 6osee 3h(peKTHBHOro 1 y100HOr0 MHCTPyMEHTA
JUIs TIAaCCaKUPOB M COTPYAHUKOB [12]. OOHOBIEHHass BEPCUS MOKET 3HAUYUTEIBHO YIYUIIHUTh
[10JIb30BATEIbCKUM ONBIT U ONEpPAl[MOHHBIE BO3MOXKHOCTHU, NPUHUMAsi BO BHUMAHUE JTOCTHIKECHUS
HOBBIX TEXHOJIOTUH U TEKYLIUE MOTPEOHOCTH a3ponopTa.

BeiBoa

[Tocne mpoBeneHMs aHaM3a HWCIONB30BaHUS MOOMIBHOTO mpuioxenus «Baku Airport»
CpeAM MacCaXUpOB OBbUIM BbISABIEHBI KIIIOUEBbIE TEHACHUUH U HPENOYTEHUS MHOJIb30BATENEH.
Omnpoc nokasaj, 4To OOJBIIMHCTBO MACCAKUPOB OLIEHUBACT MPHUJIOKEHHE KaK YJOOHBIH HHCTPY-
MEHT JJIs1 HOJY4YEeHHUs aKTyallbHOW MH(OpMaIMK O peiicax, OTCiIeKUBaHUs Oaraka U HaBUrallMU 110
asporopty. OHaKko Takke ObUIM BBISABICHBI IPOOJIEMbI, TAKWE KAaK HEJAOCTaTOYHAsl CTAOUIBLHOCTD
palboThI NPUIOKEHUS U OTPaHUUYCHHbIE (PYHKLIMHU, YTO CHUXKAET 00Ilee yI0BJIETBOPEHHE M10JIb30Ba-
Tenei. B pesynpTaTe aHanmza cTajgo O4€BHUIHO, UTO AJIs MOBBIMIEHUS 3 ()EKTUBHOCTH MPUIIOKEHUS
HEO0OXOJUMO COCPEJOTOUYNUTHCS Ha YIYYIIEHWH IOJb30BaTENbCKOTO0 HHTEpdeiica, pacumpeHun
¢byHKIIMOHANA U 00ecrieueHnn cTabuIIbHOM paboThl Ha Bcex ycTpolcTBax. Peanusarus npeaioxeH-
HBIX YJIy4IIEHUH HE TOJbKO MOBBICUT YpPOBEHb OOCITYXHBAaHHS MAcCCaKUPOB, HO U YKPENUT
pEMyTaLHIO a3pONopTa KaK COBPEMEHHOTO U OPUEHTUPOBAHHOI'O HA KIIMEHTA TPAHCIIOPTHOT'O y3JIa.
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HEYDOR OLIYEV AEROPORTUNDA MOBIL TOTBIQDON ISTIFADO ILO LOGISTIK
PROSESLORIN OPTIMIZASIYASI
Karimov B.A., Mailova L.R.
Milli Aviasiya Akademiyasi

Beynolxalq hava limanlarinda miiasir logistik proseslor bir ¢ox problemlarlo, o cimladan
koordinasiyanin  miirakkabliyi, yUklorin emalimin siiratino yuksak tolablor, elaco do bitin
istirakcilarin daqiq sinxronlasdirilmast ehtiyact ilo Uzlasir. Mobil programlar kimi innovativ
texnologiyalarin tatbiqi bu proseslarin idara edilmasini va samoaraliliyini ahamiyyatli daracada
artira bilor. Bu maqalada mobil platformalarin hava limanlarinda logistikanin optimallagdiriimasi-
na, mixtalif xidmatlor arasinda garsiliqgh alaQonin yaxsilagdirilmasina va Qararlarin gabulunun
stratlandirilmasina neca tohfa vera bilacayi mizakira edilir.

Mobil hallar vasitasila optimallagsdirma hava limaninin iimumi samaraliliyinin va ragabat
qabiliyyatinin artirllmasinda 2sas amila cevrilir.

Acar soOzlar: texnologiyalar, hava limanlari, logistika, aviasirkatlor, mobil programlar,
turizm, onlayn bronlasdirma, kompiiterlogdirilmis biznes.

OPTIMIZATION OF LOGISTICS PROCESSES AT HEYDAR ALIYEV AIRPORT USING
MOBILE APPLICATION

Kerimov B.A., Mayilova I.R.
National Aviation Academy

Modern logistics processes at international airports face many challenges, including the
complexity of coordination, high speed requirements for cargo and passenger handling, and the
need to accurately synchronize all participants. The introduction of innovative technologies such as
mobile applications can significantly improve the management and efficiency of these processes.
This article looks at how mobile platforms can help optimize logistics at airports, improving
interaction between different services and speeding up decision-making.

Optimization through mobile solutions is becoming a key factor in improving the overall
efficiency and competitiveness of an airport.

Key words: technology, airports, logistics, airlines, mobile application, tourism, online
booking, computerized business.

Peuenzenm: k.¢p.-m.n. Illexunu II1.11.
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MATERIALSUNASLIQ

VJIK: 669-1 DOI: 10.30546/EMNAA.2024.04.1034

METO/IHKA IVIAHUPOBAHHUA S5KCIHEPUMEHTA 110 HCCIIE/JOBAHHUIO ITPOLIECCA
HOJIYYEHHA CIVIABOB 3AIIHTHBIX ITOKPBITHH JIOIIATOK I'A30BbIX TYPEHH

Cameooe A.C., Ycyoanuee T.b., A6oynnaee I1.111.
Hayuonanvnan Axademua Asuayuu

s npoeedenus ucciedosanuti 6vll UCNOTL308AH MEMOO NIAHUPOBAHUS IKCHEPUMEHMA, Hd
OCHOBe KOMOpO2o Obliu YMOUHeHbl OUANA30Hbl MeMNepamyp, 8pems U KOAU4ecmeo npoeooUMbIX
onvimos. Ilpumenenue memooa MHO20PAKMOPHO20 IKCNEPUMEHMA NO3BOIUNO 6 AHANUMUYECKOM
6Ude Npeocmasums pe3yibmamyl UCCIe008aHUsL U HA OCHO8e NOCMPOEHUs NPOCMPAHCMEEHHbIX
u300padicenuti ¢ 00CMAamoyHoOl MOYHOCMbIO OYEHUMb GIUAHUE PASTUYHBIX PAKMOPOE.

Kniouegvle cnoea: nonamku 2a306vix mypOuH, 3auyumHvle NOKPLIMUS, IKCHEPUMENM,
MemoouKa npoeedeHUs: UCCIe008aHUl, MamemMamuieckue mMemoosl, npUMeHeHue CMamucmuiecKux
Memoo0o8 NIAHUPOBAHUS MHO20(DAKMOPHBIX SKCNEPUMEHMO8, OnpedeneHue Gaxkmopos, napa-
Mempbl npo6edeHUs Onvima, noKazamenu 3QghexmueHocmu.

OCHOBHBIMH TOAXOJAMHU K TMOJYYCHHIO HAYYHO OOOCHOBAaHHOW WH(OpPMAIUU SBISIOTCS
TEOPUO-aHATTUTHYCCKUIA W KCTICPUMEHTAIBHO-CTATUCTUICCKUI. DKCIIEPUMEHT HCIIOIB3YETCS B TEX
CIIy4asix, Korja HeoOXOUMO TOATBEPIUTH MOMyYEeHHBIC TEOPETUICCKHE BBIBOIBI MU CHOPMYIIH-
POBaHHBIE TUITOTE3BI.

OnHO W3 HampaBlICHUH IOBBIMICHUS TPOU3BOAUTEIHFHOCTH 3KCIEPUMEHTAIBHBIX HCCIIe-
JIOBaHM 3aKIIOYAETCs] B MPUMEHEHUU COBPEMEHHBIX MATeMAaTUYECKUX METOJOB U BBIYUCIHUTEINb-
HBIX CPEJICTB, TAKUX KaK IUIAHUPOBAHHUE SKCIIEPUMEHTA, UCCIIEIOBAaHUE OTepallii, MaTeMaTHUYeCKOe
MozenupoBaHue u apyrue [1].

Panee cuntanoch, 4T0 MaTeMaTHYECKHE METOBI CIETyeT UCIIOIb30BaTh B OKCIIEPUMEHTAIb-
HBIX UCCIICIOBAHMSX JIUIIIb HA ITOCIICTHEM 3TaIe — MpH 00paboTke pe3yiabTaTtoB [2]. [TozaHee cramo
SICHO, YTO MPUKJIAJHbIE MaTEMaTHYECKUE METOJIbI MOTYT OBITh IOJIE3HBI HAa BCEX 3Tanax HayyHOU
paboThl, B TOM YHMCIIE B CAMOM Hauaje — MpU MOCTAaHOBKE 33Ja4u U IUIAHUPOBAHUH SKCIIEPHUMEHTA
I13) [3].

C 1enbro mpoBeeHUS YKCIIEPUMEHTATBHBIX UCCIEIOBAaHUHN ISl HOBOIIOJIYY€HHOTO COCTaBa,
YTOYHEHHS] KOJIMYECTBA MPOBOJUMBIX OMBITOB W OMPEENICHUs BIUSHUS KaKIOTO MapamMeTpa Ha
XUMHYECKYIO0 CTOMKOCTh CIUIaBa OB MPOBEAEH MHOTO(MAKTOPHBIN SKCIIEPUMEHT C UCIOIB30BaHUEM
maremarudeckoro merosa I13 [4].

[IpuMeHeHHe CTATUCTUYECKUX METOJIOB IIAHUPOBAHUS MHOTO(AKTOPHBIX SKCIIEPUMEHTOB
MO3BOJISIET BBIICIUTh HaubOosee akTUBHbBIE (PAKTOPBI M HE HCCIEAOBaTh (DaKTOPbI, OKa3bIBAIOIINE
HE3HAYUTENIbHOE BJIMSHUE UX Ha OOBEKT HccienoBaHus. MHOropakTopHOE IUIAHHPOBAHHUE IAET
BO3MOXXHOCTh AKTUBHO y4acCTBOBaTh B MCCIIElyEMOM IpOIIecCce U B 3HAYUTENbHOI Mepe ynpollaeT
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3a/1auyy OTBICKAHUS ONTHUMAJbHBIX YCIOBUU €ro mporekaHus. BcieacTBue crnenuanibHO paszpa-
OOTaHHBIX IJIAHOB AKCIIEPHUMEHTA HAXO0XKICHUE MATEeMaTHIECKOW MOJICIH HCCIIEeyeMOro mporecca
He TpeOyeT CI0KHBIX MAaTEMaTHYECKUX PACUETOB.

Jls mpoBeZieHHs SKCIIEpUMEHTa Heo0X0AruMa BO3MOKHOCTh BO3/ICHCTBOBATh Ha MOBEICHHE
oobekra [3]. Ilpu perieHur 3aqauMl UCIONB3YIOTCS MaTEMaTHYECKHE MOJCIH OOBEKTa HCCIEI0-
BaHus. [log MaTeMaTHYECKON MOJEIBIO IMOHMMAETCS YPABHEHUE, CBS3BIBAIOLIEE NapameTp ONTH-
Muzanuu ¢ pakropamu. Kaxapii ¢pakTop MOXHO MPUHUMATH B ONBITE KaK OJHO W3 HECKOJBKHX
3HAYEHUH, HA3bIBAEMBIX YPOBHSIMH. DUKCUPOBAHHBIN HA0OP YpOBHEH (haKTOPOB OIMpPENEseT OJTHO
13 BO3MOXHBIX COCTOSTHUM 00bekTa. OTHOBPEMEHHO 3TO €CTh YCIOBHE IMPOBEICHUS OJHOTO U3 BO3-
MOXHBIX ONBITOB. Eciiu mepedbparh Bce BO3MOXKHBIE HAOOPHI COCTOSIHUH, MOJYyYHUM IOJHOE MHO-
KECTBO PA3IMYMMBIX COCTOSIHUN JTaHHOTO OOBEKTa, T.€. YUCIO BOSMOXHBIX PA3TUYHBIX OMBITOB. C
LEJbI0 OINPEJETICHUS] KOJUYECTBA IPOBOJAUMBIX OIBITOB MCIOJb30BaH LEHTPAIbHO-KOMIIO3U-
nuonHbI Tran (LIKIT) Broporo mopsiaka. BaxueiM Bompocom mpu mnoctpoeruu LIKIT sBnsercs
BBIOOp BenuuuHbl 3Be3gHoro 1wieda (o). IIKII B oOmem Buae He oOiagaeT CBOWCTBOM OpTO-
roHasnibHOCTH. OproronansHocTn LIKII nocTuraroT, ¢ OIHOW CTOPOHBI, CHENHUATBHBIM BHIOOPOM
BEJIMYMHBI 3BE3/THOTO TUICYA U YHUCIIOM OIBITOB B IIEHTpE IuTaHa [5]. OpToroHaisHOE IUIAHUPOBAHKE
MO3BOJISICT TMOJIYYUTh HE3aBHCHMBIC OLCHKH KOA()(PHIIMEHTOB perpeccud ¢ MUHUMAJIBHOW JHC-
nepcueid. OproronanbHOCTh [IKIT 0OecrieunBaeTcst COOTBETCTBYIONINM ITO00POM 3BE3THOTO ILICYa
o (mis tpex ¢akropoB 0=1,2154 [6]). 3HaueHHE 3BE3AHOIO II€Ya 3aBHCHUT OT YHCIIA TTOJHBIX
MOBTOPEHMI KCIepuMeHTa B LeHTpe miaHa. C Apyroil CTOPOHBI, 4TOOBI MaTpHUIla TIAHUPOBAHUS
Obli1a OPTOrOHAJIBHOM, HEOOXOIUMO BBITIOIHUTS eIlie JBa ycaous [7, 3, 8].

Bo-nepBbIX, cymMmma Bcex 3HaueHUH Kakaoro (aktopa JO0JDKHA paBHATHCA Hymo. Ho moc-
KOJbKY B TUIaHE MPHUCYTCTBYIOT KBaApaThl (paKTOPOB, TO HEOOXOJMMO BBECTH B PacCCMOTpPEHUE
peoOpa3oBaHHbIE (PAKTOPHI:

x!/ =x2 —d 1)

rae d - mocTosiHHas, 3aBUCAIIas OT yncia (akTopos [1].
Bropoe ycnoBue, He0OX0AMMOE [UTs TOTY4EHHsI OPTOrOHAIBHOCTH 3aKJIF0YaeTCs B cieayromeM [2]:

Z X; =0 @)

[Tapametpsl opToronansubix LIKII npencrasnens! B Tabnure 1.

Tabmuma 1
ITapaMeTpBI OPTOTOHAIBHBIX IEHTPATEHBIX KOMITIO3UIIMOHHBIX TIJIAHOB

Yucno Yucno Obuiee

Hucno Snpo
3BE3JHBIX | OIBITOB B YHUCIIO o §

(akTopoB T1aHa

TOYEK LIEHTpE OTBITOB

3 23 6 1 15 1,2154 0,7303
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CocraBuM matpuily IuiaHupoBanus oproronanbHoro LIKIT Broporo mopsinka s Tpex (GpaxkTopos,
KOTOpBIM B KauecTBE KPUTEPUEB ONTHUMU3ALUU IPOLECCa BbIOpaHbl BpPEMs MPOBEJIECHUS OIbITA B
npenenax 48 yacos, Temeparypa oTxkura B auamnasone 1000+1200°C u Bpemst omxura B IIpeenax
50~+70 gacos (Tabsuia 2).

Tabmuma 2
MaTtpuia OpTOroHaILHOTO HEHTPATBHO-KOMIIO3UIMOHHOTO IJIaHa BTOPOTO IOPSIKA

& c

Z E X1 X2 X3 X/ X/ X3/ V1 V2 V3

T ©
1 + + + 1d 1-d 1d Y11 Y21 Y31
2 - + + 1d 1-d 1d Y12 Y22 Y32
3 + - + 1d 1-d 1d Y13 Y23 Y33
4 - - + 1d 1d 1d Y14 Y24 Y34
5 + + = 1d 1-d 1d Y15 Y25 Y35
6 - + - 1d 1d 1-d Y16 Y26 Y36
7 + - - 1d 1-d 1d Y17 Y27 Y37
8 - - - 1-d 1d 1-d Y18 Y28 Y38
9 1,2154 0 0 a’-d -d -d Y19 Y29 Y39
10 -1,2154 0 0 a’-d -d -d Y110 Y210 Y310
11 0 1,2154 0 -d a’-d -d Y111 Y211 Y311
12 0 -1,2154 0 -d a’-d -d Y112 Y212 Y312
13 0 0 1,2154 -d -d a’-d Y113 Y213 Y313
14 0 0 -1,2154 -d -d a’-d Y114 Y214 Y314
15 0 0 0 -d -d -d Y115 Y215 Y315

r7e Y1 — TBepaoCTh cruiana, Y2 — KTJIP, y3 — TennonpoBOgHOCTH CIIaBa.

B xonme uccrnenoBaHuii OBLTH MPOBENEHBI TPH MOJHBIX (AaKTOPHBIX (N=3) sKCrIepHMeEHTa.
Pesynprupyromumu gyHnkuusmu BeiOpansl TBeprocts, KTJIP u TermmonpoBonHocTs criaBa. [lepen
TeM, KaK CTPOUTh MaTPUILy TUIAHUPOBAHHUIO, CIICTyeT HA3HAYUTh YPOBHH BapbUPOBAHUS (aKTOpaMU
U 3akoaupoBaTh uMX 3Hakamu (+), 0 u (-) [1, 6]. Ilockombky coOrIacHO NpeaBaAPUTEIHLHBIM
UCCIe0BaHUSIM (QYHKIIUH OTKIIUKA OJDKHBI ObITh HEJTMHEHHBIMU, TO (DaKTOPBI X1, X2, X3 HMEJIU TPH
YPOBHSI BapbHpOBaHUs. [ paHUYHBIC YCIOBUS TEXHOJIOTHUECKHX (DAKTOPOB, HMCIOIB3YEMbIX TMPH
NPOBEICHUH SKCIIEPUMEHTAIBHBIX HCCIIEIOBAHUI MTPEACTaBICHBI B Ta0HIE 3.

Tabnumna 3

@DaKTOphl U YPOBHH UX BapbUPOBAHHUS

Bpewms Temnepatypa | Bpems orxkura
dakxTopsl MIPOBEICHUS omxkura (W) (V)
ombITa (m)
O06o3HayeHue HakTopoB X1 X2 X3
Bepxuuii ypoeens (+1) 8 1200 70
OcHoBHo# ypoBeHb (0) 6 1100 60
Hwxauit yposens (-1) 4 1000 50
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[Tocne cocraBienust Marpuisl oproroHanpHoro LIKIT BToporo nopsiika Oblin onpeaeacHsbl
3HAYECHUsI MApaMEeTPOB ONTHMHU3ALMH, B Tabmuie 4 oHW 00O3HAYCHBI CHMBOJIOM Y W Ha OCHOBE
¢dopmyisl (1) BeISIBIEHBI x! 17 TpeX (akTOPOB.

Tabnuma 4
Marpuna oproronansaoro IIKII BToporo nopsiaka u pe3yabTaThl 3KCIIEPUMEHTOB

5 g

Z E X1 X2 X3 X1/ X! X4/ Vi V2 V3

T ©
1 + + + 0,2697 0,2697 0,2697 2458,0 19,83 9,57
2 - + + 0,2697 0,2697 0,2697 2287,0 19,48 9,22
3 + - + 0,2697 0,2697 0,2697 2369,0 19,42 10,23
4 - - + 0,2697 0,2697 0,2697 1978,0 20,11 10,82
5 + + - 0,2697 0,2697 0,2697 1921,0 20,05 9,87
6 - + - 0,2697 0,2697 0,2697 1853,0 19,92 9,84
7 + - - 0,2697 0,2697 0,2697 1876,0 19,54 10,16
8 - - - 0,2697 0,2697 0,2697 1852,0 19,17 10,01
9 1,2154 0 0 0,7469 | -0,7303 | -0,7303 2596,0 19,02 9,57
10 -1,2154 0 0 0,7469 | -0,7303 | -0,7303 2636,0 19,63 9,63
11 0 1,2154 0 -0,7303 | 0,7469 -0,7303 2756,0 19,72 10,21
12 0 -1,2154 0 -0,7303 | 0,7469 -0,7303 2896,0 19,97 10,35
13 0 0 1,2154 | -0,7303 | -0,7303 0,7469 2945,0 19,10 10,12
14 0 0 -1,2154 | -0,7303 | -0,7303 0,7469 2956,0 19,67 9,20
15 0 0 0 -0,7303 | -0,7303 | -0,7303 3275,0 19,88 9,11

Takum oOpa3zoM, oOmui BuI QyHKuMM 11 MaTpulbl oproroHanbHoro LKII Broporo mopsaka
OyZeT UMEeTh CIeAYIOIINN BUJ:

y = bg + byxy + byxy + b3xs + byyx X, + by3X X3 + by3XaXs + byasXXax3 + byixg % +
+byyx,% + bazxz® 3)

PacueTt orieHOK K03((UIIMEHTOB YpaBHEHUS PErPECCUU MTPOU3BOAUTCS IO METOAY HaMMEHb-
IIMX KBaJApaToB, TP 3TOM MUHHUMHU3HUPYETCS CyMMa KBaJpaTOB OTKJIOHEHMH MEXAY DKCIEPUMEH-
TaJbHBIMU 3HAUYEHUSAMHU HCCIEAYEeMOro napamerpa U 3HAYEHMUSIMHM, BBIYMCIECHHBIMH JUIS TeX JKe
TOueK (PAKTOPHOTO MPOCTPAHCTBA 10 YPAaBHEHMIO perpeccuu. BeneacTBue Toro, 4To Marpuua Iia-
HUPOBAHUS SIBJISIETCS AMAarOHAJIbHOU, KO3()(PUIIMEHTHI perpeccun HEKOPPEITUPOBAaHbI MEXKTY COOOM,
CJIEIOBATENIbHO, CTATUYECKYI0 3HAUYUMOCTh (OTJIMYUHU OT HYJIO) JUIsl KaXxAoro ko3dduireHra B
OTIEIBHOCTH MOXKHO TPOBEPATH MO KpuTepuio CThiofeHTa. PacueTHOC 3HAYCHHE t,,. OTOTO

KpUTEpHUs OMNPEACNSIOT KaK YacTHOE OT JeJeHUs Momayisi kKoddduimeHta b, Ha OIEHKY €ro

CPECAHCKBAAPATUICCKOT'O OTKJIIOHCHUA Sb .

tpac = 5 4)

B TI®D, Onaromapss OIWHAKOBOW YIAJICHHOCTH BCEX OKCIIEPUMEHTAJIBHBIX TOYEK
(aKTOPHOTO TPOCTPAHCTBA OT ILIEHTPA IKCIEPUMEHTA, OICHKU BCeX KOA((UIIMEHTOB ypaBHEHUS
perpeccml HC3aBUCUMO OT HUX BCIINWYHWHBI BBIYUCIAIOTCSA C OI[HHaKOBOfI HOFpCIHHOCTBIO (HpI/I

BBIITOJIHCHHUH YCJIOBUS BOCIIPOU3BOJUMOCTH OHBITOB)I
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=%
Sp =7 ®)
I7e Sy - OLCHKA JUCICPCHH BOCIPOM3BOAUMOCTH JKCIICPUMEHTa,
2. Sy,
Sy = — . (6)
B 3-x crenensix cBo60b1 U 95%-HOM ypoBHE 3HaunMocTu t = 2,776445105 [7]. Jlanuble pacueToB
CBEJICHBI B TA0IHITY 5.

Tabmuua 5
[IpoBepka 3HaunmMocTH K03 pumeHToB perpeccuu Mo GakTopHOU
00paboTKu TBEpAOCTH cIiaBa (y;)

[TpoBepka K03 HUIHEHTOB pErpeccuu 1o
Kodbdurmentsr kputeputo CTbrofieHTa
perpeccun Uucnennoe S2{b} | Si |
3HAYCHUE S<{b}
bo 2435,356 3158,7 24,9
b1 55,26 4325,235 0,84
b2 25 4325,235 0,38
bs 143,93 4325,235 -2,19
D12 -22 5922,542 -0,29
D13 58,75 5922,542 0,76
D23 44 5922,542 0,57
D123 -33 5922,542 -0,43
D11 -539,7 10856,33 -5,18
D22 -397,54 10856,33 -3,82
D33 -313,26 10856,33 -3,01

VpaBHEHHE perpeccuy B KOAUPOBAHHOM BHJIE OYIET BHITIIANETD CIEAYIOMIUM 00pa3oM:
y1 = 2435,356 — x — x5 — x2 @)

3HaueHUs BBIXOJHOTO MapaMeTpa, BEIYUCIECHHBIC 110 YPABHEHHUIO PETPECCUH, MIPEICTABICHBI
B Tabmnuie 6.

AJIEKBaTHOCThH MOJTYYEHHOTO YPAaBHEHHUS MPOBEPsIach Mo kpurepuro duiepa, B pe3yibrare
KOTOPOro Fpace=15,825. Tabnuunoe 3Hauenue kpurepuss Pumepa pasHo 19,4. IlomyuenHoe
ypaBHEHHE PETPECCHH aJeKBAaTHO B MPeJIeNIax UCCIeIyeMOn 00IacTH.

Jyis yioOCcTBa pacueToB 3aIUIlIeM YPaBHEHUS PETPECCHU B PACKOIMPOBAHHOM BHJIC:

y; = —61801,564 + 1619,94m + 87,459W + 375,912v — 134,92448m? —
—0,03975W2 — 3,1326v2 (8)

[Ipu mocTpoeHUH MOBEPXHOCTEH OTKIMKOB (mporpamma SigmaPlot 11.0) BapsupoBanuch
TOJIBKO JIBa (pakTopa (pucyHku 1-3).
[Tpu 3auKCUpPOBAaHHOM Ha HYJIEBOM YPOBHE BPEMEHM IPOBEACHUS OIBITA, TEMIIEPATYPHhI

orxura (W=1100) u Bpemenu orxura (V= 60) u3 OCHOBHOTO YypaBHEHHUS (8) MOIyUYCHBI
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ypaBHeHus (9), (10) u (11), mo KOTOpbIM MOCTPOEHBI MOBEPXHOCTH OTKJIMKA TBEPAOCTH CIUIaBa B
3aBUCHUMOCTH OT BPEMEHM U TEMIEpaTypbl OTKHUra (CM. PUCYHOK 1), MOBEPXHOCTH OTKJIHMKA
TBEPJIOCTU CIUIaBa B 3aBUCUMOCTH OT BPEMEHM IIPOBEJIEHHE OIbITa U BPEMEHM OTXKHra (CM.
PHCYHOK 2) M MOBEPXHOCTH OTKJIMKAa TBEPAOCTHU CIUIaBa B 3aBUCHUMOCTU OT BPEMEHHU IPOBEACHUS
OIIbITA ¥ TEMIEPaTypbl OTXKUTa (CM. PUCYHOK 3).
Tabnuua 6
Pacuer AUCTICPCUUN aICKBATHOCTHU

Ne ~ ~ N2
onErra Y Y ¥, —»,)
1 2458,00 1548,7 826835,4555
2 2287,00 2202,1 7215,772328
3 2369,00 3057,7 474258,521
4 1978,00 2947,1 939225,0474
5 1921,00 2651,2 533263,0216
6 1853,00 2540,7 472959,5388
7 1876,00 3396,3 2311404,959
8 1852,00 3285,8 2055789,546709
9 2596,00 2866,4 73094,705264
10 2636,00 2732,0 9220,707576
11 2756,00 2346,4 167767,1422
12 2896,00 3252,0 126720,8456
13 2945,00 2593,4 123633,1463
14 2956,00 3005,0 2400,989665
15 3275,00 2799,2 124003,2227
y; =—56944,28273+87,45869W +37591187 —0,03975N 2 —31326v2 (9)
y; =—6180156416-+1619,094m +37591187v—134,924m2 —313v2 (10)
y; =—50524,208+1619,094m +87,459V ~134,924m? —0,0398N 2 (11)
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Pucynok 1. [ToBepXHOCTB OTKJIMKA ¥ CEYEHHE TTOBEPXHOCTH OTKINKA TBEPJOCTH
CIUTaBa B 3aBHCUMOCTH OT BPEMEHHU OTXKUTA U TEMIIEPATyPhl OTXKUTA
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PI/IC}’HOK 3. HOBCpXHOCTL OTKJIMKA U CCYCHUC MMOBCPXHOCTU OTKJIMKA TBEPAOCTHU CIlJIaBa B
3aBUCUMOCTHU OT BPEMCHH MPOBCACHUSA OIIbITA U TEMIICPATYPBI OTKHUTa

Janee ObUT IPOBEAEH TONHBIA (HAKTOPHBIA SKCIIEPUMEHT JUIS ONPEICIICHUS 3aBHCUMOCTH

KTJIP crutaBa oT BbIOpaHHBIX (akTopoB. [IpoBepka 3HaunMMocTH K03()UIIMEHTOB perpeccuu (hak-

topHo 00pabotku KTJIP crmaBa mpou3BOaMIIach COTJIACHO METOAMKE [3], pe3yIbTaThl pacueToB

cBeleHbl B Tabmunbl 7. B wmccmemyemoii obnmactu ypoBHEH (aKTOPOB 3HAYMMBIMU OKa3alMCh

koddunuentel perpeccun: bo, b1z, b3, b1z m bz, Ilo 3KcHepUMEHTANBHBIM JTaHHBIM OBLIO
COCTABIICHO CIJICIYIOIIEE YPAaBHEHHE PETPECCHH:

y, = 9,859 — 0,26x, — 0,23x,x3 + 0,48x3 (12)
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Ha CJICAYIOICM JTall€¢ BBIIIOJHCH CTaTUYCCKUM aHaIN3 HOJIy‘ICHHOfI Moa€Inu, TO €CTh Ha

9TOM 3Tall€ NPOBCPAIaCh aACKBATHOCTD NPCACTABIICHUSA PE3YJILTATOB 3KCIICPHUMCHTOB YPABHCHUCM

JMHEWHOW PEerpeccud, 3HAYMMOCTh KOI(D(UIIMEHTOB PErpecCMd W WX B3aMMOCBSI3b. 3HAYMMOCTH
kod(urmenToB ypaBHeHHs perpeccuu (12) onpenensnack mo kputepuio CThrofieHTa (Tadaumna 7).

Tabauma 7

IIpoBepka 3HAYUMOCTH KO PHIUEHTOB PErPECCHH MO (GaKTOPHOM
obpabortku KTJIP crmasa (Y2)

IIpoBepka K03 HUITHIEHTOB PETPECCHH 10
Kosdduimentsi kputeputo CThloJIeHTa
perpeccuu Yucnennoe S2{b} |bi |
3HAueHME ' S2{b}
bo 19,638 0,000698 371,48
b1 -0,05 0,000956 -1,72
b2 0,07 0,000956 2,17
bs -0,05 0,000956 -1,57
(P 0,1 0,001309 2,76
D13 -0,11 0,001309 -2,9
D23 -0,19 0,001309 -5,11
D123 0,16 0,001309 4,42
D11 -0,12 0,002399 -2,4
D22 0,23 0,002399 4,78
D33 -0,08 0,002399 -1,57

B pesynbrare

BBIYMCIICHHM IIOJYYEHO pPacyeTHOE

3HadyeHne kpurepusa dumepa

Fpac=14,851. B namem cmywae mpum f1=15-3-1=11, f»=3-1=2 BemuumnHa Fis6n. TpH ypoBHE

3HaunmMoctu 0,05 (BeposTHOCTE 95%) paBHO Fra5:.=19,4. YpaBHEHHE perpeccun aJieKBaTHO.

Ilo YPaBHEHHUIO PETPECCHUU BBIYUCIIAEM PACYCTHOC 3HAYCHNEC BEIXOJHOI'O ITIOKA3aTEIId Ka4ECTBaA Y| U

BennuunHy (yy — ){1)2 (Tabmumna 8).

Tabnuma 8

Pacuer nucnepcuu agexBaTHOCTH

Ne ompiTa u j}u ( y - )}u )2
1 9,57 9,7 0,013734619
2 9,22 10,1 0,742744588
3 10,23 9,6 0,362802672
4 10,82 9,7 1,364369805
5 9,87 9,7 0,016240119
6 9,84 9,8 0,005353572
7 10,16 9,3 0,717960417
8 10,01 9,3 0,453005000
9 9,57 9,7 0,012657000
10 9,63 9,7 0,006723749
11 10,21 10,0 0,063255364
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12 10,35 9,4 0,835383109
13 10,12 9,9 0,053512395
14 9,20 9,5 0,093530963
15 9,11 9,7 0,372812532

Jlis ynoOcTBa pacyeToB 3alMIleM YpaBHEHHE PErPECCUH B PACKOAMPOBAHHOM BHUJIE:
y, = 55,844 — 0,094W + 0,248v + 0,00005W2 (13)
[Ipu pukcanmm Ha HYJIEBOM YpOBHE OJHOTO M3 TpeX (PaKTOPOB MoirydeHbl ypaBHeHUs (14),

(15) m (16), koTOpBIe HEOOXOMUMBI Ui MOCTpoeHHUs moBepxHocTH oTkianka KTJIP crumaBa B
3aBHCHMOCTH OT BPEMEHHU OT)KUTa, BPEMEHU MPOBEICHUS OIbITA, TEMIIEPATYPbl OTKUTI'A:

y, = 35,779 — 0,041W + 0,204v — 0,00019W - v + 0,000021W 2 (14)
y, = 17,748 4+ 0,315m + 0,0315v — 0,00525m - v (15)
y, = 47,989 — 0,052W + 0,00002W 2 (16)

Jnist Gostee HATIISHOTO aHAIHM3a BIUSHHS (DAKTOPOB HA 3HAUEHUS BBHIXOJHBIX BEITUYMH BBI-
NoJIHEeHb! rpaduyeckue nocrpoenus. Ha pucynkax 4, 5 u 6 npuBeaeHO CEMENHCTBO MOBEpXHOCTEN
OTKJIMKA M UX CEYEHUH, MOCTPOEHHBIX IO MOJyYEeHHBIM ypaBHeHUsM perpeccun (14), (15) u (16),
111 UCCTIETyEeMBIX (haKTOPOB.
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Pucynok 4. IloBepxHOCTb OTKJIMKA U ceueHue noBepxHocT oTkiauka KTJIP cinasa B
3aBUCHMOCTH BPEMEHH OTXKUTA U TEMIIEPaTyphl OTKura (pu 3aQUKCHPOBAHHOM Ha HYJICBOM
YPOBHE BPEMEHH IPOBEICHUS OIBITAa: M=06)
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Pucynok 5. IloBepxHOCTb OTKJIMKA U ceueHue noBepxHocTH oTkiIuka KTJIP cnnasa B
3aBUCHMOCTH OT BPEMEHHU NPOBEJICHHUS OMBITA U BpEMEHU OTKHra (TIpH 3auKcupoBaHHOM
Ha HyJIEBOM ypOBHeE Temneparype omkura: W=1100)
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Pucynok 6. IToBepxHOCTB OTKIIHMKA U cedeHne noBepxHoctr otkinka KTJIP craBa B 3aBucuMocCTH
OT BPEMEHH NIPOBEJICHUS OIBITA U TEMIIEPATYPbI OTXKUTra (IIpH 3aUKCUPOBaHHON HA HYJIEBOM
ypOBHE Temneparype omkura: V=60)

[TonoGHBIN aHAIN3 POBEJEH U AJIS ONpeAeIeHNs 3aBUCUMOCTH TEIUIONPOBOIHOCTH CIIJIaBa
OT BBIOpaHHBIX (hakTOopoB. IIpoBepuM sSKcIEepUMEHTaIbHBIE JaHHbIE HA HOPMAJIBHOCTH pacmpe-
JeNICHUS U OJJTHOPOAHOCTb.

B tabnuie 9 npuBeneHb! pe3ynbTaThl pacyeToB KO (UIIMEHTOB YPaBHEHHS pErPecCUu BTO-
poro mopsjaka, Jucrepcud Kod(QQHUIUEHTOB W MX OLIMOKH, a 3HAYUMOCTh K03(HIIMEHTOB per-
peccunt o kputeputo CThIOJICHTA.
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Tabmuma 9
TIpoBepka 3HaUNMOCTH K03()(PHUITHEHTOB perpeccuu Mo GakToOpHOH
00pabOTKH TEILTONPOBOIHOCTH cIuiaBa (Ys)

[IpoBepka k03¢ UIMEHTOB perpeccuu mo
Kodbdurmenter kputepuio CThIOACHTA
perpeccuu Yucnennoe S2{b} |bi]

3HA4YCHUE m

bo 9,859 0,002069 106,6

b1 -0,01 0,002833 -0,23

b2 -0,26 0,002833 -4,96

bs 0,1 0,002833 1,85

D12 0,1 0,003879 1,65

D13 -0,05 0,003879 -0,84

D23 -0,23 0,003879 -3,61

D123 0,13 0,003879 2,13

D11 0,02 0,007111 0,22

b2z 0,48 0,007111 5,68

D33 0,06 0,007111 0,70

B pesynbrare pacyera ObLIO MOJIyYSHO CIIEAYIOIICE YPABHEHUE PErPECCUU:

y3 = 19,638 — 0,11x;x3 — 0,19x,x3 + 0,16x,x,x3 + 0,23x3 a7

[Tocne MCKIIOYEHUs] HE3HAYUMBIX KO3(Q(PUIMEHTOB PErpeccCUr MPOBEPSETCS a/leKBaTHOCTh MOJY-
YEHHOT'0 yYpaBHEHHUs 110 Kpurepuro duniepa. PacyeTHslie 3HaueHns kpurepus duirepa coCTaBIsAOT
Fpace.=19,15. TlomydyeHHOE ypaBHEHHE pErpeccHd aJeKBaTHO OIMCBHIBAET MpOIECC, B Mpeenax
ucclielyeMoH 00JacTy. 3alullieM YPaBHEHUE PACKOJUPOBAHHOM BU/IE:

ys = 2,209 + 5,595m — 0,012W + 0,763v — 0,0048mW — 0,093mv — 0,001Wv +
0,00008mWv + 0,00002W 2 (18)

Breraucnsem TCOPETHUCCKUEC 3HAUYCHUA IMapaMETpa ONTUMHU3AUA Y| © BEINYUHY OIHI/I6KI/I, PE3YyJiib-

TaThl KOTOPBIX MpUBOAUM B Tabmuiy 10.

Ta6muma 10
Pacuer aucnepcuu agekBaTHOCTH
Ne ompiTa u j}u ( v - )n)u )2
1 19,83 19,7 0,009785977
2 19,48 19,9 0,141091947
3 19,42 19,1 0,074819501
4 20,11 19,3 0,735106377
5 20,05 20,0 0,002407629
6 19,92 20,1 0,034999111
7 19,54 19,4 0,020184772
8 19,17 19,5 0,111606000
9 19,02 19,6 0,294055000
10 19,63 19,7 0,003755321
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11 19,72 20,0 0,074649682
12 19,97 19,3 0,503634319
13 19,10 19,5 0,139848476
14 19,67 19,8 0,012009038
15 19,88 19,6 0,100632031

[Ipu ¢ukcanuu Ha HYJIEBOM YPOBHE BPEMEHM IMPOBEICHUS OIBbITa U BPEMEHHU OTXKHIra IO
ypaBHeHuto perpeccuu (19), (20) mocTpoeHbl TOBEPXHOCTHBIN OTKJIMKH TETIONPOBOIHOCTH CILIaBa

U MX CeucHH (pUCYHKH 7-8).

y3 =55,836—-0,0945W +0,248v —

0,00023W -V + 0,00005W 2

y3 =70,694—-0,108W +0,00005W 2
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Pucynok 7. IIoBEpXHOCTb OTKJIMKA U CEYEHHE MTOBEPXHOCTH OTKJIMKA TETUIONPOBOJHOCTH CIIaBa B
3aBHCHMOCTH OT BPEMEHH OT)KUT'a U TEeMIIePaTyphbl OTKUra (1pu 3aUKCUPOBAHHOM HA HYJICBOM
yYpPOBHE BPEMEHH MPOBeIeHUsI orbiTa: M=60)
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Pucynok 8. [ToBepXHOCTh OTKIIUKA M CCUEHHE TTOBEPXHOCTH OTKIIMKA TEIJIOMPOBOAHOCTH
CIUIaBa B 3aBUCHMOCTH OT BPEMEHH TMPOBECHHUS OMBITA U TEMIICPATyphl OTXkHra (PU
3a(pMKCHPOBAHHOM Ha HYJIEBOM YPOBHE BpeMeHH oTxkura: V=60)
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TakuM o0Opa3oMm, MPHUBEACHHBIC pacdeThl U AKCIICPUMEHTAIBHBIC UCCICIOBAHUS TOKA3AIH
4TO, MaKCHUMaJbHOE 3HAYEHUE TBEPIOCTH CIUIaBa JOCTHTaeTCs IMPH CIEAYIOMMX MIpeienax 3Ha-
yeHUH (aKTOpPOB: BPEMEHHM TIPOBEACHHMS ONBITOB 5,5+6,54acoB, Temmeparype OTKHTa
1075+1125°C, Bpemenu omxura 57+63uacoB, a MakcuManbHOe 3Hadenue KTJIP mocturaercs mpu
CIIEYIOIIUX 3HAYEHUSIX (PAKTOPOB: BPEMEHH IPOBEACHUS OIBITOB - 84acOB, TEMIIEPATyPe OTXKHUTa -
1000°C, Bpemenu orxura - 70uacoB. Hanbonplnee BIMSHME HA TEIUIONPOBOIHOCTH MMEET TEM-
neparypa OoTKura (ONTUMaNbHBIE 3HAYCHUS IS JOCTHIKCHUS MaKCUMAaJIbHOW TETUIONPOBOJIHOCTH
Haxonarcss B mpeaenax 1100+1200 u 1000+1060). Ilpumenenue meroma I[1D mno3Bonuno B
AQHAJIMTUYCCKOM BHJIC TMPEACTABUTh PE3YJbTAThl KCCICAOBAHUH W Ha OCHOBE IOCTPOCHHS
MIPOCTPAHCTBEHHBIX HW300paKeHUH C JOCTATOYHOW TOYHOCTHIO OIICHHUTH BIUSHHUE Pa3IHYHBIX
(hakTOpOB.
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QAZ TURBIN PORLORININ QORUYUCU ORTUKLORININ ALINMASI PROSESININ
TODQIQI UCUN EKSPERIMENTIN PLANLASDIRILMASI METODU

Samadov O.S., Usubaliyev T.B., Abdullayev P.$.
Milli Aviasiya Akademiyasi

Todgigati hovata kecirmok iiciin eksperimentin _ planlasdiriimasinin  rivazi aparatindan

istifado _edilmisdir ki, onun asasinda temperatur araliglari, tacriibalorin vaxti vo sayi miiayyon
edilmisdir. Eksperimentlorin naticalorinin statistik tahlili, korrelyasiva va reqressiva tahlillori,
reqressiva tonliklorinin_alinmis eksperimental naticalora uygunlugunun yoxlanilmasit aparimuisdir.
Tohlillor oyranilon materiali tasvir edoan tonliklorin kifayat qodar yiiksak daqiqliyini gostordi.
Coxfaktorlu eksperimentlorin _planlasdirilmasinin_tatbiqi tadqgiqat naticalorini _analitik formada
togdim _etmays va faza tasvirlorinin_qurulmasina asaslanaraq miixtolif amillorin_ tosirini_kifayat

gador daqiqlikls givmoatlondirmays imkan verdi.

Acar sozlar: gaz turbin porlori, goruyucu ortiiklor, tocriiba, tadgigat metodologiyasi, riyazi

tsullar, coxfaktorlu eksperimentlorin planlasdiriimasinmin statistik tisullarin totbiqi, faktorlarin

mitioyyanlasdirilmosi, tocriiba parametrlori, foaliyyat gostoricilori.

METHOD OF EXPERIMENTAL DESIGN TO STUDY THE PROCESS OF PRODUCING
ALLOYS FOR PROTECTIVE COATINGS OF GAS TURBINE BLADES

Samedov A.S., Usubaliyev T.B., Abdullayev P.Sh.
National Aviation Academy

The experimental design method was used to conduct the research, based on which the
temperature ranges, time and number of experiments were specified. Application of the
multifactorial experiment method allowed it possible to present the research results in an analytical
form and, based on the construction of spatial images, to assess the influence of various factors
with sufficient accuracy.

Key words: gas turbine blades, protective coating, alloys, research methodology, math
methods, application of statistical methods for multifactorial experimental design, determination of
factors, experimental parameters, performance indicators.
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SUSONIN KiMYOVI TORKIBINO OSASLANAN IDENTIFIKASIYASINDA IZAH OLUNA
BILON SUNI INTELLEKTIN TOTBIQI

Qardasova LAY, ibrahimova S.R.2, Kosov P.1.*
1-Azarbaycan Dovlat Neft va Sanaye Universiteti
2-Muaau Asuacuiia Akademuiiacsl

Kimyavi komponentlarinin tarkibina g0ra siisonin identifikasiyasi maSalasina elmi ada-
biyyatda ¢ox tosadif olunur. Bununla bela, aksar hallarda istifadagilor va hatta ekspertlor masin
dyranmo alqgoritmlori vo gara qutu modellarindan alda edilan naticalorin arxasinda duran sababi
basa diisa bilmirlor. Boyuk migdarda izah oluna bilan sistemlora baxmayarag, gara qutu model-
lorinin izah oluna bilmasi problemi hamisa aktual olaraq galir. Bu magalada maddalarin kimyavi
torkibinag asason klassifikasiyasina gora izahat vermoak iiciin yeni bir yanasma tagdim olunmusdur.
Bizim torofimizdon toklif olunan ideya DARPA-min izah oluna bilon suni intellektinin arxi-
tekturasina asaslanir. Bu arxitekturanit Bellucci M. va b. oz islarinda semantik veb texnologiyalari
ilo genislondirmakla tothiq etmisdir. Kosov P.I va b. tarafindan toklif olunan ontoloji xassalor bu
magalada tatbig olunur. Bu isdo yaradilmis izah oluna bilon sistem kimyavi komponentlarin izah
oluna bilmasi digiin xiisusi olaraq hazirlanmigdir va ontologiya kimi taqdim olunan mivafiq ekspert
biliklorina asaslanir. Layihalondirilmis sistem kimyavi XasSalora va asyalarin tosvirinda fordi
elementlora malik olan siiso identifikasiya verilanlor yigini iizorinda eksperiment aparilaraq
yvoxlanilmig va sinaqdan kegirilmisdir.

Acar sozlar: suni intellekt, izah oluna bilan suni intellekt, ontologiya, ekspert biliklari,
semantik veb, materialsiinashq, siisa, kimya.

Giris

Kimyavi torkib analizi vasitssilo siiso névlarinin misyyan edilmasi bu sahads xususils
calbedici bir nimunadir. Stiso muxtalif kimyavi torkibi olan amorf bork madds olmagla ¢oxsayli
sonaye, memarliq vo texnoloji totbiglor Uglin dogiq klassifikasiya tolob edir. ©nonavi masin
Oyronmo yanasmalar klassifikasiya tapsiriqlarinda effektiv olsa da, ¢ox vaxt “qara qutular” kimi
foaliyyat gostorir, dogiq prognozlar verir, lakin gorarlarin arxasinda duran sabablori izah eds bilmir.
Bu da qeyri-soffafliq, kritik analiz vo ya istehsal proseslorindo keyfiyyato nozarat kimi risklor
yiiksok oldugda problemli olur. Bu ¢atinliklori aradan qaldirmagq {igiin yeni nasil izah oluna bilan
stini intellekt algoritmlarinin totbiqi mihim elmi-praktiki shamiyyst dasiyir, hansi ki, hom dagiq
analitik naticalar, hom da sistemli metodoloji asaslandirma verir.

Oviedo va b. [1] va Zhong X. va b. [2] geyd etdiyi kimi, materialsiinasligda modelin izah
oluna bilmasi vo performansi arasinda slago vardir. Masalon, sado modellor daha ¢ox sorh oluna
bilon, lakin potensial olaraq daha az doqiqdir. Materialsiinasligda mdvcud izah oluna bilan sini
intellekt (ing. eXplainable Artificial Intelligence, XAI) yanasmalari, aSason xususiyyatlorin
ohomiyyatina, surrogat modellor vo ya nimunos asash miilahizo [2] vasitesilo post-hoc izahatlarina
diggot yetirss do, bu tisullar gox vaxt materiallarin xiisusiyyatlorinin hartorofli basa diisiilmasi Ugun
lazim olan sistemli bilik togdimatina malik deyildir.

Post-hoc vo digor metodlarin oksina olaraq, semantik veb texnologiyalari insanlara sis-
tematik olaraq osl¢atan alotlor taqdim edir va bilik bazalarinin basa diisiilmasini asanlasdirir. Seeliger
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A. vo Db. [3] ontologiyalarinin istifadasi ilo bagli arasdirmalart qiymotlondirmisdir. Onlar
istifadacilora diizglin izahat vermok U¢lin masin Gyronmasi Vo semantik veb texnologiyalarinin
birlikds neca istifado olunacagina dair fikirlori miizakirs etmisdirlor. Bunun shomiyyati Kulmanov
M. va b. torofindon [4]-do daha otrafli arasdirilmisdir. Miislliflor avvallor geyd olunan tisullarin
sinercisina osaslanan an son yanagmalar1 nazardon kegirmis vo verilonlordoki semantik oxsarliglar
vo onlardan istifado ilo aldo edilon prognozlari miizakiro etmislor. Basqa totgigatda, mental
modellorin [5] koqnitiv konsepsiyasini nazars alarag, Aslam M. va b. [6] onlarin XAI-doki rolunu
Vo shamiyyatini muzakira etmisdir. Bu konsepsiya 6yronma, asaslandirma, anlama va garar gabul
etmoys kdmok etmok tiglin soxsi tocriibslors vo miisahidalora oasaslanan muhiti tosvir edir [5].
Mislliflor izahat talablarini olds etmok, eloco do dyronma morholasini inkisaf etdiron ontologiyaya
osaslanan model yaratmagqla izahatlarin basa diisiilmasini artirmaq ti¢iin mental modellordan istifados
etdiklorini iddia edirlor. Toklif olunan freymvork istifadsgilorino XAl torafindon hazirlanmis
izahatlar arasinda se¢im etmays imkan verir.

Semantik sobokoyo osaslanan XAl, materialsiinasliqda da genis totbiglora malikdir. Qayyum
F. vo b. [7] materialslinasliqda izah oluna bilon slni intellektdon istifadonin vacibliyini
gOstormisdir. Onlarin iglorinds TabNet [8] arxitekturasi dorin 0yronms prognozlarini keramika
xususiyyatlorinin tofsir edilo bilon tohlili ilo integrasiya etmok Uglin istifade edilmisdir. Digor
aragsdirmada Wang A.Y. va b. [9] materialsiinasligda dorin dyronmo modellorini sorh etmok tgun bir
nego XAI texnikasini niimayis etdirib. Onlar modelin, elementlorin monali tosvirlorini necos
oyrondiyini vo elementlarin yerlosdirilmasinin, murokkab tasvirlorin va diggst mexanizmlorinin
vizuallasdirilmasi vasitasilo Kimyavi davranislarin aldo edilmasini gostoriblor. Onlarin isi material
Xususiyyatlorinin prognozlagdirilmasi {ligiin qara qutu modellorini daha soffaf vo etibarli edir.
Toshihiro Ashino [10] material ontologiyasi istifado edorok materialsiinashiq biliklorinin integ-
rasiyasi li¢iin semantik freymvorku taqdim etmisdir. O, standartlagdirilmis verilonlor mibadilasina
imkan veran maddalori, proseslori, xassalari va atraf mihiti shato edon asas ontologiyalara material
verilonlorini  strukturlasdirmigdir. Bu strukturlasdirilmis sistem tofsir edilo bilon materiallarin
identifikasiyasi tapsiriqlarint dastokloya bilon izah oluna bilon sini intellekt sistemlori Uglin osas
yaradir.

Isin moagsadi

Bu todqgiqat, material identifikasiyasi tiglin miiasir siini intellektin giiclii izahat imkanlarin
birlogdiron yeni bir yanasma toqdim edir. Biz siliso identifikasiyasinin izah oluna bilon Klas-
sifikasiyas1 ti¢lin xiisusi olaraq hazirlanmis bir sistemi togdim edirik. Bu sistemi qurarkon ABS
Midafio Nazirliyinin perspektivli layihalori aragdirma idarasinin (ing. Defense Advanced Research
Projects Agency, DARPA) asas izah oluna bilon freymvork [11] elementlarindon, Bellucci M. va
b.-nin [12] Ontologiyaya Osaslanan Gorintii Klassifikatoru (ing. Ontology-based Image Classifier,
OBIC) tarofindon togdim edilon genislondirmolordon vo Kosov va b.-nin [13] togqdim etdiyi
“izahedici” xtisusiyyatlordan istifads etmisik.

Bu yanasma ekspert biliklorini tomsil etmok i¢tin ontoloji freymvorklardan istifads edir va
saho ekspertlorinin siiso Xassalori vo Xlsusiyyatlori haqqinda anlayisina uygun izahatlar verir.
Materialsiinasligda ononoavi XAI tsullarindan fargli olarag, ontologiyaya osaslanan yanasmamiz
saho biliklarinin, material xassalori arasindaki miinasibotlorin vo iyerarxik strukturlarin masin
torafindon oxuna bilon formatda formal toqdim edilmasina imkan verir.
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Masalonin qoyulusu va tadqiqat iisullar

Bu b6lmads isimizds istifado olunan biitiin yanagmalar otrafli tosvir edilmisdir. Magsad
mixtolif materialstinasliq vo kimyavi verilonlor ilo masgul ola bilan va belo bir muhitdo adekvat
izahat veroan bir sistem yaratmaqdir. Bir ne¢o gabaqcil yanasmani birlogdiran yeni sistem tadqiq
edilmisdir. DARPA-nin [11] izah oluna bilon suini intellekti asasinda miiasir ontologiyaya asaslanan
izah oluna bilon sistemin [12] arxitekturasinda “izahedici” xtisusiyyatlor [13] istifads edilmisdir.

DARPA-min izah oluna bilon SI (XAI). DARPA-nin XAl [11] ii¢iin arxitekturasi masin
Oyronmo modellarinin soffafligina vo basa diisiilmasina yoOnolib ki, bu da insan markazli stni
intellekt sistemlorinin etibarini va istifadasini artirir. Bu freymvork iki asas komponentdan ibaratdir:
yeni magin dyronma alqoritmlari (izah oluna bilon model) va izah oluna bilon freymvork. DARPA.-
nin XAI-nin otrafli strukturu sokil 1-do g0Ostorilmisdir. Tasvir edilon freymvorka izah oluna bilon
model vo izahatlar G¢ln interfeys kimi modullar daxildir. Toklif olunan XAl sistemi moalumatlari
gobul edir, gorarlar vo ya alternativlor yaratmaq ti¢iin masin 6yronma modellorindan istifads edir vo
sonra izahatlar G¢un interfeys vasitasilo noticalori insan torafindon basa diisiilon formada toqdim
edir. Bu yanagma istifadogilorin mudrik vo ya asaslandirilmis goararlar gobul etmalarina imkan veran
otrafl1 verilanlar ilo tomin olunmasini reallasdirir.

XAl Tapsing
Yeni izah ]
Oyranma Masin Oluna lzahatlar |
i i o ™ . tiglin
Verilanlari Oyranms Bilan ol
Prosesi Model nterteys
istifadagi

Sakil 1. DARPA tarafindon toqdim edilon XAI sisteminin arxitekturasi [11]

Ontologiyaya asaslanan gorinti klassifikatoru (OBIC). OBIC [12] DARPA-nin XAI
arxitekturasina [11] tam uygun golir. OBIC ¢oxlu magin 6yronma modellorini totbig etmaklo vo
biliyin tosvirini toamin etmok fiigiin semantik veb texnologiyalarini birlogdirorok DARPA sistemini
tokmillogdiran iki osas komponenta malikdir. Sistemin sadolosdirilmis arxitekturas:t sokil 2-do
togdim edilmisdir. OBIC 6z xassalori vo obyektin osas sinfi kimi verilonlorin tosvirini saxlayan
OWL2 ontologiyasindan [14] istifads edir. OBIC-in asas ideyasi, sokillordoki obyektlords tapilan va
ontologiyada ekspertlor tarafindan tesvir edilon vizual xususiyyatlora asaslanir. Verilonlori diizgun
idara etmak iiciin ekspert ontologiyant ol ilo qurur. OBIC Agiq Diinya Farziyyasindon (ing. Open
World Assumption, OWA\) istifads edir. O, obyektlorin yoxlugunun sohv oldugunu giiman edir,
yani ifads oksi stibut olunana gador dogru qalir.

Bu sistemin yanagmasi “hor xtsusiyyat Uzro model” adlanir, yoni miiayyan edilocok hor bir
xususiyyat 6z masin éyronma modeli, Ustalik obyektin asas sinfini mioyyan etmok Ugclin cavabdeh
olan global Klassifikator ilo alagalondirilir. Siniflor vo xassalor muoyyan edildikdon sonra onlar
ontoloji fordi elementlor kimi toskil edilir vo ardicilligi yoxlamaq ii¢iin olave mantigi
asaslandirmaya gora ontologiyanin ABox-na daxil edilir. Mantiqi asaslandirict sonra izahatlar {igiin
interfeys Uciin emal edilmomis vektor naticasi toqdim edir, onu emal edir vo hor seyi insan {igiin
basa diigiilon sokildo catdirir. Masin 6yranma modellori bir xtsusiyyast Gg¢lin yenidon etiketlonmis,
orijinal verilanlor yigininda 6yradilir vo orijinala asaslanaraq hor bir xususiyyat ¢tin yeni, yenidan
etiketlonmis verilonlor yigin1 yaradir. Bunun aksins olaraq, global klassifikator ilkin etiketlori olan
verilonlar yigininda éyradilir.
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Ontologiya

{TI Naticagixarma
prosesi

9sas konseptlerin agkarlanmasi
. r :xlsusiyyat1 Element
oy xiisusiyyat1 sinifA Uygunsuzlug hallar yoxdur.
Verilanlar :xiisusiyyat2 sinifB > Qlobal sinif ve
# ¥ :xiisusiyyst2 Xususiyyatier tapildi
_ad :xususiyyat2 sinifC
e
:globalSinif l/
~ ‘? Qlobal klassifikator
Girig Klassifikator Prognozlarin agregasiyasi Natice

Sakil 2. OBIC-in iginin {imumi sxemi [12]

“Izahedici” xiisusiyyatlar. Kosov P.1. vo b. torofindon toqdim edilon “izahedici” xiisusiyyatlor
anlayisi [13], DARPA-nin taqdim etdiyi ilkin fikrin ardinca bir ne¢a n6v verilonlor Gi¢lin izahat olds
etmays imkan verir. Qeyd edildiyi kimi, onlarin XAl sisteminda ontoloji asasli izahatlar gatismur.
OBIC konsepsiyast verilonlorin vizual aspektlorino osaslanan cavablar1 tomin etmok (g¢in
ontologiyada siniflordo xisusiyyoto osaslanan mohdudiyyatdon istifado etmokdon ibaratdir.
Ontologiya daxilindoki har bir sinif, tasvirin miisahido edilon vizual atributlarina uygunlagsdirmaq
tictin klassifikasiyalart mohdudlagdiran vizual xiisusiyyatlora (forma, rong vo ya faktura kimi)
malikdir. Kosov va b. istifadoci tocriibosi vo ilkin biliklori ilo uygunlagdirilan “izahedici”
xususiyyatlor tcun montigi osaslandirma vo mental modellordon [5] istifado etmoyi toklif
edilmisdir. Bu iisul DARPA-nin toqdim etdiyi iso ciddi sokildo riayst edir. Mualliflor hesab edirlor
ki, istifadoginin bilik soviyyasini vo tocriibasini nozoro alaraq hor bir izahi osaslandirmaq figiin
mivafiq mental modellordon istifado edilmalidir. Verilonlorin néviindon asili olmayaragq,
“izahedici” atributun olmasi XAl-ni izahatlarinda daha doqiq edir. Bu, istifadagilorin sistem
sohvlarini muoayyan etmolorini vo duzaltmolorini asanlagdirir. Ontologiyaya osaslanan XAl
sistemlori tiglin “izahedici” xiisusiyyatlorin istifadasi, muxtslif verilonlor formatlarina ssaslanan
istifadoci tapsiriqlarini emal edo vo cadval verilonlori ilo idaro olunan tapsiriglar iigiin etibarl
izahatlar vera bilor.

Masalanin halli

DARPA [11] vo OBIC [12] torafindon togdim olunan konsepsiyalara uygun olaraq, biz
sistemdos onun imkanlarini artiran va istifadagilors materiallarin vo kKimyavi maddolorin izahatlar1 ilo
islomaya imkan veran tokmillogdirmalor hazirladiq. Bu, mantiqi tosvirlora vo mental modellars [5]
osaslanan biliyi tosvir etmok Uglin ekspertlor torofindon hazirlanmis OWL2 ontologiyasinda [14]
tapilan “izahedici” xiisusiyyotlordon [13] istifado etmoklo hoyata kegirilmisdir. Bundan olavs,
Semantik Veb Qayda Dili (ing. Semantic Web Rule Language, SWRL) ekspertlor torafindoan
hazirlanmis vo ontologiyaya yeni daxil edilmis verilonlor vasitesilo asaslandirma iigiin istifads
edilmisdir. Qurasdirilmis sistem g¢evikdir vo istonilon masin 6yronma modelindan istifads etmoklo
son istifadacilorin vo miitoxassislorin ehtiyaclarina uygun olaraq tonzimlonir. Istonilon istifadogi
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interfeysindan istifado etmays imkan veron biitiin lazim olan verilanlor JSON vo CSV fayllar1 kimi
islonir va saxlanilir.

Sistemin qurulusu. Eksperiment zamani islonib hazirlanmis yanasmamiz [15]-do togqdim
olunan siiso identifikasiyast verilonlor yigininda sinaqdan kegirilib. TabNetdon [8] verilonlarin
klassifikasiyasi ti¢lin masin 6yronma modelimiz Kimi istifads edilib. O, yanasmamizda yoxlamali vo
stibut etmali oldugumuz xiisusiyyatlori somorali sokilds istifads edir. Bu verilonlor yiginindaki har
bir element 9 xUsusiyyatlo tasvir edilon va 6 forqli siiso ndvinds etiketlonan bir siiso elementini
tomsil edir. Belaliklo, ontologiyada 3 asas sinif var. Masalon, siisonin noviinii prognozlasdirmaga
kdmok edon xususiyyatlor sinfi "Features”, ndvlori saxlayan sinif “Type” va verilonlor yiginindan
biitiin siigolori saxlayan "Glass" sinfi. Verilonlor yigmindak: hor bir sira ontologiyaya fordi olaraq
daxil edilmis siisadir. Obyekt xususiyyatlors, “ExplanatoryProperty”-ya malikdir vo bu noticani izah
etmok Ugun istifado olunur, “hasType” iso “Type”-1 prognozlasdirmaq fgiin istifade olunur.
Ontologiyanin daqiq strukturu, eloca da butln iyerarxik tasvirlarin Protege programindan gotiiriilon
fragmenti sokil 3-do gdstorilmisdir.

, 5 .
o (=] o
v owl:Thing v owi:Thing V- I owl:topObjectProperty
v Features » Features V- == ExplanatoryProperty

¥ Al Glass . hasAl
BigAl v @ Type . hasBa
MediumAl building_windows_float_processed = hasCa
SmallAl building_windows_non_float_processed W hasFe

A Ba containers W hasK
BigBa headlamps W hasMg
MediumBa tableware B hasNa
SmallBa vehicle_windows_float_processed B hasRI

v Ca W hasSi
BigCa ™= hasType
MediumCa
SmaliCa

v Fe
BigFe
MediumFe
SmallFe

V0K
Bigk
MediumK
Smallk

v Mg

Bighg
MediumMg
SmallMg
v Na
BigNa
MediumNa
SmallNa
vORr
BigRI
MediumRl
SmallRl
v-@si
Big$i
MediumSi
Smallsi
Glass
»> Type

Sakil 3. Ontologiyanin Xiisusiyyatlori (b) vo Tip (c) vo Obyekt Xisusiyyatlori (a) siniflori

“Explanatory Properties” ekspert biliklorino asaslanir va istifadacilorin mental modellarina
uygunlasdirihir. Codval 1 gostorir ki, diapazon (range) vo saha (domain) ontologiya siniflari ilo
muoyyan edilir. Eyni saho xususiyyatlori mioyyan edir, diapazon iso bir xususiyystdan digarino
doyisir. Biitiin “izahedici” xiisusiyyatlorin iGmumi sahays malik olmasinin sobabi odur ki, onlarin
hamis1 “Features” sinfinin miivafiq alt siniflorindon 0z diapazonu kimi istifado edorok, yalniz
“Glass” sinfina daxil edilmis fardi siiso obyektlari tasvir etmaya xidmot edir.
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Hor bir topObjectProperty tclin diapazon (range) va saho (domain)

Codval 1
topObject Property | Range | Domain
hasRI Glass | Features — RI
hasNa Glass | Features — Na
hasMg Glass | Features —» Mg
hasAl Glass | Features — Al
hasSi Glass | Features — Si
haskK Glass | Features — K
hasCa Glass | Features — Ca
hasBa Glass | Features — Ba
hasFe Glass | Features — Fe
hasType Glass | Type

Qeyd olunan sinif iyerarxiyasi, moahdudiyyatlor vo sinif tosvirlori kimi xususiyyatlor
ekspertlorin subyektiv roylorina osasen yaradilmis vo daha sonra ekspert biliklari va ontolo-
giyasinin mental modellarina [5] vo son istifadaginin verilon bilik saviyyasina uygunlagdirilmigdir.
Belsliklo, eyni sistem mixtolif elementlor torafindon forgli sokildo gobul edilo bilor. Bu forglor
yalniz izahatlarin necs toqdim olunduguna va istifadagilorin onlari neca sorh etdiyina tasir gostarir.
Qeyd etmok vacibdir ki, qavrayisdaki bu doyisikliklor he¢ bir sokildo orijinal verilonlori
doyisdirmir.

Naticalar va onlarin miizakirasi. Bu tocriiba naticasinds biz masin dyronma modellorindon
prognozlar yaradir vo onlart JSON fayllar1 kimi saxlayiriq. Daha sonra izahat freymvorku
istifadogilora asanligla basa diisiilon izahatlar vermok (c¢iin bu prognozlardan istifado edir. Bu
dizayn magin 6yronmoa modellarinin naticalorini ehtiva edon JSON fayllarindan istifado edorok
muxtalif istifadaci interfeyslorinin sistemimizlo inteqrasiyasina imkan verir. ©lave olaraq, kifayot
godor tocriibs ilo programgilar vo ya ekspertlor digar yeni istifadaci interfeysi sistemlorinin
inteqrasiyasina ehtiyac olmadan istifadoci toloblorina cavab vermok tigiin izahatlarin neca togdim
olundugunu fardilasdira bilarlor.

Hazirlanmisg sistem ekspert torafindon hazirlanmis timumi on iic SWRL gaydasini toklif edir.
Qaydalar verilonlor yigiminda toqdim olunan biitiin siiso ndvlori Uglin nazords tutulmusdur vo
onlarin doqigliyi 75-78% araliginda doyisir. Qaydalar vo “izahedici” xisusiyyatlor ekspert
biliklorino asaslanir va istifadagilorin mental modellorine uygunlasdirilib. Bu o demakdir ki, forgli
tocriibayo malik olan ekspertlor vo istifadagilor eyni verilonlor yiginlart {igiin miixtalif izahlara
malik ola bilorlor. SWRL qaydalan totbiglorin praktikliyi vo real hayatda totbiq oluna bilmasi
nozoro alimmagqla yaradilmali, monali vo iimumi olmali vo mixtalif kimyovi verilonlor yiginina
totbiq oluna bilmasi Ugiin verilonlor y1ginina garazli olmamalidir. Niimuns olaraq, sakil 4-da fordi
elementlor vasitasilo naticogixarma tigiin miimkiin SWRL qaydalari gostorilmisdir.

Uygunsuzluq hallarinda sistem yanlis cavablar vermamok {igiin “Bilmiram” isarasini verir.
Bununla bels, ardicil elementlor toqdim edildikds, sistem tapilmig xassolorlo birlikdo global
klassifikator torafindon mioyyan edilmis sinif kimi toforriiatlar daxil olmagla hortorofli izahatlar
togdim edir. Bu, istifadagiya bitiin malumatlar1 gdrmays va alava montiqi noticagixarmaya komok

96



Elmi Macmua Cild 26, Ne4, 2024
Scientific Journal Vol. 26, Ne4, 2024

etmok Uglin edilib. Otrafli izahat oldo etmak {iglin ardicil vo geyri-sabit prognozlarin imumi say1 vo
faizi kimi parametrlori vermokls sistemin izahatlarini imumilasdirmok Ugiin tonzimlamok olur.

hasRI(?g, MediumRl) hasRI(?7g, MediumRl)
AhasNa(?g, MediumNa) AhasNa(?g, MediumNa)
A hasMg(?g, MediumMg) A hasMg(?g, MediumMg)
AhasAl(?g, SmallAl) AhasAl(?g, BigAl)
A hasSi(?g, MediumSi) A hasSi(?g, MediumSi)
A hasK(?g, SmallK) A hasK(?g, SmallK)
AhasCa(?g, MediumCa) AhasCa(?7g, SmallCa)
A hasBa(?g, SmallBa) AhasBa(?g, SmallBa)
A hasFe(?g, SmallFe) A hasFe(?g, SmallFe)
= hasType(?g,"building_windows_float_processed") »hasType(?g,"building_windows_non_float_processed")
hasRI(?g, MediumRl) hasRI(?g, MediumRl)
AhasNa(?g, MediumNa) AhasNa(7?g, SmallNa)
A hasMg(?g, MediumMg) A hasMg(?g, SmallMg)
A hasAl(?g, SmallAl) AhasAl(?g, BigAl)
A hasSi(?g, MediumSi) A hasSi(?g, MediumSi)
A hasK(?g, SmallK) AhasK(?g, MediumK)
A hasCa(?g, BigCa) AhasCa(?g, BigCa)
A hasBa(?g, SmallBa) AhasBa(?g, SmallBa)
A hasFe(?g, SmallFe) A hasFe(?g, SmallFe)
- hasType(?g, "vehicle_windows_float_processed") » hasType(?g, "containers")
hasRI(?g, MediumRlI) hasRI(?g, BigRlI)
AhasNa(?g, BigNa) AhasNa(?g, BigNa)
A hasMg(?g, SmallMg) A hasMg(?g, SmallMg)
A hasAl(?g, MediumAl) AhasAl(?g, BigAl)
A hasSi(?g, Bigsi) A hasSi(?g, MediumSi)
A hasK(?g, SmallK) A hasK(?g, SmallK)
AhasCa(?g, MediumCa) AhasCa(?g, BigCa)
A hasBa(?g, SmallBa) AhasBa(?g, BigBa)
A hasFe(?g, SmallFe) A hasFe(?g, SmallFe)
= hasType(?7g, "tableware") » hasType(?g, "headlamps”)

Saokil 4. Naticagixarma tigiin miimkiin SWRL gaydalari

Natica

Bu aragdirma kimya vo materialsiinasliq tiglin XAl sisteminin izahatlarini tokmillogdirmoak
va izaholunma gabiliyyatini artirmaq imkanlarini tohlil edir. Yeni toklif olunan yanagma “izahedici”
Xususiyyat anlayisinin kimyavi torkibs osaslanan izahatlar vermoklo materialsiinasliq kimi mithiim
sahoads izahliligini yaxsilagdirmaqla XAl-ni inkisaf etdirmays neco kdmok eds bilocayins aydinliq
gatirir. Bizim yanagmamizi qiymatlondirmak {igiin DARPA ideyalari ilo uygunlasdirilmis OBIC-in
bir hissasi kimi “izahedici” xiisusiyyatlori siiso identifikasiyasi verilonlor yiginina totbiq edilmisgdir.
Tarofimizdon sinaqlar vo eksperimentlor naticosinds bu xassalordon optimal sokilds istifads edo
bilon, kimya vo materialsiinasliq verilonlor yiginlarinin prognozlarinit vo izahatlarini toamin edon
yeni sistem yaradilmisdir.
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APPLICATION OF EXPLAINABLE ARTIFICIAL INTELLIGENCE IN GLASS
IDENTIFICATION BASED ON ITS CHEMICAL COMPOSITION

Gardashova L.A., Ibrahimova S.R., Kosov P.I.
Azerbaijan State Oil and Industry University

The identification of glass based on its chemical component composition is frequently

encountered in scientific literature. However, in most cases, users and even experts cannot
understand the underlying reasoning behind the results obtained from machine learning algorithms
and black box models. Despite the existence of numerous explainable systems, the problem of black
box model explainability remains perpetually relevant. This paper presents a novel approach for
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providing explanations based on the classification of substances according to their chemical
composition. Our proposed idea is based on DARPA's explainable artificial intelligence
architecture. This architecture was implemented by Bellucci et al., who extended it with semantic
web technologies in their work. The ontological properties proposed by Kosov P.I et al. are
applied in this paper. The explainable system developed in this work is specifically designed for the
explainability of chemical components and is based on relevant expert knowledge presented as
ontology. The designed system has been verified and tested through experimentation on a glass
identification dataset containing chemical properties and individual elements in the description of
objects.

Key words: artificial intelligence, explainable artificial intelligence, ontology, expert
knowledge, semantic web, materials science, glass, chemistry.

Raycilar: t.f.d., dos. Rahimova N.O.
tf.d., dos. Dadasov F.H.

Mualliflar haqqinda malumat

Soyadi, ada, Is yeri Vazifasi, elmi daracasi, elmi adi dlage
atasinin adi
Qardasova Azarbaycan Elmi iglor Uzra prorektor l.gardashova@asoiu.edu.az
Lotafot Dovlot Neft vo t.e.d., prof. mob: (+994) 50 584 09 01
Abbas qiz1 Sonaye
Universiteti
Ibrahimova Musiu “Aerokosmik informasiya s_ibrahimova@yahoo.com
Sevda Rafiq ABuacuiia sistemlori” kafedrasinin dosenti, mob: (+994) 50 342 70 18
qiz1 AxajeMuiachl f.ren.
Kosov Pavel Azorbaycan “Kompiiter mithondisliyi”
Iqorevig Dovlot Neft vo kafedrasiin Pavel_kosov@asoiu.edu.az
Sonaye doktoranti mob: (+994) 77 81 80
Universiteti

99



mailto:l.qardashova@asoiu.edu.az

Elmi Macmua Cild 26, Ne4, 2024
Scientific Journal Vol. 26, Ne4, 2024
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USING A SINGLE-BOARD COMPUTER AS A NAS SERVE

Rzayev K.O.
Kanumaxa baunk

The rapid advancement of information and computer technologies has led to the
development of single-board computers. Single-board computers are perfect for a variety of uses,
such as embedded systems, development projects, and educational settings. Commercial Network
Attached Storage systems come with various features and capabilities but are often expensive and
complex. On the other hand, single-board computers are cost-effective and versatile. This article
explores the potential of using single-board computers to create a Network Attached Storage system
for aviation applications. The approach provides a cost-effective alternative to commercial
Network Attached Storage systems. The use of single-board computers-based Network Attached
Storage systems can also be extended to other industries requiring reliable and cost-effective data
storage solutions. Additionally, the paper evaluates and compares the hardware components and
potential applications by various providers.

Key word: NAS, SBC, Data Storage, File Sharing, Microcomputer, Raspberry Pi, Embedded
Systems, Cost-effective.

Additional keywords and phrases: NAS, SBC
Introduction

The advent of single-board computers (SBCs) like the Raspberry Pi and Cubieboard has
revolutionized computing by offering powerful, compact, and affordable computing solutions.
These devices integrate a microprocessor, memory, input/output (I/0O) systems, and other essential
components on a single printed circuit board [1]. This paper discusses the feasibility and advantages
of using SBCs to build a Network Attached Storage (NAS) server tailored for aviation needs, where
data transfer speed, cost-efficiency, and system flexibility are critical.

Literature Review

From basic computers to a development platform for a wide range of projects, from weather
stations to media center systems, single-board computers have a wide range of purposes and target
customers. Many of these organizations' primary goals are to lower the cost of computers and
development and provide a collection of resources that help people learn about computers and
computer programming to make these tools available to a larger audience. Numerous businesses are
creating single-board computers for different markets. One such is the BBC Micro: Bit, which was
created especially for kids' usage in classrooms [2]. This reminds me of the BBC's original
Microcomputer from the 1980s, which was designed to be a teaching tool as part of the BBC's
computer literacy initiative. Hardkernel Co., a South Korean startup, manufactures a range of
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single-board computers known as Odroid [3] Since launching their first board in 2009, the firm has
produced other boards. Although the Android operating system is the primary focus of Odroid
boards, they also support a variety of Linux-based operating systems, including Ubuntu. Higher-end
technologies, such as 1GB Ethernet USB 3 and larger RAM capacities, that are absent from other
single-board computers are typically the focal point of Odroid products. However, when compared
to other single-board computers, the Odroid devices can be highly expensive because of their high-
end features and shipping from Korea [4]. In addition to providing an open-source hardware
platform, Arduino allows users to design their custom boards and makes boards for a variety of
uses. Rather than being a single-board computer, the Arduino is better understood as a
microcontroller. While the Arduino was designed from the bottom up to be a device for projects
that just ran a program rather than running software as part of a full OS like the Pi, the Raspberry Pi
is more of a general-purpose computer that can be used in projects.

NAS Server Architecture

Single-board computers (SBCs) are entire computers consisting of a CPU, memory, and
necessary input/output components all on one circuit board. They are perfect for a variety of uses,
such as embedded systems, development projects, and educational settings because of their small
size and adaptability [5]. The design of SBCs ensures that all necessary components are integrated,
making them suitable for various specialized applications. The SBC market offers various models,
each catering to different needs. Key players include Cubieboard and Raspberry Pi: - Cubieboard:
This series includes models from the early Cubieboard to the more advanced Cubietruck and
Cubieboard 4. Features such as HDMI, Ethernet, Wi-Fi, and Bluetooth are common across these
models, providing ample connectivity options. Each iteration of Cubieboard has introduced
enhancements in processing power, memory capacity, and peripheral support, making them
increasingly suitable for complex tasks [3].

o Power input;
e Ethernet;
o HDMI,
e Optical audio port;
VGA;
e USB;
Micro USB;
3.5 mm audio jack;
e SD card;
o SATA;
GPIO.

Figure 1. Cubieboard Architecture

Raspberry Pi: Known for its affordability and widespread use, Raspberry Pi models range
from the basic Model A to the more powerful Model B and the ultra-compact Zero series [6]. These
models vary in processing power, memory, and I/O options, making them suitable for a wide range
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of applications. The Raspberry Pi community has also developed a wealth of software and project
guides, further enhancing the versatility and appeal of these devices.

NAS servers are dedicated file storage devices connected to a network, allowing multiple
users to store and retrieve data from a central location. NAS systems have evolved from basic file
servers to sophisticated devices offering multiple functionalities, including data backup, media
streaming, and cloud storage. The primary function of a NAS is to provide a central repository for
data, accessible to authorized users within a network. Commercial NAS systems come with various
features and capabilities but are often expensive and complex. High-end NAS solutions offer
advanced features such as RAID configurations, multiple drive bays, and integrated backup
solutions. However, these features come at a significant cost, which can be prohibitive for small-
scale applications. In contrast, using an SBC to build a NAS server offers a cost-effective and
customizable alternative, particularly suitable for specialized applications.

Evaluation of Hardware Systems

In this paper, we have evaluated various single-board computer systems for their suitability
in different applications based on their characteristics. The Asus Tinker Board offers a balance of
performance and connectivity, making it suitable for general use. The Odroid provides versatile OS
support, capable of running both Android and Ubuntu, making it ideal for applications requiring
specific operating systems. The C.H.I.P, with its onboard storage and basic connectivity options, is
well-suited for simpler projects. However, the Raspberry Pi 4 stands out as the most versatile and
high-performance option, with its high RAM capacity, extensive connectivity features, and robust
performance capabilities, making it the best choice for more intensive applications (table 1).

Table 1
Evaluation of SBC as NAS systems

System Name Characteristics

1 GB Ethernet

2 GB RAM capacity
Bluetooth

Wifi

Software: Debian, Tinker OS
Chip Clocking up to 1.8 GHz
Android OS (supports Linux as Ubuntu)
1 Gb Ethernet

USB 3

High RAM Capacities
MicroSD

eMMC flash card

Bluetooth

Wifi

4 GB storage

Debian OS

Asus Thinker Board

Odroid

CH.LP
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USB-C

Micro HDMI Ports
Suporting 2x4k displays
Up to 8 RAM capabilities
Gigabit Ethernet

USB 2, USB 3

Raspbian OS

Raspberry Pi 4

Usage Scenarios in Aviation

A NAS server in aviation can serve multiple purposes: data logging, file sharing, system
backups, media server, and mail server/web hosting. Data Logging serves as collecting and storing
flight data for analysis and compliance. Flight data recorders generate large amounts of data that
must be stored securely and accessed quickly for analysis. File Sharing is mainly facilitating the
easy sharing of manuals, charts, and other critical documents among the crew and maintenance
teams. Having a central repository of up-to-date documents ensures that all team members have
access to the latest information. Ensuring regular backups of crucial system data to prevent data
loss. Automated backup solutions can be configured to regularly back up critical systems, ensuring
data integrity and availability in case of hardware failure or other issues [7]. As a media server,
NAS is capable of storing and cataloging video, audio, and graphic files on the NAS, making them
accessible to computers, TVs, laptops, tablets, and smartphones in offices, airport waiting areas, or
airplanes. Essentially, this is the entertainment aspect of a "smart network™: a network infrastructure
that connects all local gadgets into a single functional system. Another popular scenario, similar to
the media server, is using NAS as a torrent server [8,9]. This requires the NAS to be connected to
the internet 24/7 to download new files through a peer-to-peer network and provide access to
already downloaded content to other users. Running a torrent server on NAS requires the storage
platform to have the necessary mechanisms, at least built-in utilities that replicate the functions of
torrent client programs. Hosting a mini website, mail server, or surveillance camera server is
another possible application of NAS in aviation. Setting up a mail server in an office is beneficial if
there's a local network. For web servers, users should consider the computational power of the
NAS, which depends on the technical platform and processor architecture. ARM-based NAS
devices are cost-effective, produce minimal heat, and have low power consumption, making them
ideal for these applications.

Conclusion

This paper demonstrates the feasibility of using an SBC as a cost-effective NAS server for
various applications and evaluates the existing hardware by several criteria. SBCs offer significant
advantages in terms of cost, flexibility, and ease of use compared to commercial NAS systems. By
leveraging SBCs, aviation professionals can deploy customized, efficient, and affordable storage
solutions that meet their specific needs. The use of SBC-based NAS systems can also be extended
to other industries requiring reliable and cost-effective data storage solutions. The selection of a
single-board computer should be driven by the specific needs of the project, considering factors
such as required performance, connectivity, and operating system support. Each of the evaluated
systems has unique strengths that cater to different types of projects, ensuring that there is an
appropriate option available for a wide range of applications.
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TOKLOVHOLI KOMPUTERIN NAS SERVER KiMI iSTIFADO EDILMOSI

Rzayev K.O.
Kapital Bank

Informasiya va kompiiter texnologiyalarinin siiratli inkisafi tok platali kompiiterlorin (TPK)
inkisafina sabab oldu. TPK-lar daxili sistemlar, tatbiq layihalori va tahsil platformast kimi miixtalif
istifadalor iiciin miikommoaldir. Kommersiya NAS sistemlori miixtalif xiisusiyyatlora va imkanlara
malikdir, lakin ¢ox vaxt bahali vo miirakkabdir. Digar torafdan, tok platali kompiiterlor sorfali vo
¢ox yonliidiir. Bu moagqals aviasiya tatbiglori iiciin Network Attached Storage (NAS) sistemi
yaratmaq ucin TPK-dan istifads potensialint arasdwrir. Bu yanasma kommersiya NAS sistemlorina
sarfali alternativ tamin edir. TPK asasli NAS sistemlarinin istifadasi etibarli va sarfali malumat
saxlama hallari talob edon digor sanaye sahalorina da geniglondirilo bilar. Bundan alava, maqala
miixtalif provayderlar torafindon aparat komponentlari va potensial tatbiglari giymatlondirir vo
miigayisa edir.

Acar sozlar: NAS, Tok Lovholi Kompiter, Moalumat Saxlama, Fayl Paylasimi,
Mikrokomputer, Raspberry Pi, Gomulu Sistemlar, Sarfali.
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ICTIMAI ELMLOR

YIK: 37.013.32 DOI: 10.30546/EMNAA.2024.04.1043

COBPEMEHHBIE BBI3OBbI B IIPEIIOJABAHHHU PYCCKOI'O A3bIKA KAK
HHOCTPAHHOI O

Awpadgposa O.H.
Hauuonanvnaa Asuauuonnas Axademus

B oannoti cmamve npedcmagnen aHanu3 COBPEMEHHBIX 6bl30608, C KOMOPbIMU CMAT-
KUBAIOMCs Npenooasameny pyccKkoeo sA3blKA KAK UHOCMPAaHHO20. B cospemennom mupe, 2oe
2nobanuzayus U MeNCKYIbMmypHoe 63aumooeticmeue CMAaHoBAMcs 6ce 0ojiee UHMEHCUBHbIMU,
uzyuenue pycckKo2o A3bika npuodopemaem 6ce 6oavuiyio nonyiaspnocms. QOHako, emecme ¢ dMUM
B03HUKAIOM HOBble U YVHUKAIbHblE 6bl306bl, MpedyIowue Npucnocoobienus U paspabomiu HOGbIX
no0x0008 K npenooasanuio. B smoii cmamve paccmompensi He mobKO 6b1306bl, HO U NPEOIONCEHb]
NPaKmuieckue peKomMeHOayuu u cmpamecuu, Komopwvle NoMo2ym npenooasameinsim npeoooiens
Imu npezpaovl u 00Cmuub IP@DEeKMUSHbIX pPe3yIbmamos 6 NpenooasaHuul pyccKo2o A3bIKA KAk
UHOCMPAHHO2O.

Kniwouegvle cnosa: npenooasanue pycckoeo A3bIKA, UHOCMPAHHGIN SA3bIK, 6bI306bl,
UHOUBUOYanU3ayus, a0anmupoeanHvle yieOHvle Mamepuansl, YCMHAs peyb, qumepamypd, Kylb-
mMypa, MexlCcKyIbmypHoe 63aumooeticmesue.

Beeoenue. CoBpeMeHHOE OOIIECTBO CTAJI0 CBHJAETEIEM YBEIMUEHHUS MOTPEOHOCTH B H3Y-
YCHHH PYCCKOTO s3bIKa KaK WHOCTpaHHOro. [JoOamm3arusi, pa3BUTHE MEXKKYJIbTYpHOTO B3aW-
MOJICHCTBUSA M BO3pACTAIONIMK HMHTEPEC K PYCCKOW KYJbTYpE CO3JAIOT HOBBIE BO3MOXHOCTU MU
BBI30OBBI JUIS ITPETIOIAaBAHUS PYCCKOTO SI3bIKA.

CTyfeHTbl MOTYT UMETb pa3Hble S3bIKOBbIE (DOHMABI, KYJIbTYpHbIE KOHTEKCTHI U
WHIWBHIYAIbHBIE MOTPEOHOCTH. DTO TpeOyeT OT mpernojaBaTeieii THOKOCTH M CIHOCOOHOCTH
aIalITUPOBATh YU4eOHBIN MPOIECC MO HYXIbI KQXKIOTO CTYACHTA.

NunuBuayanuzanus u auddepeHuanis CTaHOBITCS HEOThEMJIEMBIMU YacTSIMH TPETo/ia-
BaTEIbCKOW MPAKTUKU, YTO IMO3BOJSET TOCTUYD ONTUMATBHBIX PE3YIbTATOB.

Kpome Toro, pa3BuTHe HaBBIKOB YCTHOUM pedH, UCIIOJIB30BAHUE JTUTEPATYPHl U KYJIbTYPHI B
y4eOHOM TIpoliecce, a TaKKe pa3BUTHE KPOCC KYJIbTYpHOM KOMIIETEHIIMH CTAHOBATCS Bce Oolsee
BaXHBIMU acMeKTaMH IpernojaBaHusi pycckoro si3blka. CTyNEHTHI CTPEMATCS HE TOJIBKO OCBOUTh
SI3BIKOBBIE HABBIKH, HO U MOHATH PYCCKYIO KYJIBTYpPY U €€ 0COOEHHOCTH.

Axmyanvnocmey npoodaemsl TPENOJABAHUS PYCCKOTO S3bIKa KaK MHOCTPAHHOI'O HEOCIIO-
puMa B COBPEMEHHOM MUpe. Pycckuii SI3bIK SBISETCS] OJJHUM U3 CAMBIX PACIPOCTPAHEHHBIX SI3HIKOB
MEXITYHAPOIHOTO OOIICHHS U O(UITMAILHBIM SI36IKOM BO MHOTHX CTpaHaX.

OpnHako, COBpEMEHHbBIE BBI30BBI M TCHIICHIIMM B MUpE 00pa3oBaHUS TPEOYIOT OT MpPEIo-
JlaBaTeliell PyCCKOro si3blKa KaK WHOCTPAHHOTO THOKOCTH, QJalTUBHOCTH M HOBBIX TOJXOOB.
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Pa3BuTHe TEXHOIOTHUH U OCTYIMHOCTh OHJIAWH-PECYPCOB MEHSIIOT 00pa3 oOydeHus u TpeOyroT OT
IpernojaBaTesiel OCBOEHUS HOBBIX HHCTPYMEHTOB U MeToJ0B oOyueHus. Kpome Ttoro, mex-
KyJIbTYpHOE B3aUMOJICHICTBUE CTAHOBUTCS Bce Oosiee 3HaUMMBbIM, U IpEnojaBaTesiM HEOOXO0q1UMO
IIOMOYb CTYJIEHTaM HE TOJIbKO OCBOMTD SI3bIK, HO U MOHATH aJalITUPOBATHCA K PYCCKOM KYJIBTYypE U
ob6ecTy [1].

B cBere 3Tux (¢akTopoB, NOHMMAaHUE U IPEOAOJIEHUE COBPEMEHHBIX BBI30BOB B IIPEIO-
JaBaHUU PYCCKOTO SI3bIKA KAK MHOCTPAHHOTO CTAHOBSTCS KPUTHYECKU BAXKHBIMH JJIsi 00€CIICUeHUS
KayecTBEHHOro U 3(dekTuBHOr0 00ydeHus. llpenogaBarenu NOMKHBI OBITH TOTOBBI K Pa3sHO00-
pasHbIM NOTPEOHOCTSIM CTYIEHTOB, MCIOJIb30BAaTh COBPEMEHHBIC TEXHOJOTHH M Pa3BUBATh CBOU
METOAMYECKHE TMOAXOJbI, YTOOBI CO3/1aTh CTUMYJIHUPYIOIIYI0 M MHTEPAKTUBHYIO YYEOHYIO Cpery.
OTO MO3BOJMUT CTYIEHTaM YCIEIIHO OCBOUTb PYCCKMH S3bIK M JIOCTMYb CBOMX S3BIKOBBIX U
KYJIbTYPHBIX LIEJIEH.

Ilenvro oannoii cmamou agnaemca NpeacTaBiIeHUE HOBelIIeH HHGOPMAMU U COBPEMEH-
HBIX IIOJIXOJ0B K IPENOJaBaHUIO PYCCKOIO S3bIKa KaK MHOCTPAHHOTO.

OcHoBHasl LIeJb CTAaTbU - MCCIEAOBATh AKTyaJbHbIE TEHJACHIMM M W3MEHEHUs B IIpe-
IIOJABAaHUN PYCCKOIO SI3bIKA, CBSI3aHHBIC C PA3BUTUEM TEXHOJIOIMM, MEXKYJIBTYPHOTO B3aUMO-
JCeWCTBUSL M WHIMBHIyanu3anuu oOpasoBanusi [2]. PaccMoTpeHa BakKHOCTh Pa3BUTHS HABBIKOB
YCTHOH pe4H, UCIIOJIb30BAHUS JINTEPATYPHI U KYJIbTYPhl B yU€OHOM IpOLIECCE, a TAaKXKE pa3BUTHE
MEXKYJITYPHON KOMIIETEHIIUH.

[IpenoaBanre pPyccKOro si3plka Kak HWHOCTPAHHOIO B COBPEMEHHOM 00pa3oBaTeIbHOM
KOHTEKCTE CTAJIKUBAETCS C PSIIOM BBI30BOB U TpeOyeT MPUMEHEHHUs] HOBBIX MOJIXOAOB AJISl JOCTH-
JKEHMS ONITUMAJIbHBIX PE3yJIbTATOB. B TaHHOW cTaThe MBI paCCMOTPUM aKTyaJIbHBIE TEHIECHUUU U
MPEJICTaBUM HOBBIE METO/Ibl, KOTOpPBIE IOMOTYT IpenoaBaTessaM 3((HEeKTUBHO CIPABIATHCS ¢ HUMU
[2].

OaHUM M3 KJIIOYEBBIX BBI3OBOB SIBJISIETCS HEOJHOPOJHOCTH I'pyHH CTYAEHTOB. CTyNEHTHI,
U3yYalollue PYCCKUN SI3bIK KaK MHOCTPAHHBINA, MOTYT MMETh pa3Hble S3BIKOBbIE (OH[BI, KYJIb-
TypHbIE KOHTEKCThl M WHAUBUAyaIbHbIE MOTpeOHOCTU. JJI1 ycmemHoro o0y4deHus: HeoOX0auMo
MHIMBUYaIU3UPOBATh YUE€OHBII Mpolece, afanTupoBaTh €ro MoJ Hy>Kbl KaKJO0r0 CTyJIeHTa. DTO
TpeOyeT OT mpenojaBareiei THOKOCTH M YMEHUSI IPUMEHATH AuddepeHIupoBaHHbIE METO/IbI 00Y-
YEHUs1, KOTOPBIE YUYUTHIBAIOT pa3HOo00pa3ue ypoBHEH U MOTPeOHOCTEN CTYAECHTOB.

BaxxHBIM acmeKTOM COBPEMEHHOrO IIPENOAABAHMUS PYCCKOTO S3bIKA SBISIETCA MCIOJb-
30BaHHE COBPEMEHHBIX TexHoJoruid. B smoxy umdpoBoil peBosonNH, UHTEPAKTUBHbIE OHJIAMH-
1aTGOpPMBbI, TPUIIOKEHUS U COLIMATIbHBIE CETH MPEAOCTaBISIOT HOBbIE BOZMOXKHOCTH AJs 3 dek-
TUBHOro oOyueHus. [IpenomaBaTenu AOMKHBI OBITH TOTOBBI OCBaMBAaTh HOBBIE MHCTPYMEHTHI U
BHEJPSTHh UX B y4eOHBINH mporecc. Bo3moxkHOCTH OHNaltH-00yueHusi, BEOMHAPOB U BUPTYaIbHBIX
KJIaCCOB IMO3BOJISIIOT CO3/1aTh WHTEPAKTUBHYIO M MOTHUBHUPYIOIIYIO Y4eOHYIO cpeay, KoTopas
CIIOCOOCTBYET aKTUBHOMY YYacCTHIO CTY/ICHTOB M PAa3BUTHIO UX KOMMYHUKATHBHBIX HaBBIKOB [3].

Pa3BuTHE HaBBIKOB YCTHOHM peun SIBISIETCS OJHUM U3 IPUOPUTETOB B MPENOJABAHUU pPyC-
CKOTO s13bIKa. B cOBpeMeHHOM MHupe, Iie YCTHasi KOMMYHUKAIMs 3aHUMAaeT Bce Ooiee EHTpaJIbHOe
MECTO, CTYACHTHI JOJKHBI OBITH CIOCOOHBIMU CBOOOJHO M I'PaMOTHO BBIPaXKaThb CBOM MBICITH Ha
pycckoMm s3bike. IIpenogaBaTteny TOKHBI MpeagaraTb CTyI€HTaM pa3HOOOpa3Hble YNPaKHEHUsS U
3alaHusl, KOTOpBIE DPA3BHUBAIOT MX YCTHYK0 DPE4Yb, a TAKXKE CO3/1aBaTh CHUTyallMd, B KOTOPBIX
CTYJEHTBI MOTYT ITPAKTUKOBATh SI3bIK HA IPAKTUKE.
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Kpome Toro, ncnonbp3oBaHue JUTEPATypbl U KYJIBTYPHI SBIISIETCS Ba)KHOW COCTABIISIOLICH
MPETOIaBaHMsI PYCCKOTO si3bIKa. Uepe3 YTeHUE JUTEPaTypHBIX MPOU3BEACHUNA M M3y4YEHHUE KYJb-
TYPHBIX aCIIEKTOB PYCCKOSI3bIUHBIX CTPAH CTYIEHTHI HE TOJIBKO PACHIUPSIOT CBON JIMHIBUCTUUECKHIA
penepryap, HO M MOTPYXKAIOTCS B MUP PYCCKOM KynbTypbl M uctopuu. [IpenomaBatenu moryt
UCIIOJIb30BaTh a/IallTUPOBAHHBIC JUTEPATYpPHbIE TEKCTHI, (PUIIbMBI, My3bIKy U JPYTU€ MCTOUHHUKH,
KOTOpBbI€ TOMOTYT CTYACHTaM JIydlle IOHATh PYCCKYIO KYyJIbTypy U pPa3BUTh CBOI KpOcCC
KyJIbTYPHYIO KOMIIETEHIIO [4].

Hcnonb30BaHUE COBPEMEHHBIX TEXHOJIOTHUW SBJISETCS HEOTHEMIIEMOM YACThIO COBPEMEH-
HOTO TMIPENOJaBaHUsl PYCCKOro s3blka. OHIAMH-IIaTGOPMBI, TPUIOKEHUS W HMHCTPYMEHTHI
MIOMOTAIOT CO3/1aTh HHTEPAKTUBHYIO M CTUMYJHUPYIOIIYIO yU4eOHYyI0 cpeny. BupTyanbHbIe K1acchl U
BeOMHApHl TO3BOJIAIOT MPENOJaBaTeIsiM U CTYyJEHTaM B3auUMOJCHCTBOBaTH M OOMEHUBATHCS
nH(popMalel B peKUME pealbHOr0 BPEMEHH, PACIIUPSIS BO3SMOKHOCTUA 00y4EHHUs U OOIICHHUS.

Pa3BuTHe yCTHON peud SABISETCS NPUOPUTETOM B IMPENOJABAHUU PYCCKOTO S3BIKA.
CryneHtaM HEOOXOAMMO pPa3BUBAaTh CBOIO CIIOCOOHOCTH TOBOPUTH CBOOOJHO M TIPaMOTHO Ha
pycckoM si3bike [5]. IlpemomaBarenu MoOryT npeiaraTh YHNpPakKHEHUS U 3aJaHMs, KOTOpBIE
CTUMYJIUPYIOT OOIIIEHHE U MPAKTHKY YCTHOW PEUH.

['pynmoBbie AUCKYCCHUHU, POJIEBBIC UTPHI M PA3IMYHBIC KOMMYHHUKATUBHBIC 33JJaHUS TIOMOTYT
CTYJCHTaM Pa3BUTh CBOM HABBIKH B PEATbHBIX CUTYAIUSIX OOIICHUS.

Brurouenne swmTepaTypbsl M KYJBTYPBl PYCCKOSI3BIYHBIX CTpaH B Yy4YeOHBI Tporecc
MO3BOJISIET CTYACHTAaM MOHATh PYCCKYIO KyIbTypy U HCTOpHUIO. UTeHHEe aJanTHpOBaHHBIX IUTe-
paTypHBIX MPOU3BEACHUN, MPOCMOTP (PUIBMOB U M3yUeHUE KYIbTYPHBIX OCOOEHHOCTEH MOMOTa0T
CTYJIEHTaM paCIIMPUTh CBOM S3BIKOBOM M KYJIBTYPHBIH perepTyap, a TakkKe pa3BUTh KPOCC
KyJbTYPHYIO KOMITETEHIHIO [6].

WupuBuayanu3zanus o0ydeHHsl, NCTIOJIh30BAHNE COBPEMEHHBIX TEXHOJIOTHMA, Pa3BUTHE yCT-
HOW pe4d M BKIIOYCHHE JIUTEPATypbl U KYJBTYPHI - 3TO (yHJAMEHTAIbHBIC DJIEMEHTHI, KOTOpPHIC
MOMOTYT TIPENOoIaBaTeNsIM JIOCTUYh ycrexa W O0eCHeuuTh KaueCTBEHHOE OOydeHHE CTYICHTOB
PYCCKOMY SI3BIKY.

OO0yueHue pycckoMy s3bIKYy KaK HHOCTPaHHOMY NPEICTABISIET ONpeielIeHHble 0COOEHHOCTH
Y BBI30BBI, 0OCOOCHHO JJIsS CTYJIEHTOB M3 Pa3HBIX SI3bIKOBBIX cpefl. B MaHHOI cTaTbe pacCMOTPEHBI
9TH TPYAHOCTH, MPEINIOKEHbI 23PPEKTUBHBIE METOABI U MOAXO/IbI JAJISl UX MPEOI0JICHHUS, UCTIONB3YS
HOBBIE CJIOBa U MH(POPMAITHIO.

OnHOI W3 OCHOBHBIX TPYAHOCTEH, C KOTOPBIMU CTAJIKUBAIOTCSI CTYACHTBI, SIBISIETCSI CIIOXK-
HOCTh PYCCKOHM TpaMMaTHKH. Pycckuii s3pIk 00JiaaeT OOraThiMH TpaMMaTHUYECKUMH MPaBUIIAMH,
BKJTFOYAsT TIAJICKH, TJIArOJbHBIE BUJIBI M CIOXKHYIO CHCTeMy coryiacoBanms [7]. [ns mpeomonenus
ATHX TPYTHOCTEH PEKOMEHAYETCS aKTHBHOE HCIOJIh30BAHWE TPAMMATHYECKUX YIpPaXHEHUH, Tie
CTYJEHTBI MOTYT MIPAKTHUKOBATh U 3aKPEIUIATh MIPaBUIa HA KOHKPETHBIX puMepax. Takke MoJie3HO
npenaraTth CTyJ€HTaM KOHTEKCTyalbHbIE 3aJaHUs, KOTOPhIE MMOMOTYT UM YBHUJIETh I'PaMMaTHKYy B
JICHCTBUM M TPUMEHATH €€ Ha NpakTuke. Eiie ogHOW CIOKHOCTBIO SIBISETCS MPOU3HOIICHHE
PYCCKHX 3BYKOB U MHTOHAITUH.

Pycckuii sS3bIK MIMEET CBOM yYHHKAJIBbHBIE 3BYKH, KOTOPhIE MOTYT OTIMYAThCS OT 3BYKOB B
s3bIKe CTyneHTa. JlJis 3TOro MOXKHO HCIIOJIb30BaTh (POHETUYECKUE YIPAXKHEHHUS U TPEHUPOBKH,
KOTOpBIE TMOMOTYT CTYJI€HTaM pa3iudaTh U TMPaBUIBLHO MPOU3HOCUTH pycCckue 3BYKH. Takke
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II0JIE3HO NPUMEHATh ayAHMOMaTepHasbl, 3allMCH HOCUTENIEH S3blKa M CIIyLlaTb PYCCKYIO peub B
pa3IMYHbIX KOHTEKCTAaX.

KynbTypHble pasnuuus TakKe MPEACTaBIAIOT BbI30B JUISl CTYJEHTOB M3 JAPYTHX S3BIKOBBIX
cpen [1]. Pycckas kynbTypa, oObluam M TpaJulMM MOIYT OBITb COBEPIIEHHO HOBBIMH U
HENOHATHBIMHU I CTYJIEHTOB. /[sl mpeonosieHns 3TOW TPYIHOCTH PEKOMEHAYETCsl BKIKOYaTh B
y4eOHBI Tpolecc n3y4YeHUe KyJIbTYPHBIX aClIEKTOB PYCCKOSI3bIUYHBIX CTPaH.

OTO MOXET BKJIIOYaTh 3HAKOMCTBO C PYCCKOH JIMTEpaTypol, MCKYCCTBOM, MCTOpUEH U
COBPEMEHHOM KyJIbTypoHl. UTEeHHE aJanTHUPOBAHHBIX JUTEPATYPHBIX NPOU3BEICHUM U MPOCMOTP
(GUIBMOB Ha PYyCCKOM S3BIKE TIOMOTYT CTYAEHTaM MOHATH PYCCKYIO KYJIbTYPY M Pa3BHThb UX KPOCC
KyJbTYPHYIO KOMIIETEHIIHIO.

OrpaHMYeHHBIH JOCTYN K MPAKTHKE B PYCCKOM SI3bIKE TaKXKe MOXET OBbITh TPYAHOCTHIO JJIS
cryaeHToB [3]. YacTo cTyIeHThl HE MMEIOT BO3MOXHOCTH OOIIATHCS ¢ HOCUTEISAMH S3bIKA WIIH
IIPAKTUKOBaThb PYCCKUM S3BIK B PEAIbHBIX CUTyauusax. Jus mOpeomosneHus 3TOW TPyIHOCTU
pEKOMEHAyeTCS CO37aBaTh CUMYJSLMM peabHBbIX CHUTyalluid OOLIeHUs, TJE€ CTYAEHTbl MOTYT
MPUMEHSTh CBOM HAaBBIKM B MPAKTHYECKUX YNpaKHEHHsX. PosieBbie Urpbl, 1e0aThl U TPYMIIOBBIC
JUCKYCCUM TIOMOTYT CTYAEHTaM pa3BUTh CBOIO YBEPEHHOCTb B YCTHOM PEUM U HABBIKU KOM-
MYHHKAIIUU Ha PYCCKOM SI3bIKE.

JlononHUTENBHBIM METO/I0M, KOTOPBIA MOXKET IIOMOYb CTYIE€HTaM IIPE0J0JIETh TPYAHOCTH B
U3Y4YEHUH PYCCKOT'O SI3bIKa, SBJIAETCS MOrPYKEHHE B SA3bIKOBYIO cpedy. lIpu Bo3MokHOCTH, CTY-
JI€HTBl MOTYT IOCETUTbh CTpPAaHbl, IJI€ PYCCKUH SI3BIK SIBISETCS OCHOBHBIM HWJIM OJHUM M3 Opu-
LUabHBIX sA3bIKOB. [loe3nka B Poccuio niam apyrue pyccKOs3bIYHbIE CTPaHbl IO3BOJIUT CTYyACHTAM
NPAKTUKOBaTh PYCCKUH $3bIK B pPEAJbHBIX CUTYyalUsiX, OOIIATBCS C HOCUTEISIMM S3bIKa WU
HOTPY3UTHCS B KYJIBTYPY U aTMoc(epy pyccKoro si3bika [8].

Takxe CTOUT OTMETUTh BaXXHOCTb IMOCTOSIHHOM MPAaKTUKU U MOCIEA0BATEIBHOTO MOAX0a K
U3YYEHUIO PYCCKOTrO sI3bIKa. PeryisipHoe NMOBTOpPEHHE M 3aKpEIUIEHHE MaTepuana IOMOryT CTy-
JICHTaM YKpENuTbh CBOM 3HaHMS U HaBbIKH. [locTeneHHOE yBEIWYEHHE CIIOKHOCTH YIPa)KHEHUH U
3aJlaHUM TaK)Ke MO3BOJIUT CTYJIEHTaM IPOTrPECCUPOBATh B U3YUEHHH SI3bIKA.

Hcnonb3oBaHue pa3HOOOpPA3HbIX yueOHBIX MaTepHalioB, TAaKUX Kak y4eOHMKH, pabouune
TeTpaau, OHJAMH-PEeCypchl, ayAMO M BHJEOMAaTepHalbl, TaKKe MOXET ObITh MOJe3HbIM. Pa3-
HOOOpa3ue MaTepHajioB TOMOXET CTYAEHTaM pPa3BUTh BCE AacleKThl S3bIKa, BKJIOYas YTEHHUE,
MMCbMO, TOBOPEHHE U IOHUMAaHNE Ha CITyX.

BaxxHo nmoepkuBaTh MOTUBAIMIO CTYAEHTOB M CO3/1aBaTh MHTEPEC K U3YYEHHUIO PYCCKOIO
s3bIKa [4]. DTO MOXeT OBbITh JOCTUTHYTO IYTEM BKIIIOUEHHUS B YUEOHBIM MpollecC MHTEPECHBIX U
MPAKTUYECKUX TEM, HCIIOJIb30BAHMUSI WUIP U KOHKYPCOB, a TaKKe MPHU3HAHUS IOCTUKEHMH CTy-
neHtoB. [lo3utuBHAs W mojjaepkuBarolias 00CTaHOBKA B KJIacc€ MM BO BpeMsl OHJIalH-3aHSITHN
Takxke OyJeT cnocoOCTBOBATh A3PPEKTUBHOMY U3YyUCHHIO A3bIKa [9].

B nenom, npeoiosieHne TpyAHOCTEN B U3yUEHNUN PYCCKOTO S3bIKA JUIsSl CTYAEHTOB U3 Pa3HbIX
A3BIKOBBIX Cpell TpeOyeT CHCTEMAaTH4YeCKOro IMOAXO0J]d, AKTUBHOW NPAKTUKHM M TOTPYKEHHS B
A3BIKOBYIO cpeny. KomOuHamus rpaMMaTHYecKUX ynpakKHEHUH, (POHETHUEeCKUX TPEHUPOBOK, U3Y-
YEHMsI KyJIbTYPHBIX aClIEKTOB U IMPAKTUYECKUX YIPAXXHEHUI IOMOXKET CTYAEHTaM Pa3BUTh HABBIKU
U JOCTHYb yCIIEXa B U3YUYECHUU PYCCKOTO SI3bIKA.
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Bwi6oowvl. 3ydyenue pycckoro s3blka KaKk HHOCTPAHHOIO IPEICTABISAET OIPEICICHHBIC
TPYAHOCTH, HO C MHpHUMEHEHHEM OH(PQPEKTHUBHBIX METOJOB U MOIXOAOB CTYICHTHI M3 Pa3HBIX
SA3BIKOBBIX CPEJl MOTYT YCIEIIHO MPEOJ0JIETh 3TH BBI30OBBI.

OnHO U3 OCHOBHBIX CII0KHOCTEH SIBIISICTCSA U3Y4YEHUE PYCCKOM I'paMMATUKHU € ee 00raTbIMu
IIPaBUJIAMU M OCOOEHHOCTSIMH. AKTHBHOE HCIOJIb30BAHWE IPAMMAaTHUYECKHX YHNPaXXHEHUH U KOH-
TEKCTyaJIbHBIX 3alaHUH O03BOJIUT CTYyACHTaM 3aKpEIUTh MPAaBUjIa U IPUMEHSITh UX HA IPAKTUKE.

[IpousHolIeHNE PYCCKUX 3BYKOB M HMHTOHALMM TAKXE MOXKET BbI3BIBATH TPYAHOCTH.
QOHETUYECKUE YIPAKHEHHUS W TPEHUPOBKHM, BKIIOYAs HCIOIB30BAHHUE AyJUO-MaTEpPHUANIOB C
3alMCSAMU  HOCUTENEH A3bIKA, IIOMOTYT CTYJEHTAM pAa3BUTh IPABWIBHYIO apPTUKYJLILUI0 H
IIPOU3HOIIEHUE PYCCKHUX 3BYKOB.

KynbTypHble pa3nuuus SIBISIFOTCS €I1€ OJHOM CJIOKHOCTBIO IJIsi CTyneHTOB. M3ydeHue
KyJbTYPHBIX aCIEKTOB PYCCKOSA3BIYHBIX CTPaH, BKIIOYAs JIMTEPATypy, UCKYCCTBO M HCTOPHIO,
IIOMOXET CTYJE€HTaM IOHATh UX U Pa3BUTh KPOCC KyJIbTYPHYIO KOMIIETCHIIMIO.

OrpaHMYeHHBI JOCTYN K IpaKTHKE TaKXe MOXET ObIThb IPEOJ0JIEH IyTeM CO3/aHus
CHUMYJISALIMN pealibHBbIX CUTYallid OOIIEHHs U MPAKTHYECKUX yInpaXHeHUH. PoneBbie urpbl, nedartol
U TPYNIIOBBIE JUCKYCCHUH IIOMOTYT CTYACHTaM pPa3BUTh HABBIKM YCTHOW PEYHM M KOMMYHHUKAIIMM HA
PYCCKOM SI3BIKE.

[lorpyxeHue B SA3BIKOBYIO CpELy HIPAcT BAXKHYIO DPOJb B M3YYCHUM PYCCKOTO SI3bIKA.
OOuieHne ¢ HOCUTEISIMU S3bIKa, TIOE3IKU B PYyCCKOS3bIUHBIC CTPAHBI M HCIIOJIB30BAaHUE UX PECYPCOB
IIOMOTYT CTYJI€HTaM IIPAKTUKOBATh SA3BIK U IIOTPY3UTHCS B PYCCKYIO A3BIKOBYIO CPELY.

BaxxHO moaaepkuBaTh MOTUBALIMIO CTYJEHTOB U CO3aBaTh UHTEPEC K U3YUYECHUIO PYCCKOTO
a3bIKka. PasHoOOOpa3Hble yueOHble MaTepuajbl U METOAbI, TAKUE KaK UIPbl, KOHKYPChI U NPU3HAHKE
JOCTH)KEHUM CTYAEHTOB, MOMOTYT CO3/1aTh NO3UTUBHYIO OOCTaHOBKY M CTUMYJIUPOBAaTh Y4eOHBIN
pouecc.

CucreMaTH4ecKuil MOAX0/, peryjspHas MpakTUKa U MOCTENEHHOE YBEJINYEHHUE CI0KHOCTH
3aJJaHUH TaKKe CIIOCOOCTBYIOT YCHEIIHOMY M3YYEHUIO PYCCKOIO S3bIKa.
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RUS DILININ XARICI DIL KiMi TODRISINDO MUASIR CAGIRISLAR

9srafova O.N.
Milli Aviasiya Akademiyast

Bu maqalada rus dili miiallimlorinin xarici dil kimi qarsilagdiglar: miiasir ¢agirislarin tohlili

verilmisdir. Qloballasma va madaniyyatlor arasi qarsiliqll alaganin getdikca intensiviagdiyi miiasir
diinyada rus dilinin oyronilmasi getdikca populyarlasir. Bununla yanasi, tadrisa yeni yanasmalarin

hazirlanmasi va uygunlasdirilmast talob olunan yeni vo unikal ¢agwrislar yaramr. Bu maqalada
tokca cagiriglar deyil, hom da miiallimlora bu manealori aradan qaldirmaga va xarici dil kimi rus
dilinin tadrisinds samoarali naticalor alda etmaya komak edacak praktik tovsiyalor va strategiyalar da
nazardan kegirilmisdir.

Acar sozlor: rus dilinin tadrisi, xarici dil, ¢agirislar, fordilosma, uygunlasdirilmis tadris

materiallari, sifahi nitq, adabiyyat, madaniyyat, madaniyyatlor arasi qarsiligh alaga.
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MODERN CHALLENGES IN TEACHING RUSSIAN AS A FOREIGN LANGUAGE

Ashrafova O.N.
National Aviation Academy

This article presents an analysis of modern challenges faced by teachers of Russian as a
foreign language. In the modern world, where globalization and intercultural interaction are
becoming more intense, the study of the Russian language is gaining more and more popularity.
However, along with this, new and unique challenges arise that require adaptation and development
of new approaches to teaching. This article considers not only challenges, but also offers practical
recommendations and strategies that will help teachers overcome these obstacles and achieve
effective results in teaching Russian as a foreign language.

Key words: teaching Russian, foreign language, challenges, individualization, adapted
educational materials, oral speech, literature, culture, intercultural interaction.
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Magalalarin taqdim olunma qaydalar:

Moqalalor Azarbaycan, rus va ingilis dillorinds gobul olunur. Har bir magaloys Azarbaycan,
rus vo ingilis dillorinds xilass vo acar sozlor verilmalidir. Capa togdim olunan mogalalor A4
formatda, 12 6lgiilii sriftlo (codvallor, sokillor va sokilalti yazilar 11 6Slgiilii sriftls), ag kagizda bir
intervalla ¢ap olunmalidir. Bosluglar: varagin bltin konarlarindan 2 sm. Magalanin hacmi: orijinal
mogalalaor Gglin 10, icmal magalalar liglin 15 sohifodon artiq olmamalidir. Magalalar 2 nlisxads ¢ap
vo elektron variantda (WORD) togdim olunur. Olyazmalar miollifloro qaytarilmir. Digor
toskilatlardan olan mialliflorin mogalalori onlarin igladiyi togkilatin moktubu ilo birlikds togdim
olunmalidir.

Moqalalora musbat ray verildikdon sonra redaksiya heyatinin gorar ilo ¢ap olunur.

1. Hor bir mogalo onun UOT-u vo ya PACS-1, DOIl-si, adi, miolliflorin adi, ata adi,
soyadlari, elektron tinvanlari, togkilatin adi, magalonin yazildig1 dilds bir intervalla ¢ap olunmal,
qisa annotasiya va agar sozlorlo baglanmalidir.

2. Odobiyyata istinad (References):

- odabiyyata istinad mogalods rast golindiyi ardicilligla islonmalidir.

Sitat gotirmo gaydas:

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

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

- kitablar: muolliflorin soyadlari, kitabin adi, ¢ap olundugu nosriyyat, il vo yer, sohifalorin
say1, tokrar istinadlarda iso sohifo ndmrasi verilir.

References - adobiyyatin orijinal dilds ingilis slifbasi ils verilmis variantidir.

3. Annotasiya.

Annotasiya digar iki dilds 200-250 s6zdon az olmayaraq, ayrica varagqds ¢ap olunmalidir.

4. Acgar sozlor.

Azarbaycan, rus va ingilis dillorinds 8-10 soz.

5. Rasmlar va sokillar.

Rosmlor vo sokillor yazilar1 vo izahatlar ilo ayrica toqdim olunmalidir. Olgiilor: 6 sm x 6
sm-dan az vo 23sm x 16 sm-dan ¢ox olmayaraqg. Qrafiklarin koordinat oxlari minimum ragom
torkibli olmalidir. Koordinat oxlarmin adlari ¢ox aydin yazilmalidir. Qrafiklordoki hor bir xatt
némrolonmis va izahl sokildo olan yazilarla verilmolidir.

6. Cadvallar.

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

7. Magalonin sonunda muslliflor 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 talablora uygun galmayan maqalalars 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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