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Bu il “Azarbaycan Hava Yollar” QSC-nin, elaca do bu qurumun nozdinds foaliyyat gosto-
ron Milli Aviasiya Akademiyasinin (MAA) yaranmasinin 30 illiyi geyd edilir.

MAA Azarbaycan Respublikas1 Nazirlor Kabinetinin 15 iyun 1992-ci il tarixli gorar ilo
“Azorbaycan Hava Yollar1” Dovlat Konserni nozdinds ali tohsil miiassisasi statuslu Milli Aviasi-
ya Markazi kimi yaradilib. Ali tohsil miiassisasi foaliyyato baslayarkon burada bir fakiilts, iki ixti-
sas movceud idi vo 80 talobo tohsil alirdi.

Milli Aviasiya Morkozi Nazirlor Kabinetinin 24 fevral 1994-cii il tarixli gorari ilo Milli
Aviasiya Akademiyasi (MAA) adlandirildi. Elo hamin ildo MAA nozdinds EImi tadgigat aviasiya
institutu (ETAI) yaradildi.

1996-c1 ildon MAA 6ziiniin togokkiilii Vo inkisafinin yeni marhalasina godom qoydu. Bu
dovrdan baglayarag Akademiyada tshsilin, elmin va tacriibanin vahdstinds miiasir tohsil kom-
pleksinin yaradilmasi strategiyasi reallagdirilmaga basladi.

MAA saciyyavi xtisusiyyatlorina, maddi-texniki, tadris-metodiki, elmi-tadgigat vo laborato-
riya-tacriiba bazasina goro Azarbaycan Respublikasinin tohsil sisteminda xiisusi yer tutur. Aviasi-
ya miitoxassislorinin hazirlanmasi miilki aviasiyanin inkisafinin ayrilmaz hissasine ¢evrilmisdir.
Hava gamilori parkinin yenilonmosi, hava dasimalarinin cografiyasinin genislondirilmasi, yeni
beynalxalq aeroportlarin ingasi, an son navigasiya sistemlorinin qurasdirilmasi, miiasir ugus-tex-



niki istismar sistemins kegid, habelo Milli Aviasiya Akademiyas: kimi hazirliq morkazinin yara-
dilmas1 bu inkisafin asasim toskil edir. Akademiya bu yiiksok texnoloji vo elmi tutumlu sahani
diinya standartlar1 saviyyasinds tam olaraq ali, slava vo xiisusi pesa tohsili programlar: tizro kadr-
larla tomin edir. Mohz miilki aviasiyada uguslarin tohliikasizliyina goyulan yiiksak taloblor Azor-
baycanda aviasiya elminin va tahsilinin asas istigamatlorini 6ziinds ehtiva etmisdir.

Azorbaycanda miilki aviasiyanin strateji inkisaf istiqamatlori Umummilli Lider Heydor Oli-
yev torafindon miiayyan edilmisdir. Bu strategiyani hoyata kegirmok, genislondirmok va inkisaf
etdirmok, Azarbaycan miilki aviasiyasini diinya saviyyasina ¢ixarmag, “Azarbaycan Hava Yolla-
r1” aviagirkatini diilnyanin nifuzlu, miasir, tahliikasiz vs etibarli dovlst aviadasiyicilarindan birino
cevirmok Azorbaycan Respublikasmin Prezidenti ilham Oliyevin siyasati, diggti vo dostayi sa-
yasinds miimkiin olmusdur.

Bu giin, 30 il arzinde Azarbaycan miilki aviasiyasinin on siiratli inkisaf yolu kecdiyini ay-
din gérmok miimkiindiir. Bu inkisafda Azarbaycan Hava Yollarinin prezidenti Cahangir Osgaro-
vun rolu danilmazdir. Miidrik rohboarlik va birgs saylor naticasinde MAA bu illor arzinds layigli
toraqqi yolunu kegmisdir.

Hazirda Akademiyada 20 bakalavriat, 17 magistratura vo 10 doktorantura ixtisaslari iizra
iki mina yaxin toloba tohsil alir. Foaliyyat gostordiyi illor arzindo Akademiya 9000-don ¢ox miite-
Xassis hazirlamisdir.

Azorbaycan Miihondislik Akademiyasi “Azarbaycan Hava Yollar1” (AZAL) QSC ils birge
aviasiya sahasinda kadrlarin pesokarliq saviyyasinin inkisafi vo tokmillosdirilmasi, maddi-texniki
bazasinin geniglondirilmasi istigamatindo foal islor aparir. Azorbaycan Milli Aviasiya Akademi-
yasinda yerlason Pilotlarin Hazirliqg Moarkazi Azarbaycan miilki aviasiyasi kadrlarinin hazirlanma-
s1 li¢iin asas baza hesab olunur.

Akademiyanin tadris-talim foaliyyatinin asasin1 miasir toyyars va helikopter pilotlari, hava-
da harakatin toskili tizra dispetgerlor, aerokosmik texnikanin layihalondirilmasi va istismari tizro
miihondislor, aeronavigasiya, hava nagliyyatinda tohliikasizlik, aviasiya meteorologiyasi, aero-
kosmik monitoring, sarnisin Vo yiik dasimalari, terminallarin va logistik markozlorin idars edil-
mosi, hava limanlarinin istismar {izro miitoxassis hazirlig: toskil edir. Akademiyada bunlarla ya-
nas1 energetika, radioelektronika, telekommunikasiya, informasiya texnologiyalari, ekologiya iiz-
ra miihandislor, hiiqugsiinashq, igtisadiyyat vo menecment iizro miitoxassis hazirlig1 hayata kegi-
rilir.

Ali tohsillo yanasi, Akademiyada orta va kigik kateqoriyali aviasiya miitoxassislorinin da
hazirligi hoyata kecirilir. Bunlara kommersiya vo hava xatlori pilotlari, havada harokatin idaro
edilmasi va uguslarin tomini tizra is¢i heyat, beynoalxalq hava xatlari ti¢iin tayyars baladgilari, bort
texniklori, operatorlar vo mexaniklor, navigatorlar va radistlor, hava gomilorino vo yeriistii ava-
danliga xidmat gostoron texniklor, meteorologlar, aerodrom xidmati, aviasiya tohliikasizliyi, go-
za-xilasetmo va axtaris xidmati, aviadasimalarin taskili xidmatinin is¢i heyati va s. daxildir.

Bu mogsadlo 2005-ci ildo Akademiyada Aviasiya Personalinin Hazirligi Morkoazi yaradil-
mis, 2010-cu ilds trenajor kompleksini, tocriibi vo nozari hazirliq bolmalorini 6ziinds birlogdiron
Pilotlarin hazirligi markazi, 2012-ci ilds salahiyyatli IATA institutu, 2019-cu ilds iss Dovlat Miil-
ki Aviasiya Agentliyi torafindoan sertifikatlasdirilmis Texniki Xidmot moktabi tosis olunmusdur.



Bu giin Akademiyanin tohsil strukturuna 6 fakiilts, 23 kafedra, Pilotlarin Hazirligi Markazi,
IATA Institutu, Texniki Xidmot Moktobi, informasiya Texnologiyalar1 Moarkozi daxildir. Bunlar-
la yanasi, Azarbaycan Respublikasinin Kosmik Agentliyi - "Azorkosmos" ilo birlikde Akademi-
yada “Aerokosmik monitoring” talim morkozi yaradilmis, Kigik peyklorin islonib hazirlanmasi
markazinin do tasis olunmasi nazards tutulmusdur.

1999-cu ildon Akademiya Dovlatlorarast Aviasiya Komitasi (DAK) torafindon sertifikatlas-
dirtlir. 2002-ci ildon Akademiya Beynolxalq Miilki Aviasiya Togkilatinin — ICAO-nun reyestring
daxildir.

Kadrlarin hazirlanmasinda "Azarbaycan Hava Yollar1™ QSC-nin, "Silk Way" Sirkatlor Qru-
punun (SW Group), "ASG Helicopter Services" sirkatinin, Azorkosmosun rahbarlori vo aparici
miitoxassislori, Azarbaycan Milli EImlor Akademiyasinin, Milli Aerokosmik Agentliyinin vo apa-
ric1 ali tohsil miiassisalorinin alimlori istirak edirlor. Toadris prosesi Akademiyanin kafedra vo
morkazlorinin laboratoriya-tacriibs va elmi-tadgigat bazasinda, aviasirkatlorin va aviasiya miiassi-
salorinin struktur bolmalarinds, elaco do miixtalif nazirlik, idaro, agentlik vo miiassisalorda
kegirilir.

Akademiyanin ugurlar1 onun infrastrukturunun vo maddi-texniki bazasinin inkisafi ilo sho-
miyyatli doracods baglidir. MAA-nin infrastrukturuna 5 todris-laboratoriya korpusu, Pilotlarin
hazirligi moarkazinin Trenajor kompleksi, EIm-istehsalat birliyi, Toloba soharciyi, Toloba todris
morkazi, Ugus aparatlarinin hazirlanmasi laboratoriyasi, Taloba yaradiciliq evi, Heydor ©liyev
muzeyi, Aviasiya tarixi muzeyi, idman kompleksi, “Fitnes” morkozi, Otel “Akademiya”, parklar,
kitabxanalar, iaso va istirahat obyektlori, magazalar vo s. daxildir. Taloba soharciyinds otel tipli
dord yatagxana, qagis zolaglarina va genis tamasag1 tutumuna malik stadion, tennis kortlari, mini-
futbol, voleybol, basketbol idman meydangalari, hamginin zaruri komokgi strukturlar daxildir.

Idman kompleksinda miixtolif idman bdlmoalori faaliyyat gostarir, respublika va beynalxalg
saviyyads yarislar kegirilir. Burada beynalxalq standartlara cavab veran agiq meydangalar, oyun
novlori tigtin universal zal, idman trenajorlari, gapal tizgiigiilik hovuzu foaliyyat gostorir.

Toloba yaradiciliq evi hava - r—— I
gomilorinin  texniki istismari, |
CAD/CAE/CAM texnologiyalarin-
dan istifado etmoklo pilotsuz ucus |
aparatlarinin va kigik miiharriklarin
islonib-hazirlanmasi, homginin
elektroenergetika, elektronika, ra-
diotexnika, cihazgayirma {izro
aviasiya miitoxassislorinin yetisdi-
rilmasi iiciin miithiim rol oynayan
miiasir avadanligla tochiz edilmis-
dir. Ugus aparatlarinin hazirlanma-
st laboratoriyasinda 2011-ci ildon
etibaran talabalar torafindan {i¢ yiizo yaxin miixtalif pilotaj modellori yaradilmisdr.

Todris prosesi miasir xiisusi auditoriyalarda vo laboratoriyalarda hoyata kegirilir. Burada
dispetcer trenajorlari, avtomatlasdirilmis HHI sisteminin laboratoriyasi, meteoroloji stansiya,




"DFS-e-learning” distant tohsil auditoriyas1 qurulmus, aviasiya texnikasimin diagnostikasi, aviasi-
yada insan amili, aerokosmik monitoring, radioelektronika, nanotexnologiyalar vo nanokompozit-
lor iizro problem laboratoriyalar: faaliyyst gostorir. Eyni zamanda, Heydar Oliyev Beynalxalq
Aeroportunun orazisinds zoruri avadanliq va tolim vasitalori ilo tochiz edilmis aviasiya tohliika-
sizliyi tizra praktiki masgalalarin kegirilmasi ti¢iin xiisusi auditoriyalar yaradilmisdir.

Hazirliq proqramlarina uygun olaraq, ayani vesaitlor, elektriklogdirilmis stendlor, miiasir to-
lim texnikasi, audio/video materiallar vo todrisedici programlarla tachiz olunmus Boeing B757,
Airbus A320, ATR 72, IL-76, Cess-
na 172S toyyaroslori vo onlarin mii-
- horriklori iizro xiisusi siniflor, Mi-
171 (Mi-8MTV) helikopterinin tod-
ris kompleksi foaliyyat gostarir.

2010-cu ildo Akademiyanin
bazasinda yaradilan Pilotlarin Hazir-
ligt Morkazi  Airbus A319/320,
Boeing B757/767, Embraer E190,
ATR42/72, IL-76TD toyyarolorinin,
homginin Mi-171 (Mi-8 MVTV) he-
likopterinin miiasir trenajorlari ilo tochiz edilmisdir. Pilotlarin Hazirligi Moarkazi Sarqgi Avropada
vo MDB mokaninda an boyiik markazlordan biri olaraq, pilot-miidavimlarin magsadyonlii, fasilo-
siz hazirhigina va ugus heyati tizvlarinin istehsalatdan ayrilmadan ixtisaslarinin artirilmasina xid-
mot edir. Bu illor arzinds 35 respublika va xarici aviagirkatin 7000-o yaxin pilotu Akademiyanin
Pilotlarin Hazirligi Markazinin trenajor qurgularinda tolim kegorok, iimumilikdo 90000 saata ya-
xin ugus yerina yetiriblor. Onlardan 2000 pilot “AZAL” QSC, “SW Group”, dovlst aviadasiyici-
lar1, nazirlik vo qurumlarin niimayandoloridir.

Hor il Pilotlarin Hazirligi Markozindos orta hesabla 4000-don 6500-dok dinlayicinin istiraki
ilo 120-130 istigamat iizro 300-don 750-dok nozori vo praktik pesokar hazirhiq kurslart kegirilir.
2005-2022-ci illor orzindo Akademiyada togkil edilmis 7000-0 yaxin miixtalif toyinatli hazirliq
kurslarmda 62000 nafordon ¢ox dinloyici tolim kegmisdir. IATA Institutunda 310 kursda bir sira
togkilatlarin tagriban 2400 niimayandasi beynalxalq sertifikatlar almisdir.

Biz gozal basa diisiiriik Ki, professor-miiallim heyatinin va tolobalorin birgs elmi-tadgigat
Vo praktiki foaliyyati olmadan tam hocmli ali tohsil geyri-mimkiindiir.

Tadris prosesi 430 nafardan artiq professor-miiallim heyati torafindon hoyata kegirilir. El-
mi-pedaqoji foaliyyotdo AMEA-nin 5 akademiki vo miixbir {izvii, 40-dan ¢ox elmlor doktoru va
110 falsafa doktoru istirak edir. Onlarin sirasinda amokdar elm xadimlari, amakdar miallimlor,
omokdar pilotlar, amokdar miihandislar, amokdar incasanat xadimlari, amokdar madaniyyat isci-
lori vardir.

Akademiyada 150-dan artiq mazun galisir ki, onlardan da 70 nafardon ¢oxu pedaqoji va to-
limatc1 faaliyyatina calb olunub, MAA-nin kafedra vo struktur bolmalaring rahbarlik edirlar. Pi-
lotlarin hazirligi markazinin miihandis heysti Akademiyanin mazunlarindan toaskil olunub.

Aviasiya, energetika vo nagliyyat sahslorinds bir sira elmi-texniki problemlarin halli, miix-
tolif miiassiss, nazirlik, idars va toskilatlarin sifariglorinin yerino yetirilmasi magsoadilo Akademi-
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yada Elm-Istehsalat Birliyi (EiB) yaradilmisdir. Birliys Elmi-todgigat nagliyyat vo aviakosmik
problemlori Institutu (ETNAPI), Xiisusi konstruktor biirosu vo Tacriiba-sinaq istehsalat: daxildir.
Birlik fakiilto vo kafedralarla six amokdasliq ¢argivasinds faaliyyat gostarir, fundamental va totbi-
gi todgigatlarla moasgul olur va konstruktor-texnoloji hallori istehsalatda totbiq edir. EIB-in Aka-
demiyanin tohsil strukturu ilo birgs foaliyyati miioyyon movzular strafinda hoyata kegirilir. Osas
sifarisgilor ”Azarbaycan Hava Yollari” QSC, “SW Group”, “Azarbaycan Damir Yollar1” QSC,
Azarbaycan Respublikasinin Dévlat Neft Sirkoti, Ragomsal inkisaf vo Nogliyyat Nazirliyi, Daxili
Islor Nazirliyi, Miidafio Senayesi Nazirliyi, Ekologiya va Tobii Sorvatlor Nazirliyi, aparici sirkot-
lor vo miiossisalordir.

2012-ci ildon MAA-da kosmik saha tiglin miitoxassis hazirligina baslanilib. Bu addim Azar-
baycanda kosmik sanayenin yaradilmasi vs inkisafi iizro Dovlat Programinin miivafiq miiddoala-
rinin hayata kegirilmasi ils, eloco do aerokosmik sahanin inkisafina vo bu sahs {igiin miitoXassis
hazirligina tokan veran siini peyklarin orbito buraxilmasina hazirligla slagoadar atilmisdir. Homin
illarda Nogliyyat Nazirliyi ils razilasmaya asasan Akademiyada digar nagliyyat novlori tiglin mii-
toxassislorin — elektroenergetika, proseslorin avtomatlagdirilmasi, logistika tizra miihandislarin,
nagliyyat sistemi tigiin menecerlarin hazirligina baslanilib.

Bu illar arzindo MAA-da zodoasiz nozarst metodlari, radiotexnika, bark cisim elektronikast,
hava noagliyyatinin, yeriistii komplekslorin, ugus aparatlarinin vo onlarin sistemloarinin istismari,
aerokosmik monitoring vo Yerin mosafodon zondlanmasi, uguslarin tohliikasizliyi, aviasiyada in-
san amili, aviasiya texnikasinin modellogdirilmasi vo diagnostikasi, aviasiya meteorologiyast,
homginin lazer texnikasi, enerjiys gonast texnologiyalari, 0zonlasdirma texnologiyasi, limines-
sent materiallar tizro elmi istigamotlorin asasi qoyulmusdur. Aerokosmik sahads miiasir informa-
siya texnologiyalarimin, siini intellektin totbiqi, aviasiya texnikasinin, pilotsuz ugus aparatlarinin,
reaktiv miiharriklorin, kigik peyklorin, radioelektron miibarizs vasitalorinin, habels idaroetms sis-
temlarinin, enerji monbalarinin, robot-texniki sistemlorin islonib hazirlanmasi tizro elmi istiga-
motlor yaradilir va inkisaf etdirilir.

Akademiyanin elmi vo pedaqoji potensiali ali tohsil miiossisasini miiasir vo somarali metod-
larin totbiq edildiyi elmi vo texniki fikir morkazina gevirmisdir. Toalimlor real vaziyyato maksimal
yaxin soraitds kegirilir. EImin, tacriibanin va tohsilin vohdati MAA-da kadr hazirliginin falsafasi-
ni togkil edir. Goanclarin elmi potensialinin yiiksaldilmasins xiisusi diggst yetirilir. EImi-pedaqoji
kadrlarin hazirlig: tigtin Magistratura vo doktorantura sobasi foaliyyat gostarir.

MAA-da texnika va hiiquq elm saholori tizro doktorluq dissertasiyalarinin miidafio suralari
foaliyyat gostorir. Bu suralarda 1996-c1 ildon etibaron 150-ys yaxin elmi is miidafio edilmisdir.
MAA-nin amokdaslar1 torafindon 24-don artiq elmlor doktorlugu ve 70-don ¢ox folsafo doktor-
lugu dissertasiyalart miidafio edilmis, 2500-i xaricdo olmagla, 7000-a yaxin elmi mogals va tezis
cap edilmis, 130-dan artiq monografiya, xtisusi fonlor tizro 150 darslik, 370 todris vo 400 metodi-
ki vasait hazirlanmis, 35-1 xarici olmagla, 200-don artiq ixtira patenti alinmigdir.

Hor il MAA-da aviakosmik sahonin aktual masalalari iizra elmi konfrans vo seminarlar
kegirilir, Akademiyanin alim vo miihandislari, miisllimlari, toloba vo doktorantlart miixtalif res-
publika va beynalxalq grantlarda, yarisma va layihalords istirak edirlor.

Aerokosmik monitoring, ekoloji sistemloar, tohsil programlarinin keyfiyyatinin yaxsilagdiril-
masi, onlarin Avropa standartlarina uygunlasdirilmasi tizra bir sira layihslor, 0 ciimladon, Avropa
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ittifaginin TEMPUS SESREMO, ERASMUS+ layihalari ugurla hayata kegirilmis, ERASMUS+
izro layiha davam edir. Layihoalor ¢orgivasinds toloba vo miisllimlor miitomadi olaraq Avropa
universitetlorindo toskil edilon yay moktoblorinds istirak etmislor. 2016-c1 vo 2017-ci illards
MAA-nin taloboalori Texas statinda (ABS) kegirilon “CanSat” layihasinin final marhalasinds isti-
rak edorak, miikafat yerlori tutmuslar. 2018-ci ildon etibaron bu yarisma “Azarkosmos” Kosmik
Agentliyinin togkilatgiligi, Rusiya vo Amerika miitoxassislorinin dostayi ilo Azarbaycanda da
kegirilir.

Bu foaliyyatin davami kimi 2022-ci ilin sentyabr ayinda Rogomsal Inkisaf vo Nogliyyat Na-
zirliyinin tabeliyindos foaliyyat gostoron Azorbaycan Respublikasinin Kosmik Agentliyi — Azor-
kosmosun dastayi ilo MAA-da Aerokosmik Monitoring Talim Markozi yaradildi. Miiasir avadan-
liglarla toachiz olunmus bu morkozin magsadi geoinformasiya texnologiyalarinin totbiqi, xiisusilo
peyk tosvirlarinin analizi, rogomsal emali vo cografi informasiya sistemlari sahasinds ixtisash
miitoxassislorin hazirlanmasi, hamginin bu istigamatda tohsil alan talobalorin bilik va bacariglari-
nin artirilmasidir.

MAA-nn talabalari bu il Bakida “Teknofest-2022” festivali ¢argivasinds kegirilon miisabi-
qolords ugurla ¢ixis edorak 2 nominasiya tizro — “Pilotsuz ugus aparatlart” miisabigosinds vo
“Planer” miisabiqgasinds 1-ci yera, “Hovaskar Peyk Modellagdirilmasi” (CanSat) miisabigosinda
iSa 2-Ci yera layiq goriilmiislor.

1999-cu ildan etibaron MAA-nin “EImi macmuo” jurnali, “Azarbaycan Miihandislik Aka-
demiyasinin Xabarlori” jurnali, 2012-ci ildon iso elmi-populyar “Sama-Sky” jurnali nosr edilir.

1999-cu ildon etibaran har il Akademiyada Azarbaycan xalgqinin Umummilli lideri Heydor
Oliyevin dogum giiniino hasr olunan “Azarbaycanda nagliyyatin aktual problemlari” mévzusun-
da toloboalorin Respublika elmi-texniki konfransi kegirilir.

2016-c1 ildon etibaron MAA-da har il Ganclor Giiniine vo Azorbaycanda ilk telekommuni-
kasiya peykinin orbito ¢ixarilmasina hoasr olunan “Fevral moruzalori: Aviakosmik problemlarin
hallinda ganclarin yaradici1 potensiali” adli beynalxalg elmi-praktiki gonclor konfrans: kegirilir.
Konfransda, orta hesabla, 30-dan artiq aparici aerokosmik tahsil vo elmi miiassisonin, habels res-
publikanin va xarici dovlatlorin sahs nazirliklorinin, idaralorinin, aparici sirkatlorinin 150-don ¢ox
niimayandasi istirak edir. Konfrans ¢argivasinds gonc tadgigatcilarin an aktual elmi naticalorinin
miizakira olundugu plenar va bolma iclaslari, seminarlar va dayirmi masalar togkil olunur.

MAA-nin beynolxalq slagslori Akademiyanin biitiin foaliyyat istigamotlori iizro inkisaf et-
dirilir. Bu alagolorin asasini xarici aerokosmik, miihondis vo humanitar ali tohsil miiassisalori,
homginin elmi moarkazlor va tolim togkilatlar: ilo omokdasliq toskil edir. Akademiyanin Rusiya,
Ukrayna, Tirkiys, Belarus, Giirciistan, Qazaxistan, Latviya, Litva, Almaniya va digor 6lkalorin
ali tohsil miiassisalori ilo ananavi elmi-praktiki slagalori mévcuddur.

Akademiya Dovlotloraras: Aviasiya Komitasi (DAK) ilo six amokdasliq edir, Akademiya-
nin amokdasglart meteorologiya, aviasiya tibbi, aviasiya tohliikasizliyi iizro koordinasiya suralari-
nin isinds foal istirak edirlor. Bununla yanasi, Akademiyanin struktur bolmolorinin, ayri-ayr ixti-
saslarin vo hazirlig névlarinin sertifikatlasdirilmasi tizro beynalxalq toskilatlarla da fasilosiz is
aparilir. Dovlot Miilki Aviasiya Agentliyi ilo yanasi, Akademiyanin biitiin ixtisaslar1 vo hazirliq
programlari, elaca do biitiin tohsil prosesi miitomadi olaragq DAK tarafindan sertifikatlagdirilir. Pi-
lotlarin Hazirligi Markazinin Airbus A319/320, Boeing 757/767, Embraer E190, ATR 42/72 toy-
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yaralorinin trenajorlar1 eyni zamanda hor il Avropanin Uguslarin Tohliikssizliyi Agentliyi (EA-
SA), solahiyyatli IATA Institutu iso Beynolxalq Hava Nogliyyat: Assosiasiyas: torofindon sertifi-
kasiyadan kegir.

2022-ci ilda tohliikali yiiklorin hava nogliyyati ilo dasinmasi iizro IATA ixtisaslasdiriimis
Talim va Qiymatlondirma Morkazi vo IATA-nin digor kurslart iizro Salahiyystli Tolim Morkozi
yenidoan akkreditasiyadan kegorok IATA institutu nazdinds foaliyyatini davam etdirir.

Akademiyada miiallimlarin, talimat¢ilarin vo miihandislarin ixtisaslarinin artirilmasina xii-
susi digqgot yetirilir. “Azarbaycan Hava Yollart” QSC, “SW Group” miiassisalori, "Boeing", "Air-
bus”, "Embraer" vo "ATR" aviasirkatlori, "L3Harris", "FlightSafety International” sirkatlori ilo
yanas1, ixtisasartirma Rusiya, Ukrayna, Litva, ABS, Béyiik Britaniya, Almaniya, Fransa, italiya,
Isvegra, Niderland, Liiksemburq, Finlandiya vo diger 6lkalorin hazirliq morkezlorindo hoyata
kegirilir.

Coxprofilli tahsil ali maktoba respublikada va beynalxalq mokanda yiiksok giymat verilma-
sini tomin etmisdir. Azorbaycan miilki aviasiyasinin ugus heyatinin, miihondis-texniki va digor
bolmalarinin 90%-don ¢oxu MAA-nin mazunlaridir. Akademiyanin mozunlar tokco Azorbayca-
nin miilki aviasiya sistemindos deyil, 61ks igtisadiyyatinin digor sahalorinds, Xarici aviagirkatlordo
Vo aviasiya miiassisalorinds foaliyyat gostororok kifayst godor yiiksok hazirliq saviyyasi niimayis
etdirirlor.

MAA-nn 30 illiyi ilo slagadar olaraq bir sira infrastruktur layihslori hoyata kegirilmisdir.
Belo ki, MAA-da elektron tadris sisteminin tatbiginoe baslanilmis, Hiiquq kafedrasinin Mahkomo
otagi, Elm-istehsalat birliyinin Texnologiyalar markazi yaradilmig, IATA institutunun yeni ofisi
vo Aerokosmik monitoring morkazi istifadoys verilmisdir.

Milli Aviasiya Akademiyasi tohsilin saviyyasi, toloba vo mozunlarin ugurlari, elmi vo prak-
tiki naticalori ilo hagli olaraq foxr edir.

Infrastrukturun v logistik inkisafin Azorbaycan igtisadiyyat: ii¢iin son doraca vacibliyini
nozars alan Milli Aviasiya Akademiyasi, Azarbaycan Miihandislik Akademiyasi vo onun elmi-
texniki organi olan “Azarbaycan Miihandislik Akademiyasinin Xoborlori” jurnali ilo six amokdas-
liq edir. Bir sira mithiim layihalarin yerina yetirilmasinda Azarbaycan Miihandislik Akademiyasi
ilo birgo foaliyyat gostoarir.

Azorbaycan Miihandislik Akademiyast Milli Aviasiya Akademiyasinin kollektivini
30 illik Yubiley miinasibatilo somimi golbdon tobrik edir, onlara méhkom can saghigi vo omok
foaliyyatindo ugurlar arzulayir!

“Azarbaycan Miihandislik Akademiyasinin Xobarlari”
elmi-texniki jurnalinin redaksiyast
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Abstract

In the article, as a result of the examination of the available navigation data on the specific charac-
teristics of the processes of approaching and landing a safe place in crosswind conditions, appropriate
ways and methods are shown to avoid the danger that may occur in order to ensure safety at each stage of
the landing process. Appropriate software has been developed for the purpose of ensuring safety in the
mentioned stages for the practical implementation of the researches and proposed methods. The developed
software helps users (pilots) to avoid deadlocks during landing, as well as to increase their level of profes-
sionalism, so that during the implementation of the program, users can gain experience in this direction,
and during training in the training centers of aviation specialists, this software tool, like other software
products, can be used. they can also check their knowledge with the committee.

Keywords: crosswind, crab methods, low-wing methods, software, side loads, plane.
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Carpaz kiilokdas yaxinlasma va enma prosesi,

onun program taminat

I.M. Ismayilov, U.V. Habibullayeva
Azarbaycan Milli Aviasiya Akademiyasit (Mardakan pr. 30, Baki, AZ1045, Azarbaycan)

Yazisma iiciin: Hobibullayeva Ulker / e-mail: hebibullayevaulker@gmail.com

Xiilasa

Mogalods ¢arpaz kiilok saraitinds toyyaranin tohliikasiz yers yaxinlagsmasi vo enmasi proseslarinin
spesifik xiisusiyyatlori barasinde moévcud navigasiya molumatlarinin arasdirilmasi naticasindo enma
prosesinin har bir marholasinds tohliikasizliyi tamin etmoak mogsadilo bas vers bilocok tohlitkadon qagmaq
liclin miivafiq yollar va iisullar gostorilmigdir. Aparilmis aragdirmalarin va toklif olunan tisullarin praktiki
realizosi tgiin geyd olunan morholalordo tohliikasizliyin tomin edilmasi mogsadilo miivafiq proqram
tominat1 islonilmisdir. Islonilmis program tominati enmo zamam istifadogilorin (pilotlarin) ¢ixilmaz
vaziyyatlordon qagmalarina, homginin onlarin pesokarliq soviyyasinin yiiksaldilmasino xidmot edir, belo
ki, programin realizasi zamani istifadagilor bu istigamatdo ham tacriiba gazana bilor, hom do aviasiya
miitoxassislorinin trenajor morkazlorinds tolim zamani digor program tominatlart kimi bu proqram
vasitosinin kémayi ilo do 6z biliklarini yoxlaya bilarlor .
Acar sozlor:  toyyara, carpaz kiilok, krab iisulu, asagi qanad iisulu, program taminati, yan yiiklar.
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IIpouecc 3axo0aa HA MOCAAKY M CHUKEHUS CaMOJIeTa NP
NMOMEePEeYHOM BeTpe, €ero NPorpaMMHoe odecreyeHme
N.M. Ucmaunnos, Y.B. Xa0u0y/i1aesa

Asepbaiioscancraa Hayuonanvnas akademus asuayuu (Mapoakanckuii np., 30, baxy, AZ1045,
Azepbatiodican)
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AHHOTAUA

B craTthe B pe3ynbTaTe aHanM3a CyHISCTBYIOIIMX HABHTAIIMOHHBIX COOOIIEHHWH O CIeHU(PUUECKUX
0COOEHHOCTSX MPOIECCOB OE30IMacCHOro 3ax0/a Ha MOCAJKy U MOCAJKU CaMOJIeTa B YCIOBHUSX MEpeKpecT-
HOTO BETpa YKa3aHbl COOTBETCTBYIOIUE MYTH U CIIOCOOBI JUIs M30eraHus OT MPEAIoIaraeMoi yrpo3sl C
Henbio o0ecrieueHns: 0€30MaCHOCTH Ha KaKJOM dTaIle Mpolecca Mocaaky. [ mpakTudeckoit peann3ayun
MPOBEICHHBIX MCCIICAOBAHUN M MpeJiaraeMbIX CIIOCO00B B OTMEUEHHBIX JTalax, a TAKKe ¢ LeNblo o0ec-
neyeHns: 0e30MacHOCTH pa3paboTaHO COOTBETCTBYIOIIEE MporpaMMHOe obecrniedeHne. JJaHHoe mporpamMm-
HOe 00ecreyeHue MO3BOJISIET MOJIb30BATEISIM (MTUIIOTaM) M30eKaTh OE3BBIXOJHOTO IMOJOKEHHMS, a TAKKe
MOBBIIIAET UX MPO(ECCHOHANBHBIH YPOBEHB, TaK KaK MPH pealli3aliy JaHHOH POrpaMMbl TIOJIb30BaTEIH
MPUOOPETAIOT ONBIT B 3TOM HAIPABJICHUHN M UMEIOT BO3MOXKHOCTH IMPOBEPUTH CBOM 3HAHUS BO BpeMs 00Y-
YEeHUS aBHALTMOHHBIX CHEIMAIMCTOB B TPEHAXKEPHBIX LIEHTPaX.
Kurouessle ciioBa: camonem, 60K08oU gemep, Kpabosvili Memoo, Memoo0 HUICHe20 Kpblid,

npocpamMmHoe obecneuerue, DOKo8ble HACPy3KU.
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The urgency of the problem
The descent process is one of the most

responsible and difficult processes. In this
case, the forces acting on the aircraft, side
loads, meteorological conditions, etc. should
be taken into account. The pilot must also be
aware of the situation and make the right deci-
sions. It is known that our city is called the
city of winds, and in such conditions there are
certain difficulties in the process of descent. If
the pilot does not make the right decisions at
the right time or is unable to compensate for
the situation, dangerous situations arise, and
sometimes catastrophic events can occur in
many areas. Therefore, like any other issue of
aviation, this issue is always widely studied by
experts, new methods are used for proper mas-
tering, saving time, the right approach and so
on. new proposals are submitted.

Problem statement

There are many methods that can be
used during the approach and descent in a
cross wind. The most common of these
methods are the crab and the low-wing meth-
od. Information about the methods was given
and their essence was explained. We create a
quiz in the C# programming language to test
the test tests on a given task and determine
how successfully we explain it based on the
statistics of the students' answers.

Problem solving

When the wind is blowing, the flight
may not be parallel to the runway or other
landing areas. In all cases, pilots must be pre-
pared to deal with any problems that may
arise. The same basic principles and factors
used in approaching and descending to a nor-
mal location also apply to wind approach and
descent; therefore, only the additional proce-
dures required to correct the wind slip are dis-
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cussed here. Crosswind landings are actually
more difficult than crosswind takeoffs. In fact,
instead of speeding up the flight of the plane,
it creates various problems related to reducing
the speed and ensuring accurate control [1].

There are two usual methods of cross-
wind approach and landings — the crab meth-
ods and the wing-low (sideslip) methods. Alt-
hough the crab method makes it easier to hold
the pilot during the final approach, it requires
a high degree of judgment and time to remove
the crab immediately before the touch. Alt-
hough a combination of both methods can be
used, in most cases the sideslip method is rec-
ommended [2, 3].

Crosswind Final Approach
The crab method is performed by

building a head facing the wind at the level of
the wings. The airplane’s ground track re-
mains aligned with the centerline of the run-
way (Fig.1).

—= =N
g 4 4 B S 3\ N

Figure 1 — Crabbed approach

This angle of inclination must be adjust-
ed to the longitudinal axis of the aircraft so
that the wheels don’t come into contact with
the runway. One option during a long final
approach is to use the crab method before
round out. Then, for the rest of the descent,
conveniently switch to the low-wing method.
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The wing-down (side-sliding) method
compensates for the angular wind on all sides.
Most importantly, it maintains the aircraft's
track and longitudinal axis on the ground
during the final approach, rounding, landing,
and post-landing turn in accordance with the
center line of the runway. The presence of side
loads prevents the aircraft from bending
downwards and landing. To use the low-wing
method, we adjust the head of the aircraft with
the centerline runway. We note the speed and
direction of the landslide (Fig.2).

< > F=.
SR AAMNN

Figure 2 — Sideslip approach

We immediately apply the sliding cor-
rection by lowering the upper wing of the
wind. The amount of wing that needs to be
lowered depends on the sliding speed. When
the wing is lowered, the plane tends to turn in
that direction. To compensate for the turn, it is
necessary to apply sufficient reverse steering
pressure at the same time to adjust the longi-
tudinal axis of the aircraft to the runway [3].
The drift is controlled with aileron and the
heading with rudder. The plane is now
entering the side wind. As a result, both the
flight path and the ground track are adapted to
runway. If the wind decreases, the plane be-
gins to move away from the approach you
want (Fig.3).
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Figure 3 — Crosswind approach and landing

To correct the diagonal wind, the wing
is lowered significantly to increase wind
sliding. This results in an increase in the air-
craft's propensity to turn.

Since turning is not desirable, significant
reverse steering must be used to ensure that
the longitudinal axis of the aircraft conforms
to the runway. Some aircraft may not have
enough steering gear to compensate for the
strong turning tendency caused by the angle of
the steep edge. If the required edge angle is
such that the exact steering wheel does not
prevent rotation, the wind is too strong to land
the aircraft safely in the runway under these
conditions. It is important to land at a more
convenient runway at the same airport or at
another airport, as the capacity of the aircraft
is exceeded.

Because they tend to have a stabilizing
effect on the aircraft, wing backs are used in
most approaches. The degree of elongation of
the wings varies depending on the control
characteristics of the aircraft and the wind
speed.

Crosswind Round out (Flare)

Round out is generally performed as a
normal landing approximation, but cross-wind
correction is continued as needed to prevent
landslides. As the air speed decreases during
the flight, flight controls gradually become
less effective. As a result, the correction of the
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cross wind is insufficient. When using the
low-wing method, it is necessary to gradually
increase the bending of the steering wheel and
ailerons to maintain the required amount of
sliding correction. It is necessary to straighten
the wings and keep them above the wind
throughout the circuit.

If the wings are straightened, the plane
begins to slide. The main purpose is to land
the plane without side loads during flight [4].

Crosswind Touchdown

If the sliding method is used in the final
approach and rounding, the crab should be
removed immediately without touching it by
applying the reverse steering wheel to align
the longitudinal axis of the plane with the di-
rection of movement. This must be done in a
timely and accurate manner. Failure to do so
will result in severe side loads on the landing
gear.

If the low-wing method is used, the
crosswind correction is maintained throughout
the circuit and the main wheel moving up-
wards is touched. When the aircraft lands in
strong wind conditions, the crosswind correc-
tion must be adjusted immediately to ensure
that the aircraft does not slip. As the forward
speed decreases after the initial contact, the
weight of the aircraft causes the main wheel,
which is descending, to gradually settle on the
runway.

In these aircraft, where the steering
wheel and brakes are connected, the nose
wheel does not fit into the runway because the
wheels are down, because it is held in the
crosswind correction. The corrective steering
pressure must be released immediately when
the nose wheel touches down to prevent the
nose wheel from bending in the offset di-
rection.
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Crosswind After-Landing roll

Particular care should be taken to main-
tain directional control with the steering wheel
or nose wheel, especially during after-landing
roll. When an airplane takes off, it moves with
the mass of air it is flying, regardless of direc-
tion and speed. When the plane is on the
ground, it cannot move with the air mass due
to the resistance created by the friction on the
wheels. Typically, the aircraft has a larger pro-
file or side area behind the main landing gear.
When the main wheels act as a turning point
and have a larger surface exposed to the
crosswind behind this turning point, the air-
craft tends to rotate or take off with the wind
[5, 6].

The wind that moves in an airplane dur-
ing a wide crosswind is the result of two fac-
tors. One is a natural wind moving in the di-
rection of the air mass, and the other caused
by the forward motion of the aircraft and
moves parallel to the direction of movement.
As a result, the cross wind has a wind compo-
nent when the plane is moving along the
ground track and a wind component that
moves 90° in its path. The resulting or relative
wind is somewhere between the two compo-
nents. As the speed of the aircraft decreases
after landing, the reverse wind component de-
creases and the relative wind has a more
windy component. The greater the cross wind,
the harder it is to prevent climate change.

During a landslide, the tire load caused
by runway contact often causes rolling in
three-wheeled aircraft. The main factors are
edge angle and side load. The edge angle is
the angle difference between the tire head and
the track. Side load occurs when the track and
head of the load-bearing wheel differ. Accom-
panied by tire deformation.



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2022, cild 14, Ne 4,5.14-20
Ismayilov .M., Habibullayeva U.N.

Herald of the Azerbaijan Engineering Academy
2022, vol. 14, no. 4, pp. 14-20
Ismayilov .M., Habibullayeva U.V.

Although the side load varies on dif-
ferrent tires and air pressures, it is not com-
pletely dependent on speed. It is directly pro-
portional to the bending angle at a significant
distance and the weight supported by the
wheel. An angle of rotation of 10° creates a
side load equal to half of the supported
weight; After 20°, the side load does not in-
crease with the angle of rotation.

For high-wing, three-wheeled aircraft,
there is a turning angle where rolling is inevi-
table. The axis of rotation is the line connect-
ing the nose and the main wheels. Rolling can
be prevented by using an aileron, steering
wheel or steered nose wheel, rather than
braking at small angles. More ailerons are
used to keep the wind wing from lifting while
the plane is slowing down after landing. As
the plane slows down, there is less airflow
around the ailerons and it is less efficient.

At the same time, there is more cross-
wind than relative wind, and more lifting force
applied to the upper wing of the wind.

Common errors in cross-wind approach-
es and descents are as follows [3]:

* Attempt to land the aircraft in cross-wind

conditions exceeding the maximum specified
wind component;

#* Insufficient compensation for wind slip-
page when the base leg returns to the final ap-
proach;

#*  Insufficient compensation for wind shear
in the last approach;

#* Unstable approach;

#* Failure to compensate for increased fric-
tion during lateral landslides, resulting in ex-
cessive sinking rate and / or very low air ve-
locity;

#*  Touch while sliding;

#*  Excessive air velocity during weaving;

* Non-application of flight control inputs
during navigation;

#* Lack of direction control while rollout;

#*  Excessive braking;

#*  Loss of control of the aircraft.

The software was created in the C#
programming language, and forms were cre-
ated accordingly. In the first form, 2 known
methods and when to use them are mentioned.
It is important to read the data before compil-
ing the tests (Fig. 4-7).

Crabbed and Slideslip Approach

The crab method uses before round out

The low-wing method is what compensates for the angular wind on all sides

— —=
s ARuw

Read the document for more information

Figure 4 — Form 1

Test
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Do Test and check yourself
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a)Unstable approach

b)Touch while sliding

c)Excessive braking

Common errors in crosswind approaches and landings aren't

d)Delay in initiating a go-around

Figure 5 — Test’s form

Common errors in crosswind approaches and landings aren't

a)Unstable approach
b)Touch while sliding
¢)Excessive braking

d)Delay in initiating a go-around
o

s o
D_D

o o o

Figure 6 — Correctly answer

Conclusion

Questions are compiled based on the in-
formation obtained. Based on these questions,
a certain base is created. Tests are used to
check knowledge during application. If the
answers of the participants are weak, then, of
course, we may make mistakes. So we need to
improve our teaching methods. Accordingly, it

As the plane slows down. there is ..
ailerons and it is ... efficient.

. airflow around the

a)less.more
b)more.more
©)less less

d)more.less

) 0o

o
o

Figure 7 — Wrong answer

is possible to write animations for events,
small programs of different game types.
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Abstract

One of the modern systems capable of countering the threat of terrorism in the air transport is a bi-
ometric identification system. An important issue in improving the aviation security system is also a pro-
tection of the biometric information and the biometric systems. The methodological basis of study, con-
ducted in this article, is the analysis of mathematical models of the biometric identification systems. The
application of software and hardware systems for the protection of biometric information is considered,
and the main methods for identifying parameters and patterns of biometric identification are analyzed.
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Xiilasa

Hava nogliyyatinda terror tohliikosine qarst durmaga qadir olan miiasir sistemlordon biri do
biometrik identifikasiya sistemidir. Aviasiya tohliikasizliyi sisteminin tokmillosdirilmasinds miihiim
masalo hom do biometrik malumatlarin vo biometrik sistemlorin miihafizasidir. Bu mogalods aparilan
tadgigatin metodoloji asasin1 biometrik identifikasiya sistemlarinin riyazi modellorinin tohlili toskil edir,
biometrik malumatlarin miihafizasi iigiin proqram va aparat sistemlarinin istifadasi nozordon kegirilir vo
biometrik identifikasiyanin parametrlorinin vo ganunauygunluglarinin mioyyanlogdirilmosinin asas
tisullari tohlil edilmigdir.

Acar sozlar:  biometriya, identifikasiya, biometrik xzisusiyyat, biometrik sablon.
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3amuTa OMoMeTpuYecKko HHPoOpPMAIIMHM B PAMKAX Mpoueayp
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AHHOTAIIUSA

OnHOI M3 COBPEMEHHBIX CHCTEM, CIIOCOOHBIX IPOTHBOCTOSTH YTPO3€ TEPPOpHU3Ma HA BO3ILYIITHOM
TPAHCIIOPTE, ABJIACTCA 61/IOMeTpI/I‘-IeCKaH cucrema I/IJICHTI/I(I)I/IKaIJ;I/II/I. HemanoBaxHBIM BOIIPpOCOM B COBEP-
LICHCTBOBAHMM CHCTEMbI aBHALIMOHHON O€30MaCHOCTHU SBJISIETCS TAKKE 3alluTa OnoMeTpuieckoil nHGop-
MaIlui ¥ OMOMETPHUYECKUX CUCTEM. MeTOHO0IOTHYECKyI0 OCHOBY MCCII€A0BaHNUs, IIPOBEIEHHOTO B TAHHON
CTaThe, COCTABISICT aHAIN3 MaTeMAaTWYeCKUX Mojelied cucTteM OnoMeTpuveckor wuieHtugukanmu. Pac-
CMaTpHUBAETCsl MPUMEHEHNE MPOrpaMMHO-ANNapaTHbIX KOMIUIEKCOB JAJSl 3aIlUThl OMOMETPUYEeCKOH WH-
¢dopmannu, a TaKke aHAJIM3UPYIOTCS OCHOBHBIE METOABI BBISBICHUS MapaMeTpOB U 3aKOHOMEPHOCTEH
OMOMETPUICCKON HIeHTH(DUKAITIH.

Karouessie cioBa: buomempus, uoenmugpuxayus, OUOMemMPUYECKUli NPUSHAK, OUOMEMPUYEeCKUl
wabno.
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BBeagenue

['paxxnanckas aBuauusi Ha JAaHHBIA MO-
MEHT SBJISIETCA TPAHCIOPTHBIM CEKTOPOM,
HamOoJee TMOJABEPKCHHBIM  UYPE3BbIYAHHBIM

CUTyallusiM - aKThl HE3aKOHHOTO BMeEIla-
TEJBCTBA OTPUIATEIILHO CKa3bIBAIOTCS Ha pa-
00Te MaHHOTO cekTopa TpaHcmopra. Obecrme-
YyeHHEe aBUAIlMOHHOM O€30MacHOCTH CTOMT Ha
IIEPBOM MECTE CpPEIu OCHOBHBIX 3a/1au Tpax-
JAHCKOM aBHAIlHH.

besomacHoctu yaensercs ocoboe BHU-
MaHHUE B CBSI3H C 00OCTPEHUEM TOJUTHYECKO-
ro ¥ SKOHOMHYECKOTO MIMUOHAXKA, MEXTyHa-
POJTHOTO TeppopH3Ma, HAMOHAIN3MA, PA3KH-
raHusl WJCOJIOTMYECKUX M PEIUTHO3HBIX pac-
npei.

B pamkax nesTenbHOCTH TOCydapcTBa
METOJIbI OOPHOBI C TEPPOPU3MOM B MPABOBOM
Y OpPTaHHU3AIIMIOHHOM aCIIeKTe 3aKJIFOYAIOTCS B
MPEIYIPEKTCHUN U TTPECCUCHUH TEPPOPUCTH-
YECKUX AaKTOB, OCYIICCTBICHUH COBMECTHBIX
MEPOTPHUATHIA TPABOOXPAHUTEIHHBIX OPTraHOB
M0 BBISBICHHUIO TEPPOPUCTUUYECKUX YIPO3 H
OCYXXJIEHUIO TeppOpU3Ma Ha MUPOBOM yPOBHE.
C 70-x roIoB MPOLLIOTO BEKa TEPPOPUCTHI
COBEpIIANId TEPPOPUCTHUUECKHUE AKTHI, MPOXO-
I TYHKTHl TACMOPTHOTO KOHTPOJS B a’po-
MopTax M JAPYTHUX CTPATETHYECKUX OOBEKTaXx,
WCTIOJIB3Ys TIOJIICITBHBIE MAacIopTa U MPoe3]i-
HBIC JOKYMEHTHI.

OnHOW W3 COBPEMEHHBIX CHCTEM, CIIO-
COOHBIX MPOTUBOCTOSATH JaHHBIM Yrpo3am,
SIBIISIETCSL OUOMEMPUYECKAA CUCMeMAa UOeH-
muguxkayuu. B 1ensx TPOTHBOCTOSHUS
yrpo3aM TEepCIeKTUBHBIM HAIPABJICHUEM CO-
BEPIICHCTBOBAHUS CHUCTEMBl aBUAI[MOHHOMN
0€30MMaCHOCTH  aBHANPEANIPUATHN  SBISICTCS
BHEJIpEHNE OMOMETPUUECKHUX TEXHOJOTHM.

HemanmoBaxHpIM BOIIPOCOM B COBEp-
[IEHCTBOBAHUU CHCTEMBI aBHAIIMOHHON 0€30-

IIACHOCTH ABJIACTCA TAKXKC 3alllUTa GI/IOMeTpI/I-
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4yecKkol MH(POPMAIMK 1 OMOMETPUYECKHUX CH-
creM. [lomy4yeHHass HE3aKOHHBIM ITyTeM OHO-
MeTpUYecKass MHPOpPMalus WIA aTakh 3J10-
YMBIIIIJICHHUKA HA OMOMETPHUYECKYIO CHCTEMY
MOYKET OBITh HCIIOJIb30BaHa B OCYIIECTBICHUU
TEPPOPUCTUYECKUX AaKTOB Ha BO3AYLIHOM
TpaHcropTe. XPOHOJIOTUSI TEPPOPUCTUIECKUX
aKTOB yKa3bIBaeT Ha TO, YTO JJIsl 00ECTICYCHUS
0€30MacHOCTH  TPaXIAHCKOH aBHALUM U
IpeIOTBPAICHUS] aKTOB HE3aKOHHOT'O BMeIla-
TEJILCTBA B €€ ACATCIBbHOCTh OOJIXKHO OBITE
aKIEHTUPOBAHO 0CO00€ BHMMAaHHUE MPHU IPO-
BE/ICHUU TAaCIIOPTHOTO KOHTPOJIS.

OnHOM M3 OCHOBHBIX M COBPEMEHHBIX
TEXHOJIOTUH, 00eCIeUyNBAIONINX OE30IaCHOCTD
JTAHHOTO MPOIIeCca Ha BHICOKOM YPOBHE, SIBIISI-
ercsi Ouomempuueckasa mexHonozusa. buo-
METPUYECKHE TEXHOJIOTHH Ha JAHHBIH MOMEHT
HCIIOJIB3YIOTCA B pa3JIMYHBIX C(bean ACATCIIb-
HOCTH Y TIOKa3bIBAIOT CBOIO HAJEKHOCTH. JlJist
oOecrieueHHss 0€30MAaCHOCTH  TPakJaHCKOM
aBUAllMM BAXXHO H3Y4YCHHC I[aHHOI\/JI TEXHOJIO-
MU U JalibHelee NpuMeHeHne e€ B Ipax-

JTAaHCKOW aBHAIIWH.

Ileap padoThI COCTOUT B PEIIEHUHU TEO-
PETUYECKUX U MPUKIAJHBIX BOIPOCOB HC-
M0JIb30BaHNS OMOMETPUYECKUX CHCTEM HJIEH-
TuduKanuu a8 obecrieyeHus] aBUAlMOHHOU
0€30I1aCHOCTH.

ITocTtanoBKka 3agaun

bruomerpuueckie TeXHOIOTUH SBISIOTCS
OTBETHOW peakiueil Ha yJajleHHe METOOB,
TPAIUIIMOHHO UCTIONB3YIOUIMXCS AT UJICHTH-
¢bukanuy noao3puUTeNnbHbIX Jull. C MOMOIIBIO
TAKOTO BHJIA MIACHTHU(PHKAIIMA MOXXHO OTCIIe-
JIUTh BCE MEPEMEIICHUsT WHAUBHIA, KOTOpBIE
OH OCYILECTBIISLI.

Bceobiiee BHeapeHHe OMOMETPUYECKHX
TEXHOJIOTUH HICHTU(PUKAIIMH JacT BO3MOX-
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HOCTb IMPOTUBOJACWUCTBOBATh  XapaKTEPHOM
4yepTe TEPpOpU3Ma — aHOHUMHOCTH. “MneHTu-
¢unmpoBats” - 03HaYaeT CAEIATh HEU3BECT-
HOT'O YeJIOBEKAa M3BECTHBIM, C IIOMOILBIO CTa-
OMITBbHBIX MeTO0B uiaeHTuuKanuu [1]. Ho u
B JIaHHOM METOJIE €CTh CBOM OIPEICIIEHHBIE
HEJOCTaTKU U MpoOieMbl npuMeHeHus. buo-
METPHUUYECKHE CUCTEMBI PACIIO3HAIOT JIFO/IeH Ha
OCHOBE X (DPU3HOJOTHYECKHX OCOOCHHOCTEH
(pamyxHOiIl 000JOYKH, OTHEYATKOB MajbIIeB,
roioca, obpasza JMna, pucyHKa JHHHUN JaJ0-
HU) WU MOBEJEHYECKUX 4epT (IIOANHUCH, MO-
X0JKH). B oTnuume ot maponeu, rie Hyx HO
[IOJIHOE COOTBETCTBUE BBEIEHHOTO BaMM Ia-
ponsi, Ouomerpuyeckas cucremMa HICHTU(DU-
Kallul OCHOBBIBAETCSI Ha CTEMEHH CXOXKECTH
IBYX OMOMETPUYECKUX 00pasloB.

Ecamn nocMoTpeTh Ha Halll COBPEMEHHBII
o0pa3 XK13HH, OMOMETPUYECKUMHU CHCTEMaMU
MBI TIOJIb3YeMCs TOCTOSTHHO. MBI pa30oKupy-
eM TeneoH C MOMOIIBI0 OTHeYaTKa Majblia,
MIPOU3BOJIUM TpPAH3AKIMK ¢ OAaHKOBCKOM Kap-
ThI pu oMot FacelD u muoroe apyroe. Ho
€CTh OJIHa OCOOEHHOCTh, KOTOpasi 3aCTaBIIsIeT
HAC COCPEIOTOYHUTH BCE PeCcypcChl A obecre-
yeHusi Oe30MacHOCTH JaHHOU cuctembl. Eciu
napoib uin xe |D kapTy mpu Kpaske Mbl MO-
XKeM 3a0JI0KHpOBaTh U MOMEHSATH, TO B CIy4ae
OMOMETPUYECKUX CHCTEM TaKO€ HEBO3MOXKHO.
buomerpuuecknii mpu3HaK Ma€rcs HaM IpH
POKIICHUH U SBJISICTCSI HEM3MEHHBIM Ha TIPO-
TSPKEHUU BCEro *KU3HEHHoro nukna. U “cme-
HUTBH” €ro y HacC He MOJYyUUTCH.

buomerpuueckasi cucteMa Takxe MOXKET
OBITh CKOMIIPOMETHpPOBaHA B pe3yJbTaTe
aTak, KOTOpPbIE MOTYT TPOBOAHUTHCS IyTEM
B3JIOMa CHCTEMbI OMOMETPUYECKON HIEHTH-
¢dbukanuu yepe3 MHCAUIEPOB, YHPABISIOLIUX
JTAHHOW CUCTEMOM. 3JIOYMBIIUICHHUKH TaKXe
MOTYT OKa3aTh BO3JCHCTBHE HAa OUOMETpH-
YECKYI0 CHUCTEMY IOCPEJICTBOM MPSIMBIX aTak
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Ha CKaHUPYIOUIUE JaTYMKH, MOJYJIU IKCTPAK-
[[UU YepPT WIH MOAYJIH COMOCTAaBJICHUs. TaKkxke
aTakkd MOTYT ObITh HalpaBJICHbl Ha MOBpE-
KACHHE TMO0 TepexBaT WHQPOPMAIUH B CO-
CIMHUTEIBHBIX Yy3lIaX, MO0 B camoii 0ase
JIAHHBIX I11a0JIOHOB.

Kak e 3aluTUTh Takylo TI00alTbHYIO
CHCTEMY OT aTaK 3JI0yMBINUICHHUKOB?

Pemienne 3agaun

BCC aTaKu, HpOI/I3BOILI/IMI)Ie Ha pa3qu-
HbIE€ MOJlyJI1 OMOMETPUYECKOW CUCTEMBI, MO-
r'yT OBITh B PaBHOH CTENEHU HCIIOIb30BATHCS
JUTSL Pa3JIMYHBIX CIIOCOOO0B UICHTH(HKAIHH.

B mpomecce mnpoBeaeHuss OwOMETpH-
YECKOH  HMJICHTH(UKALNH
OBITh IOJIBEPKEHA aTaKaM 3JI0YMBIIIICHHUKOB

CHUCTEMAa MOXKCET

Ha pa3HbIX dTanax:
1) aTaka Ha yCTpOICTBO BBOJA;

2) aTraka Ha KaHaJ CBSI3H;

3) aTaka Ha MapaMeTpU3alMI0 CUTHAJIA;

4) araka Ha KaHaJ Mepelayu CUTHAJIA;

5) aTaka Ha 3JIEMEHT CpaBHCHHUS MapaMeTpa 1
mabJIoHa;

6) aTaka Ha JIEMEHT CpPaBHEHHS;

7) aTaka Ha KaHaJ CBsI3U ¢ 06a30ii;

8) araka Ha HJIIEMEHT PETUCTPALIUY;

9) araka Ha KaHAJI MEXIy JJEMEHTOM pPEru-
cTparuu u 6a30ii;

10) aTaka Ha seMeHT 0a3bl;

11) araka Ha mpuIO)KEHUE.

Bce mepeuncrneHHbIe BBINNIE aTaKu SB-
JISIOTCS CXOXKUMH ISl TIO0OM CHUCTEMBI OHO-
METPUYECKON HuAeHTU(UKanuu. 3amuTta Ouo-
METPUYECKON CHUCTEMBI OT TMOJOOHBIX aTaKk
3aKITI0YAaeTCsl B WCIIOJIb30BAaHUH BPEMEHHBIX
METOK, MHU(PPOBAHUS OTKPHITOrO KaHaia Iie-
penaun OMOMETPUYECKUX JAaHHBIX U U(PPOBO-
ro koxupoBanusi [2]. Ha puc 1 mpoaemon-
CTPUPOBAHBI TUIMYHBIE aTaku Ha OMOMETpH-
YEeCKHUE CHCTEMBI.
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Pucynok 1 — O6mas cxema ayTeHTH()UKAINN ¢ 0003HAYCHHBIMA aTaKaMu
Figure 1 — General authentication scheme with identity attacks

Nwmeercs qBa oOMIMX MPUHITUIIA 3AIUATHI
OMOMEeTpUYECKUX I1a0JIOHOB: OHOMeTpHuec-
KHe KPHUIITOCUCTEMBI U TpaHcdopmarusi Ono-
METPUYECKUX YepT.

B cnyuae mpancgpopmayuu ouomem-
puyeckux uepm (puc.2a) 3alUIICHHBIN 11a0-
JIOH TIOJIY4Y€H 3a c4YeT NpUMEHEeHHUs HeoOpaTH-
MOH QyHKIMH TpaHchOpMalMU K OpUTHHAITY
mabnona. Takas Tpancopmarusi 0ObIYHO OC-
HOBaHAa Ha WHIWBHIYaJIbHBIX XapaKTEPUCTH-
Kax mosb3oBaTens. B mporecce ayreHTH(U-
Kalliu CHCTEMa MPUMEHSET Ty ke (pyHKIIo
TpaHc(hOpMaIMH K 3aIpOCy, W COMOCTABICHUE
MIPOUCXOIUT YK€ U TPaHCHOPMUPOBAHHOTO
obpasma [3, 4].

Buomempuueckue  Kpunmocucmemol
(puc. 20) XpaHsIT TOJBKO HEOOBIION MPOIEHT
uHpoOpMalny, MOIyYeHHONH u3 OmomMeTrpudec-
KOTO IIa0JIOHA, - 9Ta YacTh HAa3bIBACTCS 3AUiU-
wennovim Ickuzom (secure sketch). Xors ero
CaMoTO HEJOCTAaTOYHO JUISi BOCCTAHOBIICHHSI
OpPUTMHAIILHOTO TIA0JIOHA, OH BCE K€ COAIep-
KHUT JOCTaTOYHOE KOJUYECTBO JAHHBIX IS
BOCCTAHOBJICHHA IIa0JIOHA MIPU HAJIMYUU JIPY-

25

roro OMOMETpHUYECKOro oOpasla, MO0XO0KEero
Ha TTOJTyYEHHBIN PU PETUCTPAIIIH.

3aluIIeHHbIA 3CKU3 00BIYHO MOJYYaloT
IyTeM CBSI3bIBaHHUSI OMOMETPUYECKOro Iad-
JIOHA ¢ KpUOTOrpaUyECKUM KIIFOUOM, OJTHAKO
3alUIIEHHBIN 3CKU3 - 3TO HE TO K€ CaMoe,
4yTOo OMOMeTpuYecKuil 1malioH, 3amudpoBaH-
HBIH C TMOMOUIBIO CTAaHAAPTHBIX MeTo/10B. Ko-
rla CUCTeME IPEAOCTaBISAIOT OHOMETpuYec-
KUH 3ampoc, JOCTaTOYHO IMOXOXKMH Ha m1ad-
JIOH, OHA MOYET BOCCTAaHOBHUTH W OPUTHHAIb-
HBI TIa0JIOH, W KPHUITOKIIOY C TIOMOIIBIO
CTaHJAPTHBIX METO/OB PACIIO3HABAHHS OIIH-
OOK.

[Tpu o6bruHOM KpunTorpaduu 3ammud-
pOBaHHBIA MA0JIOH M KIIHOY paciiu(poBKH -
3TO JIBa Pa3HbIX DJIEMEHTa, W INAOJIOH 3allu-
IIeH, TOJBKO €CJIM 3alyileH M Kimod. B 3a-
[IUIEHHOM Ia0JIOHE K€ WHKAICYIHUPYIOTCS
OJTHOBPEMEHHO W OMOMETpHUUECKHil TIabI0H, 1
kpuntorpadpuueckuid kmod. Hu xmrod, HH
11a0JIOH HEJb3s BOCCTAHOBHUTBH, UMES TOJIBKO
3aIIULIEHHBIN 3CKU3.
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PucyHok 2 — 3amiura 1mabJoHOB ¢ TOMOIIBIO:

a - TpaHC(OpPMALIUU OMOMETPUIECKUX YePT; O - OHOMETPHUUCCKUX KPUIITOCHCTEM
Figure 2 — Protection of templateswiththehelp of:
a - transformation of biometricfeatures; b — biometriccryptosystems
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[ToMrMO BBINIENIEPEUYNUCIICHHBIX METO-
JIOB, K OJHUM W3 HauOoJiee MPOTPECCUBHBIX
METOJIOB 3aIUThl OUOMETPUYIECKON MHPOpMa-
UUA MOXXHO OTHECTH 2udpuonoe wudpo-
éanue — M (pOBaHUE C OTKPHITBIM U CUMMET-
PUYHBIM KItoUoM. 3ammdpoBaHHas HHOOP-
MaIysi MPepbIBACTCS OTKPBITHIM KIFOYOM, a
TaKXKe 00ecreYrBaeT CUMMETPHYHOE IH(PO-
BaHue. B 3T0il cxeme mopt u cepBep CO3MaI0T
CUMMETPUYHBIN K04 W mMUPPYOT UHGOOP-
MAaIMI0 4epe3 Hero. 3aTeM OHHU HCIOJB3YIOT

WHAPOBAHHE

OJIMH U3 OTKPBITBIX KIFOUYEH sl IH(poBaHUs
CUMMETPHYHOTO.

IudpoBanre BO3MOXKHO TOJIBKO C IO-
MOIIBIO KJIF0YA, UCTIOIB3YEMOT0 B MPOLEAype
B TO Bpems (puc. 3).

[lpu nmoctyne K cepBepy JIMYHAs HH-
dopmanusi coxpaHseTcss Kak I0Jb30BaTelb-
CKOe MMsI B MMCHH IEPCOHAJBHOIO CepBepa,
HO Ouomerpuyeckas UH(OpPMAIHS PErUCTPH-
pyercss Ha OMOMETPUYECKOM CepBepe M Xpa-
HUTCS B 321 (DPOBAHHOM COCTOSTHHH [5].

coodwWeHHA
coobLeHme >

alKPpoBaHHoE
coofleHHe

LEWHDPOBaHHE
COOGWEHHA

coohleHve

WHBPOBAHHE

baob

LEWHDPOBAHHE

Anvca KMhoHa

CeaHCOBHIH
KNy

W

3alMtPOBAHHEI
Kk

Koda ;
CeaHCOBRIW

KON

OTKPBITEIA
kmiod Boba

3aKPLITEIA
kmiod Boba

Pucynox 3 — [lepenaun 1aHHBIX C NCTIOJIB30BAHUEM THOPHUIHOTO IIHU(PPOBAHUS

Figure 3 — Data transmission using hybrid encryption

JTan OTHPaBKH:

e Anrica TeHepUpyeT CiaydyaillHbll ceaH-
COBBIN KIJIIOY,

e cooOmieHne Anucel mudpyercs ceaH-
COBBIM KJIFOUOM (C TTOMOIIbI0 CUMMETPUYHOTO
aJIrOpUTMa);

e CEaHCOBBII K04 MHU(PYETCS OTKPHI-
ThIM KIr04OoM boba (acMMMETpUUYHBIM aro-
pUTMOM);

e Anuca moceutaer boOy 3ammdpoBan-
HOE COOOIIEHHE U 3alHM(POBAHHBIM CEaHCO-
BBIN KIJIIOY.
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Jran npuéma:

e bo0 momnyuaer 3ammuppoBaHHOE CO00-
meHue AJMchl U 3aiu(ppoOBaHHBIN CEaHCOBBIM
KITI0Y;

e bo6 pacmmdpoBbIBaeT  CeaHCOBBIH
KITIOY CBOMIM 3aKPBITHIM KITFOYOM;

e IIPYU TTOMOIIY TOJTYYEHHOT'O TaKUM 00-
pa3om ceaHcoBoro kiwouya bo6 pacumg-
poBBIBaeT 3ammppoBaHHOE COOOIIeHNEe AJH-

CHI.
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[IpeumyiiecTBa JaHHOM cHUCTEMBI 3a-  3aKJIOYeHHe
KJIFOUAIOTCSl B pa3/ielICHUE KaxJOW 3alucu B [Ipoananu3upoBaHbl ~ MaTeMaTUYECKHE

OMOMETPHUYECKONW CUCTEME B 1B XPaHMIIHUIIA.
[lepBoe - s muuHON MH(OpPMAIUH, BTOPOE -
U1 OMOMETPHUYECKON HHPOPMALIUH.

BaxHO OTMETUTB, YTO KaXI0€ M3 ITHX
XpaHWIuIl OyneT conepkaTb N 3amucei, HO
3aIKCcH He OyIyT CBSI3aHbI APYT C Apyrom [6].

Taxkum 00pa3oM, ecii 3710yMBILIUIEHHUK
[OJIy4aeT JOCTYI K CepBepy, OH HE CMOXKET
pacro3HaTh CBSI3b MEXAY JUYHOU M OHMOMET-
pHuyecKoil nHpopManuei.

MOJICNIN CHCTEM OHOMETPUYECKOH HIICHTH-
¢uKanuu, pacCMOTPEHO IPHUMEHEHHE IpOr-
paMMHO-anmapaTHBIX KOMILJIEKCOB JUISl 3aIllH-
Thl OMOMETPUYECKOW MH(POpPMALUU, a TaKXKe
NPUBEICHBl OCHOBHBIE METOJIBI
napaMeTpoB U 3aKOHOMEpPHOCTEW OunoMmeTpu-
YeCKOW MIECHTU(UKAIINH.

BBIABJICHUS

KoH}ummKkT HHTEpecoB

ABTOp 3asBisieT 00 OTCYTCTBHUM KOH-
(bIUKTa UHTEPECOB, CBA3AHHBIX C MyOJIUKAIIU-
€l JaHHOW CTaThH.
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Abstract

A decrease in the surface temperature of friction pairs contributes to the intensification of the exo-
thermic reaction with the dissociation of ions of the surface layer of the polymer lining. The electrons
formed in the electrolyte are strongly oriented and their effective dipole moment is large, which leads to
the inversion of many currents according to the "polymer - metal” scheme; triboadsorbed gas is adsorbed
by the working surface of the metal, after which its chemical transformations occur; at the speed of tribo-
sorption and triboreaction of the same order, the chemical reaction is shifted towards the working surface
of the metal friction element; a change in the degree of dispersity and compactness of the phases that ap-
pear in the upper layer of the polymer lining, containing amorphous and vitreous substances, significantly
affects their chemical activity; in this case, it is necessary to take into account the change in the Gibbs en-
ergy of the surface layer of the polymer lining, which is associated with its temperature and heat content,
which affect the direction of shifting the equilibrium of the chemical reaction. When evaluating chemical
reactions in tribocouples of friction pairs, the following were determined mathematically: entropy produc-
tion at their elementary stages; forward and reverse reaction rates, equilibrium and affinity parameters
with access to the Onsager relations.
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Xiilasa

Magalads, ayloc qurgulariin triboqovsaqlarinda xotti rejimli geyri-miivazinat termodinamikasinin tadgiginin naticalori
togdim olunub. Siirtiinmo ciitlarinin sothi temperaturunun azalmasi polimer kiindanin sath tobagosinin ionlarinin dissosiasiyasi ilo
ekzotermik reaksiyanin giiclonmasinoe komok edir. Elektrolitdo amola golon elektronlar giiclii oriyentasiyalidir vo onlarin effektiv
dipol momenti boyiikdiir ki, bu da “polimer-metal” sxemins gors bir ¢ox corayanlarin inversiyasina gatirib ¢ixarir; triboadsorbsiya
edilmis qaz metalin is¢i sathi torsfindon adsorbsiya olunur ki, bunun da naticasinds, kimyoavi ¢evrilmslar bas verir; eyni qaydada,
tribosorbsiya siirati vo triboreaksiya zamani kimyovi reaksiya metal siirtiinmo elementinin is¢i sothine dogru siiriigiir; amorf vo
stisovari maddolori ehtiva edon polimer kiindonin iist tobagosinds omoalo golon fazalarin disperslik vo yigcamliq daracasinin
doyismosi, onlarin kimyavi foaliyyatino shomiyyatli doracads tosir gostorir. Bu zaman polimer kiindanin sath tabagasinin Gibbs
enerjisinin dayismasini nozors almaq lazimdir, hansi ki, onun kimyavi reaksiyanin tarazliginin yerdoyismo istigamatine tosir edon
temperatur vo istilik torkibi ilo baghdir. Siirtiinmo ciitlorinin triboqovsaqlarinda kimyovi reaksiyalar giymstlondirilorkon onlarin
elementar morhalslorinds entropiya istehsali vo Onsager nisbatlorine yaxinligi ilo birbasa vo oks reaksiya siiratlori, miivazinat
parametrlori riyazi yolla miioyyon edilib.
Agar sozlar:  ayloc qurgular, siirtiinma ciiti, friksion kiinda, kimyavi reaksiyalar va onlarin ardicilliglart.
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AHHOTALMA

IpuBOASATCS pe3yIbTaThl UCCIIEA0BAHNS HEPABHOBECHON TEPMOIMHAMUKH C TMHEWHBIMU PEKAMAMH B TPUOOCOTPSIKEHH-
SIX TOPMO3HBIX ycTpoicTB. CHI)KEHHE MTOBEPXHOCTHON TeMIIepaTyphl ap TPEHHs CIIOCOOCTBYET HHTEHCH(UKALUK IK30TepMUIe-
CKO#l PeaKIMH ¢ JUCCOMAIHEl HOHOB MIOBEPXHOCTHOTO CJIOS MOJMMEPHOM Hakmaaki. OOpa3yrommecs B 3JEKTPOIHUTE SIEKTPOHBI
CHUJIbBHO OPUCHTUPOBAHBI U UX S(b(beKTl/IBHbII\/'I ﬂHHOJ’lebIP’I MOMEHT BECJIUK, YTO BEAET K MHBCPCHU MHOXECTBA TOKOB IIO0 CXEME
«HOJIUMEp — MeTaJuDy; TprOoancopOUpOBaHHBIN ra3 ajcopoupyercst paboueil MOBEPXHOCTHIO METaJlIa, MOCIE YEero MPOUCXOIST
€ro XMMHUUYECKUE TPEBPAIIEHHUS; IPH CKOPOCTH TPUOOCOCPOIUH U TPUOOPEAKIIMHU OJHOTO MOPSIKA XUMUYECKash Peakiys CMela-
€TCsl B CTOPOHY paboueil MOBEPXHOCTH METAIUIMYECKOTO JIEMEHTA TPSHUsI, H3MEHEHNE CTEIIEHH TUCIEPCHOCTH U KOMITAKTHOCTH
(a3, BO3HUKAIOIINX B BEPXHEM CJIOE MMOJIMMEPHON HAKIAIKH, COIEPIKAIIIX aMOP(HBIE M CTEKIOBHUIHBIE BEIIECTBA, CYIIECTBEHHO
BJIMSICT HA UX XMMHYECKYIO0 aKTHBHOCTD; IIPHU 3TOM HEOOXOIMMO yIHTHIBATH U3MEHEHHE dHeprun [ m66ca MOBEPXHOCTHOTO CIIOST
MOJMMEPHON HAKIaJK{, KOTOPOE CBS3aHO C €ro TEeMIIepaTypoil U TEIUIOCOACpIKaHHEM, BIMSIONIME Ha HAMPaBICHUE CMELICHUS
paBHOBeCHs] XUMHUYECKON peakiuu. [Ipy orjeHKe XUMHUYECKUX Peakuuii B TPUOOCONPSDKEHUSIX Map TPEHUSI MAaTeMaTHYECKUM ITy-
TEM OIPEACISUIOCH: IPOU3BOJICTBA YHTPONUH HA IIEMEHTAPHBIX UX CTA/USIX; CKOPOCTH MPSMOl U 0OpaTHOM peakLuH, napamMmeTpbl
paBHOBeCHUs U CPOJICTBA C BHIXOAOM Ha cooTHoueHus OHcarepa.
KaroueBbie ciioBa: MOPMO3HOE YCMPOUCMB0, Napa MpeHusl, (PPUKYUOHHASL HAKIAOKA, XUMUHLECKUEe Peakyuu U ux nocie-

006amMenbHOCMU.
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Introduction

Irreversible processes, phenomena and
effects accompany the electrothermomechani-
cal frictional interaction of brake friction
pairs.

The distinction between reversible and
irreversible processes first entered thermody-
namics through the concept of "entropy". The
relationship between the irreversible processes
occurring in tribo-couples of friction pairs, for
example, between chemical reactions and
thermal conductivity, on the one hand, and the
rate of entropy increase, on the other, remains
hidden from researchers of thermodynamics.
Strongly non-equilibrium situations lead to
new space-time structures. For this reason, the
limitation of equilibrium situations, some es-
sential features of the behavior of matter and
energy. An example is the role of fluctuations.
The atomic structure of matter leads to fluctu-
ations. But at or near equilibrium, these fluc-
tuations do not have any important conse-
quences.

Indeed, a characteristic feature of equi-
librium thermodynamics is the existence of
principles of extrema. For isolated systems,
entropy increases and therefore reaches a max-
imum at equilibrium. In other situations (for
example, at constant temperature) there are
fluctuations called thermodynamic potentials,
which also have extremes (maxima or mini-
ma) in equilibrium.

State of the problem

The materials of the article [1] refer to
the testing technique used to study the pro-
cesses of tribocracking of friction pairs. These
processes are accompanied by the release of
gas-vapor mixtures and water, which, at high
temperatures exceeding the allowable for pol-
ymer lining materials, intensify the hydrogen
wear of the working elements of friction pairs.
According to the results of studies of triboc-
racking of contact spots of microprotrusions of
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metal-polymer friction pairs, their energy load
was estimated taking into account the redox
processes occurring on the working surfaces.
Regularities have been established for chang-
ing the dynamic coefficient of friction depend-
ing on the energy load of metal-polymer fric-
tion pairs exposed to electric, thermal and
chemical fields. It is shown that tribocracking
has a complex tribochemical nature with
burnout of formaldehyde resin from the sur-
face layer of the polymer lining. This process
is accompanied by the release of water, hy-
drogen, oxygen and other gas mixtures. The
article [2] gives an analysis and synthesis of
thermoelectric processes characterizing the
electrothermomechanical frictional interac-
tions of friction pairs of braking devices. The
upper layer of the polymer lining is isolated at
temperatures above the allowable for its mate-
rial, when the cracking process begins. Ther-
mokinetic models of the interaction of a me-
tallic friction element during its operation in
various media are considered. The influence
of surface and bulk temperatures, specific
loads, coefficient of mutual overlap of friction
pairs, the ratio between the amount of rea-
gents, the presence of inert gases and the type
of reactions on the rate of chemical reactions
during the cracking process in the upper layer
of polymer linings of friction units of brake
devices has been established. It is shown that
when estimating the equilibrium of a chemical
reaction, it is necessary to take into account
the change in the Gibbs energy. Non-
equilibrium tribology in friction friction pairs
of brake devices is expressed in a continuous
change in internal and external operational pa-
rameters in their surface and near-surface lay-
ers during electrothermomechanical friction
[3]. It is known that in order to find equilibri-
um conditions, it is necessary to determine the
minimum value of the desired function, and
any variables in the system can change, except
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for fixed ones [4]. If we take the Gibbs energy
as an equilibrium criterion, then we should
find its minimum, assuming that it is not tem-
perature and pressure that change in the sys-
tem, but other parameters (for example, con-
centration) of the substance. Then the Gibbs
energy of the system will decrease until it
reaches a minimum due to the occurrence of
chemical reactions. Similar reasoning is appli-
cable in other cases [5]. The number of de-
pendencies linking various quantities and pa-
rameters is qualitatively and quantitatively
large. In this publication, we consider some of
them and highlight the principles of reciproci-
ty and symmetry using the Onsager relations
[6]. The main issues of the article: the influ-
ence of various factors on the cracking process
in the upper layers of friction linings; chemi-
cal reactions in tribocouplings; linearity of
successive reactions in tribocouplings; the dis-
cussion of the results [7-9].

Objective — substantiation of the possi-
bility of using non-equilibrium thermodynam-
ics with linear regimes in triboconjugation of
friction pairs of brakes.

Let us analyze the influence of various
factors on the rate of chemical reactions dur-
ing the cracking process occurring in the sur-
face layers of polymer linings of brake friction
units. Among the factors, we single out: sur-
face and bulk temperatures, specific loads, co-
efficient of mutual overlap of friction pairs,
the ratio between the amount of reagents, the
presence of inert gases, and the type of reac-
tion [10].

An increase in the surface temperature
of the metal-polymer friction pair increases
the yield of endothermic reaction products.
The more intense the change in entropy (4H)
of the upper layer of the polymer lining, the
faster the equilibrium constant increases with
increasing temperature and, consequently, the
yield of reaction products. The reaction during
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electrothermomechanical friction is accompa-
nied by the release of heat, the temperature
drops. In this regard, in accordance with the
principle of van't Hoff's movable equilibrium,
elastic-plastic deformation of the microprotru-
sions of the metal friction element occurs. A
decrease in the surface temperature of a fric-
tion pair favors the passage of an exothermic
reaction (in particular, dissociation). With an
increase in specific loads p in a friction pair,
the temperature T increases, the composition
of the equilibrium system changes, and the co-
efficient also changes with it

K, (Ks =¢lt, p)).

According to the equation 4G = AT —
748 (where 4G is Gibbs energy change; T —
temperature; A4S — entropy change) the effect
of temperature can also be judged by the sign
AS: at A4S > 0 heating favors the process 4S8 <
0 — vice versa. Both criteria (4H and 4S) lead
to similar results, since we are talking about
the effect of T on the thermodynamic equilib-
rium of the tribosystem, when 4G = 0. At T #
0 fair equality 4H = TAS. Expression sign
AS(4H) determines the direction of equilibri-
um shift, its absolute value AS(4H) — degree
of displacement. It is often easier to focus on
AS than on AH, since the sign of AS is often
easier to determine than the sign of AH.

The nature of the influence of pressure
on the equilibrium yield, in accordance with
the dependence given in [11], is determined by
the sign of the difference in the number of
moles of gaseous reagents 4n and the depend-
ence of K, on pressure [12, 13].

If the absolute value of An is large, then
the first factor is decisive; at 4An>0, an increase
in pressure adversely affects the intensity of
the yield of reaction products, and at An <0, it
is favorable. During cracking of the upper lay-
er of the polymer lining, an increase in pres-
sure leads to a decrease in the yield of gaseous
products, including unsaturated hydrocarbons



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2022, cild 14, Ne 4, s. 29-39
Canshmadov ©.X. va basq.

Herald of the Azerbaijan Engineering Academy
2022, vol. 14, no. 4, pp. 29-39
Janahmadov A.Kh. et al.

that combine with hydrogen. When 4n=0, the
effect of pressure on thermodynamic equilib-
rium is determined only by the dependence of
K, on pressure, and it is not possible to estab-
lish it in a general form. However, it is quite
obvious that the influence of pressure on K, is
significant only at high pressures, when the
difference in the compressibility of different
gases becomes more significant.

When 4n=0, a change in pressure shifts
the equilibrium. But this is a seeming contra-
diction to Le Chatelier's principle, since the
effect of pressure is determined by the sign of
the change in volume. At low pressures, the
signs of AV and 4n coincide, at high pressures
AV#0 (this possibility has to be taken into ac-
count also in cases where the absolute value of
An is small). For example, if for the reaction
CO,; + H, =CO + H,O (g) at 7=90°C.

YcoVH,o 1-1
K = 2 =
( 7)p=l Yco,7n,

then

=10;
11

( ) _ 1,26-0,76 _
77p=50 115.112
those the equilibrium of the reaction shifts in
the direction of formation CO and H,O (g)

(displacement due to steam condensation is
excluded, since (7, ) <90°C).

Ksz

0,74,

The influence of P on y; sometimes has
to be taken into account even at low pressures,
especially if the reaction proceeds without a
change in volume at the beginning of the elec-
trothermomechanical frictional interaction of
microprotrusions of friction pairs. In this case,
the change in output can be caused by a rela-
tively small change in p. The calculation of
such an equilibrium should be carried out
more carefully than for cases with 4n#0, when
by a slight change in pressure it is easy to shift
the equilibrium in the desired direction and
thereby “correct” the calculations.

33

A change in the degree of dispersity and
compactness of the phases in the upper layer
of the polymer lining has a significant effect
on the chemical activity of its substances.
Therefore, when calculating the equilibrium of
reactions involving finely crystalline, amor-
phous, and glassy substances, it is necessary to
take into account the additional change in the
Gibbs energy dGgy = > (o:0;) (wWhere o; — sur-
face tension of the side surfaces of micropro-
trusions of friction pairs; w; — i-th thermody-
namic probability), and the equilibrium satis-
fies the condition dG + dGg,; = 0 (where dG —
change in the Gibbs energy without taking in-
to account the considered factor).

Since the surface tension during the
course of the reaction can be considered con-
stant, the change in the Gibbs energy caused
by varying the size of all microprotrusion in-
terfaces is equal to:
dGsyr = Y.0: dw; =AHgyr — TASsyr =RTIN(K, /Ky),
where R — universal gas constant; K,, Kj is the
chemical equilibrium constant and its values,
taking into account the effect of surface ener-
gy; 4Hgyr and 4Sg, — change in enthalpy and
entropy per unit surface area per mole of a
given phase.

To obtain the maximum yield of reac-
tion products from the top layer of the lining
during electrothermomechanical frictional in-
teraction with a metal friction element, a stoi-
chiometric mixture of starting materials is
needed. To achieve the maximum degree of
the transformation reaction, an excess of start-
ing materials is necessary. Therefore, if the
consumption of one of them is limited for op-
erational reasons, then an increase in the initial
concentration of other reagents increases the
number of moles of the resulting products and,
thereby, the degree of the reaction. In this
case, one should take into account the ease of
removal of the unreacted excess of reagents
from the resulting mixture from the contact
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gap of friction pairs due to washing them with
circulating air flows.

An increase in the degree of conversion
can also be achieved if the reaction products
are removed from one zone by binding them
into poorly dissociated, hardly soluble or non-
volatile substances. This approach is quite ra-
tional in view of the fact that there is no need
for a large excess of the reagent. So, if during
the formation of CO, without changing the
partial pressure of water vapor located be-
tween the microprotrusions of the contact gap
of friction pairs, then with a decrease in the
concentration of this gas, the mixture will be
enriched with hydrogen [5].

The presence of reaction products in the
initial mixture leads to a decrease in the de-
gree of conversion of the upper layer of the
polymer lining. Consider the influence of inert
gases (Ar — argon, Ne — neon, He — helium,
Kr — krypton, Xe — xenon, Rn — radon) [5] at
the beginning and at the end of electrother-
momechanical friction, when for some time it
can be assumed that the specific loads in the
friction pair are constant (p = const). Inert
gases act as a diluent for other gases (Hz, O,
N2, CO u CO,) at the beginning of braking,
located in the intercontact gap. Towards the
end of deceleration, the contact gap decreases
as the specific load increases and the effect of
dilution with inert gases decreases. A good
means of removing inert gases from the con-
tact gap is to purge it with ambient air.

Therefore, for chemical cracking reac-
tions of the upper layer of the polymer lining,
which proceed with a decrease in the volume
of evolved gases, the effect of dilution with
inert gases is undesirable. With an increase in
the volume of a mixture diluted with inert gas-
es, the degree of reaction proceeds.
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The simplest example of reactions in
which one of the reacting components is a sol-
id is probably the dissolution of the surface
and near-surface layer of a polymer lining dur-
ing frictional interaction with a metal element
at surface-volume temperatures above 350 °C.
In this case, surface processes occurring at a
rate directly proportional to the specific sur-
face of the polymer lining. The rate-
determining stage of the dissolution process
can be either a chemical reaction on the sur-
face or the diffusion of a substance from the
surface layer, which is discussed in the mate-
rials of the second part of the article.

Let us dwell on the Onsager relations as
applied to chemical reactions. This is due to
the fact that the implementation of the princi-
ple of detailed balance, or microscopic revers-
ibility, inevitably leads to Onsager's relations.
The main problem is to determine the relation-
ship between the Onsager coefficients and the
experimentally established reaction rate con-
stants Lij.

The production of entropy due to chemi-
cal reactions is determined by the dependence

[6]:
=35 (%)

where v, - k-th reaction rate. Here the reac-

S A
= Z?Uk )

k

tion rates are defined in unit volume. In this
case, the thermodynamic forces are defined as
Fk = (A/T), and streams like Jx =v, . It is
known that for chemical reactions that can be
defined as elementary steps, the rate v and af-
finity A can be related to the forward and re-
verse reactions by the following relationships:

Vg = (ka - er); 2

©)

kf

)

kr

AszTIn[
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where Ry and Ry, — rates of direct and reverse
k-th reaction, R — gas constant.

Using (2) and (3), the speed v, can be
imagined as
O =Ry (1_eAk/RT) (4)

The last expression serves to establish
linear relationships near thermodynamic equi-
librium. It is believed that (4) is valid only for
the elementary stage. Note that (3) contains
the principle of detailed equilibrium, or micro-
scopic reversibility, according to which, in
equilibrium, the rates of forward and reverse
reactions of each elementary stage are equal
(which leads to the Onsager reciprocity rela-
tions). Besides, lim Ax — oo means that the
speed is completely due to the direct reaction.

Since the coefficient Rs has yet to be es-
tablished, equation (4) does not determine the

reaction rate v, as a function of the A4y affini-

ty. There is no general thermodynamic rela-
tion between rates and affinity. Reaction rates
depend on many non-thermodynamic factors,
such as, for example, the presence of catalysts.
(Catalysts do not affect the equilibrium state,
since the catalyst changes the forward and re-
verse speeds by the same number of times, it
does not affect the affinity). However, near
thermodynamic equilibrium, there are general
linear relationships between these quantities.
In this context, the general form of the linear
relation takes the form

A.
Uy ZZLHTJ'
f

As shown below, the coefficients Ly; can
be related to experimentally established quan-
tities such as reaction rates.

At the same time, reactions proceeding
in one stage and complex are distinguished.

Consider a reaction that proceeds in one
step. Then (4) takes the form

(5)
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v=R, [l—e A7) (6)

In balance 4 = 0. Denote by Ryeq equilib-
rium rate of the forward reaction. Far from
balance 4 has a value of zero. By the term
"close to equilibrium” it should be understood
that

(7)

When A is small compared with RT and
Rt = Rreq + 4Ry, then (6) can be expanded in a
series and get a linear relationship between v
and 4, neglecting such small quantities as the

A<<1.
RT

product ARsand A4:
A
=R{ g —+...
v f.eq RT (8)
Comparing (8) with the relation
v=LA/T , we get
L = Rf.eq _ Rr.eq 9
R R 9)

At the same time, it was taken into ac-
count that in equilibrium the rates of direct
and reverse reactions in each elementary stage
are equal. When a system contains many re-
acting components and many reactions take
place between them, not all reactions are inde-
pendent. Consider the following reactions tak-
ing place on the surface of the polymer lining:

02(9) +2C(h) & 2CO(9); (10)
02(9) +2CO(g) === 2C0(9); (11)
20(g) + 2C(h) <= 2COx(g). (12)

The third reaction is the sum of the first
two reactions. As a result, these three reac-
tions are not independent. Thermodynamical-
ly, this means that the affinity of the third re-
action is the sum of the affinities of the first
two for an arbitrary number of reactions. Since
the ratios are expressed in terms of independ-
ent thermodynamic forces, only independent
affinity values should be used. Without loss of
generality, only the affinity of elementary
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steps can be considered, since any reaction can
be reduced to them.

If all chemical reactions in the system
are independent, then near equilibrium, each

rate v, depends on the corresponding affinity,

and the equilibrium reaction rate is determined
by relation (8). The latter lacks cross-linked
terms. In the general formalism, cross terms in
chemical reactions appear when the total
number of reactions does not coincide with the
number of independent reactions. In this case,
the affinities for some reactions can be ex-
pressed as linear functions of the affinities of
other reactions. Without loss of generality,
consider a simple system of monomolecular
reactions:

W (X, Rut, Rir, Ay, 01); (13 a)
W = (Y, Rot, Ror, Az, 02); (13 b)
W & (Y, Rsf, Ry, As, v3); (13¢)

where indices f and r refer to forward and
backward reactions.

Only two of these three reactions are in-
dependent, since the third is expressed as the
sum of the first two. Hence,

A1+ A = Aa. (14)

The entropy production per unit volume
in these three reactions is given by

Ao Py,
T T

Using the relation between the affinity

of reactions (14), we write this expression in

terms of two independent affinities A; and A;:

(15)

S =(v, +1)3)ﬁ+(1)2 +03)&:

T T

A , (16)
=U{ﬁ+l)£ ?2> 0

where U] = v, + U, and U, =V, + V.
Linear relationships are written in terms
of these independent rates and affinity [7]:

Al"‘l-uﬁ_\z;

T 17)

'_
v =Ly

36

A A,
L, —+1L,—=.
S B

Using the general relation (4) between
the rates v, and the Ay affinity, we obtain the

(18)

’
o)

relation between the Lj coefficients and the
experimentally determined reaction rates. So
near the equilibrium at (Ax / RT) << 1, the
condition is used that near the equilibrium

Rk = R, eq IS the rate of the direct reaction in

equilibrium, we write U] as
v =0, +0; = Ry (1—e_A1/RT )+

+ Ry 1—e ')

A As
~ le,eq ﬁ+R3f,eqﬁ:
19
_ le,eq+R3f,eq ﬁ+ R3f,eq& ( )
R T R T

Comparing (19) with (17), we obtain

R +R R
I—11 :( 1f.eq . Sf,qu U le _ 3|;,eq ] (20)
Similarly, we have
Rofeq + Rate R
Ly =| iS00y, = 2 (21
22 [ R 21 R ( )

So, it can be seen that the L coefficients
are in equilibrium with the reaction rates. Ob-
viously, L1z = Ly;. Since the principle of de-
tailed equilibrium, or microscopic reversibil-
ity, is included in the formalism through Rg; =
Rar = R3teq, Onsager's reciprocity relations are
satisfied.

It follows from the above that the pro-
duction of entropy can be expressed in terms
of A, and Az instead of A; and A,. There is no
single way to record entropy production.
Whichever way the independent affinities and
rates were chosen, the corresponding ratios
were obtained. The entropy production S can
be written in terms of different sets of inde-
pendent reaction rates and affinities:
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S= Zuk (22)

Examples of such a record are equations
(15) and (16). The number of independent re-
actions is limited by the number of reacting
components. In homogeneous systems, in
which the change in the concentrations of all
reacting components is determined only by
chemical reactions, to determine the state of
the system, instead of the concentration ny,
one can choose the degree of completeness of
the reaction ¢&. The chemical potential yu is a
function of &, p and T. However, since the de-
gree of completeness of the reaction relates
changes in at least two components, in sys-
tems containing r reactants, there is a maxi-
mum (r-1) of independent degrees of com-
pleteness of reactions &. Thus, all chemical
potentials are expressed in terms of the func-
tion w (&1, &, &, .. ., &, Py T). Whence it
follows that at any given pressure p and tem-
perature T there are only (r-1) independent de-
grees of completeness of reactions. Since the
affinity Ay is a linear function of chemical po-
tentials, in a system with r reacting compo-
nents, they can have a maximum (r-1) of inde-
pendent affinity values. (Sometimes this is de-
rived using the "law of conservation of mass"
in chemical reactions. Although this may be
true in ordinary chemical reactions. In reality,
mass is associated with a chemical reaction,
the main consequence of which is a change in
the number of molecules of various reacting
components.)

It was shown that linear relationships are
valid for chemical reactions with affinity A,
conditionally satisfying A/RT<<1. However, if
the complete chemical reaction
X—-=Y (23)
contains m intermediate stages Wi, Wy, ...
,Wn, the use of linearity can still be justified
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even if the condition A/RT<<1. Let us assume
that the complete reaction (23) proceeds
through the sequence of reactions:

X W: EWo &> Wz &=
— m+1
«— Wm£ Y. (24)

The entropy production for this set of
(m+1) reactions is
TS = A1 + Ao + ... A1V (25)
If the intermediate components W rap-
idly interconvert, then the rate of each of these
reactions is determined by the rate of the
slowest reaction, which is called the limiting
rate. Let the last reaction W, «— Y be the
limiting rate. Let us write the kinetic equa-

tions:

ax}__,. aWw_
dt ’ dt ’

d dyy
{;AIZ}=UZ_035“~9(£1:}= m+l* (26)

Due to the rapid interconvertibility, it
can be assumed that a stationary state is estab-
lished for {W,}, so d{W,}/dt = 0. (so Such an
assumption is used, for example, in the deriva-
tion of the Michaelis-Menten law in enzymatic
Kinetics). It means that
V1= 0= (27)

Then the entropy production of the sys-
tem takes the form

.o :Dm+1:v.

TS=(A1+ A+ ... + Ans)v = Ao. (28)
where is the total affinity
AzAl +A2+ --+Am+1- (29)

If a A/RT << 1 for each of (m+1) reac-
tions, then we are in the range of applicability
of linear laws, so from (8) we obtain

A
Uy = le,eq ﬁy L, = szyeq é cees
A
U = R(m+1)f,eq RL_Fla (30)

where Rifeq — the equilibrium rate of the direct
reaction, according to dependence (24), etc.
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m+1

In this case, even if A:Zk:l

A >>RT,

linear relationships apply. Using (27), (28),
and (30), with the help of simple transfor-
mations, we obtain

Ref
=" A 31
T RT (31)
where "effective reaction rate” Res defined as
1 1 1 1
R. R, 'R R
2 1f.eq 2f.eq 3f,eq
. (32)
+
R(m+1)f,eq

Since a complete reaction is the result of
many elementary steps, the ratio
v =Res (1 - e™RT) not fulfilled.

Although the derivation of (31) consid-
ered the system of monomolecular reactions
(24), the result obtained has a more general
substantiation. Thus, a linear relationship is
valid for a complete reaction if A/RT << 1 for
each elementary step and if the concentrations
of substances in the intermediate steps do not
change.

The discussion of the results

When evaluating chemical reactions in
tribocouples of friction pairs, the following
was mathematically determined: the produc-
tion of entropy at their elementary stages, the
rates of the forward and reverse reactions, the
parameters of equilibrium and affinity, with
access to the Onsager relations. The following
is established:

- an increase in the surface-volume tem-
perature contributes to an increase in the vol-
ume of the output of endothermic reaction
products from the upper layer of the polymer
lining, as well as the equilibrium constant,
which is accompanied by the release of heat.
In this case, in accordance with the principle
of van't Hoff's mobile equilibrium, elastic-
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plastic deformation of the microprotrusions of
the working surface of the metal friction ele-
ment occurs. A decrease in the surface tem-
perature of friction pairs contributes to the in-
tensification of the exothermic reaction with
the dissociation of ions of the surface layer of
the polymer lining;

- the electrons formed in the electrolyte
are strongly oriented and their effective dipole
moment is large, which leads to the inversion
of many currents according to the "polymer-
metal” scheme; triboadsorbed gas is adsorbed
by the working surface of the metal, after
which its chemical transformations occur; at
the rate of tribosorption and triboreaction of
the same order, the chemical reaction is shift-
ed towards the working surface of the metal
friction element; a change in the degree of
dispersity and compactness of the phases that
appear in the upper layer of the polymer lin-
ing, containing amorphous and vitreous sub-
stances, significantly affects their chemical ac-
tivity; in this case, it is necessary to take into
account the change in the Gibbs energy of the
surface layer of the polymer lining, which is
associated with its temperature and heat con-
tent, which affect the direction of shifting the
equilibrium of the chemical reaction;

- an increase in specific loads in a fric-
tion pair leads to a decrease in the output of
gaseous products, including unsaturated hy-
drocarbons, combined with hydrogen, from
their contact gap; in this case, the specific
loads in friction pairs directly depend on their
mutual overlap coefficient;

- linearity patterns were established in
successive reactions in tribocouplings using
the production of entropy, creating it from the
affinity and the allowable reaction rate, which
allows us to consider the ratio correct for the
complete reaction if A/ RT << 1,0 (where A is
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affinity; R is gas constant; T is the surface-
volume temperature) for each elementary
stage and if the concentration of substances in
the intermediate stages does not change.

Conclusion

It is established that increase in the sur-
face-volume temperature contributes to an in-
crease in the volume of the output of endo-
thermic reaction products from the upper layer
of the polymer lining, as well as the equilibri-
um constant, which is accompanied by the re-
lease of heat. In this case, in accordance with
the principle of van't Hoff's mobile equilibri-
um, elastic-plastic deformation of the micro-
protrusions of the working surface of the met-
al friction element occurs.

A decrease in the surface temperature of
friction pairs contributes to the intensification
of the exothermic reaction with the dissocia-
tion of ions of the surface layer of the polymer

lining. In this case, it is necessary to take into
account the change in the Gibbs energy of the
surface layer of the polymer lining, which is
associated with its temperature and heat con-
tent, which affect the direction of shifting the
equilibrium of the chemical reaction.

Linearity patterns revealed in successive
reactions in tribocouplings using the produc-
tion of entropy, creating it from the affinity
and the allowable reaction rate, which allows
us to consider the ratio correct for the com-
plete reaction if a / rt << 1,0 (where a is affini-
ty; r is gas constant; t is the surface-volume
temperature) for each elementary stage and if
the concentration of substances in the inter-
mediate stages does not change.
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Abstract

The article offers a detailed breakdown of the process of selecting a compressed air station
according to the needs of production, specifics of the environment, as well as the level of air purity and
dryness requirements. Formulas for calculating the compressor power required by the consumer are given.
The importance of taking into account pressure losses in the pneumatic network and the correct choice of
the type of dryer and compressed air receiver is indicated, as it lowers the stress upon the compressor
station and reduces the energy usage by up to 25%. Correspondence tables for the degree of air
purification from contaminants in accordance with (ISO 8573-1:2010) directive are shown in this article.
Recommendations on choosing the length and diameter of pneumatic lines in order to reduce pressure loss
in the compressed-air network are given.diameter of pneumatic lines in order to reduce pressure loss in the
compressed-air network are given.
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Kompressor stansiyasinin vd sixilmis havanin tomizlonmasi

sistemlorinin secilmasi iisullar
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Xiilasa

Mogalads, istehsalin ehtiyaclarindan, straf miihitin xiisusiyyastlorinden, habelo havanin qurudulmasi
vo tomizlonmosi doracasino olan taloblordon asili olaraq, kompressor stansiyasinin se¢ilmasi prosesinin
otrafl1 tohlili verilmisdir. Istehlakgiya lazim olan kompressor giiciiniin hesablanmas: diisturlar1 verilmisdir.
Pnevmosetds tozyiq itkilorinin nazors alinmasimin va sixilmis havanin quruducu va resiver tipinin diizgiin
secilmosinin vacibliyi gostarilir ki, bu da kompressor stansiyasinin yiikiinii azaltmaga v enerji xorclorini
25% -o endirmoaye imkan verir. ISO 8573-1: 2010 direktivino osason, havanin qarisiqlardan tomizlonmo
doracasinin uygunluq codvallori verilmisdir. Sixilmig hava sobokasinds tozyiq itkisini azaltmaq mogsadile
pnevmolinlarin diametri vo uzunlugunun se¢ilmasi ilo bagh tovsiyslor verilmisdir.

Acgar sozlar:  carpaz kiilok, krab iisulu, asagr ganad tisulu, program tominati, yan yiiklor, tayyara.
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MeTtoabl moa00pa KOMIIPECCOPHON CTAHLMH U CUCTEM

C/KaToro Bo3ayxa
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AHHOTAIUSA

B craree mpuBoaurcs mompoOHBI pa3bop mporecca MmoadOpa KOMIIPECCOPHOM CTaHIMH B
3aBUCUMOCTH OT NMOTPEOHOCTEH MPOU3BOJICTBA, 0COOEHHOCTEH OKPYXAOIIEH Cpe/ibl, a TAKKE TPpeOOBaHHI
K CTEIEHH OCYIIECHUS M OYMCTKM Bo3ayxa. JlaHel (opMyiibl pacdera HEOOXOAUMOM MOTPEOUTENIO
MOIIHOCTH KoMIpeccopa. (0o3HauaeTcs BaKHOCTh YydeTa IOTEPb JaBJICHUS B IHEBMOCETH H
MPaBUIIBHOTO BHIOOPA THIIA OCYIIMTEINS M PECUBEpa CKATOTO BO3/IyXa, YTO MO3BOJISIET CHU3UTH HATPY3KY
Ha KOMIIPECCOPHYIO CTAHIIMIO U YMEHBIIUTH 3Hepro3arpaThl 10 25%. [IpuBeneHbl Ta0IUIIbI COOTBETCTBUS
CTEIIEHH OYHUCTKM BO3JyXa OT mIpuMmeced B cooTBeTcTBHMHM C jupektuBod |1SO 8573-1:2010. [ansr
PEKOMEHAMKM 1O BHIOOPY AMAMeTpa M NPOTSKEHHOCTH ITHEBMOJMHUH C LENbI0 CHIKEHHS MOTEpH
JIaBIICHHS B CETH CXKATOTO BO3/IyXa.

KualoueBble ciioBa:  corcamolii 6030yX, KOMRPECCOp, KOMHPECCOPHAs CMAaHyus, dHepaocbepedcenue,
dasieHue, NPouU3800CMB0, OYUCMKA CHCAMO20 8030YXA, pecusep, OCyuUmens.
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Introduction

Well-known global manufacturers of
compressor equipment today offer a number
of oil-free and oil-free piston compressors,
industrial high-pressure compressors, modern
screw compressors on the Azerbaijani market
(Fig. 1, 2).

Air compressors are used in workshops
and in construction, in medicine, on offshore
platforms, in the light and food industries, as
well as in leading enterprises of the defense
complex and in the space industry of the
country.

The compressor allows you to convert
electrical energy into pneumatic energy.
Power replacement is a factor in improving
safety and cost-effectiveness of use: “Losses
of electricity in the electrical networks of the
Azerbaijan Energy System in 3 times higher
than in industrialized countries. Reserves for
reducing electricity losses are estimated at the
level of 1.5 billion kWh per year.

A systematic approach to the problem of
energy efficiency is required” [1].

In harsh conditions, clean-room areas or
on the high seas — compressed air systems
ensure maximum efficiency all over the world
and in any environment. Compressor systems
are known for being extremely reliable, with
low maintenance and energy consumption
levels.

The complexity of supplying an
industrial plant with compressed air isn’t
limited to a choice of a compressor. For the
adequate operation of pneumatic devices,
equipment and tools, it is necessary to use
compressed air without contaminants. To
address this matter, air preparation systems are
used.
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Figure 1 — Screw Compressor BOGE S 110-4 L
(Germany)

In this article, we will go over the
questions of putting together compressed air
stations and offer recommendations on the
capacity of the compressor, the needed
volume of the receiver, as well as filters and
dryers.

Problem statement

A compressed air station is a “chain” of
equipment for the production, storage and
preparation (purification and drying) of
compressed air in accordance with the
requirements of the technological process.

rE:
L2

Figure 2 — Screw Compressor ALMIG COMBI 18
(Germany)
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The main criteria determining the
completeness of the compressed air station are
the maximum operating pressure, the purity
(quality) of compressed air, and the
volumetric air output [2, 3].

In addition, you should pay attention to
the temperature inside the room of the
compressed air station and how dusty it is
(compressors, without special preparation,
operate at ambient air temperatures from +5°C
to +40 ... +45°C). Check the state of the
pneumatic systems of the facility (clogged
pipelines, leakage) and the intended mode of
operation of the equipment (single/double
shift, around-the-clock, etc.) [4].

Choosing the Compressor

The required output of the compressor
should be calculated by summing up the total
consumption of the equipment, the possible
amount of leakage (5-30%), and also the
supposed increase in compressed air usage,
accounting for the future expansion of your
production. Calculated output should not
exceed 90% capacity of the compressor
station.

Maximum operating pressure:
compressor equipment for 7, 8, 10, and 13 bar
is available on the screw compressor market.
For most industrial plants, a compressor with a
maximum pressure of 8 bar would suffice,
since a significant part of equipment operates
at a pressure of 6 bar [5]. But experts, in most
cases, suggest picking the 10 bar option. The
main reason is that there is a pressure drop
along the pass of compressed air from the
compressor to the equipment. The longer the
pipe line and the more local obstructions along
its way (stop valves, angles, tees, fittings,
etc.), the greater the pressure drop.

The formula for calculating the pressure
loss in the pneumatic network:

v \1.88 \

Ap= 1.6-(605) ol B ()
d® - p,

where V - total volumetric flow; L - pipe

length to accommodate flow rate; d - internal

diameter of the pipe; P, - compressor switch-

off pressure.

If we compare two sections of pipe of
the same length but with different diameters,
for example, 1/2" and 3/4", then a "half-inch"
pipe will have a bigger pressure drop [6, 7].
The pressure drop also occurs in equipment
for drying/purification of compressed air:
when passing through the 0.2 bar dryer and
when passing through each of the 0.1 - 0.15
bar filters and, as the filter element becomes
dirty, this value will increase.

Below is the calculation formula for

minimum nominal pipe width:

d'=i/ 1.6- V' .

4 107 = Dy~ P

where V - total volumetric flow rate; L - pipe
length to accommodate flow rate; Ap -
intended pressure drop; Puax - Swich-off
pressure of compressor [8].

Preparation of compressed air

To produce one cubic meter of
compressed air with an overpressure of 10 bar,
a compressor has to suck in eleven cubic
meters of ambient air. Together with this air, it
also sucks in all the impurities it contains, just
like a large vacuum cleaner: dust, fumes, oil
vapor, chemicals, etc. Added to this is the
natural air humidity. Despite high-quality
intake filters, all these components of the
intake air are found in the compressed air. The
substances that were distributed over eleven
cubic meters of ambient air Dbefore
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compression are now concentrated in a single
cubic meter of compressed air.

To ensure trouble free operation, dirt,
water and oil must therefore be separated from
the compressed air.

Humidity
Compressed air contains moisture
depending on the ambient conditions.

Depending on the application, this moisture
must be extracted from the compressed air.
There are the following possibilities: Cyclone
separator: removes free water droplets from
the compressed air, Refrigeration dryer: pos-
sible dew point up to max. +3 °C, Adsorption
dryer: possible dew point down to -70 °C.
Which drying is required in individual
cases depends on the consumers operated.
Symptoms of incorrectly designed drying are
moisture in the compressed air network, icing
in winter or increased component wear due to
corrosion. To drain moisture from the
compressed air system and dispose of it
properly, it is recommended to use:
Condensate drain, Oil-Water separators.

Solid impurities/oil

In addition to moisture, the
compressed air is also contaminated with
particles and oil. To remove these
components, it is recommended to use filters
such as: Coarse filter,  Microfilter,
Submicrofilter, Activated carbon filter,
Activated carbon adsorber.

By combining different preparation
methods, the purity classes prescribed or
recommended for the respective applications
can be achieved (Table 1).

Choosing the Air Dryer

Refrigerated compressed air dryers use a
small refrigerator to cool down the
compressed air to about 3 degrees Celsius
(Figures 3, 4, 5).

At this low temperature, condensate will
form which is removed by a condensate trap.
When all the water is removed, the air is re-
heated to room-temperature. Your air is now
dry and will not form any water as long as it
stays above 3 degrees Celsius (Table 2).

Table 1 — Compressed air quality classes according to ISO 8573-1:2010

0 | better than Class 1 and to be agreed separately
1 | =20.000 <400 <10 <-70°C | =0,01 mg/m?
2 <400.000 < 6.000 =100 <-40°C <0,1 mg/m?
3 — =90.000 <1.000 <-20°C <1 mg/m?
4 — — <10.000 <+3°C | =5 mg/m’
5 |— — <1000.000 <+7°C -
6 | Mass concentration C_ 0<C =5 <+10°C —
7 (mg/m?) 5<C <10 Residual cw=0,5 —
8 | Cp< 10 humidity 05<cw=5 —
9 |— — — cw 5<cw=10 |—
X = 2 - g/m? cw=10 >5 mg/m?
Maximum number of particles per m® of the given | Maximum pressure dew point Maximum total oil content measured
size in pm measured according to ISO 8573-4 measured according to ISO 8573-3 at | according to ISO 8573-2 and ISO
Reference conditions: 1 bar absolute, 20°C, 0% operating pressure. 8573-5.
r.h. Reference conditions for residual Reference conditions: 1 bar absolute,
humidity: 1 bar absolute, 20°C, 0% | 20°C, 0% . h.
r. h.
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Table 2 — Correction factors for ALM-RD dryers

Inlet Temp. (°C) 30 35 40
F1 1.29 1 0.92
Ambient Temp. (°C) 20 25 30
F2 1.05 1 0.98
Pressure (bar) 4 6 7
F3 0.80 0.94 1

Example for choosing the correct dryer:

If a compressor delivers 200 m*/hr at 8
bars, the dryer inlet temperature is 45°C and
ambient temperature is 35°C, then please
choose your dryer as follows:

200 m*hr/0.93/0.78 / 1.04 = 265 m*/hr

Desiccant compressed air dryers:

Desiccant air dryers use desiccant to
remove the water from the compressed air.
Basically, the water will ‘stick’ to the surface
of the desiccant, resulting in dryer air. Every
once in a while, the desiccant is regenerated.
This is done automatically by the dryer. It
blows dry, hot air through the desiccant to
remove the water. The desiccant is now ready
to do its job again. Desiccant compressed air
dryers can reach much lower dew-points, up to
-70 degrees Celsius. A properly selected dryer
prevents water from entering the compressed
air line, otherwise it may lead to costly repairs
of pneumatic equipment.

Choosing the compressed air receiver

Air receivers are vessels, which are used
to store compressed air, eliminate pressure
pulsations and accumulate condensate (due to
the cooling of compressed air and the process
of the flow hitting against the walls of the
receiver). The main purpose of the air receiver
is to store compressed air. In order to meet the
needs of a particular compressor system, the
volume of the receiver must be properly
calculated. Accurate selection of the receiver

45 50 60 - -
078 0.65 0.45 - -
35 40 50 - -
0.93 0.84 0.7 . -
8 10 12 14 16
1.04 1.11 1.16 1.22 1.25
will not only reduce the frequency of
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load/unload cycles of the compressor, which
lowers compressor’s maintenance costs, but
will also save energy costs by decreasing
unload setpoint [9].

Below is a formula for calculating the

volume of a compressed air receiver:
o T
B 4-Ap-z

where Ve - volumetric flow rate of the
biggest compressor; Pr - pressure in situ; Zs -
operating cycle frequency of the compressor
per hour (load / no-load); Ap - switching
pressure differential [10].

Conclusion

A systematic approach to the design of a
compressed air station and the accurate
selection of a compressed air preparation
system, make it possible to ensure the stable
operation of the enterprise, protect high-tech
equipment from breakdowns and meet high
production standards. Timely maintenance,
correct settings of the compressed air station
and regular checking of pipelines for leaks,
can reduce energy costs by up to 30%, which
undoubtedly has a positive effect on the
environment.
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Abstract

The results of studies on the development of the production of casing pipes with a size of 114x7.4
mm from the steel 32I'2 according to GOST 31446-2017, ARI 5ST 10 edition, accuracy class 1 strength
group H40 at “Baku Steel Company” Ltd are presented. In an electric arc furnace, several batches of steel
graded 32I'2 were smelted from a charge consisting of metal waste and about 20% of metallized HBI
pellets. Then, pipe blanks with a diameter of @130 mm were cast on a continuous casting machine (CCM).
From these blanks, casing pipes with an outer diameter of @117 and a wall thickness of 7.4 mm were
rolled on a piercing and rolling machine. After hot rolling of tubular billets, the casing pipes were
subjected to thermal hardening. The tubes were heated in a continuous sectional furnace to the quenching
temperature, then they were cooled with water from the outer surface, in a sprayer, and then subjected to
tempering when leaving the furnace, i.e. there was a self-release with subsequent warm calibration and
editing. When using low-alloy steel, the developed technology provides uniform structures and properties
of the metal along the wall thickness. The strength class of casing pipes made of the steel 3212
corresponds to 1, and the strength group is H40.

Keywords: casing pipes, heat hardening, quenching and tempering, rolling, mechanical properties.

DOI 10.52171/2076-0515_2022_14 04 _48 55

Received 31.05.2022
Revised 08.12.2022
Accepted 12.12.2022

For citation:

Mamedov A.T., Babaev A.l., Ismailov N.Sh., Huseynov M.Ch., Guliyev F.T.

[Mastering the production of hot-deformed casing from 321°2 steel in the conditions of
“Baku Steel Company”]

Herald of the Azerbaijan Engineering Academy, 2022, vol. 14, no. 4, pp. 48-55 (in Russian)

48



Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy
2022, cild 14, Ne 4, s. 48-55 2022, vol. 14, no. 4, pp. 48-55
Mammodov A.T. va basq. Mamedov A.T. et al.

“Baki Polad Sirkati” MMC saraitinda 32I'2 markah poladdan isti

deformasiya olunmus qazma borulari istehsalimin manimsanilmasi
A.T. Mommadov’, A.i. Babayev’, N.S. ismayilov',

M.C. Hiiseynov', F.T. Quliyev?
! Azarbaycan Texniki Universiteti (H. Cavid pr. 25, Baki, AZ 1073, Azarbaycan)
% Baki Polad Sirkati MMC (Mir-Calal kii¢asi 15 (Darnagiil), Baki, AZ 1029, Azarbaycan)
Yazisma iiciin:
Mommaoadov Arif / e-mail: ariff1947 @mail.ru
Xiilasa

“Baki Polad Sirksti” MMC soraitindo H40 mohkomlik grupu, 1-ci degiglik sinfi, TOCT31446-2017 vo API
S5CT (10-cu redaksiya) standartlarina uygun 32I'2 poladindan 114%x7,4 mm o6l¢iido gqazma borulari istehsalinin
monimsanilmasina dair todqigatlarin naticoalori sorh olunmusdur. Elektrik qévs sobasinda 20%-dok metallagdirilmis
HBI yuvarlaglar1 vo metallik tullantilardan ibarat sixtodon 32I'2 markali poladin bir neca partiyast aridilmisdir. Sonra
bu poladdan pastahlarin fasilosiz tokmo masininda (PFTM) ©130 mm olan boru pastahlar tokiilmiisdiir.
Pastahlardan desmo Vo yayma dozgahlarinda xarici diametri @117 mm vo divar qalinhigi 7,4 mm qazma borulari
yayilmigdir. Yayma omoliyyatindan sonra qazma boru pastahlar termiki méhkamlandirilmays ugradilmigdir. Kegidli
bolmoli termiki sobada boru pastahlar tablandirma temperaturunadok qizdirilmis, sonra spreyerds xarici sathi su ila
soyudulmus vo sobadan ¢ixarilma zamam postahlar tabaksiltmoys ugradilmisdir. Boru pestahlari sonraki iliq
kalibrloma va diizoltmo prosesinds 6z-6ziino tabaksiltmoys ugramigdir. Miiayyon olunmusdur ki, isti deformasiya va
termiki mohkomlondirms asasinda islonmis texnologiya azlegirlonmis polad istifads edildikdo, polad pastahin bircins
paylanmus strukturu vo talob olunan istismar xassslorini borunun biitiin divar galinhig: tizro tomin edir. TOCT31446-
2017 vo API 5CT (10-cu redaksiya) standartlarina uygun olaraq, 32I"2 markali poladdan qazma borularimin
mohkomlik sinfi 1 vo mohkomlik gqrupu H40-a uygun golir.
Acar sozlar: qazma borulari, termiki mohkamlandirma, tablandirma va tabaksiltma, yayma, mexaniki xassalor.
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OcBoeHue MpPOU3BOACTBA ropsiueneGopMUPOBAHHBIX 00CATHBIX TPYO

n3 ctaau mapku 32I'2 B yeaoBusax OO0 “Baku Steel Company”
A.T. MaMeszl, A N. BaﬁaeBl, H.II1. I/ICMaPIJIOBl,
M.Y. I'yceiinos’, ®.T. I'yines’

! Asep6atioocancruii mexnuueckuii ynusepcumem (np. I'. [Iicasuoda, 25, baky, AZ 1073, Azepbaiioxcan)
2 000 Baku Steel Company (y1. Mup-Zacanana, 15 (Japnazions), Baxy, AZ1029, Azepbaiioacar)
Jlas mepenuckM:
Mawmenos Apud /e-mail: ariff1947@mail.ru
AHHOTaNUA

[TpuBeneHs! pe3yabTaThl UCCIIEI0BaHMI IO OCBOEHHUIO IIPOM3BOJICTBA 00caHbIX TPYO pasmepom 114x7.4 mm
u3 cramm 3212 mo TOCT31446-2017 u API 5CT 10 penakuus, kiacc ToyHoctu 1, rpynnsl npounoctd H40 B
yenoBusix OO0 “Baku Steel Company”. B a5eKTpoayroBoii meyu BBIIUIABJICHBI HECKOJIBKO MapTHH CTAH MapKH
3212 u3 MIUXTHI, COCTOSIICH U3 METAINIMIYECKUX OTXO0J0B B 0K0J10 20% MeTalIM30BaHHBIX OKATHIIICH HBI. 3arem na
MalllMHE HeNPEePbIBHOrO JUThs 3arotoBok (MHJI3) Obun oTiuThl 3arotoBku TpyO nmamerpom D130 mm. U3 sTux
3arOTOBOK Ha IPOIIMBHOM M IPOKATHOM CTaHKaxX ObUIM MPOKaTaHbl 00cajHble TPYOB! HApYXHBIM JrameTpoMm D117
u TomuruHOM creHku 7,4 M. Ilocie ropstueit mpokaTKu TPYOHBIX 3aTOTOBOK 0OcagHbIe TPYOB! OBUIM TOABEPTHYTHI
TePMHUYECKOMY YIpouHeHHio. HarpeB TpyO HpOM3BOIWICA B HPOXOTHONH CEKIMOHHOW IEYH A0 TEMIEpaTyphl
3aKaJIK{, 3aTeéM HPOBOAWIN OXJAKACHHE BOJOH C HApYXXHOH IOBEpPXHOCTH, B cCHpeiiepe, B IOCICAYIOIIEM
ITOJIBEPTalii OTIYCKY IPH BBIXOJE U3 MEUH, T.€. IPOUCXOIMI CAMOOTITYCK C ITOCIIEIYIOIINM TEIIBIM KaTHOpOBaHHEM
U TpaBKOH. YCTaHOBICHO, MpPH WCIOIB30BAHWM HU3KOJIETUPOBAHHON cTamu pas3paboTaHHAas TEXHOJOTHS
obecreunBaeT MOJydeHHEe OJHOPOTHOW CTPYKTYPHI M CBOWCTB MeTalljia 1O BCEW TOJIIMHE CTEHKH 3aroToBKH. Ilpm
5TOM IIPOYHOCTH 00CaaHBIX TPYO M3 cranu Mapku 3212 cooTBeTcTBYeT Kiaccy 1, a rpynma npounoctu H40.
Kurouesnle ciioBa: 06caonvlie mpyOvl, mepmuyeckoe YHpOuHeHue, 3aKAIKA U OMNYCK, HPOKAMKA,

MexaHuyecKue ceolicmea.
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BBenenue

Baxueiiiieir 3amadeld MOBBIICHUS J(-
(EKTUBHOCTH TpPYOOIPOKATHOTO MPOU3BOI-
CTBa SIBIIICTCSI ~ CHIDKCHHE

METaJlI0- u

SHEPrOEMKOCTH MPOJIYKIHMH, CYIIECTBEHHOE
COKpaIlleHHE OTXO0/I0B U MOTEPh 3a CUET MOBbI-
LIEHUs] TOYHOCTH pa3MepoB U KadyecTBa TPYoO.
Peanusanus 3TOM CII0KHOW 3aa4dl IPOMBIIII-
JICHHOCTH BO3MOXHa IIYTEM HCIIOJIb30BaHUSA
MHHOBAIIMOHHBIX

METAJULypTMYECKUX  TEX-

HOJIOTUH  MOJIyueHUsT TpYOHBIX  CTaJeH,
KOMIUIEKCHOW ONTHMM3alMK IIpolecca Ipo-
KAaTKU U TEPMHUYECKOIO YIPOYHEHMSI C yUETOM
OrpaHUYMBAIOUIMX  (PAKTOPOB  TEXHOJOIU-
YECKUX IPOLECCOB, B TOM YHUCIIE U IIpolecca
TepMHUUYecKoi 00paboTku Tpyo [1, 2].

Bmecre ¢ Tem, CHUXEHHE METauIOEM-
KOCTU  TPYOHOTO

JNOCTUYb IyTeM BHeIpeHUs 3(P(HEKTUBHBIX

MIPOU3BOJCTBA  MOYKHO
TEXHOJIOTHYECKUX MPOLIECCOB MOIYYEHUS Me-
TAJUIM30BaHHOI'O OKaThIIIA, BBIIIJIABKYU CTaJIA C
€ro HCIOJb30BAaHUEM B WIMXTE€ B DJIEKTPO-
IyroBOM M€Y COBEPILIECHCTBOBAaHUEM
HENPEPBIBHOW  Pa3JIUBKHU.

H
Nmenno Takas
KOMIUIEKCHAsI METAJTYPrUYecKas TEXHOJIOTHS
MOJTy4eHUsI TPYOHBIX 3arOTOBOK 00€CTIeunBaeT
CHIDKCHHE METAINIOEMKOCTH H3/ICIHH.
ele
MOYKHOCTH 3KOHOMHM METajula HEMOCPENCT-
BEHHO B IMPOKATHOM MPOM3BOJCTRBE [3, 4].
CrnenoBaTrenbHO, IS YKOHOMHH MeETai-

Ja B TpYOHOM INPOU3BOJCTBE BaXHYIO pOJIb

O,Z[HaKO HC HCUCPIIaHbI BO3-

MOJKET CBHITPATh BHIOOP ONTHMAIBHOTO TEXHO-
JIOTHYECKOTO TpOoIecca TEPMHUECKOTO yIPOY-
HeHUsI cTamu. VIMEHHO WHHOBAallMOHHAS TeX-
HOJIOTHSI TEPMHUYECKOTO YIIPOYHEHHS Kak
OypUJIbHBIX, MY(PTOBBIX, TaK U 00CAIHBIX TPYO
obecrieynBaeT HEOOXOAMMBINA KJIACC TPOYU-
HOCTH TPYOHBIX W3JeNuid AJisi HePTerazoBoil
MIPOMBIIICHHOCTH [5, 6, 7].
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HenpepsiBHas pa3nvBKa CTaN JTHTEIh-
HOC BpeMSI HC Haxoawujia H_II/IpOKOI‘O HpI/I-
MEHEHHUSI H3-3a 3HAYUTCIIBHBIX TPYAHOCTEH
pa3pabOTKH TPOU3BOJICTBEHHOW TEXHOJOTHUU
caMOW pa3lIMBKH, a TaK)Ke CO3JaHMs MAaIIHH
JUTSI OCYILIECTBIICHHUS 3TOTO TEXHOJIOTHYECKOIO
mporecca.

[Ipyn mpou3BOACTBE CTAIBHOTO CIUTKA
HerepI)IBHaSI pa3JII/IBKa UMECT CYHICCTBGHHI)IG
MPEUMYILECTBA IO CPABHEHUIO C PA3JIMBKOW B
06I>I‘-IHI)I€ HN3JI0KHUIIBI.

[Tpu HempepbIBHON pa3iMBKE MOIYYAIOT
XUMHUYECKH Oo0Jiee OTHOPOJHBIN, ILIOTHBIN
CJIMTOK, YTO PE3KO IOBBIIIAET BBIXOJ I'OJHOM
TpyOHO#l 3aroTOBKHM, a BMECT€ C TEM
HCKIIIOYaeTCsd HEOOXOAUMOCThL HMEThL OTIe-
JICHUEC I10 IMMOATI'OTOBKE M3JI0XHHUIL U ITIOAIO0HOB,
a TaKKe CTPUIIEPHBIA YYacTOK, HCKIIOYa-
IOTCS 3aTpaThl Ha CMEHHOE OOOpYyIOBaHUE,
HYKHO€ TIpH 0OBIYHON pa3nuBke cranu [8, 9].

YcTaHOBIEHO, YTO ce0ECTOUMOCTh TPO-
Kara, B TOM 4HClie TpPyOHOW MPOAYKIIMH, MIPU
MPUMEHEHUN TEXHOJIOTMH HENpPEephIBHOW pas-
JINBKHA CyIIIeCTBeHHO CHHMXKACTCA, 3HAUYUTCIIbHO
VIAYYLIaOTCI BO  MHOTMX  CilydasgX H
MEXaHHYECKHE CBOWCTBA, a TakkKe JPYTrHe

OKCILTYAaTAallUOHHBIC XapaKTCPHUCTHUKU CTAJIHA.

Leabto paGoTbl SBISIETCS OCBOCHUE
IIPOM3BOJICTBA ropsiueieopMUpPOBaHHBIX
oOcamHplx TpyO M3 cranmu Mapku 32[2 B
ycanousx OOO Baku Steel Company wu
o0ecrieueHre  KOMIUIEKCA  MEXaHHYECKHX
CBOMCTB 00CaIHBIX TpYO MyTeM MPUMEHEHUS
TEXHOJIOTHH

b exTuBHON TEPMHYECKOTO

YIPOUYHEHHS.
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HcxonHble MIMXTOBbIE MATEPUAJIBI U METO-
AUKA TPOBEAEHUS TEPMHYECKOr0 YHpPoU-
HeHMsI 00CaAHBIX TPYO

B xadecTBe MUXTOBBIX MaTEPHAIIOB ISt
MOJTyYCHUS Mapku 3272
WCIIOJIb30BaHbI OOpPE3KH JIOMa, OTXOHBI M JO
1% TmpoBOJIOUHBIE U3JENUS B COOTBETCTBHUH C
I'oCT 2787-86. [Hns
mporecca IUIABIICHHS MeTayla B JJIEKTPO-

crajau ObLIH

WHTCHCU(PHUKAITIT

JyTOBOM I€YM B YKa3aHHOM IIKXTE 100aBIISIN
no 20% rops4eOpHKETHPOBAHHOTO METall-
NU30BaHHOTO oOKathima HBI

JIyTOBOM
IUIABOK U3

B snekTpo-
neyn ObUla MPOU3BENEHA CEpUs
cranu wmapku 32[2 u ocy-
IIECTBJICHA HENpEepbIBHAS DPA3JIMBKA JKUIAKOU
cTaiu B 00OcagHble TpPyOHbIE 3arOTOBKU
pasmepamu 130 mm [10, 11]. Xumwndeckwuii
COCTaB TUIABOK Mpe/ICTaBIIeH B Tabmuie 1.

W3 HenpepbhIBHONIUTHIX 3arOTOBOK ObLIM
MOJTy4YeHbl Tropsiyesie)OpMUpPOBaHHbIE TPYOBI
pazmepamu 114x7,4 mm.

ITocne moaroToBkM TpyOHOW 3aroTOBKU
K npokatky coracHo THU-TIIY-04-08-21
“Ilpokar ropsueneOpMUPOBAHHBIX TPYO Ha
TpybonpokaTHoM arperate TIIA-250" 3arpy3-
Ka 3aroTOBOK Ha 3arpy304HYIO PEIIETKH Me4H
MPOM3BOJMIIACH MaKeTaMHu mormiaBoyHo. Ko-
JIMYECTBO 3aroTOBOK B II€YM OINpPEAEIAIach
OKU/IaeMbIM TEMIIOM IPOKATKU. 3arpyska

MMponu3BOJAWIACH PABHOMCPHO, HE JOIIyCKasd

NOBpEXJIeHUH B moauHe meuyn. KoHTposep
IIPH  IIOCAJAKE 3aroTOBOK KaXXIOW HOBOWU
IUTABKU TMPOU3BOJIWI OTMETKY Ha KOHTPOJb-
HOM MeCTe IIocaja TIepBOil 3aroTOBKH, C
yKa3aHWeM IUJIaBKM, MapKd CTajlH, pa3Mepa
TpyObI Harper TpyOHBIX

3aroTOBOK IIPOU3BOAHJICA B KOHBHGBOﬁ IICYH.

U 3aroTOBKHU.
Bpemss HarpeBa TpyOHBIX 3aroTOBOK COCTa-
Buio 1 yac 48 mus. TemnepaTypHblil pexxum
KOJIBLIEBOM IE€YM IO 30HaM cocraBwiad: 1 -
1230-1260°C, 2 - 1230-1260°C, 3 - 1220-
1240°C, 4 - 1210-1230°C, 5 - 1170-1210°C, 6
- 970-1170°C.

Jlanee paBHOMEpHO Mporperasi o BCeMy
CEUEHHMIO 3aroTOBKa IIOCTyMaja Ha Ipo-

muBHOM crtaH. KoHTpons Temmneparypsl
IPOUIMTON THJIB3bl OCYLIECTBIISJICS KOMIIEH-
CallMOHHBIM HOTeHUHuoMepoM. Temmeparypa
npomuBky coctapuina 1190-1220°C.
[TpoxaTtka TpyO Ha aBTOMAaTHYECKOM
CTaHE OCYIIECTBIIACh C TEMIIEpaTypou
1150°C. Manee TpyObl oOpabaThIBaIuCh Ha
packaTHOM cTaHe Ipu Temneparype 900-
950°C. s

TOJIIIMHBI CTCHKH U AUaMETpa IO BCEH JJIMHE

IIOJIy4EHUsI  PaBHOMEPHOU
TpyOBl  PEryJIUpPOBAIUCH
BEPTUKAIbHBIX IUIOCKOCTSX, MapaielbHbIX
Mexay coboit. Ilocre TpYOBI
peryanpoBanoch o0xarue.

OCH BaJIKOB B

3axBara

Tadamnua 1 — Xumugecknuid cOCTaB CTajH, BBIIUIABJICHHON B AJIEKTPOIYTOBOM MEYX U3 IMIUXTHI

“MeTayutnueckue oTxoael +20% HBI”

Table 1 — Chemical composition of steel smelted in an electric arc furnace from the charge

“metal waste + 20% HBI”

N Homepa Xumnyecknii cocras, mac. %

TJIABOK C Mn Si Cr Ni Cu Al P Si Fe
1| 107736 034 | 132 | 0,34 0,08 0,15 | 0,19 | 0,034 | 0,009 | 0,009 | ocran
2| 107735 0,34 | 1,23 | 0,28 0,10 0,15 | 0,23 | 0,031 | 0,011 | 0,009 -1l-
3| 107739 029 | 132 | 0,35 0,12 0,13 | 0,21 | 0,036 | 0,005 | 0,010 -1l-
4| 107787 031|123 | 031 0,11 0,15 | 0,21 | 0,082 | 0,001 | 0,003 -1l-
5| 107812 031 | 126 | 0,30 0,09 0,13 | 0,21 | 0,045 | 0,01 | 0,007 -1l-

51



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2022, cild 14, Ne 4, s. 48-55
Mammodov A.T. va basq.

Herald of the Azerbaijan Engineering Academy
2022, vol. 14, no. 4, pp. 48-55
Mamedov A.T. et al.

Jlajiee paBHOMEpPHO IIPOrpeTast 10 BCEMY
CEUCHHMIO 3aroTOBKa IMOCTyNaja Ha Mpo-
muBHOM crtan. KoHTpoms  TemmepaTypbl
MPOIIATONW THIIB3bl OCYIIECTBIISUICS KOMIICH-
CallMOHHBIM TIOTEHIMOMepoM. Temrmeparypa
npomuBky coctaBuiaa 1190-1220°C.

[IpokaTtka TpyO0 Ha aBTOMATHYECKOM
CTaHe c

1150°C. [lanee TpyOnl 0OpabaThIBAINCh HA

OCYILECTBIISIACH TEMIEPATypoit
packatHOM cTaHe mpu Temmeparype 900-
950°C. Jlna momyyeHuss paBHOMEPHOM TOJ-
IIMHBI CTCHKH WM JUaMeTpa 1o BCEW JUIMHE

TpyOBl ~ pEeryJHpOBaINCh OCH BajJKOB B
BEPTUKAIBHBIX IUIOCKOCTSX, HapauIeIbHBIX
Mexnay cobor. Ilocme 3axBara TpyOBI

peryJiupoBaoch 00xarue.

Ha crnenyromem stame TpyOBI TOCTY-
Majgu Ha KaauOpoBOUHBINA cTaH. Temmeparypa
TpyOBl Ha KaIMOpPOBOYHOM CTaHE KoJjiebanach
B npenenax 700-750°C. [IpaBuiabHOCTH HacT-
pOHKM  KaJIMOpOBOYHOTO  CTaHa  INPOU3-
BOAWJIACH TIEPUOJNYECKH, IIPOBEPKON IreOMeET-
PUUYECKUX TNapaMeTpoB 3arOTOBKH, OCOOEHHO
Hapy»XKHOI0 JJuameTpa TpyObl MO BCel JJIMHE.

3amep mnpousBoAMIICA CKOOOHM (1mrad-
JIOHOM) (aKTHMUECKHX 3HAYEHUN JauamMerpa
TpyO U3 pa3HbIX IIaBOK. KOHTPOIb TONIIMHBI
CTEHKHM TNEpeHUX U 3aJHUX KOHIIOB TOTOBBIX
TpyO NPOM3BOIWICA CTEHKOMEPOM (MHUKpPO-
MeTpoM). C KanuOpPOBOYHOTO CTaHa TPYObI
TPaHCIOPTUPOBAIKCH HA OXJIAXKJAIOIINN CTOI.
Bo Bpems oxmaxaeHus NPOU3BOAMIICS KOH-
TPOJIb, YTOOBI B OJTHOM CEKIIMH HE OBLIO OoJee
onHOM TpyObl. KoHTponb KadecTBa mMmpokara
OCYIIIECTBJISIIICS ITyTeM 0TOOopa mpoo.

C pa3HbIX MIaBOK ObUIM OTOOpaHBI
naTpyOku pasmepom 500 MM M TepeiaHbl B
1a00paTOpHIO Ml CHATOYHBIX MCIBITAHUM Ha
coorBerctBue 'OCT 31446-2017 u API 5CT
10 penakuus. OTH cTaHOapThl HE YCTaHaB-
TUBAaOT TpeOoBaHMii K pabore ymapa I
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rpymn npoynoctu H40. TpeGoBanus k pabore
ynapa npusenersl B [OCT 31446-2017 u API
5CT (10-e wu3manue), a JOMOJHHUTEIbHBIC
TpeboBanus B K.9 SR 16.

Mexanuueckue o0cagHbIX
TpyO  rpymmbel  mpouHoctd  H40 1o
I'OCT31446-2017 npencraBieHsl B Tabm. 2, a
no API 5CT (10-e u3nanue) B Tabm. 3.

[Tocne ynOBIETBOPUTENBHBIX MEXaHH-
yeckux ucnpitTannii mo 'OCT 31446-2017 u
API 5CT 10 penakiusi TpyObl OBUIM BBLIO-

CBOICTBa

Ha HHCICKIMOHHBIM CTEeNIaX JJIs
BU3YaJIbHOT'O KOHTPOJIA. BPI3yaJ'ILHLII>i KOH-
TpOJb IJIA O6H8.py>KeHI/ISI HCCOBCPIICHCTB
MMOBCPXHOCTHU  OCYIUCCTBIIAIICA O6y‘leHHHM

JKCHBI

[IEPCOHAIIOM. YPOBEHb OCBEIIEHHOCTH I10-
BepxHocTH cocTaBmil 500 JoKcC.

Ha puc. 1 npencraBieHa MUKpPOCTPYK-
Typa MeTajuia 00caJHbIX TpyO u3 cramm 32172,
noigy4deHHoil B ycioBusix OOO “Baku Steel
Company”. McxoaHass MUKPOCTPYKTYpa CTalIH
npejcTaBieHa peppuToM U MepauToM, aedek-
TOB B BHUJE€ HEMETANIMYECKUX BKIIOUEHUH,
MOp U UHBIX TMOPOKOB He oOHapyxkeHo. [lep-
JUTHasl CTpyKTypa Ha (QoHe (QeppUTHBIX (a3
pacnpezieieHa PaBHOMEPHO, KapOWabl Map-
raHlla U IEMEHTUTHBIX BKIIIOUEHUH HE Hao-
nronarotes [12 — 14].

VYCTaHOBIEHO, YTO TIOCIE TOPSYEro
nepopmupoBanus cranu 3212 mpu npoImBKe
U TPOKAaTKE MUKPOCTPYKTypa H3MENbUYAETCS,
YEeTKO  BBLAEISETCS  TEeKCTypa, IPaHUIIbI
beppuTHBIX (a3 W TMepIaUTa MPOSBISCTCS
6osee oTueTIUBO (puc. 2).

[Tocne  ropsiuero  aedopMUPOBAHUS
3arotoBk u3 cramm 322  dopmupyercs
OJIHOpOAHAsl  CTPYKTypa, KOTOpas
o0ecrieynBaeT MOJyYeHHE AOCTATOYHO BBICO-

Oonee

KUX MPOYHOCTHBIX XAPAKTEPUCTHUK IPHU HAIHU-
YU BBICOKOH BA3KOCTH.
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Tabauna 2 — Mexanudeckue cBoiicTBa Metaiia rpynnsl npounoctd H40 mo 'OCT 31446-2017
Table 2 — Mechanical properties of the metal of the strength group H40 according to GOST 31446-2017

ITapameTpsl Hopma |O6paserr|O6pazer| O6paser|Oopasen|O6paser|Cpen-
Knacc npouHocTH 1 1 2 3 4 5 Hee | Ilpume-
[pyrina npoYHOCTH H40 IIaBKa | IUIaBKa | IUIaBKa | MUIaBKa | IUIaBKa [3HAuYe-| YaHHe
Tun - 107739 | 107812 | 107735 | 107736 | 107787 | Hue
MuHuManeHoOE OTHOC(I)/I- 21 26 26 24 8 21 o5 )
TeJIhHOE Y/UITHHEHHE, %
Mpenen rewysecrn, Lo, MINL_ 276 | 4q31 | 4477 | 503,9 | 464,6 | 4425 47036 -
MlITa 6, Max 552
Hpeﬂeﬂl\gpn‘;““m’ c,min| 414 | 793,9 | 690,7 | 7833 | 7315 | 7255 (14502 -
Teepmocts, He | HRC | 25-30 26 27 26 29 27 27 -
Gonee HBW | 130-140 | 140 135 130 140 135 | 135 -
Tomupra CT;ﬁK“ WSACTHA, | 7 4 740 | 742 | 7,39 | 739 | 7,40 |7,40 -
Pazopoc tBepaoctu HRC, 5 3 5 2 2 5 2 )
He OoJiee
PaboTa ynapa st monepey- YkazaHo
HBIX 00pa3I0B MOJHOTO cpeaHee
pasMepa He3aBUCHMO OT 16 36,03 | 53,21 | 51,67 100 43,34 |56,85| 3nauenue
TOJIIUHBI CTEHKHU JOJDKHA 10 KaKO0oH
ObITh HE MeHee, [k TJIaBKe

Tabsmna 3 — Mexanuueckue cBoiictsa Metauia rpymnisl npouydoctd H40 mo API 5CT 10-e n3nanue
Table 3 — Mechanical properties of the metal of the strength group H40 according to API 5CT 10th edition

ITapameTpsl Hopma |O6pazenO6pasen|O6pasen|O6paser| O6pasen| Cpen-
Kiacc npounoctu 1 1 2 3 4 5 Hee | IIpume-
I'pymmna npo4HOCTH H40 | nnaBka | ruiaBka | MiaBKa | TJIaBKa | TUIABKA | 3HAUYE- | YaHHE
Tun - 107739 | 107812 | 107735 | 107736 | 107787 | Hue
MuHHMaIbHOE OTHO((I)I/ITGJ'ILHOG 21 2 2 24 28 21 o5 i
yanuHenue, %
lpenen texysectn, Lo, MINL 276 | 4931 | 4477 | 5039 | 4646 | 4425 |470.36| -
MIla o,max| 552
Hpel‘e”M“pH‘;“HOCT“’ s,min| 414 | 793,9 | 690,7 | 783,3 | 7315 | 7255 |74502| -
T 6 HRC | 25-30 26 27 26 28 27 27 -
BEPAOCTD, TE BOICE "HRW [130-140| 140 | 135 | 130 | 140 | 135 | 135 -
3ajaHHas TOJIIMHA CTEHKH, MM| 7,4 7,40 7,42 7,38 7,39 7,40 7,40 -
HonmycTuMoe OTKIIOHEHHE i
tBépraoctr HRC, He 6onee S 3 2 3 2 2 2
MunumanbHas Tpedyemast
abcopOupoBaHHas SHEPTUS IS
MOJIHOPA3MEPHOTO TONIEPEUHo-| 4
ro obpasmna CVN, cv, cocras- Vkazano
JISICT TIO 3HAYCHUSIM TOJIHHEI cpenHee
crenkn (12 Gyt X Gynt) 36,03 | 5321 | 51,67 | 100 | 43,34 |56,85 | 313
MunumanbHas Tpedyemast ad- HHE T10
COpOMpOBaHHAS SHEPTHS JJIs KX 10
MOJTHOPA3MEPHOTO TONEPEUHo-| 4 TTaBKe
ro obopasmna CVN, cv, cocras-
JISICT TI0 3HAYCHUSIM TOJNIIHHBI
creHkd (15 byt X dyHT)
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Pucynok 1 — VcxomHas MUKpPOCTPYKTpa MeTalia
obcamuoit  TpyObl w3 cramm 322 mocne
HEMPEePHIBHON Pa3IUBKU

Figure 1 — Original microstructure of metal casing
pipe made of 32G2 steel after continuous casting

Crefyer KOHCTAaHTUPOBATh (aKT, YTO W3
IIAXTHI, COJCPIKAIIEH METATHYECKUAE OTXO/IbI
u 20%
MOJIyY€eHa JIOCTATOYHO BBICOKOIPOYHAS CTallb

METAJIJIN30BaAHHOT'O OKaThbIIIa,

Mapku 3212 nmns mpom3BojacTBa 00CATHBIX
TpyoO .

3akii0ueHue

B ycnoBusx TpeThero mpou3BOJCTBEH-
Horo ydactka OOO Baku Steel Company
IMPOU3BCACHA OIbITHAsA IIapTHUA O6C&)IHBIX
Tpy0 w3 cram 3212 mo pe3ynabTatam
ONBITHOTO TIPOKAaTa YCTAaHOBJIEHA BO3MOX-
HOCTh ¥ 3 (HEKTUBHOCTH IPOU3BOJCTBA TPYO
C 3aJaHHBIMH TEOMETPUYECKUMHU TapameT-

Pucynok 2 — MukpocTpykTpa MeTauia 00cagHou Tpy-
651 3 cranu 3212 mocne ropsiuero aehopMUpPOBaHUS
Figure 2 — Microstructure of metal casing pipe made of
steel 32G2 after hot deformation

paMM M MEXaHUYECKMMM CBOMCTBAMH C
IIpoKaTra Kjacca MPOYHOCTH 1, rpynmsl
npoyHocty H40 w3 cramu 322 mo I'OCT
31446-2017 u API 5CT.

AHaiau3 NOJyYEeHHBIX JAHHBIX I103BO-
JSI€T COCTaBUTh TEXHOJOTMYECKYIO HHCTPYK-
LU0 JJIs IPOM3BOJICTBA 00CaAHBIX TPYO W3
cramu  Mapku 322 nans HedTerazoBoi
IIPOMBIIIJIEHHOCTH.

Kondauxkr uarepecon

ABTOpBI 3asBIISIOT 00 OTCYTCTBUU KOH-
(bIMKTa UHTEPECOB, CBSA3AHHBIX C MyOIHUKAITHU-
el JaHHOU CTaTbH.

REFERENCES

1. Azimov A.A. Povyshenie effektivnosti vnedreniya novyh materialov i tekhnologij v trubnom proizvodstve.
Dissertaciya na soiskanie uchenoj stepeni doktora filosofii po tekhnike. Baku, 2009, 180 s. (in Russian)

2. Chubukov M.Yu. Issledovanie stalej s razlichnymi variantami himicheskogo sostava, obespechivayushchimi
povyshenie kachestva nepreryvnolityh zagotovok dlya nefte-gazoprovodnyh trub. Dissertaciya na soiskanie
uchenoj stepeni kand. tekhn. nauk. VVolgograd, 2019, 153 s. (in Russian)



Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy

2022, cild 14, Ne 4, s. 48-55 2022, vol. 14, no. 4, pp. 48-55
Mammodov A.T. va basq. Mamedov A.T. et al.
3. Bannyj Yu.A. Sovremennye puti rekonstrukciya cekhov po proizvodstvu trub dlya neftegazoprovodov.

10.

11.

12.

13.

14.

Covremennye upravleniya proizvodstva svarnyh i besshovnyh trub iz chernyh i cvetnyh metallov. Tez.
dokladov. Dnepropetrovsk, 2007, s. 250-260 (in Russian)

Rahmanov S.R., Mamedov A.T. i dr. Processy i mashiny elektrometallurgicheskogo proizvodstva. Baku-
Dnepr: Sabah, 2017. 568 s. (in Russian)

Gamidov F.D. Issledovanie tekhnologii po povysheniyu hladostojkosti termomekhanicheski uprochnennyh
obsadnyh trub. Metallurgicheskaya i gornorudnaya promyshlennost. Dnepropetrovsk, Ne8/9, 2002, s. 449-450
(in Russian)

Gamidov F.D. Costayanie oborudovaniya dlya goryachej prokatki trub i puti ego sovershenstvovaniya na
zavodah Azerbajdzhana. Byulleten nauchno-tekhnicheskoj informacii. Chernaya metallurgiya, Moskva, 2003,
Ne5, s.59-61 (in Russian)

Gafarov A.M., Sulejmanov P.G., Gafarov V.A. Vlijanie tehnologicheskih faktorov na strukturnoe sostojanie
poverhnostnogo sloja otvetstvennyh detalej mashin, ekspluatiruemyh v ekstremal'nyh uslovijah. Herald of the
Azerbaijan Engineering Academy, 2013, t. 5, Nel, s. 36-44 (in Russian)

Smolyakov A.S., Shahov S.1., Kerimov R.l., Rafiev O.Yu. Rekonstrukciya dejstvuyushchej sortovoj MNL3
“Baku Steel Company” s celyu litya kruglyh zagotovok dlya nuzhd trubnoj promyshlennosti. Byulletennauchno-
tekhnicheskoj informacii. Chernaya metallurgiya, 2017, Ne1(1405), s.43-46 (in Russian)

Shahov S.1., Kerimov R.l. Zavershenie rekonstrukcii sortovoj MNL3 zavoda “Baku Steel Company” s celyu
proizvodstva kruglyh trubnyh zagotovok. Byulleten nauchno-tekhnicheskoj informacii. Chernaya metallurgiya,
2017, Ne3, s.63-65 (in Russian)

Kerimov R.l., Shahov S.I. Ispolzovanie metallizovannogo syrya pri elektro-staleplavilnom proizvodstve.
Moskva: Chernaya metallurgiya, 2019, Nel, s.70-78 (in Russian)

Karimov R.I., Quliyev F.T. Fasilosiz tokmo ilo Baku Steel Company MMC-do elektrogovs sobasinda isti
briketlonmis (HBI) yuvarlardan istifade etmoklo oritmo intensivliyinin artirilmasi vo prosesin tohlili.
Metallurgiya vo materialgsiinashgin problemlori” movzusunda 2-ci Beynolxalg elmi-texniki konfransin
materiallari, Baki, 28-30 noyabr 2017, s.47-48 (in Azerbaijani)

Rahmanov S.R., Mamedov A.T. i dr. Mashinostroitelnye, materialy. Monografiya. NMetAU i AzTU. — Baku:
Sabah, 2017, 410 s. (in Russian)

Kenichi Sumitomo. Metal Ind. Yaponiya. Metody proizvodstva stalnyh besshovnyh trub, prepyatstvuyushchie
obrazovanie raznotolshchinnosti, putem izmereniya tolshchiny stenki v goryachem sostoyanii i kontrolya
velichiny razvedeniya valkov nepreryvnogo stana. Sovremennye upravleniya proizvodstva svarnyh i besshovnyh
trub iz chernyh i cvetnyh metallov. Tez. dokl. Dnepropetrovsk, 2007, s. 256-262 (in English)

Hiiseynov 9.G., Nazorov 1.0. 9sadov S.A. Xiisusi toyinatli mohsullarin hissalorinin diffuziya metallasdirma
tsulu ilo méhkomlondirilmasi: Azorbaycan Miihondislik Akademiyasinin Xoborlori, 2022, cild 14, Ne3, s.54-
63 (in Azerbaijani)

Paboma evinonnena npu gpunancosoii noooepaicke onoa pazeumus HayKu
npu Ilpezudenme Azepbaiioxncanckou Pecnyonuxu

T'panm NeEITF-MQM-ETS-2020 - 1(35)-08/02/1-M-02

55



Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy
2022, cild 14, N2 4, s. 56-61 2022, vol. 14, no. 4, pp. 56-61
Ibrahimov N.Y., Ibrahimli E.N. Ibragimov N.Y., Ibragimli E.N.

Metal Coating on the Cylinder Surface using a

Laser System
N.Y. Ibragimov, E.N. Ibragimli

Azerbaijan State University of Oil and Industry (Azadlig ave, 16/21, Baku, AZ 1010, Azerbaijan)

For correspondence:
Ibragimov Nazim / e-mail: nazim.ibragimov.2015@mail.ru

Abstract

The technological scheme of drawing of various metal scraps on the surfaces of flat and cylindrical
details by laser device is developed, different scraps are developed according to the composition of
different grades of steel material. Percentage of metal scraps is calculated separately for each chemical
element. The main parameters for the technological process, including the thickness of the coating and the
time spent on laser technology is calculated. With these calculations it is possible to coat various types of
flat and cylindrical surfaces with the required thickness of metal coating. The parameters of these braids
depend on operating conditions is appointed. The chemical composition of strength, corrosion and
corrosion-resistant metal abrasives is developed for flat and cylindrical surfaces. The accuracy of the
cleanliness of the coating on the cylindrical and flat surfaces prepared by spraying metal chips in the laser
device is obtained more accurately than the accuracy of the cleanliness of the surfaces applied to such
surfaces in other devices.

Keywords: flat and cylindrical surfaces, laser technology, metal grinding, technological parameters,

laser technical characteristics, coating thickness, time spent in laser technology, durability,
wear and corrosion resistance.
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Lazer qurgusunun komayi ila silindrin sathina metal
ortiiyiin ¢okilmasi
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Xiilasa
Mogalods silindrik detallarin sathlorine lazer qurgusunda piiskiirmo tsulu ilo metal ovuntularin
¢okilmasinin texnoloji prosesi toqdim edilmisdir. Silindrik detallarin polad materialinin torkibina gora
miixtalif ovuntular islonib hazirlanmisdir. Hazirlanmis metal ovuntularin faizlo torkibi hor bir kimyavi
elementlor {iglin ayrica toyin edilmisdir. Texnoloji prosesin aparilmasi ti¢iin osas parametrlar talob olunan
ifadalorlo alinib, hesablanmigdir. Bu hesablamalarla miixtolif tipli silindrik sothlorine lazimi galinliqda
metal ovuntudan ortiikk ¢gokmok miimkiindiir. Bu ortiiklorin xarakteristikasi istismar saraitindon vo lazerin
texnoloji prosesinin miiddstindon asili olaraq toyin edilmisdir. Silindrik sathlarino méhkamliys, yeyilmoya
Vo korroziyaya davamli metal ovuntularin kimyovi torkibi iglonib hazirlanmigdir. Lazer qurgusunda metal
ovuntulardan 6rtiikk ¢gokmo tisulu ilo hazirlanmus silindrik sathlorinin tamizliyinin dagiglik kvaliteti, digor
qurgularla miigayisads hamin detallarin Sathlorina ¢okilon ortiiklarin tomizliyinin dagiglik kvalitetindon
daha yiiksak saviyyados alinmigdir.
Acar sozlor:  silindrik detallar, lazer texnologiyvasi, metal ovuntular, texnoloji parametrlor, lazer
qurgusunda texnoloji prosesin miiddati, texnoloji rejim, ortiiyiin qalinligi, mohkamliya,
yeyilmaya va korroziyaya davamliliq.
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AHHOTAIUSA
HpelICTaBHeH MCETOJI HAIIBIJICHUA MCTANIMYCCKOr'0 IMOpoHIKa Ha IMOBEPXHOCTH HUIIMHAPUYCCKUX

JeTaJe MpU TOMOIIM JIa3epHOM yCTaHOBKU. Pa3paboTaH cOCTaB pa3HBIX METALIUYECKUX MOPOIIKOB B

3aBUCUMOCTH OT MaTepuana crtanu neraieil. C yd4eToM KaXJOro COCTaBa XUMHUYECKOTO JIIEMEHTa

MOATOTOBIIEH MeETaJuIMYecKuil mopomok. [lo mpeacTaBieHHONW 3aBUCMMOCTH PAacCUUTAHBI OCHOBHBIE

TapaMeTphl TEXHOJIOTHIECKOTO TMpoIiecca HalmbuieHus. Pa3paboTaH XUMUYECKUN COCTaB METAJUTHYECKOTO

MOPOLIKA MOKPBITUS C LIEJIbIO YIIPOUHEHUS, TOBBILIEHUS KOPPO3ZUOHHON U M3HOCOCTOMKOCTH MTOBEPXHOCTH

UWIUHAPUYECKUX JeTajeH.

KualoueBble cioBa:  yununopuueckue Oemanu, JAd3epHAs MEXHON02UsS, MeMAlIUYecKutl NopouloK,
mexHolo2u4ecKue napamempsl, 6pems MeXHOI0SUYeCKo20 Hnpoyeccd, MexHOJO0-
2UYeCKull pexcum, MmMOIWUHA NOKPLIMuUs, YNpOYHeHUe, U3HOCOCHMOUKOCMb U
KOPPO3UOHHAS CMOUKOCb NOKPBIMUSL.
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Giris

Masin vo mexanizmlorin horakot edon
govusan sathlorinds vo diiyiinlorinds uzun
miiddatli istismardan sonra siradan ¢ixma hal-
lar1 musahido olunur. Bu detallarin istismar-
dan ¢ixmasmin osas soboblori statik vo dina-
mik yiiklonmanin tasirindon yaranan deforma-
siya va gorginliklorin maksimum hadds ¢at-
masidir. Bu hallar detallarin 6z funksiyalarini
yerina yetirilmomasi il naticalanir.

Eyni zamanda, diiylin sothlorindo yara-
nan yiiklonma, siirtiinma vo yeyilma detallarin
sothlorinin méhkamliyinin va barkliyinin azal-
masina sabab olur.

Bu siirtiinmoa va yeyilmoys moruz galan
silindrik detallarin sathlorinds yeyinti buraxila
bilon haddi kegcir ki, bununla da onlarin tomir
va barpasina ehtiyac yaranir. Belaliklo, silind-
rik detallarin tez bir zamanda siradan ¢ixmasi-
nin qarsist alina bilir [1,2].

Cari vo osasli tomirlordos detallarin soth-
lorinda qiisurlart agkar edib, onlarin yararlt vo
yararsiz oldugunu miioyyon edirlor.

Silindrik detallarin sothlorinds yaranan
cizilmalari, xirda-xirda gopmalari vo mikro-
makro ¢atlar1 mexaniki emal edib goruyucu to-
bago yaratmagla, aradan galdirmaq talab olu-
nur [3, 4].

Bunlar1 nazors alaraq, silindrik detallarin
imtinalarinin sabablori yalniz miiasir vo miito-
roqqi tsullarin vo texnoloji proseslorin tatbiqi
ilo aradan qgaldirila bilor. Bu detallarin sathlo-
rinin daxilinds vo xaricindo imtinalar1 azalt-
magla, imtinasiz is rejiminin etibarliligini vo
uzundmiirliiylinii artirmaq miimkiindiir.

Isin asas masalosi

Xiisusi ovuntu materialinin istifadasi ilo
ortiikkgakmoanin son naticasinds talob olunan
istismar goraitino uygun olan hissalor alds olu-
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nur. Bu hissalor yiiksok molekullu birlosmalor-
doandir.

Xiususi garisiq soklindaki ovuntu ils la-
zer qurgusunda silindrik detallara ortiik ¢ok-
monin faydali olmasina sabab kimi keyfiyyatli
olmasi, ucuz basa golmosi, daha asan emal
oluna bilmasi, korroziyaya davamliligi, agres-
siv miihitlords islona bilmasinds etibarligin to-
mini vo uzunomiirliiliiytin artirilmast proble-
min miasirliyini oks etdirir.

Neft-modon avadanliglarinda isloyan si-
lindrik detallar tigiin aktiv olan golovili va
tursulu muhitdo davamli olan alvan metallarin
ovuntu garisiglarindan tobagonin ¢okilmasi
mithiim masala kimi hesab edilir.

Isin magsadi

Silindrik sathlars ortiik gokmanin texno-
loji prosesi zamani onlarin keyfiyyatli vo
uzunomirlii olmas: osas sortdir. Konstruktiv,
texnoloji va istismar soraitini nozars alaraqg, la-
zer qurgusunda hazirlanmig sothloro daha eti-
barli, korroziyaya vo yeyilmays davamli ortii-
yiin ¢okilmasi isin asas magsadini 6ziinds oaks
etdirir.

Isin metodikasi va yerina yetirilmasi

Lazerlo detallarin sothloro metal 6rtiiyiin
¢okilma prinsipinin fiziki tomali, lazer siiasi
veron basligin onun enerjisindon asili olaraq
silindrik sothindoan tolob olunan mosafado yer-
losdirilmasidir [5, 6].

Texnoloji prosesds sabit bir giivvanin to-
siri ilo yiiksok temperaturda qizdirilmis ovun-
tular piisgiriilorok, detalin sothindo adgeziya
yaratmagla moéhkom birlosmis tabago alinma-
sina sobob olur. Lazerlo detalin sothlorino or-
tik ¢okma, lazerds texnoloji prosesin zaman
miiddatindan asili olaraq ovuntunun tam arima
noqtasine c¢atmadigi, ancaq hissanin sathini
orido bildiyi zaman adgeziya olunur. Qiivva
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tosiri ilo zarbali proseslor asasan lazer siiasinin Sokildo lazer qurgusunda piskiirma ilo
giiciinii azaltmagla slds oluna bilir. Ortiyiin  alinma texnologiyasinin  sxemi

gostorilmisdir.
Lazer stasi
Metali piiskiirtmo
v ) ———
basligi * Qoruyucu qaz
! Lz aximi
M —
etal —qaz ori
axmi

Ortuk

Birlasma zonasi

Termiki tasir zonasi

—

Sakil — Lazer qurgusunda piiskiirms tisulu ils sathlora 6rtitk gokmo texnologiyasinin sxemi
Figure — Schematic translation of coating technology on surfaces in a laser device

Cadval 1 — Kalo-kétiirliiyiin giymati (6lgmadan sonra)
Table 1 — Evaluation of roughness (after measurement)

Olgmolorin sxemi No En kasiklorin -1 | 22 | 33
istigamati Kolo-kotiirlitk, mkm

A—A 0.25 0.30 0.30

A B C 1 B-B 0.28 0.31 0.32

A—'—i\ c-cC 027 | 031 | 0.28

A-—A 0.32 0.33 0.35

=1 1! 2 B-B 0.35 0.36 0.36

cC-C 0.36 0.37 0.39

1 1, A-A 0.82 0.92 0.90

. 3 B-B 0.91 0.94 0.94

c-C 0.85 0.93 0.94

i—— —— A-—A 1.66 1.67 1.64

4 B-B 1.64 1.68 1.66

A B ¢ A-A 0.66 0.71 0.68

5 B-B 0.65 0.69 0.68

c-C 0.62 0.67 0.66
Lazer ortiiyiiniin iistiinliiyii: +  Komponentlorin reduksiyast vo modi-

* 0.1 mm-don bir nego Sm-o qgodor  fisirlonmosi, mexaniki xassalorin doyismosi;
qalinhiqda yiiksok doaqiqlikli ortiik; * Cox nazik vo qizmaya ¢ox hassas
* Yeyilmadon vo korroziyadan qorun-  komponentlorin reduksiyast va modifisir-
maq liglin ortiik; lonmoasi;
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» Daxili vo xarici konturlarin barpasi vo
modifisirlonmasi;

* Kicik termiki tosir zonasi — Kkicik
deformasiya;

»  Prosesds yiiksok soyuma effekti;

« Ortiik vo komponent arasinda kigik
tomas zonasi;

*  Coxgqath ortiiklii materiallarin tatbiqi;

* Yiiksok avtomatlasdirmanin miimkiin-
layt;

* Prosesin nozarotde saxlama miimkiin-
liyt;

* Yerli vo biitiin komponentlarin reduk-
siyast va modifisirlonmasi;

«  Mixtalif vo ya eyni materiallardan iba-
rot ortiiklorin komponentlarinin reduksiyasi vo
modifisirlonmasi  (masalon, polad-mis, alii-
minium-polad).

Cadval 1-do piiskiirms dsulu il ovuntu-
larin silindrin miixtalif sathlorinds kalo-kétiir-
liylintin doyismasinin hondasi dlgiilori togdim
olunmusdur [7, 8]. Silindrik sothlora ¢okilon
ortliytin méhkamliya, korroziyaya vo yeyilma-
ya davamligi asasan segilon ovuntularin silind-
rik sathin kalo-kétiirlityiindan, texnoloji va is-
tismar soraitindon asili olaraq toyin edilir.

Detallarin daxili vo xarici sathlorinin
borpasi zamani onlarin hondasi 6lgiilorina vo
formasina noazarot etmok on vacib sortlordon
sayilir. Buna gors piiskiirmads silindrik detal-
da hans1 qalinligla ortiiyiin alinmasini asagida-
ki diisturla tayin edirlor:
G-g

1555, (1)

Burada G=400-600 g@/doq qurgunun
mohsuldarligi; g=40-60 g/doq orinmis
ortlylin itkisi; v=0,5 m/san — firlanan detalin
firlanma siiratidir; s=4—8 mm/dovr aparatin ox
boyu yerdoyismasi; y=7,8-8,0 g/sm® orinmis
metalin xiisusi ¢okisidir.
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Bu galinligi noazoro alaraq piiskiirmo
sorf olunan zaman osas
rollardan birini oynayir. Bu zaman alinmig
qalinhigi nozoro alarag, silindrik soth {igiin
zaman sarfinin hesablanmasini toyin edok:
DlLh
pihy @)
Burada D=80 mm - silindrik detalin
diametridir; ¢ =120-150 mm borpa olunan
sothin uzunlugudur; h — 6rtitylin qalinligi, mm;
R=0,5-0,8 ptskiiriilon detalin f.i.a.-d1r.
Eyni ilo piiskiirmo ilo alinan miistovi
detallarin tobagasinin qalinhigi asagidaki kimi
toyin edilir:

_M-m
5=

zamani Umumi

1

(3)

Burada M — qurgunun mohsuldarhigidir;
m — qigilcimlanin itkisi 10-15%; v — sotho
endirilon qizmis hissociklorin siirati 100-150
m\s; ¢ — detalin yerdoayismasi addimi1 4-6 mm;
y — tozvari donaciklorin xiisusi ¢okisidir 7,8-

viy

8,2 q\mmS3.
Eyni zamanda, miistovi detallarin
tobagasinin galinligi zamana goras toyin edilir.
_DLhy
=2t @

Burada D, L — Silindrik detallarin dia-
metri vo uzunluglaridir.

Bu diisturlar osasinda geyd edilon para-
metrlor lazer qurgusunun xarakteristikasina
osaslanaraq, asagidaki codval 2-do silindrik
detallarda tobogonin alinmasi iiglin miixtolif
gazlarin xarakterik parametrlori togqdim olun-
musdur. Lazer emali tipinin somoraliliyi vo
onun xarakteri lazer stiasinin giic sixligt ilo
miiayyan edilir.

Cadvoallor va diisturlar osasinda aparilan
hesablamalar gostorir ki, silindrik detallarin
sathlarina gokilon ortiiklor 6z méhkamliyini vo
aktiv miihito gars1 davamli olmalarini praktiki
olaraq gostormisdir.
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Cadval 2 — Toboagonin alinmasi {igiin qazlarin xarakterik parametrlori
Table 2 — Evaluation of roughness (after measurement)

Qazin xarakteristikasi Ar N H He
Qovsiin garginliyi, V 40 60 62 47
Plazmanin istilik tutumu, kkal/gmol 4970 9950 76600 51100
Plazmanin temperaturu, K 14000 7300 5100 20000
Qavsa verilon enerji, kVt 48 65 120 50

Natica

Silindrik detallarin sathlorina ¢oakilon
olvan metallarin ovuntularindan alinan tobes-
golor aktiv miihito vo korroziyaya davamligi
1,5-2,5 dofo artiraraq, etibarligt vo uzun-
Oomirliyti tam tomin edos bilir. Detallarin
sathlorina ¢okilon ortiiklorin qalinligi istis-
mar goraitinden vo lazer qurgusunun
texnoloji  parametrlori ilo  toyin edilir.
Texnoloji rejimin parametrlori ilo istonilon

hondasi  6lgliya vo markaya malik olan
silindrik detallarin  borpa texnologiyasini
yerina yetirmok miimkiindiir.

Maragqlar miinaqisasi

Miolliflor bu mogalods arasdirilmasi
tolob olunan maraglar miinaqisasinin olma-
digin1 geyd edirlar.
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Abstract

The article studies the development of technology to restore the production of gas-condensate wells
with reduced production. A technology is proposed to use a cheap solvent such as methanol to increase the
flow rate of wells by cleaning the bottomhole zone. The directions of research that need to be carried out
before the application to restore and increase the production of gas condensate wells is identified.
Selection factors for candidate gas-condensate wells for application of the technology are indicated. The
main criteria is to take into account factors such as a sharp decline in gas and condensate production and
no increase in water production. As a negative factor for the application of the technology, the high
salinity of the formation water and the tendency of the formation rock to swell are indicated, and the need
to check these parameters in the laboratory is emphasized. Parametric requirements and recommendations
on methanol consumption are given for the wells to be selected for the application of production increase
technology by cleaning the wellbore zone of gas wells from liquid blockages. As a result of the application
of the technology, the production of gas and condensate increased by 1.5-2 times, and the stability period
of the increased production is shown to be at least 4-6 months.

Keywords: gas-condensate well, production, methanol, well bottom pressure, dew point.
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Qaz-kondensat quyularimin hasilatinin barpasi
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Xiilasa

Maqals, hasilat1 azalmig gaz-kondensat quyularinin debitinin barpasi texnologiyasinin iglonmasina hosr olun-
musdur. Quyu dibi zonan1 mayedon tomizlayarok quyularin debitini artirmagq ti¢iin metanol kimi ucuz bir holledici-
don istifado texnologiyasi toklif edilmisdir. Qaz kondensat quyularinin debitini borpa etmok vo artirmagq tigiin totbig-
don 6nco aparilmasi vacib olan todgiqat islorinin istigamotlori miioyyonlosdirilmisdir. Texnologiyanin tatbigi {igiin
namizad gaz-kondensat quyularinin se¢im amillori gostorilmisdir. Osas kriteriya kimi gqaz vo kondensat hasilatinin
koskin diismasi, su hasilatinin artmamas: kimi amillorin nozaro alinmas: geyd edilmisdir. Texnologiyanin tatbiqi
tciin moanfi faktor kimi lay suyunun yiiksak diizlulugu va lay siixurunun sismoys meylliliyi géstorilmis vo bu para-
metrlorin laborator soraitdo yoxlanmasi zaruriliyi vurgulanmigdir. Qaz quyularmin quyudibi zonasin1 maye tixacla-
rindan tomizlomoklo hasilatin artirilmasi texnologiyasinin tatbiqi tiglin segilocok quyulara parametrik toloblor vo me-
tanolun sarf normast tizrs tovsiyyslor verilmisdir. Texnologiyanin tatbigi naticasinds gaz vo kondensat iizrs hasilatin
1,5-2 dofo artmast, artan hasilatin stabillik miiddsti az1 4-6 ay olaraq gostorilmisdir.

Acar sozlor: gaz-kondensat quyusu, hasilat, metanol, quyu dibi zazyiq, seh nogtasi.

DOI 10.52171/2076-0515_2022_14_04_62_68

YK 66.071.048

Pa3padoTKa TeXHOJI0TMM BOCCTAHOBJICHUS 1e0UTa

ITFa30KOHACHCATHBIX CKBa>KUH

III.A. barupos
National Oilwell Varco (NOV) (yr. [, /picabbapret 44, Kacnuan Ihaza W11, Baxy, AZ1065, Azepbaiiosicar)

ﬂ.ﬂﬂ NEePENUCKH:

Barupos laxpusip / e-mail: shahriyar.baghirov@gmail.com

AHHOTALUA

CraThsl TIOCBSIIEHA pPa3pabOTKE TEXHOJOTHH BOCCTAHOBJCHHS JeOMTa Ta30KOHJCHCATHBIX CKBaXKHUH C
MIOHIKEHHBIM J1e0uToM. [IpeanoskeHa TEXHOJOTHS HCIOIb30BAHUS JEIMIEBOTO PACTBOPHUTENS THIIA METaHONA IS
TIOBBIIIICHUST J1eONTa CKBAKWH 32 CYET OUYMCTKU 32005 CKBaXWHBL. OmpesesieHbl HaMpaBiICHHsI WCCIETOBAHUM,
KOTOpbIe HEOOXOAUMO TIPOBECTH TIepe ] BHEAPEHUEM JJIs BOCCTAHOBIIEHUS U YBEIMUECHHS 1e0MTa Ta30KOHIEHCATHBIX
CKBOXMH. YKazaHbl (akToOpbl OTOOpa Ta30KOHJCHCATHBIX CKBKMH-KAHIWUJATOB ISl MPUMEHEHHS] TEXHOJIOTHH.
OCHOBHBIMHU KPUTEPUSMHU JOJIKHBI OBITH YUeT TaKUX (aKTOPOB, KaK Pe3K0E CHIDKEHHE TOOBIYM ra3a U KOHJeHcaTa U
OTCYTCTBHE YBEJIWYECHHS JOOBIYM BOJBI. B KauecTBe HeraTWBHOTO (hakTOpa JJisl MPUMEHEHHUsS TEXHOJIOTHH yKa3aHa
BBICOKasi COJICHOCTh ITACTOBOM BOJBI M CKJIOHHOCTH ITOPOJIBI IUTACTa K HAOyXaHHIO, MOTYEPKHYTa HEOOXOIMMOCTh
MPOBEPKH 3TUX MapaMETPOB B JTa0OPATOPHBIX ycIOBUAX. JlaHBI mapaMeTpudeckue TPeOOBaHUS K CKBaKHHAM,
OTOOpaHHBIM JJIsl NMPUMEHEHHS TCXHOJOTHH YBEIHYCHHS JOOBIYM IyTEM OYHCTKU NPU3a00HHON 30HBI Tra30BBIX
CKBXXHH OT KHJKOCTHBIX IPOOOK M PEKOMEHIAIINH 110 pacxoay MeraHola. [lokazaHo yBennyeHue JeOUTa CKBOXKUH
o ra3y u KoHAeHcaTy B 1,5-2 pa3a B pe3ynbTaTe MPUMEHEHHS TSXHOJIOTUH, a IEPHOIa YCTONYUBOCTH YBEIHYCHHOM
00bI4H 110 4-6 MecsILEB.

KiroueBble cjioBa: 2a30KOHOEHCAMHASL CKBAJICUHA, 000bIYA, MEMAHOJ, 3a00lHOe 0aBNeHue, MOYKA POChl.
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Giris

Qaz kondensatl kollektorlarda, quyu di-
bi tozyiq fliidin seh noqtesindon asagi diis-
diikdo maye karbohidrogen fazasi amola galir.
Retrograd kondensatin omolo galmasi, quyu
otrafinda maye fazanin yigilmasina gatirib ¢1-
xarir Ki, bu da quyuda effektiv gaz kegiriciliyi-
nin azalmas ils naticalonir. Kondensatin yigil-
mas1 ilo olagoli hasilat itkisi shamiyyatli ola
bilar.

Kondensat yigilmasi naticasinda bir ¢ox
halda quyunun hasilatinin 2-4 dofs azaldigi
miisahido edilir. Umumiyyatls, quyunun ya-
xinhgmdak yiiksok debito malik yiiksok kegi-
ricilikli gatlar kimi ¢oxlu talalorin oldugu ora-
zilor kondensatla daha asagi doyma va buna
gora do gaza goro daha yiiksak nisbi kegirici-
lik gostorir.

Isin magsadi

Isin mogsadi gaz-kondensat quyularinin
quyu dibi zonasini y1gilmis mayedon tomizlo-
moklo gaz vo kondensat hasilatinin borpasi
texnologiyasiin iglonmasindan ibaratdir. Bu-
nun tigtin miivafiq tohlillar, laborator yoxlama-
lar1 vo tadqiqgat islori apariimisdir.

Masalanin qoyulusu

Kondensat vo/va ya suyun tixanmasi so-
bobindon azalmis gaz hasilatin1 barpa etmok
tictin bir nega tsul toklif edilmisdir. Six gaz
kollektorlarinda kondensatin yigilmasi, gaza
gora nisbi kegiriciliyi vo gaz debitini shomiy-
yatli doracods azaltdigina gors, timumi bir
problemdir. CO,-nin laya vurulmasi, six qaz
kollektorlarindaki quyu otrafinda kondensatla
zodolonmani azaltmagq {iglin genis yayilmis vo
somarali bir halldir. CO,-nin laya vurulmasi
ila olagoadar problem ondan ibaratdir ki, madon
soraitindo tez-tez tokrarlanmasi lazim olan
miivoqgati bir halldir vo bazi saholords CO,-
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nin verilmasi mohdudiyyatlori md&vcuddur.
Bundan slava, CO,-nin laya vurulmasi figiin
lazim olan yeriistii infrastruktur kondensati ¢i-
xarmag t¢iin CO,-nin laya vurulmasinin isti-
fadosini bahalagdirir.

Layda tozyigi seh noqtesindon yiiksaok
saviyyado saxlamaq ti¢iin qaz dovriyyasi isti-
fado edilmigdir.

Quru gazin retrograd gaz-kondensat ya-
tagina vurulmas: kondensati buxarlandirir vo
seh noqtasindaki tozyiqini artirir [1].

Tocriibs yolu ilo agkar edilmisdir ki, pro-
panin piskiirdiilmasi karbon gazindan daha
somarali seh noqtesini azaldir vo kondensati
buxarlandirir [2].

Qaz hasilatin1 artirmaq iciin hidravlik
yarilmadan istifado edilir, lakin bu homiso
miimkiin va ya iqtisadi cahatdon somarali ol-
mur [3]. Layin hidravlik yarilmasi quyu dibi
tozyiqini artira bilor.

Termokimyavi tsulla kondensatin ¢ixa-
rilmasi dsulunun yeniliyi, six siixur niimuno-
sindo istilik va tozyiq yaratmagla mikro catlar
amoala gotirilmasindadir. Bu mikro catlar kon-
densat1 tutan kapilyar qiivvalori azaldir va sii-
xurun nisbi kegiriciliyini artirir. Mikro catlarin
yaranmasi Vo 6z novbasinds, kapilyar qiivve-
lorin azalmasi1 kondensatin daimi g¢ixarilmasi
amili kimi giymotlondirilir.

Masalonin holli

Toklif olunan texnologiyaya asason kon-
densat vo/va ya Suyun tixanmasi sabobilo seh
noqtasindon asagi hasilat noticosindo zaror
gormiis gaz quyularinin debitini artirmag t¢iin
metanol (metil spirti CH3OH) kimi ucuz bir
halledicidon istifads nazords tutulur.

Metanol ham asagi kegiricikli shongdasi
stixurlarida, hom da yiiksak kegiricilikli qum
stixurlarinda qgaz hasilatin1 barpa eds bilar.
Kondensat bloklanmasi sababindan hom asag,
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hom do yiiksok kegiricilikli siixurlarda gaz ha-
silat1 toxminan eyni daracado azalir.

Metanolla tasirdon sonra hom asagi, ham
do yiiksok kegiricilikli siixurlarda giiclonmis
axin dovri misahido oluna bilor. Kondensat
y1gilmas1 miioyyan miiddsto dayanacaqg. Giic-
lonmis axin dovri vurulan metanolun hacmi
Va tasirdan sonra qaz fazasinda onun kiitlo fai-
zi ilo idars olunur. Kifayat godor metanol vu-
rularsa, ¢ox kontaktli qarigdirici yerdayismo
vasitasilo ham su, hom dos kondensat xaric edi-
lor.

Kondensat vo/va ya su tixanmasindan to-
mizlomok ti¢iin metanol tasirini nazordon kegi-
rorkon yataqdaki lay suyunun duzlulugunu bil-
mok vacibdir. Ciinki metanolla tasir zaman
metanol va duzlu su garisiglar: duz ¢okiintiisii-
na sabab ola bilar.

Qazma, tamamlama voa stimullasdirict
mayelor vasitosilo laya daxil olan suyun ¢ixa-
rilmas1 daima tokmillosdirilmalidir. Bununla
yanasi, kondensat yigiminin g¢ixarilmasit mii-
voqqoti xarakter dasiyir, ¢iinki onun barpa
olunmas: gozlonilondir. Kondensat yigiminin
yenidan yaranmasi dorhal bas vermir. Bunun
miimkiin sobablori hagqnda yalniz farziyyslor
irali siirilo bilar.

Metanolun galiq fazasi mosamslik bos-
lugunda galaraq axan karbohidrogen fazalari-
nin faza davranisini doyisdira bilar. Suyun qu-
yu dibi zonan1 tork etmosi quyu dibi zonada
daha kigik tozyiq gradientinin formalasmasi vo
bununla da daha az kondensatin ¢okmasi ilo
naticalonir.

Todgigatlar, hasilatin boyiik hissasinin
mohsuldar horizontun toxminan 10%-dan gay-
naglandigint gostorir. Bu, bdyiik ehtimalla,
metanolun layin kigik, lakin mohsuldar hisss-
sino daxil olmasint saciyyslondirir. Barabar
paylanmada gozlonilondon forgli olarag, bu
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halda metanol quyu dibi zonanin daha uzaq
darinliklarina tasir eda bilir.

Qaz kondensat quyularmin debitini bor-
pa etmok vo artirmaq tgiin elmi tadgigatlarin,
miiasir texnologiyalarin tohlili vo nozori aras-
dirmalarin aparilmasi asagidaki ilkin naticalori
oldo etmays imkan verir: a) Qaz-kondensat
quyularmin debitina tasir edon amillar va skin-
effekto sobab olan faktorlar ¢oxsaylidir; b) Ha-
silatin borpasi tigiin baxilmis tsiillar arasinda
6z sadoliyi, olgatanligi vo yiiksok somoaraliliyi
ilo metanolla tosir daha olverisli hesab olunur;
c) Metanolla quyu dibi zonaya tasir etmoazdoan
awval, quyuda, ilk névbado, lay suyunun duz-
lulugu yoxlanilmalidir; d) Diqgot yetirilmasi
tolob olunan digar masals lay siixurunun sis-
moys meylliliyinin yoxlanilmasidir. Bu va di-
gor amillor nozara alinmagla miioyyon labora-
tor yoxlamalardan sonra konkret quyuda tex-
nologiyanin totbigi masalasine baxila bilor.
Toklif olunan texnologiyanin tatbigi tgiin is-
tismarda olan gqaz-kondensat quyularinin debi-
tinin doyismosi 46 gaz-kondensat quyusu {izra
tohlil edilmisdir.

Texnologiyanin tatbiqi {iglin namizad
gaz-kondensat quyularinin se¢imi asagidaki
amillor nozora alinaragq aparilmisdir: a) Qaz
hasilatinin yiiksok dinamika ilo azalmas;
b) Neft vo su hasilatinin artmamasi (stabil ga-
lib yaxud azalib); ¢) Quyu dibins kanar sularin
daxil olmas1 ehtimali ilo su hasilati kaskin art-
mig quyular namizad siyahisina daxil edilmo-
migdir. Belo ki, bu quyularda digar texnologi-
yalarin totbiqi ilo avvoalco su aximinin qarsisi-
nin alinmasi talab olunur. Naticads, quyularin
hasilatt barado molumatlar asasinda quyudibi
zonada maye tixaclarin formalasmasi natico-
sindo skin-effekt sabobindon hasilatin azalma-
st ehtimali yiiksok giymotlondirilon 6 quyu
secilmisdir.
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Quyular iizro qurulmus hasilatin doyis-
mo grafiklorindon molum olur ki, quyularin
hasilati miixtalif dorocads azalib. 23, 33, 312
Vo 435 sayli quyularda gaz hasilati miivafiq
olaraq, 40%, 21%, 20% vo 11% azaldig: hal-
da, 70 vo 421 sayli quyularda miivafiq olaraq
75% vo 56% azalma qgeyd edilir. Qeyd olunan
quyular tizro kondensat hasilatt miivafiq ola-
raq 58%, 25%, 53%, 36%, 72% vo 6% azal-
migdir.

Aparilan tomir islori vo yuxar: horizonta
kegirilmalari ilo slagsli sinaglarin kegirilmosi
ticiin ideal namizad olan 70 sayli vo 421 sayli
quyularda toklif olunan texnologiyanin yoxla-
nilmas1 miimkiin olmamisdir. Su hasilatinin 4
dofo artmasi va konar sularin quyu dibi zonaya
daxil olmasi ehtimali sababindon 23 sayli qu-
yu da namizadlor siyahisindan ¢ixariimisdir.
Qalan 33, 312 vo 435 sayli quyularin gostori-
cilorinin miiqayisasi noticasinds, su hasilati
dayismayan digar iki quyudan fargli olaraqg, 33
sayli quyuda gaz hasilatinin 40%, kondensat
hasilatinin 58% azalmasi fonunda su hasilati-
nin da 37% azalmasi miioyyan edilmisdir. 33
sayli quyuda kondensat, su va gaz hasilatinin
32 ay oarzinds doyismo dinamikas: sokil 1 vo
sokil 2-ds oks olunub.

500
400
300

200

Hasilat

100

0

Toadgigat prosesinds gazkondensat quyu-
larindan ii¢ nov lay sularinin ¢ixariimast ilo
tizlosilir: sorbast, olageli vo kondensasiya.
Kollektor soraitinds sarbast sular cazibas qiiv-
valarinin harakatins, slagoali sular - sathi-mole-
kulyar vo kapilyar qiivvalors, kondensasiya
sular1 iso buxar halinda oldugundan termodi-
namika ganunlarina tabe olur. Lay tozyiginin
diismasi ils galiq sular buxarlanmaga baslayir,
clinki sabit temperaturda tobii gazin nomliyi
lay tozyiqi ilo tars miitonasibdir.

Kondensasiya sular1 — islonmoa zamani
temperatur vo tozyiqin ilkin sortlori doyisdikdo
hasil edilon gazda su buxarindan ayrilan az
mineralli sudur. Buxarin kondensasiyasi hasi-
lat quyularinin quyu dibi zonasinda, lift boru-
larinda vo yeriistii kommunikasiyalarda bas
verir va ilk novbado, asag1 temperaturla slago-
londirilir [4].

Tobii gazin riitubsti (buxarinin miqdari)
ilo temperatur arasinda birbasa slags, tozyiq
Vo riitubat arasinda iss tors olage vardir. Tod-
gigat prosesindos texnologiyanin tatbiqi tiglin
uygunlugu noqteyi-nazarindan, Giinssli ya-
taginda istismar olunan 33 sayli quyudan tobii
gazla birlikdo ¢ixarilan mayenin tam analizi
aparilmisdir.

Kondensat, su (ton)

123 456 7 8 91011121314151617 18 1920 21 22 23 24 2526 27 28 29 30 31 32

==@==kondensat = S

--------- NuneiiHan (kondensat)
ar

......... JnHeliHas (su)

Sakil 1 — Kondensat vs su hasilatinin doyisma dinamikasi
Figure 1 — Dynamics of changes of condensate and water production



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2022, cild 14, Ne 4, s. 62-68
Bagirov S.0.

Herald of the Azerbaijan Engineering Academy
2022, vol. 14, no. 4, pp. 62-68
Baghirov Sh.A.

Qaz min m3

4700
4600
4500
4400
4300
4200
4100
4000
3900
3800
< 3700

3600

3500

3400

3300

az hasilati

1 2 3 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Sokil 2 — Qaz hasilatinin deyisme dinamikasi
Figure 2 — Dynamics of changes of gas production

Laborator sinaglarin naticalorino gors,
metanol ilo garisa bilon vo ¢okiintiiya Sobab
ola bilmayan duzlu suyun on yiiksok duzlu-
lugu 315°F-da (157°C) 240.000 ppm-dir. in-
terpolyasiya metodu ils tadgiq olunan Giinasli
yatagi iiciin daha sociyyavi olan 175°F-do
(79°C) metanolla tasirin duz ¢okmasine sabob
olmayacagi suyun on yiiksok duzlulugunu to-
yin edirik — 180.000 ppm.

I'OCT 31865-2012 standartina uygun
olarag suyun on yiiksok duzlulugunu miay-
yonlosdiririk — 180000 x 0,02 = 360°C. Tadqiq
edilon 33 sayli quyu iizro timimi minerallig:
(ionlarmm ekvivalent migdarini) eyni 6l¢ii vahi-
dino gotirok: 157328 mq ekv/dm®
1573.28°C. Miiqayiso edorok, belo noticayo
golirik ki, tadqgiq edilon quyu iizro imumi duz-
lulug maksimal yol verilo bilon duzlulugdan
2,3 dofo azdir. Belalikls, lay suyunun duzlu-
lugu noqteyi-nazarindon geyd olunan quyuya
metanolun vurulmasi ti¢lin heg bir manes yox-
dur. Qaz quyularinin quyudibi zonasini maye
tixaclarindan tomizlomoklos hasilatin artirilma-
s1 texnologiyasinin tatbigi tigiin segilocok qu-
yulara agagidaki tolablar qoyulur:
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Aylar

Lay tozyigi — 25,0 MPa-dan asag1; kegi-
ricilik — miimkiin qadar asagi (k<0,05); mosa-
molik — ciddi texnoloji shamiyyat kosb etmir
(10-15% olarsa, daha yaxsidir); skin-faktor
(hesablanibsa) — miisbat, miimkiin qodar yiik-
sok; lay suyunun duzlulugu - miimkiin qadar
asag1 (200 mgq/l-don asagi); quyuya vurulacaq
metanolun miqgdar: siizgoC zonasi galinliginin
hoar metrina 3,0-3,5 ton olmagla toyin edilir.

Natica

Islonmis texnologiya osasinda gaz-kon-
densat quyusuna metanol tasiri naticasinda
hom gaz, ham do kondensat hasilatinin 1,5-2
dofo artmasi tamin olunur. Artan hasilatin azi
4-6 ay miiddatinds stabil olaraq galmasi sabs-
bindan olava alda olunan karbohidrogenlarin
doyoari texnologiyanin tatbigina sorf olunan
xarclori dafolorls iistalayir.

Maraglar miinaqisasi

Miisllif bu mogalods arasdiriimasi tolob
olunan maraglar miinaqisesinin olmadigini
geyd edir.
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Abstract

The paper demosnstrates that research methods of underground gas storages (UGS) gas wells in the
decided regimes have more distinguishing features than analogous research methods of pure gas and gas
condensate fields wells. Besides the parameters defined on the research results of gas fields wells it is
necessary to determine a and b coefficients of the UGS wells accepting ability during gas injecting. It is
shown the accuracy of determination of layer pressure average value in UGS is very significant, because
this index is used as reliability (surface layers) value of UGS cap of gas injection. Otherwise, the UGS will
put out of order and all gas reserve in the storage mixing with atmosphere will lose. Herein distinguishing
features between the UGS and pure gas and gas condensate fields is shown and well Ne 450 of UGS are
analyzed, indicator diagram is set up and values of a and b coefficients (during gas injection) are
determined.
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Xiilasa

Qaz yataglar1 quyularimim tadgigat noticalori iizro toyin edilon parametrlorindon basqa, yeralti gaz anbarlar:
(YQA) quyularinin gabul etms gabiliyyatini va gaz vurma zamani, a vo b omsallarin1 tayin etmok lazimdir. Bu am-
sallar gazin hasil olunmasi prosesinds tadgigatin naticalarine asason alinmis a vo b amsallarindan xeyli forglanirlor.
Gostorilmigdir ki, yeraltt gaz anbarlarinda (YQA) lay tozyiginin orta giymeatinin toyin edilmosinin dogiqliyi daha gox
ohomiyyat kasb edir. Ciinki bu gostarici gazin vurulmasinin sonunda yeralti gaz anbarlarinin (YQA) ortiiyiiniin yer
sothindoki yerlogmis laylarin etibarliliq meyar1 kimi istifado edilir. Oks toqdirds yeralt1 gaz anbarlar1 (YQA) siradan
¢ixar vo anbardaki gaz ehtiyatimin hamisi atmosfers garisaraq itorlor.

Acar sozlar: yeralti gaz anbar (YQA), tomiz qaz yatagi, qazkondensat yatagi, qazin vurulmasi, todgigat
xtisusiyyatlori, gazin hasil edilmasi, yeralti gaz anbarlarimin ortiiyii.
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AHHOTAIHUSA

B cratee OTMEUEHO HaNMUYWE OIPENENICHHBIX OTIMYMUTENBHBIX OCOOCHHOCTEH CIIOCOOOB HCCIICIOBAHUS
ra3oBbIX CKBa)XKHH moa3eMHbix xpaumwimin ra3a ([IXI) Ha yCTaHOBHBIIMXCS PEKHMax MO CPaBHEHHIO C
AHAJIOTMYHBIMH CIIOCOOAMHU  HCCIEIOBAHMS CKBOXWH UYHUCTO TA30BBIX W TA30KOHICHCATHBIX MECTOPOXKIICHHH.
[Toxa3aHO, 9TO TOYHOCTH OTIPENENIECHHUS] CPEAHEr0 3HAYECHHUS IUIACTOBOTO JABJICHHS MMeeT OOJbIoe 3HA4YeHHe, T.K.
9TOT TMOKa3aTeslb B KOHIIE 3aKaYKH Ta3a B MOJ3eMHBIN aM0ap MCIONb3yeTcs KaK KpUTepUil HaJeKHOCTH TTOKPBITHS
[IXT', NOKpBITHS IUIACTOB, 3AJIErAEMbIX Ha MIOBEPXHOCTHU 3eMid. B mpotuBHOM ciydae IIXI' MokeT BBIATH U3 CTPOsI
U 3arackl ra3a B ambape MoryT yiTH B atMocdepy. U3noxensl otnnuurensHblie ocobennocty [IXI 1 uncTo ra3oBbix
U Ta30KOHICHCAaTHBIX MECTOPOXKACHUI, M B KadecTBe Impumepa uccienoBaHa cksaxuHa 450. Iloctpoena
MHJMKATOpHAs JUarpaMMa U ONpeaeNieHbl 3HaYeHus ko3 duuneHTos a u b npu 3akauke raza B amo6ap.

Kuarwuesbie cioBa: noozemmoe XpAaHeHue casa, 4Yucmo 2a3oeoe MECYHOPOJ!C()EHME, 2430KOHOEHCamHtoe

Mecmopodicoenue, UCCIe008ameNbCkue 0CODeHHOCMU, 3aKayka 2asza, 000viya 2asd,
NOKPBIUKA NOO3EMHO20 XPAHUIUWA 243d.
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Giris

Yeraltt gaz anbarlarinda (YQA) quyula-
rin todgiqat tisullari mahiyyst etibart ilo gaz
yataglar1 quyularmin todgiqat tsullarindan
forglonmirlor. Islonmis yataglarda vo sulu
strukturlarda yaradilmis yeralti gaz anbarlar
(YQA) gaz quyularmin tadgigat masalalari ga-
zin alinmasi dévriinda vo neytral dévrds gorar-
lasmis alimlar tisulunun totbiqi ilo gqaz yataqla-
r1 quyularmin tadgigat mosalalorine identikdir
[1-4].

Isin magsadi

Toadgigatlarin méveud olan xiisusiyyatlo-
ri yeralt1 gaz anbarlarinda (YQA) gaz yataqgla-
rinin miixtalif funksional toyinatlar: ilo sortlos-
miglor. Yeraltt gaz anbarlarinda (YQA) qaz
quyularmin tadgigati gazi atmosfera buraxma-
dan aparilmalidir. Bu sort tolob edir ki, todqi-
qat islorinin imumi hacminin boyiik hissasini
laymm vo quyudibi zonanin qazin vurulmasi
dovriinda, lakin texnoloji is rejiminin miiay-
yan edilmosi {izro iso gazin alinmasi-gixaril-
mas1 dovriindo parametrlorinin tayini aparilsin
[5, 6].

Isin yerina yetirilmasi

Yeralti gaz anbarlarinda gaz quyularinin
sinanilmasi1 zamani1 gaz yataglari quyularinin
todgigat noticolori {izro gorarlasmig alimlar
tsulu ilo toyin edilon parametrlordon basga
YQA quyularinin gabul etmo qabiliyyatini
miioyyan etmok vo siiziilmo miigavimatinin
gaz vurma zamant, a vo b amsallarini toyin et-
mok lazimdir. Bu omsallar gazin alinmasi pro-
sesinds sinanilmanin noaticalarine osason alin-
mis analoji a vo b amsallarindan xeyli farglo-
na bilarlar [2, 3].

YQA-da yatagin lay tozyiqinin orta qiy-
matinin tayininin doqiqgliyi daha ¢ox shomiy-
yat kasb edir, ¢iinki bu gostarici gaz vurulma-
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smin sonuna YQA ortliyliniin yer sathinadok
yerlosmis laylarin — layciglarin etibarliq meya-
r1 kimi istifado edilir. ©gor bu ortiik davam
gotirmazss, onda YQA siradan ¢ixar vo orada-
ki1 gaz ehtiyatinin hamis1 atmosfers garisar vo
itorlar.

YQA-nin lay tozyigi nishboton boyiik ol-
mayan (gaz yataglarina nisbaton) zaman fasi-
lasinde maksimumdan minimuma goadar do-
yigir. Ona goro YQA quyularinin tozyiginin va
debitinin nisbaton uzun middatli stabillosmasi
zamani, lay tozyiginin miimkiin olan doyis-
molarini nazars almaq lazimdir [5, 6].

Ogor YQA hidrodinamiki ekranlagmis
geyri-bircins bloklara boliinmisdiirss, onda
praktika ti¢tin kifayst godar lay tozyiginin do-
qiq giymatlori hor bir blok tigiin, orta qiymat-
lori ayri-ayriliqda tayin edilmalidir.

YQA-n yaradilmasi yerindon asili ola-
raq, quyularda todgiqat iglorinin aparilmasi la-
zim golir [1, 7].

Ogor YQA-nin islonmosi sona c¢atmis
gaz ve gazkondensat yataglarinda yaradilmis-
dirsa, onda:

1. Quyularda lay tozyiginin toyini iizro todqi-
qat islorinin haocmi oksar hallarda 1,52 dofo

sulu strukturlarda yaradilmis YQA nisbaton
¢ox olur ki, bu da onlarin geyri-bircinsliyi ilo
olagodardir;

2. Yataglarin islonma prosesinds aparilan tod-
gigatlarin naticalarini nazars almag;

3. Ogor YQA islonib qurtarmis qazkondensat
yataglarinda yaradilmisdirsa, onda gaza vo
kondensata gors todgiqat islori apariimalidir;
4. YQA quyularinda stasionar va geyri-stasio-
nar tadgiqgatlar aparmag lazimdir.

YQA ilo tomiz gaz va gqaz kondensat ya-
taglar1 arasindaki forq asagidakilardan ibarat-
dir:

- YQA-na, oksar hallarda, onlarin quyu-
larindan quru karbohidrogen gazi vurulur, bu-
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nu lay tozyiginin saxlanilmasi moagsadi ilo de-
yil, anbarda gaz ehtiyati yigmagq tigiin edirlar,
bu zaman hamin quyular gaz vurucu quyular
olurlar. Anbara gazin vurulmas: prosesi bir,
yaxud bir ne¢o quyularda aparilir, galan quyu-
lar hermetik bagl saxlanilir;

- Bozi hallarda, ehtiyac oldugundan an-
barin bir, yaxud bir ne¢o quyusundan gaz
hasil edilir vo tolobkarlara gondorilir. Bu za-
man anbardan gaz yatagi kimi istifads edilir,
yani anbar istismar edilir. Belo quyular hasile-
dici quyular olurlar, galan quyular iso herme-
tik bagl saxlanilirlar;

- Yeralt1 gaz anbarlarinda heg vaxt, na
bozi quyulardan anbara gaz vurulmur, ns do
eyni zamanda digor quyularin anbarindan gaz
hasil edilmir. Yoni, eyni zamanda anbarda
hom gaz vurucu, ham do gazhasiledici quyular
islomirloar, ¢linki isin anbarlarda bels apariima-
sina ehtiyac yoxdur;

- Tomiz gaz yataglarinda hamiso islon-
monin sonunadok gaz hasiledici quyular istis-
mar edilirlar;

- Qazkondensat yataglarinda iglonmanin
sonunadak gaz vo kondensat hasiledici quyu-
lar istismar edilirlor. Lakin lay tozyiqi diisdiik-
do kondensat diisiir vo onun garsisini almaq
moagsadilo bazi quyulardan mohsuldar laya qu-
ru karbohidrogen gazi vurulur ki, bu prosess
Saykling prosesi deyilir.

Qaz kondensat yataglarinda lay tozyiqi-
nin dismasilo oks kondensatlasma hadisasi
bas verir ki, buna da retrograd kondensat/as-
ma deyilir.

Ogor yeralti gaz anbarlar sulu struktur-
larda yaradilmisdirsa (bir qayda olarag, nisbo-
ton bircins vo yiiksok kegiricilikli laylarda),
onda hidrokasfiyyat naticalorini vo quyularin
geyri-stasionar todgigat isullarinin istifadasi-
nin mohdudlasdirilmig imkanini nozara almaq
lazimdir.
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Nozors alaraq ki, YQA gaz quyularinin
sinanilmasinin aparilmasi va naticalorinin islo-
nilmasi gaydas1 gaz yataglart quyular: Gi¢iin
onlara identikdir, asagida gaz vurma prosesin-
do todgigat verilonlorinin islonmosi misalina
baxilmisdir. Todgigatin aparilmasi gaz quyula-
rinin todgigatina analojidir ki, onlarin da gazi
modonds gazin hesablanmasi mantagasine ve-
rilir. Quyularm miixtolif is rejimlori tonzimlo-
non stuserlo yaradilirlar. Qazin sorfi 6lgma
montagasinds differensial manometrin verilon-
lorina asasan tayin edilir. Qazin sarfinin doyis-
dirilmo diapazonu, layin gobuletma gabiliyyati
kollektordaki tozyiglo va s. ilo moahdudlasdi-
rilir.

Yeralt1 gaz anbarlarinda (YQA) gaz qu-
yularmin sinanilma naticalori vurma prosesin-
do asagidaki iki hadli diistura asasan islayirlar

P ~PZ =aQ+bQ’ (1)
burada P,, P, — uygun olaraq quyudibi vo lay
tozyiqlaridir, kQ/sm?* Q — gazin sorfi, min
ms/giin; a, b — siiziilmo miigavimotinin omsal-
laridir.

Cadvoaldo YQA-nin 450 Ne-li quyusunun
todgigat  noticolori  verilmisdir.  Burada,
F, > Py, olmalidir ki, vurulan gaz yeralt

ay

gaz anbarlarina (YQA) daxil ola bilsin. Ilkin
P, =54,7kQ/sm?;Q = 0,745 quyunun darin-
liyi L=247m.

Sinanilma verilonlarina asasan, vurma
rejimi Q=218 min.m*/giin debiti ilo miioyyon
edilmisdir.

Siiziilms miiqavimatinin omsallart ii¢iin
codvalo osason, grafiki yolla «=084 vo
b=0,016 giymatlori tapilmisdir.

Bu omsallarin qiymatlorini (1) dusturun-
da yerins yazsaq, konkret 450 Ne-li quyu ti¢lin
ikihadli axin tonliyini alariq:

P> -P? = AP? =0,84Q +0,0016Q"

q lay

)
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Cadval — Yeraltt gaz anbarlarinin (YQA) 450 Neli quyusunun todqiqat naticolori
Table — Results of research of 450-th well of underground gas storages (UGS)

i B 2 2 2
e kgﬁ";r’nz 5| min r%giin |<c§/qs}n2 kg/“sr’nz AP (?/IE; )2_ P @
- 54,7 24 - 57,6 3323 - -
1 59,3 27 80 58,3 3399 76 0,95
2 59,5 29 100 58,5 3422 99 0,99
3 59,7 30 128 58,8 3454 131 1,02
4 56,1 33 157 59,1 3499 172 1,09
5 56,3 34 178 59,3 3521 198 1,11
6 56,4 36 196 59,5 3949 222 1,13
7 56,8 39 218 59,8 3582 299 1,18
8 68,4 41 226 61,6 3889 465 2,08
Ogar Pg-nin yerina buraxila bilan tazyiq AP? =P? -PZ,, MPa
qu —yazsag, onda quyunun anbara vurulan 20 | )
qazin sarfi normasini tapmaq tigiin: 20 |
P? —P2 =AP?=084-Q,, +00016Q% (3) a0 | i
tonliyini Qnor -a gora hall edirik (sok.). 180 | /
Farz edok Ki, wo | /
P, =100at=10MPa; B, =70at=7MPa  (4)
100-4q = 0,84Q,,, +0,0016Q_, 120 [
0,00160Q., +0,84Q,,~51=0 100 1
B —|0,84J_r\/0,842 +4+0,0016°51 _ r . e . 1
nor2 — 2+0,0016 = 80T 100 120 140 160 180 200 220
. . Q, min.m%giin
=>55min.m"/ ggun Sokil — Yeralt1 gaz anbar1 450 Ne-li gaz quyusunun
Quor =5,5Min.m*/giin (5)  indikator diagramu
Ogor todgigat  naticolori  ikihadli Figure — Underground gas storage indicator

tonlikdon istifads edilarak islonilarss, onda an
kicik kvadratlar tisulu ilo tonliyin a va b
omsallar1 asagidaki diisturlarla toyin edilirlor:
AP? ) )
) ] 20" —202Ap
NXqg*-(Za)

(6)

73

diagram of gas well Ne 450

, AP?
n>Ap” —2qX ;

NY>g*-(Xq)

burada N — miixtoslif is rejimlorinin sayidir.

(7)
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Natica

(6) vo (7) disturlar1 ilo hesablanmis a
Vo b omsallarinin giymatlori (2) tonliyindoki
0,84 vo 0,0016-ya barabar alinacaqdir.

Ogor Vyeralti qaz anbarlari (YQA)
tilkkonmis gazkondensat yataginda yaradilmis-
dirsa, onda onun moasamalorinds miiayyan
miqdarda qaliq kondensat olur vo belo halda

qaz anbarmin kondensatliligi, yani konden-
satla doyma omsal1 tayin edilir.

Maragqlar miinaqisasi

Miolliflor bu mogalods arasdirilmasi
tolob  olunan  maraglar  miinaqgisasinin
olmadigini geyd edirlar.
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Abstract

The article studies the features of the influence of a number of additives on the composition of
crude oil and formation water in order to increase the efficiency of the oil gathering system at the OGPD
Siyazanneft. Also, under laboratory conditions, the degree of influence on the remaining physical and
chemical characteristics of oil was studied and the need to use 0,5% waste composite in the alkaline diesel
fraction (ALF) of mixtures of nanostructured polycrystalline powders BAF-1 and BAF-2, taken in the
same proportion, was substantiated. The efficiency in the oil of the proposed composition was determined
by comparing the experimental results with the addition of individual amounts of Alkan DE318 reagent
and nanostructured polycrystalline mixtures of reagents.

Keywords:  oil gathering system, nanostructure, alkaline diesel fraction, polycrystalline powder,
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“Siyazonneft” NQCI-nin timsalinda neftlorin naqli
va saxlanilmasi texnologiyalarimin samaraliliyinin

BAF-1 va BAF-2 nanoreagentlar ila artirtlmasi

B.T. Usubaliyev, F.T. Miirvatov, V.X. Nurullayev, N.i. Mammodova
Azarbaycan Déviat Neft va Sanaye Universiteti (Azadlig pr. 16/21, Baki, AZ1010, Azarbaycan)
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Mommadova Nazils / e-mail: naza_366@mail.ru

Xiilasa

Mogalods “Siyozonneft” NQCI-do neft y1gim sisteminin isinin somoraliyinin artirilmasi mogsadilo
bir sira alavalarin xam neftin vo lay suyunun torkibino, tasir xiisusiyyatlori yronilmisdir. Homginin neftin
digor fiziki-kimyavi xarakteristikalarina tasir doracalori laborator-elmi todqiqatlarla arasdirilaraq natico
etibar1 ilo masalonin halli iigiin BAF-1 vo BAF-2 nanoquruluslu polikristalik tozlarin eyni miqdar
garigiglarimin  golovilosdirilmis dizel fraksiyali tullantida (QDFT) 0,5%-li kompozitindon istifadonin
zoruriliyido gostorilmisdir. Neftdo effektlilik, ayri-ayri miqdarda Alkan DE318 reagentinin, nanoquruluslu
polikristalik reagent qarisiqlart olavo edilorok miigayisali eksperimental noticalori aparilmaqla miiyyon
edilmisdir.

Acar sozlor:  neft yigum sistemi, nanoqurulus, Qalovi dizel fraksiyast, polikristalik toz, kerosin.
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HoBbiieHne 3p(peKTUBHOCTH TPAHCIOPTUPOBKH

U cOopa HedTH C TPUMEHEHHEM HAHOPEAreHTOB

BA®-1 u BA®-2 na HT' 1Y «CusizanHedtb»

\B.T. chﬁa.uneB\, ®.T. MypBaros, B.X. Hypyanaes, H.U. MammagoBa

Azepbatiodicanckuli 20cy0apcmeenHvlll yHusepcumem Hegpmu u npomviuiiennocmu (np. Azaonvie, 16/21,
baxy, AZ1010, Azepbatioxncan)

JUIs1 mepenucKu:
Mamenosa Hasus / e-mail: naza_366@mail.ru

AHHOTaNUA

B craThe u3ydeHbsl OCOOCHHOCTH BIMSHUS psifia T00aBOK HAa COCTaB ChIPOH HE(TH W IIACTOBOM BO-
Ibl C 1eNbl0 NoBbIeHus 3 dekTnBHOCTH cucteMbl cOopa Hedtn Ha HI'LY «CuszanHedte». Taxxke B
71a60PaTOPHBIX YCIOBUAX M3YUeHA CTENEHb BIMSHUS HAa OCTaJIbHBIE (PU3NKO-XUMHUYECKHE XapaKTEPHCTUKU
He(TH U 000CHOBaHA HEOOXOAUMOCTD MCITOJIb30BaHus 0,5% KOMIIO3UTa OTXOJIOB B IIEJIOYHON TU3EIBHON
¢pakunu (LAD) cMeceit HAHOCTPYKTYPUPOBAHHBIX HOJIMKPUCTAIIMUECKIX NOPOIIKOB BAD-1 u BA®-2,
B3SITHIX B OAMHAKOBOH mpornopiuu. IPQPeKTUBHOCTS B HE()TH NPEITI0KEHHOTO COCTaBa ONPEessuin my-
TEeM CPaBHEHHUS SKCIIEPUMEHTAILHBIX Pe3yJIbTaTOB C JO0OABICHUEM OTNIEIHHBIX KOMm4uecTB peareHTa Alkan
DE318 1 HaHOCTpYKTYpHpPOBaHHBIX OJUKPUCTAIUINYECKUX CMECEN peEareHTOB.

KuroueBble cjioBa: cucmema coopa neghmu, HAHOCMPYKMYPA, Wer0YHOU OU3eIbHOU GpaKyuu, noau-
KPUCMALIUYECKULL HOPOULOK, KEPOCUH.
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Giris

Hazirda neftlo birlikdo laydan ¢oxlu
migdarda miixtalif kimyavi torkibli su vo bas-
ga maddolar ¢ixarildigi {igiin neftin naglolun-
maya hazirlanmasi miihiim masaladir. Neftin
sulu (xiisusan, mineral duzlarla zangin) olmasi
noaqliyyat xarclori ilo yanasi, emal prosesini do
miirokkoblosdirir, avadanligin ¢irklonmoasina
va korlanmasina sobob olur [1].

Neftin boru komori ilo nagl olunmast, ilk
baxisda ¢ox sado goriinsa do, proses zamani
boyiik ¢atinliklorlo garsilagsmalar olur ki, bu da
igtisadi vo ekoloji cohatdon arzu olunmazdir
[2]. .

NQCI-lordo nefthasiledici quyulardan
baglayaraq, neftin yigim: vo hazirlanmasi
montagalorina gadar komarlords osasen gox-
komponentli sistemlorin nagli prosesi bas ve-
rir. Homginin, tohlil gostoarir ki, bir sira sabab-
lor tiziindon ¢oxfazali vo reoloji miirokkab ga-
risiglart nagl edon moéveud texnoloji madanda-
xili boru kamoarlarinin do normal isi tez-tez po-
zulur [3, 4].

Bu kimi sobablordon neftin yigimi, ha-
zirlanmas1 vo noglinds texnoloji proseslorin
somoraliyinin artirilmasi nogl olunan sistemlo-
rin daxili strukturunun miirakkobliyindon asili
olaraq daha da ¢otinlosir [5].

Texnoloji prosesdo quyu mohsulu za-
mandan asil1 olarag, 6z fiziki-kimyavi va reo-
loji xiisusiyyatlori ilo yanasi omtos keyfiyyati-
ni do doyismis olur. Bu sabablordon da boru
komoari sisteminds miirokkablogsmalorin sayi
getdikco artir va bunun halli shamiyyatli dors-
cada ¢atinlosir. Bu problemlorin boyiik bir his-
sasi nagl olunan sistemin reoloji miirakkabliyi,
yani onlarin anormal xiisusiyyatlora malik ol-
masit ilo alagodardir [6].

Qeyd edok ki, neftin hasilati, yigiimas,
hazirlanmasi va nagli prosesinds emulsiyalarin
yaranmasi, onlarin fiziki-kimyovi xiisusiyyat-
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lorinin Gyronilmasi, demulsasiya masalalarine
dair coxsayli toadgigat islorinin aparilmasina
baxmayaraq, lay-quyu yigim sisteminds bas
veran bir sira problemlarin ¢oxu hals do 6z
hallini tapmamisdir. Yoni, geyd olunan prob-
lemlarin bir gisminin yiiksok ozliliikli neftlor
Vo onlarin emulsiyalart ilo bagliligini nozars
alarag, bu masala hala dos hallini saxlamaqda-
dir [7].

Neft y1igim mantagolorinds aparilan islo-
rin tohlili gostarir ki, oksar hallarda neft ¢onlo-
rinin lay suyu va dib ¢okintilorindon tomiz-
lonmasi da tomin olunmur.

Neft hasilatt zaman1 yaranan emulsiyalar
iSo boyiik neft itkilaring, otraf miihitin ¢irklon-
masing, enerji sarfinin vo nagli xarclarinin art-
masina sabob olur [8-10].

Isin magsadi

Todgigatimizda magsad neft yigim siste-
minin iginin somaraliliyinin artirilmasi vo hasil
edilon lay sularinin nanotexnologiyanin sor-
hodsiz imkanlarindan istifado etmoklo otraf
miihito tasirini azaltmaqgdir. Toklif edilon tisul
Respublikamizda movcud modon soraitinds
lay sularinin tobii miihito manfi tasirini igtisa-
di-texnoloji baximdan miioyyan dorocads al-
verisli sokilds azaldacaqdir.

Masalanin qoyulusu

“Siyazonneft” NQCI-nin NQCS-da hasil
edilon xam neft-su garisigr neft yigim monto-
galorinds sarbast suyu buraxildigdan sonra na-
soslar vasitasilo markazi neft y1igim mantaqoe-
sino (MNYM) sobaya yonaldilir. Sobaya yo-
naldikdan sonra onun ¢ixisinda temperatur 60-
70°C godor yiiksaldilir.

Sobaniin gobul xottino dozator nasosu
ilo “Alkan DE318” markal: deemulgator vuru-
lur. Sobada qizdirildigdan sonra yiiksok hora-
rotli quzdirilmis neft-su vo deemulqgator ga-
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risigit amtoa ¢onlarine gondorilir. Conlords
neft-su garisigi 4-6 saat miiddstindo ¢6kmo
prosesinds saxlanilir. Demulsasiya prosesin-
don sonra amtos ¢onlorindon galiq su, duz,
mexaniki garisiglar tomizlonir. Hazirlanmis

omtoolik neft Neft komarlori idarasine tohvil
verilir.

Demulsasiya prosesinin texnoloji rejimi-
nin gostaricilori cadval 1-do verilmisdir.

Cadval 1 — Deemulsasiya prosesinin texnoloji rejiminin gostaricilari
Table 1 — Indicators of technological mode of demulsification process

_ ] Yerli bazara: TS AZS 115-2004
2 - = Omtos goninda “Unikal torkibli Azarbaycan
5 € = 3= deemulsasiyadan neftlori”

= =] = . .
e ke §9 s = § sonra lizro tohvil verilon neftds
2 5Z 5 -~ £ o S | suyungdkmo fxraca: TOCT P51858-2002
So| EE3 o E g E o miiddati,
— .‘_CU F% o @® = $ o S o = saat -
S o S 2o == T = : Mexani
= 7S o = c g = S 3 Suyun Xlorid )
oy S S € S 8= o I Ki
K IV~ % = =N kiitlo duzlarinin fsial
c = % S 4 Texnol | pay1 qatilig, | M@
£ g o 2 oii mtoo ’ 3 | rnkiitlo
= RZ = ] coninda % mag/dm o
pd - ¢onds pay1, %
MN “Alkan Qizdiricidan 100-o
YM 60-70 DE-318” Vol 50 - 4-6 0,5 godar Qotor 0,05

Cadval 2 — “Siyozonneft” NQCi-nin “Atagay” neft yigim montagesindon gétiiriilmiis neft niimunasinin

fiziki-kimyavi gostaricilorinin doyismasi

Table 2 — Changes in physical and chemical parameters of oil sample taken from “Atachay” oil storage

point of “Siyazanneft” OGPD

. . Tomiz Mexaniki Kinematik Dinamik
Xiisusi ¢aki, Temperatur, Su, Qatran, s ot T,
Ne ka/m® oc neft, qarisiglar, % % ozlulik, ozlilik,
q % % sSt sPz
Kompozit slavs olunmadan
1 882,0 20 98,30 1,67 0,03 38,0 8,0 8,42

BAF-1 vo BAF-2 nanoquruluslu polikristalik tozlarinin kerosinin tomizlonmosindon alinan tullantida 0,5%-li
kompozitinin 40,0 ml olavasilo

2 878,0 20 96,43

3,33 2,34 34,2 4,8 5,40

BAF-1 va BAF-2 nanoquruluslu polikristalik tozunun barabar miqdar qarisiglarimin QDFT-da 0,5%-li
kompozitinin 40,0 ml slavasile

3 887,0 20 95,73 1,60 2,67 20,0 1,8 2,05
Alkan DE318
4 887,0 20 98,30 20,33 0,54 38,0 78 8,04
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Qeyd edok ki, demulsasiyadan sonra
neftin yuxarida geyd olunan texniki sortlors
bir sira sabablordon cavab vermomasi hallar
olur.

Bu soboblor neft-su garisiginin lazim
olan temperatura gadar qizdiritlmamasi, duzla-
rin istilik doyisdiricilarinin ilanvari borularin-
da ¢okmasi, xam neftds lay sularinin ¢ox ol-
masi, stabil emulsiyalarin yaranmasi, deemul-
gatorun normadan az verilmasi va s.

Eksperimental hissa

Bu kimi problemlarin halli magsadils
“Siyazonneft” NQCI-nin Ata-cay” neft y1gim
montagesindon gotiiriilmiis neft niimunasinda
Vo eyni zamanda lay suyunda BAF-1 vo BAF-
2 nanoquruluslu polikristalik tozlarinin galovi-
logdirilmis dizel fraksiyali tullantida 0,5%-li
kompoziti kerosinin tomizlonmasindon alinan
tullantida 0,5% li kompoziti vo “Alkan” DE
318 ilo laborator elmi todgigatlar1 aparilmigdir
(cadval 2, 3).

Cadval 2-don goriindiiyi kimi BAF-1 vo
BAF-2 nanoquruluslu polikristalik tozlarinin
eyni miqdar garisiglarinin QDFT-da 0,5%-li
kompozitinin slavo olunmas:i ilo neftin osas
gostoricilorindon olan  kinematik  ozliliyt
77,5% asag1 diismiisdiir. Bu gostorici BAF-1
vo BAF-2 polikristalik tozlarin barabar miqdar
garisiglarinin kerosinin tomizlonmasindon ali-
nan tullantida kompozitinin slavasi ilo 40% ol-
magla “Alkan DE318”-in olavasi ilo comisi
5% miisahida olunmusdur.

Soziigedon kompozitin neftin digor asas
gostaricilaring olan tosiri do ohomiyyatli dors-
codo miisbot olmusdur.Belo ki, BAF-1 vo
BAF-2-nin kerosinin tomizlonmasindon alinan
tullantida 0,5%-li kompozitinin slavasi ilo nef-
tin torkibindoki gotranin miqdar1 comi 4%
azalmis, Alkan D318-in olavasi ilo iso doyis-
momisdir. Lakin, BAF -1 vo BAF-2 nanoquru-
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luslu polikristalik tozlarin QDFT-da kompozi-
tinin olavasi ilo gotranin miqdarinda 18,0%
azalma miisahids olunmagla neftdon ayrilmis
suyun migdari da nisbaton ¢ox olmusdur.

Eyni zamanda “Ata-¢ay” neft yigim
montagoasindon gotiiriilmiis lay suyuna (250
ml) BAF-1 vo BAF-2 nanoquruluslu polikris-
talik tozlarinin borabar miqdar garisiglarinin
QDFT-da 0,5%-li kompozinin olavasilo (2,5
ml) su niimunasinds minerallig va codlug
azalmig, lakin suyun tipinds doyisiklik olma-
musdir. Suda Co3- ionu tayin edilmisdir (cad-
val 3).

Olavanin 5,0 ml hacminda suyun mine-
ralligi vo codlugu bir godar do azalmis, lakin
suyun tipi doyismomisdir.

Ca2+, Mg2+ va Cl- ionlar1 azalmigdir.

CO3- vo HCO3- ioanlarinda artma
misahido olunmusdur. ©lavanin 7,5 ml hoc-
minds suda Ca2+, Mg2+ vo CI- ionlarinda
azalma miisahido olunmusdur. Mineralliq va
codlugda azalma davam etmisdir. Su nimuna-
sindo codlugun azalmasi golovi miihitin yaran-
masina Sabob olmusdur. Lakin, suyun sixligi
Vo duzlulugunda dayisiklik miisahids olunma-
misgdir.

Lay suyuna BAF-1 vo BAF-2 nanoquru-
luglu polikristalik tozlarin barabar migdar ga-
risiglarinin kerosinin tomizlonmasindon alinan
tullantida 0,5%-li kompozitin olavasilo (2,5
ml) Ca2+, Mg2+ vo ClI- ionlarmin azalmasi
miisahids olunmagla, CO3- ionu tayin edilmo-
misdir. HCO3- ionunda ciizi artma olmusdur.
Su niimunasinds mineralliq vo codluqda azal-
malar misahido olunmagla tipi doyismomis-
dir.
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Lay suyuna olunan olavenin 7,5 ml
hocminds Ca2+, Mg2+ vo HCO3- ionlari
azalmig, CI- ionunda isa ciizi artma 6ziini
biruzo vermisdir. Bu sababdan, suyun mine-
ralligi vo codlugunda azalmalar olmusdur.
Suyun tipinds heg bir doyisiklik olmamisdir.
Nohayat, lay suyuna “Alkan DE318” olava-
silo (Iml) CI- ionunda artma geyds alinmis-
dir, bu sababdan suyun mineralligi ¢oxalmis-
dir.

Ca2+ ionlart azalmig, Mg2+ ionlar
artmisdir, codlugda da nisbston azalma bas

Natica

Aparilmis laborator elmi todgigatlarin
naticalarinin tahlili goéstarir ki, “Siyazonneft”
NQCi-nin neft y1gim sisteminin isinin somo-
roliliyini artirmag moaqgsadilo BAF-1 va
BAF-2 nanoquruluslu polikristalik tozlarin
QDFT-da kompozitindon istifado etmoklo
neftlorin nogli vo saxlanilmas: zamani digoar
reagentlorlo miiqayisads daha yaxsi naticalo-
rin alinmas1 mimkiindiir.

Maraglar miinaqisasi

vermis, suyun tipi doyismomisdir.

10.

Mislliflor bu mogalodo arasdiriimasi
tolob olunan maraglar miinagisasinin olma-
digin1 gqeyd edirlor.
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Abstract

In the field of synthesis and study of the antioxidant activity of novel derivatives of
rhodanides, we carried out a targeted synthesis of this compounds of cyclic thioureas and
established a relationship between their structures and antioxidant properties. The antioxidant
properties of the synthesized compounds were studied in model reactions. Since the study of the
mechanism of the antioxidant action of oxidation inhibitors under real conditions of oxidation of
lubricating oils is very difficult, the antioxidant effect of the compounds synthesized by us was
studied in the oxidation reaction of a model hydrocarbon-cumene, the oxidation mechanism of
which was studied in detail. The study of cumene autoxidation in the presence of these
compounds showed that they effectively inhibit the autoxidation process. Thus, the study of the
heterocyclic derivatives of rhodanides (E1-E3), which we synthesized by model reactions as
hydrocarbon oxidation inhibitors, revealed that these compounds repel peroxide radicals, break
oxidation chains, and catalytically decompose hydroperoxides into molecular compounds. The
substances studied are antioxidants with a combined effect.
Keywords:  rhodanide, cumene, model reaction, antioxidant, inhibitor.
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Tarkibinda rodanid grupu saxlayan bazi heterotsiklik birlasmalarin
antioksidant asqar kimi todqiqi
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Xiilasa

Sintez  etdiyimiz rodanidlorin  heterotsiklik  téromalorinin  (E1-E3)  karbohidrogenlorin
oksidlasmasinin gargisini alan inhibitor kimi model reaksiyalarla todgigindon miioyyan olunmusdur ki, bu
birlosmoalor peroksid radikallarini dof edorok oksidlogsma zoncirlarini qirir vo hidroperoksidlori katalitik
olarag molekulyar birlosmoloro pargalayir. Todgig olunan maddslor kombino tasiro malik
antioksidantlardir.

Acar sozlar: rodanid, kumol, model reaksiya, antioksidant, inhibitor.
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AHHOTAUA

CuHTe3upOBaHHBIE TeTepoluKInYeckne Mpou3BoaHble pomanuaoB (E1-E3) Obumm wm3ydeHsr B
MOJIETIFHBIX PEAKIHIX Kak MHTuOMTOpHI. IIpu 3TOM OBUIO YCTaHOBJIEHO, YTO MOJYYEHHBIE COETMHEHUS
OTTAJIKUBAIOT TEPOKCUIHBIE paaMKaibl, Pa3pbhlBAIOT LEMU OKHUCIEHHS M KATAIUTUYECKH PaCIICTIISIOT
THIIPOTIEPOKCHU/IBI 10 MOJIEKYJISIPHBIX coeinHeHni. Takum 00pazoMm, UcciienyeMble COSTUHEHHS SIBISIOTCS
AHTHOKCHJAHTaMH KOMOWHUPOBAHHOTO IEHCTBUSI.

KuaroueBble cjioBa: POOAHUO, 2UOPONEPOKCUD, MOOETbHAS PEaKyUs, AHMUOKCUOAHM, UHSUOUMOD.
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Introduction
One of the most important problems of

modern hematology is to protect fuels, oils
and other petroleum products from oxidation
during operation or long-term storage [1-3].
Antioxidant additives are used to protect fuels
and lubricants from oxidation. Currently,
alkylphenols, amines, aminophenols, various
sulfides, metal salts of dithiophosphate,
thiourea derivatives and others are widely
used as antioxidants [4-6].

Studies have shown that rhodanides are
the most effective additives that prevent the
oxidation of petroleum products. It is also
known from the literature [7] that rhodanides
play the role of stabilizers for the stabilization

of  lubricants, emulsifiers, chlorinated
hydrocarbons. They are also widely used in
agriculture as insecticides and seed

disinfectants. Rhodanides, on the other hand,
are the most suitable syntheses for the
synthesis of nitrogen and sulfur-containing
heterocycles.

It also should be taken into
consideration that it is considerably difficult to
study the mechanism of action of antioxidants
added to fuels and other petroleum products.
That is why the antioxidant effect of
synthesized compounds has been studied in
the  oxidation  reactions of  model
hydrocarbons.

To assess the antioxidant activity of
synthesized compounds so far, the kinetics of
their reactions with cumylperoxide radicals
and cumylhydroperoxide have been studied.
The model used cumene as a hydrocarbon, and
its oxidation mechanism has been studied in
detail [8-10].

Numerous studies describing the
antioxidant capabilities of nitrogen and sulfur-
containing organic compounds have been

85

published in peer-reviewed journals. Sulfides,
dithiophosphate, xanthogenate, and different
sulfur-containing heterocycles (phenothiazine,
benztiazole, etc.) were studied. Prior to our
research, however, the antioxidant capabilities
of several rhodanide compounds have
received little attention.

In light of the above findings, as well as
ongoing research in the field of the synthesis
of various classes of sulfur compounds, the
relationship between their structure and
antioxidant properties, rhodanides of various
structures can be synthesized and their
antioxidant properties studied in model
reactions. To put it another way, in order to
determine the relationship between the
structure of newly synthesized compounds and
their antioxidant properties, new rhodanide
derivatives were synthesized, their oxidative
properties were studied in model reactions,
and a theoretical background for the creation
of new antioxidants was developed.

Material and method

Compounds  produced react with
cumylperoxide radicals. To evaluate the
reaction with peroxide radicals, initiated
oxidation of kumol was done in the presence
of these inhibitors. The temperature of the
reaction is 60 °C. At a concentration of 2-10-2
mol/l, the initiator was azodiizobutyronitrile
(AIBN). At 60°C (K7), his initiation rate is
10-10-5 I/(mol.s.). The inhibitor concentration
ranges between 1-10-4 and 5-10-4 mol/1. In a
monometric apparatus, the process was
examined for oxygen absorption. A precisely
measured reaction solution is placed in a
reactor that is linked to the unit by a grinder.
Prior to the experiment, the unit is filled with
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oxygen and transported to a reactor pre-cooled
to -50 °C to prevent solvent evaporation.

The rapid shaking of the reactor
guarantees that the oxygen dissolves quickly,
allowing the oxidation reaction to proceed in
the kinetic area. After the reactor has been
heated for 5 minutes, the oxygen pressure in
the system is adjusted once more, and
measurements begin by turning off the taps.
The decrease in oxygen volume is measured
using the mercury level in a burette with a
constant temperature. A gas is automatically
supplied through a pressure regulator and an
electrolyzer, which is balanced by a mercury
column, to keep the pressure of oxygen on the
reaction solution constant.

They add a solvent (chlorbenzene) to the
reactor and begin a nitrogen bubble, which
lasts throughout the experiment.

Then, with the exception of the
hydroperoxide, we add all of the components
and start the reactor heater. When the required
temperature is reached in the reactor after 10-

15  minutes, the final  component,
hydroperoxide, is introduced and the
stopwatch is started. After the requisite

temperature has been obtained, the inaccuracy
of the reaction temperature should be kept
within  0.1°C and controlled by direct
measurement in the reactor. The concentration
of hydroperoxide in the samples is then
determined using a specific iodometric
method. Pour a few milliliters of acetic acid
and 1-5 milliliters of the sample into conical
flasks of 150 milliliters, depending on the
number of samples gathered throughout the
experiment. Afterwards, the flasks blown with
carbon dioxide to remove air. Pour the freshly
prepared potassium iodide into a saturated
solution of methanol and cover with polished
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glass stoppers and keep in the dark for 60
minutes.
Reaction of synthesized compounds

with cumylhydroperoxide. Kinetic
experiments to study the reaction of
synthesized compounds with

cumylhydroperoxide are carried out in a glass
reactor with a constant temperature. A solvent
(chlorbenzene) is added to the reactor and
nitrogen bubbling is started, which is
continued throughout the experiment. Then we
include all the components except the
hydroperoxide and start the reactor heater.
After 10-15 minutes, when the required
temperature is reached in the reactor, the last
component, hydroperoxide, is introduced and
the stopwatch is started. The error of the
reaction temperature should be kept within +
0.1°C and controlled by direct measurement in
the reactor after the required temperature has
been reached. Samples are then taken at
specified time intervals and the concentration
of hydroperoxide in them is found by a certain
iodometric method. To do this, pour a few ml
of acetic acid and 1-5 ml of the sample into
the conical flasks of 150 ml, depending on the
number of samples taken during the
experiment. The flask is then blown with
carbon dioxide to remove air. Pour the freshly
prepared potassium iodide into a saturated
solution of methanol and cover with polished
glass stoppers and keep in the dark for 60
minutes.

In this case, the following reaction
occurs:
ROOH + 2KJ + H,0 —J; + ROH + 2KOH
Preliminary tests with a known starting
concentration of hydroperoxide are used to
ensure that the reaction is completed
completely. When 10 mL of acid is added, the
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process totally releases molecular iodine after
30 minutes. During this time, very little iodine
accumulates in the test sample. Each time a
new experiment is introduced, a test sample is
taken in addition to the basic samples. When
calculating the solids, it was discovered that 2
moles of thiosulfate are utilized in the titration
for every mole of hydroperoxide:
Jo+2Na,S,03—NayS,06+2Nal

During titration, sodium thiosulfate is
taken at a concentration of 0.05 N. The
concentration of hydroperoxide is calculated
by the following formula:

0
=g 0
o~
HIY
20
Il
O
El E2
| Ty
P
o)
NP 0=5=0

E3

Scheme — Some heterocyclic compounds containing
rhodanide group

(Vr — Vo) [Na,S,05]0,05N

[ROOH] =
2Vexp
V1 - volume of solution used for titration of
the sample, ml

V, - volume of solution used for titration of
test sample, ml
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Vexp - Volume of sample taken, ml.
Result and discussion

The autooxidation of kumol with their
participation was investigated in this stage of
the study to determine the ability of newly
synthesized rhodanide derivatives (E1-E3)
[15] to act as oxidation inhibitors (scheme).

When we study the autoxidation of
cumene in the presence of these compounds
(E1-E3) at 110°C (Figure 1), we see that they
stop the oxidation process. This manifests
itself during their induction period (t) (Fig.1).

Induction of the studied antioxidants
(E1-E3) with azodiisobutyronitrile (AIBN) to
assess the ability to break the oxidation chain
during the oxidation of cumene rilled. The
reaction was carried out in a monometric
device, the kinetics of the oxidation process
was determined by the amount of oxygen
absorbed over a period of time.

(E1-E3) to inhibit the oxidation of
cumene. As can be seen from the table below,
the induction period (1) of these compounds is
much higher than that of ionol. According to
the induction period (E3), the combination has
a higher value.

In order to evaluate the ability of the
studied compounds E1-E3 to break the
oxidation chains via the reaction with cumene
peroxide radicals, the oxidation of cumene
was initiated by azodiisobutyronitrile (AIBN)
at 60°C in the presence of these inhibitors. In
all experiments, concentration of the initiator
was 2-10 mol/l, and content of the inhibitor
was 5-10™ mol/l. It was found that all studied
compounds, to one degree or another,
inhibited the initiated oxidation of cumene

(Fig.2):



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2022, cild 14, Ne 4, s. 83-91

Herald of the Azerbaijan Engineering Academy
2022, vol. 14, no. 4, pp. 83-91

Israfilova Z.T. Israfilova Z.T.
E-2 E-3

1,00 - E1

VO2,ml os7 I' 0.8 087 087
0,90

J P
0,80 077 07
: 0.‘?)(
0,70 Ug,
0.6 f 5/
0,60
ofe otf
0,50 I 4
. 04
040 =280 min /| 03
; =400 min =520 min /
U.SD Q28 02
. oaf 14
0,20 8,14
0,0
: 0,06 U-U/
0,10 . .04 .04
, Tz : :
0 g 0,00

000 | ©_Lo*

80 160 240 320

400 480 560 640

Figure 1 — Kinetic curves of cumene auto-oxidation in the presence of the synthesized compounds: T = 110°C, Vo,
is a volume of oxygen (ml), T is a time (min); [InH]= 0 (1') [InH]= E-1-E-3 = 5-10" mol/l.
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Et
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Figure 2 — Kinetic curves of initiated cumene oxidation
in the presence of synthesized compounds E-1-E-3: T
= 60°C; Vo3 is the volume of oxygen (ml), t is the time
(min.), [InH]=0 (1°) [InH]=5-10"* mol/l = (E-1-E-3).

Using the value of the induction time (t)
of the initiated cumene oxidation, the
stoichiometry coefficient f was calculated.
The latter is equal to the number of oxidation
chains breaking under the action of one
inhibitor molecule and products of its
conversion:

T W;

/= Tnm,
where T4 is induction time, W; is initiation

rate, [InH]o is initial concentration of the
inhibitor. To determine the value of the rate
constant of the interaction of inhibitor with
cumene peroxide radicals (x7), the Kinetic

640
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curves of the initiated oxidation of cumene
were transformed from A[O;]-t coordinates to
A[O2] -t coordinates. Using the slope of the
straight line

= fk[InH],
(ko[RH W)

it was found that

- tgakz[RH}Ni
f[InH],

tgx

k7

where: k;=1,51 mol™s™, [RH]=7,17 mol™*s*
[11].

The kinetic curves of kumol induced
oxidation reveal that the oxidation rate of
kumol after leaving the induction cycle in the
presence of chemicals is less than the
oxidation rate of pure kumol (E1-E3). This
demonstrates that the intermediate products of
the cumyl peroxide radical reaction have an
inhibitory impact, or a secondary inhibitory
feature.

The table compares the Kinetic
properties of the examined antioxidants (E1-
E3) with cumyl peroxide radicals with ionol.
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The values of the kinetic parameters of
the reaction of the synthesized compounds
with cumene peroxide radicals are given in
Table.

To ebaluate the ability of the
synthesized compounds (E1-E3) to decompose
CHP, the reaction of cumene hydroperoxide
with inhibitors has been implemented at
110°C in chlorobenzene under nitrogen
atmosphere (at this temperature, CHP is
thermally stable). The studies have shown
that the inhibitors, which contain a sulfur atom
in the molecule, effectively decompose CHP
(Fig. 3). Moreover, one molecule of the
studied inhibitors is capable of decomposing
several thousand CHP molecules, that is, the
reaction has a catalytic character.

2 03
g
= 025
S o5
g 7 ™~
0,1%
0.1 ]
-1 4 9 14 19 24 29
1, min.
Figure 3 - (E3) The Kkinetic curve of KHP

fragmentation with the participation of the combination:
T =110° C; [InH] = 510" mol-1";
[ROOH] = 0.38 mol-1™; 1 - induction time (minutes).

The number of CHP molecules (V),
decomposed under the action of one molecule
of the studied compounds, was calculated by
the formula:

[CHP], —[CcHP],

[inH],

where [CHP], and [CHP]_ are initial and final
concentration of CHP, respectively; [InH], is

initial concentration of the antioxidant.

It is found that for all compounds, the
reaction with CHP is of the first order both in
terms of antioxidant and CHP, and the initial
reaction rate of the catalytic decomposition of
CHP follows the equation:

W, =K[InH], .[CHP]

The values of the rate constant of CHP
decomposition under the action of the studied
compounds (K) and catalytic factor (v) are
given in Table.

The Table also contains values of the
induction time (7 ) of cumene autooxidation in
the presence of the synthesized compounds, as
well as the kinetic parameters of their reaction
with cumene peroxide radicals and cumeme
hydroperoxide.

According to the literature, the
stoichiometric coefficient of alkylphenols,
including ionol, is roughly 2 (f2).

According to the table, the stoichiometry
coefficient of rhodanides (E1-E3) ranges
between 2.88-5.28. The price of the K7 is in a
similar scenario. The value of K; in
rhodanides ranges from 1.81 to 3.97 10
I/(mol s), and its efficiency is significantly
higher than that of ionol.

The investigated rhodanide compounds
(E1-E3) catalytically degrade the cumylhydro-
peroxide produced during the oxidation
reaction into molecular products. This is not
applicable for ionol.

Table — The values of the induction time of cumene autooxidation in the presence of the synthesized
compounds E-1-E-3, as well as the kinetic parameters of their reaction with cumene peroxide radicals and

cumene hydroperoxide
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The formula of the T=60°C T=110°C T, min
Ne combination f K;-10™ Vv K, I/mol.s
/(mol-s)
” =, 5.28 3.97 222000 . 520
== [ 4.08 3.55 400
E2 % 7 20000 105
| TR
E3 R o 2.88 1.81 17000 8.6 280
e 0=5=0
(H:C)C g C(CHy)
lonol” | T T 2.00 2.10 - - 150
b
CH;y
*lonol was used as a standard inhibitor.
Table shows the kinetic parameters of  effect. Because they interact with cumyl

the reaction of antioxidants with cumylhydro-
peroxide. The number of KHP molecules
decomposed by one molecule of antioxidant
and its conversion products, ie the rate
constant of the decomposition reaction with
catalytic factor (v), was calculated. It is
known that one molecule of cyanide breaks
down two molecules of cumylhydroperoxide.
However, when the sulfur atom is located in
the rhodanide (SCN) fragment, the
decomposition of KHP increases by a
thousand times. As can be seen from the table,
the value of the catalytic factor varies in the
range of 17 000-22 000. They have the highest
combination of catalytic factors (E1) and their
values reach 22 000, respectively. The value
of the velocity constant of the catalytic factor
is 8.6-11 I/mol.s. From the above, it is clear
that the compounds we studied belong to the
class of antioxidants that have a combined

90

peroxide radicals, they break the oxidation
chain and also act on cumyl hydroperoxide,
which catalytically breaks it down into
molecular products. After interacting with
peroxide radicals, the antioxidants
investigated entirely lose their catalytic
properties in the hydroperoxide breakdown
reaction.

Thus, the antioxidants generated react
with peroxide radicals, which are the primary
oxidation products in the oxidation process
and have a high reactivity, and the majority of
the time is spent on this reaction. Once
generated, the remaining hydroperoxide is
catalytically degraded and converted into
more active compounds such as antioxidants.
In brief, these antioxidants are not reaching
their full potential.

In consideration of this, the antioxidants
tested for the pre-formation of active
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compounds were treated with hydroperoxide
before being incorporated in the oxidation
process. When the antioxidant-hydroperoxide
mixture was incorporated in the oxidation
process in multiple quantities and for varying
durations of time, the antioxidant effect of the
mixture rose several times over the initial
antioxidant.
Conclusion

To summarize, the chemicals tested
break down the oxidation chain by repelling

cumyl peroxide radicals, oxidizing with cumyl
hydroperoxide to catalytically breakdown
cumyl hydroperoxide, and rejecting peroxide
radicals more effectively. In short, the
compounds investigated are antioxidants with
a synergistic impact.
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Abstract

Many branches of the national economy, including oil and petrochemical, consist of complex
combinations of technological installations. An optimal control of technological processes occurring in
each of these complex units, in turn, is an urgent issue. The high requirements for the quantity and quality
of petroleum products in the modern period necessitate the use of complex structured technological
systems. The effective management of complex structural technological systems depends on the physical
formalization of issues of optimal control of technological processes of various classes, the correct
construction of optimal control algorithms based on mathematical models. Given the above, in the
presented research work was studied to develop and verify the adequacy of the mathematical model of the
block reforming technological complex catalytic reforming on the basis of data collected during the
experiment. In developing the mathematical model, various regimes calculated by the composition of raw
materials were taken into account.
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Xiilasa

Xalq tosarriifatinin bir ¢cox sahalori, o climlodon neft vo neft kimya sahalori miirokkob texnoloji
qurgularin kombinasiyalarindan ibaratdir. Bu miirokkab qurgularin har birinds gedoan texnoloji proseslarin
optimal idaro olunmasi, 6z novbasinda, aktual masslodir. Miiasir dovrdo neft mohsullarinin koamiyyat vo
keyfiyyatino qoyulan yiiksok tolob miirokkob strukturlu texnoloji sistemlorin totbigini zoruri edir.
Miirakkab strukturlu texnoloji sistemlorin effektiv idaro olunmasi iso miixtalif sinifdon olan texnoloji
proseslarin optimal idarsetma masalalarinin fiziki cohatdon asaslandirilmasindan, riyazi modellarin bazasi
osasinda optimal idaroetmo algoritmlorinin diizgiin qurulmasindan asilidir. Yuxarida qeyd olunanlar
nozars alaraq, tadqiqat isindo Katalitik riforming texnoloji kompleksinin platforming blokunda aparilmis
tocriibo miiddatinds toplanmig verilonlor osasinda riyazi modelinin islonilmosi vo adekvathigmin
yoxlanilmast moasalasi todqiq olunmusdur. Riyazi modelin islonilmasi zamani xammalin tarkibino
hesablanan mixtalif rejimlor nazoro alinmisdir.
Acar sozlar: katalitik riforming qurgusu, reaktor bloku, reqressiya tonliyi, reaktorun temperaturu.
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AHHOTAIHUSA

MHuorune OTpaciii HapOAHOI'O XO3$II71CTB21, B TOM 4YHCIIC He(bTSIHaSI u He(i)TeXI/IMI/IT-IeCKaS[, COCTOAT U3
CJIOKHBIX KOM6I/IH3HI/II71 TEXHOJIOTUYECKUX YCTAaHOBOK. OnTuMalinsHOoe YHpaBJICHUE TEXHOJOTHYCCKUMU
MpoLeccamy, MPOTEKAIOIMMU B KaXKIOM U3 ITHX CIOKHBIX arperaTos, B CBOK OYEpElb SIBIAETCSA aK-
TyaJbHBIM BOIIPOCOM. Bricokne TpeOoBaHMs K KOJIMYECTBY U Ka4eCTBY HE(TENPOAYKTOB B COBPEMEHHBIH
neproJ; 00yCIaBIMBAIOT HEOOXOMMOCTh TIPUMEHEHHS CIIOKHBIX CTPYKTYPHUPOBAHHBIX TEXHOJIOTUIECKUX
cucreM. D()HeKTUBHOE YHpaBICHUE CIOXKHBIMU CTPYKTYPHBIMH TEXHOJIOTMYECKUMH CHCTEMaMH 3aBHCUT
0T 000CHOBaHHOCTH BOIPOCOB ONTHMAJIBHOTO YNPaBICHHUS TEXHOJOTHYECKHMMHU MPOLECCAaMH Pa3IUYHBIX
KJIaCCOB, MPaBUIJIBHOI'O IMOCTPOCHUA OINTUMAIIBHBIX aJITOPUTMOB YIIPABJIICHUA HAa OCHOBEC MaTEMAaTUYCCKUX
Mozeneil. B mpeacTaBieHHON nMCCIeoBaTeIbCKOW paboTe U3ydeH BOMPOC Pa3padOTKH M MPOBEPKHU aJaeK-
BaTHOCTH MaTeMaTH4YecKOi MoJiesn 0J10Ka maTdopmara TEXHOIOTHIECKOT0 KOMITJIEKCAa KaTaTUTUIECKOTO
pedopMupoBaHHsS Ha OCHOBE MJaHHBIX, COOpPaHHBIX B XoAe OJKcrmepuMmeHnrta. Ilpm paspaboTke
MaTEeMaTHYECKOW MOJIEIH YUYUTHIBAIIUCH PA3IIMYHBIC PEKUMBI, PACCIUTAHHBIE TI0 COCTaBY CBHIPBSI.

KiroueBble ci1oBa: ycmanoska Kamamumuieckoeo peQopmunea, peakmopHuli 010K, ypasHeHue
pezpeccuu, memnepamypa peakmopa.
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Giris

Molumdur ki, texnoloji komplekslarin
optimal idaraetma sistemlorinin layihalondiril-
masinda ilkin va vacib marhalalardan biri on-
larin cari texnoloji situasiyalarini adekvat oks
etdira bilon riyazi modellarinin islonilmasidir
[1, 2].

Katalitik riforming qurgusuna verilon
xammal neftin ilkin emali qurgusunda istehsal
olunan asagi oktanli benzin fraksiyasidir.
Qurgunun asas moagsadi asagi oktanli benzin
fraksiyasindan yiiksok oktanli benzin fraksiya-
sinin alinmasidir.

Neftin ilkin emali texnoloji kompleksin-
do emal tigiin verilon xam neft miixtolif fraksi-
ya torkibina malikdir. Aydin moasaladir ki, belo
olan soraitdo alinan benzinin torkibi miixtolif
olacaqdir. Belalikls, riforming qurgusuna da-
xil olan xammalin torkibindos miixtalif poten-
siala malik fraksiyalar vardir.

Yuxarida geyd olunanlara osaslanaraq,
belo naticoya golmok olar ki, katalitik rifor-
minq qurgusuna verilon miixtalif fraksiyali
xammaldan maksimum miqdarda reaksiya
mohsullar1 almaq ti¢iin riforming prosesi xam-
malin torkibino hesablanan miixtalif rejimlardo
aparilmalidir.

Isin magsadi

Katalitik riformingq qurgusunun optimal
is rejimini tomin edo bilon, cari voziyyatlori
diizgiin oks etdiron adekvat riyazi modelin is-
lonilmasidir.

Masalanin qoyulusu

Texnoloji qurguda optimallagdirma ma-
salasinin riyazi qoyulusunu asagidaki sokilda
gostormok olar:

Y=f(x1, X2, X3, X4, X5,X¢) - > Max

1)
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Harada ki:
X1— qurguya verilon xammalin sarfi,
X, — xammalin xiisusi ¢akisi,
X3 — 1-ci reaktorun girisindo temperatur,
X4— 2-ci reaktorun girisindo temperatur,
Xs— 3-cii reaktorun girisinda temperatur,
Xe— 4-cii reaktorun girisinds temperatur,
Y — platformanin oktan adadi.

Giris vo idarsedici parametrlora qoyulan
mohdudiyyat sartlori ise asagidaki kimidir:

1) 70 <X;<100

2) 0,78 <X<0,8
3) 470 <X3<509
4) 480 <X4<499
5) 480 <X5<505
6) 480 <X(<504

)

Platforming blokunun osas texnoloji
aparatlarinin reaktor blokunun oldugunu noazo-
ro alsag, optimal idarsetmo mosalasinin goyu-
lusunu asagidaki sokildo ifado etmok olar.
Texnoloji qurguda xammalmn sarfinin vo key-
fiyyat gostaricilorinin verilmis giymotlorindo
reaktor blokunda idaroedici parametrlorin ve-
rilmis reqlament daxilinda elo giymatlarinin
tapilmasi talab olunur ki, bu halda optimallas-
dirma mosoalasini xarakterizo edon meyarin
maskimal giymati tomin edilmis olsun [3].

Masalanin halli
Platforming blokunun oasas aparat: olan
reaktoru gara qutu soklinds tosvir edok (sok.1).
Aparilmis tocriibo miiddatinds toplanmis
verilonlor osasinda miirokkob sistemin riyazi
modelinin qurulmasi tigiin coxhadli korrelyasi-
ya metodundan istifads edilir [3].
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X1 >
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’ — v

X, — !
Xs — ¥

Xe >

Sakil 1 — Reaktorun “Qara qutusu”
Figure 1 — Reactor "Black Box"

Regressiya tonliyi xotti formada asagida-
ki1 sokilds yazilir:

k
y=Bo+ z Bi X (3)

j=1
burada: Bo— sorbast omsal, Bi(i=1,k) — xatti to-
sir omsallari, x;(i=1,k) — riyazi modelin qurul-
masinda istifads olunan giris parametrlori; k —
giris parametrlorinin sayidir.

Tonliyin amsallar1 on kigik kvadratlar

metodu ila:
N

@:Z (yi- i) —» min (4)

sortindon taplir. Burada ¥; — asili olmayan do-
yisonlorin i-ci misahidoys uygun golon giy-
motlorino asason ifadasi asasinda funksiyanin
hesablanmis qiymati, N iso miisahidonin sayi-
dir.

Bu riyazi asililigin dogrulugunu giymot-
loandirmok {iglin miixtalif kriteriyalardan istifa-
do olunur. Bunlardan birincisi korrelyasiya
omsalinin hesablanmasidir.

k
R= /z air yXi
i1

burada: & vo r'yx; — araliq doyisenlordir. Bu
omsal giris Vo ¢ixis parametrlori arasindaki
alagoni gostarmaya xidmat edir.

Aydindir ki, 0<R<1 olmalidir.

Bu amsal na goadar vahids ¢ox yaxindir-
sa, bu o demoakdir ki, modelin qurulmasinda
istifado olunan parametrlor diizgiin se¢ilmisdir

()
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vo onlar arasinda korrelyasiya olagesi mov-
cuddur.Cox vaxt tokco korrelyasiya amsali
modelin dogrulugu t¢iin kifayot etmir. Bu za-
man modelin adekvat olub-olmamasi yoxlanil-
malidir. Riyazi modellorin adekvatligi Fiser
kriteriyasi osasinda yoxlanilir:

F=S%/S2qal (6)
Burada
2 X ii-y)?
Sy =5 (7
Y i vi)?
Sqar = S (8)

harada ki, ¥ - funksiyanin orta giymatidir.

Yuxaridak: distur ilo hesablanmis qiy-
mot onun cadval giymatindan kigik olarsa, bu
zaman tapilmis model adekvat model hesab
olunur [4, 5]. Reaktor blokunun riyazi modeli-
nin qurulmas: ti¢iin eksperimentlor naticasinda
toplanmus ilkin statistik verilonlor cadval 1-do
gostarilmisdir.

Notica

Masalanin  halli naticasinds  Katalitik
riforminq qurgusunun platforming blokunun
riyazi modeli {igiin alinan reqressiya tonliyi
asagidaki sokilds toyin olunmusdur:
Y=237,0996+0,330829*X;-68,0707*X;-
0,65253*X3-0,01427* X4+
0,316892*X5+0,121573* X

Reqressiya tonliyinin amsallari:

B=237,0996; B;=0,330829

B,=-68,0707; B3=-0,65253

B4=-0,01427; B5=0,316892

B6=0,121573

Tonliyin  omsallarinin
cadval 2-do verilmisdir.

hesablanmasi

Maraqlar miinaqisasi
Misllif bu maqalade arasdirilmasi tolob
olunan maraqlar miinaqisesinin olmadigini

geyd edir.
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Cadval 1 — Ilkin statistik verilonlor
Table 1 — Primary statistical data

X1 X2 X3 X4 X5 X6 Y
76,6 0,785 480,8 492 480 486 95
77,5 0,781 482 483 481,6 489 95

78 0,788 482,6 487 482,6 487 95

81 0,782 483 486 482,9 485 95

80 0,781 483,5 489 483 489 96
80,9 0,785 483,7 491 4819 485 96
78,8 0,783 484 483 483 487 95
80,8 0,789 4849 492 482,7 488,8 95

81 0,775 485,7 487 486 489 96
82,4 0,779 486,4 490 483,7 485,9 96

82 0,772 487 482 484,7 488,2 96

83 0,773 488 486 484,2 487,8 94

80 0,778 488,8 492 482,1 485,9 92

82 0,774 490 483 481 487,8 91

78 0,776 488 492 485,6 485,9 93
81,2 0,785 486 495 485 486 92

80 0,781 485,6 487 483,1 487,8 91
79,9 0,788 487,5 481 486 486,9 93

80 0,782 487,9 486 485 488,8 95
79,3 0,781 484,2 489 483 487,7 94

Cadval 2 — Regressiya tonliyinin amsallarinin hesablanmasi
Table 2 — Calculation of coefficients of the regression equation

X1 X2 X3 X4 X5 X6 Y
76,6 0,785 480,8 492 480 486 95
775 0,781 482 483 4816 489 95

78 0,788 4826 487 4826 487 95

81 0,782 483 486 4829 485 95

80 0,781 4835 489 483 489 96
80,9 0,785 4837 491 4819 485 96
78,8 0,783 484 483 483 487 95
80,8 0,789 4849 492 4827 4888 95

81 0,775 4857 487 486 489 96
82,4 0,779 486,4 490 4837 4859 96

82 0,772 487 482 4847 4882 96

83 0,773 488 486 4842 4878 94

80 0,778 488,8 492 482,1 4859 92

82 0,774 490 483 481 4878 91

78 0,776 488 492 4856 4859 93
81,2 0,785 486 495 485 486 92

80 0,781 4856 487 4831 4878 91
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X1 X2 X3 X4 X5 X6 Y
79,9 0,788 487,5 481 486 486,9 93
80 0,782 487,9 486 485 488,8 95
79,3 0,781 484,2 489 483 487,7 94
0,121573 0,316892 -0,01427 -0,66253 -68,0707 0,330829 237,0996
0,267763 0,226051 0,091269 0,187607 81,32724 0,239403 205,3371
0,508696 1,425255 #N/A #N/A #N/A #N/A #N/A
2,243368 13 #N/A #N/A #N/A #N/A #N/A
27,34242 26,40758 #N/A #N/A #N/A #N/A #N/A
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Abstract

The mathematical model of the robot generally consists of a nonlinear multi-link system, so various
simplifications are used in the analysis of its properties. In particular, linear models of robots and control
systems are commonly used to study the controllability and robustness of robots. In this case, linear
models are built on the edges of the actions of the robot or system, the properties of which must be
studied. Therefore, in order to build linear models of a robot and its control system, it is first necessary to
find the fixed equations of a particular robot, as well as its control system as a whole. In this work, the
procedure for developing a mathematical description of the robot is given. A three-dimensional model is
developed, its main characteristics are determined. A description of SolidWorks is provided to develop a
three-dimensional model. The model is developed in the form of a system of differential and algebraic
equations. Aerodynamic research of the model, analysis of stability and handling are carried out.

Keywords: mathematical model of robot, study of robot stability, linear models of robots, system of
algebraic differential equations, aerodynamic model.
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Robotik dinamik sistemlarin riyazi modellosdirilmasi va
simulyasiyasi
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Xiilasa

Robotun riyazi modeli iimumi halda qeyri-Xatti ¢oxalagsli sistemdon ibarstdir, buna géro onun xassalorinin
analizindo miixtslif sadslogmolordon istifado edilir. O ciimlodan, robotun idare olunmasi vo dayanaqliginin todqiq
edilmosi tgiin, adoton robotlarin xatti modellari vo idaroetmo sistemlari totbig edilir. Bu zaman xotti modellor
robotun va ya sistemin xassalarinin tadqiq edilmali olan harokatlarinin kenarlarinda qurulur. Buna géra robotun vo
onun idaroetma sisteminin Xotti modellorinin qurulmasi tgiin, hor seydon avval moxsusi robotun, elaco do
biitovlikkds onun idarsetms sisteminin gorarlasmis tonliklorini tapmaq lazimdir. Bu igdo robotun riyazi tesvirinin
islonilmo proseduru verilir. Ugdlciilii model islonilir, onun osas xarakteristikalar1 toyin edilir. Ugdlgiilii modelin
islonilmosi ii¢iin SolidWorks programindan istifads edilir. Differensial va cabri tonliklor sistemi soklinds model
islonilir. Modelin aerodinamik todqiqati, dayanaqhigi vo idarogiliyin analizi hoyata kegirilir. Dirijablin movqe-
trayektoriyali gapali idaroetms sisteminin modellosdirilmasi ti¢iin Matlab paketindon istifads edilmisdir.

Acar sozlar:  robotun riyazi modeli, robotun dayanmqlhigmin tadqiqi, robotlarin xatti modellari, cabri differensial
tonliklor sistemi, aerodinamik model
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AHHOTAIMSA

Maremarnyeckass MOelb poboTa B OOLIEM cilydae HpeICTaBiIseT co0ol HETMHEHHYI0 MHOTO3BEHHYIO CHCTEMY,
IIO3TOMY IIPH aHAJIU3E €€ CBOWCTB MCIIONB3YIOTCS PA3INYHBIE YIIPOIIeHUs. B gacTHOCTH, TMHEHHBIE MOIeT pOOOTOB
U CHCTEM YTpPAaBJICHHUS OOBIYHO HCIOJB3YIOTCS ISl M3YUEHHS YIPaBIIEMOCTH W YCTOHYHMBOCTH po0OOTOB. B 3TOM
CiTydae JTHMHEHHBIE MOJIENIN CTPOSTCA Ha TPaHUIAaX ACHCTBUI poOOTa MM CHCTEMBI, CBOWCTBA KOTOPHIX HEOOXOANMO
n3ydnTh. [103TOMY 7151 TOCTPOCHMS IMHEHHBIX MOJIeNel po0OoTa U €ro CHCTEMBI YIPaBJICHUS HEOOXOIUMO CHavaja
HaliTH (PUKCHPOBaHHBIE YPaBHEHUS KOHKPETHOTO Po0OTa, a TakKe €ro CHCTEMBI yIpaBlICHUS B LeloM. B maHHOI
pabore npuBeieHa Npoleaypa pa3padOTKH MaTeMaTHIECKOro onucaHus podora. PaspaboTaHa TpexmMepHas MOZEIb,
olpeJieTieHbl €€ OCHOBHBIE XapakrepucTuku. [IpuBeneno omnmcanne SolidWorks st pa3paboTku TpexmepHOM
Mojenu. Mozenpb pa3paborana B BHJe cHCTeMBbI JuddepeHInanbHbIX U anredpandeckux ypaBHeHui. [IpoBeneHsl
a’pOJIMHAMUYECKUE UCCIEJOBAHUSA MOJEIH, aHAJIU3 YCTOMYMBOCTH U YIPABISIEMOCTH.

KiioueBblie ciioBa: mamemamu4eckas Mooeilb p060ma, uccnedosamue ycmoduueocmu p060ma, JUHElIHble

Mooenu pobomos, cucmema aneedpo-oud@epenyuaibuvix ypasHenull,
A3pPOOUHAMUYECKAS MOOEITb.
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Giris

Bu isdo riyazi tisul vo nazoriyyslordon
istifado edorok Robotik Dinamik Sistemlorin
Riyazi Modellosdirilmasi vo Simulyasiyasi
ticiin  kompiiter programi  hazirlanmigdir.
Kompiiter programu siini intellekt tisullarini ri-
yazi metodlarla birlasdirir. Bu sahs oldugca
miirakkabdir, ¢tinki robot sistemlari geyri-Xatti
dinamik sistemlor Kimi nozordon kegirmok
olar. Kompiiter programi Robotik Dinamik
Sistemlorin (RDS) riyazi modellarini necos la-
yilondirrmayi 6yratmok prosesindo miitoxas-
sislorin miilahizalarini simulyasiya edir. Robo-
tik Sistemlorin Riyazi Modellosdirilmasi va
Simulyasiyasi ¢ox vacibdir, ¢tinki o, real siste-
min idars edilmasinds vo ya simulyasiyalarin
naticalarindon istifads edarok yeni sistemin di-
zaynina komok eds bilar [1].

Bu isdo robot modelinin diizxatli trayek-
toriyasi tizro geyri-xatti coxalagoali model ii¢iin
Matlab paketindon vo miixtalif program nii-
munoalarindan istifads edilmisdir. Magsad, ro-
botun movge-trayektoriyali sintezini vo diiz-
xatli harokatini togkili etmokdir.

Masalanin qoyulusu

Robotun qgorarlasmis horokatini tomin
edon idaroetmoalarin toyinedilmo proseduruna
dirijablin (ucan aparat) misalinda baxag. Forz
edok ki, dirijablin arzuolunan horakoti obyek-
tin koordinatlarinin miioyyan vektor funksiya-
st saklinda verilir:
fO(YO,XO, 60) =0 (1)
burada, Y — xarici koordinatlarin vektoru; X —
stirat vektoru; 6 — icra mexanizmlorinin vaziy-
yat vektoru; 0 — miivafiq olgiiliiyiin sifir vek-
torudur [1-3].

Dirijablin arzuolunan harokatinin, yoni
dirijablin Y,X vektorlarinin arzuolunan do-
yisikliklorini tomin edon, miiharriklarlo yara-
dilan idarsedici tasirlorin tayin edilmosi tigiin

100

obyektin kinematikasini tosvir edan tonliklo-
rindon istifads edok.

Misal ii¢iin biitiin xarici koordinatlarin
sabit oldugu halda dirijablin bir mévqgeds gal-
masini tomin edan idarsetmoanin tayin edilma
gaydasina baxaq, yani,

Yo=0 2

Bu halda vektorun zaman tizro t6romasi
sifra barabordir:

Y =0voA = Const, A, = Const,

buna gora,
Y = RX ©)
tonliyindon (haradaki, [ ©7T7;
AT 0
— T T1. — . _
X=[V w],R_[O Aw,r()@ Yer

koordinat sisteminda dirijablin xatti vo bucaq
koordinatlari; V, o — bagli koordinat sistemin-
do Xatti vo bucaq siiratloridir)

X°=0 4
Onda obyektin tonliklorina goro
R,=0,N, =0 Vo
V — -1 F *
o =[x @)

tonliyi iki vertorlu geyri-xatti cobri tonliklor sis-
temino kegir. Burada, F, N, — dirijabla tosir
edon naticovi qiivva vo moment vektorlaridir.
Fr+F,+F =0 (5)
Ny + N, = 0. (6)

(5), (6) tonliklor sisteminin halli idarsedici
tosirlor & vektorunu, yoni dirijabln Y% =0
noqtasinds saxlanmasini va onun firlanma hars-
kotlorinin garsisinin alinmasini tomin edan, mii-
harriklorin yaratdig: dart1 qiivvalarinin istigamo-
tini vo giymaotini verir. Qeyd edok ki, (5), (6)
tonliklor sistemi boyiik sayda geyri-malum para-
metrlorlo geyri-xatti sistemdir, buna goéra onun
toxmini halli kompiiter vasitasilo miimkiindiir.
Xotti model tonliklorinin dirijabln Y, X9, §°
doyisonlarilo tayin edilon, iimumi halda zaman
funksiyalar1 kimi tayin edilon miiayyan arzuolu-
nan harokat konarlarinda ¢ixaris qaydasina ba-
xaq [5].
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Dirijablin gorarlasmus harakatlarini tamin
edan idaraetmalarin tayin edilmasi

Dirijjablin ~ kinematika  tonliklorinin
Xattilogdirilmasi moagsadilo meyletma vektor-
larmi x; =Y —Y%x, = X — X%daxil edok.
Onda (3) sistemino uygun olan xatti tonliklor

asagidaki soklo malik olacaq [6,7].
AR(Y°x°)

x1 = 3y0 x1 + R(Yo)xz (7)
OR(Y9x0 OR(YX
burada E;Yo ) a(y ) y=y?©
X=x°

Dirijablin dinamika tonliklorinin Xottilog-
dirilmasi agagidaki tonliys getirib ¢ixarir:
X, = My[Apx; + Bpd + Hpxy + Fgl 8)
burada, My M~ (4*) ifadesino uygun olaraq
hesablanan X = X°; Fg—dirijablmn siirat, yonalt-
Mo bucaglart vo hiindiirliiyli doyisdikde qiivve
va momentlorin dayismasils slagedar olan xarici
hoyacanlar.
(8) xatti tonlikdon matrislor xattilosdirma
noqtalorindon asag1dak1 kimi tayin edilir:
ax

wy=2dl g
0 0 0

Qiivva Vo agirhq momenti vektorlart Fr,

Vo Nrasagidaki ifadalorlo xattilogdirilir [6]:
sin ¢
cos dcosy (10)
cos $siny
(yrsiny + zr cosy) cos
—zrsin +x cos SSinyj (11)

—X cos $cosy + yrsiny

(10), (11) vektorlarinin toromolori asagi-
daki ifadslorlo toyin edilir:

Fr =mg

Ny =mg

ors 0 cos 9 0 .
— =mg 0 sindcosy cos 9sin yl (12)
0 —sin $siny cos $cosy
sin 4
OFr _ [—cos Jcos y‘
amg .
cos dsiny
(yr siny + z cosy) cos
% =| —zpsin+x; cos BSinyj (13)
—x7 cos $cosy + yrsiny
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0 —cos $siny cos $cosy
Z% = mg |- cos 9siny 0 sin 9 (14)
T cos dcosy —sin 9 0
Arximed qiivvasi vektoru:
F¥ = pgU cosvy,
EY = pgU cos 9 cosy,
FZ = —pgU cos siny (15)

ifadasilo toyin edilir, o, matrisa soklindo
asagidaki soklo malik olur.

sin 4
F, = pgU | cos Jcosy (16)
| — cos $siny
onda
[0 cos 4
%a — pg [0 —sin Ycosy —cos SSlnyl a7
ay . .
[0 sin9siny  —cos $cosy
sin 4
dF,
= [cos $cos y] (18)
dpgU .
cos Jsiny

Aerodinamik qiivvalorin vektoru {igiin
Xottilogsmis ifadonin ¢ixarilmast moagsadilo
¢ =c(V,a, B) asilihigini nozars almaqla asagi-
daki ifadani xottilosdirok

Cx

Ra(p' V, C) ad zsxap CJ’] (19)
CZ

Bu mogsadls, (19) ifadosinin biitiin

arqumentlori tizra xiisusi toramalarini tapaq

OR, V2S5 Ex R, _
2 |
Cy 2 dcy/OV
= —pSup( V| +V—[f’0y/6V] (20)
C, 2 lac,/ov
dR, ves,, [25/%%] ar,
EP = — ) acy/aa 'W_
dc,/0a
) dcy /0B
- _ |4 -Zxap l dcy /0B l (21)
dc,/0pB

Analoji sokildo m = m(V,a, B) asilih-
g1 nazoro almagla aerodinamik momentlor
vektorunu tapag:

mx
i

my

VZSgapl

Na(p;V;m) = _p 2

(22)
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(22)-don xiisusi téromolor bu halda
asagidaki ifadalorlo tsyin edilir:

ON, stxapL
op ’
oN am,/ovV
4 = pSyapl. (V y| +Z| omy/ov ) (23)
g om,/oV
N, V2S,aplL om,/0a
Frai om,,/da|,
adm,/da
omy/9p
ONa _ _ %[ om,,/0p ] (24)
% 2 |om,/0B

Cox vaxt dirijablin gorarlagsmis horokati
stiratlorin verilmasiyls tayin edilir:
X=X (25)
Bu halda yalniz dinamik tonliklor xotti-
lagdirilir, kinematik tonliklori isa odadi inte-
grallanir.

Robotun modelinin tadgiqg edilmasi
Yuxarida baxilan dirijablin (onun ve-
ziyyotini  h°=4000m hiindiirliikdo stabillos-
dirmok lazimdir) misalinda yer koordinat
sistemindo doyisonlorin asagidaki qiymaotlori
ilo toyin edilon ndqtads, robot tonliklarinin
xattilosdirilmosi tigiin (1)-(24) nisbatlorinin
totbigino baxag.
(x%,y°, 2% w°, &, y°) = (0,4000,0,0,0,0) (26)
Bu doyisonlori zaman tzro differen-
siallayaraq (3) tonliyino yazib bagli koordinat
sistemindo siiratlorin giymatlorini aliriq:
[V, V2,0, wi, wd, w ] [000000]7 (27)
Sonra dirijabli (26), (27) noqtasinda
saxlayan idaroedici tosirlorin  giymatlorini
tapaqg. Bu mogsadls (26), (27) vektorlarini (28)
tonliyina yazaq vo Matlab paketinin kémayilo
holl edok. Noticodo axtarilan parametrlorin
asagidaki qiymaotlorini alariq:
P, =475H; P, =475 H; P; =

212,5 H; P, = 212,5 H (28)

ap; = 1,57 rad; ap, = 1,57 rad;
ap; = 1,57 rad; ap, = 1,57 rad; (29)
Bp1=0;Bp2 =0;Bp3 = 0; Bps =0 (30)
Dayisonlorin tapilmis qiymatlorini (7)
tonliyina qoyaraq kinematikanin xotti tonlik-
lorini alariq, bu da dirijablin kinematikasinin
sadalosmis tonliklorini asagidaki sokildo yaz-
maga imkan verir:

100 0 0 0
‘10000

. oo 10 0 0

151000 010 (31)
l[OOOOOljl
00010 0

Bu sistemdo x; vektorunun kompo-
nentlori voziyyatin doyisonloridir, X, vektoru
iso faktiki olaraq “idaroetmo” rolunu oynayir.
Buna gors dirijablin kinematikas1 dayanaqliq
sorhadinds vo ya Lyapunov monasinda daya-
naqli sistemdir [5]. Onun xarakteristik tonliyi-
nin bitin alti koklori sifra borabordir. Bu
sistemin idaroediciliyino aid demak olar ki,
onun Kalman iizro idacedicilik matrisi gi-
riglorin matrisi ilo tst-iisto diisiir, hansina ki,
Xo vurulur. Asanligla gérmok olar ki, bu
matrisin ranqi altiya barabardir, yani (31) sis-
temi baxilan halda tamamilo idarsolunandir.
Dirijablin kinematikas1 homiso (3=90"halin-
dan basqga) tamamils idaraolunandir. Bu halda
idaroedici tosirlor kimi miihoarriklorin dartq
qiivvalorinin giymatlorini vo onlarin istiga-
motlorini hesab edok. Buna goéra idaraetma
vektoru 10-a barabor olan olgiilitys malikdir.
(26)-(30) dayisonlorinin  giymatlorini  (8)
tonliyino qoysag, dinamika tonliklorindan
biitlin matrislorin omsallarinin odadi giymat-

lorini alariq:
[O 0

0

: (32

AD=|

e ————————

(el ev B el en B an)

SO OO OO
SO OO OO
SO OO OO
SO OO OO

Bp = (33)
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—0,0000 —04750 —0,0000 —04750
0,0010 —0,0000 —00010 —0,0000
5 _| 00000 00000 00000 00000
1= 00108 —0,0000 —00108  0,0000
00000 51301 —0,0000 —51301
00097 —00000 00097  —0,0000
0,0000 —02125 —0,0000 0,0000
0,0000 —00000 0,0010  0,0000
s _|-0.2125 00000 00000 —02125
2=100000 —0,0000 00041 0,0000
_45934 0,8711 —0,0000 —4,5934
| 0,0000 00000 —00216 0,0000
000 0 0 0
I0 00 -1 1 0I
000 0 0 0
HO=16 0 0 0 0 0 (36)
000 00 0
lo 0 0 0 0 ol

Verilon ifadalordon goriiniir ki, dirijablin
xatti tonliklori yiiksok daracays va boyiik say-
da idaroeidici va hoayacanlandirici tasirlora ma-
likdir. Bu halda kinematika vo dinamika ton-
liklorinin sistem matrisalar1 sifra barabordir.
Bu tobiidir, belo ki, dirijabl harokatsizdir vo
onun biitiin istigamat siiratlori va bucaglar: sif-
ra barabardir [8].

Dirijablin y° = 4000 m hiindiirliikdo
22,22 m/s siiratlo yer koordinat sisteminin OX
oxuna manfi 30° bucaq altinda diizxotli hora-
kotinin sadolosmis modelino baxag. Bu hala
uygun olan dirijablin harokatinin trayektoriya-
s1 sok.1-do yer koordinat sisteminds gostoril-
migdir. Dirijablin bu koordinat sistemindo ar-
zuolunan gorarlagmis horokoti asagidak: ifado-
lorla tosvir edilir:
x0 = 22,22t cos(—30") = 19,24 t,

zd = —20tsin(—30") = 11,11¢ (37)
y§ = 4000, ¥° = —30° = 0,5236,
& = Const,y° = (38)

(3) sistemino [x0 0 z0 W9, 8, 40] =
[19,24 0 11,11 0 0 0] qoyaraq  bagh
koordinat sisteminds siiratlorin uygun qiymat-
lorini tapaq:
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—0,0000
0,0010
0,0000
0,0041
0,0000
0,0216

1

(34)

—0,2125
—0,0010
0,0000
0,0000
—0,8711
0,0000 |

[ W v W) w) of] =
[19,24 0 11,11 0 0 0] (39)
(39) vektorundan zaman {izro toromalo-
rin giymatlori, avvalki halda oldugu kimi, sifra
borabardir. Lakin bu halda tasirlonma qilivvals-
ri vo momentlori sifra barabor olmayacaqg, bels
Ki, Vy, V, siiratlori sifra borabar deyil.
Dirijablin harokatinin bu rejiminds ida-
roedici tosirlor kimi mibharriklorin yaratdig
quivvalari va momentlori hesab edacayik. Buna
gora (4*) sisteminda idaroetma vektorunun
Ol¢iiliiyii altiya barabardir, Bp matrisi iso - 6x6
olgiili vahiddir [8,9].

(35)

y &

O

Zy
Y

Sakil 1 — Dirijablin diiz xatt {izra harakati
Figure 1 — The movement of the airship in a straight
line

Axtarilan idaroedici tasirlorin adadi qiy-
motlori Fx, Fyy, Fuiz) Nyxs Ny, Ny uygun qiiv-
Vo vo momentlarin gostarilon programla veri-
lan, oks isaralorlo gotiiriilon odadi giymatlori-
no borabardir. Masslon, y° = 4000 m hiindiir-

likds 22,22 m/s kreyser siiratilo yer koordinat
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sisteminin 0X, oxuna monfi 30° bucaq altin-
da verilon diizxatli horokat halinda idarosedici
qivva Vo momentlor asagidakilara barabordir
[10].

F, = 2460 N, F, = 3000N ,F, = O N (40)
NX=ON-m,Ny=—2200N-m,
N, = 2570 N - m (41)
[—0,0000 0,0133 0,0000
| 0 0,0000 0,0000
A _| 0,0036 —0,0708 —0,0016
b =1 0,0048 —0,0945 0,0022
| 0,0433 —0,0048 —0,0200
l 0,0000 0,0125 —0,0000
1 0 0 0 0 O
01 0 0 0 O
B=100 01 0 0 (43)
lO 0 0 0 1 OJ
0 0 0 0 0 1
00337 0 —00001 0 0 0
0 0 0  —00001 00001 0
0 0 00927 0 0 0
Hp = 0 0 01237 0 o o 44
0 0 00062 0 0o 0
[ —00355 0 0 0 0o ol

Yuxarida gostorilon kimi, dirijablin ki-
nematikasmin modeli hamiso (3=90 halindan
basga) idaroolunandir. Buna gors dirijablin di-
namikast modelinin idarsediciliyinin todqiq
edilmasilo mohdudlasaq. Diizxstli harokatds
dirijablin dinamiks1 modelinin idaraediciliyini
todgiq etmok iiclin (8) tonliyindon istifado
edok, burada Ap vo Bp matrisalori (42) — (44)
ifadalorilo toyin edilir. Ap matrisi 6x6 olgiilii-
yiina, Bp matrisasi isa 6x10 odlgiiliiytine malik
oldugundan dirijablin dinamikas1 modelinin
idaroediciliyinin matrisi:

U= [BD ADBD(AD)ZBD(AD)3BD(AD)4BD(AD)SBD] (45)

6x60 ol¢iiliiyiine malik olur. Buna géra onu
gostarmirik.

0

5,8635

0

0
0
0
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Dirijablin sadslogmis kinematika tonlik-
lori diizxoatli harokotds (31) asilma rejiminds
olan soklo malik olur. Dirijablsn dinamikasi-
nin sadalosmis tonliklori asilma halina analoji
olaraq alinir. Naticads (8) ifadasina daxil olan
matrisalarin asagidakilara borabar oldugunu
tapiriq:

—15,7875
0
13,4915
—0,0899
—0,0045
0,0211

0
-7,1570

0 (42)

]
|
|
|
|

0
0
0

Ap Vo Bp matrislorin amsallarinin ododi
giymatlorini goyarag vo mosalon MATLAB
vasitasilo onun ranqini tayin edarak onun 6-ya
borabar oldugunu tapag. Buradan R. Kalmanin
idarsedicilik kriteriyasina uygun olaraq, gori-
nir ki, dirijablin dinamikas1 modeli idaroetma
obyekti kimi, tarazliq vaziyystindo tamamilo
idara olunandir. Dirijablin idarsediciliyi {iglin
onun mixtalif ugus rejimlorindo idaroedicili-
yin matrisa ranqinin tokco giymatlori deyil,
hom do dirijablin harokatetdiricilori ilo yara-
dilmal1 olan idaroedici qlivvo vo momentlarin
adadi giymatlori vacibdir. Bununla slagodar
olaraq cadval 1. verilib, burada dirijablin miix-
tolif siiratlorinds vo miixtalif ugus hiindiirliik-
lorindo idarsedici qiivvalorin Fy, F, F,vo mo-
mentlorin Ny, Ny, N, qiymatlori vardir.

Dirijablin gorarlagsmis harokatlorinin da-
yanaqliginin tadgiq edilmosi ii¢iin (doyisonlo-
rin gorarlagsmis giymotlordon kicik meyletmo-
larinds) A.M. Lyapunovun birinci metodundan
Vo yuxarida gostoarilon dirijablin miixtalif re-
jimlorini tosvir edon onun xatti tonliklorindan
istifads edak [5, 11].

Dirijablin diizxatli harokatinin dayanag-
ligr Ad matrisinin moxsusi adadlori ilo toyin
edilir. Bu matrisa 4000 m hiindiirlikdos
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22,22m/s ugus siirati tigtin (42) soklino malik-
dir. O, digor hiindiirlik vo ugus siiratlorinin
giymatlorinds do analoji soklo malikdir. Daya-
nagliq t¢iin A, matrisinin 6zii deyil, onun di-
rijablin miiayyan hiindiirliiytinds vo ugus siire-
tindo harakatino uygun olan moxsusi adadlori-
dir. Hom do hesablamalarin gostordiyi kimi,
bu komiyyatlor hiindiirliik vo ugus siiroti do-
yisdikda ohomiyyatli doracads dayisirlor.

Cadval 1 - 4000 m hiindiirlikdo miixtolif siirot-
lords idaraedici qlivve vo momentlarin giymotlori
Table 1 — Prices of high-speed driving forces and
moments at an altitude of 400 m

Qiivvolorvo| V=10 |V =15|V =22,22 | V =33,33
momentlor | m/s m/s m/s m/s
Fy 564 1040 2460 5470
Fy 2054 | 2980 3000 6410
F, 0 0 0 0
Ny 0 0 0 0
Ny 43 -88 —200 —465
N, 68 76 6 -1

Oyanilik ti¢iin cadval 2-do dirijablin
4000m ugus hiindiirliiyine vo miixtalif ugus
stiratlorino uygun olan A, matrisinin moxsusi
adadlarinin giymatlori verilmisdir.

Cadval 2 — Ap matrisinin moxsusi adadlori (4000
m hiindiirlikdo)

Table 2 — Special numbers of Ap matrix (at an
altitude of 4000 m)

V=10 m/s V=15 m/s
—0,0039 + 0,4415i —0,0059 + 0,6622i
—0,0039 — 0,4415i —0,0059 - 0,6622i

0,0026 + 0,3587i 0,0038 + 0,5381i
0,0026 — 0,3587i 0,0038 — 0,5381.i
V=22,22 m/s V=33,33 m/s
—0,0088 + 0,9809i —0,0132 + 1,4714i
—-0,0088 — 0,9809i —0,0132 - 1,4714i
0,0057 + 0,7971i 0,0085 + 1,1957i
0,0057 — 0,7971i 0,0085 —1,1957i

Coadval 1 vo 2-do verilonlordon goriiniir
ki, dirijablin horokatlori Lyapunovun birinci
metodunun {igiincti teoremina (birinci yaxin-

105

lasma tizro dayanagsizliq barads) uygun ola-
raq biitliin ugus siiratlorinds dayanagsizdir. Bu
cadval 2-do biitiin ugus siiratlori giymatlarinda
koklorin miisbat hogiqi hissa ilo olmast ils sla-
godardir [4-7].

Layiha tapsirigi “Robotun modelinin tadgiq
edilmasi”

Robotun avval alinmis modelina uygun
olaraq asagidaki iglori yerina yetirmok lazim-
dir:

- robotun diizxatli horakatindo kreyser
stirati ilo modelini xattilogdirmok;

- robotun Xxaottilosdirilmis modeli {izro
onun idarsediciliyi vo dayanagliginin
analizini aparmag;

- robotun verilon harokat trayektoriya-
smnda saxlanilmasi t¢lin lazim olan
idaroedici qiivve vo momentlorin qiy-
motlarini toyin etmok.

Matlab paketindan istifads etmakla xatti-
kvadratik tanzimlayicinin sintezi
Xatti-kvadratik tanzimlayicinin sintezini
dirijabl misalinda kinematikanin xottilogdiril-
mis tonliklori izro hoyata kegiracayik. Sintezin
naticasinds idarsedici qiivva vo momentlarin
dirijablin  stiratlorindon asililigi alinacaqdir.
(8) soklinda riyazi modelo baxilir. Xotti-kvad-
ratik tonzimloyicinin sintezinds nozords tutu-
lur ki, xarici qiivvelorls oslagodar olan tosirlor
sifra borabardir, Fz =0. Yalniz dinamika
tonliyina baxildigindan,x; = 0 vektoru, hom-
¢inin sifra borabar olan xarici tosirdir [1,3].
Onda (8) tanliyi asagidaki sokilds olur:
%, = My1Apx,MyBpE, (46)
Dirijablin idaro olunan dayisonlori bu
halda biitiin xatti vo bucaq siiratlori olur, buna
g0ra ¢ixis tonliyi asagidaki kimi olur:
y =Cx, + DF, 47)
burada, C — 6x6 ol¢iliiklo vahid matrisa; D —
6x6 olculiiklo sifir matrisi.
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Idaroetmonin mogsadi sok.1-do gdstori-
lon diizxatli trayektoriya tizro harokstdir. On-
da, siiratlora toloblor (39) ifadasile, Ap, Bp
matrislori isa (42), (43) tonliklorilo tayin edilir.

Dirijablin asas parametrlori: tam kiitlosi
m=5000 kq; agirliq markazinin vaziyyati
rr=[0 —1,5 0] m; otalst momentlori
Jx = 235,700, ],, = 579800,

], = 453200 kg- m?;

birlosmis kiitlalor

A1 =0,12m, A5, = 1,45m, A33 = 0,45m,

Agq = 03]y, Ass = 0,19],, Age = 0,87, m
Onda M, matrisas1 asagidaki ifados ilo

toyin edilir:
5936 0 0 0 0 7950
0 12985 0 0 0 0
_lo 0 7685 —7950 0 0
Mo=1 "9 0 —7950 306410 0 0 | (48)
l o o o 0 689962 0 |
l 7950 o 0 0 0 847484 |

Xatti-kvadratik tonzimloyici (45), (46)
Xottilogdirilmis model iizro sintez olunur vo
asagidaki keyfiyyot funksionalini minimallag-
dirtlir:

J = J(xTQx + uTRu + 2xTNu)dt (49)
burada, Q, R, N - ¢oki omsallarmn
matrisloridir.

Tonzimloyicinin sintezi {igin Matlab
paketindon vo asagida gostarilon programdan
istifado edok.

Gostarilon listingdos (sok. 2) vaziyyat do-
yisonlarina tonliklor soklinds dirijablin xatti
modelinin tosvirini yaratmaq ti¢iin ss operato-
ru istifads edilmisdir, hans1 ki, (45), (46) sok-
linds obyekt yaradir. Obyekt yaradilarkon ope-
rator ss-in giris parametrlori ardicil sokilda
vergiillo verilon dord matrisdir. Coki omsalla-
rinin matrisalart kimi iki vahidlik matrisa vo
bir sifir matrisas1 se¢ilmisdir. Qeyd edok ki,
adoton R matrisas1 vahidlik verilir, Q matrisasi
omsallar1 isa gapali sistemin tolob olunan xas-
salorinin verilmasi {igiin todgigatlar gedisindo
dayisilirlar.
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clear all; % blUtan dayisanlarin tamizlanmasi

cle; % ekrani tamizlama

% obyektin matrislarinin verilmasi

Ad=[0-0.013300-15.78750; 0005.86350—

7.157; 0.0036 —0.0708

—0.0016 0 13.4915 0; 0.0048 —0.0945 -0.0022 0

—0.0899 0; 0.0433 -0.0048

—0.02 0-0.00450; 00.0125000.0211 0];
Bd=eye(6,6);

Cd=eye(6,6);

Dd=zeros(6,b6);
MO=[593600007950;0129850000;00

7685-795000; 0 007950

3064100; 0000689962 0; 79500000

847484];

% waziyyat dayisanlarina tanliklar saklinda
dirijablin modelinin yaradilmasi
sys_dir=ss(M0~(-1)*Ad,M0*{-1)*Bd,Cd,Dd);

% keyfiyyat funksionalimin caki matrisalarinin
verilmasi

Sokil 2 — Xatti-kvadratik tonzimloayicinin sintez

programinin listingi

Figure 2 — Listing of the linear-square regulator

synthesis program

Operator Igr K1 tonzimloyicinin giic-
lanmo amsallar1 vektorunun tapilmasini hayata
kegirir, homginin Pikkati S1 tonliyinin hallini
vo gapali sistemin maxsusi ododlorini verir.
Verilmis keyfiyyat Kriteriyas: tizro optimal
idaroetms asagidaki soklo malikdir:
u=—-Kx (50)

Qapali sistemin todgiq edilmasi tiglin
programda dirijablin gapali idaraetma sistemi-
nin modeli yaradilir, onun tgiin Itiview opera-
toru vasitoasilo har bir giriso har ¢ixisin reaksi-
yas1 kimi kecid xarakteristikalar1 qurulur. Mo-
salon, sokil 3-ds birinci girisds vahid sigrayisa
birinci ¢ixisin reaksiyast (VX siirati) gostoril-
misdir. Qeyd etmok olar ki, kegid prosesinin
miiddati ¢ox boyilik (60000s godoar) alinir. Bu
Q ¢oki matrisas1 amsallarinin kigik Onun cari
giymatindo dirijablin qapali idaraetma sistemi-
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nin maxsusi odadlor vektoru asagidakina bora-  —0.0001684

bardir [2,10] —-0.0001299

E1=-0.0002125 + 0.0001326i —-0.0000283

—0.0002125 —0.0000018

—0.0001326i qiymatlarils izah edilir.

iz ]
o 0.2 0.4 0.6 0‘8 m:..e) 1‘2 1‘4 116 1.0 N ‘0'2

Sakil 3 — Birinci giris tizra kegid prosesi
Figure 3 - The process of transition to the first entrance

Moxsusi odadlorin kicik giymatlorindon
basqa qeyd etmok olar ki, iki axirinc1 odad bir
doroco vo iki doroco yerdo galan moxsusi
adadlordan kigikdir.

Bununla olagodar olaraq, Q matrisinin
omsallarini asagidaki kimi artiraq:

10 0 0 0 0 0
[ 0 10 0 0 0 0 ]
Q=I 0 0 10 0 0 0 |
| 0 00 10 O 0 |

0 0 0 0 1000 O
Lo 00 o o 1000

Onda, qapali sistemin moxsusi adadlari
asagidaki soklo malik olur:

E1=-0.0039
—0.0030

—0.0014 + 0.0002i
—0.0014 — 0.0002i
—0.0003

—0.0004

Goriirik ki, moxsusi adadlor modul tizro
toxminon 3 dofo artmisdir, ham do kegid
proseslorinin miiddatini toyin edon hoqgiqi
hissonin minimal giymati 30 dofo artmigdir.

Lazim olduqda ke¢id proseslorinin tolob
olunan miiddotini almaq {g¢iin Q matrisasi
omsallarini sonra doyismok olar. Masalon,

[ 300 0 0 0 0 0 1
| 0 300 0 0 0 0|
o=| 0 0o 300 o0 0 0
0 0 0 300 0 0
0 0 0 0 90000 0
0 0 0 0 0 90000

matrisinds gapali sistemin spektri asagidakina
borabar olur

E1=-0.0039
—-0.0030
—0.0014 + 0.0002i
—-0.0014 — 0.0002i
—0.0003
—0.0004
Birinci ¢ixis tlzro kegid proseslarinin

miiddati sokil 4-do gostarilon kimi 1500s gadardir.
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Step Kesponse
From: In(1)

0.05

0.04

0.03

To: Out(1)

Anpltude

1 1

1 1

1 1
So00 1000 1500 2000

Sokil 4 — Q matrisanin artmis omsallarinda kegid prosesi

1
2500

L 1
3000 3500 4000 4500 S000

Time (sec)

Figure 4 - The transition process in the increased coefficients of the matrix Q

Layiha tapsirgr “Xatti-kvadratik tanzimle-
yicinin sintezi”

Robotun diizxatli trayektoriyas: {izro
xattilogdirilmis modeli iiciin Matlab paketin-
don istifado edorok xotti-kvadratik tonzimloyi-
cinin sintezini aparmag.

Q funksionalinin ¢oaki amsallarinin mat-
risasini (48) doyisorak tonzimlayicini elo ton-
zimlomok Ki, biitiin kanallar tizra kegid proses-
lorinin miiddati toxminan eyni olsun va konk-
ret robotun talablarino uygun olsun.

Maovqge-trayektoriyali tanzimlayicinin
sintezi

Hoarakot edan obyektlorin movqe-trayek-
toriyali idaroetmo metodu [10] robototexnika
sisteminin geyri-xatti goxalagali modeli baza-
sida (3), (4*) onun idarsetmo algoritmlorini

M~(1,1)
IM‘1(2,1)
M, =|M71(41)
[M‘l(S,l)
M~1(6,1)

M~1(1,2)
M~1(2,2)
M~1(4,2)
M~1(5,2)
M~1(6,2)

M~1(1,4)
M~1(2,4)
M~1(4,4)
M~1(5,4)
M~1(6,4)

M~1(1,5)
M~1(2,5)
M~1(4,5)
M~1(5,5)
M~1(6,5)
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sintez etmays imkan verir.

Forz edok ki, miiharriklorin zaman sabiti
dirijablin zaman sabitindon ohamiyyatli dors-
codo kigikdir. Bu miiharriklarin tonliklorini ho-
rokatin osas idaroetmo konturuna daxil etmo-
moaya imkan verir vo idaroetma sistemi (3),
(4*) tonliklori tizro sintez edilir. Dirijablin

horokatinin idaroetmo alqoritmi asagidaki
soklo malikdir [5, 9].

E, = =My (Ma(F + Fg) + ¥s), (50)

A7 sy
Wy = N :
> (AzAw)_l(AzAw) Wy |+ Toprp + T1rp
a&

M=1(1,6)]

M—1(2,6)|

M=1(4,6) |

M—1(5,6)J

M~1(6,6)
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M~1(1,1)
M~1(2,1)
Mg =|M1(41)
M~1(51)
M~1(6,1)

M~1(1,2)
M~1(2,2)
M~1(4,2)
M=1(5,2)
M~1(6,2)

M~1(1,3)
M~1(2,3)
M~1(4,3)
M~1(5,3)
M~1(6,3)

Y — arctan(A,Y + A3) — arctan(V,, V)
Wrp = v-k (o —y) —a’ (51)
14
Ve =V?
Yy = [—V sin(a*) cos(B) (52)

Burada A,, A;- matris va vektordur, on-
larin amsallar1 dirijablin horakot trayektoriya-
sint tayin edir; Wpp — trayektoriya sohvlori
vektoru; T,T,, T; — sabit omsallarin matrislori;
Yy-idaroetmo sisteminin siirot sohvi; ps—ida-
roetma sisteminin imumilagdirilmis sohvi; F —
dirijabla tasir edon dinamik va xarici qiivvo vo
momentlorin vektoru; A, - A, matris ele-
mentlorindon zaman tizro téromoalorin matrisa-
s1; Fg - hoyacanlandirict tasirlorin giymotlon-
dirma vektoru; y* — verilmis ugus hiindiirliiyt;
a” - dirijablin minimal tangaj momentini to-

r 0 1 0 0 0O 00 O O
=l Iy 0 0 0O 00 0 O

0 0 0 1 0 oo o O
L=1'o 0 -3 -l 0 000 O
0 0 0 0 o 00 0 ¢

0 0 0 0 o 00 0 o

Idaroetma algoritmi (50)-(54) tangajin
maksimal vo minimal bucaglarin1t mahdudlas-
diran borabarsizliklorlo tamamlanir. Bundan
basqa, idaroetmo algoritmi avtomatik sokilds
miihita nozoaroan dirijablin siiratini va bucaq sii-
ratlorini mohdudlasdirir. ©gor dirijabl bucagla-
rin maksimal yolverilon giymatlarindon ¢ox
olan vaziyyats diisarss, idaraetma sistemi mag-
sad tapsiriginin yerina yetirilmasini saxlayir vo
aparat1 kiilok axin1 tizro dreyf rejiminds stabil-

M 1(1,4)
M~1(2,4)
M~1(4,4)
M~1(5,4)
M~1(6,4)

SO O OO O

M~1(1,5)
M~1(2,5)
M~1(4,5)
M~1(5,5)
M~1(6,5)

M~1(1,6)
M~1(2,6)
M~1(4,6)
M~1(5,6)
M~1(6,6)

min edon optimal hiicum bucagi; k.- saz-
lanma omsali; V*- dirijablin verilmis harokot
stiratidir.

Robast (clizi) tosirlorin miisahidasinin
tonliyi asagidaki soklo malikdir [3].

F+F
b= 15 _ -1 con | _
Z Lz — (G, +L)C [N+an]
14
72
LM[w], (53)
PN R V
Fp=2+LM| ], (54)
w
[0 1000000 09 o o
[0 000 0000 00 0 of
10 001 0 00 o0 00 0 Of
%710 000 0 000 00 0 of
lo 0 00 g 000 0O O 1
0 0 00 9 000 9O 0O
0 0
0 0
0 0
0 0
0 1
_l1211 _l1212_

losdirir. Bundan sonra tapsirigin yerina yetiril-
moasinin barpasi hayata kegirilir [5, 6, 7].

Almmis idaroetmos vektoru beso barabar
olan Ol¢iililyo malikdir. Bu baxilan dirijablin
icra mexanizmlarinin bagl koordinat sistemi-
nin OZ oxu tizra shomiyyatli doracads idaroe-
dici qgiivvanin yaranmasina imkan vermamasi
fakti ilo olagadardir.

Baxilan dirijabl 10 idaroedici tosiro ma-
likdir [6-8]:
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— hor biri 3000 N godor iki P1 vo P2 mars
miiharriklorinin iki dartqist;

— hor biri 200 N gadar P3 va P4 quyruq
miiharriklorinin iki dartqist;

— hor bir mars miiharriki saquli miistovi-
do +180° hadlarinds a4, a, bucaq gedor do-
niir- daha 2 idaraetma kanaly;

— hor bir quyruq miiharriki saquli miisto-

vido £90° hadlorinds a3, a, bucagr qodor do-

niir- daha 2 idaroetma kanaly;

— hor bir quyruq miiharriki tfiiqi miiste-

vido +90° hadlorindogs, 5, bucaq godar déniir

— daha 2 idaroetmo kanal.

Idaroedici qiivva vo momentlorin paylan-
masinda asagidaki gaydalar gabul edilib:

- quyruq miiharriklorinin giictiniin az olmasi
ilo olagadar olaraq quyruq miiharriklorinin
iifliqi miistavido déonmsa bucaglar sifir qo-
bul edilir. 85, 5, = 0; quyruq miharriklori
sinxron islayir, yoni a3 =a, Vo P;=
P, = 200

Bu halda 5 miistoqil idarsetmo kanali qa-
lir: mars mihorriklorinin iki dartq: vo 2 donmo
bucaglar1 vo quyruq miiharriklorinin dénma
bucaglari. Onda idarsedici qiivve Vo moment-
lorin paylanma alqoritmi asagidak: ifadalorlo
tosvir olunur:

Py =P, =200 B3=0,=0

Nuz
2xg,” 98T abs(P3y) < 200

200 sign(P3y), agar abs(ng) > 200"

Py, = /2002 ~ P2,

Py = (Fux — 2P3 — Nuy/Zl)/Z;
Py = uy/Zl +P2x,
P2y = (Fuy - 2P3y - Nux/Zl)/Z;

P3y=

Pix = Nyx/z; + Ppy Py =

_ { P, + P}, agor |Pi,+ P%, <3000

oks halda 3000
a;=a tanZ(Ply,Plx),

p, == | [P+ P, agar |PZ, + P2, <3000

oks halda 3000

a, =a tanZ(sz,PZx),

az; =a tanZ(P3y,P3x),a4 = a3

burada, atan2 - +m sahssinds toyin edilon
arktangens funksiyasidir.

Dirijablin mdovge-trayektoriyali  qapali
idaroetmo sisteminin modellosdirilmasi {i¢iin
Matlab paketini istifado edok [9].

Modellasdirms programu iki asas fayldan
ibarotdir — main_dir.m ssenarisindon  vo
fun_dir.m ode-funksiyasindan. Bir ne¢o funk-
siya olavs istifads olunur, onlarda dirijablin va
miihitin aerodinamik omsallar1 vo digor para-
metrlari tasvir olunub.

Funksiyada ovvalco rahatliq {giin ida-
roetmo sistemindo istifado edilon doyisonlorin
sorti isarolori daxil edilir. Sonra bir sira ko-
mokgi vektorlar formalasdirilir. Ardicil olaraq,
movge-trayektoriyali tonzimloayicinin, icra me-
xanizmlarinin vo miisahidaginin toanliklari for-
malasdirirlir.

Bu halda birlosmis kiitlolorin, kiitlolorin,
aerodinamik omsallarin va otalot momentlori-
nin hesablanmas: ti¢iin ayrica funksiyalar isti-
fado edilir.

Natica

Robot modelinin diizxatli trayektoriyasi
tizro geyri-xatti coxalagali model tigtin Matlab
paketindon vo yuxarida gostarilon program nii-
munolarindan istifado edarok movqe-trayekto-
riyali tonzimlayicinin sintezini aparmag, ham
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do, tonzimlayicini el sazlamaq lazimdir ki, ro-
bot diizxatli harokoti hoyata kegirsin.

Bu isdo “Robotlarin vo robototexnika
sistemlarinin  riyazi modellarinin qurulmasi”
tizro nozori vo praktiki tokliflor verilmisdir.
Robototexnika sisteminin layihalondirma ardi-
cilligina baxilmigdir, layihalondirmanin osas
metod vo vasitolori gostorilmisdir. Robotlarin
idaroetms vo naviqgasiya sistemlarinin elmi-
todgiqat, eskiz va texniki layihalondirms mo-

salolaring, etibarliq va sinaglarin hesablanma-
sina ayrica baxilmisdir. Har bir modul layiha
mosalalori, misallar vo idaroetms ilo tochiz
edilmisdir.

Maraqlar miinaqisasi

Miallif bu mogalods arasdirilmasi talab
olunan maraglar miinaqisasinin olmadigini
geyd edir.
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Abstract

The article discusses the issues of forecasting oil and gas content in various structures of the
Absheron Peninsula based on the analysis of survey materials obtained in the thermal infrared (IR) range
from the Landsat 8 and NOAA-19 satellites. The peculiarity of the influence of the spectral properties of
individual geological rocks on the oil and gas content was studied. It has been determined that changes in
the spectral parameters of rocks make it possible to clarify issues directly related to oil and gas content,
since recorded changes in rocks are considered the main factors in the formation of a pay stratum. On the
basis of the results obtained, it was considered expedient to carry out geological exploration work at these
sites on a regional scale.
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Peyk malumatlari asasinda Abseron yarimadasimn ayri-ayri

strukturlarinda neft va gaz tarkibinin prognozlasdiriimasi

B.M. 9zizov, X.1. Abdullayev, C.A. Sultanov
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Xiilasa

Mogalado, istilik infragirmizi (IQ) diapazonunda Landsat 8 vo NOAA-19 peyklorinden alman
todgigat molumatlarinin tohlili asasinda, Abseron yarimadasmin miixtolif strukturlarinda neft vo qaz
torkibinin prognozlasdirilmast maosalalorindon bohs edilir. Ayri-ayr1  geoloji siixurlarin  spektral
xassolorinin neft-qaz potensialina tosirinin xtsusiyyatlori aragdirilmigdir. Miioyyan edilmisdir ki,
stixurlarin spektral parametrlorinds bas veron doyisikliklor neft vo qaz torkibi ilo bilavasito bagl
mosalolori aydinlagdirmaga imkan verir, ¢iinki siixurlarda geyds alinan dayisikliklor mohsuldar su
anbarinin omoalo golmasinin asas amillori hesab olunur. Oldo edilmis noticalor asasinda bu orazilords
regional migyasda geoloji kasfiyyat islorinin aparilmasi moagsadouygun hesab edilmisdir.

Acar sozlor: geoloji formasiya, istilik siialanmasi, siialanma amsali, neft va qaz tarkibli, /R spektrometri.
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IIporno3upoBanue He(TEra3oHOCHOCTH B OTAEJbHBIX CTPYKTYypax

ANIIEPOHCKOTr0 MOJYOCTPOBA HA OCHOBE CIIYTHUKOBBIX JAHHBIX
B.M. A3u3oB, X.. Adaynaes, Ix.A. Cyaranos

Azepbatioscanckas Hayuonanvras axademust asuayuu (Mapoaxsuckuii np. 30, baxy, AZ1045,
Asepbatiocan)

JLisi nepenucKm:
Aobaymnaes Xaranu / e-mail: khabdullayev@naa.edu.az

AHHOTaNUA

B craThe paccMOTpeHbI BONPOCHI IPOTHO3UPOBAHUST HEPTETA30HOCHOCTH B Pa3NIMUHBIX CTPYKTYpax
ATIIEPOHCKOTO MOJIYOCTPOBAa HA OCHOBE aHAJIM3a ChEMOYHBIX MAaTEpPHajIOB, MOJIYUYEHHBIX CO CITyTHHUKOB
Landsat 8 1 NOAA-19 B TemnoBom undpaxpacHom (MK) auanazone. MccnenoBansl 0coOOEHHOCTH BIUS-
HUSI CIIEKTPAJIbHBIX CBOWCTB OTJ/IENBHBIX T€OJOTHYECKHX TOPoJ1 Ha HedrerazoHocHOCTh. OnpeieneHo, 4To
W3MEHEHUS], TPOUCXOJISIIUE B CIIEKTPAIBHBIX IMapaMeTpax MOpoJl, MO3BOJSIOT YTOUYHUTH BOIPOCHI, HETIO-
CPEACTBEHHO CBS3aHHBIE C HE(TEra30HOCHOCTHIO, T.K. 3a()MKCHPOBAHHBIE U3MEHEHHSI MOPOJl CUUTAIOTCS
OCHOBHBIMHU (pakTopamu (OpPMUPOBAHHS MPOJYKTUBHOTO IutacTa. Ha OCHOBE MOJNyYEeHHBIX pe3ybTaTOB
MPU3HAHO 11eJ1eco00pa3HbIM MPOBEICHUE Ha TAHHBIX YYacTKaX reojoropa3Be0YHbIX PadoOT B perHoHalb-
HOM MacmTabe.

KiroueBble cioBa:  2eonocuueckue nopoobl, Meniogoe usiydenue, Kodgouyuenm uziyyenus, nepme-
eazonocnocmo, UK-cnexmpomemp.
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Beenenune

Hapsiny ¢ n3MEHYMBOCTBIO ITOBEPXHOCT-
HBIX CBOMCTB TOPHBIX IOPOJ, Ha CIIEKTPaJb-
HbIE MAapaMETpPbl TaKXE BIUAIOT XapaKTepu-
CTUKU CHEKTPOMETPUYECKOTO M3MEPHUTEIIBHO-
ro o0opylOBaHMS M YCIOBUS IPOBEICHUS
CBHEMKH.

Perucrpanuss u OLCHKAa CIEKTpPaJIbHBIX
[IapaMeTPOB C MOMOIIBI0 CIIyTHUKOBOrO 000-
pYJOBaHUS CUYUTAETCS OJHUM U3 (HaKTOPOB,
UTPAIOLIMX BaXXKHYIO POJb B IPOTHO3UPOBAHUU
peruoHanbHOM He(TEra30HOCHOCTH.

B npunnune, Ha cnekTpalbHbBIE Xapak-
TEPUCTUKHU FOPHBIX NOPOJ BIMSAET PAL IPYTHX
(bakTOpOB, 4aCTh M3 KOTOPBIX OINPEICIIAIOTCS
KOHKPETHBIMH CBOMCTBAMM CAMOW IIOPOJBI, a
B HEKOTOPBIX CIIy4asX OHHM ONPENEISAIOTCS Xa-
00BEKTOB

pakTepucTUKaMu  aTMochepsl

(Hampumep, TMOYBBI
OKpYy>KaroImux nopoxy [1].

ATIIEpOHCKUI TOIYOCTPOB, Ha KOTO-

U  PacTUTEIbHOCTH),

POM MPOBOJATCS JaHHBIE MCCIIEAOBAHUS, OT-
HOCHTCSI B OCHOBHOM K apUJHOH 30HE C OYEHb
cabbIM  pPacTUTENFHBIM  TIOKPOBOM,  4TO
YIPOIIAeT HCIOIb30BaHUE CHCTEM CKaHHPO-
BaHUS Ha OOJIBIIMX TUTOMIAISIX TeOJTOTHYECKIX
nopoA. OT0 ObUIO MOATBEP)KIEHO BO BPEMS

CKaHCPHBIX CbEMOK B pa1710He HUCCICIOBaHUs.

Lenp padoTsl — ¢ MOMOIIBIO TPSIMBIX
TETJIOBU3MOHHBIX CIOCOOOB ChEMKHU ONpee-
JIUTh MPUHAIJIEKHOCTh T€0JIOTMUECKUX TIOPOJT
K TOW WJIM MHOM TPYyMNIIE U Ha OCHOBE KOMIIbIO-
TepHON 00pabOTKU CKaHEPHBIX ChEMOK B pac-
CMaTpUBAaE€MbIX JMana3oHaX OLEHUTh KOH-
TPACTHOCTh C BBICOKON TOYHOCTBIO; MOJTYYUTh
MaTeMaTH4YecKas 3aBUCUMOCTb MEXKIY CIIEK-
TPAJIbHBIMM ~ XapaKTEPUCTHUKAMHU  TEIIOBOTO
U3JIy4EHUs] 1 MHTEHCUBHOCTBIO U3IIYy4ECHHUS.

114

IMocTanoBka 3a1aun

Ha nmanno#i tepputopuu nudposas o0-
paboTKa TEMIOBU3UOHHBIX M300paKEHUIl 1M03-
BOJISIET MCIIOJIb30BaTh OTHOIICHUE CIICKTPAIb-
HBIX 3HAUEHUH JIBYX TEIUIOBBIX KAHAJIOB CITYT-
nuka Landsat 8: 10,3-11,3 mxm u 11,5-12,5
MKM [2, 3]. PaccmoTpeHHOE Ha OCHOBaHHH
HCCJIEIOBAaHUM HaMMEHbIIIee 3HAaYCHHUE BBIIIE-
YVIIOMSIHYTOT'O OTHOIICHUS TIO3BOJISIET OIpeJie-
JUTHh TEOJIOTUYECKUE TIOPOJIbI, COCTOSIINE U3
coeuHEHUN KpeMmHus. Bricokoe Komuue-
CTBEHHOE 3HAYECHHME paccMaTpUBaeMOll BeJu-
YUHBI CBUICTEILCTBYET O HH3KOM COJepIKa-
HUW OTUX COCAUHCHHMH B mopoaax. OmHako
CJIeIyeT OTMETUTD, YTO B HEKOTOPBIX CIydasx,
0co0eHHO Korjia atMoc(depa oka3piBaeT 0c000
CWJIBHOE BIIMSIHUE HA PE3YJIbTAThl U3MEPCHHM
(BBICOKAsT KOHIICHTpPAIUS TOTJIOMIAOIINX CJI0-
€B B pPacCMaTpUBAacMOM JHara3oHe), 00padboT-
Ky TOJY4YEHHBIX PEe3yNIbTaTOB CIEAYeT OCY-
IIECTBIISATh HETOCPEICTBEHHO IIOCIIE aTMO-
chepHOIl KOPPEKITHH.

Pemenue 3apaun

Meton, paccMaTpuBaeMblil B HAIlIUX HUC-
CJIEZIOBaHUSAX, OCHOBAH HAa aHAJIN3€ TeMIIepa-
TYpPHBIX TTapaMeTPOB (TEIUIOEMKOCTH U TEIIO-
HPOBOTHOCTH) TIOPOJ, CBSI3aHHBIX C PErHo-
HaJIbHOM He(dTera3oHOCHOCThIO. Pa3Hble 3Ha-
YEHHS TEIUIOBBIX XapaKTEpPUCTUK U Kodddu-
LIMEHTOB M3JIyYE€HHsI TEOJIOTUYECKUX IOPOJ
00yCIaBIMBAIOT PAa3JIMYHbIE CTENEHU HarpeBa
U OXJIAKJEHHUS B JHEBHOE U BeuepHee Bpems,
YTO, B CBOIO OYepelb, MPUBOAUT K TeMIepa-
TYPHOMY KOHTPAacTy, KOTOPBIi IO3BOJISET
pa3nauyath pa3Hble NOPOIbI [4].

B tabnuue 1 mpuBeneHsl TEmIoBbIE TO-
Ka3aTelu pa3JInYHbIX MOpOJ, a B Tabnuue 2 —
COOTBETCTBYIOLME KOI((UIMEHTHI TEIIOBO-
IO U3ITyYEHHUS.
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Tabauna 1 — Tepmuueckie XapakTEpPUCTHKH pa3-
JIMYHBIX T'€OJOTHYCCKHUX IOPOJ IPH TEMIIepaType
20°C

Table 1 - Thermal characteristics of various geo-
logical rocks at 20° C

Tadauna 2 — 3HaveHus K03(PPUIMEHTA TEIIOBO-
ro HM3JIYYCHUSA TI'COJIOTMYECKUX IIOPpOa B pa1710He
HccaenoBaHus (quana3oH u3MepeHus 8-14 M)

Table 2 — Values of thermal radiation coefficient
of geological rocks in the area studies (measuring

I'eonorn- |Tensonposo- |[liaor- |YneabHas range 8-14 um)
yeckue JAMMOCTD HOCTb |TeIJIoeM- TI'eosnoruveckue nopoabl Ko duument
mopoxsl  |cXeMPxcek  [qxem®  |kocThb H3JTyueHHs]
IxK? exq XK [loBepxHOCTHBII  HEPOB- 0,934
BazaneT 0,0209 2,8 0,83 HBI 0a3aJIbT
I'muna 0,0175 1,7 0,71 OOBIYHBIN 0a3aabT 0,904
Homomutr  |0,0509 2,6 0,75 I'panut 0,815
I'ab6po 0,0250 3,0 0,71 [ToBepXHOCTHBIA  HEPOB- 0,898
I'panut 0,0313 2,6 0,60 HBI TPaHUT
Ussectusax |0,0200 2,5 0,71 JoJIo0MUT NOJMPOBAHHBIN 0,929
Kanpmuii  |0,0354 1,9 0,65 Jomomur 0,958
AnyHUT 0,0215 2,3 0,61 HETOJUPOBAHHBIN
Kaomuaur |0,0300 2,2 0,69 KpynHslil mecok 0,936
Ilecok 0,0058 1,8 1,0 Menkuii 1mecok 0,928
I"paBuii 0,0250 2,1 0,83 Kgapn 0,712
Puonur 0,0229 25 0,66 AnyHuT 0,865
Kgapit 0,0501 2.4 0,70 Kanwpiur 0,905
I"'ab6po 0,891
Kak u3BecTHO, Ha (POPMUPOBAHUE TEM- I'papuit 0,820
Kaonuuaur 0,910

neparypbl BIMSET psJ U3MEHUYUBBIX (u3Hue-
ckux (akrtopoB. CaMbIM ONTHUMAIBHBIM CIIO-
co0OM YMEHBILICHUS BIUSHUS ITHX (DaKTOpOB
Ha pe3y/ibTaThl U3MEPEHU sBIIETCS obecre-
YEHHE peXHMMa COBIIAJEHUS BPEMEHHM IPOBE-
JIEHUSI CbEMOK CO BPEMEHEM TEPMOAMHAMMYE-
CKOTO TEMIIEPAaTypHOTO paBHOBECHsS B pac-
cMaTpuBaeMoi o00JacTu. ITO OOBSCHAETCS
TEM, 4TO B Cllydae TEMIIEpaTypHOTO paBHOBE-
CUSl €IMHCTBEHHBIH (haKkTop, pa3InyaroUIuii
TEeMIIEpaTypHbIE CBOMCTBA IMOPOJ, OMPEIes-
eTcs pa3Huled K03 PUIMEHTOB UX TEIJIOBOTO
usnydenus (tadi. 2).

OnHuM 13 (PaKTOpOB, BIMSIOMIMX HA
TEMIEPAaTypHbIE XapaKTEPUCTUKHU T€0JIOTHYE-
CKHX TIOpOJI, SIBJISIETCSl TaKXe W3MEHEHHUE HuX
CHEKTPaJbHBIX TOKa3aTelel B 3aBUCHMOCTH
OT JUIMHBI BOJIHBI TemioBoro MK-uznydyenus,
T.K. C U3MEHEHHEM JUTMHBI BOJHBI U3MEHSETCS
KO3 PHUIMEHT TEIUIOBOTO U3IydeHus [5].
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CnenoBaTenbHO, 3TO Takke OyAeT BIIH-
ATb Ha pPe3yJbTaTbl u3MepeHud. [lmga non-
TBEP>KJICHUS 3TOTO BIIMSHUSA IIPU OLIEHKE IIPH-
BOJIATCS CIIEKTPHI 3aBUCUMOCTH KO3 (UINEeH-
TOB TEIUIOBOTO M3JIY4EHHs YKa3aHHBIX MOPOJ
OT JUIMHBI BOJIHBI B PaCCMAaTPUBAEMBbIX JUana-
3oHax (puc. 1). Kak BHIHO W3 pUCYHKa, Kax-
JION  mopoje MpHUCyI]
CIEKTp, KOTOPBIM BIUSET HAa pe3yibTaThl 00-

WHIUBUTyaTbHbBIN

paboTku. OueHKka JaHHOTO BIUSHUSA OCY-
IIECTBIIIETCS  IPOTPaMMHOM  00pabOTKOHM.
Haubonee moaxonsmel ans paccMmarpuBae-
MOTO JMana3oHa SBISIETCS  MpOrpaMma
ERDAS IMAGINE.

[TonydyeHHbIE C MOMOIIBIO HPOrPaMMBI
ERDAS IMAGINE pe3ynpTaTsl 00paboTKH
MoKasareie BIMSHUS YKa3aHHBIX IOpPOJ B
pailoHe TIps3eBbIX BYJIKAaHOB TOJIYOCTPOBa
NPUBOJSTCS Ha puc. 2. B pe3ynbrare nossis-
€TCsl BO3MOXXHOCTh KOJIMYECTBEHHO M Kaue-
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CTBEHHO OLIEHUTbh CTEIIEHb KOppPEJSLUU pac-
CMaTpPUBAaE€MBIX MOPOJ C HEPTEra30HOCHO-
ctbio. Kak BuaHo, 6ojiee mepCreKTUBHbBIE 110
He(TEra30HOCHOCTH 00JaCTH OTJIMYAIOTCSA OT
OCTaJIbHBIX 00JIaCTe OTHOCHUTENIBHO OOJIBIIN-
MU pa3Mepamu.

Jns  uccienoBaHus
CBOWCTB He(TEra30HOCHBIX MOPOJ, B Pe3yJib-

CIICKTpaJIbHBIX

TaTe 0O0pabOTKM W300paKCHHWH B TEIJIOBOM
NK-nnana3one,
Landsat 8, HamMu HCIIOIB30BAJIMCH BEJIMYHMHA

IMOJIYYCHHBIX CO CIIYTHHKA

TEIUIONEepelauy WIN )K€ I0Ka3aTelb TEIJI0BON
MHEPLHUU.

Ha ocHoBaHuM 3TOT0 OBLIN ONpeeeHbI
3HAYEHUS JHEBHOTO W HOYHOTO TeMmIiepaTyp-
HBIX KOHTPAaCTOB HCCIEAYEMBIX Te0JIornye-
ckux nopoa. IlokazaHo, 4TO U3MEHEHUE TEM-
MEepaTypHOTO KOHTpAcTa B TEUEHUE JHS B I10-
poJlax C BBICOKOHM TEIUIOBOM WHepiuen Oolee
cTabUIbHO, YEM B MOPOJAX C HU3KOM Teruio-
BOW MHEPLUEH.
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Pucynox 1 — Cnexrpsl B TermioBoM MK nuamnazone mmpoko pacrpocTpaHeHHBIX TOPOJ paccMaTpHBaEMOi

TEPPUTOPUU

Figure 1- Spectra in the thermal IR range of widespread rocks of the territory in question
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Pucynok 2 — Ces3b 110po ¢ He(hTera30HOCHOCTHIO B paifOHE IPS3EBhIX BYJIKAHOB ATIIIEPOHCKOrO MOJIYOCTPOBa
Figure 2 — Relationship of rocks with oil and gas content in the area of Absheron Peninsula mud volcanoes

Taxxe B MPOBCACHHBIX HCCICIOBAHUAX
VUUTBIBAICS DSl APYrUX (DAaKTOPOB, BIIHSIO-
IIMX Ha Pe3y/bTaThl U3MEpEeHUi. Bwum mpu-
HATBHI OINPENIETICHHBIE MEpPhI 10 YCTPAHCHHUIO
BBI3BaHHBIX MMHU OIMMOOK. OCHOBHBIMU (hak-
TOpaMH, BIIMAIOOIMMU HaA PE3YJIbTATbl U3MEPC-
HUH B TEIUIOBBIX CHEMKaX, SIBISIFOTCS TOIIO-
rpadgudeckuii  3GHEKT, MeTeOPOTOTUUECKHE
YCIIOBHSI, TIPO3PAYHOCTh aTMOCQEPHI, a TaKXKe
BbicoTa COJIHIIA HAJl TOPU30HTOM.

JIsisi yMEHBIIICHUST BIMSIHUAS KaKIOTO U3
(bakTOpPOB Ha pe3yabTaThl U3MEPEHUN B IMPO-
1ecce 0OpabOTKU CHEKTPOB, B 3aBHCUMOCTH
OT MPHUMEHSEMOTO METOJa H3MEPEHHs HC-
MOJTE30BANTUCH TIPOCTPAHCTBEHHAS, aTMOChep-
Hasi, palMOMETPHYECKasi U BpeMEHHas Koppe-
nsun. B pesynbraTe Obula 3HAYUTEIHHO TMO-
BBIIIIEHA TOYHOCTh HHTEPITOJISIINH.

B xoze uccnenoBanmii B mporecce Kade-
CTBCHHOM M KOJMYECTBCHHOM OIICHKH U Kjac-
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cU(UKAIMKA TEOJIOTHYECKUX TOPOJ] YCTAHOB-
JIeHa 3aKOHOMEPHOCTh U3MEHEHHUS] MHTEHCHUB-
HOCTH u3iydeHus B TemnoBbix MK-cnekrpax
OTIIENBbHBIX TIOpo. 1y 9TOro Kaxkawlii oOpa-
3el] mopoJbl oueHuBaics ¢ nomompblo HK-
CHEKTPOMETPA, YCTAHOBJIECHHOI'O Ha CITyTHHUKE.
B uccrnenoBaHusX HCIONB30BATUCH MaTepua-
ael ckanepa AVRR, ycranoBnenHoro Ha
cnyrauke NOAA-19 [6, 7].

Pacnio3naBaHue TreoJOrMUECKUX MOPOJT
METOJaMH CIIYTHUKOBBIX TEIJIOBBIX CHEMOK
OCHOBaHO HEIOCPEJCTBEHHO Ha pPErucTpanuu
MUHHUMAJIBHOTO TEIJIOBOTO M3JIYYEHHS MOPO/I.
KoadduiimenTsl TEIIOBOTO U3My4YeHHS psaa
re0JIOTHYECKUX MOPOJ TaK OJIM3KHU, YTO OTJIU-
YUTh UX JIPYr OT Jpyra CTaHOBHUTCS BechbMa
ciokHo (Tabm. 2).

B nanHom ciydae npu cheMke HE0OXo-
JUMO HCIOJIb30BaHUE Y3KOMOJIOCHBIX (HIIb-
TPOB, YTO MO3BOJISIET B HECKOJIBKO pa3 MOBbI-
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CUTHh BEPOSITHOCTh MPABHILHOTO pPaclo3HaBa-
Hus. BBUIO ompeneneHo, 4YTO BEpPOSTHOCTH
pacro3HaBaHMs TEOJIOTUYECKUX IOPOJ BO3-
pacraeT NMpH IIHUPUHE IOJIOCHI MPOITYCKAHUS
¢bunbTpoB (AL) meHee 0,2 MKM.

Ha ocHOBe 3KCrieprMEHTALHBIX UCCIIe-
JIOBaHUI IMOJIyueHa MaTeMaThdecKas 3aBHCH-
MOCTh MEXIY CIEKTPAIbHBIMU XapaKTepH-
CTHKaMH TEIUIOBOTO HM3JIy4YCHUS U WHTCHCHB-
HOCTBIO M3JTYICHHUS

Ly(T) = [E()Ly(aa1, T) +

p(A)
T

E;(f nr)ty + Ly (rpa)

3nech L;(T) — mpuHsTas NPHEMHHKOM
o0Iasi MHTEHCUBHOCTh W3JIyYeHHs Ha JJIHHE
BOJIHBI A; E; — KOOQQHUIHEHT U3ITydeHUs Mo-
ponbl; Ly(aum,T) — MHTEHCUBHOCTh H3JTyue-
HUsI a0COJIIOTHO YEPHOTO Tella MpH paccMaT-
puBaemoii temneparype T, Ej(fuu) — unTeH-
CHBHOCTh M3JIy4eHHs IMPOCTPAHCTBAa Ha pac-
cMaTpUBaeMOU AyuHe BONHbBL, Ly (uupa) — uH-
TEHCUBHOCTDh H3JIy4CHHUS U PACCESIHUS aTMO-
cdepbl MEXy T'€0JIOTHYECKON MOPoaoH U U3-
MEpUTEIBHBIM PHOOPOM; T; — MPO3PAYHOCTh
aTMocQepsl Ha pacCMaTpUBaeMON JIITHHE BOJI-
HBI

3akiroueHue

[TokazaHo, 4TO KOppenAnns MEeXay Io-
Jy4EeHHBIMH HA OCHOBAHHM MaTeMaTHYeCKOMN
(GbopMyIIbl M SKCHIEPUMEHTAIbHBIMU PE3yJIbTa-
Tamu npesbiiiaet 0,91.
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Baxxueiinieli 0cOOCHHOCTBIO TIpejyiara-
€MOT0 MaTeMaTHYECKOT0 YPaBHEHUS SBIISCTCS
TO, 4TO, MIOCKOJIBKY TeMIepaTypa HopoJj B IO-
JEBBIX YCIOBHSX OOBIYHO coCTaBisier 1 =
300K, Benwuuna Lj(aum,T) He3HAUYHUTEIHLHO
OTIMYaeTCa OT KO3 (UIHEeHTa U3TydeHus ao-
COJIFOTHO YEpHOT'O TeJa Ha UIMHAX BOJH A = 9
MKM ¥ 10 MKkM. 3aBHCHMOCTH Kod((duiimeHTa
U3JTYYCHHSI TCOJIOTMYECKHX MOPOJA OT JUTHHBI
BOJIHBI IIPE/ICTaBJICHa Ha pHC. 1.

Takum 00pa3oMm, MOXHO IOKa3arh, 4YTO
COOTHOUICHNWE MHTCHCHUBHOCTEH H3IIy4eHUS B
JBYX CIIEKTPAJIbHBIX KaHAJaX HE 3aBUCUT OT
TEeMIIepaTypHbIX Bapuauuii oowexToB. C apy-
rOi CTOPOHBI, pE3KOe M3MEHEHHE HWHTCHCHB-
HOCTH M3JIy4EHHs B 33JJaHHOU I10JIOCE MOXKHO
000CHOBaTh pa3HOOOpa3HeM OPOI.

C menplo ynpouieHusi mporecca UieH-
TU(HUKALUK, TPENNoNIaraeTcs, 4YTo Ha JUIMHE
BOJHBI 9,7 MKM IpHM pasHUIE TeMIepaTyp
MEXJy JIByMsl pa3HbIMH mopoaamu ot 0,6 110
1,5 K armMocdepa He BiIMSET Ha pe3yJbTaThl
U3MEPEHUM.

Bo3MOXHOCTh pa3nnyath Ha OCHOBE
YKa3aHHBIX 3aKOHOMEPHOCTEH Te0JIOTHIECKHe
HOPOJBl APYr OT Jpyra, MO3BOJIET ONpeje-
JIMTh TPAHULBl UX TEPPUTOPHUATIBHOIO pacrpe-
JIeTIeHHUSL.

KoHnguukT uHTEpEcoB

ABTOpHBI 3asBISIOT 00 OTCYTCTBUM KOH-
(IUKTa UHTEPECOB, CBA3AHHBIX C MyOJIMKAIIH-
€l TaHHOU CTaThH.
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Abstract

The article presents the results of studying the state of a technically and environmentally
very important problem of wastewater treatment, pollution of hydrosphere objects by oil and its
components in the course of the activities of the relevant industrial complexes and the use of new,
various installations specially developed in the industry for these purposes, devices and special,
including membrane, filters.
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Neft-kimya komplekslorinin c¢irkab sularimin ekoloji asaslandirilmis
tomizlanmasi metodlarinin istigamatlari

H.N. Mammadov, A.9. Sadiqova
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Xiilasa

Mogalods miivafiq sonaye komplekslorinin foaliyyoti zamani tullanti sularinin tomizlonmasi,
hidrosfer obyektlorinin neft vo onun komponentlori ilo ¢irklonmasinin texniki vo ekoloji cohatdon ¢ox
mithiim probleminin vaziyyatinin yranilmasinin naticalori vo bu moagsadlar ti¢iin yeni, miixtolif, sonayeda
totbig olunan xiisusi hazirlanmis qurgular, cihazlar va o ciimlodon, membran filtrlorin yaradilmasi
istigamotlori arasdirilmisdir.

Acar sozlar: hidrosferin ¢irklonmasi, neft, neft mohsullari, sonaye tullantilari, tamizlamo disullart,
qurgular, filtrlor, membranlar, gostaricilorin yaxsilasdirilmasu.
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O HanpapjieHHSIX Pa3padOTKM 3KOJOTHYeCKH O00OCHOBAHHBIX
METOJ0B OYUCTKH CTOYHBIX BOJ He(pTEXUMHUYECKUX KOMILIEKCOB
X.H. Mamenos, A.A. Caabiroa
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AHHOTAUA
B cratee mpencTtaBieHbl pe3yiabTaThl M3YyUEHUS COCTOSHHUS TEXHUYECKA M DKOJOTHIECKH OUYCHD

Ba)XHOM MpPOOJEMbl OYMCTKH CTOYHBIX BOJI, 3arps3HEHHss OOBEKTOB Tuapochepbl HEPTHIO H €ro
KOMIIOHEHTaMH B MPOLECCE JEATEIBHOCTH COOTBETCTBYIOIIMX IPOMBIIUICH-HBIX KOMIUIEKCOB U
MpUMEHEHUE JUIsl YKa3aHHBIX IIeJield HOBBIX, Pa3iIMYHBIX CIEHUAbHO pa3pabaThiBaeMbIX B OTpaciu
YCTaHOBOK, YCTPOMCTB M CHIEHANBHBIX (PUIBTPOB, BKIIIOYast MeMOpaHHBIE.

KiaroueBble ciioBa:  3acpssuenue 2uopocghepul, nedmo, nHedmenpooykmol, NPu3600CMEEHHbIE CIMOKU,
MemoObl  OHUCMKU,  YCMPOUCMEd,  QUIbMpbl,  MeMOpauvi,  VIyduleHue
nokaszameret.
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Introduction
Among the impressive variety of

harmful substances of anthropogenic origin
that enter the environment, a special place
belongs to oil and the products of its
processing. They also enter the environment
with the connivance and negligence of a
person (oil spills due to accidents in oil fields,
oil pipelines, tanker fleets, their losses during
storage at oil storage facilities, oil refineries
and petrochemical plants, gas stations,
wastewater discharges of various types of
industrial enterprises and etc.). The ingress of
oil, oil products into the environment leads to
inherently complex and not yet fully studied,
deep completely changed transformations.

Due to the development of anthropogenic
impact on nature, a number of accompanying
circumstances, in recent decades, the
requirements for the protection of all types of
water bodies have been steadily growing.

The purpose of the work is to show the
growing need for targeted development and
implementation of new, more advanced
methods for neutralizing industrial wastewater
from oil of various compositions, as well as
oil products obtained on their basis, suspended
solids and other pollutants using filters and
special purpose devices and installations for
them high-quality cleaning before reuse in the
process, or their discharge into sewer systems
or water bodies.

This, in turn, implies a growing need for
the targeted development and implementation
of new, more advanced methods for
neutralizing industrial wastewater from oils of
various compositions, as well as oil products
obtained from them, suspended solids and
other pollutants using filters and special-
purpose devices and installations for their
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high-quality cleaning before reuse in the
technological process, or their discharge into
sewer systems or water bodies. The existing
and used ways and methods of wastewater
treatment and disposal and the treatment
equipment used are very different in their
efficiency and the results achieved, which are

always proportional to the capital and
operating costs incurred.
The presented work provides an

overview of existing ways, methods and
equipment proposed in patents and scientific
and technical literature of a number of
industrialized countries of the world for
cleaning and neutralizing oil-contaminated
industrial ~ wastewater ~ from  industrial
enterprises, including industry petrochemical
and oil and gas processing enterprises. It
should be noted the great importance of the
above enterprises, which undoubtedly belong
to the strategic economic sector of world
countries. However, they are the ones who
make a significant contribution to the
pollution of all objects of the biosphere and
the natural environment as a whole.

The used traditional and developed new
highly efficient purification methods of
petroleum raw materials of these industries in
terms of quality indicators of industrial
wastewater generated in them should, a priori,
fully meet modern environmental standards.

Solution

One of the most significant industrial
wastewater pollutants of industrial and in
particular, petrochemical and oil refining
enterprises, are oil and oil products.

It is especially noted that oil products
dissolved and emulsified state in water are
classified as substances that are difficult to
oxidize by microorganisms and, in this case,
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self-purification of water bodies from oil
products is a complicated and lengthy process.
This dictates the need to treat oily wastewater
to such an extent that when mixing the treated
wastewater discharged into the reservoir with
the water of the reservoir, the maximum
permissible  concentrations of  harmful
substances do not exceed the established
norms.

Since oil refining is technologically
associated with a significant use of water
resources, therefore, oil and gas, chemical,
petrochemical and oil refining enterprises
have always been territorially tied to natural
water bodies and potential pollutants of the
hydrosphere. Purification and neutralization of
industrial wastewater from pollutants is
carried out by using various and
complementary mechanical, power,
adsorption,  absorption,  physicochemical,
chemical, electrochemical, thermal,
membrane, biological, including disinfecting
and a number of other active technological
cleaning methods [1].

In recent years, world's leading scientists
in the field of filter technology have
developed, patented, manufactured and put
into production new hydraulic filters,
purification plants and devices for treating
industrial wastewater, which are distinguished
by improved characteristics. So, for example,
the newly created modifications of surface
filters have a thin-layer filtering partition with
a developed surface for wastewater being
treated and retain polluting particles mainly on
the surface of the partition, and for the
manufacture of various metal and non-metallic
meshes,  fabrics, cardboard, synthetic
materials, etc. A characteristic difference
between surface filters and bulk filters is a
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significantly lower hydraulic resistance during
the cleaning process.

An extended period of continuous
mechanical treatment of industrial wastewater
that is distinguished by its aggressiveness
from polluting suspended particles is
characterized by a filtering unit [2].

Of interest is the production of various
sizes of hydraulic mechanical belt filters of the
KF brand. Wastewater is cleaned from
mechanical particles of contaminants in them
through a section of a filter tape made of a
porous paper web. After deposition of the
corresponding layer of polluting particles on
it, by turning on the drive, the contaminated
section of the belt is replaced by a clean one.

Such filters are easy to use and provide
effective cleaning of solid particles at a flow
rate of up to 600 I / min of wastewater. Hydac
Fluidtechnik GmbH (Germany) has mastered
the manufacture of DF / DFF 1500 mechanical
filters built into pipelines, designed for a
relatively high wastewater pressure at a flow
rate of up to 1000 | / min.

The force cleaning method (due to the
action of force fields-gravitational, centrifugal,
magnetic, electric and other types) also serves
to remove coarse suspensions from industrial
wastewater, which is widely applicable as the
first stage in the general treatment system.
Convenient to operate, has high performance
and is technological both in manufacture and
application, a device for power treatment of
oily wastewater. Device for the treatment of
oily wastewater [3], including hydrocyclones,
cylindrical chambers on the hydrocyclone
outlets, a sump divided by vertical partitions
into sections in which perforated distribution
devices are located. In the lower part of the
device there is a tubular perforated
prefabricated collector of the sediment
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removal system, and above the collector there
is a sediment flushing system on both sides.
The second vertical partition is fixed along the
entire perimeter of the inner wall of the sump.
Holes are made in its upper part, in which
tubular  perforated telescopic collectors-
distributors are fixed, having holes along the
upper part in a checkerboard pattern and at an
angle of 45° to the vertical axis of the
collectors. The upper plane of the manifolds-
distributors is located at the level of the phase
boundary "oil-highly concentrated emulsion™.
In the upper part of the sump, in the space
between the first vertical partition, which does
not reach the lower part of the sump, and the
second vertical partition, an oil collector with
an oil discharge pipe is provided.
Physicochemical types of wastewater
treatment from oil products and other
contaminants include coagulation, flotation,
flocculation and adsorption. Coagulation is the
most effective way for removing colloidal
dispersed particles (1-100 um in size) from
wastewater. The use of the flotation process
makes it possible to intensify the floating of
oil products by surrounded them with air
bubbles, which is supplied to the wastewater.
Depending on the process of formation of air
bubbles, the following types of flotation are

distinguished: pressure, pneumatic, foam,
chemical, biological, vibration and
electroflotation.

Technological  scheme  for  deep

purification of oily wastewater from a wide
range of contaminants to the requirements for
recycled industrial water, using the pressure
flotation method at the final stage of
mechanical wastewater treatment in oil traps
before they are fed to biological treatment
facilities [4]. In this case the use of the
pressure flotation method not only increases
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the efficiency of the separation of fine
suspended solids, emulsified oil products,
colloidal organic contaminants and partially
dissolved organic ~ compounds  from
wastewater at the final stage of mechanical
treatment, but also reduces the residence time
of treated wastewater from 1.5-2 h with
settling up to 30-40 min.

The use of pressure flotation in the
technological scheme of deep purification of
oily wastewater is determined both by the
quantitative and qualitative composition of
wastewater, the requirements for treated and
recycled industrial water, and by a set of
economic indicators. So in the Ashbrook
Simon-Hartley Operations and Co (USA)
plant for the treatment of industrial wastewater
contaminated with oil products, suspended
particles, the pneumatic flotation method is
used. Wastewater treatment in the flotation
process, includes the following stages:
untreated wastewater is fed into the flotator,
simultaneously through the dispersers located
in the bottom zone of the flotator, air is
supplied in the form of tiny bubbles evenly
over the flotator cross section, air bubbles
envelop and oil products emerge in the form
of foam accumulating in the annular collector
between the waste water mirror in the flotator
and its cover, suction of oil-containing foam
into the foam collector, removal of waste
water purified from oil products.

Envico Chemic GmbH (Germany)
manufactures compact units for the treatment
of oily wastewater in a modular design,
operating on flotation method. The units are
reliable and have a capacity of 10+200
m3/day. They reduce the content of oil
products in treated wastewater to levels below
10 mg/l. Increasing the efficiency of flotation
treatment of industrial wastewater is achieved
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through the use of hydrodynamic devices,
which make it possible to obtain a finely
dispersed water-air mixture with a high gas
content. Contaminants converted into an
insoluble form from treated wastewater
precipitate,  while  non-recoverable oil
products, surfactants, organic additives, etc.
are also captured.

One of the most effective ways to
remove dissolved harmful impurities and oil
contaminants from industrial wastewater is
adsorption treatment. The advantages of
adsorption treatment include: the ability to
remove contaminants of an extremely wide
nature to almost any residual concentration,
regardless of their chemical stability, the
absence of secondary contaminants and the
ability to control the process.

Special absorbent particles are used for
complete cleaning of microorganisms and
their residues in waste water. The size of these
particles is directly proportional to the degree
of water pollution. Figure shows this process.

It is necessary to note the high-quality
adsorption treatment of wastewater from
chemicals dissolved in them, which is
provided by the device [5], containing a funnel
for treated wastewater, a column, a receiving
device for treated wastewater, an adapter
between the funnel and the receiving device, a
sorption container consisting of a sieve bottom
and a lid. Adsorbent granules are placed inside
the sorption container. After the wastewater
treatment process, the sorption container with
adsorbent granules is removed from the device
and sent for regeneration of the adsorbent. The
sewage treatment device is convenient to
operate and transport.
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Figure — Complete installation of water treatment.

The process of accelerated production of
adsorbent granules of increased mechanical
strength and high sorption activity [6] is
carried out in the following way. A solution of
sodium silicate is added to an aqueous
dispersion of a humic material, granules are
formed, dried, treated with a mineral acid
solution, and washed. The operation of
dehydration of the adsorbent granules is
carried out by using centrifugation and
microwave radiation. Dehydration of the
granules after washing is carried out until a
porous Vvitreous crust appears on their surface.

The adsorbent has high sorption
characteristics obtained by carbonization at a
temperature of 700-800° C of siliceous
sapropel with a mineral content of 54-85 wt
%.

Heavy metal ions are considered one of
the most dangerous impurities contained in
industrial wastewater, which are ecotoxicants
that are of priority importance in terms of the
degree of danger to the environment and
human health. lons of heavy metals for the
biosphere and, in particular, for the
hydrosphere are great danger, regardless of
how they penetrate into water bodies [7].
Industrial wastewater is effectively purified
from heavy metal ions [8] water from 1:100 to
1:1000. Then, the precipitate of
organometallic complexes is subjected to
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thermal enrichment by annealing at a
temperature of 450-600°C to extract useful
components (a number of heavy metals), i.e.
in order to carry out industrial processing of
industrial wastewater and reduce the overall
cost of waste disposal.

Pressure flotation technology
VODACO-DAF [9] for preliminary treatment
of oily wastewater water oft4 the oil and oil
refining industry enterprises is a high-
performance treatment with saturation of a
part of the stream of treated wastewater with
air. The main advantage of this technology is
the optimized saturation system, which makes
it possible to achieve a saturation degree of
95%, thereby reducing the energy
consumption for cleaning. At the same time,
during the purification process, the total
amount of oil products in treated wastewater is
reduced to 50 mg/l, and suspended solids
remain less than 20 mg/I.

New methods are applied and efficient
inventions are created to ensure the high
efficiency and yield of water purification from
mechanical mixtures, microorganisms, high
molecular compounds and salts of heavy
metals. As an example, in order to ensure
water purification by applying electrified filter
membranes [10] and other similar patents can
be cited. The biological method is the most
versatile for wastewater treatment from
organic contaminants and consists in their
oxidation by microorganisms. To ensure the
normal functioning of microorganisms, not
only organic substances are required, but also
biogenic elements, such as nitrogen, calcium,
fluorine, chlorine, etc. Biochemical treatment
of industrial wastewater from industrial
enterprises is carried out in air and biofilters,
aerotanks, biological springs and special
reactors.
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For effective wastewater treatment from
organic and inorganic compounds, petroleum
products, surfactants, as well as for the
decontamination of wastewater from viruses,
bacteria, microbes, an environmentally
friendly installation is designed [11] whose
graphene filters contain silver ions located
between nanotubes, in contact with viruses,
bacteria, microbes, protozoa deactivate drains.
The dimensions of graphene nanotubes are
quite small and allow molecules to pass
through, but they keep emulsified oil products,
viruses and bacteria in their volume and
effectively purify wastewater. The efficiency
of wastewater treatment from suspended

particles of contaminants, emulsified oil
products, oils, fats, surfactants, viruses,
bacteria, microbes in a microbiological

wastewater treatment plant reaches 98-99%.

Activated sludge formed during the
biological treatment of industrial wastewater
also poses a big problem for disposal as a
large-tonnage waste. One of the ways to
utilize activated sludge is to use it as a
bioflocculant, which allows solving the
problem of not only its utilization, but also the
intensification of the entire wastewater
treatment process. The results of experimental
studies have shown that with the reagent and
flotation treatment of activated sludge before
using it as a bioflocculant, its volume can be
reduced by 1.5-3 times.

The high quality of complex wastewater
treatment from suspended particles of
contaminants, oil products, heavy metal ions
and pathogenic microbes provides a treatment
method [12], which includes multi-stage
mechanical cleaning in flow-type tanks with
coarse and intermediate filtration, treatment of
treated wastewater with a magnetic field and
final filtration at the end of cleaning.
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Simultaneously with filtration, the treated
wastewater stream is subjected to electrolysis,
oxidant treatment and UV treatment. After
final filtration, wastewater is additionally
settled.

It should be noted that there is a growing
interest in mathematical modeling of objects
belonging to the above-ground and, in
particular, to the petrochemical industry [13].

The results of the analytical analyzes
obtained after the wastewater treatment
process using the most modern cleaning
technologies and methods are shown in Table.

Table — Characteristics of sample values of
untreated (reverse osmosis) water parameters.

Ne Parametrs Results
1. | TDS mq/l 716
2. | Total hardness, mg-ekv/I 9,0
3. | Total alkalinity, mg-ekv/I 3,8

4. | pH 8,44
5. | Iron (Fe), mg/l 0,22
6. | Silicates (Si), mg/l 6,0

7. | Chloride (CI"), mg/Il 132,0
8. | Sulphate (SO*,), mq/l 262,0
9. | Dissolved Oxygen, mq O,/I 11,5
10. | Total suspended solids, mg/I 35,0
11. | Oiland Grease, mg/Il 0,04
12. | Colour, degree 22,0
13. | Turbidity, mg/I 27,7

The existing methods of purification and
neutralization of wastewater and treatment
equipment are very different both in terms of
achievable efficiency and in terms of capital
and operating costs. A rational method of
cleaning and cleaning equipment should be
selected taking into  account these
circumstances, with the obligatory condition
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of a detailed study of the features of
production.

Requirements for the protection of water
bodies: oceans, seas, lakes, rivers, ponds,
swamps, groundwater, etc. are constantly
growing. In this regard, it is necessary to
purposefully develop and implement more
advanced filters, devices and installations for
their high-quality, comprehensive treatment
and neutralization of industrial wastewater
from oil, oil products, suspended solids and
other particles and pollutants before their
recycling or discharge into environment.
Conclusion

Thus, the process of creating new
designs of filters, installations and devices for
the effective treatment and disposal of
wastewater from oil refineries, petrochemical,
chemical and other industrial enterprises is an
integral part of scientific and technological
progress and is due to ever-increasing
environmental and sanitary-hygienic
requirements for treated or returned to the
production cycle wastewater, previously
discharged into natural water bodies.

It has been established that at present, a
necessary condition for the organization of
environmentally and technically competent
wastewater treatment from pollution is both
the most rational method of purification with
water recycling into the production process, as
well as the use of such treatment equipment
for this purpose, which must be chosen
without fail taking into account all
circumstances, features and a detailed study of
production as a whole.

Conflict of Interests

The authors declare there is no conflict
of interests related to the publication of this
article.



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy

2022, cild 14, Ne 4, 5.120-128 2022, vol. 14, no. 4, pp. 120-128
Mammadov H.N., Sadigova A.O. Mammadov H.N., Sadigova A.A.
REFERENCES

1. Kosintsev V.l., Sechin A.l., Bordunov S.V. Filtratsionnaya ochistka stochnikh vod. Sovremennie
naukoemkie tekhnologii, - 2008, Ne4, c. 74-76. (in Russian)

2. Pat. 2564997 Russia. MPC CO2F. Installation for dehydration and neutralization of sewage sediments /
G.V. Shishlo. Published 10.10.2013. Bulletin No. 28 (in English)

3. Adelshin A.A., Adelshin A.B., publ.10.01.2011. Bull. No.1; Pat.2408540 Russia. IPC CO2F (in English)

4. Zubareva G.l., Chernikova M.N. Technological schemes for deep treatment of oily wastewater using the
pressure flotation method. Ecology and Industry of Russia. 2011, October, pp.15-17(in English)

5. Pat. 2484021 Russia. IPC CO2F. A device for filtering water of various genesis and a method for preparing a
sorbent material / L.G. Bondareva, A.A. Shubin. Published on June 10, 2013. Bull. No. 16 (in English)

6. Pat. 2455062 Russia. IPC B01J. Method for obtaining a sorbent for the sorption of heavy metals / R.L.
Dunin-Barkovsky. Publ. 10.07.12. Bull. No. 19 (in English)

7. Proleychik A.Yu., Gaponenkov I|.A., Fedorova O.A. Extraction of heavy metal ions from inorganic
wastewater. Ecology and Industry of Russia, 2018, No. 3, pp. 35-39 (in English)

8. Pat. 2497759 Russia. IPC CO2F. Method for treating industrial wastewater from heavy metals / A.A.
Bogush, V.G. Voronin, G.N. Anoshin (in English)

9. Pat. 2485054 Russia. IPC CO2F Eskin A.A., Tsygankova K.V., Zakharov G.A., Morozov D.S. (published
20.06.2013. Bull. No. 17) (in English)

10. Nadeinskiy V.L., Sergievskiy V.M. RF patent No. 2185333, Eurasian patent No. 005222
"Crioco0 TOHKO# 0YHCTKH BOJbI U hriibTp-koppekrop” (in Russian)

11. Pat. 2487087 Russia. MPK CO2F. Installation of microbiological wastewater treatment / B.V. Elder, E.A.
Maksimov. Published on July 10, 2013. Bull. No. 19 (in English)

12. Pat. 2616463 Russia. IPC CO2F. Method for cleaning liquid mixtures / E.A. Pogadaev. Publ. 17.04.2017.
Bull. No. 11 (in English)

13. Azizov B.M., Mekhtiyev J.S., Guliyeva S.H. A mathematical model for accuracy improvement of

determining the radiative characteristics of objects on the earth's surface. Herald of the Azerbaijan
Engineering Academy. 2022, vol. 14, no. 2, pp.117-123 (in English)

128



Content of the 14th volume (January — December 2022)
Nel

Mechanics and Mechanical Engineering
Janahmadov A.Kh., Skrypnyk V.S., Volchenko N.A., Evchenko A.S., Yahyayeva A.N., Volchenko V.N.

Increasing the wear resistance of materials in friction vapors of top-mose devices taking into account hydrogen wear ............ccccocvveeenne. 7
Skrypnyk V.S., Javadov M.Y., Balonniy V.T., Volchenko D.A., Bekish 1.0., Volchenko N.A., Yevchenko A.S.

Methods and means of reducing energy load and hydrogen wear of friction pairs of the band-shoe brake of the drilling winch ................. 25
Amirli S.F., Fritsche P., Abbasov I.T., Wichmann S., Simon S., Amirov F.G., Mammadov A.S.

The impact of high speed mechanical processing efficiency on the production PrOCESS .........ccciriiieiiiiriniirere e 41

Oil and Gas
Mammadova G.G.
Consecutive filtrations of various uncompressed unmixed liquids in homogeneous layer in different simple flows

AUE 10 SOME FIEFALION TOWS ..ottt nen e r e e 52
Dadash-zada X.1., Novruzova S.H., Gadashova E.V.
Stagnant zone features 0N WEIT OPEIALIONS ..........oiiuiiiiiiee ittt ettt e et s b bt b et b e e b e Rt ek e se e b e e b e R e eb e b et e et e st ebesb e st ebeneabe et 60
Salavatov T.Sh. , Dadash-zade M.A., Babayeva T.S.
Research of rheological properties elastic-viscoplastic QUi iN PIPES ......c.eiririeiiiiiiieeit bbb 70

Chemical Technology
Nurullayev V.H., Gurbanov H.R., Abdullayeva Z.A.

Analysis of the effect of high molecule components on the realogy of 0il diSPErser SYStEMS .........cccouoiieieirrrieienineee s 75
Abbasova K.Q.
Obtaining ion-exchange materials and studying their PrOPEITIES .........ccooiiiiiiiiiiiriee ettt ettt 84

Energetics
Balametov A.B.

Transmission line models for real-time mode estimation based on synchronized vector MeasuremMents .............covoererveeernenieeninesieeeseseneas 90
Information Technology

Safarova A.A.

Determination of the transmission function of the automatic adjustment system of the tubular furnace ............cccoeovvviinincinnccee 101

Nasirova E.A.

Architecture of Modeling Process of Flexible Manufacture SyStems ACHIONS. .........cccuiieiiiiiiiec s 106

Mammadova K.A.

Determining the level of risk for food safety in a fuzzy environment with the help of Z number ... 117
Ecology

Asgerov K.A., Fatiyeva E.F.

Assessment of the parameters of the state of natural objects in the territory of Agdam region based on multi-temporal space images ....... 125

Ne 2

Aviation

Karimli T.1I.

Measurement by air data system of spatial position and direction of @IFCraft ...........ccccceieiiirriiiiiir s 7

Sadikhov 1.Z.

Calibration of KA-14 LIDAR to measure the fluorescence spectra of oils extracted in Various ZONES ...........ccccovvererinereeiiniciinseeeens 15

Mechanics and Mechanical Engineering
Janahmadov A.Kh., Volchenko D.A., Volchenko N.A., Skrypnyk V.S.,
Zhuravlev D.Yu., Malyk L.B.

Non-equilibrium thermodynamics with linear modes in tribo-couplings (Part 1) .........ccoeiiiiriiiiiee s 20
Zhuravlev D.Yu., Javadov M.Y., Skrypnyk V.S., Volchenko N.A., Krasin P.S., Evchenko A.S.

Physical methods for assessing the load of friction pairs of braking devices (Part 1) ..o 31
Gurbanov A.N,, Sardarova 1.Z., Aliyeva L.A.

Application of the finite element method in the calculation of shells of reVOIUTION ..o 48
Yusubov F.F.

SEM investigation of microlayer formation and study of wear mechanism in friction COMPOSITES .........cccccveueiriririeiiineee e 55
Volchenko D.A., Miralamov H.F. , Skrypnyk V.S., Volchenko N.A., Juravlev D.Y.

The role of contact spots of friction pairs of microprotrusions in the energy loading of braking devices ............ccccoovveinnniinnnccinn 64

Oil and Gas

Ismayilov G.G., Shahlarli M.E., Ismayilov Sh.Z.

Some issues to increase the operational efficiency of multiphase flow of subsea PIPelines ..o 73
Chemical and Chemical Technology

Mammadova S.R.

Synthesis and physico-chemical study of supramolecular compounds Sm and Gd (I11) with terephthalic acid ............ccccocvveirereieierieenne 81
Information Technology

Eminov R.A.

Issues of time change forecasting of the total delay 0f GPS SIGNAIS ..........ccciiriiiiiic s 89
Instrumentation

Abdullayev A.A.

Computer simulation of a convertor-type UAV planer based on applied appliCations ...........ccoceririiiiniiiecsrcees e 95
Agriculture

Badalova A.N., Guliyeva S.H.

Application of machine learning methods for classification of agricultural Crops ...........cccvirieiiieiieicee s 106
Ecology

Azizov B.M., Mekhtiyev J.S., Mammadov H.N., Guliyeva S.H.

A mathematical model for accuracy improvement of determining the radiative characteristics of objects on the Earth's surface ................ 117

Karimova G.X.

Mathematical assessments Dashkesan MiNiNG INAUSEIY WASEE ........cciuiiiiiriiiriiieie ettt ettt sb ettt st se e sb e nes 124

129



Ne 3
Aviation
Sadikhov 1.Z.
Calibration of KA-14 LIDAR to measure the fluorescence spectra of oils extracted in Various ZoNes ..........cccocvveeirinsieennseienenneeenes 7

Mechanics and Mechanical Engineering
Janahmadov A.Kh., Zhuravlev D.Yu., Volchenko V.N., Balonniy V.T., Malyk V.Ya.

Non-equilibrium thermodynamics with linear modes in tribocouplings (Part 1) ........cccoooiiiiiiiiee e 12

Volchenko D.A., Javadov M.Y., Skrypnyk V.S., Volchenko N.A., Zhuravlev D.Yu.

Flow of electric currents in ohmic contacts of friction couples of braking deVICES ...........ociiiiiiiiiice e 24

Ahmadov H.M., Manafov E.K., Nasirova M.M., Huseynov F.H.

Prospects for the use of Maglev trains iN AZEIDAIJAN ..........cciiiiiiiii bbbttt et b e bbb s bt sn e bt e e b 41

Guseinov A.G., Nazarov I.A., Asadov Sh.A.

Strengthening of parts of special-purpose products by diffusion Metallization ............ccooeeiiiiiiii e 54
Oil and Gas

Volchenko D.A., Miralamov H.F., Bolonniy V.T.,

Savchin M.V., Malyk V.Ya., Savchin Ya.M.

Energy assessment of the state of pipe column in the deep well drilling

Ismayilova F.B.

Efficient gathering and transport of associated multiphase gases in accordance with the dynamics of gas resources ...........ccccovveenenae 74
Chemical and Chemical Technology

Guseinova E.A.

Theoretical analysis of the conversion of iSOPropyl alCONOI ... e 80
Information Technology

Asgarov T.K., Ragimova N.A., Abdullayev V.H.

Structural design of cyber-physical systems based on the “Industry 4.0” plAtform ...........ccccorrririiiiiinineieneee e 87
Instrumentation

Ibragimov R.A., Svikhnushin N.M., Zeynalova A.E.

Automated fault control panel during serial production equipment of defense industry technology .........cccccooveeiirnneinnneeirceeae 96

Asgarov K.A., Mardakhayev A.V., Khidirov A.Sh.

The dielcometric method of measurement of soil moisture (TDR method)
Geology

Guseinov G.S., Mammedov |.A.

The use of typomorphic features of native gold for the solution of geological eXploration .............cccoeveiiririiniinne e 123

National Aviation Academy - 30 years. Inside look
Aviation

Ismayilov .M., Habibullayeva U.V.

Crosswind approach and landing, its software application

Loboda D.I.

Protection of biometric information in the framework of aviation SECUrity PrOCEAUIES ..........ccciiriririeiiiieiee et 21
Mechanics and Mechanical Engineering

Janahmadov A.Kh., Volchenko N.A., Javadov M.Ya., Sklyarenko E.F.,

Bekish 1.0., Yevchenko A.S., Malyk L.B.

Non-Equilibrium Thermodynamics with Linear Modes in Tribocouplings (Part ) ..........ccooioiiiiiniiicc e 29

Askarov R.V., Ramazanov E.B., Askarova N.Z.

Methods of selecting a compressor station and compressed air pUrification SYSIEMS ..........cccoueviiruriiinirrieieie s 40

Mamedov A.T., Babaev A.l., Ismailov N.Sh., Huseynov M.Ch., Guliyev F.T.

Mastering the production of hot-deformed casing from 32I'2 steel in the conditions of “Baku Steel Company” ..........c.cccoveeririreenecnn 48

Ibragimov N.Y., Ibragimli E.N.

Metal coating on the cylinder surface using a laser system
Oil and Gas

Baghirov Sh.A.

Development of technology for production recovery of gas-Condensate WIS ...t 62

Aliyeva O.A., Aliyev A.S.

Distinguishing features of gas condensate fields with underground gas SEOFAgE ..........covruerieiriririiiieeeie s 69
Chemistry and Chemical Technology

Usubaliev B.T, Murvatov F.T., Nurullaev V.H., Mammadova N.1.

Increasing the efficiency of oil transportation and gathering technology by application of BAF-1 and BAF-2 nanoreagents

at "SiyazanNeft"

Israfilova Z.T.

Study of some heterocyclic compounds containing rhodanide group as antioxidant additives
Information Technology

Safarova A.A.

Development of the mathematical model of the platforming block of the catalytic reforming unit...........ccccooeieinniinniccce 92

Mammadova K.A.

Mathematical modeling and simulation of robotic dYNamIC SYSLEIMS. .........ciiiiiiiiiee e 98
Ecology

Azizov B.M., Abdullayev Kh.l., Sultanov J.A.

Research on forecasting oil and gas content in individual structures of the

Absheron Peninsula based 0N SAtEllite JALA ............cccciiriiii e 112

Mammadov H.N., Sadigova A.A.

On the development of environmentally sound methods of wastewater treatment of petrochemical complexes ..........ccocoevevviiicinniens 120
Content of the 14th volume (January — DECEMDBET 2022).........ccuceiueisieirieieeriesesteseeessesessessesessesassessesessesessessesessesessessesessessssessesessessasessenssses 129

130



MOQALOLORIN TORTIBATI QAYDALARI

Jurnalin redaksiya heyati jurnalin elmi istiqgamotino uygun golon,
heg bir yerdo nosr olunmayan, digor jurnallara verilmoyon mogqalolorin
slyazmalarina baxir.

Hazir mogqalo redaksiyaya,
tinvanina géndarilmalidir.

Maqals azorbaycan, ingilis vo ya rus dillorinds 10 sohifodon ¢ox
olmamaq sortilo yazila biler vo asagidakilar 6ziindo oks etdirmolidir:

1.Mogalonin adi, milliflorin A.A. Soyadi, har bir miusllifin
caligdig1 miiessisonin ad1 vo tinvani;

2. Miioalliflordon birinin E-maili;

3. Annotasiya, 1000 simvol;

4. Agar sozlor, 6 sozdon ¢ox olmayaraq;

Biitiin bu malumatlar hor ti¢ dilds toqdim olunmalidir.

5. Giris, Isin magsadi, Masalonin qoyulusu, Masalanin halli, Natica
- bolmalari ilo maqalonin motni;

6.UOT kodu;

7.lIstifads olunmus menbalorin latin dilinds transliterasiya edilmis
motninin siyahisi (7-10 araliginda), monbs haqqinda tam molumat.
Homg¢inin  “Azarbaycan Miihondislik Akademiyasimin  Xoborlori”
jurnalma istinad. Siyahi tesadiifi yolla deyil, matndaki istinadlarin
sirasina osasan (1, 2, 3...) tortib olunur.

amaxeber@yahoo.com elektron

8. Sakil va cadvallarin moaqalonin yazildigi dilds adlari, hamginin,
onlarmn ingilis diline torciimesi. Sokil vo codveller birbasa moqalonin
matninds onlara istinadlarin yaninda yerlogdirilmslidir.

Redaksiyaya daxil olmus mogalolor plagiat yoxlama prosedu-
rundan kegir. Orijinalliq indeksi az1 75% olmalidir.

Mogaloloro redaksiya heyoti torofinden toyin olunmus elmlor
doktorlar1 vo ya namizadlori ray verir. Moqalalars roy vermok {i¢iin
redaksiya heyoti vo surasi iizvlori, eloco do aparict miitoxossislor colb
edilir. Roayin verilmo miiddsti 3 aya qoadordir. Magaloys monfi roy
verildiyi halda redaksiya bu barode miiollifo molumat verir. Miiol-
liflorin tokrar diizolislorindon sonra moqalo yenidon roygilors gon-
dorilir, sonra iso ray¢inin son royina asason redaksiya heyati moqaloni
nogr liglin tosdigloyir vo ya imtina edir. Redaksiya matni redakto etmok
hiiququna malikdir.

Motnin yenidon yigilmasi zamani yarana bilocok ndqsanlari
aradan qaldirmaq moqsadi ilo mogalo motni Word for Windows
formatinda, Times New Roman 12 srifti, 1,15 interval ilo elektron
soklindo do redaksiyaya toqdim edilmolidir.

Olyazmanin nasri tigiin miialliflordon ddonis alinmur.

Daha ¢ox molumat vo moqalonin tortibati niimunosi saytda:
ama.com.az

MPABUJIA O®OPMJIEHHS CTATEM

Penxonerus >KypHala pacCMaTpHUBaeT CTaTbH, KOTOPBIE COOT-
BETCTBYIOT HAyYHOMY NPODIIIIO XKypHala, HUTE paHee He OIyOIHKo-
BaHBI U HE MepejaHbl B PeIaKUUN IPYIUX KyPHAIIOB.

T'0TOBYIO CTaThiO0 CIICJyeT HANPaBUTh B pefakiyio Ha e-mail:
amaxeber @yahoo.com.

Cratbss MOXeT OBITh HalllcaHa Ha a3epOailJUKAHCKOM, aHTIIHIi-
CKOM JIN0O PYCCKOM s3bIKe 00IMM 00beMoM He Oonee 10 crtpanun u
JIOJDKHA BKIIIOYATh B CEOSL:

1.Ha3Banue cratey, 11.0. ®ammmmio aBTOpOB, HAUMEHOBAHUS U
azpeca opraHu3alui, rje paboTarT aBTOPHI;

2. E-mail ogrOro 13 aBTOpPOB /TS IEPEIINCKY;

3. Aunorauuto (okono 1000 cumMBoIIOB);

4. Kirouessbie cioa (j10 6 ciioB).

Bcs BrImenepeuncienHass HHGOPMAIWMs TOJDKHA OBITH ITepeBe/icHa Ha
TPH SI3bIKA.

5. Tekcrt cTaTb ¢ pa3OuBKOi Ha Beedenue, Llenv pabomui, Ilo-
cmanoska 3aoavu, Pewenue 3aoauu, 3axnovenue;

6. Kox YK,

7. TpaHCIUTEPUPOBAHHBIN Ha JIATUHUIE CIIMCOK MCIOJIb30BaHHON
nuteparypsl (B mpenenax 7-10) ¢ ykazaHueM mosHbeIX GuOnnorpadu-
YeCKHX JAHHBIX 00 HCTOYHHMKEe. B TOM dHcie cChUIKAa Ha IKypHAI
«Becmuux Aszepbaiiodcanckoi  Hnowceneproii  Axademuuy. Crucok
COCTaBIISIETCSl B MOPSIIKE YKa3aHMS CCBUIOK B TEKCTE II0 BO3PACTalO-
mei: 1, 2, 3..., a He Bpa30Opoc.

8 Hassauwust PUCYHKOB H TaOJIMI Ha SI3BIKE HAIHMCAHHS CTaThU
TUIFOC UX IIEPEBOJ HA AHTJIMACKHH SI3BIK. PI/ICyHKI/[ n Ta6.TII/[I_ILI pacrto-
JIararoTCsa HENOCPEACTBEHHO B TEKCTE CTaTbU PAAOM CO CChUIKAMHU Ha
HUX.

IMocTynuBiMe B peJakIHIO PyKOIMCH IIPOXOIAT NPOLEAypy Ipo-
BEPKU Ha Iuiarnat. MHIeKC OpUTrHHAIBHOCTH JOKEH COCTaBIATH HE
meHee 75%.

CraTbl pELEH3UPYIOTCS JOKTOpaMH M KaHIWAATaMd Hayk,
Ha3HA4YaeMbIMU pEJAaKUMOHHOW Kosuiernedl. K peueHsupoBanuio
cTaTeil NPHBIIEKAIOTCS: WIEHHl PEIKOJUIETHH, PEICOBET M BeIyIIHe
cneuuanucTbl. CpoK peleH3HpPOBaHMSI COCTaBIseT 10 3 MecsieB. B
cllydae 3aMe4YaHHi K CTaThe pelakiys cBspkercsi ¢ aBTopoM. Ilocie
MIOBTOPHOTO aBTOPCKOTO PENAKTHPOBAHMS CTAThs HAIpPABISETCS UL
MOBTOPHOI PELEH3UH, a 3aTeM HAa OCHOBAaHHM OKOHYATEIBHOTO 3a-
KITIOYEHHUS PELICH3eHTa PeKOJUICTHS YTBEp)KAaeT CTAaThI0 I ITyOiH-
Kaluu 1100 OTKIOHsET. Peakimst ocTaBisieT 3a co00i mpaBo MPom3-
BOJMTDH PENAKIIHOHHbIC H3MEHEHUS.

C 1enplo MCKIIIOYEHUS OMNEYaTKH NPU BEPCTKE CTAaThbHU MPOChOa
MIPUCITIATh TEKCT U PUCYHKH B 3JEKTPOHHOM BHJe B hopmate Word for
Windows, mpudt Times New Roman 12, uurepsai 1,15.

ITaTa ¢ aBTOPOB 3a MyOIHKALUIO PYKOIHUCH HE B3BIMACTCS.

bonee moapo6Has mHOpManus u o6paser] opOpMIECHHUS CTaThbU —
Ha caiite: ama.com.az

ARTICLE SUBMISSION GUIDELINES

The editorial board of the journal reviews articles that correspond
to the scientific profile of the journal, have not been published any-
where and have not been submitted to the editors of other journals.

The finished article should be sent to the editorial office by e-mail:
amaxeber@yahoo.com

The article can be written in any of three languages: Azerbaijani,
English or Russian (max 10 pp.) and must include:

1.Title of the article, Name, Middle Name (if applicable), Sur-
name of authors, names of organizations of each author and addresses
of organizations;

2.E-mail of one of the authors;

3. Annotation (about 1000 characters);

4. Key words (up to 6 words).

All of the above information must be translated into three languages.

5. The text of the article with a breakdown into Introduction, Pur-
pose of work, Problem statement, Problem solution, Conclusion.

6. Universal Decimal Classification code, also known as V/JIK.

7.The transliterated in the Latin alphabet the list of used Refer-
ences (min 7 — max 10) with full bibliographic data on the source,
including a link to journal "Herald of the Azerbaijan Engineering
Academy". The list is compiled in the order of the references in the text
(1,2, 3...), and not randomly.

8. Titles of figures and tables in the language of writing the article
plus their translation into English. Figures and tables are located
directly in the text of the article next to the mandatory links to them.

The submitted manuscripts undergo a plagiarism check procedure.
The originality index must be at least 75%.

Articles are reviewed by doctors or candidates of sciences ap-
pointed by the editorial board. The following are involved in reviewing
articles: members of the editorial board, editorial board and leading
experts. The review period is up to 3 months. In case of comments on
the article, the editors will contact the author. After repeated author's
editing, the article is sent for re-review, and then, based on the final
opinion of the reviewer, the editorial board approves the article for
publication or rejects it. The editors reserve the right to make editorial
changes.

In order to avoid typing errors in the layout of the article, please
send the text and figures in electronic form using format .docx of
Microsoft Word, and font Times New Roman 12, interval 1,15.

No fee is charged from the authors for the publication of the man-
uscript.

More detailed information and a sample article formatting can be
found on the website: ama.com.az

131


mailto:amaxeber@yahoo.com
mailto:amaxeber@yahoo.com
mailto:amaxeber@yahoo.com

Azarbaycan Miihandislik Akademiyasinin
XOBORLORI
Beynalxalq elmi-texniki jurnal

HERALD
of the Azerbaijan Engineering Academy
The international science-technical journal

BECTHHUK
AzepOaiikanckoil UHxeHepHOH AKaieMun
Mesrcoynapoonsiii HayuHo-mexXHuUecKuii HcypHan

Cild 14. Ne 4
Vol. 14. Ne 4
Tom 14. Ne 4

BAKI - 2022

Informasiya sébasinin miidiri
Naila 9skarova

Nasriyyat va yayim s6basinin midiri
Akif Danziyev

Korrektor
Parvin Siileymanova

“Azorbaycan Miihondislik Akademiyasinin
XOBIRLIRI>
jurnali redaksiyanin kompyiiterlorinds y1gilmis va
hazir diapozitivlerdon “Apostrof-A”
matboasinds ofset lisulu ilo ¢ap olunmusdur.

Capa imzalanib 12.12.2022,
formati 60x84 1/8,
kagiz ofset, f¢.v. 16.5
Tiraj1 1105 ad.

132




 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 12.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 53.86 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     1
     1
     
     BC
     
     1
     1
     TR
     1
     0
     832
     147
    
     0
     1
     12.0000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     0.0000
     53.8583
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     59
     132
     131
     132
      

   1
  

 HistoryList_V1
 qi2base



