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QAFQAZ ALBANIYASININ SOHORLORININ PLANLASDIRILMA 9SASLARI

Allahverdiyeva Svetlana Ismayil qizi— m. 0. f. d., dosent, Memarliq konstruksiyalar vo abidalorin
borpasi kafedrasi, AzMIU, allahverdiyeval@gmail.com

Xulasa. Azarbaycan xalqi ¢oxsayli gohromanliq sohifalorinds 6z oksini tapmis zangin, ¢oxasrlik
tarixa malikdir. Tabii va cografi soraitina gora Qafqaz Albaniyasinin orazisi yer kiirasinin an alverisli
gusolorindan biridir. Mulayim iglimds yerlagan bu boélgs sivilizasiya markazlorindon biri olmusdur.
Azorbaycan xalqi 6ziiniin biitiin tarixi inkisafi boyu diinya moadaniyyati Xozinoesina ¢ox muhim
tohfolor verarok unikal va yliksok maddi-manavi madoniyyat yaratmisdir. Memarliq tokco istedad vo
duygularin ifadasi deyil; hom do Azorbaycan xalqinin on badii kamilliys nail oldugu sahalordon
biridir. Coxsayli memarliq abidolori Qafgaz Albaniyasinin orazisinin gadim sivilizasiya
moarkazlorindon biri oldugunu inandirici sokilda subut edir.

Acar sozlar: Qafgaz Albaniyasi, kompozisiya, tarixi binalar, madaniyyst, kompozisiya, karvan yolu

PRINCIPLES OF CITY PLANNING OF CAUCASIAN ALBANIA

Allahverdiyeva Svetlana Ismayil- PhD in arch., ass. prof., department of Architectural
constructions and restoration of monuments, AzUAC, allahverdiyeval@gmail.com

Abstract. The people of Azerbaijan have a rich, centuries-old history, marked by numerous acts of
heroism. Due to its natural and geographical conditions, the territory of Caucasian Albania is one of
the most favorable regions on Earth. Situated in a temperate climate, this area has long been a center
of civilization. Throughout their historical development, the Azerbaijani people have made significant
contributions to the world's cultural heritage, creating a distinctive and advanced material and
spiritual culture. Architecture, as an art form, is not only an expression of talent and emotion but also
one of the fields in which the Azerbaijani people have achieved exceptional artistic excellence.
Numerous architectural monuments convincingly demonstrate that the territory of Caucasian Albania
was one of the centers of ancient civilization.

Keywords: Caucasian Albania, composition, historical buildings, culture, composition, caravan route

Giris. Sohorlorin agkar edilmasi, onlarin Gyronilmoasi vo elmi moaigoto daxil edilmasinda
Azorbaycan alimlarinin boyuk xidmaotlori olmusdur. Tarixi alimlor, arxeologlar, memarlar torofindon
muvaffaqiyyatlo aparilan agkar, edilmos, fiksasiya, dorindon Gyronmo, barpa islorin doarc edilmasi
golocak elmi axtarislar iiglin baza yaratmisdir. Saharlorin arxeoloji éyronilmasi sahasinds alimlarin
gorduklari islor memarlara tikililorinin planlagdirma strukturunu, yiiksok tikinti va texniki saviyyanin
olmagini, tikinti materiallarini vo konstruksiyalarini xarakterizo etmoaya imkan veran bdyiuk migdarda
yeni materiallar vermisdir.

Eramizin ovvallorindo  m@hkomlondirmonin aparict tipi kvadrat formasi idi, Qafqaz
Albaniyasinin arazisinds onlarin say1 iyirmidon yuxaridir. Kvadrat, uyaxud doérdtarafli kompozisiya
daimliyiyin, omin-amanligin vo mohsuldarligin romzi idi, hayatin dérd amilini oks etdirirdi: su, hava,
torpaq, od. Sakit relyef, tabii angallorin olmamasi soharlarin tikilmasi Ugiin alverisli sorait yaradirdi.
Osas digget tikintinin méhkomliyins verilirdi, lakin heg zaman estetik mosalalor etinasizliq edilmirdi:
vahid kompozisiyada kitlonin harmonik uygunlugu yaranirdi.
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Tadqgigat metodu. Ssharlorin dyronilmosi memarhig-tarixi elmi Uclin maraq toqdim edir.
Sohorin hala godim Misir simvolu perpendikulyar olarag onun daxili kii¢alari ilo kasison dairadan
ibaratdir.Bu gadim forma godimdon Araliq sohorlarin ¢oxuna moansub idi. Qafqaz Albaniyasinin bir
¢ox soharlori antik istehkamlarindan yaranmuslar.

Demok olar ki, antik vaxnan movcud olan biitiin alban soharlodinds vizual sokildo antik
soharlorin plani agkar etmok olar. Memar-planlagsma vo konstruktiv tisullarinda miixtalif dévrlorin
midafo memarliginin prototipi izlonir. Ellenist onoanalorin tasiri, yeni pilloys yiiksalon hor iki
moadaniyyatin birlosmasi vo zoanginlogsmosine kdmok etmisdir. Bundan olava, bu sohoarlorin
Oyranilmasi va tadgiginds memarlig-planlasmada kiigo sobakasinin, antik planlasmada isa hatta bozon
bltov bir mohallonin saxlanilmasi gostarilir. Formasiyalarin doyismasine baxmayaraq, soharin maddi
organizmi-divarlar, saraylar vo meydanlar saxlanilmigdir. Quldarliq dévri moskunlagsmanin strukturu
doagiq olaraq iki hissaya boliinmiisdiir-Narinqala vo Saxristan. Naringala ideoloji markaz Kimi Ustlin
idi, Soxristan iso ya Naringala otrafinda, ya da ti¢ torofdos yerlosirdi. Feodalizm qurulusuna godoarki
soharlarin strukturu mohz bu elementlordoan ibarat idi. Buna misal olarag méhkomlonmis sohorlar olan
Qobolo, Bords, Goancs, Somkir, Sastal, Beylogan, Samaxi vo c¢asqalarim1 gostormok olar.
Mohkamlonmis moskonlaorin sosial simasi, onun horbi-strateji shomiyyatini aydinlasdirmaq ti¢lin
soharin 6l¢iisti boyiik rol oynayirdi.

Yekun fikirlor. Qafqaz Albaniyasinin biitiin soharlorinin memarliginin ayrilmaz hissasi
fortifikasiya qurgulari idi. Erkon orta asr vo orta asrlor dovriinds fortifikasiya qurgularinin tikintisinin
genislonmasi Qafqaz Albaniyasinin orazisinds saharlorin inkisafi ilo bagli idi, méhkomlonmis
soharlorda- Qabols, Patav, Goancs, Baki, Darbond, Somkir, Beylogan basqa bu kimi saharlorin
meydana goalmasi vo cgicoklonmasi ilo xarakterizo olunur. Bu maskanlor 6z orazilori va sahar
avtonomiyalari ilo asl mohkomlondirilmis soharlor idilor. Boytkluyiindan asili olmayaraq onlar s6ziin
osl monasinda Qafqaz Albaniyasinin orazisinin xarakteristik tipi soharlorin beynalxalq tranzit
ticarotinin maqistral yollarinda meydana golmis soharlordi (Darbond, Qabals, Bards, Goanco,
Beylogan). Bu soharlar inzibati va ticarat morkazi idi vo manbalords “boyiik”, “sohratli” adlanirdilar.
Basqa tip sohorlor sonotkarliq va ticarot morkazloridir ki, gapali yerlordo, ticarot magistralindan
uzaqda yerlogonlairdir(Soki, Somkir). Onlar qala adlanirdilar va orada harbi hissalor yerlosirdi [1].

Qafgaz Albaniyasiin cografi vaziyyatinae gors alverisli buxta, ¢oxlu doniz va karvan yolunun
kasismosi, neft vo qaz yataqglari godim zamandan bonzori olmayan abidslorinin meydana goalmasino
sobab olmugdur.Abseronun bir ¢ox maskunlagma yerloarinds ¢oxlu dindar vo zovvarlari 6ziina calb
edon “daimi” neft vo gaz atosinin otrafinda birlogorok sohor yaratdilar - Atesi-Baquan, Albanu,
Albaku(Basqala), Al-baku, Baku ilahi atosli paytaxt yaratdilar[3,4]. Qadim Baki gaharinin {stinds
ikincio Baki galas1 ucadildi. Professor D.A.Axundov tarafindon iki Baki qalasinin 6yranilmasi va
todqiq edilmasi bela naticaya galmays imkan vermisdir ki, har iki gala nisbaton bir-birino yaxin idilar.
Professor D.A.Axundovun fikrinco yuxari gohor asason istekamli idi, asagi iso svvalca moabad
kompleksi, sonradan iso qala divarlart ilo shato olunan, butunliiklo sohoro moxsus olan yasayis,
ictimai vo modoni binalarla abadlasdirilmis sohor idi. Oz todqiqatlarinda orijinal vo tamamilo
Azorbaycan Ugiin xarakterik olmayan Donjon galasini geyd edir. Ola bilsin ki, Donjon qalasi eyni
zamanda Abseron qalalar1 kimi yasayis qalasi idi. Yazili monbalarin tadqiqi, ressamlarin sokillari vo
ikinci Baki qalasinin Qafqaz Albaniyasinin digor gohor qalalart ilo miigaisasi: Atosi-Baquan sohor
galanin tarixinin bizim eramizin birinci asrlords olmasini geyd etmays imkan verir [5-7].

Qafqaz Albaniyasinin ¢ox boyiik siyasi va iqtisadi markazi, bir negs yiizilliklir arzinds 6lkanin
kegmis paytaxti olan Qabala sohari godim maskun yerlorinin inkisafi asasinda bizim eramizdan avval
IV asrin sonu 11 asrin avvallarinds yaranmasdir. Simal hissadon “Selbir”, conubdan “Qaur gala” va
“Mabad yeri” sahalorindan ibarat olan Qabalo dagintilar1 vahid kompleks yaradir. Qabalo sohari
orazisindoki gazintilar barada hoyatin antik vaxtnan baglanmasi xo VIII asro godor davam etmasi
fikrini tosdiq edir. Soharin 1 gadim hissasi e.o. IV asr- eramazan | asrinds Qaragay vo Covrulgay
arasindaki yerdsa Yyerlosirdi. I asrin sonunda VIII asrin ortalarina qodoar sohor artiq yeni yers
kosiiriilmiis vo topanin lzarinds Qaragay vo Covrulcay arasindaki yerds yerlogirdi. Soharin Gmumi
sahasi 25 hektardir. Bizim fikrimizca, kbhno “Qour qala” adin nazars alsaq, sohar V-V asrlards
yaranib vo orada xristianlar yasayiblar, Selbirds iso Mazdaizm ya Mitraizma dinino panah gotiron
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albanlar yasayirdilar. Qabals artiq Ellinist dovriiniin avvallorinds sohar tipli maskunlasma yeri idi vo
Alban dovlatinin ilk baslancigindan onun paytaxti olmusdur. Qabala gohari ¢ox boyuk mudafis sadlori
va xondoklari vasitasilo méhkomlondirilmisdi. O antik, erkon orta asrlor soharlorinin simasini 6ziindo
oks etdirir, gorug yeri kimi dovlat tarafindon mihafiza olunur vo Azarbaycanin on bdyuk abidasidir.
Yazili minbirlt vo zongin arxeloji materiallara asaslanaraq tosdiq eds bilarik ki, Qabals 6z otrafi ilo
birlikds gox ohomiyyatli sohor idi vo Qafgaz Albaniyasinin daha sonra biitiinliklo Azarbaycanin
mih0m ticarat, igtisadi va siyasi markazloarindan biri idi.

A.E.Krimskiy hesab edir ki, Qobalo Qafgaz Albaniyasinin birinci paytaxti
olub.D.A.Axundovun fikrinca Qabala soharina goadoar birinci paytaxt Albanopol, Albanus, Al-Baku-
us soharlari olmusg-Baki sohari Xazorin sahillarinds e.a. XI minilliyin sonunda meydana golmisdir.

Partav (miasir Bardo) Qafqaz Albaniyasiin on iri inzibati va ticarat-sonstkarliq moarkoazi, eyni
zamanda boylk Uti vilayatinin bas sohari, V-Ci asrdo Alban gar1 Vage torafindon tikilmisdir. Barda
adma oasrin muoallifi Ptolomeydo rast galinir. Erkin orta asrlords o, Qafqaz Albaniyasinin siyasi, dini
Vo madani markazi olur. O sonuncu alban Arsakidlarinin, Mixranidlorin bdyiik knyazlarinin vo V
asrdon katalikosunun galdiklori yerlor olmusdur. Abbasidlor dévriinds (752-ci il) Bordo alban
knyazlarindan ayrilmig Arran vilayatinin paytazti olmus vo 0 vaxtan etibaron butunliklo arablorin
nozarati altina kegmisdir. Orab muolliflori soharin geyri-adi gozalliyini vo yaxst olundugunu tosvir
edorok onu connati xatirladan Iremin ofsanovi bagi ilo miigayise etmislir. Burada siitunlar1 gipsdon,
karpicdan va gisman agacdan idi. Burada gorkomli slkimyagilar, keramikagilar, memarlar vo digar
elm vo incasonat xadimlori yasayib yaradiblar ki, onlar biitiin Sorqdo 6z omoklori ilo s6hrat
qazanmisdilar. Qeyd etmok lazimdir ki, yeni memarhg-tikinti islublarinin formalagmasinda aroablora
godor yaranmis yerli tikinti ononalori diggete layiq rol oynamiglar. Bu slublardan biri
kombinalosdirilmis dosoma 1itrafdaki ¢ay daslari ilo karpicin birlosmasi tikintido genis totbiq
edilmisdir. Arxeoloji tadgigatlar tasdiq sohor k6hna maskunluq bazasinda yaranmas va tadricon gala
divarlar1 il ohato olunmus bir gohara gevrilmisdir ki, yerli ahali tohlliko zamani bu divarin arxasinda
gizlonirdilor. Divarlarin diizxatli vo giillarin barabor stratds yerlasdirilmasi onun mudafis gabiliyyatli
doracado artiraraq qalanin planlasma strukturuna daqiqlik, aydinliq verirdi.

Bir gayda olaraq hor feodal malikanasindo méhkomlondirilmis, sahasi 40 hektara gatan, yaxud
ondan da bir ¢ox bir iri gohar mévcud idi. Lakin Arran arazisinds iki boyiik saharin (Qabals vo Bardo)
mOvcudlugu siyasi markazin kécuriulmasi ils izah olunur vo mistesna haldir.

Ganca sohari vo onun qala divarlart antik dévriiniin sonunda von buttin orta asrlor boyu 6ziino
moxsus yaradici inkisaf yolu kesmisdir. Gonconin yaranmasi vo ilk sohor divarlarinin
tikintisihagqinda dogiq malumat yoxdur, onun butin mudafio qurgulari sistemi vo onlarin
yaranmasinin ardicillog1 bir asrdon ¢ox vaxt diapazonunu oshats edir. Sahards tlinc dévrinin madani
izlori tapilmig, sohar yaxinliginda iso topa Kitlasi askar edilmisdir ki, bundan homin yerlords halo
tarixo godarki dovrds ¢oxsayli ohalinin yasadigi vo miayyan goadar inkisaf etmis madaniyyato malik
olduqlarint gostarir. Gonconin osas karvanyolu uzarinds yerlogmasi onun inkigaf etmasine vo Yaxin
Sarqda gucli madafia olunan, gigoklonan madani ssharlordon birina gevrilmasine sabob olmusdur.
Strabonun yazdagona g6ra, muoayyan soharlords, 0 cimladan Hindistanla liman ticarati slagolori
olmusdur. Uzun illor memar —arxeoloji tadgiqatlarin noticasi olaraq Goncanin ilk moskunlagsma
tarixinin e.a. 11 asro tosaduf etdiyini vo daha sonra sohor-galaya gevrilmosini demays imkan verir.
Qadim gala-sahar olan Gancanin alverisli yerds yerlosmasi onun tez inkisaf etmasine va Yaxin Soarqds
on gucli madafis olunan va gicoklonan madani markaza ¢evrilmoasina sobob oldu.Harbi harokatin
naticasindo Borda dagilir vo karvan yollar1 qarbds yerlosdirilir. X-cu asrin ikinci yarisindan Ganca
Arranin paytaxti olur. Sohar hakimiyyati onu ¢ox gucli méhkomlosdirmisdi, qiillonin méhtagom
silueti vo qala divarlar1 ¢ox ozomatli tosir yaratmiglar. O uzaqdan orta astlor sohorinin ozamast va
qudratini 6zunds tacassiim etdiran kimi gorundr. Antik dévrds oldugu kimi, orta asrlor dévrinds da
Ganca gohari yalniz memarliq va planlagsma hollina goro deyil, hom do mihondis hesablamalarinin
daqiqliyina gora do digqgati calb edir.

Yazili monbalor Kifayat godor aydin tosovviir yaradir ki, Qafqaz Albaniyasinin bir nega orta osr
soharlari sanatkarlarla, ticarat va shalinin tohliikasiz yasayis morkazi olmusdur. Ssharin inzibati, dini-
siyasi ohamiyyati onlarda xeyli bas bilonlorin , Sanotkarlarin, tacirlorin olmasi va sohor 6zinl
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idarasinin a¢ig-aydin slamatlorinin olmasi bizds siibho yaratmir ki, qarsimizda haqiqi orta asrlor
soharidir.Gostorilon Somkir, Satal, Beylogan va basqa bir sira klastik mastabli soharlora do aiddir.
Mohkamlondirilmis maskanlorin  sosial simasi, homg¢i¢i onlarin horbi-strateji shomiyyatini
aydinlasdirmagq tiglin soharin 6l¢iisii boyiik rol oynayir.

Simal vilayatlorinin sohorlori arasinda olverisli tobii-cografi mévqge tutan Samaxi sohorini
ayrica qeyd etmok lazimdir.Yaxon va Orta Sarqin digar sohorlori kimi Samaxi da qala divarlar ilo
ohato olunmus iki osas hissadon istehkam vo sohristandan ibatot idi. Prof.V.H.Muradov
hesablamasdir ki, istehkamlarin sahasi 6,5 -7 hektara , sohristanin hissasi isa 84 hektara barsbordir.
Sohoarin Umumi arazisi toxminan 91 hektara barabor olmusdur.

Samxorcayin sol sahilinds, bOyuk ticarat yolunun Gzarinds duran, godim moskunlagmadan
yaranmis Somkir sohari diqgsti calb edir. Arranin digar saharlorindan forgli olaraq Samkir 1225-ci
ildo mongqollar torafindon istila edildikdon vo dagildigdan sonra borpa edilmomisdir. Zbunun
sayasinds do miayyan daracadas biz bu gadim saharin strukturunu tasavvir eds bilorik. Sohristan hissa
genis orazini tutur, gorb-sarq istigamotinds olmagla dérdbucaq bi¢imlidir, simal, qarb, conub divarlar
nisboton yaxsi miihafizo olunmusdur. Narinqala sohristanin sorqinds 1 hektara yaxin sahoys yaxin
sahoyo malikdir. Sohristanin orazisi bismis korpic qiriglari, ¢ay daslari, yerli ag das vo Karac
pargalarindan ibarat ingsaat materiallari ilo zongindir.

Muzakira. Todgig edilon godim maskanlor icirisindo Satal sohori xususi yer tutur. Onun
galiglar1 Goranboy rayonunun Sargi Geancabasar Rshimli kandinin conubi-garginds tapilmisdir.
Memar-arxeoloji tadegigatlara asasen abidanin V asro aid olmasi qeyd olunur. Qafqaz Albaniyasinin
mohkomlonmis soharlori olan Goncs , Somkir, Sabran sohorlorino osaslanaraq godim Sabran
moskoninin xususiyyetlori haqqinda mumi teSovvir yaratmaq olar. Akademik Z.Bunyadov
X.Qazvinin molumatlarini tosdiq edarak yazir ki, asrin ortalarinda Qafqaz Albaniyasinin arazisinds
kecilmazliyi voa méhkamliyi ilo sohrat gazanmis ¢oxlu qalalar var idi. Belo qalalardan biri diismani
dof etmakdo boylk rolu olan va Gancadan 40 km aralida yerlagon, planda diizbucaqli formada olan
Vo Satal qalasinin galasinin qaliglari yerloson yers uygun golon Sutur qalasidir. Q.M.Ohmadov Satal
Va Beylogan galalarinin eyni vaxtda tikildiyini tosdiq edir. ©n hiindiir qaladan tongalin is1g1 Bardo vo
Gancadoan gorinarda.

Fortifkasiya qurgularmin klassik niimunasi Beylogan-Orengqala qalasidir. Qadim gohor yerindo
meydana golo, tarixsiinaslarla Paytakaran adi ilo geyd edilon Orengala-Beylogan sohorinin qaliglar
Mil duziinds Beylogan ilo Agcabadi rayonlari arasinda miiasir Kabirli kendinin orazisinda yerlosir.
Paytakaran, Beylagan, Orengala, Balokan, Min-Minars, Yunan, “Ocaib-ad-diinya” asarinds sahlarin
daimi igamotgah1 adlanan ¢ox bdyiik sonat-istehsal va ticarat morkazi idi. Sohorin sahasi 40 hektar
olan genis topa kimi toqdim edilir, toroflori 580-600 metrdir. Sahasi 14 hektar olan “Yeni sohor”
adlanan , sohorin simal-sorginds asas hissoni ohats edir. Bu conubi-sorgdon va conubi-goarbdan kéhna
sohara bitigan va isiq tarafa yonalon taraflori 370-380 metr, planda taqriban kvadrat olan qaladir. Qeyd
etmok lazimdir ki, yeni gohorin divarlart ucalarkon kéhna divarlarin fortifikasiya xiisusiyyatlori
Nozors alinmamigdir. Ona gdro do yeni qullonin yerlosdiyi yer on kéhnonin yerlosdiyi yerlo uygun
galmir. Beylagan sohorinin shomiyyati onun conubda Iran, Orab 6lkalori ilo, simalda Iberiya va
bas.qalari ilo birlogdiron karvan yolundaki voziyyati ilo muayyan olurdu.

Doavagi rayonunun orazisinds Sahnoazorli kandinds arazisi 40 hektar1 ohato edon godim antik
dovrds meydana galon Sabran saharinin dagintilar yerlasir. Bu zonada Qafqaz daglar1 Xozar danizina
six birlagarak dar aran sahili zolagini amaloa gatirir. Qadim zamanlardan bu orazi Uzras conubi Sarqi
Avropani gqabaq Asiya ila slageslondiron mashur yol uzanir, manbolords bu rayon “Kaspi” Alban va
Dorband qgapilart adlanir. Boyiik Sabran gohari zonast vo onun kegidlorinin har zaman ¢ox boyutk
igtisadi, horbi strateji vo ticarot-igtisadi ohomiyyati olmusdur. Klassik tislublardan forgli olaraq
Sabran soharinds qala soharin ylksok saviyyaya ¢atmis fortifikasiya qargularindan sonra tikilmisdir.
Tarixi moanbolor gostorir ki, sohorda gil trubalar vasitasilo ondan 14 km aralida yerlagon bulaglardan
su ¢okilmisdir. Arxeoloji kisflor ¢aya tokiilon kanalizasiya sistemini askara ¢ixartmigdir.

Qadim goharlordon biri Agdas rayonunda yerloson Sirvan vilayitinin simal-sarginds asas sahar
kimi “Ganca Vo Sabran sohorlori arasinda “ miihiim strateji montogosi olmus, miitoxassislorin
rohbarliyi ilo tikilmis, méhkomlondirilmis ©Orag moskanidir. Aragdirmalar boyiik sohoir olan Orasin
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bizim eranin V-2 asro aid oldugunu demoys bizo imkan vertir.Suni platformada vyerloson sohor
toxminan kvadrat formadasdir.(215x200m). Qafqaz Albaniyasinin biitiin aragzilorinds izladiyimiz
siini kanalin movcud sistemina rast golirik. Monbalordon molum olur ki, Oras sohori Sirvan
vilayatinin simal-gorbinds asas sohordir. Bu, “Ganca sohari ilo Sabran arasinda” miihiim strateji
mantags idi vo buna xususi diggot yetirirdilor.Qeyd etmok istordik ki, Oras soharinin fortifikasiya
qurgularinin digliniilmiis sokildo ucadilmasi, relyefin biitiin xiisusiyyatlordon istifads edilaroak tabii
maneslorin glclondirilmasi tikintinin yiksak saviyyasindon xabar verir.

Noatica. Qafqaz Albaniyasinin orazisindoki godim soharlorin olmasi biitiin monbalords
insanlarin miihandislik foaaliyystinin yayilmasimi siibiit edir,yiiksok tikinti vo texniki saviyyanin
olmasindan xabar verir. MOhkamlondirilmis sohorlarin soharsalmasinin tarixi inkisafinda yerli kolorit
maovcud idi vo onlarmn inkisafi antik dovrds oldugu kimi ortaq asrlords do muxtalif tikintilords, badii
tozadlardan vo mohkomlandirilmis sohoarlorin siluetindon asili idilor. Muxtalif vaxtlarda
mohkamlondirilmis soharlorin miiqayisasi Qafgaz Albaniyasinin arazisinds maskunlagsmis xalglarin
tarix boyu olagslorinin ardicilligr vo ananalarin méhkomliyini stibut edir. Qeyd edok ki, Qabals,
Goanca, Beylogan, Somkir, Satal vo bu kimi ¢ox soharlor xalis Alban cizgilarini itirmoyarak
dagildigdan sonra mahz tikintilori barpa etmislor. Sorg,Qarb vo Simal xalglarinin madoni slagelori bu
torpaqda kKosisorok, memarligin inkisafi yollarina 6z miisbat tosirini gostordi. Memarliq
moOhkamlondirilmis qala vo saharlorin geyri —adi badii hollini tapirdilar, yerin relyefindo inam,
diismonlords isa qorxu, dohsot yaratmaqli idilor. ©yani olaraq biz bunu Qabals, Ganca, Beylagan,
Somkir vo basga bu kimi moéhkomlondirilmis sohorlorda goririk. Mohkamlondirilmis sohar vo
qalalarin ¢evrasi , soharsalma sanatinin mioayyan ustaliq va prinslarindon gérinmasi mumkin olan
yerin konkret soraitindon irali goalirdi. BOyUkluyundon asili olmayaraq onlar s6ziin asl monasinda
sohor idilor. SGylomak olar ki, tasvir olunan tikilori yaratmos boyiik, qgeyri-adi madaniyysta malik
Azorbaycan xalqinin yiiksok Soviyyoli memarliq, tikinti vo istehkam memarlig1 ustadlari vardir.
Siibhisiz ki, mohkomlondirilmis goharlor Azarbaycanin maddi moadoaniyyat abidslori  kimi
arasdirilmalidirlar.
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IQLIM DOYISMOLORININ MEMARLIQ ABIDOLORINO TOSIRi

Abdullayeva Nigar Azar qizi- doktorant, Memarliq konstruksiyalar1 vo abidalorin barpasi
kafedrasi, AzMIU, aliyeva 88@hotmail.com

Xiilasa. Birlosmis millotlor toskilatinin (BMT) Iqlim Dayisikliyi {izro Corgive Konvensiyasi (the
Conference of the Parties COP) missiyas1 iglim sistemina insanlar torafindan edilon va tohlikali
hesab oluna bilon bitun midaxilalorin qarsisint almagq iigiin taloblorin, tovsiyalorin icrasina nazarst
etmokdir. Bu toloblor asasan global istilosma tempini songitmoak, global istilosmays maruz galan
orazilorin adaptasiyasina dostok olmaq vo 2050-ci ilo godor sifir emissiyaya nail olmaqdir.
Azorbaycan Respublikast BMT-nin COP (izvi olmagla global iglim dayismalarina garsit miibarizoya
gosulub. Olkomiz 1990-c1 illo miigayisads 2030-cu ilo godor istilik effekti yaradan qazlarm migdarimi
35 faiz azaldilmasini hadasfloyir. 2030-cu ildan sonra iss daha iddiali hadaf miayyan edilib ki, bu da
2050-ci ilo godar istixana qazlariin miqdarini 40 faiz azaldilmasindan ibaratdir.

Acar sozlar: global iqlim dayisikliyi, ekoloji bohran, antropagen tasirlor, memarliq abidalari, madani
irs, abidalorin qorunmast

IMPACT OF CLIMATE CHANGES ON ARCHITECTURAL MONUMENTS

Abdullayeva Nigar Azer- PhD student, department of Architectural constructions and
restoration of monuments, AzUAC, aliyeva_88@hotmail.com

Abstract. The COP's mission is to monitor the implementation of requirements and recommendations
to prevent all human-made interventions in the climate system that can be considered dangerous.
These requirements are mainly to slow the pace of global warming, support the adaptation of areas
affected by global warming and achieve "0" - zero emissions by 2050. The Republic of Azerbaijan
joined the fight against global climate change by becoming a member of the UN Framework
Convention on Climate Change. Our country aims to reduce the amount of greenhouse gases by 35
percent by 2030 compared to 1990. After 2030, a more ambitious target has been set, which consists
of reducing the amount of greenhouse gases by 40 percent by 2050.

Keywords: Global climate change, ecological crisis, anthropogenic effects, architectural monuments,
cultural heritage, preservation of monuments

Giris. Iglimo tohliikali antropogen miidaxilesinin qarsisinin alinmast {i¢iin 1992-ci ildo Riode-
Janeyro sohorindo kegirilmis Yer sammitindo Corgive Konvensiyasi imzalanmisdir. Hazirda katibliyi
Bonn sohoarinds yerlogon COP (Conference of the Parties; Toraflorin Konfransi) 1995-ci ilin mart
ayinda Almaniyanin Berlin sohorindo BMT-nin iglim Dayisikliyi iizro Corgive Konvensiyas iizorindo
ali gorarlarin verilmasi ti¢iin yaradilmisdir. Bu konvensiyanin an Ust gararverici qurumu COP -dur va
konvensiyaya torofdas olan, onu ratifikasiya edon 6lkalor (hazirda 198 6lko) tomsil olunur. COP-un
missiyasi iqlim sistemina insanlar torafindon edilon vo tohliikali hesab oluna bilon batin
mudaxilalorin garsisin1 almagq tigiin talablorin, tdvsiyslarin icrasina nazarot etmokdir. Bu talablor
asason global istilosmo tempini sangitmok, global istilosmaya moruz galan orazilorin adaptasiyasina
dastok olmag va 2050-ci ilo gadar “0” — sifir emissiyaya nail olmaqdir. Sonuncu, COP28 adlandirilan
28-ci konfrans 2023-cu ilin 30 Noyabr-12 Dekabr tarixlorinds Birlosmis Orob ©Omirliklarinin Dubay
soharinds kegirilmisdir (sokil 1.). Konfransda diinyanin 195 6lkasindon toxminan 97 min nafardan
¢ox numayands heyati istirak etmisdir. Novbati, COP-29 olaraq adlandirilacaq konfrans iso 2024-cl
ilin 11-24 Noyabr tarixlorinds paytaxtmizda kegirilocok. Bu COP28 konfransinda istirak edon 195-
don ¢ox 6lkanin yekdilliklo sasvermasi naticasinds gorara alinmigdir.
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Sakil 1. BOO kegirilmis COP 28-dan goriintii

Azorbaycan Respublikasi BMT-nin Igqlim Dayismoalori tizro Corgivo Konvensiyasina iizv
olmagla global iglim doyismalorine qars1 miibarizoya qosulub. Olkomiz 1990-c1 illo miigayisods
2030-cu ilo gadar istilik effekti yaradan qazlarin miqdarini 35 faiz azaldilmasin1 hadsflayir. 2030-cu
ildon sonra iso daha iddiali hadof mioyyan edilib ki, bu da 2050-ci ilo godar istixana gazlarinin
miqdarini 40 faiz azaldilmasindan ibaratdir.

Metodologiya. Miiasir diinyamizi narahat edon problemlor sirasinda iglim doyismalari 6n
siralarda yer alir. iqlim doyismolori artiq bas verir vo onun fosadlar1 6ziinii biruzs verir. Bels ki, iqlim
doyismolori Gzro Hokumatlararasi Ekspertlor Qrupunun IV Hesabatinda son 100 ilds Yer Kirasinda
orta illik temperatur 0,80C yiiksalmasi, Okeanin soviyyasi 15-25 sm qalxmis vo okeanlarin qizma
dorinliyi 3000 metra ¢atmasi geyd olunur. Hazirlanmis hesabatdan malum olur ki, Yer kirasinda
1,6Vt/m2 artiq enerji qalir ki, bu da okeanlarin vo yer sothinin qizmasina sorf edilir. Bu enerjinin
yalniz 1/5 hissasi tabii amillor hesabina yaranir. Yerds qalan1 isa antropogen moansalidir vo antropogen
tosirlorin osas sobobi troposferin yuxari gatinda yerloson Istilik Effekti Yaradan Qazlar (IEYQ)
gostarilir. The Guardian nosrino COP29 prezidenti Muxtar Babayev verdiyi miisahibads geyd edir ki,
“Ogor yoxsul dlkslor emissiyalari azaltmagq, iqlim bohraninin tasirlorine uygunlasmaq va aldiglari hor
hans1 igqlim maliyyasini hesablamag tc¢tin cohd etdiklorini isbat eds bilsalar, inkisaf etmis 6lkalarin
iglim maliyyasini onlardan asirgomok Uglin daha az bahanslori olacaq”. Nosrin molumatina gors,
paytaxtimizin ev sahibliyi edacoyi COP29 tadbirinds yoxsul 6lkalara iglimls baglh vasait vermok,
onlara IEYQ emissiyalarmi azaltmaq vo ekstremal havanim tasirlorine uygunlasmaqda komok etmok
ticiin inkisaf etmis 6lkolordan yeni global hadsflora dogru galmak gozlonilir (sokil 2).

&, cop29
B2 = Baku
@& Reiva

COP29 AZORBAYCAN S&DRLIYININ
MSTBUAT KONFRANSI

Sokil 2. COP29.Hazirhiglar arafasinda

Yer kurasinin muixtalif arazilorinds sellor, dasqinlar, su basmalar, giicli kiiloklor, ¢ovgunlar,
tufanlar, okeanlarda qasirgalar, torpaq siirigmolori vo sairo daha tez-tez bas verir ki, bu da insan
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tolofatina vo dagintilara sabab olur. Azarbaycan da global iglim doayismalarinin tasirindon kenarda
qalmayib. Son 100 ildo Azarbaycan orazisinds orta illik temperaturlar 0,4-1,30C-ya gador artmigdir.
Temperatur artimi regionlardan asili olaraq geyri-barabar paylanmisdir. Belo ki, Boyiik Qafqazin
yuksok dagliq orazilorinds orta illik temperatur 1,1-1,30C artmasi miisahido olunmusdur. Son 10
illiklordo Azarbaycan osrazisinds kigik dag ¢aylarinda sel vo dasqinlarin say1 vo giicii artmisdir. Buna
sabab isa bu arazilords ayliq yagis normalarinin bir ne¢o gin arzinds diismasidir. Son illards, yani
2003 vo 2010-cu illords Kir va Araz ¢aylarinin dasmasi naticasinds ¢oxlu kandlor dagilmis, okin
sahalari vo mal-gara tolof olmusdur. Azarbaycan orazisinds bas veran gucli kuloklar naticasinds
elektrik va rabito-kommunikasiya Xatlorinin qirilmasi miisahido olunmusdur.

Yekun fikirlar. Qlobal iglim doyismolori hesabina yaranan fosadlar bitiin sahalords 6z monfi
tosirini gostarmoakdadir. Bu manfi tasira yizilliklorin sahidi olmus, har hansisa bir xalqmn vo ya
0lkanin monavi madani irsi sayilan, dovlstin vo millstin minillik tarixi irsini 6zlinds dasiyib yeni
nasillora Otliron memarliq abidslori do moruz qalir. Diinya madoni irsinin incilorindon sayilan
Potsdamdaki Sanssouci Saray1 vo Baglari iglim doyisikliyi sobabindan boyik tahllks altindadir (sokil
3). XVIII asrdo Boyiik Frederikin yay meydangasi idi. Prussiya krali onu Sansousi - "qaygisiz yer"
adlandirdi.

Sakil 3. Sanssouci saray-park kompleksi

Istilik, quragliq va giiclii yagis 300 illik landsaftin vaziyyatina monfi tosir gostorir. Saray-park
ansambilinin incisi sayilan bu abido barasinds fikir sdylomazdon avval Copernicus iglim doyisikliyi
aragdirmasi xidmatinin topladigi statistikaya nozor salag. Onlarin son hesablamalarina goérs, orta
temperatur 1991-2020-ci illorin gostaricilori 0,7°C yiiksalib. Iyun-avqust aylar1 arasinda on isti dovr
avqust aymda Portuqaliyada, Italiyada, Fransada, Simali Afrikada, homginin ABS-n morkozi vo
canub hissalarinds miisahido olunub. Avropada buna banzar bir ¢ox tarixi baglar vo saraylar gorunub
saxlanilir. Bas onlar silrotlo doyison iglimo tab gstiro bilocoklormi? Sanssouci saray-park
kompleksinin direktoru Maykl Rdderin misahibalarinin birinda bu s6zlars rast galirik: “indi iglim
doyisikliyi ilo olagodar slava qaygiya ehtiyac var va istilogsmonin tosiri toxminon on ildir ki, hiss
olunur, lakin son alt1 ildo onlar daha qabariq nazors ¢arpir. Yagntt azdir. Torpaq quraqliqgdan oziyyst
gokir, qrunt sulart quruyur. Yeralti su soviyyasinin asagi olmasi sababindan bitkilor gobolok vo
parazitlora daha hassas olur. Hor il qurumus agaclarin sayi artir. Belo ki, 20 il avval onlarin say1 bir
neco onlarla idiss, bu gln bir ne¢o yizo catib. Parkin isgilori sadaca olaraq bagi daim sulamaga
macburdurlar”.

Son onillikde muzey mitoxassislori tGglin bu xazinonin Prussiya krallarinin dévriinds oldugu
kimi, orijinal tarixi formada saxlanilmasi getdikco ¢atinlogir. Tobii monzaroni, landsafti doyismok
mimkiin deyil. Agaclar, yollar vo su kanallari o dovriin layihogilorinin nazords tutdugu kimi
qalmalidir. Umid olunur ki, uygunlasma strategiyalari hoyata kegirilso vo parkda miiasir iglim
soraitino uygunlasdirilmis bitkilar okilarsa, bu mimkin olacag.
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Sansouci kompleksinin saraylar1 hazirda slverissiz hava soraitindon digor moanfi hallardan aziyyst
gokir. Bu xususilo mebel va divar ortuklorini mohv edon yiiksok nomlikdir. Saraylarin divarlarini
oOrton kifin do iglim doyismolorinin hesabina yarandigini miitoxasislor togvislo geyd edirlor. Hazirda
diinyada bir nego abidalor iglim doyismasi sebabi ilo bdyiik risk altndadir. Iqlim doyisikliyi Cenne
soharinin gil-alliivium strukturlarmin tikildiyi yiksok keyfiyyatli gil todarikine tesir gostorir.
Sudandaki Meroe piramidalarmin 2300 ildon ¢ox yas1 var va bu abidslor iglim dayikliyino goro ciddi
tohliiko altindadir (sokil 3.a). Sudandaki Suakin Coral Limani (sokil 3.b), Keniyada 0z unikal
memarhig1 ilo segilon Kéhna Sahor Lamu (sokil 3c), Namibiyada Twyfelfontein Vadisinin gaya
rosmlori (sokil 3.e) vo s eyni tohliikoni yasayir.

Sokil 3.a. Sudandaki Meroe piramidalari

Sakil 3.c. Lamu sohoarindon bir goriiniis
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Sakil 3.e. Twyfelfontein Vadisinin gqaya rosmlori

Umumiyyatlo son illards madani vo tobii irs obyektlori, o cimladan bir cox Umumdiinya irs
obyektlori meso yanginlari, dasqinlar vo qasirgalar torafindon tohlilks altindadir. UNESCO-nun
molumatina gora, Diinya Maddi vo Manovi Irs Siyahisina daxil olan mesalorin taxminon 60 faizi iglim
dayisikliyi sababindan tohliika ilo Uzlasir. Iqlim dayismalari su béhraninin vo quragligin yaranmasina
sabab olur (sokil 4).

.
risk indeksi
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I 0.75-10 g 3
yiiksak ‘ g
0.5-0.75
miilaym \ ’
0.25-0.5 k IR

’
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<0.25 *’

moalumat yoxdur

Sakil 4. Dinyanin quraqliq riskinin xoritosi

Iglim doyisikliklori votonimizdo olan minillik tarixi abidslor, tobii goruglara da tosirsiz
otiismayib. UNESCO-nun siyahisinda olan on azi 6 obyekt hazirda 6lkado igqlim doyisikliyi
noticasindos tohliks altindadir. Tariximizin das, yalgin qayalarda hokk edilmis incisi olan Qobustan
Dovlat Tarixi-Badii Qorugu biitiin diinyada mashurdur. 201 1-ci ildo Qobustanda béyik muasir muzey
acildi. 2460m? sahosi olan muzeydo Umumdiinya irs abidolorindon, petrogliflorin kosfi tarixindan,
Qobustan arazisinds yasayan qadim insanlardan, ilkin fauna v floradan s6z agan ekspozisiyalar yer
almigdir. Burada arxeologlar torofindon tapilmis 100 mindon artlg osya saxlanilir.. 2013-cU ildo
Qobustan muzeyi “Avropanin oan yaxst muzeyi” miisabigasinin galiblori sirasinda yer almigdir. Bu
giin, Qobustanda tapilmig qayaiistii rosmlar sayasinds biz gadim acdadlarimizin hoyatina nazor sala
bilirik, onlarin maisati, haqqinda anlayislarimiz formalasir. Qobustanin das kitabasi halo do sonadok
oxunmamigdir. Onun bir ¢ox sahifalori hols tapilmamisdir. Qaya tosvirlorinds gobils hayatinin demoak
olar ki, biitiin asas cahatlori 6z real aksini tapmisdir (sakil 5). Stirak yolu ils kollektiv ovgulug ox icad
edildikdon sonra formasini dayigso do, xeyli middat kollektivliyini itirmir. Bu, Boyiikdasdaki1 45
nomrali gayada tosvir olunmus oxla kollektiv ov sohnasindon aydin goriinir. "Yeddi Gozol”
magarasinda ¢okilmis sokillordon malum olur ki, ovgulugda qadinlar da istirak edirlormis.
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Boyiikdasda 126 nomrali qayadak: sokil do boyilik maraq doguran tasvirlordondir. Burada bir kisi, bir
gadinin slindan tutaraq aparmaq istoyir, lakin qadin getmok istomir. Sokildakilorin har ikisi orta yash
insanlardir. Belo bir sohno 128 némroli gayada da tosvir olunmusdur. Bu tosvirdaki kisi ox va
dayanoklos silahlanmisgdir.

Boyiikdasdaki 8 nomrali vo bir sira basqa qayalarda ¢oxlu gomi tasviri vardir. Bu gomilarin
burnunda stialanmis giinas sokli nags olunmusdur. Buradan goriiniir ki, qobustanlilar gami vasitasiylo
doniza ¢ixa bilirdiler. Bu gomi tasvirlori, onlarin On Asiya va Yaxin Sorq 6lkalori ilo ticarot slagolori
saxladigina isars edir. Boyiikdasdaki 258 nomrali gayada sag alinds ugmaga hazirlasan sahin olan ath
sokli ¢okilmisdir. Buradaki 45 nomrali gayada ¢okilmis inok soklinin boynunda ip olmasi
qobustanlilarin ¢6l1 heyvanlarini shillogdirmalarindan xobar verir. Bltin bu va digor rasmlar els bil
ki, qobustanlilarin hoyat1 haqqinda sohifslorin daslasmis gozal albomudur. Qobustan Azarbaycan
rosm madoaniyyatinin ilk ocaqlarindan biri oldugu kimi, ham da godim rags ve musigi madaniyyatinin
formalasdig1 orazilordon biridir. Qobustandak1 sokillor i¢arisinds rags marasimi tosvirlori xisusi yer
tutur.

Sakil 5. Qobustan gaya Ustl tasvirlorindon nimunalor

Muzakira. Son illardaki iglim doyismalarinin torotdiyi fosadlar tariximizin bu incisindon do
yan kecmoyib. VI Umumdiinya Moadoniyyatlorarasi Dialoq Forumunun "Ke¢mis vo golocayin
muhafizasi: iglim doyisikliyi fonunda madoni irs" panel sessiyasinda bu barado fikir muibadilosi
olmusdur vo geyd edilmisdir ki, iqlim doyigsmalarinin tobisto, madoni abidalors tosiri Azorbaycandan
da yan kegmoyib. Iglim doyisikliyi memarliq niimunsalorimizo, Qobustan gayausti rosmlorina do
monfi tosir gostorir. iqlim doyismosinin dolay1 yolla tosir gostordiyi abidalors Quba sohorinda
Soyqirimi Memorial Kompleksi orazisindo yerloson ermonilor torafindon 1918-ci ildo kiitlovi
qurgimlar naticasinds halak olan kitlovi insan mazarligini da gostormok olar.

Olbottdaki son illords kaskin miisahids edilon global iglim doyisikliklori Azarbaycanin qodim
sohorlorindon olan tarixi Ganco sohorinindo memarliq abidolorindon do yan kegmodi. Yerli vo
beynalxalg tarixi madoni dayari olan memarliq abidolori otraf mdihitin agressiv tasirine moruz
qalmusdir. Iqlim doyismalori va otraf mihitin tosiri noticosinds burada abidalors ziyan vuran amillor
kimi asagida sadalananlar1 gostormak olar:
xarici hasarlarin asinmasina sobab olan kilok;
binalart hom xaricdan, ham ds icarido mohv edon yliksok nomlik;
xarici hasarlarin davamliligina moanfi tosir gostoran istilik vo ultrabandvsayi tesirloro malik ginos
radiasiyast;

Atmosfer yagintilarinin abidslorin divarlarina birbasa tosiri asagidaki hallarda bas verir:
yagis va qarin binanin sathins doydikds divarlarin noamlondirilmasi (xtsusilo karnizlor kicik oldugda
Vo fasadin ¢ixan elementlorinds dam ortiiyli olmadigda);
qgarin arimasi vo daxili drenajin olmamasi sobobindon isti dam 0rtliklorinds buzun omolo golmosi;
novlarin, dam ortiiylinln vo xarici drenaj borularinin nasazligy;
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Torpag nomliyi torpaqdan binalarin divarlarina daxil olur, kondensasiya vo atmosfer
ritubstindon daha intensiv sokildo divar vo tavan dekorativ bazoklorin mohvina sabab olur. Torpagin
ratubsti ilo birlikds geyri-tzvi duzlar vo holl edilmis {izvi maddslor divarlarin vo rasmlarin
horgularina daxil olur.

Naticalar. Goanca sohoarinds iglim doyismalari hesabina va otraf mihitin aqressiv tasirina moruz
galan abidalora on bariz nimuns kimi Bagmanlar kiigasindoki moscidi géstormak olar. Ibadstgah
1884-cii ilds insa edilib. Ibadot evi Mirzo Korim boy Rafibaylinin tosobbisii vo diger mohallo
agsaqqgalarinin togkilatcilig ilo mohalls sakinlorinin vasaiti hesabina tikilib. Mascid, hoamginin Mirza
Korim boyin adi ilo taninir. Ibadatgah korpicdon insa edilib vo albatdaki artiq havanin tosirini tizorindo
goro bilirik (sokil 6).

Sakil 6. Mirzo Korim bay mascidi. Ganca sashari

Burada mascidin dam hissasinds nomliyin izlori var, divarlarinda qrunt sularin tasiri naticasindo
karpic ovulub tékullr, bundanda slave imiimu goriiniis tamamilo xosagalmaz haldadir. Mascidin
mehrabi tagvari formadadir, hiindiirliiyii 4 metrdir vo 0, osas giris qapist ilo izbatiz yerlosib. ibadat
evinin pancaralori milli memarligimiza xas olan sobaka ila islonib. Ibadatgahin giinbazi 8 gusodon
ibarat olan taglar tizorinda yerlosib. Mascid  Ganca soharinin birinci katibi Hoson Hasanovun
dovrinds (1979-1981-ci illar) barpa edilib. Bala Bagman mascidi yerli shomiyyatli tarixi abids hesab
edilir

Yaddan ¢ixarmaq olmaz ki, madani tarixi irsin nimunslori olan memarliq abidslori, gadimi
saray-park komplekslori homisa otraf-mihitin bir hissasi olub va onun tesirlorine moruz qalir.
Aydindir ki, qeyd olunan aqressiv-dagidict amillor memarliq abidoalorinin, saray-park
komplekslorinin yasindan asili olaraq miixtalif tasir effektino malik olur. Tomir-tikinti, barpa islori
zamani iqlim doyismolori mutlog nazors alinmlidir, lakin bununla yanasi orazinin tarixi landsaft
memarliginin va abidanin gadimi ilkin gorkominin diizgiin saxlanmasi miitlogdir.

Idabiyyat

1. https://report.az/medeniyyet-siyaseti/medeniyyetlerarasi-dialog-forumu-iglim-deyisikliyi-
fonundamedeni-irs-movzusunda-plenar-sessiya-kecirilib/
https://www.bbc.com/russian/news-54400887

Azaorbaycan Respublikasi mascidlorinin ensiklopediyasi. Baki-2001.

Forrux ©hmodov. Goncanin Tarix yaddasi. Baki-1998.

https://gancapost.info

https://www.youtube.com
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QUDYALCAY UZORINDO DAYAQLARI Q9DOR MOHKOM OLAN TAGLI
KORPUNUN AZORBAYCAN UCUN TARIXI OHOMIYYOTI

Balakisiyev Ilqar Mévlud oglu- m.ii.f.d, bas miiallim, Memarliq konstruksiyalar1 vo abidolerin
barpas1 kafedrasi, AzZMIU, ilqar-1980@mail.ru

Xulasa. Deyirlor, modaniyyst yoldan baslayir. Kegilmoz yollarin avozolunmaz vasitesi ise
korpulordir.Muasir dovrda korpilarin ¢oxunu domir betonla tikirlor, amma qisa miiddatda homin
korpili dagilir.Maraqlis1 iso budur ki,basqa korpiilori sel sular1 yuyub aparir,amma bu "Tagl korpii"
birco dofo do olsun, dagilmayib. Galocak nasillar tiguin bu tarixi mihandis tikilinin-kérplnan tarixini
goruyub saxlamaq vo onun tarixi, memarlig-badii doyarini (izo ¢ixarmaq bir memarliq abidasi olaraq
vacib ohomiyyoto malikdir. Bunlari nazors alarag musllif bu abidsnin do, mahiyyatini darindan
dyranmok onu tadqiq edarak miayyan etmok vo elmi giindsliys gatirilmasini lazim bilib, mévzunu
se¢mis vo bu memarliq abidasini arasdirilmasinda 6ziine mogsad secmisdir. Bu tarixi kérpl indi do
0z mOhtagomliyini qoruyub saxlayir. Galocak nasillar Gglin do bu abideni qoruyub saxlamaq lazimdir.
Acar sozlar: Quba, korpi, tikili, tarixi memarliq abidasi

THE HISTORICAL SIGNIFICANCE FOR AZERBAIJAN OF THE ARCHED BRIDGE
OVER THE QUDYALCHAY, WHOSE PIERS ARE AS STRONG AS EVER

Balakishiyev llgar Movlud- PhD in arc., senior lecturer, department of Architectural structures
and restoration of monuments, AzZUAC, ilgar-1980@mail.ru

Abstract. They say that culture begins with the road. And the indispensable means of overcoming
impassable roads are bridges. In the modern era, most bridges are built with reinforced concrete, yet
many of them collapse within a short period. What’s interesting is that while many other bridges have
been swept away by floodwaters, this “Arched Bridge” has never once been destroyed. Preserving
the history of this architectural structure—a bridge—for future generations and uncovering its
historical, architectural, and artistic value is of great importance as a cultural monument. Taking these
factors into account, the author has considered it necessary to study this monument in depth, to
research and identify its significance, and to bring it into the scientific discourse. For this reason, the
topic was chosen, and the author made it their goal to investigate this architectural monument. This
historical bridge still preserves its magnificence to this day. It is essential to protect and preserve this
monument for future generations as well.

Keywords: Quba, bridge, building, historical architectural monument

Giris. Azarbaycanin qoadim kegmisina yol salan korpular tarixi madaniyyatimizin muhim bir
hissasini toskil edir. Horokoat etdiyimiz yollarda qurulan,yol sobokasini saxalondirarok muxtalif
horokot istigamatlorini,eloco do maneslor Uzorindon asanliqla kegmok soraitini yaradan qurgu
korpidur. Tarixen Azorbaycanin mithiim ticarat markazlorindon olan Darbond, Samaxi1, Quba,Ganca,
Bords, Qobala, Naxgivan, va s. kimi goharlorin karvan yollari tistiinds bir ¢ox korpller salinmigdi.
Azorbaycan unukal memarliq abidaloari ilo zongin olan bélgalorimizdan biri do Qubadir. Kéklari ¢ox
gadimlars gedib ¢ixan bdlgonin bir sira shomiyyatli abidslori burada insanlarin ¢ox uzaq tarixdan bari
yasadigin1 siibuta yetirir. Rayonun giiniimiizo goadar golib ¢ixan bels tarixi abidalorindon kegmis
muhandis tikililorindon dovrimiize godor qorunub saxlanilan abidslor igarisinde mihim tarixi-
memarliq oshomiyystino malik olanlardan biri do "Tagli korpii"diir. (Soki 3). "Tagl korpii" Qubanin
on mohtosom tarixi-memarliq abidalorindan biridir vo Sorq islubunda insa olunub. Qudyalgay
Uzoarinds salindigi tiglin ham ds bu ¢ayin adin1 dasiyir. Korpii 1894-cii ilds rus gari 11T Aleksandrin
layihasi ilo ruslarin Qafgazda 6z horbi dayaqlarini méhkamlondirmak magsadils tikilib. (Soki 1).
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Bundan avval iso onun yerinds diraklor Gizarinds salinmis taxta korpii mévcud imis. Homin kérplndn
salinmasi iso 1851-ci ilo tosaduf edir.

Sakil 2. Quba sohari. Tagl korpti 1894-cu il [2,3]

Metodologiya. XIX asrdo Quba gozasinda 7 korpli olmusdur. Amma onlardan yalniz "Tagh
korpU™ guniimuiza gadar qorunub saxlanilmisdir. Korpiiniin salinmasi zorurati XV11 asrin sonlarinda,
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XIX asrin avvallorinds yaranmisdir. Taxta korpiiniin 6mriiniin az olmasi yeni - Tagh korpiinln
ingasina sabab olub. Bu sobodon onun yerinds yeni korpi salmaq zoruroti yaranmisdir. Korpii
yarimdairavi bigimli taglar sistemi asasinda yaradilib vo dayaglara sdykanan taglar bismis karpicdon
horiiliib. ©vvalca korpinin 19 dirak Uzorinds tikilmasi nozards tutulmusdur. Lakin onun tikintisi
zamani agirimlar ixtisar olunmus vo korpii 14 das dayaq tlizorinds tikilmisdir. Yarimdairavi bicimli
taglar sistemi bismis korpicdon horiilmiis vo bir-birindon 11,1 metr arali olan dayaqlara soykanir.
Korpiiniin taglart altindan hor iki sahildoki yasayis moantagelorino va sohara ecazkar romantik bir
monzara agilir. Korpiiniin tagi asas karpic horgusu ilo birlikds insa edilmigdir. Tag dayaqlar tizarinda
dayanan koérpinin blndvrasi yaxsi yonulmus daslardan horiilmisdiir. (Saki 3-5).

Sokil 3. Qubanin Qirmizi gasabasini soharin markazi ila birlasdiran korpi [3]

Bu abids Qubanin Qirmizi qasabasini gaharin markazi ils birlogdiran kérpudir. Bu kérpudan
asrlordir yerli vo burada yasayan dag yohudilori istifads edoarak, qonsuluq soklinds yasayirlar. "Tagl
korpu™ ham do Quba soyqirimi hadisalori ilo bagli olan tarixi abidadir. Belo ki, Qubaya galon ermani
vandallarina qars1 yerlilor torafindon "Tagh korpii" yaxinhigindaki hazirda “40 pilokeon” adlandirilan
orazide migavimot gostorilmis vo burada silahli quldur ermoni dostalorine qarst miibarizo
aparilmigdir [3,4].

Yekun fikirlor. Tarixi goriintisii saxlanilmaqla "Taglh korpi" 2012-2013-cu illordo osashi
sokilda barpa olunub.Kérplniin uzunlugu 160, eni 7,6 metr, biinévradan hiindirliyd iss 7,39 metrdir.
Divarlar va taglar (65x14x26 sm.) 6l¢iilii bismis karpiclo horiilmiisdiir. Korpiidoki taglarin say1 14-
dir. Tobii aginmalar naticasinds taglarda yaranmis zadaloro goro kdrpiido horokat xeyli middat
dayandirilmisdi. Lakin 2012-ci ilin avvalindon asasli tomirs baglanaraq taglarda, biingvrads borpa va
borkitma islori aparilmigdir. Korpii hal-hazirda ilkin toyinati tizrs istifado olunaraq memarliq abidosi
kimi dovlat torafindan gorunur vo miihafizs olunur.
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Sakil 4. Bas plan [4]

Orta osrlorin bizo boxs etdiyi on monumental abidslorindon sayilan korpiilorin yiiksok
keyfiyyat vo bacarigla tikilmasi nazari calb edir.
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Korpilor- Mihoandis tikintilorinin misyyan miqdar1 zomanomiza godar golib ¢ixmus,
muiayyan bir gismi isa asrlor boyu istifadods oldugu tigiin dagilimisdir.Korpiilords aparilan borpa
islori noticasinds miayyan doyisiklikloro moruz qalmisdir.Miihandis tikintilori arasinda korptilor
muiayyan shamiyyat kasb edir.

Korpllor yuksak tikinti texnikasina malik olan abidslordondir.Kérpularin yerlosdirilmasi vo
ingas1 dovriin ictimai-iqdisadi vo ¢ografi tolablari ilo baglidir. Respublikamizin orazisinds qalmis
gadim korpilor 6z qurulusu va 6lgllorine géro mixtalifdir.Bu muxtaliflik bir torafdon kdérpulorin
ohomiyyati, digar torafdon iss onlarin yerlasdiyi tobii-gografi soraitlo olagodardir.

Korpdlarin tikintisinds mixtalif insaat materiallarindan istifado olunurdu.Onlarin memarliq
cahoatdon qurulusu o dévrdos yerli materialin olmasindan asili idi.

Tikintids istifads edilmis insaat materiallarinin badii cohatdan yerli-yerinds islodilmosi (das
Vo karpic horgllari, bazoklorin vurulmasi va s.) kdrpuntin konstruktiv strukturunu ssla doyismir [4].

Sokil 5. Qubada Qudyalcay tGzarinds yerlasan XVIII asrs aid Tagl korpii

Korpu tikintilorinds karkaslarin istifado edilmasi, dalqayalarinin, korpii dayaqglarmin tobii sal
das laylari tizarinda qurulmasi va s.KOrpuniin xarici tasiri qlivvasine davam gatirmasine kdmok edirdi.
Salamat galmig korpiilor konstruktiv baximdan tagvari asirimlarin tokrarindan ibaratdir. Korpulor
yalniz tagvari agirimin sayi vo onlarin formasina gors bir-birindon ayrilir.

Muzakira. Azarbaycandaki korpiilor forma, qurulus va tikintisine gora bir-birindan kaskin
sokilda farglonir. Qadim korpilordan glinlimizs godoar golib ¢ixan niimunalor bunu tasdiq edir. Homin
korpulora Cabrayil rayonu arazisinda, Araz ¢ayimnin tistiindoki 11 va 15 asirimli Xudafarin kdrpularini,
Qazax rayonunda Xramcay Uzorindoki Siniq korpiinii, Gonca gay1 iizoerindoki Gonca korpularini,
olinca ¢ay1 tizorindoki Naxgivan korpiilorini vo elocado Qubanin Qudyalgay {izorindo "Tagh
korpi*stind buna misal géstormok mimkandar [5].
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Sakil 6.aﬁko'ernUn fraqmént gizéilgri. ‘Konar va orta agirimlar
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Sakil 6.b 14-agirimli korpiiniin fragmenti

Nadir memarliq incisi sayilan vo sorq tislubunda tikilmis bu"Tagh koérpi" hom do tarixi
memarliq abidasi Kimi vacib shomiyysta malikdir. Qudyalcayin iizerinds salinan, tarixi tarixo
calayan, kegmiso yol salan bu korpl butovlik ramzi kimi Quba rayonunda da zomanamizadok
muoayyan godar salamat vaziyyatda golib ¢ataraq guiniimuizs godor yasamaqdadir. (Saki 3-5).

Qubaya tokca istirahot Giciin getmayin, tarixi abidslori do gozin. Istirahat unudulur, amma
gordiylniz tarixi abidalor vo monzarslor yaddan ¢ixmir. Monim yaddasimda Quba tarixi abidalori
Vo dovrimuzs gadar qorunub saxlanilmis tarixi-memarliq cohoatdon mihum shamiyysto malik olan
"Tagl korpti" xtisusi yer etdi...

Ciinki sorq memarliq tislubunda insa edilon, Qubanin Qudyalgay tizarinde mévcud olan bu
tarixi abids, "Tagl korpi" ulu acdadlarimizdan bizo yadigar galan sonst aSori kimi cosqun axan
Qudyalgayn siltagliglarina, tarixin sart kiiloklarina yuz illardir sina gorir.

Natica. Mirokkab relyefli yer qurulusu, arazisinds ¢aylarin six sobokasinin olmasi sababindon
Azorbaycanda korpitikma onanasi ¢ox godim dévrlora gedir. Olkodaxili yollar UGstiinds olan
maneslorin azaldilmasi, eloco do orazisindon kegon iri beynalxalg ticarat marsrutlarinda harokot
rahatliginin tomin edilmosi t¢tin zaman-zaman kigik korpilorlo yanasi ¢oxlu monumental korpiilor
do tikilib. Miilki memarligin bu zangin irsinin yerli va regional shamiyyatina, eloca do yiilksak badii-
texniki gostaricilorino goro on moshur abidslorindon biri Tagl korpiistidiir. Azorbaycan memarliq
moktobi iislubunda insa olunan 6z mohtasomliyini qoruyub saxlayan vo Azorbaycan Uclin tarixi
ohomiyyati olan bu "Tagl korpti" XVIII asrin sonlarinda, XIX asrin avvallarina aid unikal bir
abidadir. (Saki 3-7). Qubanin Qirmizi qasabasini soharin markoazi ilo birlogdiron Qudyalcay izarinda
salin sorq tislubunda insa olunan bu mithandislik korpusli Azarbaycan memarliq sonati tarixinin
bozoyi sayilan,mohtosom tarixi abidalorimizdondir. ilk énco mihandis qurgusu olan bu kérpiiniin
dayaniglig1 vo uzunomiirliiyii kegmisdo onun Ugiin secilon yerdan birbasa asili olub. Belos Ki, gadim
dovr vo orta asrlords korpii dayaqlari liglin cay yataginda tabii 0ztllorin - gayaliglarin olmast mithiim
tolob sayilirdi. Sal gayalar Gizorinds tikilmis dalgaqiranlar va tag dayaqlar iistiindon boyik insan
kitlosi vo agir karvanlar kegon korpunin mohkamlik qaranti idi. Tobii vo mOhkem qayalarin ¢ay
yataginda ¢ox olmasi sababindon Qudyalcay darasi gadim korpitikma taloblori baximindan ¢ox
olverisli yer olub. Qudyalgay tizorinds tikilmis bu korpiiniin salamat qalmasinda da bu tobii amil
halledici rol oynayib. Tikinti materiallarinin faktura va rong uyarlig1 boyiik Qudyalsay tizorinds olan
bu korpuya aydin  tektonik  qurulus  vo  6zUmli bodii gorkem verib.
14 das dayaq (asirim) {izarinds tikilon korpii bu giin ds islok durumdadir.
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Azorbaycanin memarliq moktobinin bu azomatli abidslori diinyanin bir ¢ox tarixgilarinin
digqgatini calb edib. "Tagli korpiinii" Azarbaycan memarlarliginin miistosna mihandislik bacariginin
an g6zal nimunalarindan bir saymagq olar.

Sakil 7. Qudyalcay zarinds yerlogon Tagli korpiiniin imumi goriiniisi
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NAXCIVANIN DiNi MEMARLIQ ABIDOLORININ AZORBAYCAN VO YAXIN SORQ
ABIDOLORI iLO MUQAYISOLI TOHLILI

Bayramov Moahammad Asaf oglu- miosllim, Memarliq kafedrasi, Nax¢ivan Dovlat Universiteti,
mehemmedbayramli9@96@gmail.com

Abstract. Medieval mosques and sanctuaries of Nakhchivan do not repeat each other and similar
constructions of neighboring regions due to the solution of the plan-spatial structure. However, there
are certain similarities with the neighboring regions in the plan-spatial structure of the architectural
monuments, in the constructive elements, in the architectural solution of their exterior and interior,
as well as in their patterning. Research shows that Nakhchivan has a rich religious architectural
heritage, and these architectural monuments reflect the characteristics of Azerbaijani architecture.
The study of the mosques and sanctuaries of Nakhchivan shows that these architectural monuments
were formed and developed based on the traditions of the Nakhchivan school of architecture and have
their own characteristics. The mosque and its sanctuaries emerge as a part of the medieval Azerbaijani
architecture due to the plan-volume structure, the used constructive elements and pattern motifs. In
the construction of mosques and sanctuaries of Nakhchivan, stone and baked bricks were widely used
starting from the 13th century. From this point of view, the mosques and sanctuaries of Nakhchivan,
in general, the works of Nakhchivan architecture developed not only with the Nakhchivan-Maraga,
Aran schools of architecture, but also with the Shirvan-Absheron school of architecture in close
relationships.

Keywords: Nakhchivan, mosque, shrine, comparative analysis, architectural characteristics

COMPARATIVE ANALYSIS OF THE RELIGIOUS ARCHITECTURAL MONUMENTS
OF NAKHCHIVAN WITH THE MONUMENTS OF AZERBAIJAN AND THE NEAR
EAST

Bayramov Mahammad Asaf- lecturer, department of Architecture, Nakhchivan State University,
mehemmedbayramli996@gmail.com

Xulasa. Naxg¢ivanin Orta osr moscid v ziyaratgahlari plan-mokan qurulusunun halline gors bir-birini
Vo qonsu regionlar bonzor tikintilorini tokrar etmir. Lakin memarliq abidalorinin plan-mokan
qurulusunda, konstruktiv elementlordo, onlarin xarici goriiniisiiniin vo interyerinin memarliq hallinds,
homginin naxigslanmasinda qonsu regionlarla miiayyan banzarliklor vardir. Aragdirmalar Nax¢ivanin
zongin dini memarliq irsino malik oldugunu, bu memarliq abidalorinin Azarbaycan memarliginin
xususiyyatlorinin oks etdirdiyini gostorir. Nax¢ivanin moscid Vo ziyarotgahlarinin todqiqi, bu
memarliq abidolorinin Nax¢ivan memarliq moktobinin ononolori asasinda togokkiil taparaq inkisaf
etdiyini, 6ziinamaxsus xususiyyatloro malik oldugunu gostarir. Mascid va ziyaratgahlari plan-hacm
qurulusu, istifado olunan konstruktiv elementlori vo naxis motivlarino goro Orta asr Azarbaycan
memarliginin bir pargasi kimi ortaya ¢ixir. Nax¢ivanin mascid vo ziyaratgahlarinin tikintisinda X111
osrdon baglayaraq das vo bismis karpicdon genis istifado olunmugdur. Bu baximdan Naxg¢ivanin
moscid vo ziyaratgahlari, imumiyyatlo, Nax¢ivan memarliginin asarlori yalniz Nax¢ivan-Maraga,
Aran memarliq moktoblori ilo deyil, Sirvan-Abseron memarliq moktobi ilo do six alagelar soraitinds
inkisaf etmisdir.

Acar sOzlar: Naxgivan, mascid, ziyaratgah, migayise, memarliq xiisusiyyatlori

Giris. Azorbaycanin memarliq tarixinds Naxg¢ivan mithiim yer tutur vo ilk memarliq
moktobinin mohz burada yaranmasi bu arazsinin moadani va tarixi shamiyyatini 6nomini vurgulayir.
Naxg¢ivan memarliq moktobi, uzaq sorq memarligina dorin tosir gostormis vo bu sahada bir ¢ox
yenilik¢i va gabaqcil iisullarin tatbigine imza atmisdir. Naxgivan memarlarimin asarlari, zoriflik va
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monumentalliq arasinda ideal tarazliq yaradan unikal kompozisiyalarla segilir. Bu estetik cahat,
Naxc¢ivan memarliginin an calbedici xususiyyatlorindan biri kimi diggsti calb edir. Tarix boyu
Nax¢ivan hom gadim dovrlorda, ham do Orta asrlordo Azarbaycanin inkisaf etmis bolgalorindan biri
kimi taninmigdir. Xisusila, XII asrds Eldanizlor dovlatinin paytaxti oldugdan sonra, Nax¢ivan boyiik
bir toragqi dévrins godom qoymusdur. Bu dovrds sohor slratlo boylyarak, ham madoni hom do
igtisadi sahada boyuk bir shomiyyat qazanmis, azomatli bir sohara gevrilmisdir. Nax¢ivanin bu tarixi
inkisafi, onun memarliq irsindo oks olunmus va ssharin indiyadok qorunub saxlanilan madani
dayarlari arasinda miihiim yer tutmusdur [5].

Metodologiya. Naxg¢ivan memarliq moktobinin  dyronilmasinds  L.S.Bretaniski,
O.V.Salamzads, K.M. Mommadzado vo digar tadqigatgilarin boyiik xidmotlori olmusdur.
Tadgigatgilarin fikrino gora, Nax¢ivan memarliq moktobi Nax¢ivan Muxtar Respublikasi ila borabar
Conubi Azorbaycanin orazisini, Sorgi Anadolu vo Iraq: ohato etmisdir [8]. Bu bdlgonin memarliq
abidslorinin insa edilmasinds bismis karpicdan istifadasi Ustiinlik toskil etmisdir [1].

Aragdirmalar gostorir ki, Nax¢ivan memarliq moktobi XII oasrdo meydana golorok
6zlnomaxsus Uslubu va orijinalligr ilo forglonmisdir. XIV-XV asrlords bu memarliq moktabi yeni
cizgilor va xususiyyatlor alds edorak daha da inkisaf etmisdir. Bu dévriin memarliq ananalari XV1I1-
XIX asrlora godor davam etmis, Naxgivanin memarliq sahasindo boyiik irs formalagdirmigdir.
L.Bretanski bildirir ki, XII-XII1 asrlords yaranan memarliq islublart oldugu kimi XIV-XV asrlora
otirdlmoamis, oksina, bu dévrlords tikinti soraitinds bas veran dayisikliklar, yeni problemlorin halli
liclin innovativ yanagmalarin yaranmasina sabab olmusdur. Todgiqatlarin naticalorine osaslanaraq
deya bilarik ki, Nax¢ivanin mascid va ziyaratgahlarinin memarligi, bu bdlganin diger memarliq
abidaloari ilo yanasi, hom do gqonsu bolgalarin memarliq ananalari ils six slagads olmusdur. Bu alagalor
naticasinds Nax¢ivan memarligi zongin va ¢oxsaxali bir xarakter qazanmis, regionun memarliq irsino
0zlnomaxsus tohfalor vermisdir. [8]

Naxc¢ivanin dini memarliq abidalorinin tahlili. Nax¢ivan moscid va ziyarstgahlari,
planlama va insaat prinsiplori, konstruktiv elementlori vo memarliq hallari ¢ox spesifikdir va digor
bolgolordoki oxsar dovrlorin abidslorindon forglonir. Bu forgliliklor, abidalorin muasir dévrdoki
vaziyyati ilo muqayise edildikdo daha da digget ¢okir. Kegmis dovrlordoki tikililor, ¢ox vaxt
zomanonin memarliq tendensiyalarina uygun olaraq 6z spesifik formalarmi vo funksional
quruluslarini niimayis etdirirdi. Lakin indiki dévrds bu abidalarin barpasi va qorunmasi prosesinda,
onlarin avvalki vaziyyati ilo indiki vaziyyati arasinda miiayyan forgliliklor ortaya ¢ixir. Abidalorin
orijinal planlar1 vo memarlhq xiisusiyyatlori, barpa islorinds oldugu kimi, tarixs vo dévriin memarliq
standartlarina uygun sokildo giymotlondirilir. Xususilo XII-XV osrloro aid olan bu memarliq
nimunoalarinds, plan vo makan qurulusunun, konstruktiv elementlarin, xarici gériiniisiin va interyerin
bonzarliklori daha aydin sokildo gorinur. Belsliklo, Nax¢ivanin orta osr mascid vo ziyarstgahlarini
digar bolgalorin abidalori ilo migayisa edorok, onlarin planlari, kegmisdoki vo indiki hallari
arasindaki farglori vo oxsarliglart aragdirmagq, regionun memarliq irsini daha dorindon basa diismok
Vo giymotlondirmok Gglin shamiyyatli bir yanagmadir.

Sakil. 1. 1-Mordokandaki Tuba-Sahi mascidi [3]; 2- 1978-ci ildo Culfadaki Omirxan tiirbasi plan va
kosiyi [7].
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Yekun fikirlar. Arasdirmalara osason deys bilorik ki, kvadrat formali dini memarliq
abidalorinin ingas1 XIV-XV oasrlordo do davam etmisdir. Bu memarliq abidslori gérkamli din
xadimlari, yaxud sahidlorin mozari iizarinds ucaldigindan tiirba, dini moarasimlor kecirildiyindan isa
moascid adlandirilmisdir. Bu baximdan Culfa rayonunun Xanaga kondindoki Omirxan tiirbasi diqgati
colb edir. Bu tiirbs-ziyarstgah memarliq qurulusuna géro Mordokandaki Tuba-Sahi mascidini
xatirladir [3]. Abidalarin har ikisinds giinbaz qisa silindirik asas tizarinds ucalir. Lakin bu abidalorin
memarliq hallinds, 0 climladan giinbazin qurulusunda vs isiglandirilmasinda miiayyan forgli cohatlor
do vardir. Tuba-Sahi giinbazin ¢oxUzli asas Uzarinda yerlosdirilmasi ila farglanir. Tuba-Sahids Ust-
Usto yerlosdirilon pancaralorin yerindo Omirxan tiirbasinds bir-birinin Gzarinds yerlosdirilon
dordbucaqli taggalarin olmasi digqoti gokir.

Sokil 2. 1-Culfadaki Omirxan tiirbasi (Mahammad Bayramov);
2-Culfadaki ©Omirxan tiirbasi (Mahammad Bayramov)

Kongarli rayonunun Xincov kondinds yerlogon Yarali Sultan ocagi da morkazi giinbazli
kvadrat formali memarliq abidslorine daxildir. Lakin onun isiqlandirmasi giinbazdo yerlosdirilon
pancaralarle hall edilmis, divarlari iso igaridon yalniz taxgalarla bozadilmisdir. Omirxan tiirbasi vo
Yarali Sultan ziyaratgahi plan-hocm qurulusuna géra Azarbaycanin digar bolgalari ilo miiayyan gadar
bonzar olsada, bu memarliq abidslori Orta osr Nax¢ivan memarliginin tokrarolunmaz niimunolaridir.

Naxg¢ivan sohorindoki Imamzado ziyarotgahinin giinbasinin holli ilo Seyx Sofioddin
komplessindoki turbalorin halli bir-birina bonzardir. Bu memarliq abidslorinds yarimdairovi giinbaz
silindirik gévds zarinds yerlosdirilmisdir. Bu baximdan Tiirkiyadoki Zeynal bay turbasi do diggoti
calb edir [3].

Naxgivan ziyarotgahlarinin bir qismi sokkizlzli tirbs soklinds insa edilmisdir. Bu tip
memarliq abidalori Nuh tlirbasi vo Qarabaglar kompleksindoki tiirba ilo tomsil edilmisdir. Qarabaglar
tlrba-ziyarotgah1 qaba yonulmus dasdan insa edilmasi ilo forglonir. Onun dam ortlyd indiyadok
galmasa da sokkiziizlii prizmatik gdvdesi zomanamizadok golib catmisdir. Qarabaglar tiirbe-
ziyaratgahi fasadinin sada holli ilo Agsudaki Seyx Dursun magbarasi ilo banzardir [3]. Qarabaglar
tlrba-ziyaroatgahi girisinin tagsokilli olmasi ilo do Seyx Dursun magbarasine banzayir. Tirbalar bir-
birindon yalmz tikintido istifado olunan daslarin formasma gora forglonirlor.  Umumiyyatlo,
Qarabaglarda yeni askar olunan ziyaratgah kompleksindaki tikintilor XI1V-XV asrlordo Naxgivan
memarliq moktabinin yalniz karpic tikintilorlo mohdudlasmadigini, dasdan da insaat materiali kimi
istifads olundugunu gostarir. Qeyd edok ki, dagdan ingaat materiali kimi ©mirxan tiirbasinin va Culfa
rayonundaki Xanaga mascidinin, hamginin Gullstan tirbosinin tikintisinds ds istifado olunmusdur.
omirxan tlrbasi vo Xanaga mascidinds insaat materiali kimi hom das, ham do bismis korpicdan
istifado olunmusdur. Das va bismis korpicin birlikds istifadasine biz Aran memarliq maktabinin
abidalarinds do rast golirik. Qeyd edok ki, Xanaga mascidi vo Omirxan tiirbasi kvadrat formali, gaba
yonulmus daslardan insa olunmasi ilo Sirvan-Abseron memarliq moktobinin abidalarini ¢ox
xatirladir. Bu iso Naxg¢ivan memarliq moktobinin muoyysn baglarla Sirvan-Abseron memarliq
moktabi ils alagali olduguna isars edir.
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Sakil 5. Nax¢ivan imamzads ziyaratgahi indiki vaziyysti (Mohommaod Bayramov).

Muzakiralar. Nax¢ivanin dini abidalorinin insasinda totbiq olunan memarliq elementlarindon
biri do sordabanin, yaxud ziyaratgahin xagsokilli plandada layiholondirilmasidir. Bu tip memarliq
formasina Nax¢rvanda Malik Ibrahim pirinde, Nehrom Imamzadasinds va Par¢1 imamzadasinda rast
golinmisdir. Bu tip plan-hacm qurululusu az da olsa Azarbaycanin memarliq abidalorinds vardir.
Sordabonin xagsokilli qurulusda planlanmasina, Qarabaglar tiirbasinin sordabasindo do rast
golinmisdir [8].

Bu tip plan qurulusuna Maragadaki1 Ug Giinboz tiirbasinin sardabasinda gormok mimkuinddir.
Diqgatalayiqgdir ki, U¢ Giinbaz tiirbasinds da sordabenin dérd samto yonalan tagcalart Malik Ibrahim
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piri vo Nehrom Imamzadoesindo oldugu kimi, girintili-cixintili bucaglar vasitosi ilo bir-biri ilo
birlagdirilorak xususi bir ahangdarliq yaradilmigdr.

L.Bretanski U¢ Glinbaz tlirbasini Qarabaglar, Bordoe, Salmas vo Xiovdaka tiirbalorlo miigayise
edorok onun Iran memarliq abidolorindan forgli oldugunu vo bu abidenin memarliq iislubunun
Azorbaycan abidslori ligiin xarakterik oldugunu qeyd etmisdir [8].

Sokil 6. 1- Maragadaki Ug Giinbaz tiirbasi plan1 [8];
2-Ordubaddaki Malik Ibrahim pirinin plan1 (Mehammod Bayramov).

A
- - = e
1 2 3
Sakil 7. 1-2-Nehrom imamzadasi kegmis plani [7]; 3-Nehrom imamzadasi indiki plan1 (Mahommad
Bayramov)

Tuba-Sahi moscidinin planlasdirilmasi, bazi xususiyyatlori ilo diggsti colb etso do, bu
moscidin asas planlama prinsipi xagvari qurulus tizorinds formalagsmigdir. Eyni planlama prinsipi,
digor tarixi vo memarliq baximindan ohomiyyatli abidolordods 0ziinli gostorir. Fuzuli rayonunun
Asagi Veysolli kondindo yerloson Mir Oli tiirboasinin sordobasi do xagsokilli planlagdirma ilo
xarakterizo olunur (2;14;8). Balaxanidaki Sakir Aga tiirbasinin sardabasinds do oxsar plan qurulusuna
rast golmok miimkiindiir. Sakir Aga tiirboasinin sordabssinds xagvari planlama prinsipi tatbiq
olunmusdur ki, bu da sordabanin asas memarliq xiisusiyyatlorini 6n plana ¢ixarir (14;8). Bu cir
memarliq niimunolori, muxtalif dévrlorde vo bdlgslords xagvari planlama prinsipinin necs tatbiq
edildiyini va bu yanagsmanin memarliq tarixindoki oshomiyyatini gostorir. Eyni zamanda, bu planlama
usulunun muxtalif mokanlarda totbiqi, dovriin memarliq anlayigini vo texniki bacariqlarii oks etdiron
bir trendi niimayis etdirir.
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2
Sakil 8. 1- Mir Oli tiirbasinin plani [14]; 2- Sakir Aga tiirbasinin plani [14].

Sakir Aga tiirbasinin sardabasi sordabonin yan divarlarinda dordkiinc taxgalarin olmasi ilo
forglonir. Maraqhdir ki, Sakir aga tiirbosi 1.P.Seblikin torofindan moscid [14], A.A.Blesgorzado
torafindon iso imarat adlandirilmisdir. Lakin Bretanski onu tiirba hesab etmisdir. Hor seydan avval
geyd edok ki, Sakir Aga tiirbosi plan qurulusuna géro Nehrom imamzadosi ilo tamamila bonzardir.
Bu tip tdrbalor hom do ibadat obyekti oldugundan tadqgiqat¢ilar onunla baglh mixtalif fikirlor irali
stirmiisdiir. Todqiqatcilar bu xagsokilli plan qurulusunun Azorbaycanin XIV osr memarliq
tikintilorindo genis yayildigini géstormisdir (11;8). Naxgivanin dini memarliq abidalori, xUsusilo
Nehrom Imamzadasi vo Par¢i Imamzadasi bu tip abidslorin sonraki dévrlords do insa edildiyini
demays imkan verir.

Keslo moscidinin vo Tovuz rayonunun Yanixli kondinds insa olunan moscid binasinin da
ibadot zali xagsokilli formadadir. ©.V. Salmazado Yanixli mascidini Gonco Ciumo mascidi ilo
miigayiss etso do abidalor arasinda xeyli forq oldugunu yazmis, onun tikilma tarixini XVI1I asrs aid
etmisdir [10]. Arasdarmalar gostarir ki, sordabs vo ziyaratgahlarin xagsakilli sokildo planlanmasi XTIV
asrdon baslayaraq XVIII asradok Azarbaycanin memarliq abidslorinds totbiq edilmisdir. Memarliq
abidalarinin bozayindo xagsokilli ornaments rast golinir. Bu tip ornamenti Soki xan sarayinin
pacaralarindaki gsobokalords gormok mimkundur [14].

Nax¢ivanin dini memarliq abidolori Azarbaycanin va qonsu bolgalorin memarliq abidslori ilo
memarliq elementlori vo naxis motivlarino goro daha ¢ox bonzordir. Dini memarliq abidalorindo naxis
elementlori ¢ox az qalsa da onlar1 digor memarliq abidoalari ilo miigayiss etmok mimkind(r.

Nax¢ivanin mascid va ziyaratgahlarinda istifads olunan bismis karpic vasitasi ilo formalasan
konstruksiyalar, tagbondlor, o cumlodon abidslorin govdasinds bir hissodon o birino kegidin
formalasdirilmasinda istifado olunan stalaktitlor daha ¢ox Conubi Azarbaycanin va Sarqgi Anadolu
soharlorinds totbiq olunan memarliq elementlori ilo banzordir.

omirxan Tirbassi, Yarali Sultan ziyarstgahlarmin, homginin Culfa rayonundaki Xanaga
moscidi, Ordubad sohar Clima mascidi vo digar abidalorin tagbondlorinds islodilon stalaktitsokilli
korpic dekorasiyalarin yaxin banzarlori Tobrizdoki Cima Mascidindos [3], Bordodoki Axsadan Baba
tlrbasinds [8] izlomak mumkunddr.

Sakil 9. 1- Tobriz Ciima mascidi [3]; 2- Bardo Axsadan-baba tiirbasi [8].
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Sakil 10. Kangorli rayon Yarali Sultan ocagi (Msahammod Bayramov).

Baglica olaraq bismis karpiclordon insa edilon stalaktitlor boazon taggokilli, bozan
ticbucaqgsokilli, bazon iss rombvari sokilds formalasdirilmisdir. Dini memarliq abidalarin igarisinda
dordkiinc, yaxud xagvari asasdan glinbaza kegid XII-XV vo XVI-XVIII asrin abidslorinds banzarlik
toskil edir ki, bu da memarliq ananalarinin davam etdiyini gostarir.

Ordubad sahar Clima mascidinin, Tokesiyi moascidinin, Yuxar1 Oylis kandindoki Sah Abbas
moscidlorinin mehrabinin bozadilmasinds istifado olunan stalaktitlori biz Naxgivan memarliq
moktobinin tlrbalorinda, xtisusilo Mémuns xatin vo Maragadaki Goy Giinbaz tiirbasinds [8] goririk.

Bu iso mixtslif dovrlords yaranan abidslords tarixen yaranan memarliq ananslorinin davam
etdiyini demays imkan verir. Bu baximdan Maragadaki Kabud Giinbazi do diqgsti colb edir.
L.Bretanski onu Mdmiino Xatunun okizi adlandirmisdir.

Sakil 11. 1-Maragadaki Kabud giinbazi-1196-c1 il [8]; 2- Nax¢ivandaki Momina Xatun tlrbasi

Naxgivanin dini memarliq abidalarinin istor xarici, istorsa do daxili sothinin naxiglanmasinda
kasilardan istifado olunmusdur. Cox toassiif ki, dini memarliq abidalarinin igarisinds istifads olunan
kasilar indiyadok galmamigdir. Nax¢ivan mascidlorinin mehrabinin kasilarla bazoadilmasi haqqinda
biz yalniz yazili manbalordon molumat oslds eds bilirik [12]. Kasilar Nax¢ivanin dini memarliq
abidalorinin xarici sothindo do ¢ox az galmisdir. Belo abidalordon biri Naxcivan Imamzadosidir.
Abidonin xarici sothi boyunca tokrarlanan “Allah” koalimosi onun xarici goriiniisiino XUsusi
ahongdarliq vo g6zollik vermigdir. Yuxarida da qeyd etdiyimiz kimi, bu memarliq abidosinin kagt
bazayi Seyx Sofiaddin [8], Bardo tiirbasi vo Turkiyadoki Zeynal bay tirbasinin [3] naxislart ila
eynilik taskil edir. Qeyd edak ki, bu tip kas1 bazayina Qarabaglar tiirbasinda do rast golinmisdir [8].

Qarabaglar tiirbasinds bu tip ornamentlor boytik kvadratlarin igarisins salinsa da onlar imumi
gdriiniisda blitovlik vo ahongdarliq yaradir. Bu gériintii Nax¢ivan Imamzadasininda bazadilmasindo
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0zUn0 gostormisdir. Memar bazak elementlorinin imumi kompozisiyada ahongdar goériiniistinii tamin
etmisdir.

Bretanski geyd edir ki, XIV osrdo memarliq abidslorinin bozok motivlorinin daha da
mirokkoblasarak zonginlosmisdir [8].

Sakil 12. 1- Ordobildoki Seyx Sofiaddin tiirbasi [8]; 2- Sorur rayonu Qarabaglar kondindaki
Qarabaglar tiirbasi [8].

Natica. Arasdirmalar Naxg¢ivanin zongin dini memarliq irsino malik oldugunu, bu memarliq
abidoalarinin Azarbaycan memarliginin xiisusiyyatlorinin oks etdirdiyini gostorir. Nax¢ivanin mascid
Vo ziyaratgahlarinin todqiqi bu memarliq abidolorinin Naxg¢ivan memarliq moaktobinin ananalori
osasinda togokkil taparaq inkisaf etdiyini, 6ziinomaxsus xUsusiyyatlors malik oldugunu gostorir.
Moascid va ziyaratgahlart plan-hacm qurulusuna, istifads olunan konstruktiv elementlora vo naxis
motivlarina gors Orta asr Azarbaycan memarliginin bir pargasi kimi ortaya ¢ixir. Nax¢ivanin mascid
Vo ziyaratgahlarinin tikintisindo XIII asrdon baslayaraq das vo bismis korpicdon genis istifado
olunmusdur. Bu baximdan Naxgivanin moscid Vo ziyaratgahlari, timumiyyatlo, Naxgivan
memarliginin asarlori yalniz Naxgivan-Maraga, Aran memarliq maktablari ilo deyil Sirvan-Abseron
memarliq moktabi ilo ds six alagolor soraitinds inkisaf etmisdir.
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NAXCIVAN TURBOLORININ BoDii TORTIBATI
Boaxsiyev Osraf Qaribxan oglu— bas miiollim, AzMIU, ab_design77@mail.com

Xulasa. Magalods Nax¢ivan Muxtar Respublikasinin memarliq irsini zonginlosdiran gadim tlrbalarin
memarliq xiisusiyyatlori, onlarin estetik vo konstruktiv hallori aragdirilir. Magalonin asas mogsadi
Eneolit vo Tunc dévriindan glniimiizs godar Nax¢ivan memarliginin inkisafini izlayarok, tlrbalarin
konstruktiv vo badii elementlorinin harmoniyasini vo Naxg¢ivan-Maraga memarliq moktabinin bu
baximdan oynadigi rolu analiz etmakdir. Metodologiya olarag, tarixi monbalaras, arxeoloji qazintilar
naticasinds olds edilmis materiallara vo memarliq nazariyyasine istinad edilorak, tirbalorin estetik
xususiyyatlori va texniki hallori tohlil edilmisdir. Ocomi Naxgivaninin asarlori — Yusif Kiiseyir oglu
Vo MOmina xatin tiirbalari, eloca do Qarabaglar vo Giillstan tirbalarinin badii va konstruktiv hallori
Uzarinda detalli tohlillor aparilmisdir. Moagalo, memarliq sahasindo Nax¢ivan moktabinin spesifik
xususiyyatlorini arasdirmaq vo onlar1 genis auditoriyaya ¢atdirmaq li¢iin nazards tutulmusdur.

Acar sozlar: Naxgivan, abido, tirbs, memarliq xiisusiyyatlori, badi tortibat, konstruksiyasi

ARTISTIC COMPOSITION OF NAKHCHIVAN TOMBS
Bakhshiyev Ashraf Garibkhan- senior lecturer, AZUAC, ab_design77@mail.com

Abstract. The article examines the architectural features of the ancient tombs that enhance the
architectural heritage of the Nakhchivan Autonomous Republic, focusing on their aesthetic qualities
and structural solutions. The main purpose of the article is to trace the evolution of Nakhchivan
architecture from the Eneolithic and Bronze Ages to the present, analyzing the harmony between the
structural and artistic elements of the tombs and highlighting the contributions of the Nakhchivan-
Maragha school of architecture. Methodologically, the study analyzes the aesthetic and technical
aspects of the tombs using historical sources, materials from archaeological excavations, and
architectural theory. Detailed analyses are conducted on the works of Ajami Nakhchivani, particularly
the tombs of Yusif ibn Kuseyir and Momine Khatun, as well as the artistic and structural designs of
the Karabakhlar and Gulustan tombs. The article aims to explore the distinct characteristics of the
Nakhchivan architectural school and to make them accessible to a broader audience.

Keywords: Nakhchivan, monument, tomb, architectural features, artistic design, construction

Giris. Azarbaycan memarliq irsini 6ziiniin nadir abidalori ilo zanginlosdiron Naxgivan Muxtar
Respublikast qodim svilizasiyast olan bir mokandir. ©razisindo aparilan arxeoloji qazntilar
Nax¢ivanin nadir konstruksiyali memarliq abidslorinin hals Eneolit vo Tunc dovriinden baslayaraq
inga olundugunu siibut etmisdir. Azorbaycan milli memarliq irsini zonginlosdiran tirbalor iso
Naxgivan memarliq tarixinin intibah dévrindn bahroloridir. Nax¢ivan tiirbalorinin badii tortibatinda
konstruktiv hallin dekorativ elementlori ilo vohdatini alagalondirmokdir. Nax¢ivan tiirbalori onlarin
bozadilmasini toskil edon dekorativ elementlordon ibarot olmayib, tiirbalorin dayanighigimni vo
uzundmrliliytna tamin edan konstruktiv hallin do ugurlu naticasi olmagla 6ziniin metodoloji tasiri
memarliq tikililorinin dekorativ bazok elementlari ilo konstruktiv hallarinin vahdatinin muksmmal
badii tortibatini tomin etmisdir.

Olverisli tobii-cografi miihito malik orazisi olan Nax¢ivan Muxtar Respublikasinin maddi vo
monavi abidoalori ilo yanast Nax¢ivan memarliginin intibah dévrii memar 9comi Naxgivaninin
yaradiciligi Azarbaycanin madaniyyat irsinin zonginlosmasinds shamiyyatli rol oynamisdir.

Naxg¢ivan-Maraga memarliq moktobinin on gdzol nimunalarindon olan Naxc¢ivan soharinds
Yusif Kiiseyir oglu, Momina xatin tiirbolori, Qarabaglar kondindo Qarabaglar Tiirba Kompleksi,
Culfa goharinin Cuga kondinds Gullstan tlrbasi, Ordubad rayonunun Darkandinds Dar tlirbasi va s.
Naxgivan memarliq irsinin tiirba incilarindon olub 6zlinomoxsus memarliq xiisusiyyatlorino malikdir.
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Metodologiya. Memar ©comi Nax¢ivaninin yaradiciliginin bohrasi olan Yusif Kiiseyir oglu
tlrbasi 6zlnun badii memarliq obrazint konstruktiv hollinin harmoniyasi ilo tamamlamigdir.Qeyd
etmok lazimdir ki, tiirbalorin badii tortibatt dedik do onlarin yalniz dekorativ bazok elemantlarini
gobul etmok yanlis olardi. Yusif Kiiseyr oglu tiirbasi sokkizbucaqli plan qurulusuna malik olub
ikigath qUllavari tirbalor qrupuna aiddir. Butovlikds bismis korpiclo zlonmis tiirbads sardabonin
divarlart ilo glinbaz arasindaki kigik ¢ixintilar, kiinclords qalin dayaqlar arasinda dérdkiine formali
taxcalar, tirbonin xarici goriiniisiine zlinomoxsus gorkem vermisdir. Tirbanin konstruktiv halli onun
dayanmigligini vo uzundmdirltliylni tomin etmoklo yanasi onun badii obraz bitovIiylnin
formalagmasinda da halledici rol oynamisdir. Turbonin daxili sathindon fargli olaraq xarici sathi kigik
karpiclordon qurasdirilmis vo gac mohlulu ilo tavalar soklinda birlasdirilorok sathlorin izarinda
mohkamlondirilmis miixtalif sokilli handasi ornamentlorlo bozodilmisdir. Sathlori ilo piramidal
oOrtliyii arasinda yaranan qursaqda kufi xotti ilo yazilmis kitaba dekorativ xususiyyati ilo govdas ilo
ortiik arasinda yiingiil bir kegid yaradaraq friz miistavisindon 2 sm irali ¢ixaraq tiirbonin badii
tortibatina xtisusi gozollik gatmis, eyni zamanda kiinclorin vertikal ritmini, konstruktiv dayorini
arttrmigdir. Bir rongli bismis korpic mirokkob kompozisiyali hondasi ornamentlor yaratmasina
baxmayaraqg onun goérkemino sadslik vermis, aydin vo tomiz handasi bi¢iminin butévliyuni
glclondirmis, ifadali kolorit vermisdir. Notica olaraq tlrbanin konstruktiv vo memarliq hallorinin
vohdati abidonin baximligini artirmisdir.
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Sakil 1. Yusif Kuseyr oglu tiirbasi (1161-1162) [1]

Yekun fikirlar. Momino xatun tirbasi Ocomi Naxg¢ivaninin sah osoridir. Yusif Kiiseyir oglu
tlrbasi ilo migayisads memar bu tiirbanin xarici bazoyinds hondasi ornamentlorin daha murokkab
kompozisiyasindan istifado etmisdir. MOmUna xatun tiirbasi onbucaqli plan qurulusuna malik olub
sordabali qullavari turbalor qrupuna aiddir. Mémina xatun tlrbasinin badii tortibatinda onun
konstruktiv hallinin tasiri boyukdir. Goéboalokvari dayagdan qarsi kiinclors atilan korpic qabirgalar-
nervirlor ulduzvari karkas yaradaraq interyero xiisusi effekt vermisdir. Bu qabirgalar ulduzvari
karkas yaratmisdir. Bu karkas da bi¢imco abidoni bozayan vo riyazi ahongdarliga osaslanan naxis
quruluslart ilo bir koklidiir. Karkaslarin aralar1 saya naxish karpic horgusi ilo zlondiyindan
konstruksiyanin tektonik g6zolliyi daha aydin duyulur. Bir qodor irali ¢ixmis gévdonin galin kiinc
dayagqlar1 iist hissosi tagvari formada stalaktitlorlo tamamlanmis taxcgalar yaratmisdir. Adi kasili
korpicdon diizoldilon ornamentlorls ortiilmiis konstruksiyanin yaratmis oldugu stalaktit vo taglar,
kitabalor tiirbonin gérkamina xisusi gozallik vermisdir.
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Sakil 2. Momina xatun tiirbasi (1186) [3]

Muzakira. Qarabaglar Tiirbo Kompleksi Kongarli rayonunun Qarabaglar kondinds yerlogmis
XI-XIV asro aid Azorbaycan memarligmin nadir sonst osorlorindon olub qosa minars, onlar
arasindaki bas tag, qosa minaralors birlogon dini binanin galiglart vo turbadon ibarotdir. Tirbanin
sothi firuzayi rongli kasilarla hondasi ornamenti xatirladan kitabolorlo bozodilmisdir. Yarim
silindrlorin Gzarinds igarisinda arob olifbasi ilo“lo iloha illollah Mohommadon Rasulallah” (Allahdan
basqa Allah yoxdur, Mahammad (S.2.v.) onun rasuludur)” kalimasi hokk edilon kvadratlar dafalorlo
tokrar olunmusdur. Tirbonin bas taglarin sothi kasilar vasitasi ilo hondasi vo nobati Uslubda
naxiglanmigdir. Tiirbanin govdasini togkil edon yarim silindrlorin yuxari hissasinds kasilarla islonmis
kitabolorin qaliglar1 saxlanmigdir.

X1 asr Azorbaycan memarligiin on maraqli niimunslorindan biri olan Gilustan tiirbasi Culfa
sohari yaxmlhiginda yerlosir.Nax¢ivanin digar tirbalorindon forgli olarag Gulistan turbasinin
sardabasi yerin iist qatindadir. Bu da tiirbonin xarici gérkomina tesir etmisdir. Belo ki, hiindlr kvadrat
sokilli kurstikiys malik olub gévds hissasi on iki Gzl qullovari tiirbalor qrupuna aiddir. Tiind qirmizi
tuf dasindan insa olunmus tiirbonin badii tartibati digar tiirbalardon farglonir. Dasa dekorativ gérkom
vermayin catinliyino baxmayaraq orta asr Naxgivan ustalart Giiliistan tiirbasinin timsalinda das
Uzarinda oyma sanatinin an mikommol nlimunasini yarada bilmislor. 9comi yaradiciliginin bilavasito
tosiri ilo yaranan bu abids 6zlinamaxsus arxitekturasi va zahiri ornamentlorinin orijinallig il secilir.
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Sokil 3. Qarabaglar Tiirbo Kompleksi [3]

Belo ki,Sordabani qullovari hissadon ayiran stalaktit qursagi tiirbonin badii tortibatinda
konstruksiyanin rolunu qabariq sokildo gostormigdir. Kvadratgokilli kiirsiiliiyiin qosa kasikli kiinclori
onun estetik dayarini daha da glclondirmisdir. Giiliistan tiirbasinin badii tortibat hallinds dekorativ
elementlor Kimi nobati vo hondosi naxislardan togkil olunmus das oymalar genis istifado
olunmusdur.Bels ki, ¢ miixtalif ornament tiirbonin sothi izorinds tokrarlanmisdir. Bunun naticasinds
stalaktit komar zongin vo plastik goriiniigo sahib olmugdur. Giiliistan tiirbasinds do dekorativ bazok
elementlari ilo konstruktiv hallin vehdati onun badii obraz biitévliyiiniin asasini toskil etmisdir. Iki
cargo stalaktit vasitasi ilo tirbanin tGzlorindon dam ortlyiine kegid halli buna stibutdur.

Sokil 4. Gullstan turbasi (X111 asr) [5]

Natica. Dar tiirbasi X1V asrs aid olub Opdubad payonunda, Dapkandin conub topafindos, kegmis
yasayls mapkasi apazisindadir. Digar tlrbalor kimi Dar tirbasi ds iki yaruslu olub sardaba va yerusti
hissadan ibaratdir. Turbanin badii tortibat halli ¢ox da zongin olmayib fasadinda kvadrat formali
xiisusi bismis karpiclo va govdasinin Uzlonmasinds istifado olunan gara rongli kasilarla xarakterizo
olunmusdur.

Olincocay xanogahi memarliq kompleksi Culfa rayonunun Xanogah kondi yaxinliginda,
Olincagayin sol sahilinds yerlosir. Memarliq kompleksina daxil olan tiirbonin yuxar1 hissasindoki
sokkizbucaqli tagvari konstruksiya stalaktitlor vasitosi ilo gunbazin ¢adirvari oturacagimni omoalo
gotirmigdir. Tirbanin badii tortibat hollini giris qapisinin hor iki torafindo sorti olaraq “mehrab”
adlandirilan diizbucaqli taxcalar, gocdon oyulmus qabariq naxiglar vo dini mazmunlu kitabalorlo
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togkil etmisdir.Bunlar diinya memarlig1 tarixindo goCc Uzorindo plastik oymanin on gozal
nimunoalarindan biridir. Onun ingasinda karpicls yanasi, firuzoyi kasidan da istifads olunmusdur.
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TOBII-EKOLOJi KARKAS DAYANIQLI SOHOR INKISAFININ OSASI KiMi
Blasgarov Ulfat Elkin oglu- m.i.f.d., dosent, AzZMIU, ulfat.alasgarov@gmail.com

Xllasa. Mogalo soharlorin ¥ méveud planlasdirma  strukturlarinda  tobii-ekoloji  karkasin
formalasdirilmasi problemlarinin dyranilmasina hasr edilmisdir. Bu giin yasil sahalor tokca ekoloji
deyil, ham ds sosial-iqtisadi funksiyalar1 yerina yetirir. Natico etibari ilo inkisaf etmis tobii-ekoloji
karkas sistemi 6zlnamoxsus, dayanigli va ¢evik planlasdirma strukturunun formalagsmasina imkan
verir. Magalads hamginin xarici soharlords ekoloji-soharsalma karkasinin ugurlu tatbigi nimunalori
verilmisdir. Soharsalma foaliyyarina diizgiin yanasma olduqda sohoarlorin tabii-ekoloji karkasi
Azorbaycan saharlorinin davamli inkisafi tigiin osas ola bilor.

Acgar sozlor: tobii-ekoloji karkas, dayaniqli soharsalma, ¢evik planlagdirma strukturu, tabii-
antropogen sistemlar, tobiot oxlar1, ekoloji dohlizlor

NATURAL-ECOLOGICAL FRAMEWORK AS THE BASIS OF SUSTAINABLE URBAN
DEVELOPMENT

Alasgarov Ulfat Elkin— PhD in arch., ass. prof., AzZUAC, ulfat.alasgarov@gmail.com

Abstract. The article explores the challenges and opportunities involved in integrating a natural-
ecological framework into the urban planning structures of modern cities. Green spaces today serve
not only as ecological assets but also as vital socio-economic resources. By implementing a well-
designed natural-ecological framework, cities can achieve sustainable, adaptable, and resilient
planning structures. The article highlights successful examples of ecological-urban frameworks in
international cities, illustrating their practical benefits. With a thoughtful approach to urban planning,
the natural-ecological framework can become a cornerstone for the sustainable development of
Azerbaijani cities.

Keywords: natural-ecological framework, sustainable urban planning, flexible planning structure,
natural-anthropogenic systems, natural axes, ecological corridors

Giris. Istonilon soharin plan1 orazinin tobii soraitinin tosiri altinda formalasir. Saharlor boyiik
caylar vo ya doniz sahillori boyunca “uzanir”, sildirim topalori vo yarganlari, bataqliq orazilori
“dolanir”. Tabii landsaftin ifadali elementlori soharlorin goriiniisiiniin formalasmasinda istirak edir
[11]. Azorbaycan soharlorinin xususiyyatlorini nazars alaraq geyd etmok olar ki, saharlorin plan
strukturunun formalagmasinda istirak edon on mihim akvatoriya vo relyef meqaformalari su
arteriyalar1 (Xozor donizi, Klr vo Araz caylari, iri gollor) vo BoOyuk vo Kicik Qafgazin dag
silsilaloridir. Azorbaycan sohorlorinin planlasdirma strukturlariin tohlili geyd etmaya imkan verir ki,
zamanla an sabit olan1 asas planlasdirma qovsaqlarini vo onlar arasindaki alagslori 6zlinds birlagdiran
sohorlarin planlagdirma karkasidir ki, bu da soharlarin planlasdirma elementlarini bir-biri ilo vo otraf
arazilorls “birlogdirilmasini” tomin edir.

Qeyd etmok lazimdir ki, soharlords yeni tabii-antropogen sistemloari, yani urbanizasiyasiyaya
ugramis sohor landsaflari formalagmigdir. Bunlar Azarbaycanin daha ¢ox iri saharlorinds rast goalinan,
tam va ya gismoan 6ziinlitanzimlays bilan va antropogen transformasiyaya ugramis, 6ziiniitonzimloma
gabiliyyatini itirmis tobii orazi komplekslorindon ibarot landsaftlaridir. Sonunculara, tobii
komponentloro olavo olaraqg, suni obyektlor do daxildir: binalar, tikililor, infrastruktur. ©sason
tosarrifat foaliyyati ilo tonzimlonon texnogen sohor landsaft komplekslarini (parklar, meydanlar) do
geyd etmok lazimdir [1-3].

Metodologiya. Urbanizasiyaya ugramis landsaftlar nadir? Bu, insan torafindon yaradilan
landsaftdir, ilkin olaraq tobii soraitlo muoyyan edilon vo comiyyatin buna uygun toskil etdiyi
mokandir. Miivafiq soraitdo soharlogmis landsaft ohalinin ylksok konsentrasiyasi, daimi vo
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mivaqgati tikililor vo onun tabii vo antropogen hissalarinin qarsiliql slagssi olan mitasakkil vo
davamli faaliyyat gdstoaran geosistem kimi gobul edils bilar.

Belalikla, soharin urbanizasiya karkasini ictimai markazlor vo onlari birlosdiran asas kiigalor
toskil edir. Saharin tobii-ekoloji karkasini su-yasil sistemlor, 0 cimlodon yasilliq massivlari vo onlari
birlosdiran Xxatti su-yasil strukturlar toskil edir [4, 5].

Saharin tobii-ekoloji karkasi mithiim ekoloji funksiyani yerino yetirir - aqressiv sohorlosmis
mihitds tobii elementlorin davamliligini vo garsiligh slagasini tamin edir. Eyni zamanda, tabii
komplekslorin 6zinu muialice etmak vo 6zund tamizlomak potensialindan istifado etmok vacibdir.
Ekoloji cohotdon doyarli orazilorin rekultivasiyasi vo reabilitasiyast da eyni doaracads vacibdir.
Soharsalma foaliyyorina diizgiin yanagma olduqda sohorlorin tobii-ekoloji karkasi Azarbaycan
soharlorinin davamli inkisafi igiin osas ola bilor.

Azorbaycanin formalagmis soharlorinin iqtisadi inkisafinin asas istiqamatlorindan asili olaraq
onun otraf mihito ekoloji tasirinin daracasi vo istigamati, basqa sozlo desok, ekoloji aqressivlik
daracasi muayyan edilmalidir [3]. Bu, tobii-ekoloji karkasin yaradilmasiin magsadouygunlugunu vo
midaxilonin miqyasin1 miisyyan edir. Moasalon, Abseron sohorlori U¢lin tobii-ekoloji karkasin
yaradilmasit orazilorin ekoloji vaziyystinin zoifliyino goro zoruridir. Abseron Azorbaycanin osas
sonaye bazasinin yerlogdiyi, 6lkanin sonayesinin toxminan 70%-nin comlosdiyi orazi hesab olunur
[15].

Yekun fikirlar. Todgigatlar osasinda, eloca do Azarbaycanin boyiik soharlarinds, 0 climladan
Baki, Sumgayit voa Gancads soharsalma layihalondirilmasi va hoyata kegirilmasi sahasinds tacriibanin
tohlili osasinda sohorlordo vo sohorotrafi orazilordo torpaqdan istifado vo otraf mdhitin
yaxsilagdirilmasi {isular1 barada miayyan naticalora galmok olar. Bu sohorlords i¢ név slages nazars
alinmalidir: sohor funksional zonalar1 daxilindo olagelor; ayri-ayri funksional zonalar arasindaki
olage; sohor vo onun goharotrafi orazisi arasindaki slage [16].

Azorbaycan sohorlorinds  tobii-ekoloji karkas orazinin ekoloji sabitliyini qoruyacaq,
biomuxtalifliyin itirilmasinin va tobii sistemlarin deqradasiyasinin qarsisini alacaqdir. Eyni zamanda,
arazinin tabii-ekoloji karkasi texnogen arazilara oks ¢oki olan tobii arazilorin vahid moacmu sistemidir.
Tobii-ekoloji karkas insan foaliyyati ticiin alverisli miihit ii¢iin sorait yaratmag, nadir tabii arazilori
Vo ehtiyatlar1 qorumagq ligiin aloto, orazilorin planlasdirilmasi vo galocak inkisafi ilo bagl gorarlarin
goabul edilmasi Uglin asas olacaqdir [1, 6].

Tabii karkas sohar mokaninda vo ondan konarda davamli qurulusa malik olmalidir [13], bu,
“sohar-tobiot” sistemindo canli vo cansiz maddslorin enerjisinin vo axinlarinin maneasiz dovriyyasini
tomin etmoli vo buna goro do sohorin tobii biogeosenozlara ahongdar daxil edilmasina sorait
yaratmalidir. Davamli bir qurulusa malik tobii karkasda bitki diinyasinin niimayandoalori sarbast
yayila, heyvanlar, quslar, hosoratlar vo insanlar horokat eds bilocoklor. Bundan slavs, tobii karkasin
elementlari sohor muhitini tomiz hava il toamin edon va oradan ¢irklonmoni sovurub aparan "hava
dohlizlori” kimi xidmot edo bilocok. Onlar goharin sothindon tobii drenaji tomin edoacaklor. Mahz bu
formada tobii karkas otraf muhitin muihafizesi funksiyalarini (kiilok, toz, gaz vo ses-kiiydan gorunma
Vo 8.) an effektiv sokilda yerina yetira bilocokdir.

Lakin miasir iri gohari butévlikds nozars alsag, onun tam samaraliliyinoe nail olmaq ugin,
burada biitiin gohari ohato edon davamli struktur soklinds tobii karkasin formalagdirilmasi qeyri-
mimkiin gorlinir. Miasir iri sohords texnogen karkasin elementlori (nagliyyat vo mihondis
infrastrukturu) da davamli struktura malikdir, ona gora do onlar tobii karkasin elementlorini bir-biri
ilo alagasi olmayan yerli arazilara bolurlar. Belalikls, tobii formasiyalarin biitovlilyii qagilmaz olaraq
pozulur.

Kigik soharlor tigtin bu problemi holl etmok magsailo sohar arazisinin bir hissasi kimi toskil
edilon, bioloji aktiv niiva ilo birloson ekoloji klasterlor sisteminin formalasdirilmasi toklif edilir [8].
Ekoloji klasterin nivasi tabii kompleksin xtsusi taskil edilmis bir hissasidir, onun harakati sohor
muhitinin 6zind barpasina yonalmisdir.

Tobii-ekoloji sistemlarin shamiyyati asagidaki funksiyalarla miioyyan edilir:
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e mihafizo - canli organizmlarin névlari ti¢iin méveud olanlarin qorunub saxlanilmasi va yeni
yasayis yerlorinin yaradilmasi, habelo landsaftin unikal tobii formalarinin qorunub saxlanilmasi;

e tranzit - tabii obyektlorin mokanda harokatinin tomin edilmasi;

e rekreasiya - insanlar Ggun istirahat yerlorinin yaradilmast;

e stabillosdirici - tabii karkasla mévcud va ya layihalondirilon slini sistemlorin tarazlagdirilmasi.
Bu funksiyalara uygunlugun vacib sarti ekoloji ¢arcivanin fasilasizliyi vo davamliligidir.
Sohorsalmada orazisinin landsaft xiisusiyyatlori nozors alinmaqla saharin planlagdirma strukturunun
formalagsmasinda artiq miioyyan yanasma va tisullar islonib hazirlanmisdir [6,7]:

e sohorin asas tobii oxlar Gzra inkisafi (¢ay sobokasi, relyef xususiyyatlori va s.);

e soharin hacm-mokan kompozisiyasi tobii landsaftin strukturuna uygun qurulur;

e landsaftlarin 6ziinomaxsuslugunun va unikalliginin miiayysn edilmasi.

Belo ki, landsaft yanasma sosial-iqtisadi soraitin Oyronilmasi vo sohorin funksional vo planlagdirma
xususiyyatlorinin atrafli tohlili ilo birlikde hom soharsalma, hom do yasil zonalar vo qorunan, lakin
pozulmus tobii komplekslor ii¢lin orazilori osash sokildo ayirmaga imkan verir.

Miizakira. Sohor boylidiikco vo inkisaf etdikco tobii-ekoloji karkas moaqsodyonlii sokildo
formalagir vo inkisaf etdirilir: parklar, siini su hévzolori vo su axarlart yaradilir. Miiasir tikinti
texnikasi istonilon xassaloro malik landsaftlar yaratmaga imkan verir ki, bu da parklar vo digor yasilliq
saholori sobokasini genislondirmok imkani yaradir. Vacib gohorsalma vozifalorindon biri tikilmis vo
yasil saholorin optimal nisbati vo nisbi movqeyinin yaradilmasidir. Formalasmis sohoarlorde yasil
orazilorin orazi inkisafi imkanlart adoton mohduddur. Orazi ehtiyatlarina ¢ay vadilori, batagliqlar, torf
saholori, yarganlar, karxanalar va tikinti {i¢iin o godar do uygun olmayan koskin relyefli digor orazilor
daxildir.

Qutnova [8] goro ekoloji sohar bes prinsipe osaslanmalidir: ekoloji tohliikasizlik, ekoloji
infrastruktur, mokan vo zaman miqyasi vo memarliqda tobii elementlordon istifado (landsaft
xususiyyatlorinin memarliq dizayni). Bu ideya landsaft xiisusiyyatlorine uygun olaraq saharin gevik
planlagdirma strukturunun islonib hazirlanmasini va gohar arazisinin sart funksional bdlgusiunden
imtina edilmasini vo inteqrasiya olunmus c¢oxfunksiyali sohor miihitinin yaradilmasini nozardo
tuturdu [9; 10].

20-ci asrin 60-c1 illorinde Qoarbi Avropada “ekoloji urbanizm”™ nozoriyyasi genis yayildi. O,
coxfunksionalizm ideyas1 vo miioyyan funksiyalari olan gohor orazilorinin yaxinlagsmasi asasinda
qurulmusdur. Memarlarin vo soharsalmagilarin fikrinca, bu, sohordaxili soyahatlorin sayin1 azaltmaga
vo yasilliglarin sahosini artirmaga imkan verir. Mahiyyat etibarilo, tobii vo yasil orazilorlo ayrilmis
muxtar ¢coxfunksiyali gohor formasiyalarindan - soharlogmis 6zoklordon ibarat ekoloji vo sohorsalma
strukturlar1 yaradilirdir.

Sohorsalma foaliyyoti landsafti kokiindon doyisdira bilmoz, lakin obrazli desok, onun
strukturuna vo foaliyyotino “uygun” ola bilor. Sohorsalma foaliyyotlori prosesinds landsaftda
ohomiyyatli doyisiklik etibarli vo ¢evik ekoloji infrastrukturun yaradilmasini nozords tutur [12]. Bu
siraya “yasil” tikintinin ekoloji infrastruktur layihalori montiqi olaraq inteqrasiya olunur ki, bu da
sohor miihitini - predmet (dizayn), mokan (yerlosdiyi yer vo memarliq), tobii (landsaft) vo badii
(vizual moadoniyyat) komponentlorin ahongdar sintezi kimi sohor landsaftin1 formalasdirmaga imkan
VErir.

Ekoloji (“yasil”) infrastrukturun torkib hissasi olan vo sohor miihitinin rahathigmmin vo
olcatanligmin gostoricisi olan landsaft vo sohorsalma obyektlori vo komplekslori unikal tabii
planlasdirma xiisusiyyatlori ilo xarakterizo olunan soharlorin inkisafi vo transformasiyasi ti¢iin boyiik
ohomiyyat kosb edir.

Landsaft yanagmasi (“landsaft urbanizmi™) xarici sohorlordo ugurla inkisaf edir. Taninmig
layiholor Parisdoki La Villette Parki, Atlantadaki Northpark, Barselonanin Diaqonal rayonunda
Trinitat Cloverleaf Park vo Park del Forum, Rotterdamdaki Muzey Parki, San-Fransiskodaki Yerba
Buena mohallesi, Amsterdamdaki Borneo Skorenburq yasayis massivi li¢iin gohar plani, Sinqapur
ticlin ¢cox morhalali inkisaf strategiyasi, Stokholmdaki Hammarbi géliindoki ekoloji sohar va s. (sokil
1-4).
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Sokil 1. Parisdoki La Villette Parki [5]

Ekoloji-soharsalma kompleksina misal olaraq Parisin otraflarinda yerloson kigik Serji (Cergy)
sohorini gostormok olar. Onun 6zolliyi sohorin ayri-ayrt hiiceyra seqmentlorine (500x300 m)
boliinmasidir. Onlara su axinlari kimi adalar da deyilir. Bu hiicralorin otrafinda har torofdon avtomobil
axint axir. Bu “adalarin™ har biri 6z inkisaf proqrami c¢or¢ivoasindo diisiiniiliir vo hoyata kegirilir.
Oslindo, bu, 6z daxili toskilat1 vo sakinlorin birliyine malik olan miixtalif tipli klasterlorin toplusudur.
Eyni zamanda, “adalar” piyada vo velosiped sobokosi ilo bir-birino baglidir vo tocrid olunmus
mokanlar deyildir [5].

Sakil 2. Barselonanin Diaqonal rayonunda Trinitat Cloverleaf Park [5]

Diinya gohorsalma tarixinin inkisafi prosesindo ¢oxlu miixtalif ideyalar, konsepsiyalar vo
layihalor irali siirtilmiis, burada miislliflorin mogsadlori landsaft yanasmasinin tatbigine yonalmisdir.
Davamli inkisaf tobii landsaftin parcalanmasina vo deqradasiyasina gotirib ¢ixardigindan, agiq vo
tikilmis orazilorin orazi olagasi vo bir-birino niifuz etmasinin daha ¢ox shomiyyat kosb etdiyi “yasay1s

29 ¢

montogasinin soboks qurulusu”, “moskunlagmanin yeni elementlori” vo s. anlayislar meydana ¢ixdi.

Sakil 3. Cinin Hebey oayalstinds tullantilarin yerinds salinan ekoloji park [5]

Urbanizasiyaya ugramis orazilords landsaft-sohorsalma vo ya ekoloji-goharsalma strukturlarinin
toskili yolu ilo gohor daxilinds antropogen yiiklorin orazi tonzimlonmasi vo yenidon boliisdiiriilmasi
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iisullart miithiim rol oynamaga ¢agirilirdi. A¢iq yasilliglarin vahid sisteminin yaradilmasi vo boyiik
yasil sahalorin qorunub saxlanmasi getdikco daha ¢ox shomiyyat kasb edir [14].

Sakil 4. Cin-Almaniya Eko Parki Qingdao-nun asasin1 toskil edocok. Layiha [14]

Bir ¢cox miiasir gohorsalma hallori gohorin planlasdirma strukturunu tobii landsaft strukturuna
yaxinlagdirmaq ideyasint hoyata kecirmoyo yonolmisdir. Bu, sohorin landsaft qurulusuna
(morfologiyasina) uygun hiiceyro qurulusuna malik olmasini nazoro alir. Bu zaman mozaika
planlasdirma strukturu orazinin davamli inkisafinin aspektlorindon biri kimi, tobii landsaftin
xassolaring va strukturuna uygun olaraq sohar landsaftinin toskili formasi kimi ¢ixis edir [12].

Tabii ekoloji sistemlorin asas elementlori agagidaki tobii arazi obyektlori ola bilor:

* xiisusi miihafizo olunan tobiot arazilari, iri, miirokkab orazi vahidlori;

* cay axininin formalagmasi monbayi kimi su hdvzalarinin sothlori vo ¢ay sobokalori;

* hom tobii mesoalorlo, hom do antropogen monsali okinlorlo tomsil oluna bilon genis meso sahoalori;

« iri bataqliq va ¢0l tobiot komplekslori [8].

Tranzit sahalor (vo ya “dohlizlor”) hom do tobii-ekoloji karkaslar sisteminin asas elementidir. Bunlar
karkasin biitiin elementlori arasinda qarsiliql alageni vo davamliligi tomin edon "dohlizler" dir. Bu
elementlor axin sistemlorinin faaliyystino, heyvanlarin miqrasiyasina vo bitki birliklorinin
yayilmasina, ekosistemlorin inkisafina vo zonginlogmasine komak edir [13].

Taobii ekoloji sistemlorin kigik elementlori arasinda asagidakilar1 geyd etmok olar:

* noqtovi elementlor - yerli tobiat abidslori, yasilliglar, parklar. Bu elementlor tosarriifat, rekreasiya,
madoani funksiyalar1 yerina yetira bilar;

» sorhad elementlori - osas elementlori monfi xarici tesirlorden qorumagq, adaton, bu erazilor miixtalif
profilli tohliikosizlik zonalar1 statusuna malikdir;

* reabilitasiya elementlori - itirilmis tobii obyektlorin barpasina yonolmis yeni yaradilmis landsaft
birlosmolori vo arazilor.

Natica. Tobii-ekoloji karkas insan foaliyyati U¢ln alverisli miihit {igiin soraitin yaradilmasi,
nadir tobii orazilorin vo sorvatlorin qorunub saxlanilmasi alstine, Azorbaycan saharlarinin
planlasdirilmasi vo golocok inkisafi ilo bagl qorarlarin gabulu (iglin osas ola bilor. Lakin muasir iri
sohari butovlikds gotlrsak, burada tabii-ekoloji karkasin biitiin sahari shato edon davamli struktur
soklindo formalagdirilmasi miirokkob problem kimi goriiniir. Miiasir bdyiik sohords texnogen
sistemin elementlori tobii-ekoloji karkasin elementlorini pargalayir vo tobii formasiyalarin
bltovluyunid pozur. Bela saharlords hall yolu tabii-ekoloji karkas elementlorinin soharin inkisafi vo
onun ayri-ayri arazilorinin barpasi ilo todricon yayilmasi ilo klaster soklinds hoyata kegirilmasi ola
bilor. Formalagmis saharlorin strukturuna tadricon tabii-ekoloji karkasin daxil edilmasi sohorlarimizin
dayanmigli inkisafi ti¢iin asas ola bilar.
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MUASIR MEMARLIQDA ADAPTIVLIK KONSEPSiYASI

Hasanova- Faracova Kaklik lihasan qizi- m.i.f.d., dosent, Memarliq layiholondirilmasi vo
sohorsalma kafedrasi, AzZMIU, hasanovafarajovakaklik@gmail.com

Xiilasa. Iglim doyisikliyi prosesi diinyada ekoloji, iqtisadi vo sosial sistemlora ohomiyyatli tosir
gostorarok basoriyyatin zlosdiyi ciddi problemlardon birina gevrilir. Qlobal temperaturun siratlo
artmasi, qasirga, dasqin vo quraqliq kimi ekstremal iglim hadisalari, doniz saviyyasinin doyismasi
sosial va igtisadi sahs ilo yanasi, memarliq istigamatinin do bu dayisikliklars uygunlagmasi ehtiyacini
yaradir. Adaptiv memarliq-dayison iqlim soraitini nazars alaraq va tikililorin dayanigligini yiiksaltoys
yonalmis miixtalif hollor toklif edon innovativ yanagsmadir. Bu yanagsmanin asas ideyasi temperatur,
ritubat, kiiloyin gucil va giines radiasiya saviyyalari kimi otraf mihitdoki dayisikliklora cavab olaraq
funksional va struktur xtsusiyyatlorini doyiso bilon memarliq obyektlori yaratmaqdir.

Acgar sozlor: adaptiv memarliq, iqlim doyisikliyi, miiasir gsoharsalma, dayaniqli tikililor, muasir
texnologiyalar

THE CONCEPT OF ADAPTABILITY IN MODERN ARCHITECTURE

Hasanova Farajova Kaklik Alihasan - PhD. in arc., ass. prof., department of
Architectural design and urban planning, AzZUAC, hasanovafarajovakaklik@gmail.com

Abstract. The process of climate change has a significant impact on the ecological, economic and
social systems in the world and is becoming one of the serious problems faced by humanity. The
rapid increase in global temperature, extreme climate processes such as hurricanes, floods and
droughts, and changes in sea level create the need to adapt architectural direction to these changes,
along with social and economic areas. Adaptive architecture is an innovative approach that takes into
account changing climate conditions and offers various solutions aimed at improving the
sustainability of buildings. The main idea behind this approach is to create architectural objects that
can change their functional and structural properties in response to environmental changes such as
temperature, humidity, wind strength and solar radiation levels.

Keywords: adaptive architecture, climate change, modern urban planning, sustainable buildings,
modern technologies

Giris. Adaptiv memarliq miuiasir elektrik sisteminds xarici iqlim vo otraf miihit tasirlorins cavab
olaraq 0z xiisusiyyatlorini aktiv sokildo miihafizo edon tikililor layihalondirmoayi hadofloyon bir
tendensiyadir. Ononavi memarliqdan forqli olaraq, adaptiv binalarin strukturlar1 doyison otraf miihit
soraitino uygunlagmaga imkani olan intellektual sistemlor vo mobil materiallara ehtiyacin nozero
alimmas ilo layihslondirilmisdir. Bura is1q saviyysalorinde minimal diizalislor, ventilyasiya, istilik
otiiriilmasi va ekstremal hava goraitine davamliligini artirmagq ti¢lin binanin planlasdirilmasinda fiziki
doyisikliklor daxil ola bilor. Adaptiv layiholondirilmonin osas maqsadi otraf miihito monfi tosirlori
minimuma endirmoklo yanasi, sakinlor {igiin yiiksok soviyyoado enerji somoroliliyi, rahatliq vo
tohliikasizlik tomin etmokdir. Belo layiholords istifado olunan texnoloji konsepsiyalar ¢evik fasad
sistemloari, bioiglim elementlari va is soraitindoki dayisikliklora darhal reaksiya vers bilon avtomatik
iglim nozaroti mexanizmlorini ohato edir. Bu sistemlor tokco sakinlorin yasayis soraitini
yaxsilagdirmaga deyil, hom do istehlak1 azaltmaqla xorclori ohomiyyatli doracodo azaltmaga imkan
VErir.

Miasir dovrds bazi sohorlorin bos arazilari az sayl funksiyalardan istifado etmok iigiin nazarda
tutulub. Buna baxmayaraq, bels sahalordon giinlin miixtslif saatlarinda dayanacaq vo diger mogsadli
istifadosi gohorin davamli inkisafi {i¢iin daha diizgiin olar. Sohorlorinin morkozinds adaptiv
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konsepsiyalardan intensiv istifado otraf orazilordo yasilliglarin miihafizosi, ekoloji voziyyotin
balanslasdirilmasi, davamliliq resurslarinin artmasina miisbot tosir gostorir.

Memarlhq vo tikinti ekologiyas1 sahasinin birlikdo yaratdigir adaptivlik konsepsiyasi bir ¢ox
hallarda orazinin ¢oxfunksiyali istifadosi mosalolorinin halli ii¢lin inkisafa zomin yaradir. Miixtolif
fasad hollino malik binalarin dami vo ya eyvanlarinin bir hissasi sohorin morkozinds yasilliglarin
yerlasdirilmasi {iglin an uygun secilmis yer ola bilar.

Biitiin meqapolislordo adaptivlik konsepsiyasina bu ciir yanasma noinki sohorin markozindo
ekoloji vaziyyati balanslagdiracaq, o climlodan sohor vo otrafin yiiklonme yaratmadan yasilliglarin
mihafizosi vo onlarin sahosinin artmasina, ¢oxfunksiyali parklarin salimmasima miisboat tosir
gostoracak.

Metodlar. Adaptiv memarliq miixtalif soraitlordo doyisikliklori stimullasdira bilon binalarin
tikintisi liglin miiasir texnoloji inkisafdan foal gokildo istifado edir. Belo binalarin osas
elementlorindon biri isiqlandirma, temperatur vo ya digear iglim amillorindon asili olaraq fiziki
xususiyyatlarini doyisa bilon adaptiv fasad sistemlaridir. Masalon, glinas lamellari va ya tonzimlonan
soffafligi olan smart siiso ilo tochiz olunmus fasadlar istilik miibadilasini vo daxili mokanlarin igini
effektiv sokildo idaro edo bilor. Bu ciir konseptual tokliflor yalniz binalarin igorisinds rahathigi
arttrmir, hom do kondisioner va isiglandirma tigiin enerji istehlakini azaldir.

Digar miihiim masals hava soraiti va istifadagilorin ehtiyaclarina asason ventilyasiya, isitma
Va soyutma sistemini avtomatik tonzimloyoan intellektual iglim nazarati sistemlorinin inteqrasiyasidir.
Bu sistemlords enerji istehlakini optimallasdirmag, sabit, rahat ig soraitini tomin etmok ii¢iin binalarin
daxilindo vo xaricindo temperatur, ritubst, karbon qaz1 sensorlarindan istifado edilir. Belo
texnologiyalarin bir niimunasi olaraq slverigli iglimi saxlamaq tigiin yerin tobii temperaturlarindan
istifado edon geotermal isitma vo soyutma sistemloarinin istifadssini qeyd eds bilorik.

Bundan slave, doyison texnika va innovativ tikinti materiallarinin adaptiv memarligqda rolu tolob
olunur. Masalon, faza doyisdirmo on passiv iglim nozarstini tomin edoarok, otraf mihitin
temperaturundan asili olaraq istilik enerjisini saxlaya vo Xaric edo bilor. Belo materiallar istilik vo
soyutma sistemlorinds agir yiiklori shomiyyatli dorocods azalda bilor, bu da amaliyyat xarclarini
azaldir.

Adaptiv memarliq doyison iqlim soraiti ilo miibarizo aparmaq iigiin innovativ yanagmalar totbiq
edon bir sira miiasir binalarda tocossiim olunur. ©n mashur niimunolordon biri Islam memarlig1
prinsiplorino asaslanan innovativ fasad sistemindan istifado edilmoklo insa edilmis ©bu-Dabidoki Al
Bahar Towers kompleksidir (Sok.1).

Sakil 1. ©bu-Dabi, Al Bahar Towers kompleksi (Foto-wwwe.architime.ru)

Qullalorin fasadlart giinas radiasiyasinin saviyyasindon asili olaraq avtomatik agilan vo
baglanan horokatli ekranlardan hazirlanir. Bu sistem binaya daxil olan glines enerjisini effektiv
sokilds idars edir, siini soyutmaya ehtiyaci azaldir vo radiasiya somarsliliyini artirir (Sok.2).
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Digor gorkomli bina Amsterdamdaki The Edge binasidir ki, bu bina yiiksok davamliliq vo
uygunlagma qabiliyyatino gOro ylksok beynolxalq soviyyads taninib. Edge modeli insanlarin
mokanda olmasindan vo xarici hava soraitindon asili olaraq isiglandirma, isitmo vo ventilyasiyani
avtomatik tonzimloyan agilli iqlim nozarat klapanlar ilo tochiz edilmisdir. Bina, hamginin gunos
panellari kimi barpa olunan enerji manbalarindan istifads edir va inteqrasiya olunmus yagis sularinin
yigilmasi va istifadasi sistemlarine malikdir, bu da onu yiiksok samarali va ekoloji cohotdon davamli
edir.

Sakil 2. ©bu-Dabi, Al Bahar Towers kompleksinin sxematik plani.
(Foto-www.architime.ru, es.wikiarquitectura.com)

Milanda yerloson Bosco Verticale binasi saquli bag¢iliq vo memarliq elementlori sahasinda
innovativ halli tomsil edir (Sok. 3). Bu yasayis qiillalori tobii termostat rolunu oynayan, yayda binanin
temperaturunu asagi salan, qisda iso izolyasiyani yaxsilasdiran six agac vo kol dayaqlar ilo
ortilmiisdiir. Saquli baglar homginin davamli hava keyfiyyatini tomin edir vo binada vo onun
otrafinda olverigli mikroiglim soraiti yaradir, Bosco Upperteyo doyison iqlim soraitino ugurla
uygunlasmaga imkan verir.

Adaptiv layihalondirilmonin diger nimunasi Parisdoki ©reb Diinyas: Institutunun binasidir. Fasad
hissasindo dayison isiq saviyyolorino cavab veron yizlorlo yasayis diafraqgmast qurasdirilmigdir. Bu
diafragmalar isigin interyera niifuz etmasino noazarst edir, tobii isiq saviyyasino yaradir vo sini
isiglandirma ehtiyacini azaldir. Bina doyigson hava soraitino uygunlasir, ziyarotgilor tigiin rahatliq
tomin edir vo enerji xarclorini minimuma endirir.

Naticalor.Adaptiv binalarin inkisaf sobabi, miiasir memarliq hallorinin layihalondirma
prosesinds istifadasidir. Bu layihalara insanlar tglin kondisioner, enerji somoraliliyi vo rahatligi tomin
edon, doyison iqlim soraitino effektiv cavab vero bilon obyektlor yaratmaq igiin gabaqcil
texnologiyalar va tobii elementlor ugurla inteqrasiya edir.

Adaptiv memarliq miiasir planlagdirma va tikintini perspektivli istigamata ¢eviron shomiyyatli
ustlinltiklors malikdir. Osas tistiinliiklordon biri binalarin enerji somarsliliyinin artirilmasidir. Adaptiv
layihalar xarici muhitdoki doyisikliklora cavab olaraq parametrlorini dayisdira bilir ki, bu da istilik,
is1q vo ventilyasiya kimi resurslardan istifadoni optimallagsdirmaga imkan verir. Oz névbasinda, enerji
istehlaki vo Xorclor azalir, bu da enerji giymatlorinin siirotlo yuksalmosi vo karbonu azaltmagq (glin
xususila vacibdir. Temperatur vo ventilyasiya nozarati kimi agilli iqlim nozarat sistemlorindon istifados
etmoklo, adaptiv binalar otraf mihito bu tasirlori minimuma endirmaklo yanasi, yiiksok saviyyali
istifadogi rahatlhigini tomin edir.
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Sakil 3. Milanda yerlason Bosco Verticale binasi (Foto-www.stylepark.com)

Adaptiv layihalorin miihiim tstiinlityli onun binalar1 doyisan iqlim soraitino daha davamli etmoak
gabiliyysatidir. Qlobal istilosma va qasirgalar, quraqliq vo dasqinlar kimi ekstremal iqlim prosesloring
moruz qalma soraitinds adaptiv binalar 6z sakinlorini daha effektiv qoruya vs slverissiz hava soraiti
ilo bagli risklori minimuma endirir. Bundan slavs, bu cir layihalor istismarda ¢evikliyi artirir vo
uzunmaddatli iglim doyisikliklorina uygunlagsmaga imkan verir ki, bu da onlar1 davamli edir.

Lakin, adaptiv memarligin inkisafi tistiinliiklori ilo yanasi bir sira toloblor vo problemlor yaradir.
Osas aspektlordon biri uygunlasa bilon binalart uygunlagdirmaq ticiin tolob olunan qabaqcil
texnologiyalarin vo smart sistemlorin yiuksok giymatidir. Belo sistemlor layihoalondirmo vo tikinti,
eloco do texniki xidmot va tokmillosdirma tiglin shomiyyatli ilkin investisiya tolob edir. Idars oluna
bilon fasadlarin, agilli iglim sistemlarinin vo Sorfali materiallarin inteqrasiyast miixtalifistigamatli
xidmatlar vo yilksok ixtisasli miitoxassislor tolob edir ki, bu da isin miirokkobliyini vo muddatini
artirir.

Digor talab iglim doyisikliyinin uzunmiiddatli planlasdirilmasi vo prognozlasdirilmasi ehtiyacidir.
Memarlar vo mihandislor buttin sistemlorin binanin 6mrii boyu effektiv vo aktual qalmasini tomin
etmok ti¢lin moveud iqlim soraitini, eloco do onlarin golocokds doyismo potensialini nazors
almalidirlar. Bunun Gigiin dogiq iqlim modellari va prognozlarindan istifads, eloca do planda mobillik
tolob olunur ki, bu da planlagdirma va inkisaf prosesino mirokkablik slavs edir.

Beloliklo, tokmillosdirilmis enerji somoraliliyi, davamliliq vo rahatliq kimi {stiinliikloro
baxmayaraq, adaptiv memarliq shamiyyatli ilkin investisiyalar, kompleks planlasdirma va iglim
doyisikliyi prognozlari tolob edir. Bununla yanasi, davamli vo ekoloji cohotdon mohkom tikintiys
artan ehtiyaca uygun memarliq holli global iqlim ¢agirislarina effektiv sokilda cavab vero bilon miasir
soharlarin va binalarin inkisafi tiglin asas istigamatdir.

Texnologiyalarin vo metodlarin daha da inkisafi ilo alagoeli galocok adaptiv qurulus binalara iglim
soraitindoaki doyisikliklora daha effektiv reaksiya vermays va rahat istifado soraiti yaratmaga imkan
veracakdir.

Osas ideyalardan biri boyik verilonlor vo texniki gostaricilor oasasinda iglim vo otraf muhit
doyisikliklorini prognozlasdira bilon genis tothiq sistemlori olacaqdir. Bu sistemlor binalari tokco
movcud soraito cavab vermoyo deyil, hom do optimal soraiti gorumaq Ugln parametrlorini
tonzimlomaya sévq edir.

Muzakira. Materialgiinasliq sahasindo do shomiyyatli inkisaf prosesi gedir vo tikinti rejiminin
doyismasi naticasinds tokmillogdirilmis adaptiv texnologiyalara malik innovativ materiallar nisbaton
kohno tikinti materiallarin1 avozloyacok. Xarici doyisikliklora avtomatik uygunlasan daha giicli,
enerjiya gonast edon binalar yaratmagq tciin yeni materiallara ustunlik verilir.

Hamcinin, texnologiyalarin inkisafi va Xarclorin azalmasi ilo adaptiv memarliq daha slgatan va
somarali olacagi gozlonilir. Bu glin mustasna olaraq iri kommersiya vo ictimai layihalords totbiq
edilonlar galacokds yasayis binalarinin tikintisinds istifads olunacaq ki, bu da doyison iqlim soraitinds
insanlarin hoyat keyfiyyatini shomiyyatli doracads yaxsilasdiracagq.

Adaptiv memarliq doyison iqlim soraitino vo comiyyatin doyison tolobatina effektiv cavab vera
bilon bina layihalondirilmasindo innovativ istigamotdir. Intellektual iglim nozarsti sistemlorinin
inteqrasiyasi, adaptiv prinsiplors malik innovativ materiallarin istifadesi vo memarliqda yeni tifiiglor
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acan ekoloji cahatdon dayaniqli hallorin istifadasi binalara tokcs istifadagilor tGgilin rahat muhit tamin
etmoaya deyil, hom da otraf muhita manfi tasirlari minimuma endirmays imkan verir.

Yiksok doyorli texnologiyalar vo mirokkob planlasma kimi oshomiyyatli problemlara
baxmayaraq, adaptiv memarliq iqlim doayisikliyi vo urbanizasiya ilo bagl asas problemlari hall etmok
Uclin boyik potensiala malikdir. Galacok inkisaf, insanlarin hoar yerds yasamasi va islomasi Ugln
tohlikasiz va ekoloji cohatdon masuliyyatli mihit yarada bilon va doyisikliklora uygunlasa bilon
binalarla baglidir.

Umumilikdo deys bilarik ki, tikililorin layihalondirilmasi prosesindo adaptiv yanasma miiasir
soharsalma kontekstindo boyik shamiyyat kasb edir, ekoloji tohlikalora uzunmiiddstli davamliliq
yaradir va bina sakinlarinin hayat keyfiyyatini yikssldir. Miiasir texnologiyalarin, intellektual iqlim
noazarati sistemlorinin va innovativ materiallarin birlosmasi otraf mihito monfi tasirlori minimuma
endirmokls yanasi, doyison soraito effektiv formada uygunlasaraq v istismar xarclorini azaldir.
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BAKU-RECREATION, SPORT AND HEALTH

Mustafayeva Fidan Vagif- PhD in arc., acting ass.prof., department of Fundamentals of
architecture, AzZUAC, fidan.mustafayeva@azmiu.edu.az

Abstract. The article discusses the concepts of development of recreation areas and sports facilities,
which are among the most important factors in creating a sustainable structure of the city of Baku in
the future. In the process of research, the issues of formation and development of sports facilities and
recreation zones with landscape green solution surrounding it are investigated in Baku and world
urban planning practice. At the same time, methods of approaching this issue are considered in the
scientific works of various scientists. Important points that need to be included in the concept for the
development of recreation areas and sports facilities in the city of Baku have been identified. For the
sustainable development of the city, modern functional zones have been identified, which should be
included in the functional zoning scheme of these architectural objects. As a result, recreation zones
and sports facilities are important in organizing the ecological, socio-economic and cultural
environment of the city. At the same time, the effective organization of leisure activities for people
with different health conditions should become one of the main goals in developing the concept for
the design and development of these facilities.

Key words: Baku, sports facilities, recreation areas, large cities, health

BAKI-REKREASIYA, iDMAN QURGULARI VO SAGLAMLIQ

Mustafayeva Fidan Vaqif quz1 — m.i.f.d., dosent ovozi, Memarligin osaslari kafedrasi, AzZMIU,
fidan.mustafayeva@azmiu.edu.az

Xulasa. Baki soharinin golocokds dayanigli struktura malik olmaginda an ohomiyyatli amillor
sirasinda olan rekreasiya zonalar1 vo idman qurgularinin inkisaf konsepsiyalari mogalods nozardan
kecirilir. Todgigat prosesinds Baki vo diinya soharsalma tocribasinds idman qurgulari, onu ohato
edon landsaft yasilliq hollina malik rekreasiya zonalarinin formalasma vo inkigsaf masalalori
aragdirtlir. Eyni zamanda bu masSaloys mixtolif alimlorin elmi osorlorindo yanasma metodlart
nozordan kegirilir. Baki sohorindoki rekreasiya zonalari vo idman qurgularinin inkisaf konsepsiyasina
daxil edilmali vacib mogamlar toyin edilmisdir. Ssharin dayanigli inkisafi ii¢in bu memarliq
obyektlorinin funksional zonalagsma sxemina daxil edilmali olan muasir funksional zonalar miiayyan
edilib. Belo bir naticoya golirik, sohari ekoloji, sosial-igtisadi vo moadani mdihitinin toskilinda
rekreasiya zonalart vo idman qurgulari vacib shomiyyst dasiyir. Eyni zamanda, bu obyektlorin
layihalondirmo vo inkisaf konsepsiyasinin toklifi prosesino muxtolif saglamliq imkanlarina malik
insanlarin asudo vaxtinin somarali toskili asas hodoflordon olmalidir.

Acar sozlar: Baki, idman qurgulari, rekreasiya zonalari, iri sohorlar, saglamliq

Introduction. In order for the constantly developing and changing city of Baku to have a
sustainable structure, various action plans are being prepared and implemented. Recreation areas and
sports facilities bear a great responsibility in this process. Both recreation areas and sports facilities
are an important factor in the effective use of the population's leisure time and increasing the level of
healthy lifestyle. For this reason, it would be a positive step to design recreation areas and sports
facilities as a single object of sustainable development of the city from all sides.

Currently, large recreational areas are being put into operation around the sports facilities built
in Baku over the past ten years (for example, the Baku Olympic Stadium (2015)) (Fig. 1), or sports
facilities are being added to the planning solution of existing recreational areas. As a successful
example, we can mention such sports facilities as the Baku “Aquatic Palace” (2015) (Fig. 2), the Baku
European Games Park (2015), etc., built over the past ten years on the territory of the National Seaside
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Boulevard. These areas are becoming more functional and useful due to the presence of surrounding
residential areas and highways.

Figure 1. Baku Olympic Stadium (Photo-fins.az)

The analysis of sports facilities only in terms of morphotypography or indicators is a narrow
study. Modern sports facilities, in addition to having a certain architectural solution, also form a
modern urban structure, so in the process of improving the master plan architects should propose
specific sustainable development solutions for these facilities (Caliskan, Bahadir, 2023).

Along with the numerous tourists who come to the city due to the development of tourism,
the city's population also pays special attention to the tandem of recreation areas and sports facilities,
which allow them to escape from routine life (Ceyhun, 2008).

As already mentioned, in modern times, sports facilities have a serious impact on the number
of tourists coming to the city. At the same time, sports as a type of tourism forms a broad direction.
With the correct organization of this direction, it is possible to develop sports tourism in some areas
of large cities. We can see confirmation of this idea in various scientific works. “Sporting events are
one of the fastest growing sectors of the global tourism industry, it is important to develop sports
tourism” (Cetin, 2023).

The main organizing factors of recreation areas are landscape solution (green cover,
composition of water basins, etc.) and sports zones. If these factors are present, sustainable recreation
zones and a sustainable urban structure that is strengthened as a result of this process are formed.
Areas with green cover, but not formed as recreation zones, and recreation zones (parks) have the
main common feature is their positive effect on human health, or rather, the amount of toxic fumes
concentrated in the air layer of cities is normalized due to the oxygen produced by the vegetation of
these zones. The combination of green cover, recreational areas and sports facilities has a positive
effect on people's physical and mental health.

Methods. The parallel development of recreation areas and sports facilities increases the
sustainability potential of large cities in all directions. The main issue in this process is the design of
recreation areas and sports facilities in accordance with both international standards and urban
development norms.

In recreation zones, the composition of the territory, the dimensions of the territory, the type
of sports activities vary according to the following:

* Number of population served,

* Features of the residential area,

* Natural features such as relief, land capacity, vegetation,

* Climatic conditions (Ersoy red., Barlas, 2016)
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Figure2 . Baku. “Aquatic palace” (Photo-www.mys.gov.az)

Scientists dealing with the classification of sports facilities mainly divide the activity of these
facilities into two directions:

* Sports facilities aimed at improving sports at the country level and preparing for various
competitions.

* Physical education and treatment facilities aimed at protecting the health of the population
(Zolotov at all, 2004 and Stepanova, 2003).

If we look at the planning solution process of sports facilities in the experience of other
countries, we will see the ranking of the main requirements in this form:

« If the sports facility is intended for only one sport, it must be located in an area with a high
development potential for that sport.

* Factors of use and number of spectators (capacity) should be taken into account in the
process of designing devices, determining their capabilities and programming.

* Spectator seats cannot be placed in training facilities.

* International norms should be applied at the points where international and national
competitions are held. Sports facilities of this type should be planned in a multi-purpose way.

« Durability, easy maintenance and easy cleaning, less staff work are the main factors in the
facilities to be built.

» Open sports fields for football, basketball, volleyball and handball should be designed in
each residential area.

« It is important to build a sports hall in every district with a population of more than 1,000
people.

* Large sports complexes can be located far from residential areas, but multi-functional sports
facilities should be built in the area between people's work and home (Ersoy, 2015).

For sustainable development, it is very important to organize recreation zones and sports
facilities in the form of a whole urban structure. In this process, the main issues to be taken into
consideration are the city's climate, soil structure, age groups of the city's population, the distance
between the sports facility and residential areas, the state of the transport structure, and the direction
of the city's development before starting the design and operation of the facility.

At the same time, the city's adopted development concept for the coming years must be taken
into account. Both the sports facilities and the recreational areas that complement it should be
designed outside the areas where various types of waste are present.

Modern approach. Currently, it is possible to observe that the atmosphere is polluted in
different ways in the big cities of the world. In cities with a high degree of radiation pollution,
swimming pools, especially water aerobics, gymnastics, outdoor games, etc. proven beneficial for the
population of cities exposed to radiation pollution. The depth of pools, which should be designed with
a horizontal bottom, should be 1.1 - 1.2 m, and the water should be drained to a depth of 70 - 80 cm
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[4, p. 40]. One of the requirements for the faster development of sports facilities is the presence of a
flexible response to the ever-changing needs of the population (Kosogorsev, 2016).

In recent years, environmental awareness, sustainability concepts, unique project proposals
have a serious impact on the design of sports facilities, especially stadiums. As a result, multi-
functional, technologically superior sports facilities that can adapt to the environment are put into
operation (Selo, Erdénmez, 2018).

The planning structure and facade solution of the sports facilities built in Baku constantly
update the image of the largest city of Azerbaijan. Most of these sports facilities are designed in
recreational areas. As a result, the urban population benefits from the comfortable environment
created by the tandem of recreation areas and sports facilities.

We can classify these sports facilities in two categories. In the first category, let's classify the
sports facilities built in Baku in the years 1950-1990, and in the second category, 1990-2020.

First, let's consider the sports facilities built and put into use in Baku in 1950-1990:

T. Bahramov Republican Stadium-1951, Baku Sports Palace-1974, Republican Velotrack-
1980, Republican Olympic Center-1982, Heydar Aliyev Sports Concert Complex-1976 year.

The sports facilities built and put into use in Baku in 1990-2020 are as follows:

Baku Olympic Sports Complex-2000, Paralympic Sports Complex-2008, Baku Tennis
Academy-2009, “Sarhadchi” Sports Center-2009, Baku Olympic Stadium-2015, Baku Crystal Hall-
2012, National Gymnastics Arena-2014, Baku Shooting Center-2015, Baku “Aquatic Palace”-2015,
Baku European Games Park-2015, Velopark-2015 year.

One of the main factors of the stability of the ecosystem of large cities is recreation zones, and
it is important to emphasize the importance of designing sports facilities and recreation zones in the
development concept of residential areas (Mustafayeva, 2023).

In large cities, special attention should be paid to the organization of the process of access of
physically disabled people to existing sports facilities (Dawn, 2023). Suburban and urban residents
with different physical abilities may face different difficulties when they want to come to these
facilities. This can be caused by several factors:

* Due to the fact that the sports facilities are mainly located in the center of the city, the
surrounding traffic density;

* Not fully organizing the process of using public transport for physically disabled people;

« Tariff set by special vehicles for long distances.

Results. In addition to all the mentioned factors, we can mention the main factors to be
considered in the design process for the sustainable development of recreation areas and sports
facilities.

» Effective organization of the ecological environment around the device

* Sports facilities and recreation areas are currently of great importance in the assessment of
the city's tourism potential. The organization of this process, which is one of the factors of
strengthening the socio-economic position of the city.

* Organization of the surrounding transport structure of the recreation zone taking into account
the potential of visiting the sports facility.

* The recreation zone where the facility is located must have infrastructure that meets
standards and can be flexibly modernized.

* In addition to the sports facility, the plan structure of the recreation zone should ensure the
comfortable movement of people with physical disabilities.

Discussion. Recreation zones of large cities in all countries of the world and the tandem of
existing sports facilities in their functional organization have a significant positive effect on both city
planning, compositional solutions, and the health of the city population. It would be a positive step
to apply the existing planning scheme of recreation zones in large cities of Azerbaijan to the design
process of sports facilities in small cities. At the same time, adapting the surroundings of existing
sports facilities built relatively far from recreation zones to the concept of recreation areas with
different functional zones will have a positive effect on the future development of cities.
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In the coming years, the demand for recreational areas with rich vegetation and green areas
will increase significantly. If the Baku agglomeration continues the positive trend in the design and
operation of recreation zones and sports facilities in this form, the city's sustainable development
process will always be active.
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QODIM DOVRDO IDMAN TIKILILORININ YARANMA TARiXI
VO MEMARLIGI
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nigar-alieva-80@mail.ru
Karimov Hidayat Vilayat oglu- bas miiallim, Memarligin asaslar1 kafedrasi, AzZMIU,
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Xulasa. Moagalods Qoadim Yunan vo Roma soharlorinds idman tikililorinin yaranma tarixi vo
memarligi, Milet vo Priends idman obyektlarinin tikintisi (gimnasiumlar, mabadlor, stadionlar)
hagqqinda molumat verilmisdir. Avropada idman tikililorinin memarliq moanboalori Yunanistan va
Romanin antik dovrlaring aiddir, idman oyunlarinin prinsiplorinin inkisafi iso Avropa xalglarinin
minillik tarixi boyunca onlarin sosial inkisafi ilo paralel gedirdi. Yunanistan vo Roma dévlatlarinin
tarixi taleyi godim Yunan va gadim Roma gaharlarinds idman tikililorinin insasina shamiyyatli tasir
gOstormisdir. Ellin dovriinds fiziki maggalo vo idman yarislari insanin oqli gabiliyyatloriylo barabor
onun fiziki gabiliyyatlorinin do inkisafina xidmot edirdi. Qoadim zamanlarda oyunlar vo idman
yariglart tigiin xidmoat gOstormis osyalar dini shamiyyato malik idilor vo bizds gadim zamanlarda
tobiatin glicini anlamaq tguin tasavviir yaradir. Masalan, hindlilords disk giinasi simvollagdirmis va
Visnu Allahinin atributu idi; asteklords top oyunu gecayls giindiiziin, qaranligla isigin miibarizasinin
alleqoriyasi idi, hom da oyun meydangasi somani, top isa kainati simvollasdirirdi.

Acar sozlar: idman yarislari, oyun arenalari, stadion, mabad, gimnasium, idman tikililori, gadim dovr

THE ARCHITECTURE AND EMERGENCE HISTORY OF SPORT BUILDINGS AT
ANCIENT TIMES

Naghiyev Nizami Hasan- doctor of arc., prof., department of Fundamentals of architecture,
AzUAC, nizaminagiyev@gmail.com
Aliyeva Nigar Elkhan- senior lecturer, department of Fundamentals of architecture,
nigar-alieva-80@mail.ru
Karimov Hidayat Vilayat- senior lecturer, department of Fundamentals of architecture,
hidayat_vilayatoglu@inbox.ru

Abstract. The article provides information on the emergence history and architecture of the sport
buildings at the ancient Greek and Roman cities, and information on the construction of the Milet and
Prien sport objects (gymnasium, temples and stadiums). The architectural sources of sports buildings
in Europe date back to the ancient times of Greece and Rome, while the development of the principles
of sports games went parallel to their social development throughout the millennial history of
European nations.The historical fate of the Greek and Roman states had a significant impact on the
construction of sports buildings in ancient Greek and ancient Roman cities. During the Hellenistic
period, physical training and sports competitions served to develop a person's physical capabilities as
well as his mental abilities. In ancient times, objects that served for games and sports competitions
had religious significance and gave us an imagination to understand the power of nature. For example,
among the Indians, the disk symbolized the sun and was an attribute of the God Vishnu; In the Aztecs,
the ball game was an allegory of the struggle between night and day, darkness and light, and the
playground symbolized the sky, and the ball illustrated the universe.

Keywords: Sport competitions, game arenas, stadium, temple, gymnasium, sport buildings, ancient
time
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Giris. Idman insan comiyyatinin hoyat: ilo slagodardir vo godim dovrde shomiyyatli doracods
inkisaf etmisdir. Qadim zamanlarda fiziki mogglor adaton dini xarakter dasiyirdi vo gigiyena ilo bagl
idi. Lakin muasir dovrds harbi talim, oyun va ayloncalor zamani fiziki masgalolor shamiyyatli rol
oynamaga basladi. Idmanin inkisafi, moisotdo miixtolif oyunlarin vo idman yariglariin meydana
¢ixmasi xususi tikililorin insasina ehtiyac dogurdu, yeni tikililor iso 6z névboasinds idmanin
inkisafinda toraqqiys tosir gostorirdi. Azarbaycan godim idman ansnasi ilo segilon dlkalordon biridir.
Burada tarixon idmanin miixtolif ndvlori inkisaf etmisdir. Bu mossloys miinasibotdo Azorbaycan
Respublikasinin Ulu 6ndor Heydor ©liyev demisdir: “Xalqimiz, millstimiz genetik xiisusiyyatloring
goro fiziki cohotdon saglam insanlardan ibarat olan xalqdir, millotdir. Fiziki saglamliq va fiziki giic
monovi saglamliqla barabor Azorbaycan xalqina, millotine xas olan xiisusiyystdir. Amma bu
xlisusiyyot homiso bizim daxilimizdo qalibdir. Keg¢mis dovrlordo do, osrlordon-asrlora
pohlovanlarimiz da, giilosgilorimiz do, oxatanlarimiz da, fiziki imkanlarini cilirbociir oyunlarda
niimayis etdironlorimiz do olubdur. Ancaq molum olan sobablora goro bunlar yalniz 6z 6lkomizin
corgivasindo galib, diinya miqyasina ¢ixmayibdir.”

Heydor Oliyev miistoqillik illorindo Azarbaycan idmaninin godim, tarixi ananolorindon bohs
edorkon 6lko idmangilarinin bir zamanlar beynolxalq miqyasa ¢ixa bilmodiyini {irok agrist ilo
xatirlayirdi. Azarbaycan idmanimin diinya idmanindan bu ciir tocrid olunmasi, beynslxalq alomdo
0zuns layiq sokildo tomsil olunmamasi siyasi sobablordon irali golirdi. Ulu 6ndor Heydor Oliyev
cixislarindan birindo bunu bels izah etmisdir: “Ke¢mis dovrlords do Azarbaycanin niimayondslori
Olimpiya Oyunlarinda tomsil olunmusdular. Bozilori yiliksok nailiyyotlor do oldo etmislor. Ancaq
onlar kegmis Sovetlor ittifaqini tomsil etmislor. Eyni zamanda, Azorbaycan tam miistaqil olmadigina
goro kegmisdo Sovetlor ittifaqinin imumi komandasinda Azorbaycanin idman ustalari istonilon
godar, istonilon miqdarda heg¢ vaxt tomsil olunmamisdir”.

Metodologiya. Sovet ittifagmin torkibindo olarkon idmana dévlet saviyyasindoki miinasibatin
osaslar1 imumittifag miqyasinda hall olunurdu. Bu, respublikaya ayrilan biidconin hansi hissasinin
bilavasito idman {igiin nozordo tutulmasinin, aslinds, gabaqcadan miioyyonlogdirilmasi idi. Sovet
Ittifaqinda miittafiq respublikalarda bdyiik idman qurgularinin tikintisi planl sokilde apariimisdir.
Hor bir miittofiq respublikaya bir morkozi stadion tikintisi uc¢lin imkan yaradilmis, ortiili idman
zallarinin, komplekslorin ingasina mohdudiyyat qoyulmusdu. Tobii ki, bu cohat 6lka arazisinds boytik
idman qurgularinin yaradilmasina hamisa mane olmusdur. Idman yarislarinin kegirilmasi, beynalxalq
turnirlors, diinya, Avropa ¢cempionatlarina atletlorin gondorilmasi do eyni qaydada tonzimlonirdi. Onu
da nazore almaq lazimdir ki, miittefiq respublikalarin ittifaq miqyasinda giiclii olan idmancilar1 da
bozon subyektiv soboblordon yigmaya salinmirdi. Tobii ki, gostorilon cohotlor miixtalif idman
novlorindo Azorbaycan idmangilarinin diinya vo Avropa ¢cempionatlarinda ugurlar gazanmasina mane
olmusdur. Biitlin bunlar respublika idmanina 6z tasirini gostorirdi. Belo soraitdo mévcud imkanlardan
istifado ederak, kiitlovi badon torbiyasi {i¢lin nozords tutulanlar hesabina 6lko idmaninin inkisafina
¢aligmagq tolob olunurdu. Ikinci yol daxili imkanlarin soforborliye alinmasi, homkarlar ittifaglarmin
idman bazalarim1 yaratmaqla idman soraitini yaxsilasdirmagi ohato edirdi. Mohz bu imkanlardan
diizgiin istifads etmok idmanin inkisafi ii¢lin miioyyon sorait yaratmaga, boylik idmana yol agmaga
komok gostora bilordi. Osas sortlordon biri méveud soraiti diizglin qiymoatlondirmok, bu sahoado
ardicil, magsodauygun siyasat yiiriitmokdon ibarat idi. Heydor Oliyevin respublikaya rohbarlik etdiyi
1969-1982- ci illordo Azorbaycanda biitiin saholorin, o climlodon idmanin golocok inkisaf
perspektivlori ciddi nazora almmmusdir. Bu illords 6lkads idman komplekslori, qurgulari, zallar
tikilmis, idman meydancalar1 salinmis, bdyiik idman-saglamliq morkazlori yaradilmisdir. Olkado
idmanin maddi-texniki bazasinin yaradilmasi igiin ¢ox is goriilmiisdiir. Masalon, 1973-cii ildo
respublikanin paytaxtinda méhtesom idman saraymin tomoli qoyuldu. 1974-cii ildo Bakidan basqa,
Azorbaycanin 36 rayonunda da 59 usaq-gonclor idman moktobi foaliyyat gostorirdi. 1975-ci lido tokco
Bakida 250 idman meydangasi vo soharciyi salinmigdir.

Yekun fikirlor. 1991-ci ilin 18 oktyabrinda Azorbaycan dovlot miistoqilliyini borpa etdi.
Miistoqilliyin ilk illerinds 6lkays rohbarlik edonlor respublikada siyasi sabitlik yarada bilmadilor.
Hom bu, hom do 6lkonin miiharibays colb olunmasi, onun torpaqglarinin isgal edilmasi respublika
idmaninm1 xeyli geriyo atdi.1990-1993-cii illordo idmanimiz otalst mongonasindo idi basli-basina
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buraxilmigdi. Bir ¢ox idman bazalar1 baximsizliq liziindon yararsiz voziyyato diismiisdii, onlardan
toyinati iizro istifado olunmurdu, idman avadanliq vo lovazimatlar1 dagidilirdi. Yiiksek idman
ustaligina malik vo perspektivli idmangilar, bacarigli idman miitoxassislori, mosqgilor 6lkoni tork
etmayo baslamisdilar. Idman dovlot qaygisindan konarda qalmisdi. idman sahosindoki hor hansi
ugurlu doyisiklik 6z axari ilo gedon hadisolorin naticasi kimi tozahiir edirdi.

1992- ildo Azorbaycanda milli federasiyalarin vo Milli Olimpiya Komitoasinin yaranmasi da
dovlat suverenliyinin atributlarin1 yaratmaq tolobi kimi meydana ¢ixdi vo Heydor Oliyevin tasiri
naticasinda hall olundu. Milli Olimpiya Komitasi 1992-ci il yanvarin 14-dos kegirilon imumrespublika
konfransinda tosis edildi, elo homin ilin 10 martinda Respublika ©dliyys Nazirliyindo qeydiyyatdan
kegdi. Bu tarix Azarbaycan Milli Olimpiya Komitasinin rosmi yaradilma giinii kimi qobul edilmisdir.

Milli Olimpiya Komitosinin Azorbaycanda rosmi geydiyyata alinmasindan Barselona
Olimpiya Oyunlarinin baglanmasina qodorki dévrds foaliyyst hom Milli idman federasiyalarinin, hom
do MOK-un qito vo diinya togkilatlar1 torofindon taninmasi {i¢iin miiracistlorin edilmasini, MOK-un
strukturunun formalagdirilmasini shats etdi. Komito Olimpiada ilinde yaranmisdi. Tobii ki, lisenziya
yariglar1 arxada qalmisdi. 1992-ci ildo Barselonada Olimpiya Oyunlar1 baslananda Azarbaycan Milli
Olimpiya Komitasi holo Beynolxalq Olimpiya Komitosi torofindon taninmamigdi. Ona gore do
Azorbaycanin yalniz dérd idmangisi o dovrde yaradilmis Miistoqil Ddovlotlor Birliyinin yigma
komandasinin torkibinds Barselona Olimpiya Oyunlarinda istirak eds bildi.

03-08.07.1993 Azorbaycanin yeniyetms idmangilar1 Hollandiyanin Valkensvad soharindo
kegirilmis Avropa Yeniyetmolorinin Olimpiya Giinlorinds istirak etmislor.

Miizakira. Indiki dévrdo Azorbaycan Milli Olimpiya Komitosi hazirda gito vo beynalxalq
miqyasda taninan, niifuzlu togkilatlardan biridir. 1992-ci ildo yaradilmis Olimpiya Komitasinin
Olimpiya ailesindo belo tanmmmasi goriilmiis islorin genis ohato dairasing, ¢oxtorafliyins,
keyfiyyating, hoyata kecirdiyi hor bir motobor todbirin yiiksok soviyyesine, Olimpiya Horokatr vo
idmanda Olkonin qazandigi yiiksok nailiyyatlora, on baglicas1 iso ardicil vo mogsodsuygun
foaliyyotine gors olmusdur.

Azorbaycan xalqmnin timummilli lideri Heydor ©liyevin Milli Olimpiya Komitosinin
yaradilmasinin onillik yubileyinin dovlst saviyyssinde geyd olunmasi haqqinda 12.12.2001 tarixli
Soroncaminda deyilirdi: “Milli Olimpiya Komitosi Azerbaycanda Olimpiya Horokatinin daha da
genislonmasi, onun maddi-texniki bazasinin mohkomlondirilmasi, idmangilarimizin hazirliq
soviyyasinin yiiksoldilmasi {iglin onlarin beynolxalq yariglarda istirakinin tomin olunmasi yolunda
somoroli foaliyyot gostorir. Xiisusilo geyd edilmolidir ki, Milli Olimpiya Komitosi bu miihiim
vazifolarin hayata kegirilmasi ti¢iin 6lkonin miixtalif dovlet va ictimai qurumlart ils, habels diinyanin
ayri-ayri olimpiya vo idman toskilatlar ilo six omokdasliq slagolori yarada bilmisdir”. Bu s6zlorin
deyildiyi vaxtdan, demok olar ki, 15 illik bir vaxt kegmisdir. Bu miiddat Milli Olimpiya Komitosinin
foaliyystinin keyfiyyatco yeni bir dovre kegmosi ilo saciyyalonir.

Idman béyiik qayg1 vo digget tolob edir. Hor hansi 6lkads onun kifayat godar ardicil va
maqsadyonlii inkisafi idman anonasi, idmanla maggul olmaga sorait vo imkan, idmangilara miinasibat,
idman miitoxassislorinin yetisdirilmasi, yarislarin toskili vo kegirilmasi, idmangilarin beynolxalq
yariglarda istirakinin tomini, idmanin tobligi, kiitlovilogdirilmasi kimi amillordon ¢ox asilidir. Belo
amillor corgasindo dovlstin idmana miinasibati 6zlinomoxsus yer tutur. Cunki bu miinasibat 6zii-
0zliiylinds geyd olunan masalalorin miioyyon qisminin holling bilavasita tosir gdstorir. Eyni zamanda,
0lkodo idman onanosinin olmasi da vacib sortlordondir.

Bu istigamotds XX asrin avvellorindon Bakida vo Azarbaycanin biitiin bolgalorinda, biitiin
soharlarinds miiasir tolablars cavab veran nohang Olimpiya komlekslori insa edilmisdir, boyiik idman
meydangalari, stadionlar, tenis meydangalari vo basqa idman qurgulart.

Bunlarin hamis1 miiasir toloblors cavab verarok qodim tarixi ononslors asaslanirdir.

Holo das dovrindo belo adlandirilan kromlexlor, yoni das siitunlarla ohato olunmus
meydancalar tikilirdi. Kromlexlor asasan fiziki yariglar, miiganni va sairlorin ¢ixislari {igiin arena kimi
xidmoat edirdi, yani miasir teatr va stadionlarin bir niimunasi idi.

Hind, fars vo godim azorbaycan hokmdarlarinin saraylarinda at¢iliq idman hoarakatlori vo aticiliq
yarislariin kecirilmasi U¢un monumental tovlslor tikilirdi ki, bu da Asiyanin an godim idman
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oyunlari olan at-idman oyunlarinin mashurluguna sahidlik edir, hansi ki, artiq bizim eradan dord min
il avval orada mashur idi.

Qadim zamanlarda oyunlar va idman yarislari tiglin xidmat gostormis osyalar dini shomiyyata
malik idilor va bizdo gadim zamanlarda tobistin guclni anlamaq Uglin tosovviir yaradir. Masalan,
hindlilords disk guinasi simvollasdirmis vo Visnu Allahinin atributu idi; asteklords top oyunu gecaylo
glindiiziin, qaranliqla ig1gin miibarizasinin alleqoriyasi idi, hom do oyun meydancgasi somant, top iso
kainat1 simvollagdirirdi.

Glc vo slirato gore yarislar artiq ibtidai xalglar arasinda vo butlin antik dinyada malum idi.
Qazintilar zamani asteklorin vo mayalilarin soharlaring yaxin arazilords bizim eramizin baslangicinda
top oyunu iigiin tikilmis an gadim meydangalar askar edilmisdir.

Hoalo bizim eradan avval 111 yuzillikds Amerika hindlilarina malum olan rezin top, o zamanlar
Simali Amerika Birlogdirilmis Statlarinda yayilmis elastik toplarla ilk oyunlarin naticasi idi.

Qoadim Meksika oyun arenalarmin divarlarinda: sohnanin oxunda divara perpendikulyar
borkidilmis das halgalar tapilmisdir, hansilardan ki, oyun zamani top atilirdi; bu halqalar hagigston
do amerika basketbolundaki sobatlorin ilk nimunasi hesab edils bilor.

Avropada idman tikililorinin memarliq monbalori Yunanistan vo Romanin antik dovrlorine
aiddir, idman oyunlarinin prinsiplorinin inkisafi iso Avropa xalglarinin minillik tarixi boyunca
onlarin sosial inkisafi ilo paralel gedirdi.

Yunanistan vo Roma dovlatlorinin tarixi taleyi godim Yunan va godim Roma saharlorinds
idman tikililorinin insasima ohamiyyatli tasir gostormisdir. Ellin dovriinda fiziki maggalo vo idman
yariglart insanin oqli qgabiliyystloriylo barabar onun fiziki gabiliyystlorinin do inkisafina xidmaot
edirdi. ©vvalca idman tikililori soharatrafi arazilords, okingiliklo masgul olan xalqlarin biitiin ibtidai
bayramlari, kond tosorriifat1 islorinin dovrlari ilo: sorabgiliq, mohsul bayrami, fasillorin doyismasi
kimi ibtidai xalq bayramlart iigiin toyin edilmis konar yerlords insa edilirdi. Sonralar, dini
tosovvirlarin méhkamlandiyi dovrlords hamin yerlords ayri-ayr tanrilara vo hatta Allah qruplarina
hosr edilmis mobadlor yiksaldilirdi. Buna misal olarag, bizim eradan (¢ yiz il avval sohor konari
orazilords tikilmis olimpiya vo delfi stadionlarini, gimnasium vo mabadlori gostormak olar. Ellin
soharlarinin sonraki ictimai va siyasi inkisafi Milet va ya Prieneds oldugu kimi gahor daxilinds idman
obyektlarinin tikintisino gatirib ¢ixardi.

Bu dovrlords Yunanistanda Platon prinsipina riayst edirdilor, bels ki, bu prinsipa gors, tmumi
badon tarbiyasi tikililari sohor markazindo, idman yarislari tigiin olan tikililor isa sahar hiidudlarindan
konarda va ya onun periferiyasinda ucaldilmali idi.

Belo sistemo Afinani niimuna gistormak olar, burada sohar hidudlar: daxilindo dord ictimai
gimnasium (Dipilon darvazalar1 qarsisinda Hermes gimnasiumu, Attalos Stoast yaninda Filadelfos
gimnasiumu, Attalos Stoasindan sorqdo Adrian gimnasiumu, Diogeniya gimnasiumu) va bir sira
soxsi palestralar var idi. Platonun akademiyasi, Likey, tamhiiquqlu olmayan vatondaslar iigiin
Kinosargedo Herakl gimnasiumu vo ilios caymnin sol sahilindoki Panafiney oyunlari stadionu sohar
hiidudlarindan konarda yerlosirdi. Afinanin oksino olarag, Romada buttin idman tikililori xarakterdan
asili olmayaraq sohor hiidudlar1 daxilinds tikilirdi ki, Pompey vo Roma niimunalori buna sahidlik
edir. Bunun sababi, Romanin oksor idman obyektlorinin aylonco xarakterino malik olmasinda idi ki,
bura gedis-golisin rahatligini tomin etmok ticiin onlar yasayis rayonlarinin yaxmliginda insa edilmali
idi. Yuli Sezar, horbi talimlor t¢un nazords tutulmus meydangalar1 maksimal daracads olgatan
etmoklo sohoro yaxinlasdirmagi arzu edorok, Mars sahosini simala, Tibr ¢aymin digar sahilina
dasmmasini layihslondirir vo gay yatagini elo doyisdirmoaya g0storis verir ki, ¢cay yeni Mars sahosini
sohordon ayirmur.

IV osrin  baslangicinda qodim Romanin plani idman tikililarinin - vo onlarin arazilarinin
ohomiyyatli inkisafindan xabar verir, hansilar ki, 0 zamanlar yalniz aylonca magsadlori tgiin xidmot
gostorirdi.

Konstantinin hokmranligi dovriinds sohards 2 amfiteatr, 5 sirk, 11 term va 856 kicik hamam
movceud idi.

Yunanistanda idman Gglin bdtiin tikililorin planlagdirilmasi onlarin toyinatina tabe edilmisdi.
Oyun va yarislar tiglin olan qadim meydangalar gozal moanzorasi ilo farglonon miigoddos mesalik
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orazilords yerlagirdi. Yunanistanda idmanin an goadim obyekti gimnasiumlar idi va iki hadofa: fiziki
masqlara va aqli inkisafa xidmat edirdi. Ovvalca yunan moadaniyyatinin arxaik dovrinds (toxminan
bizim eradan 1000 il avval) gimnasiumlar otrafinda agaclar okilmis a¢iq meydangalar toskil edilmisdir
ki, onlarin kolgasinds oyun va tolim istirakgilar: dincoals bilirdilor. Sonralar, toxminon b.e.o. 111 asrdon
etibaron meydangalarin yaninda pis hava soraitinds qagis yarislari {igiin tstiiortiilii kolonnadalar
(ksistos) va palestralartikilmoays basladi. Bu, kolonnadalarla shato olunmus diizbucaqli meydancalar
idi vo bura bayirdan soyunub-geyinma (apoditeriyalar), moasqlora hazirliq vo mosqlordan sonra
yuyunma yerlari slavs edilmisdi.

Yunanlar masqlordon avval vo sonra yuyunmaga boyiik shomiyyat verdiklorindon batin
gimnasium vo palestralar tobii ¢arhovuzlarin yaninda tikilirdi. Biitiin palestralar ol vo ayaq Ugun
xususi vannalarla tachiz edilirdi, ham da ¢cimmoak masqlardan sonra yuyunmagq va toravatlonmoak G¢iin
totbiq edilirdi. Palestralarda hamginin axar sudan istifado etmoklo duslar da qurulmusdu. Badanin
mohkamlandirilmasina bdylk shamiyyat veran spartalilar yalniz dusu deyil, ham dos spartalilarin
yasadig1 orazinin adini alan "lakoniki" adli quru hamamini ixtira etdilor. Bu hamamlar soyuq su ils
cimmokKlo fin saunasina oxsayirdi. Qadim yunanlar glinas vannalarini da yiiksak giymotlondirirdilar;
glindon qaralmis badon soviyyesiz insanlardan forgli olaraq, palestralarda mosq edonlorin
farglondirici alamoti idi. Olimpiya palestrasinda, yuyunma otaqlarindan basqa, masqlordon sonra
dincalmok Giguin vanna vo qizdiricilarla tochiz olunmus hamamlar vo zmo hovuzlart da mévcud idi
(b.e.a.V asr). Ellinlor torafindon goanclorin hartorafli fiziki vo oqli inkisafi prinsipi gobul edildiyina
g0ro, vatondaslarin tarbiys amili kimi, sonralar biitiin gimnasiumlarin sinonimi olmus palestralarda
muhaziras va s6hbatlor G¢iin moakanlar da tikilirdi. ©n genis belo mokan toplantilarin kegirildiyi vo
oglanlarin tohsil aldig1 efebilor (yeniyetma goanclor comiyyati) idi. Gimnasiumlar va daha sonralar
palestralar, molum oldugu kimi, gonclar tUgun talim-tarbiys miiassisalari olmusdur vo buna gérs bina
Vo qurgularin badii tortibatina, eloco do tochizat detallarina boyiik diggoet yetirilirdi.  Xususan
gimnasiumlarin (efebiy - yeniyetma ganclar comiyyati daxil olmagla) asas mokanlarinin simal torafdo
yerlosdirilmasi, ham da bu yerlordon maasir idman pavilyonunun vestibiliine uygun igari hayato
¢ixan oyuqlarin buraya conub torofdon havanin vo gunssin daxil olmasini tomin etmasi Qadim
Yunanistanda memarliq - planlagdirma sonatine no godar yiiksok doayar verildiyina sahidlik edir.

Notica. Baxmayaraq ki, gimnasiumlarin godim doévrin moshur memari Vitruvi torafindon
togdim edilon sxem va tasviri, tapilmis bu ciir tikililorin galiglari ilo Ust-Usto diismiir, onlar yena do
gimnasiumlarin planlagdirilmas: haqqinda kifayoat godor dogiq toSovviir yaradirlar. Bundan basqa,
Pompeyds ¢ox gbzal gorunub saxlanan klassik dovr yunan palestrlorinin niimunasi asasinda tikilan
gladiator kazarmalar1 sonuncular haqqinda taSovviir yaratmaga imkan verir. Qadim gimnasiumlar
bizim dovrimizo godor 0z ilkin voziyystindo saxlanilmayib. Yunanistanin klassik vo Roma
dovrlarinds onlarin hamist shamiyyatli doyisikliklors moruz galmigdir.

Olimpiyadaki b.e.a. V asr gimnasiumuna daha ¢ox galereya, kolonada va palestrayla b.e.o. 111
osrdo tikilon gimnasium xarakterik olmusdur. Ikinefli sorq qalereyasimin uzunlugu (210,5m)
stadiondak1 gagis yolunun uzunluguna uygundur; conub qalereyasi daha qisadir vo kvadrat peristills,
galereya va sutunlarla palestraya birlosir. Peristilin simal torofinds, iki portikin arasinda geyinib-
soyunmag Uc¢un dar mokan var idi. Oks terafdo ganclor tGg¢lin gimnastik zallar var idi. Simal - garb
kiinciinda — cimmoak tigiin yer inga edilmisdi.

Yaxs1 saxlanmis gimnasiumlardan Prienedoki asagi gimnasiumu xatirlamaq olar. Gimnasium
Roma dovriinds tikilmisdi, stadion vo qagis yarislar {igiin ortiilii qalereyayla vahid bir tamliq togkil
edir. Gimnasium gadim palestralarin niimunasi asasinda, yoni Dorida siitunlari olan galereyayla ohato
olunmus diizbucaqli peristil soklinds insa edilmisdir. Qalereyanin simal torafindo bir nego 6rtlli
mokan yerlosirdi ki, bunlardan on bdylyi — efebi ioniya siitunlariyla peristildon ayirilmigdi. Miletada
ellinistik dovrds (b.e.a.ll asr) tikilmis gimnasium Prienedoki gimnasiumu xatirladir, forq yalniz
ondadir ki, onlardan sonuncusu simmetrikdir. Peristilin siitunlar1 — Dorida vs yalniz eksedralarin
Ustiindo dam1 saxlayan daha yiiksok simal hissosi loniya iislubundadir.
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IKO-O3EJIEHEHME - BHEJAPEHUE ITPUPO/bI B YPBAHU3NPOBAHHYIO
IroPOJACKYIO CPEQY

I'acanoBa Aii6enu3 Amad roi3bl — JOKTOP apXUTEKTYPHI, pod., kadenpa Jlanamadrras
apxurtekrypa, A3ACY, aybaniz.hasanova8@gmail.com

AHHOTanMs. DKO-03€JICHEHUE TOPOIOB CTAHOBUTCS HEOTHEMJIEMOM YacThIO YCTOHYMBOTO Pa3BUTHS
U co371aHus KOM(OPTHOM Cpebl sl ’KU3HU B COBPEMEHHBIX Topoiax. B ycimoBusix 6p1cTporo pocra
TOPOJZIOB M 3arps3HEHUs] OKPYKAIOLIEH Cpe/ibl CTAHOBHUTCS IIEPBOOUYEPETHOI 3amaueil co3naHue
3€JICHBIX 30H, HCIOJB30BAaHUE OKOJOTMYECKM YHUCTHIX TEXHOJNOTMH C  TPUBIICYCHHEM
OOLIECTBEHHOCTH K BOIPOCAM OXPaHbI MPHPOJBI. DKO-03EJICHEHHE HAMPaBICHO Ha YJIy4IlICHHE
Ka4yeCTBa JXM3HM, BOCCTAHOBJICHHE IMPHPOJHOTO OajlaHCa M CO3/JaHHE YCTOWYMBBIX IKOCHCTEM
BHYTPH T'OPOJOB. DKOJOTHYECKHE acHeKThl (JOPMUPOBaHHS TOPOJCKOH cpeabl B ropoae baky»
SIBJSIFOTCSL aKTyaJlbHBIMH, OCOOCHHO C YYETOM OBICTPOrO pOCTa HAacelieHHs, ypOaHW3alUH |
HEOOXOIMMOCTH YCTOHYMBOTO Pa3BUTHUS FOPO/IA.

KiroueBblie ciioBa: nagamadr, ypoaHusm, ropo/i, 03eJieHeHne, "KapMaHHbIe TapKH'"', BEPTUKATBHOE
O3eJICHEeHHE, YHIEMUYECKHE PACTCHUSI, IKO-03€JICHEHUE, KOJIOTUS

ECO-GREENING - INTRODUCING NATURE INTO THE URBAN ENVIRONMENT

Gasanova Aybeniz Ashaf — doctor of arc., prof., department of Landscape architecture,
AzUAC, aybaniz.hasanova8@gmail.com

Abstract. Eco-greening of cities plays a crucial role in sustainable development and enhancing the
livability of modern urban environments. With rapid urbanization and increasing environmental
pollution, creating green spaces, adopting eco-friendly technologies, and fostering public engagement
in environmental issues have become top priorities. Eco-greening aims to improve quality of life,
restore natural balance, and establish sustainable urban ecosystems. This article, “Ecological Aspects
of Urban Environment Formation in Baku,” is particularly relevant given the city’s rapid population
growth, urbanization, and pressing need for sustainable development.

Keywords: landscape, urbanism, city, landscaping, pocket parks, vertical gardening, endemic plants,
eco-greening, ecology

Beenenme. JlangmadTHeiii ypOaHuU3M onupaercs Ha HUACK0 O TOM, YTO JIYYIIUH METOJ
OpraHu3alii COBPEMEHHOI'0 TOPOJCKOr0 IMPOCTPAaHCTBa— 3TO (OPMHUPOBAHHUE TOPOACKOIO
nauamadTa. ITOT TEPMUH BIEPBbIE YHOTPEOMT MOJOION aBcTpanuickuil auzaiinep Ilutep
Konnomnnu. B cBoeii mpoekTHON paboTe, OH MUcall 0 TOM, YTO «...TOpoj OyayIiero OyAeT B HEPBYIO
ouepeb OECKOHEUHbIM KOMIUIEKCOM JaHAmAapTOB, B TOM YHUCIE IICUXOJOTMYECKUX U
HMOLMOHANBHBIX. [ paoCTpOUTENBCTBO OYAET JIUIIb MaJIOM YacThIO 3TUX BCEOOIIMX JaHIIAPTOB,
(bopMHUPYIOIIUX HOBBIM HHIUBUIYATbHBIA MHEMOC) [4].

JlannmagT COBpEMEHHOTO0 TropojAa OTpakKaeT M KaK >KMBOW OpraHu3M OOBEIUHSET BCE
pasHooOpa3ue U MPOTUBOPEUMBOCTh MIPOUCXOIAIINX B HEM MpolieccoB. EcTecTBeHHOE paciupenue
TOPOJICKUX TEPPUTOPUN U BO3pACTAaHUE TEXHOJOTMUECKUX BO3MOXKHOCTEH MpeoOpa3oBaHUs
MPUPOJIBI CHIENATN MPUBBIYHBIM M3MEHEHHUe JaHamadra roposa U ero okpyxeHus. OcobeHHO 3TO
MIPOSIBIISIETCS. B TOM, YTO U3 TOPOJICKOM Cpebl MOCTENIEHHO UCYE3aeT MPUPOIHAS COCTABIIAIOIIAs, T.€.
O3eJICHeHUe, 3aMellasich Ha MOIIeHHe U ac(aabTHUpoBaHUE JIOOBIX CBOOOIHBIX MECT, MCKIIOYast
BO3MOXXHOCTh CYIIECTBOBaHHUS MHOTUX pacTeHuil. [lo mepe HapacTaHusi TeMmnoB ypOaHH3aluu B
KPYIHBIX TOpojax KadeCTBO XU3HH JIOZed Bce B OOJbIIEH CTENEHH ONPENEeNsieTcsl CTENEHbIO
COXpaHEHUs KOMIIOHEHTOB ITPUPOIHOM CPE/IbI.
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Metononorusi. B Hamm AHW OAHOW M3 BaXXHBIX MpoOJieM, sBIseTCS (OPMHPOBAHHE B
COBPEMEHHBIX TOPOJIaX arpeCcCUBHOM, HEKOM(POPTHOI J1Is1 BOCHpUATHS cpenbl. B mocnennee Bpems
HOSIBJIICTCSL MHOTO JIaHHBIX O HEIaTUBHOM BO3/IEHCTBHM IKO 3arpsA3HEHUS Ha (PU3HOJIOIMYECKOE U
MICHXOJIOTUYECKOE COCTOSIHUE YEIOBEKa B KPYMHBIX ypOAaHU3UPOBAHHBIX TOPOAAX. ITU MPOOIEMBI
BO3MOYKHO PELIMTh YACTUYHO CPECTBAMU JIAHAIIAPTHON apXUTEKTYPBHI.

ITo craTucTUYECKUM JaHHBIM IS YEIOBEKa, IPOKUBAIOLIETO B TOPOJE, OUE€HBb BaKHO BUJIETh
B OKpY)Xarolled BHU3YaJIbHOM cpele NpUPOAHbIE 3pUTENbHBbIE 3JIeMEHTHI. Jlons mpupoaHbIX
3pUTEIBHBIX JIEMEHTOB HE MOJbKHA ObiTh HMke 20-30 %, a onTHUMaabHBIM 3HAUYEHUEM IS
(dbopMHpOBaHUS HOPMAJILHOTO MCUXO03MOLMOHANBHOTO (oHa sBisercs 50 % [1, 2,]. dakT, uto
OJTHUM U3 JIy4IIUX CII0cO00B c(hopMUpOBaTh KOM(POPTHYIO BU3YAIBHYIO CPEly U YBEIMYUTH B HEH
JOJI0 MPUPOJHBIX 3PUTENBHBIX 3JEMEHTOB SBIIAETCS O3€JIEHEHHE HE IIOJUICKUT COMHEHHIO.
OnHako B COBPEMEHHOM TOPOJIE SJIE€MEHTHI 03€JICHEHUS YXOAT, T.K. TPeOYIOT O0JIBIINX 3aTpaT Ha
CO3/IlaHME U COJEpKAHUE 3E€JEHBIX HACAXIEHUM B YCIOBHMSIX IOBBIILIEHHONW aHTPONOTEeHHOM
Harpy3KH, BBICOKOH IJIOTHOCTH IMEMIEX0JHOTO U aBTOMOOMIIBHOTO JIBUKEHHUS U CBSI3aHHOTO C 3TUM
COKpAILEHHUsS] MECT JIJIsl pacTeHuit [3].

B coBpemMeHHOM ropojie 03eJIeHeHUE CITY>KUT TTIaBHOH eNIN — 3a00TeE O 3/I0pOBhE HACEICHUS,
CO3JIaHMM KOM(OPTHBIX YCIOBUH AJIs IPOXKUBAHUS U OT/IBIXA, @ TAK)KE BBIMOIHSIET ICTETUYECKUE
¢ynkuuu. [o cymectByrommm HopMmaMm cBbie 50% Bcell TOPOJCKON TEPPUTOPHUHU TOIHKHO OBITH
3aHATO 3€JEHBIMM HACaKICHUSAMH, a B JKMJIBIX MUKpopailoHax ans HUX oTBogutcs 10 70%
IUIOLIA/IH.

O3seneHeHne — BaKHEHIIas cOCTaBHAs 4acTh OOILEro KOMILIEKCAa IpajoCTPOUTEIBHOIO U
ropojacKoro xo3siicrsa. Cajpl, mapku, OyabBapbl, CKBEPHI B 3HAUNTEILHOW CTEIICHH OIPEIENISIOT
IUTAHUPOBOYHYIO CTPYKTYPY TOpoja, SIBISIOTCA 00s3aTeNbHBIMU 3JIEMEHTaMHU €ro KyJIbTYPHBIX
maHamadToB,  CIOCOOCTBYIOT — CO3[JAaHHMI0O  HAWIYYIIMX  CAHUTAPHO-TUTHEHWYECKUX |
MHUKPOKIMMATHYECKUX YCIOBHH.

B srom mmane baky He sBISeTCS HUCKIIOUYEHHEM, KaK M B JPYIHX KPYIHBIX TOpOJax,
3arps3HEHUE BO3/yXa OCTaeTCs OJHOM M3 IJIaBHBIX HKOJOTHMUYECKUX MpolieM. Buicokuii ypoBeHb
BBIOPOCOB 3arpsi3HAIONIMX BEIIECTB CBS3aH C aBTOMOOWJIBHBIM TPAHCIOPTOM, HPOMBIIIJICHHBIMA
NPEINPUATHIMU U SHEPreTUYECKMMU UCTOUHUKAMHU.

I'opon baky crankuBaercss ¢ mpoOieMoil Ae@uIMTa 3€JeHbIX 30H, YTO CHUXKAET KaueCTBO
KHU3HM TOpPOXKAaH M yXYJIIAeT SKOJIOTHYECKYl0 OO0CTaHOBKY. B mocneaHune rojpl akTHUBHO
Pa3BUBAIOTCS MMPOEKTHI MO CO3/IaHUI0 M 03EJICHEHUIO TTAPKOBBIX 30H, CKBEPOB U 3€JICHBIX KPBIIIL. DTH
MEpONPUATHS HAaIIPABJICHBI Ha YJIyUlIeHHE KauecTBa BO3/1yXa, CO3JaH1e KOM(POPTHBIX YCIOBUH IS
OTJIbIXa U MOBBIIIIEHUE OUOJIOTUYECKOTO pazHoobpasus B ropoje. (puc.1,2,3)

Lenbto qaHHON pabOTHI SIBIISIECTCS BBIABICHHE M TPUMEHEHHE aIalTUBHBIX METOJI0B HCIIOJb3Ys
naHamadTHRIE 2JIEMEHTH B (QOPMUPOBAHUY M OPTraHU3aIUN KOM(OPTHOM TOPOICKOM Cpebl.

Pucynok 1. llentpansnsiii napk baky, 2019 r
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Pucynok 3. Ozenenenue kposiu Port Baku Towers 2011 r

PesyabraThl. DKo-03e1eHeHHEe baky — 3TO cTparerusi BHEIPEHHs] IPUPOJHBIX PELIEHUN B
TOPOJCKYIO CpeAy JUIsl YJIyYIIEHHUS dKOJOTMYECKON YCTOMYMBOCTH M MOBBILICHHS KAaUECTBA KU3HU.
C y4€ToM KIMMAaTHYECKHUX YCIOBHH, MMEIOMIETOCS MCTOPHYECKOTO HACIEAMS W OCOOCHHOCTEH
TOPOJCKON 3aCTPOMKH, JKOJIOIMUYECKOE O3€lIeHEeHHEe B baky MOXET cTaTh BaKHBIM JJIEMEHTOM
(bopmMupoBaHUs KOMPOPTHOMN CPEIIBI AJIS JKUTEIICH U TOCTEH CTOJHIIBI.

Jns  ynydiieHust 3KOJIOTMYecKod oOcTtaHOBKM B baky M co3maHusi NCHXOJOTMYECKOTO
KOM(OpPTa B TOPOJICKOM MPOCTPAHCTBE MPEIaraeTcs:

1. Co3panue NpUpoOAHBIX ""OCTPOBKOB'' - MaJbIX 3€JIEHBIX 30H MUHU-CA/Ibl TAK HAa3bIBAEMbIE
"KapMaHHBIC TIApKU'" yCTpauBaeMble B TUIOTHOM TOPOACKOM 3acTpoiike. Takue 3eleHble OCTPOBKH
MOTYT OBITh pacIpeesieHbl [0 BceMy ropoay. (puc. 4)

Pucynok 4. Kapmannslii napk Ha MecTe pa3pylieHHo# nepksu St Dunstan B JIonoHe,
Bemukobpuranus
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2. Opranuzanus TEHUCTBIX auieil B ILIEHTPE TOpoAa C HCIOJIb30BAHUEM HHIEMHYECKUX
JIEPEBbEB, TAKWX KaK MICJIKOBHUIA, aKallds, BOCTOYHBIM IUiaTaH. Bbicajgka maBaHAbl U JIPYTUX
JIEKOPATUBHBIX KYCTAPHUKOB BJIOJIb YJIUII.

3. BeprukanpHOe oO3eleHeHHEe CTeH W (acagoB 3MaHUM I YIYyYIICHUS MUKPOKIMMATA.
YerpoilcTBO «3enéHbIX (acasoBy» W KPBIINI IS ACJIOBBIX M JKWIBIX 31aHui. Vcrmonb3oBaHme
aMIeIbHBIX pacTeHUM (JInaH), KOTOPHIE JIETKO PACTYT B KApPKOM KiuMarte. (puc. 5)

PﬂcyHOK 5. BepTI/IKaJ'ILHOG O3CJICHCHUC TPAHCIIOPTHLBIX PA3BA30K

B ycnoBusAx OrpaHMYEHHOrO NMPOCTPAHCTBA BEPTUKAIBHOE 03€JICHEHHE CTAHOBHUTCS Ba)KHBIM
WHCTPYMEHTOM. BepTukanbHble caipl MO3BOJSIOT BBIPALIMBATH pacTeHUs Ha (acamgax 3JaHHH,
yJlydllasi BHEIIHUM BUJ TOPOJa U CO3JAI0T AOIOJIHUTENbHBIE 3€JICHBIE IPOCTPAHCTBA AJIs OTIbIXA, a
TaKXKe  CIIOCOOCTBYIOT  JHEProcOCpE)KEHUIO, YMEHbIIAs  pacxoAbl Ha  OTOIUIEHHE U
KOHJUIIMOHUPOBAHUE YJIy4Illasi SKOJIOTHYECKHUE YCIOBUSI.

4. IlpupoaHble 30HBI OKa3bIBAIOT OJIATONPHUATHOE BIMSHUE HA ICUXO3MOIMOHAIBHOE
COCTOsIHME KuTenel ropoaa. MccnenoBanus mokasplBaroT, YTO NpeObIBaHUE B MapKax UM MPOCTO
BU/JI IPUPOJIBI CIOCOOCTBYET CHUIKEHUIO CTPECcCa, YIYUIIEHUI0 HACTPOSHMS U MOBBILIEHUIO O0IeH
YAOBJIETBOPEHHOCTH JKU3HBIO.

BbiBoabl. DK0-03€7€HEHHE TOPOJAOB — 3TO HE TOJBKO pEIIeHHEe MPOOIEeMbl 3arpsi3HEHUs
OKpYy>Karole cpeibl, HO M criocod co31anus KoM(popTHOH U 310pOBOM cpebl A >ku3HuU. [Iponecc
O3€JICHEHUSI TOPOJOB JOJDKEH OBITh KOMIUIEKCHBIM, C YY€TOM MOTpeOHOCTEHl HaceneHus u
0coOeHHOCTEeH TopoJCKOW HH(PACTPYKTYphl. BHEIpeHHe HKOJOTHYECKH YCTOWYMBBIX PpeIIeHUI
TpeOyeT yCUIIUi 1 COTPYITHUYECTBA BCEX YUACTHUKOB: OT MECTHBIX BJIACTEH U IHU3aiiHEPOB 1O caMUX
JKUTEIIEU ropoa.

DKOJIOTHYECKHE acneKThl (OpMHUpPOBaHMS TOpOJCKOM cpeabl B baky BKIIOYalOT HIMPOKUI
CIIEKTp MpoOJieM, CBSI3aHHBIX C 3arpsA3HEHUEM, pecypcaMu, HHQPACTPYKTYpOH M H3MEHEHUEM
kiuMaTa. OcylliecTBIeHNE KOMIUIEKCHOTO MOIX0/a, BKJIIOYAOIEro NHHOBALMOHHBIE TEXHOJIOTHUH,
YCTOMYMBOE pa3BUTHE M IOBBIIIEHUE HKOJIOTMUYECKON OCBEIOMIIEHHOCTH HACEJIEHHUS, TOMOYKET
YIIY4IIUTh SKOJOTUYECKYIO CUTYAIHIO M CO3/1aTh KOM(QOPTHBIE YCIOBUS ISl )KU3HU FOPOKaH.

B peanuzanum 3K0-03€JI€HEHUS TOPOIOB BaXKHYIO POJIb UTPAIOT COBPEMEHHBIE TEXHOJIOTHH.
BHenpeHrne aBTOMAaTHMYECKUX CHCTEM IOJIMBA, MCIOJB30BAaHUE JOKJEBBIX BOJ I OPOILIEHHUS, a
TaKXe MPUMEHEHNE HHHOBAI[MOHHBIX MaTepPHUasIoB Ul CO3/JaHUs "yMHBIX " 3eJIEHBIX 00BEKTOB, TAKHX
KaK 3€JIeHble CTEHbl M KPBIIIM, MOMOTaeT MOBBICUTH 3((EKTUBHOCTh M YCTOMYMBOCTH TAaKHX
IIPOEKTOB.

HecMoTpst Ha OrpoMHBIE IIPEUMYIIECTBA, JKO-03€JIEHEHUE I'OPOJOB CTAJIKUBACTCS C PIOM
BbI30BOB. [Ipexie Bcero, 3To0 HeAOCTATOK (PMHAHCHUPOBAHUS U CIOXKHOCTU B OPraHU3alllU yXoja 3a
3€JI€HbIMA TEPPUTOPUSAMHU B KPYIHBIX Meramnojucax. Takke BaKHYIO pOJIb UIpaeT I'paMOTHOE
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MJIAHUPOBAHUE, YTOOBI cO3/1aTh Y(PPEKTUBHBIC U YCTOMYHUBBIC SKOCHCTEMBI, KOTOPBIC HE MOTPEOYIOT
SHAYUTCJIbHBIX 3aTpaT B 6yz[ymeM. KpOMe TOro, HGO6XOI[I/IMO HU3MCHCHHC MBIINUICHUA T'OPOKaH,
KOTOPBIE JOJDKHBI IOHUMATh BaKHOCTh COXPAaHCHHS TIPUPOJIBI M aKTUBHO YYaCTBOBATh B PeaTH3aIU
IKOJIOTHYECKUX WHHUIMATUB. KauecTBEHHOE O3€JICHeHHEe — HEOTheMJIeMas COCTaBIISIONIAS
OJarormosry4us ropoJa.
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KOMITIO3UIUA T'OPOJOB ASEPBAMIKAHCKOM PECIIYBJIMKHA B YCJOBHAX UX
PEKOHCTPYKIIMH
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AnHOTanuA. J[1s9 ymopsaoueHuss apXUTEKTYPHO-TIPOCTPAHCTBEHHOTO IOCTPOCHUS TOPOICKOM
3aCTPOUMKH B YCIIOBUSAX PEKOHCTPYKIIMHM OCHOBHBIM SIBJISICTCS NMPUMEHEHHE Pa3IMYHBIX CPEICTB
KOMITO3UIIMH. PEKOHCTPYKIHUS TOPOJOB KaK CO3UAATEIBHO-TIPAKTUYECKAs JIEATEIHbHOCTh HMEET
OTHOIIICHHE KO MHOTUM Hay4HbIM jJuciuiuinHaM. Crernuduka rpaocTpouTeIbCTBa 3aKIF0YaeTCs B
TOM, 4YTO, ABJISAACH C&MOCTO?ITCJ'II)HOI\/JI HHCHHHHHHOﬁ, OHa BMECTC C TCM HeﬁCTByeT Ha CTBIKC MHOT'UX
Hayk. Ho rpamocTponTenbcTBO HE TOJNBKO IIUPOKas 00JIACTh HAYUHBIX TUCHUIUIMH. DTO TakXke U
cdepa UCKyccTBa. B OTHENBHBIX 3MaHUSX U COOPY)KEHHSX, B KPYIHBIX aHCAaMOJISIX W, HAKOHEI, B
3aCTpPOIKE rOpoJI0OB HAXOSIT CBOC MAaTEPUAILHOE BBIPAXKECHUE, CBOCOOPA3HYIO TPAKTOBKY HE TOJILKO
q)YHKHI/IOHaJII)HBIe HOTpe6HOCTI/I, I/IH)KeHepHO-TCXHI/I‘-IeCKI/Ie U DBKOHOMHUYCCKHUEC BO3MOXHOCTHU
00IIIeCTBa, HO M €r0 UACHHO-XYI0KECTBEHHOE MHUPOBO33PEHUE M ACTETUYECKHEe 3anpochl. Kak Obl
FOpOI[ HH 6I)IJI yI[O6eH IJIA JKU3HU U XOpOHIO TEXHHUYCCKH OCHAIICH, OH HC MOXCET paCCMapI/IBaTI)Cﬂ
KaK IOJIHOIICHHBIH OpPraHu3M, €CJIH €ro IJIaHUPOBOYHO-IIPOCTPAHCTBEHHOE MIOCTPOCHUE HEe 00J1a1aeT
apXI/ITGKTypHO-XYZ[O)KGCTBGHHI)IMI/I JOCTOMHCTBaMH, HC OTBCYACT 3CTCTHUYCCKHUM Hpe[[CTaBJIeHI/ISIM
obmrecTBa. K OCHOBHBIM CpeficTBaM KOMITO3UIIMU JIUIsl YCTAHOBJICHHS TIPOCTPAHCTBEHHOTO MOPSIKA
3aCTp0ﬁKH ropoaa OTHOCATCSA MeTpI/I‘-IeCKI/Ie nu pI/ITMI/ILIeCKI/Ie HOCTpOGHI/IFI, MOILYJH)HI)IG nu
MPOIOPLIMOHANIbHBIC WiIeHEeHHs. K OCHOBHBIM CpeICTBaM OpPraHU3aIl[MU FOPOJCKHX ITPOCTPAHCTB
HpI/I6aBJ'I$[IOTCﬂ JOITOJTHUTCIBbHBIC — B BUJC CI/IMMeTpI/I‘-IGCKI/IX N aCI/IMMeTpI/IqGCKI/IX HOCTpOGHI/If/'I.
OcHOBHbIE KOMMO3HUIIMOHHBIE CPEICTBA MOTYT OBITh MPUMEHEHBI KOHTPACTHO WJIM HIOAHCHO B
3aBHCHMOCTH OT apXHTEKTYPHO-TIPOCTPAHCTBEHHOTO 3aMbIciia. HeManoBakHOe, XOTS M TI0JICOOHOE,
3HaYEHUE AJI1 TapPMOHU3AINY OTAENBHBIX YaCTeH 3aCTPONKH NMEET BBEICHUE 1IBETA, OKpacKa 31aHUui
1 (akTypa CTpOUTEIHHOTO, MaTepualia. B 3aBUCUMOCTH OT T€X WM WHBIX I[BETOB (XOJOJHbBIE WIJIN
TerUIble, CIaldble WM KOHTPACTHBIE OTTEHKH) MEHSETCS 3pUTENbHOE BOCHPUSITHE PACCTOSHUNA U
MIPOCTPAHCTB MEXTY 3JaHUSIMH, OIIYIIICHHE BECOMOCTH WJIH JICTKOCTH.

KitoueBble ci10Ba: pEeKOHCTPYKIIMS, TPaJOCTPOUTENBCTBO, HUCKYCCTBO, OTHAEIbHBIC 3JaHUS,
aHcaMmoOJIb

COMPOSITION OF CITIES OF THE REPUBLIC OF AZERBAIJAN UNDER
CONDITIONS OF THEIR RECONSTRUCTION

Naghiyev Nizami Hasan — doctor of arch., prof., department of Fundamentals of architecture,
AzUAC, nizaminagiyev@gmail.com
Kerimov Idayat Vilayat- PhD in arch., ass.prof., department of Fundamentals of architecture,
AzUAC, hidayat.vilayatoglu@inbox.ru
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dinarcafarova@mail.ru

Abstract. The key factor in organizing the architectural and spatial structure of urban development
during reconstruction is using various compositional techniques. Urban rebuilding, as a creative and
practical activity, intersects with numerous scientific disciplines. While urban planning is an
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independent field, it also draws from and integrates aspects of other sciences. Urban planning,
however, is not solely a scientific discipline. It is also an artistic domain. Individual buildings, large
ensembles, and entire cities express not only the functional needs, engineering capabilities, and
economic conditions of society but also its artistic and ideological worldview, as well as its aesthetic
demands. No matter how comfortable or technologically advanced a city may be, it cannot be
considered complete if its spatial planning lacks architectural and artistic value or fails to meet the
aesthetic expectations of society. The primary compositional tools for establishing spatial order in
urban development include metric and rhythmic arrangements, modular systems, and proportional
relationships. These compositional methods can be applied either in contrast or nuance, depending
on the architectural and spatial concept. Additionally, colour, building materials, and texture play a
significant, though often secondary, role in harmonizing individual parts of a building. Colour
variations — whether cool or warm, subtle or bold — affect the visual perception of distance and space
between buildings, as well as the sense of heaviness or lightness in the overall design.

Keywords: reconstruction, urban planning, art, individual buildings, ensemble

Beenenne. ['opox ¢ ero OOIIECTBEHHOH M JKWJIOW 3aCTPOHMKOH, MPOMBIILICHHBIMH
COOPYKCHHMSIMH, TEXHUYECKHMMH 'yCTPOWCTBAMHU M OTKPBITBIMU IPOCTPAHCTBAMU OOpas3yer
HCKYCCTBEHHO CO3JIaHHYIO MaTEpUAIIBHYIO CpeLy, KOTOpas JOJKHA OTBEYATh KaK YTUJIMTAPHBIM, TaK
1 ACTETUYCCKUM 3ampocaM OOIIecTBa.

PexoHCTpyKIIMS TOPOJIOB KaK CO3UAATEIBHO-TIPAKTUYECKAS AEATEIbHOCTh UMEET OTHOUICHUE
KO MHOTHM Hay4yHbIM aucuuruinHaMm. Crenuduka rpagoCcTpOUTENbCTBA 3aKII0YAETCsl B TOM, UTO,
SIBJISIACH CAMOCTOSATENBHON JUCLMIUIMHOM, OHA BMECTE C TEM JIEUCTBYET HA CTHIKE MHOTMX HayK. Ecin
MIPOLIECC B3aMMONPOHUKHOBEHUSI HAYK, CTOJb XapaKTEPHBIM UIsl HAIIEro BPEMEHH, IPOUCXOIUT
00bIYHO B cdepe pOJCTBEHHBIX JUCHUIUIMH (Hanpumep, (U3HKa—XUMHS— OHONOTHS WU
apXeoJyioTUsi — HCTOPUS — HMCKYCCTBOBEACHHE M T. [.), TO TPaJAOCTPOUTEIHCTBO OOBEAUHSET
paszMyHbIe IO CBOEMY NPO(III0 HaydHBIE IUCHUIUIMHBL. 371€Ch AKOHOMHKA COCEICTBYET C
HCKYCCTBOBEJICHHEM, TEXHHKA C TUTUEHOM, CTPOUTEIbHbIC MaTepHallbl C TaHAMA(TOBEICHUEM U T.
a. [ToaTomy B rpaloCTpOUTENBCTBE MPOLIECC B3aUMOCBA3€M HAYUYHBIX JUCLMIUIMH, OTHOCSIIUXCS K
PEKOHCTPYKITUHU HACEJICHHBIX MECT, U3-3a Pa3HOOOPa3Usl U HEPABHOMEPHOCTHU Pa3BUTHSI TPOUCXOHUT
B 0C000 CJHOXHBIX ycioBusX. OIleHKa COCTOSHHMS CMEXKHBIX HayK, MO3BOJISIONIAs HamOojee
MPABWJIBHO OMNpPEAETUTh MYTH M MEePCHEKTUBHI Pa3BUTHS TPAJOCTPOUTENHCTBA B ILI€JIOM, TpeOyer
OOJIBIIION OCBEIOMIICHHOCTH B PA3JIMYHBIX OTPACIISAX 3HAHMUSL.

Ho rpagoctponTenbcTBO — He TOJMBKO HMIMPOKask 00JacTh HAYYHBIX AUCHHUIUIHH. DTO TAaKXKe U
cdhepa uckyccTBa. B oTIENbHBIX 3MaHUAX U COOPYKEHUSAX, B KPYIMHBIX aHCAMOJSAX U, HAKOHEI], B
3acTpOMKe TOPOIOB HAXOAT CBOE MaTepHUaIbHOE BBIPAKEHUE, CBOCOOPa3HYIO TPAKTOBKY HE TOJIBKO
(yHKIMOHATBHBIE TMOTPEOHOCTH, HWH)XCHEPHO-TEXHUUYECKHE W IKOHOMHYECKHE BO3MOKHOCTH
00I1IecTBa, HO U €ro UACHHO-XYI0KECTBEHHOE MUPOBO33PEHUE U ICTETHUECKHE 3aMPOCHI.

MeTtoaonorusi. Kak 661 Topo1 HU ObUT yI0O€H TSI )KU3HH U XOPOIIO TEXHUYECKH OCHAIIEH, OH
HE MOXET paccMaTpuBaTbCid KakK IOJHOLEHHBIA OpraHu3M, €cCJIM €ro IJIJAaHUPOBOYHO-
MIPOCTPAHCTBEHHOE MOCTPOCHHE HE 00JIa/IaeT apXUTEKTYPHO-XY/I0KECTBEHHBIMH JJOCTOMHCTBAMHU, HE
OTBEUYAET ACTETUUYECKUM TpeJCTaBlIeHusM oOmiectBa. Ho kak Obl HUM ObUI BHEIIHE KpacuB U
MPUBJIEKATEJIEH TOPOJl, OH HE MOYKET CUUTATHCS 3aKOHYEHHBIM, €CJIH HE TPEOCTABIISET CBOUM KUTE-
JISIM HEOOXOMMBIX yIOOCTB M HE CO3/1a€T ONTUMAIbHBIX THTHEHHYECKUX YCIIOBHM KU3HU. BmecTe ¢
yIY4IIEHHEM MaTepHaIbHO-MPOCTPAHCTBEHHOM CpeIbl AJsl Pa3IMYHBIX JKU3HEHHBIX U TPYJIOBBIX
MPOLECCOB JIOJDKHA COBEPIIEHCTBOBATHCS APXUTEKTYPHO-XY105KECTBEHHAS CTOpOHA
IpaIoCTPOUTENHCTBA.

B oTiume ot Apyrux BUIOB HCKYCCTBA, APXUTEKTypa U IPAIOCTPOUTEITHCTBO HE M300paxaroT,
HE OTPAXKAIOT, a CO3/IAaI0T U MPeoOpa3yroT pealbHYI0 JIEeHCTBUTEIBHOCTh, 00CTYKUBasi 0OIIECTBO
OJIHOBPEMEHHO W B MaTepUaIbHOM, W B HJACOJOTMYECKOM OTHOIEHUU. [loaTomy wuaenHo-
XYyJO0KECTBEHHAs! 0Opa3HOCTh B apXHUTEKTYpPE BBIPAKAETCS Yepe3 MPOCTPAHCTBEHHYIO CTPYKTYPY,
TEXHUKY, CTPOWMTENIbHBIE MaTe€puaabl M KOHCTPYKIMHA. OTHUM E€IWHCTBOM YTHJUTAPHOTO U

9CTCTUYCCKOI'0 OMPEACTIACTCA CBOCO6paSI/IC TBOp‘{eCKOﬁ ACATCIIBHOCTU apXUTCKTOpA U OTINYHC €C
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OT JIEATEIBbHOCTH XYA0KHHUKA.

Pe3yabTaThl. BmecTte ¢ TeM B COBPEMEHHOM TOpoOJie Bce OoJblliee 3HAYCHUE MPHOOpPETaoT
VMHKEHEPHBIE COOPYKEHUS U TEXHUYECKHUE YCTPONCTBA, JAIEKUE OT TPAJAULIMOHHOIO IIPEACTABICHUS
00 apxutekType. OHM aKTHBHO Y4acTBYIOT B (pOPMHUPOBAHUM BHEIIHETO 0OJIMKA ropo/ia, IPUBHOCS B
HEro COBpeMEHHbIe uepThl U MacmTad. Korna MHOTOUYHMCIEHHOE U YCIIOXKHSIOIIEEeCS TEXHUYECKOe
OCHALIECHUE, CKJIAIbIBAsiCh B KPYIIHbIE B3aMMOCBSI3aHHBIE CHCTEMBI, OXBaThIBA€T BECh TOPO/I,
o0ecrnieunBasi €ro XU3HEJCSATEIbHOCTb, OHO HE MOXKET HE OKa3blBaThb KOCBEHHOT'O BIIMSHHS Ha
MPOCTPAHCTBEHHYIO CTPYKTYPY KaK rOpoJa, TaK U €ro OTAEJIbHBIX YaCTEH.

WNHnycTpuanbHble METOABI BO3BEACHMS 3JaHUNA W COOPYKEHHMM pa3IMYHOIO Ha3HA4YECHHS
CKa3bIBAIOTCS HA OPMUPOBAHUHU TOPOACKON 3aCTPOUKH U BHEITHEM OOJIMKE TOPOJI, C UX TOMOIIBIO
B KpaTyaiiire CpOKH CO3Aat0TCsl OOJbIINE U 3aKOHUYEHHBIE YacTu ropoja. Co3/aiTces IpearoChUIKU
U yCIoBUS A1 (POPMUPOBAHUS HOBBIX ICTETHUECKUX KAUECTB 3aCTPOMKM M 0JIArOyCTPOWMCTBA Ha
OCHOBE COEMHEHUs HAYYHOTO TBOPYECTBA, APXUTEKTYPHOIO UCKYCCTBA U TEXHUYECKON 3CTETUKHU.

YcnoBueM 3CTETHYECKOW OLICHKH TEXHMYECKUX COOPYKEHMM M YCTPOWCTB SIBJISETCS
npeoOpa3oBaHUe HMX KOHCTPYKTHBHOM CHUCTEMbl B TEKTOHHYECKYI0, K KOTOPOM MOTryT OBbITh
MIPUJIOKECHBI ACTETHYECKUE KPUTEPUH, XapaKTePU3YIOIIHE XyIoKecTBeHHYI0 (opmy. Ho HyxkHO
IIOMHUTh B 3TON CBSI3M, YTO HJEHHOE COJEpPKAHUE APXUTEKTYphl M €€ CTUJIb HE BBITEKAIOT
HETMOCPEICTBEHHO M3 TEXHUKHM W OpraHu3aluu ''CTPOUTEIHHOTO IPOM3BOJCTBA. |E€XHUYECKUE
CpeICTBa, KOTOpPhIMH 0O0JaJaeT YelIOBeK B JaHHOE BpeMs, HE CIIeAyeT OTOXJAECTBISATh C
XYJIOKECTBEHHBIMA BO3MOXHOCTIMU. CriocoObI BO3BEICHHS 3[aHUN W COOPYXKEHUH Pa3THIHOTO
HAa3HAYEHUS W OpraHu3alus TMPOU3BOACTBA CTPOHUTENBHBIX padOT SBIAIOTCS CPEICTBAMU
OCYIIIECTBIICHUS apXUTEKTYPHBIX U TPAIOCTPOUTEIBHBIX 3aMBICTIOB. DTHM OOBSICHSCTCS TOT (aKT,
YTO HAa NPOTSHKEHUHM BEKOB IPU IMOMOIIM OJHUX U TE€X XK€ TEXHUYECKUX CpPEJICTB Ha OCHOBE
0JIHOOOpAa3HBIX CIIOCOOOB MPOM3BOACTBA CTPOUTEIHHBIX PAa0OT BO3BUTATIMCH B PA3HBIX CTpaHaX U
pPa3IMYHBIX COLMAIBHBIX YCIOBUAX 3JaHUSl PA3JIMYHOIO KayecTBA U XYJ0KECTBEHHO-CTHJIEBOM
HANpPaBIECHHOCTH.

Ecnu monx miaHMpOBOYHOW CTPYKTYpO#l mMoapasymeBaeTcsi oOIlee IMOCTPOCHHE Tropoja,
OTIpE/ICNIIEMOE B CBOCH OCHOBE YTUIUTAPHBIMH IEISIMUA U (PYHKIIMOHAIBHBIMU TPEOOBAHHSIMH, TO
KOMITO3HIIUS TOPOAa — 3TO apXUTEKTYPHO- IPOCTPAHCTBEHHBIN MOPSIOK COTJIACOBAHHOCTH YacTei
ropojia, ONPENENAIOIUNA €ro XyI0KEeCTBEHHO-ICTETUUECKYIO0 LETOCTHOCTh. Kommo3uuus ropoaa
oOycrnoBiieHa (PyHKIIMOHAIBHON CTPYKTYpOil, HO MOCIEIHSS, CO CBOEH CTOPOHBI, B U3BECTHOM Mepe
OKa3bIBa€T OOpaTHOE BO3JEHCTBHE HA €ro KOMMO3UIHI. XYJ0KECTBEHHO-ICTETUYECKAs
BBIPA3UTEIBHOCTh TOPOJCKOW 3aCTpPOMKH 3aBUCHUT4 OT CTENEHHU COBEPIIEHCTBA KOMITO3MIIMH,
WCIOJIB30BAHMS TAKUX CPEJICTB MPOCTPAHCTBEHHOTO YIOPSAI0YEHHUS TOPOJICKON 3aCTPOUKHU, KOTOPBI-
MU MOXHO JOOUTHCS SPKUX HMHIUBUIYaTbHBIX, 3alIOMUHAIONIMXCSA 4YepT, OTIUYAIONINX JTaHHBIA
ropoJ OT APYTHX.

Juckyccusi. K oCHOBHBIM cpeACTBaM yCTaHOBJIEHUS! IPOCTPAHCTBEHHOIO MOPSIAKA 3aCTPONKH
ropojia OTHOCATCS METPUYECKHE U PUTMUYECKHUE MOCTPOEHUS, MOAYJIbHBIE U MPOMOPIUOHAIbHbBIE
4lieHeHUs. B yCIOBHAX 3CTeTHYECKOT0 OCBOCHHS OONBIINX MPOCTPAHCTB MPUMEHEHHUE 3TUX CPEACTB
MMeeT CBOM 0COOEHHOCTH B A3epOaimxaHckoi Pecryonuke.

MeTpopuTMHUECKOE TOCTPOCHUE B 3ACTPOMKE OTACIBHBIX PAOHOB IOpOJa ONPEAEISIETCS
pacmoJIOKEHUEM TPYNN 37aHUN WM COOPY)KEHHH B KaKOM-THOO 3aKOHOMEPHOM TMOPSIKE.
Hapymenne rapMOHMYECKOTrO COOTBETCTBUSI MPOCTOTO MM CIOXKHOIO PUTMHUYECKOTO CTpPOSA
MPUBOJUT K CHUKEHUIO U JJaXkKe MOTEePE XYJA0KECTBEHHBIX KaueCTB.

PutMuueckne 3aKOHOMEPHOCTHM TECHO CBSI3aHBl C YCTAHOBICHHMEM MOIYJIbHBIX H
MPOTMOPLMOHANIBHBIX YICHEHUH TON WM WHOM YacCTH TOPOJICKON 3acTpOiKH. B TeueHne BEKOB ObUTH
pa3paboTaHbl pa3TuYHBIC CHCTEMBI TIPOMIOPIIMOHAIBHBIX COOTHOIICHWH. MHOTHE U3 HUX MPUOOpeTn
HOBOE€ 3HAaYCHHE, OCOOCHHO B COBPEMEHHBIX YCIOBUSX MPH YBEIUYEHUH 00HEMOB MHOTOITAXKHOTO
CTPOUTENBCTBA.

EnuncTBO puTMa M MOy, HaAWM4Me MPOJYMAHHBIX MPOMOPIUOHAIBHBIX YJICHEHUH —
OCHOBHBIC CpEJICTBA TAPMOHHYECKOTO TOCTPOEHHUS COBPEMEHHOTO AapXWUTEKTYPHOTO aHCaMOJIs.
YCTOWYUBOCTh OATHUX CPEICTB OOBSACHSAETCS TEM, 4YTO B HHUX OTPAXKAIOTCI OOBEKTHUBHBIC
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3aKOHOMepHOCTH. Tak, Hampumep, pUTMHUYECKas OpPraHU3alUs apXUTEKTYPHO-IUIAHUPOBOYHBIX
pELICHUH B CBOEH OCHOBE UCXOAUT U3 JKU3HEHHBIX IIPOLECCOB, IIEPEHECEHHBIX 110 MEPE UX MTO3HAHUSA
Ha TBOPYECKYIO ACATEIBbHOCTb U MIOCTENEHHO NIPEBPATUBIIUXCS B OJHY U3 OCHOBHBIX 3CTETHYECKHUX
kareropuu. IlpomopunoHansbHBIE 3aKOHOMEPHOCTH OOBEKTHUBHO MPHCYIIM TaKXe MPUPOAE U B
pe3yibTare AJIUTEIBHOIO 0TOOPA CTalU MCIIOJIb30BaThCs B TBOPUECKOM JIEATEIBHOCTH KaK OCHOBA
rapMOHHMYECKOU 3aKOHOMEPHOCTH.

K »TUM OCHOBHBIM CpeACTBAaM OpraHMU3ALUU TOPOJCKUX IPOCTPAHCTB MPHUOABIAIOTCA
JOTIOJIHUTENIbHBIE — B BHJE CHUMMETPUYECKMX WM ACUMMETPHUYECKUX HOCTpoeHUH. IlomHas
CUMMETpPUS B apXUTEKTYPHBIX aHCaMOJIAIX BCTpPEYaeTcsl CpaBHUTENbHO peako. bosee yacto
MPUMEHSIOTCS MPUEMbl ACUMMETPUUYECKUX KOMIIO3UIMH, OO0YCIOBICHHBIE I'PaJOCTPOUTEIILHBIMU
TpeOOBAHUAMH, A TAKXKE CBA3AMU C OKPY’KaIOLIEeH Cpeso.

OCHOBHBIE KOMITO3UITHOHHBIE CPEACTBA MOTYT OBITh IPUMEHEHBI KOHTPACTHO WJIM HIOAHCHO B
3aBUCHUMOCTH OT apXUTEKTYpHO-IIPOCTPAHCTBEHHOI'O 3aMbIcia. KOHTpacTHbIE COOTHOILEHUS
MPUMEHSIOTCS, KOTJIa HEOOXOAMMO pPE3KO BBIACTUTH OCHOBHOE 3BEeHO aHcamOis. HroancHeMu
COOTHOILICHUSMH BBIPA)KAETCS IIOCTENIEHHAs!, HE BCEr/a yJaBIUBaeMasi Cpasy I0CIEI0BaTEIbHOCTh
Iepexoa OT OAHOU TPYIIIbI 3aCTPOMKH K IPYroi.

HemanoBaxkHoe, XOTS M MoAcOOHOE, 3HAYEHHME JUIsI T'apMOHU3AIMM OTJENbHBIX YacTeil
3aCTPOMKM HMMEET BBEJCHHE I[BETA, OKpacka 3/laHuil M (akTypa CTPOMTEIHHOrO Marepuaia. B
3aBUCUMOCTH OT T€X MJIM UHBIX [[BETOB (XOJIOHbBIE WIIH TEILIbIE, CIIA0bIC MM KOHTPACTHBIE OTTEHKH)
MEHSETCSI 3PUTEIIBHOE BOCHPUATHE PACCTOSHUM M IIPOCTPAHCTB MEXAY 3JaHUSMH, OLIYIEHHUE
BECOMOCTH WJIH JIETKOCTH.

Bce atn kadyecTBa mMpOCTPaHCTBEHHOM OpraHu3alyy TOPOACKOW 3aCTPOMKH, BMECTE B3ATHIC,
JIOJKHBI JaTh NPEACTABICHUE O €€ MacIITabHOM copa3zMepHOCTH. I'pagocTponTenbHbIi MacTad —
9TO COMU3MEPUMOCTh BEIIMYHMHBI TOPOACKON 3aCTPOMKH U OTKPBITBIX IIPOCTPAHCTB YJIMI] M TUIOLIAACH
c 4enmoBekoM. IIpu 3TOM MMeeTcs B BHJY COBPEMEHHBIH YEJIOBEK, BOOPYKEHHBIN IE€pEIOBOU
TEXHUKOW W IOJIb3YIOIIMICS, B YaCTHOCTH, BCEMHM BHUJAMHU I'OPOJCKOIO TPAHCIIOPTA. YKPYIHEHUE
IUTAaHUPOBKU U 3aCTPOMKM COBPEMEHHBIX ropoioB A3epbOaiipkaHa, Takux kak ['sHmxa, Cymraur,
MUHTSYeBHp M JPYTHX, U3MEHEHHE CIIOCOOOB M OBICTPOTHI TEPENBMKCHHS HACENICHHS B HHX
BBI3BIBAIOT K )KM3HU HOBBIE CIIOCOOBI YCTAHOBJIEHHS MACIITAOHBIX COOTHOILICHHH.

[IepeuniciieHHBIE BBIIE KOMIIO3UIIMOHHBIE CPEICTBA aAPXUTEKTYPHO-IIPOCTPAHCTBEHHOIO
YIIOpSAIOYEHHS TOPOACKON 3aCTPOMKM HampaBJeHbl HAa TO, YTOOBI MPUIATh €i BBIPA3UTEIBHOCTD U
CBOEOOpa3HbIN XapakTep, 00JErYuTh OPUEHTAIMIO B IPOCTPAHCTBE rOpoJia MyTEM €ro pacuJeHEHHs
Ha COCTaBJIAIOIIME YaCTH. YMEIIO€ COBMECTHOE HCIIOIB30BAHUE BCEX CPEACTB IPOCTPAHCTBEHHOMN
BBIPA3UTEIbHOCTHU CIIY>)KUT YCJIOBHEM IMOBBIILIEHUS XY/10)KECTBEHHO- 00pa3HbIX KAaueCTB IJIAHUPOBKH
Y 3aCTPOMKH FOPOMOB.

Kpurepnn XynoKeCTBEHHBIX KadeCTB TOPOACKOM 3aCTPOMKM HE OCTAaBaJUCh YEM-TO
3aCTBHIBIIMM M CTaOWJIBHBIM, @ U3MEHSUINCh BMECTE C PAa3BUTHEM HUCTOPUM M KYJIbTYPbI CTpaHbl U
HapoJa, BBLACIAS HAa KaXJAOM HCTOPMYECKOM JTale T€ HOBBIE KadyecTBa AapXUTEKTYphl H
I'paJIoOCTPOUTENBCTBA, KOTOpPble B HaMOOJbIIEH CTENEHH OTBEYAIM H3MEHSIOUIMMCS YCIOBUSAM
0OIIECTBEHHOM )KU3HHU.

Ecnu oTnenbHbIE YaCTH TOPOIa U TPYIIILI 3AHUI MOTYT UMETh 3aKOHYEHHOE KOMITO3ULIMOHHOE
MIOCTPOEHHE, TO TOPO B LIEJIOM IMPEACTaBISET CO0O0M ClIoKHOE 00pa3oBaHKe, KOTOPOE HEMPEPHIBHO
pa3BHUBaeTCs, U3MEHSAETCS U OOHOBISETCS C COIMAIbHBIM IPOTPECCOM M MOBBIIIEHUEM YPOBHS
MIPOU3BOIUTENBHBIX CHJI o01IecTBa. Uem Gojiee pa3oOIIeHbl OTAEIbHBIE YaCTH TOpOoJia, YeM Jajblle
IIPOCTUPAETCA €T0 3aCTPOMKA, TEM CII0KHEE OPraHU3ALMs IPOCTPAHCTBEHHOIO M apXUTEKTYPHOTO
€IMHCTBA ropoja. B 3ToM 0c00€HHOCTh KOMIIO3ULIMOHHOTO MOCTPOSHUS U XY0KECTBEHHON OLIEHKH
TOpPOJICKOM 3aCTPOUKH IO CPABHEHMIO C OTJIEIBHBIMU 3JaHUSAMH WM UX TPYTIIAMHU.

Bce KOMITO3MIIMOHHBIE CpPEACTBA MAPMOHM3ALUUA TOPOJACKON 3aCTPOMKU MOTYT IPOU3BECTH
KeJlaeMbIi 3P PEKT JUIIb IPU YCITOBUH TIIATEIBHOTO yUeTa 0COOEHHOCTEN 3pUTEIBHOIO BOCIPUATHS
B HaType, BO3JECUCTBUA PAKypPCOB U IEPCIEKTUBHBIX UCKAKCHUM.

OO6nuK ropoja CKIAAbIBaeTCs B pPE3yJbTaTe BU3YAIBHOIO KOHTAaKTa MEXAY 3pUTEIEM U
OKpY>KaloIlel MpOCTPaHCTBEHHOI Cpesoi, MOITOMY HEOOXOAMMO MMEThH SICHOE MPEJCTABICHHE O
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TOM, KaK KOMIIO3UIITMOHHBIE 3aMBICIBI OyAyT BOCIPUHUMATLCA B HAaType, B YCIOBHUSAX PEaTbHOTO
MPOCTPAHCTBA C YIETOM M B COOTBETCTBUH C 3aKOHAMHU M OCOOCHHOCTSMU 3PUTEIHLHOTO BOCIIPUSITHSIL.
Bocrnpusitue 4enoBekoM HATypbl JaJeKO HE OJHO3Ha4HO. OHO HMCTOPUYECKH OOYCIIOBIICHO,
HaxOJUTCS B TOCTOSSHHOM Pa3BUTHHU, OMPEIEIAETCS YPOBHEM TPaJOCTPOUTEIILHON KYIbTYpPhl U
CBSI3aHO C ACTETUYECKUMH KPUTEPHUSAMHU OIICHOK, XapaKTEPHBIX ISl JAHHOW AIIOXH.

®uU3HMOI0THs YeJIOBEYECKOr0 3pEHUs TAKOBA, YTO JAJIEKO HE BCEr/1a TOYHO BOCHPUHUMAIOTCS
HWCTUHHBIE pa3Mepbl OOBEKTOB TOPOJCKOW 3aCTPOMKM M HMX TMPOCTPAHCTBEHHOE IIOJIOKCHHE.
N300paxkeHne Ha ceTuaTKe Iia3a HECOBEPIICHHO U KOPPEKTUPYETCs He 0CO3HABAeMOW HaMU paboToi
Mosra. B 3ToM mposiBisieTcss CIOCOOHOCTh 4YENOBEKa K BOCHPUSITHIO OKPYKAIOIICH IeHCTBH-
TEJIBHOCTU BO BCEH €€ CI0XKHOCTU U MHOrooOpa3uu. OH Hy)KJaeTcs B IPaBUIbHOM IIPEACTABICHUN
0 MpeaMeTax, a He B MPABWIBHBIX ONTHYECKUX M300pakeHUaX. Onupasch Ha MPaAKTUYECKUH OTBIT U
3HAHUS, MBI BOCIIPUHUMAEM 3HAKOMBIC (OPMBI, UCKAKEHHBIC MEPCICKTUBHBIMU COKPAIICHUSIMH,
TaKUMH, KAaKH€ OHHM €CTh Ha CaMOM JeJie, T. €. KOPPEKTUPYEM ONTHYECKHE NCKAKCHHS JJOTHYECKUM
MBIIICHHEM. Bce 3To mMeeT ocoboe 3HAYCHHE B YCIIOBHUSX 3PUTEIBHOTO BOCIPHUSTHS OOIBIINX
MIPOCTPAHCTB.

AHaNUTUYECKUE 3HAHMS W TPAKTUYECKUM OMBIT TMOMOTAIOT CBECTH MHOKECTBEHHOCTD
00BEKTOB B OOOOIIECHHBIE TPYIIbBI, a Pa3HOOOpa3HbIe YACTHHIC BIEYATICHUS — B LEIOCTHBIN
BHEIIHUM 00JIMK. TO WJIM MHOE MPEJCTaBICHUE O IEJIOM IOJIYYaeTCs, KaK CJI0KHOE COCIUHEHHE
HEMOCPEJACTBEHHBIX BIEUATICHUNH C TMPEANICCTBYIOIIUM >KU3HEHHBIM OIBITOM. YeTKOCTh U
MIPaBUIILHOCTh 3PUTEIILHOTO BOCHPHUATHUS 3aBUCUT OT W3MEHEHUs yCIOBUU 0003peHus (yaaleHwue,
MOBOPOT, pakypc). TOYHOCTH 3PUTENBHBIX OLEHOK 3aBUCUT OT CYOBEKTUBHBIX MPUYUH
(bnmaronpuATHOE OKPYKCHHE, CIIOCOOCTBYIOIICE OOJCTYCHHIO CPABHCHH M OIICHOK, aKTHBHOCTH
BOCHPUATHUA U T. J.). B Kax0M ciiydae npu ornpeaencHi yCIoBUil 0003peHUs OTACIbHBIX YacTel
ropoja, B 3aBUCHUMOCTH OT MPOCTPAHCTBEHHOI'O OXBaTa 3aCTPOMKH, HEOOXOIUMO MPEABUICTD,
HACKOJIBKO MPaBUIILHO OyJIeT BOCHPUHUMATLCS MOCIIE MIEPEHECEHHs B HATYpY MPOEKTHOE PEeIleHUE,
3aKCUPOBAHHOE B UEPTEKAX M MakeTax. [Ipr 3TOM JTOJDKHBI PUHUMATHLCS BO BHUMAHHUE YCIIOBUS
BUJUMOCTH 3/IaHUI B 3aBUCUMOCTHU OT UX YAAJCHHOCTH, KOTOPAst OMPEENIAeTCs yIiioM 3peHus. Tak,
Hanpumep, npu yrie 45° MOKHO ICHO BUAETH JI€TalIM 3[aHtsl, HO €ro 00Iuii 00beM BOCIIPUHUMAETCA
¢dbparmenTapro. [Ipu ymnaneHHocTH, ompenenseMoil yriom 3peHus 18—27°, ACHOCTh BOCHPUSATHS
JIeTae MOCTENEHHO TEPSIETCs, 3aTO OO 00bEeM 3/1aHUs BUJIEH Bce Oosiee ueTko. HakoHer, npu
erie OoJbIIeH yAaTeHHOCTH 3/JaHie BOCIIPUHIMAETCS B COUETAHUU C OKPY>KAIOIIUM IIPOCTPAHCTBOM,
T. €. B cucteme ancamOmus. Creayer yTOYHHTh, YTO COOTHOIIEHWE YTIJia 3PEHHS W XapakTepa
BOCHPUATHS UMEET 3HAUCHUE JJI1 CPAaBHUTEIBHO HEOOIBIION BEICOTHL. [Ipy BOCTIPUATHN BBICOTHBIX
3IaHW BCTYMAIOT B CUJIy Jpyrue 3aKOHOMEPHOCTH M KpuTepuu. Ho BO Bcex ciydasx HYXKHO
pa3nuyaTh YCIOBHUS 3PUTENBHOTO BOCIPHUSATHS 3[aHUNA M3 OJHOW 3a(pUKCHPOBAHHOW TOUYKU U B
JBKEHUU, HATIPABJICHHOM MEPIICHIUKYIISPHO 3JaHUI0 WU MapaliIeIbHO EMY.

Ecniu mpu o0003peHHMH OTHAENbHOTO 3JaHUS MBI  TOJB3yeMCS MPEUMYIIECTBEHHO
3a(UKCUPOBAHHBIMU, HanOoJIee OJIArONPUATHBIMHA BUAOBBIMA TOYKAMU 3PEHUS 1 COBEpIIaeM 00X0/1
€ro B MOMCKaxX 3THUX TOYEK, TO OOIIMPHBIE MPOCTPAHCTBA TOPOACKON 3aCTPOMKHU OJHUM B3TISIOM
OXBaTHTh HEBO3MOKHO. OHA BOCTIPUHUMAETCSI BO BPEMEHH U B OTIPEJICIICHHOM TTOCIIEIOBATEIHHOCTH.
OdepenHOCTh, OBICTPOTA WM 3aMEAJICHHOCTh BOCHIPUATHS UMEIOT HEMAJIOBAXXHOE 3HAYCHHE IS
TOTO, YTOOBI COCTaBUTH MPEICTABICHUE O TOPOJE WJIM O €ro OTACIbHBIX 4YacTsax. BechMa BaxHO
CBSI3aTh XapaKTeP BOCHPHUATHS 3aCTPOHKH CO CIIOCOOOM MEPEIBIKEHUSI 3pUTEINS, UAYIIETO MEeIKOM
WJIU TOJIB3YIOLIEroCsl TEM WM WUHBIM BHUJOM TPaHCHOPTA, BIUIOTH A0 CKOPOCTHOro. CKOpPOCTH, T. €.
MIPEO0JIOJICHUE MPOCTPAHCTBA B OAHY W Ty K€ €IMHHILY BPEMEHH, CYIIECTBEHHO OTpa)KaeTCs Ha
XapakTepe BOCIPUITHS TOPOJCKON 3aCTPOUKH, HAa CMEHE BIIEYATIICHUH 1 TPOAOKUTEILHOCTH 0003-
pEeHUs OTACIBHBIX OOBEKTOB.

VYcnoBust 3puTEABHOTO BOCHPUSITHS TOPOJCKON 3aCTPOMKH BO BpEMS ABUKEHUSI HAXOAATCS B
3aBUCHMOCTH OT TPACKTOPUU M TIOCJIECIOBATEIHLHOCTH TEPEABMIKEHUS OTHOCUTEIHLHO OOBEKTa
BOCHIpUATHA. Bce 3TO HY)KHO YYUTHIBATH MPH PACIIONOKECHHH BBICOTHBIX 37aHUM, (POPMHUPYIOIIHX
CHITYDT TOpO/JIa.

Bocrnpusitue B IBM)XEHHM, CBS3aHHOE C HMCIOJb30BAaHUEM TPAHCIOPTHBIX CPEACTB, HEIb3s
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MOHUMAaTh CIMIIKOM YIPOILIEHHO. [le0 He TOJIBKO B TOM, YTOOBI YYHUTBIBATH YCIOBUS BUAUMOCTU
TOPOJCKOM 3aCTPOIKHU Yepe3 OKHa OBICTPOIBMIKYILEHCS aBTOMAIIMHBI MM aBTOOYyca, (UKCUPYs Ha
xony Oersible BIeYaTieHHUsl OT Hee. bbIcTpoe mepemelieHHe Ha MEXaHHYECKOM TpPaHCIOPTE I10
OOIIMPHOMY MPOCTPAHCTBY TOPOJIA JAET BO3MOKHOCTD COSIMHUTH B OJJTHOM BIIEYATIICHUN 3aCTPOUKY
Pa3IMYHBIX JAJIEKO PACIONI0KEHHBIX OJUH OT JPYroro y4acTKOB M, CI€I0BAaTEIbHO, MOIYYUTh OT
ropojia LieJ0CcTHOE BlieyaTyieHue. Hy)kHO HMeTh B BUly HE TOJIBKO Clly4aiHble, pa30BbI€ MEPEABUKE-
HUS, HO U JIEJIOBbIE, NEIIEXO/HbIE U TPAHCIIOPTHBIE NEPEMEIIECHNUS 10 ONPEAETICHHBIM, IIOCTOSHHO
MOBTOPSAIONIMMCS MapuIpyTam (0003peHue JOCTOPIMEYaTeIbHBIX MECT, IBHKEHHUE IEMOHCTPALIUH,
MECTHOE MePEBI)KEHUE BHYTPHU KUJIOT0 palioHa, TPYAOBbIE OE3/IKH).

I'opoxckas 3acTpoiika — 3TO HE TOJNBKO OOBEKT BOCHPUATHS, 0ObEMHO- MPOCTPAHCTBEHHAS
KapTHHA, KOHTPACTHBIA CHIIYIT, *KUBOIIMCHAs IaHOpamMa WM YepelOBaHHE KOMIIO3MIIMOHHBIX
aKLEHTOB. 3a YCJIOBHOCTSAMHU 4YepTeka M MaKeTa HHMKOrJa HE CIEAYyeT YTpauuBaTh OILYILEHUE
JEUCTBYIOIET0 4YeloBeKa W 3a0bIBaTh, YTO TOPOJCKas 3acTpOMKa — 3TO MPEXIE BCEro €ro
Xu3HeHHas cpena. OOIMK Toposa U ero OTAEIbHBIX YacTel He MOKeT (hopMUpoBaThes 0e3 J0JeH,
HAaCEJSIOIIUX TOpPOJCKUE IPOCTPAHCTBA, JAEHCTBYIOUIMX CpPEAM apXUTEKTYpHBIX OOBEMOB,
MCTIOJB3YIOUINX 3TH 00BEMBI U MPOCTPAHCTBA JUIsl CBOMX ITOBCETHEBHBIX JEN M 3aHATHH. YenoBek
SBJISICTCSA TJIaBHBIM MEPUJIOM TOT0, HACKOJIBKO 3aCTpOiika M NPOCTPAHCTBEHHAs cpela yIOOHBI,
COBEpIIEHHbI, KPACUBBI U XOPOILIO 3pPUTEIBLHO BOCIPUHUMAEMBI.

UYenoBek aKTUBHO OCBAaMBaeT TOpPOJCKYI0 cpely. Bocmnpustue um ropoga umeer
n30MpaTeNbHBINA XapakTep. Mbl puKcHpyeM BHUMaHHUE Ha TOM, YTO HAC HHTEPECYET, © UTHOPHPYEM
ciliyyailHoe W HexapakTepHoe. JlJIMTeNbHOE WM HPEPHIBUCTOE HEMOCPEICTBEHHOE BOCHPUATHE
rOPOJICKOH 3aCTPONKH, IEpeMexkarolleecs C IPEKHUMHU aCCOLIMALMSIMU U BIIEYATICHUSIMU, B TOW WU
MHOM CTENeHH BXOJUT B 000011eHHOE MpeacTaBieHue 06 odnuke ropoaa. Hakonen, BpeMeHa roja u
CMEHa CyTOYHOTO PEeKMMa, BO3IYIIHAS Cpela, MOrofa, COCTOSIHHE aTMOC(EphI, OTPaHUYNBAIOIIEE
BUJMMOCTb, 3P PEKTHI COJIHEUHOTO OCBELIEHUS — BCE ITO KOPPEKTUPYET YCIOBHSI 'BOCIIPUATHS U HE
MOJKET OBITh HE NPUHATO BO BHUMAHHUE.

I'oBopss 0 BBIOOPOYHOM XapakTepe BOCHPUATHS, HeNIb3d OPHEHTUPOBATbCA  Ha
WH/IMBUyAIbHBIE OCOOCHHOCTH M MHOTOYHMCIICHHBIE CIIydalHOCTH. BHHMMaHuWe IOKHO OBITH
00pallleHO Ha T€ YepThl, KOTOPbIE BO30YX/IAIOT OJHOPOAHbBIE PEAKIIMU Yy LIEBIX IPYII HACEICHMUS.
Baxnbpl HEe UHIMBUyaTIbHBIE PA3IUYUs, a 0000LIatONINe BIIEYaTIEHUs, TI03BOJISIONINE BBIIBUTD T€
3aKOHOMEPHOCTH BOCTIPHSITHS, KOTOPbIE MOTYT OBITh OTHECEHBI K OOILECTBEHHOMY UEJIOBEKY.

[TokazaTensiMu  IOJIOKUTENBHBIX KAadeCTB TOPOJCKOW NPOCTPAHCTBEHHOM Cpenbl, €€
cBO€0OPa3Hsl U 3CTETUUYECKOMN IEHHOCTH SIBJISIOTCS JIETKOCTh IPOCTPAHCTBEHHON OpUEHTAIINHU, ICHOE
MIPE/ICTAaBJICHUE O IUIAHUPOBOYHOM CTPYKTYpPE, BO3MOXHOCTh YCBOEHUS OTJEIbHBIX YacTel
TOPOJICKOM Cpefibl B YBSI3KE UX C LIEIbIM. BBISIBIEHHE XapaKTEPHBIX Y3JI0B TOPOACKON 3aCTPOUKH SIB-
JIAETCS YCJIOBUEM FapMOHUYECKOT0 B3AUMOAECHCTBUS MEXK Y YEIIOBEKOM M OKPYkKAIOIIEH €ro Cpe1oi.
HeoxngaHHOCTB, CIIy4allHOCTh MOT'YT MIMETHh MECTO U BBI3BIBATh IMOJOKUTEIBHYIO PEAKIIMIO JIUIIb B
pamMKax MOHSITHOM U JIETKO YCBaWBA€MOMH MPOCTPAaHCTBEHHOW CHCTEMBbI TOpOJa WM €ro KpYIHbBIX
YacTeu.

3akuouenue. ['opojckue 31aHus U COOPYXKEHUs, 00CTyKMBAIOIME YeIOBeKa B chepe Tpyna,
ObITa, 0OLIECTBEHHO! JIEATETLHOCTH U OT/BIXA, UMESI XapaKTepHbIE apXUTEKTYPHO-XYJ0’KECTBEHHBIE
YepThl U COCTABJISAS IPOCTPAHCTBEHHO BBIPA3UTENbHbIE IPYIIIbI, MOTYT OBITH HOCUTENISIMH UICHHO-
0o0pa3HOro Hayasa, BIpa)kaeMoro uepe3 MPOCTPAHCTBEHHYIO CTPYKTYPY, TEKTOHUKY, CTPOUTEIbHbBIE
MaTepuaabl M KOHCTPYKUMHU. EJAMHCTBOM YTHMJIIMTapHOIO M 3ICTETUYECKOTO ONpEIEisieTcs
CBOE0Opa3ue TBOPUECKON NEATEIIbHOCTH apXUTEKTOPa, OTIIMYAIOLIEHCS OT 1eATeIbHOCTH XYA0KHUKA
B 00J1aCTH U300pa3UTENbHBIX HCKYCCTB.

CnenyeT OTMETHTb, YTO XYyJI0’KECTBEHHO-3CTETHUECKHE IMOHATHUS- «OOJUK» Topoja U €ro
«o0pa3»- HepelnKo OTOXIECTBISIOT MM CMEIIMBAIOT, B TO BpeMS Kak MEXIy HUMH €cCTb
KadecTBeHHBIC OT/IuMsi. Ho ObTO OBI TIIETHON M METOMMYECKH OECIUIOHON 3aa4eil MCKAaTh PE3KO
IIpOYEpUEHHBIE Pa3/IeNUTENbHbIE pyOeKH MEX /1y BHEIIIHUM OOJIMKOM ropojia ¥ €ro XyA0KeCTBEeHHON
00pa3HOCThIO. 3/1€CH MOYKHO YJIOBUTh TOJIBKO OTTEHKH, 3bI0KHE TPaHH, 3HAYUTEIbHO MEHSIOIINECS B

Pa3JIMIHBIC UCTOPHUICCKUC STOXH. Bo Bcsakom cjydac OBLIO OBI HCTIPpaBHUJILHBIM OTHOCUTBH ITOHATUC
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«OOJMK» K HU3IIEH, a «00pa3» K BBICHIEH CTYIICHU apXUTEKTYPHO-TIPOCTPAHCTBEHHON OpraHU3aINN
TOPOJICKOM 3aCTpOMKH. 371eCh Mbl UMEEM JIEJI0 HE C ABOJIOLMUOHHBIM PSJIOM, Pa3BUBAIOLIUMCS OT
HUBIIETO K BBICIIEMY, a C Pa3IUYHBIMH CMBICJIOBBIMH KaTETOPHUSMH, COCYIIECTBYIOIIMMHU, HO HE
3aMEHSIOIUMHU JIPYT ApyTa.

3aMETHOTO YIY4YIICHHS KadecTBa I'PaJIOCTPOUTEIBHBIX PEIICHUH MOYKHO JTOOMTHCS TOJIBKO
TOTJa, KOrJa OyleT HaleHO MPaBIIIBHOE B3aMMOOTHOIIICHHUE YEJIOBEKa BO BCEM MHOTO00OPA3HH €T0
MOBEJICHUS C APXUTEKTYPHO-TIPOCTPAHCTBEHHOM, )KU3HEHHOH CpeIoi.

['oBopuTh 0 rOpojie Kak 00 OpPraHMYECKOM IIEJIOM MOXHO B TOM CJIy4ae, €Clii BCE €ro
COCTABJISIFOIIUE YaCTH MPUBEICHBI B TAPMOHUYECKOE €IMHCTBO U 00pa3yIOT B COBOKYITHOCTH TO, YTO
orpeaensieTcss 0000IIAIOIINM MOHATHEM «aPXUTEKTypa TOpoaar.
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NONLINEAR PUSHOVER ANALYSIS OF PRESTRESSED CONCRETE BEAM
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Abstract. This study investigated nonlinear pushover analysis of prestressed concrete beam using the
DIANA FEA (Finite Element Analysis ) software that embraces 1D, 2D, and 3D modeling
methodologies. In engineering structures, the use of prestressed concrete is indispensable because it
remarkably enhances the load-carrying capacity by imposing precompression that reduces tensile
stresses, which can lead to cracking and deflection.Study investigates the behavior of prestressed
concrete beams, focusing on load-displacement relationship and crack propogation. A case study
examined the accuracy of the numerical simulations with respect to the empirical results by comparing
different modeling methodologies using experimental studies from a case study performed earlier. The
research also points out that tendon configuration, prestress magnitude, and concrete durability are
some of the main factors that determine the beam functionality. The results show that there is good
agreement between the experimental data and numerical predictions for all three modeling approaches
(1D, 2D, and 3D) in representing the load-displacement characteristics and the mechanisms of crack
initiation, which represents the reliability of numerical models in predicting the structural response.
This research will contribute to better decision making regarding modeling techniques and,
consequently, help provide better structural integrity and safety in engineering projects.

Keywords: Prestressed Concrete, nonlinear analysis, finite element analysis (fea), modeling
techniques, DIANA FEA, concrete, post-tensioned concrete, pushover analysis
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Xiilasa. Bu todqiqat gorginlosdirilmis beton tirlorin DIANA FEA (Sonlu Elementlor Analizi)
programindan istifado edorok, miihondislikdo genis totbiq olunan geyri-xotti statik analizini
aragdirmisdir. Todqiqatda, gorginlosdirilmis beton tirlorinin davranisi, xiisusilo ylik vo deformasiya
arasindaki olago, eloco do catlarin neco yayildigl dyronilmisdir. Gorginlosdirilmis beton, svvalcodon
totbiq edilon sixilma noticasindo dartilma gorginliklorini azaldir vo bununla da c¢atlama vo oyilmo
ehtimalint minimuma endirarak strukturun dasima qabiliyyatini artirir. Todqiqat ¢orgivesinds, 1D, 2D
vo 3D modellosdirma iisullart miigayiso edilmis vo onlarin doqiqliyi eksperimental molumatlarla
uygunlasdirilaraq qiymotlondirilmisdir. Todqiqat gostormisdir ki, tendonlarin qurulusu, ovvelcadon
totbiq edilon gorginlik daracesi vo betonun dayaniglilig: tirlorin funksional effektivliyina tasir edon
osas amillordondir.Naticalora gors, hor ii¢ modellosdirma yanasmast (1D, 2D vo 3D) yik vo
deformasiya arasindaki olagoni vo catlarin yaranma prosesini diizgiin sokilds tosvir edir. Bu, roqomsal
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modellorin struktur davranisin1 doqiq prognozlasdirmagq {i¢iin etibarli oldugunu gostorir. Bu aragdirma,
miihondislorin modellogdirma iisullarini segorkon daha diizgiin gorarlar qobul etmoasino komok edacok
va naticads struktur tohliikasizliyinin vo davamliliginin tomin edilmoasino téhfo veracokdir.

Agar sozlar: Gorginlosdirilmis beton, geyri-xatti tahlil, sonlu elementlor metodu (fea), modellogdirma
texnikalari, DIANA FEA (Sonlu Elementlor Analizi), beton, sonradan garginlosdirilmis beton, geyri-
Xatti statik tahlil.

Introduction. Prestressed concrete is a major element in several engineering structures including
bridges, skyscrapers, and marine applications. The principal advantage of this technique lies in the
process of prestressing, which enhances the capacity of the concrete to support the tensile stresses that
would otherwise have caused serious cracking and deflection. Prestressed concrete members can obtain
superior performance and durability owing to the application of a predetermined compressive force for
a certain purpose before service loads are applied. The method developed at the beginning of the 20th
century by French Engineer Eugéne Freyssinet became one of the signature elements of modern civil
engineering, evolving with improvements in materials, design codes, and numerical methods. [1,2].

FEA is considered to be one of the most universal methodologies for prestressed concrete beams,
both in academic circles and in industrial practice. This includes the availability of sophisticated FEA
tools, such as Diana FEA, capable of detailing the complex interactions that occur between prestressing
tendons and concrete material. According to Zienkiewicz et al. (2005), FEA is a computational method
for solving problems that can be formulated with the help of differential equations; hence, nonlinear
behaviors such as cracking, plasticity, and creep are easily simulated using this analysis method [3].
Brefia and MacGregor (2003) observed that through numerical modeling, it is possible to obtain a
proper appreciation of the mechanism through which stress transfer develops between tendons and
concrete, especially around anchorage regions where large concentrations of stresses occur [4]. Yapar
et al. (2015) employed FE to model concrete beams with several prestress levels and tendon
configurations and concluded that the program could precisely predict both crack formation and
maximum failure load [5].

Methods. This notwithstanding the fact that numerical analyses have gained widespread

application in studies related to prestressed concrete beams. There are still distinctive gaps in the
literature because so many studies relate to static loading conditions, while few studies on extreme or
dynamic conditions exist, such as seismic or blast loads. Furthermore, fully comparative studies need
to be conducted on numerical models with different dimensional approaches using 1D line elements,
2D shell models, and 3D solid models. All of these bear majorly on the accuracy with regard to the
way stress is distributed, how cracks propagate, and how the beam behaves as a whole. The present
study attempts to fill some of the existing gaps by carrying out an extensive numerical analysis of a
prestressed concrete beam using Diana FEA. Various modelling methodologies (1D, 2D, and 3D) are
considered in the investigation to test their effectiveness in predicting the behavior of the beam under
different loading scenarios. These results will be compared with the test results already obtained and
sensitivity studies conducted to ascertain the effect of key factors, such as tendon geometry, magnitude
of prestress, and concrete strength, on beam performance. The comparison approach in this regard will
provide further insight into both the strengths and limitations of each analysis method.
Within the context of case study analysis and based on extended empirical research data, an important
experiment was conducted by Tao and Do in 1985 [6], discussed at length in the PhD thesis written
by Bashirzade [7].The results of their research provided valuable information about the behavior of
prestressed concrete beams under different loading types. This thesis carefully reanalyzed the
experimental results of Tao and Du, underlining aspects such as tendon arrangement, concrete strength,
and the load-deflection relationship. Experimental data in those studies were adopted in the present
research to verify the accuracy of each numerical model in Diana FEA-1D, 2D, and 3D, with the aim
that numerical simulations are able to capture real behavior, thereby enhancing the robustness of the
parametric analysis. [8,9].
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Case study. Tao et Du (1985) investigated the flexural strength of unbonded and bonded tendons
in partly prestressed concrete beams as a function of prestressed reinforcement strengthening. From
both experimental and analytical perspectives, twenty-two unbonded and four bonded partly
prestressed concrete beams were assessed [6]. The test results indicated that the analytical and
experimental data were similar. The ultimate strain of the unbonded tendons was estimated using the
following empirical equation. This study uses the moment-acrylic Nonlinear pushover analysis method
to develop analytical programs to improve the stress increase in tendons in the final boundary state,
because the plane section assumption cannot be applied to the strain of unbonded tendons in prestressed
concrete beams under loading. The test parameters included the loading type, non-prestressed
reinforcement ratio, prestressed reinforcement ratio, and span-height ratio. The results of these tests,
referred to as “A9” beam in the literature, were examined for DIANA modeling in this study [10].

P =

Fig. 1. Experimental loading model (Tao & Du, 1985)

Different loading strategies and failure mechanisms have been investigated in this study. For the
concrete and embedded reinforcement, finite element models were developed using 1D line elements,
2D elements, and solid or plane stress elements. Total Strain Crack models were used to simulate
concrete, and nonlinear studies were conducted until failure. The concrete model was modeled with
exponential softening in tension and Hognestad curve behavior during compression [11] (Fig. 2 a,b).
All reinforcements and prestressed tendons were modeled as embedded with adherence-slip
reinforcement [12,13]. The material model was based on Von Mises plasticity with linear plastic
hardening based on experimental properties. The main purpose of these analyses is to verify the
experimental tests as much as possible, using detailed finite element models and advanced nonlinear
procedures.

a O A

(@) (b)

Fig. 2. Concrete compression (a) and tension (b) curve
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The material parameters were considered to properly represent the behavior of the beams under
the loading conditions. The concrete material was modeled as a nonlinear isotropic material with a
maximum compressive strength of 33.1 MPa. Stress-strain curves were used to account for nonlinear
behavior. The concrete model accounted for the consequences of cracking and crushing as the load was
increased. The unbonded tendon prestress after the loss was set to 920 MPa. These tendons are crucial
for strengthening the beams, decreasing the impact of tensile loads, and regulating fracture
development. The numerical models also contained non-prestressed reinforcements. The area of the
nonprestressed reinforcement was 804 mmz2, which contributed to the total tensile strength of the
beams. The yielding strength of the prestressed reinforcement was 1108 MPa and that of the non-
prestressed reinforcement was 395 MPa. To evaluate the load-displacement behavior, an FE model
was built using 1D line, 2D shell, and 3D solid elements corresponding to the concrete and bar elements
to represent the post-tensioned tendon and non-pre-stressed reinforcement. The modeled tendon was
unbonded to the surrounding concrete.

Analysis strategy. During the analysis phase, the prestressed concrete beam was subjected to
incremental point loads until it failed. Three modeling techniques (1D, 2D, and 3D elements) were
used to investigate the characteristics of the load-displacement behavior. The numerical models were
subjected to 100 increments of point loads with a factor of 2.5 imposed at each step to evaluate the
load—displacement behavior. The applied loads were increased progressively until the beams failed.
The initial linear-elastic range of the beam response was established by a linear connection between
the applied load and deflection, followed by nonlinear behavior owing to the fracture initiation and
propagation. The arc length control (updated normal plane approach) was set to follow the response
path using automated load step scaling. The Newton-Raphson method, with a maximum of 25 iterations
and a line search approach, was used to ensure stability and efficiency. If convergence was not
obtained within the maximum number of iterations, the analysis proceeded, ensuring a rigorous
evaluation of the load-displacement response of the beams until failure. The accuracy and
dependability of the validated numerical models in forecasting the structural behavior of reinforced
concrete beams under various loading scenarios were validated by comparing them with experimental
data. The capacity of the models to effectively reflect the complicated fracture initiation and
propagation mechanisms within the beams was proven by the continuous agreement between
experimental and numerical data.

Results and Discussion. The analysis of prestressed concrete beam using various modeling
approaches (1D, 2D, and 3D solid elements) provided significant details on their load—displacement
behavior as well as crack initiation and propagation processes. When the load—displacement curve from
practical testing was compared to the numerical simulations, a high degree of agreement was observed,
verifying the reliability and precision of the numerical models in presenting the complex behavior of
the prestressed concrete beam (Fig. 3). The numerical approach accurately predicted the structural
reaction of a beam under loading. In the load—displacement graphs, both experimental and numerical
data showed comparable behaviors. A linear relationship between the applied load and deflection was
observed in the early linear-elastic range, as predicted for the entire beam. The Load-displacement
curves showed this nonlinearity, suggesting the start of deterioration within the beams.
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Fig. 3. Load-displacement curves of prestressed concrete beam

The numerical models accurately predicted the critical load levels at which the cracks occurred
and propagated throughout the beam (Fig. 4.). The crack propagation locations and patterns of the
experimental and numerical simulations were similar, confirming the capacity of the numerical model
to accurately represent cracking behavior.

Fig.4. Crack distribution at failure in numerical model of prestressed concrete beam

The results of this study contribute significantly to our understanding of prestressed concrete
beam analyses. The verified numerical models may be used as reliable resources in subsequent designs
and analyses, enabling more precise predictions of the load-displacement response of prestressed
concrete beams under loading conditions. In conclusion, the numerical analysis based on Tao and Du's
(1985) study employing 1D, 2D, and 3D solid element models successfully captured the load—
displacement behavior as well as crack initiation and propagation processes in prestressed concrete
beams. The strong agreement between the experimental and numerical results confirmed the reliability
of the numerical approach and provided critical insights for the design and analysis of prestressed
concrete beams in real engineering applications.

Conclusion. In this study, an elaborate Nonlinear pushover analysis of a prestressed concrete
beam was performed. To perform this test, the DIANA FEA software was utilized using 1D, 2D, and
3D elements in the modeling. The research followed up on the failure that occurred in the beam, while
studying in detail the correlation between crack formation and load-displacement. These results
showed that the 1D, 2D, and 3D models matched well with the experimental data; the closest
approximations were from the 3D model. Additionally, during the failure phase, all three models
yielded similar results. From this observation, it follows that any of the three models can provide
sufficiently consistent results in a wide analysis of prestressed concrete beams. Therefore, these
analyses can be used to enable better and more informed decision making regarding the choice of
modeling techniques in engineering design.
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POSANIN MiQDARI VO QARISDIRMA INTENSIVLIYININ CUQUNUN
SAFLASDIRILMASINA TOSIRININ TODQIQi

Hasanli Ramiz Kamandar- t.e.n., dosent, Metallurgiya vo materiallar texnologiyasi kafedrasi,
Azorbaycan Texniki Universiteti, hasanli_dr77@mail.ru

Xiilasa. Bu todqgigatda, posanin miqdarinin vo maye metalin garisdirilma intensivliyinin guqunun
kikulrdsiizlosma vo fosforsuzlagsma proseslorine tasiri Oyronilmisdir. Naticolor gostorir ki, 1,6%
posanin tatbiqi yuksok kukurdsizlosma va bir godor do fosforsuzlasma tomin edir. Homginin,
qarisdirma intensivliyi kiikiirdstizlosmoani siiratlondirir vo metalin dorin kikirdsizlosmasini daha tez
oldo etmoays imkan yaradir. ©lava olaraq, CaO ovuntusuna 10% CaCl2 slava edildikda, posanin
istifado omsal1 artir.

Acar sozlor: metal, posa, qarigdirma intensivliyi, oksidlasdirici, kiikiirdsiizlasma, fosforsuzlasma,
saflasdirma

INVESTIGATION OF THE INFLUENCE OF THE AMOUNT OF PITCH AND THE
INTENSITY OF MIXING ON THE REFINING OF CAST IRON

Hasanli Ramiz Kamandar- PhD in tech.sc., ass. prof., department of Metallurgy and materials
technology, Azerbaijan Technical University, hasanli_dr77@mail.ru

Abstract. This study investigates the effect of slag amount and mixing intensity on the desulfurization
and dephosphorization processes of molten pig iron. The results show that the application of 1.6% slag
provides high desulfurization and a slight improvement in dephosphorization. Furthermore, mixing
intensity accelerates desulfurization and allows for faster achievement of deeper desulfurization.
Additionally, when 10% CacCl: is added to CaO powder, the slag utilization coefficient increases.

Keywords: metal, slag, mixing intensity, oxidizing agent, desulfurization, dephosphorization, refining

Giris. Bu todgiqatda metalin kiikiirdsiizlosmo doracasino posanin miqdari vo maye metalin
garigdirilma intensivliyinin tosiri yronilib. Tocriibalords hamginin, Takadanin (Yaponiya) todqgiqatlari
ilo miigayisali malumatlar togqdim olunub.
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Sakil 1. Posanin migdarinin va tarkibinin kiikiirdstizlosma daracasine tasiri:
1 - 0,5%CaC2 + 0,5%CaF2; 2 — 0,5%CaC2 + 0,5%CaCl2;
3-0,5%CaC2; 4 — 2,5%CaF2; 5 — 2,5%CaCl2;
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6 —2,25%Ca0+0,25%CaCl2; 7 — 0,53%Ca0 + 1,07%CaCl2; 8 —
8,3%Ca0 + 16,7%CaCl2; 9 — Takadanin malumatlari izro

Almmis naticalor onu gostarir ki, 1,6% posanin oturdulmasi yiiksok kikirdstizlasmoni va bir
gadar do fosforsuzlasmani tomin edir. Habels, qarisdirma da kiikiirdsiizlosmani stratlondirir vo metalin
dorin kiikurdstzlosmasini daha tez tamin etmoays imkan verir. Bununla yanasi, CaO ovuntusuna 10%
CaCl2 olavo edildikdo posanin istifado omsalinin xeyli artirmasi fakti da digqoti colb edir.
Fosforsuzlagdirmanin baslangic siirati, metalda fosforun konsentrasiyasina toxminan mdutonasibdir.
Fosforsuzlagdirma reaksiyasinin siirot omsali Kp asagidaki tonlikls tayin olunur:

Np= Kp(A/V)[%P](W/My), oy

burada A — posa-metal fazalararasi sathin sahasi, sm?; V — metalin hacmi, sm3; Kp — siirot
omsali, sm/s; np — baslangic siiratin giymati, mol/s.

Bu qiymotlor fosforsuzlasdirma oyrilorinin - xotti  saholorinde  alinmisdir. Asagida
kikuUrdsiizlosdirms suratinin eksperimental vo mixtalif oksidlosdiricilor t¢un giymatlori verilmisdir
(cod. 1).

Cadval 1. Kukirdsuzlosdirma suratinin mixtalif oksidlosdiricilor iglin eksperimental

giymatlori
Gostoricilor FeO | CaCOz | MnO; | CaSOs | Fex(SO4)3
Kp, sm/s 0,009 | - 0,016 | 0,020 | 0,035
Ci, mol 0,070 | 0,050 0,058 | 0,037 | 0,013
&l 0,14 | 0,10 0,23 0,29 0,38
Ei (V) 0,33 | 0,56 0,66 0,62 0,80

Metodologiya. Kikurdstzlosmanin surati, oksidlosdiricilorin sirati (&) kimi homin sirada
yerlosir. Onlar, go6zlonildiyi kimi, oksidlosdiriciya xas olan oksidlosdiricilik qgabiliyyatini
soviyyalondiran, onun standart elektrod potensialinin Ei doyismolorini gostorir. 1550-1600°C
temperatur intervalinda CaO-SiO2 —FeO sistemli posalarda Kavainin omokdaslar1 ila birlikda [2]
aldig1 fosforsuzlagma siiratinin omsallar1 da analoji sokildo hesablanmisdir.

Ca0/Si02=0,6 (18%Ca0, 35%Feim)
ilo posa iigiin fosforsuzlasma siiratinin amsali 3.10° sm/s, CaO/Si02=1,7 (35% CaO, 33% Feun) ilo,
posa (iciin iso fosforsuzlasma siiratinin amsali 42107 sm/s toskil etmisdir. Analoji gostaricilor barado
[3] isin miolliflori molumat vermislor. Reaksiya sirstinin omsallari temperaturun, CaO
konsentrasiyasinin va oksidlasdiricinin boyiimasi ilo artir.

Bizim todgiqatlarda aldigimiz fosforsuzlagma siiratinin omsallar1 bozi islords [3,4] alinmis
molumatlarla mugayisado 5 dofo boylkdir. Forz etmak olar ki, onlarin todqiq etdiyi arinti — posa
sistemindoa oksigen potensialinin (Kp) daha yiiksak giymatlori bunun asas sababi olmusdur.

Vaxtdan asili olaraq kiikiirdiin konsentrasiyasinin doyismasi sokil 2-ds verilmisdir. Gorlindiiyt
kimi reaksiyanin siirat omsali Ks kiikiird vo ohongin baslangic konsentrasiyalarinin vo posanin
miqdarinin artmasi, habelo maye metal—posa fazalararasi sothdo PO2-nin azalmast ilo yuksalir.
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Sakil 2. 1350°C-ds kilkilirdsuzlogsmoys posanin torkibinin tasiri:
1 —20CaO - 70CaClz - 10MnO; 2 — 30CaO - 60CaCl, -10MnO;
3—33,3Ca0 - 66,7CaCl2 (15 vo ya 59 Mn02);
4 —28,3Ca0 - 66,7CaCl2 - 5Si02 (15 vo ya 5q MnO2);
5—33,3Ca0 - 66,7CaClz [59 Fe3(SO4)3]; 6 —33,3Ca0 - 66,7CaCl (5q CaSOu);
7 —33,3Na2C0z - 66,7CaCl2 (5 MnOz); 8 — 33,3Na,COs3 - 66,7MgF2 (5gMn0Oz)

33,3 Ca0-66,7CaCl; torkibli posada Ks amsalmin giymati 910 sm/s toskil edir. Bu, qarisdirma
olmadiqda, CO-nun ayrilmasi hesabina bas vermisdir. Lakin qarisdirma olduqda, Ks omsal1 4310
sm/s toskil edir.

Yekun fikirlor. ©Osasi metallurji  posa ilo karbonla doydurulmus c¢uqunun
kikurdslzlasdirilmasi Uzra eksperimentlords 1550-1600°C temperaturlarda Ks-in asagidaki qiymatlori
alinmisdir: qarisdirma olmadiqda 0,2— 167 [4], macburi qarisdirma soraitlorinds 75.10 [5]; cuqun
damcismin posa qabi vasitosilo kegmosinds 40.1073[6]; metala silisium verdikds 50.103[7].

Buradan natica ¢ixarmagq olar ki, CaO va CaCl2-dan ibarat olan posa ils kiiklrdsiuzlogsma sirati,
osasi metallurji posa ilo tomin olunan surati xeyli Gstalayir.

Fosforsuzlagsmadan forgli olaraq, kukirdsuzlosdirmods oksidlogdiricinin olava edilmasi
prosesin siratinin doyismalarina gatirmomisdir. MgO-nun olava edilmasi ilo ozliilitylin artmasi vo
Al203-un olava edilmasi ilo azalmasina baxmayaraq, kiikiirdsiizlosma sirati praktiki olaraq sabit
qalmisdir (23-26.10°% sm/s). Metal kiitlesinin ¥%-na boarabar posanin kifayst godar bdyiik miqdarinda,
hotta sulfatin oturdulmasi kiikiirdsiizlogma stiratine shamiyyatli tosir gostormomisdir.

Mayelarin kiiklrdstuzlasdiricilik gabiliyyatini giymotlondirmok tgtin Fing va Ricardson [8]
sulfid hacmi deyilon anlayis daxil etmislor. Forz edilir ki, reaksiya asagidaki tonliys uygun gedir:
1/2[S2] + (0%) = 1/2[07] + (S%), (2)

burada sulfid hacmi
Cs = (P02/Ps2)(%S?). (3)

CGuqunun kiiktrdstzlogsma prosesloring baxilan zaman, (3) tonliyine 1/2[02] = [O] va
1/2[S2] = [S] nisbatlorini daxil edarak, aliriq:

Cs = (Rs/Ro)(1/fs)Ls®, 4)
Ls = (%S)/[%S] = (P02/Ps2)(Csfs/a), )

burada Ro vo Rs — uygun olaraq 1/2[02] = [O] va 1/2[S2] = [S] reaksiyalarmin tarazliq
sabitloridir.
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Posa-metal fazalararasi sathdo oksigen potensialinin artmasinda kiikiirdiin paylanma amsali Ls CaO-
nun sabit konsentrasiyasinda azalir, bu iso klkilrdstzlosmoni c¢otinlosdirir. Sokil 3do kikirdin
paylanma omsali vo CaO vo ya Na2CO3-nun konsentrasiyasi arasinda qarsiligh slags toqdim
olunmusdur. Buradan goriiniir ki, Ls-in giymatlori CaO-nun konsentrasiyasinin artmasi ilo boyQydr.

Bu halda bdylmas sursti 25% CaO-da kaskin artir, 33,3% CaO va 66,7% CaCl2-dan ibarst olan
posa Ucun paylanma amsali 100-300 hadlarindadir. (4) tonliyino uygun olaraq, kiikiirdiin paylanma
omsal1 sulfid hacmi Cs, hom do oksigen potensialindan Po2 asilidir. Masalon, posaya har hansi bir
oksidlagdiricini daxil etmadon, eksperimentlordon alinmig Ls-in giymati xtisusen boyiik olmusdur vo
2000-ni Ustolomisdir.

Qabul etsak ki, sokil 3-da tagdim olunan naticalor tarazdirlar, onda CaO-CaCl2 posasinin sulfid
hacmini giymatlondirak.
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Sakil 3. 1350°C-do kikiirdiin paylanma omsali:
1 — CaO - CaCl; (0,8-1,0%Mn); 2 — CaO - CaCl; - SiOy;
3 — CaO - CaCl (4-11%Mn); 4 — Na2COs - CaCly; 5 — NaxCOs - MgF

Muzakiralor. Posa-metal fazalararasi sothdo oksidlosdirici potensial 10 eksperimentin
gedisindo manqganin metal fazada vo posada konsentrasiyasina goro Olgmoalorlo toxmini tayin
olunmusdur.

Bu halda MnO2-nin miqdar1 rentgenspektral analiz vasitoSilo muoyyon edilmisdir.

Posa-metal sothindo Poz-nin giymatini iss (MnOz) = [%Mn] + [O2] tarazligina goéro
hesablayiriq. 1350°C-do CaO va CaCl,-don ibarst posalarin alinmig sulfid hacmi sokil 4-do toqdim
olunmusdur. Belo ki, sulfid hacmi 10 dagige saxlamadan sonra gorarlasan, yoni amali olaraq stasionar
hala cavab veran soraitdo, metalda kiikiirdiin konsentrasiyasina géra hesablanmigdir.

Sakil 4-do miigayisa ¢tin CaF2 va digor posa sistemlori Ggun Cs-in giymatlori gostorilmisdir
[9]. Togdim olunmus malumatlar gdstarir ki, CaO — CaF> va CaO — CaCly sistemlari, hatta CaO-nun
asag1 konsentrasiyasinda da ¢ox yiiksok sulfid hocmo malik olur.
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Sakil 4. Mixtolif posalarin sulfid hacmlorinin miigayisasi:
1-Ca0 - CaF; 2- Ca0 - Al203 - CaFz; 3- MnO - SiOg;

Vagner [10] 1/2[P2] + 5/4[02] + 3/2(0?) = PO4 reaksiyasi iiciin fosfat hocmini asagidaki

tonliyin kdmayils toyin etmisdir

Sakil 5-do CaO-nun konsentrasiyasindan asili olaraq miixtalif posalarin fosfat hacmi togdim
olunmusdur. Bu malumatlar CaO—SiO2—FeO sistemi posalariin kdmayi ilo metalin fosforsuzlasmasi
vo refosforlasmasi proseslorinin todgigi noticesinds alnmusdir. O, 10*%+10® hodlorinda 6lguliir.
Eksperimental molumatlar ¢gox bdyiik sopalonmays malik olsalar da, temperaturun azalmasi vo NCaO

4- CaOo - Alx03; 5- CaO - SiO2

CPO4* = (%PO4 )PP, /2P0,

artmast ilo posalarin fosfat hocminin artmasi aydin izlonilir.

Sokil 5-do A isarasi ilo polad vo CaO—CaF>—Na2B207 torkibli posa arasinda fosforun taraz
paylanmasi sortino goro hesablanmig fosfat hacminin doyismasi gostorilmisdir. Bu gostorici osasi

marten posast ilo miigayisada 10° dofo bdyiik alinr.
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Sokil 5. Mixtalif posalarin fosfat hacminin miqayisasi:
1 — Ca - CaCly, 1250°C; 2 — CaO - CaF. - Na:B4O7, 1600°C;

3-7 — CaO - FeO - SiO2 uygun olaraq, asagidaki temperaturlarda, °C:

1540; 1570; 1595; 1640; 1680
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20% CaO vo 80% CaClz-don ibarst posa vo maye metal arasinda fosforun miintozom
paylanmasi sartina goro hesablanmig fosfat hacmi do hamin grafikds verilmisdir. Burada da fosfat
hacmi Ca0, SiO2 va FeO-dan ibarat olan posa c¢liyuns nisbaton taxminan 10 dofo yiiksakdir,

Sakil 5-da gostarildiyi kimi, 20% CaO vo 80% CaCl,-don ibarat posanin istifadasinds xeyli
refosforlasma yer almisdir. Ona gora do, forz etmok mimkindur ki, tarkibinds >25% CaO olan posa
daha yuksak fosfat hacmo malik olacaq va refosforlasmani sondiiracokdir.

Belaliklo, maye metal vo posa sisteminds bas veran elektrokimyavi proseslor asasinda eyni
vaxtda gugunun kikirdsuzlosma va fosforsuzlagsmasina nail olmaq miimkiindiir.

Gostorilmisdir ki, guqunun eyni vaxtda kiikiirdsiizlosdirilmasi vo fosforsuzlasdirilmasi, demir
Vo mangan ionlariin barpasi kimi katod reaksiyalarinin vohdati ilo mimkuinddr.

Muayyan olunmusdur ki, CaO-nun konsentrasiyasinin artmasi ilo yaranan posanin ozliiliiyiiniin
yuksalmasi Al,O3 vo SiOz-nin agqarlari hesabina kompensasiya oluna bilar. CaO-CaCl, sistemi
posalarinin fosfat vo sulfid hacmi giymatlondirilmisdir. Miiayyan olunmusdur ki, bu gostaricilor adi
posalarla miqgayisado xeyli yiksakdir. CaO-CaCl, sistemi posalart ¢uqunun kiikiirdsiizlosmo Vo
fosforsuzlagma proseslarins tothiq etmoklo, struktur va xassalori shomiyyatli deracads yaxsilasdirmaq
olar.

Notica. MUayyan olunmusdur ki, CaO va CaClz-don ibarat olan posa ¢ox yiiksak sulfid va fosfat
tutumuna malikdir. Belo posanin 6zliliyii oldugca azdir vo suyun 0zlullyiine yaxmdir ki, bu da
reaksiyalarin siirotlo getmosini tomin edir. Belo posanin sulfid vo fosfat tutumu CaO-nun
konsentrasiyasi artdiqca yiiksalir. Toklif olunan CaO—CaCl: tipli yeni posa sistemi guqunaritmo
posasinin miqdarmi minimuma endirmays imkan verir Ki, noticodo do belo posa otraf mihitin
muhafizasi, hom do enerji masraflorinin azaldilmasina sorait yaradir.

Toyin olunmusdur ki, somorali fosforsuzlasdirma aparmaq {i¢iin maye ¢uqunda silisiumun
miqdart minimum olmalidir. Tarkibinda 30%-dan ¢ox CaO olan maye posaya SiO2-nin oturdulmasi
posanin Ozliliiyiint bir az da asagi salir, azaciq AloOz-iin oturdulmasi da analoji tasir gostarir. CaO-
nun asagl konsentrasiyasinda posada oksidlosdiricinin miqdarin1 azaltdiqda, refosforsuzlagsma
miisahidos olunur.

Maye metal vo posa sistemindo bas veron elektrokimyoavi proseslor asasinda eyni vaxtda
cuqunun kikurdsizlosma va fosforsuzlasmasina nail olmaq miimkiindiir. Cuqunun eyni vaxtda
kiklrdsiizlosdirilmasi va fosforsuzlagdirilmasi, domir vo mangan ionlarinin barpasi kimi katod
reaksiyalarinin vahdati ilo mimkundir. Misyyan olunmusdur ki, CaO-nun konsentrasiyasinin artmast
ilo yaranan posanin dzliilityliniin yiiksalmasi Al2O3 vo SiO2-nin asqarlart hesabina kompensasiya oluna
bilor.

CaO-CaCl, sistemi posalarmin fosfat vo sulfid hocmi giymatlondirilmisdir. Mioyyan
olunmusdur ki, bu gostaricilor adi posalarla mugayisads xeyli yiksakdir. CaO-CaCl> sistemi posalari
cuqunun kikurdstzlosma vo fosforsuzlasma proseslorino tothiq etmokls, struktur vo xassalori
ohomiyyatli daracads yaxsilagdirmagq olar.
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Fe-Si-C TBR_KiBLi AMORF LENT NUMUNOLORININ MEXANiKi XASSOLORININ
KRiISTALLIK ANALOQLARI OLAN ELEKTROTEXNIKi POLADLARLA (Fe-Si)
MUQAYISOLI TOHLILI
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Xulasa. Bu mogalods Fe-Si-C torkibli amorf lentlorin mexaniki xassalorinin onlarin ananavi Kristallik
Fe-Si (elektrotexniki polad) analoglart ilo miiqayisasi aparilir. Fe-Si-C lentlarinin yiksok méhkamlik,
elastiklik vo korroziyaya davamliliq kimi xiisusiyyatlor gostordiyi askar edilmisdir. Eyni zamanda,
amorf strukturun materialin mexaniki dayaniqligina miisbat tosir gostordiyi va kristallasma prosesinin
baglangici ilo olagoali risklorin azaldilmasi tohlil edilir. Bu todgigat, Fe-Si-C lentlorin kristallik
analoglar1 Uzorinds Ustlinluklorini vurgulayaraq, bu materiallarin elektrotexniki totbig saholorinds
istifadasi perspektivlorini genislondirir.

Acar sozlar: amorf lent, kristal materiallar, elektrotexniki polad, mexaniki xassalori

COMPARATIVE ANALYSIS OF THE MECHANICAL PROPERTIES OF FE-SI-C
AMORPHOUS RIBBON SAMPLES WITH THEIR CRYSTALLINE COUNTERPARTS,
ELECTRICAL STEELS (FE-SI)

Isayeva Aida Ajdar - PhD, department of Physics and chemistry, AzZUAC, isayeva_aida86@mail.ru
Shamilov Tabriz Garaja - PhD, department of Physics and chemistry, AzUAC, invar59@mail.ru
Ahmadov Valik Ibrahim - PhD, ass. prof., Department of Physics and chemistry, AzZUAC;
valik.ahmadov@gmail.com

Abstract. This article compares the mechanical properties of Fe-Si-C amorphous ribbons with their
traditional crystalline counterparts, Fe-Si (electrical steel). It has been found that Fe-Si-C ribbons
exhibit characteristics such as high strength, elasticity, and corrosion resistance. Additionally, the
amorphous structure positively affects the material's mechanical stability and reduces risks associated
with the onset of crystallization. This study highlights the advantages of Fe-Si-C ribbons over their
crystalline counterparts, expanding the prospects for the use of these materials in electrical engineering
applications.

Keywords: amorphous ribbon, crystalline materials, electrotechnical steel, mechanical properties

Giris. Bir sira istiinliikloro baxmayarag, amorf lentlorin kdvrakliyi holo problem olaraq qalir.
Tadqiqatgilar [1-10] miisahido etmislor ki, dislokasiyalar va dona sorhadlori kimi kristallik qiisurlarin
olmamas1 méhkomlik haddini artirsa da, elastikliyin azalmasina sabab olur. Bu kdvraklik, elastiklik va
zorbays davamliligin talob olundugu totbiglords diggstli davranmagi vo nazars alinmani talab edir [11-
17]. Fe-Si-C amorf lentlor 100-150 GPa diapazonunda elastiklik moduluna malikdirlor ki, bu da
kristallik silisiumlu polada xas olan 200-210 GPa-dan asagidir. Belo asagi elastiklik modulu mexaniki
zorbolori deformasiya olmadan gabul eds bilon materiallar tolob edon totbiglords faydalidir.

Amorf lentlorin asinma miiqavimati basqa bir maraq sahasidir. Onlarin yiiksok sortliyi vo dons
sarhadlorinin olmamasi ola aginma xiisusiyyatlorinin formalagsmasina komok edir va onlarin asindirici
mihitlordo istifadosini miumkiin edir. Bununla bels, onlarin ¢at amalo galmoa mdhkamliyi bir ¢ox
totbiglor ti¢iin uygun olsa da, kristallik materiallardan daha asagidir vo muayyan istifadslor Ugiln
mohdudiyyatlor yaradir [18-21].
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Umumilikds, Fe-Si-C osasli amorf lentlordo mexaniki xassolorin unikal mocmusu hom
imkanlar, hom do gatinliklor yaradir. Yiiksok mohkomlik vo sortlik onlart ¢oxsayli totbiglor Ggtin
calbedici edir, lakin kdvraklik vo asagi ¢at amolo galma mdéhkamliyi dizayn vo material seciminds
diggatls nazors alinma talab edir.

Todgigatlar Fe-Si-C amorf lentlorinin mixtalif sonaye va texnoloji totbiglords istifadasini
genislondirmok Gglin bu xUsusiyyatlorin optimallasdirilmasina digqgat yetirmayi talab edir.

Fe-Si-C tarkibli amorf lentlarin mexaniki xassalorinin  Kristallik analoqlar1 Fe-Si
materiallarinin mexaniki xassalori ilo mugayisasi. Fe-Si-C torkibli amorf lentlorin mexaniki
xassolorinin amorf qurulusun dstiinliklorini vo mohdudiyystlorini aydinlasdirmaq {i¢iin onlarin
kristallik analoglart Fe-Si materiallarinin mexaniki xassalori ilo mugayiso edilmisdir. Noticalor
asagidaki codval soklinds verilmisdir:

Cadval 1.
Xarakteristika Feq2SisC2 lent FeosSieCy lent Kristallik Fe-Si
nimunasi nimunasi [4-9]
(ortalama) (ortalama)
UTS (MPa) 1200 1330 600
Sartliyi (HV) 710 690 200
Qirillma zamani 1,6 1,7 15
uzanma (%)
Elastik Modulu 90 130 210
(GPa)
Elastiklik hoddi 894 968 250 -500 (torkibino
(MPa) Vo emal sortloring
g0ra doyisir)

Feg2SisC2 Vo FegsSisCy torkibli amorf lentlorinin sartlik, elastiklik, méhkomlik haddi vo qirllma
mohkamliyi kimi bir nega asas amili nazars almagla, 6yronilmis mexaniki xassalorini onlarin kristallik
Fe-Si analoglar1 ilo muqayiss edorak asagidaki naticalora golo bilarik:

o FegySisCo Vo FegsSieCr torklibli amorf lentlor kristallik olmayan, nizamsiz atom qurulusuna
g0ro daha ylksak sortlik niimayis etdirirlar, bu da kristal materiallarda movcud olan dona sarhadlarinin
amorf materiallarda olmamasidir. Dislokasiyalarin vo dono Sorhodlorinin olmamast plastik
deformasiyanin bas vermasini ¢atinlosdirir. Kristallik Fe-Si materiallar1 imumiyyatlo amorf anologlari
ilo migayisods daha agagi sortliyo malikdirlor. Kristal qurulugda dons sarhodlorinin vo dislokasiyalarin
olmas1 daha asan plastik deformasiyaya imkan verir. Bu da, daha asag sartliys sobob olur.

o Feg2SieCa Vo FegsSisCy torklibli amorf lentlor tmumiyystlo daha az elastiklik niimayis etdirir.
Nizamsiz qurulus materialin qirilmadan ovval plastik deformasiya gabiliyystini mohdudlasdirir vo
onlart daha kovrok edir. Kristallik Fe-Si materiallar1 dislokasiyalarin kristal gofosdon kegma
gabiliyystino goro daha yiksok elastikliya malikdir vo bu qirilmadan ovval daha c¢ox plastik
deformasiyaya imkan verir.

o Feg2SisCa Vo FegsSieCa torklibli amorf lentlor kristal materiallarda gorginlik konsentratorlari
kimi ¢ix1s eda bilon dona sorhadlari va dislokasiyalar kimi struktur qilisurlarinin olmamasi sabobindan
daha yiiksok méhkomlik haddi niimayis etdira bilir. Kristallik Fe-Si arintilorin méhkamlik haddi
olverisli olsa da, imumiyyatlo amorf lentlorin mohkamlik haddindon kigikdir. Dana sarhadlorinin
moveudlugu va dislokasiya harokatinin mimkiinliyu, gorginlik altinda daha avval dagilmaya sobab
ola bilar.

o FegrSigCo Vo FegsSisCy torklibli amorf lentlor daha asagi qirllma méhkomliyine malikdirlor. Cat
omolo goldikdon sonra materialin kovrokliyi sobobindon daha asan yayila bilar. Kristallik Fe-Si
materiallar1 adaton daha ylksok qirilma méhkomliyine malikdirlor, ¢linki onlar qirilmadan svval daha
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cox plastik deformasiyaya moruz gala bilirlor. Dana sarhodlorinin olmasi ¢atlaglarin yayilmasinin

qarsisin1 almaga komok edarok, méhkamliyi artirir.

Belaliklo, aldigimiz eksperimental moalumatlar vo apardigimiz tohlillor asagidaki naticalors
galmays imkan verir.

Naticalar

1. Fe-Si-C torklibli amorf lentlori kristallik Fe-Si materiallari ilo mugayisads daha yiksak sartliys vo
mohkamlik haddino malikdirlor. Amorf lentlor daha kovrokdirlor, elastikliklori azdir vo daha az
qirilma méhkomliyine malikdirlor.

2. Kristallik Fe-Si materiallarin sartliyi daha az olub, daha az méhkamlik haddine malikdir, lakin
daha elastikdirlor. Bu da onlara daha boylk plastik deformasiyaya tab gotirmoys vo amorf
anologlarina nisbaton ¢atlarin yayilmasina daha yaxsi miigavimat gostarmays imkan verir. Amorf
materiallar méhkomlik vo sortlik baximindan Ustiindiir, kristallik materiallar iso elastiklik vo
mohkomlik baximindan daha yaxsidir.
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YUKSOK SOViYYOLI SINTEZ (HLS) MOLUMATLARINA 9SASON SURUSMOYO
MEYILLi YAMACLARIN ROQOMSAL YUKSOKLIK MODELININ (DEM)
DOQIQLIYININ QiYMOTLONDIRILMOSI TEXNOLOGIYASI

Qaniyeva Sach Abdulxaqg- t.e.n., dosent, Geomatika kafedrasi, AzZMIU,
s.ganiyeva@hotmail.com
Mehdiyev Cavid Teymur oglu- bas miiollim, Geomatika kafedrasi, AzMIU
cavidmehdil977@gmail.com

Xiilasa. Magalado siiriismoyo meyilli arazilorin rayonlagdirilmast mogsadils 1:2000 miqyasli rogomsal
topoqrafik xoritolorin vo hava lazer skaninin (HLS) molumatlarindan aldo edilon roqomsal yiiksoklik
modelinin (DEM) istifadasi ii¢iin asas miiddealar toqdim olunmusdur. Tadgigatin asas istiqamati
siiriismoya meyilli yamaclarin relyefinin rogomsal modelini yaratmaq ficiin istifado olunan lazer
oksetmo noqtolorinin kifayot qodor sixligt miioyyon edilmigdir. Bu prosedur xarakterik orazilordo
yaradilmis modelos slava nazarot olmadan havadaki lazer skan ndqtslorinin buludundan rogomsal relyef
modelinin yaradilmasi prosesini avtomatlagdirmaq {igiin lazimdir. Bu, 6z ndvbosinds, modelin
keyfiyyotini vo etibarliligini itirmadon siirismoys meyilli orazilorin rogomsal relyef modelinin
yaradilmasi {igiin sorf olunan vosaiti azaldacagq.

Acar sozlor: CIS, rogomsal yiiksoklik modeli, havadan lazer skan edilmasi, siiriismo proseslori,
daqiqlik.

TECHNOLOGY FOR ASSESSING THE ACCURACY OF THE DIGITAL ELEVATION
MODEL (DEM) OF LANDSLIDE-PRONE SLOPES BASED ON HIGH-LEVEL SYNTHESIS
(HLS) DATA

Ganiyeva Sachli Abdulkhag- PhD in tech. sc., ass. prof., department of Geomatics, AzZUAC,
s.ganiyeva@hotmail.com
Mehdiyev Javid Teymur- senior lecturer, department of Geomatics, AzZUAC,
cavidmehdil977@gmail.com

Abstract. This paper presents the main provisions for using digital elevation models (DEMSs) derived
from1:2000 scale digital topographic maps and airborne laser scanning (ALS) data for the purpose of
zoning landslide-prone areas. The primary focus of the study was to determine a sufficient density of
laser reflection points to be used to create a digital elevation model of landslide-prone slopes. This
procedure is necessary to automate the process of creating a digital terrain model from a cloud of
airborne laser scanning points and does not requiread ditional control of the created model in feature
areas. This reduces the cost of creating digital terrain models in landslide-prone areas without
compromising model quality and reliability.

Keywords: GIS, digital elevation model, airborne laser scanning, landslide process, accuracy

Giris. Ohalinin artmasi1 va dagliq orazilords yasayis montagalorinin genislonmasi siiriisma kimi
tobii folakstlorin tosirini xeyli artirmigdir. Buna goro do siirlismo tohliikesi zonalarimi daqiq
prognozlasdira bilon modellarin islonib hazirlanmasi vacibdir. Bu illor orzinds siirligmo tohliikasi
zonalarin1 prognozlasdirmaq ii¢lin miixtalif texnika vo modellor islonib hazirlanmigdir. Bu yazinin
mogqsadi siirlismo prognozu modellorinin doqiqliyine nail olmaqdir. Metodologiya todqgiqat sahasinin
se¢ilmasini, molumatlarin aldo edilmasini, malumatlarin islonmasini vo modelin islonmasini, homginin
molumatlarin tohlilini ohato edir. Siirlisma omologalmo amillorinin kompleks tohlili vo regional
soviyyado siiriismo tohliikesi olan orazilorin miioyyon edilmosi CIS osasinda aparilir, bunun {igiin
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rogomsal topoqrafik plan vo ya genis orazilor {i¢iin miifossol roqomsal relyef modeli olmalidir. Bu
halda, oalds edilon modelin tamlig1 rayonlasdirmanin keyfiyyatino birbasa tosir edocokdir [1].

Siiriismo potensialina géra amok intensivliyi, hava soraitindon asililiq, movstimilik vo istonilon
orazinin (davamli bitki Ortiiyii olan orazilor, yasayis montogolori vo s. daxil olmagla) tedqiqi {igiin
istifado imkanlaria uygun olaraq rayonlasdirma mogsadi ilo rogomsal relyef modelinin alinmasi {i¢iin
optimal Usul hava lazer skan edilmasi ola bilar [2]. Bu giin Azarbaycan arazisindo havada lazer skan
etmo texnologiyasinin istifadosi ilo bagli yalniz sonaye ii¢lin xiisusi tolimatlar mévcuddur, lakin yiiksok
doqiqlik yaratmaga yonolmis miihondis-geoloji todqiqatlarin bir hissosi kimi hava lazer skan etmo
tisullarin istifadasi {i¢iin (DEM-loar, topoqgrafik plan vo xaritolorin yenilonmasi va s. ig ndvlori) zoruri
vahid tonzimlomo bazasi yoxdur [3]. Buna goéro do, siirlismo tohliikkesi doracosinoe uygun olaraq
orazilorin rayonlasdirilmasi iiglin lazer yerlosdirmo noqtslorinin buludundan oldo edilmis DEM-don
istifadonin miimkiinliiyilinii miiayyan edacak havada lazer skaninin naticalarinin keyfiyyotini yronmok
lazimdir.

Metodologiya. Normativ sonadlora [4,5,6] uygun olaraq siirlisma saholorinin 1:2000 miqyash
topoqgrafik planinin DEM-1 2,0 m kosma yliksokliyindo relyef modelino uygun olmalidir, yasayis
mantagolori ligiin iso kasma yiiksokliyi 1,0 m olan relyefdon istifade etmok miimkiindiir. Bu halda orta
kvadrat xota 1:2000 miqyash relyef modellorinds 2 m kosmso yiiksokliyinda: meso ilo Ortiilmoyon
orazilor ii¢lin 0,66 m va mesolik orazilor iiglin 0,99 m-don artiq olmamalidir. 1,4 omsalindan istifado
etmaklo, 2 m-lik kasmo yliksokliyindo relyefin 6l¢lilmasinin orta kvadrat xatas1 0,92 m-don vo meso
sahalori tiglin 1,38 m-don ¢ox olmamalidir. Bu onanavi orazi toadqiqatinin doqiqlik parametrlori havadan
lazer skanindan olds edilon DEM-in diizgiinliiyilinii qiymatlondirmak {i¢iin istifads edilmisdir.

Sothin topoqrafiyasini tomsil etmok tigilin tolob olunan noqtolorin sayr ilo modeli
qiymatlondirmoyin on effektiv yolu carpaz dogrulama tsuludur. Onlardan bozilori osas ndqte
toplusundan g¢ixarilir vo qalan noqtolordon DEM yaradilir. Bundan sonra, orijinal DEM-in
yiiksokliklari ilo azaldilmis ndqtslor toplusundan yaradilmis DEM arasindaki forq (sohv) hesablanir.
Incolmo prosesi normal noqtolor sobokasi yaratmaq ve istinad DEM-don soboke qovsaqlarinda
yiiksokliklori hesablamaqla miimkiindiir. Noqtalorin sixlig1 sabokonin toroflorinin Slgiisiindon asili
olaraq doyisir. Sonra, aldo edilon sohvlorin statistik tohlili aparilir. Bu texnika siiriismoys meyilli
yamacin relyef elementlorinin gériinmosinin mogsadouygunlugunu itirmodon DEM-in qurulmasi ii¢iin
na gador noqte lazim oldugunu toxmin etmoayo imkan verir.

Yekun fikirlor.. Umumiyyatlo, todqigat metodologiyast 4 morholodon ibaratdir: todgigat
sahasinin muiayyoanlasdirilmasi, malumatlarin alds edilmasi, malumatlarin emali va modelin islonmasi
Vo hazirlanmig modellorin dizgunliyinin qiymatlondirilmasi (Sakil 1.). Hazirki isdo siirlismo
tohliikasi zonasini hayata kegirmak (igiin ¢ox kriteriyali garar tohlili vo GIS tisullarindan istifads olunur.

Cadval 1. istifado olunan siiriismo meyarlari vo vahidlori

Faktorlar Vahid
Yamac doraca
Torpaq Xisusiyyatlori Novi
Torpagdan Istifado NOovU
Litologiya Novi
Geomorfologiya Novi
Axin y1gilmasi piksel
Aspekt doraco
Cayinin yaxiligi metr
Yola yaxinliq metr
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Morhals IT: Malumatlarin slds edilmasi:

Moarhsla I: Tadqigat
sahasinin
miayyanlasdirilmasi

Topoqrafik vo alds edilmis malumatlar

Siirtigma tarixi ve kritik srazi
malumatlari

i i

Morhals ITT: Mslumatlarin emali ve modellerin Islonmasi

Hoar bir kriteriya ficlin Alt kriteriya tigiin
. gaki standartlagdirilmig hesab
Morhala IV: Daqiqliyin I T T I
. . . . 1 t . }
giymotlondirilmosi Sira  |[Reyting || Cit iye:alnl;ik Xoatti miqyasl cevrilma
comi sokild proses
Siiriismo tarixi va 1 j |
kritik arazisi olan | Modelin inkisafi
modellarin I \ \ [ GIS
diizgiinliyiiniin Model 1 |[Model 2 ||Model 3 ||Model 4
yvoxlanilmasi

I I I I
Siirtigma tohliikasi zonasi xaritaleri

Sakil 1. Tadgigat Metodologiyasi

Molumatlarin alinmasinda miixtolif dovlst idarslorinin vo siiriismo ilo slagadar qurumlarin
ekspertlari ilo aparilan miizakiralora asason, mixtalif soboblordon; yamac, aspekt, litologiya, gruntun
xususiyyatlori, geomorfologiya, torpagdan istifads va axin toplanmasi, ¢aya yaxinliq va yola yaxinliq
(Cadval 1) istifads olunur. Ragomsal topoqrafik xarits todqigat sahasinds Leica ALS70-CP hava lazer
skanerindon istifado etmaklo dlgmolor asasinda yaradila bilar.

Hava lazer skanerinin naticaloring va naticalorin kameral emalina asason, hava lazer skanerinin
noqtalaorinin plan-yiiksoklik voziyyetinin mdvqgeyinin diizglinliiyiinii dyronmak {i¢iin “Yerin” lazerlo
oks olunma ndqtslorini tasvir edon molumat massivini aldo etmoak olar. Nozarot yamaclarinda bu
ndqtalor massivinden istifado edorok DEM yaratmaq miimkiindiir.

DEM-in ytiksaklik asasinin doqiqlik dayarlarine goras, 1:2000 miqyash topoqrafik planda relyefin
cokilisinds orta xota toxminan 20°, sort maillikli yamac ti¢iin 2 m kosmo yiiksokliyinds yerdoyismo
0,66 m-don ¢ox olmamalidir. Bu doyar haqiqi sathi tosvir edon orijinal DEM-in yiiksokliklori ilo onun
osasinda seyroklosdirilmis ndqtalor massivindon yaradilmis DEM-in yiiksokliklori arasindaki sshvlori
miiqayisa edorkon hadd kimi gobul edilir.

Qeyd edilonlori nozors alaraq nazarat siirlismo sahasi ligiin siiriismo yamacinin relyefi maksimum
doracads oks etdiron istinad DEM-in yaradilmasit magsadouygundur. Bu maqgsadlo ArcGIS-do torof
Olgiisti 1 m (kvadrat tor) olan ¢oxbucaqli soboke yaradilmalidir. Torpaq qovsaqlarinda siirlismo
yamacina xas olan yiiksokliklor tayin edilmali bir sira alavo noqtolor yaradilmalidir.

Miizakira. Verilmis hiindiirliiklori olan bu néqteler massivi asasinda piksel dl¢iisii 1 x 1 m olan
GRID sathi yaradilmalidir.

200%250 m-lik bir saha {i¢lin istinad DEM yaratmagq ti¢ilin yiiksokliyi malum olan ndqtalorin say1
50.000 olmalidir. Brazinin sahasi 5 hektar vo ya 50.000 m?-dir. DEM qurmagq iigiin noqtolorin sixlig
beladir

50000 nogqts

50000m2 1ndqta/m? = 100ndqta/100m?
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1 m? piksel 6l¢iisii ilo miiqayisa edilmis GRID sothlori miixtolif soboko dl¢iilori olan ¢oxbucaqli
poligon qovsaglari asasinda yaradilmisdir - 2x2 m, 5x5 m, 10x10 m, 15x15 m, 20x20 m, onlar Ugln
yiiksokliklor istinad DEM ilo ¢ixarilmalidir.

1 m2-do miixtolif lazer oksetdirmo ndqtolorinin sixlig1 olan modellorin miigayisosi ArcGIS
programinda miimkiindiir. Miixtalif sixligli lazer oksetdirmo ndqtolori asasinda GRID sathlori yaradila
bilor, onlarin piksel 6lgiisti 0,10 x 0,10 m (6°-yo godor yamac bucaqlari olan diiz, topali, sort relyef
tiglin), 0,05 x 0,05 m (dagliq vo dagotoyi orazilor iiglin) yamac bucaqlar1 toxminon 6°). GRID modeli,
monbs malumatlarini interpolyasiya etmoklo aldo edilon yiiksoklik doyarlorinin miintozom matrisidir.
Hor bir matrisin hiindiirliiyii interpolyasiya osasinda hesablanir. Oslindo, bu, 6l¢iilori holl olunan
konkret problemin daqiqlik toloblarine uygun olaraq toyin olunan bir sabokadir. Yaradilmis modellari
sothin topoqrafiyasini gdstormok tiglin lazim olan lazer oks etdirmo ndqtolorinin say1 ilo
giymatlondirmok ii¢iin miiqayiso edilon, seyrok DEM-lorin hiindirliikklori istinad DEM-in
yiiksokliklorindon ¢ixarilmigdir. Bu omaliyyat ArcGIS Spatial Analyst modulunun funksionalligindan
istifado etmoklo hayata kegirilo bilor. Hor bir miiqayiss edilmis DEM ciitii ii¢iin piksellarine hiindiirliik
forqi doyarlari toyin edilmis GRID rasteri yaradila bilir.

Ononavi lsullardan-taxeometrik planalmadan istifado etmoklo DEM-in yaradilmasina dair
tolimatda [4] planalma piketlorinin talob olunan say1 onlarin arasindaki maksimum maosafs ilo miisyyon
edilir. 1:2000 miqyasda vo relyefin kasiyi 2m ii¢lin qiymati 50 m-dir. ©gor adi sobokods normativ
toloblora uygun olaraq alinmis relyef modelinin istinad modeli ilo DEM yaradarkon bu doyari sorti
olaraq piksel Ol¢iisii kimi gotiirsok, onda sorti olaraq uygunlugunu giymotlondirmak olar. Bu mogsadlo
ayri-ayriligda 50x50 m piksel 6l¢iisii olan ¢oxbucaqli poligon yaradilmigdir. Onun qovsaqlarina istinad
DEM-don c¢ixarilan yiiksokliklor toyin edilmolidir. Bu ¢oxbucaqli sobokonin diiylin ndqtalorindon
istifado edorak, piksel 6l¢iisii 1 m olan miiqayise edilmis GRID sathi interpolyasiya edilmalidir.

Beloliklo, modellari sothin topoqrafiyasinda tolob olunan noqtelorin sayi ilo qiymotlondirmok
iiclin miiqayisa edilon DEM-larin yiiksokliklori istinad DEM-in yiiksokliklorinden ¢ixarilir.

Cadval 2-dos birinci nozarat yamaci tigilin miixtolif 6l¢lilii miintozom soboko qovsaglari asasinda
olds edilmis istinad vo miigayise edilmis DEM-lorin hiindiirliiklori arasinda sohvlorin statistik tohlili
molumatlari oks etdirilmisdir. Miigayiso zamani orta xota, xotanin agsagi hoddi, xotanin yuxari haddi vo
O.K.S. kimi statistik gostoricilor nozors alinir.

Cadbval 2. istinad hiindiirliiklori arasinda sohvlorin statistik tohlili vo birinci nozarot yamacinin
miiqayisali rogomsal yliksoklik modellori

Adi kvadrat soboko dl¢iisii 2m 5m 10m 15m 20m 50m
DEM yaratmagq li¢iin ndqtalorin say1 12500 | 2000 | 500 208 120 20
100 m?-da ndqtolorin orta sixlig: 25 4 1 041 |0.24 |0.04
Orta sohv 0.04 |-0.02 |-0.04 |-0.06 |0.08 |0.10
Asagi xota haddi -0.19 |-062 |-0.89 |-1.62 |-3.13 |-6.14
Yuxar1 xota haddi 0.13 0.61 0.78 1.50 3.44 6.31
O.K.S. 009 |025 |0.31 |0.67 1.30 |2.63

Noatica. Nozoro alinan siirlismo yamaclarinda mailliyi 15°-don ¢ox olan analizlor naticosindo
etibarli DEM yaratmagq ti¢lin lazim olan ndqtslorin minimum sixlig1 miioyyon edilmisdir. Yamacin
dikliyinin artirilmasi onlardan DEM yaratmaq {i¢iin minimum ndqts sayina tosir gostormir. Relyefin
todqiqi zamani orta xotalar 5 sm-don cox olmamalidir. Ogor maksimum xatalart (istinadin
hiindiirliiylinds maksimum farqlar va seyraklosdirilmis DEM) nazors alinmairsa, siirlisme yamaclarinin
relyefini diizgiin gostormak {i¢iin rogomsal model, nozarat sahslorinin slava vizual toftisi tolob
olunacaq, bu da 6z ndvbesinda isin mahsuldarligini azaldir vo onlar1 avtomatik olaraq yaratmaga imkan
vermir. Nozarat siirligma sahalori {iglin olds edilmis noqto sixligr dayarlorini tohlil edarak, onlarin
konfiqurasiyas1 vo timumi yamacin dikliyi ilo forqlonan maksimum tadqiqat sohvlerini nozers alaraq,
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asagidaki noticoyo golo bilorik: siirlismo yamaclarimin DEM-ni yaratmaq {igiin tolob olunan ndqto
sixlig1, siirlismo tohliikosi olan orazilorin miioyyen edilmosi mogsadi iigiin on az1 4 ndqte /100 m?
olmalidir. Siiriismonin daqiq prognozlasdirilmast modellorinin  hazirlanmasi aidiyyati dovlot
qurumlarina galocak inkisaf tiglin risk sahalorini miayyan etmokds va yiiksak riskli arazids islonma
aparilacag toqdirdo tasirin azaldilmasi todbirlorinin hazirlanmasinda komak eds bilor.

Stirtigma tohliikasi zonasi xaritolori ArcGIS proqraminda yaradilan islonmis modellorden alinir
va biitlin hazirlanmis modellor iigiin orazi faizi va tohliiko sinfi arasinda miigayiso edilir. Modellorin
diizgiinliiyliniin gqiymotlondirilmasi hazirlanmis modellorin siirlisma tohliikasi sinfini siiriigmo tarixi
molumatlari vo ya siirlismo izi ilo miiqayiso etmoklo miioyyon edilir. Siirlismo tohliikosi zonasi
xaritalori siirlisma tarixi molumatlarinin va siiriisma {iglin kritik orazinin yerini gostorir. Tohlildon
istifado edilocok an yaxs1 vo ya an uygun modeli miioyyon etmok ii¢iin doqiqlik faizi olds edilir.
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SUSO TULLANTILARININ SEMENT SiSTEMLORINDO NARIN DiSPERS DOLDURUCU
KiMi TODQIiQi

Quvalov Abbas Abdurshman oglu- t.e.d., prof., Materialsiinasliq kafedrasi, AzZMIU
abbas-guvalov@mail.ru

Abbasova Saida Iskandar quzi- k.e.n., dos., Materialsiinasliq kafedrasi, AzZMIU
saida.abbasovai@mail.ru

Xulasa. Narin dispers siisa tozunun amorf qurulusu, bioloji cahatdon par¢alanmamasi vo rahatligla alds
edilmasi onun yeni istfado sahslorinin tapilmasini aktual edir. Onun pussolan slava kimi istifadssi
muxtalif ekoloji problemlari hall etmokls yanasi, siiso tozunun sement mohlullarinda istifadasi malum
materiallara nisboton daha yaxsi naticolor verir. Tadqiqatin osas magsadi sement xamirinin va
mohlulunun hazirlanmasi zamani 20%-o gqadar sementi narin dispers siiso tozu (70-60 mkm) ilo avaz
etmoklo yeni somarali mohsulun alinmasi vo uygun olaraq otraf muhito tosirin azaldilmasidir.
Tadgigatlar naticasinde muayyan edilmisdir ki, sement mohlullarinin xiisusiyyatlorina siiso tozunun
dispersliyi vo morfologiyast xeyli tosir edir. Muxtalif torkibli siiso tullantilarinin sements tasiri
arasdirilarkon onlarin totbiq istigamatlori mulosyyon edimisdir. Mikroskopik vo rentgen struktur
analizlorinin naticalori gostardi ki, barkimonin ilk dovrlarinds siiso tozu slave edilmis niimunalarin
morfologiyasinin nazarat nimunoalari ils eyni olmasina baxmayaraq sonraki marhalalards siise tozunun
pussolan aktivliyi naticesinds hidrat birlosmolorinin yaranmasi vo béyimasi zamani qurulus amalo
gotirmo prosesinds yeniliklor bas verir. Naticalorin mugayisasi gostordi Ki, hissaciklorinin él¢isti 60
mkm olan siiso tozunu 20%-a gadar sements qatdiqgda daha yaxsi naticalor alds edilir. Bu zaman daha
six mikroqurulusa malik sement das1 alinir.

Acar sOzlar: Pussolan aktivliyi, siiso tozu, mikrostruktur, mexaniki méhkamlik, otraf muhits tasir

STUDY OF GLASS WASTE AS A FINE DISPERSE FILLER IN CEMENT SYSTEMS

Guvalov Abbas Abdurahman- doctor of tec.sc., prof., departament of Materials Science,
AzUAC, abbas-guvalov@mail.ru

Abbasova Saida Iskandar— PhD in chemistry, ass.prof., departament of Materials Science,
AzUAC, saida.abbasovai@mail.ru

Abstract. The properties of pomegranate dispersed glass powder, such as its amorphous structure,
non-biodegradability and easy access everywhere, open up new concepts. Besides solving various
environmental problems by using it as an anti-pollution additive, using glass dust gives better results
than other known materials. The main goal of the research is to replace up to 20% of cement with
dispersed pomegranate glass powder (70-60 um) when preparing dough and mortar, to obtain a new
efficient product and reduce the impact on the environment accordingly.As a result of the research, it
was found that the properties of the solutions are greatly influenced by the dispersity and morphology
of the glass powder. While investigating the effect of glass wastes of different composition on cement,
their directions of application were determined. The results of microscopic and X-ray structural
analyzes showed that, despite the fact that the morphology of the samples with glass powder added
during the two periods of hardening was the same as the control samples, in the later stages, as a result
of the pussolant activity of the glass powder, there were innovations in the structure formation process
during the formation and growth of hydrate compounds.Comparison of the results showed that better
results are obtained when glass dust with a particle size of 60 um is added to cement up to 20%. At
this time, a cement stone with a denser microstructure is obtained.

Keywords: Pozzolanic activity, glass powder, microstructure, mechanical strength, environmental
impact
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Giris. Tikinti materiallarinin  qiymati gund-gindon artir. 10 il arzinds sementin maya doyari
xeyli artmigdir. Eyni zamanda digor insaat materiallarinin qiymati do bir nego dofo artdi. Belo ki,
ingaat materiallarina artan tolobati vo tobii chtiyatlarin dasinmasina ¢okilon yuksak Xarclar, eyni
zamanda artan ekoloji mahdudiyyatlor sobabindan tikinti sanayesinds adi tikinti materiallar1 avazina
alternativ mohsullarin hazirlanmasi aktuallasir. Hazirda tobii ehtiyatlar1 idars etmoak va saxlamag ¢tin
bitin bu bark tullantilarin samarali togkil olunmus tokrar emali genis todqiqat islori tolob edon
beynalxalqg problemdir [1]. 2002-ci ilds diinyada istehsal olunan tullantilarin prognozlasdirilan istehsali
12 milyard ton toskil edirdi ki, bunun da 11 milyard tonu sanaye tullantilar1 vo 1,6 milyard tonu moaisat
tullantilaridir. 2025-ci ilo godar bark tullantilarin toxminan 19 milyard tona ¢atacagi prognozlasdirilir
[2]. Tokeca Asiyada 4,4 milyard ton bork tullanti yaranir onun 790 milyon tonunu bark maigat tullantilar
toskil edir [2,3]. Getdikca artan moaisot tullantilarinin basdirilmasi {igiin kiilli miqdarda torpaq sahasi
tolob olunur [3]. Ekoloji mohrumiyyat, enerjinin tikonmosi vo maliyys mohdudiyyati sababindan
diinya miqyasinda tohlikali va tohliikasiz tullantilarin dasinmasi, utilizasiyasi, tokrar emali kimi
muxtolif Gsullarin aragdirilmasi iizro todqiqatlar aparilir [4-8]. Daha tomiz vo yasil otraf muhitin
yaradilmas1 {iglin sosial, texniki-igtisadi, ekoloji cohotdon samaroli yollarinin tapilmasi hazirda
beynolxalq miqyasda iimumi problemdir. Boyiik miqdarda tullantilarin qarisiq yigilmasi onlarin tokrar
emali vo utilizasiyasinda boyiik ¢otinlik yaradir. ©Ononavi materiallara alternativ kimi sonaye
tullantilarindan va alave mohsullardan doldurucu va ya xammal kimi istifado boyik shomiyyat kasb
edir vo manzil sanayesindos alava materiallar kimi somorali yanagma oldugunu gostarir [8]. Bu sahada
aparilmis avvalKi tadqiqat islarinds siibut edilmisdir ki, 75 mm-dan kigik 6l¢iilii siiso hissaciklorini 10-
25%-o godar sementin avazina verdikds qarisiq mohlul va beton istehsalinda yaxsi naticalor alinir.
Todgigatlar gostormisdir ki, 75 mkm 6lg¢iilii siiso tozunu sements olave etdikds yaxsi naticalor verir
[9], hatta hissaciklarinin 6lclsu 38-300 mkm olduqda elektron siisalor sementin kitlasinin 40-50%-o
godorini avaz eda bilor [10].

Muoyyon edilmisdir ki, narin dispers siiso tozunu sements qatdigda pussolanlagsma
reaksiyasina hissaciklorin Olculori (150 ilo 38 mkm) xeyli tosir edir [11]. Siiso tozunun verilmasi
zamani sement xamirinin sixilmada moéhkomlik haddi azalir, lakin ST sementin hidratasiya prosesini
stiratlondirir vo daha ¢ox C-S-H geli yaranir, bu da ST pussolan tobioto malik olmasint gostorir [12].
Mohlul hazirlayarkon 10% sementi siiso tozu ilo ovoz etdikdo 28 giindon sonra mohlulun
mikrostrukturu yaxsilasir vo uzundémurlilik baximindan etibarli  naticalor verir. Odobiyyat
todgiqatlart giiso tozunun sement mohlullarinin  xassolorinds rolunu aydin sokilds gdstormaso do,
onlardan istifado etmaklo miayyan godar otraf mihitin ¢irklonmasinin garsisini almaq olur. Bu igin
mogsadi semento mixtalif miqdarda narin dispers sliso tozunun verilmasi ilo sement xomiri vo
mohlulunun xassalorinin  @yranilmasi vo xususilo otraf mihitin qorunmast moagsadi ilo siiso
tullantilarinin somarali totbiq sahosinin tapilmasidir.

Materiallar va tadgigat Gsullar. Tacribolor ¢ istigamotdo aparilmigdir. ilk olaraq siiso tozu
hissaciklorinin dl¢iisiiniin sement xamirinin xassaloring tasiri dyronilmisdir. Sonra uzundmiirliiliyiin
nozors alinmasi ilo sement mohlulunun xassoalari tadqiq edilmisdir. Tadqgigatin novbati marhalasinda
iSa siiso tozunun sement xamirina vo mahluluna tosirinin miiasir sinaq tsullari ilo (mikroskopik vo
pentgenoqrafik) analizi aparilmigdir.

Todgiqatlarda HOLCIM sement zavodunda AZS EN 197-1 standartinin toloblorine uygun istehsal
olunan, CEM 1 42,5 sinifli portlandsementdan istifads olunmusdur. Narin siiso tozu siiso tullantilarini
xirdaladiqgdan sonra laboratoriya soraitinds kirali doyirmanda dyddilmaklo alinmigdir. Hissaciklarinin
Olcisti 70 mkm vo 60 mkm olan iki nimuns hazirlanmigdir. Birinci niimuna 008 sayli alokdon, 2-Ci

nimuna isa 0063 sayli alokdan kegirildikdon sonra istifads edilmisdir.

Todgigatlarda codval 1-do gostorilmis kimyavi torkiba malik siise tozundan istifads olunub. Onun

sixligr 2,5 q/sm? toskil edib, torkibinde SiO2, CaO va Na2O daha ¢ox, Al,Os iso daha az migdarda olur.
Sinaq niimunslorinin hazirlanmasi tigiin standart qum va igmali su istifads olunur.
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Cadval 1. Siiso tozunun kimyavi torkibi

Komponentlor | SiO> AlbO3 | FeoO3 | CaO | MgO | SOs Na.O
Siigo tozu 67,21 283 |040 |6,28 |341 |032 |756

OVvvala sementin narin siisa tozu ile avaz edilmasinin naticalaring baxilir. Bu zaman miixtalif
miqdarlarda (0%, 5%, 10%, 15%, 20%) siiso tozu ilo modifikasiya edilmis niimunalorin nazarat sement
nimunolori ilo migayisali analizi aparilir. Bu zaman sement Xomirinin vo barkimis sement
nimunolarinin uygun olaraq normal gatiligi, tutma miiddstinin baslangici va sonu, méhkomlik haddi
toyin olunur.

Niimunolorin hazirlandig1 otagin, quru materiallarin vo suyun temperaturu 20+2°C olmalidir.
Laboratoriyada nisbi nomlik 65£5% toskil etmalidir.

Mohlul garisiginin hazirlanmasi tiglin uygun komponentlor sement:standart qum 1:3 nisbatinds
goturilir. Coadval 2-do sementin mixtolif miqdarlarinin (5%, 10%, 15%, 20%) siiso tozu ila
ovazlondiyi modifikasiya olunmus qarisiqlarin torkiblori verilmisdir. Qarisiglarin rahat yerlosmasini
Oyronmok ¢ctin ASTM C305-2 uygun sinaqglar aparilmigdir.

Cadval 2. Modifikasiya olunmus mohlul qarigiqlarimin torkiblori

Materiallar 0 5% ST | 10% ST | 15% ST 20% ST

Sement, qr 600 570 540 510 480
Qum,gr 1800 1800 1800 1800 1800
ST, qr 0 30 60 90 120
Su, gr 238 238 238 238 238

Sixilmada mohkomliyi toyin etmok {iglin uygun olaraq 70,6 x 70,6 x 70,6 mm olgiilii kub
nimunolori hazirlanir. Quruma zamani yigilmanin tayini tgun 6lgtlori 25 x 25 mm vo daxili uzunlugu
282 mm olan tircik nimunalari galiblonir. Oyilmada méhkamlik haddinin tayini t¢un dlgilari 40 x 40
x 160 mm tircik nimunalarindan istifado olunur. Bu magsadls ¢ niimuna galiblonir, nimunalar
nomliyi 98%, temperaturu 23 + 2 °C olan skafda saxlanilir. 24 £ 2 saat sonra niimunalor galibdon
¢ixarilir vo dorhal temperaturu 27 + 2 °C olan suyun igarisine salinaraq 7, 28 vo 90 giin middatinda
saxlanilir.

Sixi1lmada vo ayilmada mohkomliyin toyini standartin toloblorino uygun olaraq aparilir. Mahlul
nimunalorinin méhkamliyi 7, 28 va 90 glindan sonra tayin olunur.

ST pussolan aktivliyinin toyini standarta uygun olaraq sement vo standart qumdan hazirlanmis
mohlulda aparilir. Pussolan-sement mohlulunun pussolan aktivliyi aktivlik indeksi Al kimi gostorilir.

Al-nin faizlo toyin olunmus giymati uygun olaraq narm {iyiidiilmiis ST pussolan aktivliyinin
miayyan edilmasi tigln istifado olunur. Al tapilmasi tigiin formul:

% = (A/B)x100,

burada A— sementin siigo tozu ilo avoz olundugu kub niimunalarinin 7, 28 va 90 glin barkimadan
sonra sixilmada méhkomliyi (MPa), B — eyni muddatlords borkimis nozarst nimunalorinin sixilmada
mohkamliyidir (MPa).

Muzakiralar. Sementin gisman siiso tozu ilo avoz olundugu mahlullarin xassalarine siise tozunun
tosirinin smagi aparilmigdir. Normal qatiliq, tutma miiddatinin baslangici va sonu sokil 1-2-do verilir.
GoOzlonildiyi kimi, ST migdariin 0%-dan (nozarst nimunasi) 5% artimla 20%-o godor artirilmasi
zamani 70 mikronluq ST ilo mugayisads 60 mikronluq ST qarisiginin suya tolobati artir. Cadval 1-do
gOstorildiyi kimi bu ST qatiligi ilo muqayisads hissaciklorin 6lgllorinin nisbatini gostorir. 70
mikronlug vo 60 mikronluq ST ilo hazirlanmis garisiqlar {igiin tutmanin baslangic vo son vaxtlar1 da
bu baximdan sokil 2-do oldugu kimi eyni tendensiyani gostorir. Bu da nazarot niimunalori ilo
miigayisads sementin miqdarinin azalmasi ilo izah oluna bilor. Bu halda siiso tozu narin doldurucu
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rolunu oynayir. ST ilo almmis qarisiglarm noticalorinin IS 4031-0 uygun olaraq magbul hadlor
daxilindadir.

35
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S 33 ST- 60 mkm
E .
o 32

//
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29
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Siiso tozunun miqdari, %
Sakil 1. Siiso tozunun sementin normal qatiligina tosiri
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Sakil 2. Siiso tozunun sementin tutma miiddotins tosiri

Le-Satelye cihazinda aparilmis hocmin miintozom doyismosi siaginin naticalori gostordi ki,
modifikasiya olunmus qarisilarin hacminin doyismosi norma daxilindadir. Bu siiso tozunda CaO va
MgO miqdarinin magbul hadds oldugunu vo qarisiga zororli tosirinin olmadigini gostorir. Mioyyan
edilmisdir ki, ST miqdarinin artmasi ilo qarisiglarin axiciligi vo yayilmasi artir. Hor bir qarisiq tigiin
nazarat mohlulunun yayilma diametri 215-220 mm olur. ST qarisiglarinin yayilma diametri uygun
olarag 220-230 mm vo 235-240 mm olur. Belslikls, yuxarida verilmis sinaq nticalorindon gérinur ki,
ST migdarinin artmasi ilo yayilma diamerti artir. Nozarat mohlullari ilo miigayiss gostordi ki, yayilma
diametrindoki artim ST daha narin hissaciklori vo yuksok xususi soth sahasi ilo alagodardir.

ST gatilmis nimunalorin sixilmada moéhkamlik haddinin analizi sokil 3-do verilmisdir. ST
hissaciklorinin Sl¢iisii azaldiqca sixilmada moéhkomlik haddinin artmagi miisahide olunur. Nozarst
nimunolori ilo miigayisads har iki qarisigin sixilmada méhkamlik hoddi miiayyan godor asagi olur,
lakin  mahlulun minimal mdhkamlik hoddini kegmir. 7 vo 28 gilinlik sixilmada mdhkomlik
naticalorindon gorindr ki, nozarat nimunalari ilo mugayisads hissaciklorinin 6lgusi 70 vo 60 mkm
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olan 5% ST olave edilmis mohlullarin méhkamliyinin azalmasi uygun olaraq 7 gilinliik niimunslords
7,5% va 2,5%, 28 gunliukdas isa 6,9 vo 1,9% toskil edir.
65
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Sixilmada moéhkamlik haddi, MPa
S
(6]

40
35
30 ——ST 70mkm - 7 gii ST 60mkm -7 giin
ST 70 mkm -28 giin St 60mkm - 28 giin
25
0 5 10 15 20 25

Siiso tozunun miqdar1 %

Sakil 3. Siiso tozunun miixtalif vaxtlarda sixilmada mohkomlik haddina
tosiri

Bununla bels, sementin 20 % ST ila avoz olundugu niimunalords méhkomliyin azalmasi artaraq
hissaciklorinin 6l¢iist 70 vo 60 mkm olan siigo tozu osasinda hazirlanmig mohlullarda uygun olaraq 7
ginlik nimunalords 20,3% va 15,5% , 28 giinliikd1 iso 14,3% vo 10,5% toskil edir. Boarkima
muddotinin artmasi (7-don 90 gline gadar) baximindan naticolorin miiqayisasi zamani siiso tozu ilo
modifikasiya edilmis mohlullar yaxs1 naticalor gostorir. 20 % ST istifads olundugu halda 90 giindan
sonra sixilmada mohkomliyin artim siirati hissaciklorinin 6l¢iisii 70 mkm olan siiso tozu asasinda olan
nimunoalor nozarat qarisigindan comi 6,2% asagidir, hissacCiklorinin 6l¢iisii 60 mkm olan siiso tozu
osasinda olan niimunalar iso nozarst qarisigina miimkiin qodor yaxin olur. Bu pussolan reaksiyasinin
daha gec marhalads bas vera bilocayini ifads edir, basqa s6zlo, zaman kecdikca onun faktiki pussolan
xususiyyati mohlulun six mikroqurulusunda goriiniir.

Siiso tozu qatilmis qarisiq mohlullarin pussolan aktivliyinin todqiqgi igtin méhkomliyin aktivlik
indeksi vo ohoangin reaktivliyi ilo bagli sinaqlar aparilmigdir. Bu baximdan qarisiq mahlul
nimunolorinin mivafiq olarag 7, 28 va 90 gun olaraq tayin olunan ilkin, orta va uzun muddatli
mohkomliyi giymatlondirilir. Hor iki siiso tozundan istifads etmoklo garisiqg mohlullardan hazirlanmig
niimunalor 7, 28 vo 90 giin saxlanildigdan sonra méhkomliyin aktivlik indeksi (Al) toyin edilmisdir.

Hissaciklorinin 6l¢iisii 70 mkm olan ST tatbiqi ilo hazirlanmis qarisiq ii¢iin Al-nin miisahido
olunan giymatlori 7, 28 va 90 giindon sonra 77-98%-o yaxin olur ki, bu da pussolanli komponentlor
ucun ASTM C618x-da nazards tutulmus haddi, yoni 75%-i kegir. Bundan alavs, hissaciklarinin olgusu
60 mkm olan ST totbigi ilo hazirlanmis qarisigdan niimunolar iigiin Al-nin giymati 7, 28 vo 90 giinden
sonra 85-100%-o yaxin olur. Naticalordon gorundiyt kimi 60 mikronluq ST ilo 70 mikronluq ST
miigayisa etdikda Al-nin giymoti 60 mikronlugda daha yiiksak olur.

Belaliklo, todgiqgat naticalori gostordi ki, 60 mikronluq ST pussolan aktivliyi daha ytiksokdir.
Eyni zamanda o mohlulun mexaniki xassalorini do yaxsilasdirir. Al-nin naticolori gostorir ki, daha narin
ST 20%-o godor qatdiqda halo do reaktiv olur, narmligi nisbaton az olan ST bu miqdar 10%-ls
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mohdudlasir. 90 giindon sonra hissaciklorinin 6lgiisii 60 mkm olan ST tatbiqi ilo hazirlanmis qarisigin
mohkamliyi nazarat niimunalarindan yiiksak, yaxud ona yaxin olur.

Natica

1. Siiso tozunun sements ovozedici kimi daxil edilmasi son mohsulun muxtalif Xxassalarinin
yaxsilasdirilmasi baximindan faydalidir. Sementa siiso tozunun daxil edilmasi baslangicda hidratlasmis
sement matrisasinin bosluglarinin doldurulmasinda samarali rol oynayir. Ona goro do daha six
mikrostrukturun yaranmasi sement-siiso tozu qarisiq sisteminds miisahids olunur.

2. Qarigiq sliso tozunun ilkin xassalorina goaldikds ise gatiligin artmasi, ST giymati baximindan
dominant rol oynayan disperslik effekti istisna olmagla heg bir zararli tosir miisahido olunmur. Bununla
yanasi, siiso tozunun torkibi do pussolan aktivliyinin vo mohkomlik saviyyasinin formalasmasinda
halledici rol oynayir.

3. Su/sement mohlulunun verilmis nisbati Uglin barkima Xxassalorine siiso tozunun tasiri narahatliq
yaradir; sinaq naticalori gostarir Ki, 6l¢tlori 60 mkm olan siisa tozu Uglin 20% oavozetmoa mumkuindr,
70 mkm 6l¢ilu tozda iss bu migdar 10-15%-lo mohdudlasir.
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DASINMAZ OMLAKIN QiYMOTLONDIRILMOSI METODLARININ MUQAYISOLI
TOHLILI

Yusifov Maarif Zabit oglu - t.0.f.d., dosent, Bina vo qurgularin istismari vo rekonstruksiyasi
kafedrasi, AzZMIU, maarif_yusifov@mail.ru
Rahimov Eldar Maharram oglu - t.0.f.d., dosent, Sonayenin toskili v idars edilmasi kafedrasi,
AzMIU
Mammaoadov Asaf Sanxay oglu- t.0.f.d., dosent, Bina vo qurgularin istismari vo rekonstruksiyasi
kafedrasi, AzZMIU, asefmemmedov199020@gmail.com

Xulasa. Dasinmaz amlakin dayarinin diizglin giymatlondirilmasi oldugca mirakkab va eyni zamanda
coxsaxali bir prosesdir. Istismarda olan dasmnmaz omlak obyektlorinin kifayat gadar miixtalifliyi notico
etibarilo giymatlondirma vasitalorinin secilmasi vo zoruri metodoloji Usullarla ssaslandirmanin
vacibliyi homiso aktual olaraq qalir. Dasmnmaz omlakin qiymotlondirilmosinds istifads edilon
mugayiseli yanasma, xorclor yanagmasi vo golir yanasmasi ayri-ayriligda tohlil edilmisdir. Bu
todgigatin moqQsadi dasinmaz omlakin doyarinin giymatlondirilmasine mévcud yanasmalarin
mugayisali tohlilini etmakdir. Todgiqatin asas naticalori dasinmaz omlakin qiymatlondirilmasinin
nozori osaslart  Oyronilorok dasinmaz omlakin qiymatlondirilmasine metodoloji yanagmalarin
milqayisesi aparilib. Bu zaman hor bir giymstlondirmo Gsulunun dstlnliklori vo eloco do
catismazliglart mioyyan edilib, hor bir yanagsmanin istifado sortlori vo mohdudiyyatlori
osaslandirilmisdir.

Acar sozlor: dasinmaz omlak, dasinmaz omlakin doyori, dasinmaz omlakin giymotlondirilmasi
tisullar, xarclor yanagmasi, miigayisali yanasma, golir yanagmasi

COMPARATIVE ANALYSIS OF REAL ESTATE VALUATION METHODS

Yusifov Maarif Zabit- PhD in tech.sc., ass. prof., department of Operation and reconstruction of
buildings and structures, AzZUAC, maarif_yusifov@mail.ru
Rahimov Eldar Maharram— PhD in tech.sc., ass.prof., department of Industrial Organization and
Management, AzUAC
Mammadov Asaf Shankhay- PhD in tech.sc., ass.prof., department of Operation and reconstruction
of buildings and structures, AzZUAC, asefmemmedov199020@gmail.com

Abstract. Real estate valuation is a complex and multifaceted process. As a result, the choice of
valuation tools and the importance of substantiating them with the necessary methodological methods
always remain relevant. The comparative approach, cost approach and income approach used in real
estate valuation were analyzed separately. The purpose of this study is to conduct a comparative
analysis of existing approaches to real estate valuation. The main results of the study are the theoretical
foundations of real estate valuation and a comparison of methodological approaches to real estate
valuation. At this time, the advantages and disadvantages of each valuation method were determined,
the conditions of use and limitations of each approach were substantiated.

Keywords: real estate, real estate value, real estate valuation methods, cost approach, comparative
approach, income approach

Giris. Miiasir iqtisadi soraitdo daginmaz amlakin dayarinin giymotlondirilmasi ehtiyaci bir-gox
hallarda vacibdir: dasinmaz omlakin alqi-satqist va icarasi Uzra omoliyyatlar zamani, dasinmaz amlak
tominat1 ilo kreditin alinmasi, vergi magsadlori tigiin daginmaz omlakin kadastr qiymatlondirilmasi,
dasmmmaz omlakin sigortasi, logvi, mahkomo ¢okismolorindo mivafiq gorar gobul etmok Ucun va
investisiya layihasinin osasa parametrlori olarag. Miassisalora vo ya biitovlikds bizness miinasibotdo
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alava hallar muassisanin korporativlesdirilmasi vo ya amlak paylarinin yenidon boliisdiiriilmasi, yeni
sohmdarlarin calb edilmasi vo alave sohmlarin buraxilmasi, sarmays vo ya yatirim kimi kimi daginmaz
omlakin giymatlondirilmasi talobi do ola bilor. Eyni zamanda, muossisa Vo toskilatlarin Umumi
kapitalinin hesablanmasi sababilo do giymatlondirmays zarurat yaranir.

Moveud dasinmaz  omlak névlerinin - mixtalifliyi, dasinmaz omlakin doayoari, onun
giymatlondirilmasi prinsiplori, yanasma va tisullari miioyyan godar murakkablosdirir. Ona goroa do
dasinmaz amlak obyektinin toyinati vo moxsusiliyi baximindan giymoatlondirms Gsulunun secimi
homin giymatlondirmanin na daracads real vo diizgiin olmasinin qarantidir, desok, yanilmariq.

Qiymatlondirms metodlarimin analizi: Iqtisadi qeyri-sabitlik soraitinds, pul aktivlarinin
kéhnalmoasi dovrinds daginmaz amlaka investisiyalar daimi goalir gotiron vo kapitali qoruyan on etibarli
Vo tohliikasiz maliyys investisiyasi novii olaraq qalir. Daginmaz amlakin doayari sshmlarin doayarindan
daha az doyisikliys maruz qalir va tokca kapital artimindan deyil, ham da icaradan do manfaati tamin
edir. Daginmaz amlak ganunla dasinmaz kimi taninan omlak ndévidir. Monsayina gbro dasinmaz
omlaka torpaq sahalari, yerin toki sahalari va torpaga méhkom bagli olan har sey, yani toyinatina qeyri-
mitanasib zarar vermodan horokati mimkin olmayan obyektlor, o ciimlodan binalar, tikililor, tikintisi
basa gatmamis obyektlor daxildir.

Dasinmaz omlakin giymatlondirilmasine ii¢ yanagsma movcuddur: miigayisali, xarc vo galir
yanagmalar1. Hor bir yanasmani daha otrafli nazordon kegiracayik.

Mugayisali yanasma (Bazar yanasmasi). Migayisoli yanagma bazar satislarinin tohlilino
asaslanir va bazar iqtisadiyyati soraitinds oksor dasinmaz amlakin qiymatlondirilmasi tg¢iin asasdir. O,
giymatlondiricinin asanligla oldo edo bilocayi bazar molumatlarina soéykenir vo obyektin giymati
haqqinda sada, montigi mihakima yiriitmays imkan verir. Miigayisali yanagsmada on ¢ox yayilmis tisul
birbasa miiqayisali satig tohlili Gsuludur.

Dasinmaz amlakin dayarinin giymatlondirilmasine miigayisali yanasmanin totbiqi texnologiyasi
bes morhalodon ibaratdir:

— mugayisali malumatlarin toplanmast;

— amaliyyatlarin 6yranilmasi va miigayiss olunan obyektlarin segilmasi;

— mivaqqati korreksiyalar (diizaliglar);

— migayiss edilo bilon dasinmaz amlaklarda farglorin tanzimlonmasi;

— daginmaz amlakin doyari barada gorar gobul etmak.

Mugayisali yanasmada qiymatlondirici giymotlondirilon obyektin doyorini oxsar dasinmaz
omlakin orta bazar qiymati ilo miigayiso edir. Manzil va is ofislarini giymatlondirorkon bu yanagsmadan
istifado etmak ¢ox rahatdir. Bu onunla izah olunur ki, dasinmaz amlak bazarinda oxsar xiisusiyyatlora
malik dasinmaz omlak tapmagq kifayat godor asandir. Ustalik, har bir obyektin 6z igtisadi tsttinliklori
va moanfi cohatlori var. Hesabata diizalislor edilmokla onlar ekspert torafindon nozars alinir va giymot
reala uygunlasdirilir.

Orta bazar giymati oxsar dasinmaz omlakla artiq basa c¢atdirilmis tokliflor vo ya amaliyyatlar
osasinda hesablanir. Bu zaman ekspert omoaliyyatlar vo obyektlorin satis doyori haqqinda agiq
molumatlardan istifads edir [3].

Qiymoatlondirilon amlak agsagidaki meyarlara goro analoglarla miigayiss edilir:
- yer,

- omlakin névi, istifads sortlori;

- tikinti ili;

- aginma;

- Olgllar, moartabalorin sayi, plan;

- texniki xususiyyatlor (fiziki vaziyyat, tomirin olmasi/olmamasi);

- kommunikasiyalarin mévcudlugu/yoxlugu, onlarin voziyyati;

- nogliyyat olgatanligs;

- omlaki ohato edoan infrastruktur vo s.

Migayisa ugln giymatlondirilon omlaka analoji obyektlar secilir. Dlizgiin se¢im etmok Uglin ekspert
bazar seqmentini 0yronir vo bitiin gqiymat amillorini nozors alir [4].
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Migayisali yanasma asagidaki asas giymatlondirma tisullarini ohats edir:

1. Muqayisali tohlil. Bu usul yuksak giymatlondirma dagigliyini tomin edir.

2. Statistik metodlardan istifadoni nozords tutan bazar giymatlorinin modellasdirilmasi (masalan,
regressiya tohlili). Onlarin komayi ilo ekspert obyektin satig qiymati ilo ona tasir edon parametrlor
arasinda alagoni mioyyan edir. Miigayisasli yanasma bizo dyranilon obyekt iciin onun parametrlorini
nozors alaraq odalstli giymat tayin etmoys imkan verir.

Respublikamizin biitiin bolgalorinds dasinmaz omlak bazarinin inkisafi nisbaton long getss do,
demak olar ki, Baki vo Abseron yarimadasinda dasinmaz amlak bazari inkisaf marhalasindadir. Kegan
asrin 90-c1 illarindan formalasmaga baslayan dasinmaz omlak bazar1 halo do lazimi saviyyays ¢atmur.
Buna baxmayaraq lazimi xiisusiyyatloro malik omlak tapmaq mimkindir. Mohz bu baximdan,
milgayisali yanasma ilo dasinmaz oamlak obyektinin giymatlondirilnasi magsadils, mivafiq analoji
omlak se¢mak imkanlari vardir.

Dasinmaz omlak variantlarinin se¢imi mohduddursa, giymatlondirms aparmaq dgln kicik
dizalislor-korreksiyalar edils bilor. Tutaq ki, 3-cli martabads yerlogon parakonds satig sahasinin bazar
giymati haqqinda hesabat lazimdir. Binadak1 martobalorin {imumi say1 6-dir. Bu halda, miigayisa Ugin
giymatlondirici 2-ci vo ya 4-ci mortabolordoki analoji 6 martoboli binalardaki parakonds ticarst
obyektlarini nazardan kegira bilor. Olbatts ki, bu halda 1-ci va sonuncu moartabadoki obyekt migayiss
predmeti ola bilmaz. Ciinki bu cir variantlar ekvivalent deyildir.

Umumilosdirorok qgeyd edo bilorik ki, bu metodla dasinmaz omlak obyektlorinin
giymatlondirilmosi nisboton sads analitik yanasma tolob etso do, osas ¢atinliyi analoji variantin
tapilmasidir. Hans1 ki, bu miigayise varianti da, yuxarida sadaladigimiz amlak xisusiyyatlorina gors
kifayoat godor muxtaliflik toskil edacok ki, bunlar da yekun giymatlondirmays korreksiyalar tolob
edacak.

Xarclara gora yanasma (xarc yanasmasi). Xorc yanasmasi giymatlondiricinin muxtalif ndv
xarclori nazoars alinmaqla hesablamalar aparmasini 6ziindo ehtiva edir. Bu hesablamalar obyektin
tikintisi, yenidon qurulmasi vo modernlosdirilmasi Ug¢lin ¢oakilon Xarclorin comindon formalasir.
Daginmaz amlakin istismar miiddati (yas1), asinmasi vo digar parametrlor do bu hesablamalarda nozars
alinir. Dayari mioyyan etmok Ugilin Xarc yanasmasi miiqayisali yanasmada miiqayiso ¢tn analoji
variant tapmaq ¢atin oldugu asagidaki dasinmaz amlak ndvlarina totbiq edilir [8]:

1. Yenica istismara verilmis, habelo az vaxt arzinds istismarda olan binalar. Bels dasinmaz amlak
haqqinda, adaton, miigayise predmeti olacag malumatlarin tapilmasi ¢ox ¢atin olur.

2. Xususi obyektlor; anbarlar, istehsalat sexlori, kollektiv toplagsma obyektlori va s.

3. Tarixi vo madani tikililar, habels xiisusi toyinatli arazids yerloson dasinmaz omlak.

4. Yasayis vo kommersiya birgo toyinatli obyektlor.

5. Investisiya va ya rekonstruksiya talob edon daginmaz amlak.

Xarclor yanagsmasina gora, dasinmaz amlak obyektinin (Cob) Umumi doyari torpaq sahasinin (Cts)
dayarinin vo dasinmaz omlak obyektinin (Cp) barpa dayarinin (barpasinin va ya tokrar istehsalinin
doyarinin) toplanilmis asinma (Cas) manfi naticasi kKimi miiayyoan edilir [4]:

Cob = Cts + Cb - Ca; (1)

Qiymatlondirilon binanin barpa doyarinin (avazetmonin dayarinin) misyyoan edilmosi birbasa vo
dolay1 xarclarin yeni tikintisinin dayarina daxil edilmasins asaslanir.

Xorc yanagmasindan istifads edorok giymati hesablamaqg Ugiin giymatlondirms mévzusuna
kapital qoyulusunun mablogi do lazimdir. Bu vosait obyektin analoglarla migayise ti¢iin uygun hala
gotirilmasi  tgcun kifayat etmolidir. Xorc yanagsmasi ilo buna dasinmaz omlakin dayorinin
giymatlondirilmasinin dord asas metodundan birini istifado etmokls nail olmagq olar:

1. Borpa doyori metodu tamamils vo ya gismon dagilmis dasinmaz omlakin giymotlondirilmasi
Ucun istifads olunur. Bu zaman obyekti barpa etmok tciin gokilocak xarclarin hacmi hesablanir.
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2. Xorclorin avazetmoa metodu obyektin tam doyisdirilmasi Uglin Kifayat edocok Xarclorin
moblaginin miiayyan edilmasini nazards tutur. Homginin, yeni amlak 6z parametrlorino géro kdhnasina
tam uygun olmalidir [10].

3. Xorc yanagsmasi ilo rekonstruksiya (yenidonqurma) doyori metodu obyektin
modernlosdirilmasi Ugln zaruri olan xarclorin hocminin tapilmasini nazards tutur.

4. Tokrar istehsal xorclori metodu obyektin tokrar istehsali i¢in zaruri olan xarclorin migdarinin
mioayyan edilmasini nazards tutur. Metod hesablamalarin tikinti materiallar1 va islorin cari giymatlori
osasinda aparilmasini nazards tutur.

Goriindiiyt kimi, bu yanagsma metodunda da 6ziinamaxsus ¢atinlik vo mirokkablik vardir. Xarc
yanasmasi elo bir farziyyays asaslanir ki, asinma doyari (k6hnalma) ¢ixilmagla amlakin tikintisinin
doyari, torpagin doyari ilo birlosorok, omlakin doyarinin miayyoan edilmoasi Gglin  magbul
giymatlondirmo metodudur. Xorc yanasmasi qiymoatlondirilon omlakin tam barpasi vo ya tam
doyisdirilmasi xarclarinin giymotlondirilmasini, sonra fiziki, manovi va igtisadi kéhnalmas mabloginin
¢ixilmasini vo nahayat, islonmamis torpaq sahasinin bazar doyarinin naticads alds edilon moablags slava
edilmasini oshato edir. Xorc yanagsmasi hazirda obyektlorin (tikinti vo torpaq sahasi) vergitutma vo ya
hobs edilocok amlak kompleksinin bir hissasinin giymatinin muoyysn edilmasi zoruroti yarandiqda
fiziki soxslorin amlakinin vergiys calb edilmasi vo ya daginmaz amlakin tizarina habs qoyulmasi ii¢iin
istifado  olunur. Xorc yanagsmasmin elementlori monfost vergisi Uc¢liin dasinmaz omlakin
giymatlondirilmasi zamani da istifado olunur, ¢iinki dasinmaz omlak obyektinin amortizasiyasi bu
obyektdon alds edilon golirin miqdarini azaldir.

Xarc yanagmasi asagidaki hallarda totbiq edilir:

1) yeni tikintinin texniki-igtisadi osaslandirilmasi zamani;

2) torpag sahasindan on yaxsi vo Samarali istifadoni toyin edarkan;

3) dasinmaz amlakin profilini toyin edarkan;

4) muxtalif tisullarla alinmis amlakin doyar névlori razilasdirilarkan;

5) xususi toyinatli binalarin giymatlondirilmasi zamant,

6) bazarin “passiv” sektorlarinda dasinmaz amlakin qiymatlondirilmasi zaman;
7) sigorta tigiin.

Golir yanasmasi. Kommersiya omlakinin bazar dayarini miiayyoan etmoak i¢tin giymotlondirmo
tocriibasindo golir yanagsmasindan genis istifado edilirr. Bu, omlakin kommersiya magsadlori tgin
istismarmin gatiro bilocoyi mimkun monfoot migdarmin hesablanmasini shato edir.

Golir yanagmasi dasinmaz omlakin giymatlondirilmasinin tg¢ prinsipino asaslanir [4]:
1) g6zloma prinsipi;

2) tolob vo toklif prinsipi;

3) avazetmo prinsipi.

Golir yanagmasinin mahiyysti ondan ibarstdir ki, 0, amlakin istifadesindon galocok golirin
doyarinin miayyan edilmasi ilo baghidir [5]. Galirlorin giymatlondirilmasi yanasmasindan istifado
texnologiyasi bes marhalodan ibaratdir:

1) galacok Umumi goalirin mioyyan edilmasi;

2) amoaliyyat xoarclorinin ¢ixilmast,

3) xalis (amoliyyat) galirinin mioayyan edilmasi va tonzimlonmasi;

4) giymatlondirms va qudvil multiplikatoru;

5) amlakin son doyarinin misyyan edilmasi.

Dasinmaz amlakin giymatlondirilmasinds galir yanagsmasinin asaslandigi 4 asas konsepsiya vardir:

1. Rogabatli giymot konsepsiyasi. Bu prinsip mugayisali yanagma ilo bir godor Ust-lsto diisiir.
Qiymotlondirici giymatlondirilon obyekti oxsar xiisusiyyatlorlo miigayise edir. Icaro daracalori, satis
giymatlari vo galirliliklo bagli digor parametrlor miqayiss edilir.

2. Golir gozlantilori anlayisi. Bu halda obyektin olda eds bilocayi golirin migdar1 prognozlasdirilir.
Bura satigdan, kirayadon vo daginmaz omlakin alds etdiyi digar golir ndvlorindon golirlor daxildir.
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3. Risk vo golir anlayisi. Kommersiya obyektino investisiya qoyulmasi risklori arasdirilir. Eyni
zamanda nozors alinir ki, risk doracasi daha yiksok olan dasinmaz amlakdan daha ylksak galirlor
gozlanilir.

4. Zaman doyari anlayisi. Bu halda dasinmaz omlakin biznes istifadesindon hazirda olds etdiyi
monfastin galocok monfastdon daha doayarli olmasi asasinda giymatlondirilir. Yani, giymatlondirma
muxtalif dovrlards (indiki va galocak) giymat elementini nozars alir.

Golir yanasmasi ti¢lin prognozlasdirma haddi on azi1 5 ildir. Buna géro do obyektin doyarinin
muoayyan edilmasinds tocriibs xiisusi rol oynayir. Daginmaz omlakin qiymating tosir edon asagidaki
amillor mutlog nozars almalidir:

- inflyasiya daracasi;

- amaliyyat xarclori;

- valyuta mazonnalorinds doyisikliklar;
- ganunvericilik yeniliklori;

- bazarda doyisikliklor va s.

Golir metodundan istifado edorok kommersiya omlakinin doyarini toyin edarkon, béyik hacmds
molumatlarla islomok lazim golir. Qiymaotlondiricilar analoji ticarat obyektlarindan istifads tocriibasini
dyranmoali va galocak liglin prognoz vermslidirlor.

Golir yanagmasi asagidaki tisullarin istifadasini nozards tutur:

1. Birbasa kapitallasma. Qiymatlondirma ii¢iin bu metod asagidaki diistura asaslanir:

f)
“g @)
Burada, Cd - amlakin dayari,

jil - onun istifadasindon olds edilan illik galir,
Kg - bazar galir doracasidir.

Birinci gostaricini (illik galir) tapmaq Gg¢lin Gmumi icars galiri ilo amaliyyat xarclori arasindaki
forqi hesablamaq lazimdir. Golir dorocasini muiayyon etmok ii¢iin regionda oxsar oamlaklarla
omoliyyatlari tohlil edilir [9].

2. Pul vosaitlorinin harokatinin diskontlagdirilmasi. Metod dasinmaz omlakin satisindan vo
icarasindon oldo edilon toxmin edilon golirin diskontlagdirilmasina asaslanir. Eyni zamanda, biitiin
mumkdn risklori vo kapitalin doyarini nozare almagi moslohot goriiriik. Diskontlagdirma metodundan
istifado etmoklo ekspert zamanla pul vesaitlorinin harokotinds vo bazarda bas vera bilocok butin
doyisikliklari nazars alir.

3. Golir kapitallagmasi. Bu iisuldan icaroys verilon mehmanxanalari, manzillori vo yasayis
binalarini va S. gqiymatlondirmok lazim olduqda istifads olunur. Bu metoddan istifado edorok dasinmaz
omlakin doyeari asagidaki diisturla hesablanir:

Cd :]i
“ ©
Burada, K, - kapitallasma doaracasidir.

Kapitallagma doaracasi amlakin istifadssi ilo bagli risklor va investisiya galirlorinin planlagdirilan

saviyyasi ilo miiayyan edilir [5].

4. Icaro doracasi. Metod kirayacilarin oxsar omlaklar tigiin 6dadiyi kirays giymatlorinin nozars
alinmasina osason formalasir.

Gorindiyl kimi, galir yanagmasi yalniz galir gotiron dasinmaz omlakin, yani yegana magsadi
galir aldo etmok olan dasinmaz omlakin giymatlondirilmasi t¢un istifads olunur. Dasinmaz amlaka
sahib olmaqdan alds edilon golirlor iso asagidaki formalarda olds edils bilar:
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— cari va golocak pul vasaitlori daxilolmalart (d6vri 6danislor daxil olmagla);

— cari va golocak vergi gonaatlori;

— goalacakds satilan va ya ipoteka krediti ilo girov qoyulan dasinmaz amlakin doyarinin artirtlmasindan
aldoa edilon galir;

— golocakda bu amlakin satisi, doyisdirilmasi Vo ya hadiyys edilmasindan vergiys gonast;

— digar mimkun pul vesaitlori daxilolmalar1 vo muavinatlor.

Natica va takliflar. Tadqiq edilon biitiin bu metodlarin tohlili bizo gOstarir ki, dasinmaz amlak
bazarinin qeyri-sabitliyi, malumatlarin catismazliqlart vo geyri-dagigliyi, elocs do bir sira texniki-
igtisadi amillor giymatlondirma prosesini ¢atinlogdiran baslica amillardir. Qiymatlondirms tisullarinin
dogru se¢ilmasi Vo onlarin diizgiin totbiqi, dasinmaz omlakin real qiymatlondirilmasi tGglin oldugca
ohomiyyatlidir.

Apardigimiz miiqayisali tohlil gostordi ki, dasinmaz amlakin diizgiin qiymatlondirilmasi Ggln
ideal metod mévcud deyildir, an az1 iki metoddan birgs istifado edilmolidir. Xlsusan, Azarbaycanda
dasinmaz omlak bazari inkisaf morhalasinds oldugundan vo dasinmaz amlakin giymotlondirilmosinds
istifado edilon qgorb tocriibasinin yerli totbigindo yaranan tozadlar dasinmaz omlak obyektlorinin
giymatlondirmasi liglin miiasir yanagmalarin totbiqini, yerli soraito uygun olaraq miixtolif yanagmalarin
birlosdirilmasini qagilmaz edir.

Dasinmaz omlakin giymatlondirilmasi ii¢iin uygun yanasmalarin toyini mogsadlo ilk ndvbado
dasinmaz omlak obyektinin toyinati, yeri, insaasinda istifado olunan tikinti materiallari, istismar
muddati, tikilinin aginmalar1 (kéhnalmalar), srazinin planlasdirma vo maskunlasma soviyyalari, hliquqi
aspektlor vo s. butln amillor nozoro alinmalidir. Yalniz bu morhoalalordon sonra giymatlondirms
hesabatlarinin hazirlanmasina kegila bilor.

Ominliklo demok olar ki, giymatlondirmads istifads olunacaq yanasma vo metodlarin miioyyan
edilmasi, secilmis yanasmadan istifado etmoklo giymotlondirmonin aparilmasit daginmaz omlakin
dayarinin miayyan edilmasi prosesinds miihiim rol oynayir va naticalorin daqigliyinin qarantidir.
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TOTBIQI RIi YAZIYYAT VO MEXANIKA

MNPUKJIATHASA MATEMATUKA U MEXAHUKA APPLIED MATHEMATICS AND MECHANICS
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NANO-SI/H20 SISTEMINDO SUYUN RADIASIYA-TERMIKI
PARCALANMASININ FURYE INFRAQIRMIZI SPEKTROSKOPIYA TODQIQi

Basirova Sevine Mommoadhasan quzi- f.0.f.d., Tobii Ehtiyatlarin Kosmik Todqiqi Institutu,
bashirovasevincl@gmail.com

Xdilasa. fonlagdirict siialarin nanohissaciklors tosiri, materiallarin kimyavi vo fiziki xiisusiyyatlorini
doyisdiro bilor. Furye infraqirmizi spektroskopiyasi vasitesilo bu proseslorin  todqiqi,
nanomateriallarin radiasiya miihitindoki davranisin1 daha yaxsi anlamaga vo yeni totbiq sahalorinin
inkisafina yol agir. Bu todqigat, hom elmi, hom do praktiki baximdan shamiyyat kasb edir. Si/H20
(50, 100, 300-500 nm) yaradilan sistemlordo gedon termiki vo ionlasdiric1 siialarin (®°°Co, P=18,17
rad/san, T=300K, 373, 473, 573, 623 vo 673K) tosirilo radiasiya-termiki proseslor zamani alinan
mohsullar va araliq moahsullar1 tadqiq etmok Uglin Furye infraqirmizi spektroskopiyasidan istifado
edilmisdir. Ionlasdiric1 siialarm tosiri ilo nano-Si/H2O heterosistemindo otaq temperaturunda
(T=300K) suyun par¢alanmas1 zamani araliq - aktiv mahsullar (hidridlor vo hidroksil gruplar) amalo
goalmasi muiayyonlosdirilmisdir.

Acar sozlar: gamma siialanma, nanohissacik, radioliz, Furye infraqirmizi spektrometri

STUDY OF RADIATION-THERMAL DECOMPOSITION OF WATER IN THE
NANO-SI/H20 SYSTEM USING FOURIER INFRARED SPECTROSCOPY

Bashirova Sevinj Mammadhasan- PhD in physics, Institute of Natural Resources,
bashirovasevincl@gmail.com

Abstract. The effect of ionizing radiation on nanoparticles can change the chemical and physical
properties of materials. The study of these processes by means of Fourier infrared spectroscopy leads
to a better understanding of the behavior of nanomaterials in the radiation environment and the
development of new fields of application. This research is important from both scientific and practical
point of view. Radiation-thermal under the influence of thermal and ionizing rays (*°Co, P=18.17
rad/sec, T=300K, 373, 473, 573, 623 and 673K) in the systems created in Si/H>O (50, 100, 300-500
nm) Fourier infrared spectroscopy was used to study the products and intermediates obtained during
the processes. The formation of intermediate - active products (hydrides and hydroxyl groups) during
water splitting at room temperature (T=300K) in the nano-Si/H20 heterosystem under the influence
of ionizing rays was determined.

Keywords: gamma radiation, nanoparticle, radiolysis, Fourier infrared spectrometer

Introduction. Fourier infrared spectroscopy of nanoparticles is a powerful tool for the study of
materials at the micro- and nanoscale, with broad applications in modern science.

There are various methods exist for investigating the intermediate products and end products
resulting from the radiation-induced heterogeneous processes during the decomposition of water in
metal and metal oxide/water systems of different sizes (hano-, micro-, and porous). One of these
methods is infrared spectroscopy [1], [2]. This paper presents the results obtained from the
spectroscopic investigation of radiation-thermal decomposition of water in the nano-Si/H.O system.

Methodology. Using the Fourier infrared spectroscopy method, intermediate products such as
silicon hydrides and hydroxyl groups obtained from the radiation-thermal decomposition of water in
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the nano-Si/H20 systems were recorded in the temperature range of T=300-673K. The effect of vy-
quanta (T=473K, D=4 kQr) on the nano-Si/H»0 system was examined, and changes in the absorption
bands of water molecules and OH groups were observed.

In Figure 1, the infrared spectra of the surface-treated nano-Si (curve 1) and the adsorption of
water on the nano-Si surface (curve 2) recorded at room temperature (T=300K) are presented. From
both curves (curve 1 and 2), it can be seen that the surface of the thermally treated nano-Si sample is
clean, with no absorption bands corresponding to water and hydrocarbon compounds observed on its
surface. Water molecules on the silicon surface exist in a dissociative and molecular adsorbed state,
coordinated with an unsaturated coordination number (Si) and partly on positive Si+ centers. On the
other hand, the spectra obtained after irradiating the systems created by the adsorption of water on
the nano-Si surface with y-quanta at doses of 25 kQr at temperatures of T=300 (3), 473 (4), and 673K
(5) are shown in Figure 1.
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Figure 1. Fourier infrared spectra obtained from the surface-treated nano-Si (1), the system created

by the adsorption of water on the nano-Si surface (2), and the systems created by the adsorption of

water on the nano-Si surface after irradiation with y-quanta at a dose of 25 kQr at temperatures of
T=300 (3), 473 (4), and 673K (5)

Results and discussions. In the unirradiated heterosystem, after the adsorption of water,
absorption bands (3500-3000 cm ™) are observed on the surface of nano-Si, indicating the occurrence
of molecular adsorption of OH groups in the region of vibrational modes (maximum broad intense
band at 3245 cm™') and dissociative chemisorption (maximum narrow bands at 3450 and 3530 cm™)
(curve 2). The occurrence of these two types of adsorption is confirmed by the presence of absorption
bands with maxima at 1630 and 1675 cm™ in the deformation mode region of the OH vibrations.

At room temperature (T=300K), under the influence of y - quantum, water splitting products
and active intermediates are formed in nano-Si/H20 heterosystems (curve 3). Among these products,
surface hydrides of silicon are of particular interest. In the spectrum, the maximum absorption bands
at 2100 and 2000 cm-1 in the frequency range of 2000-1700 cm™ indicate the presence of Si — H
valence oscillations, as well as the formation of Si — H and Si — H> type silicon hydrides. Among
them, Si — Hy has a more stable form. It was not possible to record the absorption bands of
intermediate active products containing oxygen, because those bands and the absorption bands of
valence oscillations of Si — O (v=1200 — 900 cm™) cover each other. During water splitting, maximum
absorption bands of 472, 798, 1025 cm™ (curve 3) are observed in the region of v=1400-400 cm™,
which belong to Si — O and Si — O — Si symmetric and asymmetric valence oscillations. This also
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indicates the oxidation of the nano-Si surface, as the intensity of these bands increases with the
increase of the decomposition temperature (curve 4, 5).

Absorption of hydroxyl groups during thermal and radiation-thermal decomposition of water
under the influence of y - quanta (P=18.17 rad/sec) and temperature (T=300, 373, 473, 573, 623 and
673 K) in the Nano-Si/H20 system Kinetic dependences of relative optical densities (D/Do) of the
bands on contact time were studied. Figure 2 shows the dependences of the thermal (dotted)
decomposition of water at T=473K.

With the increase of the contact time, there is an increase of hydrogen-bonded OH — groups
(v=3685 cm™). Comparative analysis shows that the rate of decomposition of H-bonded groups (curve
1) and collection of isolated OH-groups (curve 2) in the radiation-thermal process is greater than the
rate of decomposition in the thermal process (curve 1’, 2"). This shows the stimulating role of radiation
and agrees with the values of molecular hydrogen generation rate and energy output [3].
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Figure 2. H-bond (1, 1') during radiation-thermal (1,2) and thermal (1', 2') splitting of water
in Nano-Si/H.0 system (T=473K) and time dependence of relative optical densities of absorption
bands of isolated OH groups (2', 2')

Conclusion. When studying the radiation-thermal decomposition of water in the Nano-Si/H20
system by Fourier Infrared spectroscopy, we can summarize the following ideas:

1. It was determined that the rate of decomposition of H-bonded groups and the collection of
isolated OH-groups during the radiation-thermal decomposition of water in the nano-Si/H2O system
is greater than the rate of decomposition in the thermal process. This also shows the stimulating role
of radiation and agrees with the values of molecular hydrogen generation rate and energy output.

2. It was determined that intermediate active products (hydrides and hydroxyl groups) are
formed during water splitting at room temperature (T=300K) in the nano-Si/H20 heterosystem under
the influence of y -quanta.

References

1. Agayev, T. N., Gadzhieva, N. N., Melikova, S. Z., Imanova, G. T., & Faradjzade, 1. A. (2018). An
IR spectroscopic study of the gamma radiation on the nano-ZrO: + nano-SiO. + H>O systems.
Protection of Metals and Physical Chemistry of Surface, 54(5), 813-816.

2. Agayev, T. N., Gadzhieva, N. N., & Melikova, S. Z. (2018). Fourier transform IR spectroscopic
study of nano-ZrO: + nano-SiO: + H20 systems upon the action of gamma radiation. Journal of
Applied Spectroscopy, 85(2), 365-369.

115



Elmi asarlor, Totbiqi riyaziyyat va mexanika Scientific works, Applied mathematics and mechanics, 2025, N1

3. Araes, T. H., I'amxuesa, H. H., & Menukoga, C. 3. (2017). Paguanimonnoe pas3inoXeHHe BOJbI B
cucreme n-ZrO: + n-Si0: + H20. In Mexaynapoausiii popym «SnepHas Hayka U TEXHOJIOTHI,
nocBseHHbIH 60-netuto MuctutyTa Sneproit dusuxu (pp. 96-98).

4. Bashirova, S. M., Jafarov, Y. D., & Aliyev, S. M. (2017). Dependence of the yield of molecular
hydrogen obtained from radiation-heterogeneous decomposition of water on particle size of silica and
filling rate of particle surface of water in Si + H2O system by the influence of gamma-quanta.
Azerbaijan National Academy of Sciences Institute of Radiation Problems, Journal of Radiation
Researches, 4(2), 16-23.

5. Ixadapos, S. /1., bamuposa, C. M., 'apubos, A. A., & Dw6os, K. T. (2019). Ilonyuenue
MOJICKYJISIPHOT'O BOIOpOaa, O6paBOBaHHOFO TEPMHUYCCKUM U paarualluOHHO-TCPMHUYCCKUM
npeBpalieHrueM Boabl B cucteme HaHO-Si + H20. Bompocsr aromuoit Hayku u texuuku (BAHT),
HanmonansHbIi HayuHBIH HEHTP " XapbKOBCKUH (GU3HKO-TeXHHUESCKUH HHCTUTYT", 1, 55-60.

6. bammposa, C. M. (2019). BausiHue Macchl KpeMHUS Ha TIPOLIECC PAIHOIN3a, TPOTEKAIOIIETo IpU
BO3/ICHICTBUU Y-KBAaHTOB Ha CYCIEH3WOHHYIO cuctemy HaHO-Si/H.O. In EurasiaScience XXV
MeskayHapoaHas Hay4HO-TpakTHueckas KoHdepenmus (pp. 3-4). HayduHo-u3gaTenbCKHil LEHTP
"AkTyanbHOCTh.PO".

7. Bashirova, S. (2024). Fourier Infrared Spectroscopy study of radiation-thermal water
decomposition in Nano-Si/H-O system. In 21st international conference on defects in insulating
materials — ICDIM 2024, L.N. Gumilyov Eurasian National University, 19-23 August 2024.

8. Jafarov, Y. D., Bashirova, S. M., Mardanov, 1. J., & Imanova, G. T. (2023). Obtaining molecular
hydrogen from water radiolysis in the nano-SiO: (d = 20 nm) / H-O system under the influence of y-
quanta. Cambridge University Press, Experimental Results UK, 1-11.

9. Qaribov, A. A., Agayev, T. N., Bosirova, S. M., Imanov, G. T., Dliyev, A. Q., & Caforov, Y. D.
(2024). Mechanism of hydrogen production in the processes of radiation-heterogeneous splitting of
water with the presence of nano-metal and Nano-MeO.. East European Journal of Physics, 460-475.
10. Caofarov, Y. D., Bosirova, S. M., Imanova, G. T., & Oliyev, S.M. (2023). Study of molecular
hydrogen in the nano-SiO- / H-0 system under the influence of y-quanta. In X International Scientific
Conference "Actual Problems of Solid State Physics" (APSSP-2023), Belarus, 22-26 May 2023 (p.
358).

11. Bashirova, S. M. (2022). The impact of silicon mass on the radiolysis process occurring under
the influence of gamma-quanta on nano-Si / H>O suspension system. In IV International Scientific
Forum "NUCLEAR SCIENCE AND TECHNOLOGIES" dedicated to the 65th anniversary of the
Institute of Nuclear Physics (pp. 106). Institute of Nuclear Physics Ministry of Energy of the Republic
of Kazakhstan.

12. Bosirova, S. M., & Coforov, Y. D. (2016). Si + H20 sisteminds suyun radiolizi prosesindo kiitlo
effekti. Azarbaycan Milli Aerokosmik Agentliyinin xobarlori, 2(19), 52-60.

13. Theophanides, T. (2012). Infrared Spectroscopy- Materials Science, Engineering and
Technology, Introduction to Infrared Spectroscopy. National Technical University of Athens

Moaqalaya istinad: Bagirova, S.M. (2025). Nano-Si/H:0 sistemindo suyun radiasiya-termiki
parcalanmasinin Furye infraqirmizi spektroskopiya tadqiqi. Elmi Osarlar/Scientific Works, AzMI1U,
1,113-116

For citation: Bashirova, S.M. (2025). Study of radiation-thermal decomposition of water in the Nano-

Si/H20 system using Fourier infrared spectroscopy. Elmi Osarlor/Scientific Works, AzUAC, 1, 113-
116

Redaksiyaya daxil olma/Received 11.09.2024
Capa qabul olunma/Accepted for publication 11.11.2024

116



Elmi asarlor, Totbiqi riyaziyyat va mexanika Scientific works, Applied mathematics and mechanics, 2025, N1

http://doi.org/10.58225/sw.2025.1-117-124
GORGINLIK BIRLOSMOSININ SORTLIYININ TOKMILLOSDIRILMOSI
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Xiilasa. Sistemli yanagmadan istifads etmoklo eksperimental todqiqatlatar aparilmigdir . Todqgigatin
noticosindo baglama saftlarinin sortliyinin hesablanmasi toklif olunur. HM-500 miihorikinin kran
valinin is prisiplori arasdirilmigdir. Yaris motosikllorinin 2 silindirli kran valinin komponentlori vo
y1g1lmas1 gostarilmisdir. Otiiriicii ¢arxin safta qayka ilo konsul birlosmosi vo gorginlik birlosmasinin
hesablama diaqrami verilmisdir. Dartma saftanin konstruksiya diagrami vo onun uzunlugu b oyunca
oyilmo momentinin paylanmasi miioyyon edilmisdir.

Acar sozlar: siirtiinmo, val, sixma qilivvasi, gorginlik, vint, oyilmo momenti

IMPROVING THE STIFFNESS OF THE TENSION JOINT

Hamidov Namig Ragif — PhD in tech.sc., senior lecturer, AZUAC, namikhamidov@gmail.com
Aslanov Zabit Yunus — PhD in tech sc., prof., Azerbaijan State University of Economics,
aslanov.zabit@mail.ru

Abstract. An experimental study was conducted using a systematic approach. As a result of the
research, it is proposed to calculate the stiffness of the fastening shafts. The operating principles of
the HM-500 engine's crankshaft were investigated. Racing motorcycle 2-cylinder crankshaft
components and assembly shown. The calculation diagram of the consul connection and tension
connection of the gear wheel to the shaft nut is given. The construction diagram of the traction shaft
and the distribution of the bending moment along its length b have been determined.

Keywords: friction, shaft, clamping force, tension, screw, bending moment

Introduction. Uzunlugu boyunca bir vo ya daha ¢ox baglayiciya malik olan, morkozi vida ilo
barkidilmis vo ayilme ani ile yliklonmis i¢i bos bir mil adlandiracagiq. Gorginlik mili tokce ayilmo
ani ilo deyil, hom do firlanma momenti ilo yiiklonirss, onun birlosmolarinds son gapaqlar vo ya
olcaklor verilir. Oxsar yivli birlosmalor pervane kollarinin barkidilmasi, turbomin rotorlarinin
barkidilmasi [1], quyu generatorunun kompozit rotorunun hublarmin baorkidilmesi [2] vo digor
hallarda istifade olunur. Prokat doyirmanlarinin kompozit rulonlar1 da gorginlik rulonlar1 kimi
hazirlanir. Siirttinma itkilorinin azaldilmasi yarig avtomobili miiharrikinin birlagdirici gubugunun vo
krank mexanizminin dizayni {igiin ¢ox oshamiyyatli bir tolobdir, ¢iinki bu itkilor krank mili siirotinin
artmasi ilo artir. Itkilori azaltmagm on tosirli {isulu dirsok saftinin osas vo birlosdirici ¢ubuq
jurnallarinda rulmanlar ovozino yuvarlanan podsipniklordon istifado etmokdir. Bu halda, krank mili
y1gilmis voziyyatde edilmalidir.

Metodologiya. Ovvalki miialliflor kompozit krank mili hazirladi, onun hissalori diferensial
sancaglar torofindon eksenel olaraq borkidilir vo firlanma an1 birlosmalords iigbucaqli ug¢ snurlar ilo
otlirtiliir. Cubugun sag vo sol uclarinda sap tiplorinin forqliliyino gors saft hissalori onlara
biikiildiikde bir-birine dartilir vo spline birlosmasinde gorginlik yaranir. Bu dizaynin vallari (Sakil
1) Almaniyanin "Aute-Union" vo "Porsche 550" yaris avtomobillorinin miiharriklorinds, ylingiil
alman toyyaralorinde (Hirth HM 500 toyyara miihorrikindon istifade olunan tolim toyyaralorindo
quragdirilmigdir) istifads olunur. (Sokil 2). Bir qisqac baglantis1 kimi tosnif edilo bilon
masinqayirmada istifado olunan bir mil ilo bir spiral dislinin birlosmalorindon birinin rosmi Sokil 1-
do gostorilmisdir.
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Sakil 1. HM 500 miiharrikinin krank valinin uzununa kasismasi:
1 vo 2 - asas jurnal yataginin xarici halqas1 vo rulonu; 3 — podsipnik ayirici; 4 — yatagin
daxili halgasi; 5 — diferensial sapli gpal; 6 - birlogdirici gubuq

Sakil. 2. Vostok-S360 yaris motosikletinin iki silindrli mithorrikinin krank valinin
komponentlori (a) vo yigilmasi (b)

3. Qosulma zamani firlanma momenti qisa sprislor vasitosilo otiiriiliir vo tokorin ox iizro
barkidilmasi (uca asason) onun ucunu saftin ¢iynino [3] dayamagqla, saftin agilmamasi ilo hoyata
kegirilir. bu yerds birlosma yivli birlosmonin barkidici qiivvasi ilo tomin edilir. Sokildo gostorilon
olagalor. 1-3, birlosmo agilmadiqda islayir, yani birlosmodoki minimum tozyiq oan az1 1-2 MPa [4]
va birlosmadoki bucaq tomasi deformasiyasinin imumi ayilma bucaginin oldugu bir doyar var milin
oyilmesinin nozoro alinmasi) vallarda yerloson hissolorin ayilmo bucaginin [ icazo verilon
maksimum qiymatini [5] agmur.

Yekun fikirlar. Bir qayda olaraq, tomas sathlorinin icazs verilon meyl bucag li¢iin asagidak:
doyorlor qgobul edilir: diglorin uzunlugu boyunca yiik konsentrasiyasinin mohdudlagdiriimasi
sortindon tokor dislorinin birlasdirilmesinds - 0,001 rad; ciitlogon bilyali podsipnikds - podsipnik
halgalarin diizgiin diiziilmomasi naticasinds toplarin sixilmamasi zamani val - 8" (0,0024 rad);
rulman va silindrik silindirlorls birlikds - silindirlorin uzunlugu boyunca tozyiqin vahid paylanmasi
voziyyatindon bir mil - 4" (0,0012 rad). Buna goro do, imumi halda, gorginlik birlosmasinin ciitlogon
son sathlarinin ayilma bucagi magbul hesab edils bilor [[1] = 0,001-0,002 rad. Son vaxtlara qadar
gorginlik baglantisinin parametrlori sinaq vo sohv yolu ilo miioyyon edilirdi, ¢linki alagonin sartliyini
hesablamaq {i¢iin he¢ bir lisul yox idi. Asagida belo bir metod toklif edirik, onun totbiqi
eksperimental olaraq yoxlanilir. Asagidaki gorginlik birlogsmasinin konstruktiv diaqramini (sokil 4)
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nozordon kegirok: holgovi flans morkozi boltla (boltun hamar hissesinin uzunlugu 10, yivli
deformasiya olunan hissasi 11) asasi ilo barkidilir (sokil 4). sixma qiivvesi Fzat) vo ¢gevrilmo momenti
M ila yiiklonir. Iso [5] esason, diisturdan istifade etmoklo dartma birlosmosinda oayilmo bucag:
toxmin edils bilor
[ = KkOM/I. (D)

Burada k - birlosmonin normal tomas uygunlugu omsalidir, mm3/N, odadi olaraq tomas
yaxiliginin birlosmadaki tozyiqden asililiginin grafikine toxunan bucagin tangensine barabardir p0
= boltun sixma qiivvasinin yaratdigi pzat :

k = 0,5Raco™ /(E*p0)°+>; 2
[1 — migqyas faktoru (otrafli molumat iigiin bax [5]);
I=0(D 4 _4d 4)/64 - birgo otalot an;
D vo d - kontaktin xarici va daxili diametrlori sathlor.

Formula (2) daxildir: : Ra = (Ra2 + Ra2 )0,5 — clitlogon sothlorin filesi;

Ea=

Sokil 3. Otiiriicii ¢arxin safta qayka ilo konsol borkidilmasi [2]

)§Q

*_
NN
/

NV

X
[

Sakil 4. Gorginlik birlosmasinin hesablama diagrami [3]

¢y = 263 mikro nizamsizliqlarin nisbi mévqgeyini nozors alan omsal;

E* - — azaldilmis elastiklik modulu, slagodon miioyyaon edilir:
1 1-pf 1-43

burada E; va E2 — cltlosan hissalorin materiallarinin elastik modullari;

[11 va LJ2 - onlarin Puasson nisboatloridir.
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Boltun sixma qiivvasi fsix tarafindon yaradilan birlogsmodaki Psix tozyiqi beladir:

Psix. = 4F3a1/[n(D2 — d2)]. 3)
Boltun sixma qiivvesi Tsix momenti ilo miioyyon edilir gqaykanin barkidilmasi:

Fsix = Tzap/[tg(1)" + [)d2/2 + frd /2], 4)
burada (" = arctg( fp/cos30°) sapda azaldilmis siirtinmos bucagidir ( fp sapda siirtinma
omsalidir);
(1 = arctg [P//([Jd2)] - ipin onun boyunca bucagi
orta diametri (P - sap1 mag; d2 - orta sap diametri); fr —qayin ucunda siirtiinmo omsali; dt
kiinc ucunun orta diametridir.
Baglanti yalniz bir ¢evrilmo ani1 ilo deyil, hom do yirtilma qiivvasi ilo yliklonirso

Sakil 5. Eksperimental quragdirma:
1 - pres gargivasi; 2 - prizma; 3 - birlosgdirici safti; 4 - sancaq;
5 — halqa tipli dinamometr; 6 — y18im gostaricisi [5]

F/2 F/2

VS — |

A7

Sakil 6. Dartma saftinin konstruksiya diagrami vo onun uzunlugu boyunca ayilma momentinin
paylanmas1 [5]

Ftr, onda birlogsmanin tomas sartliyi vo i¢cindaki ayilma bucagi tozyiqlo miioyyon edilocokdir.
PO = Pxorc — (1 — UR)Ftr/A, ()
burada osas yiikiin qoparma qilivvosindon omsalidir:

UF =_Ak4Ad
/‘lk+/‘ld+ﬂb
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Bolt morkozdo yerlosdiyindon vallar1 boltla borkidorkon ¢evrilmo anindan osas yiikiin
omsali [JF = 0. (6) dusturunda.

Ok = KO/A, Op = L/(E1A) u b =[(0,5dp + lo)/((J dp ) + (0,5dp+ 11)/(C) d3 )]4/E1
miivafiq olaraq olago birlosmosinin uygunlugu, borkidilmis hissolor vo bir bolt, yoni tok
bir yiikiin tosiri altinda hindirliylindo Olgiilorinin doyismosi. Burda dg u d3 = dg —
1,227P boltun yivlerinin xarici vo daxili diametrlori burada P yiv sehrbazidir.

Bu halda, bolta olavo ylik Fp, birlosmodoki tozyiqin minimum pmih vo maksimum
Pmax, boltda horakot edon itolomo qiivvasi Fp vo boltda gorginlik oy olacaq:

1. Fy=xrF ()
1—vp)F ]
2. Pmih = Pzat — {+J - % (8)
1—vp\F 1
3. Pmax = Pxorc — '{‘%) + # 9)

4. F. = 1.3F . + Fy (10)

5. o), = %{ (11)

burada W = D(D3 — d3)/32 birlosmonin tomas sothinin neytral oxuna nisbston migavimat
momentidir.

Muzakira. Birlogsmonin agilmamasini tomin etmok Uciin pmin > 1j2 MPa sortini yerino yetirmok
lazimdir. Sixilan hissalorin méhkamliyini tomin etmoak Ugun birlosmoads maksimum tozyiq pmax-in
barkidilon hissalorin materialinin axma giiciindon az olmasi lazimdir.

Dartma birlagmasinin ayilma bucaginin (1)—(4) diisturlarina asason hesablamanin etibarliliginin
eksperimental yoxlanilmasi 1-Ci gargivadoa ol ilo vint presdan ibarat eksperimental qurguda (sok. 5)
apartlmigdir. Bunlardan iki prizma 2 diaqonal olaraq L mosafosinds bir-birindon arali olaraq
quragdirilib, garma mili 3 {i¢iin dayaq rolunu oynayir. Cokici mili xarici D vas daxili d diametrli iki
borudan ibarat olub, uclarina sancaq barkidilmis qayka 4 ilo borkidilmisdir. . Borularin son sathlori
TR220 profilometri ilo idara olunan muoayyan bir pirizIiluk parametri Ra1 = Ra2 ilo islonmisdir.

Baglayict qaykalarin T sixma ani firlanma ani agari ilo tomin edilmigdir. Press, igorisino
quragdirilmis siferblat gostoricisi olan bir halga dinamometri 5 torsfindon idars olunan F qiivvasini
yaratdi.

Dartma saftinin iki ndqtesinds bir-birindan | masafasi ilo ayrilmis vo gorginlik saftinin simmetriya
oxuna nishaton simmetrik masafada yerloson iki F/2 qlivvasi totbiq edilmisdir.

Saftin ortasinda | ayilmo 6 saat tipli géstorici ilo 6lciildii. Cokici valin dizayn diagqramu Sokilds 6
gostorilmisdir.

Sinaq zamani ¢akici val parametrlori idi: L = 450 mm, | = 100 mm, D = 40 mm, d = 27
mm, Raz = Ra2 = 0,0056 mm. Tocriba ¢ moarhalodo aparilib. Birinci moarhoalodo
gorginlik valin yerino moéhkom bir boru yiklondi. Birlogsmolorin say1 bu halda 0-a
borabor idi.

Ikinci marhoaloda, markazinda yerlasan bir birlosma ilo garginlik mili yiiklondi. Uglincti marhaloda,
sinaq zamani kobudluq parametrinin Ra-nin ikiqat artirilmasini simulyasiya etmok iiglin, saft
segmentlori arasinda morkozdo son sothlorinin eyni plrtzlulik parametrino malik bir yuyucu
qurasdirilmigdir. Bu, iki birlosma ilo bir gorginlik saftinin sinaqdan kegirildiyini diigstinmoys imkan
verdi. Eksperimental olaraq oldo edilmis oyilma dayarlori diusturdan istifado edorok hesablama
naticalari ilo migayiss edilmisdir

f= F[(L/2)3 — (1/2)3]/(6E11) + keMn/I, (12)
burada n gorginlik valinin birlogsmalorinin sayidir.
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(12) disturunda birinci termin birlosmoys malik olmayan vahn oyilmosini, ikincisi -
movcudlugundan yaranan oyilmoni qiymotlondirir. Qaykanin sixma qiivvosi asagidaki
parametrlorlo miioyyan edilmisdir: dp =12 mm, P = 1,75 mm,
d2 =10,56 mm, dr = 14,25 mm, fp = f; = 0,15.

Test vo hesablama naticalori codvaldo Umumilosdirilmisdir. 1. Onlarin tahlili geyd etmays imkan
verir ki, gorginlik valin oyilmasinin hesablanmis doyorlori qaykanin miixtolif vidalanma
momentlarinds va birlosmonin purizltluyinin mixtslif parametrlorinds eksperimental olaraq alinan
giymatlardon imumiyyatlo 10% -don ¢ox deyil, bu da dartma valin sartliyini giymatlondirmok tigtin
(1)—(4) disturlarindan istifado etmok imkani1 yaradir.

Gorginlik valinin dizayni {iglin bazi miimkiin variantlart nazardon kegirok vo onlarin

hesablanmasina bir niimuna verak.

Oksar standart surat qutularinda saft oxlar1 boyunca birlosdirici (sokil 7, a) var. Baglayici dislilari

Vo rulmanlar1 sanziman qutusundan konarda vallarla yigmaga imkan verir, lakin siirot qutusunun
qapagini korpusa birlosdirmak i¢uin dizaynda elektrik boltlar ilo barkidilmis kiitlovi flanslar1 toamin
etmok lazimdir. Otiiriicii qutunun korpus hissalorinin ¢okisini siz onun ara vallarin1 mufta vallar1 kimi
dizaltmokls azalda bilarsiniz (sok. 7, b) vao qutunun yuxari hissasindoki dalikdon istifado edarak strat
qutusunu yiga bilarsiniz.

F =400 N-do ayilma, um va garginlik valinin birlogmalarinin say1
RE | 2
Noticoni Qaykanin sixma an1 Tzav, Nem
neco oldo 0 25 32 16 32
etmok olar
Hesablama | 40 70 67 164* 97
Tacriiba 36 75 70 133* 104
* F =200 N-do (birgs aciligla mohdudlasdirilan qiivvo)

=

B
!\\:\.\‘a R

| ‘\“N Erge <

L1D<]
// |l§

Sakil 7. Val oxlar1 boyunca siirat qutusu birlagdiricisinin mévcudlugu (a) vo olmamasi (b)
(cokmo mili) halinda siirat qutusunun ara valinin variantlari

I o s

Sakil 8. Lent konveyerinin garma barabaninin garginlik qurulusu
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Ovvallar [6]-da lentli konveyerin garginlik tamburu {igiin (sok. 8) barkidici konstruksiya toklif
edilmisdi ki, bu konveyer tizorinds podsipniklor qurasdirilmis iki dasiyici qalxandan vo mufta boltu
ilo montaj zamani barkidilmis borudan ibaratdir. Tamburun istehsalinda (qaynagsiz) yalniz dénganin
istifadosi gorginlik tamburunu yigarkon rulman oturacaglarmin dizayninda he¢ bir tohrif
olmayacagini gdzlomays imkan verir.

Misal Cadvalin 1-12-ci satirlorinds verilmis parametrlordan istifado edarok hesablayn. 2, yivli
birlogsmolor tigiin {i¢ variant: 1) bir spiral dislinin mil ila birlosdirilmasi (bax. Sakil 3); 2) spiral disli
reduktorun ara mili (bax. Sakil 7, b); 3) lent konveyerinin garginlik tamburu (bax sok. 8). Boltlarin
Vo onlarin barkiddiyi hissalorin materiali poladdir (E = 2,1¢105 MPa). Tzav-1 hesablayarkan, yiv va
sonun oldugunu giiman edirik qayka yaglanir, buna goro do (4) disturundan istifado edorak
hesablayarkan fp = ft = 0.1 gobul edirik.

Hesablama noticalari 13-21-ci satirlords toqdim olunur cadval 2.

Variant tizro hesablamanin naticalori Cadval 2
2 (bax Sokil 7, b)
Sifaris Parametr 1 (bax Sakil 3)
némrasi 3 (bax Sakil 8)
1 M, Nem 200 400 280
2 F,H 1500 1000 0
3 D, mm 70 60 355
4 d, MM 50 30 335
5 Ral = Raz, 2,5 1,6 3,2
mkm
6 A, MMm2 1,88+103 2,12+103 10,84103
7 L, Mmm 25 800 800
8 d6, mm 36 20 24
9 P, MM 4 2,5 3
10 10, Mmm 20* 780 780
11 11, Mmm 7 20 20
12 Fxorc, N 20 000 60 000 50 000 60 000 20 000 40 000
13 Pxarc, MPa 10,6 31,8 23,53 28,3 1,8 3,7
14 ] 1,60 1,36 1,11 1,10 3,84 3,42
15 k, mm3/N 0,00043 | 0,00024 | 0,00018 | 0,00016 | 0,00129 0,00091
16 LF 0,362 0,242 0,034 0,027 0,034 0,027
17 1, rad 0,000156 | 0,000076 | 0,000012 | 0,000008 | 0,000012 | 0,000008
18 pmih, MPa 2,2 23,3 14 3,3 1,4 3,3
19 pmax, MPa 18,0 39,1 2,3 4,1 2,3 4,1
20 B, MPa 35 103 80 160 80 160
21 Tzav, Nem 92 275 65 129 65 129

Yaris naticalarinin tohlili gostordi:

1) gozun barkidici qiivvesinin artmasi ilo barkidilon hissalorin birlosmasindo ayilmo bucagi
azalir;

2) barkidilon hissalarin birlogsmasinin Kifayat gadar sartliyini (yani onun ayilms bucagi icazo
verilondon ¢ox olmamaq Gc¢tin) vo birlosmonin agilmamasimi (yani pmih > 1-2 MPa sortini yerino
yetirmak) tomin etmoak. , boltu (1) j(11) diisturlarindan istifads etmoklo hesablama yolu ils alds edilon
qivva ilo sixmaq lazimdir va bels birlogsmalarin montaj tasvirlarinin texniki talablorinds qaykanin
vidalanmasinin firlanma momenti T gostorilmalidir;

3) baglayici boltun materiali boltda yaranan gorginlikdon [Jp az olmayan axma gucuns malik
olmalidir;
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4) bu parametrlorin mixtalif doyarlori Ggtin (1) va (11) diisturlarindan istifads edarak bir nega
dofo aparilan hesablamalarin naticalorini miigayise etsok, gorginlik baglantisinin dizayn
parametrlarinin doyarlarini optimallagdirmaq miimkiindiir.

Naticalar. Bir morkozi bolt ilo borkidilmis, birlosmays perpendikulyar bir mistovids totbiq
olunan giivva vo momentlo ylklonmis yivli birlosmanin hesablanmasi tigiin bir tisul toklif olunur.
Hesablama naticalori eksperimental naticalarlo migayiss edilorak tasdiq edilmisdir. Belo bir metodun
olmasi, barkidilon hissalorin birlogsmasinin kifayat godor sortliyi vo birlosmonin agilmamasini tomin
edon sortlor asasinda goarginlik baglantisinin dizayn parametrlari Ugln dayoarlar tayin etmoys imkan
verir. Saftin konsol ucunda tokar barkidilmasinin yivli birlogsmasini hesablamaq va gaykanin barkidici
quvvasini asasli sakilds tayin etmok miimkiin olmusdur.
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VANT KORPUSUNUN TROSLARININ MOHKOMLIK VO DOZUMLULUYUNUN
TOYIN EDILMOSI

Mbastanzados Nicat Salam oglu- t.i.f.d., dosent, Baki Miihondislik Universiteti,
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Xulasa. Magalods vant korpiistiniin vantlarinin dartilma deformasiyasi arasdirilmigdir. Misal {iglin
Ag Sohor piyada kecidi gotiirilmiigdiir. Vant troslarinin méhkomlik vo déziimliiliik hesablamasi
aparilmisdir. Buradaki yaranan maksimal gorginlik hesablanmigdir. Yiiksok kilok tozyigina moruz
qalan piyada ke¢idinin vantlarinin sayimnin azaldilmasi tovsiyys edilmisdir. Korpiiniin méhkamlik,
sortlik, dozimlilik vo dinamik dayaniqliq hesablamalarla sortlori yoxlanilmisdir. Korpiiniin
deformasiya sxemi ¢ixarilmisdir. Korpii tirinin sortliyi kegorli deyil. Buna gors vantlarin dartilma
qlivvasini artirmaq va kegid tirin (izarino diison beton gatin1 azaltmaq gorokdir.

Acar sozlor: vant, dartilma, gorginlik, méhkomlik, doziimliiliik

DETERMINATION OF STRENGTH AND ENDURANCE OF CABLE OF CABLE-
STAYED BRIDGE

Mastanzadeh Nijat Salam- PhD in tech.sc., ass.prof., Baku Engineering University,
nijat.mastan@gmail.com
Rustamli Tural Mubariz- PhD Candidate, Chief Designer, Hydrotrans Engineering Ltd.,
rustamli.tural.90@gmail.com
Mehtiyev Yagub Alovsat- PhD Candidate, Hydrotrans Engineering Ltd.,
yaqub.mextiyev@gmail.com

Abstract. The paper investigated the tension strain of the cable-stayed bridge. For example, the White
City pedestrian crossing was taken. Calculations of the strength and endurance of cable cables were
carried out. The maximum stress occurring here is calculated. It was recommended to reduce the
number of baths of a pedestrian crossing exposed to high wind pressure. The bridge conditions were
tested with strength, stiffness, endurance and dynamic stability calculations. The bridge deformation
scheme has been removed. The stiffness of the bridge beam is impermeable. Therefore, it is necessary
to increase the tension of the cranes and reduce the concrete layer falling on the transition beam.
Keywords: Cable, tension, stress, strength, endurance

Giris. Sohor infrastrukturunun genislonmosi vo rifahi {iclin goriilon ingaat islori gohorin yol
otiiriiciilori vo piyada kegidlorinin tikintisi ilo do aparilir. Bakinin Ag Sohor bdlgasinds insa olunan
vantli piyada kecidi bunun bir niimunasidir. K&rpii bir pilonlu, metal tir yol Otiiriiciisii vo iki
istigamotda vant sistem baglantilarla layihslondirilmisdir. Korpiiye iki yerden pilloken qurgusu
nozordo tutulub. Layihosi “Hydrotrans Engineering” MMC sirkati, insaati iso “Evrascon” ASC
torofindon aparilir. Korpiiniin yerlosdiyi yerin sohorin Xozor limanma yaxin, kiilokli bolgado
oldugunu va korpii pilonunun hiindiirliiylinii (75 m) nozoro alaraq korpiiys tosir edon dinamik
qiivvalarin vo bu sobabdon vantlarin gorginliyinin dyronilmasi vacib masaloya ¢evrilir. Korpiintin
boyuna kasiyi vo planda goriiniisii asagidaki sokildo gostorilmisdir (bax sok.1).
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Sakil 1. Ag Sohoar piyada korpiisiiniin boyuna kasik goriiniisii

KOrpuU troslarimna tasir edan qiivvalor. Vant korpiiniin troslarina 6z agirligindan basqa, kegid
tirinin agirlig, trosun tizorino diison qar vo buzlama agirligi, kiilok yiikii, trosun 6ncodon gorginlogmo
quivvasi tosir edir (sokil 2).

/ i
Kiilok yiikii

Sakil 2. Ag Sohardoki vantli piyada kegidinin imumi goriiniisii vo kiilok tozyiqinin tosiri

*Fyf ‘\
N ‘<
~
\\ = EaqE
~ ° eq
~
~
~
\l

N=GA\

Sakil 3. Bir vant trosuna diison xarici va daxili qiivvalorin goriiniisii: Fx ve Fy -vantin dartilma
qiivvasinin iifiiqi va saquli proyeksiyalari; f - vantin ayimi; w — vantin agirliq yiikii; Eeq - ekvivalent
elastiklik modulu; N —vantin dartilma qiivvasi

Korpiiys tosir edon daimi yiik, korpi tirinin {izerinds beton qat agirligi p=1200 tondur. Miivaqqoti
yiik piyadalarin agirhg q=400 kg/m? edor. Korpiiniin, yani korpii tirinin saquli oyimi 1.1 vo 12.1
oxlar arasindadir, bu da fmax=398 mm edor. Maksimal yolverilon ayim L/400 kegmomaolidir. O zaman
sortlik sortini yoxlayagq:
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fmax — 3% _ _ 00037 mm < [f] = — = —~ = 0,0025 (1)
L 105600 400 400

Sartlik garti 6danmir.

Sokil 4. Korpliniin deformasiya sokli

Korpiidos tli¢ en kasik dlgiilii vant istifado olunmusdur: @64mm, @52mm vo P40mm. Bunlarin
en kosiklorinin sahasi ardicilligla A1=2789 mm?; A2=1841 mm?vo A3=1077 mm? (sokil 5) toskil edir.

Sakil 5. Vant troslariin en kasiklori: a) @64 mm ;b) @52 mm;c) 40 mm

Vantlarin sortliyi elastiki sortlik Ke vo hondasi sortlik Kgilo hesablanir. Clinki vantlarin hor bir
sobabdon gorginliyinin diismasi vantlarin oyimino gatirib ¢ixarir. Bu da vantin sallanmasina sabab
olur.

_ __EA{[ cos?’6  cosfsinf] N[l O

Ki=KetKe =7, [cos fsinf@  sin%6 L [O 1 )

Burada E — vant materialinin elastiklik modulu; Ai - i-vant elementinin en kasik sahasi; lo —
deformasiya olmayan vantin uzunlugu; cos@ , sinf — vantin sartlik tirina olan bucaq funksiyasi; N -
boyuna dartilma qiivvasi;

Trosun moéhkamlik hesablamasi. Trosda yaranan dartilma qiivvesini hesablamaq {igiin
korpiiya diison daimi vo miivaqqati qiivvolori toyin edok.Trosun en kosik sahosini  A1=2789 mm?
A,=1841 mm? ,vo As=1077mm? nozars alaraq trosun dartilma qiivvesi ardicil olaraq XN1= 14 142
kN, No= 17900 kN, XN3z= 1988 kN toskil edir. Trosun hesabi miiqavimati olar:

Ran =k AZT:l 3)

Burada k=0,87 — trosun agreqat muigavimot omsali; ym =1,6 etibarliliq omsali. Trosun

mohkomlik sorti yoxlanilir:

N
TS Rapmym, (4)
k

Burada m; =0,8 korpiiniin is soraiti omsali; mp =1,0 trosun is soraiti omsali; N -trosda yaranan
maksimal dartilma qiivvesi. Hesablama zamani dartilma qiivvalori moagalads tagdim olunan Cadval
1-don gotiiriilmiisdiir. Hesablamani yerina yetirondon sonra alariq:
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@64mm tros Ugun Ry, = 2757 mPa

N _ 2(678+950+952+940+960+1020+1049+672) _ 14142000

=316 mPa < Rzjmym, = 2757 x 0,8 x 1,0 =

A 16x2789 44624
2205 mPa
@52mm tros uglin Ry, = 5287 mPa
N
A

k
_2(598 + 644 + 604 + 679 + 741 + 529 + 760 + 828 + 968 + 853 + 479 + 506)
N 26 x 1841

17900000
=—————=374mPa < Rjymym, = 5287 x 0,8 X 1,0 = 4229 mPa

47866
vo D40mm tros ti¢liin Rz, = 1004 mPa
N 2(399 + 294 + 301) 1988000

A, 6 x 1077 T 6462
= 803,4 mPa
Mohkomlik sorti troslar tigtin 6danilir.
Vant korpilarin ylkgotirms gabiliyyati vantlarin zodo almasi sobobindan diiso bilir. Dinya
praktikasinda ti¢ nov vant istifado edilir: 1 - parallel kabelli (PSC-parallel strand cable); 2 - ayrica
toxunan kabellorlo qurulmus (PWC-parallel wire cable); vo 3 - bagli (spiral) kabellarlo metal ortikli
vantlar. Vant sistemlorindaki polad tellor asagidaki sort osasinda segilir:

[N] = P[n] ()
Burada F - telin sertifikat Uzro qirtlma haddi; P - layihs (izra telin maksimal dartilma qiivvasi; [n] -
normativ méhkomlik amsali, tipik vantlar ti¢iin [n]=5,0 — 6,5 sm toyin edils bilir. Telin dartilma
quvvasi N vant iginds tellorin toplam dartilma qiivvasinin k=0,8-0,9 amsalina vurmagq]la toyin edilir:

[N] = kAo (6)
Burada A - vantdaki buttin tellorin en kasiyi; oth - tel materialinin dartilma méhkomliyidir. Vant trosun
icinds bir telin qirilmasini gormok olmur. Bunu ancaq telin dartilma miigavimetinin diigmasi ilo
miisahido etmok olar. Istismar zamani vant troslarinmn yiikgétiirmo qabiliyyati forgli zadalorin

tasirindoan azalir. Faktiki vant trosunun méhkamlik daracasi

n=§ (7)

kimi gostorilo bilir. Burada N - zodali trosun dartilma qiivvesi, N = kAay, ; A - zadsli trosun en kasik

sahosidir. Zoadoli trosun en kasik sahasinin zodoasiz trosun en kasik sahasindon (A) az oldugundan bu
forq asagidaki diisturla tonzimlonir:

A = (%) A+ AA, (8)

Burada AA; - faiz soklindo tayin edilon diagnostik gostarici; AA, - biitiin qirilan , zods alan vantlarin

toplam en kasiyi. Belaliklo, qalig méhkomlik omsali
_ k(a=8d)arn

= 308 mPa < R;ymym, = 1004 x 0,8 x 1,0

- 9)
kimi gostarila bilar.
Vantlarin oyimi dartilma sobabindan ¢ox ciizi oldugundan nazors alinmir. Amma baglant1 yerlorinda
ayici momentlor yarana bilir. Zaman i¢inda n omsali layihadoki normativ amsaldan [n] az olur. Vo
hor bir vant trosu asagidaki sartlo yoxlanilir:

minn > n* (10)
Bu sortin 6donmomasi trosun iglomamasi anlamina galir.
Uzun zaman istismarda olan polad troslar vo vantlarda stirinms deformasiyasi, relaksasiya yarana
bilir. Tros uzanir vo bu sobabdon dartilma qiivvesi diisiir. Polad vantlarin boyuna siirlinmasi asagidaki
dusturla tayin edilir:

. 2.4
e = 2017 ¢ ) (1)
Burada ¢ - normativ daimi yikdon + 1/3 normativ mivaqqgsti yukdon yaranan gorginlikdir. Polad
troslarin mohkomlik tohlili asagidaki imkanlar1 yaradir:

- Trosun zaman iginds tamiri Gglin galan resursunun tayini;
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- Trosun istismar middatinin uzanmasinin tayini;
- Trosun yenidan yoxlanmasi va yerinds cihazla diagnostika tarixinin miiayyan edilmasi va normativ
qaliq amsalinin tayin edilmasi.

Trosun doziimliiliikk hesablamasi. Trosun doztimliiliik hesabi1 asagidaki diisturla aparilir:

Omax = mlywsthm (12)
Burada omax - trosdaki maksimal normal garginlik
Nmax
Omax = A—k (13)

m1=0,83 trosun doziimliiliik hesabinda is soraiti amsali; yws - garginliyin doyismasini nazars alan
omsal. Déziimliiliik hesabinda trosdaki maksimal dartilma qiivvesi NB™*=1294 kN gobul edilmisdir.
Mivaqgati yiiklordon yaranan dartilma qiivvasi ise asagidaki diisturla hesablanir:

NBPmax — VB(‘)max (14)
Burada 2 - doziimliiliik hesablamasinda ekvivalent qiivva; wmax - niifus Xatlorin sahasi. O zaman
trosdaki maksimal gorginlik olar:

1294000 464 mP
Jmax = o7gg T
Dayison gorginlik asimmetrik omsali
Omax
P = arin o

kimi hesablanir.
Eyni proseduru minimal garginlik t¢tin aparag. Onda omin=207,5 Mpa olar. Vo asimmetrik omsal p=
0,45 olar.
Belolikls trosun déziimliiliik sartini yoxlayaq.

Omax = 464 mPa < myy,,sRgpm = 0,83 X 0,674 X 1795,2 x 1 = 1004,27 mPa
Doziimliilik sorti 6donilir.
Vantlarin isarslonmasi, en kasiklorinin diametri vo maksimal dartilma qiivvelori codvel 1-do
verilmigdir.

Cadval 1. Vantlarda daxili qlivvalorin hesablanmasi

Maks. Daimi ) Hesabi
. . . Bdhran iivvalor e
Van | . deksasiya Vantin Ngmlnal Qiivval | Yiikdon Qitvvalori Qiivva Utilizasiya
tlar Tipi Diametr or Yaranan N {d2) N_{d} Nisboti
N_{d1} | Qiivvalor - N_{d1}
+1.5(N_{d2} -
- [mm] [kN] [kN] [kN] [kN] [-]
1 1-01 VSS-3 64 678 296 849 934 0.50
1-02 VSS-3 64 678 296 849 934 0.50
2 2-01 VSS-2 52 598 589 463 598 0.48
2-02 VSS-2 52 598 598 463 598 0.48
3 3-01 VSS-2 52 644 642 382 644 0.52
3-02 VSS-2 52 644 644 382 644 0.52
4 4-01 VSS-2 52 604 604 597 604 0.49
4-02 VSS-2 52 604 602 597 604 0.49
5 5-01 VSS-2 52 679 5901 781 832 0.67
5-02 VSS-2 52 679 584 781 832 0.67
6 6-01 VSS-3 64 950 719 1238 1382 0.73
6-02 VSS-3 64 950 754 1238 1382 0.73
7 7-01 VSS-3 64 952 686 1283 1449 0.77
7-02 VSS-3 64 952 703 1283 1449 0.77
8 8-01 VSS-3 64 940 657 1294 1471 0.78
8-02 VSS-3 64 940 659 1294 1471 0.78
9 9-01 VSS-2 52 741 532 905 987 0.79
9-02 VSS-2 52 741 524 905 987 0.79
10-01 VSS-1 40 399 399 455 483 0.66
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10 10-02 VSS-1 40 399 397 455 483 0.66
11 11-01 VSS-1 40 294 293 243 294 0.40
11-02 VSS-1 40 294 294 243 294 0.40
13 13-01 VSS-1 40 301 301 281 301 0.41
13-02 VSS-1 40 301 296 281 301 0.41
14 14-01 VSS-2 52 529 477 701 787 0.63
14-02 VSS-2 52 529 489 701 787 0.63
15 15-01 VSS-2 52 760 621 823 854 0.69
15-02 VSS-2 52 760 603 823 854 0.69
16 16-01 VSS-3 64 960 641 1235 1373 0.73
16-02 VSS-3 64 960 684 1235 1373 0.73
17 17-01 VSS-3 64 1020 630 1269 1394 0.74
17-02 VSS-3 64 1020 661 1269 1394 0.74
18 18-01 VSS-3 64 1049 636 1259 1364 0.72
18-02 VSS-3 64 1049 641 1259 1364 0.72
19 19-01 VSS-2 52 761 718 833 869 0.70
19-02 VSS-2 52 761 713 833 869 0.70
20 20-01 VSS-2 52 828 828 725 828 0.67
20-02 VSS-2 52 828 824 725 828 0.67
21 21-01 VSS-2 52 968 968 569 968 0.78
21-02 VSS-2 52 968 965 569 968 0.78
22 22-01 VSS-2 52 853 853 409 853 0.69
22-02 VSS-2 52 853 851 409 853 0.69
23 23-01 VSS-2 52 479 479 417 479 0.38
23-02 VSS-2 52 479 478 417 479 0.38
24 24-01 VSS-3 64 672 606 781 835 0.44
24-02 VSS-3 64 672 608 781 835 0.44
25 25-01 VSS-2 52 506 192 593 637 0.51
25-02 VSS-2 52 506 187 593 637 0.51
Naticalar.

1. Vantin i¢indoKi tellorin qirilmasi vantlarin gorginliyini agagi salir. Bu sababdon vantlarin dartilma
qlivvasi diisiir, tros sallanir vo sartlik tirinin oyimi artir;

2. Istismar zamam korpii diagnostikast mogsadilo vant tellorinin yerinds cihazla gorginliyinin
yoxlanilmasi miitlogdir;

3. Vantlarin qirilmasi vo imumi sistemdon ¢ixmasi korpii qurgusunun gorginlik-deformasiya halini
doyisdirir;

4. Kilok tozyigine galdikdos, vantlar yaxin yerlosdiyino goro yelkon kimi islayir vo ona kiiloyin tasiri
artir. Az sayda daha galin vantlar ¢ox sayda Kigik en kasikli vantlardan daha sarfalidir. Clnki kiilayin
tozyiqina perpendikulyar olan soth sahasi kaskin azalir.

5. Korpii vantlarinin méhkamlik vo déziimliiliik sortlori 6donsado, korpu tirinin sortliyi kegorli deyil.
Buna gors vantlarin dartilma qiivvasini artirmaq vo kegid tirin Uzarino diison beton qatini azaltmaq
gorakdir.
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KANALLARDA SU SBRFiY)(ATININ EMPIiRIiK TONLIKLORLO HESABLANMA
USULLARININ TODQIQi

Rzayev Asif Haci oglu- t.e.d., Neft-qazgixarma obyektlorinin intellektual,
diaqnostika va idaraetma sistemlari laboratoriyasi, ISI, AMEA, asifrzayev48@gmail.com
Mommadli Maryam Igbal quzi- assistent, informasiya texnologiyalar1 vo sistemlori

kafedrasi, AzZMiU, maryammammdli@gmail.com

Xiilasa. Aciq kanal axinlarinda su sarfiyyatini miioyyan etmok {igiin istifads olunan miixtolif tisullar
movcuddur. Otraf miihit faktorlari, tobii sorait vo axin xiisusiyyatlori kimi bir ¢ox sobaba gors
axinlarda 6lgmolor sahads aparilan todqiqatlarla hoyata kegirilo bilmir. Bu ¢atinliklor todqiqatcilart
bir ¢ox empirik formullar hazirlamaga istigamotlondirdi. Manning tonliyi, istifadosi sads vo ¢ox vaxt
yaxs1 naticolor verdiyi {i¢iin bu diisturlardan on moshurudur vo genis sokildo istifado olunur. Bu
mogqalodos Manning tonliyi ilo su sorfiyyatinin hesablanmasi tisuluna baxilmigdir. Cay yataginda vo
ya dasqin sahoalorindo orta axin siiratini tapmaq ticilin istifads edilon diistur 1889-cu ildo Robert
Manning torofindon nosr edilmisdir. Todqigatin moaqsadi, oksor parametrlori 6ziindo birlogdiron
Cowan metodu tisullarindan istifads etmoklo hom ¢ay sahasinds, hom do konar orazilordo Manning
omsalmi (n) miioyyan etmokdir. Mohz buna vo digar soboblora géra 6lko prezidenti conab ilham
Oliyev sudan somorali istifade edilmasine xiisusi diqget ayiraraq bir ne¢o soroncam imzalamis vo
Azorbaycan Respublikasinin 2040-c1 ilodok su strategiyasi hazirlanmisdir. Bu strategiyada suyun
doqiq hesabatinin aparilmasi tovsiyys olunur.

Acar sozlar: su sorfiyyati, Chezy sirat tonliyi, Manning tonliyi, Manning kolo-kotiirliliik amsali,
Cowan metodu

STUDY OF CALCULATION METHODS OF WATER CONSUMPTION IN CANALS
WITH EMPIRICAL EQUATIONS

Rzayev Asif Haji - PhD in tech.sc., Intellectual, diagnostics and management systems laboratory,
ICS, ANAS, asifrzayev48@gmail.com
Mammadli Maryam Igbal - assistant, department of Information technologies and systems,
AzMIU, maryammammdli@gmail.com

Abstract. There are various methods used to determine water consumption in open channel flows.
For many reasons, such as environmental factors, natural conditions, and flow characteristics,
measurements in streams cannot be performed by field surveys. These difficulties have led
researchers to develop many empirical formulas. Manning's equation is the most famous and widely
used of these formulas because it is simple to use and often gives good results. In this article, the
method of calculating water consumption using the Manning equation was considered. A formula
used to find the average flow velocity in a riverbed or floodplain was published by Robert Manning
in 1889. The aim of the study is to determine Manning's coefficient (n) in both river area and marginal
areas using Cowan's method methods which include most parameters. It is for this and other reasons
that the President of the country, Mr. Ilham Aliyev, paid special attention to the efficient use of water
and signed several decrees, and the water strategy of the Republic of Azerbaijan until 2040 was
prepared. Accurate water reporting is recommended in this strategy.

Keywords: water consumption, Chezy rate equation, Manning equation, roughness coefficient,
Cowan method

Giris. Canl1 hoyatin davam etdirilmasi iigiin osas toloblordon biri olan su bu giin daha ¢ox
ohomiyyat kasb edir. ©halinin artmasi ils paralel inkisaf edon sonaye vo kond tasarriifat1 foaliyyastlori
suya olan talabatin artmasina sobab olub. Sonayenin inkisafi va otraf miihit tosirlari, tonzimlonmomis
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urbanizasiya, qlobal istilosmo vo buna bonzor amillor su ehtiyatlarina nozarsti vo istifadoni ¢ox
¢otinlogdirib. Ona gora do su ehtiyatlarindan davamli istifadeSini tomin etmok U¢Un Suyun hom
keyfiyyat, hom do kemiyyat baximindan xiisusiyyatlorini miioyyan etmok vo izlomok lazimdir [1].
Diinya standartlarina géroe hor hansi bir 6lkoni su zongini hesab etmok {i¢lin adambasina diison suyun
miqdarmin ilds 8000-10000 m? olmasi lazim oldugunu nazars alsaq, dlkomizin su ilo zongin olmadig
vo su qithgindan oziyyot ¢okon Olkolor sirasinda oldugu goriiniir [1]. Belsliklo, Azorbaycanda
adambasina diison suyun miqdar1t 2023-cii ilin praqnozlarina goéra 810 litr hesab olunur [2].

Miioyyon zaman fasilosindo axin kosiyinin miioyyon hissosindon kegon suyun miqdarina
homin mayenin axin sorfi deyilir. Onun vahidi m*/s va ya I/s-dir. Axinlarin sorfiyyatinin 6l¢iilmesindo
doaqiqlik vo davamliliq su idarasi vo su anbarlarimin strukturlarinin planlasdirilmasi Gg¢ln boyuk
ohomiyyat kosb edir. Bundan olava, dasqin prognozu vo buna uygun olaraq can vo mal
tohliikosizliyinin tomin edilmasi baximindan boylik faydalar tomin edir. Hidroloji dovriin an vacib
elementlorindon biri olan sorf, bir hovzads bas veran biitiin meteoroloji vo hidroloji formalarin
noticosi hesab olunur. Axinin sorfi, hidrologiyanin on miihiim 6l¢molorindon biridir vo axinin
miloyyon en kosik sahasindon vahid zamanda kegon suyun hocmidir. Bununla olagoli sahoyo
hidrometriya deyilir. Belalikls, hidrometriya, suyun axma siirati, sorfi, soviyyasi, gatirmalor va s. kimi
hidroloji kemiyyaetlorin 6l¢iilmasi vo monitoringini hayata keciron iisullar haqda olan elm sahasidir
[3].

Ac¢iq kanal axinlarinda sarfiyyati toyin etmayin an etibarli va anonovi tsulu hesab edilon siirat-
saha Olcililmasi tisulu iqtisadi cohatdon slverisli hesab olunmur. Buna gors do, daha az parametrdon
asili axin 6lgmasi praktikada daha g¢ox istifado olunur. Bu iisullardan on ¢ox yayilmiglarina agar
oyrilari, 6lgmo bondlori vo Manning tonliyi kimi empirik slagolor aid edilir [4]. Son illordo axin
kasiyinin orta siirati (U) vo maksimal siirati (umak) arasindaki malum sabit alagays asaslanan entropiya
iisulu ilo axin sarfinin toyini isulundan da istifads edilmisdir [5]. Hidravlik hesablamalarda istifado
edilon on miihiim yanasmalardan biri Manning Gsuludur. Metod 1889-cu ilds irlandiyali miihendis
Robert Manning torofindon nosr edilmisdir vo bu giin do genis istifado olunur [6]. Manning
diisturunda kosik sahasi, hidravlik radius vo kanalin dib ayrisi fiziki olaraq 6l¢tils bilon parametrlordir.
Axm sorfi vo siiroti hesablanarkon miivafiq parametrlor tonlikdo yerino qoyulur. Bununla bels,
Manning omsali (n) fiziki olaraq 6lgiilo bilon omsal deyil, xiisuson do tobii axin yataqlarinda vo
miixtolif meyarlara goro empirik olaraq 6l¢lilmasi miioyyon edilmisdir vo axin yataqlarinda axina
tosir edon on mithiim parametrdir. Bu parametrin doyismosi hidravlik hesablamalarin naticaloring
birbasa tosir gostarir [7].

Manning dlsturunda kolokotiirlitys tosir edon amillor 1959-cu ildo Chow [8], 1966-c1 ildo
Henderson [9] va 1971-ci ildo Streeter [10] torofindon toklif edilmisdir. Tobii kanallarin kalo-
kotarlulik xiisusiyyotlori Barnes torofindon verilmisdir. Barnes tipik c¢aylar vo axinlar {igiin n
doyarlorini vermisdir. Bundan olavo, Manning omsalini toyin etmok iiglin Manning cadvallori,
fiziki/empirik olagolor, axin siiratinin dl¢lilmasine osaslanan hesablamalar vo Cowan metodundan
istifado olunur [10, 11].

Dasgqinlar vo su strukturlarinin Slgiilori kimi todqiqatlar aragdirildiqda, osason, Manning
cadvallorinin praktikliyino gors istifado edildiyi goriiliir. “Manning omsal cadvali”-don istifads
etmoklo aparilan todqiqatlar gdstormisdir ki, proqnozlasdirilan siirotlorlo faktiki axin siiratlori
arasinda ohomiyyatli forqlor mévcuddur. Xisusils, asagi Manning amsalinin seg¢ilmoasi naticosindo
olds edilmasi miimkiin olmayan yiiksok siiratlor miisahids edilmisdir. [12].

Axin siiratinin 6l¢iilmasi ilo nahamarligin askarlanmasi on etibarli iisul olmasina baxmayaragq,
bu 6lgmoni hoyata kecirmok ¢otin vo vaxt tolob edon bir proses ola bilor. Bununla belo, bu {isullarla
oldo edilon kolo-katiirliiliik doyarlori kalibrlomak {i¢iin istifads edils bilor. Fiziki tocriibolordon alinan
omsallar asason normal soraitds alindigindan geyri-barabar ¢ay yataqlarinda doqiq natice vera bilmir.
Siini vo tabii kanallarin siiratini vo axin sarfiyyatini toyin edarkon kanalin en kasiyinin "R" hidravlik
radiusu vo kanalin mailliyi tapilir. Sonra Manning "n" amsal1 se¢ilmaklo hesablamalar aparilir. Siini
kanallarda bu se¢im nisbaton asandir. Kanal Ortliylindon asili olaraq doyarlardan biri secila bilar.
Caylarin, gollorin siirati vo sorfiyyat: tapilarkon eyni sokildo n amsali se¢ilir. Manning amsalinin
secilmoasi se¢imi aparan todqiqat¢inin biliyindon, tocriibasindon vo uzaqgoranliyindon asilidir. “n”

133



Elmi asarlor, Totbiqi riyaziyyat va mexanika Scientific works, Applied mathematics and mechanics, 2025, N1

omsali, tadqiq olunan sathin kalo-koturliluk xtisusiyyatlorinden, bitki ortiiylindon, forma va 6lci
doyisikliyindon, kanal boyunca kosiklorin oyriliyindon vo ya qivrimlarindan asili olaraq doyisir.
Bundan slava, ¢ay tlizarindo tikilmis konstruksiyalarin (korpiiniin dayaqlari) sayindan, formasindan
va Olgiisiindon asili olaraq kasikdo suyun soviyyasindon, homginin axin sorfindon vo bitki ortiiyiiniin
movsiimi (miivoqqgoti) doyismalorino gora doyisir. Cowan metodunda, yuxarida izah edildiyi kimi
Manning amsali “n” nahamarliga sobob olan bir ¢ox amillor nazoro alinmagqla hesablanir. Digar
iisullarla miiqayisads ¢ayin fiziki-hondasi vo zamana bagl olaraq (¢ay yamacinin bitki Ortiiyiiniin
voziyyatindo movsiimi doyisikliklor) doyisikliklori nozore aldigi {iclin ¢ay bolgosindo “Cowan
metodu” totbiq edilmisdir. Cay yatagindan konar orazilords, yoni dasqin yataginda kalo-kotirltlik
xlisusiyyatlorini toyin edorkon, uzagdan toyinetmo iisullar1 ilo alinan is sahasinin tosviri, idars olunan
todqiqat sahasinda tosnifat metodundan istifads etmakls vahidliys nail olunmusdur [12].

Ac¢1q kanal axini {igiin kolo-katiirliiliik omsallarini toyin etmok iigiin bir ¢ox todqiqatlar
aparilsa da, six bitki Ortiiyii olan hissolords vo ya sohor sorhoadlorindoki dasqin diizonliklori ii¢iin
todqgiqatlar mohduddur.

Materiallar va tadqiqat iisullari. Axmlarin siiratini bozon mulinlor cihazi ilo 6lgmak olmur.
Xususils dasqin zamani heg bir 6lgma aparilmayibsa va dasqin izlorindan istifads edilmokls dasqin
sorfi hesablanacagsa, bazi empirik disturlardan istifads edarok siirati hesablamaq lazim galocokdir.
Osason istifado olunan slrot diisturlari:

a) Chezy surat formulu: Chezy siirat diisturu agiq kanallarda suyun siiratini hesablamaq tgln
istifado edilon klassik hidrodinamik tonlikdir. Bu dustur ilk dofo 1775-ci ildo fransiz miihondisi
Antoine Chezy torafindon Parisin su kanali sistemini layihoalondirarkon konseptuallasdirilib v inkisaf
etdirilib. 1775-ci ildo Perronets yazdigi hesabatda bu tonliyin hidravlikada miihiim rol oynadigini
geyd edirdi. Lakin bu hesabat dorc edilmomis vo 6limindon sonra mihandislor tarafindan tadqiq
edilmisdir. Yalniz Chezy torafindon yazilmis alyazma moévcuddur. Bu alyazma Chezy-nin moktab
direktoru oldugu Milli Ekole des Ponts et Chaussées-in kitabxanasinda saxlanilir. Sonraki tadgigatlar
Chezy tonliyindoki C amsalini an daqiq sokilda tayin etmays istigamatlonmisdir. Lakin bu omsalin
muoayyan edilmoasinds ¢atinliklor bu giine godar davam etmisdir. Chezy siirat formulunu Manning
kolo-koturlullik amsali (n), hidravlik radius (R), su sothi vo ya dib ayrisi (J) kimi parametrlor togkil
edir. Chezy surot formulu agsagidaki kimi toyin olunur. [13]

V=C\R]

Manning Chezy dusturunda C omsalinin dayarini, Manning kalo-koturlulik omsalinin (n)
torsi vo hidravlik radiusun 1/6 quvveti (R) ilo doyisdiyini miioyyon etmisdir. Miivafiq olaraq,
Mannings goro, Chezy omsali, Manning n vo Fanning sirtiinmo omsali f arasindaki olagoalor
asagidaki kimi yazila bilor:

1 2
C = —R1/6 = —g
n f
burada n Manning koalo-koturlulik omsali, f Fanning slirtinmo omsali, g iso gravitasiya sahasinin
intensivliyidir. Manning
torafindan tapilan C-ni, Chezy disturunda yerina qoyularsa, asagidaki natico alinar.
v=CR))"

v = l1!21/6(1!2])1/2
n
Belaliklo, Manning surat tonliyi oldo edilir.
v = 1R2/3]1/2
n

b) Manning surat tanliyi: Manning amsali (n), hidravlik radius (R), su sathi vo ya dib ayrisina (J)
gOra slrati tapmaq Ugln istifads olunur. Dstur,

1
v = — R2/311/2
" ]

n, R, J kanali xarakterizo edon fiziki xlsusiyystlordir. Kanalin dib ayrisi (J) va hidravlik
radiusu (R) dl¢gmoalarls asanligla miiayyan edils bilor. Manning amsali tobii va ya siini kanalin bir ¢ox
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Xususiyyatlorindon asili olaraq hazir codvollordon alinan omsaldir. (n) Manning omsalinin
secilmasinds nozoro alinmali amillor vo onun olds edilmasina kdmok edacok molumatlar asagida
verilmigdir.

Manning kalo-kotlrlilik omsalina tasir edon amillor: Kanal ortllylindon asili olaraq bilinon
dayarlordan biri secilo bilor. Caylarin, deryagalarin siirati vo Sorfi tapilarkon eyni sokildo n amsali
secilir. Bu secim, umumiyyatls, toxmini doyardir vo onun biitiin kanalda doyismayacayini nozars
alaraq edilir. n omsalini segorkon asagidaki amillarin tasirini nozors almaq lazimdir.

e Sothin kobudlugu;

e Florg;

e Kanalin nizamsizhigi;

e Kanalin ayriliyi;

e  Yigim vo aginma;
Manealor;
Kanal kasiyi 6l¢isl va formast;
Saviyya va Sorf;
Movsiimi Dayisikliklor.
Cowan metodu: Metod 1956-c1 ildo W.L.Cowan torafindon hazirlanmis vo 1989-cu ilda
Geoloji Todgigat torafinden doyisdirilmisdir. Dévlet Su Taserriifati Idarasinin (DSI) dasqinlar iizra
ixtisas komissiyasi torafindon “Modifikasiya olunmus Cowan metodunun” kalo-koturlulik codvaling
“Kanalin yamac voziyyati (nl)” parametri olave edilmis vo onun yekun vaziyyati asagidaki kimi
olmusdur [10]. Cowan Manning amsalina tosir edon mihim amillari nozors alarag, n amsalinin
hesablanmasi tisulunu toklif etmisgdir. Bu tisula géra n omsali asagidaki tonlik ilo hesablanir.

n=mng+n; +n,+nz)m
Burada “no” kanalin qrunt xiisusiyystlorine gors secilmis omsaldir, “n1” soth pozuntularinin

tosiri tiglin diizolis giymatidir, “n2” kanal en kosiyinin forma vo 6l¢ii doyisikliklori {i¢iin secilmis
omsaldir, “n3” kanaldaki maneslorin tosiri tiglin miioyyan edilmis omsaldir, “ns” axin soraiti vo bitki
oOrtliyli tiglin se¢ilmis omsaldir, “m” kanalin oayrilik doracasini ifado edon omsaldir. Yuxari tonlikdoki
“no” amsal1 cadval 1 vo 2-do gostorilon median diametrs uygun olaraq tapilir. Median diametri
sahodon gotiirtilmiis niimunalorin tohlili naticasinds alds edilmisdir.

Cadval 2. DSI torafindon dayisdirilmis Cowan metodu materialin néviino géra "no" doyarlori

Beton - 0,012-0,018
Qaye g : -
= Sart torpaq £ - 0,025-0,032
g iri qum 2 12 - 0,026-0,035
-g Kigcik ¢inqil S - < -
% _ Cinql § 2-64 0,028-0,035
> Iri ¢inqul S - 0,030-0,050
Iri das 64-256 0,040-0,050

Bu omsallar kanalin xiisusiyyatlorina uygun olaraq cadval 1-do verilmisdir.
Cadval 2: Kanal sartlori va kalo-koturluluk dayarlari

Kanal sartlari Mannlngl::;;-l((s)turluluk (n) dayarlari
Torpaq 0,020
Kanal Qaya 0 0,025
materiali Qum 0 0,024
Cinqil 0,028
Hamar Ny 0,000
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. vacib 0,005
Nizamsizliq olmayan
daracasi Orta 0.010
Siddotli 0,020
Kanal Moarholali 0,000
. Boazon doyison 0,005
radiusunda Sixlial n2
doyisiklik xigla 0,010 - 0,015
doyison
Nozara 0,000
alinmayan
Manesle_)rln _ Vacib ns 0,010 - 0,015
oxsar tosirlori olmayan
Diggotolayiq 0,020 - 0,030
Siddotli 0,040 - 0,060
Az 0,005 - 0,010
Bitki ortily( Orta N 0,010 - 0,025
Y iksok 0,025 - 0,050
Cox yiksak 0,050 - 0,100
Vaci
. olrr?gyzn 1.000
Qat daracasi Diqggotolayiq s 1.150
Siddotli 1.300

- No amsali: Torpaq kanallari {iglin no = 0,020, gaya biindvrali kanallar ti¢tin no = 0,025, ¢inqilli
kanallar ti¢iin no = 0,024 vo qumda agilan kanallar ti¢iin no = 0,028 kimi gabul edils bilar.

- N1 amsah: Bu omsal kanalin doyisikliyini ehato edon korreksiya smsalidir.

- nz amsali: Kanal kasiyinin forma vo 0lglisiinds doyisikliklori shato edon diizolis omsalidir.
Kanalin 6lgiisii vo formasiin dayismasi tadricon bas verirso, bu, tadrican, genis vo dar hissalar bir-
birini izloyirso vo ya forma doyisikliyi axinin istigamatini doyisirss, bazon doyison, genis vo dar
hissolor ¢cox tez-tez bag verirso Vo ya forma doyisikliyi axinin istiqgamatini birdon doyisirss, tez-tez
dayison terminlordoki doyarlor istifado olunur.

- n3 amsali: Kanalda mévcud olan maneslori 6ziinds comloasdiran diizolis omsalidir. Bu amsalin
secilmasinds kanaldaki zibil, gabar, log, gaya vo korpii dayaqlart kimi manealor nozars alinir. Bu
omsal maneolorin ohato etdiyi saho, manealorin xisusiyyatlori, uzununa va (flqi istigamatdo
maneslorin ohats etdiyi saha nozors alinmaqla Cadval 1-don segilir.

- N4 amsali: Bu omsalin segilmasinda kanal daxilinds bitki ortlyuniin tasiri nazars alinir. Orta
axin dorinliyi mamir vo alaq otlarinin doarinliyindon 2-3 dofo ¢ox oldugda vo ya orta axin dorinliyi
elastik tinglorin vo soyld tinglorinin doarinliyindon 3-4 dofo ¢ox oldugda. Ortalama su dorinliyi
movcud mamir vo alaq qatindan 1-2 dofo, ortalama su dorinliyi koklii otlarin vo agac tinglorininkindon
2-3 dofo ¢ox oldugu yerlords vo hidravlik radius 0,60 m-don ¢ox olmadig: yiingiil kollarin vo 1-2
yasl soytidlorin oldugu yerlards, bitki ortlytinin orta hesab edilir. Bitki ortlyinin hiunddrllyd orta
suyun darinliyina barabar olan, hidravlik radiusu 0,60 m-don ¢ox olan soyudlor vo yarpagsiz tinglar
oldugda vs hidravlik radiusu 0,60 m-dan ¢ox olan 1 yasa qodar yarpaqli sdytidlar oldugda bitki ortlyd
yuksokdir. Suyun orta darinliyi bitki ortliytindon az olan, hidravlik radiusu 3m-4m olan yamyasil
soyldlor va yarpaql kollar, vegetasiya dovriinds isa hidravlik radiusu 2m-4m olan yarpaqli agaclar
olduqgda bitki ortuyt ¢ox yuksakdir.

- m amsali: Bu omsala kanalda ayilma (gatlanma) saviyyasi daxildir. Menderasiya saviyyasi
kanal boyu menderasiya uzunlugunun diiz uzunluga nisbatindon asilidir. Oyrilik 1,0 ilo 1,2 arasinda
ohomiyyatsiz, 1,2 ilo 1,50 arasinda shamiyyatli, 1,5-don ¢ox olduqgda iss siddstli hesab olunur. Bu
usulla n amsal1 tapilarkon bir ¢ox amillor nazors alinmalidir. Metod yataqda tampon materialinin
yigilmasini vo asma materialin tasirini nazora almir. Umumiyyotlo orta olctlii kanallar Gglin
kecorlidir. Hidravlik radius 4,5 m-don ¢ox olduqgda ehtiyatla istifads edilmalidir. Bu iisul astarsiz tobii
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kanallarda, sel diizonliklorinds vo drenaj kanallarinda tatbiq oluna bilar vo bu tip kanallarda minimum
0,02 n dayari alinir. Malum oldugu kimi, 6rtiiklii kanallarda minimum n dayari 0,012-dir.

Muhandislik hayatinda tez-tez boazi eksperimental praktiki tonliklorin kémayi ilo gox vacib
mosalalor hall edilir vo bunlar, adston, tonliklorin yaradicisinin adi ilo tanimir. Masalon, cay
yatagindan daraya vo ya kanala axan suyun sarfini tapmag tciin Manning tenliyindan istifads edirik.
Bu tonliklo agiq vo maili axin, kanal v s. su dasiyan strukturlardan caziba qlivvasinin tasiri altinda
axan suyun orta stiratini va buna gors do sorfi tapmaq olduqca asandir.

Manning disturu mayeni tam shato etmoayon kanalda axan mayenin orta siratini, yoni agiq
kanal axinimi qiymatlondiran empirik bir diisturdur. Olave olarag, bu tonlik gismon doldurulmus
kanallarda axin halinda axin dayisonlorini hesablamaq i¢lin da istifads olunur, ¢iinki onlar agiq kanal
axin1 kimi sarbast sotho malikdirlor. Aciq kanallardak biitiin axin cazibs qiivvesi il idare olunur. 1k
dofo 1867-ci ilds fransiz miithandisi Philippe Gauckler torafindan toqdim edilmisdir. Sonraki illards,
1890-c1 ilde Irlandiyal1 miihondis Robert Manning torofindon yenidon islonib hazirlanmisdir.
Manning formulasi Avropada Gauckler-Manning formulasi vo ya Gauckler-Manning-Strickler
formulasi kimi doa taninir. ABS-da buna sadaco Manning tanliyi deyilir [14].

Bu isulda, yatagin fiziki xiisusiyyatlorindon istifado edorok, Manning tonliyi ilo sorf
hesablanir.

1
— Z R2/3j1/2
v - ]

R==
P

1
Q — ;R2/3]1/2 A

e v : Orta slrat (m/s);

e R : Hidravlik radius (en kasik sahasi/nam mdihit) (m);

e J : Kanal ayrisi (m/m);

e n : Gauckler-Manning amsalidir. n vahidi, adaton, nazors alinmir. Bununla bels, n 6lgistz deyil.

m~3x san

e A: Axan suyun en Kasiyi sahesi (m?);

e P: Su ilo tomasda olan kasik sahasinin perimetri vo ya yas perimetri (m).

Bu Usulda, toxmin edilmasi ¢ox ¢otin olan Gauckler-Manning amsalina oalavs olaraq, kasik
sahosi, yas miihit vo kanal ayrisi lazimdir. Bir ¢ox todqiqatgr yataq materialina osaslanaraq toxmin
edilon Gauckler-Manning omsallarin1 toqdim ediblor. Burada “n” Gauckler-Manning amsalinin
secilmasi ¢cox vacibdir. Hamar bir polad kanalda bu amsal 0,012 oldugu halda, yatag: daslarla dolu
olan axinlarda bu omsal 0,06-ya gador ¢ixa bilor. Boazi strukturlarin manning omsallari agagidaki
cadvalds verilmisdir.

Cadval 2: Manning amsallari

Material Manning amsal
Dasli torpaq kanal 0,035
Stiso 0,010
Plastik 0,009
Asfalt 0,016

Gauckler-Manning diisturu, axin1 daha daqiglikla 6lgmak igiin suasiran va ya kanal tikmoak
geyri-miimkiin olan agiq kanalda axan suyun orta siiratini giymatlondirmak Gglin istifado olunur.
Kasik sahasi va n tobii kanal boyunca doyisir. Miivafiq olaraq, Manning n-ni forz etmokls orta stratin
giymatlondirilmasinds birbaga niimuna gétiirmo (yoni, axin axin1 6lgma cihazi ilo) va ya bondlar,
kanallar va ya su oturiicilor boyunca élgms ilo migayisads daha béyuk sahv gézlanilir. Manning
tonliyi do agiq kanalda axan suyun sorbast sath profilini tasvir etmok iiglin standart addim metodu
kimi odadi addim metodunun bir hissasi kimi genis istifado olunur.
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Notica. Kanallarda su sorfiyyatinin empirik tonliklorlo hesablanma {isullarinin miiasir
voziyyatinin todqiqi gostormisdir:
1. Agiq kanal axinlarinda su sarfiyyatini tayin etmayin yollarindan biri olan siirat-saha tGsulundan
forgli olarag Manning tonliyi daha az parametra asaslanir vo milayyan edilmasi daha asan hesab
olunur.
2. Su sarfiyyatinin empirik tonliklorlo hesablanma iisullarindan olan Manning siirat tanliyini togkil
edon kanalin dib ayrisi (J) va hidravlik radiusu (R) kimi parametrlor miixtalif 6lgmo metodlar ilo
asanligla miiayyan edilo bilor. Manning kalo-kétirlilik amsali (n) iss tobii va ya siini kanalin bir ¢ox
xususiyyatlorindon asili olaraq hazir codvallordon alinan amsaldir. Lakin bu amsal zaman kecdikca
doyismays moruz qalir vo onun korrekts olunmasi su sarfiyyatinin empirik tonliklorlo hesablanma
tisullarinin daqiqliyinin artirtlmasina komok eda bilor.
3. 1956-c1 ilde W.L.Cowan tarofindan taklif olunan Cowan metodu ilo amsala tesir eden amillor
nozars alinaraq, Manning kolo-kotlrlulik smsalinin hesablanma diisturu tortib edilmisdir. Magaloda
Cowan metodu ilo toyin edilon vo materialin néviine goro doyisiklik gostaran Manning kalo-
koturlulik amsalinin codvallari géstorilmisdir.
4. Manning va Chezy surat tonliklorlo hesablanan siratdon istifads edorok muayyan edilon axinin
sarfiyyatinin, birbasa edilon axin 6l¢masi naticasinds 6l¢iilon axin sorfi gadar etibarli olmasi miimkiin
deyildir. Bununla bels, ilkin tadqiqatlarda dasqin hesabati hazirlanarkan, layiha marholasinds pik
axmin qiymotlondirilmasinds vo kanalin tutumunun hesablanmasinda bu metodlardan istifados
edilmalidir.
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KiMYOVi O9LAVONIN KLINKERSIZ YAPISDIRICININ XASSOLORINO TOSIRININ
RENTGENOLOJI TODQIQi
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AzMIU, rcmamedova@gmail.com ‘
Sahmarov Vasif Umudosli oglu- t.ii.f.d., dosent, Materialsunasliq kafedrasi, AzZMIU

Xiilasa. Klinkersiz yapisdiricinin nizamlanmis ugucu kimyovi alagimi kimi polimerlordon istifado
edilmo imkaninin todqgiqindonudur. Etilen-propilen polimerin torkibi ilo klinkersiz yapisdiricinin
ohomiyyatli xassolori artir, hom do aqressiv miihito qarsi davamligi yliksokdir. Bu onunla alagodardir
ki, polimer quru sementi ovoz edon torkibinde qurulmus hidrosilikat fazalar olan mineral
baglayicilarin suda vo mosamolu materiallarin tosirino tamamilo az asililign gostorir. Klinkersiz
yapigdiricilarin Ingaat-texniki xassolorini nizamlamagq iiciin yerlivulkan siixurlar1 va kimyavi olava
kimi polimerlordan istifads etmok mogsodouygundur. Vulkan siixurununun totbiqi ilo, klinkersoz
yapisdiricinin barkims ganunauygunlugu haqqinda tasavciir genislondirilmis vo miioyyon edilmisdir
ki, vulkan stixurunun torkibindoki sliso fazanin miqdar1 yiiksoldikco aktivlegdirici komponentin
miqdar1 artirilmalidir.

Acar sozlar: ohong, Aydag seoliti, gips, etilen- propilen polimeri, heptan klinkersiz yapisdirict

X-RAY STUDY OF THE EFFECT OF CHEMICAL ADDITIiVES ON THE PROPERTIES
OF A CLINKER-FREE ADHESIVE

Mammadova Rubaba Jafar— PhD in tech.sc, ass.prof., department of Structural Geometry and
Engineering Graphics, AzZUAC, rcmamedova@gmail.com
Shahmarov Vasif Umudeli — doctor in tech.sc., ass.prof., department of Materials Science,
AzUAC

Abstract. The study is about the possibility of using polymers as a regulated volatile chemical alloy
of a clinker-free adhesive. The composition of the ethylene-propylene polymer increases the
significant properties of the clinker-free adhesive, and also increases its resistance to aggressive
environments. This is due to the fact that the polymer shows a completely low dependence on the
effects of water and porous materials on mineral binders containing hydrosilicate phases, which
replace dry cement. It is advisable to use local volcanic rocks and polymers such as chemical additives
to regulate the construction and technical properties of clinker-free adhesives. With the application
of volcanic rock, the idea of the regularity of the hardening of clinker-free adhesives has been
expanded and it has been determined that the amount of the activating component should be increased
as the amount of glass phase in the volcanic rock increases.

Keywords: lime, Aydag zeolite, gypsum, ethylene-propylene polymer, heptane clinker-free adhesive

Giris. Etilen-propilen polimerini (heptanda 16%-1i mohlulu) klinkersiz yapisdiricilarin
torkibino qatdiqda klinkersiz yapigdiricinin plastikliyi artmaqla borabar borkimis mohlulun daxili
qatlarinda gedon hidratasiya prosesinin idaro edilmosindo istirak edorok momulatlarin mosanali
qurulusunun nizamlanmasinda asas rol oynayir vo onlarin ingaat texniki xassolorino yiiksaldir.
Etilenpropilen polimerini ( heptanda 16%-1i moahlulu) klinkersiz yapisdiricilar asasinda diizoldilmis
niimunslors hopdurmaqla, klinkersiz yapisdiricilarin havaya davamliligi artir. Etilen- propilen
polimeri izols gatt rolunu oynadi ii¢lin klinkersiz yapisdiricinin moéhkomliyinds 1sas rol oynayan
kalsium-hidrosilikatlar karbon qazinin qarsiligh taesirine mane olub, onun pargalanmasinln qarsisini
alir.

Kimyavi alava kimi etilen-propilen polimerinin (heptanda 16%-1i mahlulu) totbiqi ilo klinkersiz
yapisdiricilarin mohkomliyi artir, havaya vo aqresiv miihito qars1 dayaniqhig: yiiksolir. Bu onunla
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olagodardir ki, polimer sement dasinin torkibindo qurulus omologatirici hidrosilikatlar1 karbonlagma
prosesindon qoruyur vo momulatlarin mosamoli qurlusunu nizamlayir.Miiasir sement sonayesindo
daaha az yanacaq enerjisi mosariflori tolob edon, portlandsementin 2-2,5 dofs az kapital qoyulusunu
tomin edon klinkersiz yapisdiricilarin layiholondirilmasi iqtisadi cohotdon ¢ox somoralidir. Lakin
klinkersiz yapisdiricinin markasi agsagidir vo havada davamliliga sahib deyil.

V.N.Yumqun vo digor todqiqat¢ilarinin fikrinco klinkersiz yapisdiricinin méhkomliyinin
artirtlmasi yollarindan biri onun kalium hidrosilikatlar ilo sintezidir. Bunu totbiq etdikdo yiiksok
alimin (qurmiz1 ¢amur) olavo etmoklo yiiksok bazik kalsium-karbonat, silisium vo silikat
komponentlori almaq olur [1]. Lakin polimerlorin klinkersiz yapisdiriciya agqar kimi olave edilmasi
150 onun mexaniki xassolorinin artmasi ilo yanasi, hom do amalo golon aqressiv miihito davamliliginin
yiiksok olmasini tomin edir.

Indi klinkersiz yapisdiricinin tosirini tadqiq etmak iigiin edilon suralorden on somoralisi kimyovi
alagiqdir [2].

Mogqalonin todqiqati ilo nizamlanmis klinkersiz yapisdiricinin texniki xassolorini artirmaq tigiin
polimerin slavs edilmasi tisulu iglonib hazirlanmigdir.

Tacriibi hissa. Ovvalca etilen-propilen polimerinin (EPP) monolari heptanda 16%-1i is¢i miihlii
hallins salinir. Sonra ig¢i miihlii aliimin-pusson ionlart ilo su qarigdirilmir vo EPP komponentlari ona
verilir. Sonra iso hazirlanmis niimunslori 7 giin hava-nom soraitds, 21 giin iso suda saxlanilir. Onlar
(28 gun sonra) analoji fizik-kimyavi xassalari ilo tosnif edilmisdir vo miioyyon edilmisdir ki,
etilenpropilen polimeri oslavo edilmis klinkersiz yapisdiricinin moéhkomliyi 30-35% artir, hava
dayaniqlilig1 iso nisbaton yiiksok [4].

Noticalor va onlarin miizakirasi. Alinmis noticolorin dogrulugu RFA vasitosilo todqiq
olunmugdur. RFA («DRON-2») cihazinda CaCOs3 qaliq sathindoki Ni-filtr, V=36 kV - 1/20 mA
sartlikdo aparilmigdir. Alinan difraksiya sokillorinds silisium asaslidir, difraksion noticolor miixtalif
kitabolar materiallar1 ilo miiqayiso edilmisdir. Bu polimerlor araliq hidratasiya ilo xam maddslor
Oyronilmigdir ki, onlarin ¢oxu miithiim kig¢ik komponent kimi kalsium CaO va CaSOs tamiz
maddalordir, hom do mineral qarisighig1 yoxdur. Ugiincii komponent ionlar1 CaO vo CaSOj4 ionlari
asqar kimi daxil olmusdur. ikinci qarisiq qat1 polimer K-7 gdstorilmisdir. Aldig1 siixurlarin torkibi,
osason, kilsovi, neft vo karbonatli CaO3 qat1, CaSO4 gat1 olan suda osas ionlar qarisiqligindan ibarotdir.
Rentgenoqrammalar arasindaki klinoptilolitin kiitlovi hissasi normaldir, bu da CaCOs-in asas kiitlovi
hissosinin kiitlosi ilo CaOs+H,O (3.56 x, 2.178, 3.2+1) [11] vo ion tosirinin mineralinin amaolo
golmosindoa istirak edir. Ca(OH)-CaSOs—Klinoptilolit sintikatoru bu noticonin mineral torkibli
uygunlugu ils naticonin dogrulugunu tadqiq edir.

GOrilmiis islorin mineralogiq torkibi rentgenoqramma analizi vasitasilo arasdirilmigdir. Analizo
almmuisdir.

Miixtalif soraitlordo alinmis kompozisiya rentgenoqrammalart gostordi ki, barkiminin
saboblarini asason li¢ faktorlara izah edilir.

1. Tocriibo miiddotinin artirilmasi ilo kiitlodo karbonlasma prosesi gedir. Ilk iig
komponentlorin mexaniki garisiginda CaCOs 4-5% oldugu halda, yekun naticads (28 giin islomdo)
14-16% toskil edir. Miisayiot edilmisdir ki, eyni soraitdo islomis niimunslors polimer slave etdikdo
karbonlagma prosesi shomiyyatli siiratlonir.

2. Sistemds golovi miihit oldugda c¢linki klinoptilolit scotlanilin hall olmasi hesabina
silikatlar, aliiminosilikatlar, sulii aliiminosilikatlar ila tasumasir - [CaSiO3z; CaCO3; CaSiOz; H20]
(9.76, 5.50, 3.76), minerallarin omoala golmo qarisimidir. Umumiyyatls yekunda alinan kompozisiya
naticalorinin alian mineroloji torkibi asagidaki kimidir:

1. klinoptilolit - [CasNa2K4 (AlsSisO24); 5H20], (3.97, 3.87, 8.99, 9.9) [6] 2.
kvars - [SiO3] (3.43, 4.26, 4.34, 6.2) [7]

3. mikrositallar - [CasSisO12(OH)e], (3.56, 4.17, 5.38, 3.00) [5]

4. allafan1 - [mAI2O3NiSO4;H20] (8.11, 9.3, 10.4) [7]

5. tasumasir - [NaCaSizOgH20] (5.50, 6.8, 8.2, 3.7) [9]

6. analisim - [NaAISiOs; H20] (3.56, 4.25, 4.5, 9.2) [5]
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3. CaSO0Os-in qurulus xiisusiyyatlorinin todqiqi ayani surotdo CaSO4-in 0ziiniin baglayiciliq
xassasindon alinan difraktometrik gostoricilor sokildo vo cadvaldo gdstorilmisdir.

Sakil 1. 28 giin nam- hava-su miihitinds barkimis slavasiz va torkibino etilen-propilen
polimeri (EPP) olavs edilmis klinkersiz yapisdiricinin rentgenoqrammasi
1.hidrotasiya olunmamus klinkersiz yapisdirict 2. Hidrotasiya olunmus 7 giin klinkersiz yapisdirici
21-alavasiz, 22-1,5% EPP, 23-3.0% EPP olava edilmis,
3-hidrotasiya olunmus 28 giin klinkersiz yapisdirici, 31-alavasiz, 32-1.5% EPP, 33-3.0% EPP olavo
edilmis

Natica. Beloliklo, sokildon goriindiiyii kimi etilen propilen polimerinin (heptanda 16%-li
mohlulu) tatbiqi ilo klinkersiz yapisdiricilarin karbonlagma prosesi zoiflayir vo bunun naticasinda
sementin ingaat-texniki xassolori yiiksalir,klinkersiz yapisdiricilarin mohkomliyi vo havaya aqressiv
miihito qars1 dayaniqligr artir.

Cadval 1. Tadqiq olunan materiallarin difraktometrik gostoricilori

1 2 3 4

0 7 gin 28 gun 7 gin 28 gun 7 gun 28 gun
d4a | | | d4a | | da| | |d4a| | dAa| [ |dA4a]| | d,A
1407, 8 | 16.8 16.18 10.7| 8 | 1339 | 3 | 1021 | 4 | 15.78| 22
13.15| 12 | 15.61 15.45 8 31| 1163 | 4 991 | 4 (1381 9
12.27| 11 | 15.08 14.34 100| 23 | 1004 | 23 | 891 | 5 [1116| 9
10.27| 38 | 14.58 13.27 4 40 | 991 | 22 | 6.75 | 10| 10.75| 9

991 | 39 |14.34
9.15 | 44 |17.12
79 | 25 | 12.10
7.58 | 56 | 11.69
6.75 | 15 | 10.57
6.57 | 13 | 10.04

5
6
5
3
1110 8 [969| 14 | 893 | 25 | 6.51 9 | 10.04| 28
10.14| 15 | 891 | 6 7.88 8 556 | 10 | 9.76 | 26
976 | 20 | 7.85| 5 772 | 10 | 549 | 9 | 9.00 | 30
945 | 12 | 754 | 12 | 442 6 | 523 | 7 | 785 | 13
893 | 27 | 723| 12 | 681 | 12 | 511 | 11| 762 | 6
8.42 6 | 710 5 6.67 | 13 | 465 | 10| 693 | 9

N el = —_
BounvoBELB o~
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164 |9
165 |1
1.60 |10
159 |7

6.12
5.90
5.67
4.93 1.71
4.67 1.67
4.24 | 32 1.65 1.69
3.96 | 58 1.60 1.68
3.78 | 26 1.65
363 | 8 1.63
3.54 | 10 1.61
342 | 31 1.59
3.34 | 100 1.54
3.29 | 32 1.52
3.22 | 19
3.16 | 22
3.02 | 68
297 | 41
2.96 | 35
294 | 20
2.87 | 10
279 | 21
2.78 | 21
2.70 | 14
2.62 | 38
244 | 12
240 | 18
2.28 | 13
209 | 11
192 | 19
191 21
187 | 8
181 | 12
1.79 | 15

181 | 13 | 1.84
165| 5 | 181
1.76

1.82
1.77
1.76
1.75
1.73

N
\|0°w-1>\l
S VRN =

NTNovNwEBorwwwo
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NEYRO KOMPYUTERIN COXNUVOLI PROSESSORUNUN TOSKILI

Nursliyev Camaloddin Agabala oglu- assistent, Informasiya texnologiyalar1 vo sistemlori
kafedrasi, AzZMIU, camal.nuraliyev@gmail.com
Nuraliyev Rasad Camaladdin oglu- SOCAR neft sirkati, r.nuraliyev@gmail.com

Xiilasa. Neyrosistemlordo obyektin taninmasi problemlori dovriimiiziin on aktual mosalalorindon
biridir. Bu mogsadlo aparilan aragdirmalar gostordi ki, bu problemi holl etmoyin bir ¢ox yolu var.
Onlarin har birinin miisbat vo monfi toroflori arasdirildi. Magalods bu problemlori hall etmok tiglin
multidissiplinar supersas neyrouygunluq sistemi hazirlanmigdir. Maqgalods cari neyrouygunluq
sxemlori gostarilir. Onlarin bazasinda yeni tip yaradilmigdir. Neyron kompiiter bloklarinin sxemlori
vo daxili modullarin elektrik sxemlari iglonib hazirlanmigdir. Onlarin is prinsiplori tohlil edilir vo
faydalar lizo ¢ixarilir.

Acar sozlar: neyrokompiiter, prossesor, konveyer,coxniivali, informasiya

ORGANIZING THE MULTIPLE PROCESSOR OF THE NEUROM COMPUTER

Nuraliyev Jamaleddin Agabala- lecturer assistant, department of Information technologies and
systems, AzZUAC, jamal.nuraliyev@gmail.com
Nuraliyev Rashad Jamaleddin- SOCAR Oil Company, r.nuraliyev@gmail.com

Abstract. Neyrosistemlarde obyektin recognition problems is one of our era's most important issues.
The investigations carried out by this goal showed that, bu problemi do not solve bir kdz yolu var.
The positive and negative aspects of each of them were examined. Multidisciplinar supersos
neyrouygunluq sistemi was developed to solve these problems. Moaqalado cari neyrouygunluq
sekmlort is shown. Unilun bazasinda yeni tip has been created. Neyron computer block schemes and
internal module electrical schemes have been developed. Their business principles are analyzed and
their benefits are revealed.

Key words: neyrokompdter, processor, konveyer, coxniivali, information

Giris. Neyrokompyuterin effektiv isini tomin etmok ii¢lin onun baza elementlorinin miiasir tipli
olmast ¢ox vacibdir. Ovvallor neyrokompyuter sistemindo Neuro Matrix NM6403M
neyroprosessorundan istifads olunurdu. Neuro Matrix NM6403M neyroprosessoru dord sabit noqtali
odadlori emal edon, dord multimediya verilonlorinin emal edan, iki sabit vo genislondirilmis siirtiskon
noqtali formatda hesablama va iki yiikloma/qoruma blokundan ibarotdir. Bu tip neyroprosessorda
omrlarin oksariyyati 1 takt arizinds yerina yetirilir. Bu kristalda eyni zamanda on alt1 amrin paralel
icras1 miimkiin idi. Icra blokunun faaliyyatinin effektivliyini artirmaq mogsadilo icra olunan omrlorin
naticalari ndvbati icra olunacaq amrin girisine otiiriiliir. Bu halda naticalarin registrlors yazilmasina
vo sonra da lazim olan zaman oxunmasina ehtiyac qalmayir. Bu mogsadlo naticolori miivaqqoti
goruyan yaddasdan da bozon istifado edilir. 2,1 gbayt/san. Gtiirmo gabiliyyotino malik prosessor-
yaddas interfeysi verilonlori vo omrlori neyroprosessora intensiv yiiklonmesini tomin edir. Bu
elementlari bozon neyrogip do adlandirirlar. Neuro Matrix NM6403M neyroprosessorun amrlor iki
osas nova aid edilib:
1.Skalyar prosessor omrlori
2.Vektor prosessor omrlari

Tadqiqat metodlari. Skalyar prosessor omrlori bir takt orizinds yerino yetirilir. Onlar 32 vo ya
64 mortobali formatda olurlar. Lakin vektor prosessor omrlorinin icra vaxtit amrin tipinden asili olaraq
1-don 32 takta qodor olur. Neuro Matrix NM6403M ney-roprosessoru novbati 32 moartaboli registrloro
malikdirlor:

-Yaddasa miiraciat {igiin istifado olunan sokkiz tinvan registrlori (AR0-AR7);
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- Sokkiz timumi tayinath registrlor GRO-GRY7;
- Omrin linvanin1 geyd edon omrlor saygaci registri PC; (1)
- Prosessorun vaziyyat sozii registri PSWR.
Neuro Matrix NM6403M neyroprosessoru KMOP texnalogiya osasinda hazir-lanib, 50 mhs tezliyo
malilk va bir metal/keramiki korpusda yerlosdirilmis ele-mentdir. (2)
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Sokil 1. Neuro Matrix NM6403M neyroprosessorunun struktur elektrik sxemi
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O, bir saniys arizindo 90-100 milyon omoliyyat yerina yetirmok qabiliyyatino malikdir. Neuro Matrix
NM6403M neyroprosessorunun struktur elektrik sxemi gokil 1.1-do tosvir olunub. Neuro

Yekun fikirlor. Matrix NM6403M neyroprosessoru ilk ndvbodo omoli yaddasdan omrlori
secarak avvalca 1-ci amrlar registring, sonra 2-ci amrlar registrine daxil edir. Onlar1 dekodlasdiraraq
neyroprosessorun digor funksional bloklar1 ti¢lin idaraedici signallari hasil edir. Qirilmalarin idars
bloku prioritetli emal sxeminin on ndv daxili vo xarici qiritlmalar1 tomin edir. Yaddasa birbasa kegid
bloku dérd kommunasion kanal vasitosilo verilonlorin eyni za-manda hesablanmasina imkanlar
yaradir. Hesab vo montiq modulu eyni zaman aninda 16 montiqi vo 14 riyazi omoliyyatlar1 yerina
yetirmok imkanina malikdir. Riyazi vo montiqi omoliyyatlar1 kristal eyni zaman aninda paralel olaraq
bir taktda yerino yetiro bilir. Universal siirlisdiiriicii blok bir takt orizindo montiqi, riyazi vo dovri
suriismo omoliyyatlarini icra etmok qabiliyyatino malikdir. Siirlismalori bu tip kristalda hom saga,
hom do sola icra etmok miimkiindiir. Sis-tem bloku eyniadli alage bloklar1 vasitasilo oxsar
neyroprosessorlarla informa-siya miibadilosino giro bilir. Prosessor omoliyyatlarin icrasimi g
morhoaloali konveyer iisulu ilo yerinog yetirir. Bels ki, birinci morhoslodo omali yaddasdan omrlor segilir.
Ikinci morholoda yaddasa ndvbeti miiraciot {igiin verilonlorin iinvanlar1 formalasir. Ugiincii marhaloda
verilonlor tizorinde amoliyyatlar icra edilir vo naticalorin giris/¢ixis omaliyyatlari yering yetirilir.

Hazirda texnologiyanin inkisafi yeni yeni neyroprosessorlarin yaranmasina sorait yaradir.

Miiasir giindo coxniivali c¢iplordon istifado etmoklo daha yiiksok mohsuldarlia nail olmaq
mimkiindiir. Bu tip prosessorlarin daxilinds birdon ¢ox informasiya emali modulunun olmasi, onlarin
superskalyar olmasindan xaber verir. Bu tip neyroprosessorlarin istehsali ilo Alpha, inter, Neuralogix,
Philips vo Kvant sirkatlori mogguldur. Onlarin istehsal etdiklori elementlorin har birinin iistiin vo
catismayan cohotlori vardir. Hazirda on boyiik {istilinliikloro malik neyroprosessor 2012-ci ilds
Rusiyada “modul” elmi texniki morkozdo hazirlanan ¢oxniivoli superskalyar NM9403
neyroprosessorudur. Onun struktur elektrik sxemi sokil 2-do tosvir edilib.

Prosessor 1 Prosessor 2
—
3-cl
2-ci saviyyali 3-cii saviyyali kes saviyyali
- yaddas Teqi Link
= H H 400p/s L, -
2
L
2
= Prosessor 3 Prosessor 4
—>
<
=>
<—
Interfeys linki
/\

IR

Sakil 2. Coxniivali superskalyar NM9403 neyroprosessoru struktur sxemi
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Sokildon goriindiiyii kimi NM9403 neyroprosessoru dérd niivoys malikdir. Onun har bir niivosi
cox miirokkob qurulusa malikdir. Onun torkibinds {i¢ soviyysli kes yaddas, keg¢idi gabagcadan toyin
edon blok, idars qurgusu, omrlori de-kodlasdiran blok, dord adod hesab montiq qurgusu (ALU), dérd
multimediya verilonlori emali qurgusu (MM), {i¢ siirliskon noqtsli adadlorin emali qurgusu (FPU) vo
digor daxildir. Element 64 mortobali olmasina baxmayarag, o, 128 martobali verilonlori birbasa qobul
etmok imkanina malikdir. Yoni ikiqat sozii qobul etmokls, qabuletma amaliyyatini ikiqat artirmis
olur. Sistemdo emal prosesi konveyerlosdirilmis formada icra edilir. Bir omr dord takt orizindos yerino
yetirilir.Sistemdo amrlor va verilonlorin keslonmasi ayri- ayriliqda aparilir. Bu iss paralelliys imkan

yaradir. Niivonin daxili qurulusunun struktur sxemi sokil 3-do tosvir edilib.
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Sakil 3. Niivonin daxili qurulusunun strukturu
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Neyrokompyuter ¢ox miirokkeb vo universal xarakterli qurgudur. Onun osas aparici
modullarindan biri do kod c¢eviriciloridir. Sistemin torkibindo analog/kod vo kod/analoq
ceviricilorindon istifade olunur. Sistema biitliin név informasiyalar daxil ola bildiyi halda, onlarin
emal1 yalniz ikilik kodda aparilir. Sistemdo rogom/analoq ¢eviricisi kimi K594PA elementindon
istifads edilir. Bu kristalin struktur elektrik sxemi sakil 1.4-da tosvir edilib.

Natica. Neyrosistemlordo obyektlorin taninmasi problemlori miiasir dovriin on aktual
masalalarinden biri sayilir. Bu magsadls buraxilis isinde aparilan todqiqatlar gostordi ki, bu problemin
holli iiclin ¢oxsayli metodlar mévcuddur. Onlarin hor birinin {istlin vo catigmayan cohotlori
aragdirilmisdir. Maqalade bu masalslari reallagdiran goxniivali superskalyar neyrokompyuter sistemi
islonilib. Magalods mévcud neyrokomputer sxemlori gostorilib. Onlar1 in miiasir baza osasindayeni
tipi tortib edilib. Neyrokompyuterin blok sxemi vo daxili modullarin elektrik sxemlori iglonilir.
Onlarin is prinsiplori tohlil edilir va iistlinliiklori agiglanir. Naticodo aydin olur ki, bu ¢ox miirokkob
bir sistemdir. Sistemin normal faliyyoti onun daxili modullarinin sxemlarinin tortibatinda baza
elementlori diizgiin secilmolidir. Togkil edilon sistem miiasir dovriin toloblorine uygundur. Onun
tohliikasizlik, miithafizo vo digor sahslordos totbiqi yiiksok naticolor vers bilir.
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HAYEPTATEJIbBHASI TEOMETPUS HA DKPAHE KOMIIBIOTEPA

IMupeepauena Jlana Pay¢ kbI3bI- cTapmmii mpenoaaBarens, kageapa HaueprarenpHas
reoMeTpus U uHxkeHepHas rpaduka, A3ACY, lala.pirverdiyeva@azmiu.edu.az

AHHoTanusi. B crathe omnuceiBaeTcs NPUMEHEHHE TPEXMEPHONM KOMIIBIOTEPHON Trpadukud B
HayepTaTesbHON reomeTpun. YTo 03HaUaeT HauepTaTeabHas FEOMETPUS B COBPEMEHHOM 3HAYEHUH.
Kaxk pa3BuBaercsi HauepTarenbHas F€OMETPHS B UCIIOJIb30BAHUU COBPEMEHHBIX mporpamMm. Kakyro
pOJIb UI'paeT HauepTaTeIbHasi TEOMETPHUS B IPOEKTUPOBAHUU. PoJIb KOMIIBIOTEpPA B HAUE€PTATEIbHOU
TE€OMETPHUH.

KawueBbie cioBa: HaueprarenbHas reoMeTpuisi, KOMIBIOTEP, COBPEMEHHBIC MporpaMmsi, 3d-
IIPOCTPAHCTBO, YEPTEHKH, POJIb, IPUHIIUIIBI, MOJIECTUPOBAHUE

DESCRIPTIVE GEOMETRY ON THE COMPUTER SCREEN

Pirverdiyeva Lala Rauf-senior lecturer, department of Descriptive Geometry and
Engineering Graphics, AzZUAC, lala.pirverdiyeva@azmiu.edu.az

Abstract. The article is about the use of three-dimensional computer graphics in descriptive
geometry. What does descriptive geometry mean in the modern sense. How descriptive geometry is
developed in modern programs. What role does descriptive geometry play in design. The role of the
computer in the descriptive stage.

Keywords: Descriptive geometry, computer, modern programs, 3D space, drawings, role, principles,
modeling

Benenne. HaueprarenbHass reomeTpusi TpPaJULMOHHO sBISETCS  (yHIaMEHTaJbHOMN
JUCLUIUIMHONW B MHKEHEPHOM U apXUTEKTYpHOM 00pa3oBaHMHU, 0OecrieunBast CTyI€HTOB 0a30BbIMU
HaBbIKaMU MPOCTPAHCTBEHHOT'O MBIIIJIEHUS U rpaduueckoro moaenupoanus. OTHAKO C pa3BUTHEM
UGPOBBIX TEXHOJOIMH MW HIMPOKHM pacCIpOCTPaHEHHEM KOMIBIOTEpHON IpadUKu MOIXOMAbI K
00yUY€HUIO ATON AUCHMILIMHE 3HAYUTEIBHO U3MEHUIIHCD.

CoBpeMeHHBIE NPOTrpaMMHBIE CPEJCTBA MO3BOJISIOT BU3YaIM3UPOBATh CIOXKHBIE T€OMETPUUYECKUE
MIOCTPOCHHUS B MHTEPAKTUBHON CpeJie, TEM caMbIM OOJeryasi BOCIpUsATUE a0CTPAKTHBIX MOHATHH 1
noBbImas 3pPeKTUBHOCTh yuyeOHOro mporecca. Mcnonp30BaHHe KOMIBbIOTEpA B HauepTaTeIbHON
IF€OMETPUH OTKPBIBAET HOBBIE BO3MOXXKHOCTH JUIsl JTUHAMHYECKOIO MOJEIMPOBAHUS, AHUMALUH
npeoOpa3oBaHuii, a TaKkke OBICTPOro peAAKTUPOBAHUS M aHAIN3a TOCTPOCHUH.

B nannoli pabore paccMaTpuBarOTCsi OCOOEHHOCTH IPENOAAaBaHUsI HadepTaTeIbHON MeOMETPHUH C
NPUMEHEHHEM KOMIIBIOTEPHBIX TEXHOJOIMH, aHAIM3UPYIOTCS MpeuMyllecTBa LU(POBBIX
MHCTPYMEHTOB 110 CPAaBHEHUIO C TPAAULIMOHHBIMUA METO/IAMH, a TAK)Ke 00CYXAAI0TCS IEPCIIEKTUBBI
unTerpauun CAD-cucteM B 00pazoBaTeabHbIHN MpoLecc.

MeToabl 1 METO0JIOTHS
B pamkax ucciienoBaHus UCIOJIB3YIOTCS KaK TEOPETUYECKHUE, TaK U MPAKTUKO-OPUEHTUPOBAHHBIC
MeTo/ibl. OCHOBY METOJOJOTHH COCTABIIIET AaHallu3 COBPEMEHHBIX IOAXOJ0B K OOyYEHHIO
HayepTaTelIbHOM IeOMETPUM C HCIIOIB30BAHMEM KOMIIBIOTEPHBIX TEXHOJIOTMM U INPOrPaMMHBIX
CpeacTB aBTOMaTu3upoBaHHOro npoektuposanus (CAIIP).

B kadyecTBe OCHOBHBIX METOI0B ObLTN MPUMEHEHBI:

e AHAIMTHYECKUH MeTO] — IJis M3YYCeHHs] HayYHOM W Y4eOHOW JIMTepaTyphbl IO BOMpOCaM
nupoBU3aMKM Tpapuueckod TMOATOTOBKM M aHajdW3a TEHJIEHIMH B 00JacTH HMHXKEHEPHOTO
oOpa3oBaHwsI.

o CpaBHHUTEJbHBINH aHAMN3 — U BBIABICHUS PA3IMYUil MEXKIY TPATULHOHHBIM (pyYHBIM) U
KOMITBIOTEPHBIM CIIOCOOAMHU BBITIOJTHEHUS] TEOMETPUUECKUX TOCTPOCHHUH.
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e JKCNEPUMEHTAJIbHBIH MeTOA — s OueHKH A(P(HEKTUBHOCTH BHEIPECHHS MPOTPAMMHBIX
npoaykToB (Takux kak AutoCAD, Compass-3D, SolidWorks) B yueOnbIii poriecc HauepTaTeIbHOM
TCOMETPHH.

o HaGuonenne u aHkeTHpoBaHMe — il cOOpa JaHHBIX O BOCHPHUATUU CTYJEHTaMHU LU(POBBIX
METOAO0B 00y4YEeHHS U YPOBHE YCBOCHUS Y4€OHOIO MaTepHara.

Mertoponornyeckas OCHOBAa TakXe OIUPAeTCsl Ha JIWAAKTUYECKHE IPUHLMIIBI HArJISAHOCTH,
JOCTYITHOCTH M aKTUBHOCTH, a TaKK€ HA COBPEMEHHBIC IEJaroruvyeckue MOIXOAbl K MHTETrpaluu
MHGOpPMaLlMOHHO-KOMMYHHUKaMOHHBIX TexHosnoruit (MKT) B oOpa3oBarenbHyto cpeny.
Pe3yabTaTshl. B pe3ynprare npoBe1EHHOTO UCCIIEI0BAaHHS OBUIH MOTYYEHBI CISIYIONIUE JaHHbIE:
1.MMoBbimienue 3PpPeKTUBHOCTH 00yUeHHSI.

[TpuMeHeHHEe KOMMBIOTEPHBIX MPOTpaMM IMPHU W3YYEHHH HAYEPTATEIBbHON T€OMETPUH ITO3BOJIAIIO
3HAYUTENbHO COKPATUTHh BPEMsI Ha BBIIIOJHEHHE MOCTPOCHUH, MOBBICUTh TOYHOCTh Ipa)uyecKUX
paboT W OONEryuTh BOCIPHUATHE NPOCTPAHCTBEHHBIX (GopM. CTyneHTHl ObICTpee OCBauBAIU
OCHOBHBIE PUEMBI U OTIepalluy OJ1aroapst BU3yalau3aluu IpoLEcCOB B PEKUME PEaIbHOTO BPEMEHH.
2.YBelnueHHe BOBJIEYEHHOCTH CTY/AEHTOB. AHKETHPOBAaHHE IIOKa3ayio, 4ro Oojee 85%
OTIPOIICHHBIX CTYACHTOB OTMETWJIM TIIOBBIIICHHE HHTEpeca K NPEAMETy INPH HCIOIb30BaHUH
U POBBIX UHCTPYMEHTOB. MIHTepakTHUBHBIH (hopMaT 3aHATUH U BO3MOXKHOCTb 3KCIIEPUMEHTUPOBATh
¢ reomeTpruecKkumMu popmamu B 3D-cpesie MoI0KUTETHHO CKa3aIMCh HA MOTUBAIIMH 00YJarOIUXCSI.
3.CpaBHHUTEJbHBIN aHAIU3 MoKa3aJl NpeuMyIecTBa uugposoro MOAXO0/A.
B cpaBHeHHMH C TpaJUIIMOHHBIMH METOAAaMH (KapaHIaml ¥ Oymara), UCIIOJIb30BaHUE MPOrPaMMHBIX
cpenctB (AutoCAD, SolidWorks u 1p.) obecrieunsio 0ojee BBICOKYIO MPOH3BOAUTEIHHOCTD,
NETKOCTh PEIAKTUPOBAHUS YEPTEXKEH, a TaKkKe BO3MOKHOCTb MHOTOKPAaTHOT'O BOCIIPOW3BEICHHS
CJIO’KHBIX IIOCTPOECHUIN ¢ MUHMMAJIbHBIMU 3aTPaTaMy BPEMEHH.

4.Pa3zpaboTrka U anpoOanusi MeTOAUYECKUX peKkoMeHAaunuid. bbuin pa3paboTaHbl U YCIELIHO
IPUMEHEHbl Ha MPAKTUKE METOAMYECKHE PEKOMEHJAIMH I10 BHEJPEHUI0 KOMIIBIOTEPHBIX
TEXHOJIOTUH B KypC HadepTareNbHON reomerpuu. OHM BKIIOYAIOT IMOIIATOBBIE WHCTPYKIMH IO
BbInosiHeHuto nocrpoenuii B CAIIP u 3aganus 171t caMOCTOATENbHOM paboThl CTYICHTOB.

Takum o0pa3zom, mudpoBH3aLMs IPENOJaBaHUS HAUEPTATENLHOW TEOMETPUH J0Ka3aja CBOIO
aKTyalbHOCTb U 3(P(PEKTUBHOCTb, OTKPBHIB HOBBIE BO3MOXKHOCTH ISl ONTHUMHU3ALUHU Y4€OHOTO
nporiecca ¥ pa3BUTHsI MPOCTPAHCTBEHHOTO MBIIIUICHUS Y CTY/IEHTOB TEXHUUECKUX CHEIMaTbHOCTEH.

PaccMoTpuM CrIOCOGHOCTH MPUMEHEHUS 3JIEMEHTOB TPEXMEPHON KOMITBIOTEPHOH rpaduku B
HaYepTaTeNIbHOW reoMeTpuH. [ 0OBOPUTCS, YTO TPEXMEPHOE MOJICTUPOBAHHE HE HY)KHO TIPUMEHSTH B
y4eOHOM Ipoliecce JUIsl BHIIOIHEHNSI KOHCTPYKTUBHBIX 33/1a4 HauepTaTeabHol reomerpun. Crenan
BBIBOJ, O HEJAONYCTUMOCTH 3aMEHBI Kypca HadepTaTelIbHOH T'€OMETPUH KOMIBIOTEPHBIM
MaKeTHPOBAHUEM.

HauepraTenbHas reoMeTpusi B COBPEMEHHOM 3HAUEHHUH- 3TO Pa3/ie] MaTeMaTUKHU, U3YJatOIHiA
INPUHIUI KOHCTPYKTHBHBIX CIIOCOOOB OTOOpaXK€HUS MPOCTPAHCTBA pa3HbIX M3MEPEHMH Jpyr Ha
npyra. I'maBHas 11eJ1b HauepTaTeIbHON T€OMETPUH, 3TO CO3/1aTh CII0KHbIE OOBEKTHI MOHATHBIMU IS
UX IPOEKTHUPOBAHUS U CTPOUTEIHCTBA.

3amaun HaxXoNAT pelnieHue rpaduyeckuM MyTeM MpPOCHHUPOBAaHUS ITYHKTOB B MOJ0OpaHHBIC
CMEXHbIE TUIOCKOCTH MPOEKIMH B BHIMBIIIJIEHHON KOHLENIMU mpoeKiuii. CriocoObl, HalMCaHHbIE B
JTAaHHOM TEKCTE, MPUMEHUMBI K DPa3HBIM THIIAM apXHUTEKTYphl, MCKYCCTBA, JHM3aifHa a TaKkKe
WH)XEHEPHOMH JIesITeIbHOCTH, TTOJJOOHBIM PaBHO Kak NEPCHEKTUBHOE YepUCHHUE U YepUCHHUE.

HauepratenpHass TeoMeTpHsi TNPUMEHSET TEXHUKY (OpMUpOBaHHS — H300paKeHHUS
BBIMBIIIIJICHHBIMHU NapaJuIeIbHBIMU IPOEKTOPAMH, HCXOSIINMHU C BEIMBIIIEHHOTO 00BEKTA, a TAKXKe
MePECeKAIOIUMH BOOOPAKaeMyI0 TJIOCKOCTh MPOEKIUH MO MPSIMBIM yriioM. COBMECTHBIE TOUKH
NepeceueHuil Co3Aat0T KeIaeMoe n300pakeHue.

Bmecte ¢ maHHOro 5Tama Mbl MpOaHATU3UPYeM OCOOEHHYIO 007acTb TE€OMETpUU —
HauepTaTesIbHYI0 FeOMETPUIO, UccieloBaHHYI0 ['acmapomM MoHXeM B KOHIIE BOCEMHA/ILIaTOrO BEKa.
I"acmap Momnx (1746-1818) oTKpBUT OCHOBBI HaYEePTATEINBHON TeOMETPUHU B FOHOM Bo3pacte 18 Jer,
TPYAsCh BOEHHBIM HH)KEHEPOM HaJl MPOEKTUPOBaHHEM 3akperuieHnid. OHM ObUTH C/AeTaHbl U3
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KaMHEM, Y4ETKO BBIPE3aHHBIX C IEJIbI0 MOJTOHKHU PYT K IPYTY, TAKUM 00pa30M UTO CTCHA WITU OalllHs,
MTOCTPOEHHAs MOJOOHBIM CITOCOOOM, ObLITa CAaMOTIOICPIKUBAIOIICHCS a TAKKE JTOBOIBHO MPOYHOM.

Huckyccusi. [Iporokonsl MoHka JalOT BO3MOXKHOCTh HM300pa3WTh BOOOpakaeMblii 0OBEKT
MOJOOHBIM CHOCOOOM, [IJII TOIO0 4YTOOBI €ro BO3MOXHO ObLIO co3gaTeb B 3D. Bce 06e3
UCKITIOYCHHS T€OMETPATbHBIE HIOAHCHI BEIMBIIIUIEHHOTO TMPEMETa MPEIyCMATPUBAIOTCS B UCTUHHO
M pazmepe/maciiTabde, a Takke GopMe U YMEIOT ObITh M300pa)KEHBI TaK, paBHO KaK WMX BHJIAT U3
mo0o0i TOYKM B MpocTpaHcTBe. Bce 0e€3 HCKIIOYEHUs PUCYHKH MPE3CHTOBAHBI B JBYMEPHOM
MTOBEPXHOCTH.

HauepratenbHas reoMeTpusi TPHUMEHSET TEXHUKY (OPMUPOBAHUS  H300pakeHUI
BBIMBIIIIJICHHBIMU TTAPAJUICITBHBIMU ITPOSKTOPAMH, HCXOISIIIMMU C BBIMBIIIUIEHHOTO O0BEKTa a TAKKe
MEePECEKAIIIUMHA BOOOPAKAEMYIO O0JIACTh MPOEKIUH TMOA NPSMbIM YrioM. COBMECTHBIC TOYKH
MIEPECeUCHUI CO3/Ia0T KeTaeMoe N300pakeHHeE.

B mocnennee Bpemsi, HauepTaTelibHAsS TEOMETPHS aKTUBHO Pa3BUBACTCS C MCIOJIB30BAHUEM
COBPEMEHHBIX MPOrPaMM, TaKHe KaK KOMIIBIOTEPHBIC MPOrpaMMbl M Tpa@HUuecCKUe MpOrpamMMbl.
[TpoucxoauT 3aMeHa UCCIICIOBAaHHS TEOMETPUH KaK pasjiesia MaTeMaTUKH HCCIIE0BAaHUEM METOJIOB
TPEXMEPHOTO0 KOMIBIOTEPHOTO MaKeTHpOBaHUs. Ha dSkpaHe KOMIBIOTepa HadyepTaTeIbHAS
TEOMETPHSI OIPEEIIICT UCIOIB30BAHUE B CaMbIX Pa3HBIX OOJIACTSAX, OT CO3JAaHUS YEPTEKEH 0
MOJICTTUPOBAHUS CIIOKHBIX 0OBEKTOB.

Y TBEepKIACTCS, YUTO KOMITBEOTEPHBIMH CPEJCTBAMU MOYKHO PEIIUTh TEOMETPHUCCKYIO 33a]1a4y B
3D-mpoctpanctBe. Tak Kak BO3HHKJIA BO3MOXXHOCTH CO3JIaTh JIFOOBIC JJICKTPOHHBIC MAaKEThI
reomeTprueckux uryp. [IpoeKIIMOHHBINH YEPTEK MOTHOCTHIO TEPSET FEOMETPUIECCKOE HAMTOITHEHHE
mocJie MoJieupoBaHus 3a1adu B 3D Ha skpaHe KoMIbroTepa. Hampumep, yxe HE HYKHO CTPOUTH
JIMHHUIO TIEPECEUCHUS IOBEPXHOCTH, TIOTOMY YTO KOMITBEOTEP yXKE CaM IMOCTPOUT JIMHUI0. MOXKHO erié
CKa3aTh MPO MOCTPOCHUE MEePIECHAUKYIISAPOB. [Ipu mocTpoeHU: NEpIICHANKYISApa HY)KHO BKIFOUUTH
MIPUBSI3KY «IIEPIICHIUKYJIISAPY.

HavepraTenbHas TeOMETpUS UTPACT BAKHYIO POJIb B MPOCKTUPOBAHUU M TIPOU3BOJACTBE. OHA
MO3BOJISICT MH)KEHEPAM M apXUTEKTOPaM:

- ®opMHUPOBATh BEPHBIC YEPTEHKH, KOTOPBIC CITYXKAT OCHOBOM JJIsSI CTPOUTEIBHBIX PadoT.

- IlporHo3upoBarh, Kak OymeT CMOTpPEThCS OOBEKT B PEANbHOCTH, OOHAPYKUBATh BO3MOXKHBIE
MOTPEIITHOCTH Ha CTAIUU TIPOSKTUPOBAHUS.

- KoMMyHHUITpOBaTh HEMPOCTHIE HJIEU MEXIY Pa3IUYHBIMH ClelUaIicTaMu (HampuMmep, MExXIy
APXUTEKTOPAMHU M CTPOUTEIISIMH).

[Tomumo 3TOTO, HauepTaTeabHas TEOMETPUS TMPUMEHSETCS U aHallu3a MPOCTPAHCTBEHHBIX
OTHOIICHUI U PEIICHHUS 3a/1a4, CBSI3aHHBIX C KOHCTPYUPOBAHUEM PA3IMYHBIX OOBEKTOB M MAIIIHH.

PaccMOTpuM OCHOBHBIX TPHUHIIMIIOB HauepTaTtenbHOW reoMerpuu. OCHOBHOW 3aiadeit
HaYepTATCILHON TeOMETPUU SABJISCTCS CO3JaHUE MPOCKIIUH TPEXMEPHBIX 00BEKTOB Ha JIBYMEPHOMN
MJI0CKOCTH. {7151 9TOT0 UCIIONB3YIOTCS HECKOIBKO OCHOBHBIX METO/IOB:
1.IMpoexuun: BriBatOT MpsMbIe, KOCBIE U IEHTPAIBHBIC MPOCKIIUU, C TTOMOIIBIO KOTOPBIX MOYKHO
0TOOpa3uTh 0OBEKTHI HA TIOCKOCTH.
2.MartemaTudeckoe MoaejupoBanue: C MOMOIIBI0 MATEMAaTHIECKIX METOJIOB CO3AF0TCS TOUHBIC
MOJIeTT OOBEKTOB.
3.Pemienns 3a1a4 HA MOCTPoeHHe: MHOXECTBO TEOMETPHUSCKUX 3aJad, HAIIPUMEp, TTOCTPOSCHUE
CEUCHHUs Tella WIH ONpEJCNICHHE YIJIIOB MEXAY TUIOCKOCTSIMH, PEIIAIoTCS C HCIOJIh30BAHUEM
Ha4yepTaTeIIbHON T'€OMETPHUHN.

Ponp xomMmbIOTEpa B HAUEpTATEIHHOM reoMeTpuu. BmecTe ¢ opMUpOBaHHEM TEXHOJIOTUI
BBIYHCITUTEIILHON TEXHUKH W TIPOrPAMMHOTO 00€CIIeUCHHsI, HauepTaTelIbHAsS TeOMETPHS ITpeTepIielia
CYIIECTBEHHBIE TepeMeHbl. KOMMBIOTEphl ¥ CIENHATU3UPOBAHHBIE MPOTPaAMMBbl 3HAYUTEIBHO
VIIPOCTHIIA ¥ YCKOPWJIH TPOIIECC POSKTUPOBAHUS, TAPAHTHPOBAB JIOCTOBEPHOCTh U BO3MOYKHOCTD
paboTel ¢ Hambozee TpyaHbIMH MopaensMu. [Iporpammuoe obecriedeHue i HadepTaTeIbHOM
TE€OMETPHH ITO3BOJISICT:
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1. TouHocthr W aBTOMaTu3anus: KoMIBIOTEpHI MalOT BO3MOXKHOCTH aBTOMATHYECKH
BBIUUCIISATH Pa3MEpPhl, YIIIbl U COOTHOLICHHMS, YTO UCKITIOYAET YEJIOBEUECKHUE MOTPEIIHOCTH.

2. HHTepakTMBHOCTH: B HBIHENIHMX @porpaMMax BO3MOXHO B3aHMMOJAEHUCTBOBATH C
MOJIEJIbIO B HACTOSIIEM BPEMEHHU, MEHsISI TapaMeTpbl 1 MTHOBEHHO HaOJI0/1asi pe3ynbTar.

3. 3D mopenupoBaHue u Budyaguzamus: KoMmmbploTepHBIE TPOrPaMMBbI  MTO3BOJISIIOT
bopMUpOBaTh TPEXMEPHbIE MOJENU OOBEKTOB, KOTOpPHIE MOTYT OBITh JIETKO HM3MEHEHBl U
MIPEJICTABJICHBI HAa 3KpaHE C Pa3HBIX YIJIOB, YTO HEBO3MOXXHO B TPAJAUIIMOHHOW HAdepTATEeILHOM
TE€OMETPUH.

4. MoneaupoBanue Ha 3kpane: [Ipumenenne rpapuueckux peapakropoB u CAIIP (cucrem
aBTOMATU3MPOBAHHOTO MpoeKkTupoBanus), Takux kak AutoCAD, SolidWorks, CATIA, 3DSMAX,
Revit 3HaUUTEIbHO pacHIMPsAET BO3MOKHOCTH HaYepTATEIbHON TeOMETPHUH.

[IporpaMMsl 17151 HauepTaTeIbHOM reoMeTpur. B HacTOSIINI IEpUOA CYILIECTBYET MHOXKECTBO
MPOrpaMM, KOTOPEIE TIOMOTAIOT B PEHICHUH 3a7a4 HauepTaTeIbHON reomeTpuu. OJTHUMHU U3 CaMbIX
MOMYJISIPHBIX U PAaCIPOCTPAHEHHBIX ABIISIOTCA:

e AutoCAD — o0mmpHO ucnosis3yemas cucrema uist 2D- u 3D-nipoeKkTupoBaHus, KOTopas
MIPEIOCTABIISICT BCE HEOOXOAMMBIE HHCTPYMEHTHI JIJISl pA0OTHI ¢ YePTEIKAMH.

e SolidWorks — nporpamma st cozmanust 3D-mMoeneit, B KOTOPOii JIErKO mepexoauTh ot 2D-
YepTeKEH K TPEXMEPHBIM 00BEKTaM.

e CATIA — Halonee cioxHas CUCTEMa, UCIIOJIb3yeMasi B aBUAIMOHHON M aBTOMOOMIBHOMN
MIPOMBIIIJICHHOCTH JIJISl CO3/IaHUS CIIOKHBIX MOJCIICH M UX JICTATN3UPOBAHHBIX YEPTEIKEH.

e FreeCAD — OecruraTHas anpTepHaTHBA Ui co3faHus 3D-Mopeneld W YepTexew,
MOAXOIAMIAs KaK I TPo(ecCHOHANIOB, TaK U JISI HOBUYIKOB.

e 3DSMAX— mnpodeccuonanpHoe MporpaMMHoe obOecredeHue mis 3 D-monmenupoBaHus,
aQaHUMAIINH U BU3YAIH3AIMH B IIPOCKTHPOBAHUH.

e REVIT— nmnporpaMMHBIi KOMILIEKC 11 aBTOMATU3MPOBAHHOTO IPOCKTHUPOBAHMS,
peATM3YIONTUH MPUHIUTT HHPOPMAITMOHHOTO MOJICITUPOBAHUS 3AHHMA.

[IpenmytiecTBa UCIIOIB30BAHUS KOMITBIOTEpPA B HAUEPTATEIHHONU T€OMETPUH.

1. ¥Yckopenue mnpomecca mNpoeKTHpPoBaHusi: KOMITBIOTEpPHI IMO3BOJISIIOT OBICTPO CTPOUTH U
pEIaKTHPOBATh YEPTEXKH, a TAKKe MOJICIUPOBATH HEMPOCThIE T'€OMETPHUYECKHE OOBEKTHL. ITO
CYIIECTBEHHO YMEHBIIIAET BPEMsI Ha CO3/IaHUE MTPOSKTHOHN JIOKYMECHTAIIHH.

2. T'mbkocTh 1 MacIITAOUPYeMOCTh: BO3MOKHOCTh CTPEMHUTENTFHO MEHATh MacIITadbl 00BEKTOB,
pa3Mepsl U X B3aUMHOE pa3MenicHre 0e3 HeoOXOAMMOCTH BHOBb CO3/1aBaTh KAKIAYIO JIMHUIO JINOO
AJIEMEHT.

3. Bmsyaamszanus: KoMIsroTepsl MO3BOJISIOT (OPMUPOBATEH HE TOJIBKO JIBYXMEPHBIC IPOSKIIUU, HO
U TpEeXMEpPHbIE BU3yaTu3allii 00BEKTOB, YTO JeNIaeT MPOEKT Harnboyiee MOHATHBIM H SBHBIM.

4. Jleranu3upoBaHHble pacueTbl: KoMIBIOTEpHBIE  MPOrPaMMBI  yYMEIOT  TPOBOJUTH
ABTOMATHYECKUE PACUeThl, TaKHE KaK OMpeAeNIeHHUE YIJIOB MEXIY IUIOCKOCTSIMH, PACCTOSHUN U
JIPYTUX TEOMETPUICCKUX JaHHBIX.

3ak/royenue. HeiHemHsAs HauepTaTtenbHas reOMETpusi, B KOMOWMHAIUU C CHOCOOHOCTSIMU
KOMITBIOTEPHBIX TEXHOJIOTHIA, PACKpPhIBACT HOBEHIIME HWHTEPECHl C IICNBI0 TPOSKTUPOBAHUS,
MOJICTTMPOBAaHUSl ¥ BHU3yalu3alud OOBEKTOB. VIMEHHO OHa MaéT BO3MOXKHOCTH 3HAYUTEIHHO
MOBBICUTh TOYHOCTh M CKOPOCTH PA0OTHI, YAYUYIIMTh BOCHPUATHE W MMOHHUMAHUE TPOCKTUPYEMBIX
o0BekTOB. BMecTe ¢ ¢dopMupoBaHHEM TEXHOJOTHH M COBEPIICHCTBOBAHHWEM MPOTPAMMHOTO
obOecrieyeHHsT HavepTaTellbHAs TEOMETpUsS Ha OSKpaHe KOMIbIoTepa OyaeT MpoJIoJDKaTh
COBEpIIICHCTBOBATh W 3aXBaThIBaTh HEMAJOBAXKHYIO POJb B MPOSKTUPOBAHMM WU WHKEHEPHOM
TIPAKTHKE.
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Xulasa. Magalads son illarde Azarbaycanda monzil tikintisinin inkisafi va oahalinin manzillo tomin
edilmasi masalalari sorh edilmisdir. Ilk névbodos, Azorbaycanda ohalinin moanzil problemlarinin
hollindo monzil bazarmin formalagmasinin holledici amilo gevrilmosi qeyd edilmisdir. Monzil
bazarimin inkisafi vo formalasmasi artiq inkisaf etmis olkolordo mivaffaqiyyatlo holl edilsads
Azorbaycanda bu problemin hallinds 6zlinamaxsus xususiyyatlarin olmasi sababindan bu tacriibani
mivoffogiyyatlo totbiq etmok ¢ox cotindir. Bitiin forglonmoloro baxmayaraq manzil tikintinin
inkisafinin ilk névbado UDM-in artmast ilo bagl oldugu qeyd edilmisdir. Bir sira digar amillarin do
monzil bazarina tosirlori moagalods 6z oksini tapmisdir. Azarbaycanda monzil tikintisinin dinamikasi
statistik rogemlorlo gosterilmisdir. Xiisusi hal kimi, 2016-2018 ci illordo UDM-in artim siirati 13-
16% ilo mugayisads manzil tikintisinin artim siiratinin xeyli yiksok — 95 % olmasi gostorilmisdir.
Acar sozlar: Monzil fondu, manzil bazari, ohalinin problemi, UDM-in dinakikas1, monzil tikintisinin
dinamikasi, monzil tikintisinin hacmi.
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Abstract. In the article, the development of housing construction in Azerbaijan in recent years and
the issues of providing housing to the population were commented. First of all, it was noted that the
formation of the housing market became a decisive factor in solving the housing problems of the
population in Azerbaijan. Although the development and formation of the housing market has already
been successfully solved in developed countries, it is very difficult to apply this experience
successfully in Azerbaijan due to the unique characteristics of solving this problem. Despite all the
differences, it was noted that the development of housing construction is primarily related to the
increase in GDP. The impact of a number of other factors on the housing market is reflected in the
article. The dynamics of housing construction in Azerbaijan is shown by statistical figures. As a
special case, compared to the GDP growth rate of 13-16% in 2016-2018, the growth rate of housing
construction was shown to be much higher - 95%.

Keywords: Housing fund, housing market, population problem, dynamics of GDP, dynamics of
housing construction, volume of housing construction
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Giris. Olkomizdo manzil tikintisinin inkisafi son illorda kifayst godor surstlo davam etso do
monzil bazarinda yaranmis vaziyyati he¢ do gonastboxs hesab etmok mimkin deyil. Bunun asas
sababi monzils olan talablo manzil toklifi arasinda yaranmis uygunsuzluqglarin artmasidir. Statistik
moalumatlara géra Umumi monzil fondunun artmasini siiratlondiran amillorin tasiri altinda 2000-2023
—cU illordo Azorbaycanda monzil fondu iki dofoys yaxin (2,02 dofo) artmisdir. Eyni zamanda
adambasgina diison manzil sahasi gostaricisi orta gostaricilordon xeyli ¢ox olmusdur. Masalan , 2022-
ci ilds istifadoys verilmis imumi monzil sahasi 2011-ci illo migayisads 6,72 dofs, 2020- ci illo
migayisads isa 1,25 dofa ¢ox olmusdur. [8,107]2019-cu ilds iso bu sahads rekord gostarici geyda
almmusdir. Istifadoya verilmis monzil sahasinin Umumi sahasi 2000-ci illo miigayisads 22,9 dofa gox
olmusdur( yeno orada: hesablamalar muslliflars aiddir).

Adambasina diison moanzil sahasinin artimina galdikds iso bu gostarici 2022-ci ilds 2816 kv.m,
2019 -cu ilds is2 9469 kv.m. olmusdur.

Qeyd etdiyimiz statistik gostaricilor do miasir marhalads Azarbaycan Respublikasinda manzil
bazarmin formalagsmasi va inkisafinin ayri-ayri illards bazan bir- birindan ¢ox ciddi suratdas forglonan
gostaricilords ifado olundugunu goéstarir. Ohalinin manzil probelminin hallinds acar rolu oynayan
monzil bazarinin formalasmasi problemi kifayat qodar aktualdir, ham do kifayst gadar ziddiyyatlor
va farglanmalarlo miisayiat olunur.

Magsad. Manzil bazarinin inkisafina,bazardaki qiymatlorin doyismasine tosir gostoron asas
amil moanzillara olan talabls toklifin arasindaki nisbatdir. Son illards talabin toklifi tGstalomasi ardicil
olaraq geydo alinmisdir. Masalon . 2023-cu ilin IV ribu ilo mugayisads 2024-ci ilin | rublindo
giymoatlar 8, 1% artmisdir. Dovlat Statistika Komitasinin molumatina géra 2024-ci ilin | rubiinds
monzil bazarinda qiymat indeksi avvalki riiblo miigayisads 2,2%, o cimladan ilkin monzil bazart iizro
3,1 %, tokrar manzil bazari tizra 2,2% artib. 2023-cl ilin 3-cU rlibinds ise manzil bazarinda qiymat
indeksi oavvalki riblo mugayisads 2,8 dofo artmisdir. Ekspertlorin oksariyyati hesab edir ki, manzil
bazarinda giymotlorin artmasinin asas Sababinin talabin toklifi Ustalomasidir [9,10]. Bu elo bir
obyektiv realliqdir ki, onunla hesablasmamaq miimkiin deyil. ©halinin manzil probleminin hallinds
iso moanzil bazarinin formalasmasi holledici rol oynayan amils ¢evrilmisdir [9].

Monzil bazarinin inkiasfi vo formalagmasi tocriibasi artiq inkisaf etmis Olkalords kifayst gqodor
aragdirilaraq miivaffagiyyatlo hall edilso do Azarbaycanda bu problemin hollinds 6ziinamaxsus
xususiyyatlorin olmasi sababindan bu tacribani muvaffagiyystls tothig etmok ¢ox ¢otindir.

Bu tocriibalari birbasa totbiq etdikdo lazim olan naticalori ona gora alda etmok olmur ki,
etiyaclarin, imkanlarin, motivlarin forgli cohatlori Gizo ¢ixir, prosesin ardicilliginin zaman vo mokan
baximidan diizgiin miioyyan edilmamasinun tasiri altinda tamamila forgli naticalor alds olunur.
Azorbaycan soraitindo bu prosesin kifayat qodar siratlo getmosi vo arzuolunan naticalorin alds
edilmomasinin sabablori daha dagiq arqumentlorin iso salinmasini va tohlilini zoruri edir. Manzil
bazarinin kifayot godor genislonmasing, ohalinin monzil problemlorinin hallindo aparici rol
oynamasina baxmayaraq, dévlat shalinin monzil problemllarinin halling, ilk ndvbados sosial rifahin
yuksaldilmasi zaruratini nazors almagla tez-tez miidaxilo edir [ 6].

Butiin farglonmalora baxmayarag, monzil tikintisinin inkisafinin ilk névbode UDM-in artmas1
ilo bagli oldugunu xiisusi olaraq gqeyd etmok vacibdir. Bu adambagina diigon monzil sahasinin do
artmasina sobab olmusdur. 2023-cii ilin yekunlarinda bu asililiq 6ziinii daha qabariq surotdo
gOstormisdir. Lakin hor il istifadoys verilmis imumi manzil fondunun hacminin artimi ilo adambasina
diison monzil sahasinin artimi gdstaricisi arasinda yaranan fargi (2,02 vo 1, 54 dofo) izah edorkon
muayyan uygunsuzlugun yaranmasi aydin goriiniir. Olbatto, bu bir sira digar amillarin tosirlari ilo do
olagodardir. Masalan, shalinin artim siirati ilo manzils bu baximdan talobin artmasini nazars almamag
olmaz.

Bir sira digor muhtim amillorin do manzil bazarna tosirlorini geyd etmomok mimkin deyil.
Onlarin sirasinda daha ciddi tasirlori formalasdiran amillor kimi asagidakilart qeyd etmok olar:

- Ohalinin migrasiyasi. Bu baximdan azorbaycanlilarin votons qayitmasi vo xarico getmasi
naticasinds bas veran doyisikliklar;

- Ohalinin azad olunmus Qarabaga va otraf rayonlarina kogiiriilmasi naticasinds bas veran
doyisikliklar;
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- Regionlarla paytaxtin (Bakinin) inkisaf xiisusiyyatlorindaki farglorin bozon 6ziinii gox gqabariq
suratds niimayis etdirmasi. Bu baximdan x{isusila, kanddan sohors ohali axininin siiratlo artmasi gox
ciddi tesirlor yardir;

- Monzil bazarinda inhisargiliq meyllorinin artmasi1 vo dovlstin oks tadbirlori ilo azalmasi
meyllorinin yaranmasi;

- Monzil bazarindaki giymatlara dovlat tarafindan ohalinin sosial vaziyyatinin yaxsilasdirilmasi
istigamatinds gostarilon tadbirlor;

- Olkenin orazilori tizra milli bazarmn, o ciimloedon manzil bazarmnin inkisafinda bas veron
doyisikliklar;

- Ddvlat tarafindon manzillarin tikintisi vo alqi-satqisi proseslorine miidaxilasi naticosinds bag
veran doyisikliklor va S.;

Dovlatin foaliyyatinin monzil bazarina tasirlori bazon mioayyan doarocods gecikmis olsa da,
bitévlukds ¢oxlu misbat tesirlor do yaradir. Masalon, dévlat torafindan tikilon manzilorin satigi
zamani qiymat guizastlarinin tatbiqini bu baximdan xiisusi olaraq qeyd etmok olar.

Azorbaycanda moanzil bazari hall etmali oldugu problemlarin bir gismini hall eds bilmisdir.
Digar torafdan, onun hall etmali oldugu problemlarin ¢oxsayli olmasi, inkisafin iqtisadi va siyasi
manealorlo qarsilasmasi sobobindon ddvlstin  shalinin  moanzil problemlorinin  hall edilmasi
baximmindan bu bazara ohalinin hoyat saviyyasinin yiksaldilmasi baximindan miidaxilalori ham
artirilir, hom do tokmillosdirilir. Bu da onu gostorir ki, Azarbaycanda diinyanin digar 6lkalori Kimi
monzil tikintisi sahasinin inkisaf siirati onun xarakteri, dévlatin sosial-igtisadi siyasati ilo baghdir.

2000-ci illords xarici kompaniyalarla baglanmis neft kontraktlarinin tam giicii ilo iso diismasi,
neft satisindan aldo edilon golirlarin siiratlo artmasi dlkioamizds monzil tikintisinin do boylk siratlo
artmasina tokan verdi (2019-cu ildo adambasina monzil tikintisinin hocminin rekord saviyyays-9469
kv.metra ¢atmasi bunu aydin sokilds oks etdirir).

Azorbaycanda adambasina diigon monzil sahasinin arttiminin shalinin monzils olan talobatini
na daracado 6domasini miisyyanlosdirmok baximindan ortaya qoyulmus naticalor bu anlayisin nisbi
komiyyat olub, muxtalif zaman kasiyindo muxtalif mana kasb etso do, daima doyismasi va har bir
6lkanin shalisinin manzils ola tolobatinin 6donilmasi saviyyasini vo imkanlarini oks etdirir.

Ohalinin manzil probleminin hallinds agar rolu oynamali olan manzil bazarinin formalagsmasi
problemi hom elmi, hom do praktiki cohotdon yiksok aktualliga malikdir. Bir sira
Olkalorda,xususila,inkisaf etmis 6lkalorda vo region Olkalorinds (Moasalon Rusiyada, Gurclistanda)
umumilosdirilso do, konkret Azorbaycan realliglart soraitinds problemin halli, 6zlinamaxsus
xususiyyatlorin olmast sobobindon homin tocrubolori totbiq ehtiyatlarin, motivlorin forgli olmas,
prosesin ardicilliginin zaman vo mokan baximindan diizgiin miioyyon edilmomasi kimi hallarda forgli
naticalor alda olunur, somoralilik gostaricilori mixtalif olur. Bunu nozars alaraqg Azorbaycanda bu
prosesin gonastboxs siiratlo getmomasi Vo hala da bizi gane edan naticalor vermomasi sabablarinin
do daha doqiq aydinlagdirilmast zoruridir. Azorbaycan dovlstinin monzil siyasotinin ana xatti do
mohz, bununla muoayyan olunur, ddvlst shalinin manzil problemlarinin an kaskin ehtiyaclarini hall
etmoyi 6z Uzarina gotiirmiisdiir [11].

Azorbaycanda monzil tikintisi sosial-igtisadi shomiyyatina goro daima dovlotin digget
morkozindo olan problemlordon olsa da, onun inkisafinin parametrlori vo ohalinin monzil
problemlarinin hall edilmasi saviyyasina goro mixtalif zaman kasiyindo mixtslif olmusdur. Miixtalif
ddvrlarda ohalinin moanzillo tamin edilmasi anlayisinin 6zii do doyisib vo yeni mozmun kosb etmosi
sababindan problemin hall edilmasi dinamik yanasma talob edir. ©halinin moanzillo tamin edilmasi,
daima dayisan va har zaman kasiyinds 6zlinomoaxsus gostaricilorlo xarakterizs olunan bir anlayis olub,
bir istehsal sahasi kimi tikintinin daima yeni formada vo mazmunda hall etmali oldugu problemdir.

Mahiyyat etibar1 ilo manzil problemi, mazmun va hacm etibari ilo daima doyison, muxtalif
dovrlards yuksok vo yaxud zaif saviyyads olan talob olaraq tikinti sektorunun toklifine uygunlugu ilo
homiso forglonmisdir. Realligda monzilo olan toloblo onun toklifi arasinda miivazinot no
uzunmuddatli inzibati-amirlik (“planli igtisadiyyat), no ds ki, bazar iqtisadiyyat1 dovriinde mévcud
olmamigdir. Azorbaycanda manzil tikintisinin vo monzil probleminin hall edilmasinds bazarin rolunu
aragdirarkon geyd etmoliyik ki, 1992 —ci ildon 2000-ci ilo godor olan dovrii bazar iqtisadiyyatinin
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osaslarinin yaradildigi vo bazar prinsiplorinin formalasma marhalasinds oldugunu nozars alsaq,
todqigatin obyekti Kimi on azindan 2002-ci ildon sonraki dovrii gétiirmok vacibdir. Bu dovr ham do
Olkaya neft galirlorinin daxil olmasinin baglanmasi ils do slagadar oldugundan, igtisadiyyatin biitiin
sahalarinda, 0 climladan tikintinin inkisafinda sigrayis dovrii baglamisdir.
Azorbaycanda monzil tikintisinin dinamikasin1 1-ci cadvalindoki rogomloards izlomok
mumkunddr.
Cadval 1. Azorbaycanda monzil tikintisinin dinamikasi [8]

Illor | Monzil tikintisinin hacmi (1000kv.m) Monzillarin sayi %= lo
1999 416 229 55
2000 487 310 63,7
2001 560 317 56,6
2002 803 439 54,7
2003 1339 745 55,6
2004 1359 1008 74,2
2005 1593 1197 75,1
2006 1583 1139 72,0
2007 1616 1057 65,4
2008 1845 1338 72,5
2009 1501 989 65,9
2010 2049 1422 69,4
2011 2033 1251 61,5
2012 2147 1373 64,0
2013 2403 1567 65,2
2014 2197 1506 68,5
2015 1932 1259 65,1
2016 2121 1510 71,2
2017 2017 1384 68,6
2018 2250 1557 69,2
2019 9469 8794 92,9
2020 5224 4716 90,3
2021 2077 1555 74,9
2022 2816 2212 78,5

Cadvaldan gorunduyi kimi 2000-ci ildan baslayaraq istifadays verilmis monzil sahasinin Gmumi
hocmi suratlo artmaga baslamis, artiq 2003 —c(i ildon baslayaraq 1 milyon kv.m, 2010 —cu ilds isa 2
milyon kv.m —don ¢ox olmusdur. 2019-cu ilds iso maksimal saviyyoys ¢ataraq adambagina 9469
kv.m olmusdur. Sonraki1 dévrds kaskin enma geyds alinmigdir. 2020-ci ildo adambagina 5224 kv.m,
2022-ci ilda iso 2816 kv.m. monzil istifadays verilmisdir.

2019-cu ildo vo ondan ovvalki (¢ ildo Azorbaycan iqtisadiyyatinin biitovlikdo inkisafini
xarakterizo edon UDM-in dinamikas1 ilo monzil tikintisinin hacminin artmasi arasindak1 alageni do
ragamlar vasitasilo migayise etmok magsads uygundur.

Belalikla, cadval malumatlarinin tahlili gostarir ki, 2019-cu ilda Azarbaycanda avvalki va sonraki
illordon ¢ox kaskin sokilda forglonon

Istifadoya verilmis manzil sahasinin hacmi géstaricisinin asasinda avvalki illords UDM-in yiiksok
artim siirati dayanir.

Burada bir xiisusi hali diggetdon gqagirmaq olmaz. Bu xiisusi hal ondan ibaratdir ki, 2016-c1,
2017-ci vo 2018-ci ildo UDM —in artim siirati 13-16 % olsa da , istifadoys verilmis monzil sahasinin
artim siirati i1so 2018-ci ildo 2017-ci illo, 2017-ci ildo iso 2016-c1 illo nishatdo 95% olmusdur. Bu
forglor onu demays asas verir ki, UDM artim siiratinin istifadoyo verilmis monzil sahasina tosiri
novbati illords 0z oksini tapa bilor. Gostaricilor onu demays asas verir ki, insanlar 6z galirlorindan 6z
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monzil soraitini yaxsilasdira bildiklarindon va bir ilin galiri moanzil almaga kifayst etmadiyindan bu
tosir novbati illors Gtlralir.

Cadval 2. Azarbaycanda Umumi Daxili Mohsul istehsali (manatla vo dollarla) [8]

Mlor Milyon manatla Milyon dollarla
2016 60425,2 37862,8
2017 70337,8 4087,9
2018 80092,0 471129
2019 81896,2 48174,2
2020 72578,1 42693,0
2021 93203,2 54825,4
2022 133825,8 78721,1

Cadval molumatlarindan goriiniir ki, manat ifadesinda Azarbaycanin UDM 2019-cu ilds avvalki
il nisbatds 102, 25% olmusdur, yani comi 2,255% artmisdir. Lakin 2018-ci ilin 2017 —ci ilo nisbatan
artimi1 isa 113, 86 % Yyoni 13, 86 % olmusdur. 2017-ci ilds nisbaton artim isa 1,164 %, yani 16,4%
toskil etmisdir.

Natica.

- Son illords  Azarbaycan iqtisadiyyatinin siiratli iqtisadi inkisafin1 tomin edon muhim
amillordon biri monzil tikintisinin hacminin yuksak artim templaridir.2022-ci ildo 2011-ci illo
milqayisads istifadoys verilmis monzil sahasi 6,72 dofs, 2000-ci illo migayisads iso 22, 9 dofo
artmigdir.

- Monzil tikintisinin stratli inkisafi ilk névbade UDM-in artmasi ilo baghdir.2023-cii ilin
yekunlarinda bu asililiq 6ziinii daha gabariq siiratdo gostormisdir.

- Ohalinin Qarabaga va otraf rayonlara koglrilmasi do monzil insaatinda siiratli artimin tomin
edilmasi amili kimi geyd edilmalidir.

- ©Ohalinin monzil probleminin  hallinds acar rolu oynamali olan  monzil bazarinin
formalagmasi problemi hom elmi, ham do praktiki cohoatdon yiiksok aktualliaga malikdir.

- UDM —in artim hacmi va artim siiroti mixtalif illordo  mixtolif rogemlorls ifada1 olunsa
da, ( bax : cadvallordoki rogemlora) monzil tikintisi artim siirati ilk ndvbods 6lkemizde UDM-in
artim  stiratidon asilidir.

- UDM-in artim siiratlori ilo manzil tikintisinin artim siiratlori arasindak1 farglor digor mihiim
amillorlo do sortlona bilar.
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GREEN ECONOMY:: DIRECTIONS AND PROSPECTS

Aliyeva Ruhangiz Tofig - PhD in economics, associate professor, department of Organization and
management of industry, AzZUAC, ruhangiz.aliyeva@azmiu.edu.az

Abstract. The article considers the concept of "green economy" as one of the strategic directions of
economic development in Azerbaijan Republic. The concept of transition to a "green economy™ is
researched and the main problems of the global ecosystem are analyzed. The main factors of the
possibility and limitations of the "green economy™ in the world are listed. The experience of the
countries leading the "green economy" is considered. It is noted that in modern conditions, the
development of a "green economy" will significantly reduce harmful emissions to the planet, and
responsibility for pollution is shared between countries. The main directions of the "green economy"
are identified, such as green energy, green transport, green technologies, green tourism, green
agriculture. A more detailed analysis of the effectiveness of the development of the "green economy"
in Azerbaijan is made. It is established that the reduction of public investment in environmentally
harmful industries and the increase in tax rates for harm to nature will draw the attention of businesses
to clean technologies. Based on the research, the prospects of the "green economy" in Azerbaijan are
summarized and the corresponding conclusions are made.
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YASIL iIQTISADIYYAT: iISTIQAMOTLOR VO PERSPEKTIVLOR

Oliyeva Ruhangiz Tofiq qiz1 —i.0.f.d., dosent, Sonayenin togkili vo idars edilmasi kafedrasi,
AzMIU,ruhangiz.aliyeva@azmiu.edu.az

Xulasa. Magalada Azorbaycan Respublikasinda iqtisadi inkisafin strateji istigamatlorindan biri kimi
“yasil igtisadiyyat” konsepsiyasina baxilmisdir. “Yasil iqtisadiyyat”a kegid konsepsiyasi aragdiriimig
Vo global ekosistemin asas problemlori tohlil edilmisdir. Diinyada “yasil iqtisadiyyat”in imkanlarinin
vo moahdudiyyatlorinin asas amillori gosterilir. “Yasil iqtisadiyyat”da lider olan 6lkalorin tacribosi
nozardon kegirilir. Qeyd olunub ki, miiasir soraitds “yasil igtisadiyyat”in inkisafi planets atilan zororli
emissiyalar1 ahamiyyatli dorocodo azaldacaq vo cirklonmaya gdro mosuliyyat 6lkalor arasinda
boliisdiiriiliir. Yasil enerji, yasil naqliyyat, yasil texnologiyalar, yasil turizm va yasil kond tasarriifati
kimi “yagil iqtisadiyyat”in osas sahalori mioyyan edilmisdir. Azorbaycanda “yasil iqtisadiyyat”in
inkisafinin somoraliliyinin daha otrafl tohlili aparilmigdir. Miiayyan edilib ki, ekoloji cohatdon zararli
sonayelora dovlat investisiyalarinin azaldilmasi va atraf mihits doyan ziyana gors vergi daracalorinin
artirilmast biznesin digqgatini tomiz texnologiyalara yonoltmosino gotirib ¢ixardacaq. Aparilmig
todgigatlar osasinda Azorbaycanda “yasil igtisadiyyat”in perspektivlori Umumilasdirilir vo muvafiq
naticalor verilir.

Acar sozlar: yasil iqtisadiyyat, somoralilik, ekologiya, resurslar, investisiyalar

Introduction. In modern conditions, traditional production is becoming sustainable.
Enterprises are introducing certification of healthy and environmentally friendly buildings, and
people are demanding more environmentally friendly goods and services. The modern economic
structure is being transformed towards environmental sustainability and increased resource
efficiency, the ability to withstand environmental challenges and risks, as well as a wider and more
reasonable use of environmentally friendly technologies and innovations. Greening implies a
compromise between economic, environmental and social goals.

A clean, innovative and resource-efficient "green economy" takes into account the value of
the environment, natural resources, the quality of sources of financial growth, and also develops such
key elements as efficiency, stimulation, transformation, sustainability and inclusiveness. The
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introduction of sustainable production implies the analysis and elimination of factors leading to
deterioration of the environment and quality of life. The delayed economic consequences of
environmental degradation and depletion of natural resources are considered, and the economic
benefits of rational use of natural resources are determined to reduce future costs of reclamation and
restoration of biological diversity lost due to extensive development.

The methodological basis of the research was the works of domestic and foreign economists
on various aspects of assessing the state of the green economy, materials from specialized journals,
and periodicals. The article used general scientific research methods: comparative and factor analysis,
systems approach.

The essence of green economy. In modern conditions, the development of economies of
states based on environmental degradation and depletion of natural resources cannot be sustainable.
Therefore, many countries are actively searching for new models of economic development related
to environmental factors: green economy, green growth economy, bioeconomy, low-carbon
economy, blue economy, brown economy, and others. The listed new economic models can be
considered different types of green economy.

According to the UN Environment Programme, a green economy "improves human well-
being and ensures social justice, while significantly reducing environmental risks and degradation."
Key features of a green economy include: efficient use of natural resources; conservation and
enhancement of natural capital; reduction of pollution; prevention of biodiversity loss; low carbon
emissions. Based on the above, we note that the goal of a "green™ economy is to balance unstable
ecological and socioeconomic systems for the survival of human civilization. At the same time,
international studies of this issue, if summarized, offer the following set of factors of opportunities
and limitations of the transition to a green economy. Factors of possible transition to a green economy
include: growth of population incomes and creation of additional jobs; environmental protection;
development of new technologies; real resources for investment. Factors limiting the transition to a
green economy include: the problem of choosing between economic and environmental gains;
aggravation of the geopolitical struggle for resources; open markets and fierce competition leads to
an increase in the extraction of natural resources.

Based on the analysis of the factors of opportunities and limitations of the transition to a green
economy, we believe that it is most appropriate to rely on the experience of countries that have
succeeded in forming a green economy. The governments of the member countries of the
Organization for Economic Cooperation and Development and key partner countries of this
organization have developed and are implementing hundreds of special measures to stimulate the
development of a green economy. At the same time, in today's conditions, it is advisable to evaluate
global, regional and national initiatives to develop a green economy in the context of a green recovery.
The 2020 Green Stimulus Index report, prepared by the British consulting company Vivid Economics,
assessed the efforts of 23 major economies on the effectiveness of stimulus packages adopted to
support nature and the climate. In this rating, the best marks were received by measures taken by the
EU within the framework of the European Green Deal, as well as Germany and South Korea. [12]

Analysis of the state of the green economy in Azerbaijan For a long time, the development of
Azerbaijan, as well as most countries in the world, was focused on achieving economic growth,
mainly due to the intensive and irrational use of natural resources. The depletion of natural capital
due to active exploitation was aggravated and thus did not allow the country's ecosystem to recover.
In recent years, it has become obvious that further movement along the path of economic growth,
without due consideration of environmental and social factors, poses threats to both current and future
generations. In Azerbaijan, the understanding of the "green" economy is defined as an economy that
leads to an increase in human well-being and strengthening social justice while significantly reducing
risks to the environment, preserving and increasing natural capital, effectively using resources and
stimulating the preservation of the country's natural ecosystems. In a green economy, income and
employment growth is achieved through public and private investment aimed at reducing carbon
emissions and pollution, creating green jobs accessible to women and men, creating a healthy and
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supportive environment for the population, and increasing the efficiency of energy, resource and
ecosystem services use. [2]

The Conference of the Parties to the UN Framework Convention on Climate Change COP29,
which took place in 2024 in Azerbaijan, is a logical continuation of the country's transition strategy
to a green economy. In accordance with this mission, by the Order of the President of the Republic
of Azerbaijan Ilham Aliyev, 2024 was declared the "Year of Solidarity for a Green World" in
Azerbaijan. [7,8]

One of the most ambitious "green” initiatives of Azerbaijan is the declaration of the Karabakh
and Eastern Zangezur regions as "green zones". These regions are being rebuilt taking into account
the principles of sustainable development and a "green™ economy. It is planned to create zero-carbon
zones in the liberated territories by 2050. For Azerbaijan, the transition to a green economy is an
urgent need, since the country's socio-economic development is largely based on the consumption of
natural resources. Intensive use of natural resources certainly makes a significant contribution to
economic growth in the short term, but it is important to understand that in the long term it will lead
to significant negative consequences: widespread poverty and deterioration of public health due to
polluted air and poor quality drinking water, lack of food and energy.

Currently, there are alarming trends in Azerbaijan. CO2 emissions from the energy production
and consumption sector account for 80.9% of global anthropogenic greenhouse gas emissions. The
largest amount of greenhouse gases are emitted by the energy supply sector, which includes all
processes of energy production, conversion, storage, transmission and distribution, except for those
that use secondary energy to provide energy services in end-use sectors.

Table 1. Increase in greenhouse gas emissions by sector (in million tonnes of CO-
equivalent)

2010 2015 | 2019 |2020 |2021 | 2022

Energy 41,0 47,4 49,0 49,8 53,4 54,3
Industry 2,1 3.4 3,3 3,2 3,3 4,1
Agriculture 7,2 8,7 8,0 9,0 7,6 8,1
Land use, land conversion and -5,4 -7,1 -7,5 -8,5 -7,7 -8,9
forestry

Waste 2,3 0,9 1,4 1,4 1,5 1,5
Excluding land use, land 52,6 60,4 61,5 62,4 65,8 68,0

conversion and forestry, total
Including land use, land conversion | 47,2 53,3 |541 |539 |581 59,1
and forestry, total
Carbon dioxide (CO2) emissions 0,6 0,6 0,6 0,6 0,6 0,6
per unit of value added, kg/USA

*The symbol “-” indicates the absorption of gases that create a thermal effect.

As can be seen from the data in Table 1, it is shown that in 2022, 80.9% of the gases emitted
into the atmosphere were from the energy sector, 12% from agriculture, 6.11% from industry and
2.24% from waste. Studies have shown that in Azerbaijan, the transition to a green economy will be
carried out in the following “green” directions: green industry, green energy, green tourism, green
agriculture, green transport, green city, green waste recycling, green education [11]

Green energy. The main fuel and energy resources in Azerbaijan are oil, gas, electricity, hot
water and fuels and lubricants. However, forecasts by leading energy agencies note the growing
electrification of energy as one of the main trends in the development of the global energy system,
along with the rapid deployment of clean energy technologies and their reduction in cost. [3,5]
Considering that the main components of sustainable "green" energy are energy security,
environmental protection and energy for quality life, the goal in the energy sector by 2030 will be to
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reduce the energy intensity of GDP while simultaneously increasing access of citizens and economic
entities to reliable and modern energy supplies. Thus, Azerbaijan aims to reduce greenhouse gas
emissions by 35 percent by 2030 and by 40 percent by 2050 compared to 1990.

Azerbaijan is one of the countries with high potential for renewable energy. According to the
Ministry of Energy, the technical potential of renewable energy in the country is 135 GW onshore
and 157 GW offshore. The economic potential of renewable energy is 27 GW, including wind energy
- 3 thousand MW, solar energy - 23 thousand MW, bioenergy potential - 380 MW. The potential of
mountain rivers is estimated at 520 MW. [4] The establishment of a “green” energy zone in
Nakhchivan once again underlines Azerbaijan’s commitment to sustainability, which is expected to
strengthen partnerships with major international partners such as BP, Masdar, ACWA Power and
Fortescue Future Industries.

Taking into account the above obstacles and barriers, the achievement of the goal set in the
energy sector will be ensured by solving the following tasks:

1) improving the system for assessing and monitoring the state of the energy sector;

2) improving energy policy;

3) increasing the transparency of the fuel and energy sector and ensuring the breakeven point of
energy companies;

4) increasing the efficiency of energy consumption;

5) increasing the share of renewable energy sources in the total volume of final energy consumption;
6) raising public awareness of energy conservation and renewable energy sources

Green agriculture. In Azerbaijan, agriculture is one of the priority areas of the real sector of
the country's economy. It is represented by multidisciplinary agricultural production: crop production,
livestock farming, water management, plant protection and quarantine, mechanization, veterinary
medicine, land use, food and processing industries. In recent years, there has been some increase in
the total area of land used in agriculture. From 2015 to 2023, the area of sown land suitable for
agriculture increased from 1897.5 hectares to 2037.4 hectares. The involvement of new lands in
agricultural circulation and a significant increase in the area of cultivated land, first of all, contradicts
the requirements of protecting biological diversity. This situation also increases the risk of increasing
greenhouse gas emissions into the atmosphere, which can disrupt the established order of ecosystem
services. The need to preserve biodiversity on lands is considered a key motivator for sustainable
development. [9]

Achieving sustainable resource management in agriculture and developing resource-saving,
organic and climate-resilient agriculture that contributes to increased productivity in the sector is
planned through the implementation of the following tasks:

1) achieving sustainable land and water resource management in the agricultural sector through
proper planning;

2) developing the organic agriculture market;

3) improving the regulatory framework governing the development of "green" agricultural
production;

4) financing "green" agriculture;

5) increasing capacity by informing and training rural producers in "green™ agriculture methods;

6) adapting to climate change and mitigating its negative consequences.

Green industry. According to the UN program, the process of "green™” industrialization
includes increasing the efficiency of resource use, compliance with environmental standards and the
maximum possible use of renewable energy sources. In order to identify potential solutions for
"green" industrialization, it is necessary to analyze the industrial environmental situation in
Azerbaijan. In 2022, 3 million 984.1 thousand tons of waste were generated in Azerbaijan, which is
5.4% more than in the previous year. Of this, 66.7% was municipal solid waste, and 33.3% was
industrial waste. Of the 2 million 658.3 thousand tons of municipal solid waste generated last year,
21.2% was used to generate energy. As a result of the production activities of enterprises in 2022,
337.1 thousand tons of hazardous waste were generated, and their share in the total waste was 8.5%.
According to the data, 63.1% of waste was generated at mining enterprises, most of which were
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located in Baku. Last year, 55 thousand tons of hazardous waste were completely neutralized,
including waste from previous years.

To achieve this goal, it is proposed to solve the following tasks:

1) identify the potential for the implementation of measures for the efficient use of resources in
energy- and water-intensive industrial sectors;

2) improve industrial management in the field of environmental protection and strengthen industrial
symbiosis in free economic zones;

3) implement measures for resource efficiency and cleaner production through the creation of a
National Cleaner Production Center;

4) improve regulation in the field of environmental protection for industry.

Green transport. The main source of air pollution in the cities of Baku, Ganja and Sumgait
iIs the transport sector. From the point of view of sustainable development, the transport sector affects
the standard of living of the population through factors such as air quality, time spent in traffic jams,
fuel prices, public transport fares, public transport speed and comfort. Emissions of pollutants into
the atmospheric air from fuel consumed by motor vehicles in the country in 2023 amounted to 820.8
thousand tons, of which carbon monoxide 556.3 thousand tons, nitrogen oxides 104.2 thousand tons,
hydrocarbons 144.9 thousand tons. The average annual concentration of carbon dioxide in the city of
Baku was 2000 mcg/m3, in Ganja 1500 mcg /m3, in Sumgait 1300 mcg /m3.

Taking into account the above problems and barriers, the achievement of the set goal will be
ensured by solving the following tasks:

1) increasing the share of public transport on low-carbon fuel and electricity in the cities of Baku and
Sumgait;

2) improving the public transport management system in the cities of Baku and Sumgait;

3) creating electric charging infrastructure in the city of Baku;

4) developing and implementing administrative and economic instruments to create basic conditions
for stimulating demand for electric vehicles in the cities of Baku and Sumgait.

Green tourism. The importance of the tourism industry is also noted in the global objectives
of the Sustainable Development Goals, which highlight the need to ensure the development and
implementation of strategies to encourage sustainable tourism, which contributes to job creation,
development of local culture and production of local products. Azerbaijan has high tourism potential
and a number of favorable conditions for the successful development of the tourism sector. However,
against the background of record dynamics of world tourism, tourism development in Azerbaijan
remains at an average level. The Tourism Marketing Development Strategy for 2024-2026 focuses
on four areas: nature and adventure, cultural tourism, medical tourism and business tourism. The set
goal in the field of tourism will be achieved by solving the following tasks:

1) ensuring the development of the legal and institutional environment for the transition to sustainable
tourism;

2) development and implementation of tools, mechanisms for stimulating and supporting the
transition to sustainable tourism;

3) stimulating the development of sustainable tourism in the regions through zoning, branding of
regions, increasing the potential and developing small infrastructure.

"Green' cities. Azerbaijan is divided into 63 districts, 79 cities and 1 autonomous republic
- the Nakhchivan Autonomous Republic. The capital is Baku, a large industrial center, transport hub
and seaport. The main cities are Ganja, Sumgait, Mingachevir, Nakhchivan. Population - 10180.8
thousand people (01.01.2024).

At present, it is necessary to start with the definition, revision of the territory's resources, with
the analysis and assessment of the potential of cities, taking into account the social, economic and
environmental aspects of development, including the analysis of urban development strategies. Thus,
it is necessary to consistently solve the following priority tasks: To achieve this goal, the following
tasks will be solved:

1) creation of a regulatory, legal and institutional framework for the development of green cities;
2) creation of a city management system, taking into account the principles of "green" cities;
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3) development of engineering, technical and communication infrastructure (networks and roads) of
cities, ensuring safety, environmental sustainability and a socially inclusive environment;
4) information and training.

Municipal waste management. Given the diversity of waste and the need to use different
approaches to solving problems with various waste, depending on their origin, hazard class, and
condition, the implementation of this Program provides for a solution to the problems of municipal
waste management. This will create the necessary prerequisites that will affect the reduction of waste
generation volumes by 2030, attract the necessary investments, and develop the waste recycling sector
in the country. According to statistics, in 2023, 4,086.1 thousand tons of waste were generated in the
country, of which 66.6% were municipal solid waste, and 33.4% were various types of waste
generated as a result of the industrial activities of enterprises. In 2023, out of 2,719.6 thousand tons
of municipal solid waste, 79.4% were taken to landfills for disposal, 19.5% were used to generate
energy, and 1.1% were sold within the country. The use of household waste generated 223 million
kW of electricity, which is 8.6% more than in 2022. [7, 9]

Taking into account the set goal and existing problems, the state policy in the field of
municipal waste management will be aimed at solving the following tasks:

1) introduction into the regulatory framework of the norm on the use of separate collection of
municipal waste, facilitating the involvement of secondary material resources in economic
circulation;

2) introduction into the regulatory framework of modern economic mechanisms for waste
management;

3) ensuring proper state control and supervision at all stages of waste management;

4) raising the level of awareness, environmental education and interest of the population in the field
of separate collection and minimization of waste generation.

Green Finance. A number of countries around the world are implementing various types of
sustainable finance programs, given that this type of financing is one of the fundamental ones for
ensuring sustainable development. The green finance market is a rapidly growing and promising
segment of the global financial market. Thus, according to Spherical Insights, the global green finance
market was valued at $4.18 trillion in 2023, and is projected to grow to $28.71 trillion by 2033. The
government of Azerbaijan is looking to benefit from this growing sector, while significant
investments are needed to achieve the country's carbon emission reduction goals. According to the
World Bank, Azerbaijan will need $40 billion by 2060 to achieve a significant reduction in emissions,
with 40 percent of the financing expected to come from the private sector, especially the banking
segment. Azerbaijan is not only focused on obtaining international green financing, but is also
working to create a domestic framework to stimulate green investments.

As banks make up the majority of Azerbaijan’s financial sector, the new criteria will ensure
that they play a crucial role in the country’s green transition. As part of a broader push for green
finance, Azerbaijan’s banking sector has already demonstrated strong support for environmentally
friendly initiatives. This is evident in sectors such as transport, where new electric buses have been
introduced to Baku, and agriculture, where innovations such as drip irrigation systems supported by
bank financing are helping to address water shortages. The Central Bank has also approved a financial
sector regulatory framework that places an emphasis on green finance, a significant step in advancing
the country’s green agenda. Some of the most common and effective green fiscal instruments in the
world are green taxes (fuel and carbon taxes), environmental charges, tax incentives and government
subsidies for green industries and service providers.

It is obvious that the transition to the principles of a "green" economy will affect the interests
of different segments of the population: businesses, city dwellers, farmers. However, without the
introduction of "green" fiscal instruments, development in other areas of the "green™ economy is
impossible. The fiscal instruments that Azerbaijan chooses must be adapted to specific national
characteristics. They must be developed taking into account the specific problems, history, political
context, environmental challenges and the fiscal environment that the republic faces. Within the
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framework of the introduction of "green” fiscal instruments, it is proposed to solve the following
tasks:

1) the introduction of "green" taxes;

2) increasing the efficiency of environmental payments;

3) reforming environmentally harmful subsidies;

4) the introduction of "green" state subsidies.

Human capital development. Human development and availability of qualified personnel
are key conditions for the transition to a "green™ economy and implementation of sustainable
development principles in Azerbaijan. It is high human potential and awareness of the population that
will allow successfully implementing all sectoral and national development programs. In order to
increase the level of knowledge and potential of civil servants in the implementation of the principles
of a "green" economy and sustainable development, the following tasks have been identified: 1)
increasing the potential of civil servants and municipal employees on "green™ economy issues; 2)
increasing the potential of universities to provide modern knowledge in the field of "green™ economy
and conduct scientific research; 3) raising awareness of the business community about the benefits of
a "green” economy and the population on sustainable development and climate change.

Conclusions. In modern conditions, the increasing risks and threats of depletion of natural
resources and environmental pollution emphasize the need and relevance of the development of a
"green" economy in Azerbaijan. The country needs to change its state policy towards stimulating:
energy efficiency and energy conservation, energy production from renewable sources, improving
the efficiency of water and land management in urban and rural areas, an ecosystem approach to
adapting to climate change, monitoring and accounting of ecosystem services. Ultimately, all
transformations should be aimed at a positive impact on the quality of human life and the
environment.
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PARALEL QAZ KOMORLORI SISTEMININ Q9ZA REJIMLORININ IDARDO
OLUNMASIDA QABAQCIL MUHONDISLIK YANASMALARIN TOTBiQ MOQSODILO
REKONSTRUKSIYASI

Bliyev Ilqar Qiyas oglu- t.i.f.d., dosent, Bina vo qurgularin istismari vo rekonstruksiyasi kafedrast,
AzMIU, i_qg_aliyev@mail.ru

Xilasa. Mdvcud paralel gaz boru kamorlarin geyri-stasionar rejiminin istismar proseslarini idaroetma
sistemlori somarasiz va texniki cohotdan ¢atindir. Bundan olave, fiziki asinmig vo maasir idaroetmoa
texnologiyalariin talablarine cavab vermayan kéhnalmis elementlori kifayat qodar suratli reaksiya
vermirlar va problemi otraf mihito ¢ox miqdarda gaz itirdikdon sonra bildirirlor. Bu mogsadlo
movcud qaz kamari sistemlarinin rekonstruksiya marhalasinds manfi naticalorin aradan galdirilmasi
mogsadilo muasir idaroetmo metodlarini gobul edan yeni texnoloji sxemlarin islonilmasi ¢ox vacibdir.
Bu isdo paralel qaz komorlorinin geyri-stasionar qaz axminin riyazi modelinin tohlilinin hoyata
kecirilmasi naticasindo texnoloji proseslara nozarat vo idarsetma montogesinin informasiya bazasi
liclin masin Gyronmasi texnologiyasina osaslanan alqoritm toyin olunmusdur. Toyin olunmus
algoritm boru kamarlarinds texniki istismarinin prognozlasdirilmasi vo gaza hallarinin idars edilmasi
mogsadilo mihandis texnologiyalari masalalorinin halli Ggiin tdvsiys oluna bilor.

Acar sozlar. Tozyiq sensoru, ayrici cihazlar, klapan, slagalondirici boru, texnoloji sxem, algoritm
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technologies, fail to react quickly enough and only report problems after a significant amount of gas
is lost to the environment. For this reason, it is crucial to develop new technological schemes that
adopt modern control methods in the reconstruction phase of existing pipeline systems in order to
eliminate negative outcomes. In this work, based on the analysis of the mathematical model of non-
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Giris. Qoza rejimlorin idaroetma sistemlorinin tokmillogdirilmasi istigamotinds paralel gaz
komori sisteminin istismar etibarliligini artirmaq tiglin mévcud kdhnolmis elementlarin daha musir
elementlorlo ovoz olunmasi vacib mosalordon biridir. Belo ki, qaz paylama sobokalorinin igini
modellasdirarkon hamin elementlori vo ayirma cihazlarini (kranlari) paralel qaz boru sabakalarine elo
yerlosdirmok lazimdir ki, gaza hallar zamani qaz sizmalar1 naticasinds otraf muhito doyan zararin vo
eloco do gaz veriminin sorfinin azalmasi sobabindon istehlakgilara doyan zararin minimuma
endirilmasini tamin etmok mimkin olsun. Onu da geyd etmok lazimdir ki, rekonstruksiyanin texniki-
igtisadi somoraliyi Ugun slave qurasdirilmasi nazords tutulan ayirma kranlari vo elementlori paralel
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boru sobokasinin strukturuna qurasdirilmasi zamani onlarin tikinti-qurasdirma va istismar Xarclorini
nazors almaq lazimdir.

Rekonstruksiya saraitinds ayirma cihazlarin ( kranlarin) vo elementlorin rasional yerlosdirilmasi
uclin gaz paylama sistemlorinin ilikin parametrlori ilo yanas1 istehlakgr miiassisalorin
katiqoriyalarinin miiayyon edilmasi talob olunur [13]. Bu halda idarsetms metodunu se¢mok
morhalasinds paralel qaz sobokanin etibarli va tohliikasiz istismara verilmasi ticuin daha optimal vo
rasional Usul secmok problemini hall etmak lazimdir [11,22,26]. Paralel gaz kamorlori sistemlarin
istismar1 vo rekonstruksiyasi zamani idarsetma gorarlormin gobulu muxtslif texniki vo iqgtisadi
problemlor yaradir. Belo ki, bir ¢ox hallarda onlara avtomatlasdirilmis nozarot sistemi totbig
olunmadan homin problemlari hall etmok mimkin olmur. Bu magsadlo tadqiq olunan isdo paralel
gaz kemorinin Xxotti hissasinin geyri-stasionar is rejimlarinin monitoringi vo idars edilmasi Ggln
metodlar vo riyazi modellor toklif olunur. Homin modellor paralel gaz komarinin istonilon hissasinin
biitovlityliniin pozulmasi naticasinds yaranan texnoloji proseslarin dinamik xususiyyatlarini tohlil
etmoys Vo hesablamaya imkan veron tozyiq funksiyalarina asaslanir.

Materiallar va metodologiyasi. Bu isin metodoloji osas1 paralel qaz komorlorin
rekonstruksiyasinda geyri-stasionar gaz naglinin texnoloji prosesinin avtomatlasdirilmis idaraetma
sistemlarinin tokmillogdirilmasi Uciin texnoloji sxemlarin va alqoritmlarin yaradilmasidir. Buda, qaz
nogli sistemlorinin somoraliliyinin, etibarliliginin vo tohlikasizliyinin artirilmast kimi miithiim
problemlori lazim olan soviyyads hall eds bilor.

Beloliklo, movcud paralel gaz komorlorinin rekonstruksiyasi {igiin miiasir ayirict cihazlar vo
elementlordon istifado edorok qeyri-stasionar qaz axinlarmin etibarli idaro edilmasi mogsadilo
asagidaki struktur sxemi toklif olunur (Sokil. 1).

Paralel boru kamorlarinds goza saraitinds qaz axin selinin bir boru diiziimdon digar boru diiziima
otaralmasi mogsadilo qurasdirilan olagelondirici bornun diametrini  gaz komarinin borusunun
diametrino barabor gobul edilmisdir. Eyni zamanda qaz kemoari istismara verilon andan onun ilkin
parametrlorin (P1, P2, Go, L, d) giymatlori ilo yanasi alagolondirici borular arasindaki masafonin

olcusii (£) gaz kemorinin texniki pasportunda geyd olunur.
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Sakil 1. Paralel gaz kamarlarinin rekonstruksiya moarholasinds toklif olunan struktur sxemi.
1-zodoslonmamis boru xatti; 2- boru Xottin ayirici kranlari; 3- paralel boru diizimlori
alagolondiran boru xatti (alagolondirici borular); 4- slagslondirici borularin ayrici kranlart; 5-
klapanlarin vaziyyatina nazarst sensoru; 6- simsiz tazyiq sensoru: 7- zodalonmis boru xatti.

L-gaz komoarini uzunlugu, m: P1- stasionar rejimds gaz komorinin baslangic tozyiqi, Pa; P»-
stasionar rejimda gaz kamorinin son hissasinds tozyiqi, Pa; Go- gqaz kemarinin baslangicinda kiitlo

sofi, Paxsa - d_horu kamearinin diametri, m; - slagoelonbirici borular arasindaki mosafa, m.
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Sakil 1-5 asason paralel gaz komoarina avtomatik baglayici kranlarin  qurasdirilmasi asagidaki
kimi nazorda tutulur. Qaz kamarinin baslangic hissasinds olan alagalondirici borudan sonra va son
hissasinds olan slagslondirici borudan avval qurasdirilmasi nazords tutulur. Paralel gaz kamarinin
digar hissasinds olan olagslondirici borularin hom saginda ham do solunda boru sabokasinin har
birino avtomatik baglalanan kranin qurasdirilmasi nazardos tutulur.

Qoaza rejimlorinds gaz komarlarin somorali idarsedilmasi iiciin kranlarin avtomat olaraq iso
salinmasi naturada 6z totbiqini tapmisdi. Ovvallor qaz kemorinds gaz tozyiqinin diismo siratine
asason kalibirlonan klapanlar gaza rejimlarinds tozyiqin diisma strati 0,1 MPa/dag-don ¢ox oldugu
halda har bir krani ayriligda avtomatik olaraq iso salirdi [8]. Son zamanlarda iso klapanlarinin
vaziyyatino nozarot sensorlarin  totbigi naticasindo kranlarin avtomatik olaraq iso salmasi
texnologiyas1 naturada ugurla sinaqdan kesirilib vo 0z tosdiqini tapmisdir [12].

Bizim toklif etdiyimiz sxemin osas Ustiinliyd ondan ibaratdir ki, qaz sizmasi bas verdikdo
klapanlarin kalibrlonmasi (k6klonmasi) tokcs tozyiqin diisma slratina géra yox, ham do klapanlarin
vaziyyatino nazarst sensorunun iso diismosing osaslanir. Bu da goaza rejimlorinds kranlarin igloma
etibarhigimi yiiksaldir. Belo ki, paralel gaz komori borulardan birinin biitévliyii pozuldugu halda
sizma yerind on yaxin olan kranin klapani tozyiq diismo slratinin kalibrlonma giymatinds (tozyiq
diismo slroti dogigods 0,2-0,5 MPa -a ¢atir [5] ) baglanir. Homin baglanan kranin klapaninin
Vaziyatina nozarat edon sensor avtomatik olaraq iso diisiir vo sizma noqtasinin digar tarafinds olan
kranin klapanina nazarat edon sensoru da iso salir. Iso salinan sensor nazarot etdiyi klapani iso salarag
avtomatik olaraq krani baglayir. Beloliklo, hom tozyiq diisma stratinin mohdud giymatino vo ham do
klapan sensorlarin iso diismosine gora kalibrlonan klapanlar sizma yerinin sag va sol hissalorandaki
kranlar1 eyni vaxtda avtomatik olaraq iso salaraq baglayir. Sokil 1-don gorundiyd kimi gaz naql
etdirici paralel boru komoarins qurasdirilan avtomat kranlarin klapanlarinin har biri onlarin vaziyysting
nozaroat sensorlart ilo tochiz olunur. Olagolondirici borularin addimlari araliginda olan boru
dizidmlarina qurasdirilmis avtomat kranin klapanlarina nozarst sensorlar1 asyalarin internet slyuzun
texniki amoliyyat imkanlar1 vasitasilo bir-birina baglanirlar. Bu yolla klapanlara nazarat sensorunun
birinin iso diismasi ona bagl olan sensoru avtomatik olaraq iso sala bilir. Paralel gaz kemarinin
olagalondirici borularina qurasdirilmis pnevmatik kranlarin uzaqdan idaroetmo sistemi ilo iso
salinmasi t¢ilin iso SiMSiz tozyiq sensorlar1 nazords tutulur [3,14]. Sokil 1-don gortndiyl kimi,
tozyiq sensorlarmin qaz komorlorinin slagslondirici borularin yerlosdiyi hissado boru komarina
quragdirilmast toklif olunur. Bu sensorlar boru diziimlorinds doyison tozyigin vaziyyati hagqinda
molumatin internet iizorindoan idarsetma montogoasindos izlonmasino imkan verir.

Moalumdur ki, boru kemorlorinds texniki istismarimin prognozlagdirilmasi vo goza hallarinin
idars edilmasi tiglin asagidaki texnologiyalar movcuddur: agyalarin interneti [6]; masin dyranma va
stini intellekt [1,20]; real vaxt orzindo molumat Oturilmesi iigin 5G kimi gabaqcil rabito
protokollar1[18,24]; Arduino Uno nazaratgisi -malumatlarin toplanmasi va tohlili ti¢iin Bulud yaddasi
[7,15,27]; hibrid modellor [4]; real vaxt monitoringi vo ya siini intellekt [2,18]. Bu texnologiyalar
murokkab gaz nogli sistemlarinds getdikco daha ¢ox rol oynayir vo gaz kemarlarinin somorali
istismar1 i¢lin nozora alinmalidir. Malumdur ki, magistral vo paylayict qaz komarlori yasayis
montagolorindon asason uzaq va olcatmaz yerlords layihalondirilir. Ona goro da, avvallor bu gaz
boru komoarlarinin texnoloji rejimina nazarat ¢atin oldugu {iglin onlarin texniki istismar xorclori
miivafiq olaraq ¢ox olurdu. Indi iso qaz kamarlorinda bas veran doysikliklori innovasiyanin tatbiqi ilo
onlara qurasdirilmis qurgular vasitasils internet Gizarindan, uzaqdan miisahids oluna va izlanils bilor.
Buna misal olarag, gaz keamarinin xatti hissasinin geyri-stasionar ig rejimlarinin monitoringi vo idars
edilmasi ¢un totbig olunan agyalarin interneti (Iot) texnologiyasi metodunu vurgulamaq olar [26].
Osyalarin interneti (IoT) texnologiyasi aparat, program va sobokani ehtiva edon cihazlarin garsiligh
olago qurmasina, birgs foaliyyat gostormasine va molumat paylasmasina imkan veran bir sistemdi.
Hal-hazirda osyalarm Interneti texnologiyasinin sensorlart hamin boru kemarlarinin texnoloji vo goza
rejimlorini uzaqdan internet tzorindon real vaxt rejiminds izloyir vo alinan molumatlari birbasa
nozarat montoagalorina gondarir. Belo ki, bir sizma agkar edilorso homin sistem boru komarini
zodolonmis hissasini asas hissasindan ayirmaq ¢iin kranlar1 avtomatik olaraq ise salir (baglayir). Bu
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mosalorlo bagli ¢oxsayl yerli vo xarici islorde baxilmisdir [9,10,19,21,23,25,29]. Homin asarlorda
muolliflar geyd olunan son texnologiya vo metodologiyalarin qaz kamorlaring inteqrasiyasinin qaz
boru sistemlarinin somaraliliyini, tohlikasizliyini vo etibarliligini artiracagi haqqinda tasvir etmislar.
Toqdim olunan materiallarda, albatto ki, Xatti boru kamarinin naglinds sizma yerinin agkarlanmasi
isullarina vo yalniz bu prosesin naticasinds sobakasinin biitiin uzunlugu boyunca geyri-stasionar gaz
axininin parametrlorinin tohlilino genis yer verilmoamisdir. Bizim tadqiqatin asas forgli cohati paralel
gaz kemorinin geyri-stasionar qaz axmin miixtalif kecid proseslori tohlil edilir. Bels ki, paralel gaz
komorlorinin boru Xottinin birinin  biitovliyiiniin pozulmasi soraitindo Sokil 1-o oasason boru
komoarinin zadslonmis yerinin saginda vo solunda olan kranlarin iso salinmasi prosesisi ilo yanasi
istehlak¢ilarin fasilasiz gazla tomini moagsadilo slagelondirici borulara qurasdirilmis pnevmatik
kranlarin uzaqdan iso salinma proseslari birgs tohlil edilir. Boru kamari izarindaki kranlar baglanan
andan (t=ty) slagslondirici borularin igo salinmasi (agilmasi tozyiqin doyismasi giymatlori) miiddastine
(t=t2) kimi zodalonan boru xattinin (¢ forgli hissesinda bir-birindon farglonan geyri-stasionar gaz
axin1 parametrlorin tohlilina genis yer verilmisdir. Elocads, hamin kegid proseslorin is rejimlorinin
gazodinamik prosesinin bir nazarst montagoasi vasitssilo idaroetma metodun gobulu magsadils
texnoloji sxemi islanilir. Bu todgigatda paralel gaz kemorlarin goza soraitinds zodsalonmis hissanin
lokalizasiyasi ligiin  klapan sensoru ilo yanasi kegid proseslarin izlonilmasi tguin tazyiq sensorunun
totbiqi toklif olunur.

Sakil 1-0 asasen kranlar baglanan andan zodolonmis boru xattin ti¢ fargli hissasinds (0 < x<¢,,

0, <x<l,4,(;<x<L) bas veron gazodinamik prosesin riyazi modellori biz torafdon todgiq olunan

[17] isdo genis tohlil olunmus va ¢ forgli hisso iglin geyri-stasionar qaz axinin tozyiq funksiyalari
asagidaki ifadslordan ibaratdir [17].
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Qeyri-stasionar gaz axinin nazari dayarlarin eksperimental tahlili. Forz edok ki, gaz
sizmasiin lokalizasiyasi moaqsadilo boru komorlarina quragdirilimis kranlarin  t=t1=300 saniys
muddotinds Klapanlar vasitasilo avtomatik olaraq baglanir. Onda paralel qaz komorinin forgli olan har
Uc hissasi Uglin geyri-stasionar qaz axinin doyismasi qanunauygunlugunu tayin etmok ti¢iin baxilan
konkret gaz komorinin asagidaki verilonlorini gobul edirik [17].
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P,(0,t,)=13.36 x10*Pa; P,(5000,t,)=12.82 x10*Pa; P;(10000, t, )= P, (10000, t,)=12.19 x10*Pa;

Paxsan

P, (14500, t,)=11.56 x10*Pa; G, =10 ; P,(20000, t; )= P,(20000, t, )=11.24 x10*Pa;

P;(25000,t,)=10.86 x10“Pa; P, =11x10*Pa; P,(30000,t,)=104x10*Pa; P, =14x10*Pa; L =3x10"m; ¢, =1x10*m;
m 1

(,=145x10"m; 7, =2x10*m; c=383.3—; 2a=0.1—
Sec Sec

Baxilan miiddat Gglin  Go(t)=Gs (t)=constant gobul etmok olar [17]. Onda, (1) ifadasindon
istifado edorak zadslonmis boru xattinin 1-ci hissasinin uzunlugu boyu qeyri-stasionar qaz axinin
tozyiqginin giymatlorini har 120 saniyadon bir hesablayib asagidaki cadvalo geyd edirik (Cadval 1).

Cadval 1. Zadslonan gaz boru xattinin 1-ci hissasinds (o<x<r,) Xatti boyu va vaxtdan asili olaraq
tozyiginin doyismasinin giymatlori

X. km P1(x.t), 104 Pa

t=t;+a. san
a=0 |a=120|a=240 | a=360 | a=480 |a =600
0 13.36 | 1458 | 1546 | 16.35 | 17.24 | 18.13
5 12.82 | 13.67 | 1455 | 1544 | 16.33 | 17.22
10 | 1219 | 1291 | 138 | 14.69 | 15,57 | 16.46

Codval 1-don gorunir ki, zodslonmis boru {izarinds olan avtomat kranlar1 baglandiqdan sonra
gaz kemoarinin 1-ci hissasinds Xatti boyu tozyigin gqiymati vaxtdan asili olaraq artir. Belo Ki, x=0
baslangic noqtasinds a=0+600 saniyo miiddoti araliginda tozyigin  giymeti 13.36 x10* Pa —dan
18.13x10% Pa —a kimi artir. x=5 km noqtasinds tozyigin giymoti a=0 saniyado tozyigin giymoti
12.82x10* Pa —dan a=600 saniyadon sonra 17.22x10* Pa-a kimi artir. Elocoda, x=10 km olan son
nogtesinds a=0 saniyada tozyiginin giymoti 12.19x10* Pa —dan a=600 saniyada iso tozyiqin giymati
16.46x10* Pa-a kimi artir. Yoni, a=0+600 saniyo middoti araliginda uzunlugu boyu artimin nisbati
1,35 —dir.

Ardicil olaraq, zadalonmis boru xattinin 2-ci hissasinin uzunlugu boyu qeyri-stasionar gaz
axmin tozyiginin giymatlorini  hor 120 saniyadon bir hesablayib asagidaki codvolo geyd edirik
(Cadval 2).

Cadval 2. Zadolonan gaz boru Xattinin 2-ci hissasinda ( 1, <x<¢3) Xatti boyu va vaxtdan asili olaraq
tozyiginin doyismasinin giymotlori

P,(x.t), 10* Pa

X. km t=t;+a, san

a=0 |a=120| a=240 | a=360 | a=480 | a =600
10 | 12.19 [10.59 | 9.7 8.81 7.93 7.04
145 | 1156 | 10.52 | 9.63 8.74 7.86 6.97

20 | 1104 |1001| 913 | 824 | 7.35 6.46

Cadval 2-don gorumur ki, 2-ci hissasinin  baslangic noqtasindon son noqtasi istigamotdo
tozyigin giymoti vaxtdan asili olaraq azalir. Belo ki, x= 10 km olan baslangic hissasindo a= 600
saniyo middatinds tozyigin azalma nisbati 1,73, x=14,5 km noqtssindo azalmain nisbati 1,65 va
x=20 km olan son ndqtasinds isa azalmanin nisbati 1,73 —dir. Analiz ssasinda qeyd eds bilark ki, 2-
ci hissasinin baglangic va son négtasinds tozyiqin azalma nisbatinin giymati bir-birina borabardilor.
Sizma noéqtasinda isa hamin nisbatin giymati artir.
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Ardicil olaraq, zodolonmis boru xattinin 3-cl hissasinin uzunlugu boyu qeyri-stasionar gaz
aximin tazyiginin giymatlorini  har 120 saniyadon bir hesablayib asagidaki codvalo geyd edirik
(Cadval 3).

Cadval 3. Zadalanan gaz boru xattinin 3-ct hissasinds (5 <x<L ) Xatti boyu va vaxtdan asil1 olaraq
tozyiqinin doyismasinin giymatlori

P3(x.t), 10* Pa

t=t;+a. sec
a=0 a=120 | a=240 | a=360 | a=480 |a =600
20 | 11.24 | 10.52 9.63 8.74 7.86 6.97
25 | 10.86 | 10.01 9.13 8.24 7.35 6.46
30 | 104 9.19 8.3 7.41 6.52 5.63

X.
km

Coadval 3-don gorimdar ki, 3-cl hissssinin  baslangic noqtesindon son ndqtesi istigamotdo
tozyiqin giymoti vaxtdan asili olaraq azalir. Beloa ki, x=20 km baslangic noqtasinds a=0 saniyado
tozyigin geyd olunan giymati 11.24x10* Pa —dan, a=240 saniyado azalaraq giymati 9.52-10* Pa —a,
a=600 saniyado iso tozyigin giymati 6.97x10* Pa-a kimi azalir. Yoni a= 600 saniyodo azalma nisbati
1,6 —dir. x=25 km noqtasinds a=0 saniyado geyd olunan giymati 10.86x10* Pa—dan a=600 saniyado
iso tozyigin giymoti 6.46x10% Pa-a kimi azalir. Yoni azalmain nisboti 1,68 —dir. x=30 km son
nogtasindo isa t=600 saniyoda tozyigin giymati 5.63-x10* Pa-a kimi azalir. Yoni azalman nisbaoti
1,85 —dir. Analiz asasinda gqeyd eds bilarik ki, 3-cli hissasinin baslangic noqgtasindon son noqtosi
istigamatdo tozyigin azalma nisbati artir. Bu zaman zodslonmis gaz koamarinin son hissasinda
tozyiginin kaskin azalmasi sobaibindan tolabatgilara qaz veriminin hacmi do azalcag.

Cadval 1, Cadval 2 vo Cadval 3-dan istifado edarok mirakkob gaz kamarin 1-ci, 2-ci vo 3-cii
hissalorinda zadalonmis boru xattinin uzulugu boyu tozyiqin vaxtdan asili olaraq paylanilmasinin
grafikini qururuq (Sokil 2).Sokil 2-don goriindiyl kimi paralel gaz boru dizimloarinin bltovliyd
pozulmadigi halda, yoni stasionar rejimda har iki boru Xattinin uzunlugu boyu tazyuiglarin giymatlori
bir -birina borabarir vo zamandan asili olmayaraq doyismirlor (0-0 Xatti). Boru xatlordon birinin
kipliyi pozuldugu soraitdo (sokil 2-ys asason 7-ci diziim) 1-ci dizimds qaz axmnin qazodinamik
prosesinds doyisiklik bas vermir, yani stasionar rejimdas isloyir (0-0 xatti).
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Sakil 2. t=t; aninda x=01 vo x=03 hissalords olan kranlar1 baglandigdan sonra qaz
komorinin xotti boyu tozyigin giymatinin vaxtdan asili olaraq doyismasinin grafigi (0-t=0 stasionar
halinda, 1-t=t;, 2-t=t;+120 san, 3-t= t;+240 san, 4-t= t1+360 san, 5- t=t;+480 san, 6-t=t;+360 san)

Butdvluyl pozulan diizimds iss uzunlugu boyu tazyiginin giymati vaxtdan asili olaraq azalir
(sokil 2-do 1-1 xatti) vo t=t;=300 saniys middatinds diiziimiin x=0 baslangic hissasinds tazyiginin
giymoti P1=14x10* Pa —dan 13.36 x10* Pa-a, x=/, =10 km hissesindo P(/,0 )= 13x10* Pa —dan
12.19x10% Pa-a, x=/, sizma hissasinds P(1,0 )=12.6x10* Pa —dan 11.6 x10* Pa-a, x=/, =20 km
hissesinda P(1,0 )= 12x10* Pa —dan 11.24x10* Pa-a vo x=L son hissesino tozyiginin giymoti
P,=11x10* Pa —dan 10.4 x10*Pa-a kimi azalir. Tohlilin naticasindo geyd etmak olar ki, but6vliyi
pozulan boru Xattinin uzunlugu boyu tazyiqin giymati azalir vo sizma ndoqtasinds azlma haddinin
giymati digar hissalara nisbotds daha ¢oxdur.

Qeyd edildiyi kimi gozq soraitinds t=t; aninda boru xatti x= 1, vo x= ¢, hissalorindo olan kranlar
avtomatik olaraq baglanir.

Texnoloji Idaraetms sistemlorin vo alqoritmlarin yaradilmasi. Qaz komorinin geyri-
stasionar axin rejimlarinin nozari tohlillorino osasan demak olar ki, t=t; anda zadslonmis hissalords
olan slagalondiric borular izorinds olan pnevmatik kranlarin agilmasi qazodinamik prosesin talobina
asasan moagsads uygun deyil. Ona gors Ki, Xx= 1, hissasindas zadalonmis diiziimds olan tazyigin giymati
zodoalonmomis boru xattindoki tozyigdon (12.19x10* < 13x10*) kisik oldugu iiciin qaz selinin axim
oks istigamatdo olacag. Yani zadalonmomis boru xattindon gaz kiitlasi zadoalonmis boru xattino axacaq
Vo bunun naticasinds istehlaksilara qaz veriminin fasilasizliyi va rejimi ciddi pozulacag. Bu magsadlo
olagolondirici borularin igo salinmasi (agilmasi) iiglin  miioyyan muddotin (t=t anina kimi)
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gOzlanilmasi magsads uygundur. O vaxta ki, x= 1, hissasinds zadslonmis diiziimds olan tozyigin

giymati zadslonmomis boru xattindaki tazyiqdan boylk olsun. Digar torafdan, Sokil 2-5 asasan, homin
vaxtlarda zadalonmis boru xattinin baslangic x=0 hissasindoki tozyiqin artimi x= /, hissasinds olan
artimi tstaliyir. Bu zaman magistral gaz kemoarlorin asas avadanligi olan kompressor stansiyasinda
vurucu aqreqatlarin qorunmasi {igiin onlarin sixilma amsali olan & -nin mahdud giymotine boyuk
ohomiyyat verilmalidir. Malumdur ki, kompressorun vurucu aqreqatinin sixilma amsalin1 mahdud
giymati tctin e<1.3 [P1/P(0,t2)<1.3] gabul olunur [17].

Digar torafdon Sakil 2-don gérindl kimi boru kemarins qurasdirilimis kranlar avtoatik olaraq
baglandiqdan sonra, zaman kecdikca, tolabatgilara gaz veriminin hacmi do azalir. Toalabatgila lazim
olan miqdarda fasilasiz gazla tamini mogsadilo X= {, vo X= ¢, hissalarinda slagallondirici boru xattins

qurasdirilmis  kranlarin uzaqdan iso salinmasi (agilmasi) vacibdir. Bu mogsadlo idaroetmoa
morkazinds ilk olaraq kranlarin iso diismosi haqqinda molumat almali vo tez bir zamanda hamin
kranlarin boru komoarindo yeri molum olmalidir. Qeyri-stasionar gaz axinin tozyiqinin nozari
dayarlarinin eksperimental tohlilindon molum oldu ki, kranlar baglanan andan qaz komorinin
baslangic hissasinds tozyiqi vaxtdan asili olaraq artir. Lakin, son hissasindas tozyigin giymati vaxtdan
ash olaraq azalir. Analizin naticasi gostarir ki, gazodinamik prosesi bu xususiyyati yalniz kranlarin
baglanilmasi halinda ola bilor. Demali, nozarat moantagesinds gaz komarinin baslangic va son
hissolorino qurgsdirilms tozyiq sensorlarindan alinan molumatlarin tohlilindon bu  xususiyyat
askarlandigr halda kranlarin baglanmasi prosesini qeyd edirlor. Homin kranlarin yerinin toyin
edilmoasi Gglin iso (1) ifadssindon istifado edorok gaz komorinin baslangic noqtesinds tozyiin
doyismasini xarakterizo edon tonliyi asagidaki kimi tayin edirik.

2 w q-an(t-t) | —en’t  -—an’t
Pl(O,t)zI31(0,t1)—2a€160+2i602e ) +e2 e 1
3 ] an 0 (4)
2,2
C
Burada, o= z >
2aly
(4) tonliyinin sadologdirilmis ifadasi asagidaki kimi olacagq.
2
R(0,t)=PR(0,t)+ 2c°G, (t-t,)(1-C)-2aGy(, (%+%) (5)
1 T

“C”- Eyler sabiti olub, giymati C=0.577215 gsbul olunur.
(5) tanliyinds bir nega riyazi omaliyyatin naticasindo asagidaki kvadrat tonliyini alariq.

2aGO(%+i2jff+[P1(O,t)—Pl(O,tl)]ﬂl—ZCZGO(l—C)(t—tl)zo (6)
T
Beloliklo  (6) kvadrat tonliyinin yalniz misbat kokinu gobul edorok x= [} Xxo X= (3

noqtalorinds alagolondiri borulara qurasdirilmis avtomat kranlarin yerinin toyini ti¢iin asagidaki
analitik diistur alariq.

JZ2 +8c%G, (1-C)(t-1,)Z, - Z
27,

1

(7)

1 2
Burada, Z=[R(0.t)-R(0.t,)]; Zl=23Go(§+?j
Qeyd olundugu kimi paralel gaz komorlori istismara verilon andan olagalondirici borular
arasindaki addimin uzunlugunu ifado edon ! -in giymati idarsetmo montogasinds malum oldugungan
X= (, nogtalorinds olagalondiri borulara qurasdirilmis avtomat kranlarin yerinin tayini Ggln
asagidaki analitik ifadoni alariq.
Yuxarida aparilan tahlillorin naticasi olaraq geyd etmok olar ki, slaqilindirici boru xottino
qurasdirilmis  kranlarin  iso salinma middatinin texnoloji cohatdon askar edilmasi paralel qaz
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komoarinin zadalonmis boru xattinin x=0 vo X= 1, hissasindoki t=t> anindaki tazyiglarinin giymatino

osaslandirilmalidir. Onda, idaroetma morkazino informasiyanin 6tiiriilmasi vo gaz kamoarinin etibarlt
idaroedilmosi Ggln ilkin olarag sensorlardan verilonlorin gobul olunmasi vacibdir. Nozarat
montagasinds alda edilon verilanlarin tohlili va tasdiqi {igiin masin 6yranmasi mexanizma asaslanan
alqoritmin yaradilmasi ti¢iin asagidaki sistem tonliyi gobul olunur .
R

P(0,t)

M -1

P({y,t)

Ilik ndvbada, gaz komarinin baslanginc hissasinda tozyigin doyismasi giymatlari va eloco do son

hissasindoki tozyiqin doyismasi giymaotlari asasinda nozarst montagoasinds kranlarin igo diismo halini
geydo ala bilirlor. Homin vaxtda (7) va (8) ifadalirindan istifads edarok sizma hissasinin saginda va
solunda olan slagslondirici borularin yeri toyin olunur. Ardicil olaraq idarsetma mantagasinds tozyiq
sensorlarindan alinan molumatlarin tohlili naticasinds (9) sorti tosdiglonir. Beloliklo, real vaxt
rejiminin, yoni t= t2 muddatinin agkarlanir. Homin vaxtda slagslondirici boru (izarinds olan kranlar
nozarat montagoasindan iso salinir. Bunun naticasinds paralel gaz komarindon gidglanan muxtalif
katiqoriyali tolobatgilar fasilosiz olaraq gazla tomin olunacaglar.

Cadval 1 -don gorundiyd kimi t=t;+120 saniyys muddstinds x= 1, hissasinds zadalonmis
diiziimdo olan tozyigin giymati zodelonmamis boru xattindoki tozyigdon (12.91x10* > 12.19x10%)
boylkdir va homin anda €=14.58/14=1,05<1.3, demoali (9) sarti 6danilir. Demoali, baxilan goza soraiti
Vo konkret gaz komori Gglin to =t;+120 muddstinds idarsetma montagasi slagelondirici borulara
qurasdirilan kranlari igo sala bilar.

Qeyd olunanlarin va aldo olunan emprik diisturun yoxlanilmasi magsadila nazari eksperimental
molumatlara istinad edirik.

Cadval 1-in vo konkret gaz kamarinin verilonlarindan, (7) va (8) dlsturundan istifado edoaroak
t=t;+120 anindaki qaz komarinin baglangic tozyiqinin giymotindon istifado edarok olagelondirici
boruya qurasdirilmis iso salinacaq kranin yerini toyin edok.

z=[R(0,t)-P(0.t,)]=1458-13.36 =1.22, Z, =0.1x10x(0.333+0.203) = 0.536

<&

(9)

JZ2 +86%G, (1-C)(t-4,)Z, - Z

27,
Nozari eksperimental noticalorin oldo olunmasi figiin konkret paralel qaz komarinds
slagalondirici borularin faktiki masafesi  (,=1x10* m vo (,=2x10* m gobul edilmisdir. Demali,
baxilan konkret paralel qaz komorinin slagalondici boru xattino qurasdirilan kranin faktiki giyati ilo
(7) disturu ilo toyin olunmus qiymatinin nisbi xatast 0.1-o barobardir. Nishi xatanin bu gostaricisi
boru sistemlarindo qeyri-stasionar qaz aximlarmin geyr- Xotti diferensial tonliklor sisteminin
Xattilogdirilmasina [28] Vo elaca do (1) ifadasinin sadalasdirilmasinin naticasine asaslanir. Lakin bu
gostarici olaqilindirici boru xatlorin yerinin toyini (iglin gobul olunandir. Cunki paralel gaz
komorlarino qurasdirilan alagalondirici boru xatlor arasindaki mosafo texnoloji vo igtisadi cohotdon
kifayot godor boyuk adaddir. Masafonin kifayyst gador uzunlugu {igiin nisbi xatanin qeyd olunan
kostaricisi alagalondirici boru xatlorinin yerinin askarlanmasina xalal gatira bilmaz. Misal i¢tin, agar,
paralel gaz komorinin uzunlugu minimum 10 km olarsa, oalagslondirici borular arasindaki mosafo
texnoloji va igtisadi cohatdon minimum 1km olacaq [13].

0= =0.9x10*m; (5 =0.9x10% +1x10% =1.9x10*m
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Bulud hesablama vo malumatlarin saxlanmasi
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Sokil 3. Paralel gaz kemoarinin geyri-stasionar qaz axminin idars edilmasinin ii¢iin ioT vo Bulud
hesablama vo malumatlarin saxlanmasi sisteminin texnoloji sxemi

Paralel gaz komorinin geyri-stasionar qaz axininin idars edilmasinin etibarliligina nazarst Ggln
idaroetmo morkazininde 10T vo Bulud hesablama vo molumatlarin saxlanmasi sisteminin totbigi
Sokil 4-5 asason asagidaki ardicilligla yerina yetirilocok.

Sakil 3-dan gorindiyd kimi paralel gaz kamarinin 7-ci boru diizimiiniin 8-hissasinda butévluyi
(kipliyi) pozuldugu halda homin hissonin sagina vo solunda olan avtomat kranlart nozarot
sensorlarinin impulsundan t=tl aninda eyni vaxtda baglanirlar. Markozi idaroetma montogoesi hamin
ant qaz kamarinin son hissalorinds olan tozyiq sensorlarindan alinan molumat asasinda [P1(0,t)-P1>0
Vo Py(L,t)-P2<0] kranlarin baplanilma hadisasini geyds alir. Ciinki boru komorinin baslangic
hissasinda homin andan sonra tozyiginin giymati artir vo son hissasindoaki tozyiginin giymati azalir.
Beloki bu ciir qazodinamik proses yalniz avtomat kranlari baglandigdan sonra bas vera bilar.
Idaroetma moantagasinda (7) va (8) diisturlarinin komoayilo goza hissasini saginda vo solunda olan
olagalondirici borularin yeri toyin olunur. Homin yerds qurasdirilan tozyiq sensorlarindan alinan
molumatlar osyalarin interneti Slyuzuna otiiriiliir. Osyalarin interneti Slyuzundnn molumatlar baza
stansiyast qurgusu vasitasilo molumatlarin saxlanilmasi va tohlili {igiin blud yaddas sistemina
Oturuldr. Idarsetma mantagasinds manitoring vo nozarat cihaznai otiiriilon moalumatlar tohlil olunur
Vo hesablanir. Oldo olunan  parametrlorin giymatlori toyin olunur vo (9) sistem tonliyin sorti
Odonildiyi halda yeri toyin olunmus (x= xo X=) oslagalondirici borular izarindoki kranlar idaroetmo
montogasinds persionallar tarafindon t=t2 aninda iso salinir (agilir). Beloliklo, paralel gaz komorindon
gidalanan tolobatgilara qaz verimi fasilosiz olacag.
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Pralel gaz komorinin zodslon hissasi muoyyan middst orzinds Xlsusi goza birqadasinin
persionllari torafdan texniki- istismarin talablarina uydun olaraq tomir olunur. Tomir olunan paralel
gaz kamoari yenidan avvalki stasionar rejiminds istismar olunur.

Natica. Paralel gaz kamorlarin idarsetma proseslara nozarst sistemlori Gglin geyri-stasionar gaz
axinin aks etdiran riyazi modelinin tahlilinin hoyata kegirilmasi noticasinds idarsetma mantagasinin
informasiya bazasi iliclin masin Oyronmosi texnologiyasina osaslanan empirik algoritm toyin
olunmusdur. Islonmis alqoritmin texnoloji idaraetmo sistemino totbigi avtomatlasdirilmis idaroetmo
Qorarlarin hollinin effektivliyini artiracaqdir.

Islonmis hesabat sxemi osasinda miihondisi mosalolorinin halli Ggin nazords tutulmus
algoritmlor m@vcud paralel gaz kamorlari sistemlarinin rekonstruksiyasi tigiin tovsiya oluna bilor. Bu
da paralel gaz kemarlorin somarali istismarin ti¢iin morkazi idaroetms sistemini tokmillogsdirmoya
imkan veracak.

Aparilan tohlillorindon moalum olur ki, paralel komorin baslangic va son hissalarinds tazyigin
halinin dayigsmasinin giymatlori avtomat kranlarin iso diismo vaxtindan birbasa asilidir. Qaza soraitdo
paralel gaz komarinin zodslonmis hissalorinds klapan sensorlari vasitasilo kranlarin tez bir zamanda
baglamasi naticasinds zadslnmis boru sobokanin asas hissasinds ayirir ki, bu da otraf mahdits itirilon
gaz itkisini shamiyyatli dorocodo azalmasina va elocads texnoloji itkilorin minimuma endirilmasins
sobab olur.

Qoaza soraitinds tozyiq sensorlardan alinan molumatin tohlili asasinda real vaxt rejiminda
olagolondiricilorin uzaqdan iso salinmasi magsadila yerlorinin tayini Uglin emprik distur olds
olunmusdur. Homin disturun moarkozi idarsetms moantoagoasindos totbigi noticasinds istehlakgilara qaz
todarukiinin fasilasizliyinin tomin olumasi sobobindon paralel gaz komorinin etibarliliginin vo
tohliikasizliyini artiritlmasina nail olunur.
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Xiilasa. iqlim doyisikliyi ilo miibarizo vo karbon emissiyalarmi azaltmaq ehtiyact barpa olunan
enerji monbalorindaon istifadoys kegidi bir ¢ox dlkalar iiglin prioritet edib. Karbohidrogen ehtiyatlari
ilo zongin bir 6lke kimi Azorbaycan enerji sektorunu saxslondirmays, onenovi yanacaqlardan
asililigini azaltmaga c¢alisir , homginin barpa olunan enerji monbalorino (BEM) daha ¢ox sormayo
qoyur. Bu mogals elmi todqiqat, istehsal vo amaliyyat idaroetmosini ohato edon tigliik strategiyasini
vurgulamagla Azarbaycanin BEM texnoloji kegidino komok etmok ii¢iin konseptual yanagma toklif
edir. Osas togsabbiislora yerli tochizat zoncirinin yaradilmasi, todqiqat veo inkisaf yolu ilo
innovasiyalarin tosviq edilmasi vo tohsil programlarinin hoyata kecirilmasi daxildir. Daha sonra
Azorbaycanin enerji tohliikasizliyini artirmaq vo global davamli inkisaf mogsoadlorino tohfasini
artirmaq moqsadi dasiyan BEM inteqrasiyasina koordinasiyali, davamli yanagma {i¢iin tovsiyalor
verir. Toklif olunan todbirlor Azarbaycanin uzunmiiddotli enerji transformasiyasi iiglin praktiki yolu
miioyyan edir.

Acar sozlar: barpa olunan enerji monboloring kecid, Azarbaycan, iigliik strategiyasi, barpa

olunan enerji manbalari, texnoloji kecid
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Abstract. The need to combat climate change and reduce carbon emissions has made the transition
to renewable energy sources a priority for many countries. As a country rich in hydrocarbon
resources, Azerbaijan is striving to diversify its energy sector, reduce its dependence on traditional
fuels, and also invest more in renewable energy sources (RES). This article proposes a conceptual
approach to assist Azerbaijan’s RES technological transition by emphasizing a three-pronged strategy
that encompasses scientific research, production, and operational management. Key initiatives
include building a local supply chain, promoting innovation through research and development, and
implementing education programs. It then provides recommendations for a coordinated, sustainable
approach to RES integration that aims to enhance Azerbaijan’s energy security and contribute to the
global sustainable development goals. The proposed actions outline a practical path for Azerbaijan’s
long-term energy transformation.

Keywords: renewable energy transition, Azerbaijan, triad strategy, renewable energy, technological
transition

Giris. Artan ekoloji problemlar, iglim doyisikliyi vo karbohidrogen yanacaqlarin tiikonmasi
sababindan barpa olunan enerjiya monbalorindan (BEM) global istifads suratlonir. Diinya karbon
emissiyalarimin azaldilmasi vo davamli enerji tachizatina kegid ii¢lin artan ehtiyacla tizlasir va bu,
BEM texnologiyalarmin genis sokilda totbigina gotirib ¢ixarir [1]. Barpa olunan enerjiys kecid
(BEMK) karbohidrogen yanacaqlardan asililigi azaltmaq vo otraf muhito manfi tasirlori minimuma
endirmak ticiin qlobal enerji strategiyasinin ayrilmaz hissasino gevrilir [2]. BEMK-in iki magsadi
var: BEM genislondirmok, onlardan istifadonin paymi artirmaq vo istixana qazi emissiyalarini
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azaltmaq [3]. Qlobal miqyasda istehlakgilar 2023-cl ilds avvalki bes ilin orta gostaricisindon demak
olar ki, 20% daha cox enerji sorf ediblor [4], (sokil 1). Avropa Ittifaq: 6lkalorinds yasayan 40 milyon
insandan taxminan har on nafardon birinin evlarinds lazimi istilik yoxdur [5]. Sokil 1-do 2023-cli
ildo 30,2% toskil edon vo 2024-ci ildo 33,5%-o yiksalon, 2018-2040 global enerji balansinda
mixtalif n6v BEM payimnin istehlak artim dinamikasini gostoron grafiklor togdim olunur. BEM
mosalalori dlnya ictimaiyyatinin digget morkazindadir [6]. Prognozlara gors, barpa olunan enerji
potensialinin payinin 2030-cu ilo godor davamli olaraq 40%-don ¢ox artacagi gozlonilir [7].
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Sakil 1. 2023 va 2024-cl illordo BEM Uzrs enerji istehsali ( https://www.iea.org/data-and-
statistics/charts/share-of-renewable-electricity-generation-by-technology-2000-2028 )

Bu todqgigatin mogsadi ddvlatin prioritet qorarlar1 nazoro alinmagla enerji sektorunun
inkisafinin mévcud vaziyysti fonunda Azorbaycanin BEM texnoloji kegidinin strateji osaslarini
oyronmokdir. Olkanin enerji sektorunda BEM totbigi problemlari tohlil edilir. Mogalo samorali
istehsal vo omoliyyat idaroetmo tocriibolori ilo yanasi todqigatin vacibliyini vurgulamagqla
Azorbaycanin barpa olunan enerjiys kecid strategiyasini toklif edir .

Yekun fikirlar vo mizakira. Azorbaycanin enerji strategiyasi asasli paradigma doyisikliyino
moruz qalib: 6lko artiq idxal olunan texnologiyalarin istehlakgisi deyil, 6lko ekoloji cohatdon tomiz
enerjiya kecidin foal inkisafgisi vo togobbiiskaridir [8-10]. Karbohidrogen ehtiyatlarindan davamli
asililigina baxmayaraq, Azarbaycan zangin tobii sarvatlorindon, slverisli iglim soraitindon vo muhiim
insan “kapitali” potensialindan istifado edorok, BEMK igtisadiyyatin osas vo 0zlnu tomin edon
elementino cevirmok magsadi dasiyir. Bu magsads nail olmagq tigiin BEMK inkisafi ti¢iin hartorofli
ticliik strategiyasini hoyata kegirmok lazimdir (sokil 2). Toklif olunan strategiya Azarbaycanin enerji
tokamiilii li¢lin marsrutu-yol xaritasini miayyan edir.
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Omoliyyat:
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Elm: tadqiqat vo innovasiya

Sakil 2. BEMK iigiin ti¢liik strategiyasi

1- Elm: tadgigat va innovasiya.

- Tadgiqat bazasinin yaradilmasi. Milli elmi saristolorin artiritlmasi vo innovativ texnologiyalarin
Olkanin spesifik xtsusiyyatlarina (iglim vo cografiya) uygunlasdirilmasi {iglin sinaq meydangalari,
texnoparklar, ixtisaslagmis institutlar vo laboratoriyalar daxil olmaqla infrastrukturun inkisafi. BEM-
don istifads edon innovativ texnologiyalarin inkisafi {igiin hartorafli todqiqat aparati lazimdir [11-14].
Bu, milli tadgigat v inkisaf tasabbuslori ilo birlikds bu sahads global tendensiyalarin sistemli va
hartarafli dyronilmasini talob edir. Innovasiyalarin siiratlo tatbigi va bu sahado ragabat gabiliyyatinin
yuksaldilmasi tglin dévlat dostayi vacibdir.

- BEM-in potensialinin arasdirilmasi. Mdveud resurslart giymatlondirmak ticiin genismiqyaslt
todqiqatlarin aparilmasi, belektrik stansiyalari tiglin optimal yerlarin mioayyoan edilmasins va konkret
regionlar Gglin an uygun texnologiyalarin miiayyan edilmasina kdmok edacak.

- Enerji saxlama texnologiyalarinin inkisafi. Etibarli enerji ehtiyati ugurlu BEMK-in osas aspektidir.
Azorbaycan uc¢iun BEM-in araliq xarakteri ilo bagli problemlorin hallina kémok edoan akkumulyator
texnologiyalar1 vo digar enerji saxlama sistemlori (izro todqiqatlart tosviq etmok vo dostoklomok
vacibdir [15-18].

- Beynolxalg Elmi Toskilatlar vo Ixtisaslasdirilmis Universitetlor ilo omokdasliq. Beynolxalq
torofdaslarin colb edilmasi vo tocribo mibadilosi Azorbaycanda yerli soraito uygunlasdirilmis
qabagqcil texnologiyalarin va biliklorin tatbigini stratlondirir.

2- Istehsal: BEM Sonayesinin lokallagdirilmasi va inkisafi.

-BEM avadanligi vo texnologiyasi iizro istehsal potensialinin yaradilmasi. Giinog panellori, Kilok
turbinlori vo diger avadanliq va cihazlarmin yerli istehsalinin inkisafi idxal xarclorini azaldir vo yeni
is yerlori yaratmagqla iqtisadiyyati giiclondirir [19-21]. Dayaniqli strukturlar, kompozit materiallar vo
akkumulyatorlarla yanasi yerli materiallara, resurslara vo enerjiys gonast edon materiallara tistunlik
verilmolidir. Avadanliq vo materiallar ti¢iin etibarli istehsal miiassisalorinin yaradilmasi ti¢iin elmi
todgiqgatlarla smakdasliq ¢ox vacibdir. Todqigatin istehsalata inteqrasiyasi nozari yeniliklor vo praktik
totbiglor arasinda sinerji yaradir. Dizayn biirolar1 istehsal prosesini optimallasdirmaq va
innovasiyalarin uygunlagsma qabiliyyatini artirmaqla da 6z tohfalorini verirlor. Sanaye, hokumat,
akademik dairolor vo digor sektorlar arasinda omokdasliq innovasiyaya tokan vermok vo BEM
texnologiyalarini igtisadiyyatin miixtalif sektorlarina ugurla inteqrasiya etmok tgtin vacibdir [21].
-Ozal sektorun tosvigi vo istehsala investisiyalarin colb edilmosi. BEM avadanlig: istehsal edon
sirkotlor Ggln vergi glizastlorinin vo subsidiyalarin totbiqi investisiyalar1 stimullagdira vo yerli
sonayenin inkisafini dostoklomok Uglin beynolxalq sirkatlori calb eds bilar [22].

- Yerli tochizat zoncirinin qurulmasi. Komponentlor vo materiallar da daxil olmagla, RES
avadanligmin istehsali vo saxlanmasi {giin tochizat zoncirlorinin inkisafi 6lkanin enerji
tohllikasizliyini artiracaq vo Xarici tochizatg¢ilardan asililigi azaldacagq.
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-Todgigat vo inkisaf BEM texnologiyalarina investisiya. Qabagqcil texnologiyalarin inkisafi vo elmi
todgiqatlar asasinda istehsalin optimallagdirilmasi moahsullarin ragabat gabiliyyatinin artirilmasina vo
texnologiyalarin Azarbaycan saraitina uygunlasdirilmasina komok edir.

3. Omoliyyat: barpa olunan enerji monbalarinin idars edilmasi, monitoringi va texniki xidmati.

- Intellektual enerji sisteminin (Smart Grid) yaradilmasi. BEM-don somorali istifado etmok (iciin
yiikiin tarazlasdirilmasina, BEM-in digor enerji monbalori ilo inteqrasiyasina vo enerji sobokasini
samarali idars etmays imkan veran enerji axininin idars edilmasi sistemlorinin yaradilmasi lazimdir
- Enerji istehsalinin monitorinqi vo prognozlasdirilmasi. Enerji  hasilatinin  hacminin
prognozlasdirilmasina vo BEM obyektlorinin foaliyystinin optimallasdirilmasina komok edon
meteoroloji molumatlarin tahlili asasinda monitoring vo prognozlagdirma sistemlarinin totbigi.

- Ixtisasl1 is¢ilorin hazirlanmasi. Obyektlorin etibarli vo pesokar idars olunmasini tomin edon istismar
Va texniki xidmat sahasindo mutoxassislorin hazirlanmasi igiin tohsil proqramlarina ehtiyac var. BEM
infrastrukturunun uzunmuddatli islomasi ti¢iin avadanlhigin istismar1 vo dOvri monitoringi Ugin
standart protokollardan pesokarcasina istifado edon ixtisasli komanda lazimdir. Avadanliglarin tomiri
va profilaktik tamiri tigtin yerli miitoxassislorin olmas1 vacibdir. Istehsal iigiin etibarl texnoloji dastok
borpa olunan enerji muossisalorinin amaliyyat butévliyino zomanat verir. - Borpa olunan enerji
monbalorinin istismari ti¢iin standartlarin vo qaydalarin hayata kegirilmasi. BEM avadanliginin vo
texnoloji is rejimlarinin istismari {igiin milli standartlarin iglonib hazirlanmas1 vo gabulu obyektlorin
samaraliliyinin va tohliikasizliyinin artirilmasina komok edir.

Ucliik strategiyasimin alaqalondirilmosi iiciin tovsiyalor. Elmi, istehsalat vo omsoliyyat
saholorini birlosdiron {icliik strategiyasinin hoyata kecirilmosi liclin koordinasiya markozinin
yaradilmasi. Markaz dovlst orqanlari, elmi miiossisalor vo sonaye miiossisolori arasinda olagolorin
qurulmasina sorait yaradir.

- BEM (izro uzunmiddatli yol xaritasinin, o climlodon elmi todqiqatlarin, istehsalat vo omaliyyat
foaliyyatinin  morhalslorinin hazirlanmasi. Yol xoritasi hoyata kegirilon strategiyanin islonib
hazirlanmasi va effektivliyinin giymatlondirilmasi igtin balodgi rolunu oynayir .

- Uglii strategiyanin biitiin morhalolorinda 6zal sektorun vo xarici investorlarm calb edilmosi
Azorbaycanda borpa olunan enerji monbalorinin maliyys dayanigligint vo texniki inkisafini
guclondirir.

Elm, istehsal vo amoaliyyat tiglilk strategiyasi ¢arcivasinda bu tovsiyslorin hoyata kegirilmasi
Azorbaycanin BEM somarali vo davamli kec¢idi tgiin lazimi sorait yaradacag, milli enerji
tohlukasizliyini giclondiracok vo ekoloji ylUkl azaldacag. BEM-nin inkisafi diglin tglik
strategiyasinin hoyata kegirilmasi 6lks igtisadiyyatinin saxalondirilmasi Gglin zoruri osasdir ki, bu da
ekoloji sabitlik va texnoloji liderlik istoyi arasinda tarazligi qorumaga komok edir. EImi tadgigatlara
Vo todgigatlara prioritet digget, yerli istehsal potensialinin yaradilmasi vo etibarli xidmot
infrastrukturunun yaradilmasi 6lkonin RE sahasinds diinyanin aparici dovlatlori sirasinda olmasina
kdémok edacok.

Natico. BEMK onanavi enerji resurslarinin barpa olunan enerji ilo ovoz edilmosini nozardo
tutur. Bu global tendensiya karbon neytralligina nail olmaq {iiglin bir ¢ox senaye saholorinin, ilk
novbada enerji, tikinti vo naqliyyatin koklii yenidon qurulmasi ehtiyacint dogurur. Azarbaycanda
BEMK 6z inkisafinin ilkin morholosindadir. BEM istehlakinin payin1 18%-don 30%-9 ¢atdirmaq vo
2030-cu ilo godar dovlat torafindon qarsiya qoyulan moagsadlors nail olmaq {igiin shomiyyatli dovlot
dostoyi vo tam istehsal zoncirinin qurulmasi tolob olunur- todqgiqat vo tokmillogdirmoadon tutmus
mohsul istehsali liciin 6z sonayesinin yaradilmasina qodor. Bu sahonin inkisafi hom yeni yiiksok
texnologiyali innovativ mohsullarin, ham ds yeni istehsal giiclorinin yaradilmasina tohfs vermoklo
olka iqtisadiyyatina miithiim tosir gostoracak.
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BJUSTHUE CTPOUTEJIBHOM OTPACJIM HA PABBUTHUE SKOHOMUKHN
ABEPBAMIKAHA

MamenoBa Ader Mamearyceiin - K.3.H., IOIIeHT, Kadenpa « IKOHOMHUYECKASI TEOPUS U
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AHHOTanusl. B cratbe uccienyroTcss BONPOCHl  JOITOCPOYHON IMEPCIEKTUBBI CTPOUTENBCTBA,
MIOBBILIEHUE  HKOHOMHUYECKOIO MOTEHIMaja CTpPaHbl, CO3JaHHE OCHOBHBIX  (POHIOB
MIPOU3BOJCTBEHHOIO U HENPOU3BOJICTBEHHOIO HA3HAYEHUsS; pOCT JECHEXKHBIX JOXOJO0B H
MIPUBJICUYCHUIO JIOTIOTHUTENLHBIX WHBECTHILINH, peau3allii MaCIITA0OHBIX TPOEKTOB CTPOUTEIHCTBA
U PEKOHCTPYKIMH; BHEAPEHUIO BBICOKUX TEXHOJOTHA B TPOU3BOACTBO M MepepadoTKy,
CTPOMUTENBCTBO «YMHBIX» TOPOJOB U cel U T.JA. B Kapabaxckom pervose.

KuiroueBble cj10Ba: CTPOUTENBCTBO KWIbSl, SKOHOMHKA, JOCTHKEHUE YCTOMYMBOIO DPa3BUTHS,
JIbIOTHOE KUJIbE, UHBECTULIMH, MHHOBALIMH, YMHBIN «TOPOJ», «CEJ0», «IAEPEBH.

THE INFLUENCE OF THE CONSTRUCTION INDUSTRY ON THE ECONOMIC
DEVELOPMENT OF AZERBAIJAN

Mammadova Afet Mammadhuseyn - PhD in economics, ass.prof., department of Economic
Theory and Marketing, AzMIU, afat. nammadova@azmiu.edu.az

Abstract. In the article, the questions of the long-term perspective of construction, increasing the
country's economic potential are explored; creation of basic funds for production and non-production
purposes; the growth of monetary income and the attraction of additional investments,
implementation of large-scale construction and reconstruction projects; introduction of high
technologies in production and processing, construction of "smart" cities and villages, etc. in the
Karabakh region.

Keywords: building housing, economy, achieving sustainable development, preferential housing,

investments, innovations, smart “city", "village"

BBenenne. Ceronns Azep0aiikaH U3BECTEH KaK MPOCTPAHCTBO U OCTPOB CTAOMIBLHOCTH B
MHUPOBOM Maciitade, ¥ 3TO — Hamie Oosblnoe nocTuxkeHue. CTPOUTENBHBIN CEKTOp — OJHA W3
OCHOBHBIX c(pep, BIUSIONINX Ha COLIUATBLHOE H SKOHOMUYECKOE COCTOSIHHE CTpaHbl. [locTymnarenpHas
JMHAMHKA CTPOUTEIIBCTBA — OJIMH U3 OYCBUIHBIX IIPU3HAKOB PACTYIIETO OJIArOCOCTOSHUS HACETICHHUS.
B konTekcre AsepOaiiykaHa CTPOUTENBHBIM CEKTOP HIPaeT BaXKHYIO POIb B JWBEPCUPUKALNN
OKOHOMMKH, NPUBJIICUCHUN I/IHBCCTI/IIII/Iﬁ " pain3alv CTPpAaTCTHYCCKUX IMPOCKTOB. OcHoBHAas IeJib
— JIOCTIKEHUE YCTOWYMBOTO Pa3BUTHS, T.€. 3TO JOJITOCPOUYHAsI IEPCIIEKTHBA; CIIOCOOHOCTH CO3/aTh
LOCIMOYKY IMOCTAaBOK, KOTOpad MOXET IJIUTBCAd MW O3TO CBOJUTCA K IIOCICIOBATCIIBHOMY
3a[ICHCTBOBAHUIO BCEX TPEX CTOJIMOB YCTOMYMBOCTH: COIMAIBHOM, OSKOJOTHYECKOH W
SKOHOMHUYECKOM.

CTpOoUTEIHCTBO HEMOCPEACTBEHHO YUaCTBYET B YCKOPEHNUN HAYYHO-TEXHHUECKOTO Pa3BUTHS
B DKOHOMHUYECKOM U COIIMAILHOM CEKTOpPAaX, YCOBEPIICHCTBOBAHUH OTPACIEBOIO M PETHOHAILHOTO
MIPOTTOPIINI Pa3BUTHS, TIOBBIIIICHUH SKOHOMHUYECKOTO TTOTEHITHAIA CTPaHbl 1 000POHOCIIOCOOHOCTH.
Ero JnesTenbHOCT COCTOMT W3 CO3/aHUS OCHOBHBIX (DOHIOB MPOHM3BOACTBEHHOTO U
HCIIPOMU3BOACTBCHHOI'0O HA3HAYCHUA [JIsI IPOMBIIIJICHHOTO, CEJILCKOXO3SIMCTBEHHOIO U APyrux
SKOHOMHYECKUX ¥ COLMAIbHBIX CEKTOPOB, BOCCTAHOBIICHHS HEIBMKHMMOIO HMYIIECTBA,
OCYILIECTBJICHUSI OCHOBATEIbHBIX W TEKYIIMX PEMOHTHBIX pPadoT. KUIUIIHO-CTPOUTETHHBIN
KoMIUIeKC A3epOaii/pkaHa OTHOCHTCS K YMCITY KIFOUYEBBIX Cep SIKOHOMHUKHU PECIyOINKH, KOTOPBIH
pacrojioKeH Ha CTHIKE COIMAIBHOW W MPOW3BOACTBCHHOW cdep W, TaK WIM HHAYe, 3aTparuBact
HMHTEPECHI BCEX CIIOEB HACENIEHUS PECITYOTUKH.
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Heo06Xx0auMO OTMETHUTB, YTO OMNEPEXKAIOLIEE CTPOUTENIBCTBO JKUIIbs MOTSHYJIO 3a COOOU
MHOTOKPATHYIO KalHUTaJH3alMI0 HAKOIUIEHHMH HaceleHHs, CHOCOOCTBOBAJIO POCTY JEHEXKHBIX
JI0XOJI0B U MHBECTHULIMH.

AHanu3 kak Mmeron wucciaegoBanusi: CtpoutenbHas oTpacib AsepOaiikaHa sBISETCS
CTPaTETMYECKH BAXKHBIM 3JEMEHTOM SKOHOMHUKH, CHOCOOCTBYIOLIMM CO3/IaHUIO0 COBPEMEHHOMN
UHPPACTPYKTYPHI, MOBBIIICHUIO 3aHATOCTH U NPHUBJICYCHUIO MHBECTUIMHA. YCTOMYUBOE Pa3BUTHE
3TOr0 CEeKTopa TpeOdyeT KOMIUIEKCHOTO MOAXO0/Ja, BKJIIOYAIOIIEro BHEIPEHHE HWHHOBALWM,
MOBBIIIEHUE KBATH(PHUKALINU KaJIPOB U COOIIOICHUE HKOJIOTHIECKUX CTaHAapTOB. C y4eToOM TeKyIIHX
BBI30BOB U II€PCIIEKTUB CTPOUTEIbHASL OTPACIIb IPOIOJLKUT OCTaBAThCS ApaiiBEpOM 3KOHOMUYECKOTO
pocTa 1 6JI1arOCOCTOSHUS CTPAHBI.

CrpoutenbHas OTpacilb CTPaHbl 3aHUMAET mpemve Mecmo 1Mo 00beMy 3aHATOCTH, TaK Kak
CTPOUTENIbHBIA CEKTOp SBISETCS OJHMM M3 KpymHeHmmx pabotomareneil B AsepOaiimkane. OH
obecreynBaeT 3aHATOCTb AJIS Pa3IMYHBIX KaTeropuil pabOTHUKOB — OT HEKBAIM(UIUPOBAHHBIX
CIELUAINCTOB JI0 WHXXECHEPOB M apXHUTEKTOPOB. A TaKxke uemeepmoe mecmo cpenu cdep
JesTeIbHOCTH CYOBEKTOB Masioro u cpennero 6usHeca (MCB), 3a nociennue napy AecATHIECTHI B
3Ty OTpacib NpuBjieueHo 18 mupa MaHaT uHBeCTULMNA. CTPOUTEIBHBIA CEKTOP 3aHUMAET mpemve
Mecmo 1o 00beMy N00aBIEHHOW CTOMMOCTH, co3laBaeMoil cyobektamu MCB B A3sepOaiimxkane.
Cornacno e nokazarensiMm 2022 rona, okojo 15 Teicad CyOBEKTOB MaJoOro M CpeaHero ousHeca
OCYILECTBIISUIN AEATEIbHOCTb B CTPOUTENIBCTBE.

B  namHO#l cdepe ecTh W Hemarao CyOBEKTHBHBIX (DaKTOPOB, MEIIAIOUINX PA3BUTHUIO
KUJIUIIHOTO CTPOUTEINIbCTBA, IPUBJICUEHHIO CIOJIa JONOIHUTENbHBIX HHBecTHIIMNA. CyOobektam MCB,
JEHCTBYIOIUM B CTPOUTEIEHOM CEKTOPE, MELIAIOT U IOCTATOYHO CJIOYKHBIE MPAaBUJIa UCIIOJIb30BaHUS
CBIPbsI B CTPOUTEJIBHBIX LIEJIAX. A €CJIU IPUHATH BO BHUMAHUE TO, YTO UMEHHO CTPOUTENIbHBINA CEKTOP
CIIOCOOCTBYET PAa3BHTHIO JIPYTHX OTpaciei, a MOTOMY MEXaHHM3Mbl HCIOJIb30BAHUS CHIPHEBBIX
pecypcoB HEOOXOMMO ONTUMHU3HPOBATE.

BMmecte ¢ Tem B gocTyne CTpOHKOMITAaHUH K JIBTOTHOMY (PMHAHCHPOBAHMIO TOCTETIEHHO
Hameuaetcs nporpecc. B Hactosiiee Bpemst Acconyanus pou3BoaAuTeNel B cepe CTpOUTENIbCTBA
Azep6aiimkana (ATIA) ycumuna cotpyanmuectBo ¢ Accormanmeii 6aHkoB crpadel (ABA) 1o
BONPOCY KPEIUTOBAHUS CTPOUTENIBHOTO CeKTopa. B cuily orpomHoro macumraba AesTelbHOCTH B
CTPOMTENBLHON cdepe MepruoJuYeck BO3HUKAIOT OIpE/eleHHbIE MPOOJIEMbl, B TOM YHUCIE H3-3a
MHOKECTBA THUIIOB JIOTOBOPOB, 3aKJIIOYAcMbIX MEKIY YYaCTHUKAMM OTpaciu. lcronb3oBaHue
pa3nuyuHbIX 10 (opMe, B TOM YHCIIE M HEMOJHBIX JOIOBOPOB HEPEIKO BHI3BIBAET HEIOBOJIBLCTBO,
&KaJo0bl M CIIOPbI YYACTHUKOB CTPOHCEKTOpPA, MO3TOMY HEOOXOAMMO YHU(UIMPOBATh MOAOOHYIO
JOKYMEHTAIMIO U BCEM CYOBEKTaM CTPOMPBIHKA IPUMEHSTh €IUHYI0 (POpMY JOTOBOPOB.

BwMmecTe ¢ Tem MHOTO€ B JaHHOM cepe N3MEHUIIOCH B JIUIIIYIO CTOPOHY C IPUHATHEM 3aKOHA
«O TOCyIapCTBEHHOM pPEECTPE HEIBIKHUMOCTH». TONbKO B 2022 romy B A3sepOaiimkane ObUTH
MOJITBEPXKIEHBI ITpaBa COOCTBEHHOCTH Ha 49 ThIC. TOMOB U 94 ThIC. KBAPTHP B MHOTO3TAXKHBIX IOMaX.

3HAUMMBIM I1aroM, CIIOCOOCTBOBABIIMM MOJKIIOYEHUIO K KOMMYHAJIbHBIM CETSM U BBOAY B
HKCIUTyaTallMl0 COTEH MHOTO3TaKHBIX 3/aHUM, cTaj yka3 mnpesuaeHTa AsepOaiiikana Mmpxama
AnneBa «OO0 ynpoIIEHUH BBIJAYM pa3pelleHHs Ha SKCIUIyaTallul0 HEKOTOPBIX MHOTOKBAPTHPHBIX
3nanuit» ot 19 ¢espana 2019 roga. A 14 utons 2023 roxa riasa rocyaapcTa nojamnucai ykas «O
JIOTIOJIHUTEBHBIX Mepax B CBSI3U C pa3pellleHHeM Ha OHKCIUTyaTalMil0 HEKOTOPbIX OOBEKTOB
CTPOMTENLCTBA HEXWJIOro Ha3HaueHus». Ero menp — oOecreunTh O€30MacHYI0 3KCILUTyaTalHio
HEXWIBIX 3/1aHUH, 0OBEKTOB, MOCTPOSHHBIX B CBOE BpeMs 0e3 3aKOHHBIX OCHOBAHHI, a Takke Ha
MpelOTBpallleHNe B JajbHEHIIeM TOSBIECHHUS TaKWX CTPOCHUH; MOBBICUTh JIMKBUIHOCTH
CTPOMTENIBHOIO CEKTOPA, a TAK)KE OpraHU30BaTh MPOLECC PU3HAHMS IIpaB NPEANPUHUMATENEH Ha
umymiecTBo. CoriacHo NHOCIeAHEMY JOKYMEHTY IpeAycMaTpUBaeTcs Bbljaua B YIPOIIEHHOM
MOpsiIKE pa3pelieHni Ha HKCIUTyaTallMi0 HEXWIbIX 37aHUN, CTPOUTEIbHO-MOHTaXHbIE PabOTHI B
KOTOPBIX, B TOM UHCJI€ CTPOUTENBCTBO BCEX ATa)KeH, OOKOBBIX CTEH M KPOBJIH, 3aBEPILIEHBI 10 | HIOHA
2023 roga, a pe3ynbTaThl IPOBEPOK HA YCTOMYMBOCTD M IPOYHOCTH OKA3aJIUCh MTOJI0KUTEIbHBIMU. B
VYkaze npeaycMOTpeHbl MephI MO MPUBJICUYEHHUIO K YTOJIOBHON OTBETCTBEHHOCTH JIOJKHOCTHBIX JIMII,
JOMYCTUBIIUX CTPOUTEIHCTBO OOBEKTOB 0€3 COOIOICHHSI Pa3pelMTEIbHBIX TPEOOBAHHHA.
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A ¢ suBaps 2024 rona B 1emnsx NoBbImeHUs 3PGEKTUBHOCTH U MPO3PAYHOCTH JIEATCTLHOCTH
dusnyuecKkne ¥ IOpUANYECKHE JIMIAa MOTYT TMOJy4daTh pa3pelieHuss Ha CTPOUTEIBCTBO WIIU
AKCIUTyaTalI0 MOCTPOEHHBIX OOBEKTOB IMOCPEICTBOM 3JIEKTPOHHOTO CTPOUTEIHLHOTO HOpmaa
https://e-tikinti.gov, corimacHo  3akoHy A3sepOaiikanckoit Pecryonuku «O JUICH3MSIX U
paspeleHusx». B HanpaBieHnn paclimpeHus paguyca 0xXBaTa 3JIeKTPOHHOM CUCTEMBbI, paboTaroiei
[0 MPUHILMITY «EIMHOTO OKHA)», HAIICJICHHOW Ha CBEJACHUE K MUHUMYMY Y4YacCTHsi YMHOBHUKOB B
MpoLlecCe IMONYYEHUsI Pa3pelICHU, NPeIOoTBpAIlCHUE JOMNOJHUTEIbHBIX IIOTEPh BPEMEHU U
MOBBIIIICHUE Ka4eCcTBa OOCTYXKMBaHUS U oOecriedeHus mpo3padHocTu. C 3TON IENbI0 BKIIOYCHBI B
3JIEKTPOHHBINA MOPTa HOBBIE BUJIbI yCIyT [1].

DTO YHOPOCTUT U YCKOPUT palbOTy CTPOUTEIBHOTO CEKTOpa, CHU3UB JO MHUHHUMYMa
370ynoTpebseHuss U OIOpOKpaTHUECKHe MPOBOJIOYKH. B TO ke BpeMs yka3 IiiaBbl rocyJapcTBa
3aMETHO DPACHIUPUT TOCYAAPCTBEHHBIM KOHTPOIL HaJ c(hepoll CTPOUTEIHCTBA, a B JATbHEUIIIEM
ITOMOJKET BBISIBJICHHIO HE3aKOHHBIX MTOCTPOEK (BO3BEACHHBIX 1ocie 1 nronHs 2023 roxa). 3T0 TUIINAT
BO3MOKHOCTH TOJKJIIOUEHUS K HWHXKEHEPHO-KOMMYHHUKAIIMOHHBIM CHCTEMaM CaMOBOJILHO
MIOCTPOCHHBIX 00BEKTOB, a TAK)KE UX KOMMEPUYECKO IKCIUTyaTallK, 4TO (PaKTUYECKU CJIENIaeT TaKue
OOBEKTHI MOJTHOCTHIO HETMPUTOMHBIMHA Ui  HCIONb3oBaHus [2] C MpUHATHEM 3TOTO JTOKYMCHTA,
IO MIpe/IBApUTENIbHBIM OlleHKaM, 6osiee 40 ThIC. He3apeTuCTPUPOBAHHBIX OOBEKTOB CMOTYT MOJIYYUTh
BBIMIUCKY (KYMMUyl0) B YIPOIICHHOM TMOPSAJKE, YTO TMOJYEPKUBAECT BAXKHOCTHh MOAIMMCAHHOTO
JOKYMEHTa. DTO MOCIIOCOOCTBYET YIPOILEHUIO JaHHBIX MPOLIETYP.

Kpome Toro, corsiacHo odepeHOMY M3MEHEHHIO B 3aKOHOJATEIbCTBO B JaHHOU cdepe,
rJlaBaM{d MECTHBIX OPTraHOB HCIIOJIHUTENBHON BIAcTU OyAyT Ha3HAuaThCs JIMIA, OTBETCTBEHHBIC 32
OCYILIECTBJICHUE TOCYAAPCTBEHHOIO TPaJOCTPOUTEIBLHOTO HaJa30pa Ha MECTHOM YPOBHE U
MpeAyNpexKICHIE HE3AKOHHOT'O CTPOUTEILCTBA.

[enpto siBASIETCS MOBBIIIEHUE OTBETCTBEHHOCTH MECTHBIX OPTraHOB UCIOJIHUTEIBLHOMN BIACTH
B paMKaX roCyAapCTBEHHOTO I'PaJOCTPOUTEIBHOIO KOHTPOJIS,, KOHKPETU3alUs MOJTHOMOYUHN JIMII,
KOTOPBIC JIOJDKHBI BBISIBJIATH HE3aKOHHBIC TOCTPOMKH, TaK KaK KOHTPOJIb B 3TOH cdepe OymeT yCUIIeH.

Cunte3 mcciaegopanus. Creqyer OTMETUTh, YTO HapsAy C AUHAMUYHBIM Pa3BUTHEM
CTPOUTEIIBHOTO CEKTOPA, B Psijie ClIyyaeB HAOIIOAAETCsl HECOOIIOICHHE YYaCTHUKAMHU CTPOUTEIBHOM
JesITeNbHOCTH TpeOOBaHMI U TIPaBUII B ATOM cepe, U HOBBIM yKa3 TNIaBbl FOCYIapCTBA MPHUBEAET K
MIPEAOTBPALLIECHUIO HAPYIICHUH.

HecmoTpst Ha TO, 4TO TMHAMHYHOE PA3BUTHUE CTPOUTEIBLHOIO CEKTOpa B HAIEH CTPAaHE B
MOCJIEIHUE TO/bI CITOCOOCTBYET POCTY MPOILIBETAHUSI HACEICHUS, K COXKAICHHUIO, HAPSAY C OTUM, B
psife ciydaeB HaONIOAIOTCS OTKIOHEHHS OT YCTAaHOBIIEHHBIX TpeOOBaHHWM M MpaBui B o0JacTu
IPaIOCTPOUTEIHCTBA U CTPOUTEIHCTBA YUaCTHUKAMHU 3TOM Chephl, B pe3yJbTaTe Yero CTAaHOBUTCS
3aTPyJHUTENBHBIM TPUBICYCHHE HEKOTOPBIX OOBEKTOB CTPOHUTENHCTBA K HHCIEKIIHOHHOMY
KOHTPOJIIO, MPOBEPKaM, CBSI3aHHBIM C OIPEJEICHHEM KauyecTBa CTPOUTENBHBIX paldOT, a Takxke
BO3HUKAIOT MPOOJIEMBI ¢ MPU3HAHUEM MpaB Ha MUMYIIECTBO. B 3TOM ciiydae, eciu B 3aKOHE €CTh
Kakue-11u00 TpoOenbl, NaHHBIA MPOIECC MPUBOJIUT K CEPHE3HBIM CIOpaM MEXIY CTOPOHAMHU H
JIPYTUM HeKeTaTeNbHBIM CIIy4asiM, U IO3TOMY BO3HHUKIIa HEOOXOAMMOCTh B JIOTIOTHUTEIBHBIX MEpax
B 3TOH cdepe.

B nepcrniexkTuBe mpecTOUT MPUIIOKHUTH OOJbIIE YCUIIHHA U JUIsl pelIeHHs pacIipOCTPaHEHHOM
poOJIEMBI — MPOTAKU OJHOU U TOH K€ KBAPTUPHI CPa3y HECKOIBKHUM TOKYIATEISIM: IO HEKOTOPBIM
JAHHBIM, YMCJIO JIMII, CTABIIUX JKEPTBAMU TaKUX KPUMHUHAIBHBIX CXEM, C KaXIbIM TOJIOM CTajo
yBennuuBaThes. J{iis obecreueHus IOpUANYECKUX TApAaHTHI TPaskIaH MOKHO MIEPEHSTh 3apyOeKHbIN
OTIBIT CO3/ITAaHUS PEECTPOB VISl TIPOBEPKH PETUCTPAIIMOHHON 0a3bl JOKYMEHTOB U UMYIIIECTBA.

B cooTBeTcTBMM ¢ HOBBIMH HM3MEHEHMSIMH, YBEJIMYHUBAIOTCA CAHKUUM B OTHOILEHUU
3aKa34UKOB OOBEKTOB CTPOUTENHCTBA, JUISI BO3BEACHHUS KOTOPBIX TpeOyeTcsl pa3perieHue, OJHAKO
MMOCTPOCHHBIX 0€3 pa3pelieHus, a TAK)Ke yCTaHABIUBAIOTCSA aIMUHUCTPATUBHAS OTBETCTBEHHOCTh U
CaHKIIMH B CBS3U C CAMOBOJIbHO BO3BEJEHHBIMU O0BEKTAaMH CTPOUTEIHCTBA, B OTHOIICHUH KOTOPBIX
MIPUMEHAETCS. YBEJIOMUTEIBHOE MPOU3BOJICTBO. B KOHEUYHOM HTOre 3TO MPHUBEIET K TOMY, YTO
YOBITKH JWII, 3aHUMAIOIINXCS HE3aKOHHOW IEATEIHHOCTHIO B CTPONCEKTOPE, OKAKYTCS OOJbIIe

l'IpI/I6BIJ'II/I, YTO IMO3BOJIMT B UTOI'C BBIIPABHUTHL CUTYyAllMIKO C HCKCIIATCIIbHBIMU SBJICHUAMH B 3TOM
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cdepe. CornacHo yTBEpPKACHHBIM IpaBHJIaM, K 00bEKTaM, B KOTOPBIX 00ECHEUYeHbl COOTBETCTBHE
IIpaBWJIaM TakKW€ NapaMeTpbl, KaK HAJEKHOCTb HECYUIMX KOHCTPYKLHH, TO €CTh IPOYHOCTh U
CeMCMOCTOMKOCTh, a TaKXke IMo)kapHasi 0e30macHOCTh, obecreyeHa FOTOBHOCTh JIU(PTOB U CUCTEM
MH)KEHEPHO-KOMMYHHUKAITHOHHOTO 00€CIIeYeHUs K SKCIUTyaTalll, U PACIIOIOKEHHBIM Ha 3¢MEeITbHOM
y4acTKe 3a MpeliellaMi OXpPaHHBIX 30H, Ha KOTOPBIA oopmileHO MpaBo cOOCTBEHHUKA (3aKa3unKa)
VI TIPAaBO apeH/Ibl, Oy/IeT MPUMEHATHCS YIPOIIEHHBIN PeXXUM BbIIaun pa3perieHui [2].

CTpouTeNnbCTBO SABISAETCS CBS3YIOIIUM 3BEHOM I COBEPUICHCTBOBAHMS APYTHX OTpacieu
HSKOHOMHKH. 3aJa4d COBPEMEHHOTI'O Ppa3BUTHS TPEOYIOT HOBBIX TEXHOJOTHMH M MOJAECPHHU3ALUU
IpajloCTpoeHus: BHeaApeHue IudpoBbIX TexHojoruid, Takux kKak BIM (Building Information
Modeling), mist oBeimeHUsT 3QPEKTUBHOCTH M CHUKCHHSI 3aTPaT, UCIIOJIB30BAHUE IKOJOTUYHBIX
MaTepuaioB U TEXHOJIOTHH.

B xwnmumHOM cdepe O4EeBHIHO, YTO 3HAYUTEILHON TOYKOW POCTa CTaHET KpyIHEHIIas
ropojcKkas arjiiomepanusi cTpanbl — baky. B Hacrosmmii MoMmMeHT 3aBepiieHa paboTa Mo
cornacoBanuio npoekta I'enepanpHoro miana baxy Ha 2020-2040 rozbl, TpOAODKHUINACE PAaOOTHI IO
MMOATOTOBKE T'eHIIaHOB ToponoB ['sumka, ['epanboii, ['emabeii, Acrapa, Jlenmumamenou, ['oBnap,
['eittene. (3) 'enepanbHbiil 1an ropoga baky ocHoBaH Ha 4 MPUOPHUTETHHIX 33/1a4ax: YCTOMYMBOE
TOPOJICKOE pa3BUTHE, BOCCTAHOBJICHHE rOpOJia U OKpYKarolel cpebl, 3a00Ta 00 apXUTEKTYPHOM
O0JINKE W MCTOPUYECKOM HACleJWW, HOBBIM KOHTEHT [4]. ['eHepanbHbIA TUIAaH OXBATBHIBAET BCIO
aAMUHUCTPATUBHYIO TEPPUTOPHUIO CTOJULBI, 3aHUMas Iuom@aab 212,3 TeiCc. ra, U oOmpeaenser
KJIFOUEBbIE IPUOPUTETHI Pa3BUTHUS ropoja Ha Onmxkaiiiue aBa aecstuietus. OH npegycMaTpuBaeT
CO3/IaHH€ MHOTOLIEHTPOBOTO Topoja ig 00eCreueHus: MOIIHOTO U YCTOMYUBOTO Pa3BUTHUSA. DTOT
MO/IXOJl BKJIIOYAaET (POPMHUPOBAHUE YCTOMYMBOW TOpPOJACKOW cCpeAbl Yepe3 KOMIUIEKCHOE
WCIIOJIb30BAaHUE TEPPUTOPUM, OXpaHy KyJIbTYPHOTO M HCTOPUKO-apXUTEKTYPHOIO HacCeaus,
TEPPUTOPUATBHOE 30HUPOBAHUE, KalUTAIbHOE CTPOMUTEILCTBO, PAa3BUTHUE TPAHCIOPTHOM H
colMagbHOU MHGPACTPYKTYPHI, @ TAKKE WHKEHEPHBIX CUCTEM [5].

[Tnan Takke ynensieT BHUMAaHUE SKOJIOTUYECKON OUMCTKE U 0JaroycTpoOHCTBY TEPPUTOPHIA.
B pamkax ['enmiiana baky ocHOBHOe BHHMaHuE OyIeT yIEIeHO CIEAYIOIIUM IIHPOKOMY MEpEeUHI0
HaIpaBJIEHUN OT pa3BUTHUS TOPOACKOTO SApa U CyOLEHTPOB 10 HU(POBU3ALUU FOPOJICKUX YCIYT U
MOJIEPIKKE TBOPUECKUX UHIYCTPHUIL.

PasBuTHEe CTPOUTENBHOIO CEKTOPA OTPAKAET YCIIEXU YKOHOMHUKH BCEM CTPAaHBL. Y CTOMYMBOE
CTPOUTENICTBO CTAaHOBUTCSI BaXXHBIM HAIIPAaBICHHEM pa3BUTUsI oTpaciu. TpeOyercs y4dUTHIBATbH
9KOJIOTMUYECKHE CTaHIapPThl U BHEAPATH S3HEProd(HhEeKTUBHBIE TEXHOJIOTHH.

Bo3BezneHue 1enoro psjaa MeX1yHapoJHBIX OOBEKTOB, pealn3alus JIYYIIUX apXUTEKTYPHBIX
MIPOEKTOB — JIMIIHEE JO0Ka3aTeJIbCTBO HAIero OecrpereleHTHOro pocra. MHHOBauuu — 3T0
yCIIelIHas peaju3alus HOBOM WAEH U CO3JaHUE LICHHOCTH U1 KJIMEHTOB M 3aMHTEPECOBAaHHBIX
cTopoH. B cepe cTpoutenbcTBa M IpOU3BOACTBA CTPOUTEIBHBIX MaTepuanoB B A3sepOaiiikaHe
paGoTaeT MHOXXeCTBO KommaHui. HenaBHo B Hamiel ctpaHe ObUIM peaiM30BaHbl MaclTaOHbIE
MIPOEKTHI CTPOUTENLCTBA U PEKOHCTPYKIIMHM, KOTOpPHIE, B CBOI OUY€pe/lb, MOTYT ObITh IpPU3HAHBI
JOTIOJIHUTENBHBIM CTUMYJIOM I UHBECTOPOB M MHOCTPAHHBIX KOMIIAHHUM.
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BossmeMm, k mpumepy, BHyTpeHHH# BajoBoi npoaykt (BBII), mpencrasisromnuii co0oit
OCHOBHOW WHIIMKATOpP OMPECIICHUs COCTOSHUS PKOHOMHUKH. DTOT TOKa3aTellb BKIIOYAET B ce0s
MPAKTUYECKH BCe — U OOIIMI 00bEeM MHBECTULIMN KaK MECTHBIX, TaK U 3apyOEKHBIX, U HaJOTOBbIE
BBITLJIATHI, ¥ BJIIOKEHUSI B OCHOBHOM KamuTal U B MPOU3BOJICTBO, © MHOTO€ M3 TOTO, YTO MO3BOJISET
OTHECTH ero K 6a30BbIM. 1 TOT (hakT, uro mo utoram 11 mecser 2023 rona BBII B Azepbaiimkane
yBemmumics Ha 0,8%, Ha TIEpBBIN B3I MOXKET CBUICTEIHLCTBOBATH O TOM, YTO OCOOOr0 pocTa B
SKOHOMUKE He Ha0moaanoch. Ho 3To He Tak, MOCKOJBbKY, OMSTH K€, €CIIU OT/IEIbHO MOCMOTPETh Ha
BBII B He HedTsSHOM ceKTope, TO yBUAUM pocT Ha 3,2%. B abCONOTHOM BBIpAKCHHH BaJOBOM
BHYTPEHHUH MpoAyKT AzepOaiimxkaHna, mo uroram 2022 roga yBenuuwics Ha 133,8 mupa manar. B
ctpykrype BBII npunuiocs Ha 4,8% - crpoutenbctBo, OOmIas Iiiomaab >KUIIbs, CIAaHHOTO B
JKCIUTyaTaIuio B AzepOaiipkane B saBape-utone 2023 roga, cocraBuia 891,7 ThIC. KB. METPOB, UTO
Ha 13,4% Ooubiie nokasarens 6 mecsaues 2022 rona.

[lo 1aHHBIM CTAaTUCTUKH, KAlBJIOKEHHUS B )KWJIUIIHOE CTPOUTENIBCTBO cocTaBwid 398,8 MilH
ManartoB (poct Ha 0,2%).

OO6miast mIomanp >KWJbs, CAAHHOTO B JKCIUTyaTanuio B AsepOaiimkane B 2022 romy,
coctaBmwia 2 MiIH 593 ThIC. KB. METPOB, uTO Ha 24,8% Menbie nmokazarens 2021 roxa. 3a 2022 rox
KaIBJIOKCHHUS B JKUITUIIIHOE CTPOUTENILCTBO cocTaBuiik 925,4 MitH Manat (criaza Ha 5,8%) [6].

OOmast TuiomaAb KWIbS, CAAHHOTO B OSKCIUTyaTanmuio B AsepOaiimpkane B 2023 romy,
coctaBwia 2 mutH 511,2 ThIc. KB. MeTpOB, uTO Ha 10,8% MenbIie nokazarens 2022 roga. [lo naHHbIM
CTaTUCTUKH, KaIBJIOXKEHUS B KWIMIIHOE CTPOUTENIBLCTBO cocTaBuian 971,4 miH maHar (pocT Ha
1,9%).

AzepOaitxkad B 20231 yBeNMMYWJI TPOU3BOJCTBO CTpoiimMarepuanioB Ha 32%, B
Azepb6aiimkane B 2023 rogy mpousBeeHO cTpoiiMarepuanoB Ha cymmy 1 mupa 180,3 miaH manar
($694,3 mutH 110 TeKyIIEeMy Kypcy), uTo Ha 31,8% Gosbiie, yem 3a 2022 ro.

[To naHHBIM CTaTUCTUKHU, 00BEM MPOU3BOACTBA IIEMEHTA COCTaBUI 3,725 MIIH TOHH (POCT Ha
4,6%), cCOOpHBIX KOHCTPYKITHH 13 6eToHa - 31,3 ThIc. KyOoMeTpoB (cran Ha 37,5%), acdainbra - 159,3
ThIC. TOHH (cniaja Ha 27,3%).

Kpome 3T0ro, mponsBoJICTBO CTPOUTEIBLHOIO KHUpIHYa COCTaBWIO 616,7 Thic. KyOOMETPOB
(cmag Ha 19,1%), crpoutenbHOro crekia - 8,807 MiH KB. MeTpoB (pocT Ha 12,9%).

[lemenTHOrO KJIMHKepa mpousBeneHo 3,869 miH. ToHH (pocT Ha 36,9%), CTpOUTENBLHOTO
rurca - 85 Teic. ToHH (pocT Ha 98,1%), roToBoI OeTOHHO# cMecH - 4,054 mutH ToHH (cnian Ha 7,6%),
CTPOMUTENBHOM U3BeCTH - 44 ThIC. TOHH (crag Ha 5%).

B Azepb6aiimpkane B 2022 roay nmpou3BeJeHO cTpoiiMaTepuanoB Ha cymmy 1 mupa 85,7 muH
maHatoB ($638,8 MitH 10 TeKyIeMy Kypcy), 4to Ha 12,6% 6onbiie, yem 3a 2021 rox [7].

[locne pocraroyHo [0ATOrOo mnepuoja 3actos, B mnepBod mnonoBuHe 2021 roma B
Azepbaiixane 3aMKCUPOBaH BHYIIMTEIBHBIM POCT B MPOU3BOJICTBE CTPOUTEIbHBIX MaTepHUasOB.
JlaHHBI TpEeHI CBUICTENHCTBYET 00 AaKTUBU3AIMM CTPOUTEIBHOTO phIHKa A3sepbaiimkana,
MO/JIEP’)KaHHOTO MAacIITaOHBIMU MHPPACTPYKTYpHbIMH paboTamu B KapabaxckoM peruone, a Takxe
MPOEKTaMU IO BO3BEACHUIO JbIOTHOrO >KuWibsid no jauHuu OOO MIDA, poctom 3kcnopra
CTPOMMATEpPHAJIOB U T.[I.

C 2016 roma, Ha ocHoBaHuM ykaza lIpesupmeHra, neiictByer I'ocynapcTBEHHOE areHTCTBO
JKMJTMITHOTO CTPOUTENLCTRA MPH TIpe3uienTe AsepOaiikana (azep6. MIDA— Monzil Insaat: Dévlot
Agentliyi), ssBysroIIieeCs IEHTPAITBHBIM UCIIOTHUTEIBHBIM OPTraHOM, CO3JIaHHBIM 11 3D PEKTUBHOTO
WCIIOJIb30BAaHUS CPEJICTB, BBIJICISEMBIX Ha CTPOUTEIBCTBO MHOTOATAXHBIX JKUJIBIX 3JaHUM, U
o0ecrnieueHuns rpakJiaH ¢ HU3KUM M CPETHUM YPOBHEM JI0X0/1a U MOJIOJIBIX CEMEU JIbFOTHBIM KHUIJIbEM.
ATEHTCTBO TaKkKe OCYIIECTBISIET TOCYJApPCTBEHHYIO IOJWTHKY M peryJupoBaHHE B o01acTu
TOpPOJICKOTO IUIAHWPOBAHUA, JAW3aliHa M apXUTEKTypbl. OCHOBHOM LENBbI0 ATEHTCTBA SBISETCS
OopraHu3alMs Ha 3€MENbHBIX YYacTKax, NEPEelIaHHbIX B €ro pacrnopsbkeHHe, CTPOUTEIbCTBA B
COBPEMEHHOM AapXUTEKTYPHOM CTHWJI€ KWIBIX 3JaHUA W JPYTUX CTPOUTEIHHBIX OOBEKTOB,
OTBEUAIOIINX DKOJIOTHUUECKUM TPEOOBaHUAM U TpeOOBaHUSAM dHEProdhHEKTUBHOCTHU IS CO3TaHUS
rpaxaanaMm AszepOaiimkxaHckoil PecnyOnuku ycinoBui K NpUOOPETEHHIO KBAapTUP Ha JIbIOTHBIX
YCIOBUSX (KWIHUITHOTO 00ECIeYeHHsI 110 PUEMIIEMBIM I[€HaM), a TAaK)Ke y4acTHe U KOOpPIUHAIUSI
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NESATENbHOCTH IO OCYIIECTBICHUIO IOJUTUKUM B OOJIACTM TEPPUTOPUAIBHOTO IUIAHMPOBAHUS,
IIPOEKTUPOBAHMSI U APXUTEKTYPhI HA JaHHBIX 3€MEJIbHBIX yyacTKax [8].

CrpoutenbHblii ceKTOp A3epOaiikaHa UCTIBITHIBACT 3HAUUTENBbHOE BIMSHUE OT MAaCIITaOHbIX
IIPOEKTOB 110 BOo3poxkacHNI0 Kapabaxckoro 1 BocTouHo-3aHre3ypckoro 3KOHOMU4ECKUX paliOHOB.
OTH NPOEKTHI HAIIPABJIEHBI HA BOCCTAHOBJIEHNE UH(PPACTPYKTYPBI, CO3/1aHNE HOBBIX ITPOU3BOJICTB U
ylIydllleHUuEe >KM3HEHHBIX YCJIOBUH HaceleHMus. B paMkax IpPOEKTOB BOCCTAHOBJIEHHS TaKXke
aKLEHTUpYEeTCs BHUMaHME Ha sHeprerndyeckod MHppactpykrype. B Kapabaxe yxke mocTpoeHsl
TUIPO3JIEKTPOCTaHIMKM o0mmed MomHocTthio 270 MBtT, u B Omkaiilive rofisl IUIAHUPYETCS
YBEIUYUTH 3Ty MOIITHOCTH 10 500 MBT [9]. Pa3zButne sHepreTuku TpeOyeT 3HAUUTEIBHBIX 00BEMOB
CTPOUTENBHBIX PabOT, YTO TOTOJIHUTENHEHO CTUMYIUPYET CEKTOP.

Peann3anuss mpoekToB B paMKax — BoccraHoBieHuss —Kapabaxa — aeMOHCTpHUpyeT
CTPaTErMYeCcKyl0 Ba)KHOCTb CTPOUTENBHOM OTpaciau Uil HKOHOMHUYECKOTO M COLMAIBHOIO
BOCCTaHOBJIEHUSI peruoHoB. B pamkax "[lepBoii rocymapcTBEHHOW MNpPOrpamMMbl IO BEIUKOMY
BO3BpAIICHUIO HAa OCBOOOXKIEHHBIC TeppuTopuu Asepbaiimkana", paccuntanHor Ha 2021-2023
rofibl, ObIM IIPOBE/IEHB] 3HAYUTEIbHbIC BOCCTAHOBUTENILHBIE U CTPOUTENbHBIE paOOThI Ha IIOLIAN
B 10 ThICAY KBaJpaTHBIX KUJIOMETPOB C OIOJKETHBIMU ACCUTHOBAHUSMHU B pasMmepe 7 MUILIMAPIIOB
nosnapoB. Ha BoccTaHOBIIEHHE U CTPOUTENBCTBO B 3THX pernoHax B 2024 rony OyJeT BbIIEIEHO He
MeHee 2,4 MuwuMapia J0JIapoB U3 rocyaapctBeHHoro Owomkera [10]. DT uHBecTHIIMU OyayT
HaIpaBJIEHbl KaK HAa CTPOMTEILCTBO JKMJBIX M aIMHHHMCTPAaTUBHBIX 3/1aHUH, TaK U HA pa3BUTHE
UHPPACTPYKTYPHI, YTO CO3AAET JOTOJHUTEIFHBIE BO3MOXKHOCTU ISl CTPOHMTEIBHBIX KOMITAHHM.
ITpaBUTENBCTBO BBENO JBIOTHI, BKIIOYas OCBOOOXKJIEHHE OT Hajora Ha JI00aBJICHHYIO CTOMMOCTh
UMIIOPTHPYEMOTO O0OpYIOBaHHS ¥ MATEepPHaJOB IS NPEANpPUATHHA, pabOTalomMX Ha 3STHX
TEPPUTOPUSAX, a TAaKkKe OCBOOOXKIECHHWE OT HAJOrOB Ha MpPUOBLIb, MOJOXOIHBIH HAJIOT, 3eMIII0 U
HUMYILECTBO.

C nHauvaza Bo3poxkaeHus pernona nocie Bropoit Kapabaxckoii BOHHBI 01710 TOCTPOSHO OKOJIO
3 TBICAY KHJIOMETPOB aBTOMOOWJIBHBIX JOpOT, MPOJOXKEeHO 45 ToHHenel oOmei mmHOH 70
KUJIOMETPOB M 3aIUIaHUPOBaHO Bo3BeaeHue 450 MocToB. DTH MaciTaOHble paboThl CO3JA0T CIIPOC
Ha CTPOUTENbHBIE MAaTEPHUAIIBI U YCIYTH, YTO CLIOCOOCTBYET POCTY MECTHOT'O CTPOUTEIILHOTO CEKTOPA
[11].

Boccranosnenue Kapabaxa v nmpuerarmmux TeppuTopuid co3aaeT HOBbIe BOZMOKHOCTH JIJIS
CTPOMTENIBHOIO CEKTOpa. BoBiledyeHHE 4YacTHOrO CEKTOpa B CTPOMTENIBCTBO JAOMOB M CO3/IaHHE
MPENNPUATHI Ha 0CBOOOXK/IEHHBIX TEPPUTOPHUSIX OyIeT MPOUCXOAUTH MOCTENEHHO. B 3TH palloHbI
OBbUIO MepeceseHo OKOJIO 6-7 THICSY YEJIOBEK, 11€Ib COCTOUT B TOM, YTOOBI YBEITUUUTH 3TO YUCIO 10
140 ThIiCcsiu B TeueHHe roja. YacTHBIN CEKTOp yKe 3aHMMAaeTcs TEKYIIUM CTPOUTEIHCTBOM JOMOB.

[Ipennpunumarenu obnagarT psaaoM npeumyinects B Kapabaxe u Bocrounom 3anresype,
TakM€ Kak HaJIOTOBbI€ JIbIOTHI M CKHUJIKM Ha TaMOXXEHHbIE NOLUIMHBI, CO3/IaHHE CBOOOJIHOM
IIPOM3BOJICTBEHHON 30HBI Kak MMHUMYM Ha 5-7 net. Ilo mepe mepee3na Ha OCBOOOXAEHHBIE
TEPPUTOPUH, MPEANPUHUMATEIbCKAs aKTUBHOCTh, OCOOEHHO B TakuX cepax, Kak 0OIEeCTBEHHOE
MUTAHUE U YCIYTH, HEMIOCPEACTBEHHO CBA3aHHBIX C HaceJIeHUueM, OyIeT BO3pacTaTh.

OpHako, UMEIOT MECTO MPEMSITCTBUSI, B YaCTHOCTH HajJu4ue Ha3eMHbIX MUH. [lo crioBam
npe3usieHta M.AnueBa o TOM, YTO JJIsl MOJHOW OYHMCTKM TeppuTopuil morpedyercs 25 ner u 30
MUJUTHAP]IOB J0JUIAPOB, 1 OH MPU3BaJ YNHOBHUKOB OBITH O0jiee OJaroCKJIOHHBIMU, JIOSUTBHBIMHU U
BHHUMAaTEJIbHBIMU K IPEITPUHUMATEISIM.

B ¢espane 2021 rona npe3unent Unpxam AnueB nmoanucai ykas o pa3paboTke KOHIIEMIIHA
«YMHBIA TOpoJl» U «yMHoe ceno». CorjacHO yka3y npesujieHTa, pabodasi rpynmna mo Co3JaHHIo
KOHLENIMN YK€ NPUCTYyNWJIAa K pealu3aluu IpoeKkTa. B JOKyMeHTe NOoAYepKUBAEeTCs, 4YTO,
HCIIOJIb30BaHNE COBPEMEHHBIX TEeJIEKOMMYHHUKAIHM, ceHcopoB, «bonbmux naHusix» (Big Data) u
ApYruX HU(GPOBBIX TEXHOJIOTMHA U TEXHOJOTHI HCKYCCTBEHHOT'O MHTEIUIEKTA, a TAKXKE MHHOBAIUNA U
3HAaHUU TOBBIIIAET MPOJYKTHUBHOCTH COLIMAJIbHO-3KOHOMHMUYECKHUX OTHOILIEHUN M CO37aeT HOBBIE
BO3MOYKHOCTH JJISi TIOJYYEHHUS JOXOJOB B OOIIEH CTOMMOCTHOM IEMOYKe HKOHOMHYECKOTO
npou3BojicTBa. Ha opranuzoBannoii B baky 21 Hos6ps 2022 rona MexxayHapoIHOM KOHGEPEHIIUN Ha
TeEMy «YMHBIE C€lla: WHHOBALMOHHBIA IOAXOJ K PAa3BUTHIO CEIBCKOM MECTHOCTH», COIJIACHO
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COOTBETCTBYIOIIEMY paclopsbDKeHHIo mpesugeHta IMnbxama AnueBa, OblUT  MOATOTOBIIEH
NepBOHAYAIbHBINA BapUaHT KOHIENIINN, OCHOBaHHBIN Ha onbiTe Cunranypa u yo6as [12].

Konuenmus, pazpaboTaHHas Ha OCHOBE yKasa Mpe3ujeHTa A3epOaiikaHa, CTaHET BaKHBIM
JOKYMEHTOM, KOTOPBIN 3aJI0KHUT OCHOBY JUIsl TEXHOJIOTMYECKOI0 Mepexo]a K «yMHBIM ropoJiam» U
«yMHBIM JAepeBHAM». Kpome Toro, OyayT co3AaHbl YCIOBHUS IO BBIXOAY CEIbCKOTO HACEICHHS K
rOCYJapCTBEHHBIM yciiyraM. KoHIenmus «yMHOE Cello» — 3TO LEJIOCTHBIH MOAX0J K HUu(pPOBOH
TpaHcGopMaIK CeIbCKUX PalOHOB, KOTOPBIM OyAeT crocoOCTBOBaTh MX PA3BUTHIO U MOMOXKET
COKpaTUTh MUTPAIMIO M3 CEIbCKUX PailoHOB B ropoja. B OobIIMHCTBE CENBCKUX HACEIEHHBIX
MIYHKTOB HEOOXOAMMO 0OpaTUTh BHUMAHUE Ha PELICHUE CIETYIOIINX BOMPOCOB — 3TO obecrieyeHue
palMOHANBHOTO JHEProcHA0XKEHHUs; YCTAHOBJIICHHWE KAayeCTBEHHOIO  HWHTEpHETa; JOCTYH K
nu(ppoBOMYy KOHTEHTY; IOBBIIICHHE IPAaMOTHOCTH HaceneHus [13].

B Tpetneit gexane uronsa 2023 roga coCTOSJICSA TMEPBBIA 3Tall MacCOBOIO IEpECENCHUs
OBIBIINX BBIHYXKICHHBIX IIEPECENICHIIEB, B BO3BEICHHBIM C HyINd HACEJICHHbIH MYHKT Araibl,
CTPOMUTENBCTBO KOTOPOI'O BEJIOCH MOCIEAHMN TOA C JIMIIHMM Ha OCHOBAaHMM KOHLENIMH «YMHOE
ceio». OTO TMepecelieHne CTajo TMEepBbIM IYHKTOM MpoekTa Benukoro Bo3BpamieHus Ha
OCBOOOXCHHBIE B XoJe BTOpod Kapabaxckoit BoitHBI Teppuropum Asepbaiimkana. [Ipoekt
OCYILIECTBIISICTCS. B OCHOBHOM IO MATH HAMpPaBICHHUSAM: >KWIHMIIHOMY CEKTOPY, MPOHU3BOJACTBY,
COLIMAJIbHBIM YCIIyIaM, «yMHOMY CEJIbCKOMY XO3SIIICTBY» M aJbTepHAaTUBHOH 3Hepruu. B nepsyro
ouepenp TIaHupyercss crpoutenabcTBO 200 WHAMBUAYAIbHBIX JOMOB C HCHOJIb30BaHUEM
MHHOBAIIMOHHBIX CTpoiiMaTepuaioB. MIH)xeHepHble KOMMYHUKALIUH, OTOIUTENbHbBIE CUCTEMBI TAK¥Ke
OyAdyT cO3laHbl MO «YMHBIM» TeXHOJOTHsM. ONTUMHU3M BHYIIAeT U TO, uTo ['ocymapcTBeHHOE
areHTCTBO KWJINILIHOTO CTPOUTENbCTBA A3epOaiiykaHa aKTUBHO MU3y4aeT MEXAYHAPOIHBIN OIBIT U
rnobanpHple TeHAeHIMH — HapaboTtku Typuuu, Poccun, ['epmanum, Cunramypa, bpasunmw,
Mekcuku M Jpyrux cTpaH. MHOrHe pa3BUTBIE CTpPaHbl MHUpa HUMEIOT OOJIBLIONW OMIBIT B Jelie
o0ecriedeHrs pacTyluX MOTPEOHOCTEH HacelneHUs B yNYUIICHUH >KWIHMIIHBIX U KOMMYHaIbHBIX
YCIIOBHI M B OOJIACTH CTPOUTENHCTBA COIMAIBHBIX KBapTup. [Ipu opranmszanuu paboTel, Oyaer
oTnaBarbCs npenanoyreHue onbiTy 'epmanuun, Cunramypy, Typuun, Poccun u apyrum ctpaHam.
CriennanucToB OCOOEHHO HHTEPECYIOT IPUMEHEHHE COBPEMEHHBIX CTaHIapTOB B 00JacTH
KHWJIAITHOTO CTPOUTENBCTBA, a TAK)KE MEXaHU3Mbl (DUHAHCUPOBAHUS JILTOTHOTO XKUbs [ 14].

BeiBoa. PaGota crpouTenbHOro KOMIUIEKCa 3a MOCIEAHHUE TO/bl XapaKTepU3yeTCs pOCTOM
MHBECTULIMOHHOW aKTUBHOCTH, YTO IMOBJEKIO 3a COO0OW 3HAYMTENbHOE YBEIWYEHHE OOBEMOB
IIPOU3BOJICTBA, POEKTHBIX U CTPOUTEIBHO-MOHTAXHBIX pa0bOT, 3arpy3Ky MOIIHOCTEH OOJBIIMHCTBA
CTPOUTENBHBIX OpPraHU3aluid M MPEANPUSITHA MPOMBIIUIEHHOCTH CTPOUTEIbHBIX MAaTEepUajoB B
OCHOBHOM Ha OOBEKTaX JKWIMILHOTO U COLMAJIbHOrO cTpouTenbcTBa. OcCOOBIH MaTpoHax
rocyaapcTBa 3[eCb HEOOXOJUMM KaK HWHHMLIMAIMUSA MPEOJOJICHHs aJMUHHUCTPATUBHBIX U
TEXHOJIOTHYECKUX OapbepoB.
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SONAYE TULLANTILARI 9SASINDA DAYANIQLI MODIFIKASIYA OLUNMUS
POLIPROPILEN LiFLi BETON

Mbadiyeva Giilbazar- t.e.d., Beynolxalq Yasil Texnologiyalar vo Investisiya Layiholori Markozi,
g.mediyeva@igtipc.org
Haqverdiyeva Tahira— t.c.d., professor,Materialsunashq kafedras1, Azorbaycan Memarliq vo Insaat
Universiteti, t.haghverdiyeva@azmiu.edu.az
Camalova Xayalo— todqiqatc1, Materialsunasliq kafedrasi, Azorbaycan Memarliq vo insaat
Universiteti, khayala.jamalova@azmiu.edu.az

Xiilasa. Hazirk1 tadqiqat isindo six dag siixurlarindan vo miixtalif mongoali sonaye tullantilarindan
sement sistemlorindo mineral olavolor kimi, hom¢inin miixtalif plastiklogdirici olavalorlo birlikdo
istifado olunmasinin miimkiinliiyli 0yronilmisdir. Tocriibalordo Azorbaycan Respublikasinda otraf
miihit {i¢iin potensial ekoloji tohliiks yaradan aliiminium oksidi istehsali tullantilari, tobii kvars siixuru
va ¢inqil istehsalindan alinan six das tozundan istifads edilmisdir. Miioyyan olunmusdur ki, ultra inco
liytidiilmiis bu komponentlor sement sistemlorindo mineral slavalor kimi totbiq oluna bilar vo bu halda
sement daginin sixilmada mohkomliyi 4-10% artir. Miloyyan edilmigdir ki, bu inco tyiidiilmiis
slavolorin S520 markali superplastifikator vo HP777 markali hiperplastifikator ilo birlikdo istifadosi
naticasinds agir betonun sixilmada méhkomliyi 15,5% artmisdir. Belo kompleks slavalorin polipropilen
lifli betonlara tasiri 6yronilmis va naticads alinan lifli betonun méhkomliyinin 18-40%

artdigr miioyyon edilmigdir. Alinmig lifli betonlarin sixilmada moéhkomliyi 48,35-58,92 MPa, orta
sixligi iso 2400-2467 kq/m? intervalinda olmusdur. Bununla yanasi, digor asas istismar gostaricilori-
zorbayo davamliliq (12,72%), dinamik dayaniqliq (4,16%), oyilmoado mdéhkomlik (3,03%), oyilmoado
dartilma méhkamliyi (9,09%), stirtlinme miiqavimeti (4%) va suya davamliliq (9,63%) adi polipropilen
lifli betonla miiqayisads daha yiiksok olmusdur. Belo betonlarin maya dayarinin adi polipropilen lifli
betondan 2,23 AZN daha ucuz oldugu miioyyon edilmisdir.

Aparilmis elmi-tadqiqat islori noticasinda texniki-iqtisadi, ekoloji va otraf miihit baximindan somarali
modifikasiya olunmus polipropilen lifli beton olds edilmisdir.

Acar sozlar: lifli beton, ekologiya, dayanigli inkisaf, sonaye tullantilari, sement istehsali, iqtisadi
somaralilik, effektivlik, mohsuldarliqg, straf miihit, gonaot

SUSTAINABLE MODIFIED POLYPROPYLENE FIBER CONCRETE BASED ON
INDUSTRIAL WASTE

Mediyeva Gulbazar — Doctor of tech.sc., International Green Technologies and Investment Projects
Center, g.mediyeva@igtipc.org
Hagverdiyeva Tahira-PhD in tech.sc., professor, department of Building Materials and Products
Technology, Azerbaijan University of Architecture and Construction, t.haghverdiyeva@azmiu.edu.az
Jamalova Khayala—researcher, department of Building Materials and Products Technology,
Azerbaijan University of Architecture and Construction, khayala.jamalova@azmiu.edu.az

Abstract. In the current research, the feasibility of using dense mountain rocks and industrial waste of
various origins as mineral additives in cement systems, as well as in combination with various
plasticizing additives, was studied. In the experiments, fine powdery aluminum oxide production waste,
natural quartz rock and dense stone dust from crushed stone production, which pose a potential
ecological threat to the environment in the Republic of Azerbaijan, were used and it was determined that
these ultrafinely ground components can be applied as mineral additives in cement systems, and in this
case, the compressive strength of cement stone increases by 4-10%. It was determined that by using
these finely ground additives in combination with S520 brand superplasticizer and HP777 brand
hyperplasticizer, the compressive strength of heavy concrete increased by 15.5%. The effect of such
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complex additives on polypropylene fiber fiber concretes was studied and it was determined that the
strength of the resulting fiber concrete increased by 18-40%. The compressive strength of the obtained
fiber concretes was determined to be 48.35-58.92 MPa, the average density was within the range of
2400-2467 kg/m?3, and at the same time, other main operational indicators (impact resistance (12.72%),
dynamic stability (4.16%), bending strength (3.03%), bending tensile strength (9.09%), friction (4%)
and water resistance (9.63%)) were higher than those of ordinary polypropylene fiber fiber concrete. The
cost of such concretes was determined to be 2.23 AZN cheaper than polypropylene fiber concrete. As a
result of the conducted scientific research work, a modified polypropylene fiber concrete with technical
and economic environmental and ecological effectiveness was obtained.

Keywords: fiber concrete, ecology, sustainable development, industrial waste, cement production,
economic efficiency, effectiveness, productivity, environment, savings

Introduction. In the modern era of developing techniques and technologies, the organization of
the production of various materials with the application of environmentally friendly, economically
efficient, and environmentally friendly raw materials and materials, as well as low-labor-intensive
advanced technologies, is one of the important issues facing all industries. This issue is particularly
relevant in the context of sustainable development, which involves the rational use of natural resources
to reduce environmental impacts and improve the efficiency of cleaner industrial production.
Considering that the growing population in all parts of the world requires the expansion of new
workplaces, residential areas, recreational facilities, and other construction areas. At the same time, the
increasing scale of the construction industry is accompanied by an increase in the consumption of
mineral resources and energy, which focuses the attention of researchers on issues of resource
conservation and environmental sustainability of building materials. Then we can see that the
construction sector is developing rapidly in the world. Currently, concrete and reinforced concrete
products and structures made on the basis of concrete mixtures for various purposes are being used in
construction. In modern times, in addition to residential and catering buildings, as well as small facilities,
the demand for the construction of buildings and structures that require higher responsibility and have
architecturally magnificent, unique and individual features has increased significantly. This increases
the scale of responsibility of scientists and researchers working in the field of materials science,
manufacturing enterprises, as well as engineers participating in the design and implementation process.
From this point of view, in recent years, the demand for special-purpose, specific-property concrete
mixtures and reinforced concrete products produced on their basis has increased. Considering that the
main component that increases the cost of reinforced concrete products is reinforcement and
reinforcement products, it is not possible to use large-diameter and high-strength reinforcement products
in thinner and bending-requiring structures, or it is necessary to use smaller-diameter and densely placed
reinforcement products (nets). This leads to a significant increase in the cost of buildings and structures.
Therefore, scientific research shows that the use of various types of fibers in the production of thinner
and durable products and structures with special properties gives more effective results. It should also
be noted that an additional advantage of using fiber is the ability to partially reduce the material
consumption of structures and increase their durability, which meets modern requirements for
sustainable construction. Such types of concrete are concretes reinforced with metal, polypropylene,
basalt, glass, carbon and other fibers. The application of this type of fiber concrete is expanding today
[1-3].

It is known that the discovery and practical application of fiber concrete has a history of more
than a century. Thus, the idea of the possibility of producing fiber concrete was put forward by the
Russian scientist V.P. Nekrasov in 1909. Therefore, it is V.P. Nekrasov who is considered the author of
the production of fiber concrete. However, the large-scale study and application of fiber concrete began
in the 60s of the 20th century. Thus, fiber concrete has been studied by researchers from the USA, Great
Britain, Canada and other countries. Currently, fiber concrete reinforced with various types of fibers is
considered a new generation of high-quality concrete. In modern times, by reinforcing concrete and
construction mortars with various fibers, it is possible to improve their physical, mechanical and
operational characteristics and increase their durability. Thus, increasing the service life of structures
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and reducing the need for their repair and replacement of parts are also considered important factors for
the sustainable development of the construction industry. Fiber concrete is considered one of the most
promising materials of the 21st century. One of the reasons for such promising and widespread
application of fiber concrete is the possibility of applying new fibers in its production and the possibility
of applying complex additives for various purposes [4].

Literature review and problem statement. This research aims to develop a sustainable artificial
stone material from limestone dust waste through optimization of granulometric composition, binder
ratio, and use of hyperplasticizers [5]. Such research is considered an important area of sustainable
development of building materials, as it is aimed at utilizing industrial waste and reducing the resource
intensity of cement production. The possibility of producing fiber-reinforced concrete with high
deformation properties by regulating the microstructure and using it in the design of transport structures
was considered. It was found that to create high-performance transport structures, it is necessary to
modify fiber mixtures with complex additives, i.e., increase the strength of fiber-reinforced concrete at
the micro-level. To obtain a denser structure of the concrete matrix, complex additives were used—
ultrafine additive (silica fume) and Master Air 200 B air-entraining additive. It was experimentally
proved that using such additives reduces the water-cement ratio and further strengthens the concrete
matrix structure [6].

This article discusses the development of modified fiber-reinforced concrete formulations using
finely ground mineral additives containing SiO> and hyperplasticizers. A comparative analysis of the
properties of conventional concrete and its modifications is provided [7].

It should be noted that the use of mineral additives, partially replacing cement, is of particular
importance in the context of high volumes of global cement production, accompanied by significant
energy costs and greenhouse gas emissions. In the presented paper, concrete resistance to friction was
studied. B25 class heavy concrete was selected as an experimental object. Polypropylene and metal
fibers were used to increase friction resistance of the selected concrete. The test was carried out on the
LKI-3M friction device in accordance with the requirements of TOCT 13087. Based on the test results,
it was found that the resistance of the polypropylene fiber concrete to the anti-friction resistance of 0.28
g/cm?, whereas in the case of metal fiber concrete, this indicator was 0.30 gr/cm?. Test results were
compared with 112.5% of polypropylene fiber concrete, and 6.25% higher resistance to concrete fibrous
concrete compared to B25 grade concrete samples. Based on the results of the experiment, it is possible
to say that the application of fiber concrete in the construction of road surfaces is more effective [8].

The crack resistance of fiber-reinforced concrete with and without additives was determined.
Based on the test results, it was found that crack resistance was higher for concrete samples containing
polypropylene and metal fibers than for standard concrete.

Fiber-reinforced concrete using microsilica has shown improved performance. The effectiveness
of using such concrete in road pavement construction has been established [9].

Improving the crack resistance and durability of concrete pavements is considered an important
factor in the sustainable development of transport infrastructure, allowing for a reduction in repair and
maintenance costs.

In the presented paper, concrete resistance to friction was studied. B25 class heavy concrete was
selected as an experimental subject. Polypropylene and metal fibers were used to increase the friction
resistance of the selected concrete [10].

Efficiency in the construction, reconstruction, and repair of transport structures can be achieved
by using fiber-reinforced concrete with high deformation properties. This article examines the possibility
of using complex additives to optimize the composition of fiber-reinforced concrete with high
deformation properties. It was found that the use of chemical and ultrafine additives in fiber-reinforced
concrete significantly increases compressive and flexural strength. This is due to the fact that the use of
steel fibers allows for uniform reinforcement of the concrete throughout the entire volume, which
favorably affects the distribution of stresses in the concrete mass and leads to a reduction in stresses in
hazardous areas [11]. Taken together, these approaches meet modern sustainable construction
requirements aimed at increasing the operational reliability of structures while rationally using material
and energy resources.
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Research materials and methods. The current study examined the issue of improving the
properties of fiber concrete using local raw materials and materials of the Republic of Azerbaijan. The
use of local raw materials reduces transportation costs and promotes the rational use of natural and
material resources in construction. For this purpose, the research used CEM II/A-L 42.5 R (Expert)
cement produced at the Holcim Azerbaijan Cement Plant, sand from the Bahramtepe deposit (Imishli
district), and sand and crushed stone from the Gudiyalchay quarry (Guba district). In order to improve
the properties of concrete and also save on Portland cement, mineral additives, plasticizers, and
polypropylene fibers, which are currently more widely used in the preparation of fiber concrete mixtures,
were used. Reducing the consumption of Portland cement by partially replacing it with mineral additives
is considered as one of the ways to reduce the resource intensity of concrete compositions.

As a mineral additive, waste generated during the production of aluminum oxide by the Ganja
Gil-Torpag Production Association operating in the Republic of Azerbaijan, as well as quartz sand from
the Umbaki deposit located near Baku and dust generated during the crushing of dense mountain rock,
S520 brand superplasticizer, HP 777 brand hyperplasticizer, and SikaFiber T-60s brand polypropylene
fibers were used as fibers to improve the rheological properties of the mixture. The inclusion of industrial
waste in concrete mixtures allows us to consider the resulting compositions to be oriented towards the
principles of rational use of secondary resources.

The chemical (by X-ray spectral method) and mineral (X-ray phase method) compositions of the
used mineral additives were studied.

Based on the results of the X-ray spectral analysis, it can be said that the chemical composition
of the finely ground aluminum oxide production waste is SiO> — 17.44%; Al>Os — 15.60%; Fe,O3 —
46.79%; CaO — 1.67%; Na20O — 2.31%; MgO — 0.28%; P.Os — 0.18%; SO3 — 0.49%; K20 — 0.39%; TiO>
— 3.21%; MnO — 0.43%; CI — 0.06%, the amount of volatile components at a temperature of 950°C is
10.20%, the mineralogical composition is quartz SiO2, magnetite FesOas, hematite Fe-Oz and feldspar.

The composition of the crushed quartz sand mineral additive is SiO2 — 97.01%; Al.O3 — 0.49%;
Fe203—1.16%; CaO — 0.75%; Na2O — 0.01%; MgO — 0.06%; P,Os —0.01%; SOs—0.14%; K20 —0.09%;
TiO2 — 0.03%; MnO — 0.01%; It was found that Cl —0.03% and the amount of volatile components at a
temperature of 950°C was 0.16%, the main phase of the mineralogical composition was quartz SiO2, and
a small amount was feldspar.

The granular composition of mineral additives was studied by granulometric analysis.
Considering that additives are used to reduce cement consumption, the granular composition of cement
was analyzed in parallel in the experiments. The test results were compared. The results of granulometric
analysis of the samples are given in Table 1 [12].

Table 1. Granular composition of mineral additives

Particle | Cumulative | Particle | Cumulative | Particle | Cumulative
size, distribution, size, distribution, size, distribution,

Xo/um Q3/% Xo/um Qs/% Xo/um Q3/%

1 2 3 4 5 6
Waste from the alumina industry

0,90 7,00 5,00 28,86 30,00 52,05
1,10 9,82 6,00 30,80 36,00 55,02
1,30 12,24 7,50 33,31 43,00 58,26
1,50 14,32 9,00 35,45 51,00 61,82
1,80 16,94 10,50 37,32 61,00 66,09
2,20 19,70 12,50 39,54 73,00 70,86
2,60 21,82 15,00 41,96 87,00 75,74
3,10 23,87 18,00 44,49 103,00 80,46
3,70 25,77 21,00 46,71 123,00 85,78
4,30 27,31 25,00 49,28 147,00 92,22
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175,00 | 100,00
Sm=4887,33 cm?/g
Natural quartz sand
0,90 4,57 6,00 22,16 43,00 74,45
1,10 6,41 7,50 25,27 51,00 81,59
1,30 7,98 9,00 28,33 61,00 89,19
1,50 9,33 10,50 31,33 73,00 95,58
1,80 11,03 12,50 35,20 87,00 98,87
2,20 12,85 15,00 39,78 103,00 99,95
2,60 14,29 18,00 44,87 123,00 100,00
3,10 15,77 21,00 49,50 147,00 100,00
3,70 17,25 25,00 55,01 175,00 100,00
4,30 18,59 30,00 61,05 _
5,00 20,07 36,00 67,54 Sm=4100 cm/g

The parameters of the S520 superplasticizer and HP777 hyperplasticizer used are given in Table
2, and the parameters of the SikaFiber T-60s polypropylene fibers are given in Table 3.

Table 2. Main indicators of S520 superplasticizer and HP777 hyperplasticizer

Plasticizer type and brand | Chemical composition Density,g/sm® pH values
(at 20°C)
Superplasticizer Aqueous solutions of 1.14-1.16 50-7.0
S520 modified

polycarboxylate esters
and lignosulfonates

Hyperplasticizer Polycarboxylate 1.30-1.35 5.0-6.0

HP777

Table 3. Characteristics of SikaFiber T-60s polypropylene fiber

Brand Sika
Country of manufacture Swiss
Color black
Length 60 mm
Diameter 0.9 mm
Tensile strength >500 MPa
Density 0.91 kg/dm?®
Adsorption none
Chemical resistance high
Melting temperature +280°C
Resistance to molds high
Modulus of elasticity 20 MPa
Weight 0.90 g/cm?®
Maximum elongation 25%

The tests were carried out in accordance with the requirements of the International Standards
Documents in force in the Republic of Azerbaijan. The performance of cement was studied in accordance
with the technical requirements of the State Standard AZS EN 197.1-2021 [13] according to the test
methods and rules EN 196-2-2013 [14].
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The properties of the concrete mixture were determined in accordance with the standard EN 206-
1:2000 [15]. The compressive strength of concrete was studied according to EN 12390-2 [16], crack
resistance tests according to 1SO 29167-2021 [17], dynamic stability of concrete, tensile and flexural
strength according to ISO 10180-2012 [18], abrasion tests according to 1SO 13087-2018 [19], and water
resistance according to 1SO 12730.5-2018 [20].

Work conduct. The research was carried out in stages. At the initial stage, the possibility of using
ultrafine ground alumina production waste, quartz sand and slag stone powder as mineral additives was
studied, and their effect on cement-sand systems was determined. The use of these materials was
considered not only from the standpoint of improving the properties of cement systems, but also from
the point of view of involving secondary resources in construction production. The samples were
prepared in standard sizes in the ratio cement: sand = 1:3. The ultrafine ground mineral additives used
were used in an amount of 5-20% of the cement consumption, and their effect on the rheological
properties and mechanical properties of the cement mortar was studied. The results were analyzed in
comparison with samples prepared without additives in parallel. The normal density and setting time of
the prepared mortar were determined in the Vika device, and standard 40x40x160 mm bars were
prepared from the prepared mixtures. The samples were tested after hardening by the standard method.
The test results are given in graphs 1-3.

a1
o

50 50

b

40

Compressive strﬁngth limit, MPa
o

Compressive strength limit, MPa
Compressive strength limit, MPa

30 30 30
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Amount of additive, % Amount of additive, % Amount of additive, %
Graph 1. Dependence of cement Graph 2. Dependence of Graph 3. Dependence of
stone strength on the amount of cement stone strength on the cement stone strength on the
finely ground alumina amount of finely ground quartz  amount of finely ground dense
production waste sand stone dust

As can be seen from Graph 1-3, when finely ground mineral components (aluminum oxide
production waste, quartz sand, dense stone dust) were used in an amount of 10% of the cement
consumption, the strength of the tested cement stone increased by 4.87%, 10%, 6.15%, respectively.
Thus, partial replacement of Portland cement with mineral additives allows for simultaneous
improvement of strength characteristics and reduction of binder consumption. The effect of the additives
used on the structure formation process of cement stone was studied (Figure 1).
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Figure 1. Diffractogram of cement stone samples with mineral additives: a) aluminum oxide
production waste-based sample; b) quartz sand sample; c) stone waste dust-based sample

As can be seen from the diffractogram (Figure 1. a), when ultrafine ground alumina production
waste was used, the mineralogical composition of the cement stone was a-quartz SiOz, calcite CaCOg,
calcium hydroxide Ca(OH)2, CaSOsx2H20, CaAlz(Si2Al2)O10(OH)2, when ultrafine ground quartz sand
was used (Figure 1. b), the mineralogical composition of the cement stone was a-quartz SiO, calcite
CaCQg, calcium hydroxide Ca(OH)2, Caz(SiOs)(OH)2, CasSiOs, belite CazSiO4, CaSOsx2H20, and in
the samples using ultrafine ground dense stone powder (Figure 1. ¢), the mineralogical composition of
the cement stone was oa-quartz SiOp, calcite CaCOs, portlandite Ca(OH)2, Caz(SiOg)(OH)., belite
CaxSiOs, CasSiOs minerals form. The main structural, dense and high strength properties of cement
systems with hardened mineral additives are formed due to the Ca>SiO4xH20 mineral (table 4).

Table 4. Mineralogical composition of mineral additives used, %

T /T lo |2 "
| 2S5 3598 ST L] 18
no| Minel | S1SITI IS8 532278 1 E
additivename | Q@ | S | % |5 | €| 839|510 2| ¢ ¢
» | O|F|O|OXRG | |28 f_é 9 s d E
S SS9 |8
Aluminum 1525|120 | - - - - - 5 25 | - - |10
1 oxide
production
waste
2 Quartzsand | 1329 |17 |14 | 6 - 6 4 - - - |11
3 Dense stone 10 |14 | 48| 6 - 10 - 2 4 - - - 4
dust

The second stage was devoted to determining the share of coarse and fine aggregates used in the
single system. Since the main part of the concrete composition is made up of fillers (85%), the effect of
fine (sand) and coarse aggregates (crushed stone) was studied, taking into account the significant effect
of the location and distribution level of fillers in a single volume on the operational characteristics of
concrete. Optimization of grain composition was considered as a way to increase the density of the
structure and rational use of mineral resources. After studying the relative consumption share of local
coarse and fine aggregates in a single volume, fiber concrete mixtures were prepared taking into account
this share share. After standard samples were hardened for 28 days, the compressive strength limit was
determined by testing them in a UTEST UTC-4320 hydraulic press. In all cases, 3 standard-sized
150x150x150 mm samples were prepared based on concrete mixtures. In the experiments, water, cement
and one type of filler were kept constant, the consumption of other fillers was changed by 20 kg and
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samples were prepared. The compressive strength limit of the hardened samples (graph 4) was
determined [21].
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Graph 4. a) The effect of natural sand consumption on the compressive strength of heavy concrete; b)
The effect of 10-20 mm crushed stone consumption on the compressive strength of heavy concrete

Based on the experimental results (graph 4. a), it was determined that the use of a fine aggregate
mixture in the concrete mixture, natural sand: fine sand = 42.65%: 57.35% ratio, is more effective both
economically and technologically. According to the obtained results, the compressive strength of
concrete increased by 13.74% [21].

It was considered more efficient to prepare a coarse aggregate mixture based on two fractions of
crushed stone (5-10 mm) : (10-20 mm) = 74.5%: 25.5%. The test results showed that a denser concrete
structure was obtained in this ratio, and therefore, the compressive strength of the obtained concrete was
37.45 MPa (graph 4. b), which increased the compressive strength of the concrete prepared on the basis
of the initial mixture by 6.24% [21]. This gives grounds to say that the small filler grains in a single
volume at the specified filler ratio fill the gaps between the large fillers more densely, and it is possible
to obtain dense structural concrete.

Taking into account the initial experimental results, polypropylene fiber-reinforced concrete and
modified fiber-reinforced concrete compositions were developed. The experiments were conducted not
by the traditional classical method, but by a more progressive method applied in the science of concrete
science - the method of mathematical statistical planning of experiments. In the experiments, the
water/cement ratio was kept constant, 3 influencing factors (cement, mineral additives, fiber) were
selected and a 23-type experimental plan was developed. The experiments were carried out according to
the plan and the test results are given in graphs 5-7. The results obtained in the experiments were
analyzed comparatively with the indicators of heavy concrete samples with optimal composition
prepared in parallel.
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Graph 5. Test results of ordinary heavy concrete
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The test results of ordinary heavy concrete were statistically analyzed using a computer program,
and a mathematical model of the compressive strength parameter, the main indicator of concrete, was
constructed taking into account the obtained regression coefficients.

Rstr= 39,73 + 0,39X1—1,23X2 + 0,53X3 + 0,85X1X2— 1,7X1 X3 +
+ 1,07X2X3-0,68X1X2X3

Taking into account statistical analysis and the influence levels of variable factors, the optimal

composition of ordinary heavy concrete was determined by the short rise method, both computationally

and experimentally. The compressive strength of the obtained ordinary heavy concrete with the optimal
composition was 41.84 MPa.
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Graph 6. Test results of finely ground alumina production waste and polypropylene fiber
concrete with HP — 777 hyperplasticizing additive

The test results of ultrafine ground aluminum oxide production waste, polypropylene fiber fiber
concrete with complex additives containing HP777 brand hyperplasticizer were statistically analyzed
using a computer program, and a mathematical model of the compressive strength parameter, the main
indicator of concrete, was constructed taking into account the obtained regression coefficients.

Rczz.%p.f.s.: 48,49+0,306X2-4,91X3+1,57X1X3-2,92X2X3—-1,98 X1 X2X3

Taking into account the statistical analysis and the influence levels of variable factors, the optimal
composition of modified polypropylene fiber fiber concrete with complex additives (hyperplasticizer,
finely ground aluminum oxide production waste) was determined computationally and experimentally
by the short rise method. The compressive strength of the modified polypropylene fiber fiber concrete

with the optimal composition obtained was 48.35 MPa, which increased by 6.51 MPa (15.5%) compared
to heavy concrete.
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Graph 7. Test results of polypropylene fiber concrete containing finely ground quartz sand and a
hyperplasticizing additive of the HP — 777 brand
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The test results were statistically analyzed using a computer program and a mathematical model
(regression equation) of the compressive strength limit parameter of fiber concrete was developed [21].

The optimal composition of the modified polypropylene fiber concrete with complex additives
containing HP777 hyperplasticizing ultrafine ground quartz sand was established according to the
experimental results (compressive strength limit parameter) carried out in accordance with the levels of
the variable factors, taking into account the regression coefficients determined as a result of statistical
analysis and the influencing factors.

Rgﬁlp_f_s_: 48,78-0,219X1+0,44X2-4,97X3+4,42 X1 X2+1,54 X1 X3-2,77X2X3-1,97X1X2X3

Taking into account the levels of variable factors, the optimal composition of polypropylene
fiber-reinforced concrete with a complex additive of hyperplasticizer, ultrafinely ground quartz sand was
developed and it was determined that the compressive strength of the modified fiber-reinforced concrete
is 58.92 MPa, which is 17.08 MPa (40.82%) higher than that of conventional heavy concrete.

limit, MPa

®20-30 m30-40 ®40-50 ®50-60 22 23 24

Compressive strength

Number of test samples, pcs.

Graph 8. Test results of polypropylene fiber reinforced concrete with finely ground quartz sand and
S520 superplasticizer additive

Based on the results of the conducted experimental tests of polypropylene fiber-reinforced
concrete with complex additives containing S520 brand superplasticizer, ultrafine ground quartz sand,
and a computer program analysis, the mathematical model of the parameter R%; ;15 was obtained as
follows:

R;ip.f.s.: 47,05-1,55X1-0,87X2+1,61 X1 X2+2,18X1X3-0,77X1X2X3

Statistical analysis of the results, calculation of influencing factors, compliance with the influence
limit and experimentally verified, determined the compressive strength of the modified polypropylene
fiber fiber concrete with an optimal composition (finely ground quartz sand, S520 brand superplasticizer)
as 49.70 MPa. This indicator was 7.86 MPa (18.78%) higher than the corresponding indicators of heavy
concrete with an optimal composition. Based on the results of the conducted experiment, it can be said
that the properties of polypropylene fiber fiber concrete can be improved by using complex additives of
various compositions.

The operational characteristics of the modified fiber concrete optimized in terms of composition
and properties were studied. Experimentally, the following properties of the proposed modified fiber
concrete were determined: Crack resistance (12.72%), dynamic stability (4.16%), bending strength
(3.03%), tensile strength during bending (9.09%), friction (4%) and water resistance (9.63%). The
obtained results were determined to be higher than those of conventional polypropylene fiber reinforced
concrete. Improving operational characteristics helps to increase the service life of structures and reduce
repair and maintenance costs. The economic efficiency of modified fiber reinforced concrete, which is
more effective in terms of technological and operational aspects, more effective in terms of ecological
and environmental protection (waste management) due to the use of raw materials (saving cement,
efficient filler consumption per unit volume), and effective in terms of traditional classical concrete, has
been studied. Thus, the obtained results demonstrate a combination of technological, economic, and
environmental efficiency, which corresponds to modern principles of sustainable development of

206



Elmi asarlar, Iqtisadiyyat Scientific works, Economics 2025, N1

building materials. It is known that the economic efficiency of the product depends on many factors.
Considering that the largest expense in the construction of buildings and structures, as well as in the
production of products, is the cost of materials. For this reason, the economic efficiency of the proposed
modified fiber reinforced concrete was determined taking into account the costs incurred on materials.
The report on the economic efficiency of modified fiber reinforced concrete was carried out in
accordance with wholesale prices in Azerbaijan, taking into account the locality of the materials. The
results are given in Table 5.

Table 5. Cost and economic efficiency of modified fiber concrete

' Unit of Consumption Wh_olesale Economic
Name of raw materials per 1 m® of price of Total cost, .
and materials MeasUr | tiher concrete materials, AZN efficiency,
ement . AZN
mixture AZN
Polypropylene fiber reinforced concrete
Cement tone 0.375 142 53.25
Natural sand m® 0.14 18 2.52
Alanti sand m? 0.19 17 3.23
Crushed stone (5-10) m? 0.59 17 11.03
Crushed stone (10-20) m? 0.22 17 3.74
Superplasticizer kg 10.4 15 15.6
Polypropylene fiber kg 6.35 5.73 36.38
Water m? 0.137 2 0.27
Total cost: 125.02
Modified polypropylene fiber reinforced concrete
Cement tone 0.359 142 50.9
Natural sand m3 0.14 18 2.52
Alanti sand m3 0.19 17 3.23
Crushed stone (5-10) m? 0.59 17 10.03
Crushed stone (10-20) m3 0.22 17 3.74
Mineral additive m® 0.01 12 0.12
Superplasticizer kg 10.4 15 15.6
Polypropylene fiber kg 6.35 5.73 36.38
Water m® 0.137 2 0.27
Total cost: 122.79 2.23

As can be seen from Table 4, the total cost of materials for 1 m3 of polypropylene fiber reinforced
concrete is 125.02 AZN, while for modified fiber reinforced concrete this cost is 122.79 AZN. The
economic efficiency of 1 m® of modified fiber reinforced concrete is 2.23 AZN. The economic
calculations performed show that the proposed modified fiber reinforced concrete can be considered an
economically efficient type of concrete.

Result.The possibility of applying finely ground raw materials of various origins (aluminum oxide
production waste, quartz sand, dense stone dust) to cement systems has been determined. It has been
established that the inclusion of these materials allows for the rational use of secondary resources in the
composition of cement compositions. It has been experimentally determined that when these additives
of various origins are used in an amount of 10% of the cement consumption, it allows to increase the
compressive strength of cement stone by 4.87-10%.

By taking a mixture of fine fillers (natural sand - fine sand consumption) in a ratio of natural sand:
fine sand = 42.65% : 57.35% in a unit volume, it was possible to obtain an economically and
technologically effective dense-structured concrete with a compressive strength of 13.74%. By
effectively selecting a large filler fraction in a unit volume ((5-10 mm) : (10-20 mm) = 74.5% : 25.5%),
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an increase in the compressive strength of concrete by 6.24% was achieved. Optimization of the grain
composition contributed to the formation of a denser concrete structure and increased efficiency in the
use of mineral resources.

The preparation of modified polypropylene fiber-reinforced concrete with a hyperplasticizer
HP777 brand, finely ground aluminum-oxide production waste, with a compressive strength of 48.35
MPa, optimized in terms of composition and properties, was determined by calculation and experimental
methods. It was determined that the compressive strength of this type of modified fiber-reinforced
concrete is 15.5% higher than that of conventional heavy concrete with an optimal composition.

Through calculations and laboratory experiments, a modified polypropylene fiber-reinforced
concrete with a hyperplasticizer HP777 brand, finely ground quartz sand, with a compressive strength
of 58.92 MPa, optimized in terms of composition and properties, was obtained. It was determined that
the compressive strength of this type of modified fiber-reinforced concrete is 40.82% higher than that of
conventional heavy concrete with an optimal composition.

Experimentally, a modified polypropylene fiber-reinforced concrete with a compressive strength
of 49.70 MPa was obtained with a hyperplasticizer of the S520 brand, finely ground quartz sand, a
complex additive optimized in terms of composition and properties. It was determined that the
compressive strength of this type of modified fiber-reinforced concrete is 18.78% higher than that of
conventional heavy concrete with an optimal composition.

Modified fiber-reinforced concrete with a crack resistance (12.72%), dynamic stability (4.16%),
bending strength (3.03%), bending tensile strength (9.09%), friction (4%) and water resistance (9.63%)
was obtained by applying complex additives of various origins. The improvement in the specified
performance indicators indicates a potential increase in the service life of structures and a reduction in
operating costs.

Taking into account the cost of materials used in the preparation of 1 m® of concrete mixture, a
modified polypropylene fiber-reinforced concrete composition was developed, which was obtained
economically cheaper. Based on the results of the conducted calculations and experimental tests, an
economically and technologically efficient, environmentally and ecologically effective modified
polypropylene fiber reinforced concrete was obtained. The obtained results demonstrate the combination
of strength, performance, and resource efficiency characteristics of the developed material, making it a
promising material for the sustainable development of the construction industry. The developed
approach can be adapted to various regions, taking into account national regulatory requirements and
environmental standards.
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Abstract Heat supply systems of settlements are among the largest consumers of fuel and energy
resources, which calls for optimizing their structure according to the criteria of energy efficiency and
environmental safety. The article proposes a comprehensive mathematical approach to the ecological
and economic selection of heat supply systems based on fuzzy logic theory and linguistic variables.
A hierarchical model for assessing the influencing factors has been developed,; it takes into account
the physicochemical properties and cost of fuels, the efficiency of heat generation and heat
transportation systems, as well as the specific emission factors of pollutants (CO,, NO,, SO,, and
particulate matter). To process qualitative expert information, the Mamdani fuzzy inference algorithm
(Mamdani FIS) and the centroid defuzzification method (Centroid) were applied. Computer modeling
of three heat supply scenarios was carried out in the Python environment. The results showed that the
highest integral priority index belongs to the decentralized system based on renewable biomass (Y* =
82.4%), whereas the traditional centralized natural gas system is characterized by a low priority
(Y* = 41.2%). The scientific novelty lies in the formation of a multicriteria integral index of
biosphere compatibility EESI, which increases the validity of decisions in the development of heat
supply schemes for communities.

Keywords: heat supply systems, fuzzy logic, linguistic variable, defuzzification, Mamdani
algorithm, biosphere compatibility, renewable energy sources, decentralization

Introduction. Energy security is one of the main priorities of every state. The housing and
utilities sector of Ukraine is currently the country's main consumer of fuel and energy resources (FER)
[1]. The sector continues to be dominated by fossil fuels (whose emissions cause significant
environmental pollution, especially of atmospheric air), as well as by obsolete technologies and worn-
out technical equipment (characterized by low efficiency and, accordingly, low energy efficiency) of
energy generation and supply enterprises and of end users — engineering systems, for example, those
forming the indoor microclimate of buildings and structures of various purposes [2, 22].

Relevance of the study. Heat supply systems of settlements, which require up to 30% of the
country's annual FER volume, are a clear example of this inefficiency. In general, any heat supply
system consists of three main structural elements: a heat energy source, heat consumers, and pipelines
for transportation.

In accordance with the requirements of the Law of Ukraine “On Heat Supply” [3], the
development of heat supply systems of settlements must be based on approved heat supply schemes,
which are a pre-design document that substantiates the economic and environmental feasibility and
the business necessity of designing and constructing new heat energy sources and heat networks, and
of expanding and modernizing existing ones.
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In order to save fuel and energy resources and to protect atmospheric air from emissions of
pollutants and greenhouse gases, the reconstruction of an existing heat supply scheme or the selection
of a new one for a settlement must be based on techno-economic calculations that take into account
the optimal combination of centralized, moderately centralized and decentralized (autonomous or
individual) heat supply systems, the introduction of energy-efficient technologies, alternative and
renewable energy sources, environmental protection, etc., as well as an increase in the operational
reliability of technological processes [23, 24]. That is, energy security and climate neutrality no longer
contradict each other — they have become interdependent.

The current structure of heat supply systems of Ukrainian settlements was created over
decades. Today it is obsolete and, moreover, is on the verge of physical wear-out. Its condition has
also been significantly worsened by the uncontrolled switch of the most solvent subscribers to
autonomous heat supply. The above realities fully apply to the entire engineering infrastructure of
settlements, in particular to the electricity and gas supply systems, which are in municipal ownership
and, as a rule, are also unprofitable owing to the mismatch between the tariffs in force and the actual
costs of providing the services, and to losses during transportation [1].

Thus, the question arises of determining the ways of further development of engineering
support systems of settlements in Ukraine, in particular heat supply systems. This problem becomes
even more urgent under martial law. Small towns, as a rule district centers and factory settlements,
are in the most difficult situation. The latter received heat from the process boiler houses of industrial
enterprises, which in present-day market conditions have become unprofitable and have ceased
operating.

Providing the urban community with housing and utility services is one of the main tasks of
local self-government bodies. The introduction of alternative types of heating is unaffordable for most
residents of a settlement, both financially (a characteristic feature of the subscribers is a high share of
socially vulnerable groups with low incomes) and because of the architectural and planning solutions
of existing residential buildings (for example, there are no flue ducts for individual heating
appliances).

At present, the main problem of heat supply systems is the inefficient use of energy resources,
primarily natural gas (the share of “blue fuel” in heat generation by centralized sources is: boiler
houses — 97%, CHP plants and thermal power plants — 80%), large heat losses during transportation
(the average loss level in main networks is 21.7%), and the high consumer cost for the population
(the average level of coverage of economically justified tariffs is 61%: the weighted-average applied
tariff is 1452 UAH/Gcal (excluding VAT), and the weighted-average economically justified tariff is
2381 UAH/Gcal (excluding VAT)) [1].

Recent research and publications. In accordance with the Law of Ukraine “On Ratification of
the Protocol on the Accession of Ukraine to the Treaty Establishing the Energy Community” [4], our
state has undertaken to comply with all decisions and procedural acts adopted in the application of
the Treaty. Ukraine has now developed its own legislative framework, and on its basis regulatory and
technical documents harmonized with the corresponding European directives and standards have
been adopted, aimed at reducing primary energy consumption and, accordingly, pollution of
atmospheric air by the combustion products of traditional fuels [3, 12]. Ukraine is a party to the UN
Framework Convention on Climate Change (UNFCCC) [13], the Kyoto Protocol [14] and the Paris
Agreement [15], which obliges the participating countries to implement long-term low-carbon
development strategies (LTS) consistent with the goal of keeping the rise in global temperature well
below 2 °C [25]. At the national level, the key legislative act that established the long-term vision of
the country's development is the Law of Ukraine “On the Basic Principles of State Climate Policy”
[16]. It set the ambitious goal of achieving climate neutrality by 2050, which corresponds to the goals
of the European Green Deal (EU Green Deal) [17].

The Long-Term Strategy [8] considers three possible scenarios for achieving climate neutrality,
which model different paths of development of Ukraine's economy [26]. In our opinion, the second
one is more realistic — “The scenario with additional measures: the scenario includes the
implementation of already existing plans, such as the modernization of heat supply and the
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improvement of energy efficiency, and additionally provides for the implementation of planned but
not yet implemented measures. Under this scenario, emissions can be reduced to 92.0 Mt CO2-eq. by
2050, or 10.0% of the 1990 level, the base year for assessing environmental pollution when
implementing the principles of the Kyoto Protocol.”

The Tax Code of Ukraine establishes tax liabilities for emissions of pollutants and greenhouse
gases into atmospheric air [18].

Statement of the objectives of the article. The aim of the article is a comprehensive analysis of
the input factors that influence the selection and substantiation of a heat supply system for a
settlement, taking into account energy sustainability and biosphere compatibility.

Main part.To create an expert modeling system for the multifactor analysis of the process of
accumulation of the factors that influence the choice of a heat supply system for a settlement, a
mathematical apparatus based on fuzzy logic theory and the linguistic variable was used [19-21].
This method, as an interconnected set of mathematical models, makes it possible to use expert
linguistic information to optimize the choice of a heat supply system for a settlement depending on
the factors that determine it. To establish the hierarchical relationships among the factors that
influence the choice of a heat supply system, they were classified (Fig. 1).
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Fig. 1. Classification of the factors influencing the choice of a heat supply system of a settlement
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Considering this process at the system level, the linguistic variable Ay, which characterizes
the choice of a heat supply system, can be represented as the relation
Apss = f(X;Y; Z), 1)
where X — linguistic variable (LV) describing heat energy generation; Y — LV describing the heat
supply system of the settlement; Z — LV describing the environmental friendliness of the fuels used
in heat energy generation.
The linguistic variable describing heat energy generation can be represented by the expression
X = f(x1; x5 x3), 2)
where X; — LV “fuel elemental composition™; X, — LV “fuel cost”; x3 — LV “fuel heating value”.
The linguistic variable describing the heat supply system of the settlement can be represented
by the expression
Y =y 52 ¥3), 3)
where Y; — LV “central heat supply system”; Y, — LV “autonomous heat supply system”; Y3 —

LV “individual heat supply system”.
The linguistic variable describing the environmental friendliness of fuels can be represented
by the expression

Z = f(24; 2 235 243 Zs; Zs), (4)
where Z; — LV “emission indicators of natural gas”; Z, — LV “emission indicators of gas coal,
grade GR”; Z3 — LV “emission indicators of wood waste, pellets”; Z, — LV “emission indicators of

sunflower husk, pellets”; Zg — LV “emission indicators of straw, bales”; Zg — LV “emission

indicators of peat briquettes”.
Equation (2) includes the variables xi, X2, x3, which in turn depend on other factors

x1 = f(aq; ay; as; ay; as; ag; az); )
X2 = f(by; by; b3; by; bs; b); (6)
x3 = f(cq;C2; €35 Cq5 Cs; Co), (7)

where a; — LV “carbon (C) content”; a2 — LV “hydrogen (H) content”; a3 — LV “sulfur (S) content”;
as — LV “oxygen (O) content”; as — LV “nitrogen (N) content”; as — LV “moisture (W) content”; az
— LV “ash (A) content”; b1 — LV “natural gas cost”; b2 — LV “coal cost”; b3 — LV “wood waste

cost”; b4 — LV “sunflower husk pellet cost”; b5 — LV “straw cost”; b6 — LV “peat briquette cost”;

c1 — LV “heating value of natural gas”; c2 — LV “heating value of coal”; c3 — LV “heating value of
wood waste”; €4 — LV “heating value of sunflower husk pellets”; cs — LV “heating value of straw”;
Ce — LV “heating value of peat briquettes”.

Equation (4) includes the variables z1, 72, z3, 24, s, Z6, which in turn depend on other factors:

Zz = f(n15 ny; n3;n4;n5); (8)
z; = f(dy; dy; dg; dy; ds; dg; d7); 9)
z3 = f(my; my; mg; my; ms; mg); (10)
zy = (ks ko ks kas ks; ke; k7); (11)
Zs = f(S1; 525 S35 543 S5 Se3 S7); (12)
Zg = f(hy; hy; hs; hy; hs; he; hy); (13)

For the mathematical description of fuzzy sets A, corresponding to the term sets for evaluating
the influencing factors, triangular membership functions p,(x) € [0,1] are used. For an arbitrary
parameter x € [a, c] with the modal value b, the membership function is defined by the expression:

214



Elmi asarlor, Insaat Scientific works, Construction 2025, N1

0, x < a,
xX—a
Pt a<x<bh,
.uA(X;a:b:C): cC—X
, b<x<cg,
c—b>b
0, X = C.

The knowledge base of the expert system is formed on the basis of the fuzzy production rules
of the Mamdani algorithm (Mamdani Fuzzy Inference System):

RUIF x, is A% AND x, is AY) AND z, is ¢ THEN Aygs is B®,

where k = 1, ..., K — the number of expert rules; A%, 459, %) — the fuzzy terms of the input
variables; B%) — the fuzzy term of the output variable, the priority of the heat supply system.

For defuzzification (the transition from a fuzzy set to a crisp quantitative priority indicator Y*)
the center of gravity method (Center of Gravity / Centroid Defuzzification) is used:
Ly -us()dy

- Lusdy
where ug(y) — the resulting membership function after accumulation of all rules of the
knowledge base.

*

Membership functions of the linguistic variable "System efficiency (n)"

- -Low
= Average

1.0+ \\ /"\ —— High

0.8 - >
i Y *
0.6 /

0.4 N ya

Degree of membership (x)
7
7
~

/
0.2 _)’\

0.0 4 £

0.4 0.5 0.6 0.7 0.8 0.9
Efficiency (EFC)

Fig. 2. Graphical representation of the triangular membership functions for the linguistic variable
“efficiency of the heat supply system”

The values of the linguistic variables given in relations (1)—(13) are evaluated using a system
of qualitative terms specified in the table. The value of the linguistic variable “choice of the heat
supply system (degree of priority)” is represented by the following evaluation terms: L — low; bM
— below medium; M — medium; aM — above medium; H — high. Each of these terms is a
corresponding fuzzy set, which is a certain property considered as a linguistic term. The evaluation
terms for the linguistic variables are given in the table.
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For the factors influencing the choice of a heat supply system for a settlement, the universes of
discourse were selected in accordance with information on:
- the cost of traditional and alternative fuels;
- the physicochemical properties of fuels;
- the calculated emission factors of pollutants and greenhouse gases formed during fuel combustion;
- tax liabilities for environmental pollution;
- the technical characteristics of heat supply systems.

Table 1. Influencing factors as linguistic variables

Designation and name of the variable Udr]lverse of Terms for evaluation
iscourse
1 2 3
a1 — carbon (C) content 30...90% low (L), medium (M), high (H)
a2 — hydrogen (H) content 3...25% low (L), medium (M), high (H)
az — sulfur (S) content 0..6% low (L), medium (M), high (H)
as — oxygen (O) content 0...30% low (L), medium (M), high (H)
as — nitrogen (N) content 0.5..2% low (L), medium (M), high (H)
as — moisture (W) content 0...30% low (L), medium (M), high (H)
azr —ash (A) content 0...40% low (L), medium (M), high (H)
0.23..0.29 . .
b, — cost of natural gas UAH/MI low (L), medium (M), high (H)
b, — cost of coal 0.4..1.0 UAH/MJ | low (L), medium (M), high (H)
b; — cost of wood waste 0.8...1.0 UAH/MJ | low (L), medium (M), high (H)
0.34..0.73 . i
b, — cost of sunflower husk pellets UAH/M] low (L), medium (M), high (H)
0.06...0.29 . i
bs — cost of straw UAH/M] low (L), medium (M), high (H)
. 0.75...1.0 . .
bg — cost of peat briquettes UAH/M] low (L), medium (M), high (H)
c1 — heating value of natural gas 43...48 MJ/kg low (L), medium (M), high (H)
2 — heating value of coal 25...30 MJ/kg low (L), medium (M), high (H)
cs — heating value of wood waste 12...18 MJ/kg low (L), medium (M), high (H)
C4— heating Va'p‘j:I or sunflower husk 15..20 Mitkg | low (L), medium (M), high (H)
Cs — heating value of straw 15...16 MJ/kg low (L), medium (M), high (H)
Ce — heating value of peat briquettes 12...14 MJ/kg low (L), medium (M), high (H)
B . very low (VL), low (L),
Y, — central heat s_upply system (effective 0.48..0.55 medium (M), high (H), very
efficiency) high (VH)
B very low (VL), low (L),
Y2 —autonomous heat supply system 0.75..0.8 medium (M), high (H), very
(effective efficiency) high (VH)
g very low (VL), low (L),
Y3 |nd|V|du_aI hea’F s_upply system 0.85...0.9 medium (M), high (H), very
(effective efficiency) high (VH)
ni — emission factor of carbon monoxide . .
(CO) from natural gas 17..51 g/GJ low (L), medium (M), high (H)
n2 — emission factor of nitrogen oxides . .
(NO,) from natural gas 42...126 g/GJ low (L), medium (M), high (H)
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nz — emission factor of carbon dioxide

58593...175779

low (L), medium (M), high (H)

(CO2) from natural gas g/GJ
ns — emission factor of nitrous oxide (N2O) 0.1..0.3 a/GJ low (L), medium (M), high (H)
from natural gas 4eU0 g : 1Y
ns — emission factor of methane (CHa4) 1..3 g/GJ low (L), medium (M), high (H)

from natural gas

d1 — emission factor of carbon monoxide
(CO) from coal

121...363 g/GJ

low (L), medium (M), high (H)

d> — emission factor of nitrogen oxides
(NOx) from coal

123...369 g/GJ

low (L), medium (M), high (H)

ds — emission factor of sulfur dioxide
(SO2) from coal

2808...8424 g/GJ

low (L), medium (M), high (H)

d4 — emission factor of particulate matter 4263...12789 . .
(ash) from coal 9/GJ low (L), medium (M), high (H)

ds — emission factor of carbon dioxide 126293...378879 . .
(CO) from coal 9/GJ low (L), medium (M), high (H)
ds — emission factor of nitrous oxide (N20) 1.4..4.2 g/G] low (L), medium (M), high (H)

from coal

dz — emission factor of methane (CHa) . .

from coal 1..39/GJ low (L), medium (M), high (H)

m1 — emission factor of carbon monoxide
(CO) from wood waste

121...363 g/GJ

low (L), medium (M), high (H)

mz — emission factor of nitrogen oxides

(NO) from wood waste 50...150 g/GJ low (L), medium (M), high (H)

ms - emis(sag"r]r; factor of particulate Mater | g7, 261g/G3 | low (L), medium (M), high (H)
mg — enziégg)nfl;zcr;o\:v (())1; (cjavrvt;osrt‘\edioxide 105323/.6%15984 low (L), medium (M), high (H)
Ms ~ er(“,\iljgg’?rzargt‘xof itrous oxide 14.42g/GI | low (L), medium (M), high (H)
me — emission factor of methane (CHa) 1..3g/GJ low (L), medium (M), high (H)

from wood waste

ki1 — emission factor of carbon monoxide
(CO) from sunflower husk pellets

121...363 g/GJ

low (L), medium (M), high (H)

ko — emission factor of nitrogen oxides
(NOx) from sunflower husk pellets

50...150 g/GJ

low (L), medium (M), high (H)

ks — emission factor of sulfur dioxide
(SO2) from sunflower husk pellets

159...477 g/GJ

low (L), medium (M), high (H)

ks — emission factor of particulate matter
(ash) from sunflower husk pellets

191...573 g/GJ

low (L), medium (M), high (H)

ks — emission factor of carbon dioxide

81320...243960

low (L), medium (M), high (H)

(CO2) from sunflower husk pellets g/GJ
ks — emission factor of nitrous oxide (N20) . .
from sunflower husk pellets 1.4..4.2 g/GJ low (L), medium (M), high (H)
k7 — emission factor of methane (CH.) 1..3 g/GJ low (L), medium (M), high (H)

from sunflower husk pellets

s1 — emission factor of carbon monoxide
(CO) from straw

121...363 ¢g/GJ

low (L), medium (M), high (H)

S2 —emission factor of nitrogen oxides
(NOy) from straw

50...150 g/GJ

low (L), medium (M), high (H)

217




Elmi asarlor, Insaat Scientific works, Construction 2025, N1

s3 — emission factor of sulfur dioxide
(SO2) from straw
s4 — emission factor of particulate matter . .
(ash) from straw 437...1311 g/GJ | low (L), medium (M), high (H)

ss — emission factor of carbon dioxide 99278...297834

121...363 g/GJ | low (L), medium (M), high (H)

low (L), medium (M), high (H)

(CO2) from straw g/GJ
Se — emission factor of nitrous oxide (N20) 14,49 9/GJ low (L), medium (M), high (H)
from straw Y ’ 1Y
s7 — emission factor of methane (CHa) . .
from straw 1..39/GJ low (L), medium (M), high (H)

h1 — emission factor of carbon monoxide
(CO) from peat briquettes
h. — emission factor of nitrogen oxides
(NOx) from peat briquettes
hs — emission factor of sulfur dioxide
(SO2) from peat briguettes
ha emgz;]o)”ffgrcéoge‘;{ E?lr;llj::tltztse Matter | 18935679 g/GJ | low (L), medium (M), high (H)
hs — emission factor of carbon dioxide 93278...279834
(CO2) from peat brigquettes g/GJ
he em'ss";?oﬁcg‘;;fgﬁgﬂ‘;‘t‘; xide(N20) | 14,4293 | tow (L), medium (M), high (H)
h7 — emission factor of methane (CHa)
from peat briquettes

121...363 g/GJ low (L), medium (M), high (H)

50...150 g/GJ low (L), medium (M), high (H)

332...996 g/GJ | low (L), medium (M), high (H)

low (L), medium (M), high (H)

1..39/GJ low (L), medium (M), high (H)

For a comprehensive ecological and economic assessment of the efficiency of heat supply
systems, a multicriteria integral index of biosphere compatibility and energy efficiency (EESI):

C,.. E,
EESI = wy * Ngys + Ws - <C;”ml> + ws - (Em‘”l>,
ue tota

where n,,, — effective efficiency of the system; Cr,; — fuel cost (UAH/MJ); Crrin —
minimum cost among the fuel types analyzed; E;,;,; — total environmental impact of emissions;
wy, Wy, wy € [0,1] — weighting coefficients of the criteria (X3_, w; = 1), determined by the analytic
hierarchy process (AHP).

The total environmental impact of emissions E;,;,; is calculated taking into account the relative
toxicity of the components:

Etotar = €co, + @ - eno, + B - eso, TV - epm,

where e; — emission factor of the i-th pollutant (9/GJ); a, 8,y — coefficients of the relative
environmental hazard of pollutants with respect to carbon dioxide (CO,).

Results and discussion. On the basis of the developed mathematical apparatus, computer
modeling was performed in the Python environment using the scikit-fuzzy library. A comparative
analysis of three scenarios of organizing the heat supply of a settlement was carried out:

1. Centralized natural gas system (n = 0.52, fuel cost 0.26 UAH/MJ, high emission level of
CO,).

2. Decentralized (autonomous) wood pellet system (n = 0.78, fuel cost 0.80 UAH/MJ, neutral
balance of CO,, increased particulate matter emissions).

3. Individual straw/biomass system (n = 0.88, fuel cost 0.18 UAH/MJ, low environmental
toxicity).

Based on the results of defuzzification by the center of gravity method, the following crisp
values of the integral priority index Y* were obtained:

« Centralized system (gas): Y* = 41.2% (category “below medium”);

« Autonomous system (pellets): Y* = 68.5% (category “above medium”);
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« Individual/local system (biomass/straw): Y* = 82.4% (category “high”).

The obtained results confirm the high sensitivity of the developed fuzzy model to changes in
cost and environmental factors and prove the advisability of the transition to moderately decentralized
systems based on renewable biomass.

Comparative analysis of the priority of heating systems

100 A

2 82.4%
-
: 80 4
[t
2 68.5%
B
8
= 60 +
®
o
x
£ 41.2%

40 B

20 1

0- T
Centralized (Gas) Autonomaus Local
(Pellet) (Straw/Biomass)

Fig. 3. Comparative results of the assessment of the integral priority index (Y*) of heat supply
systems for the three baseline scenarios

Conclusions.

1. Animproved mathematical apparatus based on fuzzy logic theory and the Mamdani algorithm has
been proposed for the multicriteria analysis and substantiation of the choice of a heat supply system
for a settlement, taking into account biosphere compatibility factors.

2. An extended system of linguistic variables and their triangular membership functions has been
formed, covering techno-economic indicators (efficiency, fuel cost) and environmental indicators
(specific emissions of CO,, NO,, SO,, and particulate matter).

3. A multicriteria integral index EESI has been developed, which makes it possible to
comprehensively assess the environmental and economic effects of introducing renewable energy
sources.

4. The results of computer modeling showed that the highest integral priority index (Y* = 82.4%)
belongs to the decentralized biomass/straw system, which confirms the advisability of a gradual move
away from traditional centralized gas-based heat supply (Y* = 41.2%) in favor of local renewable
sources.
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