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Arif Mir Calal oglu Pasayev 1934-cii il fevralin 15-do Bakida ziyali ailasinds anadan olmusdur.
1957-ci ildo Odessa Elektrotexniki Rabito Institutunu “Radiorabito Vo radioyayim” ixtisasi iizro
bitirmis vo hamin ildo S.M. Kirov adina Azorbaycan Dovlst Universitetinds laborant vozifasinds
omok faaliyyatina baglamisdir. 1958-1961-ci illordo Azarbaycan SSR Elmlar Akademiyasinin Fizika
vo Riyaziyyat Institutunda kicik elmi isci kimi faaliyyat gostormisdir. 1961-1964-cii illordo kegmis
SSRi-nin aparici elmi markozlarindan sayilan Dovlat Nadir Metallar Institutunun aspirant1 olmus,
1965-ci ildo “Ylksok vo ifrat yiuksok tezliklordo yarimkegirici materiallarin = elektrofiziki
parametrlorini 6lgmok iiclin kontaktsiz tisullar vo onlarin osasinda qurulan cihazlarin islonib
hazirlanmas1” movzusunda namizadlik dissertasiyasini miidafio edorok texnika elmlori namizadi elmi
doracasi almigdir.

Onun elmi foaaliyyatinin asas istigamoti yarimkegirici cihazlar vo yarimkegiricilor fizikasi
olmusdur. O, ilk sovet alimlorinin sirasinda material vo momulatlarin elektromaqnit nozarst
tisullarinin yaradilmasina baslamis vo 6z hoyatinin 40 ildon artiq bir dévriinii elektromagnit nazarat
fizikasiin vo yarimkegiricilarin parametrlorinin 6l¢tilmasi metodlarinin elmi asaslarinin inkisafina
Vo tadqiqgins hosr etmisdir.

Akademik A.M. Pasayev haqli olaraq yiiksok va ifratyliksok tezliklor sahasinds materiallarin
kontaktsiz tisullarla todqiqatlarinin fiziki osaslarinin yaradicisi hesab edilir.

A.M. Pasayevin totbigi todgiqatlarinin asas hissasi yeni cihazlarin yaradilmasina, movcud
cihazlarin tokmillasdirilmasina, miuxtalif fiziki komiyyatlorin 06l¢ilmasinin yeni metodlarinin
islonilmasina yOnolmisdir. Bununla yanasi o, istehsalatin garsisinda duran material vo momulatlara
nozaratin problemlarini va ¢atinliklorini do ¢ox g6zal bilirdi va onun elmi tadgiqatlart mohz bu
problemlarin hallina yonalmisdi.

1960-c1 illorin sonlarindan Azorbaycanda mikroelektron sonayesi inkisaf etmoys basladigi
dovrdon, A.M. Pasayevin xiisusilo, mikroelektron vericilorinin yaradilmasi tizro mikroelektronika
sahasindo elmi foaliyyoti baslamisdir. Bu sahodo aparilan elmi todgiqatlar vo arasdirmalar
mikroelektronikada yeni istigamotin - qeyri-elektrik komiyyatlorin mikroelektron ceviricilori
sahasinin asasini qoydu.

A.M. Pagayevin yarimkegiricilor elektronikasi vo mikroelektronika sahasinds noazari va tocriibi
todqgiqatlarinin naticalori 1978-ci ildo *“Yarimkegiricilorin zodosiz todqigatlarinin fiziki osaslari,
inkisaf prinsiplari va totbigi perspektivlori” mdvzusunda muvaffagiyystlo mudafio etdiyi doktorlug
dissertasiyasinda 6z oksini tapmis vo 0, “01.04.10-Yarimkegiricilor vo dielektriklor fizikas1” ixtisasi
uzro fizika-riyaziyyat elmlori doktoru elmi doracasine layiq goriilmisdiir.

Mikroelektron vericilor sahasinds todqiqgatlari davam etdirarkon A.M. Pasayev tarafindan yeni
nov inteqral temperatur, tozyiq, ritubat, giic, tacil va vibrasiya vericilari yaradilmigdir. Bu vericilor
gomigayirmada, neft masinqayirmasinda, tibbde, mudafio sonayesinds va digar sahalords genis totbig
olunan yuksok caldliys malik nazarst sistemlarinin yaradilmasinda istifads olunur. Onlarin asasinda
sualt1 obyektlora nazarat va todqiq Uglin nazards tutulmus telemetrik, ¢ox funksiyali, hidroakustik
kompleks aparatura yaradildi.

1991-ci ildo A.M. Pasayev “Avtonom hidroakustik informasiya sisteminin yaradilmasi
sahasinds kompleks islora gora” Azarbaycan Dovlot Miikafati Laureati adina layiq goriilmiigdiir.

A.M. Pasayev torafindon islonmis bir ¢ox cihaz vo qurgular ixtira saviyyasinds yerino yetirilorok
kegmis SSRi-nin miixtalif sonaye miiessisalorindo totbiq edilmis, miixtolif beynolxalq sorgi vo
miusabigalords qizil, giimiis, biirtinc medal va diplomlara layiq goriilmisdiir.

A.M. Pasayev uzun miiddot — 1971-ci ildon 1996-c1 ilo godor Azarbaycan Milli Elmlor
Akademiyas1 (AMEA) Fizika Institutunun “Zodosiz 6lgma vo nozarotin fiziki iisullar” labo-
ratoriyasina rohbarlik etmis va institutun elmi istigamatlorinin misyyan edilmosinds foal istirak
etmigdir. Mahz bu middat orzinds onun alim vo elmi toskilatgr kimi gérkomli gabiliyyato malik
olmasi biitovlikde 6zUnU blruzo vermisdir. 1996-c1 ildon bu laboratoriya “Akustooptika
laboratoriyas1” adlanir vo akademik Arif Pasayev hal-hazirda da hamin laboratoriyaya rohbarlik edir.
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Akademik A.M. Pasayev 1996-c1 ildo “Azarbaycan Hava Yollar1” Qapali Sohmdar Comiyyati
Milli Aviasiya Akademiyasinin rektoru toyin edilmisdir. Bu dévrdon baslayaraq Milli Aviasiya
Akademiyast (MAA) 0Ozunun tosokkili vo inkisafinin yeni moarhalasine godom qoymus,
Akademiyada tohsilin, elmin va tocriibonin vohdstindo muasir tohsil kompleksinin yaradilmasi
strategiyasi reallagdirilmaga baslanmigdir.

MAA-nn nozdindo Elmi-tadgigat Nogliyyat vo Aviakosmik Problemlori Institutu, Konstruktor
Burosu va Tacriibe-Sinaq Istehsalatindan ibarat EIm-Istehsalat Birliyi yaradilmigdir.

Akademik A.M. Pasayev Azorbaycanda ilk dofo olaraq miiasir diinya standartlarina uygun
tohsil, elm va istehsalatin vohdatini nozards tutan ali tohsil ocagl yaratmaga nail olmusdur.

MAA saciyyavi  xisusiyyatlorino, maddi-texniki, todris-metodiki, elmi-todgigat vo
laboratoriya-tacriibo bazasina goro Azorbaycan Respublikasinin tohsil sisteminda x{susi yer tutur.
Aviasiya mitoxassislorinin  hazirlanmasi miilki aviasiyanin inkisafinin ayrilmaz hissasine
cevrilmisdir. Mohz miilki aviasiyada uguslarin tohlikoasizliyino qoyulan ylksok talablor
Azorbaycanda aviasiya elminin va tohsilinin asas istigamatlorini 6ziinds ehtiva etmisdir.

Akademik A.M. Pasayevin MA A-da foaliyyati todris prosesinin togkili ilo yanasi miilki aviasiya
sahasinds elmi kadrlarin yetisdirilmasi, Azarbaycanda aviasiya elminin yaradilmasi vo inkisaf
etdirilmasi ilo bagli olmusdur. Bu dovrdan baslayaraq onun elmi tadgiqatlarinin istigamati daha ¢ox
aviasiya tohllkasizliyi, dasimalarin toskili, yerlstd komplekslor, ucan aparatlar vo onlarin
sistemlorinin istismari, hava nagliyyatinin istismari1 radiotexnika, radionaviqgasiya, radiolokasiya,
havada horokotin idara edilmasi, bark cism elektronikasi, radioelektron komponentlari, mikro- vo
nanoelektronika, aviasiya materialgiinasligi, tribologiya vo digor yaxin istigamatlora yonalmisdir.

Onun rahboarliyi altinda MA A-da milki aviasiya sahasi izro miintazom olarag elmi seminarlar
vo konfranslar kegirilmaya baslamig, Azorbaycanda vo dinyada taninmis alimlor MAA-da elmi
foaliyyato calb edilmislar.

MAA-da texnika va hiiqug elm sahalori izro doktorluq dissertasiyalarinin miidafio suralari
yaradilmis, bu suralarda 1996-c1 ildon etibaron 150-ys yaxin elmi is miidafio edilmisdir. MAA-nin
omokdaslar1 torofindon 25-don artiq elmlor doktorlugu vo 70-don cox falsafo doktorlugu
dissertasiyalar1 miidafio edilmisdir.

Hazirda Akademiyada 20 bakalavriat, 17 magistratura vo 10 doktorantura ixtisaslari tizrs iki
mindon ¢ox talobs tohsil alir. EImi-pedaqoji foaliyyatds 40-dan ¢ox elmlar doktoru va 120-dan ¢ox
falsafa doktoru istirak edir. Onlarin sirasinda amokdar elm xadimlari, amoakdar musllimlar, amokdar
pilotlar, smokdar mihandislar, smakdar incasanat xadimlari, smakdar modaniyyat is¢ilori vardir.

Bu giin Akademiyanin todris strukturuna 6 fakilto, 23 kafedra, Pilotlarin hazirligi morkazi,
IATA institutu, Texniki xidmot moktobi, Informasiya texnologiyalar1 markozi, “Aerokosmik
monitoring” talim morkazi daxildir. Akademiyanin ugurlari onun infrastrukturunun vo maddi-texniki
bazasinin inkisafi ilo shamiyyatli doracads baglidir. MAA-nin infrastrukturuna 5 todris-laboratoriya
korpusu, Pilotlarin hazirligit moarkozinin Trenajor kompleksi, Elm-istehsalat birliyi, TexnoRitm
Morkoazi, Toaloba soharciyi, Toalobo todris morkoazi, Tolobs yaradiciliq evi, Ugus aparatlarinin
hazirlanmasi laboratoriyasi, Heydor Oliyev muzeyi, Aviasiya tarixi muzeyi, idman kompleksi, Fitnes
morkazi, Otel “Akademiya”, parklar, kitabxanalar, iago va istirahot obyektlori va s. daxildir. Taloba
soharciyinds otel tipli dord yatagxana, genis muasir stadion, tennis kortlari, mini-futbol, voleybol,
basketbol idman meydangalari, hamginin zaruri kdmokgi strukturlar yaradilmisdir.

2010-cu ilds Akademiyanin bazasinda yaradilan Pilotlarin Hazirligi Markoazi Airbus A319/320,
Boeing B757/767, Embraer E190, ATR42/72, IL-76TD toyyarslorinin, hamcinin Mi-171 (Mi-8
MVTYV) helikopterinin miiasir trenajorlart ilo tochiz edilmisdir. Pilotlarin Hazirligi Moarkazi Sorqi
Avropada vo MDB mokaninda an bdyiik markazlardan biri olarag, pilot-midavimlarin magsadyonl,
fasilosiz hazirligina vo ugus heyati Uzvlorinin istehsalatdan ayrilmadan ixtisaslarinin artirilmasina
xidmot edir.

AMEA-nin vs bir sira beynolxalq akademiyalarin haqiqi tizvii A.M. Pasayev fizika sahasindoki
yiiksok nailiyyatlorino goro Yusif Mommodoliyev adina medala, ingiltoro Beynalxalq Biografiya
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Morkazinin gizil medalma va “SSRI ixtiragis1” adina layiq goriilmiisdiir.

A.M. Pasayev Ukrayna Milli Aviasiya Universitetinin, Gircustan Aviasiya Universitetinin,
A.S. Popov adina Odessa Milli Rabito Akademiyasinin Foxri doktoru, homginin Vyana Beynalxalq
Universitetinin, N.E.Jukovski adina Milli aerokosmik universiteti — Xarkov aviasiya institutunun
foxri professorudur.

Akademik A.M. Pasayev 2005-ci ilds tosis edilmis Azarbaycan Mihandislik Akademiyasinin
prezidenti, Beynalxalq Muhandislik Akademiyasiin prezidenti vo 2009-cu ilin iyul aymnda tasis
edilmis “Elmi Tominatli Innovasiya Assosiasiyas1” Ictimai Birliyinin prezidentidir.

Beynalxalg olagoalorin - mohkamlondirilmasi isindoki Xidmatlarina goro akademik A.M.
Pasayevo Insan Hiiquqlariin Miidafiosi Beynolxalg Komitasinin “Sorof vo Layagot” guzil ulduzu
toqdim olunmusdur.

Akademik A.M. Pasayev 500-don ¢ox elmi asarin, 100-don artiq kitab vo monoqrafiyanin,
todris-metodik vosaitin, 110-dan artiq miiolliflik sohadstnamasi, patent vao senaye nimunalarinin
muollifidir.

Akademik A.M. Pasayev Rusiya Tobiot Elmlori Akademiyasi, Elmi Kosflor vo Ixtiralar
Miolliflorinin Beynolxalq Akademiyasi torofindon geydo alinmis 2 elmi kosfo imza atmusdir.
Onlardan birincisi 2007-ci ilds Rusiya va Gircistandan olan alimlorls birge yarimkegiricilar fizikasi
sahasinds (340 sayli diplom), ikincisi iso 2013-cl ildo Azarbaycan, Rusiya vo Ukrayna alimlari ilo
birgo tribologiya sahasinds edilmisdir (462 sayli diplom). Birinci elmi kasflo olagadar akademik A.M.
Pasayeva fizika sahasindo Nobel miikafati laureat1 P.L. Kapitsa adina qizil medal toqdim olunmusdur.
O, hamginin Rusiya Tabist EImlori Akademiyasinin Foxri akademiki secilmis vo bununla olagodar
ona V.I. Vernadski adina qizil dés nisan1 verilmisdir.

Onun rohbarliyi altinda 16 elmlor doktoru, 12 folsafo doktoru yetigdirilmigdir.

Akademik A.M. Pasayev Azarbaycan elmini diinya saviyyasinda layagotlo tomsil etdiyino gora
Umumdiinya 9qli Miilkiyyat Toskilatinin Ali miikafatina - “Qizil medal”na, eloca do Beynolxalq
Mihondislik Akademiyasinin yubiley “Qizil medal”mna, “Miihandislik sohrati” ordenina layiq
goriilmusdiir.

“Aviasiya mitoxassislorinin hazirlanmasi isindoki xUsusi xidmatlorina vo todris prosesinin
nimunovi togkilino goro” akademik A.M. Pasayevo DoVlotlorarasi Aviasiya Komitasinin (DAK) qizil
medali toqdim edilmisdir (2008).

Akademik A.M. Pasayev 2009-cu ildo Beynolxalg Muhandislik Akademiyasinin Beynoalxalg
miikafati laureat: vo BOyUKk qizil medali ilo taltif olunmusdur.

MAA-nin tolobalorina gostardiyi yiksak gaygi vo dostayino goro A.M. Pasayev 2010-cu ilin
mart ayida Baki sohor Ganclor vo Idman Bas idarasi torafindon “Ilin on foal rektoru” foxri diplomu
ilo toltif edilmisdir.

Azorbaycan Respublikas1 Rabito Vo Informasiya Texnologiyalar1 Nazirliyinin kollegiyasinin
Qorarina asason akademik A.M. Pasayev Kosmik masalalor (izro Suranin sadri toyin olunmusdur
(2010).

2011-ci ildo akademik A.M. Pasayev Azorbaycan Mihondislik Akademiyasinin prezidenti
secilmigdir. Elo hamin ildo 0, Beynalxalg Mihondislik Akademiyasinin (BMA) vitse-prezidenti
secilmis vo 0, BMA-nin an yiiksok miikafati - “Muhandislik s6hrati” ordenins layiq goriilmisdiir.

EIm vo texnikanin inkisafina, beynolxalg amokdaslhigin méhkamlonmasine boyik téhfalorine
goro akademik A.M. Pasayev Rusiya vo Ukrayna Mihondislik Akademiyalarmin hoqiqi Uzvi
secilmis, Ukrayna Mihondislik Akademiyasinin ali miikafati - “MUhondislik S6hrati” ordeni ilo taltif
edilmisdir (2014).

Aviasiya vo kosmik sahodo xidmotlorine goro 2015-ci ildo Azorbaycan Miihandislik
Akademiyasi torofindon akademik A.M. Pasayeva “ilin miihondisi” foxri diplomu vo xatiro medall
togdim olunmusdur. 2016-c1 ildo akademik A.M. Pasayev Beynolxalq Miihondislik Akademiyasinin
(BMA) Prezidentlor Surasinin gorari ilo akademiyanin isindo xiisusi foaliyystino vo beynalxalq
olagolorin méhkomlondirilmosino verdiyi téhfalora géro BMA-nin “Foxri Qizil Nisan1” forglonmo
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nisan1 va Diplomu ils taltif olunmusdur.

Akademik A.M. Pasayev ixtiragiliq sahasinds 2-ci, 4-cli vo 5-ci Respublika Misabigoasinds |
daracali diploma layiq goriilmisdiir (2014, 2016, 2017).

Azorbaycan Respublikasinda somarali elmi foaliyystino vo tohsilin inkisafinda xiisusi
xidmatlarina gora Arif Mir Colal oglu Pasayev Azorbaycan SSR DoOvlot miikafati laureati (1991),
“Sohrot” ordeni (2004), “Omokdar elm xadimi” foxri adi1 (2005), “Soraf” ordeni (2009), “Istiqlal”
ordeni (2014) ilo toltif edilmisdir.

Akademik Arif Pasayevin Azorbaycanda elmin, tohsilin inkisafi yolundaki gargin amayi vo
yuksok ixtisasli aviasiya miitoxassislorinin hazirlanmasi sahasindoki misilsiz xidmatlori vardir. Onun
omdir yolu, zongin hayat tocriibasi Azarbaycan xalqina, biitovlikdo insanliga xidmotin parlag
nimunasidir. O, har zaman millatin, dovlatin va Vatanin xidmotinds duran hoqiqi ziyali, sadalik,
tovazokarliq, loyaqgatlilik, xeyirxahliq, humanizm kimi istiin keyfiyyatlori 6zlinds birlosdiran diinya
sOhratli alim, ¢agdas elm va tahsil tarixina imzasinit qgoymus nurlu soxsiyyatdir.

Akademik Arif Pasayev qaygikes, somimi insan, 6zlino vo homkarlarina qarsi tolobkar va
bacariqli rohbardir. Kdmoays ehtiyaci olan insanlara ol uzatmagq, qaygi gostormok, maddi vo manavi
dayaqg durmag onun xarakterini saciyyalandiran an gozal keyfiyyatlordir. Bu baximdan Akademiyada
hor kas Arif muoallimi 6zlino arxa, dayaq va timid yeri sanir, onun rahbarliyi altinda iglomakdon bdyik
qurur hissi duyur.

Milli Aviasiya Akademiyasinin rektoru akademik Arif Mir Calal oglu Pasayevi sanl yubileyi
miinasibati ilo somimi qalbdan tabrik edir, ona uzun omiir, cansaghgi va yeni ugurlar arzulayiriq!

Elmi Macmua jurnalimin redaksiya heyati
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YAYYHMIEHUE CTPYKTYPbI AE®@OPMHUPOBAHHBIX HAHOCJIOEB
MOJIYIIPOBOJHUKOB A'VBV': AHAJIN3 HOBOM MOJIEJIA

"Mawaee A.M., */lasapaweunu O.H., ’Enykameunu M.H., >3 Axeneouanu 3.T",
’Bviukoea JLIL, *T'ynsee P.I., >*/[3azanua M.A., *3nomanoe B.II.
'Hayuonanvnas Axademus Asuayuu Azepbaiioscana, >Tounuccxuii I'ocyoapcmeennuiii
Vuusepcumem umenu [ocasaxuwsun, >Uncmumym Dusuxu um. 3. Anoponuxawsunu,
Uncmumym @uzuueckoii u Opeanuyeckoui xumuu um. IT. Menuxuweuny, *Mockoeckuil
T'ocyoapcmeennviii Ynusepcumem um. M.B. Jlomonocosa

B pabome ananusupyemcs Ho8as MoOeb, CO2NACHO KOMOPOU 8 INUMAKCUATbHBIX HAHOCTOSX
nonynposoonuxoe A"'B", svipawennvix na ousnexmpuueckux noOI0ACKAX, OCMULAEMCS 6bLCOKAS
cmeneHb CoBepulencmed Npu UxX MAKCUMAnbhol oOegopmayuu. Beiseneno paznuuHoe 6nusnue
KOHmMpacma ynpy2ocmu u KpUmu4eckux moawun Ha cmpykmypy cioes. Co2nacHo npedcmasisiemou
MOoOenu Cyujecmsyrowuil KOHmpacm ynpyeocmu, Hanpumep, mexcoy cioem PbSe u noonosckou KCI,
npUBOOUM K CMEUWJeHUur0 Cemku OUCTOKAYUL 8 NOONO0NHCKY U HOHUINCEHUIO 00U, NPOHUKAIOWUX U3
noonodcKy 6 ciou  ouciokayui. Paccmompena  803modicHOCMb  yempaueHus  HeCKOMbKUX
KPUMUYeCKUx moawuH 8 Closax nymem yoaienus uiu OI0KUpoBanus YeHmpos HeOOHOPOOHOCMEl 6
ux Kpucmannuieckou peutemrke. IIposedern O0emanbHblil AHANIU3 2eMePOCMPYKMYD NO XApaKmepy
penakcayuy HanpsdiCceHull: 8bl0esleno 08a Cy4as, Ko20d HANPAXNCeHUs NOIHOCMbIO CHUMAIOMC U,
Haobopom, noodepaicusaemcs 0ehopmMuposanHoe cocmosanue cioes. Buvicokas noosudxcnocmy
Hocumernell 3apsda u opma KOHmMypa peHmeeHO-OUPPAKYUOHHOU JUHUU HOOMBEPHCOAIOM
Yyayuwenue cmenenu coeéepuiencmea Hanocioeé noaynpoeoonuxos AB"" npu oegpopmayusx,
oocmuzarowux 0,015 u 6 yerom, paccmampusaemyio mooero.

Knwuesvie cnoea: mnosas mooenvb, Oeghopmayus HAHOCL0€8, OUCIOKAYUU, KOHMPACH
VApY20CmU, KPUMUYEeCcKas moauta, CmpyKmypa HaHoCL0es.

VYiydiienue cTpyKTypbl 1eOpPMUPOBAHHBIX HAHOCIOEB BO3MOXHO MPU aHAIHM3E MPHUPOJIbI
dopmupoBanust nedopmanuii U ngedpekToB B ciosx. Jledbopmanuu B TOTYNPOBOTHUKOBBIX
reTePOCTPYKTYpax UMEIOT pa3Hoe MpoucxoxaeHue [ 1,2], a Takxke pa3inyHOE BIUSHUE U Ha3HAUCHHE
[3,4]. B yacTHOCTH, OHM BO3HMKAIOT Ha FE€TEPOTrPaHMIIE U PACIIPOCTPAHSIIOTCS B CIOW U MOJIOXKKY
MIPU CONPSKEHUU MATEpPUATIOB C Pa3HBIMU MapamMeTpaMH KPUCTAJUIMUECKUX PEIIETOK WIM U3-3a
B3aUMHON AU(Py3ur KOMIOHEHTOB Ha TeTEPOrpaHMIle, KOTJa HANpPSHKEHHUS MOTYT JOCTUTaTh
npenena yrnpyrocTd COCTaBJISIOUIMX TeTepornapy MarepuaioB. B mepBoM ciyyae BO3HHKAIOIIHE
nepopMaluu-HaNpPSHKEHUs] B PAcTyLIEM CJI0€ MOTYT MPUBECTH K CYLIECTBEHHOMY H3MEHEHHUIO
SHEPreTUYECKOTrO CIEKTpa - IIMPUHBI 3alpelieHHONW 30HbI NOJYNpoBOAHUKOB [5]. Ilpum
napajyuiebHOM JIETUPOBAHUU MPUMECSIMH, MOBBIIIAIOMIUMU MOAY/b YIIPYTOCTH, U YPOBHU KOTOPBIX
CMEILAIOTCA B 3alPEIEHHYIO 30HY, OCYLIECTBIISETCS KOMIIEHCALMsl KOHLEHTPALUU HOCUTENIEH
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3apsana. IIpu 3TOM B COENMHEHMAX M TBepbIX pacTBopax momyrnpoBogankoB A'VBY' Bosmoxen
nepexoj B JAWANIEKTpHUEcKoe cocTostHue [6]. Bo Bropom cimyuae nedopmanuu - HampsoKeHHUS
BO3HUKAIOT M3-32 MOSBIIIONIETOCS pa3iInyusl B apaMeTpax PeLIeTKH BJIOJb IEPEXOIHOTO CII0s PU
B3aUMHON JU(y3uH KOMIIOHEHTOB B TIPOILIECCE POCTa CJIOEB B H3HAYAIBHO H30NEPUOTHON
CTpyKType, Hanpumep, PbSe - PbSnSeTe [7]. Bo3amoxkHast penakcalysi HanpspKeHUH B 9TOM CiTydae
MPUBOJIUT K TMOBBIMICHUIO JE(EKTHOCTH MEPEXOJHOTO CJIOS K MOHMIKEHUIO BPEMEHHU JKU3HU
HOCHTENIEH 3apsiia U B Jlazepax, HallpUMep, COOTBETCTBEHHO K MOBBIIIEHUIO IOPOrOBOTO TOKA.

B 00oux ciyyasx nedopManuu-HanpsKeHHUs CyIIECTBEHHBIM 00pa30M 3aBUCST OT TOJIIUHBI
1051 UK epexoHoi obactu. C pocTOM KX TONLIMHBI HAPACTAET yNpyras dHEprusl, onpeaensemMas
YIPYTUMH TIOCTOSIHHBIMH MaTepHaJIOB cJioeB, aedopmarmerd u tommmHoi. [lpu nocTikeHnH
MIOPOTOBOTO 3HAUEHUS YIpyras 3HEPrus YacTUYHO MIIM TIOJIHOCTBIO Tepeaaercss nedexram -
CYIIECTBYIOIIMM JHCIOKALMAM WM JPYTMM HEOJHOPOIHOCTSM CTPYKTYpBI, SIBISIOIIUXCS
JIOKALMSAMHU JUISL 3apO’KACHUS HOBBIX auciokanuid. [log HEoIHOPOTHOCTAMH B C€JlO€ B IEPBYIO
ouepeb UMEETCs B BHJy CMEILICHHE aTOMOB COEAMHEHHS CO CBOMX IMO3ULUN B pPELIETKE WU
pa3MelnieHre B Hell HEKOHTPOJIMPYEMBIX TPUMECEH, a TaK)Ke OTCYTCTBHE aTOMHOM TJIaJIKOCTH Ha €ro
MOBEPXHOCTH U rereporpanuiie. M3 nedekroB, CBOMCTBEHHBIX OCOOEHHO MOJYNPOBOJHUKAM C
INAPOKOH O0ONACTBIO TOMOTEHHOCTH, K KakuM oTHocsaTca u momyrnposogauku A'VBY! cnenyer
OTMETHTh HECTEXHOMETpUYECKUE Ae(eKThl, HanpuMep, BAKAHCHH CBUHIIA MU CEJICHA B CEIICHUEC
CBHHIA. DTH JIe(EKThl MEHbIIE CIIOCOOCTBYIOT PAa3MHOKEHHIO IUCIIOKAIMH, a OOJbIIeH 4acThio
BJIMSIIOT Ha UX TOPMOKEHHUE, Pa3MEIIasch B UX sapax. K unciy apyrux 1eekToB CTpyKTYpHI ClIeIyeT
OTHECTH TaKXe TPaHHUIlbl cy03epeH U O0oKkoB. [Ipu cooTHomeHnH pazmepa cy03epeH M TOJIIUHBI
ciosi > 0.5 pazoopueHTanuss Mexay cyoszepHamu <10-4 mMuH (A7 3apOXKACHHS TUCIOKAIIUN
HeBenuka). YTo kacaercs IUCIOKAalWd, BO3HHMKAIOUIMX Ha TpaHUIE OJIOKOB, OHM TOPMO3SATCS
YKa3aHHBIMH BbIIIE BaKaHCUSMU. MUHUManbHasl SHEPrusi IpU TOM 3aTpPayUBaETCs HA CO3JaHHE
JUCIIOKalMi, KOTOpble c1abo CBsI3aHbl HA IIEHTPaX HEOJHOPOAHOCTEH B 00beMeE CI0sl U HAaUUHAIOT
CO3/1aBaTh CETKy Auciokanuid. B ycrmoBusix aegopmaiuii HEOJAHOPOAHBIE ATOMbBI, CMEIIASCh
HEOJJMHAKOBO C OCHOBHBIMH aTOMaMH, CO3JAIOT JONOJHUTENbHBIC JIOKAJIbHBIC HANpPSDKEHUS U
BO3MOKHOCTb 3apOXK/ICHUS HOBBIX IUCIIOKAIMA. B oTiMune 0T pOCTOBBIX IMCIOKAINA, KOT/1a BaXKHBI
TEPMOYIIPYTHE HaNpspKeHUs, Ipu AeopMausax Bo3pacTaeT pojb JUCIOKAIUi, BOZHUKAIOUINX Ha
HEOJHOPOAHOCTSIX. TommMHa ciaoeB, mpuU KOTOpOoH oOpa3yeTcs HayalbHas CeTKa AWCIOKaIui,
Ha3bIBAETCS KPUTHUECKON ToNMHON. OHa ompeaesseTcsl mapaMeTpaMy PEIeTKH, COMPSITaloluXcst
Ha TeTeporpaHMile MaTepUaJioB U OpHUEHTallMed TMOMJIOXKKM M TOITOMY OTHOCHTCS K
dbyHIaMEHTATPHOMY CBOMCTBY JAaHHOU rerepomapsl [8]. Jlis cioes PbSe, BripalieHHbIX, HalIpuMeD,
na nomioxke KCI, ona cocrasiser 2aMm.

B paGote BbICTpamBaeTcst MoJElb, B KOTOPOIl YYMTBHIBAIOTCS TaKHe OOCTOSATENHCTBA: a)
BO3MOYKHOCTh CYII[ECTBOBAaHHSI HECKOJBKMX KPUTHYECKHUX TOJIIMH, KOTJAa IOITAHO 3HEPrus
nedopmanuu nepeaaeTcs: AUCIOKALUAM, 00pa3yIOIIUM CETKY IMCIOKAIMii; 6) ynpyruii KoHTpact
Mex 1y HaHocoeM nonynposogauka A'VBY! u musnexrpuueckoii momnoxkkoit, cCocoOHBIH TPHBECTH
K CMEILIEHUIO CETKH AMCIOKAIUI B MOJIOKKY U 3HAYUTEIbHO YMEHBIIUTH JOJI0 MIPOHUKAIOIINX U3
MOJJIOKKH B CJIOM JAMCIIOKAIMil, U TEM CaMbIM CO3/1aTh BO3MOXKHOCTh 3HAYUTEILHOTO YIyYIICHUS
CTPYKTYPBI CIIOSL.

HoBble kpuTHUecKHe TOJIIMHBI BO3HUKAIOT MPHU 3apOKJIEHUU WU BBICBOOOXKIACHUU
JUCJIOKAIIMA Ha Pa3IMYHBIX HEOTHOPOAHOCTIX (medekTax M JAehEKTHBIX COCTOSIHHSX), YacTh W3
KOTOpBIX TMOsIBIIsIeTCST mpu  aedopmanuu. [loaToMy B TOJHYIO DSHEPrUi0  HampsKEHHOU
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reTepOCTPYKTYpPbl BXOAMT SHEPrHsl B3aUMOJEUCTBUS AMciaoKauui c¢ aedexkramu cios. Ilonnas
SHEpPrus BKIIOYAET TaKKe HHEPTUI0 JePOPMHUPOBAHHOTO COCTOSIHUS CIIOSI M SHEPrHI0 CaMHUX
IUCIOKauui (mpu 3TOM OoJblIas 4acTh JUCIOKAIMA 00pa3yeT CeTKy M MX MOXXHO OTHECTH K
JUCIIOKALMsIM HECOOTBETCTBHS). DTa SHEPrUsi MEHSAETCS MO TOJIIMHE IeTEPOCTPYKTYpBl U CETKa
JMCIIOKALNI HECOOTBETCTBUS 00paszyercs B ee MUHUMYMe. Ecii ynpyruit KOHTpacT MEXIy CIOeM U
MOJIJIOKKOM OTCYTCTBYET, TO CE€TKa JUCJIOKAlMid HECOOTBETCTBUA pAacloyiaraercsi Ha caMmou
reTeporpaHmile, Korja B CiIydae ero MOsBJICHHs B 00JACTH C MEHBIIUM MOAYJIEM caBura. MiMeHHo
M3-3a CBsA3U O00OMX TMpEICTaBICHHBIX (PAKTOPOB (KpUTHUYECKAsl TOJIIMHA M YINPYTHHA KOHTPACT) C
HHEPreTUYECKUM OalaHCOM, OHU PaCCMATPUBAIOTCS B paMKaxX €MHOIN MOJEINH.

[To mMepe HapacTaHHs TOJLIMHBI CIOEB WM PACIIUPEHUS MEPEXOAHOM 00JacT BO3pOCILIAs
yhapyras >3HEpPIrUs MOXKET NPUBOAMTH K 3apOXKACHHUIO HOBBIX JAWCIOKALMM NpU IPEOAOJICHHUH
COOTBETCTBEHHO OOJIBIIETO 3HEpreTuyeckoro 6aprepa. Torma 3To MOXKHO OTHECTH K MO3TAITHOMY
IIPEBBIIICHUI0 HOBOMW, MOCIEAYIOIIEH KPUTUYECKON TOIIIMHBL T.e. JUIs JQHHOM TOJILMHBI CIIOS
ocTaeTcs 10715 ell€ HelepelaHHON SHeprun AeeKTaM U MOKHO CUUTATh, YTO IS KXKA0H TOJILNHBI
CJIOSI CYILECTBYET KOHEYHas OCTaTouyHas JepopMalusd-HaNpsDKeHHE M, KakK II0Ka3aldd Hallu
UCCIIEIOBAaHMSI, OHU MOTYT COXPAHATHCS B CJIO€ B TEUEHHE AJIUTEIBLHOIO BPEMEHU - HE MEHEE Tpex
ner. CorizacHO H3MEpPEHHBIM 3HAYEHMSM OCTAaTOYHBIX JepopManuil (10 TaHI€HIUAIbHOMY
napameTpy pemieTku ciosi) B ciosx PbSe, Boipamennsix Ha nouioxkax KC1 ¢ ronmmuamu 20, 50,
70uM, onu cocrtasisitor 0,015, 0,010, 0,008 coorBerctBenHo [9]. Ha pucynke 1 mpencraBiena
3aBHCUMOCTH PAacCOTIaCOBAaHUS - OCTATOUYHOM JeOopMaliui OT TOJIIMHEI c10eB PbSe, BrIpalieHHbIX
IIPU CKOPOCTSX pocTa < 2HM/C.
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Pucynok 1. 3aBucumocTsb paccoriacoBanus-naedopmaimu B ciosx PbSe, Beipaniennsix Ha mopioxkkax KCl,
OT X TOJIIHHBI

OTMeTuM, 9TO HECMOTpPST Ha BO3MOXKHOCTH CYIIECTBOBAHHUSI HECKOJBKUX KPUTHUYECKHX
TOJIIUH, CJIOW C TOJIIMHAMHU BBIIMIE TEPBOH KPUTUYECKOH TONIIUHBI OTHOCAT YCIOBHO K
CBEPXKpUTHUYECKIM. BakHO ydyecTh, 4TO penakcaius HampsHKEHUN MPOUCXOIUT YXKE Ha YpPOBHE
HAHOTOJIIMHBI CJIOEB WU TOATOMY Je(hOPMUPOBAHHBIE CJOU IENECOO0Opa3HO HCCIEIOBaTh B
npegenax tommuH <l100HM. OT HayaabHOM CETKM JUCIIOKAIMM HECOOTBETCTBUSA, €CIU OHa
pa3MeleHa B cjoe WM Ha TeTeporpaHmile, B 00bEM CIIOS MPOHUKAIOT TUCIOKAIMU M BMECTE C
JUCITOKAITMSMH, TPOHUKAIOIMIMMH W3 TOJIOKKHA W CO3J]aBaéMBIMH Ha HEOJHOPOJIHOCTSX, B
HaNpsOKEHHOM CJIO€ OHU  CYIIECTBEHHO TIOHW)KAIOT BPEMEHA pACCEesTHHS W PEKOMOWHAIMH
HocuTenel 3apsiaa. [lyrem ¢popMupoBaHUs pa3IHYHBIX MHOTOCIIOHHBIX CTPYKTYP MOKHO CMECTHUTh



Elmi Macmuo Cild 26, Ne1, 2024
Scientific Journal Vol. 26, Nel, 2024

pPa3IMYHBIX MHOTOCJIOMHBIX CTPYKTYpP MOXHO CMECTHTh IUCIOKAIMU K KpasM ciioeB. [[pyrum
CIIOCOOOM YMEHBIIEHUS! TUJIOTHOCTH JAMCIOKAalMid TMpPH POCTE HAHOCIOEB MOXKET CIY>KUTh
UCIOJIb30BaHNUE TOHKUX TOJIOXKEK-MeMOpaH C yMEHBIIEHHBIM 3HAYEHHEM MOMYJS YIPYTrOCTH.
Hcnonb3yst yciaoBUsI KOHTpAcTa YIPYTrocTu cios u noanoxk [10] mpu pocte, Hanpumep, PbSe Ha
ToHKOM noanokke KC1 BO3MOXHO 3HAYUTENIBHO CMECTUTh CETKY AMCIOKALUN B MOJUIOKKY WIH
BOBCE CO3/aTh CTPYKTYPY 0€3 CETKU TUCIOKAINIA HECOOTBETCTBHS MPU HAUMEHBIINX TOJIIIMHAX CIIOS
1 MeMOpaHbl. Y MEHBIIIEHUE TOJIIMHBI MOJJIOKKH MPU HAHOTOJIIIMHE CIIOEB U YCUJIEHHUE YIPYTOoro
KOHTpacTa BIHSIOT B OJIHOM HaIpaBJICHUU: MPHUBOIAT K MepepacupeieiieHuto aehopmaruii Mexay
CIIOEM M TMOJUIOKKOW UM CMEIICHHID CETKH JAUCIOKAIMI HECOOTBETCTBHUS B IOMJIOXKKY.
JletictBuTtensHO, B reTepocTpykTypax PbSe/KCl ocyimecTBisercss 3HAUMTENBHBIA  YIPYTHi
KOHTpAcT: Moy casura ciost PbSe u mogmoxku KCI paBubl cootBeTcTBeHHO 27,6 11 6,3 GPa, a nx
COOTHOIIEHUE COCTaBisAeT ~4,4. DTO NPUBOJUT HE TOJBKO K CMEIIECHUIO CETKU AMCIIOKALMMA B
MOJIOKKY, HO M K OrPAaHUYEHHUIO [OJI, MPOHUKAIOIIUX B CJIOM IUCIOKAIMH M COXPAaHEHUIO
MOBEPXHOCTH CJIOSl TJAAKOM. B yCIIOBHSX CMEIEHUsS CETKH JUCIOKALMHA HECOOTBETCTBUSA B
MO/JIOKKY C TIOBBIIIEHHOW TUIOTHOCTBIO AMCIOKAMM OHHM aKKyMYJHUPYIOTCS Ha CaMOM CeTKe.
3HavYeHUsT MOJYJICH CIABUTA OMPENESIUINCh METOAOM BHYTpeHHero TpeHus [11] m Opamuch st
Han0oJiee COBEPIICHHBIX 00pa3IoOB.

Urto KacaeTcst HEOJHOPOJHOCTEH pa3IMYHBIX TUIIOB B 00bEME CIIOS MOA00HO YETOBEYECKOMY
OpraHu3My, Korja IpUHHUMAaeMble JIEKApCTBA 4Yepe3 KPOBb JIOCTUTAIOT OpraHa, HaJJIeXKallero
JICYEHUIO, TaK U CHeI[HaTbHbIE TPUMECH BBOASTCS B KPUCTAILT WIIHM CJIOM aKTUBHO B3aUMOJIECHCTBYS U
COCJIUHSISICH C HEOJHOPOJHBIMH aTOMaMH, WM BOBCE NPOTHUBOJEUCTBYS HX TOSIBICHHUIO, OHU
HEUTPAIU3YIOT BO3MOXKHOCTh CO3JaHUsSl JOKAJIbHBIX HANMpPSKEHUH, MPUBOIALIUX K 33apPOKICHUIO
nuciokanuii. Yucno HeoTHOPOAHOCTEH B CI0€ MOXKET OBITh CYIIECTBEHHO YMEHBIIEHO TaKXKe MyTeM
MOHIKEHUSI CKOPOCTH POCTa U MOCJIEAYIOMIETO OTKUra. TO BechbMa 11eJ1IecO00pa3HO U Kak BUJIHO U3
pUCYHKa 2 U3-3a POCTa YHUCIAa HEOJHOPOJHOCTEN MPH MOBBIIIEHUH CKOPOCTH POCTA CIIOEB PACTET U
MOJIYIIMPUHA PEHTTeHO-TU(DPAKINOHHON JIMHUH.
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PucyHok 2. 3aBHCUMOCTD MOMYIIMPHHBI PEHTIEHO-TU(PAKIIMOHHON JINHUH
OT CKOPOCTH POCTa CIIOEB

[Ipu yTOHBIICHHM MOJUIOKKH BIUSHHE B IIEJIOM HEOAHOPOAHOCTEH B CJIO€ OCiIa0eBaer,
MIPOUCXOIUT Iepepactipeienienue nepopManuii MexIy CI0OeM U MOI0KKOM. DHeprus nedpopmanuu
CJIOSl YMEHBIIAETCS, COOTBETCTBEHHO U 3apOKJIEHUE JUCIOKALlUM - CYIIECTBEHHO pPAacTeT
KpUTHYECKasl TONINHA.
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[To anamorum co ctpykrypamu Si-Ge/Si [8,12] MOXHO OIIEHWUTH, KaK MPH Pa3IUYHBIX
TOJIIIMHAX CJIOEB H MOAJIOKEK MOXKET MAaKCUMAJIbHO MEHATHCA COOTHOIICHUE JleopMaluii B CJIO€ U
memOpane. Ilepepacnpenenenue nedopMaruii MEeXIy clioeM U MEMOpPaHOU, KaK OTMEYaloch, €CTh
CJICZICTBUE UCIIOJIB30BAHUS TOHKUX MOATOKEK. PaccMoTpeHs! ciiyyan AByX TOIIUH cinoeB 50 u 15uM
U TonuH MeMOpaH 25 u 15HM u nepepacnpeaencHus qeGopmManny Mexay HuMu. Kak mokaspiBaiot
pacyeTsl, st TONMmMHBI ciosi SOHM m MemOpaHbl 25HM nedopmaids B CIIO€ yMEHBIACTCS
npuOM3uTENBHO B 3 pasa. [Ipu Tommuae MmeMOpansl 15HM nedopManius B ¢l1oe yMEHBIIACTCS YKe
B 4 paza. J{ns TommuH crnost 15aM u MeMOpan 25 u 15aM nedopmaruu B ciioe moHuxkarores B 1,5-2
pa3za. 3amac BbICOKHX JeopMaluil B CIOSAX JOCTUTAETCs AATbHEHIINM YMEHBIICHUEM UX TOJIIUHBI
1o ypoBHsi <l10um. Takue cimou moryt ucnonb3oBaThest B UK (oTonmpruemHnkax ¢ MHOrOKpaTHBIM
POXO/I0M H3iIydeHus. B ciyuae ucnonb3oBanust oxHonpoxoanbix g UK wmsmyuenust cioeB c
tonmuHaMu  50-70HM KOMIIDOMHCC MEXIY MAaKCUMalbHOH JedopManueii u  CTENeHbIo
COBEPIIEHCTBA CJIOEB JOCTUraeTcs npu ucnosb3oBanuu BMecto KCl momnoxkek BaSe ¢ Gombiimm
mapameTpoM Kpucrtammudeckoit pemerkn (aKCI=6,290A, aBaSe=6,600A). Ha pucyske 3
MpEJICTaBICHa CXEMa SHEPreTHYECKOro CMENIEHHS KpaeB 30H M MpUMECHBIX ypoBHel In u Cr B
HanpsokeHHBIX c1osx A'VBY!, Bepamennsix na momtoxkax KCI nmn BaSe.
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Pucynok 3. DHepreTuueckas cxema cMeleHus kpaeB 30H 1 npumecHbIx ypoBHer Cr (I) u In (II) B cnosx,
BBIPAILICHHBIX [IPH «OTPULIATEILHOM JaBieHun Ha nouioxkax KCl wimn BaSe

B wmeroM myreM oONTHMalbHOTO MOA0Opa CJIOEB U MOMJIOXKEK [0 TapaMeTpam
KPUCTAJUIMYECKOM pENIeTKH, YINPYroMy KOHTPACTy M TOJIIMHAM MOYHO ONTHMH3UPOBATh
nepopmaiuu B ciosix. OTMETUM, 4TO CKOPOCTh POCTa CIOEB METOAOM MOJIEKYJISPHOU 3MUTAKCUU C
«rOpsiY€H CTEHKOW» IIPU CMEHE KPUTUYECKHUX TOJIIMH MOXKET OCTaBaTbCsd HEU3MEHHOM H
OIIPEAEIATHCS B OCHOBHOM pACCTOSHUEM OTKPBITOTO Kpas KBAapLEBOM ammyjbl ¢ HCTOYHUKOM
SMUTAKCUH JI0 MOJIOKKH, T.€. CKOPOCThIO IOCTABKH HCHAPSIOMIUXCS MOJIEKYH K mojoxkke [13]. C
JPYroil CTOPOHBI, UCCIIEAOBAaHUEM IMOJIYIIUPUH PEHTreHa-Tu(PPAKIMOHHBIX JTHHUNA MOATBEPKIACT,
YTO HE MPOUCXOAUT CMEHBI KPUTUUYECKUX TOJNUIMH. B 00IieM ciydae mpu yMEHBIIEHHH SHEPIHH
nedopMaluu B MpoLecce ee nepefadn AUCIOKAIMsIM B CIIOSX MOHIKaeTcs cama aedopmarius, T.e.
TaHN€HUMAJBHBIA IapaMeTp pemeTrku. B pesynbraTe naxke B HAHOCIOAX MPHU HECKOIBKHUX
KPUTHYECKUX TOJIIMHAX MO TOJIIUHE CJIOEB BO3HHUKAIOT OOJIACTH C Pa3jIMYHBIMH HapaMeTpaMu
KPUCTAINIMYECKUX peuieToK. T.e. Mo Mepe MPOXOXKACHUS MOCIEAYIOUUX KPUTHUYECKUX TOJNIIMH B
CII0€ TPOUCXOMUT peJlaKCcalisl HaNpsDKeHUH. OHeprus aegopMaluu-HANPsDKEHUS [M03TAIHO
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nepeaeTcs Ha 3ap0KIeHNE HOBBIX IUCIOKAIMMA 1 UX OCBOOOKICHHE OT [IEHTPOB HEOTHOPOJAHOCTEH,
W3MEHSISI TAKUM 00pa3oM UX TUIOTHOCTB B CJI0€. XOTsI MIUPUHA PEHTTEHO-AU(PPAKIIMOHHON JIMHUH C
YTOHBIIEHUEM CJIOE€B BO3pACTacT M3-3a HAPACTAIONIMX OCTATOYHBIX HAMpPsDKEHUM, OHA OKa3alach
TaKOM ke, KaK U IS CII0eB KPEeMHUS C TOM e TOJIIIMHOM, BBIPAIIEHHBIX Ha can(upe U COCTaBIIsIA
(8-10)" mpu mockoctu orpakenus (200) [14].

B HampskeHHBIX HaHocnosx momyrnposogaukoB  A'VBY!  meromom  penTremnosckoit
I pakuy TOMUMO Aedopmannii U3ydaiuch pa3Mepsl cyO3epeH: B YaCTHOCTH, MPHU TOJIIIUHE CIIOS
PbSe, nampumep, 70HM oHU cocTaBuau 45HM. YeThHIpEeX30HAOBBIM METOIOM OIPEACIISIIUCH
KOHIIeHTpamusi Hocutener 3apama -(1-6)x10%¥cm® m wx momBmXHOCTB, KOTOpas JOCTHrana
HecKONbKHX coTeH B/cm’c. ITnoTHOCTH auciokamuii B cnosx PbSe (momnoxka KCI) 6bu1a Ha 3-4
MOpsiIkKa MEHbIIE, 4eM B NoAjoXke. CHEeKTpbl ONTHYECKOTO MPOIYCKAHHUS XapaKTePU30BAIHUCH
peskum kpaeM. IIpu KoHIeHTpamuu Hocuteneil 3apsma >2x10%8cm™ crmextpel cmemanuch n3-3a
BeIpokeHus. OOHapyKeHHass C yMEHBIIEHWEM TOIIIMHBI CJIOEB TeTparoHaibHas (¢aza
MOATBEPIKIACT HAJTUYKE B HUX BBICOKHX Jehopmaruii-Hanpspkeruit [15,16].

Kak BbITeKaeT W3 MPOBEICHHOTO WCCIEAOBAHUS, IJIs TOJIIUHBI TOMIOKEK >20-40HM
(marmpumep, KCI mpu pocrte cinoeB PbSe) oba npeacrasiaeHubix pakropa B Moaenu [17] Biustor Ha
CTPYKTYpYy CJIO€B, HO TMO-pa3HoMy. [Ipu Bo3pacTaHUM KOHTpacTa yNpyrocTH U CMEHICHUH CETKU
JUCJIOKAMK B MOMJIOKKY 3HAUUTEIIbHO YMEHBIIAETCS JOJs MPOHHUKAIOIIUX B CIOW JUCIOKAIUH.
Hao0opoT, eciu KpPUTUYECKUX TOJIIUH HECKOIbKO (BBISIBISIOTCS TIO XapakTepy pPEHTTEHO-
TUGPAKIMOHHON JIMHUW), TO IUIOTHOCTH AHMCIOKAIIM B CJIO€ BO3pPACTaeT, W 3TO CBSA3aHO C
Pa3NUYHBIMHU IIEHTPaMU HEOJHOPOAHOCTEH. B sTOoM ciyuae BBenenue B cioii PbSe, mampumep,
coenunennst Ge miam Sn ¢ Te win ¢ Po MOXHO COXpaHUTH CTPYKTYpPY BaJE€HTHBIX 3JEKTPOHOB,
OKa3aTh NMPOTHUBOJCHCTBHE pa3MEIIEHUIO aTOMOB CBUHIIA UJIU CEJIeHA B MOJPEIIeTKaxX APYT Apyra -
3TO, ¢ OJHOM cTOpOoHBI. C APYroil CTOPOHBI, €CIIM BBEICHHBIC aTOMBbI cCaMU OyIyT pa3MemaThCs B
MoJIpelIeTKax CBUHIIA U CelieHa, TO 00pa3oBaHue JOKAIbHBIX JedopMaluii Oy/ieT HAMHOTO MEHBIIIE.

BBenenue ykazaHHBIX coeuHeHWH B ciiod PbSe ¢ yuerom mMx 0COOEGHHOCTEH IMO3BOJISET
YMEHBUINTD 3(pPEeKTUBHBIE MACChl HOCUTENEH 3apsa U yBEIHUUTH JJIMHBI UX CBOOOJHOTO Mmpobera
(BpemMeHa paccesiHHsi), YTO MPUBEIET K BO3PACTAHUIO MOABMKHOCTH. BlMsiHME 3THX COeIUHEHUN
3aMeTHO M Tpu JedopMaluu PACTSHKEHUS CIIOEB: IMOABM)KHOCTH HOCUTENEH M B 3TOM CIIydae
BO3pacTaeT Mo CPAaBHEHUIO C HEHANIPSKCHHBIM CJIOEM 0€3 BBEICHUS YKA3aHHBIX COCTUHEHUH.

B ciryuae ke TonmuHb! oioxkek <20-40HM yacTh AedopMaInii Cios mepeaaeTcs MoII0KKe
U OoNTUMHU3alMs Mo JedopMalusM U CTPYKTYpEe CIOEB JIOCTHraeTcsi MyTeM 3HAYUTEIbHOTO
YMEHBIICHUS UX TONIIUHBL

Takum o0Opa3zom, MO XapakTepy pellakCallud HaIpsHDKEHUH TeTepOoCTPYKTYphl Ha OCHOBE
MOJIYIIPOBOTHUKOB TPEACTABISAIOT OCOOBIM MHTEPEC B IBYX Clydasx. B mepBOM - peryiupoBaHHe
(U3NIECKUX CBOICTB CIIOEB OCYLIECTBISIETCSA TyTEM U3MEHEHUS COCTaBa TBEPABIX pacTBOpoB [18] u
COBEpPIIICHCTBO CIIOEB JOCTUTAETCS HCIOIB30BAHUEM «MSITKUX) MOAJONKEK (C MEHBIIMM MOJYyJEM
caBura, 4em B cioe). [Ipu 3ToM yMeHbIIIEHHE TOJIIHMHBI MTOJIOKKH OKa3bIBAET TOT ke IPPEKT, yTo
U YMEHBIIEHHE MOJIYJd CABHUTa: €CIIM BO3PACTAET OTHOLIEHHE TOJILIMH CJOS U TOIJIOXKKH,
nepopmaruu Ooblie CMEIATCs B TOI0KKY. C 1eNbI0 MOJHOTO CHIATHS HAaNPsLKEHUs, HalpuMep,
ClIOSl KpPEeMHHM-TEpMaHUN  «MATKYI0» TOJJIOKKY H3 TOPHUCTOTO KPEMHHS TOJBEPraroT
MpeABAPUTEIIBHON JTOTIOJHUTEIBLHOMN nedopMaliuu.

Bo BTOpOM ciydae, Ha000poT, TpedyeTcs HanpsHKeHHOE-1e(hOPMUPOBAHHOE COCTOSIHUE CIIOS,
HaIrpuMep, CeJIeHUAa CBUHIIA Ha MOJUI0XKKE XJIOpUCTOro Kanusi. CBONCTBA CIIOEB MPU ITOM MEHSIOTCS
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MIpU U3MEHEHHUH CTeneH! nedopmanuu cios. PaccoriacoBanue B 3TOM ciiydae BoOoOIe JOCTUTAeTCs
0e3 MpenBapUTEIBHOIO HANpPSHKEHUS MOJUIOKKH, XOTS HHOTZIa OHO HCIOJIb3YeTCS Ui TOHKOU
nojcTpoiiku  aedopmanuu  cios. g coxpaHeHHs JeQOpPMHUPOBAHHOTO COCTOSHUS — CJOS
COOTHOILIGHHE TOJIIMH CJIOS U TOJUIOKKH OyAeT oOpaTHBIM MO CPaBHEHHUIO C IMEPBBIM CIy4aeM,
MeHblle eauHULbl. CoBeplIeHHass CTPYKTypa CJIOSl MOJIy4aeTcsl TaKKe MpU YIPYroM KOHTpacTe
MEX1y CJI0eM U TIOJJIOKKOM (ceTka AUCIOKAIMI U B 3TOM CITyyae CMEIIAeTCs B MOAJI0KKY, OCOOEHHO
IIpY BBEACHUHU B CEJICHH/I CBUHIIA CEPbI, YCUIUBAIOLIEH YIPYTHil KOHTPACT) U MPH BBEACHUH B CIIOM
COEIMHEHMI TepMaHus WK 0JIOBa ¢ O0JIee TSHKEIbIM AJIEMEHTOM, YeM CeJIeH NIl IPOTUBOAECHCTBUS
MOSIBJICHUIO IIEHTPOB HEOJHOPOJIHOCTEH. B pesynbrare mioTHOCTh TUCIOKALUN B co€ (C y4eToM
IIPOHUKAIOIINX U3 MTOJIOKKH) YCTAaHABJIMBAETCS HA HECKOJIBKO MTOPSAIKOB MEHBIIIE, UEM B ITOJIOKKE.
[TonBMKHOCTH HOCUTENEH 3apsizia B 1ehOPMUPOBAHHOM CJI0€ OYyJeT BBIIIE, YeM B HEHAIPSDKEHHOM
cIoe.
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A"VB"I YARIMKECIRICILORDO DEFORMASIYA OLUNMUS NANOLAYLARIN
STRUKTURUNUN YAXSILASDIRILMASI: YENI MODELIN TOHLILI

IPasayev A.M., 2Davaragvili O.1I., 2Enukagvili M.1., >’ Axvlediani Z.Q.,
’Bickova L.P., *Qulyaev R.G., **Dzaqania M.A., >Zlomanov V.P.
!Azarbaycan Milli Aviasiya Akademiyasi, °I. Cavaxisvili adina Thilisi Déviat
Universiteti, 3E. Andronikasvili adina Fizika Institutu, *P. Melikisvili adina Fiziki va

Uzvi Kimya Institutu, M.V. Lomonosov adina Moskva Dévlat Universiteti

Isds dielektrik althglarda yetisdirilon W-VI yarimkegiricilorin epitaksial nanolaylarinda
onlarin maksimum deformasiyasinda yiiksok mukammolliya nail olundugu yeni model tohlil edilir.
Elastiklik vo kritik galinliglarin kontrastinin laylarin strukturuna miixtolif tasirlori askar edilmisdir.
Toqdim olunan modela g6ra, moveud elastiklik kontrasti, maSalon, PbSe tobagasi ilo KCI altiig
arasinda dislokasiya sabakasinin altiiga yerdayismaSina Va althigdan dislokasiya tabagasina nifuz
edan nisbatin azalmasina sabab olur. Qatlarda bir nec¢a kritik galinligin onlarin kristal gafasindaki
geyri-baraborlik markazlorini aradan galdirmaq va ya bloklamagla aradan qaldirilmast imkanlart
nozordan kegirilir. Heterostrukturlarin tofarriiath tahlili garginliyin relaksasiya xarakteri asasinda
aparimisdir: goarginliklor tamamilo aradan qaldirildigda va 2ksina, tobagalarin deformasiyaya
ugranugs vaziyyati saxlanildigda iki hal miiayyan edilmisdir. Yiikdasiyicilarin yiiksak harakatliliyi vo
rentgen gsiialarimin difraksiya xatti konturunun formasi 0,015-> catan deformasiyalarda A'VBY!
yarimkegiricilorin nanolaylarmmin miikammollik daracasinin va Umumiyyatlo, nazardan kecirilan
modelin takmillagdirilmasini tasdiglayir.

Agar sozlor: yeni model, nana gatinin deformasiyasi, dislokasiyalar, elastiklik kontrasti, kritik
qalinlig, nano gatin strukturu.
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IMPROVEMENT OF THE STRUCTURE OF THE DEFORMED NANOLAYERS OF
AVB" SEMICONDUCTORS: ANALYSIS OF A NEW MODEL

Pashaev A.M., Davarashvili O.1., ’Enukashvili M.I., >>Akhvlediani Z.G.,
’Bychkova L.P.,?Gulyaev R.G., >*Dzagania M.A., >Zlomanov V.P.
"National Aviation Academy of Azerbaijan, *Tbhilisi State University named after
Javakhishvili, *Institute of Physics named after E. Andronikashvili, *Institute of Physical and
Organic Chemistry named after P. Melikishvili, ’Moscow State University M.V. Lomonosov

In this work the analysis of a new model was held, in accordance with that high degree of
perfection at maximal deformations in epitaxial nanolayers of IV-VI semiconductors is achieved.
Different ways of influence of contrast of elasticity and critical thicknesses on layers were discovered.
The contrast in the elasticity between PbSe layer and KCI1 substrates, for example, leads to the
displacement of the net of discrepancy of dislocations to the substrate and to decrease of the portion
of the penetrated dislocations to the layer. The possible liquidation of several critical thicknesses was
proposed by blocking of nonhomogenities’ centers. We held the detailed analysis on the relaxation
of strains in heterostructures, and two cases are presented: a) when strains are fully removed and b)
on the contrary, with maintenance of deformed state of the layers. High values of the mobility of
current carriers and the character of x-ray diffraction line confirm the improvement of the degree of
perfection of the nanolayers IV-VI semiconductors and, particularly, of the present model.

Keywords: new model, nanolayer deformation, dislocations, elasticity contrast, critical
thickness, nanolayer structure.
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AVIASIYA VO KOSMIK TEXNIKASI

UOT 533.69.048: 004.942 DOI: 10.30546/JNAA.2024.26.1.17.

BORT NOZAROT-OLCU SISTEMI iLO KONVERTOPLAN TiPLi MiKRO
PUA-NIN VTOL REJIMINDO TODQIiQi

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

Mbaqalada, konvertoplan tipli pilotsuz mikro ugus aparatinin asas ug¢us parametrlorini geyda
almagq figiin hazirlanmis bort nazarat-olgii sistemi vo sistemi taskil edon element bazasi tasvir
edilmisdir. Miixtaolif vaxtlarda va meteoroloji saraitlords VIOL rejiminda yerina yetirilmis sinaq
ucuslarinda bort nazarat-ol¢ii sistemi vasitasilo ham miiharriklorin har birinin temperaturu, corayan
sarfi va dovrlor sayi, hom da planerin ii¢ koordinat oxu iizra bucaq dayismasi va tacili ol¢iilmiis va
qgeyda alinmisdir. Qeyda alinmis parametrlorin zamandan asililiq qrafiklori qurulmus va bunlara
asasan ugus aparatinin qalxma, enma va asilma rejimlori tadqiq edilmisdir.

VTOL mikro PUA-min ugusa hazirlig, qalxma va enma rejimlorinds giic elementlorinin
Ol¢iilmiis parametrlorinin avtomatlasdirilmis qeydiyyati aparilmis va qurulmus qrafiklor tizra
tahlillor apariimigdir.

Acar sozlar: Konvertoplan, pilotsuz mikro ucus aparati, bort olgii-geydiyyat sistemi,
akselerometr, giroskop, termometr, ucug-texniki parametrlari.

1. Giris

Konvertoplan tipli pilotsuz mikro ugus aparatlarinin (mikro PUA) ugus-texniki parametrlori
haqqinda molumatlar1 toplamagq iiciin hazirlanmis bort nozarat-6lct sistemi (BNOS) vasitasilo hom
ucus aparatinin giic sistemina daxil olan miharriklarin temperaturu, carayan sarfi vo dovrlor sayi,
hom do toyyara oxlarinin va slrat vektorunun istigamati hagqinda malumatlar ugus zamani qeydo
alinir. Homginin ugus zamani miiharriklorin dévrlor sayr radio &turiicti vasitesi ilo BNOS-do
geabuledici monitor gisminda istifads edilon yeristi idaroetma pultuna 6turalir va geyd olunur. Pultun
ekraninda indikasiya olunan dévrlar sayinin qiymatlorine asason real ugus zamani ugus aparatinin giic
sisteming, naticads uguslarin tahllikasizliyina nazaroat edilir. Qeyds alinmis parametrlora asason ugus
aparatinin novbati ugusa buraxilmasi va ya yerds diagnostikasinin aparilmasi qararlasdirilir [1-5].

Isin magsadi. Islodiyimiz BNOS-don istifads etmoklo real ugusda geydo alinmis ugus-texniki
parametrlari tahlil edorak konvertoplan tipli mikro PUA-nin giic elementlarinds yaranan problemlori
Oncadon agkarlamaq va bas vera bilacok gozalarin garsisini almaqdan ibaratdir.

2. BNOS-iin element bazasi

BNOS-iin element bazas1 kontroller, TTGO Display modulu, microSD kart modulu, stalot
ol¢ii modulu (IMU), gorginlik ceviricisi, akkumulyator batareyasi vo temperatur, carayan va dovrlor
say1 duygaclarindan, eloco do yer(sti idaroetmo pultundan toskil olunmusdur. Bunlardan BNOS-(in
osas element bazasina kontroller, displey modulu, kart modulu, 5 dest duygaclar qrupu vo IMU
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daxildir. Bir dast duygaclar qrupu temperatur, corayan va dovrlor say1 olmagla ii¢ név duygacdan
toskil olunmusdur.
BNOS-iin laborator nimunasinin elektrik birlasmoalarinin tosviri sokil 1-do gostorilmisdir.

Carayan duygaclan Temperatur duygaclan

Déwvrlar say duygac

Kontroller Displev modulu

2.1. “ESP 32” kontrolleri (sakil 2)

[PS ST7789V 1.14" monitora sahib kontroller, “ESPRESSIF-ESP32 240MHs Xtensa”
mikrosxem bazasinda iki niivali 32 bit-lik LX6 mikroprosessorundan ibarst olub, program yaddasi
(“QSPI flash*) 16MB, amaliyyat yaddas: (SRAM) 520 KB, isci gorginliyi 2.7-4.2V va is¢i coroyani
~ 60mA toskil edir [6].

i
H

- ADCY - TOUCHS
- AR - TOCHE

] —EEEl- srio:s - abcrs - pact
Bl s#cer - avar -{ToUEHT

LT

B Hare I AT

I o ADC

GPIO DAC

i pe IPS ST7789V 1.14 Inch — B <
ESP32 TTGO T-Display V1.1  mml other Touch

Sokil 2. ESP 32 kontrollerinin pin diagrami
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2.2. DS18B20 ragomsal temperatur duygaci (sakil 3a)

“DS18B20” markali rogomsal temperatur duygacinin dl¢ii doagigliyi: -55 °C...+125 °C
temperatur diapazonunda +0.5 °C togkil edir. Duygaci programlagdirmaq miimkiindiir. Sistemds 5
odad ragomsal temperatur duygacindan istifado olunub (sakil 1).

2.3. ACS758 (ACS758L.CB-100B-PFF-T 100A Linear Holl Current Midule) carayan
duygaci (sokil 3b)

Coroyan duygacinin is prinsipi - Holl effektindon istifado etmoklo bu duygacdan kegon
Coroyanin yaratdig maqnit sahasini 6lgmoys asaslanir. iki istiqamotli qlitblilys malik duygacin enerji
tochizat1 gorginliyi 3,3...5 V, 6lcu diapazonu £100 A, hossasligi 20 mV/A togkil edir.

Sistemda 5 adad carayan duygacindan istifads olunub (sokil 1).

2.4. FS-CPD02 RPM duygaci (sokil 3c)

FS-CPD02 markali dévrlor say1 duygacinin 6l¢ii diapazonu 0...60000 dovr/daqige, enerji
tochizat1 gorginliyi 4...8 V toskil edir. Duygac FlySky idaroetmo pultunun dastine daxildir vo onu
baza moduluna qosmagq ti¢iin “i.bus” protokolundan istifads edilir.

Sistemdo 5 odod dOvrlor sayr duygacindan istifado olunub (sokil 1-do yalmiz biri
goOstorilmisdir).

2.5. MPU6050 IMU modulu (sokil 3d)

“MPU6050” moduluna 6 ox Uzro bucag vo xotti tocilin doyismasini geyds almaq
xususiyyatino malik, mikroelektromexaniki (MEM) texnologiyaya ilo hazirlanmis eyni adli
mikrosxem (¢ip) daxildir. “MPUG6050” mikrosxeminin tarkibinds olan giroskop Koriolis effektino
asason 3 koordinat oxu (X, Y, z) Uzra istonilon tarpanisi, harakati va yaxud titromani signal formasinda
geyds alir vo filtrlomo apardigdan sonra alinan signalin gorginliyina uygun proporsional bucaq
doyismasini geyds alir. Elaca do “MPU6050” mikrosxeminin torkibina 3 oxlu akselerometr daxildir.
Akselerometr koordinat oxlar1 boyunca ayilma va ya meyletmo bucagini askar edarok geyds almaq
ucln istifads olunur. Sakil 1-do “MPU6050” modulu da gostarilmayib.

“ESP 32" kontrollerini vo “MPU6050” IMU modulunu Ardunio IDE miihitindo
programlagdirmaq miimkiindiir [6-11].

€.

Sistemin enerji tochizati
avtonomdur va ¢ixis garginliyi 5V

saviyyasinda stabillogdirilon
garginlik  ceviricisi istifado
etmoklo 12 'V gorginlikli
akkumulyator batareyasindan

yerina yetirilir. Sistem gorginlik
ceviricisina USB TypeC kabeli
vasitosilo  qosulur.  Istifads
soraitindon asili olaraq sistemin

a)

¢)

Sakil 3. Bort 6l¢ii- qeydiyyat sisteminds istifads olunan duygaclar: enerji  tochizatini  bort enerji
a) temperatur, b) corayan, c) dévrlor say1, d) IMU modulu sistemindon vo ya elektron stirot

tonzimlayicisindon (ESC) yerina
yetirmak mimkinddr.
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3. Iss hazirhq
1. Sinaglarin dinamik rejimdos yerino yetirilmasi magsadi ilo konvertoplan tipli pilotsuz

mikro ugus aparatini real ugusa hazirlamag.

2. Ugus aparatinin avionikasini, eloco do aerodinamikasinin tonzimlonmasine Vo
idaroedilmasina xidmot edan tachizatlarin méhkamliyini yoxlamag.

3. Ugus aparatinin agirliq markazina nazaran markazlosmasinin diizgunliyini yoxlamg.

4. Tohlukasizliyi toamin etmok mogsadilo meteoroloji gostaricilorin mikro PUA-nin ugus
parametrlorina uygun limit daxilinds olmasina amin olmag.

5. Multikopter rejiminds ugusu todqiq etmok tigiin qaldirict miiharriklora par qurasdirmaq
(dartt mUharriki istisna olmagla).

6. 1ki microSD yaddas kartin1 FAT32 fayl sisteminda formatlamag.

7. Birinci yaddas kartin1 kart moduluna daxil etmok, BNOS yaddas kart1 olmadiqda da iso
diisiir, bu halda LCD ekranda yaddas kartinin yoxlugu barado malumat gérindir.

8. Ikinci yaddas kartin1 telemetrik molumatlar gobuledicisi gisminda istifads olunan yeristii
monitora daxil etmok (telemetrik moalumatlar ugus kontrolleri vasitasilo él¢lr, bu sababdon monitir
BNOS-o aid olmur).

9. Ugus aparatina 6S Li-Po akkumulyator batareyasini qosmagq, dord galdirict miiharriki igo
salmaq vo miharriklarin islomasina amin olmag.

10. BNOS-o avtonom enerji monboyi gisminda 3S Li-Po akkumulyator batareyasi qosmag.
Gorginliyin BNOS-o verilmosi an1 (zamani) geydo alinir. Bu zaman oamin olmagq lazimdur:

-homin andan baslayaraq ugus parametrlori BNOS-do yaddas kartina yazilir;
-telemetrik malumatlar monitorda yaddas kartina yazilir;

-muharriklorin dovrlor saymin geyds alinmasi tgiin istifado olunan olava yer idarsetma
pultunun monitorunda fiksasiya olunan giymatlor video tasvir soklindo geyds alinir (yaddasa yazilir).

4. Dinamik rejimda sinagin yerina yetirilmasi

Todgigat zamani miiharriklorin - mixtalif surstlords firlanmasi yerino yetirilmis, ugus

aparatinin ardicil olaraq havaya qalxma, havada asilma vo yera enma rejimlorinds uguslari tadqiq
edilmisdir. Konvertoplan tipli pilotsuz mikro ugus aparatinin multikopter rejimindo praktiki
siaglarindan geydos alinan goriintiilor sokil 4-do gOstorilmisdir. Sokilds ugus aparatinin havada iifliqi
tarazligini dayaniqli saxlamasi goriinlir. Biitiin sinaqlar videoformatda qeyds alinaraq
arxivlosdirilmisdir [12-14].

Sakil 4. Konvertoplan
tipli  pilotsuz mikro
ucus aparatinin multi-
kopter ucus rejimindo
aparilan praktiki sinaq
ucuslart
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Todgigat moaqgsadi ilo muxtalif glnlordo multikopter rejiminds yerino yetirilmis sinaq
ucuslarinda mikro PUA-nin ugus parametrlori kompleks sokilda 6l¢iilmiis vo geyds alinmigdir. Giiniin
forqli vaxtlarinda ugus ti¢iin alverigli meteoroloji soraitdo, hor dofo davametmoa muddati 6...7 dagigo
olmaqla yeddi ugus icra olunmusdur. Magalods bu uguslardan ikisinin naticalorine asason, ugus
zaman1 BNOS vasitosi ilo geydo almmis vo arxivlosdirilmis molumatlar ugusdan sonra todqiq
olunmus, parametrlorin zamandan asililiq grafiklori ardicilligla verilmisdir (sokil 5-7) [15].

Ugus-texniki parametrlorinin (maharriklorin temperaturu, coarayan sorfi vo dévrlor say1) vo
IMU-nun ¢ixis signallarinin uzlasmis tadgiqgi tadgiqatin etibarliligini niimayis etdirir. Ugus zamani
mixtalif komiyyatlorin geyds alinmis qgiymatlorinin sinxron doyismosini gostormok magsadilo
onlarin zamandan asililiq grafiklori eyni migyasda tortib edilmisdir.

4.1. 1-ci sinaq

Sinaq zamani havanin temperaturu 12 °C, tozyiqi 760 mm.c.s., kilayin strati 20° doracodon
stabil 3-4 m/san, ani suratlonmasi 5-6 m/san togkil etmisdir (sokil 5).

Konvertoplan tipli mikro PUA-nin qaldirict miiharriklorinin temperaturlarinin sokil 5a-da
gOstorilmis zamandan asililiq grafiklarina asasen ugus miiddatini ¢ marhaloys bélmok mumkuandr.
Birinci marhalads iso diisdiikdon sonra qisa miiddatds miharriklorin temperaturlar 1...2 °C azalir.
Bu, firlanmaga baslayan andan parlorin yaratdigi hava aximinin miiharriklorin temperaturunu nisbaton
azaltmas: ilo izah edilir. ikinci morholado firlanma siiratinin artmasima baxmayarag, grafiklordan
gorinduyu kimi maharriklarin temperaturu miayyan middatds artir.

Bu, onunla izah olunur ki, bu marhalads, avval siirot yigma, sonra qorarlagsmis rejimdo
miiharrikloro diison glica miitonasib olaraq onlara tatbig olunan enerji do artir. Ugiincii morhaloda
ucusun sonunda, miitharriklorin firlanma siirati, uygun olaraq temperaturun azalmasina xidmat edon
hava axini kaskin azalir vo nohayat sifira barabar olur. Noaticada, miiayyan muddatds muharriklarin
temperaturlar1 2...3 °C artir. Zaman kec¢dikco muharriklorin vo otraf miihitin temperaturlari
borabarlosir. Hor ¢ morholods, temperatur doyismasinin otalotli hadisa olmasini nozars almag
lazimdir [16-18].

Birinci morhoalods ugusun avvalinds qaldirict mitharriklorin firlanma siroti asagidir, ikinci
morholodo ugus aparatinin havada asilma rejimina ke¢masi va bu rejimds ugusu davam etdirmasi
uclin  muharriklora totbig edilon gicln va enerjinin artirilmasi tolob olunur. Moalumdur ki,
muharriklarin carayan sorfi onlarin firlanma siiratina mitanasibdir. Bu sababdan ugusun avvalinda
ucus aparati yerdo olanda coroyan sorfi asagi olmus, lakin havada asilma rejiminds qaldiric
miiharriklorin corayan sarfi vo dévrlor sayr artmisdir (sokil 5b, sokil 5¢). Uglincii morhalods ugusun
sonunda, dovrlar sayinin va corayan Sarfinin sifira godor azalmasi qeyds alinmigdir.

IMU-nun ¢ixis signallarinin etibarliligini vo ugus aparatimin dayanighgini tam sokildo
yoxlamaqg mogsadi ilo 2-3 m hindurlukds havada asili qalma rejiminds ugus yerina yetirilmisdir [18,
19].

Ugus miiddatinds usus aparatinin iifiiqi miistovids ¢ox asagi siiratlo ddnmasi, lakin onun Gflqi
tarazligini saxlamasi miisahido edilmisdir. Bunu sokil 5-do g0storilmis grafiklordon miiayyan etmok
mimkiindiir. Sokil 5a-da goOstorilmis qrafiklordon goériinir Ki, zaman kecdikca bir diagonal Uzra
yerlosmis miiharriklarin temperaturu (T1, T2) diger diaqonal tzrs yerlogsmis miiharriklora (T2, T4)
nisbaton ¢ox artir. Burada, miiharriklorin yerlosmoasi “PixHawk” ugus kontrollerinin kvadrokopter
ticiin stat diizliisiine uygundur vo T1-T4 uygun miiharriklorin temperaturunu bildirir. Eyni zamanda
grafiklordon, muharriklorin dovrlor saymin (RPM) onlarin temperaturuna miitonasib oldugunu
mUiayyan etmok miimkiindiir (sokil 5a, sokil 5¢).
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Sokil 5. Multikopter rejimindo aparilan smaq uguslar1 zaman1 BNOS vasitasilo qeyds alman qiymotlor

asasinda qurulmus: a) temperaturun (°C), b) corayani (A), ¢) miihorriklorin dévrlor saymin (RPM,
dovr/daqigo), d) akselerometrin vo e) giroskopun ¢ixis signallarinin zaman qrafiklori
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Elmi isdo sinxron olaraq diger zaman grafiklori ilo IMU-dan daxil olan malumatlar1 kompleks
sokilds todqiq etdikds ugus aparatinin dayaniqliginin yaranmasi ayani olaraq stibuta yetirilir.

Ucus miiddatinds iifiiqi tarazlig1 vo dayaniqligi tomin etmok igtin giroskop vo akselerometrin
X, Y, z oxlar1 lizra ugus aparatinin kiiloya oks tasir gostarmok, galdirict qiivvonin yaranmast vo ani
kilok stratlonmalarina qarsi dayaniqligi temperatur, carayan vo miharrikin dovrlar sayina miitanasib
oldugu siibut olunur.

Belo ki, sokil 5e-da geyd olunan 1...4 noqtslorinds giroskopun ¢ixis signalinin y oxu iizrs,
eloca do 5...7 ndqtalorinds z oxu Uizrs killayin oks migavimatinin ylksalmasi gorindir,

IMU vasitasi ilo kontrollers signal daxil olur vo paralel olaraq bir diagonal tizro yerlosmis
muharriklorin RPM1 vo RPM2 dovrlor say1, T1 vo T2 temperaturlari, eloco do “Holl” carayan
duygaclar vasitasi ilo geyds alinan C1 vo C2 caryan sorfi artir (maksimum qiymatini alir). Noticodo
“ucan ganad” profilli ugus aparati tarazligi tamin edir va tayin olunmus hiindiirliiyii saxlamaqla ugusu
davam etdirir.

4.2. 2-ci sinaq

Mirokkab meteoroloji soraitds (ugus aparatinin mahdudiyyatlori daxilinds tohlikasiz ugusu
tomin edilir) ugus dayaniqliginin yoxlanilmasi moqsadi ilo ugus aparatinin multikopter rejiminda
smaq ugusu tadqiq olunmusdur. Sinagliar zamani havanin temperaturu 10 °C, tozyigi 756 mm.c.s.,
kilayin sirati 175° daracadon artan 5 - 6 m/san, ani suratlonmasi 11-12 m/san toskil etmisdir
(sokil 6).

Ugus baslayandan 80 san sonra kiilayin ani stiratlonmosi gliclonmis, bu zaman tahlikasizlik
mogqsadi ilo yerdan idaroetma pultu vasitasilo PUA-ya yera enmo komandasi verilmisdir. PUA-nin
yers toxundugu 20 san miiddstinds qaldirict mitharriklor firlanmaga davam etmisdir. Bu miiddstdo
muhorriklarin firlanma surati “gaz” dostayina gors 20...25 %-2 uygun olmusdur.

Owval PUA-nn yer sathindon 2-3 m hundirliikds havada asili qalmasini, sonra miiharriklorin
20 san muddatinds yerds islomasini temperaturun, caroyanin vo dovrlor sayinin sokil 6a - 6¢-do
gOstorilmis zamandan asililiq grafiklarindon mioayyan etmok mumkindur.

IMU-nun (akselerometr va giroskop) ¢ixis signallarinin zamandan asililiq qrafiklarinds PUA-
nin yers enmo ani aydin goriiniir, lakin qrafiklors asasen onun havaya qalxma anini miioyyan etmok
nisboton Gotindir (sokil 6d va sokil 6e). IMU-nun ¢ixis siqnallarinin grafiklori miharriklorin yerds
islodiyi muddstdo hamarlanmis vo gorindiyd kimi, 20 san-don sonra havaya qalxma anindan
baslayaraq ¢ixis signallarinda Kuylorin soviyyasi nisboton artmisdir. Beloliklo, IMU-nun ¢ixis
signallarinda kuylarin saviyyasine asasan PUA-nin yerds Vo ya havada olmasini miiayyan etmok
mumkundur.

Tokrar havaya galxdigdan sonra avvalki hiindurlikds ugusun davam etdiyi miiddatds ugus
aparatmnin dayanigligi vo onun IMU-nun ¢ixis signallari etibarli sokildo tam geyds alinmigdir. Paralel
olaraq akselerometrin vo giroskopun ¢ixis signallarinin da PUA-nin harokot dinamikasina uygun
doyismasi muayyanlosdirilmisdir.

Birinci vo ikinci ugusda miiharriklorin sorf etdiyi coroyanlarin zamandan asililiq grafiklori
timumi sokilds toqdim edilmisdir (sokil 5b va sokil 6b). Qrafiklorin miiqayisasindan gérinar ki, ikinci
ucus zamani kiiloyin ani sliratlonmasinin artmasi sababindon havada asilma rejiminds aerodinamik
tarazlig1 saxlamaq tglin qaldirict miiharriklorin tolob etdiyi glic vo uygun olaraq coroyan sorfi
artmigdir. Sokil 7-doa ikinci ugusda qaldirict miiharriklarin sorf etdiyi corayanlarin zamandan asililiq
grafiklori har miharrik tiglin ayriligda gostorilmisdir.
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Sokil 6. Multikopter rejimindo aparilan sinaq uguslari zaman1 BNOS vasitasilo qeyds alman giymatlor
asasinda qurulmus: a) temperaturun (°C), b) coroyanin (A), ¢) miihorriklorin dévrler sayinin (RPM,
dovr/daqiqo), d) akselerometrin va e) giroskopun ¢ixis signallarinin zaman qrafiklori
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Sakil 7. Ugus miiddeatinds qaldirict mitharriklorin hor birinin ayri-ayriliqda cerayan sarfinin
zaman qrafiklori

Qrafiklordon goriintir ki, ugus miiddstindo maksimal coroyan sorfiyyati sokil 7a-da 1

noqtasinds 28 A, 2 ndgtasinds 22.5 A, elaca do sokil 7b-da 3 ndqtasinds 23 A olmagla piklar taskil
edir. Qeyd olunan pik ndqtolor giroskopun ¢ix1s signallarinda da 6z oksini tapmigdir (sokil 6€).
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Natico

1. Mikro PUA iigiin islodiyimiz BNOS ucus miiddatinds PUA-nin ugus-texniki parametrlorini
sinxron 6l¢lr vo 6l¢iilmiis qiymatlori eyni zamanda yaddas kartina yazir.

2. Mikro PUA iiciin BNOS vasitasilo ucus-texniki parametrlari gisminda dord qaldirict
miiharrikin temperaturu, corayan sorfi va dovrlor say1, elaca do IMU-nu toskil edon akselerometr vo
giroskopun c¢ixis signallar real ugusda geydo alinmisdir.

3. Alinmis giymoatlor asasinda “Excel 2016” proqrami vasitasilo mivafiq zaman qgrafiklori
qurulmusdur.

4. Qeydo alinmis parametrlorin tohlili giic dovrasinin, xtsusilo muharriklorin vaziyyatini
giymatlondirmoays imkan verir.

5. BNOS-ii goxrotorlu vo digar ugus aparatlarinda istifado etmok Ulciin modifikasiya edilo
bilor.
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STUDY OF FLIGHT-TECHNICAL PARAMETERS OF CONVERTOPLAN-TYPE
UNMANNED MICRO AIRCRAFT IN MULTICOPTER MODE

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

In the article, the on-board measurement-recording system designed to record the main flight
parameters of the convertoplan-type micro-unmanned aerial vehicle and the base of elements that
make up the system are described. In the test flights performed in multicopter mode at different times
and in meteorological conditions, both the temperature, current consumption and number of cycles
of each of the motors, as well as the angle change and acceleration of the glider along the three
coordinate axes were measured and recorded by means of the on-board measuring and recording
system. Graphs of the time dependence of the recorded parameters were constructed, and based on
them, the take-off, landing and hovering modes of the aircraft were studied.

The possibility of diagnostic testing of power elements on the ground during preparation for
flight, control of flight events that may occur in the air during flight is shown.

Keywords: Konvertoplane, micro-unmanned aerial vehicle, on-board measurement-
registration system, accelerometer, gyroscope, thermometer, flight technical parameters.
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KiCIK PEYKLOR UCUN YERO OPTiK-ELEKTRON SOMTLOSDIRMO SiISTEMININ
MODELI VO FOTOQOBULEDICISININ ENERGETIK HESABATI

Isgondarov I.O.
Milli Aviasiya Akademiyasi

Togdim olunan moqalada, optik-elektron somtlasdirma va stabillogdirma sistemlarinin
funksional imkanlart tohlil edilmis, peyklords bu sistemlarin tatbiqi sxemlori arasdrilmis, kicik
peyklorin Yera somtlogdirilmasini tomin edon optik-elektron sistemin modelinin islonmasina
baxilmisdir. Méveud somtlasdirma va stabillasdirma sistemlarina xas olan funksional mahdudiyyatlar
tahlil edilmis, kosmik aparatlarda (KA) tatbiq olunan optik-elektron samtlasdirma, stabillasdirma va
navigasiya qurgularinin farqli xiisusiyyatlori baxilmigdir. Géstorilmisdir ki, astronomik somtlagdirma
sistemlarinin miirakkabliyi va konstruktiv xiisusiyyatlori onlarin kicik peyklords totbigini xeyli
catinlagdirir. Aragdirmalar va aparilan hesabatlar naticasinda miiayyon olunmusdur ki, son illor
islonib hazirlanmis mikro bolometrik matrislor (MBM) va onlar asasinda yaradilan, soyudulma talob
etmayan fotogabuledicilorin tatbiqi yeni tip optik-elektron sistemlorin islonmasina imkan verir.
Aparilan tadgiqatlar naticasinda, soyudulmayan MBM-li fotogabuledici asasinda kigik peyklorda
tatbiq oluna bilacak, Yera somtlagdirma tomin edoan kompakt, avtonom va daha yiiksak daqiqliya malik
optik-elektron samtlasdirma sisteminin struktur modeli taoklif edilmigdir.

Acar sozlar: kosmik aparat, peyk, samtlasdirma sistemi, astronomik, optik-elektron sistem,
mikro bolometrik matris, fotogabuledici, struktur model.

Giris. Son dovrlords kosmik texnikanin xiisusan do, peyklorin inkisafi, asasan bu sahada
totbiq olunan idaroetmo sistemlorinin inkisaf proseslori ilo birbaga baglidir. Bu sistemlora goyulan
osas toloblordon biri onlarin yiiksok doagigliys vo avtonom foaliyyst gostormak imkanlarina malik
olmasidir. Bu sobobdon bortda yerlosdirilmis informasiya vericilori Kimi mixtalif astronomik
oriyentirlars - ulduzlara, Giinass, planetlars (0 climladon Yera) nozaran bucaq vaziyyatini tayin edan
optik-elektron sistemlor genis totbiq tapmaqdadir. Belo sistemlor muasir peyklordo dord osas
moasalonin halli Ugtin istifads oluna bilar. Belo asas masalalara: astronomik somtlogdirma (yonaltms),
astronomik korreksiya, astronomik navigasiya vo peykin oxlarinin voziyyatinin toyin edilmasi vo
indikasiyas1 daxildir. Dagiq olmayan somtlogsdirma sistemlorine malik olan peyklords oxlarin
vaziyyatinin indikasiyasi kimi problemlor qarsiya ¢ixir [1-3].

Astronomik somtlagdirilmo, korreksiya, indikasiya moasalalorinds peykin koordinatlar sistemi
ilo astronomik dayaq orbitlorino toyin olunan inersial koordinat sistemi arasinda olago yaradilir.
Bunlardan forgli olarag astronomik navigasiya proseslorinds kosmik aparatlarin (KA) orbitdo
moveud oldugu yer vo orbitin parametrlori toyin edilmoalidir.

Istonilon KA-da baxilan masalolor onun oldugu tobii soraitds, konstruktiv mehdudiyyatlori,
energetik, dinamik va digar xarakteristikalar1 ¢argivasinds hall olunur. KA-larda genis istifads olunan
astronomik samtlosdirma sistemlarinin murokkabliyi vo konstruktiv xususiyyatlori onlarin kigik
peyklords tatbigini xeyli ¢atinlosdirir.
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Isin magsadi. Kigik peyklords (mikro vo nanopeyklords) totbiq olunma imkanlarina malik
olan optik-elektron somtlagdirma sisteminin yaradilmasi imkanlarinin tadqiqi va struktur modelinin
islonmasi isin asas moagsadidir.

1. KA-larin optik-elektron samtlasdirma qurgulart va onlarin xiisusiyyatlori

Kosmik sahads ¢oxlu sayda somtlosdirilmo vo navigasiya qurgular totbiq tapmisdir. Onlar
asasan bir-birindan toyinatina, qurulus prinsiplaring, istismar va konstruktiv xisusiyyastlorina gors
farglonirlor. Bu qurgularin tosnifati miixtalif cohatlorina goro aparilir [1,3].

Ulduzlara gora optoelektron samtlasdirma qurgulari. Universal ulduz qurgularinin islomasi
iiciin az sayda (3+5) ulduzun obyektivda goriinmasi kifayatdir. Cisim bucag kicik oldugu iiciin
bela qurgular biitiin nov fon isiqlanmalarina qarsi yiiksak davamhlhiga malikdirlor.

Tarpanmaz cisim bucagi olan qurgular konstruktiv olaraq daha sadadirlor. Bu amil dogigliyin
Vo etibarligin artmasina gatirir. Belo qurgularin cisim bucagi boyiik olur vo ¢oxlu sayda ulduzlart
ohato edir. Bu iso fon siialanmasina qarst hassashigi artirir.

Son illar ulduz qurgularinda gabuledici element kimi yik slagali ¢ ihazlar (Y©C) matrisi,
informasiyan1 emal edan vasito kimi mikroprosessor istifads olunur. Noticada konstruksiya xeyli
sadalasib, yerina yetirilon funksiyalarin say1 vo mirakkablik doracasi artmigdir [1,3].

YOC-matrisi asasinda miiasir ulduz qurgulart KA-1n istanilon vaziyyatinds yonsltmo ilo bagh
mosalalari hall eds bilir. Bu qurgular yonaltmoni ayriligda gotiiriilmiis bir ulduzla yox, ii¢ ox lizra
yerina yetirirlor. Onlar cisim bucagi daxilinds yerloson ulduzlar grupu ils islayir. Belo qurgu 6ziina
bagli koordinat sisteminin oxlar1 ilo imumdiinya koordinat sisteminin oxlar1 arasindaki bucaglari
toyin edir. Qurgular1 se¢ilmis bir is¢i ulduza dogru tuslamaga ehtiyac yoxdur. Ciinki, bu qurgular
istonilon istigamatds yOnalmis cisim bucaginin shats etdiyi ulduzlarin bucaq koordinatlar1 barads
informasiya verir. Qurgularin funksiyalarindan biri ulduzlarin taninmasidir. Ona gors do qurgularin
torkibins ulduz kataloqu da daxil edilir. Hazirda bu név qurgular miixtalif 6lkslords istehsal olunur.
Lakin, onlarin struktur sxemi demok olar ki, eynidir va kifayat godor sadadir

2. Infraqurmizi (IQ) diapazonlu optoelektron Yera somtlagdirma qurgular:

IQ diapazonlu Yera somtlosdirma qurgular1 funksional toyinatina, imkanlarina vo istismar
xususiyyatlarina gors ti¢ qrupa ayrilir:

-Yerin movcudlugunu gdstoron qurgular;

-Yero saqul quran qurgular;

-meyil bucagini 6l¢an qurgular [1,3,4].

Yerin movcudlugunu gostoron qurgular Yerin KA-a nisbaton torpanmoz olan bir-birina
nisboton 180° bucaq altinda dénderilmis iki bucaq sahasindan birinds oldugunu toyin edir [2,3].

Yera saqul quruculart qurgularmmin oxunun Yerin morkazino dogru istigamatdon meyil
bucagini iki garsiligli perpendikulyar miistavido toyin edir. Meyil bucagindan asili olaraq ¢ix1s signali
xatti vo yaxud pillavari ola bilor. Meyil bucagini tayin etmak tigiin cisim bucagi dairavi trayektoriya
Uzrs skan edilir vo faza detektoru vasitasilo ¢ixis signali formalasdirilir [4,5].

Mdasir optik-elektron sistemlor meyil bucagini 6lgon qurgularin oxunun Yerin morkazina
istigamotdon meyilliyini onlarla doracalorls 6lgulon genis diapazonda yiiksok dagiqliklo dlgurlor [3].

Qurgunun bir-birinin aksi istigamatda yOnalmis iki obyektivi var va iki cisim bucagi daxilindo
miisahidslor aparilir: bunlardan biri dayagq, digari iSs is¢i bucaqlardir. Obyektivlardan biri Yera dogru,
digari isa kosmosa dogru yonaldikds Yerin mévcudlugunu bildiran signal formalasir. Qurgu (7+20)
mkm dalga uzunluglart diapazonunda iglayir.

Sokil 1-do belo qurgunun struktur sxemi verilmisdir. Is¢i vo yaxud dayaq cisim bucaginda
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yerloson Yerin siialanmasi glizgulordan oks olunaraq avval obyektiva, sonra iss modulyasiyaedici
diafragmadan va stizgocdon kegarok fotogeobulediciys diisiir. Generatorun dayaq siqnalina nozaran
modulyasiya olunmus is1q sliasinin fazasi, stialanmanin hansi obyektivden qurguya daxil olmasindan
asilidir. Giiclondirici blokun torkibindo fazaya hassas detektor var. Ogor Yer, is¢i cisim
bucagindadirsa ¢ixis signali miisbat, dayaq bucaginda yerloasdikdos isa manfi qutbli olur [2,3].

obyektiv

Gacta ][ ¥,
Glzghlar dirici bloku
= cenerator

Qida GM- |GM

bloku B bloku —

Sokil 1. Yera somtlogdirmo qurgusunun struktur sxemi.
YM-Yerin mévcudlugu, GM-Glinasin mdvcudlugu

Ogor Gunas cisim bucaqglarindan birindadirsa, bu halda onun hansi cisim bucaginda
yerlosmasindan asili olmayaraq Giinasin mévcudlugunu bildiran blokda mishat qutblu signal
formalasir. Bu onunla baghdir ki, Giinasdon galon signal Yerin verdiyi signaldan guclidur [2,3].

[sigin  modulyasiyas1 diafragmanin  vibrasiyalar1 vasitosilo aparilir. Bunun iigiin
elektromexaniki generator istifads edilir. Generator diafragmanin ragslorini va fazaya hassas detektor
uclin dayaq goarginliyini tomin edir [2,3].

Qeyd olundugu kimi, goriinon diapazonda islayan Yer qurgularinin ciddi bir négsani var. Bu
ndgsan gunlin muxtslif saatlarinda Yerin Giinos torofindon isiqlandirilan hissasinin olgularinin vo
formasinin doyigmasi ilo baglidir. Bu iso onlarin tatbigini mohdudlasdirir.

Coxelementli gabuledicilor asasinda Yera samtlagdirma qurgulari. Son onilliklorda soyudul-
ma talab olunmayan mikro bolometrik matrislor (MBM) islonib hazirlanmisdir. MBM-in tatbiqi yeni
tip IQ diapazonlu Yer qursularimn layihalondirilmasi iiciin yeni imkanlar yaradir [3, 4].

Bu imkanlar MBM-qgobuledicilarin bir sira iistiin cohoatlori ilo baghdir. Ilk ndvbada geyd etmak
lazimdir ki, MBM-goabuledicilarin hor bir kanalinin hoassasligi an yaxsi birelementli goabuledicilara
nisboatan bir qodar ylksakdir [2,4,5].

Bundan basqa, birelementli gobuledicilords fozan1 miisahido etmoak vo tam informasiya for-
malasdirmagq t¢iin optik-mexaniki skanetms reallasdiriimalidir. MBM-gobuledicilor iso 6z piksel-
larinds bodyiik hacmds informasiya formalasdirir va onun elektron oxunmasini togkil edir [3,6].

Basqa bir listiin cohot ondan ibaratdir ki, bir elementli gabuledicilardan fargli olarag MBM-
goabuledicilords fozanin Gyronilon hissasi skan edilmir, yani paralel olaraq miisahida olunur [2-4].

Sakil 2-do MBM osasinda Yeri “goron” qurgunun struktur sxemi verilmisdir. Obyektiv Yerin
oldugu forz olunan faza hissasini MBM-a proyeksiya edir. Obyektiv elo secilir ki, Yer kiirasi onun
cisim bucagina yerlossin. Idars blokunun verdiyi signal informasiyanin oxunma tezliyi ilo ti¢ miixtolif
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tezliklo sinxronlagdirir. Bunlar informasiyanin piksellordon alinma tempins uygun olan takt signali
tezliyi, satirlor Gzro oxunma tezliyi vo kadrlar (izro oxunma tezliyidir. Matrisin ¢ixis signali analoq
blokda ilkin emal edildikdon sonra ragom koduna cevrilir. Ragam emal bloku olduqca ytiksak
mohsuldarliga malik kompiiterdir. O, piksellordon informasiyani bir neco MHSs tezliklo gobul edir,
muoayyan algoritmlar Uzra hamin informasiyani emal edir. Bu kod verilmis cisim bucaginda, Yer askar
olundugu halda, onun bucaq koordinatlar1 haqqinda informasiya dasiyir [1,4].

MBM-don istifadosi zamani, optik-mexaniki skanetmo talob olunmadigi ti¢lin qurgunun
kitlasi vo gabarit Ol¢llori azalir, presizion optik vo mexaniki detallar azaldig ti¢iin konstruksiya
sadalosir vo onun hazirlanmasi tigiin amok tutumu azalir, informasiyanin bir nega néqtadan yox, bitiin
foza hissasindon alindig {igiin daqiqlik artir [1,4,8].

Ononovi 1Q detektorlarin signal-kily nisbeti vo reaksiya siirati oX yaxsi olsa da, asagt
temperaturlara (10-100K) gador soyudulmasi tolob olundugundan, istifadasi mohduddur [4,8].

| 2wz

Diafraqma
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kod

ﬂ & | Amnalog Ragam ¢lm§-ha( i
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Sakil 2. MBM osasinda Yerin teplopelenqasiyasini tomin edon qurgunun struktur sxemi

Son dévrlorde goriintiiloms iiciin on colbedici 1Q detektorlardan biri IRFPA (IQ fokus
miistovisi massivi) mikro bolometridir. Termoelektrik detektor, piroelektrik detektor vo
superkecirici qovsaq bolometri (TES) detektoru kimi digor termal infraqirmizi detektorlarla
miiqayisado, yaxst gostoricilori, kigik piksel Olciisii vo istehsal rahatli§i hesabina genis totbiq
tapmaqdadir. Texnoloji inkisaf hesabina silisiumun genis miqyash inteqrasiyasi prosesina 9saslanan
texnologiya ila istehsal olunan MBM detektorunun piksel 6l¢tsti 17 mkm-dan asagi salinib.

Yiiksok doracodo inteqrasiya prosesi kicik element 6l¢iilori vo yiiksok boraborlik ilo yetkin bir
yanasma tomin edir ki, bu da istehsal xorclorini azaltmagla yanasi piksel vo cihaz gostoricilorini
yaxsilasdirmaga komok edir. Xiisusilo, CMOS-a asaslanan mikro bolometr texnologiyast vo CMOS
uygun yanasmalarim istifado edorok orta IQ (LWIR, 8-14 mkm) diapazonlu FPA {i¢iin hazirlanmisdir.
Istehsal prosesinda, uducu va istilik sensorunun tabagali strukturlar1 CMOS prosesi istifada edilorok
omoalo golir vo daha sonra istilik izolyasiyast magsadils asma mikrokdrpii strukturlar: yaratmagq tigiin
CMOS sonrasi mikroelektromexaniki sistem (MEMS) prosesi istifado olunur [4].

3. Mikro bolometrin (MB) modeli

IQ siialanmas1 bolometrin sothino diisondo udulur vo A7 temperaturunun artmasi ilo
naticolonir. Istilik tarazlig: halinda, istilik artim1 olur:

&k, &k,

AT = _
(G2 +0*C?)* ~ G+ wr?)” (1)
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Burada C- istilik kegiriciliyi G vasitasila atraf miihito qosulan uducu tabagonin istilik tutumu-
dur, € - amplituda £, vo bucaq tezliyi - @ ilo golon infraqirmizi siialanmanin yayilma qgabiliyyati

(udma omsalr), t-termal 1Q detektoru iiciin adoton bir ne¢ ilo on millisaniya arasinda doyisan istilik
zaman sabitidir. Hom rezistiv, hom do diod mikro bolometrlori {i¢iin temperatur artimi elektrik
signalina ¢evrilir vo sonra 6l¢iiliir. Asag istilik kegiriciliyi yliksok temperatur vo hassasliq qabiliyyati
ilo noticolonir, ancaq asagl zaman sabiti yaranir. Bu sobobdon hassasliq vo zaman sabiti arasindaki
qarsiliglt mohdudlasmani azaltmagq ti¢lin kigik bir istilik tutumu homise lazimdir [4,9].

MB-nin ¢1x1s signali miixtalif slaqasiz manbalordon qaynaqlanan kiiylorle miigayiat olunur vo
naticads arzuolunmaz tesadiifi hoyacanlanmalar yaranir. Mikro bolometrli IQ detektorunda nazors
alinacaq bir ne¢a asas kily monbayi var: Johnson kiiylori, temperatur tosirli kiiylor vo 1/f kiiylori.
Umumi kiiy siqnali, bu kiiylorin orta kvadratlariin comi kimi orta kvadrati ilo hesablana bilor:

52 _ 2 72 72 12
Vn = Vj + VTF + V% + Vshot (2)
Bu kiiy, istilik kiiylino ekvivalent olan istilik forqini (NETD) miioyyonlosdirir. NETD, ¢ixis
signal1 kiiyo borabor oldugda temperatur doyisikliyi, yoni 6lgiilo bilon minimum temperatur forqi
olaraq toyin edilir. Optik mikro bolometrik IQ detektorunun isi NETD istifado edorak giymatlondirilo
bilor vo asagidaki kimi ifads olunur.

AF? +1)./V7?
NETD = G+ DV, 3)
AR (dP1dT),

Burada F = {/D, optik sistemin F nomrasi, f vo D miivafiq olaraq fokus masafasi vo optikanin
agighgidir. A - udma qatinmn 8lgiisii, R, - hossashqdir, IQ giiciiniin yaratdig1 ¢ixis gorginliyindoki
doyisiklik olaraq tayin edilir, (dP/dT}), , , IR spektral zolag: daxilinds dlgiilon Tt temperaturda bir
qara cisim torafindon siialanan vahid sahoyo gora giic doyisikliyidir. 8-14 mkm zolaqdaki 295 K-da
qara cism tctn (dP/dT}), , -nin doyari 2.62x107Vt/sm’K -dir. Ucuz bir IRFPA MB-nin islomo

qaydasinda olan NETD tipik olaraq 50 ils 500 mK arasindadir [9,11].

Mikro bolometrin inteqrasiya olunmus oxuma dovrasi. Mikrobolometr piksellori
torofindon udulan infraqirmiz1 siialanma, slave kiiylorin mdvcudlugu sabobindon birbasa istifads
olunmayan zaif bir fotocorayana cevrilir. Bu sobabdon, fotocarayanlar giiclondirilmali vo oxumaq
ticlin inteqrasiya olunmus bir dévra (ROIC-read-out integrated circuit) istifado edarok rogomsal bir
signala c¢evrilmolidir. CMOS texnologiyasindan istifado edorok ROIC yiiksok signal diapazon
genisliyi, yiiksok dovro sixligl, asagi enerji paylanmasi, yiiksok boraborlik vo asagi kiiylor olmasi
iistiinliiklorino malikdir. ROIC tipik olaraq bir ne¢o blokdan ibarotdir: fotocorayani giiclondirmok vo
gorginlik signalina ¢evirmak {igiin oxuma dovrasi (ROC- read-out circuit); fordi piksel segmoak iiglin
sira dekoderi va siitun multipleksoru; Foaliyyatini va saat signalin1 tomin etmak ii¢iin enerji tochizati
vo saat siqnali generatoru; bozi IRFPA (infrared focal plane array) - larda ROIC-o inteqrasiya
olunmus daxili analog-raqomsal ¢eviriciden istifads olundugu halda, digarlari iss xarici ADC totbiq
edirlor. Biitiin bu bloklar arasinda oxuma dovrasi (ROC) vo analog-rogomsal ¢eviricilor (ADC),
inteqrasiya olunmus oxuma dovrasinin (ROIC) asas bloklar1 hesab olunur [4,9].

Mikrobolometrin oxuma dovrasi. ROC-da, piksel tarafindan istehsal olunan fotocarayandan
daha gucli bir gorginlik signali yaratmaq ti¢ilin inteqrasiya zamani bir kondensator torafindon yi1gilir
vo guclondirilir, daha sonra analog-ragem ceviricisinds (ADC) rogomsal c¢evrilmo Uglin bir
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formalasdirma va saxlama (S/H) dovrasina gondarilir. ROC dizayni, konversiyadan avval analoq
¢ix1s signalinin giic yayilmasina va keyfiyyatina oshamiyyatli doracads tasir gostorir [4].

IRFPA MB-lords an ¢ox istifads edilon ROC konfiqurasiyalari birbasa injeksiya (DI-direct
injection) (sokil 3a), ke¢id modulyasiya girisi (GMI-gate modulation input) (sokil 3b) vo tutum
transimpedans giiclondiricisidir (CTIA-capacitive transimpedance amplifier)(sokil 3c). Dizayn
konsepsiyalar1 gostoricilor vo struktur miirokkobliyini ohato edir; hor bir dizayner texniki tolob vo

proses cadvoalindon asili olaraq forqgli bir dizayna iistiinliik vers bilor [4,9].
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Sakil 3. Oxuma dovrasi konfiqurasiyasinin strukturlari: (a) birbasa injeksiya (DI),
(b) ke¢id modulyasiyasi girisi (GMI) va (¢) tutum transimpedans giiclondiricisi (CTIA)

CTIA konfiqurasiyas1 oan populyar IRFPA (long-ware infrared) MB konfiqurasiyasi hesab
olunur. Sokil 4c-do goOstorilon CTIA konfiqurasiyasinda, MBM-in inteqrasiya olundugu oxuma
dovrasinda amaliyyat giiclonidirici do istifado olunmusdur, bu isa sxemin hassasligint xeyli artirmis
olur. Burada C1 kondensatorlu integrator, amaliyyat glclondiricisinin oks olage dévrasinda
qgosulmusdur. Burada M1 sifirlama agari, M2 iso ¢ixis1 idaro edon agardir. CTIA, asagi giris
miigavimating, yuksak injeksiya samaraliliyino, sabit yanliliq, belaliklo ala xatti, idaraolunan carayan
qazanci, yiiksok hossasliga malikdir. Sxemlords, M1-M4 agarlari, uygun funksiyalarmni yerino
yetirmak Ugln nozoards tutulub [4].

Soyudulmayan mikro bolometrlorin hazirlanma texnologiyalri.

Amorf-silisium osash mikro bolometr texnologiyasi. LETI LIR (The Laboratoirei
infrarouge of the Laboratory Electronics and Information Technology) - texnologiyas1 bir nega ildir
ki, amorf-silisium osasli soyudulmayan mikro bolometrik matrislorin inkisafinda istifado edilir. LETI
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LIR texnologiyas1 boyiik doldurma omsali, yiiksok istilik izolyasiyasi, Kigik termal zaman sabiti tomin
edir, bu da detektorun hassasliginin alds olunmasi ila naticalonir [10].

Mikro korpunin tatbiqi. Mikro korpiler, tam oxuma dévralarinin alt tabagalarina monolit
sokildo qurasdiriimisdir. Tk addim olaraq, ROIC-in Ustiina nazik bir oksetdirici aliminium tobagosi
¢okdiriilir. Daha sonra 2.5 mkm galinliginda olave (st gat olaraq polimid tobogasi ¢akilir vo
borkidilir. 0.1 mkm qalinliginda ¢ox qatqili amorf silisium polimid qatin (izarina slavs edilir vo 8 nm
qalinligl reaktiv PVD (fiziki buxar ¢c6kmo) titan nitrit ilo 6rtaltr [10].

Infraqirmizi siialanmanin udulmast titan nitrid gatinin miigavimaetinin idars edilmaosi ilo tomin
edilir. Mikrokorpii elektrodlar: ilo reflektor arasinda '4 dalga uzunlugu effekti 8-14 mkm dalga
diapazonunda maksimum tasir gdstorir. Amorf-silisium parazit miidaxilslorin effektlori xaricinds,
optik udulmaya demok olar ki, tosir gostormir. Bu effektlor, silisiumun yiiksak qirilma indeksina gora
spektral reaksiyani diizoltmoyo meyillidir. Bu sobobdon, daha inco tobagolors iistiinliik verilir
(0.1mkm va daha az). Bu tonzimlomalar naticoesindo, 1.5 mkm qalinliginda iimumi qurulus qaydalar1
il birlikds, doldurma faktoru toxmini 60%-o yaxin olan spektral udulma zolagi olds edilir.

Oxuma dovrasi vo simulyasiya. Bu oxuma dovrosi 256x64 olan fokus miistovisindon
ibaratdir. Hor bir Rd-detektor Md-tranzistora birbasa carayan injeksiyasi ilo birlosir. Hom fasilosiz,
hom do impulslu tochizati rejimi miimkiindiir. Davamli rejimdo, inteqrasiya zamani SR agar1 “aciq”
olur. Sotir multipleksoru ilo xatto miiraciot edilmoadikds, bolometrlor holo aciq olan SB acarlari
torofindon doyisdirilir. Bolometrdon golon faydali coroyan daha sonra siitunun altindaki bir tutum
transimpedans giiclondiricisina (CTIA) 6tardlur [9,10].

Bolometr, bir termal RC filtiri kimi foaliyyst gostorir vo onun gorginlik polarizasiyasina
asaslanan ddvralarini tasvir edon (4) tanliyi ils idars olunur [9,10].

e, p,n, @
R, e’
Burada @ -temperatur forgidir, R, va C, bolometr mikrokorptisii ve oxuma dévrasi arasindaki istilik

muqgavimeati va istilik tutumudur. P, -sapalonan elektrik glicti va P, -udulan infraqirmiz: gucdr.

oule

MBM-in energetik hesabati. Son illor MBM-lorin yaradilmasi vo inkisaf etdirilmasi
istigamatinds intensiv iglor aparilir. Bu istiqgamatdo ABS, Almaniya, Fransa vo Yaponiya aparici yer
tutur. Islodiyi spektral diapazonuna, pikselin sayma, ol¢iisiine, islomo temperaturuna, istilik
hossasligina goro MBM-lorin bir cox novleri var. MBM-larin soyudulmayan numunalarinin
xarakteristikalarinin ilkin tohlili gostarib ki, soyudulmayan fotogebuledici asasinda, Yerin 8-14 mkm
diapazonlu IQ siialanmasina gora onun pelenqasiyasini tomin edon optik-elektron sistemin qurulmasi
mumkindlr. Bunu ssaslandirmagq iigiin agagida verilmis ardicilligla energetik hesabat aparilmis vo
bu taloblars uygun olan, sonaye istehsali olan soyudulmayan MBM markasi segilmisdir [9-11].

Yerin siialanma giiciinii P = oT*S diisturu ilo tapa bilorik. S, = 4mR; — Yerin sathinin
sahosinin diisturudur. Ry=6378- 10> m — Yerin radiusu. Bolsman sabiti olan ¢ = 5.67 - 1078 Vt/(m?
K*) -0 borabardir. Buradan aliriq ki,

Pyer=4moT*(6,378 - 10%)? =5,1-10%* -5,67- 107 8nT* ~ 2,887- 107 T*
Yerin orta temperaturunun 15°C (15+273 = 288K) gobul olundugunu nazars alsaq,
Pver=2,887- 107 T*=2,887- 107 - 288*=2.887- 107 - 6,88 - 10° =~ 2,0 - 107 Vt alariq.

Vin ganununa gors Yerin IQ siialanmasinin maksimumunun dalga uzunlugu
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Amax = ZSTi (mkm-Ia), dusturu ilo hesablanir. Yer tigiin T=288K oldugundan, Amax = 10 mkm olur.

Bu giictin 1.67 - 1017 hissosi atmosferdon Yero qayidir, atmosferin istilik balansinin
saxlanmasina sarf olunur, digar hissssi fozaya otiiriiliir. Atmosferin soffafliq pancarasinin enini (8-
14mkm), Yerin IQ siialanmasinin osas gliciiniin Amax — da comlondiyini vo atmosferin temperatur
balansini nazors aldigda, kosmik foza istiqgamatindo, Yerin IQ siialanmasinin orta giicii 4 - 5 - 103 Vit
haddinds va daha ¢ox olur.

Radiorabito tanliyi osasinda fotogobulediciyo diison IQ siialanmanin giiciinii toyin edirik.

Bunun dgln ilk ndvbodo D masafosini nozaro almagla KA-nin yaxmliginda, yani
fotogobulediciys diison giic selinin sixligimi tayin edirik. MBM-in totbiq olunmasi noazards tutulan
kicik peykin orbitinin hindurluyint hesabat tglin D = 350-700 km gobul etsok, maksimal 700km

hindUrlik dGgtn giic selinin sixliginin Pgc seli sixl. = % distlru osasinda, Pyer = 4,7- 103Vt, D = 700

km = 700- 103 m olmagla,
4,7-103 _ 4,7-10°
4-3.14-(7-105)2  53.1011

Pgiic seli sixl = =7,6- 10710 Vt/m2 ahrlq

Xarakteristikalar1 tohlil olunan soyudulmayan MBM-lar igarisinda, Fransa istehsali olan LIR
tipli fotogabuledicinin bir pikselinin 6lgllari 47mkm x 47mkm oldugundan, pikselin sahasi

Sq.eiqpiks=47X47~ 2,21 - 103 mkm? =~ 2,21- 10~° m? olur
Bu sahani nazars almagla bir pikselo (elements) diison giicii asagidaki kimi tapariq:
Pqe|q= Pgijc seli six1 * Sqe|qp|ks= 7,6' 10_10 '2,21' 10_9=l,68 : 10_18

Secilon MBM-do olan piksellorin iimumi say1 - 256x64 (320x240)=16384 oldugundan,
fotogobuledici matriso (MBM-9) diison Yerin IQ siialanmasinin giicii

Pgeb.mem = 1,68 - 10718 - 16384~2,76 - 10~1* Vt olacaq

Sec¢ilmis MBM-in (Fransa, LIR) hossasligina uygun olan minimal istilik siialanmasinin
Tgeiqg= 50 MK =5- 1072 K vo Suem =2,21- 1079 - 16384 = 3,62 10~>m? oldugunu nazars alsag,
MBM-in geyds ala bilacayi minimal giicii asagidaki kimi tapa bilorik:

Paob.mBM min= 0T*S=5.67 - 102 - (5-1072)*- 3,62 - 107> =1,27 - 10717 Vt

Goriindiiyii kimi secgilmis bolometrik elementin hossasligi fotogeabulediciys diison IQ istilik
stialanmasinin giiciindon toxminon 103 dafs coxdur. Bu da o demokdir ki, fotogobuledici Yerin istilik
stialanmasini ¢ox asanligla va se¢ilmis skanerloma diapazonunda geyds ala bilacak.

Aparilan hesabat vo todgigatlar miasir coxelementli soyudulmayan MBM-lar tatbiq etmoklo,
kicik (mikro va nanopeyklar) ticiin kompakt va avtonom Yers optoelektron somtlogdirma sisteminin
yaradilmasinin miimkiin oldugunu gostorir [2,3,11].

Hesabatdan sonra miioyyon olunmusdur ki, miasir MBM-lor istifado etmoklo,
teplopelenqasiya prinsipi osasinda qurulan vo asagi orbitlordo foaliyyot gdstoron kicik peyklords
totbiq oluna bilocok Yero optoelektron somtlogdirmo sistemini yaratmaq olar. Yers optoelektron
somtlagdirma sisteminin qurulus sxemini sakil 5-do gostarilmis kimi tosvir etmak olar [2,3,11].
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Sakil 5. Teplopelengasiya prinsipi asasinda qurulmus Yera
optoelektron somtlogdirmo sisteminin qurulus sxemi

Toklif olunan sistemin torkibina: 1-ci IQ obyekt (Yer kiirasi), 2-ci 1Q fotogobuledicinin
matrisi, 3-cli soyuducu blok (varsa) vo ya MBM-in termostabilizatoru, 4-ct ilkin gucloandiricilor, 5-
ci multipleksor, 6-c1 geyri-barabar signalin analoq tonzimlayicisi, 7-ci analog-ragemsal gevirici, 8-Ci
geyri-barabor signalin ragomsal tonzimlayicisi, 9-cu matrisin iglomayan fotogobuledici elementinin
korreksiya edilmasi bloku, 10-cu mikroprosessor vasitssilo videosignalin tasvirinin formalagsmasi
bloku, 11-ci fordi komplters qosulmagq iigiin rogomsal ¢ix1s, 12-ci TV-monitor, 13-cu okulyar sistem,
14-cl dovro generatoru, 15-ci osas elektrik gidalanma bloku daxildirlor [3,11].

Notica. Asagi orbitli kosmik aparatlarda, xtisuson k¢ik peyklordo daha yiksok dagiglik va
avtonomlugq tomin edo bilon kompakt optik-elektron somtlogdirmo sistemlorinin yaradilmasi
imkanlari tadqiq edilmis vo miayyan olunmusdur ki, ananavi astronomik samtlogdirma sistemlori ilo
miqayisado mikro bolometrik matrislor asasinda qurulmasi miimkiin olan sistem daha yiksak
dogigliya, avtonomluga, kicik oOlgiilora vo alverigli konstruksiyaya malik ola bilor. Tohlillor vo
hesabatlar zaman1 miisyyon olunmusdur ki, hal-hazirda bir ¢ox dlkalarin aparici sirkatlori torafinden
soyudulmayan mikro bolometrik fotogabuledici matrislor buraxilir vo bu matrislari teplopelenqgasiya
magsadleri iigiin ¢ox asanligla totbiq etmok olar. 700 km hiindiirliikdo, MBM-2 diison Yerin IQ optik
diapazonda yaratdig istilik siialanmasinin giiciiniin hesabatindan sonra miioyyon olunmusdur ki,
secilmis bolometrik elementin hossaslig1 fotogobulediciyo diison IQ diapazonlu istilik siialanmasinin
guictindan taxminoan 103 dofa coxdur. Bu da o demakdir ki, fotogebuledici Yerin istilik siialanmasini
¢ox asanligla vo se¢ilmis diapazonunda geyd ala bilocok. Aparilan hesabat vo todgigatlar muasir
coxelementli soyudulmayan MBM-lar totbiq etmaklos, Kicik (mikro- vao nanopeyklor) ticiin kompakt
Vo avtonom Yero optoelektron somtlogsdirmo sisteminin yaradilmasinin miimkiin oldugunu gostorir.
Bu 0z ndvboasindo, onu gostorir ki, miasir MBM-lor istifado etmokls, teplopelengasiya prinsipi
asasinda qurulan optik-elektron somtlagdirma sistemlori kigik peyklords tatbiq oluna bilar [2,11],

Aparilan todqiqatin asas naticasi kimi geyd etmak olar ki, soyudulmayan MBM-lor kosmik
aparatlarda, hamg¢inin nanopeyklords tatbiq olunsa, genis hiindiirliik diapazonlar1 (300-3000km) Gigtin
kompakt, doqiq vo avtonom Yers optoelektron somtlogdirma sistemini yaratmagq olar.
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MODEL OF AN OPTICAL-ELECTRONIC SYSTEM FOR ORIENTIATION SMALL
SATELLITES TO THE EARTH AND ENERGY CALCULATION OF ITS PHOTO RECEIVER

Isgandarov I.A.
National Aviation Academy

The presented article analyzes the functionality of optical-electronic orientation and
stabilization systems, examines the schemes for using these systems on satellites, and also develops
a model of an optical-electronic system that ensures the orientation of small satellites to the Earth.
The functional limitations inherent in existing orientation and stabilization systems are analyzed, and
various characteristics of optical-electronic orientation, stabilization and navigation devices used in
spacecraft (SC) are considered. At the same time, it was shown that the complexity and design
features of astronomical positioning systems significantly complicate their use on small satellites. As
a result of studies and reports, it has been established that the use of microbolometer matrices
(MBMs) developed in recent years and photodetectors created on their basis that do not require
cooling make it possible to develop a new type of optical-electronic systems. As a result, of the
research, a structural model of a compact, autonomous and high-precision optical-electronic
alignment system has been proposed, which can be applied to small satellites based on an uncooled
MBM photodetector that provides orientation to the Earth.

Keywords: spacecraft, satellite, orientation system, astronomical, optical-electronic system,
micro bolometric matrix, photodetector, structural model.
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AEROPORT ORAZISINDO YERUSTU NOQLIYYAT VASITOLORININ HOROKOT
VAXTININ TOHLILI

Hasanov A.R., 'Agayev E.A., 'Ohmadov R.9., °Allahverdizada R.O.
IMilli Aviasiya Akademiyasi, *Fizika institutu

Mbaqgalada aeroport arazisinda yeriistii naqliyyat vasitalorinin harakat vaxtinmin optimallasdiriimasi
lictin istifada edilan tisullar tohlil edilmis va onlarin ¢atismazhiglart miiayyanlagdirilmisdir. Yeriistii
naqliyyat vasitalorinin saylarindan va harakat siiratlorindon asili olaraq riyazi ifadalorlo harakot
vaxtlart hesablanmisdir. Tadqiqatimizin asasinda yeriistii naqliyyat vasitalarinin sayt va siirati kimi
miixtalif parametrlora uygunlagdiriimis harakat vaxtlarimin hesablanmasi iiciin riyazi ifadalorin
tatbiqi dayanmir. Bu metodoloji yanasma aerodromda yeriistii naqliyyat vasitalorinin harakot
dinamikasimin hartorafli giymatlondirilmasini tomin edir. Hesablamalarin naticasi olaraq yertistii
naqliyyat vasitalarinin nizamlanmus harakatlori ticiin talab olunan timumi vaxt miiayyan edilir.

Acgar sozlar: nagliyyat, hava limani, harakat, optimallasma, vaxt, tayyara, harakat siirati,
masafa.

Giris. Hava limaninda yeriistii nagliyyat vasitalorinin harokst vaxtinin optimallasdirilmasi
Sarnisin, yiik, yanacaq dasiyan va digar xidmati nagliyyat vasitalarinin horakatinin tokmillasdirilmasi
(sadalogdirilmasi) prosesini ohato edir [1,2]. Optimallasdirma bir neg¢a Soboba gors vacibdir:

-vaxt effektivliyi. Yerustu nagliyyat vasitalorinin siratli vo lazimsiz gecikmoalor olmadan
horakatini tamin etmok, hava liman1 amaliyyatlarinin imumi samaraliliyina tasir edir. Bu, mixtalif
faaliyyatlor tiglin vaxtin kritik oldugu hava limanlarinda xiisusilo vacibdir;

-sixligin azalmasi. Samarali harokat hava gomisinin harakot, xidmat yollarinda vo yeristu
nogliyyat vasitalorinin iglodiyi digor orazilords sixligi minimuma endirmays kdémoak edir. Bu, 0z
névbosinds, gecikmoa ehtimalini azaldir vo hava limanm1 daxilinde noqliyyatin timumi harokatini
yaxstlasdirir [3];

-tohliikasizlik. Yerustl nogliyyat vasitalorinin harokotlorinin optimallasdirilmas1 qoza vo
toqqusma riskini azaltmagla tohllkasizliyi artirir. Yaxsi alagoalondirilmis horokatlor va toyin edilmis
marsrutlara riayat etmok daha tohllikasiz is miihitino kémak edir [4];

-resurslarin idara edilmasi. YerUstl nagliyyat vasitalorinin somarali harokati is¢i qiivvasi,
yanacaq Vo avadanliq daxil olmagqla resurslardan daha yaxsi istifads etmoaya imkan verir. Bu, xarclora
gonast etmays Vo hava limaninin daha davamli iglomasina sabab olur [5].

Isin  moagsadi. Aeroport orazisindo yeriisti noagliyyat vasitolorinin  horokatinin
optimallasdirilmasi {igiin totbiq olunan {isullarin aragdirilmasi va harokat vaxtinin tahlil edilmasidir.

Problemin vaziyyati. Hal-hazirda hava limanlarinda naqliyyat vasitalorinin harokat vaxtini
optimallasdirmagq tligiin asason asagidaki tisullardan istifads edilir:

1. Agill idaroetmo sistemlari. Qabaqcil nagliyyat idaroetmo sistemlori yerlstii nagliyyat
vasitolorinin axmini optimallasdirmaq {igiin real vaxt molumatlarindan, o ctimlodon sensorlar va
kameralardan alinan malumatlardan istifads edir. Bu sistemlor horokot signallarini dinamik sokildo
tonzimlaya Vo tixaclari azaltmaq ii¢iin optimal marsrutlart tomin eds bilar.
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Bu iisulun gatismayan cohatlori asagidakilardir:

-ilkin xorclor. Agilli idaroetmo sisteminin tatbiqi shamiyyatli ilkin xarclori talob eda bilar.
Bura sensorlarin, kameralarin quragdirilmasi, kommunikasiya infrastrukturu vo malumatlarin tohlili
ucln program tominatinin hazirlanmasi daxildir;

-baxim xarclori. Sistemin diizgiin islomasini tomin etmok {iglin davamli texniki xidmat talob
olunur. Bura aparat komponentlorinin saxlanmasi, program tominatinin yenilonmosi vo zamanla
yarana bilocok har hansi problemloarin halli daxildir;

-integrasiya problemlari. Mdvcud infrastruktur vo sistemlorlo inteqrasiyasi miirokkab ola
bilor. Inteqrasiya prosesinda gecikmolora va alava xarclora sobob olan uygunluq problemlori yarana
bilor;

-etibarliliq vo dayanma muddati. Texnologiyadan asililiq o demakdir ki, sistemds nasazliq
olarsa, bu, shamiyyatli nasazliglara vo dayanma miiddstino sabab ola bilar. Sistemin etibarliliginin
tomin edilmasi vo ehtiyat mexanizmlorin olmasi vacibdir;

-kiberhiicumlara gars1 zoiflik. Agilli sistemlor Kiber tohllikalora hassasdir. Hakerlor sistema
potensial tohliiko yarada bilar, bu da tohlikasizlik risklorino sabab ola bilar.

2. GPS vo navigasiya sistemlori. GPS texnologiyasi, adaton yeristl nagliyyat vasitalorini
optimal marsrutlar tizra izlomok va istigamatlondirmok Ggln istifado olunur. Navigasiya sistemlori
real vaxt rejiminds yol soraiti hagqinda moalumat verir vo sirlcilors an somorali yollar1 segmoya
kdmak edir.

Bu iisulun ¢atigmayan cohatlori asagidakilardir:

-doqiglik. GPS-in doaqiqliyi atmosfer soraiti, signal manelari (masalon, hindir binalar,
tunellor) vo goriinan peyklorin say1 kimi amillordon asili olaraq doyiso bilar. Bazi hallarda dagiglik
azala bilor;

-konar midaxila. GPS signallarina elektron cihazlarin, radiotezlik miidaxilasi tasir eds bilar.
Bu midaxilo GPS navigasiyasinin daqigliyini va etibarliligin1 poza bilar;

-daxili mohdudiyyatlor. GPS signallari, adston qapali yerlords vo ya somanin moahdud
gorinduyu orazilords etibarli deyil. Bu mohdudiyyst hava limanlari, ticarat markazlori va parking
strukturlar1 kimi qapali miihitlords navigasiya va izlomaya tasir gostoars bilar;

-Xotalar. GPS signallar1 binalar kimi sathlordon sigrayaraq gebuledicinin yanlis mévqe
hesablamasina sobob oldugda xotalar bas verir. Bu, xiisusilo hiindiir strukturlari olan sahar
muhitlorinds geyri-dagigliklora sabab ola bilar;

-mohdud hunddrlik moalumati. ©noanavi GPS sistemlori 0fuqi yerlosdirma Uglin nazards
tutulmusdur vo yuksoklik hagqinda dagiq malumat vermoys bilor. Bu mohdudiyyat aviasiya kimi
doagiq hindurlik malumatlari talob edan tatbiglors tasir gostars bilor;

-tohlukasizlik. GPS signallar1 radiobogma vo radioaldatmaya hassasdir, bu da GPS
goabuledicilorinin gasdon yanlis istiqamatlondirilmasina sabob ola bilar. Bu, harbi omaliyyatlar kimi
doagiq yerlosdirmoanin vacib oldugu tatbiglords tohllikasizlik risklari yaradir.

Rabita sistemlori. Tokmillosdirilmis kommunikasiya sistemlori yeristl nogliyyat vasitalorinin
horakatini olagalondirmays kdmok edir. Bu, toqqusmalarin qarsisini ala vo horokot axinmi
optimallasdira bilar.

Bu iisulun gatismayan cohotlori asagidakilardir:

-tohllikasizlik risklori. Rabits sistemlori icazasiz giris, hakerlik vo ya mudaxiloys gars1 hassas
ola bilar. Hassas molumatlar1 qorumagq tigiin giiclii kibertohlikasizlik tadbirlarinin tomin edilmosi
vacibdir;
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-molumat itkisi. Texniki nasazliglar, soboko nasazliglar1 vo ya avadanliglarin nasazlhigi
otirdlms zamani molumatlarin itirilmasSine vo ya korlanmasina sobob ola bilor. Etibarli ehtiyat
sistemlarinin va sohvlarin yoxlanilmasi mexanizmlarinin tatbigi bu risklari azaltmaq Gglin vacibdir;

-zolaq genisliyi mohdudiyyatlori. Mohdud zolaq genisliyi malumatlarin uzun miiddat orzinds
oturtlmasi ilo naticalona bilar ki, bu da Unsiyystdo gecikmolora sabab olur. Real vaxt rejiminds
unsiyyatin kritik oldugu vaziyyatlords zolaq genisliyi mahdudiyyatlori sistemin effektivliyino mane
ola bilar;

-infrastrukturdan asililiq. Rabito sistemlori sobokalor, serverlor vo kabellor kimi
infrastrukturdan ¢ox asilidir. Tobii folakatlor, gozalar vo ya texniki nasazliglar naticasinds yaranan
fasilolar rabitonin kasilmasi ilo naticalons bilar;

-giymot. Mirakkab kommunikasiya sistemlarinin tatbigi vo saxlanmasi ohomiyyatli ilkin vo
davamli xarclor talob edos bilor. Bura aparat, program tominati lisenziyalarinin alinmasi va sistema
texniki qullug va tokmillagdirma ilo bagli xarclor daxil ola bilar;

-uygunluq problemlori. Mixtalif rabito sistemlori vo cihazlar1 arasinda uygunlugu tomin
etmok ¢atin ola bilar;

-dil maneolori. Qlobal vo ya multikultural soraitdo dil vo Unsiyyst torzindoki farglor
problemlor yarada bilar. Sohv sorhlor bas vers bilor, bu da anlasilmazliglara vo ya miinagisalora sobab
ola bilar;

-molumatin hoddindon artiq yiiklonmasi potensiali. Daimi kommunikasiya axinlart olan
muhitlords malumatin haddindon artiq yiiklonmasi riski var. Hoddindan artiq molumatin ¢esidlonmoasi
vaxt apara bilar vo buraxilmig kritik mesajlara sabab ola bilor.

Hal-hazirda istifado edilon iisuallarin ¢atigmazliglar1 aeroport orazisinds yertstl nogliyyat
vasitalarinin harokatina nozarat ii¢iin yeni tisullarin tatbigini zaruri edir. Aeroport orazisinds yeristi
nogliyyat vasitalorinin harokotino nozarst etmo Gcun akustooptik longima Xatti yiiksok potensiala
malikdir [6] .

Hava limam orazisinda yerUstl nagliyyat vasitalorinin harakat vaxtlarinin
hesabalanmasi. Aerodromda yeristl nagliyyat vasitasinin optimal harokati Gcln riyazi ifadonin
muoayyan edilmasi mosafs, sirat, sixliq vo tohlikasizlik kimi mixtalif amillorin nazors alinmasini
nozarda tutur. Xdsusi riyazi model horokatin murokkablik saviyyasindon asili olaraq dayiso bilar.
Aerodromda yerGstu noagliyyat vasitalorinin hoarakotini optimallasdirmaq {igiin riyazi ifadoni tortib
edok. Bu tortib sadoslosdirilmis tosvirdir, aerodromun spesifik xususiyyatlori vo mohdudiyyatlori
osasinda daha da daqiqlosdirilo bilar.

i-Ci nagliyyatin koordinatinin (x;,y; ), suratinin v;, i vo j-ci nogliyyat vasitolori arasindaki

mosafonin d;;, harokat vaxtinin t;; oldugunu nazors alsaq, Gmumi horokoat vaxti {igiin:

ijs

Z=Z?’=1Z?’=1,tij U #1) @)
dyj

bj =7, (2)

d=\/(xi—xi)2+(J/i—J’i)2 3

Burada N-nagliyyat vasitolorinin sayidir.
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Tortib etdiyimiz riyazi ifadslorin asasinda hesablama aparag. Aeroport arazisinds harokat edon
nogliyyat vasitalorinin sayr ¢oxdur. Hesablamalarin sadsliyi Ugiin forz edok ki, 4 noagliyyat
vasitosindon istifado edilir.

Verilir:

1-ci nogliyyat vasitasinin koordinati (x1,y1)= (0, 0), slrati 20 m/san;

2-ci nagliyyat vasitesinin koordinati (X2,y2)= (100, 0), strati 15 m/san;

3-cl nagliyyat vasitasinin koordinati (X2,y2)= (50, 50), slirati 25 m/san;

4-cu nagliyyat vasitasinin koordinati (X2,y2)= (150, 150), strsti 22 m/san.

Hesablama: i = 1 olduqda,

_ J(0-100)2+(0-0)2 _

j = 2, t12 - 20 5,
— 2 — 2
=3t = J( 50)2;(0 50) ~ 3.54:
— 2 —_ 2
J =4ty = J( 150)2;(0 150) ~10.6;
i = 2 olduqda,
—0)2 —0)2
=1ty = J (@00 01)5+(0 0) ~ 6.67:
— 2 — 2
j =3ty = J(@oo 501)5+(0 50) ~ 471
— 2 — 2
J= 4ty = J (oo 1501)5+(0 150) ~ 10,5:
i = 3 olduqda,
—0)2 —0)2
J=1,ty = J(@s0 0)2;(150 0) ~ 2.83:
- 2 —0)2
=2ty = V(50 1002)5+(50 02 _ 4
J =4ty = J(50-150)2+(50-150)2 ~ 5.65:
25
i = 4 olduqda,
—0)2 —0)2
J=1,ty = J(@s0 0)2;(150 0) ~ 9.64:
— 2 —0)2
J= 2ty = J(@50 1002)2+(150 DR 7.2:
— 2 — 2
J =3ty = J(@50 50)2;(150 502 6.43:

Z= tioHtiztuat tor+ to+ toa+ tar+ taot tast tart taot taz= 76.77

Natica. Aeroport orazisinds yerlsti nogliyyat vasitalorinin harokotini optimallasdirmaq
kontekstinds Umumi harokat vaxti (Z) ilo bagli apardigimiz hesablamalara asason asagidakilar1 geyd
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eds bilarik:

-Z-in giymoatlarina nagliyyat vasitalorinin xususi koordinatlari, siiratlori vo aralarindaki
mosafalar tasir edir. Bu dayisanlorin tanzimlonmasi tmumi horakat vaxtina tasir edir;

-marsrutlarin, siiratlorin tonzimlonmosi va real vaxt molumatlarina osaslanan dinamik
tonzimlomolorin nazars alinmasi horokat vaxtini azaldir;

-avtomobillarin say1 (N) artdigca optimallasdirma problemi daha da miirokkablosir;

-horokot vaxtini  (Z) minimuma endirmok {i¢lin toqqusmadan yaymma, siirot
mohdudiyyatlarini nazoro alaraq yerusti nogliyyat vasitelori tiglin optimal marsrutlar miayyan
edilmalidir.
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ANALYSIS OF THE MOVEMENT TIME OF GROUND VEHICLES IN THE AIRPORT AREA

Hasanov A.R., Aghayev E.A., Akhmadov R.A., Allahverdizade R.A.
National Aviation Academy, Institute of Physics

In the article, the methods employed to optimize the movement time of ground vehicles within
the airport premises are analyzed and their disadvantages are identified. Movement times were
calculated using mathematical expressions that depend on the number and speed of ground vehicles.
The foundation of our research lies in the application of mathematical expressions to calculate travel
times adapted to various parameters, such as the number and speed of ground vehicles. This
methodological approach provides a comprehensive assessment of the dynamics of ground vehicle
movement at the airfield. As a result of these calculations, the total time required for the routine
movements of ground vehicles is determined.

Keywords: transport, airport, movement, optimization, time, plane, movement speed,
distance.

Rayci: t.f.d., dos. Babayev H.B.
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UCUSLARIN YERUSTU RABITO VO RADIOTEXNIKi TOMINATININ TEXNIKi
VOZIiYYOTINO INTELLEKTUAL OPERATIV MONITORINQIN USUL VO
VASITOLORI

Ramazanov K.§.
Milli Aviasiya Akademiyasi

Mbaqgalada uguslarin yeriistii rabita va radiotexniki taminati vasitalorinin tadqiqi aparilmusg,
onlara intellektual nazarat etmak iiciin tisul vo qurgunun islonib hazirlanmasi, nazarat prosedurunin
operativliyinin artirilmast va real vaxt rejimina gatirilmasi problemlari, o ciimladan neyron sabaka
yanasmasindan istifada edilmasi sahasinda mévcud islar nazardon kegirilmisdir.

Operativ diagnostikamin vacib torkib hissasi qisminda intellektual siiratli noazarat
konsepsiyasinin tagdim edilmasi, onun radiotexniki sistemlorda hayata kegirilmasi tisulunun
islonilmasi, eyni zamanda, operativ nazarat termini adi altinda basa diisiilon real zaman miiddatinds
mahdud sayda nazarat olunan parametrlor asasinda obyektin texniki vaziyyatinin miiayyan edilmasi
masalalorino baxilmisdir.

Acgar sozlar: ucus, rabits vasitasi, radiotexniki taminat, operativ nazarat, avtomatlasdirilmas,
texniki diagnostika, texniki vaziyyat, bort, intellektual, monitoring.

Giris. Aviasiya texnikasiin hortorafli inkisafi ilo bagh qiymatli vo murakkob avadanliginin
effektiv istismarini tomin edan operativ diagnostik masalalorin halli xiisusi aktualliq kasb edir, bu isa
6z ndvbasinds monitoring vs diagnostika prosesinin avtomatlasdirilmasi probleminin miiasir element
bazasi asasinda effektiv vo doqiq hoallini talob edir [1].

Mdasir hava gamilarinin ugus siiratinin yiksaldilmasi vo uguslarin radiotexniki tominatinin
(RTT) bort va yertistii avadanliglarinin is garaitinin doyisma dinamikasi, hamchinin rabits sistemino
(RS) vo RTT-ya ham tobii, hom do slni xarakterli mixtalif tosadifi vo gosdon sabitliyi pozan
amillorin tasirinin yiiksok ehtimali, onun toyinati iizra dorhal istifadoys hazir voziyyats gotirilmasi,
dayanma vaxtmnin azaldilmasi, rabito vo avtomatlagdirmaya texniki dostoyin hoyata kegirilmo
operativliyinin artirilmasina qgarsi daha sort taloblor qoyur [2].

Texniki diagnostika todbirlorinin  (xtsuson do, texniki vaziyyatin monitoringinin)
operativliyini artiran yanasmalardan biri, ekspertlorin fikrinca, konseptual aparati olan texniki
Vaziyyato operativ nazaratin hayata kecirilmosidir ki, bu da daha perspektivli olmagla garsiya qoyulan
mosalalorin daha effektiv vo operativ hallini tamin edir. Bu todqiqatlarin davami olaraq aviasiya
uchuslarinin RS vo RTT-nin yerstl vasitolorinin intellektual nozarst Gsulu vo qurgusunun
yaradilmasi toklif edilmisdir.

Bu mogalods dagitmadan nozarat iisullarinin vo alda olan ugus vasitalorinin vasitssi ils alinan
nozarat olunan obyektin keyfiyyat parametrlorinin giymatlorinin orazi paylanma sahasinin qurulmasi
variantinin toqdimati ilo RS vo RTT-nin diagnostikas1 niimunasindan istifads edarok operativ nazarst
prosesi agiglanir [3].

Bu halda operativ nazarat prosesinds texniki nazarstin radiotexniki avadanliginin vo RTT-nin
novii radioelektron avadanliginin konkret tipi ticlin mioyyan edilmis buraxila bilon intervallar
daxilinds nazarat olunan parametrlarin toyin edilmasi vo miqayisasi ila tayin edilir [4]. Magalada
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operativ noazarstin alt sisteminds noazarst olunan parametrlor Ggln istismar hoddlori ilo yanasi,
sistemin foaliyyatinin daxili va xarici soraitlorina uygunlasdirilmis profilaktik haddlorinds istifads
edilmasi toklif edilir. Bu halda, profilaktik hoddlorin mioayyan edilmasi proseduru hom klassik
yanasmadan istifads etmoklo iki parametrli mokan ti¢iin, hom dos operativ nazarat proseduruna daxil
olan istismar parametrlorinin saymndan asili olaraq gox parametrli nazarst obyektlari (iglin hayata
kechirilir.

Rabitonin yeristl vasitalorine vo uguslarin radiotexniki tominatina intellektual operativ
nozaratin toklif olunan Gsulu real zaman middstinds ugus tonzimlonmasi vo yerusti rabito va
radiotexniki avadanliglarin, masalon, tayyaralorin enms prosesins girisin instrumental yanasmasini
tomin etmak Ucitin radiomayak sistemlari, homginin aerodrom radiostansiyalari, aviasiya radio rabitasi
Vo isiqlandirma avadanliglari, kurs radiomayaki, qlissad radiomayaki, masafo0l¢on, yaxin vo uzaq
marker radiomayaklari; radionaviqasiya sistemlori, azimutal vo masafoblgon radiomayaklart va s.
yoxlanilmasi tigun istifads edils bilar.

Isin magsadi aeroportda intellektual operativ nazarot isulunu tatbig etmakla rabitonin yeriisti
qurgularina vo uguslarin radiotexniki tominat1 avadanligina noazaratin real zaman muddatinds hoyata
kecirilmasinin operativliyini artirmaq, daxil olan 6l1¢ma informasiyasinin emali ticiin mivafiq riyazi
aparatin intellektual se¢imini hayata kecirmoklo mdvcud texniki vaziyyatin avtomatlagdirilmis 61U
kompleksi torafindan giymatlondirilmasidir.

Diagnostika va nazarat sistemlarinda intellektuallasdirma

Isdo rabito sistemi vo radiotexniki tominat elementlorinin nozarot funksiyalarinin
intellektuallagdirilmasi sistemin strukturuna daxil olan biliklor bazasindan (BB) istifado etmokla
hoyata kegirilir. Bilik bazasinin 6zii do paylanmis va asason gostarilon qurgularda yerlosdirilir:

-operativ. nozarot proseduruna calb olunan ugus-qaldirma avadanliginin = bort
avtomatlagdirilmig 61¢t kompleksinds;

-aeroportun amr dispetcer moantagasindaki yeriistli avtomatlasdiriimis 61¢u kompleksindso;

-RV vo RTT-nun yerlosma movgelorindoki avtomatlasdirilmis 61¢ma komplekslarindo.

Bilik bazasinda (vaziyyatlor bazasi) RV va RTT elementlarinin mimkun texniki vaziyyatlari,
kritik vacib nozarat edilon parametrlorin gozadan 6nca hodd giymatlori, habelo mixtalif goza
vaziyyatlarinin halli tisullar1 (alqoritmlori) haqqinda molumatlar toplanir. Bunu nazors alarag RV va
RTT-nin is gabiliyyatinin yoxlanilmasi elementlor Uzro aparilir vo nasaz element askar edilarss,
verilmis situasiya tapsirigi tizra bilik bazasinin alotlorindan istifads olunur, masalon, RTT-nin rezerv
yarim dastlorina kegid edilir vo ya real vaxt rejimindo RTV-nin islomasinin sonradan yoxlanilmasi
ilo muxtalif név tonzimlomalor aparilir.

RV va RTT-nin texniki vaziyyatinin intellektual monitoringi sisteminin faaliyyatinin osas
xususiyyati onlarin miixtolif cinslilik doracasi, habelo idaroetmoa prosedurunun parametrlori,
stialanma diapazonlari, qobuletms tisullart vo 06lgii informasiyasinin emali alstlori, nozaratin
“mohsuldarlig1” va s. Uzra hayata kegirilmasidir. Bu amillar nazarst edilon RV vo RTT-nin yerlosdiyi
soraitin ¢ox meyarl qiymatlondirilmasini nazors alaraq, bilik bazasindan istifado etmoklo nozarot
carcivasinda giymatlondirma tsulunun misyyan edilmasinds, konkret hall yolunun sechilmasinda
halledici rol oynayir.

RV va RTT-ni nazarat obyekti kimi nozars alaraq geyd etmok lazimdir ki, onlarda ham qofil,
hom do todrici nasazliglarin sobablori daxili (istehsalat qiisurlari, elementlorin daxilindoaki
degradasiya proseslori vo s.) vo xarici (iqlim is soraiti, xarici elektromagnit tasirlori, personalin
sohvloari va s.) sabitliyi pozan amillordir.
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Adaton, giiman edilir ki, destabillosdirici faktorlar nazarat obyektina tosir edir va onlarda
parametrlorin doyismasi ilo xarakterizo olunan nasazliqlarin yaranmasima Sobob olur ki, bu da
diagnostika zamani parametrik identifikasiya tisullart ilo giymatlondirilir [5]. Texniki diagnostikada
bu istigamot diagnostikasi aparilan nazarst obyektinin modelinin barpasina asaslanir vo bundan slavs,
oksor destabillogdirici faktorlar yalniz nozarot obyektinin parametrlorinin doyismasina gatirmir,
homg¢inin natura sinaqglarinin vo hesablama tacriibalarinin naticalarindan istifads edarak onun riyazi
modelini qurarken geyri-parametrik identifikasiya tisullarinin totbiqini sortlondirir [6]. Bununla
olagodar olaraq, 6l¢l alatlorinin xarakteristikas1 vo diapazonunun genislondirilmasi RV vo RTT-nin
digor parametrlorino noazarst etmays vo Oyronmays imkan verir, hansi1 ki, masafodon monitoring
sistemlorinds 6lgma signallarinin emalinin onoanavi riyazi metodlardan istifade etmoklo todqiqi
miimkiin deyil, ya da bu metodlarin totbigi Ol¢li informasiyasinin qeyde alinmasi vasitalorinin
imkanlar1 ilo mohdudlasir.

Belaliklo, intellektual operativ nazarst Usulunu hayata kechiron modellosdirilmis sistemlarin
moqgsadi intellektual vericilordon (radio vo optik siialanma diapazonunda 61¢ii informasiyasinin
gobuledicilori) istifado edorok avadanligda nasazliglarin askarlanmasi, taninmasi vo miayyan
edilmasi, gaza vaziyyatlorinin inkisafindaki tahlikali tendensiyalarin ayrilmasi vo onlarin kataloga
operativ daxil edilmasi, nasazliglarin prognozlasdirilmasi, bortda vo ya yeriistii avtomatlasdirilmis
0lcl kompleksinda vaziyyatin hartarafli gqiymotlondirilmasi asasinda effektiv tosiredici “tohlikasizlik
maneasi”-ni agmaq ti¢un todbirlorin formalagdirilmasi va gobul edilmasidir. Bundan slava uguslarin
RV vo RTT-nin faaliyyatinin avtomatik/avtomatlagdirilmis rejimlordo real zaman muddatinda
gostorilon funksionalligi tomin etmok aktual masaladir [7]. Bu mosalonin hallinin keyfiyyot
gostaricilarini tayin edon amillordon biri do operativ nozarstin program tominatinin tamhigidir vo
program tominati nozarat avadanliglarinin is rejimlarinin va alt rejimlorinin secilmoasini, molumatlarin
daxil edilmosini, islonmosini, vizuallasdirilmasini vo sonadlosdirilmoasini, intellektual vericilorin
parametrlorinin kalibrloms xUsusiyyatlorinin hazirlanmasini, standartlara uygun olaraq cixis
parametrlorinin toyinatini toskil etmoklo operativ, xlsusi vo tam nozarstin tomin edilmasi chin
nazards tutulmusdur.

Bilik bazasinda yenilonmis informasiyanin qiymotlondirilmasinin aktualligi 6lgulon
informasiyanin (OI) 6ziiniin statusuna uygun olaraq onun etibarliligindan, ardicilliginin tamligindan,
durustliyiindan va s. asili olaraq miioyyan edilmosidir. Ol-nin statuslarinin say: intellektual nozarat
sisteminin asagidaki topluya uygun olan cavab variantlar1 ilo mioyyan edilir: tasdiglonmis status,
normal status, somtlosdirici status, ekstrapolyasiya edilmis status vo geyri- durist status.

Belalikla, RV va RTT-nin texniki voziyyatinin siniflorinin toyini daim yenilonon aktual
Olcllon informasiyasini nazars alinmagqla, ehtimal kegidlori asasinda hayata kegirilir.

RV va RTT-nin texniki vaziyyatinin intellektual nazarat sisteminin blok sxemi, malum olan
sistemlordan forgli olarag, nozarat prosesinds daxil olan 6lgiilon informasiyanin tosnifatlagdirilmasi
hesabina miixtalif geyri-cins nozarst zonalarinda miisahido olunan noazarat obyektlorinin texniki
vaziyyatinin sinfini tayin etmays imkan verir (sokil 1).

RV vo RTT-don galon 6lgma malumatlarinin paralel islonmosi imkani (neyron sobakalari ils,
Veyvlet cevrilmoalarindon istifado etmoaklo) nazarot sisteminin is siiratinin artmasina sobab olur vo
aximlarin sayr miixtalif xarakterli nozarot zonalarinin sayindan asilidir. Nozarot sisteminin bir
xususiyyati, sistemin biliklor bazasinda nozarst obyektinin texniki voziyysti hagqinda 6lgmo
molumatlarinin  birbasa yenilonmasi ilo mioayyan edilon goza voziyyatinin doyismasine
(tonzimlonmasina) dorhal reaksiyadir.
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Sakil 1. Rabits vo radiotexniki avadanliglarin texniki vaziyyatinin intellektual monitoringi prosesinin
struktur sxemi

Avadanliglarin texniki voziyyatinin giymotlondirilmosi Ugin toklif olunan intellektual
yanagma, Olc¢llon informasiyanin neyron sobokasinin emalina yiiksok siratli alqoritmlorin totbiqi
hesabina obyektlorin  texniki  voziyyatlorina nozarotin  operativliyinin  artirilmasina  vo
avtomatlagdirilmis monitoring sistemloarinin tokmillagdirilmasina vo onlarin Veyvlet analizinoa
y6nalib.

Natica

Ucuslarin yeriistii rabito vo radiotexniki tominatinin intellektual operativ nazarst metodunun
tohlili gostorilir ki, obyektlorin texniki vaziyystinin effektiv monitoringinin dinamik strukturlar
soklinda daim doayison Xlsusiyyatlori nazara almagla nazarst olunan obyektlorin is rejimindan,
istismar vaziyyatindan, deqgradasiya proseslarinin tobii va sini xarakterindan, habels bu aspektlorin
dayiskanliyindon asili olaraq hayata kegirilmasi nozarat prosesinin effektivliyini artiran siini intellekt
texnologiyalarindan istifado etmoklo muimkindir. Yerlstu rabito vo radiotexniki tominat
avadanliglarinin texniki vaziyyatino nozarat (cun intellektual sistemin konseptual modelinin
qurulmasi iizrs tadgiqatlar informasiya sisteminin qurulmasi ti¢tin yeni prinsiplori, onun istismarina
olan talablari, habels bu sahads texnologiyalardan istifadoni ohato edir.

Ucguslarin yeriistii rabito vo radiotexniki tominatinin intellektual operativ nozarst metodu
asason yeristu sistemlords hoyata kecirilon hazirliqg marhalasini, rabits vasitslarinin v ya radiorabits
tominatinin goza signalinin nasazlig1 vo ya nasazligdan avvalki vaziyystin agkarlanmasi halinda
yeriistli avtomatlasdirilmis 6lgmoa kompleksina 6tlrilmosini, yeriistii avtomatlagdirilmig 6lgma
kompleksi torofindon nasazligin miioyyan edilmasi prosesinin hoyata kecirilmosini  vo
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avtomatlagdirilmis idaroetmos sisteminin bilik bazasinin aktivlosdirilmasi vo hayata kechirilon
operativ nazaratin muxtslif nov hesabatlarinin formalasdirilmasini ohato edir.
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METHODS AND MEANS OF INTELLIGENT OPERATIONAL MONITORING OF
THE TECHNICAL CONDITION OF GROUND COMMUNICATIONS AND RADIO

ENGINEERING SUPPORT OF FLIGHTS

Ramazanov K.Sh.

National Aviation Academy

The article carried out studies of ground communications and radio technical support for
flights, the problems of developing a method and device for intelligent control, increasing the
efficiency of the control procedure and bringing it into real time, and also considered modern work
on the possibility of using a neural network approach.

For this purpose, the concept of intelligent operational control is presented as an important
component of operational diagnostics, and a methodology for its implementation in radio engineering
systems has been developed, while solutions to the issues of determining the technical condition of
an object were considered on the basis of a limited number of monitored parameters in real time,

understood under the term operational control.
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AERONAVIQASIYA

UOT: 004.383.8 DOI: 10.30546/JNAA.2024.26.1.53.
DRONLARIN IDARD OLUNMASININ KONSEPTUAL 9SASLARI

9sgorov T.K.
Milli Aviasiya Akademiyast

Moaqalada miixtalif tipli tapsiriglart yerina yetirmak ticiin miiayyon mohsuldarliga malik
dronlarin idara olunmasi masalasina baxilir. Bu maqsadlo dronlarin siiriilor saklinds idara
olunmasinin konseptual asaslari verilir. Mohdud hesablama giictina malik olan ki¢ik dron siiriilarinin
idara olunmasi siirii intellektino asaslanir. Dron siiriilarinin taskili prinsiplori kigik bir makanda
minlarla ugan va bir-birina mane olmayan “bécaklora” istinad edilib. Bels ki, dron stiriilorinin toskili
lictin totbiq olunan saviyyalar (avtonom, birsaviyyali va ¢oxsaviyyali) va homin saviyyalordaki
informasiya alaqalori aks etdirilir. Homginin verilon tapsirigin talabino uygun olaraq dron
stiriilarinin néviari (statik, dinamik va hibrid) sarh edilir.

Acar sozlar: dron, informasiya miibadilasi, idaraetma markazi, siirii intellekti, bocak, dron
Strtist, statik svri, dinamik stirti, hibrid stirii.

Giris. Son zamanlar dron texnologiyalari vo onun tatbiq saholori ugurla inkisaf edir. Bu
texnologiya ham harbi, ham do mdilki istifads {igiin genis imkanlara malikdir. Dronlarin ucuz basa
golmasi vo mobilizasiya muddati onlardan istifadoni genislondirir. Masalon, har hansi bir binanin
struktur bolmalarinn monitoringini vertolyotlar vo kranlar vasitesilo hoyata kegirmak, dronlarla
nisboton baha basa galir. Homg¢inin, dronlar orazilor tizro daha samarali yerlasdirilir vo problemi gisa
zaman muddotinds daha tez hallini hoyata kegcirir. Kicik dronlar, bdyuk drona nisbaton daha
goriinmaz vo daha az sos-klys malik olur. Kigik dronlarin istehsali, boyiik dronlardan ucuz basa
goldiyi Uctin mulki masalalorin hallinds magsadsuygun sayilir vo kitlovi xarakter dasiyir. Cilinki
onlarin ¢akisi az, gabaritlori Kigik va goza soraitinds iss tohlikasiz sayilir [1-3]. Muasir dovrdas ¢atin
tapsiriqlarin halli G¢tin bir negs kigik drondan ibarat dron siiriilori va ya dron qruplar: formalasdirilir.

Dron sirdlarinin (DS) idars olunmasi zamani verilonlari saxlama monbalarinds va real vaxt
rejiminda gorar gobul etmads ciddi problemlar yaradir. Mahdud hesablama gticiina malik olan kigik
DS-lorin idars olunmasi siirii intellektina asaslanir. Siirii intellekti anlayis1 - garsiligli alagods olan
obyektlorin davraniglarini ortaya ¢ixaran kollektiva aid edilir va siini intellekt algoritmlori asasinda
isloyir. Bu algoritmlor bir ¢cox obyektlor arasinda informasiya miibadilasini tamin edir. Algoritm
iterasiyalar zaman1 6zii-6z0n{ toskil etmoklo yliksok somaraliliyi do tomin edir. Strt intellektina gora
vacib slamatlar bunlardir: siiriiniin tabiati, striiniin obyektlori arasindaki alagalar, suriys daxil olan
Vo suruinu tark edon mixtalif obyektlor [4,5].

Suru intellektino osaslanan alqoritmlora qarisqa, ari, canavar, pisik sirtilori vo s. Kimi
alqoritmlori misal gostora bilorik. Masalon, qarisqa alqoritmina gora otraf soraito gora gida monbayi
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ilo yuva arasinda geda bilacayi yollar tayin edilir. Mlsyyan olunan yollardan birinds ilk ke¢on qarisqa
yola feromon adlanan goxulu madds ifraz edir. ©gar yol qisa olarsa, bu qoxu daha six olur va digor
qarisqalar da eyni sokildo yola davam edirlor. iki yolun kosisdiyi ndqtede garisqa hansi yolla
gedacayini miayyanlasdirir [6,7].

Pilotsuz ugus aparatlarinin (PUA) istifadosinds inkisaf edan yeni bir istigamat, onlarin DS-lor
formasinda togkilidir. DS-lorin tagkili prinsiplari, Ki¢ik bir makanda minlarls ugan va bir-birino mane
olmayan “bocoklordon” goturalub. Surl intellektino osaslanan bu cir toskil prinsipi asagidaki
usttnliklors malikdir:

-DS-lars goxsayli sinxron miidaxilalar;

-har bir dronun fozada yerlosdirilmasi va koordinatlarinin daqigliyi;

-DS-ds elementlorin bir-birini tamamlamast;

-DS-in vo onun elementlarinin etibarliligs;

-faydal1 yiikiin bir ne¢o dron arasinda boliisdiiriilmasi;

-(joza zamani yiik itkilorinin azalmasi,

-naticalorin alds edilmasinin asanlasmasi;

-yiiksok samaraliliyin aldo olunmasi va s.

Dron surularinin saviyyalari. Dronlar “surii”ys qosuldugdan sonra har biri avtomatik olaraq
idaro edilir. Siiriiniin davranisina isa suni intellekto asaslanan programlar vo ya operatorlar (dron
strusiinln sahibi) torafindon nozarat edilir. Sokil 1-do miayyan avtonomluga malik olan sado DS
gOstorilmisdir. Tapsiriq sahasi Uzro DS-lorin idara etmoyin bir ¢ox tisullar1 vardir. Masalon, bitln
gorarlar struniin idarsetmo orqani sayilan idaraetma markazi torafindan verils bilor [7, 8]. Bu tsul
drondan verilon informasiyanin Yer Nozarat Sistemina (YNS) real vaxt rejiminds 6tlirmasini va aldo
olunan amrlaro tez cavab vermasini tomin edir. Mioayyan vaziyyatlords, DS avtonom faaliyyot
gOstorir (sokil 1) vo YNS-dan ag1q icaza talobi olmadan ugus zamani gorarlar gobul etmalidir.

Dronlar arasinda
(dron stiriisinda)
olaga

M "Dron siiriisii" niin
sahibi

Sakil 1. Avtonom dron surusu

Burada dronlar ¢oxlugu, bir drona nazaran daha boyiik srazininin monitoringini hoyata kegira
bilor. Verilon tapsirigi ugurla hoyata kegirmok ii¢iin genis imkanlara malik olan dronlar miiayyan
arazilara gondarila bilor. Digar dronlar iss muixtslif tapsiriqlarin icrasini tomin eds bilor.

Sakil 2-da bir nega drondan, muxtslif sensor vo ehtiyat avadanliglart ils tochiz olunmus DS
gOstorilmisdir. Bu ciir DS-lor birsaviyyali adlanir. Birsaviyyali DS-in osas vozifasi tapsiriq sahasi Uzro
PUA-larda ugursuzluglar bas verdikds ehtiyat avadanliglarinin igo salinmasidir. Bundan slaves, goxlu
sayda dron, tok drona nazaran daha boyiik cografi arazini hom shats, ham ds idars eds bilor. Cunki
tapsiriglarin daha somarali yolla togkili tigiin genis imkanlar1 olan lazimi dronlar miiayyan orazilors
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gondarilir. Digar dronlar iss basqa tapsiriglari yerina yetirir. Dron slristnin YNS-Is alage saxlamag
ticlin qurduglar1 sobokadan istifado eds bilor. Bunun Gg¢lin har hansi bir dronun YNS-lo olagssi
pozulduqda, hamin dron YNS-Is alagasi olan basqa bir drona baza malumatlarini 6tiira bilar.

\
X vns
Tapgiriq sahasi Baza

Sakil 2. Birsaviyyali dron siriist

DS-lar fordi qruplar yaradaraq muxtalif dron gruplarini (DQ) formalasdirir. Bu qruplar fordi
PUA-nin tokbasina yerina yetiro bilmayacayi tapsiriglari koordinasiya etmok hiiquglarina malikdir.
DQ-nin elementlori (PUA-lar) sensorlar vasitosilo informasiyanin miibadilasini, hadaflorin
izlonmoasini, mioayyanlosdirilmasini, monitoringini, hatta yiklorin dasinmasi kimi tapsiriglarin
birlikda yerina yetirilmasini tamin edir. Belo olan halda har bir qrupu taskil edon béyuk dronlar va
onlarin kigik versiyalari ilo ziddiyyat togkil etmomali vo bir-birini “basa diismalidir”. Sokil 3-do
coxsaviyyali DS-i togkil edon vo YNS-Ilo idara olunan DQ-lar gostorilmisdir. Sakildon gorindiyu
kimi DS iki qrupa ayrilmisdir: “Dron grupu - A” va “Dron qrupu - B”. Har bir DQ muvafiq rahbarlora
malikdir. Masalon, “Dron grupu - A”-ya “Rohbor - A1” Vo “Rahbor - A2” , “Dron grupu - B”-ya 1S9
“Rohbar - BI”” Vo “Rahbar - B2” moxsusdur. Yani, hor bir qrup, Klasterlor goxlugu formasinda ¢ixis
edir.

Dron qrupu - A Dron qrupu - B

b Tapsiriq sahasi ... Baza__, Tapgiriq sahesi o
Dron gruplart Rohbar - Al Rehbarlar va YNS
arasinda slaga ila alaga arasmnda alaga

Sakil 3. Coxsaviyyali dron siirisu

[9]-da YNS tarafindan idars olunan dronlar {igiin hiicumlarin sensor verilonlarina ganunsuz
giris aldo etmosinin asan olmamasini tomin etmokla yanasi, tohlikasiz alagoni tomin etmak Gglin
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protokol toklif edilir. Bu cur toklif maxfilik masalalarinds problemsiz hall olunur (mas., YNS digor
toraflors molumatlarin hansi drondan daxil oldugunu siibut eds bilmir). Ancaq mivafiq hesablamalar
Vo enerji istehlaki baximindan hoyata kegirmok baha basa golir. [10]-da geyd olunur ki, PUA-nin alo
kecirilmosi igiin dronlarla agilli obyektlor arasinda tohllkasiz oslage qurur. Bu magsadlo
“Certificateless Signcryption Tag Key Encapsulation” mexanizmindan istifado olunur. [11]-do
dronlarin somarsli inventarlagdirilmasin1 aparmaq vo RFID (Radio Frequency Identification,
radiotezlik identifikatoru) ciplarindan, [12]-ds iso mioyyan edilmis yiingiil qorunan vo moxfiliyi
tomin edon serversiz protokollardan istifads edarok dronu slo kegirarkon moxfiliya zomanat verir.

Dron sdrdstndn novlari. DS-lorin toskili ti¢iin statik, dinamik vo hibrid strulordon istifados
oluna bilar. Statik siiriilords biitiin dronlar tapsiriq middoati oarzindo bir yerds qalirlar. Dinamik
stiriilordo fordi dronlar donanmanin bir hissasini toskil edir. Homginin verilon tapsirigin talobina
uygun olaraq siirtinii tork eds bilor. Hibrid siiriilor 1so ham statik, hom do dinamik sirllardan toskil
olunur.

DS-do asas yeri tutan statik dron stiriiloridir (Statik DS). Bu toskil tisulunda siirti istirak¢ilar
ucusa hazirliq marhalosinds avvalcadoan segilir. Ugus baslandigr anda miivafiq tapsiriq verildikdon
sonra avtomatik siyahi tortib olunur va tGzvlar tasdiglonir. Ugus aparilan arafada yeni izvlorin sistemo
(siyahiya) daxil olmasi prosesi bloklanir. Rabitonin tohlikasizliyi, lzvlor arasindaki qarsiligh
anlagma vo amokdasliq DS-in sahibi torafindan toyin edilir vo YNS-do parametrlor qurasdirilir. Belo
olan halda, har hans1 bir dronun, miivafiq DS-in sahibina moxsus olub-olmamasindan asili olmayaraq,
ucus zamani DS ila alagali xarici bir obyekt kimi gabul edilacok [13-17].

Dinamik dron siiriilori (Dinamik DS). Statik DS-dan fargli olarag, dinamik DS-lar verilon
tapsiriq arofasinds istonilon vaxtda surtidon ayrilan movcud tizvlarls birlikds yeni Gzvlor daxil etmok
ticiin agiqdir. Belo olan halda gapali va agi1q dinamik DS-lardoan istifads olunur. Qapali dinamik DS
yeni dronlarin yalniz eyni toskilatdan qeydiyyata alinmasina imkan verir. A¢iq dinamik DS-lor isa
Uclncu taraf togkilatindan dronlarin geydiyyata alinmasina sorait yaradir. Statik vo dinamik DS-larin
togkili mexanizmi sokil 4-do gOstorilmisdir.

Siiriiyas gosulmag
. $ ¥ figlin sorgu

Statik dron
sirlisd -
. .

Dinamik dron
= E' sifrilsil

. Siiriinii tark erma
"G rebardarhs
a4

Sakil 4. Statik vo dinamik dron siirilori

Hibrid dron siiriilori (Hibrid DS). Bu név DS-lar hom statik, ham do dinamik DS-lari vahid
omokdasliga davat edir va bir modulda faaliyyat gostarir. Hibrid DS-in niivasini statik DS togkil edir.
Homcinin, bu statik DS digar dronlarin siiriiys qosulmasina imkan verir vo 6z0in0 dinamik DS Kimi
davranan genislondirilmis siirii formalasdirir. Hor hansi giymatlondirmoa vo gorar gobuletmoa
mosalalorinds asas slrl yiksok potensiala malik olur. Genislondirilmis siirii - statik DS-o qosulan vo
asas suriys xidmat gostaran dronlar kimi gabul edilo bilor. Bu suriinun Gzvlari istanilon marhalods
komanda heyatini tork edos bilor. Hibrid DS-in togkili mexanizmi sokil 5-do gOstorilmisdir.
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Genlslanth f 1‘?&—1
rilmis siirii '|

friinil tark etma
xobardarhim

Dsas siirti tictin Geniglandirilmis siirii
~ alaga yollan ficiin alaga yollar

Sokil 5. Hibdid dron siirlst

Natica. Pilotsuz ugus aparatlar1 seqmentindos slrll kesfiyyatinin totbiqi tobistdon goturilmiis
alqoritmlor vasitasilo hoyata kegirilir. Magalods dronlarin siirii goklinds idarsolunmasi, dronlar arasi
informasiya mubadilasi, dronun siirilys qosulmasi (va ya surlni tork etmasi) gaydalart va surlys
gondorilon sorgular osasinda miivafiq qorarlarin qobulu masalalorine baxilmigdir. Siriiniin
formalagdirilmasi - tobiatdon gotiiriilmiis siirii halinda formalizo olunan va bir-birina mane olmayan
bocoklordon gotiirtilmisdiir. Mixtalif sensor vo ehtiyat avadanliglari ilo tochiz olunmus dronlarin
stiri soklinda idara olunmasi tigiin Saviyyalor (avtonom, birsaviyyali va ¢coxsaviyyali) gostorilmis vo
saviyyalar arasi informasiya alagalari nazors alinmigdir. Bundan slavs statik, dinamik va hibrid dron
strdlarinin  toskilindo sensorlar vasitesilo informasiyanin miibadilasini, hodaflorin  miayyan-
lagdirilmasini, monitoringini hayata kegiron konsepsiyalar iglonmigdir. Dronlarin siirii formasinda
idars olunmasi tiglin hayata kegirilon konsepsiyalar hom miulki, ham dos harbi sanayeloards totbiq oluna
bilor.
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THE CONCEPTUAL BASICS OF DRONE CONTROL

Asgarov T.K.
National Aviation Academy

The article considers the issue of controlling drones with certain productivity to perform
different types of tasks. For this purpose, the conceptual basis of controlling drones in the form of
swarms is given. Management of small drone flocks with limited computing power is based on swarm
intelligence. The principles of the organization of drone swarms referred to thousands of "insects"
flying in a small space and not interfering with each other. Thus, the levels (autonomous, single-level
and multi-level) applied to the organization of drone flocks and the information relationships at those
levels are reflected. Also the types of drone swarms (static, dynamic and hybrid) are explained
according to the requirement of the given task.

Keywords: drone, information exchange, control center, swarm intelligence, insect, drone
swarm, static swarm, dynamic swarm, hybrid swarm.
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AVIASIYA TOHLUKOSIZLIYI

YIK: 344.7 DOI: 10.30546/JNAA.2024.26.1.61.
AHAJIN3 PAIUKAJIN3AIIUUA TEPPOPUCTOB BOJIKOB-OIMHOYEK

Myxmapoe P.M., lllexunu II11.11.
Havyuonanvnas Axademus Asuauuu

Teppopusm oounokux eonkos unu lone wolf npodonsxcaem ocmasamocs ouuom ¢ Hauara XXI1
gexa. dmomy ceudemenbcmeyem mom (Qaxkm, 4mo 3a NociedHee decsamuiemue pe3ko 803POCIU
00beMbl U Cepbe3HOCMb  (PYHOAMEHMATUCMCKUX MePPOPUCMUYECKUX HANAOEHUL «OOUHOKUX
gonkosy. C 2000 2o0a xoruuecmseo amak, co8epuiaemvlx OMOeIbHbIMU TUYAMU U He3ABUCUMBIMU
epynnamu, npooondxcaem pacmu. Hecmompsi na muozouucienuvie uUccied08aHusi meppopusma
OOUHOKUX B0JIKO8, cmpamezuu no O0pvbe ¢ OAHHOU Y2po30l NO-NPEeNCHEM) He CYUecmayen.
Omcymcmeue wmupoxomacutmadoo NOJUMUKY 6 OMHOUWEHUU MePPOPUIMA-OOUHOUEK 00BICHAEMC S
08yMs1  (hakmopamu: Omcymcmeuem OoOWenpuHamo20 onpeoeieHus MmeppopusmMa-oOUHOUex u
MeKYWUM NPaAsUMenrbCMEeHHbIM UMNYIbCOM OJisl CO30aHUsl 3aKOHO8 U NOJUMuKU no 6opvbe c
MeppopUCMULecKUMU AmaKamu co CMOPOHbL KPYNHBIX A2PECCUBHBIX 2PYNNUPOBOK.

Knrouesvte cnosa: lone wolf, paouxanuzayus, meppopusm, meppopucmusecKue
Opeanuzayuy, meppopucmudeckas uoeonocus, 6e30nacHoCms padcOaHCKoU aguayuu, a3ponopm,
cmpamecuuecku 8adcHvlll 00vbeKm

BBenenue. OnHUM U3 IPOSIBICHUN COBPEMEHHOTO TEPPOPHU3MA SIBJISIETCS TEPPOPU3M BOJIKOB
onuHouek wim lone wolf, B 6oppbe ¢ KOTOpPBIM CITy:KObI 0€30ITaCHOCTH HMCIBITHIBAIOT CEPhE3HBIC
TPYIAHOCTH, TIpuYeM, dTa (opmMa Teppopu3Ma BBI3BIBAET 03a00YCHHOCTHh OOIIECTBEHHOCTH.
TpynHocTH B paboTe areHTCTB MPOUCTEKAIOT U3 TOTro (hakTa, uTo 3Ta (hopMa TEppOprU3Ma 4acTo MEHEE
OTCIIEeXHMBaeMa M 0Oosiee HempenckasyemMa IO CPaBHEHHIO C OPraHU3allOHHBIM TEPPOPU3MOM.
HecMmoTps Ha TO, 4TO TEPPOPUCTUYECKHIE OPTaHU3ALUN TOICPKUBAIOT HHPPACTPYKTYPY U KaHAJIbI
CBSI3U, KOTOPBIE MTO3BOJISAIOT OCYLIECTBIIATH MOHUTOPUHT U [IEPEXBAT, HalaJCHHsI Ha ONpeIeleHHbIN
00BEKT OOHAPYKUTh MPAKTHUECKH HEBO3MOXKHO J0 MX COBEpLICHUs. BBUAY CI0OXKHOCTH OOpHOBI €
TEPPOPUCTAMU-OAMHOUYKAMHU BO3HUKAET HEOOXOIUMOCTh M3YyUEHHs JTOrO SIBJIEHUS U BO3MOXHBIX
CIOCOOOB €ro MpeNoTBpallleHHs] MM, MO0 KpaiiHel Mepe, HaHEeCEeHHs MHUHUMH3AIMH yiiepOa
rOCyJapCTBY WM ONPENEICHHOMY JIUILY.

Paznuunble MCcnenoBaTeNM HCHOIB3YIOT TEPMUH «TEPPOPU3M OJMHOKOIO BOJIKA» IIO-
pasHOMy, 4YTO JeNaeT MCCIEJOBaHUE HECTAaHAAPTHBIM M, BO3MOXKHO, 3amyTaHHbIM. CoriacHo
bakkepy, lone wolf — 3to yrpoza uinm npuMeHeHUe HaCUIIHS CO CTOPOHBI OJTHOTO MPECTYMHHUKA (HITH
HeOOJIBIION s[ueKM), AEHCTBYIOUIETO0 HE MO JIMYHBIM MaTepUAIbHBIM IpPUYMHAM, a C ILEIbI0
BO3CUCTBUS Ha Oojee MUpPOoKyIo ayauToputo. OH IelcTByeT 6e3 KakoH-Tu00 MpsMOil OJIepPIKKU
IpU IUIAHUPOBAHMM M MOJATOTOBKM, a TaKXe IPHU OCYLIECTBICHUM HAMaJCHMs, €ro peleHHe
JeiCTBOBATh HE OMpeAesseTcs Kakoi-mubo rpymnmoil WiaM APYyruMH JIHLIAMHU (XOTS, BO3MOXKHO,
BIIOXHOBJICHO JAPYTHUMH)» [1].

M. X3MM cYHTaeT, 4TO BOJK-OAMHOYKA TOT, KTO JIEMCTBYET B OJJMHOYKY - O€3 MOMOIIU WU
MOOIIPEHNS IPABUTENBCTBA, MM TEPPOPUCTUIECKON OpraHU3aluy, KTO JeHCTBYET 0€3 pyKOBOACTBA
WA PYKOBOJICTBA HE€PAPXUHU, pa3paldaThIBAIOIIETO IJIaH U METO/Ibl CAMOCTOSITENILHO, 0€3 KaKoH-1100
BHEIIHEW MOMOIIHU, TOAAEPKKI» [2].
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Jx. Kamemnan yTBepkJada, 4YTO aBTOPbl OMNPEACNIUIN CYIIHOCTh BOJIKOB-OJUHOYEK,
OCHOBBIBasICh Ha YPOBHSIX CBS3U IpaBOHApymuTenael ¢ (QopMaTbHBIMH TEPPOPUCTUUECKUMU
opranuzanusiMu. C OgHOW CTOPOHBI, CYIIECTBYIOT U30JIMPOBAHHBIE BOJIKU-OJUHOYKU. DTO T€ JHIIA,
KOTOpbIe HE UMEIT (PopMaabHON MPUHAMICKHOCTH U HE TOJYYalOT MaTepUAIbHOM MW WHOMU
MOAJECPKKHA OT IKCTPEMUCTCKHUX OpraHu3aiuil. OHU IUTAHUPYIOT U OCYILIECTBISJIM CBOM aTaku B
onuHouky. C npyroil CTOPOHBI, OJUHOKHE BOJIKM, TaKXe JACUCTBYIOIIME B OAMHOYKY, HO
MpUHAISKANME K (QOPMAIBHBIM TEPPOPUCTUYECCKUM opranm3anusMm. CremnoBaTeNbHO, OHH
HAXOJATCS TOJA MPSIMBbIM BIMSHHEM JHJEpa, KOTOPBIA HHCTPYKTHUPYET W TMOJACPKHUBACT HUX
MIOATOTOBKY K TepakTy [3].

Takxe CylecTBYIOT KaTerOPUHU BOJKOB-OJMHOYEK COTVIACHO TUNoyiorusm P. [Tantyyymu:

* «OnguHOYKa» — JMEHCTBYET B OJUHOYKY, O€3 CBS3M C KaKOH-IHNOO SKCTPEMHUCTCKOM
TPYNIUPOBKOM.

* «OOuHOKMI BOJK» — JEWCTBYET B OAMHOYKY, HO HMEET HEKOTOPBIM KOHTaKT C
JKCTPEMHUCTAMHU.
* «Crasg OOUHOKOrO BOJKAa» — ATO BBIPAKEHUE, XapaKTEPU3YIOIEe TIPYHIy

caMOpaJMKaJIn30BAHHBIX JTIOACH.

* «OIMHOKMI HamaJaroIINi) — YeTOBEK, KOTOPBIM IEUCTBYET B OJJUHOUKY, HO UMEET YETKUE
CBSI3M KOMaHJIOBaHUS U KOHTPOJIA C SKCTPEMUCTCKOM Ipynmoi [4].

[Ipexne yeM MOHATH, YTO MPEJCTABISAET COOON TEPPOPU3M OJMHOKOTO BOJIKA, HEOOXOAUMO
CHauaJla pa3o0paTbCsi B TOM, YTO MpEACTaBIsIeT co00il Teppopu3M. X0Ts HEKOTOPbIE ONpeAETIeHUs
TeppopU3Ma SBISIFOTCS CIMLIKOM IIHPOKMMHM WM PACIIBIBUATBIMU, ONPEIEIIEHUE, CO3/1aHHOE
EBponeiickum Coro3oMm, mnperaraer Oojiee yOpOUIEHHOE W TPAKTUYHOE ompesencHue. B
OIIpEEIICHUN TEPPOPUCTUUECKUM aKT ONPENEIAETCS KaK YMBIIUIEHHBIE AEHCTBUS, COBEPIIEHHBIE C
L[ENbI0 «CEPBE3HOI0 3aIlyTMBaHUS HACEICHUs WIA HENPABOMEPHOTO MPUHYKICHUS IPABUTEIbCTBA,
WJIA MEXTyHApOTHON OpraHU3alyy K COBEPIICHUIO WIM BO3/IEPKAHHUIO OT COBEPUICHHUS KAaKOT0-ITH00
JEUCTBUS, WIM CEPbE3HON NeCTa0MIIM3alui WIK pa3pylleHus: (pyHIaMEeHTaIbHBIX MOJIUTUYECKHX,
KOHCTUTYLMOHHBIX, SKOHOMUYECKHE WJIM COLMAJIBHBIE CTPYKTYPbl CTPAaHbl WM MEKIYHAapOJHOU
opranuzanumn». TakuM oOpa3oM, LeJIb TEPPOPH3Ma COCTOUT B JOCTHIKEHUH CBOUX MJCOJIOIMUECKUX
eJsiel myTeM NPUYMHEHUST HAanOOJIBIIEro KOJMUECTBA MCUXOJIOTHYECKOTO CTpaxa CBOMM KepTBaM

Hcropus Teppopu3Ma OIMHOKOIO BOJKA MPEANOJIOKUTEIBHO ObUI MOCTPOEH Ha OCHOBE
CTpaTeruH CONpPOTHBIICHHUS Oe3 nuaepa, Bocxojsmeidl k 19 Beky, Korja aHapXUCThl COBEpIIAIN
MOJUTUYECKHE YOUIICTBA U B3PBIBBI II0J] JJO3YHIOM «IIpOonarasabl 1eaom». [lockonbky O0JIbIIMHCTBO
9TUX HAIIAICHUH COBEPILAIOCH OTAEIbHBIMU JIMLIAMHU, I10C)Ie BTOpOM MUpOBOI1 BOMHBI aMEPUKAHLIbI-
AHTUKOMMYHUCTBI HCIOJIb30BAJIU CONPOTUBJIECHUE 0€3 Juaepa NPOTHB COBETCKUX COIO3HHKOB B
Bocrtounoii Espone u Jlatunckoit Amepuke. K koniy 1980-x u 1990-M romam amepukaHckue
PacUCTCKHE OpPraHM3aliM, Takue Kak Ky-KiyKc-KiaH, OKa3blBaau COIPOTHUBIICHUE IIPABUTEILCTBY
CIIA. Bo Bpems nojaBieHUs] BHYTPEHHUX PAacUCTCKMX JIBUKEHUI OHM HACTaWBaJIU Ha TOM, 4TO
OTJEJIbHBIC JINIA WX HEOOJbIINE SUEHKH, PyKOBOACTBYIOIMECS OOLIEH HJICOJIOTHEH, SBISIOTCA
€IMHCTBEHHBIM CIOCOOOM molOeauTh mnpaBuTedbcTBO. Anb-Kamma m UITMJI nHavanu moompsrts
TaKTUKY CONPOTUBIIEHUA O€3 INAECPOB IyTEM MOOLIPEHUS MHIUBUAYATLHOIO TEPPOPU3MA, KOTOPBI
ceiiuac OCyIIeCTBIAETCS OTAEIBHBIMU TEPPOPUCTAMHU, U3BECTHBIMH KaK BOJIKM-OJAMHOYKH [5].

B 2011 roay kpaitHe mpaBblil HOpBEKCKUN Teppopuct AHnepc bepunr bpeiBuk coBepimn
CBOM 3JI0JI€SHUS, HAPABJIEHHBIE NPOTUB JIEBBIX CTOPOHHUKOB U NMOJIUTUYECKUX MapTuil. Bzopsas
3aMUHUPOBAHHBIM aBTOMOOMIIb BO3JI€ IIPABUTEIBCTBEHHOTO 3aHusa B OcCl0, OH OTKPBLI OTOHb IO
JIETHEMY JIarepro, OpraHM30BaHHOMY MOJOAEKHOW accouumarmeid Hopsexckoit JleOopHucTcKoit
naptuu, Jluroit padoueit momonexu (AUF). B 2013 roxy pacuct IlaBen JlammmH, coBepmmmn
yOMHCTBO TEHCHOHEpPA M 3aJOXKHJI TPU B3PHIBHBIX YCTPOMCTBA B MeUeTAX YOIcT-MuaieHica B
Benukobpuranuu. 1. bpeiiBuka u JlanmwHa cuyuTamym TeppOpUCTaMU-OAMHOYKAMH, U UX JICSTHUS
YKa3bIBalOT Ha TO, YTO HE3aBUCUMO OT IIPUYMHBI WJIK UJE0JIOTHUH YEJIOBEK MOXKET CTATh PaJUKaJIOM.
XoTs HeoOXOAMMBI JlaNbHEHIINe UCCIEeI0OBAaHNS BCEX ACIEKTOB TEPPOPU3Ma «OJUHOKHX BOJIKOBY,
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ueiHemHUN poct UT'MJI BeI3BIBaeT OECIIOKONCTBO MO MOBOAY MOSBICHHS CICAYIOIIETO MOKOJICHHUS
TeppopuctoB. Kak OblIO omnpeneneHo paHee, «BOJKH-OAMHOYKN» — 3TO OJJMHOKUE HCIIOTHUTENH,
M30JIMPOBaHHBIC OT JIFOOBIX OPTaHU30BAHHBIX TEPPOPUCTHUECKUX CEeTel 1 MpHOEraroIme K HaCHINIO
06e3 moctopoHHed momontu. Craaimk [12-13] paHee cchulasgch Ha HCCICIOBAHUS, U3YYWIT U
npeacTaBuil  OOIIyI0 CTAaTHUCTUKY MO 88 TeppopHCcTaM-OAMHOYKAM, OTBETCTBEHHBIM 3a 198
HanageHui. OH JaeT CyIEeCTBEHHOE aHaJIU3 00 UJIe0JIOTHUAX, MOTUBAX U Mpolieccax paJguKaln3aiiu
TeppPOPUCTOB-O/IMHOYEK. [IOCKONIbKY HE CYIIECTBYET E€IUHON XapaKTePUCTUKU WM TUIIAYHOTO
npodusis TeppoprcTa-OJMHOYKY U3-3a HHAUBUAYAIBHOCTH U PEIKOCTH MOSIBICHUS, UCCIIEI0BATENISIM
BCE K€ yAaJoch HAWTU HEKOTOpbIE OOIIMEe YepThl: OOJbIIas CKIOHHOCTh K TCHXUYECKUM H
COLIMAJILHBIM  CTPaJaHUSIM; KPUMHUHAJIBHOE TMPOLLIOE; CKIOHHOCTh CMELIMBATh JINYHBIE
pa3odapoBaHUs C IKCTPEMUCTCKUMH HICOJIOTUSIMHU, U TEPEKIIAJAbIBATh BUHY U CBOM COOCTBEHHBIC
poOJIeMbI Ha IPYTUX; IETIPECCHsl, 00M 1A, IMYHBIN KpU3UC (HarpuMep, ToTeps padoThl, PUHAHCOBBIC
MPOOJIEMBI, CTPECC); OTBIT BIaIcHUs opykueM. Hanbonee oTaMuIuTebHON YePTOU SBISETCS TO, YTO
OHM PENKO COBEpUIAOT JEHCTBUSA, OyAy4dd B HMIIYJIbCUBHOM COCTOSSHUM. XOTS HJI€0JIOTUN
TEPPOPUCTOB M TEPPOPUCTOB-OAMHOUYECK MOTYT OBITh OJUHAKOBBIMU, THITMYHBIC TEPPOPUCTHI HACTO
pajuKaNIu3upyIOTCsl To-pasHOMY. Bele3xkas 3a rpaHuily il oOydeHHUs, 3TH JIMLA HAYMHAIOT
COTPYOHUYATH C H3BECTHBIMU TEPPOPUCTHUECKUMHU, WU JKCTPEMUCTCKUMHU OPTaHU3AIMSIMH U
MPUOOPETAIOT OpYXKHUE, WIM H3rOTaBIMBAIOT B3PHIBYATKY Iepel] HamaJeHHeM, YTO OOBIUYHO
MPUBJIIEKACT K HUM BHHMaHUE TNPAaBOOXPAHHUTEIBHBIX OpPraHoB H crercityx06. I[lranuposanwme,
MIPOBOAMMOE TEPPOPUCTAMU-OAMHOUKAMHU, KaK MPaBUJIO, OCTAETCS HE3aMEUEHHBIM, YTO MIPUBOJIUT K
3HAYUTEIBHBIM MOCIECTBUSIM. UTOOBI pa3BUBATh CBOIO UACOIOTHIO M MOTHUBAIUIO O€3 KaKOTr0-JIH00
MPSIMOTO0 KOHTAaKTa, CEroJHs OJMHOKHE BOJIKM OOBIYHO MPOXOAST OoOyueHue OHJIaiH, Hcclemys
CHOCOOBI MPUYMHEHUS BPEa, BO UMS CBOCH HICOJIOTHH, CBSI3BIBASCH C APYTMMHU pagukaiamu. B
HACTOfAIEE BpEeMs HCCIEeNOBaHUS JaHHOrO (EHOMEHa Jall HEKOTOpble TMpeACTaBIeHUs 00
UJICOJIOTUSX, MOTHBAIIHSIX, TIOBEJICHUHU H MYTSX, KOTOPBIE BEAYT K TEPPOPU3MY OIAMHOKHX BOJIKOB,
OJIHAKO M 3TO HE MOTJIO JaTh YETKUX MMapaMeTPOB XapaKTEPUCTUKH TEPPOPUCTA-OJUHOUYKH.

Kpaiine BaXHBIM CBOHCTBOM, YTO OTJIMYAET BOJIKA-OJJUHOYKH OT TEPPOPHUCTA, TAK 3TO TO, YTO
NepBbIe HUKOTAa HE OCYLIECTBIIAIOT CBOU IPECTYIHbBIE IEHCTBUS CIIOHTAHHO UJTM Ha MOYBE CUIIHLHOTO
SMOIMOHAIBHOTO BeriecKa. JIJisi HUX Ba)KHBIM SIBIISICTCS MTPOTyMBIBAHUE KQXKJOTO IIara, a Takxke
HaHECeHMs ynapa, OyAy4d B OYEHb CIIOKOMHOM COCTOSIHUM B JIOCTaTOYHO OJIArONPHUSATHBIX IS
COBEpIICHUS TIPECTYIJICHUSI YCIOBHSX. SIPKUM TOATBEPXKICHHEM YKa3aHHOTO (akTa SBISIOTCS
MPECTYIUICHUS, COBEPILIECHHbIE aMEpUKAaHCKUM TeppopuctoMm J[.MeTerKuM, U3BECTHBIM TEM, YTO
3a5I0KMII, 110 MeHbIIeH Mepe, 33 6oM6b! 1o Bcemy Hero-Mopky B 1940-x u 1950-x ropax. 16-neruss
0XO0Ta 3a KOTOPHIM ObllIa PacKpbITa ¢ MOMOIIbIO OJHOTO U3 MEPBHIX MPUMEHEHUNH KPUMHUHAIBHOTIO
npodaiinuara. Takke BOJIKU-OJUHOYKH HE TPUMEHSIOT METO/I MTBITOK UJTH IPYTUX HACHUIHCTBECHHBIX
NEHCTBUM, KaKk 3TO MPHUHATO B KPUMHUHAJIBHBIX M TEPPOPUCTUUYECKUX OpraHm3zanusx. Jus Hux
B)KHBIM SIBJISICTCSI BCE BPEMSI OCTaBaThCs B TCHU, HE apuIupys cedst. IMeHHO 3TO KauecTBO co37aeT
CJIO)KHOCTh B X MTOMMKE.

Uro kacaercs 6€30MacHOCTH TPaKJAHCKOM aBUAIlMU, TO 3/1€Ch TAKXKE CYIIECTBYIO TIPUMEPHI
COBEpIICHHUS TPECTYIUICHUH BOJIKaMHU-OAMHOYKaMU. OJTHUM U3 SIPKUX IPUMEPOB SBIISETCS B3PBIB HA
oopty Philippine Airlines Flight 434, cosepmiennsiii Pam3u FOcudom. I[Ipeapiaymmm ero
MPECTYIUICHUEM ObLT B3pbIB  BceMHpHOTO TOProBOro IIEHTpa - TEPPOPUCTHYECCKUN — aKT,
npousomenmuii 26 ¢gespans 1993 roga, korga 3aMHHHPOBAHHBIA aBTOMOOWIIL OBLT B30pPBaH IMOJ
nepBoii GamrHeit BcemupHOro Toprosoro nentpa B Helo-Hopke.

HoBbIii cTUCOK yTpo3, HAIIPaBJICHHBIX TPOTUB OE€30MIACHOCTH B IPEC TPAKIAHCKON aBUAIIUN
lone wolf Brepssie UATA (Mexaynapoanas Accormarus Bosaymroro TpancmopTa) paccMoTpera
B 2016r. D10 ompenenacHUEe cpa3y ke ObLIO BBEACHO B 5-¢ HM3JaHHE ydeOHOro maTepualia IIo
MOATOTOBKE CITEIIMAIUCTOB 1O aBUAIIMOHHOW O€30mMacHOCTH, B TOM ke roay Safe International
Passage mybnukyet nH(MOpMAaIIKIO IO TOBOY CEPbEe3HON CUTYAIMH B TPAKIAHCKOM aBUAIlUU B CBSI3U
C POCTOM KOJIMYECTBA BOJIKOB oAMHOYEK [20].
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OrpaHu4eHHbIE HCCIEOBaHUA OBUTM COCPEIOTOYEHBl Ha TEPPOPUCTAX-OJMHOYKAX, B
OCHOBHOM KOHIIEHTPHUPYSCh Ha BBIABICHUU (AKTOPOB pUCKa (TAaKUX KaK JUYHBIC, IICUXUYECKHE,
COLIMaJIbHbIE, SKOHOMMUYECKUE, MTOJIUTUYECKUE, PEIUTHO3HbBIE U APYTrUe UICOJOTHYECKUE XapaKTe-
PUCTHKH), KOTOPBIE YBEIMYMBAIOT BEPOSATHOCTb Y4YacTHsl B T€ppopuU3Me. DTHU HCCIEIOBAHUS, KaK
MIPAaBUJIO, COCPENOTOUEHBI Ha Mpoduiie MpecTynHuka. TeM He MeHee Cpequ YYEHBIX CYIIECTBYET
coryiacue B TOM, YTO HE UMEETCSl KOHKPETHOTO MPOGUIs TEPPOPUCTOB-0IMHOYEK.

Ecnmu  koHKpeTHOro mpowmis 3JI0yMBIIUICHHUKA-OAWHOYKA HET, MOXKHO CIIPOCHUTD,
CylIecTByeT Ju npoduib camoi ataku. HemHorue uccriejoBaHusi U3y4arloT XapaKTEpUCTHKU aTak
«OAMHOKMX BOJIKOBY», MX ammapaT ¥ METOJbl MOATOTOBKH, a TAK)KE OLEHUBAIOT, YEM 3TU aTaku
OTJIMYAIOTCSI OT TOTO, UTO MBI YK€ 3HAEM COBEPILIAEMbIX TEPPOPUCTUUECKIUMH OpTraHU3aLUIMU.

@peitnux, Yepmak u Kennenu [8] pexoMeHAYIOT NPOBOAUTH YIIyOJEHHBIA aHAIN3
KOHKPETHBIX BHJOB TEPPOPUCTUYECKUX aTak. B COOTBETCTBUU C MX PEKOMEHIAIUSMU B ITOM
HCCIIEIOBAaHUM KOHKPETHO pacCMaTpUBAIOTCS OJMHOYHBIE TEPPOPUCTUUECKHUE HAIAIEHUs, KOTOpPbIE
OCYILIECTBIISIOTCS C UCTIOIb30BAaHUEM TPAHCIIOPTHBIX CPEJCTB WM TSHKETIOM TEXHUKH C LIETIBI0 Hae3/1a
Ha JKEPTB HaNlaJeHUsl. DTO CBA3AHO C TEM, YTO 3TOT CMEPTOHOCHBII METO/1 HallaIeHUsI OTHOCUTEIIBLHO
pacmpocTpaHeH CpeAd HamaJalouIMX-OJMHOYEK U MOJIydyaeT TMOJAEPKKY CO  CTOPOHBI
TEPPOPUCTUUECKUX 3JIEMEHTOB. J[Ba cMepTenbHbIX TepakTa B EBporne — B Hutue B utone 2016 rona
(Moxamen Jlaxyaii-byneens) u B bepnuae B aexadpe 2016 roma (AHuc AMpH) WILUTFOCTPUPYIOT
OIACHOCTh 3TOro (peHOMeHa HamaJeHul, KOTOpble He TPeOYIOT MpeIBapUTEILHOTO TNIAHUPOBAHHUS
WM MaTepHaIbHO-TEXHUUYECKOM MOJAEPKKHU, HO UMEIOT MevYalbHble MOCIEeICTBHUS.

Anammu3 mopeneil pagukanuzanmuu. MakKomn u Mockanenko [14] paspaboranu 1Be
MUpaMHJIbL: TIepBasi — paJuKaanu3alus MHEHUH, a BTOpasi — paAuKaIu3anus JeicTBHi (CM. pUCYHOK
1). MakKonn 1 MockaneHKo MpUIUIM K BBIBOAY, YTO HauboJsiee OMacHbIM MPU3HAKOM OAMHOKOTO
BOJIKA SIBIISIETCA COYETAHUE PAIUKaIbHONO MHEHHUS CO CpPEICTBAMU M BO3MOXKHOCTSAMH JUIS
paauMKaNbHbIX AedcTBUil. Kputepuu 1is KaXI0ro ypoBHS TaK)KE BKJIKOYEHBI PAJIOM C PUCYHKaMH,
YTOOBI YIPOCTUTH MOHUMAHUE TOTO, KaK YeJI0BEKa MOXKHO OTHECTHU K ONPEAeIEHHOMY YPOBHIO.

EnuncTBeHHOE, B UeM CXOSTCS 3KCHEPTHI 10 paguKain3aluu, 3T0 TO, YTO paAUKaIU3aIH -
310 mpouecc. Kak mokasaHo Ha pucyHke 2, 6a30Boe MOHMMAaHHME ATOr0 KOTHUTHUBHOTO IMpoliecca
MOBJIEYET 3a cO00Il MOCTETNIEHHOE NMPUHATHE IKCTPEMHUCTCKUX MU M 3aKOHUYUTCS, €CIM OHO OyaAeT
3aBEpUICHO, MPAKTUKONW HACHJIbCTBEHHOTO SKCTPEMHU3MA UM TEPPOpU3MA.

Wpeonormyeckan Co6
obbITHe -KaTanusaTop
Papgukanel TeppopucTbl BOBAEYEHHOCTb ‘

OnpaeaaTend
AKTHBHCTLI

CTOPOHHWKK ‘ ‘ ‘

HefATpancHoe

Pagukanusauma HacunbcTBeHHBIN SKCTPEMU3M
WA TEpPOPU3M
Pucynox 1. [Tupamuna MaxKomn u Pucynok 2. Pagukanu3anms kak mporecc
MockaneHKo Mo pajuKain3aiuu
JeACTBUIMA

PucyHok 2 moka3blBaeT, 4TO paguKaIM3alUI0 Jy4llle BCErO pacCcMaTpuBaTh KaK IPOLECC
M3MEHEHUH, INYHYIO U MOJUTUYECKYIO TpaHC(HOPMAIIUIO U3 OJTHOTO COCTOSIHUS B IPYTOE.
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Pagukanu3zaiius — 3TO MOCTENIEHHBIN Mpotiece, TPEOYIOMIHA MPOX0XKICHUS Yepe3 OTACIbHbIC
COCTOSIHUSI M HE MPOUCXOJAIIMM HU ObICTPO, HU Jierko. TakuMm o0pa3oM, YelIOBEK HE CTaHOBUTCS
panuKaIoM B OHOYACKE, XOTS BIUSHUE «COOBITHA-KATATU3aTOPa» MOXKET YCKOPUTH 3TOT MPOLIECC.

CoOpiTHe-kaTanmu3aTop Obuto omucaHo B. KBunTanom [15] kKak «KOTHUTHBHOE OTKPBITHEY,
KOTOpOE JeJIaeT YelioBeKa 0osiee BOCHPUMMYMBBIM K BO3MOXKHOCTH TOSBJICHHMS HOBBIX HJEH U
MHUPOBO33PEHUN. DTO WIOKUpYIOIIee COOBITHME WM JIMYHBIM KPHU3UC TOJPHIBAET YBEPEHHOCTD
YeJIOBeKa B NPEXKHHUX YOeXKIEHHSIX, MOOYXKIaeT ero MEepeoleHUTh BCIO CBOIO KHM3Hb M CTaTh
OTKPBITBIM ISl paJUKAIBHOIO U3MEHEHHUs LICHHOCTEW U MOBeJeHUs. B ciydyae TeppopucTHUEcKUX
opranu3zaiuii UPA nm OTA HOBOOpaHIIB ONPaBABIBAIM IPUCOCTUHEHNE K STHOHAIIMOHATUCTUYEC-
KHM TEPPOPUCTUUECKUM TPYTINaM, CChUIAasACh HAa YOMICTBO (MJIM MBITKH) APY3€il U pOJCTBEHHUKOB CO
CTOPOHBI TOCYIAPCTBA, TIOATOMY MOYKHO HPEIIOI0KUTE, YTO TEPpOpu3M ObUT akToM MecTu. CoBceM
HEJJaBHO MOSBWINCH CBUJETENBCTBA TOIO, YTO NPECTYITHUKH, TPUCOECTUHUBIIHNECS K JPKMXaIUCTCKUM
rpynnupoBkaM, TakuM kak UI'MJI u Anp-Kauna, oco3Hany, 4To MX MPECTYMHOE MOBEACHUE OBbLIO
BPEIHBIM U YTO UM HEOOXO0IMMO TOPBATh CO CBOUM MPOLLIBIM U UCKYITUThH CBOM «TPEXU». ITa «TOUKa
HEBO3BpaTa» MOCIYXHUJIa OCHOBAaHUEM Il UX OOpalleHNs K PeTUTUU U OlpaBalia COTPYIHUIECTBO
¢ camaUTCKUMHU TTOCIIEAOBATEIIIMH YIIbTPAKOHCEPBATUBHOM CYHHUTCKOM BeTBH nciama [9-10].

CoObITHEe-KaTamu3aTOp MOXET MPUHUMATh pa3iuyHble (OPMBI: IKOHOMHUYECKYIO (TIOTeps
paboThl, OJOKHPOBKA COIMAIBHOW MOOWMIIBHOCTH), COIMANBHYIO (OTUYXKIEHUE, MUCKPUMHUHAIUSA,
pacusMm), MOJIUTHYECKYIO (MEXIYHAPOIHbIE KOH(DIUKTHI) U JIUYHYIO (CMEPTh OJIM3KOTO YeIOBEKa).
Kpowme Toro, cyiiecTByeT NIUHHBINA CIIUCOK (DaKTOPOB (peabHbIX WU IPEANOoIaraeMblx ), KOTOpbIE
MOTYT HHULIMAPOBATH IPOIPECCUBHOE JIBUKEHUE K HACHJIBCTBEHHOMY 3KCTPEMHU3MY.

[IpuBeneHHas BbIlIe cXeMa Ka)KeTCsl MHTYUTUBHO MPAaBUIIBbHOM, HO TpeOyeTcs OoJiee moHas
KapTHHA, KOTOpas MACHTH(GULUpPYET pa3nuyHble (a3bl mporecca pagukannzauuu. bosee cinoxnas
MOJIeJb, KOTOPAs IBITAETCsl OTOOPA3UTH NMEPEXO] OT PAHHETO YJacCTHs K ONEPATUBHON aKTUBHOCTH, -
9TO 4YeThIpEeXdTalHas MoJenb, npemiokeHHas P. Bopymom [16-17]). bopym mnpemnaraer
KOHLIENTYaJIbHYI0 MOJIEJb BO3HUKHOBEHUS «TE€PPOPUCTUUYECKOTO MBILUIEHUS» U YTBEPKIAET, YTO
CYIIECTBYIOT HEKOTOpble oOImme (akTopsl A BCEX IPOLECCOB PaAMKATU3aINK, BEAyIEH K
Hacwinio. Ero monens meiTaeTcsi 0ObSICHUTH, KaK OOMIIbI U YSI3BUMOCTH TpaHC(HOPMHUPYIOTCS B
HEHAaBHCTh K LIEJIEBOI IpymIe M Kak HEHAaBUCTh TpaHC(HOpPMHUpYETCs — IO KpaiiHei mepe, A
HEKOTOPBIX — B OINpaBAaHHUE WM CTUMYI K Hacuiauio. Viu, ApyrumMu cioBaMu, MOJENb OOBSICHSIET,
KaK OTHOCHUTENbHAsl ACNpPUBALAA M MOPAIbHOE BO3MYILIEHUE COUETAIOTCA MJIS PacIpelesICHHUs
OTBETCTBEHHOCTH 3a MPEAIOJIAraéMyK0 HECIPABEIJIMBOCTh W ONPABAAHUS TEPPOPHUCTHUECKUX
JEUCTBUU.

Kak noka3zano Ha pucyHke 3, 4eThIPEX3TANHbIA POLECC HAUMHAETCS C BBISBICHUS KAKOTO-
1100 HEyIOBIETBOPUTEIBHOIO COOBITHS, YCIOBUS WJIM HENOBOJBCTBA («ITO HEMPAaBUIBHO») H
MPEACTABJICHUS €T0 KaK HeCIpaBelTuBOro («2To HecnpaBeIuBo»). Hanmpumep, BoiiHb B bocHuH,
Yeune, A¢dranucrane u Hpake. Tperuit sTan BKIoUaeT B ceOst OOBUHEHHE B HECIPaBEIMBOCTH
1IEJIEBOM TIOJMTHKH, YEJIOBeKa WM Hauu («JTO Balla BHHA»), a YETBEPTHIA W TMOCICIHUN ATl
BKJIIOYAET B ce0s BBIABICHHUE, IMOHOIICHUE U JaXXe JEMOHM3ALUI0 OTBETCTBEHHON CTOPOHBI («BbI
3710i1»), 4TO O0JIeTYaeT ONpaBJaHue WU CTUMYJIHPOBAHUE arpeccu. Moenb yCIElHO OMUChIBAET
pa3BUTHE IpoIecca UAC0IOTHIECKO paJuKaau3aluy, HO He CIIOCOOHA mpezacKas3aTh, KOraa JIIoIH
CIENAIOT MOCIeAHUN 1Iar U MPUOETHYT K Hen30upaTeIbHOMY MOJUTHYECKOMY HACHUITHUIO.

Monenu, ananmoruussle Monenu bopyma, Obmu pa3paboTaHbl MOMMLEHCKUMH CHIIAMH
(nanpumep, momuumeii Hpro-Mopka), 9roObl [OMOYb CBOMM WIEHAM HAMETHTb TPACKTOPHIO
JBMKEHUS JIIOCH, KOTOPBIE CTAHOBSITCA TEppOpUCTaMy. BhIsiBIIeHHE TPUUYUHBI, KOTOpast o0y aaeT
HEKOTOPBIX JIOJEH K HACWIIBCTBEHHBIM JECUCTBUSAM, TAK)KE 1Aa€T MOJCKA3KY O TOM, KaK 3TH JTallbl
YCUJIMBAIOT JIPYT JIpyra U O TOM, YTO MOXKET BKIIOYaTh B ceOs mpolecc BepOOBKH, a TaKXKe IaeT
orepaTHBHBIE MMOACKA3KH O TOM, KaK pa3paboTaTh CTpaTErui0 MpOTHUBOIEHCTBUS BepOoBKe. OTHAaKO
3T MOJIENM TPAaBOOXPAHUTEIHHON JEATENBHOCTH HMMEIOT CKPOMHBIE aMOMIMU (HArpuMep,
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o0OydeHune) ¥ He OIPEISNISTIOT MHOTOYUCIIEHHBIC IPUYHUHEI, IOBBIIIAOININE BEPOSTHOCTH BOBJICUCHUS
YesloBeKa B TEPPOPUCTHUUECKYIO TPYIILY.
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Pucynox 3. UeTplpexcTyneHdaTass MOACIb TEPPOPUCTUICCKOTO MBIIIITICHUS

bonee cnoxuyo Moxens mnpeiaraer mnpodeccop mcuxonoruu JKOPIKTAYHCKOTO
yauBepcutera @. Moraanam [18,19], koropsiii paspadotan «JlecTHuily k Teppopusmy» (pUcyHOK 4)
Kak MeTadopy mpolecca HaCHILCTBEHHOH panukanu3aiuu. Meradopa Moraamama — 3To JIeCTHHIIA
B 3JIaHUM, TJI€ BCE )KMBYT Ha MIEPBOM 3Ta)Ke, HO IJIe BCE MEHbIIIE JII0JIeH MOIHUMAETCS] Ha BEPXHUE
3Ta’kH, 1 OYEHb HEMHOTHUE JIOCTUTAIOT BEPIIMHBI 31aHus. «JlecTHUIa» cy’KaeTcs Mo Mepe moIbema ¢
MEPBOTO 3TaKa U BCE MEHBIIE U MEHbIIIE JIOJIEH JOCTUTAIOT KAKIOTO U3 MATH MOCIEA0BATEIbHBIX
STaKeH.

MATLIA STAX
TeppopUCTUYECKMUIA 3KT U MEXaHU3MbI
npepoTepalleHna obxoaa
YETBEPTbIA STAXK
YKpenneHue BOCNPUHMMAEMOro U
KaTeropum4eckoro MbllWAeHUs

TPETUIA ITAXK
CmeleHue arpeccumn

BTOPOM 3TAXK
Mpeanonaraemble BapuaHTbl 6opbbbl €
HecnpaeeanuBbiM 0bpaleHuem
MEPBbINA 3TAX
McuxonornyecKkas MHTEPNPETAUMA MaTepPHaNbHBIX
YCNOBUIA

Pucynok 4. CTymieH: B TEppOPHU3M

YyBCcTBa HETOBOJILCTBA U OIIYIICHHE HEB3T0J1 COCTABIISIIOT OCHOBY JICCTHHIIBI M TOTUIMBO IS
MEepBOHAYAJILHOTO BCTYIJIEHUSI HA NyTh Teppopusma. Ha mepBom sTake MHOTO JIOJIEH, KOTOpbIE
BOCIPUHUMAIOT Ty WU UHYIO0 (OpMY HECIIpaBeITUBOCTH I JIUIICHHH. JKenarmue 94To-To ¢ ITHM
caenaTh NOJHUMAIOTCA Ha IEPBbIM 3Tax. BTopoii 3Tax, HE TAKOM 3aCEJICHHBIN, BMENIAET T€X, KTO, HE
HaWs pelieHus] CBOMX MPo0JieM, CMEIIaeT CBOI0 arpecCHio Ha Kakoro-To Bpara. Ha Tpetsem sTaxe
HaxXOJIUTCS TO MEHBIIIEE KOJTUIECTBO JIFOACH, KOTOPhIE TPUCOCIUHSIIOTCS K TPYIITIE, CIIOCOOCTBYIOIICH
CBOETO pOJia MOPAJIbHOMY YYacCTHIO, MPEXKIE YeM OHHM MOJAHUMYTCS Ha YETBEPTHIA 3Tax, IJIe
IPOUCXOJIUT BEpOOBKA B TEPPOPUCTUUCCKUE OpTaHM3anuuy». VM, HaKOHEI, MATBIA 3TaX, TAe HX
00y4aroT «0O0XOIUTh TOPMO3HBIE MEXaHU3MBbI» U OTIPABIISAIOT YouBath. «Ilo Mepe Toro, Kak Jroau
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MOJJHUMAIOTCSL TIO JICCTHHIIE, MUIIET MoranaaM, OHH BHIST BCE MEHBIIE W MCHBIIC BapUaHTOB
BbIOOpA, ITOKA €TUHCTBEHHBIM BO3MOKHBIM PE3yJIbTATOM HE CTAHOBHUTCS YHUUITOXKCHUE IPYTUX, WA
ceOs1, M TOTO U Apyroro». OnsTh ke, Mojesb Oblia pa3paboTaHa ¢ KOHKPETHOH 1IeIbI0, B JAHHOM
cirydae OOBSCHSIIONICH TePaKThI-CMEPTHUKH, U BIIOJHE BO3MOXKHO, YTO ISATh CTaU HE MOTYT OBITh
0000111eHBI Ha ITUPOKUI CIIEKTP CIIy4acs.

Haxonen, Hambosiee IeTalbHYI0 BH3YaJIM3allMIO0 JTACT TaK Ha3blBaeMas MUpPaMHUAAIbHAS
MO/JIEJIb TOJTUTUYECKON paJIuKaIN3aliy, B KOTOPOi 0osiee BBICOKHE YPOBHHM MUPAMUIbI CBA3aHBI C
YBEIIMYCHUEM ITPUBEP)KEHHOCTH, HO C MEHBIIIMM KOJIMYECTBOM y4acTHUKOB. Kak moka3aHo Ha puc.5,
BEpUIMHA THPAMUIBI IPEACTABISACT cOO0N HEOOIBIIOE KOIUYECTBO aKTUBHBIX TEPPOPUCTOB, YUCIIO
KOTOPBIX OCTAETCSI OTHOCUTENILHO HEOOJIBIIINM, €CITH PACCMATPHUBATh UX 110 OTHOIIICHHIO KO BCEM TEM,
KTO MOXET CHUMIIAaTU3UPOBAaTh MX YOSKAECHUSIM M 4YYBCTBaM (Hampumep, IPEBOCXOJCTBY,
HECTIPaBEIITMBOCTH, HEJIOBEPHIO, YI3BUMOCTH U T. J1.). HIKHMIA YpOBEHb aKTHBHCTOB COCTOUT U3 TEX,
KTO CaM HE COBEpILIAeT HACHJIBCTBEHHBIX JCUCTBHH, HO OKAa3bIBACT MOJYAIHMBYIO MOJJICPKKY
CUISAIIMM HaBepxXy (Hampumep, BepOOBKa, MONHMTHYECKas, WK (pUHAHCOBas MOAJICPKKA U T. I.).
VYpoBeHb HIKE COCTOMT M3 ropas3io OOJdbIICH TPYIIbl CTOPOHHUKOB, KOTOPHIE ONPaBAbIBAIOT MX
IeJI, 32 KOTOpBIE, MO CIIOBAaM TEPPOPHUCTOB, OHH OOPIOTCS, HO TaKXe, YTO OCOOEHHO BaXKHO,
HAaCHJIBCTBEHHbIE cpencTBa. OCHOBaHME MNUPAMUABI COCTOMT W3 Tropa3fo OOJbIIEH TIPYIIbI
CTOPOHHHKOB, KOTOPBIE COTJIACHBI C IIETISIMH, 32 KOTOPBIC, IO CJIOBaM TEPPOPUCTOB, OHH OOPIOTCH.
Oro Oosiee MIHMPOKOE COOOIIECTBO OYIET MPEACTABIATH COOON COLMAIbHYIO TPYIIY, KOTOPYIO
TEPPOPUCTHUYECKAS TPYIINA YTBEPKAaeT (PUCYHOK 5).

< (He3aKoHHb Hble CyEbeKTbI)
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(Cornawarowmeca ¢ NPUUMHONA, HO He
HACMNbCTBEHHBIMW CPEACTBaMM)

Pucynox 5. [lupamuganbHas MOAENb paguKaIn3aluu

C TOuKM 3peHus NMUPAMUJIbI, paJuKalu3alusg — 3TO TPAJUEHT, OTIMYAIOUINI AKTHUBHBIX
TEPPOPUCTOB OT Ooyiee IMMPOKOW 0a3bl COUYBCTBYIOIIUX. UWCIO YIEHOB M WHTEHCUBHOCTH
MOAJEPKKHU/TIPEAAHHOCTH TIOJUTHYECKOMY JIeTy YBEIMUMBAETCS C KaXKIBIM YpOBHEM, U Haunbosee
NpeaAaHHbIC CBOCMY MMOBCACHUTIO — O UYCM CBUACTCILCTBYCT UX TOTOBHOCTb UATHU HA PUCK — 3aHUMAIOT
BEPXHHME MO3ULIMU. MoJeiab OCTaBIsSE€T OTKPBITBIM BONPOC O TOM, KaK YEJIOBEK IBUKETCS OT
OCHOBAaHMS K KpallHUM TOYKAaM BEPIUMHBI — 3JIEMEHT, KOTOPBIM JIyYIlle BCErO U3y4eH B MOJEIAX
bopyma u Moragnama. MIHTEpeCHbBIM acEKTOM 3TON MOJEIU SIBISETCS TO, YTO OHA YXOJUT OT
HHAUBUAYAJIBHOI'O YPOBHSA U BBOAUT POJIb I/I,Z[GOJIOFI/Iﬁ HJIN «PaMOK», CBA3BIBAIOIIUX TCPPOPUCTOB C
ux obmecTBamMu B 1iesoM. YT0OBI MOHATH 0OEBUKOB, BAYKHO OOpPaTHUTh BHUMAHHE Ha «TPYIIOBYIO
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UICHTH(HUKAIUIO» WIH Ha TO, KK TEPPOPUCTOB BOIIHYET «TO, YTO MPOUCXOIUT C TPYIIIOH, OCOOEHHO
B OTHOIICHUSX C APYTUMU rpymmaMm» (14-19).

ABropamu mozenu sBisitoTest Kmapk MakKomu u Codus MockaneHko, J1Ba MCHUXO0JIOTa,
KOTOpbI€ KOHIENTYAIU3UPYIOT «IIOJUTHUECKYIO paJAMKANIM3AMI0 KaK H3MEHEHHE YOeKICHHI,
9YBCTB U JICHCTBUI B CTOPOHY MOACPKKHU U KEPTBOBAHUS ATy MEKTPYITIOBOro KoH(pIuKTay [14-
19]. Onnako uHTEpEeCcHOE HAOIIOCHUE U3 WX PAOOTHI 3aKITIOYAETCS B TOM, YTO MHOTHE MEXaHU3MBI
pavKalIu3alii OTACIBHBIX JUI[ U TPYNI B 3HAYUTEIHHOW CTENEHU SIBISIOTCS PEaKTUBHBIMHU.
JIBUoKyIIKe Cuiibl HE MPUCYIINM KOHKPETHBIM JIIOSM, a OOHApYKUBAIOTCS B KOHTEKCTE, B KOTOPOM
oHM XUBYT. [10 CyTH, 3TO PENSIMOHHBIA MOAXOM W PAJAUKAIU3AIUIO HETOCYIAPCTBEHHBIX TPYIII
MOYKHO HHTEPNPETUPOBATh Kak OTBET Ha JeucTBUA npyrux akté€poB. [lo cimoBam MakKomnu:
«[Tonutuueckas paguKamTu3anus OTIASIbHBIX JUII, TPYII K MaCCOBOW OOIIECTBEHHOCTH MPOUCXOIUT
M0 TPACKTOpPUM MACHUCTBHUI W peakuuid, B KOTOPOM MAEHCTBHS TOCyIapCcTBa 4YacTO HIrparoT
3HAYUTENBHYIO pOJib. Pajukanu3anusi BOZHUKAET B OTHOILICHHUSX MEXKIPYIIIOBOW KOHKYPEHIIUU H
KOH(JIMKTA, B KOTOPBIX paguKaIn3upyroTcs o0e cTopoHbl. IMEHHO 3Ty B3aMMOCBSI3b HEOOXOIUMO
MMOHUMATh, €CJIM MBI XOTUM, YTOOBI pauKaIn3aIus He epepociia B TEPPOPU3IM.

BriBoabI

Bo3Bpainasch kK TEpMUHOJIOTHH, HA HAII B3TJISII, MEPPOPUIM OOUHOKO20 B0JKA — ITO KOT/A
OT/ICIbHBIA YEIOBEK COBEPINACT WM YIPOXKAeT MPUMCHEHHEM HACHJIMs, YTOOBI MOBIUATH Ha
MPaBUTEIBCTBO C IEJIbI0 MOJUTUYCCKUX WIIM PEIIUTHO3HBIX M3MEHCHHH, TaK)Ke MPUYNHAMUA MOTYT
BBICTYIIATh M JIMYHbBIC YOCIKICHUS B TOM YHCIIC.

Anamu3 wuccrnenoBanuii  genomena lone wolf B rpakmaHckod aBuaIMM TaKKe HE
MPEIOCTABJISCT HIMPOKON HH(OPMAIIMH TI0 TIOBOY TOT'0, KTO MOYET OBITh OJJHHOKAM UCIIOJHUTEICM
TEPPOPUCTUYECKOTO akTa. MBI CUYMTaeM HEOOXOIUMBIM paccMoTperh ¢eromen lone wolf B
KOHTEKCTe PHCYHOK. 6. JIaHHBII pPUCYHOK HArJISIIHO JEMOHCTPUPYET MOTCHIMAIBHYIO YIpo3y,
HCXOJIAIIYIO OT BCEX, KTO UMEET BO3MOXKHOCTh MTOCETUTh CTPATETMYCCKU BaXKHBIH 00BEKT, TAKOH Kak
a’poIoOpT, a TAKXKE JaeT BO3MOXKHOCTh MEPECMOTPETh M YCOBEPIICHCTBOBATH CHCTEMY 3alllUThI
rpaKIaHCKON aBHanui. Ha TaHHOM pHCYHKE HArJISIIHO TIOKa3aHbl BO3MOYKHBIC YTPO3bI, HCXOISIINC
HE TOJIBKO OT MACCAXKHPOB, BCTPCUAIOIINX/TIPOBOKAFOIIUX JIUI, COTPYIHUKOB (MHCANIEPOB), a TAKKE
OT T€X, KTO CTPaHHBIM 00Pa30M OKa3bIBACTCS HA TEPPUTOPUHN CTPATETUUECKH-BAKHOTO 00BEKTA MTPH
ATOM HE BXOIAT HU B OAHY MPEIBIAYIIYIO Ipymmy. Bce 3T rpymmbl oAl MOTyT OBITH JHOO
OpsSIMBIM, JTMOO KOCBEHHBIM 00pa30M CBSI3aHHBIMU C TEPPOPUCTUYCCKUMH OPTaHH3aLUSAMH, JTHOO
MOT'YT BBICTYIIATh B KAYECTBE OJJHHOKUX BOJIKOB.

Xotenoch Obl OTMETHTh TOT (DAKT, YTO OJMHOKHE 3JIOYMBIIUICHHUKA KOMICHCHPYIOT
HEJIOCTaTOK PECYpCOB, MPUHHMMAs MPEHMYILIECTBO ONIMKAMIINX CHUTYallMOHHBIX BO3MOKHOCTEH.
CoryiacHO aHaJ M3y COBEPIICHHBIX MPECTYIUICHHH, CYATAeM HEOOXOJMMBIM OTMETHUTh, TO, YTO
3JIOYMBIIIJICHHUKH BBIOMpAM  JICTKOJOCTYIHBIC OOIIECTBEHHBIC MECTa, YacTO IMOCEIIaeMbIe
TPOKIAHCKUMHU JIMIIAMUA M CHJIAMH O€30MacHOCTH (HampuMmep, aBTOBOK3aJlbl, CTAHIIMU TMOCAIKH
aBTOCTOIIIMKOB). MecTa, BRIOpaHHBIC TEPPOPHCTAMH, OBUIM PACIIOJIOXKEHBI B HEMOCPEACTBEHHOU
OMM30CTH OT paiiOHa, I/Ie OHU JKWIM WM BEJIH CBOI MOBCEJAHEBHYIO JKU3Hb M B OOJBIIMHCTBE
ciiydaeB OBUTM 3HAKOMBI. DTOT BTOPOM BBIBOJ COOTBETCTBYeT BBIBoay Kitapka u Heiomana:
TEPPOPHUCTHI ATAKYIOT IIEJIH, KOTOPBIC HAXOAATCS OJIMKE K UX 0a3e oreparuii B ©X 3HAKOMOH cpeie.
Tperuit mpumep CUTYaTUBHON BO3MOXKHOCTH, OOHAPY)KEHHBINM B HAIllEM HCCIEAOBAHUH, YKa3bIBaET
Ha TOT (DaKT, 4TO B OOJIBIIIMHCTBE aTakK 3JI0YMBIIUICHHUKH HCIIOIb30BAIIH JIETKOJOCTYITHBIC CPEICTBA
3aIUTHI.
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Mposoxatouwmne/ "
MaccaKkupsbl BCTpevaiowye WHcailpepbl Apyrue
OcBepomneHHble HeocBepgomneHHble

Pucynox 6. [ToTeHnanpHO omacHBIC JIMIIA B TPAKIAHCKONW aBHAITHH

UYeTslpe BU3yalM3alll{, MPEICTABICHHBIE BBINIE, MO3BOJSIOT MPEANOI0XKUTh, KaK MOXKET
BBINJISLJIETH MIPOIece paauKanu3anum. Bo3pacTraromas cIoXkHOCTh 3THX Hudp, oT Oosiee MPOCTHIX K
0ojee CJIOXHBIM, YKa3bIBa€T Ha TO, YTO OCO0O CJEIyeT YYWUThIBAaTh NPU BBIIBICHUU U
IIPOTUBOAECUCTBUN paJlKaIN3allUY, BEAYIIEH K HACUIIbCTBEHHOMY 3KCTPEMHU3MY.

1. TeppopucTbl W paAWKadbHbIE TPYNIUPOBKA HAMOMHUHAIOT aicOepr. Jlumb HeOombiIoe
MEHBIIMHCTBO DPAJUKAIOB HCIIONB3YEeT CTPAaTErHYecKoe HAcuiIMe, 4TOoOBl IMPHBIICYb BHUMAaHHE
CpeaCcTB MaccoBOoM uHGopManuu. bBONBIIMHCTBO ASKCTPEMHCTOB HE 3aMETHBl U HCIHOJB3YIOT
HEHACUJILCTBEHHBIE METOJbI, KOTOpble Oosee 3(pPEeKTUBHBI Ui AOCTHXKEHHS 3asBICHHBIX IIEICH.
Bceerna cymectByer 0a3za moanep’KKH, KOTOpas WMHOTAA COTJallaeTcsi ¢ JEeHCTBUSAMHU Haubosee
IpeJaHHbIX OOEBUKOB M ele Oosiee KPYIMHOTO «MOJYATUBOTO MEHBIIMHCTBA», KOTOPOE HE JIOOHT
HamajaTh Ha MUpHOE HaceJeHue. boprOa ¢ Teppopu3MoM JokHa ObITh HalleJieHa Ha BUAMMYIO 4acTh
aiicbepra, Torma kak Oopp0a ¢ paguKaTU3MOM JIOJDKHA OBITh HAallelieHa Ha TMOABOJHYIO YacTh
aiicOepra, KOTopasi HAMHOTO OOJIbIIIe, a HE HA00OPOT.

B moarBep)kaeHUH BBIIIECKAa3aHHOTO XOTEJIOCh OBl OTMETUTH CJIOBA OBIBILIETO MPE3HJICHTA
CIIA bapaka O6amsbl B 2011 rony B cBoem untepBbio CNN B anpec BonkoB-oqnHouek «Hanbonee
BEPOSITHBIM CLIEHApUH, OT KOTOPOI0 HaM HYXXHO OCTEpEerarbCs NpsAMO Ceidac, B KOHEUHOM HUTOre
OyZneT ckKopee Omepamnueil OJWHOKOTO BOJIKA, YeM KPYIMHOW, XOPOIIO CKOOPAMHUPOBAHHOU
TEPPOPUCTUUYECKOMN aTaKOW».

2. Pagukanu3amnus ¥ MCUXUYECKHE TATOJIOTHH HE UIYT pyka o0 pyky. TeppopucTudeckue
OpraHu3alfy, KaK MpaBHIo, BepOYIOT MUCHUIUIMHUPOBAHHBIX JIIOJIEH, KOTOpbIE MOTYT CJI€OBaTh
MpHUKazaM M JenaTh TO, 4TO UM roBopsAT. Hempenckaszyemble, HecTaOUIbHBIE U TPAaBMUPOBAHHBIE
orcenBaroTca. Kak mpeamonaraer «IECTHUYHAs MOZETb», YeNOBEK OyAeT IpeBpaiiaThCsi B
TEPPOPUCTUYECKYIO TPYIIYy MEMJIEHHO U IOCTENeHHO. [Ipm 3TOM MOTEHUHMATBHBIE TEPPOPUCTHI
MIPOXO/AAT MEHBIINE UCIIBITAHHUM, IPEKIEC YeEM UM JIOBEPSIOT 0ojiee BaKHBIE MUCCUH U BBITOTHSIOT
MHOECTBO HEHACWJIbCTBEHHBIX 3a7a4, MPEXKJE 4YeM KX IOMNPOCAT, MCIOJIB30BAaTh OPYXKHUE HIU
B3ppIBUaTKy. Hawmbosnee pacnpoCTpaHEeHHOH XapaKTEPUCTHUKOW TEPPOPUCTOB SBISIETCA HX
HOPMAaJIbHOCTb.

3. Camopanukanu3auus BcTpedaeTcss penko. Jlake 3aMKHYTBIM JIIOASM, KOTOpBIE
paaukanu3upyiorcss B MHTepHETe, HEOOXOAMMO COLIMAbHOE B3aWMOJEHUCTBHUE C PEKPYTEPOM Ha
paccrostHuu. DakThl YKa3blBAlOT HA BAXKHOCTb COCENCH, IPyNIl IpYy3€d U POACTBEHHUKOB B
OOBSCHEHHHM uIeooTHUecKord o0paboTku. IlporpeccuBHas WHTEHCHUUKAIUSA PpaTUKaTbHBIX
yOKICHHI TO-TIPeKHEMY OTpaHUYeHa TEPPUTOPHEH M BO MHOT'OM 3aBUCHUT OT KOHTEKcTa. bomee
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TOro, pa,Z[I/IKaJII/BaLII/I}I cpezm CANHOMBIIIJICHHUKOB pe,Z[KO HpOI/ICXO,Z[I/IT B BI/IpTyaJII:HOM HpOCTpaHCTBe
M dYalle MPOUCXOIUT B Topojax W KBapTajaX, KOTOpbIE CIyKaT OJaroJaTHON IOYBOM IS
y)KeCTO‘-IeHI/I}I NICOJIOTNYCCKUX HOBHHHﬁ.

4. Pagukanuzamus — 5T0 MHOTOYPOBHEBBIH MpoIecc, Kak MperoiaaraeT MoAeNIb IMTUPaMHUIbI.

B ueHTpe 3TOT0 Hpouecca conuaJn3alyd HaxoadaTCd JIFJU, HO TO, YTO HpOI/ICXO,Z[I/IT B
COIMATBHO-TIONIMTUYECKOM Cpelle M OKPYXKAIOIHUX OpPTaHM3allusAX, TakKe HMEET 3HAYCHHE.
KowmmiekcHast cTpaterust npOTUBOACHCTBUS paAUKaIU3AMK T10/KHA YUYUTHIBATh MHANBUYaIbHbIH,
OpraHu3alMOHHBIA W COLIMAJIbHBIA YPOBEHb. YUYHUTHIBas MHOXKECTBO JEHCTBYIOUIUMX MPUYHH,
HCBO3MO>XXHO BBIACIIUTH GI[I/IHInlﬁ HpH‘-IHHHBIfI MCXAaHU3M HJIIU «TeppOpI/ICTI/I‘IeCKOG MBIIIIJICHUECY.
CoObITHS W YCTIOBHS, BEAYIIUE YETOBEKAa OT PAUKAIBHBIX MJICH K HACHJIHCTBEHHBIM JIEHCTBHSIM,
TaKKC MHOI'OYHMCIICHHBI, 4 MCXaHHU3MbI HACTOJIBKO CJIOZKHBI, YTO HUX H€O6XO,Z[I/IMO pa306paTb, ‘ITOGBI
noHATh. ClieoBaTeNbHO, CYIIECTBYET SIBHAS HEOOXOIUMOCTh BO BHEJIPEHHH MHOTOYPOBHEBOTO
IIOHUMAHUA pa,Z[I/IKaJII/ISaLII/II/I, KOTOpOG OXBaTbIBAJIO 651 OTACIBHBIX JIMII, I‘py1'[HI:I nu MaCCOBYIO
0OIIIECTBEHHOCTD U TBITAIOCH OBbI ONIPEICITUTh B3aUMOICHCTBUE MEKTY HUMH.
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TONHA CANAVAR TIPLI TERRORCULARIN RADIKALLASMASININ TOHLILI

Muxtarov R.M., Sekili S.P.
Milli Aviasiya Akademiyast

“Tonha canavar” terroru XXI asrin avvallorindan boyiik bir tohliika kimi qalmagda davam
edir. Son on ilda fundamentalist “tonha canavar” formali terror hiicumlarimin hacmi va siddati kaskin
sakilda artib. 2000-ci ildon bari ayri-ayri saxslor va miistaqil qruplar tarafindan hayata kegirilon
hiicumlarin sayr artmaqda davam edir. “Tanha canavar” terroru ilo bagh ¢oxsayli arasdirmalara
baxmayaraq, bu tahliika ilo miibarizo iiciin hortorafli siyasat halo do movcud deyildir. “Tonha
canavar” terroru ilo bagl siyasatin olmamasimin sababinin iki amili var: “Tonha canavar”
terror¢ulugunun timumi gabul edilmis torifinin olmamast va movcud hékumat boyiik zorakt qruplarin
terror hiicumlarina qarsi miibariza iigiin qanunlar va siyasatlor yaratmaga tokan verir.

Acgar sozlar: Tonha canavar, radikallasma, terror¢ulug, terror taskilatlar, terror
ideologiyasi, miilki aviasiyamn tahliikasizliyi, aeroport, strateji ahamiyyat kasb edan obyekt.

ANALYSIS OF RADICALIZATION OF LONE WOLF TERRORISTS

Mukhtarov R.M., Shekili Sh.P.
National Aviation Academy

Lone wolf terrorism has continued to be a scourge since the beginning of the 21st century.
The volume and severity of fundamentalist “lone wolf” terrorist attacks have sharply increased over
the past decade. Since 2000, the number of attacks carried out by individuals and independent groups
has continued to increase. Despite numerous studies of lone wolf terrorism, a comprehensive policy
to combat this threat remains lacking. There are two factors of the reason for the lack of policy on
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lone-actor terrorism: the lack of a generally accepted definition of lone-actor terrorism and the
current government push to create laws and policies to combat terrorist attacks by large violent
groups.

Keywords: lone wolf, radicalization, terrorism, terroristical organizations, terroristic ideology,
security of civil aviation, aeroport, strategy important object

Peyenzenm: o0.¢p.10.n., oou. Hacuee H.T.
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INFORMASIYA TEXNOLOGIYALARI

UOT: 303.732:004.12 DOI: 10.30546/JNAA.2024.26.1.73.

BAYES YANASMASI ILO TOLOBOLORIN TODRISDONKONAR FOALIYYOTLORININ
AKADEMIK GOSTORICILORINO TOSIRININ QiYMOTLONDIRILMOSININ QEYRI-
SOLIiS MODELI

jsmayilov I.M., ' Agayev N.B ., *Hiiseynova G.B.
IMilli Aviasiya Akademiyasi, *Azarbaycan Texniki Universiteti

Moagalodo Bayes yanasmast ilo talobalorin tadrisdonkonar faaliyyatlorinin akademik
gostoricilorina tasirinin giymoatlondirilmasi tictin geyri-salis model hazirlanmisdir. Model qurularkon
talabalarin taodrisdonkonar faaliyyatlorinin miixtalif névilarina - alava ixtisasyoniimlii kurslarda,
olimpiadalarda, konfranslarda, miixtaolif elmi yarismalarda istirak etmasi va s. kimi faaliyyat
novilarina baxilir. Digar torafdon talobanin tadrisdankonar bir faaliyyatlo masgul olmast onun digar
faaliyyatla maggul olmasini angallomir. Milli Aviasiya Akademiyasinin talobalari arasinda aparilan
sorgular asasinda model iizra hesabatlar apariimig va talobanin alava kurslarda masgul olmast onun
tadris faaliyyatina daha yaxsi tasir etdiyi gostarilmisdir.

Acgar sozlar: Bayes yanasmasi, ehtimal, sorti ehtimal, mansubiyyat funksiyasi, maxsusi
adad, maxsusi vektor, an yaxsi alternativ, biliklorin idara edilmasi.

Giris

Hazirda kompiiter texnologiyalarinin siiratli inkisafi noticosinds elmi-texniki biliklorin totbiqi
xeyli stiratlonib, noticade digor sahalords oldugu kimi elm vo tohsil garsisinda da yeni tolablor
qoyulmusdur. Bu talablar naticesinds hazirda mévcud texnologiyalardan istifads etmoklo:

-mosafs uzaqligl, vaxt, maddi, administrativ vo digor problemlar naticosindo biliklori olda
etmokdo yaranan ¢atinliklorin asan va siiratli halli;

-bdyiik hocmli miixtalif tipli informasiya resurslarinin INTERNET vasitosi ilo istonilon
istifadogiyo catdirilmasi;

-istonilon tipli sorgunu cavablandirmagq {i¢iin statusundan asili olmayaraq dovlst, elmi-tadqiqat,
korporativ, soxsi vo s. monboalordo moévcud olan molumatlara miiraciot imkani yaranmisdir.

[lkin baza biliyino malik olan har bir toloba, tadris prosesinds tokco anonovi miihazirs, seminar
vo laboratoriya fanlarinda verilon biliklorden deyil, hom do miixtalif manbolordon-INTERNET-don,
miixtolif todris kurslarinda verilon biliklordon, viktorinalar, fonn olimpiadalari, simpozium vo
konfranslarda istirak etmoklo aldiglar1 molumatlardan istifads etmoklo biitiin todris miiddetinds
universitetin “tolobasi” kimi tokmillogir vo inkisaf edir [1]. Bu halda asas problemlordon biri tolobonin
oldo etdiyi biliklorin onun universitetlordo aldig1 bilikloro no dorocado tosir etdiyinin miioyyon
edilmasidir. Tohsil prosesinin tolobonin todrisdonkonar foaliyyoti ilo sinxronlagdirilmasi todris
grafikinin yenilonmaosi vo daha miitohorrik olmasini tolob edir. Belo olan halda universitet mozununun
omok bazarmin toloblorino uygun olaraq hansi biliklori vermok vo bu biliklorin ardicilliginin
ovvalcadan necs miiayyon edilmasi problemi yaranir. Problemin halli istiqgamotinde hom elmi, hom
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do praktiki todqgiqatlar miiollimlorin vo tolobolorin todris prosesindo foaliyyatlorinin analizi
naticasinda onlarin todris vo todrisdenkonar foaliyyetinin qiymatlondirilmasi iiclin metod vo
alqoritmlorin yaradilmasi va tadqiqi istigamatinds aparilmalidir.

Elmi odobiyyatlarin tohlili gdstarir ki, biliklorin qiymatlondirilmasi tisullart vo alqoritmlori
icarisinds an ¢ox istifado edilon metod Rash metodudur [2-4]. Rash metodu 6ziiniin sado olmasi ilo
digorlari ilo miiqayisadoa praktiki totbiq {igiin daha yararlidir. Bu metodda mévzular iizro hazirliq
soviyyasi parametri (t) moalumatin ¢otinlik parametri (b) avvoalcodon istifads edilir. Rash metodu ilo j-
ci tapsirigin ¢atinlik parametri malum olduqda, homin tapsirigin i-ci mévzularda olmasi sorti ilo
tapsiriga hazirliq soviyyasinin ehtimali

Pi(t) = {xi; = 11 b} =1— b;/ [t +by]
kimi ifads olunur. Olgmalarin naticalari loqarifmik miqyasda ifads edildiyi halda:
6= 1In(t), = In(b)

Rash metodu ilo j-ci tapsirigin ¢otinlik parametri molum oldugda, homin tapsirigin i-Ci
movzularda olmasi sarti ilo tapsiriga hazirliq soviyyosinin ehtimali

P0) = {x = 1| B} = exp(0= ) / [1 + exp(0- )]
kimi hesablanacag.

Digor tadqiqatlarda [3] tolobanin miioyyan baza biliklorina malik olmasini nazars almagqla fj
¢otinliyino malik masalonin holl edilmasi ehtimali Birnbaum asagidaki kimi qiymatlondirilir:

e% (6-8;)
P(0,8;) = c;+ (1 - Cj)m
Burada cj- j-ci tapsirigin diizglin cavabini tapmaq ehtimali, o is9 j—ci tapsirigin yerino yetirilmo
naticalarinin dispersiyasindan funksional asili olan hassasligidir (vahid dispersiya tigiin a=1,677).

Homin isdo [3] homginin todris materiallarindan konar molumatlardan istifado etmoklo
mosalonin hall edilmasi ehtimali Guttman modeli ilo asagidaki diisturla hesablanir:

C. = Z(l - Kr),gr - Z KW,BW

" Z ﬁr - Z :Bw
Burada Kr, Kw, diizgiin hallorin hiidudlarindan konara diison vo diismayan masalonin naticasidir, fr,
Bw, diizgiin hallorin hiidudlarindan kenara diison vo diismayon masalonin miirakkablik soviyyassidir.

Test tapsiriqlarinin yerina yetirilmasi prosesinin tadqiqi naticosinda taklif edilon modellorden
biri “adaptiv test idaroetma” modelinds asagidaki yanasma nazardos tutulur [4]:

-tolobo test tapsirigini yerino yetiron zaman heg bir ¢atinliklo {izlogmirso, o, daha miirokkob
bir masoloni hall etmok arzusunda olur, oks halda o eyni miirokkoblikdo olan masaloni hall etmok
ti¢iin bir daha cohd edacokdir;

-ogor toloba ovvolkindon daha miirokkob olan test tapsirigini hall edo bilmomigso, onda ona
daha az miirokkoblik doracasi olan masals togdim olunur.

Belalikla, "bilik soviyyasinin™ hor dofo yoxlanilmasi vo onun faktiki bilik soviyyasina
uygunlasdirilmasi yolu ilo masalonin "mirokkablik" funksiyasinin miisyyan bir "mirokkabliya
malik masalani hall etmok gabiliyyati“na cevrilmasindan alina bilar [4].

Qeyd edilon modellordon slave, hazirda biliklorin kompiiter gqiymotlondirilmasindo genetik
algoritmlor, bilik soviyyasinin taninma modellori, biliyin gqiymatlondirilmasinin miitloq vaxt olglisii
modeli, neyron sobokolordon istifado etmoklo biliyin giymotlondirilmosi texnologiyalari, testlorin
tortib edilmasinin predmet-kriterial metodologiyasi, biliyin statistik qiymatlondirilmosi metodlari,
molumatlarin informativliyinin miisyyon edilmasi ilo biliklorin qiymatlondirilmasi metodu va diger
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metodlar biliklorin qiymaotlondirilmasinin hom nozori todqiqatlarda, hom do biliklorin kompiiter
qiymatlondirilmasi sistemlorinin qurulmasinda istifado edilir [4]. Hazirda nozori todqiqatlardan
basqa, ham do miiasir texnologiyalarin asasinda yaradilmis miixtalif alotlor va xiisusi paketlori 6ziindo
birlogdiran dyronmao sistemlori - virtual vo distant tohsil sistemlori, miiasir simulyasiya vo trenajor
komplekslori yaradilmis vo genis istifado edilmokdadir. Biitlin bu sistemlorin vo uygun metodlarin
analizi asagidaki ¢atismazliglarin oldugunu gostormisdir:

-biliklorin giymaotlondirilmasi iisullarinda informasiya monboyi kimi biitiin hallarda todris
programlarinin doyismayan statik matn sonoadlorinin coxlugu gobul edilir;

-tolobolorin biliklori onlarin bacariglart vo fordi xiisusiyyetlorini nozoro almadan eyni
xarakterli testlorlo yoxlanilir;

-biliklarin qiymetlondirilmasi tisullar1 yalniz bir istigamatda: ya testlorin se¢ilmasi prosesinda,
yaxud da biliklarin qiymatlondirilmasinin vahid metodologiyasinin yaradilmasi istigamatinds inkisaf
etdirilir.

Tabii ki, geyd edilon catigmazliglarin bazilori ononavi tohsil sisteminin xiisusiyyotlorindon
irali golir. Yuxarida gqeyd etdiyimiz kimi, miiasir tolobonin genis informasiya alds etmok imkanlarinin
oldugunu nozoro alaraq onlarin biliklorinin diizgiin qiymotlondirilmasi {i¢lin ononovi todrislo
todrisdonkonar foaliyyotdo oldo edilon biliklor vahid kontekstdo baxilmasi zorursti qarsiya ¢ixir. Bu
189 6z ndvbasinds tolobonin todrisdonkonar faaliyyetinin onun anonavi tadris faaliyyetinag tasirinin
qiymatlondirilmasi {ig¢iin metod va alqoritmlorin yaradilmasini tolab edir.

Masalonin qoyulusu

Talabonin todrisdenkenar foaliyyati naticasinds aldo etdiyi bilik vo bacariglarinin snenovi
tadrisde qazandigi biliklors tesirinin qiymatlondirilmasi.

Hall iisulu

Tolobanin todrisdonkonar foaliyyati - ¢oxfaktorlu miirokkab proses olmagqla hor bir komponenti
bir-birindon qarsiligli asili va geyri-miioyyanliklo miisayist olunan proses kimi qiymatlondirilos bilar.
Belo proseslorin  modellosdirilmasindo on ¢ox istifado edilon metodlardan biri do Bayes
yanasmasindan istifade etmokls qiymatlondirme modelinin qurulmasidir.

Naive Bayes (NB) yanasmasi tosnifat mosololorinin hoallindo on ¢ox istifado edilon
metodlardan biridir. Tosnifat masalolorinds NB-nin sadaliyi vo effektivliyi onu miixtalif sahalords
genis sokildo totbiq etmoyo imkan vermisdir [6,7]. Bununla belo, NB klassifikatoru biitiin
xlisusiyyotlorin asili olmamasi forziyyasi tizorindo qurulur [8]. Notico etibarilo, bu xiisusiyyatlor
arasinda, hotta konkret bir sinif daxilindo asililiq qagilmaz olur. Bu asililiq sorti miistoqillik
forziyyasini pozur va verilonlori effektiv modellogdirmok vo tosnif etmok {icilin alternativ yanagmalari
tolob edir. Molumatlarda qeyri-sortsiz asililiq mosolosi Naive Bayes klassifikatorunun
genislondirilmosini toklif edon miixtalif todqiqatcilar torafindon holl edilmisdir [6]. Bu yanasmalari
iki osas kateqoriyaya bolmok olar. Birincisi, boazi todqiqatlar alt ¢oxluglarin se¢imini vo ¢okilarini
toyin etmoklo xiisusiyyotlorin doyisdirilmosine yonolmisdir [9-10]. Yanasmalar NB-nin tosnifat
faaliyyetini optimallagdiran on uygun xiisusiyyatlori miioyyan etmak ii¢iin axtaris strategiyasini shata
edir. Xiisusiyyatlorin secilmasi lisullar1 tosnifata tohfolorinoe asason kritik doyisonlori miioyyon etmok
vo daha az tosirli olanlar1 aradan galdirmaq moqsadi dasiyir. Alternativ olaraq, xiisusiyyot ¢okisi
algoritmlori modeldoki biitiin doyisonlori saxlayir vo onlara ¢oki omsallar1 toyin edir. Bununla belo,
bu alqoritmlor asason miisahido edilon molumatlarin xiisusiyyastlorino asaslanir vo onlarin naticolori
do miivafiq olaraq doyiso bilor.
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Toalobonin tadrisdonkonar foaliyyati kifayot godor miirokkob proses oldugundan vo onun torkib
hissalorinin qarsiliqli-olagali vo geyri-miioyyonliklo miisayist olunduguna goéro model Bayes
yanasmasi ilo qurula bilor. Qeyd edilon xarakteristikalara malik proseslorin modellogdirilmasinda
Bayes yanasmasindan istifado etmoklo kifayot qodor todqgiqat islori mévcuddur [6,7,8]. Biz Bayes
yanasmasi totbiq etmok {tclin ilk ovvol tolobonin todris vo todrisdonkonar foaliyyatinin

H, H, H, H,.H, hadisslorindon asili oldugunu forz edok. Burada H ;- tolobanin macburi yerino
yetirmoali oldugu foaliyyati, /7, -tolobonin miixtolif kurslarda istirak etmosi, /1, -olimpiadalarda vo

ya konfranslarda, miixtolif elmi yarismalarda istirak etmosi, F,-tolobalorin slave monbalordon,

internetdon istifado etmoklo Gyronmasi vo s. ola bilar.
Beloliklo, hesab edirik ki, todrisdo tolobonin miivaffaqiyyat gazanmasi hadisasi (7)

biitovliikkds qeyd edilon H,, H,, H,, H,...H  hadisalorinin hor hans1 birinin bag vermasi ilo miioyyan
edilir.

Forz edok ki, tolobo attestasiya olunub vo onun miivafiq qiymot almasi hadisosi bas verib.
Basqa so6zlo desok P(7) ehtimali aprior olaraq molumdur. Bu halda 7 hadisasinin bas vermasi hor
hans1 H  hadisoesinin bag vermosi ilo miioyyon edilir. Basqa sozlo desok, forz edirik ki, tolobonin
miivoffoq natica aldo etmasi onun todris foaliyysti ilo todrisdenkonar foaliyystinin birlikdo bas
vermasi ilo miioyyan edilir. Yoni,

P(T)=P(T I H,)P(H,)+ P(T | H,)P(H,)+ P(T | H,)P(H,)+...+ P(T/H,)P(H,) (1)
yaza bilarik.
(1) diisturundan istifado edorok hor bir A, -nin imumilikdo todrisdonkenar foaliyyotlors tesirini
qiymatlondirmak olar:
P\H, 1H,)P(H,)
Pl )

Belolikla, (2) ehtimallarindan tagkil edilmis matris (n+1)x(n+1) 6l¢tll matris aliriq.

) ) .
P - p ()

A matrisinin elementlori aprior olaraq miioyyon edilon ehtimallardir vo todrisdenkonar
foaliyyotlo mosgul olan tolobolorin statistik molumatlar1 osasinda hesablana bilir. Digor torofdon
matrisin har bir sotri homin sotro uygun foaliyyatin digor foaliyyotloro miinasibotini ifads edir. Bu
halda statistik molumatlar asasinda monsubiyyat funksiyasinin qurulmasi metodundan istifas edorok
A matrisinin moxsusi adadlori homin faaliyystlorin moansubiyyat funksiyasmin qiymotlori kimi
gotiiriilo bilor. Bunun iiciin biz ciit-ciit miiqayise asasinda mansubiyyat funksiyasinin qurulmasi
metodundan istifado edacayik [5].

Beloliklo bu metoda goro ilkin olarag w = (wg,wy, ... w,) — moxsusi vektoru toyin
edilmalidir. Bunun {i¢iin asagidaki tonliyi holl etmok lazimdir:

A—oF =0 (4)

Burada, E — matrisi (n+1)x(n+1) 6l¢tlt vahid matrisdir:

P(H, 1H,)= 2)
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1 - 0
oo ] (5)

E =

o= (an, o1, w,) — moxsusi ododdir.
Asagidaki isarolomoni aparaq:

Zz =maxosisn ® ;=max(w g ® 1, .., ® ) ©6)

Normalagdirma soraitini nozors almaqla z moxsusi adadine uygun o - moxsusi vektorunu toyin
edo bilorik. Bu halda hall asagidaki tonliklor sistemi ilo toyin edilir:

{ }-"Zoaijaj =za;i=01,..n
0% =1 )
(7) sisteminin asas matrisinin determinant1 sifirdan forqli olduguna gors sistemin yegana halli
movecuddur. (7) tenliklor sisteminds uygunsuzluq vaziyyatindon uygunluq voziyyatino
o, =1-a;i=01..n (8)
diisturu ilo kecga bilorik.

Ho = Z(oj
=0

(9)
gobul etsok va u; - mansubiyyat funksiyasinin qiymatlorini hesablaya bilarik [5]:
Wwi= @i/ lo (10)
Belaliklo, hor H —faaliyyat ii¢clin monsubiyyot funksiyasini agagidaki kimi toyin eds bilorik:
_ (u(Ho) u(Hqy) u(Hy)
u(H) _{ o L } (11)

Belo yanagma totbiq olunduqda, geyd edilon foaliyyotlorin akademik gostoricilora tosirinin
qiymatlondirilmasi U¢Un hallarin maksimumlart meyarin1 gqobul eds bilorik. Bu metoda gora,

plH, )= max u (x,) (12)

alternativi on yaxsi alternativ variant Kimi mansubiyyat funksiyasinin malik oldugu an boyiik qiymota
uygun olaraq segilir.

Yuxarida geyd edilon iisul “hallor matrisinin” biitiin miimkiin variantlarindan elo bir alternativ
varianti se¢gmoyo imkan verir ki, hadisolorin inkisafinin on yaxst halinda (somoraliliyin
maksimallagdirilmis qiymotindo) maksimal qiymotlorin on boyiiylino malik olsun.

Hesablama tacriiboasi. Forz edok ki, tolobolor {ic ndv todrisdonkonar foaliyyotlo mosgul
olurlar. Bu faaliyyetlo masgul olan vo miivaffoqiyyat qazanan talobalarin aprior ehtimallart

ml

P(H,)= Y (=13 (13)

kimi hesablanacag. Burada m; i-ci faaliyyatlo moasgul olan tolobalorin sayi, N miivaffaq géstaricilora
malik tolobolorin imumi sayidir. Qeyd edok ki, biz biitiin hallarda todrisdo attestasiyalardan
miivoffoqiyyat qazanan tolobolori nozordo tuturuq. Todrisdonkonar i-ci foaliyyotlo mosgul olan
tolobalarin j-ci faaliyyatlo masqul olanlarin sayini m; ils isars edok. Bu halda

P(Hj/H) =32 (14)
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aprior ehtimalinda istifado edo bilorik. MAAnin miixtalif fakiiltolorindo oxuyan tolobolor arasinda
todrisdonkonar foaliyyotlo mosgul olan tolobalorin gostoricilori haqqinda aparilan sorgu osasinda
toplanmis statistik molumatlar cadval 1-do qeyd olunub. Burada nozerds tutulur ki, miiveffoq
gostaricilora malik tolobslorin timumi say1 320 nafordir.

Cadval 1-9 asason (13) vo (14) diisturlart ilo hesablamalar apara bilorik. Naticolor codval 2-do
gostorilmisdir.

Cadvol 2 molumatlarindan istifado etmoklo (4) vo (5) diisturlar1 ilo moxsusi ododlori
hesablayiriq:

wo = 0.043 w; = 0.9008 w, = 0.99441 w; = 2.06177

Cadval 1
Todrisdonkonar faaliyyatlo moaggul olan tolobolorin gostoricilori
Foaliyyatin novi H, H, H, H;
H, | Tadris materiallari ilo hazirlaganlar 320 60 10 310
H, | Mixtolif kurslarda moggul olanlar 60 60 2 20
H, | Olimpiadalarda, konfrans va yarislarda moggul olanlar | 10 3 10 10
H, | Kitabxanalarda, internetdo molumat olds edanlor 310 15 8 310
Codval 2

Talabalorin todrisdenkanar faaliyyatlsrinin aprior ehtimallart

P(Hy/H;) P(H,/H;) | P(H,/H;) | P(Hs/H;)
P(H,/Hy) 1 0.1875 003125 | 0.96875
P(H;/H;) 0.1875 1 0.03333 0.3333
P(H,/H,) 0.03125 0.3333 1 1
P(H;/Hs3) 0.96875 0.048387 0.025806 1

(6) diisturu ilo moxsusi adadlor igarisindo an bodyiik olan w; moxsusi adadi ti¢lin (7) sisteminin holli
ay = 0.2801 a; = 0.1437 a, = 0.307 a3 = 0.2692

maxsusi vektorun koordinatlarint miioyyan edir. (8) ifadasi ilo uygunsuzluq vaziyyatinden uygunluq
vaziyyatina kegmoklo (9) - (10) diisturlari ilo mansubiyyat funksiyasinin giymatlorini hesablaya
bilorik.

Belalikla, (8) - (10) diisturlarindan istifads etmoaklo monsubiyyat funksiyasini qura bilarik

) _{0.2399 0.2854 0.2301 0.2436}
BT UH, TH, TH, T H;
(12) - (13) diisturlaria goro on yaxsi alternativ (12) diisturuna goéra - /1, -tolebonin miixtolif

kurslarda istirak etmosi alinir. On yaxsi alternativin tolobalorin kurslarda slave mosgul olmalar1 kimi
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alimmasini1 osason onlarin maraq dairalori vo golocok ixtisaslarina daha yaxsi yiyslonmok istoyi ilo
izah edilmolidir.

Natica va tovsiyalor

1. Bayes yanagmasi ilo talobalorin todrisdonkanar foaliyystlorinin akademik gostaricilorine
tosirinin giymatlondirilmasinin geyri-salis modeli toklif edilmisdir. Qeyd edilmisdir ki, Bayes
yanasmasi ilo gostoricilarin bir-birino tasirini giymotlondirmok mimkin olsa da, bu tssirlordon
hansinin digarlarindon tistiin oldugunu gostara bilmir. Bels ki, tadrisdonkanar faaliyyatin har bir névi
tolobonin akademik gostaricilorine musbat tasir edir. Bu tasirin giymotlondirilmasi talobalarin
diinyagoriisiiniin ~ formalasmas1 ilo  borabar, hom do onlarin todris  foaliyyatlorinin
istigamatlondirilmasinda muhim shamiyyato malikdir.

2. Bayes yanagmasi ilo miayyoan edilon sorti ehtimallardan istifads etmoklo “clit-clit miigayiso
osasinda monsubiyyat funksiyasinin qurulmasi” metodundan istifado edorok todrisdonkanar
foaliyyatin hansi noviiniin tolobalorin todris faaliyyatlorino daha yaxsi tasir etmasini mioyyan edan
geyri-salis model toklif edilmisdir.

3. Toklif edilon model osasinda MAA tolobolori arasinda aparilan sorgu ilo onlarin
todrisdonkonar foaliyystlori haqqinda statistik moalumat toplanilmis vo uygun aprior ehtimallar
mioayyan edilmisdir. Aparilan hesablama eksperimenti naticasindo musyyon edilmisdir ki, sorguya
calb edilmis tolobalor arasinda olave kurslarda mosqul olmaq todris foaliyystindo digar név
todrisdonkanar faaliyyatlo mogqul olmagdan daha ¢ox muvaffaqiyyat Ustinliyiine malikdir.

4. Toklif edilon model tadrisdonkanar faaliyyatin sayina va ndvlarine mahdudiyyat goymur vo
istonilon sayda faaliyyat novu Gc¢un tatbiq edilo bilor. Mixtalif kurslar, gruplar vo ixtisaslar tzra
aparilan hesablamalar osasinda biitovliikde todris istigamoti Uzra talobalorin on ¢ox mivaffoqiyyot
qazandig1 foaliyyati mloayyan etmok olar, bu iss tadrisin keyfiyyatini yiksaltmok ¢un goérilmasi
tolob olunan islorin planlasdirilmasinda istifads edils bilar.
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FUZZY MODEL FOR ASSESSING THE IMPACT OF STUDENTS' EXTRACURRICULAR

ACTIVITIES ON ACADEMIC INDICATORS USING A BAYESIAN APPROACH

Ismailov I.M., Aghayev N.B., Huseynova G.B.
National Aviation Academy, Azerbayjan Technical University

In the article,fuzzy model was developed for evaluating the impact of students' teaching and

extracurricular activities on their academic performance using the Bayesian approach. During the
construction of the model, various types of extracurricular activities of the students - participation in

specialized courses, Olympiads, conferences, various scientific competitions, etc. types of activities
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are considered. On the other hand, the fact that a student is busy with an activity outside of teaching
does not prevent him from being busy with other activities. Based on surveys conducted among MAA
students, reports on the model were made and it was shown that the student's involvement in

additional courses has a better effect on his academic performance.

Keywords: Bayesian approach, probability, conditional probability, membership function,
positive number, eigenvector, best alternative, knowledge management.
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AZORBAYCAN RESPUBLIKASINDA HAVA YOLLARININ
DIAQNOSTIKASI UCUN UMUMILOSDIRILMIS MODEL

Babayev H.B., Muxtarov P.§.
Milli Aviasiya Akademiyasi

Bu maqalado hava nagliyyati harakatini idara edon (HHIE) dispetcerin miimkiin risklora
nazarati, onlari idara eda bilmasi ti¢iin avvalcadan bu risklor hagqinda malumatl olmast iigiin hava
yollarimin  diagnostik modeli barada tadgiqat aparilib. Belo yanasma HHIE vo ucuslarin
tohliikosizliyini tamin etmak iiciin somoaralidir. HHIE dispetcerlorinin qarsilasdigi risklor biitiin
aviasiya tizra istehsalat proseslori da daxil olmaqla ¢ox miixtalif spektrda tahliikalor yarada bilar.
Lakin risk yaradan amillora nazarat va onlarin idara edilmasi qorar qabul edilmasi prosesini
vaxsilasdirir, manfi naticalarin qarsisini vaxtinda almaga imkan verir.

Agar sozlar: M747 hava yolu, kasisan hava yollar:, miinaqisali vaziyyat, hava naqliyyatinin
axini, hava naqliyyatinin sixhig, HHIE, dispetcer, risk faktorlari, ucuslarin tahliikasizliyi.

Problemin aktualligi: Hava horokoti dispetcerinin pesokar foaliyyati aciq vo gizli formada,
habelo obyektiv vo subyektiv xarakterli miixtolif amillorin, o ciimlodon forqli xarakterli risklorin tosiri
altinda islonib hazirlanmis vo hoyata kegirilon fasilosiz qorarlarin silsilosi kimi togdim olunur.
Secimin optimal yekun naticasi potensial miinaqige voziyyatlorinin qarsisini almaqdir.

Tadqgiqatin aktualligi. Hava noqliyyatinin heorokst axinlari vo intensivliyinin artan
istigamotdo davam etmosi, hava mokaninda uguslarin dizayn edilmosi zamani istifadogilorin miixtolif
toloblorino amol etmok zorursti vo aviasiya sistemlorinin fasilosiz ugus soraitindo istismar edilmosi
har bir hava yolunda potensial miinaqisali néqtalarin tohlil edilmasini zaruri edir. Hava nagliyyatinin
horokotini idara edon (HHIE) dispetgerin risklora nozarati vo ucguslarin tohliikosizliyini tomin etmasi
ticlin har bir hava yolunda potensial miinaqisali néqtalari avvalcadon bilmokls risklara garst miivafiq
gorar gobul etmosi bu problemin aktualligini gostorir.

Hava yolu (marsrutu) - hava gomilarinin uguslar ii¢iin dizayn edilmis, mohdud hiindiirliiys
va ena malik olan, hamg¢inin radiorabito, navigasiya, miisahido vo hava naqliyyatinin harakatini
idaraetma vasitalari ilo tomin edilmis hava mokaninin asas elementidir [1-4].

Bildiyimiz kimi, hava mokani1 asason asagidaki kimi toyin olunur:

-yuxar1 hava mokani - yliksok hiindiirliikds uguarin yerina yetirilmoasi {i¢iin haa yollart;
-asag1 hava mokani - asagi hiindiirliikds uguslarin yerino yetirilmosi ii¢lin hava yollari.
Oz ndvbasinda hava yollar1 da asagidak1 ndvlora boliiniir:
-beynoslxalq uguslar tigiin;
-daxili uguslar ti¢iin (daxili hava marsrutlar1 toyyaralorin vo helikopterlorin uguslar ti¢iin nazards
tutulur).

82



Elmi Macmuo Cild 26, Ne1, 2024
Scientific Journal Vol. 26, Nel, 2024

Hava yollar1 asagidaki mokanlarda yerloso bilor:

-nazarat olunan hava mokaninda;

-nazarat olunmayan hava mokaninda;

-maslohat xidmati - Maslohat marsrutlari;

-RNAV {izro naviqasiya marsrutlari.

Hava yolu hiindiirliiyii mohdudlasdirilan orazilordon kego bilor.

Hava yollarinda horokoti asagidaki texniki vasitolorlo tomin edilo bilor:

- miisahido vasitalari ilo;

- miisahido vasitolori olmadan;

- naviqasiya vasitalori il9;

- naviqasiya vasitalori ilo olmadan.

Haor bir hava yolunun adi olmalidir, mosalon: Airway L850.

Hava marsrutunda hava naqgliyyatinin uguslart VMS, IMS vo SVMS-o uygun hoayata kegirilir.

Saquli mustavi lizerinds hava yolu hava naqliyyatinin bir-birindon saquli ayirmasi asasinda
qurulur. Saquli ayirma tayyaranin hiindurliys gérs ayrilmasidir.

Hava marsrutlart moantogalor arasinda an gisa mosafoys uygun olarag, gadagan olunmus
orazilordan, poligonlardan, xususi ugus zonalarindan va s. kega bilir. Hava nagliyyatinin horakatinin
six oldugu arazilords paralel hava yollar: yaradila bilor. Qadagan olunmus, tahltkali, xtsusi va digar
zonalar hava mokanimin digar elementlorindan on azi1 10 km uzaglasdiriimalidir.

Hava marsrutu beynolxalq standartlarin vo tovsiys edilon tocriibalorin talablorina uygun
olmaldur:

- hava marsrutunun vo/va ya yerli hava marsrutunun toyinati (indeksi) va onun tizarinda

qurulmus asas mantagalor lazimdir;

-miiayyan hava yolu tg¢iin miiayyan edilmis minimum yuksakliklor olamlidir;

-orazi tizroa navigasiya (RNAV) marsrutlar: da daxil olmagla hava yolu ti¢iin nazardos tutulmus
RNP novu toyin edilmolidir;

-hava yolu boyunca radionaviqgasiya vasitalarinin va radar avadanhglarinin yerlasdirilmasi

Ucln meyarlar miioyyonlosdirilmolidir;

-rabito, navigasiya vo miisahida vasitalorinin Siyahisi va yerlosma sxemlari olmalidir;

-¢ox yuksok tezliklorin (VHF — Veri High Frequency) tayin edilmis diapazonu, hamginin
tezliklorin tosdiqlonmis siyahist Vo ugusun hindirliyu dgln giymot cadvallori olmalidir;

-iki torofli rabits kanallar: "hava-yer" tomin edilmalidir;

-kecid yollarinin saquli sarhadlori toyin edilmalidir;

-hava yolunun asas (navigasiya) ndqgtalarinin cografi koordinatlarina dair mslumat olmalidir.

Hava noagliyyati dispetcerlori asagidakilari bacarmalidir:

-hava nogliyyatt harakatinin komiyyat xususiyyatlorini vo onlarin hava marsrutlarinda
istifadasini giymatlondirmayi;

-hava nagliyyat: horokatinin toskil etmayi, idarsetmoni, tohllkasizliyin tomin edilmasi Ggln
osas hesablamalar yerino yetirmoyi (HHIE zonalarinin 6lgiilori, hava gomilarinin horokat sxemlori,
hava marsrutlarinda managisali néqgtalori, hava nagliyyat: harokatinin intensivliyini tohlil etmoyi vo
vaxtinda gorar qobul etmayi Vo S.);

-hava nogliyyati harokatinin togkili vo idaraetms prosesinda tohllikasizlik hesablamalarini va
miixtolif HHIE zonalarinda miivafiq hesablamalar: yerino yetirmoyi.

Cadval 1-don gorundiyd kimi, “L850” hava yolunda 11 miinaqisali ndqts var. Bunlardan 9
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ndqts digar ugus yollari ilo Kasir va 7 ndgts iss kegid yollart ila birlagir.
Cadval 1

Azarbaycan Respublikasinin hava mokanindan L850 hava yolunun parametrlori

1. | Hava yolun (HY) L850

2. | HY uzunlugu 222, 7 nm

3. |HYeni 5,4 nm

4, 101° - 281° BEKIR, 103° - 283° ERLEV, 106° - 286°

Y istiqamatl: EW-WE | sAGIL, BAKUV 108° - 288 DUKAN

S. N ¢ néatolori ADEKI - BEKIR - ERLEV - SAGIL - BAKUV - ABROL
azarat noqtolari - DUKAN

N50 - hava yolunun strukturu

7. |HY  izerindo  miinaqiso

) . Umumi - 11, kosisen - 9, birloson - 7.
noqtalarinin say1

8. | Hava yolunun tosnifati C
9. | Ayirmalar (eselonlar) FL 660] - Upper FL0501 - Lower
10. Hav.a. yplunun buraxilig 99 HG
qablllyyetlz Linterval= 10 nm
11. | Idaroetmo zonasi Baki ACC

HHIE sisteminin effektivliyino bir cox amillor tasir gostorir: hava mokaninin strukturu, hava
yollarinda minagisa ndgtalorinin say1 vo onun radionozarat dorocasi, toyyarslorin novlori, hava
nagliyyat: harakatinin xtsusiyyatlori, onlarin horokat konfiqurasiyasi, meteo sorait vo s. Lakin bu
sistemin effektivliyinin miioyyon edilmosinds insan amoyi, daha dogrusu HHIE dispetgerlarinin vo
digor mutoxassislorin foaliyysti boylk rol oynayir. Eyni zamanda gorarin gobul edilmasi vo hayata
kegirilmasi zamam HHIE dispetcerinin foaliyyatinin xtisusiyystlorini nozors almagla bu foaliyyatin
effektivliyinin oldo etmok kifayat godor ¢otindir.

Codval 2-do [1] geyd edildiyi kimi Azorbaycan Respublikasinin hava mokaninda 290
miinaqgise nogtesi méveuddur. Bu molumat HHIE dispetcerino hava mokaninda hava gomilorinin
horokatini vaxtinda tahlil etmays vo bu problemi hall etmak va ya risko nazarat etmok Gctn risklor
totbiq etmoadon hava gomilari arasinda tohlikasiz intervallar yaratmaq tiglin vaxtinda qorar goabul
etmoaya imkan verir. Bu proses “risk amilina nozarat vo onun idars edilmasi” adlanir.

HHIE dispetcerlori hor giin miixtalif risklorlo iizlosir, onlarin bir coxu operatorun hoyat
gabiliyyatini tohdid edo bilar, bazi hallarda iss biitlin aviasiya iizra istehsalat prosesini tohliiks altina
goya bilar. Malum oldugu kimi, risk biznes foaliyyatinin slave mohsuludur. Bitiin risk amillorini
aradan galdirmag mumkin deyil vo bitin mimkin risklorin azaldilmas: todbirlori iso igtisadi
cohotdon sarfali deyil. Aviasiya sonayesino xas olan risklor vo xarclor gorarlarin gabuluna rasional
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taninir.
Cadval 2
Azorbaycan Respublikasinin hava mokanindan se¢ilmis 40 hava yolu [1]
Ne HY HY -nin baslangici vo HY-nun Bir eselonda HY - Miinaqiso noqtolori
axirinda olan uzunlugu, nin buraxilig HY Koasison | Birloson
noazarat noqtosi nm qabiliyyati: izro yollar yollar
LintervaI: 10 nm uzro lzra

1 L125 NEGAN - DULAV 57,5 5HG 1 - 1
2 L850 ADEKI - DUKAN 2227 22 HG 11 9 2
3 M11 MATAL - RODAR 276,6 27 HG 10 7 3
4 M23 BISNA - MARAL 112,4 11 HG 7 6 1
5 M737 DISKA - NETON 167,9 16 HG 8 7 1
6 M747 BARAD - BODKA 305,2 30 HG 10 10 -
7 N23 MOTEG - ULDUS 251,5 25 HG 10 9 1
8 N25 MOTEG - LALDA 226,2 22 HG 11 10 1
9 N35 NAMAS - RODAR 27,6 2 HG 2 - 1
10 N39 LASKA - ULDUS 272,3 27 HG 11 6 5
11 N41 AMOKU - DUKAN 41,4 4 HG 2 - 1
12 N43 BUMAR - METKA 140,5 14 HG 7 6 1
13 N50 LASKA - MARAL 106,7 10 HG 6 4 2
14 N55 BAKUV - BALUN 1125 11 HG 7 6 1
15 N59 INSAN - PARSU 74,6 7HG 5 4 1
16 N60 GASBI - LALDA 251,4 25 HG 14 12 2
17 N67 BUMAR - NOVBA 67,4 6 HG 3 2 1
18 N70 BALUN - ROPKA 77,2 7HG 6 4 2
19 N72 BISNA - BATEV 249,5 24 HG 17 14 3
20 N73 BALUN - AMIRU 72,9 7HG 5 4 1
21 N81 LASKA - ROPKA 81,2 8 HG 4 2 2
22 N161 PEMAN - GASBI 245,6 24 HG 15 14 1
23 N199 VETEN - GYD 195 19 HG 7 5 2
24 N319 ADEKI - ULDUS 281,1 28 HG 9 7 2
25 N449 VETEN - DUKAN 255,9 25 HG 9 7 2
26 N644 ADEKI - RODAR 2217 22 HG 10 8 2
27 N996 IRLAN - DULAV 18,6 1 HG 9 7 2
28 P130 ELSIV - BODKA 288,1 28 HG 14 13 1
29 P567 MATAL - ULDUS 306,8 30 HG 9 7 2
30 P574 RITUL - ULDUS 251 25 HG 11 10 1
31 T440 BAMAK - NASIL 49,1 4 HG 3 1 2
32 T444 GILAB - XERBO 12,2 1 HG 4 4
33 T447 PENOB - INSAN 60 6 HG 5 5 -
34 T480 BAMAK - PIROG 61,3 6 HG 3 1 2
35 T914 NASIL - MOSUM 53,4 5HG 5 5 -
36 T916 MATAL - LEYLA 1147 11 HG 6 5 1
37 T921 ADEKI - POLAD 22,4 2HG 2 1 1
38 T923 SUBUT - ERLEV 110,7 11 HG 5 5 -
39 Y124 ARTEK - EKRAM 51,4 5HG 3 2 1
40 Y125 EKRAM - SITON 51,8 5HG 4 3 1

Comi: 5846,3 nm 473 HG 290 232 56
Biitiin hava yollar lizro miinaqgisali ndqtalorin imumi 290

say1:
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Risk har hansi bir tohliika amilinin tosirindon yarana bilon manfi naticalorin toxmin edilon
ehtimalidir. Noticado isa potensial tohlliikonin zorarvurma ehtimalinin reallagsmasi ehtimalidir.

Riskin giymatlondirilmasi hor hansi monfi tosirlorin ham ehtimalinin, hom doa siddstinin
nozoro alinmasini noazordo tutur. Basqa sozlo, potensial zoror miayyon edilir. Risk
giymatlondirilmasini apararkon tohlukalari va riski forglondirmok vacibdir.

Natico

HHIE dispetgeri Azorbaycan Respublikasmin hava mokaninda biitiin potensial miinagisoli
noqtalor hagqinda molumatli oldugda, o, hava gomilarinin harakatini idars edarkan risk amillorino
nozarat, onu idars etmok vo eyni zamanda hava naqliyyati harokatinin tohllkasizliyini tamin etmok
imkanlarina malik olur. Magaloda verilon diagnostik model HHIE zamani risk yaradan amillora
nozarati, onlarin idars edilmasini vo garar qobul edilmasi prosesini yaxsilagdirir, monfi naticalorin
qarsisini vaxtinda almaga imkan verir.
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GENERAL MODEL FOR DIAGNOSIS OF AIR LINES IN THE REPUBLIC OF

Babayev H.B., Muxtarov P.S.

AZERBAIJAN

National Aviation Academy

In this article, a study was conducted on the diagnostic model of airlines so that the air traffic
controller (ATCO) can control the possible risks and be aware of these risks in advance so that he
can manage them. Such an approach is efficient to ensure ATC and flight safety. The risks faced by
ATCOs can present a wide spectrum of hazards, including all aviation manufacturing processes.
However, control and management of risk factors improves the decision-making process and allows

to prevent negative consequences in time.

Keywords: Airway M747, intersecting airways, conflict situation, air traffic flow, air traffic
congestion, HHIE, dispatcher, risk factors, flight safety.
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FOZA MEXANIZMLORININ XARAKTERIK NOQTOLORININ SUROTLORININ
TOYINI UCUN 3D KOMPUTER MODELI OSASINDA YENI QRAF-ANALITIK USUL

Mustafayev M.R., Panahova N.C., Hasanov A.F., Rahimova S.M.
Milli Aviasiya Akademiyasi

Mbaqalada faza mexanizminin xarakterik noqtalorinin miitlag va ayri-ayrt noqtalorinin biri-
birina nazaran nisbi siiratinin tayini ticiin 3D kompiiter modelina asaslanmuis sada, yiiksak daqiqliya
malik yeni qraf-analitik tisul toklif olunur. Homg¢inin ti¢ol¢iilii kompiiter modeli asasinda ilk dafa
olaraq siiratlor planinin qurulma qaydasi islonilmis vo ondan istifads edarak besbandli foza dirsak-
mancanaq mexanizminin stiratlor plaminin ti¢ol¢iilii kompiiter modeli qurulmusdur. Taklif olunan
tisulla alinan noaticalorin dogrulugu, besbandli foza dirsak-mancanaq mexanizminin niimunasinda
toklif olunan iisulla alinmis siirat vektorlart asasinda qurulmus stiratlor plamminin bir noqtada
qapanmast ila va adadi tisullarla hesablanmig qgiymatlorla miigayisa edilorak tasdiglonmisdir.

Acgar sozlar: foza mexanizmi, dirsak-mancanaq mexanizmi, kinematik analiz, 3D siirat plani,
kompiiter modeli, graf analitik iisul, AutoCAD, AutoLISP.

Lingli faza mexanizmlori lingli yasti mexanizmlari ilo mugayisads Ustiinliiklora malik olmagla
yanasli, boyiik siiratlorde masinin igini etibarli sokilds tomin edir vo bundan slavs kasison va ¢arpaz
oxlar arasinda harokati azsayli bandlor va surtiinan sathlor vasitasi ilo 6tlirmok imkanina malikdir.

Qeyd olunan bu Gstlnliklars baxmayaraq, lingli foaza mexanizmlari halo ds layiq oldugu tatbiq
sahasi tapmamisdir. Bunun asas sobobi kimi, bu mexanizmlorin sintez vo analiz tisullarinin
mirokkabliyi vo laziminca islonilmamasi gostoarilir [1,2]. Basqa sozlo, lingli foza mexanizmlarinin
sintez vo analizi ti¢iin yeni tisullarin islonilmasins ehtiyac vardir.

Isin_moqsadi: lingli foza mexanizmlorinin kinematik tadgqiqi iigiin miiasir kompiiter
texnologiyalarina asaslanmig yeni, sados va kifayat qador daqiq tisulun islonilmoasidir.

Moalumdur ki, 6yranilmoa prosesinds obyekt va prosesin modelinin qurulmasi va onun vasitasi
ilo dyronilmo prosesinin aparilmasi genis istifado olunur. EImi masalalarin dyronilmoasinds 3D
komputer modellorindan istifadoys xususi yer verilir. Masalonin grafiki Gsulla 3D kompiiter
modelinds halli zaman1 hallin naticasi kompiiter modeli olur (basqga s6zls, informasiya dasiyicisi
elektron muhit olur) vo axtarilan parametrlorin qiymati birbasa kompiiter modelindon goturulir. Foza
cisimlorinin kompiiter modelinin qurulmasi1 dedikds, obyektin hor bir ndqgtasinin istanilon anda
vaziyyatinin mioyyon olunma imkani basa diisilir. 3D modellorin formalasdirilmasit zamant,
ekranda Ucolgilu obyekti gismon tohrif olunmus sokilda tosvir olunsa da kompiiterin yaddasinda
obyekt real uc¢olcili formada olur. Homginin, avtomatik layihalondirma sistemlarindo molumatlar
rogomsal formada yiksok dogigliklo yadda saxlanilir. Masalon, AutoCAD-da odoadlori yadda
saxlamaq ¢in 14 mortabs ayrilir. Bu sababdon do AutoCAD-da 100% daqiqglikls cizgi tartib etmok,
basqa sozlo, cizgini dagiq real obyektin 6l¢isiinds hazirlamaq miimkiindiir. Homginin geyd olunan
paketdo olan obyekt baglantis1 obyektin ayri-ayr1 noqtalorinin vaziyystini 100% doqgiqgliklo tayin
etmoays imkan verir.

88



Elmi Macmuo Cild 26, Ne1, 2024
Scientific Journal Vol. 26, Nel, 2024

Belalikla, Ucolcili kompiter modellosdirilmasi yeni imkanlar yaradir: xiisuson do 3D modeldon
hesablama masalalarinin hallinds (garginliklorin analizi, yerdoyisma, hidrodinamika). Bu yeniliklori
foza mexanizmlarinin kinematik analizinds tatbiqi imkanlarini sokil 1-do verilmis besbondli dirsok
mancanaq mexanizminin nimunasinda nazardon kegirak.

Sokil 1. Mexanizmin kinematik sxemi

Foza mexanizmlori 6z tabistina gors ti¢olciiliidiir. Ovvallor bu mexanizmlorin grafiki tUsulla
kinematik analizini Uc¢ol¢culi mihitdo aparmaq miimkiin olmadigindan onlar sadslosdirilorok 2D
modellorinds aparilirdi. Bu isa, 6z ndvbasinda tarsimi handasani darindan bilmakls yanasi, miirokkob
yorucu grafiki qurmalar tolob edir. Lakin, hesablama texnikasiin inkisafi, xiisusan tatbiqi qrafiki
programlarin iglonilmasi, faza grafiki masalalarinin hallinds asasli doyisiklor yaratmigdir, masalalarin
holli asanlagmis, hallin dogigliyi analitik isulla alinan daqiglik Saviyyasina yiksalmis va s. Bu
sababdan da geyd olunan sadslosmolordon imtina edoarak, foza mexanizmlorini birbasa 3D kompiiter
modelinds todgiq etmok vaxti ¢atmisdir. Bunun Ugiin isa ilk névbado mexanizmin 3D komplter
modelini qurmaq lazimdir vo geyd olunan mexanizm U¢lin bu masaloys ohatoli sokildo [3]
baxilmigdir. Malumdur ki, har hansi zaman miiddatinds, néqtonin orta siroti asagidaki ifads ilo
hesablanir:

S
Vor = z 1)
burada, T — geyd olunan zaman, S- homin zaman miiddstinds gedilon yoldur.
Noqtenin ani zaman aninda haqiqi siirati iso, orta siiratin sonsuz ki¢ik zaman anindaki (At—0)
limitino borabordir.
v = limpg0Vor = liMaro g (2)

Mexanizmin xarakterik ndqgtalorinin siratinin giymatini va istigamatini toyin etmoak Gcun,
aparan bondin biri-birindon Ag godar forglonon (Ag = 0.01 + 0.05°) ii¢ voziyyatina (¢ = @ —
Ap, o, = @y , @3 =@+ Ap ) uygun voziyystlor plani qurulur (sokil 2). A¢ -nin Kkigik
qiymatlorindo xarakterik noqtolorin yerdoyismasini ¢4 voziyyatino uygun nodqtadon, @3 voziyyoting
uygun noqtoys qodor diiz xott parcasinin uzunlugunu gotiirmok olar. Noqtonin miitloq siirati
istiqgamati is9 ¢4 vaziyyatinae uygun ndqtadon , @3 voziyyatine uygun ndqtays yonalmis olur.
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Sokil 2. Besbondli dirsek-mancanaq foza mexanizminin voziyyastlor plani

Xarakterik noqgtslorin birinin digarina nazoran nisbi sdratinin giymat vo istigamatini toyin
etmok (clin, bu nogtalari birlosdiran diiz xott pargalarinin @5 (@3 = @y + A@) voziyyatine uygun
olani ilo @ (1 = @y — A@) vaziyyating uygun olanini miiqayiso etmok lazimdir. Bu magsadlo ¢
Vaziyyatina uygun olan diiz xatt, baglangic néqtasi ¢, vaziyyatindoki diiz Xattin baslangic ndqtasing
diistincoya Qodor, 0zlno paralel qalmaqla siirisdirilir. Diiz xott pargalarmin kogiriilmiis
vaziyyatinin digar uclar1 arasindaki masafa ndqtonin nisbi harakatds getdiyi yol, siiratin istigamati iso
birinci vaziyyatin sonundan kogiiriilmiis tiglincii vaziyyatin sonuna yonalir.

Sakil 3-da C ndqtasinin B ndqtasine nozaran nisbi siiratinin toyini sxemi verilmisdir. BsC3 diiz
xott parcasi Oziino paralel galmaqla siirtigdiiriilorok Bs ndqtosi Bi noqtesi iizorino salinir. Ci
noqtosindon Czk ndqtosinin (kdglirmodon sonraki voziyyeti ) arasindaki s mosafost C ndqtosinin B
ndqtasine nozaran nisbi harokatindoki getdiyi yol, siiratin istiqamati isa C1 ndqtasindan Csk ndqtasing
yonalir. Sakildo C ndqtesinin B ndqtasine nozoran nisbi harokatindoki s yerdoyismasi vo Vg nisbi
suratinin istigamaoti géstorilmisdir.

Alinmis naticalorin dogrulugunu, mexanizmin ayri-ayri noqtolorinin toyin olunmus siiratlori
osasinda 3D siiratlor planin1 quraraq yoxlamagq olar.

Baxilan mexanizmin C ndqtasinin siirati asagidaki vektor tonliklari ils toyin oluna bilor:

56‘ = 53 + 568 (3)
Ve =9p +I¢p (4)
Ve =9 +Icp =Up +I¢p (5)

Tonlik (5)-don goriindiiyii kimi, 53 + 568 Vo 50 + 560 vektorlar fozada bir ndqtodo
goriismolidir vo goriismo ndqtasi C ndqtasinin miitloq siirating uygun olur.
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C.B, Xattinin kogiiriillmiis
vaziyyati

Saokil 3. C noqtesinin B ndqtasine nazoran nisbi siiratinin toyini sxemi

Mexanizmin 3D siiratlor planinin qurulmasi ti¢lin ixtiyari P ndqtesinden (siiratlor planinin
polyus néqtasindon) Uy , U¢ , Up vektorlar1 ¢okilir vo vektorlarin sonu uygun olaraq b, ¢ va d isara
olunur. Bundan sonra b noqtasi C noqtasi ilo vo € noqtesi d noqtasi ilo birlosdirilir. Sakil 4-do
mexanizmin 3D siratlor planinin kompiiter modelinin kagiz {izorinds tosviri verilmisdir (qeyd
olundugu kimi 3D kompiiter modeli yalniz kompiiterin yaddasinda oldugu kimi yadda saxlanir va bu
sobobdan do informasiya dasiyicisi yalniz elekton mihitdir, onun kagiz tizorindo tosviri iso basa
diistilmasi Uglin ayani vasaitdir, informasiya dasiyicisi deyildir).

b d

Sokil 4. Mexanizmin siiratlor plan1 3D kompiiter modelinin tasviri

Xarakterik ndgtalarin suratinin giymatini, aparan bandin B ndgtasinin siiratina nisbatds tayin
etmok daha alverislidir. Bu halda aparan bandin 2A¢ qador donmasi zamani xarakterik noqtonin
getdiyi yolun bu zaman miiddstinds B ndqtesinin getdiyi yola nisbatini bilmaklo asanliqla siirati
hesablamaq olur. Masoalon, ¢, = 120° giymatinds, uzunlugu 45 mm olan AB dirsayinin Ag =
0,025° donmasi zaman1 B ndqtesinin getdiy masafs sz —0,0392699 mm toskil edir. Bu miiddatds C
vo D ndqtolorinin  getdiyi yol iso s, = 0,0398018 , s, = 0,0336182 olur. Uygun olaraq
Sc/Sp = 1,01354, S, /S = 0,856081.0gar pb vektorunun uzunlugunu 100 mm goabul etsok uygun
olaraq pc va Pd vektorlarinin uzunluglari 101.354 mm va 85.608 mm olur.

Homginin D ndqtasinin siiratinin qiymatinin dogrulugunu asagdaki kimi ds yoxlamaq olar.
Mbolumdur ki,
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dy  wgp
— =—x Ay/A
20 g w/Ap

) Ay 1 0.0192618 100
Doy VB o =,85608
193 A(p lAB 0.05 45

Gorundlyl Kimi, har iki halda s, /sg vo 9p /95 nisbatlori ti¢lin eyni gqiymatin alinmasi toklif
olunan yeni {isulla alinan qiymotlorin diizgiin oldugunu gostorir.

Homginin toklif olunan iisulun diizgiinliiylinii gdéstoron amillordon biri do C ndqtosinin B
noqtosine nozoron nisbi horokatinin siiratlor planindan alinmig istigamatinin uygun olaraq ABC
miistavisi lizarinds yerlogsmokls BC banding, C ndqtesinin D ndqtaesing nazaran nisbi harokatinin isa
BCD miistavisi tizarinds olmaqla CD bandins perpendikulyar olmasidir.

Gostorilon Usulla avtomatik rejimds, besbandli foza dirsok mancanag mexanizminin
xarakterik nogtolorinin stiratinin toyini iiciin, AutoLISP alqoritmik dilindon istifado etmoklo,
AutoCAD-a slavs islonilmisdi, slavanin programinin matni asagida verilmisdir.

; Besbondli foza dirsok mancanagq mexanizminin xarakterik ndqtalorinin surastinin tayini
uclin AutoCAD-a islonmis slavonin programi.

(defunc:zz (/)

(setq fi0 120)

(setq dfi 0.025)(setq i 0) (setq fii(list)) (setq ksi(list) pBwi(list) pCwi(list) pDwi(list))
(repeat 3 (setq i(+ i 1)) (if(eq i 1)(setq fi(+ fi0 dfi))()) (if(eq i 2)(setq fi(+ fi0 0))())

(if(eq i 3)(setq fi(- fi0 dfi))())

(c:zzD fi) (c:zzC) ) (c:zzvez) (c:surpl)

(princ))

(defun c:zzD (fi/)

;ABCDE mexanizminin D ndqtasinin vaziyyatinin tayini

(command "erase"” "all" " "view" "Nel" "ucs" "W" "cal" (cal "1*1"))(setvar "osmode" 0)
(command "line"(list 0 120 0)(list 0 0 0 )(list 120 0 0)""")

(setq am 45 bm 75 cm 100 dm 100 fm 104 gm 85 em 45 alf 60 )

(setg ya(* fm (cal"cos(alf)")) xa(* fm (cal"sin(alf)")))

(command "line"(list 0 0 0)(list xa ya 0 )"") (setq pEw(list 0 gm em))

(command "line"(list 0 gm 0)(list 0 gm em)(list 0 0 em)(list 0 0 0)"")

(setq pa(list xa ya 0)) (setq pAw(cal"u2w(pA)™))

(command "ucs" "ZA" (list 0 0 0) PA "ucs" "0" (list 0 0 fm))

(command "circle” (list0 0 0 ) am)

(command "line" (list 0 0 0)(list 0 am 0)™"")

(command " _rotate™ (entlast)™ (list 0 0 0) (- fi 90) ™)

(setq xbu(calam*cos(fi)") ybu(calam*sin(fi)"))

(setq pbu(list xbu ybu 0)) (setq pBw(cal"u2w(pBu)")) (setq pBwi (cons pBw pBwi)) ;
(print pBwi) (getpoint)

(command "circle” (list xbu ybu 0) bm) (setg cevc(entlast))

(setg pBu(list xbu ybu 0) pCu(list xbu (+ ybu bm) 0))

(command "line” pBu pCu ")

(command "ucs" "0" pCu "ucs" "y" ")

(command "circle™ (list 0 0 0 ) cm)(setq c (entlast))
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(setg pox1u (list (* 2 cm) (- 0 bm)0))

(setq pox2u (list (- O(* 2 cm)) (- 0 bm)0))(setq pox2w(cal"u2w(pox2u)"))
(command "line" pox1u pox2u "")(setq 16 (entlast))

(command "trim" 16™" (list O(- 0 cm) 0)"")

(command "revolve” ¢ " "0" 16 ") (setq tor (entlast))

(command "ucs" "w" "ucs" "za" (list 0 0 em)(list 0 gm em) "ucs™ "0" (list 0 0 gm))
(command "section™ tor ™" "xy" "")(setq tk (entlast))

(command "erase" tor ")

(command "circle” (list 0 0 0 ) dm)(setq c (entlast))

(command "trim" tk™" "c" (list (+ dm 1) 0 0)""(list (-dm 5) 1 0) ")

(command "erase" tk ")

(setq an(cdr(assoc 50(entget(entlast))))) (print an)

(setq kss(cal"an*180/3.141593"))

(setq ksi(cons kss ksi)) (print kss)

(setg xD(cal"dm™*cos(kss)") yD(cal"dm *sin(kss)"))

(setg pD(list xd yd 0))(setq pDw(cal"u2w(pD)"))(setq pDwi(cons pDw pDwi))
(command "line” (list 0 0 0) pD ") (command "erase™ ¢ ")

; Aparilan bandin vaziyyati toyin edildi

(princ))

(defun c:zzC (/)

; BC bandinin vaziyyatinin tayini

(command "sphere™” pD cm) (setq sfe (entlast)) (command "ucs" "w")
(command "ucs" "ZA" (list 0 0 0) PA "ucs" 0" (list 0 0 fm))

(command "section™ sfe " " ) (command "explode™ (entlast))

(setg cke(entlast)) (setq pme(cdr(assoc 10 (entget(entlast)))))

(command "erase" sfe ") (print pme)

(setgq xm(nth 0 pme) xbu(nth 0 pBu) ym(nth 1 pme) ybu(nth 1 pBu)) ; (getpoint)
(setq Ibm(cal"((xm-xbu)"*2+(ym-ybu)"2)"0.5"))

(setq xcu(cal"(bm/lbm)*(xm-xbu)+xBu") ycu(cal"(bm/Ilbm)*(ym-ybu)+yBu")) (setq pCu(list xCu
yCu 0))

(setg pCw(cal"u2w(pCu)™))(setq pCwi(cons pCw pCwi))

; C nogtesinin vaziyyati tayin edildi

(princ))

(defun c:zzvez (/)

;Mexanizmin vaziyyatinin qurulmasi

(command "erase™ "all" """ "view" "Nel" "ucs" "W" "cal" (cal "1*1"))(setvar "osmode" 0)
(command "line"(list 0 120 0)(list 0 0 0 )(list 120 0 0) (list 0 0 0 )(list 0 0 120)"™)
(setq am 45 bm 75 cm 100 dm 100 fm 104 gm 85 em 45 alf 60 )

(command "line” pAw (list 0 0 0)(list 0 0 em)(list 0 gm em) ™)

(command "line” pAw (nth 0 pBwi) (nth 0 pCwi) (nth O pDwi) pEw'™")
(command "line” pAw (nth 1 pBwi) (nth 1 pCwi) (nth 1 pDwi) pEw"™")
(command "line" pAw (nth 2 pBwi) (nth 2 pCwi) (nth 2 pDwi) pEw"™")

; n6gtasinin yerdayismasinin hesabi

(setg pB1(nth 0 pBwi) pB3(nth 2 pBwi)) (setq IB(cal"dist(pbl,pb3)"))
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(print "LB")(print IB)

(setq pC1(nth 0 pCwi) pC3(nth 2 pCwi)) (setq IC(cal"dist(pC1,pC3)"))

(print "LC")(print IC)

(setg pD1(nth 0 pDwi) pD3(nth 2 pDwi)) (setq ID(cal"dist(pD1,pD3)"))

(print "LD™)(print ID)

(setq kC(/ IC LB) KD(/ LD LB)) (print "kC™)(print kC) (print "kD") (print kD)

; Sxema Uzarindos yazilar

(command "ucs™ "w" "ucs" "0" (list 120 0 0) "ucs" "v" "text" (list-5-4 0) 5 0 "X")

(command "ucs" "w" "ucs" "0" (list 0 0 0) "ucs" "v" "text" (list-1-6 0) 5 0 "0")
(command "ucs" "w" "ucs"” "0" (list 0 120 0) "ucs" "v" "text" (list2 -4 0) 50 "Y™")
(command "ucs" "w" "ucs"” "0" (list 0 0 120) "ucs" "v" "text" (list-24 0) 50 "Z")
(command "ucs" "w" "ucs" "0" pAw "ucs" "v" "text" (list -2 -6 0) 50 "A")
(command "ucs" "w" "ucs" "0" (nth 0 pBwi) "ucs" "v" "text" (list-5-2 0) 50 "B")
(command "ucs" "w" "ucs" "0" (nth 0 pCwi) "ucs™ "v" "text" (list 1 -6 0) 50 "C")
(command "ucs" "w" "ucs" "0" (nth 0 pDwi) "ucs" "v" "text" (list 1 -6 0) 50 "D")
(command "ucs" "w" "ucs" "0" pEw "ucs" "v" "text" (list 1 -6 0) 50 "E")
(command "ucs" "w" "ucs" "0" (list 0 0 em) "ucs"” "v" "text" (list-4 0 0) 50 "Q")

(command "ucs" "w")

; mexanizmin vaziyyatlar plani quruldu

(princ))

(defun c:surpl (/ dxCB dyCB dzCB ddxCB ddyCB ddzCB pk pcs)

;Mexanizmin suratlor planinin qurulmasi

(command "ucs" 0" (list 0 -100 0)) (setq Ipb 100) (command "ucs" "v" "text™ (list 30 0) 3.5 0 "p")
(command "ucs" "w" "ucs" "o" (list 0 -100 0))

; B noqtasi

(setg dxB(- (nth 0 pB3)(nth 0 pB1)) dyB(- (nth 1 pB3)(nth 1 pB1)) dzB(- (nth 2 pB3)(nth 2 pB1)))
(setq kB(cal"100/1b"))(setq dxBs(* kB dxB) dyBs(* kB dyB) dzBs(* kB dzB))(setq pBs(list dxBs
dyBs dzBs))

(command "line" (list 0 0 0) pBs "")(command "ucs" "0" pBs) (command "ucs" "v" "text" (list -4 -5
0)3.50"b")

(command "ucs" "w" "ucs" "0" (list 0 -100 0)) (command "ucs" "3" pbs (list 0 0 0) (list 0 0 10))
(command "line" (list 0 0 0)(list 2.5 0.5 0)(list 2. 0 0)(list 2.5 -0.5 0) "c")

(command "ucs" "w" "ucs" "o" (list 0 -100 0))

;C nogtoasi

(setq Ipc(callc*Ipb/Ib™) ke(cal"IpC/IC™))

(setg dxC(- (nth 0 pC3)(nth 0 pC1)) dyC(- (nth 1 pC3)(nth 1 pC1)) dzC(- (nth 2 pC3)(nth 2 pC1)))
(setq dxCs(* kC dxC) dyCs(* kC dyC) dzCs(* kC dzC)) (setq pCs(list dxCs dyCs dzCs)) (setq

psC pCs)

(command "line" pCs (list 0 0 0)"") (command "ucs" "0" pCs) (command "ucs" "v" "text" (list -4 2
0)3.50"c")

(command "ucs" "w" "ucs" "o" (list 0 -100 0)) (command "ucs™ "3" pCs (list 0 0 0) (list 0 0 10))
(command "line" (list 0 0 0)(list 2.5 0.5 0)(list 2. 0 0)(list 2.5 -0.5 0) "c")

(command "ucs" "w" "ucs" "o" (list 0 -100 0))

;C nogtasinin B nozaran nishi (firlanma) harokati
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(setg dxCB(-(nth 0 pC3)(nth 0 pB3)) dyCB(-(nth 1 pC3)(nth 1 pB3)) dzCB(-(nth 2 pC3)(nth 2
pB3)))

(setg xC2k(+ (nth 0 pB1) dxCB) yC2k(+(nth 1 pB1) dyCB) zC2k(+ (nth 2 pB1) dzCB))(setq
kCB(cal"(Ipb/LB)™))

(setq ddxCB(- xC2k (nth 0 pC1)) ddyCB(- yC2k (nth 1 pC1)) ddzCB(- zC2k (nth 2 pC1)))

(setg xC2(* ddxCB kCB) yC2(* ddyCB kCB) zC2(* ddzCB kCB)) (setq pk(list (+ dxBs xC2) (+
dyBs yC2) (+ dzBs zC2)))

(setg ICB(cal"dist(pk,pBs)")) (command “line" pBs pk ")

;D noqtesi

(setq Ipd(cal"ld*Ipb/lb™) kd(cal"lpd/l1d"™))

(setg dxD(- (nth 0 pD3)(nth 0 pD1)) dyD(- (nth 1 pD3)(nth 1 pD1)) dzD(- (nth 2 pD3)(nth 2 pD1)))
(setq dxDs(* kd dxD) dyDs(* kd dyD) dzDs(* kd dzD)) (setq pDs(list dxDs dyDs dzDs))
(command "line" pDs (list 0 0 0)"")(command "ucs" "0" pDs) (command "ucs" "v" "text" (list -4 -6
0)3.50"d")

(command "ucs" "w" "ucs" "o" (list 0 -100 0))(command "ucs" "3" pDs (list 0 0 0) (list 0 0 10))
(command "line" (list 0 0 0)(list 2.5 0.5 0)(list 2. 0 0)(list 2.5 -0.5 0) "c™)

(command "ucs" "w" "ucs"” "o" (list 0 -100 0))

;C nogtasinin D nazaran nisbi (firlanma) horakati

(setq dxCD(-(nth 0 pC3)(nth 0 pD3)) dyCD(-(nth 1 pC3)(nth 1 pD3)) dzCD(-(nth 2 pC3)(nth 2
pD3)))

(setg xC3Kk(+ (nth 0 pD1) dxCD) yC3k(+(nth 1 pD1) dyCD) zC3k(+ (nth 2 pD1) dzCD)) (setq
pC3k(list xC3k yC3k zC3K))

(setg ICD(cal"dist(pC1, pC3k)™) (setq KCD(/ Ipb 1b))

(setg ddxCD(- xC3k (nth 0 pC1)) ddyCD(- yC3k (nth 1 pC1)) ddzCD(- zC3k (nth 2 pC1)))

(setg xC3(* ddxCD kCD) yC3(* ddyCD kCD) zC3(* ddzCD kCD))

(setq pk(list (+ dxDs xC3) (+ dyDs yC3) (+ dzDs zC3)))

(command "line" pds pk ")

(princ))

Natica. Toklif olunan Usul faza mexanizmlorinin kinematik todgigini kifayat godor
sadolosdirir vo totbiqi zamani riyaziyyatin ayri-ayri bdlmaloring va torsimi handasays dair dorin bilik
tolob etmir. Belo ki, malum iisullarin istifadesi zamani, riyaziyyatin ayri-ayri bélmolorini (analitik
usulda) va ya torsimi handasani (grafiki Gsulda) dorindan bilmak talob olunur. Bu iss 6z névbasinda
bu tisullarin praktiki totbiq serhadlorini daraldir.
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A NEW GRAPHIC-ANALYTICAL METHOD FOR DETERMINING THE SPEED OF
CHARACTERISTIC POINTS OF A SPATIAL MECHANISM, BASED ON A THREE-
DIMENSIONAL COMPUTER MODEL

Mustafayev M.R., Panahova N.C., Hasanov A.F., Ragimova S.M.
National Aviation Academy

The article proposes a simple, high-precision new graphic-analytical method for determining
the absolute and relative speed of characteristic points of a spatial mechanism on a three-dimensional
computer model. Also, for the first time, a procedure for constructing a three-dimensional computer
model of the speed plan was developed and, using it, a three-dimensional computer model of the
speed plan of a five-link spatial crank-rocker mechanism was built. The accuracy of the results
obtained by the proposed method was confirmed by the constructed speed plan based on the velocity
vectors obtained by the proposed method, using the example of a five-link crank-rocker mechanism
and comparing it with the values calculated by the numerical method.

Keywords: spatial mechanism, crank-rocker mechanism, kinematic analysis, three-

dimensional velocity plan, computer model, graphic-analytical method, AutoCAD, AutoLISP.
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MOJAEJIMPOBAHUE KYPUHCKOI'O KACKAJA BOJOXPAHWJINII C TIOMOIIBIO
MATLAB

Mexmueea b.T.
Aszepbatiodcanckoe Hayuonanvnoe Aspokocmuyeckoe Aeenmemeo,
Hncemumym Kocmuueckux Hccneoosanuii Ilpupoornvix Pecypcog

Hannoe uccnedosanue 6v110 NpoeOdeHO 8 CEA3U C YCUNUBAIOWUMCS 6 NOCleOHee BPeMs
BHUMAHUEM K IKOHOMUU 800HBIX pecypcog Azepbauiddcana u u3yyeHuro COCMOSAHUS KPYNHeuue20
Kackaoa 6oooxpaununuwy Ha peke Kypa. Paboma noceéawena HekOmopulM — acheKmam
2UOPONIO2UYECKO20 MOOETUPOBAHUS IMO20 KACKAOA.

Mooenuposanue npoucxooum 6 HecKoIbKO 9Manog: co3oaemcs opozpaghuyecKkas cxema
peutaemcs cucmema ouggepeHyuanrbHbIX ypasHeHUll, COCMAasieHHbIX HA OCHOBAHUU MO CXeMbl,
8b1800AMCSL pe3YIbmambl.

s npoeedenuss moodenuposanus paspabomana npoepamma 6 cpeoe MATLAB. Ilpoepamma
pabomaem 6 2 pexcumax — KOHCMPYKMOPCKOM U pabouem. B Koncmpykmopckom pedscume
coz0aemcs opoepagpuueckasn cxema, BKIOYAIOWASL OCHOBHbIE 00bEKMbl KACKA0A (8000XpaAHUIUYA,
PeKU, Kauawvl) u 3a0aromcs ux napamempsl (00vem, nepenoc 800bl, 2e00aHHbIE O PACNOJIOHCEHUL).
IIpoepamma noszeonsiem pedakmupogams u 0006aeiams 0b6vekmol. Bce 0annvie coxpansaomes 6 base
OaHHBIX NPOEKMA.

Ilpu nepexoode 6 pabouuii pejxicum CO2NACHO BbIOPAHHOU MOOeIU CO30Aemcs cucmemd
oughgpepenyuanvuvix ypasneHnuil, coomeemcmeyiowas mexkyujel opocpaguueckou cxeme. Yucno
ypaeuerutl, pewaemvix ¢ nomoupro MATLAB pasno uucny eoooxpanunuwy 8 xackaoe. Pewenue
ocywecmesaemcs nocie008amenbHo, HAYUHAs ¢ Nepeo20 ypaeHeHuUs cucmemol. 3amem HaudeHHble
pesynvmamosl noocmagnaomcs 6o 2-e ypaguenue. C Kax#cObiM CIeOVIOWUM VPABHEHUEM €20
COdACHOCMb 803pacmaem. Pe3ynibmambi b616004MCs 6 8UO€ NOLYYEHHBIX POPMYT U 8 8Ude 2paPuKos,
ompadcarowux coCmosiHue Kackaod.

Takum obpazom, pazpabomaHuas nNPOPaAmMma UMeem 803MOHCHOCMU NPOBOOUMb 8U3YATbHOE
NpoeKmuposanue, U Modcem OblMb C YCNeXoM NpUMeHeHa Ol MOOEIUPOBAHUSL AHATIOSUYHBIX
Kackaoo8 8000XPAHUTULY.

Knrueenie cnoea: auoponoaus, Mooenuposatue, Kackao 8000XPAHUIULY,
ougppepenyuanvuvie ypasuenus, MATLAB

BBenenue

OI[HI/IM nu3 HaH60nee S3HAYUTCIIBHBIX BBI3OBOB, CTOAIUX IICPEH YCTIOBCUCCTBOM B HACTOSIIICC
BpeMs, SBISETCA IMpoOiieMa HEXBAaTKU BOIHBIX PECYpCOB IUIAHETHl. BoJHBIE pecypchl MrparoT
BOXHYIO pPOJIb B PEIIEHUHU MPOJOBOJILCTBEHHONM U HHEPreTUYECKOW MporpamMMm CTpaHbl. B
Azepbaiikxane 3Ta mpobiemMa, Mpexkie BCEro, 3aKII0YaeTcss B HEPaBHOMEPHOCTU pacHpeleieHHUs
BOJIbI, KaKk B reorpauueckoM, Tak U B CE30HHOM CMbIcTaX. BOJbIIMHCTBO TOPHBIX peK, OepyLIux
Hayajio Ha I0KHBIX CKJIOHaX Masoro KaBkasa, BECHOM pa3/IMBAIOTCS W MPEBPAIAIOTCSA B CEJIM, a B
JIpYroe BpeMsl rojia MepechIxaror.
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B nensix perynupoBaHus TeueHUs: pek co3aaHbl Oosee 60 BOAOXpaHUIIMIL, CPEIU KOTOPBIX
HamOoJee 3HAYUTEIbHBIM sBIIsieTCsl Kackaa u3 lllemkupckoro, EHnkeHackoro MuHre4aypckoro u
BapBapckoro BogoXpaHUIIHIIL, PaCOIOKEHHBIX TOCIEI0BATENBHO 10 TeueHuIo peku Kypa ¢ o0mum
o6seMoM Gonee uem 16,5 kv [1]. Pexa Kypa, obmeii mmunoit 1515 KM, sBIseTcs caMoii 6obIIoit
pekoii pecniyonuku. Bonuerii 6acceitn peku Kyper BMecte ¢ nputrokamu coctaBisieT 80% BOIHBIX
pecypcoB ctpanbl [2]. Ha pucynke 1 mokazana kapta KypuHckoro kackaga Bogoxpanuiuil. Kapra
MoJIydYeHa ¢ MoMoIpio Beb-ceprca Google Maps.

Lamkupckoe EnukeHdckoe Murzeyvaypckoe
godoxpaHusTuLye 8000XpaHUIULE godoxpaHunuwie

Peka Kypa
Pucynox 1. Pacnionoxenue kackana Bogoxpanunuil Ha peke Kypa

Co3aHne BOJOXPaHWIUIL MTO3BOJISIET JOCTHYb OINPEIEIICHHBIX MEJIeBhIX 33a7a4, HO B TO )K€
BpeMs BJIEYET Psj OTPHUIATEIbHBIX W3MEHEHUW Ha TpHIIeraromiel teppuropuu. VX BimsiHEE HA
OKPYKAOIIIYIO CPEAY MOXKET MPOSBISATHCS MMO-PA3HOMY: TIPSIMO ¥ KOCBEHHO; TOCTOSTHHO ¥ BPEMEHHO;
HapacTarolee, MOCTOSIHHO 10 T0JIaM MJTH 3aTyXaloliee.

MopenupoBaHe MPOLECCOB, MPOUCXOAANINX KaK B CAMOM BOJOXPaHMJIMIIE, TaK U 3a €ro
npeneraMi B HEKOTOpPOM OJIM3KOM K HEMy apeayie, OTHOCUTCS K THITY THAPOJIOTHYECKOTO
monenupoBanus. [lo BuHorpamoBy, uccienoBaHHE THIPOJIOTHYCCKHX OOBEKTOB, SIBICHUH W
MPOIECCOB MO-HacTosAmeMy 3()(EeKTHBHO TOJNBKO B paMKaxX METOAOJOTHH MaTeMaTHYECKOTO
MozaenupoBanus [3]. PazHooOpa3ue MmoaxooB K THAPOJOTHYECKOMY MOJICTUPOBAHHIO MOXKET H
JOJDKHO TIPUBECTH K CO3JaHHMIO 0Oojiee HAJeKHBIX MOJENEH, JOCTOBEPHO OMHMCHIBAIOIINX
THIPOJIOTUYECKHUE MPOIIECCHI, UMEIOIIUE MECTO, B TOM YHCIIEC, U B BOJOXPAHUIIHIIAX.

Kasxap1ii ruponorndeckuii mpoIriecc MOKHO OIMKMCATh C TOMOIIBIO MAaTEMAaTHIECKUX (OPMYIL.
[ToaToMy MO TEPMHHOM «MATEMATHYECKOE MOICTUPOBAHUE THAPOIOTUIECKUX CUCTEM) B IIUPOKOM
CMBICIIC MOYKHO TIOHUMATh UCIIOIh30BaHNE MATEMATHKH TSI OTIMCAHMSI XapaKTEPHBIX 0COOCHHOCTEH
THAPOJOTHYECKUX CUCTEM HIIH MPOIIECCOB [4].

MaremMaTrueckasi MOJIEIb JIUIIb TPUOIIKEHHO OTPaXkaeT MOBEACHUE pealTbHBIX 00heKTOB. C
JPYTO# CTOPOHBI, TOCTPOCHUE 00JIee TOYHBIX MOZEJICH MPUBOAMT K JIOCTATOYHO CIIOKHBIM 3ajadam,
AHATTUTHYECKOE PEIICHUE KOTOPBIX IMONYyYUTh He yaaercs. [loaToMy Ha mepBOM 3Tame HM3y4eHUs
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KaKoro-gubo Tmpoliecca HCIONb3YeTCs CPaBHUTEIBHO TpOCTask Mojaendb. TakuM oOpas3om,
(dhopMUpOBaHHE MAaTEMATHUECKON MOJIENIA 3aBUCUT OT TOTO, KaKHE aCMEeKThl KOHKPETHOTO SIBICHUS
CUMTAIOTCS TJIABHBIMH, a KAKHE BTOPOCTETICHHBIMH.

Mogenb BOCHPOU3BOAUT TE€ IMapaMeTPbl HHTEPECYEeMOro O0BEKTa, KOTOpBIE CUUTAIOTCS
BaXHBIMU JUIS TIPOBOJMMOrO HccienoBanus. Jleranu peanbHOro 0O0BEKTa MOXKHO HE yYUTHIBATh,
MOCKOJIbKY OHU HE BaXKHbl B KOHKPETHOM Cllydyae WJIM MOTOMY YTO OHHU CIIMIIKOM CJOXHBI H,
CJIEI0BATEIbHO, CO3AAI0T TPYIHOCTH.

Jlis co3naHus MaTeMaTH4YecKOW MOJIeNHM KakKoro-muOo sBIEHUS HEOOXOIHWMO BBIPA3HUTh
3aKOHBI, YIPABJISIONINE ATHUM SIBIEHHEM B MaTemaruyeckoil dopme. Yacto Mopenu paziuyHbIX
SBIIGHUH MEXaHWUKH, ODIIEKTPUYECKMX W MATrHUTHBIX SIBJICHUHA U JIp. BBIPAXKAIOTCS B BHUJE
muddepeHIMaTbHBIX YpaBHEHHUH. [T HaXOXKIEHUS YaCTHBIX PEIICHUH MX HEOOXOIMMBI TaKXKe
HAYaJbHBIC U TPAHUYHBIE YCIIOBUS PACCMATPUBAEMBIX SIBJICHHIA.

MarepuaJjbl 1 MeTOIbI

Jlis TpoBepKH COCTOSHUS BOJOXPAHWJIUI HCIOJIB3YIOTCS CpEICTBAa MOHUTOPUHTA U
ruaposorndeckoe MozenupoBanue. CTpyKTypa MOHUTOPUHTA PEUYHOro OacceiiHa ompenensercs
0COOEHHOCTSIMU TeorpadUyecKOro IOJIO0KEHUS KaXIoro OacceiiHa, TUNAMU €ro JaHAmadToB,
MOp(OMETPUUECKUMHU XapaKTEPUCTUKAMH, WHTEHCUBHOCTBHIO M Pa3HOOOpa3HeM XO03sSHCTBEHHOTO
HCTIOJIb30BaHUs [5].

lMupponorndyeckoe MOAETUPOBAHHE €CTh YIPOIIEHHOE KOHIENTYyalbHOE IPEICTaBICHHE
9acTH THAPOJIOTUYECKOro HUKia. Mcmonb3oBaHUE MOJEIUPOBAHHS MMEET KaK IOJOXKHUTEIbHBIC
CBOWMCTBA, TaK U HEAOCTATKU. K MepBBIM OTHOCSATCS BO3MOKHOCTH H3yUEHUS PA3IMYHBIX CIICHAPUEB
Pa3BUTHS CUTYallMH, a TAaKXKe MPOIECCOB U SIBICHUM, HEAOCTYIHBIX AJIs IKCIEPUMEHTOB, WU TEX,
KOTOpbIE TEOPETUYECKHM BO3MOXKHBI, HO HE IMPOUCXOASIIMX B JAaHHBIH MOMEHT; KO BTOPBIM —
CIIO)KHOCTh ~ MAaTEMaTHYECKOTO  BBIPAXKEHUS  MOJAEIM U HEoOXOJUMOCTh  pa3paboTKu
CHEHaTM3UPOBAHHOTO TPOrPAaMMHOT0 0OeCTIeyeHUs!.

lMupponoruyeckue Mpoeccs MPEACTABIIOT CO00H OMICaHNE HEKOTOPOTO SIBIICHUS, KOTOPOE
MPOTEKAaeT, MOCTOSTHHO MEHSSCh, B 3aBUCHUMOCTH OT BpeMeHH [6]. Cam ruaporpad BbIpaxkaercs
rpaMKOM W3MEHEHHS CTOKA B 3aBUCIMOCTH OT BpeMeHHU [7].

TouHas MaTeMaTH4ecKasi MOJEIb KacKaia BOJOXPAHUIIUII TpeOyeT ydeTa BceX MOTeph BOJIBI,
B TOM YHCIJIE, U3-3a UCTIAPEHHUSI C BOJHOW MOBEPXHOCTH, BCIECTBUE YTEUKH B TPYHTOBBIE MOJ3EMHBIE
BOJIbI IIyTEM MPSIMOT0 IPOHUKHOBEHUS, MIPSIMOI OTKaYKU U APYTUX (PaKTOPOB.

OauH U3 cnocoOOB MOJETMPOBAHUS — pacweHEHHE IO YacTsAM ruaporpada — MIKUPOKO
UCIIONIb3YeTCsl B HacTosllee BpeMsa. Tak, B cieaymoolleid paboTe paccMaTpUBaeTCs METO]
pacuneHenusi THaporpadoB cToka Ha Oa3UCHBIA CTOK, BECEHHEE IIOJIOBOJbE, MOXKICBBIC H
OTTeMelIbHbIEC TABOJKMA Ha OCHOBE M01x0/a, ipeanioxkeHHoro b.W. KyaenunsiM [8].

Lenp cumynsTopa BOAOXPAHUIUIIL — IPOBOUTH UCCIICOBAHMSI PEATLHOTO BOIOXPAHUIIHIIA
0e3 3aTpaT Ha UCTIBITAaHUS PEATbHOTO 00BEKTA, MITH TECTUPOBATH PA3NINYHbBIE CIICHAPUHU, YTOOBI HAUTH
ONTHUMAJIBHBIN Mepe] MyCKOM BOJAOXPaHMIINILA B SKCILTyaTanuio. [Ipu 3ToM yunThiBatoTcst Hanbosee
M3Yy4YeHHbIE (PaKTOPHI U XOPOLIO U3BECTHBIE IPAHUYHBIC YCIOBUS C LEIbIO MOJyYEeHUsI HauMEHbLIeH
HEOTpeAeIEHHOCTH.

BpemenHble U pOCTPaHCTBEHHBIE MPOU3BOAHBIE THIPOIOTHUYECKUX MPOILECCOB OAMHAKOBO
Ba)KHBI, OCOOCHHO B YCIIOBHSX MEHSIOIIETOocsl KinMara. B mporiecce paboThl Haj cTaTheil Oblia
CO3/1aHa CUMYJISIIUOHHAS MOJIENb, MMO3BOJISIONIAs U3yYUTh COBMECTHOE BIUSHUE 3TUX (PaKTOPOB.
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[Ipu 3TOM B pacueTrax He YUUTHIBAJIUCh HEKOTOpBIE Apyrue QakTopbl BIusHUA. Takum oOpa3om,
Ha3HAYEHUE JaHHOW MOJIEIH 3aKII0YAIOCh B U3YYEHUH HEKOTOPBIX CIEM(PUIECKUX CIIEHAPUEB, KaK:
-HapyIIeHHUE OCHOBHOTO T'HJIPOJIOTUYECKOTO peXUMa pabOThI;

-BBIXO/I THJIPOJIOTUYECKUX TTOKa3aTesei 3a Mpeiebl HOPMBI,

-pa3pylieHue BOAOXPAaHIIIHUINA.

Ha nepBom stame s GopMupoBaHus KapThl perioHa ¢ caiTa gis-lab.info 611 ckauan apxuB
I'€OJIaHHBIX. APXUB COJIEPKUT OOMIUPHYI0 OMOIMOTEKY BEKTOPHBIX I'e0JaHHBIX B opmare shape-
(baiiioB, HACUMTHIBAIOIIYI0 OKOJO 50 pa3IuYHBIX CJIOEB, BKJIIOYAIOIIME TPaHUIBl TOCYIapCTB,
aJIMMHHUCTPATUBHOE JIeJIeHNEe, UH(PACTPYKTYPY, TUAPOIOTHYECKHUE U IPYrUe 0ObEKTHI, B TOM YHUCIIE,
KOHTYPbI ¥ aTpHOyTHI BOJIOXPAHMIIMII M peK. 3arpy3Ka reoaHHbIX U CO3/1aHue 0a3bl JaHHBIX IPOEKTA
ObUTO TIpOBeNeHO cpejacTBamu makera Mapping Toolbox, Bxoasiero B cocrtaB MpOrpaMMbl
MATLAB.

JUis HaWJTydIIero UccieA0BaHus PeKUMOB pabOThI Kackaia pa3padaThIBAIOTCS KOMIUIEKCHI,
BKJIIOYAIOIIME: THIPOJOTHYECKYI0 MOJENb B BHJE KOMIIBIOTEPHOM MporpaMMbl; 0a3y NaHHBIX; a
TaK)X€ IO0JIb30BaTENbCKUN HHTEepdeic. DTO MpHAaeT BO3MOXKHOCTH YIpaBlIEHUS JaHHBIMHU,
BU3yaJH3alluu U OTYETHOCTU. B yacTHOCTH, Tak pabOTaIOT MOYTH BCe MIATPOPMBI MOJECIUPOBAHUS
C OTKPBITBIM KOJIOM.

Jns mogenupoBanus B cpeze nporpammupoBanust MATLAB 6b1a pa3paborana mporpamma
“Kaskad”, umeroniass rpaduueckuii mHTepdeiic mnonp3oBarens. [Iporpamma paboTaeT B JIBYX
peXuMax: KOHCTPYKTOPCKOM U pabouyeM. KOHCTpYKTOpPCKHI peXuM MpenHa3HadeH IS
pelaKkTUpOBaHMs MPOEKTa. B 3TOM pexrme BOZMOXKHO 100aBISATh MM YAANSATh BOJHBIE O0BEKTHI, a
TaKXe PeJaKTHPOBATh UX apaMeTphl: 00beM, CTOK U Apyrue 3HaueHus. Ha pucynke 2 npuBeaeH BUj
MIPOrpPaMMbl B KOHCTPYKTOPCKOM PEXHUME.
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Pucynox 2. BHenawmii BuI TporpaMMbl B KOHCTPYKTOPCKOM PEKHME

CrneBa Ha pUCYHKE 2 pacloIOKeHbl AaHETH ¢ TaOJMIaMH, COAEp KAIMMU TapaMeTphl BCEX
BOJHBIX 00BEKTOB MpoekTa. CripaBa HaxoIUTCS oporpaduyeckas cxema Kackaja, CoOOTBETCTBYIOIAs
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naHHbIM W3 Tabnuu. Ha oporpaduueckoil cxeme BOJOXpaHWIMIA TIOKa3aHbl B BHUJE
NPSIMOYTOJIbHUKOB. BXOJdluMU B HHUX CHHU3Y JIMHUSIMU YKa3aHbl pPEKH, BTEKAIOIIHUE B
BOJOXPAaHMJIMILA, @ CBEPXY — BBHITEKAIOIIUE U3 HUX KAHAJIBL.

B KOHCTPYKTOPCKOM peXHME ITPOrpaMMa UMEET BO3MOKHOCTH CO3JaHMsI U PEIaKTUPOBAHUS
OCHOBHBIX 00BEKTOB IIPOrpaMMsl. K 3TUM 00beKTaM OTHOCSATCS:

-Bogoxpanunuiia Kypunckoro kackaza;

-peKHU U KaHaJbl, BXOSIINE B COCTaB 0aCCEHOB OTIENbHBIX BOJOXPAHUIIHILL

TakuMm oOpa3om, KpoMe pelakKTUPOBAHUS COCTaBa Kackaja, UMEETCsl BO3MOXKHOCTD CO3aHMUs
HOBOT'O MPOEKTa ¢ HyJs, 3amojHuB TaOauubl «Bomoxpanunmuma» u «Pexku». [Ipu xoppekTHOM
3aMOJIHEHUH 3TUX TaOJUI[ CTAaHOBUTCS BO3MOXKHBIM CO3JaTh HOBYIO OpOrpa)UuecKylo0 CXemy U
COOTBETCTBYIOIYIO €1 MATEMaTUYECKYIO MOJEIIb.

Bo3MoOXHOCTH penakTUpOBaHMS BKIIOYAIOT OINEpaluu JOOaBIEHUS HOBBIX OOBEKTOB,
yIaJeHUs U peJakTHPOBaHUs UMeronuxcsi. Kpome Toro, BO3M0OXXHO nepeMerienne 00beKTOB HaBepX
Wi BHM3 Ta0nui. Bce BhlllenepeyuciieHHble EHCTBUS BJIEKYT 3a CO0OIl COOTBETCTBYIOIIME
M3MEHEHHUs B oporpaduueckoit cxeme. B tabnuue 1 npuBeneHbl 3HaUCHUS TapaMeTPOB 0ObEKTOB U
1X 0003HAYCHUS, KOTOPBIC B TalIbHEHIIIEM OYyT UCIOJIB30BaHbI B MU (PepeHIIMATIbHBIX YPaBHEHUSIX
MOJIETIH.

[locne 3aBepuieHus peAakTUPOBaHUs MporpamMma UMEET BO3MOXKHOCTBH JUIsl IEpexona W3
KOHCTPYKTOPCKOTO B pabounii pexxum. [Ipu 3TOM Ha OCHOBE CO3TAHHON OpOTpadUUIECKOM CXEMBI
MATLAB aBTOoMaTHuYeCKH cO31aeT cucteMy AuddepeHnnanbHbIX ypaBHeHU. CucreMa BKIIIOYaeT
ypaBuenust (1) — (3).

dWl

—==A, —kyw 1
dr 1 — KW (1)
dWZ

—~c =A, + kyw, — kow 2
” 2 T KW — KW, 2)
d;;?’ = A3 + k2W2 — k3W3 (3)

rIe,
Ay =x; +xy + x5 — Ey;
Ay =x4 — E5;
Ay =x5 + x5 — E3 — Ey;
w1, w2, w3 — HCKOMBIC IICPECMCHHBIC, BLIXOAHBLIC 3HAYCHUA BOAOXPAHHIINIIL;

k1, k2, k3 — mapaMeTpsl peKUMOB COPOCA OTAETBHBIX BOIOXPAHHUITHIIL.
Penrenue ypaBHeHwmii ocymectBisieTcs ¢ momortnbio Gyakiuun MATLAB dsolve(eq, cnd), rae

eq — ¢hopmyna quddepeHraIsHOro ypaBHeHus, a CNd — HayansHOe yciaoBue [9].
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Taonuma 1.

[Tapametpsl
O06o03Ha-
Ne HaumenoBanue O6Bem, ky6. | CTok, Ky0. M B
YeHUE

KM c
1 [Iamkupckoe BIXp. Wii 2.7 -
2 Enukenackoe BIXxp. Wiz 0.158 -
3 MuHreuaypckoe BIxp. w3 15.7 -
4 p- ToBy3uaii X1 - 7.3
5 p. 3eitnmuait X2 - 6.3
6 p- emxupuait X3 - 8.37
7 p. T'omrapuyait X4 - 341
8 p. ['aObIpphI Xs - 9.82
9 p- 'anbIx Xs - 10.8
10 OpocuTebHBIN KaHa E; - 57
11 OpocuTEbHBIN KaHa E; - 65
12 Kanan Bepxumii [lllupsan E; - 78
13 Kanan Bepxuuit Kapadax E, - 130

B kadectBe mpumepa npuBeneM BUI 3TON QyHKIUU 1S pemieHus ypaBHeHus (1):
dsolve (‘Dwl = Al-k1*w1’, ‘wl(t1)=wll’)
[TocrosiHHbIE BpEMEHM £, t2, 3 — 3ai€pKKU HA PACIIPOCTPAHEHHE BOJTHOTO MTOTOKA 10 BBIX0O1a
1-ro, 2-ro u 3-TO BOAOXPaHUIIHII] COOTBETCTBEHHO.

YpaBHEHHUs pemiaroTCs MOCIEA0BATEIbHO, HAUMHAS C IIEPBOro BoJoXpaHuiuniia. Haiinennoe
pelLIEeHHE MEPBOTO YPaBHEHUSI BCTABIISIETCS BO BTOPOE YPaBHEHHE, U TAK JAJEE, JO IMOCIETHETO.
Hwxe npuenens! pemenus ypasHenuii (1) u (2).

z1 = (Al - exp(k1*tl)*exp(-k1*t)*(Al - k1*w11))/k1l

3necb z1 — pemenue ypaBHeHus (1) B cuMBoiamdeckoi ¢Gopme. ITO BBIpaKEHUE
nozcTaBisieTcss BMecTo W1 B ypaBHeHue (2). Pemenne ypaBHeHus (2) BBITVISIIUT TaK:
z2 = exp(-k2*t)*((exp(k2*t - k1*t)*(Al*exp(k1*tl) - k1*wll*exp(k1*t1)))/(k1 - k2) +

Exp(k2*)*(AL + A2)K2) + exp(-k2*t)*exp(k2*t2)*(wi2 -

exp(-k2*t2)*((exp(k2*t2 -

K1*t2)*(AL*exp(k1*t1) - k1*w11*exp(k1*t1)))/(K1 - k2) + (exp(k2*t2)*(A1 + A2))/k2))

COOTBETCTBEHHO 3TO 3HAYEHUE MOJICTABIISETCSI BMECTO W2 B ypaBHEHUE (3).

Pemenune 3-ro ypaBHEHUS HE MPUBOAMUTCA U3 COOOPAKCHHH KOMIAKTHOCTH, TTOCKOJBKY B
CUMBOJIMYECKO# hopme 3aHUMaeT 21 CTpOKy.

B pabGouem pexume [Uisi MpEICTaBIEHUS PE3yJbTaTOB MOJEIHMPOBAHUS B TAaOIMYHOM H

rpaduyeckoM BHJE MporpaMMa 3aJaeT IIar KBAHTOBAHMS IO BPEMEHHM U 3alyCKaeT Mpoliecc
pemenus. Ha puc. 3 mokazan Buj mporpaMMbl B pabodeM pexuMme. 3HAYeHUsS OCH aOCIUCC

BBIPAXKCHBI B Yacax, a OCH OpAHUHAT — B KM3.
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sk . I EEEEEEEEEEER———meess L =2LE it
File Edit Tools About ~
PacyeTHue gartbE Bbixog, 1-ro BOgOXpaHUANLA
1 2 3 1 3 T T T T T T
0 27000 0.1580 1571 ~
0.0500 25683 02758 15.0{ ]
0.1000 24430 0.2889 14.4]
0.1500 23239 0.4892 13.8
0.2000 22108 0.5785 132
0.2500 21027 06384 127
0.3000 2.0002 0.7297 122
0.3500 1.9026 0.7930 1.7 ) ) ‘ ‘ ) ) ‘ ‘ )
0.4000 e Sfupe "2 % 02 04 0.6 0.8 1 12 14 16 18 2
ey LD D 0T Buox0R 2-10 BOOXPEHIINLE
0.5000 16376 0.9403 10.4] 15 : : . . T : . . :
0.5500 15577 0.8770 10.0]=
0.6000 1.4817 1.0082 9.6
0.6500 1.4095 1.0345 2.2
0.7000 12407 1.0862 28]
0.7500 1.2753 1.0736 8.6
0.8000 12131 1.0872 524
0.2500 11539 1.0972 7.9
0.5000 10877 11039 771
0.8500 1.0441 11077 7.4 g . . | | . . | | .
1 09932 1.1087 Il 0 02 04 0.6 0.8 1 12 14 1.6 1.8 2
1.0500 03448 11073 9] Buox0R 3-10 BOOXPEHIIILE
1.1000 0.8987 11038 - @ T T T T T T T T T
1.1500 0.8548 1.0978 64
1.2000 08131 1.0803 52
1.2500 07735 1.0811 8.0
13000 0.7357 1.0704 57
13500 06359 10583 56l
1.4000 0.6657 1.0451 5.4
1.4500 06332 1.0309 52
4 ennn nanza 4 niez -
[ A ' 0 1 1 1 1 1

Pucynok 3. BHeuHuit BU mporpaMMbl B padodeM pekume

Pestomupyss Bce BbIIIECKa3aHHOE, OJOK-CXeMy HpPOTpaMMbl MOCTUPOBAHHUS MOXHO
NPEJCTaBUTh B CICAYIOIIEM BHIE (PUCYHOK 4).

MNpepcraBnexnune
CozpaHue
(OTK:bITMe) [:> Pepaktnposatue |:> B BMOe
npoekTa npoekTa oporpacuyeckomn
CXeMbl
Buisog <:| PeweHwne CocTaBneHue
CUCTEMBI <] CUCTEMBI
pe3ynLraToB i sl

Pucynok 4. briok-cxema nporpaMMbl MOIETHPOBAHHS KacKala BOIOXPAHMIIHII

BoIBOaBI

Pa3zpaborana mporpamma st pacueTa MaTeMaTHYeCKOW MOJENH KacKa/la BOJIOXPAaHWIHIIL.
[TporpaMma mpeaocTaBiseT BO3MOKHOCTh aBTOMATHUECKOTO MOCTPOSHUST Oporpaduueckoil cxemsl
M Ha e€e OCHOBE — MaTeMaTHYeCKOW MOJENTH B BHJE CUCTEMBI nud(epeHIInaNIbHbIX YPaBHEHHM.
Pemenue cuctemsl OCcymiecTBIsIETCS BCTpOSHHBIMU cpeacTBamu mporpamMmMmbl MATLAB. Pesynbrarst
pelIeHNs BEIBOAATCS B TAOIUYHOM U TpadudecKoM BUIE.
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MATLAB PROORAMINDAN ISTIFADO ETMOKLO KUR KASKAD SU
ANBARLARININ MODELININ QURULMASI

Mehdiyeva B.Q.
Azarbaycan Milli Aerokosmik Agentliyi,
Tobii Sarvatlorin Kosmik Tadgigatlar: Institutu

Aparilmig tadqiqatlar son vaxtlar Azarbaycanda su ehtiyatlarina ganaat va Kiir ¢ayi tizarinda
verlason kaskad su anbarlarinin su rejiminin vaziyyatinin oyranilmasina hasr edilmisdir. Magalada
kaskad su anbarlarinin hidroloji modellasdirilmasinin bazi aspektlari yerina yetirilmigdir.

Modellagdirma bir neca moarhaloda bas verir: orografik sxem yaradilir, bu sxem asasinda
tortib edilmis diferensial tonliklor sistemi hall edilir, naticalar gostorilir.

Simulyasiyan hayata kegirmak ticiin MATLAB miihitinds kaskad su anbarlart iiciin yeni
program hazirlanmigdir. Program 2 rejimda isloyir - dizayn va isloma. Dizayn rejiminda kaskadin
asas obyektlori (su anbarlar, ¢aylar, kanallar) daxil olmagla orografiva diagrami yaradilir va
onlarin parametrlori tayin olunur (hacmi, suyun otiiriilmasi, yerlagsma haqqinda geomalumatlar).
Program obyektlori redakto etmaya va alava etmaya imkan verir. Biitiin malumatlar verilonlar
bazasinda saxlanilir.

Is rejimina kecorkan, secilmis modela uysun olaraq, cari oroqrafik sxema uygun diferensial
tonliklor sistemi yaradilir. Tonliklorin sayi kaskaddaki anbarlarin sayina barabordir. Tonliklaori
MATLAB programi ozii hall edir. Hall sistemin birinci tanliyindon baslayaraq ardicil olaraq hayata
kegirilir. Sonra tapilan naticalar 2-ci tonliyi avaz edir. Har sonraki tonliklo onun miirakkabliyi artir.
Noaticalor qrafiklor saklinda gostarilmigdir.

Belolikla, hazirlanmis program vizual dizayni hayata kegirmak qabiliyyatina malikdir va digar
kaskad su anbarlarint modellagdirmak iiciin ugurla istifads edils bilor.

Acar sozlar: hidrologiya, modellasdirma, lay salalasi, diferensial tonliklor, MATLAB,
hidrograf, su ehtiyatlari, riyazi modellagdirma.
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MODELING THE KURA CASCADE OF RESERVOIRS USING MATLAB

Mekhdiyeva B.G.
Azerbaijan National Aerospace Agency,
Institute of Space Research of Natural Resources

This study was conducted in connection with the recent increasing attention to saving water
resources in Azerbaijan and to studying the condition of the largest cascade of reservoirs on the Kura
River. The work is devoted to some aspects of hydrological modeling of this cascade.

Modeling occurs in several stages: an orographic scheme is created, a system of differential
equations compiled on the basis of this scheme is solved, results are displayed.

To carry out the simulation, a program was developed in the MATLAB environment. The
program works in 2 modes — design and working. In the design mode, an orographic diagram is
created, including the main objects of the cascade (reservoirs, rivers, canals) and their parameters
are set (volume, water transfer, geodata about location). The program allows you to edit and add
objects. All data is saved in the project database.

When switching to the operating mode, according to the selected model, a system of
differential equations is created corresponding to the current orographic scheme. The number of
equations is equal to the number of reservoirs in the cascade. The equations are solved using
MATLAB. The solution is carried out sequentially, starting from the first equation of the system. Then
the results found are substituted into the 2nd equation. With each subsequent equation its complexity
increases. The results are displayed in the form of obtained formulas and in the form of graphs
reflecting the state of the cascade.

Thus, the developed program has the ability to carry out visual design, and can be successfully
used to model similar reservoir cascades.

Keywords: hydrology, modeling, reservoir cascade, differential equations, MATLAB, hydrograph,
water resources, mathematical modeling.
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ABSERON YARIMADASINDA QIZMAR HAVA DALGASININ DAVAMIYYOTI
INDEKSININ QiYMOTLONDIRILMOSI

Saforov S.H.
Milli Aviasiya Akademiyast

Mbaqgals iglim dayismoalorinin insan saglamligina tasivi istiqamatinda aparilan tadgiqat
sahalorindan olan dayaniqgl va davamiyyatli qizmar hava dalgalarimin taokrarlanmasi masalalarina
hasr olunmusdur. Bu magsadla Abseron yarimadasinda qizmar hava dalgasimin davamiyyati indeksi
asasinda qiymotlondirma aparmaq tigtin  1955-2014-cii illor iizro Mastaga va Sumgqayit
hidrometeoroloji ~ stansiyalarinda miisahido  edilmis maksimal temperaturlarin  sutkaliq
qiymoatlarindan istifada edilmisdir. Baxilan dévrda davamiyyatli qizmar hava dalgas: 37 ilda va ya
61,7% halda miisahida olunmusdur. Belalikla, giymatlondirmoalor gostorir ki, Abseron yarimadasinda
qizmar hava dalgalarinin tezliyi getdikca artmaqdadir.

Acgar sozlar: Abseron yarimadasi, iqlim dayismalari, insan organizmi, saglamliq, maksimal
temperatur, qizmar hava dalgasinin davamiyyati, davamiyyat indeksi, qizmar gecalar.

Giris

Qlobal vo regional iqlim doyismolori fonunda yasayis miihitinin meteoroloji soraitinin on
mihiim gostoricilorindon olan qizmar hava dalgalarinin ¢oxillik doyismo tendensiyasinin
qiymatlondirilmasi vacib nozori vo praktiki ohomiyyot kosb edir. Diinyanin miixtolif elm
markazlorinds bu istiqgamotds aparilan tadqiqatlar yuxarida deyilon miilahizalari bir daha tasdigloyir.
Masalon, beynalxalq alimlor komandasinin todqiqatlarina gore 1980-ci ildon baslayaraq, Qorbi
Avropada qizmar hava dalgalarinin davamiyyati iki dofo, onlarin tezliyi iso ii¢ dofo artmigdir [1].
Rusiyanin Avropa hissasindo ekstremal qizmar havanin sobabi tobii amillor olsa da, insan foaliyyoti
ilo bagh global istilosmolor belo hadisalorin yaranmasi ehtimalini togribon 3 dofo artirmigdir [2].

Artiq siibut olunub ki, sabit vo uzun siiron isti hava insanlar arasinda 6liim hallarinin va iirok-
damar xostoliklorinin artmasina sobab olur. On ¢ox risk altinda olanlar kérpa usaqlar, yash insanlar,
aciq havada isloyonlor vo asag1 golirli insanlardir. Masolon, Qarbi Avropada aparilan 50-don ¢ox
tadqiqatin naticolori gostormisdir ki, isti yay aylarinda on yiiksok 6liim gostoricilori xroniki iirok-
damar, tonoffiis xostoliklori vo sokorli diabetdon oziyyot ¢okon yash insanlar, eloco do yiiksok
mortobali binalarda va goharlords yasayan ohali arasinda miisahido olunur [3-7].

Bununla olagodar olaraq gostormok olar ki, miasir dovrdo iqlim amillorinin ohalinin
saglamligina tosirinin 0yronilmasi mosaloalori profilaktik tobabotin yeni vozifolorindon birinos [8], hava
vo iglim soraitinin iso ohalinin saglamligina tosiri masoalolorine ¢evrilmisdir. Yoluxucu xastaliklorin
vo patogen bakteriyalarin mokan-zaman doyiskonliyi [9-12]-do nozordon kegirilmisdir. Konkret
niimuns kimi Fransada istiliyin insan saglamligina tosiri ilo bagli hazirlanmis xoboardarliq sistemini
g6starmok olar [13]. Umumdiinya Sohiyys Toskilat: insan saglamligina tohliiko ilo bagl aktual
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problemlori vo miiasir iqlim doyisikliyi fonunda cavab todbirlori problemlorini [14], habelo insan
saglamliginin vo sohiyyonin iqlim doyisikliyino uygunlasdirilmasi tisullarini nozordon kegirmisdir
[15]. Iqlim dayisikliyi ilo bagli insan saglamlig1 iiciin risklor vo problemlors cavablar [16]-da, riskin
azaldilmasi va saglam hayat torzinin saxlanmasi kimi dostok hallari isa [17]-do verilmisdir.

Son onilliyin on qizmar hava dalgas1 iso 2007-ci ilin yay foslindo conubi-gorqi Avropada
misahido olunmus, bu vaxt instrumental miisahido dovriindo on yiiksok temperaturlar geydo
alinmusdir. 45°C-ya qodor temperaturlar Bolqaristan, Bosniya vo Makedoniyada, 46°C iso Serbiya vo
Yunanistanda miisahido edilmis, Ruminiya, Cexiya, Slovakiya vo Macaristanda iso havanin orta
temperaturu 35-40°C intervalinda doyismisdir. Belo hava soraitinin fosadlarina iso bu 6lkolorde
meteoroloji sortlondirilon 6lim hallarinin, meso yanginlarinin saymin artmasini aid etmok olar [1].
Analoji hava goraiti Avropa orazisindo miisahido olunmaqgla on intensiv hadds Rusiya orazisindo
catmis, iyun-avqust dovrii son 130 ilin on qizmar hava soraiti ilo xarakterizo edilmis, tokco Moskva
sohorinds 11 mindan ¢ox insanin 6liimiine sabab olmusdur [1].

Qlobal iglim doyismolorinin fosadlar1 kimi qobul edilon ekstremal isti hava soraitinin
giymatlondirilmosi Moldova orazisi {i¢iin do aparilarkon miioyyon edilmisdir ki, 1961-1990-c1 illor
dovriine nisbaton 1991-2009-cu illords qizmar havanin tokrarlanmasinin 76,2%-i sonuncu iki onilliya
tosadiif etmisdir. Burada homginin vurgulanir ki, Moldova orazisindo yay fosli qizmar iqlimlo
saciyyalondiyindon, bu tendensiya biitiin ekosistemlor {igiin, ilk ndvbads iso insan saglamlig1 vo kond
tosarriifati liglin neqativ naticalora gatirib ¢ixara bilor [1].

Biitiin bu todqiqatlarin asas magsadi qizmar hava soraitinin tokrarlanmasinin getdikco artmasi
tendensiyasin1 komiyyot va keyfiyystco qiymotlondirmak, sshiyys sahasindo ¢aligan miitoxassislor
iclin miioyyan tovsiyalar hazirlamaq olmugdur.

Artiq beynolxalq soviyyodo elmi odobiyyatda giiclii isti dovrlorin meyarlarinin  mii-
oyyonlosdirilmasi istiqgamoatindo miizakirslor aparilir. Belo metodikanin olmamasi iso qizmar hava
soraitinin tokrarlanmasini hom 6ton dovr iigiin, hom do golocokdo adekvat formada qiymotlondirmoyo
imkan vermir. Buna goros do son onillikdo miivafiqg metodikanin islonmasi tizorindo diinyada, xiisusilo
do Avropada intensiv todgiqatlar aparilir [1]. Toxminan do olsa qizmar hava “uzun miiddat geyri-adi
istilik ylklonmasi” kimi basa diisiiliir vo adoton davamiyyati bir nega giindon ibarat olan maksimal
vo minimal temperaturun koskin artmasi ilo xarakterizo olunur. Fransada sutkaliq maksimal va
minimal temperaturlarin mantiqi kombinasiyasi asasinda qizmar hava dalgasini identifikasiya etmok
ticlin qarisiq gostarici islonilmisdir [18]. Giiclii qizmar hava dovrii meteoroloji hadisa olsa da, belo
hadisolorin sosial tosirlori do nozoro alinmalidir. Moasolon, [19]-da qizmar hava soraiti belo
osaslandirilir: “insanin yasayis torzindo miivaqqgoti doyisikliklora sobab vo miivafiq ohali qrupunun
saglamlig: ti¢iin alverigsiz fasadlar1 ola bilon geyri-adi yiiksok atmosfer tazyiqi ilo alagali olan uzun
dovrlii istilik stressidir”. Burada homginin qizmar hava dalgasi anlayigi kimi davamiyyati on az1 2
ardicil giin olan vo giindliz yiiksok vo geco asagi temperaturlarin miitloq hadlori apparent
temperaturlardan ¢ox olan hallarin on az1 2 ardicil giindo bas vermosi qobul edilmigdir. Oxsar
yanasma Niderlandda da istifads olunur vo maksimal temperaturun 30°C-don ¢ox oldugu on az1 iic
giin do daxil olmagla on az1 5 ardicil giinde maksimal temperaturun 25°C-don ¢ox oldugu giinlor
qizmar hava dalgas1 kimi qobul edilmisdir [20]. Biitiin Avropa-Araliq donizi regionu iizro qizmar
hava dalgasinin 78 hali tadqiq olunmus va belos sorait klaster tohlili vasitasils alt1 sinfa boliinmiisdiir.
Onlarin modellari kimi qizmar havanin asagidaki on katastrofik dovrlari istifado edilmisdir: Rusiya,
Qorbi Avropa, Sorqi Avropa, Iberiya, Skandinaviya, Simal donizinin morkozindo formalasan qizmar
hava modellori [18, 21, 22].
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Analoji tadgiqatlar 1966-1987-ci illorin malumatlar1 asasinda Ukrayna vo Moldova arazilori
{izro aparilaraq havanin temperaturunun 30, 35, 40°C- do daha ¢ox qradasiyalar osasinda doyismo
ganunauygunluglar tadqiq edilmisdir. Rusiya orazisinda isti vo soyuq dalgalarin miixtalif aspektlorini
ohato edon todqigatlarin naticolori iso [23-29]-do verilmisdir. Bu problemlorin aktualligi nozors
alinaraq diinyanin miixtalif ali todris miisssisolorinds oxsar vo miivafiq problemlar tolobolora do todris
olunur [30, 31].

Miiasir dovrdo istifado olunan havanin temperaturunun qizmar ekstremumlarmin gos-
toricilorinin siyahisi [32]-do togdim olunmusdur. Burada isti giinlor, qizmar giinlor, isti gecalor, isti
dovriin davamiyyati, yay giindiizlori, on qizmar giin, on qizmar geco, tropik gecolor, yay giinlorinin
fasilasizliyi kimi 9 gdstarici vo onlarin tayin edilma meyarlar1 barade malumat verilmisdir. Beloaliklo,
bu gostoricilor Yer kiirosinin istonilon orazisindo temperatur ekstremumlarimin dinamikasinin
qiymotlondirilmasinds universal bir vasito ola bilor. Bunlardan slavas, bu gostoricilor ekstremal
temperaturlarin todqiqi {iciin Umumdiinya Meteorologiya Toskilati, Iglimin Avropa qiymat-
londirilmasi (ECA) [33] va ekstremumlarin miqyasinin statistik vo dinamik regional azaldilmasinin
Avropa layihoasi (STARDEX EC) torafindon [34] yoxlanilmis vo tosdiq edilmisdir.

Tadgiqatlarin metodikasi. Yuxarida aparilan qisa adobiyyat tohlili gostorir ki, qizmar hava
dalgalarinin meyarlarinin toyin edilmosinds miixtalif yanasmalar movcuddur. Bunlar1 nozors alaraq,
apardigimiz todgiqatlarda Iqlim Doyismolori {izro Hokumatlorarast Ekspertlor qrupunun 4-cii
qiymatlondirmo hesabatinda qabul edilmis “qizmar hava” meyarindan istifade olunmusdur. Bu meyar
“qizmar hava dalgasinin davamiyyati indeksi” (Heat Wave Duration Index (HWDI)) adlanir [1]. Bu
indeks sutkaliq maksimal temperaturun onun orta ¢oxillik qiymetinden (50°C-dan) artiq olan hallarin
ardicil 5 glindan ¢ox olan vaxt dovrii kimi hesablanmigdir.

Abseron yarimadasinda qizmar hava dalgasinin davamiyyati indeksinin giymatlondirilmosi
iiclin ilk novbodo sutkaliq maksimal temperaturun 1961-1990-c1 illor iizro orta qiymatlori
hesablanmis, sonra orta qiymatlordon meyletmolor asasinda bu indeksin qiymatlori miiayyanlasdiril-
migdir. Tohlil vo giymatlondirilmalor ovvalco hor bir stansiya iizro ayri-ayriligda aparilmis, sonra iso
alinan naticolor imumilogdirilmisdir. Qiymaotlondirilmalordo Abseron yarimadasinda yerlogon Masta-
ga vo Sumqayit HMS-lards miisahids edilmis sutkaliq maksimal temperaturlarin 1955-2014-cii illor
izro qiymaotlorindon istifado olunmusdur.

Isin mozmunu:

Tadgiqatlarda hesablamalar vaxti alinmig naticalar cadval 1-da, imumilasdirmanin naticalari
159 cadval 2-da toqdim olunmusdur.

Cadval 1-in malumatlarina asason miioyyan edilmisdir ki, 1955-2014-cii illords davamiyyatli
qizmar hava dalgalar1 olan hallar Mastagada 55 dofs, Sumqayitda iso 58 dofo miisahide olunmusdur.
Bels hallarin faizls aylar iizra paylanmasi gokil 1-ds toqdim olunmusdur.

Saokil 1-don goriiniir ki, qizmar hava dalgalar1 an ¢ox aprel ayinda bas vermis va bels hallarin
tokrarlanmas1 Mastagada 27.2%, Sumgqayitda iso 25.9% toskil etmisdir. Qizmar hava dalgalar1 on az
isa sentyabr ayinda bas vermis va belo hallarin tokrarlanmas1 Mastagada 7.3%, Sumqayitda iso 13.8%
toskil etmisdir. Qrafikdon goriindiiyli kimi homginin goriiniir ki, aprel-iyul aylarinda hor iki stansiya
iizro qizmar hava dal@alarinin tokrarlanmasi toxminon bir-birino yaxin olsa da, avqust vo sentyabr
aylarinda belo ganunauygunluq yoxdur. Belo ki, bu gostorici avqust ayinda Mastagada 16,4%,
Sumgayitda 8.6% oldugu halda, sentyabrda tam forqli roqomlor alinmisdir. Yoni, bu ayda tokrarlanma
Mastagada 7.3%, Sumqayitda isa 13.8% toskil etmisdir.
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Cadval 1

Sutkaliq maksimal temperaturun onun orta ¢oxillik qiymotinden 5°C artiq olan hallarin ardicil 5
giindon ¢ox olan dovrlor (tarixlor)

illar Stansiyalar
Mastaga Miisahids olunmus Sumgqayit Miisahids olunmus
(tarixlor) temperatur diapazonu, °C (tarixlar) temperatur diapazonu, °C
1955 Olmayib 14-18.05 28.0-35.6
30.05-04.06 30.6-34.3
12-17.06 33.1-37.5
1956 Olmay1b Olmay1b
1957 16-21.04 25.8-30.0 15-20.04 24.5-30.2
26-30.06 31.0-36.4
1958 Olmay1b 25-30.06 35.1-37.7
1959 Olmayib 10-16.04 22.9-27.1
1960 Olmay1b Olmay1b
1961 14-18.05 29.0-31.5 22-26.05 30.0-36.5
19-23.06 32.0-39.9
1962 21-25.07 36.6-40.0 Olmay1b
1963 Olmay1b Olmay1b
1964 Olmay1b 24-28.04 23.3-28.0
1965 17-21.07 36.0-40.1 13-17.07 35.2-41.9
1966 04-08.06 31.7-38.4 23-27.07 36.7-41.8
24-29.07 36.9-40.6
1967 Olmay1b Olmay1b
1968 01-05.05 24.6-28.4 30.04-09.05 24.5-30.9
08-16.05 25.7-30.0 16-22.09 30.8-38.8
1969 Olmay1b Olmay1b
1970 Olmay1b Olmay1b
1971 17-21.09 29.6-32.3 17-21.09 31.8-32.7
1972 28.04-03.05 26.7-37.3 18-24.06 32.8-39.1
19-23.06 33.5-36.2
1973 Olmay1b Olmay1b
1974 Olmay1b Olmay1b
1975 03-12.04 18.9-26.9 02-13.04 19.5-29.5
03-08.06 31.1-38.9
1976 Olmay1b 19-23.08 35.6-38.6
1977 Olmay1b 03-07.04 19.3-24.1
1978 Olmay1b Olmay1b
1979 28.08-01.09 29.4-359 Olmay1b
1980 21-25.04 24.5-29.4 26-30.06 34.5-38.1
24-28.07 36.9-38.9 24-28.07 35.1-40.3
1981 30.07-03.08 35.9-36.7 Olmayib
1982 Olmay1b Olmay1b
1983 13-17.04 21.5-27.5 10-14.07 35.9-37.4
1984 Olmay1b Olmay1b
1985 Olmay1b Olmay1b
1986 26.04-03.05 24.9-27.4 31.08-06.09 32.6-35.7
10-14.09 32.6-34.2 09-14.09 33.1-35.2
1987 17-21.06 33.0-39.0 Olmay1b
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1988 05-14.06 32.2-37.2 Olmay1b
1989 27-31.05 37.0-38.4 Olmay1b
1990 01-05.06 32.0-36.0 30.05-04.06 32.4-38.9
24-29.09 29.7-32.5
1991 22-26.04 22.4-255 20-26.06 33.1-35.9
1992 Olmay1b Olmay1b
1993 Olmay1b Olmay1b
1994 23-27.04 22.8-30.4 20-24.04 24.1-315
22-26.09 30.6-32.0
1995 25-29.04 23.0-26.2 08-12.04 22.9-31.6
26-30.04 25.5-26.7
15-21.05 30.6-31.9
19-23.06 34.5-36.0
1996 01-05.08 35.6-38.3 12-16.05 29.7-32.3
11-15.06 31.6-40.9
1997 Olmay1b Olmay1b
1998 07-14.04 22.0-31.8 07-14.04 23.2-28.7
19-23.06 34.9-36.7 11-15.06 34.0-36.8
19-23.06 32.9-38.6
1999 18-24.08 35.0-37.8 Olmay1b
2000 25-29.04 22.0-24.5 25-30.04 23.5-33.3
2001 07-14.04 22.0-31.8 19-24.04 25.8-29.0
23-31.07 36.1-39.8
2002 09-13.07 34.6-39.5 Olmay1b
2003 29.08-05.09 36.0-38.6 01-05.09 37.7-39.3
2004 15-19.04 23.2-28.0 10-14.04 23.0-26.2
2005 Olmay1b 19-24.04 25.8-31.8
23-27.07 35.4-39.8
16-20.08 36.5-40.0
2006 11-15.04 21.6-24.3 11-15.04 23.4-27.8
02-08.06 33.0-36.2 01-10.06 31.5-39.5
07-14.08 37.0-38.8
2007 20-29.05 28.1-355 19-24.5 29.4-34.1
30.07-03.08 37.5-41.4
2008 16-21.08 37.6-38.6 25-29.07 36.7-39.8
2009 Olmay1b Olmay1b
2010 03-07.06 30.8-36.2 05-09.08 35.9-40.4
09-13.07 34.7-36.6 30.08-03.09 36.1-39.4
03-09.08 38.5-39.8
31.08-05.09 36.3-39.0
2011 26-31.07 38.6-41.2 26-31.07 38.9-41.7
2012 09-13.04 26.5-29.5 10-16.04 23.9-34.4
25.04-01.05 22.7-27.3 12-16.06 33.2-39.9
09-17.05 28.1-30.2
12-16.06 33.2-40.2
06-10.08 35.9-37.6
2013 04-09.04 19.5-23.6 02-06.05 25.8-30.5
02-06.05 29.1-31.0
2014 15-20.04 21.6-25.0 16-20.05 30.0-32.1
16-20.05 30.5-36.2 25-29.08 37.6-41.1
25-29.08 36.2-40.2
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Sakil 1. 1955-2014-cii illords davamiyystli qizmar hava dalgalar1 olan hallarin aylar iizre paylanmasi

Tadqgiqatlarda har bir stansiya iizrs bir ildo qizmar hava dalgalariin sayinin {i¢ vo daha ¢ox
olan hallarina baxilmigdir. Cadval 1-don goriindiiyii kimi belo hallar Mastagada 2006, 2010, 2012 vo
2014-cii illorde, Sumgayitda iso 1955, 1995, 1998 va 2005-ci illords olmusdur. Goriindiiyii kimi hor
iki stansiya lizro belo hallar miixtalif illordo miisahido edilmisdir.

Mastagada qizmar hava dalgalar1 11-15.04 (21.6-24.3°C), 02-08.06 (33.0-36.2°C) vo 07-14.08
(37.0-38.8°C) tarixlorinda miisahids edilmisdir. 2010-cu ildo qizmar hava dalgalar1 03-07.06 (30.8-
36.2°C), 09-13.07 (34.7-36.6°C), 03-09.08 (38.5-39.8°C) vo 31.08-05.09 (36.3-39.0°C) tarixlorindo
bas vermisdir. Qizmar hava dalgalarinin tezliyinin artmasi cohotdon 2012-ci il insanlar ii¢lin on
olverissiz il olmusdur. Belo ki, bu ildo qizmar hava dalgalar1 5 dofs olmus vo onun aylar {izrs paylan-
mas1 09-13.04 (26.5-29.5°C), 25.04-01.05 (22.7-27.3°C), 09-17.05 (28.1-30.2°C), 12-16.06 (33.2-
40.2°C) vo 06-10.08 (35.9-37.6°C) kimi olmusdur. 2014-cii ildo qizmar hava dalgalar1 15-20 apreldo
(21.6-25.0°C), 16-20 mayda (30.5-36.2°C) vo 25-29 avqustda (36.2-40.2°C) bas vermisdir.

Sumgayitda baxilan dovr arzindo qizmar hava dalgalar1 1995-ci ilin 14-18 mayinda (28.0-
35.6°C), 30 may-4 iyun tarixlorindo (30.6-34.3°C) vo 12-17 iyunda (33.1-37.5°C) miisahido
olunmugdur. 40 il kecdikdon sonra 1995-ci ilde bu gostaricinin tokrarlanmasi asagidaki kimi
olmusdur: 08-12 aprel - 22.9-31.6°C, 26-30 aprel -25.5-26.7°C, 15-21 may - 30.6-31.9°C vo 19-23
iyun 34.5-36.0°C. 1998-ci ildo qizmar hava dalgalar1 7-14 aprelds (23.2-28.7°C), 11-15 iyunda (34.6-
36.8°C) vo 19-23 iyunda (32.9-38.6°C) miisahido olunmusdur. 2005-Ci il 19-24 aprel tarixlorindo
qizmar hava dalgasinin temperaturu 25.8-31.8°C, 23-27 iyul tarixlorinda 35.4-39.8°C, 16-20 avqustda
isa 36.5-40.0°C olmusdur.

Cadval 2-ds iimumilasdirma vaxti asagidaki sorti isaralor qobul edilmisdir: 155 14 (il) -1955-
2014-cii illordo davamiyyotli qizmar hava dalgasi miisahido olunmus illorin sayr; 155 14 (%) =
100*(155_14 (il)/60 il); 198_14 (il) - 1998-2014-cii illordo davamiyyatli qizmar hava dalgasi
miigsahido olunmuyg illorin say1; 198 14 % = 100*(198 14 (il)/17 il); Bu sorti isaralords 60 il baxilan
dOvriin imumi uzunlugu, 17 il -1998-2014-cii illardaki illorin sayidir.
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Cadval 2

Sutkaliq maksimal temperaturun onun orta ¢oxillik qiymotinden 5°C artiq olan hallarin ardicil 5
giindon ¢ox olan dovrlorin imumilogdirilmis naticolori

Stansiya 155 14, il 171 09, % 198 09, il 198 09, %
Mastaga 37 61.7 15 88.2
Sumgqayit 37 61.7 14 82.4

Cadval 2-don goriindiiyii kimi, 1955-2014-cii illor orzindo Mastaga vo Sumgayit stansiyalarin-
da davamiyyotli qizmar hava dalgas1 37 ildo vo ya 61,7% halda miisahido olunmusdur. Bunlarla
borabor geyd etmok olar ki, 1998-2014-cii illords bas vermis belo ekstremal hadisslorin tokrarlanmasi
Mastagada 15 il vo ya 88.25 halda, Sumgayitda iso 14 il vo ya 82.4% halda olmusdur. Biitiin bunlar
gostorir ki, qizmar hava dalgalarinin tezliyi getdikcs artmaqdadir.

Naticalar

1) Baxilan dovrdo davamiyyotli qizmar hava dalgalar1 olan hallar Mastagada 55 dofo,
Sumgayitda iso 58 dofo olmusdur.

2) Qizmar hava dalgalar1 on ¢ox aprel ayinda bas vermis vo belo hallarin tokrarlanmasi
Mastagada 27.2%, Sumgayitda iso 25.9% toskil etmisdir. On az iso sentyabr ayinda bas vermis vo
belos hallarin tokrarlanmas1 Mastagada 7.3%, Sumqayitda 13.8% toskil etmisdir.

3) Hor stansiya iizra bir ildo qizmar hava dalgalarinin saymin {i¢ vo daha ¢ox olan hallar
Mastagada 2006, 2010, 2012 vo 2014-cii illorde, Sumgayitda iso 1955, 1995, 1998 va 2005-ci illordo
olmusgdur. Hor iki stansiya {izra belo hallar miixtolif illordo miisahido edilmisdir.

4) Qizmar hava dalgalarinin tezliyinin artmasi cohotdon 2012-ci il insanlar ii¢lin on alverissiz
il olmusdur. Bels ki, bu ildo qizmar hava dalgalar1 5 dofs olmus vo onun aylar {izro paylanmasi
belodir: 09-13.04 (26.5-29.5°C), 25.04-01.05 (22.7-27.3°C), 09-17.05 (28.1-30.2°C), 12-16.06 (33.2-
40.2°C) vo 06-10.08 (35.9-37.6°C). 2014-cii ildo qizmar hava dalgalar1 15-20 aprelds (21.6-25.0°C),
16-20 mayda (30.5-36.2°C) vo 25-29 avqustda (36.2-40.2°C) bas vermisdir.

5) 1955-2014-cii illor arzindo Mastaga vo Sumqayit stansiyalarinda davamiyyatli qizmar hava
dalgas1 37 ilda va ya 61,7% halda miisahido olunmusdur. Bunlarla yanasi, qeyd etmak olar ki, 1998-
2014-cii illordo bas vermis belo ekstremal hadisolorin tokrarlanmasi Mastagada 15 il vo ya 88.25
halda, Sumqgayitda iso 14 il vo ya 82.4% halda olmusdur.

6) Yuxaridaki qiymotlondirilmolor gostorir ki, Abseron yarimadasinda qizmar hava dalgala-
rinin tezliyi getdikco artmaqdadir.

ODOBIYYAT

1. Osepuenko A. BpemeHHBIE 3aKOHOMEPHOCTH PACIPEICICHHUS KCTPEMYMOB TEMIIEpaTyphl
BO3/lyXa B TEIUIBIH neproj rona / JIuc. Ha COMCK. yU4eHOU CTen. JOKTOpa reorp. Hayk, KumuHay,
2013, 135 c.

2. Dole R. et al. Was there a basis for anticipating the 2010 Russian heat wave. In: Geophys Res
Lett, 2011, nr. 38, p.L06702. doi: 10.1029/2010GL046582.

3. Conti S., Meli P., Minelli G. et al. 2005. Epidemiologic study of mortality during the summer
2003 heat wave in Italy. Environmental Research, 98, 390-399.

113




Elmi Macmuo Cild 26, Ne1, 2024
Scientific Journal Vol. 26, Nel, 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

Johnson H., R.S. Kovats, G.R. McGregor and et al., 2005. The impact of the 2003 heatwave on
mortality and hospital admissions in England. Health Statistics Q., 25, 6-12. URL:
http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ ar4-wg2-chapter8.pdf

Kovats R.S., S.J. Edwards, D. Charron and et al. 2005: Climate variability and campylobacter
infection: an international study. International Journal of Biometeorology, 49(4), pp. 207-214.
URL.: ipcc-wg2.gov/AR4/FOD /Ch08_FOD.pdf

Smoyer K.E. 1998. A comparative analysis of heat waves and associated mortality in St. Louis,
Missouri-1980 and 1995. International Journal of Biometeorology, 42(1), 44-50. URL.:
http://www.lead.org.pk/apn
/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
Vandentorren S., F. Suzan, S. Medina and et al., 2004: Mortality in 13 French cities

during the August 2003 heatwave. Am. J. Public Health, 94, 1518-1520. URL.:
http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-chapter8.pdf

N3mepos H.®., Pesuu b.A., Kopenbepr 3.1. Ouenka BiIusiHUS KJIMMaTa Ha 37J0pOBbE Hacele-
HUS - HOBas 3ajava npodunakruyeckoit meauuabl//Bectauk PAMH, 2005, Nell, ¢. 33 — 37.
[TnaTtonos A.E. BiustHue moroiHbIX yCIOBUN Ha SMTUIEMUOIOTHIO TPAHCMUCCUBHBIX HH(EKITUI
(na mpumepe nuxopaaku 3anaanoro Huma B Poccun)//Bectnuk PAMH, 2006, Ne2, ¢.25 - 29.

Hassi J. and Rytkonen M. 2005. Climate warming and health adaptation in Finland. FINA-
DAPT Working Paper 7, Finnish Environment Institute Mimeographs 337, Helsinki, 22 pp.
http://www.lead.org.pk/apn/attachments/reading_material/Climate_Warming_Health Adaptati
on_Finland.pdf

Kovats R.S., S.J. Edwards, D. Charron and et al. 2005: Climate variability and campylobacter
infection: an international study. International Journal of Biometeorology, 49(4), pp. 207-214.
URL.: ipcc-wg2.gov/AR4/FOD /Ch08_FOD.pdf

Lieshout M., R.S. Kovats, L. M.T.J., and P. Martens, 2004: Climate change and malaria: analysis
of the SRES climate and socio-economic scenarios. Global Environmental Change, 14, pp. 87-
99. URL: ipcc-wg2.gov /AR4/FOD/Ch08_FOD.pdf

Pascal M. et al. France’s heat health watch warning system. In: Int J Biometeorol., 2006, nr. 50,
p.144-153.

N3MeHenue kiMmara u 310pOBbE YEI0OBEKA: YIPO3bl U OTBETHBIE Mepbl. Pe3tome noknana. BO3,
BMO wu IOHEII, 2003. URL: http:// whglibdoc.who.int/publications /2003/924490816
_rus.pdf?ua=1

C:\Users\del\Desktop\AA-58 YY?20 14. MeTobl OLIEHKH YYBCTBUTEIHOCTH 3/I0POBBS YeI0-
BEKa M aJanTalyy OOMISCTBEHHOIO 3/paBOOXPAHCHMS K M3MEHEHHI0 kimmarta. BO3, 2005.
[DaekTpon pecypce] URL: http:\www.euro.who.int\data\assets\pdf file\0O010\91099\E81923R
Meroapl OIEHKH YYBCTBUTEIBHOCTH 3J0POBBbS YEIOBEKAa W aJalTallid OOIIECTBEHHOTO
3/lpaBOOXpaHeHus K u3MeHeHuto kaumara. BO3, 2005.

URL.: http://www.euro.who.int/data/assets/pdf file/0010/91099/E81923R.

Ilepuoasl  cunpHOM  Jkapbl:  yrpo3sl W oTBeTHhle Mepsl. BO3, 2005. URL:
http://www.euro.who.int/_data/assets/ pdf file/0009/ 96975/E82629R.pdf, 92. Climate change
and human health: risk and response. WHO, 2003.

http://www.who.int/ globalchange/publications/climchange.pdf

World Health Report 2002: Reducing risks, promoting healthy life. WHO, 2002.
URL.:http://www.who.int/whr/2002/en/whr02_en.pdf

C:\Users\dell\Desktop\AA-58 YY20 14. MeTojabl OIEHKH YYBCTBUTEILHOCTH 3JI0POBbS
YeJIOBEKA M aJalTallii OOIIECTBEHHOIO 3ApaBOOXpaHEHHs K M3MeHeHno kirMara. BO3, 2005.
[Dnexrpon pecypc] URL: http:\www.euro.who.int\data\assets\pdf file\0010\91099\E81923R

MeToabl OICHKH YyBCTBUTEIILHOCTH 30POBbS YEIOBEKAa M aalTalldd OOLIECTBEHHOTO

3ApaBOOXpaHEeHUS K n3MeHeHuto kiumata. BO3, 2005.
URL: http://www.euro.who.int/data/assets/pdf file/0010/91099/E81923R.

114



http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/%20ar4-wg2-chapter8.pdf
http://www.ipcc-wg2.gov/AR4/FOD/Ch08_FOD.pdf
http://www.lead.org.pk/apn%20/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
http://www.lead.org.pk/apn%20/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-chapter8.pdf
http://www.lead.org.pk/apn/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
http://www.lead.org.pk/apn/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
http://www.ipcc-wg2.gov/AR4/FOD/Ch08_FOD.pdf
http://www.ipcc-wg2.gov/AR4/FOD/Ch08_FOD.pdf
http://www.euro.who.int/data/assets/pdf_file/0010/91099/E81923R
http://www.euro.who.int/_data/assets/%20pdf_file/0009/%2096975/E82629R.pdf
http://www.who.int/
http://www.who.int/whr/2002/en/whr02_en.pdf
http://www.euro.who.int/data/assets/pdf_file/0010/91099/E81923R

Elmi Macmuo Cild 26, Ne1, 2024
Scientific Journal Vol. 26, Nel, 2024

19.
20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.
33.
34.
35.

36.

37.

Robinson P. J. On the definition of a heat wave. In: J Appl Meteorol, 2001, nr. 40, p.762-775.

Huynen M. et al. The impact of heat waves and cold spells on mortality rates in the Dutch
population. In:  Environ Health Perspect, 2001, nr. 109, p.463-470. URL:
http://www.ncbi.nlm.nih.gov/pmc/articlessPMC1240305/ pdf/ehp0109-000463.pdf

Menne B., Matthies F. (eds). Improving public health responses to extreme weather/heat-waves
- EuroHEAT. 2009, 60 p.112.

Stefanon M., D’Andrea F., Drobinski P. Heatwave classification over Europe and the
Mediterranean region. In: Environ. Res. Lett.,, 2012, nr. 7, p.014023. doi:10.1088/1748-
9326/7/1/014023. URL: http:// iopscience. iop.org/article/10.1088/1748-9326/7/1/014023/pdf
Bapaknna JK.JI., FOpacoa E.Jl., PeBuu Bb.A. n np. BiausHue Temneparypbl Bo3ayxa Ha
CMEPTHOCTh HaceneHuss Apxanrenbcka B 1999 - 2008 r. //Okomorus yemoseka, 2011, Ne6, ¢.28
- 36. URL: http://cyberleninka.ru/article/n/bliyanie-temperatury-vozduha-na-smertnost-
naseleniya-arhangelska -v-1999-2008-godah

Knemenko JI.LK. Bonusl Terna u xonoaa va repputopun Poccun / Tp. BHUNT MU-MI, 2010,
BhIm. 175, ¢.76-91. URL.: http:www. meteo.ru/publish_tr/trud175/st7.pdf.

Metonuueckne pexomermanuun MP  2.1.10.0057-12 «Onenka pucka wu ymepda or
KIIMMaTH4YE€CKUX HW3MEHEHUH, BIMSIOIMIMX Ha T[OBBIIIEHWE YpPOBHS 3a00J€BAaEMOCTH U
CMEPTHOCTH B IpyIIax HaceJIeHUs OBBIIIEHHOIO pucka, Mockaa, 2012, 38 c.

URL.: http://36.rospotrebnadzor.ru/documents/ rekdocl/ 9374/ print_page/

Peuu B.A. BomHbl Xapbl, KauecTBO aTMOC(EpPHOro BO3/AyXa M CMEPTHOCTb HACEJCHHS
EBponeiickoii  wactu Poccum  nerom 2010 roma: pe3ynbTaThl  OpeABapUTEIbLHOU
oneHku//Ikoorus yenoneka. 2011, Ne7, ¢.3 - 9.

Pesnu B.A., lllanomuukoB [I.A., I'ankun B.T. u ap. Bo3neilicTBHE BBICOKHX TeMmepaTyp
aTMoc(epHOro Bo31yXa Ha 3/10poBbe HaceneHus B TBepu//I'uruena u canurtapus. 2005, No2.

c. 20 -24.

PykoBoiCTBO 1O CHEUATU3UPOBAHHOMY OOCIHYXMBAaHHIO HKOHOMHMKH KIMMAaTHYECKOM
uHopmanuel, mpoaykiuei u ycinyramu / [lonx pemakiueii a-pa reorp. Hayk, mpodeccopa H.B.
Koo6s1mesoii. — CII6., 2008, 336 c.

Grjibovski A.M. Air temperature and daily counts of ambulance calls in Arkhangelsk, Russia,
2000 - 2009/Grjibovski A.M., Unguryanu T.N., Varakina Zh.L., Degteva G.N., Yurasova E.D.,
Menne B.//European Journal of Public Health, VVol. 21, Supplement 1, 2011, 158.

Neanos B.I1., BanoBa H.B. Menununckast 3xonorust (y4eOHHUK AJIs CTYIEHTOB MEIUIIMHCKHIX
By30B), 2011, 320 c. URL.: http:// www.twirpx.com/file/1771830/

Jlebenera M.T'., Kpbmmckas O.B. Dkonorudeckasi KIIMMATOJIOTHS U KIIMMAaTHYECKHE PECYPCHI:
yaebHoe nmocodue. — benropona: benl'V, 2007.- 256 c.

URL.: http://dspace.bsu.edu.ru/ handle/123456789/31

URL.: http://cccma.seos.uvic.ca/ETCCDI/ list 27_indices.
shtmlhttp://eca.knmi.nl/indicesextremes/indicesdictionary.php

URL: http://eca.knmi.nl/

URL: http://www.cru.uea.ac.uk/projects/stardex/

Oyyubov O.C., Musayev Z.F., Korimov A.9., Haciyev K.Y., Mustafayeva V.T. Bak1 vo Abse-
ron yarimadasinin iqlimi va insan sohhati. Azarbaycan dovlet nogriyyati. Baki, 1997, 124 c.
Badolova AN., Soforov S.H., Islamova R.F., Soforov A.S. Bdyiik Qafqazin Azorbaycan
hissosindo iqlim soraitinin komfortluq doracesinin qiymatlondirilmasi / Milli Aviasiya
Akademiyasinin elmi osorlori, Ne2, Baki, 2014, s.186-204.

Ramazanov R.H. Ekvivalent—effektiv temperatur gostaricisi asasinda Kicik Qafqazin simal-sorq
yamaclarinda iglimin komfortluqg dorocosinin qiymetlondirilmosi // Azorbaycan Texniki
Universitetinin Elmi Osarleri, Texnika Elmlori, Baki, 2015, Ne 4, s.37-43.

115


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240305/%20pdf/ehp0109-000463.pdf
http://cyberleninka.ru/article/n/bliyanie-temperatury-vozduha-na-smertnostnaseleniya
http://cyberleninka.ru/article/n/bliyanie-temperatury-vozduha-na-smertnostnaseleniya
http://36.rospotrebnadzor.ru/documents/%20rekdoc1/%209374/%20print_page/
http://dspace.bsu.edu.ru/%20handle/123456789/31
http://cccma.seos.uvic.ca/ETCCDI/%20list_27_indices.%20shtmlhttp
http://cccma.seos.uvic.ca/ETCCDI/%20list_27_indices.%20shtmlhttp
http://eca.knmi.nl/
http://www.cru.uea.ac.uk/projects/stardex/

Elmi Macmuo Cild 26, Ne1, 2024
Scientific Journal Vol. 26, Nel, 2024

38.

39.

40.

Siileymanov T.I., Soforov S.H., Ramazanov R.H. iqlimin soyuqlug stressi indeksi osasinda Kigik
Qafgazin simal-gorq yamaclarinda insanin yasayis miihitinin qiymotlondirilmasi / MAA-nin
Elmi Osarlori. Baki, Nel, 2016, s.32-45.

AxmenoBa J[xx.H., Taruesa Y.P. Bnusinue n3mMeHeHus KauMara Ha BOJIHBI Jkapbl B baky u Ha
AmnmepoHckoMm noiyoctpoBe//Azarbaycan Milli Elmlor Akademiyasinin Xaborlari, Yer elmlori,
Nel-2, 2016, s.69-72.

CyneitimanoB T.U., Cadapos C.I'., PamazanoB P.I'. Ouenka mpocTpaHCTBEHHO-BPEMEHHOMH
M3MEHYMBOCTH CaMBbIX >KapKUX JIHEH M HOYel B TEIUIbIM MepHoJ roja Ha CEeBEpO-BOCTOUYHOM
ckiione Manoro Kaekasa (B npenenax AzepOaiimpkanckoit Pecniyonuku) /T uppomereoponorus
Y DKOJIOTHs, HAYyIHO-TEXHUYECKUH KypHai, Anmatsl, 2016, Nel, ¢.49-59.

REFERENCES

1.

10.

11.

Overchenko A. Vremenniye zakonomernosti raspredeleniya ekstremumov temperaturi
vozdukha v tepliy period goda/ Dis. na soisk. uchenoy step. doktora goegr. nauk, Kishineu, 2013,
135s.

Dole R. et al. Was there a basis for anticipating the 2010 Russian heat wave. In: Geophys Res
Lett, 2011, nr. 38, p.L06702. d0i:10.1029/2010GL046582.

Conti S., Meli P., Minelli G. et al. 2005. Epidemologic study of mortality during the summer
2003 heat wave in Italy. Enviromental Research, 98,390-399.

Johnson H., R.S. Kovats, G.R. McGregor and et al., 2005: The impact of the 2003 heatwave on
mortality and hospital admissions in England. Health Statistics Q., 25, 6-12.URL:
http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ ar4-wg2-chapter8.pdf

Kovats R.S., S.J. Edwards, D. Charron and et al. 2005: Climate variability and campylobacter
infection: an international study. International Journal of Biometeorology, 49(4), pp. 207-214.
URL: ipcc-wg2.gov/AR4/FOD /Ch08_FOD.pdf

Smoyer K.E. 1998. A comparative analysis of heat waves and associated mortality in St. Louis,
Missouri-1980 and 1995. International Journal of Biometeorology, 42(1), 44-50. URL:
http://www.lead.org.pk/apn
/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
Vandentorren S., F. Suzan S. Medina and et al., 2004, Mortality in 13 French cities during the
August 2003 heatwave. Am. J. Public Health, 94, 1518-1520.

URL: http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-chapter8.pdf

Izmerov N.F., Revich B.A., Korenberg E.I. Otsenka vliyaniya klimata na zdorov’e naseleniya-
novaya zadacha profilakticheskoy meditsini//Vestnik RAMN, 2005, Nel1, s. 33-37.

Platonov A.E. Vliyaniye pogodnikh usloviy na epidemiologiyu transmissivnikh

infektsiy (na primere likhoradki Zapadnogo Nila v Rossii)// Vestnik RAMN, 2006, No2, s.25-
29.

Hassi J. and Rytkdonen M. 2005. Climate warming and health adaptation in Finland. FINA-
DAPT Working Paper 7, Finnish Environment Institute Mimeographs 337, Helsinki, 22 pp.
http://www.lead.org.pk/apn/attachments/reading_material/Climate_Warming_Health_Adaptati
on_Finland.pdf

Kovats R.S., S.J. Edwards, D. Charron and et al. 2005, Climate variability and campylobacter
infection: an international study. International Journal of Biometeorology, 49(4), pp. 207-214.
URL: ipcc-wg2.gov/AR4/FOD /Ch08_FOD.pdf

116


http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/%20ar4-wg2-chapter8.pdf
http://www.ipcc-wg2.gov/AR4/FOD/Ch08_FOD.pdf
http://www.lead.org.pk/apn%20/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
http://www.lead.org.pk/apn%20/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-chapter8.pdf
http://www.lead.org.pk/apn/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
http://www.lead.org.pk/apn/attachments/reading_material/Climate_Warming_Health_Adaptation_Finland.pdf
http://www.ipcc-wg2.gov/AR4/FOD/Ch08_FOD.pdf

Elmi Macmuo Cild 26, Ne1, 2024
Scientific Journal Vol. 26, Nel, 2024

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

217.

Lieshout M., R.S. Kovats, L. M.T.J., and P. Martens, 2004: Climate change and malaria: analysis
of the SRES climate and socio-economic scenarios. Global Environmental Change, 14, pp. 87-
99. URL.: ipcc-wg2.gov /AR4/FOD/Ch08 FOD.pdf

Pascal M. et al. France’s heat health watch warning system. In: Int J Biometeorol., 2006, nr. 50,
p.144-153.

Izmenenie klimata i zdorov’e cheloveka: ugrozi i otvetnie meri. Rezyume doklada. VOZ, VMO
I YUNEP, 2003. URL: http:// whglibdoc.who.int/publications /2003/924490816 _rus.pdf?ua=1
Metodi osenki chuvstvitel’nosti  zdorov’ya cheloveka i adaptatsii obshestvennogo
zdravookhraneniya k izmeneniyu klimata. VOZ,2005.

URL.: http://www.euro.who.int/data/assets/pdf file/0010/91099/E81923R.

Periodi  sil’noy  zhari: ugrozi i otvetnie meri. VOZ, 2005. . URL:
http://www.euro.who.int/_data/assets/ pdf file/0009/ 96975/E82629R.pdf, 92. Climate change
and human health: risk and response. WHO, 2003.

http://www.who.int/ globalchange/publications/climchange.pdf

World Health Report 2002: Reducing risks, promoting healthy life. WHO, 2002.
URL:http://www.who.int/whr/2002/en/whr02_en.pdf

Metodi otsenki chuvstvitel’nosti zdorov’ya cheloveka i adaptasiya obshestvennogo
zdravookhraneniya k izmeneniyu klimata. VOZ, 2005.

URL.: http://www.euro.who.int/data/assets/pdf file/0010/91099/E81923R

Robinson P. J. On the definition of a heat wave. In: J Appl Meteorol, 2001, nr. 40, p.762-775.
Huynen M. et al. The impact of heat waves and cold spells on mortality rates in the Dutch
population. In: Environ Health Perspect, 2001, nr. 109, p.463-470.

URL.: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240305/ pdf/ehp0109-000463.pdf
Menne B., Matthies, F. (eds). Improving public health responses to extreme weather/heat-waves
- EuroHEAT. 2009, 60 p.112.

Stefanon M., D’Andrea F., Drobinski P. Heatwave classification over Europe and the
Mediterranean region. In: Environ. Res. Lett.,, 2012, nr. 7, p.014023. doi:10.1088/1748-
9326/7/1/014023. URL.: http:// iopscience. iop.org/article/10.1088/1748-9326/7/1/014023/pdf
Varakina Zh.L ., Yurasova E.D., Revich B.A. i dr. Vliyanie temperaturi vozdukha na smertnost’
naseleniya Arkhangel’ska v 1999-2008 g.// Ekologiya cheloveka, 2011, Ne6, 5.28-36. URL.:
http://cyberleninka.ru/article/n/bliyanie-temperatury-vozduha-na-smertnostnaseleniya-arhan-
gelska -v-1999-2008-godah.

Kleshenko L.K. Volni tepla i kholoda na territorii Rossii/ Tr. VNIIGMI-MTSD, 2010, vip. 175,
5.76-91. URL: http:www. meteo.ru/publish_tr/trud175/st7.pdf.

Metodicheskie rekomendatsii MR 2.1.10.0057-12 «Otsenka riska 1 usherba ot

klimaticheskikh izmeneniy, vliyayushikh na povisheniye urovnya zabolevayemosti i smertnosti
v gruppakh naseleniya povishennogo riska», Moskva, 2012, 38 s. URL:
http://36.rospotrebnadzor.ru/documents/ rekdoc1/ 9374/ print_page/

Revich B.A. Volni zhari, kachestvo atmosfernogo vozdukha i smertnost’ naseleniya
Evropeyskoy chasti Rossii letom 2010 goda: rezul’tati predvaritel’noy otsenki// Ekologiya
cheloveka. 2011, Ne7, s.3-9.

Revich B.A. Shaposhnikov D.A., Galkin V.T. i dr. Vozdeystvie visokikh temperatur atmosfer-
nogo vozdukha na zdorov’e naseleniya v Tveri //Gigiena i sanitariya. 2005, Ne2. s.20-24.

117


http://www.ipcc-wg2.gov/AR4/FOD/Ch08_FOD.pdf
http://www.euro.who.int/data/assets/pdf_file/0010/91099/E81923R
http://www.euro.who.int/_data/assets/%20pdf_file/0009/%2096975/E82629R.pdf
http://www.who.int/
http://www.who.int/whr/2002/en/whr02_en.pdf
http://www.euro.who.int/data/assets/pdf_file/0010/91099/E81923R
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240305/%20pdf/ehp0109-000463.pdf
http://cyberleninka.ru/article/n/bliyanie-temperatury-vozduha-na-smertnostnaseleniya
http://36.rospotrebnadzor.ru/documents/%20rekdoc1/%209374/%20print_page/

Elmi Macmuo Cild 26, Ne1, 2024
Scientific Journal Vol. 26, Nel, 2024

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

Rukovodstvo po spetsializirovannomu obsluzhivaniyu ekonomiki klimaticheskoy informatsiey,
produktsiey i uslugami /Pod redaktsiey d-ra geogr. nauk, professora N.B. Kobishevoy. SPb.,
2008.-336s.

Grjibovski A.M. Air temperature and daily counts of ambulance calls in Arkhangelsk, Russia,
2000 - 2009/Grjibovski A.M., Unguryanu T.N., Varakina Zh.L., Degteva G.N., Yurasova E.D.,
Menne B.//European Journal of Public Health, VVol. 21, Supplement 1, 2011, 158.

Ivanov V.P., Ivanova N.V. Meditsinskaya ekologiya (uchebnik dlya studentov meditsinskikh
vuzov), 2011, 320 s. URL.: http:// www.twirpx.com/file/1771830/

Lebedeva M.G., Krimskaya O.V. Ekologicheskaya klimatologiya i klimaticheskie resursi:
uchebnoe posobie.- Belgorod: BelGU, 2007, 256 s.

URL.: http://dspace.bsu.edu.ru/ handle/123456789/31

URL.: http://cccma.seos.uvic.ca/ETCCDI/ list_27_indices.
shtmlhttp:eca.knmi.nl/indicesextremes/indicesdictionary.php

URL: http://eca.knmi.nl/

URL: http://www.cru.uea.ac.uk/projects/stardex/

Eyyubov E.C., Musayev Z.F., Kerimov A.E., Hajiyev K.Y., Mustafayeva V.T. Baki ve
Absheron yarimadasinin iglimi ve insan sehheti. Azerbayjan dovlet neshriyyati. Baki, 1997, 124
S.

Bedelova A.N., Seferov S.H., islamova R.F., Seferov A.S. Boyuk Gafgazin Azerbayjan
hissesinde iglim sheraitinin komfortlug derecesinin giymetlendirilmesi / Milli Aviasiya
Akademiyasinin elmi eserleri, Ne2, Baki, 2014, s.186-204.

Ramazanov R.H. Ekvivalent-effektiv temperatur gostericisi esasinda Kichik Gafgazin shimal-
sherqg yamaclarinda iglimin komfortlug derecesinin giymetlendirilmesi //Azerbayjan Tekhniki
Universitetininin Elmi Eserleri, Tekhnika Elmleri, Baki, 2015, Ne4, s.37-43.

Suleymanov T.i., Seferov S.H., Ramazanov R.N. Iglimin soyuglug stressi indeksi esasinda
Kichik Gafgazin shimal-sherg yamajlarinda insanin yashayish muhitinin giymetlendirilmesi //
MAA-nin Elmi Eserleri. Baki, Nel, 2016, s.32-45.

Akhmedova Dzh.N., Tagiyeva U.R. Vliyanie izmeneniya klimata na volni zhari v Baku i na
Apsheronskom poluostrove// Azerbayjan Milli EImler Akademiyasinin Kheberleri, Yer elmleri,
Nel-2, 2016, s.69-72.

Suleymanov T.I., Safarov S.G., Ramazanov R.H. Otsenka prostranstvenno-vremennoy
izmenchivosti samikh zharkikh dney i nochey v tyopliy period goda na severo-vostochnom
sklone Malogo Kavkaza (v predelakh Azerbaydzhanskoy Respubliki) // Gidrometeorologiya i
ekologiya, nauchno-tekhnicheskiy zhurnal, Almati, 2016, Nel, 5.49-59.

ESTIMATION OF THE HEAT WAVE DURATION INDEX ON THE ABSHERON
PENINSULA

Safarov S.H.
National Aviation Academy

The article is devoted to assessing the frequency of persistent and continuous heat waves,

which is one of the areas of research conducted in the field of the impact of climate change on human

118


http://dspace.bsu.edu.ru/%20handle/123456789/31
http://cccma.seos.uvic.ca/ETCCDI/%20list_27_indices.%20shtmlhttp
http://cccma.seos.uvic.ca/ETCCDI/%20list_27_indices.%20shtmlhttp
http://eca.knmi.nl/
http://www.cru.uea.ac.uk/projects/stardex/

Elmi Macmuo Cild 26, Ne1, 2024
Scientific Journal Vol. 26, Nel, 2024

health. To estimate the duration of the heat wave based on the corresponding index on the Absheron
Peninsula, daily values of maximum air temperatures observed at the Mashtaga and Sumgait
hydrometeorological stations for 1955-2014 were used. During the period under review, prolonged
heat waves were observed in 37 years or 61.7% of cases. Thus, estimates show that the frequency of

heat waves on the Absheron Peninsula is increasing.
Keywords: Absheron peninsula, climate changes, human body, health, maximum temperature,
duration of heat wave, duration index, hot nights.
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AEROKOSMIK MONITORINQ VO BTRAF MUHITIN QORUNMASI

UOT:528.811 DOI: 10.30546/JNAA.2024.26.1.120.
ISTILIK INFRAQIRMIZI TOSVIRLORIN ISTILIiK MODELI

ozizov B.M., Valehov N.S.
Milli Aviasiya Akademiyasi

Istilik Infraqirmizi (IQ) tasvirlar atraf miihitin bir cox tartibedicilori hagqinda miixtalif sapgili
malumatlarin alinmasina genis imkanlar yaradir. Bunlara Yer sathina yaxin geoloji suxurlarda gedon
proseslar, o ciimladon suxurlarin sixligi, onlarin su tutumu, istilik kegirmasi kimi parametrlorin
qiymatlondirilmasind> miihiim informasiya vasitasi hesab olunur. Miiasir peyk sistemlarinda
qoyulmus miixtalif ayirdetma xiisusiyyatlorine malik IQ istilik Olcii cihazlart vasitasilo vulkanik
proseslorin, hidrotermal manbalarin konturlarinin tayini, relyefds sitnmalarin miiayyanlasdirilmasi ilo
vanasi, miixtalif  fiziki va kimyavi xiisusiyyatlorino malik olan geoloji formalasmalarin
miiayyanlasdirilmasinda genis tatbiq olunur. Miiasir istilik tasvirlorinin interpretasiyasi miixtalif
coxsayl fiziki proseslarin tasiri naticasinda ¢oxlu sayda miixtalif amillarin nazara alinmasini talab
edir. Bir sira amillorin komiyyatca qiymatlondirilmasi tigiin istilik 10 tadgigatlarin aparilmasinin
optimal miiddatinin se¢ilmasi va sathin digar parametrlorinin hesablanma daqiqliyinin artirilmast
maqsadi ila nazari model taklif olunur. Modelin formalasmasinda istifada olunan parametrlor optimal
meteoroloji saraitds aparilmis va segilon yer sathinda bitki ortiiyii olmamugdir.

Acar sozlar: istilik siialanmasi, istilik kecirmoasi, siialanma amsali, istilik atalaoti, istilik
tasvirlori, interpretasiya, radiasiya, temperatur tazadligi, optik-elektron skanerlar.

Giris

Hal-hazirda Yer sothinin istilik siialanmasinin zaman vo foza doyigsmolorinin miisahido
olunmasi va giymatlondirilmasi asason optik-elektron skanerlor vasitasi ilo hoyata kegcirilir. Peyk
sistemlori vasitasi ilo dyronilon bu doyisikliklor Yer sathindo gedon fiziki vo geoloji proseslorin
oyranilmasino imkan verir [1-3]. Uygun molumatlarin interpretasiyasi, asason mdirokkob emal
proseslori asasinda aparilir. Lakin istilik stialanmalarinin formalagsmasina ¢oxsayl fiziki proseslarlo
olagodar olmasi va bilavasito 6l¢i sistemlarinin 6zlino xas olan gostaricilordan asili olaraq doyismasi
bu sahodo aparilan todgigatlarin imkanlarmi mohdudlasdirir. Istilik IQ molumatlarin interpretasiyasi
bir sira sabablordon sads nazari modellora asaslanir. Hansilar ki, bir sira kaskin mahdudiyyatlorla
tonzimlonir. Bu mohdudiyyatlor, asason meteoroloji va geoloji amillorlo bagli olur. Bu metodun
tocriibi totbiginin real soraitdo uygunlasdirilmasi ti¢iin olan isullarinin va nazori analizin
tokmillosdirilmasi talob olunur [1,3,4].

Baxilan moqalods Yer sathi (izro temperaturun paylanmasiin nazori masalalori nozardan
kegirilmigdir. Alinmis naticalor muxtalif sabablordon o ciimladan, geoloji, meteoroloji, topografik
amillardon yaranan tasirlorin kamiyyatca giymatlondirilmasi peykdon alinan istilik molumatlarinin
diizgiin interpretasiyasi tiglin osas grafiki ayrilor asasinda optimal ¢oakilis miiddatlorinin gabagcadan
toyini imkani1 yaranir. Digar torafdon, tagqdim olunan model muxtalif sothlorin istilik siialanmalarinin
giymatlondirilmasina da imkan verir.
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Nazari asaslanmalar
Istilik tosvirlarinin emal1 proseslorinds 6lgma noticalorinin kefiyyat gostricilorine monfi tosir
gostaran fiziki amil vo proseslarin sathin istilikkegirmasini sortlondiron model islonib hazirlanmigdir.
Sadolik tigtin forz edilir ki, baxilan soth eynicinsli olub, yuxaridan miistavi ilo mohdudlagmis, asagiya
dogru sonsuz olan sabit istilik xarakteristikalarina malik olan bir sistem kimi tasavvir edilir [3,5].
Temperatur differensial tonliklo tayin edilir:

92T _ aT

d0x2 aT (1)

Burada, T=T(x,t) — sothdon x — darinliyinds temperaturun qiymati, t — glinortadan hesablanmis
yerli vaxt, k — eynicinsli sistemin temperatur kegiriciliyidir. @ — bucaq tezliyinds periodik qizmaya
malik olan sistem {i¢iin (1) tonliyinin halli

v(x,t) = z D, exp(—C+/n) cos(ncot — &, — evni (2)

Burada, D,, va &, — ixtiyari daxil edilmis omsallardir. ¢ = /% - birinci harmonikanin dalga

adodidir.

Omsallar sothin sorhod sothlori ilo toyin olunur. Hansi ki, istilikkecirmo xiisusiyyati nozoro
alinmagqla, Yer sothina diison giinos enerjisi ilo, Yer sothindon slialanan enerji balansi asasinda toyin
edilir. Bu halda modeli murakkablogdirmamak moaqgsadi ilo istilikkegirmanin bazi amillari, o
cumloadan, atmosferin istilikkegirmasi va konfeksiyasi, torpaqda istilikkegirma, suyun buxarlanmasi
ilo yaranan istilik effektlori nozars alinmir. Belaliklo, x = 0 olduqda,

ov(0,t)

—k
0x

=5 +1 (3)

Burada, | — diison siialanmanin udulan hissasi olub, giines siialanmasinin qisa dalgali (4 <
4.0um) vo atmosfer siialanmalariin uzun dalgali (4 > 4.0um) hissalorindon ibaratdir. € - sathin
orta nisbi siialanma omsalidir; § — Stefan-Bolsman sabitidir; k — yarimfazanin xiisusi istilik
kegirmasidir. Laplas ¢evirmasindan istifads edarak bir sira todqiqatgilar sothin [6,7,8] temperaturu ila
onun siialanmasi arasinda slagoni formalasdiran riyazi diistur vermis va onun halli asasinda sathin
temperaturunun giymatini toyin etmisdir:

m
P
£ = _z ViPpsstn = 1,23, ..om 4
vrT =

Burada, ¢,, — spektral diapazonun n-ci intervalinda Yer sothino diison isiq selinin orta
giymetidir. p = K /+/c - Yerin istilik otalotidir, T — qizdiric1 selin davametmo miiddati (periodu),
T, — sothin s intervalinda orta temperaturudur, m — t miiddoatinds imumi intervallarin say1, m —ilo
toyin olunan rogomli omsallardir. Belo yanasma peykdon alian istilik tosvirlorinin analiz
olunmasinda alverislidir.
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Istilik otiirmosi qeyri-xotti proses oldugundan aparilan analizlordo sonlu farqlonmolor
metodundan istifads olunur [6,14]. Bu halda xatalarin miimkiin qodor azaldilmasi iiglin zaman vo foza
xarakteristikalart dilizgiin miioyyanlosdirilmalidir. Sonlu farglonmalor metodundan va Laplas
cevirmosindon istifado prosesinds, tonliya daxil olan kamiyyat giymatlondirilmasinde miayyan
catinliklor yaranir ki, bu da bilavasito emal prosesini ¢atinlosdirir. Bununla olagodar olaraq gorara
alind1 ki, tonliyin 0 soviyyali parametrlori Xottilogdirilmalidir, hans1 ki, bilavasito baxilan sarhad
sortlari daxilinds radiasiya selinin xtsusiyyatlorini oks etdirir. Aparilan aragdirmalar gostarir Ki, Yer
sathinin sutka arzinds temperaturunun doayismasinin nazari naticalarinin qiymati, tacriibi naticalordoan
cox az farglonir.

Molum oldugu kimi, imumiyyotlo radiasiya I qisa dalgali giinos radiasiyasindan I Vo
somanin stialandirdigi uzun dalgal radiasiyalardan ibarotdir. Sonuncu yaxinlagsmani oTsggp Kimi
tosvir etmok olar. Burada oTsgr — Somanin effektiv radiasiya temperaturudur. Buna gora do udulan
enerjinin giymoti e0Ter olacaq. Bu halda (3) tonliyinin sag torofindoki tortibedicisini asagidaki kimi
xottilogdirmok olar:

cov* — e0Torp~4e0Tap (v — Tsgr)

v—T.
PR k1 olduqda (5)
Tser

Bu halda, (3) sorhad sortlori daxilinds (1) diffuziya tonliyinin halli (5) imumilosdirilmasinin
nazora alinmasi sorti ilo hall etmok olar.

Qeyd olunan avozlomali (4)-do nozors alsaq,

10v

d(x,t) =v— nox (6)

Burada, h = 4cvTa, /K.

Bu halda,
2
Bu ifads x=0 sorti daxilinds sorhad sortlorini 6dayir. Yoni,
¢ = Tser + 5 (8)

Kh

burada, Iy —udulan qisa dalgali isiq selidir. Bu parametr Yer sothinin albedosundan A,
gunasin somadaki yerindon g, cografi enlikdon A, baxilan sothin meyilliyindon asili olaraq doyisir.
Bu asililig1 asagidaki kimi gostormok olar:

Is=(1—A)S,CM (z)cos’ 9)
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Burada, S, —glinas sabiti, C —gunas selinin buludlar tarafindan zaiflomasini nazars alan
omsaldir, M (z) — atmosferin buraxma xususiyyatidir, hansi ki, zenit bucagindan z vo meyilli sothin
zenit bucagindan z’ asili olur [9,10,11].

Atmosferda zaiflomanin giymoti togribi olaraq v/secz [I] ganunu ilo toyin olunur. Bu halda

M(z) =1-0,2vsecz (10)
Burada,
€0SZ = cOSA - €0S0 " coswt + sina - sinc (11)

Yerli zenit bucagini (12) ifadssi ilo hesablamagq olar:

cosz' = cosd - cosz — sind(sing cosa.
- sin cot — cos¢ sino cosa — sino - sina - cos cot) (12)

Burada, d —sathin meyilliyi, ¢ —meyillik bucaginin azimutudur. Hallin sadslosdirilmasi
uclin olava olaraq M(t) parametri toyin olunur [12,13,14]. Bu parametr baxilan orazi {igiin yerli
insolyasiyan1 miioyyonlogdirir:

H= {M(Z)OCOSZ’} ,—tp <t < ts

te <t <ty
Burada, ts va tg — yerli vaxtla giinagin batma vo ¢ixma vaxtidir. Bu halda asagidaki sart gobul
olunur:
—tg >t > tg,cosz>0vacosz' >0
Bu halda

Is = (1—A)S,CH (13)

x = 0 sorhad sorti daxilindos (8)-ci diisturda gostorildiyi kimi asagidaki sokli alir:

= Igggr + (1 — A)S o (14)
¢ = Isgr °Knh
(14) sortinin 6donilmasi ilo (7) tonliyinin halli asagidaki kimi olur:
1-A)Sy
d(x,t) = Tspr + %C Z Anexp(—K\/nx) cos(nwt — &, — Kvnx (15)
n=0

Burada, A, vo &, —yerli insolyasiyanin amplituda vo faza tortibediciloridir. (6) ifadasi ilo
toyin olunan Yer sothinin temperaturunu asagidaki inteqralin holli ilo tapirlar:
Yoni,
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2(0,6) = h f (0, Dexp(h)d3
0
Onun holli

(1-A4)S,C T A, cos(nwt — &, — ay,)

K /m+kﬁﬁ2+hm

U(O, t) = TSER +

Burada, g,, = arctg(k /% + kvn.

Bunun asasinda geotermal Q selinin tasirini nazars almaq olar. Bunun dg¢ln (1) differensial
tonliyindoa (3) sorhad sortlorini 6dayan v = Qx/K + Q/Kh hallinin nozors alinmasi tolob olunur.
Qyed edok ki,

(16)

k . w ) . 4£O-TSER
Nk’ T Tk 7
s = hK; bu halda,
n n n
k\/%zr\/; vaykn+h?=nh /(r /S—Z)+1olur.
Beloaliklo,

cos(nwt — &, — o
v(0,t) =TSER+%+(1—A)SOC- ZAn ( n = On)

n=0 /(s + rVn)? + (rvn)?
g, = arctg <r\/§ + r\/ﬁ>

n
r=p ?

(17)

Burada,

s = 4e0Tep
Asagidaki sokilds torpaq suxurlari iiclin dord asas parametrdon, o ciimlodon; istilik otalati,
albedo, geotermal tosir vo nisbi slialanma xiisusiyyatinin doyigsmolorindon asili olaraq sutka orzinds
temperaturun doyismosi gostorilmisdir. Orta sutkaliq temperatur v, (17) disturunu integrallamaq
yolu ilo alinir.

T

1
vds S Tf U(O, t)dt = TSER +
0

Q

C
<+ (L= A)SoCA, - cos ?0 (18)

Burada,
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1
Aycosey, = ;j H(t)dt
Qeyd olunmalidir ki, v;5 komiyyotinin gqiymati Yer sothinin istilik otalotindon asili olmur. Bu
parametrlo albedonun qiymotlori osasinda geotermal tosirin qiymotini hesablamaq olar. Geco vo
giindiiz arasindaki temperatur forgini Av, gecoyarisi vo giinorta temperatur forqlori osasinda
hesablanir:

n
T Ay 1€0S(E9p—1 + Opp
Av = v(0,0) —v(O,—) = 2(1—A)SOCZ 2m=1€05(Eam -1 + Tom-1) (19)
2 m=1 Vs+r2m—1

Baxilan sonuncu ifado gdstarir ki, qeyd olunan parametrlor asasinda Yer atmosferdo istonilon
miiddotdo temperaturun qiymotlondirmo daqiqliyinin artirilmasi {i¢lin bir model kimi totbiq oluna
bilor. Bu xtiisusiyyat peyk sistemlori vasitasilo Yer sothinin istilik temperaturunun paylanmasinin
xaritologdirilmo masalalorindo totbiqi xiisusi ohomiyyot dasiyir. Modeldo gdstorilon nozori
mosololorin  tocriibado yoxlanilmast mogsadi ilo Abseron yarimadasinda (todqiqat orazisinin
koordinatlari E=49°55'11", N= 40°25'30" ) sutkanin miixtalif saatlarinda temperaturun modeldo
gostorilon osas parametrlordon, o climlodon albedodan, nisbi istilik slialanmasindan vo istilik

otalotindon asili olaraq doyismo xiisusiiyatlori todqiq edilmisdir. Asagidaki sokildo alinmis naticalorin
grafiki tosviri verilmisdir.

Temperatur C’

1
18 0

12

®» |-

Zaman, h

a)

Temperatur C’
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Temperatur C

Zaman,'h

c)

1
Sokil 1. Istilik otaloti (cal/sm?.sz) (a), albedo (%-10) (b) vo nisbi istilik siialanmalarinin (c) giymetindon
asili olaraq todqiqat arazisinds temperaturun sutka orzindo doyismo qrafiklori. Zaman yerli vaxtla verilmisdir

Qrafiklordo gostorilon orta sutkalig (OS) temperatur hor bir oyri iiclin ifuqi xotlo
gostarilmigdir. Qrafiklorin qarsliqli miiqayisesindon goriiniir ki, istilik otalatinin tasiri istisna olmagqla,
digor hallarda onun qiymsoti albedo vo nisbi istilik siialanmasinin giymatindon asili olaraq doyisir.
Digor torofdon, baxilan oyrilordo amplitudun qiymati nisbi istilik siialanmasinin qiymotindon asili
olmur. Qrafiklordo gostorilon saquli oxlar Slgmolor aparilan orazido giinosin ¢ixma vo batma
vaxtlaridir. Oyrilorin qurulmasi1 hesablanarkon asagida qeydo alinmis qiymeotlordon istifado
edilmisdir:

_kal

15
sm2s2

Istilik inersiyasi — 0,03

Albedo - 0,3

Nisbi stialanma omsal1 — 1,0

Cografi enlik - 45°

Somanin radiasiya temperaturu - 270°K
Sothin meyilliyi - 0°

Buludlulug - 2,0.

Natica

Yer sothinin temperaturunun diizgiin qiymatlondirilmasi boyiik shomiyyoto malikdir. Bu bir
sira prorseslorin, o ciimlodon yer sothi ilo atmosfer aras1 enerji miibadilesi, kond tasarriifatina yararlt
torpaqlarin suya olan tolobati, yanginlara nozarst vo onun qarsisinin alinmasi vo nahayst iglim
doyismolorinin prognozlagdirilmast masalolorinin  hollindo  xiisusi yer tutur. Yer sothinin
temperaturunun formalagmasina tosir edon osas amillor kimi Yerin istilik otaloti, albedo vo sothin
istilik siialanmasinin tosir gostoricilori analiz olunaraq riyazi model toklif olunur. Qeyd olunan
parametrlorin doqiqgliyinin artirilmasi peyk 6lgmolorindon alinan naticolarin dogiqgliyinin artirilmasina

yardimg¢1 ola bilor. Toklif olunan modelin digor cografi zonalarda totbiqi miixtolif cografi
parametrlorin nozors alinmasini tolob edir.
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THERMAL MODEL OF THERMAL INFRARED IMAGES

Azizov B.M., Valehov N.S.
National Aviation Academy

Thermal IR images provide a wide range of information about many components of the
environment. Among them, processes taking place in geological rocks close to the Earth's surface,
including the density of rocks, their water capacity, and thermal conductivity, are considered an
important means of information. Infrared heat measuring devices with different resolution
characteristics installed in modern satellite systems are widely used in determining the contours of
volcanic processes, hydrothermal sources, and determining geological formations with different
physical and chemical properties, as well as determining fractures in the terrain. Interpretation of
modern thermal images requires consideration of a large number of different factors resulting from
the influence of various physical processes. A theoretical model is proposed for the quantitative
evaluation of a number of factors with the aim of choosing the optimal period of thermal IR research
and increasing the accuracy of calculation of other parameters of the surface. The parameters used
in the formation of the model were carried out under optimal meteorological conditions and there
was no vegetation on the selected ground surface.

Keywords: thermal radiation, thermal conductivity, radiation coefficient, thermal inertia,
thermal images, interpretation, radiation, temperature contrast, optical-electronic scanners.
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Magqalslarin tartib olunma qaydalar:

Magqalalar Azarbaycan, rus va ingilis dillarinds gobul olunur. Har bir magalays Azarbaycan,
rus vo ingilis dillorinda xilaso va acar sozlor verilmalidir. Capa togdim olunan mogalalor A4
formatda, 12 olgiilii sriftlo (codvallor, sokillor va sokilalti yazilar 11 6lgiilii sriftlo), ag kagizda bir
intervalla ¢ap olunmalidir. Bosluglar: varagin bltin konarlarindan 2 sm. Magalonin hacmi: orijinal
moqalalor Gglin 10, icmal magalalar Gglin 15 sohifadon artiq olmamalidir. Magalalor 2 niisxads ¢ap
vo elektron variantda (WORD) toqdim olunur. ©lyazmalar miisllifloro qaytarilmir. Digor
toskilatlardan olan miislliflorin magalalari onlarin isladiyi togkilatin maktubu ilo birlikds taqdim
olunmalidir.

Moaqalalora musbat ray verildikdan sonra redaksiya heyatinin gorart ilo ¢ap olunur.

1. Har bir magala onun UOT-u va ya PACS-1, DOI-si, ad1, miiolliflorin ad1, ata ad1, soyadlari, elektron
tinvanlari, togkilatin adi, magalonin yazildig: dilds bir intervalla ¢ap olunmali, qisa annotasiya vo
acar sozlorlo baglanmalidir.

2. 9dobiyyata istinad (References):

- odobiyyata istinad mogalods rast golindiyi ardicilligla islonmoalidir.
Sitat gotirmo gaydas:
- dovri jurnallardaki moagalolor: mislliflorin A.A. Soyadlari, moagalonin adi, dovri jurnalin adi, ¢cap
olunma ili, cildi, nomrasi, sshifo ndmrasi;
- konfrans materiallar1 vo tezislor: mioalliflorin A.A. Soyadlari, konfrans materiallart vo ya tezisin
ad1 konfransin adi, kegirildiyi yer va il, ¢ap materialinin cildi, ndmrasi va sshifalari;
- kitablar: mualliflorin soyadlari, kitabin adi, ¢ap olundugu nosriyyat, il vo yer, sohifalorin sayi,
tokrar istinadlarda iso sohifo ndmrasi verilir.
References - adobiyyatin orijinal dilds ingilis slifbasi ilo verilmis variantidir.
3. Annotasiya.
Annotasiya digor iki dilds 8 satirdon az olmayaraq, ayrica varaqds ¢ap olunmalidir.
4. Acar sozlor.
Azarbaycan, rus va ingilis dillarinds 8-10 soz.

5. Rasmlar va sokillar.

Rosmlor vo sokillor yazilari va izahatlari ilo ayrica toqdim olunmalidir. Olgllor: 6 sm x 6 sm-dan
az vo 23sm x 16 sm-dan ¢ox olmayarag. Qrafiklorin koordinat oxlart minimum rogam torkibli
olmalidir. Koordinat oxlarinin adlari ¢ox aydin yazilmalidir. Qrafiklordoki har bir xott
ndmralonmis va izahli sokilds olan yazilarla verilmalidir.

6. Cadvoallor.

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

7. Magalonin sonunda muslliflor haqqinda malumat verilir: ad1, soyadi vo atasinin adi; elmi doracasi
Vo adi; elektron {invani; is yeri vo unvani; igin icra olundugu sobo, laboratoriya vo ya kafedra;
maraq dairasi.

Verilmis taloblara uygun galmayan maqalalora baxilmur!!!
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IIpaBuia opopmiienus crareit

CraTby IPUHUMAIOTCS Ha a3epOaiiPKaHCKOM, PYCCKOM WJIM aHTJIMHCKOM s3bIKax. B xaxmoi
CTaThe J0JKHA OBITh MPECTAaBICHA aHHOTAIIMS U KIIIOUEBBIE CIIOBA Ha a3epOaiipKaHCKOM, PyCCKOM
U aHrIuiickoM s3bikax. [IpencraBisieMple K MyONMKALMU CTAThH JOJDKHBI OBITH HalleyaTaHbl yepes
OJVH HMHTepBaj Ha Oenoil Oymare ¢gopmara A4, pasmep mpudta 12 (tabn., puc. U HaAMUCH K
pucynkam paszmepom mpudta 11). Orcrymbl: oT Bcex kpaeB jucta 2 cM. O0beM CTaThH: IS
OpPUTMHAIBHBIX - He Oosee 10 cTtpanun, 1 0030pHBIX - He 6osee 15 crp. CTaTh MpeACTaBIAIOTCS
B pacriedyaTaHHOM M 3JIEKTPOHHOM BapHaHTax, HabpaHHble B popmate WORD. Pykonucu crareii e
BO3BpAIAalOTCs aBTopaMm. i1 aBTOpOB U3 APYruX OpraHu3alyi CTaTbU CONPOBOXKAAIOTCS MUCHMOM
M aKTOM 3KCIIEPTU3bl M3 TOW OpraHu3anuu, rae oHu pabdotaror. Ctatbu peneHsupyrorcs. Ilocne
MOJTyYEeHHUs OJIOKUTEIBHOM perieH3uH 1o pemeHnto PenaknronHoro CoBera cTaThs MyOJUKYyeTCs.
1. Kaxnmas crates HaumsHaercs ¢ YJIK mmu PACS, DOI, masBanus, M.O. damunuu aBTOpOB,
JNIEKTPOHHOTO aJpeca, Ha3BaHWsA OPIraHM3AllMA M KPAaTKOM aHHOTAallMM Ha SA3BIKE CTaTbu M
KIIFOUEBBIX CIIOB.
2. Ccwutku Ha nutepatypy (References):
- CCBUIKM Ha JIMTEPaTypy HNOJDKHBI CIEJOBATH B TOM IOPSAIKE, B KOTOPOM OHH IOSBISIOTCSA B
CTaThbe.
[Topsimok nuTHpOBaHMUS:
- craThd B Tnepuoandeckux kypHanmax: @O.M.O. aBTOpoB, Ha3BaHUWE CTaTbH, Ha3BaHHUE
NEPUOINYECKOTO0 KypHaa, roJ| IyOJIUKaIliKi, HOMEpa TOMa U CTPAHMII,
- Marepuaisl KoHpepeHmii u Te3ucsl: @.1.0. aBTOpoB, Ha3BaHUE MaTepHaia KOH(pepeHInU WiIn
Te3uca, Ha3BaHue KOH(PEPEHIINH, MECTO U T'0Jl IPOBEJCHUS, TOM I1€4aTHOTO MaTepHasa, HoMep
U CTPaHULBI.
- kauru: ©.1.0. aBTOpOB, Ha3BaHWE KHUIH, U3AATEILCTBO, AaTa U MECTO, KOJIMYECTBO CTPAHULL,
IIPY MIOBTOPHOM CCBUIKE NAETCs TaKyK€ HOMEP CTPAHULBL.
References - BapraHT opurrHaia JIUTEPATYpPhI Ha A3bIKE MaTepUaa JJATHHCKUM IPUPTOM.
3. AHHoOTanus. AHHOTalUs NIeYaTaeTcsl Ha ABYX APYIHX A3bIKAaX HA OTAEIBHOM JINCTE 00bEMOM HE
MEHee 5 CTPOK.
4. KiroueBble clioBa Ha azepOaiKaHCKOM, PYCCKOM M aHTJIMHCKOM sI3bIKaxX, 00bEMoM 5-10 ciioB.
5. Pucynku u ¢otorpaduu ¢ HaAMUCSIMU U Pa3bsICHEHUAMH MPUIIAraloTCsl OTAENIbHO. Pa3mepsl: He
MeHee 6x6 cM u He 6onee 23X16 cm. KoopauHaTHbIe ocH TpadUKOB TOJDKHBI COACPIKATH MUHUMYM
yucen. HazBaHus KOOpPIMHATHBIX OCEil MOJKHBI OBITh HamMCaHbl OueHb sicHO. Kaxkmas nuHus B
rpaduKax 10JKHA ObITh IPOHYMEPOBaHA U 00BICHEHHE TOJHKHO OBITH 1aHO B MOAIHUCAX K PUCYHKAM.
6. Tabuu1rel JOKHBI OBITH TPOHYMEPOBAHBI, 03arJIaBJICHbl U Halle4aTaHbl Ha OT/IEIbHOM JIHCTE.
7. B xoH1e crateu gaercs nHpopmanus o0 apropax: @.1.0; yueHas cTeneHb U yueHOE 3BaHHE; MECTO
pabotbl (kadenpa, otaen, naboparopus, Ap.); MOIHKHOCTH, O0JACTh HAayYHBIX HHTEPECOB;
AJIEKTPOHHBIN azipec; TeneoH A CBSI3U.

CraTbu, He COOTBETCTBYHOIINE JaHHBIM TPeOOBaHUSIM, He paccMaTpuBaoTcs!!!
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Rules for the preparation of articles

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 5 lines in two other languages printed on a separate paper.

4. Key words in Azerbaijani, Russian and English, 5-10 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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